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Cexknus 1. JHeprocoepexxeHue U MOBbIILIEHNE JHEPreTHYECKOH
3¢pdexTuBHOCTH B cTpouTebcTBE M KKX
Section 1. Energy Saving and Energy Efficiency

The temperature effect on Portland cement strength
Y. Abzaev, A. Gnyrya, S. Korobkov, D. Dudov, D. Mikhailov
Tomsk State University of Architecture and Building
e-mail: abzaev2010@yandex.ru

The paper presents the VCCTL computer modeling of 28-day curing mechanisms of
the type CEM 1 42.5B Portland cement (Topki, Russia) within the temperature range from 0
to 99 °C. The water-cement ratio is 0.4. The VCCTL modeling results show the general
hydration (hydrolysis) process of clinker phases, the amount and the composition of hydration
products, pore space, ion composition of the aqueous solution, effective values of the elastic
moduli (shear modulus, bulk modulus, Young’s modulus, and the Poisson ratio) depending on
the curing time within the temperature ranging from 0 to 99 °C, after every 10 °C. It is shown
that at 10 °C, CEM | 42.5B cement hydration is 52 % and with the temperature increase up to
99 °C, it reaches 90 % leaving the most of hydration to the first 50 hours. The temperature
dependence of the heat transfer factor substantially correlates with the hydration degree. The
temperature increase causes the growth in the hydration (hydrolysis) process of clinker
minerals. During the first 50 hours, at a temperature higher than 60 °C, the amount of alite
and aluminate decreases by an order of magnitude against the amount of belite and
ferroaluminate that reduces by two times. During the subsequent temperature increases, the
monotonous retardation of the dissolution rate is observed. The amount of the main hydration
products (CSH, CH) in CEM | 42.5B increases and achieves 70 % of the solid phase and the
pore space. It is found that the effective values of the elastic moduli significantly grow during
400 hours, and then gradually decrease resulting in K = 16.79; G = 8.90; E = 22.69 MPa. The
correlation is observed between the yield stress and Young’s modulus in the form of quadratic
and cubic polynomials. Depending on the curing time and predicted values of Young’s
modulus, the values of the yield stress obtained at T = 20, 40, 50 and 70 °C are compared with
the curing time, at the water-cement ratio of 0.4. The values of the yield stress are
approximated using cubic polynomials. With a high degree of reliability (=0.97), the
correlation between the yield stress and Young’s modulus is observed in the investigated
temperature range. This correlation can serve as a basis for predicting the strength of Portland
cement after 28-day curing.

JKCNEepUMEHTAJIbHOE HCC/IeJOBAHNE IIJIMT NepeKpbITHSA
MHOT03TAKHBIX 31aAHUI ¢ THOKUMHU CBSI3AMH
K. bakteirynos, b. Opno6aes, A. 3ynmnyes, I11. AGabikeeBa
Kuvipevizcko-Poccuiickuu Crnasauckuti ynueepcumem
e-mail: k_baktygulov@mail.ru

MOHOIHUTHBIE >KeIe300€TOHHBIE TEePEKPBITUS CO CTATHHBIMU MPOGUITHPOBAHHBIMHU
HACTUJIAMHU IIUPOKO TMPUMEHSIOTCS MPU CTPOUTEIHCTBE BBICOTHBIX 3/IaHUM 3a PYOEKOM,
ocoberHo B nanbHeM 3apyoexbe (CHIA, ®pannus, ['epmanus, Wranus, SAnonus, Yexus,
[lonbma, ABctpus u 1p.). OCHOBHBIMH MPUYMHAMU MAaCCOBOTO CTPOMTENBCTBA TAKUX
KOHCTPYKIIMUA CIY’KAaT TaKue MPUYUHBI KaK, UCIOJIb30BAaHUE CTATIBHOIO Kapkaca B KayeCTBE
HECYIIIETO dJEeMEHTa TNEPEeKPBITUM, HU3Kas COOCTBEHHass Macca TaKOW KOHCTPYKTUBHOU
CUCTEMBI, JOCTATOYHO XOpOIIas W3YYEHHOCTh COBMECTHOW pabOTHI IUIUTHI CO CTAIBHBIMU
Oankamu, pa3paboTKa M MPUMEHEHHUE BBICOKOTPOU3BOJIUTEIBHBIX allapaToB JUIsl MMPUBAPKU
AHKEPHBIX OOJITOB K MPOTrOHAM 4Yepe3 HACTUJIIbI, MaJ0 U3YYEHHOCTh U OTCYTCTBHE BapUAHTOB
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00beAMHEHUS MOHOJUTHOW IUJIMTHl Ha NPOQUIMPOBAHHBIX JIUCTAX C >KEIe300€TOHHBIMHU
HECYILIUMHU 3JIEMEHTAMH.

['maBHBIM yCIOBHEM palMOHAIBHOW M 3(PQPEKTHBHON pabOTBHl TaKMX KOHCTPYKILUI
ABIIIETCS O00eCIevYeHre COBMECTHOM pPAa0OThlI COCTABISIOUIMX KX DJIEMEHTOB — HACTHJIA C
MOHOJIMTHBIM O€TOHOM U IUIMTHI B IIEJIOM C HECYIIMMHU OankaMHu. DKCIIEpUMEHTAIIbHbIE
UCCJIEIOBAHMSI OJTHOIIPOJIETHBIX KOMOMHHUPOBAHHBIX OaJIOK MpOJIETOM 2—6 M IOKa3ajiu, 4TO
MIOJTHAst COBMECTHAsI paboTa COCTABIISIFOIIMX 3JIEMEHTOB 3aBUCHT OT KOJIMYECTBA HAIOTIOPHBIX
aHKepoB. B uccrienoBaHusix cienaH BBHIBOJ O 1I€IE€CO00Pa3HOCTH PABHOMEPHOIO pa3MeILeHHUs
AQHKEPOB 110 JJIMHE IPOTrOHa PU PABHOMEPHO-PACIIPEAEICHHON 110 IIOBEPXHOCTH MEPEKPBITUI
Harpyske.

N3 wumeromerocss apceHalla  HM3BECTHBIX ~ aHKEPHBIX  YCTpPOMCTB  Hauboiiee
WHIYCTPUAJIBHBIM OKa3ajdach AHKEPOBKAa MPH IOMOIUM CTEPKHEBBIX YHNOpoB. C LEJbIO
HAJe)KHOM M CKOpPOCTHOM HMX HIpHUBApKM B Halleld CTpaHe M 3a pyOexoM pa3pabdoTaHbl
CHelHMalIbHbIE CBAPOYHOE 000pYyI0BaHUE. DTUMH K€ CTEPKHEBBIMU aHKEpaMHU OJIHOBPEMEHHO
OCYIIECTBIISIETCS O0beIUHEHHE OETOHAa C JHCTOM M IUIMTHl ¢ mporoHamu. [loatomy
UCCJIEJOBAaHUE aHKEPYIOLEH CIIOCOOHOCTH 3TUX aHKEPOB KpaliHEe Ba)kHA JJIS IV1aJKOCTEHHBIX
HACTHUJIOB, BBIITYCKAEMbIX OOJIBIIMHCTBOM MPEANPUATUI POMBIIUIEHHOCTH.

[Ipu obecrnieueHnn HAIEKHON COBMECTHOM paOOTHI ILTUTHI MIEPEKPBITUS CO CTATHHBIMU
OakaMH pacxoJi CTald CHIDKaeTcs B mpezaenax 15-34 %. 3aMeHa ke CTaTbHBIX OaJOK Ha
J)KeJIe300eTOHHBIE CHIDKAET METAIIOEMKOCTE Ha 22,1 %.

B nanHoM wuccrnenoBaHMM U3ydeHa paboTa THOKHX CBSI3eH, OCYIIECTBIISIOIIMX
COBMECTHYIO pa0OTy MOHOJIUTHOM KeJIe300€TOHHOM MINTHI, UMEIOIIEH BHEIIHIOK apMaTypy
B BHJIE TJIQJAKOTO CTAJbHOTO NpO(MIMPOBAHHOIO HACTWIA C Y3KMMHU pedpaMu BHU3 U
JKEJIe300€TOHHON Oalku CHenuanbHOW KOHCTPYKIMH. llenplo JaHHOTO HCCIeI0BaHUs
ABIIAJIACH HM3y4UEHHUE TOBeleHUusi pedep cBsizel OOBEIMHEHMS] COCTABIISIIOIIMX AJIEMEHTOB
TAKOI'0 COCTAaBHOTO ceueHus. s MOCTH)KEHUs AAHHOM 1M BaKHOE 3HAYEHHE HMEET
IIPABWIbHBIN BBIOOP CXEMbl UCHBITAHUS, KOTOpPask JOJKHA MaKCUMAJIbHO TOYHO OIKCHIBATh
MOBEJICHUE CBSI3€H MpU pealibHON paboTe KOHCTPYKIUH.

B nmanHOM wuccienoBaHMM wH3ydeHa paboTa THOKHMX CBSI3€H, OCYIIECTBIISIONINX
COBMECTHYIO pabOTy MOHOJIUTHOM eJ1e300€TOHHOM MINTHI, UMEIOIIEH BHEIIHIOK apMaTypy
B BHUJE IJIQJAKOIO CTaJbHOrO MNPOQWINPOBAHHOIO HACTWIAa C Y3KMMHM peOpaMu BHU3 U
XKene300eTOHHOW OaJlku  crienuanbHOW KOHCTpYKUMHU. llenplo JaHHOrO HccieloBaHUs
ABIIAJIACh HM3yu€HUE IIOBeJeHUs pedep cBsizell OOBEIUMHEHMS] COCTABIISIIOIIMX AJIEMEHTOB
TAKOr0 COCTAaBHOTO ceueHus. [l NOCTHKEHUs AaHHOM IeNId BaXHOE 3HAYeHHE HMeEeT
NPaBUJIbHBIN BBIOOP CXEMBbI MCIBITAHUS, KOTOpas AOJDKHA MAaKCUMaJIbHO TOYHO OMMCHIBATH
MOBE/IEHUE CBS3EH MPU pealibHOM paboTe KOHCTPYKIUH.

Haubonee mupoko MCHOIB3YIOTCS MCCIEAOBATENSIMU CXEMbI HCIBITAHUSI aHKEPOB B
JIBOMHBIX 00pa3slax, MpeiCTaBIAIONMX cOO0N CTalbHOM JIByTaBp ¢ MPUBAPEHHBIMU K 000UM
MOJIKaM aHKepaMH, KOTOpble 3aMOHOJIMYMBAIOTCS B JBYX OETOHHBIX MuuTax. Takas cxema
WCIIBITAHUN BCTpedaeTrcss B pabotax, npoBefeHHbIX B AHrmuu, CIIA, ®PI, ®panmnuwy,
HNramun m Poccun. Henmoctarkamu Takold CXEMbl MCHBITAHUS SIBISIFOTCS:  CJIOKHOCTD
U3TOTOBJICHHS, B3aMMHOE BIIMSHUE MPOYHOCTH M J1e()OPMAaTUBHOCTH OETOHA KaXI0H IUINTHI
Ha pe3yNIbTaThl UCCIIEIOBAHMM, a Tak’Ke HECJIO0KHOCTh JOBEIEHUS /10 pa3pylICHUs aHKEPHBIX
CBsI3ei B 000UX TUTHTAX.

B pesynbrate maHHOro uccienoBaHMS pPa0OOThl THOKMX CBsI3e€H Ha CIOBUT MOXKHO
cenaTh CIEAYIOIIME BBIBOJABI: TMOKHME CBSI3U Ha JEWCTBHE CIBUTAIOIIETO YCHIIHSA MPU €ro
BenuunHe paBHOU 40 % OT paspymarorieit padboTaroT yrnpyro; npu Harpyske pasHou 60 % ot
paspymatomeid O€TOH IMOJ aHKepaMH MOJy4YaeT CMATHE W B IONEPEYHOM HaIpaBICHUU
UCIBITBIBAET PACTATUBAIOLIME HANPSDKEHUS, MPEBBILIAIOLNINE €r0 CONPOTUBICHHE Ha
pacTspKeHue; pa3pylleHne KOHCTPYKIUU C THOKUMU CBSI3SIMH IIPOUCXOJIUT B pe3yibTaTe cpes3a
pebep U oTcIanBaHUs JIUCTA OT OETOHA; CTAIbLHON MPO(UIMPOBAHHBIA HACTUII KaK BHEIIHSSA
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apMarypa co CTOPOHBI IEHCTBUS CIBUTAIOIICH CHUJIBI UCTIBITHIBAECT OOJBIINE PACTATUBAIOIINE,
a B JAIbHUX rodpax CKUMAIOIIME HAMPSDKEHUS; HAPSAAY C KIACCHYECKUM Pa3pyIICHHUEM I10
HOPMAJIbHOMY CEYEHHUIO Ul KOHCTPYKLUI ¢ THOKUMHU CBSI3IMU BO3MOKHO U pa3pyLICHHUE 110
CBS35IM; HeCyllasi CIOCOOHOCTh MOHOJMTHBIX >KEJI€300€TOHHBIX MEPEeKPHITHI ¢ THOKUM
CBSI35IMH 3aBUCHUT OT IPOYHOCTH U HKECTKOCTHU IJIEMEHTOB CBSI3U MEXKY ILUTUTOMN U OAJIKOH.

Direct electric preheating of the concrete mix as an element
of precast concrete producing technology
M. Batyuk, V. Ushakov, A. Gnyrya
National Research Tomsk Polytechnic University
e-mail: mb110@yandex.ru

Thermal curing, used for acceleration of concrete solidification, is an integral and most
energy-consumed stage in precast concrete production technology. The most widespread way
of its implementation is steam curing, for which boiler houses operating on mineral fuels are
required. Methods of product heating by combustion products of various types of fuel, more
often — natural gas, burned directly in the curing chamber, are also used. The use of these
methods is accompanied by significant technological losses of heat and emissions polluting
the atmosphere.

One of the ways to reduce the negative influence on the environment and improve the
energy efficiency of the technological process of precast concrete producing is direct electric
preheating of the concrete mix. The benefits of this approach will rise with the increasing of
the share of electricity produced by "clean technologies™ (using renewable energy resources,
increasing the share of nuclear and thermonuclear energy).

Direct electric pre-heating is an element of the winter concreting technology, which
makes it possible to pour the concrete mix on the frozen base and facilitates to the
achievement of the critical strength of concrete before the appearance of water aggregative
transition in it. The use of this technological approach in the heated manufactories conditions
will make full use of its other features, promoting to the improvement of the energy efficiency
of the production process and the quality of concrete, namely: reduction of energy
consumption for heating of equipment elements (due to direct heating of the mixture);
intensification heat evolution of concrete; ensuring the uniform heating of the mixture
throughout the bulk, etc. However, in the precast concrete production technologies this
method is not widely used. This is due primarily to the lack of practical experience in the
implementation of this method (isolated cases), the lack of regulatory and technical basis of
the narrow field under consideration, the imperfection of existing equipment for direct electric
preheating of concrete mixtures.

The authors are developing a procedure for the incremental implementation of direct
electric pre-heating of the concrete mixture into conventional factory technology, and
working to improve the equipment and modes of its implementation.

Energy-efficient retrofit of evaporation station
for calcium chloride production: the case for Russian Federation
S. Boldyryev
Tomsk Polytechnic University
e-mail: stas.boldyryev@gmail.com

The problems of an energy-saving and high pollution in the Russian Federation is a

hot topic since the country step-up to a market economy. The existing facilities of process
industries were mainly designed and built-in time of cheap energy resources. The main
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priority was to get the final product and supply as much energy as was required by the
technology. The situation was not so much changed the last 3 decades and the energy
efficiency gap in the Russian process industry is still high. Nowadays, this issue is becoming
more complex accounting for global environmental problems, such as different kinds of
wastes and global warming. The chemical industry is one of the most energy-intensive
production sectors that generate a huge amount of solid, liquid and gaseous wastes. The last
trend of sustainable development out to develop both new processes and retrofit in a new way
addressing sustainability and green economy. One of the most beneficial approaches for
retrofit of reprocessing industries is a Process Integration. This method was unified for
application in process system engineering. However, the real application requires a detailed
investigation of the process flow diagram (PFD), process simulation and development of local
methods to tune-up the general methodology to particular case studies.

In this work, the analysis of calcium chloride production was analysed to identify the
energy gap and provide the retrofit roadmap. The initial concentration of calcium chloride in
raw materials is 14 % (mass) and it has to be concentrated up to 35 % (mass). Process
Integration techniques were used for the analysis of the existing process to identify the
bottlenecks and disadvantages of existing PFD and operation modes. Pinch approach was
applied to get real energy targets, the energy gap of an existing process and prospective
options of process update. The authors proposed the solution for process improvement by use
of detailed simulation of heat exchanger parameters and systematic synthesis heat exchanger
network to get a feasible and economically viable retrofit option. The case study of the
Russian chemical industry was described and analysed. There are some process constraints,
e.g. limited performance of existing equipment, that out to develop a local methodology to
solve the problem in an appropriate and most profitable way. It was defined that the real
energy consumption of existing process is 25 % higher than the target value. Nevertheless, the
1st feasible retrofit case with a detailed simulation of heat exchanger network parameters
reduces the energy consumption only by 17 % but, at the same time, the improved operating
conditions of evaporation unit were achieved. The 2nd retrofit option reduces the energy
consumption by 22 % and more complicated network with additional operation issues was
designed. The process flowsheets of both retrofit options were proposed and economic
indicators were calculated. They provide information for investors and decision-makers on
possible options for energy and emission reduction and profitability improvement. The results
of this work may be used for efficient retrofit of industrial evaporation units in different
process industries to reduce their environmental impact and green economy transition.

Jexomno3unusi npopuiisi npeanoYTeHun
NPHU NPEACTABJICHUM JTaHHBIX JHEPreTHYeCKUX 00cae10BaHui
M. Bopucosa, C. MypaBbeB
Tomckuil nonumexuuyeckuu yHugepcumem
e-mail: marits@tpu.ru

Hapsiny ¢ wucnonb3oBaHMeM HETPAAMIMOHHBIX BO300OHOBISIEMBIX HCTOYHUKOB
BHEpPIuu, pecypcocOepekeHre  ABISETCd  BaXHEWIMM  (akTopoM  Moanepk aHus
ycroiuuBocTH o00mecTBa. D¢P(GEKTUBHBIM HHCTPYMEHTOM pPECypcocOepeKeHHs SBISETCS
CHUCTEMAaTUYECKOE IIPOBEICHNUE DHEPrOayAUTA.

ABTopamu B [1] mpeasiokeH OCHOBAHHBIN Ha arperupOBAaHUU IMPEANOYTEHUN METO],
MO3BOJISIOMINN MPEICTaBUTh OOJIBIION 0O0BEM TaHHBIX MHCTPYMEHTAIbHBIX 00CIeI0BaHUN
MOTEPU SHEPruu MOACTAHUUSMHU CETEeH pacHpelesieHus 3JIEKTPUYEeCKOr 3Hepruu B (opme
KOMITAKTHOM MHTErpaJIbHOM OLEHKH B MOPSAKOBOM IIKaje, yI0OHOM 1 MPUHATHS peLIeHUN
U BU3yanuszauuu. s neneit ananuza yqoOHO pa3OuTh MCXOAHBIA MpOdUiIs IpeanouTeHHH,
COCTOSIIIIMK U3 M PAHKUPOBAHMK N MOACTAHLMN IO NMPU3HAKAM, XaPaKTEPU3YIOIUM TOTEPU
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JIEKTPUYECKON sHepruu, Ha mnoanpoduiu. Hampumep, TakuMu mpu3HaKaMUd MOTYT ObITh
MOTePU B  paCHpeACIUTENbHBIX JIMHUAX, I[OTEPH B CHJIOBBIX TpaHchopmaropax,
KIIUMaTH4ecKue noTtepu U T. 1. Pa3Ouenue Ha mnoanpoduian MoOKeT OBbIThb MPOBEIEHO,
HanpUMep, CICAYIIIAMUA TpeMs CHocodamMu: MO TPONYCKHOW CIIOCOOHOCTH, TIO
reorpauueckomMy pacroIoKEHHUIO U 10 KOHEUHOMY OTPEOUTEITIO.

biaronpusaTHOE CBOMCTBO METOA arpEerupOBaHUs IPEANIOYTEHUIN 3aKII0YAETCSA B TOM,
YTO JEKOMIO3UIMS Tpoduis He MNPUBOAUT K CYIIECTBEHHOMY H3MEHEHHUIO pe3ylibTaTa
00paboTKK JMaHHBIX dHEpreTndeckoro ayauta. CHpaBeIMBOCTh STOTO YTBEPKICHUS ObLIa
JI0OKa3aHa IyTEM CpaBHEHHUs IIOJYyYEHHBIX MTOTOBBIX pPAHXKUPOBAHUN moanpoduieit c
UTOTOBBIM PAHKUPOBAHUEM, TIIOJTYYCHHBIM JUIsI HMCXOTHOTO (HEJIEKOMITIO3UPOBAHHOIO)
npoduns.  Pe3ynmpraT = cpaBHEHHs = [OKaszajl, 4YTO  WTOTOBbIE  paH)XUPOBAHUS
JEKOMIIO3UPOBAHHBIX M UCXOTHOTO MPOQHIIeH CYIIIECTBEHHBIM 00pa30M COBIAIAIOT.

[Ipouecc wu pe3ynpTaThl aHadU3a JaHHBIX JHEPreTHUYECKOro oOcienoBaHUs
pacCMOTPEHBI Ha TMPUMEPE MHOXKECTBA TOJCTAHIIMN TPEINPHUATHS MaruCTPATbHBIX
JNEKTPUUYECKUX ceTel XaKachH, KOTOPO€ BXOJUT B COCTaB MAaruCTPaJIbHBIX 3JIEKTpOCeTeit
Cubupu Ennnoit HarmonansHOM aitekTpudeckoii cetu Poccuu [2].

PaGora mognmepxana Poccuiickum Hay4dHbsIM (ongom, mpoekT Ne 18-19-00203, B
4acTH pa3pabOTKH METO/a arperupOBaHUs MIPEITOYTCHUH.
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e-mail: Golobokov_sv@mail.ru

Ananmu3 cocTosHUS oTpacid U 3()()EKTUBHOCTH HCHOJIB30BAHUS TOIUIMBHO-
sHepreTuueckux pecypcos (TOP) mpoBenen Ha mpumepe Tpex mnpennpusTiil [ToBomxbs —
bexosckoro, Kamenckoro u banamosckoro caxapHeix koMmOuHatoB. Ilo oObemam
npou3BojcTBa IloBomKbE HE ABIIAETCSA JIUAEPOM B CaxapHOW IpOMBIIIIEHHOCTH Poccun, HO
0COOEHHOCTH (PYHKIIMOHUPOBAHUS, TEHICHIMHM PAa3BUTUS M YCIOBUS PHIHKA OKAa3bIBAIOTCS
TUIIUYHBIMU JJIS1 APYTUX PETHOHOB U npeanpustiidi Poccun [1].

OCHOBHbBIE TEXHUKO-3KOHOMHYECKHE IOKAa3aTeNN MPOU3BOACTBEHHOM NEATEIbHOCTH
npeanpustuii B 2017 r. npeacrasnensl B Tabnune 1. Bee npeanpustus HaxoasaTcs NIpUMEPHO
HAa OJMHAKOBOM YpOBHE, MMEIOT OJMHAKOBBbIE IIOKa3aTeIM IO MOLIHOCTH U
POU3BOIUTENBHOCTH Tpy/a. [IpoekTHast MomHOCTh KoMOMHATOB cocTaBisieT 4000 T CBEKIIbI
B CYTKH, a IIOCJI€ peKOHCTPYKIHMH — Bo3pacTaeT 10 8000 T CBEKJIbI B CYTKH.

Taobmuma 1. OCHOBHBIE TEXHUKO-)KOHOMUYECKHIE ITIOKA3ATEIN

Eanuaunna CaxapHbIii KOMOWHAT
HanmenoBanue > v v
n3Mepenns | bekosckuii | Kamenckuii | bamamosckuii
1 2 3 4 5)
OOBeM Mpou3BOCTBA caxapa. T 90 921 122 003 33482
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OxoH4aHue Ta0IUIbI 1

1 4 5
ITorpebnenue TOP no caxapy TBHIC. T y.T. 31,154 41,091 20,201
Croumocts TOP mo caxapy THIC. pYyO. 128 488 143 165 76 891,96
ITorpebnenue Bobl, BCETO TBIC. M° 1124 1240 658
DOHeprod3PpheKTUBHOCTH T.y.T./ THIC. 0,0132 0,0168 0,0386
MIPOM3BOJICTBA caxapa pyo.
Hons mmatel 3a TOP B 5,27 5.8 15
CTOMMOCTH MPOTYKITUU
VY aenbHbI pacxoa MOTOPHOTO Lt 4.4 4.67 4,82
TOIINBA B CHIPHE
Jlons onnatsl 3a TOP B ceippe 22 18 26
TpaHCIOPTUPOBKA CHIPHS 6,4 7,2
Jonst TOP T.y.T OT MacChl ChIpbS 45 48 53

IIpon3BoaCTBO caxapa — OAHO U3 CaMbIX SHEPrOEMKHUX B ITMIIEBON IIPOMBIIIIEHHOCTH
[2]. TexHonoruueckoe 00OpyAOBaHHE MOTPEOsAET 3HAYUTENbHbIE OO0BEMBbI TEIUIOBOW H
aNIeKTpudecKkoi 3Hepruu. /st odecredeHust HyJ OCHOBHOTO ITPOU3BOJICTBA BCE KOMOWHATHI
UMEIOT COOCTBEHHBIE 3JIEKTPOCTAaHLMU. B TeXHOIOrM4eckux Ipoleccax IMOJa4yd ChIpbs U
OTTPY3KH NMPOAYKIMHU 33€HCTBOBAH MAIIMHHO-TPAHCIIOPTHBIN NapK, 3HAYUTENIBHYIO JIOII0 B
TOP copepkUT MOTOPHOE TOILIHUBO.
B Tabnune 2 mnpuBeneH JeTalbHBIM aHAJIW3 pPACXOJOBaHUS pPa3IMYHBIX BHJIOB
sHepropecypcos. IIepBUYHBIM TOINIMBOM Ul 3JIEKTPOCTAHLMI B HACTOSALIEE BPEMSI SBISAETCS
npUpOAHEIA ra3. B 5 u 6 cTpoke mokazanbl 00bEMbI BEIPAOOTKH TEIUIOBOM M AJIEKTPUYECKON

SHEPIHH.
Tabnuna 2. O0beMbl pacxo0BaHus pa3InYHbIX BU10B TOP
CaxapHbIif KOMOMHAT
Enununa
No HaumenoBanue . . | banamos-
n3Mepenns | bekoBckuil | KameHckuit i
1 |DnexTpuyeckas sHeprus TeIC. KBT-4 2448 1897 892
2 |[Ipupomnblii ra3 TBIC. M° 28 046 33 886 16 012
3 |MotopHOe TOTUIHBO TBIC. JI 443 304,2 491
4 |TBepaoe TOMINBO T 1516 1814 1060
5 |TenuoBast sHEprHst (TEXHOM) ['kan 186 725 226 390 92 358
6 |DnexTposrHeprus (TEXHON) ThIC. KBT-4 18 778 20789 11279
7 |lloTpebnenue SHepreTnieckix T.y.T. 34 805,01 | 41449,89 | 20 250,88
PECYPCOB, BCETO
8 |Yn pacxon TemioBoi SHEpruu I'kan/ T 1,593 1,856 1,886
g |/ PACXOZL SNSKTPHYECKOH kBr-u/T | 160,201 | 170,397 | 230,419
SHEPTUU
10 |Yn pacxo MOTOPHOTO TOTUIMBA n./T 3,779 2,493 10,031
11 |Yn pacxon TBepJOro TOIINBA Kr/t 12,9 14,9 21,7
12 Y1 pacxoa MOTOPHOTO TOTUIMBA L/t 4.4 4,67 4,82
B CBIPBE
B crpoke 10 mpencraBieH KOMIUIEKCHBIM —MOKa3aTelb — JHEPrOEMKOCTh

npousBojcTBa. st mpumensiemoro obopynoBanus oH paBeH 0,38 T.y.T. HA TOHHY caxapa.
st caxapubix 3aBojioB ['epmannn 1 @pannun 31oT nokazatens 0,15-0,17 [3]. Ham ypoBeHs
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TEXHOJOTMM TI0 3HEPro-3(pQeKTUBHOCTH MPOUTPHIBAET €BpOINEWckoMy B 2 pa3sa.
CrnenoBatenbHO — y HAC €CTh Pe3epB U HEOOXOIMMO HAUTH IYTH €0 pean3aliim.

B TtexHonmormueckuii mpoiecc BKIIOYEHBl XUMHYECKHE PEaKIUU — H3BECTKOBas
o0OpaboTka nuddy3rnoHHOrO COKa, caTypainus, pUiIbTpoBaHue, MepeKayka U nepeMennBaHme
pacTBOpoB, LEHTpUYrHpoBaHWe M T.A. Bce omepamuu CrpynmupoBaHbl B KOMILIEKCHI.
KitroueBbIM 1 CaMbIM YHEPrOEMKHM TEXITPOLIECCOM SIBJISIETCS BbIIAPUBAHKUE BOJBI U3 CUPOIIA.
Hnst ucnapenust 1 xr Boasl TpeOyetcs 2,3 MJx Terotsl. [Ipu 3ToM nonydaercs npuMepHO
1 kr caxapa [2]. [usa caMoro coBepiIeHHOTO OOOPYIOBaHUS CHHU3UTH 3aTpaThl TEIIOBOM
SHEPruU MEHbIIIE 3TOM BEeIMUYMHBI HEeBO3MOXKHO. CucteMa BeinmapuBanus Ha bC3 nmorpebnsier
3a ce30H 112 teic. ['kan TeroBoit suepruu, 3to 60 % obiiero pacxoa.

BropeiM o 06beMy notpebienuss uner auddy3nonHoe otaenenue — 24 % rteruia
UIEeT Ha HArpeB M OLINapuBaHUE CTPYXKKU, Onarojapss 4emy YIaeTcs MOBBICUTH BBIXOJ
caxapo3bl. DTH IMMOKa3aTeIu MO3BOJSAT BbIOpaTh HANpaBJICHUs, 0OECIIEUNBAIOLINE MOTyYCHHE
MaKCHMaJbHOW 3KOHOMMHM 3HepropecypcoB. Ilo 3arpaTam 31eKTpUUECKON SHEPrUM MOXKHO
BBIICTIUTh KOMILIEKC MEPBUYHOM nepepaboTku. Jl0cTaTOYHO TPYAOEMKHM SIBIISETCS MPOIECC
M3MENIbUCHUSI CBEKJIBI U Hape3aHus cTpyxku [3]. Kommeke pacxomyet 30 % snekrpuueckon
SHEPIHH.

3HAUUTENbHBIE JOJU MMEIOT KOMIUIEKCHI COKOOUUCTKH — 13 %, Bbimapku — 9 % u
rotoBoro mpoaykra — 21 %. Bce oHu paboTaroT ¢ cupomnom, y KOTOPOro MO CPAaBHEHHIO C
BOJIOM BBICOKasl BA3KOCTb. [l mepekaunBaHus, epeMelInBatus, GUiIbTpoBaHUsS U OYUCTKH
TpeOyeTcs 3HauuTeNbHAs MeXaHW4ecKas SHeprus. DTH KOMIUIEKCHI OIMpPENeNsIIoT 3aTpaThl
AIIEKTPOIHEPTUHU HA AIIEKTPOIIPUBO 000PYIOBAHUS.

OCHOBHBIMU IIPUYMHAMU BBICOKHX 3aTPAT 3HEPTOPECYPCOB U HU3KUX IKOHOMUYECKUX
MOKa3aTesell Halllero peruoHa 1 caxapHoil otpaciau Poccuu B 11esiom SBISIFOTCS:

1. KoneGanusi KOHBIOHKTYphl HAa MHPOBBIX pBIHKaX, MaJeHHe IIeH Ha caxap,
3aTOBapUBaHUE CKJIAJIOB U MaJIeHUE UHBECTULIMHI B OTpAcIlb.

2. HesnauutenbHas [0S COBPEMEHHBIX TEXHOJOTMM U  O0OpydOBaHHUS Ul
nepepadoTKU caxapHOM CBEKJIBI.

3. BpIcOKasi cTOMMOCTH CBHIPhsi B KOHEYHOM IPOIYKTE M HU3KOE KAadeCTBO CHIPHS,
CaxapuCTOCTh CBEKJIbI — HE BhIlIE 14 %.

4. OrpaHvYyeHHbIE MOIIHOCTH HAIlUX CaXapHbIX 3aBOJOB, [UIMTEIbHOE XpPAaHEHUE
CBEKJIbI Ha CKJIa/IaX B YCJIOBHSIX HU3KHX TeMIepaTyp.

5. OtcytcTBUE CTAaOMIIBHBIX MMOCTABOK CHIPbS, [IMKJIMYHBIM pekuM paboThl (He Oosee
5 Mecs1eB), UIUTEIbHBIN MPOCTOM KOMOMHATOB.

Bce BhimenepedricieHHble MPUYMHBI JAIOT OCHOBHBIE HAMpaBICHHS, MO KOTOPBIM
CleyeT pa3BUBaTh OTpacib JJii MOBBILIEHHS TEXHHUKO-3KOHOMHYECKHMX IIOKa3aTelled 110
COBPEMEHHOI'0 €BpOINEHCKOro ypoBHS. PemeHne HakomuBumIMXCs npobiem TpeOyer
KOMIUIEKCHOTO TOJAXO0/a, 3HAYUTENbHBIX WHBECTUINH, 3(PPEKTUBHOTO HCIOIH30BAHUS
¢unaHcoB [5].

HauGonee »ddexTuBHON B HacTosmiee BpeMs B Poccuu mnpu3HAHA TEXHOJOTHS
(U3UKO-XMMHUYECKOTO DAa3/eNeHUs] CcaxapoCoAepiKalllero Chlpbsi Ha CHEKTP MPOAYKTOB
BBICOKOI'O KauecTBa M BBICOKOM OHMOJOrMYECKON LEHHOCTH, pa3pabdoTaHHas KOJIEKTHBOM
y4eHbIX 1oJ1 pykoBocTBoM [llumanckoit T.M. B r. OOHuHCKe [6].

AHanu3 CTaTHUCTUYECKUX NAaHHBIX M JWHAMUKH MPOU3BOJICTBA W MMIIOpTa caxapa B
Poccum 3a nocnennue 15 ner nokaspiBaeT ycroiunBoe pa3Butue orpacau. Ha nepsom stane —
2010 r, ymMEeHBIIMIICS MMIIOPT FOTOBOTO caxapa, Ha BTopoM J3tane — 2015 r, mosHOCTBIO
OTKa3aJKCh OT 3aKyNOK ChIpbsi. B 1muiane obecneueHus npoaykToBoi OezomacHocTu Poccus
c/enana OJIMH U3 BaXKHBIX 1maros [1].
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B nocnegnue roasr pacteT HHTEpEC K BOJOPOAHOM dHEpreThKe. OOBICHACTCS 3TO TEM,
YTO BOJAOPOJ SIBISIETCS  BO3OOHOBISIEMBIM U JKOJIOTMYECKH YHMCTBIM  TOIUIMBOM.
IlepcrieKTUBHBIM HAIPAaBJICHUEM TEXHOJIOIMM IIOJIYYEHHsS BOJOpPOJAa B IPOMBIIUIEHHBIX
Maciirtadax sBISETCA 3JIEKTPOIM3 BOABI — PA3JIOKEHHE MOJIEKYJ BOJBI Ha BOAOPOA U
Kuciaopoa. Bmecre ¢ SHepreTM4ecKMM HampaBiICHUEM B IPOMBIIIJIEHHOCTH BOAOPOJ]
IIPUMEHSETCS KAK ChIPbE B PA3JIMYHBIX TEXIIPOLIECCAX.

OpHako MMPOKOE MPUMEHEHHE BOJOPOA B KAUECTBE TOIUIMBA CACPKUBAETCS LIEJIBIM
panoM ¢akrtopoB. [7aBHBII U3 HUX — BbICOKasg CE0ECTOMMOCTh IPOMBIIIIEHHOTO
NPOM3BOJICTBA, CBSI3aHHAass C OOJBIIMMHU 3aTpaTaMd Ha o00OpylOBaHME M PACXOJOM
DICKTPUYECKON »dHepruu Ha odnekrponu3 Boasl [1]. CoBpeMeHHbIE MPOMBIIUICHHBIC
AJIEKTPOJIU3EPHI PACXOAYIOT Ha BHIPAOOTKY 1 M Bojopoaa 110 4,0 kBT-u sanexTposneprum.

[Tpouecc anexTponusa MAET NPU HanpsbkeHUW Ha siueilike 1,6—2,0 B u cune Toka B
necatkn KA. OObembl BBIpaOOTKM COCTaBISIOT MOpPSJKa THICSYM KyOOMETpOB B dac.
DNeKTpoaN3 NMPOBOAUTCS NpH AaBiieHuu Oosee 10 atM u Temmneparypax nopsaka coteH °C
[2]. dns TexHONMOTHYECKUX HYK]] IPEANPHUITUAN TAKUE YCTAHOBKHU CIIHMIITKOM JIOPOTH.

Jlns BeIpa®oTKM Boaopona Ha TtexHomoruyeckue uenu B DI'VII «HUUDMID»
npumMmensiercs snekrpoiusHas ycranHoBka KPAB. Ha pucynke 1 mpencraBieH BHEUIHUI BUJ
AIIEKTPOJIN3€Epa, HA PUCYHKE 2 — OJIOK MUTAHUS U HAa PUCYHKE 3 — BOJOPOJHAs CTaHLUSA, IS
IIPYEMa U XpaHEHUs BOJIOPOJA.

JUist MTHULMAIA3aliy 3JIEKTPOJIN3a BOJIbI HAIIPsDKEHHE Ha OJTHON sYelKe TOJKHO OBITh
1,23 B mpu temmeparype 18 °C, B mporecce 3J€KTpojin3a 3JIEKTPOJIAT HarpeBaercs,
Hanpspkenue nanaer 70 1,2 B [3]. dns BeigeneHus ra3000pa3Horo BOJAOPOIa U3 AIIEKTPOIUTE
B IIPUCTEHOYHOM CJIO€ 3JIEKTPOJIOB IUIOTHOCTh TOKA JJOJKHA ObITh He MeHee 10 AN

Ha npakTuke 31€eKTposin3 BOABI OCYLIECTBISETCS MpH 0oJjiee BHICOKOM HANpPSKEHUU
nopsaka 2,1-2,6 B [2]. Takas pasHUIIa MEXIy TEOPETUYECKUM M IPAKTHYECKUM
HarnpspKeHHeM 00yCIIOBJIEHA TEM, YTO KPOME pacxojia 3JEKTPOIHEPTUHU Ha pa3IokKeHHUe BOJIbI,
AIIEKTPOIHEPTUsI PACXOAYETCSl TakKe Ha IMPEOJOJIEHUE JOMOJHUTENbHBIX COMPOTHBICHUM.
OHM BKIIOYAIOT CONPOTHBIICHHS 3JCKTPOIUTA, AUadparMbl, SJIEKTPOIOB, KOHTAKTOB [3].
KoHueHTpanmonHas mnosspu3anvs W IEPEHANPSHDKEHUEM TIa30B Ha JJIEKTpoAax TaKkKe
MPENSTCTBYIOT MPOTEKAHUIO TOKA.
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Pucynoxk 1. Onektponuzep ycranoBku «KPAby»

[ToaTomy HampspKeHHE B 3JICKTPOIU3HON sueiike MoAHUMAIOT 10 2—2,4 B U HECKOJIBKO
M30JIUPOBAHHBIX SIYEEK BKJIIOYAIOT MOCIEA0BATE/IbHO. B 3HaUnTEIHHOM Mepe COMPOTUBIICHUE
OPUIEraloIIUX K SJEKTPOAaM 30H 3aBUCUT OT IUJIOTHOCTH TOKa, KOHIICHTpAIUU
pacTBOPEHHOTO  BOJOPOJA, TMOTEHIMAIOB AJIEKTPOJOB M  KOHLEHTpAIMU  IIEJIOYH,
no6assieMold B asiekTpoauT [4]. YacTh 3JEKTPUYECKOW SHEPIUU HIST Ha HarpeBaHUE
AJIEKTPOJIUTA, ITO MPSMBIC MIOTEPU B YCTAHOBKAX.

C yBenuueHHWEM KOHIIEHTPALlMM HMOHOB MPOBOAMMOCTH PAcTBOpa IOBBIMIAECTCA H
YIETBHBIA PACXO]] MICKTPUICCKONM SHEPTUH Ha BRIpaObOTKY 1 Moms Bogopona mangaer. Ho mpu
9TOM HAYMHAIOT aKTUBU3HPOBATHCS MPOIECCHI AIEKTPOXUMUYECKON KOPPO3UU, YTO IPUBOIUT
K pa3beIaHUIO TTOBEPXHOCTH JIEKTPOJOB M 3aCOPEHUIO pacTBOPa HOHAMH METAJLJIOB.

Pucynok 2. bnok nurtanus Pucynok 3. BogopoaHas cranuus

OnTumu3zanusi pexxuMOB pabOThI ANEKTPOIU3HON ycTaHOBKH «Kpab» BBINOJIHATIACH
nyrem u3meHenus: koHuentpauun KOH B pactBope. B pamkax skcneprMeHTa KOHIIEHTpaLUs
menoun MeHsuiack B mipeaenax ot 300 mo 400 r/n. brnok muTaHuWsS yaepKuBaeT 3aJaHHOE
3HaueHUE TOKa Kak MpH B TeueHue paboueil cMeHbl. CHcTeMa OXJIXACHHS MOAIEPKUBAET
TeMIeparypy B paboueil kamepe anekrponusepa 70 °C.

B mpounecce anexTponusa BoAa pacxoAyeTcs, a INEJOYb OCTAETCs, KOHLEHTpalus
pacTBOpa HEMHOTro yBenuuuBaercs. [ns momyuyenus 1 M Bozopoaa Tpedyetcs 804 r BOIBI
[2]. Ha mpakTuKe mporiecc uIeT MpH BBICOKON TeMIlepaType U HHTCHCUBHOM Ta30BbIICIICHHUH,
3a CYET KUIEHUS JIEKTPOJIUTA U HCHapeHus pacxoj Boasl coctasisier 820—850 r.
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JlonuB JUCTHIUIMPOBAHHOM BOABI M KOHTPOJb IUIOTHOCTH BBINOJHSETCS 4Yepe3 3—
4 paboune cmenbl. [losToMy B HCCIeOBaHMAX MPUHAMAEM YCPEIHEHHOE 3HAYCHHE
KOHLEHTPALUU 3JIEKTPOIUTA. Pe3ysbTaThl SKCIIEPUMEHTAIBHBIX UCCIEA0BAHNN 3aBUCUMOCTH
IIPOU3BOJUTEIILHOCTA YCTAHOBKM M YACIBHBIX 3aTpaT dJIEKTPUYECKOM DHEPruu OT
KOHLEHTPALUU IIEJI0YH B dJIEKTPOIUTE MIPEACTABICHBI HA PUCYHKE 4.

Qalc, q kBr-a/m®

2,2 I
N \‘\ BHpa60TKa// :' :1
N / :

2.0 1T— 6, 20

/ ~ .
~
1,9 T - VYV ienpHbIi pacxon 6,18
1,8 o | " e n 6,‘16
30 32 34 36 380 40 nr/n

Pucynok 4. BiusiHue KOHLIEHTpALMK AJIEKTPOJIMTA HA [TOKA3aTeN! Ipolecca

B pesynpTaTe npOBENEHHBIX HCCIIEIOBAaHUI YyAaIoCh OINPEAEIUTh ONTHUMAbHBIN
PEKUM pabOThI AIIEKTPOJIN3HOM ycTaHOBKH. Bpems paboThl ycraHOBKM — 11 4acoB B cyTkH,
omnpezensercs HopMoil BeipaOoTKu. [IpuMepHo yepes 20 MUH mociie BKIIIOUEHUS TeMIepaTypa
pactBopa crabunusupyercs Ha otmerke 70 °C. BpIX0J OYMIIEHHOrO BOJIOpPOJA COCTaBIISIET
7,2 M /4. OntuManbHbBId pe3yabTaT IMOJY4YEH MpU KOHUEHTpauuu 1menoun 340 r/m.
Onextponu3 Beaerca npu Toke 400 A, pacxon snexkTposHepruu coctaBuwil 44,5 xBr-u.
VY nenbHbIe 3aTpaThl AMeKTpodHepruu — 6,18 kBr-u/ M.

OneHky 3 (QEeKTUBHOCTH 3JIEKTPOIM3HOM YCTAHOBKU BBINOJHUM C MPUMEHEHHEM
nousituss KIIJl. B Hamem ciydae mosne3Hod paboToil OyJaeT pacxoi 3JIEKTPOIHEPTHH Ha
AIIEKTPOJIN3 BOABI B MJleaNIbHOM ycTaHOoBKe. CoryacHo 3akoHy Papanes st nonydenus | M
BOJIOPO/Ia TEOPETUUECKU TpedyeTcs mpormycTuTh 3apsia 2390 A-u, u 3atparuts 2,939 kBt-u
AJIEKTPO3HEpPIrUU Ipu HanpspkeHuu 1,23 B. Ha nonydenue 1 M BOZOPOJA B 2JIEKTPOIU3ZHOU
ycraHoBke KPADB pacxonyercs 6,2 kBT-u anektposnepruu.

Jlns ontumanesHoro pexuma padora KITJI cocraBut 47 %. B cpaBHEeHHH ¢ MOIHBIMU
AIIEKTpOJIN3epaMu, pabOTalOIIMMU B DSHEPreTUKE, YAENbHBIM pPacxoll 3JIEKTPOIHEPTUU
ycraHoBku KPAB B 1,5 pasa Oosbme [4]. Ho ams cBoero kiacca — MajbIX YCTaHOBOK
MPOU3BOAUTENBHOCTEIO 70 200 M/ 4y, ycraHoBka KPADB BblaeT A0CTaTOYHO BBICOKHE
nokasarenu [5].
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CHHKeHHe pacxo/ia IHEPropecypcon
MPH IKCILUIYATAIUM MPOMBIIIEHHOTO CKJIAIA-X0J0WILHUKA
B.A. T'opsiaes, C.B. I'ono6oxkos, T.FO. Bpoctunosa, I1.C. Cunsaruna
Ilenzenckuii 2cocyoapcmeennulli yHusepcumem
e-mail: Golobokov_sv@mail.ru

[IpoMbIieHHbIE XOJMOIUIBHUKN MPUMEHSIOTCS A XpaHeHus OoybIIuX 00bEeMOB
IPOJIYKTOB, MEIMKAMEHTOB, OBOIICH U (PYKTOB IPH HU3KOW TeMIleparype. 31aHue CKiiaaa-
XOJIOIMJIPHUKA MMEET MHOTOCIOWHBIE MOKPBITHS [UIsl BIAro- MU TEIUIOM3OJSAUU. 3/JaHue
00opyayeTcsi XOJIONWIBHBIMH YCTaHOBKaMH, KOTOpBIE JJIsI CBOEH paboThl TpeOyroT
3HAYUTENbHBIX O0BEMOB JJIGKTPUYECKOW WM TEIUIOBOM sHepruu. s MexaHU3aluu
MOTPY304YHO-PA3TPY30YHBIX PpabdOT UCHOJIB3YIOT TPAHCHOPTEPHI, AJIEKTPONOrPY3UHMKU U
TEPMHHAIIBI 3aKPBITOTO TUTIA JJISl IPUEMKH >KEJIe3HOJOPOKHBIX BarOHOB U aBTOTPAHCIIOPTA.

PeanbHBIi MyTh MOBBIIEHHUS] Y)KOHOMHUYHOCTH XOJIOJWJIPHUKA — CHU)KCHHUE Tepernaa
TEMIEpaTyp MEeXAy BHEUIHEH M BHYTPEHHEW MOBepXHOCThIO. [lepenaa temmeparyp 3aBUCUT
OT pexuMa paboTHI XOJIOIMIBHUKA U KIIMMAaTHUECKOM 30HBI MECTHOCTH. B ceBEepHBIX paiioHax
TeMIepaTypa JIETOM HE OY€Hb BBICOKAs, a MPOJOJIKUTEILHOCTh XOJIOAHOTO IEepUoaa
Jocturaer 8 MecsueB. B 0KHBIX palioHax JIETO *apKoe, W 3MMa Telyias M KOpOTKas,
NOOUTbCA CHWXKEHMS Tepenajia TeMIepaTypbl JOCTaTOYHO cioxHO. Haubosee s dextuBHO
OyzeT mpuMeHeHre X0JOAWIbHUKA B cpeHeit mojoce Poccuu [1].

TenoBoil MOTOK 3aBUCHT OT Mepenaja TeMIepaTyp Ha BHEIIHEH M BHYTpEHHEH
CTEHKE XOJIOAWIbHUKA. J[71 MOBbIIEHUs SHEProd(PpPEeKTUBHOCTH CKJIAA-XOJOAUIBHUK Hal0
3aryouTs B 3emito. Ha riryOune 8—10 M temnepatypa coctasisier 5—8 °C. Ha noBepxHocTH
3eMJIM B JIeTHee Bpems mepenan Ttemneparyp Oyzaer munumym 30 °C. B nomzemHOM
XOJIONWJIBHUKE Tepenay cocTaBUT okosio 15 °C. Takoe pacnososkeHue NO3BOJIUT CHU3UTH
IPUTOK TEIUIA K XOJOIMWIBHUKY B 2 pa3a U TEM CaMbIM MOJTYYUTh SKOHOMHUIO 3JIEKTPOIHEPTUH,
noTpelIsieMoi X0I0AUIBLHBIMU YCTAHOBKAMH.

JInst mpoBeleHusl MCCleIOBaHMN aBTOpaMu pa3zpaboTaHa MaTeMaTHuecKas MOJENb
CTallMOHApHOM TEeIUIONEpeauyl M3 OKpYy’Karolled cpeapl  BO BHYTPEHHE IPOCTPAHCTBO
XOJIONUIbHUKA. B KauecTBe 00BEKTa MCCIEIOBAaHUN MPUHSAT TUIOBOM MPOEKT MPOMBIIIIIEHHOTO
XonoquiibHuKa. 3aanue ¢ pasmepamu 30 u 90 M, umeer 2 3Taka BBICOTOM MO 6 M Ka)Ibli,
BBIIIOJTHEHO 10 TEXHOJIOTHH ITAHEIBHOTO JIOMOCTPOEHHUS € TONIIMHON cTeH 0,3 M.

ITone3nas mionmiaab XOJOIWILHHKA cocTaBisteT 4200 MZ, OXJIQXKIAaEMBIH 00BEM
25 Thic. M°. TEIION30MISIHS BBIONHEHA MATAMH HA OCHOBE MUHEPaJILHOW BaThl TOJIIMHON
0,4 m. Ilnomane Tertonepenauu coctaisger 5800 e 3nanue uMeer 6 W30JIMPOBAHHBIX
ceKuuid, ooopyaoBaHo 2 nudramMu 1 4 TepMUHATAMH I IPUEMa aBTOTPaHCIIOPTa.

Cxila MOXKHO paccMaTpuBaTh KakK M30JUPOBAHHYIO CUCTEMY, JUIsl Hee JOJKEeH
BBITIOJHATHCS TEIUIOBOM Oananc. J[nsi ynepskaHus TeMIEpaTypbl B KaMepax XOJIOAWIbHUKA
MOCTOSTHHOM, KOJMYECTBO TEIUIa, IPOHHUKAIoIlee BHYTPh XOJIOAWJIBHUKA 4Yepe3 BHEIIHHE
MOBEPXHOCTH, 32 CYeT WMHOWIBTPALUU BO3AYyXa U BbLIEISIEMOE OOOPYIOBAaHHUEM JIOJKHO
KOMIIEHCHPOBAThHCS 00BEMOM T'€HEpaliK U MOCTYNAIOLIEro U3BHE X0JI0a.

Q mot + Q Beig + Q uH) = Q BeHT + Q X011 + Q ect BeHT
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B cootBerctBumn co CII [2] BbIOpaHbl 3HAYEHUSI CPEIHUX TEMIEPATYp IS KaKIOTO
Mecsna. Ha ocHOBe Mojienu BBITIOJIHEHBI PAacyeThl KOJWYECTBA TEILIOTHI, MPOHUKAIOIIEH B
XOJIOAMIIBHUK 32 KaXKIBI MECSIl 1 CYMMAapHBIN MOTOK 3a roj. BhIMOMHEH pacyeT UICTOYHUKOB
X0JI01a, KOMIICHCUPYIOLIUX HarpeB BHYTPEHHEr0 MPOCTPAHCTBA XojoawibHuka. Ha ocHoBe
MoAend OBUIM pacCUMTaHbl OOBEMBI TEpelaud TeIula 4Yepe3 BHEIIHHWE OrPaKIaroIIne
KOHCTPYKIIMU BHYTPb XOJIOAWJIbHHKA JJI Pa3jIUYHBIX BApHAHTOB — KJIACCUYECKAs CXEMa, C
MIOCTOSTHHO pafoTaromeld XOJI0AUIbHON YCTaHOBKOM, 3HEpProcOeperaroIfil Moa3eMHbIH |
Ha3eMHbIN. Pe3ynbTarhl pacueToB npeicTaBlieHbl B Tadiuie 1

Tabmuua 1. Pacxon sHepruu Ha yaep)kaHue TeIUIOBOTO PeKuMa

Cpenn. | Ilorepu | Pacxon anektp. ZI;?;(T(E[ Pacxopn anexrp.
pa3H. |Teria uepes SHEpPruu Ha SHEpPruu
Pervon | Bapuant JHEpPIruu Ha
TEMII MOBEPXH. XOJIOIUJIBH., BCETr0
BCHTHIL.
T °C | Teic. kBT-u ThIC. KBT-4 ThIC. KBT-u ThIC KBT-1u
Kmaccnu | 16,5 96 165,6 14,4 180
Cesep | Ilogzem 22,7 135 38,4 18,8 57,2
Hazemu 14 95,4 38,4 15,2 53,6
Knaccnu | 17,5 104,4 1944 10,6 205
Hentp | IMomsem 22,7 135 38,4 20,2 58,6
Hazemu 16 106,7 38,4 16,2 54,6
Knaccnu | 18,8 126,6 296,4 15,6 312
IOr Ilonzem 22,7 1354 55,8 30,2 86
Hazemn 17,5 148 64,8 36,8 102

AHanu3 JaHHBIX IOKAa3bIBAaeT, YTO IMEpenaj TeMIepaTyp M IOTepH Terja uepes
BHEIIIHUE TMOBEPXHOCTU Yy MOJ3EMHOr0 BapHUaHTa BBILIE, T. K. OKpYXarollas cpeaa 3UMOil
umeer Temnepatypy 6 °C, B TO BpeMs Kak y Ha3eMHOTO BapHaHTa BO3AYyX OXJIAXACH J10
—20 °C. IToazemHbIi BapHaHT UMEET MPEUMYIIECTBA TOJIBKO JIJIS FOXKHBIX PETHOHOB.

B mporuecce 3kcrutyaTaliuu MOCTOSSHHO MPOUCXOJUT OTKPBIBAHME ABEped JTUPTOBOI
IaxThl, CMEHa MapTUH TIPYy30B, MEPEMEIIEHUE PEMOHTHOro mnepcoHana. [lpum sTom wvacthb
TEIUIOr0 BO3/1yXa MPOHMUKAET BHYTPh CKJIaAa. DTOT MOTOK TEIUIOTHI CBSI3aH ¢ MH(UIbTpanuen
BO3/IYIIHBIX TOTOKOB. [IprHMMaeM BeNMUYUHY MOTEPh TEIUIA 32 CUET MH(MIBTPAIIMH PAaBHOU
MOJIOBUHE MOTEPH YePEe3 BHELIHIOI MTOBEPXHOCTbD.

Bropoii nyTh 5k0OHOMUHM — nepedpocka Xojoja U3 3uMbl B JieTo. [IpuHuum padboTs
HHEprocOeperamIero XoI0AIbHIKa OCHOBAH Ha IUKJINYECKON pabore. YacTh BHYTPEHHETO
IPOCTPAHCTBA OTAAETCS MMOJ AKKyMYJISITOpPbl Xojona. Pabora XojoauibHHMKa AETUTCS Ha
2 NMKIa — 3amacaHue XoJjoJa B 3UMHHUH mepuoi W HarpeB B JeTHui [1]. 3umoii mpu
Temreparype okpyxaromero Boszayxa —20 °C BEHTHISIIMOHHBIC IMAXThl OTKPBIBAIOTCS,
BHYTPb XOJIOAWJIBHUK CaMOTOKOM IIOCTYINAET XOJOAHBINA BO3AyX. BHyTpeHHEE pOCTPaHCTBO
OCTBIBAET, AaKKyMYJSATOpHl 3amacaioT xosoA. Ilpu manelx mnepemanax Temieparyp JUis
YCKOPEHHUSI TMPOAYBKM BKJIIOYAIOT BEHTWIANUIO. BecHOW BEHTUISLMOHHBIE IIAXThI
3aKpbIBAIOTCS.

B TedeHne BTOpOro mepuosa BHYTPEHHEE IPOCTPAHCTBO MEUIEHHO HarpeBaeTCs.
3amaca XoJIioJla aKKyMyJISITOPOB XBaTaeT Ha 6—8 wMecsueB. B ckiame wMcmosb3yroTcs
XOJIOAWJIbHBIE ~ YCTAHOBKM  MEHBLIEH  MOIIHOCTH,  KOTOpBbIE€  BKJIIOYAIOTCS  Ha
HENPOAOHKUTEIBHOE BpEMsl, TOMOrasi aKKyMyJIsiTopaM yAepKUBaTh 33JaHHYIO TEMIIepaTypy
B KOHIIE BTOPOTo IMKia [3].
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Jlis opraHu3alii TPAHCHOPTHBIX MOTOKOB BHYTPU CKJIaJa, COKpAILICHUS BPEMEHU
NOTPY3KH — pasrpy3ku B TEPMHUHAJIE HUCIOJIb3YETCS] IOIbEMHO-TPAHCIIOPTHBIE MEXAHU3MBI C
3JEKTpOonpuBoAOM [4]. Pasrpy3ky BaroHOB M TPEWUJIEPOB BBIMOJHSIOT JJIEKTPOKaphl. [lis
paboThl B 3aKPBITHIX MMOMEIICHUIX U B HOYHOE BpPEeMs IPETyCMOTPEHbBI CUCTEMbI OCBELICHUSI.
DneKTpodHeprust — pacxoxyercsi B OopHCHBIX M OBITOBBIX momemeHusx. Ckian
aBTOMAaTHYECKU, paboraeT 0e3 mepcoHana W ocBemieHus [5]. Pacxon anekTposHepruu B
TEpMUHAJIE TIPE/ICTaBIICH B Ta0IUIE 2.

Tabnuma 2. Pacxos 3JIeKTposHEPTUH TepMUHAIA

P Koam. T W» mec N | Woron Ilcna
[ToTpebutenu THIC. THIC.
kBt | mr yac | Teic. KBT-u

kBT-u pyo.

[Itabenep 12 3 120 4,32 12 51,8 156
Jludt 40 2 60 4,8 12 57,6 173
Cucrema ynpaBiieHuUs 4 1 400 1,6 12 19,2 58
CucreMa OCBelll. XOJIO. 16 3 100 4.8 12 57,6 173
Cucrema ocBell. MPOM3B. 12 1 300 3,6 12 43,2 130
Cucrema ocBell. ynuyHas 2,5 12 300 9 12 108 324
DNEeKTPOKApPHI 26 4 80 8,32 12 100 300

Bcero 36,44 437 1311

CuiibHOE BIIMSIHUE HA TIOTPEOJICHHE SHEPTHH OyIeT BHOCUTH KiIuMar. Teras 3uma He
MO3BOJIUT HaOpaTh 3amac XoJjoJa B aKKyMyJsSTOpaX, 3TO MPUBEIET K MHTEHCUBHOU paboTe
KIIUMaTH4eckoro  obopyaoBanusa. CpaBHUTENBHBIM  aHAM3 CYMMapHOTO  pacxoja
AJIIEKTPOIHEPTUH B KJIACCUYECKOM M dHEprocOeperaronieM CKiaje mpeicTaBlIeH B Ta0auIe 3.

Ta6n1z1ua 3. CHmxeHue pacxoia 3JICKTPOIHCPIuu CKJIaJda-X0JOANJIbHHUKA

P Kour. T Wh Mec N Wh ron Ilena
[ToTpeburenu ThIC. KBT- TBIC.
kBT qgac TeIC KBT-1
q pyo.
Knaccuaeckuit ckiazn
X050/1. yCTaHOBKHU 42 28 250 29,4 7 205,8 617,4
Bentui. cucrema 2 12 100 2,4 5 12 36
Tepmunan 36,44 12 437 1311
Bceero 68,24 654,8 1964,4
DHeprocbeperaronmit
X050/1. yCTAaHOBKHU 4,2 7 200 5,88 7 41.8 125,4
BenTni. cucrema 2 36 100 7,2 5 36 108
Tepmunan 36,44 12 437 1311
Bcero 49,52 514,8 1544 4
Pasuumna 18 101 330

Pacxon »snekTpuueckoil sHepruM Ha paboTy KIMMATHYECKOTO OOOpYAOBaHUS Y
sHEprocOeperamIero ckiana B 3 pa3a HIKE 10 CPAaBHEHHUIO C KIIACCHYECKUM HE3aBUCHMO OT
KIMMaTH4YeCKOH 30HBI. CHIDKEHHE pacxojia SHEPropecypcoB SHEProcOEperaronero cKiaia ¢
y4eToM oObeMa 3JIEKTPUUYECKON 3HEepruu Ha padory TepmuHana coctaBUT 100 Thic. KBT-y,
SKOHOMHUS CTOMMOCTH B 3aBUCHUMOCTHU OT Tapuda cocraBut 10 300 ThIC. pyo.
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Intelligent Lighting System: Energy Management Technical Measure
Zh. Elukova, O. Lyubova, V. Lyubov
Northern (Arctic) Federal University named after M.V. Lomonosov
e-mail: ouse67@mail.ru

The Intelligent lighting System Project is a program at the Northern (Arctic) Federal
University named after M. V. Lomonosov which provides research and analysis within the
framework of the NArFU digitization.

The issue is topical due to the updated version of the Federal law No 261 of
27 December 2018 “On Energy-Saving and Energy Efficiency” as well as amending certain
legislative Acts of the Russian Federation."

This paper deals with the implementation of the project as an integrated element of the
digitization process at the NArFU. Real-life objects of the NArFU are presented to
demonstrate performance of the experiment titled "Smart Campus™ that is considered as the
partial program of the project.

The Project at the NArFU is a technical measure of the Energy Management System
(hereinafter EnMS). Special emphasis is placed on the system integrated approach which is
represented by four major components including: a) the organizational management system,
b) technical control management, ¢) R&D strategies, d) NArFU formative component.

The principal objective of the "Smart Campus" project is to replace the available
lamps with light-emitting diodes fitted out with embedded controllers. The intelligent lighting
system is unwired and it is based on the SunRise on-line service.

The host computer or the lighting control panel will be equipped with the SROffice
software. The SRLSOffice sensors monitoring motion, light intensity as well as indoor
temperature will be placed around the campus area. Obtained data will be sent to the
SROffice control cabinet.

It is to be noted that using the data processing platform will result in monitoring and
controlling energy consumption providing energy saving.

In order to perform the measures, the rationale option is drawing up the energy service
contract. As regarding the contract it is a specific form of agreement between the consumer
and the energy service company.

Directions for improving the efficiency of local energy systems in Irkutsk region
I. lvanova, T. Tuguzova, A. Izhbuldin
Melentiev Energy Systems Institute SB RAS
e-mail: nord@isem.irk.ru

The paper is devoted to the problems of power supply to the off-grid settlements in the

Irkutsk region. These settlements are not connected to the grid due to their remoteness and
inaccessibility. Their population is 9.8 thousand people. The main problem for these localities
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is a complicated scheme of diesel fuel delivery, which is the reason for the high fuel input in
electricity price. In this regard, economically feasible electricity tariffs currently reach 32—
37 rub/kWh. In 2018, 486 million rubles was earmarked from the regional budget to subsidize
power supply companies.

The connection of these consumers to the grid would considerably reduce budgetary
subsidies. This measure can be taken in many districts. However, the switch to the centralized
power supply requires significant investment due to the long distances between the points of
possible connection and the settlements, and small electrical loads.

The Katangsky District has all preconditions for the replacement of diesel fuel with
crude oil, given the location of the oil companies. Moreover, partial replacement by oil is
possible in the Yerbogachen settlement even at some operating units. One of the alternative
fuel options for autonomous power plants in the Kirensky and Ust-Kutsky Districts may be
natural gas, owing to the Power of Siberia pipeline passing through this territory.

The real reduction in the fuel costs can be achieved by the construction of solar power
plants in addition to diesel ones to substitute part of the fuel. In the context of the Irkutsk
region, a possible reduction in diesel fuel consumption due to the use of solar energy can
reach 40-45%. In the Kirensky District, there are prerequisites for using sawmill and
woodworking waste to produce electricity.

All of these directions will significantly reduce the fuel cost and the budgetary
subsidies for electricity supply to this category of consumers.

Hepapxuyeckoe MaTeMaTH4YecKOe MOJeJIMPOBAHNE TEIVIOCHAOKAIOIIUX CHCTEM
€ YY4eTOM aKTHBHOCTH 00bEKTOB pacnpe/e/eHHON reHepanuu S3Hepruu
A. Kpager, B. Crennukos, A. [IeHbKOBCKHIT
Huemumym cucmem snepeemuxu um. JI.A. Menenmvesa CO PAH
e-mail: kravets@isem.irk.ru

B Hacrosmiee BpemMs BO MHOIMX CTpaHaXx MuHpa Ha psAgy C pa3BUTHEM
LEHTPAJIN30BaHHBIX CHUCTEM TEIUIOCHAOXKEHUs, Bce O0ojiee aKTHBHO IPOCIEKHUBAECTCS
TEHJCHIMST MacIITaOHOro IMepexoja K MallblM HCTOYHMKaM TEeIJIOCHA0XKEeHUS Ha OCHOBE
pacnpeneneHHoi reHepauuu 3Heprun (PI'D) [1-3]. Buenpenne PI'D B mepByro ouepens
ONpeeNseTcss PpOCTOM HUX KOHKYPEHTOCIOCOOHOCTH (IpHUeMJIEMbIE  €IMHOPa30BbIE
KallUTaJbHbIE BIJIOKEHUS, OTCYTCTBHE IUIaThl 3a MPHUCOEAMHEHHS K TEIUIOBBIM CETSIM,
TPAHCIIOPTHOM COCTAaBJISAIOUIEH MO NEpPEKauKe TEIJIOHOCUTENS U IUIATHI 3a TEIUIOBBIE IOTEPU U
Jp.) OTHOCHUTEIBHO ILIEHTPAJM30BAaHHBIX CHCTEM TeIulocHaOeHus. llepcrnekTuBHBIM
HalpaBlIeHUEM  TpeAcTaBisercs  coueTaHue  3(G(PEKTUBHOIO  LEHTPAIU30BaHHOTO
TEIIOCHAOKEHUsI € TPEeUMYILIECTBAMU MaJlod pacrlpeieseHHOM TeHepaluu TeIrIoBOn
SHEpruu. ITO 00YCIABIMBAET IMEPEX0J K HOBOW TEXHOJOTMYECKOW MapajurMe pa3BUTHS
TEIUIOPHEPTeTUKM B Poccuym, OCHOBaHHOW Ha NpPUHIMINAX KIMEHTOOPUEHTHUPOBAHHOCTH U
KOMITIPOMUCCHBIX pELICHUH.

B Toxxe Bpemsi akTUBHOE pa3BUTHE MOJy4YaeT JIEHEHTPATU30BaHHOE TEIIOCHAOKEHUE
Ha Oaze PI'D, BO MHOTOM OHO HOCHUT CTHUXHHHBIN, HE KOHTPOJIHPYEMBIH TOCYAapCTBOM
XapakTep, 4To He oOecrneynuBaeT TpedyeMyr SKOHOMUYECKYIO 3(P(PEKTUBHOCTh, HAJIEKHOCTh
U SKOJOTMYHOCTh OOecreueHHsl MOoTpeduTeNiel TEIIoBOM »Heprueil U B KOHEYHOM cyeTe
MOYKET HETaTHBHO IMOBJIMATh HA YHEPreTUUYECKYI0 O€30MacHOCTh CTpaHbl. B 3THX ycrmoBHsX
0CO0YI0 aKTyaJlbHOCTh MPHOOpeTaeT mpodiemMa pa3paboTKH TEOPETUUECKUX M MPAKTHICCKUX
OCHOB JUIsi  pelleHus 3ahay  yIOpaBlIeHUS  Pa3BUTHEM M (YHKUHMOHUPOBAHHEM
[EHTPATM30BAHHO-PACTIPEACIIUTENBHBIX CUCTEM ¢ UCTOYHMKaMu PT'D.
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B paGote mpennokeHa onTHMH3alMOHHAS HEpapXHUecKas MOJCIb MO YIPABJICHHUIO
(YHKIMOHUPOBAHUEM TEIUIOCHAOXKAIONIMX CUCTeM ¢ oObekramu PI'D Ha ocHOBe Merona
nByxypoBHeBoro wmozenupoBanus (bilevel programming) [4]. OcHOBHas uaes TOKOTO
HEPAPXHUYECKOI'O ITOCTPOCHHUSA CXEMBI YIIPABJIICHHA TEIIOCHA0KEHHEM 1'IOTpe6I/ITeJ'IeI71,
3aKIII0YacTCsd B BBIACIICHHUU IOACUCTEM COOTBCTCTBYIOIIUX KOHKPCTHBIM Cy6’b€KTaM PbIHKA
TEILIOBOH SHEpIrun A HuX ,I[aJ'IBHCfIH.IeFo MOACIIUPOBAHUA C YUYCTOM pealu3alun
IMOCTaBJICHHBIX IECJIICBBIX YCTaHOBOK. Hpe,Z[J'IO)KeHHaH MaTreMaTudeckasa MOJCJIb IIO3BaAIACT
YUYUTBIBATH TCXHUYCCKHUC U SKOHOMUYCCKHUEC XAPAKTCPUCTHKU UCTOYHUKOB TEIJIOBOM OHCPIrun
1 TCIINIOBBIX ceTeﬁ, HHTEPEChl YUYACTHHKOB IIpoHecca TEILIOCHA0KEHUS HOTpe6HTeJICI>'I u
OIpCacCIIATh OIITUMAJIBHBIC yCJ10BUA I10 YIIpaBJICHUIO (bYHKHI/IOHI/IpOBaHI/ICM
TEIUIOCHA0KAIOLUX CUCTEM C HCTOYHUKAMU PAcIpeeICHHON FeHepalui SHEPTUH.
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Mathematical model for calculating solar radiation on horizontal
and inclined surfaces for the conditions of Yakutsk
Y. Krivoshein, A. Tolstikh, N. Tsvetkov, A. Khutornoi
Tomsk State University of Architecture and Building
e-mail: yokrivwest@gmail.com

A method has been developed for calculating the integral density of solar energy
coming on a horizontal and inclined surface. On the basis of this method, appropriate software
has been developed that allows determining the amount of thermal energy supplied to hybrid
systems of “solar” heat supply at any time period. Calculated hourly values of total and
diffuse solar radiation per 1 square meter of horizontal and inclined surface for the city of
Yakutsk.

The effectiveness of dual hot water systems
using solar vacuum collectors in the Northern Territories
Y. Krivoshein, Al. Tolstikh, N. Tsvetkov, A. Khutornoi
Tomsk State University of Architecture and Building
e-mail: yokrivwest@gmail.com

Analysis of the efficiency of solar energy use by dual hot-water supply systems using
solar vacuum collectors in the urban district of Zhatay of the city of Yakutsk. The mnemonic
scheme of the kindergarten hot water system is presented. The results of measuring the
temperature of the coolant in the supply and circulation pipelines by hours, the schedule of
flow of hot water in the supply and circulation pipelines, the schedule of heat energy
consumption by the hot water system are presented. The graph shows the percentage of heat
generation by solar collectors and the consumed heat energy from the heat network in the dual
hot water system.

39



Repairability as one of the most important properties of water supply systems
R. Krimov
Academy of Construction and Architecture of V.l. Vernadsky Crimean Federal University
e-mail: kelt_roman@mail.ru

An important characteristic of the quality and reliability of networks and facilities for
water supply and wastewater disposal is the cost of their operation and maintenance, i.e. the
cost of maintaining and restoring their operational status and resource during operation. It is
well known that the costs of labor and funds for the maintenance and repair of networks and
structures, during their operation, exceed the corresponding costs for the construction of
networks, facilities and equipment manufacturing. The number of specialists involved in the
construction of networks and structures and the manufacture of equipment for water supply
and sanitation systems and specialists engaged in the maintenance and repair of the same
networks, facilities and equipment are in the same approximate ratio. For example, the cost of
maintenance and repair of pumping equipment in the Republic of Crimea for 5 years of their
operation is more than 3 times higher than the cost of their manufacture.

It is necessary to indicate the other side of the problem. The consequence of long
downtime of water supply and sanitation systems, caused by the elimination of accidents
arising from their operation, and hence, great loss of time for repairs, is a great economic
damage caused to the water-utility sector as a whole.

There are two main reasons for significant downtime and labor and maintenance costs
for maintenance and repair of water supply and wastewater systems:

a) technical imperfection of the designs of water supply and sanitation systems with
regard to their adaptability to maintenance and repair during operation;

b) the imperfection of the organization of the system for the maintenance and repair of
water supply and wastewater systems, as well as the technology for carrying out the work
carried out in the process.

When developing projects for water supply and sanitation systems, as well as pump
and other equipment designs, it is supposed to maintain their operational condition and
resource by carrying out a certain set of works included in the maintenance and repair.
Consequently, the networks and structures of the equipment used must be adapted to this
work. In other words, given the current technical condition of the water supply and sewage
networks, the basis for their reliability is maintainability.

Model evaluations of energy consumption and CO, emission in lead smelting processes
N. Kulenova, V. Shumskiy, M. Sadenova, Zh. Onalbaeva
D. Serikbayev East Kazakhstan State Technical University
e-mail: msadenova@ektu.kz

Metallurgical industry of Kazakhstan take the second place in amounts of greenhouse
gas emissions after power engineering industry. Every pyrometallurgic production is
characterized by the definite emission factor that reflects amount of CO, recalculated per unit
of manufactured products.

It should be noted that in Kazakhstan there are opportunities of development and
realization of projects on reduction of metallurgical production energy output. In this
connection issues of greenhouse gas emissions are relevant for enterprises of metallurgical
industry.

The objective of this work was the model evaluations of potential decrease in the
consumption of carbon energy resources and CO, emission into the atmosphere during
reduction smelting of rich lead slags.
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In order to perform evaluations, METSIM models of lead slag reduction smelting in
the blast and bubbling furnaces were developed and adapted for the data of industrial
smelting. Quite well correlation of model evaluations with industrial data allowed comparison
of estimated options for the decrease in consumption of energy resources with changes in
operating parameters or in the method of lead smelting. Evaluations have shown that all
admissible options for changing the modes of slag blast smelting will not decrease the
consumption of coke and concomitant CO, emission by more than 24-30 %, and further
decrease in energy resources consumption requires changing to the bubbling smelting of hot
liquid slag. In this case it is possible to use cheaper coals with decrease in their consumption
for reduction smelting of lead slag by 60-62 % per carbon with equivalent decrease in CO,
emission. There have been shown the feasibility of METSIM models application for
predictive evaluations and optimization of energy resources consumption during reduction
smelting of rich lead slags.

HecuacTHble C¢JIyyam Ha 00beKTax IJIEKTPOCETEBOIO xX039iicTBa
O. Kustov
Irkutsk National Research Technical University
e-mail: kustoffoleg@yandex.ru

Currently, there is a dynamics of growth of accidents (NS) at power facilities.
According to the Ministry of energy of Russia, Information and analytical information on
injuries [1], the number of accidents with employees of power grid enterprises:

— 2016 has occurred 50 NS 6 fatalities and 4 group;

— 2017 has occurred 56 NS 14 of them were fatal and 4 group;

— In 2018, there were 86 NS of which 9 were fatal and 5 group.

Not only employees of electric networks, as well as employees of management
companies and citizens not associated with the electric farm are injured at power grid
facilities.

The most dangerous objects of power grid energy [2] are: power lines, distribution
boards and transformer substations (TP).

The boundary of the balance sheet and operational responsibility between the network
company and the Manager is TP, the point of delivery [3]. TP is owned by electric grid
companies, from the substation electricity is supplied by the management company to the
point of connection to the electrical network of the consumer.

The scheme of connection of consumers from TP is similar to European standards IEC
60364-5-52 and differs from North America, where TP serves one house or a small group of
houses according to the standard of the National Electrical Code of the USA, consisting of
140 articles.

Over the last period of 2017-2018, a number of fatal accidents of young victims were
recorded in the territory of the Irkutsk region and the TRANS-Baikal territory.

Expert studies reveal the causes of negative events. It should be noted the same root
cause of accidents — unhindered access to the premises TP.

In accordance with the PUE [4], the Safety of maintenance personnel and
unauthorized persons shall be ensured by the implementation of the protection measures
provided for by the measures:

— compliance with the appropriate distances to the live parts or by closing, fencing live
parts;

— application of locking devices and enclosing devices to prevent erroneous operations
and access to live parts;

— application of warning signs, inscriptions and posters;
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— the use of devices to reduce the strength of electric and magnetic fields to acceptable
values;

— the use of protection means and devices, including protection from exposure to
electric and magnetic fields in electrical installations, in which the tension exceeds the
permissible limits.

According to paragraph 1.7.68 PUE Fencing and shell must be securely fastened and
have sufficient mechanical strength.

However, this requirement is fulfilled only by 50 %. During the reform of the energy
system, the network companies took on the balance of TP issued during the Soviet Union to
which these requirements were not imposed. About 80 % of TA in the regions have been in
operation for more than 25 years.

The locks on the TP entrance doors do not have the required degree of secrecy. TP
buildings are not equipped with a potential equalization system.

The condition of the distribution systems not equipped with protection, automatic
shut-off only works on network congestion, devices and instruments in the building of TP is
not grounded.

The TP check is performed by visual control with taking readings of the total current
load meters to ensure consumers, the rules and regulations of the status check do not comply
with the recommendations.

The conducted expert studies have revealed General violations of the operating mode.

Self-control is ineffective, according to PTAAS head independently approves a
schedule for regular monitoring. Currently, there is no mandatory single requirement for the
frequency of inspections, the list of mandatory control measures, regulations and frequency of
inspections.

Analysis of the causes of the NS leads to the conclusion that it is necessary to develop
and approve a single standard for the organization of periodic control, since the guidelines are
not mandatory.
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Optimization of structures of the responsible parts
of axial-piston hydraulic machines at increasing work pressure
I. Nikolenko, V. Zheglova, Y. Khomyak, A. Kibakov, S. Medvedev
Academy of Construction and Architecture of V.1. Vernadsky Crimean Federal University
e-mail: nikoshi@mail.ru,

With an increase in the technical characteristics of the axial piston hydraulic machine
(APHM), first of all, the working pressure and rotational frequencies, the requirements for the
structures and materials of the parts of the swinging unit increase, since it is necessary to
simultaneously ensure high strength and stiffness characteristics, wear resistance and thermal
conductivity. Therefore, in recent decades, technologically more complex composite or
composite structures have been used, in which the choice of materials for different parts of
parts is made on the basis of meeting the necessary requirements for them, as well as the
technological capabilities of production. An increase in pressure in an axial piston hydraulic
machine APHM leads to an increase in bulk and contact stresses and an increase in the
frequency of failures, of which about 30 % is in the cylinder block (CB) and 10 % — on
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lenticular distributor (LD). These two parts are characterized by a complex multiply-
connected form, the distributor can be considered fs a flat (two-dimensional) design, a CB —
as three-dimensional one. In the axial cylinders of the block there are variables according to
the character and significant load: pressure of working fluid, forces from lateral pressure of
the pistons, inertial loads, etc. In connection with friction on the contact surfaces, the LD is
made of high-strength alloy steel, CB — of wear-resistant materials, bronzes or brass, which
provides an increase in mechanical efficiency and heat sink. In the works devoted to the
improvement of the design and calculations of the CB, it was proposed to us composite
materials (steel-bronze) and composite permanent and detachable structures. For strength
analysis, simplified analytical models of the LD and CB in the form of statically indefinable
rod systems with variable cross-section rods were developed. Verification calculations using
the finite element method (FEM) were more often performed in a flat formulation, although
the stress-strain state (SSS) of the block is essentially three-dimensional. In this paper, using
the Autodesk Inventor software package, a 3D model of the BC for the APH 310-25 was
built. This model made it possible to calculate the SSS of CB in the ANSYS Workbench.
Using the ANSYS Workbench software, the characteristics of the material, the method of
fixing, and the uneven distribution of pressure in the pistons cavities into account are taken.

As a result of modeling and calculations in the ANSY'S software package, the VAT of
the BC has been determined. It has been established that the maximum stresses in the BC of
the original modification appear in the bridges between the axial channels near the end of the
block, and in other zones the stresses are substantially less.

To check the fatigue resistance of the BC, fatigue tests of samples of the material from
CB, BrO12 bronze were carried out, with a symmetric cycle of stress variation and a fatigue
curve was plotted.

This made it possible to perform an analytical calculation of the BC on fatigue
resistance. The results of fatigue tests of samples were recalculated for the CB according to
the method of the statistical similarity theory of fatigue failure by Serensen-Kogaev. In this
case, a substantially inhomogeneous stress state at the dangerous section of the inter-cylinder
bridge is reduced to an equivalent homogeneous one. In this method, a substantially
inhomogeneous stress state at the dangerous section of the inter-cylinder bridge is reduced to
an equivalent homogeneous one. This allows us to recommend used this method to determine
the resource of the CB.

Some new modifications of the BC design are proposed: the fillet radius of the fillets
is increased in the transition from the cylinder bores to the bottom; cylinder holes are inclined
to the axis of the CB in the diametric plane at an angle . The rational values of the quantities
and are determined by stepwise FEM-calculations. In the modified construction of the APG
310-25 block the stresses in the inter-cylinder jumper are distributed more evenly and their
maximum values are reduced by 20 %.

The manufacturing technology of the modernized CB was proposed. The performed
analysis of the SSS of the considered structures confirms their higher technical level.

Optimization of operation mode of centrifugal-type pumps
of a water supply system booster pumping station with a reserve tank
I. Nikolenko, A. Ryzhakov
Academy of Construction and Architecture of V.I. Vernadsky Crimean Federal University
e-mail: nikoshi@mail.ru

The development and improvement of urban infrastructure is impossible without
modernization of life support systems. One of such systems is the water supply system, which
belongs to the most energy-intensive facilities in housing and utilities and industrial sector.
The main electric power consumers in the water supply system are power units of pumping
stations (PS), i.e. centrifugal-type pumps (CP). The purpose of PS is to provide the required
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pressure and volume of water supply for consumers, as regulated by the requirements of the
SNIP (Construction Norms and Regulations). Meeting such purpose requires a certain input
of material, energy and financial resources. For both the State as a whole and individual
consumers, it is beneficial to solve the problem of ensuring water supply with minimum
resource inputs. The optimization of the parameters of functioning of individual elements of
the water supply system cannot solve the overall problem of its efficient operation as a whole,
as the core elements of water supply system (PS, distribution pipework and consumers)
significantly influence each other, generating a number of interrelated deterministic and
stochastic processes. The noted feature is consistent with the basic principle of system
analysis, i.e. the irreducibility of the response of a complex system to the sum of the
responses of its individual elements. The problem at hand requires a comprehensive solution
using the methods of exact and natural sciences, as well as engineering, economic and
sociological approaches.

The objective of this work is to optimize the choice of power units and the mode of
their operation in the booster PS (BPS) of the water supply system with a reserve tank. The
authors developed an optimization mathematical model of PS in the form of a non-linear,
multi-criteria, partially integral mathematical programming problem. In accordance with the -
restriction method, one function in the set of objective functions of a multi-criteria task (cost
of electricity to ensure the daily water supply) was chosen as objective function, with the rest
presented as optimization problem constraints. The data necessary for the formulation of the
optimization problem, such as the structure of daily water consumption by consumers and the
resistance of the network, were found based on the results of a full-scale experiment. The
adopted approach provided both mathematical rigor in the problem formulation and solution,
and the accounting for actual data on consumer behavior and the state of water supply
network.

The processing of the full-scale experiment data was carried out by statistical methods
for analyzing non-stationary random processes implemented in the STATISTICA program.
The optimization procedure was carried out using the genetic algorithm method implemented
in the MATLAB program.

A comparison was carried out of the optimum designs for the operation of BPS based
on various CPs, which made it possible to significantly increase the energy efficiency of the
water supply system due to the CP operation at the highest possible efficiency rates,
minimization of the number of CPs and the size of the reserve tank, as well as the selection of
the optimum CP working speed.

Actual performance of aluminium heating appliance determination
A. Novozhilova, K. Isaeva, A. Vereshchagin, Z. Marina
Northern (Arctic) Federal University named after M.V. Lomonosov
e-mail: annapozdnyakova@mail.ru

Aluminium heating appliances are widely used in Russia. They are popular due to the
advantages, such as high heat transfer at relatively small sizes, low weight, optimal ratio
between thermal power and cost, aesthetic appearance. However, manufacturers do not
provide enough data on the heating appliance thermal power to accurately determine the
heating surface in the designed heating systems, in particular, the connection method of the
appliance is not taken into account. At best, it will lead to waste of thermal energy and
overheating of the room, which does not comply with the energy saving policy. It is necessary
to remember that the manufacturer provides the section or device power without specifying
the connection method. The published heat transfer only corresponds to unilateral and
diagonal "top-down™ connection schemes. In some cases, for example, when the radiator is
connected in a “bottom-down” scheme, the load on the radiator decreases and there may be
underheating of the rooms.
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Thermal power deviation from the experimental points does not exceed 5 % according
to decree [1]. Thus determination of actual characteristics of the heating devices, taking into
account their connection scheme is an actual task.

The article presents the results of research of radiator of the ROYAL Termo Evolution
type, it was made on request from company specialising in heating systems design. The actual
thermal power of the section is independent of the flow rate, exceeds 11 % of the value,
declared by the manufacturer, with a unilateral connection method and coincides with a
diagonal one, was determined experimentally. Thermal power decrease of 14 % with the
coolant flow rate up to 0.038 kg/s and decrease of 33 % with an increasing up to 0.06 kg/s
should be taken into account in a "bottom-down" connection scheme.
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CpaBHI/ITeJIBHLIﬁ AHAJIU3 UCII0Jb30BAHUA PA3JIUYHBIX
HCTOYHHKOB TEIJIOCHAOKEeHHS HHIUBUAYAJbHBIX KWJIBIX 10MOB
N. llon6ennckas, M. Mopo3
Upxymckutl HayuoHanibHblll UCCIe008aMENbCKUL MEeXHUYECKULl YHUGepcumem
e-mail: morozmariyav@gmail.com

B coBpeMeHHOM MEpe CyIIECTBYET OTPOMHOE pazHOOOpasue pa3inyHbIX BapUAHTOB
CUCTCM  OTOINICHHA, KOTOPBIC MblI MOXEM HMCIIOJIIB30BaTh IIPpU IMPOCKTUPOBAHHUU U
CTPOUTENLCTBE KHUIbIX TOMOB. Bo1Oop Hanbosee SKOHOMHUUECKH U TEXHUUECKHA ONTHMAIbHOM
CUCTEMbI OTOILICHUSI UTPaeT OOJNBIIYI0 POJb Ui AalbHEHIIero KoMGOPTHOTO MPOKUBAHUS
J0JIel. DTO MO3BOJISIET COKPATUTh PACXObl HA YCTAHOBKY WJIM SKCIUTyaTallMi0 CUCTEMBI, IPU
ATOM TOJYYHUB HEOOXOIUMOE KOJMYECTBO TeIja Ui MOJAepKaHus KOM(OPTHBIX YCIOBUI
BHYTpH OTaIUIMBaeMbIX TMOMelleHud. B cratbe paccmarpuBaercs 3(O(EKTUBHOCTE U
9KOHOMHNYHOCTH HCII0JIb30BaHUA Pa3IINIHBIX CUCTEM OTOIJICHUSA C MMPUMCHCHUEM
COBPEMEHHBIX MAaTE€pUAIOB M TEXHOJOTWM Ha mpuMmepe HMpkyrckoro paiiona. Ha ocHoBe
TCXHUYCCKUX KW OKOHOMHUUYCCKHX pPaCYCTOB BBIIIOJHCH aHAJIW3 CHUCTEM OTOIUICHHA C
MNPUMCHCHUEM  PA3JIMUHBIX HWCTOYHHUKOB TCIJIa, HA MNPHUMEPEC HUCIOJbB30BaAHUA, KaK
KIIACCUYCCKUX CUCTEM BOAAHOI'O OTOILICHUSA, TaK U PA3JIMYHBIX UCTOYHHUKOB 3JICKTPHUICCKOI'O
OTOIUIEHUS OT, MOJYYUBLIETO YK€ HIMPOKOE paclpoCTpaHEHHE, TEIUIOro IMoja 10, MEHee
pacmipocTpaHEeHHBIX, CHCTEM WH(PAKPaCHOTO OTOIUICHHS. Tak ke pacCMOTpeHa BO3ZMOKHOCTh
UCIIOJIb30BAaHUS ~ AJIbTEPHATUBHBIX ~ MCTOYHUKOB JHEPruuM Uil  TOKPBITUS  3aTpaT
AIIEKTPOPHEPTHU TPH HCIIOJIB30BAHUU DJIEKTPUYECKOTO OTOIUICHUS, YTO OyIeT SBISATHCS
aKTyaJIbHBIM PELIEHUEM JJIsl PETUOHOB C BBICOKOW CTOMMOCTBIO 3JI€KTPOIHEPIHH.

IHoBblIeHNE METPOJIOTHYECKOH HA/IEXKHOCTH NMPU U3MEPEHUM Pacxoaa
TEIJIOHOCHUTEJIS U KOJNYECTBa TEeIJIOTEHI Ha 00beKkTax ZKKX
C.. TTomosreBa, M.1O. Toncroit
HUprymckuil HayuoHanbHblll UCCIe008aMeNbCKULL MEeXHUYeCKULl YHUgepcumem
e-mail: polovneva_si@mail.ru

B cooTtBeTcTBHM C CDCIICpaJ'IBHBIM 3aKOHOM T'OCYAApCTBCHHBIC YUPCIKIACHUA U 00BEKTHI
KUIINITHO-KOMMYHAJIBHOT'O XO035MCTBa HOKHBI HCIOJIb30BaTh HpI/I60pLI ydy€Ta TCIUIO-
SHEPTOpeCYpPCOB, K KOTOPBIM OTHOCATCA TCIUIOCUCTYUKU U PACXOAOMECPBI TOpPAYCTO U
XOJIOJHOTO BOI[OCHEI6)KCHI/I${.
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B pabore wuccrnenoBaHbl JWHAMHYECKHE W METPOJIOTUYECKHE XapaKTEPHUCTUKU
BUXPEBO-aKyCTUYECKUX PACXOJAOMEPOB, pACCMOTPEHA MX Kiaccu(UKaLus, KpaTKoe OIMCaHHUE
U npuHOMI jaedcTBUs. [IpuBeneHbl pe3ynpTaTbl WX MCOBITAHUA Ha J1aOOpaTOpHOM
UCIBITaTEIbHOM CTEHJE. YCTaHOBJIEHO, 4YTO paboTa pacxoJOMEPOB HE OTIMYAETCS
CTaOUIIBHOCTBIO.

JlaHbl MpakTHUYECKUE PEKOMEHJAlUK MO BbIOOPY MPpHOOPOB Ul U3MEPEHUs PacXoia,
OCHOBAHHBIX Ha METOJMKE METPOJIOTUYECKOM HaZeKHOCTH.
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Heat transfer in thin-film thermal insulation
V. Polovnikov
National Research Tomsk Polytechnic University
e-mail: polovnikov@tpu.ru

The relevance of the study is explained by the fact that thermal protection of
equipment and pipelines is important when implementing energy-saving measures at energy
facilities for various purposes. The increase in heat or cold losses during the transportation of
energy carriers is the reason for the creation of new approaches to energy-saving measures
when performing thermal insulation actions. The main method of reducing heat energy losses
during its transportation and storage is the use of highly efficient thermal insulation materials.
This material is thin-film thermal insulation. The unique thermal characteristics of thin-film
thermal insulation coatings are the reason for their use in various energy systems and
equipment. Despite this, the technology of using thin-film insulating coatings has not been
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developed. This is due to the following reasons: lack of knowledge about the physical
properties and mechanisms of heat and mass transfer processes in thin-film thermal insulation
coatings.

The main aim of the research is a study of conductive-convective heat transfer in the
layer of thin-film thermal insulation taking into account the heterogeneity of the properties of
the microspheres and binders.

The object of the research is a cylindrical layer of thin-film insulating coating.
The temperature is constant on the inner and outer surfaces of the thermal insulation coating.
The geometry of the thin-film thermal insulation coating was a binder and hollow
microspheres. Scientific research was carried out for a layer of insulation thickness of
0.33 mm. The temperatures on the inner and outer surfaces of the insulation were taken in
accordance with the experimental data. The layer of thin-film thermal insulation for 62 %
consists of microspheres with a diameter of 50 microns and for 38% from binder. Two types
of hollow microspheres with wall thicknesses (5 um and 2 um) were considered.

Methods. The solution of the problems posed is obtained by the finite element method.
Galerkin approximation, non-uniform finite element mesh was used. The parameters of the
grid elements were chosen from the conditions of convergence of the solution. An increase in
the number of elements of the computational grid was carried out using the Delaunay method.

Results. The effect on heat loss of the type of binder and the characteristics of the
microspheres, the wall thickness of the microsphere and the gas phase contained in the cavity
of the microsphere was investigated. For the case under consideration, the deviation from the
experimental data was up to 90 %, depending on the composition of the thin-film thermal
insulation coating. Comparison of the results of numerical simulation of heat transfer in a
layer of thin-film thermal insulation, performed using a conductive-convective heat transfer
model with the results for a conductive model showed a discrepancy between them does not
exceed 3 %. This is due to errors in numerical calculations. For this reason, a simpler
conductive model of heat transfer can be used in practical calculations.

Investigation of the possibilities of using of heat pipes in the recuperation systems
of paper industry enterprises with heat excess
I. Pospelova, V. Filatov
Irkutsk National Research Technical University
e-mail: pospel@istu.edu

The investigation was aimed to increase the energy efficiency of ventilation systems
for the pulp and paper industry with an excess of heat in the technological process. The
economic and thermal effect is achieved through the use of heat recovery systems based on
the principle of phase transition and heat pipe.

Biansinue HanoJIHUTeJIei MOJTUMHHEPAJIBLHOI0 COCTaBa
U MO PUUUPYIOIMX J00ABOK HA CBOMCTBA IEMEHTHOI0 KAMHS
A. Tanposa
Kvipevizckuii 2ocyoapcmeennsiii ynusepcumem cmpoumensCcmed,
MPAHCcnopma u apxumexkmypol
e-mail: kafedra_pesmik@mail.ru

HpC,Z[MCT HCCJIICAOBAaHNA: MHOI'MC HAIIOJHHUTCIM B BHAC OTXOJOB IIO0O CBOCMY

XUMHUYCCKOMY COCTaBy M TEXHUUYCCKHM cBOlicTBaM OJIM3KU K OpuUpoOaAHOMY CBIPBIO, 4 BO
MHOT'UX ClIydassX HUMCIOT U P IMPCUMYHICCTB (Hpe,Z[BapI/ITCJ'H:Ha}I TCpMHUYICCKAd o6pa60TI<a,
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HOBBIIIEHHAs] IUCIEPCHOCTh M Jp.), YTO OOYCIABIMBAET UX NPUMEHEHHE B INPOU3BOICTBE
CTPOUTEIIBHBIX MATEPUAIOB B YACTHOCTH LIEMEHTA.

B pabore mnoka3aHa BO3MOYKHOCTb IOJYYEHHUS KOMIIO3ULMOHHBIX BSDKYLIMX C
MOBBIIICHHBIMA IIPOYHOCTHBIMU ~ XapAaKTEPUCTHUKAMU C HCIIOJIb30BAHMEM B KaueCTBE
HaIOJIHUTENIeH BOJUIACTOHUTOBYIO IIOPOAY M KPEMHE3eMCOJEeprKallyio 100aBKy — 301y
PHCOBOM MIETYXHU COBMECTHO C OPTaHMUYECKUM ILIACTUPUKATOPOM.

Ienu: onpenenuTs BIUSHUE MOAUDUIMPYIOMUX 100aBOK Ha (U3MKO-MEXAaHUYECKUE
XapaKTEPUCTUKHA KOMIIO3ULIMOHHOI'O LIEMEHTHOT'O KaMHs.

Marepuansl: Ui IPOBEACHUS UCCIEA0BAaHUM ObLIM MCIIOJIB30BaHbI MOPTIAHILEMEHT
MECTHOI'O IIPOM3BOJACTBA, B KAayeCTBE HAIIOJHUTEIIEH HCIIOJIB30BAIUCh BOJUIACTOHUTOBAS
nopoja MakManbCKOro MECTOPOXKIEHUS, 3014 PUCOBOM IIETYXH U CyNepIUIacTU(PUKATOP.

Mertoabl:  Ompenenenue  (PU3MKO-MEXaHHMUECKUX  CBOWCTB  MPOBOAMIIOCH  TI0
rOCyapCTBEHHBIM U MEKYHAPOIHBIM CTaHAAPTaM.

Pesynberatel: mpumenenue BbicokomucnepcHoil 3PIIl u opranumyeckoit mo0aBKu
CHOCOOCTBYeT MHTEHCH(MKALMU Tpolecca TMApaTaluM, YIJIOTHEHUIO U YIPOYHEHUIO
LIEMEHTHOI'0 KaMH$ M CHUKEHUIO KallWJUIIPHOM IOPUCTOCTH.

BbIBOZIBI: YCTaHOBIIEHO, YTO MCHOJb3Ys B KAYECTBE HAIIOJIHUTENIEH BOJUIACTOHUTOBYIO
IOpPOJy U KPEMHE3EMCOAEpKallyl0 J00aBKy — 301y pPHCOBOM IIEIyXd COBMECTHO C
OpPraHMYECKUM IJIACTU(UKATOPOM MOXKHO IOJYYUTh KOMIIO3UIMOHHBIE BSDKYIUE C
ITOBBIIIEHHBIMU ITIPOYHOCTHBIMH XapaKTEPUCTUKAMM.

The complex mobile independent power station for the recreational areas
A. Tunik, M. Tolstoy, M. Kalashnikov
Irkutsk National Research Technical University
e-mail: alextun@mail.ru

For energy supply and sewage treatment of villages in the countryside, cottage
settlements and even separate buildings it is necessary to build additional 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, followed 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 stations. Not to
mention the fact that the use of traditional energy often has environmental consequences. This
is especially concerns the recreational areas, like The Baikal Nature Territory in the Irkutsk
Oblast, Zabaykalsky Krai and Republic of Buryatia.

Development and perfection of urban infrastructure is impossible without the
reconstruction and modernization of life support systems. At the same time, this is one of the
most difficult scientific, technical and engineering tasks. The use of renewable energy sources
can solve many of the above problems, but even they alone cannot solve the problems of
mobility and dependence on external factors.

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

This station contains renewable energy equipment for producing heat and electric
energy. Besides there are a wastewater treatment plant, which allows to expand the
functionality of the station. The complex mobile independent power station is intended for
full power supply a different kind of consumers, located even in remote areas, reducing
dependence from centralized energy supply systems, decrease the fossil fuel consumption,
improvement of the environment of urban areas and solve the problems of purification of
industrial and municipal wastewater, and also suitable for using in the recreational areas.
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Pa3paborka pecypcocOeperaromnieid TeXHOJOTHU MOJYYEHHUS CTPOUTEIbHBIX OJIOKOB
U3 TBEPABIX 0TX010B (pTOPOBOAOPOAHOT0 Mpou3BoAcTBa M ILIakoB TIC AO «CXK»
10. ®enopuyk, B. Marsuenko, J{. HapbokHbIi
Tomckuii nonumexHuyeckKull yHueepcumem
e-mail: ufed@mail.ru

OnHoil U3 3Kkonoruyeckux npobdiem B ToMckoMm pernoHe Poccuu siBisieTcst Hamuuue
TBEPJBIX OTXOA0B (hTOPOBOIOPOTHOTO MPOU3BOJACTBA — (HTOPAHTUAPHUTA, M 30JIOLUIIAKOBBIX
0Tx0/10B TemiodaekTpocTaniiuu OAO «CXK», KoTopbie 3arps3HAI0T OKPYKAIOIIYIO CPENy.

Corpynuukamu TOMCKOrO MOJMTEXHUYECKOIO YHUBEpCUTETa ObLIM IPOBEJICHbI
OMBITHI IO HCCIICIOBAHUIO CBOMCTB ()TOpaHTMApPUTa W 30J0HUIaKoBBIX 0TX070B CXK.
Pe3ynbratrel ucciieq0BaHUM MOKA3aJIM, YTO BBIIICHA3BAHHBIE OTXOBI SABJIAIOTCA PaJUallMOHHO
0e30macHBIMH; MOcie O00€3BpeKHMBAaHUS, T. €. HEUTpaIM3alMd KHUCIBIX KOMIIOHEHTOB,
U3MEIBYEHUSI  IpaHysl,  MOAU(ULUPOBAHUSA  COOTBETCTBYIOILMMHU  J00aBKaMu U
KJaccu(UKaluy U3 TEXHOTEHHOI'O aHTUApUTa — (PTOpaHTuApUTa, MOIYYaeTCsl AaHTHIPUTOBOE
Bsokymee mapku 100 (10 MlIla); B pe3ynbraTe 3aTBOpEHHUS BOJOM YHHU(PUIMPOBAHHOTO
AQHTHJPUTOBOTO BSDKYIIErO0 C W3MEIBYCHHBIM 30JI0LUIAKOBBIM  HAIIOJHUTENIEM, IOCIE
BUOPOYIVIOTHEHUS] U BBIJCPKKM HAa BO3AYyXE HAa MPOTSDKEHUM 28 CYTOK OBLIM IOJY4YEHbI
CTPOUTENIbHbIE KOHCTPYKIIMOHHBIE W3JEIUS — aHTUAPUTOBBIE NUIAKOOJIOKU, C TMPEAEIIOM
MPOYHOCTH Ha cxaTtue, paBHoM 3,5 MIIa.

Onucanue GyHKIIMOHUPOBAHHS TEXHOJIOTUUECKON CXEMbI IPOU3BOCTBA LIIAKOOIOKOB.

AHTHIPUTOBOE YHU(DHUIMPOBAHHOE BSDKyIIee B KOHTEeHHepe 1, 000pyIdOBaHHBIX
BEPXHHUM 3arpy304HbIM M HIOKHMM pPa3rpy304YHbIM TIE€PMETHUYHBIMHU JIIOKAMH, ITPUBO3ST
ABTOTPAHCIIOPTOM M C IOMOIIbIO aBTONOrPY34YHKa IMOMEIIAIOT Ha MECTO €ro J1I03UPOBAHHOMN
nojayv B TexHoJjoruto. Illnak mocTaBisioT aBTOCAMOCBAJIAMM U BBITPYXKAIOT B IIPUEMHBIN
OyHKkep 5. AHTHAPUTOBOE BsDKyllee M3 OyHKepa | MOCPEICTBOM TpaHCHOPTEpPOB 2 U 3
MOJAOT B CKUM-00beMHBIN no3aTop 4. lllnmak u3 OyHkepa 5 ¢ MOMOIIBIO TpaHcmopTepa 6
NOJAI0T B BAJIKOBYIO JAPOOMIIKY 7, a 3aTe€M TPaHCIOPTEpOM 8 M3MEIbUYEHHBIH 10 pa3MepoB
rpaHyJl, He npeBbimaonmx 20 MM, HaPaBJISIOT TAKXKE B CKUII 4.

C mnoMompbi0 CKHMIIa MCXOJAHBIE CBIIYyYHE MaTepUalbl  MEpPEerpyXarT B
pactBopoOeToHOCMecuTenb 9. CamorekoM u3 emkoctu 10 uepes gozatop 11 mocrymaer Bojaa
3aTBOPEHMS aHTUAPUTOBOTO BsKyIiero. [locie nepemeninBanus Maccel Ha MPOTSKEHUH 4,5 —
5 MUHYT ee BBITpYXaroT yepe3 JOToK 12 B mpomexxyrounblii Oynkep 13. ITox 6Gynkepom 13
HaXOJUTCsl MOJBMXHBIM BuOpodopmoBartens 14. OH COCTOMT M3 2-X KacCeTHBIX (HopM,
AJIEKTpOMEXaHuuecKoro Bubparopa 15, nmpyxun 16, pamer BuGpodopmosarens 17, moaioHOB
650k0B 18, mTOKOB — BRITANIKMBaTWIIEH 19 1 ruaporonkateneit 20 u 21. 2-x kacceTHbIX (popm
no 8 OmokoB B kaxaod Illtoku — BeiTankuBatuiu 19 u rugporonkarenu 20 u 21
IpelHa3HayeHbl Ul BBIIPECCOBKM IUIAKOOJIOKOB u3 ¢opM. Pama M moampyXHUHEHHbBIN
BUOpOOpMOBaTENh YCTAaHOBJIEHBI Ha Kojeca M C IOMOINBIO THUAPOTONKarens 22
MepeMeIATCa 0 pesbcoBoMy nyTH 23. IlepeMemienne mrTokoB ruapotonkarenen 20,21 u
22 oCyHIECTBIISIETCSA 3a CUET THAPOpaACIIpeeauTeNss Macia 24 u ruapoHacoca 25.

[lepememanHasi 1muxTa, BHITpYy)XKeHHass B OyHkep 13, aBTOomMaruyecku momajaaer B
dopmel BuOpodopmoBarens 14, Tak kak aHuineM OyHkepa 13 ciyxut Budpodopmosarens 14.
[Tocne storo BkmoyaroT BHOpartop 15 W ¢ momouibio THUApPOTONKATENs 22 IMepeMeIarT
BUOpOo(oOpMOBaTENh B CTOPOHY IEPBOrO ChEMHHMKA OJIOKOB 27, MpH 3TOM NpuUTpy3 26
BbIPaBHUBAET BEPXHIOK MTOBEPXHOCTh 8-MHU IIIAKOOJIOKOB NepBOi KacceTbl. OTHOBPEMEHHO C
3TUM 2-asi KacceTa BUOpoQopMoBaTenss 3aHUMAaeT MECTO JHUIIA OyHKkepa 13 u 3amonHsiercs
muxtoi. [locie Toro, kak Bce O0ku 1-0M KacceThl OyayT BBIBEIEHBI M3-1107 OyHKepa 13 u
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npurpysa 26, OTKIIOYAOT THApPOTOJKaTenb 22, BuOparop 15 w  BKIIOYAKOT
TUIPOBBITATKUBATEND 010k0B 20. Ha BhIIpeccoBaHbie OJIOKHM C TIOMOIIBIO TTHEBMOIMIUHAPA
28 omycKalT MEepBbIii CheMHHUK OJOKOB 27 M 3a CUET CHCTEMBI PbIYaroB OTICISIOT Bce §
0JIOKOB OT TMOAJOHOB OJIOKOB 18, a 3aTteM TenbhepoMm 29 mepeMenarT Ha TPAHCTIOPTHBIN
noAsoH 33, TMpeABapUTENIbHO YCTAHOBJIEHHBI Ha TEXHOJOTMYECKUM ToaoH 34
KapyceJabHOro ycTpoicTBa mozaoHoB. Ilocne ykinaaku OJIOKOB Ha TPAaHCHOPTHBIA MOAIOH
MEePBBI CheMHUK OJIOKOB 27 BO3BpAIIAIOT B HCXOAHOE MOJIOKEHUE C TTOMOIIBIO Teabdepa 29
Y THEBMOLIMJIMHpa 28.

ITocne Toro, kak OJOKW CHSATHI C TTOAJOHOB 18, BKIIFOYAIOT TUAPOBBITATKKBATENb 20 1
BO3BpallalOT MOJJOHbI 18 B MCXomHOE mojoxkeHue. OTKIOYUB THAPOBBITAIKUBATEND 20,
BKIIIOYAIOT TUAPOTONKATENb 22 W mepeMeniaroT BuOpodopmoBarens 14 B CTOPOHY BTOPOTO
cheMHuKa 0s10koB 30 mpu paboTaromiem Budpatope 15. Koraa Bce 8 6510kOB BTOpOI KacCEThI
OynyT BbIBeJeHBl M3-1I0J OyHKepa 13 u mpurpysa 26, OTKIHOYAIOT TMAPOTOJKATENb 22,
BBIKJIFOYAIOT BUOpaTOp 22 W BKIIOYAIOT TUAPOBBITAIKABATEND 0J10KOB 21. BrimpeccoBanHbIe
0JIOKM C TIOMOIIBID BTOPOTO CheMHHKa OyiokoB 30, mueBMoumiauHapa 31 u Tenbdepa 32
MepeMENIaoT Ha APYTrod TPAaHCTIOPTHBIN MOJIJIOH KapyCeIbHOTO YCTPOMCTBA.

[TneBMaTuueckuii kommpeccop 43 obecrmeunBaeT MoAayy CKATOro BO3AyXa K
nHeBMouWIMHApam 28 u 31.

Kapycensnoe yctpoiictBo coctout wu3 20 METAUIMYECKUX TEXHOJOTUUYECKHUX
NOJAO0HOB 34, Ha KOTOpbIE YCTAaHABIMBAIOT ChEMHbIE JEPEBSIHHbIE TPAHCIIOPTHHIE MOJOHbI
33. TexHomoruueckue NOAMOHBI 34 00muM KoarmdecTBOM 20 mTYK 000pyIOBaHBI KOJIECCHBIMH
napamMu M MEePEeMENIAI0TCs 10 3aMKHYTOMY KOJBIIEBOMY PEIbCOBOMY IMYTH 35 ¢ MOMOIIBIO
rugpoTosikatenss 36, ruapoHacoca 37 u ruapopacupeaenutens 38. CkiaaupoBaHue
[UTAKOOJIOKOB HAa TMOJAJIOHBI OCYIIECTBIISIETCS TOCIOWHO TO 8 OJIOKOB B CJIO€, KaXKIbIi
CIEIYIOIUNA CI0W OJIOKOB YKJIaJbIBACTCSI HA MOJAOHBI MOCJE 3alOIHEHHUS MPEAbIAYIIEero Ha
Bcex 20 moajoHax.

Optimization modeling in the selection of key performance indicators
in problems of management energy saving
O. Choporov, I. Lvovich, Y. Lvovich, A. Preobrazhenskiy
Voronezh Institute of High Technologies
e-mail: komkovvivt@yandex.ru

In the formulation of the optimal choice problem, a technique is used that provides the
possibility of coordination of energy saving management in the system based on the selected
indicators.

Depending on the stage of the energy system life cycle, the following classes of
indicator values may differ: target values of indicators; forecast values of indicators; planned
values of indicators; actual values of indicators.

Decisions are made on the basis of comparison of target and actual, planned and actual
values, as well as analysis of the dynamics of indicators.

The content formulation serves as a basis for the formation of an optimization model
for the selection of indicators of the deviation control problem. The full set of indicators of
efficiency of process of operation of power system and operating influences is considered.
Further, expert ranking of the set of control actions is carried out, characterizing their
importance to compensate for the deviation of the actual values of the relevant indicators from
the planned ones, with the determination of the value of the ranks changing at the appropriate
intervals. Visual image is a choice of two of rank of the situations in which jumps of the
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generalized sums of the ranks corresponding impact. This allows us to divide the control
actions into 3 groups by the level of significance of the impact on reducing the deviation of
such an indicator: significant, average, insignificant.

Alternative variables are introduced and an optimization criterion is formulated that
provides the requirement to minimize energy consumption.

The boundary conditions are related to the requirement that at least one control action
with a significant level of significance should correspond to each indicator.

As a result, a single optimization model is formulated.

The problem solving procedures are based on randomized dichotomous reduction as
an iterative algorithm.

MetonoJiorus nocTpoeHus HM(PpPoOBOro IBOMHUKA ceTeil Ha IpUMepe JIeKTPUYECKOH
ceTu AkagemMropoaka. [lepcrnekTHBbI HCIOJIB30BAHNSI MH(PPACTPYKTYPHBIX ceTeil
HNHII CO PAH B kauecTBe 00beKTOB HAYYHBIX HCCJIeI0BaAHUI
E. Uyiiko, K. Anapuun, A. beictpunkuii, E. bapaxtenko, A. Jlombliies
Hprkymcxkuii nayunvii yenmp Cubupckozo omoenenus Poccutickou akademuu Hayk
e-mail: chuzhe@gmail.com

Lenb: copmMupoBaTh METOJOJOTUIO MPOEKTUPOBAHHS LU(PPOBBIX JBOWHUKOB
uHppacTpykTypHbix cereil Ha npumepe MHI[ CO PAH c uenpio mepeHoca NMpakTUKU Ha
MIOCTPOEHUE CUCTEMBI YIIPABIECHUE CETIMU B MYHULIMIIAJIbHBIX MIOCEJICHUSX.

