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Mathematical methods for solving problems of
electrodynamics in a layered environment

G.D. Kogai!, A.L. Those?, V.G. Drozd®, V.L. Ilvanov*, T.L. Ten®

! Karaganda Technical University, RK, Karaganda
2 Almaty Academy of Economics and Statistics, RK, Almaty
3 Karaganda Economic University Kazpotrebsoyuz, RK, Karaganda
4ITMO University, RF, St. Petersburg

The actual and urgent need to use analytical and numerical methods for
studying problems of electrodynamics determine the need to consider them
in the case of layered and vertically inhomogeneous media. The original
problem of electrodynamics, in the case of a special choice of the source of
electromagnetic disturbance, is reduced to a series of one-dimensional prob-
lems for the geoelectrics equation. Based on the "fitting"” method, fixed meas-
urement points for a class of calculated physical fields define a class of func-
tions that describe the response of the medium [1-7].

Purpose of work: For this purpose, algorithms for reducing the noise
level in the radarogram using various wavelets should be considered. Used:
Haar wavelet and Daubechies 4 — order wavelets. The main area of applica-
tion of wavelet transforms is the analysis and processing of signals and func-
tions that are non-stationary in time and inhomogeneous in space. The results
of such an analysis should contain the frequency response of the signal, the
distribution of signal energy over frequency components. Compared to the
decomposition of signals into Fourier series, wavelets are capable of repre-
senting local features of signals with a higher accuracy.

Main results. As a result of studying the subsurface environment, we
will receive a lot of signals received from the receiving antenna for each
measurement by the GPR. Many of these traces are visualized using the var-
iable density method as an image. Automation of computational processes
should be implemented on the basis of a software module, which will make
it possible to determine the depths of objects and the relative permittivity of
the subsurface medium. The location of the subsurface object is determined
by the vertex of the hyperbola, which is constructed according to the points
of the maximum values of the amplitudes of each trace.

To implement the set tasks, an algorithm is being developed for inter-
preting GPR data to determine the dielectric constant and conductivity of the
medium. For this purpose, two practical inverse problems have been solved.
At the beginning, the parameters of the source generated by the GPR are de-
termined. According to a well-known source, the relative permittivity and
conductivity of the medium are found. The tasks are solved on well-known
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environments that were specially prepared at the test site. For the first prob-
lem, a homogeneous medium was created, for the second, a local heteroge-
neity located in a horizontally layered homogeneous medium. For the second
task, a software module for determining the depth and conductivity of sub-
surface objects is described.

Experimental studies were carried out on a landfill with a geological
section containing perfectly clean sand and an inhomogeneous inclusion "salt
dome" of artificial origin.

The results obtained demonstrate both the adequacy of the mathematical
model and the possibility of practical application of the method under con-
sideration for the interpretation of radarograms.

As a result of the study, numerical methods have been developed for
solving direct problems of electrodynamics (layered media). Algorithms and
a program of numerical methods for solving direct problems of electrody-
namics have been developed. To compare the GPR data with the results of
calculations of model problems for the geoelectric equation in the case of
layered media, the “selection” method was used. In the class of finite-para-
metric media, an algorithm and software are built to determine the class of
computed physical fields. Further, comparing the measurement data with this
class, we reconstruct the geological section.
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Mathematical model and analysis of hybrid solar hot-
water systems for northern territories of Russia

N.A. Tsvetkov!, S. Boldyryev?, Yu.O. Krivoshein?,
A.V. Tolstykh?, A.V. Petrova®

1 Tomsk State University of Architecture and Building,
2 Solyanaya Sq., Tomsk, 634003, Russia
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Urbanization of Northern territories of Russia is associated with the con-
tinuous growth in the thermal and electric energy production. The restricted
use of fossil fuels in energy production is explained by their depletion, ex-
traction and transportation costs. However, the main reason of the restricted
use of fossil fuels is the susceptibility of Northern territories to contamination
by combustion products of these fuels, since the territory restoration after-
wards requires a long period as compared to other regions. These circum-
stances necessitate the use of wind and solar power in the life-support systems
throughout the year. A promising trend in natural gas saving is, therefore, the
year-round use of hybrid solar hot-water systems [1-5].

This work explores a problem of construction of hybrid solar hot-water
systems and the efficiency of solar energy generation, storage and use with
regard to real climatic conditions such as permafrost (Yakutia, Yakutsk) and
seasonally frozen (West Siberia, Tomsk) soils of the Northern Russian terri-
tories. The distance between Yakutsk and Tomsk is over 2500 km.

The proposed mathematical model of solar irradiance is additionally
provided with real meteorological data for these cities. The developed soft-
ware allows analyzing the flows of the radiant energy over the surface of solar
collectors with south-facing orientations under optimum tilt angles. The pa-
per presents new theoretical calculations and experimental data on cooling
the external heat pipe solar collectors after sunset and their heating after sun-
rise depending on their heat capacity, the coolant circulation being absent.
Also, new theoretical calculations and experimental data are obtained for the
temperature conditions of internal pipes and a hot water storage tank of the
solar system depending on room temperature, heat gain and loss across the
exterior wall systems.

The results of frost formation on the outer surfaces of vacuum tubes are
discussed. The estimation of the influence of frost formation on the decrease
in the collector productivity is carried out The results of temperature regimes
of cooling solar collectors after sunset at negative outdoor temperatures are
presented. Experimental data are presented to substantiate the possibility of
avoiding freezing of the coolant in the circulation circuit of the collectors.
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The paper presents the results of a study of the temperature modes of
operation of a solar water heating installation when controlling the intermit-
tent operation of the circulation pump of the hydraulic circuit of the collector.
The conditions for obtaining the maximum possible solar energy into the sys-
tem under different cloud cover are shown. The possibility of saving electri-
cal energy by a circulation pump is shown.

Research findings are used to update the mathematical model of and de-
sign procedure for the hybrid solar hot-water systems intended for the North-
ern Russian territories.

The enhancement of hybrid solar hot-water system in Zhatay district
(Yakutsk city), an energy-efficient urban locality, increases the annual solar
fraction from 30 to 50 % and reduces the nonproductive natural gas consump-
tion at least by 25 %.
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Energy analysis of the heat balance of an energy
efficient home on Lake Baikal

V.Yu. Borodulin, M.1. Nizovtsev, I.A. Ogorodnikov

Institute of Thermophysics SB RAS, Russia, 630090,
Novosibirsk, Academician Lavrent'ev Ave. 1

In this work, the calculation of the energy efficiency of a low-rise house
made of timber insulated with mineral wool in the conditions of island
Olkhon on Lake Baikal based on heat balance analysis. It is assumed that the
structure of the house is in dynamic equilibrium with the environment, and
the heat transfer is quasi-stationary.The calculations use the average monthly
ambient temperature and average monthly heat fluxes through the structural
elements [1]. The model is built for multi-layer structures and allows one
layer.

According to regulatory requirements, the construction of a house must
provide a high resistance to heat transfer [2], and the specific consumption of
heat energy for heating and ventilation should not exceed the standard values.
For the given climatic conditions and characteristics of the construction of
the house, the value of the specific characteristic of the consumption of ther-
mal energy used for rationing is 0.48 W / (m® K).

The model takes into account the heat input from solar radiation con-
verted in an air solar collector with a surface area of 12 m?. The model also
takes into account the presence of a ground heat accumulator with a volume
of 20.2 m®.

Two operating modes of the building are considered. In the first mode,
it is a residential building for a family of five, and in the second, a hotel for
ten people. As a result of calculations, heat losses through all elements of the
building enclosure and heat energy consumption for heating at the standard
ventilation air consumption [2—-3] and the share of energy spent on ventilation
in the total thermal energy consumption in the considered modes were deter-
mined.

Calculations have shown that the house has high energy efficiency and
low specific characteristics of heat energy consumption. When working in
the hotel mode for 10 people, the specific characteristic of the heat consump-
tion is 0.059 W %(m® K), and in the mode of a residential building for 5 peo-
ple, this value is 0.05 W / (M3 K). It is shown that additional accounting for
household heat inputs, as well as heat inputs from a solar air collector, leads
to a significant increase in the role of heat losses due to air ventilation.

On average, in January, about 2.8 kW of power is required to heat a
house. In the coldest five-day period, no more than 4.5 kW is required.This
low heat demand is on average achieved through the use of a recuperative
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ventilation system and a solar air collector. The use of regenerative ventila-
tion with a thermal efficiency of 82 % makes it possible to reduce energy
consumption for heating by almost 2.5 times for housing for 5 people and
almost 4.5 times for a hotel for ten people. The solar air collector, when op-
erating a house in the mode of housing for five people, reduces energy con-
sumption in the coldest five days by 16 %, in January by 24 %, and in De-
cember by more than 40 %. Thermal storage batteries can significantly in-
crease the thermal inertia of a home. So on the coldest five-day period on a
cloudy day, the air temperature in a house without heating can be kept above
16 °C for a day, and on a sunny day it does not drop below 18 °C. Thus, the
selected design solutions of the house in the climatic conditions of the Olkhon
island on Lake Baikal allow ensuring the stability of the thermal state of the
house during the heating season and reducing, on average, material and fi-
nancial costs for its operation.

As a result of calculations, the energy consumption for heating the build-
ing was determined for individual months and for the year as a whole. Cal-
culations have determined a reduction in the building's energy consumption
when using solar collectors and accumulating solar energy with a ground heat
accumulator.

On the basis of the calculations performed, several full-scale demonstra-
tion objects were built on Olkhon island, using air solar collectors for addi-
tional heating.
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IIpesoTBpalieHue OT/I0KeHUII MUHePaIbHBIX COJIei 1
KOpPpO3UH MeTaJl/la B CUCTEMaX BO/AONO0JIb30BaHMA KaK
CIoco6 3HeprocéepeKeHus

B.H. pukep?, A.A. Tlporazanos?, H.B. Llupysaukosa?, FO.1. Ky3uenos®
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OO6pazoBaHne OTIOKCHUH MHUHEPATBHBIX COJICH M KOPPO3HSI METAILIOB
B CHCTEMax BOJOIOJb30BAHMS SIBIAETCA OJHMM H3 OCHOBHBIX (haKTOpOB,
MIPEMSITCTBYIOMNX COKPAIIEHHIO BOJOMIOTPEOICHNUS U, KaK CIEICTBUE, SHEP-
rocoepexxeHus. JlocTaroyHO ykas3aTh, 9YTO B MOAOOHBIX CHCTEMax B TEIUIO-
SHEPreTHKEe OTIOKEHHS BETHMYMHOW 1—2 MM HPHUBOAAT K MEpepacxoy Tol-
nuBa Ha 15 %, ¥ Mo MpUYMHE KOPPO3UHU €KETOJHO TEPSETCS O YEeTBEPTH
IIPOU3BOJUMON KOHCTPYKLIMOHHOM CTaJIH.

CyliecTBEeHHOE COKPAIIEHUE BIMSIHUS ATUX HETaTHBHBIX SIBJICHUI, KaKk
MIPaBUIIO, PEIIACTCS C IOMOIIBI0 HHIMOMTOPOB COJNICOTIIOKEHUH U KOPPO3UU
— XHMUYECKUX PEareHTOB Ha OCHOBE opranodochonaror (OD), u xomro-
3WIUH, CONEPKAINX UX KOMIUICKCOHATHI, KaK MPaBUIIO, IINHKOBHIE.

O® B xauecTBE HHTHOMTOPOB COJICOTIIOKECHUH HCIONB3YIOTCS B KOJIH-
yecTBaX 1-5 Mr/mM°, OKa3bIBalOT BIMSHHE HA TIPOIIECCHI 3apOIBIIIIe00pa3o-
BaHMS YacCTHIl TBEPAOH (aspl, MPENATCTBYIOT X POCTY M 0Opa30BaHMIO U
CHIDKAIOT HHTEHCHBHOCTH OTIIOKeHHUH B 10-15 pas.

Jnst  cCHWKEHHsI BEIUYMHBI KOPPO3MHM JO HOpPMAaTHBHOW (MeHee
100 MKM/TO/1) HCIIONB3YIOT KOMITO3UIIMOHHBIE COCTaBbl, conepxkariue OD u
komruiekconaTel O®D, kak npaBuiio, IMHKOBLIC [1]. X addekTuBHOCTD 00Y-
CJIOBJIEHA CO3JJaHUEM 3aIlIUTHON IUIEHKU Ha MOBepxHOCcTH MeTayuta [2]. Ilpu
3TOM pacxoj pearenta coctasusger 10-50 mr/ome.

B nanHOM paboTe ¢ 1enbio BEISICHEHHs 3aBUCHMOCTH cTpoeHus Od Ha
nX 3QPEeKTUBHOCTH B Kau€CTBE MHIMOUTOPOB COJICOTIIONKEHHUH Ha ITpUMepax
okcuayTHiMAeHupochoHoBolt (ODAP), HuTpunrpumermieHdochoHoBOI
(HT®), mmammuonpomnaHonrerpamermieHpochoHoBor (AIITD) xucior
N3y4eHbl KHHETHYECKNE 3aKOHOMEPHOCTH KPUCTAIIM3AIMH MalIOpacTBOPH-
MBIX conell. Paccunrannsie mo ypaBHeHmsM [ n66ca — Dompmepa, XpucTa-
anceHa — Hwunscena, OctBanpaa — OpelHumxa napaMeTpsl 3apoIbIIIeo0-
pas3oBaHus (yIenbHas MOBEPXHOCTHAS 3HEPIUs, NMOPSIOK PEaKLUH, paanyc



Section 1. Energy Saving and Energy Efficiency 11

KPUTHYECKOTO 3apOJbIIa) MO3BOIMIHN onpenenuts dddexktuBHOCTE OD €
YYETOM MX CTPOSHHMS M KONNYeCTBa (pyHKIMOHAIBHBIX Ipym. B psagy nccie-
JOBAaHHBIX  PEAareHTOB HMX  MOJXKHO  pAacCIOJIOXHTh B  IOpSKE
JITO>HTO>02/1D.

Jis mpemoTBpamieHuss KOPpO3WH KOHCTPYKIMOHHBIX cTaneit (Cr.3,
Cr.10, Cr.20) u3yuyeHbl KOMITO3UIIMOHHBIE COCTaBbI HA OCHOBE Tex ke OdD
IPU Pa3INYHBIX MOJIBHBIX COOTHOIIEHUAX OP:Me ¢ HIMHKOM U IIeT0YH03e-
MeNBHBIMH MeTautaMu. OTpeieNieHbl MOJIBHBIE COOTHOIIECHUS, TI03BOJISIIO-
1€ OJJHOBPEMEHHO MHIMOMPOBaTh 00pa3oBaHHE OTIOXKEHHH M KOPPO3UIO
MeTaa.

YcTaHOBIEHO, YTO MHTMOMPOBaHNE KOPPO3UH 00YCIIOBIEHO CO3/1aHIEM
3aIIUTHOH TUIEHKH Ha MOBEPXHOCTH METAJIIa, COCTOSIIIEH M3 COOTBETCTBYIO-
IIMX KOMIUIEKCOHATOB M THIPOKCHIOB MeTamia. [lo cBoelt addexTuBHOCTH
KOMITJIEKCOHATHI IIETOYHO3EMENBHBIX METANIOB HE YCTYNAlOT HWHKOBBIM
aHaJoraM, 4TO ITO3BOJIAET HE TOJBKO YMEHBIINTh 3KOJIOTHUECKYIO HarPy3Ky
Ha OKpPY’KaloIyl0 Cpemy, HO M TOBBICHTh SKOHOMHYECKYIO IIeJecoo0pas-
HOCTb UX MMPUMECHCHHUA.

Cnucok uTepaTypsl

1. Tsirulnikova N.V. Mg(IT) and Zn(II) complexonates with a 1,3-diamino-
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koppozuoHucToB "Bakop" International journal of corrosion and scale
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B/iusiHME YC/I0BHI pa6oOThI IIOMUHHEBOTO PaguaTopa
Ha ero TeMJIOBYI0 MOLIHOCTh

3.I'. Mapseuna, A.1O. Bepemarun, M.A. Komapesues,
A.B. Hosoxumnosa, K.O. UcaeBa

Cegepnviii Apkmuueckuil gpedepanvHulil yHUGepcumem umeHu
M.B. Jlomonocosa, e. Apxaneenvck, Hab. Cegeproti [leunst, 17

Bomnpmoe pa3HooOpa3me HarpeBaTeNbHBIX NIPHUOOPOB B HACTOAIIEE
BpeMsI IIPUBEJIO K TOMY, YTO TEIIOBbIE XapaKTEPUCTUKHU PAJAUATOPOB OOBIYHO
YKa3bIBAIOTCS TPOM3BOAUTENIEM M Ha MPAKTHKE HE BCET/Ia MOITBEPIKAAI0TCS.
O0630p MHOTOYHCIICHHBIX HICTOYHUKOB 10 JAHHOMY BOIIPOCY IO3BOJISET CHe-
JIaTh BBIBOJI, YTO TEIJIOTEXHUYECKUMHU HCCIEIOBAHUSIMHE ITOJTBEPIKAAIOTCS
JIAHHBIE TOJIBKO ISl OTACNBHBIX THIIOB pagraTopos [1-6].

Ha poccuiickoM peIHKe ceifuac MosiBUIOCH 0OJIBIIOE KOJTHIECTBO COBPE-
MEHHBIX HarpeBaTeNbHBIX MPHUOOPOB, M3 KOTOPHIX HeMamas AOJIS HpPUXO-
JIUTCSI Ha AIIOMHHHUEBBIE PaanaTopbl. MIX HECOMHEHHBIM MPEHUMYIIECTBOM
SIBIISIETCSl BBICOKasi Teruootaada, gocruratornas 200-210 Br, npu stom
00beM K101 13 cekiuii baTapen cocraBisier okoso 450 mir.

Jnst uccneioBaHus ObLT MPECTaBICH BOCBMUCEKIIMOHHBIA allFlOMUHIE-
BoIit pammatop tima ROYAL Termo Evolution, npennasHadeHHbIN 7151 CH-
CTEM OTOIINICHUA XKHIIBIX, O6H1€CTB€HHI)IX " MPOMBIIIJICHHBIX 3}18.HPII71.

K nacrosmemy BpemeHM TpaBuUTEIbCTBOM Poccuiickoit denepammu
nipunsTo [TocranoBnenue ot 17 urons 2017 . Ne 717 o BBegeHun 00s13aTeib-
HOU cepTH(]UKAIMK BCEX TUIOB OTOMMUTEIBHBIX MPHOOPOB [7], MX COOTBET-
crBue ['OCTy [8]. Takum 00pa3om, OTKIIOHEHHSI HOMHHAIEHOTO TEIIOBOTO
MIOTOKA, 3asIBJICHHOTO ITPOU3BOANTEIIEM, OT IIOKa3aTeleH, yCTaHOBIEHHBIX MO
pe3ysbTaTaM MpOBEICHNsI UCIBITAHUH, HE JIOJDKHBI ITPEBBIIIAThH MTPEAETHHO
JIOIYCTUMBIX JonyckoB (0T —4 % no +5 %) [8]. [IpencraBnsier uHTEpEC OMpe-
JeneHne (PaKTHIECKOro TEIUIOBOTO MOTOKA HarpeBaTeIbHOrO MpHOOpa, 1mo-
3TOMY LENBI0 pabOTHI SBIAETCS HCCIEAOBAHUE TETIIOBBIX XapaKTEPUCTHK
HarpesareipHOro prubopa Mmapku ROYAL Termo Evolution [9].

B cTanmoHapHOM TEMIOBOM PEXHUME NMPOBOAMIN 3aMEPBI Pacxoja Tel-
nonocurend, 3JIC Tepmonap, yCTaHOBICHHBIX Ha BXOJE U BBIXOJE U3 paju-
aTopa, ¥ TeMIIepaTypsl BO3AyXa B oMemeHnH. ONbITEl IPOBOJMIINCE B JHa-
na3one Temmeparyp rperomiero teronocurens 40—80 °C mpu pacxomax
0,13-0,22 m%/u4. Tennopas Harpy3ka OTOMHUTENILHOTO IPHOOPA OIPEENsIach
10 pacxoay M Pa3HOCTH TEMIIEPATyp TEIUIOHOCUTENsL. PaBHOMEpPHOCTH TeM-
MIepaTypHOTO I0JIsl Ha BHELTHEH MOBEPXHOCTH pedep 1 HalpaBlICHUE JIBIKE-
HUSI TEIUIOHOCUTENSI B NPUOOpe Onpeensuiach Ipy MOMOIIN TEIIOBH30pa
TESTO-350 [10].
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B nacnopre HarpeBaTeIpHOT0 IPUOOpa MPOU3BOMUTEIIEM 3asiBJICHA TeTl-
JIOBast MOITHOCTH CEKIUH (uow = 203 BT mpm pacueTHO#t pa3HOCTH cpeqHei
TEeMIIepaTypbl TEIUIOHOCHTENSI W TEMIIEpaTypbl BO3AyXa B IOMEIICHUH
Aty = 70 °C, moy4eHHoOi npu Temnepatypax temtonocurens 110/70 °C u
Bosmyxa 20 °C [9]. B Poccuu ipoeKTHpOBaHHe JBYXTPYOHBIX CHCTEM OTOII-
JICHUS! TIPOU3BOISIT IIPU TEMIIEpaTypax TEIJIOHOCHUTES JI0 U MOCJIe HarpeBa-
tenbHOTO Mprbdopa 95 °C u 70 °C cOOTBETCTBEHHO, a TEMIIepaTypa BO3ayXa
B nomenieHnn 20 °C, 4TO COOTBETCTBYET PAaCUETHOW Pa3sHOCTH TeMIIEpaTyp
Ate, = 62,5 °C.

[Ipn apyrux pacyeTHBIX YCIOBHSIX MPOW3BOJUTENN IPEIUIararoT Hc-
MOJTB30BaTh HONpaBovHb kodd¢uuueHt K = f(Aty,) u onpenensts mior-
HOCTB TEIJIOBOTO HIOTOKA CEKIHHU 10 (hopMyIie:

0 = Qow " K. )

TeruroBasi MOIIHOCTE paguaToOpa MPH Pa3IMYHBIX TEMIIepaTypax, pac-
XOJlaX TEIUIOHOCHUTENIS U CII0c00aX ITOIKIIOUSHNUS IPeICTaBIeHa Ha PHCYHKE
1.

3asBieHHAs MPOM3BOAMTENEM IIOTHOCTh TEIUIOBOTO IOTOKA BOCHMH-
CEKI[MOHHOTO paJiiaTopa C y4eToM BIusSHuS Ale,, paccuutannas o gopmyie
1, mokasana JuHuEH 6.

HccnenoBanus Bcex croco0OB MOAKIIOYEHHS MPOBOIMINCH MPU TPEX
pacxomax TemuoHocuTenss coorBercTBeHHO (0,062 kr/c, 0,054 kr/c wm

0,037 xr/c.

QY »

Bt /

1,6 /

1.4 ///_ —— -1

12 = - 2
' - -3
1 - -4

/ - -5

0,81 —

0,64

0,4 T T T T 1

25 35 45 55 65 At °C

1 — 0JHOCTOpPOHHEE MOJAKIIIOYCHHE «CBEPXY-BHH3Y; 2 — AUArOHAJIBHOE MOJKIF0Ye-
HHE «CBEPXY-BHU3»; 3, 4, 5 — MOAKIIIOUCHUE «CHHU3Y-BHU3» [IPH PACX0/aX TEII0-
Hocurens coorsercTsenHo 0,062 xr/c, 0,054 xr/c u 0,037 xr/c;

6 — ykazaHHasi IPOU3BOAUTEIEM
Puc. 1. TeruoBas MOIIHOCTh BOCBMUCEKIIMOHHOTO panaTopa
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V3meHeHue pacxoza He BIUAET Ha TEIUIOOTAady paJuaTopa Ipu OJHO-
CTOPOHHEM U THArOHAJIHHOM IOJIKITIOYEHUSIX «CBEPXYy-BHU3» (JIMHUH 1, 2).
[Ipu noaKIIOYEeHUN «CHU3Y-BHHU3» BIHSHUE PACXOJ0B HEOOXOANMO YUHUTHI-
Barh (IuHUHU 3-5).

CorocTaBlIeHHE 3asIBIEHHBIX U OKCIICPUMEHTAJIbHBIX NJAaHHBIX IMOKa3bI-
BAeT, 4TO MPH MOAKITIOYCHHAX «CBEPXY-BHH3)» HMEETCs 3amac Mo TeMmIoBoil
MOIIHOCTH, a MPHU MOJKIIOYCHUH «CHHU3Y-BHH3)» K OMPEACICHUIO YHCIIA CeK-
LUH CIIeyeT MOJXOUTh C OCTOPOKHOCTBIO, TAK KAK MOIIIHOCTB Mpubopa Oy-
JeT HIDKE 3asIBJICHHOW IPOM3BOIUTENICM U 3HAYUTENHEHO 3aBHCETh OT pacxo/a
TEIUIOHOCHUTEIISL.

Taxum o6paszom, npu pazuune temmepatyp At,=70 °C HabmromaeMsIit
TEIUIOBOM MOTOK IIPH OJTHOCTOPOHHEM ITOJIKITIOYEHHH «CBEPXY-BHH3) IIPEBHI-
LIaeT TeIJIOBOI IIOTOK IPH IHarOHAIILHOM MOJKIIIoueHUH Ha 9 % u 3asBieH-
Hyl0 mpomsBoaureieM BenuunHy Ha 10 %. IloakimroueHue «CHHU3Y-BHH3»
CHIDKACT TeIUI0BOM MoTok Ha 15 %, 27 % u 42 % npu pacxonax TEIIOHOCH-
tens cootBercTBeHHO 0,062 kr/c, 0,054 kr/c u 0,037 Kr/c MO CpaBHEHHUIO C
3aBOJICKHMHU JIaHHBIMH. [IpH TaKOM MOJKIIOUCHUH OpHOOpa HauOONbIIas
MOIIIHOCTh HaOJI0/IaeTCsl TIPH MAJIBIX PacXofax I'PErOIEro TEeIJIOHOCHTENS
(mo 0,037 kr/c). C noBbImenreM pacxona a0 0,06 Kr/c TerioBor MOTOK CHU-
xaercs B 1,5 pa3a, Tak Kak yBEIMYUBACTCS AOJIS TETUIOHOCHTEIS, MPOTEKAIO-
LIETO 110 HIDKHEMY KOJIGKTOPY 0€3 3aTeKaHHs B TIEPBbIC CEKIIUH paguaTopa.
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Energy efficiency improvement in geothermal hot
water supply of residential buildings in Russia

E.A. Buzoverov

Joint Institute for High Temperatures of Russian Academy of Sciences,
13 Bd. 2, Izhorskaya str., Moscow, 125412, Russia

This paper is dedicated to study of the efficiency of geothermal hot water
supply for space heating systems of Russian localities exemplified by the pre-
sent system of Mostovskoy settlement, Krasnodar Krai. It is deemed that the
conditions under which the existing Russian space heating systems operate
are generally unfavorable for the use of geothermal water for space heating
needs. This is due to low local price for conventional fuel — natural gas, high
temperature of heat carrier specified for space heating systems, and rigid en-
vironmental requirements. An additional constraint imposed by the Mos-
tovskoy geothermal field itself is the technical infeasibility to reinject the dis-
charged geothermal carrier. Nevertheless, the urgent necessity for upgrading
the present local space heating/hot water supply systems forces to make eco-
nomic performance calculations in order to select new concepts to leverage.

The first option is a direct supply of consumers with the geothermal car-
rier as implemented to the date, but with the new geothermal wells drilled,
for the fluid pressure tends to drop over the years and it already came to a
critical level. There are certain pros and cons of a direct supply solution, but
it proved its efficiency under the given conditions [1, 2]. Therewith, the water
of Mostovskoy geothermal field has a health-giving effect, which makes it
desirable among the local population.

The second option is utilizing geothermal heat via absorption heat
pumps. In fact, they were commissioned as an integral part of the system back
at the original project phase, but dismantled by the end of their life span, and
the system was converted to a direct supply.

The calculations prove that the option of geothermal heating system with
absorption heat pumps would have lower cost (16.51 USD/Gcal) when ap-
plied for seasonal residential space heating needs, while the direct use of ge-
othermal carrier may still be considered advantageous for domestic year-
around hot water supply in terms of Mostovskoy settlement (0.35 USD/m?)
and even highly preferable when implemented in terms of Europe. In addition
to economic efficiency, it shows adequate environmental friendliness and
may lead to higher customer satisfaction. Should the reinjection be possible
in the case under study, it might only have increased the costs
(32.96 USD/Gcal for heating and 0.67 USD/m?® for hot water).
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The economic dimension of operation of geothermal heating system
with integrated heat pumps in Russia is about the same as gas heating
(16.51 USD/Gcal versus 16.31 USD/Gcal, respectively). Thereupon, the lat-
ter option is more preferable for practical implementation given the complex-
ity of construction of geothermal system with heat pumps compared to further
development of natural gas boiler plants system.

The studied status of Mostovskoy settlement geothermal heat supply
system reflect the typical situation in this industry in Russia nowadays, so the
conclusions above may be scaled up at country level.
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KoMmneHcanus peaKTlleHOﬁ MOIIIHOCTH 1 CHHUKEHHuEe
NoTEPhb IJICKTPOIHEPIrUh HA TPAH3UT

A YO. Yerpipkuna, C.B. T'onoboxos, T.1O. bpoctunosa, A.A. Tuxomuposa
Tenzenckuii 2ocyoapcmeennulii ynugepcumem, 2. Ilensa, yn. Kpacunas, 40

B macrosmee Bpemsi, KOMICHCAITNS PEaKTUBHON MOITHOCTH SBISETCA
BaYXHBIM (DaKTOPOM TIOBBIIIICHHS KA9eCTBA IIEKTPOIHEPTUH Ha JTF0O0M TIpe-
npustuy. IlomHas MOIIHOCTH CKIAABIBAE€TCS U3 AKTUBHOM U PEaKTUBHOM
MOIITHOCTH. AKTHBHAs COCTaBIAIONIAsi — 3TO IOJIe3HAasI YaCTh MOITHOCTH,
KOTOpasi mpeoldpa3yeT 3JICKTPUUECKYIO0 SHEPTUI0 B APYrod HEOOXOIUMBIH
BU/JI S3HEPTUU. ECIIM TOBOPUTE O PEAKTUBHOM COCTABIIAIOLLEH, TO OHA CIIYKUT
JUIA CO3JJaHUsl MAarHUTHBIX IOJEH U CO37aeT JOMOJHUTEIbHYIO HAarpy3Ky Ha
CUJIOBBIE JINHUM ITUTAHUS.

OCHOBHBIMH TIOTPEOUTENIMU PEAKTUBHONH MOIIHOCTU SIBISIOTCS CBa-
pouHBIEe TpaHC(HOPMATOPHI, ACHHXPOHHBIC SJICKTPOIBUTATEIH, JIFOMUHEC-
[ICHTHEIC JIAMITBI ¥ JIPYTHE anmapaTsl. Ha MpOMBINUICHHBIX MPEIIPUATHIX
OCHOBHBIMH TIOTPEOUTENSIMU PEaKTHBHON MOIIHOCTH SIBIAIOTCS aCHHXPOH-
ueie aeurarenu 65—70 % (cos = 0,7). [Tepemennsiii Tok naAyKTHpYET DJIC,
00ycTaBIMBaET CABHT IO (ha3ze MEX Iy HAIPSHKCHUEM U TOKOM, TaHHBIH yTOI
YBEIMYHMBACTCS, CIIEA0BATENbHO, KOO(D(UIIMEHT MOIIIHOCTH CETH yMEHbIa-
eTcs. PeakTHBHAs MOIIHOCTP YXYAILIAeT TIOKA3aTeNN 3JEKTPOIHEPTHH. bob-
1I1asi peaKTHBHAsI MOII[HOCTD BJIEYETCS 38 COO0M OOJBILION TOK, TPOTEKAIOIINI
yepes3 CeTh, yBEJIHMUEHHE MOTeph aKTUBHOW MOIIHOCTH, YBEJIHUEHHE MOTEPh
HaNpsKEHHUS.

Ecnu peakTuUBHBIE CONMPOTUBICHUS! HE3HAYUTENBHBI, TO €CTh Harpyska
TIpeCTaBIsAeT COOON TOJIBKO aKTUBHYIO YacTh, TO KOA(QQHUIIMEHT MOIIHOCTH,
TIPEACTABIISIONINHA CO00 cABUT (a3 TOKA M HANPSHKEHUS], OyIeT CTPEeMUTHCS
k equnune (¢ = 0), To ecTb BCS MOIIHOCTD NepeiaeTcsi B HarpysKy. [lpu ta-
KOM peXuMe padOTHI ceTH o0ecTiedrBaeTCsl MaKCHMaIbHAs Tiepeaaya MOI-
HOCTH.

Komnencamusi peakTHBHOW MOITHOCTH Ha3bIBAETCS €€ BBIPAOOTKa WM
MoTpedIeHne ¢ MOMOIIBI0 KOMIIEHCUPYIOLIHMX ycTpoicTB. KoMmeHcarops
peaxtuBHOM MomHOCTH (KPM) SIBIISIIOTCS OMHUM W3 BUAOB 000PYAOBAHHMA,
CHIDKAIOIIAM 3HAYEHUSI MTOJTHON MOIIHOCTH, U B 3aBHCHMOCTH OT IIPHPOJBI
PEaKTUBHOI MOILIHOCTH MOET ObITh KaK MHIYKTHBHOTO Xapakrepa, Tak U
eMKOCTHOr0. OCHOBHBIMU KOMIICHCUPYIOIIUMH YCTPOMCTBaMHU SIBISIOTCS
KOHJIeHCATOpHI (0aTapey), CHHXPOHHBIE KOMIIEHCATOPHI, IIyHTHPYIOIINE pe-
aKTOPBIL.

3aueM HYXHO KOMIIEHCHPOBaTb PEAKTUBHYIO MOIIHOCTb. B mepByro
ouepelb, yCTAHOBKA KOMIICHCHUPYIOIINUX YCTPONCTB MPUMEHSCTCS IS CHH-
KEHHS TOTEePh AIIEKTPUUYECKOH HSHEPrHHd B CETH. Tak e KOMITCHCAIUs
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PEaKTUBHOI MOIIHOCTH HEOOXOAMMa JUIs OanaHca peakKTHBHON MOIIHOCTH,
TO €CTh PaBEHCTBO BBIPA0ATHIBAEMOM M IOTPEOIIEMOM 3JIEKTPO3HEPTHH B
0001 MOMEHT BPEMEHH COOTBETCTBYET PABEHCTBO BhIpabaThIBaeMoil 1 mo-
TpebisieMol peakTUBHOW MOITHOCTH, HAPYIICHUS JAHHOTO OanaHca MPpHUBO-
JWUT K UI3MEHEHHUIO YPOBHS HAIPSHKEHUS B CETH.
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IloBbIlIEHHUE IKOJIOTUYHOCTH C)KMTaHUA cMecel B
TONKAX MaJIOro 06'béMa 3a CYET BKJIIOYEHUA
OpraHN4e€CKUX KOMIIOHEHTOB

JI.B. Kynaruna, 11.B. Kupumiosa

DI'AOY BO «Cubupckuti ghedepanvbHblil yHUSepcumemy,
Poccus, 660041, 2. Kpacnosipek, np. Ceob6o0nuwiil, 79

B coBpeMEHHBIX YCIOBHSIX Pa3sBUTHS MPOMBIIUICHHOCTH aKTyaJIbHOMN
3ajJjayeill CTaHOBUTCSI TIOBBIIICHHE YHEPTreTHIECKON A3(PPEKTUBHOCTH U DKOJIO-
TMYeCcKOi Oe30MacHOCTH SKCIUTyaTalluH Iedeld Majoro oobema, KOTOophble
LINPOKO HCIIONB3YIOTCSL B CEIBCKOXO3SMCTBEHHON MPOMBIIIICHHOCTH, ac-
(banbTOOCTOHHBIX 3aBOAAX W T. 1. PenieHue MaHHBIX 33a7a4 SKOHOMHYECKH
OIPaBIAHO 33 CYET YCOBEPIICHCTBOBAHHMS TEXHOJIOTHHU IIOATOTOBKHU TOILIHBA,
IyTeM 100aBJICHHS B BOJOYTOJILHYIO CMECh OPTaHUYECKHUX OTXOJO0B JKHBOT-
HOBOJICTBA u MIPUMEHEHHE 3¢ peKxToB THUIPOIMHAMHUYECKOM
kaBuTanuu [ 1].

OCHOBHO 11€/IbI0 MCCIIEAOBAHMUS SBJSIETCSI CO3JJAHUE YCTAHOBKH IS
IMOATOTOBKHU K CKUTAHUIO KHUJIKOTO TOIINIMBA C BO3MOXXHOCTBIO YTUIIM3AlIUU
OTXO0JOB KUBOTHOBOJYECCKUX Hpe}alI/IﬂTI/Iﬁ 3a CYET MCIOJB30BAHUS mpo-
Lecca CyrnepKaBUTAalUK ISl CMECH TOIUTMBA C OPTaHUKOMN MPH MOATOTOBKE
Macchl K CKUranuio. [Ipy 5ToM ynmydimaroTcst napaMeTpbl TOPEHHs TOIIHB-
HOW CMECH, B YaCTHOCTH, CHIDKAIOTCS TIOTEPH TEIUIOTHI 33 CYET HEJIOXKOTA H,
KaK CJICJCTBHE, YMECHBILCHHE rabapuToB TOMKH [2].

YcTaHOBKa COAEPIKHUT MOCIIE0BATENbHO YCTPOHCTBO ISl TOAAYH BOJIBL,
YIS X OTXO/IOB )KUBOTHOBOJICTBA, CYNEPKaBUTALMOHHBIA PEakTop, CMecH-
TeJb, CYIEePKaBUTAIMOHHBI TOMOTEHH3aTOp VISl TTOBBILICHHS OJHOPOIHO-
CTH C LEJBIO YJIy4IICHHUS MapaMeTpoB TOPEHUs, HACOC JUIS ITOJa4YH IOJIro-
TOBJICHHOM CYCIICH3UH C TOMOMIBIO ITOTOKA BOABI.

JlanHast TEXHOJIOTHs 00ECIIeUMBAET CIEAYIONINE IPEUMYIIEeCTBA:

1. 3a cyét mpUMEHEHHs B MPOIIECCe MOATOTOBKH TOILIMBA 3(P(EKTOB Cy-
HepKaBUTAIMU TPOUCXOISAT MUKPOB3PBIBBI YaCTHII, 00ECIICUNBAIOLIHE 1010~
IPEB CMECH U CIIOCOOCTBYIOIIUE JOCTHIKEHUIO ONTUMAJIBHBIX I1apaMeTPOB
TOpeHHs, TAKUM 00pa30M, HCKIII0YAaeTCs HEOOXOJUMOCTh IIPEIBAPUTEIBHOTO
HarpeBa paboyeli cMecH.

2. YBenn4eHHe TIOJTHOTHI CTOPaHMs TOILIMBA OOBSICHIETCS] TOPH30HTAIIb-
HBIM PacIoNoKeHHeM (POPCYHOK B INTIOCKOCTH TOIKH 110 yriaom 10—45° otHo-
CHTEINBHO JpyT Apyra. Takoe CTpOeHHUE MOBBIIACT TPASKTOPHIO ABIKCHHS Ya-
CTHII TOIUIMBA, CHIKACT HENOXKOT U YBEIIMYMBACT POU3BOAUTEIILHOCTD IIPO-
Lecca, 4To HO3BOJISIET COKPATHTh rabapUTHBIE pasMephl TOIKH.
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3. BO3MOXHOCTh yTIJIN3AIMK OPTAaHUYIECKUX OTXOIOB KHBOTHOBOIYE-
CKHX TPOU3BOJICTB, YTO BECHMA aKTyaJIbHO.

4. CHIKEeHHE pacxofa YrOJIbHOTO TOIUIMBA, YTO TaKXKE yMEHbBIIAeT
Harpy3Ky Ha OKpPYXXaIOLIyIO IIPUPOIHYIO CPELy.
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Environmental assessment of energy efficient and
energy saving technologies

V.A. Savoskula, A.S. Pavlova, O.l. Sergienko, 1.0. Vdovina,
K.A. Pichugina, L.I. Kalashnikova

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

Today it is difficult to imagine a world without energy. But reserves of
traditional energy resources are limited. Their use has a negative impact on
the environment. Therefore, alternative energy sources have already been de-
veloped and are being applied, the efficiency of energy machines is increas-
ing, the world is in search of any ways of rational use of resources [1].

For the purpose of using the residual or lost heat, many scientists are
currently conducting research on the possibility of using thermoelectric en-
ergy. And one of the ways to save energy can be attributed to the use of ther-
mal energy accumulators (heat storage).

At the same time, environmentally friendly energy is energy that, during
its production, has a minimal impact on the environment. The fact that energy
is ecologically friendly can only be confirmed with the environmental decla-
ration, which is based on a life cycle assessment. Without a life cycle assess-
ment, the claim that a product or service is safe for the environment will be
unfounded [2].

Based on previous the purpose of the proposed project is aimed to ana-
lyze new energy efficiency technologies using Thermoelectric Energy Con-
verters and electricity economy using thermal energy accumulators based on
a life cycle assessment [3].

In turn, the objective of the impact assessment is to determine the main
components of pollutants and the level of negative impact of the production,
transportation, operation and disposal of thermal modules and heat accumu-
lators on the components of the environment — atmospheric air, surface and
underground water bodies, soils and land resources [4].

The scientific novelty of the research is due to the fact that the following
results were obtained for the first time in the Russian and foreign practice of
the development of thermoelectricity and heat accumulators within the frame-
work of the project:

— developed a methodology for assessing environmental characteristics
in the development of new thermoelectric materials and thermal energy ac-
cumulators;

— an assessment of the environmental aspects of new materials and
technologies has been carried out, allowing to check their safety for the envi-
ronment [5].
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This introduction of energy efficient and energy saving technologies
helps to reduce energy consumption and reduce anthropogenic impact on the
environment.
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Selection of the optimal fuel type for syngas production
by the high-temperature co-electrolysis COz and H20

M.T. Kuznetsov, S. Boldyryev
Tomsk Polytechnic University, Lenin Ave. 30, Tomsk, 634050, Russia

Syngas is the main feedstock for methanol and synthetic liquid hydro-
carbons production in the modern chemical industry. Reducing the cost of
syngas production may significantly decrease the cost of final products. The
high-temperature co-electrolysis of CO, and H,O is a new and promising
method of syngas production.

The price of syngas, which is produced by using this technology, mainly
depends on the price of electricity and fossil fuel. Thus, optimization of hot
utility sources may substantially reduce the cost of synthesis gas, as well as
make this technology more cost-effective.

The aim of current research is to select the optimal type of fuel for the
syngas production technology mentioned above, reducing the operating cost
and carbon footprint.

Flue gases, produced by burning of various fuels (natural gas, liquefied
petroleum gases (LPG), coal etc.), are considered as sources of hot utility.
Using Pinch approach, it was found that the load on hot utilities varies within
the range from 4110 to 4075 kW while exploiting different types of fuel.
However, the flow rates change in a wide range from 2.6 to 4.4 thousand tons
per year due to their different calorific value, respectively.

While comparing the prices of energy carriers, it can be found that de-
spite the similar flow rate between natural gas and LPG, the cost of the latter
is 6.5 times higher, but the cost of coal practically is identical to the price of
natural gas that is 260 k$ per year with a two-fold difference in a flow rate.
These flow rates were obtained for optimal heat exchange networks. An ex-
plicit tendency could be found towards its decrease from cheaper fuels to
more expensive ones while estimating ATmin. Consequently, the high cost
of LPG will add significant capital costs which are related to the big heat
transfer area.

The smallest carbon footprint is achieved when using the natural gas and
optimal configuration of the heat exchanger network; the final emissions
equal to 5 ktCO/y. Fuel oil has the largest carbon footprint, which is
9.7 ktCOyly. The carbon footprint of the process that uses LPG and coal is
practically the same, despite the significant difference in their heat exchange
networks.

Thus, this technology is recommended for regions that have access to
natural gas or coal. The use of LPG leads to a significant increase in the price
of syngas.
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Design approaches for photovoltaic thermal collectors
with incorporated phase change materials

Sandro Nizeti¢, Mi$o Juréevié, Duje Coko
University of Split, FESB, Rudjera Boskovica 32, Split, Croatia

This work reports comprehensive analysis and review of various designs
related to the photovoltaic-thermal solar collectors with incorporated phase
change material (PVT-PCM collectors). PVT-PCM collectors can produce
both electrical and thermal output on the limited surface, however specific
design strongly determines electrical and thermal performance of the specific
PVT-PCM collector design. This work was mainly focused on the investiga-
tions of the experimentally tested solar collector designs in different climates.
The various working fluids were also analysed such as water, air or nanoflu-
ids. The main characteristics of the usually implemented PCMs in the PVT-
PCM collectors were also discussed in detail. The conducted review indicated
the importance of the PVT-PCM designs with respect to the overall PVT-
PCM solar collector efficiency (electric and thermal), and in general it di-
rected necessity for optimization of the main collector design parameters
(such as tube geometry and layout, absorbers, PCM layer, etc.). The eco-
nomic and environmental evaluation of the PVT-PCM collector designs is
weakly discussed in the existing research literature and more serious research
work should be conducted in that direction to determine techno-economic and
environmental more suitable PVT-PCM collector designs.



26 Il International Scientific Conference “Sustainable and Efficient Use of Energy,
Water and Natural Resources”, Saint-Petersburg, April 19-24, 2021

Fair profit allocation between plants in Total Site
Water Integration — Game Theory approach

Hon Huin Chin, Xuexiu Jia, Petar Sabev Varbanov, Jifi Jaromir Kleme$

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

Designing inter-plant water networks is aimed to minimise freshwater
consumption, wastewater discharge or the total annualised cost in the overall
system. In order to achieve the optimal design, it requires the collaboration
between process plants in the site to facilitate the operation. This study con-
siders the grand coalition with finite players (process plants), who agreed to
take part in the Total Site Water Integration. The confidential data and infor-
mation about the water qualities in different plants are to be shared among
the plants. Each plant may sell their water sources to the other plants via cen-
tralised water mains, and the other plants have to pay a certain cost to buy the
specific water source. The coordination of the resources has to be fixed in a
revenue-sharing or cost-sharing contracts between plants. This work aims to
apply the cooperative game theory approach to examine the possible coali-
tions between the plants and estimate the overall system’s profits. The ulti-
mate goal is to identify the stable and fair profit distribution among the plants
for the overall benefits of the system, specifically using the point solution
methods (Shapley, Nucleolus and the tau-value) and the core methods (least
core and minimax core method).

Keywords: cooperative game theory, process integration, total site wa-
ter integration, mathematical optimisation, water management.
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Puffing and micro-explosion in composite droplets
D.V. Antonov
Tomsk Polytechnic University, Lenin Ave. 30, Tomsk, 634050, Russia

Micro-explosion effects in composite droplets make it possible to im-
prove integral characteristics of secondary atomization processes in the com-
bustion chamber, increase completeness of fuel combustion, reduce ignition
time delay, and diminish anthropogenic emissions [1]. The purpose of this
work is experimental and theoretical researches of micro-explosion effects in
composite (water/fuel) droplets.

The experimental researches of micro-explosion effects of composite
droplets was carried out by varying the temperature of the gaseous medium
(473-773 K) [2]. The influence of the gaseous medium temperature and
fuel/water concentration on the time delays of droplets fragmentation was in-
vestigated. Composite droplets were generated and placed on the holder using
Finnpipette Novus electronic single-channel dispensers (ranges 0.1-50 ul
variation step of the generated volume 0.01 pl). The initial droplet volume in
the experiments ranged from 1 to 15 pl. This was in agreement with the range
of radius variation Ry=0.5-1.5 mm. The studied composite droplets were
placed on steel holder with a diameter of 0.2 mm, which was introduced into
the high-temperature gas flow using a motorized
manipulator.

The problem of micro-explosion simulation in composite (water/fuel)
droplets was examined with using model for puffing/micro-explosions in wa-
ter/fuel emulsion droplets [3]. The developed mathematical apparatus can be
helpful in developing high-temperature gas-vapour-drop technologies asso-
ciated with ignition and combustion of liquid and slurry fuels.

This study was supported by a Scholarship from the Russian Federation
President (Project No. SP-447.2021.1).
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OTHOCHUTeJ/IbHbIE [IOKa3aTe/Iu 3Hepl"eTl/I‘{eCKOﬁ
YTUJIN3al U BbICOKOBJ/IAXKHBIX cMmecen
Ha OCHOB€ O0TX0/J1 0B

K.1O. Bepuunauna, J1.C. Pomanos, B.B. Jlopoxos

Hayuonanvmwiii uccireoosamenvcxuti Tomckutl noaumexHudeckuil
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B sHepreTryeckoit cepe MeTOABI MHOTO(GAKTOPHOTO aHaimu3a [1] mu-
POKO UCTIOJB3YIOTCS KaK JJIs OICHKH HOBBIX TOILTUB, TAK W JIJIS aHAIH3a pa-
0OTBI KaKUX-JIMOO YCTaHOBOK W cTaHnui. [lokazarenu, paccMarpuBacMbie
Pa3IMYHBIMU HAyYHBIMH TPYNIIAMH, JOCTATOYHO THUIWYHBI M MOTYT OBITH
00BETMHEHBI B TPYIITBI TEXHOJIOTHUECKIX, SKOHOMHYECKUX, IKOTOTHICCKIX
¥ COIMANbHBIX. B maHHOI paboTe aHaIM3 MPOBOTUIICS TSI CYyCIICH3M [2] Ha
OCHOBE BOJIbI, yTOJBHBIX IIJIAMOB, Oyporo, KaMeHHOTO yrid. B kadecTBe 10-
0aBOK MPUMEHSIIIICH TAKHE KOMIIOHEHTHI KaK OpeXoBasi MIeTyXa, OIIIKH, OT-
paboTaHHOE TypOMHHOE MAacio, KpaxMall, HSOHOJ, KCAaHTaHOBAs M TyapoBast
KaMe/IH.

It pacueTa mokasateneit 3pPeKTHBHOCTH UCIIOIH30BAJICS METO/I B3BE-
meHHBIX cymm (Weight sum method [1]). Anroputm MeToza BKITIO9a BEIGOD
MapaMeTPOB, XapaKTepU3yrOIMuX 3G (HEeKTUBHOCTh TOILTUBA; HOPMUPOBAHHE
a0COJIIOTHBIX 3HAYCHHUI MapamMeTpoB (OTHOCUTEIFHO 3HAUYCHHS, KOTOPOE
CUHTAIIOCh HAWIYYIINM); (B) BBIYUCICHHE MOKa3aTess ((EKTUBHOCTH B
KaXI0H rpymme nmapaMmeTpoB. PaccunTaHHbIe TOKa3aTeIl MOTYT IPUHUMATH
3Ha4YeHus B Auana3zone ot 0 mo 1. Uem BwIme 3HaueHUE, TeM Ooiee 3ddek-
THUBHO TOTLTHBO o COBOKYITHOCTH YYIHATBIBAEMBIX
XapaKTEPUCTHK.

B mannOit paboTe BBINEIEHBI CIEAYIONINE KaTErOpUH, XapaKTepru3yio-
e 3¢ PEKTUBHOCTD MCIOIb30BaHUS CYCIIEH3HOHHOTO TOTIJIMBA!

1. CroumocTs (IpHOPUTET — MUHUMAJIFHOE 3HAYCHHE).

2. DHepreTHYeCKUe XapaKTePUCTUKU: YICAbHAs TEIUIOTa CrOpaHHs
(TpuopHUTET — BBICOKOE 3HAYCHHUE); 30JbHOCTh, BPEMs 3aJCPIKKH 3aKUTa-
HUSI, TEMIIepaTrypa 3aXuraHus (IPUOPUTET — MUHUMAJIbHOE 3HAUYCHHE);
TeMIepaTypa ropeHust (IPUOPUTET — BBHICOKOE 3HAUCHHE).

3. Okonornueckne xapakrepuctuku: koHineHtpammu NOy, SOz, CO,
CO, B 1pIMOBBIX ra3ax (IpHOPUTET — MHHUMAJIBHOE 3HAYCHUE).

4. Peonornueckue XapaKTEPUCTUKHU: BA3KOCTHh (IIPHOPUTET — MHHU-
MaJbHOE 3HAUYEHHE); CEANMEHTAIMOHHAS YCTOHYHUBOCTE (IPHOPUTET — MaK-
CUMaJIbHOE 3HAYCHHE).
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5. Pactiputenne: uncna BeOepa u PeftHonbaca (mpuoputeTr — MHHU-
MallbHOE 3HAa4Y€HHE); PAANyC Karelb (IPHOPUTET — MHUHHMaJbHOE 3HaYe-
HUE); yTOJI pacKphITHA (akena (IPHOPUTET — MaKCUMAaJIbHOE 3HAYCHHE).

6. IpoGnenre u GpparMeHTanus: Bpems 1O peallu3alyy yCIoBUi 1po0-
neHus (IPHOPHUTET — MHUHUMAJIFHOE 3HAUSHHUE); COOTHOIICHUE IUIOLIA N MO~
BCpXHOCTeﬁ BTOPUYHBIX Kall€JIb U IUIOMAAN IMOBEPXHOCTU HCXOI[HOﬁ Karuinu
TOIIINBA (IPUOPUTET — MaKCUMAaJIbHOE 3HAUYEHUE).

Cpenu U3y4eHHBIX TOIUTUB, OCHOBHBIMU KOMITOHEHTaMH KOTOPBIX SIBJIS-
JIICh YTOJIbHBIE IUIAMbI M YTJIM pa3HOM cTeneHn Meramopduima, Haubosee
MIEPCTIIEKTUBHBIMU CTAJIM CMECH M3 YTOJBHBIX (PJIOTAIMOHHBIX OTXOJIOB. JTO
00YCIIOBIICHO MX HU3KOH CTOMMOCTBIO, XOPOIIUMH HOKa3aTesIMU CTaOMIIb-
HOCTH H BSI3KOCTH, a TaKKe MPUEMIIEMBIMU SHEPTeTHYECKUMHU H SKOJIOTHYe-
CKUMH XapakTepucTHkamMu. C yueToM OONBIION CONMATbHOM 3HAYMMOCTH
YTHUIM3aMHd HU3KOCOPTHOTO CHIPbS MOXKHO CIEJIaTh BBIBOX O NPUOPUTETE
HCIIOIb30BAHMS YTOJIBHBIX IIUIAMOB B KAY€CTBE OCHOBBI IS IPUTOTOBJICHUS
TOIUTMBHBIX CYCIIEH3HUH.

Bo Bcex mectu rpynnax KpUTepUEB UHTETPAJIBHBIN [10KA3aTellb Bapbu-
poBasicst B nuanazone 0.4—0.9. Haumenplire mokasaresid HTOroBo# 3¢ dex-
tuBHOCTH (0.239-0.487) Tunnunse! s Torumsa «50 % ¢unbrp-kex /1, 40 %
Boza, 10 % typOunHOE Maciio». CorjaacHo MpoBeICHHOMY aHAJIU3Y, HaWTyd-
[IMMH TOIUTMBAMHU MOTYT CUMTATHCS CMECH Ha OCHOBE YrOJILHOTO HIaMa U
Bozibl. 1x uroroas addexruBHoCTs BapsrpoBanach ot 0.447 no 0.727 npu
3aJ]aHuH LIECTH Pa3IUIHBIX BapHUaHTOB pacripeneneHust
MIPUOPHTETA.

IMomy4ennas 6a3a maHHBIX A0COIIOTHBIX, OTHOCUTEIBHBIX M HHTETPab-
HBIX XapaKTePHCTUK CYCIIEH3HH Pa3IMYHOTIO COCTaBa MOXET OBITh HCIOJNb-
30BaHa ISl TEXHUKO-DKOHOMHYECKOTO OOOCHOBaHHMS IPHMEHEHUS HH3KO-
COPTHBIX TOIUIMB B DOHEPIC€TUKE, IPOCKTUPOBAHUA U MOJACPHU3AIINUN YyUaCT-
KOB IIOATOTOBKH, ITOAA4YH, C)KUT'aHHUSA TOIIJIMBA, OYHMCTKH ABIMOBBIX I'a30B U
ap.

Hccneoosanue noodepocano epanmom Munucmepcmsea Hayku u 8vic-
weeo obpaszosanus Poccuiickot @edepayuu, Coenauenue No(75-15-2020-
806 (0ozosop Nel3.1902.21.0014). Dxcnepumenmanvhoe onpedenenue IKo-
Jl02UYeCKUX noKazamenell 2opeHusi MONIU8 GbINOJHEHO Npu NodoepiicKe

PODU (npoexm Ne 18-43-700001).
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AHa/13 KOMIIOHEHTHOI'0 COCTaBa ra3oBbIX IMPpOAYVKTOB
TepMOXHMH‘lECKOﬁ KOHBEpPCHH 6MomMacchl

J.0. I'mymikos, I'.C. Hamuna, IT.A. Crpmkak

Hayuonanvuwiii uccnedosamenvekuii TOMCKULL ROAUMEXHUYECKULL
yrusepcumem, Poccus, 634050, 2. Tomck, np. Jlenuna, 30

Cpenu BO30OHOBIISIEMBIX HCTOYHUKOB SHEPTHH OJHIM U3 HanOosee 10-
CTYMHBIX ¥ HEPCIEKTHBHBIX MPHHATO CUYUTATh OMomaccy. Mcmosb3oBaHue
OMOMacChl B TEIJIODHEPTeTHKE TOJIOKHUTEILHO BIHMSET Ha YKOJIOTHYECKYIO
00CTaHOBKY, DKOHOMHYECKOE Pa3BUTHE CENBbCKUX PalOHOB, BHYTPEHHIOIO
SHEPreTHYECKYI0 OE30MacHOCTD psiia pernoHOB Mupa [ 1, 2].

[Muponus n cxxuranue SBISIOTCS HauOoJee PacIpOCTPaHEHHBIMHU Tep-
MOXHMHYECKHMH CIIOCO0aMH MCIIONB30BaHuUs SHEpruu ouomaccsl [1, 2].

B pamkax JaHHO# pabOThI BBIMOIHEHBI YKCIIEPUMEHTAIBHBIC UCCIIEI0-
BaHHUS MPOIECCOB CKUTAHKSI OMOMACCHI U TUPOJIK3a. B kadecTBe 00beKTa HC-
CJIC/IOBaHUs paccMaTpUBajach TPU BHa OMOMAacChl M CMECh Ha MX OCHOBE!
ONMJIKN JIePEBHEB COCHOBBIX MOPOI; JHCTHS (Oepe3a, TOMOJb); cojoMa
(ceno).

HccnenoBanus MO CKUTAHUIO OMOMACCHI ITPOBOAMIKUCH C MCIONIB30Ba-
HHEM JKCIEPUMEHTAILHOTO CTEH/Ia, MOJPOOHOE OMUCAaHHE KOTOPOTo Hpe-
ctaBieHo B [3]. [ TaBHBIMM DIIEMEHTaMU CTEHJA SBIISITUCH TOPU3OHTAIBHAS
TpyOuatast MydenbHas medb (MakCHMMallbHas BO3MOXKHAsi TeMIIepaTypa
1300 °C), razoananu3upyronmii KoMiuieke (Ha 6ase razoanamusatopa Testo
340), KOOpIMHATHBIM MEXaHHU3M, TIEPCOHAIBHBII KOMIBIOTEP U BCIOMOTa-
TeNIbHOE 000pynOBaHME (BECHI, J103aTOPbI, AepxkKaresu U ceTku). [luponus
O6romMacchl U cMecell Ha ee OCHOBE OCYIIECTBIISUICS C ITOMOIIBIO BTOPOTO
CTEH/1a, KOTOPBII BKIIOYAJI TePMETHYHYIO JIEKTPUYECKYIO 1eUb (Irana3oH
temriepatyp 20-700 °C), 610k ympaieHHs (peryisTop), ra30aHalIn3aTop
Tect 1, komnpeccop Uil NPOAYBKH I'a30BbIX KaHAJIOB, IEPCOHAIBHBIN KOM-
MBIOTEP U BCIIOMOTATENbHOE 000pYI0BaHHUE.

Ha puc. la npeacraBieHbl pe3yabTaThl BBITOTHEHHBIX 3KCIIEPUMEHTOB
IIPY MPSIMOM CXKMI'aHWUHM OMOMacchl B My(enbHOW Iedu Mpu TemIepaType
700 °C. YcTaHOBIIEHO, YTO OCHOBHBIMH ra3000pa3HBIMH HPOJIYKTaMHU CXKHU-
ranus onomaccsel ABIsFOTCT CO2, CO u NOy, KOHIIEHTPAIMH KOTOPBIX H3ME-
HAIOTCS B Mana3oHax 5.5-6.1 %, 1618-2200 ppm, 119-254 ppm, coorset-
CTBEHHO. MMHUMaJIBHBIMH BHIOPOCAMH TIPH 3TOM XapaKTepH30BaJIaCh CMECh
Pa3HbBIX BUJIOB OMOMACCHI, C)KUTAHHE KOTOPBIX NMO3BOJIMIIO CHU3UTH KOHIICH-
tpaun CO2 mo 9 %, CO o 26 %. BeiOpockl OKCcHIOB a3oTa Uit cMecH
YMEHBIIIITUCH B quanazoHe 22-53 %. KonnenTpanwmiit SO, B JBIMOBEIX ra3ax
HE 3apEruCTPUPOBAHO. DTO CBA3aHO C HU3KOW KOHICHTpAIMEeil cepbl B OMO-
Macce.
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[Ipu TepMudIecKOM pa3oKeHUU (TTHPOIH3e) OMOMaCCHl PEeruCTPUPOBa-
JHCH cleayrone KoMnoHeHTH razoBoir cmecnu: COy, CO, Hy, CHs, NO u
H>S (puc. 10). /lnana3oHsl M3MEHEHUs] KOHILEHTPAIMH Ta30B COCTaBHIIH
11.23-15.03 % (COy), 1.6-2.28% (CO), 2.99-3.94 % (Hy), 0.07-0.2 %
(CH.), 10.33-46.74 ppm (NO) u 5.09-10.81 ppm (H,S). Kak u B ciydae
CKUTaHUsA, MUPOJIU3 CMeCH OKasaics d(h(dekTuBHee. Y CTaHOBJICHO, YTO 3a
CYeT KOMOHMHAITMY PAa3HBIX TUIIOB OMOMAcChl MOXHO yBeNIU4uTh Bbhixoa CO
1o 30 %, Hy no 23 %, npu stom cam3uth 3muccuro CO2 mo 25 %, NO no
77 % 3a cuer mMposIBIEHHUS CHHEPreTHUeCKHX 3((EeKTOB HpH B3auMOJCH-
CTBHHU KOMIIOHEHTOB OMOMACCHI M X MPOJYKTOB MUPOIIH3a.
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co CH

4

Hccnedosanusi, cesizannvle co cocueanuem 6UOMACCHL, GbINOTHEHbL NPU
nooodepoicke epanma PODU (npoexm Ne 18-43-700001). U3zyuenue npoyec-
€08 NUPOIU3A OUOMACCHL NPOUZB0OUTIOCH NPU NoJOepdicke epanma PO DU Ne
19-53-80019.
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HccieaoBaHue 3aKOHOMEPHOCTEMH npoiecca
3a)KMTaHMs ra30BbIX THAPATOB NPHU
UHAYKIUOHHOM Harpese

O.C. Taiinykosa?, IT.A. Ctpuxaxk?, C.5. Mucropa?

! Hayuonanvuwiii uccnedosamenvckuii Tomckutl noaumexHuyeckuil
yuugepcumem, Poccus, 634050, 2. Tomck, np. Jlenuna, 30

2Hycmumym menaogusuxu um. C.C. Kymamenaose CO PAH,
Poccus, e. Hosocubupck, np. Axkaoemuxa Jlagpenmoesa, 1

Ha ceronusiurauii 1eHb ra30Bble THAPATHI CYNTAIOTCS OHUM U3 Han0o-
Jiee TIepPCIeKTHBHBIX HCTOYHUKOB 3Hepruu [1]. OHu mpeacTaBisitoT coboit
HOBBIM BUJ| YUCTOM 3HEPIMU U CUUTAIOTCS AJIbTEPHATUBHON JHEPIreTUKOH C
OTPOMHBIM NOTEHIIHAIBFHBIM pe3epBOM. M3ydeHne MexaHu3Ma U XapaKTepu-
CTHK ITpoIIecca FOpEeHHs THIpaTa MeTaHa He00XO0IMMO JIJIs €ro 0€301acHOCTH
XpaHEHUs U TPaHCIOPTHPOBKH, a TaKKe JUIsl o0ecrieueHns! BBICOKOH addek-
THBHOCTHU TIpH Ckuranuu [2]. ['a30BbIi TUOpaT mpakTH4ecku He obpasyer
OCTaTKOB TIOCJIE CTOPAHUSl U MPOU3BOJUT 3HAUUTEIHLHO MEHBILE 3arps3He-
HUH, 4eM TPaJULMOHHBIE BUABI TOIUIMBA, YTO MO3BOJSET UCIOIB30BATH €IO
B KaU€CTBE IKOJIOTMYECKH YHCTOr0 TOIIIHBA.

AKTyallbHBIMU SBIISIIOTCS 3a1a4H UCCIIEOBAHNS XapaKTEPUCTHK, MeXa-
HU3Ma M CTaguil TOPEeHHs THIpaToB MeTaHa. braromaps ocoboMmy cocraBy
THIPATOB METaHa, MPOLECC CTOPAHUS OTIMYAETCS OT TPAAULUOHHBIX TBEp-
JBIX U )KUIKUX TOIUIMB TEM, YTO CXKHTaHHME THApaTa METaHa MpEeACTaBIseT
MHOTOKOMIIOHEHTHBIA IIPOLECC TETEPOreHHOro ropeHus. B Hacrosiee
BpeMsI HET HaJIe)KHBIX TEOPETHUECKUX MOJIeNIEH, MO3BOJISAIONINX aJIeKBaTHO
CMOJIEIUPOBATh TOPEHUE, U HE U3Y4EHBI KIIIOUYEBbIE XapaKTEePUCTHKU ra30-
BOT'O TH/IpATa, KOTOPBIE OMPEACISIOT CTa0MIBLHOCTh rOpeHus. TakuM oOpa-
30M, LENBI0 HACTOSIIEH PabOTHI SBIISUIOCH TEOPETHYECKOE HCCIIECOBAHHE
IpoLecca 3aKUraHns ra30BOro rUaparTa Npu HHAYKIIMOHHOM HarpeBe ¢ yue-
TOM TPYIHITBI B3aUMOCBSI3aHHBIX IPOLIECCOB TeIIoNepeHoca, (ha3oBhIX mpe-
BpAIllEHUH U XUMHYECKOTO PEaripOBaHUSI.

MoMeHT Hadasa TOpeHus], a TAKXKe MPOJOIDKUTEIEHOCTD TOPEHUS OBbLTH
OIpEIENIEHBI IO BU3yaJIN3alliH IIPOLECCA TOPEHUS C IPUMEHEHHEM BBICOKO-
CKOpPOCTHOM Buzeokamepsl. IIponeccsl 3aKuranus ra3oBoro ruipara BKIIO-
YaloT SIBHO BBIPAKCHHBIE CTAANH IUIABJICHHS YaCTHL, UCTIApEHUsI, (HOPMHUPO-
BaHHUS BBICOKOTEMIIEPATYpPHOH ITaporazoBoi CMecH, ra30(ha3HOr0 3aKUTaHuUs
U NIOCJIEYIOIIEro Belropanus. IIpu 3ToM 3aperucTpupoBaHbl IPOLECCHI I1e-
peMeLIEHHs YaCTHI] T'a30BOT0 T'MPaTa, KaKk BCIEICTBHE OTCKOKA OT Pa3orpe-
TOM MIOBEPXHOCTH CTEePIKHA, BCKUIIaHUA BOJIBI, BBIOPOCOB
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YaCTHIl THAPATOB M KalleJIeK >KUIKOCTH, TaK W BCIEACTBHE (DOPMHUPOBAHMS
KOHBEKTHBHBIX IIOTOKOB OT Pa30rpeTol IIOBEPXHOCTH.

Ha ocHOBaHMM pe3yJIbTaTOB AKCIIEPUMEHTAIBHBIX HCCIEAOBAHUN pa3-
paboraHa ¢u3ndecKas 1 MaTeMaTHIECKas MOAEb HHUIIMNPOBAHUS TOPEHHA
(TIepBoii cTagmuy 3TOTO MpoLecca — 3aKUTaHKs) FA30BOT0 FHAPaTa IPH KOH-
JYKTUBHOM HarpeBe ¢ BapbUPYEMOH IUIOTHOCTBIO IIOJBEIECHUS TEIUIOBOM
SHEpruu. 3ajjauaMy MOJICIIUPOBaHHS POLIECCOB 3a)KUTaHUs U TOPEHHSI Ta30-
BBIX TH/APATOB SIBJSUIOCH BAPbHUPOBAHUS 11apaMETPOB IIPOIIECCOB B TAIa3o-
HaX, HE peaJM3yeMbIX B OKCIIEPUMEHTE, TO €CTh CYIIECTBEHHO LIUPE AJIS CO-
OTBETCTBHS IPYIIIE TOIUIMBHBIX MPUIIOKEHUH.

[Tpn aHanm3e pe3ynbTaToB MaTEMaTHIECKOTO MOJISIUPOBAHUS B IIHUPO-
KOM JINaIa3oHe TeMIIepaTypbl HarpeToil MOBEPXHOCTH MOXKHO OTMETHTB, YTO
MIPaKTHUECKH HE MEHSIONIMECs BpEeMEHa 3aJep)KKH 3aKUTaHus Mpu
T > 1100 °C raxxe WLTIOCTPUPYIOT OOJIbIlee BIUSHUE MPOLIECCOB TEIUIOMNe-
peHOCa 10 CPAaBHEHHUIO C XMMUYECKHM pearuposaHueM. C pocToM SHEpruu
aKTHBAIIMM CKOPOCTh FOPEHHS 3HAYNTEIBHO YMEHBILIAETCS, YTO IPUBOIUT K
CHIDKEHHIO TT0TOKa (MacCOBOT0 MPHUX0/ia) METaHa M K CHWIKEHHIO CKOPOCTH
ropenus. B pesynbrare, CKOPOCTh MPOrpeBa YacTHIbl I'a30BOrO THMIpaTa
YMEHbILIAETCS, @ BpeMs 3aJIep)KKH BO3pacTaeT.

[TpoBeneHHBIE SKCIEPUMEHTHI 1 MaTEMAaTHYECKOE MOJIEITMPOBAHUE TIOKa-
3aJI1, 4TO MEXaHU3M MHUIIMMPOBAHUS TOPEHHS ITOPOIIIKa 'a30BOr0 I'Mpara Ha
HarpeTol MOBEPXHOCTH COXPAHsETCs B IIMPOKOM JMala3oHe TeMIIepPaTyphbl.
OnHako MHTErpalbHbIE XapaKTEPUCTUKH TPOIIECCa MHUIMHPOBAHUS TOPEHUS
MOTYT BapbHpOBATHCS B HMIMPOKOM JAMANa3oHE BCIECTBHE BIHMSHHS TPYIIIBI
paccMOTpeHHBIX (hakTopoB. PazpaboranHas Monenb TeruionepeHoca Mo3Bo-
JISIET BOCIIPOM3BECTH PA3HBIE YCIOBHS TEIUNIO0OOMEHA TOILUTMBA C TPEIOILEH cpe-
JI0H 3a CYET BapbUPOBAHMS THIA TPAHMYHBIX YCIOBHH. JTO SBISETCS OJHUM
N3 KIIFOYCBBIX MPEUMYIIIECTB ITPU aHATTN3C TOTCHIUAJIbHBIX yCHOBI/Iﬁ HHHUIIUHU-
POBaHHUsI TOPEHHUsI IEPCIIEKTUBHOTO TOIUINBA — ra30BOr0 MJparTa.

[Ipumenenne pa3paboTaHHON MOJIENH MO3BOJIMIO YCTAaHOBUTH 3aBHCH-
MOCTH KJIIOYEBOM XapaKTEepUCTHUKH UCCIIEI0OBAaHHOTO MpoIiecca — BPEMEHH
3aJICp>KKU 3KUTaHMs OT TEMIIEpaTyphbl HarpeBa B Hara3oHe, CyIIeCTBEHHO
MPCBLIIAIOMIEM JOMMYCTUMBIC B OKCIIEPUMEHTAX U COOTBCTCTBYIOUIUE IICP-
CIIEKTUBHBIM TOIUTUBHBIM TEXHOJIOTHSIM.

Hccnedosanue noodepoicano epanmom Munucmepcmea Hayku u 8vic-
weeo obpazoeanust Poccuiickou @edepayuu, Coenawenue Ne 075-15-2020-
806 (0ozo60p Ne 13.1902.21.0014).
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[I[puMeHeHHUe TelJIOHArpeBaTe /IbHbIX 3JIEMEHTOB JAJIsI
NOBBILIEHUS TENJIOBBIX XapaKTEePHUCTUK
CBETONPO3PaYHbIX OrPAXKAAINIUX KOHCTPYKIUA

K.E. [Terpos, E.B. [letpos

Tomckuil 2ocydapcmeenubill apxXumeKmypHO-CmMpoumebHblil
yuueepcumem, 634003, e. Tomck, na. Consanas, 2

[NoBbimeHne KOMQOPTHOCTH IMOMEIIEHUH >KWIBIX M OOIIECTBEHHBIX
3/IaHMi, 0COOEHHO B XOJIOJHBII IIEPHOJI BPEMEHH SBIISIETCS aKTyaJIbHOW 3a-
Jladeil Ha COBPEMEHHOM 3Tarle, 0COOEHHO B PErMOHAaX C HEOCTaTOYHOI cTe-
TICHBIO0 MHCOJIALNH TTOMEIIEHNH. B ¢BS3M ¢ 3THM, BO3HHKAET IMOBBIIICHHBIN
pacxop TeIyIOBOM SHEPTHH Ha OTOIIEHHE, B TOM UHCIIE M3-3a HEIOCTaTod-
HOTO YPOBHS TEIUIOBOI 3aIIMTHI HAPY>KHBIX OTPAXKMAOIINX KOHCTPYKIMH
3nanmii [1]. Haubosee ysi3BUMBIM 3IIEMEHTOM, C TOUKH 3PEHUS TETIOBBIX IM0-
Tepb B 3MAHUAX, ABISIOTCS CBETONPO3pavyHble KOHCTpYKIwH [2]. s pemie-
HUSI 337141 TTOBBIIIEHUS KOM(OPTHOCTH TIOMEIIEHUH ¥ CHI)KEHHS 3aTpat Ha
OTOIIJICHUC 3)IaHHﬁ B 3UMHUM nepuon, HCO6XO}II/IMO IIOBBIIIATH TCTIJIOBBIC Xa-
PaAKTEPUCTUKH CBETOIIPO3PAUHBIX OrpaxkaeHui [3]. YirydrieHue TemIoBbIX
XapaKTEPUCTHK CBETOMPO3PAYHBIX KOHCTPYKIHI MOXKHO 00ECIICUUTh MMyTEM
MIPUMEHEHHS 3aIIUTHBIX u TEIUIOHAarpeBaTeIbHbIX
MJIeHOK [4].

B npencraBiaenHoi paboTe MpUBENEHBI PE3yNIbTAaThl SKCIIEPUMEHTANb-
HBIX UCCIIE/IOBAHHH 110 BIUSHUIO TETUIOHATPEBATEIIHHBIX 3JIEMEHTOB Ha Tell-
JIOBBIE XapaKTEPUCTHKU CBETONPO3PAYHBIX KOHCTPYKIMH C HCIIOIBb30BaHUEM
TemonarpesarenbHoi tuienkn Heat Plus Standard SPN-305-225, kotopast
MMEET TeXHHUECKHE XapaKTEPUCTHKH, ITPUBEICHHBIE B TabuIe 1.

Ta6muna 1. Texaudeckue xapakrepuctiku mwieHkn Heat Plus Standard

upuna, | Toammua, Makcumane- | HovunaikHas PatGouas tem-| KIIJ,
. . Hasi MOII[HOCTh,| MOIIHOCTb, nepatypa, °C| %
Br/m.1. Bt/Mm? i
500 0,338 110 50-150 70-80 92

OCHOBHBIM ITPUHIMIIOM AEHCTBHUS TUICHKH SIBIISIETCSl IIpeoOpa3oBaHue
JIEKTPUUECKON HEPTUU B HU3KOTEMIIEPATYpPHOE TEMJIOBOE U3IydEHUE, re-
HEpUpYyeMOe YIIIEPOAHBIMU NoJ0caMH. B pe3ynbraTe MpUMEHEHUs IIEHKU
MIPOUCXOIUT HATPEB IOBEPXHOCTU OCTEKIICHHSI CBETOIPO3PAYHON KOHCTPYK-
11U, KOTOPOE, B TOM YHUCIIE, OTAAET CBOE TEILIO BO3ayXy. [Ipu ucnons3oBa-
HUU TEIUIOHATPEBATENBHBIX MIIEHOK UMEETCSI BO3MOXKHOCTh U3MEHEHHS TETI-
JIOBBIX XapaKTEPUCTHK CBETONPO3PAYHOH KOHCTPYKIMHU C LENBIO CHIKECHUS
TEIUIOBBIX MOTEPb.
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Ta6muna 2. Pacnipenesnenue TeMepaTtyp o BHYTPEHHEW MOBEPXHOCTH OCTEKICHUS
C IPUMEHEHHUEM TETIIOHAT PEBATENbHbIX JIEMEHTOB

Homepa Touek usmepe-
HHUSl TeMIIepaTypPbl

1 2 3 4 5 6 7 8

TemnepaTypa noBepxHo-

. 145 | 22,1 | 250 | 255 | 24,3 | 23,7 | 23,7 | 23,1
ctu ocreknenus, °C

*[Tpumeuanue: Touka Nel He HaxoaMIack B 061acTH 0OOrpeBa.

B kauecTBe 00beKkTa MccIenoBaHUs OblTa B3sTa KOHCTPYKIHS IJIACTH-
KOBOTO OKHa ¢ pazmepamu HxB, papabmvu 1450400 mm. Brutn mpoBeieHBI
W3MEPEHHMS TEIUIOBBIX XapaKTEPUCTUK JAHHON KOHCTPYKIIMU OKHA 110 BEPTH-
KaJbHOU MJIOCKOCTH OCTEKJICHHUS B BOCBMHM TOUKax. [Ipu mpoBeneHnn sKcme-
PUMEHTAIBHBIX HCCIEAOBAHUM 110 M3MEPEHHUIO TEIUIOBBIX XapaKTEPUCTHK
OCTEKJICHUS IPUMEHSIICS U3MEPUTENh MJIOTHOCTH TEIUIOBBIX IIOTOKOB U TEM-
neparypsl UTTI-MI'4.03/X(Y) «Ilorok». [lanHble 1O TeMOepaTrype B Kax-
JIOM TOYKE Ha MMOBEPXHOCTH OCTEKJICHHS PUBECHBI B TA0IHILIE 2.

Kax BUIHO U3 IpUBEICHHBIX JaHHBIX, IPUMEHEHUE TEIUIOHArPeBaTelb-
HOM IJICHKH TI03BOJISIET TIPH OTHOCUTEIBHO HEOOIBIIMX MOLTHOCTSIX Ha Tell-
JIOHarpeBaTeIbHOM 3JIEMEHTE CYILECTBEHHO NMOBBICUTH TEMIIEpaTypy BHYT-
pEeHHEN NOBEPXHOCTH OCTEKIICHHUS.

Ha ocHOBe npeacTaBIeHHBIX JaHHBIX IKCIIEPUMEHTAIBHBIX HCCIIEN0BA-
HUI BUJHO, YTO IPUMEHEHUE TEINIOHATPEBATEIBHOIO SJIEMEHTA B CBETOMPO-
3payHbIX KOHCTPYKIMSIX MTO3BOJISIET HE TOJIBKO MTOBBICHTH TEMIIEPATYPY BHYT-
PCHHEH MOBEPXHOCTH OCTEKJICHUS, HO ¥ CHHU3HUThH TEIUIOBBIC ITOTEPU UEpe3
CBETONPO3PAavHbIE OTPAXKIAIONINE KOHCTPYKIMH. Kpome 3TOro, ycraHos-
JICHO, YTO TPH MPUMEHEHHUHU JICKTPOOOOrpeBa odecreunBaeTcsi 0oiee paB-
HOMEpHOE TEeMIIepaTypHOe II0JIe MO BBICOTE OCTEKJICHHUS M BBIMOJIHICTCS
yCI0BUE KOM(OPTHOCTH 10 BEIMYHHE JIOMYCTHUMBIX TEMIIEPATYP MOBEPXHO-
CTeH OCTEKJICHUSI.
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OnTuMHU3anys TEeIJI0NoTpe6/IeHUA 3aHUs 10 ajpecy
np. Pazsurus, 27

A.Y. MycuHos, A.B. Jlertapesko

Tomckuil 2ocy0apcmeeHHbLL APXUMEKIMYPHO-CINPOUMenlbHbll
ynugepcumem, 634003, Poccus, . Tomck, ni. Consinas, 2

BaxapIM HampaBiieHHEM B 00JacTH 3HEPropecypcocOepexeHus B CH-
CTeMax TEIUIOCHA0XKEHHS 3[JaHUH ABJIAETCS UCTIOIb30BaHIE CHCTEM aBTOMa-
TUYECKOT0 IOTOJHOTO PETYIHPOBAHUSA C JUCTAHIMOHHOM YIPaBICHUEM.
Bounbiioe BiusiHME Ha TEIUIONOTPEOJieHHE OKa3blBaeT rpaduk U3MEHEHHH
TeMIIepaTyp TEIUIOHOCUTENS B CUCTEME OTOIUICHHS B 3aBUCHIMOCTH OT METE0-
YCIIOBUI M TEMITEpaTypHOTO pexnMma nomerieHnid. Co3aBas onTUMaIbHbIC
YCIIOBUSI MUKPOKJINMATa TIOMELIEHUH B XOJIIOIHBII Mepro/] rojia U B MexKce-
30HbA. JJ1s KaXKAOTO THIIA 31aHUH OH OTIIMYAETCS B CBSI3H C HX KOHCTPYKTHB-
HBIMH OCOOCHHOCTSIMH (IIaHENbHBIE, KUPIMYHBIC, MOHOJNUTHBIE H T. I.),
9TaXXHOCTBIO, TUTIOM CHCTEMBI OTOTUICHHS, OPHEHTAIMEH 110 CTOPOHAM CBETa,
Ha3HAYECHUEM U PEKIMOM PaOOTEHI.

Jiis mombopa ONMTHMANBHOTO TEMIEepaTypHOTo Tpaduka OBIIO MpoBe-
JICHO HCCIEZIoBaHNe Ha 37jaHue LIeHTpa HOBBIX CTPOUTEIBHBIX TEXHOJIOTHI 1
matepuaioB OO0  «CrpoiitexunnoBaimn ~ TJACK»: mo  ampecy
np. Pa3sutms, 27.

31aHue BOCBMHUITAKHOE, pasmepamMu B ocsax 31,5 m x 15,0 M u oOmieit
BBICOTOM 23,88 M. 31aHNEe — KapKacHOE, C OTPAXKIAFOIUMH KOHCTPYKIHSIMU
TPEX TUIIOB: HABECHBIE TPEXCIIOMHBIEC CTEHOBBIE TAHENN U3 KepaM3UTOOETOHA
tomnuHoi 400 MM, BuTpaxHas cucrema «CUAJI» n orpaxaromias caMoHe-
cymiasi MHOTOCIIOWHAsT KOHCTPYKIws TormHoi 400 MM. 3maHre ocHAIIEHO
aBTOMaTHueckuM peryastopom BOCT-02, ¢ ucnonp3oBaHreM IpOrpaMMHO-
annapaTHOTrO KOMIUIEKCA C BHEIIHUM JOCTYTIOM.

ITpn pabote B cocTaBe CHCTEMBI PETYIATOP KOHTPOIHPYET TEMIIEpa-
TYpYy Hapy>KHOTO BO3[yXa, TEMIIEpaTypy BOIBI B IOJAIOIIEM M OOpaTHOM
TpyOOIIpOBOAaX KOHTYpa OTOIUICHHUS, TEMIEPATypy B MOAAIOIIEM U IIUPKY-
nsoHHOM Tpy6otpoBone I'BC. Ilpu perynupoBanuu TemMrneparypsl B KOH-
Type OTOIUIEHHS PETYIISITOP OXHOBPEMEHHO C TEMIIEPATypOH BOABI B ITOIA0-
eM TpyOOoIpoBOE KOHTPOIMPYET U TEMIIEPATYpy 00OpaTHOM BOJBI, BO3Bpa-
Ia€MOi B TEIUIOLEHTPaIb, 00ECIIeUNBast 3aIUTY CHCTEMBI OT MPEBBILICHUS
€10 3alaHHOro 3HaueHus. 1o pesynbraTtam m3MepeHui perynstop ¢hopmu-
pPYeT CHTHAIBI YIpaBJICHHUS IBYMs PEryIHPYIOIIMMH KJIallaHaMH, OJUH U3
KOTOPBIX CIYXHT ISl NOAJEep)KaHUs 3aJlaHHOW TeMIlepaTyphl B KOHTYpe
oTomeHus, a apyroil B koutype I'BC. Ynpasnenue kianaHaMu IpoOH3BO-
JATCS OJIMHAKOBBIM LIMPOTHO-UMITYJILCHBIM crocooom 1o
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HE3aBUCUMBIM TPOTIOPIHOHANTEHO-UHTETPATbHO-TU( G epeHIIHaTBHEIM 3aK0-
HaM pPeryJIHpOBAHHUS.

s nccnenoBaHus ObUTO MPOBEACHO:

— ompeneneHne PaKTHIECKHX TeIUIONOTEPh 31aHMUs C TOMOIIBIO yCTa-
HOBKH M3MEPHUTENS INIOTHOCTH TEIJIOBBIX TIOTOKOB, C OIIpeae/ieHHeM (haKTH-
YECKOro CONPOTHBIICHUS TEILUIOMPOBOAHOCTH OTIPaXKAAIOIIEH KOHCTPYKIMU
3naHus [1];

— aHaIM3 TEMIIepPaTyp BHYTPHU MOMEIICHUH 37aHUS TPU Pa3ITUIHBIX
TeMIepaTypax TEIUIOHOCUTENS B CUCTEME OTOIUICHUS 31aHus [2];

— MpPHUMEHEHa BO3MOXXHOCTH TIEPEBOJIa CUCTEMBI OTOTUICHHS B CIICIIU-
AIBHBIA pEKUM YaCOBOM KOMITEHCAIINH, KOTOPast TO3BOJISIET CIBUHYTH BBEPX
YJIM BHU3 TEMIEpaTyPHBIA Tpaduk. 3arporpaMMHAPOBaHBl YCTABKH TEMITEpa-
TYpHI TEIUIOHOCHUTENS B MTOAIOIIEM TPYOOIPOBOIE OTOILICHHUS C IIETBIO CO-
KpalieHus: MoTpeOIeHUs] TETIOBOM SHEPTHU B MEPHUOIBI, KOTJA 3TO OITY-
CTHMO B BBIXOJIHBIC JTHU HJTH B HOYHOE BPEMSI;

— BBITIOJIHEHO IPOTPaMMHUPOBAHHE YTIPABIICHHS TEIUIOHOCHTEIEM HE
TOJIBKO Ha TEKYIYIO TEMIIEPATypy Hapy»KHOI'O BO31yXa, HO U HAa IIPOTHO3U-
pyeMyIo TeMIiepaTypy ¢ HOMOIIBIO BBIX0Ja KOHTPOJUIEpa B HHTEPHET, U BO3-
MO’KHOCTB 3apaHEEC MOBBLICUTH UJIU ITOHU3UTH KOJIMYECTBO TEIUIOBOM OHEPIrun
Ha oJjaue B TEIUIOBOM y3JI€ C IOMOIIBIO PETyJIsITOpa, C YUETOM TEIJIOBOM
WHEPIIMHU OTPAXKAAIONINX KOHCTPYKIHH (TETUI0aKKYMYJIUPYIOIIEeH ClIOCOOHO-
CTH), YTO TIO3BOJIUT IIPU PE3KOM IOBBIIICHAU WIN TOHUKCHUHU TEMITCPATYyPBI,
3a0J1aroBpeMEeHHO TTOHU3UTH WM MTOBBICUTH TIOJ]a9y TEILUIOBOH SHEPTHH.

B pesynbraTe MBI HOTyYaeM aanTUBHBINA TpaduK TeMIeparyp Ajs 31a-
HUs 110 TIp. Pa3BuTist, 27, KOTOPHIi Ha KaXI0€ 3HAUCHIE TEMIIepaTyp Hapy K-
HOTO BO3/IyXa 33JacT ONTHMAaJIbHOE 3HAUCHUE TEMITEPATYPHI TETUIOHOCUTEII,
YTO HEOOXOAMMO i KOM(OPTHBIX MapaMeTpoB BHYTPEHHETO BO3AyXa, a
TaKXKe CHIDKACT 3aTpaThl HA HEpromnoTpedieHue (raa).
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UcciexoBaHre MEXaHUYECKMX CBOVICTB TBEP/JEIOLIETO
IleMEHTHO-NIECYaHOTr0 PacTBOPA € Pa3/IMYHbIM
BO/IOLl€eMEHTHBIM OTHOLLIEHHEM
B YC/IOBUAX IpaJeHTa TEMIIEPATYP

A.U. Tueips, C.B. KopoOkos, A.1O. AG3aes, A.X. Jlaba3zaHOB,
H.X. Xamutos, B.C. Hukonenko

Tomckuil 2ocy0apcmeeHHbLL APXUMEKIMYPHO-CINPOUmMenbHbll
yuugepcumem, 634003, Poccus, e. Tomck, na. Conanas, 2

ITpn GeToHMpOBaHUM HECYIIMX KOHCTPYKLMH 37aHUS B 3UMHEE BPEMs
TPafiueHTHI TEMIIEPATYP OKA3bIBAIOT CYIIECTBCHHOE BIMSHUEC HA MEXaHU3MBI
TBepaeHus 6etona [1]. Tak kak, 3MMO¥ Ha CTPOUTEIHHON TUIOIIAAKE MTEPUOT
NPe/IBapUTEIBHOTO BBIJEP)KUBAHUSI OTCYTCTBYET, OOpasyroluecs: Mocie
YKJIQJIKA CMECH TPaJUCHTHI TEMIIEPATYphbl 3allyCKalOT MPOLIECC MHUTPaIUu
BJIard U3 OoJiee HArPEeThIX B OXJIAXKACHHBIE 30HBI KOHCTPYKIMU. B KOHEuHOM
UTOT€ 3TO BEAET K MX IEPEyBIAKHEHUIO M JajbHEHIIEMY yXYIIICHUIO
cBoicTB [2]. HepaBHOMepHBIE TeMIIepaTypHBbIE OIS 10 BCEMY CEUEHHUIO KOH-
CTPYKIIMH MOTYT HETaTUBHO MOBIHATH Ha HAOOp npouHoctH OeToHa [3]. ITo-
Ka3aTeb TEMIIEPAaTyPHOTO TPAJUEHTa B OOJBIIMHCTBE CIIydaeB HEBEJHK, HO
aKTHBHPOBAHHBII UM IPOIIECC MAacCOINEPEeHOCa CIIOCOOCH U3MEHUTD CTPYK-
TYpY, MOPHCTOCTb, BIAKHOCTh, IPOYHOCTb U JIpyTHe MEXaHHYECKHUE CBOM-
cTBa O€TOHA.

B paboTe npuBeaeHBI PE3yabTAaThl HCCIIEAOBAHMUS TPOYHOCTHBIX XapaK-
TEPUCTUK CTEPXKHS, COCTOSIETO M3 LIEMEHTHO-TIECYAHOTO PacTBOpa C BO-
nouemeHTHbIM oTHOmeHHeM (B/I1) 0,4;0,44;0,49 u 0,54, TBepaeromiero B
YCIIOBUSIX IPAIUCHTOB TeMIiepaTyp. Llenbro 1aHHOI paboTHI SIBJISIETCS IKCIIe-
pUMEHTANbHOE M3YY€HHE BJIMSHHS I'PaJIMEHTOB TEMIIEpATyp HAa MeXaHH4e-
CKHE CBOMCTBA TBEP/CIOLIETO [IEMEHTHO-TIECYaHOT'0 PacTBOpa.

B kauecTBe CHIPBEBBIX MaT€PUaJIOB TIPH NPOBEICHNUH OIBITHBIX UCIIBITa-
HU ObLT UcTIONB30BaH nopianaieMeHT Mapku LIEM 142,55 (1. Tonkn) u ne-
cok Kananackoro mecropoxxaenus (ppakmus 2,0-2,8 mm). beut chopmupoBan
LIEMEHTHO-TIECYAHbIH  CTEpPXKEHb B JEPEBSIHHON onaixyOke pa3smMepoM
70x70x700 MM. CTeHKH OnayOK{ BBITIOIHEHBI U3 JPEBECHHBI C METaIde-
CKMMH IUIACTUHKAMH Y TOPIOB TONIIMHON 5 MM. CTEHKH repMEeTHYHBI M N30-
JMPOBAHBI OT N3MEHEHUSI TEMIIEPATYPHI B TIOTIEPEYHOM CeUeHUH. BHyTpH cTep-
JKeHb-00paszerl pa3zaerneH Ha 10 paBHBIX YacTel ¢ IIOMOIIBI0 TOHKHUX BOJIOIIPO-
HHUIAEMBIX CETOK C IIENBI0 COXPAHEHWs] MacCOIEepPEeHOca BOAHOIO PacTBOPA
MEKy 00pa3IaMu B YCIOBHUAX TPAAUEHTOB TEMIIEPATYP M COXPAHEHHUS CTPOTO
MIPSIMOYTOJIBHOHN (DOPMBI TIEpel MEXaHNYECKUMH HCIIBITAHNUSIMU.
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@opmbl ¢ 0bpa3aMu nocie GopMOBaHHS, IPEIBAPUTEIHHO BBIICPKHU-
Bajach B TEUCHHE 4-X YacOB O Hayaja CXBaTHIBAHWS NPH KOMHATHOH
temnepatype. Ilocne onamy6ka ycTaHaBINBAETCs B IPOEKTHOE MOJIOKEHUE B
YCTaHOBKY PETryJIUPYEMBIX TEMIIEPATypHBIX IpagueHToB. OfHa U3 METaIIIH-
YECKHX TUIACTHH — HaXOoauTCs o HarpeoM (+60 °C), npyras — BXOIHT B
pabounii 00beM MOPO3MILHON KaMephbl Ha 7 CM, TEM CaMbIM OXJIAXKIACTCSI C
3ajaHHbIM pexxumMoM 10 —20 °C mocpeicTBOM anmnapaTHO-MPOrpaMMHOTO
KoMILIeKca ycTaHoBKHU. [lonséM Temmneparypst 1o +60 °C ocymecTsisiics B
TEUEHNH 2 4acOB, TI0CIie 00pa3Iibl BEIIEPKUBAIUCH 4, 8 U 12 yacoB, ¥ Ha po-
TSOKEHUE STOr0 BPEMEHH, KaXKIbIN Yac MPOU3BOJMINCH H3MEPEHUS TeMIepa-
TYpBI 00pa3noB. 3aTeM 00pa3ubl-KyOHKH MOABEPTall MEXaHNIECKUM HCTIBI-
TaHMAM JUIS ONPENIEIICHHUS TIPOTHOCTH.

YcraHoBIEeHO, 9TO HA0Op MPOYHOCTH 00Pa3IOB IS PA3HBIX TOUYEK HC-
TIBITAHUS IPOUCXOIUT C Pa3HOI HHTEHCUBHOCTHIO. B yCIoBuMsIX Temio n Mac-
colepeHoca HalII0Jat0TCsl pa3IndHbIe TOKA3aTEI! IPOYHOCTH IO JUTHHE 00-
pasia, 4To MOATBEPKIAET TEOpeTHUIEeCKUe Mpennochulku. C yBemnueHneM
BOJIOLIEMEHTHOTO OTHOIICHHUS TIpeJesl TPOYHOCTH 00pa3I0B CHIKAETCS IS
BCEX 00pa3loB HE 3aBUCHMO OT MX PACIOJIOKEHHUS B CTEPIKHE.

Takum 00pa3oM, NMPOBEICHHBIC UCCIICOBAHMUS TTOKA3AJIHU, YTO TPAJIH-
€HTHI TEMIIepaTyp OKa3bIBAIOT CYIIECTBEHHOE BIHMSHHUE HA TBEpPICHUE Iie-
MEHTHO-TIECUaHbIX O00pa3lOB. YBEIWYEHHE BPEMEHHM TBEpJAEHHS 10 8 WU
12 yacoB npuBeNO K CyIIECTBEHHOH HHTEHCU(DUKAIIMN HAKOIIJICHUSI U POCTY
BEJIMYMHBI TPOYHOCTH 00pa3oB HaYKMHAs ¢ 3-T0 HOMEepa (NP BBIXO/E U3 OT-
pHUnaTenbHON 30HBI Temrieparyp). Ilpu 8 wacax TBepneHust HaOmomaeTcs
TEHJCHIMS K YCUJICHHOMY HaKOIUICHHIO NPOYHOCTH, HayMHAs C 00pasIoB
Ne5. A ¢ yBenuueHreM BpeMEHH TBEpCHHS 10 12 4acOB 3Ta TSHICHIIUS YCH-
nmBaeTca. Oumaercs, 4To ¢ JaTbHEHIINM POCTOM BPEMEHU TBEPACHHS TCH-
JICHIIMS] HEMOHOTOHHOTO YITPOYHEHHS TIPOSIBUTCS B 00JIbIIIEH cTerneHn. M0oxKHO
noJiarath, YT0 HEMOHOTOHHOE YNpOYHEeHHe 00ycloBIeHO 3 deKTaMu Teruio-
MaccoIepeHoca, U Kak CIeICTBHE, POCTOM TEPMHUECKUX HAIIPSHKEHUH U yCKO-
PEeHHBIM (JOPMHUPOBAHKEM HOBBIX ()a3 B MpoLiECcce TUAPATALHH.
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The process of distilling miscella (a mixture of a low-boiling solvent and
vegetable oil) is one of the most energy-consuming areas in the technology
of vegetable oil production. This is described in detail in [1]. Modern tech-
nologies for the production of vegetable oils are well described in [2]. The
efforts of modern researchers are aimed at reducing energy costs by improv-
ing the technological parameters and designs of the apparatus used for the
distillation of oil miscella [3]. The original technology for producing vegeta-
ble oil was developed by the authors [4]. The method of intensifying the dis-
tillation of miscella, which is proposed in [5], can be considered promising.
Currently, there are two fundamentally different approaches to the implemen-
tation of the process of distilling miscella: multiple-unit and single-unit de-
sign of apparatus. Previously, we have already written in our work [6] about
the advantages of single-unit design of apparatus. Due to the design features
of the single-unit installation, it is possible to rationalize the movement of
material flows, as well as to increase the number of heat and mass transfer
surfaces assigned to the unit volume of the device, thereby increasing the ef-
ficiency of their work. In other words, the occupied production area is re-
duced. The movement of the liquid, in most cases, is organized due to the
forces of gravity. External transport pipelines and, accordingly, heat losses in
them are almost excluded. With minimal losses, energy resources are reused.
Calculations of material and energy balances at all stages were performed to
make an objective comparison of the energy efficiency of multiple-unit and
single-unit installation for distilling miscella. When calculating the heat
transfer, we used some formulas and data from [7, 8]. At the same time, the
direct costs of heating and evaporation, fractional and partial condensation of
the vapor mixture, pumping of liquid, overcoming hydraulic resistances, and
vacuuming were considered as much as possible. The advantage of a single-
unit apparatus from the position of effective mass and energy transfer is
shown in this work.
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I'azoBast oTpaciib MPOMBIIUIEHHOCTH, BKJIIOYAMOIIas B ce0s TaKHue cer-
MEHTBHI KaK pa3Be/ika, 100bIua, TpaHCIIOPTUPOBKA, IepepadoTKa U paciperie-
JICHHUEC IPUPOAHOIO rasa, ABJIACTCA KPYITHBIM IIPOU3BOACTBEHHBIM KOMILJICK-
COM U 151 ee (PYHKIIMOHUPOBAaHUSI HEOOXOIMMO 3HAUYUTEIHHOE KOJINYECTBO
TOIUIMBHO-3HEPTeTHYECKNX pecypcoB. CHIKEHHE 3aTpaT Ha DHEPIeTHUECKHE
pecypeHl H MOBBIIICHAE YHEPToIPGEKTHBHOCTH OOBEKTOB OTPACIIH SBIIACTCS
OJIHUM M3 OCHOBHBIX HAIIPaBJICHUH Pa3BHTHS Ia30BOH NPOMBIIIICHHOCTH.
OnuuM 13 HanboJee SHEPro3aTpPaTHBIX TEXHOJIOTHYECKHX TTPOIIECCOB B ra3o-
BOW OTpaciy SBIISETCS KOMIIPUMUPOBAHHE ra3a Ha KOMIIPECCOPHBIX CTaH-
LOUAX, B CBSI3H C OTHUM, IPOOJieMa CHIDKEHHS 3aTpaT J3HEPropecypcoB B
TIEPBYIO OUepeIb TODKHA OBITH HAIIPABJICHA HA MTOBBITICHUE Y PEKTHBHOCTH
PpaboOThI KOMIIPECCOPHBIX CTAHITMM, KaK OCHOBHBIX MOTPEOUTENEH TOTUIMBHO-
SHEPreTHYECKHX PECypcoB. Y MEHBILICHUE 3aTpaT Ha SHEPropecypchl Ha Ma-
THUCTPAJIbBHOM TPAHCIIOPTE ra3a OCYHICCTBIIACTCA 3a CYET IPUMCECHCHUA DHEP-
rocOeperarmmx TEXHOJOHH Ha BCEX CTaAWSX YKU3HEHHOTO IMKJIa OCHOB-
HBIX 00BEKTOB Tra3onpoBojoB. [Ipu pemeHnn 3amau sHEprocOepeKeHUs Ha
MarucTpajibHOM TPAHCIOPTE ITPUPOTHOTO r'a3a HEOOXOAMMO YUUTHIBATH OCO-
OEHHOCTH CO3/1aHMs M PEXHUMOB PAabOTHl OCHOBHBIX OOBEKTOB ra30TpaHC-
TIOPTHOW CHCTEMBI, a TAKXKE TEXHUYECKOE COCTOSHHE 000pyI0BaHHS Maru-
CTPaBHBIX ra30mpoBojaoB [1].

Jnst obecriedeHnsl 3aJaHHOH HPOM3BOAUTEIBHOCTH U IOIJCPIKAHUS
MIPOEKTHOT'O JAABJICHUS TPAHCIIOPTHPYEMOT0 Ta3a B TPyOOIIPOBOIE, IO Tpacce
ra3onpoBoza ycTaHaBimBaroTcs kommpeccopusle cranmm (KC). Kommpec-
COpHBIE CTAaHIMU JOJDKHBI 00€CIIeUNTh IPOEKTHYIO MM INIAHOBYIO IIPOM3BO-
JUTEIBHOCTH Ta30IPOBOJA IIyTeM IOBBILICHUS AABICHUS TPAHCIIOPTUPYeE-
MOTO Tra3a IpU OCYIIECTBICHHUH CIEAYIOINX OCHOBHBIX TE€XHOJIOTMYECKHX
IMpOLECCOB: OYMCTKA OT le/IMCCCﬁ, HOBBINICHUC NAaBJICHUA U OXJIAXKICHUSA
rasa. B cBoro ouepenn, Ha KC 0CHOBHBIM IOTpeOUTEIEM IHEPTOPECYPCOB SIB-
JISIFOTCSL YCTAaHOBKM KOMIIPUMHUPOBAHUS ra3a — ra3olepeKaynBaroniue arpe-
ratsl (I'TIA), m03TOMY K OCHOBHBIM HalpaBJIeHUSIM MOBBIMIEHNS 3 (eKTHB-
HocTH padoTel KC MOKHO OTHECTH: pallMOHAIBHBIN BEIOOD Ta3onepeKadynBa-
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fo1ero 000pyI0BaHus; MOBBIIEHHE () (HEKTUBHOCTH PaOOTHI OCHOBHOTO T'a-
3orepexayrBaroniero obopynosanus (yeenmaenue KI1/1, onepatiuBHoe peryim-
posanwe paboter I'TIA) [2].

B mpouecce peanuzanuy IporpamMm 1o CTPOUTENBCTBY M PEKOHCTPYK-
UK 0OBEKTOB MarkCTPaIbHOTO TPAHCIIOPTA MIPUPOIHOTO Ta3a HEOOXOIMMO
NPOBOJIUTH CpaBHEHHE d(PPEKTUBHOCTU PAa3IMYHBIX BAPUAHTOB 000OpPYIOBa-
HUSI KOMIIPECCOPHOW CTAHIIMH, BHITIOJIHSIOIIETO aHAIOTHYHBIE (DYHKIIUH, IPU
3aJIaHHBIX YCIIOBUSIX dKCILTyaTanuu [3].

B nmocnennee BpeMs Ipu COMOCTABIEHUH U BRIOOPE BapUaHTOB Hau0o-
Jiee KOPPEKTHBIM SIBJISETCS METOJ OLEHKH CTOMMOCTH XM3HEHHOTO IHKJIA.
Ha sTane nmpoekTHpoBaHHs KOMIPECCOPHBIX CTAHIMKA HEOOXOAMMO obecrie-
9uTh 3)(PEKTUBHOCTD KaK HAa MCXOIHBIX MapaMeTpax MPOM3BOIUTEILHOCTH
MarucTpajbHOTO ra3onpoBoja. B padore ncmoiabp30BaHbl METOUKU pacyeTa
TEXHOJIOTUYECKOr0 peskuMa paboTsl I'TIA M cTOMMOCTH KU3HEHHOTO IUKIIa
razorepeKayrBaronero ooopynosanus. B pamkax cratby pemaercs 3agada
BBIOOp ONTHMAJILHOTO BapHaHTA OCHALIEHHS KOMIIPECCOPHOH CTaHIIUH ra30-
HepeKayrBaIoINM 000PYIOBaHUEM IIPU pacyeTe Ha MPOEKTHYIO MPOU3BOIM-
TCIBHOCTD.

Jiist perieHust 3aaa4u GOPMHUPYETCS MaTEeMaTHUECKas MOJICIb, YUUThI-
BaloOIlasi CTOMMOCTH >KU3HEHHOTO IHKJIA B 3aBUCHMOCTH OT KOJIMYECTBa
I'TIA, pexuMoOB uX pabOTHI, BADHAHTOB BEIOOpPA COMYTCTBYIOIIETO 000PY10-
BaHua. OnTUMU3aUUs TMPOBOJMTCS TNPU OrPaHHYCHHUSX IO Tpedyemoi
Ha/I)KHOCTH CHCTEMBI U 3((EeKTUBHOCTH. 3a/1aua ONTUMHU3AINN PEIIaeTCs ¢
HCIOJIb30BaHUEM IPOrpaMMHOTo Komiuiekca MatLab. PaccmotpenHslit mon-
XOJI MOKET OBITh HCIIOJIB30BaH MPH pa3padoTKe 1 000CHOBAaHUN KOMIIOHOBKH
KC. IlpuBomuTcs criocod perieHus 3a1a9d ONTHMAIBHOTO BEIOOpa KOMITIEK-
TyHOIuX U pexxknma padotsr KC.
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B pabore mposeneno 2D-MonenupoBaHHME TBEpACHHS MOPTIIAHIIIE-
MEHTa METO/IOM KOHEUHbBIX 3JIEMCHTOB B TeUCHHUE / THEH B YCIOBHSX IPAIU-
eHToB Temneparyp ot +65 °C no —20 °C. TBepaeHue NopTIaHALEMEHTOB Ha
HavyaJbHBIX CTAAMAX OTHOCHTCA K MYJbTHOU3MYCCKHM 3aJadyaM B3auMo-
CBSI3M TEIUIOBBIX IIOTOKOB W CTPYKTYPHOH MexaHWKH. [lepepacnpeneneHue
TeIUIa B MOPTJIAHAIEMEHTE Ha HAYaJIbHBIX CTAJIHAX ONPEACNIACTCS TEILIONPO-
BOJHOCTBIO ¢ 00BEMHBIM HCTOYHHKOM TeIlIa K KOTOPBIM OTHOCSATCS XUMHYe-
CKHE pPeaKUuH, 0OyCIIOBICHHbIE T'MAPATALIMOHHBIMU SBICHHAMH. Peakims
THApATaldd HOCHT SK30TEPMUYCCKHI XapakTep W NPHUBOIUT K 3aMETHOMY
BbIJIeTeHUIO Teruia. Juddys3ust Boabl uepes3 cliol THApaToB SIBISETCS JOMU-
HUPYIOLIUM MEXaHU3MOM, ONpPEACIAIOIUM KMHETUKY THapaTauud. B pam-
kax nuddy3noHHBIX mpolieccoB (GOPMUPOBAHUE MTPOAYKTOB THIPATALUK B
pe3yJbTaTe XMMHYECKHX PeakIUid W MaccolepeHoca B IEMEHTaX MOJKET
OBITH OIMCAHO C TIOMOIIBIO CTENEHH THAPATAIINH, KOTOpast CBsI3aHa C Macco-
BBIM iMcOalaHCOM TUIPaTHPOBAHHOTO IIEMEHTa B MOMEHT BPEMEHH, U KOTO-
pas sIBIsIeTCS MEPOH TeIUIa, BBIICIMBILETOCs B Mpoliecce ruaparanun. B pa-
60Te cTeneHp ruapaTaluy onvcana B pamkax monenu Wang [1]. B monenn
YYTEHbI THpaTalMOHHBIE IPOLIECCH B HHKYOAMOHHBII nepron, 1uddy3u-
OHHOM CTaJyH, a TAKXKE CTaJHU 3aTyXaHUsI HHTEHCHBHOT'O TEIIIOBBLICIICHUS.
PaccMoTpeHO HakoIUIeHHe THIPATOB B pedyibrare pactBopenus: CsS, C,S,
CsA. PaccmarpuBancsi CTEpKEHb MHOPTIAHILEMEHTa, pa3Mepbl KOTOPOTo
ObLTH BHIOpAHBI paBHBIME 7x70 CM, CTEPIKEHb OKPYIKESH ONaTyOKOU U3 COCHBI
— 2x70 cm. TemmepaTypa J1€BOM rpaHu cTep)kHs paBHa +65 °C, a mpaBoit —
(—20) °C. IlpaBas cropona Obli1a 3apuKkcupoBana. IIpeanonaranock, 4To OT-
CYTCTBYET TeII000MEH IEpeBSHHOW omalyOKu ¢ OKpyKaromeil cpemoil. B
HayaJbHBII MOMEHT BPEMEHH TeMIIepaTypa YKJIaJK{ LEMEHTHOTO KaMHS
(uemeHT + Boza) Obuta paBua 20 °C. UucieHHblE pacdyeTsl paclpeeleHns
TEeMITEpaTyphbl, HANpsDKeHNH Mu3eca MPOU3BOIUIIMCH MIPH CIIEAYIOLIUX Hapa-
MeTpax HOpTIaHALEeMeHTa: MIoTHOCTh 2300 Kr/M?, TEeIIoNpOBOAHOCTL A
=1,8 Br/(m °C), ynenbnas termtoemkoctb C =880 [Ix/(xkr-°C), Moayib
IOnra E = 25 - 10°ITa, ko3¢ ¢uuuent Tepmudeckoro pacmmpenus 108K,
sHeprus aktuBaiuu E; = 38 xJ[x/mMosb. [ onamyOKy U3 COCHBI: INIOTHOCTh
— 532 xr/M?, ternonposoanocth 1,8 B1/(M °C), yaenbHas TeroeMKOCTh
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2700 Ix/(xr °C), momynb FOrra 12,1 I'Tla. MoxenupoBaHue BBISIBHIIO CIOXK-
HYIO0 KapTHHY PacHpeesIeHHs] TeMIIEpaTypbl U TEPMHUYECKUX HANPSHKEHUN
Museca. [loka3aHo, 9TO B TBEPICIOLIEM IIEMEHTHOM CTEPKHE B YCIOBHSIX
TPaZlueHTOB TEMIIEPATyp pacHpeAciIeHIe HaNpsDKCHUH OKa3bIBaeTCs HEOA-
HOpOAHBIM. PaboTa TEMIOBBIX HCTOYHUKOB, TPAIUEHTHI TEMIIEPATYP CTHMY-
JUPYIOT (POPMUPOBAHNE TEPMHUUYECKUX HANpsDKeHUi. MojenbHble pacyeThl
HarpsbkeHuit Muzeca Ha 2D noBepxHocTH. PaboTa TEIIOBBIX HCTOYHHKOB,
TPaIMeHTHI TEMIIEPATyp CTUMYJIUPYIOT GOPMHPOBAHHE TEPMUIECKUX HAIIPSI-
KEeHUH. MoJienbHbIe pacueThl HarpshkeHui Muzeca Ha 2D nmoBepxHoCTH 110-
JIydeHbl B pa3Hble MOMEHTHI BpeMeHu TBepaenus T = 0,037; 0,5; 1; 2; 4 u
7 nueit. C pocTOM BpeMeHH TBEPJCHUSI HEOTHOPOIHBII XapakTep HampshKe-
HUM, U UX ypOBEHb Bo3pacTaeT. Ha rpaHunax paszaenoB NOpTIaHILEMEHTa U
onaryOKy HaOJI0aeTCs CYIECTBEHHBIA POCT HANPSDKEHUH, B 0COOEHHOCTH
Ha OXJI&K/IEHHOW I'paHH, a Takke B MecTax (uKcaruu cTepkHs. [1onoOHsIH
XapakTep pacIpefeIeHus CBI3aH ¢ TeHepannel IMOTOKOB TeIlIa, X CyTepIIo-
3MIUEH ¢ OTPaKEHHBIMH IIOTOKaMH TeTUIa OT rpaHul] paszaena. Cymneprno3u-
U] OTPHULIATENbHBIX TEIJIOBBIX MOTOKOB FeHEpUpyeT OoJiee BBICOKHI ypo-
BEHb HANPSDKCHUH Ha TPAHUIAX Pa3ziera, YeM IIOTOKH B ITOJIOKHUTEIBHON 00-
nacti. OrpaxaeHust, puUKcalys rpaHMll pas3Jielia SBISIOTCS JOTOTHUTEb-
HBIM (haKTOpaMH, TOBBIIIAOIIUMY YPOBEHb HAPSDKEHUH Ha rpaHuiiax. B pa-
60Te ObLIM MOJTy4YeHBI KPUBBIE HANIpsHKEHUE-Ae(hopMalst HOpTIIaHIeMEHTa
yKa3aHHOTO cocTaBa rocie 4, 8, 12 yacos TBepneHus. Benenctsue Xxpymkoro
paspyllIeHus B Ka4ecTBE OL[EHKH MPOYHOCTHBIX CBOMCTB MOPTIAHILIEMEHTA
ObLT BEIOpAH Ipesiell TeKy4YeCcTH. 3HaYeHHS Tpe/iesia TEKyUeCcTH YCPEaHIINCh
o TpéM TOYKaM. AHAIN3 MOKAa3al, YTO BBIMOJIHSAETCS C BBICOKON CTENEHBIO
nocroBepHocty (R~0,98) kBagpaTHyHas CBSI3b MEX/Y HPENEIIOM TEKY4eCTH
1 MOJIENBHBIMH 3HAYEHUSAMH MOJYJIS YIIPYTOCTH B UCCIIEAYEMOM HHTEPBAIe
TBepAeHUs. KoppensiunoHHas cBS3b MOXKET OBITh OCHOBOW IPOTHO3a IPOY-
HOCTH MOPTIAHIEMEHTa 1ocie 28 nHell TBepAeHUSL.

Cnucok uTepaTypsl
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[IpyMeHeHNe UTEPALIMOHHOT'O0 METOAA pacyeTa JJis
ompe/eJ/ieHHs ONTUMA/IbHOM KOHPUTypanuyu 06beKTOB
BO300HOBJIAEMO reHepanu

S1.10. Manbkoga, P.A. Ya, H.1O. Py6an

Hayuonanvmwiii uccireoosamenvcxuti Tomckutl noaumexHudeckuil
yuugepcumem, Poccus, 634050, 2. Tomck, np. Jlenuna, 30

B Hacrosimee BpeMsi B MUPOBO# JIEKTPOIHEPreTHKE HAOIOIAeTCsl TeH-
JICHITHSI IIMPOKOTO BHEIPEHUSI 0OBEKTOB Ha OCHOBE BO30OHOBIISIEMBIX HCTOY-
HukoB sHeprun (BUD). Tak, B 2020 rogy cymmapHasi ycTaHOBJIEHHAs: MOIII-
Hocth BUD B Mupe (¢ y4eToM THAPO3JIEKTPOCTAHIHNI) COCTaBHIIA OKOJIO
2500 I'Br [1].

ITpu BHenpeHun B 3nmekTposHepreTudeckyto cucreMy (39C) 0OBEKTHI
BUD oka3pIBaroT BINUSHUE HA €€ PEKUMHBIE TTAPaMETPBI, B YACTHOCTH, ITOTEPH
U IEPETOKU AKTUBHOM M PEAKTHBHOM MOIIHOCTH, OTHOCUTENBHBIA YPOBEHb
Hanpspkerns mmH D9C u ap. TakmM 00pa3zoM, HEOOXOIUMO HCCIIEIOBATh Xa-
paKTep IaHHOTO BIMSHUSA U B COOTBETCTBHH C HUM OIPENENIATh ONTHMAIBHYIO
KOH(HT'ypalMio HOBOTO BBOJIa HA ATAIE €r0 MPOCKTHPOBAHHSI.

Jlnst majgpHEMIIEro OmucaHus OZHOTO M3 CIIOCOOOB OLIEHKHM BIIHMSHUS
00bexToB BUD Ha pexxum padoter DOC BBeeM MOHATHE LENEBOH (DYHKIUH.
LeneBo#t GpyHkunei Ha3piBaeTCsl PyHKIMOHABHASI 3aBUCUMOCTD KOHTPOJIH-
pyeMsbIx nmapameTpoB O3C ¢ y4eToM UX BaXKHOCTH, BBIPAKCHHBIX B BHJIE Be-
COBBIX KO?((HIIMEHTOB, OT N3MEHEHHS IEPETOKOB MOIIHOCTH BBHIY BHEI-
pennst 00bekToB BUD. B kauecTBe mapamMeTpoB 11e1€BOH (YHKINH, B KOH-
TekcTe 0003HAYCHHOH 3a/1a9H, IPHHUMAIOT ITOTEPH aKTUBHON M PeaKTUBHOU
MOIITHOCTH, OTHOCUTEJBHBIN YPOBEHB HanpspkeHuUs mrH DJC, KaluTaIoBIIO-
KEHUSI ¥ SKCIUTyaTallMOHHYI0 CTOMMOCTB, IEPHOJI OKYTIaeMOCTH | Ip. B mep-
BOM ITPUOJIIKEHUH IIPUMEM B Ka4€CTBE LIeJICBOM (DYHKIMH MOTEPU aKTUBHOMN
MOIIIHOCTH C BECOBBIM KOA((PHUIIMEHTOM, PABHBIM €HHUIIC.

Pacuer nepeTokoB ¥ MOTEph AKTUBHOI MOLIHOCTH OYZeM MPOU3BOIUTH
B COOTBETCTBUU C UTEPAIMOHHBIM MeT0JI0M [2]. CyTh IaHHOTO METO/A 3a-
KJIFOYaeTCsl B BBINOJIHEHUH N-0r0 YKCcia UTepalfii nmepecyera NepeTokoB U
NOTeph MOIIHOCTH, MAJEHUS HanpskeHHd Ha muHax OOC 1o moiaydeHus
OLIMOKH pacyeTa MEHbIIE Harepe 3aJaHHOT0 CKOJIb YTOJTHO MaJIoro 3Have-
Hus. Kaxxnasg utepanus, B CBOIO Ouepesib, BBIIIOIHIETCA B 1BA ATaIa.

Pacuer nepeTokoB U MOTEPh MOLIHOCTH € YUYE€TOM CIEAYIOILErO JOIy-
[ICHUST — 3HA4YCHHE HAINpsDKEHHs Ha BeexX muHax DOC MpHHUMAaETCS paB-
HBIM HOMHUHAJTBHOMY 3HAueHWIo (s wmccmemyemon 15-y3momort |EEE
CXEMBI, TTapaMeTpbl KOTOPOH MPHUBEICHHI B [3], HOMMHAJIBHOE HANpsDKEHUE
cocrasisier 11 xB);
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[lepecuer 3HaueHMIA HanpspKeHUS Ha BeeX muHAX DDC B COOTBETCTBUH
C MePEeTOKaMH MOIIHOCTH, HAICHHBIMH Ha IIEPBOM 3Tarlle.

Ha stom mepBas urepamus 3akaHumBaercs. llepexommMm K mepBoMy
sTamy BTOpoil mrepanmu. [Ipum pacdere BMECTO HOMHHAIBHOTO 3HAYCHUS
11 kB wucnone3yem 3HauCHUS HANpPSHKCHUs, HalJEHHbIC HAa BTOPOM IIare
nepBoH urepauuu. Pacuer BepeM 0 Tex MOp, IOKA Pa3HOCTh HAIIPSDKEHUN
(ombka pacuera) k+1-oit u k-oit urepaiu He OyaeT MEHbIIIE Hamepe 3a-
JAHHOTO 3HAYEHUsI ATOH OLTHOKH.

B pamkax manHOH pabOThI OIpeNIeNTUM BETHYHHY OIIHOKH, TOTyYaeMyIo
IIPY MIPOBEJICHUH TOJIEKO HEPBOI UTEpaly pacdyera NEpeTOKOB U MOTEPh
MotHOCTH B DDC I onpeneieHus] ONTHMAaTbHON KOHPHUTyparud 00beK-
toB BUD, npu npoextrpoBaHuy BBoAa nocneqHux B 90C, Ha mpumepe 15-
y3noBoii |IEEE cxeMmsr.

BeImomHMM peanu3anuio MpeacTaBIEHHOTO METOAa B IPOrPaMMHOM
komrutekce MathCAD st mcxomuoii cxemsl (6e3 ycranoBku BID).

Taxkum oOpaszom, omOKa ONpeAeNeHHs MOTePh aKTHBHOW MOIIHOCTH
cocraBuia 0,02 %, 4To CBHAETENHCTBYET O BO3ZMOXKHOCTH IPOBEIEHHS pac-
4eTa TOJBKO B OJHY UTEPALIMIO JUIs ONTHMHU3AIMU BpEMEHH pacuera 6e3 mo-
TepHU 3aJaHHOW TOYHOCTH pacyera.

Ha ocHOBaHNM NPOBEIEHHOT0 aHAIN3a MOXKEM 3aKJIFOUUTh, 4TO MIPHU pe-
LIEHUH 3aJadll ONpEeJeNICHNUs] ONTHUMAIBHONH KOH(HUIypaluu BHEAPSIEMOTO
obobekta BUD mocpencTBoM MTEpaliMOHHOTO METO/a pacyera MepeToKOB U
MOTeph MOITHOCTH Ha npuMepe 15-y3noBoit IEEE cxemsl cripaBemBo mpo-
W3BOJUTH pacyeT TOJBKO MEPBOW MTEpalnuy AJsl COKPAIIEHHS PacdyeTHOTO
BpeMeHH 0e3 MOTepH Halepe] 3aJlaHHOTO CKOJIb YTOAHO MAaJIOTO 3HAYCHHUS
OIMOKH (TOYHOCTH PEIICHUS).

Paboma evinonnena npu noodepoicke Munucmepcmea nayKu u 8uicuie2o
obpazosanusi P®, epanm MK-5320.2021.4.
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JPPeKTUBHOCTb CHCTEMBI 3JIEKTPOCHAGKEHHUS C
nepeaayeil NUKOBBIX HArPY30K
Ha pe3epBHbIE UCTOYHUKH

T.1O. bpoctuiora, A.1O. Yetsipkuna, C.B. ['01060K0B,
10.B. Tepexuna, I1.C. Cunsruna

@I'BOY BO «llenzenckuii 20cyoapcmeenHblil YHUBEPCUMEm»,
2. Ilensa, yn. Kpacnas, 40

B pamnansHO# cucTeMe BIIEKTPOCHAOKEHHS IEHCTBYIOIIEe HaIpsKe-
Hue mo mepe yaanenus ot TII mamaer. Bemonauts TpedoBanus ['OCT no
Ka4eCTBY JIEKTPOIHEPTHH B TOUKAX IEpeadn UId BceX MoTpeduTeneil He-
npocto. Bravane muHMN HanpspKeHNE BCETAA BBICOKOE, B KOHIIE JINHHUHU TIPH-
€MHUKH THTAIOTCS HHU3KMM WM TMOHIKEHHBIM HampspkeHueM. Ilanenne
Hanpspkernss Ha JIOII 3aBucuT OT mMOTpeOIsIEMO MOLTHOCTH, C POCTOM
Harpy3oK HalpspKEHHE B TOUYKaxX IepeJaddl 110 BCeH JTMHUM yMEHBIIAETCH, a
norepu B JIDII Bo3pacTaroT.

[Tpu paboTe B MMKOBOM pPeXHMMe TOK MaKCUMAaJIbHBIN U MaZieHUe HaIlpsi-
JKEHUs camoe Oonbioe. J{Jst JHEProCHCTEMBI 3TO CaMbIi TSDKEIBIA PEKHM.
Pacuer JIDII BeimonHsieTcs O MUKOBOM Harpy3ke [1]. B GonbImHCTBE CITy-
YaeB MPOJOJDKUTEILHOCT MUKOBBIX Harpy3oK He mpeBbiliaeT 1-2 4acos B
cyTkH (puc. 1). Bennunna nuka xak npasmio He 6onee 20 % ot momrHocTH
JHEBHOTO MakcuMyMa. Bce ocTanbHOE BpeMsi MOLTHOCTb Harpy3oK HU3Kas,
TOK B IMHUU MEHBIIIE U yBEITUUEHHOE ceueHue nposoaoB JIDII ucnonesyercs
HEepaIMOHAIBHO.
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Puc. 1. CyTounslii rpagk Harpy30K SHEPrOCUCTEMBI

Jus moBeIieHUs 3HEPro3(p(eKTUBHOCTH TpaH3UTa SICKTPOIHEPTHH
npeasaraercs paccuuteiBaTh JIDII He MO MUKOBOM MOLIHOCTH, a MO BEJU-
YHMHEe MHEBHOTO MakcuMyMa. Kak mpaBmio, 3TOT IEpHOA 3aHUMAeT



Section 1. Energy Saving and Energy Efficiency 49

10-14 gacoB u Oomnpiryro yacte BpeMeHu JIDII Oymer paboTath B pexume,
6m3KOM K pacueTHOMY. IIpu 3TOM yMEHBIINTCS CE€4eHHE IPOBOJIOB, CHHU-
3SITCSI KaITUTAIbHBIC BIOKEHHS Ha CTPOUTEIBCTBO.

ITpoOneMy MOKPBITHSI MUKOBBIX HAarpy30K MOXKHO PEIIUTH ITyTEM HC-
TIOJIb30BaHMS PE3EPBHBIX WIIM aBaPUIHBIX MCTOYHUKOB, PACIIOIOKEHHBIX Y
NoTpeOuTesel Wik B KOJUIEKTUBHOM I0JIb30BaHUU. B HacTosmiee BpeMs 3TH
TeHEepaTOpPhI IPOCTaNBAIOT, BPEeMsI UX PaOOThI HE MPEBBILIAET HECKOIBKO Jie-
CATKOB 4acoB B roj. O0opynoBaHHE cTapeeT MOPAJIbHO M (PU3NYECKH, HO
CBOH pecypc He BbIpabarbiBaeT. lcronp3oBaHHe ero B Ka4eCTBE MUKOBBIX
TeHEPaTOPOB ITO3BOJIHT YCKOPHUTH BEIPAOOTKY pecypca 1 INIaHOMEPHO OOHOB-
JSTH 000pyIOBaHHE.

MaxcumanbHbIH TOK Bo3ayImHo# naun 10 kB s cytodnoro rpaduka
6e3 mkoB |,; = 290 A, a c mukamu Harpy3k# |,; = 347 A. Torma oTHOCHTENB-
Hasl pa3HUIIa MOII[HOCTH MOTEPh HAa TPAH3UT B yac nuk Oyzer 43 %. B namem
clly4ae, IPOJIOKUTENBHOCTh IIMKOBBIX HArPy30K HE MPEBBIIIAET 2-X 9acoB
B cyTku. Cyrounsiit Tpar3ut B JIDII 840 Tric kBT-4, mpu HOpMe ToTeps S5 %
notepu B JIDII cocraBsat 24 ThiC KBT-4, CHIKEHHE IOTEPh COCTABUT
860 kBTt-4 B cytku unu 0,31 %.

[TonkmroueHue pe3epBHBIX TEHEPATOPOB B CEPEAMHE WM B KOHIIE JINHUH
MO3BOJINT CHU3UTH MOLIHOCTH Tpau3uta JIOII U MOBBICHTH HampspKeHHE B
TOYKaX TepeIaud SICKTPOIHEPIHHU IS CAMBIX YIAJICHHBIX IPHEMHHUKOB [2].
Tako# moaxo/ AaeT BO3MOXHOCTh pa3rpy3uTh cymecTtByomue JIDII. B mo-
CJIEIHUE NECATHIICTHSI Hadyalld BHEAPSTHCS OOBEKTHI TeHEpallui Ha OCHOBE
BUD — conHeuHble W BETPOBBIE 3IEKTPOCTAHIMHU. Jlpyrass TeHACHIUS —
MIPUMEHEHHE Ta30MOPIITHEBBIX M [a30TYPOMHHBIX YCTAHOBOK IS TeHEPAINT
3JIEKTPUUYECKON SHEPTUH.

3akoHomaTenbcTBO PO paspemraer mpoaaxy 3JEKTPOIHEPTHH Ha OITO-
BOM pbIHKE BceM mnpowusBoauTensM. CeOecTOMMOCTh AIIEKTPOIHEPTHH pe-
3epBHBIX MCTOYHHMKOB BhIme, yeM Ha TOC mmu 'DC. Ho B Tedenue cyTok
[[eHa DJICKTPOSHEPTHU Ha OajlaHCHPYIOIIEM PhIHKE OY€Hb CHUJIBHO HU3MEHs-
ercs. IlocTaBka 3MEKTPOIHEPTUU OT PE3EPBHBIX I'€HEPATOPOB B NUKOBBIC
Yackl 10 BHICOKOM 1IeHE MOXET ObITh SKOHOMUYECKH BHITOHOM.

Cnucok 1uTepaTypsl

1. TIlpaBuna ycTpoWcTBa »HIEKTPOyCTaHOBOK. M3manme 7. BecTHuk
Tocanepronanzopa. Mocksa: M3garenscteo HI DHAC, 2019. 540 c.

2. AreeB B.A., Tonoboxor C.B., JlebensnueB A.A. IloBblieHue
3¢ (EeKTUBHOCTH YHEPTOCHAOKEHISI MAJIBIX MyHHIUTIATBHBIX PaiOHOB.
/I Matepunansl HannoHanbHOM ¢ MEKIyHAPOIHBIM yIaCTHEM HaydHO-
MIPAaKTHYECKOH KOH(EPEHIMN CTYAEHTOB, AaCIHMPaHTOB, YUEHBIX U
crnenuanuctos. 2020. Tom 2. Tromens: U3n-so TY. C. 166-169.



50 Il International Scientific Conference “Sustainable and Efficient Use of Energy,
Water and Natural Resources”, Saint-Petersburg, April 19-24, 2021

Analytical estimation of MSW fuel calorific value
P. Agakhaniants, P. Barbanel

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

Relevance

The problem of the municipal solid waste (MSW) excessive generation
exists all over the world and in Russia, in particular. The Ministry of Natural
Resources and Environment of the Russian Federation reports that only 16 %
of produced MSW was delivered to waste processing plants in 2019. Recy-
cling technologies are used to reduce the amount of landfilled wastes. One of
the prospective ways to use the resource and energy potential of MSW is fuel
production [1].

Waste derived fuel (RDF, SRF) is produced from classified, grinded and
sometimes pelletised waste. Waste derived fuel is classified according to
three main criteria: calorific value (economic criteria), chlorine content (tech-
nical) and mercury content (environmental) [2]. Calorific value is one of the
most important criteria that characterizes waste derived fuel. Experimental
methods are currently used to assess the calorific value. Tests are carried out
on calorimeters [3]. Laboratory determination of calorific value is labor in-
tensive and expensive.

The heat of combustion depends on the fuel composition, so analytical
methods can be used to estimate the calorific value. The analytical methods
use either ultimate or morphological composition of MSW samples.

Methods

The purpose of this work is to study an analytical method for assessing
energy potential of fuel from MSW. The aim was to calculate the MSW sam-
ple’s calorific value by means of existing regressions based on waste compo-
sition. Seven regressions were taken from investigations conducted in differ-
ent locations (Russia, Spain, Japan, Malaysia, USA). All these regressions
are based on waste composition. The values obtained were compared with
the measured value. The MSW sample was collected at the MSW processing
plant in the Moscow region. Composition, humidity and calorific value of the
sample were measured.

Results

Regressions presented in articles [4, 5] do not show a close fitting to the
experimental value; the experimental calorific value was 13.55 MJ/kg, the
values according to the presented formulas vary from 6.62 to 10.83 MJ/kg.
Based on the results, the most promising regression is selected. Mentioned
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regression uses morphological composition, components’ calorific values
and humidity content [4].

Further search for analytical methods has the aim to identify an equation

for reliable estimations. For calculating new regression, the expanded exper-
imental data is needed.

>
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Experimental studies of the thermal characteristics of
an electric thermal storage
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An urgent issue for agriculture, rural settlements, and remote settlements
is the use of efficient decentralized heat supply systems. One of the most ef-
fective solutions to this problem is the transition to electric heat storage heat-
ing systems. The main advantage of such heating systems is that, with their
mass introduction, they can act as consumers-load regulators of the Unified
Energy System of Russia at night, when there is a significant decline in elec-
tricity consumption. Nighttime dips in the load schedule of the power system
lead to additional losses in the power grids, overconsumption of fuel at the
thermal power plants (TPPs) and combined thermal and power plants
(CTPPs) and reducing their efficiency associated with a decrease in the vol-
ume of electricity generation at TPPs and CTPPs. The economic incentive for
the introduction of heat storage heating systems is the presence of reduced
tariffs for electricity consumption in the period from 23.00 to 07.00 (night
zone). Electric heat storage heating systems can also be effectively used in
combination with power plants based on renewable energy sources (wind-
solar stations).

Experimental studies of the thermal characteristics of heat storage ele-
ments of electric thermal storage (ETS) of a dynamic type with controlled
heat transfer have been carried out.

At the first stage, studies was carried out the thermal characteristics of
heat storage elements made of magnesite with slit-shaped air channels meas-
uring 0,19x0,02 m and a total weight of 62,5 kg were studied, and at the sec-
ond stage — heat storage elements made of chamotte with two round-shaped
channels (dch = 0,044 m) and a total weight of 58 kg. Temperatures were
measured by primary temperature converters: chromel-alumel (ChA) thermo-
couples in a ceramic shell and chromel-copel (ChC) thermocouples. In areas
with high temperatures, ChA thermocouples were placed in a heat-resistant
fabric cover. Thermocouples ChC were used to measure the air temperature
at the outlet of the ETS, the surface temperature of the ETS housing and the
temperature of the thermal insulation.

As a result of experimental studies were obtained: 1. The temperature
change Twch walls of the air channels of the heat storage elements with slit-
shaped and round-shaped channels made of magnesite and chamotte in lower
and upper zones in the modes of charging and heat output of ETS. 2. The
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temperature change of the heated air Tair_wch in the channels of heat
storage elements with channels of slit-shaped and round-shaped channels
made of magnesite and chamotte in lower and upper zones in the modes of
charging and heat output of ETS. 3. The temperature change of the thermal
insulation Tin in lower and upper zones of ETS. 4. The temperature change
on the surface of the body Tw1 and the temperature change of the heated air
at the outlet of ETS Toutlet.

To increase the heating rate of heat-storage elements made of chamotte,
at the second stage of the experiment, metal inserts in the form of steel plates
2 mm thick were used, which were placed between the heat-storage elements.
As a result, the values of the air channels wall temperature Twch at the end
of the charging mode of ETS increased by an average of 50 °C compared to
the option when steel plates were not used [1].

After carrying out experimental studies, the limiting basic and root-
mean-square errors of temperature measurements by thermocouples ChA and
ChC in the range from 50 to 650 °C were calculated.

The efficiency of using heat-storage elements made of chamotte with
two round-shaped channels in ETS is shown.
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54 Il International Scientific Conference “Sustainable and Efficient Use of Energy,
Water and Natural Resources”, Saint-Petersburg, April 19-24, 2021

[IpeaBapuUTENBbHBINH 3JIEKTPOPA30TPEB 6ETOHHOM CMeCcH
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TenmoBast 00paboTka xene300eToHHbIX m3nenuii (JKBU), mpumensiemast
JUISl yCKOpEeHHUsT Habopa MPOYHOCTH OETOHa, SBISIETCSI HEOTHEMIIEMBIM H OT-
BETCTBEHHBIM TEXHOJIOTMIECKUM ATANIOM, OCOOCHHO TIPH PaboTe B YCIOBHUIX
CO CTPOTMIMH BPEMEHHBIMH OTPaHHUUYCHHMAMH. Ha CeromHsAmHuNA NIeHb n3-
BECTHO OOJIBIIIOE KONMHYECTBO CrIOcOo00B TertoBoit oopadorku XXBU, ocHo-
BaHHBIX Ha HCIIOJIb30BAHNH PA3IMYHBIX BUJIOB YHEPTOPECYPCOB U CIIOCOOOB
noasoza remna. Hanbosee paciipocTpaHEHHBIM U3 HUX ABISIETCS TETIOBIAXK-
HOCTHasi 00paboTka napoM. OOBSICHSIETCS 3TO TEM, YTO BCIEACTBHE BBICO-
KOro KO:)(I)(I)I/II_H/IGHTB. OTIa4u TCIJIa HACBINICHHOT'O Mapa U3ACJIHUAM YCKOpsI-
eTcsl X IMPOrpeB U oOecIieurnBaeTCsl MHTCHCUBHOE TBepAeHue OetoHa. [lpu
MIpOTpeBe B cpejie ¢ BIaKHOCTHI0 Onm3koii k 100 % uckitouaercs ucnapeHue
BJIaru U3 OETOHA M €ro BICYIIMBaHue. Takxke CIeayeT OTMETHUTh, YTO AaHHas
TEXHOJIOTHUS IPOCTa ¥ yHHBepcanbHa. OHAKO B acrnekTe dHeprodpdeKTrs-
HOCTH OHa SIBJISIETCS HECOBEPIICHHOW, YTO MOTHBHPYET ITPOM3BOAWTEICH
JKBU wnckath Goiee sKOHOMIYHBIE penieHus. OMHAM U3 HUX SIBIIICTCSI CIIO-
co0 TerToBoit 00pabOTKH B cpelie MPOTYyKTOB CropaHus rasa. JlaHHbIH cro-
co0 3HAYMTENHHO YMEIICBIICT TEXHOJIOTHYECKHH TMPOIECC 3a CYET HEMo-
CPEICTBEHHON TE€HEepaIiH TeTIOHOCHUTEIIS TIepesl KaMepoi TeTIoBoi oOpa-
00TKH, OAHAKO HE O00JagaeT MEPEeUYHCICHHBIMU BBIIIE MPEHMYIIECTBAMU
napa u He o0ecrnieurnBaeT TpeOyeMoro KadecTBa KOHEUHOTO MPOYKTa.

B kauecTBe anbTepHATHBHOTO BapHaHTa, CIOCOOCTBYIOIIETO MOBBIIIE-
HUIO 3HEProd(G(EeKTUBHOCTH M OOCCICUYCHUIO OJArOMPUSITHBIX YCIOBUN
TBEPJICHUs], MOXKET OBITh MPUMEHEH IpeABapUTEIbHBIIN AIeKTpOpa3orpes Oe-
toHHOU cMecH (II9PBC), nomyunBmuii npuMeHeHNe B MOHOJIUTHOM CTPOH-
TEJILCTBE IIPU MIPOU3BO/ICTBE OETOHHBIX pab0T B 3UMHUX ycioBUsX. CyTh Me-
TOJIa 3aKJII0YaeTCsl B MHTEHCUBHOM BBE/ICHHUH TEIUIa B CMECh JI0 €€ YIUIOTHE-
Hus.  Cmech  pasorpeBaercs g0  Temneparypel  70-90°C  3a
10-15 muH, yxnagsiBaetcs u ymiotHseTcs. [Ipumenenne IIDPBC nosBomser
YKJIaIbIBaTh OETOH Ha MEp3JI0€ OCHOBAHUE M TPAHCIIOPTHPOBATH OETOHHYIO
CMECh Ha JaJbHHUE paccToAHMs. BBenéHHoe B OETOHHYIO CMECh TEIJIO CHO-
coOCcTByeT  MHTEHCH(HUKAIMK  SK30TEPMHUH  LEMEHTa MW  JPYTHX
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(PU3UKO-XUMUYECKHUX MPOLIECCOB, Oarogapsi 4eMy B KOHCTPYKIIUH JUTUTENb-
HOE BpeMsl IOJIePKUBACTCS MOJIOXKUTENbHAs TeMneparypa. VIMeHHo naH-
HBIIA 3¢ ekt o0yciaoBnmBaeT nenecoodpasHocTs npumenenus [I9PBC B 3a-
BOJICKUX TE€XHONOTHAX. OOBACHIETCS 3TO TEM, YTO TEXHOJIOTHUS NPOM3BOA-
ctBa JKBU B 3aBOACKHUX YCIOBUSIX, KaK IPaBUIIO, IPEAYCMATPUBAET MOJI0XKHU-
TEJIBHYIO TEMIIEPATYPY B IPOU3BOACTBEHHOM IIOMEILEHNH, @ TAKKE BO3MOXK-
HOCTB 00€CTIeYHTh 00JIee KaUeCTBEHHYIO BJIAro- M TEIUION3O0JIILINIO U3/ICIIHH,
KaK MHIUBHIYAIBHO, TaK M C TIOMOIIBIO CIIEIMAIGHBIX OTPayKACHHUH TN Ka-
Mep. Vcronp3oBaHue BceX 3THUX NMPEUMYIIECTB JIaeT BO3MOXKHOCTH CyIIe-
CTBEHHO IIOBBICHTH SHEProd((eKTHBHOCTh TEXHOJIOTHYECKOTO Mpolecca,
YTO OBLIO TIOATBEPKICHO aBTOpaMU JIoKiaza mpu anpodanuu [I9PBC B mo-
JOOHBIX (3aBOJICKHUX) ycnoBHsX. [locie yknaapBaHUs CMeCH, €€ yIIOTHEHHS
W WM30JSIUH HM3eausl HAOIIoJaeTCsl HEe3HAYWTENIFHOE OCThIBAaHME OETOHa
(BcrencTBHE TEINIOOOMEHA MEXIY KHUIKOH (ha3oil n MeHee ropsiauM KpyTI-
HBIM 3aIlOJTHUTEJIEM), 3aT€M TEMIIepaTypa BHOBb IIOAHUMAETCS IO MaKCH-
MaJIbHOH (MHOT/1a 1a)Ke BBIIIE), 3aTEM [IPOUCXOIUT OYEHb MEIJICHHOE OCTHI-
BaHHE, COIMIOCTABUMOE C U30TEPMHUYECKUM IPOTPEBOM IIPH TPAAUIHOHHBIX
meronax. Hampumep, Geton kiacca B27,5, pasorpersiit 10 Temmneparypbl
70 °C, mocJjie He3HAYUTEILHOTO TIOHMKEHUSI TEMITEPATYPbI U TOBTOPHOTO J10-
CTHXXEHUsI TIMKA, OCTHIBAJ CO CKOPOCThIO He bosiee 1,5 °C / yac. Droro Gonee
YeM JI0OCTaTOYHO ISl BOCIIPOM3BEICHNUS rpaduKa TeIIoBoi 00paboTKu, CX0-
JKETO C TPaAUIHOHHBIM. [IpH 3TOM 3aTpaThl SHEPTHH Ha Pa3orpeB CMECH CO-
crapmm 155 MJx/M3, 41O TOpa3no HWKe TPaIMIMOHHBIX MOKA3aTeNei
YIETBHOTO pacxo/ia Ha TeroByro o6pabotky JKBU (450 MJIx/m3 u Gonee).

[pmmenenne [TOPBC npemycMaTpuBaeT paboTy TepMHIECKOTO 000PY-
JIOBAaHMS TOJBKO HA CTAJMU Pa30rpeBa, MPAKTHUECKN UCKIIOYas HEOOXOaH-
MOCTb HCIIONIB30BAaHMS JIOMOJTHUTEIBHOTO 00OpYJIOBaHMS (BEHTHISATOPHI,
Hacocbl, KUTTHA u 11p.) Ha MOCIEIYIONIMX CTaIUusAX, YTO TAKXKe BEIET K CHU-
KCHUIO JOMOJHUTEIBHBIX OKCIUTYaTAllMOHHBIX U3JICPIKCK.
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Thermal curing of precast concrete is inalienable and crucial stage of
production, especially in time limit conditions. There are a number of meth-
ods of its implementation using different energy carriers and heat transmis-
sion ways currently known. Steam curing is the most widespread type of it.
The reason for this is that due to high heat transfer ratio from saturated steam
to concrete its heating is accelerated and more intensive hardening is pro-
vided. When heated in an environment with humidity close to 100 %, mois-
ture evaporation from concrete and its drying are excluded. It should be noted
that this technology is simple and versatile. However, steam curing is imper-
fect in terms of energy efficiency, which motivates manufacturers to search
more cost-effective decisions. One of them is curing in gas combustion prod-
ucts environment. This method makes procedure much cheaper due to direct
heat carrier generation in close to curing chamber, but lacks the mentioned
features of steam using, which has a less favorable effect on the quality of the
final product.

Another alternative way to improve energy efficiency and provide more
favorable conditions for hardening is using of direct electric preheating of
concrete mix (DEPC) applied generally during cold-weather concreting. The
essence of the method lies in intensive introduction of heat into the mixture
before it is compacted. The mixture is heated to a temperature of 70-90 °C in
10-15 minutes, poured and compacted. DEPC application makes the pouring
on frozen surface feasible, allows to transport the mixture for a long distance.
The heat introduced in the mixture leads to intensification of cement ex-
otherm and other physicochemical processes. Due to this phenomena the tem-
perature of concrete preserves for a long time. This particular effect is the
reason of DEPC feasibility to factory conditions. This is due to the strategy
of precast manufacturing generally provides for positive ambient temperature
and possibility to provide more qualitative moisture- and heat insulation of
product severally, as well as using especial covers or chambers. The use of
listed features makes possible to increase energy efficiency significantly,
which is confirmed by the authors when approbating DEPC in similar (fac-
tory) conditions. After pouring and compacting the mixture and insulating the
product there is little colling of concrete (as a result of heat transfer between
liquid phase and less heated



Section 1. Energy Saving and Energy Efficiency 57

aggregates), then temperature rise again to maximal (sometimes even more),
then a very slow natural cooling of the structure occurs, which is comparable
to isothermal phase with conventional methods. For example, concrete grade
B27,5 (according to Russian standard) heated to a temperature of 70 °C, after
a slight decrease in temperature and re-reaching the peak, cooled down at a
rate of no more than 1,5 °C per hour. This is more than enough to simulate a
typical accelerated curing process. In this case, the energy consumption for
heating the mixture was 155 MJ/m3, which is significantly below than con-
ventional indicators (450 MJ/m3 and more).

DEPC applying provides for the use of thermal equipment just at the
preheating phase, virtually excluded the use of ancillary equipment (fans,
pumps, instrumentation and controls) at subsequent stages, which also leads
to additional costs reduction.
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JKcnepuMeHTa/IbHbIE UCC/IEJOBAaHMS TEMJIOBBIX
XapaKTePUCTHK 3JIEKTPHUYECKOTO
TEIJIOBOT'0 aKKyMYyJISITOpa

A.B. Xumenko, JI.A. Tuxomupos, C.C. Tpynos, A.B. Ky3pmuues
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Mocksa, 1-it Hncmumymckuii npoeso, 5

AXTyaJbHBIM BOIIPOCOM JUISl CEBCKOTO XO3SIMCTBA, CENBCKUX IOCese-
HUM, a TaKKe yJaJeHHBIX HACEJICHHBIX ITyHKTOB SIBJISIETCS] IPUMEHEeHue 3¢-
(PEeKTHBHBIX AELEHTPAIN30BAHHBIX CUCTEM TeIIoCHa0XeHNs1. OnHuUM U3 3¢-
(DeKTHBHBIX pPEIICHUH NAaHHOW NMPOOJIEMBI SIBISETCA IEPEXOoa Ha IEKTPO-
TETI0aKKyMYJISIIIMOHHBIE CHCTEMBI OTOIIIEH!sI. OCHOBHBIM ITPEUMYILIECTBOM
MOJOOHBIX CHCTEM OTOIUICHUS SIBJISICTCS TO, YTO TIPH MAacCOBOM HX BHEApE-
HUH OHH MOTYT BBICTYIIATh KaK IIOTPEOUTENN-PETYIIATOPHI Harpy3Kku EqunHon
SHEPreTUIecKoi cucteMsl Poccnu B HOYHOE BpeMsl, KOT/1a HaOII0aeTcs Cy-
IIECTBEHHBIH clajl HOTpeOIeHNs 1eKTposHepruy. HouHble TpoBalibl B rpa-
(uKe Harpy3ku SHEProCHCTEMBbl NPUBOAAT K JOMOIHHUTEIBHBIM MOTEPSM B
3JIEKTpOCETX, mepepacxony Torumea Ha TOC n TOI u camwkenuto ux KI1/1,
CBSI3aHHBIX C YMEHBILICHHEM 00BEMOB BBIPAOOTKH AekTposHeprun Ha TOC
u TOL. DKOHOMHYECKUM CTUMYJIOM JUIsl BHEIPEHUS TEIIOAKKYMYJISIIIUOH-
HBIX CHCTEM OTOIUICHUSI SIBJISICTCS] HATMUUE CHIDKEHHBIX Tapu(oB Ha oTpeo-
JieHHe AeKTpo3Hepruu B iepuo ¢ 23.00 10 07.00 (Hounas 30Ha). CUCTEMBI
IEKTPOTEIUIOAKKYMYJISIIIMOHHOTO OTOIUICHUST 3()(h)EKTUBHO MOTYT IpHUMe-
HATHCS TAKXKE B COYETAHUU C SHEPrOyCTaHOBKaMH Ha 06a3e BO30OHOBIISIEMbIX
HWCTOYHHUKOB YHEPTUH (BETPOCOIHEYHBIEC CTAHITUH).

ITpoBeneHsl 3KkCIEpHIMEHTANBHBIC NCCIIEA0BAHNS TEMIIOBBIX XapaKTepH-
CTHK TEIUIOAKKYyMYJIUPYIOIINX 3JIEMEHTOB 3JIEKTPHIECKOTO TEINIOBOTO aKKy-
myssTopa (OTA) nuHAMHYECKOTO THIIA.

Ha nepBoM 3Tane npoBOIWIIMCH UCCIIEJOBAHUS TEIUIOBBIX XapaKTepH-
CTHK TEIUIOAKKYMYJIMPYIOIMX AJIEMEHTOB M3 MarHe3uTa C LIEJIeBUIAHBIMH
BO3AYLIHBIMU KaHajaMu pazmepom 0,19x0,02 m u obuieii maccoii 62,5 kr, a
Ha BTOPOM 3Talle — TEMI0aKKYMYIHPYIOIIUX JIEMEHTOB U3 IIAMOTa C AByMs
KaHamaMu kpyrioi ¢opmsr (d = 0,044 M) u obieit Mmaccoii 58 kr. 3amepsl
TEeMIIEpaTyp MPOBOAWINCH MEPBUYHBIMHU NPE00pa3oBaTENSIMH TEMITEPATyp:
TepMonapamMu Xpomesb-atoMenb (XA) B KepaMHYecKoi 000JI0YKe U XPO-
Mmenb-konenb (XK). B 30Hax ¢ BeICcOKMME TeMnepaTypaMu TepMorapsl XA
YKJIaJbIBAINCh B UexJie U3 TepMocToiikoi Tkanu. Tepmonapsl XK mpumens-
JMCH IS N3MEPEHNS TeMIlepaTyphl Bo3ayxa Ha Beixozae n3 OTA, Temnepa-
Typel TOBepXHOCTH Kopmyca OTA w®  Temmeparypsl  TEIUIOBOH
N30JISIIHN.
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B pesynbrate npoBeaeHUs SKCIIEPUMEHTAIBHBIX HCCICIOBAHUN TTOITY-
4yeHo: 1. MI3amMenenune temnepatypsl 7cx CTEHKH BO3IYIIHBIX KaHAIOB TEILIO-
aKKyMYJIHPYIOIINX JIEMEHTOB C KaHAIaMH LIEJIEBUIHON U KPyTJIOH (hOpMBbI
13 MarHe3uTa M I1aMoTa B HIWKHEH M BEpXHEH 30HaX B peXMMax 3apsja u
otgada TeroTel OTA; 2. I3MeHeHne TeMIiepaTypsl HarpeBaeMoro BO3Iyxa
T, o« B KaHaJIaX TEIUIOAKKYMYJIUPYIOIINX 3JIEMEHTOB C KaHAJaMH IIeIeBU/-
HOM M KpyTIioi (hOpMbI N3 MarHe3uTa U IaMoTa B HIDKHEW U BEpXHel 30Hax
B peXXHMax 3apsaaa u otnaud Temnorsl DTA; 3. M3sMeHeHue TeMmeparypsl
TeIUI0BON m3onsAuuu 7,; B HKHEH u BepxHed 30Hax OTA; 4. I3MeHeHue
TeMIIepaTypbl Ha MOBEPXHOCTH Kopiryca Tcl u Temneparypsl HarpeToro Bo3-
nyxa Ha BeIxoJie U3 OTA Trux.

Jns yBenMdeHHs TeMIla HarpeBa TEIIOaKKyMYJIHPYIOIIUX 3JIEMEHTOB
13 [IaMOTa Ha BTOPOM JTalle 3KCIIEPUMEHTA HCIOJIB30BAINCh METalIHde-
CKHe BCTaBKH B BUJIE CTAJILHBIX IIACTHH TOJIIMHON 2 MM, KOTOPBIE YKIIa bl
BaJIMCh MEXy TETJIOAKKYMYIHPYIOIIUMH dJIeMEeHTaMu. B pe3ynbrare uero,
3HA4YEHHs TEMIEpPaTypbl CTCHKH BO3AYIIHBIX KaHANOB T B KOHIIE PEXUMA
3apsga OTA Beipociu B cpenreM Ha 50 °C 1Mo cpaBHEHHUIO C BAPHAHTOM, KO-
I/1a CTalbHbBIE TUIACTUHBI HE UCTIONh30BAIUCH [1].

IMocne npoBeaeHNs HKCIEPUMEHTANTBHBIX HCCIIEI0BaHUI ObLIa paccyu-
TaHa MpeJesibHasi OCHOBHAsI U CPeIHEKBaApaTHYHAs MOTPEIIHOCTU U3Mepe-
Huil remnepatyp Tepmonapamu XA u XK B quanaszone ot 50 no 650 °C.

INokazana »pexkTHBHOCTh MPUMEHEHHUS TEMJI0AKKyMYJIHPYIOMINX 3JIe-
MEHTOB U3 IIaMOTa C ABYMsI KaHaJIaMU Kpyryiol ¢opmsl B OTA.

Cnucok 1uTepaTypsl

1. Xwumenxo A.B. // Bectauk HTY «XIIN». Cepusi: DHepreTudeckue u
TEIIOTEXHUYECKHE Mporecchl u obopymoBanne. 2016. Ne 10 (1182).
C. 44-49. d0i:10.20998/2078-774X.2016.10.06.
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Evaluation of the efficiency of energy utilization of RDF-
fuel obtained from municipal solid waste
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ITMO University, Kronverksky Pr. 49, bldg. A,
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The use of the energy potential of solid municipal waste (MSW) in our
country requires serious consideration, which is confirmed by the Strategy
for scientific and technological development of the Russian Federation on the
priority “environmentally friendly resource-saving energy, new energy
sources" and the Strategy for the development of the industry for the pro-
cessing and disposal of production and consumption waste for the period until
2030. Even though in the known hierarchy of waste the waste-to-energy pro-
cess is assigned an insignificant role, in connection with the development of
a circular economy, the attitude towards energy production from waste is
changing, and it is beginning to be considered as an important supporting
process. Interest is also growing in the use of incineration, provided an energy
is recovered, gaseous emissions are cleaned, and environmental impacts are
reduced [1-9].

The aim of the research is to assess the energy efficiency of using solid
municipal waste and RDF fuel based on them on the example of St. Peters-
burg.

An organizing the separate collection of waste by the population in
St. Petersburg, followed by sorting at waste sorting complexes and removing
valuable fractions from waste, it is possible to produce RDF-fuel containing
non-recyclable polymers, paper, cardboard, textiles, leather, rubber and
wood. The combustion of RDF will allow obtaining an additional thermal and
electric energy, reducing the consumption of energy fuels, emissions of flue
gases, including COg, in the replaced power plants and significantly reduce
waste disposal at landfills.

The average morphological and elemental composition of solid munici-
pal waste in St. Petersburg and the typical composition of RDF fuel from
MSW, the lower caloric value of which reaches 18.38-26.25 MJ / kg, are
given. Based on the data obtained, energy efficiency indicators were deter-
mined for the following options for obtaining energy from waste: 1) using an
incinerator with a rotary drum kiln, and 2) using layered furnace for burning
organic waste as a part of energy complex based on hot water, steam and
thermal-oil boilers. For the generation of electrical energy, the use of steam
engines and ORC units is considered.

The following indicators were obtained for the considered of waste-to-
energy options from sorted MSW and RDF-fuel. With a waste capacity of
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1000 kg/h at the incinerator with a rotary drum kiln and a waste-heat boiler
the heat utilization coefficient amounts up to 0.7, taking into account gas
cleaning, and the fuel saving is up to 2600 t of fuel equivalent. The use of a
layered furnace as a part of energy complex with the waste-heat boiler or with
power boilers will increase the heat utilization factor to 0.8.
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Introduction. The wide use of air-cooled heat exchangers in compari-
son with other cooling systems is explained by their simplicity and reliability.
The issues of improving the heat transfer processes in such heat exchangers
play a huge role in terms of increasing the cooling efficiency. The increase in
the heat exchange surface area and the reduction in the size of the heat ex-
changers allows you to significantly save material and financial resources [1].
There are several basic methods for increasing the heat transfer coefficients
of heat carriers in air-cooled heat exchangers, and, accordingly, increasing
the heat transfer coefficient [2]. For example, the finning of pipes or the in-
tensification of heat exchange with the help of pipe inserts. Both methods
consist in changing the trajectory of a heat transfer fluid and increasing the
turbulence of the flow, which leads to an increase in the Reynolds number
and the efficiency of heat transfer [3].

Purpose. The study is carried out with different types of "low" fins
(tubes with individual fins) and "high" fins (tubes with common fins in the
form of a single plate), as well as with the use of pipe inserts in order to
analyze changes in heat transfer coefficients and flow rates of air and cooled
heat transfer fluid, depending on the types of fins and pipe inserts and their
geometry. As a result of the analysis, the optimal geometric parameters of the
ribs and pipe inserts should be determined.

Methods and materials. The application software is the Xchanger Suite
program, the Xace module provided by HTRI to ITMO University, and the
thermal properties generator VMG Thermo. The type of air-cooled heat ex-
changer is forced draught air. In the pipe space, the TP22 oil is used as a heat
transfer fluid, the thermophysical fluid properties of which are generated us-
ing VMG Thermo. Next, different types of fins and pipe inserts are selected
to evaluate the changes in various thermodynamic parameters.

Results. The result of the study is an optimally selected geometry of heat
exchange intensifiers based on the analysis, which allows reducing the di-
mensions of the air-cooled heat exchanger, while providing the necessary
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heat load, the heat exchange surface reserve coefficient and heat transfer co-
efficients.
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Physicochemical properties of n-alkane
nano-sized dispersions

V.N. Kuryakov

Oil and Gas Research Institute of RAS, Russia, 119333,
Moscow, Gubkina str. 3

Aqueous dispersions of paraffins are used in the production of paper,
woodworking, and in the production of particle boards (chipboard). The use
of paraffin dispersions as heat carriers (thermofluids) in the form of systems
that change their phase state (Phase Change Material, PCM) is considered
promising. The use of such materials makes it possible to more efficiently
accumulate thermal energy and release heat in a certain temperature range
during phase transitions.

Common methods for studying phase behavior of paraffins are adiabatic
and differential scanning calorimetry. To study the rotational phases of par-
affins, X-ray diffraction methods are used. In this work, the authors propose
an original method for determining the temperatures of phase transitions of
paraffins (melting, crystallization, and rotator phases), based on optical meth-
ods. A feature of this method is that paraffin for research is presented in the
form of a nanodispersion in water with a characteristic particle size of about
100 nm.

For a series of n-alkanes (from CigHao to CazHsgs), aqueous dispersions
were prepared and their physicochemical properties were studied. The tem-
peratures of phase transitions of the studied n-alkanes were determined. For
some samples, the dependence of the zeta potential of particles in the disper-
sion on the pH of the medium was measured. The investigated dispersions
were subjected to thermal cycles, during which melting and crystallization of
the dispersed phase occurred. More than 600 such cycles were carried out
without disturbing the stability of the dispersion.

The work was funded by RFBR, project number 20-08-00984.
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MogeiMpoBaHue CTPYKTYPHBIX CBOMCTB
TUAPaTUPOBAHHOI0 TOGEPMOPUTA

10.A. AG3zaeB, C.B. Kopo6xoB, A.W. I'Hbips

Tomckuil 20cy0apcmeeHHbLL APXUMEKIYPHO-CIMPOUMelbHbLl
yuugepcumem, 634003, Poccus, e. Tomck, na. Conauas, 2

B pabote 00beKTOM HCCne0BaHus ObLT MOAETBHBIN TOOSPMOPHUT C BO-
JOIIEMEHTHBIM OTHomIeHHeM 0,85, KOTOPBIIl OTHOCHUTCSI K IPOMEKYTOYHBIM
COCTOSIHMSIM THAPaTHPOBaHHOTO opTiananeMenTa. K uncmy s dextuBabIx
CPE/CTB U3Y4IEHUsI THAPATUPOBAHHOTO TOOEPMOPHUTA OTHOCHUTCS MOJIEKYIISIp-
Has quHamuka (M/]), 1 nepBONpHUHINUITHOE U3YUEHUE CBOMCTB KpHUCTAIINYE-
ckoli penietku. [IpecTaBiIsIOT HHTEPEC Pe3yNbTaThl paCYeTOB TEPMOANHA-
MUYECKUX U MEXAHUYECKUX XapaKTepUCTHK. Mccnenyemol pelmeTkoi To-
OepMmopHuTa  SABISIETCS  Cymepsiueiika ¢ XUMHYECKOH  (opMysoit
Cay0Si12H12040, mpocTpaHcTBEHHOW Tpymmoit P2/mM, MOHOKIMHHBIM ceMeii-
CTBOM W mapaMeTpamu pemietku a = 7,39, b = 22,779, ¢ = 6,69 A u yriamu
90,0; 123,49 u 90,0 rpagycoB, KoTopast OTHOCHTCSI K ceMeiicTBy Puuapn-
cona [1], u B KOTOPOii BHEAPEHUE MOJIEKYJI BOJIBI OKa3bIBACTCS CHMBOJIBHBIM.
Boccranosnenne MOJICKYJT BOJIBI B PEIIETKE TOOEPMOPUTA MPOU3BOIMIOCH
TI0J] Pa3HBIMH YTJIAMH, U B KQXKJOM CIIydae OLIEHUBAJIACH SHEPTHUS B PaMKax
MJI. nst Baeapenus: monekyn HoO B cynepsiueiiky Puuapacona, Ha 3aaH-
HBII YTOJI MIPUMEHSUIACH OTIEpalliy MaTpHUYHON anreOpsl. PaccmarpuBanmch
MaTpHIBl epexo/ia KoopauHaT Mosekyibl H,O 0T HadyallbHOTO TIOJIOKEHUS
JI0O KOHEYHOTO 3HAYEHHMs B pe3yJibTaTe BpalleHHs: BOKPYT ocei X, Y, Z U 1o-
CJI/IyIOLIETO BHEAPEHUS B peleTky Tooepmopura. Cynepsdelika cocTosia
n3 57 aTOMOB C W3BECTHBIMHM KOOpJIMHATaMHU. PacueTsl IpoBOIMINCE B IPO-
rpammax Gulp, Lammps. ATOMHbIE TOTEHITHATBI MEKATOMHBIX B3aHMO/ICH-
cruii s Si, Ca, O, H 6butn B3s1THI U3 padoTsl [2]. Mcnonb3oBanuch 2-x
(byxkunarem) u 3-x (rapMOHHYECKHMI) YacTUYHBIE TOTCHIMANBI. Vcnons30Ba-
JIUCh TaKKe cheayromiue atoMubie 3apsiael: Ca — 2,0; Si— 4,0; O — (—2);
H — 0,4. Bruta npoBeneHa reoMeTprYecKasi ONTHMU3AINSI MeTo oM Hpro-
ToHa-PaBcoHa, omeHka ympyrux Moxyneil. [locie nocTmkenus puHATEHON
KoH(Uryparwu ¢ 3aeprueii (—1925,89) 3B 0pun paccuuTaHBI 00BEMHBIN MO-
nynp ynpyroctu (B); moxynb casura (S); moayns FOura (E), paccunTansi
takoke oTHomeHus IlyaccoHa B pasznuusbIx ruiockoctTsix. Ilapamerper du-
HAIBHOW CyMepsueiikk OKa3anmuch paBHbIMH: 4 =6,991, b=7,796,
¢ = 51,818A ¢ yrnamu 90,77; 102,10 u 90,26 rpagycos. Pe3ynbrars! pacue-
TOB MEXaHMYECKUX XapaKTEPUCTUK TOOEPMOpPHUTA OKA3aJINCh PABHBIMU:
B =11,404; 22934; 17,1691Tla, S=17,169; 30,390; 18,755T1Tla,
E = 13,217 I'Tla B pamkax monxeneii Reuss, Voigt, Hill, kotopsie cootBet-
crBoBa  KoH¢purypaumun HO ¢ ymiom B 4 rpagyca.
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Cynepsiueiika Todepmoputa ¢ koHpuryparmeit H,O nox yriiom B 80 rpany-

COB TakXke sBJseTcs HamOoiee cTaOwibHOW. I[lepBompHHIMIHEBIE pac-

4yersl [3] mo3BONMIIM  OUEHWUTH ynpyrue wmoaynu: B =18,65T1Tla,

S =12,77 I'Tla, ¢ KOTOPBIMH YIOBJICTBOPUTEILHO COTIacyrOTCs nanubie M/,
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Numerical simulation of processes in the latent-heat
thermal energy storage tank

R.O. Faizullin, V.Y. Zakharova, A.V. Baranenko

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

In the near future, a significant increase in the number of air conditioning
systems and an increase in their total electricity consumption are predicted
[1]. The use of latent-heat thermal energy storage (LHTES) in these systems
will reduce the peak load on equipment. This will enable to establish systems
of lower power and reduce energy costs in the presence of a double tariff
rate [2].

For the creation and effective operation of the LHTES, it is necessary to
calculate the key parameters of the system, like the charging-discharging time
and the power of the storage. Because of the high nonlinearity of thermophys-
ical parameters of phase change materials (PCM), such a calculation presents
a complex computational problem for CFD programs [3]. An alternative is to
calculate using simplified mathematical models. This calculation signifi-
cantly requires fewer computing resources, time and does not require the pur-
chase of expensive licenses.

This article proposes a computer model for numerical calculations of
heat fluxes in packed bed of capsules with PCM. A mathematical model of
heat transfer in the capsule is based on finding a zero-dimensional solution of
the Stefan problem with the influence of convective flows arising in the liquid
phase. In Stefan's approach, the location of the mobile interface between the
solid and liquid phases is unknown. To account for convective heat transfer
in the liquid phase, the effective coefficient of thermal conductivity is calcu-
lated [4].

To describe the conditions of heat transfer between the coolant and the
wall of the capsule, an experimental dependence was used [5]. The calcula-
tion is reduced to obtaining the temperature of the coolant after passing one
layer of the packed bed. The resulting temperature represents an input param-
eter for calculating the subsequent layer. This operation is rehearsed until the
calculation is made for all layers of the packed bed.

The numerical calculation was carried out in the mathematical software
Scilab. The results of calculating the temperature of the coolant after passing
through the LHTES according to the proposed model are in good agreement
with the experimental data for LHTES with spherical capsules filled with par-
affin.
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AHa/M3 MeTo10B YTWIN3ALHUHU TENJIOThl OYUCTHBIX
coopy;xel-mifl C IIOMOIIbI0 TENJIOBBIX HACOCOB

E.T. [Terpog, A.A. Kpyrnos

Hayuonanvuouil uccnedosamenvcruil ynusepcumem UTMO,
Poccus, 197101, Cankm-Ilemepoype, Kpongeprckuil np., 49

Hacrosimas pabota nocesiieHa pa3padoTKe U YUCICHHOMY aHaJH3y CH-
CTEMbI YTHIM3AIKH TEIUIOTH! IOTOKOB BOJBI B OTCTOMHUKAX OYHCTHBIX CO-
OPY)KEHHH C HCIIOJIb30BaHMEM TPAHCKPUTHUYECKUX IIHKIOB TEINIOBBIX HACO-
COB Ha quokcuze yraepona. CHopMUPOBAHO METOIMYECKOE MOJIOKEHHE IO
KOHCTPYHPOBAHUIO U pacyeTy TeII000MEHHHUKOB JUIsl YTHIM3AIMH TeIUIa.

B pabore npuBoasTCs pe3ysbTaThl pa3pabOTKU M YMCICHHOTO aHAIN3a
XapaKTCPUCTHUK CUCTEMBI YTHUIIN3allUN TCIIJIOTBI BOABI B OUYUCTHBIX COOPYIKE-
HUSIX C TIOMOIIBIO TEIUIOBBIX HACOCOB, paOOTAIOIINX Ha TMOKCHJIE YIIeposa
B TPAHCKPUTHUYECKOM JHaIla30He JaBJICHUH.

VYuuTeiBasg 0COOEHHOCTH W3MEHEHHs CBOWCTB JHOKCHIA YTiiepoja B
OKOJIOKpUTHYECKOH 30HE, IpeIaraeTcsi CXemMa M aJlrOPUTM ONTHMAIIBHOTO
M3MEHEHHS TapaMeTpoB [HMKJIa TEIUIOBOTO HAcoca, 0OecreunBaroniero -
(eKTHBHOE COTJIacOBaHUE TPEOYEMOTO TEIUIONOTPEOICHNUS U XapaKTePHUCTHK
TeruIoBoro Hacoca. Cucrema cOopa TETIOTH Oa3upyeTCs Ha HCIIOIB30BaHUN
HACOCHO-LIMPKYJIILIMOHHOW CXEMBI, TO3BOJIAIONICH OOBbEANHUTD B EAUHYIO
Pa3BETBICHHYIO CUCTEMY KaK IOTPEOUTENN TEIUIOBOM SHEPTUH PAa3IMYHOTO
YpPOBHA, TaK U UICTOYHUKH TEILJIA.

B kadecTBe MCTOYHHMKOB TEIIIa paccMaTpuBaJIuCh OTCTOMHHUKH OYHCT-
HBIX COOPYKEHHUH ¢ TeMmepaTypoit Boasl +12 °C, TemriepaTypa KAIICHUS IH-
OKCHJIa Yriiepojia B Tpy0ax Terio00OMEeHHUKA-YTHIM3aTOpa Teruia IPUHUMa-
nack paBHoit +8 °C. Marepuan TpyO — HepiKaBeromias cTajb.

HacocHo-IIMpKYJIAIUOHHAS CXeMa C He3HAUUTEIbHON KPaTHOCTBIO IIUP-
Kynsinun (3—4) obecrieunBaeT Npy MUHUMAJIBHBIX TadapuTax 000pyJOBaHUs
HE TOJIBKO PaBHOMEPHOE pacIpe/ielieHue XJIafareHra 1no Tpyoam Teriooo-
MEHHHKa, HO U BBICOKYIO 3 heKTHBHOCTH Terutooomena [ 1, 2].

[Morpebnenne temna peanusyercss Ha 2-x stamax (120-80 °C,
80-40 °C), rpaHUYHbIE YCIIOBUSI MOTYT PETYJIMPOBATHCS B 3aBUCHUMOCTH OT
Harpy3Kl ¥ IapaMeTpoB OKpyxarouied cpeabl. CoriacoBaHue xapakTepu-
CTHK UCTOYHHMKOB TEIUIa, PEreHEPAaTHBHOTO TEINI00OMEHHHKA, KOMIIpeccopa
W CHCTEMBI TEIJIONOTpeOIeHust oOecrieunBaeTcs 3a cHeT U3MEHEHHMs Iapa-
METPOB XOJIOJMJIFHOTO LHKJIAa W NPOM3BOJUTEIBHOCTH KOMIIpeccopa (da-
cToTHOe perynupoBanue + BPA). Micionp30Banne yka3aHHBIX CIIOCOOOB pe-
T'YJIMPOBAHUS MMO3BOJISIET TOICPKUBATE BHICOKYIO () (EKTHBHOCTD NPH I1e-
PEMEHHBIX YCIIOBHSIX KCILTyaTanuu [3].
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OIHHM U3 OCHOBHBIX (pAaKTOPOB, BIMSIOLIMX HA CHIKEHHE d(deKrTus-
HOCTH NIPUMEHEHHS TEIUIOBBIX HACOCOB, SIBJISETCA OTCYTCTBHE Pa3pabOTOK
no cucreMam cOopa, MOJrOTOBKH M yTHUIIM3AlMHU TEIJIOTHl MOTOKOB, UMEIO-
KX pa3iInyHble TemIeparypsl. [Ipennaraemoe TexHHUECKOE pelIeHne obec-
NeYMBaET BO3MOKHOCTh YTHJIM3AI[MH TEIUIOTH B aKTUBHOM 30HE OTCTOMHU-
koB. [Ipennaraercs KOJUIEKTOpHasI cXeMa TEeIUIOOOMEHHNKA, 00eceunuBaro-
masi paBHOMEPHOCTh pacnpenenenns: moTokoB CO», He3HAYNTENbHbIE TH/I-
paBIIMUECKHE TIOTEPHU TP BBICOKOH 3 PEKTUBHOCTH TEINIOOOMEHA.

KommgectBo cexmmii npu ¢pukcupoBaHHOM muamerpe TpyO 16 MM ompe-
JIeTSIETCS] ICXO/1s M3 PAIMOHATIBHBIX COOTHOIEHNH MEX Ty 9 (PEKTHBHOCTHIO
TEIJIOCheMa U THAPABIMYECKUM COTPOTHBIICHHEM. PaccTosiHne MeXIy Tpy-
6amu s/d = 3,5, ycrpanenue BuOpanuit 1 mporuba ocymiecTBIsIeTCs 3a CUeT
YCTaHOBKH B TPEX CEUEHHSX ONOPHBIX PEIIETOK M HECYIIUX Mpoduien 1
NOABEMA TEIIOOOMEHHUKA 13 BOABL YKMCTKa MpeaIonaraeTcsi Kak mo Mecty
C TIOMOIIBIO THEBMOTHIPABIUUECKUX CTPYHHBIX aIlliapaToB, TaK U IPH MOb-
€Me U3 BOJIbI C TOMOIIBIO TPABEPCHI.

3akiaouenue

1. Vcnionp30oBaHue XOJOAWIBHBIX TPaHCKpUTHYECKUX LUKIOB Ha CO;
03BOJISIET MUHIMHU3UPOBATh MaccoradapuTHbIE M 9KCILUTyaTallMOHHbIE TIOKa-
3arenu cucteMbl. CpescTBa peryarMpoBaHus KOMIIPECCOPOB 00ECTIEUNBAIOT
BBICOKHMH YPOBEHB K.II.JI.

2. HacocHO-IMPKyYISIIIMOHHBIE KOHTYPBI C KPAaTHOCTBIO LUPKYJISIINN
N = 3-4 obecreynBalOT Kak paBHOMEPHOCTh paclpeieNieHus XJIaJareHTa 1o
TpyOaM, Tak U BBICOKYIO 2 (PEKTHBHOCTD TEITIOOOMEHa.

3. Pa3paborana KOHCTPYKIHs TEIUIOOOMEHHHKA, MO3BOJSIIONIas o0ec-
neunBath 3()QEKTHBHOCTh YTWIM3AIMU TEIUIa 32 CYET MEePHOANYECKOMN
OYHCTKH TEIMJIO0OOMEHHO# MOBEPXHOCTH.
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OoGecrieyeHHe HAAEKHOCTH TEIJIOCHAGXKeHUA
AaKTHMBHOTIO NOTPEOUTE/IsI HA OCHOBE BbIGOpaA
ONTHMAJIbHOIO0 COOTHOIIEHUA MOIIIHOCTH
COOGCTBEHHOIr0 MCTOYHHUKA TENJIOBOYM JHEPTrUHU U
napaMeTpoB HaJeKHOCTHU 3JIEMEHTOB
TENJIOCHAGXKAIIIUX CUCTEM

N.B. IlocTHnKOB

Hnemumym cucmem snepeemuxu um. JI.A. Menenmvesa CO PAH, 664033,
2. Upxymck, yn. Jlepmonmoasa, 130

3amaua uccnenoBanus HOPMyIUPYeTCs Kak pa3paboTKa METOIHYECKOTO
o0ecrieueHus aHaM3a ¥ ONTHMH3AMN Ha/Ie)KHOCTH TEIUIOCHA0KEHHSI aKTHB-
HBIX moTpebuteneid (AIl, aHr. — prosumer) TeIIOCHAOXKAIOMIMX CHUCTEM
(TCC) ¢ yyeToM X JIOTIOITHUTENBHOTO ()YHKIMOHAIEHOTO pe3epBa, odecrieyn-
BaeMOro COOCTBEHHBIMH MCTOYHMKaMH TerutoBoit sueprun (U T). Hekotopsie
TEOpETUUECKUE M IPAKTUYECKHE BOMPOCHI NMpHMeHeHHs1 TexHosmornu All B
TCC paccmarpuBatorest B padorax [1-3]. MeTtonuueckass ocTaHOBKa IPO-
67IeMBI 3aKITFOYAETCS B ONPEEICHUH ONTHMAIBHOTO COOTHOIICHHS 3HAYCHHI
mapameTpoB HagexHocTH 1eMerToB TCC u mpomsBogurensHocTr UT All,
KOTOpBIe 00eCTIeunBarOT TpeOyeMblil YPOBEHBb HaIS)KHOCTH TEIIOCHAOKEHHUS
noTpeduTesel Py MUHUMANBHBIX 3aTpaTaX Ha HaJIeKHOCTb CUCTEMBI U JKC-
IUTyaTalyio pacipeeeHHbIX HCTOYHHKOB ATl B paMKkaXx IONyCTUMBIX 3HaUe-
HUI MapaMeTpoB U ycioBui 3anaud. Ilpemioxxena Maremarudyeckas MOJENb
JUISL PEILICHUs TIOCTaBJICHHOM 3a/1a4l ONTUMHU3AIMK HaIe)KHOCTH TEIUIOCHA0-
xeHus All ¢ yuetom dyHkronnposanus ero coocrseHHsix UT. Meronomno-
THs PEIICHNs] OCHOBAaHA Ha MCIOJIb30BAaHUHM MAaTEMATHYECKHX METO/IOB OITH-
MU3aIMY, TEOPUH HA/ISKHOCTH, amrapara MapKOBCKUX CITyYaiHBIX MPOIEC-
COB, Mojienielt Teopun TupaBndeckux nernei (TTLL).

Hccredosanue svinonneno npu gpunancogoii nodoepicke PODU 6 pam-
Kax Hayunoeo npoexma Ne 20-08-00488 A.
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Reliability ensuring of heating to prosumer based on

searching the optimal ratio of its own heating source

capacity and reliability parameters of district heating
systems components

1.V. Postnikov

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

The problem is formulated as the development of methodological sup-
port for the analysis and optimization of the reliability of heating to prosum-
ers of district heating systems (DHS), taking into account the additional func-
tional redundancy provided by its own heating sources (HS). Some theoreti-
cal and practical issues of prosumer technology application in district heating
are considered in [1-3]. The methodical formulation of the problem is deter-
mining the optimal ratio of the values of reliability parameters of DHS com-
ponents and the HS capacity of prosumer, providing the required level of
heating reliability with minimal costs for the system reliability supporting and
the operation of prosumer HS under the admissible values of the parameters
and conditions. A mathematical model is proposed for solving the problem
of optimizing the reliability of heating to prosumer taking into account the
functioning of its own HS. The methodology is based on the use of mathe-
matical optimization methods, reliability theory, markov random processes,
theory of hydraulic circuits (THC).

The reported study was funded by RFBR, project number
20-08-00488 A.
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OnpejesieHre ONTUMAJIbHBIX 30H el CTBUS
eHTPA/IM30BaHHbIX MICTOYHHKOB TEMJI0CHAGKEHUS

E.E. MeauukoBa, M.B. IToctHuKOB

HUncmumym cucmem snepeemuxu um. JI.A. Menenmvesa CO PAH, 664033,
2. Upkymck, yn. Jlepmonmosa, 130

D¢ GEeKTHBHOCTD PEUICHUH 0 PACHIMPEHHIO TEIUIOCHAOXKAIOMINX CH-
cteM (TCC) oneHnBaeTCs IO KPUTEPHUIO paguyca 3 HEeKTHBHOTO TEIIOCHAO-
xerus (POT), koTopsii mpeacTaBiseT cob0il pacCTOSHIE OT UCTOYHUKA TETI-
nosoit sHeprun (UT) no y3na, 3a KOTOPBIM IMOIKITIOYEHNE HOBBIX TOTpeduTe-
el SKOHOMHYECKH HererecoobpasHo [ 1-4]. [ouck ontumansHoro POT sB-
nseTcs BAKHOM 3amaueit mpoektuposanus u pazsutus TCC. PaccmaTpuBae-
Mas TpobiieMa cpopMyIHpOBaHa Kak OIpeaesieHHe MakcuMmanbHoro POT
qutst kaxoro UT o BceM HampaBiieHUSIM TEIUIOMAarucTpasiel TemIoBor ceTr
MIPY MUHUMAJIBHOH Ce0eCTOMMOCTH IIPOU3BOACTBA U PACTIPENEIICHUS TEILIO-
Boii sHeprun B TCC ¢ yueToMm TpeOOBaHUH K HaJIS)KHOCTH TEIUIOCHA0KECHUS
norpeduteneil. Paspaborana meronuka onpenenennst POT B TCC ¢ yuerom
obecrieueHHs HAIEKHOTO TerocHa0x)enus morpeduteneit. [Touck POT mms
Pa3IMYHBIX TEIUIOMArucTpaliei OT paccCMaTpUBAEMOro IIEHTPATU30BAHHOTO
UT B TCC onpenensier 30HBI €ro JEHCTBUS B Pa3TUYHBIX PaiiOHaX TOpoOAa.
[Ipu 3TOM DONOTHHUTENEHO K OCHOBHOM 3amade moncka POT mpomsBogures
OLICHKA Y3JIOBBIX IMTOKAa3aTeNed HAIEeKHOCTH Ul KaXKIOTo MOTpeOuTesNs, Ha
OCHOBE KOTOPBIX KOPPEKTUPYIOTCA (IIpH HEOOXOIUMOCTH) MOJTyYeHHBIE pe-
menust mo POT. Ha ocHoBe pa3paboTtanHoil MeTomuku ompenenenus POT
MPOBE/ICHBI MTPAKTUYECKHE UccaeaoBanus Ha AericTByroneit cxeme TCC ro-
pona.

Hccneoosanue svinonneno npu gpunarncogoii nodoepicke PODU ¢ pam-
Kax Hayunozo npoexma Ne 20-08-00488 A.
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Determining of the optimal areas for heat supply of
district heating sources

E.E. Mednikova, 1.V. Postnikov

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

The efficiency of solutions for development of district heating systems
(DHS) is assessed by the effective heating radius (EHR), which is the distance
from the district heating source (HS) to the some node, behind which it is
economically unprofitable to connect of new consumers [1-4]. The search
for the optimal EHR is the one of the main problem for the design and devel-
opment of DHS. Methods for determining the EHR for DHS are developed,
taking into account ensuring of reliability of heat supply to consumers. EHR
is such a length (distance) of a heat network from a district HS to a consumer,
within which the district heat supply of a given consumer is economically
more profitable than a distributed (autonomic) one. Thus, the search for EHR
for different transmission heat pipelines connected to the considered HS de-
termines of its operation zones in different districts of the city. In addition, to
the main problem of the EHR search, the assessment of nodal reliability in-
dices for each consumer is carried out, on the basis of which the obtained
EHR solutions are corrected (if necessary). As a result, we can determine the
zones of district heating in DHS, within the framework of which not only
energy and economically effective, but also reliable heat supply to consumers
is provided. The developed methodical ensuring was used in the development
of an optimal heat supply scheme for the actual DHS of city.

The reported study was funded by RFBR, project number
20-08-00488 4.

References

1. Stennikov V., Mednikova E. Analysis of Trends in the Development of
Cities’ Heat Supply Systems. Thermal Engineering. 2016. Vol. 63(9).
P. 657-665.

2. Papushkin V. Heat supply radius. The well-forgotten old. News of heat
supply. 2010. Vol. 9. P. 44-49. (in Russian).

3. Stennikov V., lakimetc E. Optimal planning of heat supply systems in
urban areas. Energy. 2016. VVol. 110. P. 157-165.

4. Stennikov V., Mednikova E., Postnikov I., Penkovskii A. Optimization
of the effective heat supply radius for the district heating systems.
Environmental and Climate Technologies. 2019. Vol. 23(2).
P. 207-221.



Section 2
Environmentally-Friendly Energy
Conversion and Supply

Ceknusa 2

JKO3HepreTuka



76 Il International Scientific Conference “Sustainable and Efficient Use of Energy,
Water and Natural Resources”, Saint-Petersburg, April 19-24, 2021

Optimizing cross-regional thermal energy and hot
water sharing with using P-Graph tools

S.A. Tsibulskiy, M.T. Kuznetsov, S.V. Romanenko, S.A. Boldyryev
Tomsk Polytechnic University, Lenin Ave. 30, Tomsk, 634050, Russia

The Russian Federation has a large territory, which is located in different
climatic and zones. There are settlements, which are situated at a considerable
distance from each other, in remote areas, given the shortage of basic vital
natural resources, such as water, food, and energy. Such regions are located
in the Far North, the total area of which is 70 % of the entire territory of
Russia. These regions are characterized by low population density, lack of
fertile soils, inaccessibility of water sources and minerals. 8 % of the coun-
try's population live and work in these conditions. An important issue for the
people of these regions with harsh living conditions is to find practical solu-
tions to the problems of supply of the population and industry with the nec-
essary resources. This paper discusses the issue of optimizing the distribution
of heat energy and hot water from the supplier to consumers in a decentralized
heat supply using P-Graph tools [1].

The P-Graph software makes it possible to evaluate and compare many
options for providing consumers with energy resources and water, taking into
account characteristics of the required final product, conditions of remoteness
from stations, etc. With the help of P-graph methodology, it is possible to
optimize the diagram of supplying energy, water sources to the consumer,
minimizing operating costs and negative environmental
impact [2].

Two search algorithms were selected to optimize the diagram structure,
which determines the less costly options with the most significant profit when
supplying consumers with resources, taking into account the harmful effects
on the environment. A separate item specifies emission of carbon oxides, CO;
and SO, the sulfur oxides into the atmosphere. Taking into account the envi-
ronmental impact in the search for the optimal structure of the resource allo-
cation scheme from sources to consumers allows for a
comprehensive assessment of all types of costs at each stage: extraction,
transformation, delivery of the final resource to the consumer. In this paper,
the diagram of the distribution of heat energy and hot water flows on the ex-
ample of sources and consumers of the Tomsk district of the Tomsk region is
considered. The structure consists of thermal power plants and individual
boiler plants burning coal, natural gas, fuel oil, timber products, etc., and con-
sumers, such as residential sector, communal services and industrial sectors.
As a result of the calculation, the most optimal structure for the generation
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and distribution of flows of heat energy and hot water from sources to con-
sumers was selected, taking into account savings and minimization of nega-
tive environmental impact.
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The complex mobile independent power station for the
power supply of the facilities, located
in recreational areas

A.A. Tunik, M.Y. Tolstoy, D.I. Stom, E.M. Popova
Irkutsk National Research Technical University, Irkutsk, Russia

For energy supply and sewage treatment of villages in the countryside,
cottage settlements and even separate buildings it is necessary to build addi-
tional energy and sewage treatment plants, with associated complex design
work. In most cases, after deterioration or obsolescence of these stations, it is
necessary to carry out major repairs and reconstruction or conservation, fol-
lowed by the construction of new stations. It is also impossible to move them
with reusing in case of a decrease in the number of subscribers of these sta-
tions. Not to mention the fact that the use of traditional energy often has en-
vironmental consequences. This is especially concerns the recreational areas,
like The Baikal Nature Territory in the Irkutsk Oblast.

In the result of our research a complex mobile independent power sta-
tions was developed, which will allow to solve the above problems.

This station contains renewable energy equipment [1-20] for producing
heat and electric energy. Besides there are a wastewater treatment plant,
which allows expanding the functionality of the station.

Previously, studies on the heating capacity of the installation and its pos-
sibilities for wastewater treatment were carried out and presented
[21-25]. The next stage of research is estimation of the electricity power pro-
duced by the mobile station, both for own needs and for the needs of the end
user. Solar panels and microbial-fuel cells [26] are used as the main power
generators in the station. It is planned to use a diesel generator set as a backup
electricity source.
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MaTeMmaTHnuyecKasa MoJeJib rOpeHHUA KallJIk
KOMIIO3UIIMOHHOI'O TOIIJ/IMBA HA OCHOBE
NPpOMBIIIJICHHBIX U KOMMYHAJ/IbHBIX OTX040B

J.B. Aatonos, M.W. I'notos, J1.0. I'mymxos, K.K. [Taymknuaa

Hayuonanvrnouii uccneoosamenvckuti Tomckuil notumexnuseckutl
yuusepcumem, Poccus, 634050, 2. Tomck, np. Jlenuna, 30

B HacCToAIIEC BPEMA OﬂHOﬁ M3 OCHOBHBIX MHUPOBBIX 3KOJIOTMYECKUX
npoOJieM SIBIISETCS 3arpsi3HEHHE OKPYKAIOIEH Cpe/ibl TPOMBIIIIICHHBIMH H
KOMMYHAJIbHBIMU OTXOAaMH, B TOM YUCJIE TOPIOYHNMHU. Tonbko B Poccuu Ha
MOJIMTOHAxX XpaHuTcs 6oiiee 94 I'ToHH 0TX070B. VIX OTHOCHTENBHO BBHICOKHI
SHEPreTUYeCKUH MOTEHIMAN, a TAK)Ke HEOOXOJUMOCTh CHIKEHUSI 3arpy3Ku
MIOJIMTOHOB ¥ YJIYYIIESHHUS SKOJIOIMYEeCKOH 00CTaHOBKH XapaKTEpU3YIOT Iep-
CTEKTUBBHI YTHIIM3ALUHN OTXOAO0B ITyTE€M CKHTaHUS B COCTABE KOMITO3UIMOH-
HBIX J)KU/IKHAX TOIIIMB (CMECh MEITKOJMCIIEPCHOTO YTIJISL, BOJBI, OTPAOOTAHHBIX
WHIyCTPUAIBHBIX Macel, W3MEIbUCHHBIX TBEPIBIX KOMMYHAJIBHBIX OTXO-
70B). [lepcneKTUBHBIM HAIPaBICHUEM DPAa3BUTHS NPOMBIIUICHHON TEIIo-
SHEPTeTHKH SBISIETCS 3aMEHa TBEPJABIX HATYPaJIbHBIX TOIUTHB Ha Ooiee 110-
CTYIIHBIC W ACIICBBIC KOMIIO3UIIMOHHBIC XUAKUC TOILIMBA, Fa3006pa3HBIe
MPOAYKTHI CrOpaHUs KOTOPBIX MPEICTABIAIOT MEHBIIYIO 3KOJIOTHYECKYIO
OITIaCHOCTh (38. CUCT MPOTCKAHUA XUMHUYCCKUX peakunﬁ B ITOJTYBOCCTaHOBU-
TENILHOH Cpeie) 10 CPABHEHHUIO C JBIMOBBIMH I'a3aMH IIPU CKUTAHUHU CyXOTO
YIS

[IpumeHeHne Ha MpPaKTUKE KOMITIO3UIMOHHBIX TOILIMB TpeOyeT paspa-
OOTKH TPYIIIBI COCTABOB C IPOTHO3MPYEMBIMH XapaKTEPUCTUKAMH TIPOIIec-
COB 3@XKHTaHMs 1 ropenns. Hayunoe o60cHOBaHHE MEPCIIEKTHBHOTO KOMIIO-
HEHTHOTO COCTaBa TOIUIMBA Ha OCHOBAHHM PE3YJIBTaTOB 3KCIEPHUMEHTAIb-
HBIX HUCCJIEJOBAaHMM NPEJCTABISIET UIUTENbHBIA U TPYAOEMKHH HpOLECC.
Pa3paboTka MaTeMaTH4eCKOH MOJIENIN TOPEHUSI TAKMX TOIIJIMB MO3BOJIUT HH-
TEHCH(HUIINPOBATH MCCIECIOBAHUS U Pa3padOTKH B 00JIACTH SKOIHEPTETHKH.
[TosToMy 1Eenbio HacTOsIEel paboThl SBIsIETCST pa3pab0oTKa HA OCHOBAHHUU
Pe3yIBTaTOB AKCHEPUMEHTANBHBIX HCCIIeAoBaHuH [1-5] maremaTmueckoit
MOJIENTH TOPEHHS] OJUHOYHOM KaIlTi KOMIIO3UIMOHHOTO KHIKOTO TOIINBA B
pa3orpeToM A0 BBICOKHX TEMIEPATyp BO3AYIIHOM MOTOKE.

B pamkax paspaboraHHoit B cpene mnporpammupoBanus ANSYS
FLUENT (ANSYS Inc., CIIIA) maTteMaTH4eCKOi MOJEIH, ONUCHIBAIOLIECH
MPOLIECCHl CYIIKH, NHPOJIN3a, Trasu(UKaud W TOPEHUs, BBIOJIHEHO
HCCIIeI0BaHKE BIMSIHUS TPyl (AKTOPOB (KOMIIOHEHTHBIN COCTaB KaIuli U
ra3oBOMl cpenpl; TeMIeparypa U CKOPOCTb a30BOM Cpellbl; HadallbHbII
pasMep KalulM) Ha M3MEHEHHE TEMIIepaTypbl Kaluld TPH HarpeBaHWU H
XapaKTEePUCTHUKHU TIPOLECCOB 3aKUTaHMS M TOPEHHs TOIUIMBA B YCIIOBHSX,
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COOTBETCTBYIOILIMX YCJIOBHSIM IIPOTEKAaHHWs IIPOLECCOB MPH CXKUTAHUU
TOILIMBA B TOIIKaX KOTJIOB. Bepugukarmst pazpaboTaHHOH MaTeMaTHIeCKON
MOJIETIM ¥ PE3yJIbTATOB YHCIEHHOTO MOJICJIMPOBAHUS BBIMOJIHEHA ITyTEM
OLIEHKH KOHCEPBAaTUBHOCTH HCIOJIb3YEMOW Pa3HOCTHOW CXEMBI M CPAaBHEHUSI
C DKCIEPUMEHTAILHBIMH JIaHHBIMH.

JAnst OLIeHKH BO3MOXXHOCTH MOJITUPOBAHMS PACCUUTAHBI BpEMEHa 3a-
JCPXKKH 3aKHUTaHHs Kark (HavaibHblid muamerp dp=1 MM) kaxmoro us 5
TOIUIMBHBIX COCTaBOB B HEIOJBMKHOM ITOTOKE BO31yXa IPU BapbHPOBAHUN
ero Temneparypsl B auanazone 450-1000 °C (723-1273 K) u B moToke pa3zo-
rperoro 1o temmneparyp 450—700 °C (723-973 K) Bo3myxa (puc. 1).
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Puc. 1. 3aBUcUMOCTH BpeMeH 3a1€PXKKHU 3aKUTaHUs OT TEMIIEPaTyphl pa3orpeToil
ra3oBoii cpensl A HenoaBmwkHOM (Vg=0) n nBmxkymeiics (Vg=3 M/C) 4acTHIIBL:
CpaBHEHHE HKCIIEPUMEHTAIBHBIX JaHHBIX [1, 2] ¢ pe3ynbTaTamMu MOJETMPOBAHHUS Ha
npumepe cocrasa KXKT No. 4 (DK 90 % + mmactuk 10 %)
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Hcnosib30BaHMEe TBEPABIX GbITOBBIX OTX0/0B
B KayecTBe TOILIMBA B chepe
YKUJIMIIHO-KOMMYHAJIbHOTO X0351CTBa

N.A. JI€cun, C.B. I'omobokos, T.1O. Bpoctuinosa, /I.A. byiiHos
Tenszenckuii 2ocyoapcmeennuiil ynugepcumem, 2. Ilensa, yn. Kpacnas, 40

AHHoTanusi. B pabote paccmaTpuBaeTcsi TEXHOIOTHYECKas CXeMa H
KOMIUIEKT 000pyIOBaHHS ISl TIepepadOTKH TBEPIbIX OBITOBBIX OTXOJOB B
razoBoe TOIUIMBO. [IpHBOASATCS pacueThl TEXHUKO-9KOHOMHUYECKUX TOKa3a-
TEeH.

KaioueBble cioBa: TBEPALIC OBLITOBBIE OTXO/JHI, nepepa60TKa " yTUJIn-
3anuyda Mycopa, ra3oBo¢ TOILJIUBO, BLICOKOTGMHepaTypHLIﬁ MMApOJInN3, CUHTE3-
ras.

OnmunM n3 3(h(eKTHBHBIX CIIOCOOOB ITOMYYEHHUS] YHEPTHH B OyayIieMm
MOJKET CTaTh UCIOJNB30BAHNE B KAUECTBE TOILUIMBA TBEPIBIX OBITOBBIX OTXO-
noB (TBO). IIperMytiecTBO OBITOBBIX OTXOIOB 3aKIFOUACTCS B TOM, UTO MX
HE HaJ0 WCKATh WM JOOBIBaTh, OHMU BXOIAT B Cepy >KU3HH UEIOBEKa U
HakarumBatotcs. C npyroit ctopors! 06semMbl THO co3marot yrpo3y okpyxa-
IOIIeH cpenie, MpUYeM HX yTUIH3anus TpeOyeT IeHEeKHBIX cpeacTB. Parmo-
HAJIBHBIN MOJXO/ MTO3BOJISIET HE TOJBKO MOJyYUTh JICIIEBYIO SJHEPTHUIO, HO U
n30exath TMIIHUX 3aTpar [1].

TBO B Poccwuiickoit denepanun, npeacTaBIsIOT coboii TpyOyro Mexa-
HUYECKYIO CMECh CaAMBIX pPa3HOOOpa3HBIX MaTE€pUalIOB U THUIOIINX MPOIYK-
TOB, OTJINYAIOIIUXCS 110 PU3NYECKUM, XUMHUYECKUM M MEXaHHUYECKUM CBOM-
cTBaM W pa3MmepaM. [1o3ToMy MpUMEHHUTH OIBIT, HAKOIUICHHEIH B EBporie k
pemeHno mpoOiemMsl yTrin3auy orpoMaeix 00beMoB ThO, HakarmBaro-
IIUXCS TOJAaMU Ha MHOTOYHCIICHHBIX CBAalTKaX — 3TO BEChbMa HEMPOCTast 3a-
Jaga.

Yacts 0TX010B — OyMara, IepeBo, IIIACTHK, IUIIEBBIC OTXOBI, TIACT-
MAacCHI IT0 CBOEGH CTPYKTYPE SIBIITIOTCS YTIIEBOIOPOIaMH U TEOPETUIESCKU MO-
TYT HCIIOJIB30BAThCA B Ka4eCTBE TOIUINBA. /I MOIydIeHNs TOPIOYMX KOMIIO-
HEHTOB TpeOyeTcsi OpraHn30BaTh COPTUPOBKY. B pa3HBIX pernoHax 1ois op-
ragmueckux orxonos Koieonercs ot 30 go 47 % ot obmiero oorema THO.
OpnHako 1o cBouM cBokicTBaM THO SBIISIOTCS TOIJIMBOM IJIOXHM, C HU3KOM
TEIJIOTBOPHOMU cIIOCOOHOCTHIO. K TOMY e IpH C)KMTaHUU Ha CBAJIKaX BbIJE-
JISIOTCSL TOKCUYHBIE KOMIIOHEHTHI, M MIPOUCXOJUT 3arpsi3HEHHE BOJHOIO U
BO3IYIIHOTO OaccerHoB [2].

TexXHOJIOrNH 110 C)KUTAHHIO TBEPJBIX OBITOBBIX OTXO/0B HE 0Oecreyn-
BalOT 00€3BPEKMBAHUSI TUOKCHHOB HAa TBEPAOM HECTOPAaeMOM OCTaTKe, a
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TaKKe Ha JIETy4ei 30J1e B OTXO/SIIKX ra3ax. B nmporecce razupukanuu npo-
HCXOAWUT OKHCIEHUS YTIEPOICONCPIKAIIETO CHIPhsS, B pE3yIbTaTe Yero IMoITy-
4aeM — FeHePaTOPHBIH ra3 U MPOAYKTHI MOJTYKOKCOBaHUS.

IInponus siBisieTCs yHUBEPCAIBHOM TEXHOJIOTHEH U TI03BOJISET IIepepa-
0aThIBaTh BEIOPOCHI OMACHBIX OPIaHUYECKUX O0BEKTOB, MEIUITMHCKHE U TTH-
LIEBBIE OTXOABI, IPOBOAUTCS NpH TemnepaTypax 1o 2000 °C. Pa3znoxenue
YIJIEBOJAOPOIHBIX LIETIEH MPOUCXOIUT 32 CUET SHEPTUH IINEKTPUUECKOMN TyTH.

B OonbmmHcTBE moauroHoB ThO M CTUXMHMHBIX CBAJIOK HAKOILIECHBI
orpomuble 3amacekl ThO, KOTOpEIe Tiepes 3aXOpOHEHHEM HE COPTUPOBAIUCH
7 He oOpabaTeBanuch. [IprueM 4acTh JIETKOPA3Iaraloniuxcsl OTXOI0B YKe
VIIETY9HIIach, OCTAIUCh BEBICOKOMOJIEKYIISIPHBIC COSIMHEHHUS, TPYIHO ITOIIa-
onmecs nepepadboTke. B 3ToM cirydae B IONHOW Mepe WCHOIB3YIOTCS Ipe-
HMMYIIECTBA BRICOKOTEMIIEPATypHOTO MUPOJIK3a, KOTOPHI MO3BOIUT IIPOBO-
JUTH TIy0oKyto nepepaborky TBO, B TOM Yuciie U TaKue KOMIIOHEHTHI KakK
TJIACTUKOBBIE OYTHUIKK M aBTOMOOUIIbHBIC IIIMHEI.

Hcnonp3oBaHne CropaeMbIX KOMIIOHEHTOB IpOMBINUIEHHBIX U THO B
KayuecTBe TOIUIMBA MPEICTABISETCS aKTYalbHBIM U MEPCIEKTUBHBIM MPOEK-
ToM. BropuuHoe ucnons3oBanue THO O1aronpusTHO BIHSIIOT HA SKOJIOTH-
YeCKyr0 00CTaHOBKY B Mupe. B OymyiiieM HeXBaTKa TPaJUIIMOHHBIX YHEPTO-
PECYPCOB CKa3bIBacTCsA Ha CTAaOMIIBHOCTH PHIHKOB YTIIEBOJIOPOJOB. BakHO
HAYaTh pa3BUBaTh HETPAJAUIMOHHBIC WCTOYHHKH JHEPTHHU, YTOOBI TMOCTE-
TIEHHO 3aMEHSTh JI0JII0 PhIHKA YIJI€BOAOPOJHOTO TOINBA [3].
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I[IpyuMeHeHHe 06 bEKTOB pacnpee/eHHON
reHepanum AJis 3J1eKTPOCHaGKeHUs
NPOMBINIJIEHHOTO NpeANpUuATHA

K.A. CrenanoBa
Tenszenckuii 2ocyoapcmeennulil yHugepcumem, 2. Ilensa, yn. Kpacunas, 40

AnHoTauus. Pacmpenenennas reneparust sHeprum (PI'D) Ha cero-
[[HHIHHI/Iﬁ JACHD ABJIACTCA NECPCIEKTUBHBIM HAlIPaBJICHUEM B OHEPIE€THUKE. B
cTaThe 0003HAUEHbI BO3MOXKHOCTH IPUMEHEHHs paclpellelieHHOW reHepa-
UH U1 3JIEKTPOCHAOKEHUS TIPOMBIIIEHHOTO MPEINPUATHS, 0003HAUEHbI
CyIIeCTBEeHHbIe JocTonHCTBa PI'D mu1st mpombliieHHOCTH.

KaioueBble ciioBa: QJICKTPOSHCPICTUKA, paCIpCACIICHHAs reHepanus,
ra3onopuiHeBas yCTaHOBKA, MHHOBAILlUH, 3Hepl"03(1)(1)€KTI/IBHOCTL, OKOJIOI'us.

OmHUM H3 TIEPCIICKTUBHBIX HATIPABIICHUHA Pa3BUTHS SHEPTCTUKA B MUPE
¥ B HaIlleH CTpaHe SBJISIETCS MEPeXo, OT HEHTPAIN30BAHHOTO YHEPTOCHA0-
JKEHUsI K pacnpe/encHHoi redepanun [1-5]. B mocnennee necstunerue 3o
HampaBJCHNUE HAa4aJ0 WHTEHCHBHO Pa3BHBATHCS W B Hamiel crpaHe. OCHOB-
HBIMH TPUYHHAMH TIEPEX0a YHEPrOCHAOKEHUS OT «OONBIION K «MaJoi»
BHCpFeTI/IKI/I SABJIAKOTCA

1. Boicokre Tapu(bl Ha TCIUIOBYIO M DJICKTPUYCCKYIO SHEPTHIO IS
IIPEANPUATUI IPOMBIIIIEHHOCTH, CTPOUTEILCTBA, TPAHCIIOPTA.

2. Beicokue Tapu(bl Ha TEXHOJIOTUYCCKUAC TIPUCOCTUHCHHS.

3. 3HaunTeNbHBIC BHIOPOCHI BPEIHBIX BEHICCTB KPYIHBIMU 3JICKTPO-
CTaHIUSAMHE, PA0OTAIOIIMMU Ha YTIIC U Ma3yTe.