Meroasl uccnenosanus: B Bemenuu HMHI[ Ha mpaBe omepaTWBHOrO yIpaBieHUs
HaXOJSATCS] UH)KEHEPHbIE CETH, BKIIIOYast:

* ceTu 3JeKTpocHaOkeHus (TpaHchopmaropHas mnojacranuus 110/6 kB, kaOenbHbIe
muann 6/0,4 kB, pactipenenutenbHble U TpaHcGopMaTopHble moacTanmu 6/0,4 kB);

* CETH TEIUTOCHAOXKEHMS (TETJIOBBIE KaMephl U TEIJIOBBIE CETH);

* C€TH BOJIOCHA0XKEHUS (BOAOIPOBOIHBIE TUHUM U KOJIO/IIbI);

* CETU BOJIOOTBEJICHUS (KaHAIN3AllMOHHBIE TMHUU U KOJIOALIBI).

OO0mbexThl, nMetommuecs B pacnopsokeHnd MHL, MoryT u 10o/mKHBI ObITh MAKCUMAIbHO
3a/1efiCTBOBaHBI JJIs PELLIEHUS aKTyaJIbHbIX HAYYHBIX 3a/a4.

Celiuac umeeTcst yHMKaJIbHasi BO3MOXKHOCTh 3¢ dekTuBHON MHTerpauuu ycuinid MHI]
U TOTEHIHUAIBHBIX MAPTHEPOB U1l JOCTHMKEHHUS CaMBbIX IIUPOKHMX LEJIEH, CTOAUX Iepen
Hayko#, ropoaoMm UpkyrckoMm, HMpkyrckoit obmacteio. OOBEKT HMEET MEePCHEKTHBBI IS
pa3BUTHUS B paMKax HauuoHanbHbIX mpoekToB EnergyNet, HealthNet u ap. Curyanus
yHuKainbHa, Tak kKak MHII, nMesd B KkadecTBe CBOEHW OCHOBHOW JEATEIBHOCTH HAYYHYIO
paboTy, HEe CBsS3aH OTpaHWYEHUSMH, MPUCYIIUM HHBIM BianensiaMm cereid. Cerm MHI]
SBJISIIOTCSL  EMCTBYIOIIMMH  OOBEKTAaMHM CHUCTEMBI  KHM3HeoOecreueHusi, TpeOyIoIMMU
ONTHUMM3ALMM, a TaKKE MOIryT IMPEACTaBIATh 3HAUUTENBHBII HHTEPEC B KAdyeCcTBE
MHCTPYMEHTA HAYYHBIX HCCJIEOBaHUI MO pa3BUTHIO Tepputopuid Cubupu U najabHeieMy
MacIITaOMPOBAaHHUIO TOJYYEHHBIX pe3ynpTaroB. Ha 0a3ze AxageMropogka BO3MOXHO
dbopmupoBaHre 00pasma KU3HEOOECIIEUNBAIOIINX CUCTEM, CETH MOTYT CTaTh MOJCIIbHBIMH,
MO3BOJIAIOIIMMU OTpa0aThIBaTh HMMEIOIIMECS M MEPCIEeKTHBHbIE MAaTeMaTUYECKUE MOJIETH
UHPPACTPYKTYpPHI Ha 6a3e peaabHOro MOJIUIOHA.

Pesynbrathl: HHOPACTPYKTYPHBIE CETU U CUCTEMBI SIBJISIOTCS CIOKHBIMU TEXHUUECKHUMU
00BEKTaMH, UMEIOIMMH CIIOKHYIO KoH(purypanuto. HagexHocts cHaOXeHus: moTpeduTeneil Bo
MHOTOM OIpENeNIieT HKOHOMHYECKYIO 3(PQPEKTUBHOCTh INPOMBIIUICHHOIO IPOU3BOACTBA U
COLIMAJIbHO-OBITOBBIE YCIIOBUS KM3HU HaceseHus. bepexxHoe n 3¢ ¢EeKTHBHOE HCHOIb30BaHKE
pPECYPCOB  ONPEAEISIET YPOBEHb MHTEHCHBHOCTH JKCIUIyaTallud IPUPOJHBIX PECYPCOB, HX
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pPETCHEpaLMI0 U PUCKU Jerpajanuu. B Hacrosiee BpeMs OCHOBHBIM METOIOM HCCIIENOBaHUSA
CJIOXHBIX HEPTeTHUYECKHX CHCTEM SIBIISICTCS CO3[aHUE TAaK HAa3bIBAEMBIX LU(POBBIX JIBOWHHUKOB,
KOTOpBIE MPUMEHSIOT B TEX CIy4asX, KOIZa IPOBEJCHUE DPEAIbHBIX 3KCIIEPUMEHTOB HAJ
UCCIIElyeMbIM 00BbEKTOM JIMOO HEBO3MOXKHO, JIMOO OMACHO, JINOO CIIOAKHO U JOPOTro.

Ha cerogusmamii neHp crpykrypa wuHppacTpykrypHbeix cereit WHIL| mo3Bonser
OLIEHUTb COCTaB CeTeH, HabOp YCTPOWCTB M OOBEKTOB, U3 KOTOPBIX OHHM COCTOST, HO JUIS
IIOJIHOLICHHOT'O MOZEJIMPOBAaHNUs 3THUX JAHHBIX HENOCTaTO4YHO. Hampumep, 1o 2JIeKTpu4ecKuM
CeTAM HMeEeTCs JIMIIb OO0IIee PHEPronoTpedsieHHe CHUCTEMBbI 3a OIpENeIeHHBIH WHTEpBall
BpeMeHH, 0e3 yueTa CTEeNEeH! Harpy3Ky Ha Pa3jIM4HbIX OTPe3Kax 3JIEKTPUYECKOM ceT, UTo He
NO03BOJSAET HPPEKTUBHO M KadeCTBEHHO IPOTHO3MPOBATH BO3HMKHOBEHHE HEIUTATHBIX
CUTYaLH.

B 2019 r. MHI] npuctynui K peajqu3aluy MPOEKTa IO YCTaHOBKE MPUOOPOB yuera
AIIEKTPO’HEPTUH, TO3BOJAIONMX Oojiee JeTalbHO M TOYHO OTCIECKUBATh pazIUYHBIC
napaMmerpsl sHepronoTpedsnenus. [losydyeHHble NaHHbBIE IJIAHUPYETCS MCIONb30BaTh JUIS
co3aHus LU(POBOro JABOMHHMKA 3JIEKTPUUYECKONW CHUCTEMBbl MHUKpOpaiioHa. DTO MO3BOJIUT
OTCIIEIUTh HArpy3Ky Ha pa3IUYHbIX YydacTKaX 3JEKTPOCETH B 3aBUCHUMOCTU OT CYTOYHBIX,
CE30HHBIX, KJIMMAaTUYECKUX W3MEHEHUM; BBIIBUTb YYAacTKM CETU C MAaKCUMAJIbHOH W
MUHUMAaJIbHON Harpy3koi M ONTHUMHU3UPOBATh HKCIUTyaTallMI0 KaK OTAEIbHBIX YYaCTKOB CETH,
TaK U BCEH CHCTEMBI B LIEJIOM; OOHAPYKUTh MOTCHIUAIBHO OMACHBIE YYACTKU JIEKTPHUECKON
CETH C BBICOKMM PUCKOM Pa3BUTHsI aBAPUIHBIX CUTYaLUi.

Kpome toro, Haimuume uMPpoOBOro ABOWHUKA 3JIEKTPUUYECKUX CETEH IO3BOJIUT C
0O0JIBIION CTENEHBIO TIOCTOBEPHOCTU MOJIEIMPOBATh MOJepHU3aluio cetel. [Tpu nocrarounoit
CTENEHU JIOCTOBEPHOCTH ILM(PPOBOro [BOMHUKA CTAHET BO3MOXHBIM B JajbHEHIIEM
OCO3HAaHHO ¥ MAaKCHMaJbHO 3(PPEKTHBHO MPOU3BOAMTH PAOOTHI 1O MOACPHHU3AIMU CETeH Ha
ypOBHE (PUBUYECKUX OOBEKTOB.

BeicTpanBaHue cucTembl CeTEi, M3y4EeHHE MPOLIECCOB MX ONTUMHU3ALUU IMO3BOJIUT
BbIpa0OTaTh JalbHEMIINE MOAXOJbl K YIpaBleHUIo arioMepauusMu. Ilo cyTu, MOXHO
TFOBOPUTH O TOM, uTO UHU(POBOM MABOMHMK ceTel sABISETCA IpeIIeCTBEHHUKOM
UCKYCCTBEHHOI'O HMHTEJUIEKTa, KOTOPBIM CMOXKET 3aHUMaTbCsl BONPOCAMH ONTHUMH3ALUH,
SHEeprocOepeKeHus, YIpaBJIeHUs IpolleccaMd B CETSIX Ha KAayeCTBEHHO HOBOM YpPOBHE.
B paMkax MojepHHU3alMM 3IEKTPUYECKUX ceTell HEOOXOIUMO MaKCHUMalbHO HCIOJb30BaTh
COBPEMEHHBIE TIOAX0/Ibl (POPMHUPOBAHUS KYMHBIX ceTei» Smart-grid.

ITonxoapl WM MeTOAbl, BBIPAOOTAaHHBIE B PAMKax MPOBEIEHHBIX pabOT, MO3BOJISAT
IPOBOJUTH JaJibHEIIee MaclITaOMpOBaHUE TMONYYEHHBIX pE3yJbTaTOB Ha aHAJIOTWYHBIX
CeTSIX MaJlbIX HACEJEHHbIX NYHKTOB. B nanbpHeillieM BO3MOXHO MCIOJNb30BaHUE JaHHOMN
UGPOBOH MOJENN AIIEKTPUUYECKHX CeTel B APYrMX palOHaX M PErHOHaX C aHAJOTHYHBIM
reorpaueckuM  penabedoM, HMEIOIMIMX CHUCTEMbl CO  CXOJHBIMH  TEXHUYECKHUMHU
XapaKTepUCTUKAMU

BsiBOBI:

1. ludposoit nBOHHUK HMHOPACTPYKTYPHBIX CETE MO3BOJIUT MAKCHMaJIbHO TOYHO
CIPOTHO3UPOBATh TOBEJEHHE OOBEKTAa B pPEaAbHBIX YCIOBUSX, CHU3UTh MaTepHaIbHO-
DKOHOMHYECKUE 3aTpaThl, CBSI3aHHBIE C DKCIUIyaTallu€l M PEMOHTOM, IIO3BOJIUT YETKO
CIUIAHUPOBAaTh BPEMEHHBbIE MHTEPBAIbl MNPO(UIAKTUYECKUX padoT Ui ONTUMAIbHOTO
(YHKIIMOHUPOBAHUS CUCTEMBI.

2. Hamuure 1iu¢poBOro IBOMHMKA MO3BOIUT MAaKCUMAIBHO 3(PEKTUBHO pelaTh BOIPOCH
M0 MOJIEpPHM3ALMU CETe Ha OCHOBE COBPEMEHHBIX MOaxo/0B. Ero ucronb3oBaHHE MO3BOJIUT
n30eKaTh 3HAYNTENBHBIX (DMHAHCOBBIX, BPEMEHHBIX 3aTpaT Ha MPOLIECC MOJICPHU3ALIIH.
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3. JlaHHas MOZENIb MOXKET ObITh SKCTPANOJIMPOBAaHA HA CETH HACEJICHHBIX ITYHKTOB U
OTIENBHBIX  PAaliOHOB, CXOXHX IO  CTPYKType W  NPUPOAHO-TeOrpaduuecKuM
XapaKTEepUCTHKAM, HWMEIOIIMX BBICOKYIO CTENEHb H3HOCa cucteM Uit 3(P(HEeKTUBHOTO
YIPAaBICHUS, CBOCBPEMEHHOIO YCTPAHEHUS BO3MOJKHBIX HEHMCIIPABHOCTEH M aBAPUIHBIX
CUTyaluH, UX JaJbHEHIIEH MOAECPHU3ALIAH.

4. Ceiluac npoBOAATCA MEpONPHATHS IO YCTAaHOBKE INpUOOpPOB  ydera,
IIPEIHA3HAYEHHBIX B TOM YHCJIE JUIS JETAIBHOIO U3YYEHHUS IapaMEeTPOB JIEKTPUUECKON CETH
JUIS CO3JaHHMsT MOJENU LU(POBOTO JBOWHUKA C BBICOKMM YPOBHEM JIOCTOBEPHOCTH U
JETAM3alMA. DTO TO3BOJSET TOBOPUTH O IEPBOHAYAIBHOM JTale IMOCTPOCHHUS CHUCTEMBI
cbopa nHpopMaun 0 GyHKIMOHUPOBAHUHU IJIEKTPUUECKOM ceTH AKaAeMIropojka ¢ LEJbIo
HAKOIUJICHUS JaHHBIX 17151 popMupoBaHUs U(PPOBOTO TBOMHHUKA.

Application of energy-saving measures in the heating economy
on the example of Baikal natural territory
O. Edeleva, V. Stennikov, P. Sokolov
Melentiev Energy Systems Institute of Siberian Branch of the Russian Academy of Sciences
e-mail: edel@isem.irk.ru

The potential of energy saving in the heat economy of settlements is determined
mainly by the level of efficiency of use of energy resources in the housing complex, the
public sector and municipal heat and power. The presence of this potential is due to several
reasons:

* lack of necessary systems for automatic regulation, measurement and accounting
both in buildings and in energy supply systems;\s unsatisfactory thermal characteristics of
buildings;

* low technical level of all links of municipal infrastructure.

The authors propose a methodical approach to the selection and application of energy-
saving measures in the thermal economy of the settlements of the Baikal natural territory, as
particularly significant in terms of environmental protection. The effective implementation of
such measures will help reduce the consumption of energy resources and, as a consequence,
reduce the anthropogenic pressure on the environment.
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Cexnus 2. PanmonajbHoe MPUPOIOIO0JIb30BaHNeE
Section 2. Sustainable Use of Natural Resources

Hydrogenation of poly-a-olefin oils on applied palladium catalysts
E. Aubakirov, R. Bashirbayeva
Al-farabi Kazakh National University
e-mail: ruza_89@mail.ru

To obtain a carrier for a catalyst for the hydrogenation of poly-a-olefinic oil, the
starting diatomite, before applying the active metal phase, was subjected to thermal and acidic
treatment with hydrochloric acid. The surface structure and morphological changes of
diatomite were characterized using scanning electron microscopy, X-ray fluorescence
analysis, and BET.

A 1.0 % Pd / D-HCI-500 catalyst was prepared by adsorption. The average particle
size of palladium on a carrier is determined using high-resolution transmission electron
microscopy. The catalytic activity of the catalysts was studied in the reaction of
hydrogenation of poly-a-olefinic oils at a temperature of 120 °C and a hydrogen pressure of
1.0 MPa of batch action Parr-4848.

Scientific and technical progress in mechanical engineering, leading to the tightening
of equipment operating conditions, to the creation of instruments requiring high performance
lubricants that cannot be achieved in mineral-based lubricants. Also, the desire to save energy
and fuel economy, to extend the service life of equipment, to improve the ecology of the
environment, has intensified the involvement of synthetic and mineral-synthetic base oils in
the lubricants.

There are several types of oil classification: composition, viscosity, application, etc.
The composition of synthetic oils is divided into alkyl aromatic, polyalphaolefin (PAO),
polybutene, polyester, oils, etc. Due to the absence of heteroatomic compounds, the
availability of raw materials and the relatively low price of the final product, in recent years,
the most used synthetic oils are poly-a-olefinic oils (PAOM). PAOM belong to the API
classification group IV. This is the most demanded type of synthetic lubricating oils that fully
meet modern technological and environmental requirements for lubricating oils. They are a
hydrogenated product of oligomerization (co-oligomerization) a-olefins (mainly decene-1).
Along with decent-1, a-olefins C6, C8, C12, C14, and their mixtures are used [1].

The selection of catalysts and process conditions allows you to synthesize PAO with
desired properties. PAOMs are characterized by a high viscosity index (120-160), flash point
(above 210 °C), thermal oxidative stability, low pour point (from -55 to —65 °C), low
evaporability [2]. PAOM retains all the benefits of mineral oils (for example, inertness to
structural materials, low toxicity, etc.). Due to the high thermal-oxidative stability of PAOM,
it is possible to significantly increase the service life of synthetic hydrocarbon oils in
comparison with mineral oils.

At present, dispersed Ni-catalysts are widely used in the production of PAOM, in most
cases widely used. The process of hydrogenation on nickel catalysts takes place at high
temperatures (120-180 °C) and at high pressure (1020 MPa); many researchers, to improve
the activity of the process of hydrogenation of synthetic and mineral-synthetic base oils, used
various metals, mainly noble, as a catalyst ( Pd, Ru, Pt, Rh, Ir) [3]. The use of palladium
catalysts in the PAOM hydrogenation process allows one to carry out the hydrogenation
process under mild conditions; the catalyst also shows higher activity.

We carried out research, in the process of PAOM-4 hydrogenation (TANECO JSC,
Nizhnekamsk, Republic of Tatarstan, Russia) palladium catalysts (1.0 wt.% Pd) were used,
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deposited on activated diatomite. The activity of the catalyst, the iodine number, and the
degree of hydrogenation of the products obtained were determined.

The results obtained for the investigation of the activity of the PAOM-4 catalyst
developed in the hydrogenation reaction show that low-percentage palladium catalysts
(1.0 wt.% Pd) deposited on diatomite exhibit high activity. The hydrogenation temperature
from 120 ° C provides a high degree of hydrogenation equal to 98.2% and an iodine number
of 0.58 g 12/ 100g.
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I/Iccnenonaﬂne BJIMAAHUA I'PYNIOBOro coCcraBa AM3€¢/JIbHbIX TOIIJINB
Ha 3(1)(1)CKTI/IBHOCTI) HeﬁCTBHH ACMPECCOPHBIX MPUCANOK
I. Bogdanov, A. Altynov, A. Orlova, M. Kirgina
Tomckuil nonumexnuyeckull yHugepcumen
e-mail: bogdanov_ilya@mail.ru

Jlu3enpHOE TOIIMBO SBJSIETCS OJHUM U3 Hauboyiee pacHpOCTPaHEHHBIX BHUJIOB
MOTOPHOI'O TOILIMBA, KOTOPOE, IOMUMO aBTOTPAHCIOpPTa MPUMEHSETCS HAa MaJOMEPHBIX
CyJax, SHepreTHYeckux ycraHoBkax. [y obecrieyeHUs: HAJEKHOW M HKOJOTMYHOW pabOThI
JU3€JIbHOTO JIBUraTelsl, HE0OOX0JMMO TOIUIMBO ONPEAEIEHHOTO COCTaBa, XapaKTepU3yIOLIEeecs
3aJaHHBIMH (PU3UKO-XUMHUYECKUMH M HKCIUTYaTallHOHHBIMU CBOHCTBAMH.

BaxknelmmMmu ~ XapakTEepUCTUKaMU  JU3€IBHOIO  TOIUIMBA  SIBJSIIOTCS  €r0
HU3KOTEMIIEpATypHbIE CBOWCTBA, MO3BOJISAIOLINE HCIOIb30BaTh TOIUIMBO HA TEPPUTOPUSIX C
XOJOJHBIM KJIMMAaTOM, Ha CEBEpHBIX M ApKTHYeCKMX Teppuropusix. Ilpobiemsl,
BO3HHUKAIOIIME MPU HCIIOJIb30BAHUU JM3EJIBHOTO TOIUIMBA B YCJIOBHUSAX XOJOJIHOTO KJIMMAaTa,
CBSI3aHBl C KPUCTAJUI000Pa30BaHNEM MapapUHOBBIX YIJIEBOJOPOAOB, COJAEPKAIIUXCA B HEM.
HmenHo napaduHOBbIE yriIeBOJOPOAbl HAUMHAIOT NEPBBIMU KPUCTAJUIN30BATHCSA MPU HU3KUX
TEMIIEPATypax, BCIEACTBHE 4YEro TOIUIMBO TBEPAEET M €ro INPUMEHEHUE CTaHOBUTCS
HEBO3MOKHBIM. CyIleCTBYIOT pa3jMyYHble CHOCOOBI YIYYIIEHUS HHU3KOTEMIIEpaTypHbIX
CBOWCTB AM3ENBHBIX TOIUIMB. Tak mpolecc KaTaTUTHYECKOW nemnapapUHU3ALUN TO3BOJISIET
3HAUUTENBHO YIYYIIUTh TEMIIEPaTypy 3acTbIBAHUS AU3ENbHBIX TOILUIMB, OJHAKO JAHHBIN
croco0 MPUMEHUM TOJBKO Ha KPYMHBIX IPOU3BOJICTBAX.

Ha ceroansiminuii aenp Hanbomnee 3pPEeKTUBHBIM U HIMPOKO HCIOIb3YEMBIM CIIOCOOOM
YJIy4IIEHUS] HU3KOTEMIEPATypHBIX CBOMCTB JAM3EIBHBIX TOIUIMB SIBJISETCS HCIIOJIb30BAaHUE
npucanok. OmHako pazHooOpasue nmpucagok U Hanmnuue 3G eKTa MPUEeMHCTOCTH, BBI3BIBAIOT
HE0O0X0MMOCTh TOJ00pa MPUCAAKH Ui KOHKPETHOTO COCTaBa JAM3EIbHOIO TOIUIMBA WU
YCIIOBUM €ro dKCIUTyaTaluu. 3aKOHbl B3aUMOIEUCTBUS (YHKIIMOHAJIBHBIX TPYII MPUCATOK U
YIJIEBOAOPOAOB BXOJAALIMX B COCTaB JAM3EIbHOM (Ppakiuu Ha JaHHBIH MOMEHT OCTaloTCs
HEJ0CTAaTOYHO N3YYEHHBIMHU.

B pabGote paccMOTpeHO BIMSHHE TPYMHIIOBOTO M CTPYKTYPHO-TPYNIIOBOTO COCTABOB
00pa3loB MpPSIMOTOHHOTO JM3EIBHOIO TOIUIMBA Ha A(PQPEKTUBHOCTh JEHCTBHS IIECTH
pa3IMYHBIX KOMMEPUYECKHX HHM3KOTEMIIEpAaTypHBIX npucagok. OmnpeneneHsl OCHOBHBIE
pErIaMEHTUpPYEMbIE  CBOMCTBA JU3EIbHBIX TOIJIMB. TakkKe pacCMOTPEHO BIIUSHUE
KOHIEHTPALlUU HCIOJIb3yEMbIX HU3KOTEMIIEPATYPHBIX MPHUCAA0K Ha 3(PPEKTUBHOCTh HX
neiictBus. BolOpaHbl onTHManbHble KOHLEHTPALMU TMPHUCATO0K JJIS MOJYYEHHS TU3ETbHBIX
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TOIUTMB COOTBETCTBYIOIIMX TPEOOBAHHUSIM COBPEMEHHBIX CTaHAapToB. [loka3aHo, 4TO TpU
BBIOOpPE HU3KOTEMIIEPATYPHOH MPHCAAKH U JU3CIBHOTO TOIUIMBA W OINPEICICHUS €
ONTHUMAIBHOHU KOHIOCHTpaIun HCO6XOI[I/IMO YUYUTBIBATH COACPIKAHUC B OU3CIIBHOM TOIIIIMBE
Pa3IMYHBIX TPYII YIIE€BOAOPOAOB, IIPU KOTOPOM HU3KOTEMIIEPATYPHAs NPUCAIKA JCHCTBYET
Hauboee 3¢ HeKTUBHO.

IIpou3BOACTBO 3MMHEr0 M APKTHYECKOI0 IM3eJIbHOI0 TOILUINBA B Mpolecce
KaTaJuTH4YecKoi nenapadpuHu3anmuu
B. brikoBa, H. benuuckas
Tomckuii nonumexHuyeckKull yHueepcumem
e-mail: violetta.gneusheva@gmail.com

BBenenue. AKTyalbHOCTH HCCIEAOBaHUS: Uil Poccun B CBSI3U C OCOOCHHOCTSMU
KJIMMAaTUYECKUX YCIOBUH M Teorpaduyeckoro IMOJIOKEHHsI BO3HHMKJIA HEOOXOAWMOCTH B
IIPOU3BOJCTBE OOJbIIEr0 00bEMa 3UMHET0 U APKTUYECKOIO JIM3EJIBbHOTO TOIUIMBA C
yJIy4IIEHHBIMUA XapaKTePUCTUKAMH 3KCIUTyaTalliy IPU HU3KUX TEMIEpaTypax OKpyrKarolei
cpeasl. Llens paboThl: MccieqOBaHME Mpoliecca IMPOM3BOJICTBA 3UMHETO U apKTHUECKOTO
JU3EIBHOTO  TOIUIMBA B IIpOLECCe  KAaTaIMTUYeCKOH  jaenapaduHu3anuu.  3ajadu
UCCIICOBAHMS: MCCIEAOBAaTh BIMSHUE TEXHOJOTMYECKUX IApaMETPOB Ha  IIPOLECC
KaTAJIMTUYECKOM JlemapaMHM3aLMM M ONTHUMM3ALUA TEXHOJOTHYECKOro pexuma B
3aBUCUMOCTM OT COCTaBa CbIpbsi M AaKTUBHOCTH KaTanuszaropa. Teopuss mnpoiecca
nemapadguanzanuu: OCHOBHBIE pPEAaKIMU Tpolecca THUApojaenapaduHU3ANNA  BKIIOYAIOT
THJIPOKPEKUHT UTMHHOIETIOYEYHBIX MOJIeKyl H-mapapuHoB Ci17—Cy7 M M30MEpU3aLUI0 H-
napapuHoB Cs—Cig — 3THU MpeBpalicHUs UMEIOT HauOosblliee 3HauYeHHe. MOJIEKyJbl H-
napauHOB 00JIQIAI0T TOJIOKUTEIFHBIMU 3HAYEHUSIMH TEMIIEPAaTyphl 3aCTHIBAHHSA, YTO
HENpPUEMJIEMO [UIsl TOIUIMBA BBICOKOro KadecTBa. IIpomykramm mpouecca SIBISIFOTCS
Hu3Kkokunsmue H-napaguabl Cio—Ciz, YII€BOJOPOJBl HM30CTPOCHUS, MOHOIMKINYECKHE
apoOMaTHUYECKHE YTIEBOIOPOIBI.

OKcnepuMeHTalIbHAs 4acTh. B KauecTBe UCXOAHBIX TaHHBIX UCIOIb30BAIIUCH COCTAB U
IUIOTHOCTh ~ CBIpbS M TEXHOJIOTMYECKHE [apaMeTpbl Ipoliecca  KaTaIuTHUYECKON
nemapaduamsaniy: 340 M>/4, pacxox BCI — 35 000 m*/4, naBienne — 7,5 MIIa, Temmeparypa
peuupkynupytomero BCT — 75 °C.

BrisiBieHo, uTO yBenUuuBas TemIepaTypy Ipolecca JenapauHusaiim, coaepkaHue
H-apaUHOB B TMPOJAYKTE YMEHbBIIAETCsA, NpeleibHas TeMIeparypa QUIbTPYEMOCTH
CHUKAETCH.

Jlanee OBLIO MCCIENOBAHO BIMSHUE COCTaBa ChIPbS HA IPOLIECC KaTATUTHYECKOU
nenapaduauzanuu. CoctaB ChIpbsl BapbUPOBANICA 110 TEMIIEpAaType KOHIA kuneHus ot 344 °C
1o 383 °C, no miotHoctH oT 840 Kr/ M 1o 862 xr/ M.

BbIsiBIIeHO, UTO C yBEJIIMYEHHUEM TeMIIepaTypbl KOHIA KUIIEHUsS (PpaKkiuu coJepKaHnue
H-Tlapa)HOB CHHUKAETCSl.

C wucnosp30BaHMEM KOMIIBIOTEPHOM MOJAEIHPYIONIEH CHUCTEMBI TaKKe INPOBEICHA
ONTUMM3AIMS B 3aBUCIMOCTHU OT COCTaBa ChIPhsl U aKTUBHOCTH KaTalu3aTopa.

[ToxazaHo, 4To celppe ¢ OoJblIei TemmepaTypoil BBIKUIAHHS TpeOyeT MEHBIIYIO
TEeMIeparypy JAjs TOJy4eHHUs TOIUIMBAa C NpEeAeNbHOH TeMmmepaTypoil (QHIbTpyeMOCTH
—26 °C.

3axnroueHue. lccienoBaHo BIMSHUE TEMIIEpaTypbl M COCTaBa ChIpbs Ha IPOLECC
KaTAINTHYECKOM  JenapaduHu3anuy, M0J00paHbl ONTHMANbHBIE TEMIIEpPaTyphl IS
NOJIy4YEHHUs AU3EeTBHOTO TOIUIMBA C MPeJIeNIbHOM Temneparypoil puinbTpyemoctu —26 °C.
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Engineering geology as a basis of rational nature management
and protection of geological environment
I. Verkhozin
Irkutsk National Research Technical University
e-mail: iverhozin@istu.edu

Modern Engineering Geology, as a science that studies the geological environment, is
have of great importance for the justification of environmental management.

Environmental management implies the regulation of human activities to engage in the
consumption of natural resources, such as lands, forests, mineral resources, water objects etc.
In addition, nature management includes the protection of the environment, and the geological
environment, as the basis on which the habitat of humans and living beings

Usually, under the geological environment refers to the natural sphere of human life
and activity, located on the surface of the Earth and representing the interaction of its four
main spheres: lithosphere, atmosphere, hydrosphere and biosphere. The upper limit of the
geological environment is the surface of the Earth, and its lower limit is due to the depth of
penetration into the lithosphere of human engineering activity.

Engineering Geology studies a wide range of theoretical problems, associated with the
formation of the geological environment, and solves practical problems arising in the design,
construction and operation of various facilities. These tasks are aimed primarily at ensuring
the reliability of buildings and other structures.

The nature management is contradictory: by creating and consuming, it often upsets
the natural balance and causes the development of man-made geological processes and
phenomena that change, destroy and pollute the geological environment. These irreversible,
for the most part, changes lead to the depletion or even to the complete degradation of the
existing biocenoses in a particular territory, the deterioration of the quality of the
environment. All this has a negative impact on the quality of people's lives.

Therefore, any activity in the field of environmental management, ecology and
protection of the geological environment should be based on the study of specific
engineering-geological conditions of a territory, and, therefore, rely on the laws and basic
provisions of Engineering Geology.

Largest rift Lake Baikal and the world: Nyasa as repositories
of freshwater on the planet
V. Verkhozina, E. Verkhozina
Irkutsk National Research Technical University
e-mail: verhval@mail.ru

Assess the availability of fresh drinking water in Lakes: Lake Baikal and Lake Nyasa.
This deep rift Lakes of the world. At present, the water quality has a profound impact
anthropogenic factor. Identified indicators of anthropogenic influences on these ecosystems.

HccnenoBanue TMHAMUKH COAEPIKAHUSI YTI€BOI0POI0B
B MHUKYTHKYJISIPHOM CJI0sI THYMHOK KoJIopaackoro »kyka (Leptinotarsa decemlineata)
HA Pa3HbIX CTAAUAX MEKJIUHOYHOTO MepHoaa
M. I'anuna
Hosocubupckuii uncmumym opeanuuecxoul xumuu CO PAH
e-mail: tosya2021@yandex.ru

I/I3y‘{CHI/IC XUMHMKO-OHOJIOTHYECKUX OCHOB B3aMMOOTHOIIICHUI MCKIAY HACCKOMbBIMU U
MNaTOTCHHBIMU OPraHU3MaMH SBJICTCA AKTYaJIbHBIM BOIIPOCOM B 00JIaCTH 3KOJOTHYECKOM
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XUMHU M TIPEACTaBIAE€T MHTEpec I pa3pabOTKH 3KOJOIMYECKH IPUEMIIEMBIX METOOB
KOHTPOJSl ~ YHMCICHHOCTH  HAacEKOMBIX-BpeAUTEINIEH. M3BectHO,  4TO  (QyHKUUHU
AMHUKYTUKYJSPHOTO CJIOS MEHSIOTCSA B TEUEHHE XHU3HEHHOTO LMKJIA Hacekomoro. Ha panHux
CTaUsAX Pa3BUTUSA JIMUMHOK KOJOPAJCKOTO KyKa OCHOBHOM 3afaueil SMMKYTHKYJIbI SIBIISETCS
3amMTa OT 00€3BOXKMBAHUS, K KOHILY CTAIUM Pa3BUTUS JIMUMHKU IIPU MEPEXOE B MOUYBY —
3alIUTa OT MOYBEHHBIX YHTOMOMATOTEHHBIX TPHOOB. {151 MOHMMaHHUS MEXaHH3MOB 3aIIUTHI
HAaCEKOMBIX OT TIaTOreHa HEOOXOAMMO BBIIBUTH CBSI3b MEXAY HW3MEHEHHEM COCTaBa
SNUKYTUKYJIbl W CTENEHbIO BOCHPUMMYMBOCTH K MAaTOreHy. JlaHHBIX IO MCCIEJOBAHUIO
COCTaBa JMUKYTHKYJbl JUYMHOK KOJIOPAACKOTO KyKa IMPAKTHUYECKH HET, OJHAKO JaHHas
cTaausl HanboJjee BOCIPUUMYHBA K ITaTOTCHY.

Ilenpto naHHOM pabOThHI SABISUIMCH KAau€CTBEHHOE M KOJMUYECTBEHHOE OIpe/ieieHue
OCHOBHBIX KOMIIOHEHTOB SMHUKYTHKYJSPHOTO CIIOS TMYMHOK KOJIOPAJICKOTO JKyKa C TIOMOIIBIO
merona I'’X/MC u BbIsIBIIEHHE JUHAMUKU COAEP>KaHUS OCHOBHBIX KOMIIOHEHTOB B TE€UYECHHE
MEXITMHOYHOTO MEPUO/IA.

OOBeKTOM HCCIE0BaHUS SABJSUIUCH JIMYMHKHM KOJOPAJICKOTO JKyKa TPEX BO3PACTHBIX
rpynm B mpenenax [V 3akiIrounTeNIbHOTO BO3pacTa: CBEKEIEPENUHSBIINE, TPOMEKYTOUHOTO
BO3pacTa U 3aKaHYMBAIOLIUE MUTAHUE JINYMHKH.

B sKkcTpakTe SMUKYTUKYIBI OBIIIO WACHTU(GUIIMPOBAHO 15 mMpenenbHBIX MOHO-, TU- H
TPUMETHIIPA3BETBICHHBIX YIIeBoaopoJoB cocTaBa Cpg-Czp; Takke ObUIM OOHApYKEHBI
JKUPHBIE KHUCJIOTBI, COJEpXaHue KOTOpbIx He mpesblmano 10 %. YcraHoBieHue cTpoeHus
YIJIEBOAOPOAOB MPOBOAMIOCH HAa OCHOBAHMM PACCUUTAHHBIX JIMHEWHBIX HHIEKCOB
yIEP)KUBAHUS M XapaKTEPUCTUYHBIX MOHOB, 00Pa3yIOMIMXCS NPU pa3phIBE CBSI3€H B MecTax
pa3BeTBIICHUs YIJIepoJHOU 1enu. /s cityyas miaoxo pasJesseMblX U30MEPHBIX COeMHEHUN
ObUIa UCTIOJIH30BAHA METOAMKA «MOHHOM SKCTPAKIHMMU» M OBbLI pa3paboTaH KOJIMYECTBEHHBIN
KPUTEPH BBISIBIICHUS XapaKTEPUCTHUHBIX HOHOB METUIIPA3BETBICHHBIX AJIKAHOB.

Jlnist Bcex BO3PACTHBIX TPYI OCHOBHBIMH KOMIOHEHTAMH SIBIISLTUCH YIJIEBOAOPOIbI
coctaBa Czp. IlokazaHo, 4YTO cymMMapHOe COJEepXaHHUE YIJIEBOAOPOAOB Uil TPYMIl
CBEXXEMEPEIMHSABIINX, MPOMEXKYTOYHOTO BO3pacTa M 3aKaHYMBAIONIMX IHTAHHE JIMYMHOK
cocraBuiio 24,7+2,0, 20,4+2,7 u 11,6+2,4 MKT/cM? IJIOIIAJAN TIOBEPXHOCTH JIMYMHKH.
YMeHblIeHHEe OO0IIero KOJIMYEeCTBa YIJIEBOJOPONOB B mpenenax [V Bospacta pa3BUTHS
JUYUHOK KOPPEIUPYET C YMEHBIIEHUEM CTENIEHH aJire3u KOHUAUN rpudoB. Takum ob6pazom,
YMEHBIICHHUE COJEPKaHUS YIIIEBOJOPOJOB SIBISETCS aJalTHBHBIM MEXaHH3MOM 3allUTHI
JUYUHOK OT 3apakeHUs rpubamu, U ¢ MPUKIAJHOW TOYKM 3peHus Hambonee 3((HeKTuBHON
Oyznet o6paboTka rpuOHBIMHU MTpenapaTaMyi Ha paHHUX CTaJUAX Pa3BUTHSI JTUYUHOK.

IlepcniekTHBBI MOJIy4YeHHUs Ta30BOI0 TOIIMBA
M3 0TXO0J0B CeJIbCKOXO035CTBEHHOT0 Npon3BoAcTBa B [len3enckoi od1acTu
B.4. Topsiues, C.B. 'ono6okos, A.A. luBaenko, U.A. Jlecun
Tlenzenckuii 2ocyoapcmeeHmblil YyHUgepcumem
e-mail: Golobokov_sv@mail.ru

Pa3zButue OnorexHonoruit B 3HepreTuueckoit chepe B Poccun pagukanbHO OTCTaeT
OT ypOBHs pa3BuTus B Takux crpaHax kak CUIA, Kurait, Unaus, bpaswimsa u B cogpyxecTBe
EC [1]. I3mMeHUTHh cHUTyalMio B JIy4IIYIO CTOPOHY MOJKHO 3a CUET YCIEIIHON peanu3aluu
rocynapctBeHHOM mporpammbl «bro-2020». Ilepexom Ha OMOTOIUIMBO TO3BOJIUT CHU3ZHUTH
3aBHCUMOCTh SKOHOMHUKHM OT KosiebaHMi 1leH Ha HedTsHoW Oupke. OAHON W3 OCHOBHBIX
3agau nporpammbl «brno-2020» siBisieTcs pa3BUTHE OMO’HEPreTUYECKOM OTpaciu, B paMKax
KOTOPOH 3HAYUTEIHbHOE MECTO YAEISIEeTCs MPOU3BOJACTBY Onorasa u 6uostanosna [1].

ITenzenckass o0nacTh pacronaraeT OOMMPHBIMHU TUTOMIAASMU TAXOTHBIX 3€MEb,
nacToMIl W UWMeeT 3HAYMTeNbHBIH 00BbEeM TPOW3BOACTBA TpOAykToB [2]. Permon
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pacrosaraeTcsi B 30H€ YMEPEHHOIr0 KJIMMaTa, JEeCOCTENHas 30Ha, IMOYBBI C MpeoliajaHueM
YepHO3eMa, pPAaBHUHHBIA  peiabed MECTHOCTH, JIOCTaTOYHOE  KOJHMYECTBO  BIIATH.
Ot1o xapakTepusyeT IleH3eHCKyro 001acTh Kak CeTbCKOXO3SIICTBEHHBII PEruoH.

ChippeM U1 TPOU3BOICTBA OMOTOIITNBA SIBIISIOTCS:

1. OTx0ab!I pacTEHNEBOIYECKOTO KOMILJIEKCA

2. OTX0/bI ’KUBOTHOBOTYECKOTO KOMILIEKCA

3. OTX0abI HTULEBOIYECKUX XO3SIUCTB

4. OTX0IbI MPEANPUATHHA MUIEBOH MPOMBIIIICHHOCTH.

OTxompl pa3HBIX OTpacie CEIbCKOTO  XO3SMCTBA  MPEJACTABISAIOT  COOOM
YIJIEBOJOPOAHBIE COEAMHEHMSI PA3IMYHOIO COCTaBa M CTPYKTypbl. K HUM oOTHOCSITCS —
cTeONu, JHCThSA, KOPHEIUIONBI, IleiyXa, Jiy3ra, HaBo3, TMOMET, MAacClIOXHPOBBIE OTXOJIbI,
OpakoBaHHass M MpPOCpPOYEHHass MpoAyKuus. B mpomecce yOOpKH ypokas M TNEpBHYHOU
nepepaboTKU OTXOAbl IMOJIy4aloT B CYXOM BHJAE€ WM B BHJAE BIaXxHOW Maccel. Hapo3
JKUBOTHBIX Yallleé BCErO B XHUAKOM BHJe — mynblbl. [lomeT ntun — B cyxom Buje. MHorna B
CMECH C OMHJIKAMH, COJIOMOM, TIOJICTHJIOYHBIM MaTepHall.

B nacrosmiee BpeMsi B MUPOBOW MpPaKTHKE pa3pabOTaHbl U IMIUPOKO MPUMEHSIOTCS
JIBa HAIIPaBJIEHUS M1EPEPAOOTKU OTXOJO0B CEIbCKO-X034HCTBEHHOIO MPOU3BOJACTBA B I'a30BOE
TOIUIMBO — OWOTEXHOJIOTMU M TEPMHUUYECKHE TEXHOJIOTUU. BHOTEXHOJIOTrMM OCHOBAaHBI Ha
BBIpAIIMBAaHUN HECKOJBKUX TMOKOJEHUI OakTepuii i nepepaboTKu OpraHMYeCKHX BEIIECTB
[4]. Onu sBisitorcst Goniee 3 (HEKTUBHBIMU, HO TPEOYIOT JOPOTrOCTOSIICTO 000PYJIOBAHHS U
CTPOTOTO COOJTIOJICHHSI TEXITPOIIECCOB.

buoraz 510 mnpoaykT mnepepabOTKH OMOMACCHI PA3IMYHOTO MPOHCXOXKICHUS,
KOTOpBIM CYILIECTBEHHO JIeLIeBI€ OOBIYHOIO TOIIMBAa. Ero mnpou3BOACTBO SBISETCS
9KOJIOTMYECKH Oojiee Oe30MacHbIM M YUCTBIM. buoras mpousBoautcs B OMOpEaKTOpax, B
KOTOpBIX 0€3 JOCTyIa BO3/AyXa HJET pa3loKeHHE OMOIOTHYECKUX OTXOJOB IPHU IMOMOIIU
Oaxrepmii [1].

B tabmuue 1 mnpexacraBieHbl 00BEMBbI MPOU3BOACTBA CEIbCKO-XO3HCTBEHHOM
npoaykuuu B IlenzeHckoit obGmactu Ha mnpumepe 2015 roma M BO3MOXKHBIE OOBEMBI
BBIPAOOTKH ra30BOro TOILIMBA [2].

O6beM moiyyaemoro rasa coctaBut 1,76 mupa KyO M., SKBUBaJIEHT 2,2 MJIH TOHH
yCIOBHOTO ToriuBa. HanGomnpimuil BkiIaa naeT MOJACOIHEYHHMK M KyKypy3a. HacTh 3eneHoi
Macchl KyKypy3bl HIET Ha CHJIOC UM KOpM >KMBOTHBIM [3]. OctaBiiascs macca KyKypy3bl B
HacTosflIee BpeMsl yTHiu3upyercs. [Ipu ucnonp30BaHuU B KauecTBE ChIPbs B OMOpeaKkTopax
3TH KYJbTYphI IO3BOJIAT BbIpadaThIBaTh TPETHIO YacTh 00bEMa Tasa.

Tabnumna 1. uepromnoreHiman pacrenneBoctsa B 2015 r.

Breixon | V Herrto V opytTO
Kynberypa Vron | Vorx mlr 6uoras Boix 61/11())?“;3 Q BIX
TBIC. T TBIC. T M3 TBIC. M3 % TBIC. M3 TBIC. T.Y.T.
Muennna | 956,8 | 2392 | 598 | 143041 | 80 | 114433 144
Sumens | 277 | 6925 | 579 | 40095 | 80 | 32076 40
Kykypysa | 207 | 1035 | 594 | 614790 | 80 | 491832 621
Tonconn. | 262 | 2096 | 590 | 1236640 | 70 | 865648 1093
Caxapuas | 150, | 750 569 | 426750 | 60 | 256050 323
CBCKJIa
Hroro 1760 040 2223

Tepmudeckuit mporecc nepepabOTKH OTXOJIOB B Ta30BO€ WM KHUAKOE TOIUIHBO
3aKJTIOYAETCS B Pa3pbIBE BHICOKOMOJICKYIIIPHBIX COSAMHEHUN Ha MPOCTEHIITNE COCTUHEHUS U
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HACBHIIIEHUH BOJOPOJIOM. BBIXOA Ta30BOro TOIUIMBA 3aBUCUT OT METOJa MEepepadOoTKH,
UCXOJHOTO CBHIPbSI M TEXHOJNOTHMYECKHX cxeM. C 3TOH WeNpl0 NPUMEHSIOT METOMbI
ra3uukanyy, mapoBoi KOHBEPCHH U MUPOJIU3a.

Ha puc 1 mnpencraBneH CpaBHHUTENBHBIM aHAIW3 PA3IMYHBIX  TEXHOJOTHMA
TEPMHUYECKOIl MepepaboTKH CeIbX030TX0A0B. AHaAMU3 IpaMKOB IOKA3bIBAET, YTO CaMBIM
3G QEKTUBHBIM SBISCTCA MpPOIECC Ta3u(pHUKAIUU, KOTOPBIA IMPOBOJUTCS NPU HHU3KOH
TEMIIEpaType U MaJIOM pacXofe TeIUla, COMPOBOXKAAETCS BbIIEICHHEM HE3HAUYUTEIbHOTO
qucia JeTyuyux KoMnoHeHToB — 10 40 %. ITpu temneparype 400—-600 °C HakiIOH KpPHUBBIX
NPUMEPHO OJMHAKOB, YBEIMYECHHE 3aTpaT TeIjla JaeT 3aMETHBI NPHPOCT BBIXOJAA Tasa.
[Tpu Gonee BBHICOKMX TemIlepaTypax KpHBas 3aTpaT Tellla Pe3KO HIET BBEPX, a BBIXOJ rasa
npubmxkaercst k npeneny. CinenoBarenbHo, padoTa B 30HE BBICOKMX TEMIEpaTyp HE IaeT
CYIIECTBEHHOTO MPUPOCTa AP PEKTUBHOCTH HMPOLIECCOB.

B Tabnume 2 mpencTtaBieHbl IOKa3aTeld BBIPAOOTKM Ta30BOTO TOIUIMBA U3
PacTUTEILHOTO CHIPhSI HU3KOTEMIIEPATYPHBIMU TEXHOJIOTHSIMHU.
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Pucynok 1. 3aBucuMoCTb MPONU3BOIUTENBHOCTH U DHEPro3aTpaT OT TEMIIEPATYpPhl

Tabnuua 2. IlepepaboTka 0TX0/10B B ra30reHepaTOPHbBIX YCTAaHOBKAX

V ron Vorx | BbIX V merro IUIOTH V bpyrTo Q BBIX
Kynbrypa CUHTTa3 CUHTTA3
THIC. T TBIC. T % Teic. T | Kr/mM® | ThiC. M° TBIC. T.Y.T.
[Tmennma 956,8 239,2 50 119,6 0,7 51 257 64
Sumenp 277 69,25 50 34,625 0,7 14 839 18
Kykypy3a 207 1035 53 548,55 0,7 235 092 296
[TonconH. 262 2096 52 | 1089,92 | 0,7 467 108 589
Caxaprai | g5 | 750 | 48 | 360 | 07 | 154285 194
CBEKJIa
Hroro 922 583 1165

lasudukanms  OTXOIOB MO  BBIXOAY Ta3a  yCTymaeT  OHMOTEXHOJIOTHSIM.
Ho texmporieccbl CylecTBEHHO MpoIle, 3KOHOMUYECKH d>(PQeKTuBHEE U MOTYT OBITh
pea30BaHbl B YCIOBUSAX MAaJbIX XO3SHCTB, ¢ MUHHUMAJIbHBIMH (PMHAHCOBBIMM 3aTpaTaMu U
MOJArOTOBKOM MEpCOHAa.
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JIst ManbIX ¥ CpeaHUX MPEANPHUITHH, KPECThIHCKO-(QEPMEPCKUX XO3SIUCTB MOXKHO
PEKOMEH/IOBaTh  KOMIUIEKTHI ~ O0OpyIOBaHMS  KOMIAHUM  «OKkomam». TexHomoruu
TEPMOXMMHYECKON TmepepaboTKu OHOpecypcoB MO3BOJIAIOT SKOJIOTHUYECKH Oe30macHo
nepepadaTbIBaTh MUPOKUN CIIEKTP OTXO/OB, BBIpaOaTHIBATh I'a30BOE TOIUIMBO U HAJIAAWThH HA
MeCTax TEeHEPAlMIO AJICKTPUYECKON SHEpruu 1o IeHe 2 pyoms 3a 1 kBr-u um temmoBoit
sHepruu ¢ cebecroumocthio mopsaka 800 pyo. 3a I'kan [3].

[IpuBeneHHbI aHaNU3 MOKa3bIBa€T, UYTO B CTPYKTYpPE CEbCKOXO3SHCTBEHHOTO
IIPOM3BOJCTBA  3QJIOKEH  OTFPOMHBIM  DJHEpreTHdeckuil  noreHuuain.  [IpuMeHeHue
OMOTEXHOJIOTHH AJI MepepabOTKU OTXOJO0B CaMbIX MAacCOBBIX KYJIBTYp, BBIPAIllMBA€MbIX Ha
tepputopun [leH3eHCKOW 00aCTH MO3BOJIUT MOJMY4YHTh 1,7 MIpAa. KyO M Toproyero rasa,
KOTOPBIM MOXKHO 3aMEHUTh OoJjiee TOJOBMHBI MPUPOJHOTO ra3a, IOCTaBIsIEMOr0 C
MecropoxacHui. Ilo nmanHbIM «Mexperunonras-IleH3a» nOCTaBKM NPUPOJHOrO rasa B
CpEIHEM COCTABJISIOT 2,5 MIPI KyO M. B TOJ.

[lepepaboTka OTXOJOB IKMBOTHOBOJACTBA, MHIICBOM IMPOMBINUIEHHOCTH |
nepeBooOpaboTKH TpedyeT NPUMEHEHHS YCTAaHOBOK BBICOKO-TEMIIEPATYPHOTO MHPOJIK3A.
Ho nmpu sTomM cyliecTBEHHO BO3pacTaeT BbIXOJ TIa30BOr0 TOIUIMBA M 00JACTh 3aKpOET
NOTPeOHOCTH B MpupogHOM rase. [lomyTHO OyneT pemarbcs KOMILIEKC 3KOJOTHYECKUX H
IIPOTUBOMNOXAPHBIX 33]1a4, CBA3aHHBIX C HAKOIUIEHUEM U YTUJIN3aluel TOPIOUNX OTXOOB.
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The concept of sustainable development of human civilization — the problem status
and the research objectives
M. Degtyareva, A. Pozdnyakov, Y. Pupyshev
Institute of Monitoring of Climatic and Ecological Systems of the Siberian Branch
of the Russian Academy of Sciences
e-mail: 455207 @mail.ru

The concept of sustainable development of human civilization — the problem status
and the research objectives

The attempts to scientifically comprehend the global threats to humanity took place
back in the 1970s, with the appearance of the Club of Rome's “The Limits to Growth”
research. The conclusions of the study, which laid the ground for international discussion of
the problem, were that the modern economic and population growth was on the the path
leading to the collapse of civilization.

The discussion of the problems at the highest level started in 1972 at the UN
Conference in Stockholm. In 1987, the Brundtland's UN commission issued the “Our
Common Future” report. For the first time, it defined the concepts of sustainable
development, according to which mankind is able to develop in sustainable and long-term
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manner, so that it could meet the needs of the current generation without depriving future
generations of the ability to meet their needs. The idea of sustainable development formed the
basis of Agenda 21, adopted at the 1992 Conference in Rio de Janeiro. Later on, following
four subsequent world's summits, the world leaders confirmed their commitment to the course
for sustainable development.

The concept of sustainable development implies the resolution of contradictions both
between human society and natural environment, and the contradictions within the society
itself, occurring in conditions of rising prosperity and exponential population increase. At
this, such model of civilization development should be sustainable in the long run.

In reality, instead of approaching the status of sustainable development, humanity is
moving away from it. The growing Earth's population and the model of socio-economic
development, aimed to satisfy the endless needs, increase the natural resources exploitation
rate, thus leading to the degradation of the natural environment. In the course of the
competition for shrinking natural resources, the contradictions between people will only be
growing. Attaining the solution of global problems in such conditions without changing the
development paradigm is impossible.

The task of this research is to develop a conceptual model of asymptotically stable
dynamics of geosystems and the model of constructive perfectionism. The concept of
asymptotic stability can be described as a system’s ability to spontaneously return to the state
of dynamic equilibrium, determined by the conditions of the global environment, which are
outside of human control. Constructive perfectionism is aimed at improving the landscape
structure on a regional scale.

Study on Reasonable malposition of the extremely-near coal seams
when combined mining of shaft 10 slots in Daanshan coal mine
W. Junguang, Y. Pengjin, L. Bing, L. Cunzhou, A. Okhotin
Irkutsk National Research Technical University
e-mail: ohotin@istu.edu

Aiming at the reasonable malposition of extreme close coal seam when combined
mining under the condition of the composite roof of the Daanshan coal mine, the upper and
lower coal seam of shaft 10 slots located in the +400 m level of Daanshan Coal Mine was
selected to study the malposition of extreme close coal seam when combined mining under the
condition of the composite roof. The results show: under the condition of stratified mining,
when the upper layer is mined, after undergoing the process of "extrusion-unloading-support
support extrusion and moving frame two times unloading”. A large number of cracks will be
generated in the gangue, and the degree of fragmentation will increase. Moreover, the smaller
the malposition between the upper and lower working faces is, the more serious the damage is.
The reasonable malposition of the upper and the lower seam of the shaft 10 in the +400 m level
is 20m. Selecting the DW14-300 / 100X type single prop to support the composite roof will
make the support effect good. Which can ensure the safety production of the working face. The
research results provide experimental and theoretical basis for the stability of the working faces
when combined mining in the extremely close distance coal seam.

Complex processing of sea brines of desalination plants
B. Duisebayev, K. Baytasov
LLP Universal Design Technological Bureau

Water are the most important resource for sustainable human development. Many

countries today do not have sufficient fresh water resources and are forced to use desalination
technology of sea water. Despite many years of accumulated experience of these technologies
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remain unresolved, such technological and ecological problems like high energy
consumption, low degree of use of abstracted water, the accumulation of salt brines. The
article discusses integrated approaches to solving these problems.

First, it is advisable the development of innovative technologies for seawater
desalination based on nanotechnology, which will reduce energy consumption and improve
the efficiency of desalination.

Secondly, highly concentrated brines can become a new resource base for the
development of some chemical productions. Complex processing of such brines will create a
diversified chemical clusters and thus reduce the cost of production of fresh water.

Kazakhstan has the technological potential in this field and is willing to share it with
other countries.

The research of hydrometallurgical method of copper extraction
from rebellious copper ores
M. Yerkesheva, N. Kulenova
D. Serikbayev East Kazakhstan State Technical University
e-mail: meruert_erkeshev@mail.ru

The reduction of the world reserves of conditioned copper ores leads to the
involvement in the production of mixed raw materials, and it requires the search for
alternative technological solutions. This trend is widespread in the field of rebellious copper
ores in Kazakhstan on to the full extent.

Regarding the main problems which are encountered in the processing of rebellious
copper ores are the presences of copper in the oxide and sulfide forms. This leads to large
losses of copper with tails when using flotation beneficiation schemes, as well as the
difficulty of separating copper minerals from the remaining sulfides due to their fine
germination.

Analysis of processing methods for copper rebellious ores that contain increased
amount of oxidated minerals proves that it’s possible to use methods of hydrometallurgy. In
most cases these methods provide positive results in comparison with flotation concentration.

The object of research was the rebellious copper-bearing ore with an average copper
content of 0,7-1,0 %. The ratio of oxide and sulfide forms of copper mineral fluctuated from
1,2:1 to 1,4:1. In terms of oxygen-bearing copper minerals, it is constituted 48-50 %, while
for sulphide minerals it consists of 40-42 %.

This paper presented the results of studies of sulfuric acid opening up of refractory
copper ores. The effect of sulfuric acid concentration, temperature and process duration was
studied. The results of the experiments are shown that industrially acceptable copper recovery
is around with 83-84 %.

AHaJM3 MaTepHAIbHBIX IOTOKOB /ISl JKPAHUPOBAHUS NOTEPh
npu o0padoTKe HBETHBIX METALJIOB
A.K. Ipmagambetov', M.A. Sadenova®, P.S. Varbanov?
'D. Serikbayev East Kazakhstan State Technical University
“Sustainable Process Integration Laboratory — SPIL, NETME Centre, Faculty of Mechanical
Engineering, Brno University of Technology, Brno, Czech Republic
e-mail: ipmagambetov@gmail.com

IIo MCpPEC Pa3BUTUA TCXHOJIOTHMH IMPOU3BOACTBA HBCTHBIX MCTAJUIOB, IMOBBIMIAIOTCA

TpeOOBaHUs K KaYeCTBY TEXHOJIOTHUECKOTo Ipoiiecca. B mepepaboTKy moctymaer Bce Ooee
CJIOKHOE, TOJMMETAJUTMYECKOE ChIPbE, COJEpIKallee — MOMHUMO OCHOBHOTO H3BJIEKAEMOTO
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METaJula, U Pl APYTUX HEHHBIX KOMIIOHEHTOB, TaKKe KakK, IIUHK, Me/lb, XKeJe30, cepa, 30J10TO,
cepebpo u apyrue. KoMiiaekcHoe MCIOIb30BaHUE TAKOTO ChIPbsI IPEAIOIAraeT U3BJICUEHHUE
U3 HEro BceX LIEHHBIX METAJUIOB, BO3MOKHOE Ha JAaHHOM YPOBHE Pa3BUTHs TEXHOJIOTUH.

Ha ¢one yxecrouenuss TpeboBaHMii K KOMIUIEKCHOCTH WCIOJIB30BAHUS CBUHIIOBOTO
CBIPbsI, YCJIOKHSETCSI TEXHOJOIMUYEecKas cXeMa ero nepepadoTku. DTO BeAeT K OosblieMy
KOJIMYECTBY  Olepauuii, OOpa30BaHUIO  PA3IMYHBIX  IOJYINPOIYKTOB,  YBEITUYCHUIO
TEXHOJIOTUYECKUX LIMKJIOB U MOBBILIEHUIO PACX0/Ia PEareHTOB, IEKTPOIHEPI U, TOILIHBA.

OnHuM W3 MyTed pelIeHus YKa3aHHOW MPOOJIEeMBl MOXKET CTaTh BHEIPEHHUE CHUCTEM
aHajlu3a MaTepUajbHbIX IIOTOKOB [UI YIPABJIEHHS TEXHOJIOTMYECKUMHU IPOLIECCAMHU.
OcHOBHOE Ha3HAa4YEHHE TAKOTO aHAIM3a 3aKJIoyaeTcs B obecredueHUM cOopa M 00pabOTKU
UHpOpPMALUU O TEXHOJOIMYECKOM Ipouecce U (OPMHUPOBAHUU JIOTMCTHUECKOW CTpaTeruu
JUTSL JOCTHDKEHHSI TOCTABJICHHOM 1ENU TIepe/l epepadaThIBalOIUM MPEANPHITHEM.

Mertamtypruyeckie arperatsl pa0oTarOT B HENPEPHIBHOM PEXHMME, COOTBETCTBEHHO
NOTOK 00pa3loB Mpo0 NPOIYKTOB IIJIABOK, PACTBOPEHHS, IS XHMHUYECKOTO aHalIHu3a
IOCTYIAET aHaJOIMYHO, a CTPYKTYpPHpPOBAaTh U CUCTEMATU3UPOBATh JAaHHBIE, MIOJYyYCHHbIE B
pe3ysibTare, MOMOraloT pa3iMyuHble IPOrpaMMHBIE MPOAYKThI, OJHUM U3 KOTOPBIX SBISETCS
cucreMa LIMS KBAJIPAT-A [1]. /[aHHbII DOPOAYKT Jae€T BO3MOXKHOCTb CTPOTO
CTPYKTYpPUPOBaTh JaHHBIE O pa3IMYHBIX THUIAX OOpa3loOB, KOTOpPHIE TMOCTYMAIOT B
71a00paTOpUIO, U XPaHUTh JAHHBIE HE TOJIBKO O PSAAOBBIX Mpo0ax, HO U O CHELHAIbHBIX THIIAX
00pa3IoB MMEIOIINE PA3JIMYHBIA HA0Op MCXOAHBIX JAaHHBIX. DTO IMO3BOJIAET MPOCIICAUTH
U3MEHEHHs XHMMHUYECKOT0 COCTaBa B ONPE/IEIEHHOM BPEMEHHOM IEepuoJie Ul ONEePaTUBHOTO
pearupoBaHusl IPU HEOOXOAUMOCTH KOPPEKTUPOBAHUS pexKUMa.

Eme onHuM BakHBIM (DaKTOpPOM IPH aHAIM3€ MAaTEpUAIbHBIX IIOTOKOB, SIBIISETCS
anmaparypHoe odopmienue npouecca. BaxHo, 4To0b1 000pynoBaHHE OBUIO MPHCIIOCOOICHO
JUI TIPOBEACHUS HENPEepbIBHOIO MOHUTOPMHIAa M aBTOMATHU3aLUU C IEIbl0 oOecredeHus
ONTUMAJIBHOTO PACX0Jla 3JIEKTPOIHEPTUH, XUMUYECKUX PEAreHTOB, MPOMBILIUIEHHON BOBI,
BO3AyXxa M T.J. Takod aHamu3 MOYKHO OCYLIECTBUTH DPA3JIMUYHBIMH KOMIIBIOTEPHBIMU
cucreMamu, Hanpumep, DeltaV [2], PI System [3]. Macmrabupyemass ruOkas
UHPPACTPYKTYpa JaHHBIX I[O3BOJIIET MPEANPUATHIO B PEXUME pPEaTbHOTO BpPEMEHHU
peoOpa3oBbIBaTh ONEPAIOHHBIE JTaHHBIE B IMOJIE3HYIO MH(OpMAIMIO, KOTOpasi MO3BOJSET
TpaHc(OPMHUPOBATH U KOHTPOJIUPOBATH MPOU3BOACTBEHHBIE MTPOLIECCHI.

JlJis KayecTBEHHOr'0 aHalM3a MaTepUalIbHBIX MOTOKOB, IOMHUMO CBEIECHHI 0 padbore
000pyJIOBaHUS M XHMHYECKOTO COCTaBa IMPOAYKTOB, HEOOXOIUMO B PEXUME PEATbHOIO
BPEMEHM YIPaBISATh M KOHTPOJMPOBATH 3amachl KOHIEHTPAaTOB, PEAareHTOB, OOOPOTHBIX
MaTepHaJIoB, TaK KaK OHU XKU3HEHHO HEOOXOIUMBI IS MOAJIEpKaHU ONTUMAIbHOTO pabOThI
o0opynoBaHusi. BBuay Toro 4ro B MNUPOMETALTyprudeckoM crocolOe mnepepaboTKu
CBUHIIOBOTO CBIpbSl Y4YacTBYeT OIPOMHOE€ KOJIMYECTBO TAaKUX JAHHBIX, BO3HHUKAET
noTpeOHOCTh B X cuctemaruzanuu. Cucrema ynpasienus marepuaiamu (MMS) P2 IDEAS
[4] - 2TO MOMHOCTBIO HMHTErPUPOBAHHAS, KOMILUICKCHAsh BO3MOXKHOCTH ydYeTa 3aKyIloK,
CKJIaIUPOBaHMs M MHBEHTApHU3allMU MaTEpUaAIOB, KOTOPasl BKIIOUAET B ce0sl CIOXKHBIM Habop
B3aMMOJICHCTBUI MeXay IpolieccaMu, IMOCTaBIIMKaMH, 3armacaMd M JaHHBIMH OCTaTKOB,
cBsa3bIBarOIIMX MX Bcex BMmecTte. P2 IDEAS MMS anamusupyer M ypaBHOBEIIMBAET 3TU
B3aMMOJCHCTBYS JIJIs YIIYUILIEHUSI U CHH)KEHUS 3aTpar.

OCHOBHBIM HHCTPYMEHTOM aHAJIN3a MATEPUAJIBHBIX IOTOKOB MUPOMETAILITYPrUYECKOU
CXEMBbI, SIBJISIETCS MaTepHaJbHBbIM OalaHC HCXOJHBIX W TOJYYEHHBIX BEIIECTB MJIM Macc
ONpPEACIEHHOT0 XMMHYECKOIO DJJEMEHTa B MCXOAHBIX M IIOJYYEHHBIX BEIIECTBAX
TEeXHOJOoruueckoro mporecca. CylIecTBYIOT pa3inyHble MpOrpaMMHBIE TPOAYKTHI JUIS
pelIeHus TaHHOW 3a7jauu, OJIHUM U3 KOTOPBIX sABJIseTCS MporpaMMHBbIi npoaykt INVENTEO
[5] or xommanuu Caspeo, KOTOpOE BKJIIOYAeT B ceO0sl: MHTErPUPOBAHHOE MPOTrPaMMHOE
NPUIIOKEHNE C AaBTOMAaTHYECKUM cOOpOM M 00paboTKOM 6aaHCOBBIX JTAHHBIX.
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B numpomerammyprudeckoM Imporecce MepepadOTKHM CBHHILIOBOIO  CBIPbs, BCE
BBILLICTIEPEUUCIIEHHBIE TIPOrPAaMMHbBIE IPOAYKTHI, SIBJISIOTCS MHCTPYMEHTaMM aHajlu3a
MaTepHaJIbHBIX TTOTOKOB MTO3BOJIAIONINE OMPEACIUTh OCHOBHBIE 3aKOHOMEPHOCTH U (DaKTOPHI,
KOTOpbIE€  OKa3blBAlOT CYILIECTBEHHOE BIMSHME Ha ONTUMM3ALMIO  CYIIECTBYIOLIEH
TEXHOJIOTHH.

[Toxa3zaTenu, OCHOBaHHBIC HAa aHAJIN3E MAaTEPHAILHBIX IOTOKOB, UTPAIOT BAXKHYIO POJIb
B Tporecce OIeHKe 3((EKTUBHOCTH HCIIOIB30BAHUA CBHIPhS C YYETOM HOTEpb MpHU
nepepaboTke U 00pa30BaBIINXCSA OTXOAX, MONAJAIOIIUX B OKPYKaloILyto cpeay [6].

B Hacrosimeit paboTe MIaHUPYETCsl BBIMOJHHUTH AHAINW3 MaTEPHABHBIX ITOTOKOB
Ka3aXxCTaHCKOTO CBHMHIIOBOTO 3aBOJAA JUISA BBISBICHUS MOTEPh CBHHLA M COIYTCTBYIOLIMX
LHEHHbIX  METAJJIOB  NpPU  NUPOMETALIYpru4eckod  mepepaboTke  Cynb(puIHOrO
MOJIUMETAIIINYECKOTO ChIpbsi. Ha ocHoBanum aanubix nporpamm INVENTEO, LIMS, MMS,
PI System, chopmupoBaTh IpeAcTaBICHUE O PACHpPEICICHUHM CBHHIA U cepedpa B TaKHX
IPOAYKTaX Kak, IbUIb ()BIOMHUHI Ipolecca, OOCJHEHHBIM IIJaK HIAXTHON IUIaBKH, IITEHH
3JIEKTPOIUIABKH LIUIMKEPOB U IPYTHUX.

OOBeKTamMu HCCIIeJOBaHUS SBISIOTCS HCXOJHBIC MaTepPHaIbl U POAYKTHI CBUHIIOBOTO
3aBOJIa, NPEACTABICHHBIC CBUHIIOBHIMH KOHIIGHTPAaTaMH pa3iW4HbIX (aOpHUK, IUIaBaMH,
ObUIbI0  (DBIOMUHI  @Ipoliecca, OOEAHEHHBIM IIUIAKOM MIAXTHOW IUIaBKW, LITEHHOM
AJIEKTPOILIABKY IIUIMKEPOB, IIEHON U IPYroe.

OcHoBHOE 00OpymOBaHUE TEpPepadOTKU CBUHIIOBOTO ChIphsi, ISASMELT™ reus,
[IaXTHbIE [€YM MPSIMOYrOJbHOIO CEUEHMs, LUIAKOBO3TOHOYHAs YCTaHOBKA, KOTEN
papUHUPOBOUHBIN, 3JEKTPOIIEYb.

[leur ISASMELT™ gBnisieTcst yCTaHOBKOM NEPBUYHOIO IUIABJIECHUS U MPEACTABISAET
co0Ol BEPTUKAIBHYIO LWIMHAPUYECKYI0 KOHCTPYKLHUIO (pEakTop), YCTAaHOBJIEHHYIO Ha
xKene300eTOHHOM (yHJaMeHTe M IpeJHa3HaueHa JUIs IUIaBKM CBMHLOBOM IIUXTHI C
MOJyYeHHEM B KayeCTBE OCHOBHOW MPOIYKIWH OOraToro CBHUHEICOAEpIKAIIero muiaka. B
COCTaB CBUHIIOBOW IIMXTHI, BXOJAT PAa3IUYHbIe KOHIIEHTPATHI, IIPOMBIIUICHHBIE TPOAYKTHI CO
CPEIHET0JIOBBIM COJIepKaHHEM, IPUBEICHHbIE B TabuuIe 1.

[IlaxTHast TeYs MPSIMOYTOJIBHOTO CEUSHHs TMpeIHAa3HA4YeHa Il  TPOBEICHUS
XUMHYECKHX PEAKINN, KOTOPbIE MPOUCXOAIT C COCTABISIONIMMHU CBUHIIOBOTO ISA mutaka u
00OpOTOB IIAXTHBIX Neuell 0 Mepe MPOXOXKIEHHUs MX 4epe3 nedb. B 3To Bpems mporekaer
TPU OCHOBHBIX IpOIecca: BOCCTaHOBIIEHHE, IUIAKOOOpa30BaHue, CyIb(UINPOBAHNE, a TAKXKE
razoo6pazoBanue. OCHOBHBIM MPOAYKTOM SIBJISIFOTCSI YEPHOBOI CBHHEIL.

Ta6JII/ILIa 1. CpeHHerOHOBOP’I XHUMHYECKHUI COCTaB CBHHIOBBLIX KOHLICHTPATOB,
MPOMBIINIJICHHBIX MMPOAYKTEI B COCTABC MIUXTHI

Coneprxanue
HaumenoBanue AU

Marepuasa Zn,% | Pb,% | Cu, % F/Tl Ag, 1/T
CBUHIOBBIM KOHIIEHTPAT 1 0,26 | 55,52 0,44 1,66 507,03
CBUHIIOBBIN KOHIIEHTPAT 2 1,88 | 31,79 4,89 55,96 1119,99
CBWHIIOBBIN KOHIIEHTPAT 3 15,05 | 50,02 1,47 442 353,40
CBUHIOBBIM KOHIIEHTPAT 4" 13,19 | 46,67 0,13 0,38 89,43
CBWHIIOBBIN KOHIIEHTPAT 5 8,42 | 70,22 0,16 0,75 909,88

I'paBUTAIIMOHHBIN KOHIIEHTPAT 6 2,75 | 11,21 2,27 82,48 407,38
DI0TalMOHHBINA KOHIEHTPAT 7 11,86 | 12,28 2,70 19,99 | 15756,13

CBHHIIOBBIH KEK 9,42 | 20,02 0,88 1,49 154,54
[Teus 1TMKIIOHA METHOM dnekTporieun | 22,21 | 24,24 9,11 2,27 149,99
Kex nuHKOBBII 17,99 | 4,01 1,66 1,24 249,67

ITpumeuanue: nnppamu 0603HaYEHBI PA3INYHBIC HCTOYHUKH HOTYYSHUS! KOHIIEHTpaTa
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[IImakoBO3TOHOYHAsI yCTAaHOBKA MpeAHA3HAauYeHa JUIsl TMPOIYBKH JKHJIKOTO TOPSYETO
[UIaKa IIaXTHOM IUTABKU BO3JAYXOM C YIrOJbHOM TBUIBIO C LEIbI0 OTIOHKM IIMHKA,
COJIEpXKAIIErocs B IITAKaX.

Kotnel padgunHupoBouHBIC TpeAHa3HAYEeHbI Ui HAabopa, padUHUPOBAHUS M PO3JIMBA
cBuHIA. VX momemnaroT B 3jeKTpooOorpeBaeMble TOMKH. Kitagka TONMKM HM3roTOBJIEHA W3
OTHEYIOPHOT'O IIaMOTHOTO KHpIIMYa W 3aKJII0YeHa B KapKac, COCTOSIIIUN U3 CTaJbHBIX
BEPTUKAIBHBIX OAJIOK U KOXKYXa.

DneKkTponeyb MpeaACcTaBiIsieT COO0N MUPOMETAILTYPTUYECKUM arperar 3akpbITOro TUIIA,
paboTarmuii Mo paspexeHueM, (GyTepoBaHHAs OTHEYHNOPHBIM KHPITHYOM, C HAKJIATHBIMHU
BOJIOOXJIAKIAEMBIMU KECCOHAMM M OXJIAXIaeMOW 3a CUET LUPKYJSALHUM BO3IyXa MOJAMHOM.
[Ipenna3zHaueHa st BEACHUS MPOIECCOB IUIABJICHUS MEIHBIX IUIUKEPOB, CEPEOPUCTOM TTEHBI
3a CYeT JKOYJIEBOTO TETIa, C MOTYYCHHEM MEIHOTO MTEeHA, CEpeOpUCTOTO CBUHIIA.

HccnenoBanue oxBaTpiBaeT MEPUOJ C STHBaps 1Mo Aekadps 2018 rona.

JleiicTBytomasi TEXHOJOTHMYECKas CXeMa MepepadOTKU CBUHIIOBOTO CHIPhS Ha
Ka3aXCTaHCKOM METaJUIypru4ecKoM 3aBO/Ie MpUBEIeHA Ha PUCYHKE 1.

Coke

Lead
slag

Lead
smelt-furnace
ISASmelt

Blust Lead bullion
smelting

> Smelting charge >

Slag-fuming
furnace
Low grade
slag

Spent
material

Commercial lead Consumer
matte

"
dross alloy

Pucynok 1. TexHonmorndeckas cxema nepepabOTKU CBUHI[OBOT'O CHIPbS

Lead
refining

[TokazaHo, YTO MCXOJHBIM CBIPHEM, MOCTYMHAIOIINM B HEpepabOTKy, SIBISETCS CMECh
CBUHIIOBBIX KOHIIEHTPATOB pa3jIM4YHBIX OOOraTHTeNbHbIX (GaOpuk Ha Tabmuue 1. Cuemyer
OTMETUTh, YTO COCTaB HE SIBJISIETCS MOCTOSIHHBIM U B TE€YEHHME roJla MOKET M3MEHSATHCS B
IIMPOKOM HWHTEpBaie. BUmHO, 4TO MbUIb CBUHIOBOHM minaBku B ISA Smelt neun sBnsercs
00OpPOTHBIM TPOJYKTOM M BO3BPAIIACTCS Ha CTAIUI0 MOAroTOBKH mUXThL Llmak ISA meun
UMEEeT CIOXHBIM cocTaB. OCHOBHBIE KOMIIOHEHTHI — CBUHEII, IIMHK, JKeJle3, Me/lb, cepedpo B
Pa3IMYHBIX COCTUHEHUSX C KHCIOPOJOM, CEpoil U B BHJe crimkaToB U pepputos. lmak ISA
NeYd IIUXTYIOT C KOKCOM M 3arpykaloT B UIIaXTHYIO I€4b C LENbI0 IPOBEIACHUS
BOCCTAHOBUTEJILHOMN TUIABKU M MOJYYEHHUS METAJNIMYECKOr0 YEPHOBOTO CBHHIIA U ILJIAKOB, B
KOTOpBIM TNEPEXOIUT OKUCIIEHHBIM LMHK M Iycras mnopoja. Jlamee nulak MIaXTHBIX Iedyei
IPOAYBAIOT YIJIEBO3YLIHON CMECBHIO B IIIIAKOBO3TOHOYHOM YCTAHOBKE, C LEJIBIO MOTYYEHUS
BO3TOHOB LIMHKAa M OO0eIHEHHOro Iaka. L{MHKOBbIE BO3rOHBI NepepadaThIBalOTCAd Ha
LIMHKOBOM 3aB0/Jie, 00€/THEHHBbIH 11ITaK BBIBO3ST HA OTBAJ.
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UepHOBOM CBHHEIl OYMIIAIOT OT TMPUMECEHd IyTeM MHOTOATAIHOrO Ipolecca
paduHUPOBAHUS, OCHOBAHHOTO Ha Pa3NHUUAX (PU3MUECKUX U XUMUYECKUX CBOWCTB CBHHIIA U
3JIEMEHTOB-TIPUMECeii: PacTBOPUMOCTh, TeMIIepaTypa IIABICHUS/KUTIEHUS, OKUCIUTEIbHYIO
CIIOCOOHOCTh WJIM CPOJACTBO K CE€pe, a TakKe BO3MOXKHOCTh OOpa30BaHUS COCIUHEHUH,
HEPACTBOPUMBIX B CBHUHIIEC. YAANSIOT IPUMECH MEIHU, CYpbMBbI, MBIIIbIKA, OJIOBA, BUCMYTAa,
0JIaTOPOJIHBIX METANIOB, TaK KaK OHU CHJIBHO H3MCHSIOT (U3MYECKUE U XUMHUYCCKUE
CBOIicTBa cBUHIIA. B pe3ynbrare Meab NepexoauT B IUTUKEPHL, cepedpo B cepeOpUCTYIO MEHY,
CBUHEI[ B TOBAPHYIO MPOIYKINIO. MeqHbIe IITUKEPHI MEPEIUIABIISIOT B SJCKTPOTEPMHUUECKOM
MEYH C LENbIO MOJIyYeHUsI METHOTO IITeHHa, KOTOPBI OyzeT nanee nepepaboTaH HA MEIHOM
3aBojsie. CepeOpucTasi eHa, MPEACTABISET COO0M MHTEPMETALTNIECKOE COCIMHEHUE IIUHKA,
cepebpa, 30J10Ta, CBUHIIA, IOATOMY JJIsl yaJeHHs [IMHKA €€ IUIaBIT B 3JIEKTPOTEPMHUUECKON
MIEYH C IIETBI0 BO3TOHKHU IMHKA W MONY4YeHUs cepedbpuctoro cBuHIa. CepeOpHcThIii CBUHEIT
KYIEJIMPYIOT B OTpa)kaTeJIbHbIX Me4ax, MoIydas [IPH 3TOM IJIET U CIUIaB cepedpa U 30J10Ta.

Jlyis aHanu3a MaTepualbHBIX MMOTOKOB B 0a3y JaHHBIX BKIIIOYAIOTCS BCE 3HAYCHUS HA
Ka)KIOM Tepeene.

Oco0oe BHUMaHUE YACNSCTCS JaHHBIM IO KOJMYECTBY M COCTaBaM IMbUIH (DbIOMHHT
npoiecca, 00eIHEHHOTO IIJIaKa, CepeOPUCTON MEHBI, MTEHH IEKTPOIJIABKU MUIMKEPOB, TaK
KaK JaHHBIC TIPOAYKTHI B KOHEYHOM HTOT€ BBIXOAAT W3 TEXHOJOTHYCCKOW CXEMBI
nepepaboTKU CBUHIIOBOTO CHIPbS B KAUYECTBE KOHEUHOTO MPOAYKTA U SIBJISIFOTCSI CHIPbEM IS
JIPYTHX 3aBOJIOB.

Ha ocHoBanum aHanmm3a MaTepHAIbHBIX TOTOKOB JaHHBIX cucteM LIMS, MMS,
INVENTEO neiicTByromell TEXHOJIOTHYECKOW CXEMbl NEepepadOTKH CBUHIIOBOTO CBHIPHS,
OBLIIO OIpeNelIeHO pacHpeesieHrs CBUHIA B MPOAYKTaX MPOU3BOJICTBA U IMPEACTABICHO HA
pHUCYHKeE 2.

6,0
50 4,87
2,38
/\
0,13

Pucynok 2. Pacnipenenenune cBUHIA B IPOAYKTaX TEXHOJIOTUYECKON
CXEMBbI epepabOTKH CBUHIIOBOTO CBHIPhS

Crnenmyer OTMETHTb, YTO HAOIIOAAETCS KOJIEOAHUE PacHpeesieHUs CBUHLA B LITEHHE
AIIEKTPOIUIaBKH UIMKEpOB B MHTepBajie oT 1,08 1o 2,73 %, u B nblIM (BIOMHUHT IpoIiecca OT
2,76 no 5,55 %. Jlns BbIpaBHUBaAHHUS IpoOIECCa BEPOSTHO CIEAYET YCHWIUTh KOHTPOJb 3a
paboTOil  NITAKOBO3TOHOYHOM yCTAaHOBKM OO€JHEHMs [UIAKOB IIAaXTHOM me4y, u
AIEKTPOTEPMUYECKON MIIaBKU HUIUKEPOB.

Cpenu Bcex LEHHBIX COMYTCTBYIOLIMX KOMIIOHEHTOB OCOOBIM WHTEpEeC BbI3BIBAET
U3BJICUEHHE cepedpa M €ro pacrpeleleHue B NPOAYKTax Npou3BOJACTBA. JlaHHBIE IO
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MOBEJICHUIO cepedpa B mpoliecce nepepadbotku B TeueHue 2018 roma mpencraBiieHbl Ha
pUCYyHKe 3.
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Pucynox 3. Pacnipenenenue cepedbpa B MPOAYKTaX TEXHOJIOTMUECKOU CXEMBbI
nepepadOTKK CBUHIIOBOTO CBHIPhS

Ha pucynke 3, nHaOmonaeM oOpaTHYIO 3aBHCHMOCTb paclipeliesieHusi cepedpa B
cepeOpUcTOil IIeHe U IITEHHE AIEKTPOIUIABKHU IIJIUKEPOB, YTO BEPOSITHO CBUJIETEIILCTBYET O
HE00XO0/IMMOCTH ONTHUMHU3ALIUH MTPOLIECCOB 00€3MEXHUBaHUS U 0o0eccepeOprBaHMs CBUHIIA.

Takum oOpa3om, aHaIN3 AEHCTBYIOLIEH TEXHOJOTHMUECKOW CXEMBbl CBUAETENIbCTBYET,
YTO OCHOBHBIMH HEBO3BPATHBIMH MOTEPSIMU CBHHIIA U cepelpa SIBISIIOTCS MOTEPU B COCTaBE
OTBaJbHBIX ILUIAKOB (bIOMUHT mpouecca. [Ipu aHamm3e MmaTepHaJbHBIX IOTOKOB OBLIO
omnpeneneHo cpeanee coxaepxanue ceuHna 0,102 % u cepebpa 12,06 rpaMM Ha TOHHY B
cpeaHeMecsTYHOM o0beMe obeneHHoro nuiaka 16 600 TonH. B mepepacuere 3a roj noiaydaem
notepu B konuyecTBe 204 ToHHBI cBUHIA U 2413,19 kumiorpamm cepedpa, TO €CTh B CXEMeE
Heo0Xo/iMMa MOJEpHHU3aIMs IIJaKOBO3TOHOYHON YCTAaHOBKHM OOEIHEHMs IIJIaKOB IIAXTHOU
HEeYH.

CBUHIOBBIM  3aBOj]  SBISETCA  BBICOKOTEXHOJIOTMYHBIM U DHEPro3aTpaTHHIM
npou3BoJcTBOM. Ha ciemyromiem stamne BbINMOIHEH CBOJAHBIM aHanu3 3a 2018 rox pacxoios
000pOTHOM BOJIBI, pacxojia napa, 3JeKTPOIHEPTHH U KOKca, Ipu npousBoacTee 162600 ToHH
TOBapHOTO CBUHIA. Pe3ynbpTaThl aHaM3a MpeAcTaBIeHbl B Tabaule 2.

Tabnuna 2. CBoAHBIN aHAU3 pacxo/10B 000POTHOM BOJIbI, pacxo/a mapa, JIeKTPOIHEPTUU U
KOKca Ha nmpou3BoicTBO 162 600 TOHH TOBapHOTO CBUHIIA

HaumeHnoBanue Ennnnna nzmepenus Htoro
OG6opoTHas Boja Teicsu M° 24 951,2
Pacxon mapa I'kan 57 251,7
Pacxon anekrposneprun Tricsy kBr*uac 286 403,7
Pacxox kokca Toun 54 507,2
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Taxnm 06p330M, AHAJIN3 MAaTCpPUAIbHBIX, SHEPIrCTUYCCKUX WM BOJHBLIX IMOTOKOB CBHHIIOBOI'O
3aBOJd, a TAKXEC pacxoJ KOKCa CBHUIACTCILCTBYCT O TOM, YTO 3HAYUTCIIBHOC BJIUAHUC Ha
IIOTEpU HLEHHBIX MCETAJIOB OKa3bIBa€T JOCTOBCPHOCTH JaHHBIX XHMMHUYCCKOI'O aHajlu3a,
TOYHOCTH CBGI[CHI/Iﬁ 0 ABMIXXCHUH MATCpHAJIOB, HCIPCPLIBHOCTH pa60TbI OCHOBHOT'O H
BCIIOMOTI'aTCJIBbHOT'O 060py,Z[OBaHI/I$I. yCTaHOBJ'IeHO, UTO JId CHHIKCHHUS IIOTCPb CBHUHIA U
cepedpa HEOOXOAMMO MOACPHUZHPOBATH MpPOIECC NepepaboTKM IIIaKa MIAXTHOW TIedH,
mponecca IMOJYUEHUSA MEIHBIX HNUIMKEPOB M IIEPEBOAA HUX B IITEHH IIpU 3JICKTPOIIIABKE,
nporecca obeccepedpuBaHus.
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TenneHIMM COBPEMEHHOIO MCIOJIB30BaHUS JIECHBIX PECYPCOB B MHpE IPHUBEIH K
KaTacTpOUYECKUM  TIOCJIEJCTBUAM, YTO TMPOSABISAETCS B  YMEHBLIICHHM  IUIOIIAAU
C€CTCCTBCHHBIX JICCOB, YXYIAUICHUU COCTOAHHA JICCHBIX PECYpCOB M CHHIKXCHHHU 3allaCoB
APECBCCUHBI. HHSI CO31aHUA HOBBIX JIECHBIX MACCHBOB, IIOJIC3AalIIUTHBIX JIECCHBIX IIOJIOC,
o0yieceHMs] HEJECHBIX IUIOIAZEeH, a TAaKKe O3CJICHEHMs] HACEJIIEHHBIX ITyHKTOB TpeOyercs
0ONBIIOE KOJMYECTBO IIOCAJOYHOrO Marepuana. B mocinenHee Bpemst paboTel 1O
BbIpalllUBAHHUIO CCAHLOCB W CAXKXCHIICB BCAYTCA IIO yCOBepHIeHCTBOBaHHOﬁ TEXHOJOIUu C
NPUMEHEHUEM YA0OpeHUH U CTUMYJIATOpOB pocTa pacteHuid. Llenpro wuccnenoBaHuit
ABIISJIOCH ONpEENIeHNE ONTUMAIBLHOTO CI0co0a MHTEHCUBHOIO BBIPAIIMBAHUS MMOCAI0YHOTO
MaTepHuaia COCHbl OOBIKHOBEHHOU. OOBEKTaMH MCCIICIOBAHUN SIBISUTHCH OJTHO- M IBYXJICTHUE
CeSHIIBI COCHBl OOBIKHOBEHHOW B JICCHOM IHTOMHHUKE [ OCYyTapCTBEHHOTO JIECHOTO
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npupogHoro pesepBata «Eptic opmanb» [laBmomapckoit oGnactu. CeMeHa COCHBI
OOBIKHOBEHHOW 3aMayMBaJIUCh B CTHUMYJISITOPaxX paziUYHOE BpEMs, 3aT€M BBICEBAJIUCH B
MUTOMHUKE M0 MPUHATON B MUTOMHUKE arpoTexHuke. Ha mocTosSHHBIX MPOOHBIX MIIOIIAIX B
TE€YEHHE ABYX JIET 3a CesHI[aMH MPOBOJIWINCH HAOIIOJEHUS C MPOBEIECHUEM 3amepoB. [l
orpezieNieHUs] Ka4ecTBa CeMsIH B JIaOOPATOPHBIX YCIOBUSX M3YUEHBI SHEPTHUSl MPOpACTaHUS U
nabopaTtopHas BCXOXECTb [0 BapuaHTaM ombiTa. Haubonbiuelr sHepruei mnpopacTaHus
(49 %) m mabopatopHOil BCXOkecThiO (66 %) 0ob0namamu ceMeHa COCHBbI OOBIKHOBEHHOM,
oOpaboTaHHble DKCTPAacojiOM B TeUe€HHWE 5 MHHYT, TaKK€ B OIBITE€ C NPUMEHEHHEM
crumynstopa I'HB cemena 1okasaid JOCTaTOYHO BBICOKYIO BCXOkecTh (60 %),
KonTponbHuble 0o0pa3ipl MMeIN HaMMEHbIIHE IOKa3aTesld KauecTBa. BhicoTa ABYXJIETHUX
CESTHIIEB, BBIPAIIICHHBIX U3 CEMSIH C MIPEINOCEeBHON 00pabOTKON cTUMYIATOpaMu, Kojebaiach
ot 19,8 1o 24,5 cM M BCE ONBITHBIE BapHaHTHI MPEBBIIIATN POCT KOHTPOJIbHBIX CESHIIEB HA
8,2-33,8 %. Haubompieit Maccoil CTBOJMKOB OTJIMYAIMCh BAPUAHTHI C 3aMaYMBaHUEM CEMSTH
B DKCTpacojie B T€UEHHE 2 4acoB U 5 MUHYT — cooTBeTcTBeHHO 5,2 u 4,0 r. Onpenenena
TeCHasi KOPPEJSAIMOHHAs B3aUMOCBSI3b MEXKAY BBICOTOM M JUIMHOM cTBoNMKA (KO3 ULIMEHT
koppersinuu 0,744), maccoli KOpHEH 1 Maccoi cTBosMKa (Kodddurment koppemsiuu 0,723).
Metogom  OyTCTpen-mMOJeNUPOBAHUS  TNPOBEIACH  CpPAaBHUTEIbHBIA  aHANM3  BIUSHUS
CTUMYJISITOPOB Ha BBICOTY CESHIIEB B JIMHAMUKE. BBIABICHO, 4yTO HamiaydmuMm 3QdQexTom
obnanana npeanoceBHas 00paboTka ceMsiH B DKCTpacose B TeUeHHUE 5 MUHYT, MOJIUB MOYBHI
Opurpoy mnepea moceBoM ceMsH U npumeHenue crumynstopa ['HB. CnemosarenbHo, s
BBIpAIMBAHUS M1OCAJ0YHOTO MaTepuaia COCHbI OOBIKHOBEHHOM PEKOMEHyeTCsl PUMEHEHUE
YKa3aHHBIX CTUMYJISITOPOB.

MOHHMTOPHHT IKOJOTMYECKOT0 COCTOSIHUS TOPOACKOI cpeabl HA npumepe r. Tomcka
A. Karamosa
Tomckuii nonumexHuyeckKull yHueepcumem
e-mail: any7978@yandex.ru

AKTyaJlbHOCTh TeMbl OOycllOBJIeHa ucnojgHeHueM Ykaza Ilpesuaenta P® ot 7 mas
2018 r. Ne 204 «O HanuMOHANBHBIX LIENAX U CTPATErMUECKUX 3ajadax pa3BuTus Poccuiickoi
Oenepannn Ha niepuon 10 2024 ronmay, peanusaluedl HalMOHAIBHOTO TpoekTa «OKunbe u
rOpoJICKasl cpela», a TaKXe pe3KUM YXYAIIEHWEeM O3KOJOTHYECKOM OOCTaHOBKH Ha
Tepputopuu I. Tomcka.

Lenp wuccnenoBaHuss — OLEHKAa HKOJOTMYECKOTO COCTOSHUS TOPOJICKOM Cpelbl
MyHULIMNIaTIbHOTO 00pa3zoBanus «I'opox Tomck».
3agauu:

1. U3yunTh OCHOBHBIE (JaKTOPHI AHTPOIIOT€HHOTO BO3/IEUCTBHS HAa TOPOJACKYIO Cpeay.

2. BolaenuThs METOIMKHM KOMITJIEKCHOM OLIEHKU IKOJIOTUYECKOTO COCTOSIHUSI TOPOICKON
CpEeJbL.

3. OueHuTh 3KOJOTHYECKOE COCTOSIHUE TOpPOJCKOM Cpeapl MYHUIUMIAIBHOIO
obpazoBanus «I'opoa Tomcky.

4. IIpoBecTn aHanM3 MOITYYEHHBIX PE3YJIBTATOB.

5. Pazpaborath peKOMEHIAIMU IO CHIDKEHUIO HETaTHBHOTO  BO3JICUCTBUS
XO3SUCTBYIOIIUX CYOBEKTOB Ha OKPY)KAIOILYIO CPELY.

OcHOBHbIE OOBEKTHI aHANM3a: XKUBOTHOBOAUECKUE TMPEANPUATHS, KaHAIW3AIMOHHO-
HACOCHbIE CTaHIUU, MPYJbI-HAKOMUTENH, OOBEKTHl pa3MELIEHUsI TBEPJbIX KOMMYHAJIbHBIX
OTXO/IOB.

B pabGote ompeneneHsl OCHOBHBIE (DaKTOPBI, 3arps3HSIONINE TOPOJCKYIO Cpendy.
Ha ocHoBe ananm3a snuTepaTypbl BbIOpaHbl 3 METOJA OLEHKH SKOJIOTMYECKOTO COCTOSIHHUS
TOPOJCKON CpeJlbl: MHTEPIIOIMPOBAHKUE, SKOJIOTHYECKOe KapTorpadupoBaHue, IKCIEepTHAs
orieHka. [IpoBeaeHa oleHka 3KOJI0THYECKOT0 COCTOSIHUSI TOPOACKON Cpeibl MyHHUIIUITAIBbHOTO

70



oOpazoBanus «l'opox Tomck» MO TMoOKazaTeNlsIM «3arps3HeHHE aTMOC(EepHOro BO3AyXa» U
«3arpsi3HEHUE 3E€MEJIBHBIX PECYPCOB» C HCIIOIb30BAHMEM JaHHBIX METOJIOB. B pesynbrare
aHalM3a BBIABICHBI XO3SHCTBYIOIIME CYOBEKTBHI, OKA3bIBAIOIIME HAaWOOJbIIEEe BIUSHHE Ha
COCTOSTHUE OKpY’Kalolllel Ccpelpl, a TakXkKe CTelneHb uX Bo3laeicTBus. Paspabortana
unpopmanuonnas ['MC-cucrema, oTpaxarmolias HCTOYHUKH  BBIOPOCOB  BpPEIHBIX
(3arpsI3HSIOMIMX) BELIECTB B aTMOC(HEPHBI BO3AYyX M TOJS PACCEMBAHMS JAHHBIX BEIIECCTB.
Cucrema HaXOAUTCS B OTKPHITOM JOCTYNE W (YHKIMOHHPYET NMPH MOAJEPKKE 00JIACTHON
AnmunucTpanuu. MHTEpnonupoBaHre 3Ha4eHH IJI01aied 00bEKTOB HAKOIUICHUS OTXO0/I0B
MO3BOJIUJIO ONPEIEIIUTh TEPPUTOPUHM, HE OOECHEUYEHHbIE TAaKMMHM OOBEKTaMHU, U ILIOIIAIU
3arpsi3HEHHBIX 3€Mellb. Takke JaHbl pPEKOMEHJAIMM [0 CHW)KEHHMIO HEraTHBHOI'O
BO3JICUCTBUS HAa TOPOJACKYIO Cpely MHpHU OCYIIECTBICHHHM XO3AWCTBEHHOW IESATEIBHOCTH B
00JacTH )KMBOTHOBOJICTBA M OOpAILEHUS C OTXO/IaMU MIPOU3BOJICTBA U MOTpedeHus. Jlanubie
PEKOMEH/IallM BKIIOYEHBI B KOMIUIEKCHBIA IJIAaH MEPONpPHUATHUH 00JacTH U aapecOBaHBI
HANPSIMYI0 KOMMEPUYECKUM OpraHU3aIUsIM, OCYIIECTBIISIFOIIMM BBIOPOC U COPOC OTXOIOB.

Overview and perspectives on water footprint (availability, scarcity,
virtual and combined with energy and GHG)
J. Klemes, X. Jia, P. Varbanov, S. R. W. Alwi
Brno University of Technology,
Universiti Teknologi Malaysia
e-mail: klemes@fme.vutbr.cz

Water scarcity issue has been a serious concern as a global issue in various regions
around the world. To provide insightful information for understanding the water use of the
country, and to identify the potential for optimal water management are essential to water
footprints. This study investigated the internal water footprint in East Asia countries, and the
virtual water footprint created by global trade. Based on the existing method, treated water,
and water loss, as the water recharged to natural water supply, are considered as an offset of
the water footprint. The virtual water footprint showed that fossil fuel, petrochemical industry
expert (important role are playing fertilisers) and paper are the imported commodities
contributing to virtual water import and export.

As water has been in many cases, namely in power generation, processing and
manufacturing hot respectively chilled, it is appropriate to consider the combination with the
energy and GHG footprints as well. Growing attention has to be paid to the development of
water desalination.

The recent state of the art has been overviewed, some case studies demonstrated and
an assessment of the future development attempted.
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Natural risks of vulnerability of the dark coniferous taiga
of the southern Baikal region (Khamar-Daban range)
A. Kovalev, T. Morozova, V. Oskolkov, A. Sofronov, V. Soukhovolsky, V. Voronin
Siberian Institute of Plant Physiology and Biochemistry of the Siberian Branch of the RAS
e-mail: bioin@sifibr.irk.ru

The causes and extension of dark coniferous forests die-off registered on f the northern
macroslope of the Khamar-Daban Ridge from 2006-2009 are comprehensively investigated.
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The “wetwood” disease caused by bacteria Erwinia nimipressuralis Carter was recognized as
a reason of forests die-off. The disease outbreak was triggered by the period of water
shortages in the region. The approach implying landscape analysis was applied to assess the
extent of damage to dark-coniferous forests. As a result of studies, the medium-scale map of
geosystems was created. The map shows geosystem diversity at the facies level throughout
the region. The forest stands were stratified into three levels according to the damage intensity
(low, medium, and strong damage), and the size of the areas of damaged forest stands was
calculated. The main areas of forests affected by the “wetwood” are concentrated within the
eastern and western parts of the Khamar-Daban Ridge, and tend to occupy middle and upper
bands of the mountain taiga belt. The Siberian cedar (Pinus sibirica) stands were the most
suffered from the “wetwood”. The Siberian fir (Abies sibirica) stands were of a low damage
level, while the Siberian spruce (Picea obovata) was not affected by the disease. The dramatic
decreasing in the radial increment of the Siberian cedar stands during 2006—-2009 years was
discovered. Additionally, reduction of the spare nutrients amount in the Siberian cedar spore
grains, as well as the decrease in the activity of germination was revealed. Besides, the
negative signs of the Siberian cedar cones were observed, namely excessive resin amount
combined with immaturity. These signs are typical when the “wetwood” is diagnosed.
Abnormality in development of spores and cones is negatively influencing to the cedar seeds
maturing, and finally impedes the forest regeneration.

TeopeTnyeckne 0CHOBBI OTNIpeaeieHHs Pe3yJIbTATHBHOCTH MePONPUATHIA
B 00s1acTH TexXHOCepHOH 0€30MaCHOCTH
A. KonbiToBa
Tomckuil nedacoeuueckull ynugepcumem
e-mail: aikopytova@tpu.ru

[Ipu ompeneneHur SKOHOMHYECKONW 3(PPEKTHBHOCTH TUIAHUPYEMBIX U BHEIPEHHBIX
MEpOTIPUATHI B 00JacTH TeXHOC(hEepHON 0€30MacHOCTH BO3HUKAET CIOKHOCTh Ha CaMBbIX
HEPBBIX ATalax: ONpe/ielIeHue MEPONPUATHI U YCTaHOBJICHUS Y3PPEKTOB NPU UX pean3alny.

Kaxnoe mnpenmpustue o0053aHO peaqM30BBIBaTH MEpOIpPHUATHS B 00JacTH
TexHOoC(hepHON 0€30IacHOCTH COTJIACHO PAa3JIMYHbIM HOPMAaTHBHO-IIPABOBBIM aKTaM, HO HE BO
BCEX JIOKYMEHTax MNpOMMCAaHbl KOHKpeTHble Meponpusatus. OHU (popMupyercs Ha KakKaoM
OpeIpUATUH UHAUBUIYAJIbHO B 3aBUCHMOCTH OT CIIEUU(DUKHU MTPOU3BOJCTBEHHOTO Ipoliecca
U TIOTPEOHOCTEN MpeAnpusITHS.

Brinonnenue MeponpuaTuil no TexHochepHoi 6€301MacHOCTH MPUBOJUT K MOSIBICHUIO
sp¢ekroB. HeoOxomumo paznuuarh MmOoHATHS 3PPekT u 3¢dekTuBHOCTh. DddexT — 310
pe3yibTar, a 3pGEeKTUBHOCT — 3TO OLIEHKA pe3ysbTara.

Cnenyer uMeTh B BHAY, YTO C IIOMOIIBIO OJHOIO IIOKA3aTejsl HENb3sl OLEHUTh
3¢ (HEeKTUBHOCTH TOTO WJIM MHOTO MEPONPUSITHS, TOATOMY MPU pacuere aHAIU3UPYIOT U Psij
nokasaresei 00yCcIOBICHHBIX KOHKPETHBIM MEPONPHUATHEM 0 TEXHOCPEpHOH OE30MaCHOCTH.
B xone aHanm3a MOryT MHOSBHUTbCS KOCBEHHBbIE 3((deKTsl: 3PdexTsl U3 Apyrux obiacreit
TexHochepHoU 6e30macHOCTH Uil 3P PEKThI He CBSA3aHHbIE ¢ TEXHOC(HEPHOI 6€30MacHOCThIO.

JUis OLEHKM pe3yabTaTOB OT pealu3alud MEpOIpPHUATHH TOCyIapCTBEHHBIMU
OpraHaMM BJIACTU U YYEHBIMH pa3pabOTaHO MHOXKECTBO MeTOAMK. OJHAKO HEKOTOpbIe
COLIMAJIBHBIE M HOKOHOMUYECKHE TI0KAa3aTeId HEBO3MOXKHO YYECTb H3-3a OTCYTCTBHS
pEeKOMEHJalMil 1O WX pacueTy, MOITOMY CIEHUAIMCTHl HAa NPEANPHUATHAX HpUOerarT K
MPUMHUTHUBHBIM METOJMKAM pacyeTa.

CymMmapHbIil ToJJ0OBOM 3KOHOMHUYECKHM PE3yIbTaT OT KOHKPETHOIO MEPOIPHUSATHS 110
TexHOC(epHOH Oe3omacHOCTH OyJeT ONpeneniaTbcss Kak CyMMa BCEX HKOHOMHYECKHX
pPEe3yJbTaTOB, KOTOPbIE BO3MOXKHO TMOJYYHTh OT pealu3aluy JaHHOro meponpusatus. Cpok
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ydeTa SKOHOMHYECKUX Pe3yJIbTaTOB OT PEeaTU3allii MEPOIIPUATHIA pa3InIeH, OH MOXKET OBITh
paBeH CPOKY CIYKOBI TOBapa, 000PyIOBaHUS, MOKET UMETh IEPUOAMUECKUN XapaKTep.

JlJis PKOHOMHYECKOTO 00OCHOBaHUS TJIAHUPYEMBIX MEPOIPUSTHI Ha MPEANPUSTHN B
obsactu TexHocepHoi 6e30maCHOCTH HEOOX0IUMO COOTIOIATh OMPE/IEICHHBIN MOPSII0K.

Obecnieuenrie  TeXHOCepHOW  OE30MACHOCTH  HA  MPEAUPUATHH  SBISAETCS
HEOTHEMJIEMBIM ITPOIIECCOM IPOM3BOJACTBA TOBApPOB padOT, yciayr, Ha (UHAHCUPOBAHUE
KOTOPOTO BBIJCISIOTCS MHHHMAJIbHBIC JICHEXKHBIC cpeicTBa. (OCO3HaHHE HE TOJIBKO
WHKXCHEPHO-TEXHUUYECKUX, HO U COIMAIBHBIX, U YKOHOMHYECKUX IPPEKTOB OT BHEAPCHUS
MEPOIPHUATHIA IO3BOJIUT CTHUMYJIMPOBATh BHEAPCHUE MEPOINPHUATHH Ha NPEIIPHITHH U
dbuHaHCHMpOBaThL MX  peanusanuio. IlpencraBieHHas  KiIacCH(PUKALUS  BO3MOXKHBIX
MeponpusATHA U 3((HEKTOB MO 00ECTIEUSHHIO YKOIOTMYECKON, TPOMBIIIIICHHO 0€301acHOCTH
W OXpaHbl TpyJa OIpeAesAeT HampaBicHHEe padOT Ha MPESANPHUATHH, a pa3pabOTaHHBIN
QITOPUTM — TTOPSTIOK BBITOJTHCHUS.

Categorization and gradation of hazardous actions of industrial workers:
methodological aspects
D. Kostin, B. Sevastyanov, R. Shadrin
Kalashnikov Izhevsk State Technical University
e-mail: sbva7@mail.ru, p_h_d@mail.ru

The concepts of “hazardous working conditions” and “hazardous actions of an
employee” are clarified. Regulatory and various doctrinal approaches to differentiating the
actions of workers violating labor protection requirements are considered, their specific
features, advantages and disadvantages for use in industrial enterprises are analyzed. The
author proposes a method of categorizing and grading dangerous actions of workers of
industrial enterprises, developed taking into account the specifics of the functioning of
petroleum warehouses.

An innovative solution to the problem of reclamation of the dusting surface of the
tailings of a closed mining enterprise in the Primorsky territory
L.T. Krupskaya™?, M.B. Bubnova®, D.A. Golubev*?
pacific National University, Russia
2Far East Scientific-Research Institute of Forestry, Russia
*Institute of Mining, the Far Eastern Branch of the Russian Academy of Sciences, Russia
e-mail: konstantin2489@mail.ru

The article discusses the innovative solution of the issues of reclamation of dusting
surfaces of the tailing dump man-made surface formations (MSF) containing toxic waste from
the processing of polymetallic ore raw materials of a closed mining enterprise in the
Primorsky Territory of the Far Eastern Federal District (FEFD). It is shown that the large
amounts of enrichment waste accumulated in the last century during the intensive
development of tin mineral deposits led to the destruction and degradation of forest
ecosystems, which create a real threat to the health of the population of the mining village.
Dangerous disturbances of ecological equilibrium, pollution of the atmosphere, lithosphere,
hydrosphere and biosphere by a wide range of compounds of toxic heavy metals and arsenic
are revealed. The enrichment wastes stored in tailings, the conservation and reclamation of
which were not carried out contrary to Russian legislation, contributed to the large-scale
transformation of the basic component of ecosystems — soil, as well as vegetation. In the
vicinity of a closed mining enterprise, the migration of pollutants and erosion processes
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(water and wind) led to a crisis ecological situation. A negative factor for the soil and
vegetation cover is atmospheric precipitation, dissolving a large amount of toxic substances.
The relevance of research of the above issue is related to the need to preserve and restore an
environmentally friendly environment within the influence of the man-made system. In this
regard, the purpose of the study was to recreate the productivity of man-made surface
formations (disturbed by the tailing of land) using bioremediation to ensure the environmental
and social safety of toxic waste from the processing of polymetallic ores in the Primorye
Territory. Based on experimental studies, an assessment was made of waste as a potential
source of technogenic pollution of the ecosphere and an innovative technological solution was
developed to rehabilitate the dusting surface of the tailings pond is developed. Experimentally
proved the possibility of using to recreate the productivity of technologically polluted
substrate tailings of the following composition: 1) biochar — 30 %; 2) zeolites — 5 %; 3) humic
acids — 5 %; 4) waste of ore-enrichment of tin-containing raw materials — 60 %. The novelty
of the proposed composition is confirmed by the Patent of the Russian Federation (2018).
Acknowledgements. The investigation is fulfilled at the expense of the grant of the
Russian scientific fund (Project Ne 15-17-10016), Pacific National University and Russian
Foundation for Basic Research (RFBR) according to the research project Ne 18-35-00260.

Ni, Co, Cu and Mo in the soils of the steppes of the left bank of the Yenisei river
of the south of the Middle Siberia (Minusinsk intermountain trough)
S.P. Kulizhskiy*, A.V. Rodikova®, V.F. Kravtsova
'National Research Tomsk State University, Russia
Department of Ecology Issues of Khanty-Mansiysk AO — Yugra, Russia
e-mail: rodikovaav@mail.ru

Heavy metals are a priority group among pollutants of the environment. Being an
integral part of natural objects, they, nevertheless, can be present in them in inadequate
quantities, conditioned by both natural factors and anthropogenic activity. The elements
involved in global aerial migration move over considerable distances, and, sooner or later, are
deposited in soils and become a potential threat to organisms when involved in the biological
cycle. This problem is open and is at the stage of finding solutions, and therefore the
geochemical assessment of natural objects is very relevant and most effective if it is used as a
preventive measure.

The virgin and arable soils of zonal conjugations of the Shira and Koibal steppes (the
left bank of the Yenisei River within the Chulym-Yenisei and the South Minusinsk
depressions of the Minusinsk intermountain trough) served as the objects of the study.

Samples of soils for laboratory studies were selected by genetic horizons and analyzed
in accordance with the generally accepted methods in the Russian soil science.

The content of heavy metals was determined using semi-quantitative emission spectral
analysis in the accredited laboratory of the Geoecocentre of the State Enterprise
"Berezovgeologia", Novosibirsk (more than 350 samples) on the DFS-8 spectrograph.

To generalize the soil properties of the study area, statistical processing of data on
60 soil samples was used.

When presenting the results, the traditional thesis about the variation in the
concentration of metals in the soil cover under the influence of the geochemical conjugation
effect was taken into account, so the soils were divided into two groups: autonomous and
heteronomous. As background values, the content of chemical elements in the soils of the
Khakassia biogeochemical province was taken [1].

The soil cover of the indicated territory is represented by zonal combinations,
including underdeveloped steppe and chernozems (or chestnut) on placers and
meadowchernozems (or meadow-chestnut), meadow-bog, alluvial soils and solonchaks in
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accumulative positions. WRB classification [2]: Leptosols — Chernozems/Kastanosems —
Arenosols, Gleysols and Solonchaks. In general, the soils are characterized by the following
general properties: close to neutral, slightly alkaline and alkaline medium reaction (6.6-10.1
units); the presence of carbonates in the profile (often from the surface) in a finely crystalline
dispersed form, pseudomycelium, small solid and loose concretions, barbs and crusts on soil
inclusions (fragment of roche). There are salts of calcium sulfate (both soil and inherited),
which are usually clusters of small crystals confined to the pores of structural separations. The
humus content is quite variable (table 1).

Table 1. Humus content® and readily soluble salts® in soils
of autonomous and heteronomous (subordinate) positions

Statistical values
Parameter (in the numerator — autonomous positions,
in the denominator — heteronomous)

\ (%) Xaver. o M Xmin Xmax
Humus (%) 52.19 4.04 2.10 4.24 1.16 10.29
76.78 3.93 3.02 4.21 0.41 14.23
Amount of 98.50 0.32 0.31 0.44 0.03 178
salts (%) 121.87 0.77 0.93 0.82 0.10 8.22

4 For humus horizons of post-lithogenic and humus layers of synlithogenic soils.
® For all horizons of the soil profile.

In general, when studying the basic physical, physico-chemical and chemical
properties of soils of autonomous and heteronomous positions, their precise attachment to
mesorelief was not revealed, except for the amount of readily soluble salts, which
characterizes the soils of subordinate landscapes as highly saturated with these compounds
(table 1). The content of physical clay, a parameter that significantly influences the
accumulation of pollutants, corresponds to 25-35 % (mean values).

From the list of priority chemicals polluting the soil [3, 4], heavy metals of the second
hazard class (except B, Sb and Cr) were chosen, in connection with the most complete list of
elements from the semi-quantitative method. When compared with the soil composition data
of the Khakassia province [5], it is determined that for most soils of both autonomous and
subordinate landscapes, the content of cobalt and copper at the time of the investigation is
close to provincial (table 2).

Table 2. The content of heavy metals in soils of autonomous and heteronomous positions
(a complete set of horizons of soil profiles)

A tent i Statistical values
\iﬁrage‘lc Onfirﬁ m (in the numerator — autonomous positions, in the
Elements Khalfazgil as (;ovirel:ce denominator — heteronomous)
mg /k gp [ 5] ’ \% Xaver ‘ 9 ’ M ‘ Xmin ‘ Xmax
(%) (mg/kg)
. 5420 | 46.61 | 2530 | 48.76 | 6.00 | 200.00
Ni 37.743.48 5202 | 38.73 | 20.15 | 40.67 | 6.00 | 150.00
6174 | 10.72 | 6.62 | 1136 | 100 | 40.00
Co 15.7+1.22 5535 | 10.85 | 6.00 | 1134 | 0.00 | 30.00
5421 | 3331 | 18.06 | 35.07 | 10.00 | 100.00
Cu 39.8+3.13 4644 | 3367 | 15.64 | 3520 | 5.00 | 100.00
3688 | 3.04 | 112 | 3.15 | 150 | 6.00
Mo 1.9+0.13 4099 | 3.08 | 126 | 321 | 150 | 8.00
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Doubts about the presence of inadequate quantities of pollutants are also associated
with some open questions arising during the reading of works by Yu. G. Pokatilov [1, 5]:
when sampling 400 soil samples (for the three provinces selected by him), it is not specified
which types of soils and horizons were included in it, including those within the Khakassia
province, and therefore comparative analysis is somewhat difficult. Nevertheless, the
conclusions about the contamination of the territory in connection with anthropogenic
influence are also incorrect, without taking into account the composition of the parent rocks,
since the elemental set, as a rule, is inherited from the soil-forming substrate [8]. In this
connection, a rearrangement of the data was carried out, taking into account the differentiation
of soil profiles into organo-mineral and mineral horizons (table 3).

Table 3. Variability of indices depending on the location
of horizons in the soil profile and geochemical conjugation

Statistical values
) (in the numerator — autonomous positions, in the denominator —
) Chemical ..
Horizons 1 ts heteronomous positions)
clemen \% Xaver. ‘ 9 ‘ M ‘ Xmin ‘ Xmax
(%) (mg/kg)
Organo- 64.64 47.63 30.79 49.78 10.00 200.00
mineral Ni 57.86 37.11 21.48 38.78 6.00 150.00
Parent 48.86 48.74 23.81 49.00 6.00 100.00
rock 42.46 45.21 19.19 45.19 10.00 80.00
Organo- 55.33 10.81 5.98 11.34 1.00 30.00
mineral Co 52.87 10.97 5.80 11.46 2.00 30.00
Parent 70.66 12.02 8.49 12.55 3.00 30.00
rock 61.34 10.22 6.27 10.24 0.00 20.00
Organo- 49.16 33.89 16.66 35.24 10.00 80.0
mineral Cu 41.64 31.33 13.05 32.54 5.00 80.00
Parent 72.93 37.83 27.59 39.83 10.00 100.00
rock 53.84 40.60 21.86 42.29 10.00 100.00
Organo- 31.71 2.88 0.91 2.97 1.50 6.00
mineral Mo 33.23 2.98 0.99 3.07 1.50 6.00
Parent 39.02 3.43 1.34 3.50 1.50 6.00
rock 49.14 2.85 1.40 2.96 1.50 8.00

The results of the statistical treatment demonstrate approximately the same content of
the indicated elements in both groups of objects located at different hypsometric levels, which
indicates rather their natural (natural) genesis.

Small accumulations of Mo in the surface horizons of soils of subordinate positions
can be associated with their mobility in the steppe conditions, near groundwater, and,
accordingly, by accumulation on the evaporative geochemical barrier. Cobalt is a weak water
migrant [9], and it is possible that its some accumulation in organo-mineral horizons with
respect to the soil-forming rock in heteronomous soils is associated with the formation of
complexes with organic matter or biological accumulation, although the latter can be
significant only in high-humus soils [10]. In addition, steppe soils have a higher average Co
concentration than in adjacent temperate and boreal areas [11].

1. In the soils of the autonomous and subordinate positions of the Shira and Koibal
steppes, the content of Ni, Co, Cu and Mo (pollutants of the second hazard class) is within the
relative limits of the natural norm.
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2. The obtained data on the radial distribution of the studied elements testify to the
natural origin of excesses of the conditional norm.
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PeunkiauHr 0Tx010B — 3¢ peKTHUBHBINA C10CO0 PALIMOHAJIBLHOI0 HCIOJIb30BAHMS
APEBECHOI0 ChIPbS
. Jlunynos, U. I1epBoBa
Ypanvckuii 2ocyoapcmeenuwiii 1ecomexnudeckuii yHusepcumem
e-mail: biosphera@usfeu.ru

Cpenu MHOTOYHCIEHHBIX TEXHOTEHHBIX MECTOPOXACHUM, TOSBUBIIMXCA Ha
TEPPUTOPUU HAIIed CcTpaHbl B pe3ylbraTe Jo0blUM W MNepepadOTKU NPUPOIAHOIO
MUHEPATBFHOTO U OPTaHHYECKOTO ChIPhs, CYIIECTBEHHOE MECTO 3aHUMAIOT OTXOJbI JIECHOH U
JiepeBoniepepadaThIBAIONIEH MPOMBIIIICHHOCTH. Ha J07M10 KYCKOBBIX M MATKHX JIPEBECHBIX
OTXO0JI0B, 00Pa3yIOIINXCsl TPHU JIECO3arOTOBUTENBHBIX pad0TaX, MEXaHHUECKON U XMMHUECKON
nepepadoTKu ApeBecHOr Macchl, mpuxoautes ot 30 7o 70 % ot oObeMa nepepadbaTbiBaeMoOro
CBIPBSI B 3aBUCUMOCTH OT COPTAaMEHTa M3TOTOBIsieMOl mpoayKiuu. CTeneHb HCIOIb30BAHUS
JIPEBECHBIX OTXOJOB B Ka4ECTBE TEXHOTEHHOTO CHIPhS YPE3BBIYAHO HHU3KaA, Oonee 70 %
JAHHOTO BUJA OTXOJla HE BOBIIEKAETCS B JAIBHEUIINI TEXHOIOTHUECKUN nepeaen. B cBs3u ¢
5TUM B Poccum mpoOiieMa yTHIM3aIliu JIPEBECHBIX OTXOJ0B OTHOCHTCS K YHCIy HamOoJjee
AKTyaJIbHBIX.

O)IHI/IM N3 IECPCICKTUBHBIX HaHpaBJ’IeHI/II\/'I PEOUKIMHIAa APEBECHBIX OTXOA0B, KOTOPOE
pa3BuUBaeTCs B YPaIbCKOM TOCYIapCTBEHHOM JIECOTEXHUYECKOM YHUBEPCUTETE, SIBISETCS UX
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UCIIOJIb30BAHUE B KAYECTBE TEXHOTCHHOTO CBHIPbS JUIS MOJYYCHHsS IPEBECHBIX KOMITO3UTOB.
Pa3paboranbl TEXHOIOrMYECKHE MOAYIM MPOAYKIMOHHOIO PELMKIMHIA IPOU3BOJCTBA
JPEBECHO-MHHEPAIBHBIX W JIPEBECHO-TIOJUMEPHBIX  KOMIIO3UIIMOHHBIX  MaTepPHAaIOB
CTPOUTCIIBHOI'O M KOHCTPYKIIMOHHOI'O HAa3HAUYCHHA Ha OCHOBC IMPOMBIINIJICHHBIX OTXOJOB C
UCIIOJIb30BAHUEM PEreHEPATUBHBIX U KOHBEPCHOHHBIX TEXHOJIOTHH.

B takux xoMmno3uTax HAIIOJIHUTENIEM SBISIOTCS U3MEIILUCHHBIC APCBCCHBIC OTXObI, B
Ka4eCTBE BSOKYILETO UCIIOJIb30BAHBI OTXOIbI METAUTYPrHUSCKUX U XUMHUCECKHUX MTPOU3BO/ICTB,
a MomupuKaTopaMu, YIy4IIAlOIMUMUA (U3HKO-MEXaHU MeCKHE W IKCILTyaTal[MOHHBIE
CBOMCTBa  KOMIIO3UTOB, CIyxar OTXOIBI TETLJIOBBIX IIEKTPOCTAHIIUH u
MIPOU3BOJICTBA/TIEPEPAOOTKH CIOUCTHIX IUIACTHKOB.

JIpeBeCHO-MHUHEPAIbHBIE KOMIIO3UTHI CTPOMTEIBHOIO HAa3HAYCHHUS TMPEIHA3HAYCHBI
JUIS  TPOM3BOJICTBA CTPOHMTEIBHOIO MaTepuana C YIYYHIEHHBIMH TeII0()U3NYECKUMU
CBOMCTBaMH, HCIIOJIB3YEMOI0 Ui MAJOITAKHOIO JOMOCTPOCHHS, a TaKKe TelIo- Hu
3BYKOU3OJUPYIOIIUX MATCPUAIOB, MAIrHC3WAJIbHBIX IIOJIOB PA3JIMYHOIO0 HA3HAUYCHUA U
npO(GUIBHBIX U3CTHIA IS 3aIUTHI TIOA3EMHBIX KOMMYHHUKAIIMH OT KOPPO3HUH.

Haznauenue APCBCCHO-TIOJIMMEPHBIX TCPMOITJIACTUIHBIX KOMITIO3UTOB
KOHCTPYKIIMOHHOTO Ha3HAYEHUS — U3TOTOBJICHHE METOIOM TOPSYETO MPECCOBAHUS U3ICITUI 1
I[eTaJIeI\/JI, B TOM HHUCJIC OJId MAIlIlMH U MCXAaHU3MOB.

DuU3NKO-MEXaHUUYCCKHUE, OKCIUIyaTAal[MOHHbIE M  TOKCHKOJIOTHYECKHE CBOMCTBA
KOMIIO3UTOB, a TAKXXC MAaTCpUAIOB U H3I[eJIHfI, H3TOTOBJICHHBIX W3 HUX, HC YCTYIIAIOT, a IO
HEKOTOPBIM TIOKA3aTeIsIM IPEBOCXOAAT aHAJIOTH, TMOJyYeHHBbIE W3 TMPHUPOJHOTO HIIH
TEXHUYCCKOT'O ChIPbA.

GIS-based Dynamic Monitoring and Evaluation of Land Use in Changchun
X. Lu, Y. Zhang, Z. Chen
Jilin University, Changchun, China
e-mail: luxc@jlu.edu.cn, zhangyanh@jlu.edu.cn

Land is the most valuable resource in natural resources, the fundamental place of human
production activities and life, and the basic means of production indispensable for agricultural
production. Reasonable land development and utilization is the guarantee to realize sustainable
development. It can provide scientific basis and technical support for macro decision-making of
government departments at all levels to carry out dynamic monitoring and constructing land use
dynamic monitoring information management system of land use by the feature of quickness,
accuracy and timeless of Remote Sensing and GIS. Meanwhile, it is of great practical
significance for the sustainable development of regional economy and society to carry out the
evaluation research of regional land resources rational utilization. Taking the land use cover
change in Changchun as an example, this paper discusses the design and development method
of realizing land use dynamic monitoring information management system by embedding
intelligent thought in GIS. On this basis, by constructing the index system of rational utilization
of land resources at county scale, the evaluation research on the rational utilization of land
resources in Changchun is also carried out.
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The efficiency of bark and wood fuel utilization in the hot water boilers
V. Lyubov, A. Popov, E. Popova
Northern (Arctic) Federal University named after M.V. Lomonosov
e-mail: vk.lubov@mail.ru

The commissioning of a hot water boiler house at ZAO “Sawmill 25” was another
major step in increasing of efficiency of the integrated use of wood raw in the enterprise. It
required efficiency assessment of burning bark and wood fuel in the combustion chambers of
PR 8000 boilers.

For this purpose, the comprehensive energy audit of boiler house equipment was
carried out, the biofuel mixture as fired and the residues of combustion were analyzed. The
moister content of bark and wood fuel was 50.83-54.82 %. The proportion of bark in the fuel
varied in the range from 55 to 77 %. As a result of the energy audit, the components of boilers
heat balance were calculated. In this case, combined relative and calorimetric method
supplemented with thermal imaging was used to determine external heat loss. Gaseous and
particulate emissions were determined with electrochemical and weight methods. Distribution
of combustibles in fly ash fractions was analyzed. The overall separation efficiency of gas
cleaning plants was determined. Gas-entrained soot particles were studied with an electronic
scanning microscope. Based on the analysis, recommendations were elaborated to improve
the energy-ecological performance of the tested boiler house and to reduce the emission of
particulate matter. Measures for partial or complete removal of restrictions on the furnace
draft when burning bark and wood fuel with a relative moister content of more than 55 %
were proposed. The energy audit showed that the design characteristics of the main and
auxiliary equipment of PR-8000 boiler provide sufficiently high energy-ecological
performance if the grates surfaces are used effectively and the vacuum in the combustion
chambers is close to the optimum values.

The energy and ecological performance of the hot water boiler burning linden bark
and wood briquettes
V. Lyubov, A. Popov, E. Popova
Northern (Arctic) Federal University named after M.V. Lomonosov
e-mail: vk.lubov@mail.ru

The North-West of Russia possesses huge wood resources reserves, therefore the
issues of the most efficient use of wood biomass are relevant for this region. The implication
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of wood biofuels into fuel and energy budget provides an opportunity to reduce the negative
impact of power industry facilities on the environment and preserve the potential of non-
renewable fuels for future generations. An effective way of the complex solution of energy
and ecological problems, while providing heating loads for consumers, is the use of modern
devices operating on solid biofuel. Technical analysis of foreign and domestic high-
performance heating units has great importance. The aim of the research is an evaluation of
energy and ecological performance of the Firematic 60 hot water boiler burning bark of
linden, briquettes from wood sanding dust and sawdust of plywood processing, as well as
briquettes obtained by pressing softwood sawdust and shavings. The paper presents
thermotechnical characteristics of burning biofuels and the components of boiler heat balance
and gaseous emission from the burning linden bark and briquettes. Particulate matter emission
and content of soot were studied. The shape and composition of soot particles were
determined with a Zeiss SIGMA VP electronic scanning microscope. Presented data were
obtained using equipment of the Research Center of Power Engineering Innovations.
The results of the comprehensive energy audit have shown that the Firematic 60 boiler
provides high technical and economic performance with minimum emission of harmful
substances to the atmosphere. It can be used for low-rise buildings heat supply in weather
conditions of the Arctic region especially.

Scientific and technological bases of resource efficient productions of low-emission
construction materials of wide range from waste of various productions and
anthropogenic CO;

N. Lyubomirskiy, S. Fedorkin, A. Bakhtin, T. Bakhtina, E. Nikolaenko, V. Nikolaenko
Academy of Construction and Architecture V.I. Vernadsky Crimea Federal University
e-mail: niklub.ua@gmail.com

Global environmental problems of climate change as a result of anthropogenic impact
on nature are firmly among the most debated issues at the international level. An increase in
the concentration of greenhouse gases in the atmosphere leading to negative consequences has
led to the need to develop new products and production methods characterized by lower CO,
emissions than traditional approaches.

One of the industries that emit significant amounts of technogenic CO, into the
atmosphere is the building materials industry which ranks second after the energy sector in
terms of global CO, emissions. The most energy-intensive process in this industry is the
production of Portland cement and various lime binders which account for up to 10 % of
technogenic CO, emissions worldwide. Accordingly, the search for ways to reduce and utilize
these emissions without harming the economy is an important task.

At the same time, in other industries various waste is generated which today cannot be
properly reused due to a number of reasons and dumped and accumulated causing damage to
the environment. These are, for example, finely dispersed waste of dolomite raw materials,
finely dispersed waste of lime production collected by filters, nepheline sludge — waste
generated during the production of aluminum oxide from nepheline ores, slags and ash from
coal combustion at thermal power plants.

During certain technological processing, these wastes can exhibit astringent properties
and harden due to chemical interaction with carbon dioxide thus forming stone materials with
high strength and deformative characteristics which in turn can be an effective matrix for
obtaining various construction materials on its basis.

As a result of our experimental studies, as well as multiparameter optimization of the
processes of structure formation and the formation of properties, the physicochemical
regularities of forced carbonate hardening of binding systems obtained from the above-
mentioned secondary raw materials, and technological parameters of production on their basis
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of forced carbonized building products of various functional purposes (structural, heat-
insulating and structural heat-insulating) were established. As one of the main raw materials
used in the production of these products anthropogenic carbon dioxide is used which is
subject to sequestration. Basically, the created and proposed technologies of building
materials and products are included in the natural carbon dioxide cycle and are aimed,
therefore, at solving global environmental problems of reducing the greenhouse effect, and
using only secondary raw materials for the production transforms them into the category of
resource-efficient ones.

BoisiBiienne npo6aemMHbIxX TeppuTopuii Ilpudaiikajabs mo cocTosHUI0
COCHOBBIX JIECOB U IOYBEHHOI'0 IOKPOBA
T. Muxaiinosa, O. Kanyruna, O. Hlepruna
Cubupckuii uncmumym guzuonocuu u ouoxumuu pacmeruti CO PAH
e-mail: olignat32@inbox.ru

3a mpenpinymue nasa gecstuinetuss B IlpenOaiikanbe NpoM30LUIM 3HAUYUTEIbHBIE
U3MEHEHHUs YPOBHS M WHTEHCHUBHOCTH TEXHOT'€HHOW Harpy3ku Ha Jieca, B OOJIBLIMHCTBE
CJIy4aeB B CTOPOHY YBEIMYEHHUS, YTO CYIIECTBEHHO OTPa3HUJIOCh HA OCIA0JICHUN KU3HEHHOTO
cocTosHusl ApeBoctoeB. Kpome Toro, B mocineanue 10 yer ocolyro ocTpoTy mpuobpena
npoOjeMa yCHIIGHHsSI PEKpEallMOHHOW Harpy3kd Ha mobOepexbe 03. baiikan, BcienctBue
O0NBLIOrO0 TOTOKA TYPUCTOB M CTpouTenbcTBAa 60a3 orabixa. Hamu 0000meHsl u
MIPOAHATIM3UPOBAHBI PE3yNbTaThl AoJaroBpeMeHHoro (10-30 jieT) MOHUTOPUHTa COCTOSIHHS
COCHOBBIX JIecOB Ha Tepputopusx [Ipendaiikainbs, MoaABEpraloUIMXCs BIUSIHUIO TEXHOI€HHOTO
3arpsi3HEHUS U BBICOKOM pPEKpEallMOHHOM Harpy3kd, BbIABIEHBI HauOoisiee MpoOIeMHbIE
TEPPUTOPUHU, XaPaKTEPU3YIOUIMECS BBIPAKEHHBIM TPEHIOM oOcialJeHHus JPEeBOCTOEB,
COCTaBJIeHa KapTa-cxeMma UX pacrnoiiokeHus. OO0ciieJoBauCh TEPPUTOPUH, IPUIIETAIOIINE K
OpOMBIIIIEHHBIM  1leHTpaM  (CasHCKO-3MMHUHCKOMY, YepeMXOBCKOMY, Y COJIbCKOMY,
Amnrapckomy, Hpkyrckomy, IllenexoBckomy), U pekpeanmoHHble 30HBI [Ipubalikanbckoro
HAI[MOHAJIBHOTO IapKa, BKJIIOYAsi OKPECTHOCTU MocC. XyXHp, Nnoc. JIMCTBAHKA, TEPPUTOPUIO
Kpyrob6aiikanbckoit sxene3noit goporu (KbX/I). Ha pazpaboranHoii kapTe-cxeme moKa3aHbl
YYaCTKH, TA€ BBIABISECTCA BBIPAKEHHBIM TPEHA K YXYALIEHUIO JKU3HEHHOTO COCTOSTHUS
JIPEBOCTOEB W  Jlerpajaliii IMOYBEHHOro IMoKpoBa. CoCTOsSHME JPEBOCTOEB COCHBI
OLIEHUBAJIOCH IO  KOMIUIEKCY  BM3YalbHbIX, MOpP(HOMETpUYECKMX M  (U3UOJIOro-
OMOXMMHYECKHUX MapaMeTpoB, Bcero ompeaensiock 30 mokaszaresneil, B TOM YUCIE€ YPOBEHb
neonvanuy KpOH JIepeBbEB; JJIMHA M Macca XBOM M MOOEroB; cCoOJEpKaHHE B XBOE
(OTOCHUHTETUYECKHX MUTMEHTOB, 3JIEMEHTOB-OMOTEHOB, OEIKOBOrO a30oTa W psja APYrHx
KOMIIOHEHTOB. YPOBEHb TEXHOTEHHOI'O 3arps3HEHMsI JIECOB ONPEIEIISICS 110 HAKOIUIEHHUIO B
XBO€ DJIEMEHTOB-TIOJUTIOTAHTOB  (cepbl, (TOpa, TKEIBIX METAIJIOB, OPraHUYECKUX
KCeHOOMOTHKOB). COCTOSIHME MTOYBEHHOTO MOKPOBA OLIEHUBAJIOCH 10 (PU3UKO-XUMHUYECKUM U
TOKCHKOJIOTMYECKHM TMoKa3areisiM (OypepHOCTH IOuB, IJIOTHOCTH, BIAXKHOCTH, adpalliu
BEpXHUX TOpU30HTOB, cocraBy IIIIK, HakomneHuro 3J1eMEHTOB-3arps3HUTENEH U APYTHUM
napamMeTrpaM), Ha OCHOBAaHMM KOTOPBIX BBIYMCISUICS IOTEHLMAN YCTOMYMBOCTH IIOYB.
[Toxazano, 4uro Hambojee MPOOJIEMHBIMH IO BBICOKOMY YPOBHIO 3arpsi3HEHUS SIBIISIFOTCS
TeppuTopuu, npuieratomue k IllenexoBckomy, Hpkyrckomy, Yconbckomy, AHrapckomy
MPOMIEHTPAM, TIO HEIOMYCTUMO BBICOKOW PEKPEalMOHHOW Harpy3ke BBIIEISIOTCS
okpecTHOCTH Xyxkupa, JlucrBsnku, MHorue ydactku KBXKJ/I. Ha »stux Tteppuropusx
BBISIBJIGHBI caMble HM3KME WHJIEKChl ku3HeHHoro coctosHus (MXKC) papeBoctoes,
cocrapnsitonue 3,2—4,4 6amia, ¥ caMblil HU3KUN TOTEHIIUAT YCTOMYUBOCTH MOYB (4,7 Oanna
BOMmM3u Xyxupa, 4,8 — BOIM3U YCOJIBCKOTO NMPOMIIEHTPa), B TO BpeMsl Kak Ha (POHOBBIX
tepputopusix KC u noteHmanpHas ycToiunBOCTh NOYB NpuoIkatoTes k 10 6amiam.
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An energy efficiency forecast for the economy of Irkutsk region
R. Muzychuk, S. Muzychuk
Melentiev Energy Systems Institute SB RAS
e-mail: muz@isem.irk.ru

The energy efficiency of the Russian economy lags far behind that in the developed
countries of the world. The enhancement of the energy efficiency and, first of all, the energy saving,
is the source that can provide an additional economic growth through organizational and technical
measures. The object of research is the economy of the Irkutsk region, whose energy efficiency
increase is of particular relevance due to the high energy intensity of the economy. The study aims
to perform an energy-economic analysis of the Irkutsk region and to make a forecast of the increase
in the energy efficiency of the economy. A methodological approach proposed for the research is
based on balance and statistical methods. The research involves the development of retrospective
energy balances of the Irkutsk region (for the period of 2005-2017) and the calculation of energy
efficiency indicators on the basis of these balances. Moreover, based on the statistical methods, the
equation of the energy-GRP ratio is devised. The forecast for the energy and economic development
of the Irkutsk region is made, the forecast energy balances are developed (for the period up to 2050),
based on them, the energy intensity of the regional GRP is calculated for the long term, and
measures to increase the energy efficiency are proposed. The obtained results can be used to predict
the dynamics of changes in the energy-GRP ratio, depending on the development of the economy
and energy industries of the Irkutsk region. Based on the proposed model, the executive authorities
of the region can receive information about the planned change in the main indicator of the energy
efficiency, i.e. energy-GRP ratio in the Irkutsk region.

Possibilities of voltammetric determination of betulin in medicinal substances
E. Nurpeiis, G. Slepchenko
Tomsk Polytechnic University
e-mail: enlik.nurpeiis.94@mail.ru

Betulin 1, lup-20(29)-ene-3p,28-diol, also known as betulinol, betuline and betulinic
alcohol, is a pentacyclic triterpene alcohol with a lupane skeleton. Common structural features
of the lupane skeleton are its five-membered ring E.To date, it has been reported that betulin,
a pentacyclic triterpenoid present in the bark of white birch, has anti-cancer, antibacterial,
antifungal, and antiviral activity. Betulin and birch bark extract are already used as food
additives. Betulin has also been proposed for the treatment of viral hepatitis and HIV
infections. In addition, inhibition of the herpes virus and Epstein-Barr virus with betulin and
its derivatives has been reported.

As a result of its wide application in industry and medicine, an urgent problem is its
quantitative determination. Along with instrumental methods such as spectrometric and
chromatographic methods, the purpose of this study was to evaluate the possibility of
voltammetric determination of betulin in substances.

As a result of research, the electrochemical activity of triterpene on carbon-containing
electrodes was established, the main parameters of the voltammetric determination were
developed, the possibility of quantitative determination of betulin in substances was shown,
and the correctness of the results obtained was verified by the method of additives.

Effect of Heat Treatment on Microstructure of Lal.7Fel1.6Sil.4 Alloy
A. Okhotin, K. Sun, J.-Y. Zhu
Irkutsk National Research Technical University
e-mail: ohotin@istu.edu

The non-stoichiometric ratio of Lal.7Fel1.6Sil.4 was prepared by the addition of La.
The microstructure, phase formation and magnetocaloric property of Lal.7Fel1.6Sil.4 were
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studied under different heat treatment conditions. The experiments were carried out by
vacuum levitation melting and quick quenching method with pulverized quick-setting method
to obtain the quick-acting sheet of Lal.7Fel11.6Sil1.4, and the mother alloys were annealed at
850 °C, 950 °C, 1000 °C, 1050 °C and 1100 °C respectively sample. The mother alloys and
samples were examined by scanning electron microscopy and X-ray diffraction.
The experimental results show that there are many similar a-Fe dendrites in the as-cast state at
950 °C and agglomerate into the granular o-Fe at the proper temperature. There are many
La(Fe,Si)13 phases at 1050 °C, a-Fe phase and LaFeSi phase decrease. It is verified that the
La-Fe-Si based La-rich alloy can be annealed at a relatively low temperature for a short time
and the La(Fe,Si)13 phase is transformed from the o-Fe phase and the LaFeSi phase.
At 1100 °C there will be more a-Fe agglomeration into large particles, while the 1:13 phase
tends to be stable. Finally, the magnetic properties of the better samples were tested to
determine the best annealing time and annealing temperature.

Study of geodynamic conditions the development of rock bursts
in coal mines of Tszinsi deposit in China
A. Okhaotin, L. Tianwei, H. Zhang, L. Sheng, A. Batugin
Irkutsk National Research Technical University
e-mail: ohotin@istu.edu

The method of geodynamic zoning in China has undergone three periods of
development — "the entry, development and innovation”. With the help of this method, a
model of the geological structure of the earth crust plate and coal mine is created. On the basis
of geodynamic zoning the program of analytical system of rock stress is developed. On the
basis of internal communication of the influence factors of hazards generated forecast model
multivariate pattern recognition of the image. Geodynamic hazard in coal mines must have
the appropriate geodynamic environments, and to provide indexes and methods of estimation
of geodynamic conditions. The energies stored in the coals and rocks are dynamic sources and
necessary conditions of dynamic phenomena for the study of the relationship between energy
and the size of the array involved in this process. The model of dynamical systems is created,
and conditions of destruction of systems are presented. The method of recognition of images
of multi-factor forecasts revealed a dangerous region, threatening the region and a safe region
for geodynamic hazards in the mine field, and presents preventive measures geodynamic
hazards, increased the level of forecast region geodynamic hazards, which ensures safe
operation in coal mines

HccnenoBanue BIUSIHUA COCTABA KOMIIO3UIIMOHHOTO TOMJIMBA HA MEeXaHU3M
U XaPAKTEePUCTHKH 32:KUTAHUS B PAMKAX CTPATernH YTHWIN3AlUHM NPOMBIIJIEHHBIX
H OBITOBBIX OTX010B
K. IMaymkuna, /. ['mymkoB
Tomckuil norumexnuyeckull yHugepcumen
e-mail: dmitriyog@tpu.ru

B mactosimiee Bpemsi OZHOW M3 OCHOBHBIX MHPOBBIX JKOJOTHYECKHUX MPOOIEeM
SBIISIETCS 3arpsA3HEHHUE OKPYKAIOLIEH Cpelbl MPOMBIIUICHHBIMU U OBITOBBIMH OTXOJaMHU.
Tonbko B Poccnn Ha monmuronax xpanurcs 6omiee 94 mupz. ToHH oTX0A0B. VX oTHOCHTETBHO
BBICOKMW DHEPTeTHYECKH TOTEHIHAN, a TaKXe HEOOXOJUMOCTh CHWIKEHHUS 3arpy3ku
MOJIMTOHOB W YJIYYIIEHUS OSKOJOTHYECKOH OOCTAaHOBKM XapaKTEPU3YIOT MEPCIEKTUBBI
YTUIU3ALUNA OTXOJ0B MyTeM CKUTAHHS B COCTaBE KOMITO3UIIMOHHBIX KUAKUX TOILIUB (CMECh
MEJIKOUCTIEPCHOTO YTJIsl, BOJBI, OTPaOOTaHHBIX HMHAYCTPHAIBHBIX Macen). B  pamkax
BBITIOJIHEHHOI'O MCCJIENOBAaHUS NPEMJIOKEHA CTPATErrsl COBMECTHOW YTMIIM3ALUMU TOPHOYUX
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MPOMBIIIIEHHBIX U OBITOBBIX OTXOJIOB (IPEBECHHBI, PE3UHBI, MJACTHKA, KapTOHA), KOTOpas
3aKJIIOYaeTCsl B MepeBOJe THUMUYHBIX YroibHbIX TOC Ha KOMIIO3UIIMOHHOE TOIUIUBO.
Peanuzanuss Ha mnDpakTHKE TaKOW CTpAaTeru, € OJHOW CTOPOHBbI, CHU3UT HETaTHUBHOE
BO3/ICIICTBIE OTXO/I0B Ha OKPYKAIOILYIO CPEeNy, C IPYroi CTOPOHBI, YMEHBLIUT NOTpeOIeHUE
BBICOKOKAUECTBEHHOTO YTOJBHOIO TOIUIMBA JUIsl MPOM3BOACTBA TeIla M DJIEKTPHYECTBA.
B Teuenue 25 net sxoHoMHuYecKHii 3 PEKT COCTaBUT He MeHee 65 % OTHOCUTENIBHO 3aTpaT Ha
¢ynkunonupoBanue yronpbHol TOC. DTo 0OBSACHAETCS OINPECNAIONNM 3HaYeHHeM (85—
95 %) TOIIMBHON cocTaBIAOIIEH (IPUOOpPETEHNE YHEPTOPECYPCOB) B TUIIMYHON CTPYKType
9KCIUIYaTal[MOHHBIX HU3/IEPKEK U CTOMMOCTBIO SHEPrOpecypcoB, KOTOpas OTIMYaeTcs B 2,5—
3,5 pa3a st yrias U KOMIIO3MLIMOHHOTO TOIUIMBA M3 OTXOAOB (B IE€pecUeTe Ha €IUHUILY
SHEPruM, BBIICIAIONMICHCS MpU CKUTaHUM ToruuBa). [lns o00oCHOBaHMSI TEPCIEKTHB
MPAKTUYECKOrO0 MPUMEHEHHUs Pa3paOOTaHHOM CTpPaTeTrMu BBINOJHEHBI IKCIEPUMEHTATIbHbBIC
UCCIIEIOBaHMs IIpoliecca TOPEHUs KOMIIO3MIIMOHHOro ToruMBa. llpu BapbupoBaHumn
KOMIIOHEHTHOTO COCTaBa TOIUIMBA YCTAHOBJICHBI YCIOBUA (CoAepKaHUE OTpaOOTaHHOTO
macia He MmeHee 20 %), MpH KOTOPBIX MPOUCXOAMT IUCIEPrHpOBaHHE 00pasla, uTo
UHTCHCU(UIMPYET Mporecc ero Beiropanus. JloOaBieHHe OTpaOOTAaHHBIX Macel B COCTaB
KOMIIO3UI[MOHHBIX TOIUIMB, C OJHOW CTOPOHBI, IOJIO)KUTEIbHO BIMSIET Ha CHUKCHHE
KOHIIEHTPAIlUU JUOKCUHOB U (PYypaHOB B JBIMOBBIX T'a3aX MPH BHITOPAHUH TUIIUYHBIX TBEPIBIX
OBITOBBIX OTXOJIOB B COCTaBE TOIUIMBA M3-3a 00JIee BHICOKMX TEMIIEpaTyp TOPEHUs, C IPYrou
CTOPOHBI, OTPULIATENILHO BIMSIET Ha YBEJIUYEHHUE KOHILIEHTPALlMU OCHOBHBIX AHTPOIOTE€HHBIX
BbIOpocoB. Ho 3TO yXynlieHre SKOJIOTHYEeCKHX XapaKTePUCTHK HE BENET K IPEBBIINICHUIO
MpelIeIbHO AOMYCTUMBIX HOPMATHUBHBIX BBIOPOCOB 3arps3HAIOIIMX BEIIECTB YHEPIeTHUECKUX
YCTaHOBOK JJIsl CKMTaHUS TBEPJIOTO TOIUIMBA.

HccnenoBanue  BBIMOJHEHO 32  CYET  CPEACTB  MPOTPaMMbl  TMOBBIIICHUS
KOHKYpEHTOCTIOCOOHOCTH TOMCKOro MOJMTEXHUYECKOro yHuBepcurera (mpoekt BUY-
NIIDBII-74/2019).

Metoabl 1 pe3yJbTaTbl KAPTOrpado-KocMu4ecKoro MoHuTopuHra Ilpudaiikaabs
JI. IInactuaun, b. On30eB
HUpxymckutl HayuoHanbHblll UCCIe008aMENbCKUL MEeXHUYECKULl YHUgepcumem
e-mail: irkplastinin@mail.ru

Paccmotpensr MeTonbl kKapTorpado-KOCMUYECKOT0 MOHHTOPHHTA, PEaJTu30BAHHBIC B
Baitkaibckom peruoHe. [IpencraBnenbl pe3ynbpTaThl reonHGOpPMaIHOHHOTO
KapTorpadupoBaHus MO JaHHBIM KOCMHUYECKUX CheMOK. [IpensoxkeHsl reonHpopMalnoHHbIE
MOJIENN TPUPOAHBIX M TEXHOTEHHBIX IPOIECCOB, COCTABJIEHHBIX 110 Pa3HOBPEMEHHBIM
KOCMUYECKUM CHHUMKAaM.

Asymptotically stable dynamics and constructive perfectionism
in the development of civilization
A. Pozdnyakov
Institute of Monitoring of Climatic and Ecological Systems of the Siberian Branch
of the Russian Academy of Sciences
e-mail: synergeia.pol@gmail.com

The concept of “asymptotic stability” implies the ability of geosystems to change the
expediency of their development in accordance with the changing environmental conditions,
being outside of human control. These objective conditions play a fundamental role for
understanding the management principles connected with global geo-ecological processes. In
era of powerful technogenic activity, it is practically impossible to establish any “growth
limits”. In the best case, all attempts to determine the growth limits come down to
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"constructive perfectionism™, which basically means improving the landscape structure on a
regional scale. The thing is that there are no limits to Man's creative activity, as evidenced by
the entire history of the mankind. For this reason, in contrast with the ideas of the Club of
Rome on the necessity to enforce the “limits of growth”, we propose a different paradigm and
different objectives for socio-ecological systems development.

To the date, we can single out three dynamic types of geosystems (including socio-
economic one), forming the global ecosystem:

— Asymptotically stable geosystems using renewable energy sources and performing
self-regulation based on negative feedback principle. These include the absolute majority of
the eco-bio-geocenoses and landscapes forming the biosphere in all geographical zones of the
Earth;

— Ecosystems and their constituent elements (certain types of living organisms and
animals, etc.), exponentially developing based on positive feedback principle, in conditions of
an excess of renewable sources of nutrition, during short periods of time;

— Socio-economic systems and their constituent elements, exponentially developing
based on positive feedback principle, due to the exploitation of long-term geological reserves
of energy sources and the accumulated energy of ecosystems. To these system, the current
type of human civilization is attained.

For all types of geo- and eco-systems, environmental conditions are the controlling
factor. The slow changes in the environment evoke evolution and natural selection; while the
rapid changes in the environment and energy sources lead to the fatal replacement of species
and their diversity (global catastrophes).

Modern civilization can be considered as a global ecosystem which is objectively
developing towards a monopolar world. We propose to conduct the study of the problem of
sustainable development in two interrelated areas: the study of the laws of naturally emerging,
asymptotically stable dynamics of geosystems (where the role of human activity is
minimized) and the study of new man-changed structural integrities, which are developing on
the principles of constructive perfectionism.

A societal emergent system is a global attractor in the civilization development, the
eve of the coming new era in the history of mankind, in which economic relations will be
based on scientifically grounded predictions of events, with collective planning and
management of socio-economic processes. The epoch of democracy is coming to its end,
naturally transforming into its more perfect continuation — noocracy — the power of reason,
thought and technogenic abstractions.

IToameHeHHasi COOCTBEHHOCTH HA IPUPOIHYIO PEHTY
A. Tlo3nuasakos, K. Cemenosa
Huemumym monumopunea kiumamudeckux u sxono2uveckux cucmem CO PAH
e-mail: synergeia.pol@gmail.com, ksenia_ska@mail.ru

B pa3BuTMM LMBHIM3AalMM M BCETO JKMBOTO pEHTA SBISETCS ABTOMOJIEIbHBIM
UCTOYHHKOM DJHEpPruu, BemecTBa u uHpopmanuu. buocucremsl Qopmupyrorcs u
pa3BUBAIOTCSI 32 CUET CO3/1aBA€MOIl MMHU PEHThl. DHEPreTHUEeCKUM HCTOYHHKOM IS 3THUX
CBOEOOpa3HbIX aBTOHOMHBIX OuomponeccoB ciyxar CoyHue u 3emisi, B COBOKYITHOCTU C
(GyHaaMEHTaTbHBIMU 3aKOHAMM B3aMMOJEUCTBHS, CO3MAIOIIMMH HAaIPaBICHHBIM Ipolecc
TUHAMHUKU cucteM. Mmu 00yciioBieH aHapXWYecKUd TMPUHIUI CaMOOpPraHM3alui U
cocymiectBoBanus 6nocuctem Ha 3emie (AIICH).

Poccusi, kak rocynapcTBo, SBISETCS MOAMEHEHHBIM COOCTBEHHHKOM IO MpPaBy
(mpuauun AIICB) npunamnexamieil el mpuponHO peHTHl. PeanbHbIM COOCTBEHHHKOM
pUPOIHOIN peHThl B Poccuu SIBISIOTCS 5KOHOMHUYECKH pa3BHUTHIE cTpaHbl Bo riase ¢ CIHIA.
CornacHo pa3pabOTaHHBIM HMH MeXaHU3MaM Oe3pa3JeNbHOro JIeHCTBUS B COBpPEMEHHOU
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SKOHOMHKE 3aKOHOMEPHOCTEH XpeMaTUCTUKH, OOJbIlas 4acTh J0X0Ja OT MPOJaBaeMoil 1o
PBIHOYHOM II€HE MPUPOTHON PEHTHI HEBO30OHOBISIEMBIX UCTOYHUKOB dHEpruu (HedTu, raza u
np.) TMepexomuT B jaoxonx mokymarens. PD, kak mpojaBeml, TepseT 3HAUYUTEIBHYIO OJIO
npuObUIM M TEPEBOJUTCS, TaKUM OOpa3oM, B KaTErOpUIO apeHjaaTopa — HE peallbHOTo, a
MOJIMEHEHHOT0 COOCTBEHHHKA pecypcoB. Hamu maHHBI MexXaHM3M paccMaTpuBaeTcs Ha
npumepe Anonun. B 2017 r. B AAnonuro 3aBe3ero 6onee 400 miaH THY Ha cymmy 141 mupx
noiutapoB. Cpennsist croumocth | THA coctasiser 348,5 . C ogHoro gosuiapa, HOTPaueHHOTO
Ha UMIOPT TOIUIMBA, SMoHUS moiydaeT 36 mpuObUIM, a C KaKI0ro Oappens THY PEHTHYIO
npubsuts BBII 1750 ; cpennuit o6memuposoi Bkinag B BBII - 1034.

B Poccum pentHbIl n10oxox 3a cuer sHepropecypcoB coctaniser 380 . fmonus xe,
npuobperas ux B P® mo 2003a 1 THd, monyuyaet npudbutb B 8,75 pa3 OGonbiie. Takum
00pa3oM, TOpPrys HEBO30OHOBIISIEMBIMU PECYpCaMU 10 3aKOHAM PHIHOYHOW 3KOHOMHUKH, MbI
HEOTBPATUMO TEPSIEM PEHTY.

HNuTerpajiibHasi OlleHKA TEXHOT€HHOT'0 3arpsi3HEHUS MI0YB U COBPEeMEHHbIX
KJIMMATHYEeCKUX U3MEHEeHNH Ha COCTOsIHUE arpodkocucTeM baiikaiabckoro peruona
JI. Ilomaskuna
Cubupckuii uncmumym guzuonozuu u ouoxumuu pacmenuii CO PAH
e-mail: lvp@sifibr.irk.ru

OO6cyxnaoTcss MOHUTOPHUHIOBBIE MCCIEJOBAHUS arpO3KOCHUCTEM Ha 3arps3HEHHBIX
T™™ u ¢ropugamu amOMHUHMEBOTO IPOM3BOJCTBA I0YBAX B YCIOBHMSIX COBPEMEHHBIX
KJIMMaTHYECKUX HM3MEHEHMH. DKCIIepUMEHTaJIbHbIE JlaHHble Hoiay4yeHsl B 1992-2018 rr. B
noJsieBbIX onbiTax Ha craunoHapax CU®UBP B bailikanbckom pervone. I'maporepmuueckue
M3MEHEHHUs MPOBEICHBl OTHOCUTENBHO «KiIuMaTtuueckoii Hopmbl»y (WMO, 2008). Ouenka
BO3/JCHCTBUS Cpeapl Ha TpaHCPOpMALUIO Yriepoia B arpo3KOCHCTEMax OCHOBaHa Ha
€XKEroJIHOM 3a BereTaluio u3mMmeHeHuu coaepxkanusi C muk B nouse u smuccuu CO,. Briepsbie
MOKa3aHa 3aBUCUMOCTb TeMIIEpaTypbl Bo3ayxa u sMmuccun COz, IO3BOJISAIONIAS MTOBBIILIEHUE
CO2 B atmMocepy Ha 3arps3HEHHBIX [TOYBAX pacCMaTpUBaTh KAaK aHTPOIIOTE€HHBIN (axTop,
BIUSAIONINN Ha W3MeHeHue kimmara. OueHka skodusnonornuyeckux mokazarenedt (C muk /
Copr, % u C-CO, /C MuK, MI/T 4) BBIIBWIA aJaNTHBHYIO YCTOHYMBOCTh IOYBEHHBIX
MHUKPOOHBIX COOOIIECTB, 3aBUCSIIYIO OT JJOCTYITHOCTH CyOCTpaTa U CoJepKaHUs rymyca.

BrnepBbie ananmu3 TpaHcpopMmamuu yriepoja B arpo’KOCHUCTEMax OCHOBaH Ha
METOJIOJIOTUH CUCTEMHOIO aHalIM3a. ATrpOsIKOCHUCTEMY HCCIEA0BAIN KaK OTKPBITYIO CUCTEMY
KOMIIOHEHTOB (moYBa-MHKpPOOPraHU3MBbI-pacTeHUA-aTMOC(epa), MHTETPUPOBAHHBIX
MOTOKaMH yriepojaa. MuHepaan30BaHHBIN 3a BETeTaluio yriiepol mousbl (M) olieHUBaIu Kak
«BXO/M» B CHCTEMY, IIOTOKM HeTTo-MuHepanu3oBaHHoro (H-M) — «BbIXOom» U
(pe)ummobminzoBanHoro (PU) yrmeponma — «BO3BpaT Ha BBIXOJE», OOecCHeUMBAIOMIUN
noJjiep>kaHue HOBOOOpPA30BaHHOIO yriiepoAa B nouse. Benmnunna H-M (Munepanuzanus) u
PN (pecunte3) yriepoja paccuMTaHa C YYE€TOM IUIOTHOCTH cJoKeHus mnouBbl. Ilomxon
UHTETPaJIbHO OLEHUBAET PEXHUMbI (PYHKIIMOHUPOBAHMS arpodKOCHCTEM M 3KOJIOTHYECKYIO
Harpy3Kky, corjacHo paspaboraHHoi mikane kputepueB. CootnHomenne H-M:PU Gnuskoe
€MHMIIE XapaKTepU3yeT TUHAMUYECKH-PABHOBECHOE COCTOSHUE arpodKOCUCTEMBI (pexuM
romeoctasza). lloBblllleHHEe HArpy3kd MEHSIET pPEeXUM  (CTpecc, PEe3UCTEHTHOCTb,
aJlanTallMOHHOE HCTolleHue, penpeccus). Hanpumep, monutopunr 1992-2005 rr. BeIABUI,
YTO B OJIN3KHE K «HOPME» r'oJlbl arpo3KoCcHUCTEMBI (YHKIIMOHUPOBAIIU B PEKUME CTpecca, a B
AQHOMAJIbHBIE — PE3UCTEHTHOCTHM M JaKe aJalTallMOHHOTO MCTOIIEHUs (KpUTHYecKas
Harpy3ka). OOoOmieHne ucciaeoBaHUH Ha OCHOBE METOAOJIOTMH CHCTEMHOTO aHailu3a
MO3BOJIIET COCTOSIHUE U Pa3BUTHE arpoO’KOCHCTEM IMPOTHO3MPOBATH B  KOHTEKCTE
CaMOOpPraHU3aLIUH.
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PecypcocOeperaromasi ruipoMeTaiypruueckas
nepepadoTKa HU3KOKAYeCTBEHHBIX IMHKCOIEPKAIIUX KOHIEHTPATOB
M. Canenosa, H. Kynenosa, K. Onan6aeBa, M. EneykeHnos
Bocmouno-Kazaxcmanckuti 2ocyoapcmeennblil mexHuuecKutl yHugepcumemn
um. /. Cepuxbaesa
e-mail: msadenova@ektu.kz

AHanu3 COBPEMEHHOTO COCTOSIHHSI BOIIpOca MepepadOTKH HHU3KOKaueCTBEHHBIX
LUHKCOJEPKALIMX KOHLEHTPATOB I10Ka3aj, YyTO Hambosee NPUBJIEKATEIbHBIMU SBIISIOTCS
TUAPOMETAJUTYPTUYECKHE METO/Ibl, KOTOPBIE IO3BOJISIOT BCKPBIBATH JTAHHOE CHIPbE, MUHYS
CTaJHIO0 TPEABAPUTEIHHOTO 00KHUTA.

IIpumenenue crioco0a PSMOTO BBILIEJIAYMBAHUS HU3KOKa4eCTBEHHbIX
LUHKCO/IEp KAIUX KOHLIEHTPAaTOB paCTBOPAMH CEPHON KUCIIOTHI BBISIBUJI HEKOTOPBIE Ba)KHbBIE
acIeKThl 3TOro npouecca. [lpakTrka 1elcTBYIOIMX HUHKOBBIX 3aBOJIOB [10KA3bIBAET, UTO, KAK
IpaBUJIO, CTaAMs BbIILENAYMBAHUSA BKIIOYaeT B ce0sf HE TOJIBKO HENOCPEeACTBEHHOE
pacTBOpeHNe KOMIIOHEHTOB LIMHKCO/AEPIKAIEro ChIpbsl (KOHLIEHTpaTa, orapka, BO3TOHOB), HO
U BCE OTIEpAIHHU 110 OYUCTKE M (QMIBTpanuu pacTBopa ot npumecerd. CynbdaTHbie IHHKOBBIC
pacTBOPBI, B 3aBUCUMOCTH OT COCTaBa MCXOAHOM pyIbl MOI'YT COAEp)KaTh HMPUMECH MEIH,
KagMMs, KoOanbTa, KpEMHHs, AIIOMHUHUSA, >Kele3a M JApyrux. M3ydeHue ycioBuil u
apaMeTpoOB MIPOBEACHHUS MPOIIECCa OUUCTKHU CYIb(PATHRIX IMHKOBBIX PACTBOPOB OT MpUMeECEeit
MOKa3ajad, YTO MPHUCYTCTBUE B pPacTBOpPax HOHOB JABYXBAJIEHTHOIO >Kejie3a, Hapsaly c
TPEXBAJIEHTHBIM KE€JI€30M, CHIDKAET CKOPOCTh (PUIbTpALIMH.

B HacTtosdmeil pabore NpOBEAEHBI MCCIEAOBAHUSA IO  AJIEKTPOXUMUYECKOMY
OKHCIeHHI0O HOHOB Fe'” B oiekTponmsepe ¢ pasieNeHHEM KATOAHOTO M AHOAHOTO
IPOCTPaHCTBa aHMOHOOOMEHHON MeMOpaHoil. PacTBOpbl M3 aHOAHON Kamepbl MOTYT OBITh
HalpaBlIeHbl Ha THAPOJIMTUYECKYI0 OYHUCTKY, M3 KaTOJHOM KaMmepbl — Ha OIepaluio
LEMEHTalluu npuMeceil. B xole sKCrepruMEeHTOB KOHTPOJIMPOBAIKNCH CHJIA TOKA, CKOPOCTh
LUPKYJISALUU, HCXOJHOE COJAEPKAHUE IIEMEHTOB. DKCIIEPUMEHTHI 110 OYUCTKE OT HOHOB Fe*
IPOBOAWIN B OTKPBITOM PEAKTOPE € TNPONEIUIEPHOM MEIIAIKOW, INpU KOMHATHON
temriepatype. llocme ¢opMupoBanus ocajaka TPUCTYNaTd K CBOOOAHOW (UIBTpaIlH,
OIIPECIISAIN €€ CKOPOCTD.

[TomyyeHHble ~ pe3ynabTaThl  YKa3bIBalOT  HAa  BO3MOXKHOCTh  IepepabOTKH
HU3KOKaueCTBEHHBIX LUHKCOAEpKaIIUX MaTepuasoB TpaJIULUOHHBIM
TUIPOMETAJUTYPTrHYECKUM CIIOCOO0M MoCciie HEKOTOPOH MOJEPHU3ALINH allllapaTypHOTo mapka
Y TEXHOJIOTHYECKOM CXEMBI HECKOJIBKUMHU JIOTIOJTHUTENIBHBIMU CTaIUSAMHU OYUCTKH.

Pa3pabotka  HOBbIX 3 (EKTUBHBIX  pecypcocOeperarommx  MOAXOJ0B K
TUIPOMETAJUTYPrU4ecKol IepepadoTKe HM3KOCOPTHOI'O MHHEpalibHOTO Chipbsi Kaszaxcrana
MO3BOJIMT COKPAaTUTh OOBEMBI J0OBIBAEMOTO CHIPbS 3a CYET BOBJICYEHMS HAKOIICHHBIX
TEXHOI'€HHBIX MaTEPUAJOB, MOBBICUTh KOMIUIEKCHOCTh UCIIOJIB30BAHNS MUHEPAIBHOIO ChIPbS
¥ CO3/1aCT MPEIIOCHUIKH JIsl pA3BUTHSI KPYTOBOM SKOHOMUKH.

Synthesis of novel catalytic materials using metallurgical slags
M. Sadenova, M. Utegenova, J. Klemes
D. Serikbayev East Kazakhstan State Technical University,
Brno University of Technology
e-mail: msadenova@ektu.kz, klemes@fme.vutbr.cz

The development of science and technology makes new demands on the properties of
materials and dictates the creation of new substances with improved properties necessary to
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improve the technical and economic indicators of production. On metallurgical, mining and
concentrating industries there is an acute problem of waste disposal. Mostly metallurgical slags
are used as an inexpensive additive in building materials. Recently, their unique chemical
properties have attracted attention to the production of materials for use in catalysis as
adsorbents, catalysts, or a source of active substances [1]. Studies [2] showed that metallurgical
slag from the production of ferrous metals has adsorption properties and can be used to clean
polluted water. It was discovered [3] that metallurgical slag can also be used as a carrier for the
synthesis of catalysts in complete oxidation reactions in order to purify CO waste.

The continuous progress of industrialization and population growth leads to high CO,
emissions. In this regard, the demand for catalysts and carriers for catalysts is growing [4].
However, the synthesis of catalyst carriers based on technogenic raw materials requires the
development of new technological methods of production. The solution to this issue may be
the production of catalyst carriers from natural raw materials and industrial wastes by powder
metallurgy methods.

In the production of catalyst carriers, the issue of phase composition, sintering and
physicochemical processes during firing is of particular importance, since they determine
mainly the operational properties of products.

Based on the data of X-ray phase, differential thermal and thermogravimetric
analyzes, the areas of stability of the studied samples were determined during heat treatment,
which allowed us to synthesize carriers with specified characteristics.
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Methods and techniques for testing knowledge in the process
of occupational safety training in the form of instruction
B. Sevastyanov, E. Lisina, R. Shadrin, A. Shalamova, N. Selyunin
Kalashnikov Izhevsk State Technical University
e-mail: sbvd7@mail.ru, p_h_d@mail.ru

The article actualizes the problem of preventing injuries in the process of organizing
and conducting briefings. The author approaches the solution of this problem by identifying
the methodological tools used to effectively test the knowledge and skills in the process of
briefings. The article substantiates the growing importance of the problem, due to the increase
in accidents related to injuries. Characterized by models of the effectiveness of injury
prevention. The article highlighted and systematized the methods and techniques for testing
knowledge in the process of briefings on injury prevention.
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Interrelation of regulatory legal acts regulating professional functions
of the specialist on labor protection
B. Sevastyanov, R. Shadrin, E. Lisina, N. Selyunina, A. Shalamova
Kalashnikov Izhevsk State Technical University
e-mail: sbva7@mail.ru, p_h_d@mail.ru

The work shows the history of the development of the profession of a specialist in the
field of labor protection, from the beginning of the 20th century in the Russian Empire for the
first time began the training of specialists in occupational safety at the Peter the Great
Institute, St. Petersburg. The professional duties of a specialist in the field of labor protection
are specified in current regulatory legal acts, including work as part of commissions on labor
protection, accident investigation, drafting documents, orders, plans and reports relating to
labor protection, and providing advice to heads of departments and enterprises for the
protection of works. It turned out that they have organizational, managerial and supervisory
content. The analysis of the content of professional competencies of the federal state
educational standard of higher education "Technosphere safety” and the labor functions of a
specialist in the field of labor protection is shown, it is shown that some of the academic
disciplines included in educational programs are very distantly related to the activities of a
labor protection specialist. At the same time, academic disciplines arising from the
professional duties of an occupational safety specialist are not included in the curricula, which
indicates the need for a substantial adjustment of the content of the educational standard for
technospheric safety and, above all, towards a fuller account of those functions that are
imposed by current regulatory legal acts on specialists of labor protection services
organizations. The list of vocational orienteering disciplines that should be included in the
curriculum for preparing students in the direction of "Technosphere safety" is given.

Post-fire transformation of drained bog in Western Siberia:
ecological consequences and recovery dynamics
A. Sinyutkina, L. Gashkova, N. Koronatova, A. Maloletko, N. Mironycheva-Tokareva,
I. Russkikh, O. Serebrennikova, E. Strelnikova, E. Vishnyakova, Y. Kharanzhevskaya
Siberian Research Institute of Agriculture and Peat
e-mail: ankalaeva@yandex.ru

The aim of research is to carry out the assessment of pyrogenic load and vegetation
recovery dynamics after the fire event in 2016 within the drained bog site in Gavrilovka River
basin. Specifically, the objectives of this study were to: 1) perform a retrospective analysis of
the water-thermal regime according to monitoring data on the nearby site 2) estimate zone of
contamination by combustion products; 3) determine the quantitative characteristics of
vegetation restoration based on field and satellite data; 4) estimate the organic hydrocarbons
in mire and river waters, peat and typical plants of the pyrogenic disturbed bog. The water-
thermal retrospective analysis is confirmed that in August 2016 most favorable conditions for
the emergence of a fire-dangerous situation were developed. The area of Zn and Pb pollution
covers an area of 8 km, which is consistent with the prevailing wind direction and
atmospheric deposition data for 2016. The zone of extreme pollution of heavy metals peat
deposits is limited mainly by the zone of intensive burning of the surface, however, and
beyond it there was also a significant (2 times) Zn, Cd, Pb concentration (except Cu)
increasing, mainly due to the migration of elements with water flow. Carbon losses for the
burned area of 1 square meter to a depth of 30 cm were about 3800 gC/m?. Intensive recovery
of vegetation cover and NDVI increase was noted mainly due to the growth of the shrubs and
sedge in the period from 2017 to 2018. Against the background of a decrease in the content of
n-alkanes, their share in the composition of peat lipids of the burnt area increases slightly,
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among them the content of homologues C23-C25 increases, C29 — C33 decreases and the CPI
value decreases.

The reported study was funded by RFBR according to the research project Neo 18-44-
700005.

Geoinformation mapping of the mudflow basins
of the Southern Baikal region: methods and results
B. Crynun, b. On3oes
HUprymcekutl HayuoHanbHblll UCCIe008aAMENbCKUL MEeXHUYeCKULl YHUgepcumem
e-mail: stupin1955@yandex.ru, bnolzoev@yandex.ru

PaccMoTpensl MeToaMuecKkHue acleKThl KapTorpadupoBaHUS CeNEBBIX OaccelHOB
pa3HOTO YpPOBHS C HCIIOJIb30BAHHEM TE€OMH(GOPMAIIMOHHBIX CHCTEM U JAHCTAHIIMOHHOTO
30HAMpOBaHUA 3emiu Hu3 KocMoca. IlokazaHa mpakTHYeckash 3HAYMMOCTh KOCMHUYECKHX
METO/IOB B M3YYCHUH AMHAMHUKHU COCTOSIHUSI CEJIEBbIX OacceiHOB B paiioHe pexk CocHoOBas,
Comzan, VYtynuk, Manryrail, Iloxabuxa, Cmronsaka. IlpuBeneHbl  mpumepbl
KapTorpauueckux UHTEpPIpeTaluidl pe3ylbTaTOB MCCIEAOBAHUSA CEJEBBIX IPOLIECCOB,
npousonieuux 3a nociaeanue 10 ner.

Komno3zurtusbie COpﬁeHTbI Ha OCHOBE€ 0TX0/10B IIPOU3BOACTBA
KpI/ICTaJIJII/I‘{eCKOFO KpEeMHUSA I/I 6H0yl".]'lﬂ
C C. Tumodeesa’, M.C. Jleonosa', H.B. Topnenko™, J.-H. Chang S.-F. Cheng’
Hpkymcmtu HaLlMOHaﬂbelu UCCJZQOOGCZI’H@JZZ)CKMM mexHuueckuul YHUsepcumem
'Jao;mcxuu YHUsEpCcumeni me)CHOJZOZMu TaueaHb
e-mail: timofeeva@istu.edu, leonova@istu.edu, hopel907@istu.edu, shufen@cyut.edu.tw

PocT ucnosnp3oBaHus CHIPHEBBIX PECYPCOB BO BCEM MHUPE COMPOBOKAAECTCS POCTOM
KOJINYECTBA 00pa3yeMbIX OTXOJO0B, KOTOPHIE MPEICTABISIOT COOOH IOTEHIUAIBHBIC IOTEPU
JUIE OKOHOMHKH IICHHBIX MaTEpUANBHBIX M JHEPreTHUECKUX pecypcoB. Bosieuenue
NEPBUYHBIX MPUPOJHBIX PECYPCOB B IMpolecc MOTPeOJeHUs NPUBOAUT K YCHICHUIO
HEraTUBHOTO BO3JEHCTBUS Ha OKpyxkatoulyro cpeny. I[loatomy 1nenecoo6pasHo s
IPOM3BOJICTBA MCIIOJB30BaTh BTOPUYHBIE PECYPChl, @ HE MEPBUYHOE ChIphE, IMpeBpallaTh
OTXO/[Ibl B IOXO/IBI.

B nHacrosiiiee Bpemsi BeieTcsl akTUBHBIN IMOMCK MaTepHalioB, CHIOCOOHBIX 3(P(PEKTUBHO
U3BJICKATh TSKEJIble METAJIbl U3 3arPSA3HEHHBIX BOJ U UMEIOIIUX HU3KYIO CTOMMOCTb. Ceituac
B MHUpE MPOU3BOJAUTCA W HcHoJib3yeTcs Oosiee 200 pa3nuuHbIX COPOCHTOB, Cpelr KOTOPBIX
NPUMEHEHHE HaxXOAAT Kak IMPHUPOJHBbIE, TaK U HMCKYCCTBEHHBIE, CIEIMAIbHO CO3aHHBIE.
B kauecTBe IpUPOAHBIX COPOESHTOB UCTIONB3YIOT TOP(], ONMUIKH, TPOCTHUK, OCHHOBYIO KOPY,
HIeTyXY I'PEUYrXH, OBCAa U MHOTHE JPYTHe CEIbCKOXO035MCTBEHHBIE OTXO/IbI, a TAK)KE OMOYIIIN,
nojaydeHuole WX HuxX [1-4]. CymiecTByeT MHOTO COOOIIEHHH O CHHTE3€ YIIIEPOIHBIX
MaTepHajioB C HCHOJIb30BAHHWEM MPUPOAHON OMOMacchl B KayecTBE MpPEIIECTBEHHHKA [S5—
7]. B uwactHoct Subramanian et al. paGotan TEXHOJOTHIO TOJYYCHUsS] aKTUBHPOBAHHOTO
yriast U3 OaHaHOBBIX BOJIOKOH [8]. BaH u coaBT. 0000LIMIIM HCCIEIOBaHUS B OO0JIACTH
NPOM3BOJICTBA M NMpHUMEHEHHsT Ouoyrieir u3 orxonoB [9]. Xiaolei Bao u coastopsr [10]
NPEUIOKIIM COCO0 TOMYYEHHUS YIIIEPOAHBIX HAHOKOMIIO3UTOB Ui OYUCTKH BOABI OT
aHTUOMOTHKOB. YacTo B KadyecTBE COPOEHTOB HCIONB3YIOT  IJIMHHUCTBIE MaTepuasbl B
COUETaHHE C OPraHMUYECKUM yrieponaom [11].

B xauectBe (hUTOCOPOEHTOB MPEASIOKEHO HCIOJIB30BAaTh BOJIHBIE PACTEHHS, I'pUObBI
[12,13], KOMIO3UTHBIC CUCTEMBI U3 PACTCHUNH U MUHEpPAIbHBIX copOeHTOB [14-16]. Kaxkaprit
U3 MpeAjaraéMblX MaTepualioB MMEET CBOM HEJIOCTATKHU U MPEUMYIIECTBa.

Haubonee nmepcnekTUBHBI U SKOHOMUYECKU BBITOJHBI COPOEHTHI, U3TOTOBJICHHbBIE U3
BTOPCHIPbs. JlaHHBIE MaTepualbl MO3BOJSIOT pelIaTh Cpas3y JIBe MPOOIEMbl: OUUCTKA BOABI U
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YTHIM3AIUs OTXO0M0B. M3-3a MOCTYMHOCTH M HHU3KOM CTOMMOCTH COpOEHTHI Ha OCHOBE
OTXOJIOB TPHUBJICKAIOT MHOTHX POCCHMCKHX M 3apyOeXHBIX aBTOpPOB. B coBMecTHOM
POCCHIICKOM-TallBaHbCKOM TPOEKTE aBTOPAMH BBIMOJIHSIIOTCS MCCIEIOBAHUS O CO3/IaHHUIO
KOMITO3UTHBIX MaTE€pPHAJIOB HA OCHOBE OTXOJIOB IPOM3BOJICTBA KPEMHHUS M OWUOYIJIS W3
CEJIbCKOXO03MCTBEHHBIX OTXO/IOB.

Lenpro qanHON PabOTHI ABISETCS pa3padOTKa TEXHOJOTUH MOTYyYSHHS KOMIIO3UTHOTO
MOPUCTOIO0 MaTepuajia Ha OCHOBE OHOYIJISl U3 CEJIbCKOXO3SMCTBEHHBIX OTXOJIOB U
CUJIMKATHBIX OTXOJI0B IMTPOU3BOICTBA KPUCTAIUIMYECKOIO KPEMHHUS M U3YUYEHHE UX CBOMCTB.

[Ipemyioxkena MeTOAMKAa OKOMKOBAHHUS MEJIKOKPUCTAIUIMYECKOTO KPEMHUS (OTXObI
ra304rCTKH) U OUMOYTIS W3 CEIhCKOXO3SIMCTBEHHBIX OTXOJIOB C MCIOJIB30BAHUEM >KUIKOTO
creksa. BpIOOp KHAKOTO CTEeKiIa OOYCIOBJICH TEM, 4YTO JaHHOE BEIIECTBO 00JamaeT
BBICOKMMH QJIFT€3MOHHBIMU CBOMCTBAMHU JIi 0Opa30BaHUs MPOYHBIX KOMIIO3UTOB, a TaKKe
M30BITKOM IIEJIOYHM, YTO CHOCOOCTBYET TMPOTEKAHHIO 3K30TEPMHUYECKON peakiuu u
BBIZICJICHUIO Ta3000pa3HOTO BOJOPOJA MPHU JO0ABICHUU MEIKOPPAKIIMOHHOTO KPEMHHS, B
pe3yNbTaTe Yero KOMIIO3UTHBIN MaTepuall IpHOOpeTaeT MOPUCTYIO CTPYKTYPY.

C noMoIip0 ONTUKO-3MUCCHOHHOTO METOJ[a UCCIICIOBAHUS BBISIBIIEHO, UTO OOpa3Ilbl
MIPUTOTOBJICHHBIX COPOEHTOB B OCHOBHOM COCTOSIT KaK M3 MakKpoIlop, TaK M U3 MeE30- U
MUKPOTIOP, Pa3MEPHOCTh KOTOPBIX 3aBUCUT OT COOTHOIIEHHUSI KOMITOHEHTOB.

Haiinenb! ontumaibHble COOTHOIICHHS, M3YYEHBl MEXAaHUYECKHE M COpPOIMOHHBIC
CBOMCTBAa KOMITO3UTHBIX MaTEPHUAJIOB.

Y CTaHOBIEHO, YTO CHJIMKATHBIE OTXOJbl MPOU3BOJCTBA METAIIMYECKOTO KPEMHUS U
OHOYrolib U3 CeIbCKOXO3AWCTBEHHBIX OTXOJOB MOTYT CIYKUTh CBIPEM HJSl  MOJTYYECHUS
KOMIIO3UTHOTO  COpPOIIMOHHOTO  Marepuaina. llomydeHwe KOMIO3WTHOTO  Marepuaia
OCYIIECTBIISIETCSI MIyTE€M OKOMKOBAHHS C KCIIOJb30BAaHHMEM B KadyecTBE J100ABKU KUIKOTO
CTeKa.

OnTuUMalbHBIME ~ YCJIIOBUSMU — TIONydeHUsT 3PQPEKTUBHOTO copOeHTa  SIBISIFOTCS
COOTHOIIIEHNE KOMIOHEHTOB % coorBeTcTBEHHO: 19,09 — Si; 30 — C; 0,01 — xuukoe CTEKIO
(p=1,47).

B kadectBe OCHOBBI [JIsi TIOJNy4€HHS  COPOIIMOHHOTO MaTepuajia BO3MOXKHO
MCIIOJIb30BaHNUE OMOYTOJIb U3 CEIbCKOXO035HCTBEHHBIX OTXO0JI0B, MOJYYSHHBIN 110 TEXHOJIOTHH
ANEKTPOXUMUYECKOTO CUHTE3A.

KoMmo3uTHelif MaTepran MOXXKeT ObITh HCIOJb30BAaH B OYHCTKE BOJABI OT TSHKEIBIX
METaJIOB, B YACTHOCTH MEJIH
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YronbpHas OHEPIreTUKa OTHOCUTCA K UYHCIY  BBICOKOPHUCKOBBIX OTpElCJ'ICfI
MPOMBIINIJICHHOCTH. HammMm — ucciemoBaHUSIMU YCTAHOBJICHO, YTO PpPHUCKHA rubenu
yl"J'IeI[O6BIT'-II/IKOB, SHAYUTECIBbHO IIPEBOCXOAAT yCTaHOBHeHHBIﬁ 3aKOHOJAaTCIIbHO HpI/IeMHeMHﬁ
pUcCK 10_6. OCHOBHBIMU npuinHaMu rubenu u TpaBMaTHU3Ma JIoAeH B IaxTaxX SBIISIOTCS
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YrOJIbHBIE MOXaphl U B3PbIBbI, 00YCIIOBJICHHbIE B MIEPBYIO OUEpelb CAMOBO3TOpPAHUEM. YT
pa3InyarTCs CBOMMH MOXKApOOMAaCHBIMHU CBOMCTBAMU U KapTHHAMH I0’Kapa Kak B HAYaJIbHON
CTaJMH, TAK U B IIPOLIECCE €r0 Pa3BUTHSL.

Lenp Hacrosimielt paOOTHI SIBISUIOCH CO3JaHUE HMHCTPYMEHTa, CIIOCOOHOTO
OTIEPATUBHO U C TpeOyeMOil T0CTOBEPHOCTHIO OMPEEIATh M0KAPOOTIACHBIE CBOWCTBA YTIJIS 110
MpeJICTaBICHHBIM 00pa3iiaM. B kauecTBe Takoro MHCTPYMEHTAa MOKET ObITh HCIIOIb30BaHA
METOJIMKA, TI03BOJISAIONIAs OJJHOBPEMEHHO ONPEENIATh TEMIIEPATypy CaMOBO3TOPaHMsl YIS U
€ro JIMO0OPa3yIOIIYI0 CTIOCOOHOCTD.

B ocHOBY METOMKM OJJHOBPEMEHHOT'O OINpPEAEIEHUs TEMIIEPATypbl CAaMOBO3IOPaHUs
VIJIg ¥ I6IMOOOpPA3yroIIel ClIoCOOHOCTH MOXKET OBITh MCIOJIB30BaHO oOopynoBanue OI'bY
COY O@IIC UII nmo Upkyrckoii obiactu (McTbITaTeNbHAs MOXKapHas Jabopartopus). Jms
orpezieNieHUs] TEMIIEPaTypbl CAMOBO3TOpaHuUs MPEAIOKEHO Hcnoiab30oBaTh npudop OTII. On
MPENICTaBISIET COOOM BEPTUKAIBHYIO JIEKTPOIeYh C ABYMS KOAKCHAIBLHO PACIIOIOKCHHBIMU
HWIMHIPAMH, BBIMOJHEHHBIMU M3 KBaplEBOrO CTEKJIa, MPU ITOM BHYTPEHHHUI LMIUHAP
SBJISICTCSl PEaKIIMOHHON Kamepou. Ha munuHApbl HABUTHI CIMPAIbHBIE AJIEKTPOHArPEBATEIN
o0mieit MomHocThIO 2 KBT, 4To mo3BossieT co3gaBarh Temmneparypy padoueit 3oub1 600°C 3a
Bpemss He Oonee 40 wmuH. Hccnemyembiit obOpaszernr maccoit 3+0,1 r mnomemaercs B
BBIIIOJIHEHHBIA W3 CTaJlbHOM CETKM WIH CTaJIbHOIO JIACTa KOHTEHHEp, KOTOPBIX
YCTaHaBIMBAIOT B JepaTellb U BBOJAUTCSA B peakiHoHHYI kKamepy. Ham mpubopom OTII
YCTaHOBJIEHA BBITSDKKA JUJIS YAAJIEHUSI IPOAYKTOB TEPMUYECKOTO PA3JI0KEHUS HCCIEAYEMOro
oOpa3ua. B peakuuoHHON Kamepe TI€YM PACIONOXKEHBl [JBa TEPMOIICKTPHUUECKUX
npeoOpazoBarens (Tepmornapsl). OIUH U3 HUX CIYXKUT ISl K3MEPEHUsI TeMIIepaTypbl oOpasiia
U PACIONIOKEH TaKUM 00pa3oM, 4YTOOBbl oOOecredyrBaliCs KOHTAaKT C JHOM M CTEHKOM
KOHTEWHEpa, BTOPOM CIYXKHUT MJIS KOHTPOJS M PEryJUpOBaHUS TEMIIEpaTypbl MEUYd WU
pacrosoXKeH BHYTPH PEaKIMOHHON KaMephl.

Brixonpl TepMomap MOJKIIOYEHBI K MPUOOPY M M3MEPEHUsS U PEryJIMpPOBAHUS
temnepatypbl «Tepmonar 13K-5», KOTOpbI NOAKIIOYEH K KOMIBIOTEPY C YCTaHOBJIEHHBIM
nporpaMMHbIM obecrieuenueM. Ilpubop «Tepmomar 13K-5» peanusyer nBe QyHKIUH —
npeoOpaszyeT aHAIOTOBBIN CUTHA TepMoIriap B IIu(POBOH CUTHAT B HE0OX0quMoM GopmaTte u
yIpaBisieT HarpeBaTeabHbIM 1eMeHToM npudopa OTIIL.

[Ipu npoBeneHHHM wHCcIeAOBaHUN OBLT HCHONB30BaH MPOTPAMMHBIN KOMILIEKC,
o0ecreunBaroNi yIpaBiIeHHE YKCIIEPUMEHTAIBFHON YCTAaHOBKOHM MO 3a/IaHHOMY aJTOPUTMY
W TIO3BOJSIONIMI  YCTaHaBIMBATh HEOOXOMUMBbIE TapaMeTphl HarpeBa, MPOBOJUTH
ABTOMATHYECKUM OMPOC 3HAYECHUW H3MEPEHHBIX TEMIEpPaTyp B COOTBETCTBUU C 3aJaHHBIMH
XapaKTepUCTUKAMU, MPOU3BOAUTH MOCTPOCHHE IPpahIKOB M3MEHEHUS UCCIIEAyEeMbIX BEJTUYHH,
COXPaHATh PE3yIbTaThl U3MEPECHUH.

B Harpertyto 10 3aaHHO# TemMmepaTypsl pabouyro KaMepy MOMEIalT UCCIeayeMbIN
oOpa3zerl; eciii caMOBO3TOpaHKEe IPOUCXONT, 3aJJaHHAsl TEMIIepaTypa YMEHbIIAeTCs, B clydae
OTCYTCTBHSI CaMOBO3rOpaHUsl B TE€UEHHE JBAJUATH MHUHYT — MOBBIIIAETCS. Tak, METOJ0M
MOCIIe0BATEIbHBIX MPUOJIKEHUN oTpeIesieTcs MUHHMAaJIbHASI TeMIiepaTypa
CaMOBO3rOpaHUs.

[IpenBaputenbHO Hccaenyemble 00pas3lbl YIS MOJABEPrajud M3MENbYEHUIO HU
(bpaKIIMOHUPOBAHUIO C BBIICTICHUEM YacTHUI[ C pa3MepoM B Amama3oHe oT menee 0,1 MM 110
1 cm. HcmpiTaHus TPOBOIWIIMCH OTACNBHO I pa3uuyHbIX (pakumid. B pabore Oblm
MCCIIeIOBaHbl 00pa3Ilbl YT pa3INdHbIX MapoK MecTopoxkaeHui pkyTckoii obmacTu: Oypbie
yrim A3zeickoro 1 MyryHckoro MectopoxaeHuii Mapku 3bP, kameHnnsle yriu ['010BUHCKOTO
u YepemxoBckoro MecropoxaeHuii mapok P, IKOM, JKOMCII. Kpome omnpenenenus
TEeMITepaTypbl CaMOBO3TOpaHusl o0pa3iia, PUKCUPOBAIH CISAYIOMNE TapaMeTphl: Bpems (0T
HayaJla MUCHBITaHUS) W TEMIEparypy Hadajla aKTHUBHOTO JIBIMOBBIJIEJICHUS, OKOHYAHUS
TILIMOBBIZICTICHUSI, BPEMsSI CaMOBO3TOpaHUs, MOTEPIO MacChl o0Opaslla B XOJ€ HCIBITaHUS.
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Temneparypy neun npu npoBeAeHuu ucnbiTaHui MeHsuin oT 470 no 550 °C, Temneparypa B
naboparopun cocraBiasuia ot 23 no 26 °C. B pesynprare uMcnbITaHUN ObUIM COCTaBJIEHbI
TaOJIMLBI C IOCEKYH/IHOM (huKcanuel TemnepaTyp obpaslia v neuu JUisi pa3inyHbIX (ppakuuii
Y MapoK YIJIEH.

YcraHoBneHo, uto Oypele yriu UMEIOT 0oJiee HU3KYI0 TeMIIepaTrypy
CaMOBO3TOpaHUs, YeM KaMEeHHbIe Yriu. JlpiMooOpasyromas crnocoOHOCTh y OyphIxX yriiei
TaK)Ke 3HAYUTEILHO BBIIIE YeM KaMEHHBIX.

[Ipennoxennas MOJEPHU3ALUS npubopa OTII IIyTEM JIOTIOJTHEH U
U3MEPUTENIbHON KaMepol ¢ KOMIUIEKTOM O0OpYIOBaHMs IJi OIpeleieHHs] KOHIICHTpAIuu
aeiMa  (poToMeTpuyeckas CHUCTeMa,  HCIONb3yeMas B YCTaHOBKE «JlpIM») TO3BOJISET
MOJIlyyaTh ONEpAaTUBHBIE JIAaHHBIE 110 IMOKAPOOMACHBIM  XapaKTePUCTHKaM YyIiid H
Npeaynpex1aTh aBApUIHBIC CUTYAIIUH IIPH JOOBIYE YIS U TPAHCTIOPTUPOBKE YTJIS.

[lonydyeHHble KOMIUIEKCHBIE JIaHHBIE MOTYT TIO3BOJIUTH  CO3/aTh  TOYHBIE
XapaKTEPUCTHUECKUE TMOPTPEThl PA3MUYHBIX OOpa3LOB YIS M, BIOCIEACTBHH, IIOCIE
CO3JaHMSI U TOMOJTHEHHs 0a3bl JAaHHBIX TAaKUX MOPTPETOB MO MAKCHUMAIBHO BO3MOXKHOMY
KOJIMYECTBY YIJIEH, CTaTh HAJEKHBIM WHCTPYMEHTOM ISl HMIACHTU(UKAUU 0O0pasloB M
OTIpe/ieNIeHUs CTETIeHH UX MOKapHOM OMAcHOCTH.
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Search for the main sources of losses in the blast smelting process of lead production
D. Tolepbergenov, M. Sadenova
D. Serikbayev East Kazakhstan State Technical University
e-mail: msadenova@ektu.kz

Strategic direction in the development of metallurgy is to increase labor productivity,
the integrated use of raw materials, the extraction of valuable components and the
improvement of product quality. One of the main steps to achieve the objectives of the lead
production is the processing of lead-containing industrial products and additional recovery of
valuable components. Improving this process will increase the processing efficiency of
concentrates, increasing the efficiency of metal recovery.

Many researchers have devoted their time to solving similar problems. A list of works
of researchers was reviewed. In 1993 they developed a method for processing low-quality
lead-containing materials. By improving the processing of lead materials, the extraction of
related components with a minimum specific yield of process gases, low energy costs. In
2002 other researchers developed a method for processing lead waste containing precious and
rare metals. The result of this method was lead bullion and a concentrate of rare metals, from
which noble and rare metals can be extracted.

The aim of the work is to analyse the flowsheet of the pyro-metallurgical processing of
lead-containing poly-metallic ores, in order to identify the main patterns and factors that can
have a significant impact on the optimisation of the existing technology, allowing increasing
the resource efficiency by integrated use of the raw materials.

It is expected to increase efficiency and productivity of the smelting process and to
increase lead output by reducing losses.

Biusinue MUHEpPaJIbHBIX HCTOYHUKOB HA (D)OPMUPOBaHUE MOYB
B npearopnse Bocrounbix Casin (BypsaTus)
M.A. TyrapHHal, O.I. JlomaroBckas®
1Hp7<ymcz<u11 HAYUOHAIbHBIL UCCIe008aMENbCKULL MEXHUYECKULl YHUBepCUmem
Upxymcekui cocyoapcmeennwiii ynugepcumem um. A.A. Koanosa
e-mail: tugarina_ma@mail.ru

Bonpocel reonornueckoi JesATENIBHOCTH MOA3EMHBIX BOJ M3Y4alrOTCS B Pa3IM4YHBIX
acIeKTax HayK o 3emJIe ¥ HEpeIKO KacaroTcs MPOLECCOB B3aUMOJICHCTBHS B CUCTEME «BOJA —
ropHasi mopojia — ra3 — opranuyeckoe Bemectso» [2, 3, 9, 10]. Hapsaay ¢ popmupoBanuem
XMMHYECKOTO M Ta30BOT0 COCTaBa MUHEPAIBHBIX BOJ B YCJIOBMSIX T'€OJIOTMUECKOH Cpenbl
00JbIION MPAaKTUYECKUN MHTEPEC MPEACTaBISET MCCIEI0BaHNE BIMSHUS MMOA3EMHBIX BOJ HA
(dbopMHpOBaHUE COCTaBa MOYBEHHOT'O MTOKPOBA.

IlouBbl B 30HE BIMSHUSA MHHEPAIbHBIX MCTOUYHMKOB Bocrounbix CasH ocTaroTcs
MaJIOM3Y4E€HHBIMH, XOTs ApiiaHckue uctouHuku u3BecTHel ¢ XVII B. IlepBbie opunuanbabie
CBE/IEHUS 0 HHMX ObUIM omyOnukoBaHbl B 1894 r. B mocneayromue rofsl 3TH UCTOYHHUKH
u3ydaauch MHorumu aBtopamu. Tak, B 1965 r. B.II. MapTeiHOBEIM ObUIH OMYyOJIMKOBAHbI
pe3yNbTaThl JI€TANbHBIX HCCIEAOBaHUN TOpHBIX MOoYB Bocrounbix CasiH, HO CBENEHUS O
noyBax, GOPMHUPYIOLIUXCS OKOJIO HCTOYHUKOB, B HUX OTCYTCTBYIOT.

[TockonbKy moa3eMHBIE BOJbI, B TOM YHCIE W MHHEPAIbHbIE, SBJISSACH YacTbIO
reOXMMUYECKOro JaHamadra, UrparT poib U JaHamadToodpasyoomero Gpakropa, ocoOblid
MHTEPEC NPEACTABIAIOT CBEACHMUS O IOYBAX, HAXOSAIIMXCS IOJA BIMSHUEM MHHEPAIbHBIX
HCTOYHUKOB.

Llenpto mpencTaBieHHONM pabOTHI SBIAETCS HCCIENOBaHWE W aHAIU3 (PaKTOpoB
dbopMUpOBaHUS TMOYB U MPOLECCOB MHUIPAIMM BOJIOPACTBOPHUMBIX BEIIECTB B MOYBaX Ha
Y4aCTKax pa3rpy3ky MUHEPAJIBHBIX BOJ NpearopHoi yactu Boctounsix CasH.

95



OObEeKTOM HcCClIeIOBaHUS SBISAJIACh TEPPUTOPHUS, HAXOIAMIasiCsl B IOKHOM dYacTu
Baiikanbckoii pudToBoii 30HbI Ha TpanuLie TyYHKUHCKON pu(TOBOM TOTUHBI M 00PaMIISIOIETO
¢ ceBepa BocTouno-CassHCKOTO TOpHOTO MaccuBa ¢ abcomoTHbIME oTMeTKamMu 2000—-3200 m.

YcraHoBneHo, 4to B npearopbsix Boctounsix CasH B 30HE BIMSHHUS MUHEPATbHBIX
HUCTOYHUKOB (OPMUPYIOTCS CBOEOOpa3HbIC MOYBHI, OCOOCHHOCTH KOTOPBIX MEHSIFOTCS IPHU
yaaJeHU HX OT MCTOYHHMKA W 3aBUCAT OT JAHAMA(THBIX YCIOBUM YydacTKa BbIXOJa
MUHEPAIBHBIX BOJ U UX THJIPOXUMHUECKHX ITOKa3aTeeH.

[TouBer oxono rpudonoB u Ha paccrossuuu 0, 5 m 20 M B Oonpliei creneHH
MOJBEPKEHbl BIUAHUIO MHUHEPAJIbHON BOABI, 4eM ynaineHHsie Ha 50 u 200 M. B mepBom
cllyuae OHM OOBIYHO THUIAPOMOP(HBI, MaJOMOIIHBI, MIEOHUCTHI M (OPMHUPYIOTCS Ha
TpaBepTUHAX, MOIIHOCTBIO 10 1,5-2 M, U MOTYT OBITb OTHECEHBI K THIIy IMETPO3EMOB U
KapOOHATU3MPOBAaHHBIX MeTpo3eMoB. Ha paccrosnum 50 u OGosee METpOB BIMSHHE Ha
OYBOOOpa30BaHME OKA3bIBACT JIECHAS PACTUTENBHOCTh. OTH MOYBBI MOXKHO OTHECTH K
Oypo3eMam.

CoctaB BOAHON BBHITSOKKM W3 TI0YB OKOJO HWCTOYHMKA B OOJNBIIEH CTENeHH
COOTBETCTBYET THIPOXMMHUYECKOMY COCTaBY BOJIbI, YeM MOuYBOOOpazywomum mnopoaam. Ilo
3HaueHu0 pH MoYBBI M3MEHSIOTCA OT CHAO0OKHCIBIX 110 IIENOYHBIX. BepxHue TOpHU30HTHI
KapOOHATU3UPOBAHHBIX IETPO3EMOB OKOJO HCTOYHHKOB (0—5 M) meperHoiHsie, Ha
paccrosinuu 20 M — MeHee T'yMyCHUpOBaHHbIe, 4eM y Oypo3emoB Ha pacctosHuu 50 u Oornee
meTpoB. Conepxkanue conedt uzmensiercss ot 0,04 no 0,26 %. HecmoTpsi Ha MOBBILIEHHYIO
MUHEpAIN3aUI0 BOJI UCTOYHHUKOB (10 2,4 T/11), TOYBBI BOKPYT HCTOYHUKOB HE 3aCOJICHBI, YTO
OOBSCHICTCS UX XOPOIICH APEHUPOBAHHOCTHIO M O0abmuM (70 500—600 MM) KOIUYECTBOM
aTMoc(hepHBIX 0CaIKOB.

I/Icc.ﬂeszaHne MaTepHua/JioB HA OCHOBE aJI]0M060p0CI/IJII/IKaTHI>IX 0TX010B
C.B. ®enoposa
Hpkymckutl HayuoHanbHuIL UCCIe008aMENbCKULL MEXHUYECKUL YHUBepCUmem
e-mail: fsta65@yandex.ru

LleHHBIE TEXHUYECKUE CBOMCTBA CIIOABI M3JaBHA IPHUBJIEKAIM BHUMaHHUE JIIOACH K
TOMY MHUHEepally. B HacTosee BpeMs CiIoAy IMIHMPOKO KCIOJIB3YIOT B PA3IMUHBIX OTPACixX
IIPOMBIIIJIEHHOCTH W B TEPBYI0 O4YepeAb B DJJIEKTPOTEXHUUYECKOH, pPaguOTEXHUYECKOH,
JAaKOKPAaCOYHOH mpoMblnuieHHOocTH. HambGonbliee nmpuMeHEeHHE B COBPEMEHHOM TEXHHKE
NOJYyYMIH JIB€ PA3HOBUJIHOCTH CIIOABI: MYCKOBUT U Quoronut. Ho, kpome »3THX
Pa3sHOBUIHOCTEH, B MPOMBIIIJICHHOCTH HCIOJIB3YIOT BEPMUKYIUT, JEMUIOIUT U OHOTHT.
Hapsiny ¢ tem, uro ciroga sIBIsS€TCS OJAHUM M3 JIYUIIMX JAWAJIEKTPUKOB, OHa o0iagaer u
TaKMMH CBOMCTBAaMH, KOTOPBIX HET y JIPYI'MX IUAJIEKTPUKOB, KAaK BBICOKAs DJIEKTpUYECKas
IIPOYHOCTh, HArpeBOCTOMKOCTb, XMMHUYECKas CTOMKOCTb, BJIArOCTOMKOCTb, MEXaHUYECKas
IPOYHOCTh U THOKOCTh. DTO OTHOCHUTCS TIJIaBHBIM OOpa3oM K MYCKOBHUTY U (DJIOTONMTY,
KOTOPBIH SBJISIOTCA HE3aMEHUMBIMU 3JIEKTPOU30JIILIMOHHBIMU MaTEpUaIaMH.

Lenbto pa®oOTHI ABIAJIOCH CO3JaHHE TEXHOJOTHUHU IO YTHJIM3ALUKM MPOMBIIIIEHHBIX
Oo0OramieHHbIX CIII0JA M OTXOJ0B cTekia. OCHOBHBIMU 33JadyaMH, pELIaeMbIMHU B
WCCJIEOBAHUM SIBJSUIMCH: ONTHMM3ALMUSA TEXHOJIOTMYECKUX IMPOLECCOB  IMPOUCXOIALINX B
pe3ysbTaTe B3aUMOJCHCTBHUS CIIOABI CO CTEKJIOO0pa3HBIM CBS3YIOIIMM B TEXHOJOTUHU
IIPOU3BOJICTBA HarpeBaTee.

B pabore mnpencTBieHbl pe3yabTaThl H3YYEHHUS XapaKTEPUCTHUK KOMIO3HTHBIX
MaTepuajoB Ha OCHOBE OTXOJ0B. MeTroioM TepMmorpaduu yCTaHOBIEHBI TEMIIEpPATypHbIE
001acTH BBIXOAA Ta3000pa3HBIX MPOAYKTOB, TAKHX, KaK YAaJeHHE KalMUISIPHOW BOJIBI,
MIPOLIECCOB JIETUApATallii, JeKapOOHM3alMKW M WHTEpBajla MHKOHTPYIHTHOIO IUIaBJIECHUS,
COOTBETCTBYIOILIETO  MOJIMMOPGHOMY  MPEBPALIEHUIO  SHAHTHOTPOIIHOTO  XapakTepa
00pa30BaHUsI MHUKAJEKCOBOM Macchl Ha OCHOBE CIIOJBl M CTEKJIa HOBOTO XMMHUYECKOTO
coctaBa. C MOMOIIBIO PEHTIEHO(PA30BOTr0 aHAIN3a B ITOJIyYEHHON KOMITO3ULIMH CIII0]1a-CTEKIIO
3aperucTpUpOBaHbl O0pa30BaHMs HOBBIX COCIMHEHWH: KaJHEeBOTroO INMaTa, CHIIMMAHUTA,
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MYJJTUTA, JTUCTEHA, Takke (QUKCHPYIOTCA JaBa monuThma myckoButa 2Mi m 3T, uyto
NPOMCXOMUT 32 CUeT HMHKOHTPYIHTHOro IuiaBieHus. HK-cnekTpockomnueil oOHapyxeHa
obsacte u3oMopdHOro 3amemeHus Si — Ha Al B Terpadapuyeckoil MO3UIUH U
3aperucTpupoBaHa mnojgoca ¢ Makcumymom 720 em b, xapakrtepHas s cBszu Al-O , umMeHHO
B 00JaCTH C JJaHHBIM MaKCUMYMOM IPOUCXOJUT 3aPOKICHHE HOBBIX KPUCTAJUIMYECKUX (a3
MeX1y aMOP(PHBIM U KPUCTAIUTMUECKUM TEIaMU

PanuonanbHoOe HCNO0JIb30BaHME CIKOASTHOTO CHIPhSl — MPUOPHUTETHAS 3a7a4a
ropaoaoobiBaromei orpacian Upkyrckoii odjactu
B. ®equnimmn
HUpxymcekutl HayuoHanbHblll UCCIe008aMeENbCKULL MEeXHUYeCKULl YHUgepcumem
e-mail: Fedchishin@istu.edu

Cmona — OAMH U3 caMbIX paclpOCTPaHEHHBIX MHHEPAIOB, HUCHOJIb3YEMbIX B
Pa3IUYHBIX OTpacisX MpoMblluieHHOCTH. MpkyTckas obnacTe pacrosnaraeT OoNbIINMU
3aracaMu BBICOKOKQUeCTBEHHOH cmroabl. Haumbonblee npuMeHEHHE TMOTYYHIM CIFOJIBI
MYCKOBHT U (hiioronut. B meproj akTUBHOTO MCMOJIb30BAHUS CIIOJITHOTO ChIPhsS OCHOBHBIM
IPUMEHEHHEM OBLJIO €ro HCIOJb30BaHUE B KAayE€CTBE AIEKTPOU3OJISILIMOHHOTO Marepuaa.
B HacTosiiee BpeMs MHOTHE CIIOJASHBIE MECTOPOXKICHUS MPUHUCKH 3aKOHCEPBHUPOBAHBI,
3aKpBITHl (haOpUKU 1O TepepaboTKe CIIOJSHOTO ChIpbs. Bonblioe KoamuecTBO JOOBITON
CJIIOJIBI OCTAJIOCh HEBOCTPEOOBAHHOW, HAKOIUICHBI PYJHHYHBIC OTBAJIBI 3a00HHOTO CHIpLA U
OTXO0JI0B Npou3BoacTBa. Hannuue 3tux (hakTopoB yXy/lIaeT SKOJOTHYEeCKYyI0 OOCTaHOBKY Ha
npuieralomux tepputopusx. Cienyer oTMeTUTh, YTO HEBOCTpeOOBaHHAs, paHee NOObITast
CJIIO/Ia, OTBAJIbI, a TAKXKE OTXObI CIIOJITHOTO MPOU3BOICTBA MOTYT OBITh MCIIONB30BAHbI JIJIS
MOJTyYeHUs] KaYECTBEHHON MPOIYKIIUH.

Jljis yenemrHoro Bo300HOBIICHHS paOOTHI CITIOJITHOM OTPACTH, KOTOpasi ObUIa OJTHOHM U3
Beayumx B Hpkyrckoit  obmactu, HeoOXOIMMO  paccMOTpeTh  allbTepHATHUBHBIE,
HETpaJUIMOHHbIE HAIIPaBJICHUs UCIIOIb30BaHMs CIt0Jbl. B nanHO paboTe paccMaTpuBaroTCst
BO3MOXXHOCTH M TPUBOMASATCS pe3yNbTaThl MO pa3pabOTKE TEXHOJOTUU MPUTOTOBIECHUS
KOMITO3UI[MOHHBIX MAaT€pHaJIOB Ha OCHOBE CIIIOABI U OTXOJI0B ITPOU3BOJICTBA ¢ KOMIUIEKCHBIM
UCIIOJIb30BaHUEM Jpyrux MuHepasnoB HWpkyrckoit oOnactu. IlepcnexkTuBHON 007aCThIO
UCITIOJIb30BAaHUS CIIIOJIbl SIBJISIETCSl YTHJIM3ALUS PAJMOAKTHUBHBIX OTXOJOB C pa3paboTKon
HOBBIX DPaJUAllMOHHO-CTOMKHX MAaTEpHUaJOB Ha €€ OCHOBE, a TaKXE HCIOJIb30BaHUE
MEJIKOpa3MEpPHBIX (PpaKIUil CIIOAbl B CTPOUTEIBHOM HHAYCTPUU. XOpOIIUE PEe3yIbTaThbl
NOJy4eHbl MO 00e33apakMBaHUIO0 BOJABI C TOMOIIBIO CIIOJIbI, B OCOOCHHOCTH OT He(pTU U
paavallMOHHBIX HYKJIUIOB.

IIpuBeneHHbIE pe3ynbTaThl UCCIECIOBAHUN ONPENEISIIOT NEPCIIEKTUBHBIE HAIPABICHUS
UCIIOJIb30BAaHUS CIIOASIHOTO CBHIPhS, CIIOCOOCTBYIOIIME BO3POXKAECHUIO CIOASHON OTpacTH B
Poccun u, B yactHoctH, B MpKyTCcKoil 0051aCTH, MO3BOJIIOT CHU3UTh HETaTUBHOE BIUSHUE
BPEIHBIX BELIECTB HAa OKPYXKAIOIIYI CpPENy, PELIUTh SKOHOMHYECKHE U 3KOJOTMYECKUE
ACMEKThl KOMIIJIEKCHOTO

IIpo6s1eMBbI paliHOHAJIBLHOT0 NPUPOIOIOJIH30BAHUS HA MOPCKUX NMO0EPeKbAX NPH
AajibHeleM MoBbIlIeHMU YPOBHA MHPOBOro okeana
A.B. Xononmes™?, C.A. Ho,uHopHH2
YCesacmononvcroe omoenenue ®IBY «I ocyoapcmeeHublll OKeanoepaguueckull
uncmumym umenu H.H. 3y606a»
2@I'BYBO «Cesacmononsckuii 20CY0apCcmeeHHbIll YHUGepCUmen »

e-mail: kholoptsev@mail.ru, s.a.podporin@gmail.com
3HaunTeIbHAd  YacThb MMPUPOAHBIX  PECYPCOB, HOTpCGJ'IHeMBIX YCJIIOBCUYCCTBOM,

JIOKaJM30BaHa Ha MoOepexbsix MHUpoBOro oOKeaHa M B €ro NpUOPEKHBIX paloHax.
B coBpemenHOM nepuoze cpeHuil ypoBeHb MUpOBOro okeaHa nossiaercs [ 1], 4ro npuBoguT
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K 3aTOIJICHUIO0 HEKOTOPBIX YYaCTKOB €ro MOOEpek Uil U CYLIECTBEHHO OCJIOKHSET OCBOCHHUE UX
pecypcoB. [ToaTomy akTyanbHON TPOOIEMOI pallMOHATBHOTO MPUPOIOTIONH30BAHUS SBISICTCS
pa3paboTKa Mep, HAIIPABJIEHHBIX Ha IPUOCTAHOBKY JAHHOT'O IpoLiecca.

HauOonpmmii MHTEpec peleHre paccMaTpuBaeMOM NpoOJIeMbl MPEACTaBISAECT JJis
CTpaH, 00JIaIal0NINX 3HAYUTEIBHON MPOTSHKEHHOCTHIO CBOMX MOPCKHX MOOEpEXUid, OJJHON U3
KOTOpBIX siBseTcs Poccust.

[IpoTsxeHHOCTH MOPCKUX MOOepexkuil Poccuu cToNb Benuka, YTO OCYIIECTBUTH Ha
BCEX MX YYaCTKaX OJHOBPEMEHHOE CTPOMTENIBCTBO 3alUTHBIX COOPYXKEHUH, KOTOpBIE
CHOCOOHBI MpPENOTBPAaTUTh HX 3aToIIeHHWe, HepeanbHo. CleoBaTeNbHO, OAHOM U3
BOXHEHIIMX TMPOOJIEM pPALMOHATIBHOTO TPHUPOJIONOIB30BAaHUS HAa MOPCKUX MOOEPexbsX
Poccun siBisieTcs BBIABIEHHE MX YYacTKOB, IIE€ 3KOJOTMYECKHUE UM DKOHOMUYECKUE DPHUCKH,
0OyCIJIOBJICHHBIE IIOBBIIICHUEM YPOBHEW NPUOPEKHBIX aKBaTOpUN, MAaKCUMaJlbHbl U B
OnmmkaieM OyayIieM MOTYT YBEIUYHBATHCS.

OnHoil w3  Hambojee CyYIIECTBEHHBIX IPUYMH IIOBBIICHUS CPEAHEr0 YpPOBHS
MupoBOro OkeaHa SBISIOTCS IPOUCXONSINME IEPEMEHbl KIMMaTa, KOTOpBIE BIIMSIOT Ha
U3MEHEHUs TEIUIOBBIX W BOJHBIX OalaHCOB PA3JIMYHBIX €r0 PErvoHOB, a TakXke oOIien
HUPKYJSIUU 3eMHOM atMocdepsl [2, 3].

Knmumarndeckue pakTopsl ©I3MEHEHUI YPOBHS BOJHBIX OOBEKTOB JIEHCTBYIOT Ha (OHE
MHOTUX APYTHX IPOLIECCOB, KOTOPBIE «MAaCKUPYIOT» BBbI3bIBAEMbIE MMM OTKJIMKH. Tem He
MEHee, JOIMYCTUMBIM SBIISCTCS MPEINOJIOKEHHE, COTIACHO KOTOPOMY Ha NPUOPEKHBIX
aKBaTOpUAX MoOper y mobepexuit Poccum CylecTBYIOT yYacTKH, TJI€ MEXIOJOBBIE H
CE30HHBIE M3MEHEHUS UX YPOBHS M IOBEPXHOCTHBIX TeMIepaTyp MexIy co0oil 3HauMMo
CTaTUCTUYECKH CBS3aHBI, @ TAK)KE€ YYaCTKH, IJE€ CBA3M MEXIYy HHMMHU 3HAa4MMbIMH HE
ABIIIOTCA.

BesBiieHHEe y4acTKOB NpPUOPEKHBIX aKBATOPHM, Ha KOTOPHIX MEXIY BapHaLUAMHU
YPOBHSL U NOBEPXHOCTHBIX TEMIIEPATyp CYIIECTBYET 3HaUMMasi KOppeslus, 10Ka3ajao Obl,
I7le UMEHHO, NpH JajlbHEHIIEM NOTEIUIEHUU KiIuMaTta, Oy/JeT MOBBIAThCS YPOBEHb, a TAKXKE
pa3paboTaTh pallMOHAIBHYIO CTPATETHIO UX 3alLUThl OT 3aTOIJIEHHUS.

BenencrBue 3TOro OCylIeCTBICEHHE IPOBEPKHM BBIIBHHYTOM THIOTE3bI, & TaKXKe
HaXO0XJIECHNE TaKHUX YYacTKOB IPEICTABIAECT HEMaJbli TEOPETHMUECKUMH M IPaKTUYECKHUU
HHTEpEC.

Ienbrto naHHO# paboTHI SIBIIETCS MPOBEPKA a/leKBATHOCTH BBIABUHYTOM THMIIOTE3bI, a
TaKk)Ke BBIABICHHE YYacTKOB TNPUOPEXHBIX akBaTopuii Mopelt Poccum, [uist KOTOpPBIX
CTATUCTUYECKUE CBSI3M MEXroJoBeiXx m3MeHeHuin ux CMYBII, a taxke Bapuanuii ux TIIO,
ABIIIOTCS 3HAYUMBIMH.

Tak kak W3MEHEHHs ypOBHEH M TemIepaTyp Ha MHOTMX NPUOPEKHBIX ydacTKax
MOPCKHMX aKBAaTOPHM 3HAUYMMO CBSI3aHBI C BapHALUSAMM COCTOSHHUH 3THX K€ IIPOLIECCOB Ha
JPYTUX ydacTKaX MX aKBaTOPHUH, /Uil AOCTHXKEHMs yKa3aHHOM IeTd HeOOXOJUMO HM3y4YHThb
CTaTUCTUYECKHE CBSI3M MEXKTOJ0BBIX N3MEHEHUH JaHHBIX ITOKA3aTENeN A1 BCEX YYAaCTKOB MX
BOJHBIX ITOBEPXHOCTEH, KOTOPBIE COOTBETCTBYIOT Pa3INYHBIM MECSLAM.

Kak ncrounuk nadopmanuu o npocTpaHCTBEHHO-BPEMEHHON M3MEHYMBOCTH YPOBHEMN
U TOBEPXHOCTHBIX TEMIIEpPATyp Ha aKBAaTOPHUSAX H3y4aeMbIX MOpeW H30paHbl pe3ysbTaThl
rnobanbHoro peananmza ICDC (Integrated Climate Data Center). YnoMsHyTbhI peaHanu3
COJICPKUT CBEACHHUS O CPEIHEMECSYHBIX 3HAUCHUSAX JAHHBIX ITOKa3aTelled BCEX YYacCTKOB
aKBaTOpuu MMPOBOIO OKEaHa, PaCIOJIOKEHHBIX B Yy3JIaX KOOPAMHATHOW CETKU C IIAaroM
13x13 kwm, nns nepuoga 1979-2017 rr. [4].

Jlis  mpoBepKH aJeKBAaTHOCTH HWHGOpMalUHM, NPEACTABICHHON B YKa3aHHOM
peaHanuse, ero pe3yabTaThl COIIOCTABIIEHBI C AaHAJIOTUYHBIMU IaHHBIMH, IPEICTaBICHHBIMU B
peananuze AVISO, a Takke JaHHBIMU Ha3eMHbBIX HAOJIIOACHUN Ha MOOEPEXKbIX M3ydaeMbIX
MOpEeH, KOTOpele modydeHbl u3 [5]. Ilpm 3TOM OIEHHWBAIMCH HMX CHCTEMATHYECKHE,
abCOJIIOTHBIE MOTPEUIHOCTH HAa TOM HJIM WHOM YYacTKE aKBAaTOPHH, a TaKXKe MPUMEHSUICS
KOPPEJSIMOHHBIN aHanu3 U Kputepuil CrTbhiojieHTa. DTO COINOCTAaBJICHHUE MOATBEPAMIIO
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JIOMyCTUMOCTh TipuMeHeHus: peananusza ICDC B manHOl paboTe B KadecTBE HCTOYHHKA
(daxTHUecKoro MaTepuaa.

[Ipu oneHKe 3HAYMMOCTH CTaTUCTUYECKUX CBA3EH MEKroAoBbIX u3MeHennii CMYBII
u TIIO pa3nuyHBIX Y4YacTKOB aKBaTOPH pacCMaTpUBAEMbIX MOpEH, COOTBETCTBYIOIIUX
KOKJIOMY MECAILly TakKe NPUMEHEH METOJ KOPPEJALMOHHOIO aHalhu3a W KpUTepui
CThIOEHTA.

ConocraBisiiChb BPEMEHHBIE PAJbl M3Y4a€MbIX IPOLECCOB, KOTOPBIE OIKCHIBAIOT
CHHXPOHHBIE M3MEHEHHUsI UX COCTOSHMH. Bo Bcex paccMaTpuBaeMbIX BPEMEHHBIX psIax,
BBISIBJICHBI M CKOMIIEHCUPOBAHBI JIMHEWHBIE TPEHJbI, NAapaMeTpbl KOTOPBIX OLEHEHBI IO
METO/y HAUMEHBIIIUX KBaJIPaTOB.

[Ipeanonaraiock, YTO MHHUMAJIbHO JOMYCTUMBIA  YPOBEHb JIOCTOBEPHOCTH
CTaTHCTUYECKOTO BBHIBOJA O 3HAYMMOCTH CBSI3M MEXKIY paccMaTpuBacMbIMU psiamu — 95 %.
Tem He MeHee, MOpPOroBbIE 3HAYEHUS KO3(duIMEeHTa KOppeNLUuu COMOCTaBIIEMbIX
BPEMEHHBIX PSI0B ONPEIEIECHBI U U1l YPOBHS JOCTOBEPHOCTH ATOTO BbIBOJAA M 99 %. Takue
3HAYCHHS OLICHEHBI C yYETOM YHUCIIAa CTENCHEHW UX CBOOO/IBI.

Pe3ynbTaTtel KOppENALIMOHHOTO aHalu3a OTOOpa)XalluCh HAa KOHTYPHBIX KapTax
COOTBETCTBYIOIIMX MOPEH C MPUMEHEHUEM METO/1a TpUaHryisiuuu Jlemnone.

JlJis Kakaoro Mopsi, pacrlojOoKEHHOro y moOepexuid Poccwm, W Kakgoro mecsia
OIICHEHA 3HAYMMOCTh CTAaTUCTUYECKUX CBA3EH MEXIOJOBBIX HM3MEHEHUH YpPOBHS KaXKI0IO
y4acTKa COOTBETCTBYIOIIMX aKBaTOpuid, pazmepamu 13x13 kM, a Takke €ro MmoBEPXHOCTHBIX
TEMIIEPATYP.

VY CTaHOBIEHO, UTO CTATUCTUYECKHUE CBA3U JAHHBIX MPOLECCOB SBISAIOTCS 3HAUUMbIMU
JUTsl TITyOOKOBOAHBIX paiioHOB YepHoro, bantuiickoro nu bepunroBa Mopeil Tuis B B 3UMHE-
BECEHHHUE MecAlbl. BoIsiBIeHHbIE 0COOCHHOCTH CE30HHOM M3MEHYUBOCTH CHIIBI CBSI3U MEXIY
M3MEHEHUSIMA YPOBHS U IOBEPXHOCTHBIX TEMIEPATYP YKa3aHHBIX MOpPEU COOTBETCTBYIOT
COBPEMEHHBIM TPEJICTABICHUSIM O CE30HHBIX HM3MCHCHHSX TIIYOWHBI HIDKHEH TPAHHIBI WX
BEPXHEr0 KBa3WOJHOPOAHOTO cios. YeM oHa Oomblie, TeM TOJIE BOAHBINA CIIOH, CpemHsis
TEMIEpaTypa U IUIOTHOCTb KOTOPOTO HM3MEHSETCS CHUHXPOHHO C TEMIIepaTypod BOJHOMN
MOBEPXHOCTHU U OOJIBIIIE CKOPOCTh TOBBIIICHUS YPOBHS MPU MOTEIJICHUU KIIMMATa.

B netHe-ocenHue MecAlbl TAKME CBA3U 3HAUMMBI JHIIb 711 OXOTCKOrO MOpS, a TaKkKe
HEKOTOPBIX NPUOPEKHBIX PalOHOB APKTUYECKHMX MOpEH, KOTOpbIE B aBrYCT€ CEHTAOpe
0CBOOOXKJIAIOTCSI OT JIEIOBOI'O TIOKPOBA.

B A30BckoM MOpe M Ha MENKOBOJHBIX MPUOPEKHBIX y4aCTKaX aKBATOPUN MPOUYHX
HEapKTHUYECKUX MOpPEH IIaBHBIM (PaKTOPOM PUCKOB, CBA3aHHBIX ¢ MoBblieHueM nx CMYBII
SBJISIETCS] aKTUBHU3aLlMs Ha HUX BETPOB, BHI3BIBAIOLIUX CTOHHO-HArOHHBIE MPOIECCHI.

Takum o00pa3om, TOJy4YeHHBIE pE3YJIbTATHI MOATBEPKIAIOT  aJIEKBAaTHOCTh
BBIIBUHYTOW THUIOTE3bl M yKa3bIBAIOT y4yacTKW mobepexuil Poccum, riae mpu ganbHeHIem
MOTETJICHUH KJIUMaTa OyAeT MPOUCXOIUTh MOBHIIIEHNE YPOBHS MPUOPEKHBIX aKBATOPHUH.

[lenecooOpa3HOCTh U NMPHUOPUTETHOCTh CTPOUTEIHCTBA 3ALIUTHBIX COOPYKEHUH Ha
BBISIBJICHHBIX YYacTKaX MOPCKHUX MOOEpexHil onpenenseTcss BEPOSATHBIM YIIEpOOM MpU UX
3aroruieHud. IloaTomy oleHka 3Toro ymepba Takke SBISETCS aKTyalbHOW MpoOsieMoit
paloHaIbHOIO MPHUPOIONOIB30BaHUSl HAa MOpCKuX Mobepexbsix Poccun. Pasmepsl storo
yiiepba 3aBHCAT HE TOJBKO OT HACEJICHHOCTH K BOBJICUYEHHOCTH B XO3SMCTBEHHYIO
JESTENIbHOCTh YYaCTKOB, KOTOPhIE MOTYT OBITh 3aTOIJIEHBI, HO U OT TeOMOP(}OIOrHUecKUx
XapakTepucTUK wux OeperoB. [lpum mpouux paBHBIX YCIOBUSX TMOMOOHBIE yIIEpObI
MaKCHUMaJbHBI Ui Y9aCTKOB MOOEPEXHid, KOTOPBIC PACIIONOKEHBI HA OJIOKaX 3€MHOU KOPBI,
UCHBITHIBAIONINX TpaHcrpeccuto. OHU Bcerja MOBBIIIEHb HAa y4yacTKax OeperoB, KOTOpPbIE
OTHOCSITCS K a0pa3sHOHHOMY, aKKYMYIISITUBHOMY U a0pa3uOHHO-aKKyMYIATUBHOMY TUIly [17],
€CJIM COOTBETCTBYIOIME MPHOPEKHBIE TEPPUTOPHH SBIIFOTCS HU3MEHHOCTSIMH C BEChbMa
HE3HAYUTEIbHBIMU YKIIOHAMH MX TTOBEPXHOCTH.

Cnucok aureparypsl

1. Morner N.-A. Sea level is not rising // Science and Public Police Institute Reprint
Series. Dec.6, 2012. 26 p.

99



2. Nerem R.S., Beckley D.D., Fasullo J.T. Climate-change driven accelerated sea —
level rise detected in the altimeter era // Proceedings of the National Academy of Sciences
2018. 115 (9). pp. 2022-2025.

3. Climate Change 2013: The Physical Science Basis [Dnexkrponnsriii pecypc]. URL:
https://www.ipcc.ch/report/ar5/wgl/ (nata oopamenus: 28.05.2019).

4. H. Zuo, M.A. Balmaseda, E. de Boisseson, A generic ensemble generation sheme
for data assimilation and ocean analysis. Research Department. November 2017
[Dnexrponnsiii pecype]. URL: 1783-generic ensemble generation sheme for data assimilation
and ocean analysis- Adobe Reader (nara oopamienuns: 28.05.2019).