4. YxxectoucHre TpeOOBaHUN PUPOTOOXPAHHOTO 3aKOHOIATCITLCTBA

5. BeIcokuii mpoIieHT W3HOCa TeHEPUPYIOIIET0 000pY/IOBAHUS U CETe-
BOT'0 X03SHCTBa.

6. 3HauMTEeNbHBIE TIOTEPH TEIUIOBOM M JJCKTPUUYCCKOW JHEPTUH TPHU
TpaH3WUTE Ha OONBIINE PACCTOSHUS.

7. CHIWKeHHe HaJIS)KHOCTH [EHTPAIN30BAHHOTO YHEPTOCHAOKEHHS T10-
TpeduTeseH Mpyu aBapusx U CTUXUHHBIX OSICTBUSX.
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ApanTuBHasA cucTeMa KOMMYyTaLUU NaHe el
COJIHEYHBIX 3JIEKTPOCTAHLUMA

A.A. TluBrerko, C.B. I'omobokos, T.}O. Bpoctuiosa,
A.A. Jlebensuies, B.A. Arees

Tenzenckuii 2ocyoapcmeennulii ynugepcumem, 2. Ilensa, yn. Kpacunas, 40

MupoBasi TEHACHIMS Pa3BUTHS SHEPTETUKH IIPEIIONATaeT YXO. OT Tpa-
JULHIOHHOM YTIIeBOJOPOAHOW SHEPTETHKN W YBEIWUEHHE O TeHEpaIlun
JIEKTPUYECKOIN HEPTUU Ha OCHOBE BO30OHOBIISIEMBIX HCTOYHHKOB SHEPTHU
(BUD). BaxxHas poip B KOHIETIIIUH COBPEMEHHOM 3JIEKTPOIHEPTETHKH OTBO-
JUTCA CONHEUHBIM 3jekTpocTaHiuaM (COC). Pa3Butue HOBBIX MaTepHUaioB
U TEXHOJIOTUH IPOM3BOJACTBA (DOTORIEKTPUUECKUX NpeoOpa3oBaTenel mos-
BOJIMJIO CYIIECTBEHHO CHHU3UTh CTOMMOCTH COJIHEYHBIX MaHENed U clienaTh
C3C KOHKYpPEHTOCHOCOOHBIMH Ha PBIHKE JJIEKTPOIHEPTHH.

MarepuanoM (GOTOIIEKTPHUECKHX TUEEK SBISETCS KPEMHHH C JIETHPO-
BaHHEM DPa3IMYHBIMU diieMeHTaMu. COOCTBEHHasI MPOBOJUMOCTh KPEMHHUS
OYEHb CHJILHO 3aBHCUT OT TeMIeparypsl. [y GonbIIMHCTBA TPUMEHSIEMBIX
MaTepHanoB npeaenbHoi Temrnepatypoit cunraercs 90 °C. ConneuHsle ma-
Henu 6osiTcs neperpeBa. Kpome Toro nmpu BEICOKOH TeMIepaType BO3HUKAET
SIBJICHNE JIABUHHOTO TIPO0O0SI WM MOABICHUE TOKOBOTO KaHasIa, KOTOPOE CO-
MIPOBOXKJACTCS BEITOPAHUEM STYEHKH.

INoaxmoyeHne WHBEPTOpa B KAa4eCTBE HArpy3KH COJIHEYHOH MaHETH
IPHUBOAUT K TOMY, YTO TOK, OT/IaBaeMbIii TAaHESIMH, MEHSETCS [0 CHHYCOH-
JAIBHOMY 3aKOHY C YacTOTOW CEeTH. DTO MPHUBOAUT K HEPaBHOMEPHOMY
HarpeBy COJHEYHBIX MaHeNeH W OMacHOCTH MEperpeBa M BBIXOJA U3 CTPOS
OTZACJBHBIX MaHENEH.

ITpu >kecTKOI KOMMYTAIMK MTAaHENEH BBIXOJ U3 CTPOS WJIH ITPOoOOH JIto-
0011 maHesn MPUBOJUT K OCTAaHOBKE BCEro reHeparTopa. st HCKIIIOYeHHs Ta-
KOM CHTyallUH OTPaHUYUBAIOT TOK BCEX MAHENEH M MOIIHOCTh T'€HEpalHH.
[Tpn sTom wacTe manenei OyxyT HenorpyxeHsl 1 COC BbIIaET MOLTHOCTH
MEHBIIIE, YeM MO3BOJISIOT XapaKTepUCTUKY maHenel. C 3ToH 1enbo mpezaa-
raercs MOCTPOUTH AJANTHBHYIO KOMMYTAIHIO MTaHenei B rpymsl. [pu yBe-
JWYCHUH Harpy3KH CHCTEMA YBEIWYHMBACT YUCIIO NAPAIIIETbHO BKITIOYEHHBIX
memed M TOK  4epe3  OTAENbHBIE  IAHEJIW  HE  IPEBBIIIACT
HOMHHAJIBHOTO.

YBenuueHne TeMIepaTypbl maHeneil Takke OyJIeT OTCIEKUBATHCS CH-
CTEMOI1 ynpaBiieHHsI ¥ NIeperpeTbie naHeau OyayT BpPeMEHHO OTKIIIOYaThCs.
KomMmyTanus naHesnei B TpynIibl I03BOJIUT (POPMUPOBATH HECKOJIBKO YPOB-
Hell OMOPHOr0 HANpPsDKEHUs, HEOOXOJUMOTO ISl TTOJYYEHHs MePEMEHHOTO
HanpspkeHus. B aToMm cirydae ornazaeT He0OX0AUMOCTD BEICOKOYAaCTOTHOTO
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TpaHc(opMaTOPHOTO MHBEPTOPA, IOCKOJIBKY 331aHHbIE IOPOTH HATIPSHKEHHUS
Oyznet ¢popMHPOBATH CHCTEMA AAANITUBHON KOMMYTAITHH.

[oBbimenne 3P PEKTUBHOCTH HUCIOJIB30BAHMS COJHEYHBIX MaHEeJeH
MO’KHO ITOJIYYUTH, €CJIM K BEIBOJaM COJTHCUHBIX naHejen IIOAKJIIFOYACTCs HU3-
KOBOJIbTHAsA Harpy3ka InoCTOSAHHOI'O TOKa. 9t0 MOI'yT 6I)ITI) CHUCTEMBI CBETO-
JIO/THOTO OCBEILICHUS, TalbBaHMYECKHE BaHHBI, CBAPOYHBIE aNIiapaTsl U Mp.
Ouenp 3 (PEKTHBHO MPUMEHEHHE IEKTPOIU3HBIX CTAHIMH IS TOTyYESHUS
BOJIOPOAA. DTO MMEPCIEKTUBHBIE TEXHOJIOTHH aKKyMYJIHPOBAHHUS DIIEKTpHYE-
CKOU 3HEPIUU Yepe3 MPOMEKYTOUHBII SHEPTOHOCUTENb.

AnanTuBHAS KOMMYTAIMSI [O3BOJUT OJHOBPEMEHHO BBIIAaBATh MOIII-
HOCTh Ha Pa3HOM HAMPSDKEHUH B MHBEPTOPHI U B HIMHBI IOCTOSIHHOTO TOKA,
MIPOM3BOJILHO MEHSSI MOIHOCTh B 3aBUCHMOCTH OT TEKYILIEH CHTYyalluH.
[ajpBaHMYECKHE YCTPONUCTBA IIPH 3TOM BBICTYMAIOT B KaueCTBe OallaHCUPY-
IOIe Harpy3KH, OEPKUBAIOT MaKCUMallbHyt0 MOIHOCTh COC u TeM ca-
MBIM TOBBIMAKT 3()(HEKTUBHOCTH MCIIOIL30BAHUS TEHEPUPYIOIIETO 000py-
JIOBaHMSI.
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KomniekcHoe ucciesoBanue 3¢ppeKTUBHOCTH
NPOU3BO/CTBA JpPeBEeCHBIX 'PaHy.JI

B.K. JIto6o0B, A.H. ITonos, I1.J]. Anekceen

Cegepnvlil (Apxkmuueckutl) gpedepanvhviil yHUGEPCUMEm
umenu M.B. Jlomonocosa, 163002, Poccus, 2. Apxaneensck,
nao. Ceseproti /[eunvl, 17

Bo0300HOBIIsIEMbIE HICTOYHUKHI SHEPTUH, BAXHEHIIINM U3 KOTOPBIX SBJIA-
€TCsl SHEPT U, aKKYMYJIMPOBaHHAs B PACTUTEIBHOCTH, MOTYT CBITPATh CyIIIe-
CTBEHHYIO POJIb B PEIICHUN YHEPTETHUECKUX M SKOJOTHIECKUX Mpobnem. B
WHYCTPHAJIBHO Pa3BUTHIX CTPaHaX JJIsl yMEHbBIICHUS BO3ACHCTBUS «IIaPHU-
KOBBIX» Ta30B Ha KJIMMAT IJIAHEThl aKTHBHO IMOOILPSETCS 3aMeHa MCKoTae-
MBIX TOIUTHB OMOTOIUIMBOM. OZIHAKO TOOOYHBIE POYKThI 3ar0TOBKH, 00pa-
00TKH U TepepaboTKH JPEBECHHBI BBUIY WX BBICOKOH BIIQ)KHOCTH, HM3KOM
9HEPreTUYecKol IUIOTHOCTH M KpaiiHe HEOJHOPOIHOTO TIpaHylOMETpHYe-
CKOT'0 COCTaBa OTHOCSTCSI K TPYIHOC)KUTAeMbIM TOILIMBaM. [lepcrieKTHBHBIM
HaInpaBJIeHHEM 00JaropaknBaHMsl OTXO/0B IEepepadOTKH OMOMacchl SBIIS-
eTcsl UX TpaHyJIMpOBaHNe, KOTOPOE MO3BOJIsIET B 2.5—-3.5 pa3a yBeIMYHUTh X
yIENBHYIO TEIUIOTY CTOpaHus, ¥ B 3—4 pasza ux TpaHCIIOpPTaOEIbHBIE XapaK-
tepuctuky. C Havana XX| Beka qaHHOE HaNpaBlICHNE HHTEHCUBHO Pa3BUBa-
ercs 1 B Poccun, MOTEHIIMAIBHBIE SHEPTETHIECKNE BO3MOKHOCTH KOTOPOH B
o6JstacTi GMO3HEPTETHKH, KaK U B CIIy4ae HCKOMIAEMBIX yTJIEBOJOPOJIOB, IIpe-
BOCXOJISIT TaKOBbIE JIFOOON cTpaHbl Mupa. [ obecrieueHnss MakCUMalIbHO
3¢ (GEKTUBHOTO MPOU3BOJACTBA APCBECHBIX I'PaHy/l ObLIO MPOBEICHO KOM-
TUIEKCHOE JHEpreTHYecKoe O0O0CIelOBaHHE MEUICTHOTO 3aBOAA, OCHAIICH-
HOTO OJIHOM JINHUEH IpaHyIMPOBaHUS MMOOOYHBIX IPOAYKTOB JIECOMMIBHOTO
npou3BojicTBa. Mccnenopana 3¢()eKTUBHOCTh paOOThI TMHUU CYIIKH C TEI-
JIOTEHEPaTOPOM, HCIONB3YIONIMM KOPOIPEBECHOE TOIIMBO, U MX BO3JEH-
CTBHE Ha OKpYXaromlylo cpeay. M3ydeHo n3MeHeHNE TeIUIOTEXHUIECKHX Xa-
PaKTEpUCTHK U (PPaKIMOHHOTO COCTaBa IPEBECHOTO MaTepHaia B Ipolecce
rpa"ynupoBanus. Onpeese bl 3aTpaThl NEKTPOIHEPTUH I OCHOBHOTO U
BCIIOMOTaTENILHOTO 000PYA0BAHUS KaXKI0TO MPOM3BOACTBEHHOTO Y4aCTKa.

BrImoTHeHHBIE HCCIeOBAaHUS ITOKA3aIH, 9TO 3(P(PEKTHUBHOCTh PaOOTHI
CYIIMJIBHON YCTAHOBKHM ONPEJEIACTCS] TEMIIEPATYPOil ra30B Ha BXOJE, YeM
BBIIIIE JJAaHHAsI TEMIIEPATYPa, TEM MEHBIIE PACXO0]] TOIUTUBA U 3aTPAThI JIEK-
TPOIHEPIUHU Ha MPOU3BOACTBO 1 TOHHBI IpeBeCcHBIX rpaHyi. OHAKO MOBHI-
HIEHHE TEeMIIEPaTyphl CYLIHJIBHOTO areHTa yBEJIHMYHBAET [10YKAPOOIIACHOCTh
YCTAaHOBKH. YUHTHIBasl, 4TO B OapabaHHBIX CYIIMJIKaX peai30BaHa MPSIMO-
TOYHAsl CXeMa CYIIKH, KOMIPOMHUCCHBIM PELICHHEM SIBJISIIOTCS PEXKUMBI pa-
0OTHl YCTAaHOBKM C TemIepaTypoil cymmibHoro arerra jo 400 °C,
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KOTOpPBIE MO3BOJIAT IPH MPHUEMIIEMBIX yIEIBHBIX 3aTpaTax TOIUINBA U JJIEK-
TPORHEPTUHU 0OECIIECUNTH MOKaPOOE30aCHOCTh YCTAHOBKH.

Omnpenenstoliee BIUSHAE HA IKOJIOTUUECKHE T0KAa3aTeN Iy TUHUH IPaHy-
JIUPOBaHMs OKa3biBaeT 3((eKTUBHOCTh paboThl TeruioreHeparopa. Kos-
CTPYKTHBHBIE OCOOCHHOCTH TeIJIOreHepaTopa MO3BOJIIIN 00eCIeYlTh HU3-
KM€ 3HAUeHHMS [TOTePh TeIlIa C MEXaHWIEeCKOW HETIOJIHOTOM CropaHusl U SMHUC-
cuid okcuaoB a3ota. OTHAKO HE ONTHMAJIBHBIA BO3IYIIHBIN PEXXUM PabOTHI
TeIJIOreHepaTopa, OTCYTCTBUE B TIOJIHOM 00bEMe CPEACTB KOHTPOJIS TEIUIO-
BOTO ¥ BO3TYIITHOTO PEXKUMA, IPUBO/IAT K MTOBBIIIICHHON TeHEPALINHU YTapHOTO
rasza, CyIeCTBEeHHBIM TIOTEPSIM TeIlIa ¢ XHMUYECKAM HEeI0’KOTOM TOIUIMBA U
TTOBBIIIICHHBIM 3aTpaTaM JIIEKTPOIHEPTHUH Ha TATY.

Bonpmie 3Ha4eHNs MOTEPH TeIIa B OKPYIKAIOIIYIO CPEIy A TeIUIore-
HEepaTopa ¢ UCKPOTacUTeNIeM U Ta30X0AaMHU BBI3BAHBI IIOJTYOTKPBITOM» KOM-
TIOHOBKOM JTAHHOT'O MPOM3BOJICTBEHHOT'0 YYaCTKa, a TAK)KE OTCYTCTBHEM Tell-
JIOBOM M30JISILIMM HA Ta30X0/aX, TEMIIEpaTypa ra3oB B KOTOPBIX COCTaBIIsLIA
255-353 °C. [lanHble GaKThl BbI3BIBAIOT CHIDKECHHE €CTECTBEHHOW TATH JIbI-
MOBO#1 TpyOBI, yXy/ILIEHHUE YCIIOBUH pacCenBaHMUs OTPaOOTaHHBIX I'a30B, YBeE-
JIMYUBAIOT 3aTPaThl 3JIEKTPOIHEPTUHU HA TATY M CHIDKAIOT XM3HEHHBIH LIUKII
000pyIOBaHUSI.

Y aenpHBIN pacXo YCIOBHOTO TOIUTHBA Ha BRIPAOOTKY 1 T rpaHy’ mpu
MIPOBEACHNH OANaHCOBEIX OIBITOB M3MCEHSIICS B quanazoHe 218.9-272.1 kr
y.T. C yBeNnHYCHHEM TEeMIIEpaTyphl CYIIMIBHOTO areHTa W MPOU3BOTUTCIIH-
HOCTH YCTaHOBKH €r0 BeJIWYMHA CHIDKaeTcs. CpemHWi yIembHBIH pacxon
QIEKTPO’HEPTUH Ha TPOW3BOJACTBO 1 TOHHBI TpaHyNl MpPH TeMIeparype
HapyxHOTo Bo3ayxa munyc 9—10 °C cocraBun 262.7 kB1'u.

Pe3ynbTaThl WCCIENOBaHUS TPAHYJIOMETPHUYECKOTO COCTaBa IbLIH,
YJIOBJICHHOM B pyKaBHBIX (DUIIBTPax JHMHUI THEBMOTPAHCIIOPTA: IPEBECHOTO
CBIPhsI, U3MEJIBUCHHOTO B MOJIOTKOBOM IPOOMIIKE CYXOro APOOIICHHUS; 0XJIa-
JKJICHHSI TOTOBBIX IPaHyJI; HECTPaHyJIMPOBAHHOTO CHIPHS, TOKA3ald, YTO OHa
HUMEET IIOJIUIUCTIEPCHBI, TOHKO(PAKIMOHHBIH COCTaB U oTHocuTca K IV
TpyIIIe B3pbIBOOIIACHOCTH, TIPH 9TOM KPUTEPHHU B3PHIBAEMOCTH UMEIOT OYEHb
Beicokne 3HaueHus (9.389-9.401). [Ipu skcruryararm o0OpyIOBaHUS 3a-
BOJIa HEOOXOANMO OOECIIEUHTh YCIIOBHS, NCKJIIOYAIOIINE BO3MOXKHOCTH €¢
BO3TOpaHUs U B3pBIBOB. KpoMe 3TOro, JaHHas JpeBecHasl MbLUIh OKa3hIBACT
HEraTUBHOE BJIMSHUE Ha OPTaHbl IbIXaHWS YelloBeKa. BRITIOTHEHHBIE HCccTe-
JIOBAaHUS TOKA3aJIM, YTO MMEIOTCS 3HAYUTEIbHBIC PEe3epBHI IJISI CHIKCHUS
pacxojia SHEpTUH Ha BEIPAOOTKY €AMHUIIBI PO TyKITHH.
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Reorganization of industrial territories in the context
of urban development

E. Taubert, A. Pavlova

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

The area of St. Petersburg is about 144,000 hectares, of which industrial
areas occupy 24% of urban land. The historical center of the city is sur-
rounded by the so-called "gray belt", which is a zone of industrial enterprises
that are unsuitable for further use for their intended purpose and that have
come to an emergency condition [1, 2]. It was formed in the following way:
enterprises were moved to the outskirts of the city, and when the development
of the residential zone within the "belt" became impossible, urban develop-
ment continued beyond its borders. This type of industrial development is
typical for most large cities over 200 years old. Many foreign cities and towns
of Russia, to varying degrees, have faced the problem of reorganizing such
territories. St. Petersburg continues to develop and accept new residents, but
it needs an urgent transition from extensive growth to building a model of
sustainable urbanization and improving  the  quality  of
infrastructure.

The purpose of this work is to provide research results that consider the
effectiveness of methods for reorganizing industrial areas in urban develop-
ment on the example of one of the buildings of this "gray belt" and its trans-
formation into a public urban "green" zone. The investigated object is the
main gas-holder of the "Society of Capital Lighting" and it is located in the
Moscow district of St. Petersburg. Since 2001, the gas-holder has been under
federal cultural site control. Since March 2019, it has hosted Planetarium Nel
— the largest private, commercial planetarium not only in the country, but
worldwide.

The weak point of the Planetarium Nel building is the slight thermal
insulation of the outer overlays, which is a consequence of the significant
energy consumption for heating and cooling the premises. At the same time,
the procedure for changing the structures of the building is difficult, since it
is an object of federal cultural heritage.

The proposal to improve the quality of the renovation of the gas-holder
is a roof extensive greening. Extensive greening doesn’t imply a significant
weight on the roof, due to the thickness of all six layers of the green roof
(anti-root film; moisture-accumulating mat; reinforcing drainage element;
substrate; anti-erosion jute mesh; sedum vegetation layer) [4]. Thickness of
selected layers will not exceed 400 mm, they are made from recycled mate-
rials and certified by ETA Green Roofs.
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The advantages of roof greening Planetarium Nel are as follows:

+ additional thermal insulation of the building and electricity costs
decrease;

+ protection of the roof from the destructive effects of the urban
environment;

* reducing the load on storm sewers;

+ aesthetically pleasing, due to the vegetation layer is selected not only
based on resistance to the climate of St. Petersburg and growing condi-
tions on the roof, but also on flowering throughout the spring and sum-
mer seasons;

+ collecting and filtering storm and melt water — "gray water" — for its
reusing;

 fulfillment of 11 out of 53 possible criteria of BREEAM International
Non-Domestic Refurbishment 2015 in 7 out of 9 possible areas (the most
important criteria will be related to Ene (“Energy”), Hea (“Health and
well-being”), Mat (“Materials”)) [3];

» compensatory greening of urban space and the creation of recreational
Zone;

* attracting investors and additional advertising (important point for com-
mercial projects).

The calculation by mythologies [5, 6, 8] showed that roof greening of
the gas-holder would reduce the annual heat loss of the building by 24.3%.
The average index of reducing the energy consumption of a building for roof
gardening, adopted in the EU countries, is about 15% [7].
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MaTteMaTH4ecKoe Mo/ie/IMPOBaHHE MOTOKA COTHEYHON
paauanuM, NPUX0aAIIEed Ha KOJLJIEKTOP

B.A. Xopesa, C.JI. EnuctparoB

Hosocubupckuii cocyoapcmeennwiii mexnuueckutl yrusepcumem, Poccus,
630073, 2. Hogocubupcxk, np. K. Mapkca, 20

Juis onpeneneHns NOTEHNIHANA BRIPAOOTKHA CONHEYHOH YHEPTUHU 4acTo
HCHOJIB3YIOT KAPTHI PECYPCOB COTHEYHOM SHEPTHH. DTH KapThl CO3JAI0TCS Ha
OCHOBC CHyTHI/IKOBLIX CHHUMKOB U I/IHTepl'IOJ'[HHI/H/I JAHHBIX HA3€MHBIX METCO-
POJIOTHYECKUX CTaHLMM, KOTOPbIE YaCTO CUIIbHO YJAJIEHBI APYT OT JIpyra, a
UX JAaHHBIC HEC BCEraa TOYHEI. IIaHHBIe Ha KapTax HEC BCeraa UMCHOT BBICOKOC
Ka4eCcTBO M JOCTATOYHBIA MacmTad, YTOObI OBITH HANICKHOW OIMOPOH st
MIPUHATHUS PEIICHUS MO0 YCTAHOBKE COTHEYHOTO KOJUIeKTOpa. OmmbKa B BhI-
0ope MecTa pacIioIOKEHISI HITH YTJIa HaKJIOHA COTHEYHOTO KOJUIEKTOpa MO-
JKET MPUBECTH K CYIIECTBEHHOMY YMEHBIIICHHIO YHEPTUH COTHEYHOTO H3ITY-
YEHUS, MaJJAlOUIei Ha KOJJIEKTOP.

TouHble ¥ Haje)KHBIC JaHHBIE O MPUXOAIICH HAa KOJJICKTOP SHEPTHH
MTO3BOJISIOT CO3MaTh 0a3zy MaHHBIX NMPOW3BOAUTEIFHOCTH COJTHEYHBIX CTaH-
[UH B pa3HBIX reorpapuaecKux M IPUPOAHO-KIMMATHIECKHX yeIoBusax. Cy-
IIECTBYIOIME CIOCOOBI pacdyéra He SBISIOTCS YHUBEPCATbHBIMHU, TaK Kak
HUTOI'OBOC 3HAYCHUEC MOUIHOCTHU COJTHCYHOI'O I/I3Hy‘IeHI/IH B HGKOTOpBIX CIIOCO-
0ax He 3aBUCHUT OT BBICOTHI YCTAHOBKH COJTHEYHOTO KOJUIEKTOpa HaJl yPOBHEM
MOpST; HC YUUTHIBACTCS KOHCUHAS BBICOTA aTMOC(EPHI; pacueT MOXKHO MpO-
BOJUTH TOJILKO JIJISl 3¢HUTHBIX YIJIOB 0 75°; 3aBUCHMOCTbh MOIIHOCTH COJI-
HEYHOTO U3NyUYEHUs, IPUXOSIIEH Ha TOBEPXHOCTh 3€MJIH, OT BBICOTHI yCTa-
HOBKH KOJUIEKTOpA SABJSICTCS TMHEWHOW, 9TO HE MMEET MOJ co00i (usmye-
ckoro obocHoBanus [1-6].

Lenb paboThl — co31aHUE YTOYHCHHOW METOIUKHU pacyeTa MoToKa Col-
HEYHOH pajuaiyd, IpuXoasaniei Ha MPUEMHHUK, (IPHEMHUK — IUIOCKOCTB,
BOCTIPHHHUMAIOIIYIO COJTHEUHYIO PaIHaIlfio), IS PEIICHUS MPaKTHYECKIX
3a/1a4 1Mo BEIPa0OTKE AIEKTPUIECKON U TETIOBOW SHEPTHH C yIETOM OCHOB-
HBIX (PaKTOPOB:

* IUIOTHOCTH aTMOCQEPHI;

* IIyTH IPOXOXKACHUS uepe3 atMochepy;

* 0COOCHHOCTEH PaCIIOJIOKEHUSI TPUEMHUKA,;
* reorpapuUECKOro MOJOKCHUS IIPUESMHHKA.

B paboTe npeacTaBieH MPUHIUIHAIGHO HOBBIM METOJ pacyeTa 3Hade-
HUSA NI0TOKA COJHEYHOM pagualyy, NPUXOAAIIEH Ha COJTHEUHBIH KOJUIEKTOP.
IIpennaraercsa paccuuThIBATH NPUXOIALIMI Ha KOJUIEKTOP IOTOK COJTHEUYHOM
paguanuy Kak QyHKIHUIO OT IJIOTHOCTH aTMOC(ephl U JUIMHBI IIyTH COJHEY-
HBIX Jy4ed B  arMmocdepe. IImoTHOCTP  paccuMTHIBae€TCS MO
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ypaBHeHHI0 MenaeneeBa-Kianeiipona, a AMHa MyTel COJIHEUHBIX JTyyeH B
aTMoc(epe MEHSETCS B KQXKIbI MOMEHT BPEMEHH B 3aBUCHMOCTH OT IT0JIO-
xeHust ConHia. Pe3ynbraToM mpojenaHHOW paboThI SBISIETCS pacdeTHas
MIporpamMma, KOTOpasi MO>KET UCTIONb30BaThCS ATl PacdeTa COHEYHOTO KO-
JIEKTOpa Ha JII000M IUPOTE U BHICOTE HAJl YPOBHEM MOPSL.

[Iporpamma 1o3Bosser:

* paccuuTaTh KOJIWYECTBO COJHEYHOHN pafMaluy, MPUXOISIIEH Ha COll-
HEYHbII KOJUIEKTOP, YCTaHOBJICHHBIH 1O/ JIIOOBIM YTJIOM K IOTOKY COJI-
HEYHOT'O U3TYUCHUS,

* OIEHUTH 3()(HEKTUBHOCTH €T0 YCTAHOBKHU B JIFOOOM PErHOHE;

* paccydTaTh MOIIHOCTH COJHEYHOIO KOJIJIEKTOpA B JIIO00H JeHb WM 3a
OTIpeICTICHHBIN MePHO BpeMEHH Ha JIF000# BRICOTE HaJl YPOBHEM MOPH,
JUIs TIOOOTO yTila HAKJIOHA KOJUIEKTOpa U a3uMYTa;

* BpIOpaTh Haubonee ONTHMAJBHBI Yrol HAKJIOHA COJIHEYHOTO
KOJIJIEKTOPA.

Jns BepuuKanmuy pacueTHOH Mozen Oy IyT MPOBEIEHBI SKCIIEPUMEH-
TaJIbHBIE WCCIEJOBAaHMS Ha CTEeHAEe MeXIyHapoaHOro y4eOHOTO LEeHTpa
HI'TY, BxiIrouaromiero BaKyyMHBIH COJIHEUHBIH KOJUIEKTOP, TEIIIOU30IUPO-
BaHHBIH 0ak-akKyMyssaTop oobeMoM 950 UTpoB, cUcTeMy TEIIOro Hosa 1
COBpEMEHHBIEC KOHBEKTOPHI OTOIUIEHHS C 3HEprocOeperaonmMy HACOCHEIMU
rpynnamu. [IpemnaraemMas METOAMKA MOXKET CIYXKHTb OCHOBOM 3KCEpPreTH-
YECKOr0 aHAJIM3a COJIHEYHBIX KOJJIEKTOPOB, TaK KaK MOIYy4aeMO€e B PE3yilb-
TaTe PacyeTOB 3HAUYCHHUE COMHEYHOW paJualliy Ha MEPHEHANKYISPHYIO I0-
TOKY TIOBEPXHOCTb SIBIISIETCS IKCEPTeTHUECKUM MOTEHIIATIOM COTHEYHOH pa-
quanuu. Pe3ynbTaThl HCCICIOBAHUS MOTYT OBITh 000OIICHBI IS OI[CHKH (-
(heKTHBHOCTH MCIIOJIb30BAHUS COIHEUHOMN SHEPrUU Ha TeppuTopun Poccuu u
3a ee IpeieslaMH.
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[lepcneKTHBBI (0COGEHHOCTH ) MCNOJIb30BaHUA
BO300HOBJIIeMbIX HICTOYHUKOB 3HEPTUU U
3JIeKTpoaBTOMOGOU1el B Poccun

R. Krumer, A. Grimitlin

CoriacHO pa3NUYHBIM HMCTOYHHKAM CETOJHS Ha KJIMMAaT Halled IJa-
HETHI OKa3bIBACTCS CHJIBHOE TEXHOTCHHOE JaBJIEHHE, OKa3blBaeMoe, 10 Cy-
LIECTBY, CYIIECTBYIOIIUMH TEXHOJOTHUSMHU OCHOBAaHHBIMH Ha ropeHuu. B
NIEPBYIO OYEPEIb ATO TEIJIO- U ANEKTPO- TeHEPUPYIOIIHNE YCTAHOBKH U TPaHC-
IOPT, B KOTOPBIX HCIOJB3YyeTCd CKUTAHUE pa3IM4YHBIX  BHIOB
TOILTNBA.

Kak u3BecTHO CyIIecTBYIOT HICTOYHHUKH SHEPTHH TPaJUIHOHHbIE (OCHO-
BaHHbIC HA MCIIOJIb30BaHUHU HE(TH, Ta3a, YIIIs, TCUCHHUSI PEUHBIX BOA U ATOM-
HOM 3HEPIUu) U albTePHATUBHBIE KOTOPHIE HE NCTIONB3YIOT YKa3aHHbIE TIPH-
poxHble pecypchbl. K ambTepHaTHBHBIM HUCTOYHHMKAM 3HEPIHU OTHOCSTCS U
BO300HOBIIsIEMbIe (B AanbHeleM — BUD).

BUD — 3T0 HCTOYHHUKH YHEPTHH, 0OPA3YIONTHECS HAa OCHOBE MTOCTOSTHHO
CYIIECTBYIOIINX MU MEPUOIUIECKH BOSHUKAIOIINX MIPOIIECCOB B MIPHPOIE, a
TaKXe XKU3HEHHOM IIMKJIE PACTUTEIFHOIO M )KMBOTHOTO MHUpPA H KHU3HEACS-
TENILHOCTH YeJIOBeUecKoro odmectra. BUD mumpoko BHEAPSIOTCS BO MHOTHX
CTpaHax IJisi 00eCIeYeHUs] SHEPTeTHYECKOH HE3aBUCUMOCTH M YITyUIIEHUS
9KOJIOTMYECKON 0OCTaHOBKH.

B nocnentnee Bpems costHeuHsle snekrpoctanumy (COC), BeTporenepa-
TOpBI, TEIJIOBBIE HACOCHI AKTHBHO PEKIAMUPYIOTCS U B HalllEW CTpaHe.

IIpaBga pekmama, Kak IpaBWIO, HEKOTOPHIE MOMEHTHI YITyCKaeT.
Hanpumep, ToBOps 0 37EKTPOCTAHIMAX HA CONHEYHBIX OaTapesx 3a0bIBafoT
CKa3aTb 0 HEOOXOAMMOCTH OXJAXaTh ITAHEIH B KapKHE JHH, OUMINATh HX
OT IIBUIM JIETOM U OT CHEra 3UMOM U T. 1I.

B [1] aBTOpaMu mpeminokeHa METOIMKa CpaBHEHHs o0mmiei 3¢ dexTus-
HOCTH TPaIUIMOHHBIX JIeKTpocTaHIMi 1 BUD Ha eguHOMi MaTeMaTHUeCKON
n ¢usnueckoil ocHose. IIpu 3TOM Npu CpaBHEHHH YUUTBHIBAINUCH CHCTEMBI
aKKyMYJIMPOBaHMSI SHEPIHU 3JIEKTPO3HEPTHH, HEOOXOIUMBIE Ul COJHEd-
HBIX ((POTOIIEKTPHUUECKHX) U BETPOBBIX AJIEKTPOCTAHIMHI. Pe3ynbTars! noka-
3b1BatoT, uto ADC, 'DC, TOC Ha yriie ¥ IPUPOTHOM rase (B TAKOM MOPSIKE)
Ha nops1oK 3 dexTHBHEe, YeM COJHEYHBIE (POTOAIESKTPHUECKHE DIIEKTPO-
CTaHIIMM U BeTpoanekTpocranuuu. [Ipuyem, coriacHo 3Toii paborte, mo-
CKOJIbKY KOJIMYECTBO DHEPTHHU BbIpabaTbiBaeMasi STUMHU JJIEKTPOCTAHIHIMHI
MEHBIIIE, YeM PHEPTHs, 3aTpadeHHas Ha UX CO3JaHHe, TO MEPEX0/] TOJIbKO Ha
BUD npuBener k HeraTUBHBIM pE3yJIbTaTaM B MEPCIIEKTHBE.
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BriBozbl 3TOH pabOTHI HE OHO3HAYHBI, XOTS M3BECTHO, YTO OKYIIac-
Moctb BUD comsmepuma co CpOKOM CIyXOBI 00OpyIOBaHHS OTHX
3JIEKTPOCTAHIIUM.

B Poccun e ctoumocTs coznanns BID, kak mpaBuIto, mpeBIMIaeT CTo-
HMMOCTb IIPOU3BEAECHHO JIEKTPOIHEPTUH 32 BECH CPOK CIIy>KObI 000pynOBa-
HUSL

JlelicTBUTENBHO, MO 3a4BJICHUIO SKCIIEPTOB CPOK OKYIAEMOCTH COJIHEY-
HBIX JJIeKTpocTaHiui B SIkyTun cocrtapnser ot 8 mo 12 net. B crarbe [2]
IPUBOAATCS NaHHBIE 00 okymaemocTu baraiickoit COC, CTOMMOCTb CTPOU-
TENILCTBA KOTOpOH cocTaBmita 185 mitH.py06., skoHOMUS TotuBa B 2017 Tony
coctaBmia 9,9 MiH.py0., T. €. 3aTpaThl HA CTPOUTENBCTBO OKYIISATCS Yepe3 =
20 ner.

Bot Takue cpoku okxymaemoctd y COC, mpu TOM, 4TO rapaHTHIHBIA
CpOK Ha 000pyJIOBaHME, KaK MPAaBMWIO, HE NMPEBBIIIAET HECKOJIBKUX JIET, a
MaKCHMAIIbHBIH CPOK CITy>KOBI 00bI9HO He Oornee 10 set. B anamornaHoi cu-
Tyaluy B IUTaHE OKYIIAEMOCTH HAXOAATCS M BETPOTCHEPATOPEI.

IockonbKy reHepanys 3IeKTPO3HEPTHU COHEYHBIMY OaTapesiMU U BET-
pOTreHepaToOpaMH 3aBHCHT OT IIOTOJHBIX YCIOBHUH, TO I 0OeCTIeYeHHs SHEp-
TeTUYECKON 0e30MacHOCTH HEOOXOAMMOCTh B TPAJUIIMOHHBIX MCTOYHHKAX
SHEPTUH COXPaHSETCS U, COOTBETCTBEHHO, COXPAHIETCSI HEOOXOJMMOCTh 3a-
BO3a TOIUIMBA IJISl 9THX TeHEPUPYIOMINX MoIIHOCTed. Eciu ke MCKIIounTh
BCE TPaJUIIMOHHBIE MIEKTPOTCHEPUPYIOLIHE YCTAHOBKH U OPUEHTHUPOBATHCS
Tonpko Ha B3, To cucTema 31eKTpocHa0KeH sl CTaHET HecTaOmibHa. Jaxe
€CITH B JAJIEKOH MEepCHEeKTUBE TOSMBSITCS JCUIEBbIE aKKyMYJISITOPBI OOIBIIOMN
MOIITHOCTH, TO M3-32 OOJIBIION HEONPEAETIEHHOCTH MOSIBICHHS COJTHIIA, BETPA
U T. JI. HOTPEOHOCTH B TPAAUIIMOHHBIX HCTOYHHKOB, TI0-BUANMOMY, JIEKTPO-
SHEPTUH COXPAHUTCS.

B oTHOmEHNN TpaHCHOPTA, CyAs IO MHOTOYHCICHHBIM ITyOIHKAIHSM,
OCHOBHBIE UCTOYHUKH 3arpsI3HEHUS aTMOC(EPHI B KPYTTHBIX TOPO/aX, SBIISA-
I0TCSI aBTOMOOMITM ¢ OSEH3MHOBBIMHU M JIN3EJIbHBIMH JIBUTATEISIMU, [TOITOMY
CIIACEHUEM OT IIOCTOSHHOTO CMOTa SIBIISICTCS UCIIOIB30BAHUE DIIEKTPOMOOH-
neil. Be3yclioBHO caMM DIEKTPOMOOWIM HE 3arpsi3HsIOT OKPY)KaIOIIYIo
cpeny, eciy He CYMTaTh HEOOXOJMMOCTh YTUIN3UPOBATh AaKKyMYJISITOPHBIE
Oarapeu, Ho anekTposHepruio e Halo Irie-To Hajo BeIpaboraTh, a ~75 %
JJIEKTPOIHEPTUM B MUPE BHIPA0ATHIBAETCS HA TEIUIOBBIX 3JIEKTPOCTAHLIUAX
(T3C). Ecnu B xauectBe TotumBa Ha TOC ucnonb3yercst yroib WM Ma3yT
TO 3TH HPENNPHUATHS CO3MAIOT ONPENEIICHHOE 3arpsi3HEHHE OKpYXKarouieh
Cpenbl.

Boobuie, roBops 0 3ara30BaHHOCTH BO3/yXa B TOPOJAaX TOBOPSIT OOBIYHO
0 TpaHCTopTe. XOTs, HallpUMep, B cTaThe [3] CKa3aHo, YTO IO JJAHHBIM HO-
BOro aHanm3a, 46 KpyHM3HBIX JIAHHEPOB, 3KCIUTyaTHPYEMBIX KOpIOpaien
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Carnival, BeiOpaceiBaii Ha eBponeickue modepesnbs moutu B 10 pa3 Goibine
okcuza cepbl, 4eM 260 MIUJUTHOHOB €BPOIEHCKUX aBTOMOOWIIEH.

Ho Benp uncTHIi BO3IyX 00ECTIEUNBAIOT U APYTHE BUIBI aBTOMOOIMIIEH,
HarpuMmep, paboTaroliue Ha CIUpPTE MM Ta30MOTOpHOM Toruiiee. Ha pu-
cyHKe | moka3aHa Kakas JIOJIsl JHEPTHH, CO/IepKAIIascsl B MPUPOTHOM Tase,
obecrieunBaeT ABMKEHHE JIEKTPOMOOMIIS 1 aBTOMOOWIISI HA Ta30MOTOPHOM
TOILIHBE.

29,75+31,5% 1eKTPOMOBIIEL 25,3+29.9%
5 KIT:
M B TI5M 0.4 B,

[P T e ot ) e B s
KIIIL = 35% 35%(0,85 +0.9) =

o 010K YUpaBICHHS:
20.75531.5% 45 - 95%:

Ta3
100%

Apromobiuis ¢ [IBC na 40+50%

KIIJT 40 = 50%

Puc. 1. KonnuecTBO BpeJHBIX BEIIECTB B YXOIAIMINX T'a3ax Il aBTOMOOMIIEH ¢
ra30MOTOPHBIM TOIUTHBOM MHHHMAaJIbHO

s Poceny, kak npencrasiseTcs, IpUMEHEHUE aBTOMOOMIIEH Ha Ta30-
MOTOPHOM TOIUTMBE HPEANOYTUTEIBHEE YeM SJIEKTPOMOOMIIN IO CIIe/ITyIo-
UM TIPHYHHAM:

— croumocTb aBToMoomtsL. [Ipeanoxenus B IHTepHETE VTS 31€KTPOMO-
ouneit B Poccnn HaumHaeTcs B paifoHe 4 MITH.py0., CTOUMOCTH aBTOMOOMIIS
Munukynep B Aarimun ot 35 teic.pyHTOB. CTOMMOCTH ITepeoOopyI0BaHuUs
ABTOMOOMJIS Ha ra30MOTOPHOE TOILIMBO cocTaBisieT ot 30 1o 60 ThiC.pyo.;

— ycnoBus aKcruryatarmu. Ilpu skcrutyararuu 3iaeKTpoMOOWIs MpU
temneparype Hmwke MuHyc 10-15 °C 3HauuTENhHO CHM)KAETCSI eMKOCTh aK-
KyMYJISITOpPHOM Oatapeu;

— XpaHeHHUE. YUHUThIBass YMCHBIICHHE €MKOCTH aKKyMYJIATOPHOH Oara-
peu Ipu HU3KUX TeMIepaTypax JIeKTpoKap JIOKEH COAEPIKATHCS B TEIIOM
rapaxxe Wjin Ha BpEMA CTOAHKHW OH JOJIKCH 6I)IT]:. TIOJKIIFOUYCH K CCTH JJICK-
TpOIUTAHUA.

He cunras ycnoBuii XpaHeHus, SKCITyaTallMOHHBIE PACXOMbI IS JIEK-
TpOKapa HWXe, HO CYIIECTBYET HE0OXOAMMOCTb 3aMEHBI Pa3 B 5 JIeT akKyMy-
JISITOPHOM OaTape 1o CTOMMOCTH IPEBBIIIAET CTOMMOCTh 00CITY)KUBaHHS aB-
TOMOOMJISI HA Ta30MOTOPHOM TOIIIIMBE 32 3TOT XK€ MEPHOI.

BesycnoBHO coBepmieHcTBOBaHHe BUD W 3JeKTpoaBTOTpaHCIIOPTA
JIOJDKHO MPOJOJDKATECS. Pa3BuTHE HAYKH M TEXHOJIOTHI JJOJKHO PUBECTH K
CHIDKCHHUIO HX Ce0eCTOMMOCTH W  O3KCIUIyaTalMOHHBIX  PacXofOB,
YBEIMYEHUIO CpoKa cirykObl. HO TpanuInMOHHBIE MCTOYHMKH JHEPTUU U
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TPaHCIIOPT PICHOJ'ILSleH.[HfI B Ka4eCTBE TOIUIMBA PAa3JIMYHBIC BUABI Tasa
TaKXKE €1I€ O0JI'0 COXPaHAT CBOIO aKTYaJIbHOCTD,

Cnucox JuTepaTypsl

1. D. Weipbach*’, G.Ruprecht?, A. Huke*‘, K. Czerski*®, S. Gottlieb?,
A. Hussein®d, «Energy intensities, EROIs, and energy payback times of
electricity generating power plantsy. 2Institut fiir Festkérper-Kernphysik
gGmbH, LeistikowstraBe 2, 14050 Berlin, Germany; °Instytut Fizyki,
Wydzial Matematyczno-Fizyczny, Uniwersytet Szczeciniski, —ul.
Wielkopolska 15, 70-451, Szczecin, Poland; CInstitut fiir Optik und
Atomare Physik, Technische Universitat Berlin, Hardenbergstrafie 36,
10623 Berlin, Germany; “Department of Physics, University of Northern
British Columbia, 3333 University Way, Prince George, BC, Canada.
V6P 3S6.

2. HudonroBa M. «Skytuss umer Hambonee 3(dexTHBHbIN crocod
reHeparun», HezaBucumas raszera, 11.03.2019.

3. Thomas Barrett, Study gives damning verdict on shipping industry
pollution, Environment Journal. 10th June 2019.



100 Il International Scientific Conference “Sustainable and Efficient Use of Energy,
Water and Natural Resources”, Saint-Petersburg, April 19-24, 2021

Investigation of methods for extracting carbohydrates
from microalgae biomass to produce bioethanol

E.M. Nikolaev, N.R. Molodkina, N.I. Maksimenko,
A.l. Kochurova, V.A. Saramotina

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

At the present time, the proposition that the future of transport has strong
connections to the exploitation of liquid biofuels and the development of their
production process is well founded. Despite this fact, biofuels are able to be
an effective substitute for traditional fuels only when the cost of their produc-
tion is lower or energy-equivalent to the cost of oil drilling and refining. The
development of new ways of producing biofuels has increased the number of
research focused on the potential of microalgae as the third generation of bio-
fuels.

The aim of the project is to develop a new, cost-effective technology for
producing bioethanol using microalgae mass, providing a lower price than
the cost of its fossil fuel equivalent [1, 2].

The use of microalgae to produce biofuels has many advantages when it
comes to comparison with higher plants in producing first- and second-gen-
eration biofuels. This is due to the production of large quantities of spent bi-
omass from treatment plants and the ability to free arable land for cultivating
higher plants in order to meet other human needs.

Nowadays the possibility of producing bioethanol using the spent bio-
mass of microalgae from wastewater treatment plants is being considered.
Access to carbohydrates in the plants cells is necessary to produce bioethanol
by alcohol fermentation [3]. Hence, it is pertinent to study the most efficient
and cost-effective way of treating raw materials using different methods of
intervention. In order to introduce the chosen technology into the production
cycle, its economic potential and efficiency must be taken into account.

The article presents the results of the selection of methods and condi-
tions for the treatment of raw materials, which include temperature modes for
the extraction of carbohydrates and water-soluble substances, the suitable
concentration of raw materials to make a suspension for fermentation and the
processing duration. Further research includes: the ecotoxicological study
and chemical analysis of raw materials, determination of the carbohydrates
of the spent biomass of microalgae, selection of yeast and of the spirits, in-
vestigation of the limiting factors of fermentation and ways of their solution,
rectification and finally validation of the resultant bioethanol.



Section 2. Environmentally-Friendly Energy Conversion and Supply 101

References

1. BibiR.,Ahmad Z., Imran M., Hussain S., Ditta A., Mahmood S., Khalid
A.. Algal bioethanol production technology: A trend towards sustainable
development // Renewable and Sustainable Energy Reviews. 2017.
Vol. 71. P. 976-985.

2. Lakatos G.E., Ranglova K., Manoel J.C., Grivalsky T., Kopecky J.,
Masojidek J.. Bioethanol production from microalgae polysaccharides //
Folia microbiologica. 2019. Vol. 64. Ne 5. P. 627-644.

3. Chang Y.H., Ku-Shang Chang K.H., Chen C.Y., Hsu C.L., Chang T.C.,
Jang H.D. Enhancement of the efficiency of bioethanol production by
Saccharomyces cerevisiae via gradually batch-wise and fed-batch
increasing the glucose concentration // Fermentation. 2018. Vol. 4. Ne 2.
P. 45.



102 Il International Scientific Conference “Sustainable and Efficient Use of Energy,
Water and Natural Resources”, Saint-Petersburg, April 19-24, 2021

HccnepoBaHue QU3NKO-XUMHYECKUX XapaKTEePUCTHK
yrJjIepoJHOro MaTepuaJia, oJiy4eHHOro MeToJ0M
napoBou rasupuKanmum OTX040B
NMBHOM MPOMBILLJIEHHOCTH

K.b. Jlapuonos, A.B. 3enxos, A.)K. Kanraes

Hayuonanvrouii uccneoosamenvckuii Tomckuil noiumexnu4eckutl
yuueepcumem, Poccus, 634050, 2. Tomck, np. Jlenuna, 30

O6wem mpon3BoACTBa MUBHOW npoayknuu Poccuu B 2019 roxy cocra-
BuJI OKoo 14 miH. aexamuTpos [1]. [Ipon3BoaCTBO MUBHOM MPOIYKIIHH CO-
MIPSDKEHO C OOBIINM KOJIMYECTBOM MOTPEOICHHUS Pa3TUIHBIX PECYPCOB (Kak
SHEPreTHYECKHX, TAK M MPOU3BOACTBEHHBIX), YTO NMPUBOAUT K 3HAUUTEIIb-
HOMY 00pa30BaHHUIO OOJBIIOTO KOIHYECTBA 0TX0A0B U BhIOpocy CO; [2].

B HaCToAIEC BpEMA OJHUM M3 YCHCIIHBIX MOAXOJA0B K COKpPAIICHUIO
TBCp}IO(I)a3HI)IX OTXOOO0B JAHHOI'O IMPOU3BOACTBA ABJIACTCA UX HCIIOJb30Ba-
HUE B arpapHOil MPOMBIIIIEHHOCTH B BUJIE TIMIIEBHIX 100aBOK ISl KPYITHO-
poraroro ckota [3]. 3a4acTyto KOJIMYECTBO MPOU3BOJUMBIX OTXOJIOB B PETU-
OHAaX 3HAYMTENILHO TPEBHIIIAET 00beM MOTPEOIEHHS arpoNpOMBIIIIIEHHOTO
CeKTopa. A MX TPaHCHOPTHPOBKA B COCEAHHE PETMOHBI HE peHTaderbHa
BBHY JIOTUCTUYECKUX TPYIHOCTEH. ABTEpHATHBHBIM CIIOCOOOM Tpeodpa-
30BaHMs TAHHOTO BHUJIA OTXOJIOB SIBIISIETCS TepMHUUecKas KoHBepcus. OCHOB-
HOHM MPOAYKT TEPMUUYECKON KOHBEPCUHM — YIJIEPOAHBINA MaTepHal, UCIOJb-
3yeMBbIX B Ka4eCTBE OMOTOIUIMBA JUIS JOMAIIHUX XO3SHCTB.

Hacrosimass paboTta MOCBSIIEHa HCCIICIOBAHUIO (PU3MKO-XHUMHUYECKHX
XapaKTEePUCTHK YTIIEPOJHOTO MaTepHaia, MOJyuYeHHOTO METOJIOM HapoBOH
razudukanmu ouomaccel. B kauectBe o0pasiia 6omMacchl ObLT HCIOJIB30BaH
0TXO0J1 MUBOBapEeHHOTO Mpou3BoacTBa (T. ToMck, Poccuiickas deneparust).
O6pazern ¢ HavanbHOH BinaxkHocThio 80 % ocymancst no 10 % ¢ momomsio
BO3AyIIHOTO Harpesarens npu Temneparype 60 °C. [Tapoas razudukanms
HCCIIelyeMbIX 00pa3lioB OTXO/0B MUBHOW MPOMBIIIIIEHHOCTH NPOBOHUIIACH
C TIOMOIIBIO BEPTHKAIBHOTO PEaKTopa MEepHOIMUECKOTO ICHCTBHS IIPU TEM-
meparype mapa 450 °C B Teuenue 1 yaca. Macca oOpasna cocraBmisiia 1 kr.

B mponecce mapoBoii razudukanmu odpasma OMoMacch ObUIA TOTY-
YeHbI KOJIMYECTBEHHbIC 3HAUCHHUSI COCTaBa HEKOHICHCUPYEMOTO ra3a u U3Me-
HEHUsI TeMIlepaTypbl obpasiua. B kauecTBe onpenensieMbIX ra30(pa3HbIX Ipo-
IOyKTOB  BeICTymamu caepyromue coemuHeHmws: COz  (22.6 06%),
CO (19.6 06%), CH4 (16 06%), H2 (5.9 06%). B xauecTBe OCHOBHOTO TPO-
JyKTa Ipolecca MapoBoi razudukaniy ObLI HCTIOIB30BAaH YIIIEPOIHBIN Ma-
tepuai. Jlanee oopaser; ObLT U3METbUCH U PPAKIIMOHUPOBAH HA CUTAX C Pa3-
mepoM siueiiku MeHee 200 MxM. C MOMOLIBIO 3JIEMEHTHOTO aHaiu3a ObLIo
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YCTaHOBJICHO, YTO COJEp)KaHHE yTiIepoJia B MCCIeIyeMoM o0paslie cocTa-
B0 OKOJIO 64 %. Beutn 3adukcuposansl cepa (0,2 %) u kuciopo (10,5 %)
B cOcTaBe JaHHOTO oOpasia. Hammuune B OOIBIIOM KOJIMYECTBE IOCIETHETO
00YCIJIOBJICHO IIPUPOAHBIM IIPOUCXOKACHIEM 00pa3Iia U HATMIHEM KHCIIOPO-
JocoaepKanyx (yHKIHMOHANBHBIX rpymil. IlomydeHHOe 3HaueHHe HHU3LIEH
teroTsl cropanus (Qi'=26 MI/Kr) ObLIO COOCTAaBUMO C TPAJUIIMOHHBIMA
TBEPABIMHU TOIUIMBAMH (yroJjb, JPEBECHBIE OTXOABL, TOpd U T. 1.). BaxkHo oT-
METHTb, YTO B PE3yJIbTaTe MMPOBEJCHNUS Mpoliecca ra3uuKayuy cTerneHb yr-
neduKaIyy ucciieayeMoro oopasna ouomaccs! Bozpocia Ha 24,1 %. B cBoro
oyepe.Ib 30JIbHBIH ocTaTok yBenuuwmics Ha 10 % u cocrasun 17,1 %. Tepmu-
YecKnil aHanu3 ObUT BEIITOJHEH IpH ckopocTH Harpesa 10 °C/MUH 1 Temie-
parypHom uHTepBaie 25-1000 °C B cpene Bozayx u aprona (150 mu/mun)
IOKAa3aJl, YTO YIIIEPOAHBIN MaTeprall XapaKTepH3yeTCcsl NHOM peakIMOHHON
CHOCOOHOCTBIO B OTJIMYMK OT MCXOMHOTO obpasma. Tak, mmsa maHHOTO 00-
pasia HaOogaeTcs CyIeCTBEHHOE yBEIUICHUE 3HAUCHNSI HAYaIbHON U KO-
HEYHOH TemriepaTyp uHTeHcHuBHOTO OoKucieHus (AT; u AT¢ 150 u 75 °C co-
OTBETCTBEHHO) M SHEPTruM akTuBauuu (Ha 57,4 %), a Takke CHIKEHUs Mak-
CHMAJIbHON CKOPOCTH peakuu# (AWmax = 3,19 %/mun). B pesynsrare napo-
BO¥ raszuuKaIiuy uccieayeMoro oopasiia OnomMaccsl HabI01AI0Ch U3MEHE-
Hue Mopdonorun yactun. Tak, 4acTHIBI 0Opa3lia yIriiepoJHOro MaTepuana
XapaKTepU3yITCsl HEOJHOPOAHON MOBEPXHOCTh C HAJIMYUEM OOJIBLIOTO KO-
JIMYECTBA OTKPBITHIX MOP M KaHajaoB. OTYETIIMBO BUIHO TPyO4aTyIO CTPyK-
TYpY paccMaTpHBaeMbIX YacTHII YTIIEPOTHOTO OCTaTKa, KOTopast oopasyercs
B pe3ysbTaTe BBICBOOOXKICHUS JIETyYHX COeIMHEHMH. JlaHHBIA Mmarepual
MIPEACTaBISET HHTEPEC JUIS SHEPTETHIECKOH OTPACIIH, a TAKXKE CO3/1aHHs HO-
BBIX YIJIEPOJOCOAEPIKAINX MAaTEpPHANOB. Takke MOXHO IPEINOIOXKHUTE O
BBICOKOM POCTE 3HAUCHHMS YACTHHOW MOBEPXHOCTH U TMOPHUCTOCTH JaHHOTO
Marepualia B pe3yJibTaTe ero XMMUYEeCKOW aKTHBAaIMU 32 CYET BBICOKOTO CO-
JIep)KaHHUsT MHHEPAIBHOTO OCTAaTKa, B COCTaB KOTOPOTO BXOJST pa3iu4HbIC
IIETOYHbIE METAILIBI.

Paboma evinonnena npu @urancosoi noddepocke epanma Ilpesu-
denma P® 6 pamxax npoexma Ne HIII-2513.2020.8.
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The complex research on the technical conditions of
energy application of wood pyrolysis bio-oil

K.V. Slyusarskiy, K.B. Larionov, V.E. Gubin
Tomsk Polytechnic University, Lenin Ave. 30, Tomsk, 634050, Russia

The pyrolysis is the widespread technological solution for the processing
of various wood wastes [1] which allows obtaining three different products
in solid, liquid and gaseous phase. Liquid product of biomass pyrolysis is
called bio-oil. While the pyrolysis could be either exothermal or endothermal,
sometimes supplying of additional heat is required. The combustion of bio-
oil obtained could be the appropriate source of such heat. However, due to
significant variation into chemical composition and physical properties, its
introduction into fuel-burning equipment could be quite problematic because
of large amount of characteristics influencing this process. The current study
is devoting to complex research on properties and combustion characteristics
of bio-oil retrieved at industrial pine wood pyrolysis facility. Large number
of standard characteristics was obtained as well as data on atomization and
combustion performance in conditions close to actual industrial equipment.
The analysis was realized according to standardized methodic in case of phys-
ical properties (density, kinematic and dynamic viscosity, ash content, calo-
rific value, fractional composition) while for other research the unique equip-
ment and specially developed approaches were applied. The elemental and
functional compositions of studied samples were determined via Flash
2000 CHNS analyzer and gas chromatograph Agilent 6890N with mass-se-
lective detector Agilent 5973, respectively. The oxidation characteristics of
bio-oil samples were studied using DTG analyzer Netzsch STA 449 F3 Jupi-
ter. The atomization was studied using experimental setup with pneumatic-
mechanical nozzle [2] via particle image velocimetry method at 0.3 and
0.28 MPa pressures of supplied fuel and air, respectively. The combustion
process features were investigated using experimental setup for liquid fuel
droplets burning equipped with high-frequency video camera and in-line gas
analyzer [3]. All combustion tests were performed in temperature range 400—
800 °C. The ignition delay time, duration of flaming burning and burnout of
bio-oil droplets were determined as well as concentrations of main anthropo-
genic substances (CO, CO,, NOy etc) in the flow of released gases.
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Pecypcoa¢pPpekTuBHas1 TEXHO/IOTUS ra3uPUKALUM YTJIA
U OTXO/,0B yr0JIbHOM NPOMBIILIJIEHHOCTH C MOJIyYeHHe
BOJOPOACOAEpKaIero CHHTe3-ra3a u
yTtuiansanuen CO2

J.B. I'oznskos, B.E. I'youn, A.C. 3aBopuH,
A.1O. Kaiinamosa, A.D. Pud, B.B. I{BeTkoBa

Hayuonanvmuwiii uccnedosamenvekuii TOMCKULL ROAUMEXHUYECKULL
yuueepcumem, Poccus, 634050, 2. Tomck, np. Jlenuna, 30

B nacrosmee Bpems 6omee 30 % Bceit mpoW3BOAMMOIL TETIIIOBOH 1 3JICK-
TPHUUYECKOH YHEPTUHU B MUpE BbIpabaTsiBaeTcst u3 yriis. [1pu aTom npu go661ae
n nepepaboTke yris odpasyercst 6onee 20 % orxonoB. OTX0ABI yroabHON
NPOMBIIUIEHHOCTH TOJIbKO B Poccuu mpeBbimiator 260 MiIH. TOHH M TIpeji-
CTaBIISIIOT CO0O0It KPYINHBIE TCXHOTI'CHHBLIC CKOIUICHUA IIOJIC3HBIX HCKOIIac-
MBIX, €KETOHBIN IIPUPOCT KOTOPBIX COCTABJISAET 3 MJIH. TOHH.

Br100p crieHapueB B OTHOIIEHHWH YTOJBHOW T'€HEpaIiK MPEIOpeaesseTcs
TIO3UIMEN KPYIHEHUIINX YYaCTHUKOB YTOJIBHOTO pbiHka — Poccun, Kuras u Un-
JIMH. DTH CTPaHbI aKTUBHO OOHOBIISIIOT CBOM MapK YTOJIBHBIX CTAHIMI 1 3asBIISIOT
0 HaMepeHWH OOpOTBCS C DKOJIOTMYECKMMH MpOOJIeMaMH IyTeM JallbHeHIero
Pa3BUTHSI TEXHOJIOTMH TITyOOKOH MepepabOTKU YISl M OTXOZ0B IPON3BO/ICTBA, A
HE 0TKa3a OT YroJbHO# reHeparmu [1]. st coxpaHeHus: KOHKYPEeHTOCTIOCOOHOCTH
VIIIsI HA MUPOBOM DHEPIeTHIECKOM PHIHKE HEOOXOMMa peai3arys KOHICTIITIH
CHCTEMHOTO 3aMBIKaHMS TIOJTHOTO KU3HEHHOTO IMKJIA YIS B TEXHOJIOTHIECKUX
3BEHBSIX TOIUTMBHO-YHEPTETHIECKOT0 KOMIUIEKCA C TITyOOKO TIepepaboTKO# | TTo-
JIy4EHHEM JIOIOJIHUTENBHON SHEPTUM U BBICOKOMAPKUHAILHOW IOJIE3HOM IIpo-
JYKIMHY TIPU 00€CTIeYeHNH MUHIMAITBHOTO BO3JICHCTBHSI HA OKPYKAOIILYIO CPETy.
OnmHrM ¥3 TIepCIIeKTHBHBIX MPOIYKTOB SIBJIETCS BOAOpoA. ExeromHo Gomee
60 MIWLTHOHOB KyOOMETPOB BOJIOPOJA TPOHM3BOAATCS YIS LEJCH XUMHYICCKOU
TPOMBIIIIEHHOCTH ¥ SHepreTuKy. [Ipn aTom 6omee 90 % npon3BoauTCs € UCTIONb-
30BaHKMEM NPUPOIHOTO ra3a 1 yriist. C pocToM LieHbI ra3000pa3HOro TOIUINBA, TEX-
HOJIOTHH TOJTy4EHHsI BOJIOPO/Ia C UCIIOIB30BaHNEM HU3KOCOPTHOTO YIS M BBICO-
KOH CTereHbI0 yTrm3auui BeinessieMoro CO, cTaHoBsITCS OoJiee aKTyalbHBIMU.
[pu 5TOM HX BHEIPEHME OrPaHNIMBACTCS OTCYTCTBHIEM MPOMBIIIICHHBIX 00pa3-
LIOB ITOJIO0HBIX YCTAHOBOK B MUPE, CBSI3aHHOE C HECOBEPIIEHCTBOM OIHUCAHKSI TIPO-
LIECCOB COMPSDKEHHOTO TEIUIOMACCOTIEPEHOCA U XIMITIECKOTO PEAripOBaHU TIPH
rasu(uKaIyy TOIUIMBA B YCIOBHSX, OOECIEUMBAIONTMX MAKCHMAIBHO BBICOKYIO
KOHIIEHTPALIMIO BOJIOPOZA B CHHTE3-Ta3e.

OpmHuM U3 CIOCOOOB MOTYYSHHS BOJAOPOIa U3 OPTaHUUECKUX MaTepHa-
110B siBisieTcs razudukanus. B TITY paspabaTsiBaeTcsi KOMIUIEKCHAS pecyp-
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cod(dexTuBHAS TEXHOJIOTHU Ta3U(PHUKAIMN YT U OTXOJ0B YTOJBHOM Tpo-
MBIIIJIEHHOCTH € HOIyYSHNEM BOAOPOJCOAEPKAIIETO CHHTE3-Ta3a U yTHIIH-
sanueit CO,. MccnenoBanmsa Bemonsstores Ha 6aze HULL «OxosHepreTuka
4.0». [TomyueHs! pe3ynbTaThl GyHIAMEHTAIBHBIX M IPUKIATHBIX HCCIEI0BaHUIH
TIO TIOJTyYEHHS] MAKCUMAaJIbHOM KOHLIEHTPAIMK BOJOPO/a B COCTABE CHHTE3-Ta3a
npH Ta3u(HKAIUKA COPTOBBIX, HU3KOCOPTHBIX YIJIEH U YIJIEOTXO/IOB C IepCIICK-
THBOM MOCIIEAYIOLIETO pa3AeneHus ra3os 1 yruwanzarmeit CO;.

Paznenenue rasa asst u3BJIEUSHUS BOIOPOAA 0OecrieunBaeTcsi MeMOpaH-
HBIMH, a TaKKe afCOPOLMOHHBIMU YCTaHOBKaMH. MeMOpaHHbIE YCTaHOBKU
MO3BOJISIIOT ¢ MUHUMAIBHBIMH HOTEPSIMU BBIACIIATH BOJOPOJ U3 OCHOBHBIX
MTOTOKOB. JIOCTOMHCTBAa — HU3Kasi CTOUMOCTb, JUTNTEIBHBIA CPOK CITy>KOBI 1
IIPOCTOTa OOCITYKUBAHHS M MOHTa)ka. AJICOPOIIMOHHBIE YCTaHOBKH — OoJiee
JIOpoTHe, HO 00JIaal0T MPEHMYIIIECTBOM MOIYYEHUS «IHCTOr0» BOAOPOIA.
Texnonorun y»xe oTpabOTaHbI U IIMPOKO PACIPOCTPAHEHBI. AKTyalbHBI Me-
TOJIBI, OCHOBaHHBIE Ha ynaBiuBaHuu CO; cuHTe3upoBaHHEIMA B TIIY Kap-
Ougamu TUTaHa, MOJIMOIEHA U JIp.

Jost yrunuzanun CO; 1enecoo0pa3Ho HCIONb30BaTh METOBI, IPUMe-
HUMBIE B MECTaX IOJy4YECHMs Ta3a, TaK KaK ero TPaHCIIOPTUPOBKA 3aTPYAHU-
tenbHa. Hanbomnee 3pPeKTUBHBIM M TOCTYIHBIM CIIOCOOOM MOXKHO Ha3BaTh
npeodpazoBanre CO; B kapOOHAT KaJblMs B IPUCYTCTBUM HUKEJIEBOTO Ka-
TaJIU3aTopa, a TaKKe METOJl KOHBEPTAIMH ra3a B METHJIOBBIN CITUPT, KOTO-
PBIH LIMPOKO MCTIONB3YETCS IS TEXHOJIOTHYECKHX TEJIeH.

B wactu razu¢ukanuu yriei Texnonorus poseneHa n1o TRL3 u noa-
TBEPXKJICHA YCIEUIHBIMU MCIBITAHMSIMU 3KCIIEPUMEHTAIBHOTO 00pa3na npo-
MBIIUIEHHON YCTaHOBKH, co3JaHHON Ha Tomckoil TOL-3, Ha pa3nuyHbIX
MapKax yriaei, B TOM YKCJIE€ U HHU3KOCOPTHBIX. IloyueHHBI B yCIOBHSX,
ONM3KUX K WHILyCTPHAIIbHBIM, CHHTE3-Ta3a MOXET HCIOIb30BaThCS KaK B Ka-
YCCTBC TOIUIMBA IJIA COKUTAHUA, TaK U JJIA IUKJIIA TOJTYYEHHA BOAOpOAa.

[pennaraemasi KOHLEMIMS TTOJTHOTO 3aMKHYTOTO IIHKJIA TTOJHOCTBIO CO-
OTBeTCTBYeT nproputeTHoMY HanpasieHuto CHTP PO — «Ilepexox k axomno-
TMYECKH YHCTOH U pecypcocOeperaronieii SHepreTHKe, MoBbiieHne 3 (heKTUB-
HOCTH JJOOBIYM U TITyOOKOH IepepadoTKU yriIeBOAOPOAHOTO CHIPBS. ...

BHenpenue TexHONOruM ra3uuKanyy ¢ MoJy4eHHEM BOIOPOJICOAEP-
JKAIIEero CHHTE3-Ta3a I03BOJINT YBEIUYUTH S(PQPEKTUBHOCTD MOIYYEHHS
SHEPTUH, CHU3UTD YTIICPOIHBIN CJIe/T 3a cHEeT OOJIbILEeH IKOJIOTUIHOCTH NPO-
necca. [lpu aToM BHeIpeHNE HE NMPUBENET K CMEHE CTPYKTYPBl SKOHOMUKH
OTAETBHBIX YTOJIBHBIX PETHOHOB.

Paboma evinonnena npu gurancoeou noooepicke Munucmepcemea
Hayku u oopazoganus P® ¢ pamkax npoexma Ne FSWW-2020-0022.
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Development of a model of the control process for the
operation of a steam generator plant based on methods
of fuzzy logic in conditions of uncertainty

Yu.A. Klimenko, A.P. Preobrazhensky
Voronezh Institute of High Technologies ANOO BO, Voronezh, Russia

Annotation. The article discusses the possibility of developing a model
of the process of controlling the parameters of the functioning of a steam
generating unit of small-scale power generation based on the use of fuzzy
logic methods in conditions of uncertainty for the optimal distribution of raw
materials and fuel and energy resources.

Currently, the fuel and energy complex in remote regions of the Russia
is constrained by economic development. The reason for this is the lack of
reliable heating and power supply. The problem is solved by developing
small-scale power generation for the production of electricity and heat based
on the use of a steam generator unit (SGU) with automated control of the
optimal distribution of raw materials and fuel and energy resources [1].

A functional model of optimal resource allocation has been developed,
the main functions and interrelationships of control modules have been de-
termined. The model consists of the following modules: the module for cal-
culating the parameters, the module for setting the operating conditions of the
SGU unit, the module for solving the optimization problem, the module for
analyzing the results obtained and issuing recommendations for optimizing
[2] the parameters of the SGU unit operation.

1. Module for calculating parameters. Calculation of parameters charac-
terizing thermal, gas-dynamic and other modes of SGU operation. The esti-
mation of the parameters should be carried out using the balance model of the
process developed within the framework of the natural-model approach,
which can be conditionally divided into two parts: the base state model and
the predictive model. The predictive model, based on the results obtained us-
ing the baseline model, evaluates the process indicators when operating con-
ditions change [3] of the SGU. Calculation of the coefficients of influence of
the input parameters on the output indicators of thermal and gas-dynamic,
and other modes of operation of the SGU during steam production based on
the use of fuzzy logic methods. The calculation of the coefficients of influ-
ence of the type, composition and structure of the fuel component on the tech-
nical and technical indicators of the SGU.

2. Module for setting the operating conditions of the SGU. Planned av-
erage consumption of fuel, water and steam, electricity. Restrictions for the
SGU on the supply of raw materials, fuel consumption, steam, electricity.
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Technological limitations of SGU, characterizing the thermal, gas-dynamic
and other operating modes.

3. Module for solving the optimization problem. Selection of the optimal
consumption of raw materials, taking into account the imposed restrictions
on the operating modes of the SGU. Selection of the optimal consumption of
fuel and energy resources to create conditions for maintaining the combustion
temperature of the fuel in a given interval. Selection of the optimum temper-
ature, pressure and other parameters of steam generation for the normal op-
eration of the SGU.

4. Module for analyzing the results obtained.

The peculiarities of the process of fuzzy control of the functioning of the
SGU are built on the principles of fuzzy logic, the concepts of the theory of
fuzzy sets for control under conditions of uncertainty in the absence of com-
plete information SGU on. Selection of mathematical control methods for
various types of uncertainty: the type of data uncertainty about the control
object; type of model (linguistic [4] and expert); methods of formalizing un-
certainty: methods of the theory of fuzzy sets, fuzzy logic. Situational man-
agement includes: determination of the state; selection of a control solution;
choice of control action; application of control action. A fuzzy inference
model is proposed that contains 4 input and 4 output linguistic variables. The
controlled input variables are resources (fuel, water, electricity). The output
parameters are the generated resources (electric power, water heating and
cooling temperature). The paper considers the use of fuzzy control to create
a control model for the operation of a SGU to minimize costs and obtain the
maximum output resource.

The article discusses the operation of a management model based on the
principles of fuzzy logic in conditions of uncertainty.
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Performance estimation of thermoelectric generator
based on state-of-art silicide thermoelectrics

A.A. Rakitin, I.L. Tkhorzhevskiy, G.N. Isachenko, A.V. Asach

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

Thermoelectric energy conversion is a direct method of generating elec-
trical energy through a temperature difference. The source of heat in this case
can be any source (e.g. the heat of the human body or the heat of nuclear
decay). That makes the thermoelectric generator a unique source of electrical
energy. The low efficiency of such a conversion and the high cost of the de-
vice restricts its applications to narrow specific field.

Now worldwide research is carried out for searching for new cheap non-
toxic materials to create effective thermoelectric converters that make it pos-
sible to reduce the cost of production. Therefore, the harvesting of waste heat
from combusted engines, industrial furnaces and other sources of thermal en-
ergy will be more efficient. Silicide based thermoelectric seems to be pro-
spective candidate. Silicon is the fourth abundant element in Earth’s crust.
And a couple of silicon compounds based on manganese silicides and mag-
nesium silicide has a high thermoelectric figure of merit that exceed unity.
Besides that, with the exception of organic compounds, these materials are
the cheapest thermoelectric materials. And the last decades of studies of their
thermoelectric properties have shown that their thermoelectric figure of merit
can be improved.

The thermoelectric generator consists of thermoelectric modules. The
thermoelectric module itself consists of two legs made from semiconductors
with a different type of conductivity. The mentioned above most efficient
silicide thermoelectrics are magnesium silicide has n-type conductivity and
manganese silicide has p-type conductivity. Both these materials fine fit to-
gether to be a silicide thermoelectric module.

Unfortunately, the difference in coefficient of thermal expansion (CTE)
of these materials makes it hard to use in the TE module under high temper-
ature. In this work, the processes occurring in a thermoelectric generator op-
erated in a temperature gradient from 100 to 600 °C are modeled by the
means of finite elements method. The computer model of a medium-temper-
ature thermoelectric generator module, based on thermoelements consisting
of magnesium silicide as an n-type leg and higher manganese silicide as a p-
type leg was built. The efficiency and performance, have been evaluated.

To describe the thermoelectric properties of materials, we use our own
experimental data and data published in other papers. Computation of the op-
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timal leg configuration for maximum efficiency has been carried out. Result-
ing mechanical stresses that arose due to mismatched thermal expansion co-
efficients have been considered. The obtained results are compared with ex-
isting commercial thermoelectric generators.
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TexHoreHHbl rajioreHe3 HepTe3arpsA3HeHHbIX OYB
(3anaagHas Cuoups)

M.B. Hocoga'?, B.I1. Cepemunal, F0.M. ®enopuyx®, A.C. Prioun®

! Hayuonanonoui uccnedosamensciuii Tomckuti 2ocyoapcmeentbiii
yrusepcumem, Poccus, 634050, 2. Tomck, np. Jlenuna, 36
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AuroBHanbHble T0UBbI 3anagHoi CHOUPH SBIISIOTCS KOHEYHOM TOYKOH
HaKOIUICHHS OPTaHMYECKUX 3arpsI3HUTEICH, T/Ie HHTCHCHBHBINA TEXHOT€HHBIN
CTOK HE(TSIHBIX YTJIEBOJIOPOJIOB, XapaKTEPHBIN I aBapyil Ha HedTernpoBo-
Jlax, OKa3pIBaeT MAaKCHMAJIFHOE BO3JCHCTBHE Ha TIOUYBEHHBIN JanamadT [1—-
6], 9TO KOCBEHHO BIIHSIET HA COCTOSHIE THAPOJIOTHUECKOI CeTH.

JIro0oii aBapuiHBIN pa3iB HEPTH COMPOBOXKIAECTCS BEHIOPOCAMH BBICO-
KOMHHEPAJIN30BaHHBIX COJEH B 3KOJIOTHUECKYIO CHCTEMY; OHH BBI3BIBAIOT
TEXHOT€HHOE 3aCOJICHHE TTOYB U CO3/AI0T OMTYMHHO3HBIE Pa3sHOBHIHOCTU
1oyYB. /laHHBIE CTATHCTHYECKOTO aHAIN3a YKa3bIBAIOT HA MPAMYIO KOPPEs-
M0 MEX/Y COACPIKAHUEM JIETKOPACTBOPUMBIX COJIel U He(TEeIPOLyKTOB B
3arpsi3HEHHBIX MOYBax: Kod(duiuent koppessiuuu (r) cocrapiser 0,87 npu
p=0,91 (ua ryoune 0-10 cm) u 0,83. mpu p = 0,076 (na rayoune 10—
30 cm). CrnemoBatenbHO, 3aCOJICHHE OOBIYHO HUMEET CyNb(aTHYIO U XJIO-
punHO-cynbdatHyto npupony. HecMotpst Ha ciaboe 3acoseHue moyB, OCHOB-
HBIM JMarHOCTHYECKUM TPH3HAKOM BO3/ICHCTBHUS COJICH Ha OKpYIKaroulylo
cpeamy cumTaeTcs odliee conepKaHue TOKCHYHBIX colieil. B paccmaTpuBae-
MBIX IT0YBaX TEXHOT'€HHBIE COJIH MPECTABICHBI COCTUHEHMSIMI TOKCHYHBIX
coneii NaCl, Na;SO4, MgCl,. MakcuManbHOE KOJIUYECTBO BBIICIUBIIUXCS
coJIel HaKaIUTMBaeTCs B KopHeoOuTaeMoM cioe. OMHIM U3 BaKHEHIINX JH-
arHOCTHYECKUX MPU3HAKOB HE(TSIHOTO 3arpsA3HEHUS SIBISETCS KUCTIas peak-
s TOUBHI. B 3TanmoHHBIX mouBax 3HadeHus PH Bapeupytotes ot 4,6 1o 5,2,
YTO CBHIETEIBCTBYET O KHCIION M CITA00KHUCION PEaKIiy.
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BblﬁpOCbI CaXH KoTJioarperatTaMu nNpu Cx KUraHum
Pa3/IMYHbIX BUAOB TOIIJIMBA

B.K. JIro60B, A.H. ITomos, E.1. ITonnosa

Cegepnvlil (Apxmuyeckutl) gpedepanvrwiil yHUGEpcUmem
umenu M.B. Jlomonocosa, 163002, Poccus,
2. Apxanzenvck, nao. Cegeproii /leunvt, 17

ITo maHHBIM HcCiaegOBaHUM NOCIEIHUX JNECATHUIECTHH 3HAYUTEIbHBIA
BKJIa]] B [NI00AJIbHOE MOTEIUICHNE, HAPSIY C YIJIEKUCIIBIM I'a30M, BHOCUT Yep-
HBII yIJIepo, o KOTOpsIM B PD moHHMaIOT «yriepon (caxy)», IpeacTaB-
JISIFOIIUIA COOOM JMCIEPCHBIN YIIEpPOAHBIN MPOIYKT HEMOJIHOTO CTrOpaHHs
WM TEPMUUYECKOTO Pa3I0kKeHUs yIIeBOJOPOAOB, COCTOSIINN 3 YacTHUI] pa3-
JIMYHOH (hOPMBI M UMEIOIIMX YepHBIH 1BeT. Caxka SIBJISIETCS. MOLTHBIM KaHIle-
pOTEHOM, OTHOCHTCS K BpenHbIM BemecTBaM |l kmacca u pasHocHTCS BeT-
paMH Ha THICSYU KHJIOMETPOB. Y CTAHOBIIEHO, YTO YEPHBIN yIIIEepo, yACpKU-
BaeT B HECKOJILKO COTEH pa3 OoJIblIIe TeruIa, YeM yrileKucibii ra3. [loatomy
BCTAET 3a/1a4a BCECTOPOHHETO M3y4YEHHs BCEX ACHEKTOB, CBA3aHHBIX C BBI-
OpocaMu YepHOTO yTiIepoa.

KonuuaecTBo cakeBbIX YacTHII, COAEPKAIINKCSA B OTPAOOTAHHBIX IBIMO-
BbIX T'a3aX JHEPIrCTUYCCKUX YCTAHOBOK, ABJIACTCA KPUTCPUEM S(b(beKTI/IBHO-
CTHU OpraHu3alnyu TOIIOYHOTO ITporecca. COBpeMeHHHC TOIIOYHBIC U TOpE-
JIOYHBIC yCTpOﬁCTBa JJIA COKUTAHUS pa3JIMYHbIX BUJOB TOILUIMBA UMCIOT HE
JIOCTaTOYHYIO DHEPreTHUECKYI0 W HKOJOTMYecKylo 3((EeKTHBHOCTb, UTO
MPUBOAUT K HEPALIMOHATIBHOMY HUCHOJIB30BAHUIO SHEPIeTHYECKUX PECYPCOB
U 3HAYUTEIBHOMY 3arpsi3HEHUIO OKpY’Karolled cpensl. JTO OCOOEHHO
CHJIbHO CKa3bIBACTCSl Ha SKOJIOTHYECKOH 00CTaHOBKE MPHAPKTUYECKUX Tep-
putopuii u Apkruku [1]. TToaToMy A COXpaHEHUS! YUCTOTHI OKPY>KaroLien
cpezbl He0OX0/INM JKECTKUI KOHTPOJIb 3a TIOJIHOTON CKUTaHUS TOTUIHBA.

3a mociemHNe TOABI Oyarogaps mepeBoxy 00BEKTOB KPYITHOHM CTaHIN-
OHHOM SHEPreTHKH ApPXaHTeIhCKON 007acTH Ha CKUTaHNE IPUPOTHOTO Ta3a,
a TaKkKe pealu3alMyd IPOrpaMMBbl MO 3aMEIEHHUIO MTPUBO3HBIX TOIIMB Ha
OMOTOIINBA, TPOU3BOANMBIC Ha MPEANPHUATHIX PETHOHA, B TOIUIMBHO-3HEP-
TeTUYECKOM OajlaHce PEernoHa MPOM30ILIN 3HAYUTENbHbIE U3MEHEHHA. Ma-
3yThl U KAMEHHBIE YTJIH, 3aHUMAaBILIHE Ha NPOTSHKEHUN 00JIee YeThIpeX Jecs-
TUJIETHH MEPBYIO0 U BTOPYIO MO3ULIUIO COOTBETCTBEHHO, IIEPEMECTIIINCEH Ha
TPETHIO U YETBEPTYIO MO3ULMI0. ['a3000pa3HOE TOIIMBO 3aHSIIO HIEPBYIO 10-
3MLMI0, 2 ONOTOIUIMBA — BTOPYIO. VI3MEeHeHHs oKa3aju 0JIarOTBOPHOE BIIH-
STHUE Ha 3KOJIOTHYECKYIO OOCTaHOBKY, TaK CyMMapHBIE BHIOPOCHI BPEIHBIX
BEIIECTB OT CTAIMOHAPHBIX UCTOYHMKOB ¢ 2011 rona 3HaYNTENHLHO CHU3M-
mucek. M3MeHmnach M CTPyKTypa BalOBBIX BBIOPOCOB BPEIHBIX BEIIECTB,
HauOoNpIIME  3HAYCHUS  TNPHUXOAATCS  Ha  BBIOPOCHI  TBEpPABIX
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YacTHIl ¥ OKCHZAA YTIIEpOAa, IPH 3TOM BBIOPOCHI CEPHUCTOTO Ta3a repeme-
CTHJINCH C TIEPBOI MO3UIMN HA YETBEPTYIO.

B cooTBercTBUE ¢ [2] ObUIH TIPOBEICHBI SKCIIEPUMEHTAIBHBIE HCCIIEH0-
BaHMS SMHCCUH Ca)KEBBIX YaCTHII, 00Pa3yIONINXCs B TOMOYHBIX KaMepax KOT-
noarperatoB paznnyaoit MorHoctd (ot 60 kBT mo 380 MBT) u koHCTpYK-
THUBHOT'O MCTIOJIHEHUS TIPH COKMT'aHUH Pa3JIUYHBIX TBEPABIX, JKHJIKUX U Ta30-
00pa3HbIX TomuB. C UCTIONb30BaHUEM IJIEKTPOHHON PacTPOBON MUKPOCKO-
TTUH BBIITOJIHEHO U3YYEHHE CTPYKTYPBI, pa3Mepa U KOJMUECTBEHHOTO COCTaBa
CaKEeBBIX YACTHII, a TAK)KE BXOISIINX B HUX JIEMEHTOB.

B metonuke [3] TSt BBITOTHEHUS PACUSTHOTO aHATN3a BEIOPOCOB Caxke-
BBIX YacTHIl pazMepoM PM 2.5 mo maHHBIM TOTUTUBHOTO OanaHca peKOMEH-
JYIOTCS 3HAUEHHS yJIEIbHBIX BBIOPOCOB IIPU CIKUTAHWU PA3IMIHBIX TOILIHB,
KOTOPBIE CIIEAYET CINTATh YIPOIIEHHBIMHU. Y POBEHb BHIOPOCOB Ca’KEBBIX Ya-
CTHI] OIIPEAEIAETCS KaueCTBOM TOIUIMBA, KOHCTPYKIMEH TOOYHBIX U rope-
JIOYHBIX YCTPOMCTB, CIOCOOOM CHKUTAHMS, CTETIEHBIO COBEPIIEHCTBA U YPOB-
HEM HACTPOHKH CHUCTEMBbl aBTOMATHKH, HAJTMYHEM M THUIIOM ra300YHCTHBIX
YCTPOMCTB, a TAK)Ke TEXHUUECKUM COCTOSIHUEM M KaueCTBOM OOCITY KUBAHHUS
TEIUIOTEHEPUPYIOMNX YCTAaHOBOK [1, 4]. Pe3ynpTaThl BHIIOIHEHHBIX HCCIe-
JIOBAaHHH [TO3BOJIMIIN MIPEAJIOKUTH OOJIee PACIIMPEHHBIN MOJXO0T IJ1s1 BRIOOpa
3HA4YEHHUH YAENbHBIX BBIOPOCOB CaXKH TP COKUTAHWW Pa3IMUHBIX TOIIMB B
TEIUIOT€HEPUPYIOIUX YCTAHOBKAX, IIUPOKOro JUAaNa30Ha MOIIHOCTH U pa3-
JIMYHOTO KOHCTPYKTHBHOTO HCIIOJIHEHUS, YTO CJIEAYET HMCIOJB30BaTh INPH
WHBEHTapH3alui BEIOPOCOB TAHHOTO 3arps3HUTENS. Tak BHIIIOJHEHHbIE pac-
YEeTHO-3KCIEPUMEHTAIbHBIC HCCIIEIOBAHUS MOKA3aIl, YTO CyMMapHbIE BbI-
6pocsl uepHoro yriepona (PM2.5) Ha reppuropun ApxaHreiabcKoi 00acTi
(6e3 HAO) 3a 2016 r. coctaBmmu 539.213 1.
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Environmental risks in the development and
modernization of fossil fuels deposits in the Arctic zone
of the Russian Federation

E.A. Bykovskaia, M.A. Kustikova, A.S. Maiurova,
I.V. Timofeeva, E.P. Tyurikova

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

In this paper the concept of environmental risk was investigated. The
analysis of the legal framework governing the implementation of various
types of activities in the Arctic region was carried out. Recommendations to
reduce the environmental risks probability during the reconstruction of fossil
fuels deposits were developed.

The increased anthropogenic load on the Arctic region is associated not
only with the production and with transportation of hydrocarbons, but also
with the construction and reconstruction of the fields themselves. Currently,
there is no any no unified methodology for assessing environmental risks. In
this regard, the study and analysis of environmental risks that can cause ir-
reparable damage to the Arctic region is one of the urgent tasks [1-3].

The purpose of this work is to identify and assess environmental risks in
the development and modernization of fossil fuels deposits in the Arctic zone
of the Russian Federation.

The following tasks were set eo achieve this goal:

— to analyze the features of the Arctic zone;

— to identify environmental risks in the development and modernization
of fossil fuels deposits in the Arctic zone;

—to assess environmental risks and give recommendations how to re-
duce them.

Reconstruction of deposits is a forced measure in order to improve en-
ergy efficiency and efficiency of the deposit as a whole. Reconstruction typ-
ically allows extracting the remaining gas or oil with better equipment. The
technological sequence of the production of the main construction and instal-
lation includes several processes and almost all types of work can damage the
environment.

During the production of construction and installation the law of the
Russian Federation "On environmental protection”, decisions of administra-
tive bodies on environmental protection and rational use of natural resources
in the region, as well as other federal laws are observed, but this fact only
reduces, but does not completely exclude possible environmental risks and
damage to the environment.
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Since the environmental risks that may arise during reconstruction are
not excluded, they were assessed in terms of the damage degree and the prob-
ability of risk occurrence. Before assessing environmental risks during the
field reconstruction, the main sources and factors of negative impact on the
environment were identified.

Based on the listed factors, possible environmental risks were identified
and analyzed. As a result, tables that describe environmental risk, recommen-
dations for reducing the probability of its occurrence and recommendations
for reducing the negative impact on the environment have been developed.
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Research of the features of measuring
ozone depleting substances
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Abstract. The work is devoted to the research of the process of measur-
ing substances that negatively effect on the ozone amount in the atmosphere.
The analysis of chemical-climatic models of the atmosphere used in environ-
mental monitoring is carried out. Mathematical methods for calculating the
effect of freons on the ozone amount is considered. The detecting method of
freons are chosen based on refrigerant characteristics.

Keywords: freon, climatic changes, gas analyzer, raman spectroscopy,
refrigerating agents, ozone layer.

Introduction. Atmosphere monitoring is one of the key tasks to ensure
a comfortable living environment. Leaks of refrigerants from air conditioning
systems, fire extinguishing systems, refrigeration equipment with the release
of freons into the atmosphere are a potential hazard. The most dangerous are
Freon-12, Freon-22 and other refrigerants that effect on the amount of ozone
in atmosphere [1]. These refrigerants are currently being replaced by multi-
component mixtures, which still contain HFCs, but in significantly small pro-
portions in relation to single component freons. The issue of detecting these
low concentrations of ozone depleting substances is relevant in the produc-
tion of such refrigerants and in the analysis of counterfeit products.

The work purpose is research of the features of measuring ozone deplet-
ing substances at ecological monitoring. There are several tasks which helps
to achieve the goal:

1. Describe refrigerants that are hazardous if released into the
atmosphere.

2. Analyze interaction mathematical models of refrigerants with the at-
mosphere.

3. Choose the method of freon measuring for controlling the leaks into
the atmosphere.

Body. According to standard 1SO 817-2014 “Refrigerants. Designation
system”, there are several groups of freons which representing the greatest
danger when released into the atmosphere [2]. These include representatives
from the groups of chlorofluorocarbons (CFCs), hydrochlorofluorocarbons
(HCFCs), hydrofluorocarbons (HFCs), etc. The distinctive feature of these
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substances is a long-life span in the atmosphere, calculated from several years
to several decades. One example is HFC Freon 23, which will decay in the
atmosphere within 270 years. These substances are dangerous, since when
interacting with radiation in the ultraviolet region, they release atoms of bro-
mine, fluorine, chlorine, which, in turn, upon contact, destroy the ozone layer.

The analysis of chemical- climate models of the atmosphere on the for-
mation and decay of ozone was carried out. Based on these the process of
creation and decay of ozone was considered.

When reviewing mathematical models of the interaction of refrigerants
and ozone, it was concluded that it is advisable to detect freon leaks into the
atmosphere.

Based on GOST R 1SO 17584-2015 "Refrigerant’s properties", an anal-
ysis of the characteristics of freons was carried out. Due to the complex com-
position of the analyzed substances of HFCs, it was proposed to use the
method of Raman spectroscopy.

The distinctive feature of Raman spectroscopy is the observation of scat-
tered radiation from the sample, because of which this method is not sensitive
to absorption bands. Thereafter, the study of the detected anti-Stokes lines
provides accurate information about the analyzed component since the meas-
urements are carried out with scattered light.

Conclusion. The description of ozone depleting substances, which are
the objects of research, was carried out. The properties of freons, which effect
on ozone amount in the atmosphere, were investigated. Based on a mathe-
matical model of the interaction of a refrigerant with the atmosphere, it was
proposed to use the Raman spectroscopy method for detecting low concen-
trations of refrigerants and for component analysis of HFC mixtures.

The work has done with the support of project Ne620159 «Development
and research of the principles of building a digital freon analyzery.
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Environmental education for sustainable development
on the example of developing an educational module
"Conscious Consumption" for non-core specializations

E.A. Bykovskaia, 1.V. Timofeeva, A.S. Maiurova,
M.A. Kustikova, S.A. Banar

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

Consumption and production around the world are the driving force of
the global economy, based on the resources consumption in a way that con-
tinues to have a devastating impact on the environment. Socioeconomic pro-
gress over the past century has been accompanied by ecosystem degradation
that threatens our development and future survival. In this regard, a critical
question arises not only to strengthen the measures to prevent environmental
damage, but also to train professional personnel who can do this. At the same
time, an important component is education and awareness of non-core spe-
cializations on this issue, since ensuring an acceptable level of negative im-
pact of anthropogenic factors on the environment and humans is possible only
through knowledge and personal responsibility. Environmental education and
awareness are the basis for ensuring environmental safety [1-2].

The relevance of the project lies in the necessity to develop the personal
responsibility of population through practical experience. There are many ed-
ucational courses for students on sustainable development, but they are either
for specialized areas, or provide a theoretical basis that is difficult for a stu-
dent to apply in practice.

The developed module “Conscious consumption” forms the necessary
basis for understanding the patterns of production and consumption, rational
use of resources, human influence on the environment. The module allows
you not only to listen to a course that includes such modern concepts and
concepts as: Sustainable Development, circular economy, zero waste, fast
and slow fashion, microplastics, greenwashing, eco-shaming, eco-anxiety,
and others, but also to master daily “eco-habits” through practical work.

The main goal of the “Conscious consumption” module is to create an
ecological culture through a deep systemic transition based on personal re-
sponsibility and understanding of one's place in the environment. The key to
improvement of all areas of human activity lies in a conscious lifestyle. The
project team has done a lot of work on the preparation of theoretical material
on the project topic as well as its adaptation for the modern generation. An
extensive analysis of the available materials on the project topic was carried
out; as a result, a detailed list of additional modern materials was compiled,
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including blogs, documentaries and services that facilitate
the understanding of the concept of Sustainable Development and the transi-
tion to mindfulness in the choice of goods and services.

Based on the received feedback the authors received confirmation that
the module really deserves the attention of young people and its topic is rel-
evant and in demand.
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OGecneyeHue AOCTOBEPHOCTH M TOYHOCTH
HHOpMaLMH O COJep:KaHNU BpeJHbIX BellleCTB B
NPOMBILIJIEHHBIX BbIGPOCAX, N0JIy4aeMOl C HOMOUIbIO
aBTOMATHYEeCKHX U3MEPUTEeTbHbIX CHCTEM

O.I'. [lonog, FO.A. Kyctukos, A.B. Mansrunos, K.A. 3apedHos,
A.B. Kono6oBa, JI.A. Kononensko

Bcepoccuiickuii nayuno-ucciedoeamensckuti UHCIUMYm Memponocuu
um. JI.A. Menoeoeesa, 190005, Poccus,
Canxm-Ilemep0ype, Mockosckuii np., 19

Hayuonansuwii uccnedosamenscxuil ynusepcumem UTMO,
Poccus, 197101, Canxm-Ilemepbype, Kponeepxckuii np., 49

B Poccun k 0060 ocTpoit mpodiieMe B 00J1aCTH OXPaHbl OKPYKAOIICH
Cpeibl OTHOCHTCSI TpoOJiieMa KauecTBa aTMOc(epHOro Bo3ayxa, KOTOpoe
OIIpeJIeNIsieTCs B TIEPBYIO ouepeib BHIOPOCAMHU MPOMBIIUICHHBIX MPEIPHs-
Trid. [ly1s1 pereHus 3Toi mpo0ieMbl Ha 3aKOHOJAaTEIEHOM yPOBHE OBLIH IPH-
HSATBI PsIl HOPMATUBHO-IIPABOBBIX aKTOB, NPETyCMaTPUBAIOIINX OCHAIICHHE
CTaIOHAPHBIX KICTOYHUKOB 3arpsi3HEHNH, OKa3bIBAIOIINX 0CO00 HEraTHBHOE
BO3/ICHCTBHE Ha OKPYIKAIOIIYIO CPELy, aBTOMAaTHUECKUMH U3MEPHUTEIbHBIMA
cucreMamu. [Ipy MCONB30BaHUM HETIPEPHIBHBIX M3MEPEHHH CO/AEpKaHUs
3arps3HSIONINX BEIIECTB B MPOMBIIIICHHBIX BHIOpPOCAaX B aBTOMaTH4YECKOM
PEKUME TIOBBIIIAETCS ONIEPATHBHOCTH MOTYYEHHS TIEPBUIHBIX JAHHBIX, UC-
KITFOYAIOTCS OIIMOKH, CBA3aHHBIE C YETIOBEUYECKIM (DAKTOPOM, 1 OBBIIIACTCS
WH(POPMATHBHOCTh U TOYHOCTH KOHTPOIIS YPOBHS BBIOPOCOB. D PEKTHB-
HOCTh NIPUMEHEHHUS TaKUX CHCTEM B IIEPBYIO OYepeb ONpeAeseTcs JOCTO-
BEPHOCTHIO U TOYHOCTBHIO M3MEPHUTEIBHON HHGOPMAIIUK O COACPIKAHUM 3a-
IPA3HSIONINX BeulecTs. Jliist perieHus 3Toi 3a1aun HeoOXoquMa pa3padboTka
KOMIIJIEKCa METOJIOB U CPEICTB METPOJIOTHYECKOT0 00ecIiedeH st u3MEpEeHUH
C TMIOMOIIBI0 aBTOMAaTHYECKUX U3MEPUTENIBHBIX CUCTEM.

JlocTOBEpPHOCTH PE3yIbTaTOB U3MEPEHUN COAEPIKAHUs 3arpsi3HIIOINX
BEIIECTB B IIPOMBIIUICHHBIX BbIOpocax ¢ nmomomnipio AVC, obecnieunBaeTcs
COOJIFOJIEHUEM CIICAYIOMUX TpeOoBaHuii [1]:

— K W3MEPEHHUIO MPOMBIIUIEHHBIX COPOCOB M BBIOPOCOB MOTYT JIOITY-
mieHsl Toapko AVIC, mpomeniye npomeaypy UCTBITAHHH B aKKPEeIUTOBAH-
HBIX Ta00paTOPHSIX;

— NPUHIMIIBI PaOOTHI, KOHCTPYKIIMOHHOE M TEXHHYECKOE HCIIOIHEHHE
AWC nomxHbI COOTBETCTBOBATH COBPEMEHHOMY YPOBHIO TEXHUIECKOTO MPO-
rpecca;
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— ANC nomkHa COOTBETCTBOBAaTh TPEOOBAaHHSAM, YCTAHOBJICHHBIMH B
HOPMAaTHBHO-TIPaBOBBIX JOKyMEHTaX M0 TpeOoBaHMUAM M puMeHeHnto AVC
JUT KOHTPOJISI BEIOPOCOB;

— pe3ynbTaThl U3MEPEHH KOHTPOIUPYEMBIX BEIIECTB B ITPOMBIIUICH-
HBIX BBIOPOCAX JOJDKHBI MPOCIEKHUBATHCS K HAIIMOHAIBHBIM 3TAJIOHAM (11
ra30BbIX KOMIIOHEHTOB MPOMBIIUIEHHBIX BBIOPOCOB — K drtasoHy [OT
154 [2]);

— JIOJIKEH OCYILECTBISAThCA MOCTOSHHBIA MOHUTOPUHI KauyecTBa U3Me-
penuiit AVIC no npoueaypam, yCTAaHOBJIEHHBIM B HOPMAaTUBHO-TEXHUYECKOU
JOKyMEHTAINH (CTaHAapTaX ¥ METOIUKaX U3MEPEHHUH 1 OBEPKH)

Mertposornyeckne XapakTepUCTHKH aBTOMAaTHYECKUX M3MEPUTEIBHBIX
CHCTEM JUTSI KOHTPOJISI BBIOPOCOB YCTAHABIMBAIOTCS B XO/1€ UCTIBITAHHUH B I1e-
JSIX YTBEPKAEHHS THIA, KaK 3TO TpeOyeT 3aKOHOJAaTEeNLCTBO MO obecrede-
HUIO eIMHCTBa u3MepeHuil. [Ipu 3Tom, npouenypbl UCIBITAHUIN TOJIKHBI CO-
OTBETCTBOBATH CIIEIYIONIIUM IIPHHIUIAM [2]:

— NIPOBEICHNE UCTIBITAaHNI Ha pealbHbIX Ia30BBIX CMECAX, MO0 Ha ra-
30BBIX CMECSX JOCTAaTOYHO MOJHO MX MMUTUPYIOIINX;

— MPOBENICHUE UCTBITAHUH CHUCTEM C NMPOOOOTOOPHBIMU CHUCTEMaMH B
KOMIIJIEKTE ra30aHaIN3aTOPOM:

— MPOBEJICHUE MCIBITAHUH C UCIONb30BaHUEM TEXHUUYECKHX CPEJICTB,
00eCIeunBaIONIMX MPOCIIEKUBAEMOCTh PE3yJIbTaTOB M3MEPEHHH K Haluo-
HaJbHBIM 3TaJIOHAM.

C nenbto peanuzanuu 3Tux nonoxenuit Bo BHUUM um. I.1. Menne-
neeBa ObLT pa3paboTaH M aTTECTOBaH B KAUECTBE BTOPUYHOIO 3TAJIOHA Ta-
30CMECHTENBHO-aHATUTHYECKUH CTEH/ ATl TPOBEACHUS UCTIBITAHUH B LIETISX
YTBEPXK/ICHHS THUIIA ABTOMATHUECKUX M3MEPUTENBHBIX CHCTEM IS ONpene-
JICHUS COJIEP KaHHS 3aTrPSI3HAIONINX BEIIECTB B MPOMBIIUICHHBIX BHIOpOCaX.
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Assessment of environmental risks of metallurgical
production unit

M.A. Maksimova, L.I. Belykh

Irkutsk National Research Technical University,
664074, Irkutsk, 83 Lermontova str.

The aim of the work is to assess the environmental risks of the metallur-
gical production unit on the example of the foundry shop of the steel melting
enterprise OO0 "Production Company" (Irkutsk).

Technological processes of casting production are characterized by a
large number of operations that have a significant negative impact on the en-
vironment.

The object of the research is a subdivision of a heavy industry enterprise
engaged in the production of steel and iron products of wide
application.

To achieve the goal, the following tasks were solved:

— analysis of the regulatory framework and modern requirements for the
environmental risk management system;

— making of a register of environmental negative factors of the foundry
shop with ranking of consequences;

— consideration of the technological process of steelmaking to assess the
likelihood of events having adverse consequences for the environment and
public health.

Three possible scenarios of the most adverse events were calculated:

1) wastewater discharges (Ushakovka river);

2) emissions of pollutants into the atmosphere caused by an accident in
an electric arc furnace;

3) negative impact on soils;

The main results of the work were:

— qualitative and quantitative assessment of environmental risks was
given;

— it was shown that the most severe consequences for human health and
the ecosystem would occur in case of a global fire in the foundry with imme-
diate manifestations. In the case of an emergency situation with leaks and
spills of waste water — the time of manifestation will be remote;

— measures to reduce the negative impact on the environment and opti-
mization of environmental risk management are proposed.
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Monitoring of carcinogenic risk factors for public
health (The Irkutsk region as an example)

L.1. Belykh, M.A. Maksimova

Irkutsk National Research Technical University,
664074, Irkutsk, 83 Lermontova str.