5. JlaHHble HaOMIOJCHUN 3a ypoBHeM Moped y moOepexuir Poccun. Matepuasl
rocynapctBernoii cucremsl ECUMO [Dnekrponnsiii pecypc]. URL: http://portal.esimo.ru/
dataview/viewresourceconfidential?resourceld=RU_RIHMI-WDC_410 (mata oGparicHus:
28.05.2019).

PanuoHanbHOE HCTIOIb30BAHUE PUPOIHBIX PECYPCOB
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B Hacrosmiee Bpems BCe akTyallbHEE CTAHOBATCS BOINPOCHI JKOJOTMYECKOU
0€30I1aCHOCTH Hallel IuIaHeThl. Bo BceM MUpe HaKONWIOCh OTPOMHOE KOJIMYECTBO OTXOJIOB,
IIPEUMYILECTBEHHO, TOPHOIO IIPOM3BOJACTBA. B TOXe Bpems, HEKOTOpbIE OTPACIH
IIPOMBIIIJIEHHOCTH, B YaCTHOCTH CTpPOMMHIYCTpHS, VCIIBITBIBAIOT JnepuIUT
BBICOKOKQUECTBEHHBIX CHIPhEBBIX MaTepuaoB. O0agas XOpomnMy (HU3NKO-MEXaHHYECKIMHU
IIOKAa3aTeJsIMM, OTBajJbHBIE IMOPOABI MOTYT 3aMEHUThH IPUPOJHOE CBHIPHE IPHU IOIYyYCHHUH
Pa3IUYHBIX BHUJIOB CTPOMTENIBHBIX MaTEpHUajoB. DTO MO3BOJUT MEPEUTH K palliOHAIBLHOMY
HKOJIOr00€30M1aCHOMY IPUPOJOIIOIB30BaHHUIO B HHTEPECAX YCTOMYUBOTO PA3BUTHUS CTPAHBI.

ITpu pa3paboTke MECTOPOXKIEHUH IMOJIE3HBIX MCKOMAeMbIX OCHOBHAs Macca FOPHBIX
MOpOJ MEPEMEIIAeTCs] B OTBAJIbl. DTO MPHUBOJUT K OTTOPKEHUIO MPOJYKTUBHBIX 3€MElb U
3arpsA3HEHUI0 OKPYXKAIOWICH Cpelbl Ha MPUICTAIOIIMX TEPPUTOPUSAX. B uuciae OTBalbHBIX
HaXOJATCSl OIPOMHBIE 00BEMBbI BBICOKOMAarHe3uanbHbIX mopoJ. [IpakTuyeckoro npuMeHeHus
OHM He UMeroT. Llenbio paboThl ABUIIOCH pEIlIeHHE BONPOCOB YTUIN3ALUU OTBAJIbHBIX MOPOL
Cesepo-baiikanbckoil pyJHON 30HBI B TPOU3BOJICTBE CTPOUTEIBHBIX MaTEpHAJIOB.

belmu M3ydeHbl OCHOBHBIE CBOMCTBA BBICOKOMAarHe3MajbHBIX IOPOJ. Y CTaHOBJIEHO,
4YTO OHU HUMEIT BBICOKOE KayecTBo. Ilo Hopmam paguannMoHHOM Oe3omacHOCTH
COOTBETCTBYIOT | KilacCy pajMOaKTMBHOCTM M MOTYT HCIIOJIB30BaTbCA Il BCEX BUJIOB
cTpouTenbHbIX padoT. IlleGeHb W3 JaHHBIX MOPOJ, a TaKXkKe OTCEBBl OT HX JPOOJICHHS
ABIIAIOTCS ANbTEPHATUBON TPAJUIIMOHHBIM 3aMIOJIHUTENSIM [P MOJyYeHUU OETOHOB, a TaKkKe
ac(anbTOOETOHOB TOBBIIEHHONH BOMO- M Cylb(aTrocToiikocTu. BbicokokauecTBeHHas
CTPOWUTENbHAs KEpaMHKa II0JIy4YaeTcs IPU BBEIACHMM B COCTaB UIMXTHI I CIEKaHUA
TOHKOMOJIOTBIX IIOPOI.

OcoOblii  uMHTEpEC  MPEICTABIAIOT  HUCCIEAOBaHMS 1O  HUCIOJIB30BAaHUIO
BBICOKOMarHe3MajJbHBIX OTBAJBHBIX IOPOJ B KayecTBe MHUHEpPAIbHOM J100aBKM MpU
IIPOU3BOJCTBE LIEMEHTOB. M3BECTHO, YTO LIEMEHTHOE MTPOU3BOJCTBO PECYPCO- M HHEPTOEMKO.
Taxoke OHO SIBIISI€TCS. OJJTHUM M3 3arps3HUTENICH OKpYy’Karollel MpUpPOIHOM cpesibl BEIOpocaMu
IIbUIH, Ta30B. [IppuMeHeHrne OTBaJIbHBIX MOPOJ Ha CTAAMU IOMOJIA MO3BOJSET 3HAYUTEIBHO
YIIYYIIUTh JaHHbIE NIOKA3aTEIN, IPOU3BOAS IIPU OTOM MPOAYKIUIO BBICOKOIO Ka4eCTBa.

Takum o0pa3om, NMPaKTUYECKOE HCIIOJIb30BAHME BBHICOKOMArHe3MalbHBIX OTBaJIbHBIX
nopox MectopoxaeHuil CeBepo-baiikanbCkoil pyaHOM 30HBI IO3BOJIMT PALMOHAIBHO
HCIIOJIb30BaTh MPUPOIHBIE PECYPCHI, PEIIUTH BOIPOCHI SHEPro- U pecypcodPPEeKTUBHOCTH, a
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TaKK€ CHU3UTh HETaTUBHOE BO3JICHCTBHUE CYIIECTBYIOIIMX MPOU3BOACTB Ha OKPYKAIOIIYIO
[IPUPOLAHYIO CPENY.
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Algorithm of real time kinematic using BeiDou regional system and the results analysis
Zh. Huizhong, X. Aigong, X. Xinchao, G. Meng, A. Okhotin
Irkutsk National Research Technical University
e-mail: ohotin@istu.edu

Global Navigation Satellite Systems is the significant means to get the information of
position and time. Since 1985 China has been working on the theoretical research and
technical test its own navigation satellite system. According to the development and actual
situation of national economic, this system is planned to be established in three steps or
phases: demonstrational system, regional system and global system. The system is named as
BeiDou, the BeiDou Navigation Satellite System is abbreviated to BDS (BeiDou). On
December 27, 2012, the official signal-in-space Interface Control Documents (ICD) for BDS
Open Services was released. The regional system is officially announced to provide
positioning and navigation and timing services over the Asia-pacific region. The second phase
of the construction plan of China BeiDou satellite navigation system is accomplished. The
constellation of BeiDou regional system includes five Geostationary Earth Orbit (GEO)
satellites, five Inclined Geosynchronous Earth Orbit (IGSO) satellites and four Median Earth
Orbit (MEO) satellites.

Characteristics for different types of water bodies in Siberia for model assessment
and forecast of their water-ecological state
A. Tskhai
Institute for Water and Environmental Problems SB RAS
e-mail: taal956@mail.ru

Typification of water bodies is an important issue in connection with their diversity.

Two their categories — natural and artificial, above all, stand out. Rivers, lakes, etc belong to
the first category. Reservoirs etc relate to the second.
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Quantitative and qualitative characteristics of runoff for rivers are of particular
importance in the study of natural water objects. The report presents the results of the
allocation of anthropogenic component of the hydrochemical flow of the Ob-river in the area
to the Barnaul. "Pulsating” level mode of the drainless Chany lake considered as an
interesting hydrological example.

The assessment and prediction of the state of ecosystems of a number of Siberian
reservoirs as artificial water bodies was carried out by means of simulation.

The assessment of the characteristics of the real Ust-lIlimsk reservoir served as the
analog for forecasting of the water quality which was executed at the stage for the
Boguchanskoye reservoir design.

Reproduction of the transformation biogeochemical cycles for elements limiting the
development of hydrobionts made it possible to create a adaptive simulation model of the
Novosibirsk reservoir. The largest metropolis of Siberia - the Novosibirsk, which uses for
municipal needs the water resources of the Novosibirsk reservoir and its downstream, is now
experiencing water and environmental problems.

Surplus spills are used in the water management practice to avoid a reservoir
overfilling above normal headwater level. However, a mass death of zooplankton occurs
when the hydrostation implements idle water discharges in summer- autumn periods. The
destruction of organisms responsible for the sustainability of aquatic ecosystems all year
round is concerned to environmentalists. The paper presents a model approach, the
implementation of which this environmental problem can be solved.

The reported research was funded by the Russian Foundation for Basic Research and
the government of Altai Krai of the Russian Federation, grant Ne 18-41-220002.

Modern data about characteristics for types of water objects in Siberia
for model assessment and forecast of their water-ecological state
A. Tskhai
Institute for Water and Environmental Problems SB RAS
e-mail: taal956@mail.ru

Typification of water objects is an important issue in connection with their diversity.
Two their categories — natural and artificial, above all, stand out. Rivers, lakes, etc belong to
the first category. Reservoirs etc relate to the second.

Quantitative and qualitative characteristics of runoff for rivers are of particular
importance in the study of natural water objects. The paper presents the results of the
allocation of anthropogenic component of the hydrochemical flow of the Ob-river in the area
to the Barnaul. "Pulsating™ mode of the Chany lake considered as an interesting hydrological
example.

The assessment and prediction of the state of ecosystems of a number of Siberian
reservoirs as artificial water bodies was carried out by means of simulation.

The characteristics of the real Ust-1limsk reservoir served as the analogs during water
quality forecasting which was executed at the design stage for the Boguchanskoye reservoir.

Reproduction of the transformation biogeochemical cycles for elements limiting the
development of hydrobionts made it possible to create a adaptive simulation model of the
Novosibirsk reservoir. The largest metropolis of Siberia — the Novosibirsk, which uses for
municipal needs the water resources of the Novosibirsk reservoir and its downstream, is now
experiencing water and environmental problems.

Surplus spills are used in the water management practice to avoid a reservoir
overfilling above normal headwater level. However, a mass death of zooplankton occurs
when the hydrostation implements idle water discharges in summer- autumn periods. The
destruction of organisms responsible for the sustainability of aquatic ecosystems all year
round is concerned to environmentalists. The paper presents a model approach, the
implementation of which this environmental problem can be solved.
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the government of Altai Krai of the Russian Federation, grant Ne 18-41-220002.

Estimation of straw yield and comprehensive utilization countermeasures in Baicheng
based on remote sensing data
Y. Zhang, X. Lu, Z. Chen
Jilin University, Changchun, China
e-mail: zhangyanh@jlu.edu.cn, luxc@jlu.edu.cn

As a large agricultural province in northern China, Jilin Province has always been the
focus of attention. This paper comprehensively uses remote sensing and geospatial
technology. Based on the comprehensive utilization of straw, taking Baich-eng as an example,
based on the inversion of NDVI and NPP from the landsat8 remote sensing image of
Baicheng in October 2017, estimating the yield of crop straw and analyzing the spatial
distribution of resources, so as to comprehensively utilize the current status of straw. In-depth
analysis of the problems existing in the comprehensive utilization of straw in Baicheng, such
as low technology integration technology, prominent seasonal contradictions, insufficient
capital investment, etc., and proposed to actively construct an industrialized innovation
service system, strengthen policy and financial support, and strengthen publicity and
awareness. Effective and scientific response measures such as integrated remote sensing
geographic information system technology, in order to provide reference for the
comprehensive utilization and effective management of crop straw in the city, and provide
technical processes and methods for comprehensive utilization and prevention of straw in
other areas.
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Cexknus 3. IIpo6eMbl 3K010rHY€eCcKOi 0€30IaCHOCTH
H CHCTEMBI 3allIMTHI CPpEAbl oouTaHua
Section 3. Clean Technologies and Environmental Protection Systems

Pagnanuonnas 6e3onacHoctb Kniproizckoii Pecrmy0imnkn
b. Aiinapanmues, H. CagabaeBa, b. Centon
Kuipevizcko-Poccutickuii Cnasaunckuil yHugepcumem
e-mail: nakujan87@mail.ru

WNHTeHCcuBHAsT  JEATENBHOCTH BO BTOPOM 1OJIOBUHE XX-CTOJETUS BOEHHO-
MPOMBIIUICHHOTO W TOIUIUBHO-YHEPTreTUYECKUX KOMIUIEKCOB, MOMCKA HOBBIX HCTOYHUKOB
SHEPIMM M CO3/1aHWE HEBMJIAHHOIO IO CHIIE AJIEPHOTO M BOJOPOJHOTO OPYKHs MPUBEIIUA K
BO3HUKHOBEHHIO B DPA3IMYHBIX PETHOHAX 3EMHOIO IIapa TOPHOPYAHBIX KOMOWHATOB IIO
no0blue U repepaboTKe ypaHOBOM W JAPYTrUX PaJAMOaKTUBHBIX pyd. B ucropum pa3Butus
[UBUJIM3AIMN HE OBUIO, YTO HAy4YHBIC OTKPBITUS WM Pa3paOOTKH TMPUHOCHIIU IS JIIOJCH
onpezeneHHsle Omara. EcTe oOpaTHas CTOpoHa, KOTOpask MPUHOCUT 3HAYUTEIBHYIO YIpo3y
JUIsT UX CylecTBoBaHMs. Jl0CTaTOYHO BCHOMHHUTBH, YTO TPUHECIO HACEICHUIO aTOMHBIC
6oMOapaupoBkr Xupocumbl U Haracaku, ucnsiTaHue SA€pPHOTO OPYXKUS B Pa3IMUHBIX TOUKAX
3€MHOTO IIIapa, aBapuu HA aTOMHBIX MOJBOJHBIX JIOAKAaX M Ha YepHOOBUILCKON M JIPYrux
ADC, KoTOopble YHECIM MUUIMOHBI YEJIOBEYECKUX JKM3HEW U co3Janu Mpoliemy
IKOJIOTHUECKON Oe3omacHOCTH Ha 3emsie. He cmorpss Ha 3TH ¢akrel, pabora B 3TOM
HaIlpaBJICHUU MPOJOJIKAETCS, KOTOpas MOXKET IPHUBECTH HE MpPEeACKa3yeMble IOCIEICTBUS
JUJIS1 BCETO KUBOTO.

Koiprescran umes: Hebonbiryo Tepputopuio — 199.9 1. KM%, C HaceleHHeM 5,2 MIIH
YEJIOBEK, SABJISICTCSI OJHUM W3 DKOJOTHYECKUX OMACHBIX PETMOHOB, HA HaIEH TEPPUTOPUHU
Haxoaatcs 49 ypaHOBBIX XBOCTOXpaHWIMILL U 80 OTBAJIOB TOPHBIX MOPOJ, IJE 3aXOPOHEHO
70 MutH M° 0TXOI0B YpaHOBOTO MPOU3BOJICTBA, YTO MOKET B MOKPHITh HECKOJIBKO CIIOEB BCIO
TEPPUTOPHIO HAIlIEH PECITYONUKH, 7Sl CPAaBHEHHS HA KaXKJIOTO KUTEINs MPUXoauTcs mo 14 M
paauoaKTUBHBIX OTX0M0B. [10 JaHHBIM HAIIUX YYCHHBIX, IEpPBOHAYAIBHAS OOIIasi MOITHOCTh
HKCIIO3UIIMOHHOMN J103bl M3JIYYEHHS KaXKJI0I0 YPaHOBOIO XBOCTOXpaHWIMILA cocTaBisieT oT 30
10 100 teic. MKP.

B TeueHuum MHOTUX JECATUICTHI MTPOBOAMIUCH YEIOBEYECTBOM pabOThl IO
W3BJICUCHUIO U3 HEJP 3€MJIM TOJIE3HBIX MCKOMAEMBbIX, HE MpHUaBas 3HAYCHHE MOCIEACTBUSIM
ATOU JESATENbHOCTH, CETOHSI BO3HUKIIN MPOOJIEMbI KaKk 00€30MaCUTh YEIOBEYECTBO OT ITUX
mI00aNbHBIX 3arpsi3HEeHUN  Ouocdepbl 3emuid. MHOTHME XBOCTOXPAaHWJIMINA B HaIlei
pecryOnrke GOpMUPOBANUCH B Mpejenax HaceleHHBIX MyHkTax Maiinyy-Cyy, Mun-Kym,
[llexadrap, Cymcap, Kamxu-Caii, Ax-Tro3, Kan B BBICOKOCEHCMHYHBIX, TMOJBEP>KEHHBIX
COBPEMEHHBIM I'€0JIOTMYECKUM TpolieccaM 30Hax. B KbIpreizcrane Hauanu 3aHUMaThCs 3TOU
npobaemMoil Bcepbe3 mocie npuHaTtus 3akoHa 31 mas 2001 roma «O XBOCTOXpaHUIUIIAX U
TOPHBIX OTBAJIaX», B HACTOSIIIEE BPEMS 3aBEpIICHBI PaOOTHI MEPBOTO dTara Mo peadMIuTaIuN
XBOCTOXpaHWIMIL Ha Teppuropuu r. Mainyy-Cyy, Ha 3TH LeIu BbIIEICHO BceMupHbIM
OankoMm Ha rpaHToBoi ocHOBe 11 mumH momn. CIIA, BbieneHuEe Ha MONMHOE 3aBEpIICHUE
peadbIMTaIMOHHBIX paboT paccMmaTpuBaeTcs. B cramum pemieHus: HaXOAUTCS BOIPOC
dbunaHcupoBaHusT MuH-KyIICKHX YpaHOBBIX 3aXOpPOHEHUH, OYAYT MPOJIOJKEHBI pabOTHI O
npuBeneHnto B Oe3zomacHoe cocrosinne Kamxu-Caiickux xBoctoxpanuiauml. CorjacHo
AHATUTUYECKUX MATEPHAIOB XBOCTOXPAHIIIUII] IO PETHOHAM PeCcIyOINKH, KOTOPBIN MMOKa3al,
YTO BCE OHHM HAXOSITCS B HEYAOBIETBOPUTEIHLHOM COCTOSHUH, IO JAHHBIM CIICIIHAINCTOB B
HACTOsIIIee BpPEMs HMEETCS BBICOKMH PHUCK BO3HUKHOBEHMS PaJMallMOHHO-OMACHBIX
OKOJIOTHYECKUX KaTacTpod, B 30HY BO3MOXKHOTO 3arps3HEHUS TOIMATAIOT TEPPUTOPHUH
Keipreckoit, Kazaxckoii, Tamkukckoir u Y30ekckoil Pecry0nuk, rie MpoXKMBArOT OKOIIO
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5 MIJIZTHOHOB YEJIOBEK. Y paHOBOe MecTopoxacHue Maiinyy-Cyy oTpabarsiBasiocsk ¢ 1946 o
1967 rr., B Hacroslee BpeMsi Ha TEPPUTOPUM rOpoJa HaxoASTCs 23 XBOCTOXPaHWIMILA U
13 ropubix orBasioB. OOMIas TUIOIIA/Ib XBOCTOXPAHUIIMIIL U TOPHBIX OTBAIOB — 606,8 THIC. KB. M.
OOumii 00beM OTXOJOB YPaHOBOI'O IPOHM3BOJCTBA, OTJIOKEHHBIH Ha XBOCTOXPaHMJIMIIAX
coctaBisaeT 1,99 miH M3, 00bEeM OTXOJIOB HEKOHIUIUOHHBIX pyn — 940,5 ThIcC. M. npu
paspylIeHMH  XBOCTOXPAHWIMI MOTYT  BO3HHKHYTh  TpPAHCTPAaHUYHBIE  IMPOOJIEMBI
9KOJIOTHYECKONM M pPaJUallMOHHON OMAcCHOCTH Ha TEPPUTOPUAX COCEIHUX TOCYAapCTB.
XBOCTOXPAaHWIMILA PACIOJIOKEHBl B BBICOKOCEHCMUYHOM M CEJICOIOJ3HEONACHOM 30HE.
YpaHoBoe MecTOpokaeHHE B paiioHe mocenka MuH-Kym paspabateiBanock ¢ 1958 r. mo
1969 1., B cocraB NpPOMBIIIJICHHOTO KOMIUIEKCA BXOJIWIM COOPYKEHHS OCHOBHOTO H
BCIIOMOTaTeNIbHOTO  TPOM3BOACTBA M  JKWJIOM  MoOceNnok. Pyno-nepepabarbiBaroiiee
IPOM3BOJICTBO BKJIIOYATIO OOOTaTUTENbHYIO (aOpHKy, XBOCTOBOE XO3SIMICTBO W pYyHIHBIC
cknanabl. [locne npekparienus qesTeNbHOCTH NpeanpusITus B paiione n. Mun-Kym ocranuce
4 xBocroxpanwmuia (Tytok-Cyy, Tangsi-bynak, Kak u [lanpHee) ¢ obmuMm o0beMOM
XBOCTOBOTO Matepraia 1,15 MiH M° 1 1Ba PYIHBIX CKJIa/1a, XBOCTOXpaHMIIAIIA PACTIONOKEHBI
B BBICOKOCEHCMUYHON M CeJeornon3HeBor 30He. XBoctoxpanwnuiie B nrr. Kamxu-Cai c
o01MM 00BEMOM PaIMOaKTUBHOTO XBOCTOBOro Marepuana 150 Teic. Ky0.M. pacroyiokeHa B
1,5 xm. K rory ot yaukansHOro o3epa Mccrik-Kynb, pazpabatsiBanack ¢ 1942 mo 1946 rr.
Paguanuonnsiii GoH Ha TOBEPXHOCTHM XBocToxXpaHmwiuima cocrtaBiasier 30-60 mxP/gac,
JoKaJIbHO mMeroTcst Mecta 0 1500 mxP/gac. Ha teppurtopuu n. ILllekadrap pacrosioxeHo
8 OTBaJIOB HEKOHJIUIIMOHHBIX YpPaHOBBIX pya ¢ oOvemom 700 Thic. KyO6. M. MolHOCTb
OKCTIO3UIMOHHON /1036l TaMMa-u3iaydeHus: 60—150 mMxP/gac. 3arps3Hsioniye BemecTBa Con
TSDKEJBIX METAJIOB UMEET 3 XBOCTOXpaHWHIIa B oc. Cymcap ¢ o0ummM o0beMoM 2,65 MITH. M.
[Tepuon sxcruryatauuu ¢ 1950 o 1978 rr. 13 ananusa npobieM ¢ XBOCTOXpaHWIMIIAMHU U
panuannoHHon Oe3omacHoctu Keipreizckoit PecnyOnuku BUIHO, YTO UMEIOTCS CIEAYIOLINE
po0JIeMbl, KOTOpbIE TPEOYIOT 0€30TIaraTeIbHOro PEeIeHHs 3TO:

— OrpaHMYEHHOE pelIeHWe M HEeMoJHas peaju3als OCHOBHBIX 3a4ad 10
peadmIMTaIK XBOCTOXPAHIIIUIIL, TOPHBIX OTBAJIOB;—

— CO3JaHUI0 KOMIUIEKCHOM CHUCTEMBbI MOHUTOPUHIA COCTOSIHMSI XBOCTOXPAHWIHIL U
TOPHBIX OTBAJIOB;—

— MEPEHOCY OTAEIBHBIX XBOCTOXPAHWIMI] B O€30IaCHOE MECTO M YMEHBLICHHE HX
KOJINYECTBA;—

— CKJIQJINPOBAHUE MEJKUX XBOCTOXPAHMIIUIIL. —

JUia nocTwKeHus Leded 3alMThl EJIOCTHOCTH HKOCHCTEMBI CIIEAYET pelIeHne
BBIIIICHA3BaHHBIX 33/1a4 [0 CHMYKEHUIO PUCKOB OT PaJIMOAKTUBHOTO 3arpsi3HEHUS] PETHOHOB U
JIerpajialiiy 3eMeJb.

Ouenka cojep:kaHus yrjeBoJA0Po/10B B NIPUPOJAHBIX U CTOYHBIX Bogax OMcKoi 061acTu
T. AnTOoHOBa
OmcKuti 20cyoapcmeeHHbll YHUGepcumem
e-mail: antonova_omgu@rambler.ru

Owmckast 001acTh OTHOCHTCA K YHCIY PErHOHOB C OY€Hb BBICOKHM YPOBHEM
YIJIEBOAOPOAHOTO 3arps3HEHUS] BOJAOEMOB. DTO 0OBsCHSETCS HanuuueM B OMCKe KpPYIHBIX
MpEANPUITHI HedTenepepabaThIBarOIIEH, He(TeXMMUYeCKOn u XUMHAYECKON
OPOMBIIIIEHHOCTH. OCOOEHHO OMAacHO TO, YTO B COCTaBE€ CTOYHBIX BOJ MHOI'O TOKCHYHBIX
apeHoB. Boay p. Upteim Hmke 1. OMcka opUIMATBHO OTHOCAT K KaTeropuu 30 («O4YeHb
3arps3HEHHAs).

CymMmapHoe conepkaHue yrieBojopoaoB (YB) B Bomax B BHAEC HHTETPaIbHOTO
nokazarens «Hedrenpoayktsl» (HIT) onenuBator metogom MK-ciekrpomerpuu, npu 3TOM He
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YUHUTBIBAETCSI HEMOJIHOTA W3BJIEUYECHHS] apEHOB NP 3KCTPAKIIMOHHOM KOHLIEHTPUPOBAaHUU U
BHYTPUIPYNIOBAas  CEJIEKTHMBHOCTh  curHanoB. CyMMapHOE€  COJEp)KaHUE  apEHOB
MPUPOIOOXPAHHBIMHU OPraHU3ALUIMU BOOOIIE HE KOHTPOIUPYETCS.

[IpennokeHpl HOBbIE METOJIMKM ONpENENIeHUs cyMMmapHoro coxaepxkanus YB (MK-
CIIEKTPOMETpPHS) M, OTIEIbHO, Hambojee TOKCHYHBIX M3 HuX — apeHoB (KX um Y-
cnekTpomeTpusi). OCOOEHHOCTBIO HOBBIX METOJHK SIBISIETCS WCIOJIB30BAHUE TPATyHPOBOK,
IIOCTPOEHHBIX MO 3KCTPAKTaM M3 BOJHBIX MOJEIBHBIX CMECEH YIiIeBOAOPOJOB M3BECTHOIO
KaUeCTBEHHOI'0 M KOJIMYECTBEHHOI'O COCTaBa. TakoW MOAXOJ MO3BOJISET CHU3UThH BIIUSHUE
BHYTPUTPYNIIOBOM CEJIEKTUBHOCTH CHUTHAJIOB HA PE3YJIbTAT aHAIM3a M Y4YECTh IOTEPH
AQHAJIUTOB MPU UX KOHIEHTPUPOBAHUH.

Pesynbrarel ananuza 6osnee 200 mpuUpoaHBIX W CTOYHBIX BOJ OMCKO# 00sacTd Mo
HOBBIM METOJIMKAM COIIOCTaBISUIM C pe3yJibTaTaMH, I[OJYyYEHHbIMU I10 CTaHJIAPTHBIM
MeroaukaM. CrienaHbl CIEQyIOINE BbIBOIBI:

1. Onpenensiemble 1O CTaHAAPTHBIM METOAMKaM 3HaueHus mnokaszarens HII
noctoBepHo (B 1,5-2 pas3a) HIKe CyMMapHOro cojepkaHusi YB, HalileHHOro Mo HOBOM
METOJMKE, YTO CBHJIETEIBCTBYET O HEIOOLIEHKE YIJIEBOJAOPOJHOIO 3arpsi3HEHUS BOJOEMOB
[IPU UCIOJIb30BaHUU CTaHJAAPTHBIX METOAUK aHATIU3A.

2. Halinennple 110 HOBOM METOJIMKE CyMMAapHBIE colepkaHus YB B mccienoBaHHBIX
BOJOEMaxX MPEBBHINIAIOT HOPMATHBHOE 3HAYEHHE I[IOKa3aTens «HEe(PTENpOMyKThD» WIH
Haxoxdarcs Ha yposHe [1JIK.

3. AHanu3 OAHMX M TeX ke Ipod mo AByM paspaboraHHbiM B OMI'Y metomukam
OPUBOIUT OJM3KUM OIIEHKAaM CyMMapHOro cojepxkanus apeHoB C6-C9. Craructuyecku
JIOCTOBEPHBIE pa3JIMYusl HE BBIABICHBI, YTO IOATBEPKIAET MPABHIBHOCTh IOJYYEHHBIX
OLICHOK.

4. CyMmMapHoOe cojiepKaHie apeHOB B p. MpThIlI cpaBHUTEIBHO HEBEIUKO (Ha YPOBHE
I[IIK Tomyona). B OYMIIEHHBIX CTOYHBIX BOJAX OMCKHX MPEANPUATHA CyMMapHOE
conepkanue apeHoB Ha 1-3 mopsiaka npesbiinaet [1/IK Tomyona u 6ensona.

IHocTpoenne MaTeMaTH4YeCKON MOJEJIM PACIIPOCTPAHEHHUS BOJIHbI FOPEHUSA
B CB-cnHTe3e PYyHKUMOHAIBHBIX 00PHI0B, MCIOIb3YIOIIMXCS A5 321U ThI
0T CMELIAHHOI0 HOHU3HPYIOLIEro U3/1y4eHus
M.M. banaukos, M.C. Ky3nenos, A.A. Ilepmukun
HU Tomckuu nonumexuuyeckuti yHugepcumem
e-mail: aap71@tpu.ru

Hcnonp30BaHNEe aTOMHOW OSHEPTeTHKH HEPa3phIBHO CBA3aHO C HMOHU3HPYIOIIUM
uznyuenneM (M), xoropoe MpUCYTCTBYeT Ha BCeX I3Tamax sACPHO-TOILIMBHOTO IIHKJIA.
Honusupyroriee H3Ty4eHUE MOIPa3eIsieTcs] Ha YeThIPE IPYIIIIBL:

— TSDKEJIbIC TIOJIOKUTETBHO 3apSKCHHBIC YaCTHIIBI;

— JIETKHe 3apsHKEHHBIC YaCTHIIbI,

— (hOoTOHHOE H3ITyuEHHE;

— HelTpoHHOE n3ny4eHue [1].

B kadectBe Hambonee rppekTuBHOrO cpencTBa 3aumThl 0T M Hcnonb3yro SKpaHsl,
YMEHbBIIAONINE WHTCHCHBHOCTh H3JIyueHHs. [lepBblie JBE TPYIIBI UMEIOT MAlyl JTUHY
npoOera B JIIOOBIX KOHJICHCUPOBAHHBIX CpeJax, MOITOMY BOIMPOC O 3aIIUTE OT STHX YaCTHUI
00BbIYHO He paccMaTpuBaercsi. MOTOHHOE M HEWTPOHHOE H3JIYYCHHUS, HANPOTHB, HMEIOT
OoubIIMe JUIMHBI TPoOeTra MPaKTHYECKH BO BCEX BEIIeCTBaX. BrIOOp MaTepualioB 1iisi SKpaHOB
3aBUCHT OT THINA HAJICTAIONIMX YaCTUI[, TaKk i (OTOHOB HCIHOJB3YIOT MaTepHaIbl,
COoZIeprKalllie XUMHYECKHUE DJIEMEHTHI C OOJBIIMM aTOMHBIM HOMEPOM, TaKHMe KaK CBHHEII,
BOJb(paM U pa3iUuHble CTaau. s 3amUTBl OT HEHTPOHHOTO H3JIYYCHHS MPUMEHSIOT
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BOJIOPOJIOCO/IEPKAILIME CpeNbl: BOJAA, MONMATWJICH, mapaduH U JIp., TaK K€ BO3MOXKHO
UCTIOJIb30BaHUE JIEMEHTOB, CHIILHOIOTIIOMIAIONINX HEUTPOHBI, TAKUX Kak O0op u kaaMmuii [2].

OOBIYHO HEUTPOHHOE M3ITyYEHUE COMPOBOKIACTCS (DOTOHHBIM, TOITOMY JIJISl 3AILUTHI
OT HUX NPUMEHSIOTCS KOMOWHAIIMM Pa3IMYHBIX MATEPUATIOB WA KOMMIO3UTHL. OTHUM U3
TaKUX MaTepuasioB sBisieTcs: 6opun Boiabdpama (WB). Hannune B coenmHenun Boabdpama
MO3BOJISIET UCIIOJIL30BATh JAaHHBIA MaTepuai JJs 3alIUuThl OT OTOHHOTO M3ITydeHus, a 6opa —
st HeiitponHoro. K Tomy e, maHHOe coenuHeHUE 007aJaeT BBICOKOW IUIOTHOCTBIO,
nopsiaka 15,5 F/CMB, YTO MOJIOKUTEIIBHO CKa3bIBAETCS HA €T0 3alllMTHBIX CBOMCTBaxX [3].

Bopunel Bons(hpama noxyqaroT NpsMbIM CHHTE30M U3 3JIEMEHTOB, KAPOOTEPMUUYECKUM
BOCCTAHOBJICHHEM OKCHJIOB METAIJIOB M 60pa, OOPOTEPMUIECKIM BOCCTAHOBJICHHEM OKCHJIOB
metaisioB [4]. Tak xe Bo3MoxHO mnonydeHue WB MeTonom camopacnpocTpaHsIOIerocs
BbIcOKOTeMIIeparypHoro cuntesa (CBC) [5].

CB-cuHTe3 — mepcreKkTHBHas MaTepHalioBeIYecKas TEXHOJOTHMs OCHOBAaHHAs Ha
CIIOCOOHOCTH Psiia XUMUYECKUX 3JIEMEHTOB U UX COCAMHEHUN BCTyNaTh B IK30TEPMUUYECKUE
peaxIuu.

CBC Bkutouaet B ce0sl ClIey0Ine ITAIbL:

— K 3arOTOBKE, COCTOSAIICH U3 CMeCH MOPOIIKOB, TOUCYHO MOIBOJAUTCS TEILIO;

— TOHKHUH CIIOI peareHTOB HarpeBaeTcs U BCTYMAET B IK30TEPMHUUECKYIO PEaAKIIHIO;

— MOCPEJCTBOM TEIUIONPOBOAHOCTH COCEOHHMM cloil oOpasua HarpeBaercs 0
TEeMIEepaTypbl HHUIMALUK CUHTE3a U HAYMHAETCS SK30TePMHUUECKast PEaKIus;

— BOJIHA peaKLUil pacpoCTpaHsaeTcs 10 BceMy 00pasiy.

[Iporecc cuHTE3a MIPEACTABICH HA PUCYHKE 1.

~
I

o

(o]

r=02c r=1c

Pucynok 1. IIpoxoxnenue nponecca CBC

bonpmioe BnusHUE Ha CBOMCTBA KOHEYHOIO MPOAYKTA B IIPOLIECCE CUHTE3a OKA3BIBAIOT
YCIJIOBHS IOATOTOBKH IIUXTHI: JABICHUE IIPECCOBAHUS MTOPOIIKOB, COOTHOILIEHUE KOJIUYECTBA
UCXOJHBIX pPEareHTOB, NpPEIBAapUTENbHBIN MoAorpeB obOpasua u japyroe. B cBsizu ¢ 3tum
BO3HHUKAET HEOOXOAUMOCTh MOCTPOSHHSI MaTEMAaTUYECKOH MOJENH pacipOCTPaHEHUs! BOJIHBI
ropeHus B npouecce CB-cuHTE3a 1711 IPOrHO3UPOBAHUS CBOMCTB MOJIYYEHHBIX MAaT€pPHAIOB.

Tak kak OONBLIIMHCTBO MPOLECCOB, Mpoucxoisamux Bo Bpems CBC, cBs3aHbl C
TEIJIONPOBOJHOCTHI0 U XMMUYECKUMH IPEBPALLECHUSIMH, MaTEMaTUYECKass MOJIEIb OCHOBaHa
Ha YPaBHEHUU TEILIONPOBOAHOCTHA U YPABHEHUH, OIHUCHIBAIOILIET0 U3MEHEHHUE JOJIU MIPOIYKTa
XUMHUYECKON PEeaKIiu, COOTBETCTBEHHO [6]:

ou . d
=2 Au+ £ (F,un); d—’t7=k(u)-¢(;7), (1)

rae C — yJenpHas TeIIOEMKOCTh o0paslia; p — IIIOTHOCTh 00pasia; U — Temmeparypa; A —
KO3(QUIMEHT TEeIIONpPOBOIHOCTH 00pasiia; f(F,u,n) — (pyHKIMS TETJIOBBIX MCTOYHHKOB;
I — paauyc BekTOp; t — Bpems; 77 — MaccoBast 0 POYKTAa XUMUUECKOM peakuuu; k(U) —
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(YHKIHMS CKOPOCTH TPOTEKAHUS XMMHUYECKOW peakuuu; ¢() — KuHeTudeckas (yHKIUS
IIPOTEKAHUs XUMUYECKON PEAKIUU.

@YHKINU TEIIOBOIO UCTOYHUKA, CKOPOCTH XMMHUYECKON PEAKIUU U KUHETUYECKYIO
(YHKLNIO MOXHO HPEACTaBUTH B CIEAYIOLIEM BUE COOTBETCTBEHHO:

f(r,un)=Q-p-k(u) o(n);

Ea
k(u)=k,-Vu-e ®; o(n)=e™" .- (1-7)",
rie Q — ynenbHbIi TeroBor 3G dekT peakiiuu; Ko — mpeIdKCIoHEHIIMaIbHBI MHOKHUTEID; Eqy
— DHEPrus aKTUBAIMU XMMHYCCKOM peakiuu; R — mocrosHHas boybiMana; M,N; — mapamMmeTpsl
TOPMOXKECHHUS;, Ny — MOPSAT0K XMMHYESCKON PEaKIIHH.
Temmodpusnyeckue CBoOWCTBA BCEe CMECHM MOXHO ONPEICIHTh C  ITOMOIIBIO
CIICTYIOIIUX COOTHOIICHHIA:

C=Cq '77+(Cl’771+Cz(1_771))'(1_77);

A=(4 -77+(ﬂl-771+/12(1—771))-(1—77))'£’
Lo
IZie C,Af 1,2 — YIeJbHas TEIUIOEMKOCTh, KO3((UIMEHT TEIUIONPOBOJHOCTH CHHTE3HPYEMOTO
BEUIECTBA, IIEPBOI0 pEarcHTa M BTOPOIO peareHTa COOTBETCTBEHHO; po — MAaKCHUMaJbHas
TeopeTHYecKas IIOTHOCTb 00pasia.

I'paHnyHbBIE YCIOBUS MOXHO BBIOMpaTh JHOOBIMH B 3aBHCUMOCTH OT IOCTaBJICHHOMH
3ajaud. JlaHHas MO/ENb MO3BOJISET IPOrHO3UPOBATh (ha30BBIA COCTaB KOHEYHOI'O MPOIYKTA,
a TaK K€ ONpPEEIIATh TEMIIEPAaTypHbIE PEXKUMbI CUHTE3A.
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JlecHble MOKapbl U UX IKOJIOTHYECKHE MTPOOIeMbl
Ha Tepputopuu Upkyrckoii o6aacTu
JI.LU. benbix
Upxymckuii HayuoHanbHulil UCCIe008amMeNbCKULL MEeXHUYECKUL YHUgepcumem
e-mail: belariv2000@yandex.ru

W3yuena pauHaMuKa JIECHBIX TMOXapoB B Ipkyrckoii obimacth M ee paifoHax.
3a nocnenuue 30 et HaOmMIONaeTCs TEHACHUUS K YBEIMYEHUIO IJIOIIATN JIECHBIX TOXKAPOB,
OXBAYCHHBIX OrHEM. BBIABICHBI PaliOHBI C BBICOKMMM JIECHBIMM IOxapamu. IIposeneHo
CpaBHEHHE IMHAMUKU COjep)kaHUs OeH3(a)impeHa B aTMocdepe TOpoJoB U TOKaszarenen
MOKapOB B PErMOHE W €ro pailoHax. YCTAaHOBIEHO, YTO coOjep)kaHHe OeH3(a)nupeHa B
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BO3JlyXe BO MHOI'MX TOpOJax JMHEHHO 3aBUCHT OT IUIOIIAAM JIECHBIX IMMOKapoB. M3ydeHa
B3aHMOCBSI3b JUHAMHKH JICCHBIX [TOKApOB M YHCIIEHHOCTH OXOTHHYBEH (ayHbl B PKYTCKOM
obmacti. C MOMOIIBIO JTHHEHHBIX KOPPEISLIUN IOATBEPXKICHO IOJIOKUTEIBHOE BIIHSHUE
noXKapoB Ha mony/siuio cemelictBa ojenpux (Cervidae), mcoseix (Canidae), xomek
(Felidae), menseneii (Ursidae) u dazanos (Phasianidae), o0ycioBieHHOE OJHHUM M3 TaKHX
(akTOpOB, KaK MHUTrpalMs >XKUBOTHBIX W3 TOPSIIMX OJM3JIEXKAIINX pPaidoHOB. BrisBieHa
HEYCTOMUMBAas W OTpHIATENIbHAS JHHAMHUKA YHCICHHOCTH IOMYJISAIMA CEMENHCTBA KYHBH
(Mustelidae).

TeniouCTOYHUKHU MAJI0l MOIIHOCTH ¥ UX KAHLEPOTeHHAsl ONTACHOCTh
st armocepsi ropogos Upkyrckoii o61actu
JL.W. benpix, M.A. MakcumoBa
Upxymckuti HayuoHanbHblll UCCIe008aMENbCKUL MEXHUYECKULl YHUGepcumem
e-mail: belariv2000@yandex.ru, marinamaximova@outlook.com

MOHUTOPUHT COCTOSIHUSL aTMoc(epHOro BoO3JlyXa B ropoaax Poccuu BbISBISIET
CUCTEMATUYECKUE TNPEBBIIICHUs MpeaeabHo aonycTuMblX KoHueHTpauui (ITAK) muormx
BpeIHbIX BeulecTB. Cpeau HUX 3HAYMTENbHYIO JIOJIO COCTaBIIseT KaHueporeHHsld b(a)ll —
MHAUKATOp MPUOPUTETHBIX CTOMKMX OpraHudeckux 3arpssHureneil rpymnmsl [TAY. JlanHble
BEIleCTBAa OOpPa3ylOTCsl B HpolleccaXx HEMOJHOINO0 TOPeHHs U IHUPOJIHM3a OPraHMYECKHX
MaTepuasoB, B YaCTHOCTU MPU CKUTAHUU TOIUIMBA B PA3JIMYHBIX TEIUIOMCTOYHHUKAX, 103TOMY
3arpsi3HeHUe aTMocdeps! 0osblle HaOIH0AAaeTCs A OTOMUTENBHOro ce30Ha. OcoOEHHO 3TO
xapaktepHo ropojgam Cubupu u JlanbHero BocToka, B KOTOPBIX COXpaHSAETCs BbICOKas A0S
KOTEJIBHOTO ¥ MHJMBHIYaJbHOIO OTOILIEHHUS YyrileM M apoBamu. Tak, B roponax Mpkyrckoii
obOnactu TosibKO oOkojio 60 % HaceneHUs NPOXKHUBACT B OJAroyCTPOEHHBIX YCIOBUSAX C
LEHTPAJIbHBIM  OTOIUIGHUEM, OCTaJlbHble B  YCIOBHUSX OOECHEYeHUs TEeIIOM  OT
TEIUIOUCTOYHUKOB  «MaJloi» MOIMHOCTH. B ropomax ¢ TakuM BUAOM OTOILICHUS
MaKCHUMaJIbHblE cpenHeMecsuHble KoHLeHTpauuun b(a)ll B Bo3myxe mnpessimator IIJIK B
JECATKH Pa3.

Lenpto paboOTHI SABIAJIOCH HU3Yy4YEHHME Mpoliecca FOPEHUs TBEPAbIX BHJIOB TOIIMBA B
TEIUIOMCTOYHUKAX «MaJloi» MOIIHOCTH THIIA OTONUTEIbHBIX KOTEJIbHBIX M JOMOBBIX Ieueil
KaK MCTOYHUKOB BBIOPOCOB KaHILIEPOT€HHBIX BEIIECTB B arMocepy Ha MpHMepe TOopoJIoB
HpxyTtckoit o0nactu

N3yueHna pauHamMuKa BBIOPOCOB MPOJYKTOB HEMOJHOTO CXKUTAHUS YyIJIed U JIpoB
Bocrounoit Cubupu OT OTONUTEIBHBIX YIOJIbHBIX U Ma3yTHBIX KOTEJBHBIX, TOMOBBIX Teuel ¢
HepuoIM4eckoil pyuHoii 3a0pockoil TomuBa. [TokazaHo BinusHUE TeMIepaTypbl U KUCIOPOAA,
BUJA U crocoba CKHUTraHWs, KOHCTPYKIIMM TOIOYHOTO YCTPOMCTBA, COCTaBa TOIUIMBA Ha
HKOJIOTHYECKYIO 3((HEKTUBHOCTH TOPEHUS.

[Ipennoxkena MeToAMKa ONpPEENICHUs yIeNbHBIX U BaJOBBIX BHIOPOCOB HCCIEAYEMBIX
BEIIIECTB HA OCHOBE METOINYECKOI0 MOAX0/1a K ONPEAEIIEHUI0 CYMMapHBIX BHIOPOCOB 32 ITMKIJI
ropeHus TorumBa. Paccuntanbl yaenbHble BhIOpochl TBepibix vactul, CO, caxu, b(a)ll u
10 [TAY oT «MaibIX» YrOJbHBIX M Ma3yTHBIX KOTEJIbHBIX, JOMOBBIX IMe4ed JUIsi KaMEHHBIX
(uepeMXOBCKUM, TYrHYHCKHiT) U OyphIX (a3elCKuil, MyryHCKUH, OOPOJUHCKUIN) yIiIel, JpoB
(cocHa) M Ma3yTa. YCTaHOBJIEHO, YTO DPA3U4Me MEXAY YAEIbHBIMH BbIOpocamu OoJblIe
OIpesieNsIeTCs BUIOM TOILINBA (Yrojb, Ma3yT, IpOBa), 4eM MapKOH yIJIs.

JlaHa CTPYKTypa KOTEJIbHBIX U JOJIM MEYHOro oToruieHus Juist Upkyrckoil obmactu u
10 ee kpymHBIX TOPOAOB, a TaKXKe BUJOB W KOJMYECTBA TOTPEOJIIEMOTO0 WMH TOTLIMBA.
OrneHeHbl BajJoOBble BBIOPOCHI MPOAYKTOB HEMOJIHOTO TOpPEHHs B aTMOc(epy TOpoOJIOB.
[TokazaHo, YTO MaKCHUMaJIbHbIE BBIOPOCHI BpPEIHBIX BEIIECTB HAMJEHBI y TOpPOJIOB C
HauOoJbIIeN J10JIell MEeYHOro OTOIJIEHHS, U MHHUMAJIbHBIE — y TOPOJOB C LEHTPAIbHBIM
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OTOTUICHUEM, BKJIIOYash MPOMBINUICHHBIE Topojaa. [lomydeHbl mpsiMble KOPpENIAUU MEXKIY
conepkanueM b(a)ll B arMocdepe psiia TOPOIOB ¥ BEIMYMHBI €T0 BAJIOBBIX BEIOPOCOB.

OHpeI[CJ'ICHBI BO3MOJKHBIC MCPOIPUATHA 110 CHHIKCHHUIO BBI6POCOB BpPCIHbBIX H
KaHICPOTCHHLIX BCHICCTB OT «MaJlbIX» TCINIOMCTOYHUKOB IMYTEM OINTUMHU3ALUMK IIpoLecCa
ropeHust (BUJ TOIUIMBA, (PaKIMOHUPOBAHWE VI, KAauyeCTBEHHAs TIIojlada BO3yXa),
MOJICPHU3AIUN MEJKUX KOTENbHBIX (MeXaHW4yecKas moaaya (pakIHOHUPOBAHHOIO YIJIA),
BHCAPCHUEC AJIBTCPHATHBHBIX TCIIJIOMCTOYHHUKOB KW TOIIIMBa (SHCKTpOYCTaHOBKI/I, APEBECHBIC
OTXO/IbI, Ta3).
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[TpousBoacTBo BuHWIXIOpHAa (BX) sBisiercs ogHUM W3 KPYMHEHIIMX MO 00BEMY
BBIITYCKA€MbIX OPraHUYECKUX MOJYNPOAYKTOB MHPOBOTO XHMHUYECKOI'O IPOU3BOJACTBA,
noTpeOJIEHUE KOTOPBIX pacTeT OBICTPHIMU TEMITAMH, U TI0 TPOTHO3HBIM olieHkam |HS Oyner
pactu mo 2020 1. B pasmepe 4,2% B rox. BX oOTHOocHTCS K OJHMM H3 CaMbIX
pacupoCTpaHEHHBIX BBICOKO omacHbIX (1 Kjacc OMacHOCTHM) XUMHUYECKUX BEIIECTB,
3arpsA3HSAOIIUX IPOU3BOJCTBEHHYIO U OKPYKAOUIYIO cpely. MI3BeCTHO, 4TO ITPU BO3ACHCTBUU
BBICOKMX KOHILEHTpauuid BX M ero mpou3BOAHBIX B YCJIOBHUSAX NPOU3BOJCTBA BO3MOYKHO
MopakeHHe IEeHTPaIbHOMU, nepudepuyecKoil HepBHONW, UMMYHHOMU, CEPAEYHO-COCYIUCTON U
JIPYTrUX CHUCTeM. Pe3ysnbTaThl HMCCIIEIOBAaHUM, BBINOJHEHHBIC B TMPEIBIIYIIME TOABI PSIOM
aBTOPOB CBUJIETEIBCTBYIOT O MPEBBIIIEHUH MaKCUMAJIbHO JONYCTUMBIX KOHIIEHTpauuii BX B
BO3JyXe MNPOM3BOACTBEHHbIX nomemieHuid B 10-30 pa3. Ilpu aBapuilHbIX cUTyallUsIX 3TH
sgaueHuss pocturamu  800—-1500 Mr/M°. BbICOKHE 3HAueHHUS CPEIHETO/I0BbIX YpPOBHEMU
TOKCUKAHTa MIPOJOJDKAIN COXPAHATHCA MPOJOJDKUTENIBHOE BpeMs, a Haubojiee BBICOKHE
sHauenus (7,1 £ 2,1 no 13,5+ 1,6 MF/M3) onpeaessuii ¢ 1994-2000 rr. 3a nocineaHue rojsl
yCIIOBUS TpyZla pabouuX B OCHOBHOM COOTBETCTBYIOT T'MTMEHMYECKUM HOopMaTuBaM. OJHaKO
HEJb3sl UCKIIOYUTh HAKOIUIEHHBIA B T€YEHHUE MPOAOKUTEIBHOTO BPEMEHHM 3KOJOTMYECKHM
yiiep0, Kak OKpY>Kalolie cpene, Tak U 3J0pOBbI0 paOOTHUKOB. B 3TOM CBSI3U MpeEACTaBIISIO
OTpe/IeNICHHBI WHTEpeC MPOAHATU3UPOBATh B JWHAMUKE HW3MEHEHUs (YHKIIMOHATIbHBIX
pe3epBOB OpPraHu3Ma CTaXKHUPOBAaHHBIX pAOOTHUKOB

Lenp paboThl — MpoOaHAIN3UPOBATH IKOJIOTUYECKUH YIIEpO 310pPOBBIO pabOTarOIIMX
MpU  IJUTEIHFHOM BO3JCHCTBUU TPOU3ZBOJACTBEHHBIX (DAKTOPOB HA OCHOBAHHHM OLIEHKH
W3MEHEHUH MeTUaTOpOB BOCMANIEHUS B JAMHAMHUKE y CTaKHPOBAHHBIX pPaOOTHUKOB 0€3
MIPU3HAKOB HAPYIIEHUN 3IOPOBbSI U JIUI C HAYAJIbHBIMU TPOSBICHUSIMU HEHPOMHTOKCUKAIIUN
BUHWIXJIOPUIOM.

VYcTaHOBIEHO, YTO MpPHU JUIUTEIBHOM BO3JIEHCTBUU HEOJAronpHUATHBIX (AaKTOPOB Ha
pabotarommx B Tpou3BoACTBE BX 3aperucTpupoBaHO HapacTaHHE HAIMPSKEHHOCTH
MMMYHHTETA (B IMHAMUKE yepe3 5 JIeT) y 3/10pOBbIX pabouux U AucOanaHca B CUCTEME IO -
MPOTUBOBOCIAJIIUTENBHBIX ~ LUUTOKMHOB Yy  JIMI C  HAayaJdbHbIMU  MPOSBICHUSIMHU
HeliponHTOokcukauuu BX. CHM)KEHHE CTENEHU BBIPAKEHHOCTH KOMIIEHCATOPHO-3AIIUTHBIX
pEaKuuii, HE MO3BOJISIOIMX MPH MPOAOJDKAOMIEMCI XPOHHMYECKOM BoziaeiictBun BX B
MOJTHOM  Mepe peamu3oBaTh 3alIUTHBIE MEXaHW3MBI, CIOCOOCTBYET  HAKOIUICHHIO
HKOJIOTHYECKOTO yIepoa 310poBbi0 padboTatomux. [lomydennsie pe3ynbTaThl 00yCIOBIMBAIOT
HEOOXOJUMOCTh CBOEBPEMEHHOTO BBISIBICHUS HadalbHBIX (DYHKIIMOHANBHBIX W3MEHEHUH,
yKa3bIBAIOT Ha BBICOKYI0 MH(MopMaTtuBHOCTH Onomapkepos (IL-1f, TNFa, INFy, IL-4, S-100,
NF-200, OBM) u BO3MOXXHOCTh UCIOJb30BAaHUS MX JUII MOHUTOPHHIA CTENEHH
BBIPAXEHHOCTHU MaTOJIOTUYECKOTO mporecca. BrisiBienue BEIYLINX
MMMYHONATOTEHETHUECKUX (AKTOPOB HAPACTAaHUS HEBPOJOTHUYECKOTO JedUIIUTa MOMKET
ABJIATHCS OCHOBOM i pa3pabOTKu crocoba MpPOTHO3MPOBAHUS WHIMBUAYAIBHOTO PHUCKA
pa3BUTHS TPO(HECCUOHATBFHBIX HEHPOMHTOKCUKAIIMA
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Complementary utilization of industrial
solid wastes to prepare high-performance, green materials
W. Wang, X. Wang
Shandong University, Jinan, China
e-mail: wwenlong@sdu.edu.cn, xujiang.wang@outlook.com

The generation and treatment of solid wastes, including coal ash, coal gangue, by-
product gypsum, red mud, carbide slag, sludge, construction waste, etc., are unavoidable in
metallurgy, mining, coal power, chemical engineering and other industrial sectors. The
traditional approach to utilize solid waste is to explore its potential value only based on its
interior physicochemical compositions and properties, but the products are usually not
competitive due to the limited added value. The Wastes-to-Green Materials research group in
Shandong university put forward an idea of complementary utilization of varied solid wastes
and developed a technology to prepare sulfoaluminate high-activity material (SHAM) entirely
with industrial solid wastes as raw materials. The SHAM shows good characteristics of rapid
hardening and high early mechanical strength, with a compressive strength of pure paste
amounting to 60MPa in 1 day and 80MPa in 3 days. The high performance and low cost of
SHAM enables a variety of green material products can be derived from it, such as 3D-
printing material for construction, quick repairing material, functional concrete, marine
engineering material and traffic engineering material, etc. Under this conception, the large-
scale utilization of solid wastes can be realized owing to the high performance and added
value of green material products, and a circular industry chain can be built up to promote
environment protection and low-carbon development of the society.
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Ob6ocHOBaHME MAPAMETPOB TEXHOJOTMHU MOA3€MHOI pa3padoTKu
30J10TOPYAHBIX TeJl KOHeBUHCKOI0 MeCTOPOKIeHU
J.C. Bacunbes, A.M. IlaBioB
Upxymckuii HayuoHanbHblll UCCIe008aMENbCKUL MEeXHUYECKULl YHUGepcumem
e-mail: denisvasilyew@yandex.ru

KoHeBHHCKOE MECTOPOKICHHE PAaCIOJIOKEHO B BbICOKOroppe Bocrounbeix CasH B
paiione ¢ Hepa3BUTOH HH(]pacTpykTypoii, mpupaBHeHHOM K Kpaitnemy Cesepy. Pa3paboTky
30JIOTOPYIHOTO MeCTOpoXkAeHus: mnoazeMHbIM cnocobom Bener ['OK «KoneBuHCkuil» B
CJIOKHBIX YCJIOBUSX T€0JIOTUYECKOU Cpeibl.

Pynuele Tena >KMIBHOTO THINA MPENCTABICHbl KPYTONAJAIOUIMMU (CpPEAHHUH yroi
nageHust — 75°) TOHKUMHM KBapLEBbIMM >kUiIKaMu MOIIHOCTHIO 0,01-0,07 M B 30HE pYyIHBIX
Oepe3uToB, CpeHssl MOLUIHOCTb KOTOPbIX — 0,4 M, C HEBBLAECP)KAHHBIMU IapaMeTpaMH IO
MOIIHOCTH W yIJIaM 3aJleraHus, KpallHE HEPAaBHOMEPHBIM COJEp)KaHHEM MeTaiia. Tena
UMEIOT CTOJI0000pa3Hoe pacpocTpaneHue mo npoctupanuio 10 300 M 1 nageHuto 10 450 M.

Bmemaroniye noponabl IpeIcTaBiIeHbl T'HEMCOBUIHBIMU Oepe3uTamu, Oepe3uTHU3U-
POBAHHBIMHU TPAHOJMOPUTAMH M PACCIIAHLIOBAHHBIMA MUKPOJAMOPUTaMU. B MaccuBe TOpHBIX
nopoj Mpeo0najaloT JBE CHCTEMbl TPEIIMH — CHUCTeMa KPYTOMAaJaloluX TPEIIUH,
cyOmapajieNbHbIX KOHTaKTaM pYIHOrO Tela, M CUCTeMa CEeKYIIMX MOJOTMX TPELIMH.
KonneHnTpanus Tpemmnd HOCUT JUCKPETHBIN XapaKkTep.

I'opHble paboThl BeAYTCS B YCIOBUSAX KPUOJIUTO30HBI, TEMIIEpATypa MacCuBa TOPHBIX
nopon MeHsiercst oT MuHyc 4 °C Ha ropu3oHte +2365 M 10 HyJsS Ha TOpU30HTE +2165 M.
Bopomnpurok B maxTte oTCyTCTBYeT. Pyna m BMemaromye nopojbl CpelHENd yCTOMYMBOCTH,
KpenocThlo 1o mkaine npopeccopa M.M. IIporoabsixonosa 10-15.

banancoBble 3amackl pyabl OTpabaThIBAINCh CUCTEMON C Mara3MHUPOBAHUEM DPY/bI, a
3amackl HWKe ropusoHTa +2315 M — C IpUMEHEHMEM IIOJEBOM IOATOTOBKM U
ucronb3oBanueM camoxoaHord texHuku [10]. [IpuMeHenuwe mnocinegHel q0Ka3alo CBOE
IPEUMYIIECTBO B IPOU3BOAUTEIBHOCTH MO CUCTEME pa3paboTki. OCHOBHOM MOJIOKUTENBHBIN
dakTop — camoTeyHas JOCTaBKa pyJbl Ha IUIOCKOE JHUIIE C BBICOKOIMPOU3BOJUTEIHHOM
OTTPY3KOH PYZIbl C OPTOB-3a€3/10B MOI'Y304HO-A0CTaBOYHBIMM MAlllMHAMHU B aBTOCAMOCBAJIbI.
AHanu3 onbiTa OTPaOOTKU BBISIBUJI, YTO MPHU CY>KEHUU OYUCTHOIO MPOCTPAHCTBA MeHee | M
HEM30€KHO MPOUCXOAMUT €ro 3aKJIMHUBaHUE OT HerabapuTOB BTOPUYHOTO pa3yOOKMBaHUS, a
BO3HUKILIEE 3aBHUCAHHE PYAbl MPHU BBITYCKE MPHUBOJUT K HEIUIAHOBBIM 3aTpaTaM IO €ro
JUKBUAAUMU M K CpBIBY IIaHa JOOBIYM pyasl B Onoke. B ycioBusix oTpuIaTeIbHBIX
TEMIEpaTyp 3aBUCIIAs pPyAa CMEp3aercs, YTO MPUBOAMT K €€ MOTepe U IepeHacTpouke
CHCTEMBI 100BIUHBIX paboT. HeBO3ZMOKHOCTE MojJiepKaHus OOKOB KpEIUIEHUEM U LIeTMKaMu
IpU COXPAaHEHHMH MUHUMAJIbHON BBIEMOYHOI MOIIHOCTH M CIUIOIIHAS BbIEMKa OallaHCOBBIX
3aracoB MNpPUBEIM K YXY/IIEHUIO KauecTBa pyaAbl. Tak, oOmiee pa3yOOXKHBaHUE pY.IbI
nocturiio 67 %, 4To MOCIYKUJI0 MPUUNHON HepeHTa0eIbHON paboThl MPOU3BO/ICTBA.
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Taxum 00pa3oM, BO3HHKIA OCTpasi HEOOXOAUMOCTh COBEPILIEHCTBOBAHUS TEXHOJIOTHUU
pa3paboTku MectopoxaeHus. C 3ToHM 1enplo cOTpyIHUKaMU MpKyTCKOro HalMOHAJIBbHOIO
HCCJIEIOBATEILCKOTO TEXHUYECKOI0 YHUBEpPCHTETa Oblla M3ydeHa reojorMYecKas cpelna u
IIPOBEJCHBl MCCIEAOBAHNUSA T€OMEXAHUYECKOTO COCTOSHUS MacCuMBa TOPHBIX MOPOJ IpHU
BEJICHUHM OYMCTHOH BBIEMKHU PyAbl M pa3paboraHbl mnapamerpbl 3¢(HEeKTUBHONW MOI3eMHOI
TF€OTEXHOJIOTHH.

[IpoBeneHHbIE  HCCNEAOBAHUS  COCTOSIHUSI  I'€OJOTMYECKOW  CpeAbl  BBIABHIU
3aKOHOMEPHOCTb, COCTOSIILYI0 B TOM, YTO PAaCHpElEICHHUE COAEpkKaHMS MeETala B pyle
KpaiilHe HEpaBHOMEPHO M HOCHT JUCKPETHBI XapakTep. YOorue pyasl B IUIOIIAIU
0aslaHCOBBIX 3aIacoOB PY/bI cocTaBIsOT 14,5 %.

MetogoM  1mIeneBOM  pa3Tpy3Kd  ONpPEAENeHO  HampsbKeHHO-AedopMHupoBaHHOE
COCTOSHUE MacchBa Ha TiyOumHax paspabotku 1m0 300 m. Pacueramm ¢ mpuMeHeHUEM
MaTeMaTHUYeCKOT0 MOJEIIMPOBAHUS YCTAHOBJICHBI IapaMeTphbl JOMYCTHUMBIX OOHa)KEHUH
OOKOB OUMCTHOW BBIEMKH, KOTOpBIE IOKa3ajM, YTO MAaCCUB YCTOMUMB U HE CKJIOHEH K
0oOpyILICHUSM TPH MPOJeTax OYMCTHOTO mpocTpancTBa A0 100 M (ABa 3Taxka) mpH HIMPUHE
6moka 50 M, 94TO MOATBEPKIAETCS OMBITOM OTPAOOTKU MPHU OTPHUIIATEIBHBIX TEMIepaTypax u
rnyounax 10 300 m. C rnybunoit 6onee 300 M U BBIXOAOM M3 KPHOJIMTO30HBI, a TAaKXKe B
30HaX TMOBBIIICHHON TPEHMIMHOBATOCTH TMPOJET cokpamaercs a0 50 M, mupuHa OIoKa — JI0
20 m. HccrnenoBanue TpEUIMHOBATOCTH MAacCHBAa BBISIBUJIO 3aKOHOMEPHOCTH TOTO, YTO
00J1aCTH MHTEHCUBHOW TPEIIMHOBATOCTH PACIIONAraloTCsl TUCKPETHO U He mpeBbimaioT 60 %
wiomanau orpaboTku OanaHCOBBIX 3amacoB pynasl. llocie mpousBoiCTBa B3PBIBHBIX PabOT
IIPOUCXOIUT pa3pylIeHHE MPUKOHTAKTOBBIX BMELIAIOUINX TOPO/I Ha TI1yOuHy B cpenHeM 0,3 M
B CBA3M C cyOmapajylelbHOM M CEKYIIeH TpEelmMHOBATOCTbIO. MHOTONETHSsSI Mep3loTa
IPAKTUYECKU HE NMPOTUBOCTOUT JAHHOMY BUY HapyLIEHHUS yCTOMYMBOCTU OOKOBBIX MOPOJ,
0ojee TOro, HEraTUBHO BIUSIET HAa CMEp3aHUE 3aBUCIICH OTOUTON PyAbl Ha PACKIMHEHHBIX
BbIBAJIaX IOPOJbl OYHUCTHOTO MPOCTPAHCTBA. OTH O0O0JACTH U SABIAIOTCS TNPUYMHON
HOBBIIIIEHHOT0 pa3yboxuBaHus. Ha ocHOBe IpoBeIeHHBIX HCCIEIOBAHUN C/I€TaH BBIBOJI, UTO
IPUMEHEHHE CUCTEMBI C Mara3uHUPOBAHUEM PYAbl B OJOOHBIX YCIOBUSAX HEAPPEKTUBHO IO
INpUYMHE BOBJIEYEHHS B OTpabOTKY yOOrMX pyJ, NpeBbllieHHs Ha 24 % HOPMAaTUBHOTO
pazyboxxkuBanusi. [lepexon e Ha OTpaOOTKY KOPOTKHMMH Mara3MHaMu Ha TJIYOMHAaX CBBIIIE
300 M, 6e3ycI0BHO, AOMOIHUTEIBHO YTSHKEIUT SKOHOMHUKY.

B pesynbTare Hay4yHO-HMCCIENOBATENbCKMX M ONBITHO-IIPOMBIIIIEHHBIX paloT,
IIPOBEJCHHBIX  COTpYOHUMKaMH  VIpKyTCKOro  HAIMOHAJIBHOTO  HUCCIIENOBATEILCKOTO
texHuueckoro yHusepcutera 1 OOO «Xyxup OHTeprpaiiz», 1isi oTpabOTKU OallaHCOBBIX
3allacoB  TOHKHMX KPYTOMAJAIOIIMX 30JIOTOCOAEPXKAIIMX KW IPEUIoKEHa CUcTEMaA
HOJAPTAXHON OTOOMKHU pyZbl YCTYIMHBIM 3a00€M 10 MPOCTUPAHUIO C HUCXOJSALIMM MOPSAKOM
BBIEMKH U OMOPHBIM KPETIJICHUEM.

IIpu otpabGotke pyaHoro teira MomHOCThIO 0,4 M IpHMEHMMa TOJBKO UIMYpOBast
oTOoiKa. {15 CHMKEHUSI CelCMUYECKOro BO3JEWCTBUS B3pbIBa Ha BMELIAIOLIUE MOPOJBI U
BO3MO>KHOCTH KOHTPOJINPOBATh OTKJIOHEHHE HAIIPABJIEHUS PYIHOTO TEJa, UCXOJS U3 OIbITa
BEJICHUS] B3PBIBHBIX paboT, NiauMHaA Mmypa npuHsATa He Oosee 1,5 M. OrtOoiika pynsl
NPOM3BOAUTCS YCTYIIAMH BBICOTON He Oosiee IByX MeTpoB (pucyHok 1). Beicora ycryma
BbIOpaHa C MO3UIMHM COXPAaHEHHUsI YCTOMYMBOCTU OOPTOB M €€ KOHTPOJISA, a TAK)KE MOATOTOBKH
MIOJIKOB JIJIs1 OypeHHsl, ¢ KOTOPhIX MOKHO OOYpUTH MOJHOCTBIO 32001 ¢ oHOTrO MecTa. Takoro
BHJIa OTOOWMKA MPOM3BOAUTEIbHA W TI03BOJIsIET O€30MacHO BecTH OypoBbIe paboOTHl 0e3
CBEPXHOPMATUBHOTO MOJPhIBa OOKOBBIX mopos [1-14].

KonnuecTBo ycTynoB Bbllle MmojdTaxka — He Oosee ABYX. BrieMka py/bpl 0 HUKHEMY
yCTyIy JOJKHA UJTH C ONEPEkKEHUEM He MeHee 3—3,5 M, a OlepeKeHUe NOoJITaKka — TaKKe
HE MeHee Tpex MeTpoB. Takoe ormnepexkeHHe OO0YCIOBIEHO OE€30MacHOCTHIO HaXOXKJEHHS
OypuibIlMKa TOJ 3allUTONH YCTyma, HEO0OXOJUMOCTbIO KOHTPOJIUPOBATh COCTOSIHHE
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YCTOMUYMBOCTH OOHAXEHUH B 30HE MPOM3BOACTBA OYypOBBIX pabOT M OAHOBPEMEHHO BECTH
OypoBble paboThl B 3a00sX. BypeHue mIMypoB HUKHETO YCTyHa IMPOW3BOAMTCS C HaBala
pyasl. IIpoaBrkeHe yCTYIOB OCYIIECTBIISIETCS 110 IPOCTUPAHUIO OT PYAOCIYCKA K I'pDaHULIe
¢anra orOoiiku. OCTaBIsSeMbIi MOAITAXHBIM LEIUK BBHICOTOW 1,6 M pa3pe3aercsi OKHaMHu
yepe3 3 M JUIsl OCYIIECTBJICHUS BEHTW LMK U OTpadaThIBaeTCs B OTCTYHAIOILEM IOpSIKE C
y4eTOM 3a0aJaHCOBBIX YUaCTKOB.
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PI/ICYHOK 1. Briemka 0anaHCOBBIX 3aI1acoOB YCTYIIHBIM 3a00eM 1o MMPOCTUPAHUIO

OuncTHas MHUHUMAajbHas BbIEMOYHAs MOIIHOCTb MPHU OTPAOOTKE YCTylaMd paBHA
0,6 M, a pu Belemke menuka — 0,5 M. JlaHHO€ MHUHUMAaJbHOE OYMCTHOE IPOCTPAHCTBO
MO3BOJIUT BBINOJHUTH PabOTy MO OOOPYIOBAaHHIO TOJKOB Juisi OypeHus, MPHUBECTH B
Oe3omacHoe COCTOsHHE pabouyue MecTa, MPOU3BECTH OypeHHe IIITypOoB NEepEeHOCHBIMHU
nephopaTopaMu U OCYIIECTBUTH MEpeIBUKEHHE IO OJIOKY.

JlocTaBka py/Jbpl IPOU3BOJUTCS C IOMOIIbIO CKPENEPHON YCTaHOBKU IO MOJA3TAXKY /10
pyaocnycka. CedeHue MOJIITAXHOIO INTpPEKa OOYCIOBIEHO BO3MOMKHOCTBIO Ul IMPOXOAA
NepCcoHaNIa, pPa3MEPOM CKpENEpPHOro KOBIIA, BMECTUMOCTBIO B HEM pYJbl IOCie OTOOMKH
nojdTaxka M ycTynoB. JlIMHAa MNOIPTaXHOIO UITpeKa BHIOMPAETCS HAa OCHOBE YCIOBHH
ONTUMAJIBHOW TPOU3BOAUTEIBHOCTU CKPENEPHOM JOCTaBKU, KPUBU3HBI PYIHOIO Telaa M
YCTOMYMBOCTM MacCHBa BMEUIAIOIIMX MNopoA. Tak, Hampumep, npu uMHE wmTpeka 30 M
JIOTTYCTUMBbIE HANPSKEHUS] B MaCCUBE CHUXKAIOTCS B 1,4 pa3a 1o cpaBHEHUIO ¢ AnuHOM 50 M.

Briemka 3amacoB BeneTcss B HuUcxoasdmeMm nopsiake. OOmias BbIcOTa MOJITaXKa C
YY4ETOM MOJATAXKHOTO IITpPEeKa M LEeTUKa — 8 M. DTO MO3BOJSET COXPAaHUTh YCTONYMBOCTH
oOHa)keHHI OOKOBBIX MOPOJ ¢ MUHUMAaJIbHBIMU 3aTpaTaMH Ha MOJAJIEpKaHUE U JIOKATU30BaTh
0TpabOTaHHOE MPOCTPAHCTBO OT pabouel 30HBI BeAeHHs padoT. Ilocie ouMCcTHON BBIEMKH
MOJI3TaXKa MPOU3BOAUTCS JIOKAIM3alMs €ro OTpabOTAaHHOIO MPOCTPAHCTBA OT BO3JCHCTBUS
BO3MOXXHOTO OOpYIIEHHsS] BMEUIAIOMIMX MOpoJ Ha pabodee MPOCTPAHCTBO HMKEIEKAIIETo
MOJPTaXKa IMYTEM COXPAHEHMs BBILIE IMOA3TAXHOIO HITPEKAa MPEIOXPAHUTEIBHBIX IOJIKOB.
Kpome sTOro, myrem mnojpbiBa OOKOBBIX MOPOJA Ha YJIOKEHHOE IEPEKPhITHE CO3AAI0TCA
peryisipHble OyTOBBIE MOJOCHI, KOTOPhIE 00€30MacsT OT BIMSHUS BO3JEHCTBHS BO3AYLIHOU
BOJIHBI M OYIYT CIYXHUTh MCKYCCTBEHHBIMH MOJATJIMBBIMHM IEIUKAMH, a TaKXe CO37axyT
Oapbep OT BO3MOXKHBIX 00pyiieHui. B kpronnTo3oHe OyToBas 1mojoca MpOJMBAETCS BOJIOM,
MOCJIE Yero Mopo/ia CMep3aeTcsi U 00pa3yeTcsi HCKYCCTBEHHBIN LIETHK, a B TaJbIX MOPOJaX OHa
MPOJIUBACTCS I[EMEHTHBIM MOJIOYKOM. ByTOBYyIO MOJIOCY MOXHO 3aMEHUThH IOJIOCOW W3
OapbepHBIX ILEUKOB U NEPEKPBITHIX OKOH. PacueTsl MOKa3bIBaIOT, YTO OYTOBYIO IOJIOCY
JIOCTaTOYHO BO3BOJIUTH Y€pe3 TPH MOJATaxka, TO €cTh uepe3 24 M. [lpu »3ToM HanpsokeHus
TOPHBIX MOPOJA HE INPEBBINIAIOT AONYCTHUMBIX HAa Y4YacTKaX OYUCTHOM BBIEMKH PpYIbI
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pasmepamu 30X24 M U COXpaHSETCS YCTOMYMBOCTH OOpTOB Ha TiryomHax Oosee 300 M ¢
MOJIOKUTEIBHBIMY TEMIIEPATYPAMH MacCUBa MOPOJ.

OuuctHbIe pabOTHI MPOBOAATCS B 00€ CTOPOHBI OT BOCCTAlOMIEro. J[aHHBINA MOPAIOK
BBIEMKHM II03BOJIIET B 3aBUCUMOCTH OT YCIIOBUI TI'€0JIOTMYECKOM Cpenbl MEHSTHh [UIMHY U
BBICOTY OTPa0OTKH, OCTABJIATH MOPOJHBIC M 3a0aTaHCOBBIE LIEIHKH, 3 B MECTaX C MOITHOCTBIO
pyaHoro tena MeHee 0,3 M BECTH ILEIEBYIO CEJIEKTHBHYIO BBIEMKY PYJbl C OCTaBJICHUEM
NOpOJbl B IMOJATAXKE WM OTIENbHOM ee Bblnaueil. Ilpemyiaraemasi TEXHOJIOTUS HCKIIIOYAET
MOTa/JaHue TTOPOJIbI BO3MOKHBIX OTCIIOCHHH ¢ 00pTOB B pyany. KpoMe Toro, naHHbIi NOpsSA0K
BBIEMKHM TIOCPEJICTBOM H3MEHEHHUs KOHCTPYKTUBHBIX IApaMETPOB IMO3BOJSET PETYIHPOBATH
CKOpOCTb IOTallIeHMs 3alacoB, CIEJ0BATEIbHO, PETYIUPOBATH MPOLECC TOPHOTO JIABJICHUS B
MaccuBe ropHsIx nopos [11].

B TpemmHOBaTHIX BMEIIAIOUIMX IMOPOJAX, CKIOHHBIX K BBIBaJaM, INepe] OTOOWMKOMH
YCTYNOB KpOBJS KpPENUTCS METAUIMUYECKMMU aHKEpaMM Ha MHHEPAJbHOM OCHOBE 4epe3
LITPUIICHI (PUCYHOK 2).
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Pucynok 2. Pa3HOBHAHOCTH aHKEPHOTO OMOPHOT0 KPETJIEHUS IOPOJI KPOBIIU MOIITAKHOTO
HITpeKa nepej MpoLeccoM OTOOMKHU ycTyna

JlaHHOe KpeIUyIeHHe BMEIIAIIIMX IOpOJ HE TO3BOJSET pa3BUBATHCA IPOIECCY
CHOJ3aHMsI MOPOJ MO KOHTAKTaM TPEIIMH, YTO MOMOXKET C(HOpMHUPOBaTbH MUHUMAIbHOE
OUYHCTHOE ITPOCTPAHCTBO HA YCTyMax.

bypenue BepxHero ycryma M NOJIITaKHOTO ILEJIMKAa IPOU3BOJUTCS C IIOJBECHBIX
noJakoB (pucyHok 3). [lropaneBble MM JPYroro BHJa IMOJIKHU YKJIAJbIBAIOT Ha TPaBEPCHI,
KOTOpbIE MOJABELIMBAIOT HA IEMOYKaX K aHKepaM, 3aKpelIeHHbIM B MOJ0YpKaX ¢ MOMOIIbIO
METAIIMYECKUX KIWHbEB. [lOJKM M KpemjieHue — MHOropa3oBOro IMoJsib3oBaHMs. Jlis
JOTIOJTHUTEILHOW TEePEeCTaHOBKM II0JIKA B KayecTBE OINOPbI HCIONb3YeTCs pacrnopHas
BUHTOBas CTOMKa. Takke MOTYT MPUMEHATHCS MOJKH U3 JiepeBa (pucyHok 4). ObopynoBanue
MPEIOXPAHUTENBHBIX TOJIKOB MPOU3BOJUTCS IMOCPEACTBOM YCTAaHOBKU  JIEPEBSHHBIX
pacropHbIX CTOEK 4yepe3 1,5 M ¢ mepeKpbITUEM U3 T0COK TONMHONW He MeHbIue 0,04 M.

Ha ocHOBe cocCTOSIHMS YCTOWYMBOCTH TOPHBIX MOpOJ, paboThl 000pyaOBaHUS,
NEPEBIKEHUS NIEPCOHANIA U MEPEMEIIEHUS IPY30B BBICOTY ITaka PEKOMEHAYETCS IPHUHSITH
70 m [12].

ITorpy3ka pyasl U3 pyIOCIyCKOB OCYILIECTBIISIETCS UEPE3 JIIOK C CEKTOPHBIM 3aTBOPOM
B aBTOCAMOCBAaJI, CTOSIIIUN B OpTE-3a€3/I€ MO/ MOTPY3KY.

enuku, ocTaBmMecs mocjae BHIEMKH 3al1acoB BJOJb BOCCTAIOIIET0, OTPAOATHIBAIOTCS
B MIOCJIEIHEIO OYepeib B OTCTYIAIOLIEM MOPSAKE MOMAapHO CHU3Y-BBEPX.
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Pucynoxk 3. PaGoune rmoiBecHbIE IMOJIKH Pucynok 4. Paboune u npegoxpaHuTeIbHbIC
IIOJIKU U3 JIepeBa

[lonroroButenbHble  pabOTBl  OCYILECTBIIIOTCA ~ MPOXOJAKOW €  TOMOLIBIO
MIPOXOIYECKOT0 KOMIUIEKCa BOccTaromero. Ha ropusoHTax, B jexkaueM OOKY MPOXOIUTCS
PYIHBIN U TIOJIEBOW IITPEKHU.

D¢ dhexkTuBHOCTH MpenIaraeMoil CUCTEMbI Pa3pabOTKU 1O CPABHEHUIO C CHCTEMOMU C
Mara3uHUpPOBAaHUEM JOCTUTaeTCs 3a CUET:

— CHW)KEHHUSI TOPHO-TIOJATOTOBUTENBHBIX paboT B aBa pasa Ha 1000 T GamancoBoi
pyneI;

— rMOKOM cucTeMbl OTpabOTKH, O3BOJISIIOIIEH OCTaBIATh NOPOJIHBIE U 3a0aJaHCOBBIE
LEJIUKH, a TAK)KE BECTU CEJIEKTUBHYIO BBIEMKY PY/ibl, OIIEPAaTUBHO B XOJ€ OTPAOOTKU MEHSTh
pasMepsl OJIITAXKa,

— CHUKEHUSI BHIEMOYHOM MOIIIHOCTH B 1,9 pa3a;

— TIPUMEHEHUS MEXAaHU3UPOBAHHOM IIPOXOJKHM BOCCTAIOIIETO0 C WCKIIOYEHHUEM
CpyOOBOTO KpEIJICHUS;

— MOTPY3KH PYIbI U3 PYIOCITYCKOB U3 JIIOKOB 0€3 paboThl MOrPy3UHKOB;

— CHIKEHMSI 00beMa MepeBO3KH TOPHON Macchl U MepepaboTKU pyAbl Ha OJUH IPaMM
JOOBITOrO MeTasIa.

[Ipumenenue paHHOM cHUCTEMBl pPa3paOOTKU TMO3BOJUT  YIYYLIUTh KadyeCTBO
no0bIBaeMOM pyZbl B JIBa pas3a, MPH 3TOM JIOCTUTaTh IPOU3BOAUTENIBHOCTH TpyHa
ropHOpabOYero 1o KUJIbHON Macce B CMEHY HE MEHEe, YEM C CUCTEMON ¢ Mara3uHUpPOBaHUEM
PYZAbI, U B LIEJIOM CHU3UTh U3JEPAKKH MO MPOM3BOJCTBY METalljla U BBIUTH Ha PEHTAOEIbHYIO
pabory.
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Application of mathematical models for estimating emissions of the industrial
enterprises of power on the Baikal region
V. Verkhozina, A. Safarov
Irkutsk National Research Technical University
e-mail: verhval@mail.ru

As the assessment of the impact of the emissions of the industrial enterprises of power
on the Baikal region applied mathematical models, taking into account climatic factors, the
landscape and the priority direction of the winds. This provides an opportunity to assess the
State of ecosystems and provide forward-looking recommendations

KauecTBo nuieBbIX NPOAYKTOB KaK (PAKTOP pUCKA 00IIECTBEHHOTO 310POBbS
N.B. Bonyartosa
Upxymckuil HayuoHanbHblll UCCIe008aMENbCKUL MEeXHUYECKULl YHUgepcumem
e-mail: belyana64@inbox.ru

ObecrieyeHrie OE30MACHOCTH MUIIEBBIX MPOJAYKTOB SIBISIETCS B HACTOSIIEE BPEMs
OJIHUM W3 TPHOPUTETHBIX HAIPaBJICHUN TOCYJIAPCTBEHHOW MOJMTHKU B cepe cCoXpaHEHUs
0OIIIECTBEHHOTO 3JI0POBbSI BO BCEX PAa3BUTHIX cTpaHax. [IpoGiema mpoI0BOIHCTBEHHOMN
0e30MacHOCTH paccMaTpUBAeTCsS B KadecTBe OOS3aTENBHOTO YCIOBHS HOPMAIBLHOTO
OHTOTEHETUYECKOTO Pa3BUTHS 4YeJIOBeKa, MNPOMUIAKTHKKA 3a00J€BaHUN, COXpaHEHUS
paboTOCOCOOHOCTH W TPOJUICHUs JKU3HU. [IpOAYKTHI THUTaHHUS JOJDKHBI HE TOJBKO
COOTBETCTBOBATh (PU3UOJOTUUECKUM MOTPEOHOCTSM YEIOBEKA, HO U OBITh KAaYeCTBEHHBIMH B
CaHUTAPHO-IMUIEMHOJIOTHYECKOM TIIaHe, MIPEIoXpaHss MOTpeOuTeNel OT pUCKOB 37J0POBbIO,
CO37IaBaeMbIX 3arps3HUTENssMH. HeGe3zomacHoe Il 37I0pOBBSl YEIOBEKA MHUTAHHE SIBISCTCS
npuunHoi 60mee 200 3aboneBanuii. [1o onenkam BO3, exeromno okono 420 ThICSY YeIOBEK
yMuUpaeT OT 3a00JIeBaHUM, CBS3aHHBIX C YINOTPeOJECHHWEM HEKAUYeCTBEHHBIX TPOIYKTOB.
B cBsi3u ¢ 3TUM 3arps3HeHHe MHIIEBBIX MPOAYKTOB CTAJIO OJHON M3 TIOOANBHBIX MPOOIEM
COBPEMEHHOCTH.
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Lenpro nanHOM pabOTH ObLIA OLIEHKA KAYeCTBA MUIIEBBIX MPOJYKTOB, MOCTYIAIOIINX
B Hacrosiiee Bpemsi B MpKyTckyro 00jacTh, M puUcCKa BO3ACUCTBUS COACPKAIIMUXCS B HUX
KOHTAaMHHAHTOB Ha 370POBbE HACEICHHUS.

Ha ocHoBanuMM JaHHBIX O CpEIHEIYIIEBOM MOTPEOJICHUH MHUIIEBBIX MPOJIYKTOB
xutenaMu  MpkyTckoil 005acTH TpOBEIM pacdeT »JKCIO3UWLMU KOHTAMHHAHTaMU Ha
HacesieHue. PamkupoBaHue npoyKTOB MUTAHUS MOKA3aj0, YTO HAaMOOIbIINN BKIA B 001Iee
3HaueHue 3Kkcno3uuuu kagmueM (83,3 % oT Bceil Harpy3ku) BHOCST MOJIOKO M MOJIOYHBIE
MPOIYKTHI, KapTOQelb, OBOIIX U TUIOAOOBOIIHAS TTPOAYKIIHS, XICOOTMPOTYKTHL. DKCIO3UIIHS
CBUHIIOM omnpenensiercs Ha 81 % pblOHOW, MSCHOW MPOMYKLIHEH, XJIeOOM W
XJICOONPOAYKTaMH, OBOIIAMH W IUIOJOOBOIIHOW mponaykuued. Hawmbompmmii Bkiag B
OKCIO3UIUIO PTYTHIO JAIOT pbida u peioonpoaykTel (70,1 %); B AKCIO3UIMIO MBIIIBIKOM
(83,2 %) — peida u pPHIOOMPOAYKTHI, KapTodelb, MICO W MSICOMPOIYKTHI, MOJOYHBIC
npoAyKThl. Takum 00pa3oM, Tpymmmoi MPOAYKTOB C HAMOONBIIMM BKIIAJOM B SKCIIO3HIIHIO
PTYTBIO, CBUHIIOM M MBIIIBSIKOM B IPKYTCKOM 00JIaCTH SBIISIETCS PhI0a U PHIOHBIC MPOTYKTHI.
KontamuHanust polObl STUMU TOKCHUKAaHTAMH — BO MHOTOM peE3yJIbTaT HaKOIJICHHOTO
9KOJIOTHYECKOro yiepOa balikaabckoro permuosa.

Ucnonw3yss moilydeHHBbIE JaHHBIE O CPEIHECYTOUHBIX J103aX IOCTYIUICHUS
KOHTAaMHHAHTOB C MPOAYKTAMHU NMUTAHUS, ObUIHA OMpPEeNIeHbl PUCKH ISl 3A0POBbsI HACETICHUSI.
MaxkcuManbHble 3HAYeHHs] MHJIEKCOB OMACHOCTH BBISBIICHBI ISl BEIIECTB, BIMSIONIMX Ha
CEPICUYHO-COCYAUCTYIO CHCTEeMY M KpoBb. OCHOBHOM BKJIaJ 3/1€Ch BHOCAT HUTparhl. Ha
TPETHEM MECTE TI0 PUCKY — TOPMOHAJIbHAS CHCTEMA; OMACHOCTh OINPEACIISICTCS] TPUCYTCTBHEM
B MIPOJYKTAX MUTAHUS TSKEIBIX METAIIJIOB U MBIIIbSKA.

st cpeHerofOBBIX YPOBHEH YIENbHBIX AKTMBHOCTEM DPAJIUOHYKIUIOB C YYETOM
CpEeIHEAYIIEBOr0 MOTPEOICHUS OTAEIbHBIX I'pynn NpoAyKToB B Mpkyrckoil obiactu ObLI
paccuMTaH WHJIMBUAYaJIbHBIM paavallMoHHbIA puck. OH oka3zajicsd paBHbIM 6,8 - 10 yen? -
rox’, 4TO HHKE YCTaHOBJICHHOTO TMpefeNia JOMYCTUMOrO pPagualliOHHOTO pHCKa Ui
nacenenns (5 10° wen™ - rog™).
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DJIeKTPOHHAsA HH(POPMALMOHHAS MO/IeJIb PeryJIMPOBAaHNUs 00palleHusl TBePAbIX
KOMMYHAJIbHBIX 0TX0/10B B KpacHosipckoM kpae
.M. FaHﬂYTIlI/IHOBl, I'' 1. H_[aIIOBl, O.J1. Tomiun?
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e-mail: oooiliga@gmail.com

[IpoGnema OTX0IOB B HAcToOsIIEee BpeMs SBISETCS OJHOM W3 TIABHBIX MHpoOiieM
HaIiero BpemeHu. Pacryiiee oco3HaHue Kpu3nca ¢ 0TXOJaMH, ¢ KOTOPBIM CTAJIIKMBAETCSI HAIIIE
00111eCTBO, MPHUBENIO K TOMY, YTO YIPABJICHHE OTXOJaMHU W3 BTOPUYHOW MPOOJIEMBI CTaJo
HEHTPaIbHOU MPOOIEMOM, K KOTOPOH ¢ KaKIbIM T'OI0M IMPHUBJIEKAeTCs BCe OOJbIe U OObIe
CIIELUATIUCTOB.

B pabore na mpumepe r. KpacHosipcka u KpacHOsIpcKOTO Kpasi BBIIIOJTHEH aHaIu3
mpo0JieMbl 3arps3HEHHs] TBEPABIMH KOMMYHAIBHBIMH OTXOJaMH METOJaMH CHCTEMHOTO,
KOMIUIEKCHOTO, ()YHKIIMOHATBHOTO, CTaTHUCTUYECKOTO, CTPYKTYPHOTO M CPaBHUTEIHHOTO
AHAJIN30B, MMOJTYYCHHUA SKCIICPTHBIX U CTATUCTUYCCKUX ITPOTrHO30B.

Paccmotpena cymectByromas cxema oopamienust ¢ TKO u pekoMeH10BaHO BHEAPUTH
U HCIOJNb30BaTh AJIEKTPOHHYIO MOJIENb, KOTOpas MO3BOJUT OpraHaM BIACTH CYIUTh 00
(b (PEKTUBHOCTH JEATETHPHOCTH PErHOHAIIBHBINA OMEpPaTOpOB, a TMOCIEIHUX B CBOIO OYEpPE.b
MOSIBUTCS XOPOIINK pabounii MHCTPYMEHT B 00phO€ ¢ HECAaHKIIMOHUPOBAHHBIMU CBAJIKaMHU.

OnTuManbHas 3J€KTPOHHAs MOJIEIb JOJKHA COCTOSITh U3 JBYX KJIFOUEBBIX 3JIEMEHTOB:
0a3pl JTaHHBIX, OIMCHIBAIOIIECH COCTOSHHUE OTpaciv, W HWHTEpHET-TopTala A OOIIeHUs
3aMHTCPCCOBAHHBIX CTOPOH. B kaugecTBe TPETHEIr0 KOMIIOHCHTA BBIACICHBI Pa3JIUYHBIC
GyHKIIMOHATBHBIE MOIYTU JUIsl  OOECTeYeHHUs TMPEAOCTaBICHUS PA3IMYHBIX  YCIYT
MOJIb30BATENSIM BCEX YPOBHEH U THIIOB.

Pa3pabarbiBaemasi B mpoliecce 3KCIUTyaTallMM CUCTeMa JOJDKHA pelaTh CIeAYIOLIre
3a/1auu:

— ¢opmupoBaHue 6a3bl JAHHBIX OTPACITH OOpaIeHus ¢ 0TxoaaMu, cBsizanHou ¢ [C;

— BU3yaJln3auus UHQOpMaLuK 0 XapakTepe ABMKEHUS U OCTaTKaX OTXOOB;

— COKpameHue BPEMCHHU, H€O6XO)II/IMOFO IJid  BBIIIOJHCHUA TOCYAapCTBCHHBIX
GyHKIMH, peanu3aliiil TOCYJapCTBEHHBIX YCIYT, MPEAOCTABICHUS YCIYT OIMEpaTopaMu U
APYruMu 1nocCTaBIIMKaMH B o0jacTu YIpaBJICHUA OTXOJAMH ITYTEM IOJYUCHUS DJICKTPOHHOT'O
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JOCTYNa K COOTBETCTBYIOIIEH OTYETHOM M aHAIUTHUECKOW HHQOpMAIMKM, H TaKkxke
[IPEIOCTABIIEHUE YIIPABIECHYECKUX U APYTUX DIIEKTPOHHBIX YCIIYT;

— UHTErpaius y4aCTHUKOB OTpacCiid B €JHUHOC I/IH(l)OpMaLII/IOHHOG IIPOCTPAHCTBO,

— CO3JIJaHUE OTKPHITOM WH(POPMAIMOHHONW CHCTEMBI C BO3MOXHOCTBIO PACIIUPECHUS
(YHKIIMOHAJILHOCTH;

— IIOJIYYC€HHE OT3BIBOB OT OIICPATOpPOB U HpeﬂCTaBHTeHeﬁ OpraHoOB HUCIOJIHUTEIBHON
BJIACTH OT OOIECTBEHHOCTHU M JPYTUX YYACTHUKOB.
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IIpo0OJiembl peryjimpoBaHus o0OpalleHUs1 TBEPAbIX KOMMYHAJbHbIX 0TX0/10B
B TyHKHMHCKOI 10/1M1He
N.MN. Tansyrouuos, .. [lanos, C. Y naeBa
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PecniyOnuka Bypsitus, kak, Bnpouem, U OONBIIMHCTBO peruoHoB Poccun mojomnuia
Hayay 2019 roma He BHOJHE TOTOBOM [UIsl peajM3allud MacIITabHOro MPOEKTa IO
M3MEHEHUIO MOJIUTUKH NepepadoTKH TBepAbIX KoMMyHaIbHBIX 0TX0110B (TKO). D10 Kacaercs
IIPEXKJEC BCETO YHMKAIBbHOM TeppuTOpuM — TyHKMHCKOM noiuHbl. B TyHKMHCKOM panioHe
IIPOXKUBAET YyTh OOJIBLIE IBAILIATH THICAY YEIOBEK, HACUMTHIBAETCS 14 CENbCKUX MOCENEHUH,
Haubosiee HaCeIeHHbIE M3 KOTOPBIX — 3TO celbckoe moceneHue «KbIpeHckoe», cembcKoe
nocejeHue «Apiian», ceinbckoe mnoceneHue «TyHka». ['ooBoe koamdecTBO 00pa3zyeMblx
TKO, cootBerctBeHHO, 1646,9 ToHH, 1082,9 TOHH M 728,7 TOoHH. Takum oOpazom, 1O
TynkuHckoMy paiiony B rog oopasyercs 6964,53 toun TKO, B Tom uucine: konmdectso TKO,
oOpa3oBaHHbIx HaceneHueM — 5510,5 TOHH, oObekTamMH OOIIECTBEHHOTO HA3HAUYCHUSA —
1106,4 TOHH, TypUCTHYECKUM CEKTOpPOM — 347,63 ToHH. TyHKHMHCKMIA pailoH sIBIsETCS 0CO00
OXpaHsAEMOW 30HOM U UMEET CTaTyC HAIMOHAJIBHOI'O NapKa. 3aXOPOHEHHE OTXO0/I0B Ha JaHHOU
TEPPUTOPUH 3alPEIICHO, PA3PELICHO JUIIb BPEMEHHOE XpaHEeHUEe CpokoM a0 11 mecsies u
BBIBO3 OTXOJIOB C O0BEKTa BpeMEeHHOro pasmenienus (c. ['anbait) 3a mpexensl pailoHa Ha
nosmrod TKO B ¢. Huwxuuit Casatyii Tapbararaiickoro paiioHa.

ABTOpBI IPOAHATTU3UPOBATU COCTOSHUE CHCTEMBI OOpalleHHsl ¢ OTXOAaMU,CPaBHIIIN
C JAPYTMMHU PETHOHAX U MPEAJIOKUIN OTUMAIbHbIE PELIECHUS MO COKPAIIEHUIO TPAaCHOPTHBIX
pacxoJI0B, PEKOMEH0BAIN pa3padoTaTh i JaHHOW TeppUTOpHU JOKyMeHT «KoHuenmus
BHEJPEHUS pa3lieldbHOro cOopa TBEpPABbIX KOMMYHAJIBHBIX OTXOJOB Ha TEPPUTOPUU
TYHKUHCKOM JOMIMHBI € Yy4YeTOM €H NPUPOJOOXPAHHOM CIEeHUpUKH U TepepadoTKU
OTJIENbHBIX (PPAKIMNA ITUX OTXOJI0B BO BTOPUUHOE Chipbe Ha nepuos ¢ 2020 mo 2025 rozst.

Medical waste resposal: Russian and global experience
N.E. Garashchenko
Irkutsk National Research Technical University
e-mail: nadzelin@mail.ru

In Russia, the medical waste processing is carried out in accordance with SanPiN
2.1.7.2790-10. According to this document, the handling algorithm depends on the waste
class. In fact, this document is valid within medical institutions and does not in any way
control the medical waste circulation at home. Thus, medical waste in large quantities is
disposed with municipal solid waste together, and this turnover is not controlled. This leads to
sanitary and epidemiological standards violation and carries a potential danger to the
population.

In European countries, there is a separate collection system for medical waste at home.
Thus, hazardous and potentially hazardous wastes facilitates in the future are much easier to
disinfect and recycle, and their appearance on landfills is prevented.

It is necessary to develop measures to sort medical waste during the municipal solid
waste collection, as well as mechanisms for controlling the hazardous medical waste
circulation.
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The use of stable carbon and nitrogen isotope ratios in epiphytic mosses
and lichens for air pollution studies in cities of the Western Siberia
A. Geraskevich, Y. Volkov, D. Kalashnikova, G. Simonova
Institute of Monitoring of Climatic and Ecological Systems of the Siberian Branch of the
Russian Academy of Sciences
e-mail: ellinformalin@gmail.com

Increasing anthropogenic emissions of carbon- and nitrogen-containing compounds
are the main air pollution sources that have a negative influence on the cities air quality and
surrounding ecosystems. Due to biological and morphological characteristics, epiphytic
mosses and lichens are sensitive to environmental changes, pollution and health of ecosystem.
The C and N percentage and the carbon and nitrogen isotope compositions were determined
in thallus of epiphytic mosses (Leskea polycarpa,Platygyrium repens, Sciuro-hypnum
reflexum) and lichens (Hypogymnia physodes,Flavoparmelia caperata, Physcia stellaris),
growing in Tomsk, Prokopyevsk, Khanty-Mansiysk, and Bely Yar (workers settlement,
Tomsk region). The relation between these parameters and environmental conditions was
established. The carbon and nitrogen isotope compositions were measured using isotope-ratio
mass spectrometry (IRMS) by DELTA V Advantage isotope mass spectrometer (Thermo
Fisher Scientific, Germany) coupled to Flash 2000 elemental analyzer (Tomsk Regional Core
Facilities of Tomsk Scientific Center of Siberian Branch of the Russian Academy of Sciences
(SB RAS)). The 613C values varied for lichens from —29%o to —24%o and for mosses from —
35 %o to —27 %o. The lowest 613C value was —35%o for mosses samples from Prokopyevsk.
This value might be explained by the presence of mine methane in the air in Prokopyevsk.
The nitrogen isotope composition indicates environmental pollution to a greater degree and it
is one of the main anthropogenic pollution markers. The 615N values for mosses and lichens
samples also varied in different ranges: for lichens from —11 %o to 4 %o, and for mosses from
—7 %o to 5 %o. Comparison of mean 615N values between cities allows us to conclude the
anthropogenic load in cities increases in a row: Bely Yar < Khanty-Mansiysk < Prokopyevsk
< Tomsk in terms of nitrogen-containing compounds emissions.

Financial and economic criteria for choosing
the method of recycling of construction waste
S. Globa
Siberian Federal University, Russia
e-mail: SGloba@sfu-kras.ru

The use of recycled construction waste has a number of environmental, economic and
social benefits and advantages. For example, secondary crushed stone obtained from concrete
of buildings being demolished, buildings, is much cheaper than natural, since the energy
consumption for its production is 8 times less, and the cost of concrete is reduced by 25—
30 percent [1]. At the same time, reinforced concrete is currently the main type of
construction waste produced in the process of demolition. Recycling concrete into rubble
solves several problems at once:

— improves the environment;

— due to the use of more accessible secondary raw materials, the cost of construction is
reduced and, which is no less important, the sites used for depositing waste are released;

—reduced load on the roadway during transportation of waste, there is no emission of CO..

Experience in waste management in various countries has shown that market relations
in themselves are not able to effectively regulate the processes of waste management and,
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above all, resource saving processes. Most European countries address the issues of resource
conservation and waste management in a combination of state and market mechanisms for
regulating work with them. In order for the direction of waste reuse to be a priority and
beneficial in Russia, it is also necessary to have public administration for the development of
the correction of the legislative and regulatory framework in the field of resource saving [2,
3]. The main factor in addressing this issue should be the economic component.

After analyzing the theoretical foundations of managing the area of waste generation
from construction, identifying aspects of the motivation to waste recycling into secondary
materials, the tools needed to regulate it, was selected quantitative data to assess their impact
on such indicator as current (operational) protection costs the environment. This resulting
indicator was chosen for the reason that in the case of correct application of financial and
economic criteria for choosing the method of utilizing construction waste within the
framework of the factors affecting it, the cost of environmental protection should be reduced.

We consider the expenses of enterprises (organizations, institutions), individual
entrepreneurs, states with targeted environmental protection objectives (collecting, cleaning,
reducing, preventing or eliminating pollutants, pollution itself or any other types and elements
of environmental degradation) as current costs for environmental protection.

Developed a scheme for the process of recycling construction waste. This scheme
consists of several parts: the stage of demolition / dismantling of the building, possible
measures at the stage of demolition / dismantling of the building, the method of collecting
construction debris and proposals for measures in the field of handling construction debris. In
our opinion, this scheme will be more optimal and understandable for the subjects, carrying
out the demolition of the building with subsequent actions in the field of recycling,
neutralization, deposit of construction waste.

Disposal of construction waste is done in various ways. The choice of disposal method
depends on the purpose of further use of waste and the proportion of materials in the waste
that can be used in the future. For clarity, a flowchart has been drawn up for choosing a
disposal method, based on the goals for which recycled construction waste is used.

Through econometric analysis, the most influential factors on the current costs of
environmental protection were identified, the main financial and economic criteria for
choosing a method of construction waste disposal were identified:

— the possibility of using secondary construction resources as a finished product,
element, material for new construction without additional processing;

— the use of secondary construction resources as semi-finished products and raw
materials for various enterprises of processing industries;

— full utilization of secondary construction resources and storage at waste landfills
from their processing due to the lack of economic feasibility of their further use.

It is on the basis of these criteria that the list of costs for the disposal of construction
waste is formed. If secondary construction materials can be used without additional
processing, then the maximum economic effect will be obtained, since it is likely that the sale
of secondary raw materials will cover all costs incurred by the company during the
dismantling of the building, dismantling of waste, sorting, transportation, etc. And, on the
contrary, if construction waste is subject to full disposal, then not only material losses will be
incurred, but also this factor will adversely affect the external environment.

Based on the above, it is proposed to apply a phased scheme for handling construction
waste, which includes all the steps that cause construction waste (demolition, dismantling,
analysis, etc.) and waste management methods that arose during the demolition of buildings
or structures.
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[Monyyenune nmpenapara AJsi IK0JI0OrMYeCKH 0€30MACHOM 3aIUThI PpacTeHUI
oM. T OpeJ'IOBal, JLB. KypTYKOBal, C.I. PycaKOB2
Y Unmaiicuii 20cyoapcmeennblil mexnuyeckuu ynueepcumem um. M. 1. Ilonzynosa,
2000 «Cadwr Anmas Aepo»
e-mail: htie@mail.ru

[Ipu BO37€NBIBAHUM CEJIbCKOXO3SIIICTBEHHBIX KYJIBTYp CYIIECTBEHHBIMH IpoOIeMaMu
ABJISIOTCS  A€(DULUT SJIEMEHTOB IMHMTAaHUS B IIOYBE, COPHAas pPacTUTENIBHOCTh, OOJE3HU
pactenuii, Bpeaurenu. B ycnoBusax Cubupu 310 ycyryOnsiercs KOPOTKHMM BETre€TalliOHHBIM
NepUOAOM, IO3AHMMU 3aMOPO3KaMH, UYPE3MEPHO JOXKIJIUBBIMM WM, HA00OpOT,
3aCyLJIMBBIMM ~ CE30HAMM, paHHUMHU  noxonojanusmu.  Eme  ogHol  3amauei
CEJIbXO3MPOU3BOANTENEH  SIBISETCS  YBEIMYEHHME CpOKa I0CiIeyOOpOYHOro  XpaHEeHHUs
pacTUTEIBLHON NPOLYKIUH.

CoBpeMEHHOE PAaCTEHUEBOICTBO IIPAKTUKYET HCIIOJIB30BAHUE CTUMYJIATOPOB POCTa U
CcpeacTB  3amuThl  pacTeHud. [llMpoko mpuMeEHSAIOTCS mpemapaTsl CHUHTETUYECKOTO
IIPOUCXOXK/ICHUS, B Yallle BCEr0 MMIOPTHOIO MPOU3BOJACTBA UM C IPUMEHEHUEM BBO3UMBIX
W3 pa3HbIX CTPaH MHpa JCHCTBYIOIIMX U BCIOMOrareibHbIX BemlecTB. [IpousBoacrtsa B PO
HanOoJiee M3BECTHBIX COEIMHEHMH, Hampumep, riaudocaT, Aukamba, cylib()OHUIMOUYEBHHA,
OTCYTCTBYIOT.

bnaronpusitHbiil 3 (})EKT OT UCIIOIB30BAHUSI XUMUKATOB MOXET COIPOBOXKAATHCA UX
(UTOTOKCHUYHOCTBIO, HAKOIJICHHEM B IOYBE U B pPACTEHUSX OCTAaTOYHBIX KOJHYECTB
IpenapaToB WIK METa0OJIUTOB, KaK MPaBUIIO, HEFATUBHO BIMSIOIIMX HA JKUBBIE OPTaHU3MBI.
Kpome ToOro, cymecTByloT MpoOJeMbl C XpaHEHUEM, CMEIIMBaHWEM, YyTUIU3aluei
arpoOXMMHUKATOB, PE3UCTEHTHOCTBIO CEIbX03BPEAUTENEH U JIp. DTO NPUBOJUT K pa3pabOTKe U
BBIITYCKY HOBBIX CUHTETHUECKUX MpenapaToB, 001aJaoluX CEIeKTUBHOCTBIO, 3P PEeKTUBHBIX
IIPY BHECEHUHU B MaJbIX J103axX. Pa3BUTHIO arpoXUMHUYECKOM UHYCTPUH CIIOCOOCTBYIOT TaKXKe
HOBBIE METOJIMKH HCCIICIOBAHUN PEaKINii OMOJIOTHYECKUX 00BEKTOB HAa XUMHUKAT [2,3].

Jns sKomornyecku O€30macHOro 3emiefeNinss HeOOXOJUMBI HOBBIE IPENaparthl,
3 PEKTUBHO 3alMIIAIONIME PACTEHUs, MOBBIIAIOINE YPOXKAWHOCTh, HO HE SBISIOLIMECS
HKOTOKCHUKAHTaMH.

Llenpto nmanHOW paboTHl OBUIO CO3JAaHUE CPEIACTBA 3AIIUTHI PACTEHUH, KOTOPOE
SBISUIOCH OBl CTUMYJISITOPOM POCTa, MMMYHOMOIYJISTOPOM, 00J1aAano (QyHTUIUIAHBIMA
CBOMCTBaMHM U OBLIO 3KOJOrMYecKH Oe3omacHbIM. [TOHSTHO, YTO OMH MPOIYKT HE MOXKET
pEelIUTh BCE NPOOJIEMbl PACTEHUEBOJIOB, HO MOMKET YMEHBIIUTh BpEJ MpPH pPELICHUU
HEKOTOPOU JIOKaJIbHOU 3a1a4u

B pabGore paccMOTpeHBI JKOJIOTHYECKH O€30MacHbIe CIMOCOOBI  TOBBIMICHUS
NPOJAYKTUBHOCTH pacTeHHneBoAcTBa. O0ecneunuTh 3alIUTy CEIbCKOXO3SHCTBEHHBIX KYIbTYP
OT pa3JInYHbIX 3a00JIeBaHUN, CTUMYIMPOBATH UX Pa3BUTHE CIIOCOOHBI Mpenaparhl, CO3/1aHHbIE
U3 PACTEHM, coiepKalInX TepreHbl. BHenHss kopa 6epessl (6epecta) 10 40 % Macc. MOKeT
CoJIepKaTh TPUTEPIEHOBBII CIUPT OETYNNH, UTO MPENoaraeT nojay4darb U3 Hee Oe30MacHbIe
JUISL OKPYXKAIOUIEH Cpesibl CPeACTBa 3alllUThl PpACTECHUM.
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3KCH€pI/IMeHTaJIBHI>Ie HCCIICAOBaHU NOCBAIICHBI HM3YUCHUIO MPOLECCa 3KCTPAKIUH
OerynuHa W3 OEpecThl, CO3IaHUI0 OeTylIMHOcoIepikaliero npemapara «Stimuliny s
00pabOTKM CEeMsSH W BETeTUPYIONIUX pACTEHWH, a Takke uchblTaHuio «Stimuliny Ha
pa3IMYHBIX arpoKyJbTypax. Pe3ynpTaTel MpUMEHEHHs IIpenapara IOKa3ald 3HAYUTEIIbHOE
yBeNInueHue ypoxaitHoctu (Ha 8—35 %) Takux KyJIbTyp, KaK MIICHUIIA, TYMEHb, Ipedrxa, cosl,
apOy3pl. McnbiTanne GyHTHIMAHOW aKTUBHOCTH «Stimuliny mpou3BoAMIOCH HAa 00Jenuxe
KPYLIMHOBOW, TJIaBHBIM BO30yauTeNneM 3a00JieBaHUM W MPUYMHON YChIXaHUS KOTOPOM
spisiercst TpuO Fusarium. @OyHrunmaHas akTUBHOCTH «Stimuliny comocraBuma ¢
CUJIBHOJICHCTBYIOIUMHU CUHTETUYECKUMH arpOXUMHKaTaMH.

Pe3ynbrarhl MCHBITAHWN TOKa3ald, YTO CO3JaHHOE Ha OCHOBE OepecThl Oepesbl
CPEACTBO 3alIUTHl pacTeHU 3()(HEKTUBHO MOBHIMACT YPOKAHHOCTH OCHOBHBIX arpOKYJIbTYP,
IPOSIBIISET SPKO BBIPAKEHHBIC (DYHTHIIMHBIE CBOWCTBA U MPU 3TOM aOCOIIOTHO OE3BPEIHO
JUISL YEIOBEKA U OKPYKAIOLLIEH Cpeibl.
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CpaBHuTe/IbHASI OLEHKA NPO(eCCHOHATBHBIX PUCKOB NPeANPUATHI
He(Ten00bIBAIOLICH U YTOJbHON NpoMbINLIeHHOCTeH UpKyTCKoii 001acTn
H.B. l'opaenko, M.A. Myp3un
Hprymckutl HayuoHanbHulll UCCIe008amenbCKULl MeXHUYeCKUll YHugepcumem

e-mail: hopel907@istu.edu, misha0009@mail.ru

Hcrtopuyeckoe pa3BUTHE YEIIOBEUECKOW IMBHJIM3AIMH TPHBEIO (OPMHUPOBAHUIO
BIIOJIHE CIIPABEJIMBOM KU3HEHHOW aKCHOMBI — €CJIM XOYelllb Yero-JInho J0OUThCS, TO YIIOPHO
pabotaii. I BepHO, O€3 TpyAa 4elOBEK, BIIOJIHE JIOTUYHO, HE CMOXKET YAOBJIETBOPSATh CBOM
OCHOBHbIE TMOTPEOHOCTH, BBMJY OTCYTCTBUS JIEHEXKHBIX CPEACTB, JUIsI MPUOOpPETEHUS
HEOOXO/IUMBIX MaTepualibHbIX Onar u yciyr. Ho BBINONHSAS CBOM TpyAOBble (YHKIHH,
YeJOBEK II0MaJaeT B IPOU3BOJCTBEHHYIO Cpely C BpEeIHbIMH M ONAcCHBIMHU (hakTopamu,
KOTOpPbIE MOT'YT IPUBECTH K HETATUBHBIM MOCIEICTBHSM I 3J0POBbS U JKU3HU.

Poccuiickoe 3akoHOJaTenbcTBO 00s3bIBaeT paborojaTeneil HASHTUDHUIMPOBATH
HEeraTHUBHbBIE MPOU3BOJACTBEHHBIE (PAKTOPBI C MOCIEAYIOIIUM HPUHATHEM KOPPEKTHPYIOLIHX
MEPONPUIATHHA. DTO Mpolielypa Ha3bIBAETCs OLEHKA MPO(ecCHOHAbHBIX PUCKOB, U SBIISETCS
00s3aTeNnbHOM ISl BCEX NPEANPUITUIN, IPEXK/IE BCErO TOPOHOI00BIYHOIO KOMILIEKA.

Lenbto Hacrosimieil paboOThl sBIsAIAch OLEHKA NPOQECCHOHAIbHBIX PHUCKOB Ha
o0BeKTax 100b1YM ropHoi Maccel U HepTu B BocTounoit Cubupu, koHkpeTHO B MpkyTckoit
obnactu. B kauecTBe 00BEKTOB HCCIeOBaHMs ObUIM BBIOpAHBI MPEANPUSATHS, 100bIBAIOIINE
roptoune uckonaembie — HepTb U yrosib OO0 «Tpaitnmuar» u OO0 «PH-Bypenue».

Y cTaHOBIIEHO, YTO OCHOBHBIE PAOOTHUKH, IPUHUMAIOIINE HEMOCPEACTBEHHOE yyacThe
B JI00bIY€ MOJIE3HBIX UCKOMAEMBbIX, IMOJIBEPraroTCsi BO3ACHCTBHIO MPO(hecCHOHAIBHOTO PUCKa,
OTHOSIILIETOCS K KATETOPUU «CpelHuil». B kaTeropuio «BbICOKUI pUCK» MONAAAI0T Mpodeccun
ropHoro pabouero, 3aHsToro Ha Jo0bde yrass B OOO «TpailmuHr» W HOMOIIHHUK
Ooypuibika B OO0 «PH-Bypenue».

[IpennoxkeHpl  KOMIEHCAIIMOHHBIE  MEPONPUSITHS O  CHUXKEHHMIO  YpOBHEH
poheccuOHANBHBIX PUCKOB Ha HCCIEAYEMBIX 00BEKTaxX

OueHka 3K0J10ru4ecKoro yuepoa or HepremiaMoB Ha 3eMeJIbHbIE PeCYPChl
B UpkyTtckoii o0acTu
H.B. Tl'opnenko, C.C. Tumodeena
Hprymckuil HayuoHanbHblil UCc1e008amenbCKull mexHu4ecKull yHugepcumem
e-mail: bgd@istu.edu

IIpompinienHas 1oObIYa YIIIEBOAOPOJIHOTO ChIphi B MpKyTCKOI 00J1aCTH CTAaHOBUTCS

o/IHOM n3 0a30BBIX OTpaciiel B ropHO00bIBatoIIeM koMiiekce Boctounoit Cubupu. Bmecte
C pocToM a00bYM HEPTH, YBEIMYCHHEM OOBEMOB €€ MepepabOoTKH W TPaHCHOPTUPOBKU
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000CTPSIIOTCA DKOJIOTUYECKHE MPOOJIEMBI, CPEIN KOTOPHIX OJHOM M3 3HAYMMBIX KpOMeE
BO3JICHCTBUS Ha atMocdepy, BOJHBIE PECYPCHI, BBIACIACTCS MpobiemMa 3arpsi3HEHUs! MOYB
HG(I)THHHMI/I OTXO0daMHU. Cpe;u/l BCEX He(l)TSIHHX O0TXO0O0B, OKa3bIBAKOIIMUX IIar y6HO€ BIIUAHHUC
HA KOMIIOHEHTBI TPHPOIHON Cpelbl, 0COOYI0 OMACHOCTh MPEICTABISIIOT TaK HAa3bIBAEMBIC
He(dremiamel (OypoBbie IUIamMbl). BypoBOHW 1miaM — BOJHAs CYCHEH3Hs, TBepJas 4YacTh
KOTOpOfI COCTOUT H3 IIPOAYKTOB Pa3pPYLICHHA T'OPHBLIX IIOPOO 320051 U CTEHOK CKBa’>XHHBbI,
MIPOJIYKTOB MCTHUpaHUsi OYypOBOTO CHapsia U OOCAIHBIX TPyO, TVIMHHCTBHIX MHUHEPAIOB (TIPH
MIPOMBIBKE TJIMHUCTBIM PACTBOPOM).

Lenbto HacTosALIEH TaHHONW pabOTHI ABIISAETCS CPAaBHUTEIbHAS OLIEHKA 3KOJIOIMUECKOT 0
pucKa (9KOJOTO-DKOHOMHYECKOTo yiiepda mouBaMm) Mpu J00brYe pa3paboTke HePTIHBIX
MECTOPOKICHUHN, SKCILTyaTHpyeMbIX MpKyTCcKoil He(TsHON KOMIaHueH.

B cooTtBecTBUH C ((MCTO,Z[I/IKOﬁ HUCUYHCIICHUA pasMepa Bpc€laa, IPUIYMHCHHOI'O I1O0YBaM
Kak OOBEKTY OXpaHbl OKpPYKAaIOIIeW Cpeab» BBIOJHEHAa CpaBHHUTEIbHAs OLEHKA
OKOJIOTHYCCKOT'O pHUCKa (BKOHOFO-BKOHOMI/I‘IGCKOFO ymep6a HO‘IBaM) Ha HpaKTI/IHCKOM,
HynuceMeHckoM, MapKOBCKOM MECTOPOKACHUSAX.

B pe3yjibTaTte UCCiICAOBAHUA YCTAHOBJICHO, YTO CcaMbIi OOJIBIION ymep6 XapaKTCPCH
Uit JlyTMCbMUHCKOTO MECTOPOKIAEHMSI, OCOBEHHO B 4acTH yIiepOa pe3yibTare AeCTPyKLHU
IJIOJOPOAHOI0 CJI0sA IIOYBHI. Ha JaHHOM MCECTOPOKACHUU OCBOCHA CaMas OoJbIast
TEPPUTOPUSL U caMoe OOJIbLIOE KOJMYECTBO KYCTOBBIX CKBaXMH. [/laHHas Harpyska MOXeT
CUHUTATbCA CYH_IGCTBGHHOI‘/‘I JJIs1 balikansckoro peruoxa.
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Ecobiotechnology in the process of industrial wastewater treatment
of the closed mining enterprise as a guarantee of environment safety
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The report presents the results of long-term studies of the problem of ecological and
chemical assessment of the impact of mineral processing waste in the form of pulp on the
ecosphere, including aquatic ecosystems, and the development of bioengineering technologies
(bioremediation) aimed at reducing their negative impact on the environment in the Primorsky
territory. In the last century at the concentrating plant of the closed Khrustalnensky GOK
mining enterprise a chemical method was used to treat industrial wastewater, a degree of
which was no more than 75 %. It is shown that pollutants discharged into water bodies after
chemical treatment, which have a general toxic, carcinogenic and mutagenic effect, still pose
a great threat to the ecological balance of natural systems. The studies show that there was
intense pollution of ground and surface water, soil and vegetation, exceeding the regional
background indicators up to 9 or more times within the boundaries of the anthropogenic
system impact. Therefore, in the study area it is necessary to ensure environmental and social
safety of industrial effluents by improving their treatment technology. In this regard, the aim
of the research was not only to assess the extent of the negative impact of beneficiation
mineral toxic wastes in the form of pulp to the ecosphere, but also in the development of
ecologically safe biotechnological method of purification industrial wastewater by
biodegradation, biooxidation and biosorption from solutions using the metabolic potential of
biological systems (hydrophytic plants). Based on the purpose, the following tasks are
defined: 1. To analyze and summarize the literature on the problem of industrial wastewater
treatment using biological methods; 2. To study the composition and properties of industrial
wastewater in the form of pulp and assess their impact on the environment; 3. To investigate
ecological and biological features of little Duckweed as a possible concentrator of heavy
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metal compounds; 4. To develop a biotechnological solution for industrial wastewater
treatment using bioremediation (higher aquatic vegetation, Duckweed). Experimental studies
have proved the effectiveness of the biological systems metabolic potential (little Duckweed)
to ensure the normative quality of treated wastewater by the example of a closed mining
enterprise in the Primorsky territory (Khrustalnensky GOK). The scientific novelty of the
proposed method is confirmed by a Patent of the Russian Federation (2014).
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Kak moka3epiBaeT aHamm3 pa60T o ONTUMHU3AUN TEXHOJOTMYCCKUX TPOUCCCOB

nepepa60T1<H CTOYHBIX BOJI, OCHOBHOC BHHWMAaHUC HCCHGJIOBaTeJ'Ieﬁ COCPEAOTOYCHO Ha
COBCPHICHCTBOBAHNH TPAAUIIUOHHBIX XUMHYCCKUX TEXHOJIOTHI BOJOIIOATOTOBKH.
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PazpaboTanHbIe METOBI AJI PELICHUS 3a/1a4 OYMCTKU CTOYHBIX BOJ M BBIJICTICHUS METAJIOB
U3 WX COJICH TMpeAcTaBieHbl B myOnukanusx [1-5]. 3HaunTenbHas 4acth padOT MOCBSIICHA
MPOLECCY BOJOMOJATOTOBKM MOJIUTOYHONW BOJBI HPHU MOMOIIM 3JIEKTPOJIUATU3HBIX WU
WOHHUTHBIX METOJIOB JJIsi OOECHEeYeHHUs 3aJJaHHOTO BOJHO-XMMHYECKOTO pPEXHUMa pPabOTHI
TEIJIOBOM ceTH [6, 7], HO IPU ATOM JI€JIAeTCs 3TO B YCIOBUAX, KOTJa CTATUCTUYECKUE JaHHBIE
TOBOPSAT O TOM, YTO HauOOJbLIAs JOJIS MOBPEXKICHHUM BbI3BaHA JIOKAJIBHON KOppo3ueu ¢
Hapy>KHOU CTOPOHBI METAUTUYECKON CTEHKH TpyOomnpoBosa [8].

TexHomornueckass cxema SKCIEPUMEHTAIBLHOW YCTAaHOBKH, COOpaHHOW Ha OCHOBE
BOJIOMOJITOTOBUTENIBHON YCTAaHOBKU M PEBEPCHOTO 3JIEKTPOAMAIM3HOIO ammapara, mokasaHa
Ha pucyHke. 1.

Jlyis GoJiee MOTHOTO BBIICTICHUS COJICH aTIOMUHUS U3 KOHIEHTPUPOBAHHBIX CTOYHBIX
BOJI, C MOCIEAYIONIEH UX peanus3alieil 1 BO3BpallleHHEeM OUUIICHHBIX CTOKOB B OOOPOTHYIO
CUCTEMY BOJIOCHA0XCHUS TPEAIOUYTUTEIHLHO UCIOIb30BaTh KOMOMHUPOBAHHBIC CIIOCOOBI HA
OCHOBE MEMOpaHHOW yIbTpaQWIbTpAllUU U JJeKTpoananusa. WHIOEKC pernupKyIsSIiuu
ABIISIETCS KPUTEPHEM COBEPIICHCTBA TEXHOJIOIMUECKOTO IMPOoIlecca ¢ SIKOHOMUYECKOW TOUYKU
3penusi. MHaekc cOopa XapakTepusyeT [OJII0 COOMpaeMbIX CTOYHBIX BOJ, a HWHACKC
nepepaboTKU — JIONK0 CTOYHBIX BOJ, MEpepadOTaHHBIX TEM WJIM HHBIM CIOCOOOM Jis
obecrieueHrst X MOBTOPHOT'O UCIIOIB30BaHus [9].

Onucanuie ONBITHOM YCTAaHOBKH BOJONOATOTOBKH NMPUBEACHO B Tabnuie 1.

4

v 7
S)

D 2
1

Pucynok 1. [lpunnunuanbHas cxema COeIMHEHUs] YCTPOUCTB AJIs IPOBEACHUS UCCIIEA0BAHNS:
1 — 3abopHas ckBaXxHHa, 2 — 6aK-aKKyMYJIsATOp, 3, 5 — HEeHTpOoOekHBII Hacoc, 4 — OJI0K
NPEINOATOTOBKH, BKIIOYAIOIINHN B ce0sl yIbTpauIbTpaiiOHHBIN MOIYIb, 6 — OJIOK
U3BJICUEHUSI aJTFOMUHUSA, 7 — JIMHUS TOCTABKH MOATOTOBICHHOHN BOJIbI TOTPEOUTENSIM

Tabmuua 1. TexHuueckue XapaKTepUCTUKH YIAbTPadUIbTPALIUOHHOTO
U 2JIEKTPOIUAIN3HOTO MOy Ib-0JIOKOB

o MHuorocrauiHBIN
Tun ycranoBk# / ero VYnbpTpadunabTpauoHHbII .
ANEKTPOAUATUIHBIH
XapaKTePUCTUKU MOJTYJTb-0JIOK
MOJTYJIb-0JIOK
1 2 3
IIpou3BoagUTENLHOCTE IO
POU3BOZL 100 100
BOJE, J1/4
CoreconepkaHrue CTOYHOMN
HIEPKL 4579 6,0-3,0
BOJBI, MI/IM
OcTaTo4yHOE COIECOIEPKAHNE
5 Aep ’ 6,0-3,0 0,5-1,0
MI/IM
KonnuectBo MeMOpaH (s14eex), 6 80
LT
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OxoH4aHue Ta0IUIbI 1

1 2 3
Hanpsixkenne mexny 110-180
aeKkTpojamMu, B
Macca ycTaHOBKH C
3aIOJTHEHHBIM BOJIOM 35 20
(hOpCYHOUHBIM OJIOKOM
["aGapuTHBIE pa3Mepsl
YCTaHOBKH, MM

330x330x450 330x330x450

0,9 (nns ymanenus 1 xr

DHepromnorpebdiienne, KBT 0,5-2,5 o
CoJIeil)

HcnpiTannus AaHHOM TEXHOJOTMYECKOW CXEMbl JKCIEPUMEHTaIbHOW YCTaHOBKHU
MOKA3aJIM, YTO 3aTPAThI JIEKTPOIHEPTUHU HA TIEPEHOC MOHOB COJIM U3 KaMep 00ECCOMBAHMS U
KOHIEHTpUpoBaHus  cocTaBisaioT 0,05  kBT4/r-3kB  mepeHECeHHOW  COoNu  MpH
KOHIICHTPUPOBAHUU paccojia B KaMmepax KOHICHTpupoBaHus a0 8%. JluHaMuka pa3BUTHS
MEMOpaHHBIX TEXHOJIOTUH ONMPECHEHUs JOMUHHPYET HaJl JUCTUIISIUCH, B CBSI3U C 3THM BO
MHOTUX 3apyOeXHBIX CTpaHaX MHpa HE3aBUCHUMbBIE TPYIIbI HCCIEAOBATENEeH IMOCTOSHHO
MPOBOJIAT COIOCTaBJIEHWE TEXHUKO-PKOHOMUYECKHMX TMOKa3arejaeil. 3a MpOIIEIIINEe TOJIbI
yaenbHas CTOMMOCTh CYIIECTBEHHO CHHU3HWIIACh, HO TEHACHIMS COXPAaHUIACh U JIaxe
CMECTHUJIACh B MOJIb3Y 3JeKTpoaunanusa [10].

Pesynbrarhl XMMHUYECKOTO aHaiv3a 10 M IOCIHE OYUCTKU B 3JICKTPOAUATUZHOM
MOJ1yJIb-0JIOKE IPUBEICHBI B Ta0IHIIE 2.

Tabnumua 2. Pe3ynbTaThl XUMHUYECKOTO aHATIN3a UCCIEYEMOM BOJIbI

No eMeHT Hcxoanas cTouHas BOJa OrnpecHenHas Boja
_ (KOHLICHTPAT), Mr/m° (numroar), Mr/am°

L Al 160 0117

2 Cr 878 0,267

3 SO,~ 2040 0,189

4 Ca” 90 0.197

5 pH 8,5:9,5 85935

6 TDS 4579 077

KoMOuHMpoBaHHBIA BOAONOATOTOBUTENBHBIN KOMIUIEKC MO3BOJIMT CHU3MUTH 3aTpaThl
Ha OIPECHEHHWE, OYMUCTKY BOJBI, a TAKXKE IIO3BOJUT IIONYTHO IIOJy4aThb ATOMHUHUN B
JIOCTaTOYHBIX KojuuecTBax. Kpome Toro, B mporecce (hyHKIMOHHUPOBAHUS PEAKIIMOHHOTO
MOAYJIb-0JI0Ka OyneT HapabaThiBaTbCsi B OOJBIIMX KOJMYECTBAX JUCIEPCHBIM OKCHU/T
QIIOMUHUS  JUId  JajbHEHIIEro ero NPUMEHEHUs, K NpuUMepy, B JAKOKPAaCOYHOMH
MPOMBIIIICHHOCTH (CTOMMOCTD TUCIIEPCHOTO AIFOMHHUS Ype3BbIYaiiHO Benmka — 10 20 $/kr).
[IpencraBieHHass TEXHOJIOTMYECKas CXeéMa KOMOMHUPOBAHHOTO BOJONOJATOTOBUTEIHLHOIO
KOMILIEKca criocoOHa 3(p(peKTUBHO U3BIEKATh U3 CTOUHBIX BOJI JIOObIE JIETKHE METaJUIbI, UTo,
B CBOIO OYEpE[b, B UKCJE MPOYEro, MO3BOJIUT YIYUIIUTh CXEMY BOJOMOATOTOBKU CETEBON U
NUTATENbHOM BOJBI Ha MCTOYHHMKAX TerutocHaOxkenus [11]. LlenecoobpazHo NpUMEHSTH
JAHHYIO CXeMY Ul OYUCTKH I'PYHTOBOM BOJIbI (HU3KOMOTEHIIMATIFHOIO HCTOYHUKA TEIUIOTHI)
JUIsT  TeIIOBBIX HacocoB [12-14]. Kpome Toro, ee uCHIONb30BaHUE TPEIOTBPATUTH
nanpHeimee  (GOpMHpPOBaHHME TOKCHYHBIX  HPUAOHHBIX  OTJIOKEHHMH B OTKPBITHIX
BofonprueMHuKax [15]. Bce aTo u onpeaenser myTu JalbHEUIIIETO MPOAOHKEHHS paOOTHI.
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Hedtebaza sBrnsercs oOBEKTOM, Ha KOTOPOM XpaHATCS B PE3EPBYApPHBIX MapKax
HEe(TENPOAYKTbI, a TaKKe IPOBOAATCA CIMBHO-HAIMBHBIE OMNEPALUU, KOTOPbIE MOTYT
IIPUBECTHU K pa3JIUBY TOILIUB.

ABapuiiHpIf pa3nuB HeTEmpoAyKkTa B o00beMaxX, CpaBHUMBIX C 0O0OBEMaMu
JKEJIE3HOJJOPOKHON 1HMCTEPHBI WM 00bEMaMU PA3IMYHBIX PE3EPBYapOB MOKET BOZHUKHYTH B
pe3ysbTaTe aBapuiHON pa3repMeTn3aluy (OJTHOr0/49aCTUUHOTO Pa3pyLLECHHs).

K npuumnnam, cBsI3aHHBIM C BBIXOJIOM U3 CTPOsi 000PYJOBAHUSI, PE3YIHTATOM KOTOPBIX
MOXET CTaTh pa3repMeTH3alus pe3epByapa, LUCTEPHBI, OTHOCSTCS PA3JIHMYHBIE CKPBITHIE
BHYTpPEHHUE IEe(EKThI, TaKHe KaKk KOppo3us, Opak CBapHBIX IIBOB, YCTAJIOCTHbIE SIBICHUS
MeTalljla U APYTUX NpPUYMH. ABapUMHBINA paznuB HEPTENPOAYKTOB M3 pPE3EpPBYapoB IMpPHU
YCIIOBUM HAJMYUS JAHHBIX CKPBITBHIX J1€()EKTOB, MOXKET MTPOU30MTH B pe3yibTaTe KaKux-auoo
BHYTPEHHUX WJIM BHEIIHUX BO3JIEHCTBUH (TEPAKTOB, TUBEPCUNA).

Lenp pa®oOThl BBHIMOJHUTH TMPOTHO3HBIA pPACUET aBApPUITHBIX PHUCKOB, CBSI3aHHBIX
pasrepMeTU3alyen HUCTEPHBI U pa3jIuBEe TOIIUBA.

[IporHo3HbIlf aHanM3 COOBITHH, CBSI3aHHBIX C pasrepMeTH3alel LUCTEepPHBI IMPU
pO3JMBE TOIUIMBA I0Ka3ajdl BEpPOSATHOCTh BO3HUKHOBEHMS W pa3BUTUSA IOXKApOB IIPH
pacrpoCTpaHEeHUH O0OJaKOB TOPIOYMX Ta30B € KOHIEHTPALUSMH, COOTBETCTBYIOUIMMHU
KOHIICHTPAllMOHHBIM MpeJenaM BocIulaMeHeHus.  Iloka3aHo, 4TO mNpu BOCIIaMEHEHUs
TOIUIMBA C Pa3BUTUEM II0XKapa IIPOJMBA WIM IIPU PaCIHPOCTPAHEHUU BO3AYILIHOM yIapHOHN
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BOJIHBI B pE3yJIbTaT€ B3PbIBAa TOIUIMBHO-BO3AYHUIHOW CMECH HETATUBHOE JCHCTBUE OKAXyT
nopaxxaronme (GakTopbl, YTO MPUBEAET K pPa3pYyLICHUSAM M MOPAKEHUIO 0OCITYKHBAIOIIETO
nepcoHaa.
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Audit of fire protection in buildings of trade purpose of Irkutsk
T. Drozdova, D. Drozdov
Irkutsk National Research Technical University
e-mail: drozdova@istu.edu

The analysis of constructive, space-planning decisions and escape routes in
commercial buildings for compliance with fire safety requirements has been carried out. The
time of evacuation from retail premises was estimated and the most efficient escape routes
were proposed.

TexHoJI0rMu BOCCTAHOBJIEHHS 3eMeJIbHBIX PECYyPCcOB
NP BHeLIHEM 0eCTPAHCIIOPTHOM O0TBAJI000pPa30BaHUH
®.B. lynunckuii, K.b. Heuaes
HUpxymckuil HayuoHanbHwlll UCCIe008aMeNbCKULL MEeXHUYeCKULl YHUgepcumem
e-mail: istuproekt@mail.ru

Esxeropnbiit poct notpelieHus U 100bIYM MPUPOJHBIX PECYPCOB MPUBOAUT K TOMY UTO
npobiemMa paloHAIBHOTO MTPUPOIOTIONB30BAHMS OCTAeTCsl aKTYaIbHOM U Bee Oolsiee 3HAYMMON B
HacTosAlee Bpems. Ee pemieHue mnpeamnonaraeT pa3pabOTKy KOMIUIEKCa Mep CO3IAOIINX
HKOJIOTMYECKH 0€30MacHOe M HE WCTOLIUTENbHOE MCIOJIB30BAaHNE MPUPOIHBIX pecypcoB. ['opHbIe
paboThl OKa3bIBAIOT CHJIBHOE BO3JIEHCTBHE HAa €CTECTBEHHBIC JIAHIMA(THI, B YACTHOCTH
M3MEHEHHEM MEPBOHAYAIBHOTO penibeda pa3InyHbIMU BhIpAaOOTKAMHU U HaBajlaMU MOPOJ B
nporecce HKCIUTyaTalui MecTopoxxaeHus. ns obecnieuenus yciaoBUl (GyHKIIMOHUPOBAHUS
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IPUPOAHO-TEXHOTEHHOM CHCTEMBl CTPYKTypa MpeoOpa3oBaHHBIX JaHAIAPTOB AOJKHA
COOTBETCTBOBATh OYyIyIICH XO3SHCTBEHHON WM WHON JesATeNbHOCTH denoBeka. Jlis
TOPHOTO NPENNPUATUSA 3TO B IEPBYIO OYEpEIb O3HA4YaeT IPOBEJCHUE PEKYJIbTUBALUH,
HAIPaBJICHHOM Ha BOCIPOU3BOACTBO YTPAa4EHHONM HApOJHOXO3SMCTBEHHOH LICHHOCTH
HApyLICHHBIX B IpoLEcce pPa3pabdOTKH MECTOPOKICHUS 3eMelb. PeKynbTHUBAIMs MOXET
OCYILECTBIIAATBCSI OJTHOBPEMEHHO C TOpPHBIMM pPabOTaMH WM 1OCIE€ HX OKOHYaHHS.
TexHonmorust W MeXaHHW3alMsI BOCCTAHOBHUTEIBHBIX PAa0OT  BKIIOYAET IUIAHUPOBKY
MOBEPXHOCTH M OTKOCOOOpa30BaHWE BHIMOJIHAEMYIO C HCHOJIB30BAHUEM HKCKAaBAaTOPOB,
oTBajooOpa3oBaresiedl, OylbI03epOB, CKPENEpOB W IPYroro rOpHOTO WM CIEUUAIBHOTO
o0opynoBanus. Bocco3nanue 3eMenb, HapyHUIEHHBIX TOPHBIMHM BBIpAOOTKAMU W OTBaJlaMU
IOPOJ OCYIIECTBISIETCS IIyTEM MPUIAHMS KX OTKOCAM M IIOBEPXHOCTSIM B CEYEHUU
OTIpPENEICHHOr0 PO TNPUTOAHOTO Ui HCIOJNB30BaHUS B CEIBCKOM H  JIGCHOM
XO35ICTBaX, CTPOMUTEIBCTBE M T.JA. B COOTBETCTBUM C TpPEeOOBAHUSAMHU HOPMATHUBHBIX
JOKYMEHTOB. B OTHalCHHBIX OT IPOXUBAHUSA U XO3IMCTBEHHON JAEATEIBHOCTU 4YEJIOBEKA
MecTtax (opMa MOBEPXHOCTH [OJDKHA O0ECIeYMBaTh €€ YCTOWYMBOCTH K BO3JCHCTBHAM
BHEUIHEW Cpelbl, HE Pa3pyLIaThCs U AETPaIupOBaTh.

IIpu pa3zpaboTke MECTOPOKICHHMH IOJIE3HBIX MCKOMAEMbIX Ba)KHBIM BOIIPOCOM
SBIIIETCS. HAXOXKICHHE HAWIYYIIET0 COYETAaHUS O00bEMOB pabOT, BBIIOIHAEMBIX
BCKPBIIIHBIM O0OpYJOBaHHMEM B OCHOBHOM IIPOM3BOJICTBEHHOM IMKJIE /AJs MOATOTOBKU
00BEKTa K pEKyJIbTUBAMM ¥ MAalIMHAMHU, HWCIOIB3yEMbIMH HETOCPEICTBEHHO MpHU
BOCCTAHOBJIEHMU IOBEPXHOCTU. Jl1s1 OECTpaHCIOPTHBIX TEXHOJIOIMH B 3TOM Cilydae
HEOOXOJUMO OLIEHUTh BO3MOYKHOCTh M LI€JI€COOOPA3HOCTh BBIIOJHEHUS BCKPBIIIHBIX U
OTBaJIbHBIX PA0OT JpariaifHOM MpU YACTUYHOM MOATOTOBKE IMOBEPXHOCTU BCETO OTBAJIBHOI'O
KOMIUIEKCa K MOCIEeNYIOIIeH peKyIbTUBALMU IIPU BHELTHEM OTBano00pa3oBaHUU

B crartbe oTpaxeHbl OCOOEHHOCTH OECTPAHCHOPTHOTO IEpPEMEIIEHUsI MOpOA BO
BHEIIHUE OTBAJbl M OTMEYEHA BO3MOXKHOCTH OTCBHINKH PA3IMYHBIX NMPO(UIIEH TPYNIOBBIX
OTBAJIOB, OTBEYAIOIIMX TPEeOOBAaHUSAM pEKYJIbTUBALUMU B Ipolecce UX (HOPMUPOBAHUSA
naparnaiiHaMu. PaccMOTpeHbl OCHOBHBIE IOJIOKEHHUS, MCIIONb3yeMble IIpH  pa3padoTke
TEXHOJIOTHYECKUX CXEM BCKPBIIIHBIX M OTBAJbHBIX pabOT peaJu3yeMbIX C MPUMEHEHHEM
JpariaiiHOB MpH BHEIIHEM OTBasiooOpa3oBaHHM. Pa3paboTaHbl M paccMOTpPEHBI TPU TPYIIIbI
TEXHOJIOTUYECKUX CXEM BCKPBIIIHBIX Pa0OT U 0TBAI000PAa30BaHUS OTIMYAIOIIUECS CIIOCOOOM
U TOPSAKOM OTCHIIKK IMPOMEXYTOUYHBIX OTBAJIOB MPH (POPMHUPOBAHUU TPYIIIOBOIO OTBaJa, a
TAaK)K€ HAlpaBICHUEM PpEKYJIbTHBAlMM. BBINOIHEHA TEXHUKO-D)KOHOMUYECKAs OLEHKa
BapHaHTOB pPa3pabOTKH YydacTKa MECTOPOXAECHMSI C HCIIOJIb30BAHWEM JparjlalHOB Ha
BCKPBIIIHBIX paboTax W oTBajooOpa3oBaHuM. OnpeneneHbl OCHOBHbIE TEXHUYECKHUE,
HKOHOMHUYECKHUE U IKOJIOTMUECKUE PEe3yIbTaThl TOPHBIX PA0OT U C/eNlaH UX aHANIU3.

YcTaHOBIEHO, YTO NMPU OOOCHOBAHUHU TEXHOJIOTMM BCKPBIIIHBIX PadOT € OTCHINKON
BHEIIHUX OTBAJOB JiparjlalHaMM I1eJeco00pa3HoO paccMaTpuBaTh OTBaJOOOpa3oBaHUE U
KOHCTPYKIHUIO TPYNIIOBOTO OTBaja C Y4ETOM BO3MOXHOCTH YaCTUYHOTO BBIMIOJIHEHUSI paboT
COITYTCTBYIOIIMX MOCIEAYIOIIEH PEKYIbTUBALINN.

Crnmcok Jmreparypbl

1. Kosanenko B.C. Ilobimienue 3¢(eKTHBHOCTH HCHONB30BAHUS MPUPOAHBIX U
TEXHOT€HHBIX PECYpCOB MpPU OTKPBITOM yrienodbldye B paMKax KOHLEMLUU «3EJICHOW»
ropHo1o0bIBatoIel npoMeIieHHOCTH // YTomb. 2018. Ne 4. C. 60—63.

2. Kosanenko B.C., AprempeB B.b., Omanacenko II.M. 3emnecOeperarome u
3eMJIEBOCIIPOM3BOJISIINE TEXHOJOTHH Ha YrojbHBIX pa3pe3ax. Cep. bubmmorexa ropHoro
uwxkenepa. T. 8. ['opnas skonorus. Ka 2. M.:I'opnoe neno OOO «Kommepyeckuil LEeHTp»,
2013. 439 c.

3. 3enpkoB U.B., IlecrakoBa M.U PekynbTuBammsi HapylIeHHBIX 3€MeENb TIPH
nepexo/ie Ha HOBbIE TEXHOJIOTUU C YYETOM HAKOIUIEHHBIX HAY4YHO-TPAKTHYECKUX 3HAHUU //
VYromb. 2014. Ne 12 (1065). C. 92-96.

136


https://elibrary.ru/contents.asp?id=34043748
https://elibrary.ru/contents.asp?id=34043748&selid=22765922

4. ApxunoB A.B. 3emmoBckas E.B. O B03MOXHOCTH peKYyJIbTHUBAIMHM TOPOIHBIX
OTBAJOB B YCJOBUAX 3amojsipbs W BIMAHUE PEKYJIbTHUBAIMM HA OTBAJIOOOpazoBaHue //
[opublit  MHQOPMAILIMOHHO-aHATUTUYECKUN OOJUIETeHb (HAYYHO-TEXHUYECKHIH >KypHAa).
2016. Ne 4. C. 110-121.

5. OpemnukoB FO.M. PanuonanbHOE HCIOJIB30BaHHE 3€MENbHBIX OTBOJIOB IMYTEM
ONTUMU3AIMH MapaMETPOB OTBAT000pa30BaHUS Ha pyAHBIX Kapbepax/ FO.M. OenrHukos,
C.C. PszanneB // Topubiii uHDOPMAIMOHHO-aHATUTUYECKUNA OMOJIIETEHh (HAy4YHO-
TeXHU4YecKui xypHain). 2011. Ne 4. C. 90-97

6. bauaoB C.M., TuxonoB B.Il.,, KapaBaeBa T.M. PekynpTuBanmus 3emelnb,
HapyIICHHBIX JpaXKHbIMH pazpadoTkamu // Pa3Benka u oxpana Heap. 2014. Ne 11. C. 54-57.

7. VBanoma JI.M. 3apyOexHbIi ONBIT pPEIICHUS MPOOJIEM PEKyJIbTUBAIIMH 3E€MEllb,
HApYIICHHBIX B MpoIlecce HeApomnoib3oBanus // ['opHbI MHDOPMAIIMOHHO-aHATUTUYECKUT
oromterens. 2015. Ne S56 C. 491-498.

8. Manees H.I'., Korposckuit M.H. CriocoObl BbINONaXUBaHUs OTKOCOB OTBAJIOB //
CoBpeMeHHbIE TEXHOJIOTUN OCBOEHUSI MUHEPATIbHBIX pecypcoB CO6. Hayunbix Tpyaos. Beim. 2.
Kpacnospck: U3n-so KI'YIIMu3, 2004. C. 195-197.

9. Manees H.I'. CrnocoObl coOpyXeHHs MUOHEPHBIX HACHINEH, COBMEILECHHBIE C
BBITIOJIA)KUBaHUEM OTKOCOB // [Ipo0ieMbl ocBoeHHsI MUHEpaibHOU 6a3bl BocTounoit Cubupwu.
Bem. 5. 2005. C. 40-50.

10. Aymunckuit @.B., I'ymenko B.B. Texnonoruu co3gaHus ycTOMUMBBIX (Hopm
penbeda B nmpudopToBoi yactu kapbepa // Bectauk UpI'TY. 2012. Ne 7. C. 90-93.

11. Dudinskiy F.V., Nechaev K.B. Placer deposit mining method justification.
Prospects Mining and Metallurgy Industry Development // IOP Conf. Series: Earth and
Environmental Science. 2019. 229. 012013.

12. lllenxanoB H.C., OBemnukoB KO.M., Cy66otun O.B. PexynpTuBaius orBaios
BCKPBIIIHBIX MOPOJ Ha YrOJbHBIX pa3pe3ax 3abaiikambckoro kpas // Bectnuk 3a0l'yY. 2012.
Nell. C. 28-33.

13. Kocrpomuruno K.H., JIeickoB B.M. Onenka >¢¢dexkTuBHOCTH OTpabOTKH
MECTOPOKIACHUM IparoneHHbix Mertamios. Mpkyrck: M3n-so BI'YOII, 2015. 530 c.

14. Kammap JI.H., Yurapes O.B., Kopuarun C.E., [lepeBsimukun M.B. BckpbiTue
[IAXTHBIX IOJIEH IJIACTOBBIX MECTOPOXACHUN C HCIOJIb30BaHUEM JpariaiiHoB. // ['opHbII
nHpOpMaMOHHO-aHanuTHIeckuit Oromuterens. 2002, Ne 12. C. 187-189.

Study on axial force of pile body and particle breakage distribution of sand under
single-pile penetration in calcareous sand
X. Deng
Chongging University, Chongging, China,
e-mail: csudxtunnel@163.com

In the South China Sea,there are a large number of island reefs distributed.,which not
only have strategic value, but also have rich civil economic development value. Calcareous
sand foundations are often encountered during the construction of these island reefs. The high
stress generated by the pile when it penetrates the calcareous sand foundation will cause
particle breakage of the calcareous sand within a certain range of the pile*?.

There is a certain difference in the axial force distribution law of the pile body when
the pile penetrates into the calcareous sand foundation and the quartz sand foundation.
Meanwhile, the particle breakage distribution of calcareous sand particles around the pile
remains to be quantified. Aiming at the above two problems, a single pile penetration scale
model test of calcareous sand under certain confining pressure was carried out, and compared
with the single pile penetration test in the same grade quartz sand. The axial force variation of
the pile body during the penetration process of the pile foundation was recorded , and the soil
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around the pile after the penetration was sampled along the axial and radial intervals of the
pile body. The relative breakage rate model proposed by Hardin® was used to quantify the
spatial distribution of the breakage. The results show that the relative particle breakage rate
gradually decreases along the diameter of the pile, and is close to 0 at the position of the pile
diameter of 3~4 times; the relative particle breakage rate does not change significantly along
the axial direction of the pile body, but an ellipsoidal area with obvious particle breakage is
formed below the pile bottom; in the penetration process, the maximum axial force of the pile
foundation in the calcareous sand is smaller than the maximum axial force of the pile
foundation in the quartz sand.
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JkoJsorusi Tpancnopra B Poccuu: npodJieMbl U IepCeKTUBbI PA3BUTHS
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B Hacrosimee BpeMs 10 BceMy MHUpPY HaOJIOJAeTCsl yBEJIMYEHHE TEMIIOB pOCTa
IPOM3BOJICTBA U IMOTPEOJEHUS TOBApOB, YTO CHOCOOCTBYET YXYIIICHUIO 3KOJIOIMYECKOH
00CTaHOBKH.

OnHuM U3 (aKTOPOB BPEAHOIO BIUSHUS HA HKOJIOTHIO ABISETCS TPAHCIOPT.

VY4uuThIBas NOCTOSTHHOE PAa3BUTHE TPAHCIOPTHO-JIOTMCTUYECKOM cepsl, a Takxke, 4To
3arpsA3HEHUE IPUPOJHBIX PECYPCOB, 3€MIH, BOBI, JIECOB, MPOUCXOAUT C YIrPOKAMOLICH
CKOPOCTBIO, HEOOXOAMMO YYMTHIBATh 3KOJOTMYECKHM acmeKkT Ha cTaiuu (HOpMHUpPOBAHUS
TPaHCHOPTHBIX cHucTeM. [Ipy 3TOM MepompusTHs MO0 O00ECHEeUeHHI0 3KOJIOrMYecKOn
0€30MacHOCTH TPAHCHOPTHOW CHUCTEMBl JIOJDKHBI TPOBOAWUTHCS Ha BCEX CTAAMSIX HX
IIPOEKTUPOBAHMS, CTPOUTENBCTBA, DKCILIYaTallUH.

B 937011 cBsI3M 0/1HOM M3 BaXKHEHUIIUX MPOOIEM cO3JaHus U QYHKIIMOHUPOBAHUS HOBBIX
TPAHCHOPTHBIX CHCTEM SBIISETCS MpobieMa oOecredeHnss X HKOJIOTHIECKO 0e30MmacHOCTH,
OCOOEHHO B KpYMNHBIX TPAHCHOPTHBIX y3/IaXx M HA YYacTKaX, KOTOpbIE MPOXOAST IO
MIOTPaHUYHBIM TEPPUTOPUAM PaA3JIMYHBIX FOCYAAPCTB.

PaccmarpuBas TpaHCIIOPTHYIO CHUCTEMY KaK COBOKYIHOCTb TPAaHCIIOPTHBIX CETEW WU
TPAHCIOPTHBIX CPEACTB MOKHO OTMETUTb, YTO U T€ U APYIHE OKAa3bIBAlOT HEraTUBHOE
BIIMSTHUE HA OKPYXKAIOIIYIO CPENy.

Tak, npu co3gaHuu TPAHCHOPTHBIX ceTel TpedyeTcs MpoBeleHrne OOoNbIIOro oobemMa
CTPOUTENbHBIX pPabOT, CBS3aHHBIX C NEPEMENICHUSIMH OrPOMHOrO KOJMYECTBAa TIpPYHTAa,
HapyIIEHUEM €CTEeCTBEHHOTO JaHJmadTa, CTPOUTENbCTBOM MOCTOB, ITYTENPOBOOB,
BOJOOTBOZA, TO €CThb TPAHCIIOPTHBIE CETH SIBJISIOTCS CTALMOHAPHBIM HCTOYHHKOM
HKOJIOTUYECKOH OIACHOCTH.

TpancnopTHbele cpencTBa, KOTOpPBIE MOJB3YIOTCS JAHHOM TPAHCHOPTHOM CETHIO,
NPEJCTaBISIOT COO0M HecTallMOHapHblE MCTOYHUKU HKOJIOTUYECKOM OMacHOCTH M BHOCAT
pelIaronIuil BKJIAJ B 3arpsi3HEHUE OKPYKAIOIIEH CPEIbl.

C nenpl0 MUHMMM3ALUU BPEIHOTIO BO3JEHCTBUS HA OKPYKAIOILYIO CPENY KaKIbIM
roCyJapCcTBOM IPUMEHSIOTCS 3aKOHOJATENIbHBIE HOPMAaTUBHBIE aKThI, PEryJIUPYOIINE
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JIeATEIbHOCTh MepeBO30K. [Ipn 3TOM OlLleHKa KauecTBa OKPY’KaOIIEH Cpelibl OCYIECTBISAETCA
Ha OCHOBAHMM KPUTEPUEB, XaPAKTEPU3YIOUIUX COCTOSIHUE HKOCHUCTEMBI B LIEJIOM, a CPEI
METO/IOB 3alllUThl OKPYXAIOLIEW Cpelbl NPUMEHSIOTCS METOAbl CHUXKEHHUS MOUIHOCTH
VMCTOYHUKOB 3arpsA3HEHMs, METOJbl HEWUTpaJu3allid M YJIaBIMBaHUS BPEIHBIX BELIECTB
CHUCTEMaMHU OYHMCTKHU, METO/Ibl HOPMHPOBAHUSI KAUECTBA OKPYKAIOILEH CpEe/Ibl.

B nacrosimee Bpems B Poccum pa3paboTaHbl MHOTOILIAHOBBIE 3a7addl 0OecreueHust
9KOJIOTHYECKON Oe30MacHOCTH B CTPYKTYpPE CHCTEMBI T'OCYJAapCTBEHHOI'O HKOJIOIMYECKOTO
KOHTPOJISL.

BwMmecre ¢ TeM cienyeT U3y4uTh OIBIT CaMbIX AKOJIOTUYHBIX CTPaH, KOTOpPbIE 3a00TATCS
00 9KOJIOTUU U 370POBBE HACENCHHS, PACCMOTPETh BO3MOXKHOCTH YBEIHMUYEHHUS MTpagoB 3a
YTUJIU3ALUI0 BPEIHBIX OTXOJIOB C HApYIICHUSMU YCTAaHOBJIEHHBIX MpaBUJI, pa3paboTaTh
MEpONPHUATHS IO PAa3BUTHIO BO30OHOBISIEMOW SHEPreTHKH, ONPEACTHTh MPOrpaMMy IO
VM3MEHEHUIO OTHOILICHUS HACENIEHUS K IPUPOJIE.

Mining enterprises waste as a source of secondary raw materials
E.V. Zelinskaya
Irkutsk National Research Technical University
e-mail: zelinskaelena@mail.ru

Mineral and industrial raw material mining and preparation make a negative impact on
the environment. The main types of impact are the land resources gathering, soil and water
balance disturbance, surface-water, underground space and atmospheric air pollution, as well
as the vast amount of solid and liquid waste production. Considerable attention in recent
decades has been given to waste recycling. The task is to maximize the use of both newly
formed and accumulated solid and liquid wastes. The mining and mining and smelting
enterprises industrial waters are a very promising source of secondary hydromineralic raw
materials. They have high concentrations of not only calcium, sodium, but also, for example,
lithium, rubidium, heavy non-ferrous metals. In general, unfortunately, we have to state that
today there is no wide practice of extracting valuable components from waste enrichment, as
well as processing of man-made waters to extract metals from them. The quantity of extracted
components from underground, and furthermore passing waters, is insignificant. At the same
time there is a tendency to increased demand for rare metals: Sr, B, Br, I. This is explained by
their wide use in many industries. For example, the consumption of lithium products is
steadily increasing. The obtained results showed that in the liquid phase in connection with
high salt content and a significant difference in the macro- and microcomponents contents,
conditions are initially created for the microcomponents selective isolation possibility. The
identified conditions realization is most possible in such technological processes as
cryotechnology, sorption and ion flotation. There is an urgent need to expand research in this
direction and to recognize as a publicly important task the mining and industrial waste
processing full-scale introduction into the practice of operating mining and processing
enterprises and iron and steel companies.

A feasibility study of producing electric energy in the processing of municipal solid
waste on the example of Irkutsk region
A.V. Ivanov
Irkutsk National Research Technical University
e-mail: beyond-the-limit@yandex.ru

Actual at the moment is the use of integrated solutions in the field of processing and
disposal of both newly generated waste and the contents of landfills. Implementation of the
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Federal MSW recycling programs will allow creating a wide range of domestic equipment for
sorting, processing various types of waste, both as secondary material resources (BMP) and
renewable. The obtained secondary resources can be used for further processing, both in the
form of raw materials and as finished products, which are in demand by the market and have
constant demand, including the generation of electric and thermal energy.

The aim of the research work is to develop a feasibility study for the option of using
MSW as an alternative source for generating electricity using high-temperature pyrolysis
technology. The experience of European countries, where the recycling of waste into
electricity, is an integral part of economic development, shows that an alternative source must
have a number of advantages in order to be competitive with the traditional method of energy
production. The main advantages of thermal technology include: implementation of the
technology through the domestic FORTAN-M complex, reduction of waste for disposal;
waste processing occurs almost instantly, there is no need for long storage; emissions of
combustion products into the atmosphere can be controlled; the ash residue is usually not
rotting and inert; a relatively small area is required for the enterprise and the burial of the
residue; the cost can be reduced by utilizing and selling heat / energy; bacterial pollution is
excluded.

References

1. lvanov A.V., Konyukhov V.Yu., Ivanova M.A. Information support of business
processes in electric networks through the use of geographic information and intelligent
systems // Youth Bulletin of INRTU. 2019. No. 4. pp. 234-345.

2. Gabitov R.N. Experimental determination of thermophysical characteristics of
municipal solid waste / R.N. Gabitov, O.B. Kolibaba, A.l. Sokolsky // Industrial Energy.
2016. No. 7. pp. 54-58.

3. Gabitov R.N. Investigation of the processes of heating and drying a layer of
organo-waste in a thermal reactor / R.N. Gabitov, O.B. Kolibaba, O.V. Samyshina,
O.1. Gorinov // Bulletin of the IGEU. 2014. No. 6. pp. 17-21.

4. Integrated sustainable waste management. Housing and communal services: a
training manual / O.V. Ulanova and others; under the general. ed. O.V. Ulanova. M.:
Publishing House of the Academy of Natural Sciences, 2016. 520 p.

5. Gonopolsky A.M. Energy waste management. M.: Publishing House "Ore and
Metals", 2006. 152 p.

6. llinykh G.V. Justification for the replacement of hydrocarbon energy carriers with
solid household waste products / G.V. Ilyins, N.N. Slusar // Environmental protection in the
oil and gas complex. 2010. No. 11. S. 24-29.

7. Kadyrov D. E. Methods of processing organic waste // MSW. Municipal solid
waste. 2006. No. 10 (4). S. 24-26.

8. Kalechits 1.V. The influence of the composition of the raw materials on the output
of the main products of pyrolysis / 1.V. Kalechits, N.V. Sokova, S.E. Babash // Review
TsNIITEneftekhim. M., 1971. 23 p.

Assessment of environmental risks to the health of the population
of the southern Baikal region
S. lvanova
Irkutsk National Research Technical University
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The Baikal region is industrially developed. There are various industries: forestry,
petrochemical, metallurgical, fuel and energy, and others. The southern Baikal region is more
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affected by metallurgical production, the emissions of which have a negative impact on the
health of the population living even at a considerable distance from the object of pollution.

The aim of the study was to assess non-carcinogenic risks to the health of the
population living in the southern Baikal region. On the territory of this district there are large
areas of forest ecological systems, and human settlements are removed from each other over
long distances. A risk assessment was performed based on the calculation of the hazard ratio
according to the method HQ R 2.1.10.1920-04. The results of the study showed that the
emissions of aluminum production have a negative impact on the health of the population
living not only in the immediate vicinity of the object of environmental pollution, but also at a
considerable distance from large industrial centers. To improve the environment and reduce
morbidity, comprehensive measures are needed to reduce the content of harmful chemicals in
the air.

OueHka pUCKOB VISl 310POBbSI HACEJIEHUS NIPH YIIOTPeOJIeHUM CeIbCKOXO035IiICTBEHHOM
NPOAYKIUH, BHIPAILIEHHOI B 30He BO3/1eliCTBUS ATIOMUHIEBOI0 POU3BOJACTBA
C.B. UBanosa, 1. A. Psa6unkoBa
Hpkymckutl HayuoHanbHuIL UCCIe008aMENbCKULL MEXHUYECKUL YHUBepCUmem

e-mail: rjabchik@bk.ru

3HaYnTeNbHAS YACTh POCCHUHCKOTO HACEICHHUS YIOTPEONSeT B MUILY HPOIYKTHI,
BBIpAIICHHBIC HA CBOUX MPUYCaTeOHBIX U TAYHBIX YU4aCTKaX, KOTOPbIE HEPEIKO PACIIOIOKEHbI
BOJIM3M KPYIHBIX MPOMBIIUICHHBIX HEHTPOB. [Ipu 3TOM CymiecTByeT pUCK NEpOpPaTBLHOTO
MOCTYIVIEHUSI B OpPraHW3M YeJOBeKa TOKCHYHBIX BEIIECTB BMECTE€ C BBIPAIICHHONW Ha
3arps3HEHHBIX MOYBAX CEIbXO3MPOAYKIHEH. TpaaIuoHHO 3HAYUTEIbHAS YacTh HACEICHUS
Poccun ynotpebmnsieT B MUy IpOAYKTHI, BBIPAIICHHBIE HA CBOUX MPUYCAICOHBIX U JTaYHBIX
yuacTkax. Kak mpaBwiio, OHH pacrioyioKeHbl BOJIH3U KPYIMHBIX TOPOJIOB U IPOMBIIUICHHBIX
1eHTpoB. Cero/iHsl yCTaHOBIIEHO, YTO TEPPUTOPUS 3arpsi3HEHUsT MOXKET MpoCcTUpaThes Ha 50—
200 kM OT UCTOYHUKOB 3arpsizHeHus. [lo qaHHBIM poccuiickux uccnenonareneil, mouta 11 %
00CIIeZIOBaHHBIX MMM TOYB IO COAEPIKAHUIO TSKEIBIX METAJUIOB OTHOCUTCS K KaTeropuu
«OTIACHBIE» U «YMEPEHHO OTACHBIEY.

Ienb paboThl — OLIEHKA KAHIEPOT€HHOI'O W HEKaHI[EPOTre€HOI'0 PUCKOB JUIS 3/10POBbS
HaceJIeHUs IPU yNOTpeOJIECHUH CETbCKOX03IMCTBEHHOM NMPOAYKIIUMHU (KOpHE- U KIIyOHETIJIO b ),
BBIPAIllEHHONM B 30HE BO3ACUCTBUS aTIOMHUHHMEBOTO MpPOU3BOACTBa B paiioHe HOxxHOro
[Tpubaiikanes B 1. lllenexos. B 0,5-8 kM 30HE 3TOTO MPOMBIIIIEHHOTO IIEHTPa YCTAaHOBJICHA
Ype3BbIUYAIHO M BBICOKO OIACHAs KaTeropusi TMTMEHMYECKOrO 3arpsi3HEHHs arporoyB
cooTBeTcTBeHHO (ropom u Oens(a)mupenom (b(a)ll). B nHacrosiimee Bpems, B 3TOH 30HE
HAXOJATCS TPU CEIBCKUX MOCEICHUS U 00Jiee IMIECTH THICSY JaYHBIX YYaCTKOB, IJIe CyMMapHO
Ha Iwiomagun Oomee 500 ra  MPOM3BOAMUTCS  CENBbKOXO3SHWCTBEHHAs  MPOJYKIIMAL.
CucremMaTn4ecKkuii KOHTPOJIb 33 €€ KaueCTBOM, KaK IPaBUIIO, OTCYTCTBYET.

[TonydyenHnble  pe3ydabTaThl ~ OCHOBe  Mojenu,  paspaboranHoir  U.S.EPA,
CBUJICTEIILCTBYET O HAJIMUYUHM PUCKA ISl 3I0POBBS HACEIICHUS HA MCCIEIYyeMOW TEPPUTOPHUU
Opd  ynorpeOGJeHMHM B THILYy OBOILNEH, BBIPAIlEHHBIX Ha 3arps3HEHHBIX MOYBaXx.
HekanneporeHHbIii puCK TMpPEBBINIACT OE30MAacCHBI YpOBEHh OOJiee YeM B YEThIpE pasza, a
KaHIEPOTeHHBIN HAXOJUTCS Ha TPAHUIE MEXAY MpPeAeTIbHO JOMYCTUMBIM U HEMPUEMIIEMbIM
JUTS. HACETICHHsI YpOBHEM pHcKa. HekaHIeporeHHbIi puck B OONBIICH cTereHn 00yCIOBJICH
NOBBIIICHHBIM COJICp)KaHHEM B TOYBE M PACTUTENBHOM mpoxykuuu xkenesa (HQ=2,47) u
nukenst (HQ=0,88), a kanueporenusiii — 6en3(a)mupena (CR=1,09-10").

Crnenyer OTMETHTb, YTO CyMMapHO€ 3HaueHHe Ko3((UIMEeHTa OMACHOCTH TNpHU
nocryruieanun gropa (HQ=0,74) B opranusm c KOpHe- M KIyOHEIUI0JaMH HE TpPEBHIIIACT
0€30I1aCHOTO ypOBHSI, HECMOTpS Ha TO, YTO OH SABISAETCA OJHUM U3 TMPHOPUTETHBIX
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KOMITIOHCHTOB XUMHUYECKOI'O 3arpsA3HCHHUA II04YB BOIM3HU BBI6pOCOB HNCTOYHUKOB
SJICKTPOJIUTHYICCKOI'0 MPpOMU3BOJACTBA AJIFOMHUHUA.

Hawnbonee moaBepKEHHBIMH CyMMapHOMY IE€pOPAJIbHOMY BO3JIEHCTBHIO TaKHX
HCKAaHICPOTCHHLIX BCHICCTB, KAK JKCJIC30 WU HUKCIIb, SABJIAIOTCA KPOBCTBOPHASA W MMMYHHAsA
CHUCTEMBI.

HGCMOTpH Ha OTHOCUTCJIbHO HCBBICOKHUC IMOJTYYCHHBIC 3HAUYCHUSA MEPOPAIBHOTO pHCKa
CICAYCT YUYUTBIBaThb, 4YTO OHH MPEACTABIISAIOT co0Oil ML 4YacThb MHOTI'OCpE€a0BOIo
BO3/ICUCTBUS BPEAHBIX BEIECTB B 30HE BHIOPOCOB aTIOMHHHMEBOTO MPOU3BOJACTBA. B cBs3M ¢
3TUM HCO6XO,Z[I/IM IIOHUCK peIHeHI/Iﬁ 110 X CHUXKCHHUIO PUCKOB.

Cnucok aureparypsl

1. Barsova N., Yakimenko O., Tolpeshta I., Motuzov G. Current state and dynamics of
heavy metal soil pollution in Russian Federation // Environmental Pollution. 2019. 249. pp.
200-207.

2. Berasaluce M., Mondaca P., Schuhmacher M., Bravo M., Neaman A. Soil and
indoor dust as environmental media of human exposure to As, Cd, Cu, and Pb near a copper
smelter in central Chile // Trace Elements in Medicine and Biology. 2019. 54. pp. 156-162.

3. Wang M., Li X., He W.-y., Li J.-x., Yang X.-e. Distribution, health risk assessment,
and anthropogenic sources of fluoride in farmland soils in phosphate industrial area,
southwest China // Environmental Pollution. 2019. 249. pp. 423-433.

4. Franzaring J., Hrenn H., Schumm C., Klumpp A., Fangmeier A. Environmental
monitoring of fluoride emissions using precipitation, dust, plant and soil samples //
Environmental Pollution. 2006. 144 (1). pp. 158-165.

5. Yang Q., Li Z., Lu X., Duan Q., Bi J. A review of soil heavy metal pollution from
industrial and agricultural regions in China: Pollution and risk assessment // Science of The
Total Environment. 2018. 642. pp. 690-700.

6. Yadav K.K., Kumar V., Gupta N., Kumar S., Singh N. Human health risk
assessment: Study of a population exposed to fluoride through groundwater of Agra city,
India // Regulatory Toxicology and Pharmacology. 2019. 106. pp. 68-80.

7. Brougham K.M., Roberts S.R., Davison A.W., Port G.R. The impact of aluminium
smelter shut-down on the concentration of fluoride in vegetation and soils // Environmental
Pollution. 2013. 178. pp. 89-96.

8. Yang W., Lang Y.-H., Bai J., Li Z.-Y. Quantitative evaluation of carcinogenic and
non-carcinogenic potential for PAHs in coastal wetland soils of China // Ecological
Engineering. 2015. 74. pp. 117-124.

9. Tandelov Y.P. Fluorine in the soil-plant system, ed R Mineev. Krasnoyarsk,
2012. 146 p.

10. Arnesen A.K.M., Abrahamsen G., Sandvik G., Krogstad T. Aluminium-smelters
and fluoride pollution of soil and soil solution in Norway // The Total Environment. 1995.
163 (1-3). pp. 39-53.

11. bensix JL.U., Ps6unxosa U.A., CeprimieB B.A., CmarynoBa A.H. Ouenka crerneHu
XUMHYCCKOT'0 3arpsA3HCHHS IMOYBCHHO-PACTUTCIIBHOTO IIOKPOBa arpo3KOCUCTEM IOxHOTO
[Mpubaiikanes // Arpoxumust. 2006. 5. C. 78-89.

12. Ocunosa H.A., fI3ukoB E.I'., SIukosuu E.I1. Tsokenbie MeTaIabl B IOYBE M OBOIIAX
Kak (akTop pHcKa Ui 310poBbs uenoBeka // dynnamenransubie uccnenosanus. 2013. 8(3).
C. 681-686.

13. Zolfaghari G., Zohreh A.S.A., Sazgar A. Baseline heavy metals in plant species
from some industrial and rural areas: Carcinogenic and non-carcinogenic risk assessment //
MethodsX. 2018. 5. pp. 43-60.

14. Ghasemidehkordi B., Malekirad A.A., Nazem H., Fazilati M., Khaneghah A.M.
Concentration of lead and mercury in collected vegetables and herbs from Markazi province,

142



Iran: a non-carcinogenic risk assessment // Food and Chemical Toxicology. 2018. 113. pp.
204-210.

15. Saleem M., Igbal J., Shah M.H. Non-carcinogenic and carcinogenic health risk
assessment of selected metals in soil around a natural water reservoir, Pakistan //
Ecotoxicology and Environmental Safety. 2014. 108. pp. 42-51.

16. Aendo P., Thongyuan S., Songserm T., Tulayakul P. Carcinogenic and non-
carcinogenic risk assessment of heavy metals contamination in duck eggs and meat as a
warning scenario in Thailand // The Total Environment. 2019. 689. pp. 215-222.

17. Taiwo A.M., Oyebode A.O., Salami F.O., Okewole I., Davidson N. Carcinogenic
and non-carcinogenic evaluations of heavy metals in protein foods from southwestern Nigeria
// Food Composition and Analysis. 2018. 7. pp. 60-66.

18. Varol M., Siinbii M.R. Multiple approaches to assess human health risks from
carcinogenic and non-carcinogenic metals via consumption of five fish species from a large
reservoir in Turkey // The Total Environment. 2018. 63. pp. 684-694.

19. Mapunaiite M.U., I'opmikoB A.I'., Tapacenko E.H., Yukanuna E.B., Xomxkep T.B.
Pacrnipenenenue nonMUUKINYECKUX apOMATUYECKUX YIJIEBOJOPOAOB B MPUPOAHBIX O0OBEKTAX
Ha TEPPUTOPHUU paccerBaHusi BbIOpocoB Mpkyrckoro amomuHueBoro 3asoja (r. llenexos,
Upkytckas 061.) // Xumus B nHTepecax ycroiduBoro pasputus. 2013. 2(21). C. 143-154.

20. T'ocynapctBenHblii nokian «O COCTOSHMM U 00 OXpaHE OKPYKAIOIIEH Cpelbl
Hpkyrckon oOnactu B 2017 roJLy» [DneKTpOHHBII pecypc]. URL:
http://irkobl.ru/sites/ecology/picture/ (nara obpamienus: 10.04.2019).

21. P 2.1.10.1920-04. PykoBOJCTBO TIO OIIEHKE PUCKA JUISI 3JOPOBBSI HACCIICHUS TPU
BOSI[G?ICTBI/IPI XUMHUYCCKUX BCLICCTB, 3arpA3HANOIINX OKPYKAKOIIYIO Cpeay. Mockga:
®enepanbHblil HeHTp ['occansnuananzopa Munsapasa PO, 2004. 273 c.

22. Tlomaszkuna JI.B., JIlyonuna E.B. MOHUTOpUHT 3arps3HEHHs] MaXOTHBIX MOYB U
MOJICBBIX KYJIBTYP B 30HE BBIOpOCOB HpkyTcKkoro amomutueBoro 3aBoja // Arpoxumus. 2002,
2. C. 59-65.

HNnenTnduranus 1 OLEeHKA ONaCHOCTel
IJIEKTPOTEXHUYECKOT0 MEePCOHAJIA HA CKJIa1aX HePTenpoayKTOB
J.M. Koctun, b.B. CeBactesinos, P.O. [llanpun
Hbicesckuti cocyoapecmeennvlil mexuudeckuti ynusepcumem umenu M.T. Kanawnuxosa
e-mail: 2081976@mail.ru, sbv47@mail.ru, shadrinrobert@gmail.com

CratucTuyeckue JIaHHbIE KPAaCHOPEUMBO  CBHUJCTEIBCTBYIOT O  0O€3yCIIOBHOM
npeoliaaHuM  «4esloBeueckoro (akropa» (MTHOpHUpOBaHHE TpeOOBaHMM OXpaHbl TpPYIa,
HECOOII0ICHNE UX 110 HE3HAHUIO, B CUILY YCTAJIOCTH, OTCYTCTBUS 3HAHUHN U OTIbITA, IIPOY.) HaJ
UHBIMH TPUYMHAMH HECYACTHBIX CIy4aeB Ha IPOU3BOJACTBE, Oojiee TOro, yCTaHOBJIEHA
3aBUCHUMOCTb YHUCJIEHHOCTH MPOMCILIECTBUN C TSKEIBIMU IOCIEACTBUSMU OT KOJIMYECTBA
ONacHBIX JAEUCTBUI paboTHHKOB. Kak mnpaBuio, peub HAET O Mokazareiasx oT 85 10
95 uatmaenToB u3 100. JlaHHBIE 3apyOeKHBIX HCCIIEOBATENICH aHATIOTHYHBI POCCHUICKIM: IO
80 u Gojee MPOIIEHTOB MPUYMH MPOUCUIECTBUI HAa 00BEKTaX MOJHAI30pHBIX PocTexHanzopy
— JIEWCTBHUA JIIOJEW. DJTa 3aKOHOMEPHOCTh ITOJIOKEHA B OCHOBY COBPEMEHHBIX CHUCTEM
MEHE/PKMEHTa OXpaHbl TPyAa, KOTOpblE BKIIOYAIOT: NUpdEepeHInalnoo, KaTeropupoBaHue,
rpaJaluio OMacHbIX yCIOBUM Tpyaa; nuddepeHnnanuio onacHbIX ecTBU pabOTHUKOB.

B pabote paccMaTpuBaIOTCsi OCHOBHBIE pE3yJbTaThl MCCIEJOBAHUS MOTEHIMAIBHO
BO3MOXXHBIX  BUJOB  OINACHBIX JIEHCTBUH  paOOTHHKOB, 3aHATHIX OKCIUTyaTaluew,
00CITy’)KUBaHHEM U PEMOHTOM 3JIEKTPOOOOPYJOBaHUS Ha CKJIaAax HePTernpoaykToB. B xone
HCCJIEIOBaHMS PAaCCMaTPHUBAINCH BOIPOCHI JOCTHKMMOCTH «HYJIEBOTO TPaBMAaTH3May, OIbBIT
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crienpanucToB kommanuii DuPont wu japyrux, TmoOka3aBmIMKA OCHOBHOW  NPUYMHOM
IIPOUCILIECTBUM NEUCTBUS JIFOACH.

Jlig ympaBieHHs STHUM DapaMeTpoM, Kak OJHHM U3 CpPEICTB OXpaHbl Tpyla,
MPEIIOKEHO UCIOJIL30BaTh g hepeHIrannio (hakTopos, MTOPOK TAFOTITIX
MIPOU3BOJICTBEHHBIN TPABMATHU3M C UCIOJIb30BAHUEM METOO0JIOTUU PUCK-MEHE)KMEHTA.

Jnsi paGOTHUKOB, OCYIIECTBISIOMIMX JKCIUTyaTallio, OOCIYXHBaHME W PEMOHT
o0opy/noBaHusl Ha CcKJIagaXx HEPTENPOAYKTOB METOJIOM JKCHEPTHBIX OLEHOK, C Y4eTOM
HOPMATHUBHBIX aKTOB IO OXpaHe TpyJa, ObUl COCTaBlieH NepedeHb npodeccuii mepcoHana
CKJIaJIoB HE(TENpOAYKTOB W TMEpeYeHb OIACHBIX JCHCTBHUS IMepcoHaja C YKa3aHHEM
KaTeropuy BO3MOXKHBIX TIOCICACTBHIA W CTENEHHW TsOKeCTH B Oammax ot «0» mo «10y,
ornpeziesieHHbIE KaK cpefHee apupMETHUECKOE IKCIIEPTHBIX OLIEHOK.

[TonydeHHnble  pe3ynbTaThl  OBIM  TOJOXEHBI B OCHOBY  CIIPaBOYHHUKA
pa3pabaTeiBaeMOil aBTOMAaTH3MPOBAHHOMN CHCTEMbI EPCOHU(PUIIMPOBAHHOTO YUeTa OMAaCHBIX
JeiicTBUil paOOTHUKOB, 3aHATHIX HAa pabOTax IO AKCIUTyaTalluH, OOCITYKHUBAHUU U PEMOHTY
3IEKTPOOOOPYIOBAaHUS Ha CKIIafaX He(TEIPOIYKTOB.

Pesynbrater paboter nonydensl B pamax HUP no rpanty ana yuensix kI'TY umenn
M.T. KanamnukoBa Ne20.06.01/18CbB Ha Temy «Pa3paboTka crnoco0OB MOBBIIICHUS
3GGEKTUBHOCTH CHCTEM YIPABICHUS OXpAaHOM TpyAa OTACIBHBIX TPYI IepcoHaia
MPOMBIIIICHHOTO TIPEIPUSITUS.
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[IXT. M.: 2011.

10. Ky3snenoBa E. MexayHapoaHas NMpakTHKa MPUMEHEHHs aJMUHUCTPATHBHBIX H
YrOJIOBHBIX CAaHKIMKA 3a HapylieHus TpeOoBaHMi oxpabl Tpyna // Kaagposuk. TpymoBoe
npaBo i kKagposuka. 2009. Ne 6. C. 58-64.

Recycling of liquid wastes of mining companies
A. Kurina
Irkutsk National Research Technical University
e-mail: kurinanaya@gmail.com

One of the serious problems that unites large mining companies, regardless of
geographic location and extracted raw materials, is the uncovering produced underground
mineral waters.

The flooding of mines and quarries during mining complicates the opening and
exploitation of minerals and generate a difficult environment for the work of the mechanisms
and working conditions of miners. In some coal basins and in specific mines the costs of
drainage and dewatering account for 30-40% of the cost of mining.*

The removing of mineral reserves located nearby to the earth’s surface leads to a
deepening of mining operations. Pumping uncovered produced water leads to an increase in
the cost of their recycling.

At the same time, the uncovered produced natural highly mineralized waters of the
existing mineral deposits contain thousands of tons of valuable micro- and macro
components, but also have a negative impact on all components of the environment,
production assets, and human health. Pouring groundwater and wastewater due to increased
migration ability affect the environment more than solid industrial waste.

The exploitation of groundwater as technogenetic raw materials does not require the
costs of prospecting and exploration of mineral deposits, stone drivages and mineral
extraction. In this regard, in the implementation of open and underground mining the
combined mining of solid and liquid minerals is potentially commercially viable.?

With the depletion of solid mineral deposits over time and a decrease in the volume of
production, the processing of industrial groundwater can significantly extend the life of the
mining and processing company.

However, at the moment there is no single correct methodology for assessing the
industrial value of groundwater.® In this regard, it is not possible to accurately evaluate and
contribute to the underground waters of mining enterprises. At present, when determining the
value of mineral deposits, as well as in evaluating the effectiveness of field development,
there is really no accounting for such an important component as groundwater.

Conclusions: When processing mineral waters, it is possible to reduce the amount and
hazard class of company waste, reduce environmental risks and the burden associated with
compensating the state for these risks, and obtain additional units of marketable products.
Moreover, after the depletion of the “ore part” of the enterprise and a decrease in the
profitability of production, the enterprise can be retrained for the extraction of minerals from
hydro-mineral raw materials.
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O0OHapy:KeHHe HAHOPA3MEPHBIX YACTHII 3arPA3HAIONIAX BElEeCTB
C IOMOIIBI0 XPOHOITHKOAMIIEPMETPHUH
E. Larionova, S. Romanenko, A. Kagirov, M. Vilesov, K. Brazovskii
Tomckuil norumexuuyeckull yHugepcumenm
e-mail: evi@tpu.ru, svr@tpu.ru

B coBpeMEHHOM NPOMBIIUIEHHOM MPOU3BOJCTBE I[OBCEMECTHO IMPUMEHSIOTCS
Mmarepuaisl B (opMe HaHOpa3MEpHBIX dYacTUI. 3a mocieanue 15 1ner oObem
BBICOKOTEXHOJIOTHYHON MNPOAYKIIMH, BBITYCKAEMOW C MNPUMEHEHHWEM TaKUX MaTepHalioB,
BEIpoc B 25-30 pa3, ogHAKO MapalieIbHO PEe3Ko 00OCTpWiIach MpoOiieMa 3arpsi3HEHUS
OKpYKarollel cpe/ibl HAaHOYACTUI[AMHU.

OOHapyxeHHE W HW3MEpEeHHE IapaMeTpOB TAaKWX YaCTHII B ECTECTBEHHOH cCpere
SBIISIETCS CIIOXHOW HAay4YHO-TEXHUYECKOW 3a/aueii, perieHre KoTopoi TpedyeT mpuMeHEHUs
BBICOKOUYBCTBUTEIIFHBIX ~ AQHAIUTHYECKUX  METOJOB.  ODIIEKTPOXMMHUYECKHE  METOJbI
OoOHapyXeHHs M U3MEpPEHUsl MapaMeTpOB HAHOPA3MEPHBIX YACTHI] MPEACTABISIOT OOJIBIION
MHTEpEC C TOYKM 3PEHHUS BO3MOXKHOCTH CO3JAaHUS OKCIPECC-METOJIOB MOHUTOPHHTA
3arpsi3HEHUS]  OKpY’Kalolllell cpeipl, OAHAKO uig dToro Tpedyercs oOOpyaoBaHUE C
npeJeTbHON YyBCTBUTEIBHOCTHIO.

Hamu Obl1  pa3paboTaH OpOTOTUIl MPOTPAMMHO-ANIAPATHOIO KOMIUIEKCa s
JETeKIIMA ¥ W3MEPEHUs IMapaMeTpoOB YaCTHIl B KOJUIOMIHBIX PAacTBOPAaX Ha OCHOBE METOja
XpoHOMHUKoaMIiepMeTpuu. V3meputenbHas cxeMa MOCTPOEHAa Ha OCHOBE IMOTEHIMOCTaTa C
TpeMsl 3JEKTPOJaMH M BXOJHBIM TOKOM cMelleHuss He Oonee 20 GA mnpu KOMHATHON
temneparype. CpeqHeKBaApaTUYHOE 3HAUEHHUE IIyMa TOKa, IPUBEJIEHHOE KO BXOAY, HE Ooee
30 dA B momoce wactor or 1 I'm go 20 kl'm, amama3oH wu3MepeHus ToKa = 1 HA,
JUHAMUYECKUH JMara3oH, OTPaHWYEHHBIH nrymoM, He MeHee 90 JI0, mmpHHa MOJIOCHI
npormyckanusi 1o ypoBHio -3 JI6 He w™enee 20 kl'u. Jluama3zoH peryimpoBaHUS
noreHnuana +5B ¢ marom 0,15 MB, pa3pemaromiast cnocoOHOCTh U3MEPEHUs] BXOJHOT'O TOKa
30 ¢A, oTHOCHTENbHAS MOTPEIIHOCTh U3MEPEHHUs Mocie KaluOpOBKU HE MpeBblaeT 5 %.
VYcTaHoBKa MOTEHIMAIA TPOU3BOAUTCS ¢ TIOMOLIbIO HM(PO-aHATIOrOBOro mpeodpa3oBaTes ¢
paspemaroiiei criocoOHOCThIO 16 OUT, U3MEpEeHHE BXOHOTO TOKA OCYIIIECTBIISIETCSI aHAJIOTO-
UGPOBBIM MpeoOpazoBaTeeM € TaKOH e paspelaroueil crnocoOHOCThIO. YIpaBieHHE
U3MEPUTENIBHBIM KOMIIEKCOM OCYILECTBIISETCS C MOMOIIBIO OPUTHHAIBHOIO MPOTrPAMMHOIO
oOecrnieueHnst COOCTBEHHOM pa3pabOTKH.

[IporpaMMHO-anmapaTHBI KOMIUIEKC OBLIM TPOBEICHBI H3MEPEHHs IapaMeTpoB
TECTOBBIX KOJIJIOWJTHBIX pacTBOpoB cepedpa. B kauectBe pedepeHTHOro ObLI MCHOIb30BaH
PTYTHO-CYJIb()aTHBIA AIIEKTPOJ, BCIOMOTATENbHBIA XJIOpCEpeOPSHBINA AIEKTPOA, padouMii
ANEKTPOJT OBUT BBITIOJIHEH W3 YIJIEPOAHOTO BOJIOKHA JUAMETpoM 7—12 MKM. DJIEKTpOIbBI
HOTPYKAIUCh B HM3MEPUTENBHYIO SUeiKy NIMIuHApUYeckod ¢opmbl odbemom 30 ML
DKCIIepruMEeHT TPOBOAWICS B JBa dTama. Ha mepBoM 3Tame B H3MEPUTENBHYIO SYCHKY
nomerasics 0y(depHblil pacTBOp - IUTpAT HATpUd B oobeme 15 My 6e3 HaHOUacTULl cepedpa.
Ha Bxox moreHnmocrara mnopaBanock Hanpstkenne 0,7 B wu  perucrpupoBaiach
XpOHOIIMKOAMIEporpaMMa B TeueHHe 3—5 CceK, IOocle Yero BXOAHOE HaIpsDKEHHE
OoOHyIsA7I0Ch. 3aTeM B pacTBOp n00aBisioch 50 MK KOJJIOMJIHOTO pacTBopa cepebpa U
MPOBOJIMIIOCH TOBTOPHOE U3MEPEHNE C AHAIOTUYHBIMU TTapaMeTPaMH.

Ha xponomukoammneporpamme OydepHoro pactBopa ¢ J00aBJIICHHMEM HAHOYACTHIIL
cepebpa OOHAPYKUBAIOTCS HWMITYJIBCHI BXOAHOTO Toka amruutymoi 10-30 mA wu
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MIPOJIOJDKUTENBHOCTRIO 1-25 Mcek. st m3MepeHus KOHIIEHTPAIllid HAaHOYAaCTHUI] MOTYT OBITh
MCIIOJIb30BaHbl CTATUCTUYECKHE NTapaMeTphl pacnpenenenus [lyaccona, pazmMepbl HAHOYACTHI]
ONPENENAIOTCS HA OCHOBE CTATUCTUYECKOTO aHAIM3A IIOIIAIA UMITYJIbCOB.

AHanuTnyeckue BO3MOYKHOCTH XPOHOITUKOAMIIEPOMETPUU (npenen
YyBCTBUTEIBHOCTH, MOTPEIIHOCTh OMpPEACNCHUsS KOHIEHTpAMd W Pa3MepOB HAHOYACTHIL)
3aBUCAT KaK OT TEXHUYECKUX XapaKTEPUCTHK ITOTEHUMOCTAaTa, TaK W OT IapaMeTpoOB
AIIEKTPOXUMUYECKON sueiiku. HiokHuil mpenen oOHapyXeHHs HAaHOYACTHI[ MPU KOMHATHOM
TeMIEpaType OrPaHUYMBAETCA BXOJHBIM TOKOM IIymMa IMOTEHLMOCTaTa M LIYMOBOI'O TOKa
u3MepuTeNbHO sueiiku. [Ipu npoBenenun usmepenuit B Oypepom pacTBope HUTpaTa HaTPHs
(OHOBBIN LTYMOBON TOK M3MEPHUTEIHHON SYSHKH NMpPU HYJIEBOM MOTEHIMAJe OTHOCHUTEIBHO
pedepenTHOoro aekTpoga B mosnoce vactor oT 1 I'm go 20 kI'm cocraBun 0,8 mA
(cpenHekBaApaTUYHOE 3HAYEHUE), YTO B 27 pa3 NPEBBIILIAET YPOBEHb IIyMa BXOJHOIO
YCUJIMTEIIA TOKA B 3TOH 7K€ I10JI0CE YaCTOT.

Taxum o0pa3om, cyliecTByeT IPUHLUITUATbHASI BO3SMOXKHOCTD JIETEKIIUU U U3MEPEHHUS
MapaMeTpOB  HAHOPA3MEPHBIX  YACTHUL €  [OMOIIBKD  XPOHOIMMKOAMIIEPMETPUHU.
DKCHepUMEHTAIBHO OBbLIO MOKA3aHO, YTO JAHHBIM METOJl MOXET 00eCleYnTh Majoe BpeMs
U3MEPEHUSI U BBICOKYIO YYBCTBUTEIBHOCTh IMPU CHUKEHHHU YPOBHS COOCTBEHHOIrO IIyma
M3MEPUTEIbHON SUYECUKH.

anaB.JIe}me PUCKOM aBapHM IIPH IKCILIyaTallun He(bTelIPOBOJIOB
yepe3 BOJAHbIE 00bEKTHI
E. Larionova, S. Romanenko, A. Pazuk
Tomckuil norumexnuyeckull yHugepcumenm
e-mail: evi@tpu.ru, svr@tpu.ru

B pabore 3amaHpl XapaKTEPUCTUKHU IISATH MOJAEIBHBIX ITOJBOJHBIX IIEPEXO0I0B
HE(TENPOBOIOB, Y KOTOPHIX BAapbUPYIOTCA KOJUYECTBO Je(EKTOB C IpPEeIbHBIM CPOKOM
AKCIUTyaTaluu He 6ojiee 1 roga Ha yyacTKe Tpacchl U pa3mep aedekra.

B pabote npemioxeHo nepeBo COOBITUH MpU MCTEUEHUHM HE(PTU W3 MOBPEKIAECHHOTO
nrokepa. Mcxons U3 3HaueHWH yCIOBHBIX BEPOSITHOCTEH, OmNpesesieH Haubosiee BEpOsITHBIM
CLIEHApUM pa3BUTUS aBapuM, KOTOPBIM 3aKIIOYAeTCs B 3arpsA3HEHUM BOJHOM CpEIbl
HeTenpoaykTaMu 0e3 B3pbIBa U BOTOPaHMUS.

JUisi MOJIeNbHBIX TO/ABOAHBIX MEPEX0/10B HEPTENPOBOJIOB PACCUMTAHBl BEPOSTHOCTh
aBapuM, KOJMYECTBO HCTeKarolmed HedTu, yuepOd, pUCK MpPH HCTEUEHUU HEPTH U3
HOBPEXJEHHOTO Jifokepa. [lomydeno, uro puck moxet gocturats 28 048,46 pyO/km roa.

B pabote npemsioxkeHO BBECTH MEpONPUATHE IO CHUXKEHHIO PHUCKAa: NPUMEHEHHE
aBTOMATH3UPOBAHHOTO CKPUHUHTOBOTO KOHTPOJIS [UIsl BBISIBICHUS yTeUeK He(TH IpU aBapuu
Ha M0/IBO/IHBIX Tepexo/1ax He(TepOBOIOB.

g oueHkn 3(G(EKTUBHOCTH MEPOIPHUATHS IO CHUKEHHMIO PHCKa OLEHWIN CpPOK
okynaeMocTH. [loaydeHo, 4To okynaemMocTs Bappupyercs ot 5,9 1o 6,5 ner. JlonoaHuTensHo
OILICHEH PUCK BO3HUKHOBEHHS aBapyu MOCJE BBEACHUSI MEPOTIPUSATHS.

Takum oOpa3om, B paboTe Moka3aHa METOAMKA YIPABIEHUS PHUCKOM Ha MpUMeEpe
aBapuu Ha TMOJBOAHBIX Hepexoaax HedrempoBoaoB. IIpemioskeHHBIN MOAX0A MOXKET OBITh
MCIIOJIb30BaH JJIsl yIIPaBJICHUsI PUCKOM aBapuu Ha ONMACHBIX MPOU3BOICTBEHHBIX O0BEKTAX.

OueHka 3K0JI0rH4eCKMX PUCKOB YPe3BbIYANHBIX CUTYAIM
HA NMpUMepe MPOU3BoACTBA (TOPUCTOr0 BOJIOPOAA
E. Jlapuonona, U. PyGrioBa
Tomckuii nonumexHuyeckuti yHugepcumem
e-mail: evi@tpu.ru

B nanHO# paGoTe MpoBOAMIM OLEHKY PHCKa 3[J0POBbs HACEJIEHUIO I. 3€JIE€HOropcka
npu Haubonee omacHoM cueHapuu aBapuu Ha AO «I1O «3X3» ¢ BbiOpocoM (ropuctoro
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Bogopoaa 1400 r/c. B pabore mokazaHo, 4TO KOHIEHTpamus (TOPHUCTOTO BOAOPOJA B T.
3enieHoropcke OyAeT NOCTUraTh 3HaueHue 2,8 mr/m®. JlanHas KOHIIGHTpAIUsl TPEBbIIIAeT
[MAKM.p. 1 pedepeHTHOE 3HAUYE€HHE KOHIIEHTpalUH (PTOPUCTOTO BOAOPOJA MHPU OCTPBIX
MHTAJISIUOHHBIX BO3ACUCTBUAX. B 30HY pucka mpu 3aJaHHON aBapuM Ha TEPPUTOPHUH
T. 3eJICHOTOpCKa TIPH TOBBINICHHBIX MMOPHIBAX BETpa C 3alagHOr0 HAMPAaBICHUS B IEPBYIO
odepenb nomaaaet 21-it MUKpopaloH, YMCIIO OCTPAJAABIINX B TAHHOM MHUKPOpPAHOHE MOXKET
nocturath 10 500 yenoBexk.

Pesynbrarel paboThl MOTYT OBITH HCIOJIB30BAHBI IMPH OIICHKE PHUCKA 3JI0POBHIO
HAcelleHUsT Ui  OCTPbIX HHTAIALMOHHBIX  BO3JCUCTBUAX TMPHU  [POTHOZUPOBAHUU
Ype3BbIYAIHBIX CHUTyallMil MpU TPOU3BOACTBE, XPAHEHWU W/WIK TPAHCIOPTUPOBKE
(dTOpUCTOr0 BOAOPO/IA M IPYTHX OMACHBIX BEIICCTB

Analysis of methods for the extraction of metals from industrial raw materials
E. Leonov
Irkutsk National Research Technical University
e-mail: beyond-the-limit@yandex.ru

In world practice, one of the most promising methods for the extraction of metals from
wastewater and industrial raw materials is sorption. Active carbons (AC) - carbon sorbents
(US) are most effective as sorbents. In the Russian Federation, the needs of the national
economy in AC exceed their production by several times. There remains an urgent need to
develop new, cheap and effective sorbents for the extraction of metals from industrial
wastewater and industrial formations. This problem is especially relevant for the Baikal
region, which is a heavily protected area. The aim of the study is to formulate the directions
of a modern priority approach in solving environmental problems associated with waste
management and resource conservation; mastering the main strategic direction of waste
management is the maximum possible involvement of waste in economic circulation and its
material and energy utilization as technogenic raw materials (without negative environmental
impact). The development of environmentally friendly methods for processing waste at the
lowest cost, disposal and disposal of residual waste, equipment and technology for resource
conservation.

In addition, it is necessary to solve the problem of reducing the anthropogenic impact
of metals on the natural environment. The main technogenic sources of heavy metals entering
the hydrosphere are the effluents of mining and processing and hydrometallurgical
enterprises, engineering and chemical industries. The content of heavy non-ferrous metal ions,
primarily zinc, copper, iron, mercury, cadmium, chromium, lead, and others in the
environment is from 50 to 90 %. An analysis of the works on the extraction of metals from
wastewater shows that, basically, they are aimed at wastewater treatment, and not at the
extraction of valuable components.

Therefore, the priority is to search for new and improve existing resource-saving
technologies for extracting valuable components from industrial waters and industrial
formations. The problem of extracting metals from wastewater (CB) is relevant in enrichment
plants, where thickener drains, tailings and tailings dumps contain heavy metal ions ranging
from 2 to 20 mg / |, which significantly exceeds the MPC for water bodies.

References

1. Ivanov A.V., Konyukhov V.Yu., Ivanova M.A. Information support of business
processes in electric networks through the use of geographic information and intelligent
systems // Youth Bulletin of INRTU. 2019. No. 4. pp. 234-345.

2. Gabitov R.N. Experimental determination of thermophysical characteristics of
municipal solid waste / R.N. Gabitov, O.B. Kolibaba, A.l. Sokolsky // Industrial Energy.
2016. No. 7. pp. 54-58.

148



3. Gabitov R.N. Investigation of the processes of heating and drying a layer of
organo-waste in a thermal reactor / R.N. Gabitov, O.B. Kolibaba, O.V. Samyshina,
O.1. Gorinov // Bulletin of the IGEU. 2014. No. 6. pp. 17-21.

4. Integrated sustainable waste management. Housing and communal services: a
training manual / O.V. Ulanova and others; under the general. ed. O.V. Ulanova. M.:
Publishing House of the Academy of Natural Sciences, 2016. 520 p.

5. Gonopolsky A.M. Energy waste management. M.: Publishing House "Ore and
Metals", 2006. 152 p.

6. llinykh G.V. Justification for the replacement of hydrocarbon energy carriers with
solid household waste products / G.V. Ilyins, N.N. Slusar // Environmental protection in the
oil and gas complex. 2010. No. 11. S. 24-29.

7. Kadyrov D. E. Methods of processing organic waste // MSW. Municipal solid
waste. 2006. No. 10 (4). S. 24-26.

8. Kalechits 1.V. The influence of the composition of the raw materials on the output
of the main products of pyrolysis / 1.V. Kalechits, N.V. Sokova, S.E. Babash // Review
TsNIITEneftekhim. M., 1971. 23 p.

Bausinue noLiIeBbIX BbIﬁpOCOB KPEMHHMEBOI'O MPOU3BOACTBA HA YCJIOBUSA TPpyada
M.C. Jleonosa, C.C. Tumodeena
Upxymckutl HayuoHanbHblll UCCIe008aMENbCKUL MEeXHUYECKULl YHUGepcumem
e-mail: leonova@istu.edu

CoBpeMEeHHOE METaIIypru4eckoe IPOU3BOACTBO COMPOBOXKIAETCS 00pa3oBaHUEM
3HAUUTENBHOIO KOJMYECTBA TMBUIEBBIX BO3IOHOB, KOTOpPBHIE OKAa3blBalOT HEraTUBHOE
BO3JCHCTBUE HA COCTOSHHE 3JI0pPOBbSI U TPYIAOCHOCOOHOCTh paboyero mnepcoHania,
CIOCOOCTBYET OBICTPOMY M3HOCY OOOpYJIOBaHMS JaHHBIX TNPEANPUATHI, MOCKOJBKY Yalle
BCET0 KOJIMYECTBO IBUTH B BO3AyXe pabouell 30HbI mpebimaeT yposeHb I1JIK. Takxke cotHn
TOHH BbIOpachIBaeMOil bl B aTMOC(epy HAHOCAT Bpel OKpYKarollel cpezie Oyn3examinx
npeanpustuid. [losToMy axTyanbHOM 3amaueil  sBiseTcss pa3paboTka KOMIUIEKCHBIX
MEPONPUITHNA MO YIYUIIEHUIO YCIOBUW TpyJla U MUHUMH3ALUKN 3arpsi3HEHUS] OKpYXKarollen
CpeJBl.

[Tbu1h sIBNISIETCS OCHOBHBIM 3arpsi3HUTENIEM BO3ayXa pabodeit 30HbI U 00pa3yeTcsl OHa
Ha BCEX y4YacTKax, 1€ OCYLIECTBIISIETCA TEXHOJIOTMYECKHH MPOLECC MPOU3BOACTBA METaIA.
Takum oOpa3om, mpu mnpousBojacTBe | TOHHBI KpeMmHHsI oOpaszyercss 10 900 Kr mbLIM.
Bapixanue Takod mbUIM paOOTHUKAMU JIMTEHHOrO 11€Xa MOXKET CIIOCOOCTBOBATh Pa3BUTHUIO
psiia onacHeWMx 3a001eBaHu bIXaTeIbHBIX OPTaHOB.

Llenbto naHHOW pabOTHI SBUJIOCH MCCIEAOBAHHUE MBUIEBBIX OTXO/J0B KPEMHHEBOIO
IPOM3BOJICTBA U aHAJIU3 YCIOBUM TpyJa paOOTHUKOB JaHHOTO MPEANPUATHS A pa3pabOTKu
MEPONPUITHIA MO MOHUKEHUIO NMBUIEBON Harpy3KH M YIYYIIEHUIO YCIOBHUH Tpy/a.

IIpencraBneHsl pe3ynbTaThl UCCIEIOBAaHUN JUCIIEPCHOTO COCTaBA MBLIEBBIX BHIOPOCOB
KPEMHHUEBOTrO Mpou3BoAcTBA. C MOMOIIBI0 PEHTTEHO(A30BOr0 METO/1a aHAJIM3a ITOKa3aHOo, 4TO
B COCTaBe NbUIM KPEMHHEBOI'O IPOU3BOJACTBA B OCHOBHOM MPUCYTCTBYET aMOPQHBII
KpeMHE3eM, a Takke KpeMHUI U KapOOopyHT

Ilo pe3ynbraraM XMMHMYECKOTO aHajIW3a OINPEACIEHO, YTO JAHHBIM BHJ OTXOJOB
COZICPKUT B cpeaHeM 86 % rienHoro kommoHeHta SiO;. Pe3ynbTarhl rpaHyIOMETPUYECKOTO
aHaJIM3a COCTaBa NBLIM Ia300YMCTKHM KPEMHHEBOIO INPOM3BOJCTBA MOKA3aJId, YTO B IBUIM
MPUCYTCTBYIOT YaCTHUIIbl, pa3Mep KOTOpbIX Kousiebsiercs B auamasoHe or 0,1 mo 600 mxm.
bonpmas gacte wactun umeer pasmep —50,00 + 100,00 mxm. Yactuupl 1aHHOro pasmepa
JIETKO BJBIXAIOTCS AIKCIUIYaTHPYIOIIUM IEPCOHAJIOM M JIOCTaTOYHO OBICTPO NMPOHHUKAIOT B
JIETKHE U MTOPAXkaKOT JIETOYHbIE TKAHU.
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[To pe3ynpTaram OLEHKH YCJIOBUW Tpyla KPEMHUEBOTO MPEANPUATHS MO JAHHOMY
(’paKTopy BBISIBJICHO, YTO BCC pa6oqne MCCTa JJICKTPOTCPMHUYCCKOI0 OTACIICHUA OTHOCATCA K
BpPEJIHbIM YCJIOBUSAM, U COOTBETCTBYIOT KJIACCY YCJIOBUM Tpyaa — 3.2, a JOMYCTUMBIH CTax
paboThI B JAaHHBIX YCIOBUAX COCTABIISET 6 JIET

Anamm3 INPUBCACHHBIX BbIIIC JaHHBIX IIOKa3bIBA€T, YTO IIblJIb TI'a3004YUCTKH
KpPpEMHHEBOI'0 IMPOMU3BOJACTBA COACPKUT 3HAUUTCIIBHOC KOJIMYECTBO LCHHOTO KOMIIOHCHTA
SiOz, a o6pa3y}onmec;1 00BEMBI TTO3BOJISIIOT HCIOJIb30BATh ,I[aHHBII;'I MaTcepruail B KadCCTBC
KpeMHe3eMcoiepkamero coipbs. [loatomy st 3pPeKTUBHOTO pemIeHHUs SKOIOTHYSCKUX
npoOjeM U YIYYIICHHH YCIOBUH Tpylda paOOTHUKOB KPEMHHEBOTO IPOU3BOJICTBA
H€O6XOI[I/IMO pa3pa6aTHBaTB HWHHOBAIIMOHHBIC TCXHOJIOTMH PCUHUKIMHIA MCEJIIKOAUCIICPCHBIX
KpEMHE3EMCOACPpKAIIUX OTXOA0B U APYIUX CII0CcO00B UX YTUJIU3alluu.
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AHaJM3 CHCTeMbl KOHTPOJISI PAINAIHOHHOM 00CTAHOBKH
Ha TeppuTopun Tomckoii od1acTn
M. JIucuukuna
TomcKuti noIumexHu4eckul yHugepcumen
e-mail: msl11@tpu.ru

Hcnonp3oBaHue sI€pHOM DSHEPIMM B MHUPHBIX M BOEHHBIX IEJAX J€JIaeT
IPUOPUTETHBIM OOEcleYeHne pajualioHHON O€30MacCHOCTH 4YelloBeKa U Cpellbl  ero
oOuTaHus.

Pemenue npobnem saepHOro Hacieaus M oOecliedeHus: saepHoi 0e30MacHOCTH
HAceJICHUs M OKPYXAlolell cpenbl Ha ThICAYENETUS — CEpbe3Has TEeXHUYECKas,
HKOHOMHUYECKAS, a [VIaBHOE, COL[MAJIbHAA 3a/1a4a.

Jlnst mpeoTBpalleH!s] BO3MOKHOTO HEraTUBHOI'O BJIMSIHUS paJlallMOHHOrO (hakropa
CYILIECTBYET CUCTEMA MOHUTOPUHIA OKPYKAIOILIEH CPEJIbL.

Lenbto gaHHOM paOOTHI SBISETCS MCCIEAOBAHME paJMALMOHHOW OOCTaHOBKM Ha
tepputopuu ToMcKo# o0macTw.

PanqnanOHHBIT MOHUTOPHHI IIPOBOAMTCS HA IIOCTOSSHHOM OCHOBE Ul OLICHKH
00CTaHOBKHU TEPPUTOPHH, TIOJBEPratoIeiics palu0aKTUBHOMY BO3JICHCTBHUIO.

Ha Tteppuropun Tomckoil o0macTu BeAeTcsi MOCTOSIHHBIM KOHTPOJIb arMoc(epHOro
BO3/yXa, IMOYBBI U BOAHBIX pecypcoB. PaGoThI MO pagManimOHHOMY KOHTPOJIO TPU3EMHOTO
cj10s1 aTMOC(EpHOro BO3AyXa, C MPUMEHEHHEM CTAlMOHAPHBIX IIOCTOB, BBIMOJIHAIOTCS C
LEeJIbI0 MOTY4YeHUsI (PAKTUUECKUX JAHHBIX O COACPKAHUM PaJMOAKTUBHBIX BEIIECTB.

basa aBToOMaTU3MpOBaHHON CUCTEMBI KOHTPOJISI paAHallMOHHOW 00CTaHOBKU COJIEPIKUT
JaHHble O 16-TM ToOCTax, HaxoJdIIuXxcs Ha TeppuTopun Tomckoit obGnactu. JlaHHBIE
0TOOpaXkaroTCsl B IOCTOSIHHOM pEXHUMeE, a TaKkKe uMeeTcsl QYHKIUS MOoTy4eHUs] UHPOpMaun
W3 apXUBHBIX JaHHbIX.

CornacHO 3THM JaHHBIM, CpPEAHsS MOIIHOCTb JO3bl FaMMa-U3JIy4eHHUs COCTAaBHJIA
0,08-0,09 mk3B/ "ac, 4TO COOTBETCTBYeT (POHOBOMY ypoBHIO jisi peruoHa [2]. IIpoBons
aHAJIN3 110 MeCALlaM, MO’KHO IIPUNUTHU K BBIBOLY, YTO NPECIEAYETCS 3aKOHOMEPHOCTD: C BECHBI
0 JIETO MOIIHOCTH J03bl YBEIMYUBAETCS, a C HACTYIJIEHUEM OCEHU — CHIXKAETCS. ITO MOXKET
OBITH CBSA3aHO C:

1. IlogHsATHEM YpOBHS BOJ B MAaBOJAKOBBIM IEPHUOA, KOTOPBIE MOTYT HNEPEHOCUTH
PaAMOHYKIINUJIBI C JOHHBIX OTIIOKEHUH.

2. YBenu4eHneM TeMIepaTypsl BO3/1yXa, IIOYBBI, BOJBIL.

[lo pesympraTam pagMallMOHHOTO MOHMTOPHUHIA, MHPOBOAMMOIO Ha TEPPUTOPUU
Tomckoll 0051aCTH, CpPEIHEro/l0Bble KOHIIEHTpAIlMM PAJUOHYKIMIOB B TPU3EMHOM CIIO€
aTMOC(EepHOro BO3AyXa HAaXOAATCS Ha YPOBHAX, ONM3KUX K (HOHOBBIM 3HadeHusM. Cymma
anb(ha-akKTUBHBIX HYKIUIOB — B 56—69 pa3 MeHbIIIe JOMYCTUMON CPETHETO0BOM 00HEMHOM
aKTUBHOCTH, & CyMMa 0eTa-aKTUBHBIX HYKJIWJOB — Ha 4 mopsiika MeHbie [1].

Paguanmonnas oOGcraHoBka Ha TeppuTopun Tomckoil oOjacTé He MpelcTaBiseT
yrpo3bl Kak i 4eJI0BeKa, TaK U JUIsl CPellbl ero OOMTaHus. ITO OOBACHSAETCS BBHIIIOJHEHUEM
KOMIUIEKCa IPEBEHTUBHBIX MEPOINPHUATHI, B TOM YHCIE U TNPOBEACHHEM IIOCTOSHHOIO
pazvaliliOHHOTO MOHUTOPHHTA.

Crnmcok Jmreparypbl

1. Oryer mno oskomormyeckoit Oe3omacHocTH AQO «CHOMPCKUH XUMHUYECKHMA
komMOuHaT» 3a 2018 rox.
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Laser cleaning as an alternative electrodeposition pretreatment
X. Liu
Nanjing University of Aeronautics and Astronautics, Nanjing, China
e-mail: liuxiaoming@nuaa.edu.cn.

This study aimed to simplify jet electrodeposition pretreatments and improve its
prospect for automatic application. A pretreatment method based on laser cleaning and laser
texturing instead of the traditional electrodeposition pretreatment technology was proposed.
The effects of laser energy density on the mechanical properties of electrodeposited coatings
were evaluated. The topography, oxidation, adhesion, and hardness of the coating were
characterized. Results indicated that with an increase in pulsed laser energy density, the
mechanical properties of the coating initially exhibited strength and subsequently showed
weakness. The laser thermal effect changed the topography of the substrate, forming a regular
annular superimposed molten pool topography. This occurrence resulted in a mechanical
interlock with a corresponding coating topography to improve the bond strength. When laser
energy density increased from 0J/cm2 to 4J/cm2, the adhesive force of the coating increased
from 10.6 N to 32.5 N, and the microhardness increased from 345 HV to 515 HV.
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Environmental risks of the salt refinery of OJSC Tyretsk Solerudnik
and the development of measures to reduce them
O. Nikitina
Irkutsk National Research Technical University
e-mail: nikitina@istu.edu

The analysis of the impact of the salt factory on the environment. It is established that
the main sources of pollution are production processes: crushing, screening, grinding and
transportation of salt. The intensity of dust formation depends on many factors: the
physicomechanical properties of the salt being processed, such as fragility, fineness and
humidity; method of moving and enrichment of salt; air movement and humidity, as well as
airtightness of dust emitted equipment.

The proposed device to reduce the environmental risks of the salt factory.

Development of equipment for the monitoring system of the Baikal water area
A. Nikolaev
Irkutsk National Research Technical University
e-mail: Nikolaev94@icloud.com

Today, the problem of preserving the ecology is very acute, in view of the gradually
increasing influence of the anthropogenic factor on the environment.
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The largest storage of drinking water on earth is Lake Baikal, which at the moment
needs constant monitoring of the level of water pollution and surrounding areas.

This article is devoted to the development of a monitoring system for the water area of
Lake Baikal. The developed system should provide ongoing monitoring of hydrophysical
parameters of water in different areas of the lake, which will allow timely detection of signs
of environmental pollution of Lake Baikal.

Currently existing data monitoring systems designed for indoor installation, as a rule,
do not have an autonomous power supply and built-in data transmission system via a radio
channel, and are more focused on storing the received data on the device’s memory, which is
not entirely relevant in this case, in view of difficult data collection from monitoring devices.

To solve existing problems and create their own monitoring system for the water area
of Lake Baikal, candidates of technical sciences Fiskin EM, Fiskina MM, Belousov R.A. were
involved in the development.

We plan to create a budget and autonomous system that is not inferior in
characteristics to analogues.

The monitoring system includes a radio modem for current monitoring of water
parameters, concentrators, for receiving and processing data, a satellite data transmission
system, for remote areas of the lake with poorly developed infrastructure.

The use of modern equipment and components during development makes it possible
to create devices with low energy consumption, which will allow monitoring points to work
for 5 years without the need for maintenance and replacement of power supplies.

To date, communications have been tested in open areas. As a result, the range of
sustainable data transmission was 6 km. Further modernization and appropriate selection of
the component base together with software optimization of the operation algorithms will
allow to achieve the maximum data transmission distance over a distance of up to 100 km in
an open area.

For remote areas of Baikal with a poorly developed infrastructure, satellite Internet is
the best solution to data transmission problems, since the coverage area is 99% of the entire
planet, and new ranges of work have reduced the overall dimensions of the transceiver
antenna, which increases the scope of such systems.

This year, field trials are planned to identify additional effects that affect data
transmission in the water area of Lake Baikal and search for solutions to eliminate them.
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CoBepuIeHCTBOBAHHE KOHCTPYKIUI OTBETCTBEHHBIX JeTaJjiei
AKCUAJTbHO-NIOPILIHEBOI THAPOMAIIHMHBI
n.B. HI/IKOJIGHKOl, IO.M. XOMSIKZ, B.M. }KerJIOBaS, AT. KH63K0B4, C.A. Mengenes®
YUkaoemusn cmpoumenscmea u apxumexmypwvt K@Y, Cumgpeponons, PO
23 O0ecckuil HayUOHANBHBIT NOTUMEXHUYECKUL] yuugepcumem, OQodecca, Ykpauna
*° Ooeccruii nayuonanonblii mopckot ynusepcumem, Qoecca, Yxkpauna
e-mail: *energia-09@mail.ru; vheglova@gmail.com

[IpeumymiectBa  ruApomMamiiH  (KOMIOAKTHOCTb,  YHHBEpPCAIbHOCTh,  IPOCTOTA
yhpaBieHus, dHepreruyeckass 3¢G(EeKTUBHOCTh, BBICOKHE TUHAMUYECKHE XapaKTEPUCTUKU)
o0ecreunBarOT MX LIMPOKOE MPUMEHEHHE B aBUAIMHM, HA3€MHOM W BOJHOM TPAaHCIIOPTE,
KUJTUIITHO-KOMMYHAJIbHOM XO3SIMCTBE, arpapHoM Komiuiekce u nap. [1]. K TpaaummoHHbIM
chepaM TPUMEHEHHUS IJI1 dHEPreTudecku 3(PpPeKTUBHOM pabOTHl OT MOOMIIBHOTO BOSHHOTO
000py/I0BaHUs 10 CUCTEM ONPECHEHUS] MOPCKON BOJbI OOpaTHBIM OCMOCOM JUIsi OBITOBOTO
MIPUMEHEHUS.

B mocnennue romer ynensiercss O0sblioe BHUMAHHE TOBBIIICHUIO YHEPreTHYECKON
3¢ hekTUBHOCTH. MHOTHE CTpaTeTuu IHEpProcOepexeHusi ObUIM YCIEIIHO pa3padoTaHbl H
BHenpeHbl [2, 3]. B uyacTHOCTM, NpUMEHEHHE THAPABIWYECKOrO0 MPUBOJA B
BETPOIHEPTETHUECKON YCTaHOBKE yBenuuuBaeT ee d(P¢PeKTUBHOCTh Ha 17 % W MOBBIIIAET
KITZ no 90,7 % [4]. Ucnonp30BaHue TMAPABINYECKUX KOMIIOHEHTOB, TAKUX KaK HACOCHI C
AJIEKTPONPUBOJIOM, THAPOIABUTATENIM, AJIEKTPOHHBIE CHUCTEMBI YIPABJICHHS, MO3BOJISIET B
HEKOTOPBIX MPOMBIIIICHHBIX CHCTEMaxX CHU3WUTh moTpebienue suepruu Ha 50...70 % [5].
OKCIEpUMEHTHl TIOKa3ajdu, 4YTO TMPH HUCHOJB30BAaHUM THUIPABIMYECKOTO TIPUBOAA B
TPY30IMOIBEMHBIX YCTPOUCTBAX MPU ONTUMAIBLHOM YIPABICHUH WMH TPUBEJIO K CHUKEHHUIO
noTtpedaeHus sHepruu Ha 64 % [6].

Pa3BuTHe mpOMBINIIEHHOTO OOOPYAOBAaHHUS CBS3aHO C  TIOBBIIIEHHEM  €ro
HSHEPreTUYECKUX M JUHAMHYECKUX XapakTepucTuk. I[Ipm 5TOM COBEpIIEHCTBOBAHME
akcuaibHO-TopiIHeBbIX ruapomamuH (AIIlY) mpexzae Bcero, HampaBlIeHO Ha TMOBBIIICHUE
pabodero maBlieHWsT M YacTOTHl BpamieHus. TpeboBaHue pecypcocOepexeHust 00s3bIBaeT
obOecrieunBaTh MUHUMAJIbHBIE Maccy W Tabaputhl. B pesynbrare mpu skcrmyatanuu AT
BO3pACTAlOT HANpPSDKEHUS B WX JIETaJsAX, IOBBIMIACTCS TEMIlepaTypa, YTO MTPHBOJHUT K
YBEIUYCHUIO YacTOTHI CiiydaeB OTKa3oB [7, &]. Jlusg BBISICHEHHWs TMPUYHUH OTKA30B
pa3pabaThIBAIOTCS M YTOYHSIOTCS METOJbI aHan3a KuHeMaTtuku u aquHamuku AT [9 — 12],
COBEPIIICHCTBYETCS Maremarndeckoe wMozenupoBanue [13—15]. TloBeimieHne TOYHOCTH
pacyeToB JOCTUTaeTcs IMPHU HMCIOJb30BAaHUU METOJAa KOHEYHBIX 3JIEMEHTOB B TPEXMEPHOM
noctaHoBke [16—18]. Pe3ynbrarsl pacueToB IpOBEPSIOTCA IPU HATYpHBIX UcHbITaHUAX [19].
YBenuueHue NaBleHUS OOYCIOBIUBAET IMOBBINICHWE CHJI KOHTAKTHOTO B3aUMOJCUCTBUS U
WHTECHCU(PHUKAIUIO U3HAIIUBAHUS TIPH OTHOCUTENBHBIX MEPEMEIICHUSIX MOABUKHBIX JeTalei.
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Jns  cHuKeHMsT H3HOcAa pPa3palaThIBAIOTCSI HOBbIE AHTU(DPUKIMOHHBIE MaTepUaIbl,
COBEPIICHCTBYIOTCS pab0YMe JKUIKOCTH U YIIYUIIAFOTCS CIIOCOOBI MX o4ucTKH [20, 21].

HecmoTpst Ha yka3aHHbIE MEPOIIPUATHUS JOCTUTHYTh HEOOXOIMMOTO BEICOKOTO YPOBHS
pabouMx AaBJIIEHUH M CKOpOCTEH BO MHOIMX cilydasx He yzaaercd. Iloatromy B kauecTBe
Marepuana s 6noka uuiauuapos (BL]) BMecTo cruiaBoB Menu MpeiaraioT MCIOJIb30BATh
BBICOKOIIpOYHbIE CcTaiu [22]. DTO pelieHue NpeACTaBIsAeTCS HEYNAuyHbIM, TaK Kak IpHU
CTaJIbHBIX MOPIIHAX KOA(PQHUIMEHT TPEHHs B Mape CTajb-CTalb OyJeT Ha MOpAI0K Ooublie,
yeMm, HalmpuMep, B Mape OJIOBSHHas Opon3a-craib. [loBblllleHHME CHUI TPEHHUS NMPUBOAUT K
cHmkeHnto mexanuueckoro KIIJ, Hemomyctumomy meperpeBy AeTalel M YCKOPEHHOMY
W3HAIIUBAHUIO.

[loaTomMy B mocieqHue AECATUICTHS Hayalld MPUMEHSITh TEXHOJIOTMYecKH Ooiee
CJIOKHBIE KOMIIO3UTHBIE JINOO COCTaBHBbIE KOHCTPYKIMH TOBBIMICHHOH mnpoyHocTH. [lpn
BBIOOpEe MarepuasioB Ui pa3inuuHbix npetaneid AIIl ucxomar w3 obOecnedeHus s HUX
HEOOXOJUMOr0  MECTHOTO KayecTBa, a TaKKe€ TEXHOJOTMYECKMX  BO3MOXKHOCTEHN
npousBojcTBa. Ecin s obecniedenust npouHoctd bl m3roraBnuBaroT U3 cranu, TO JUIS
YMEHbILIEHUSI TIOTEPh HAa TPEHUE HAa KOHTAKTHBIE ITOBEPXHOCTH PEKOMEHIYETCS HaIllIaBJISATh
crutaBel Menu [23]. JlpyruMm pemieHHeM MpoOJieMbl SIBISIETCA MOJKPEIUICHHE CHapYXH
OpoH30BOro 0yioka 000HMOH, BBHIITOJIHEHHOW M3 BBICOKONpPOYHOW ctanu [24]. ITox oGoiimoii
MOTYT CO3JaBaThCsl MOJIOCTH, B KOTOpbIE Yepe3 CIHEeIUalIbHbIe KaHallbl MoJaeTcss padoyas
JKUJIKOCTB JU1s Tuapopaspysku bLI.

Haunbonee OTBETCTBEHHBIM M B TO K€ BpeMs HauOojee Harpy>KEHHBIM JIEMEHTOM
mo0bx AIIlT siBisieTcst kavaromuii y3en. Ero oCHOBHBIE NeTanyl — MOPIIHU C IIaTyHAMH,
npuBoAHOW Bay, nommunHukd, bIl u Topuesoit pacnpepenurens (TP). Metonabl
IPOEKTUPOBAHUSL U pacyeTa OSTUX JeTallel, KpoMe JBYX IOCIEIHUX, pa3padoTaHbI
nocTatouHo xopoio. B to xe Bpems Ha B u TP mpuxoautcs okono 30% otkazos AIIl [12,
14], 3HauMTENBPHASA YaCTh KOTOPBIX NMPUXOAUTCA HA yCTAJIOCTHBIE paspyiueHus. I[loatomy npu
UX pacyeTre Ha MPOYHOCTh M JOJTOBEYHOCTh B IIENIAX 0OECHeueHHUs] BBICOKOW Ha/IeKHOCTU
CJIElyeT OPUEHTUPOBATHCS HA XaPAKTEPUCTUKU CONPOTUBIICHUS YCTAIOCTH.

Ienb paGoThl — COBEPIIEHCTBOBAHNE OTBETCTBEHHBIX JeTasiell kavaromero y3na Al
JUTSI TIOBBIIIEHUS] UX TPOYHOCTHU O€3 CYIIECTBEHHOI'O YCIOKHEHUS! KOHCTPYKIUH.

B npouiecce paboThl permanuce cleayomue 3aJaun:

* oIpejeNeHUue XapaKTePUCTUK TPOYHOCTU U CONTPOTUBIIEHMSI YCTAIOCTU MaTEPUAJIOB
paccMaTpUBAEMBbIX JIETAJICH;

* pacyeT XapaKTePUCTHK COINPOTUBICHHUS YCTAJIOCTH HCCIEIYyEeMbIX JeTajiell Ha
OCHOBE CTaTHCTUYECKOM TeopHuH 1mo1o0us ycrajgocTHoro paspyuienus Cepencena-Koraesa;

* MOJEIMPOBAHUE JIETAJIEH € LIENbI0 UX pacueTa B IporpaMMHOM Komiuiekce ANSY'S
Workbench u BbImoHeHHE pacueToB Ha MPOYHOCTh METOJIOM KOHEUYHbIX 3nieMeHToB (MKD).

YMenbuieHue HampspbkeHudd B BIl m TP Huke ypoBHsA Ipezena BBIHOCIMBOCTH
NpUBEJET K TOBBIIICHUIO HAJEKHOCTH U 3KoJornyeckoi 6ezonacuocts Alll.