Many regions of Russia and especially of the Siberian Federal District
belong to the territories with unfavorable ecological situation. These regions
are characterized by increased morbidity of the population caused by the im-
pact of industrial, transport, and agricultural infrastructure (fuel and energy
complex, petrochemical, aluminum production, forestry, etc.). Carcinogenic
factors of chemical (polycyclic aromatic hydrocarbons, chlorine and nitro-
gen-containing organic substances, heavy metals etc.), physical (radioactive
radiation), biological (biological oncogenes) nature are the most dangerous
factors. This leads to an increased number of oncological diseases, ranking
second after cardiovascular diseases.

The paper presents the analysis of the condition of monitoring, control
and prognosis of the carcinogenic factors in the environmental objects and
their role in the oncological morbidity of the population on the example of
the Irkutsk region cities. It shows that assessment of carcinogenic risks for
public health requires the creation of a comprehensive methodological sup-
port to determine oncogenes in all components of the system "pollution
source — environment object — person”.

Priority tasks in achieving this goal are singled out:

— development of methodological support for monitoring and control of
carcinogenic chemical, physical and biological factors;

— creating a database of methodological support for anthropogenic, hy-
gienic and natural risks of carcinogenic factors for the health of the popula-
tion and ecosystems in the region;

— establishment of carcinogenic pollution zones (environmental zoning)
of environmental objects with respect to the regional background and hy-
gienic standards;

— estimating anthropogenic carcinogenic load from industrial and agrar-
ian pollution sources;

—search for measures and ways to reduce carcinogenic risks for the
health of the population of the Irkutsk region and other regions.
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UMUTalMOHHAA UTPa KaK CPEeACTBO 06yYEeHUs
TpeGOBaHMUSM 6€30MaCHOCTH TPyAa

b.B. CeBactbsiHoB, P.O. Hlaapun, A.B. lllanamosa, H.B. Centonuna

DI'BOY BO «Hoicesckuil 20cy0apCcmeeH bl MexHUYeCKUll yHugepcumen
umernu M.T. Kanawnuxosay, 2. Moicesck

CoBpeMeHHBIH YPOBEHb Pa3BUTHS ICHXOJIOTO-TIEAATOTMIECKUX HAYK
MpeanoaraeT uX HHTETPaIuio B 00pa30BaTeNbHYIO 00IAaCTh «Oe30IacHOCTh
KHU3HEACATEIBHOCTH». [ yMaHM3alMs TEXHUYECKOro 00pa3oBaHMs MO3BO-
JIAET paClIMPUTL BO3MOKHOCTU HMCIIOJIB30BaHUA COBPEMCHHLIX M€aarorudye-
CKHUX TEXHOJIOTHH B Tpoliecce 00y4eHHs MaruCcTpoB HampaBleHUs «YTpaB-
JIeHne TeXHOC(epHoil Oe3omacHOCTHI0». COOTBETCTBEHHO, LENBI0 PabOTHI
sIBIIsieTCsl 000CHOBaHUE S((GEKTHBHOCTH HCIIOIB30BAHUS HWMHTAIIMOHHBIX
urp JUId 00y4eHHs MarucTpoB TpeOOBaHMSAM Oe3omacHOCTH Tpyna. B xome
HCCIeIOBaHMS OBIIM PEIICHBI CIEIYIONINEe 3aJadl: PACCMOTPEHBI MOIXO0bI
K 00y4YEeHHIO MarucTpoB TpeOOBAaHMAM OE30MACHOCTH TPYJa, PACCMOTPEHBI
BO3MO)KHOCTH HCIIOJIb30BAHUSI HIMUTAIIMOHHBIX UIP IJIs1 00y4eHHs: TpeOoBa-
HUSIM 0€30ITaCHOCTH TPYAA; MPOAHATU3UPOBAHBI PE3yIBTATH 00yUEHHS Tpe-
00BaHMAM OXPaHBI TPY/Ia C TOMOIIBIO HIMUTAIIMOHHBIX UTp. B pe3ynpTare nc-
CJICIOBaHUA ObLTH CICJIaHbl BBIBOABI O TOM, YTO UMHUTAIMOHHBIC UTPBI ITIOBBI-
maroT 3G (eKTHBHOCTh 00y4eHHsT TPeOOBAHUSIM OXpaHbl TPy/Aa U MOTHBU-
PYIOT MarucTpoB Ha OoJjiee riry0oKoe MOrpy>KEeHUE B TIPEIMETHYIO 00J1acTh.

B03M0OXXHOCT, MMHTHPOBATh B IPOILIECCE MIPHI PEAbHYIO pabodyro
cpeay MO3BOJIAET OyayIIeMy CIEHUAIUCTY 0 OXpaHe TPy/a MOrPy3UThCS B
MpoeCCHOHANBHYIO JAEATEIbHOCT, IMONPOOOBAaTh BBHINOJHUTL paboumii
(YHKIIMOHAT PYKOBOJIMTENEH pa3sHOTO ypPOBHs OTIEJia OXpaHbl Tpy/a, U3y-
YUTh HOPMAaTHBHBIE JIOKYMEHTBI, MOHSTH, KaK (YHKIHOHHPYET CHCTeMa
YIIpaBJICHUS] OXpaHOH Tpy/Aa Ha NMpeInpusTui. crnoap30BaHne MMUTAIOH-
HBIX UTP Kak crocoba oOydeHus TpeOOBaHUAM OXPAaHBI TPYa SBISACTCS Me-
TOJIOM TIOJTy9EHHSI MarucTpaMy Ha4aJbHOTO OIBITa ITPOU3BOACTBEHHOM JesI-
TENBHOCTH. 3HAKOMCTBO C PabOTOi OTAeIa OXpaHbl TPYAa B XOJI€ UTPHI 00-
JIET4aeT MpOLEce aJanTalluy MOJIOZIOT0 CIENHANICTa Ha pabodeM MeCTe.

B nporiecce peanuzanuy UMUTAIIMOHHOW UTPOBOM JEATEIBHOCTH ObLITA
MOTy4€Ha LieJiasi MPorpaMma, KOTopasi MOKET OBITh C KOPPEKLMAMHU BHEA-
peHa B peallbHOE MPOM3BOJICTBO, IIOTOMY YTO MPOrpaMma CO3/1aBaliach M0/
PYKOBOZCTBOM OY€Hb OIBITHOTO IIPEToJIaBaTelisi 3KcnepTa-npakTuka. Coor-
BETCTBEHHO, MarvCTPhI TIOJIyYHIIN HaBBIKH, HEOOX0ANMBIE 1Sl pabOTHI B OT-
Jieslax OXpaHbl TPyJa, C YYeTOM EBPOIEHCKOH NMpPakTHKU U €BpPONEeHCKOro
omnbITa. IMEHHO 3THM 1IEHHA 3Ta MMHUTalMOHHas urpa [1-3].

ITo uroram npopabOTKH BCEX «30JIOTHIX MPABHI» B X0/ UMHUTAIMOH-
HOMW UIPBI MOXKHO TIOJTyYUTh HA0Op IPOOIeM KOHKPETHOTO MPEANIPHUATHS, HA
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puMepe paboTHI KOTOPOTO IMPOBOAMIIACE UTPa, H pa3paboTaHHBIN MPUMEHH-
TENBHO K 3TUM Tpo0IeMaM IUIaH, KOTOPBIH MOXHO Peaan30BaTh B KOHKPET-
HBIE YCTaHOBIICHHBIE CPOKH. BBIABICHHBIE MPOOIEMBI OBUIH IPOPAHKUPO-
BaHBI 110 KPUTEPHUAM BaXHOCTH M CPOYHOCTH. B pe3ynbpTare paHKHUpOBaHUSA
MarucTpaMu OBIJI COCTABJICH IUIaH PeaIn3allii TOCTABICHHBIX IIEIeH.

B mepcrniekTBe BO3MOXHO HMHTEPAKTUBHOE Pa3BUTHE HTPOBOM Mpak-
THKU B 00JIaCTH aHAJIM3a BBITOJHCHHS TPEOOBaHMIA OXpaHbl TPyJda COTPY-
HUKaMU TPEANPHUITHS. ITa NEATSILHOCTH JOJKHA OBITH HAalpaBJicHAa Ha CO-
3aHUe HaO0opa MoJeNell KOMIIETCHIIMN Il COTPYIHUKOB MPEANPHUITHS, B
3TOM Habope OYAyT 0TOOpaKaThCs KOMIICTECHIIHH JIISI KOHKPETHBIX JTOJKHO-
CTei, a TaKkKe He0OXOAUMBIA YPOBEHb KOMIICTESHITHI IS YCIISIITHOT'O BBITION-
HeHUs (PyHKIIMOHANIA JaHHOW JOJDKHOCTH. MoryT OBITH pa3paboTaHBI MaT-
PUIIBI KOMITETEHIINH TIepCOHAla, KOTOPBIX OYIYT YKa3aHbl YPOBHH Pa3BUTHS
KOMIETEHITNH 1 UX TOBEACHYECKHE HHIUKATOPEI.

Hcnonp30BaHne UTPOBBIX TEXHOIOTHUH OOyUEHHS HEM3MEHHO BEBICOKO
OILICHUBAETCs pabOTOJATEISIMH U CTICIIHATUCTAMH 110 OXpaHe TPy/aa.

Hccneoosanue epinoanero npu punarcosoti noooepoicke Ul TY umenu
M.T. Karawnukoea 8 pamxax nayurnozo npoekma Ne [IIPO/20-86-11.
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®UTOMANHUHT KaK TeXHOJIOTUS peBUTaAJIN3allUH
OTpaGOTaHHle OTBAJIOB IIPpHU Apamnoﬁ ,Z[Oﬁbl‘-le 30JI10Ta

C.C. Tumodeena, 11.B. [Ipo3nosa

Hprymckuii HayuoHabHbLIL UCCAE008AMENbCKUTE MEeXHUYECKUL
yHugepcumem, 664074, 2. Upxymck, yi. Jlepmonmosa, 83

B Hacrosimiee Bpemsi COXpaHSETCsI MOTPEOHOCTh B COBEPIICHCTBOBAHHU
TEXHOJIOTUH M3BJICYEHHS 30JI0Ta KaK U3 PyA, TaK U MECTOPOKICHUH CaMOPO[-
HOTO 30JI0Ta MOCKOJIBKY B JINTEPAType KOHCTATHPYETCs (PaKT CHIKEHHS T00BIYH
30JI0Ta KaKk HEBO30OHOBIsIeMOro pecypca. [Ipu npaxHoit JoOBIYHM 30510Ta MHK-
PpOYaCTHIIBI 30JI0Ta OKA3bIBAIOTCS B OTBAJIAX U HY)KHA TEXHOJIOTHSI, TIO3BOJISIO-
mast 3¢ QEeKTUBHO M3BJIEKATh 30J10Ta U3 OTBAJIOB. TaKoil TEXHOJIOTHEH C TOUKH
3pEHHS ABTOPOB MOTYT OBITH TEXHOJIOTUH OHOJ00BIYN MUHEPAJIOB U MHHOBALIY-
OHHBIE TEXHOJIOTHH (puTOMalHMHTA TSl TOU3BIIeUeHHS 0TX010B. [lox dhuromaii-
HHUHTOM TIOHUMAIOT MCTIONIb30BaHNE PACTEHHUH I KOMMEPYECKOH JOOBIUH LIeH-
HBIX METAJJIOB M3 MT0YB W CTOYHBIX BOZ XBOCTXpaHWMIL. [Iyist ¢pruToMaliHUHTa
WCTIONB3YIOTCS HA3EMHBIC YaCTH PACTCHUH TMIIEPAKKyMYJIATOPOB, U3 KOTOPBIX
TIOCPEACTBOM O30JICHHS BBLIEIAIOTCS NOOBIBacMbIC MeTauibl. Llenbro HacTos-
el paboTHI SIBISIIACH OTPAOOTKA TEXHOIOTHH (PUTOMAHIHTA TPUMEHHUTEIIHHO
K CeBEpHBIM TeppHTOpusiM bomalibuHCKOro paiioH, rje JoObda cCaMOpOJHOTO
30510Ta Benetcst yike 6one 150 ner [1-5].

Ha mepBom 3tare nccnenoBaHuii HaMH BBITIOJTHEH aHATU3 3apyOeKHOM
HayY4HOU JIUTEPaTYpPbl IO COCTABJICHUIO NEPEYHS PACTECHUI-THIIEPaKKyMYJIsi-
TOpPOB 30J10Ta. B pe3ynbraTe OblIM YCTaHOBJIEHBI HECKOJIBKO BHOB, CIIOCO0-
HBIX HaKaruIMBaTh 30JI0TO B OOJIBIIOM KOJMYECTBE. Y CTAHOBIICHO, YTO aKKYy-
MYJIMPOBAaTh 30JI0TO MO>KHO C ITOMOIIBIO BOJOPOCIIEH TaKHX KaK XJIOpeia
(Chlorella vulgaris); dykyc my3sipuatsriii (Fucus vesiculosus), sxmnonus kaBa
(Ecklonia cava), 6ypas Bogopocis Cystoseira baccata u npyrue. Pe3ynbrars
HaKOIUIEHHS 30J10Ta HEKOTOPBIMHU BOJOPOCIISIMHY IIPEICTABIEHBI B Tabimie 1.

Ta6muna 1. KoHueHTpaluy BOCCTaHOBICHHOTO 30J10Ta, HOIyYEHHOTO METOJOM OHO-
AKKyMYJIUPOBAaHUS

JlaTnHCcKOe Ha3BaHMe BOIOPOCJIH IoTeHunan 6MOAKKYMYJISIUH, MI/T
Rhizoclonium hieroglyphicum 3,28
Lyngbya majuscule 1,93
Spirulina subsalsa 1,73

CrocoOHOCTh aKKYMYJIHPOBATH 30JI0Ta BBISIBJICHA Y CIACAYIOLIUX HA3eM-
HBIX pacTeHHH: anokasus KpymHokopHeBuinHas (Alocasia macrorrhizos), B
ctebe HakarumBaeTcs 10 89 % 3070Ta, B JIUCTHIX 10 65 %; pe3yXOBHIKY
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(pesymiky) Tans (Arabidopsis thaliana) makarmusaer 1o 15 % 3050Ta B KOp-
HSIX, OCTaJIbHOE KOHLCHTPHpYeTCs B moOerax, 3 BUIOB MPAHCKHX JIFOLEPH
(Nikshahri, Hamedani u Yazdi).

INpornecc u3BIeYEHHS 30J10Ta HHTCHCH(DUIUPYETCsl B IPUCYTCTBUH Xe-
nmaTooOpasoBaTenei, Hanbonee 3h(HEeKTUBHBIMU THIIEPAKKYMYIISITOPAMH SIB-
JISIFOTCSI TOPYHILIA CapericKasi, peibKa II0CeBHast, MOPKOBb JIMKasl, KJIEBEp MOJI-
3y4uii, COpro ajulerckoe, MOACOTHEYHUK OJIHOJIETHHH, KyKypy3a, Tabak.
[IpumennTensHo k ycnoBusim KpaiiHero cesepa bonmaiibmnckoro paiiona
HaMHM TIPEJIOKEHO HMCIONb30BaTh B KayeCTBE THUIEPAKKYMYJIATOpa 30JI0Ta
TEXHUYECKYI0 KOHOILTIO HEMOCPEACTBEHHO BBICA)KMBAs €€ Ha OTBalaX, a
TaKKe BOAHBIC PACTEHUS] — XapOBBIE BOJOPOCIH U AIIOJCI0 KaHaJCKyro. B
TabJI. 2 MPUBEICHBI Pe3yNIbTAaThl HCIBITAHUH M0 HAKOIUICHHUIO METAJIOB, B
TOM YHCII€ 30JI0Ta U3 BOIHON CPE/IBL.

Ta6auna 2. KoahdumueHTbl HaKOTUICHUS] METAJIIOB BOJHBIMH PACTCHUSIMU

MeTaiLi K03(l)il)l/lllneHT HaKOl‘lJ‘leﬂﬂfi
Jsoneei xapoii
o 280 320
LUHK 500 410
CBHUHEI] 800 680
30JI0TO 630 810
cepedpo 510 620

Takxum 06pa3zom, yCTaHOBIIEHO, UTO 1 ra 3apocie 31moien KaHaIcKoi Mo-
JKET M3BJICKaTh U3 CTOYHBIX BOJ B CyTKH (T): cBuHIla — 202, mean — 89,
nuaka — 10, 30mota — 296, cepebpa — 210. BricaxkuBasi TEXHUUECKYIO KO-
HOILIIO Ha OTBajaX, MOKHO JOIIOJIHMTENILHO M3BJIEKATh 30J10TO B BUIE OHO-
pynsl. PaccmatuprBaeMasi TeXHOJIOTHS TIEPCIICKTUBHA U TPEOYeTCs POBEIC-
HUE OTBITHO-IIPOMBIIIJICHHBIX UCTIBITAHUH.
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MeaMIUHCKHE 0TX0bl KAK UCTOYHUK 3arpAa3HeHHuA
AHTUOMOTHKAMHU BOJAHBIX 00'bEKTOB

C.C. Tumodeesal, I .M. Bonuenkopa'?

! Upxymexuii nayuonanoholii ucciedo6amensekuii mexnudeckuti
yHusepcumem, 664074, 2. Upkymck, ya. Jlepmonmosa, 83
2 Bocmouno-Cubupckuil uHcmumym MeouKo-9K0102UHECKUX UCCACO0BaAHUL
CO PAH, 665826, 2. Aneapck, ya. 124 mukpopatiion, 3a

B coBpeMeHHBIX yCIOBHSIX, KOTJIa Ha IJIaHETE PACIPOCTPAHACTCS U HE
maauT MUUIMOHBI Jitoged Bupyc SARS-CoV-2, pe3ko Bo3pacraer Konuye-
CTBO MECIUIIMHCKHX OTXOJ0B. ITonsiTue CMCOUIIMHCKHE OTXOAbD» BKIIKOYACT B
ce0st Mo0BIe 0TX0IbI, 00PA3YIOIIHECs B pe3yJIbTATE NCATSIEHOCTH MEIUIIH-
CKUX YUPESKICHUN W JIE4eOHO-TIPOPIITAKTHICCKUX MEPOIPHUATHIA, TPOBO-
JTUMBIX HaceIeHUeM (TIOTHOCTHIO HITH YaCTHYHO COCTOSIIINE U3 TKAaHEeH Jelno-
BEKa WM XUBOTHBIX, KPOBH WM APYTUX KHUIKOCTEH Tela, SKCKPEMEHTOB,
(hapManeBTHYECKIX TpenapaToB, OMHTOB, TIPEAMETOB MEAUIIMHCKOTO yX0/aa
u 7ap.).

MenuiHCKIe OTXOBI B OONBIIMHCTBE CTPAaH MHUpA JaBHO OTHOCST K
KaTeropuu 0co00 OMacHBIX 0TX00B. [IpoGiiemMa 3aKIrto9aeTcs B TOM, 4TO KO-
JIMYECTBO MECAUITMHCKHUX OTXOJ0OB UMECT CTa6I/I.HI)HyIO TEHACHIIUIO K UHTCH-
CHUBHOMY POCTY, 0COOEHHO B HACTOsIee BpeMs B CBSI3M C MaHaeMueil. Me-
JAOUHCKHUE OTXOABI ABJIAIOTCA OCHOBHBIM MCTOYHHUKOM ITOCTYIUICHUA BPEI-
HBIX XUMHYECKUX, XUMHKO-OHOIOTHUECKUX ¥ ONOJIOTUYECKUX JJIEMEHTOB B
OKPYKAIONLYIO Cpeay. DTO MPEXkK/Ie BCEro JEKapCTBEHHbIE CPEJCTBA U XUMH-
KaTbl — TBEP/bIE, KUJIKNE XUMHKATHI; JIE3MH(UIMPYIOIIUE CPEJICTBA; TOK-
CHUYCCKHC BEIICCTBA; IPOCPOUYCHHBIC WiIH (pambcHQUIIUPOBAHHEIC JIEKap-
CTBEHHBIE CPEJICTBA; IMTOTOKCUHEL. B GonpmmucTBe JIITY oTcyTcTBYeT Op-
TaHW30BaHHAs CHCTeMa cOOpa, XpaHCHUS U TPAHCIIOPTHUPOBKHU W YIAAJICHUS
OCTaTKOB JICKAPCTBEHHBIX IIPETapaToB, KaK IMPaBHIIO UX CIMBAIOT B 00IIET0-
POICKYIO crucTeMy BomooTBenerHus [1-3].

Lenpro HAacTOAMICH pabOTHI ABISUICS cOOp W aHANN3 WH(GOPMAIHH IO
meauHckuM otxoaam B JITTY Baiikanbckoro pernoHa kak MCTOYHUKOB T10-
CTYIUIEHUS B BOJHBIC OOBEKTH aHTUOMOTHKOB. OOBEKTaMH HCCIECIOBAHUS
apisinuck JIITY 1. UpkyTcka u cripaBodHast HHQOPMAIIHS [0 KOJTUYECTBY aH-
TUOMOTHKOB, MTPOXOJAIINX Yepe3 anTeKapcKylo ceTh r. MpkyTcka, Kommue-
CTBY IALIUEHTOB, Npoxoadmux yepes JIITY.

CrouHBIE BOJBI JICUEOHBIX YUPEKACHUH HE MMOJIBEPraloTCcs KaKoi-moo
00paboTKe Ha JTOKATHHBIX OYUCTHBIX COOPYKCHUS, B HUX OBLTH 00HAPYKEHBI
cienpl 14 aHTHOMOTHKOB, B TOM YHCIIE CYTb(haHHIAMHIOB, TCTPAIIMKINHOB,
(TOPXUHOJIOHOB, MaKpPOIHUAOB, IedalleKCHHa, JIMHKOMHIIMHA U TPHMETO-
mpuma. [Ipp  3TOM Ha  OYHCTHBIX  COOPYXCHHAX  yHaJCHUS
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aHTHOMOTHKOB HE MpoucxoauT. OHM TPAH3UTOB IPOXOAAT W MOCTYHAIOT B
BOs0eMBbl. HanmmMmu uccieoBaHusIME YCTaHOBJICHO, YTO B HACTOSIIIEE BPEMs
B yCIOBHAX maHaeMuu B cpegHeM B JIITY obpamaercs 1o 1 xr papmaneBTu-
YecKHX Mpenapatos, npu ycBoeHnn ux Ha 30-40 %, HemocpeICcTBEHHO B
OOJIbHIYHBIE CTOKH C IPOAYKTAMH )KU3HEISSTENbHOCTH Oy/IeT MOCTYaTh Ha
OYHUCTHBIEC coopykeHus ropoaa 10 300-400 rpamm dapMaIieBTUISCKHX Mpe-
naparoB. COrjacHO MPUHITOW KJIACCU(HKAIMK PUCKH 1T0 HHAEKCY OIacHO-
ctu (HQ) sBistoTCS Cliey0IUMHI: YPOBEHb PHCKa MHHHUMAITBHBIHN, eciin HQ
<0,1; ypoBens pucka Huzkui, ecm HQ = 0,1-1,0; ypoBeHb pucka cpeaHuid,
€CIH HQ =1,0-5,0; YpOBEHb pHcka BBICOKHH, eciu
HQ =5,0-10,0 u ypoBeHb pricka Upe3BBIYaifHO BEICOKHH, ecit HQ > 10,0. B
Tabnuie 1 mpuBeneHbl 3HaYSHUS] MHIEKCOB ONACHOCTH, PACCUNTAHHBIC HA
HOPMAaTHBHOE NOTpeOIeHNE MUTHEBON BOJBI MMPOAYKTOB IPH MUHUMAIIEHBIX
1 MaKCUMAJIbHBIX KOHLEHTPAMAX aHTHOMOTHKOB.

Ta6muna 1. [IporHo3HOe 3HaYCHHE MHJAEKCAa OMACHOCTH IPH YHOTPEOJICHUH BOJBI
JUISL INTBEBBIX 1IEJIeH, 3arpsA3HEHHbIX aHTHOUOTHKAMHU

Hccaenyemplii 00pazen
Boaa nurbeBast us...

IIporuo3Hoe 3HayeHHe
HHAEKCAa ONACHOCTH 10
MHHHMAJIbHOI KOHIIEH-

IIporxo3Hoe 3HaYeHHE
HHAEKCAa ONACHOCTH 10
MAaKCHMAJbLHOH KOHIIeH-

Tpanuu Tpauuu
POAHUKOB 0,9 52
Amnrapsl HIKe cOpoca cTou-
P P 0,1 15
HBIX BOJI

[IporHo3Has olLieHKa 3KOJIOTMYECKUX PUCKOB JUIsl HACETIEHUS HA OCHOBE
pacdeTa MHAEKCA ONMACHOCTU MOKa3aia, YTO PUCKU OTHOCATCS K KaTeropuu
CpeIHHX M HU3KUX. UKo pob ¢ BRIABICHHBIM HATMYHEM aHTHOHMOTHKOB OT
00I1Ier0 KOJUYECTB UCCiIeAoBaHHbIX cocTaBisieT 0,2—2,5 %, 4uro yka3siBaeT
Ha CEPhE3HOCTH MPOOJIEMBI SKOJIOTUYECKUX PUCKOB [T HaceneHus balikasib-
CKOT'0 PErHOHA U HEOOXOUMO MPOIOKUTH MCCIICAOBAHIS YKE B HAIIPaBJIe-
HUU 3arpsi3HEHUS BOJIOEMOB MEIUIIMHCKUMH OTXOJIaMH.
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IIpodeccroHabHbIE PUCKH HA 00'bEKTAX
HedTeraszogo06b19v UpKyTCKOM 06/1aCTH

C.C. Tumodeena, H.A. TTorosa

Hprymckuii HayuoHabHbLIL UCCAE008AMENbCKUTE MEeXHUYECKUL
yHusepcumem, 664074, 2. Upkymck, ya. Jlepmonmosa, 83

Puck-opueHTHpOBaHHBII OAX0, BHEAPSAEMBIN B HACTOSILIEE BPEMS HA
00BeKTax HedTexoObun, mpeanoaaraeT onpeaeIeHne KaTeropuii u Kpure-
pHEB pHCKa, MEPUOANYECKYIO MEPEOIICHKY PHCKa Ha OCHOBE aKTyaJH3HpPO-
BaHHBIX HOPMAaTHBHO-TIPABOBBIX JOKyMEHTOB [1-6].

Lenpio Hacrosmied pabOTHI SIBISETCS aHAIN3 CUCTEMBI YIPAaBICHUS
MIPOQeCCHOHATBHBIX PUCKOB U MEPOIIPUSATHH IO NX MUHUMH3AINH C UCTIONb-
30BaHMEM HOBOBBEJCHUI 1 NHHOBALMOHHBIX PEIICHUH Ha 00beKTax HedTe-
no6srau B UpKyTCcKOi 00IacTH.

B nacrosimee Bpems MpkyTckast 061acTh SBISETCS TUAEPOM MO TEMITaM
pocta 100619n HedpTi. OOBEKTOM HCCIEOBaHMS SBUINCH YCIOBUS TPy/a U
npoecCHOHANbHBIE PUCKH Ha OOBEKTaX HEPTEHOOBIYM IBYX BEIYIIHX
HeTaHBIX KommaHuii B Upkyrckoit obmacti: Upkyrckuit pumman «OO0
«Tl"asmpom Oypenune» (KOBBIKTHHCKOE Ta30KOHAEHCATHOE MECTOPOXKICHUE
— XKuranosckuii paiion) u Upkyrckuii puinan OO0 «PH-Bypenue» (nu-
HeH3MOHHbIH yuyacTok Ne71 JlanunoBckuit Ha paccrosiuuu 530 kM ot c. Ep-
6orauén Karanrckoro paiiona).

B pabote orieHuBaNM PUCKH, HA OCHOBE MaTepUalIOB 00s3aTeNIbHOM 115t
BCEX MPOLEAYPHI CIIEIHANTBEHON OLEHKU YCIIOBHH TPy/Aa, OCHOBHBIX Ipodec-
CH, yUaCTBYIOLIHX B 10OBIYE YIIIEBOIOPOAHOTO ChIphs. Ha paboTHHKOB Oy-
poBbIX yctaHoBok Mpkyrckux ¢ummranos OO0 «I"asnpom 6ypenue» u OO0
«PH-Bypenue» neficTByeT KOMIUIEKC IPON3BOJICTBEHHBIX (aKTOPOB (XUMH-
YecKHe BEIIeCTBa, ITyM, BUOpaIusi, HeOIaronpusITHEIH MUKPOKJIUMAT U p.).
@DaKTOpBI MOTYT U3MEHATHCS B IIMPOKOM /NANA30HE B TEUCHNE CMEHBI U Ya-
CTO MPEBBIIIATH MPEIETHHO JOMYCTUMBIC BETNINHBI.

O0mas orieHKa yCI0BUH Tpya Ha pabOYrX MECTax 3TUX MpodeccHii xa-
paKTepu3yeTCst BpeJHBIM TPETHUM KIIACCOM C PA3HOW CTENEHBIO BPEAHOCTH.
[Ipn oneHKe HEraTUBHOTO BO3JACHCTBHSA OBLIM BBISIBICHBI OCHOBHBIE HCTOY-
HUKH 3arpA3HEHUS: CHIIOBBIE arperaTtsl bY (0ypoBoii ycTaHOBKH), paboTa aB-
TOTpaHCIIOpTa H ﬂOpO)KHOﬁ TCXHUKH, JOU3CIIb-I'CHEpATOpHAas CTaHUUA
ACJIA-100, 351eKTpOCTaHIIUH, CBApOYHbIe paboThI, (akeln, ckiaasl I'CM u
Ap.

OO0001IeHHBIN YpOBEHb 0E30IIaCHOCTH Ha KaXKI0M paboueM MecTe pa-
BEH NPOM3BEIECHHIO BCEX yPOBHEW O€30IIaCHOCTH 110 KaXKJ0oMy (hakTopy mpo-
M3BOJCTBEHHOM CpPeIbl AT OTACIBHO B3s1TOM mpodeccuu [7].
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B pesynbrare pacueToB IOJyYeHBI CpeIHHE 3HAUYCHUS OOOOLICHHBIX
ypoBHEH mpodeccronansHoro prcka st Upkyrekux ¢gumanos OO0 «I a3-
mpom Gyperne» u OO0 «PH-Bypenwne» (pucynok). ITo pesynsraTam mpouns-
BE/ICHHOH OLIEHKH PHCKOB OBUIO BEISBIIEHO, YTO YPOBHH PHCKA HCCIIEYEMBIX
npodeccuii OTHOCATCS K KaTeTOPUSAM BBICOKHX U CPEIHHX.

1

0,5

1 2 3 4 5 6 7 8

000 "Tasnpom bypenune" 000 "PH-bypeHune"

Pucynok. 3Hauenust 0000IIeHHBIX YPOBHEN MPO(ECCHOHANBHOTO PUCKA IS KaX-

Joi npodeccun pu BeJeHUH paboT: 1 — OypHIIBIIUK SKCILTYyaTAI[HOHHOTO U pa3-
BEOYHOTO OypeHHs: CKBaXXUH Ha HE()TH ¥ ra3 IpH OypEeHNH CKBAaXKUH, 2 — TIOMOIII-
HUK OypWIIBIIHKA SKCIUTYaTallMOHHOTO ¥ Pa3BEIOYHOT0 OypeHHUs CKBOKHH Ha HE(PTh
U ra3 npHu OypeHuH CKBaXXHH, 3 — cliecapb 10 00CITyKMBAaHHIO OYPOBBIX yCTAHOBOK
9KCIUTYaTallHOHHOTO U Pa3BeJOYHOr0 OypeHus Ha He(Th U ra3, 4 — 3J1eKTPOMOHTED
110 00CITyKMBaHHIO OYPOBBIX YCTaHOBOK SKCILTyaTalJMOHHOTO U Pa3BeIOYHOTO Oype-
HUS HAa He(Th U ra3, 5 — BBIIIKOMOHTAXHHUK, 6 — MacTep OypoBoii, 7 — cymepBaii-

3ep, 8§ — MOMOIIHHUK MacTepa OypoBOTo

VYCTaHOBNIEHO, YTO HENPUEMIIEMBIMH SBJISIFOTCS HETaTHBHBIC BO3JEH-
CTBHS JBIDKYIIMXCS MAIlMH M MEXaHW3MOB, 00IIast BUOpaIys, 1IIyM, TIOHHU-
YKEHHBIE TEMITEPaTyphl BO31yXa (B 3UMHHI ITEPHO]] BpEMEHH).

JUIi MUHUMH3alMH PUCKOB NPEII0KEHO BHEAPHUTH HA HCCIIEyEMBIX
OypOBBIX yCTaHOBKAaX CHCTEMY YNpPAaBIECHHUS OmacHeIMH 30Hamu «KpacHbie
30oHBl» — «Red zone management», npeaHa3HAYCHHYIO UISI CHIDKCHHS
pHCKa MajieHus IPEIMETOB, KOHTAKTa C JBIDKYIIUMUCS MEXaHH3MaMH, BbI-
COKOT'O JaBJICHUS, BO3ICHCTBUS XUMUKATOB U OypOBOTO PacTBOpa, a TaKkxke
OTpaHUYCHUS MONAJAaHNsI COTPYAHUKOB B OMACHBIE 30HBI C HAHOOJIEe BBICO-
KHM YPOBHEM PHCKa ITOJIy4ESHUsI TPABM U JIETAIBHBIX UCXOIOB.
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Investigation of the effect of pH on manganese (III)
oxide compounds activity in ORR

K.A. Dosaev
Moscow State University, Leninskie Gory, 1-str. 3, Moscow, 119991, Russia

The oxygen reduction reaction (ORR) has attracted the attention of re-
searchers due to the fact that it underlies many technologically important pro-
cesses. However, despite the large volume of research, important fundamen-
tal gaps remain in understanding the key stages of the ORR, which is associ-
ated with a multi-stage reaction and a large number of factors, which effects
on the kinetics. Part of the work was also the study of catalytic reactions for
the hydrogen peroxide oxidation/reduction reactions (HPRR/HPOR) at dif-
ferent pH values, which will help better understanding the processes occur-
ring in ORR.

The objects of study were Mn,Os;, LaMnOs;, MnOOH. Samples were
synthesized and characterized by various methods such as BET, scanning
electron microscopy (SEM) and X-ray power diffraction. This choice of ox-
ides is due to different structural types of compounds, their different catalytic
activity in ORR (activity decreases in the order Mn,Os; > LaMnOs; >
MnOOH), as well as different limiting stages of the oxygen reduction mech-
anism (fig. 1).

2H,0 + 2¢° 20H

o) 1

o—lUln“ 0 o—njn“—o —Fvlm_

S A

o_N n*-0 o_r\,IWrﬁ_o o— n3—o
>3-<
OH H,0+e
Fig. 1. Proposed oxygen reduction mechanism [1]
Polarization curves for the ORR and HPRR/HPOR for LaMnQOs, Mn,03

and for MnOOH oxides and for Sibunit carbon (considering that the latter is
always added to oxides in order to improve the electronic conductivity of
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electrodes) was obtained. It was demonstrated that for carbon RDE voltam-
mograms shift systematically with pH (40 mV/pH). For Mn,O3 and MnOOH
the ORR RDE voltammograms also shift towards higher overpotentials with
the decrease of pH, although the behavior is somewhat different from that
demonstrated by carbon. Theoretical analysis [2] of the influence of pH on
the rates of heterogeneous electrocatalytic reactions involving transfer of
electrons and protons indicates that rates of reactions involving simultaneous
electron and proton transfer do not depend on pH, while strong pH depend-
ence suggests separate transfer of a proton and an electron. Thus, experi-
mental data suggest that ORR on carbon likely involves separate steps of an
electron and proton transfer, with an intermediate formation of O%". Similar
reaction steps may occur on the studied Mn oxides. It is interesting to note
that for the HPRR/HPOR, the behavior of Mn,O; and MnOOH is signifi-
cantly different. For the former, RDE curves are nearly independent on pH
(the only difference related to the pH dependence of the O, diffusion coeffi-
cient). In contrast, for MNOOH there is a strong effect of pH on polarization
curves. The observed difference may be attributed to the fast kinetics of hy-
drogen peroxide reactions on Mn,O3 (the reaction being limited by diffusion)
and slow kinetics of the hydrogen peroxide reactions on MnOOH. Further-
more, considering the above discussion, it is likely that the HPRR/HPOR on
MnOOH also follow pathway involving separate electron and proton transfer.

This work was funded by RFBR according to the research project Ne 20-
33-90160.
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Mn (III) — containing spinels as ORR catalysts in an
alkaline medium
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Moscow State University, Leninskie Gory, 1-str. 3, Moscow, 119991, Russia

Liquid alkaline (AFC) and anion exchange membrane fuel cells
(AEMFC) are among the most promising solutions for converting chemical
energy into electrical one. However, today there are several problems that
prevent their commercialization, one of which is the use of expensive Pt metal
as electrocatalyst for the electrode reactions, in particular at the cathode.
However, it was shown that it is possible to use transition metal oxides in-
stead of Pt as catalysts in the oxygen reduction reaction (ORR) at the cathode
of an AFC or AEMFC. It was previously established that oxides containing
Mn3* in their composition possess high catalytic activity in the reaction of
oxygen reduction in an alkaline medium [1]. However, it has not yet been
established which of the specific characteristics of the oxide (composition,
crystal structure, etc.) determine its catalytic activity in ORR.

Spinels are an interesting subject of research. These compounds have
the formula AB,O4, where B is cation of 3d metal such as manganese. These
compounds are interesting in that by changing cation A it is possible to
change the oxidation state of manganese and to change the distance between
the catalytic centers (which is presumably a descriptor of catalytic activity).
In this case, the crystal structure of these compounds remains the same. Even
though this class of compounds has been actively studied, there are still ques-
tions related to the relationship between the spinel composition and the elec-
trocatalytic activity in ORR.

Spinels of the composition MnzO., MgMn,04, CdMn;04, LiMn,0, were
synthesized and characterized by BET, SEM and powder X-ray diffraction.
The specific surface area of the obtained compounds determined with N, ad-
sorption (within BET approximation) ranged from 16.5 for Mn3O,4 to
39.4 m?/g for CdMn,0,. The BET surface area of MgMn,04 and LiMn,0O,
compounds is equal to 22 and 21 m?/g correspondingly.

The obtained samples were investigated electrochemically (by the meth-
ods of cyclic voltammetry, CV, and by the method of a rotating disk elec-
trode, RDE). Considering that the shape of CVs, and in particular the position
of red-ox peaks (corresponding to Mn®*/Mn** transition) are very sensitive to
the structure of the interface, it is interesting to note that CVs of all spinel
oxides (with the exception of LiMn,0.) are rather similar and resemble the
CV of MnOOH. This may indicate that degradation of the samples occurs
when they are placed in an electrolyte and when a potential is applied. During
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decomposition, a product like MnOOH can be formed on the electrode sur-
face explaining the shape of CVs in the supporting electrolyte. For proving
this observation, we also set up an experiment to study the stability of these
compounds, when, after studying the ORR, the electrode was placed back
into an oxygen-free alkaline solution. It turned out that the shape of the CV
before and after ORR measurements for CdMn,O4 and MnzO4 was signifi-
cantly different, which may indicate the degradation of the oxides. In addi-
tion, for all spinel oxides the charges calculated from CVs were compared
with theoretical ones, the latter estimated from the BET surface area and Mn
cation density in the oxide crystals (nhot shown). It turned out that for LiMn,O4
and MgMn;04, the experimental and the theoretical charge differ signifi-
cantly, which can also be related to the surface degradation (making the sec-
ond and subsequent atomic layers accessible). From the polarization curves
for the reduction of oxygen and hydrogen peroxide, it can be seen that Mn3Os.,
MgMn;04, and CdMn,0. have similar activities, which may also indicate
degradation and that a low-activity degradation product is formed on the sur-
face. The electrical activity of spinels is significantly lower than that of
Mn,0;z and is comparable to that of MNnOOH. To sum up, we can conclude
that, for the spinel class compounds, degradation of samples likely occurs
in 1 M NaOH.

The reported study was funded by RFBR, project number 18-29-12064 mk.
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Study of Elodea canadensis elimination of sodium
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One of the most pressing problems, both for the drainage basin of Lake
Baikal and for the natural waters of the entire country, is pollution with bio-
genic elements (urea, ammonium, nitrates, phosphates, etc.), surfactants (sur-
factants) and often containing detergents Baikal water has a very weak min-
eralization and, accordingly, a low content of biogenic elements [1]. In this
regard, an increase in the concentration of nutrients, surfactants and deter-
gents can initiate the eutrophication of water bodies. The subsequent dying
off of the phytomass, followed by rotting and a sharp decrease in oxygen, has
a negative effect on biota organisms. In recent years, a very high hyperpro-
duction of filamentous algae has been observed on Lake Baikal. This process,
according to a number of researchers, is associated with the intensive devel-
opment of the tourism business on the shores of Lake Baikal and, accord-
ingly, an increase in anthropogenic pressure on the ecosystem of Lake Baikal.
Every year Baikal is visited by about 1.5-2 million tourists, as a result of
which about 780 thousand tons of waste are generated [2]. Every year, the
lake receives about 60 million tons of wastewater from settlements and from
enterprises located on its banks. To predict the situation in a water body with
the accumulation of nutrients, as well as in the development of phytoremedi-
ation measures, information is needed on the interaction of processes in the
plant biogens and surfactants.

Based on the foregoing, the purpose of this communication was to study
the ability of the aquatic plant Elodea canadensis to absorb ammonium nitro-
gen from the aquatic environment and the effect of the anionic surfactant so-
dium dodecyl sulfate (SDS) on this process.

E. canadensis was collected in the Angara River (Irkutsk) in the spring-
autumn period of 2020. Before the experiments, elodea was incubated in la-
boratory conditions for three days at a temperature of 8 °C under intense il-
lumination. In the experiments, a 20 g / | sample of E. canadensis was incu-
bated in the tested solutions of biogenic elements (2-4 mg /| NH4*) and sur-
factants (1 -10°M,1-10%M, 2-10°M, 5 - 10°° M SDS) for 3 days. The
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change in the concentration of these substances under the influence of mac-
rophytes was assessed by a photometric method. The determination of the
mass concentration of ammonia and ammonium ions (with Nessler's reagent)
was carried out according to GD 52.24.486-2009 [3]. The concentration of
surfactants in aqueous media was determined according to 14.1:2:3:4.10-04
[4]. The experimental results were compared with the kinetics of the content
of the studied compounds in the absence in plants, which could change, in
particular, in the natural processes of oxidation by air oxygen or biodegrada-
tion under the influence of microorganisms. Statistical data processing was
performed using the Microsoft Office software package. The experiments
were carried out in 5 independent experiments, 3 replicates in each experi-
ment. The conclusions were made with the probability of an error-free pre-
diction P > 0.95.

When studying the effect of SDS on the dynamics of the elimination of
ammonium nitrogen in E. canadensis, it was shown that in 2 days of the ex-
periment this plant absorbed up to 92 % of ammonium nitrogen (as a percent-
age of the initial).

Experiments have shown the negative effect of SDS on the elimination
of ammonium nitrogen by E. canadensis at its content from 1-10°M. The
absorption of ammonium in the presence of SDS in the indicated concentra-
tion was 51 % (as a percentage of the initial), which is 40 % less than without
the effect of the pollutant. The rest of the surfactant concentrations were
found to be inactive — the kinetics of the ammonium content was comparable
to the intensity of absorption by elodea without the effect of SDS. It was also
shown that E. canadensis reduced the content of SDS in water (at its initial
concentration of 2 mg /1) by 90 % compared to the initial one.

The experimental studies carried out are part of an extensive block of work
on the study of the processes of interaction of aquatic plants with surfactants and
nutrients in their joint presence in aquatic environments. The described prelimi-
nary materials demonstrate the promising nature of E. canadensis as a possible
object for use in phytoremediation technologies for purifying waters with com-
plex pollution — biogenic elements and surfactants.

The work was carried out with the support of a grant competition for
environmental projects En + Group. The studies were carried out using the
Center for Collective Use of the Baikal Museum of the Irkutsk Scientific Cen-
ter (http://ckp-rf.ru/ckp/495988/).
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Modeling of tailing dumps dusting at different
wind speeds
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The results of assessing dusting of technogenic wastes stored in the
Krasnorechensky tailing dump (Primorsky Krai) and the formation of ground
level pollutant concentrations in the nearby residential area are presented. The
problem of tailing dump dusting is quite serious and has been studied by a
number of authors, with a significant scatter of results [1]. To assess the sit-
uation, the models and computer codes were used to calculate the processes
of aerodynamics and pollutants distribution in different environments (POR-
FLOW, AQUA3D, COMSOL, FLUENT, etc.). However, for the conditions
of mining enterprises in the Far Eastern Federal District of Russia this prob-
lem has been insufficiently studied. In this work we used certified methods
and programs on which the sanitary and hygienic assessment is focused. Cal-
culation of tailing dumps dusting was performed according to the methodical
guide for calculation of fugitive source emissions in the building materials
industry (2000) [2]. To calculate the ground level concentrations, the program
UPAPE (Unified Program of air pollution estimation) Ecolog — 4.6 was used
according to MPEE-2017 (Methods of pollutants emission estimation). Mod-
eling was performed using emission values calculated at wind speed not ex-
ceeding in 95 % of cases (U*); at average annual wind speed; at different
variants of dusty material humidity (0-0.5 %; up to 1 %; up to 3 %, up to
5 %; up to 7 %; up to 8 %; up to 9 %,; up to 10 %; > 10 %). The study con-
sidered the elements of hazard class | — Hg, Pb, Zn and As, class Il — Cu,
Ni, Cr (VI1), class 11l — Mn, as well as inorganic dust 2070 % — SiO,. The
geochemical series of surface concentrations in the atmosphere (mg/m?)
within the limits of the tailing dump impact for compounds of heavy metals
and arsenic are as follows: Zn, Mn > Pb > As > Cu > Cr > Ni > Co > Hg >
Mo. It was found that in the nearest residential area from Krasnorechensky
tailing dump the surface concentrations (MPC fr.) of Hg, Zn, As, Cu, Ni, Cr
(V1) for all variants are equal to zero. At the residential area of the Krasnore-
chensky site, it was revealed that the hygienic requirements were exceeded:
for manganese compounds — in 1.07-3.3 times (when the wind speed does
not exceed in 95 % of cases, the humidity of the material — from 0-0.5 % to
8 %), for lead compounds — in 2.35-34.54 times and for inorganic dust —
in 2.56-38.16 times (when the wind speed does not exceed in 95 % of cases,
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humidity — from 0-0.5 % to 10 %). The maximum contribution to the for-
mation of ground level lead concentrations is made by the old tailing dump
facility, for inorganic dust — by the new tailing dump with the wind close to
the northeast. The results of the study indicate that dusting of tailings dump
contributes significantly to pollution of the environment. Zones of increased
technogenic pollution of the air basin and the environment in general are
formed, halos of intensive pollution appear in the area of the tailings dump
and at considerable distances from them, which causes deterioration of the
health of mining settlements population, especially in the areas adjacent to
the tailings dumps. The measures to reduce its negative impact on the eco-
sphere have been developed.

This work was supported by the RFBR [Grant number 20-35-90021];
the State assignment of the Ministry of Science and Higher Education of the
Russian Federation [Grant number: 075-03-2020-121/4]; and the Russian
Scientific Fund [Grant number: 15-17-10016].
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Atmospheric air monitoring in Tomsk city:
current status and proposals
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In all settlements, depending on such factors as: population, area of the
settlement, terrain and degree of industrialization, a certain number of moni-
toring posts are established in accordance with Guidance document
52.04.186-89 [1].

In the city of Tomsk, in accordance with document [1] and State re-
port [2], 7 monitoring posts were established, of which: 1 — urban back-
ground, 4 — industrial, 2 — auto. This set of monitoring posts allows you to
get a general picture of the pollution of the city, tracking the average annual
and maximum single concentrations, since observations are carried out ac-
cording to an incomplete monitoring program. The location of the monitoring
posts is shown in Figure 1.

However, today it is necessary to get a more detailed picture of the air
quality in the city. This will require a denser monitoring network with its
distribution throughout the city or over the main loaded streets. Such network
will not only monitor pollution concentrations, but also detect new sources
that can arise both as a result of man-made activities and as a result of natural
fires.

One embodiment of such network is the use of devices assembled from
a set of inexpensive sensors and calibrated according to a certified one. A
similar approach was used by British colleagues in the work [3]. This option
will allow the installation of an extensive network with a given density of
sensors for monitoring pollution at the level of streets and/or quarters. At the
initial stage, it is possible to limit the control of substances using the optical
method.

Such substances include, for example, particulate particles (PM), the ex-
cessive presence of which leads to various diseases, both the human respira-
tory system and the eyes, as well as the cardiovascular system. In accordance
with [2], the largest values of the average annual concentration of PM in the
city of Tomsk were at post Ne5 and amounted to 0.9 of maximum permissible
concentrations (MPC), and the maximum single concentration of 5 MPC was
recorded at post Nel1. One way to obtain information about the reasons for
the occurrence of values other than the total 0.6 MPC is a such detailed net-
work.

Another way of implementing the obtained data is to analyze the air
along the streets on which traffic jams are observed during peak hours.
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In case of high concentration values, it is possible to make recommendations
aimed at optimizing traffic, tightening the requirements for emission sources,
determining the true sources of pollution.
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Fig. 1. Location of monitoring bbsﬁs

The advantage of such a network is the possibility of modifying the de-
vice used on inexpensive sensors. This can be: improving the power system,
adding new sensors, optimizing the data processing algorithm. This provides
an opportunity for multivariable design of the device and improvement as the
technology develops.
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IlopTaTUBHAsA CTAaHLUA MOHMTOPUHTA
KayecTBa BO3Jyxa
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AHHOTAI A

B pabote mpezncraBieHa (yHKIMOHAJIbHAS CXeMa IMOPTAaTUBHOM CTaH-
LIMM MOHUTOPHMHIA Ka4ecTBa BO3yXa Ha OCHOBE ceHcopa yactui PM2,5 n
PM10 u naTunka n3MepeHus TaBJIeHNs, TEMIIEPATYPhI U BIaYKHOCTH.

BBenenue

Tema 310poBBs YeTOBEKa OYCHB aKTyallbHA B MTOCTIEIHEE BpeMs. DKOJIO-
THS B [IEJIOM, ¥ 9ACTOTA BO3/IyXa B YaCTHOCTH, 0003HAYACTCS MHOTUMH HUC-
CIIeZIOBATEISIMH, KaK (JaKTOp pHCKa U MHOTHX 3a00JI€BaHUH IBIXaTeIbHBIX
myteit [1].

Bonpoc o gucToTe BO3AyXa HE MOSBWICSA B OJUH MOMEHT, BcemupHas
OpraHM3alys 37paBOOXPAHEHHS JAaBHO aKTHBHO CIEIUT 3a 3THM IOKa3are-
JIeM B pa3HbIX PErMOHaxX MJIAHETHI U 10 WX JaHHBIM 10 91 % ro/eii )KUBYT B
30HE, B KOTOpPOU IOKa3aTeNu KayecTBa W YUCTOTHI BO3JyXa 3HAYMTEIHHO
HIKe pekoMeHnoBaHHbIX [2]. [xon E. Bena B cBoeil craThe Tak e Npuxo-
JIUT K 3aKJIFOYEHHIO, YTO DKOJIOTHSI, @ B YACTHOCTH I10Ka3aTellb YaCTOTHI BO3-
Jlyxa, HampsIMylo CBsI3aHBl C OHKOJOTWYECKMMH 3aboieBanusmu [3]. U3
9TOTO MOXKHO CJIeNIaTh BBIBOJ, YTO YHCTOTA M KAUYECTBO BO3IyXa >KU3HEHHO
HEoOX0MMO TIOAIEP)KUBATh Ha BBICOKOM YPOBHE.

@dyHKIMOHABHAS CXEMa YCTPONCTBA, MPEICTABICHHOTO B 3TOi pabore,
HCIOJIB3yeT HEJOPOTHE KOMIIOHEHTHI, KOTOPHIE JIETKO MOYKHO HAaWTH M WC-
ONTB30BaTh. [Ipearonaraercs, 9To 3TO MO3BOJIUT THOOOMY JKeraromeMy Oec-
MPEISATCTBEHHO COOpaTh e€.

3amaua mporeccopa B IpeicTaBiIeHHON cxeme (puc. 1) — obOpabaThl-
BaTh MH(POPMAIIHIO, OJTYUEHHYIO OT AaT4MKa U CEHCOPA, U IiepeIaBath e€ 1o
Wi-Fi. Tak jke cTOUT OTMETUTB, YTO B ITOM CJIyYae Jydiie OpaTh MpoIeccop
C 3aIUTOH OT BHICOKOYACTOTHOTO LIyMa, YTOOBI YCTPOHCTBO HE 3aBUCAIO U
He JaBajo cOoeB.

Hatunk BME280 He oTcnexxuBaeT mokasaTeiay YHCTOTHI BO3IyXa, IMO-
9TOMY HE SIBJISIETCS IPUHIMITHATIBLHO BaXKHBIM B JJAHHOHM CXEMe.
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Onncanne GyHKIUOHAILHON CXEMbI
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Puc. 1. dyHkunoHaipHas cXeMa yCTpoicTBa

Hawubonpimii naTepec npexacrasisier ceacop SDSO011, uMeHHO OH sB-
JIIeTCSI KIFOUEBBIM 3JIEMEHTOM BCel ()yHKIIMOHAIBHOM cxeMbl. [IpuHmm pa-
0OOTHI ATOTO JaTdyruKa OCHOBAH HAa OIITHUYCCKOM 06Hapy>1<eHI/m qacTull IblUIN,
KOTOPBIC JICTAIOT B BO3AYXE. Ot JacTULBI MPOXOAAT MEKAY MCTOYHUKOM
CBCTa U q)OTO)II/IOllOM. B ocHoBHOM YaCTUIbI IBIJIU U3MCHAKOT CUTHAJI, IMOJYy-
YEHHBIH JIETEKTOPOM OT UCTOYHUKA CBETa, COOMpas M3JIy4aeMblil CBET, pac-
CESTHHBIH MBUTBIO YacTHUIIBI (Tak Ha3bIBaeMblil npuHIuUn "paccestaus’). Cuio-
BOM PE3UCTOp HArpeBacT BO3AYyX B ONTUYECKOM KaMepe M CO3MacT IMOTOK
MEXIy ABYMs OTBEPCTHSIMHE, BCTABJICHHBIMH B IUTACTUKOBYIO KPBIILKY [4].

3akiIoueHue

IMopraTuBHAas cTaHIMS MOHUTOPHHTA KA4E€CTBA BO3yXa IIOMOXKET IPH-
ONMU3UTHCS K PEIICHUIO TpOoOIeMBl 3arps3HeHus Bo3ayxa. OmHaKo naHHOE
YCTPOMCTBO, KOHEYHO, HE pelIaeT MpobiieMy 3arpsi3HEHHOCTH BO3/yXa, HO
OHO MOXKET IMOMOYb B IMOBBIIICHUHN YPOBHA OCBCIOMJIICHHOCTH H}O}leﬁ ", npu
MacIITaOHOM HCIIOJIb30BAHUH JATYUKOB B OHOM TOPOJIE, OOpaTUTh Ha MPO-
O6nemy BHMMaHue Biacteil. KoTopbie B CBOO ouepesib yKe MOTYT MpeANpH-
HSTh OTPEICICHHBIC ACUCTBYSI IS PEIICHHUS TaHHON MPOOJIEMBI.
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Comparative assessment of the effectiveness of
enhancing phytoextraction with heavy metals by
creeping clover (Latin Trifolium repens L.) by
introducing various drugs that stimulate plant
growth and development

A.S. Makarova, M.G. Golenko, K.V. Pishchaeva
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Moscow, Miusskaya square 9, 125047

Annotation

Among the various methods used, phytoremediation is one of the most
inexpensive, safe, innovative and effective tools for rehabilitating soils from
heavy metal contamination. The efficiency of this process can be increased
by introducing various additives that convert less bioavailable compounds of
heavy metals into bioavailable fractions in the soil, and also to increase the
rate of transfer of metals to plants.

Keywords: heavy metals, phytoextraction, phytoremediation.

As objects of research, we used seedlings of white creeping clover
(hereinafter — Lat. Trifolium repens L.), capable of accumulating heavy met-
als from the environment (soil contaminated with pollutants). To assess the
accumulation of heavy metals by plants, they were planted in the soil and
heavy metals (Ni, Cu, Cd) were added, as well as chelate complexes and min-
eral fertilizers [1-2].

In this work, the positive effect of the introduction of drugs is experi-
mentally established, which is expressed in the intensification of the growth
of green mass and an increase in plant resistance to pollution and stress, from
the use of a hybrid biological product. To accelerate the transfer of heavy
metals from soil to plants, a potassium complex of oxyethylene diphosphonic
acid (hereinafter referred to as K;.HEDP) has been proposed. For the growth
of green mass, the following were also used: nitrogen-phosphorus-potassium
fertilizers (hereinafter — NPK), mineral fertilizer "Iron Chelate" (hereinafter
— Fe-chelate), the drug "Kornevin", the drug "Zavyaz", disodium salt of eth-
ylenediaminetetraacetic acid (hereinafter — Trilon B).

The results obtained allow us to note the positive effect of the joint in-
troduction of NPK, K;HEDP, "Kornevin", "Zavyaz", "Fe-chelate" additives,
and the combined addition of NPK, K;HEDP, "Kornevin", and "Zavyaz" to
plant growth and development despite the presence of excessive concentra-
tions of heavy metals (there is an increase in the growth of Trifolium repens L.
by 14 % in comparison with the control sample). The addition of
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Trilon B and NPK had the opposite effect (there is a decrease in the growth
of Trifolium repens L. by 2 % in comparison with the control sample).
The research was carried out with the support of the RCTU project
No. 3-2020-039.
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One of the strongest and most common chemical contamination is heavy
metal contamination [1]. Heavy metals accumulate in the soil, especially in
the upper humus horizons, and are slowly removed during leaching, con-
sumption by plants, erosion and deflation — soil blowing [2].

In connection with the intensification of environmental pollution, due to
the increase in the technogenic load on the soil, the question of the sanitary,
phytoremediation role of agricultural plants is especially acute. Among the
various methods used, phytoremediation is one of the most inexpensive, safe,
innovative and effective tools for recovering heavy metals from soil [1].

The efficiency of phytoremediation can be increased by introducing var-
ious components that stimulate plant growth and development. Several of
these components have been identified in various articles. Iron chelate in-
creases the absorption of micro and macro elements by plants [3]. Diatoma-
ceous earth powder improves the physical structure of the soil, enhances the
movement of water in the root system [4]. Potassium humate reduces the op-
pression of plants by heavy metals, accelerates growth and development due
to humic acids [1]. Disubstituted potassium hydroxyethylene diphosphonic
acid (K2HEDP) was also used.

In the work, an experiment was set up in which the named chemical
additives were combined and their different concentrations were used. The
experiment was carried out using Sarepta mustard, which is a plant that ac-
cumulates heavy metals.

As a result of the experiment, some dependences of the growth, state of
plants and the amount of accumulated metals on chemical additives were ob-
tained. The best result was shown by K2HEDP 10 mmol / I, which was able
to increase the ability of Sarepta mustard to accumulate heavy metals (Ni,
Cu, Zn, Co, Cr) in the ground part of the plant.
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OG6y4yeHue paGOTHUKOB nNpodeccril HUK/IA JOOBIYHA
HedTH HOPMaM U NpPaBUJIaM 6e30MaCHOCTH
TPyAa C UCN0JIb30BAaHUEM THUIIOBBIX
npodeccuoHaabHbIX PUCKOB

b.B. CeBactbsinoB, P.O. Hlaapun, A.B. llanamosa, H.B. Centonuna

®@I'BOY BO «Hbicesckuil 20cy0apcmeeHHblil MeXHULeCcKull YHugepcumen
umernu M.T. Kanawrnuxosay, 2. Hoicesck

BceemupHas opraHuzanusi 34paBOOXPAHEHHUS ONpEenia apaMeTpH-
YEeCKHe XapaKTePUCTHKH 37J0POBbsI, KaK «COCTOSHHE MOIHOTO (BH3HIECKOTO,
JYIIEBHOTO ¥ COLMAILHOTO OJIarornoiy4ns, a He TONbKO OTCYTCTBHE Ooe3-
Hell u pmsnueckux aedexron» [1]. DTu mapameTpsl 3aBUCAT OT MHOTOYHC-
JIeHHBIX (DaKkTOpOB cpenbl oOMTaHMs U c(epbl JesTEeNIbHOCTH 4elOBeKa:
HacJIeJICTBEHHbIE, MPUPOTHO-KITMMaTHYECKUE, COIMATbHBIE, ITUIEMHOIIOTH-
YecKue, IICUX0IMOLMOHAJIbHbIE, SKoJornieckue. Ocodoe MecTo pHHaIIe-
KHUT BIUsIHUE TpodeccroHanbHbIX (akTopoB. VccinenoBaHus MoKa3bBaloT,
YTO Ha J0JII0 BPEIHBIX M OIACHBIX ()aKTOPOB, CO3/IaBaEMbIX IPOU3BOJICTBEH-
HoOW cpenoi, npuxoaurcs 10 30 % npuYMH MOCIEACTBUH OTKIOHEHHS 3/10-
poBbs. OIleHKa CMEpPTHOCTH II0 MHpPY CBHAETENLCTBYET O Oosiee ueM
2,3 MITH.CMEPTSIX MO MPUYHHE HECYACTHBIX CITydaeB Ha IPOU3BOJICTBE U NPH-
00peTeHHBIX MPOECCHOHATBHBIX 3a001eBaHuii [2]. 3a00IeBaHUS U TPABMEI
C BpPEMEHHOI MoTeper TPyI0CIMOCOOHOCTH MOIYyYaloT B OOIICH CIIOKHOCTH
6onee 340 mutH.YemOBEK B o1 [2].

CoBpeMeHHBIN TPy 9aCTO CONPSIKEH C BIMSHUEM BPETHBIX M OMACHBIX
(axTOpoB, HEOOXOAUMO YIEISTh AOJIKHOE BHUMAaHHE 37I0pOBbIO PaOOTHHU-
KOB, @ TAKXKE PEryJIMPOBATh YPOBEHb BO3/ICHCTBUS ATHX (DaKTOPOB Ha )KU3Hb
1 37I0pOBBe paboTHHUKOB. OXpaHa Tpy/ia HampaBlieHa Ha 3aIIUTy OT BIUSHUS
BO3MOJXKHBIX BPE/THBIX TPOM3BOICTBEHHBIX (PAKTOPOB Ha YENIOBEKA, HAa COXpa-
HEHHE ero TPYAOCIOCOOHOCTH, Ha MPEAOTBPAILIEHUE MPOM3BOACTBEHHOIO
TpaBMaTu3Mma, a Tak)Ke Ha CHIDKCHHE BEPOSITHOCTH BO3HHUKHOBEHUS UPE3BbI-
YalHBIX CUTyallMi Ha NMpou3BOJCTBE. PaboTHMKM HedTera3oBol NMPOMBIII-
JICHHOCTH TIO/IBEPTalOTCsl BO3ICHCTBUIO psa HEOIArompusaTHEIX (haKTOpoB,
TaKMX KaK XHMHYECKHE BEIIECTBA, BHICOKHH YPOBEHb IiTyMa U BuOpauuu. Ha
OpraHu3M paboTarmuXx B He()TSHONW OTPOCIH, BO3AEUCTBYET psia Hebxaro-
MIPUATHBIX (PAKTOPOB TPYAOBOTO Mpolecca: JMHAMUYIECKHE M CTATHCTHUC-
CKHE Harpy3KH, BBIHYKJCHHas pabodasi 1103a, BBICOKasi HEPBHO-IMOLIMOHAIb-
Hasl HaNPsDKEHHOCTh, BAXTOBBI METOJ OpPTaHM3alllK TPYZa, HEPALOHAb-
HBIA PEeXHUM TPYyJa, OTAbIXa U nUTaHus [3].
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Jlnsi CHIDKSHUS] MTPOM3BOJICTBEHHOTO TpaBMartu3ma (HECYaCTHBIX CITy-
yaeB) u npod3aboneBaHnii HEOOXOAUMO TPOBOAUTH OLEHKY MHpodeccro-
HaJIbHBIX PUCKOB Ha pabo4mx Mectax. J{Jisi COKpaIleHus 3aTpaT BpeMEHH Ha
MIPOIIECC YMPAaBJICHUs MPOPECCHOHATBHBIMI PUCKAMH, a KOHTPEHO Ha Iep-
BEIH 3Tan (MACHTH(QHUKALINS PUCKOB) U paOOTHUKOB IMKJIA TOOBIYH HEPTH
OBLTH BBISBJICHBI BO3MOYKHBIC MTPO(ECCHOHAIBHBIC PUCKH M3 MIEPEYHS Omac-
HOCTEH, IPEJICTABJICHHBIX B TyHKTe 35 [4].

Juis hopMupoBaHUs PUCK-OPUCHTUPOBAHHOTO MBIIIICHUS PAOOTHHUKOB
npodeccuii KA 100U He(hTH TUTIOBEIC MTPOGECCHOHALHBIC PUCKH CIIe-
JIyeT BHEJIPUTH B CUCTEMY O0Y4YCHHUS paOOTHHUKOB HOpMaM U IpaBWIaM 0e3-
onacHoctd Tpynaa. Opranusaiuio 00ydeHus: HOpMaM U MpaBmiam Oe3onac-
HOCTH TpyJia CJeyeT MPOBOAUTH C UCIIOIb30BaHUEM MOyJIeill. Bech Teope-
THUYECKUI MaTepHal, OTPAKAIOUIMH COIepKaHUe O0yYeHHs, HYKHO IMOJe-
JIUTh HA OTHOCUTEIHHO HEOOJIBIIINE 10 00bEMY MOJIYITH, KaXIbIi U3 KOTOPHIX
Oyzer BKIOYATh B ce0s /-9 mumakThdeckux equHHL. MneHtndunmposan-
HbIe MPOGECCUOHATIBHBIC PUCKH CIIEAYET BKIIIOYATh B KX/ MOIYJb UC-
XOJIS1 U3 MPEIOKEHHOM M0 MPHUPOJIC MPOUCXOXKACHUS Kiaccudpukarmu. Ta-
KUM 00pa3oM, 00ydYeHHE HOpMaM M MpaBIaM OXpaHbl TPyaa OyIeT HOCUTh
HE TOJIbKO TCOPETUYCCKHUN XapaKTep, HO CTAHET MPUBS3aHO K KOHKPETHBIM
poheCCHOHATBFHBIM PUCKAM, UICHTH(QHUIIMPOBAHHBIM Ha pa00YHX MECTax.

Hccneoosarnue svinonneno npu gunarncogoii noodepoicke Mncl TY umenu
M.T. Kanawrnurxosa 6 pamxax nayunozo npoexma Ne [LIPO/20-86-11.
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Pecypcocﬁeperammaﬂ TE€XHOJIOTUA aHT'MAPHUTOBBIX
TAMIIOHA’KHBIX pPaCTBOPOB

A.C. Ppi6bun, 10.M. ®enopuyk, K.M. Munaes

Hayuonanvuwiii uccnedosamenvekuii TOMCKULL ROAUMEXHUYECKULL
yuusepcumem, Poccus, 634050, 2. Tomck, np. Jlenuna, 30

C MOMeHTa MOABJICHUS U 10 HACTOSIIIIETO BPEMEHHU TPOU3BOICTBO (TO-
poBonopoza B Poccuu sIBIsIETCS] HICTOYHUKOM HEOIAronpuaTHOHN KoIoruye-
CKO 0OCTaHOBKHM B MECTaX CBOETO PACIIOJIOKEHUS, TAK KaK COIIPOBOMKIAETCS
BbIOpOcamu B aTMoc(hepy razoo0pa3Horo (propoBoaopoaa BO BpeMs BHEILIA-
HOBBIX OCTaAHOBOK ITPOMU3BO/ICTBA, O6pa3OBaHI/IeM 1 HAKOIVICHHEM Ha OTBAaJIb-
HBIX TOJIAX OTXOJIOB B BHZE KHCJIOTO WJIM HEMTPaIN30BAHHOTO OE3BOIHOIO
cynbgara Kansims [1].

Pemenne mpoGneMbl yTHIM3AMK TBEPABIX OTXOIOB (TOPOBOIOPOA-
HBIX TIPOM3BOJICTB, KOTOPBIE 3arPSA3HAIOT BCE COCTaBHbIE YacTH Onocheps —
atMocdepy, ruapocdepy, TuTochepy, CHU3UT IKOJIOTHIECKYIO Harpy3Ky Ha
OKpYy>KaromIyto cpeay [2].

OOBeKTOM HCCIeIOBAaHUNA TAaHHOW PaOOTHI ABISETCA TBEPIBIA OTXOJ
¢TopoBomOpoHOTO TIpOM3BOACTBa CHOMPCKOTO XMMHUYECKOTO KOMOHMHATa
— (TOpaHTHIPUT, & TAKIKE aHTHIPUT, TIOJTy4aeMBbId ITyTeM B3aUMOJICHCTBHS
KOHLIEHTPUPOBAHHON CEPHOM KMCIIOTHI C U3BECTHAKOM TOMCKOro, a 3areM
Hopunbckoro MecTopokKaeHUM.

Lenbto paboTHI ABIsIETCS pa3padOTKa TaMIIOHAKHOTO PACcTBOpPa Ha BOJI-
HOU OCHOBE C MPUMEHEHHEM (PTOpaHTHIPUTA.

PaGota uMeeT BBICOKYIO NPAKTUYECKYIO 3HAYMMOCTbD, TaK KaK ChIPbEM
JUIsl pa3paboTKM TaMIIOHAXHOTO PAacTBOpa SIBIISIETCSI OTXOJ IPOW3BOJICTBA
¢dropoBomopoaa (CaSO.). Takum 006pazoM, HcCclenOBaHHE CIIOCOOCTBYET
TIPOIIECCY pereHepantn 0TX0/10B — BOCCTAHOBJIEHHUIO OTXOJIOB JI0 MaTepH-
ayia 7151 BTOPUYHOTO MCTIONIBb30BAHMS 110 KOCBEHHOMY Ha3HAYEHHUIO, B COOT-
BETCTBHH C JEHCTBYIOIIEH TOKYMEHTAIIMEH U CYIIECTBYIOMIUMHU ITOTPEOHO-
CTSIMHU JIPYTOTO IPOU3BOCTBA.

Ha nepBom 3Tare mpou3BeIeHbI ONBITHI O ONPENCICHNI0 CIOCOOHOCTH
YHCTOrO aHTUIPUTOBOTO BSDKYIIEr0 3aMEHUTHh HMOPTIAHALEMEHT B TaMIlo-
Ha)XHBIX PAaCTBOpax MPH COOTHOIIECHHUH BSDKYIIETO BELIECTBA K Boze 2:3.

Omnebitel ipoBoamKCh coriacio T'OCT 26798.1-96 [3].

Pe3ynbTaThl onpe/ieneHus pacTeKaeMOCTH, INIOTHOCTH, BOJIOOTAEIICHUS
npuBeieHs! B Tabuuie 1.
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Ta6auuna 1. Pe3ynbpraTsl nccienoBanui

157

ILoTHOCTE p, I/cM®

PaCTeKaeMOCTL, MM

BOHOOT}IEJ’IQH“C, MJI

1,62

207

3,00

HonyquHHe pe3yabTaThbl, COOTBECTCTBYIOT HOpMaM, YCTaHOBJICHHBIM

TOCT 1581-96 [4].

CHGI[yIOHII/IM 9TaIlloOM HCCHeHOBaTeJ’IBCKOﬁ pa60T},1 SABJIACTCS IPOBCIC-
HUEC CCpUU OIBITOB U OMPCACIICHUA BPCMCHU 3allyCTCBAHUS TaMIIOHAXK-
HOIr'0 pacTBOpPA Ha OCHOBE aHI'KMAPUTOBOI'O BsIKYILICTO U NPOYHOCTHU TAMIIO-

Ha)>XHOT'O KaMH:.
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The global climate change is one of the actual problems of environmen-
tal safety, which affects the structure and functioning of agroecosystems, in-
cluding the growth, development and productivity of agricultural crops [1].
Currently, the realization of the productivity potential of such strategic crop
as wheat largely depends on the environmental sustainability of its species
and varieties, especially in adverse environmental conditions Decrease in the
pesticide load on agroecosystems, preventing the foreign substances (xeno-
biotics) accumulation in the food chains, reducing the probability of harmful
organisms’ pesticide-resistant forms appearance in agrocenoses, and the en-
vironmentally friendly food production is one of the priority directions of ag-
ricultural production. Solutions of environmental safety modern problems are
associated, among other things, with the development of innovative technol-
ogies, low and non-waste technological cycles that contribute to the rational
use of raw materials and reduce the environment anthropological impact from
industrial production facilities belonging to category 1 objects, such as enter-
prises for the slaughter and processing of farm animals, poultry and aquatic
bioresources. Therefore, increasing the level of processing of by-products of
the agro-industrial sector and recycling of raw materials has fundamental im-
portance. One of the ways to the wheat yield increasing and the grain quality
improving is creation environmentally verified methods of its cultivation, in-
cluding the use of high-yielding and adaptive to the cultivation conditions
cultivars, the development of mathematical systems for the yield program-
ming and meteorological forecast, the agrocenoses phytosanitary situation
control and
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optimization, the application of organo-mineral fertilizers and growth stimu-
lants obtained from organic raw materials [2]. In the researches, long-term
data characterizing the wheat productivity and its affection intensity by dis-
eases were compared with the natural and climatic factors of the North-West-
ern region of the Russian Federation, botanical features and the origin of the
samples. In particular, it was shown that the minimum development of the
yellow rust and powdery mildew was observed on samples from the Northern
Europe, the Central/Western Europe; brown and stem rust — on samples
from the Central Asia, East, Southeast Asia, Latin (South) America; wheat
leaf blotch (septoria)— from Russia (the Asian part). The main active ingredi-
ents of the russian preparations "FlorGumat" are natural triterpene com-
pounds and lake sapropel humic substances, "Edagum" and "Fitop-Flora-S™
— peat-humic substances,"Zerebra agro™ — silver and polyhexamethylene
biguanide hydrochloride (PHMB), protein stimulant — aminoacids and pol-
ypeptides. On the basis of the School of Biotechnology and Cryogenic Sys-
tems of ITMO University and Saint-Petersburg State Agrarian University,
protein-containing systems were obtained from beef slice using the deep pro-
cessing method. The "Zerebra agro" high biological effectiveness against
wheat leaf diseases (brown rust, powdery mildew, septoria), and the "Flor-
Gumat" — against wheat root rot was noted. The greatest influence on the
potential (estimated) wheat yield growth was exerted by the preparations
"Fitop-Flora-S" and "Zerebra agro". Foliar spraying of plants with the PGS
led to an increase in wheat yield by 31.5 % and a decrease in wheat affection
by powdery mildew but did not affect on brown rust development. As was
revealed by microfocus radiography and optical analysis, after wheat treat-
ments by the PGS, an increase in grains size, their fullness and roundness
(compared to the control, without treatment) was observed.
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Modeling the process of biological treatment of air
containing malodorous substances
under laboratory conditions
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O.l. Sergienko
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One of the factors contributing to the environmental negative impact of
poultry factories is the presence of unpleasant smelling substances in the air
emissions of these enterprises. These smells are causing a significant problem
for the employees of the poultry farmsr, as well as for the residents of nearby
settlements. The growing number of complaints from people living nearby to
the authorities create a negative company image of poultry farms, and, ulti-
mately, can lead to the intensification of the sanctions policy against the vio-
lating enterprise. Penalties may be imposed due to the design and implemen-
tation of methods for controlling odorous emissions. In particular, during the
period from 2015 to 2019, several state standards in the area were issued (for
example, GOST 32673-2014, GOST R 58578-2019 "Rules for establishing
standards and controlling odorous emissions into the atmosphere"). In addi-
tion, the packages of amendments on the monitoring of odors were submitted
for consideration to the legislatures of several subjects of the Russian Feder-
ation.

All of the above mentioned determines the need to develop new solu-
tions and implement new techniques for cleaning gases from odorous sub-
stances. We have proposed that within a poultry farm, the biological method
of waste air treatment can effectively remove odorous substances.

The process of biological purification (biofiltration) is based on the ox-
idation of biodegradable organic and inorganic pollutants with the help of
microorganisms immobilized on the surface of solid particles or in the liquid.
The use of this method will improve the quality of atmospheric near the en-
terprise without high operating costs. Biological technologies are recognized
to be more effective than traditional methods due to the advantages in eco-
nomic and ecological terms [1, 2].

To prove the assumption, we first conducted a quantitative analysis of
the list of dominant odorous compounds in the emissions of the poultry farm.
Then we set up a series of experiments on the adaptation and cultivation of
the association of odorous substances degrading bacteria. Activated sludge
was a source of microflora, and was provided from the treatment facilities of
the poultry farm. A Laboratory setup consisting of a tank filled with manure
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and a bottle for the cultivation of microorganisms was
constructed for the experiments. A metagenomic analysis of the active sludge
microbial community was also performed.

It was shown that the concentrations of foul-smelling substances were
under the limits of acceptable levels (MAC). Analysis of the gas emissions
of the poultry farm revealed the dominant odorous compounds: ammonia,
mercaptan, dihydrosulfide, dimethyl sulfide, methylamine and dust. The last
one acts as a carrier of odorous compounds over long distances. At the same
time, the concentrations obtained are hundreds of times higher than the per-
ception threshold. For example, the concentration of dihydrosulfide was
4.52 mg/m?, which is less than the MAC of 10 mg/m?, but 322 times greater
than the perception threshold of 0.014 mg/m? of dihydrosulfide.

In a series of four experiments, laboratory methods for selecting culti-
vation conditions were studied. Analyzing the operation mode of the labora-
tory unit, certain patterns of behavior of the monitored parameters were re-
vealed (in particular, an increase in pH and ammonium ions content in the
liquid was observed), which may be indirectly related to inaccurate selection
of the microflora source.

Conducted metagenomic analysis revealed the presence of several spe-
cies destructors of odorous substances in the active sludge of poultry farms.
Candidatus Nitrocosmicus dominates among the detected ammonia destruc-
tor species (about 5 percent of the studied genome).
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Poccus, 197101, Canxm-Ilemepbype, Kponeepxckuii np., 49

B manHO# pabote mcciaemoBaHbl 0COOEHHOCTH PabOTBI TaMOXKEHHBIX
ciryx0 Tipu oOpamieHuu ¢ o30Hopaspymaronumu BemiectBamu (OPB). Takue
BEIIIECTBA KakK: THUAPOXJIOP(TOPYIIIEPOABI, TaJOHBI, XJIOPHTOPYIICPOIBI,
OpPOMHUCTBIN METHJI U YETHIPEXXJIOPUCTHIN YIIIEpOad — 030HOPa3PYILIAIOIINe
BCHICCTBA, KOTOPBIC OTHOCATCA K IpyNIIC OTPaHUYCHHBIX K IPUMEHCHUTO NITN
3aIpeIIeHHbIX XJIQJareHToB M0 MoHpeaabcKoMy mpoTokoiy [1].

Bce crpanbl yuacTHukM MOHpeaIbCKOTo MpoToKoia, BeHckoi koHBeH-
WU ¥, BCTYNHBIIEH B cruty, KUTHIMICKOM MMOTIPpaBKU JOTKHBI HCIIOTH30BATh
CUCTEMY ITUIICH3UPOBAHUS HA UMIIOPTUPYEMEIE 030HOPa3pyIIAIOIINe Belle-
CTBa, TaK Kak OOBEM JAHHOW TPYIITHI BEIICCTB B CTPAHE MOJUICKHUT KOH-
TPOJIFO ¥ KBOTUPOBAHMIO. Y CTIETITHOE BHEIPCHNUE JTFO00H CHCTEMBI JINICH3H-
pOBaHHUS Ha MPSAMYIO 3aBICHUT OT KOHTPOJIHUPYIOMIHUX CITYXO.

Jannbie ¢y OBl JOIDKHBI UMETh BO3MOXHOCTh HACHTH()HUIINPOBATH
KOHTPOJIMPYEMbIC BEIIECTBA, CIOCOOCTBOBATE UX JICTAIbHBII JOCTYI U OTrpa-
HUYCHHE UX HE3aKOHHOU mpoaaxu. OCHOBHAs po0IieMa COCTOHUT B TOM, YTO
OTCYTCTBYIOT 00sI3aTeNIbHbIE €JMHbIC CTAHIAPThl HA MAPKUPOBKY, HAUMEHO-
BaHUS WU YITAKOBKY 030HOPA3PYIIAONINX BEIICCTB MU MPOITYKTOB U 000-
PYIIOBaHUs, UX UCHONB3YIONHE. Bee 3TO MPUBOAUT K OTPOMHOMY O0BEMY
pa3HOIIAHOBOW MHMOPMAIMK O BHEIIHEM BHUJIC YIIAKOBAHHOW 030HOPA3py-
IIaroIIeH MPOIYKINH, KOTOPYIO COTPYIHUKH TAMOXCHHOU CITYKOBI 00s3aHBI
OIIEPaTUBHO WICHTHU(QHIINPOBATH.

TamoxeHHBIE CITy>)KOBI 00s3aHBI HE TOJBKO OCYIICCTBIATH JTOKYMCH-
TaNBHBIA KOHTPOJIb ¥ OCMOTp BHEITHETO BHAa KOHTPadhaKTHOH MPOIYKITHH,
HO ¥ OCYIIECTBIATH OTOOp Mo Ha MECTe, IS OIpPEACTICHNS COOTBETCTBHUS
BEIIECTBA IIEPEBO3MMOTO BEIIECTBA TOKYMEHTAM.

Jis oTOopa 06pa3ioB Ha TAMOKEHHOM KOHTPOJIE HCIIOIB3YIOT 1Ba BUIA
aHaM3aTopoB, yctaHoBIeHHBIX [Ipukazom @TC Poccum Ne2509 ot 21 nme-
kabps 2010 roma. B naHHbBIX MaeHTH(UKATOPAX XJIaJ0TCHOB MCIIOIB3YETCS
texuosorus Henucnepcuonnoro MK-ceera (NDIR) mis onpenenenus Beco-
BBIX KOHIIEHTpalWil BBHIOPaHHBIX THIIOB XxJazareHToB. [IpuOopsl gaHHOTO
TUIa 00OBIYHO NPEAHA3HAYCHBI JUIT OOHAPYKCHHS YHCTOTHI U KOHIIEHTPAIIUN
TOJIBKO IIUPOKO HCIIONB3YEMBIX XJIAJATCHTOB Mapbl HANMCHOBAHWN H JIUIIH
00HaApPYKUBAIOT COJICPIKAHUE APYTUX C OOJBIIONI OTPEITHOCTHIO H3-3a Iepe-
KpPECTHOM 4yBCTBUTENBHOCTH TprbOopa. CymiecTByeT Takke mpobiema B cIie-
OU(PUIECKOM CIIO)KHOM HCIIONB30BAHUN JAHHBIX aHAIN3aTOPOB, YTO MOXKET
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npu GOJBIIOM MOTOKE XJIaJareHTHOM NpOAyKUMH OCOOEHHO B JIETHUIM me-
PHOJI IPUBECTH K COOSIM B UyBCTBUTEILHOM DJIEMEHTE U HAPYILEHUHU PE3YIIb-
TATOB MPOBEPKH [2-3].

KayecTBEeHHBIN aHAIM3 CYILECTBYIOIMX METOAOB U CPENCTB GOPHOBI C
KOHTPabaHIHOM NPOAYKUMEH 030HOPa3PYLIAOIIMX BELIECTB MOXKET 1aTh 00-
IIUPHYIO aKTYaIbHY0 HH(GOPMAIIHIO O CTPEMUTENLHO PACTYILEM 00BEME He-
JIEraJbHOM TOProOBIM 030HOPA3PYIIAIOIINMH BEllecTBaMU. I1oydeHHbIE pe-
3yIBTAThl OYIYT UCIOIB30BATHCS TSI COCTABIEHUS PEKOMEHIAIMH 110 MO-
JEPHU3UPOBAHUIO CYIIECTBYIOMIEN CUCTEMBI M Pa3pabOTKH CIIEIHATH3HPO-
BaHHOT'O aHAJIHN3aTOopa.

CHnucok 1uTepaTypsl

1. Adonmr [.H., Kympsmosa E.C. [IpaBoBeIe OCHOBBI TaMOXKCHHOTO
KOHTpONsi  xiajmareHToB B Poccmiickort  @Demeparm  (O030p
3aKOHOJATEIHHBIX aKTOB).

2. Tlpuka3 ®TC Poccun ot 21 mexadps 2010 r. Ne 2509 «O6 yTBepKACHUN
TepevHsI ¥ MOPsIKa IPUMEHEHHUS TEXHUIECKUX CPEICTB TAMOKEHHOTO
KOHTPOJIS B TAMOXKEHHBIX opraHax Poccuiickoit @enepanumny».

3. B. Whiting, S. Ledent. Training Manual for Customs and Enforcement
Officers. UNEP.



164 Il International Scientific Conference “Sustainable and Efficient Use of Energy,
Water and Natural Resources”, Saint-Petersburg, April 19-24, 2021

Research on the condition of small rivers in the middle
taiga of the northwestern federal district in areas of
continuous harvesting activities

A.D. Krasilnikov

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

Harvesting is extremely destructive for the environment and, in espe-
cially, for the large number of water bodies located in the woodlands. The
resource-intensive problem of monitoring the conditions of small rivers re-
quires the development of environmental management tools using advanced
methods. The involvement of automated systems and data processing models
is designed to increase the efficiency of forest management. But the imple-
mentation of new monitoring methods requires extensive research, to find
unified criteria. In the summer of 2020 a study was carried out in the forestry,
located in the middle taiga. The object of the study was nine different small
rivers and streams, which differ in the degree of influence of anthropogenic
factors on them. The subject of the study was to determine the impact of log-
ging and forestry road infrastructure on the accumulation of pollutants in the
bottom sediments of small rivers and in coastal soils. To test it, the null hy-
pothesis was accepted that harvesting leads to an increase of heavy metals in
the soil and as a consequence chemical components are washed into the riv-
ers, after which heavy metals accumulate in the bottom sediments. Chemical
analysis of water, bottom sediments and aquatic vegetation was carried out.
According to the results of studies in water samples taken from the studied
objects no exceedances of nitrates and ammonia nitrogen content were found,
despite active biological processes in the biotopes of the rivers. The studied
objects differed in the duration, volume, and age of the effect of harvesting
on the surrounding territories. There was no correlation between the age of
logging and the content of heavy metals in the bottom ground. Also, no cor-
relation was established between the content of heavy metals in shore soil and
bottom sediments. No confident conclusions can be drawn from such a small
sample, a much larger data set is required to accurately test the hypothesis.
The measurements carried out did not reveal any deviations from the stand-
ards for this region. This work does not provide definitive answers to the re-
search questions, but it is the first step in preparing a system for monitoring
the condition of small rivers in forested areas. For a complete result, it is nec-
essary to conduct an all-season study of a larger number of criteria on a rep-
resentative sample of water bodies.
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Accumulation of heavy metals in soils and bottom
sediments in northern taiga river basins in the areas
with intensive forest cuts

S.D. Chubova?l, N.F.J. Dinkelaker!, E.N. Moiseenko?, N.V. Dinkelaker?,
A.V. Bragin?, P.A. Futoran?, A.T. Zagidullina®,
A.E. Didikov!, O.V. Medvedeva!

LITMO University, Saint Petersburg, Russia
2Kenozero National Park, Arkhangelsk, Russia
3 Saint-Petersburg State University, Saint Petersburg, Russia

The ecosystems of rivers basins of the Onega Peninsula are a representa-
tive model for studying the impact of forest management on the terrestrial
and aquatic ecosystems of northern taiga. The upper and middle parts of the
river basins are located in the middle of the peninsula, the lower — in the
coastal parts. The seaside parts of the peninsula are included in the specially
protected natural territory — the Onega Pomerania National Park (NP), and
the middle part of the peninsula is in the zone of active forest management.
Now logging has a high intensity, which creates risks of contamination of
habitats for biodiversity of the NP. Migration of pollutants within river basins
has not previously been studied for the Onega Peninsula, which is the extreme
northern zone of taiga forest distribution. The purpose of this study was to
assess the geochemical state of soils and bottom sediments of river, coastal
and forest ecosystems of the river basins of the Onega Peninsula under forest
cuts and in intact basins [1-2].

The content of heavy metals (HM) in soils and bottom sediments in the
ecosystems of catchment basins of 10 small rivers of the Onega Peninsula,
having different levels of anthropogenic load from logging, was investigated
in 2020. Analysis for the content of HM carried out using an X-ray fluores-
cence method. HM content analysis was performed using X-ray fluorescence
spectroscopy.

It was established that the lead content in soils and sediments increased
in comparison to the intact river basin of the region is characteristic of bottom
rivers sediments in the areas of felling of the current year and logging up to
10 years old.

An increase in heavy metals in the soils of forest ecosystems is noted in
watersheds with active forest management areas. Excess of HM content in
was found: zinc in 7 areas out of 9, lead — in 6 areas, cobalt and manganese
—in 2, as well as excess MPC in nickel are observed in all samples. For the
studied soils, excess background values of TM content in soils of the Arkhan-
gelsk region for zinc are 50% of samples, 89% for lead.
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Significant excesses of other heavy metals were not noted. Based on the in-
formation obtained, the total soil contamination index (Zc) was calculated. In
general, at present, the soils of the Onega Peninsula can be classified as low
contaminated by the indicator of total contamination with heavy metals (Zc)
The lowest value of Zc = 6.13 is characteristic of the soils of the catchment
area river Lopshengi, which does not have areas of logging, and the highest
Zc = 12.32 for soil samples, in the basins of the rivers area of Lake Summer
Zolotitsy, which have a high intensity and cutting of 2010-2020 year [3-5].

It is established, that both the sediments of the studied rivers and the
forest soils of the basins of these rivers near the areas of active forest man-
agement accumulate lead, the content of which is not reduced during the ini-
tial periods of reforestation (up to 10 years). Soils also accumulate zinc,
which is not observed in bottom sediments. At the same time, pollution with
other studied heavy metals is not noted. Their level in soils and sediments
lower than normative level, but it generally higher than in control area that
does not have them. The revealed excess of normative and background indi-
cators of the HM content in soils and bottom sediments in areas of intensive
recent logging may be associated with the use of logging equipment and ve-
hicles, as well as violation of the structure of soils and slow restoration of
ground vegetation.

In addition to the revealed accumulation of lead and zinc, bottom depos-
its and soils of the Onega Peninsula have a generally low level of contamina-
tion with HM. This indicates that the disruption of the natural balance of
heavy metals is in its initial stages, but due to the toxicity of pollutants and
their risk of rare species of animals and plants of NP, urgent measures are
needed to prevent lead and zinc from entering the food chains of the ecosys-
tem.
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Ecological foundations for the formation of networks
for automatic monitoring of the negative impact of
forest management on the river ecosystems of the

northern European taiga of Russia

N.F.J. Dinkelaker, N.V. Dinkelaker, P.F. Agahanyanz, O.l. Sergienko,
N.V. Ulyanov, E.A. Ovsuk

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

Active forest cuts affect ecosystems of the northern European taiga, in-
cluding river ecosystems. In order to preserve valuable ecosystems, scientif-
ically sound spatial planning of felling is perspective. Scientific information
on the effects of logging on river ecosystems of the northern edge of the taiga
zone is few, it concerns mainly biotic components. Regular biodiversity ob-
servations in remote areas are difficult to conduct. Changes in ecosystem bi-
ological components reflect ecosystem disruptions [1-4].

Forest felling in catchment areas lead to water pollution due to hard
stock disruptions. Regular monitoring of chemical water pollution is neces-
sary for early detection of adverse effects. Remote areas also prevent water
quality monitoring through regular sampling at stations. In such conditions
an automatic water quality monitoring system with remote monitoring data
transmission is required. Currently, automatic monitoring systems for water
bodies are actively used in many countries, including southern Russia. But
usage of such systems in the north is hampered by their high maintenance
costs and short life of expensive sensors (usually less than a year). Baseline
station configuration with 8 sensors of EU or USA production, represented
on the market, ranges from €6 000 to €10 000. The purpose of this work is to
develop a methodology to design a low-budget effective automatic network
to monitor dangerous hydrochemical changes in small rivers in the northern
commercial forests.

Water samples were collected by the Onezhskoe Pomorye National Park
expedition to the Onega Peninsula in summer 2020. For the study, 10 rivers
were classified according to landscape conditions, some were undisturbed by
logging and some from areas with active logging. Hydrochemical parameters
of samples were measured in laboratory using standard methods from the
Federal Register. The measured hydrochemical parameters are electrical con-
ductivity, pH, content of nitrates, nitrites, ammonium ion, phosphates, sul-
fates, carbonates, cationic composition of water, chemical oxygen consump-
tion, chromaticity, turbidity, organoleptic indicators.

These measurements were compared to existing water quality standards
(PDK). Correlation analysis has been conducted. Some parameters change
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significantly in logging areas, they can be used as negative changes indicators
for river ecosystems. This was confirmed by a parallel study of macrophyto-
benthos samples, represented by species confined to eutrophic conditions.
Identified indicator parameters are an ammonium ion content, nitrite ion con-
tent and biochemical oxygen consumption. Their increase above the standard
values indicates negative impact of felling on catchment areas. Locations for
6 water monitoring stations are suggested on the basis of the received results.
Each station is to be equipped with sensors for 2 indicators (ammonium ion
and nitrite ion). The annual maintenance cost of one station is less than €2 000
with EU/USA produced sensors.
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UccnepoBaHue aACcOpPOLMOHHBIX CBOMCTB U NOPUCTOM
CTPYKTYPBbI C IOJIy4Y€eHHEM YTJIEPOAHBIX COPGEHTOB U3
OTXO/J0B JPEBECHOCTPYKEYHBIX IVIUT METOA0M
KaTa/JIUTHYECKOro MUpoJIn3a

A.C. Artanoga, 1.C. I'mymankoBa

Tlepmckuti HAYUOHANBHBIIL UCCAEO08AMENbCKUT NOIUMEXHUYECKUL
yuusepcumem, Poccus, 2. Ilepmb, Komcomonvckuti np., 29

B nocnennue necstuierys HabI0AaeTCS IPUPOCT ITPOU3BOICTBA U T10-
TpeOJIeHus, U KaK CIIeJICTBHE, 00pa30BaHNE U HAKOIUICHHE OTXOA0B M3 MOJH-
MEpPHBIX KOMITO3UIIMOHHBIX MAaTEPHUAIOB HA OCHOBE JPEBECHOCTPYKEYHBIX
wmt (gamee JACTII), cormacHo cratuctmdecknM maHHBIM [1], B Poccum
TosbKO B 2019 1. X 06beM Mpou3BocTBa cocTaBui 6onee 10 mimH.m3,

Ha ceromnsmanii nenp npobiema yrmwmsanuu otxonos JICtIl ocra-
eTCsI HepeIIeHHOH, OCHOBHAS 9acTh MO-TIPEKHEMY HOCTYIIAeT Ha ITOJIUTOHBI
TKO, 4To npuBOIUT K U3BATHIO Ha JACCATHICTHS U3 IKCIUTyaTalluH 3eMelb-
HBIX pecypcoB. B pe3ysbrare 3aXOpOHEHUS OTXO/I0B TPOUCXOANUT OHOXUMU-
YecKoe pasIo’KeHHe, KOTOPOEe COMPOBOXKAAETCS JITUTEIBHBIMHI 3MHUCCHSIMHU
TOKCHUYHBIX 3arps3HSIONINX BELIECTB B TOYBHI U BOJHBIE 0OBEKTHI OKpPYIKaro-
el cpeabl. [lepepaboTka Bo BTOpHUHBIE MaTepHaIbl H3-3a BBICOKOTO COZEP-
>kaHusl apoMmatuyHbix cMoi B coctaBe JICII, 3arpynHeHa, mo3TOMy TOHUCK
TIEPCIIEKTUBHBIX M 3((PEKTUBHBIX CIOCOO0B YTHIM3ALNH OCTACTCS aKTyallb-
HBIM HaIpaBJIICHUCM.

AHanu3 JIMTepaTypHBIX TaHHBIX U MIPOBEJCHHBIC paHee HaAMH HCCIIe0-
BaHUS ITOKa3aJId BO3MOXXHOCTH IlepepaboTku oTxo10B Ha ocHoBe JICTII Tep-
MOXUMHYECKAMH MeToAaMu. OJTHIM U3 pacCMaTPUBAaEMBIX METOZOB, TI03BO-
JIAIOIUX YTUJIN3UPOBATH prHHOFa6apI/ITHBIe OTXObI, ABJIACTCI HU3KOTCM-
nepaTypHbIii uposus [2, 3].

[IpumeHeHre TEpMOXUMHUYECKON YTUIN3aLUU OTXO0B I103BOJISET YTH-
JIM3UPOBATh TPYAHO IepepadaThiBaeéMble KOMIIOHEHTBI OTXO/IOB, JTA€T BO3-
MOYKHOCTB TIOJIyYHTh 110JTy(paOpHKaThl, BHICOKOKAJIOPUITHOE TOILUTMBO. BBe-
JICHHE B CUCTEMY KaTaJIUTHYCCKUX J00ABOK IO3BOJIIET PETyJIUPOBATH IPO-
Liecc MUPOJIN3a: IIOHU3UTh TEMIIEPATYPY, YBEINYHUTh BBIXO/ MUPOJIU3HBIX I'a-
30B WM TIMPOJIN3aTa, YBEINYUTh CKOPOCTh PEaKIUii TEPMOXUMHUIECKON Jie-
CTPYKLIMH YTO, CHOCOOCTBYET (POPMUPOBAHUIO OPUCTOM CTPYKTYPBI B yIiIe-
POIHBIX MaTepHaax.

Lenpro HacTosmIel paboTHI ABISUIOCH NCCIIEIOBAaHIE 3aKOHOMEPHOCTEH
MPOIECCOB KATAIUTHIECKOTO MHPOIU3a W aaCOPOIMOHHBIX CBOWCTB U
MMOPUCTON  CTPYKTYpHl  YITICPOJHBIX MaTepHalOB, TIONYYEHHBIX U3
MHOTOTOHHaXHBIX 0TX0#oB JICTIl B MpHCYTCTBHH KaTaIM3HPYIOLIIX
no6aBok — couteit meau (1) u aukes (11).
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[Muponu3 mpoBoxuan B J1a0OPaTOPHOM meun My(enbHOro TUMa IpH
500-700 C, co ckopoctbto HarpeBa 10-15 rpaa/mun, Bpems Boiaepxkku 30—
60 mun. [Tuponuzats! Ha ocHoBe oTxon0B JICII 6e3 peareHTOB 0003HAUEHEI
kak [1-K-1, coBmecTHO ¢ HEUKenbcoaepxamuM katanuzatopom [1-K-2(3), ¢
MeabconepkamuM KatanuzatopoM 11-K-4. PesynbraTs! nccienoBanuii npu-
BeJeHbI B Ta0u. 1.

Ta6muna 1. XapakreprucTrka COPOIOHHBIX CBOWCTB M IApaMeTPOB IOPHUCTOH CTPYK-
TYpBI IIMPOJIM3ATOB B IIPUCYTCTBHH KaTaan3aropoB — coneil Meau (1) 1 vukens (IT)

Ha3Banue nupoJuszara
I1-K-1 I1-K-2 I1-K-3 I1-K-4
Beixon, % 20 18 22 19
[Tnomaap MOBEpXHOCTH, M2/T 399.50 506,6 496.4 502,9

Tnowan nosepxHocTH 452.10 5685 | 5617 | 5642
MHKPOIIOp, M“/T

HauMeHoBaHHe MoKa3aTeas

06BeM MUKPOTIOP, CM3/T 0.161 0,202 0,230 0,201
CpenHuuii pajiyc nop, HM 0.66 0,89 0.95 0,90
AXTHBHOCTE 110 HOZy, MI/T 340+11 76025 | 520+17 | 720+23
AxTtuBHOCTB 10 MI', MI/T 227413 280423 245417 263420

IIpoBeneHHBIE MCCIEAOBAHUS TOKA3alld, YTO KOMIUIEKCHAs Iepepa-
00TKa METOJOM KaTaJIUTUYECKOrO MUPOJIN3a C UCIOIb30BAHUEM KaTalu3H-
pytomux no6asok coueit meau (1) u Hukens (11) Bo3amoxHa u siBisieTCs nep-
CIIEKTUBHOM B 00s1acTi oOparieHus ¢ nmoauMepHsiMu otxonamu u3 JICtIL

[TpeanoxeHHbIH CIOCOO TO3BOJISIET MOJTyYaTh MMPOJIU3ATH B OJHY CTa-
JIMI0, KOTOpBIe 001a1al0T COPOIIMOHHBIMHU CBOMCTBAMH, OJIM3KHE 110 Xapak-
TEPUCTHKAM C TIPOMBINUICHHBIMH MapKaMH JPeBECHBIX yriei Tumna BAY.
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CaClz2-MIL-101(Cr) composite sorbents as adsorbents
for systems for extracting water from the atmosphere

I.0. Krivosheeval?, M.V. Solovyeva'?, L.G. Gordeeva®?

1Boreskov Institute of Catalysis, Russia, Novosibirsk,
Ac. Lavrentiev ave. 5, 630090
2Novosibirsk State University, Russia, Novosibirsk, Pirogova str. 2, 630090

For a long time, water sources determined the places of settlement of
people, since it is prerequisite for the live. Currently, the development of the
human society has led to a scarcity of fresh water resources around the world.
By 2025, about 1.8 billion people will suffer from extreme water shortages
(<500 m?® per year per capita), and two-thirds of the population will meet
“high stress” conditions (between 500 and 1000 m? per capita) [1]. However,
the Earth's atmosphere is a huge reservoir of moisture (~13000 km?).

The Adsorption method for Water Extraction from the Atmosphere
(AWEA) involves the vapor adsorption on a solid adsorbent at night, when
the relative humidity is high, and thermal desorption in the daytime, followed
by vapor condensation on the cold surface of the condenser [2]. The em-
ployed adsorbent and the harmonization of its properties with the climatic
conditions of the area where AWEA is realized are key-factors affecting the
performance of AWEA.

This research is focused on the study of novel composite sorbents based
on inorganic hygroscopic salt — CaCl, — inside pores of MIL-101(Cr) de-
veloped for AWEA in arid climatic regions. The composites were character-
ised by XRD, low temperature nitrogen adsorption, FTIR and SEM methods.
Water adsorption equilibrium was explored by TG method, isosteric heat of
adsorption was calculated. The effects of the salt content on the adsorption
equilibrium were studied. CaCly/MIL-101(Cr) demonstrated high specific
water productivity of 0.82 gh20/geomposite Per cycle under conditions of the arid
climate typical of the Sahara Desert and Saudi Arabia regions, which exceeds
the appropriate values for other adsorbents. It was shown that the water ad-
sorption on the composite cannot be presented as a combination of the ad-
sorption on the components; a synergistic effect was revealed. The perfor-
mance of AWEA employing CaClo/MIL-101(Cr) composite was evaluated in
terms of the fractions of water extracted collected, and the specific energy
consumption, demonstrating its high potential for AWEA.

This work was supported by Russian Foundation for Basic Research
(project no. 18-29-04033).
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Wacker-type oxidation of fatty acids and derivatives
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Study of the using of renewable sources of raw materials is widespread
and popularized. It is replacement for raw materials of petrochemical origin.
It is due to strengthening of ecological standards. The presence of double
bonds in vegetable oils and their derivatives gives a possibility to functional-
ize them into value-added products. The Wacker type process of vegetable
oils and them derivatives is interesting for studying. The reaction leads to
produce ketocarboxylates, as well as the further conversion of these groups
to carboxylic. There are might use hydrogen peroxide and organically perac-
ids as an oxidant [1].