Bce pacderbl BBINOMHSUIMCH [ HOMHHAJIBHOTO JaBJIEHUs pabodeil KUIKOCTH
=25 Mlla. ITo pe3ynpTaTamM MPOYHOCTHBIX PACYETOB BAPHUPYEMBIX KOHCTPYKIIUH BHIOpAHBI
BapHaHThl C HAUMEHBUINM YPOBHEM MaKCUMaJIbHBIX HAMPSKEHHUH.

BcenenctBue IMHEMHOCTH MOCTAHOBKM paccMaTpUBAEMbIX 3a/ad TPHU MOBBIIICHUU
JIaBJICHUS (| IPOMOPLMOHANBHO OyyT BO3pAacTaTh MaKCUMAaJIbHbIE HAMIPSKEHUSL.

[Ipu otHOCHUTENBHOM TiepeMenieHnu Mexay bL, TP u nmopmHsaMu BO3HHKaeT TpeHue
CKOJIbKEHUs. J{71s yMEHbIIEHNs N3HOCA B KauecTBe Marepuana A bl ucnone3yroT criaBbl
MeNH, JIyYIIMMHU U3 KOTOPBIX SIBISIOTCS OJIOBSHHBIE OpoH3bl. B nmanHO#l pabore 00BEeKTOM
uccienoBanus ssisercs cemunopuHeBas A 210.25 (pucynok 1).
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Pucynok 1. bnok nunmunapos AIIl" 210.25

HaubGonee mnepcrnektuBHbIM Matepuanom nis  bBIl  saBnsercs Oponza bpOl12,
oOmajmaromass  HU3KUM  KOO(Q(UIIMEHTOM  TPEHHUs, BBICOKMMH  XapaKTEPUCTHKAMHU
TEIJIONPOBOJHOCTH U U3HOCOCTOMKOCTU. E€ OCHOBHBIE KOMIIOHEHTHI: 0J10BO — 12 %, cBUHEN
— 1,3 %, aukens — 1 %, ocrampbHOEe — Menb. JTa OpoH3a 00JIaaeT JOCTATOYHO BHICOKHMH
MEXaHUYECKUMHU XapaKTepucTukamu: mpenen npoyHoctu o,=320 MIla, ycnoBHbI mpenen
Tekydectn 002=180 MIla, oTHocuTenbHOE yHJIMHEHHE TpU paspbiBe 0=12 %, TBepAOCTH
101...104 HB.

bonbimine o00beMBbl Harpy)KEHHbIX AaKCHAJIBHBIX IIOJIOCTEM M HECTAlMOHAPHOCTh
JABJICHUsI TIPUBOAAT K BO3HUKHOBEHHIO B Bl CIOKHBIX, IUKIMYECKH NMEPEMEHHBIX IOJIEH
HamnpspDkeHuM. Takol XapakTep HarpyKeHUs BBI3BIBACT HAKOIUICHHE IIOBPEKICHUA U B
HEKOTOPBIX CIy4asX MPUBOAUT K YCTAJIOCTHOMY pa3pylIEHUIO. B CBA3M ¢ 3TUM BBINOIHAETCS
pacuer Bl Ha comportuBneHue ycramoctu. s Takoro pacyera HEOOXOIUMO MOITYYUTh
XapaKTEepUCTHKHU COMPOTUBIEHUs ycTanoctu marepuana BL, 6ponssl bpO12. C stoii nensio
OBLTH MPOBE/ICHBI HCIIBITAHUS €€ 00pa3IoB (PUCYHOK 2).

VcnblTanus MpOBOAWINCH TPU YHCTOM KpyroBoM wu3rube. Pasmepsl 00pasios,
rIaJkuX (KOPCETHBIX) M HAaJIPE3aHHBIX, yKa3zaHbl B TaOmuie 1. 31aech Takke MpPUBEICHBI
3HAYeHUs TEOPETUYECKHX KO3(PPUIMEHTOB KOHIEHTpAaLUU HampspkeHuil K paccunTaHHbIE
o 3aBucumMocTsM Heitbepa.

< A A Tabmuna 1. XapakrepucTuku 00pasios As
b o z YCTAIOCTHBIX MCIBITAHHUN
° | / ®opma Pazmepsnl, MM
/ — paboueii Kt
JacTH | D|d R
Prcynok 2. Obpazew 11 yCTanOCTHEIX Kopcernas [100| 11 |7,5 | 1,75 | 75 |1,014
HCTILITAHMIH C nazpe3om(100| 11 (7,5 | 1,75 [1.0 [1,737

VYpaBHeHHE HAaKJIOHHON BETBU KPUBOM yCTaJIOCTH MIPEJCTABICHO B CTENIEHHOM hopme
6™N =" Ng =10 = const, (1)

1€ o U N — AMIUINTyla IEPEMCHHOI'O0 HANPSIKCHUA U COOTBCTCTBYIOIICC €MY KOJIMYCCTBO
MKJIOB 0 pa3pyliceHHusA, M U C - napaMeTpbl YpaBHCHUA (1), G_1 — OpEaci BEIHOCINBOCTU
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MaTepuaia s CUMMETPUYHOrO ITMKIa M3MeHeHus HanpspkeHus; Ng — abcmucca TOYKH
nepenoMa KpUBOH YCTaJIOCTH, TOCTPOCHHOMN B JIBOWHBIX JIOTapU(PMUYECKUX KOOPIUHATAX.

logo e

NEER N

22

2,1

2,0

1.9

8y 5 6 7 8  logN

Pucynoxk 3. KpuBble ycTanocTu i UCIIBITAHHBIX 00pa3LoB: | — riajakue; 2 — HaJipe3aHHbIe
Ilo pe3ynbraTaM NpPOBEAECHHBIX YCTAJIOCTHBIX HCHBITAHUNH M  KOPPEISLUOHHO-
PErpECMOHHOIO  aHajlu3a BBIUMCIIEHBl  XapakTepucTUKU ypaBHeHus (1), KoTopsbie

npeicTaBieHbI (TabIuIa 2 ¥ PUCYHOK 3).

Tabnuia 2. XapakTepuCTUKU KPUBBIX ycTanoctu 6poH3sl bpO12

®opmebl paboueii MOBEPXHOCTH O6osnatcHmel m C N, C_1,
00pasIoB IIUKJIOB MIla

'nazKas (KOPCETHEIE) o 714 | 21,94 |2365-10" | 110

C V-o0pa3ubpiMu BEITOYKaMu, yroi 909 [ 784 | 22,56 1,228:-10° 70

MeauanHoe 3HaueHuWe Tpenena BeIHOCHMBOcTH anst  bBI[  ompemeneHo ¢
UCIIOJIb30BAaHUEM CTAaTHCTHUYECKON TCOPHH TOJ00MS YCTAIOCTHOTO pa3pyrieHus CepeHceHa-
Koraesa [25-27] uepe3 mpenen BEIHOCIUBOCTH 00pasna ¢ 1 mo meroauke 'OCT 25.504-82

G4 =0 4Ky Ka/[2K, /A+07V°) +1/ K —1], )
rae 0 — kpurepuii monobus ycranoctHoro pazpymenus; Ka, Kg, K Ky, — cooTBeTCTBEHHO
KOX(P(UITMEHTBl aHU30TPOINUH, BIMSHUS MIEPOXOBATOCTH IOBEPXHOCTH, KOHIICHTPAIIUU
HANPSDKEHUH M TOBEPXHOCTHOTO YIPOUHEHUS; Vo — KOIPPHUIIMEHT YyBCTBUTEIHHOCTH K
KOHI[CHTPAIIUU HAMPSHKSHUH U BIUSHUIO Pa3MEPOB JICTAIH.

Boeruncnenus no ¢opmyne (2) manu ans BL npu cuMMeTpUuyHOM IMKJIE U3MEHEHUS
HaIpsDKEHHUH 3HaUeHne 6_jp =97,5 Mlla.

HarpyxeHne IWIMHIPOB U3MEHSETCS IO OTHYJICBOMY IHKIY TEPEMEHHBIX
HaNpsDKeHUH U BBIYMCIICHHE TIpejiesia BEIHOCIMBOCTU Ggp NPH TaKOM ILHUKIJIE MPOBOIMIOCH
1151 BI ¢ ucnonp3oBanuem popmyne 3omepoepra

6,/6_1p +0m /00, =1, (3)
IJIe Gy U Oy — AMIUIATYAHBIC M CPEIHUE HAINPSDKCHUS IHKJIA TePEMEHHBIX HaNpPsOKSHUH
COOTBETCTBEHHO, G_;p— MEAMAHHOE 3HAueHWe Ipejena BbHocauBocTd BIl  mpu
CUMMETPUYHOM IUKJIIE; Go2 — YCIOBHBIN Mpe/IeNl TEKYUeCTH.

[Ipy oTHYJEBOM IWKIE W3MEHEHHS HANPSHKCHUN CPETHUE HANPSHKEHHUS Gp PaBHBI
AMIUTUTYAHBIM Gy, IPUIEM G5=0,5Cmax U Gppyax = Opp - 1IpW 9THUX 3HAYEHUSX TI0 3aBUCHMOCTH
(3) momydena dbopmyna s npezesna BRBIHOCTUBOCTH Bl mpu oTHyneBOM IuKIie U3MEHEHUS
HaIpsHKEHUN
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_ 26 ., -0
O = _LO-Z_ (4)
O_ip + Oy

Pacuer mo d¢opmyne (4) maer s Bl BenmuumHy mpenena BBIHOCIHBOCTH
G,p =871 MITa.

Bbruncnenne MakCUMalbHOI'O 3HAUEHUS IIEPBOrO IJIABHOIO HAINPSKEHHUE  Gimax
BBIMOJIHEHO ¢ ucnoib3oBanueM MKD B mporpammuom komiiekce ANSYS Workbench.
KonnuectBo 1WIMHAPOB B 30HE HAarHeTaHWs Bapbupyercs oT 3 10 4, B 30HE CIUBA,
COOTBETCTBEHHO, 4 miu 3. PacdeTsl MpoOBOAMINCH B TPEXMEPHOH MOCTAaHOBKE C Pa30OMBKOMU
JieTajlell Ha KOHEUHBIE 3JIEMEHTHI — AECATUY3JI0BbIE TeTpa3Apbl. [10 KOIMUecTBY aKCHAIbHBIX
OTBEPCTUH B 30HE HAarHETaHUs, TPU WJIM YEThIPE, BBHINOIHAIKNCH JIBa BapHaHTa pacyera Ipu
naBieHuu =25 Mlla. ODtu pacueTsl BBIIOIHSIMCH ISl KQKJIOTO aHAJIU3UPYEMOro BapuaHTa
KOHCTPYKLIUH.

VY cTaHOBIIEHO, YTO MAKCUMYM HAIPSKEHUM TOCTUTAETCsI IPU PACIIOIOKEHUH YETBIPEX
AaKCHaJbHBIX KaHAJIOB B 30HE HarHeTaHus. MakcUMalbHOE IIEpPBOE IJVIABHOE HaNpsKEHUE
o1max=113 MIla Bo3HuMKaeT B MexuwinHApoBoi mepembruke (ML) (pucynok 4, a).
Makcumanbible paguanbHble HanpsbkeHus (102...104) MIla pacnpeneneHsl Ha y4yacTke
MUIT mmmHo# okomo 3 MM. OOnmacTh JCWUCTBUS PaJUaIbHBIX HAMNPSHKCHHH C YPOBHEM
(94...104) MIla wumeer muuHy okono 22 MM  (pucyHok 4, 6). B cpenneit 30He
MEKXIWIMHIPOBONH NEPEMBIYKH HAINPSDKEHUS MEHbIIe, YeM B TNepU(EepUHBIX 30HaX Ha
30...35 %. PacyeTHOE 3HaYEHHE MAKCUMAJIBHOTO paguanbHOro HanpspkeHus or = 104 Mlla
(puc. 4, 0) npeBbILIACT Mpeien BBIHOCIMBOCTH Gyp =87,1 MIla Ha 19,4 %. CrnenoBatenbHo,

pecypc Bl orpannden u cocrapusieT npuOIU3UTensHO N = 10" uukios.

00,354 g

1016
fLoLe ] (102,257 co,0s

33,226 [95,350 T" 103,15 3

90,564

a o
Pucynok 4. Hanpsikerrnoe cocrostarie BL[ AT 210.25 npu nefictBun naBineHus =25
MIIa B ueThlpex UUIMHAPAX: @ — paclpeie]ICHUE TJIaBHbIX HAPSLDKEHUH G1 B
npononbHOM ceueHUUMIIIT; 6 — xapakTep U3MEHEHUs paHaIbHBIX HAMPSDKEHUH 110
JUJIMHE ¥ TOJIIMHE onacHoM 30H6I MIIII

AHanu3 CBHUJETENBCTBYET, YTO HANPSDKEHHOE COCTOsHME cepuitHoro bBII sBnsgercs
CYLIECTBEHHO HEPaBHOMEPHBIM, TaK KaK B €ro HapyXHbIX OOJACTAX HamNpsKEeHUs
HE3HAUUTENbHBI TP MaKCHMalbHbIX HanpspkeHusix B MIIIL (pucynok 4, a). s
YCOBEPIICHCTBOBAaHUSA  KOHCTpyKuMH bI[ mpemmaraercs  W3MEHUTh  PACIIONOKCHHS
AKCUAJIbHBIX [MJIMHIPOBBIX OTBEPCTHH Tak, 4YTOOBl HANpsHKEHUS MepepacrpeeuInuCh:
yMeHbImIch B MIIIT 1 Bo3pocin B HapyKHBIX IEpEMbIUKaX.
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JInsl CHWDKEHHST YPOBHSI HANPSDKEHUHM B MEXKIWIMHIPOBOM TEPEMBIUKE MPEIaraercs
JIOCTaTOYHO MTPOCTOE U3MEHEHME KOHCTPYKIMU BLIl, a ”MEHHO, HE3HAYUTEIIBHOE CMELIEHUE OCEU
[WIMHAPOB B AMaMETpalbHBIX IUIOCKOCTX BIl (pucyHok 5). CMmemieHne ocel MMIMHIPOBBIX
OTBEPCTHIA BO BXOJHOW M JOHHOW YacTsAX, COOTBETCTBEHHO A=A, u A=Ap, Oyaem cuuTarh
MIOJIOXKUTEIIbHBIMU, €CJIM OHW HAIIpaBJIEHBI BAOJB paauyca I or neHtpanbHor ocu Oy. Ilpu
MOJIOKUTEIILHOM CMEIICHUU YBEJIMYUBACTCA TOJIIMHA TIEPEMBIUEK MEXKIYy AaKCHaJIbHBIMU
OTBEPCTUSIMUA M YMEHBIIAETCS TOJIIMHA HAPYKHBIX MEepeMbldeK. MUHUMAaIIbHbBIE 3HAYECHUS ITHX
TOJIIWH, COOTBETCTBEHHO, {j U te, ONIPENEIAOTCSA 3aBUCUMOCTIMUA

t; =(D, +2A)sin§—d0, (5)

t, =0,5(D, — D, —2A—dy), (6)
rae De=110 MM — Hapyxubiii quamerp bLl; D.~=70 MM — nuamerp pacmnoiaoXeHUs] LEHTPOB
AKCHAIIbHBIX OTBEPCTHH B CEPUIHON KOHCTPYKIMH; (p=25 MM — AMaMETPbl THX OTBEPCTHIA;
N=7 — UX KOJUYECTBO (pHC. 5).

Pe3ynbTarhl pacyeToB TOMIIMH nepemMblyek o Gopmyrnam (5) u (6) mpu yBeIHUueHUU
muamerpa D,, T.e. NpU MOJOXKHUTENBHBIX CMEIICHUSAX, NPEACTABICHbI (PUCYHOK 6).
YCTaHOBIEHO, 4YTO MPEANOYTHUTENBHBIM SIBISICTCS paJAHalbHOE CMEUICHHE MOPUIHEBBIX
MIOJIOCTEH B TOJIOKUTEIILHOM HAarpaBlIeHUH, HO He Oosiee yem Ha 3,5 MM. OTpunaTenbHbIe
cMelleHus Ap 0Ka3aluch HEPALMOHAIBHBIMH, TaK KaK MPU TOM MaKCHUMAaJIbHbIE HAPSKEHUS
B MEXIWJINHIPOBBIX NEPEMBIUKAX BO3PACTAIOT.

A-A (1) ‘ perl

//// £ S /

A4

Pucynok 5. Cxema monepHuzanuu bL cMenieHneM oceil akCuaabHbIX LUJIMHIPOBBIX
OTBEPCTHUI B JUAMETPATbHBIX MIIOCKOCTSIX

t, mrn 1
7]
6 2
5.
0 71 T2 73 74 73 Té Dﬂ-, i

Pucynok 6. MI3meHeHue TONIUH nepeMbluek: | — MeXIMINHAPOBAs; 2 — HapyKHas
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B pesynapTaTte MomenupoBaHHS M pacyeToB B MporpaMMHOM Komiuiekce ANSYS
Workbench ompenenensl nHanpsikeruss B Bl HECKONBKMX MOJEPHHU30BAHHBIX MOJICIICH.
MakcuMasnbHble HalpsDKEHUST B PACCMOTPEHHBIX MOJENSX BO3HUKAIOT B MEKIMIMHIPOBOI
nepembruke. VX 3Ha4YeHUs NMpUBEICHBI B TabymIie 3.

Ta6muma 3. MakcumanibHble HanpsbkeHus B bLI nmpu cMemenusx oceit MuImMHIpoB

AA, MM -15 0 +0,5
AB, MM -1,5 +4 +3 +2 +1 0 -0,5
Hanpspxkenue o
Musecy, cMmax, 165 132 106 110 121 139 214
MIla
['maBHOE
HaIpsHKEHUE 137 109 7 79 93 113 204
clmax, Mlla

JIy4imM U3 paccMOTPEHHBIX BAPUMAHTOB MOJEpHU3alMy okaszauuch bl co cmenmenusamu
oceil Ag=t2 MM u Ap=t3 mm npu A,=0 (tabmuma 3). B 3THX BapuaHTax HanpsIKEHUS
YMEHBLIAOTCS [0 CPABHEHHIO C UCXOHOM KoHCTpyKuueit ¢ A,~Az=0 Ha 30 % (pucyHok 7, 8).

B BBINIOJIHEHHOM pacueTe KOJIMYECTBO KOHEUHBIX 2JIEMEHTOB U y3510B paBHO 400 000 n
600 000. Bpems BbruMciaeHUI KaX/10r0 BapuaHTa COCTaBIsUIO 3...4 MUHYTHL.

IIpu cmemenusax Ap>3 MM BO3pacTarOT HAIPSDKEHUS KaK B MEXLWINHIPOBBIX, TaK U B
Hapy»KHBIX IepeMbrukax bLI.

BropeiM BapwaHTOM MOJAEpHHU3ALMH SBISIETCS W3MEHEHHWE (HOPMBI OBEPXHOCTH
nepexoja OT HWIMHIPOBBIX MOJIOCTEN K BBITYCKHBIM KaHaiaM B IoHHOM YacTu BLI. [Ipemioxkeno
TJIOCKOE JHO 3aMEHUTH KOHYCHBIM MEPEX0IoM ¢ yriioM nipu BepinuHe 120°...150° (pucynok 9).

BeinosHeHHbIe pacyeTsl OKa3aiy, 4To MPH 3aMeHe IUIOCKOM (popMbl Iepexojia KOHYCHOM
BEJIMYMHBI HANPSHKEHUH TNPAKTUYECKH HE M3MEHSIOTCS, HO IPU 3TOM YIYYIIAIOTCS YCIOBUS
BBIXO/Ia PaboOueil KUAKOCTH K PACTIPEACITUTENI0 W YMEHBIIUTCS YpPOBEHb ImymMa. KoHYCHBIH
NIEPEXO]] MOJKET COUYETATHCS CO CMEILIEHUEM OCEH, TPEIJIOKEHHBIM B [IEPBOM BapHUaHTE.

-4,4042 Min

0,00 50,00 {rmrm) i
I 000
25,00

Puc. 7. Pactipenenenue nepBoro riiaBHOTO HAMPSIKEHUS
B ycoBepuieHcTBOBaHHOM BII npu A4=0 u Ap=+2 MM
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G, 1
MPa
120 1
1104
100 -
90 - 2
20 -
70 -
60 -
504 | | | | | | | |
0 1 2 3 Agmm
Pucynok 8. 3HaueHus MaKCUMaJIbHBIX HAMPSHKEHUN B 3aBUCUMOCTHU OT CMEIleHUs Ap
pu A4=0: 1 — sxBuBaNIeHTHBIE (TI0 MU3ECY) OMmax; 2 — TJIABHBIC G1max

@25

a o
Pucynok 9. KoHcTpyKIHs TOBEpXHOCTH LIMIIMHAPOBBIX NOJ0CTEH B JOHHOM yacTu BLI:
a — CEepUHBIN; 6 — MOIEpPHU30BAHHBIN

Y AIIl' 210.25 matepuan TP — HU3KOJETHPOBAHHYIO XPOMOMOJIMOIEHOBYIO CTallb
(ero ananor B EBpomeiickom Coroze — ctanb 41CrAlMo7). OcHOBHBIE KOMIOHEHTHI 3TOM
craym: yriepon — 0,35 ... 0,42 %, xpom 1,35 ... 1,65 %, kpemuwuii 0,20 ... 0,45 %, mapraneiy
0,15 ... 0,25%, monu6nen 0,15...0,25 %, amomunwmii 0,7 ... 1,1 %. Xumuko-Tepmudeckas
00paboTKa — HopMaIu3aus U a30THPOBAHNE TOBEPXHOCTH.

MexaHnyeckue XapaKTepUCTUKU STOM CTajdu: YCJIOBHBIA TIpelel TEeKy4dyecTH
602=580...590 MllIa, mpenen npounoctu 6,=760...790 Mlla, npenen BBIHOCIWBOCTU IS
IIaaAKuX o0pasunoB auamerpoM 7,5 MM 6-1=420...450 MI]a.

Mexannyeckas o0paOoTka TMocjae a30TUPOBaHHS — MNUIM(OBAHHE JI0 CPEIHETrO
apuQMeTHUUECKOTo OTKIOHeHUsI Tpoduiiss HepoBHOCTEN Ra=1,6 MKM.

OcHoBHOU Harpy3kou, neWctByromeid Ha TP, sBmsercs paBienue ( paboueit
JKUJAKOCTH B OKHE BIpbICKA. XapakTep HArpyKeHUs CEepUHHBIX U MOIUGHUIIUPOBAHHBIX
ceprueckux TP (pucynok 10).

Hanpsixenus, Bo3aukatomue B TP npu nefictBun nasnenus (=25 Mlla, onpeneneHsl
¢ ucnons3oBanueM MKD. Mx MakcuMmalbHbIE 3HAUYEHHS! BO3HMKAIOT B KPaeBbIX 30HAX
HApY)XHOW CTEHKHM OKHAa BBICOKOTO JIaBIICHHS, B OKpecTHOCTAX Touek A4 u B. bruio
YCTAaHOBJICHO, 4YTO JOCTaTOYHO TMpOCTas MOAU(DUKAIMA KOHCTPYKIIMU  (TOJIIMHA
nepudepudeckoil 30HbI yBenuyeHa Ha 1,5 mm) (pucyHok 10, 6) yMeHbIIaeT 3HaYCHUE
MaKCHUMaJIbHOTO TJIABHOTO HAMPSDKEHUS: OT Gimax—176 Mlla B cepuithom TP (CTP) no
o1max=157 MlIla B momudunmpoBanHom (MTP), T.e. na 12 % [18]. Pacmpenenenue
HaIPSKEHUN Gimax B PaaUdaIbHOM CEUYEHUH HAPY)KHOW CTEHKH, TIPOXOJAIIEM MO JUHUH AX,
MPEJICTaBICHO B Ta0HIIe 4.

AHanornyHas KapTHHA TOJYy4aeTCs U B CAMMETPUYHO PACIOJIOKEHHON OKPECTHOCTH
TOYKH B.
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a 9] 8

Pucynok 10. TopueBoii pacipeenuTenb: a — BUJl CO CTOPOHBI TOBEPXHOCTH, OOPAIIEHHOHN K
KPBIIIKE KOpIyca; 0, 6 — (hopMa MOTEPEIHOT0 CEUCHUS 10 U TIOCTIe MOAU(PUKAIIAN

Tabnuna 4. Pactipenenenue nepBoro rJiaBHOrO HAMPSKEHUSI B OMTACHOM cedeHuu TP

Koopaunara Ax, MM 0 1,0 25 4.0 55
Cepuiinbiii TP o1s, Mlla 176 140 77 46 21
Mopaudunupoanusiii TP | o1y, MIla 157 114 79 58,5 40,5

W3 ananu3a npuBeAECHHBIX B Tabinuue 4 3HAUYEHUH crexyer, 4yTO Hapagy c
YMEHbBILIEHUEM BEIMUYMHBI NEPBOr0 riaBHOro HampsbkeHuss y MTP 3HauuTensHO MEHbBLIUM
CTQHOBHTCSI TPAJAMCHT dTUX HamnpspkeHuit G=do1/dX B OKpecTHOCTH OmacHbIX Touek 4 u B.
Boluncnenuss naroT crienyromye 3HaueHUs TpajueHToB BOMM3M Touek A u B: mia CTP
Gs=81,8 MIla/mmMm, gt MTP Gy=53,0 MIla/mm. [Tpu nukinnyeckoM H3MEHEHUH HAMPSKEHHUH
YMEHbILIEHUE BEIMYMHBI TpaJueHTa HANpSOHKEHUH CHUXKAET CKOpPOCTh YCTaJOCTHOIO
pa3pyLIcHHUS.

B pabote [18] Ob1111 onpeieneHbl 3HaueHUsl IPEAEIOB BBIHOCIUBOCTH JIJIsl OTHYJIEBOTO
nukia usmeHeHus HanpsbkeHud, y CTP 69s=166,2 Mlla, y MTP cgu=165,3 MlIla npu 98%-
HOM BEpOATHOCTU Hepas3pylleHus pacnpenenntens. M3 npoBeJeHHbIX pacyeToB CIEIYET, UTO
y CTP o60s< 615=176 Mlla, T. e. cpok cinyx0bl CTP Oyzner orpanndennsiM. Y MTP umeem
com™> o1m=157 MIla u obecrieunBaeTcst HEOrpaHUYECHHAS 10JTOBEYHOCTb.

1. B paboTte mokas3aHo, YTO MOBBIIIEHWE MPOYHOCTU MOXKET OBbITH JTOCTUTHYTO 0€3
MCIIOJIb30BaHUs JOTIOJIHUTENbHBIX MOAKPEIUIAIONINX 3JIEMEHTOB, 33 CUET COBEPILICHCTBOBAHMUS
KOHCTPYKLMH Jetaysiell Kadatomiero y3na. IlpemyoskeHsl mpocTele, He Tpedyromue
YCIIO’KHEHHUS TEXHOJIOTUH M3TOTOBJIEHUS, CIIOCOOBI TOBBIIIEHUSI KOHCTPYKTUBHOM MPOYHOCTH
U IUKINYECKOH JOJTrOBEYHOCTH HauOoiee ClIoXHBIX 1o (opme neraneit AIIlT — OGmoka
HWIMHIPOB U TOPLIEBOTO PacTpeaeTuTENs.

2. PazpaboraH ajaropuT™M YHCIEHHO-aHAIUTHYECKOrO OIpeaeneHus Kod3((HUIMEeHTOB
KOHIICHTPAIIMW HAMIPsDKEHUH JUTS JIeTalel CII0KHOM KoHUTyparuu, 6azupyrommuiics Ha MKD.

3. IlokazaHa BO3MOYKHOCTb pacueTa pecypca JeTaled C JIOKaIM3aluell ONacHbIX
HanpsDKeHUH B HEOONBIIMX UX O00BbeMax MeETOJlaMH CTATUCTUYECKOW TEOpHUH MOA00HS
YCTaJIOCTHOTO pa3pyLIEHUsI.

4. Jlng cepuilHOM aKCHAIbHO-TIOPIIHEBOM MammHbl 210.25 npu cMmemeHnu
aKCHaJIbHBIX WJIMHAPOB B paJUaJIbHOM HalpaBICHUH HA 2,5 MM MaKCUMaJIbHbIE HAPSKEHUS
ymenbInatores Ha 30 %.
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Mathematical modeling of oil pollution in the river in case of damage to the pipeline
V. Perminov, S. Romanenko
Tomsk Polytechnic University
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Rivers are the main source of water supply. At present, water purification methods are
still not sufficiently effective, especially in cases of emergency emissions of various
substances. In connection with the assessment of the state of the aquatic environment, the
methods of describing the distribution of contaminants in water bodies are of interest. This
article presents a mathematical model of the process of heat and mass transfer, velocity fields,
temperature and concentration of polluting components in a certain section of the river. The
developed methods for predicting the levels of distribution of contaminants entering the
aquatic environment can be used to control the quality of river water, including subject to
accidental release of various substances into the reservoir. Pollutants can enter the water from
the catchment area, with sewage, as well as a result of emergency salvo emissions from
accidental breaks in oil pipelines. Contaminants can either be dissolved in water and then
spread downstream, or transported in the form of suspended particles under the influence of
the flow of a river. The latter in some cases may sink to the bottom of the river and then rise
from the bottom, for example, under adverse weather conditions, when the flow
characteristics change. As a result of the analysis of existing models of pollution of the
aquatic environment, a mathematical model based on solving equations for turbulent diffusion
was constructed within the framework of continuum mechanics. This takes into account the
configuration and depth of the river, its flow rate, ambient temperature, parameters of
emission sources (coordinates, dynamics and composition of emissions). With this approach,
it is possible to include additional factors that need to be taken into account when calculating
environmental pollution. Using the laws of continuum mechanics, a boundary-value problem
has been posed to describe the heat and mass transfer of pollutants in a river. The paper deals
with the spatial problems of convective heat and mass transfer of pollutants in a river. The
source of pollution is modeled by a surface source of mass of heated substances released as a
result of a volley release for some time. It is believed that the flow has a developed turbulent
character, and to describe convective transfer under the influence of a river flow, the three-
dimensional Reynolds equations for a turbulent flow are used. This problem was solved
numerically. Discrete analogue was obtained on the basis of the finite volume method. The
system of algebraic equations obtained as a result of discretization was resolved using the SIP
method. To define the configuration of the river, the method of fictitious areas was used; in
the control volumes of the computational domain, outside the river, the initial values of the

164



functions were specified and did not change in the course of the calculations, and the velocity
components were set equal to zero. As a result of numerical calculations, spatial distributions
of the fields of velocity, temperature, and concentrations of the components of contaminants
at different times were obtained. Using the mathematical model presented in this paper, we
can study the dynamics and spatial pattern of water pollution under the influence of various
external conditions (water temperature, river flow rate, etc.), as well as the parameters of the
source of pollution.

HcciienoBanue npon3BoaCcTBEHHbIX puckoB UpkyTckoii ob1acTu
A .M. IlogxopsiToBa, E.A. XamuaysinHa
Uprymcekutl HayuoHanibHulil UCCIe008aMeNbCKULL MEeXHUYEeCKULl YHUgepcumem
e-mail: elena.irk.mail@list.ru

Wpkyrckas o0nactb pacnojiaraeT JOCTaTOYHO OOratbIMM pecypcaMu, U Kak
CJIEZICTBHE, B PErMOHE XOPOIIO pa3BUTa IPOMBIIIICHHOCTb: JIECHOE XO3SIMCTBO, 100bIua
MOJIE3HBIX HMCKOIAEMBIX, CTPOMTEIBCTBO W TPAHCIIOPTHPOBKA, OOJBIIOE pa3sHOOOpasue
oOpabatbIBaroIIUX MPOU3BOACTB. Bece oTpaciu TpeOyroT TIIATEIBHOIO KOHTPOJS B 00jacTu
OesomacHocT Tpyna. B perumoHe B mocienHue roApl  HAaOMIOAAETCd  CHUYKEHUE
IIPOU3BOJCTBEHHOr0 TpaBMaru3ma. OIHAKO OH IO-NIPEKHEMY OCTAETCS BBIIIE CPEJHETO I10
Poccun, 4ro roBOpUT O  CYLIECTBYIOIIMX  HEJOCTaTKaX U  HEOOXOAMMOCTH
COBEpPUICHCTBOBAHUS CHCTEMbI YIIPABICHHUS OXpPaHOW Tpylda U CHUCTEMBbl YIPaBJICHUS
poeCCUOHATBHBIMUA PUCKAMH.

Llens npencraBisieMON CTaTbU — HCCIIENOBAaHUE CTAaTUCTUYECKUX 3aKOHOMEPHOCTEN
U3MEHEHHUsl YpPOBHS IPOU3BOJCTBEHHBIX PHUCKOB B MpKyTckoil 00sacTu U BBISBICHUS
(akTOpOB, OKa3bIBAIOIIMX HAUOObIIEE BIUSHUE HA 3TH U3MEHEHHUS.

B pabore wcnonp30oBamM  METOJBl CTATHCTUYECKOTO aHANIM3a TaKHe Kak
PETPOCIIEKTUBHBIA aHalIU3, IMOCTPOEHHE KOHTpoibHBIX KapT Illyxapra, perpeccuoHHBII
ananu3. PerpocniexktuBHbIN aHanu3 B4l rnepuoa 2011-2017 u BBIMOMHSUIICS B IEJIOM T10
WpkyTtckoil o0nacTH, a TakXke IO OTpacisiM IPOMBIIUIEHHOCTH Ha OCHOBAaHUM JaHHBIX
Hpkyrckoro permoHanbHOro otaeneHus PoHAa COUMANBHOrO crpaxoBaHus Poccuiickon
Oeneparun (PCC) u TlocynapctBeHHoil uHcnekuuu Tpyaa B Mpkyrckoil obnacTu.
KonTponbusie kaptel llyxapra ctpounu, ucnons3ys uHpopmanuio ®CC 3a nepuog 2004—
2017 ¢ pa306uBKOH MOCTPaAABIINX MO KBapTajlaM COOTBETCTBYIOIIETO T'0/1a, IO CMEPTEILHOMY
TpaBmMatusMy U 3a mnepuon 2010-2017 Taxxe ¢ pa3OuBkoM 1O KBapTajam — IO
HECMEpPTEIbHOMY TPaBMaTU3MY.

Ha ocHOBaHuM aHa/n3a MOCTPOEHHBIX KapT U BBISBJICHMS TOUYEK 32 BEPXHEH U HIDKHEN
rpaHULIaMU Ha KapTe CPeIHUX 3HAUEHUH JeNaly BBIBOJ O CIy4allHOCTU/CUCTEMHOCTH IPUYUH
NpUYMHEHUS yiepOa 3/10poBbi0 pabOTHUKOB. OnHO(GAKTOPHBIN AMHEHHBINH perpecCHOHHBIN
AQHAIN3 UCIHOJB30BAIM IS BBIABIEHUS 3aBUCHUMOCTEH ypOBHS IPOU3BOJACTBEHHOTO
TpaBMaTH3Ma OT 3aTpaT Ha MEPONPUATHS 10 OXpaHE TPY/a.

B kadecTBe MCXOIHBIX JaHHBIX OBUIM MCIIOJNb30BaHbl JaHHbIE TeppUTOPHAIBHOIO
oprana @enepaiabHON CIIy)KOBI TOCYyJapCTBEHHOM CTaTUCTHKM 1O WpkyTckoil obiactu o
3aTpaTax Ha MEpPONpPUSTHS IO OXpaHe Tpylda B LEJIOM IO PErHoHy, a TakKe MO TaKUM
3aTparaM Kak [puoOpeTeHue cpencTB HHAuBuAyanbHOW 3ammrel (CU3), oOyuenue
pabOTHUKOB BOINpPOCAM OXpaHbl TPyJa, 3aTpaThl Ha JiedeOHO-MPOPUIAKTUUECKOE MHUTAHUE
(JITTIT), Ha mpoBeaeHHME MEAWLIMHCKUX OCMOTPOB PAOOTHUKOB, a TAaKXe IO KOJHYECTBY
MPOBEPOK TOCYAAPCTBEHHON MHCHEKIMEN Tpyna. OUEeHKY 3HAUMMOCTH MOJIENEN BBIMOJIHSIIN
no F-pacnpeznenennto, HOCTPOSHHbIE MOJIENIN IPUHATHI CO 3HAYUMON BEPOSTHOCTHIO 95 %.

[Tokazano, uro B uenoM no Mpkyrckoil o0gacTH pUCKM TPAaBMHUPOBAHUSA U TuOenu
pabOTHUKOB Ha MPOU3BOICTBE UMEIOT TEHICHIIMIO K CHIKEHUIO Ha npoTsokeHuu 2011-2017.
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Ho mume ¢ 2014 HaGmrogaeTcss pOCT COOTHOIICHHS CIIydacB TPaBMHUPOBAHUS K CIydasm
I I/IGG.HI/I, 4qTo CBUACTCIILCTBYCT (0] pCajibHOM CHHXKCHUUN TAXKECTU TpaBMaTHU3Ma.
CraTtucTuueckoe MOACINPOBAHUE METOAOM IIOCTPOCHHUSA KOHTPOJIBHBIX KapT HlyxapTa
moKkasajjo, 4Yro Jjd HCCMCPTCIIbHOIO TpaBMaTruiMa CJICAYyCT TOBOPHUTb O HAJIWYHUU
CUCTEMATUYCCKUX IMTPHUYUH U COOTBETCTBECHHO O HeO6XOI[I/IMOCTI/I HUX BBIAABJICHUA.

Ilo CMCPTCJIIbHOMY TpaBMAaTU3My OTMCUYCHA CTATUCTUYCCKAA YIIPABIIICMOCTb PUCKAMU
1 €CTECTBCHHAs BapI/IaGGJIBHOCTL, npucynias CquaﬁHBIM nmpoueccam.

IloctpoeHne Mopenel JIMHEWHOW 3aBUCUMOCTH  YPOBHS  IIPOM3BOICTBEHHOI'O
TpaBMaTHu3Ma OT 3aTpaT Ha MCPOIPUATHA II0 OXpaHE TpPpyda BbIABUIIO HAIUYHC BEICOKOI
00paTHOM CBSI3M MEXKAY PUCKOM ITPOU3BOJICTBEHHOTO TpaBMaTH3Ma U 3aTpaTaMu Ha 00ydeHue
10 OXpaHe Tpyxa.

[ToydeHHbIE pe3ynbTaThl CBUACTEIBCTBYIOT O HEOOXOIUMOCTH IOBBIIICHUS
3aMHTEPECCOBAHHOCTHU pa60T0,I[aTeJ'IefI B KAYECTBCHHOM o6yquH1/1 I10 OXpaH€ Tpyaa, a TaK¥XKE O
S3HAYUMOCTH OIITUMHU3ALUHA PACXOJ0B HA oOecrieueHue HpOHSBOHCTBCHHOﬁ 0€30MacHOCTH.
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B Hacrosiiee BpeMs riaBHbIE MUPOBBIE PECYPCHI M 3aI1aChl IEsl COCPEAOTOUYEHBI B
CIIOA, Amxupe, Poccun m Kartape. CreneHbp KOHUEHTpPALMU TEIUS HA MECTOPOKICHUSIX
Bocrounoit Cubupun u Pecnybnuke Caxa (Sxytusi) paror Poccum 3HauuTeNnbHBIE
MPEUMYIIECTBA TEpel APYTMMHU CTpaHaMH Ha MHUPOBOM PBIHKE 3TOr0 ILIEHHOTO pecypca.
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Opnako s TMOAJEP)KAaHUS JIOJITOCPOYHBIX HKOHOMUYECKUX HMHTEPECOB, HEOOXOAMMBI
TEXHOJIOTHH aKKyMYJIHPOBaHUS O0NbIINX 00beMOB Tenus B Bocrounoit Cubupwu.

[TonzemHast TexHoJiorusi XpaHeHus, BrnepBbie Hanuia pemieHue B CILIA Bo BTOpOit
nonoBuHe XX Beka. C 1973 roma razorenmeBoe Mmectopoxacaue Kimddceaiin cramo
UCIIOJIb30BAaThCS UCKIIIOYUTENIHLHO Kak OOBEKT I XpaHEHUS U TMPOJAXU TeIHUeBOro
koHueHntpara [1]. B Poccun takas texHomnorus xpaHneHust Obuia npuMeHeHa B 1979 rony B
OpenOyprckoit obnactu. 31ech UIsl XpaHEHHUs TeIMEeBOr0 KOHIEHTpaTa HCIOJIb30BAUCH
MOJI36MHBIE BBIPAOOTKHU B TUTACTaX KAMEHHOMW COJH [2].

VYHukangpHbple MO MaciuTabaM M yCIOBHUSM JIOKQJIMU3ALMKU COJISTHBIE (IIFOMI0YIIOPHI
YCOJBCKOM CBHTHI MOTYT PEHIMTHh MPOOJIEMY AaKKyMYJSIUU TEIHeBOrO0 KOHIIEHTpara B
Bocrounoii Cubupu [3,4,5].

AHanu3  CTPYKTYPHO-JIHMTOJOTHMYECKHX  OCOOCHHOCTEH  cocTaBa  MPHUPOIHBIX
pe3epByapoB — KaK Ie0JIOTMYECKUX Tell, U3yueHHUe majieo(anranbHbIX YCIOBUN HAKOIIJICHUS
COJICHOCHBIX (DIIFOUOYIIOPOB TIO3BOJISIIOT pacCMaTpWBaTh HMX KaK OOBEKTHl XpaHCHHS
reJIMeBOro KOHLEHTpaTa.

B craree mpuBeACHBI pe3yiabTaThl HAYYHO-HCCIEIOBATEIBCKOW pabOThl 1O
OTpEACNCHUI0  CTPYKTYPHO-JIUTOJOTHYECKHX  OCOOEGHHOCTEW  cocTaBa  MPUPOIHBIX
pe3epByapoB — KaK T€OJIOTHUSCKUX TEJT MECTOPOXKIeHUN AHrapo-JIeHckol HeTera3oHOCHOM
OpoBUHLIMKM B mpenenax  baiikurckod, Kartanrckoiik u  Hencko-boryoOuHnckoit
He(Tera3oHOCHbIX obusacteit. [lis ompeneneHus mnaneodanranbHbIX YCJIOBUI HAKOMJICHUS
COJICHOCHBIX  (IIOMAOYNOPOB OBUIM  HCMOJNB30BaHbl (DOHIOBBIE W OMyOJMKOBaHHbBIE
MaTepuaibl 1Mo OypeHuro u reodusndeckuM uccienoBanusm Opyoueno-Toxomckoro HI'K,
Kossiktuackoro 'K, Yasunuackoe HI'K u npyrux mectopoxieHui.

Takum ecTeCTBEHHBIM XPaHWIUIIEM ISl 3aKaYKU U COXPAHEHUS 3alacoB TeJIUsl MOTYT
CIY’)XHTh TPUPOAHBIC pe3epByapbl — TEOJOTHYECKHE Tela, MpeACTaBistonume coboit
acCOIMAIMI0 TOPHBIX MOPOJ, B KOTOPOH MOTYT COIEPKATbCS M LUPKYIUPOBATH (DIFOUJIBI.
[ToaTomMy 0c0o00 BakHOE 3HAUYECHHE MPUOOPETaeT MPOHUIAEMOCTh MOKPHIIIEK B MPUPOTHBIX
pe3epByapax, ClIOCOOHBIX yJepKaTh TeIUil B TCUYCHUH JJTUTEIHLHOTO BPEMEHHU.

B craTpe U310KeHbI pe3yNbTaThl HCCAEOBAHUMN, XapaKTEPU3YIOLIUE JINTOJIOTHYECKUI
COCTaB, MOIIIHOCTH U YCJIOBHUSI (POPMUPOBAHUS MOKPHIIIEK, KAaK PErHOHAIBHBIX (DITI0I0YTIOPOB
B TNpupoIHBIX pe3epByapax Ha tore CII. Takum peruoHanbHbIM (IOUAOYIOPOM MOTYT
CILY’)KUTb OTJIOXEHHS YCOIbCKOM CBUTBHI HUKHETO KeMOpHs, BXOASIIEH B BEHIKEeMOpHUICKUl
He(TEra30HOCHBIA KOMILIEKC.

Bocrouno-Cubupckuit BeH1-keMOpuiickuii 6acceitn Bmemaet 1,5-2,5 miH M° colteit 1
SBIISETCS OJHMM M3 YETBIPEX KPYMHEHWIINX CONEHOCHBIX OacceifHOB—cymep-ruranton [18].
CaMbIM KpYIOHBIM BpPEMEHHBIM MAaKCUMYMOM KOJIMYECTBEHHOT'O pacHpelesieHus CoJien
sBisieTcst V—€,, 4TO HaXOJUT OTPAKEHHE B IUIOIIATHOM PACIPOCTPAHEHUHU 3TOTO OacceiiHa 1
CyMMapHbIX TOJIIMHAX I[IJJACTOB KaMEHHOM COJM YCOJIbCKOM CBUTBI U €€ aHaJOroB.
bnaronpustHbie yCIOBHS, I PErHOHAIBHOTO (POPMUPOBAHUS MPUPOIHBIX PE3EPBYAPOB —
Oynymmx OOBEKTOB XPAHWIHIN, B TEOJOTHYECKOM TMPOLUIOM, OBLIM CO3/JaHbl CcaMoOi
npupogoii. Temepp ke HEOOXOAWMMO HWCIOIB30BATh PE3YIbTAThl TEOJOT0-Te0hU3UIECKUX
MCCJIEI0BAHU I YCTAHOBJIEHUS UX T€PMETUYHOCTH, BBIEP>KAHHOCTHU 110 MOIIIHOCTH IJIacTa
Y TUJIOMIAN TIPOCTUPAHUS CTPYKTYPhI, YCTAHOBUTHh HAJIMYHE TEKTOHWYECKUX HAPYIIEHUU B
paspese.

Co3nanuve NOJM3EMHBIX XpaHWIMIL TeIHUEBOTO KOHIIEHTpaTa SBISIETCS OJHOW W3
BaXHEHMININX 3a7]a4 OCBOEHUsI MecTopoxaeHuil Boctounoit Cubupu. [Ipupoansie pesepByapbl
BEHI-KEeMOpPUHCKOTO  HE(PTETa30HOCHOTO  KOMIUIEKCA, C  MOINHBIM  COJIEHOCHBIM
(GIIOUI0OYTIOPOM — YCOJBCKOW CBUTOM, UMEIOIIECH PETHOHAIBHOE PACIPOCTPAHEHHE Ha IOTe
CII, cranu akkymymsiTopamu AJis 6oraTedImx 3amacoB yrieBoopooB Bocrounoit Cubupu.
bnaronaps CBOUM YHUKAJTbHBIM CTPYKTYPHO-JIUTOJIOTHIECKUM OCOOEHHOCTSIM,
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ONaronpusATHBIM ManeodanuaibHbIM YCIOBUAM (OPMHUPOBAHUS 3TU T'EOJOTMUECKUE Tela
HNEPCHEKTUBHBI U KaK OOBEKTHI AJIS1 XPAHEHUS 3a11acoB Ieiusl.
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JKcnpecc-MeTol Ha OCHOBE CIIEKTPoCcKonuu Anu¢@Ppy3uoHHOr0 0TpaKeHUs
1J151 onpeiesieHns HoHa kesie3a (II) B BoAHBIX 00beKTaX
S. Romanenko, A. Geraskevich, E. Larionova
Tomckuil norumexnuyeckull yHugepcumen
e-mail: svr@tpu.ru

JU1s KOJIMYECTBEHHOIO oIpejiesieHus: MoHOB skene3a(ll) B mpUpOAHBIX M CTOYHBIX
BOJIaX MCIIOJB3YIOTCA pPAa3IMYHbIE METOJbl, CPEeIu KOTOPBbIX OOJBIIOE PACHPOCTPaHEHUE
noay4yus poToMeTpudecKkuil aHanu3. [l yBeaIu4eHus: 4YyBCTBUTEIbHOCTH (POTOMETPUUYECKUX
METOJMK UX COYETAlOT C IPEIBAPUTEIbHBIM KOHLEHTPUPOBAHUEM  OIPEAEISEMOTO
KOMIIOHEHTa. [J1aBHOE MpPEeUMYIIECTBO KOHILIEHTPUPOBAHUS 3aKIIOYaeTCs B BO3MOKHOCTH
YMEHBIICHUs 00beMa 00paslia M CHUKEHHUS Npeaena OOHapY)KEHHUS 3a CUET YBEIMYCHUS
KOHIIGHTPAallMM HCCIIEyeMOro BeliecTBa B MajioM oObeme. Pasnmunbie komMOWHaAnmu
OpPraHMYeCKUX M HEOPraHWYECKHX COPOEHTOB W OpPraHUYECKHX pPEareHTOB ITO3BOJISIOT
OIpeseNATh KOHLEeHTpaluo Fe+2 B IpupoaHBIX U CTOYHBIX BOJAX.

Heo6xoauMocte MoauduKanuMu — CyIIECTBYIOUIMX METOJOB U aBTOMAaTHU3aLUHU
COpPOLIMOHHO-CIEKTPOCKOIIMYECKOT0 aHaAJIM3a Olpeesnia 1eib faHHoi padotsl. B.H. Jloces
¢ cotp. (A.-H. Myxuna. KoHIEHTpUpOBaHHE U OIpEJeIEHUe METAIOB C MCIIOJIb30BaHUEM
copOeHTOB Ha OCHOBE HEOPraHUYEeCcKuX OKCH/[IOB, MOJU(PHUIMPOBAHHBIX
CyIb(OMPOU3BOHBIMA OPTaHUYECKHX PeareHToB / aBToped. MUcC. HA COMCKAHUE YYCHOH
CTENEHM KaHA. XUM. Hayk, Tomck, 2015 r.) npeanoxunu KOMOWHMPOBAHHBIH METOJ
COpOLIMOHHO-(DOTOMETPUYECKOTO OMPEACICHUS pAJa HMOHOB METAJUIOB, IO3BOJISIONIHIA
NOOUTHCS BBICOKOW YYyBCTBUTEIBHOCTH U CeJNEeKTUBHOCTH. Hamm mpemioxken Oonee
9KCIIPECCHBII METOJI, MO3BOJISIOLIUI COKpPaTUTh IPOOONOATOTOBKY M YMEHBIIUTH BPEMs
IPOBE/ICHUS aHAIN3a, IPU ATOM COXpaHssl HU3KUH Mpesen 0OHapyKEeHUsI KOMITIOHEHTA.

B kauectBe copOeHTa MpeIOKEHO MCIIOJIb30BaTh IUIACTUHKU Ul TOHKOCIOHHOM
xpomarorpaduu (CUIMKareib, HAHECEHHBIH Ha MOJIMATWIEHTepeTaIaTHYI0 OCHOBY B BHUJIE
cinost TonmuHoM 90—-120 MKM U 3aKperieHHBbIH CIeNHaIbHBIM CBSI3YIOIIUM — CHUJIOKCAHOM).
OTOT HeopraHumdeckuil copOeHT yao0eH B paboTe H3-3a OTCYTCTBUS HaOyxaHHUs U
coOCTBeHHOW oOKpacku. Takke OH o00JaZaeT BBICOKOW XHMHYECKOM W MEXaHHYECKOU
YCTOMYMBOCTBIO U, YTO HEMAJIO BaKHO, BBICOKOW YAEIbHON MOBEPXHOCTHIO.

B kauectBe peareHTOB, 00pa3yrOMMX OKpallleHHbIE KOMIUIEKCH ¢ noHOM kene3a(ll),
UCIOJIb30BATNCH (eppo3uH U (EppOH, MOCKOJIbKY JAHHBIE PEaKTHUBBI 00Ja/lal0T BBICOKOM
YYBCTBUTEIbHOCTHIO. OJHAKO UX 3aKpEIJIeHHE HEMOCPEACTBEHHO Ha TIOBEPXHOCTU cOpOeHTa
U3 BOJHOIO pacTBOpa 3aTPYAHEHO BCIEACTBUE B3aUMHOIO OTTAJIKMBAHUSA CYJIb(Orpymnil
pEeareHTOB M IMOBEPXHOCTH THAPOKCUIBHBIX Trpynm. Jlnsg pemenus 3Toi mpobGiiemMbl
MOBEPXHOCTh COpPOEHTa MpeABAPUTEIHHO 00padaThiBaslach MOJIMIE€KCAMETUIICHIYaHHIMHOM.
3akpernennsiii [ITMI', ABisAsCch CHIIBHBIM OCHOBAaHUEM, CO3JAET HAa TOBEPXHOCTH CUIIMKATes
MOJIO)KUTEIBHO  3apsKEHHBIM  MOJIMMEPHBIM  CIOM, € KOTOPBIM  B3aUMOJIEHCTBYIOT
CyJb(OTPYIIIBI PEareHTOB, B PE3YNIbTAaTe YETO MPOUCXOIUT UX 3aKpEIIeHHE Ha COPOEHTE.

[IpennokeHHBId  TOJAXOJ  MO3BOJSIET HPOBECTH  pa3paboOTKy  CHEHUANIbHOIO
KOMIIAaKTHOTO ~ YCTpoiicTBa Juisi mpoBeneHus ¢dotoMerpun AuUGGy3HOTO  OTpaKEHHS
orpezensieMbIX KOMIOHEHTOB Ha MJIaCTHHKAX.

O0padoTKa CTATUCTHYECKHX JAHHBIX O POM3BOACTBEHHOM TPaBMAaTH3Me
B YamypTckoii Pecnny0iiuke MeTo1aMu He4eTKOM JIOTUKH
b.B. CeBactbsHoB, P.O. [llagpun
Hbicesckuii cocyoapcmeennulii mexnuueckuti ynusepcumem umenu M.T. Karawmnukoea
e-mail: sbv4a7@mail.ru, shadrinrobert@gmail.com

s obecriedeHus] CHUXKEHUS YpOBHEM NpOQecCHOHANbHBIX PUCKOB HEOOXOIMMBI
JIOCTOBEPHOE 3HaHME U OOBEKTHUBHBIA yUeT psijia KpUTEPHEB, UMEIOIINX KOCBEHHYIO CBSI3b C
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ypoBHeM TpaBmatu3ma. CylIecTBYIOIIME METOAbl HE CHOCOOHBI JaTh TOYHYIO OLEHKY U
IIPOrHO3 YPOBHS TpaBMaTH3Ma, IIOCKOJIbKY OOJIBIIMHCTBO METOAOB BKJIKOYAIOT OIIPEIEICHHbBIE
KPUTEPUU U MaTeMaTHYECKHE pacyeThl, HO HE JalT JIOCTOBepHOU nHpopmanuu. B cBszu c
TUM CYIIECTBYET HEOOXOAMMOCTh BBISBICHUS MAaTEMaTHUYECKOW MOJENH, OTpakKaroliei
BIIMSIHHE BCEX KPUTEPUEB HA YPOBEHb TPABMATHU3MA.

B pabore paccMOoTpeHO NMpUMEHEHHE HEYETKON JIOTMKM W MeTojna MammaHu Jyis
aHaJlM3a CTaTHCTUYECKOW HHGpOpMAIMM TMoKa3aTelield MPOU3BOACTBEHHOTO TpaBMaTHU3Ma
Yamyprckoit PecryOnuku, naHo 0OOCHOBaHHME MPUMEHEHHsI 3TOTO0 METoJa IPOTUB
KJIACCUYECKUX METOJ0B MOJEIUPOBAHMUSL.

MonenupoBaHue IPOBOAUIOCH st Y IMypTcKoii PecniyOnmku. B kadecTBe HCXOMHBIX
JAHHBIX HCIOJIb30BANIACh CTAaTUCTUKA IIPOU3BOACTBEHHOTO TpaBMAaTU3Ma U COLMAIIBHO-
SKOHOMHYECKUX TMoka3zareneit 3a 2000-2016 rompr mo peruony (L — cpennecnucounas
YHUCIIEHHOCTh paboTamomux (YenoBeK); M; — YHCIO TOCTpaJaBIIMX C  yTpaTou
TPYJAOCIIOCOOHOCTH HA OJIMH pabouuii 1eHb U 00Jiee U CO CMEPTEIHHBIM HCXOI0M (YEIIOBEK);
M, — YHUCII0 TMOCTPA/IaBIINX CO CMEPTEIbHBIM HCXOJIOM (UeJIOBEK); M3 — YKUCIIO0 paboTaroIuX,

uMermux — npodeccuoHanbHble  3a0oneBanus  (uenoBek); N —  uymcno  gHeH
HETPYAOCIIOCOOHOCTH Y TOCTPAJaBIIMX C YTPATOi TPYIOCHOCOOHOCTH Ha OAWMH padouuii
JIeHb 1 0OojJee W CO CMEpPTEeNbHBIM MCXOAOM; S — CpPEICTBA, H3PAaCXOJOBaHHbIE Ha

MEpOIPHATHS [0 OXpaHe TPyAa B pacyere Ha OJHOro padortatomiero (pyosei); d — mons
pabOTHHKOB, 3aHATHIX B YCIOBHSIX, HE OTBEYAIONINX CAHUTAPHO-TUTHEHUYECKUM HOPMaM, OT
o0riero yuciaa paboTaOIIMX B UCCIEIYEMbIX BUJaX SKOHOMHYECKOM NeATeNbHOCTH, %0; € —
KOJINYECTBO OOYYEHHBIX II0 OXpaHE TpyAa B OpraHu3amisax YIaMyprckoil PecmyOmuku
(uenoBek); | — MHBECTULIMM B OCHOBHOM KamuTasl B ()aKTUYECKU AEHCTBOBABLIMX BaJIOBOU
neHax (Miapa.py6.); V — BanoBoil peruoHanbHbI HOPOLYKT (MiapA.py6.); V, — BanoBoit
perroHaIbHBIN MPOIYKT Ha ayiy HaceneHus (pyo.)) [6-10].
Jlornyeckue mpaBuia 3aaBATUCH 110 THITY:
R1: ECJIM X3 310 A411...1...X) 3TO A15, TO Y 370 B3
Rm: ECJIA X1 310 Aj1...1...Xp 3TO A, TO Yy 310 By

e X, j=1n— wuMeHa BXOJHBIX IEPEMEHHBIX; ) — WMs BBIXOJHOW MEPEMEHHOMN;

A N :1,_m, j :].,_n — omnpenaeneHHbIe QYHKIIUU TPUHAIICHKHOCTH.

B kauecTBe JIMHIBUCTUYECKON MEPEMEHHON MCIIOIB30BAJICA KAXKIbIA U3 IOKa3aTeNeH.
Jlns mepemeHHO# ObLTH BBeeHbl 4 Tepma: Hus3kuit (LOW), Hmxe cpemnero (Belov average),
Beiiie  cpenrero (Above average), Beicokuii (High). [lns HamwcaHus HCHOIB30BANICS
kBaHTUQUKATOP «M».

Pa3paboTka anroput™ma mpoBoaWiach B cpeie matlab. B mpumoxenuun fuzzy logic
Obum 3amanbl 11 mokasatemeit: L, my, my, mg, N, S, d, e, I, V, V,, Ha BBIXO#E 3amaH
MHTErPAJIbHBIN NTOKA3aTelb, OTPAXKAIOIINNA YPOBEHb TpaBMaTu3Ma — 7.

JIns ~ NTUHIBUCTUYECKOW  TNEPEMEHHOM  Yuciaa  MOCTPajaBIIMX C  yTpaTou
TpyaocrnocoOHocTH Ha 1 pabouunii 1eHb 1 0oJiee ¥ CO CMEPTENIBHBIM UCXO/I0M 3aJ]aH TUana3oH
(477; 2780).

B pabore mompoOHO mpeAcTaBIeHBI JTambl pa3pabOTKU anropuTMa aHaiIu3a
MoKa3areyiel MPOU3BOJICTBEHHOTO TPaBMaTHU3Ma.

ITepBrIit aTanm — cocTaBaeHUE TpaBuil. B KauecTBe TMHIBUCTHYCCKON TIEPEMEHHOM ObLT
3a/laH Kbl u3 mokasareneil. J[ns mepemeHHoM ObutM BBEIECHBI 4 TepMa: HU3KHUH, HIDKE
CpEOHEro, BBIIIE CPENHErOo, BBICOKMW. JUIgd HamWcaHus TpaBWIa  UCIIOJIb30BAIU
kBaHTHUQUKATOP «M».

Bropoii atan — moabop u 3amanue QyHKUMNA TpUHAIEKHOCTH. MeTogoM moabopa
3a/1aBasIiCh 4 QYHKIMH MPUHAIC)KHOCTH.

Tperuii oTar — BBIBOJ pe3ysbTara.
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[Tpumennnu rayccoBckue GyHKIMU IPUHAUISKHOCTH, B KOJIMYECTBE 4 C 3a7jaHEM TEPMOB
HU3KHHA, HWKE CPEJTHET0, BBIIIIE CPETHET0, BRICOKUNA. DyHKIMH TiepeceKanuch B Touke 0,5.

[Tonyden pe3ynbTaT Mo IMpOBEpKe pabOThl U pearupoBaHMs CUCTEMbl Ha U3MEHEHHE
KaKIO0ro M3 NOKa3aTeleld — ONpelesieHa TEHIECHUUS CHW)KEHUS MHTETPAIBHOIO IMOKa3aTess
MIPOM3BOJICTBEHHOIO0 TpaBMaTH3Ma IO TroJaM, YTO IO3BOJISIET OOBEKTHBHO ILJIAHHUPOBAThH
MEPONPUSTHS 10 OXPaHE TPYa.

[IpousBeneH BbIBOA MMOBEPXHOCTH MHTEIPAJIBLHOTO MOKA3aTeNs IMyTeM 3aJaHus ocel X
U YV 1ByMs oONpelNeNeHHBIMH IIOKa3aTelsIMM M BBIABIEHA TEHACHLMS IOBEICHUS
MHTErPAJIBHOIO  IOKa3aTeisi C€ POCTOM  KOJMYECTBEHHOIO 3HAYEHUS  IOKa3aTesei.
[ToBEpXHOCTh COOTBETCTBOBAJA JIOINYCTUMOMY JIOTUYECKOMY BBIBOAY, YTO TOBOPUT O
BO3MOXKHOCTM W KOPPEKTHOCTM 33/JlaHUi M MPUMEHEHUS TayCCOBCKMX  (YHKIH
IIPUHAJJIEKHOCTH.

B nanpHelilneM B KadyecTBE IIOKa3aTeslsi PEKOMEHIYETCS Y4YeCTh YeJIOBEYECKUU
daxTop st 60JIee TOYHOTO aHaIH3a.
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Yamyprckas PecnyOnuka —siBisieTcsl JAMHAMUYHO — PAa3BUBAIOIIMMCS  PETHOHOM.
[IporcxomuT moCTeneHHas CTa0WiIM3anus MPOMBIIIICHHOTO TPOU3BOACTBA, YCTOWYHBO
(GYHKUMOHUPYET PBIHOK Tpyda. Bce 3T0 mo3Bomser chopMupoBaTh CTpaTeruyeckoe
HaIpaBJICHUE MOJIMTUKU, B KOTOPOM HJiesd 0€30I1aCHOCTU TPyJa CTAHOBUTCS JTOMUHHUPYIOIIUM
dakTopoM couumanpHoro Osarononyuus. IIpenBapuTenbHbI aHANU3 COCTOSHUS YCIOBUH
Tpyda B Yamyprckoi PecmyOimke mmokasai, 9TO OJHOW W3 OCHOBHBIX NMPHUYHUH BBICOKOTO
YPOBHSI TpaBMaTu3Ma sBiseTCs HHU3Kasg 3((EKTUBHOCTh, HECOBEPUICHCTBO CHCTEMbI
yIpaBiieHus1 0€30MaCHOCTHIO TPY/Ia.

B cOBpeMEHHBIX yCIOBHUSX YNPABICHUECKHE DPELIEHUS IOJDKHBI NMPUHUMATHCA Ha
OCHOBE THIATEIBHOTO aHajdu3a uMmerolleiics nHpopmanuu. s pemeHus noJoOHbIX 3a1ad
IIpeIHAa3HAYEHB] CTATUCTUYECKUE METOBI IPOrHO3UPOBAHUS.

AHanM3 CTaTUCTMYECKHUX JaHHBIX JAaeT BO3MOXHOCTh YCTaHOBUTH JIHUHAMUKY
TpaBMaTH3Ma Ha MPEANPUATHHI U BBIIBUTH ONPEICIICHHBIE CBS3U U 3aBUCUMOCTH. BrIsiBieHNE
JaNbHEWIe TEHAEGHUUMH TPOU3BOJCTBEHHOTO TpaBMaTU3Ma SIBISETCS  aKTyaJbHOMN
npoOaeMoll, Ha OCHOBAaHMHU pEIIEHUS KOTOPOH MOXKET NPOBOJUTHCS IUIAHUPOBAHME
peyNpeaUTENbHBIX MEPOIIPUITUN IO IPOU3BOICTBEHHOMY TPaBMATHU3MY.

Jlnist IpoBeIeHUsl TaHHOTO HCCIIe0BaHMs ObUIM COOpaHbl CTATUCTHUECKUE JAHHBIE 110
MOKAa3aTeNsIM  TOBPEXJIEHUS  3J0pPOBbS M COLMAIbHO-D)KOHOMUYECKHE  IOKA3aTellH,
OKa3bIBAIOIIUE BIUSHUE HA PUCKH MTOBPEXKICHUS 3I0pPOBbsl pabOTHUKOB 3a miepuo ¢ 2000 mo
2017 ron.

[Tocne Toro, kak coOpaHbl Bce HEOOXOAUMbIE JJaHHBIE OHU MOABEPratOTCs MEPBUYHON
oOpabotke. Ha mepBoM sTame NpPOUCXOAUT NPOLEAypa HMCKIIOYEHUS JIOKHBIX JAHHBIX,
KOTOpasi TO3BOJIIET BBISICHUTb, NPHUCYTCTBYIOT JM B HMEIOIIEHCS CTaTUCTUYECKOM
COBOKYITHOCTH TaKHM€ JJaHHble MJM HET. [ 3Toro mmeroniyecs 3HaA4€HHsS COBOKYIHOCTEW
pacrosararoTcs B IMOpS/IKE BO3pacTaHHUs OT MUHHMAJIbHOTO 3HAUY€HUS K MaKCHUMAaJbHOMY.
[Tocne ymopsinodyeHHs COBOKYIHOCTHM pPACCUMTBIBAIOTCS OTKJIOHEHHWS MHHHUMAJbHBIX U
MaKCUMaJIbHBIX 3HAYEHNUN CIy4allHON BEJIUYHMHBI OT €€ CPEIHErO 3HAUCHMS.

Ilocne mnpouexypbl NEepBUYHOM OOpaOOTKM HMCXOJHAsT COBOKYIMHOCTH OIIBITHBIX
pe3yJIbTaTOB IMOJBEpPraeTcsl CTAaTUCTUYECKOMY aHallM3y, KOTOPBI TakKe MpPOBOJAUTCA B
HECKOJIbKO d3TanoB. Ha mepBoMm J3Tame cieayeT NpOBEPUTh TMIIOTE3Y O HOPMAIbHOCTH
pacrpeziesieHus: UCCIIEyeMON COBOKYITHOCTHU OTBITHBIX IaHHBIX.
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CrnemyromuM 3TarioM CTAaTHCTHYECKOTO aHAlM3a SBISIETCS NMPOBEpKa 3HAYMMOCTH
Kod(puIMeHTa KOppeNsluH JABYX COBOKYIHOCTEW OIBITHBIX JaHHBIX. [IpoBepka
BBITIOJIHSIETCSI IBYMSI CIIOCOOaMH: ¢ TOMOIIBbIO KpuTepHs CThIOAEHTA U C TIOMOIIBIO KPUTEPHUS
®uiepa-CHenekopa.

Ha ocHoBe ananmm3a  CTaTHCTMYECKMX [aHHBIX BBINOJHEHA IIPOTHO3HAs OICHKA
noKasaTesiell TpaBMaTu3a 1 npodeccuoHanbHOM 3a60eBaeMocTH B pecyomuke 10 2022 rona.
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Pucynoxk 1. Pe3ynbraTsl porHo3upoBaHMs YKcia MOCTPaIaBIINX
C yTpaToi TpyIn0oCIocoOHOCTH Ha OJIUH pabouuii eHb U Oosee
U CO cMepTebHBIM HcxoioM Ha 2018—-2022 rr.

Pesynbratel pabotel momydeHsl B pamax HUP mo rpantam ans yuenbix W[ TY
umenu M.T. Kanamnukosa, mugpst Ne 20.04.01/18CBB, 20.06.01/18CBB.
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HccaenoBanue u nopbimeHue 3¢ GpeKTHBHOCTH MOHUTOPUHIA IIIyMOBOI HATPY3KH
U MUHUMM3AUHUHU NPOodecCHOHAIBLHBIX PUCKOB B YCJIOBHSIX BO3/1eiicTBUA
NMPOU3BOJACTBEHHOI0 IIyMa
B. Cepatok, O. Bnagumosa, /. Anemkos, E. benpuna
Omckutl 20cyoapcmeeHHbll MeXHUYeCcKUll yHugepcumem
e-mail: bedrina_ea@mail.ru

CoBpeMeHHBII ypOBEHb Pa3BUTHs TEXHUYECKUX CPEJCTB IMO3BOJISET PEaTM30BBIBATH
MacmTaOHbIe U HETPEPHIBHBIE TOAXO/BI K OMPEICIICHHIO YPOBHEH ITyMa, BO3ACHCTBYIOLIHX
Ha paOoratomiero. OnHako cnabopa3Butbl [T-TexHomorMm cO6Opa AaHHBIX O HIYMOBBIX
XapaKTepUCTHKaX pabouell 30HBI W CEMUTEOHOW TEPPUTOPHM, HAa OCHOBAaHHMHM KOTOPBIX
NPEJCTABISETCS BO3MOXKHBIM OCYILECTBIIATh MPOTHOCTHYECKUE OLIEHKH PUCKOB BO3JEHCTBUSA
IIyMa Ha 4eJIOBEeKa, He OrPaHUYMBAsCh pe3ybTaTaMH CHEIMATbHON OLEHKH YCJIOBUH TpyAa,
MIPOM3BOJICTBEHHOTO KOHTPOJISI M SKOJIOTHYECKOr0 MOHUTOpHHTA. Llenb paboThl cOCTOMT B
OLIEHKE BO3MOKHOCTH OCYLIECTBIATh COOp JAaHHBIX O paclpeieieHHU ypOBHEH IIyma B
npenenax pabodell 30HBI, CEMUTEOHONW TEPPUTOPHH M BO3MOXKHOCTH OTPEACICHUS 30H
BBICOKMX YpOBHEHl MNpO(pEeCcCCHOHATBHOIO pHUCKa MO (aKTOpPy MPOU3BOACTBEHHBIH IIyM
nocpencTBoM cmaptgoHoB. beina paspaborana Meroanka cOopa MaHHBIX O paclpeaesieHUN
YpOBHEH IIymMa B mpejieniax paboueil 30Hbl, CETUTEOHON TEPPUTOPHH, HA OCHOBE KOTOPOH ObLI
pa3paboTaH MPOrpaMMHBII MPOIYKT perucTpanuu U oOpabOTKU TaHHBIX O XapakTepe HIyMma.
B pesynbTare MCHONB30BaHUS CIELUAIBHOTO MPOIPaMMHOIO MNpOAYKTa Oblla IMOKa3aHa
BO3MOXHOCTb MOCTPOCHHUS MIPOCTPAHCTBEHHOTO pacripenieieHus ypOBHEH
IPOM3BOJICTBEHHOTO IIIyMa HA CTPOUTENIbHOM IJIOLIAJKE B PEKUME DPEaTbHOIO BPEMEHH.
HenpepbiBHBIIT cOOp MeETaJaHHBIX O XapakTepe IIymMa II03BOJISIET YTOYHHTH YPOBHHU
npoeCCHOHATIBHBIX PUCKOB, 0OYCIOBIEHHBIX BO3ICHCTBUEM IIyMa M OCYLIECTBHTH BHIOOP
MEPOTIPUSATHIA TIO YITPABICHUIO STUMH PUCKAMH
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Oobecneyenue 0e30MacHOCTH TPyAa HA ocHOBe MeTona «KpuBasi bpeaan»
B.C. Cepatok, B.B. Kynemos, H.O. KoBanbkoBckas
Omckuti 20cy0apcmeeHHbIl MexXHUYeCcKull yHugepcumem
e-mail: kow-nad2009.92@mail.ru

BriepBble moOHATHE «KyJIbTypa O€30MacHOCTH» BO3HUKIO B pe3yiabTaTe aHaln3a
aBapuil B aTOMHOM sHepreTuke. [Ipu 3ToM cephe3HOl MPUYMHON I IepecMOoTpa MoaAX01a K
BOIIpocaM 0€30MacHOCTH siBHIAch aBapusi Ha YepHoObuTbcKOM ADC. CTanio 0YeBUIHBIM, UTO
CTaH/JapTHOIO0 MEXaHWYECKOTO0 HCIOJHEHHs] WHCTPYKUUN s obecriedeHusi Oe30macHoit
paboThl HemocTaTOYHO. HeoOX0oMuMo TakKe yYUTHIBATh TAKHE MapaMeTpbl KaK ICHUXOJIOTHUS
JI0Jell, TOHUMaHHE COOCTBEHHBIX JEWCTBUH U UX TMOCIEICTBUN, a TaKXkKe CTeneHb
3aMHTEPECOBAHHOCTH U BOBJIEUEHHOCTH COTPYIHUKOB.

[lepBble MPUHIMIBI KYIbTYPbl 0€30MaCHOCTH ObUIM MPEIJIOKEHBI MEXIYHAPOIHBIM
areHTCTBOM 110 aTOMHOM 3HepreTuke B 1991 roay B Bune oruera INSAG-4. Ilo3:xe ee Hauanu
BHEJIPATH U aJallTUPOBATh B CBOKO IMPOU3BOJICTBEHHYIO ACSITEIbHOCTh KPYIHEHIINE MUPOBBIE
KoMmanu# [1].

B HayuHBIX Kpyrax BONpPOCHI Pa3BUTHUS KYIbTYphl O€30MaCHOCTH HAayald aKTUBHO
oOcyxnaTecsi B KOHIIe mpouuioro Beka. Per Holmgren, aBrop crateu «Pa3zButue KymbTypsl
besonacHoctu — beckoneunslii Ilpouecc» [2] oTMeTun, 4to Juisi AOCTUXKEHHUS BBICOKOIO
yYpOBHSI 0€30MaCHOCTH B OpraHM3alUd HEOOXOAWMO TOCTOSHHOE pa3BUTHE KYIbTYPHI
Oe3omacHocTH. Ha coBpeMeHHOM »sTame pa3BUTHS HPOMBIIUICHHOCTH HCCIeqyeMas Tema
cTaja 4ype3BbIYailHO aKkTyaldbHOW. B mocnemHee Bpemsi BOMPOCHI KyJIbTypbl 0€30MacHOCTH
CTaJld OJHUMH U3 IJIaBHBIX B 00JIACTH yNpaBJieHHs O€30MaCHOCTHIO TPYyJa B OPraHU3alusIX, a
TaKXXe MOBBIIICHUS KauecTBa U dPPEKTUBHOCTH MTPOU3BOICTBA.

B nocnennee BpeMsi BOIpPOCHI KYJIbTYypbl O€30MacHOCTH paccCMAaTpPUBAIM B CBOUX
paborax MHorme aBTOphl. B pabGore [3] roBopurcs, 4to ¢yHIAMEHTAIbHAsS OCHOBA
oOecrieyeHHs 0€30MacCHOCTH — 3TO (HOPMHUpPOBaHME, MOJJIEPKAHUE U Pa3BUTHE KyJIbTYphI
Oe3omacHOCTH. Tak e OTMEYEHO, UTO COrJIaCHO MUPOBOMY ONBITY YCTAHOBJIEHA B3aUMOCBSI3b
MEX/y PUBEPKEHHOCTHbIO PAOOTHUKOB K CJIE€JJOBAaHUIO TpeOOBaHMUAM 0€30MacHOCTU TpyAa U
BO3HMKHOBEHHEM aBapuil M HECYACTHBIX ClIydaeB Ha mpou3BojcTBe. (CienoBaTenbHoO,
o0ecreyeHne BBICOKOTO YPOBHSI O€30MaCHOCTH 3aBHCUT OT IOBEJEHMS BceX pabOTHHUKOB
OpraHH3aIiHy.

Hapsiny ¢ stum, B pabote [4] oTMeueHO, 4yTO 3penas KyjibTypa Oe30MacHOCTH
paccmaTpuBaeTcsi B KaueCcTBE BaXKHOIO CpeAcTBa oOecrieueHus 0e3omacHOCTU. Pe3ynbraTel
UCCIICIOBAaHUM  MOJATBEPAWIM, YTO HHU3KMM ypoBeHb 3a00JIeBa€MOCTH HMMEETCs B
OpraHu3alUsX C BBICOKMM YPOBHEM 3pelocTH KyJabTypbl Oe3zomacHocTu. IIpm sToM,
MPOBEJICHHBIE HCCIeN0BaHus [5] moka3anu, 4yTo A (OPMUPOBAHUS U HOBBIIICHUS] YPOBHS
KyJbTypbl 0€30IaCHOCTM HEOOXOAMMO YUYUTHIBaTh B3aUMOJIEMCTBHE HALMOHAJIBHBIX
LIEHHOCTEH U YPOBHSI TNPUBEPKEHHOCTH O€30MaCHOCTU KaK COTPYAHUKOB YIPABIISIOIIETO
3BEeHa, TaK U PAOOTHUKOB.

Ha cerommsmHmii JeHb, Cpeny TMONMYJSPHBIX METOJOB OINPEAECICHUS 3pPEIOCTH
KYJIBTYpbl 0€30MMacCHOCTH MOXHO BbIIEINUTH cienyronue: meron «Kpusas bpemnu», monens
3penocTH KyabTypbl Oe3omacHoctn M. @nemumnra m moxaens 1. Xaacona [6]. B pamkax
JAaHHOM paboThl JUI ynpaBieHUs 0€30MacHOCThIO Tpyaa BbiOpaH meron «Kpusas Bpaamu».
Ero ocoOeHHOCTbIO SIBJISIETCS HAIJIAHOE IPEACTaBICHUE B3aUMOCBS3H YPOBHS KYJIbTYpbI
0€30IIaCHOCTM C ypPOBHEM OXpaHbl TpPyJa, BOBJIEUEHHOCTBIO COTPYIHUKOB, HX
B3aMMO3aBHCUMOCTH W B3aumMHOW momaepxkke [7]. K ero mpeumyimectBaM OTHOCHUTCS
pOCTOTa, JOCTYIHOCTb, INPHUMEHEHHE KaK JUIsl HEraTMBHBIX, TaK U OJarompusTHBIX
nocneAcTBUi. JlaHHBIH METOJ HMeEEeT TPOCTYI0 CXeMY, OTOOPaXKaIollyld OCHOBHYIO
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B3aMMOCBSI3b YPOBHsSI TpaBMaTH3Ma WU IPOU3BOAMTEIBHOCTH, MMEIOIIMECS OTambl, Ui
KOTOPBIX MOYKHO pa3paboTaTh MephI MO YIPaBICHUIO 0€30MaCHOCTHIO.

Ienbto uccienoBaHus sBiISeTCs npoBelaeHue aHann3a mertona «Kpusas bpamnu» un
o0ocHoBaHKE 3((HEKTUBHOCTH BHEAPEHUS JAHHOTO METOAA Ul NalbHEWIIed pa3paboTKu U
COBEpPILEHCTBOBAHMS IPOrpaMMbl 0€30IaCHOCTHU TPy/Ja B MAIMHOCTPOUTEIILHOM OTpaciy.

Hnst ouenku s¢dexTHBHOCTH BHeApeHus merona «Kpusas bpemmm» aBropamu
IPOBEICHO HCCIIEOBAHUE [0 M3Y4YEHHIO CYLIECTBYIOIIEH KyJbTYpbhl O€30MIaCHOCTH Ha
OPENIPUATHIX MAaIIMHOCTPOUTENbHOM oTpaciau. Hapsay ¢ 3TuM, 111 OLIEHKH YPOBHS
MHUKpPOTpaBMaTH3Ma y pabOTHUKOB, aBTOpPAaMH IIPOBOINIOCH AHKETHPOBAHHUE.

OnacHble CUTyalluM Ha IIPOM3BOJACTBE MOIYT IIPUBECTHM K MHUKpPOTpaBMawm,
HECYAaCTHBIM Cy4yasiM M K BO3HMKHOBEHHIO CMEPTEJIBHOTO cilydas. JTa 3aKOHOMEPHOCTh
otpaxkxeHa Ha nupamune I'. 'efinpuxa [9]. CrnenoBarenbHO, €Clid B OpraHU3aIlMU OCTAKOTCS
0e3 BHUMaHMs HapylleHHUs TpeOOBaHHM OXpaHbl Tpyda, TO 3TO OO0S3aTENbHO IPUBEAET K
aBapUHHBIM CUTYaLIUsM.

[IpoBeneHHOE aBTOpaMu  HCCIIEOBAHUE IO3BOJMJIO IOJIYYUTh  CIEIYHOIUE
pPe3yJIbTaThl: B UCCIENYEMbIX 1[€XaX MAIIMHOCTPOUTEIBLHOTO IMPOU3BOACTBA MO pe3yJbTaTaM
00paboTkn aHkeT 3adukcupoBaHO OKOoiO 750 MHKpOTpaBM. B maHHBIA MOMEHT Ha
3aKOHOJATEJIbHOM YPOBHE OTCYTCTBYET MEXAHHU3M 10 YY€Ty MUKPOTPaBM U MX PETUCTpaLus
HE 00s3aTesbHA.

MukpoTpaBMbl SBJISIFOTCS IIPEIBECTHUKOM TpaBM C IOTEpell TPYAOCIOCOOHOCTH.
Pe3ynbpTaThl IPOBEEHHOIO MCCIEIOBAHUS OATBEPAMIIN, YTO YPOBEHb O€30I1aCHOCTH TPyia B
OpraHu3alUsaX HAaXOAMUTCS Ha BTOPOM 3Tane — «3aBUCUMOM». DTO O00YCIOBJIEHO T€M, YTO B
OpraHu3alysaX yIpaBieHHE OE30MaCHOCTBIO MPOU3BOAUTCS B BHUJE KOHTPOJS M Haa30pa 3a
UCIIOJIHEHUEM TpeOoBaHMH oxpaHbl TpyJaa. OCHOBHBIM BUAOM AJIi MOTUBALMM BBIIOJHEHUS
TpeOOBaHUI SBJSETCS IOOLIPEHHE W Haka3aHue. PabOOTHUKM MNEPUOAUYECKU MPOXOMST
oOydyeHune 1o oxpaHe Tpyzaa. [loaTomy sl JOCTHXKEHHS «HYJIEBOTO TpPaBMaTU3May,
HEOOXOIUMO  yAensATh o0co0oe BHUMaHME MNPOPHIAKTUKE MHUKPOTpaBM Kak Ha
WHAUBUAYAJIbHO-IMYHOCTHOM, TaK WM Ha OPraHU3alMOHHOM (KOMaHJHOM) JTamax. ITO
HEOOXOUMO C LIeJIbI0 CHUKEHHS YPOBHS TpaBMaTH3Ma M JAJIbHEWUIIETro MOBBIIIEHUS YPOBHS
KYJIBTYpbl 0€30MaCHOCTH.

Merton ynpasineHus OezomacHocThio Tpyna «Kpuas Bpaamm» mo3Bojwsl HarjsgHO
NpPEJCTaBUTh B3aMMOCBS3b YPOBHS KYJBTYpbl O€30MacCHOCTH C YPOBHEM OXpaHbl TpY.a,
BOBJICYEHHOCTBIO COTPYIHUKOB, YPOBHEM UX B3aMMO3aBUCHMOCTH M B3aUMHOM MOJAJIEPKKE B
UCCIIEyeMbIX ~ OpraHu3alMsIX  MalIMHOCTpOUTEeNbHOW  obmactu. Takum  oOpazom,
noaTeepxkaeHa  3ddextuBHOCTH  mpuMmeHeHus — Metona  «KpuBas  bpemnim» B
MalIMHOCTPOUTEIBLHON OTPACIIH.

[IpoBenenHoe Hccaen0BaHNE MMOKA3al0, YTO B UCCIEAYEMbIX OpraHU3alMsIX YPOBEHb
KYJIbTYypbl O€30MacCHOCTH HAXOJUTCS Ha BTOpPOM 3Tane — 3aBucuMoM. [l nanbHeliero
pasBUTHS KyJIbTYpbl O€30MACHOCTH B OpraHu3anuu, Obuia mpeoOpa3oBaHa CyIIECTBYHOIIAs
cucTeMa ynpaBJieHUs O€30MacHOCTH.

PesynpTaThl  HMccienoBaHMS — MO3BOJMJIM  BBIACTUTH  BaKHOCTb  PErHCTpallUd
MHUKpPOTpPaBM /IS JalbHEHIIIEro aHaIu3a U Mpel0TBPaIleHHs TPaBMaTU3Ma, a TaKKe MPOrHO3a
U YCTpaHEHHsI NMPHUYUH, KOTOpPhIE CHOCOOCTBYIOT BO3HMKHOBEHHIO aBapUil M HECUACTHBIX
ciaydyaeB. TakuM 00pazoM, y4eT MHKPOTPaBM MO03BOJseT Oosiee 3¢p(HEeKTUBHO OOpPOTHCS €
TpaBMaTH3MOM. OHH HUCIIONB3YIOTCS KaK MHIUKATOPHI (MIPEIIISCTBEHHUKH) P BBISBICHUN
MCTOYHUKOB MPOECCHOHATBHBIX PUCKOB.

OTu npeaBapUTElbHBIE JTAHHBIE OTKPBHIBAIOT HOBbIE BO3MOXKHOCTH JUISl Pa3pabOTKU
3pGEeKTUBHOM MporpamMmbl 0€30IaCHOCTH TpyJda B MAIIMHOCTPOUTEIBHON OTpPACIH.
OcHOBHBIE NMPOOJIEMBI Ha JAHHOM JTalle 3aKJIIOYAalOTCAd B CIOXKHOCTSIX COBEPIICHCTBOBAHUS
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KyJIbTypbl 0€30IaCHOCTM Ha OTEYECTBEHHBIX OpraHmzanusax. I[lmanupys wu3MeHeHHs,
PYKOBOAMTENU JIOJDKHBI OCO3HABAaTh: HUKAaKHe CTaHAAapThl He OyayT paboTarh, e€ciid He
U3MEHUTh YCTAaHOBKHM U TOBeJeHue arojed. OCHOBHAs NMPUYMHA 3aKIIOYAeTCsd B UX HU3KOU
NPUBEPKEHHOCTH K Oe3omacHocTH. HeoO0XoauM KadecTBEHHBIH NEpexoja OT 3aBUCHMOTO K
OCO3HAaHHOMY MOBEJCHHIO PAOOTHHUKOB, OT COKPBITUS — K OTKPBITOCTH, OT cTpaxa OBbITh
HAaKa3aHHbBIM — K IPOAKTHBHBIM JEHUCTBUSAM II0 MPEAYNPEKACHUIO mpoucuiecTBuil. Takoun
nepexo BO3MOXKEH TOJIBKO IMPH LIEJICHANPABICHHON paboTe Ha BCEX YPOBHSIX MPEIIPUATHS —
OT MEPBOTO JIUIAa KOMIIAHUHU 70 paboyero nepcoHaa.
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Ouenka MUKPOTPABMAaTHU3Ma HA OCHOBE KOMILIEKCHOTI0 NOKa3aTeJisi 0e301acCHOCTH
B.C. Cepatok, B.B. Kynemos, H.O. Kosanskosckas, FO.C. benoycosa
Omckutl 20cyoapcmeeHHbll MeXHUYeCcKUull YyHugepcumem
e-mail: kow-nad2009.92@mail.ru

CoBpeMeHHBIN dTall pa3BUTHS HAYYHO-TEXHUYECKOTO Iporpecca TpedyeT Oosee
rIyOOKMX MpEeJCTaBIeHUH B BOMPOCaX IPOU3BOACTBEHHOIO TpaBMaTH3Ma, MNEPeOLeHKU
CTapblX U BBIPAOOTKM HOBBIX KpUTEpPHUEB MPOPUIAKTUKM KX OLEHKH. OTO CBSA3aHO C
HEIPEPBIBHO BO3pacTaloIIUM SHEPreTUYECKUM, MaTepUaIbHO-3KOHOMHYECKHM,
UH(POPMALIMOHHBIM TMOTEHIIMAJIOM IPOU3BOACTBEHHBIX KOMIUIEKCOB M CHUCTEM, a TaK e
MPUMEHEHHEM HOBBIX HAYKOEMKHX TEXHOJIOTHUH.

AHanu3 TPOU3BOJCTBEHHOTO TpaBMaTU3Ma B  IOJABISIONIEM  OOJBIIWHCTBE
opranuzaiii Poccun NpoM3BOOUTCS TOJBKO HAa OCHOBAaHMM pacyeTra CTaHAApTHBIX
MoKa3aresei HecyacTHBIX ciiydaeB. OH MO3BOJSET JUIIb OPUEHTUPOBOYHO OLEHUTH CTENEHb
OMACHOCTH CHCTEMBl. TakoW MoAXoJ He JaeT MHPOPMALUU O XapaKTepe BO3HUKAIOLIMX
HECYaCTHBIX CiIy4aeB, UX nocieacTBusx. CinenosarenbHo, OH uMeeT HU3KYI0 3G (HEKTUBHOCTh
IPY PELICHNH MPOOIeMbl aKTUBHOTO YIIPaBIEHHsI 0€30MaCHOCThIO B TEXHUYECKOH CHCTEME.

3aKOHOMEPHO BO3HHMKAeT HEOOXOAMMOCTh B ONTHMHU3ALMHU 3aJad aKTHBHOTO
yhpaBiaeHUs] MNPOPHIAKTUKOW MPOU3BOJACTBEHHOW O€30MaCHOCTH MyTEeM BHEApPEHUs
IPOTPaMMBI 10 CHUYKEHUIO0 MUKPOTPaBMaTHU3MA.

177


http://www.mpogazprom.ru/novosti/znakomimsya-s-kulturoy-bezopasnosti
mailto:kow-nad2009.92@mail.ru

Llenpto pa®oThl SBISUICS aHAIW3 MHKPOTPaBMAaTU3Ma Ha MAalIMHOCTPOMTEIBHBIX
npeanpusTasix OMCKo#i 001acTu.

[Ipy aHanM3e MHUKPOTPaBM HCIOJB3YeTCs IMOKa3aTelb 4acToThl. [lpu ero moacyere
NPUMEHSICTCS TPHHIUI Pa3feIbHOT0 aHaIM3a. TEeXHOJIOTMYECKUE IPOLECChl JCNIATCS Ha
OCHOBHBIC dTamnbl. [loKa3aTenap 4acTOTBl PACCYMTHIBACTCS OTIEIBHO Ul KaXKIOro 3JIEMEHTa
(cpenctBa Tpyaa, Buaa 000pYJOBAHUS, HHCTPYMEHTA) C y4ETOM BPEMEHH, 3aTPa4eHHOr0 Ha
BECh TEXHOJIoTHUYeckuil mporecc. OnHa M Ta K€ MHUKPOTpaBMa MOXET OBITh yd4Te€Ha NpHU
II0/ICUEeTE TOKa3aTelisl Kak Ul Tala TeXHOJIOTHYECKOTo MPOoIecca, Tak U Uit 000pyI0BaHH,
€cJM 4YeTKO Ha3BaTh IPHYMHY MHKPOTPAaBMHUPOBAHHMsS 3aTpyIHHTENbHO. Korma BO3MOXKHO
ONPE/eNIUTh, YTO TMPUYMHON MHUKPOTPAaBMBI, HAIpPHUMEp, CTajJ0 HECOBEPIICHCTBO
TEXHOJIOTHYECKOr0 IpoIecca, a CPEACTBO TPyJa HUKAK HE BIMSIIO HA CIIydaid, MUKPOTPaBMY
OTHOCSTK 3TaIly TEXHOJOTUYECKOro nporecca. [IpakTuka rnokasaia, 4To moJo0HbIX IPUMEPOB
majo. [lokaszarenb TSHKECTH HETPYIOCIIOCOOHOCTH PACCYMTHIBATH HEIETIeCO00pa3Ho, TaK KaK
MHKPOTpaBMa He BJIEYET 3a cOOOH MOTepU TPYAOCIIOCOOHOCTH. J{OMOIHNUTENBEHO IPU pacyeTe

MOKAa3aTeNsl 4YacTOTHl BBOJWUTCS HOBAas CIAMHMIIA — BpeMs, 3aTpadyeHHOE Ha padoTy B
OTIpEeICTICHHBIN Mepro/ (B yacax).
BrisBiieHsl  HanOoJiee TUIUYHBIE MHUKPOTPABMBI 3TO — HAPYIICHHE I[EIOCTHOCTH

KOKHOTO TIOKpOBa (CCaauHbl, MOpe3bl). VX MpUYMHON SIBJISIETCS HEUCIOJB30BaHUE CPEACTB
uHAuBUayanbHOM 3ammtel (CU3), a Tak ke HU3KUN KOHTPOIb TpeOOBaHUI OE30MAaCHOCTH CO
CTOpOoHBI pyKoBojcTBa. [IpuumHoii Hempumenenuss CU3 mocmyxuiao — HEyAoOCTBO HX
UCTIOJIB30BaHUS TIPH paboTe. BTOphIMU IO pacipOCTPaHEHHOCTH MUKPOTPABM SIBHIIUCH YIITHOBI.
Wx mpuynHa sBhsieTcs HEe COOJIIOJICHHS MPaBUiI OXpaHbl Tpyaa. PaboTHUKHM TpaBMUPOBAINCH
U3-32 OCTaBJIEHHOIO Ha pabo4yeM MeCTe HHCTPYMEHTa, HTHOPUPOBAHMS OTPaIUTENBHBIX
COOpYKEHUH.

ABTOpamMU TIPEJIOKEH TOPAIOK MOHUTOPUHTa MUKpoTpaBM (nanee — Ilopsimok).
Pa3pabotka [Topsinka ocHOBaHa Ha MPUHIIUIIE — «IIPOCTOTA UCTIOTHEHH». B mepByto odepenn
P TTOJIYYCHUH MUKPOTPABM MOCTPAaBIIEMY J0JKHA OBITh OKa3aHa MepBasi IOMOIIb, MTOCIIE
YEro OH MOXXET MPOJIOJKUTH padoty. [locTpamaBmmii He JOMKEH YACISITH MHOTO BPEMEHU U
OTBJIEKAThCS Ha OQOPMIIEHHE JOKYMEHTOB MO MOBOJY MHUKPOTPaBMBI. YUUTHIBas 3TO, MPHU
pa3paboTKe MOHUTOpPWHTA y pabOTHUKA JOJDKHA OBITH OTHOCHUTENbHAsl CBOOOAA: pabOTHUK,
MOJIyYUBIIUN MUKPOTPaBMY, COOOIIAET O HEM YCTHO JMO0 MUCHbMEHHO B CBOOOAHOMN (opMme,
OTBETCTBEHHOMY JIMI[y B T€UEHHE BCEHl CMEHBI WJIM Cpa3y IO €€ OKOHYaHUU. 3asBUTh OH
MOJKET KaK HampsMyI0 B CIIy’KOy OXpaHbl TpyJa, TaK M HEMOCPEICTBEHHOMY PYKOBOIUTEIIO
(Opuraaupy, HAYAJILHUKY y4dacTKa, TPOU3BOAUTENO padboT). ToT, B CBOIO ouepesh, B TCUCHUE
JIBYX IHEH OBOJMT CBEIEHUSA JO CIYXObl OXpaHbl Tpyaa.Bcs wHbOpMamus 3aHOCHTCS B
CHEIHMAlbHBIN KypHaln yuyeTa MukpoTpaBM. CoOpannas wunHdopmanus oOpabaTbiBaeTcs
CIy0o0i oxpaHbl Tpyaa ©  pykoBoguteraeM. (OCHOBHOE BHHUMAaHHE OTBOJUTCA
00CTOSATENTLCTBAM MHUKPOTPAaBMUPOBAHUS U CPEACTBAM TpyJa, KOTOPbIE TIPUBEIH K
TpaBMHUpPOBaHUI0. ABTOpaMu ObLIa pazpaboTaHa KapTa HaAOIIOACHUI MUKPOTPABM.

ABTOpaMu TpeJIaraeTcsl UCIOIb30BaTh KOMIUIEKCHBIN MOKa3aTtens Oe3omacHocTy [§]
JUISL OIEHKW MHKpPOTpaBMaTH3MaB OpraHu3anvu. KOMIUIEKCHBIN TMOoKa3areiah 0e30MacHOCTH
MOKET MCHOJb30BaThCs AJIA IUJIAHUPOBAHUS MOHUTOPUHIA MUKPOTpaBMaTu3Ma, a TaKke AJis
OLICHKH YJIY4YIIEHUM MOCJIE BBINOJHEHHUS IJIAHOB KOPPEKTUPYIOUIUX JACUCTBUU. Y CHENIHbIC
MJIaHBl KOPPEKTUPYIOIHUX JACHCTBUH TOMOTYT HCKIIOYaTh B OYyIyIIeM WHIMACHTH H
HECOOTBETCTBUS, YTO MPHUBOJIUT K MPOMOPIIMOHATILHOMY COKPAIICHHUIO (MM UCKIFOUEHHUIO)
HECYACTHBIX CITy4aeB.

KommiekcHpii  mOKa3aTenb O€30MacHOCTH TO3BOJSIET YCTAHOBUTH YHCIICHHBIC
KPUTEPHUU JOIMYCTUMOCTH PHUCKA JUTsl COOBITHI «BEPXHETO YPOBHS» H J1ajiee pa3BepHYTh UX 110
OCTQJIbHBIM CJIOSIM. Y CTOMYMBOCTH COOTHOHIIEHW B mnupamuae [eitnpuxa [1] mo3BossieT
OIICHUTh BEPOSITHOCTHBIC XapaKTEPUCTHKH HApPYIICHUH OE30MaCHOCTH «BEPXHETO YPOBHS».
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B xadyecTBe OCHOBHOTO TOKa3aTessl MpeiaraeTcs UCIoIb30BaTh HHTEHCUBHOCTh CEPhE3HBIX
TpaBM B €IMHUILY BpeMeHHU (PUCYHOK 1).

PesynpraTroM BBENEHUS CHUCTEMBl MOHHTOPHHTAa MHUKPOTpPaBM OYAET 3HAYUTEIHHOE
CHIDKEHHE TpaBMaTH3Ma Ha IPOM3BOJICTBE, M KaK CIEJICTBHE COKpAIEHUE IMOTEPSHHBIX
pabouux JTHEH.

Takum oOpa3om, Ha OCHOBaHWM TONYyYEeHHOW HWH(GOpPMANMK U TIO pe3ylbTaTam
UCCJICIOBAHMSI TIOTYYCHHBIX MUKPOTPABM B MAIIMHOCTPOUTEILHOM OTPACITH, OBLTH BBISIBICHBI
OPUYMHBI ~ MHUKPOTpPaBMAaTHU3Ma,  IOJATOTOBJICHBI  KOPPEKTUPYIOIIME  MEPONPHUSTHS,
HAINPaBICHHBIC HA MUHHMH3AIUIO MMPOU3BOJCTBEHHOTO MHKPOTPAaBMAaTHU3Ma, YTO TO3BOJIUT
COKPATUJINCH MOTEPU TPYAOBOTO BPEMEHU U (DMHAHCOBBIE 3aTPAThl OPraHU3aIINH.

1
Cepbé3Hble TPaBMbI

K

Jlerkue TpaBmbl / '
K\\

MUKpPOTPaBMBI

K,- K()')(l)(l)llllHCH'I‘ OTHOIICHHS JICTKUX TPaBM K CEPLE3HLIM TpaBMaM

K\,* KO')(I)(!)HL[HC]I']' OTHOLLICHUSI MUKPOTPAaBM K CCPLE3HLIM TPpaBMaM

Pucynok 1. KommnekcHsliii nokaszarens 6e3onacHoctu no nupamuse I, efinpuxa

OTH npeaBapuTeNIbHbIE JTaHHBIE OTKPBIBAIOT HOBBIE BO3MOXKHOCTU JUISL Pa3paboOTKU
3QPEeKTUBHONH  MporpaMMmbl  O€30MacHOCTH  TpyZJa Ha OCHOBE MOHHTOPUHTAa B
MAaIIMHOCTPOUTEIIBHOM OTPACIIH.
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Problems of ecological safety of pharmaceutical manufactures
and voltamperometric control of some medicine drugs
G. Slepchenko, O. Mezentseva, V. Kruykovskiy
Tomsk Polytechnic University
e-mail: slepchenkogb@mail.ru

Industrial wastewater from pharmaceutical production may contain organic solvents,
catalysts, additives, by-products, raw materials, and active pharmaceutical substances, which
presents serious difficulties for their processing.

The ease of spreading drug contamination in water bodies, the negative impact on
hydrobiotite and, finally, the possibility of ingress of medicinal substances and intermediates
in drinking water suggest that water contamination with drugs is the most dangerous. All this
explains the special attention to the problem of water pollution by pharmaceutical substances,
on which many countries of the world are concentrated. Once in the environment,
pharmaceutical substances may undergo certain changes under the influence of both biotic
and abiotic factors. As a rule, medicinal substances undergo degradation, losing their original
activity. However, a number of compounds are not only resistant to natural destruction, but
also able to change their activity with the formation of physicochemical transformants that
represent a potential danger to living organisms and humans.

Electrochemical methods of analysis, in particular, voltammetry, are widely used to
determine the content of various organic substances for environmental monitoring. Along
with the indisputable advantages of the method, there are certain limitations on its use in
analytical laboratories. In most cases, when determining the number of organic substances, a
mercury-film is used as a working electrode. The main disadvantage of using this type of
electrodes is the toxicity of mercury; therefore, the search and development of new selective
mercury-free electrodes is an important task. The analysis of the literature and the conducted
studies show the promising application of organic modifiers on various carbon substrates
(glassy carbon, impregnated graphite) in the analysis of environmental objects using the
methods of anodic inversion, adsorption, and cathode voltammetry.

We have conducted studies on the choice of operating conditions for the voltammetric
determination of a number of medicinal substances, on the basis of which methods for the
quantitative chemical analysis of air, water and soil samples for the content of these
substances will be metrologically certified.

Using the new class of tosylate salts, arediazonium (ADT), organo-modified graphite
and glassy carbon electrodes were first proposed for determining selected drugs, various
factors were studied (time and method of contact, concentration of tosylate salts,
arediazonium, etc.), and a technique for modifying the electrode for definitions of
pharmaceutical substances, such as: halonal (5 - ethyl — 5-phenyl-l-o-fluoro-
benzoylbarbituric acid), halodif (1 — [(3-chlorophenyl) (phenyl) methyl] urea) and meldonium
(3— (2.2, 2-trimethylhydrazine) propionate).

The surface of the modified working electrode was studied by probe microscopy, it
was determined that when the modifier concentration was 10 mg / dm® and the electrode
exposure time was 5-7 seconds, an ensemble ultramicroelectrode system was formed on the
surface, which increases the sensitivity of the test substances. ADTs of various structures
were considered as modifiers: without a substituent, with a carboxyl, amino, and nitro
substituent. The choice of a specific modifier (namely, a substituent in the structure of
areadiazonium salt) depends on the chemical structure of the analyte. It has been established
that when modifying an ADT electrode without a substituent for determining meldonium and
halodif, it is more preferable in view of the highest sensitivity and reproducibility, whereas for
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barbituric acid derivatives (halo), the use of a glassy carbon electrode modified with ADT
with a carboxyl substituent is proposed.

In the future, it is assumed the use of organo-modified electrodes to expand the range
of defined organic substances, including those used as medicinal.

3amuTa BOAHBIX 00BEKTOB OT 3arpsi3HeHNs ¢ UCI0JIb30BAHUEM O0TX0/10B
OT BHIPAIIMBAHUSA MOICOJTHEYHUKA
B.A. Comun, JI.®. Komaposa, A.B. Kyranosa
Anmaiickuti 2ocyoapcmeennulil mexHuueckutl ynusepcumem um. U.U. Ilonsyrnosa
e-mail: htie@mail.ru

@eHoNbl  ABISAIOTCS  OJHMMH M3 Hauboyiee paclpoCTPaHEHHBIX —3arps3HEHUM,
NOCTYNAIONIMX B BOAHBIE  OOBEKTHI €O  CTOKAMH  PA3jIMYHBIX  HPEANPUSATHH:
HedTenepepadaThIBAIOIINX, KOKCOXUMHUECKUX, JIECOXUMUYECKUX, aHUWINHOKPACOYHBIX U JIp.
®eHoabl — BeCbMa TOKCHUYHbBIE COEIUHEHHUS, U MOTYT BbI3bIBaTh HE TOJIBKO OTpPaBIIEHUE
OpPraHU3MOB, HO U 3HAYUTEIBHO U3MEHATh PEKUM OMOTEHHBIX 3JIEMEHTOB U PACTBOPEHHBIX B
BOJI€ Ta30B, MIPEXKE BCEr0 KUCIOPOJIa U YIIIEKHUCIIOro rasa.

OpauMm u3 Hanbosee FPPEKTUBHBIX METOAOB OYHCTKH BOJABI OT (DEHOJIOB SIBISETCS
COpPOLIMOHHBINM, KOTOpBIA IO3BOJIAET JOCTHYb HA BBIXOJE€ M3 OUHUCTHBIX COOPYKEHUH
KOHIICHTPALMi, OIMyCTUMBIX JJIsi cOpoca B BOJOEMBI PHIOOXO3AHCTBEHHOTO Ha3HAUCHHMS.
OpnHako 3a4acTyl0 NPUMEHEHHUE JAHHOTO METOJa OrPAaHWYMBACTCS BBICOKOH CTOMMOCTBHIO
IPUMEHSIEMbIX aJICOPOCHTOB U HEOOXOAUMOCTBIO TIATEIbHON MPeBapUTENbHON OATOTOBKU
BO/bl. B 3T0il CBSI3M MEpCHEKTHBHBIM HAIPABJIEHUEM COBEPLICHCTBOBAHMSI CUCTEM OYHCTKHU
(deHonconepKalluX CTOYHBIX BOJ SBISETCA 3aMeHa TPAaJULMOHHBIX COpOEHTOB Ha Ooiee
JOCTYIIHBIE, KOTOPbIE MOTI'YT ObITh HOJYYEHbI U3 PAa3JIYHOIO ChIPbs, B TOM YHCJE OTXOJOB
pacTeHreBoCTBa. Takoi MoJX0/ MO3BOJISIET BOBJIEKAaTh BTOPUYHBIE MaTEPUAIIbHBIE PECYPCHI,
OTJIMYAIOIINECS BBICOKON CTENEHbI0 3KOJI0rHYeCKOoi 0€30MaCHOCTH.

Takue Mmarepuanbl MOryT OBITh HUCIOJB30BaHbl Kak B HAaTMBHOM BHJE, TaK HU
MOJIM(UIIPOBAHHOM JJIsl yBeNW4YeHUs d(PEeKTUBHOCTH NMpOoTeKaHusi copbuuu. B yactHoCTH,
pHcoBas IIeTyXa U coJioMa MPUMEHSINCh aBTopamu [1] B kauecTBe afcopOeHTa sl OUUCTKH
BoAbl OT (eHona. Jly3sra mojaconHEYHUMKAa U TIpeynuxu oOpabaTbiBanach pazIuYHBIMU
pacTBOpaMM MHUHEpAJIbHBIX KHUCIOT W Ieioued [2, 3], cosomy NIIEHUIBI aBTOPbl [4]
AaKTUBUPOBAJIM METOAOM NHpOJIM3a NpuU Jo0aBieHHMH yronbHOM 3o0mbl. Ilemyxa puca,
MoauUIIMPOBAaHHAS METOJOM MHUPOJU3a ¢ Mocieayromed oopadoTkoit pactBopom KOH,
MOXeT OBITh HCHOJb30BaHA A ajacopOuuu (eHoda M3 BOJbl B HIMPOKOM JMANa3oHe
KOHIIEHTpanui [5, 6]. ABTopamu [7] npenoxkeH cOpOeHT Ha OCHOBE XUTO3aHA, MPOIIEIIIHIA
MarHuTHyr0 o0paboTky. K onHUM U3 moCieAHHMX MOKOJEHHH COpPOEHTOB MOXKHO OTHECTH
MaTepHalbl U3 YriepoJHbIX HAHOTPYOOK, CUHTE3MPOBAHHBIX C MCIOJIb30BAaHUEM PA3TUYHBIX
KaTtanu3aTopos [8, 9].

Llenbto HacTosimied paboOThl SBISUIOCH pa3pabOTKa COPOEHTOB Ha OCHOBE cTeOiei
MOJICOJIHEYHHKA /ISl OYUCTKU CTOYHBIX BOJ] OT ()€HOJIOB.

C 1enpl0 TMOBBILEHUS WX COPOIUMOHHON €MKOCTH OHHM OBLIM TOJABEPrHYTHI
pasNuYHBIM BuAaM Moaudukanuu: kapOonuzamuu npu Temmeparype 200 °C, obpaboTke
ruapokcuaoM Hatpus (500 mr/in) u okcanarom ammonus (0,5 H).

B xone uccrnemoBaHuili ObUTIO BBIICHEHO, YTO A KapOOHH3UPOBAHHOM TryO4aToi
TKAaHH HEBO3MOXHO OIIPEIEINTh MapaMeTpbl MEXaHMUYECKOH NPOYHOCTH M CYMMAapHOIO
o0Bbema Mop BCIIEACTBUE OYEHb PHIXJIOT0 COCTOSHUS MaTepualla, pacChlaroierocs Ha MeJIKue
(dpakuuu qake Mpu HE3HAYUTEIHLHOM MEXaHHYECKOM BO3/eHCTBHH. Bee ocTambHble 00pa3iibl
COPOCHTOB HMMEIOT BBICOKYIO MEXaHHYECKylo mpovdHocTh (98-99) %. MakcuManbHbIid
CyMMapHBIi 00beM TIOp OTMEUEH I HATUBHOW TyO4aToil Tkanu — 21,2 1/T, B TO BpeMs Kak
IIg BHemIHel 000J0YKM cTebiell OH HaxomuTca B auamazone 4,5-7,8 r/r. 301bHOCTH
HAaTUBHOW JTy3TW HECKOJIBKO BBILIE MO CPABHEHUIO C MOAU(PHUIIMPOBAHHBIMU MaTepHallaMu U
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cocrtapisieT 2,8 %, 4TO, BEPOATHO, OOBICHSETCS BBIMBIBAHHEM PACTBOPUMBIX COEIWHEHUN
PU XUMUYECKON aKTUBAIIUU M UX TIEPEX0JIOM B Ta3000pa3Hyto a3y npu MUpOJIH3e.

BiaxxHOCTE Beex MaT€pralioB OKa3aJlOoCh IMIPUMCPHO OJWMHAKOBA — B IIPEACIAX OT 6 %
10 10 %, 3a uckimodeHreM o0osouek ctedis, MOAU(PUIIMPOBAHHBIX PACTBOPOM THIPOKCHIA
Hatpus. Takke 3apUKCUpOBaHA CYIIECTBEHHAs Pa3HHIIA B HACKIITHON IIOTHOCTH MaTEpUAIOB
— BHYTPCHHAA 4aCTh OKasaJlaChb JICTYC BHEIIHEN 000JI0UKH 00Jiee YeM B 5 pas.

MakcuManbHbIE — 3HAYECHUSA €MKOCTH  OBbUIH OTMEUEHBl IS  CcTeOjeH,
Mo HUIIPOBaHHBIX THAPOKcHIOM HaTtpus (104,4 Mr/T), n30TepMa COpOITUY MPU ITOM UMEET
Bux L3 no kmaccudukanum ['miibca, 94TO TOBOPHUT O HAIMYUHU HAPSTY C MUKPOIIOPAMH TaKXe
u me3onop. Ancopoert Al'-3 moka3zan MakCUMAIBHYIO €MKOCTh, HECKOJBKO YCTYIAIOIIYIO
cTeOJIsiM B HaTUBHOU (opme (64,8 mr/T).

Takum 06pa30M, MOXHO CAf€JIaTb BBIBOA O TOM, YTO CT66JII/I MoACOJIHCYHHUKA MOTYT
OBITH UCTIOJB30BAHBI JUTSI YAAJICHUS U3 BOJABI )eHOMA, IPU 3TOM IIelieco00pa3Ha ux oopaboTka
pacTBOPOM I'MAPOKCHIA HATPUS.

N3ydyeHue COpOLMOHHOM €MKOCTM B JAMHAMHUYECKUX YCIOBUSX B Ipoliecce
HUCCIICO0OBaHUA COp6I_[I/IOHHBIX XApaKTCPHUCTHK C0p6eHTOB H606XOI[I/IMO HE€ TOJBKO IJId
OIpeACIICHUA UX €MKOCTHU IO OTHOHICHUIO K HU3BJICKAEMOMY BCHICCTBY, HO TAKXKE HJISI TOTO,
4TOOBI OLCHUTH BO3BMOKHOCTb UX IMPAKTHUYCCKOI0 NPpUMCHCHM.

yCTaHOBJ'IeHO, qTor 3(1)(1)6KTI/IBHOCTL 06CC(beHOJ'II/IBaHI/I$I BOAbl B JWMHAMHWYCCKHNX
YCJIOBUAX BBIIIC IPU HCIIOJIB30BAHHWU B KAauCCTBC 3arpy3Ku creliiell B HAaTUBHOM BUAC U
nocturaet 84 %. [Ipu ncnonp3oBaHUU MOAU(DUIIMPOBAHHBIX CTEONCH MaKCUMAIIbHO M3BIICYb
denon ynanocs nuiib Ha 69 %. [Tocne perenepainun MmakcuManbHasi 3QpPEKTUBHOCTh OUHCTKH
JUISl HATUBHBIX cTe0eit monusunack 10 50 %, mist moauduimpoBanasix — 110 34 %.