The Wacker process or the Hoechst—Wacker process originally referred
to the oxidation of ethylene to acetaldehyde by oxygen in water in the pres-
ence of a palladium tetrachloride catalyst. This chemical reaction was the first
organometallic and organopalladium reaction applied in industrial scale [2].
However, the catalyst system and reaction conditions are also applied to oxi-
dations and oxidative cleavage of renewables [3, 4, 5]. The work focuses on
choosing conditions for the oxidation of unsaturated fatty acid derivatives and
vegetable oils and the identification of oxidation products.

Oleic acid was chosen for beginning the research. Catalytic oxidation of
oleic acide with air in the presence of palladium (I1) chloride and copper (I1)
chloride was carried out. The synthesis is carried out in a cylindrical three-
necked reactor with stirring. Air was bubbled through the reaction mass (feed
rate — 0,5 liter/min). And it is also carried out in a oxygen pressurized reac-
tor.

Fourier transform infrared spectroscopy (FTIR) was used to identify of
presence of ketones groups in the resulting product. The spectrum of product
are containing of ketones groups and the spectrum of raw oleic acid were
compared. The presence of ketones group is reflected in the increased inten-
sity of the band at 1620 cm . Method for determination of carbonyl number
was also used. It showed the presence of carbonyl groups.

The result shows that the conditions of the industrial Waker type process
might be applied to the production of fatty ketones. It is mean the selective
obtain of fatty ketones by this method allow to produce valuable organic syn-
thesis products (dicarboxylic acids, fatty alcohols, plasticizers, polyesters, bi-
odegradable fibers).
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Kinetic study of waste PET depolymerization by
crude glycerol

G. Dzhabarov, V. Sapunov, V. Shadrina, M. Voronov, Tran Diem Nhi

D.I. Mendeleev University of Chemical Technology of Russia, 125047,
Moscow, Miusskaya square, 9

Introduction

World plastics production increases annually. And polyethylene tereph-
thalate (PET) market is the fastest growing one among them. It has sustaina-
ble growth of 5,5 % per year to reach 24 million metric tons in 2019 [1].
Therefore, the recycling of PET is one of the vital environmental problems
facing modern civilization. In order to solve this problem there are many
methods of waste PET depolymerization. Physical-mechanical and thermal
recycling is the most used way of polyether utilization, but produced product
can't be used in food industry [2]. So, solvolysis methods are the most prom-
ising ones for polyethers recycling. In our previous work [3] we proved that
crude glycerol is an effective PET depolymerization agent. And this method
is insensitive to impurities and different plastics in the feedstock. The aim of
this work is to study kinetic regularities of the process.
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Fig. 1. General scheme of the process

During this work the general scheme of the process was proposed (figure
1). There are two main processes: formation of potassium intercalates and
PET saponification by potassium soaps. First one take place due to KOH
presence in crude glycerol. This hydroxide was formed by partial soaps hy-
drolysis during storing. The second process proceeds on the PET surface and
limited by it. Further both potassium intermediates turns to oligomer products
with different molecular weights and then react with potassium soaps with
formation of dipotassium terephthalate. A mathematical model of the process
was proposed (figure 2) and all rate constants were determined. It was dis-
covered that all constants decreasing with increasing PET/soaps molar ratio.
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At PET/soaps molar ratio 1.0 and more there is no formation of dipotassium
terephthalate. These data are confirmed by molecular weight of oligomers
changing. It has increased more than twice with PET/soaps molar ration in-
creasing from 0.5 to 1.5.

d [KOH]fdf — ky [KOH] [PET] (1
dlntl/ = ik, [KOH][PET] — kyy lint] @
d [Oli.gol]fdrz ky, [Int] — ky, [KSt]-[Oligo1] (3)
dIKStl)  — _ k, (kS [PET] — ky, [Oligo 2] - [KSe] — ky, {KST10ligo1] )
d[oligo 2]/dr: k, {KSt]-{PET] - k,,-[Oligo 2] (5)
d[0ligo 3]/6!r= k,, {0ligo 2] — k,, [0ligo 3] - [KSt] (6)
d[TFKa]/df: ky, {KSt]-[0ligol] + k,, {0ligo 2]- [KSt] (7

Fig. 2. Mathematical description of the process, where [KOH], [PET], [KSt],
[TFKa], [Int 1], [Oligo1], [Oligo2], [Oligo3] — concentrations of potassium hydrox-
ide, PET, potassium soaps, dipotassium terephthalate, potassium intercalate and oli-

gomers with different molecular weight respectively

This work was financially supported by the Russian Foundation for
Basic Research (Scientific Project No. 18-29-24009).

References

1. Chitkara P., Ding W., Jones K., Pujari A., Wiesweg M., Woo M. // IHS
Markit. 2021

2. Ragaert K., Delva L., Van Geem K. // Waste Management. 2017.
Vol. 69. P. 24-58.

3. Dzhabarov G., Sapunov V., Kozlovskiy R., Makarova E., Phan Dinh
Kha, Voronov M., Shadrina V., Tran Diem Nhi, Kurneshova T. //
Petroleum and Coal. 2020. Vol. 62. Ne 1. P. 19-26.



178 Il International Scientific Conference “Sustainable and Efficient Use of Energy,
Water and Natural Resources”, Saint-Petersburg, April 19-24, 2021

KoMmno3uTHbIE MaTepHUuaabl A4 6€e30MacHOCTH
P.JI. Edpumos

Hayuonanvuouil uccnedosamenvcxuil ynusepcumem UTMO,
Poccus, 197101, Cankm-IlemepoOype, Kpongeprckuil np., 49

Komrmo3uTtHble MaTepraibl Ha OCHOBE apaMHIHBIX BOJIOKOH OTJIMYHO 3a-
PEKOMEHIOBAIIN ce0sI B CAaMOJICTOCTPOCHUH, B CTPOUTEIBCTBE KOPAOETHEHBIX
CYZOB U B KOCMHUYECKHX TeXHOJIOTHIX. Onexaa Uit TOpsIIuX MPOM3BOACTB
HeMbICIMMa 0€3 MCI0Ib30BaHUs apaMHUIHbIX TKaHeH. | paHHIBI HCIIONB30Ba-
HUSI 3THX YyZ0-MaTepuaoB MOCTOSHHO pacmupsorcs. Oco0yo ropaocts
MIPOM3BOANTEIICH BBI3BIBACT MPHUMEHEHNE apaMua B U3TOTOBIECHUH OpoHe-
XKuIeToB U Kacok. [TonmHocThio cootBercTByOT [OCTy 11209-2014 — mpu
KOHTaKTe C OTKPBITHIM OT'HEM OHH HE TOpAT, He TIetoT B TeueHue 30 cexyH.
VYienbHOE TOBEPXHOCTHOE JJIEKTPUYECKOE CONpPOTHUBICHHE He Ooee
107 Om. UckirountensHast IpOYHOCTH TKaHeH 00ecIieunBaeT SKCILTY aTalHIo
KOCTIOMOB B CaMbIX CIIOXHBIX ycloBUsX. HedremacioBogooTankusaronye
CBOIICTBA COXPAHSIOTCS MOCIIE 25 MPOMBIIUICHHBIX CTHPOK / cymek [1].

CBepXNpOYHBIME U BBICOKOMOJIYJIbHBIMH TIPHHSTO HA3bIBaTh apaMU-
HBIE HHUTH, KOTOpPHIE MNPU DPACTSHKCHUM ITOKA3bIBAIOT BHICOKHE 3HAUCHHUS
ynensHO# npounoctH (ot 1,3 I'Tla) n moayns ynpyroctu (ot 50 I'Tla). CBoii-
CTBa 3THX HUTEH MO3BOJIIOT U3TOTABINBATh U3 HUX TEKCTHIBHbIC H3IEIUS U
BOJIOKHHCTBIE KOMITO3UIIMOHHBIE MaTEpHalIbl MOBBIIIIEHHON MPOYHOCTH MPU
MaJIoM yenbHOM Bece (0Kko0J0 2 r/cm) [2]. TIpuunHO# BEICOKHX MOKa3aTenen
NPOYHOCTH AaHHBIX HUTEH SIBIISICTCS BEICOKAS YIIOPSI0UYCHHOCTD CTPYKTYPBIL.

OCOOCHHO aKTyalbHO BJaaeTh MH(POPMAIMEH O MPOYHOCTH MPH Pas-
PBIBE IIPU AKCIUTyaTallK CTPOIL, TPOCOB, TIOTOMY KaK MMEHHO ATH U3JICIHs
MOJIBEPTAIOTCS KOJIOCCAIBHBIM Harpy3KaM B IIPOLIECCE UX IIPUMEHEHUsI, a 13-
TOTaBJIMBAIOTCSI OHU M3 apaMHIHOW HUTH.

AKTyanbHOCTb MOEH pabOTHI 3aKIIFOYAETCS B TOM, YTOOBI 00PAaTHTh 0CO-
60e BHUMaHKE Ha HEOOXOIMMOCTh M3Y4EHHS IIPOIIECCOB UCTUPAHMS TKAHEH.
C 1enpio TOro, 4TOOBI MOBBICUTH 0€30MIACHOCTh M MIPOYHOCTHBIE CBOMCTBA
JaHHBIX MaTepHayoB. Tak Kak 3TO HANPSAMYIO 3aBUCHT C JKH3HBIO M 310pO-
BBEM YEJIOBEKA, €CIIN 9TH TKAHHU HUCTIONB3YIOTCS B 9KCTPEMAIBHBIX M YPE3BhI-
YaWHBIX CUTYaIHAX.

Apamusl 0671a1aF0T HEKOTOPBIMU OOILIMMH CBOWCTBAMH, BBITOJHO BbI-
JEISFOIMMU B CPABHEHUH C TIPOYMMH BOJIOKHAMHU:!

— BBICOKAsI IPOYHOCTb,

— XOpollasi yCTOWYUBOCTh K UCTUPAHHIO,

— XOpoIasi YCTOHYMBOCTh K BO3AEHCTBUIO OPraHUYECKUX PaCTBOPUTE-
JIeH,

— OTCYTCTBHE 3JIEKTPOIPOBOIUMOCTH,
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— OTCYTCTBHME TOUYKH ILIABJICHUS,

— HM3Kas BOCIUIAMEHSIEMOCTb,

— XOpOILIHUE MOKAa3aTeNIN COXPAaHEHHs LEJIOCTHOCTH TKAaHU B YCIIOBHAX
MIOBBILICHHBIX TEMIIEPATYDP.

Ienpro pabGoOTHI SIBISETCS OIEHKA MPOYHOCTH IPHU pa3pbiBe TKAHEH U3
apaMUIHbIX HUTEH.

3anaun paboThI:

— U3y4YEeHHE CTPYKTYPHI U CTPOEHUSI apAMUJHBIX TKaHEH,

— onucaHue GpU3NIECKON CYITHOCTH MPOIIECCOB pa3pbiBa TKaHEH,

— M3YYHUTh NOPAJOK pa3zpadboTku U ctpykrypy CTO (TY),

— HCCIeIoBaTh (PU3NKO-MEXaHNYECKHE CBOMCTB TKaHEH.

B nacrosimee Bpems B (DOHZAX HOPMAaTHUBHBIX TOKYMEHTOB HMEIOTCS
CTaHJApTHI HA UICTUPAHUE HUTEH, OMUCHIBAIOIINE HECKOJIBKO Pa3IMYHbIX Me-
TONIOB ONpeAeNeHHsT CTOWKOCTH K HCTHpaHHWIo, cpean KoTtopeix ['OCT
29104.17-91. OmHako 0030p aUTEpaTyphl OKA3al, YTO B HACTOSIIEE BPEMsI
OTCYTCTBYIOT pa3paO0TaHHbIE CTaHAAPTHI HAa Pa3pblB apaMHUIHbBIX TKaHEH.

OO0nacTh NIPUMEHEHUsI U ACCOPTHMEHT apaMHIHBIX TKaHeW HEYKJIOHHO
PacCIIMPSIOTCS, CIEKTP U3y4aeMbIX CBOMCTB AAHHOM I'PYIIIbI TKAHEHN pacTeT,
B CBSI3U C Y€M MOCTENIEHHO 0003HayaeTcss He00X0IMMOCTh pa3paboTKU CTaH-
JIapTOB Ha METOJIbI UCIIBITAHUM ONpe/ieNeHHbIX CBOMCTB. Tak Kak aHaIH3 Cy-
LIECTBYIOIIMX B HOPMAaTHBHOM (DOH/I€ CTaHIAPTOB MOKA3aJl, YTO Ha JIAHHBIN
MOMEHT BPEMEHU CYLECTBYIOT JIMIIb CTAHJAPTHI, B KOTOPBIX 3aTParuBalOTCs
BOIIPOCHI a0Pa3UBHOTO Pa3phIBa TKaHEH.
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1. Tlamora T.B., YcanoBuu C.A. MeToamka WCCIEIOBaHUS IKCILTyaTa-
IIMOHHO-TEXHOJIOTHYECKHUX CBOJCTB OTHEYTIOPHBIX TKaHEBBIX
Mmarepuanos. 2012. Ne6. C. 43-46.

2. Maxotkuna JLIO., Xy3una JL.M. AHanu3 mMaTepHaioB ISl OJCHKIBI
CIIEIMANIPHOTO HAa3HAYEHUs, peaIn3yeMbIX Ha POCCHICKOM pBIHKE.
2016. T. 19. C. 89-93.



180 Il International Scientific Conference “Sustainable and Efficient Use of Energy,
Water and Natural Resources”, Saint-Petersburg, April 19-24, 2021

Influence of humates on the growth of microorganisms
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Humic substances interacting with organisms, including microorgan-
isms, are capable of suppressing their development with an increased content.
In a number of works, an increase in the growth of microorganisms of differ-
ent physiological groups under the influence of humates has been shown. In
this regard, a promising line of research is the study of the effect of humate
preparations on the growth of alkanotrophic microorganisms on hydrocarbon
substrates, which can be used to intensify the processes of bioremediation of
oil-contaminated media. It was shown that the humic preparation "Flexom"
stimulated the growth of the hydrocarbon-oxidizing bacteria Acinetobacter
sp. Humic acids intensified the growth of Rhodococcus erythropolis on phe-
nol.

The effect of growth stimulation with humates can also be used in bio-
technology of bacterial plant protection products from harmful insects. There
is evidence that humate in certain concentrations not only contributed to an
increase in cell titer, but also accelerated the processes of spore and toxin
formation in entomopathogenic bacteria Bacillus thuringiensis.

The purpose of this work was to study the effect of the “Powhumus”
humate preparation on the growth of B. thuringiensis ssp. kurstaki.

The objects of the study were B. thuringiensis ssp. kurstaki (from the
collection of O.F. Vyatchina, Department of Microbiology, ISU).

To determine the effect of the preparation "Powhumus" on the growth
of the B. thuringiensis strain, the LB medium of the following composition
(%) was used: peptone — 1.0; yeast extract — 0.5; NaCl — 1.0. Humate was
added to the media at concentrations: 0.0001; 0.001; 0.01; 0.1 and 1 %. LB
medium without humate was used as a control. The cultivation was carried
out in flasks (250 ml) with 100 ml of LB medium. The media were inoculated
with a one-day culture suspension (1 % of the total volume) and incubated
under stationary conditions for 24 h at 30 °C. Quantitative registration of mi-
croorganisms was carried out using the method of limiting
dilutions.

Studies have shown that in the LB medium without the addition of hu-
mate, the number of cells of the studied B. thuringiensis strain increased by
almost an order of magnitude during 24 hours of cultivation — from
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(2.75 £ 0.45) 107 to (3.35+ 0.45) 108 CFU / ml. When 0.01 % humate was
added to the nutrient medium, the number of B. thuringiensis cells was almost
three times higher than in the control ((9.05 + 0.55) 108and (3.35 + 0.45)
108 CFU / ml, respectively).

Table 1. The effect of the "Powhumus™ humate preparation on the growth of B. thu-
ringiensis ssp. kurstaki

Humate concentration,% Number of cells, CFU / ml
0,0001 (5,0£0,79)-108
0,001 (5,50+1,27)-108
0,01 (9,05+0,55)-108
01 (3,10+0,69)- 108
1 (1,40+0,11)-108
control (3,35+0,45)-108

Humate at a concentration of 0.0001; 0.001 and 0.1 % had no significant
effect on the growth of the B. thuringiensis strain.

The suppression of culture growth was noted during cultivation in a me-
dium with 1 % humate. At the same time, the number of cells was more than
two times lower than in the control.

Thus, humate concentrations have been revealed that stimulate the
growth of the entomopathogenic bacterium B. thuringiensis ssp. kurstaki
(0.01 %), as well as the humate content, at which it had no visible effect on
the growth of the strain (0.0001; 0.001 and 0.1 %). The concentration limit
was established, above which the growth inhibition of B. thuringiensis (1 %)
was observed. The revealed ranges of the effective concentrations of humate
should be taken into account when using these substances in the biotechnol-
ogy of plant protection against phytopathogens.

This work was supported by the RFBR grant 19-29-05213 MK "Mecha-
nisms of the complex interaction of soils with oil, oil products and surfactants
in the processes of oil pollution and bioremediation".
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Investigation of industrial catalysts of the process of
fatty acid deoxygenation in order to obtain fuel
composition hydrocarbons

M.S. Zolotareva, A.l. Lugansky, R.A. Kozlovsky, M.S. VVoronov,
O.l. Shtepa, P.A. Voropaev

Currently, one of the most pressing issues is the search and development
of ways to obtain alternative environmentally friendly fuel sources. One of
the promising and widely discussed directions in the scientific community is
the reaction of deoxygenation of fatty acids obtained from vegetable raw ma-
terials. Such biofuels can be used both independently and in a mixture of pe-
troleum products [1-4].

This work continues the research cycle in this direction, the purpose of
which is to search for optimal conditions for the process with a high yield of
the target product. The process consists of two stages: hydrolysis of vegetable
oils with the release of a fraction of fatty acids; and deoxygenation of the
resulting fatty acids with the formation of hydrocarbons corresponding in
composition to bio-aviation kerosene. Next, we consider the stage of deoxy-
genation of fatty acids using various types of industrial catalysts.

The deoxygenation reaction is carried out in a mixing reactor at a pres-
sure of 30-50 ATM and a temperature of 320—340 °C in the presence of three
different industrial catalysts Pd/Cac, Co-Mo/Al;,03, Mo-Co/Al;O3 oxides, in
the amount of 1-2 % by weight of the total mass of reagents, the mass ratio
of fatty acids: cetane = 3:7 for 3-5 hours. Also, in the course of this study,
the influence of dispersion of the catalyst on the yield of the product is con-
sidered. Table summarizes the best results of the conducted experiments:

Table

Catalyst P, atm T,°C Time, h | Conversion, %
Pd/Cact 30 330 3 30
Co-Mo/Al203 40 330 3 32
oxides of Mo-Co/Al.03 40 330 3 14.7

As a result of studies, the conversion of fatty acids is 32 % and is
achieved at a partial pressure of hydrogen 40 ATM in the presence of a finely
dispersed catalyst Co-Mo/Al,Os. At the same time, it was found that the pres-
ence of a solvent, as well as the degree of dispersion of the catalyst, have a
significant effect on the conversion parameter.

Further research is aimed at finding new catalytic systems of the deoxy-
genation stage that allow increasing the yield of the kerosene fraction, as well
as eliminating expensive catalysts based on precious metals.
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Synthesis of SrFe1.xCoxOzF and study of their
electrocatalytic activity in the oxygen
evolution reaction

A.D. Valueva

Lomonosov Moscow State University, GSP-1, Leninskie Gory, Moscow,
119991, Russian Federation

The use of alkaline electrolyte in regenerative fuel cells makes it possi-
ble to use transition metal oxides as catalysts for electrode reactions instead
of traditional expensive catalysts [1]. Recently, it was shown that among the
perovskite-like oxides of the general composition ABOs.y, the materials con-
taining end-of-series 3d-metal cations (Fe, Co, Ni) in the B-sublattice exhibit
the largest catalytic activity in the process of oxygen evolution in an alkaline
medium [2]. The aim of this work was to search for new oxygen evolution
catalysts based on cobalt and iron oxofluorides with a perovskite structure.

Oxides SrFe;.xCoxO3.5 (x = 0, 0.4) with the structure of perovskite were
obtained by co-precipitation of oxalates. Then by performing reductive fluor-
ination using PVVDF, we synthesized oxofluorides SrFe;xCoxO2F (x = 0, 0.4).

In case of SrFeOs.s the X-ray powder diffraction pattern revealed split-
ting of a number of diffraction reflections, which indicates that the real sym-
metry of the obtained phase is lower than cubic. As a result, the X-ray dif-
fraction pattern was completely indexed in the orthorhombic unit cell with
the following lattice parameters a = 5.478 (2) A, b=5.465 (2) A, ¢ = 3.850
(1) A. Fluorination resulted in a material with cubic perovskite structure, with
lattice parameter of a = 3.9550(3) A.

The X-ray powder diffraction patterns recorded from SrFegsC00.403 and
its fluorinated derivative showed, that the sample of SrFegsC00.402F is not
single-phase and contains poorly crystallized SrF, (about 5-7 %) as an impu-
rity. The reflections of SrF, phase are indicated with asterisks. Reflections
belonging to the perovskite phase were indexed in a cubic perovskite cell with
a=3.963 (1) A.

According to Mossbauer spectroscopy data, we found that the values of
chemical shifts in the spectrum indicate the presence of Fe®* exclusively in
SraFe;0s and in SrFeO,F, which implies that fluorine occupies exactly 1/3 of
the positions of oxygen atoms in the crystal lattice. We also concluded that
the real oxygen content in SrFeO2F is close to stoichiometric.

SEM images showed, that the particle size of SrFeOF is 2-5 microns.
Both SrFeoC00402F and SrFeO,F were obtained with a surface area of
50 m?/g according to BET. The electrocatalytic activity of SrFeqsC00.402F in
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oxygen evolution reaction was measured; according to preliminary data, the
compound shows activity in the OER.

To conclude by using three-stage synthesis, a sample of SrFeO,F was
obtained. The sample contains exclusively Fe®* cations, as follows from the
Mossbauer spectroscopy data. The particle size of the SrFeO,F was 2-5 mi-
crons. Also, a new oxofluoride SrFepsC00.402-4F was obtained, which crys-
tallizes in the cubic structure of perovskite, and shows activity in the OER.
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The study of segregation of impurities on grain
boundaries of lithium metal anodes
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Due to its high specific capacity and low electrode potential, lithium
metal is considered the best anode material in chemical current sources, e.g.
in lithium-oxygen or sulfur-oxygen batteries. The key issue of lithium metal
anode is its tendency to non-uniform morphology during the charge process:
metal needle-like structures called ‘whiskers’ are forming on the negative
electrode surface. Their formation leads to a significant loss of battery capac-
ity after several charge-discharge cycles, meanwhile creating the risk of a
short circuit [1]. The problem of lithium uneven deposition hinders the com-
mercialization of rechargeable batteries with lithium metal anode.

According to the scientific literature, one of the key factors affecting the
morphology of lithium during electroplating is the residual mechanical stress
generated in bulk metal due to the deposition of lithium under the passivation
layer (SEI) on the electrode surface [2]. The resulting mechanical stress en-
hances the diffusion of lithium atoms to the bases of some grains that grow
in form of whiskers.

To suppress the growth of needle-like structures, we have proposed to
limit the diffusion along the grain boundary and on the electrode surface by
adding sodium as an impurity that should be segregated at the grain bounda-
ries and on the lithium metal surface.

Sodium-lithium mixtures with different sodium content were obtained
via alloying these metals in inert argon atmosphere. Using scanning electron
microscopy, we investigated the distribution of sodium in lithium-sodium
mixtures, and studied the influence of sodium adding on the morphology of
electrodeposited lithium. It was noted that the minimum on the voltage curve
of lithium galvanostatic electrodeposition on pure lithium metal refers to the
beginning of secondary nucleation that is followed by whisker growth. In the
time before the minimum, the bulging of some surface grains is observed,
which is the result of diffusion of lithium atoms to the bases of these grains.
We have discovered that the increases in sodium concentration in mixtures
leads to the reduction of time before the beginning of whisker growth, which
may indicate the blocking of grain-boundary diffusion.
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Industrial symbiosis for solving problem of organic
waste generation in retail
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A third of all food products are lost or thrown away every year in the
world — about 1.3 billion tons per year, or 7.5 trillion dollars. At the same
time, in Russia, according to Rosstat, food losses are 0.6 %, and according to
experts — more than 40 %. To date, according to AKORT (Association of
Retail Companies) and X5 Retail Group, Russian retail produces about
700 tons of food waste per year. The main share of which — about 45 % —
are expired plant products — vegetables and fruits, about 20-25 % are prod-
ucts with a short consumption period and about 30 % are meat, poultry and
fish [1-3].

The main goal of the study is to consider the possibility of biogas pro-
duction and further energy production from organic waste of retail chains us-
ing the approach of industrial symbiosis. Thus, a solution to the problem of
organic waste and energy in the Russian region is proposed.

The overall objective has been achieved through

1) study of the legislative framework for the possibility of building the
principle of industrial symbiosis in one of the regions of Russia

2) building a model of industrial symbiosis of retail trade with the pos-
sibility of obtaining biogas from organic waste and further obtaining energy
and other by-products.

At this stage, the analysis of the legal framework made it possible to
conclude that the current situation with the processing of organic waste is
burdened with the costs of Russian legislation. The situation is such that land-
fill disposal is the simplest and cheapest option for handling this type of
waste. The processing of organic waste by transferring it to peasant farms or
obtaining energy resources is not stimulated by the state at the proper level,
there is no motivational system for the implementation of such environmental
initiatives, there are no subsidies and benefits. Even donating surplus food to
charity is taxed.

The use of the industrial symbiosis approach — the use of waste from
one enterprise in the production process of another enterprise — allows you
to optimize the use of resources, reducing environmental impacts by closing
resource chains, thereby contributing to the development of a circular
economy.
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Building a model of industrial symbiosis is a tool that can be used as an
effective tool for solving organic waste problems. In the best way of func-
tioning of industrial symbiosis, 100 % of organic waste will not be disposed
of in landfills, at the same time, all the electricity needed for the city will be
generated using biogas from organic waste. This scenario is consistent with
the “perfect symbiosis” defined by Albino et al. as a condition under which
waste is not disposed of and primary resources are not purchased outside the
considered system.
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CuHTe3 U QyHKIMOHA/IbHbIE CBOMCTBA
HerpaguTHU3UPYEeMOro yrjiepoja 1 yrjaepoJHbIX
KOMIIO3MTOB Ha ero 0OCHOBe JJIs
MeTa/I/I-MOHHBIX AaKKyMYJIATOPOB
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IToTrpebHOCTH B CO3IaHUU ACHIEBBIX U YKOJIOTUYHBIX CIIOCOOOB XpaHe-
HUSI SHEPTHU PACTET C KAXBIM rofioM. [ 3TOro moBCEMECTHO UCTIONB3Y-
I0TCS METaJUT-MOHHBIE akKymyiaropel (MUA). KiroueBas mpobnema mpu
KOMMEpIIHAIN3alui TEXHOIOTUH JUI TOIy4YEeHUS] METAJI-HOHHBIX aKKyMy-
JIATOPOB COCTOMT B MOUCKE 3JIEKTPOJHBIX MAaTEPUANIOB C YAOBICTBOPUTEIH-
HBIMH AJIEKTPOXUMHUYECKUMH XapaKTepUCTUKaMU. B cBs13u ¢ 3TUM pacTeT uH-
Tepec K HOBBIM MaTepuaiaM Ajsl METaI-MOHHbBIX aKKyMyJISATOpoB. OqHUMU
W3 TaKUX MaTepHaJIOB SIBIISIOTCS YIJIEPOJIHBbIE MaTepHalbl KOTOPHIE MOBCE-
MECTHO HCIIOJIb3YIOTCS Kak aHojbl Ayis MUA.

Jus anogo MHA ucnons3yroT Matepuansl Ha OCHOBE “TBEPJOro” yr-
nepoaa (hard carbon), B cTpykType KOTOPOTrO MPUCYTCTBYKOT pasynopsino-
YeHHbIe rpadeHono100HbIe cion. Takoi yriepos AeMOHCTPUPYET BEICOKHE
eMKocTd 710 450 MAY/T B TIUTHI-MOHHBIX U HATPUIT-MOHHBIX aKKyMYJISITOpaX.
«TBepablii» yriaepos Kak IMpaBrUiIo, IMEET OONBIIYIO YAETbHYO IIIOMAIb MO-
BEPXHOCTH, Ha KOTOPOH MPH MEPBOM ITUKIIE 3apSAKH aKKyMyJIaTopa Ipouc-
xoauT obpaszosanue maccusupyroiero cios (Solid Electrolyte Interphase —
SEI), 4T0 MpUBOIUT K yMEHBIICHUIO KYJIOHOBCKO# 3()()eKTUBHOCTH Ha Iep-
BoM nukie [1]. Anst cHmkeHHs: HeoOpaTUMBIX MOTEPh EMKOCTH B XOJI€ IIHK-
JIUPOBaHMS aKKyMYJISITOpa, HEOOXOAMMO CHU3HUTH YAEIbHYIO OBEPXHOCTD,
JIOCTYITHYIO JJIS1 pa3lioKeHus dekTponuta. OMHUM U3 MyTel petieHus 3Toi
po0eMBbl SBISIETCS TIOJIydYeHHE KOMIIO3UTa Ha OCHOBE «TBEPIOIO» yrie-
poJia ¥ Tak Ha3bIBaEMOTO «MSTKOTO» rpaduTuzupyemMoro yriepoaa [2].

JUis nonmydeHus 4acTull “TBepIoro” yriepoja Majaoro pasmepa npoBo-
Jaunack kapOoHu3anus D-Tiioko3bl B THAPOTEPMAaIbHOM PEAKTOPE C TIOCTIe-
JYIOIINM OTXHIOM B U B MHEpTHOI atMocdepe. [lepBast gacts paboThI
MOCBSAIIEHA ONTHMHU3AIMN YCIIOBUH CHHTE3a <OKECTKOTO» yIiiepoja IHIApO-
TepMaJIbHBIM CIIOCOOOM IPH BAPbHPOBAHWHM HECKOJIBKUX MapaMeTpOB CHH-
Te3a, TAKUX KaK TEMIIepaTypa, HadajdbHasl KOHILEHTpAIWs, BPeMsl CHHTE3A.
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[Nomyyennble MaTepuaibl OBUIM MCCIEIOBAHBI METOIOM PAaCTPOBOM 3JIEK-
TPOHHOM MHKPOCKOITUH H 3JIEKTPOXHUMHYECKMMH METOJaMH aHaIu3a. Mare-
pHalTbl TIOKa3aIH Pa3psAaHyI0 eMKOCTh 10 270 MAUY/T IpU CKOPOCTH ITUKJIH-
poBanus C/10 u KynoHOBCKyH0 3¢ dexkTuBHOCTh Ha TiepBoM 1ukie 10 80 %
(puc 1, 2, 3) B cOopke ¢ HATpUEM.

Taxoke OblTa IpOBEpEHa BO3MOXKHOCTD CO3JIaHUSI KOMIIO3UTA C MTOJIHAK-
PUJIOHUTPHIIOM M HOJMBUHIWINUPUANHOM. Marepuan 1mocie rujporepMaib-
HOTO CHHTE3a CMEIIaJIM C PACTBOPaMH ITOJMMEPOB U IPOBEJH OTKUT B aTMO-
cdepe aprona. IlodydeHHbBIE YrIepoa-yIIIEPOJHEIE KOMIIO3HUTHI MPOJEMOH-
CTPHUPOBAIN XaPaKTEPUCTHKH, COMIOCTABUMEIC C YIIIEPOIHBIM MaTEpHATIOM
0e3 IMOKPHITHS.

Paboma evinonnena npu gunarncosoil noodepaicke Poccuiickoeo nayu-
Ho20 ghonda npoexm Ne 19-73-10078
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Ill1TaTuHOBBIE KAaTa/JIN3aTOPbI HA PA3/IMYHBIX
MO AJIOKKAX
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[InaTMHOBBIE KAaTAIM3aTOPbI, N3TOTOBJIICHHBIC U3 METAJUIMYECKOM Iia-
THHBI HJIM KOMIIO3UTHBIX MAaTEPHUAIIOB, COJCPIKAIINX HAHOYACTHIIBI IUTATHHBI,
MPUMEHAIOTCA B PA3JIMYHBIX OTPACIAX IMMPOMBINUICHHOCTU U B HAYYHBIX pas3-
paboTkax. Ha mpakTuke oka3bIBarOTCS BOCTPEOOBAHHBIMHU ILIATHHOBBIC Ka-
TaJIn3aTOPbI, NOJTYYEHHBIC OCAKIACHUECM HAHOYACTHUI] IVTaTUHBI HA ITOJJIOXKKH
pasznu4aHoro THmna. J[is npegoTBpaiieHns KOHrJIOMepalyy U CIUINaHus HaHO-
YacTHIl OOBIYHO HCIOJIB3YIOTCS Pa3IMYHbIE JT00aBKH, HAIpUMEp, MOBEpX-
HOCTHO aKTHBHBIC BeliecTBa. B pabote [1] moka3aHo, 4To B mpoIiecce Hc-
TIOJIb30BAHMS KaTaIN3aTopa MOBEPXHOCTHO aKTHBHBIC BEIIECTBA MOTYT HC-
MapsThCs, 9TO COMPOBOXKIAACTCS YBEIMUCHNEM Pa3MEpoB YacTuIl (CoKparie-
HUEM aKTUBHOH ITOBEPXHOCTH) W YMCHBIIICHUEM KaTAIMTHYCCKOW aKTHBHO-
ctu. B pabore [2] mpencTaBieHbl pe3ynbTaThl MOMYUYCHHS IIATHHOBOTO Ka-
TaM3aTopa JUisl TOILUTMBHBIX AJIEMEHTOB OCaKAeHHeM HaHo4acTHIl Pt Ha Mo-
J(UIMPOBAHHBIN aKTHBUPOBAHHBII yroib. [Jist IpeIoTBpaIieH s KOHTIIO-
Mepalliy U CIHMIMaHusl HAHOYACTHUI], OCAXK/ICHUE HaHovacTHIl Pt ocyecTsis-
JIOCh Ha TIOJITIOKKY, KOTOpas MpeICTaBsia co00H aKTUBUPOBAHHBIN YTIIb, HA
MOBEPXHOCTH KOTOPOT'O MPEABAPUTENILHO CHHTE3UPOBAH a3pOreib TMOKCH 1A
KpEMHSI.

B Hacrosimeil paboTe mpeacTaBieHbl pe3yIbTaThl TOJIyYeHUS! KOMITO-
3UTHBIX MaTCpPHAJIOB, TTONYYCHHBIX OCAXKIICHHEM HAHOYACTHI[ IUIATHHBI Ha
TTOJITOKKH Pa3IMIHOI0 pa3Mepa U COCTaBa, HA HAHOYACTHITHI TUOKCHIA TH-
TaHa, TUPOKCUIANaTUT U GpapdopoBkIe Mmapsl AUAMETPOM 3 MM.

OcaxeHne HaHOYacTUI[ Pt Ha HAHOYACTHIBI TUOKCHA THTaHA OCY-
IIECTBIICHO METO/IOM, aHAIOTUYHEIM, onricanHOMY B padote [1]. [TokpeiTre
HAHOYACTHI] JJMOKCH/IA THTaHa, KOTOPbIC MCIOJIB30BAIKCH B KAYECTBE MO/~
JIOKH, HAHOYACTHUILIAMH TUIATHHBI HA TUAMETP YaCTHUI] OLIEHUBAJIOCh aHAIH-
30M MEKpogoTorpaduii oopasios Hanoyactuil 1102 u (TiO2—Pt). Anamus
M0Ka3aJl, YTO He MPOM30IILIO 3aMETHOT'O YBEINUEHHS CPEIHEr0 AuaMeTpa Ha-
Houactuil (TiO2—Pt) o cpaBHenuto ¢ HaHowyacTuiamu 1102, CrieKTpsl KOM-
6unanonHoro paccesaus Ti02 u (TiO,—Pt) mokasanu, 4To B CEKTpe KOM-
nosuta (TiO2—Pt) orcyTeTByIOT mosiocs! xapakTtepusie st TiO2, 4To cBUjIe-
TENbCTBYET O PABHOMEPHOM TOKPBITHH TOBepxHOCTH 4YacTull 110, HaHOYa-
cruamu Pt.
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W3BecTHO, 4TO HaHOYACTHLBI Pt HCTIONB3YIOTCS TIPH JIEYEHUN OHKOJIO-
rudeckux 3aboneBanunii [3]. C apyroii cropoHsl, runpokcmnanatut (HA) mm-
POKO pacipoCTpaHEH B )KUBOU MPUPOJIE U BXOAUT B COCTAB KOCTHBIX TKaHEM,
3y0O0B, CKOpIJIYIHI AU U T. A. [lo3ToMy mpeacTaBisieTcsl MOJIe3HbIM MOTyde-
HHE U HccleqoBaHue cBoiicTB HA, momupoBaHHOTO HaHOYACTHLIAMU IjIa-
tuHbl. CuHTe3 HA BBITOTHEH METOIOM, OITUCAHHBIM B padore [4]. [Tomyuen-
HBII oOpaser; HA BhICymIMBasICsS ¥ IEPETUPAJICSI B araTOBOW CTYIIKe. 3aTeM
Ha Hero ocaxJaJimch HaHowyacTHs! Pt. MccnenoBanuchk ciekTpbl KOMOWHA-
LMOHHOTO PACCEsTHUS ITOJIyYEeHHOTO KOMIO3UTa U €r0 KaTaJUTHYecKas aK-
THBHOCTb.

B peaknuoHHBIX anmapaTax ra3oBbIX aHATU3aTOPOB OOBITHO HUCTIONB3Y-
FOTCSI 3aChINKHU U3 CHITYYUX MaTEPHAIOB JOCTATOYHO KPYIITHBIX Pa3MEPOB JUIs
CBOOOIHOTO MTPOXOXKIEHHS Ta30B Uepe3 alllapar, HalpuMep, Takue Kak dap-
(opoBbIe HIAPHI Pa3IMYHOro auameTpa. B pabore mpencraBieHbl pe3ylib-
TaTHl MOJTYYEHUS KaTalu3aTopa MyTéM OCa)</I€HHUsI HAHOYACTHUI] INIaTUHBI Ha
(dapdopossie mapel tuamMeTpoM 3 MM. [lonmydeHHbIH KaTanu3aTop xapakre-
pHU3yeTcs paBHOMEPHBIM MOKPHITHEM TIoBepXHOCTH cdep Pt. Mcnbiranus ka-
TaJIUTUYECKOM aKTMBHOCTHU NPOBEICHO C UCIOJIb30BAaHHEM aHANINU3aTopa aT-
MocgepHoro Bo3ayxa — xpomarorpapa TAMMA-ET. U3BecTHO, 4TO yrie-
BOJIOPOABI 00JTaal0T MaJoil XMMUYECKONH aKTHBHOCTBIO, OCOOEHHO METaH,
MIO3TOMY UCIHBITAHUS KaTalu3aTopa MPOBOAWINCH Ha BO3AYXE, B KOTOPBIN
JIOTIOJIHUTENBHO BBOAUIIOCH ONPENENEHHOE KOMUUECTBO MeTaHa. cnibITanns
MIOKA3aJIM XOPOIIY0 KaTaTNTHIECKYI0 aKTHBHOCTD TTOJyYEHHOTO KaTaln3a-
TOpA.

Taxkum 00pa3oMm, ITOKAa3aHO, YTO HOBBIE KOMIIO3UTHBIE MaTEPHAIbI, IT0-
Jy4YeHHbIE OCAKICHWEM HAHOYACTHI[ IUIATHHBI HA PA3JINYHBIC ITOJIOXKKH,
UMEIOT 00JIACTh PallOHAILHOTO UCTIONb30BaHMSI B KAYECTBE KaTaIN3aTOPOB.
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Peasim3anus B XMuMHU4YeCKOM NPOMBINLJIEHHOCTH TPEHAA
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V3meHeHne knmuMara, BBI3BAHHOE HAKOIUICHHEM AHTPOIOTEHHBIX BhI-
OpOCOB MaPHUKOBBIX T'a30B B aTMOc(epe, ABIAETCS OAHON U3 TPHOPUTETHBIX
mpo0JieM YenoBeYeCTBa, OKPY’KaIoIeld Cpeabl U MHPOBOM SKOHOMHKH. B
pamkax [loBecTku 1HS B 00JacTH YCTOWYMBOrO Pa3BHUTHS Ha MEPUOJ 1O
2030 roma Ooprba ¢ M3MEHEHHEM KJIMMaTa M €ro IMOCICACTBHSIMHU YTBEp-
JJIeHa B KauecTBe 1ieau ycroiunsoro passurus OOH [1]. Ycunus Muposoro
coo01ecTBa, HalpaBJieHHbIE HAa 00ph0Y C M3MEHEHUEM KIIMMara, IPUBEIN K
CTHMYJIMPOBAHUIO Mepexoja o0liecTBa K HU3KOYTIIEPOAHON («3eIeHOM»)
9KOHOMHKE. B pesynbrate B 1€10BOM COOOIIECTBE BO3POCIO BHHMaHHE K
pa3paboTKe yriepoIHON OTYETHOCTH, MOATBEPKAAIONICH yCTOWINBOE pa3-
BUTHE TIPENPHUATHS, B TOM YHCIIE ¥ K OIIEHKE yTJIEPOIHON HEHTpalbHOCTH
BBIITYCKAaEMOW MPOAYKIMHU. Tak, B paMKax MEXAYHAapOOHOW MpPOrpaMMbI
«OtBeTcTBeHHas 3abora» (anmir. Responsible Care), wauiuupoBanHoOi B
1980-x rogax B Kamnane [2], poccuiickue XUMHYECKUE MPEATIPUATHS OCY-
MIECTBIIAIOT ACATCIBHOCTD HE TOJIBKO B COOTBETCTBUM C IPUHIUIIAMH 5KOHO-
MHYECKOI1 11e71eC000pa3HOCTH, HO M COTJIACHO MPHHIUIAM YCTOHYUBOTO pas-
BUTUS U BONIPOCAM COXPAHEHUS OKpY>Karolen cpeapl. i KOIMUeCTBEHHON
OLIEHKH PEe3yJIbTATUBHOCTH OCYILECTBIAEMON JESTENbHOCTH XUMHYECKUE
MIPEANPHUATHSA-YIACTHUKN TPOTPAMMBI €XKErOHO TNPENOCTAaBISIFOT OTYeT-
HOCTb I10 KJTFOUEBBIM ITOKa3aTessiM 3 (hEeKTHBHOCTH B 00J1aCTH OXPaHbI OKPY-
JKaroUled Cpebl, COXpaHEHHUs 340pOBbsS PaOOTHUKOB M OOECIeUeHUs Mpo-
MBIIIIEHHOCTH Oe3omacHocTH. B pamkax peanmzarun nporpammsl «OTBeT-
CTBEHHAs 3200Ta» XUMHUYECKUE TPEANPHUATUS IPOBOAAT HOJIUTHKY TI0 OCTE-
TICHHOMY COKPAIIEHHIO BEIOPOCOB MMAPHUKOBBIX I'a30B M MMPEJOCTABIIIOT CBE-
JICHUS] O KOJIMYECTBE NPSIMBIX M KOCBCHHBIX BHIOPOCOB MAPHHUKOBBIX Ta30B,
o0pa3yromuxcs Ipu NOTPeOIEHNN TOIUIMBHO-9HEPTETUIECKUX PECYPCOB, Pa-
60Te MPOM3BOJICTBEHHOTO 00OPYIOBAaHUS, IOTPEOICHUH TEIJIO- U DIIEKTPO-
SHEPTHH, MOIyIEHHOH OT IOCTABIINKOB, I 00ECIICUCHNS HY K/ TIPEIIPHs-
tus [3].

st oneHKH 3(G(HEKTUBHOCTH JCITEIBHOCTH POCCUHCKUX XUMHUCCKUX
NPEANpPUSTAN 10 COKpAIEHHIO BHIOPOCOB NMapHHUKOBBIX ra3oB pa3paboTaH
OPHUTHHAIBHBIN aITOPUTM, TPELYCMAaTPUBAIONINH OIEHKY arperipOBaHHBIX
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aOCOJIIOTHBIX NIOKa3aTeNel IPSIMBIX U KOCBEHHBIX BEIOPOCOB ITAPHUKOBBIX T'a-
308 3a niepuoj ¢ 2005 mo 2019 ron, a TakKe OLEHKY arperupOBaHHBIX Y/IeIb-
HBIX II0Ka3aTesieil, HOpPMUPOBAHHBIX HA TOHHY IIPOM3BOJUMON IPOAYKLIUU
WY Ha TBHICSIYY PyOJIeii ro10BOI BBIPYUKH XUMHYECKUX MPEATIPUSTHNA-Y4acT-
HUKOB mporpammsbl. [lo pe3ynbTaTtam NpOBEIEHHBIX OICHOK OIpelesICHbI
TPEH/Ibl U3MEHEHHS TT0Ka3aTelieil BIOPOCOB APHUKOBBIX Ta30B C UCIIONIB30-
BaHHEM MPOLEAYP JUHEHHOTO MPUOIMKEHUS] M METO/Ia HAMMEHBIIINX KBaJI-
paros.

Pe3ynbTaThl MOKa3aly, 4To 3a MepHOJ UCCIIeIOBAaHUS BEIOPOCH MApHH-
KOBBIX Ta30B B OTHOCHUTEIFHOM BBIP2)KECHUH HMEET TEHICHIIMIO K CHI)KSHUIO.
Tak, KomMyecTBO BBHIOPOCOB IAPHUKOBBIX Ta30B  COKPATHIOCH €
2,16 T CO2kB./T mpoaykra u 0,1 T COz9kB./ThIC.py0. 10 0,73 T CO20KB./T
npoxaykra u 0,07 T CO23kB./ThIC.py0. OHAKO IS COOTBETCTBHS 0a30BOMY
CIieHapuI0, onmucaHHoMy B CTpaTeruu JOJTOCPOYHOro pa3BuTusi Poccwuii-
ckoif Penepaluy ¢ HU3KUM YpPOBHEM BBIOPOCOB IApHHUKOBBIX T'a30B 0
2050 roza, poccuiicKUM XUMUYECKUM NPEANPUATHASIM HEOOXOAUMO PUHSATh
JIOTIOJTHUTEJIBHBIE MEPHI 110 COKPAIIEHHIO BHIOPOCOB MAapHUKOBBIX ra3os, B
YaCTHOCTH, BHEJPEHHE YHEPro- U pecypcocOeperaronyx TeXHOIOTHH, CHH-
YKEHUE NOTEPh YHEPTUH Ha CTAJMU MPOU3BOJICTBA MTPOITYKIINH.

Peanu3zanus TpeH1a HU3KOYTIIEPOIHOTO Pa3BUTHS TIO3BOJIHUT MPEIIIPHS-
THSIM XMMHUYECKOIH OTpaciy NPOMBIIUICHHOCTH HE TOJIBKO OIPaHUYUTH CO-
Jiep>)kaHie TApHUKOBBIX T'a30B B aTMoc(epe, HO U MOIy9INUTh KOHKYPEHTHBIC
NPEUMYIECTBA HA PHIHKE 32 CYET CO3/IaHUSI HU3KOYTJICPOIHBIX MPOIYKTOB,
KOTOpPBIE MOTYT OBITh BCTPOCHBI B 3€JICHBIC [IETIOYKH IIOCTABOK; IEMOHCTpA-
LMM 9KOJIOTUYECKOH OTBETCTBEHHOCTH; MHHHMH3ALMH PUCKOB PEITyTAIlMOH-
HBIX ¥ (DMHAHCOBBIX, CBS3aHHBIX C PETYJIMPOBAHHEM BHIOPOCOB MAPHUKOBBIX
Tra30B, UBMCHCHHUECM ITOBCIACHUA HOKyHaTeJ’[eﬁ, KpE€AUTOPOB U NHBECTOPOB.
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Ucnosib30BaHME GM03/IEKTPOXUMHUYECKOTO
NOTeHIHasa A5 OlleHKH PYHKIMOHAIbHOT 0
COCTOSIHUSA APOXKen

C.0. Mypuk, T.C. Jlazapesa, E.B. Aaronosa, C.D. Cepruesko
Hprymckuil 2ocyoapcmeennbiii ynugepcumem, 2. Upxymck

Omnenka ¢ynkimoHansHOro coctosHus (PC) MHKpOOPraHHM3MOB —
OCTaeTCsI aKTyalbHOM 3a/1aueil Kak /Uil OMOTEXHOJIOTUUECKHUX TPOU3BOICTB,
TaK M JJIsl OLIEHKH DKOJIOTUYECKON 00CTaHOBKU B BOJHBIX cpenax. OQHUM u3
MOXO/I0B 3/I€Ch MOIJIO OBl OBITH MCIOIB30BAHHUS OHMOMMOTEHIINAIOB, B YacT-
HOCTH MEMOpPaHHOTO MOTEHIMala, KOTOPBIH TECHO CBs3aH ¢ paboTOH MOH-
HBIX HACOCOB, B CBOIO OUYepEe/b 3aBUCSIIEH OT COCTOSIHUS BHYTPUKIETOYHOTO
MeTaboym3Ma, B TOM 4YMClie dHepreTndeckoro. OqHaKo, BHYTPHUKIETOYHAS
perucTparysi MeMOPaHHOTO TOTEHIHANA C MTOMOIIBI0O MUKPOAJIETPOIOB IS
oneHkn @C MUKPOOPTaHN3MOB JOCTATOYHO CIIOXKHA ISl €€ IIMPOKOTO TPH-
MEHEHHUSL.

Ienpto HacTosIIEH paOOTHI OBIIIO HCCIIEI0BAHIE BO3MOKHOCTH OLICHKH
@®C B3BECH MHKPOOPTaHM3MOB MaKpO3JIEKTPOIHBIM MeTomoM. st aToro
Ob1T0 MpoBeieHo uccaenosanre OC apoxokeit Saccharomyces cerevisiae mo
JNaHHBIM dJekTpoxumudeckoro mnoreHimana (DXII). Perucrparuio DXI1T
HPOBOIWIN C MOMOIIBI0 xyopcepedpsiHoro (OBJI-1M3.1) u miaTHHOBOTO
(OIIB-1) anektponos (I"oMenbCKHii 3aBOJ U3MEPUTENBHBIX TIPHOOPOB, bena-
PYCB), SBJISIOIINXCS COOTBETCTBEHHO 3JICKTPOIAMH CPABHEHHUS 1 H3MEPEHHSI.
V3mepenre MOTEHIMANOB MPOBOJIWIN MEXIY JIBYMsl CTEKJISTHHBIMHU SUCH-
kamu (o0bemoM 100 muT) 3armoHEHHBIMH MHUTATEIbHBIM pacTBopoM Y EPD
(yeast extract (5 r/m), peptone (10 r/x), dextrose (20 r/m)) U coeqMHEHHBIMU
MEXIy co00# rpad)uTOBBIM BOMIIOUHBIM MOCTHKOM, B OZIHY M3 KOTOPBIX BHO-
cuiuch apoxxn (CAD-MowmeHnr, 2 r). Peructpanuto DXII npoBoauiu B Te-
yeHue 3-5 4acoB B CYTKH, meproauyecku aenas 1-muH uzmepenuns DXII ¢
momoreto  m3Mepurenst  Jkernepr-001 (OO0 "Dxkonmkc-Ikcmept”,
r. Mocksa). Bcero oinH 3KCiepuMEHT MPOAOIDKAICS 5 CYyTOK.

JpoxK¥ BHOCHIHCH B SYEHKY, TI€ HAXOAMUIICS NU3MEPUTENIBHBIN DIIEK-
TPOJ, B MEPBBIE K€ CYTKU dKcIiepuMeHTa nocie 10 MUH U3MepeHHs UCXO.-
Ho pasHoctu DXII. Ha 4-e cytku o6e stueiiku (ogua ¢ YEPD, npyras c
YEPD-+aposxoku) HarpeBaiu Ha BojsiHOM OaHe B Tedenue 30 munyt. [Tocne
JOCTIOKEHUS B stuciikax 86 °C OHM BBIICP)KUBAIUCH MPH JAHHOW TemIepa-
Type eme Ha npotrspkeHuH 15 muH. [Tociie OKOHYaHMS BBICOKOTEMIIEPATYP-
HOM 9KCHO3UIMU U OCThIBaHUM pacTBOpoB 110 29 °C n3mepenne DXI1 B0300-
HOBILDIOCH. [IpoBeneHo Tpu cepun ombITOB. CTaTtucTHyeckas oOpaboTka
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OCYILIECTBIISUIACH C MCTIONBb30BaHueM t-Tecta (kpurepuil CThIOAEHTA) AT 3a-
BHCHMBIX BBIOOpOK. J[aHHBIE MpenCTaBlIeHBI KaKk cpenHee apupMeTHIecKoe
+ omubOKa CpeaHero.

Pe3ynpTaThl perucTpallid W aHallv3a dJIEKTPUUECKOTO MOTEHITMaIa
MEXIY SYCUKaMHU C IMOMOIIBIO XJIOPCEPEOPSHOrO M IJIATHHOBOTO 3JIEKTPO-
JI0B 110Ka3aio, 4yro DXII pactBopa YEPD pasusuics +232+19 mB. Buecenue
JIPOAOKEN B CTaKaH € TUIATUHOBBIM 3JIEKTPOJOM MPUBEIO K CHIbKeHUIo D XTI
yke 3a iepBeie 10 munyT O60ee ueM Ha 50 MB (p = 0,014). Beero ke B mep-
BEII OTIBITHEINA JACHB 32 TPH C MTOJMIOBHHOW Yaca HaOmoaenus DXI1 yman Ha
283+26,7 MB (p = 0,01). PazBuTHEe MHUKPOOPTraHU3MOB B TEUCHHE 3-X CYTOK
COIIPOBOXKIANIOCH €T0 NATbHEHIINM YMEHBIICHIEM U IPHOOPETCHHEM OTPH-
LATeNBHBIX 3HAYCHHHA OTHOCHUTENFHO 3JIeKTpoja cpaBHeHus (cm. Puc. 1).
[Ipu 5TOM B OTHENBHBIX MCCICHOBAHMAX CHIDKEHHE MOTEHIIHAIa TOCTHTalio
6onee 450 MB. Bo3nelicTBue netanbHOU ISl APOXOKEH TeMITepaTypbl IPOSIBH-
JIOCh B YMEHBIIIEHUH OTPHUIIATEILHOTO MOTeHIMaa Ha 195+67 MB.

400 --nmrremnnreemneeemnneesneeeesseeooseeoosieeocceeosceoss oo
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Puc. 1. Bermunna cpenanx 3HaueHwnit (+ ommOka cpexuero) OXI1 (MB) 3a 10-muH me-
PHOJIBI B TEUEHHE 5 CYTOK B O/IHO# M3 CEpHii OIBITOB 710 BHECEHHUS IPOXOKEH B CTaKaH ¢
IUTATHHOBBIM 3J1eKTpo/ioM (1), mocite ux BHeceHus (2—8) u nocine BoasHo#M Gaxu (9—11)

PeructpupyeMslil py BHECEHUU APOXOIKEN AIEKTPUYECKUI IOTEHLUAI
B 3HAYUTENBHON YaCTH COCTOUT M3 OKHCIMTEIbHO-BOCCTAHOBHUTEIBLHOTO T10-
TEHIIMaJla BOJJHOTO PacTBOpa MHUTATENBHON CPEebl, B KOTOPOH KYJIbTHBUPO-
BaJIM APOXOKH, a TAKoKe TOTEHIMaNa caMuX JIposxokei. [Ipu rudenu KieTox,
CO3/]aBaeMblil TEUEHHEM KM3HEHHBIX IPOLIECCOB BOCCTAHOBHUTENILHBIA MO-
TEHIIMAJI, 110 BCEH BUAMMOCTHU, UCUE3AJL.

Takum 00pa3oMm, MosrydeHHbIE Pe3yIbTaThl MO3BOJISIOT C ONTHMHU3MOM
CMOTpETh Ha BO3MOKHOCTB onieHkH @C cycrieH3mid OHOKIETOYHBIX Ha OC-
HOBE PETUCTPALUH U aHATIN3a OMO3IEKTPOXUMHUIECKOTO TIOTEHIINAA.

Hccneoosanue evinonneno npu @unancosol noodepxcke PODPU u
Hemeykoeo nayuno-uccie0o8amenbcko2o coooujecmed 6 pamrkax HayuHo2o
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npoexma Ne 21-54-12022 «Cmpyxkmypro-@yHKyuoHaibHble 3auUMOoOeli-
Ccmeus 2NeKMpoOOaAKMUBHBIX OUONIEHOK 8 MUKDOOHBIX MONAUGHBIX U DJIeK-
MPOTUSHBIX ITNEMEHMAX Y.
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Yay4dieHue noka3aresieil BOAOCTOMKOCTH
deHosr0popmanbaernJHoON CMOJIBI C MCNIOJIb30BAaHHEM
610¢eHO0JI0B NO/Iy4YeHHbIX M3 *KHUAKHUX NPOAYKTOB
NMPO0JIN3a JpeBeCHbIX OTX0/A0B

A.P. Baneesa, A.l1. Cabupasnosa, A.H. I'paues,
C.A. 3abenkun, ' M. bux0ynarosa

@I'OY BO «Kazanckuil HAYUOHATbHBIL UCCIe008AMENbCKUN
mexHonozuueckuil ynugepcumemy, 420015, P®, Pecnybonuxa Tamapcman,
2. Kazanw, yn. K. Mapkca, 68

Pe3onbabte henonohopmanpaeruanasie cmomsl (ODPC) manboee gacto
OHHU TPUMEHSIETCS TIPU MIPOU3BOJICTBE BOAOCTOMKOM (haHepsr. OcTpoit mpo-
OneMoii Ipu TPOU3BOJICTBE JIPEBECHOM MPOIYKLUH SBJSIETCS 00pa3oBaHUE
0O0JIBIIOrO KOJIMYeCTBa OTX00B. OJJTHUM M3 METO/IOB MEPEepadOTKH JaHHOTO
BUJIA OTXOJIOB SIBJICTCSI OBICTPBI a0JIAIMOHHBIN MUPOIIH3, TIPH KOTOPOM 00-
pasyercs 10 70 % >KUIKHUX TPOAYKTOB — nuposu3Has sxuakocts (ITDK) umm
6uonedTs [1].

CorylacHO IPOBEIEHHBIM aHAIM3aM, IUPOJIU3HASL KHUIKOCTh MOXKET CO-
nepxath 10 30 % denonoB. IHTepecHBIM CTAaHOBHUTCS UIEs UCTIONb30BAHMS
TTUPOJIM3HON KUAKOCTH B KAUECTBE CHIPhsI IIPU CHHTE3€e (heHoI0(opMaibe-
TUIHBIX cMoJL. [Tupos3Has KUIKOCTh MOXKET YaCTHYHO 3aMEHHTH JJOPOTo-
crostuidi peHon. JlaHHAs TEXHONOTHS MOXKET CYIIECTBEHHO CHU3HTH 3a-
TpaThl Ha NPOU3BOACTBO, 0JHaKo npucyrcreue B IDK npyrux coenunenuit
MOJKET MPUBOJNUTH K YXYIIICHNIO KCILTYaTal[HOHHBIX CBOMCTB cMoutbl. HMc-
CJeIOBaHUE CBOMCTB MOIM(MDUIIMPOBAHHON MUPOIU3HON KUAKOCTHI0O DDC
MO0KAa3aJ10 HaJIMYKe B HEW HEUTpaJIbHBIX COEIUHEHUH, T. €. BEllleCTBa, HE MPHU-
HUMAIOIIUE yIacTue B CHHTE3e, H YXYAIIAoNe €€ BOJOCTOMKOCTD [2].

IMpouecc Beienenus henonpHOM Gpaximu u3 IK cocTos u3 AByX cra-
JIMH: yaajeHue BOJIbl, yKCYCHOW KHUCIIOTBHI METOIOM MEPETOHKH U OT/ICICHHE
HEJICTYYUX YTJICBOJAHBIX KOMIIOHEHTOB, COJI, OKCHKUCIIOTBI METOJIOM DKC-
TpaKLUK ropsiueii Bogo. [ cuHTe3a NCroabp30Bacs MPOAYKT JaHHOH 00-
paboTtku — (heHonozamenaromas (bpakus (P3D) Uy
orodeHoI.

[Nomyuennas ¢ ucronszoBaareM O3D cmona moaBepranach 00padboTke
pactBopuTeIsIMU (H-TeKCaH U O0eH301). BBUT MpoBeeH aHaN3 MOTydYeHHBIX
9KCTPAKTOB METOJAaMM AHAINTHYECKOM XMMHM M OBUIO YCTaHOBJIIEHO, YTO
OEH30 B  KAaueCTBE OPraHMYECKOTO  PAcTBOPHUTENS  CIIPABISIETCS
s¢dexrusnee [3].

O1eHKa MPOYHOCTH M BOJOCTOMKOCTH OCYIIECTBISUIACH [0 METOAUKE
I'OCT 20907-2016 nmyTém onpeneneHuss MpOYHOCTU NPH CKaJIBIBAaHUU 10 U
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IIOCJIC KUIIAYCHUA. I[JIS[ HCHBITaHUA Ha TPOYHOCTH MCIIOJIB30BAJINCHh YE€THIPE

BHUga CMOJIBI, JAHHBIC IO UCTIBITAHUAM IIPEACTABJICHBI HA PUCYHKE lu?2.

Hpounocrs npn cxaabiganie, MITa

2 3

B o knmauenns  Onocne xnmavenns

Puc. 1. IIpoyHoCTh NpH CKANBIBAHUH MO KiieeBoMYy cii0t0 @DC: 1 — KOHTpoIbHAS
cMmomna 6e3 ©3d; 2 — cmona ¢ ucnoap3oBanneM D3P 6e3 o6paboTku; 3 — cMmoma ¢
O3 obpaborannas H-rekcaHoM; 4 — cmoina ¢ P3P obpaboTaHHas OGeH30TOM
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Puc. 2. Koaddunuent Bonocroiikoctn ®OC: 1 — xoHTponsHas cmona 6e3 O3D;
2 — cmomna ¢ ucnosb3oBanrneM O3D 6e3 o6padoTku; 3 — cmomna ¢ D3P obpadoran-

Has H-TekcaHoM; 4 — cmona ¢ d3D obpaborannas OeH307I0M

ITo nonyueHHBIM TaHHBIM OBLT C/IENIaH BBIBOJ YTO yJalIeHUe HEHTpab-
HBIX COEIMHEHHE IPUBOIUT K 3HAYUTEIILHOMY YIIy4LIEHHIO IIOKa3aTesIel Bo-
nocrorikoct y @OC noay4eHHBIX ¢ UCTIONB30BaHeM OnodenomnoB. B main-
HEHUIIIeM TPEJICTaBIIIeT MHTEPEC BOIMPOC 00paboTKH (peHom3amearone
(hpakmmy 10 UCTIONB30BaHMS €r0 B CHHTE3€, a He 00padoTKa roTOBOI MOAH-

(UIIIPOBAHHON CMOJIBI.
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Immobilization of mercury in waste, sulfur-containing
compounds, in the most safe form for humans and
the environment — mercury sulfide

A.S. Makarova, A.N. Fedoseev, A.S. Tyurina

D. Mendeleev University of Chemical Technology of Russia, 125047,
Russia, Moscow, Miusskaya square, 9

Mercury is an important but poorly understood pollutant. It is naturally
present in the environment in soil and plants and enters the atmosphere as a
result of evaporation, volcanic eruptions and forest fires. However, one of the
main sources of mercury pollution is evaporation from industrial and munic-
ipal waste [1].

HgsS (s) is relatively insoluble and less volatile than other forms of mer-
cury, and therefore potentially less harmful [2]. Cinnabar (hexagonal, red, a-
HgsS (s)) is stable in waste due to slow oxidation kinetics; hence mercury
poses a higher long term potential risk.

Pyrite is the most common metal sulfide in nature; it is a widely availa-
ble and inexpensive material that, as a result of experimental results obtained,
interacts well with mercury.

The studies of the immobilization of mercury in waste with sulfur and
pyrite show that pyrite contributes to a more complete stabilization of mer-
cury, in comparison with sulfur, and after 90 minutes of reaction in a ball mill
(for example, mshi-1), significantly better results are achieved with less con-
sumption of raw materials.

Moreover, the difference between the amount of mobile mercury gener-
ated by using sulfur and using pyrite was comparable to the difference be-
tween the Hg (11) and mobile mercury content, obtained by assessing the pos-
sibility of mercury input from immobilized waste.

Also, a series of experiments on stabilization with a mixture of sulfur
and pyrite were carried out at various ratios of sulfur and pyrite. As a result,
it was found that significant immobilization (more than 99 %) in 90 minutes
can be achieved using a mixture of sulfur and pyrite in a 1:1 ratio. The
amount of the mixture was taken in relation to mercury in the ratio Hg: (FeS:
+Sg)=1:3.

As a result, it was determined that it is advisable to use mercury with
pyrite for the immobilization of mercury from mercury-containing waste (the
optimal ratio of the mixture components is 1 : 1), the efficiency of mercury
stabilization can be more than 99 %.

The reported study was funded by RFBR according to the research pro-
Ject Ne 18-29-24212.
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Molecular-imprinted composite materials with
improved optical properties for photovoltaic cells

Yu.Yu. Petrova, E.V. Bulatova
Surgut State University, 628412, Surgut, Lenin ave. 1

Perylenediimide (PDI) dyes — acceptors of well-known organic semi-
conductor systems [1]. They are often used in organic photovoltaic cells in
which low values of the band gap are achieved, but PDI have a tendency to
self-aggregate. In this work we have proposed surface modified TiO, nano-
particles as the carriers of PDI.

The method of surface molecular imprinting [2] to create films on the
surface of TiO2 nanoparticles with 1-H-pyrrol-N, N'-bis (3-pentyl) perylene-
3,4,9,10-bis (dicarboximide)-5-hexyl-11-1H-1,2,3-triazol-1-yl-pentanoic
acid (PDI-Taz-C500H) and N, N'-bis (3-pentyl) perylene-3,4,9,10-bis(dicar-
boximide) (EP-PDI) imprints with acceptor properties was used. Molecular
imprinted (MIP) composites were obtained by sol-gel method using tita-
nium(1V) butoxide as a precursor with precursor : template ratio 1:81.

For composite characterization laser diffraction, Fourier transform infra
red spectroscopy (FTIR), differential scanning calorimetry (DSC) and ther-
mogravimetry analysis (TGA) were carried out. For example, the average
particle diameter of the EPI-PDI composite was from 3 to 9 um. In the FTIR
spectra aliphatic and aromatic C-H stretches, as well as C=0 and C=C stretch-
ing bands were observed. Differential thermal analysis was performed in an
oxidizing environment (air). An exothermic maximum was observed at
460°C, which can be explained by the dye oxidative
destruction.

The band gap determined by the diffuse reflectance spectroscopy is most
efficiently reduced by 0.1-0.5 eV for PDI-Taz-C500H-imprinted compo-
sites. This defines the bathochromic shift of absorption to the visible region
by 72 nm. The sorption capacity after template removal with ethanol has
reached 0.75 umol/g PDI-Taz-C500H, and after calcination at 400 °C —
1.8 umol/g EP-PDI. At the same time, molecular imprinted (MIP) material
can rebind 2 times more PDI-Taz-C500H than unimprinted (NIP).
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Use, creation and evaluation
of biodegradable materials

A.P. Kuznetcova, M.O. Vasileva, V.A. Tereshko, N.R. Molodkina

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

Plastic is a material that is used by almost all people on the planet. Its
production is based on the polymerization and polycondensation reactions of
low-molecular substances extracted from oil, coal, and natural gas. Plastic ma-
terials decompose in nature for 100-300 years.To reduce the disposal time of
plastic waste, various methods can be used. They can be classified as [1]:

— mechanical (pressing),

— thermal (pyrolysis, thermal decomposition),

— physico-chemical (sorption, various chemical effects)

— biological (aerobic and anaerobic decomposition).

However, all these methods are expensive and harmful to the
environment.

Nowadays, most of the waste is simply accumulated in landfills. In Rus-
sia, the processes of recycling, as well as the reuse of materials, are just be-
ginning to develop and are gradually gaining popularity. At the moment, only
8 % of the waste is recycled [1].

Therefore, new solutions are needed in this area, which will help to re-
duce dependence on hydrocarbons and minimize the negative impact on the
environment. An alternative to the synthetic material, called bioplastics, was
developed. This term refers to biodegradable materials made from biode-
gradable polymers and specific additives. However, the most environmen-
tally friendly materials are biodegradable compostable materials.

We make an assumption about the rational use of food waste in the pro-
duction of biodegradable materials as a part of the circular economy [1]. This
will not only achieve the creation of a biodegradable compostable material,
but also solve the problem of recycling food waste. The formula created by
us theoretically fits all the requirements for biodegradable products. Created
material does not contain synthetic polymers and organic impurities that af-
fect biological decomposition [2].

As aresult of the analysis, we decided to use rice husks as a raw material.
Starch, glycerin and citric acid were added. These components are mixed in
a strictly defined ratio, which varies depending on the starch manufacturer.
After that, the resulting mixture is heated in a water bath. Then, as a result of
manual molding, we get the finished product at the output.

To confirm the biodegradability of the resulting material, we will apply
the methodology of the international standard 1ISO 17556:2019. According to
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this method, controlled composting conditions are created in the soil mixture
[3]. The biodegradability of the material that we have created can be assessed
by the release of CO..

As aresult of the work carried out, not only a prototype of a biodegrada-
ble material was obtained, but also the methodology for determining the de-
gree of biodegradation of materials was tested. Further work will allow us to
improve the material and products made from it, which will allow us to test
the resulting prototypes in the future under consumer conditions.
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CKOpOCTH McnlapeHUs KaleJb paCTBOPOB: BJIMsIHNE
npuMeceu B BoJe

P.C. Bonkos, C.A. KepumbekoBa, I1.A. Ctpmxkak

Hayuonanvuwiii uccnedosamenvekuii TOMCKULL ROAUMEXHUYECKULL
yrusepcumem, 634050, Poccus, 2. Tomck, np. Jlenuna, 30

Hcnapenue kanenb )KUIKOCTEW Pa3IMUHOIO COCTAaBa ABJIETCS OCHOBOU
OOJBITMHCTBA TEXHOJIOTUH B XUMUYECKOH, HeTeXHMHUIECKOH, HedTemnepe-
pabatsiBaromiei u 3HepreTudeckoit orpaciax [1]. Kpome storo, MoxHo oT-
JCJIbHO BBIACINTD BAXKHOCTb U TIPUMEHUMOCTD MCCJIEA0OBAaHUA UCTIAPCHUS Ka-
nenb B 001acTH mokaporyueHus. [1o aTol nmpu4yuHe pe3yabTaThl HKCIEpHU-
MEHTAJIFHBIX U TEOPETUYECKUX UCCIIEI0BAaHNH IPOIIECCOB NCIAPEHUS Karlelb
HMEIOT OOJIBIIOE TPAKTHIECKOe IPUMEHEHHe. B HacTosIee BpeMst Majlon3y-
YEHHBIMH OCTAIOTCSl IPOLIECCHI UCTIAPEHHSI PACTBOPOB PA3IMYHOTO KOMIIO-
HEHTHOTO COCTaBa B BBICOKoTemmeparypHoir (oT 373 mo 900 K) razomoit
cpene [2]. CTOUT OTMETHUTH, YTO ONTHMH3ANMS MTPOIECCOB UCIIAPEHUS 103~
BOJIUT CYIIECTBEHHO COKOHOMHTDH YHEPIeTHUECKHE M BPEMEHHBIE PECYPCHI.
[Ipn 3TOM Ha MHTETpaIBHBIE XapaKTEPUCTUKH IPOLECcca NCTIAPEHUS 3HAYH-
TENPHOE BIHMSHUE OKa3bIBAECT KaK TUI NMPHUMECH M pa3Mep Kameib, TaK U
cxema mnojiBoja temia. [103ToMy pannoHalbHBIM MPEICTABISETCS IKCIIEPH-
MEHTAJIbHOE OIpe/IeeHHe 3aBUCUMOCTEH MacCOBBIX CKOPOCTEH MCHapeHUsI
KaricJib BOJbI B BBICOKOTCMHCpaTypHOﬁ Cpeac C y4€ToM BJIUAHUA TIEPEUYUC-
JICHHBIX (PaKTOPOB.

HccnenoBanue ucnapeHust Karelb SKUIKOCTEH C pa3iuuHBIM KOMITO-
HEHTHBIM COCTaBOM BBITIOJIHEHO C HCIIOJIb30BAHUEM CPEJCTB BBICOKOCKO-
poctHOl Bupeopeructpamuu (10 6°10° KaapoB B CEKyHIy), @ TaKkKe KpOC-
CKOPPEIISIIMOHHOTO ONTHYECKOTO KOMIUIeKca Ha 0a3e TBEpAOTEIBHOTO MM-
nyiabcHoro Nd:YAG nasepa [1, 2]. [IpumeneHs! 1Be CXeMbI [O/IBO/IA TEILIA:
KOHBEKTHBHOTO (B ITOTOKE Ta3a) U PaJHalliOHHOTO (CTAIIHOHAPHOE pa3MeTie-
HHE) HarpeBa Kamnenb. PazMepsl Karenb BapbupoBanuchk B auama3zone 0.05—
1.6 mm. lns peructpanuu pazMepoB Karenb (Rg) mpuMeHsIIcs onTHIecKuit
meton «Shadow Photography» [1, 2]. IorpemHoctu onpenenenus Ry He
npesbimany 1.5 %. [lns kanens pa3iMuyHOro pa3Mepa 1 KOMIIOHEHTHOTO CO-
CTaBa BBIUHCISIIACH MAaCCOBAs CKOPOCTh UCTIAPEHHMS KalleJlb [0 TPEM pa3ind-
HbIM MeToaukam [4] B mmpokoM (373-900 K) nuanazone temmepatyp s
pa3IM4HBIX KOMIOHEHTHBIX cocTaBoB. Kpome aToro, copmynupoBaHsl 0co-
OEHHOCTH, KOTOpble HEOOXOANMO YUYHMTHIBATH UISl TIOJyYEHUS! KOPPEKTHBIX
3HAa4E€HUH MacCOBBIX CKOpocTel ucnapeHus. OnpeeneHsl THIB TPUMecei,
KaK CyIIECTBEHHO HHTEHCH(UIMPYIOIIUE POLIECC UCTIAPEHHS KHUAKOCTH, TaK
1 HE OKa3bIBAIOIHE HA HETO CYIIECTBEHHOTO BIIMSIHUSL.
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ITpoBeneHHBIE 3KCIIEPUMEHTHI TTOKA3alIH, YTO CKOPOCTH NCIIAPEHUsS Ka-
TIeJIb BOJBI B BEICOKOTEMIIEPATYpPHOI Ta30BOi cpese IIIaBHBIM 00pa3oM 3a-
BUCST OT TUNA ¥ KOHLEHTPALMH MPUMECH, HadadbHBIX Pa3MEPOB Karelb 1
MIOJBEJICHHOTO TEIUIOBOTO IMOTOKa. IIpu BappbHpOBaHMH 3THX IapaMeTpoOB
MOJKHO 00€CIIeUNTh YCIOBUS MHTEHCUBHOTO MICTIapeHNUs Karesb Boabl. Cdop-
MYJIMPOBAHBI MPAKTUYECKHE PEKOMEHAAINH 110 3 (PEKTHBHOMY HCIIOJIb30Ba-
HHIO )KHHKOCTeﬁ C pa3IMYHbIM KOMIIOHCHTHBIM COCTAaBOM B ICJIAX MaKCH-
MaJIFHOTO CHIDKEHHMSI TeMIlepaTypbl IPOJYKTOB cropanusi. Pesynprarsl uc-
CJIC/IOBaHUSI IPUMEHUMBI B TIPOTHO3MPOBAHMN WHTEHCUBHOCTH HCIAPEHUS
KaIlellb, 4To SIBJISIETCS] KpalHe MOJIe3HBIM, KaK JUIsl MOJICIMPOBAHUS paccMaT-
pHUBaeMbIX rporneccoB [ 1—4], Tak u U1 MepCIEeKTUBHBIX I'a30MapOKaIeIbHbIX
TIPUIIOKEHUM.
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Environmental and economic analysis of alternative
powering options for coastal vessels with respect to
future emission reduction targets
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University of Zagreb, Faculty of Mechanical Engineering and Naval
Architecture, Ivana Lucic¢a 5, 10002 Zagreb, Croatia

Abstract

Reduction of fuel consumption and lowering harmful gas emissions be-
long to the category of most important research topics in marine transporta-
tion. The former issue is important for all ships, while the latter one is even
more emphasized for the vessels operating within highly inhabited areas like
short-sea or inland waterway vessels. The International Maritime Organiza-
tion aims to reduce total annual greenhouse gas emissions from international
shipping by 50 % by 2050 and to reduce the average carbon intensity
(CO; per ton-mile) by a minimum of 40 % by 2030, and 70 % before 2050,
all compared to the 2008 levels [1]. This paper considers technical, environ-
mental and economic aspects of implementation of alternative power system
configurations in the Croatian coastal shipping sector with respect to short-
and long-term emission reduction targets, where existing diesel engine-pow-
ered Ro-Ro passenger vessel is taken as a test case. In this sense, operating
profile of the considered ship and its power needs are analysed and viability
of use of alternative powering options is considered [2, 3]. While the envi-
ronmental analysis is performed it Life-Cycle Assessment (LCA), Figure 1,
the economic analysis is performed with Life-Cycle Cost Assessment
(LCCA), Figure 2. In the analysis, the features of the Croatian energy sector
are taken into account. Appropriate sensitivity studies of economic indicators
with respect to input parameters are performed. The obtained results show
that beside reduction in greenhouse and harmful emissions, the electrification
of the considered ship leads to the financial savings over its lifetime. Alt-
hough Croatian case study is considered, the methodology is applicable gen-
erally, but the conclusions will be case-specific, depending on the ship tech-
nical and exploitation performance and characteristics of energy sector of the
considered country.
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OuucTKa INPpUPOAHBIX U CTOYHBIX BO/J, C IPUMEHECHHUEM
JIEKTPOCTATUYIECCKOrO IMOJIA

O.H. Mensenesa, T.H. CayTkuna

Capamogckuii 20cy0apcmeeHHbLL MEXHUYeCKUUl YHUGepCUmem
umenu FO.A. I'aecapuna, 2. Capamog

3¢ HEeKTHBHOCTD OYMCTKH MAJIOMYTHBIX BOZ HANpPSIMYIO 3aBUCUT OT MH-
TEeHCU(UKALMK MPOLecca OCAKACHUSI YacTHIl B >KUAKOCTU. B Hacrosmiee
BpeMs C IIETIbI0 YCKOPEHHS MIPOIIEcca OCAXKACHUS IIPH OTCTaMBAHUH [IPUME-
HAIOTCS Pa3iIMYHbIe JOOABKU-YTSDKEIUTENN, HAIPUMED, KBapLEBBIi MECOK C
pasmepom uactur] 0,05-0,14 MM, xeNe3HbI MOPOLIOK, MArHETHT KPYITHO-
cThio He Ooee 0,05 MM U T. I1., yCKOPSIOIIUE IPoIiecc 00pa3oBaHus XJIOMbER
U CIIOCOOCTBYIOIIME CKOpellIeMy ocaxaeHuo. VHTeHcnpuumpoBars npo-
Lecc XJIO0MbeoOpa3oBaHMs TaKKe BO3MOXKHO 0€3 MCIIONIb30BAaHHS XUMHYE-
CKUX PEareHTOB, KOTOPBIE MOTYT IPEICTaBISATh COOOH APYIyI0 pa3HOBHUII-
HOCTb 3arpsi3HEHHUI WM SKOJIOTMYECKYIO YTPO3y, ITyTeM IPHUMEHEHUS IKOJIO-
TMYECKN YHCTON TEXHOJIOTHH 3JIEKTPOPU3NIECKON OUNCTKH BOABI, KOTOPas
CBOJMT K MHHUMYMY HMOTPEOHOCTH B JIFOOOM JOIOJHUTEIEHOM HPOU3BOJI-
CTBE MaTepHaJIoB, ITpeAHA3HAYCHHBIX JJIsl HCIIOJIb30BAHUs B TIpoliecce o0pa-
00TKH.

3anava obe33apakruBaHUS KUIKOCTH U Ta30B (PH3MUECKIMH METOaMH
B HACTOSIIIEE BPEMs HE MEPECTAET ObITh BECbMa aKTyalnbHON. ABTOPBI MPE-
JIararoT KUCIOJIb30BATH JUIS OUYUCTKHU KUAKOCTH U Ta30B OT OOJIE3HETBOPHBIX
MHKPOOPIaHM3MOB AJIEKTPOCTATHYECKOE TI0JIE, CO3/]aBaeMOe yCTPOUCTBAMH
THUIIa KOHAEHCATOPOB.

B pesynbrare uccienoBaHuii OYUCTKH MPUPOIHBIX BOJ OBUTO pa3pado-
TaHO YCTPOWCTBO JJIsi HHTCHCH(UKAIMN OCAXKCHUS B3BEIICHHBIX YacTHI[ B
XKHUJKOCTH (TaTeHT Ha moje3Hyro Monens Nel70333). B nactosimee Bpems
YCTPOMCTBO YCOBEPIIEHCTBOBAHO C IIEJIbI0 HHTEHCH(DHKAIMHN TTpoIiecca OUr-
IIEHUS )KUIKOCTH U OCKICHUS IpuMecei, obecrieuenns 6osee 3dpdexTus-
HOTO CTIoco0a yIydIIeHHs KadeCTBa BOBI 03 MCIONb30BAHUS XUMHIECKUX
mpernaparoB (MATEHT Ha moie3Hyro moaens Ne200770) [1]. B ycranoBky mo-
0aBJeH MWOHM3ATOp JUIA CcO3JaHMs HeOombmmX 3a30poB (~1lcm) u
MOJaYyl 3HAYUTENBHBIX HANPSHDKEHUH B IESIX WHTEHCH(HKAINUK CKOPOCTH
OCXKICHUS PUMeECEH IO NEHCTBHEM CHIIBHOTO AJIEKTPHUYECKOTO OIS, CO-
3/1aBaEMOT0 HCTOYHUKOM ITUTAHUSL.

TexHUUeCKUi pe3ysbTaT 3aKI04YaeTcs B IOBBIIIEHUH 3()(HEKTHBHOCTH
OYHCTKH 3a CUET yCKOPEHHMS OCAXKICHUS IPUMECE B XKUAKOCTH ITyTEM BBe-
JICHUS! JIOTIOJHUTEbHOW 00pabOTKU KUAKOCTH JIEKTPOCTATUYECKUM I0JIEM
nepeJ| ee POX0XKIECHHEM 10 TpyOKe, CBUTOM B CIMpasIbHbII 3MeeBUK. [1pu-
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MEHEHHE HIIEKTPOCTATHYECKOTO MOJIs 00eCIeunBaeT OPHEHTANOHHYIO T10-

JISIPU3AINI0 aTOMOB M MOJIEKYJI, B PE3Y/IbTaTe Yero HabII0JaeTCsl HHTCHCH-

(duKaIys nporecca 0CaxaCHUs IpUMeCel (CKOPOCTH OCAXKICHUS ), COKpaIiie-

HHE BPEMEHH BBIICJICHHS XJIOIbEB BMECTE C MPHMECsIMUA 00pabaTbiBaeMoit

BOJIbI, YTO, B KOHEYHOM HTOTe, MOBBINIAET (PPEKTUBHOCTH OCBETICHUS

BOJBI.

JanHbIi criocod mpuUMeHUM JUIs 00e33apakKMBaHMsl KaK IPHPOIHBIX
BOJ, TAK U CTOYHOM XKHUIKOCTH.

K mocronncTBam cnoco6a oTHOCSTCS:

— HE3HAYMTeJbHAs 3aBHCUMOCTb PE3YJIBTATOB €T0 NPUMEHEHHUS OT MyTHO-
cte, pH cpenpl, ’KeCTKOCTH BOABI,

— OH MOJET OBITh CPABHUTEIBHO JIETKO OCYILECTBIICH;

— HE YXY/AIIAaeT 9KOJOTHIECKOT0 COCTOSHHS OKPYKAIOIIEH CpeIbl;

— He TpeOyeT MOCTOSHHOTO TOTIOJIHEHUS] XUMUYECKHX PEareHTOB;

— BO3MOXEH K HCIOJb30BAHUIO B COUETAHHUU C JPYTUMH, HE OKa3bIBalo-
LIIMMH OTPHUIATEIIEHOTO BO3JEHCTBUS Ha OKPYXAIOIIYI0 Cpely CIIOCOo-
0aM¥ OYMCTKH MPUPOJHBIX U CTOYHBIX BOJ, JUISl JOCTH)KEHHSI BEICOKHX
pe3yJIbTaTOB OYHUCTKHU.

DIEeKTPOCTaTHUECKOE MOJIe MOCTOSIHHOE MM MOIYJIHPOBAaHHOE IO ya-
CTOTE WJIM TI0 aMIUIUTY/Ie BO3JICHCTBYET Ha MUKPOOPTaHU3MBI HE TOJIBKO Me-
XaHUYECKH KaK Ha 3apspKCHHBIC YaCTHIIBI, HO U Pa3pyIIaeT UX, Jeliast He XKH3-
HECTIOCOOHBIC M OMOJIOTHYECKA He aKTUBHBIMH [2, 3].

B kadecTBe 00BEKTA IKCIIEPUMEHTAIBHBIX HCCIICIOBAHUN 110 HHTEHCH-
(uKanuy mporecca KoaryJsiiui MaJIOMYTHBIX BOJ ObLTH BEIOpPaHBI MOJEINb-
HBIE PAcTBOPHI, UMHUTHPYIOIINE KadeCTBO MAJIOMYTHBIX I[BETHBIX BOJ IIO-
BEPXHOCTHBIX HCTOYHHKOB, a TakXke Boja u3 p. Bonra. Ilponecc BeimageHus
0CaJIKa 3aBepLIMJICS: MPU KOaryJysiiiuK Bojbl 0e3 nobaBok 3a 35,0 muH; npu
KOAryJsIK BOJbl 00pabOTaHHBIN B CIUpAIbHOM 3MeeBHKe 3a 10 MuH.; npu
KOaryJsiiiiy BoJbl 00pabOTaHHbIH B CIMPAIbHOM 3MEEBUKE B DIIEKTPOCTATH-
yeckoM Tiosie 32 5 muH. 1o pe3ynbraram NpoBeZeHHBIX OMBITOB, MOXKHO CJie-
JIaTh BBIBOJI, YTO BpeMsi MpH 00paboTKe BOABI C MPUMEHEHUEM 100aBOK YTsi-
KeJUTeel ¥ Ipu 00paboTKe BOABI B JIEKTPUUECKOM MOJIE TPUOIU3UTEIHEHO
oJrHaKoBoe. BMecTe ¢ Tem, npu npuMeHeHNH Oe3peareHTHBIX TeXHOJIOTHi
HE HAHOCUTCS YIIEpO OKpYXalollel cpeie M He YBEIMUMBAETCS Tps3eBas
Harpy3ka Ha OTCTOMHMKM ® (QuwibTpel. Ilpm Bo3melicTBHNH Ha
KOaryJMpoBaHHYIO BOY 3JIEKTPUIECKOTO MOJISI IPOU30IIUIO YCKOPEHHUE MPO-
Lecca OCaXxJICHUs XJIONbeB B 7 pa3. Jlyuiee kauecTBO OCBETICHUS U o0ec-
LBEUYMBAHUS BOJbI JOCTUTAIOCH IIPH MPOIYCKAHUH PACTBOPA KOATYJISTHTA Ye-
pe3 pa3paboTaHHOE YCTPOHCTBO.
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JlanHbI c11oco® MOXET OBITh MPUMEHEH, 110 HAallleMy MHEHHIO, K BOJI-
HOW W BO3IYIIHOHN cpene, 3apa’KeHHOH OO0JIe3HETBOPHBIMH MHKPOOPTaHM3-
MaMHM; OH TaKXX€ MOXKET OBITh HCIBITAH B BO3IYIIHBIX U BOAO-BO3AYIIHBIX
¢unpTpax.
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The primary producers of sea ecosystem
under the influence of dredging
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The technogenic transformation of the water ecosystems under the
dredging is one of the actual problems for the near-shore waters. The micro-
scopic algae which are suspended in waterbodies are the main primary pro-
ducers and the base of food webs in the seas. The increasing of suspended
matter and different substances input from the bottom sediments by the result
of dredging is affected for the phytoplankton in different ways. It leads to a
decrease in the thickness of the photic layer, which negatively affects the
photosynthetic activity of algae. Suspended particles extend a damaging ef-
fect on filamentary, cenobiar and colonial forms of algae. At the same time,
organic matter and biogenic substance which are transferred from the bottom
sediments can inspire algae growth [1].

The water area of the Eastern part of the Gulf of Finland near the St-
Petersburg is influenced by the large-scale dredging which connected with
the seaports construction and other dredging works.

The phytoplankton from two second bays of the Gulf of Finland was
investigated under the influence of dredging: the Luga Bay (in 2005-2019
during the period of Ust-Luga commercial seaport construction) and the Neva
Bay (at the first years of Multipurpose Sea Cargo Complex Bronka construc-
tion in 2011-2015). The investigation of phytoplankton development took
part in the different seasons of the ice-free period in the water areas of dredg-
ing, damping, and near-situated areas. The Luga and Neva bays phytoplank-
ton was formed previously by the cosmopolitan and eurybiontic species
which are typical for the Eastern part of the Gulf of Finland [2]. The most
quantitative development was marked for cyanoprokaryotes, cryptomonads,
diatoms, and green algae.

The investigation in the south-west part of Neva Bay was carried out
during the intensive dredging. At the first steps of port construction in 2011
the structure and quantitative development of phytoplankton on the seaport
water area were typical for Neva Bay according to periods of seasonal suc-
cession. In 2013-2015 on the water areas of offshore civil works the evidence
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of the negative influence of dredging as decreasing of total biomass, a num-
ber of filamentary forms of cyanoprokaryotes and increasing of the propor-
tion of mixotrophic cryptomonads were marked. The benthic form of diatoms
invaded to the phytoplankton from the bottom. The negative correlation be-
tween phytoplankton biomass and concentration of suspended matter
(r=-0.57, p = 0.01) were detected.

Similar changes in phytoplankton were detected in some periods of in-
vestigation in Luga Bay. Apart from cryptomonads part biomass, the increas-
ing of the proportion of other mixotrophic groups as euglenoids and golden
algae was remarked.

At the same time by the results of the investigation, the fast recovery of
the phytoplankton structure after the dredging was detected.

According of longstanding investigation the trend for changing of Luga
Bay phytoplankton structure and its quantitative characteristics was not
found. The certain differences between the quantitative development and
composition of the dominant phytoplankton complex on the water areas of
dredging, damping, and adjacent areas in the main part of investigation were
not observed.

The quantitative indicators of phytoplankton development were varied
from year to year in all seasons of 2005-2019 but they kept in frames of val-
ues which previously observed for the water area of the Luga Bay [3]. The
influence of the trend for increasing average annual water temperatures on
phytoplankton development was not traced.

The stable state of Luga Bay ecosystem primary producer is indicator of
the preservation of its production resource.
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Potassium butyl xanthate (PBX) is widely used as a reagent in ore dress-
ing by flotation. For this reason, it is present in the wastewater of these in-
dustries [Goryachev, 2014; Ignatkina, 2014]. Oil products are found even
more often in a wide variety of waste waters. They, like flotation reagents,
have a depressing effect on aquatic organisms. At present, biotesting methods
are widely used to assess the quality of water bodies and predict the conse-
quences of pollution. They allow an integral assessment of the quality of the
environment. This is their important advantage over analytical chemistry
methods. The latter are intended, as a rule, to determine individual com-
pounds or certain groups of them [Zhmur, 2018]. The study of the combined
action of oil and flotation reagent by biotesting methods in a multifactorial ex-
periment makes it possible to reveal the nature of this interaction (additive, an-
tagonistic or synergistic) [Zholdakova, 2012; Gelashvili, 2016]. The purpose of
this work is to study the isolated and combined effect of potassium butyl xan-
thate and oil on an aquatic plant— duckweed (Lemna minor).

Concentrations of PBX and oil in experiments with isolated action on
small duckweed were 10.0; 50.0; 100.0; 500.0; 1000.0 mg / I. The toxicity of
the samples was assessed by the increase in the number of L. minor fronds in
the samples [GOST 32426-2013]. The study was carried out in three inde-
pendent experiments, three replicates each. Statistical data processing was
performed using the Microsoft Office software package.

The toxic effect of PBX and oil in the concentration range of 10.0-
1000.0 mg / | on the increase in the number of duckweed fronds was quanti-
tatively determined (table 1).

Table 1. Dependence of the toxic effect (T%) of PBX and oil on the increase in the
number of duckweed fronds on the concentration

Concentration, mg /| 10 50 100 500 1000
Compound
PBX 35 75 100 100 100
oil 50 65 75 82 87

Using probit analysis, the concentrations of PBX and oil were found that
inhibit the studied reaction parameters by 25 % (ICR2s), 50 % (ICRso), 75 %
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(ICRys). Concentrations of PBX solutions causing an inhibitory effect on the
increase in the number of duckweed fronds by 25 %; 50 % and 75 % were
3.8mg/1;21.9mg /| and 46.8mg / |, respectively. Concentration of oil emul-
sion causing similar effects — 9.4 mg/1; 53.6 mg /1 and 500.0 mg /|, re-
spectively (table 2).

Table 2. Concentrations (mg / I) of PBX and oil solutions causing an inhibitory effect
on the increase in the number of duckweed fronds by 25 %, 50 % and 75 %

Percentage of inhibition
Compounds, mg /|
25 % 50 % 75 %
BKK 3,8 21,9 46,8
HE(PTH 9,4 53,6 500,0

These concentrations served as three levels of variation of the PBX-oil
factors in terms of a full factorial experiment. When designating the concen-
trations of the two substances included in the combination as x; and x», the
toxic effect on small duckweed under the combined effect of the mixture was
determined according to the results of nine experiments as the dependence
y = f (X1, X2) and expressed as a second-order polynomial.

When performing a full two-factor experiment with the combined action
of oil and PBX, the regression equation was obtained:

y =71,64+11,87x,+18,62x, + 2,73x% — 2,82x% — 9,35x, X,

The analysis of the equation made it possible to conclude that the action
of substances is unidirectional, interdependent (b12 # 0), and the interaction
is expressed quite strongly. Isolated introduction of oil with an increase in
concentration from ICRso to ICR7s causes an increase in the toxic effect by
15 %, and PBX — by 16 %, while with combined action — by 21 %. Thus,
we can conclude that the nature of the combined action of PBX and oil is
interdependent, antagonistic, less than additive.

This work was supported by the RFBR grant 19-29-05213. The studies
were carried out using the Center for Collective Use of the Baikal Museum
of the Irkutsk Scientific Center («Collection», http://ckp-rf.ru/ckp/495988/).
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Water scarcity reduction in non-increasing water
consumption countries: challenges and potentials
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Faculty of Mechanical Engineering, Brno University of Technology — VUT
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Water scarcity has become one of the chronic environmental issues that
threaten human lives in various areas in the world. Various frameworks and
approaches have been developed to determine the water scarcity, and most of
the results propose to reduce the scarcity by lowering water consumption and
increase reuse. However, in addition to the water scarcity caused by over-
exploitation of water resources, growing cases have indicated that the short-
age of available water resources has become the major cause of water scar-
city. This type of water scarcity increasingly occurs in countries with non-
increasing (and even decreasing) water consumptions. These countries are
often developed countries with economy operating in tertiary sectors or ad-
vanced secondary sectors, and the population in these countries tends to
maintain or increase with a very small rate. In these cases, the potential of
compressing the industrial and residential consumption has become limited,
and the overall water consumption usually main at a stable level or even de-
crease. On the other hand, with the decrease of water consumption, water
suppliers might increase the water price to maintain a reasonable benefit. The
burden of water scarcity is the shifted to the user, who contributed to water-
saving and water-use efficiency improvement. Mitigating the water scarcity
faces new challenges and conflicts. This work provides an analytical review
of the current issues and future potentials to mitigate the water scarcity in
countries with non-increasing water consumptions, and provides suggestions
for water management policies. Major remarks are that multi-user (industries,
residences, wastewater treatment plants, etc.) water integration is still of great
potential to maximise the water usability. Rain water harvesting and storage
are promising to increase the water availability. Water infrastructures needed
for regional water integration and rainwater utilisation should be further de-
signed and developed.
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The use of a complex salt of osietilidene diphosphonic
acid in the mechanism of phytoextraction of heavy
metals in water bodies

T.S. Avdeenkova, A.A. Saprodhina

D. Mendeleev University of Chemical Technology of Russia, 125047,
Russia, Moscow, Miusskaya square 9

Studies have shown that the use of chelating compounds in directed phy-
toextraction significantly increases the uptake of heavy metals by plants [1].
In the course of this study, laboratory experiments were carried out to obtain
results on the possibility of using Eichhornia crassipes with the chelating
phosphorus-containing agent of disameted potassium salt of oskietilidene di-
phosphonic acid (K.HEDP) to purify various heavy metal compounds Cd,
Hg, Cu, Ni, Cr and Co from water [2]. For the intensification of cleaning
processes artificial roots from polymeric materials are used, which create a
considerable surface area.

In particular, artificial roots contribute to the acceleration of biological
decomposition through increased activity of micro-organisms settling on the
surface of fibre [3]. The experimental installation is a simulation of a closed
water body consisting of 7 water-filled containers with a capacity of 40 litres
each. Mat platforms with higher aquatic plants planted in them are placed in
the tanks. Air temperatures and water are 26°C and 18°C, respectively. Heavy
metal salts at different concentrations were included in some containers:
60 mg/l (ZnSO4) and 60 mg/l (NiSO4-7H,0).

Nanocarbon fibers were also added to honor the containers. Above con-
tainers there is a lighting system consisting of light-emitting diode phy-
tolamps, which emit a sufficient amount of light for 16 hours a day.

The main element of the bioplato is the higher aquatic plants of aquatic
Eichhornia crassipes. Plants are not intricate in their care: they prefer sunlit
areas or semi-shadows and high moisture levels. These plant species regen-
erate contaminated water bodies due to the good absorption capacity of the
root system [4]. They are also uncomfortable in continental climates, grow
relatively quickly (1,5-2 weeks) and have high aesthetics (they are also used
for decorating water bodies) [5].

The experiment consists of experience with the dissolution of heavy
metal salts in water and further observation of the hypoacumulation capacity
of plants depending on the presence or absence of an artificial root system,
soaked in disubstituted potassium salt of osietilidene diphosphonic acid. The
experiment was conducted over 18 days. The sampling was carried out in ac-
cordance with GOST 31861-2012 «Water. General sampling requirements».
To determine the heavy metal content of all experiments, the samples were
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analysed using an atomic emission spectrometer with inductively bound
plasma iCAP6300 Duo.

The data obtained showed that the use of a double mass of carbon fiber
to increase the absorption surface of the root zone in comparison with a single
mass does not significantly affect the absorption of Zn ions.

However, for Ni ions, an increase in the mass of carbon fiber had an
effect — increased the absorption capacity of the roots of Eichhornia cras-
sipes by 5 %. Soaking artificial carbon fiber in a K;HEDP solution showed
the opposite result. Moreover, a decrease in the mass of carbon fiber and,
accordingly, the amount of a K;HEDP increase phytoextraction by 4-9 % for
Zn ions and by 12-24 % for Ni ions.

Thus, it can be concluded that the most effective use of a double mass
of carbon fiber without soaking in the disubstituted potassium salt of osieti-
lidene diphosphonic acid.

This study is funded by the Russian Foundation for Basic Research un-
der research project Ne 18-29-25068 and MUCTR project Ne 3-2020-0309.
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Two-dimensional smart material with programmable
ionic channels for water purification

A.A. Nikitina, K.G. Nikolaev, D.V. Andreeva, E.V. Skorb
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Many materials with varied characteristics have been investigated for
water purification and separation applications. Traditional membrane tech-
nology is a separation process that allows species to pass through the mem-
brane depending on the pore size. This study offers a new design principle:
controlling cations' transport with graphene oxide-polyethyleneimine
(GO-PEI) membrane. The regulation mechanism relies on specific interac-
tions between internal components of membrane and ions [1, 2].

The fundamental mechanism that opens the ionic channels for the
transport of hydrated ions is replacing a fraction of protons in the interlayer
PEI with K* ions. The K*/H* exchange can be treated as a stochastic process
of competition between protons and potassium ions for the available sites on
GO-PEL. In the regular state GO-PEI membranes are closed for the transport
of hydrated ions due to strong repulsion between the cations and the posi-
tively charged PEI. However, the chains of carbonyl groups at the GO and
PEI interface act as selective ionic channels, allowing dehydrated K* to per-
meate through.

It should be possible to design membranes with regulated selective
K*/Na* pumping for the extraction of Li* or separation of Cs*. Such mem-
branes will allow building relatively simple artificial structures that repro-
duce such properties of living matter as switchable ionic permeability and
selectivity and will lead to further advances for water purification [3].
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GroundWater balance simulation for open-pit mines in
the semi-arid areas: A Case Study of the Gantour
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Abstract

The lack of adequate links between the formulations of the water and
mass balance models has always been considered as a major shortcoming in
management plans aimed at assessing the quantity and quality of water in
mining projects. The aim of this paper is to assess the water balance of a
mining industry — OCP considered as the world leader in the phosphate in-
dustry — using a model based on the water balance equation as well as me-
teorological and hydrogeological data. This model has been written for gov-
ernment and industry stakeholders and consultants in the mining sector. It
addresses various aspects of the "water resources” component of the mine
planning process, seeking to ensure that mines are designed and operated with
environmental concerns in mind. The model also allows to evaluate the water
footprint of all the activities conducted by the industry as an indicator of sus-
tainability. GANTOUR region was selected as a field to carry out the model
in hope that the results can provide some insights into feasibility of a large-
scale planning for ecological restoration in the entire zone, and can effec-
tively protect aquatic habitat and water quality under this semiarid climatic
condition. The input database used, is in the form: Mining and dewatering
processes: It is necessary to know the production characteristics of the ore
processing plant. This data may include: Processing capacity; Minimal fresh
water requirement; Treated water and / or recycled water requirements; Res-
idue production rate and residue content in sludge; Water entering the ore
processing plant and water leaving the plant with the prepared ore; Pumping
and storage capacities; Dust removal, fire extinguisher water requirements
and potable water; The dewatering of mining sites (surface or underground).
Climate data: The climatic data to be entered into the model must be estab-
lished from meteorological data applicable to the region of the mining pro-
ject. The main climatic variables are temperature, precipitation (rain and
snowfall), snow on the ground and evapotranspiration. We can also think of
other climatic variables, notably humidity, radiation, wind speed and direction,
and the characteristics of snow (depth, density and water equivalent). Climate
data are usually expressed as time series. Hydrological and hydrogeological
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data: They are used to determine the maximum flow coefficients on the lands
of the mine development area and the surrounding area, as well as the poten-
tial inflows to surface mines and underground mines. Hydrological and hy-
drogeological data will include: Water levels, areas, bathymetry and volumes
of water tables likely to be affected by the mining project; The flow regime
of local and regional watercourses likely to be affected by the mining project;
Observed groundwater exfiltration from valley walls and in open-pit mines;
The groundwater flow observed to underground mine sites. The model will
have as output data ranges of flows, volumes or water levels. Depending on
the parameter presented and the range of results of the model, the summary
tables of results can be divided into representative seasons. In addition, the
results for water quantity can be presented in the form of graphs illustrating
the summary tables. After running the model, rainfall infiltration and runoff,
estimated at 34 Mm? per year, constitute the main component of the natural
recharge of the western and central aquifers of Bahira; the outlets consist of
pumps distributed at a rate of 9 Mm?® for drinking water and sanitation,
0.3 Mm? for industrial needs, and 28 Mm? for irrigation. The destocking, of
the order of — 4 Mm? in medium configuration, is accentuated in a deficit hy-
dro-climatological year with the combined effects of a reduction in the infiltra-
tion of rainwater and an increase in agricultural withdrawals. Through the water
balance equation, the water footprint of the area is negative (—3.3 Mm?®), there-
fore we can conclude that the area is already considered in shortage of water
[1-12].
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Study of the influence of groundwater impurities
on the iron oxidation rate

K.l. Machekhina, E.N. Gryaznova, N.V. Pilipets, L.R. Merinova
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The present work is devoted to the study of the process of iron oxidation
in groundwater. The main impurity of most groundwater is iron compounds
due to geological features. Therefore, the main stage in water treatment tech-
nologies is an iron removal which includes several stages: oxidation, precip-
itation and filtration. The limiting stage is the oxidation or precipitation of
iron. It depends on the composition of the groundwater. The relevance of this
work lies in the determination of the time of iron oxidation in water of various
chemical composition, which is important for technologists involved in the
development of water treatment systems. This parameter depends on the iron
concentration, the iron presence form in water and other impurities in ground-
water [1].

Therefore, the purpose of this work is to study the kinetics of the iron
oxidation process depending on the composition of groundwater.

Waters located at a depth from 25 to 200 m are characterized by the in-
variability of the chemical composition, regardless of the season, due to the
maintenance of carbon dioxide equilibrium and the lack of interaction with
atmospheric oxygen. When water comes to the surface, the equilibrium is
disturbed and chemical reactions begin to actively proceed, which leads to a
change in the water chemical composition. This is reflected in the change of
pH, oxidation-reduction potential (ORP), the concentration of impurities and
organoleptic characteristics. Therefore, the study of the effect of the impuri-
ties composition on the rate of iron oxidation was done on model solutions.

It was shown that the pH of the initial solution, the content of hardness
salts, the content of organic substances and ammonium ions affect on the iron
oxidation. The effective values of the activation energy were determined for
each influencing factor. A conclusion is made about the area of the process.
The obtained experimental data can be used when choosing a method for re-
moving iron to increase the efficiency of existing installations.
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The relevance of the research topic is determined by the increasing role
of natural reservoirs and their vegetation in the processes of self-purification
of ecosystems against the background of increasing pollution of natural en-
vironments. Due to the constant anthropogenic impact, a large number of tox-
icants enter the environment, one of them is heavy metals. They cannot be
removed either by chemical or biological transformation due to their re-
sistance to the environment and lack of the possibility of decomposition.
However, there are ways to remove them from the soil, soil, and water. Re-
search shows that plants have the ability to store heavy metals in themselves.
This allows us to develop methods using plants to clean the soil from heavy
metals. At present, the accumulative abilities of vegetation in the North-West
of Russia with respect to heavy metals are poorly studied, including for
coastal-aquatic vegetation, which is actively used in more southern regions
[1,2].

Heavy metals are one of the most dangerous environmental pollutants.
Arsenic, cadmium, mercury, lead, selenium, and zinc (As, Cd, Hg, Pb, Se,
and Zn) are included in the list of particularly toxic metals. It is proved that
after certain chemical reactions, these elements are distributed in the atmos-
phere, hydrosphere, and lithosphere of the Earth [3].

It is known that a large amount of heavy metals is concentrated in the
soil. Heavy metals are natural components of the earth's crust. They cannot
be degraded or destroyed. To a small extent, they enter our body through
food, drinking water and air. As trace elements, some heavy metals (for ex-
ample, copper, selenium, zinc) are necessary to maintain the metabolism of
the human body. However, at higher concentrations, they can lead to poison-
ing. Heavy metal poisoning can be caused, for example, by contamination of
drinking water (for example, lead pipes), high concentrations in the atmos-
pheric air near sources of emissions, or through the food chain.

Research accumulative ability of coastal aquatic plants held on 2 shal-
low waters of the Leningrad region, with similar geographical, hydrological
and microclimatic features. At the same time, one of the reservoirs can be
characterized as uncontaminated with heavy metals — Bolshoe Rakovoe
Lake in the reserve "Rakovye Lakes", the other — an artificial shallow
reservoir formed on the site of an extensive peat processing zone — has a
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constant source of industrial pollution, including heavy metals, in the form of
a landfill for solid municipal waste "Severnaya Samarka", directly adjacent
to the water body. Both studied reservoirs have almost complete overgrowth
of the surface with communities of aquatic and coastal plants, and are in the
stage of active overgrowth over the entire area.

The main results of the study are data on the content of heavy metals in
coastal and aquatic plants and the factors affecting it, as well as information
on the accumulative activity of the studied plant species in the conditions of
undisturbed shallow ecosystem of the lake, and in the conditions of pro-
nounced pollution of bottom sediments of heavy metals.

Different ecological groups of plants differ somewhat in their ability to
extract certain heavy metals from the soil. Studies have shown that heavy
metals are better accumulated by submerged plants and vegetation of the edge
of the floats. However, it is possible to distinguish individual species that
within their ecological group showed greater importance in terms of accumu-
lation (marsh whitefly and common reed).

The results obtained indicate the ecochemical aspect of the importance
of preserving the plant species diversity of ecosystems under the influence of
industrial facilities, in particular, landfills. Also, the scientifically based use
of the difference between the bioaccumulative capabilities of plants and the
properties of certain plant species can increase the effectiveness of protective
zones around landfills and other industrial enterprises, as well as allow the
formation of a database of plants that can accumulate relatively large concen-
trations of heavy metals, which will accelerate the development of technolo-
gies for cleaning polluted environments using phytoremediation in the North-
Western region of Russia.

References

1. Titov AF., Kaznina N.M., Talanova V.V. Heavy metals and plants.
Petrozavodsk: Karelian Scientific Center of the Russian Academy of
Sciences. 2014. 194 p.

2. AliH., Khan E. and Anwar Sajad M. Phytoremediation of heavy metals
— concepts and applications. Chemosphere. 2013. Ne 91. P. 869-881.

3. Berti W.R., Cunnigham S.D. Phytostabilization of metals. In Raskin, I.
and Ensley, B.D. (eds.). Phytoremediation of toxic metals: Using plants
to clean up the environment. New York: Wiley. 2000. P. 71-88.



228 Il International Scientific Conference “Sustainable and Efficient Use of Energy,
Water and Natural Resources”, Saint-Petersburg, April 19-24, 2021

3K0FHApOJIOFI/l‘lECKI/ll7[ MEXaHHU3M pacnpeae/jiceHuA
(l)PlTOl'lJIaHKTOHa B BoJjoeMe
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OOBEKTOM HCCIeI0BaHUS SBISIETCS 9KOCHCTEMa KpyITHeHIero B 3anai-
Hoit Cubupu — HoBocubupckoro Bogoxpanuiuimia. L{ens paboTer — u3yde-
HHE MEXaHU3MOB ()OPMHUPOBaHMS Ka4eCTBa BObI, IPOTEKAIOLIETO B pa3iiny-
HBIX YacCTSIX BOJOXPaHWJIMIIA T0-pasHoMy. HoBu3Ha: MoaenupoBaHue KO-
JIOTHYECKUX MPOLIECCOB B €r0 PA3IMYHBIX aKBATOPUAX U B BOAOXPAHMIIHIIE,
B IICJIOM, Ha OCHOBE BOCIIPOM3BEICHUSI OMOT€OXUMHIECKUX IIKIIOB JTAMHUTH-
PYIOIINX 3JICMEHTOB.

OOBIYHO CYMTAETCS, YTO OTHOCHTEIHFHO MEJKHE M MAaJIONPOTOYHBIC
YYacTKH BOJOEMOB Oollee MOABEP)KEHBI dBTpopHKanmMuA. B Takux mecrtax
BOJIa ITydYIIIe IporpeBaeTcs u OnoMacca GUTOIIAHKTOHA 3HAYUTEIBHO BBIIIE.
B meHTpansHOI 9acTH BOJOXpaHWIHINA TIyOWHA y JIEBOTO Oepera 3HAYH-
TENILHO MEHbIIIE, YeM Y IPaBOro, Yepe3 KOTOPbIH MPOXOAUT OCHOBHAS YacTh
pyciioBoro ctoka u3 O6u B cTOpoHy IIOTHHBL. OIHAKO, TI0 JTaHHBIM MHOTO-
JICTHUX HaOJIOICHHI JIeTOM Onomacca (hMTOIUIAHKTOHA y MPaBoro oepera B
HECKOJIBKO pa3 BhIIIE, YeM Y JieBoro Oepera.

Hpyroii 3¢ dekT, Hapymaonmid o0bdHbIC peacTaBiicHus. OOBIYHO B
MIEpUO] OTKPBITON BOJBI OMOMacca (PUTOIUIAHKTOHA B IOBEPXHOCTHOM CIIOE
BOJIBI CYIIIECTBEHHO BBIIIIE, UM Ha NTyOHHE, Ky/1a COTHEYHast pajnanys mpo-
HUKaeT yxe Xyxe. OnHaKko B U3y4eHHbIH nepuon, B aBrycre 1981 r., nadmro-
JlaJioch 00paTHOe COOTHOLIEHHE: ObnoMacca PUTOINTAHKTOHA Ha TITyOHHE Cy-
IIECTBEHHO TPEBHIIIAIA 3TOT IOKA3aTeNb B IOBEPXHOCTHOM CIIOE.

Uto0b1 pa3obpaThcs B MPUYUHAX ATOTO (pakTa ObIIa BHIITOIHEHA CpaB-
HUTEIbHAsI OICHKAa MEXaHU3MOB BHYTPHBOAOEMHBIX MTPOIECCOB IIyTEM IIPH-
MEHEHHS METOI0B HMUTAI[MOHHOTO 30-MOIeTMPOBAHUS M BOCIIPOU3BEICHHSI
LUKJIOB TpaHCc(HOpMAaILUi OHOTEHHBIX JIEMEHTOB.

[To pe3ynpraTaM NpOBEICHHOTO MOACTHUPOBAHNUS U aHAJIN3A €T0 PE3yJIIh-
TaTOB IMOJY4€HbI CIIEIYIOIINE BHIBOJIBL.

OcobeHHOCTH BOJI0OOMEHA I10]] BIMSHUEM YCTOHYHMBBIX BETPOBBIX Te-
YEHUH B aBr'yCTe-CEHTAOpEe CTaHOBSATCSI NPUYMHOM NPEBBIIECHHUST OHOMAacChl
(UTOIIIAHKTOHA B TIIyOOKOBOJHOM aKBaTOPHH, y IpaBoro oepera, o cpas-
HEHHIO C OTHOCHTEJIFHO MEJIKOH akBaTopuei, y jieBoro Oepera, B HoBocu-
OMPCKOM BOIOXPAHUIIHUIIIE.



Section 5. Clean Water 229

«3anupaHuey TEPMOKIIMHA U MOCIIEAYOIIHIE KOJIeOaHHs BEPTUKAILHOTO
BOJOOOMEHA MPUBOMAT K MPEBHIIICHAIO OMOMAacChl (PUTOILIAHKTOHA B BOJ-
HOU TOJIILIE 110 CPABHEHUIO C MOBEPXHOCTHBIM CJIOEM B MPUILIOTUHHOW aKBa-
TOpHH.
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BuoxuMHuuyeckre 0CO6GeHHOCTHU €11 CUOUPCKOH B
HaCaXAeHHUAX I0’KHO-TaeKHOM 30HbI
YamypTckou Pecnny6iuku

W.JI. byxapuna, A.C. [TamkoBa

@I'BOY BO «Yomypmckuii 2ocyoapcmeeHHbiil yHugepcumemy, 426034,
Yomypmckaa Pecnybnuka, e. Hocesck, yn. Yuusepcumemckas, 1

B nocnennue necsATuieTus B pe3yabTaTe MacCOBOTO YChIXaHHUS €JIOBBIX
HacaXJIeHUN COCTOSTHUE TEMHOXBOWHBIX JiecOoB B EBpormelickoit yactu Poc-
cuiickoit deneparyy cTajno akTyaJbHBIM 00BbEKTOM HccieqoBaHui. OqHaKko
JlaHHas pobJeMa akTyalbHa He Tosibko st PO, Ho EBpomeiickoro koHTH-
HEHTa B LIEJIOM, TJI€ TaK XK€ CTOUT OCTpasi MpodiaeMa rudesii TEeMHOXBOWHBIX
necos [1-2].

Crnemyer OTMETUTB, 4TO B O4arax MacCOBOTO YCBIXaHHs €JIOBBIX HACAXK-
JICHUI1 BCTPEYAIOTCSl YIACTKH HACAKACHUH M OTAEIbHBIE 0COOU, NMEoIIHe
XopoIee XHU3HEHHOE cocTosiHNe. Takne ocoOn OTMEUEeHbI KaK B €CTECTBEH-
HBIX JIECHBIX CHCTEMAaX, TaK ¥ B HACAKACHUAX yPOaHOIKOCHCTEM.

B cBsI3u ¢ 5THM, LETBIO HCCIIEN0BAHUS IBUIOCH U3yYEHNE COCTOSIHUS €710~
BBIX HAaCaXICHUI pETHOHa, a TAKOKE OIIEHKE X YCTONYMBOCTH U aJallTHBHOTO
MOTEHIIMAJA 110 OTHOILLICHHUIO K HEONMaronpusITHHIM (hakTopaM Cpelibl.

HccnenoBanus NpoBOAMIIM Ha TeppUTOpUM Y AMypTcKoi PecryOnuku
(nanee — YP, mnomaas — 42,06 Thic.kM?). Y iMypTHs pacnionioxkena B Es-
poreiickoii yactu P®D, B 6accelinax pex Kambl u BsiTky, k 3amany ot Ypaib-
CKHX rop, Mexay napamiensimu 56°00' u 58°30' ceBepHO# MIUPOTHI, MEPUIH-
anamu 51°15' u 54°30' BoctouHol fonroThl. Tepputopus YP BeITAHYTA C ce-
Bepa Ha tor npuMmepHo Ha 320 kM, ¢ 3anana Ha BocTok — Ha 200 kM. 3Haun-
TEJbHAs BBITIHYTOCTb TEPPUTOPUU C CEBEPA HA FOT U XOJIMUCTO-YBaTHCThIN
penbed PecyOnmuku oO0yciaaBIMBaeT 3HAYUTENBHBIC OTIUYHS MO TEMIIepa-
Type, BIa)KHOCTH, BETPOBOTO PEXHMMa, KOJTMYECTBY OCAJKOB MEXKIY CEBEp-
HOH U 10)KHOU ee 4yacTblo. B cBs3u ¢ 3TuM Tepputopust YP pacnosnoxeHa B
npeenax AByX JaHIma(THRIX 30H: TaexkHOH (6opeanbHOM / 10KHO-TaeKHast
30HA) U MOATACKHOH (6opeanbHOi-cCy60opeanbHOit / 30Ha XBOHHO-IITMPOKO-
JIMCTBEHHBIX JIECOB). HccnenoBanus POBOJUIINCH Ha
tepputopusix Urpunckoro, Axumryp-boasunckoro u Kesckoro jgecHuuecTs,
PAacIIoIOKEHHBIX B F0XKHO-TAEXKHOM 30HE Y AMypTCKOii PecrryOnuki.

HrpuHckoe 1eCHU4ECTBO PacloJIOAKEHO B IEHTPAIbHOM yacTu Y IMypT-
ckoii PecrryOmuku Ha Teppuropun Wrpunckoro paiioHa. IlpoTspkeHHOCTH
TEpPUTOPUH JIECCHUYECTBA C CeBepa Ha 10T 54 KM, U C 3a1ajia Ha BOCTOK OKOJIO
72 xm. Sxmryp-bogprHCKOE TECHUYECTBO HAXOAUTCS B IIEHTPAIBHON YacTh
Yomyprckoit Pecrrybnmuku Ha Tepputopuu Skuryp-bomsmHCKOTO paiioHa.
[TpoTsKEeHHOCTh TEPPUTOPHH JIECCHIUIECTBA C CEBEpa Ha 10T OK0JI0 45 kM, a ¢
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3amaza Ha BOcTok — 65 kM. Ke3ckoe j1ecCHHIeCTBO PacioyioKeHO B CEBEPO-
BOCTOYHOM gacTu Y aMmyptckoit Pecrry6nuku Ha Teppuropun Kesckoro paii-
oHa. IIpoTsHKEHHOCTh TEPPUTOPHU JIECHUYECTBA C CeBepa Ha IOT OKOJIO
80 kM, a ¢ 3anana Ha BocTok 50 kM. [1jist nccneryeMbIX pailoHOB XapaKkTepeH
YMEpEeHHO KOHTMHEHTaJIbHbIN Kiumar. CpemHsas TeMIepaTypa sSHBaps
—13,5 °C, urons +18,7 °C. OcankoB Bemagaet 532 Mm B roji. CpeiHerooBas
ckopocTh BeTpa — 3,7 M/c. CpeHerooBas BIaXKHOCTh Bo3myxa — 76 %.
PaiioHBI XapaKTepH3yIOTCS CPEIHENO30UCTBIME IOYBAMH M BBICOKOIT Jie-
cuctocThio. Cpenu epeBbeB Mpeo0IIaIaloT XBOWHBIE TOPOJIbI — €lTb, COCHA,
MTUXTA; BCTPEUYAIOTCS TAK)KE YUACTKH JIMCTBEHHBIX JiecoB [3].

HWccnenoBanus MPOBOIMIKCH B BBIIENAX C TIOBPEXKICHHBIM JIPEBOCTOEM
C HaJIMYMEM IPOLIECCOB YChIXaHus enu. [IpoOHbIe MIO0IaaN 3aKIa/IbIBAINCh
B enbHHUKaX-KucnuaHuKaX (Exc). [IpoBeneHo TakcarmmoHHOe onrcaHue mpoo-
HBIX IJIOMIAJEeH, JaHa XapaKTepUCTUKA COCTOSHUS JIECHOM MOICTHIIKU (MOp-
(osoruueckas CTpyKTypa, BIQXKHOCTb, KOMIIOHEHTHBIH COCTaB, [[EJUTIOI030-
pasnararoinasi akTHBHOCTB) [4-5].

Jlist onipesieneHus: PyHKIHOHAIBHOTO COCTOSIHHS HACAK/ICHHUH eNn CH-
OUpPCKON M OTPaKCHUsS MEXaHH3Ma aJalTHUBHBIX PEaKIHil ObUT MPOBEICH
CPaBHHTEINILHBIH aHATN3 OMOXMMUYECKUX IOKa3zaTesield ocobeil xoporiero u
YIOBJICTBOPHUTEIBHOTO JKM3HEHHOTO COCTOSIHUS IO MOKa3aTelsIM COfIepIKa-
HUA XJIOpODUILIOB a, b 1 KapOTHHOWIOB, aCKOPOMHOBON KHCIIOTHI, MAJIOHO-
BOI0 JUAJbJCTHAA U TAHMHOB B moOerax. BhIABICHBI 3HAYNMBIC PA3IUYHS
9THX MOKa3aTelneil y ocodeii pa3HOro )U3HEHHOTO COCTOSHHUS, YTO IO3BOJISET
OOBSCHUTH aANITUBHBIN MOTEHIIUAT BH/IA.
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Hazard of ore processing waste as an ecological
disaster threat at mining enterprises in the Amur River
basin of biosphere importance

L.T. Krupskaya'?, L.P. Maiorova!, M.Yu. Filatoval?,
A.A. Cherentsoval, K.A. Kolobanov??

Far East Scientific Research linstitute of Forestry, 71 Volochaevskaya Str.,
Khabarovsk, 680030, Russian Federation
Zpacific National University, 136 Tichookeanskaya Str., Khabarovsk,
680035, Russian Federation

The report presents the results of multi-year research conducted within
the impact of closed mining enterprises located in the Amur River basin:
Solnechny GOK, Khrustalnensky GOK, Khingansky GOK in the Far Eastern
Federal District (FEFD). The article discusses current problems of formation,
processing and accumulation of giant volumes of mining waste on the Earth's
surface in the Far Eastern Federal District and, as a result, intensive pollution
of the ecosphere. Thus, the study was aimed at assessing a degree of tin ore
processing waste hazard as an object of ecological catastrophe threat at closed
mining enterprises in the Amur River basin having biosphere importance. The
research was conducted using generally accepted modern physicochemical,
chemical, geoecological, forest survey, biological and mathematical-statisti-
cal methods. The best experience of developed countries as well as domestic
innovations of this problem solving were analyzed. The hazard assessment of
wastes as a threat of ecological disasters that have already occurred in the
mining enterprises of the Far Eastern Federal District is given. It has been
experimentally established that the hazard class of the studied wastes is 2
(highly hazardous). It was found out that tailing dumps containing hazardous
wastes are not included into the register of hazardous wastes. Their dams, the
base of which is made of tailing material, were destroyed. Mineralogical com-
position of the waste is characterized by high content of arsenopyrite, pyrite,
pyrrhotite and other minerals. In their chemical composition there were found
extremely high concentrations of sulphide and heavy metal (HM) and arsenic
compounds migrating along the chain: waste, snow, soil, water, vegetation,
human. Waste is an object of high risk, as evidenced by the highest levels of
pollutants (HM and arsenic compounds) in the air basin, soil, water bodies,
vegetation, exceeding the background (up to 10 times) and MPC (5-43), es-
pecially near the tailing dumps. The situation in the study area is aggravated
by the monsoon nature of the climate, which contributes to the development
of erosive processes on the tailing dump surface with formation of ravines
more than 1 m deep and the removal of pollutants in suspended state up to
80 % in the Amur River, having a biosphere value. Innovative proposals have
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been developed to reduce the real threat of environmental disasters at the
mining enterprises of the Far Eastern Federal District, the novelty of which
has been confirmed by Russian Patents 2015, 2017, 2019 [1, 2].

This work was supported by the RFBR [grant numbers 20-35-90021];
the State assignment of the Ministry of Science and Higher Education of the
Russian Federation [grant number 075-03-2020-121/4]; and the Russian sci-
entific fund [grant numbers 15-17-10016].
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Assessment of the carbon budget in managed forests of
the Far Eastern Federal District, evidence from
the Khabarovsky Krai

D.A. Golubev? D.V. Izotov!, N.K. Rastanina?,
K.A. Kolobanov'?, M.Yu. Filatoval?2

! Far East Forestry Research Institute, 71 Volochaevskaya str.,
Khabarovsk, 680030, Russia
2 Pacific National University, 136 Tikhookeanskaya str.,
Khabarovsk, 680035, Russia

The article summarizes the results of the multi-year research on reducing
greenhouse gas emissions, carbon storage increasing and greenhouse gases
limiting in the managed forests of the Far Eastern Federal District (FEFD) in
accordance with the Paris Agreement [1]. The forests of the Far Eastern Fed-
eral District (FEFD) cover 43 percent of the total forest lands of the Russian
Federation, and their conservation and assessment is one of the important
tasks for compliance with the Paris Agreement. Logging and fires in the stud-
ied area lead to significant emissions of greenhouse gases into the atmos-
phere. Therefore, the aim of the study is to assess the carbon budget in the
managed forests of the study area to develop the recommendations for reduc-
ing CO, emissions into the air basin. The study of carbon losses in the man-
aged forests of the FEFD (on the example of the Khabarovsky Krai) was car-
ried out using the Regional Forest Carbon Budget Assessment (ROBUL) Pro-
gram [2]. It was found that the area of burnt forest areas in the Khabarovsky
Krai for 2018 was 3 million hectares and the area of logging is 313 thousand
hectares, which leads to the losses of about 20 million tons of C per year™. It
was found that as the age of stands increases, significant accumulation of
greenhouse gases occurs not only in biomass, but also in litter and soil. De-
struction of tree and shrub vegetation due to clear-cut harvesting and forest
fires, as well as the mineral resources development, leads to environmental
and socio-economic impacts. As a result of the conducted research, the losses
of CO; have been assessed and the measures to reduce greenhouse gas emis-
sions and carbon storage increase in the managed forests of the FEFD (on the
example of the Khabarovsky Krai) have been scientifically established. The
need for rehabilitative measures to increase carbon stock through conserva-
tion and multiplication of forest land (including reclamation) is evident.

This work was supported by the RFBR [grant numbers 20-35-90021];
the State assignment of the Ministry of Science and Higher Education of the
Russian Federation [grant number 075-03-2020-121/4]; and the Russian sci-
entific fund [grant numbers 15-17-10016].
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Assessment of the Opisthorchis felineus prevalence of
cyprinidae family fish sold in grocery stores
in Khanty-Mansiysk

A.S. Maiurova, M.A. Kustikova, E.A. Bykovskaia

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

According to the Federal Service for Supervision of Consumer Rights
Protection and Human Welfare, opisthorchiasis is a dangerous social threat
to Russia today. The Russian Federation territory contains two-thirds of the
world area of the causative agent of opisthorchiasis [1]. The largest natural
focus of opisthorchiasis is the Ob-Irtysh region, it includes the Khanty-
Mansiysk Autonomous Okrug-Yugra, which became the object of this study.

According to the Rospotrebnadzor Administration for the Khanty-
Mansiysk Autonomous Okrug — Yugra, parasitic diseases remain one of the
leading pathologies in the region, despite the noted downward trend in the
prevalence over the past few years [2].

According to surveys conducted by the study [3], about one fifth of peo-
ple with acute opisthorchiasis became infected after eating fish that was
bought in stores and supermarkets.

The purpose of this work was to assess the extent of invasion of cyprinid
family fish, purchased in some chains of grocery stores in
Khanty-Mansiysk.

The study was conducted during the first half of 2019. During this time,
a survey of 243 fish specimens, among which were ides, daces and roach,
was carried out.

The abundance index, extensiveness and intensity of invasion were cal-
culated to analyze the materials obtained in the course of this study [4].

All fish were bought as roach, but during the work it was determined
that under the guise of roach, shops also sell ides and daces, the differences
in which are difficult to determine, and at fishery enterprises on an industrial
scale, all these species are sold as roach [5].

During the study, it was found that no roach has opisthorchid metacer-
cariae, while the extent of invasion of ides and daces is 100 % for all ages of
the studied fish.

Based on the obtained results, it can be concluded that of all the studied
cyprinid family fish, roach is the least susceptible to invasion by opisthorchid
metacercariae, which is possibly related to the difference in the structure of
muscle tissues and scales. Roach is mistakenly attributed to high rates of inva-
siveness, confusing it with similar fish species — dace and ide.
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Soil moisture index on the basis of reference
evapotranspiration Penman Monteith method using
remote sensing methods

D. Muiioz Osorio?, C.G. Marin Gonzalez?, M.A. Kustikova!

!Department of energy and environmental technology, ITMO
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In the Dominican Republic, during the last 30 years, drought episodes
have been prolonged in the southern, southwest, and northwest regions of the
country [2], threatening the productive capacity of farmers who must also
plan and monitor their work with great uncertainty due to the scarcity of agro-
meteorological information. Given this challenge, we have developed a da-
taset and a method useful for agricultural management and planning, espe-
cially to determine the condition of agricultural drought. The dataset is made
of remote sensing information, and the method is based on the concept of the
soil moisture index, which corresponds to the relationship between precipita-
tion and reference evapotranspiration.

The tool used in this work was Google Earth Engine. With it, we have
calculated spatial time-series of reference evapotranspiration (Penman Mon-
teith method [1]), precipitation, specific air humidity, wind speed, net radia-
tion, and daily maximum and minimum temperature. This dataset makes it
possible to fill voids on hydro-climatic information from the last 30 years [2].
Also, the effect of altimetry, with a spatial resolution of 12.5 m, is included.

An application of the dataset in the Monte Cristi province proved that
the soil moisture index is an appropriate indicator to characterize drought. Its
average value from 2010 to 2019 was between 0.27 and 0.41, which given
the thresholds by [3] correspond to moderate drought, in the southern zone,
and severe drought, in the rest of the area. Also, characteristic hydro-clima-
tological values were estimated, and extreme evapotranspiration zones were
identified.

The data set and the humidity index calculation method allow efficient
planning of fieldwork, irrigation management, and even calculating the water
layer to apply as the crop adapts to the conditions of irrigation frequency.
Moreover, the time series of meteorological data has the potential to be used
in water demand studies, irrigation plans and modelling of crop yields.
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specially protected natural areas of the Omsk Region in
the light of the concept of sustainable development

V. Kosterova, O. Bazhenova

Omsk State Agrarian University named after P.A. Stolypin,
1 Fizkulturnaya str., Omsk, 644008

Within the concept of sustainable development, there is a concept of
“natural capital”, which considers the country’s natural resources not only in
terms of their availability and volume, but also in terms of effective manage-
ment, rational use and the possibility of attracting investment for the growth
of natural capital.

Specially protected natural areas (protected areas or PA) are an active
part of natural capital, which means that there is a real possibility of influenc-
ing its development. The World Congress on Protected Areas (1992) called
on governments to ensure that “... through international cooperation by 2000,
protected areas cover at least 10 % of each of the biomes” [2]. This recom-
mendation became the motto of the environmental movement and an incen-
tive for countries to expand the PA system. The establishment and develop-
ment of a protected areas network is a reliable indicator of sustainable devel-
opment.

Omsk region is an important logistics, industrial and agricultural region
of the Siberian federal district of the Russian Federation. Omsk region is lo-
cated in the south of the West Siberian Plain in the middle course of the trans-
boundary Irtysh River, covers an area of 141.1 thousand km?, which is 0.82 %
of the area of Russia.

According to data for December 2020, 26 protected areas operate in the
Omsk region, of which 20 are of regional and 6 are of local importance [1].
The total area of protected areas is 5640.17 km?, which is only 4 % of the
total area of the region. These protected areas belong to the following cate-
gories: state natural reserves — 16, natural park — 1, natural monuments —
5, protected natural object — 1, natural recreational complexes — 2, other
categories — 1. There are no federal protected areas. Most of the protected
areas (22) are located in the forest-steppe zone of the Omsk region.

Compared to 2015, the number of protected areas of the Omsk region
decreased by 9 (mainly due to a reduction in nature monuments), and their
area decreased by 2.04 % of the area of the region [1]. The decrease in the
number and area of protected areas indicates unsustainable environmental
management in the region.
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The sound management of the PA network will demonstrate the effec-
tive use of the natural capital of the Omsk region and, as a result, the success-
ful functioning of the concept of sustainable development in the region.
Given the identified shortcomings in the PA network of the Omsk region, it
is necessary to:

— expand the PA area to 10 percent of the region;

— increase the number of PA in the taiga and steppe zones of the region.
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Reducing the impact of clearcuts on the environment as
an element of sustainable forest management

A. Rogolev, S. Banar

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

Today, clearcuts cause the greatest harm to the environment. The con-
sequence of clearcutting is the emergence of: waterlogging of the soil, soil
erosion, disturbance of the water and air regime, slower plant growth, animal
migration, etc. All these consequences lead to the main problem — the de-
struction of the ecosystem at the site of felling.

Therefore, the purpose of this work is to reduce the impact of forest
felling on the environment through the use of modern technology, optimal
harvesting methods, and the use of high-energy reforestation methods.

Today, logging is carried out using equipment that does not comply with
both ethological and technical standards. This equipment is not rational both
from the side of performance and from the side of environmental impact [1].
Therefore, we offer the use of modern high-performance logging complexes
that cause minimal damage to the environment.

Also important is the choice of the method of timber harvesting. When
carrying out clearcuts, the technology of both areas and cutting intervals is
not followed. The safest for the OS is to carry out selective felling, but it is
not economically feasible [2]. Therefore, the most optimal is to carry out
gradual felling, since during the cutting interval the plantation has time to
recover.

And the final link in sustainable forest management is reforestation. Ar-
tificial reforestation is almost always carried out only with conifers, which
have both a lower density and a lower heat of combustion. And since most of
the wood in the Russian Federation is used as an energy raw material, it is
more rational to renew it with deciduous species [3]. We propose to carry out
a mixed renewal, as it has several advantages over the restoration of a single
breed.

As a result of the work done, it was found that the correct choice of
equipment, as well as methods of logging and afforestation will allow achiev-
ing more rational forest management.
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Use of the Geographical Information System (GIS) for
the sustainable management of georesources:
Case of the “Dorsale calcaire”, Morocco

Ghizlane Fattah, Fouzia Ghrissi

Civil, hydraulic and environmental engineering laboratory, Water
treatment and reuse structure, Mohammadia School of Engineers,
Mohammed V University in Rabat, Morocco

Abstract

The Tangier-Tetouan region has become in a few years the 2nd eco-
nomic pole of the Kingdom of Morocco, thanks to the major structuring pro-
jects carried out in the various sectors. This socio-economic development is
accompanied by a strong demand for construction materials, which requires
a continuous search for new sites to meet the needs of the projects, which are
in progress, as well as other scheduled [1-2].

As one of the main rocks used in construction, limestone is an excellent
source of crushed stone for the production of aggregates and
cement [3-4].

This work aims to provide a quarry management plan, exploiting the
rock of the « Dorsale calcaire », compatible with sustainable development in
order to meet the needs for construction materials while respecting the envi-
ronment. The selection of appropriate sites is carried out by evaluating the
potential in limestone deposits using GIS with weighted analyzes. Many en-
vironmental, social and economic factors are taken into account in order to
prevent conflicts between land users. The combination of these critical ele-
ments resulted in a map in which the areas favorable to the exploitation of
materials are classified according to their degree of risk [5]. In terms of con-
clusion, only the limits of the « Dorsale calcaire » can be exploited with a
medium risk, while the central part of the ridge presents a danger for water
resources and vegetation cover.

Keywords: quarry management plan, construction materials, GIS, Dor-
sale calcaire, Morocco.
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HekoTopbie 0C06eHHOCTH pecypcocoeperawiiein
TEeXHOJIOTMH N0JIy4YeHUsA MUHepa/IbHbIX IIBeJ/JIepOB U3
TBepPAbIX OTXOA0B CyGJIMMAaTHOTO
npousBoacTBa OA «CXK»

I0.M. ®enopuyk, /.B. Hapeokusiii, JI.A. AHukaHOBa,
M.A. Canenona, H.B. 3amsatun

Hayuonanvroii uccneoosamenvckuii Tomckuil noiumexnuieckutl
yuueepcumem, Poccus, 634050, 2. Tomck, np. Jlenuna, 30

BBenenue

B Hactosmee BpemMs Ha IPOMBILUIEHHBIX Ipeanpuaruax Poccun npu
MMPONU3BOACTBE MUHEPAJIBLHBIX U OPTAaHUYECKHUX BECUICCTB BCC 6OJ'IBIHyIO aKTy-
IBHOCTB NpHoOpeTaeT npodiemMa 00pa3oBaHuUs M HAKOIIJICHUS! KPYITHOTOH-
Ha)KHBIX THUIICOCOJIEP)KAIINX OTXO0A0B. ICTOYHNKOM YKa3aHHBIX OTXOJIOB SIB-
JISIIOTCSL XUMHUYECKHE TPOU3BOJCTBA (hTOPOBONOPOAA, MPOU3BOACTBA (hOC-
(dopHBIX ymoOpeHuit u PochopHOH KHCIOTHI, MPOU3BOACTBA OOPHOM KHC-
JIOTHI, TIPOM3BOZICTBA TUTAaHA M 1p. B OONbIIMHCTBE TeXHOJIIOTHH CyibdaT-
KaJIbLIUEBBIC OTXO/bI BEIOPACHIBAIOT B OKPYXKAIOLIYIO CPEly B BUJIE ABYBO-
Horo rurca (1T. Bockpecenck, JlepmonTtos, Uepemnoser, [Tonesckoit, Komco-
MoJbck—Ha—AMype). Ha mpon3BoacTBax B aTOMHON MPOMBIIICHHOCTH MIPU
moydeHnn propoBogopoaa B CeBepcke MOITYYIarOT OTXOBI B BHIE O€3BOA-
HOTO cynbdara Kanbliusi — (QTOPAHTHUAPHUTA, STU OTXOJbl HEUTPATU3YIOT
HanHeBOﬁ IEJI0YbI0, pacClyJIbIIOBBIBAIOT U 4Y€PE3 CUCTEMY KaHaIU3aluU
cOpaceiBatoT B p. Tomb, a 3atreMm — B p. O0b. B xuMuueckoil NpoMbIIIIIeH-
HoctH B T. Ilepmm TBepabie OTXOJbl (hTOPOBOIOPOAHOTO IPOU3BOJICTBA
HEHTPAIN3YIOT 110 «CYXOMY» CIIoco0y (B KauecTBe HEHTpai3aTopa UCIoib-
3YIOT TOpONIK000pa3HbIii okeua Kanbuus). Corpyaankamu TITY 1 MHOrUMHK
JPYTHMH HMCCIIOBATENISIMH JI0Ka3aHa SKOHOMHYEcKas 3((EeKTUBHOCTh HC-
TIOJIb30BaHMS CYNIb(aTKAIBIHEBEIX OTXOJ0B B CTPOUTEIHHOMN MTPOMBIIUICH-
HOCTH B BH/I€ BSKYILETO B OCCIIEMEHTHBIX aHTHIAPUTOBBIX KOMIO3UTaX [1—
4]. Ho sxoHOMHUYecKast 3PEKTHBHOCTD MPOSBIACTCS TOIBKO B TOM CIIydae,
KOTZa Cynb(aTKaIbINEBbIE OTXOABI U3BIECKAIOT U3 XMMHUUECKOTO ITPOM3BOA-
cTBa (hTOPOBOIOPOIHOTO MPOU3BOACTBA B CYXOM OE3BOJHOM OOE3BPEKEH-
HoM pH = 7-9 cocrosnuu. B 3TOM cityyae mocne u3MenbueHust 1 Monudu-
LUPOBAHUS YIPOUHSIONIEH N00aBKOi (HTOPaHIMAPUT IPEBPAILACTCS B TEX-
HOT€HHOE aHTUJIPUTOBOE BSDKYILIEE.

Ienau u 3axayu

Lenbto paboTHI SBIISIETCS. yMEHbIIIEHUE cOpOCca CTOUYHBIX BOA M YTHIIH-
3a1ust TBEPBIX 0TX0/10B propoBogopoaHoro npousBoacTea CXK u npyrux
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PErHOHaJBHBIX OTXOA0B MPOMBIIUICHHOCTH B PECYPCOCOEPEraromiX SKOHO-
MHIYECKH 3P PEKTHBHBIX TEXHOJIOTUAX MAJIOATAXKHOH CTPOHHHIYCTPUH U OT-
JIETIOYHBIX CTPOHUTENILHBIX MaTEPUAJIOB, B KAUECTBE MHHOBAI[HIOHHOW MTPOYK-
UM TIOJNyYeHWE MUHEPAIbHBIX KOMIIO3UTHBIX LIBEJUIEPOB C 3aJaHHBIMHU
CBOMCTBaMU Ha OCHOBE aHTHIPHTOBOTO BSOKyMIEro [5].

B 3amaun BXoauT aHaIM3 M 0OOCHOBaHHE CHIDKEHUS IKOJIOTHYECKOH
Harpy3KH Ha OKpY>Karollylo cpely B MECTax pacIojioxKeHHs (TOpOBOIOPOI-
HBIX TPOU3BOJICTB M HCCIIEAOBaHNE (TOPAHTHIPUTOBOTO CHIPHSI PHUMEHH-
TENBHO K MPOHM3BOJCTBY IIBEIUICPOB 3a CYET Pa3pabdOTKU OPUTHMHATBHOM
(OPMBI CTPOUTEITBHBIX W3CIUIA 1 COCTAaBOB KOMIIO3UTOB IJIsl MHHEPAIbHBIX
LIBEJUIEPOB € TPeOyEeMBIMU JKCILTYaTAIUOHHBIMH XapaKTePUCTHKAMH, pa3-
pPabOTKN OPUTMHAIBHOM TEXHOJIOIMH INPOM3BOJCTBA U PEKOMEHAALMI 110
MPUMEHEHHIO (PTOPAaHTHIPUTOBBIX KOMITO3UTHBIX IIBEJUIEPOB B CTPOUTEIb-
HOU NPOMBIIIJIEHHOCTH.

OMNBITHO MOJYNPOMBILICHHBIE UCTIBITAHUS U OLIEHKA X TEXHUKO-IKO-
HOMHYECKOH 3 PEKTUBHOCTH.

Bbuti nosyueHsl onbITHBIE 00pa3Iibl NIBEUIEPOB C HPEIEIIOM IIPOYHO-
CTH Ha ckaTue, paBHOM 16 MIla, a Ha m3ru6 — 10 MIla. brarogaps moiy-
MIPOMBIIIUICHHBIM UCIIBITAaHUSM PECypcocOeperaronmx TeXHOIOTHil moryye-
HUSI QHTHJIPUTOBBIX CTPOUTENBHBIX M3/CIHUN U MaTepHaIOB OBUIO yCTaHOB-
JICHO, YTO TP HCIIOJIb30BaHNH aHTHPUTOBOTO BsDKyIiero Mapku 100 anru-
PHUTOBBII KOHCTPYKIIMOHHBIA MaTepHal (IIBEJIep) IMOMydaan ¢ Ko puIu-
exroM perradenpHoct 50-80 %.
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Pecypcoc6eperamwoias TeXHOJI0THS CeJI€eKTUBHOM
cenapanyy M3MeJb4YeHHbIX MUHEPaJ/J0B HA IpUMepe
rpaHaToOBOro NMeckKa v JIaBUKOBOro IMNaTa

I0.M. ®enopuyk, B.A. Tanekep, A.C. Bamrytenko,
B.B. Marsuenko, O.I1. Kpusnyx

Hayuonanvnolii uccneoosamenvckuti Tomckuil norumexnuieckutl
yuueepcumem, Poccus, 634050, 2. Tomck, np. Jlenuna, 30

B ropHOOGOraTUTENBEHOM, XUMUYECKOW, YSHEPreTHYECKON, CTPOUTEIb-
HOM M IPYTHX OTPACIISIX NPOMBIIUIEHHOCTH B HACTOSIIIEE BpeMs Jyis obectie-
YEeHUS] TOUHOCTH U pPABHOMEPHOCTH JJO3UPOBKH TEXHOJIOTHUECKHX OTIepaIiui
WCIIONIB3YIOT ~ PAa3MYHOTO poja CTAOWIM3AMI0 CBOWCTB  CBHITYyYHX
MaTepHasoB.

AKTyaJabHOCTBH PaGoThl. B TOpHOOOOTaTHTETFHOM OTpaCIH TPOMBIII-
JICHHOCTH B HACTOSIIIEE BPEeMs IJIsl 00OTAIIEHHS PyAbl 3a9aCTYI0 IPUMCHSIOT
¢rotanuto. C moMOIIBbIO (QIIOTAAN TPOU3BOIUTCS M3BIICYCHUE YACTHI] MH-
HEpPaJIOB OMPEICICHHBIX Pa3MEPOB, TIPH STOM MTPOUCXOTUT 3HAUUTEIHHOE 3a-
TpsA3HEHHE OKPY’KAIOMIeH cpebl Kak CTOYHBIMH BOJAMH, TaK W TIPUMECHBIMHU
KOMIIOHEHTaMH Pybl U (iioToarenTamu [1-4].

Iporece ¢utoTanuu 00gamacT PSIOM HEIOCTATKOB, TAKMX KaK: 3aTPAThI
Ha TPeOYyeMyI0 3epHHCTOCTh M3MEJIbUCHHS, OOJIBIINE 3aTPAThl SHCPIUU Ha
TepeKayuKy KHUIKOCTH, 3aTPaThl 10 yIepOy OKpyKarolen cpeae u 1p.

Jnst ycTpaHeHUs! BBILICTIEPEUUCICHHBIX HEJOCTaTKOB B Ja0OpaTOpHUu
9KOJIOTMYECKH YUCTBIX TexHonoruit TIIY Obu1 mpeiokeH W M3roTOBJIEH
CTEHJI II0 CYXOMY CII0cO0Y CENIEKTHBHOTO Pa3eeHusl ChITyYnX (IpeaBapu-
TEJNBHO TOACYIICHHBIX) MaTEPHAJIOB W MPOBEJICHB HEKOTOPBIC MCTIBITAHUS
IO pa3/IeJICHAIO IUTAaBUKOBOTO IITIATa ¢ COIepKaHueM B HeM (urrooputa 88 %,
kpemHe3ema — 8 %, uzBecTHsika — 0K0J0 3 %.

AHaJIIOTUYHBIC UCTIBITAaHUS OBLIH MPOBEJCHEI C BHICYIICHHBIM IPaHATO-
BBIM HJIOM — TBEP.IBIM OTXOZOM IIPOIIECCOB THAPOPEIKH.

Hean padorsl. VccnenoBanue npoiecca pa3aesieHns 4acTHIl AUCTIepC-
HOH cpeipl 10 TIOTHOCTH IO BO3JEHCTBHEM BHOPAITHH.

JUJ1s1 BEIIOTHEHUS TOCTaBIEHHOH 1eNIN B pab0Te PEeIIatoTcs CIeAYIONIHe
3aJaun:

— ompejelieHHe ONTHMAIbHBIX MapaMeTpoB paboThl BHOpOCTONA, NPH
oOorarieHu# (QIIFOOpUTA B TUNIABUKOBOM IIINIATE W aJbMaH/MHA B rPaHa-
TOBOM IIECKE;

—  u3y4eHHe (PU3NKO-MEXaHNYECKHX CBOWCTB 000TaIeHHOTO (IroopuTa 1
TpaHaTOBOTO TECKa.
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Metoanka 3KkcepuMeHTa

HccnenoBanus mpolecca pasielieHus YacTHll, 0 pa3Mepam, GpopMme u
Macce MPOBOIMIM C IOMOIIBI BHOPALMOHHOTO OJIEKTPOMEXAaHHYECKOTO
cTeHga. BUOpalMOHHbINA CTEHII HMEET CIIEAYIOIINEe OCHOBHBIE TEXHHYESCKHE
xapakrepucTtuku: Hanpspkeane — 220 B, wacrora — 50 I'i; yrom Hakmona
BUOPOIIOBEPXHOCTH OTHOCHTEIHHO TOPH30HTAIH, HA KOTOPYIO IOJAIOT HC-
XOJIHOE CBIPBE, COCTABISET 15 IpamgycoB, pacCTOSHUE MEXKIY KPOMKOW BHO-
POILIOMIAKH 1 KPOMKOH TOPH30HTAIIBHO PACIIONOKEHHOTO IIPHEMHOTO KOH-
teitnepa — 10 MM. HaBecky MCXOIHOTO CHIPbs pABHOMEPHO pa3Mellaiy Ha
MOBEPXHOCTH BHOPOCTOJIA, BKJIIOYAIM BHOpAIHMIO, 3aceKkaiu Bpems. B pe-
3yJbTaTe BHOpOIEPEMEICHHS ChIPhs OoJiee KPYIHBIE, 00Jice TsHKENbIC Ya-
CTHUIIBI MIMEITH TPACKTOPHIO TIoNieTa OOJBIIEro paanyca, yeM Ooee JIeTKHe.
Takum 00pa3oM, MPOUCXOAMIIO CEJICKTHBHOE pa3feieHue Ooliee TaKeIon
(bpakiuu 1o OTHOIICHHUIO K Oosee nerkoii [5].

HccnenoBanus sIBJICHHS pa3ielieHUs 10 TUIOTHOCTU B (hOpMe MPOBOIH-
JIMCh HA YAaCTULIAX BBICYIICHHOTO JI0 MOCTOSIHHOTO BECa IUIAaBHKOBOTO IITIATa,
coziepKamero (hIFOPHT, KAIBIUT, KBapIl cieaytomux ¢paxiwii: (+0,094...—
0,160); (+0,160...-0,315) mm.

AHaNIOTMYHBIE ONBITHI IPOBOMIIH C BBICYIICHHBIM IPAaHATOBBIM MECKOM.

BbiBoA. DKCIIEpUMEHTaMH YCTAHOBJIEHA 3aKOHOMEPHOCTD Pa3/IC/ICHUsI
YaCcTHIl [0 Macce MpHU BUOPOTPAHCIIOPTUPOBAHUM, TEM CaMbIM, MOJIYYEHBI
JaHHBIC TTO0 CCJICKTUBHOMY Pa3JICJICHUIO YaCTU3 B 3aBUCUMOCTHU OT IIJIOTHO-
cru. [lnaBukoBbli mmar coctaBa: CaF, (mtotnocts p = 3,18 /M%), CaCOs
(p = 2,8 /M%), SiO2 (p = 1,8 /M%) ymanock 060raTuTh Mo GpTOPHULY KabIds
110 96 %; rpanaroBbiit un coctasa: Fes*Aly(SiOy)s (motHocTs p = 4,2 /M%),
SiO; (p = 1,8 1/m%) o6orarumu 10 98 % 10 anEMaHAMHY.
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OueHKa 6a/1/103/1IeKTprU4ecKoro 3¢pdekra, CBA3aHHOTO C
NpUOOMHBIMU BOJIHAMH Ha I0ro-3anajgHoM 6epery
03. BaiikaJ ¥ BJIMsIHUEeM BOJ0mNaja
B OKPECTHOCTSX II. ApIIaH

M.B. Ornesnepal?, K.H. ITycrosanos?, I1.M. Haropckuiil?

Unemumyma monumopunaa KiumMamu4eckux u 3K0102UYeCKUx CUCmeMm
CO PAH, 2. Tomck, np. Axademuyecxuil, 10/3
2Hayuonanvuwiii uccnedosamensvcruti Tomekuii 20cyoapcmeeHHblil
yHueepcumem, 2. Tomck, np. Jlenuna, 36

W3 Bcex KOMIIOHEHTOB aTMOC(EPHOT0 BO3/TyXa OCTAETCA c1ad0 N3ydeH-
HBIM a3pOHOHBI, a TAK)KE MX HM3MEHEHNUE 110]1 BIHUSHIEM PA3INIHBIX ()aKTOPOB
[1, 2]. B pa6otax [1, 3] aBTOpBI YKa3bIBAIOT HA GJATOTBOPHOE BIIHMSHHE OT-
pULIATEIbHBIX HOHOB Ha 3J0POBbE UEIIOBEKA.

Ienpro paboTH! SBIAETCSA MPOBEACHUE KOJINYECTBEHHOM OIECHKH BIIHS-
HUs OayiosniekTpuyeckoro 3ddekra [2, 4-6] Ha KOHIEHTPAIMIO OTPHUIIA-
TEJBHBIX a9POMOHOB Ha FOTO-3aMmagHoM Oepery o3. baiikan u BOIHM3M BOIO-
naja B OKPECTHOCTSIX KypopTa ApliiaH, sSIBJISIOIIUXCS MOMYJISPHBIMU 30HAMHU
PEeKpeanuoHHOro Typu3Ma.

DKcneMIMoHHbIE n3MepeHus npoBoauinck B aBrycre 2020 roma Ha
roro-3anajHoM Oepery 03. Baiikan (MpkyTckast 00J1acTh) B TOUKE C KOO IH-
Hatamu 51°41' c.mr. u 103°42' B.1. 1 y Bojgonana BONMM3M KypopTa ApiiaH
(pecrry6uniuka Bypsitust) B mynkTe 51°55' c.am. n 102°25' B.1. B ucenenosannu
HCIOJIB30BANIOCH ClienyIolee 000pyIOBaHUE: CYETYHK adpouoHOB Air lon
Counter Model AIC2 (AlphalLab, Inc) [6], pyuaHoit Tepmorurpomerp MS6508
u anemomeTp MS6252A (Mastech). ismepetue oTpUIiaTeIbHBIX HOHOB PO~
U3BOAMIIOCH B  YCIOBHAX  «xoporieit» moroms [1,2] B Teuenue
5-10 MHHYT C 4aCTOTO# JUCKPETU3ALKH 5 C.

Hccnenosanust mokasajim, 9YTo B OeperoBoii 30He 03. baiikanm meanan-
HBbIE KOHIEHTPAIMU OTPHUIATENBHBIX a’poHOHOB B 4,5 paza Ooiblie, 4em
¢on. IIpu 3TOM, CTOUT OTMETUTD, YTO OATIIOAIESKTPHUUECKUN dPPEKT Heno-
CTOSIHEH BO BPEMEHH M 3aBHCHUT OT XapakTepa BOJIHEHHs. Tak BO BpeMs IpH-
OOMHBIX BOJIH MaKCHMaJbHbIE 3HAUCHUS KOHICHTPAIMH OTPUIATENIHHBIX
a3pPOMOHOB IpeBHIIAOT ()OHOBBIE B 4 pa3a W JOCTUTAIOT 3HAYCHUH
3,8x10% cM 3, a oTenbHEIE 3HAYEHHS MOTYT JocTUraTh ~12x10% cm 3,

BOmm3u Bomonana 0amioaneKTpruaecKuit 3 heKT KBa3UCTAMOHAPEH U,
KaK CIIC/ICTBHE, O0YCIIaBINBACT BHICOKHE KOHIIEHTPAIIH, MHOTOKPATHO TIpe-
Beimarone ¢oH. CpenHue KOHLEHTPAMH OTPUIATENBHBIX a3pOHMOHOB
(11,9x10% cm®) B ~10 paza Gonpiue, yeM (OH, PH ITOM MX MAKCHMAJIbHBIE
3Ha4eHus nocrurarot 16x103em 3,
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Correlation-regression analysis of the influence degree
of various socio-economic factors on the dynamics of
the opisthorchiasis incidence at the territory of the
Khanty-Mansiysk Autonomous Okrug-Yugra

A.S. Maiurova, V. Roy, M.A. Kustikova, E.A. Bykovskaia, E.P. Tyurikova

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

Opisthorchis felineus is the most common liver fluke on the territory of
the former Soviet Union, and opisthorchiasis has a leading role in the mor-
bidity structure of the Russian population among the entire range of infectious
diseases [1]. The largest world nature focus of opisthorchiasis caused by O.
felineus is in the Ob—Irtysh basin [2].

Parasitic diseases have been one of the main pathologies on the territory
of the Khanty-Mansiysk Autonomous Okrug-Yugra (KhMAO-Yugra) over
time, which is one of several regions hyperendemic in terms of opisthorchi-
asis. According to the state report “On the state of sanitary and epidemiolog-
ical well-being of the population in the KhMAO-Yugra” the total share of the
opisthorchiasis prevalence is more than 99.5 % of all registered cases of par-
asites infection. Futhermore, the opisthorchiasis prevalence of the KhMAO-
Yugra population in 2018 was 24 times higher than this indicator as a whole
in Russia.

It is necessary to take into account the complex nature of human inter-
action with society and the environment, during conducting medical and sta-
tistical research. The degree of influence of various factors on the incidence
of the population can be estimated using the correlation theory and GIS tech-
nologies [3].

The purpose of this work is to study the causal relationships between
socio-economic factors and the opisthorchiasis prevalence in the territory of
the KhMAO-Yugra.

In order to assess the dynamics of the opisthorchiasis prevalence in the
territory of the KhMAO-Yugra, a spatial-temporal map of the prevalence dy-
namics in the districts of the region was built. This map was made by means
of the QGIS geographic information system, with reference to the prevalence
data within each district of the KhMAO-Yugra territory.

In this investigation a spatial-temporal map of the opisthorchiasis prev-
alence dynamics in the districs of the KhMAO-Yugra was created, the prev-
alence dependence on various socio-economic factors was determined. It was
found that the strength of the relationship between the prevalence and most
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of the selected factors is quite low. The most indicative factors were the num-
ber of stores selling fresh fish and the number of settlements in the territory
of the municipalities of the KhMAO-Yugra.
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OueHka 3HepreTu4yeckoro noreHuuasa TbO B pamkax
peajn3ani KOHIEeNIIUHU CHUKEeHUSA
3KO0JIOTUYECKHUX PUCKOB

K.A. Cemenona, E.C. Bonkosa, M.A. MeasHHK

Hucmumym MoHUmMopunea KiumMamuyeckux u 3K0102UYeCcKux cucmem
CO PAH, 634055, Poccus, 2. Tomck, np. Axademuyecxuil, 10/3

B Tomckoii o6nactu, Kak, BIpoYeM, U B 1eJIOM 10 Poccun, ¢ KakapiM
roIoM Bce 0oJiee 0CTPO BCTAaeT MpodiieMa YTHIM3AalUKH TBEPbIX OBITOBBIX
orxon0B (TBO) — B cpeanem Ha omHOTO YenoBeka B Poccuu mpuxoauTcs
6onee 400 kr otxomoB B oA [1]. s sxuteneit ToMcka 3TOT OKa3aTeNb mpe-
BBIIIAET CPEAHEPOCCHICKUII Oojiee YyeM Ha TpeTh, M cocTaBiseT 532 kr,
TOJILKO B PETHOHAIIEHOM LIEHTPE €KECYTOIHO 0Opaszyercs okoino 4,5 Teic. M
TBO. Poct uncnenHocTr HaceneHus, MOBBIIIEHHE ero KoM(opTa 1 O61aroco-
CTOSIHMSI, CYIIECTBEHHOE yBEIMUYEHHE 00beMa MOoTpebsieMol MPOAYKIWH,
TIPOU3BOJICTBO MU(PPOBON, OBITOBON TEXHUKH M aBTOMOOMJICH ¢ HEOOIBIINM
CPOKOM JKCIUTyaTalliy ONPEACNAIOT TEHICHIMHN K YCTOIHYMBOMY POCTY KO-
nmaectBa ThO Ha mymry Hacenernus. Tak ToMckuit TOpoACKOil OJMUTOH 3a-
xoponenus ThO, paccunTaHHbIi Ha MATUIETHUI CPOK DKCILTyaTaluu, Obu
3armoJiHeH 3a 3,5 roga, yto roBoput 0 30 % yBeIHYEHHUH CKOPOCTH HAKOILIC-
HHS OTXOJIOB OT IIPOTHO3UPYEMBIX Moka3zareneii. [Ipobiemoii Bcex HaceseH-
HBIX ITYHKTOB 00JIaCTH SBJISIFOTCS] HECAHKIIMOHUPOBAHHBIE CBAJIKH M 3aMYCO-
PEHHBIE TEPPUTOPHH, YTO YBEIMYMBAET U 0€3 TOTO CYIIECTBEHHBIE YKOJIOTH-
YeCcKHe PUCKH, BOSHUKAIONIME OT PAa3HBIX HCTOUYHHUKOB 3arps3HeHus. Yuiepo
OT PacCIIUPEHUs TAKUX TEPPUTOPHI OPOH HOCUT HEBOCTIOJIHUMBII XapaKTep
U PacTeT U3 rojia B Tofl.

IMpobnema yrumuzannu THO B cTpanax, rae BOIPOCH CHIDKEHUS KO-
JOTUYECKOTO PUCKA SIBISIFOTCS MPHOPUTETHBIMH, PEIIACTCS 3a CUET MOBCE-
MECTHOTO pa3BUTHs TexHoNormi nepepadborkn THO, HampaBiieHHBIX, TIIaB-
HBIM 00pa3oM, Ha TEPMHUIECKOE 00€3BpEeXHUBaHIE OTX0J0B. BHeapeHue co-
BPEMEHHBIX TEXHOJIOTHI MyCOPOCKUTAHUs, B TOM YHCIIE€ U BBICOKOTEMITEpa-
TYPHBIH MPONIN3, TIO3BOJISIET MAapAIENbHO YCTPAHITh NpobiieMy obecrede-
HUS TEIUI0- W DJIEKTPOIHEpTHEH npeanpusaTuii mo nepepadorke THO: obpa-
3yeMoe OT YTHJIM3alMH OTXOAOB TEIUIO HMCHOJB3YeTCsl sl COOCTBEHHBIX
HYX] MycoporepepadaThiBaloIiero NpeInpusIThs, a TakKe TPUTOJHO IS
BHEIITHETO MOTPEOICHHUS.

C »Tux no3unuii NPOCTPaHCTBEHHO-BPEMEHHOM aHaIM3 SKOJOIMYeCKUX
PHCKOB, CBSI3aHHBIX C yBennueHHeM o0beMoB THO, oleHka BO3MOXKHOCTEH
TIOJTyYEHUsI SHEPTUH 3a CUET BHEPEHNUS IPOTPECCUBHBIX TEXHOJIOTHH TIepepa-
OOTKM OTXOJIOB MPEACTABIISIOTCS BXKHBIMU HapOIHOXO3SHCTBEHHBIMH, TIPH-
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POAOOXPAHHBIMH U HAYYHO-METOJI0JOTHIECKIMH 3a/1auaMu. B kauecTse oc-
HOBHBIX METOJIOB HCCIIEZIOBaHNUS UCTIOIb30BaHbI OaIaHCOBBIH, pacdeTHO-CTa-
TUCTUYECKUI MeToapl aHanuza, Meton ['MC-texHomoruii. AHamu3 MpoBoO-
JIMJICS, MCXOJISl W3 JIAaHHBIX O YWCICHHOCTH HACENICHUS, CPEJHEH HOPMBI
HaKOIUICHUSI OTXOJJOB TOPOJCKUMH MM CEIbCKUMH XHUTEISIMA U 3HAYCHUSI
HU3ILIEH TEeIIoTH cropanus Ha pabouyro maccy otxoq0B ThHO.

B pesynbraTe ucciie1oBaHus BBISIBIEH ONPEETICHHBIN POCT 9KOJIOTHYe-
CKUX PHCKOB, CBS3aHHBIX C HeraTMBHBIM Bo3zeiictBueM ThO Ha oxpy»xaro-
LIyI0 IPUPOAHYIO cpexy B TOMCKOH 00JacTH: NCTOIIEHNE TTOYBCHHBIX pe-
CYpCOB, N3MEHEHHE CPEAbl OONTAaHUS JIECHOW OMOTHI, 3arpsi3HEHNE OKpYKa-
IoIIeH Cpebl MPOAYKTAMH Pa3IoKeHHs 1 T. 1. BmecTe ¢ 3TuM rmokasaHa peH-
TabenpHOCTh Hcnoib3oBaHus TBO, koTopas oOycioBieHa HE TOJBKO pe-
CYPCHBIM acCIIEeKTOM, HO M COIyTCTBYIOIIEH yTWJIM3alHMeH OTXOIOB M, Kak
CJIC/ICTBHE, CHIDKCHHEM O3KOJIOTHYECKOH Harpy3ku Ha Teppuropuio. Ilo
HaIllMM TI0/ICYeTaM MOTEeHIMalbHasl pacueTHas XKeroHas BhIpaboTKa dHep-
run u3 0txo10B THO mo o6mactu goctaTtouno Beicokas — 2 040,7 T Ix/rox
[2].
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Tourism in the Arctic coastal zone in the structure of
nature management in the region

A. Sanin, A. Mosalev

N.N. Zubov’s State Oceanographic Institute, Roshydromet,
6 Kropotkinskiy Lane, 119034, Moscow, Russian Federation

The following trends are observed in the structure of human activity in
the coastal zone of the Arctic seas of Russia.

1. The role of military (special) activity is beginning to increase.

2. The role of transport environmental management is beginning to in-
crease [1, 2]. Nowadays trend towards climate warming has been observed,
which, in turn, causes a decrease in the ice content of the ocean area. It makes
positive impact on the organization of transportation of mineral resources and
other types of transportation.

3. The role of recreational activity is increasing [1]. Some types of tour-
ism have already been developed in the region, while others have potential
opportunities for development. Thus, tourism to the North pole is actively
developing with access from Murmansk by sea [2, 3]. This is one of the most
unique and expensive tourist routes of the Earth, attracting tourists from all
over the world, and only Russia has icebreakers that can pass it. A number of
direction of tourism, such as adventure tourism, ethnographic tourism, cruise
tourism etc. can potentially get much more development than at the present
moment. Thus, the literature [1, 4] notes the potential attractiveness of cruise
routes along the Northern sea route, which would become one of the most
unique tours offered around the Earth. This route is comparable in uniqueness
with the trip along the Trans-Siberian railway, which is very popular among
foreign tourists. At least three cases of organizing cruise tourism from Mur-
mansk to Anadyr were noted during last years [2, 3].

Unlike industrial activity, tourism does not enter into sharp conflicts
with other types of human activity. Some directions of recreation do not have
a strong negative impact on the environment.

There are opportunities for a significant increase in tourist flows (both
external and internal), which is confirmed by the example of other Arctic ter-
ritories in the world: Svalbard, Greenland, Alaska, and the Canadian Arctic
Archipelago. However, this requires significant investments in recreational
infrastructure, as well as consistent advertising campaigns to promote the re-
gion among potential tourists, especially in those countries from which the
largest number of them come (Germany, the Scandinavian countries, China,
the United States). It seems optimal here to use partnership between state and



258 Il International Scientific Conference “Sustainable and Efficient Use of Energy,
Water and Natural Resources”, Saint-Petersburg, April 19-24, 2021

private business. The COVID-19 pandemic is also a strong deterrent to de-
velopment of international tourism from the beginning of 2020. On the other
hand, it contributes to the development of domestic tourism.

The Arctic as a tourism region famous for the uniqueness of the Arctic
landscapes and tours which it offers. However, the cold climate hinders the
development of tourism in the region. Recreational, as well as other types of
human activity, should take into account adverse and dangerous natural pro-
cesses that are typical for the region. The most threatening processes in the
region include processes of abrasion and thermal abrasion, storm events and
accompanying waves, processes associated with permafrost on land (thermo-
karst, frost heaving, ice formation, etc., partly waterlogging and flooding).

The major problem of the region is the low level of development of rec-
reational infrastructure, which largely determines the high cost of touristic
tours.

At present, Arctic tourism is related to the premium segment of the tour-
istic market, and it occupies an extremely small part of it on a global and even
Russian scale. In the future it is important to use combination of two strate-
gies for the development of the region. The first strategy is involving of the
premium tourism in the Arctic region, offering unique services that have no
analogues in the world (transit along the Northern Sea route, visiting the
North Pole, etc.). The second one is active development of budget-priced
tourism with a focus mainly on the Russian market.
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Use of the resource potential of a small surface water
body on the basis of a compensation mechanism

N.B. Efimova, I.A. Ylanova

Volgograd State Agrarian University, 26 University ave.,
Volgograd, 400002, Russia

Small surface water bodies (SSWB) play an important role in the for-
mation of the territorial channel structure of the locality. The resource poten-
tial of SSWB is represented a set of water resources that characterize the bi-
ological, fisheries and recreational value of the ecosystem of the locality,
which can be used for socio-economic activities, taking into account techno-
logical capabilities, based on minimizing environmental damage. The re-
source potential of SSWB is use without taking into account the adverse en-
vironmental consequences that already occur or are only expected, should be
compensate by measures to improve, reproduce the natural environment, so
it is necessary to develop a compensation mechanism.

The principle of compensation for prevented damage is use when as-
sessing the anthropogenic impact on SSWB in accordance with the current
environmental legislation of the Russian Federation. Averted damage is com-
pensation for potential environmental damage in monetary form. Calcula-
tions for the hazard level, mass of pollutants and coefficients are takes into
account environmental factors in accordance with the accepted
methodology.

The characteristics of the environment do not change with the arrival of
a small amount of pollutants, as the effect of the assimilation potential of the
territory works. Environmental damage may not be observe in this case.
Harmful substances can form compounds during interaction that have a
higher hazard class, which is not take into account in the calculations.

The methods for calculating the economic damage caused and prevented
damage are using them, the latter repeatedly exceeded. This circumstance is
due to the fact that the economic damage can be comparable to the assimila-
tion potential of the territory, and the prevented damage can be both greater
and less than the assimilation capacity.

The economic damage caused by environmental pollution can exceed
the existing payments and fines many times over. The prevented damage may
represent accumulated damage, which does not fully reflect the effects of ex-
posure from the input of pollutants, since the damage from the cumulative
input of pollutants may be greater than from the current pollution, and vice
versa, the current pollution may have a prolonged consequence of a negative
impact on the environment.



260 Il International Scientific Conference “Sustainable and Efficient Use of Energy,
Water and Natural Resources”, Saint-Petersburg, April 19-24, 2021

The disadvantage of calculating the prevented damage is that when neg-
ative factors occur in the system «water-air-soil-biota», regional and local
features and time interval are not take into account in our opinion. Practice
shows that the negative effects of pollutants can have a prolonged effect, that
is, in order to reflect real changes in the properties of the environment under
anthropogenic influence, it is necessary to link to a time period and include
externalities in the calculation.

The degree of environmental impact can be considering through the
principles of compensation for potentially negative impacts from the point of
view of preventive measures. The compensation mechanism can be a set of
environmental protection measures and the costs of their implementation.
The informative and legal basis for the implementation of an effective mani-
festation of the compensation mechanism is not the volume a forecast change
in the degree of environmental quality in relation to the region as a result of
its admission to this environment, taking into account the costs associated
with the implementation of the proposed environmental protection measures.
The compensation mechanism formula may look like this:

KM = ¥[M; C; Ky Ky | )
where M; — number of environmental protection measures, units;
Ci — cost assessment of environmental protection measures, RUB.;
Kpi — coefficient that takes into account the regional and local characteristics
of the territory, taking into account its assimilation capacity;
K, — the projected degree of change in environmental quality, %.

The total accounting of pollutants will allow determining the cumulative
effect of the impact on a specific natural object, identifying the sources and
volumes of potential and real pollution.

The compensation mechanism is a set of costs in physical and cost terms
for carrying out environmental protection measures, taking into account the
projected development of environmental quality. The authors propose to con-
sider the effect of the compensation mechanism on the definition of natural
compensation, which means the obligation of the nature user to carry out en-
vironmental protection measures, such as reclamation, reclamation, restora-
tion of disturbed ecosystems. In-kind compensation will include the entire
range of nature restoration measures up to a given level of environmental
quality.
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Awareness of sustainable use of national natural
resources as a basis for the environmental protection
systems: economic aspects and the new global index of
the popularity of environmental queries (GIPEQ) and
its influence on the Ethics Perception Index

A. Shemetev

VSE and RANEPA (Russian Academy of National Economy and
Public Administration)

The most popular in science “Environmental Performance Index” (EPI)
is too narrowly specific [1-3]. EPI might only be popular in a limited number
of countries, this research reveals. This index is designed to assess the sus-
tainable use of natural resources and the effectiveness of environmental pro-
tection systems. This index has collected the most advanced scientific re-
searches with an impact factor in this area. However, its actual application
might be limited among narrow specialists in 11 countries, this research re-
veals.

The most popular language is English for finding information on ecology
and environmental protection. The top 19 most popular environmental queries
are made in the English language. These discoveries allow for the correct pri-
oritization of the language in which information on sustainable resource use
and environmental protection systems should be disseminated.

The methodology part of the full paper explains why the EPI cannot be
used for time series analysis (annual methodology changes). Moreover, the
missing data for calculating the components of this index is also a barrier.

An algorithm for extracting global data for various categories of search
queries has been prepared (as a part of this study). The algorithm transforms
the data into a matrix that includes the countries and interests at the given
dates (usually: from January 1, 2004, to the present).

This study proposes a new index. This is a global index of the popularity
of environmental queries (GIPEQ). It shows the cumulative global popularity
of environmental queries for the world as a whole and for each country sep-
arately (from the search engines like Google within the next categories: texts,
pictures, videos, news). It might also be applied as an EPI index deflator for
the time series analysis. The algorithm for creating the GIPEQ index is writ-
ten in the R programming language for this study. Data privacy is ensured by
using a percentage of the absolute maximum value. This approach allows
working with confidential data.

This study is divided into 3 parts. Part 1 discusses why the EPI is the most
advanced study for assessing the sustainable use of natural resources and the
effectiveness of environmental protection systems for every country in the
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world. The second part discusses the shortcomings of the EPI index. They in-
clude the impossibility of analyzing time series (the method for assessing the
index changes significantly every year) and a significant amount of missing
data in the most basic components of the index. This is shown by using the
example of assessing the quality of water and fish resources (out of almost one
and a half thousand components of the EPI index). The third drawback is the
popularity of this index among the public, this research suggests.

A new index (GIPEQ) is proposed and the necessity of its application is
justified in the third part of this research. Widespread public demand for en-
vironmental programs creates pressure for politicians. This pressure should
stimulate them to develop a system of sustainable use of natural resources
and environmental protection.

The research question: what indicator could estimate the popularity of
ecology and environmental programs in the world? The additional research
question is how to estimate it? The main hypothesis is that this indicator could
potentially be used for estimating the time series of the complex EPI by esti-
mating the EPI deflator. Deflating the EPI from a specific period is the only
known way to control for the time-series analysis for the EPI indicator, this
research suggests.

The popularity of ecology and environmental protection queries is par-
abolic (convex). The peak of popularity is 2004, after which the popularity of
ecology and environmental protection requests declined until 2014. The av-
erage popularity of queries has been growing since 2014.

The main assumption is that this indicator could potentially be used for
estimating the pressure of the public opinion to policymakers for stimulating
the development of ecological programs that will be seen through the better
environmental performance criteria.

The author developed the ethics perception index that consists of seven
components (CPI [Corruption Perception Index], EFI [Economic Freedom
Index], Education Index, HDI, HRI [Human Rights Index], Natural Resource
Depletion in percentage of GNI, EPI). The GIPEQ index presented in this
paper can be used as a time series corrector for EPI for a better understanding
of the potential trends of the ethics perception index. These two ways of im-
plementing the GIPEQ index represent the practical applicability of this re-
search.
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Forest reclamation in the strategy of the far east region
development as the basis for
environmental sustainability
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The article presents the results of the study of environmental objects and
their changes within the boundaries of the impact of closed mining enterprises
tailing dumps in the Far Eastern Federal District of Russia (FEFD). As a re-
sult of mineral development, the lands of the forest fund are withdrawn, the
productive areas suitable for human activities are reduced. Therefore, there is
a need to restore the productivity of land disturbed by mining. It is shown that
the role of forest vegetation restored by reclamation is immeasurable for na-
ture and society, as plants are producers of organic matter and molecular ox-
ygen, and are forming elements of climate and microclimate. Moreover, this
role of plants makes them highly exploitable objects used not only in agricul-
ture, but also in health care, wood using, pulp and paper and other sectors of
industry. However, about 1 million hectares of land are currently disturbed
only in the southern part of the FEFD. As a result, the living standards of the
population are decreasing and the natural resource potential is not being pre-
served. In this regard, the aim of the study was to substantiate the need to
rehabilitate forest lands, exposed to the negative impact of accumulated min-
eral processing waste as a result of past economic activities of mining enter-
prises, by conducting forest reclamation using bioremediation methods to en-
sure their ecological safety. Natural-mining systems formed in the process of
mineral development were the research objects. The notion of technogenic
surface formations (TSF) was defined. According to the modern classifica-
tion, these are substrates of technogenic unvegetated and unsoiled land-
scapes. It is shown that technogenic formations of ore development are clas-
sified as very hazardous facilities (tailing dumps with toxic wastes). They are
a source of intensive technogenic pollution of forest lands, atmospheric air
and soil-vegetation cover of adjacent territories over dozens and hundreds
kilometers from the source. At mining enterprises in the FEFD, including
those closed down, the emergency situations occur during monsoon rains,
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they can lead to disastrous environmental and social impacts. The unfavour-
able influence of technogenic formations is a negative factor for the health of
mining settlements population. This predetermines the intensification of re-
searches on land reclamation, including forest lands, that will allow to mini-
mize damage to natural environment and human health and solve a strategic
task. Our surveys of disturbed lands in the FEFD allow us to conclude that
previously, land reclamation was carried out at mining enterprises in insuffi-
cient scale and with low efficiency, without preliminary assessment of forest
regeneration processes and chemical pollution impact on forest complexes of
adjacent territories. It has been proved that restoration of technogenically pol-
luted forest lands disturbed by mining operations over a large area in the
FEFD is the most important aspect, their negative impact on the environment
has already reached alarming proportions. The principles of ensuring envi-
ronmental safety of toxic waste tailings have been developed. Experimental
studies have led to the conclusion that an innovative approach to solving the
forest reclamation problem is necessary. The methods of forest reclamation
were created, the novelty of which is confirmed by the Patents of the Russian
Federation in 2013, 2015, 2017, 2018, 2019 [1-2]. An algorithm of actions
in solving the problem of rehabilitation of land disturbed by mining by forest
reclamation in the Far East region was developed. It has been established that
on the surface of tailing dumps the soil-ecological functions are restored for
a very short period (one growing season), which is very important, and a sta-
ble phytocenosis is formed. Scientific and practical relevance of the research
results consists in rationale of a problem of favorable environment creation
for mining settlement inhabitants and ecological safety of toxic wastes stor-
age, rational natural resources use at the mining enterprises. The technologi-
cal solution to minimize the waste impact was proposed and recommended
for use not only in the Far Eastern Federal District, but also at other mining
enterprises in Russia and countries of the Asia-Pacific Region. It was charac-
terized in terms of social significance, investment attractiveness and commer-
cial potential, as well as competitive advantages.
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The State Environmental Expertise in the Russian Federation is the most
important mechanism for ensuring the environmental safety of planned eco-
nomic and other activities.

The State Environmental Expertise (SEE) is regulated by federal laws
and regulations. Regional SEEs are also regulated by regional draft laws. The
main legal act which regulate the basic aspects of SEE is the Federal Law No.
174-FZ "On environmental expertise"[1]. It establishes the current lists of
objects for state environmental expertise and thus determines the proportion
of planned economic activities that have a mandatory preliminary assessment
of environmental risks. An equally important feature of the Federal Law "On
environmental expertise" is its dynamism. It reflects changes made to other
federal laws that determine the need for SEE at any project.

The foundations of environmental expertise, established in 1995, are still
being actively developed. In spite of the significant number of scientific stud-
ies of a legal nature regarding environmental expertise in Russia, the envi-
ronmental assessment of the 25-year period development of this environmen-
tal issues’ regulation mechanism is presented in a fragmented manner.

The purpose of this study is to analyze the dynamics of changes in the
objects of state environmental expertise composition at the federal level in
the period from 1995 to 2020. The material used for the study is open data on
the conduct of environmental expertise, which is posted on the official web-
sites of “Rosprirodnadzor (Federal Service for Natural Resources Supervi-
sion)" and its regional entities [2].

The study applied an approach based on an analysis of changes in Rus-
sian Environmental Legislation during the study period in relation to SEE
facilities [3]. The latter were divided into 60 types of documentation, which
were conventionally divided into 10 major groups:

—"Regulatory and Legal Acts" (RLAS);

— "Integrated environmental permit";

— "Marine activities";

— "Waste related activities";
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—"Atrtificial land plots on water bodies";

— "Mining excavation with waste";

— "Capital construction objects of 1st category";

— "Gas stations, operations with fuels and lubricants in water protection
zones in Kaliningrad region";

— "Construction in the buffer zone of the Baikal nature area";

—"Construction in the Arctic zone".

It was divided as well as into combined groups:

— "Regulatory Acts";

— "Maritime Activities";

—"Land Activities".

Within each group, a different number of individual types of SEE ob-
jects were observed in different periods, which formed a dynamic structure
of the list of SEE objects that is difficult to analyze. The analysis of aggre-
gated groups shows different trends of changes in the composition of SEE
objects. Comparison of the dynamics of the number of individual objects for
the 3 major areas of SEE (combined group "Regulatory Acts", combined
group "Maritime Activities", combined group "Land activities") shows that
the 2006’s observed trend of smoothing growth of the total number of indi-
vidual SEE objects is the result of multidirectional processes such as a de-
crease in the number of objects related to the development of regulatory acts
and marine activities, which occur against a steady trend of increasing the
number of SEE objects among onshore and inland activities projects.

Over the 1995-2020 period, the greatest changes were in the share of
onshore facilities, primarily due to changes in construction facilities and reg-
ulation of waste-related activities.

In fact, this is the formation of a structured approach to the selection of
SEE objects, in which individual activities from different areas have already
been included in the list of SEE objects by 2020.
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Knaccupukanus u uaeHTupuKanys npoé HeptH u
06pa3noB HePTAHOrO 3arpsa3HeHHs NPUPOAHON cpe bl
C UCII0/Ib30BaHMEM METOA0B KJIAaCTePHOro aHa/Iu3a

IO.I1. Typos, M.IO. I'y3usieBa

Cypaymckuii 2ocydapcemeennulii ynugepcumem, 628412,
2. Cypeym, np. Jlenuna, 1

HanexxHocTh naeHTH(UKAIIMY HCTOYHUKOB 3arpsi3HEHUS] KOMIIOHEHTOB
OKpYXKalolleld cpenbl SBISETCS OAHOW M3 (QyHIAMEHTAJIBHBIX Mpo0IeM
HACTOSIIIEr0 BPEMEHH IPH pa3padoTKe IporpaMM paloHAILHOTO MPUPOJIO-
M0JIb30BaHMS ¥ B KOHTPOJIE PEKUMOB SKCILTyaTalluil MECTOPOXKICHHUH yrie-
BOJIOPOAHOTO ChIphsi. CHIDKEHNE pa3BeJaHHBIX 3amacoB He(TH M rasa Tpe-
OyeT NOBBIIIEHHS CTEIICHW W3BJICUYEHHS YTIIEBOJOPOJIOB U3 MPOIYKTHBHBIX
IUIACTOB IyTEM ONTUMHU3ALNH PEKUMOB PaOOTHI TOOBIBAIOIINX CKBaXKHH. Pe-
LICHHE BCEX OTHX 3a]ay CBA3aHO ¢ HEOOXOAUMOCTBIO KOHTPOJIS MaTepHallb-
HOTO COCTaBa 00pa3IOB M3BJIEKAEMOT'0 YIIICBOJOPOIHOIO CHIPhS U 3arpss-
HEHHBIX HEPTHIO MPOO KOMIIOHEHTOB NIPUPOTHON CPEJIBI.

Pe3ynpTaThl XUMUKO-aHATTMTHYECKUX paboT, KOTOPBIE MOIYYaloT C KO-
HEYHOI TOYHOCTBIO M KOTOPBIE BCErJa MMEIOT HEHYJIEBYIO TIOTPEIIHOCTb, B
yKa3aHHBIX O0JIACTSAX JESITENIbHOCTH HE MOTYT OBITh OLIEHEHBI TPAJAUIMOH-
HBIMH METOJIAMH aHAJIMTUYECKOH XMMHUHM — IMYTEM HCIIOJIb30BaHUS CTaH-
JIApTHBIX 00pa3IoB ¥ MOCTPOSHHS TPAyUPOBOYHBIX 3aBUCUMOCTEH. JTO SIB-
JsleTcs CIIEACTBUEM YPEe3BBIYAlHO IIMPOKOI BapuabeIbHOCTH cocTaBa 00-
pa3ioB HEPTH PA3TMYHBIX MECTOPOXKCHUI 1 HEMPEPHIBHOTO H3MEHEHHSI CO-
CTaBa M3BJIEKaeMON HE(TH C TEUCHHEM BPEMEHH SKCIUTyaTalliy JOOBIBaIO-
muxX ckBakuH. CTaHAAPTHBIX 00pa3LoB U KOHTPOJIS JUHAMHYECKU H3Me-
HSIOIIUXCS] 00BEKTOB C HENbI0 NX UICHTU(PHUKAIINH HE MOXKET CYIIECTBOBATh
B IIPHHIIMIIE.

[MTosToMy uts peIeHus 3a/1a4 paluOHAIEHOTO MPUPOIOIIONE30BaHHS H
KOHTPOJIS YTIICBOJOPOIHOIO 3arpsi3HSHUS IPUPOTHON CpeIbl MpearacTcs
IBTEPHATHBHBIN MOJX0J], B KOTOPOM JJISl PElIeHHs 3a/iau WACHTH(OUKAINT
u xiaccudukanuu o0pa3oB Ka4ecTBO MH(OPMAIMU O MaTepHaIBLHOM CO-
cTaBe OOBEKTOB OLICHUBAETCS HE 10 METPOJIOTHYECKHM XapaKTepPUCTHUKAM
OTZAEJBHBIX, KaK MPaBHJIO0, MHOTOCTAANHHBIX, aHATUTUIECKUX MPOLEIYp, a
(opManbHBIMH MHOTOMEPHBIMH CTATUCTUYECKHMH JITOPUTMaMH KJlacTep-
HOTO aHaJIN3a.

B nannoii pabote [uis naeHTHGUKAINK TPOAYKTHBHBIX CKBAXHH, M3 KO-
TOPBIX OBIIIM OTOOpaHBI KOHKPETHBIE 00pasiibl 3BJIeKaeMoil HedTH, ObLT co-
ITOCTaBJICH M30MEPHBIA COCTaB MapaduHOB B IPoOax HEPTH, OTOOPAHHBIX U3
Tpex NOOBIBAIOIIMX CKBKHH C MHTEPBAJIOM B NMPUMEPHO ABa Mecsaua. Mc-
XOJHbIC TaHHBIEC NPEACTABIUIN cO00H HAOOP OTHOCUTENIBHBIX COJCPIKAHUH
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n-napapuaoB ot C1oH22 10 C3sH7o B 9 iccmenoBannbix oOpasmax. O0paboTka
9THX JaHHBIX METOAOM KJIACTEPHOTO aHAJM3a C UCIIOIb30BAHHEM EBKIIHIO-
BOW MepbI JJIsl PACCTOSIHUI MEXIy XapaKTepPUCTUKAaMH OOBEKTOB W ajro-
putMa Bapna asist momraroBoii KiiacTepu3aluy Mo3Boiimia GopMalibHO pas-
JIETIUTH BCE JIEBSATH P00 Ha TPH KJIacTepa, KOTOPhIE COBIANN C YHCIOM CKBa-
KHH, U3 KOTOPBIX OBUTM 0TOOpaHBI MPOOBI, U OLIEHUTH Pa3dpoc XapaKTepH-
CTHK COCTaBa Kak BHYTPH Ka)XKJJOTr'0 KJlacTepa, Tak  PacCTOSIHUE MEXKTy IIeH-
TpaMH IIOCTPOCHHBIX KiacTepoB. PaccunTaHHbIe MO3gHEE U1 BCEX JTHX
npo0 10 M30MEPHOMY COCTaBYy MapaMHOB U U30IPESHOUIOB 3HAYCHUS I'e0-
XUMHYECKUX WHICKCOB IIPHUBEIH K IMOTYICHUIO aHAJIOTHYHON KapTHHBL

Hcnonp3oBaHue mpoLenyp KIACTEpHOTO aHalH3a IPU COMOCTABICHUH
H30MEPHOT0 COCTaBa HECKOJIBKHX KJIACCOB apOMAaTHYECKHX YIJICBOAOPOIOB
B Mpo0ax pasiuToil He)TH M BBHIBETPEHHBIX 00pa3max He(TSHOTO pa3iinBa
NPUBEITH K MMOJYYESHHIO aHAJIOTMYHOM KapTUHBI, U TI03BOJIHIN UACHTU(DUIIN-
POBaTb MCTOYHHUK 3arpsA3HECHHUA MYTEM CPaBHCHUA €T0 MAaTCPUAJIBLHOI'O CO-
CTaBa C COCTaBOM BBIBETPEHHBIX 00pa3I0B HE(PTSIHOTO 3arpsi3HEHHUS.
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Possibilities of Bioethanol Production from
Brown Seaweeds

D.V. Shushpanova
RUDN University, Miklukho-Maklay str. 6, Moscow, 117198, Russia

Marine seaweeds are attracting great attention all over the world as the
main source of 3rd generation biofuels. One of the sources of bioethanol pro-
duction (the most widely used biofuel in the world — in 2017 its production
amounted to 106 billion liters) can be brown seaweeds [1].

To date, research on the production of bioethanol from brown seaweeds
is being carried out in the USA, Norway, the Republic of Korea, Ireland, etc.
Russia also has a high potential for the production of biofuel from brown
seaweeds. The most common type of brown seaweeds in the Russian seas is
kelp, the commercial stock of which can exceed 2 million tons [2].

The aim of the work is to analyze the possibilities of producing bioeth-
anol from brown seaweeds from the point of view of feedstocks preliminary
processing, technological scheme, the use of strains of microorganisms for
the fermentation process, identifying the advantages and disadvantages of the
obtained bioethanol and assessing the global warming potential.

It was revealed that the technological scheme for the production of bio-
ethanol from brown seaweeds is similar to the production of bioethanol from
lignocellulosic biomass with the difference that instead of lignocellulose, sea-
weeds contain alginate, mannitol, fucoidan and laminarin. Alginates can ac-
count for up to 50 % of the carbohydrate fraction in brown seaweeds and are
considered essential for maximum bioethanol recovery during yeast fermen-
tation [3].

The most commonly used hydrolysis method is thermal hydrolysis using
dilute acids, the most effective is enzymatic. However, each of these methods
has serious drawbacks that do not allow the methods to be used together to
increase the yield of bioethanol.

For fermentation of sugars of brown seaweeds, it is preferable to use
strains of microorganisms Saccharomyces cerevisiae or Escherichia coli.
These organisms are widespread, they have a low cost, and the bioethanol
yield of kelp is practically the same as for terrestrial biomass. Thus, the mass
yield of bioethanol during fermentation of S. cerevisiae was 0.42 g of ethanol
per 1 g of reducing sugar, for corn, the yield of bioethanol is 0.48 g [4], and
for waste paper — 0.39 g per 1 g of reducing sugar [5]. The yield of bioetha-
nol with E. coli was 0.4 g per 1 reducing sugar. However, the possibility of
using marine microorganisms, as having a common developmental environ-
ment with seaweeds, is being considered and, probably, they will allow the
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release of a larger amount of bioethanol than terrestrial strains of microor-
ganisms.

Potential difficulties for the production of bioethanol from brown sea-
weeds can be collection of seaweeds (both manual and mechanical), trans-
portation of seaweeds to the processing plant, preliminary seaweeds prepara-
tion for the production process (drying, grinding), energy costs and materials
to maintain the desired level of the process. Another problem is the uneco-
nomical collection of seaweeds 1-3 months a year (in Russia, the collection
occurs from May to October [2]) and the distillation of ethanol from the fer-
mentation broth.

The main advantages derived from the use of seaweed compared to ter-
restrial lignocellulosic biomass (2nd generation) include the lack of agricul-
tural land use and the lack of resources such as fertilizers, pesticides and wa-
ter. CO; between the production and combustion of bioethanol from sea-
weeds and the absorption of CO; by seaweeds during photosynthesis. It is
known that seaweeds have a much higher photosynthetic efficiency
(6-8 %) than land biomass (2 %) [6].

Bioethanol derived from brown seaweeds and land-based feedstocks can
have significantly different global warming potentials (GWPs), since the
GWP of bioethanol is significantly influenced by biomass cultivation and bi-
oethanol production. Bioethanol from seaweed has no carbon debt as no crop
area is used for its production. At the same time, the GWP of bioethanol from
brown seaweeds is 396 kg CO.-eq / year, which is less than the GWP of bio-
ethanol from corn grain (421 kg COz-eq/year), corn hay
(307 kg CO2-eq / year) or millet (236 kg CO,-eq / year) [7].

Considering all the difficulties and potentials of bioethanol production
from brown seaweeds, over time, it is possible to transfer research from la-
boratories to industry and further construction of the first seaweed enterprises
producing bioethanol.
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Mathematical modeling of the transfer of pollutant
pollutants into the environment
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The atmosphere, as the gaseous envelope of the planet, is a particularly
complex turbulent and dynamic system in which various dynamic and phys-
icochemical processes are constantly taking place. Mathematical modeling of
the nonstationarity and constant variability of both the gaseous and aerosol
composition of the atmosphere, as well as the assessment of the impact of
atmospheric impurities on the environment, become problematic issues when
describing the transport of harmful impurities in the atmosphere.

The turbulent motion of the atmosphere is characterized by characteris-
tic random and chaotic pulsations of the velocity vector at all points of the
flow and in all directions, which impart a stochastic character of changes for
all ongoing processes. The formation of specific turbulent diffusion and ran-
dom intensive mixing are a direct consequence of chaotic pulsation move-
ments, which to a greater extent exceed the molecular turbulent viscosity of
the gas and a more uniform flow, in comparison with laminar flow, a distri-
bution of the average velocity occurs and even its sharp decrease in the region
of the wall, and also a large increase in friction losses [1-8].

Purpose of work: For this purpose, it is required to develop models for
the dynamic variability of the composition of the atmosphere. At the same
time, the applied statistical theory will require preliminary data on the turbu-
lent characteristics of the air flow. Proceeding from this, the most widespread
in theory and practice began to receive statistical and phenomenological the-
ories of turbulent transfer, which characterize themselves by scale and inten-
sity, or otherwise, by the kinetic energy of pulsating motion and the rate of
transition to energy of disordered processes. Along with the system of equa-
tions for the averaged turbulent flow, to describe the processes of turbulent
transfer, the system of equations for the balance of pulsation energy is also
involved, and additional hypotheses are also accepted to ensure the closure
of all equations of the system.

Main results. Most often, it is assumed that stochastic motion can be
determined only by the turbulence of the flow, and the mutual influence of
their particles can be neglected. At the same time, to determine the diffusion
behavior and the coefficient of turbulent diffusion of particles, due to the
complex turbulent structure of the flow, depending on the parameters of this
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flow and the characteristics of its particles, significant simplifying assump-
tions are made.

The main disadvantage for all diffusion models is the assumption of the
homogeneity of the existing field of turbulent pulsations acting in all direc-
tions; moreover, the current character of the dispersed phase movement in the
investigated turbulent flow is probable stochastic in nature, and all attempts
to describe it by deterministic dependencies will significantly reduce the
qualitative capabilities of the analysis and the effectiveness of managerial de-
cision-making.

The conducted studies have shown that the use of even a simplified
method of probabilistic-stochastic modeling provides good opportunities to
build effective numerical algorithms for calculation, thereby significantly re-
ducing the amount of calculations without losing their accuracy.
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AfanTUBHOeE ynpaB/ieHWe — OJMH U3 BaXKHbIX
3JIEMEHTOB B NOBbINIeHUE 3HEePro3$pPeKTUBHOCTH,
Ha/e>KHOCTH U CHIDKEHUHU IHEePronoTpedaeHus
o6beKkTamu TIK n JKKX

A M. I'pumutius, P.I'. Kpymep

[epexon Ha 1 POBEIC TEXHOIOTHHU B YIIPABICHUU FOCYIAPCTBOM, 00h-
ektamu npomblnieHHocTH, TOK, XKKX, cenbckum X034iCTBOM U T. II., BO
MHOTOM YIIPOCTUT MHOTHE MPOLEAYPHI, HO, €CIIU HE UCKIIOUUTH BO3MOXK-
HOCTH HECAaHKITMOHUPOBAHHOTO JOCTYIIA B TIPOIIECCHI YIIPABICHUS 1 OTyde-
HUS KOHOHUACHIINATHHON HHPOPMALINU, MOKET UMETh U PsJ] HeTaTHBHBIX I10-
crenctBuid. [1oJOOHBIME AMOKANMHNITHYECKAME TIPUMEPAMH KUIIIAT MHOTHE
(UIBMBI-KaTacTPO(BI.

Kak npencrasisieTcst Kpome pa3padOTKU ¥ BHEIPEHUS OTEIECTBEHHOTO
000pyI0BaHUS, MPOTPAMMHOTO 00€CIIEUeHNS U IPOYNX TPATUIIMOHHBIX MEp
3amuThl HHpOpMaMOHHO-BbIuUcauTENBHBIX cucteM (UBC), nonoiHuTe b-
HBIM CPEJICTBOM IMOBBIIICHHUS HanexkHOCTH IBC MOXKET CITy»KHTh Mepexo] Ha
JIEIEHTPATN30BaHHYIO PACIIPENICTICHHYIO CUCTEMY YIIPABJICHUS TEXHOJIOTH-
YECKHUMHU 00BEKTAMHU.

Paszymeetcs mpu 3TOM pe3Ko BO3PACTArOT TPEOOBAHUSI K TIOJICBBIM CPE/I-
CTBaM YIIpaBIiCHHS (KOHTPOJUICPAM) HAXOASUIMMUCS (KaK MPABHIIO) HEIO-
CPEICTBEHHO Yy 00BbEKTa M OCYIICCTBISIONICE YIIPABICHHE STHM O0BEKTOM B
TOJTHOM 00beMe, IepeiaBasi Ha BEPXHUH YPOBCHb HHPOPMAITHIO O XOJIC TEX-
HOJIOTHYECKOTO TPOIIecca U COCTOSTHIH 00bekTa yrpasienus (OY). [lpuaem
HEKOPPEKTHBIE KOMaH/IBI MTOCTYTIAOMIHE ¢ BepxHero ypoBHI ACY KOHTPOII-
JIepOM JOJKHBI OTKIIOHSATHCS.

ITo Mepe pocTa anmapaTHbIX W IPOTPAMMHBIX BO3MOXKHOCTEH KOHTPOJI-
JIEPOB BCE Yallle HAYMHAIOT MPUMEHSAThH CIIOCOOBI aJalITUBHOTO YITPABICHHUS
TEXHOJIOTHYCCKUM OOBEKTAMU M HHTEJUICKTYaIbHON JMArHOCTHKH B Pa3jiny-
HBIX OTpacisax mpoMeinuieHHOCTH, JKKX 1, B TOM uwmcie, s yupaBiIcHUS
000pYyTIOBAHUEM CHUCTEM TEILIOra30CHAOKCHUS.

AJIaNTUBHOE YIIPaBICHHE OOCCIICYMBACT ONTHMAIBHOE YIPAaBIICHHE
00BEKTaMHU BO BCEX PEIKUMAX €T0 PAOOTHI, YTO U 0OCCIICYHBACT MOBBIIICHUC
SHEProdPPEKTHBHOCTH PaOOTHI ITUX TEXHOJIOTHUECKUX OOBEKTOB.

Kpome Toro agantuBHOE yIpaBICHUE TO3BOISICT 3HAYUTEITHHO CHU3UTD
3aTpathl Ha HaJanky o0bekToB ympasienus (OY). Hampumep, ucmons3oBa-
HHE 3TOTO criocoda T YIpaBIeHUS KOTIOM MO3BOJIHT MPAKTHYECKH UCKITIO-
YUTH TaKyIO TPYJOEMKYIO U 3aTPATHYIO MPOIERypy Kak TeIIOTeXHUIECKas
HaJazxKa.

CymiecTByeT pa3iu4HbIe CIIOCOOBI METOIBI aIJalITHBHOTO PETYIINPOBa-
HUS, KOTJIa TEM WJIM UHBIM criocobom omnpeaensitores kodhdunmentsr [TH/T-
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3aKOHA PETYJIHPOBaHMs, KOTOpPBIE B Mpolecce paboThl 00BEKTa MOTYT KOp-
PEKTHPOBATHCSL.

st psoa OY, HanpuMmep, B aBTOMAaTH3UPOBAHHBIX CHCTEMaxX TerIohu-
Kall1H, TeIUIOCHA0EHUsI ¥ OTOILICHNUS, KTPUMEHEHHE TpaaulinoHHbIX [T/]-
PETYJIATOPOB B IIU(PPOBBIX CUCTEMaX yNpPaBJICHHS HE OYCHb YI00HO, TaK Kak
OINITHMU3AIMS 110 KPUTEPUIO KayecTBa HE 00eCHeYrBaeT yCTOHYMBOCTD, B
CBSI3U C YeM HeoOXOJIMMO HCIIOJIb30BaTh ONTHMHU3AIMIO C OTPaHHYCHUSIMH,
BBITEKAIOIUMHU U3 yCIOBUHN ycTOH4YMBOCTH» [1].

Knaccuueckne moaxo/s K ynpasieHUIo, Hanpumep, [2, 3], crposites Ha
TOM TPEANOI0KEHUH, YTO MOXKHO MOJYYUTH MYCTh CIOXKHYIO, HO TOYHYIO
AQHATMTHYECKN 3aJaHHYI0 GopMy (yHKINOHAIBHOM 3aBUCHMOCTH BXOIHBIX
1 BBIXOJHBIX CUTHAJIOB CHCTEMBI YIIPABJICHUSI C MOCIEAYIOIINM yTOYHEHUEM
3HAYCHHUH BXOMAIINX B Hee KO (HUIIEHTOB.

HpI/I HCIIOJIb30BaHUN HO}IO6HI)IX METOAO0B, KPOME HX OTHOCHUTEIBHOM
CJI0’)KHOCTH MaTeMaTH4ECKOT0 ONHCaHUS U, COOTBETCTBEHHO, POrPaMMHPO-
BaHUs, CYIIECTBYET BEPOATHOCTL BBLIXOJa 3a MPECACIIbl JONIYCTUMbBIX 3HAYC-
HUI MapaMeTpoB 00bEKTa yNPABJICHUS, U3-3a OTCYTCTBUS OTpaHUUCHUH, He-
00XOJIMMBIX JUIsl 00ECIIEYESHHUS yCTOWYHBOCTH.

Kpome Toro ati MeToabl He MPUMEHUMBI B TEX CITy4asX, KOTrJa OTCyT-
CTBYET MaTeMaTH4YecKasi MOJIeTIb 00bEKTa YIIPaBIEHHS, T. €. K II0X0 (hopma-
JIN3YEMBIM OOBEKTaM.

B [4] npennaraercs crioco0 alanTUBHOTO YHPABJICHHS IO NPELE/ICH-
TaMm, TIPH KOTOPOM COCTaBJISIIOTCS KIIACCHI COCTOSTHII OOBEKTOB YIIPaBICHUS
C M3BECTHOH peakuneil 00beKTa KaKIoro kiacca. JIoCTIKeHHe [en 3a KO-
HEYHOE YHCIIO YNPABILIONINX BO3ACHCTBUI JOCTUTACTCS 32 CUET HCIIONIB30-
BaHUEC I/IHd)OpMaLII/II/I O ITIOBCACHUHU aHAJIOTUYHBIX 00BEKTOB YHpaBJICHHUA.

Taxkoii cnioco6 TpeOyer OoubIIOi OHONMOTEKH MPELeACHTOB, KpOMe
TOrO CYLIECTBYET OOJIBIIOE KOJIMYECTBO OMHOTHITHBIX OOBEKTOB YyIpaBJie-
HUsI, TapaMeTphl KOTOPBIX M PeaKins Ha BHELTHNE BO3/ICHCTBUS OTIIMYAIOTCS
JpYT OT Apyra.

Hanpumep, napaMeTpsl KOTJIOB W3rOTOBJICHHBIX MO OJHHM U TEM JKe
yeprexaMm oTinyarorcs. K TakuM 00beKTaM MOXKHO OTHECTH W pa3n4HbIC
3JIaHMsl, TIOCTPOCHHBIE IO OJTHOMY ITPOEKTY ¥ MMEIOIIUE Pa3InYHbIC XapaK-
TEPUCTHUKH.

Jlnsi aganTHBHOTO YNPAaBICHUS IUIOXO (OPMAU3YEMBIMH OOBEKTaMHU
MMEIOLIMMH 3HAYUTEIBHYIO HHEPIIMOHHOCTb, T. €. CKOPOCTh N3MEHEHHS BbI-
XOAHOTO TapaMeTpa MpH U3MEHEHHUH YNPABISIOLIETO BO3JACHCTBUS MHOTO
OompIie BpeMeHH 00paboTKu (M3MEPEHHsI) BXOIHBIX CUTHAIIOB KOHTPOJUIEpA
1 (opMHPOBaHMS UM YIPABIISIOIIETO BO3AEHCTBYSI, IIPEUIAraloTCs CII0COOBI
ajlanTuBHOrO ynpasienue [5] u [6].
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0Oco6eHHOCTH HAIIMOHAJIBHOT O 3Heproc6epe>1<e1-ma
A M. I'pumutius, P.I'. Kpymep

Hauunas ¢ cepenunsl nponutoro Beka B CCCP, a 3atem u B Poccuiickoit
denepanuy, HEOAHOKPATHO Ha Pa3HBIX YPOBHIX MPUHUMAIUCH ITPOTrPAMMBI
10 PHEPTroCcOSPEKECHUIO U TIOBBIMICHHIO YHEPTOA()(HEKTUBHOCTH B PA3IMIHBIX
00TacTsAX 0TEYECTBEHHOI SKOHOMUKH. TeM He MeHee, IT0 COOOIIEHISIM psiia
9KCIIEPTOB, YAEIBHOE MOTPEOJICHNE PHEPTUH Ha COUHHILY MPOIYKIHH IO
MpeKHeMy B pas3bl Oonblie, 4eM B Pa3BHUTHIX CTpPaHaxX, XOId 3amadyH,
MTOCTaBJICHHBIE B IIPOTpaMMax, Cy/s M0 OTYeTaM, B OCHOBHOM BBITTOJTHEHEI.