Taxum 06pa30M, Ha OCHOBAaHHH IIPOBCIACHHBIX I/ICCJ'IGI[OBaHI/II‘/'I MOXHO CACJIaTh
CJICAYIOMUC BBIBOJABL: UL OYUCTKH BOABI OT (1)CHOJ'Ia MOXXHO IIPUMCHATH MATCpHaJibl Ha
OCHOBE HATHBHBIX CTEOJIEH MMOACOJIHCYHUKA, JIA IPOBCACHHA PCrcHCpALUU HGO6XOIII/IM
no00p APYruX PpacTBOPOB.
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Analysis of the territorial impact of mercury wastes: Problems and solutions
V. Starostina
Irkutsk National Research Technical University
e-mail: vladastarostina@yandex.ru

The mercury electrolysis plant in Usolye Sibirskoye, which was decommissioned in
1998, is a source of mercury pollution, since measures to prevent mercury pollution of the
environment were not implemented after its closure. On the territory of the plant, mercury
remained in building structures, in sludge, in soils, in loose sediments. All of them are
deposited sources of metallic mercury, from where it continues to spread in the air, soils and
groundwater. In order to choose the best method to eliminate the source of mercury pollution,
it is necessary to conduct an assessment of the impact on all elements of the environment and
to identify the places with the highest mercury contamination. In addition, to propose
environmental protection measures those are aimed at eliminating the main sources of
metallic mercury release to the environment from the decommissioned mercury electrolysis
plant. During the environmental impact assessment of the investigated object, the following
tasks were performed: an assessment of the existing environmental situation and the state of
the natural environment was carried out; alternative scenarios for achieving the planned
activity were considered, with a justification for choosing the best one.
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O0ocHoBaHMe NapaMeTPOB PeKy/JIbTHBALIMU HAPYLIEHHBIX 3eMellb
npu pa3padorke poccoinei
b.JI. Tansramep, H.B. Myp3sun, /| barxkxaprain
Upxymcerkuni Hayuonanvnoui Uccneoosamenvckuii Texnuueckuti Yuueepcumem
e-mail: go_gor@istu.edu

B Teuenue nocnennero roaa Beiuia aBa [locranosnenus [IpaBurensctBa PO Ne800
ot 10.07.2018 u Ne 244 ot 07.03.2019 o nmpoBeneHUH pEKYIbTHBALMM 3€MEJb, B KOTOPBIX
YKa3bIBAETCS, YTO TMPOEKTHI PEKYIBTUBAIIMN 3€MENIb OCYIIECTBISIFOTCS TIOCIIe 00CIeIOBaHUS
3eMelb, BKIIIOYAIOIIETO CHEMKY ITOBEPXHOCTH, IIOJIEBBIE M JIA0OPATOPHBIC HCCIETOBAHUS
COCTOSIHUSL TOpPOJ M TOYB, WH)XXEHEPHO-TEOJOrMYecKrue M3bICKaHus. TpebGoBaHus
BBINIICYKA3aHHBIX [[0CTaHOBIIEHUIT TTO3BOJISIOT 00Jiee 0OOCHOBAHHO MPHHUMATh TEXHUYECKHE
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pelieHuss MO PEeKyJIbTUBAIMM HAPYHUICHHOW IOBEPXHOCTH C y4yeToM (DaKTHUECKHUX, a He
HPOCKTHBIX JAHHBIX.

CrnenoBarenbHO, pa3pabOTKe MPOEKTa PEKYJIbTUBALMU 3€MeJb  IPEALIECTBYET
JIOCTAaTOYHO MPOJOJDKUTEIBHBIN Nepuo] 00CIe0BaHusl 3eMelb. 3HAUUTEIBHO COKPATHTh
CPOKH 00CIIeJOBaHMSI TEXHOTEHHOr0 peibeda MO3BOJIAET HCIIOJIB30BAHUE TUCTAHIIMOHHOTO
30HIMPOBAHUs U JazepHoro ckanupoBanus [1,2]. Ilpu moAroroBke MCXOJHOTO Marepuasia
JUISl TIPOEKTUPOBAHMS PEKYIbTHBAIIMM HAPYIICHHBIX 3€Melb Ha OOBEKTax POCCHIMTHON
30JI0TOJIO0BIYM OCYLIECTBISIIACH a9POChEMKa MECTHOCTH C IOCIEAYIOIIEH KOMITBIOTEPHOU
00paboTKO# MoTydeHHON HH(OpPMAITUH.

OmnbIT MpoBeeH s MOJIEBbIX PadoT HAa OTPAOOTAHHBIX POCCHITHBIX MECTOPOXKICHHUIX
BBISIBUJI 3HAYUTENIbHBIE PACXOXKACHUS MEXIy (AKTUUYECKUM COCTOSHUEM HapyLUICHHBIX
3eMeNb M MPHUBEICHHBIM B MPOEKTaxX TOpHbIX pabotT. IIpu 3TOM, HECKOIBKO HEOKUAAHHO,
(bakTHYeCKOe COCTOSHUE HAPYIIEHHBIX 3€Melb XapaKTepU30BajIoCh JIYUIIMMHU MOKAa3aTEIIMU
JUISL UX BOCCTAHOBJIEHHUSI, YEM YCTAHABIIMBAJIOCh IPOEKTHBIMHU PELICHUSIMH.

Lenpto pa®OTBl SABNSETCS AaHAIMU3 OMNbITA TMPOCKTUPOBAHUS  PEKYJIbTUBALIUU
HapYIIEHHbIX 3€MEJb Ha 00bEKTaX 30J10TOI00bIUH.

B pabore mnpencraBieH MOCHEIHUNH ONBIT TMPOSKTUPOBAHUS  PEKYJIbTUBALUU
HapyILICHHbIX 3€Melb Ha OOBEKTaX POCCHITHOW 30JI0TOJOOBIYM TIOCHE IPOBEACHUS
o0cre10BaHUSl TEPPUTOPUH U UCCIICIOBAHUS TIOPOJ, CIIATAIOUINX MOBEPXHOCTHBIN CIIOM.

[IpousBeneHo comocraBieHne (AKTHUYECKOTO COCTOSHHS HAapyHIEHHOTO penbeda ¢
TEXHOT'C€HHBIM pelbeOM 3aIPOCKTUPOBAHHBIM B TEXHUYECKOW JOKYMEHTAIIUU Ha pa3paboTKy
POCCBIITHBIX MECTOPOXKIECHUH.

[Ipoananu3upoBaHbl MPUYUHBI PACXOKIACHUS (PAKTUUYECKHX U TPOEKTHBIX JAHHBIX,
M3YYEHBI YCJIOBHS €CTECTBEHHOI'O BOCCTAHOBJICHUS! PACTUTEIBHOCTH HA TEXHOT€HHBIX 3EMIIX
nocne pa3paboTku pocchinei. [lpuBeneHsl pe3ynbTaTbl HAOMIONEHUN 3a E€CTECTBEHHBIM
BOCCTAHOBJIEHMEM pPACTUTEIbHOCTH HA HAPYLIEHHBIX 3€MJISIX B IHpPEleNax PbIXJIbIX
OTJOXEeHUH. JlaHBl  peKOMeHJalMM MO  YCTAHOBJICHHWIO  YIJIOB  BBINOJAKUBAHMS
PEKYJIBTUBUPYEMOI MMOBEPXHOCTH B 3aBUCUMOCTH OT JJIMHBI CKJIOHOB U Mepenaaa BbICOTHBIX
OTMETOK MEX]ly MOJTHOKUEM U TpeOHEM TeXHOT€HHBIX HAChIMEH.

[IpoBeneHo cpaBHEHHE PE3yJIbTATOB MPOEKTUPOBAHMS PEKYJIbTUBALMU HAapyIIEHHBIX
3eMelb Ha OCHOBE IPEABAPUTEIBHOIO OO0CIEI0BaHMS HApYLUICHHBIX 3€MeNb C JIaHHBIMU
IPOEKTOB TOpHBIX pabor. Jlano oOocHOBaHME TyTed  COKpalleHus O0OBbEMOB
PEKYIbTUBALMOHHBIX PabOT.

Uckmouenne paboOT MO BBHIMOJAKUBAHUIO HEOOJBITNX HACHIIEW M 3aCBHINKE METKHX
BIIQ/IMH (BBICOTON MK TIryOnHOM 110 3,0 M) ¢ yriaamu oTkocoB 28—35° CyIiecTBEHHO COKPaTUT
00BeMBbl paboT MO peKylabTHBALMU. [Ipyu 3TOM B YCIOBHSIX €CTECTBEHHOTO BOCCTAHOBJICHHS
PacCTUTEIBHOCTU 3TO HE NMPUBEAET K 3aMETHOMY YXYALICHHIO CaM03apacTaHusl HapyLICHHON
NoBepXHOCTU. bosiee TOro, yuyuThiBas, 4TO PEKYJIbTUBALUS HAUMHAETCS Yalle BCEro Iocie
3aBepIleHHUs] JOOBIYHBIX paboT (CHYCTS HECKOJBKO JIET OT Hayalla SKCIUTyaTallud POCCHIIIH)
CIUIOIIHOE BBINOJIAKMBAHUE TMOBEPXHOCTH MPHUBEAET K YHUUTOKEHHUIO YK€ 3aKpenuBLIeHCs
pPacTUTENFHOCTH Ha Y4acTKaX, HApyIIEHHbBIX B MEPBBII Mepuo/] pa3paboTKH 3aMacoB, U TAKUM
00pa3oM CyIIECTBEHHO 33/IEPKUT €CTECBEHHOE BOCCTAHOBJIEHHE PACTUTEIHLHOTO MOKPOBA.

C yueToM yKa3aHHBIX BbIIIE (PAKTOPOB B pa3pabOTaHHBIX HaMH HPOEKTAX
PEKyJIbTUBALIMK HApYIIEHHBIX 3€MeNlb 00beMbl PadOT ObUIM YMEHBILIEHBI MO CPaBHEHHUIO C
JAHHBIMHM TIPOEKTOB TOPHBIX paboT B cpeaneM Ha 70 % ¢ OJHOBPEMEHHBIM COKpallleHHEeM
CPOKOB BBITMIOJTHEHUS 3TUX pabOT 10 OJJHOTO CE30Ha.
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Prospects for the use of ash and slag waste
A. Tamaraeva
Irkutsk National Research Technical University
e-mail: tamaraeva.amina@yandex.ru

In modern conditions, the problem of utilization of materials from ash, which are the
result of the combustion of coal-fired thermal power plants, is becoming more acute. Their
accumulation in increasing volumes leads to a sharp increase in environmental, social and
economic costs due to the very low level of recycling. Energy production in Russia is carried
out mainly through the operation of thermal power plants, which mainly operate on solid
fuels, and occupy a leading place among environmental pollutants, emissions, discharges and
disposal of solid fabricated waste. Most of the solid fabricated waste, most of them are ash
and slag waste, the method of Hydrosol removal is transported, stored and in dumps.
Currently, the volume of accumulated solid artificial waste of thermal equipment in Russia
reaches 1.3 billion tons, occupying an area of more than 20,000 hectares of land.

As the most mass applications of ash can be noted:

— the elimination of the mining and reclamation of disturbed lands;

— landscape construction, civil works, the device of embankments, backfilling of
trenches, etc.;

— cement production;

— production of concrete products and mixtures, both lightweight concrete products
(aerated concrete, cellular concrete) and heavy concrete used in the construction of critical
and complex structures — tunnels, dams, airfield structures, roads, etc.;

— brick production;

— improvement of soil quality;

— filter material for wastewater treatment;

— insulating material at MSW and other waste landfills;

— application in road construction for the device of road bases and clothes. In addition,
the individual fractions of ash can be used for the following purposes:

— microspheres — for the production of paints and high-quality thermal insulation
materials;

— magnetic fraction — in metallurgy;

—alum inosilicate fraction — in the aluminum industry as a raw material, etc.
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Hcnoab3oBaHue MporpaMMbl pacueTa MoKapHOIro puckKa
AJIsl ONTUMM3ALMH 3aTPAT HA BBINOJHEHUE MPOTHBOMOKAPHBIX MEPONPUATHIH
B.B. Tenerun, b.B. CeBactbsinos, P.O. [llagpun
Hboicesckuii ecocyoapcemeennuviil mexnudeckuu ynusepcumem umenu M. T. Kanawnukosa
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Bomnpocel noxapHoil 0e30MacHOCTH Ha MPEANPUSATUSAX U B MECTaX C MacCOBBIM
npeObIBAHUEM JIIOACH SIBISIFOTCS. OJHUMH U3 TMPUOPUTETHBIX BOIMPOCOB TEXHOCHEPHOI
6e3onacHocTu B Poccuiickori denepamnuu. IT0 MOATBEP)KIaeTCS TTOCTOSHHBI OOHOBIICHUEM
HOPMATHUBHO-TIPABOBOM 0a3bl B 00JACTH IMOKAaPOB3PHIBO3AIIUTEI, PETYISPHO MPOBOAMMBIMU
YUEHHUSMU TI0 3BaKyalldd COTPYIHHKOB U IE€pPCOHANA, MEepHOAMYEcKUM oOydeHuem (pa3 B
3 roma) pyKkoBOAWTENEM NPEANPUATHNH U CTPYKTYPHBIX MOJIpa3AeieHUl IO Iporpamme
MO’KAPHO-TEXHUYECKOr0 MUHMMYyMa. He CMOTpsl Ha BBILLIENIEPEUUCICHHBIE MEPBHI, MOXKApPHI,
BJICKYIIME 32 COOON UEIOBEUECKUE KEPTBBI, OOJIBIION MaTepPHATBLHBIN M COIMATBLHBINA YIIepO,
BCE €L IPOUCXOMSAT, UTO MOATBEPKIAET aKTyaAIbHOCTh CHHXKEHHS YPOBHS ITOKAPHOTO pUCKA.

B xome opranumsanmm Oe3omacHOro (yHKIIMOHUPOBAHUS OOBEKTOB SKOHOMHUKH
COOCTBEHHUKU CTalKUBAIOTCA C MPOOJEeMOM BBINOJHEHUS TpeOOBaHUN OOecTeyeHHs
NOXXapHOH 0€30MacHOCTH. JTO CBS3aHO C BBITOJHEHUEM MEPOIPHITHH, BICKYIIHX 32 COOOM
KpyIiHble (DUHAHCOBBIE W MaTepUalbHBIE 3aTPaThl, KOTOpPHIE MOTYT TMOBJIEYb 3a CO0O0I
BPEMEHHOE  IIPUOCTAHOBJICHHE  HSKOHOMHMYECKON  JI€ATEIbHOCTH,  BBITEKAIOIIEE U3
CTPOUTENBHBIX PaboOT.

Lenbto paboThl SBISUICS aHaAJIW3 3aKOHOJATEIBHO YCTAHOBJIEHHBIX TpeOOBaHUM
MoXKapHOH 0e30macHOCTH Ha OOBEKTaX SKOHOMHUKHA M B MECTax C MAacCOBBIM MPEObIBAHUEM
Jrozied ¥ BO3MOKHOCTH UX B3aMMO3aMEHSIEMOCTH.

[loka3aHbl CIOXKHOCTH TPUBEICHUSA 3JaHUA M COOPYKEHHM B COOTBETCTBUE C
JEUCTBYIOIIMMHU TPeOOBAaHUAMH IOKAPHON OE€30IMaCHOCTH, CBSI3aHHBIE C MaTepUATbHBIMHU
3aTpaTaMyd M BO3MOYKHOM OCTAHOBKOHM JI€ATENbHOCTU NPEIINpPUSATUS, B Kaue€CTBE HAaWMEHEE
3aTpaTHOTO BapHaHTa MPEAJIOKEHO MCIONb30BAHUE pacuyeTa WHIUBUIYATIbHOIO I0XKapHOTO
pucka.

Pacuer noxapHOro pucka OCylecTBISETCS B COOTBETCTBUU C yTBepxkaAeHHbIMU MUC
P® meronmukamu M CBsI3aH C BBINOJHEHUEM CIIOKHBIX MAaT€MaTHYECKHX BbIUMCIEHUH. Jlnis
YIOPOIIEHHUs BBITIOJHEHUS pacueTa pa3paboTaHbl psiJl MPOrPaMMHBIX MPOIYKTOB, B TOM YUCIIE
Fenix+ 2, ucnons3zyembiii B pabote. OH MO3BOISIET PACCUUTHIBATH MOXKAPHBIA PHUCK TOCIE
BBEJICHHS UCXOJHBIX JAaHHBIX IO 3JaHUIO WA COOPYKEHHUIO M KOJIMYECTBY MPEOBIBAIONINX B
HeM Jirofied ucnoib3ys 3D mopenupoBanue oObekTa. PaccumTaHHBIN MHIUBUIYaTbHBIN
MOYKAPHBII PHUCK, B CIy4ae COOTBETCTBUS YCTAHOBIEHHOMY NMPHEMIIEMOMY 3HAYEHUIO B 10°
0CBOOOXKaeT COOCTBEHHUKA OT MEPOIPHUATHH 110 MOKapHOM 6€30IacCHOCTH CPOKOM Ha 3 roja.
B cnyuae HecOOTBETCTBUS, UCTIONB3Ys Fenix+ 2 BO3MOXKHO BHECEHHE U3MEHEHUI B CIICHApUil
pa3BUTHSA TOXKapa C MOMOIIBI0 KOMIEHCHPYIOIIUX WH)XEHEPHBIX MEpONpUATU, T0OUBasCh
TaKMM 00pa3oM NMPUEMIIEMOTO YPOBHS MTOKaPHOTO PUCKa.

Takum oOpa3zom, Omaromapsi pacdeTy MOXapHOTO PUCKA COOCTBEHHHK OOBEKTa MOXKET
HSKOHOMMTDH CPEACTBA, HEOOXOAUMBIX IJIsi 0OecreyeHHs] MoKapHOH 0€30MacHOCTH, MPHU ITOM
HE Hapymas TpeOOBaHUS HOPMATHBHO-TIPABOBBIX JOKYMEHTOB W COXpaHSSA HEOOXOTUMBII
YpOBEHb TIOXKAPHOI 6€30MacCHOCTH ISl IEPCOHANA, KaK B (PYHKIIMOHUPYIOIMIUX 3aHUSIX, TaK U
B IIPOEKTUPYEMBIX.

Pesynbrarer paboTsl monyuensl B pamax HUP mo rpantam nms yuensix VoxI'TY umenun
M.T. Kanamnukosa, mudpst Ne 20.04.01/18CBB, 20.06.01/18CBEB
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C.C. Tumodeena, M.A. Myp3ux
Hpkymckutl HayuoHanbHuIL UCCIe008aMENbCKULL MEXHUYECKUL YHUBepCUmem
e-mail: timofeeva@istu.edu, misha0009@mail.ru

Wpxkytckas obnacts u3BecTHa B Poccuu, kak oAMH M3 OoraTeMiliuX pEeruoHOB, Te
JO0OBIBAIOTCS TOJIE3HBIE UCKOMAEMbIE, TaKue Kak Oypblii U KaMEHHBIN yroib, Kele3Has pyaa,
POCCBIITHOE M PYAHOE 30J0TO, CTPOUTENIbHbIE MaTepuaibl (FPaHUT, MpaMop, THIIC) U MHOTHE
apyrue. Ha tepputopun ob6sactu ycnemHo paboTarT MPEANpUATHS TOPHOIO0OBIBAIOLIETO
KOMIUIeKca. EsxkeromHo Ha Ttepputopun permoHa PocHenpa m HpkyTckHenpa BbIIArOT
JUIEH3UU Ha I[I0JIb30BaHME Henpamu. Bospactanue uyucia HeEApoNonb3oBaTeleld B
3HAUUTENBHON CTENEHM YBEIMUYMBAET HKOJIOTMYECKYIO HArpy3Ky Ha arMoc(epHbI BO3IYX,
BOJIHBIE PECYpCHI, MJIOJOPOAHBIE 3€MJIM, HA OOBEKTHI PACTUTEIBHOIO M KHBOTHOI'O MHUDA,
CIIe/IOBATENILHO, CO3/IaeT HKOJIOTMYECKHUE ONIAaCHOCTH Wi pucku [ 1-3].

B Hacrosee Bpems 0] 9KOJIOTMYECKOM ONaCHOCTBIO IOHUMAKOT JII000€ U3MEHEHHE
napaMeTpoB (pyHKIMOHMPOBAHUS MPUPOIHBIX, TEXHUUYECKUX WU MPUPOTHO-TEXHUUECKHX
CHCTEM, NPUBOJSIIEE K YXYAIICHHI0 KayecTBa KOMIIOHEHTOB OKPYXKAroIIel cpeasl 3a
CPaHUIIbl YCTAHOBJIEHHBIX HOPMATUBOB [4].

[IprunHON WM3MEHEHHs IapaMeTpPOB KadeCcTBA KOMIIOHEHTOB OKPYKAIOIIEW Cpersbl
MOTYT OBITh JIBa IPUHLIUIINATIBHO PA3IMYHBIX UCTOYHUKA: MPUPOIHBIE MPOIECCHl U SBICHMUS,
OIIPEEIAIOIINE YBOIOLHUIO OKPY/KAIOLIETO MUPA, BTOPOU — AEATEIBHOCTh YesloBeKka. Mepon
HKOJIOTHYECKOT0 PHCKa SIBISETCS MAaTeMaTHYeCKOe OXKUJaHue yiuepOa OIpenenseMoro ajs

188



BCEr0 KOMILJIEKCA HSKOJOTMYECKH OMNMAacHBIX (PAKTOPOB, MPOSBIAIONIMXCS Ha JaHHOU
tepputopuu [5-8].

B cBs3M ¢ 3THUM B KauecTBE KOJIMYECTBEHHON MeEpbl HKOJIOTMYECKOr0 pHUCKa MOXKHO
UCIIOJIB30BaTh II0Ka3aTellb, OJHOBPEMEHHO YYHTBHIBAIOIIUN BEPOATHOCTh HACTYIUICHUS
HEOJAroMpPUsITHOIO COOBITHUS M BO3MOXKHYIO BEJIMYMHY HPUUYMHEHHOTO WM yliep0a Kak
HEIMOCPEJICTBEHHO KOMIIOHEHTaM Treocdep, TaK M YeJIOBEKY. DKOJOTHYECKHIl PUCK MOXKET
OBITH IPHEMJIEMbIM, JONYCTUMBIM U YPE3MEPHBIM.

Lenpro Hacrosmiei paboOTHl SBUIACH pa3pabOTKa METOTUKH OICHKH KOJIOTHYECKHX
PUCKOB, CO3/1aBa€MbIX TOPHOJOOBIBAIOIIMMH  MPEANPUATUAMUA O  HUHTErPaJIbHOMY
MI0KA3aTeJIo MbUICBBIICICHUS.

B xawectBe 00BEKTOB wHcclenoBaHUsT ObUIM  BBIOPaHBI HamOoJiee KPYITHBIE
ropHojoObIBatone npeanpusatus Mpkyrckoit o0nacTv, HMMEIOIIME CTPAaTErMYECKYIO
3HaYMMOCTh JJIsl JAHHOTO PErvWOHa B DKOHOMHMYECKOM IIIaHe, Takue kKak ¢mman OO0
«Kommnanusa «Boctcubyronb»: «Pa3pes Azelickuit» (0ypsiil yrois), «Pa3pe3 UepeMxoBCKU»
(xamenssiii yrosb); OOO «Tpaitnunry (kamenssiii yrons); OAO «Kopmrynosckuit 'OK»
(cxenesHas pyna); OAO «Bricouaiimmii» (3010TOHOCHAsS pyaa), AHracolbCKHil 11e0eHOYHBIH
3aBox (¢pmman OAO «IlepBast Hepyanas komnanus (rpanut), 3AO «HyKyTCKHIl TUTICOBBIN
Kapbep» (THIIC).

CaMbIM  pacnpOCTpaHEHHBIM IMPOLIECCOM, MPHUCYTCTBYIOIIMM Ha BCEX JTamax
pa3paboTKU MECTOPOXKIEHHSI, HAYWHAs OT €ro MOATOTOBKM M CTPOUTENIHCTBA, BCKPBIIIHBIX
pabot, BeaeHUsT AOOBIYHBIX PA0OT M 3aKaHUYMBAs KOMILJIEKCOM pEKYJIbTUBAIMH 3E€MEJb,
ABIISIETCSl MpOIlecC MblIeoOpa3oBaHus. YBelIMUeHUE oObeMa JOOBIYHBIX PabOT HEU3MEHHO
CONPOBOXKIACTCSI MHTEHCH(UKAIMEH TpolieccoB mbuieoOpaszopanus [9—10].

Ha wmccnenoBaHHBIX TPEANPUSATHAX C HCIOJIB30BAHWEM IPOTPAMMHOTO KOMILIEKCA
Golden Software Surfer ObLTM OLIEHEHBI 30HBI PACHIPOCTPAHEHUS MBUIEBOTO 3arpsi3HEHUSI OT
UCTOYHUKOB IO JEHCTBHEM JBIJKEHHS BO3IYIIHBIX MacC, pPACCUYUTAHBl HHJIEKCHI
3arps3HEHUs1 aTMoc(epsl MBUTBIO, MBLUIEBasi HArpy3Ka Ha MEPCOHAN, YKOJIOT0-IKOHOMHYECKHUI
yiiepd mo U3BECTHBIM MeToauKaM [22, 23].

JUisi OLIEHKH HSKOJIOTMYECKOTO0 PUCKA TOPHBIX MPEANpPHUITUN MO MbUIEBOMY (hakTopy
NPEUIO’KEH MHTErPAIbHBIA MOKa3aTelh SKOJIOTHYECKOTO PUCKa Mo mbuieBoMy (akTtopy Kop,
KOTOPBII IpencTaBiseT co0oil cyMMy yAEIbHBIX BBHIOPOCOB NbUIM B aTMocepy, miomanb
30HBI TBUIEBOTO 3arps3HEHUs M JOMYCTUMOIO CTaxa padoThl B YCJIOBUSAX 3allbUICHHOCTH
paboueii cpebl.

K., =VHM3A+V3I13+VIIH | (1)

rae VU334 — ynenbHbId UHAEKC 3arpsi3HEHUs: aTMoc(epsl OT MBI B 30HE BEJIEHUSI TOPHBIX
paboT, onpezensieMblii Kak OTHOIIEHHE (PAaKTUUYECKOTO0 MHJAEKCa 3arps3HEHHs aTMoc(epsl K
CTETIEHU 3arpsi3HEHMs, XapaKTepu3yeMoW Kak «cinabo3arpsi3HeHHas» (JaHHas CTeleHb
BbIOpaHa B BHJY BO3MOXHOCTM CAaMOBOCCTAHOBJICHHUS OKpY’Kalolled cpeabl Mocie
yCTpaHEHUS! HICTOYHMKA 3aTrPSA3HEHHUS);

V3113 — ynenpHbIl TEpPUTOPHAIBHBIA (COLMANIBHBIN) PUCK PaclpOCTPAHEHHUS IBLUIM B
30HaX BEJEHUS TOPHBIX padoT, onpeAensieMbli Kak OTHOLICHHS MUIOIIAAN 30HBI MbLIEBOTO
3arpsasHenus 1o [1JIK k miomanu caHuTapHO-3aIlUTHON 30HBI;

VIIH — ynenbHbI JOMYCTUMBIN CTax paOOThl MEPCOHANA B 30HE BEJACHUS TOPHBIX PadoT,
onpeneNnseMblii Kak OTHOIIEHHE JOMyCTUMOro cTaxka paboTsl mpu pomyctumoit 11K
3aMbUIEHHOCTH paboyeil cpelibl K TOMYyCTUMOMY CTaKy MPHU CYLIECTBYIOIIEH 3albUIEHHOCTH;

C noMOIIBI0 JAaHHOTO IOKa3aTensl MOSBISAETCS BO3MOXHOCTb OLIEHMBATh YPOBEHb
pucka B  KOHKPETHOH  aJMUHHUCTPATUBHO-TEPPUTOPHUATBHOM  eauHuIEe  CcyObeKTa,
OTHOCHUTEIJIbHO PerruoHa B 1ejaoM. B Tabn.]l mpuBeneHbl pe3ynbTaThl OUEHKU SKOJIOTHMYECKOi
OIACHOCTH I'OPHBIX NPEIIPUATUH.
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Tabmuma 1. OneHka SKOJOTUYECKONW OMACHOCTH TOPHBIX MPEIPUATHN
Ha OCHOBaHUHU KOMILJIEKCHOTO IMOKa3aTeNs IKOJIOTMYECKOT0 pUcKa

HuTerpanbHbiit
HauMeHOBaHME NPEATPHATHS MoKasareib YpoBeHb YKOJIOTHUECKOM
9KOJIOTHYECKOT0 pHUcKa OIACHOCTH
110 MBUIEBOMY (haKTopy
dbunmman «Pazpe3 «A3zerckuii 16,11 UpesBbIualiHbIN
AHTracoibCKuil eOEHOYHBINA 3aBO/T 10,24 Bricokuii
00O «TpaitmuHr» 10,16 Bricokuii
¢dbunmman «Pazpe3 «UepeMxoBCKUi» 10,06 Bricoknii
OAO «Kopmynosckuit 'OK» 6,9 Cpennuii
3A0  «HykyTCKMH  THIICOBBIH 6.11 Cpennuit
Kapbep» '
OAOQO «Bricouanninii» 6,1 Cpennuit

Hcnonp3oBanue AAaHHOTO TIIOKa3aTeiisl, HECMOTPSA Ha €ro YCIOBHOCTH, IMO3BOJIACT
CPaBHMUTb IKOJOTMUECKYIO0 00CTaHOBKY B pailoHaX (pyHKLMOHUPOBAHUS TOPHBIX MPEANPUATHH
H OIIpCACIINTD COOTBGTCTBYIOI.HI/IIZ KOMIIJICKC MCP IJI CHHUXKCHHA SKOJOTHYCCKHUX PHUCKOB. Kaxk
BUIHO U3 Ta6JII/IIII)I 1, BBEICOKHI YPOBCHBb 3KOJIOTMYECKOI'0 pHCKa BBIABJICH B OCHOBHOM B
paiioHax (yHKIIMOHUPOBAHUS TOPHBIX MPEANPUATUH, CHICIHATU3UPYIOMIUXCS Ha TOObIUE Y
U rpaHuta. B mepByro ouepelb, 3TO CBSI3aHO €O cHeUU(UKON BEAECHUS TOPHBIX paboT
(,Z[O6LIBaeMOFO ChIpbA, MPOTAKCHHOCTH T'OPHBIX BLIpa6OTOK, BCTPOBBIX XapPaKTCPUCTUK B
palloHax JAaHHBIX MECTOPOXKICHMI), a TaK K€ TEXHOJOIMH BEIEHHUs IOOBIYHBIX paboT u
HpHMeHHeMOﬁ JJIs1 3TOT'O TEXHUKMU.

B pesynpraTe OLICHKM HaMM IOATBEPXKJIEH HEOCHOPUMBIM (akT — MbUIEBOE
3arpA3HCHHUC HOCUT KaTaCTpO(l)I/I‘{CCKI/Iﬁ XapaKTEp M OKa3bIBACT HCTATHBHOC BOSI[Gf/iCTBHG HE
TOJIBKO TMOCPCACTBOM 3arpsa3HCHUs 4YaCTULlaMW TBIIN aTMOC(bepHoro BO31yXa, HO H
6J'II/13J'Ie)KaH_II/IX TeppHTOpHﬁ, noaBsepras 3arpsa3HEHUI0 TaKKE BOAHBIC U 3€MCIIBHBIC PECYPCHI,
HapylIllas €CTeCTBEHHBIE MPOIIECCHI CYIIECTBOBAHUS (UIOPHI U (hayHbI, BbI3bIBasi HEOOpAaTHUMBbIE
MOCJICACTBHA 3J0POBbA YCIIOBCKA.

HpI/IMeHeHI/IC U Pa3BUTHUC HpGI[JIO)KGHHOfI METOAUKN IIO3BOJIUT COIIOCTAaBUTH
9KOJIOTUYCCKUEC PUCKU paSHOO6pa3HBIX TOPHBIX HpeI[l'IpPIHTPIfI, 4TO paHee OBUIO HEBO3MOIKHO
B CWIy NPUHIUIHUAIBHBIX PA3NMYAA MEXAy HUMH. B CBOIO ouepenb, HCIOIb30BAHHE
MCTOOHNKH JacT YCTKOC MMpeACTaBJICHUC (6] paﬁOHax Hauoboee MMOABCPIKCHHBIX
HEeOJIaronpusITHOMY BO3JIEHCTBUIO TOPHOJ00BIBAIOIIIETO KOMIIJIEKCA. [Tono6noe
paI>'IOHI/IpOBaHI/Ie IIO3BOJIMT BBIACIUTH 30HBI 9KOJIOTUUYECKOM OIMIaCHOCTHU, KOTOPLIC CTAHYT
HCJICBBIMU JIA BHEAPCHUA MepOHpI/ISITHfI 10 CHMKCHHIO 9 KOJIOTMYCCKUX PUCKOB.
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CneunajJn3upoBaHHbIA MOKAPHBIH U3BeNIATEb
JJIsl pAHHET0 OOHAPY:KEeHUsI CAMOBO3TOPAHMS YIJIsl
C.C. Tumodeena, I .. Cmupnos, C.C. Tumodeen, C.U. JlaTtpimena
Upxymckuii HayuoHanbHblll UCCIe008aMENbCKUL MEeXHUYECKULl YHUGepcumem
e-mail: sstimofeeva@mail.ru

VYronpHas INPOMBIIUIEHHOCTb SIBISETCS. OAHOW M3 OCHOBHBIX COCTaBJISIOLIMX
TOTIJIMBHO-3HEPIreTHYECKOTO KOMIUIeKca W 3KOHOMHMKH Poccum. Ilpm stom cnemmduka
OTpaciy TaKoBa, YTO NMPEANPUSITUS, CBSI3aHHbIE C JOObIUEH, XpaHEHUEM, TPAHCIIOPTUPOBKOH 1
UCIIOJIb30BAaHUEM YIUI, SBISAIOTCA WCTOUYHUKAMU SKOJIOTMYECKUX M JIPYTMX PHUCKOB.
MHOro4NCICHHBIMU HCCICNOBAHUSAMU YCTAaHOBIIEHO, YTO 3HAYMTENbHAs YacTb YIOJIbHBIX
aBapuii, CBA3aHHBIX C TOXapamMH W B3pbIBAaMM, NPUBOIAIIAS K HauOojee MacmTaOHBIM
KEepTBaM, 3HAUYUTEILHOMY MaTepUalbHOMY U HKOJIOTMYECKOMY YyiuepOy, B TOW WM HMHOU
Mepe MPOUCXOIUT B PE3yJIbTaTe€ CAMOBO3TOPAHUM YIS

JUid IpeloTBpallEHUs] YIpPO3bl CaMOBO3TOPAHMs YIS, BOSHUKAIOLIEH B MPOLIECCE €r0
CaMOHarpeBaHus, a TaKKe U pa3pabOTKH YCTPOUCTBA, CIIOCOOHOTO CBOCBPEMEHHO BBISIBHTH
HPU3HAKU TaKOW yrpo3bl, HEOOXOAUMO HMMETh YETKOEe MpeACTaBIeHUE 00 3TUX Hpoleccax.
OpnHako yrosip SBJISETCS JOCTATOYHO CJIOXKHBIM OOBEKTOM i uccienoBaHus. B cuimy
00JIbIIOr0 Pa3HOOOPA3Us KaK CBOMX (PU3MUECKUX M XMMHUYECKHX CBOMCTB, TaK M Pa3JIMYHBIX
BHEUIHUX YCJIOBMM Ha pPa3HBIX CTAJUSAX €ro XU3HEHHOrO IMKJA, BCE €IIE HEJ0CTaTOYHO
ONMCAaHbl IPOLECCHl €r0 CaMOHArpeBaHUsl W CaMOBO3TOpPaHUs, CYILECTBYIOIIME MOJEIH
UMEIOT B OCHOBHOM BEPOSTHOCTHBIN XapakTep, 0 CHX MOp HE CYIIECTBYET OOIIETPU3HAHHOK
TEOpUH, OOBIACHAIOWIEH OSTH mpouecchl. TeM He MeHee, MeETOAbl OOHApYyKEHUS
CaMOBO3TOpPaHUIl YISl TTOCTOSTHHO COBEPIICHCTBYIOTCS M JalOT CBOM pe3ynbTarhl. Bee, 0e3
UCKJIFOUEHHSI, METO/Ibl OOHAPYKEHHsI 10)KapOB OCHOBAHbI Ha TOM, YTO JIIOOBIE SIBJICHUS, B TOM
YyHClie MPOLECCHl CaMOHArpeBaHUs U CaMOBO3TOpPaHUs, COINPOBOXKAAOTCA (PU3HUYECKUMU
IIPOSIBJIEHUSIMU JTUX IIPOLIECCOB — B JAHHOM CIIy4ae 3TO U3MEHEHHE TEMIIEpPaTypbl, ra30BOr0
COCTaBa, MOSBJICHUE ABIMOBBIX YACTHII, HATMYKME DJIEKTPOMArHUTHOTO M3JIYYEHUS Pa3InYHBIX
JMana3oHoB U Apyrue. Jns pa3paboTumka W3BELIATeNs IJIABHBIM SIBISIETCS KPUTHYECKOE
3HauUE€HUE H3MEPSEMOro MapaMeTpa, KOTOpOE€ CBUIETEIbCTBYET O HayaBIIEMCS IOXape,
OJIHAKO JMHAMMKA Pa3BUTHS TPOLECCA CAMOHArpeBaHUsl TaKXKE SBISIETCS BaKHOU
XapaKTEepUCTUKOM 3TOro mpolecca U MOXKET MO3BOJUTH CHENaTh BBIBOJBI O BEPOSITHOCTH
NIEPEX0/1a CAMOHAIPEBAHHUS YIS B €70 CAMOBO3TOpaHHUE.

B mnocnenHue roapl MIMPOKOE pPACIPOCTPAaHEHHWE IONYYMIIM HW3BELIATeNd OOIIero
Ha3HAYEHUs, XapaKTepu3yeMble Kak MYJIbTUKPUTEPHAIbHBIE U MYJIbTUCEHCOPHBIE, Oarogaps
ux Oosee BbICOKOH 3(PPEKTUBHOCTH 3a CUET YMEHBIICHUs BpeMEHH OOHapy>KeHHs Mokapa U
Jy4dIed 3aluThl OT JOXHBIX cpabaTteiBanuil [1-7]. Takol Mmoaxoj BIOJHE MOXKET OBITh
OPUMEHUM M ONpaBJaH JUlsl U3TOTOBJIEHUS HE TOJIBKO I M3Belareneil o0Iero Ha3HayeHus,
HO U CHeIUaJu3UpOBaHHBIX u3Bemarened. HeobxogumocTs pa3paOOTKM  MMEHHO
CHELHMATU3UPOBAHHOTO H3BelaTenss OoO0yCIOBJIEHAa TEM, YTO SHAOTE€HHBbIE MOXaphl MMEIOT
CYLIECTBEHHbIE OTJIMYUS OT OSK30T€HHBIX M M3BeUIaTeNu OOIero Ha3HAueHHsS B JIAHHOM
cllyyae He MOTYT 00ecreduTh He0OX0IMMOT0 YPOBHS MOKApHOU G€30MaCHOCTH.

Lenp Hacrosimed pa®OTbl — MPEACTaBUTh KOHCTPYKUMIO W TPUHLUI PaOOTHI
CHEIUAIIN3UPOBAHHOIO  MYJIBTHCEHCOPHOTO  M3BEWIATENd  acHUpalMOHHOTO  THIIA,
paszpaboranroro Tumodeeroii C.C., Cmupnoseim .U [8].

B crathe paccmoTpeHa KOHCTpyKuMs paspabotaHHoro corpyauukamu MPHUTY
MOKapHOr0  M3BeUIaTeNs, IMOo3BoJsAonias (QUKCHUpOBaTh MNPHU3HAKM  HAYMHAIOLIETOCs
CaMOBO3IOpaHusl yIJIsl M JPYrMX BELIECTB, CKJIOHHBIX K CaMOBO3TOpaHUSAM €€ [0
(dakTHYEeCKH HauyaBIIETrocs MoXKapa - Ha CTaJAUH caMOHArpeBaHusl.
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I'maBHOI1 OCOOEHHOCTBIO M3BEHIATENS SBJSETCS TO, YTO M3MEPEHUE TEMIIEpaTyphbl U
3a00p mpo0 BO31yXa MPOM3BOIUTCS HEMOCPEACTBEHHO B MecTaxX, HauboJsee MoJBEP:KEHHBIX
pUCKy camoBosropanusi. Kpome Ttoro, mpuGop sBIsSETCS SHEProHE3aBUCHUMBIM Oiaronaps
OpUTMHAJIIHOM KOHCTPYKLMU HCTOYHUKA DJIEKTPOIIUTAHUS, & M3MEPEHUE HECKOJIbKUX
apaMeTpoB MOXKAPOOMACHOW CpeJlbl 3HAUUTEIBHO MOBBIIIAET HAJCKHOCTh U JIOCTOBEPHOCTh
0OHapy>XKEHHUS] CAMOBO3TOPAHUS.

W3Bematenb UMEET psJi  CYIIECTBEHHBIX IMPEUMYIIECTB IO CPaBHEHHIO C
UCIIOJIb3YEMBIMU YCTPOUCTBAMM:

1. KouTponbp u3MepseMbIX MapaMeTpoB OCYLIECTBIISETCS HEMOCPEACTBEHHO BHYTPH
Macchl CBIIIY4YEro TrOpIOYEro Marepuana Onmarojapss HOMEUICHUIO Ty[a YyBCTBUTEIBHOIO
9JIEeMEHTa, KOHTPOJHUPYIOIIEr0 TeMmmepaTypy U  BO3IyX03a0OpHHKA JUIsl  APYTUX
YYBCTBUTEJIbHBIX 3JIEMEHTOB, HAXOJSIIMXCS B BBIHECEHHOM M3MEPUTEIBHONH KaMepe,
MOCPEACTBOM KOHCTPYKTHUBHOTO 3JIEMEHTa H3BEUlaTessi, YTO IIOBBIIIAET TOYHOCTH U
HAJIeKHOCTH PabOThI U3BELIATEIS.

2. DIIeKTpONHUTAHNE yCTpoiicTBa obecrnieurBaeTcs OCPEACTBOM
TEPMODJICKTPUYECKOTO T'eHEepaTopa, BHIPAOATHIBAIOIIETO  SJEKTPOIHEPTUuio  Ojaromaps
pa3HOCTH TEMIIEpaTyp MEXKIy Harperoil Maccoil KOHTpoiMpyeMmoro obpasua u Oonee
XOJIOIHOW  OKpYXKalumied  Ccpeaod, YTO B  COBOKYNHOCTH C  HMCIOJIb30BaHUEM
paauonepenaTidka B KauecTBe (pOpMHUpOBATENS TPEBOXKHBIX COOOIIEHUN 00ECIednBaceT ero
ABTOHOMHOCTb U MOOUJIBHOCTb.

3. Bo3aMOXHOCTh TOYHOW HACTPOUKH MprOOpa (COOTHOIIEHUE YPOBHEH TeMIIepaTyphl,
KOHLEHTPALUU JBIMOBBIX YACTHI] U MHUKATOPHBIX T'a30B) MOKET IIO3BOJIUTh BBISBIISITH O4aru
CaMOBO3TOpaHusl €Ile Ha CTaJAuM CaMOHArpeBaHMs [JIs KaXJ0ro KOHKPETHOrO BHIA
KOHTPOJIMPYEMOTI'O BEIIECTBA.
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Briax JjiecHbIX M TOP(PSAHBIX MOKAPOB B 3arpsi3HeHne aTMmocdepbl
Ha TeppuTopun UpKkyTtckoii od1acTu
C.C. Tumodeena, C.C. Tumodees, B.B. ['apmbites
HUprymcekuitl HayuoHanbHblll UCCIe008aMeNbCKULL MEeXHUYeCKULl YHUgepcumem
e-mail: timofeeva@istu.edu, misha0009@mail.ru

[Ipu ananuse CTaTUCTUYECKUX JAHHBIX YCTAHOBJIEHO, YTO Ha Teppuropuu Mpkyrckoit
00JacTu eXeroaHo B CpeHEM BO3HHKaeT Oosee 1,3 ThiC. IPUPOAHBIX MOXKAPOB, B PE3yJIbTaTe
KOTOPBIX BBITOPAIOT JECSTKH THICSY FEKTAPOB JIECHBIX MACCUBOB U YTOJIHIA.

Uccnenoanusamu [1-9] ycTaHOBIEHO, UTO ABIM U TOKCHYHBIE MPOAYKTHI TOPEHUS,
BbIJIETISIEMbIE B PE3YJIbTAaTE MPUPOIHBIX MOKAPOB OTHOCATCS K HanboJiee onacHbIM (hakTopam,
TaK KaK TPUBOJAT K OTPABICHHIO W THUOENH JIOACH, W 3arps3HCHHIO NPUPOIHON CpEIbl.
TonmpkO ¢ OJHOTO TEKTapa ropsmiero Jieca B armocdepy BoiOpackiBaetcst ot 80 mo 100 T
JIBIMOBBIX yacTHIl U 10—12 T cMecH Takux ra3oB, KaK OKCHJ YIiepoja, TUOKCHUI YIiIepoJa,
OKCHJIBI Cepbl M a30Ta, aleTaJIbJEeTHI, alleTOH, aKPOJICHH, MPHYEM JbIM JIECHBIX IMOKapoB
COCTOUT M3 Kareb CMOJIbI, BOJISHBIX ITAPOB, Ta3000pa3HbIX BEIIECTB U CAXKH.

YcTaHOBNEHO, 4YTO  3alMoOBble  BBIOpOCHI B arMochepy  IKOTOKCHKAHTOB,
00pa3yromuxcsi Mpu MNPUPOIHBIX MOKapaX, BHOCAT JOMOJHUTENBHBIN BKJIAJ B 3arpsi3HEHUE
OKpPYKArOIIeH Cpeflbl, UTO OCTaBISIET B Mocieaaue roael 6onee 10 % ot o0imiero koimyecTsa
3arpsi3HSIONIMX ~ BELIECTB, IMOCTynarommx B atMochepy UWpkyrckoit obmactu  oT
CTallMOHAPHBIX UCTOYHUKOB 3arps3ucaus [10,11].

Llenpt0 HACTOSINErO MCCIEIOBAHUS SIBISCTCS OICHKA BKJIANA JICCHBIX U TOP(MSHBIX
MO’KapoB B 3arpsisHEHUE aTMocdepsl Ha TeppuTopun MpKkyTckoii 001acTu.

VcxonHbIMM JAaHHBIMU JJIsl HACTOSIIETO HCCIEAOBAaHUS SIBHJIUCh CTATHCTUYECKHE
JTAHHBIE O JIECHBIX U TOP(MSHBIX IMOXKApax, MOJIydeHHBIE 3 OHUIHATIBHBIX HCTOYHHUKOB.

Ha ocHOBaHWMM CTaTHCTHYECKUX [AHHBIX, a TaKKe MOHUTOPHHTA IIOCIIEACTBUI
JIECHBIX, TOPQSHBIX TOKAPOB, HM3YUYEHHUS MPOLECCYAIbHBIX JOKYMEHTOB 110 PacCiIeJOBAHUIO
U ONHMCAHUIO TOXAPOB HAMM ObUIM PACCUUTAHbl KOJMYECTBEHHbIE MOKAa3aTEIH CrOPEBLIMX
IPUPOJHBIX MaTepraioB Ha TeppuTopun Mpkyrckoii obmactu 3a 2011-2018 rr.

[Ipu cpaBHEHWM WHIEKCOB 3arpsi3HEHHS OT CTAI[MOHAPHBIX HCTOYHUKOB (pacueT
BBITIOJIHEH I10 IaHHBIX €XKETOHBIX JIOKJIAZ0B O COCTOSTHUM OKpYsKarolien cpesl B UpkyTckoit
00JTacTH) M JIECHBIX, TOPQSHBIX MOXKAPOB YCTAHOBIECHO, YTO BKJIAJ JIECHBIX M TOPQSHBIX
noxkapoB gocturaer 23,0-9,6 %, cpennee 3Hauenue 3a § ner 16,8 %. YcraHoBieHO, 4TO 3a
nepuon 2011-2018 rr. B cpeHeM B pe3ynbTaTe JIECHBIX, TOPQSAHBIX MOXKApOB B aTMochepy
€XKeroJIHO BBIOPACHIBANIOCH A0 259,12 ThIC. TOHH 3arpsI3HSIONINX BEIIECTB

JlecHplie 1 TOp(sIHBIE TIOKAPbl BHOCAT CYIIIECTBEHHBIH BKJIA/I B 3arpsi3HEHUE aTMOC(EphI
Upkyrckoit obmactu. Kpome 3arpsisHeHust atmocdepsbl peanusyloTcss U Jpyrue
HEeOJIaronpusITHbIE HKOJIOTMYECKUE TOCHeNCTBUA. B dYacTHOCTH, mpH TOpPQSHBIX MOXKapax
TOpEHHE MPOUCXOJUT MEIJICHHO H3-32 OTCYTCTBHS KHCJIOPOJA M PACHPOCTPaHIETCS HE TaK
OBICTPO, KaK Ha MMOBEPXHOCTH, MPOUCXOUT (POPMUPOBAHUE BBHITOPEBIINX MYCTOT U CYIIECTBYET
BEPOATHOCTH NMPOBAIUTHCA B MporopeBunii Topd. JlecHsle U TophsiHbIE MOXKAPHI NPUBOAAT K
YHUYTOXKEHHUIO JIECOB HAa OTPOMHBIX TEPPUTOPHUSX W MOTYT OBITh OJHOW W3 BO3MOXKHBIX
NpUYMH KaTacTpoduueckoro HaBoaHeHus B pkyrckoil obmactu B utone 2019 1.
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Search for the main sources of losses in the blast smelting process of lead production
D.T. Tolepbergenov?, M.A. Sadenova', P.S. Varbanov?
'D. Serikbayev East Kazakhstan State Technical University
2Sustainable Process Integration Laboratory — SPIL, NETME Centre, Faculty of Mechanical
Engineering, Brno University of Technology, Brno, Czech Republic
e-mail: msadenova@ektu.kz

Non-ferrous metallurgy is the industry branch that occupies an important place among
other sectors of Kazakhstan. A whole range of marketable products is presented on the
territory of the republic, including 25 types of non-ferrous, rare, scattered and noble metals.

The strategic direction of the development of metallurgy is to increase labour
productivity and resource efficiency through the integrated use of raw materials, the
extraction of valuable components and the improvement of product quality. One of the main
steps to achieve the goals of lead production is the processing of lead-containing industrial
products and the additional extraction of valuable components. Improving this process will
increase the efficiency of concentrate (raw material) processing and that of metal extraction.

Lead processing and smelting plants work with both primary and secondary raw
materials. Primary lead is mined, separated from ore, and refined into various products,
whereas secondary lead is recovered from used objects — such as used lead-acid batteries — for
reuse in other products. Smelting is a key process in lead production, and involves heating the
lead ore or recovered lead with chemical reducing agents.

The main raw materials for the production of primary lead are sulphide lead
concentrates. Due to the trends in recent years, the ore deposits are depleting. As a result, for
the extraction of lead, raw materials with increasingly complex composition are used, which
directly affects the process efficiency.
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In the world practice, the following methods of processing lead-containing materials
are commonly used:

Traditional sintering — blast furnace smelting. The traditional lead smelting process
usually includes lead concentrates sintering, lead smelting and lead bullion fire-refining. Coke
is used as a reductant for treating the lead oxide to lead bullion.

ShuiKouShan Process (SKS). SKS lead smelting process known as bottom oxygen
blowing smelting-blast furnace reduction process.

ISA lead smelting process. The ISA smelting process, a submerged lance top-blown
smelting technology jointly developed by Mount Isa Mines (MIM) and Commonwealth
Scientific and Industrial Research Organisation (CSIRO) is a high-intensity nonferrous
smelting process. Through continuous improvement in last several years, ISA can be used in
copper, lead, zinc and tin multi-materials systems [1].

Hydrometallurgical production of lead consists of the following operations:

— the conversion of lead compounds into soluble forms;

— leaching of lead-containing product;

— cleaning solutions;

— precipitation of lead from pure solutions.

The practice of the existing metallurgical company is the smelting of lead concentrates
and intermediate products in the ISA furnace, which replaced the environmentally harmful
traditional technology of sintering-blast furnace smelting, which increased the efficiency of
processing concentrates, and also improved the efficiency of trapping SO, and uncontrollable
emissions of lead. Lead ISA Slag is used as the raw material of a lead-blast reduction furnace.
Lead bullion obtained during reduction smelting is sent for further refining to commercial
grade lead.

During of processing lead-containing materials by blast reduction smelting, lead Isa
slag, slag-forming (iron-containing concentrate, fluxing) and reducing agent (coke) are loaded
into the furnace.

The considered flowsheet for processing lead-containing materials is presented in
Figure 1.

| Lead ISA Slag | | Iron Concentrate |

| Limestone | Coke |

| Quartz | N l i

Blast reduction smelting

NN

A

Purified
Dust Slag Lead bullion Matte Blast furnace
gases reverts
Lead ISA . Fuming - Copper ISA
smelting Alr process Lead refining smelting

Figure 1. Flowsheet of processing lead-containing materials
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Blast reduction smelting is one of the important process in lead production.

The research in [2] studied ways to reduce the loss of the pyro-metallurgical process.

One of the causes of losses may be the presence of contaminations in the recycling
streams causes a shift in the original composition of the materials to recycle. As a
consequence, their quality may decrease with each recycling step. To account all losses
caused by recycling contaminations, all downstream recycling processes required to bring the
materials back to the resource cycles must be included [3].

The researchers' work is aimed at improving this section not only in the framework of
reducing losses during the smelting process and identifying sources of losses, but also
reducing volatilization of impurities such as As and Sb should occur as early as possible in the
process, and preferably within the smelting furnace, so that they do not contaminate the
industrial environment nor interfere with the operation of downstream equipment. [4].

Also identified factors affecting the efficiency of the furnace. A high CO,/CO ratio
and low temperature of the stack gases will result in a lower coke consumption [5].

In the process of blast reduction smelting, a significant amount of recycled material is
formed.

To increase end-to-end extraction, multiple processing of recycled materials is
increased, which leads to lower productivity, higher fuel and reducing agent costs. Loss of
metals in slag is a widespread problem in various branches of metallurgy, both ferrous and non-
ferrous. The researchers divided the losses into chemical losses and mechanical losses.
Chemical losses refer to the dissolution of metal in the slag. Mechanical losses are entrained
metal droplets which do not settle and do not end up in the underlying matte or metal phase [6].

Blast reduction smelting consists of individual chemical reactions that occur
components of ISA slag and blast furnace reverts during processing into the furnace. At this
time, there are three main processes: recovery, slag formation, and also gas formation.

The reducing agent in the blast furnace uses gaseous carbon monoxide (CO) produced
by burning the coke loaded in the furnace. It contains lead particles, which contain lead
oxides (as well as silicates, ferrites and lead), which reduce them to metal and are oxidized to
carbon dioxide, which turns into a solid carbon atom and turns into carbon monoxide, which
can reduce carbon and lead particles. Slag formation consists in joining and alloying together
elements of gangue: quartz, limestone, iron oxide and other metals. This process proceeds at
temperatures above 1000 ° C. A similar technology is used in China.

At the first stage, the period of the work of blast reduction smelting twelve months of
2018. Figure 2 shows the mass of the loaded and processed quantities of blast furnace reverts.
The minimum amount of blast furnace reverts has been loaded in the mid-year increasing of
input recorded in the last month of the year.

The month's processing of the mixture of blast reduction smelting (lead ISA slag, iron
concentrate) ranges from 35.5 thousand tons to 41.1 thousand tons it depends on increasing or
decreasing the process involved blast furnace reverts.

Over the past year, 46.68 kt of blast furnace reverts were recycled. The average
content for 2018 year of this material is shown in Figure 3.

The yield of the target product (lead bullion) is decreased because of increase in
circulation of revert materials. This circulation increases due to increase in the production and
processing of revert material in the three-month of 2018 (September, November, December).
Possible reason for this could be a change in the composition of the mixture, including the
lead content in input ISA slag.

It was revealed that with the decrease in the lead content of the mixture of lead ISA
slag, iron concentrate, the yield and accordingly, processing of blast furnace reverts are
increasing. The increase in the share of blast furnace reverts in loading reduces the output of
the target product of blast smelting.
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Figure 3. The content of components of blast furnace reverts

Figure 3 shows the presence of valuable components in the composition of blast
furnace reverts 18 % lead, 8 % zinc, 7 % copper, these components must be recovered to
increase through extraction and economic indicators of the company.

To determine the sources of losses and reasons for the decrease in the output of the
target product technological flowsheet of pyro-metallurgical processing of lead-containing
materials was analyzed. In order to determine the main patterns and factors that can have a
significant impact on the optimization of existing technology, allowing to increase the
efficiency of resource use the main parameters of the process of blast reduction smelting were
reviewed in the period January to December 2018. It was found that the degree of extraction
of lead during the specified period ranges from 87.2 to 96.7 % and does not correlate with the
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amount lead-loaded materials. Assumed that one of the main steps to increase the productivity
of mine recovery smelting and reduce losses lead may be a decrease in the overall circulation
of materials of blast furnace. By controlling the composition of the charge being loaded and
the content of the components in the feed stream of lead Isa slag, an increase in the efficiency
of the reduction smelting process is expected to increase the yield of lead by reducing losses.
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In recent years, an intensive study of processes involving biogas as an alternative
source of not only energy, but also raw materials for petrochemical production began in the
world due to the inevitable exhaustion of non-renewable energy sources and raw materials for
petrochemical production. Methane and CO, are major components of biogas. The
development of the scientific foundations of its use as a raw material for the production of
liquid motor fuels and a number of other products seems to be an urgent task, since biogas is a
renewable raw material [1,2]. Synthesis gas is a modern environmentally friendly fuel that
burns without harmful impurities. On the other hand, synthesis gas is the basis of
petrochemical syntheses. The work complies with the principles of green economy: i) the use
of renewable raw materials — biogas; ii) the involvement of greenhouse gases - methane and
carbon dioxide, in the process.
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Both noble metals and oxides as well as supported on various types of carriers are
used as catalysts for the carbon dioxide conversion of methane. However, in recent years, new
types of highly active catalysts made in the combustion process have appeared. Self-
propagating high-temperature synthesis (SHS) [3] and in particular its modern modification —
solution combustion synthesis (SCS) [4,5] is a new method of obtaining a modern class of
catalysts of various uses based on metals, alloys, oxides, spinels, etc. The mode of a strong
exothermic reaction (combustion reaction), in which heat release is localized in the layer and
transferred from layer to layer by heat transfer is carried out in the SHS process.

The aim of this work is to develop new catalysts for the conversion of model biogas (a
mixture of methane with carbon dioxide) into synthesis gas, which will contribute in the
future to the organization of a new environmentally friendly energy-saving production.

Catalysts based on Co and Al were prepared by the SHS method in solution — solution
combustion synthesis. The second series of catalysts was prepared by the incipient wetness
impregnation of dispersed a-Al,O3. The structure of catalysts was determined by complex
methods. The catalytic reaction was carried out at 750, 800, 850 and 900 °C.

Characterization of catalysts

The following reactions are possible in the process of solution combustion synthesis,
Table 1.

Table 1. Reactions during combustion in a solution
of the SCS Co(NO3), + AI(NO3)3 + H,O + urea system

Reactions Remarks
2AI(NO3); + 5CH4N,0 + Co(NO3), — Co +
CoO + CoAly + CocAl, xO3 + 5CO, + 8N, + | 500 °C. The total reaction
10H,0

Al,O3 + C — Al + CO,, CoO +C — Co

Carbon is formed by burning urea and
reduces oxides to metal

AH®7¢ = -3352 kJ/mol, exothermic

Al + O, — Al,O3 reaction. The reduced metals can partially
oxidize or react with another metal
AH®;7g = —475.8 kJ/mol, exothermic

Co+ O, — CoO ;
reaction
Al203 + CoO — CoALOs, Al205 +CoO — Synthesis of spinel, endothermic reaction
C02A|O4
Co + Al — CosAly Synthesis of intermetallic compound

The composition of the initial mixture, combustion conditions and final catalyst
compositions are shown in Table 2.

Table 2. The initial compositions of salts, final catalyst composition and preheating
temperature of solution

Starting compounds Preheating, T, °C Composition of catalyst
60 % CO(N03)2 + 40% Al(N03)3 + 500 CoAl,04, CoyAlO4, C0304,
60 % urea + 3ml H,O CoO, Al, AlCo
50 % CO(N03)2 + 50% Al(N03)3 + 500 CoAl,04, CoyAlO4, C0304,
60 % urea + 3 ml H,O CoO, Al, AlCo
40 % CO(N03)2 + 60% Al(N03)3 + 500 CoAl,04, CoyAlO4, C0304,
60 % urea + 3 ml H,O CoO, Al, AlCo
30 % CO(NOg)z + 70% Al(NOg)g + 500 CoAl,04, CoyAlO4, C0304,
60 % urea + 3 ml H,O CoO, Al, AlCo
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XRD analysis

The resulting catalysts had a similar qualitative composition, but differ in the phase
ratio.

Increase in the concentration of AI(NOs); in solution led to increase in the
concentration of both Co,AlO, and CoAl,O4 spinels in the final product. The concentrations
of intermetallic compounds were several times lower than that of spinels and practically did
not affect the general pattern of increasing the concentration of spinels with increasing the
AI(NOs3); in initial mixture. The concentrations of spinels are significantly higher than CoO
and are comparable to those of Co30,.

The concentration of AI(NOs); plays an important role in the deformation of the
crystal lattice. The higher the concentration of AI(NO3)s in the initial solution of mixture, the
more Co?* ions (0.72 A) replace the AI** ions (0.51 A) in matrix. This is illustrated by the
observed increase in the size of crystal lattice of spinel and cobalt oxides. Structural changes
of intermetallic compounds and aluminum are not observed.

The average crystallite size of the obtained catalysts was estimated from the width of
the XRD peaks. The results presented in Figure 1 show that the average particle size
decreases with increasing the AI(NO3); content.
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Figure 1. Dependence of the crystallite size from concentration of AI(NO3)s:
1 - CoAl,04 (511), 2 — C0,AlO, (511), 3 — Co304 (511), 4 — CoO (200), 5 — AlCo (200),
6 — Al (311)

The surface area of the all obtained catalysts was measured by the BET method. The
areas are quite close and vary in the range of 33.1-33.4 m?/g.

SEM analysis

After studying the samples by XRD analysis, the produced catalysts were examined
with a scanning electron microscope to study the structure and morphology of the surface.
Catalysts containing 30 % and 60 % Co(NOs), in the initial mixture, synthesized during
preheating to 500 °C, were studied, Figure 2. SCS catalysts are nano materials. An EDS
analysis was also conducted to determine the composition. CoAl,04, Co,AlO, (cubic), CosAly
(cubic), Co304, Al u CoO (cubic) have been found.

Co

[.

40 210 280 350 420 490 560 630 700 keV

Figure 2. SEM images of catalyst with the initial composition of batch 30% Co(NOs), + 70%
AI(NOs); at T =500 °C and EDS of catalyst at the point indicated in photo
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Catalytic results

Catalysts obtained by solution combustion synthesis were tested in the process of
carbon dioxide conversion of methane in the temperature range from 750 to 900 °C. Results
of the conversion of CH,4 and CO,, as well as the H,/CO ratio in the reaction products for the
most active catalysts 60 % Co(NO3), + 40 % AI(NO3)3 and 30 % Co(NO3), + 70 % AI(NO3)3

are shown in the Figure 3.
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Figure 3. Conversion of CH, (a) and CO; (b), H2/CO ratio (c), H yield (d) and CO (e) for
SCS Co-catalysts depending on the reaction temperature of the carbon dioxide conversion of
methane: 1 — 60 % Co(NOg3), + 40% AI(NO3)3 + 60% urea, 2 — 30 % Co(NO3), + 70 %
AI(NOs); + 60 % urea. GHSV = 860 h™

The results show that 100 % CH, conversion is observed on a catalyst containing 30 %
Co(NO3), + 70% AI(NO3)s. This catalyst also shows the 100% conversion by CO,. The
H,/CO ratio in the reaction products is 0.8-1.2 on both catalysts. An increase in the reaction
temperature leads to an increase in the H,/CO ratio due to the growing proportion of the
dehydrogenation reaction. The 1 : 1 ratio is very important for the Fischer Tropsch process
and the production of such ratio is possible on these catalysts. The conversion of CH, also
reaches 100% at a temperature of 900°C in the presence of 60 % Co(NO3), + 40 % AI(NO3)3
catalyst, while the CO, conversion reaches only 86.2 %. Yields at this temperature reach
99.2 % H, and 85.4 % CO, Fig 3. Tests on 30 % Co(NOs), + 70 % AI(NO3); catalyst showed
that the maximum 100 % conversion of CH, and CO, were achieved. The yields reach 99.2 %
H, and 99,1 % CO at 900 °C.

The effect of space velocity is more important for the conversion of CH,4 than for CO,
conversion, and since methane is the source of hydrogen in this reaction, the H,/CO ratio
decreases with increasing the space velocity. This phenomenon can be explained by the fact
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that the size of CH4 molecules (3.99 A) is almost twice as large as CO, molecules (2.3 A).
Therefore, the adsorption and desorption of CHs molecules is more limited than that of CO,
molecules under reaction conditions at high space velocity. The stability of catalyst was also
investigated at GHSV 3300 h%, at which the highest catalytic activity was observed.

A study of the activity of 30% Co(NO3), + 70% AI(NO3)3 + urea catalysts prepared by
SHS and impregnation methods in the carbon dioxide conversion of methane was carried out
at 850-900°C. It was found that the values of the process parameters are quite close with
advantage of the SCS method.

Since CoAl,O, spinel is the main catalytic component, the CH,4 conversion depends on
the parameters of the crystal lattice of this spinel. In CH,, the C—H bond length, which must
be broken in accordance with the reaction mechanism, is 1.54 A. In spinel, the size of the
crystal lattice varies from 1.559 to 1.561 A. Change in the parameters of the crystal lattice
occurs due to an increase in the Al content in the crystal lattice of cobalt oxide. These
parameters are very close to the C—H parameter. Therefore, the 60% Co(NO3), + 40 %
Al(NO3); and 30 % Co(NO3), + 70 % Al(NO3); catalysts demonstrate high activity.

As for the conversion of CO,, the length of the C-O bond in CO; is 1.43 A. Co,Aly,
which is present in these catalysts, has the closest lattice parameters. Higher conversions are
observed on the 30 % Co(NO3), + 70 % AI(NO3); catalyst than on the 60 % Co(NO3), + 40 %
Al(NO3); sample, Fig 3. Perhaps this is due to the fact that in the 30 % Co(NO3), + 70 %
AI(NO3); catalyst, the CoxAly phase has a lattice parameter of 1.423 A, which is close to the
required 1.43 A. Thus, the activation of the C-O bond takes place presumably on Co,Al,.

Thus, the catalysts were prepared by SCS and incipient wetness methods based on
Co(NOs)2-Al(NO3)s-urea systems and extensive studies of their properties and activity in the
reaction of carbon dioxide reforming of methane (model biogas) were carried out. The
analyses of Co(NOj3),-Al(NO3)s-urea catalyst using XRD, SEM, TEM and BET methods
provided useful information in understanding the catalytic activity of catalysts. The reasons
for catalytic activity have been identified.

The influence of the composition of initial components on formation of spinels, which
were active in the reaction of reforming of model biogas, was established. The concentration
of AI(NOs3); plays an important role in the deformation of the spinel crystal lattice. The
maximum conversion was observed on the studied catalysts. Maximum conversion, hydrogen
yields up to 99% and CO up to 85 % were observed on the studied catalysts. There is some
advantage of SCS catalysts in comparison with the catalysts prepared by the traditional
impregnation method in the processes of dry reforming of methane.
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The best available technologies in oil production
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The article justifies the need to use new environmentally-friendly, resource- and
energy-efficient technologies in oil production. The implementation of such technologies
reduces the negative effects on the environment. In international practice, they are referred to
as the best available technologies (BAT). The article analyzes the technologies for oil
production which could be recommended for implementation in Siberian business.

Post-treatment of anaerobic digestate using composting technology
Y. Zeng
Shandong University, Qingdao, China
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The influences of practical parameters upon composting of digestate were
investigated. The yardsticks for evaluation were digestate stabilization, nitrogenous emissions
mitigation and self-heating potential. The results suggest choosing an "active™ bulking agent
like dry wood chips (WC) which served as free-water and nitrogen sink through composting.
At an optimal volumetric WC: digestate mixing ratio of 4:1, nearly 90 % of the initial
NH,4"/NH; were fixed, which reduced significantly nitrogenous emissions. This mixing ratio
also improved the stabilization and self-heating potential. Using small particle size WC
increased narrowly O, consumption and reduced NHj; emission. Storing used WC prior to
recycling reduced 40 % N,O emission compared to directly recycled WC. Recycling compost
helped to decrease NH3; emission, but quadrupled N,O emission. The optimal aeration rate
(15 L h™) kg OMo) which was lower compared to composting of organic waste, was enough
to ensure the O, supply and ameliorate the self-heating potential through composting of
digestate.

Economic and environmental impacts of different types
of environmental regulation
Z. Qi
Chongging University, Chongging, China,
e-mail: zhugicqu@163.com

To combat the negative externalities of the environment, China has implemented
different types of environmental regulations. Based on the review of literature and policies
analysis three types of environmental regulations, i.e., the command-and-control regulations,
the market-based regulations, and the information disclosure ones. Then, by collecting data
and using a series of indicators, this paper conducts a research on China’s current economic
and environmental situation. Furthermore, following the construction of spatial econometric
model, the current research investigates and compares the economic and environmental
effects of these three types of regulations.

The report results turn out that :(1) different types of environmental regulation have
different time cycles. The environmental effects of command-controlled regulation are greater
than those of other types, which are mainly negative to the economy. The effect of market-
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based regulation is not obvious in China, and this is because it requires a longer period of
time, and (2) Spatial data show that the effect of environmental regulation varies in different
regions of China, , indicating that the operation of environmental regulation tools is related to
the stage of regional economic development.
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Onenka pucka yrposbl 310pOBbI0 HaceeHus I. ToMcka
NPHY MHTAJISINMOHHOM BO3/1eficTBMU BPeJAHbIX BellleCTB
K. Yepnsimkuna, A. Bropymmuna, FO. AnuiieHnko
Tomckuii nonumexHuyeckuti yHugepcumem
e-mail: karinachernyshkina@gmail.com

JUist OLIeHKH KadecTBa aTMOC(EpHOro BO3/yXa U BIMSHMS €r0 Ha 3710POBbE HACEIECHUS
OBLIM MPOAHATU3UPOBAHBI IaHHBIE TOCYAAPCTBEHHBIX JOKJIAI0B MO BHIOpOCAM 3arps3HSIOMINX
BemecTB 3a 2014-2018 rr., u maHHBIe, HpeACTaBisieMble clyx00i MoHutopuHra OI'BY
«ObmKOMIIPUPOIAY.

OueHka pucka 3J0pOBbI0 HAaCEIEHUs TPOBOIMIachk coriaacHo meroauke P 2.1.10.1920-
04 «PykoBOICTBO IO OLEHKE pHCKAa JJISI 3J0POBbSI HACEJIIEHWS MPH BO3JACHCTBHH
3arps3HSIOIMX BEIIECTB», C IOMOIIBI0 pacueTa Koddduuumenra omacHoctu. PacueTs
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IPOBOAMIINCH TUIs pPEeKpeanoHHbIX 30H o JECITH 3arpsI3HAIOLIIM
BEIIECTBAM,TOCTYIAIOIUM UHTATISIIUOHHBIM CIIOCOOOM.

Pe3ynbraTtel pacuera moKaszajiu, YTO 3HAUEHUS HHJEKCA OMACHOCTU MPEBBILIAIOT
0e30macHbIil YpOBEHbB ISl ME/IU, YTO TOBOPUT O PUCKE YTPO3bI 3JI0POBBIO.

OO6mmit mokasarenb KaHIEporeHHOro 3¢ @dekTa OOyCIIOBIEH HaJU4YUeM IpUMeceit
KaHIIEPOTEeHHOT 0 Xapakrepa: hopManbaerui, GpeHoa u 6eH3(a)nupeH, KOTOPbIe MPEICTABIISIOT
TEOPETUYECKHUI JIOMOJHUTENbHBIM KaHIIEPOT€HHBI PHUCK MOJYYEHHUS OHKOJIOTHYECKOTO
3a00J1€BaHU.

Bnusinue dpopmanbaeruia Ha yeinoBeKa: MUTPeHb, OOJIE3HU TJ1a3 U OTEK JIETKHX.

CpenneroioBasi KOHIICHTparus Gopmaibaeruia mo ropoay cocrasuia 0,015 mr/mC,
MakcumanbHasi U3 pa3oBbix KoHueHtparus 0,449 mr/m® (9 TIJIK) ormedena B CoBeTckom
paroHe.

OCHOBHBIM HCTOYHUKOM BO3HUKHOBEHUS OeH3(a)nupeHa spistorcs TOLl, korenbHbIe,
He(TEXMMHUYECKUE TIPOU3BOICTBA, TOPOJCKHAE CBAIKH, BBIXJIONBI aBTOTPAHCIIOPTA.

CpenneronoBas koHueHntpauus 6ens(a)nupena cocrapuna 0,7 IIJIK. MakcumanbHas
U3 cpeHeMecsuHbIX KoHuentpanus — 2,3 [TK. [2]

®enon mpeacraBiseT co0o0il OeclBETHbIE KPUCTALIBI, 00JafaeT crenupuyecKum
3armaxom.

CpenneronioBasi KoHIeHTpalus (eHoua mo ropoay cocrasuia 0,001 mr/m® (0,2 TTAK).
MaxkcumanbsHast U3 pa3oBeix koHneHtpammid (3,1 I1/IK) Oputa oOHapykeHa B JIeHMHCKOM
paiioHe.

OO1muit KaHIEPOT€HHbIN PUCK COCTABUII 2,23:107,

XapakTepucTUKa  pUCKAa  pa3BUTHS  HEKAHIEPOTeHHbIX  3ddexToB  mpu
KOMOWHHUPOBAHHOM U KOMIUIEKCHOM BO3JICMCTBUU MPOBOJAMUTCS HA OCHOBE pacyera MHICKCa
omacHocTH. [Ipu OTAeNbHBIX MapuIpyTax MOCTYIUICHMH XMMHYECKOTO BEUIECTBa B OPraHu3M
YEJIOBEKa KPUTEPUEM PHCKA SIBIISETCS CYMMAapHBIN MHACKC OMACHOCTH.

[To maHHBIM pacyeTa MHIEKC omacHOCTH cocTaBui 10,99, BkIOUarONMii cymMMapHbIe
WHJIEKCHI OMACHOCTH: JIJIsl KpOBEHOCHOM cucteMbl — 0,23, st opranoB apixanus — 10,57, mist
I[IHC - 0,19.

[Tpu xordduIeHTe OMacHOCTH TMPEBBIMIAONIEM EAMHUILY BEPOSTHOCTh PA3BUTHS y
yenoBeKka BpeAHbIX 3G (EeKTOB BO3pacTaeT MPOMOPIUOHATBFHO YBETUYECHHUIO WHAEKCA
OIACHOCTH.

Jns sxureneit 1. ToMCKa CyIIECTBEHHOE BO3JEHCTBUE XUMHUYECKHX BEIIECTB
OKa3bIBa€TCSI HA OpraHbl JbIXaHUs M HMMEET TEHJICHIIMIO K €XEroJHOMY YBEIUYCHUIO
3a00J1eBa€MOCTH HACEJIECHHSI, YTO MOJITBEPKIAETCS TaHHBIMU TOMCKCTaTa.

Hudposas Tpanchopmanus ropHoa00bIBAIOIIUX NPEeANPUATHII cCIOCOOCTBYET
PAlMOHAJILHOMY MCII0JIb30BAHHUIO PECYpPCOB
C.A. llIBequna
HpKyn’ZCKUZZ HaL;MOHaJZbellZ uccvzedoeameﬂbcxuﬁ meXHulleCKUZZ YHUsepcumem
e-mail: shvedsv@istu.edu

[IpuoputeramMn HAYYHO-TEXHUYECKOTO Pa3BUTHUSA B Cepe T'eOJOrHIeCKOr0 HU3YUICHUS
HEJp, TOUCKOB, OICHKH W Pa3BEIKH MECTOPOKICHHUN TOJE3HBIX HCKOMAEMBIX SIBIISIOTCS:
co3ganre A((OEKTUBHBIX MPOrPAMMHBIX CPEICTB W AJITOPUTMOB I aHaiW3a OONBIINX
MAacCCHBOB T'€OJIOTHUECKON HWHGpOpMAIMM W €€ BH3yalM3allud C BBICOKUM pa3pelieHHeM,
nepexo/1 K MepeIoBbIM MU(DPOBBIM, HHTEIUICKTYAIBHBIM H POOOTOTE3HPOBAHHBIM TEXHOJIOTHIM
MPOU3BOJICTBA U WHTEPHPETAIIMUA TEOJIOTUYECKUX AaHHBIX. EauHblii GoHI reonornueckoit
nH(pOpMaIUK 0 HeApax 0OecIeunBaeT mepexo] Ha UG POBBIE TEXHOJIOTUN cOopa, 00paboTKH,
HAKOIJICHUS W TPEJOCTaBIIEHUS B TIOJH30BAHWE TIEPBUYHOM U HWHTEPIPETUPOBAHHON
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reosiorndeckoil nHGoOpMaIMK; TOCTYI B OHJIAH peKUMe K HH(POPMALIMOHHBIM T'€0JIOTHYECKUM
pecypcaM pa3M4HOTO YPOBHS;, Nepexo] Ha LU(POBOE YIPABICHHWE HEAPOINOIH30BAHHEM B
COOTBETCTBUH C TpeOOBaHUAMH ITUGPOBOI SKOHOMUKH [1].

Bo3MOXXHOCTH, KOTOpbIE OTKpbIBaeT HHU(POBas SKOHOMHUKA, C KaXIbIM JHEM
MIPUBJIEKAIOT BCe 0OJIbIIee KOJTUYECTBO YUACTHUKOB SKOHOMHYECKOI CUCTEMBI BO BCEM MHUPE,
KKIBbIH U3 KOTOPBIX CTPEMUTCS MMHU BOCIIONIb30BaThcs. B pesynbTare Takoro mporecca
BO3HUKAET MHOXKECTBO Pa3HOOOpA3HbIX WJEH, MHULIMATUB, TOTCHLUUAIbHBIX ITyTEH pa3BUTHS
[2-5]. TpaguuyoHHass KOMIIAaHHS MPEBPAIIACTCS B KOMIIAHHIO C «IU(PPOBBIM MBIIUICHHEM,
npoxonas mnytb 1udpoBod Tpancopmaruu. Cam MOPOIYKT, NpearaeMblii TaKUM
NPEINPUSTHEM PHIHKY, TOKE CTAaHOBUTCS HUGPOBBIM [6]. Accenture cuuTaer, 4To HQPpoBOE
HOPEINpHUITHE OTKPHIBAET BO3MOXHOCTH JJISi HOBBIX OIEPAI[MOHHBIX MoOJeled M OuzHec-
IPOIIECCOB, MIATPOPM MOAKIIOYCHHBIX MPOAYKTOB, AaHATUTUKN U KOJUIEKTUBHOW pabOTHI 1ist
MOBBIIMICHUST TPOAYKTUBHOCTU [7]. PWC cBsi3bIBaeT TepMUH «IIU(POBOE MPEANPHUATHE» C
koHuenuue «Munyctpus 4.0», nenmas axkneHT, NPeXJIe BCEro Ha HM3MEHEHUH chepbl
MPOMBIIIIEHHOTO Tpou3BoACTBa [8]. MOXHO pe3loMHpOBaTh, YTO TMOJ  «IH(PPOBHIM
HpeapUATHEM)» TOHUMAIOT UHTETPALIMIO CUCTEM aBTOMAaTU3allUK IPOMBILIUIEHHOTO YPOBHS C
OusHec-puiIokKeHusIMU. Takoe OOBbEAMHEHHWE TMO3BOJSET CO3AaTh  E€AUHBIM  IUKI
IUTAHUPOBAHMSI, UCIIOJIHEHUS, yUeTa U aHajau3a AESTEIbHOCTU IMPEANPUSTHS, TOBBICUB TEM
caMbIM THOKOCTh CHCTEMBl YINpaBICHUS M PAAUKATbHO COKPATUB BpeMsl peakiuu Ha
M3MEHEHHUE BHEIIHEW U BHYTpeHHEN 06cTaHoBKH [9].

OObekTamMH HCCIIEeOBaHUS BBIOpPAHBI BEAYIIME MPEANPUSATHS TOPHOM OTpaciu:
[TAO «HK «Pocuedtp», OO0 «MHK», OO0 «Boctcubdbyronpy, [TAO «CYIK-Ky3b6accy,
[TAO «"azmpom-HedTH», [IAO «HK «Pyccuedts», AO «I[lonumeranm» u ap.

B nacrosmiee BpeMs B LEISX ONTUMU3ALNUN OCBOCHUSI MECTOPOXKACHUN U MOBBIILIEHUS
SKOHOMHH (PMHAHCOBBIX CPEICTB, TPYAOBBIX U TEXHOJOTMUECKUX PECYPCOB y POCCUNUCKHUX U
3apyOeKHBIX TOPHHOJOOBIBAIONINX KOMIIAHWN TIOBBIMIAETCS WHTEPEC K T€OJOTHYECKHM
MGpoBeIM  MojeIsIM  MecTtopokaeHuid. Ilo  ompenenenuto, 3TO  MpeACTaBICHHE
MPOAYKTUBHBIX IUIACTOB M BMELIAIOUINX UX I'€OJOTHYECKON cpesibl B BUAE Habopa HHu(pOBBIX
KapT (IBYXMEPHBIX CETOK) MM TpexMepHbIX ceTu syeek [10]. Ee moctpoeHne HeoOXoaumo
JUISL U3YYEHUSI U YTOYHEHHS T€0JIOTMUECKOr0 CTPOEHUSI MECTOPOXKICHMs, Oosiee NeTalbHOTO
aHaM3a M OLIEHKUM TEKYIIEro COCTOSHUS pa3paboTku. KauecTBeHHas u JeTanbHas
reoJoru4ecKasl MOJENb IO03BOJISET IMOBBICUTH HAJAEKHOCTh U aJ€KBATHOCTH IPOTHO3HBIX
pacyeToB MokazaTelneil pa3paboTKH, MOBBICUTh PAMOHAIBHOCTD MCIIOJIb30BaHUS PUPOAHBIX
U TEXHOJOTMYECKHX PECYpCcOB, OTpalbOTKy 3anexu Ha ucromeHue [l11]. B pesynprate
UCCIICIOBAaHUS  BBUICHWJIM, 4YTO MCIIOJAB30BaHME IM(PPOBOM MOAETH SKOHOMHYECKU
1es1eco00pa3Ho HE TOJNBKO JUIs Pa3BEeIKH, HO W JUIS HKCIUTyaTallud MECTOPOKICHHUSA. 3/1eCh
OHA MpPEACTaBISET COOOW €IMHOE AJIEKTPOHHOE XPAHWIMIIE WH)KEHEPHOM U (UHAHCOBOM
UHpOPMALIUU O KaX/I0M IPOU3BOJICTBEHHOM 00beKTe akTHBa. JIF000il COTpyIHUK, HMEIOIINN
JIOCTYI, MOXXET IOJIyYUTh aKTyallbHblE JTaHHBIE O JIFOOOM TEXHOJOTMYECKOM IIpoliecce M
CBOEBPEMEHHO NPUHATH HEOOX0AMMOE pelnieHne (pUcyHok 1).

NudopmaninonHoe MOAETUPOBAHUE TO3BOJWIO COKPATUTh MEPHOJl pealu3aluu
npoekTa pa3pabotku  HoBomoproBckoro wmectopoxieHus I[TAO «["asnpom-He(dTs» OT
MIPOCKTHPOBAHUS U CTPOUTEIIHCTBA JI0 BBOJA B DKCIUTyaTaluio MecTopoxaeHus Ha 30-40%
[13]. OO0 «MHK» Taxxe oTMeyaeT, 4TO NpPUMEHEHHE IM(PPOBONH MOJEIU IO3BOJISET
NOBBICUTh 3(P(GEKTUBHOCTh YNPABIEHUYECKUX pEIIEHUH, MpPeAoTBPaTUTh KpPUTHYECKHE
CUTYallu1, TEXHOJIOTUYECKUE aBapUM, CHU3UTH 3aTpaTbl U CPOKHU BBIIIOJHEHUS PEMOHTHBIX
paboT, TMOBBICUTH O€30MacHOCTh MPOU3BOACTBEHHOM AestenbHOoCcTU. [losTomy sBisieTcs
OJIHUM U3 TPUOPUTETHBIX HAMPABICHUM TEXHOJOTUYECKOIO pa3BUTHSA IPEANIPUATHS.
Bricokast croumocTs pazpabotku (~ $40 000) oxymaercsi 3HaUNTENFHOM YKOHOMHUEH TEKYIITUX
3arpar.
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Pucynok 1. Ilpumep cBoaku kommnannu SAP® miis pykoBoauTens UGPOBOTO
MecTopoxaeHus [12]

Lenp ympaBiaeHuss pa3pabOTKOM MECTOPOXKACHUS TIOJE3HBIX MCKOMAaeMBIX —
MaKCHUMAaJIbHO MPUOIM3UTE (aKT MO AOOBIYE U MEPOTIPHATHSM MO MECTOPOKICHHIO K TUIaHY C
MUHHUMAJIbHBIMU 3aTpaTaMu CPEJCTB U BPEMEHU — ONTUMU3UPOBATH MPOLIECC TIAHUPOBAHMS,
MOOBIYM, TPAHCIIOPTUPOBKH W T. 1. JlJs €e JOCTH)KEHHS B TOCJICIHUE JCCSTh JIET MHOTHE
BEIylIME MHUPOBbIE KOMIAHUM TOPHOM OTpacid AaKTUBHO HCHOJB3YIOT podacTHOE
yrpapieHue, oOmaynbie u [oT TeXHONOrWHM, MAmIMHHOE OOYYCHHE I ONTHMH3AIUN
MIPOU3BOJCTBEHHBIX IpoueccoB [14]. B ycrnoBusix BBICOKOW CTENEHU HEONPEAEIEHHOCTH
MPOEKTOB TIPU pa3pabOTKE MECTOPOXKACHUN ONpenesieHue IeJeBbIX ToKazaTteled u
HAXO0XJICHHWE pEeIIeHU CrmocoOCTBYeT OO0ECIEeUeHUI0 IOCTHMKEHHsS JTHUX TOoKa3aTelned C
3aIaHHOM BEPOSTHOCTHIO W IO3BOJISET YBEIUYUTh DKOHOMUYECKYIO 3(P(HEKTHBHOCTH
JIEeSTeNbHOCTH KoMmmnaHuil. PobacTHoe yIpaBieHHE MMO3BOJSET MPOTHO3HPOBATh YPOBEHBb
pYcKa W BBIOpAaTh CTPATETMI0 WHBECTUPOBAHUS W PpeATU3AlMH TMPOEKTOB MO IEJIEBBIM
OpPUEHTHpPAM C YYETOM HMEIOIIUXCS TE€OJOTHYECKUX, TEXHOJOTMUYECKUX M 3KOHOMHYECKHX
HEONPENENEHHOCTE. A  OTKPBITBIA JOCTYNl K JAaHHBIM TIOBBIIIAET OIEPAIMOHHYIO
s dextuBHOCTh. Takoil MOAXOI OTHOCHUTENBHO MPOCTO HMHTEPHPETUPYETCS B TEKYIIUE
MIPOU3BOJICTBEHHBIE U yMpaBlieHUecKue 3ana4uu u nokazarenu KPI qoObram u apyrux BUAOB
JESTENILHOCTH KOMIaHUM; (POpPMHpYET CHCTeMY MOAAEPKKU MPHUHITHIA PElIeHUH Ui BCETro
MepcoHajia KOMIIAHUM, B T. Y. JIJISl TEXHHUYECKUX CIIEIUATMCTOB, T€0JIOTOB, Pa3padOTUHKOB,
TeXHOJIOroB. OH MO3BOJISIET HE MPEBBIIATH JHOMYCTUMBIM YPOBEHb PUCKA MO KaXJAOMY BUIY
paboT 1 HEOOXOIUM IMPHU MPOPAOOTKE KOHKPETHBIX TEXHOJIOTHYECKUX PEIICHUM, Pa3TUIHBIX
CLEHApUEB pPa3BUTHUS KOMHAHUNW. MOHHUTOPUHI TPOM3BOJCTBEHHBIX OMNEPALMI TOMOXKET
MEPEHECTH OTEPATHBHBIC JIOKAJIBbHBIE YIPABICHUYECKHE PEIICHHs B 00jako (puc. 2), 4To
obecreunT HauOOJBIIYI0 YKOHOMHUIO 01aroiapsi CKOpOCTH, BHEAPEHUIO HHHOBAIIHH, THOKOCTH
U mpoctoTe. Tak mpeanpusITHE Jydile aganTHPYeTCs K MEHSIOMUMCS SKCIUTyaTalliOHHBIM
YCIIOBHSIM.

[IpuMeHnenne anropuTmMa TPOXOJa TO JEPEBY peEIIeHWH, B KauyecTBE OCHOBHOTO
MHCTPYMEHTA TUIAHUPOBAHUS, MIO3BOJISIET PACCUYUTATh HECKOJIBKO BO3MOXKHBIX CLIEHAPUEB, YTO
CHIDKAeT HEOMPENENEHHOCTh W PHUCK NPHHATHS HEBEPHBIX YIPABICHYECKUX PEIICHUN.
A THOKOCTh U BapUaTUBHOCTh OOJAYHBIX PEIICHUI MO3BOJSET OMEPATHBHO pearnupoBaTh Ha
CTPEMUTENHHO MEHSIONTNE TOTPEOHOCTH PHIHKA U SKOHOMUYECKH d(PPEKTUBHO OCYIIECTBIIATH
TpaHcGOpMaIOHHBIE MPOEKTHl MpeAnpusTus. TakuMm o0Opa3oMm, poOacTHOE ympaBlieHHE B
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kyrne ¢ uudpoBoir TpaHcopmaiuei, O€3yCIOBHO, TIOBBIIIAET HWHBECTHIIHOHHYIO
IMPUBJICKATCIIBHOCTD NPCAIIPUATH.

= Microsoft

Advanced Custom Alerts
Analytics Framework

Data Aggregation Platform

————
s
cmm———
————
-

Pucynok 2. Cxema pabGoTbl HHU(PPOBOI MOAETH MECTOPOXKACHUS OT Kommanuu Accenture [15]

DKoHOMHYECKass  IerecooOpa3HocTh  U(ppPOBOH  TpaHChOpMAalud  TOPHOM
IPOMBIIIJICHHOCTH OYEBUAHA. YCIEIIHOE BHEJpPEHUe LU(POBBIX TEXHOJIOIMH TpedyeT He
TOJIbKO JKeJIJaHHE COOCTBEHHUKOB W AaKIIMOHEPOB, HO W BBeIEHUE IU(PPOBBIX CTaHIAPTOB,
NpeIyCMAaTPUBAIOIINX MAacCOBYIO IHU(PPOBHU3AIMMIO MECTOPOKICHUH ¥ TPEIIPUSTHIA;
JIOCTYITHOCTh OOOPYAOBaHUs, T'OTOBBIX DPELICHUH, OMBITHBIX MOJPSIYMKOB IO BHEIPEHHUIO
UQPPOBBIX CUCTEM; HaJIMYUe NEepCOHaNa, OO0JAJAIONIeT0 KOMIIETEHIMSIMU IO HU(POBBIM
texHosorusM. CyliecTBylOIIMEe 3HaHUSA B OOJACTH BHEAPEHMs IU(POBBIX TEXHOJIOTMH Ha
HePTEra30BOM PBIHKE JOCTATOYHO OTrpaHW4eHbl. CTPEeMHUTENFHOE TPOTOTUITHPOBAHIE HOBBIX
IU(POBBIX TEXHOJOTUN OCYIIECTBISETCS BO MHOTMX OTpacisx [2], HO KamuTaloeMKHe
OpEINpUsATHS TOPHOM M 100bIBarOIIel MPOMBIIUIEHHOCTH HE MOTYT JeHCTBOBaTb METOJOM
npo®d W OmHUOOK WM WCIOJNB30BaTh MYJIbTUTEXHOJIOTHYHBIN momxoxa. Lludposuzanms
OPEINpUATHS HE CBOJIUTCS K poOOTH3allMM MPOU3BOJCTBA M CEHCOPU3ALUHU 000pPYIOBAHMUS.
[Tpeanpustusim HeoOxoauMa 1upoBas UHPPACTPYKTYpa, CBA3ZBIBAIOIIAS B PEKUME OHJIAWH
BCE IPOU3BOJICTBEHHbBIE MPOIECCHI U ITO3BOJISIONIA:

* BU3YyaJIM3UpPOBaTh M JUCIETYEPU3UPOBATH NMPOU3BOACTBEHHBIE MPOIECCHI JaXe B
HEJOCTYIHBIX /ISl  4eJOBeKa MecTax (CKBaXWMHAX, BBINIKAX, IIaxTaX, B TpyoOax
razoHe(TenpoBoOB U T. 11.);

* mepenaBaThb TeKylIMe JaHHbIE U AS(PQPEKTUBHO HCHOIB30BATH CIOKHUBIIUECS
TEKYIINE YCIOBUS;

* OCYUIECTBJIATH YIAJCHHBIH KOHTPOJIb U yIIpaBlIeHUE JTHOOBIMH ITPOU3BOICTBEHHBIMU
oTepalusMy;

* ONEPAaTHUBHO BBIABIATh OTKIOHEHUS W TPUYMHBI HEBBIIOJIHEHUS TUIAHOBBIX
IPOM3BOJICTBEHHBIX TIOKA3aTeNeH;

* OMNEpaTHUBHO MOBHIIIATH TOYHOCTh TEXHOJIOTHYECKHUX OTEpPAITHii;

* ONEpaTHBHO JWCTAHIIMOHHO JHATrHOCTHPOBATh ¥ KOHTPOJIMPOBATH pPabOTy
00OpyIOBaHUs, KayecTBO JOOBIBaEMBIX MPUPOIHBIX PECYpcoB M  KadecTBO  MX
TPaHCIIOPTHPOBKH;

* W3BJIEKATh YPOKU U3 HEyAay;
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* TOBBIIIATH MOOMIILHOCTb COTPYIHUKOB;

* KOHTPOJMPOBaTh W OOecreuuBaTh COOJIOJCHHE CTaHIAPTOB MO OXpaHe Tpyda H
TEeXHHUKE 0€30MacHOCTH;

* KOHTPOJIMpPOBaTh U oOecrneynBaTh COOJIOJIEHUE CTAaHAAPTOB IO OXpaHe
OKpYXaroliel cpelibl (KOHTPOJIb BBIOPOCOB NMAPHUKOBBIX I'A30B, IBUIEBBIICICHUS U APYTUX
3arpsI3HAIOLINX BELIECTB);

* TOBBILIATH IPOU3BOAUTENBHOCTD TPY/IA;

* DOBBIIIATH  pALMOHAJIBHOE  HCIOJB30BAHHWE  PA3JIIMYHBIX BHUJOB  PECypCOB
PEIIPUATHSL.

OnHako HaMMEHBIINE PUCKH M HAaHOOJbIIAsl BHITO/1a MOXKET OBITh JOCTHUTHYTA TOJBKO
IpU CO3/aHUU LU(POBBIX JBOMHHMKOB, COYETAIOIIMX B ce0€ MMHUTAIMOHHYIO (DU3HMYECKYIO
MOJI€JIb MECTOPOXKJIEHUS WIM JPYTUX OOBEKTOB MPEANPUATHS M aHAIMTUKY Ha OCHOBE
nansbiX [16]. HudpoBoil 1BOHHUK MOMOXKET CBOEBPEMEHHO MPUHUMATh HEOOXOAUMbIE MEPHI
M0 MPEAYNPEXACHUI0 M YCTPAHEHUIO HEJOCTaTKOB, CO37aBaThb HOBbIE MPOTOTHUIBI U
BUpTYyalibHBIEe dKocucTeMbl [11]. Tlocneanue mo3BOSAT OCYIIECTBUTH NEPEXO]] B YAAICHHOM
noctyrne u obecrevar BHICOKYIO 3 PEeKTUBHOCTD YIPaBIEHUS PONU3BOACTBOM.

[IpakTHyeckyto ¥ JKOHOMHUYECKYI) 3HAa4YUMOCTh LHUQPPOBOH  TpaHchopMaluu
MOJATBEPKJIAIOT PE3YyJIbTaThl ONPOCA UCCIEAYEMbIX MPEANPUATHI O CTEIIEHU BHEAPEHUS UMHU
upoBbIX TexHOJOorui. Ha ceroaHsmHuii 1eHb BBEU U aKTUBHO HCIIOJIB3YIOT:

* cHuCTeMy OCCHpOBOJHON CBs3M ¢ paboummu, BuaeoTpaHcmsamus — 93 %
PECIIOH/IEHTAa;

* JHCIETYEPU3AIMIO TEXHOJIOTUYECKOro mporecca Ha 0Oa3ze ob6maunbix u [oT
TexHosoruit — 88 %);

* ABTOMATHU3MPOBAaHHYIO CHUCTEMY YIOpPAaBJICHHUs, Yy4eTa M KOHTpOJIsi OOBEMOB
BBIOPOCOB 3arps3Hstonux Bemects — 79 %;

* 1mudpoBBIE MOAETH MECTOPOXKICHUH B TPOCKTUPOBAHUM M  OIEPATHBHOM
yrpaBieHuu — 56 %;

* JMCTAaHLUMOHHO YIpaBisieMoe 00OpYAOBaHUE, TEXHOJIOTUN OE3/TI0AHON J00BIYM U
TpaHcnopTupoBku — 37 %;

*  poOOTH3UPOBAHHOE MPOU3BOACTBO — 35 %;

* MOHMUTOPHUHI MECTOIIOJIO)KEHHS M CaMOYYBCTBHSI COTPYIHUKOB Ha OIACHBIX
MIPOM3BOJICTBEHHBIX 00beKkTax — 24 %;

* TNPEAUKTUBHOE OOCIY)XMBAHHE U aHAJIU3 TEXHUYECKOTO COCTOSHHS 000pYHIOBaHMUS
B peanbHOM BpeMeHu — 11 %);

» BigData, HelipOoTE€XHOJIIOTUN M UCKYCCTBEHHBIH MHTEIUIEKT NPH 00pabOTKEe JaHHBIX,
MaruHHoe oOyuenue — 7 %0;

* D3JIEKTPOHHbIE €KECMEHHbIE KapThl PUCKOB paOOTHUKOB — 3 %0.

B pe3ynbTare olleHKH HaMH MOATBEPXKICHO, 4TO LU(ppoBas TpaHchopMalus B TOPHOM
IPOMBIIIJIEHHOCTH TpHUBEAET K 0Oojee paloHaIbHOMY HCIIONb30BAHUIO TPUPOIHBIX,
TPYAOBBIX M (DMHAHCOBBIX PECYPCOB 3a CYET BBICOKOM CKOPOCTM W KauyecTBa HPUHATHS
YIPaBICHYECKUX PEUICHHUM, ONepaTUBHOMY U YETKOMY KOHTPOJIIO HCIIOJIHEHUS MPUHSATHIX
pelieHnit Ha MecTax J00bIYM M IPOBEJCHHUS MEPONpPUITUN Ha MeCTOpoXkJIeHusx. [lo3Bomut
IPENYNPEAUTh U CHU3UTDH 3KOJOTNYECKUE, TEXHOICHHBIE PUCKH, YPOBEHb TPAaBMOOIIACHOCTH.
[Ipu 1tmdpoBU3aLMM MECTOPOXKIECHUN OYEBHAHO YyBeJIWYeHHE HPGEKTUBHOCTH HOO0BIYU
0aJaHCOBBIX 3aI1aCcOB YePe3 MAKCUMAIbHYIO0 OTPabOTKY IJIACTOB.
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Boiler house has not equipment for the treatment of exhaust gases, therefore, on the
boiler we must install powder-gas purification equipment.
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Boiler house runs on fuel oil. Chemical analysis of solid particles captured on fuel oil
boilers shows that the content of sulphur trioxide in them is hundreds of times higher than in the
gas flow. Another feature of the captured particles is their high hygroscopic and fire hazard.
Therefore, it is recommended to install inertial ash collectors on boilers burning fuel oil.

We offer to install on the boiler house battery cyclones for waste gas purification.

It is the cheapest in construction and easy to operate equipment. The efficiency of
capture in them is 60-80 %.

AHAJM3 CHCTEMbI CMa30K HIAPOLIEYHBIX 00T
A.H. llleBuenko, C.1O. Kpacnomranos, M.B. Pyy3, B.A. Ilepdunnen
HUpxymcekuil HayuoHanbHblll UCCIe008aAMENbCKUL MEeXHUYeCKULl YHUgepcumem
e-mail: pva@ex.istu.edu

BypoBbie paboThI SBISIOTCS HEOTHEMIIEMON YacThI0 MEPOIPHUITUH, CBSI3aHHBIX KaK C
N00bIYel PYAHBIX, HE PYAHBIX NoJe3HbIX HckonaeMblx (IIN) u HedTerazoBoro chipbs, Tak u ¢
MEPONPUITUSIMU, HAIIPABJIIEHHBIMU Ha UX MTOUCK.

I[Io psny OOBEKTHBHBIX NPUYMH HauOOJbIIEE PACIPOCTPAHEHHE  MOIYUHI
MeXaHUYeCKUi crocol paspymieHus: TopHoro mMaccuBa. K 3Tomy crmocoOy OTHOCATCS Takue
BUJIBI OypeHUsl KaK: yIapHO-BpalaresibHoe (Kpenocts Oypumbix nopon f = 6+14 no mkane
M.M. I[IpoToapskoHOBA), BpalllaTeIbHO-IIIAPOIIEYHOE (KpernocTh OypumbIx nopoa f=4+14) u
BpallatesibHO-pexyiee (kpernocth Oypumbix mopox no f = 8). JlaHHbIe BHIBI MO3BOJISIOT
POBOJUTH OypoOBBIE pabOTHI, KaK B CaMbIX MATKHX, TaK ¥ B CAMBIX TBEPABIX MOPOJAX, IPU
BBIOOpE  COOTBETCTBYIOLIETO  MOPOAOPA3pYyLIAIOIIEr0  HMHCTpyMeHTa.  BpamarenbHo-
HIapomieyHoe OypeHune MO3BOJSIET MEPEKPHITh 3HAYUTENBHBIA UANa30H MOPO MO0 KPETOCTH,
4TO SIBJISETCA ONpENeNsouMM (aKkTopoM, OOYCIABIMBAIOLIMM HX 3HAYUTENIBHYIO OO,
nocrurarorryio 10 80-85 % ot Bcex 00beMoB OypoBbix pador [1,3]. TeHaeHIMH yKa3bIBAIOT
Ha TO, YTO 00BbEeMbI OypoBBIX paboT OyIayT yBenuuuBaThCs. [Ipu 3TOM CTOUT OTMETUTH, YTO
HIapolIeyHOe OypeHue ABISETCS OJTHUM U3 JOPOTHX BUJIOB OypeHMsl, UTO HANPSIMYIO CBSI3aHO
CO CTOMMOCTBIO IIapOLIEUHBIX A010T. [Ipy mapomednom OypeHHH 3aTpaThl Ha 10JI0TAa MOTYT
MPEBBICUTh CTOMMOCTh CaMOro OypOBOIO CTaHKa B HECKOJbKO pa3 3a 10 jmeTHuil muki
sKcIutyaranuu [2,4,5] T. e. 3aTpaThl Ha OypoBOM MHCTPYMEHT MOTryT jpocturath a0 50 % B
oOuieit cebecroumoctu 100b1uM [IM. YuuThiBast Bbllle M3JI0KEHHOE, OpMUpPYETCs 3a/1aya,
HalpaBJIeHHas Ha MOBBIIICHUE SKCIUTYaTallHOHHOM CTOMKOCTH OypOBOI'O MHCTPYMEHTA U, KaK
CJIEJICTBUE, CHUYKEHNE SKOHOMHYECKHX 3aTpar.

Lenbto paboThI sIBNIsTACh OLIEHKA HAAEKHOCTHH PabOTOCIIOCOOHOCTH IIapOIIEYHBIX
OYypOBBIX JIOJIOT B 3aBUCMOCTH OT YCJIOBUH 3KCILTyaTallHH.

VY CTaHOBIEHO, YTO HA CETOAHSALIHUN JI€Hb OCHOBHOM INPUYMHOM BBIXOJA U3 CTPOS
MNOJUIMITHUKOBOTO Yy3Ja SIBJISIETCA — pa3pyLICHHE Tel KadeHWs M JIOPOXKEK B PE3yJbTaTe
abpa3MBHOIO M3HOCA. OTOT HM3HOC OOYCIOBJIEH NPOHUKHOBEHUEM (MEJIKOJUCIIEPCHBIX)
YacTHI[ Pa3pyLICHHON TOPHOI MOPObl B MOJIIMITHUKOBEIHN y3en. Tpebyercsa Oonee neTanbHO
pa3z0bupaThCs B BOIPOcax paboTOCIIOCOOHOCTH CYIIECTBYIOIMIUX CUCTEM CMa3KH MIapOIIEYHBIX
JI0JIOT U TEPMETH3ALMU MOJIIMITHUKOBBIX Y3JI0B, @ TAK)KE€ MCKAThb HOBbIE KOHCTPYKTHBHBIE
pellieHusi, HanpaBlieHHble Ha UCKJIIOYeHHe MpoOsieM, BO3HHUKAIOMIMX B  IpoLEecce
AKCIUTyaTallMM LAPOIIEYHOr0 0JIO0TA.

Tpexiapoiiednoe 10J0TO, CO BCEMU CBOMMH HEIOCTaTKAMHU MPOJOIIKAET OCTaBaThCs
CaMbIM YHMBEPCAJIbHBIM U MacCOBBIM I1OPOJOpa3pyLIAIOIINM HHCTPYMEHTOM.

Pa3pabarbiBaiyich U BHEAPSUIUCH PAa3IMYHble KOHCTPYKTUBHBIE pemieHusi. Hekoropoie
U3 HUX MPOILJIN MCIIBITAHUE BPEMEHEM M YCIEIIHO IPUMEHSIOTCS B I0JIOTOCTPOEHUH. [pyrue
HE TOLUIM B MPOM3BOJACTBO IO MPHUYMHE CIOXHOCTU BHEApPEHUs, JUOO IO NpUYUHE
CJIOKHOCTH CaMOW KOHCTPYKIIMH JI0JIOTa, YTO HEMHUHYEMO BEZET K MOBBIIIEHUIO CTOMMOCTH U
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0e3 TOro He caMoro [JeHieBOro WHCTpyMeHTa. Bce 3T 3Tambl  pa3BUTHS U
COBEPILIECHCTBOBAHMS TO3BOJIMIIM OIPENSINTh Haubojee paboTOCHOCOOHYI0O KOHCTPYKIIUIO
MOJUIMITHUKOBOTO y3J7la IIAPOLIEYHOTO [O0JI0TA, COCTOSLIEr0 M3: OOJIBIIOrO POIUKOBOTO
HNOJLIMITHUKA, 3aMKOBOT'0 IIaPUKOBOr'0 MOIINUIIHUKA, NOJIIUITHUKA CKOJIBKEHUS U OIOPHOMI
nAThl  (PacloyioKeHHE SJIEMEHTOB OT OCHOBaHMS Iapomku). CoOBpeMEHHOE COCTOSHUE
UCCIICIOBAaHM HANpPAaBJICHHBIX Ha TOBBIIICHHE KayecTBa JIOJOT UM MX PabOTOCIIOCOOHOCTH,
MOJATBEPXKJIAeT 3aBHUCHUMOCTh HAJIEKHOCTH JI0JIOTa OT pecypca MOIIUITHUKOBBIX Y3JIOB.
[ToBbIlIEHNE KUBYUECTH NMPUHATON CXEMbl KOMIIOHOBKU TPEXIIAPOIIEYHOI'O J0JI0Ta KPOETCs
B YIyUYLIEHHH CUCTeMbl cMasku. [IpeamodreHue cienyer OTHaTh NPUMEHEHHUIO CUCTEM C
MPUHYIUTEIbHOW TOJAaYel CMas3bIBAlOUIEro Marepuaina K mnapam TpeHus. IIposectu
M3bICKAaHUs HaIlpaBJICHHbIE Ha yIy4YlIeHHE U30JIALUHU, TM00 MOJHOM repMeTH3aI[ii OOPbl OT
BHEIIHEH cpeapl. Peamus3anuss MNONMHOCTBIO T€PMETHU3UPOBAHHOM ONOPBI  OCIOXKHAETCS
SKCTPEMaJIbHBIMH  YCJIOBHUSIMM ~ JKCIUIyaTaldd  OypOBOIO  HMHCTPYMEHTA:  BBICOKUMH
KOHTAKTHBIMUA HAIPSDKEHUSIMH, BBICOKOW aOpa3MBHOCTHIO BHEIIHEH Cpelbl, BBICOKHMMHU
Temneparypamu. Bee 3o TpebyeT pa3paboTku crienupruuecKux yraOoTHUTENbHBIX YCTPOICTB,
CHOCOOHBIX (DYHKIIMOHUPOBATh B YKa3aHHBIX YCIOBHAX. B CBOIO oyepenp Takue yCTpOWCTBa
OynyTr TpeOoBaTenbHBl K TEXHOJOTMM M KayecTBY WX H3roToBieHus. Heobxoaumo
o0ecneynTh MaKCUMaJIbHYIO TOYHOCTh M3TOTOBJICHHS HA BCEX ATalax IPOU3BOJICTBA J10JI0TA C
[EeJIbI0 MUHUMHU3AIIMA BO3MOXKHBIX MEPEKOCOB U HAPYIIEHUH COOCHOCTH IJIEMEHTOB. JTO B
CBOIO OdYepelb HEMUHYEMO BIJIEYET YAOpOXaHUE MU 0€3 TOro HEeJeleBOro OypoBOro
uHCTpyMeHTa. [IpumeHenne OypoBbIX JOJOT C TePMETU3UPOBAHHBIMU ONOpamMH (YCIOKHEHHE
KOHCTPYKIIMU JI0JIOTa W MOBBIIICHUE CTOUMOCTH MHCTPYMEHTA) MOXKET OBITh IEJECO00pa3HO
JUISL TIPOBEJCHUS TIIYOOKHX CKBAKHH: JOOBIYHBIX, TEXHOJIOTHYECKHX, Pa3BEIbIBATEIbHBIX
[28]. C wHebOonpION [M0MEH KOHIEBBIX oOIepanuid B OOIIEM BpPEMEHHOM HHTEpBAJE,
OTBOJUMBIM Ha MPOXOJKY CkBaxHHBIL. [logbem OypoBoro craBa ¢ OONbIIUX TIIYOWH, IS
3aMEHBI JIOJIOTA, SIBJISETCS TPYAOEMKOW orepanueit. HeoOXoaumo 100uBaThCsi TOTO, YTOOBI
IPOXOJIKa CKBAXUHBI BBINOJHSJIACH OJHUM JOJOTOM, Tpebyemas paboToCrnocoOHOCTh
KOTOpPOT0 MOXKET ObITh 00ecredeHa 3a CUeT repMeTU3aluy NOAIIMITHUKOBBIX onop [29].

BypoB3pbIBHBIE CKBa)KMHBI, KaK IPaBWJIO, HMEIOT HEOOJbIINE TIyOMHBI U
CYILIECTBEHHO OOJIbllIee KOJMYECTBO KOHIIEBBIX OIEpalfii, CBSI3aHHBIX CO CIYCKOM —
OIbEMOM OypOBOIO CTaBa M IepeMelleHueM OypoBOIO CTaHKa, MOITOMY OCYILIECTBUTH
3aMEHY BBILIENLIETO W3 CTPOS J0J0Ta CTAaHOBUTCS BO3MOXHBIM 0€3 TOMOJIHUTEIbHBIX
IIPOCTOEB, COBMECTHB OIEPALIMI0 CMEHBI JOJI0Ta C OJHOM M3 KOHIIEBbIX onepaiuii. Hanbonee
NEPCIEKTUBHBIMU JIOJIOTaMU JUIsl MPOM3BOJACTBA JAHHBIX CKBO)XUH BUAWUTCS MHCTPYMEHT C
NPUHYIUTETLHON CHUCTEMOW CMa3KM U C OTBOJOM OTPa0OTAaHHOIO MarepHaja uepes 3a30p
MEXy IIAPOIIKON U OMOPOH B 32001 CKBa)KUHBI.