Kak mpencraBnsercs NPHYMH COXPAHEHUS TaKOTO «OTCTABAHUS
HecKonbKo [1-2].

Bo-nepBbIX B 0TEUECTBEHHOW MPOMBIIIIEHHOCTH BEJIHKa JI0JIsI J0ObIBa-
IOIINX TPEINPHUATHIA U TIPEIIPHUITHS KIIEPBOTO MEpeeiay: MeTaluTypruye-
CKHe, 00oraTuTeNbHbIe U T. 1. OKoJ10 25 % npou3BoAMMON 371€KTPO3HEPTUU
MOTPEOIISIETCS PEANPHUATHSIMA JOOBIYH TTOJIE3HBIX MCKOIIAEMBIX U UX Iepe-
paboTku.

MbI 100BIBaEM OrpOMHOE KOJIMYECTBO MPUPOIHOTro rasza. [1o MHEHHIO
HEKOTOPBIX IKCIEpTOB 0K0JI0 15 % oT mobriBaemoro oobema rasa 3arpadn-
BaeTcsl Ha oOecrieyeHne ero TpaHcnopTHpoBku. HedTs ToXe TpaHcmopTH-
pyIOT 1o He(hTETTPOBOAAM M, COOTBETCTBEHHO YacTh JHOOBITON HeTH pacxo-
IyeTCs Ha JIOCTaBKY IPOYKTa K MOTPEOUTEITIO.

OdeBHIHO, YTO €CIIM CPAaBHUBATH YHEPTOEMKOCTH BAaJIOBOTO IPOIYKTa
pas3IMYHbIX roCyaapCTB, TO IOJIYYUTH O6BCKTI/IBHBIG pe3yabTaThl MOXKHO
TOJIBKO 3TO OCYLIECTBIISITH C YI€TOM 0COOCHHOCTEH SKOHOMUKH COMOCTABIISI-
€MBIX CTpaH.

Bo-BTOpBIX, ONpeesieHHYI0 POJIb B PE3yJIbTaTax CPaBHEHHS DHEPrOeM-
KOCTH BaJIOBOTO MPOJYKTA UTPAET METOJUKA MPUBEACHHS Pa3IMUHbIX YHEP-
TOHOCHTEJICH K YCIIOBHOMY TOILTUBY (Y.T.), IpHHATas I ockoMcTaToM.

[MocranoBnernem ['ockomcrara Ned6 ot 23.06.1999T. u neiictByro-
IIETO B HACTOSIIIEE BPEMs YCTaHOBJIEHBI KO3()(hUIMEHTHI TIepecyeTa TOIIHBA
U SHEPTUH B KWJIOTPAMMBI YCIOBHOTO TOIUIMBA, IPUBEICHHBIE B CTONOINE 3
Tabmue 1.

[Ipu 3TOM IepeBOAHOM K0 HUIIMEHT IS AIEKTPOIHEPTUH yCTAHOBIICH
¢ yuetom KII/I TernoBoii anekrpoctanuuu. [Ipraem Takoi xe ko3 GUIeHT
coxpansiercs u s ADC u I'OC.

B cronbre 4 mpuBeneHs! nepeBogHBIE KOA(DGHUIUEHTH COTTACHO CyIIe-
CTBYIOIIUX CHCTEM EIHMHUIl, B TOM YHCIIE COTJIACHO MEXIYHapOJHOH CH-
creme eaunul — CH.
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Ta0auna 1
KoadpunueHTsl nepecuera B KHJIOTPaAMMBbI
YCJIOBHOT'O TOILTHBA
Tommuso, sueprust | 1. us. octanopnenue I'oc- | Temnora croparus 7000
KoMcTaTa KKaJI/KT.
1 2 3 4
I"a3 roprouwnii npupo-
HBIN (ECTCCTBeiHEIﬁI; v 1,154 1170
Ma3yT TOmoYHBII KT 1,370 1,370
TommmBo mu3eIBLHOE KT 1,450 1,450
DICKTPOIHEPTHUS KBT-u 0,344 0,123
Temnosneprust I'kan 148,6 143,0
lunposneprus kBT-u 0,344 0,123
ATOMHast SHEpPrust kBr-u 0,344 0,123

CornacHo [3], KIO4YeBbIe METOJOJIOTHUYSCKHE OTIHYHS IMOCTPOCHHS
9HEprodajaHCOB B POCCHHCKOM M MEXyHapOIHOW MPAKTHKE 3aKIII0YA0TCs
B TOoM, 4yT0 MDA, OOH, EBpocTar HCIONs3yI0T METO 3anaca (pu3ndecKon
SHEPrUH — MO HOPMAJIBHOMY 3HAUCHHIO (PU3NIECKON SHEPTUH B IEPBUYHON
¢dopme (cronber 4 Tabmumel 1), a ['ockomMcTaT — METOJ] YaCTUYHOTO 3aMe-
IIEHUS SHEPTHH: TI0 THIOTETHIECKOMY KOJIMYECTBY TOPIOYETo TOIUIMBA IS
BBIPAa0OTKH 37eKTpodHeprun Ha TOC.

[IpencraBnsieTcs, 9TO METOANKA, HCIOIb3yeMasi MeXTyHAPOIHBIMH Op-
TaHW3ALUSIMH CIIPaBEeIJINBA, XOTS OBl C TOYKH 3PCHUS 3aKOHA COXpPAHCHUS
SHEPTHH.

HetictBuTtensHo, HanpumMep, razotypounnas TOC c¢ KITJ] 45 % notpe-
ous 100 000 M® mnpupommoro rasa (umu 117 T.y.1.)) BBEIpabGoTaer
427,95 MBT1-4 (wu 52,6 1.y.T o cucteme CU, wiau 147,2 T.y.T. cOrNIacHO
nocraHoBieHnio I'ockomcrara). Takum 00pa3oM, HMCHONB3Ys MEPEBOIHBIC
koo durmentsr u3 cronbua 3 tabnunpl 1 momyvaem, yro, cxuras 117 T.y.1
monyyum 147,2 T.y.1., T0 ecth KIIJ] Takoro npeobpasoanus — ~126 % —
TUIWYHBIA BEUHBIN ABurarens. Ecim paccmarpuBats o0sraayro TOC, To ee
KIIA, npu Takux nepeBoaHbIx Kod¢p¢uuuenrax =~ 100 % — rtoxke HOBoe
CJIOBO B DHEPIE€THKE.

[Ipruem nepeBogHOM K03 PUITUCHT TS SIEKTPOIHEPT UM, IPOU3BEICH-
soit Ha ADC u I'DC, Ha koTopsix B Poccuu BeipabaTriBaeTcs mopsiaka 33 %
AIIEKTPOIHEPTHH, TaKoit ke, kKak u st TOC.

IIpencraBbre curyauuio, npu koropod B Poccum u, Hampumep, B
OUHISHINN TOTPEOUTENs MOIYYHS OT BO300OHOBISIEMBIX HCTOYHHKOB
3JIEKTPOIHEPTUU ofuHaKoBoe konuuectso MBT. Ho npu nepesone MBT B
y.T. coriacHo Metouke ['ockomcraTa y Hac OyieT n3pacxo10BaHo B 2,8 pasa
6osnbie. Bpsia in Takoe cpaBHEHHE MOXHO HAa3BaTh OOBEKTUBHBIM.
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Taxkum 0Opa3oMm, MosydaeTcs, 4YTO IPH CPAaBHEHUN SHEPTOEMKOCTH Ba-
JI0BOTO TNpoxykTa Poccuy n 3apyOeXHBIX CTpaH HAIIN JAHHBIE 110 3IEKTPO-
SHEPruH MPH MePeBO/IE B yCIOBHOE TOILIMBO 3aBbIIIAOTCS B 2,8 pasa, 1o Ten-
noBoii B 1,04 paza.

OueBHITHO, YTO CPaBHUBATH MOXKHO TOJIBKO MOKA3aTENH, ONpeeisieMble
10 €JMHOM METOJHKE.

B-Tperpux. Kak n3BecTHO, «T€OpHs CTAHOBUTCSI MaTE€pPUAIbHOM CUIIOH,
KaK TOJIBKO OHa OBJIasieBaeT MaccaMmy. [lepedpasupys atot agopusm kiac-
CHKa MOXKHO CKa3aTbh, YTO PEATN3AIHs TPOTPAMMBbI SKOHOMHUH 3HEPTHH U T10-
BBIIIIEHNE SHEProdPPEeKTUBHOCTH OyeT YCIEIIHa, €CIIi 3TO OyIET BHITOIHO
BCEM y4JacTHHKaM IIpoliecca — OT FeHepalyy 10 IOTpeOIICHHS.

Bpoze 651 B 5KOHOMUH U MOBHIIEHNH 3HEPro3((HEeKTUBHOCTH JTOJDKECH
OBITH 3aMHTEPECOBAH, B NIEPBYIO OUYEpENb, MOTPEOUTENH SHEPrOPECYPCOB:
MeHbIIIe ToTpedisens — MeHbIe iatuis! K coxanenuto Tak ObIBaeT ga-
JIEKO He Bcerna. | eHepupylole KOMIIaHWH, TOJIb3YsICh OTCYTCTBHEM KOH-
KypEHLIUH, YaCTO BKJIIOYAIOT B JOTOBOPHI HA MOCTABKY IITpadHbIe CaHKIUH
B CJIy4ae eciii IIOTpeOUTENb He BRIOEpPET IOTOBOPHOW 00BEM dHEpropecypca.
B pesynbrare notpeduTesp, HOHecs 3aTpaThl Ha MEPOIIPUSTHS O MOBKIIIE-
HUIO 9HEProd(QEeKTUBHOCTH M CIKOHOMHB DHEPropecypc, NOJDKEH 3aruia-
TUTH Tpad. Pasmep mrpada MoKeT NPeBBICHTH JaXke pasMep 3KOHOMHU.

IocTaBoMk 3HEPropecypcoB MOHKEH OOECTIEUHTh JIOTOBOPHBIE 00b-
€MBI, TI03TOMY HECET COOTBETCTBYIOIINE 3aTPaThl. DTH 3aTpaThl HEOOXO0IUMO
KOMIIEHCHPOBATH | €II¢ TOIyYHTh NpHObLIh. Ecin moTpeduTens 3T0oT 3HEp-
ropecypc He KyIHT, TO MOCTaBIIUK ITOHeceT yObITKH. [loTpeduTens sHepro-
pecypca He MOXKET MPH 3aKIIFOUYE€HUH JOTOBOPA Ha MOCTaBKY TOYHO CIIPOTHO-
3MPOBaTh JUIUTENBHYIO MOTPEOHOCTh, TaK KaK BMEIIMBAIOTCSI HEOMPEIeNIeH-
Hble (haKTOPBI: TEMIIEpaTypa OKPYKAIOIIEro BO3/yXa, TOTPEOHOCTD B BBINyC-
KaeMoil MPOAYKIMHU, TPUPOJHbIE KaTakinnu3Mbl. CeroqHs 100aBuiIach eie u
TIaHJEeMUSI.

OnHUM U3 CIOCOOOB yCTpaHEHHs TAKOTO MPOTHUBOPEUUST MEXKIY MHTE-
pecamu TIOTpeOHTENs U MOCTABIIMKA YHEPrOpPeCypca MOXKET CTaTh pasJielie-
HUst Taprda Ha SHEPrOHOCHUTEIN Ha JIBE YacTH — 32 IIPUCOETNHEHHYIO MOIII-
HOCTb ¥ 32 KOHKPETHO MOTPEeOJICHHYIO SHEPIHIO. TaKoH OIBIT €CTh Y ITOCTaB-
IIMKOB 3JIEKTPOIHEprHuH. Kpome TOro y4yacTHHKH 3TOTO PBIHKA JOJDKHBI
HMMETh BO3MOXKHOCTh OIIEPATHBHONW KOPPEKTUPOBKH CBEICHUI O MOTPEOHO-
ctr. YTo, 04eBUIHO 1 OyAET peaqn30BaHo B Mpomuecce Mu(ppPOBU3aINN KO-
HOMHUKH.

IIpencraBnsieTcsi, YTO y4eT BHIMIETIEPEUHUCICHHBIX MOMEHTOB ITO3BOJIHUT
Oonee neTaIbHO CHOPMYIHPOBATE 3a1a4H SHEProcOepeKEeHHs U ITOBBILICHHS
sHeproapdexruBHocTH B Poccuiickoii depepanyu, a Takke paspadoTath
KOPPEKTHBIE METOJJUKH UX peaTH3alliH.
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OLeHKH BO3MO>KHOCTH M MAaCIITAG0B yBeJIM4YEeHHUs
3¢ PpeKTUBHBIX TEN10PU3UIECKHX CBOUCTB
HEOJHOPOJHBIX CUCTeM C (pa30BbIMU NEpPEXOJAMU
)KUAKOCTb — TBEpJ0e€ Tesio

A 1O. TopbOynoga, 0.I1. 3apuunsk, B.1O. 3axaposa, B.A. KopabaéB,
J.I1 Bonkos, H.B. ITununenko

Hayuonanenwiii uccnedosamenvcrkuu ynusepcumem UTMO,
Poccus, 197101, Cankm-Ilemepoype, Kpongeprckuil np., 49

KoueBblie cjI0Ba: HEOTHOPOIHBIE CHCTEMBI C (ha30BBIMH IIEPEXOAAMH,
TeII0(U3NIECKHE CBONCTBA TEMIOEMKOCTh, TEIUIONPOBOJHOCTD, TEMIIEpa-
TYPOIPOBOIHOCTb.

CHIDKeHHE KOJIMYeCTBa MOTPeOIsIeMOH 1Sl MPOU3BOJICTBA MIPOAYKTOB U
JKU3HEoOecIIeueHUs TPayKIaH SHEPTUH SBIISETCS BaXKHOH 3aaueit A1 cTpaH
mupa. Poccust BXOOUT B TPOMKY CTpaH ¢ Hambolee 3aTpaTHBIM SHEPromo-
TpebnenneM. Dueproemkocts BBII B Tpu pa3a BeIle, 4eM Yy MUPOBBIX JIHJIE-
poB u3 ctpan G7. B crpareruu pazsurust PO (u denepaibHOM 3aKoHE) 1O
TOBBIIICHUIO dHEpreTHdeckoi 3(Pp(eKTHBHOCTH SKOHOMHUKH, HEOOXOANMO
CHI)KATh SHEPrOEMKOCTh BaJIOBOT'O BHYTPEHHETO MPOJYKTa HE MEHee, YeM
Ha 1,5 % BTOx [1], B TOM uncie 3a cuét noBeImeHns 3P PEeKTHBHOCTH CHCTEM
aKKyMYJIMPOBaHHS M OTJaYM TETUIOBON SHEPTHH.

Hannas paboTa mOCBAIICHA OIEHKAaM BO3MOXKHOCTH M MAacCIITa0OB TI0-
BBIIIICHUS SHEProdPPEeKTHBHOCTHA CHCTEM C (ha30BBIMH IMEPEXOAaMHU JKU-
KOCTh-TBEpLIOE Teno. B kauecTBe HAKONMUTENEW SHEPIrUU MpeaaaraeTcsi uc-
NOJIb30BaTh HEOTHOPOAHBIE CUCTEMBI BU1a MapaduH + BBICOKOTEILIONPOBO/I-
HBIN MTOPOIIKOBBIN HATIOJHHUTEIb JIN0O MMEHOKAPKAC U3 BHICOKOTEILIOMPOBO/I-
HOTO MeTajlula ¢ COOOLIAIONIMMUCS TOpPaMH, 3aIOJHEHHBIMH MapaprHOM.
Bri0op Bua HamoHUTENS ¥ €r0 00BEMHON 10JU V2 3aBUCAT OT ONTUMAJIb-
HOW BENMYMHBI KOMIUIEKCHOTO Mapamerpa TeMIIepaTyponpOBOIHOCTH
Aef = Aef/(Cef, Pef), OTMPENEIAEMOTO COOTHOILIEHHEM d(D(DEKTUBHOMN TEIIONPO-
BOJTHOCTH Aef = f(A1, A2, V2) MaTpPUIIBI C HATIOMHUTEIEM, CBOWCTB MATPUYHOTO
KoMIIoHeHTa napaduHa (yaenapHol TermnoéMkocTy Ci, TeIIonpoBOIHOCTH Ay
M IUIOTHOCTH P1) M BEICOKOTEIUIONMPOBOAHOTO HarmoaHuTeNs (Co, A2, p2).

Jns  ompeneneHuss  KOMIUIEKCHOTO — TIapaMeTpa  TeMIIepaTypo-
MIPOBOJHOCTH &ef HEOOXOANMO IPOAHAIN3UPOBATH MPOLECC HAKOIIICHUS-
OTAa4YM Temjda B HEOAHOPOAHOW cucTeMe TapaduHOBas MaTpHLA C
MIOPOIIKOBBIM HAMOJIHUTEIEM, IPEICTaBUB €€ B BUAE HEOAHOPOAHOU
CUCTEMBI OIpeeNieHHON CcTpYKTypsl [2, 3]. PaccmoTpensl Tpum Monenu
CTPYKTYPBbI HEOJHOPOJHBIX CUCTEM C YaCTHIAMH BBICOKOTEIUIONPOBOIHOTO
HaloJIHUTEIA: MOJACIb C HCEKOHTAKTUPYHOIMUMH 4YaCTUllaMH, MOIECJIb
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CBOOOZHON 3aCBHIIKM YaCTHIl HANOIHUTENS, MOJENIb IOJIMMEPHOTO
KommayHaa.  YerBépras ~ MOJENb  ONMCHIBACT  INEHOKapkac U3
BBICOKOTEIUIONPOBOJHOTO ~ MeTajlla € COOOIAIOIIMMHCS — TIOpaMH,
3aroyIHeHHBIMH TTapaduHoM [3].

OueHNB Anaa3oH BO3MOXHOTO H3MEHEHNUS TEIOPU3UIECKUX CBOMCTB
Aef, Cef, Pef, Qef [4] MOXKHO BBIOpATh ONTHMAJIbHBIC 3HAYCHHUS ITAPaAMETPOB B
HEoOX0IMMOM TEeMIIepaTypHOM JHaIa3oHe SKCIUTyaTalluy, pa3padoTarh orl-
TUMaJBHYIO TIPOrpaMMy OKCIIEPUMEHTAJbHOW IIPOBEPKH aHATUTHYECKUX
OLIEHOK U PEKOMEHJAINM K MPAaKTHUYECKOMY HCIOJIb30BAHUIO PE3yJIbTaTOB
HCCIIeOBaHUN

Paboma ewinonnena npu noddepoicke epanma Yuusepcumema UTMO
Ne620150.
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HUccnepgoBanue 3pPeKTUBHOCTH
TeMJIOAKKYMYJIMPYIOLIEeH CCTEMbI Ha OCHOBE BellLeCTB
¢ ¢pa30BBIM EPEX0L0M AJIS KOCMUYE€CKOU TEXHUKH

M.U. Bonkosuy, B.1O. 3axaposa, B.A. Kopa6ies

Hayuonanvnoui uccneoosamenvckuii ynusepcumem UTMO,
Poccus, 197101, Cankm-Ilemepbype, Kponseprckuil np., 49

KaioueBsbie cioBa: 5HeproddGeKTUBHOCTD, TEIUIOBOM aKKyMYyJISITOD,
BellecTBa ¢ (ha30BBIM IIEPEX0/I0M, KOCMHYECKHUH anmapar.

Hane)xHOCTh M yCTOHYMBOCTH 3HEPrOCHAOKEHUS] — Ba)KHEUIIINE IOKa-
3aTed COBPEMEHHBIX YHEPreTHYEeCKUX CHcTeM. HeoOXOaMMOCTh TOBBIIIC-
HUS OTHUX MTapaMeTPOB — aKTyaJbHas 3a/1a4a, KOTOPYIO He0OXOAMMO perraTh
C YUETOM HENpPEPHIBHOTO MHPOBOTO POCTA IMOTPEOICHUS YHEPTUH, OTPAHU-
YEeHHOCTHU PECYpPCOB U IMepexoaa K BO30OHOBIIsIEMON YHepreTHKe. B mocex-
HUE TOIBI OBICTPBIMU TEMITAMH PAcTyT WH)KEHEPHBIC U HAYYHBIC UCCIIEIOBA-
HUS B 00JIaCTH pa3spaboTKK TEXHOJIOTHI HakomuieHus suepruu [1]. Onun u3
NEepPCIEKTUBHBIX CIIOCOO0B XpaHEHHsI SJHEPTUU — MPUMEHEHHE aKKyMYJIATO-
POB TEIJIOTHl Ha OCHOBE Pa3lIMYHBIX BEIIECCTB C (Pa3oBBIMM Iepexojamu
(B®I) [2, 3].

B pabote onmckiBaeTcsl SKCIEPUMEHTAIBHOE M PACUETHOE HCCIIEI0Ba-
HUE 3P (HEKTUBHOCTH TEIUIOAKKYMYJIMPYIOIIEH CHUCTEMBI TepMocTaOMiIn3a-
LIUH KOCMUYECKOH TEXHUKH IIOCPEICTBOM ITPUMEHEHHS BEIECTB C (ha30BbIM
TIEPEX0JI0M «TBEPJIOE TEIO-KHUIKOCTE». AKKyMyJIHPOBaHHUE TEIUIOBOH SHEP-
TMH TI03BOJISIET CTAOMIIN3UPOBATH TEMIIEPaTypy Mprudopa B EPHOABI MAKCH-
MaJBHOTO TETUIOBBIICTICHNS, a TAKXKE MTPEIOTBPATUTH ITEPEOXITAKACHNE KOH-
CTPYKIIMH 32 CUET CKPHITOW TETUIOTHI IUIABIICHHUS JAHHOTO KIlacca BEIIeCTB
[4]. B cBsi3u ¢ HEMPEPHIBHO MEHATOITMMICS SHEPTETHICCKIMHU TTapaMeTpaMu
TETIOBOM pexum KOCMHYECKOM YCTaHOBKH HE SIBIIIETCS
CTaIIOHAPHBIM.

BpI00Op MpaBUIIBHOTO TEIUIOAKKYMYJIMPYIOLIETO MaTepuaia KHU3HEHHO
Ba)KEH, TaK KaK OH HANPSMYIO BIIUSET HA TEIUIOBBIE XapAKTEPUCTUKH TEILIO-
aKKyMYJIMPYIOIINX YCTpoicTB. B kauecTBe BelecTBa ¢ (ha30BbIM MEPEX010M
paccmarpuBaetcst creapuHoBas kucioTa (CigHzsO2), xapakTepusyromasics
XUMHYECKOH CTOMKOCTBIO M IKOHOMHUUYECKOH TOCTYMHOCTHIO [5].

B kagectBe Teruionocutens Beictymaetr Boga (H20). YerpoiictBo Ten-
JIOBOT'O aKKyMYJISITOPa MPEACTABISIET CO00I CHCTEMY TOHKUX TPYOOK IIMIIMH-
IpU9IecKoi (hOpMBI, TPOHU3BIBAIOIINX BECh 00HEM IIIABSIIETOCS BEIIECTBA.
[IpoBeneH psax BEIYHACIUATENHFHBIX 3KCIIEPHMEHTOB 10 MOACITHUPOBAHUIO pa-
OOTHI UCTIBITATENIFHOTO CTEH A, UCXOIS 3 KOTOPBIX, OJTy4YeHA YI00HAS s
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MHXEHEPHOTO ITPOTHO3MPOBAHUS IPOTEKaHMUS IPOLIEcca 3aBUCHMOCTb, OTIpe-
JeTSIIONIas pacupesieieHne TeMIepaTypsl TEIUIOHOCUTENA {1 1Mo BpeMeHH.
Taxxe MaTemMaTHueCcKast MOAENb TIO3BOJISIET ONPEIEIUTD IIPUPAIICHUE PAIH-
yca rpaHullbl (a3oBOro Mepexona I, B IUIaBAIIEMCs BEIIECTBE 0 MEpE yBe-
JIMYCHUS TEMIIEPATYPbI KHUIKOCTH.

AHaJn3 COOTHOIIEHHS 3KCTIEPUMEHTAIBHBIX M PACUETHBIX JAHHBIX 1103~
BOJIIET OLIEHUTDH NMPHUTOJHOCTH MaTEMaTHUECKOW MOJAETH U PacIIipeHUs
JMana3oHa pabodux TeMIIepaTyp MCCIeIyeMbIX BEIIECTB, a TAKKe OINpese-
JIUTH BEJTMYUHY HECTAIIMOHAPHOTO TEIJIOBOTO MOTOKA.
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Global allergens and refrigeration alarmism

0.B. Tsvetkov, V.V. Mitropov, Yu.A. Laptev,
1.V. Baranov, M.A. Kustikova

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

The refrigeration, air-conditioning and heat pumping industries are es-
sential sectors of the world economy. The list of the major synthetic refriger-
ants characterized by the nonflammability, low toxicity, good thermoplysical
properties and stability are reviewed. The HCFCs and fully halogenated
CFCs refrigerants are responsible for the destruction of stratospheric ozone.
The conversion from the CFCs and HCFCs has been considered as an oppor-
tunity to develop the chlorine free working fluids — hydrofluorocarbons
(HFCs).

A set of hydrogen — containing fluorocarlons with the zero ozone de-
pletion are currently the focus of efforts by the chemical producers. The paper
details the effects of two allergens — the global climate change and the de-
pletion of stratospheric ozone due to chlorofluorocarbons and hydrofluoro-
carbons. This situation has been estimated as sufficient to cause alarm. The
urgent task today is to develop harmless refrigerants with zero ozone deple-
tion potential and a minimal greenhouse effect potentials. Between candi-
dates for the replacement of CFCs, HCFCs and HFCs has been estimated hy-
drofluoroolefins (HFOs) which have an short atmospheric lifetime and the
ultra low global warming potentials. The idea to synthesize the ideal working
fluid as shown in this paper after about hundred years of the experience seems
not realistic. On the other hand between the natural refrigerants the excellent
working fluid is ammonia. The paper details hydrocarbons such as propane,
isobutene, suggested as refrigerants. The carbon dioxide can be used to ex-
pand a potentially limited set of natural working fluids. The natural com-
pounds are excellent refrigerants but the toxicity, flammability, high pressure
limited their more large commercial realization. It’s shown that it has crucial
for refrigeration industry to design and manufacture more intensive refriger-
ation equipment with natural refrigerants to meet endless mandatory regula-
tion and deadlines.
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OGocHOBaHMeE pasuyca KOHKYPEHTHOTO IPUMEeHEeHUs]
CXKMPKEHHOT 0 IPUPOJHOro rasa

O.H. Mensenesa, C.JI. IlepeBanos

Capamogckuii 20cy0apCcmeeHHbLL MEXHUYeCKUUl YHUGepCUmem
umenu FO.A. I'aecapuna, 2. Capamog

OxoHOMHYecKast 3pPEeKTUBHOCTD (HYHKIIHOHUPOBAHUS CUCTEMBI CHA0-
JKEHUsI alIbTCPHATUBHBIM TOILUTMBOM, B KAU€CTBE KOTOPOTO pacCMaTPUBAETCA
CKmKeHHbIH mpupoausrii ra3z (CII), onmpenernsiercss ONTUMAIBHBIM TUIAHH-
POBaHMEM IIpoliecca JOCTAaBKH 10 KOHEUHBIX MOTpeOuTENe!, yAaaeHHbIX OT
MarucTpaibHBIX T'a30IPOBOJIOB, B COOTBETCTBHU C TIpaKOM IOCTABOK.
MacmraObl UCTIONB30BaHHS COKM)KEHHBIX MPHPOAHBIX Ta30B CHEH(UIHBI
JUISl KOHKPETHOTO peruoHa notpebnenus. Kak usBectHo, Hanbonee addek-
THUBHBIM CPE/ICTBOM JIOCTaBKH T'a3a B COKMDPKEHHOM BHJIE SBIISIETCSI UCIIONIB30-
BaHHE KOHTEHHEP-IIMCTEPH, OTVIMYAIOIINXCS KaK 00beMaMH IepeBO3UMOT0
CIII', Tak ¥ TUIIaM¥U TPAHCIOPTHBIX CPEACTB, 00ECIEYNBAIOIINX €TI0 TPaHC-
MIOPTHUPOBKY IO JIOPOTaM C Pa3IMYHBIM HOKpbITHEM. LlucTepHbI-TpaHcIop-
THUPOBIIMKH, NPEICTABISIONINE OO0, KaK MPaBUIIO, TBYCTEHHBIE PE3EpBY-
apbl ¢ BAKYYMHPOBAaHHBIM KOJIBIIEBBIM IIPOCTPAHCTBOM, MOJTHOCTHIO MIIH Ya-
CTUYHO 3aII0THEHbI H30JISIIMOHHBIM MaTEPHAIOM, YTO TIO3BOJISIET COKPATHTh
notepy npoaykra. Ilo uccneroBanusM aBTOPOB, YITYUIIHTh SKCIUTYaTaI[HOH-
HBIE BO3MOXXHOCTH LIUCTEPH U YMEHBIINTH TEIUIONEPEady K IEPEBOZUMOMY
ra3y BO3MOXKHO TIPH HMCIOJIb30BaHUHM 00BbEMa COCYZa ISl TIEPEBO3KU CIKH-
JKEHHOT'O IIPUPOHOTO ra3a ¥ TPAHCIIOPTUPOBKH XJIaJJOHOCHTEINEH, UCIOb-
3yeMBIX B ITUKIE CokrkeHus (matent Nel15309) [1].

TpaHcropTupoBKa MPUPOIHOTO ra3a B COKMIKEHHOM COCTOSIHUM 3HAYH-
TENBHO 00Jiee YKOHOMHUYHA 10 CPaBHEHHUIO C TPYOOIIPOBOAHBIM TpPaHCHOP-
TOM. DTO OTHOCUTCS KaK K IepeBo3kaM OOJbIINX 0OBEMOB ra3a Ha JaJIbHHE
paccTosHUS pa3IMYHBIMU BHJIAMH TPAHCIIOPTA, TaK M MPHU JOCTABKE MaJIbIX
o6obemoB CIII" Ha HeOonbIMe paccTostHus. [IpH 3TOM IpenMyIIecTBO KpyTi-
HOTOHHAQKHOHM TPaHCIIOPTHPOBKH T'a3a B CKIDKCHHOM BHJI€ HAUMHAETCS C
paccrosanit o notpedureneit cpbime 2500-3000 km. OcHOBHas mons 3a-
TpaT MPUXOIUTCS Ha TIOTPY309HO-PA3rpy304HbIe paboTsl, kpome s1oro CIIT
TpeOyeT Ooiee 3HAYNTEIBHBIX KAMTAIBHBIX BIOKEHUI B HHPPACTPYKTYPY
Ha HayanpHOM dTane. Co3nanue nHGpactpykrypsl CIII' npu ManoToHHaX-
HOM TPAaHCIIOPTHPOBKE OYIET BBITOJHO B TE€X CIydasX, KOTJa CTPOUTEIBCTBO
ra3onpoB0/ia SKOHOMUYECKH HEBBITOJIHO (M3-32 CII0KHOTO pelibea MecTHO-
CTH, 3HAUUTEJIBHON yJTAJICHHOCTH ITIOTPEOHTEIIS OT UCTOUHHKA, TOTPEOUTEIIO
TpebyeTcsi ra3 B HeOONIbIINX 00beMax H JIp. 000CHOBaHHBIX IIPHYHH). BriOop
BapHaHTa JIOCTaBKH ra3a B Ka)IOM KOHKPETHOM CIIy4ae IPOBOJUTCS IIyTEM
CPaBHUTEIBHOIO TEXHUKO-3KOHOMUYECKOI0 aHanu3a [2, 3].



288 Il International Scientific Conference “Sustainable and Efficient Use of Energy,
Water and Natural Resources”, Saint-Petersburg, April 19-24, 2021

B xagectBe OCHOBBI Al 3(h()EeKTUBHOIO pEIIeHHs MMOCTAaBICHHON 3a-
a9y BBICTYIIAeT pa3paboTKa ONTHUMAIBHBIX MOJENeH MOCTPOCHHS TpaHC-
MOPTHOTO OOCITY)KMBaHUs, KOTOPHIE MO3BOJIAT CHOPMHUPOBATH PALUOHAIB-
HblE MapIIpyThl ¥ TpadUKH EPEBO3KU CIKUIKEHHOTO ras3a, U 00ecle4nTh, B
KOHCYHOM HTOI'C, MOBBIIICHUE MPOU3BOIAUTECILHOCTH U CHHIKCHUEC o0BeEMa
TPaHCIIOPTHOTO pecypca.

KonnuecTBo raza, mepeBo3MMOro B T€YEHHUE rojia OJJHOH aBTOMAIIUHOM,
OIIpeIeTIsIeTCsT CIEAYIOMUMH (aKTOpaMH: TPY30MOIbEMHOCTHIO aBTOMa-
[IVHEI, paARyCOM TIEPEBO30K; OpraHMU3aIluei Tpya; MPHHATOW CXeMOU pac-
TIpeIeJICHNs ra3a.

B cooTBercTBHE € 3THM B paboTe pacCMAaTPHUBAIOTCS CIICTYIOIIHE BO3-
MOJKHBIC BapUAHTEHI:

a) MeXXTOPOICKON TPaHCIIOPT ra3a, Korza 3aBoj 1o mpousBoactsy CIIT
n HOTpe6I/ITeJ'H/I HaXoJATCA B pa3HBIX HACCJICHHBIX ITYHKTAX;

0) BHyTPHUTOPOJICKOM TPaHCIIOPT Ta3a, KOT/ia 3aBOJI M IOTPEOUTENH ra3a
HaxXoJATCA B OJHOM U TO K€ TOpoae;

B) OJIHO M IBYXCMEHHas paboTa;

T') BO3MOXHOCTh MPOJIOJDKUTEIBHOCTH peiica I YCIOBUI MEXTopo/I-
CKOr'0 TpaHCIOpTa ra3a B Te4cHue 16, 24 u 32 4acos, T. €. COOTBETCTBEHHO
2, 3, 4 nus;

1) paboTa aBTOTPAHCIIOPTA TPH JIydIINX (KOTAA CIMB Ta3a U3 aBTOIH-
CTEPHBI IIPOU3BOINTCS MOIHOCTHIO B O/IHY MOJ3EMHYIO EMKOCTb) M XYAIIHX
(xoTma M3 aBTOIMCTEPHBI TPOU3BOIUTCS CIIMB YaCTH ra3a) YCIOBHUAX CIIHBA.

B pabote mpeanokeHo perieHne YacTHOW 3aJadd 10 CHA0KEHHUIO T0-
TpeOUTeNeH CKIKEHHBIM TPHPOTHBIM Ta30M, pa3padoTaHa JOTHCTHIECKAs
MO/J€CJIb OIITUMAJIBHOI'O (byHKHI/IOHI/IpOBaHI/IH CHUCTEMBI 110 KOMIIJIEKCY: 3aBOJ
o pou3BocTBY CIII' — motpedutens. [1o pe3ynbraTam pacueToB mpeIo-
JKCHbI PEKOMCHAAIINU IO ONTUMAJIBHOMY panyCy JA0-CTaBKH I'a3da U OITU-
MU3alUH TPAHCIIOPTHOM COCTaBIISIONIEH.
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Features of the conditions for the use of refrigeration
units on carbon dioxide

A. Khrekin, I. Baranov

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

Due to the significant role in the destruction of the ozone layer, the pre-
viously widely used refrigerants (chlorofluorocarbon CFCs) were mostly re-
placed by hydrofluorocarbons and hydrochlorofluorocarbon refrigerants
(HFCs and HCFCs) [1-4]. However, they have also recently come under reg-
ulation due to their high global warming potential (GWP). For example, the
previously widely used R-134a refrigerant (CFC) has a GWP value of 1300,
which means that kg of R-134a is equivalent to 1300 kg of CO, when viewed
its contribution to global warming. Based on this, the possibility of using
other refrigerants with a low GWP value was studied. Two suitable candi-
dates are propane and CO,. Using CO; is potentially attractive because it is
toxic and combustible. However, its use requires a higher value of the work-
ing pressure than HCFCs, which toughens the requirements for materials that
are used as gaskets and seals.

Speaking about the cost of refrigerants, which are currently actively used
in industry, namely HFCs, it is much higher in comparison with natural ones.
Moreover, there is an increase in the cost of artificial refrigerants, which
makes their use less appropriate. Indicators of ozone-depleting potential and
global warming potential under the current provisions of the Montreal Proto-
col is one of the keys, since these values govern the possibility of using re-
frigerants in the Russian Federation, which has assumed the obligations of
this protocol. Thus, for a natural CO; refrigerant, two of these indicators are
equal: ODP = 0; GWP = 1. Natural refrigerants are also explosion-proof and
are characterized by relative non-toxicity. However, it is worth noting that
the operating pressures in systems where CO is used are higher than those
of plants operating on HFCs and HCFCs. This fact requires a special ap-
proach to the design of these systems and special training of personnel who
will maintain and operate these installations. This means thadt in order to
change the pressure per unit of the measured value, it is necessary to change
the temperature by a lower value, in contrast to artificial refrigerants. As a
result, minor pressure losses are less pronounced and acceptable with respect
to concerning CO; than in other refrigerants.
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J¢PpeKTUBHOCTD U Aa/IbHENIINE IEPCNEKTUBbI
pa3BUTHA CIMPAJIBHOr0 KOMIIpeccopa B acneKkTe
peleHHsA BONPOCOB 3K0JI0rU4eCKOH 6e301acCHOCTH

B.A. TIponun, A.B. Koanos, /[.B. )Kurnosckas, B.A. LiBeTkoB

Hayuonansuwii uccnedosamenscxuil ynusepcumem UTMO,
Poccus, 197101, Canxm-Ilemepoype, Kpongepxckuil np., 49

Ceroans criupaibHas TEXHOJOTHS YCIEIIHO UCIOIb3yeTCsl B KOMIIpec-
copax, eTaHjepax 1 BakyyMHO# TexHuke. Oco0o MIMpOKoe pacipocTpaHe-
HUE MOJIYYMJI CIIMpalibHbIN XonoamibHblil kommpeccop (CIIK). brnaromaps
MIPEUMYILECTBAM OH HE TOJILKO YIIPOYMIJI CBOU MO3UIIMHU, CPEJH BUHTOBBIX U
MTOPIITHEBBIX KOMIIPECCOPOB, B XOJIOAMIBHBIX MamuHax (XM) cpeaneii mpo-
W3BOJIUTEIBHOCTH, HO M TIOTECHWJI MX B 3TOM cerMeHTte. [Ipu srydimmx mac-
corabapuTHBIX XapaKTEPUCTHKAX IPEBOCXOICTBO XOJOIMIBLHOTO K03(du-
muenTa CIIK mocturaeTcs ¢ yMeHBIICHHEM Pa3HOCTU TeMIepaTyp KOHJCH-
caluy u KuneHus. T. e. ero mpuMeHeHne Hanbollee BEIMTPHIITHO B CPETHE-
TEMIIEpaTypHBIX U OCOOCHHO B BBICOKOTeMIepaTypHbIX XM. OOBSCHHTH
npenmymectBa CIIK MOXHO, CpaBHHBas TePMOTa30AHMHAMHYECKHE IIPO-
1[ecchl paboyero mUKIIa MalmH 00sEMHOTO TpHHIHIA aeiicTBus [1-5].

Mexay TeM CerofHs HEKOTOphIe MOJIOKEHHUS BElled Ha PhIHKE KOM-
IIPECCOPHOT0o 000pyIOBAHUS MOTYT H3MEHHUTHCS, 3TO CBA3AHO C PETYIHPOBaA-
HHUEM TPHUMEHEHHUs XJIAJareHToB, corjacHo mpuHsATod Kuramuiickoil mo-
npaBky. T. €. BOZHUKAIOT HOBBIE YCJIOBHS K JanbHEHIEH 3KCIUTyaTalluu U
0COOEHHO K NPOEKTHPOBAHMIO XOJIOAMIBHOIO 000pynoBaHus. Yxe ¢ 1 sH-
Bapsa 2021 roga Kuranmiickas nmompaska, BcTynmwia B cwity B Poccuiickoi
Oenepanun (PD), cormacHO KoTOpoi CcokpamieHue ucmons3oBanus HFC
(TDVY) nomxHO MPOU30MTH B HAIIEH CTPaHE B TEUCHHE CIeAymux 14 ner.
[Ipu uém ecTh OCHOBaHUS MOJIATATh, YTO PEHTA0STFHOCTh UX HCITOIB30BAHNUS
CHHU3HUTHCS TOPA3I0 PaHBIIIE.

Takum 00pa3oM, MOXXHO BBIACIHTH ONIKAWITYI0O KPAaTKOCPOUHYIO H
JIOJITOCPOYHYIO MEPCHEKTHBBI PAa3BUTHS CIHPAIBFHOIO KOMIIpEccopa, Kak U
JIPYTOTO XOJIOAWIBHOTO 000PYIOBaHHUS.

Tak B HacTosilIee BpeMsi Mbl BRIHYK/IEHBI peliaTh BOIPOC 3aMeHbl R22,
KOTOPBIA emé OCTaéTcsi BO MHOTMX XOJIOAWIBHBIX YCTaHOBKAax, MPH 3TOM
000Opy/ioBaHHE C TNPHUMEHEHHEM HAaTypaJbHBIX XJIAJAreHTOB, TOJIBKO
NPOXOANT «IIOJIEBBIE» HWCHBITaHUA. B 3TO BpeMsi CTOMMOCTH IUPOKO
ucnosipzyembix HFC (DY) xnmanareHToB, MO AaHHBIM CTATHCTUK, UMEET
TEHJEHIUIO K POCTY, a caMa pa3HHIA B [IeHE XJIaJareHToB cokpatuaercs. [Ipn
9TOM, aHANM3UPYS CUTYallMI0 W B3BEIINBAsS HOPMBI EBPOIICHCKOTO
perymupoBanus «F-ra3», Hopmbel PocTexHan3opa, MOXKHO HPEAIIONIOXKHUTH,
HEKOe TIepepacrpe/iefieHne TPHOPUTETOB wHcmonb3oBanus HFC (TDY)
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XJIaJIaTeHTOB B OJIMKaiimeld KpaTKOCPOYHOH mepcrnekTtuBe. Hampumep,
R410A wmoxer OwiTb BocTpeOOoBaH B P®, He TOINBKO B
BBICOKOTEMIIEPAaTYpPHbIX CHCTEMaxX, HO U B CpeIHeTeMIepaTypHBIX
XOJIOMWIBHBIX ycTaHoBKax. R410A umeer cpaBHuTENbHO He BhicOKnit GWP
(IIT'TI), BBICOKYIO YIENBHYIO XOJOAOTIPOM3BOAUTENBHOCTh, HE TOpIOY, HE
B3pPBIBOONACEH, YTO MpPHU COMNOCTABUMOCTU LI€H, PACIIUpPSAET I'PaHMIBI €ro
HCIOJb30BaHUS B cerMeHTe XM cpeqHel Mpou3BOAUTENbHOCTH, TAE ITHPOKO
npumMensierca CIIK. YuuTeiBas 3TO, KOMIAHUU MPOU3BOAUTENN UAYT IO
ITyTH UHHOBAIIMIA B OTHOIIICHHE CITUPATBHOTO KOMIIPECCopa Ui ero padoTHI
mpumeHuTensbHO Ha R410A. OmHako ciemayer MpUHUMATh BO BHUMaHHE U
BEPOSATHOCTH UCIIOIH30BAHUS PETPOPHUTOB.

B Oonee monrocpodHON MEPCHIEKTHBE Pa3BUTHE U UCTIONB30BaHUE CITH-
paTFHOT0 KOMITPECCOpa, B 9aCTHOCTH, 3aBUCHT OT BO3MOXKHOCTH €T0 IIpHUMe-
HEHHs C HOBBIMH XJIaJIareHTaMH, KOTOpbie mpuayT Ha cmeny HFC (TOY).
Tak yxe ceroasst Ha mpumepe komnauuu Copeland moxHO yBHIETH HaHOO-
nee BeposTHYIO nepcrektury padotsl CIIK Ha R744 (CO.) cpenneii nmpous-
BoxuTENbHOCTH 1 Ha R290 (mIpomaH) B XOJIOJUIBHBIX MalllMHAX MAJIOW Mpo-
W3BOJUTENBHOCTH. Pa3BuTHE 5TOTO HANpaBeHUs MOTPEOYET HOBBIX MPOEKT-
HBIX PELICHUN U B3aUMOACHCTBHS MEXTY IPOU3BOAUTENIIMU U UCCIIE0BaTE-
JISIMH. AKTYaJIbHOCTh CAMHX HCCIIEIOBAHMH MOXKET OBITh BBIpa)kKe€Ha B 00J1a-
CTH COBEPIICHCTBOBAHMS METOJMK pacuéTa HAIpaBICHHBIX HA MOBBIIICHUE
00BEMHBIX M DHEPTETHUCCKUX XapaKTEPUCTUK CIIUPATEHOTO KOMIIPECCOPA.
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New thermal comfort indices based on
iso-comfort arrays

A.B. Sulin, T.V. Ryabova, I.N. Sankina, A.A. Nikitin, S.S. Muraveinikov

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

Due to the increasing demands for thermal comfort in the world, there is an in-
crease in energy consumption by heating, ventilation and air conditioning (HVAC)
systems. Therefore, an urgent task is to find such combinations of microclimate pa-
rameters that lead to the minimum energy consumption of HVAC systems [1-3].

The ISO 7730 standard proposes PMV-PPD indices for assessing ther-
mal comfort. On the basis of this standard, we have developed the iso-comfort
parameters arrays, which are tables of the comfortable room air temperature
as a function of the average radiation temperature and air velocity. The arrays
are designed for rooms of various comfort classes, metabolic levels and ther-
mal resistance of clothing.

On the basis of the iso-comfort parameters arrays and the empirical expression
for an equivalent temperature corresponding to the same heat sensations, we have
proposed a new thermal comfort index “equivalent comfortable temperature™. This
index is approximated as a function of metabolism and thermal resistance of cloth-
ing for rooms of three comfort classes (patent RU 2 682 872).

On the basis of the iso-comfort parameters arrays the weight coefficients
have been adjusted to calculate the operating room temperature as a function
of the air temperature and the average radiation temperature. The functional
dependences are obtained for calculating the operational temperature with a
higher accuracy than according to the methodology given in GOST 30494
and ANSI/ASHRAE Standard.

Calculations of the energy indicators of HVAC systems using the pro-
posed indices confirmed the possibility of increasing efficiency the systems
and, at the same time, increasing thermal comfort.
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Analysis of the heat recovery potential in the classroom
A.A. Nikitin, V.A. Nikitina, A.B. Sulin, T.V. Ryabova

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

Buildings consume huge amounts of energy, especially the heating sys-
tems. Usually the heated exhaust air from the premises is simply thrown out
into the external environment, onto the street. In this work, such air is con-
sidered as a secondary energy resource formed from the internal loads of the
room. The study of the dynamics of changes in the power of internal loads
and their influence on the operation of the heat exchanger installed on the
exhaust was carried out using the Energy Plus software package. The simu-
lation result showed the utilization capacity of the heat of the exhaust air as
an energy resource. The recovered heat from the exhaust air can be used to
partially reduce the energy consumption by the heating system [1].

The purpose of this work is to study the connection between the internal
loads of the building and the capacity of the installed heat exchanger at the
exhaust.

An example of heat recovery is Stockholm Central Station [2], where
about 250,000 people pass through every day, and the energy generated from
them is used to heat a 17-story office building. The created system converts
excess body heat into hot water through heat exchangers in the ventilation
system. And then the heated water is supplied to the heating system of the
office building. Presented heat recovery system cannot fully heat the build-
ing, but it helps to reduce the energy consumption of the building by 10 %
[2].

The Energy Plus software package was used to analyze the heat recovery
process. For the calculation, 2 rooms were chosen, the Daikin laboratory and
the classroom 4212, which are located on the 2nd floor of one of the buildings
of ITMO University. Program uses the heat-transfer properties of the building
envelope, solar radiation, indoor air conditions, as well as infiltration through
window area. To analyze the behavior of thermal energy, the heat exchanger
was built into the model, which cools the exhaust air to 5 °C. Heat capacity
that can be extract from the exhaust ventilation system depends on the num-
ber of people, equipment, lighting, solar radiation and infiltration. The values
of these parameters are changing dynamically. To analyze the heat rate, it is
necessary to use energy modeling methods using the Energy Plus software
package. Using the constructed mathematical model, the maximum power of
the heat recovery system in the classroom was calculated equal to 4 840 W,
and 4 630 W in the laboratory during the day. And for a whole month, we can
get 80,546 kW of heat [3-4].
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The interaction between the power of the heat exchanger and the dynam-
ically changing loads inside the building spaces were analyzed. The obtained
results showed the potential of heat recovery, which is often not used in the
development and design of engineering systems of buildings and structures.
It was found that at a relative humidity in the range from 10 to 40 %, from
3,500 W to 5,000 W of heat is generated. Such heat generation refers to the
winter period of the year, as well as the inter-season. And in this exact time
of the year that heat recovery is needed, which will be aimed at reducing
energy consumption by the building heating system.
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Application of multivariate of analysis
in technical systems

N.E. Shishova, I.A. Arkharov, E.S. Navasardyan

Bauman Moscow State Technical University (National Researsh
University), 2-nd Baumanskaya Str. 5, Moscow, 105005, Russia

Prediction of reliability and determination of the most probable causes
behind the component’s failures in a technical system is carried out at the
stage of designing and improving models in order to further optimize struc-
tural elements. We have proposed a rotary type microcryocooler as a techni-
cally complex system.

The review part of the report considers methods for predicting the life-
time of rotary type microcrycoolers at the stage of testing and improving
models of various manufacturers: Thales LAS (France) and Ricor (Israel),
BAE Systems (Great Britain) [1-4].

The main part presents the provisions of the use of multivariate analysis
for the calculation, design and optimization of structural elements of the de-
veloped technical system with a simultaneous assessment of the reliability of
units and parts included in the assembly. This analysis is based on finding the
most loaded components of the technical system, determination of the degree
of influence of various multidirectional factors that have the greatest impact
on the efficiency indicator (reliability, life time and other factors), and further
optimizing the components of the system [5].

A quantitative and qualitative assessment of the degree of influence of
various independent factors on the selected performance indicator is carried
out using the statistical method of multivariate analysis of variance ANOVA
(Analysis of Variations). This allows to determine the factors that have the
greatest impact on a frequent cause of failure under given operating condi-
tions [6].

This report presents the application of multivariate analysis to determine
the degree of influence of independent factors on the life time of the rotary
the microcryocooler with the aim of further optimizing the most loaded unit.
The analysis includes the formation of a block of initial data for multivariate
ANOVA based on testing of microcryocooler’s samples by four independent
factors (rotor speed, ambient temperature, filling pressure, the size of the ra-
dial gap in the piston-cylinder pair of the discharge cavity).

In the conclusion of the report, the authors conclude that it is advisable
to use multivariate analysis.

In the end of the report, the authors conclude that it is advisable to use
multivariate analysis to predict the resource of technical systems. The appli-
cation of this analysis makes it possible to identify the factors that have the
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greatest impact on the efficiency indicator, the reliability of the technical sys-
tem and enable to design technical systems for the given operating conditions
at the design stage.
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Analysis of heat losses during heat supply of an urban-
type settlement using a heat pump

A.A. Nikitin, O.E. Konicheva, S.S. Muraveinikov, T.V. Ryabova

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

Centralized heat supply systems include a network of pipelines connect-
ing buildings and structures in such a way that entire districts and quarters are
supplied with heat carrier from a single boiler plant. District heating is a well-
studied part of the energy system. Despite this, low temperature district heat-
ing is still underdeveloped, although it is one of the key technologies for en-
ergy efficient urban heating.

Low-temperature heat supply systems are the basis of 4th generation
district heating systems, since they can significantly reduce heat losses during
transportation of the heat carrier to the heat energy consumer and allow the
use of heat from renewable sources, for example, heat pumps [1].

The article presents a model of a low-temperature district heating system
in the Oktyabrsky village of the Ryazan region. A heat pump is used as a
boiler unit. A heat pump is a device for transferring heat energy from a source
to a consumer, which is advisable to use for individual heat supply. However,
as part of the development of the idea of 4th generation heat supply systems,
modeling and analysis of a district heating system using a heat pump station
is being carried out. In this case, its application solves two problems: ensuring
proper cooling of circulating water at the enterprise and supplying heat to the
entire settlement [2].

The study focuses on analyzing the heat loss of a district heating system
by comparing simulation results at a standard flow temperature and at a tem-
perature typical of the 4th generation heat supply schedule. On the basis of
the created model, the calculation of heat and hydraulic losses of the low-
temperature district heating system was carried out, as well as a comparative
analysis in comparison with the standard heat supply system.
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HcciegoBaHue NPOLECCOB TEMJIOMAacCOOGMeHa P
IJIEHOYHOM 06TeKaHUM JieJOBBbIX TOBEPXHOCTEH €
¢$a30BbIM Nepexo oM AJIs1 CO34aHUS HOBOTO
NOKOJIEHUS JIbJA0AKKYMYJISTOPOB

I'.10. Tonuaposa®?, B.II. ITeituenko?, C.C. Bopsos?!, I'.B. Bopmes?

! Beepoccuiickuii nayuno-ucciedoeamensckuii UHCHIUMYN XOT0OUNbHOL
npomviutiennocmu — guauan @IBHY « ®©HL] nuwesvix cucmem
um. B.M. I'opbamosay PAH, Mockea, 127422, Poccus
ZMITY um. H.O. baymana, Mockea, 105005, Poccus

Bornpimoe ncno 0OBEKTOB MUIIEBOH MPOMBIIUICHHOCTH XapaKTepU3y-
eTcs BBICOKOH CTETeHBbI0O HEPABHOMEPHOCTH pacIpeleleHus] TEIUIOBOM
Harpy3KkH, KaKk B TEUCHHE CyTOK, TaK M [0 Ce30HaM. DTO 00yCIOBIMBAET Iie-
J1€CO00pa3HOCTh MPUMEHEHHSI B CHCTEMAaX OXJIAXKICHUS aKKyMYJIIIHUU XO-
JI0JIa U JIBAOAKKYMYJIATOPOB, B 9acTHOCTH [1]. TpaAnuIIIOHHO BBIITyCKaeMble
JIBA0AKKYMYJISITOPBEl C IUIABIEHHEM JIbJja B 00BEME JKUAKOCTH OONajaroT
BEChMa HU3KOW MHTEHCHUBHOCTBIO IIJIaBJICHHS JaXKE P HAJTMYUNU MEXaHNYEC-
CKUMX MEIIAJIOK, YTO MPUBOAUT K OBICTPOMY MOBBIILICHUIO TEMIIEPATYPBbI
BOJIBI B TIpOIIECCE MX PAa3psIKU. B 3TOM miiane OOJIBIIYIO IEPCIIEKTHBY HMEET
MIPUMEHEHHE IIJICHOYHOTO 00TEKaHHs TUIABSIIUXCS TOBEPXHOCTEH, TT03BOJISI-
IOLIETO CYNIECTBEHHO WHTEHCH(HUIMPOBATH IPOIECC TEIUIOOOMEHA MEXIY
HAMOPOXXEHHBIM JIBIOM U OXJIakaaeMoi Bojoit [2—3]. OnHako aHamuTHYC-
CKOT'O OIMCaHMs W 3KCIICPUMEHTAIBHBIX HCCIIEIOBAaHUH IPOILECCOB TEIIO-
MaccooOMeHa IpH TUICHOYHOM OOTEKaHWH JIEOBBIX CTPYKTYp C (ha30BBIM
MepexoJOM Ha TpaHMIE pas3/iella B OTKPBITBIX HCTOYHHKAX HE
00HapyKeHO.

Llens HacTosAIIEH PabOTHI — HCCIEI0BAHHE IPOLIECCOB TEITIOMACCO00-
MEHa TPH [ICHOYHOM 00TEKaHUH JICJOBBIX CTPYKTYP € (ha30BBIM MEPEX0I0M
JUISL CO3[IaHUS TETUIOOOMEHHBIX annapaToB HOBOTO MOKOJICHHS C BBICOKOM
WHTEHCHBHOCTBIO TEIUIOOTBOAA, cCONpsiraeMoll ¢ rpadukoM aedcTByomien
TEIJIOBOW Harpy3Ku. BbuT cipoekTHpOBaH U co3/1aH MHOTO(YHKIIHOHAIBHBIN
CTCH/, HOSBOJ’ISHOLL[I/II‘/‘I MMPOBOAUTH SKCIIEPUMECHTEI IIPU 00BEMHOM ILJIaBJIEHUN
1 TIpY TUIEHOYHOM OPOIIEHUH TUIABSIIUXCS TOBEPXHOCTEH ISl KOPPEKTHOTO
cpaBHeHUs uX 3¢ ¢dexTBHOCTH. BputM pa3paboTaHbl M UCTIBITAHbI JBE KOH-
CTPYKLMH JIBJJOAKKYMYJISITOpA: € IFIOCKMMHU 3MEEBUKAMHU M C KOAKCHAIBHBIM
PAacIIoI0XEHHEM TPYOHBIX IIMIIHMHAPOB.

OKCHEepUMEHTHI IPOBOAMINCH HA TPEX TEMIIEPATYPHBIX YPOBHAX MOAA-
BaeMmoii Bogsl (20, 40 u 60 °C) u B nuana3oHe 00BEMHBIX TUIOTHOCTEH OpO-
wenus ot 0,1 - 10 o 1,5 - 10#m?%/c. Ha pasHbIX ypOBHSAX ObLIM yCTAHOB-
JICHBI JATYMKU TEMIIEPATYPbI, O3BOIUBIINE OCTPOUTH 3aBUCUMOCTH pPac-
MIPeAeICHUs] TETIOBOH HArpy3KH MEXIY TPyOaMH IIbJ0AKKyMyJIsITOpa IO
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Mepe IPOXOKACHUS 0XJIAKIAEMOM BOIBI M CyMMAapHYIO TEIUIOBYIO HATPY3Ky
JUTA KaXXIOTO UCCIICOBAHHOTO PEXUMA.

OKCHEepUMEHTAIBHO TOATBEPXKICHO, YTO TPH ONTHMAaIbHOM PacIoio-
JKEHUH TPYOHBIX CEKIMI MHTEHCUBHOCTb TUIABJICHHS JIb/Ia B allliapaTe C Iie-
HOYHBIM PEKUMOM TEUESHHUS CYIIECTBEHHO BBIIIE, YeM B 00BEMHOM pEeIKUME:
TaK IpH Temreparype noxaun Boasl 60 °C TemmepaTypa BoJbI Ha BBIXO/E
noJyiepkuBaeTcst Ha ypoBHe 2—-5 °C no pacruiaBienus ~ 70 % HaMopokeH-
HOTO JIbJia. BriepBble 1MoKa3aHo, 4TO JIOKaNbHBIE KOI(QHUIIMEHTH! TEIUIO0T-
JTa9d TIpH IDIEHOYHOM TEYCHUH B OTIMYHUE OT TEIIOOOMEHHBIX aIlmapaToB C
HEU3MEHHBIM PacXoJIOM OXJIAXKIAEMOH Cpebl OTIOCPEIOBaHHO (Yepe3 KpH-
Tepuii PeliHoNbICa, YBETMUMUBAIOIIHANCS IO Mepe TUTABIICHHUS JTbAA) 3aBHUCAT
OT TPaIUeHTa TeMIepaTyp MEXIY BOJOH U IUIaBSIIKUMCS Jb10M. [Ipu Teme-
parype noaauu Boasl 60 °C snokanbHbIe 3HaUeHHs K03 duimenTa Temioor-
naun gocturany ~ 7000 Br/(m? °C), a Ipu MmiaBieHHd B 00bEME KUIKOCTH
e npesbimany ~ 300-500 Br/(m? °C). B 3ToM pexuMe Npu 3HAYEHUAX 00b-
&MHOIi moTHOCTH oporenus Boimie 1,0 - 1074 M%/C 3HaueHHe yaenbHOM Ter-
JIOBOW Harpy3Kkd, OTHECEHHOH K KBaJpaTHOMY METPY TEIFIOOOMEHHOI Io-
BEPXHOCTH TPyO JbI0aKKyMyisaTopa, gocruraer 320 000 Br/M? u 3Haum-
TEJILHO MPEBOCXOANUT aHAJIOTMYHBIN ITOKa3aTeslb COBPEMEHHBIX IIaCTHHYA-
THIX aNIapaToB H3BECTHBIX mpom3BomuTenci (ot 12 000 go 65 000 B/m? no
KaTajxoram).

OO6o0mmenre pe3yabTaToB MOKA3aJI0 KpaiHE BBICOKYIO IEPCHEKTHB-
HOCTH IPUMEHEHUS JIHI0aKKyMYJIITOPOB C INICHOYHBIM MEXaHU3MOM TETLIO-
oOMeHa U1t 00BEKTOB MUIIIEBOW MTPOMBIIIIICHHOCTH ¢ HEpaBHOMEPHBIM pac-
TIpeIeICHUEeM TETIOBOM HAarpy3KH, TPEOYIONIX TPEIIM3HOHHOTO O IepKa-
HUS TEMIIEPATyphl OXJIaXIaeMBIX MPOAYKTOB. Kpome 3Toro, oHn MOryT 3¢-
(EeKTHBHO NMPUMEHSTHCS B CUCTEMaX C UMITYJbCHBIM XapaKTEPOM TEIIOBbI-
JieNieHnit (OXJIaK/ISHHE JIa3ePOB U JIp.), @ TAK)Ke B KAYECTBE CYTOYHBIX HAKO-
MUTENEH B COBOKYITHOCTH C «3€JIEHBIMI) CHCTEMaMH DHEPTOCHA0KEHNSI, NC-
TOJIb3YIOIIMMH DHEPTHIO COJIHIIA U BETPA.

Hccneoosanue svinonneno npu gpunancogoii nodoepicke PODU ¢ pam-
Kax Hayunoeo npoexma Ne 20-08-00120.
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MaTemaTn4eckKas MoJeJb KoJieca ruAponpuBoa
NOrpy>KHOro0 Hacoca A4 Beigaum CIIT

M.U. JaBsigenko, A.FO. bapanos

Hayuonanvuouil uccnedosamenvcruil ynusepcumem UTMO,
Poccus, 197101, Canxm-IlemepoOype, Kpongeprckuil np., 49

Juis BertecHenus CIIIT m3 XpaHWIUINA HCHONB3YIOT MOTPY>KHBIE LIEH-
TPOOEKHBIE HACOCHI C HIIEKTPOIPHUBOAOM, CIIOCOOHBIE IPEOAOJIETh THAPOCTA-
TUYECKOE JTaBJICHHE CTOJI0a KPUOTIPOAYKTa B TMHUH BIHa4dH (10 0,25 Mlla)
[1-3]. "3-3a cieunduyueckux yCiIoBHiA SKCIUTyaTallul HACOCHI CIKHKEHHOTO
npuposoro raza (ITHCIII) sistoTcst Hanboee KpUTUYHBIM Y3JI0M TEXHO-
soruueckoro 0jo0ka HakoruieHus-Bbinaun CIIT. TToBbIIeHHBIC 3KCILTyaTa-
IIHOHHBIE PUCKH CBS3aHBI C HCIIOJIB30BAaHHEM 3JIEKTPOJBUrATeNs IS MPU-
Boxa [THCIIT:

— CMa3Ka TPYILIUXCS YacTel;

— nopayva anekrpuiyeckord MourHoctu (10 350 kBt Ha oxmu I[THCIIT)
CKBO3b CIIOW KPUOTEHHOH XHUIKOCTH TiyOonHO# 10 50 MeTpoB;

— HM3KOH YCTOIYMBOCTH JTAKOKPACOYHOT'O MOKPBITHS ITPOBOIOB K M-
HaMHWYECKUM Harpy3KaM IMpH KPHOTEHHBIX TEMIIepaTypam U T. 1.

Bonee >¢pdextuBHBIM HeTouHMKOM 3Heprun Uit Beimaun CIIT mpen-
CTaBJIsIeTCSI 0OBEMHBIN THAPONPUBOA. TeXHOIOTHYECKAs CXeMa MPOHU3BO/I-
ctBa CIII" comepKuUT CKPBITHIN NCTOYHUK ITOTCHITNAIFHON YHEPTUH, KOTOPBIN
MOXHO ucrnonb3oBath i npusoga ITHCIIL. ITorox CIII' ¢ maBnenunem
6,5 MIla HanpaBnsrOT B THAPOTYPOHHY («OKHIKOCTHOM A€TaHAEp» ), KOTopas
npeodpasyeT MOTEHIMANIBHYIO SHEPTUIO AIISKTPHUYECKYIO U CHHXKAET JaBJie-
nue notoka CIII" 1o ypoBHs Giuskoro k atmocdepromy. J{o ruapoTypOHHBI
CIIT" HaxoaUThCsI B HEAOTPETOM COCTOSIHUH, @ €F0 CBOMCTBA CXOJIHBI CO CBOM-
CTBaMU JIO00H TpaJUIMOHHOM KHUAKOCTH. Eciin HanpaBuTh YacTh 3TOTO MO-
TOKa Ha THAPOTYpOMHY, COOCHO pa3MEUmIEHHYI0 C pabO4YuM KOJIEeCOM
[MTHCIIT', sHeprust >kUIKOCTHOTO TIOTOKA IIPeodpa3yeTcsi B SHEPTHIO Bpalle-
Hus pabouero koyeca TypOWHBI 1 OyIeT 3aTpadcHa Ha BpallleHHe pabovero
KoJieca Hacoca.

Ucnons3oBanne CIII' B kauecTBe NCTOYHUKA MEXaHUIECKOW SHEPTHH
3HaunTeNbHO yrpomaeT koucTpykuuio [THCIII. Ycerpansrores npobiemsl
YIJIOTHEHHS MOAIMINITHUKOB, TaK KaK MEPETOK >KUAKOCTH U3 TypOUHBI B pa-
6ouee KoJIeco He BIUSIET Ha MPOU3BOJUTEILHOCTE HACOCA.

s onenku paborocmocodnoctu arperara [THCIID ¢ npuBomom oT
THAPOTYpOMHBI HEOOXOUMO COCTABUTh MAaTEMaTHYECKYI MOZEIb paboThl
pabouyero kosieca runpoTypOuHsl B yciaosus orrpy3ku CIII n3 kpymHOTOH-
HaKHOM HAKOMUTEJIBHOW EMKOCTH.
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OHeprus 3aTpaunBacMas Ha BeITecHeHHE enuHULBI Maccs! CIII 3a mpe-
JIeNTbl XpaHWITUINA 3aBUCUT OT HATIOJTHEHHOCTH pe3epByapa. Yposens CIII' B
XpaHWIHIIE SBIsieTcs] PyHKINEH BpeMeHH .

IIpouecc otrpy3ku CIII" n3 HaKOMUTENBHON EMKOCTH MOYKET OCYIIIECTB-
JIATBCS IBYMS CIIOCOOaMHU:

[Tpu mocrosaHOM pacxone CIII' Beicokoro naBneHust Ha pabodyeM Ko-
JIece TUAPOTYPOHUHBI M IEPEMEHHOM PAcXo/I€ B JIMHUH BBIAAYH;

IIpu MOCTOSHHOM pacxoje B JIMHUM BBIJAYU U MEPEMEHHOM pPacXofe
CIII" BBICOKOTO aBIIEHHS Ha TYpOHHE.

B ciygae moctostaHOTO pacxona CIII' BEICOKOTO NaBieHns Ha TypOHHE
MIOJTHAsl MOITHOCTh TypOWHBI 3aBHCHT HCKIIOUUTENbHO OT ypoBHs CIIIT B
HaKOIUTEJNE B IaHHBIH MOMEHT BpeMeHu. [Ipupanienne MOIHOCTH TYpOUHBI
ompenensercs mpupameHneM pazHocta yposaer CIII «mo» u «mmocmey me-
pemeniennst Maccel CIIT B muamio Beiaun. Mzmenenus yposus CIII oauna-
KOBO BJIMSIET HAa W3MECHEHHE KaK MOILIHOCTH TYpOWHBI, TaK MU MOIIHOCTH
Hacoca. [Ipu 3ToM, IoTHast MOIIIHOCTh HAacOCa 3aBUCHUT OT BEJIMYHUHBI pacxojia
Ha BBIJ]aue B 3a/JaHHBIII MOMEHT BPEMEHH.

B ciiyuae ncnosnp30BaHUsS pekuMa HKCIUTyaTallid HACOCHOTO arperaTta
C MEPEMEHHBIM PAaCX0JIOM ITOTOKa BHICOKOTO JABJICHUS Ha TYpOWHE, JTHHUS
Bblaun CIII" paboTaer B HOMHHAIBHOM PEXHUME ITPH TIOCTOSTHHOM PEXUME.
MorHoCTb, pa3BHBaeMasi HACOCOM B TIpoliecce padOTHL, sBIseTCs QyHKIUEH
ypoBHa CIII" B HAKONUTETHLHOW EMKOCTH.

Ha ocHOBaHMM ONKCaHHBIX 3aBUCUMOCTEN COCTABIEHBI CHCTEMBI ypaB-
HeHmi, onncrBatontye padory ITHCIIT ¢ mpuBogOM OT THAPOTYPOUHBI IS
JBYX BapHaHTOB 3KcIuTyaTanuy. C IMOMOIIBIO TOMYYEHHBIX CHCTEM ypaBHE-
HUM TIpeACTaBISIETCS BO3MOXHBIM PAacyeT OCHOBHBIX XapaKTEPHCTHK IBYX
PEKUMOB pabOTHI MOJICPHU3NPOBAHHOT'O HACOCHOT'O arperaTa B Mpolecce OT-
rpy3ku CIII' u3 HakonuTens.

IMocne Bepuoukanuu NpeanoyiaracTcsi yCiIoKHUTh MaTeMaTH4ecKoe
onucanue nporeccos nporekatomux B [IHCIII u nepeiitu k uccnenoBanuio
paboThI THAPONPHBOAA ¢ TIepeMeHHBIM pacxooM CIII" BeIcOKOro JaBieHusI.
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AHanu3s crpykrypsl noteps CIITI' B Tpy6onpoBogax
M0AAa4M B 3alIpaBOYHBIN TEpMHHAJI

A M. Annpees, A.1O. bapanos, E.B. Cokonosa

Hayuonanvuouil uccnedosamenvcruil ynusepcumem UTMO,
Poccus, 197101, Cankm-Ilemepoype, Kpongeprckuil np., 49

BennuuHa TEXHONOTMYECKHX MOTEPh DHEPTHH B IPOILECCE MPOM3BOJI-
CTBa, TpaHcropTupoBanus u xpanenus CIII, Bce OompIe mprobperaeT HO-
BO€, 9KOJIOTMYIECKOE 3HAUECHHE. 3aTPaThl 3HEPTHU Ha OXKIKECHUE IIPHPOTHOTO
ra3a SBJSIIOTCSI OOBEKTOM AKTHBHOW KPHUTHUKH TPEACTABUTENICH «3eleHOMH
SHepreTukny. OCHOBHOM NPHUUYMHOMN 3HAUUTENIBHBIX TIOTEPh TOTOBOI MPOTyK-
UM SIBJISETCS] Pa3HOCTh TeMIlepaTyp BHELIHEH Cpelbl M MOTOKa, HojaBae-
MOTO B TaHKEP-Ta30B03, YCYI'yOJIseT CUTyalHuIo TO, YTO JaHHbIE TPyOompo-
BOJIbI UMEIOT 3HAYHUTENBLHYIO MPOTSHKEHHOCTD (10 HECKOJIBKUX KAIIOMETPOB)
00YCIJIOBIIEHHYIO OCOOEHHOCTSIMH MECTOMNOJIOKEHHS 3aIIpaBOYHOTO TEPMH-
HaJla, KaK UTOT TaKas KOHCTPYKIHS MMeeT OOJBIIYIO IUIOMaab TeIIonepe-
Jlauu, TAKXKe CyIIEeCTBYIOT TAKHE HCTOYHHMKH MTOBOJA TEMIOTHI KaK TEILIOTa
OT pabOTBHl KPHMOTEHHBIX 3JEKTpoHacocoB. HeobxomuMo paszpabareiBaTh U
MOIYJIAPU3UPOBATH TEXHOIOTMYECKHE PEIICHUS], HAIIPABICHHBIC Ha CHUXKE-
HHUE TOTEPh MPOAYKIUH B MPOLECCE 3alPaBKH, a TaKXKe CBA3aHHOIO C IO-
BTOPHBIM O>KIDKEHHEM KOCBEHHOTO HKOJOTHYECKOro Bpena. MCKimoduTh
MIOJTHOCTBIO TOTEPH MHPOAYKTa HEBO3MOXKHO IIO3TOMY CIEIyeT BBIOpaTh
Hanbosiee dPPEKTUBHBIA U ¢ IKOHOMHUYECKON U C IHEPreTUYCCKON TOUKH
3peHHs CIOCO0 YTHIM3ALUK BBIITAPEHHOT0 MPOJIyKTa U30eras C)kUraHue Ha
cede. [lone3Ho 1eMOHCTPUPOBATh TOTOBHOCTH CHELMAINCTOB T'a30BOM OT-
paciu yuyuThIBaTh COBPEMEHHBIE COIMANbHbIE TEHIACHIUU. B cTaThe mpen-
CTaBJIEH YMCIICHHBIA aHali3 3Heprod(p(eKTHBHOCTH OJHOTO M3 TEXHOJIOTHU-
YECKHX ATANOB KPyMHOTOHHa)KHOTro mpousBoactsa CIII' — mepemenienus
JKUJKOTO Ta3a U3 HAKOMUTEIBHOW EMKOCTH B TaHKEP-Ta30BO3 MO KPHUOIEH-
HOMY TpyborpoBoay. [loo6HbIe TpyOOIIPOBOAKI ITO CBOMM pa3Mepam, Ipo-
TSOKEHHOCTH M PEXKHMMaM 3KCIUTyaTallMd MPUHIMIIAAIBHO OTJINYAIOTCS OT
TPaAWIOHHBIX XUIKOCTHBIX CHCTEM, YTO CIYXHT HCTOYHHUKOM IpoOIeM
IIPU UX NPOEKTHPOBAHUM M M3TOTOBIEHUHU. PaccMOTpeHa MaTemarudeckas
MOJIENb TEIIOBOTO OTPaXKJECHUs TPyOONPOBO/a, BEIMOIHEHA OLIEHKA ITOTEPh
CII" mox BIMAHUEM TEIUIOBOW MHEPIIMH MaTepHaiioB Tpyoomnposoza. [Tomy-
YEeHBI 3aBUCUMOCTH BPEMEHH BBIXOJa TPYOOIpPOBOa Ha pabouuii Temmepa-
TYPHBIH YPOBEHb OT TOJIIMHBI FA30HAIIOJHEHHOH U30JISILIUH, OLIEHUB TpaduK
MHTEHCUBHOCTD TEINIOBOTO ITOTOKA, C/IEIaH BBIBOJ UTO IpadyK 3aBUCUMOCTH
npuobperaet craOwiibHbI BUI ciiycTst 10 4acoB 1 pa3HbIX TOJILUH H30JI5-
LMY YTO TOBOPUT O TOM, YTO 3aIpPaBKy TaHKEpPa-Ta30BOrO CIEAyeT IpeaBa-
PATH 3aX0JIXKMBaHUEM TpyOOINpoBoJa nojayn He MeHee yeM 3a 10 gacos.
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HaHa oneHka pabOTOCIIOCOOHOCTH M3BECTHBIX BapHAHTOB YTHJIM3AIMH I1a-
pos CIII" [1-6].
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KomniekcHble pemieHUs1 NOBbIIEeHHUS 3P PEeKTUBHOCTH
Ppa6oThI MHXKEHEPHOI'0 060PYyA0BaHUSA 00 bEKTOB
KOMMep4YeCKOoro xoJjoja

C.1O. [Tnemanos
000 « VK «JIOH]]», Canxm-Ilemepboype, Bockpecenckas Hao., 4

C HemaBHUX IOp KPYITHBIE (eiepaabHbIe CETH BBEIN B MIPOIEIYPY BbI-
6opa IMocTaBiyKa XOIOIUILHOrO 000pymoBaHus mokaszarens TCO (Total
Cost of Ownership), TakiuM 06pazom, 3HEPronoTpedIeH e U X0I00NOTPED-
JICHHE CTAHOBSTCS KIIFOYEeBBIM (hakTopoM mpH Beibope [locTaBinnka o6opy-
noBanus. CoryacHO JaHHOW NpoLeaype, MPOU3BOAWTCS CPaBHEHHE HE
TOJIBKO IIEHBI, HO ¥ HEProNoTpeOIeH s 3a IePHo] SKCIUTyaTalllH. DTO M03-
BOJISIET aJICKBATHO CPAaBHHUTH KalMTAJIbHBIE M JKCIUTyaTallMOHHBIE 3aTpaThl
Komnannn mokymarens.

Bce Gonpmyto akTyanbHOCTH HPHOOPETAIOT TEXHUYECKHE pEIICHUS,
TTO3BOJISAIONINE CHU3UTH PACXOMBI HA IKCIDTyaTalldI0 XOJOAWIBHOTO 000py-
JIOBaHHsI Mara3uHa, NOCKOJIbKY Ha Hero npuxoautcs 6onee 50 % Bcex 3aTpar
MarasuHa.

B noknazne paccMOTpeH KOMILIEKCHBIH MTOX0]] K CHIIKEHHUIO SHEPTOIo-
TpebiieHnsT Ha 00bEeKTaxX KOMMEPYECKOro XOJI0/a, MPUBEIEHbI AaHHbBIC 110
CHIDKEHHUIO JKCIUTYyaTallMOHHBIX 3aTparT U CPoKu okymnaemoctd. Camoit a¢-
(beKTHBHOW TEXHOJIOTHEH Ha CEroAHSIIHIA MOMEHT, MOKHO CUMTATh yCTa-
HOBKY 3aKpBITHH Ha CTEJUIa)KHbIE BUTPUHBI (TOpKH). Mcnonb3oBaHue cTek-
JIOTIAaKeTa KaK 3aKPBITHS CTEJUIaXKHBIX BUTPHH TI03BOJISIET CHU3UTBH XOJIOM0-
norpednenue ot 50 10 70 %, a 3HAYNUT CYIIECTBEHHO CHU3UTh MOIIHOCTh XO-
JIOJMIIBHOTO arperara, KOHAEeHcaTopa M 00beM MOHTa)XHBIX MaTepHasioB.

JedunuT 37eKTpUUecKUX MOIIHOCTEH W OTCYTCTBHE JOCTYITHOTO HC-
TOYHHKA TeIlIa ABISETCS HAMOOJIee YacTO BCTPEUAIOUINMCS MPEITCTBHEM
JUTS TIPUHSTHS TTOJIOKUTEIFHOTO PemIeH st 00 OTKPBITHH Mara3uHa. Paccmat-
pUBaeTcs XOJOAWIbHAS MallMHA ¢ WHTETPHUPOBAHHBIM TEIUIOBBHIM HACOCOM
BO3JlyX/BO3/IyX, paboTarolasi Ha XoioauibHoM arente R404A, kak anbrep-
HATHBHBIN CIIOCO0 OTOIICHHUS, & TAK)KE MEPCIIEKTUBBI UCTOIb30BaHust R410.

HawnbGonee 3pPexTHBHON U IKOJIOTUIECKH YNCTOW albTEPHATHBOM IO-
BCEMECTHO MPUMECHAECMBIM XOJIOJUWJIIbHBIM ar¢HTaM SBJISICTCA AUOKCUJ YIJIC-
poma (CO2). Ha npumepe OCHAIICHUS PACIPEACTIUTEIBLHOIO IIEHTPa XO0JIO-
JUIIBHOM MOIIHOCTBIO 2,2 MBT, paccMaTpuBaeTcst XOJIOIMIbHAsL YCTaHOBKa
Ha npupogHoM XosoguiabHOM areHte (R744) c¢ dyHkumeil pexynepanun
TeIIa ¥ PsIOM 3HEprocOeperaromix Omnmuuii.

OOuM perieHneM paccMaTpUBAETCsS KOHIENIHS «YMHBIN MarazuH»
— rro0abHas aBTOMATH3AIM HH)KEHEPHBIX CHCTEM MarasuHa ¢ IeJbI0 Oll-
TUMH3AIHAA UX PaOOTHL



306 Il International Scientific Conference “Sustainable and Efficient Use of Energy,
Water and Natural Resources”, Saint-Petersburg, April 19-24, 2021

XOJIO)II/[JII)H&H MalIMHA ¢ HHTEIrPHUPOBAHHBIM TEILJIOBBIM HACOCOM
BO3IYX/B0O31YyX

Peanm3oBaHa omBITHAas MOZAENb, KOTOPas MO3BOJSET aBTOMATHUYECCKH
pacupenensaTh XOJOAWIBHYIO H TEILIOBYIO MOIHOCTh YCTAaHOBKH B 3aBHCH-
MOCTH OT TEKyIIeil MOTPEOHOCTH.

[Ipumenenne xonoaunsHOTO areHTa R410A 103BONAET NOTYYIHUTH HO-
TIOJTHUTENBHBIN TEIIOBOH IIOTEHIMAN U CHU3UTh SHEPronoTpediieHue, 3aTpa-
YHBaeMOe Ha OXJIAXKIECHUE XPAHUMOH POTYKIIUH.

CrekJionakerbl AJIS1 XOJIOAUWJIbHBIX BUTPUH HA OCHOBE CTEKJIOIIAKETA

YHuKanpHO€ U3zenue, mocrapisieMoe kommanuei «JI9H/» coBmecTHO
C XOJIOJMJIbHBIMU BUTPHHAMH, [T03BOJISIET CHU3UTh MOLITHOCTH XOJIOJUIIBHBIX
MamuH 10 70 %. IlpencraBieHsl pe3ysnbTaThl TECTUPOBAHUS, IPOBEICHHBIC
B MCIBITATENBHOI JJabopaTopuu, B cOOTBeTCTBUH ¢ ctannapToMm ISO 23953
— I'OCT 32560.2. PaccmotpeH 3¢ dexT npu pacyeTe COBOKYITHOH CTOMMO-
ctu BiaaeHus odopynosanueM (TCO).

XogoauibHasi YCTAHOBKA Ha INPHPOJHOM XOJOAMJILHOM areHre
(R744)

Pemenne Ha xonmoaminpHOM areHTe R744 nckirouaeT BIUSHAE Ha OKPY-

JKAFOIIIYIO CPely B YaCTH BEIOPOCOB pabouero BemiecTa B atMocdepy.
Dueprocoeperaroriye GyHKINH, TAKUE KaK:

—  XXuaxocTHOIl 3:KeKTOop

— OrTrauBaHue 3a CYET TEIJIa OT XOJIOAMILHON MaIINHbI

— OOorpeB rpyHTa 3a CYET TEIUIa OT XOJIOJUIbHON MallMHBI

— OO0orpeB MOMEIICHHH 33 CUST TEIUIA OT XOJOJUILHONU MaITHHBI
[To3BONSAIOT CHHU3HMTH TOTPEOJICHWE JJIEKTPUYECKOW OSHEpruu Ha

15-25 %.

CucremMa KOMILIEKCHOM aBTOMATH3aIUH HHKCHEPHBIX CUCTEM

Jnst yripaBieHusl OTOIUICHHEM, KOHAWIIMOHEPAMH, CUCTEMON BEHTHIIS-
LY, HAPY>KHBIM U BHYTPEHHUM OCBEIICHUEM IPUMEHSIETCSI TPOTpaMMHUpYe-
MBIH JIOTHYECKUHA KOHTPOJUIEP. AJITOPUTM KOHTPOJIIEPA MMO3BOJISIET aJallTH-
poBaTh pabOTy CHCTEM K M3MEHSIOIINMCS BHEIITHUM YCIIOBHSIM, a TAKXKE HC-
KIIFOUUTh deroBeueckuil ¢axkrop. Ha ocHOBaHMHM pacyeTHBIX IAaHHBIX CH-
CTeMa YIPaBJICHHS MO3BOJISET JOCTHYb CHIDKEHUS! SHEPronoTpeOneHus Ha
20-25 %. MakcuMmainbHOM 3KOHOMHH, B Cilydae Mara3uHa maioro ¢opmara
MOJKHO JOCTUYb, IIPU NPUMCHECHUU CUCTEMbI OXJIAKACHUA C MHTCTPUPOBAH-
HBIM TCIIJIOBBIM HACOCOM.
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Improving performance of cascade refrigeration
system using low GWP refrigerants
for some cities in Russia

Mahdi Deymi-Dashtebayaz*, A. Nikitin?

Center of Computational Energy, Department of Mechanical Engineering,
Hakim Sabzevari University, Sabzevar, Iran
2Faculty of Cryogenic Engineering, ITMO University,
Kronverksky Pr. 49, bldg. A, Saint Petersburg, 197101, Russia

Abstract

Due to the reduction of greenhouse gas and their effects on the ozone
layer, using pair refrigerants by low global warming potential (GWP) and
zero ozone depletion potential (ODP) in cascade refrigeration system (CRS)
has been investigated. In this paper, optimization of CRS to reach the best
value of the coefficient of performance (COP), exergy efficiency and total
cost rate for some cities of Russia such as Moscow, Saint Petersburg, Sochi,
Nizhny Novgorod, and Yekaterinburg is studied. Energy-Exergy economic
analysis to evaluate total cost rate is done for R41-R161 as pair refrigerant.
Temperature variations of condenser, evaporator and cascade heat exchanger
in CRS are optimized using Pareto method. Results show that decreasing
evaporator temperature increases COP and exergy efficiency and decreases
total cost rate. Finally, the best values of condenser and evaporator tempera-
ture are determined based on the highest efficiency and lowest total cost rate
[1-2].
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«Comfort» for Vaccines
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In 2019 the Public Health system in all Countries and Nations faced with
the most hard problem after the “Spanish flu” 100 years ago — COVID-19
pandemic. It was (and unfortunately remains) the serious challenge for all
aspects of the Public Health system, like:

 urgent development of medical treatment methods,

« construction or refurbishing of infection hospitals,

e “vaccine race”,

* booming demand for individual protection (masks, gloves),
* medical logistic and many others...

CAREL INDUSTRIES S.p.A — Italian company operating in HYAC/R
industry since 1973 — is fully involved in these processes worldwide.
CAREL is supplying steam humidifiers for hospitals, temperature and hu-
midity controls for air handling systems, cold rooms, refrigerators and freez-
ers for medical applications. CAREL also provides remote control and mon-
itoring systems for all sorts of Food, Industrial and Medical applications.

COVID-19 pandemic brought a lot of attention to the vaccination pro-
cess starting from vaccine’ development up to its delivery to a patient. In
general, it is not limited by COVID-19 case, but covers all aspects of vac-
cination as a medical treatment process. From HVAC/R point of view the
goal is to provide the temperature/humidity conditions required for vaccines
during production, storage, transportation and usage at each stage of the cool-
ing chain.

Starting from 70" of XX century “de-facto” standard storage conditions
for most of vaccines are:

* +2—+8 °C temperature range.
* No freezing allowed.
+ Dry (no condensate) and dark place.

There requirement are approved by The World Health Organization as a
common standard for the whole lifespan of the vaccines starting from the
manufacturing in the factory up to the moment of usage.

Why we are talking on Vaccine separately from other medical therapeu-
tic media? It is because vaccination has no feedback to a patient unlike to
medical therapy applying to a sick patient. Neither patient no doctor knows
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if the vaccination was successful with immunity or not. It is very essential
point, differentiating storage of vaccines from another medical stuff. Moreo-
ver, the storage of the vaccine in the proper temperature condition is a key
factor to the success.

CAREL in cooperation with ITMO University created energy saving
medical refrigerator equipped with the most advanced refrigeration circuit
called HEEZ. Energy saving of 2.5 times comparing to the same standard
refrigerator was registered [1]. Also the refrigerator is equipped with CAREL
BOSS monitoring system collecting operation data like internal temperature,
energy consumption etc. Then the refrigerator (together with a couple of
standard ones) has been installed in a big clinic in St-Petersburg for the pilot
project of the monitoring of temperature storage conditions during typical
operative process of the clinic.

The monitoring of the temperature inside medical refrigerator is the
most important because now the “last mile” of the cold chain is not monitored
al all, except of manual temperature observation in refrigerators twice a day.
Pilot project made by Russian office of CAREL in St-Petersburg in one big
medical center shown that a few cases with breaking of temperature storage
conditions. However, thanks to monitoring system installed in 4 medical re-
frigerators it was possible to prevent the usage of overheated media.

Temperature monitoring is the only way that guarantees storage contin-
uous both from technical and administrative point of views. All medical re-
frigerators in hospitals, clinics, ambulances, drugstores and other similar
places have to be connected to centralized monitoring system operated by
corresponding Governmental institution in order to provide good and safe
application of all sorts of vaccines.
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Functional nutrition development for active and
healthy longevity
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Citizens of the older generation are the bearers of knowledge and expe-
rience, make a significant contribution to the total intellectual potential, to the
socio-economic development of the Russian Federation, aspire to work, are
creators of a significant part of material goods, actively participate in the pro-
cesses of social development, preserve and multiply the wealth of the coun-
try's culture and pass it to younger generations, act as guardians of essential
spiritual and moral values and ensure connection and solidarity of generations

[1].

According to the Strategy for Action for the Elderly Citizens in the Rus-
sian Federation until 2025 it is necessary to focus on the creation of society
for all ages, including the formation of conditions for the use of knowledge,
experience, potential of senior citizens, care for such citizens and providing
them with necessary assistance.

The following tasks are defined in the framework of the Strategy:

— Elaboration of proposals for a list of functional dietary products for sen-
ior citizens;

— producing multicomponent functional dietary foods for senior citi-
zens [2];

— providing the needy citizens of the older generation with a balanced diet
of high quality, taking into account the rational norms of food consump-
tion;

— ensuring the availability of quality food products to senior citizens, con-
tributing to the preservation and promotion of health;

— providing an accessible information environment for the preparation of
personalized diets and the selection of food recipes using traditional
foods and enriched high-protein mixtures for home food preparation.
Given the above, the need to create and provide the older generation with

a high quality balanced diet, taking into account the rational norms of food

consumption, as well as taking into account the physiological characteristics

of the target group becomes apparent [2-4].

The aim of the paper is to present the results of the research project,
which deals with the developing and scientifically substantiating a line of
functional foods for the prevention of alimentary-dependent diseases (cardi-
ovascular disease, diabetes, obesity, osteoporosis, some malignant neo-
plasms, sarcopenia, etc.) the formation of a healthy lifestyle in the elderly
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citizens by providing an opportunity to optimize the structure of nutrition and
use functional foods, as well as, to meet the needs of the elderly in the con-
sumption of a daily norm of high-quality protein without increasing the pro-
portion of simple carbohydrates in the diet [5-6].
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In recent years, there has been a tendency towards an increase in the
number and capacity of farms engaged in breeding goats. Moreover, this is
due not only to the economic effect, but also to a new assessment of the nu-
tritional value of goat milk, which has unique metabolic and physiological
characteristics. In addition, goat milk has a powerful antioxidant system,
which determines its therapeutic and prophylactic properties [1-3].

Since milk is a perishable product in the dairy industry, heat treatment
is an obligatory technological operation in the production of all dairy and
milk-containing products — mainly pasteurization and sterilization. How-
ever, heat treatment of milk leads to changes in its components, and, accord-
ingly, the biological value and antioxidant activity.

Therefore, an adequate, accessible for mass use and express method for
testing milk and dairy products is necessary, informative in determining the
suitability of milk for obtaining fermented milk products for therapeutic and
prophylactic purposes. The most acceptable at present is the use of test bio-
systems for these purposes, which are distinguished by high sensitivity, low
cost of work, and, most importantly, providing an integral assessment of the
object under study.

In this regard, the purpose of this work is to study the change in the
quality of goat milk during pasteurization by the biotesting method.

The subject of the study was the quality of goat milk under various heat
treatment modes (65 °C for 30 minutes; 76 °C for 5 minutes; 90 °C for
20 seconds; 95 °C for 5 minutes) and its effect on the stress resistance of Par-
amecium caudatum ciliates. In the work, the ciliates were cultivated for
3 days on the Lozin-Lozinsky medium with the addition of goat milk samples
processed under various pasteurization modes. On the 3rd day, the stress re-
sistance of the test object was determined. The time of paramecium immaobi-
lization under the influence of a stressor — 1.5 % hydrogen peroxide — was
recorded as the main parameter of the study.

According to our research: 1. The high sensitivity of the selected test-
object to changes in the antioxidant properties of goat milk processed under
various pasteurization modes has been established; 2. It was shown that the
stress resistance of the ciliates Paramecium caudatum increased when native
goat milk was added to the nutritional mixture compared to the control;
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3. The identified modes of heat treatment were revealed that ensure the great-
est preservation of the antioxidant activity of goat's milk and, accordingly, a
higher stress resistance of the ciliates Paramecium caudatum: 76 °C for
5 minutes and 90 °C for 20 seconds.
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O pa3pa6oTKe THIIOBBIX PEECTPOB
UAeHTHPUIUPOBAHHBIX ONACHOCTEH (HAa MpuMepe
anmapaT4yvKa nacTepusaniy U OXJIKAeHUs MOJIOKA)

B.B. CeBactpsHOB, P.O. lllagpun, A.B. [llaxamosa, H.B. Cemtonnna

@I'BOY BO «Hbcesckuti 20cy0apCcmeeHHblll mexXHU4ecKull yHusepcumem
umenu M.T. Kanawnuxoea», e. Hocesck

Cornacao cratee 209 [1] ympapieHue mpoQeCcCHOHATBHBIMU PHCKAMHU
9TO — KOMIUIEKC B3aHMOCBSI3aHHBIX MEPOIIPHUSITHH, SIBIISTFOLIMXCS 3JIEMEHTaMH
CHCTEMBI YIIPaBJICHUS] OXPaHO! TpyJia U BKIFOYAIOIINX B CE0sl MEPHI 10 BBISIB-
JICHUIO, OIIEHKE ¥ CHI)KEHHUIO YPOBHEH PO(heCCHOHATBHBIX PUCKOB.

VYupasnenue npodeccuoHaTbHBIMUA PUCKaMH PAacCMaTpUBAETCSl KaK He-
TIPEPBIBHBIN TIPOIIECC TTOCIEA0BATENFHO OCYIIECTBIISIEMBIX CTaqui. B mepByto
o4epenb, 3T HACHTHGHUKAIMS (PaKTOpOB PHCKA, OIIEHKA ITAPaMETPOB YCIOBHH
TpyZa, GOpMUpPOBaHHUE 3a/1ad ¥ COOCTBEHHO YIIPABICHUE PUCKAMH.

[lepBBIM 3TamoM B ynpaBiieHHH NMPOGeCcCHOHATBHBIMU PHCKAMH SBIIS-
eTcst uaeHTuuKaIys onacHoctel. [Iponenypa nneHTHOUKAIIII OTaCHOCTEH
conepxwurcs B [2]. MnenTndukarus onacHOCTEH — 3TO IpoLeaypa o0OHapy-
JKeHMS (BBISBJICHHUS U PAaCIO3HABaHUs) U OMMCaHUs onacHocTel. Llens naen-
TU(QUKAIMM — BBISIBUTH BCE OMACHOCTH, UCXOJSIIIME OT TEXHOJIOTHYECKOTO
npolecca, ONacHbIX BEIIECTB, BBIOJIHIEMbIX Pa0bOT, 000pYyAOBaHUS M HH-
CTPYMEHTA, y4aCTBYIOIIETO B TEXHOJIOTHYECKOM IIPOLIECCE.

Jns annmapatyuka nactepu3alyy 1 OXJIaXICHNS] MOJIOKa TUTIOBBIE Oac-
HOCTH MOKHO HAEHTH(UIIMPOBATh, ONtpasich Ha MyHKT 35 [3] u coneprkaHue
YeK JIMCTOB, OTHOCSIIIIUXCS K npodeccusim MOJIOYHOT'O
Mpou3BoJCTBA [4].

WnentnunypoBaHHbIe OTACHOCTH MOKHO pa3/IeuTh Ha TPYIIIIbL:

— MEXaHHYECKHE OMACHOCTH;

—  3JEKTPUIECKHE OMACHOCTH;

— TEpPMHYECKHE OMAacCHOCTH;

—  ONACHOCTH, CBS3aHHBIC C BO3ACHCTBUEM MUKPOKIMMATA;

— ONACHOCTH, CBA3aHHbIE C BO3AECHCTBUEM MHUKPOKIINMATA;

— ONACHOCTH, CBSI3aHHBIE C BO3/IEIICTBUEM a3p030JIeH MPENMYIIIECTBCHHO

(uUOPOTreHHOTO NeHCTBU;

—  OIAaCHOCTH, CBSI3aHHBIC C BO3JICHCTBUEM OHOJIOTHMYECKOTO (haKTopa;
— OIACHOCTH, CBSI3aHHBIE C BO3/EHCTBHUEM TSDKECTH M HAIPSHKEHHOCTH

TPYJOBOIO IIpoLecca;

— OHIACHOCTH, CBA3aHHBIE C BO3AECHCTBUEM IIIyMa;
— ONACHOCTH, CBA3aHHbIE C BO3ACHCTBHEM BHOPAINH;
— OIIaCHOCTH, CBSI3aHHBIE C BO3JICHCTBUEM CBETOBOM CpPEIbL;



316 Il International Scientific Conference “Sustainable and Efficient Use of Energy,
Water and Natural Resources”, Saint-Petersburg, April 19-24, 2021

— ONACHOCTH, CBS3aHHBIE C  BO3ACHCTBHEM  HEHMOHU3HMPYIOLIHMX

W3IIy4EHUH;

— ONAcCHOCTH, CBSI3aHHBIE C BO3ICHCTBUEM HACEKOMBIX;

—  ONAaCHOCTH yTOHYTH;

—  ONACHOCTH, CBS3aHHBIE C OPraHM3allMOHHBIMU HEJOCTaTKaMHU;

— ONAacHOCTH HOXKapa;

— ONAacHOCTH TPaHCIOPTA;

— ONAacHOCTH B3pHIBa;

— OIACHOCTH, CBSA3aHHBIC C IPUMEHEHHEM CPEICTB MHIMBUIYAIBHON 3a-

IUTEL

ITo xaxaoii rpymIie onacHocTel He0OXOMMO YKa3aTh KOHKPETHBIE Orac-
HOCTH, MEXaHM3M HUX peaIn3alyd, OIUcaTb MEPOIPHATUS IO
YCTPaHEHHUIO.

Pa3paboTka 1 yTBep>KZAEHUE TUIIOBBIX PEECTPOB HICHTUPHUIIMPOBAHHBIX
OIIACHOCTEH JUIs paOOTHHKOB pabounx Npodeccuii IO3BOIIAT COKPATHTh Bpe-
MEHHBIE 3aTpaTbl Ha MX Pa3palbOTKy KaKAbIM CIEIUATUCTOM B 00JAacCTH
OXpaHbl Tpyda Ha npeanpusTud. CrenuanicTsl B 00J1acTH OXpaHbl TpyJa
CIIOCOOHBI CAMOCTOSITEIIFHO PEJaKTUPOBATh COJICPIKaHNE PeecTpa B COOTBET-
CTBHH C XapaKTEPUCTUKON paboyero MecTa 1 yCIOBUSIMH TpyJa OINpeesIeH-
HOTO pabOTHUKA.

Hccnedosanue evinoaneno npu unancogoi noodepoicke Hocl TY
umenu M.T. Kanawnuxosa 6 pamxax nayunoeo npoexkma Ne LLIPO/20-86-11.
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(pex. ot 09.11.2020).

2. TOCT 12.0.230.4-2018. Cucrema CcTaHZapTOB OE30MaCHOCTH TPYAA.
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Nutrition of the population is the most important social issue in modern
society. The development of a new generation of personalized nutrition is an
innovative direction in the food industry and Foodnet market, these is ex-
tremely practical importance and social effectiveness. Actually, the right nu-
trition that can help in the prevention of nutritional-dependent diseases. Cur-
rently, there is a need for society to develop personalized nutrition for those
groups of consumers whose health status needs to be corrected in daily nutri-
tion [1].

Taking into account the increasing number of diseases, stress factors,
malnutrition of the population, one of the most important problems is the se-
lection of proper nutrition, considering the characteristics of a particular per-
son. In accordance with the recommendations of nutritionists, the develop-
ment of new products should be aimed at reducing the calorie content of food,
reducing the content of sugar, salt, cholesterol in products, enriching products
with animal and vegetable proteins, vitamins, dietary fiber, micro- and mac-
roelements. To solve this problem, one of the solutions can be a mobile ap-
plication.

In our world of rapidly developing technologies, gadgets, devices and,
of course, mobile applications for health and nutrition are taking an increas-
ing place. According to statistics, more than 59 % of the adult population use
smartphones. The World Health Organization estimates that more than 20 %
of people using phones are constantly using apps for health and healthy food

[2].

The Russian Federation has adopted a policy in the field of healthy nu-
trition of the population [3]. The goals of the state policy in the field of
healthy nutrition are the preservation and strengthening of the health of the
population, the prevention of diseases caused by inadequate and unbalanced
nutrition. One of the methods of helping the population to switch to a bal-
anced diet is a well-thought-out mobile application.

There is an increasing interest and demand for digital nutrition pro-
grams, and the more personalized the program can offer, the better. There is
a tendency among the population to resume proper nutrition and a healthy
lifestyle, in which well-thought-out mobile applications can play an im-
portant role. At the moment, there are a large number of modern information
technologies, applications and gadgets that track health status and give rec-
ommendations. One of such popular information technologies is mobile ap-
plications.
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Global trends show us that there are more and more companies and ser-
vices specializing in personalized nutrition. Some of them are based on blood
tests, others on DNA tests, and still others on the analysis of the human in-
testinal microbiome. Most of them refer to fictitious developments not avail-
able to Russian citizens, as well as preliminary studies that are very expensive

[4].

Most mobile nutrition apps offer menus and diets based on height,
weight, age and do not take into account many other factors, such as individ-
ual daily loads, region of residence, rhythm of life, and the presence of nutri-
tional diseases of the body.

This project is a part of Functional nutrition for active and healthy lon-
gevity project. The mobile application is developed for maintaining healthy
nutrition, which will take into account lifestyle, physical activity, climate,
region of living and many other factors in order to form and offer balanced
and functional nutrition for a specific person to maintain health and activity
throughout his life. This application will be based on the analysis of big data,
a neural network. This mobile application will allow promoting personalized
nutrition among the population.
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In the dairy industry, when cheese, cottage cheese or casein is produced,
whey is produced, the yield of which is approximately 90 % of all milk used
for the production of these products. In the Russian Federation, only 30 % of
whey is processed industrially, versus 80 % of whey obtained in Western Eu-
rope [1, 2]. For a long time, the discharge of whey with industrial waters was
considered one of the relatively safe options for its disposal and was widely
used in dairy enterprises. But research has shown that this way of solving the
problem has a negative impact on the environment. To reduce the environ-
mental impact of dairy production, it is necessary to analyze the possibility
of its processing and the demand for the obtained raw materials on the food
market. This approach to the issue of waste disposal is within the framework
of the circular economy approach [3].

The circular economy is a model of production and consumption prod-
ucts as long as possible. In this way, the life cycle of products is extended.
Unlike the traditional linear economic model based on a «take-make-con-
sume-throw away» pattern, a circular economy is based on the notion that all
waste can be considered as valuable resources in an almost closed loop, where
products and the materials they contain are highly valued [4]. In practice, it
implies reducing waste to a minimum. The main objective of this study is to
analyze the reduction of the environmental impact of the dairy industry in
order to use the by-product for the development of functional nutrition.

To achieve the goal of the study, the following tasks were set:

1. Analyze the specialized food market.

2. Investigate the functional and technological properties of raw materi-
als — secondary milk processing products.

3. Conduct a life cycle environmental assessment of food [5, 6].

It is known that the growing up of an organism is characterized by a
gradual decrease in the intensity of metabolic processes that underlie the vital
activity of the organism. Often, most diseases of the elderly are associated
with protein-energy malnutrition. Nutrition is the main factor in maintaining
normal physiological condition and performance. Whey contains a large
amount of whey proteins. Their biological value exceeds the value of all food
proteins known in nature. Thus, whey is an excellent base for creating func-
tional food products [7].
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Today, there are a number of brands that produce protein-fortified foods.
These nutritional supplements are made from whey powder. Currently, pro-
teins are supplied to the Russian market from Lithuania, Australia and New
Zealand. The transport of this ingredient makes a significant contribution to
the environmental impact. The assessment of the life cycle as part of the cre-
ation of an environmental product declaration shows the need for the devel-
opment of import substitution in this area and the development of technology
for producing protein at domestic enterprises.
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KuHeTHKa peakuuii ruipoJinsa ¥ OKUCJIEHUA
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AJIUTEJIbHOM XpaHEHUU
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AHHOTAIIUSA

OJMBKOBOE Maciio OTJIMYAETCS BBICOKOH OMONOTHUYECKOI EHHOCTHIO.
OCHOBHOW MPUYMHOHN yXYAILICHUS KayecTBa Maclia, CHIDKCHUS IMHUIIEBOA U
OMOIOTHYIECKON IEHHOCTH B MPOLIECCE XPAHEHHS SIBIISIETCS THAPOIN3 TpHa-
murnepunoB (TAD). AKTyanbHBIM SBISIETCS IPUMEHEHHE aHTHOKCHIAH-
TOB Pa3IMYHOMN CTPYKTYPHI B COUETAHUHU C TEMIIEPaTypoil XpaHEHHs, T03BO-
JIAIONMIAM 3aMeJUIUTh Tiporiecchl Tuapoin3a TAI. O0beKTOM Hccien0BaHus
BBIOpaHO OJIMBKOBOE MAcjO MEPBOIO XOJIOJHOTO OT)KUMA, MOJYYEHHOE M3
OJIMBOK, BBIPALIIEHHBIX B NOYBEHHO-KIIMMaTHYeCKUX ycnoBusix Cupun. B ka-
YecTBe NMPHUPOAHOI0 aHTUOKCHIAHTA MCIIOJIBb30BAIM OeTa-KapOTHH, (GUPMBI
«Oxopecype» 1. Cankr-IlerepOypr. Kunetnky peaknmu ruaponmza TAT
OLICHUBAJIM TI0 W3MEHEHHIO CO/EPXKaHWS HACBHINIEHHBIX M HEHACHIIICHHBIX
KHUPHBIX KHUCJIOT, ¥ THTPYEMOH KHCIOTHOCTH B IpOLleCCe XPAaHEHUs! KOH-
TPOJNBHBIX 00pa3noB Macia (0e3 mo0aBIeHNs] aHTHOKCHIAHTA) U C J00aBIe-
HHEM OeTa-KapoTHHA. BeIsBICHO, 4TO B TMpoliecce XpaHEHHs OIBITHBIX 00-
Pas3IoB Maciia 3HAYUTEIBHO 3aMEIISIIOTCS] THAPOIUTHIECKIE M OKHCITHTEIb-
Hble niporiecchl TAT npu go0aBiieHHM aHTHOKCHIaHTa OeTa-KapoTHHa. Y cTa-
HOBJICHBI CPOKU TOJHOCTH Macja IpU pa3HBIX TeMIlepaTypax M ¢ IpUMeHe-
HHEM aHTHOKCHJAHTOB.

KiarwueBble cjioBa: 0JIMBKOBOE MacJj0, ruaApOJInN3 TPUALWITIIULICPUIOB,
AHTUOKCUJAHTBI, XOJIOAUJIBHOC XPAaHCHUC, 6eTa'KapOTI/IH.

OIUBKOBOE MAaCja0 OTJIMYAETCS BLICOKOM OHOJOTMUECKOM IEHHOCTBIO,
COJICPXKHUT MOHO- U TOJIMHCHACKHIICHHBIC XKUPHBIC KUCIOTHI, ()eHOIBHEIEC CO-
€IMHEHMUS, TOKO(DEPOIIBI U PUTOCTECPUHBIL.

OCHOBHOW NMPHYUHOHN YXY/IIICHHs KAa4ecTBa Macja, CHIKCHUS ITHIIe-
BO ¥ GHOJIOTHYECKOM [IEHHOCTH B MPOLIECCE XPAHEHHUS SBJISIETCS TUIPOIIU3
tpuammruiepunoB (TAD) ¢ oOpasoBaHueM CBOOOJHBIX KHPHBIX KHUCIOT
(CXK), MOHO- ¥ TTIUIHPHUIOB ¥ TIIHIEPUHA, YTO MPUBOAUT K YBEINICHUIO
KHCJIOTHOCTH U 00pa30BaHMIO NPOJYKTOB OKHCIIEHHS KHUPHBIX KHCIOT, 0CO-
OEHHO HEHACKIIIEHHBIX.

B perennu mpo6aeMbl MAKCHMATIBHO BO3MOXKHOT'O COXPAHEHHS KaueCTBa,
MUIIEBON ¥ OHOJIOTMYECKO# [ICHHOCTH OJIMBKOBOTO MAacia B IMPOIIECCE XPAaHSHHS
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aKTyaJIbHBIM M TIEPCIICKTHUBHBIM HAIPaBJICHUEM HCCIIEIOBAHUIN SBIISIETCS MPH-
MEHEHHE aHTHOKCHAAHTOB PA3IMIHON CTPYKTYPBI B COUETaHNUH C TEMIIEPATYPOH
XpaHEHUsl, TTO3BOJISIOIINM 3aMeUTUTh mporiecchl Tuaponusa TAI™ u okucnenus
JKAPHBIX KHCJIOT IPU IIPOJIOHTMPOBAHHBIX CPOKAX I'OJHOCTH.

B HayuHOI1 nuTepaType BbICKa3bIBAIOTCS MPOTUBOPEYNBBIE MHEHUS 110
MTOBOJTy IPUMEHEHHS TPUPOAHBIX M CHHTETHIECKUX aHTHOKCUAAHTOB JJISI 3a-
MEJIJIEHUs] CKOPOCTH OKHCIJICHHS )KUPHBIX KHCIIOT B 3aBHCUMOCTH OT COpTa
Maciia, TEXHOJOTHH €ro MOJyYeHHUs U TeMIepaTypsl xpaneHus [ 1-3].

Lens wccienoBaHus — W3Y4YUTh BIMSHHAE TEMIEPAaTyphl XPaHEHUS
OJIMBKOBOT'O Maciia M JJ03bI OeTa-KapoTHHA Ha KHHETHKY PEaKIMi THAPOIN3a
TAT u oKHCTIEHUS KUPHBIX KUCIOT; 000CHOBATh CPOKH €TI0 TOJJHOCTH.

OOBexTOM HCCIeJOBaHUS BEIOPAHO OJMBKOBOE MACIO TIEPBOTO XOJIOJ-
HOTO OT’KHMA, TTOJy9E€HHOE U3 OJIMBOK, BBIPAIIEHHBIX B TOYBEHHO-KJINMATH-
YyecKux ycnoBusxX CHpHH IO OOLIETIPUHATON TEXHOJIOTHU. Y poykail ONHUBOK
cobOpan B aBrycre 2019 r. B kauecTBe MpupoHOTO aHTHOKCHAHTA HCIIOJb-
30BasM Oera- KapoTuH, GUpMbI «DKopecype» I. Cankt- [leTepOypr.

Kunetuky peakuuu runponusa TAI orieHHBany no M3MEHEHUIO COfep-
YKaHUsI HACHIICHHBIX ¥ HEHACHIIEHHBIX )KUPHBIX KUCIIOT, U THTPYEMOM KHUC-
JIOTHOCTH B IIPOIIECCE XpaHEeHHs] KOHTPOJILHBIX 00pa3noB Macia (0e3 po0as-
JICHNS! aHTHOKCHUJIAHTa) U ¢ J00aBIeHreM OeTa-KapoTHHa B KOHIICHTPaIUIX
ot 200 1o 600 mr/n. OTn 06pa3usl xpanwy mpu temrneparype 18 °C. Kpome
TOr0, 00pa3IBl OJIMBKOBOTO Macia Oe3 JoOaBiIeHus OeTa-KapoTHHA XPaHHWIN
mpu 4 °C.

ITpn noctynnenun Ha XpaHEHNE U B TEYEHHUE HTOTO MPOIEcca B UCCIe-
JyeMbIX 00pa3nax NepHOANIECKH ONPEAEIISUTH KHCIOTHOE YHCIO TUTPOMET-
PHUYECKUM METOAOM, IEPEKUCHOC YUCJI0, COACPIKAHNE HACBIIIICHHBIX 1 HCHA-
CBIIIICHHBIX JKUPHBIX KHCJIOT METOIOM I'a30BOM XpoMaTorpadhuu Ha Xpoma-
torpade LC-20 Shimadzu u opranomentuyeckie moka3aTenu KadecTBa mo
nstubamioBoii mkaie [4]. Tlo pe3ynbTataM NMPOBEACHHOTO HCCICIOBAHUS
paccuuTaHbl KOHCTAHThI CKOPOCTH peaKiuii (IICeBONEPBOTo MOPsIKa) THA-
ponusa TAI" u oxucnenus CXKK.

Ha ocHOBaHMM POBEAEHHBIX HCCIIEIOBAHMH TIOKA3aHO, YTO OJIMBKOBOE
MacJyIo IIEPBOr0 XOJIOJHOTO OT)KUMA, OIyYSHHOE U3 OJIMBOK, BBIPAIIEHHBIX
B [IOUBEHHO- KJIUMaTU4YeCcKuX ycnoBusix Cupun, cogepxut 97.6 % TAT, oT-
JIUYaeTcsl BBICOKUM COJEP)KaHWEM HEHACBHIIICHHBIX KHPHBIX KHCIOT, OCO-
6enHo onenHOBOH (68.6 %), muHONEHOBOM (12.7 %), M3 HACBHIIICHHBIX TIpe-
oGnamaer nansmuTrHOBas (13.7 %) u creapunoBas (9.6 %).

YcTaHOBIIEHO, YTO CKOPOCTh peakiui ruaponu3a TAIT u oxucieHus
HACBIIEHHBIX ¥ HEHACBIIIEHHBIX XHUPHBIX KUCIOT OJMBKOBOI'O Macia 3aBH-
CUT OT J03bl AaHTHOKCHUJAHTa W TEMIICPATypbl XpPaHCHUA. CocTaBlieHbI
MaTeMaTHYeCKUe MOJIENH, XapaKTepU3YIOIIHe 3aBUCUMOCTH H3MEHEHUS KHC-
JIOTHOTO YHCTIa OT MPOJOKUTENFHOCTU XpaHeHusI pH Temmeparype +18 °C
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KOHTPOJBHBIX 00pa3IoB OJMBKOBOTO Macja, a Takke oOpas3IoB, comepixa-
[IMX aHTHOKCHIAHT OeTa-KapOTHH B Pa3NIMYHBIX KOHIEHTpanusx. Omnpene-
JIEHBI KOHCTAHTBI CKOPOCTH PEAKIUI MICEBAOIIEPBOTO MOPAIKA THIPOIN3a U
oxucnerns CXK.

BrrsgBiieHo, 9To B mporiecce XpaHEeHUs! ONBITHBIX 00pa3IoB Macia 3Ha-
YUTENIFHO 3aMEUISIOTCS THAPOJIMTHYECKHE M OKUCIHTENbHBIE IMPOIECChI
TATI npu no6aBneHun aHTHOKCHIaHTa OeTa-kapoTuHa. [lokazaHo, yTo MU-
HUMAITbHBIC U3MCHEHUS COep KaHus PoIyKToB ruaponu3a TAI u okucie-
mus CXKK B mporecce XpaHEHHUS OJMBKOBOTO Macjia IPH TeMIepaType
+18 °C xapakTepHsl 11 00pa3ios, cogepxkamux 400 mMr/i 6eta-kapoTuHa U
U 00pa3lioB Maciia, XpaHsAmuxcs npu remmepatype +4 °C 6e3 modaBiueHus
AHTHOKCHUIAHTA.

Y CTaHOBIIEHO, YTO B MPOIECCE XPAHCHHS OMMBKOBOI'O Maciia KOJIHYe-
CTBO HACHIIICHHBIX W HEHACHIIICHHBIX KUPHBIX KHCJIOT, 0COOEHHO OJIEWHO-
BOI, yMEHBIIAETCS, YTO OOBACHACTCS OKMCICHHEM CBOOOIHBIX YKUPHBIX KHC-
70T Macia. MUHHMAaIbHAs CKOPOCTh OKHCIEHUS CBOOOJHBIX JKUPHBIX KHC-
JIOT, B TOM YHCJIC OJEWHOBOW W JIMHOJICHOBOM OTMEYEHa MpH J00aBICHUH
400 mr /n Gera-KapoTHHA, a TAKXKE IPH TEMIepaType XpaHeHHsT KOHTPOJIb-
HBIX 00pas31oB macia +4 °C.

[To KOMILICKCY OPTaHOJICNTHYCCKUX U (PU3UKO-XUMHUYECKUX TOKa3aTe-
JIed KadyecTBa OJIMBKOBOTO Macja PEKOMEHJYIOTCS CIEAYIONINE CPOKU ToJl-
HOCTH TIpu TemIieparype xpanenus +18 °C: macio 6e3 mo0aBiIeHUs aHTHOK-
cumanta — 5 mec., ¢ no6asnennem 400 mr/n Gera-xapornHa — 7 Mec. B
TpoIecce XpaHeHUs OJIMBKOBOTO Macia pu temreparype +4 °C 6e3 1o6as-
JIEHUS aHTHOKCHAaHTa — 12 MecsIeB.
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The effectiveness of using ultradisperse humic
sapropel suspension in the food industry: a review
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Sapropel is organic-rich sediments deposited under highly anoxic con-
ditions where deep water ventilation is absent. These dark, fine-grained, and
unconsolidated sediments are from freshwater, including the lakes and
oceans. It finds wide use in agricultural production as fertilizer and remedia-
tion of soils. Besides, it plays a role in animal feed production, medicine,
balneology, etc. [1, 2]. Recently, research has revealed that sapropel can be
used as raw material for obtaining sapropel extract. The latter is used to pre-
pare pharmaceuticals and promote new exportable products and
services [3].

The ultrasound treatment can be used to disintegrate sapropel, followed
by chemical extraction to derive humic substances. Using the technology de-
veloped at the Institute of Lake Science of the Russian Academy of Sciences
(RAS) in Saint Petersburg, the ultradisperse humic sapropel suspension
(UDHSS) is extracted using alkaline extraction from sapropel under ultra-
sonic cavitation. This sapropel suspension is composed of sugars, lipids, hu-
mic  substances, trace metals, and nanoparticles of size
86-89 nm [4]. This suspension's composition and properties have attracted
much attention from researchers, and they have started researching this sus-
pension and applying it in the food industry.

This review discusses the effectiveness of using ultradisperse humic sap-
ropel suspension in the food industry. The article covers the application of
UDHSS in cereal grains and feedstuff, ethanol production, mycotoxins
fighting.

Sapropel suspension is used to fight microorganisms present in cereal
grains and animal feed. According to previous studies, UDHSS has shown
antimicrobial properties. Experiments conducted using this suspension on
barley grains and distillers' grain proved a decrease in fungi and bacteria con-
centration. In these experiments, barley grains were treated using UDHSS
with different dry matter concentrations and humic substance
content [4, 5].

Ultradisperse humic Sapropel suspension can be applied in ethanol pro-
duction. For evaluating the prospects of using UDHSS in ethanol preparation,
pilot batches of ethanol were produced by fermenting wort obtained from
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barley treated with UDHSS. The latter influenced the fermentation process
parameters: the ethanol concentration, the soluble unfermented sugars, the
total soluble sugars, and the undissolved starch in the mash. In the research
carried out, the results indicated that a distillate as a byproduct of ethanol
obtained from UDHSS treated barley contains less methanol, one of the most
toxic congeners, and less 2-propanol. the future application of sapropel extract
as an alternative to antibiotics was suggested [5, 6].

The study on humic substances carried out by [7] has shown that the soil
humic substances affect soil enzymes' activity and stability (lysozyme and
urease). The main components of UDHSS are humic substances (HSs), com-
pounds that arise from the decomposition and transformation of plant, animal,
and microbial residues. However, the research on the activity of humic sub-
stances (HSs) presented in UDHSS enzymes' activity is lacking. The research
on the application of UDHSS on enzymes applied in the production of fer-
mented alcoholic drinks is crucial.

Due to the high concentration of humic substances and the antimicrobial
properties of UDHSS, the suspension can be used as a mycotoxins' adsorbent
agent. A promising extract to fight against mycotoxins is an ultradisperse hu-
mic-sapropel suspension containing humic substances. The targeted myco-
toxins may be Aflatoxins, Ochratoxin A (OTA), Fumonisin, Zearalenone
(ZEA), and Deoxynivalenol (DON). These are the most common ones that
pose a threat to human and animal health. Researchers will establish the ad-
sorbing role of ultradisperse humic-sapropel suspensions. The researchers
should also identify its ability to detoxify various mycotoxins without useful
binding mineral and vitamin complexes [8].
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Buosornyeckuit Metos ¢opMHUpoOBaHUS ra30BbIX CPej,
NPH X0JI0ANUJIbHOM XpPaHEHUH /IO 0B C IPUMEeHEeHHeM
TPEKOBBIX MEMOpaH
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E.N. Kunpymkuna, U.A. Hlecronanosa
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Annoranust. [1o U3MEHEHNIO WHTEHCUBHOCTH JIBIXaHHSI, COAEPIKAHUS
ACKOPOMHOBOM KUCIIOTHI, MOHO- U JINCAaXapUI0B, CyMMe CBOOOIHBIX OPTaHH-
YEeCKHX KHCIIOT, a TAKXKE OPraHOJIENTHIECKUM IIOKA3aTeNsIM KadecTBa M MHUK-
pOOHOIOTHYECKNM TTOKa3aTeNsIM O€30ITacCHOCTH IUIOIOB B MPOIIECCE XpaHe-
HUSI BBISIBIICHBI TPEUMYILECTBA XOJIOJMILHOTO XPaHEHNUS SI0JI0K B KOHTPOJIH-
pyemoii aTmocdepe (ra3oBBIi COCTaB: KOHIIGHTpAIUs KHCIOpoAa —
(5,240,1 %), muokcuma yriepona — (3,6+0,1 %)), coznaBaeMoii C TOMOIIBIO
ra3oCceIEKTUBHON KOMITO3UIIMOHHOH MeMOpaHbI IIOIIAbIO
(18-22) cm?/kr, cocTosIIel U3 MOJI0KKK HA OCHOBE TPEKOBOM MEMOpAHbI U3
nonudITUIeHTepeTaNaTa u CeNIEKTUBHOTO CIIOSI HA OCHOBE KPEMHHIH OpraHu-
4yeckoro OJIOK-comojuMepa KoHIeHTpaimeit 2,2 % ¢ auameTpoMm Top
d =0,2 MKM.

B penienun npoOnemMbl AIUTETBHOTO XpaHEHHs IUIO0B ¢ MHUHUMAJb-
HBIMH NIOTEPSIMU BXHOE 3HAUCHUE UMEET IPUMEHEHNE NCKYCCTBEHHOT'O XO-
JI0JIa ¥ TOTIOJTHUTEIIBHBIX K XOJIOY CPE/ICTB, B YACTHOCTH: MOIU(HUINPOBAH-
HOM T'a30BOH Cpe/Ibl C TIOHWKEHHBIM COJIepKaHHeM KHCIIOPO/ia U TTOBBIIICH-
HBIM JHOKCHIa yriepoaa [3].

Juis cozmanus MOOUQUIMPOBAHHOM ra30BOM Cpelbl IpeaiaracTcs Ouo-
JOTUIECKUH METO/I, OCHOBAaHHBIH HA MCIIOIb30BAaHUH Tra30CEIEKTUBHBIX TpE-
KOBBIX MeM6paH C Y4E€TOM MHTCHCUBHOCTHU JABIXaHUA IJIOJOB 1 OBOH_ICf/'I.

B HacTosiiiee BpeMsl B JIMTEpAType AJIS XPaHEHUs CBEXKEH IJI0J0BOM
MPOAYKIIUHU IpE€AJIararoT UCIOJIb30BaTh PA3JINYHBIC MeM6paHI)I, HU3rOTOBJICH-
HbIC Ha OCHOBC MOJIMMEPHBIX WJIM TKAHCBBIX MAaTCPUAJIOB. OHH OTINYAIOTCS
K03 dULKEHTaMH Bapualuy, aJAre3MOHHBIMH CBOWCTBaMH, MPOHHUIAEMO-
CTBbIO, OKCIITYaTalMOHHBIMU XaPAKTECPUCTUKAMU, CCJICKTUBHOCTBIO U MTPOY-
HOCThIO [1, 5].

Lexnb paboTsl — Hccne1oBaTh 1 000CHOBATH (POPMHUPOBAHHUE Ta30BOTO CO-
CTaBa B 3aBHCHMOCTH OT MHTEHCHBHOCTH JBIXaHUS IUIOZOB U CEJICKTHBHOCTH
TPEKOBBIX MEMOpaH NPH XOJIOAWILHOM XPAaHEHHH SIOJIOK OCEHHUX COPTOB.

OOBekTaMu HCCIIeIOBaHUS BBIOpAHBI SOJIOKM OCEHHHUX COpPTOB: [py-
moBka KOanuesa, Kopnonoska u [lenmn HlagpanHbrii.
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CopTa 5070K BBIpaIIEHb! B KOJJIEKIMOHHOM cany [1aBIOBCKOM OMBIT-
HOM craHuuu Bcepoccuiickoro Hay4yHO-HCClEqoBaTenbcKkoro MHcruryTa
PacrenneBoacta um. H.W. Basmosa (BHUP)

B ma6opatopmax BHUVCK um C.B. JlebeneBa n Dusmko-TexHHUE-
ckoro nHCTUTYTa MM A.® Noddpe PAH m3roroBneHs! TpekoBbIe MEMOpPaHBI
U3 nonudTUIeHTepedTanara, o0nagaonye BBICOKOH aare3nei K razocenek-
TUBHOMY nosiuMmepy. [lonyuenre HaHOpa3MepHBIX OP B [TOJUMEPHBIX MaTe-
pHaIax oCyIEeCTBISIIOCH C TOMOIBIO HOHHBIX ITYYKOB.

JAnst co3iaHust KOHTPOJIMPYEMOH ra30BOH Cpelibl HCIOIb30BaIM KOMITO-
3UIHOHHBIE Ta30CeNeKTUBHBIE MEMOPAHBI, COCTOSIINE U3 MOAJIOKKH Ha OC-
HOBE TPEKOBBIX MEMOpaH U3 IMOMMITIIICHTepe(TanaTa U CeJIEKTHBHOTO CIIOS
Ha OCHOBE KPEMHHHOPTaHUIECKOTO OJIOK-COTIONIMMEPA; CENEKTUBHOCTD 4-5;
muametp mop — 0,2 MxM.

Konrtponupyemas atMocepa co3naBaiach U perylInpoBaiach 3a C4eT
JBIXaHHS IJI0/I0B, TIOMEIIEHHBIX B TEPMETHYHO 3aKPHITHIE TIOJTUMEPHBIE KOH-
TEHHEPBI, UMEIOIIHE Ta30CENICKTUBHYI0 MeMOpaHy. KoHTponbHbIE 00pa3iis!
s0JI0K XpaHWIM B OOBIYHOM aTMocdepe B KOHTeiHepax 0e3 KPBILIEK; OIbIT-
Hble 00pa3libl — B KOHTEHHEpax C I'ePMETUYHO 3aKPBITHIMU KPBIIIKAMHU,
OCHaHléHHI)Ie Ta30-CCJICKTUBHBIMH TPEKOBBIMH MeM6paHaMI/I, miomanab KO-
TOPBIX BAPLUPOBAIN B MHTEPBae OT 14 110 22 ¢cM?/xr KOHTPOJILHBIE M OTIBIT-
HbIe 00pa3ikl 1010k xpanuwnu npu temneparype (3+1) °C B Teuenue 70—
100 cyr.

O hexTHBHOCTH cOCTaBa Ta30BbIH CPEAbl OLCHUBAIH 110 KHHETHKE pe-
aKIMM OKHWCIICHHUS BOCCTAHOBJICHHOW (OPMBI aCKOPOMHOBOM KHCIIOTHI,
MOHO- M JMCaxapHuI0B, CYMMe CBOOOTHBIX OPraHUYECKHX KHCIIOT, OpPraHo-
JIEITUYECKHUM TTOKa3aTeNsIM Ka4eCTBa M MUKPOOHOIIOTHYECKHAM MTOKA3aTEISIM
6€301acHOCTH IJI0/I0B B MPOLIECCE XPAHECHHUS.

MHTencuBHOCTD JBIXaHHUA TUI0J0B ONIPEACIIATIN TUTPUMETPUICCKUM METO-
JIOM TIO BBIJICIICHUIO THOKCHU/IA YIJIEpoJia U MOTJIOICHHIO €ro PacTBOPOM THI-
POKCHIa Kaius; CoAepKaHHe acKOPOMHOBOW KHCIIOTHI METOJIOM THIIBMAaHCa;
MOHO- U JICaXapHa0B — LHUaHWIHBIM METO/IOM; OPIaHUYECKHX KHCIIOT — THUT-
PHMETPUYECKUM METOJIOM B IIepecyeTe Ha sIOI0YHYI0 KHCIOoTY [2, 4].

3arpy3Ky ¥ miomia b MeMOpaH, KOHIEHTPALMU KKCIOpOo/ia U TMOKCU I
yIJIEpoia pacCUNUTHIBAIH 1O (OPMYJIaM:

CSZ
k={c — 1)Ko )
02
rmue cgz — HavajJbHas KOHIEHTpamus kuciaopoma, 21 %; C§2 —
PEKOMEHIYEMbIii PEKUM XPAaHEHUS] TI0 COACPIKAHUIO KHUCIOpPOAa B
KOHTpOJUpyeMoi atmocdepe, %;

—bpP
Ho == ©)
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rae P — nponunaeMocts MeMOpaHbl 1o kuciaopoay, [2,0 - 10°m%/(c H)]; p—
napuuanbHOe JapjieHue Kucinopoja B artmocdepe, (2,1 -10% TMa); J —
MHTEHCUBHOCTD JIbIXaHUA M008B, M%/(KT ¢);

5
Ccoz = ;(ng - ng)! (3)
rae Ce, — xonuenrpamus COz B CTaUMOHApHOM pexume, %; & —
JbIxaTenbHbId Ko duiment (1,1); 6 — ceneKTHBHOCTb MEMOpaHBL;
s== (@)

il
rae S — niomans MeMOpaHsl, M%; [ — 3arpy3ka MeMOpaHsbl, KI/M2.

[Tomy4yeHpI KHHETHYECKHE KPUBBIE N3MEHEHHS COJIEPKAHUI MOHO- H JTH-
caxapH/I0B, aCKOPOMHOBOM U OPraHUYECKUX KUCIOT B OCCHHUX COpTaX s0JI0K
B 3aBHCHMOCTH OT I'a30BOT'0 COCTaBa IO COACPIKAHHIO KUCIIOPO/Ia H TUOKCH A
yriepo/a, a TaKkKe MPOJA0JDKUTEIBPHOCTH XPAHEHHUS TUIOIOB ¢ MPUMEHCHHEM
TPEKOBBIX MEMOpaH.

[Toka3aHo, YTO 1T MAKCUMAJIEHOTO COXPaHEHHS KaueCTBa, IMUIICBON U
OHMOJIOTHYECKOI IIEHHOCTH UCCIEAYeMbIX cOpTOB 100K mpu t=(3+1)°C pe-
KOMEH/IyeTCsl KOHTPOJIMpYyeMas Ta3oBas cpe/ia CICAYIONIETO COCTaBa: KOH-
neHrpaius kucnopoaa — (5,2+0,1 %), nuokcuaa yriepoaa — (3,6+0,1 %),
co3/aBaeMasi ¢ TOMOIIBIO Ta30CEICKTUBHOW KOMITO3UIIMOHHOH MEeMOpaHBI
IoMAAbI0 0T 14—22 cMZ/KT B 3aBUCUMOCTH OT COpPTa U MHTEHCUBHOCTH JbI-
xaHus [6].
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CesiekTUBHAas cpeja AJisl KyJIbTUBUPOBAaHUS OAKTepUH
poaa Pseudomonas Ha 0OCHOBe »KMpa JTUIYHUHOK
Hermetia illucens

W.H. 3y6xos, C.M. unustaankos, B.JO. CutHOB

BHUUI]] — Qunuan PI'BHY « DHI] ITuwesvix cucmem um.
B.M. I'opbamosa» PAH, Cankm-Ilemepbype, Jlumetinwiti npocnexm, 55

JIvunuku u€pHoit meBuHKK Hermetia illucens Bcé garie ucnons3yoTes
B Ka4eCTBE CBIPbS JJIs POM3BOCTBA OEIIKOBBIX J00ABOK K KOPMY CEITBCKO-
XO3MCTBEHHBIX JKMBOTHBIX. OnMHAaKo WX kup, cocrasisoumid ao 20 %
Macchl HACEKOMOTO, MOKa HE HAXOJHUT HUKAKOr0 MPUMEHEHHS B MPOHU3BO/I-
cTBe. Boubliieil 4acThi0 OH COCTOMT U3 TPUALIMITIUIIEPUIOB, KOTOPHIE MOTYT
OBITh MPeoOpa3oBaHbl B CBOOOMHBIC KUPHBIC KUCIOTHI U TIUIEPUH MyTEM
ruaposmsa. [IpoIyKThl THIpPONU3a JErKO yCBAaHBAIOTCS OAKTEPHAMH poIa
Pseudomonas, koTopsie ciykaT MpOXyHEHTOM OOJBIIOrO CIIEKTpa JI0pOro-
CTOSAIINX BEIIECTB, TAKUX KaK OMOIUIACTHK (OJIUTHIPOKCHAIKAHOATHI ), paM-
HONMUMHIHI (MOOIINE CpPEACTBA HOBOTO TMOKOJEHHWS) M IPOHU3BOIHEIE (e-
Ha3WHa, 00J1a1atoNe BEIPaXKEHHBIM aHTUMUKPOOHBIM JIEHCTBUEM.

VCII0BHS TOMHOTO IMIETOYHOTO THAPOIM3a ONTHMU3HPOBAHBI MyTEM
MPOBEACHUA SKCIICPUMEHTOB B IMMPUCYTCTBHUU H30BITKA TUAPOKCHUIA HATPpUA.
KonudecTBo miénouu, HeOOX0IMMOE IS TOJTHOTO THAPOJIHN3a KUPa JIHYHHOK
Hermetia illucens, paccunrano ucxo/st U3 JaHHBIX THTPOBAHUS OCTATOYHOTO
rugpokcuaa Hatpus u coctapisier 0,48+0,02 r NaOH na 1 r xxupa. loBepu-
TEeNbHBII HHTEPBAJ PACCUUTAH C UCTIOIb30BAHHEM t-KpUTEPHSL.

Merto0oM ra3oBoii xpomarorpadun/Macc-ClieKTpOMETPHU U3y4eH KUpP-
HOKHUCJIOTHBI COCTaB 00pa3lia )Hupa JINYUHOK. MeToIiKa BKITIOYAeT B ceOst
METaHOJIM3 HaXO/SIIIMXCS B 00pa3iie MPOU3BOAHBIX HKHPHBIX KHCIIOT, HX IKC-
TPaKIMIO XJOPUCTBIM METWICHOM M MOCIECAYIOIMHA aHalh3 METOJO0M
I'X/MC. B kauecTBe BHYTPEHHETO CTaHAAPTa HCIIOIB30BAJIACH KallPHUIOBas
kucioTa. [Tokaszano, uro xup mrunuok Hermetia illucens comepskur 57 %
HETPEACIbHBIX JKUPHBIX KHCJIOT, B TOM 4Kcie 2 % JTHHOJICHOBON KHCIIOTHL
OGpaser Xupa XapaKTepU3yeTcsi 3HAYUTEIBHONH HEOIHOPOIHOCTHIO COLEp-
JKaHHS IPOU3BOJHBIX KUPHBIX KHCIIOT.

Cpena M9 ¢ nob6askoii 1 % ruaposnusara uccieayeMoro xupa B Kaue-
CTB€ MCTOYHHUKA YIJICPOJa MCIOJIB30BalaCh AJId KYyJIbTUBUPOBAHUA HU30JIATa
Pseudomonas helmanticensis. Kynbrypa adextuBHo MeTabouzupyer cyo-
CTPAT, AEMOHCTPUPYS 3HAYUTEIBHBIH POocT Onomacchl. [IpeanoIoKuTenbHo,
pa3paboTaHHas cpejia MOXKET HCIOJIb30BAThCS B KA4eCTBE CyOcTpara s o-
JTy4eHUs ONOJIOTHYECKU-aKTUBHBIX BEIECTB MyTEM OHOCHHTE3a.
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The efficiency of using new brands silica gel for
colloidal stabilization of beer

T.V. Meledina, R. Harbah, R.A. Zotov

ITMO University, Kronverksky Pr. 49, bldg. A,
Saint Petersburg, 197101, Russia

Colloidal stability is still to be one of the critical challenges facing the
brewing industry. In brewing, chemical, physicochemical, enzymatic and me-
chanical methods are widely used to increase the colloidal stability of beer
[1]. The physicochemical method is based on the use of stabilizers to remove
colloids such as proteins and polyphenols that enter the beer from raw mate-
rials such as malt, unmalted grains and hops [2]. The most widely used prod-
ucts today are silica gel for protein stabilization and polyvinyl polypyrroli-
dine (PVPP) for polyphenol stabilization [3]. In Russia, the silica gel of for-
eign brands is widely used in brewing as an adsorbent for proteins (30—
50 g / hl), which leads to a rise in production costs. Since any company strives
to produce quality products at lower production costs, the ability to use do-
mestic products in production that allows achieving the desired goal, rather
than foreign (imported) products, is considered one of the preferred ways to
reduce costs. In this regard, the aim of the study is to investigate the adsorp-
tion capacity of some brands of silica gel produced in Russia and their effec-
tiveness in increasing the colloidal stability of beer. For the study, 4 samples
of silica gel were proposed: three samples of domestic and one of a foreign
brand “Stabifix’’. Samples of Russian-made silica gel corresponded to GOST
3956-76 “Technical silica gel. Technical conditions’’.

Beer was stabilized with silica gel of different samples at the rate of
30 g/ hl of beer calculated on ADB. The efficiency of the process of remov-
ing protein colloids was assessed by the turbidity of the beer and the indicator
“limit of protein precipitation by ammonium sulfate’’. it was found that all
samples have practically the same sorption capacity.

The best results were obtained in the beer treated with silica gel of the
“Stabifix’’ brand (H90 = 0.133 EBC units) and “xerogel’’ of domestic pro-
duction (H90 = 0.137 EBC units). All beer samples treated with silica gel had
a high protein precipitation limit of 26 & 1 ml, which corresponds to shelf life
of at least 3 months. This conclusion is confirmed by the results obtained
during the artificial ageing of beer. The method used assumes alternating tem-
peratures of 60 °C and 0 °C. At each of these temperatures, the beer is ther-
mostated for 24 hours. The turbidity of the beer is measured after each cool-
ing operation. Measurements are carried out until the turbidity value reaches
2 EBC units. One day of ageing at 60 °C corresponds to one month of storage
of beer without the appearance of turbidity. It was found that all beer samples
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subjected to artificial ageing after 3 cycles of temperature alternation of
60 °C /0 °C had practically the same turbidity, the value of which ranged
from 2.29 to 2.41 EBC units in the experimental samples and 2.49 in a control
sample of beer with silica gel “Stabifix’’. On the basis of laboratory studies,
the promise of using silica gel “xerogel’’ of domestic brands, which in their
adsorption properties are not inferior to foreign ones, have been proved.
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BiiussHMe pepMEeHTHBIX IPenapaToB Ha BbIXOJ,
KapOTHHOHUJO0B U3 PACTUTE/IbHOTO ChIPbs

A.C. backosuesa, Y.C. Kenap6ek, H.B. bapakosa

Hayuonanenwiii uccnedosamenvcrkuu ynusepcumem UTMO,
Poccus, 197101, Canxm-Ilemepoype, Kpongepxckuil np., 49

KapoTrHOMABI — 3TO MUTMEHTHI, MPOIYLUPYeEMbIe (POTOCHHTEIUPYIO-
VMU OPTaHU3MaMH U HEKOTOPBIMU HE()OTOCHHTE3UPYIOMINMH OAKTEPUSIMU
u rpubamu. KapoTuHONIBI HE CUHTE3UPYIOTCS YEJIOBEKOM, HO HEOOXOIUMBI
JUISL HOPMAJIBHOTO (pyHKIIMOHMPOBAHHS OPraHM3Ma, IMOITOMY OHH JIOJKHBI
nocTymnaTh ¢ nuieif. OCHOBHBIM HCTOYHHKOM KapOTHHOUJIOB SIBIISIOTCS pac-
TEHHUs1, B OCHOBHOM KOPHH, IIBETHI, PPYKTHI U CEMEHa.

[MumeBsle KapOTUHOMUIBI, B YACTHOCTH [(-KapoTnH, 00ecreunBaoT op-
TaHU3M NPOBUTAMUHOM A M 00JIaIal0T aHTHOKCHIAaHTHBIMH CBOMCTBaMH, B
CBSI3H C YeM BBICKa3aHO IPEAIOI0KEHHE O BIMSIHIH KApOTHHOWAOB Ha (DyHK-
LM, CBSI3aHHBIC CO CTapEHUEM, HAIpUMEpP, KOTHUTUBHbIE (DYHKIIMHA U MBI-
HIeYHyo crury. Kpome 3Toro MexaHu3M JeHCTBHS KapOTHHOHUIOB BKITFOUAET
MIPOTHBOBOCTIAVINTENBHYIO AKTHBHOCTH, YIYYIICHHE MMMYHHOTO OTBETa U
MIPEAOTBPAICHHE XPOHMUECKHX 3a00JIeBaHNi, paka M TIa3HBIX O0se3HEH TTo
Mepe cTapeHus opraHusMma [2].

JlydmuMu  uctouHMKamMu [-KapoTWHA SIBJISIOTCS: KpacHash MOPKOBb,
ATOJIBI PSIOWHBI, MOPOIIIKA, 3€JIeHb METPYIIKH, CeNbACPes], 3eICHBIH JTyK IIITH-
Hat, o0yienuxa, KpacHbIi Mepel, THIKBA, MOMHUIOPHI, IIUIIOBHUK, a0pHUKOC,
xXypMa, criapxka [3].

CnOXHOCTb U3BJICUEHHS] MIUTMEHTOB U3 PACTUTEIBHOTO ChIPhS 3aKIIO-
YaeTcst B TOM, YTO OHH JIOKAJIN30BaHBI B 0COOBIX BHYTPHKIIETOUYHBIX 00pa3o-
BaHMAX — IUIACTHIAX B BUJE TI00YJI, KPUCTAIIOB M OEJIKOBO-KapOTHHOW/I-
HBIX KOMIIJIEKCOB, COCIMHEHHBIX C Pa3lW4HBIMH OWONOIMMepamMu — Oel-
KaMH, NIEeKTUHaMH U T. . KierouHas cTeHka MOPKOBH, COCTOSIIAs U3 TEK-
THHA, [IEJITFOI03b], IUTHUHA U TeMUIIEIUTIONO03bI, TAKXKE YCIOKHSET IPoIiece
sKcTpaknuu. Ho cymecTByIOT akTHBHBIE (PEPMEHTHI, KOTOPBIC pa3pymIaroT
KJIETOYHYI0 000JI0YKY U TEM CaMbIM OCBOOOXKIAIOT KAPOTHHOUABI AJIS AKC-
Tpakiuu [1].

IMTockonbKy nonmy4eHne 3-kapoTHHA U3 PACTUTEIEHOTO CHIPbS ABJIAETCS
JIOPOTHM M 3HEPro3aTpaTHBIM MPOLIECCOM, 1€ UCCIEJOBAHUSI — MOIYIUTh
HauOOJIBIINI BBIXO/I IAHHOTO BEIIECTBA U3 MOPKOBH C TIOMOILIBIO KOMIIJIEKC-
HBIX (pepMEHTHBIX mpernaparoB. [ 3Toro ObUIO NMPOM3BENEHO CpPaBHEHHE
IByXx (epmentHbIX nmpenaparos: @pykrouum MA u @pykrounm BE npowns-
BojctBa «ERBSLOH» Geisenheim (I'epmanus). B coctas npenapaTtos Bxo-
T crenyomye (epMeHTHL: o-aMmiIasa, 9K30-P-TIIOKaHa3a, MEKTHHas3a,
SHIIO-TIONIMTANAKTYpOHA3a, KCWJIaHa3a W Lenoias3a. B oboumx
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npenaparax npeodiragaoT GepMeHTH 3HA0-TOJIUraIaKTypOHa3a — Pa3KH-
JKAFOIIUH MEKTOIUTHICCKUN (DepMEHT PHIONEHCTBUSA, COEpKALIUICA B KO-
nuectBe 212 [MkC/mn u 87 ITkC/Mi1 COOTBETCTBEHHO U KaTaIM3HUPYIOIIUIA
THIPOIIHN3 EKTOBON KHCIOTHI.

BrinepxnBanne hepMEHTHBIX IIPeNapaToB IPOU3BOAMIOCH HA BOASHOMN
6ane mpu Temneparype 50 °C B TeyeHue IByX 4yacoB. B kadectBe skcrpa-
TeHTa UCIOJIb30BaICs rekcad. KojaudyecTBeHHOe conepkanue B-kapoTuHa B
MTOJTY4Y€HHOM 3KCTPAKTE ONPEIENSIIOCh CIIEKTPO()OTOMETPUUECKHM METOIOM
[3].

ITo pe3ynbraTam HepBOro IKCIIEPUMEHTA UMEIOTCS CIIEAYIOIIHE IT0Ka3a-
tenu B-kaporuna: 5,01+0,002 mr/100 T mist o6pa3a MOPKOBH, HATEPTOH Ha
Menkoi Tepke u 2,85+0,009 mr/100 r mis MOPKOBH, HATEPTOW Ha KPYITHON
Tepke. JlaHHbIE IHU(PBI AOKA3bIBAIOT, YTO CTENCHb JECTPYKIMU MPOAYKTA
3HAYNTEIHHO MOBNIUSUIA HAa BBIXOA B-KapoTuHa. JlanpHelme SKCIIepUMEHTHI
MIPOBOJWIINCH TOJBKO C MOPKOBBIO, HATEPTOW HA MEJIKOW TEPKE.

Bropoii skcniepuMeHT MpOBOAMICS I BEIOOpa Gomnee 3PpPeKTHBHOTO
(epmeHTHOTO TIpenapata. Mimeercst clienyronmii pe3ysibTar 1o BeIxoay B-ka-
poruna: 6,23+0,002 mr/100 r mjast MenKoi MOpPKOBH, 00paboTaHHOM (ep-
MeHTHbIM mpenapatom ®pykroumm MA  (mo3upoBka 0,03 %) wu
5,29+0,0001 mr/100 T m1st Menkoit MOpKOBH, 0OpabOTaHHOH mpernapaToM
@®pykrouum BE (0,03 %). ®pykronm MA nokazan 6osiee BEICOKHIA pe3yiib-
TaT, YTO MOXKET OBITH CBSA3aHO C HAJIMYMEM (EepPMEHTa HK30-P-TIIFOKaHa3bI,
KOTOpasi OTCYTCTBYeT B npenapare @pykrorumM BE u Hammunem Gopiiero
KOJIMYECTBA SH/I0-TIOJINT AJIAKTyPOHA3HI.

Crenyromuii SKCEpUMEHT TNPOU3BOAMICS [UISl OINpEICICHUSI ONTH-
MaJbHOM 1038l mpemnapara OpykrounM MA. Pe3ynprar OBIT CIEIYIOIITHINA:
1) nosuposka 0,01 %: 6,00+0,061 Mr/100T; 2) nosuposka 0,03 %:
6,23+0,002 mr/100 1; 3) mo3uposka 0,05 %: 7,91+0,212 mr/100 r. B nanHOM
OMBITE CaMbIli BHICOKHI Pe3ysIbTaT MoKa3aja J03UPOBKa (PepMEHTHOIO Ipe-
napara B konuuectse 0,05 %. [Ipu naHHOI 103MPOBKE BBIXOJ KAPOTHHOUIOB
yBenuumics Ha 58 % 1o cpaBHEHHIO C KOHTPOJBHBIM 00pa3iioM (MOPKOBb,
HaTepTasi Ha MEIIKOW TepKe).
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BiausaHue PEXKHUMOB NMacTepuru3aniiu (l)YHKI.lHOHaJIbHOI‘O
HAIIUTKa aJ4alITOréHHoro I’Z((EI‘/IICTBMH
Ha Coaep’KaHHE AaHTOLIMAHOB

A.P. Xacanos, H.B. bapakoBa

Hayuonanvnoui uccneoosamenvckuii ynusepcumem UTMO,
Poccus, 197101, Cankm-Ilemepbype, Kponsepkckuil np., 49

[IpoBeneHo ucciaenoBaHKUE BIMSHUS TEMIIEPATYPHBIX PEXKUMOB IacTe-
pHU3anuy Ha CO/Iep)KaHHE AHTOIMAHOB B (DYHKIIMOHAILHOM HAIMTKE, [IPUTO-
TOBJICHHOM M3 YE€PHOTO M 3€JIEHOTO 4asi M HaTYPAJIbHBIX COKOB BUHOTPAJA,
SIOJIOK, KUBH, MOPKOBH, YEePHHKH.

Jst pa3paboTKH penenTypsl (YHKIIMOHATGHOTO HAIMMTKAa HA OCHOBaHUHU
CEHCOPHOW OIICHKM BBIOpaNy ONTHUMAJbHBIE COOTHOLIEHHS COKOB (BHHO-
rpazna, KUBH, 0JI0K, MOPKOBH U YSPHUKH ), 3€JIEHOTO U YyepHOro Jasi. OreHka
MIPOBOAMIIACH AETYCTALIMOHHON KOMHUCCHEN IO 5 KPUTEPHUSM: CIAJKUN BKYC;
KHCIIBIA BKYC; TAPMOHUYHOCTD apOMaTa; MOCIEBKYCHE; TEPIIKOCTb.

OyHKIMOHAIBHBIE HANWUTKH aJalTOreHHOro JEHCTBUSI — 3TO MPO-
JyKTbI, TIPUTOJHbIE JUI1 CHUCTEMAaTHHYECKOro yHoTpeOlieHus W oOnajarompme
HAyYHO TOJATBEPXKICHHBIMU MPO(UIAKTUYECKUMH CBOWCTBaMH. AJIANTOTEH-
HBIE HAITUTKY CHW)KAIOT PUCK Pa3BUTHS 3a00JICBaHUI TMMOMYECKOW U HEPB-
HOMW CHCTEMBI, 3alIUIIAI0T OT HMHTEJUICKTYJIbHBIX U (PU3NYECKUX HArpy3oK, a
TaKKe aanTHPYIOT OPTraHu3M K CTpecCy IyTeM yJIydlleHus Helipomerabo-
JU3Ma, 3alIUTe CTPYKTYP MO3ra, €ro CepAEYHO-COCYIHMCTOH CHUCTEMBI H
AQHKCHOJIUTHYECKOMY (TIPOTHMBOTPEBOKHOMY) JIEHCTBHIO Ha LEHTPAIBHYIO
HEPBHYIO CHCTeMy. braromaps aHToIMaHaM aJalTOTeHbl CTUMYJIHPYIOT HEPB-
HYIO IeATENFHOCT, MTOBBIIIAIOT PAa00OTOCIIOCOOHOCTh M KOTHUTUBHBIC (DyHK-
mu mo3ra [1].

[Tpu u3rotoBneHNN (yHKIMOHANBHBIX HAIUTKOB, 00OTAIIEHHBIX aHTO-
[aHAMH, KaK U APYTHX HAIUTKOB, HEOOXOMMO MPOBOIUTH NACTEPU3ALIHIO IS
obecrieueHns MUKpPOOUOJNIOTHYeCKOi ctabminbHOCTH [2]. B mpoekTupoBannu
JTAHHOW TEXHOJIOTHYECKOI CTaanu HEOOXOANMO YUUTHIBAThH BIMSHUE TIOBBI-
IICHHBIX TEMIIEPATyp Ha KOHIIEHTPAIMIO aHTOLIMAHOB ¥ MOAOMPATh TaKKe pe-
JKMMBI [TACTEPU3ALMH, [IPU KOTOPBIX OYJIET COXpaHEHO MaKCHMAIIbHOE KOJIH-
YEeCTBO aHTOLMAHOB.

Jnst BEIOOpa ONTHMAaITbHBIX YCIIOBUI MPOBOIMIIN SKCIIEPUMEHT, B KOTO-
POM HAIMTOK C cofiepkanueM aHTonmanos 548,0 mr/im® mactepusoBany mo
TpeM pexumam: Temneparypa 62°C B rtedenne 50 MuHyT, 72°C B TeueHue
25 muHyT 1 82°C B Teyenue 5 MUHYT [3].
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Bo Bpemst macrepuzaliy 4epe3 ONpeAeICHHbIE TPOMEXYTKH BPEMEHH
oTOHMpany mMpoOkl, B KOTOPHIX ONPEACIUTA KOHIICHTPAITUIO aHTOIIHAHOB (O-
TOKOJIOPUMETPHYECKHM  METOJOM, OCHOBaHHBIM Ha  CTa0WIN3alUH
AQHTOIIMAHOB HAIUTKA MOAKUCIIEHHBIM 10 pH 1-2 3TuinoBeIM cimpToMm, ompe-
JeJIeHHU ONTHYECKON IIOTHOCTH MPoOBI M IiepecueTe MocieAHel Ha colep-
JKaHWE€ OJHOTO M3 aHTOLIMAHOB, MAJbBHJMHA, C TIOMOINBIO MHOXH-
tensa K = 1056,7.

WHTepBanbl 3amepa KOHIIEHTPALUH aHTOLIMAHOB OBUTH CIIEAYIOIIUMH:

1. Bo Bpems mactepuzanuu npH 62 u 72 °C — Kaxkiple 5 MUHYT;

2. Bo BpeMs nacrepuzanuy npu 82 °C — KaxIyl0 MUHYTY.

B pesynbrare OBLIM MONTYyYESHBI 3aBUCUMOCTH KOHIICHTPALMX aHTOIHA-
HOB B HanuTKe Ca0T BpeMeHH BBIZCPIKKH T (pHCYHKH 1, 2).
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W3 rpadvkoB BUIHO, YTO MOABEPIKEHHOCTh AHTOIIMAHOB JCTPaIalH B pa3-
JIMYHBIX PEXKAMAX OTnyanace. npu 62 °C KOHIEHTpAIHsl aHTOIIMAHOB CHU3H-
nack Ha 78 % B Teuenne 50 munyT; npu 82 °C — nHa 67 % 3a 5 MuHyT; nIpH
72 °C — ymana 10 HyJ1s B TeueHue 25 MUHYT. Bo Beex citydasix oOriee MUK-
pobuoe uucio (KMadAHM) Obuto B mpesenax HOPM, YCTaHOBICHHBIX
TP TC 201,/2011 «O 6e30macHOCTH MUIIEBOH MPOMBIIUICHHOCTH, a APONOKA
Y TUIECCHH OTCYTCTBOBAJIH.

Takum 00pa3oM, ONTHUMATHHBIME PEXUMaMH MacTepH3anud (GpyHKIHO-
HAJIBHOTO HAIMUTKA aalTOTEHHOTO JCHCTBUS C TOYKH 3PEHUS COXpPaHCHHUS
MaKCHMAaJIbHOTO KOJTMIECTBA AHTOIIMAHOB SIBIISICTCS KOPOTKAst aCTePH3aIINs
mpu 82 °C B TeyeHne 5 muHyT. HO Tak, Kak Ha JeTpajamnnio aHTOIIMAHOB I10-
MHMO TEMIIepaTyphl BIUAET JUINTEIFHOCTh AaCTEPU3ALNH, TIOATOMY PaIlHO-
HAJIBHBIM PEIICHUEM SBUIOCH HCIIOIB30BAHNE PEKOMEHIOBAHHOTO BPEMEHHU
BBIIICP)KKU 2 MHHYTBI TaK KaK 3TO SIBJIAETCS YKOHOMHYECKH IIeJIecoo0pas-
HBIM, U TaKXe 00eCIeuynBaeT

[TonmyueHHBIE PEe3yabTAaThl MO3BOJIIOT BHIOPATh PEIKUM MMACTEPU3AIIUH
(YHKIIMOHAIBHOTO HanmuTKa — 2 MUHYTHI TIpH 82 °C, — MO3BOJISIOIIUIA CO-
XPaHUTh MAKCUMAIILHOE KOJUYSCTBO AaHTOI[MAHOB U 00CCIIEYUTh MUKPOOHO-
JIOTUYECKYHO CTAOUIBHOCTD.
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Pa3pa6oTka KeKcOB GYyHKIIMOHA/IbHOTO HA3HAYEHM S
B.A. JlxxamanouuoBa, .Y, YViraea, A.P. Axmenosa

Iposnenckutl 2ocyoapcmeenuviti HeMAHOU MEeXHUYECKUL YHUBEPCUMEem
um. ax. /.M. Munnuonwuxosa, 2. I po3nviii

AHHOTALUA

TenmeHIus «0300POBICHID) NPOLYKTOB NUTAHHUS TPEOYeT IHPOKOTO
Pa3BUTHA IPOHM3BOJCTBA MPOAYKTOB (DYyHKIMOHAIBHOIO Ha3zHa4eHHs. [l
pelleHns] TOCTaBJICHHOM 3a/laudl TPEeNCTaBIAeTCs MEePCIEKTUBHBIM pa3pa-
00TKa MyYHBIX KOHJMTEPCKUX M3/IENHUi ¢ NOOABICHUEM MYKH U3 TEPMUYECKU
obOpaboranHoro 3epHa kKykypyssl (TO3). beuio ycranosneno, uto TO3 o6a-
JlaeT BHICOKOH MHUIIEBON ¥ OMOJIOTMYECKOH IIEHHOCTHIO, IIOMUMO 3TOTO TPH-
JlaeT M3IENUSIM IpUBJICKATENbHBIE OPraHOJENITHYECKNE MTOKa3aTeNld Kade-
crBa. MccnenoBanue pa3paboTaHHBIX KEKCOB M3 MIIEHNYHON MyKH C BHECe-
HHUEM KyKypy3HOH MyKH U3 TepMHUIecku oOpaboranHoro 3epHa (TO3) B pa3-
JMYHBIX JO3UPOBKAX MOKa3ajo, 4To Hanbojee ONTHMAJIbHBIM SBIsIeTCs 00-
pazen ¢ nobasnenue 20 % myxu u3 (TO3), Tak Kak HMEHHO 3TOT oOpasen
COOTBETCTBYET TPeOOBaHMAM CTAaHAAapTa M O0JagaeT MPUATHBIM CIIaJKHM
BKYCOM H 3aI1aXOM «KaJEHOTO Opexay.

KioueBbie ciioBa: Myka U3 TepMHYECKH 00pabOTaHHOTO 3epHA KYKY-
py3bl (TO3), MUKpOHYTPHEHTBI, (PYHKIIHOHAIbHAS JO0aBKa, CAXapOeMKOCTh,
3amax «KaJeHOT'0 Opexay.

PeiHOK My4HBIX KOHAUTEpcKuX n3aeianii (MKI) B GonbrimHCTBE cTpaH
JUHAMUYHO Pa3BHBAETCS, XapaKTEPU3yeTCsl CHIIBHONW KOHKYpEHIeH U Tpe-
OyeT HOBBIX TIPOAYKTOB BBICOKOW THIIEBOH W  OMOJIOTMYECKOMN
neHHoctH [1].

OnHNM M3 IEpCIICKTHBHBIX HANIPABJICHUH PELIEHUs 3TOH 3aaun-o0ora-
menne MKW neunuTHEIMIM MUKPOHY TPUEHTAMH ITyTEM BHECCHUS (DYHKITH-
OHAJIBHBIX JOOABOK HATYPAIBHOTO MPOUCXOKACHHS B IPOAYKTHI IHPOKOTO
moTpeOICHNUS.

TeHneHIMs «03X0POBICHUS» MPOAYKTOB MUTAHUS TPeOyeT MINPOKOTO
Pa3BUTHUSI MPOU3BOJCTBA MPOAYKTOB (PYHKIMOHAIBHOTO Ha3HAYEHUsI, KOTO-
pble Oaronapsi HAIMYHMIO B CBOEM COCTaBE OMOAKTUBHBIX KOMIIOHEHTOB, CIIO-
COOHBI yIydIIaTh MHOTHE (PU3HMOIOTHYECKHE MTPOLIECCH B OPraHM3Me Yeso-
BEKa, OBBICUTB €r0 CONPOTHUBIIIEMOCTh 3200JI€BaHUSIM, CTUMYJIUPOBATh aK-
TUBHBIH 00pa3 >KU3HH.

V3MeHeHre XUMHUECKOTO COCTaBa U3/IeUil BO3MOXHO 3a CUET UCIOJb-
30BaHMUs HOBOT'O (hYHKIIMOHAIBEHOTO CHIPbSI, YTO TPEOyeT IITyOOKMX HCCIIeI0-
BaHHUW JUISl TIOJYYEHHs] BBICOKOKAYEeCTBEHHOH KOHKYPEHTOCIIOCOOHOW Mpo-
nykmmu [2].
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JU71st pereHns MOoCTaBIeHHOMN 3aJa4l IPEeICTaBIsIeTCs IePCIeKTHBHBIM
pa3pabdoTKa My4YHBIX KOHAMTEPCKHX H3IETUil ¢ NoOaBlIeHHEM KyKypy3HOH
MYKH.

Kykypy3Has myka Ha 56,3 % coctouT u3 yrieBoaoB. 22 % coctaisior
MUIIEBbIC BOJIOKHA, K0y 0ekoB — 8,78 %, 2,31 % npuxoauTcss Ha YKHUPHI,
0,55 % — Bona. B cocTaB BXOAAT KM3HEHHO Ba)KHbIE OPraHUYECKUE COE/IU-
HEHUsI: peTHHOM (A); KapOTUHBL, s BUTaMUHOB rpymisl B (B1, By, Bs, B,
Bg, Bi12); xonmH; ackopbuHoBas kuciora (C); tokodepon (E); Butamunsl
rpynn K; HukotnroBas kuciora (PP). Comepxkarcs 11 aJeMeHTOB TabIUIIEL
MenzeneeBa: MeTalIbl, JaXKe TaKHe PEIKHe, Kak celieH. MX mone3Hbie cBoii-
CTBa HEOLICHUMBI IS 370POBBsI YesioBeKa. braromaps Goyiee HU3KOU Kayo-
PUHHOCTH KyKypy3Has MyKa Ioje3Hee NmeHnYHold. OHa yirydnraet paboty
KUIIEYHHKA, YMEHbIIAET OpokeHHe. YKpEIUsieT COCylIbl, enaeT ux Oonee
37aCTUYHBIMU. 1IpOTUBONEHCTBYET CKOIUIEHHUIO XOJECTEpUHA. YKpEIULIET
UMMYHHYIO cHcTeMy. JKene3o CTHMYJHMpYeT BOCIPOHM3BOJICTBO KPOBSIHBIX
KJIETOK M JIOCTaBKy K HMM kuciopozaa. Conepkaruiics B pacteHun Qrop
YKperuisieT KocTH. 3yObl CTaHOBSITCS MpovHee. MarHuil yiydmaer mamsrhb.
BuTaMuHBI OMONaXXHUBAIOT KJIETKH KOXH. BellOK MmoiepKUBaeT MBIIICYHBINA
Tonyc [3-5].

Panee Hamu Obli1a MpoBeieHa paboTa MO MOJIYYEHHIO KyKypy3HOH MyKH
13 TepMHYECKH 00pabOTaHHOTO 3epHAa M MCCIIECJOBAHHUIO €r0 XMMHUYECKOTO
COCTaBa M OPraHOJICNITHYESCKUX MoKa3artened [6]. Bbuio ycraHoBieHO U 1o-
JIO)KEHO B [1€YaTH, YTO MyKa U3 TEPMHIECKH 00pabOTaHHOTO 3epHa KyKypPy3bl
o0agaeT BEICOKOH ITHILEBOM M OMOJOIMYECKON IIEHHOCTHIO, 00IaJaeT CIie-
IU(UUSCKUMH OPraHOJIENTUYSCKUMH MOKA3aTeNIIMU U TEXHOJIOTHYECKUMH
CBOMCTBaMH MPHBJIEKATEILHBIMHU ISl IPOM3BOJICTBA MYYHBIX KOHIMTEPCKUX
U3JIEIHH.

Hcxons U3 BBILIEH3I0KEHHOTO ObLIM pa3padOTaHbl KEKChI U3 MIEHUY-
HOW MYKH C BHECEHHEM KYKypY3HOW MYKH W3 TepMHUYECKH 00pabOTaHHOTO
3epHa (TO3) B pa3smuyHBIX TO3UPOBKAX.

Jns uccnenoBanus BIUsiHUS KyKypy3Hoi MykH (TO3) Ha cBoiicTBa KOH-
JUTEPCKOT0 TeCTa M OKa3aTelIu KadyecTBa KEKCOB, HAaMHU OBLIO 3aMEIIaHo Te-
cto ¢ mo3upoBkoit 10, 20, 30, 50 % k oOrield Macce CBIPbs CO CHIDKCHHEM
J03UpOBKH caxapa Ha 20 %.

B kavecTBe KOHTPOJILHOI'O BBIOpaH 00pasell, IPUTOTOBJICHHBIH Tpaau-
LOHHBIM CIIOCO0OM I10 perientype kekca « CTOIMYHBII» ¢ NCTIOIb30BaHHEM
XUMHYECKOTo pa3psixiuTend. OOpa3ubl TecTa 103UpoBad B (GOPMBI U BhIIIE-
KaJ B 1abopaTtopHoii neun npu remnepatype 150 °C B Teuenue 15 mun. ['o-
TOBBIE U3ENNUS OLCHUBAIH 10 OPTaHOJIENITHIECKUM U (PH3NKO-XUMHUYECKUM
nokasaressim (tabu. 1, 2).
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Ta6auna 1. OpranonentuuecKre NoKa3aTean KayecTBa KEKCOB
< (1)
Haunmenopanue | KonTposibHbIii Jlo3upoBKa npunaca u3 Mymmyisi, %
nokasareJs ofpa3en 10 20 30 50
Bkyc ¢ npusr- o
yecrmp Bkyc cBoii-
Co cto6HBIM HOMH ciazo- N
CTBEHHBIH, 3a-
BKYCOM M Xa- | Bkyc m3amax | cTblo, Xapak-
Bkyc u 3amax o rax UHTEH-
pPaKTepHBIM |HEBBIPAKCHHBIC, | TEPHBIH 3amax
CHBHO BbIpa-
apoMaToM «KaJICHOTO =
JKCHHBIH
opexa»

Bun B uzinome

C paBHOMED-
HOI1 mopucro-

C paBHOMEpPHOI1 MOPUCTOCTEIO,

ITopucrocts HE

CTBIO, Oe3 ciie- | 0e3 cIeoB HellpoMeca M 3aKajia |  pa3BHUTas
JIOB Herpomeca
Msirkas, pas-
YunorHeHHas,
pbIxieHHas, | Msrkas, pa3pbIXJieHHas, Oe3 my-
Crpykrypa N cyxas ¢ KpyTI-
0e3 ImycToT U CTOT U YIUIOTHCHUH
. HBIMHU ITOpaMH
YIUIOTHCHUH
IIpaBunbHas, ¢ . IIpaBunbHas, ¢
. ITpaBuibHas, ¢ BBIMYKJION HO- .
dopma BBIITYKJIOH HO- TUIOCKOH T10-

BEPXHOCTBIO

BEPXHOCTBIO

BEPXHOCTBIO

Ta6auua 2. DU3nKo-XUMUYECKHE TTOKA3aTeIU KaueCTBa KEKCOB

Oopa3sen ¢ 103MpPOBKOIi
KoHnTpoJabHbIii npunaca MyKHs u3 Tep-
HauMeHoBaHue nmokasaress
obpasen MHYecKH 00padoTaH-
HOro 3epHa 25 %
Maccosas monst Biaru, % 17,0 16.5
MaccoBas ot 001ero
JIOTA OB 35.1 24.8
caxapa, %
[lenouynocTs (0bIIasK 20 20
KHCJIOTHOCTB), TPaj

HccnenoBanue CBOMCTB TecTa Moka3ano, yTo BHeceHue Myku u3 (TO3)

B no3upoBke 50 % mpuBOMMIA K YXYMIICHHIO CTPYKTYPHO-MEXaHUYECKUX
CBOJCTB 110 CPABHEHHIO C KOHTPOJIEM, YTO CBSI3aHO C TEM, YTO TEPMHUYECKU
oOpaboTaHHasi MyKa OOJIbLIE IOMIOMIACT BJIArH, MO3TOMY MSKHII CYXOid,
VIUTOTHEHHBIH. 3ammax «KaJeHoTo opexay, XapakTepHbli st myku u3 (TO3)
npu po3upoBke 10 S50 % mnpumaeT u3ACTHS CIMIIKOM HHTCHCHBHBIN
Xapakrep.

Oopaszer kekca ¢ nobasnernem 50 % myku u3 (TO3) He cOOTBETCTBYET
tpeboBanus IOCT 15952-2014 o opraHojaenTHYECKUM IIOKa3aTeNsIM, 00-
pazen ¢ nodasnenunem 10 % npunaca 6e3 BEIpaKEHHOTO BKYCa U 3araxa.
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Hawubosee ontuManbHbIM siBIsieTcst oOpasen ¢ nodasienue 20 % myku
3 (TO3), Tak Kak COOTBETCTBYET TPEOOBAHUSAM CTaHAAPTA U 00JIaTaeT MPH-
STHBIM CJIaJIKMM BKYCOM U «KaJICHOTO Opexa». Y MeHbIIIeHHEe JO3UPOBKH ca-
xapa B 3ToM o6pasiie Ha 20 % oT KOHTPOJIBHOTO 00pa3iia obeceYrBacT CHH-
JKECHUE CaXapOE€MKOCTHU U3ACIUA ITPU JOCTATOYHO HpHﬂTHOﬁ CJIagOCTH.

HUccnenosanus mo janHOMY HampaeiieHuio Ha kadenape TIIIT u BIT mpo-
BOJSITCS, B CBSI3U C Y€M ISl BO3MOYKHOCTH PEKOMEH/IAIMN pa3pabOTaHHOTO
o0pas3ia B IIUIIEBOM PaIIOHE THa0EeTHKOB IUIAHUPYETCS IPOJOIDKUTH UCCIIe-
JIOBAaHUS C 3aMEHOH caxapa Ha (pyKTo3y, KOTOpasi He IMPOTHUBOIIOKa3aHa MpH
caxapHOM Jmadere.

B memsx moaTBepkIeHUS BBICOKOM IMHINEBOW IEHHOCTH pa3paboTaH-
HOTO 00pa3ma Kekca ¢ qobasieHueM Myku u3 (TO3) Heo6X0aUMO IPOBECTH
nmabopaTOpHBIE UCTIBITAHUS HAa COJIEPKAHNE BAKHEHUIITNX MUKPOHYTPHEHTOB
B TOTOBOM MPOAYKIUH.
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PacimumpeHue TUHEHKH pelenTtyp
0apaHOYHbIX U3/ eIl

A .B. Tuxuii, H.B. bapakosa, E.C. Ceprauesa

Hayuonanvuouil uccnedosamenvcruil ynusepcumem UTMO,
Poccus, 197101, Cankm-Ilemepoype, Kpongeprckuil np., 49

Ha ceropssmaMit [eHh NEPCIEKTUBHBIM CITIOCOO0M PACIIIUPEHHUS aCCOp-
TUMEHTA, PAllMOHA M YIYyYIICHHS Ka4eCcTBa MUTAHUS HACEIICHHUS OJHOBpE-
MEHHO C IOBBIINIEHUEM MOTPEOUTEIHCKIX CBOWCTB M3IENUI SBISETCA HC-
MTONTE30BaHMUE TPOAYKIHH, OOOTAIIEHHBI BHIAMH PACTHTENBHOTO CHIPHA.
Cpenu mpoayKTOB €XKEeIHESBHOTO MOTPEOICHUS 0c000€ MECTO 3aHUMAIOT XJIe-
600y104YHBIE HU31IENHsI, OOJIBIIYIO IO KOTOPBIX COCTABIISIOT U3/EIHS C M0~
HIDKEHHOM BJI@YKHOCTBhIO — OapaHKu. AHaNW3 pbIHKA OapaHOYHBIX W3AEINi
B Poccun 1 Mupe moka3biBaeT YCTOHYUBYIO TeHACHIIHIO pocTa [1, 2].

B uccrnenoBaHusax B kKauecTBe (PyHKIMOHAIBHBIX OOABOK HCIIONB30-
BaJIM CyXOH MOPOIIOK cBEKJIbI U MOpkoBH kommanuun OOO «Butbuokopy,
pecrryouinka benapycs. CBEKOJIBHBIH M IIIIEHUYHBIH MOPOIIKK JOOABIISIIN B
MIIIEHUYHYIO MYKY BbIciero copra. [locie npeaBapuTenbHbIX TPOOHBIX 3a-
MecoB Oblla yCTaHOBJICHA 1032 BHECEHHUSI CyXOH CBEKJIBI M CYIICHOW MOp-
KOBH B KoimdecTBe 6 % OT Macchl mieHnaHoi Myku [3].

KpacHast cBEksia OTHOCUTCSI K OBOIIHOM KYyJIbType€, KOTOpasl LIUPOKO
pactnpoctpanena o Poccuiickoit @eneparpm. CtonoBas cBékia Oorata ca-
Xapo30H, MEKTUHOM, eJUTI00301i. OCHOBHBIMH YTJIEBOIaMH SIBJISIFOTCS JTU-
caxapubl, a TAKXKC IMUIIEBBIC BOJIOKHA, K KOTOPBIM OTHOCATCA IEKTUHBI, I'C-
MHIIEIUTIONIO36I U TIEJITIO036I [4].

BHecenue cymeHoi MOPKOBH 000raTHIIO TPOAYKT TAKUM BaXKHBIM KOM-
MTOHEHTOM, KaK 0eTa-KapoTHHOM, KOTOPBIH SIBJISIETCS] HE TOJIBKO TTMTMEHTOM,
KpacuTesieM, HO U 00J1aaeT MPOBUTAMHUHHON aKTUBHOCTBIO W OHKOIIPOTEK-
TOPHBIMU CBOMCTBaMH.

Omnpenenenre OCHOBHBIX KaYECTBEHHBIX ITOKa3aTeIICH ChIPhsI, Moy (had-
PHUKATOB M TOTOBOM mpoaykuuu rnposoawmn cormacao 'OCT 32124-13 Us-
nenust xiue0o0ynounble OapaHo4HBle. OOmIe TeXHUYecKnue ycioBus. s
omnpeneneHus GU3NKO-XUMHUIECKUX IMOKa3aTelel monypabprKaToB UCIONb-
30BaJIH CIEAYIOIINE METOINKH: TEMIIEPATypy T€CTa ONPENEISIIN IEKTPOH-
HBIM TE€PMOMETpOM C TouHocThIO ompeneneHus 0,1 °C. MaccoByro 100
Biaru B nonydabdpukare u3mepsiiin Ha npubope "DJIEKC-7" u Boipaxanu B
IpOIICHTaX K Macce nonydadpukara. KuciaoTHOCTh o1y haOpUKTOB Ompeie-
JIJIN TUTPOMETPUYECKUM METOJO0M.

B pesynbTare onbiToB ObLIa OTpaboTaHa pelenTypa OapaHku CIOOHOM.
B ocHOBE KOTOPOIi JISKHUT perentypa, u3 coopuuka perentyp [S]. [lepen 3a-
MecoM Tecta rortomiack omapa u3 20,0 kr myku, 0,4 kr npoxokeit, 10,0 kr
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Bojbl. [locne OpoxeHusl omapbl, 3aMENIMBajIOCh TECTO M3 BCEH omapbl —
30,4 xr, myku mmernysoi B/c 80,0 kr, macimo moaconaednoe 8,0 kr, caxap
necok 9,0 xr, comu 1,5 kr, Boas! 28,5 kr. Beuin momgoOpaHbl TEXHOIOTHYE-
CKHUE IapaMeTphl.

[To ¢u3uKO-XMMUYECKHM TOKA3aTeNsIM: I OIaphl — BpPeMs 3ameca
cocraniser 6,0 muH, BraxxHOCTh 41,4 %, KUCIOTHOCTE 3,6 Tpan, Temriepa-
Typa HauanbHast 33,4 °C, Bpems Opoxxenus 180 muH. [ns Tecta mokasarenu
OBLIM CIIEAYIOIMMMHU: BpeMs 3aMmeca 8 MuH, BIakHOCTh Tecta 31,6 %, kuc-
JOTHOCTh KOHe4Has 2,8 rpax, Temneparypa koneunas 31,6 °C, Bpems Opo-
xerns 10 MuH.

[To TeXHOIOTUYECKUM ITapaMeTpaM: BIKHOCTh B PACCTOCYHOM IIKady
80-84 %, temmeparypa paccroeynoro mkada 35-36 °C, mpomoDKUTENb-
HOCTb paccToiiku 55-60 muH, mamieHue mapa B kKamepe orrmapku 0,015—
0,018 MIla, Bpems Bblneykd 12 MUH, TeMmmeparypa IO 30HaM
230-250 °C.

BHeceHne CBEKIIBI TO3BOIMIIO TOXYYHUTh OapaHKU C PO30BBIM OTTEHKOM
MMOBEPXHOCTHU U MsKuIa. [10 BKYCOBBIM XapaKTepUCTHKAaM OapaHKH CO CBEK-
JI0¥ 00Ja1amy 60JIee BHIPAXKECHHBIM CIaIKUM OTTCHKOM, B CPABHCHHH C KOH-
TPOJIBHBIM 00pa3IoM. MSIKHUIII U IOBEPXHOCTh OapaHKU ¢ MOPKOBBIO OBLIH C
JKEITBIM OTTEHKOM, TT0 CPABHEHHIO C KOHTPOJIBHEIM 00pa3oM. Ha BkycoBbie
XapaKTEPUCTHKH BHECCHHE MOPOIIKAa MOPKOBH OKa3allo HE3HAYUTEIHHOE
BITUSTHHE.

B pesynbTaTe npoBeICHHBIX IKCIIEPUMEHTOB OBLTH MOTYYIEeHBI OapaHoU-
HBIE U3ICTHS C BBICOKIMH OPTaHOJIEITHIECKAMH TTOKa3aTeNsIMH, o0oraIieH-
HbIe OMOJIOTHYECKH aKTHBHBIMH BEIIECTBAMH W COKPAIICHHBIM BPEMECHEM
paccTorKH.
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Culture of green algae Ulva rigida C. Ag.:
producing germ plants

O. Bityutskaya, L. Bulli, N. Mazalova, S. Seryogin

Federal State Budgetary Educational Institution of Higher Education
«KerchStateMaritimeTechnological Universityy, 82 Ordzhonikidze Str.,
Kerch, 298309, Russia

Biological features of growth and high specific production, rich in car-
bohydrate component, availability of essential macro- and microelements, av-
erage calorie content make Ulva rigida C. Ag. an attractive target species of
marine aquaculture in the Azov-Black Sea area. It allows in the future to con-
sider this species as an accessible resource [1, 2].

In the course of experiments on obtaining and growing ulva germ plants,
cultivation modes were worked out: in the first version, the ulva thallus were
grown under conditions of increasing salinity from 22 to 29 %o, in the second,
the salinity was maintained in the range of 18-22 %.. Ulva was cultured in
aquariums with constant aeration and water circulation.

The water temperature in all aquariums was the same and, depending on
weather conditions, varied from 18 to 22.6 °C, the average temperature was
(20.9 £ 0.2) °C. Thelight intensity was slightly different — in the first version
it varied within 640-4500 lux, in the second — 570-3800 lux. More intense
fruiting was observed in the first variant of the experiment, which is probably
associated  with an increase in  light intensity up to
3.5-4.7 thousand lux and salinity up to 26-29 %o on certain days.

Under the experimental conditions, the frequency of production of ulva
spores was observed, as evidenced by the presence of peaks on the variation
curves of the distribution of the length of the longest ray of germ plants and
an increase in heterogeneity. According to A.A. Kalugina-Gutnik [3], in the
Black Sea, the maturation of zoospores and ulva gametes and their release are
associated with the phases of the moon and occur every 12 days in the full
moon and new moon, with the destruction and dying off of the fertile part of
the thallus lamina.

The abundant number of germ plants was obtained at the end of January,
the length of the most developed ray of the germ plants reached 420 pum, the
width was 21 um, the number of rays was recorded from 3 to 8. With further
germination of embryos, a single-row filament is well differentiated, consist-
ing of primary adherent cells and rhizoidal cell extensions in the lower region
of the filament. The division of cells along the longitudinal axis leads to the
development of a tubular monostromatous sprout.
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Under the experimental conditions, the formation of creeping filaments
was observed, arranged in the form of a disk, from the cells of which one or
more vertical single-row filaments grew later.

The filamentous form of ulva ("slender") is also found in nature and is
also used in cooking. Some authors believe that the appearance of this form
is due to a change in some environmental factors, in particular, the microbi-
ological component [4]. It is believed that macroalgae can create a favorable
environment around themselves, forming and controlling the species compo-
sition of organisms [5, 6]. For green algae r. Ulva, bacterial effects on mor-
phogenesis were noted [7—9]. Over time, the tubular monostromatous sprout,
like slender, can transform into a dystromaticlamina.

Thus, the processes of sporogenesis and gametogenesis in green algae
depend on many factors, to a large extent on light intensity, length of daylight
hours, salinity and temperature. An increase in salinity above 26 %o and illu-
mination exceeding 3-4 thousand lux, intensifies the fruiting of ulva, signif-
icantly reducing the growth of the biomass of the sporophyte alga. During the
period of active release of spores, the growth of the ulva biomass decreases,
the average daily increment is only 0.03—0.04 %. The maximum vegetative
growth of algae 4.0-4.5 % per day is observed during periods of absence of
intensive fruiting. Ulva sprouts develop rather quickly and grow well under
laboratory conditions, withstanding significant fluctuations in environmental
parameters (salinity and light intensity), reaching a marketable size (weight)
in 6—8 months of cultivation. By adjusting the environmental conditions, it is
quite possible to adjust the intensity of biomass growth and fruiting, obtaining
not only a significant increase in algae thalli, but also young lamellar or fila-
mentous forms of ulva from germ plants.
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JKO0JIOTr0-3KOHOMUYECKHE aCEeKThl NPUMEHEHUs
6M0JIOTHYECKHUX CPe/CTB 3alUThI NIPU NPOU3BO/ICTBE
CeJIbX03KYJIbTYp Ha NpuMepe KapTodes

E.N. Kunpymkuna, O.W. Cepruenko, B.C. Konogssuas, O.H. Pymsuamesa

Hayuonansuwii uccnedosamenscxuil ynusepcumem UTMO,
Poccus, 197101, Canxm-Ilemepoype, Kpongepxckuil np., 49

AHHOTAIUSA

DKOIOTH3aIHsI CETLCKOXO3SHCTBEHHOTO IIPOU3BO/ICTBA M IOCTYPOXKAM-
HBIX TEXHOJIOTUI XpaHEHUS PACTUTEIBHOU MPOIYKIIUH SIBISIETCS aKTyaIbHOU
C TOYKH 3PEHHUS peann3aluy NPUHIIMIIOB YCTOHYMBOTrO pa3BuTHs. B padore
paccMaTpuBalloch MpUMEHEHHEe OHOIPEenapaToB Ha OCHOBE OaKTepHii-aHTa-
roructoB poxos Pseudomonas, Bacillus B momHOM >KM3HEHHOM THKIIE TIPO-
U3BOJICTBA KapTo(ests, BKIoYast arpapHble TEXHOJIOTHH, TEXHOJIOTHH IPOU3-
BOJICTBA, JJIUTCIBHOT'O XOJIOAUJIIBHOTO XpaHeHI/ISI nu HOTpe6HeHI/IH. HOKa?»aHO,
qTo 6aKTepI/II/I-aHTaFOHHCTBI HpOSIBJ'[HIOT CBOﬁCTBa 3J'II/ICI/ITOpOB 3allIUTHBIX
peaknuii pacTUTENbHBIX TKaHeH. HTEeHCUDUIMPYIOTCS afanTallHOHHbIE 3a-
[IUTHBIE PEAKIIUK HHOKYJIUPOBAHHBIX KIyOHEH KapTodess ¢ 06pa3oBaHueM
CTPECCOBBIX META0OIUTOB — (PUTOAIEKCHHOB, CyOepHHA, MPOUCXOAUT aKTH-
BU3AIMS PEaKIMil pernapaiy MOBPEKICHHBIX TKaHeH, (eHOIbHOro MeTabo-
JIU3Ma U OKHCIIUTEIbHBIX ()EPMEHTOB, KIyOHH OTJIUYAIOTCS MOBBIIICHHBIM
COJIep)KaHUEM aCKOPOMHOBOW KHCIOTBI, M3MEHSIETCS (DUTOTOPMOHAIBHBII
cTaryc KryoHei. CHIKaeTcs KOJIMYecTBO MHPUIIMPOBAHHBIX KITyOHEH B ypo-
xae Ha 17 %, moBbIMIACTCSI MAacCcoBast 0Nl CYXHX BEILIECTB B CPEIHEM 10
copTtam Ha 2,27 %, KOJMYECTBO HU TPATOB CHIDKAIOCH 10 23,9 %. [IpoBeneHa
9KOJIOr0-9KOHOMHUYECKAsK OLEHKA IIPUMEHEHHUS OHOMPENapaToB.

KiioueBble ciioBa: mocTyporaifHele TEXHOIOTHH, KapTodesnb, OakTe-
PHUH-aHTATOHUCTHI, )KA3HEHHBIN 1IHKJ, HUTPATHI, MTHIIEBast [[EHHOCTh, Opra-
HHYECKOE 3eMIICICIHE.

B Hacrosiiee BpeMs pacTeT NMOTEHIHMAT Pa3IMYHbIX COCTaBIISIOIIUX
OMOTEXHOJIOTHI [UIsl TOCTHKEHUS] YCTOHYMBBIX PEe3yJIbTaToB B arpodusHece,
a Takxke I pPa3BUTUS OpraHMYecKkoro 3emnenenus B Poccum u B
mupe [1-5].

AKTyaJbHOU SIBJISIETCS 33Ja4a SKOJIOIM3alus CEIbCKOXO03SHCTBEHHOIO
MPOU3BOJICTBA U IOCTYPOXANHBIX TEXHOJOTMH XpaHEHUs pPaCTUTENIbHOM
MIPOLYKINH, BOCCTAHOBJIEHHE IIOOPOIHS TOYB ITPU MUHIUMAJIBHOM ITpHUMeE-
HEHMM DJKOJOTMYECKH ONAcHbIX XHMMHKAaToB. YacTHYHOE MM IIOJIHOE
3aMEIlCHNE XMMHUKATOB IIpernapaTaMu CUMONOTHYECKUX MHKPOOPTaHU3MOB
MO3BOJIAIOT BHCAPATH HHTETPUPOBAHHBIC CUCTEMbI 3allIUTHI paCTeHHﬁ.
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Llenp uccienoBaHUS — M3YYHTb IKOJIOTO-9KOHOMHUYECKHE ACIIEKTHI
NPUMEHEHHs] OMOJIOTMYECKUX CPEACTB 3aIlIUTHI IIPH NPOU3BOICTBE CEJlb-
XO3KYJIBTYp Ha IIPUMEpe KapToders.

OOBEKTBI U METOIBI HCCIIEIOBaHUSA- KapTodenab copToB JIyroBckoii.
Coprta Hesckuit, [Tymkunen, Cantd, EnuzaBeta. [ToMmumo u3ydeHus Koiu-
YECTBEHHBIX MOTEPh YPOrKasl TPH NPUMEHEHUH OHMOIIOTHYECKUX CPEJCTB UC-
CJIE/IOBAJIOCHh BIIMSIHHE YCJIOBUH OM00OpabOTOK IpU MPOHM3BOACTBE KapTo-
(ens Ha I3MEHEHUe NoKazaTeseld KauecTBa U 0€30MacHOCTH KITyOHEH.

YcraHoBeHo, 9To 00paboTKa KiryOHel KapToderns nepes 3akaaakoi Ha
IUTUTENIbHOE XpaHEeHHe cycleH3uel KybTypaibHoi sxuakoctd (KOK) baxre-
puii poxa Mycobacterium naunGonee 3ddexTrBHA U CHIXKAET 3aboJeBae-
MOCTh KiIyOHeit (hy3apro3om u purodropozom B 2—3 pasa.

IToka3aHa wnesnecooOpa3HOCTh MPOBEAEHHS JIeyeOHOro Hepuoia I
KIIyOHe# ¢ rIyOOKMMH MEXaHHYECKHMH TOBPEXKICHUSIMU C MPUMEHEHHEM
0aKTepHif-aHTarOHUCTOB. PEKOMEHIOBAHO HCKJIIOYUTH JICUCOHBIH MEpUo.T
KIIyOHEH ¢ HEe3HAYUTENbHBIMA MEXaHHYECKUMH MOBPEXISHUIMH, HO 00pa-
6ortanubiMu cycrieHsuei KK mukobakTepwuit [3].

Oo6pabotka kapTodens nepen nocankoit KK Oakrepuii-aHTaroHHCTOB
HCCIIeTyeMbIX IITaMMOB CHIKAET KOJMYECTBO HH(HUIIMPOBAHHBIX KIIyOHEH B
ypoxae Ha 17 %.

Ha ocHoBaHnu aHanm3a MOJTyYEHHBIX JaHHBIX OBUIO YCTAHOBIICHO, YTO
IIpUMeHEHHE OaKTepHaIbHON MHOKYJIISIINY IPH 00paboTKe 1Moca ouHoro Ma-
TepHaa U BETeTHPYIOLINX PAaCTCHUH OKa3bIBACT BIMSHUC Ha MUILEBYIO LICH-
HOCTB KITyOHE# HOBOTO ypoxkasi. MEUKpOOHOJIOTHIeCKHe MpernapaThbl, HHTSH-
cHU(UIUPYS CHHTETHYECKHE IPOLIECCH H PEryIHPYs IOCTYIICHHE MUTATEIb-
HBIX DJIEMEHTOB B KIyOHM TIPH BEreTalliH, YCKOPSIOT CO3pEBaHUE U YIIyd-
HIAF0T Ka4€CTBO KapTodes.

Pe3ynbTaThl U3y4eHUs! Co/IepKaHuUs OOIIeH MacChl CyXUX BEIECTB I0-
Ka3bIBAalOT, YTO THIIEBas LEHHOCTh MPOJOBOJBCTBEHHOIO KapTrodeis B
OIBITHBIX BapHaHTaxX 3a CYET YBEJIMUYCHUS MAaCCOBOMU JIOJNHM CYXHMX BEIIECTB
BBIIIIE B CPEJTHEM I10 copTaM Ha 2,27 % OTHOCUTENBHO KOHTPOJISL.

3HauYNTEIbHOE BIIMSHUE HA HAKOIUIEHHE CYXMX BELIECTB OKa3bIBAaeT
npuMeHeHne OakTepuanbHoi nHOKYJ sy B.subtilis Y173, ocobenHo B Bapu-
anre KMVY+ B.subtilis¥13.

Heo0XxoquMo OTMETUTh YMEHBIICHHE COAEPKaHHs HUTPATOB B PacTH-
TENBHBIX TKAHSX NPH OHOIOTH3aMU KapTo(els. AKTHBU3ALUSI OHOXUMHYe-
CKHX peaKLi B KIIyOHAX KapToQels Ipy OakTepHanbHOH HHOKYJIALMH, CTH-
MyJUpyoIas TpaHchOopManUio HUITPATOB B HEOOXOAUMBIE a30TCOAEpKAIINE
BEILECTBa, 00YCIIaBINBAET CHIDKEHUE COIEPKAHHUS HUTPATOB B CPEIHEM I10
COpPTaM U BapHaHTaM OIBITOB Ha 5,95 MI/KT.

B npucyrcteun B.subtilis Y73, B.species 083, Ps.sp.115 konudectBo
HHUTPATOB 3aMETHO CHIKaNIOCh. OCOOEHHO YETKO 3Ta TEHACHIIMS IPOSIBUIACH
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TIpY COBMeCTHOM nHOKysitmu B.subtilis Y13 ¢ o6pabotkoit KMVY. Tak, xo-
JIMYIECTBO HUTPATOB B KIIYOHX copTa JIyrOBCKOM B JaHHOM BapHaHTE OITBITA
cpa3y mocie coopa ypoxkasi CHU3HIOCH Ha 23,9 % 1o cpaBHEHHUIO C KOHTPO-
JIeM, a B BapHaHTe, rj1e OblIa HCI0JIF30BaHa TOJNBKO OaKTepuaabHas HHOKY-
sstmst B.subtilis Y13 cumkeHre cOCTaBHIIO OTHOCUTENBHO KOHTpOIst 17,7 %.

[Ipu oueHke pe3ynbTaTOB CHU)KEHHS KOJIMYECTBA HHUTPATOB HEOOXO-
JAUMO YYUTBIBATHh HAJIUYHUC prlMOﬁ 3aBUCUMOCTH MEXKIY COACPKAHUEM HUT-
paToB B KIYOHSAX U MOPAKEHHOCTHIO PACTeHUH HH(EKIIMOHHBIMU 3a00JIeBa-
HUSIMU.

B pabote mpoBeneHa OlleHKA BIUSHHS OHOOpPAaOOTKHM Ha YKU3HCHHBIH
IIMKJI IPOU3BOICTBA KOPHEILIONOB KapTO(ers.
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PecypcocGeperamomas TexHo10rus1 GyHKIIUOHAIbHBIX
NPOAYKTOB MUTAHUS HA OCHOBE
6rnoMoAGUIIMPOBAHHOT0 MSICHOTO ChIPbS CTpayca

E.A. Poro3una, B.C. Konoasznas, U.A.lllecronanosa, E.W. Kunpymikuna,
O.H. Pymsnresa, }0.B. bpoiiko
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CrpykTypa nuTaHus OONBITHHCTBA HaceleHus Poccuiickoit deneparm
HE COOTBETCTBYET KOHLENIUH COaTaHCUPOBAHHOTO IUTAHUS, O YeM CBHJIC-
TENBCTBYIOT CHUCTEMATHUYSCKUE WCCICHOBAaHUS, MPOBOIUMBIE HHCTUTYTOM
mutaanss PAMH. B cBs3u 3THM 1enecooOpasHBIM SBIISETCS pa3padoTka
(hYHKIIMOHATHHBIX MAIIECBBIX IIPOTYKTOB MACCOBOTO OTPEOIICHHS Ha OCHOBE
HETPaAUINOHHBIX HCTOYHUKOB MSCHOTO CHIPhSI OTE€UECTBEHHOTO IIPOU3BO-
CTBa, B TOM YHCIIE Msca CTpayca, 00IaJaromero BEICOKOM MHIIEeBOH 1 Ono-
JIOTHYECKOH 1IEHHOCTBIO.

Poccuiickoe Gepmepckoe CTpayCcoBOICTBO SBISIETCSI OTHOCHTENBHO MO-
JIOAOW W AMHAMUYHO pPa3BUBAIONICICS OTpaciblO CEIbCKOIO XO35AHCTBA.
Bonb1110# HHTEpeC K BBIpALIMBaHHIO CTPAyCOB 00YCIOBJIEH UX BBICOKOH MPO-
JYKTHBHOCTBIO B CPaBHEHHMHU C JIPYTUMH CEIILCKOXO3SMCTBEHHBIMH YKHBOT-
HbIMU. ClielyeT OTMETUTh, YTO MSCO CTpayca SIBISIETCA TUETHYECKUM, He
HUMEET PETUTHO3HBIX U HAIIMOHAIBHBIX OTPaHUYEHHH.

ITo opraHonmenTHYECKUM IOKa3aTeNIsIM KadecTBa M XHMHUYECKOMY CO-
CTaBy OHO HE YCTYIIaeT, a 10 HEKOTOPBIM IMOKa3aTelsIM IIPEBbIIIAET TPaau-
MOHHBIC BHIBI MSACHOTO CHIPBS. MsICO CTpayca OTIHYaeTCs HU3KUM COJZep-
JKaHHEM XOJIeCTepHHA, BEICOKUM cofepykanueM Oenka — 1o 21 %, Omaro-
TIPUATHBIM JIJIS1 YCBOSHHSI OPTraHU3MOM YeJIOBEKa JKHUPHOKUCIIOTHBIM COCTa-
BOM U HU3KOH Ka.]'IOpI/If/'IHOCTI)IO. KpOMe TOTO, OHO ABJIACTCA UICTOYHHUKOM BH-
taMuHOB PP, E, rpynnel B, MuHepalIbHBIX 3JIEMEHTOB JKeje3a, CEIeHa, Kajlb-
s, hocdopa, Kanus.

OpHako, MSCO cTpayca OTJIMYAeTCsI BRICOKUM COJIEepKaHUEM COEIMHU-
TENIHOM TKAaHW M HE TMOJIHOLEHHOro OelKa KoJUlareHa, YTo NMpUAaeT eMy
YKECTKOCTh U CHI)KAET YCBOSIEMOCTh OEJIKOB.

OTeueCTBEHHBI 1 MEPOBOH OITBIT CBHICTEIBCTBYIOT O IeJIECO00Pa3HO-
CTH NPUMEHEHHUs ()epPMEHTHBIX MPENapaToB Il OMOMOAN(BHUKALIMI CBOWCTB
HHU3KOCOPTHOTO CHIPBSI B MSICHON OTPAciH, U €T0 MCIOJIb30BaHUS B TEXHOJIO-
rud (YHKIIMOHATBHBIX TPOAYKTOB IEJIEBOTO HA3HAUCHHS.

Lenp uccnenoBanns — pa3paboTaTe peleNTYPHl H pecypcocdeperaro-
OIyI0 TEXHOJOTHI0 ToNy(haOdpukaToB (YHKIMOHAJIHHOTO HA3HAYCHUS Ha
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OCHOBE (PEepMEHTHPOBAHHOTO MSCHOTO CBIPBS CTpayca C J00aBICHHEM
WHTPEINEHTOB PACTHTEIBHOTO MPOUCXOKICHUS.

OOBeKTOM HCCIeToBaHMs BRIOPAHO MsICO OeqpeHHO YacTH Msca CTpa-
yca, BEIpaleHHoN Ha TeppuToprn JleHnHTpaackoii oomactu (moc. bemooct-
poB). B kadecTBe pacTHTEIBHBIX WHTPEIUCHTOB BBHIOPAHBI TOMHMHAMOYD,
celbliepei, KOPHEIUIO Ibl, IbHSIHOE MACIO ¥ MPSHOCTH.

Jyist GuoMomuGHKaIMA CBOMCTB MsIca MCIOIb30BaH (DepMEHTHBIH Mpe-
napat koyutareHasza (TY 9154-032-11734126-10), mosmry4yeHHBIH U3 renaro-
MaHKpeaca KaM4YaTCKOTO Kpaba C TPOTEONUTHYECKOH aKTHBHOCTBHIO
130 I1E / mr npenapata, PH = 6,5.

Komnarenasa — nporteonutudeckuii GepMeHT, KOTOPbIi 3¢ dekTuBHO
pa3pyImiaeT MenTHIHBIE CBA3U B IPHPOTHOM KOJUTareHe, HHTHOUPYET CHHTE3
METaJUIONpPOTea3 M MPeAOTBpPaIIaeT pa3pylieHHEe MPOTEOTIINKAHOB, a TAKKE
KOJUTareHa XpAIIIeBOH TKaHM.

Jis onTUMHU3aIMK TEXHOJIOTHYECKUX MapaMeTpoB (pepMEHTHPOBAHIH
(apma ¢ mpruMeHeHHeM KOJUIareHas3bl MCIOJIB30BAJIH METOA APOOHBIX pe-
UMK TIPH W3y4YSHUU BIUSHUS Ha (GYHKIMU OTKJIMKA TpeX (akTOpPOB: Macco-
BOH monu koJutareHassl (C, kogupoBaHHas epeMeHHast X1), TPOAOKUTEb-
HOCTH (T, KOIMPOBaHHAs IepeMeHHast X2) ¥ TEMIIEPATYpPbI BBIACPKKH (apiia
(t, komupoBaHHas mepeMeHHas X3). OYHKIUSIMH OTKIHKA BHIOPAHBI 3HAYE-
HUsl BIIaroynepxuBaiomeii crnocoonoctu (Y1) W copepxaHue aMHUHHOTO
asora (Y2). [Tapamerpsl (hepMeHTHPOBaHMS (apiiia Ha OCHOBHOM yYPOBHE U
HWHTEpBAI BapbUpoBaHus MpuHATH ciexyromue: Co = 0,04 %, AC = 0,02 %;
=49, At=29;t=12°C, At=7 °C.

DU3NKO-XMMHYECKHE U OPTaHOJICIITUYECKHE MTOKa3aTesI KauecTBa Mo-
mydabprkaToB Ha OCHOBE (PePMEHTHPOBAHHOTO MsCa CTpayca OIpeaeIsiIn
CTaHIAPTHBIMH METOJIAMH.

CocraBiieHbl MaTPHIIBI ITAHUPOBAHKS DKCIIEPUMEHTA U ypaBHEHHUs pe-
IpeccHy, aIeKBaTHO OIMHUCHIBAIOIINE U3ydyaeMblil mpoliecc. [Tpeanoxens on-
TUMaJIbHbIE TEXHOJIOTUYECKHE TapaMeTphbl pepMeHTHpoBanust (apiia Ha Oc-
HOBE Msica CTpayca ¢ IPUMEHEHUEM KOoJUTareHas3bl: MaccoBast JI0JIsl KoJuiare-
Ha3bl 0,05 %, NpoJOIKUTETFHOCTD BEIIEPKKU (apiia 4,5 u mpu t = 13 °C,
MIO3BOJISIFOIIUE MOJTYYUTH (papil ¢ BBICOKUMH OPraHOJIeITHYECKUMH MOKa3a-
TENSIMH ¥ (yHKIIMOHAIbHO-TEXHOJIOTHUYECKHMH CBOWCTBAMH, IO CPAaBHEHHIO
C KOHTPOJIBHBIM 00pasIom.

ITokazaHo, 4TO MpUMEHEHHUE KOoJlareHa3bl, 00J1a1atomeil IpoTeoNInTH-
YeCKOW aKTHBHOCTBHIO M CyOCTpaTHOH CIEU(PHYHOCTHIO K PACHICTIICHUIO
KOJJTareHa COCIUHHUTEIBHON TKaHU 3HAYUTEIBHO YIIydmiaeT (yHKIIHO-
HAJIBHO-TEXHOJIOTHYECKUE CBOWCTBA U MOBHIIMIACT BBIXO TOTOBOTO IIPOIYKTa
3a CYeT KOHBEPCHHU CTPYKTYphI OeNKOB M Tpanchopmaiuu cBoiicTB. Kpome
TOT0, IPUMEHEHNE KOJUTareHasbl AJ1s1 00pabOTKH CHIPBS C TIOBBIIICHHBIM CO-
JepKaHWEM COCTMHHUTEIbHOW TKaHW YBEIHYMBAET CONEPKaHHE CBOOOIHBIX
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aMHMHOKHCJIOT U HEOETIKOBBIX a30THCTBIX COEANHEHHUH, KOTOPBIE TIPH TEILIO-
BOM 00paboTKe MpeBpaIlaloTCca B JETYyYHE COEAWHEHUs, yJacTBYIOLINE B
(hopMHUpPOBaHHUK MSICHOTO BKycCa M apomara.

OCHOBBIBasICh Ha TEOPETHUYECKHX IOJIOKEHUSIX MHUIIEBOH KOMOUHATO-
puku 1 MP 2.3.1.2432-08 pa3pabotanbl peuentypsl (hapiieBbix noxyhadpu-
KaToB (DYHKIIMOHAIEHOTO HAa3HAYEeHUs, KOMIIOHEHTAMH KOTOPHIX BBHIOpaHBI:
(hepMEHTHPOBAHHOE MSICO CTpayca, TONMMHAMOYp, cesbaepeil, MOPKOBB, Ka-
3eMHAT HaTPUs, Macjo JHHSIHOE U NPSTHOCTH.

CocraBneHHBIE PELENTYPHBIE KOMITO3HIUH MOTy(haOprKaToB OTINYA-
IOTCSI BBICOKMM COJIEPXKaHUEM ITOJTHOIIEHHOTO OeNKa, 000raIieHsb! JKelIe30M,
CEJICHOM, ITUIIEBHIMHA BOJIOKHAMH, BUTaMHHAMH, UMEIOT BBICOKHE IOKa3a-
Tenr OMOIOTHYECKOH 1 MUIIEBOM IIEHHOCTH U OTBEYAIOT TPEOOBAHUAM (yHK-
LHOHAJIBHOTO ITUTaHMU.

Paspabotana pecypcocOeperaroiias TEXHOJOTHS MACOPACTUTEIbHBIX
nonyQadpuKaroB, NpeJHA3HAYCHHBIX MJISI XpaHEHUs B OXJIAKICHHOM
COCTOSIHHH.

ITo KOMIIEKCY OpPraHoJIENTHYECKUX M (PHM3UKO-XHMMUYECKHX MOKa3aTe-
JIeH KauecTBa 1 MUKPOOMOJIOrHYEeCKUM TOKa3aTeIsiM 0e30MacHOCTH 000CHO-
BaH CPOK T'O/IHOCTH MSICOPACTHTEINILHBIX MOJTy(habpruKaToOB, paBHBII C y4eTOM
koo dummenta pesepsa 6 cyT npu Temneparype xpanenus (4+1) °C.

depMeHTHPOBaHHOE MSCO CTpayca, HOIyYeHHOE NPH BBHIOPAHHBIX pe-
KUMax OMOMOMU(HKAIK, PEKOMEHIYETCs HCIOIb30BaTh B TEXHOJOTHU
Pa3INYHBIX AETUKATECHBIX, KOMOACHBIX U3AENI, MSICOPACTUTEIBHBIX MOMY-
(aOprkaToB, KOHCEPBAX U APYTHX IIPOLYKTOB IIUTAHUS C IIEIBIO TOBBIIICHUS
YCBOSIEMOCTH OCITKOB COCIMHUTEIBHOW TKaHW M MPO(MIAKTHKH aTUMCH-
TapHO-3aBUCUMBIX 3a00JIEBaHUH JIIO/ICi C MOHMKEHHOW aKTMBHOCTHIO MPO-
TEONUTHYECKUX (DEPMEHTOB JKEJTy JOYHO-KUIIEYHOTO TPAKTA.
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