Bonpoc 0 nmpuMeHeHUH 10JIOT C TepMETU3UPOBAHHBIMU ONOpaMU B OYpPOB3PBIBHBIX
paboTax MOXXET OBbITh SKOHOMHYECKH HEONpPaBJaHHbBIM U TpeOyeT JOMOJIHUTEIBLHOTO
U3Y4EHHUS.
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IIpo6aema 3xoJ10rHYeCcKOil 6€30ACHOCTH NUTHEBOMH BObI
B Upkyrckoii o61actu u FO:xxH0i OUHISIHANH
T.N. U_[I/IH_IGJ'IOBal, B.B. ®equummn’, L.1.A. Pulkkinen?, P. Matti 2
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KavecTtBo muTheBOi BobI, MOTpedisseMoil HaceneHueM MpkyTckoit oGiacTu BbIIIE,
4yeM B cpenHeM 1o ctpaHe. Ho, xak mokasan aHanu3, HaceneHue MpkyTckoil obnactu He
o0ecrieyeHO B MOJHOM  oObeMe  3(G(PEeKTUBHBIMH  CHUCTEMaMH  KOMMYHaJbHOU
UHOpacTpyKTypbl. CHCTEMBI BOJOCHAOKEHUS M BOJOOTBEICHHMS HMEIOT 3HAYUTEIbHYIO
CTENEHb M3HOCA, YTO B KOHEYHOM HWTOT€, CHM)KAET Ka4eCTBO NMUTHEBOM BOABI. B 1enom mo
WpkyTtckoii ob6nacTh yaedbHbII Bec NpoO0 BOAbI HE COOTBETCTBYET TIMIMEHHYECKUM
TpeOOBaHUSM CAaHUTAPHO-XMMUYECKUX T[IOKa3aTeNed: B IEHTPAIU30BAHHBIX HMCTOYHHKAX
BOJIOCHA0KEHUsI OTKJIOHEeHUe cocTaBiseT 7,1 %, B JeleHTPaIM30BaHHBIX HCTOYHUKAX —
26,4 %. OcoOeHHO He YIOBIETBOpseT TPEeOOBAHUIO NHUTHEBAs BOJAA, IMOCTyMArOIAs U3
MOJ3EMHBIX BOJHBIX MCTOYHHUKOB JJIsi CEIbCKOTO HaceneHud. OTMeyaroTcss ciaydyau
3JI0KaUY€CTBEHHBIX HOBOOOPA30BaHUN y HACEICHHUS.

Pemenne 3amaum mo oOecreUeHUIO HACEJIEHHWsS KaueCTBEHHOM INHMTHEBOM BOAOH
OCYILIECTBIISIETCSI B paMKaX roCyJapCTBEHHOM mporpamMmbl «BoaHas ctparerust Poccuiickoit
®enepanun Ha nepuoA a0 2020 roxa». B pamkax ['ocynapcTBenHo nporpammsl MpkyTckoit
obmactu «PazButme 3mpaBooxpaneHus» Ha 2019-2024 rr. [1] paspaboraH mepedeHb
MEpONPHUATHIA 110 PEKOHCTPYKLIUHU ¥ MOJECPHHU3AIMU CUCTEM BOJOCHAOKEHUS C EPCHEKTHBON
1o 2025 roxa. IloBcemecTHO Ha BO/103a00PHBIX COOPYXEHHUSIX OOJACTH MPOBOAATCS PabOTHI
0 MOJEpHU3AMU O000pYyJIOoBaHMsS o00e33apaXMBaHUSI BOJABI C NPUMEHEHHEM HOBBIX
TeXHOJIOTUH [2], Hampumep MeMOpaHHBIX OWMOJSAPHBIX 3JIEKTPOIM3EPOB, YTO MO3BOJISIET
OTKa3aThCsl OT IPUMEHEHHSI XUMHUYECKOTO XJI0pa.

B ®unnsaauu npoliema LEHTPAIU30BAHHOTO BOJIOCHAOKEHUS U BOJOOTBENIEHUS HE
CTOJIb aKTyaJbHa, OJHAKO aHAJOTMYHbIE pabOTHI 110 00ECHIEUEHUIO HACEeIeHUs] KaueCTBEHHOU
MATHEBOU BOJIOW mUpoko mpoBoasTcs B Ounansanuu [3] u, Ha Ham B3I, 00Jiee CTPOTO
peraaMeHTUPOBAHBbI.
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B OunnsHauum BOJOCHAOXKEHHE B OCHOBHOM OCYILIECTBISIETCS W3 IMOJ3EMHBIX
UCTOYHUKOB. [pYyHTOBBIE BOJBl MEHEE TIOJBEPXKEHBI 3arps3HEHUIO MHUKpPOOaMH WIIH
IIPOMBIIIJICHHBIMU OTXOJAaMHU M IOpa3zio ACILIEBIE, YeM IOBEpXHOCTHas Boxa. [IpakTtudecku
BCA TEPPUTOPHs CTPaHbl PACIOJIOKEHA HA CTAPBIX, NMPOYHBIX CKAJIBHBIX Nopoaax. Camblil
ryCTOHACENEeHHbI peruoH OuunsHauu, Yycumaa, JnexuT Ha HOxkHo-OuHIAHICKON
TPAaHUTHOU CBUTE, JJII KOTOPOM XapaKTepeH MEJIKWA BEpXHUM CIIOM MOYBBI, a IpaHUTHAs
nopoja BO MHOTMX MECTax BBICTYNaeT W3 HEro. Takke OTIMYUTEIbHOH O0COOEHHOCTHIO
OUHIIAHIUYN SBIISETCS MEJIKOBOJAbE, MO3TOMY B HACTOSILEE BpeMs MPOM3BOAUTCS 3aKauka
IPYHTOBBIX BOJl M3 CKBAXXUH, NPOOYpEHHbIX B MIyOOKMX TI'paHUTHBIX mHopojax. OnHako
€CTeCTBEHHAs PAJUOAKTUBHOCTh TPAHMUTA, COJEPKAILEro OTHOCUTEIBHO  OOJbIIOe
KOJINYECTBO ypaHa, ABJSIETCS MPOOIeMOil.

Llens paboOThl — CpPaBHUTENBHBIA aHAJIM3 KauecTBa BOoAbl B MpkyTckod obmactu u
HOxHoit @uHASHAMM TO TMOKa3aTelsM paJUallMOHHON Oe30macHOCTH W pa3pabdoTka
PEKOMEHJAlMU 10 OYHMCTKE OT paJWaKTUBHBIX KOMIIOHEHTOB IIyTeéM COpOLUM Ha
KOMIIO3UIIUTHOM MaTepHualie Ha OCHOBE CIIFOJIbl U CTEKJIa — MUKAJIEKC.

ITokazana »>(QQEKTUBHOCTb KOMIIO3UTHOI'O MaTepuana MHKAJIEKC, I0Jy4yaeMoro
METOJIOM TOpSIYETO MPECCOBaHUS MEJIKOPa3MEPHOM CIIOJIbI U JierkoriaBkoro crexkia [10,11]
Ui ocnabneHust n3nydeHus. [lpeanokeHHbIi KOMIIO3UTHBIA MaTeprai 00Ja1aeT XOPOUIHMHU
NMEKTPOYU3NYECKUMH W MEXaHMYECKMMU  CBOWCTBAaMM,  BBIIEP)KUBACT  CIOXKHYIO
TEXHOJOTHYECKYI0 O00pabOTKy M IHpeccoBaHHE, PEKOMEHAYETCS HaMu TaKXkKe JUIs
MCIIOJIb30BaHUs IPU 3aXOPOHEHUN PaIMOaKTUBHBIX OTXOJIOB.

Hacrosmum uccienoBaHueM yCTaHOBIICHO:

* Hacenenue Hpkyrckoit o0macti He obecrieueHo B MOTHOM 00beMe 3 (HEeKTHBHBIMU
cUCTeMaMM BOJOCHA0KEHUS M BOJOOTBEJECHMS, YTO B KOHEYHOM HMTOI€ CHMXKAeT KayecTBO
BOJIBI;

* Cepbesnyro mnpobsnemy HaceneHusi IlpuGaiikanps u  HOxkHOW OUHISTHINN
COCTABJISIET 3arPsA3HEHUE YPAHOM U €r0 U30TOIIaMU;

e Jlns ynydmieHUs KadecTBa BOJBI HEOOXOIMMO YMEHBUINTH KOHIIEHTPAIMIO ypaHa
(pagoHa) B BOJE U PETYJISIPHO MPOU3BOAUTH TECTUPOBAHKUE HA PAIUOAKTUBHOCTb;

* OOocHOBaHa HEOOXOJMMOCTh KOHTPOJII XMMHYECKOTO COCTaBa IPYHTOBBIX BOJ B
palioHe XpaHEeHUs] HU3KOAKTUBHBIX 0TX070B ADXK;

» IlpoBeneHHblii  aHaiu3  mokasan, 4ro B [Ipubaiikanbe  oOHapyXeHbI
MHOTOYHCJICHHBIE YYACTKU TEPPUTOPHUN C PAJMOAKTUBHBIM 3arpsi3HEHUEM CO 3HAUUTEIIBHBIM
NPEBBIIIEHUEM paJloakTuBHOTO GoHa. Kpome Toro, Ha Teppuropun baiikanbckoro pernona
U ero nepudepun BhISABICHBI IUIOLIA/IU C MTOBBIIIEHHBIM COJIEpKAHUEM YpaHa B BOJIE;

* Octpast dKOJOTHYECKass TMpoOiieMa 3apakeHHs NUThEBOM BOAbl B HOxHOM
OunngHIMU noTpedoBaja pa3paboTaTh HOBBIE BBICOKO-OOBbEMHBIE METOJbl MOHHTOPUHIA
MHUKPOT€0JIOTHYECKOTO aHaIN3a BOJBI;

* IlpoBeneHHble HCCIEAOBaHHWA W aHANU3 HAyYHOW JIMTEpaTypbl IOKa3al
BO3MO)XHOCTb MCIOJIb30BAaHUS CIIOABI JUI OYMCTKHM BOABI OT pPAJAMOHYKIHIOB U
paAMallMOHHON 3aIUThI, 3aXOPOHEHUIO PaIMalluOHHBIX OTXO0/I0B.
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Platinum-containing nanocomposites based on humic substances from therapeutic mud
G. Aleksandrova, M. Lesnichaya, G. Dolmaa, B. Sukhov, D. Regdel, B. Trofimov
A.E. Favorsky Irkutsk Institute of Chemistry of Siberian Branch
of the Russian Academy of Sciences
e-mail: alexa@irioch.irk.ru

The search for new functional materials is one of the defining characteristics of

modern science and technology. Metal nanoparticles, in particular, platinum nanoparticles can
possess a wide range of properties that can be used for many practical applications. Platinum
has high corrosion resistance and numerous catalytic applications including automotive
catalytic converters and petrochemical cracking catalysts.
Previously, first time we studied characteristic of water-soluble silver and gold containing
nanocomposites with a variable amount of the metal component based on reducing and
stabilizing matrix of humic substances isolated from various deposits in Mongolia. The humic
substances of therapeutic mud have the greatest reducing and stabilizing ability among the
investigated objects.

Due to potential technological interests of platinum nanoparticles, the synthesis and
study of nanoparticles was a very active field of research during last years. In particularly,
these studies of nanostructured materials show a strong dependence of their properties on size
and shape. For example, the size effect on the catalytical efficiency is known, and the
perspective effect on catalysis by the shapes of metal nanoparticles is anticipated and under
investigation.

In the present, we report on the result of synthesized Pt-containing nanocomposites
based on humic substances. The composition and properties of humic substances isolated
from brown coal in Mongolian deposits are established. The methodology of obtaining
platinum-containing nano biocomposites using a matrix of humic substances is described and
their composition and structure are characterized by a complex of modern physicochemical
methods, such as X-ray energy dispersive spectral microanalysis, infrared spectroscopy,
ultraviolet spectroscopy, X-ray diffraction analysis, scanning electron microscopy.

Esterification of tall oil fatty acids by n-butanol in the presence of ion exchange resins
A. Govorin, N. Konovalov, N. Gubanov
Irkutsk National Research Technical University
e-mail: govorin.aleksandr@yandex.ru

Studies of the process of esterification of tall oil fatty acids with n-butanol. lon
exchange resins of three types were used as a catalyst. The research is aimed at the
development of technology for the production of motor oils and additives to them on the basis
of tall oil fatty acids esters.

Fatty acids of tall oil of the Bratsk pulp and paper mill of the mixed type (deciduous
and coniferous breeds of wood) which parameters are given in table 1 were used for synthesis
of esters. The analysis of the obtained samples was carried out in the Research center —
quality control Department "Angarsk petrochemical company".

For the synthesis of esters by esterification reaction with n-butanol, we used fatty acids
of tall oil of mixed type, having higher values in density, viscosity, viscosity index, acid
number and produced at the enterprise in large quantities
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The esterification reaction of tall oil fatty acids with n-butanol (ratio 1:3 by weight)
was carried out at a temperature of 100-115 °C for 110-130 minutes before the cessation of
water release. As a catalyst, ion exchange resins of 3 types in an amount of 5 % by weight of
fatty acids were used. As a result, an intermediate product was obtained. A low acid number
(>0.05 mg KOH/g) indicates an almost complete conversion of the acid into a ester.

The use of butyl esters of tall oil fatty acids as motor oils is limited by their low
kinematic viscosity, but in other parameters, butyl esters of the gastrointestinal TRACT
significantly exceed the motor oil of Motul Specific OW-30. It is also known from the
literature that: “tall oil fatty acid Esters can be used as lubricants with good biological
decomposition (approximately 98 % in 21 days — according to the test CEC L-33-A-93) and
non-toxicity»
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OKCTpaKkTUBHbBIE BEILECTBA M3 OMOMAacChl JIMCTBEHHHUIbI SBIAIOTCS MPUPOJAHBIMU
OMOJIOTHYECKM ~ AKTUBHBIMH  IIpernaparamu,  OOJaJalollMMU  aHTUOKCHJIAHTHBIMH,
COCYAMCTBIMH U PEr€HEepPaTOPHBIMU CBOMCTBAMH, U IIMPOKO IPUMEHSIOTCSI B METULIUHE.

B o6nactu HeBpojoruu Ais JEYEHHMs PpaHHUX (OpM COCYAMCTBHIX 3a00JeBaHUM
TOJIOBHOI'O MO3ra LIEIecO00pa3HO IUPOKO MCHOIB30BaTh Mpenapar {MKBEpTHH, CO3AaHHBIN
Ha OCHOBE S3KCTPAKTHBHOI'O BEIIECTBA U3 JPEBECUHBI JIMCTBEHHUIIBI - OHO(IaBOHOUIA
JTUTHUJIPOKBEPLIETHHA. JuruapoksepueTuH oOnanaer aHTHArperaHTHbBIM,
TUIOJIMITUIEMUYECKUM, AHTHOKCHUAAHTHBIM, BA30aKTHBHBIM M HOOTPOIIHBIM J€HiCTBHEM U
OKa3bIBAa€T CYIIECTBEHHOE BIIMSHHE HA MEXaHU3Mbl pa3BUTHUS LEepeOpaibHON HILEMUU.
VYuuteiBasg akTUBHOCTh U 3((eKThl AericTBus [IMkBepTHHA, IpenapaT MOKET MPUMEHSATHCS B
KOMILUIEKCHON TEpamuu OCTPOM COCYIMCTOM MO3rOBOM HEIOCTaTOYHOCTH, a TaKkKe I ee
BTOPUYHON NpoduIakTUKU. [lepcreKTUBHBIM MpeicTaBlIseTCsl UCHOoIb30BaHue JukBepTHHA
IpU HIIEMHYECKOW OO0JIe3HU cepliia, OOIMTEpPUPYIOLIEM aTepOCKIepo3e apTepHil HIKHHUX
KOHEYHOCTEH M caxapHOM AualeTe Kak ¢ LEJIbI0 Tepamuu 3THX 3a00JeBaHMM, Tak W JUIS
npoHIAKTUKY BOSHUKAIOLIUX IPU HUX OCJIOKHEHHIH.

DUTOCOPOEHT HA OCHOBE COCHOBBIX ONMUJIOK
A. JleHuceHKo
Cubupckuii ghedepanvhblii yHUgepcumem
e-mail: nadanova@mail.ru

OmHUM W3 pe3ylbTaToOB JCSTEIHHOCTH YeNIOBEKa, SBISETCS 00pa30BaHUE OTXOJOB
JeconepepadaThIBaIONIET0 MPOU3BOJCTBA, KOTOPHIE MPOU3BOIATCA B OOJBIINX KOJIMYECTBAX,
a TaKkKe MPAKTHYECKH HE YTHIU3UPYIOTcs. B Poccn Takux OTXOIB CKAarTMBaeTCs OKOJIO
300 M m°. [TosToMy mpobiema nepepaboTKU M YTUIM3AMK JAHHOTO CBHIPbs aKTyajlbHa Ha
CETOIHAITHUN IeHb.
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JlaHHBIN OTXOJ MOXHO pacCMOTPETh, KaK COPOIIMOHHBIA MaTepHas, TMPEeXKe
MOIUGHUIMPOBAHHBIA  TyTEM MPONUTKH  pOJAaHHIOM amMMoHus. [laHHbII  cmocoO
MoauUKAIIMK 3aKIOYaeTCs B IMPOMHUTKE pacTBopoM M HarpeBom g0 170 °C wm
BBICp)KUBaHHEM B TedeHue 1,5 4. M3OBITOK pomaHWIa aMMOHHSI OTMBIBATH BOJIOM,
KOHTPOJIMPYS €ro CoJIep KaHue Mo peakiuu ¢ xjaopuaom xeinesza (I11I).

B pesynbrare cuHTE3a 1pU  IOBBIIICEHHOM TEMIIEpAaType Ha IOBEPXHOCTH
¢dbuToMarepuana (COCHOBBIE OMUIIKH), OCHOBY KOTOPOI'O COCTABIISIET 1IEJUTI0JI03a, 00pa3ytoTcs
rpynnbl TumodeBuHbl [NH]2—(CS)-[NH]2.

B nporiecce uccienoBanus MoIy4eHHBIX Pe3yJIbTaTOB, MOXKHO YBUIETH MO Tadnuie 1,
YTO CTENEHb COPOIUH MO TSHKEIBIM MeTalaM HPOXOIUT JOCTaTOYHO XOpPOIIO, IOCHe
pereHepanuu copoeHTa.

Ta6muma 1. Crenenp copOmu 1 1ecOpOIUU MTPH Pa3HBIX KOHIIEHTPAIUAX a30THOW KUCIOTHI

Meraiuibt 1 2 3 4 5 6 7 8

Cu 75,248 | 84,530 | 47,169 | 27,262 | 97,846 | 99,124 | 98,703 | 99,381

Zn 37,673 | 46,761 | 47,290 | 35,162 | 51,388 | 64,078 | 64,607 | 68,638

Cd 24,548 | 46,630 | 50,849 | 38,466 | 76,712 | 88,110 | 86,137 | 88,712

Bi 89,370 | 96,010 | 75,000 | 58,727 | 99,835 | 99,827 | 99,809 | 99,908

Hg 99,587 | 99,775 | 99,733 | 99,159 | 99,047 | 95,134 | 99,029 | 99,485

Te 36,909 | 75,276 | 64,382 | 52,423 | 90,651 | 91,511 | 91,884 | 92,458

In 36,572 | 77,974 | 60,601 | 46,349 | 99,817 | 99,794 | 99,776 | 99,900

Tak »xe mpu copOIMU W JAECOPOIMH TPOUCXOIUT BHYTPHUTPYIIIIOBOE pa3/ieiieHue
METAJIJIOB TaKUX KaK Melb, IIUHK, PTYTh, MBIIIBIK, TEIyp U UHAWNA. B CBsI3u ¢ rpynmnoBbIM
paszieneHrueM JaHHBIX METaNIOB MOXHO YTHJIM3UPOBaTh, a TAK)Ke€ MOBTOPHO MCIOJIH30BaTh
JaHHBIA COPOEHT IMOCIe pereHepaluu, mepe STUM OTMBIB €T0

KarainTnyeckass KOHBepCcHUsi JKMJAKHX 0TXO0/I0B NepepadoTKkn GMoMacchl B yCJIOBHSAX,
COOTBETCTBYIOIIMX TPeOOBAHUSAM «3eJ1eHON XUMHUU»
E. Kono6oga, E. [Takpuesa, JI. 'epman, A. I'puropsea, A. ['opOyHoBa, JI. [Iparu,
C. Kapa6umneiipo, H. borganunkosa, A. IlectpsaxoB
Tomckuu nonumexnuyeckull yHugepcumen,
Ynueepcumem Munana,

Yuusepcumem Jluccabona,

Hayuonanvnwviii asmonomuwiii ynueepcumem Mexcuku
e-mail: pestryakov@tpu.ru

CeneKTUBHOE OKHCIIEHUE CIIUPTOB, KOTOpPBIE B OOJNBIINX KOJIMUYECTBAX COAEPIKATCS B
NpOAYKTax mepepaboTKM OuoMacchl, B IIEHHblE KapOOHWIbHbIE M KapOOKCUIIbHbBIE
COEIMHEHUS, UTPAeT BAXKHYIO POJb B TOHKOM OPraHMYECKOM CHHTE3€ U HMeEET OOJblIoe
npoMbllieHHOe 3HaueHue [1]. TpaaunuoHHO, peakUMH OKHCIEHUS MPOBOJAT C
MCIIOJIb30BAHUEM CTEXMOMETPUUECKUX OKUciuTenel, Takux kak KMnO4, pearent [IxoHca,
NUPUIMH-IUXpOMAT U Jp., KOTOpbIE MPUBOAIT K 0Opa30BaHUIO OOJIBLIOTO KOJIWYECTBA
TOKCHYHBIX OTXO0JI0B [2]. B cBsi3u ¢ 3THM, B MeTOAax mepepaboTKu Ouomacchl Bce Oolibliee
BHHUMaHUE YJENSeTCs TeTepOreHHBbIM KaTalu3aTopaM Ha OCHOBE OJaropoJHbIX METaUIOB C
BO3MO)XHOCTBIO HMX IIOBTOPHOI'O HCIOJb30BAaHUS, A TAaKXKE IPUMEHEHHIO 3KOJOTMYECKH
YUCTBIX M JELIEBbIX OKUCIHUTENEH, TaKUX KaK MOJIEKYJISIPHBIA KHUCIOpPOJ WM BO3IYyX, B
MSTKUX YCIOBHSIX, COOTBETCTBYIOIIMX TPEOOBAHUSIM «3€JeHOU XuMum» [ 3].
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B mHactosmiee BpeMsi MOKa3aHO, 4YTO HAaHECEHHBIE 30JI0ThIE KaTalu3aTopbl B
KHUJIKO(DA3HOM OKHCICHHH CIUPTOB OTJIMYAIOTCS BBICOKOW aKTUBHOCTHIO, BBICOKOU
CEJICKTUBHOCTBIO M Jy4Yllled YCTOMYMBOCTHIO K J€3aKTUBALIMM IO CPAaBHEHUIO C
Karanu3aTopamu Ha ocHoBe Pt u Pd [4].

B nacrosimeii pabote ObIJIO MPOBEIEHO KOMIUIEKCHOE CPaBHUTEIBLHOE HCCIIEI0BaHUE
HAHO30JIOTHIX KaTaJM3aTOPOB, HAHECEHHBIX HA CJIOXHBIE OKCHUJbI, BKIIOYaOliee B ceOs
U3YYEHUE CTPYKTYPHBIX, AJIEKTPOHHBIX, a TAK)K€ KAaTaJUTHUYECKUX CBOMCTB 3THUX CHCTEM B
mporeccax JKUAKO(a3HOTO OKUCICHHS psiia CIHPTOB ((PEHWIATAHON, TIMIEPUH U T. 1.) U
HMF. Ilogpo6GHO paccMOTpPEHO COBMECTHOE BIMSHHE psga MapaMeTpoB — COJEp>KaHus
30J10Ta, OpUpoAbl MoaupukaTtopa W arMocepsl NpeABAPUTEIBHONH 00pabOTKHM — Ha
dbopMupOBaHHE AaKTUBHOM MMOBEPXHOCTH 30JIOTOCOJEPXKALIMX KAaTaau3aTOpOB U, Kak
CIIEICTBME, HAa HX KaTAIUTHUYECKHE XapaKTEPUCTUKH (AaKTUBHOCTb M CEJIEKTHMBHOCTH) B
npouecce okucinenus cnuproB u  HMF. Omnpenenensl mapameTpbl, MO3BOJSIONINE
neJiCHaIlpaBJICHHO BJIUATDH Ha AKTHUBHOCTB u CCIICKTUBHOCTD 30JIOTOCOACPIKAIINX
KaTajau3aTopoB B mporecce okucienus crnuproB u HMF. beina ycranoBiena mnpsimast
KOppEeJSALMsS MEXAY KAaTAIUTUYECKOM aKTUBHOCTBIO U COACPKAHUEM Au+(Au5+) noHoB. Ha
OCHOBE TIOJYYEHHBIX JaHHBIX ObUIa AKCHEPUMEHTATbHO JOKa3aHa KaTUOHHAs MpUpoAa
AKTUBHOTO IICHTPA.

HccnenoBaHo BIMsSHUE KHUCIOTHO-OCHOBHBIX CBOMCTB HOCHUTENS Ha CTaOMIIU3aIIUIO
AKTUBHBIX LCHTPOB 30JI0TA. HOKa?,aHO, qTo Q)yHKHHOHaJIBHI)IG I'pynnbl TOBEPXHOCTH
Hocurens (bpencrenoBckue u JIbIOMCOBCKHE KHCIOTHBIE U OCHOBHBIC LIEHTPHI) BBICTYIAIOT
HE TOJBKO KaK WHCTPYMEHT (OPMHUPOBAHHS U CTaOWMIM3AIUU Au” LIEHTPOB, HO TaKXKe
Y4acTBYIOT B TMpOIleCCe KOHBEPCHUU CIUPTA, B YAaCTHOCTU, OMNPEICNSIOT CEIEKTHUBHOCTh
nporecca (00pa3oBaHUE KUCIOTHI WK ddupa).
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3es1eHbIC TEXHOJIOTMHU B PEKY/JIbTHBAILNH 3eMeJIb NPenpUusTHI
yFOJ’leOﬁ NMPOMBIIVIECHHOCTH
N.B. Kysnenosa, C.C. Tumodeena
Hpkymckutl HayuoHanbHuIL UCCIe008aAMENbCKULL MEXHUYECKUL YHUBepCUmem
e-mail: irishka_lisichka93@mail.ru

PecypcHblil moTeHIMan yroinbHOM npoMbliuieHHOCTH Poccun npessimaer 1,1 TpnH T
yIJIsl, U3 HUX TOJBKO OIIEHEHHBIX 3amacoB — 235 mupa T. boneine nonoBunsl (61 %) pas-
BEJJaHHBIX 3allacoB yIrJied NpUroIHBI JJs JOOBIYM BBICOKOI(PPEKTUBHBIM OTKPBITHIM
criocodoM, 88 % koTopsIx cocpenoTodeHbl Cubupckom denepaabHoM okpyre. ExeronHo, B
pe3ysbTaTe yrienro0bIYd HapyllalTcs eCTECTBEHHbIE JTaH ATl Ha OONBIINX TEPPUTOPUSIX
U HAHOCHUTCS HENONpaBUMBIN yuepO okpyxatomieil cpene. Ilomumo TOro, HapylleHHBIE
3eMJIM CaMH CTAHOBATCS HWCTOYHUKAMU 3arpsi3HEHUST BOJABI, TOYBBL, aTMOCQephl,
OpUjaraloIluX YroAui, dYTO CBHUJAETENLCTBYET O MacmTade ymepbda, HaHOCHMOTO
yrie100bIBAIOIIMMU IPEIIPUITUIMU IPUPOAHOMN Cpefie U HAPOJHOMY XO3SHCTBY.
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Hpkyrckas obnacTe pacnojaraeT 3HAYUTEIbHBIMH pPECypcaMu M 3alacaMu yTIIew.
[TporHo3HBIE pecypchl YT cOCTaBIAIOT 27,9 Mip/ T. Pa3Begannbie 6agaHcoOBBIE 3aMachl YIiis
(14,7 mnpn T) mpenacTaBieHBI TJIaBHBIM OOpa3oM KaMeHHbIMH yrisimu (11,7 mupa ).
OOecnieueHHOCTh 3amacaMy yrias B 00JacTM HpPU CYLIECTBYIOIIMX YPOBHSX J00bIYH
cocrasisieT 600 ner.

Ilenb HACTOSAIIErO HCCIEAOBAHUS — CPABHUTENbHBIM aHAIM3 OTEYECTBEHHBIX U
3apyOeKHBIX pa3pabOTOK METOJOB PEKYJIbTUBALMHU 3€Meb C HCIOJIB30BAaHHUEM 3€JIECHBIX
TEXHOJIOTUH, TMO3BOJIIOUINX MOBBICUTH 3()()EKTUBHOCTH BOCCTAHOBIICHHS arposiaHAmagToB
Ha OCHOBE CHCTEMHOT0 I0JX0/1a, 00eCIeUnBAaIOILEro CTa0MIN3aLUI0 KayecTBa U cOepexeHne
(dopMHpyEMBIX MTOYBEHHBIX PECYPCOB M OLIEHKA BO3MOXKHOCTU MX MpUMeHeHHs B VpKyTCKOii
obnactu

B craree mpencraBieH 0030p HauOoiee MOIMYISPHBIX METOIOB PEKYJIbTUBALIUU
3eMeNb C UCIOJIb30BAHUEM 3€JICHBIX TE€XHOJIOTHH, MO3BOJIIONUINX MOBBICUTH 3PPEKTUBHOCTD
BOCCTaHOBJIEHUS HA OCHOBE CUCTEMHOI'0 MOAX0/a.

B pabote paccMOTpeHbl HaPaBJIECHUAX PEKYIbTUBALUMU U IPUMEHSEMBIX TEXHOJOTUMN
B OTEUYECTBEHHBIX pPa3paboTKax M 3apyO0eXHOM ombiTe. OTMEUYEHO, YTO HPUOPUTETHBIMU
HalpaBJICHUSIMU PEKYJIbTUBALMM HApPYUICHHBIX 3€Melb B YTOJBHOW IPOMBIIUIEHHOCTH
ABJIIOTCS:  CEJIbCKOXO3SIIICTBEHHOE, JIECOXO3SIMCTBEHHOE M CaHUTAPHO-TUTMEHUYECKOE.
OTMe4YeHO, YTO KauyecTBO pPEKYJIbTHBUPOBAHHBIX TEPPUTOPUI HE BCerja HAXOOUTCA Ha
JOJDKHOM YpOBHE, YTO CO3JaeT TPYAHOCTH IpU IOCIEAYIOIIEM MX HCIOJb30BaHUU.
OCHOBHBIMU IPUUMHAMHU HU3KOT'O Ka4eCTBa PEKYJIbTUBALMU SIBJISFOTCSI OTCYTCTBUE Ha CTaUU
pa3paboTKU MPOEKTOB PEKYIbTUBALUU HEOOXOAUMOro 00beMa UCXOIHBIX JaHHBIX O COCTaBE
U CBOMCTBaX IMOYBOTPYHTOB M IOPOAHOM MAacchl OTBajJOB, HEIOCTATOK CIELUATbHBIX
TEXHUYECKHUX CPEACTB Ui BBINOJHEHUS PEKYJIbTUBALMOHHBIX pabOT HAa BBHICOKOM YPOBHE,
OTCYTCTBUE JaHMA()THOrO NOX0/1a K BOCCTAHOBJIEHUIO HAPYLIEHHBIX TEPPUTOPHIL.

Omnpenenenbl NpoOJeMHBIE BONPOCHI B cepe pEeKyJIbTUBALUMU U IEPEUYEHb
MEpOINPUATHIA MO YIYUIIEHUIO COCTOSIHUS OXPaHbl 3eMeNbHBIX pecypcoB. B pabote nokaszaHo,
YTO JJI YJAy4YUIEHHs] COCTOSHUSA B cdepe OXpaHbl 3€MEIbHBIX PECYpCOB B YrOJIbHON
MPOMBIIIJIEHHOCTH HEOOXOJUMO COBEPIIEHCTBOBAHUE MPHUMEHSEMbBIX TEXHOJOTUH TOPHBIX
paboT B 1IENAX CHIDKEHUS UX 3€MJIEEMKOCTH, COETUHEHNE B €JUHBII KOMIUIEKC BCKPBIIIHBIX
paboT Ha  pa3pe3ax € TEXHHUYECKMM OSTaloOM  pEeKYIbTHBAIlMM, INPUMEHEHHE
10apo0e30MacHbIX TEXHOJIOTUN (OPMHUPOBAHUS TOPOAHBIX OTBAJIOB, MOBBIIIEHUE KayeCcTBa
IPOEKTOB PEKYJIBbTUBAIIMH U BBIIOJHEHHS PEKYIbTHBALMOHHBIX paboT.

JUig ynydiieHust cuTyauuu B cdepe OXpaHbl 3€MEJbHBIX PECYpPCOB B YrOJILHOMN
HPOMBIIIJIEHHOCTH HEO0XO0AUMO:

~ TIOCTOSIHHO€ COBEpPILIEHCTBOBAHME TEXHOJIOTMM TOpHBIX pabOT B HampaBICHUU
CHW)KEHHS UX 3€MJIEEMKOCTH, MAaKCHMaJIbHO BO3MOKHOTO Pa3MEILEHUS BCKPBIIIHBIX MOPOJ
pa3pe30B BO BHYTPEHHUX OTBAJAX;

~ COEAMHEHHME B €IUHBIA KOMIUIEKC BCKPBIIIHBIX pabOT M OTBaOOOpa30BaHUs Ha
pa3pes3ax ¢ TEXHHYECKUM 3TAIlOM PEKYJIbTHBALINY;

~ COBEpILEHCTBOBAaHME NPUMEHAEMBbIX U pa3paboTka HOBBIX Ooisiee 3(P(HEKTUBHBIX
CIOCOOOB  TEXHUYECKOM W OWOJIOrMYecKOll peKyJIbTUBALMU C YYE€TOM MPHUPOJIHO-
KJIIMMaTHYECKHUX YCIOBHI;

— BBINIOJIHEHUE MPOEKTOB PEKYJIbTUBALMN HAapYUICHHBIX 3€MeNlb Ha OCHOBE MOJHOTO
00beMa MCXOAHBIX JaHHBIX, B TOM YHCJE JAHHBIX O COCTaBe U CBOMCTBAaX TOPHBIX MOPOA U
IIOYBOTPYHTOB;

~ TpUMEHEHHE B TMPOEKTaX pEeKyJbTUBALMU TMOPOJHBIX OTBAJOB, CIIOXKEHHBIX
CKJIOHHBIMH K CaMOBO3TOPAaHHIO TOPHBIMU IIOPOJAaMH, TEXHOJOTHH (HopMUpOBaHMS,
o0ecreunBaroNX OJHOBPEMEHHO C OTCHIIIKON FOPHOM Macchl OCYIIECTBIEHUE MEPOTIPUATUI
1o NMpoQUIAKTHKE CaMOBO3TOPaHMsI U TPOBEIEHUE PEKYIbTUBAIIMOHHBIX padoT;

~ pacuIupeHue UcciaeloBaHui M0 3YUYEHHUIO KOJIOIMYECKOT0 COCTOSIHUS HapyILIEHHBIX
U PEKYJIbTUBUPOBAHHBIX 3€MeIb, JMHAMUKN N3MEHEHHSI CBOMCTB U PEKUMOB (DOPMUPYIOIIUXCS
HKOCHCTEM, CO3/IaHUIO UCKYCCTBEHHBIX JIAHAIIA(PTOB Pa3IUYHOTO Ha3HAYECHHUS.
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Endogenous phthalates in plants and their alleged participation in defense response
against phytopathogenes
L. Maksimova, A. Enikeev, J. Omelichkina, A. Semenov, T. Shafikova
Siberian Institute of Plant Physiology and Biochemistry SB RAS
e-mail: vendys@yandex.ru

Phthalates (esters of o-phthalic acid) are best known as products of the chemical
industry. For a long time, they were considered purely xenobiotics and pollutants. To date,
however, a lot of information has appeared on the presence of biogenic phthalates in
organisms of various phyla. Direct evidence of phthalate biosynthesis from labelled
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precursors has been obtained. Phthalates have been detected in plants taken from natural
habitats as well as in closed experimental systems with controlled growth conditions — in
plants and cell cultures grown in vitro. It should be noted that in situ plants were of different
phyla, different ecological specializations and grew in different regions of Russia (Crimea,
Siberia). In some studies, the antimicrobial activity of phthalates against gram-positive and
gram-negative human pathogens has been found; their cytotoxic properties have been
detected. Moreover, the ability of cells to excrete phthalates into the extracellular environment
under stress has been disclosed. That may have biological significance in the interaction of
various organisms. Fairly recently, experimental data on the participation of phthalates in
suppressing the growth of phytopathogenic microorganisms have become available. The facts
suggest that plants use these substances as protective compounds. Biofilm formation is known
to determine the display of virulence of pathogens increasing their hardiness to plant
resistance factors and blocking the xylem flux. It should be noted that the effect of phthalates
on phytopathogenic bacteria was practically not studied earlier. According to our data, adding
dibutyl phthalate to the culture medium of bacteria reduced the intensity of biofilm formation
both in the biotroph Clavibacter michiganensis ssp. sepedonicus and in the necrotroph
Pectobacterium carotovorum ssp. carotovorum. It is important to note the fact that in such a
case there was an increase in the growth of bacterial cultures. The effect was similar when
using di-2-ethylhexyl phthalate. On the data obtained, it can be assumed that phthalates are
involved in the protection of plants from infections suppressing the process of biofilm
formation of bacterial phytopathogens — the initial stage of plant colonization. Meanwhile,
phthalates have been found in the cells of phytopathogenic bacteria. When growing
Clavibacter michiganensis ssp. sepedonicus in Petri dishes in minimal medium with a dibutyl
phthalate gradient of 0-60 ng/l, growth of bacteria was observed towards the gradient
concentration increase. That indicates the physiological reaction of bacteria to the presence of
phthalates. Rather ambiguous results suggest that the physiological and biochemical role of
phthalates can be much more complex and not be limited to the participation of plant
organisms in the protective process.

ATOMIKOHOMHBIN CHHTE3 XJIOPNPONEHWICYJIb(OHOB B OTCYTCTBHH PACTBOPHTEJIA
V. Nikonova, A. Kaliev, N. Korchevin, I. Rozentsveig
Hpxymckuu uncmumym xumuu um. @asopckozo CO PAH
e-mail: vachrina@irioch.irk.ru

C ucnonap30BaHUEM TOAXOA0B 3€JIEHOM XMMUU HAMU HPEJIOKEH METOJ MOJyYEHUS
XJIOpIPONEeHWICYNIb(HOHOB 1, coaepXkalmX peakIMOHHO-CIIOCOOHYIO XJIOPIPOIIEHUIBHYIO
IpyMIy psAAOM ¢ CyIbQOHMWIBHBIM (PparMeHTOM. CHHTE3 1EJIEBBIX MPOIYKTOB OCYIIECTBISAIOT
neiictBueM H202 B O0TCYyTCTBHUHM pacTBOPUTENS Ha JOCTYIHBIE XJIOPIPOIECHUICYIb(QHIBI 2.
Taxolt moxxos paHee ObUT IPUMEHEH AJIS MOTYyYeHUs CYJIb(OHOB Pa3HOOOPA3HOI'O CTPOCHHUS.
Opnnako HanMuue XJOPHPONEHWIBHOM Ipymmbl, KOTOpas JAOCTAaTOYHO JIETKO IMOJABEpraercs
JETUIPOXJIOPUPOBAHMIO, CYIIIECTBEHHO PACIIMPSET CUHTETUYECKUM MMOTEHIIMAI IOJIy4aeMbIX
Cynb(OHOB, KOTOpPbIE paHee TAKUM METOJIOM HE OBbLITU MOJIyYECHBI.

Beixon cynbdonoB cocrasnsier 47-94 %. Ux neruapoxyiopupoBaHHe BO3IEHCTBHEM
pacteopa KOH B wu30mponmioBoM cnupre IpU KOMHATHOW TEMIEpAType IPUBOIAUT K
aenuicynbdonam 3 (Berxox ~ 70 %), coepKaliuM peakimOHHO-CIOCOOHYIO alNIEHUIIBHYIO
rpynny. IlpoBeaenue neruapoxJiopupoBaHusl B MPUCYTCTBUU BOJBI MO3BOJISET MOJTYYUTH B
OJIHY CTaJIuI0 aleTOHWICYNb(oHbI 4 ¢ BeIxogoM 70-76 %. DIeKTpOoPHUIBLHOCTH Yriepojaa
KapOOHWJIBHOM TpyNmbl B 3TUX COEOUHEHHUSIX 32 CYET WHIYKIMOHHOTO BIMSHUS
CyIb(QOHUIBHOTO (parMeHTa CYIIECTBEHHO IMOBBIIIEHA. B yacTHOCTH, MOKa3aHO, YTO OHU
JIETKO pearupyroT € THJIPOKCHIAMHHOM C 0Opa30BaHMEM COOTBETCTBYIOIIMX OKCHMOB O —
IIPEKYPCOPOB TaKMX BaXXHBIX MPOAYKTOB, KaK ITUPPOJIBL.
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CynppoHunbHAs TIpynna B OpraHMYeCKMX CyJIb(OHAaX, OKa3blBasg CHIbHOE
UHAYKIMOHHOE BJIMSHME HAa COCEIHUE aTOMbl, CIOCOOCTBYET IPOTEKAHUIO PEAKIIUH,
OPUBOJALIMX K IPAKTUYECKH BaXHbIM NpoaykraM. C ydeTroM 3TOrO0 METOJbl CHHTE3a
CyJb(OHOB ITOCTOSTHHO COBEPILICHCTBYIOTCA. TeM He MeHee, OObIIMHCTBO U3 HUX Oa3upyercs
Ha OKHCJICHUH COOTBETCTBYIOUIMX CYJIb(HIOB C MCIOIH30BAHUEM PA3IUYHBIX OKHCIUTEICH.
HaubGonee npuemseMbIM M3 HHUX SIBISETCS MEPOKCHA BOAOPOJA, NMPUMEHEHHE KOTOPOTO
OCYILECTBIIsICTCSI OOBIUHO B CpEZie pacTBOPUTENEH U IPU BBEACHUHU KaTaJIU3aTOPOB.

le/lMeHeHI/Ie METOJa MATEMATUYECCKOI0o MOAC/IMPOBAHUSA A1l MOBLIIIICHUSA
pecypcod(ppeKTHBHOCTH XMMHYECKUX NIPOM3BOACTB HA IIpUMepe mpouecca
CyJb(pupoBaHus JUHEHHBIX AJTKHI0EH30J10B
M. Pasyukova, I. Dolganova, I. Dolganov, A. Solopova, A. Bunaev
Tomckuil norumexnuyeckull yHugepcumenm
e-mail: maria.pasyukovall@gmail.com

[Iponiecc  cynbpupoBaHus — OJHA W3 CTaAWd  TPOU3BOJACTBA  JIMHEHHOMU
ankunoensoncynbdokucnorsl  (ABCK) — OCHOBHOrO KOMIIOHEHTa OHMOpa3iaraeMbIxX
annoHHbIX [IAB. MupoBoil cnpoc Ha MoOMOLIME CPEICTBAa pacTeT roJl OT roAa, 0O0beMbl
MIPOU3BOJICTBA HEOOXOAMMO HapaluBaTh, IpU 3TOM Haubosiee 3pPEKTUBHO C TOUKU 3pEHUS
WCIIOJIb30BAaHUsl TPUPOAHBIX PECYPCOB M DKOHOMHUKH. MeTon, MO3BOJSIIOIIMA  3TO
OCYIIECTBIISITH — MaTEMATHUYECKOE MOJICIIUPOBAHHE.

PaccmarpuBaeMslii  mporiecc Cyiab(GUpOBaHMA JMHEHHBIX ankuiOeH3onoB (JIAB)
IPOBOJAT B MHOTOTPYOHOM IUIEHOYHOM peakTope. TOHKasi opraHudeckas IeHKa CTeKaeT Mo
BHYTPEHHEN MOBEPXHOCTH Y3KHUX BEPTUKAJIBHBIX TPYOOK, ra3oBO3AYIIHAs CyJb(upyromas
CMech MOCTyNmaeT B TpyOHOE NHpOCTpaHCTBO, MUGGYHIAUPYET B IUIEHKY, OJHOBPEMEHHO
IIPOJIBUTAsI €€ TI0 MOBEPXHOCTU TPYOOK BHU3.

B xozne npoTexaHusi MoOOYHBIX peaKUMi 3TOM M MpenbIIyIIUX CTaaAUsIX 00pazyroTcs
TETPAIMHBL, CyAb(GOHBI M Jpyrue CcyOmpoayKThl, oOpasyole B COBOKYIHOCTH
BBICOKOBSI3KUI KOMIIOHEHT, KOTOPBI, B CBOIO O4Yepeab, HapylIaeT UEeJIOCTHOCTh U
PaBHOMEPHOCTb TEUEHUS IUIEHKU, BEIET K CHMUKEHMIO KaueCcTBAa KOHEUHOro NMpoAykTa. Jlims
€ro yJaJeHUs MPU JOCTIKEHUU KpuTHueckoi koHmentpanuu B 0,034 % macc. HeoOXxoanmma
OCTaHOBKa Ipollecca U MpOMbIBKa peakTopa. OCHOBHAs 1LI€Jb HUCCIEIOBAaHUN — YBEIMUEHUE
3(QPEKTUBHOCTH MPOU3BOJICTBA 3a CYET YMEHBIICHHUsS OOpa30BaHHUsS BBICOKOBSI3KOIO
KOMIIOHEHTa U YBEJIMUEHHUS MTPOJOJKUTEILHOCTH HEMPEPBIBHOM pabOThI peakTopa.

Jlis  MareMaTH4ecKoro OIUCaHUs Tpolecca HCIOIb30BAIM MOJENIb peakTopa
U/I€aTbHOTO BBITECHEHHMS C YYEeTOM paauaibHOM auddys3uu. Jns wuccrepoBaHus ObulH
MCIIOJIb30BaHbl JaHHBIE C IEUCTBYIOIIEH YCTAHOBKH CYIb(UPOBAHUS.

PacueTsl Ha MoOJenu NOKa3ald, YTO MPOAODKUTEIBHOCTh HENPEPBIBHOM paboThI
peakTopa MOXET ObITh yBeNu4eHa 0e3 pUcKa MOJy4yeHUs HEKOHAMIIMOHHOIO IMPOIYyKTa, 3a
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CYeT TMOBBIMIEHUS APGEKTUBHOCTH  HUCIOJIB30BAHUSA  ChIPbS MpPH  ONTUMAJbHBIX
TEXHOJIOTUYECKHX TapaMeTpax.

Taxxke ObUIO MPOBEACHO HCCIENOBAaHHE BIHUSAHUS KOHCTPYKIIMOHHBIX OCOOCHHOCTEH
peakTopa Ha 3(G(EKTUBHOCTH MPOTEKAOIIEro npoiecca. i 3Toro Ha MOJEIN U3MEHSIN
YHUCII0O U JUaMeTp TPyOOK MHOTOTPYOHOTO peakTopa, MpHU COXPaHEHUU oObeMa TPyOHOTrO
npocTpaHcTBa. Tak mpH yBeNMYEHHH AHaMeTpa TPYOOK peakTopa MPOUCXOIUT YBEIHUEHUE
Bbixoga ABCK B TeueHne Bcero MeXIpOMBIBOYHOTO IUKIIA. JJaHHBINA pe3yabTaT 00BsICHIETCS
TEM, 4TO MPHU YBEIWYCHUH JAHAMETPa TPYOOK PEXKUM TEUCHUS TUICHKH MMEET TCHICHITHIO K
nepexoy B TypOyJIeHTHYIO 00iacTh, uTo yBenmuuuBaeT Auddysuo SOz B JIAB u cpeanioro
CKOPOCTh TEUYCHHS IUICHKH JKUIAKOCTH. Tak, mpw yBenudeHHH IUPQPY3UH CHUKACTCS
o0Opa3oBaHue HeCyIb(UPOBAHHOTO OCTATKa, B MOJIb3y 00pa30BaHMsI LIEJIEBOIO MPOAYKTA, MIPH
VBEJIMUYEHUU CKOPOCTH TEUCHHUs IUICHKHA K€ CHWXKAeTCsa o0pa3oBaHHWE CYIb()OHOB
TETPATNHOB.

Takum 00pa3oM, MpHU MPOBEIECHUU PACUETOB HAa MATEMAaTUYECKOM MOJIEIH Mpolecca
Cynb(UPOBAHMUS, BBISBIICHA 3aBUCUMOCTH TIPOJAODKUTEIHFHOCTH MEKIIPOMBIBOYHOTO IIUKJIA OT
KOHCTPYKIIMOHHBIX TapaMeTPOB peakTopa. YBEJIWYEHHE AuaMeTpa TPYOOK B IUIEHOYHOM
peaktope cynbhupoBanus JIAD TONOXUTENbHO BIMSET Ha MPOAOIDKUTEIBHOCTh
MEKIPOMBIBOYHOTO ITUKJIA, 32 CUET CHI)KCHHS 00pa30BaHUs BBHICOKOBS3KOTO KOMIIOHEHTA, a
TaK)Ke YBEITMYMBACT BBIXOJ] LIEJIEBOTO MPOAYKTA M €T0 KaueCTBO.

Pabora BemonHeHa npu moajuepkke rpanta PODU Ne 18-38-00487 «PaspaboTka
(GyHIaMEHTAILHBIX OCHOB IOBHIIICHUS pecypcodPPEeKTUBHOCTH OTCUECTBEHHOW TEXHOJIOTHH
MOJyYeHUs] JIMHEHHOW alKUIOeH30CYIb(POKUCIOTH — OHOpa3araeMoro MOBEPXHOCTHO-
AKTUBHOTO BEIIECTBA — HA OCHOBE IPOTHO3MPOBAHHS AKTHUBHOCTH PEAKIIMOHHOW CpPEIIbI
XUMHUYECKH COMPSKEHHBIX CTAIUN CMEIICHUS U KaTallu3ay.

Energy-efficient and environmentally-friendly flexible electronics
by photochemical processing
R. Rodriguez, A. Lipovka, P. Postnikov, G. Murastov, A. Khalelov, E. Dorozhko,
I. Amin, M. Trusova, J.-J. Chen, M. Chehimi, E. Sheremet
Tomsk Polytechnic University
e-mail: rodriguez@tpu.ru

Graphene and other carbon-based nanomaterials are expected to make breakthroughs
in new technologies. 1 Particularly, graphene oxide (GO) allow a new range of applications
including robotics, sensors, wearables, power generation, electronics, catalysis, and chemical
protection. However, GO is typically obtained by using strong acids and oxidizing agents that
compromise graphene exceptional properties. In addition to explosion risks and high-toxicity,
conventional chemical methods involve the degradation of the graphene properties. In this
contribution, as an alternative to GO, we propose a new method for developing energy-
efficient and environmentally friendly graphene-based laser-irradiated flexible electronics.
Our graphene material has all the advantages of GO such as water dispersibility, and even
more, the electrical conductivity can be tuned as a function of laser irradiation processing.
2 The exfoliation of graphite with the formation of modified graphene sheets is followed by
the laser-beam irradiation that result in increased electrical conductivity due to the
photochemical and photothermal elimination of aryl groups. This photonic processing is much
cleaner than the conventional chemical method and more energy-efficient than the thermal
annealing method conventionally used to reduce graphene oxide. As proof-of-concept, we
demonstrate this novel, green, and energy-efficient technology for the development of flexible
devices including temperature, pressure, and chemical sensors.
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KBaHTOBO-XMMHYECKOe MO/IeJIMPOBAHHE XUMHUYECKHX C/IBUTOB
SAMP 1H, B3C u Pt maTunHoBBIX KOMILIEKCOB
H.U. Tuxounos, [.0. Camynbues, B.A. Cemenon, 1.JI. Pycakosa, JI.b. Kpuaun
Upxymcekuu uncmumym xumuu um. A.E. @asopckozo CO PAH

He cekper, 4TO B COBPEMEHHOM MHUPE XUMHS KOMIUIEKCHBIX COEJUHEHUI MEeTalloB
ABJISIETCST OypHO pa3BUBAIOIICHCS W OYEHb MEPCIEKTUBHON OTpacibio XUMUHU. [laHHbIE
COEJMHEHUS] HAaXOAT HMIMPOKOE MPUMEHEHHsI B aHAJUTUYECKONM XUMHM, METAII0J00bIYH, B
KaueCTBE KaTaJlu3aTOPOB MHOTHMX XHUMHUYECKMX peakUui, TakUMX KaK TUIPOOYHUCTKA,
u3oMepHu3alys HePTEnpoAyKTOB M MOJNyYCHHE MHOTHUX IIOJMMEPOB, B KadyecTBE
MHCEKTULUAOB M (DYHTMIMJIOB B CEIBCKOM XO3AHCTBE HY M, KOHEYHO XK€, MEIUIMHCKON
xumun. Ha ¢oHe 3TOro akTUBHO pa3BUBAIOTCS U METO/IbI, TO3BOJISIFOIINE YCTAHOBUTH TOYHOE
CTPOCHUE TAKUX COEIUHEHUH, INTaBHBIM 00pa3oM B 3TOM IIOMOraeT PEeHTI€HOCTPYKTYPHBIH
aHaju3, O/JHAKO OH IUIOXO HPUMEHHM MAJIs M3Y4EHHUS JUHAMHUYECKHX IpoueccoB. s ux
u3ydeHuss Oonee ynoOHa u mHpOpMmarmBHa crnekTpockonuss SIMP Ha pa3nuuHbBIX sapax,
OJTHAKO M ATOT METOJ TOXE HE JIMLIEH CBOMX HEIOCTAaTKOB. 3HAYMTEIbHO JOIOJIHUTH
MH(OPMALIMIO O CTPOEHUU KOMILJIEKCOB Pa3IMUHBIX METANIOB MOXKET criekTpockonust AMP B
COUYETaHUM C KBAHTOBO-XMMHYECKMMM pacyeTaMH BBICOKOrO ypoBHS. CTOUT OTMETHUTb, YTO
KOMITBIOTEPHOE MOJIEIUPOBAaHUE (PU3UKO-XUMHUUECKUX CBOWCTB MOJIEKYJ ITO3BOJIUT CHU3HUTH
KOJIMYECTBO IKCHEPUMEHTAIbHBIX UCIBITAHUN U, KaK CJIEJICTBUE YMEHBIIUTH 3KOJOTUYECKYIO
Harpy3Ky Ha OKPY>KarolIyIo Cpefy.

B 53T10if paGore MbI IPOAEMOHCTPUPOBAIM MOTEHIMAJ MOJHOCTHIO PEJISTUBUCTCKOIO
YETHIPEXKOMIIOHEHTHOTO IMoAxona Jlupaka Uisi CTPYKTYpHOIO HCCIIEOBaHMS LUCIUIATHHA,
TpaHCIUIATUHA M eule 14 TMJIaTHHOBBIX KOMIUIEKCOB, BKJIIOYAsi KaK TIe€OMEeTpUYECKHe
WCCIICIOBAHMS, TaK U PACUYET UX XUMHUYECKHX CIBUTOB SIMP 1H, N u %py, Hns pacuera
XUMHUYECKHUX cABUTOB SIMP Ha pensiTUBUCTCKOM YETHIPEXKOMIIAHEHTHOM U HEPEISITUBUCTKOM
YpOBHE ObUIH IPOTECTUPOBaHHI cienyromue pynkunonaisl DFT: PBE, PBP38, KT2.

OO01111e BBIBOJIbI, K KOTOPBIM MBI MPUIIIA B 3TOM UCCIIEJOBAHUHU CIIEYIOIINE:

— pacyeT XUMHUYECKUX cIBUIoB SIMP B HepensTUBHUCTCKOM NpPUOIMKEHUU JUIs
HEpEeNATUBUCTCKOW TEeOMETpUM HE TO3BOJISIET JIOCTUYb KaKHUX-IMOO IMPakTHYECKUX
pe3yabTaTOB HU C OJHUM M3 PAacCMOTpPEHHBIX (¢yHKIMOHAIoB DFT, mockonpky Ha 3TOM
YPOBHE HE YUUTBIBAIOTCS PEISITUBUCTCKUE 3D (DEKTHI;

— yuyeT d3TUX H(PQPEeKToB Ha HITalne ONTHUMM3AIUM TEOMETPUHU, a TaKXKe YyueT
kosiebarenbHbIX nonpaBok (ZPVE) u addexToB pacTBOpUTENs IPUBOAUT K HEOONIBIIOMY, HO
CYILIECTBEHHOMY MOBBIIIEHUIO TOYHOCTH Pacyera;

— 3HAUMTENbHOE YIYYIIEHHE TOYHOCTH MOXET OBIThb JOCTUTHYTO, KOIJa
PENATUBUCTCKAE A(PQPEKThl YUUTHIBAIOTCS HA YETHIPEXKOMIIOHEHTHOM pEISTHUBUCTCKOM
YpPOBHE;

— ocTaercd Oojbllas HEONPEeAeIeHHOCTh, CBsI3aHHAs C MPAaBHIBHBIM BBIOOPOM
¢ynkunonana DFT, cocraBmsromas npumepHo 30 %, 49TO sBiSeTCS HEU30€KHBIM
MCTOYHUKOM OHIMOOK B JTF0OOM U3 CYHIECTBYIOIIUX PEISITUBUCTCKUX PACUETOB;

— Ul KOMILJIEKCOB C IIMC-OpUEHTAIlMe IajJoreHoB MpH mepexone oT ¢ropa K iomy
HAOJTIO/AeTCS 3aMETHOE SKPaHUpOBaHKe sapa N, I0CTHraioiiee mpuMepso 50 ppm, Toraa
KaK JJI TpaHC-OPUEHTAIMH 3TOT 3(PPEKT MPOTUBOIOIOXKEH U ropa3f 0 MEHEee BBIpaXEeH U
cocTaBJsieT 0KoJio 17 ppm. DTo MOXKHO 00BIACHUTH B3auMoeiicTBueM 3¢ dekroB a- u B- SO
HALA B uuc u TpaHc psaax.

Pabora BemonHena mnpu mnopmepkke Poccmiickoro ®onma dyHaaMeHTaTbHBIX
Hccnenosanwmii (mpoekt Ne 18-33-00334).

Bce pacuerts Boinonnensl B Mpkyrckom Uucturyte Xumun um. A.E. @aBopckoro CO
PAH c ncnonbs3oBaHreM BBIYUCIUTENbHOM 0a3bl baiikanbckoro aHaIMTUYECKOTO IIEHTPA.
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Influences of nanoparticles on heat transfer
and pyrolytic deposition of n-decane at supercritical pressure
Z. Han
Harbin Institute of Technology, Harbin, China
e-mail: hithanzhixiong@126.com

Heat transfer efficacy during traveling through the cooling channel plays an important
role in the regenerative cooling system of hypersonic aerocraft, which coupled with oxidation
deposition at 250450 °C, and pyrolytic deposition at cracking temperature [1]. Nanoparticles
have been payed much research attention due to their unique chemical and functional
characteristics, including heat transfer enhancement, stronger catalytic activities than common
catalyst [2]. In this work, heat transfer and pyrolytic deposition of n-decane, surrogate of
endothermic hydrocarbon fuel, are experimentally investigated in cooling channel at
supercritical pressure of 3MPa with the addition of suspended nanoparticles ZnO, ZSM-5,
ZSM-5@Cop and ZSM-5@Nipm. Results reveals that 0.2wt% ZnO enhances heat transfer of
n-decane at non-cracking temperature by modifying flow regimes and the enhancement is
weakened with bulk fluid temperature increases. Oppositely, the others reveal little effect on
heat transfer enhancement at low temperature. The later three nanoparticles work at cracking
temperature resulted in 15% - 25% increase of heat sink due to the selectivity of nano-catalyst
to some key products, such as ethylene and propylene [3]. The initial cracking temperature of
n-decane with ZSM-5, ZSM-5@Coy and ZSM-5@Niy decreases approximately 20 - 30 °C.
Compared to thermal decomposition, the low-molecular-weight alkene production rate of n-
decane with nanocrystalline zeolites are relatively high at the same pyrolytic temperature,
especially for propylene, which is the crucial precursor of pyrolytic deposition [4]. Therefore,
ZSM-5@Coy effectively suppressed coke deposition on the external surface of catalysts and
the inner wall of cooling channel at elevated temperatures attributed to the modification of
Bronsted/Lewis acidity by Co304. Additionally, NiO modified ZSM-5 exhibits similar
influence on reducing the thickness of the coke, decelerating the formation of additional free
radicals by affecting monomolecular beta cleavage reaction. Thus, the present work provides
a practical implication for enhancing heat transfer and reducing coking deposition of
cryogenic propellant in cooling channel.
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Synthesis and study of biodegradable proton-exchange membranes for pem fuel cells
A. Chesnokova, S. Zakarchevskiy, T. Zhamsaranzhapova, R. Usmanov, Y. Pozhidaev
Irkutsk National Research Technical University
e-mail: belweder@yandex.ru

The fuel cell represents a promising way of generating electrical power from a variety
of fuels, which converts the chemical energy of a fuel and oxidant directly into electrical
power. Polymer electrolyte membrane fuel cells (PEMFC) are an environment-friendly and
high efficient alternative of conventional energy sources [1-2].

A key component of PEMFC is a proton conducting membrane. It has two main
functions — providing of proton transfer from anode to cathode and separation of fuel and
oxidizing agent [3].

The PEMFC can be operated using various types of fuel, including hydrogen, natural
gas, biogas, alcohols, and other organic compounds, the oxidizing agent of is usually oxygen
of the air [2].
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Commercially available membranes, such as Nafion, have good mechanical properties
and high conductivity. However, the high cost of the membranes leads to an increase in the
cost of the fuel cell [4]. There is also an urgent need to dispose of the membrane after the end
of its life cycle. The use of more efficient and cheaper proton-exchange membranes in
PEMFC will lead to cost reduction and widespread application of these power sources. The
use of biodegradable components in the composition of the membranes will contribute to their
more efficient disposal. Therefore, the objective of this work is the synthesis and study of new
proton-exchange membrane materials for sustainable energy conversion and fuel cell
applications with eco-friendly process.

C. lon exchange capacity was measured by the back titration method (GOST 17552-
72).°The synthesis of proton-exchange membranes was carried out in accordance with the
principles of "green chemistry” using a biodegradable polymer — polyvinyl alcohol.
Sulfosuccinic acid was used as a crosslinker. The membranes were doped with zeolites of
ZSM and BEA types. Proton conductivity of synthesized membranes was measured by
impedance spectroscopy in the temperature range of 30-80

A convenient method for the synthesis of proton-exchange membranes based on
polyvinyl alcohol, sulfosuccinic acid and zeolites was developed and main physicochemical
characteristics of the samples were investigated. The samples obtained are characterized by
proton conductivity of the order of 10-3 —-10-2 S cm-1. The membrane with the addition of
zeolite BEA has lower activation energy for the proton transfer process than the sample with
ZSM zeolite — 18.56 and 26.17 kJ / mol, respectively. Water absorption of the synthesized
samples is 19.5 % and 40 % for samples with the addition of zeolites ZSM and BEA,
respectively. The ion exchange capacity of the membrane sample with zeolite ZSM additive
was 1.22 mg - eq/ g, and for the membrane doped with zeolite BEA — 1.28 mg - eq/ g.

The results show that the obtained protonconductive membranes possess similar
physicochemical characteristics compare with commercial Nafion membranes ("DuPont”,
USA). The advantage of the developed membranes is lower production cost and
environmental friendliness. In this regard, the proposed membranes are promising materials
for use in PEMFC. The use of fuel cells as sources of electricity will significantly reduce the
harmful effects on the environment and increase the performance properties of energy
systems based on them.
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Cadmium-induced oxidative stress, histopathology, and transcriptome changes
in the hepatopancreas of freshwater crayfish (Procambarus clarkii)
Y. Zhang
Harbin Institute of Technology, Harbin, China
e-mail: yuzhang429@126.com

Cadmium (Cd) is a common contaminant in environment. Crayfish are considered
suitable for indicating the impact of heavy metals on the environment. However, there is
limited information on the mechanisms causing damage to the hepatopancreas of
Procambarus clarkii exposed to Cd. We exposed adult male P. clarkii to 2.0, 5.0, and 10.0
mg/L Cd for 24, 48, and 72 h to explore Cd toxicity. Afterwards, we measured
bioaccumulations in the hepatopancreas and determined malondialdenhyde (MDA), superoxide
dismutase (SOD), catalase (CAT), and glutathione S-transferase (GST). Additionally, the
hepatopancreas histopathology was analyzed and the transcriptome analysis of the P. clarkii

229


mailto:yuzhang429@126.com

hepatopancreas under Cd stress was conducted. The results revealed that hepatopancreas
could accumulate Cd in a time- and dose-dependent manner. Cd induced significant changes
in MDA content and antioxidant enzyme activity. Severe histological alterations were
observed in crayfish hepatopancreas. After 72 h exposure to 2.0, 5.0, and 10.0 mg/L Cd,
transcriptome analysis identified 1061, 747, and 1086 differentially expressed genes (DEGS),
respectively. Exposure to 5.0 mg/L Cd inhibited heme binding, tetrapyrrole binding, iron ion
binding and activity of oxidoreductase and sulfotransferase, while exposure to 10.0 mg/L Cd
enhanced the export of matters from nucleus. In the hepatopancreas treated with 10.0 mg/L
Cd, pathways related to diseases and immune system were significantly enriched. Meanwhile,
31, 31, 24, 7, and 12 identified DEGs were associated with the oxidation-reduction process,
immune system, ion homeostasis, digestion and absorption, and ATPases, respectively. Our
study provides comprehensive information for exploring the toxic mechanisms of Cd and
candidate biomarkers for aquatic Cd risk evaluation.
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Pyrolysis behavior of supercritical n-decane over nano nickel oxide MDOfield
commercial HZSM-5
W. Zhou
Harbin Institute of Technology, Harbin, China
e-mail: Zhouweixing@bhit.edu.cn

Endothermic pyrolysis process of hydrocarbon fuel has great potential in the cooling
usages [1]. But the issues of unsatisfied heat sink and severe coking limit the further
development [2]. We made the nano NiO hybrid thin layers wrap on the commercial HZSM-5
(denoted as ZSM-5@NIiQ) by incipient-wetness impregnation method, and got the significant
modulation ability for the acidity properties of HZSM-5. The experimental results shows that
the as-prepared catalysts can improve the heat sink of supercritical cracking of n-decane from
3.8 MJ/kg at 728 °C to 4.6 MJ/kg at 780 °C, and higher than the HZSM-5 for 3MJ/kg at
687 °C as a comparison catalyst, here the temperature is the highest temperature at the
moment when the experiment pipe was block by coke. It is also found that ZSM-5@NiO
generated more gas products which was positively correlating with the heat sink. The
synergistic effect between NiO and HZSM-5 dramatically lowers the overall acidity of
composite and results in effective anti-coking properties. Present work demonstrates that the
introduction of nanostructured metal oxides into HZSM-5 will synergistically adjust the
acidity of composite, finally providing deep insights for the design and fabrication of catalysts
for hydrocarbon fuel cracking.
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Cexuus 5. JkoJoruyeckasi 0MOTEXHOJIOT U,
3€¢JICHaAd 39 KOHOMUKA: HpOﬁJIeMbI H MEPCIHIEKTUBLI
Section 5. Biotechnology Contribution for Sustainability

Hcnoan3oBanue puzocdepHbIX MUKPOOPTAaHM3MOB
B OMOpeMeIMalMM N0YB, 3aTPA3HEHHBIX HePTHI0
JI. Benosexen, M. TperbsikoBa, FO. Mapkosa, A. JleBuyk, C. AgamoBuy,
E. O6opuna, U. Yiakon
Uprymcerkuu unemumym xumuu umenu A.E. @asopckoco CO PAH
e-mail: lyu-sya@yandex.ru

MukpoOHass peMeauanus IOYB SBISETCA OJHUM M3 HauOojiee NEepPCIEeKTUBHBIX
METOI0B OYHMCTKU TOYBHI OT HEPTH M HePTenpoAykToB. C IEIbI0 MOMCKAa MEePCHEKTHBHBIX
HEPTEIECTPYKTOPOB M3 pH30c(hepbl pPaCTEHUN,IPOU3PACTAIOIMX HE He(Te3arps3HEHHbIX
NoYyBaxX, HAMU OBUTM BBIAETICHBI OaKTEpUH, B KOPOTKHE CPOoKH 3(dekTuBHO pazpymaronme
HepTh M TmpuHamIexkamue K poxam: Rhodococcus, Acinetobacter m Pseudomonas. brura
[I0Ka3aHa MX CHOCOOHOCTh BBDKMBATh M pasziaraTb HE(Th NMPH BBICOKUX U 3KCTPEMAJIbHO
BBICOKMX €€ KOHIEHTPAalMAX,a TaKKe NpU HHU3KUX MOJOXKHUTEIBHBIX TeMIlepaTypax.
Ha ocHOBe BBIIENIEHHBIX MHKPOOPIaHM3MOB Obula cOpMUpOBaHa accolMalus H3 Tpex
HauOoJsiee aKTUBHBIX INTaMMOB. OJHAaKO ee NPUMEHEHHE HEeXelaTelbHO Oe3 BBIACHEHUS
IPOIIECCOB,IPOUCXOAAIINX C HEPTbIO BO BpeMs MHKpOOHOH pecTpykiuu.B kadectBe
MapKepHbIX COEAMHEHUM HamMM ObUIM BbIOpaHBI apOMaTHUYECKHE KOMIIOHEHTbI HE(TH,
IpPEJCTAaBICHHbIE MOHO- U IOJULUKIMYECKUMH apOMAaTUYECKUMHU  YIJIEBOJOPOJAMH.
[To mosiBeHNIO B cpene KyJIbTUBUPOBAHHS HU3KOMOJIEKYISAPHBIX (DEHONBHBIX COEIMHEHHN
HaMM ObUIM [IOKa3aHbl OCHOBHbIE IYTH JECTPYKLUUH apOMaTUYECKHX COEIMHEHMH,
UCTIONIb3yeMble HUCCIIeyeMbIMH MHKpoopranu3mMaMu.Tak, Bce MITaMMBbl pas3iiaraloT Ux IO
HaubOosee Cpead MHKPOOPraHM3MOB  pAcHpOCTPAaHEHHOMY METa0OJMYEeCKOMY  IIyTH,
UHTEPMEIUATOM KOTOPOro sBJsIeTCSs MUpOKaTeXuH, a mrammbl Pseudomonas 90,
Rhodococcus 108 wu  Acinetobacter guillouiae 114 1OMOAHUTENBHO HCHOJIB3YIOT
QIbTEPHATUBHBIA MyTh OKUCJIEHUS, NPOTEKAOIUH ¢ 00pa3oBaHMEM MPOTOKATEXOBOU
KUCIOTHl. HaMu Taxoke HCCieoBaHO MHKPOOHOE pa3ioKEeHHE MOJENIbHBIX COeIMHEHUN
He(TH,TaKuX Kak HaTanuH, eHaHTpPEeH,aHTpalleH, HaQTOJ, U UX CMECU. Y CTAHOBJIEHO, UTO
BCE HMCCIIEI0OBaHHbIE IITAMMbI CIIOCOOHBI YTUIM3UPOBATh 3TH COEAMHEHUs, ¢ 00pa3oBaHHEM
TPYNITBI METa0OJIUTOB,CPEN KOTOPHIX HICHTU(MUIIMPOBAHBI (TalieBas W TPOTOKATEXOBas
KHUCJIOTBI W THUPOKATeXUH. YOBUIb MOJEIBHBIX coenuHeHuit coctaBuia oT 30 mo 70 % B
tedeHue 10 pHeil. Eme ogHMM acmekToM 3TOM paboOThl ObUIO MPUMEHEHHE CTUMYJISATOPOB
pocra MHUKPOOPTaHU3MOB, B Ka4yecTBe KOTOPBIX WCTIOJTH30BAJIHCh
POTATPAHbL,CHHTE3UPOBAHHBIE IyT€M pEaKUUid OMOTeHHBIX TUAPOKCUITHIAMHUHOB C
ApUIXAIbKOTC€HWIYKCYCHBIMUA  KHCIOoTaMu.VIHTepecHO, 4YTO MNPHCYTCTBUE MPOTATPAaHOB B
MUTATENBHON cpesie He TOJIBKO YCKOPSUIO OCT MHUKPOOPTraHU3MOB,HO U M3MEHSJIO CKOPOCTh
pasyIoKeHUs] MOAETbHBIX COCTUHEHNUI He(PTH U crieKTp uHTepMeanaToB. [IpeamnonoxurensHo,
MpOTaTpaHbl CHOCOOHBI B3aUMOJIEHCTBOBaTH C MEMOpAaHONW MHMKPOOHON KIIETKH,U3MEHSS
MPOHUIIAEMOCTh KaHAJIOB U CKOPOCTh MPOHUKHOBEHHUSI BEILIECTB Yepe3 MeEMOpaHy.

Takum  oOpa3oB,HaMM  cO3/laHa  accolMalMs  MHKPOOPTaHU3MOB,CIIOCOOHAsS
3¢ (PEeKTUBHO U B KOPOTKHE CPOKH paszjarath chipyro HedTh. [lokazaHo, 4TO BCE IITaMMBI
paszjaraloT MOJENbHbIE COEIUHEHUS HePTH, a BHECEHHWE CTUMYJIATOpAa POCTa MPHUBOIUT K
U3MEHEHUSM C CKOPOCTH U HAIllpaBJIEHUH €€ JIECTPYKIIHH.
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HcciienoBanue HU3KOTEMIIEPATYPHBIX CBOMCTB cMecei 1u3e1bHO0e TONJIMBO —
O0moamn3eIbHOE TOIIMBO — HU3KOTEMIIEpPaTypHAas MPUCATKA
N. Belozertseva, M. Kirgina, I. Bogdanov, A. Balzhanova
Hbicesckutl cocyoapcmeennblil mexuudeckuti yHusepcumem umenu M.T. Kanawnuxosa
e-mail: belozertsevanatasha@mail.ru

Ceromusi, MHOTME pa3BUThIE TOCyJapCTBa  yIENSIOT  OOJbIIOE BHUMaHUE
anbTepHAaTUBHOW 53Hepretuke. OIHMM M3 caMbIX MONYJSAPHBIX BHUJOB aJIbTEPHATUBHOIO
TOIUIMBA SIBJISIETCST  OMOAU3ENbHOE TOIUIMBO, IPOM3BOACTBO KOTOPOTO JTUHAMHUYHO
pa3BuBaeTcs B Hamu AHU. Kpome TOro, mpou3BOJCTBO OHOIU3ENs SBISETCS CIOCOOOM
YTUJIM3ALKY UIIEBBIX U IPOU3BOJICTBEHHBIX OTXO/0B, TAKUX KaK OTPaOOTaHHbIE Maca.

OcHoBHOHM 1IeNbI0 pabOTHI SBJISIETCS OMNpeelieHne Haubosee NpearnouYTUTEIbHOTO
CBIpbS JUIs IIPOU3BOICTBA OMON3ETHLHOTO TOILJINBA c ONTUMAaJIbHBIMU
HU3KOTEMIIEPATYPHBIMH CBOWCTBAMU M OLIEHKA BO3MOXKHOCTH NPUMEHEHUS MOJYyYEHHBIX
BUJIOB TOIUIMB B YCIIOBHUSIX XOJIOJAHOTO KJIMMATA.

Jlnist mpoBeieHus UCTIBITaHNH ObUTH BBIOpaHbI HanboJee pacpocTpaneHHble B Poccun
pacTuTeNIbHbIE Macia: TMOJCOTHEYHOE, KYKYpy3HOE€, JbHSHOE, TOPYMYHOE M PHDKHKOBOE
Macso. B mabopaTopHBIX UCHBITAHUSX HCIONB30BAINUCH TOJNBKO HepadUHUPOBAHHBIE Macia.
W3 BblllenepedyuCIeHHBIX PACTUTENbHBIX Macel ObUIM  CHUHTE3UpPOBaHbl  METOJIOM
nepesTepudukanuu OuoauseNbHble TOIUMBA. Peakuuu nepesrepuduKauu NpOoBOJUIINCH B
n30BbITKE ATWIOBOTO crnupTta npu Temneparype 75 °C B TeueHue 6 4acoB, B KadyecTBE
KaTajau3aTopa UCIOIb30BAJICA THIPOKCH]T KaJIHsl.

[TonydyeHHoe OMOIM3ENHHOE TOIIMBO MPEICTaBIsIET CO00M CMECh MOHOAIKHIBHBIX
3pHUPOB KHUPHBIX KUCIOT. Kak i chIpbsi (pa3lM4HbIE PAacTHTENbHBIE Macia), Tak W JJis
MOJIyYEHHBIX MPOIYKTOB OBLIO OMpeAeNeHbl MOJNEKYspHast Macca, MiIoTHOCTh (mpu 15 °C),
KMHEeMaTudeckas U [TuHamudeckast Bsi3koctH (mpu 20 °C).

Taxxe /Ui TOMYyYEHHBIX CMeced OSTUJIIOBBIX A(QUPOB KUPHBIX KHUCIOT OBLIU
OTlpesieNieHbl  HU3KOTEMIIEpaTypHbIE XapakTepUCTHKHM (TemmepaTypa IOMYTHEHUS U
TeMreparypa 3acteiBaHus). [loydeHHbIe pe3ybTaThl MO3BOJIWIIN BbISIBUTH, YTO HAWITYUILIUMU
HU3KOTEMIIEPATYPHBIMH XapaKTEPUCTUKAMH O0JIaJaeT MPOAYKT, TOJYYEHHBIN U3 TOPUUYHOTO
Maclia, XyALIMMHU — IPOIYKT, TOJIY4€HHBII U3 MOJCOIHEYHOTO Maca.

[Tocne nccnenoBanus MOTYYEHHBIX MTPOAYKTOB ObliIa MOCTAaBJIEHA 11€b UCCIIET0BAaHUS
BO3MOXKHOCTH TNPUMEHEHUS] OWOIM3EIbHBIX TOIUIMB B CMECH C HE(PTAHBIMU JU3EIbHBIMU
TOMJMBAMM B YCIOBHMSIX XOJIOAHOTO KiuMaTa. [l JOCTMIKEHHMs JaHHOW Ienu Obuln
[PUTOTOBJIEHBl CMECH OWOAM3EIbHOE TOIUIMBO — JU3€IbHOE TOIUIMBO C Pa3INYHBIM
coJiep>kaHueM OMonu3ensi B cMecH, a uMeHHo 5 % wmac., 10 % mac. u 20 % mac. [Jo6aBneHue
makcumyM 20 % Mac. 0OOCHOBAaHHO Te€M, YTO MPUMEHEHHE IMOJI0OHOrO THIAa CMECEBOTO
TOTJIMBA HE TIOBJIEYET KOHCTPYKIIMOHHBIX U3MEHEHUN JBUTATEIS.

CMmecu OBUIM MPHUTOTOBJIEHBI HAa OCHOBE MPOJIYKTOB, MOJIYYEHHBIX M3 TOPUYUYHOTO
Macia (Haujydliie HU3KOTEeMIIepaTypHble CBOWCTBA) M IMOJCOJIHEYHOrO Macia (XyAlIue
HU3KOTEMIIEpAaTypHbIE CBOMCTBA).

Jist TOSTyYeHHBIX cMeceil OMoIn3eabHOe TOIUIMBO — AM3EIbHOE TOIIMBO TAKXKe ObUIN
orpezieNieHbl TeMIepaTypbl MOMYTHEHUS U TeMIepaTypbl 3aCThIBAHMUS U BBISBIEHO, YTO C
YBEJIMYEHUEM COJIepKaHMsl OMOIU3EIBHOTO TOIJIMBA HU3KOTEMIIEpaTypHble XapaKTePUCTUKU
cMecH yxyamaprcs. B cMecn Ouoan3enbHOE TOIUIMBO — JAWM3EIbHOE TOIUIMBO ObUIH
n00aBIeHbl HU3KOTEMIIEPATYPHbIE MPUCAAKHU JIJIS TIOTYyYEHHUS] TOBAPHBIX AU3ENbHBIX TOIUIUB,
COOTBETCTBYIOLIUX TPEOOBAHUSAM COBPEMEHHBIX CTaHIAPTOB.
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JecopOuust MUKPOOPraHu3MoB ¢ ruApo¢GoOM3UPOBAHHBIX MOBEPXHOCTEN
N.A. bornanosa, E.}O. Konopanosa, A.b. Kymuunckuii, I'.O. XXnanosa
Upxymckuii 2ocyoapcmeennsiii ynusepcumem, Upxymcek, Poccus
e-mail: stomd@mail.ru

OnnuM u3 Hanbosiee MEPCHEKTHBHBIX HampaBieHUH B OopbOe ¢ 3arpsa3HEHUEM
He(TbIO SBJISIETCS HUCIOJNb30BaHUE MHKpoopranusmoB. Ilpu ycTpaHeHun He(TIHOrO
3arpsA3HEHUs] BAKHOM 3amadell  sBJIsIeTCS NOJA00p IMOBEPXHOCTHO-AaKTUBHBIX BEILECTB,
CIOCOOCTBYIOIIHUX B3aUMO/ICHCTBUIO HE(PTEOKUCIAIOMUX  MUKPOOPIaHU3MOB c
Heprenpoaykramu. Jlucmepcust THAPOPOOHBIX BEIMIECTB, B YAaCTHOCTH HEPTIHBIX
YIJIEBOAOPOAOB, PE3KO YBEIMYMBAET UX MOBEPXHOCTb. B CBOIO ouepenb, 3TO 3HAUUTEIBHO
YBEIMYMBACT IUIONIA/Ib B3aUMOJEHCTBHA THIPO(GOOHBIX COCNWHEHHHA C KHCIOPOJIOM U
HEPTEOKUCIIAIOIIMHA MUKPOOPIaHU3MaMH.

B nmanHO#l paboTe M3y4eHO BIMSHUE TYMHUHOBBIX BEIIECTB Ha arperaTHOE COCTOSIHUE
pasinyHbIX TUApo(OOHBIX BemecTB. B kauecTBe OMOAreHTOB ObUIM B3STHI IITAMMBbIL:
Yarrowia lipolytica u Bacillus thuringiensis. B kadecTBe KJIacCHYECKHX IOBEPXHOCTHO-
AaKTUBHBIX BELIECTB ObLIM BBIOpaHBl AOACLWICYIb(AT HATPHUs, MEIAHUH U TyMaThl.
B kauecTtBe copOMpPYIOIIMX MOBEPXHOCTEH B pabOTe MCHOIB30BAIHNCH MPEIMETHBIC CTEKIA,
peaBapuTebHO 00paboTaHHbIE CUIIMKOHOM WM NapadhuHOM

DKCIIepUMEHTHI MOKa3alld, YTO B MPHUCYTCTBUH JOACUMWICYIb(daTa HATPHUS COPOIUs
KJIETOK M CIOp MHMKPOOPraHM3MOB 3HAa4YMTENbHO cHUXkaercs. [lpu Oozee AmuTenIbHOM
BO3/ICCTBUH KOHIIEHTPAIMS KJIETOK M CIIOp Ha OYKaX HE TOJBKO HE YBEITMYMBAIACKH, HO JJaXKe
yMeHbl1anack. Kpome Toro, uem BbIlIE cOAEp)KaHUE OJELIICYyIb(aTra HATpus, TeM ciadee
KJIETKH W CIIOPBl MHUKPOOPTaHMW3MOB OBUTH CBSI3aHBI C TUAPOPOOHON IOBEPXHOCTHIO, U
CKOpOCTh JlecopOuuu Oblda Bblle. bbUIO IOKa3aHO, 4TO TIyMaTbl NPH ONPEAEICHHBIX
KOHIICHTPALUIX, TAKHX KaK JBOHHHK, JUCTIEPTUPYIOT IU3EIbHOE TOIUIMBO M Ma3yT, a TaKkkKe
CHIDKAIOT CTENEHb are3uH KIIETOK.

Pabora BeImONHEHa TpH (UHAHCOBOW momaepkke rpanta PODU 19-29-05213 wmk.
«MexaHu3Mbl KOMIUIEKCHOTO B3aHMMOAEUCTBUS MOYB € He(ThIO, HEPTENPOAyKTaMU U
MIOBEPXHOCTHO-aKTUBHBIMH ~ BEIIECTBAMH B TMpOLEccCax HEPTIHOTO 3arps3HEHUs U
OnopemMenuanum.

BunokaToa MUKPOOHBIX TONIMBHBIX 3JIEMEHTOB HA OCHOBE
HUTpAaTpeAyuupylouux mraMmmos Pseudomonas aeruginosa
0.0. B}IT‘II/IHal, JI.1. CT0M1'2'3, C. F03HL4, b. Cue
Ypkymexuii 2ocyoapemeentoiii ynusepcumem, Poccus
2Hpkymacuﬁ HAYUOHATILHBILL UCCTe008AMENbCKULL meXHUYecKull ynusepcumem, Poccus
*Baiikanvcxuii myzei MHL], Poccus
*BITS-Pilani, Xatioapabaockuu kamnyc, Xaiioapabao, Hnous
> Unemumym 6uono2uu okpysrcarouyeii cpedsl u mexnono2uil scusneobecneuenus, lkona
OUONO2UYECKOU HAYKU U MeOUYUHCKOU uHdcenepuu, Yrnusepcumem betixan, [lexun, Kumaii
e-mail: stomd@mail.ru

OpHMM M3 MOAXOMI0B K YCTPAHEHHUIO MOTEPh AIEKTPUYECTBA OT MEPEHANPSIKEHUS Ha
KaTOJHOM DJIEKTPOJIe B TEXHOJOTUHM MHKPOOHBIX TOIUIMBHBIX 31eMeHTOB (M®L]) sBusercs
UCIOJIb30BaHUE MUKPOOPTaHU3MOB B KauecTBE OMOJIOTMYECKUX KaTalu3aTOPOB KaTOIHBIX
npoueccoB B MOII.

B nannoit pabore onenuBaerca 3¢dexkruBHocTs MOIL] ¢ 6uokaTogaMM Ha OCHOBE
HUTpaTpenyupyomux mraMMoB Pseudomonas aeruginosa (3-SW) u (20-SW), BbIIeIeHHBIX
U3 CTOYHBIX BOJl AHrapckoro Hedrexumuueckoro 3aBoaa (APII). Dnekrpuueckue nokasarenu
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M®I] ¢ 6uokarogamu co mrammamu P. aeruginosa (20-SW) u P. aeruginosa (3-SW) Obiu
BbIIIE, YeM y aHaslornyHbIXx M®L] ¢ HUTpaTHBIMM KaToaMu 0€3 MUKpOOpraHu3MoB. B To xe
BpeMs M®PI] ¢ 6uokaTomom ¢ mrammom P. aeruginosa (20-SW) 6s11 Gostee 3pdexTrBeH, yem
MOI] ¢ 6uokarogoM Ha ocHoBe P. aeruginosa (3-SW), kak ¢ TOYKH 3peHHS TEHEPHPYEMOUH
9JIEKTPOdHEprun (HampsbkeHus u cuina Toka M®I] ¢ P. aeruginosa (20-SW) — 478 = 12 MB u
1361 + 133 MkA, ¢ (3-SW) — 380 £ 10 MB u 1011 + 10 MKA COOTBETCTBEHHO), a TaKKe
cTeneHb uckioveHus Hutpara (ot 147,96 + 9,77 no 0,00 Mr/z[M3 B Ouokarone MFC c P.
aeruginosa (20-SW) u ot 141,59 + 11,82 1o 54,66 + 2,39 Mr/mv° B 6Guokarose ¢ P. aeruginosa
(3-SW) B TeueHwme 96 4 SKCIIEPUMEHT).

Takum 00pa3om, MPOBEACHHBIC MCCIEAOBAHUS MMO3BOJISIOT PEKOMEHIOBATh KYIbTYpPY
P. aeruginosa (20-SW), BbimeleHHYI0 W3 CTOYHBIX BoJa APP, mns momydenus OmokaTona
M®OI] ¢ 0oATHOBPEMEHHBIM €T0 HCIIOIH30BAHUEM ISl OYMCTKU HUTPATHBIX CTOYHBIX BOJI.

BiusinMe mecTHINA0B HA 3JIEKTPOTeHHYI0 AKTHBHOCTh 0CaIKa
B MUKPOOHBIX TOIJIMBHBIX 3JIeMEHTax
I'.0. }Kz{aHOBal, M.IO. TOHCTOﬁZ, A.B. KyHHHHCKHﬁs, J.N. Crom™*?
1Hp7<ymcz<uﬁ 20Cy0apcmeenHblll yHugepcumem
2Hpkymcmn? HAYUOHAILHBIU UCCNe008aMeNbCKULl MEeXHUYECKUU YHUgepcumem
*Baiikanvcxuii myzeu MHIL]
e-mail: stomd@mail.ru

W3ydyeno BiusHue repOunuaa l'ezarapna (aelcTByrollee BEIIECTBO — MPOMETPHH,
500 r/n) u ¢yHrumuaa xoyocan (OeHcCTByoIIee BemecTBO — TeOykoHazon 250 r/m) Ha
JUHAMHUKY JJIEKTPUYECKUX IIOKa3zaTeled MHUKPOOHBIX TOIUIMBHBIX 3seMeHToB (M®LI) c
yCTaHOBKaMM JUisi OOpabOOTKH aKTHMBHOIO Wja B KauecTBe Ouoarenrta. [lokazano, 4rto
UCIBITYEMbIE 3arpsI3HUTENIN CHUKAJIU 3JIEKTPOr€HHYI0 aKTUBHOCTh ocajika B M®LI, xoraa
coJiepKaHue B CTOYHBIX BoJlax cocTaBisuio oT 0,1 /1. Mi3yueHHbIe TOKCUKAHTHI B yKa3aHHBIX
KOHIIEHTPaLUAX 3HAYUTENIHO MHTUOMpPOBaIH JETUPOreHa3HYIO aKTUBHOCTb
MHUKPOOPIaHU3MOB HJjla U 00Ilee KOJIMYECTBO MUKPOOPTaHU3MOB. B To ke Bpems (yHruimmn
«Komocan» oka3biBanl 0ojiee BBIPAXKEHHOE OTPULATENILHOE BIMSHUE Ha BCE H3YUYCHHBIE
napameTpsl, ueM repounun I'ezarap.

CymecTByeT TNOJIOKUTENbHAsE  B3aUMOCBSI3b  MEXIY  pe3yjabTaTaMH  OLIEHKH
IIEKTPOT€HHOM AaKTMBHOCTH WJIa M TaKUMHU KJIACCHUECKMMH METOJAaMHU €ro aHalu3a, Kak
AKTUBHOCTb JIETUJPOreHa3bl U 0O0lIee KOJIMYECTBO MUKPOOPIaHU3MOB. JTO TOBOPUT O TOM,
YTO CIOCOOHOCTh OCaJIKa FeHEPUPOBATH MEKTpUUecKuil Tok B M®I MoxkeT nucnoab30BaThes
B KayecTBE OJHOTO M3 MapaMeTpOB JJIS OLIEHKU ero (usznonornyeckoro cocrosHus. Kpome
TOro, B ClIyda€ MOHOCOCTaBa 3arpsi3HsAoNMX BemectB, M®IL[ ¢ aKTUBHBIM HJIOM MOKHO
UCIOJIb30BaTh B KayecTBE MHCTPYMEHTA JUIs NEpBOHAYAJIBHOW HeCTIEHU(PHUECKON OLEHKU
3arpsiI3HEHUS] CTOYHBIX BOJ| MECTULIUAMH.

Ecologically safe technology of enrichment of bread with selenium
T. Katsurba
Irkutsk National Research Technical University
e-mail: gd-vk@mail.ru

One of the most important directions of Russia's policy is to create a system of healthy
nutrition. The provinces deeply deficient of selenium include not only the North-Western
regions of the Russian Federation, but also Buryatia, Chita and Irkutsk regions, and others.
The presence of selenium in the blood serum of the adult population of the Angara region has
an average value of 74.8 + 2.9 mcg/liter (norm 160 mcg/liter). It is known that the deficiency
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of selenium in the human body significantly increases the likelihood of various diseases. One
of the environmentally friendly ways of introducing selenium into bread can be the usage of a
baking improver — malt flour obtained on the basis of malt-germinating technology using a
solution of sodium selenite when soaking the grain. This method makes it possible to obtain
selenium in a form easily absorbable in the body: selenium-methionine, selenium-cysteine.

The aim of the research was to study the effect of selenium-enriched malt flour on the
quality of bread and on the content of selenium in the finished product, and to determine the
content of selenium in the finished product.

For the production of malt, three types of cereals zoned in the Irkutsk region were
used: spring upright two-row barley of the "Acha" variety, spring soft wheat "IREN", winter
rye of the "Bukhtarminskaya" variety. The germination of malt was carried out on a mini-
apparatus at a laboratory. The soaking of grain was carried out using an aqueous solution of
sodium selenite 0.033 mg/l. In the experimental versions, the wheat flour was replaced with
the malt flour in the proportion of 2.5 % of the total mass.

The concentration of selenium in the resulting bread was 120 mcg/kg of dry weight.
It is established that the consumption of 300 g of fresh bread baked using selenium-enriched
malt can provide up to 60 % of the daily nutritional need for selenium. Interrelations between
technological indicators of the quality of bread and the content of selenium in the selenium-
containing malt flour are revealed.

The results indicate the prospect of using selenium-enriched malt in the production of
bakery products. An environmentally friendly technology of obtaining selenium-enriched
malt and its use in breadmaking is introduced.

Micrococcus luteus u Serratia marcescens, kak HoBasi accOUANUs 0MOATEHTOB
AJIsl MUKPOOHBIX TOILIMBHBIX 3JIEMEHTOB
E.10. Konoganosa’, JI. BapGopa®, K.A. Ymxuk®, .M. Crom*??
Ypkymexuii 2ocyoapemeentoiii ynusepcumem, Poccus
2Hpkymacuﬁ HAYUOHATILHBILL UCCTe008amMeNbCKUll mexHuueckuil ynueepcumem, Poccus
®Baiikanvcxuii myzei MHI], Poccus
*Mockosckuii 20Cy0apcmeenblil cmpoumenvhulil yrueepcumem, Poccus
> Unoutickuii mexHono2useckuil uncmumym I'yeaxamu, Unous
e-mail: stomd@mail.ru

MuKpOOHbIE TOIUIMBHBIE 3JIEMEHTHI ITO3BOJIIOT BBIPAOATHIBATH AIIEKTPOIHEPTHUIO,
yCTpaHAs M UCHOJNb3ysd KOMIIOHEHThl CTOYHBIX BoA. /[l »Tux weneit Haubonee
KHU3HECTIOCOOHBI MUKPOOHBIE aCCOLMAIMM B MMKPOOHBIX TOIUIMBHBIX 3jeMeHTax. Hamnuue
MITAaMMOB Pa3HBIX MHKPOOPTaHW3MOB IIO3BOJISIET TOTPEONATH ropasfo Oojiee IMHUPOKHUN
CHEKTp COeIMHEHUH. MHOTOKOMIOHEHTHBIM JienaeT ux 0osee yCTOMYMBBIMU K HEraTUBHBIM
BO3JICUCTBHUSM CTPECCOBBIX (PAKTOPOB OKpyXkKaromiei cpenbl. [IpuMepom Takux accoluanuii
SIBJISTIOTCSI UJIOBBIE OTIIOKEHUS OMOJIOTUYECKUX OUUCTHBIX COOPY)KEHUI.

[lenpro 3TOM paboOTHI OBUIO CO3/IaHWE HOBOW MHKPOOHOHM acconuamuu. MukpoOHas
acconuanus Obuta chopMUpOBaHa U3 paHEe BBIIEICHHBIX IITAMMOB W3 AaKTUBHOIO HIIA
He(dTexuMuueckoro 3aBojaa, Micrococcus luteus u Serratia marcescens. Moiesb CTOYHBIX BOJT
Obula B3ATa B KadecTBe cyOctparta. IIpon3BOICTBO 3IEKTpUYECTBAa OCYIIECTBISIIOCH B
pa3pabOTaHHBIX HAMH MOJIENSAX MHUKPOOHBIX TOIUTUBHBIX AJIEMEHTOB. OTH KOHCTPYKIIHU
o0ecreynBaIu JIOCTYI K COAEP)KUMOMY MUKPOOHBIX TOITMBHBIX 3JIEMEHTOB 0€3 HapyIIeHUs
CTEpUJIbHOCTH M aHAa’pPOOHBIX YCIOBUW B aHOJIHOW Kamepe. B skcnepuMeHTax H3Mepsiin
HanpsDKeHWe, TOK B MHUKPOOHBIX TOIUIMBHBIX 3JE€MEHTaX M PAacCUMTHIBAIM MOIIHOCTb.
DKCIIEpUMEHTHI TTOKa3ald BBICOKYIO DJIEKTPOT€HHYIO aKTUBHOCTBH NPH PabOTe COBMECTHO C
Micrococcus luteus u Serratia marcescens cohosts s XOpolero pasHooOpasus
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npeayiaraeMoro Komiuiekca OwoareHToB. [loMck wu  BbiAeleHHEe SHEProdOPEeKTUBHBIX
IITAMMOB U COCTABJICHHWE M3 HUX HOBOTO KOHCOPIIMYMa HE TOJBKO YBEIMYAT BBIXOJ TOKA B
MUKpPOOHBIX TOIUTMBHBIX 3JIEMEHTaX J0 0ojee 3HAYUTENbHbIX 3HAUCHUN, HO TaK)Ke MPUBEIYT
TaKMe€ MHUKPOOHBIE TOIUTMBHBIC JJEMEHTHI K KATETOPUU MEPCIEKTHBHBIX Pa3pabOTOK IS
aNbTepHATUBHON YHEPTETUKH.

PaGora BeIMONHEHAa TIpU TONACpXKKE MUHHCTEPCTBAa O00pa3oBaHUsT ¥ HAyKU
Poccutickoit @enepanun (nmpoekt RFMEFIS58317X0060 «buopemenuaiius u OMOKOHBEPCHUS
OTXOJIOB C HCITOJIb30BaHUEM KOMILIEKCA (DOTOCHHTE3UPYIOMIUX OPraHU3MOB M FeTepOTPOQOB
B a9pOOHBIX M aHAIPOOHBIX YCIOBHAX C 00pa30BaHUEM OMOIHEPTHIY).

NHHOBaNlMOHHBIE TEXHOJIOTHN B IPOU3BOACTBE XJ1€000y10UHBIX,
MAaKapOHHBIX U KOHAUTEPCKUX I/I3)16.]1]/II71
V. Filatov, S. Paschuk, A. Pritchina, O. Voskanyan, T. Bulavina
Moscow state University of technologies and management named after K. G. Razumovskiy
(First Cossack University)
e-mail: filatov_vi@mail.ru

B nannoii crathe mpoBeseH 0030p OTPACIEBOIrO OIbITA M0 Pa3pabOTKE MHHOBAIIMOHHBIX
TEXHOJIOTUH B TPOU3BOJICTBE XJIEOOOYIOYHBIX, MAKapOHHBIX, M KOHAMTEPCKUX H3CIUIL.
[Tpoananu3npoBaHbl HHHOBAI[MOHHbBIE TEXHOJIOTUH, Pa3pabOTaHHbIE B POCCUNCKUX MHCTUTYTaX,
VHUBEPCUTETAaX M  MPENNpUSATUAX  XJIeOOOYylTO4HOW, MaKapOHHOW M KOHIUTEPCKOU
npomMbliuieHHocTH, B yactHocth ['HY BHMM3  Poccenbxozakanemuu, KyGanckum
I'ocynapctBeHHBIM ~ TEXHOJIIOTMYECKMM  YHHUBEPCUTETOM, bBeIropoJcKoM  yHHBEPCUTETOM
HOTPEOUTENTLCKOM Koomepayy, MOCKOBCKOM TOCYIapCTBEHHOM YHHUBEPCHUTETOM TEXHOJIOTUH U
yrpasnenus uM. K.I'. Pasymosckoro (IIKY). YcranoBneHo, HHHOBAIIMOHHAS! BOCIIPUMMYHUBOCTh
NPEANPUATHI OTpaciu sIBJISIETCS HU3KOM, YTO MPEMSITCTBYET BHEAPEHUIO pa3paboTok. Cucrema
rOCy/IJapCTBEHHOTO 3aKa3a OpPUEHTHUPOBAaHA HA MPUOOPETEHHE MPOAYKIMU MO HU3KUM IIEHAM.
Hecmorps Ha TO, 4ro B oOTpaciu pa3pabOTaH IIMPOKUN acCOPTUMEHT JIe4eOHbIX,
npoQUIAKTUYECKUX U (PYHKIIMOHATBHBIX XJIEOOOYIOYHBIX, MaKapOHHBIX, U KOHAUTEPCKUX
W3JIENMI Ha OCHOBE MHHOBAIIMOHHBIX TEXHOJIOTHI.

buoskonomuka UpkyTckoii 00JacTH: COCTOSIHME U MEPCNIEKTUBBI PA3BUTHS
E.}O. Ilanacenkosa, C.C. Tumodeen
Upxymckuil HayuoHanbHblll UCCIe008aMENbCKUL MEeXHUYECKULl YHUGepcumem
e-mail: pey@istu.edu, samtim@mail.ru

CoBpeMEHHOE 4YEeJIOBEUECTBO BOJHYET MHOXKECTBO MPOOJIEM, OJHOM HX KOTOPBIX
ABIIsIETCS eMorpaduueckas ¥ IpoAOBOIbCTBEHHAs: 0e30macHOCTh. [10 MPOrHO3HBIM OIIEHKaM
K 2030 r. YMCIEHHOCTh HACEICHUS TIJIAHETHI BO3PACTET 10 8,3 MIIP/ YEIOBEK 10 CPABHEHUIO C
6,5 mupa B 2005 r. Poct Hapogonacenenus [1], moBbIIIEHUE YpOBHS KU3HU HACEJICHUS U
JIOXOJIOB Ha NyIly HaceleHUs OyAeT CrocoOCTBOBATH YBEIMYEHHUIO CIpOca HAa MPUPOIHbBIE
pecypchbl, B 4aCTHOCTU MHUILEBbIE, BOJHBIE, KOPMOBBIE, SHEpreTuueckue. B To xe Bpems
OKHJIaeTCS CHIDKCHHE OO0BeMa JOCTYIHBIX NPUPOIHBIX PECYpPCOB, YTO YCYTyOJsIeTCs
CEpbE3HBIMU KITUMATHUYECKUMU aHOMATTUSIMHU.

CrpaxoBasi CTaTHCTHKA YUCJIA TTOCIICACTBHM, BRI3BAHHBIX MPUPOTHBIMA aHOMAJTUSIMH,
a ClIeJI0BaTeNbHO yIiepOa, KOTOPBIHA MOAIEKHUT BO3SMEIIEHUIO, 32 TIOCTIEHUE COPOK JIET BHIPOC
B Tpu pa3a. [loromHbie aHOMaINMU peaau3yIoTCS B BUJE BOJH TEIUIA WJIM XOJ0Ja, CMEpYeH,
JTUBHEH, HABOJHEHUH, 3acyxa W T. 1. HaBomgHeHMs, 3aCyxXu, CYpOBBbIE€ 3MMBI pa3pylIalOT
CebCKOE XO3SMCTBO, MPUBOMAT K TONOAY W snuaeMusMm. LIITopmel, yparansel, MpOJMBHBIC
JOKIM HE MIaIST HUYETO Ha CBOEM ITYTH, 3aCTaBISIOT JIOJEH YXOAUTh U3 PA30PEHHBIX MECT.
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[Ipumepom Takoro cOOBITHS SIBISIETCS HaBOAHEHWE B MpKyTCKoi 001acTH B KOHIIE
utore 2019 roxa, KormaB MUK IMaBoOJKa MaKCUMalbHBIM ypoBeHb peku Us B ropone Tynyn
MOJAHUMAJICS 10 OTMETKH 14 MeTpoB (mpu kputmueckoir otmetke 700 cm), peku Oka B cene
VxTty#t — Ha 10 MeTpoB, peku Y aa B Huwxkneynuncke — Ha 2,5—3 metpa, peku benas B nocenke
MuienéBka — Ha 2,5MeTrpa. 3aTomnsieHo nmoytu 11 Teicsy kuibix 7oMoB B 107 HaceneHHbIX
IIYHKTaxX, TPETh IOCTPOEK HE IOJUICKUT BOCCTAHOBIICHHIO. B miectu paiionHax Hpkyrckoit
obnactu Obut BBeneH pexkuMm UC. Yiiepd OoT HAaBOAHEHHUS OLEHUBACTCS KaK MHUHHUMYM B
29 MmITHapI0B pyOIei.

Ha tepputopum HWpkyrtckoit ob6nactu, KpacHosipckoro kpas OymiyroT JI€CHbIE
10Xapsbl, IJI0I1a/1b KOTOPBIX TOCTOSHHO YBEJIMUNUBAETCSA, OTMEYAETCS CMOI OT I10KapoB Ha
tepputopun CPO.

Bce st mpoGnembl TpeOyeT OT denoOBeYeCTBA H3MEHUTHh CBOE OTHOILIEHHE K
IIPUPOJHBIM pecypcaM U SKOHOMHUKE W NPUHUMATh HE3aMEIJIUTEIbHBIE MEphbl BBIXOIA W3
KpHU3HcCa, Mepexo/is Ha MyTh YCTOMYUBOTO PA3BUTHSL.

B utone 2009 r. 34 ctpanamu Obuia noamnucana Jlekmapaius 3eJICHOr0 pocTa, KOTopas
3asBISIET, YTO 3TU CTPaHbl OYyAYT «YKPEIUISATh MpHIaraéMble UMH YCUJIUS Uil BHEAPEHUS
CTpaTerui 3eJeHOro pocTa Kak B paMKax NPUHMMAEMbIX UMM MEp JJIs BbIXOJla U3 KpHU3HcCa,
TaK M 3a MX MpeJeaMH, MPU3HABas, YTO TOHATHUS <«3EJCHBIM» M «POCT» MOTYT OBITh
HEPa3pbIBHO CBs3aHb» [2]. «3emeHslil» pocT (greeneconomic growth) — HOBas mapagurma
pa3BUTHs, OPUEHTUPOBAHHAs HAa MOJEJb 3KOHOMHMYECKOIO pOCTa, KOTopas  sBJISETCS
SKOJIOTUYECKH U COLMAJIbHO YyCTOMYMBOM. B d4acTtHOCTHM, mnpennaraercs y4HUTHIBATH
COIYTCTBYIOIIMN HIKOHOMUYECKOMY pOCTY yuiepO, HAaHOCHMBIM OKpyxarouie cpene, u
Ipyrue aHaJOTMYHbIE TOTEepPH HAIMOHAIBHOTO OorarctBa. 3€lIeHBII POCT JIOJDKEH
KaTaJIM3UPOBAaTh UHBECTUIIMU M MHHOBAIIMHU, KOTOPHIC JISTYT B OCHOBY YCTOMYHMBOTO POCTa U
MPUBEAYT K BO3HUKHOBEHUIO HOBBIX 3KOHOMHUUYECKHX BO3MOXKHOCTEH [3].

Tpancpopmanusi 5JKOHOMHKHA CTpaH BEIETCS B UYETHIPEX OCHOBHBIX HAIPABICHUSX:
BOJIa U CAHUTAPUsL, 3€JIEHbIE TOPOJ1a, YCTOMYUBBIE TEPPUTOPUN U YCTOMUYUBAS SHEPIUSL.

JlomMuHUpYyIOas 10 HACTOAIIETO BPEMEHM BO MHOTHX CTpaHaxX JHHEHHas MOJEIb
SKOHOMHUKH, Oa3upyromiascs Ha TPUHIHUIE «U3BSATh — MPOU3BECTH — BBIOPOCHUTHY», ObLIa
OCHOBOM COIMAJIbHO-PKOHOMHYECKOTO Pa3BUTHUSI CO BPEMEH MPOMBIIINIEHHON peBoonuu [4].
Opnnako HapacTarolmuil JeUIUT CHIPbEBBIX U JHEPTETUYECKUX PECYPCOB, BOJIATHIHLHOCTD
IIEH Ha TOBApHBIX PBIHKAX, YCHJIMBAIOILEECS 3arps3HEHHE OKpYXKarolled Cpelbl, BKIOYas
MacCHpPOBAaHHBIE BBHIOPOCHI MAPHUKOBBIX Ta30B, MOBBLIINICHWE TEMIEPATypbl U 3arpsi3HEHUE
pa3IMYHBIMU ~ OTXOJAaMH  MOPCKHX  aKBaTOpWM,  yrpokaroume  HeoOpaTUMBIMU
KIIMMAaTUYECKUMU ~ U3MEHEHUSIMH,  POCT  IUIOMIAJIed,  3aHUMAEMbIX  MOJUTOHAMHU
MPOU3BOJCTBEHHBIX W OBITOBBIX OTXOAOB M T. M. TMOATOJKHYIH K TI€PEOCMBICICHUIO
TPAAUITMOHHONW MOJIEIM SKOHOMHUKH.

Bce Oonbliiee BHUMaHuE MPHUBJIEKAeTCS K KOHLEMIUH IUPKYISIPHONH SKOHOMHKH, B
OCHOBE KOTOpPOH JEXHUT LENOYKa «U3bAThb — IMPOM3BECTH — IOBTOPHO HCIIONB30BATHY.
[Toxg uMpKyAsApHOM HKOHOMHMKOM CHEUMAIMCTaMU TMOHHUMAETCS HIKOHOMHKA, KOTOPOM
CBOMCTBEH BOCCTAaHOBHUTEIBHBIH W 3aMKHYTBIA xapaktep [5]. s Hee xapakrtepHa
MUHUMU3ALUS TOTPeOJICHHS MEPBUYHOTO CHIPhsl U 00BEMOB TiepepabaThIBAEMBIX PECYPCOB,
KOTOpasi COINpPOBOXKIAETCS CHM)KEHHEM OTXOJO0B, HAIpaBlIsEMbIX Ha 3aXOpPOHEHHUE, IpHU
OJIHOBPEMEHHOM COKpAIIEHUU ILIOMIA/IeH, 3aHUMAEMbIX COOTBETCTBYIOLIMMHU MOJIUTOHAMHU U
HEOPTraHW30BaHHBIMH CBAJIKAMHU.

B osrom kmoue B Ctpanax EC pas3BuBaercs uupkyisipHas OHOIKOHOMHKA [6].
broskoHOMHKAa — 3TO 3KOHOMHKA, KOTOpas MCHOJIb3YIOT BO30OHOBISIEMble OMOJIOTHYECKUE
peCyYpChl CyIIH U MOpPs AJIsi IPOU3BOJICTBA MIPOIOBOILCTBUS, OMOMATEPUAIIOB, OMOIHEPTUU U
ouonpoaykToB [7]. OHa BKiIOYaeT B ce0si MPOU3BOACTBO OMOJIOTHYECKUX MPOAYKTOB U UX
npeoOpa3oBaHue B MPOJOBOJILCTBHE, KOpMa, OMOIIPOAYKTHI U Ono3Hepruo [8].
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OnHa oxBaThIBa€T Takue OTPACIU KaK CEIbCKOE U JIECHOE XO3SICTBO, PHIOOIOBCTBO,
MUIIEBOE U IEJUTIOJIO3HO-OyMa)kHOE TMPOM3BOACTBO, a TakKKe OTJENbHbIC HampaBiICHUS
XUMHUYECKOH, OMOTEXHOIOTUYECKONW U DHEPTETHUECKOM MPOMBIIIIIEHHOCTH [9].

Ona o6najgaer MOIIHBIM HMHHOBAIlMOHHBIM IOTEHIIMAIOM OJaronapsi BOBJICYCHHIO
HIMPOKOTO CIEKTPA HAYK, NEPEAOBBIX U MPOU3BOJICTBEHHBIX TeXHOJOoruH [10].

JlecHO¥ CEKTOp, SIBISIETCS KIIFOUEBBIM JIEMEHTOM JIJIsl pa3BUTHUSI OnodkoHOMUKH [11].

Tak Ouomacca, ocrarowiascs IOCJIE JECO3arOTOBUTENbHBIX padOT, KpyMHEUIIUi
MCTOYHUK BO30OHOBIISIEMOTO CHIPbs /Ui Ipou3BoAcTBa sHepruu B EBpone. [1o ganusim psga
uccieoBaHuii[ 12], B TeueHue CleayomuX AECATUIECTUN U3 PaclOI0KEHHBIX HA TEPPUTOPUHI
EC necoB MOHO €XerojHo noiydars npuMmepHo mno 200 miaH M JPEeBECHOI Omomacchl (4To
cootBercTByeT 400 TBT 4 sHeprun) [13].

B Poccun paszButre OMO3KOHOMHUKHU ONPENENSIeTCs TOCYAapCTBEHHOM MporpaMmmon —
KomruiekcHol mporpammoit passutusi OnotexHonoruii B Poccuiickoit @enepanuu Ha MEpHOT
no 2020 roma, KOTOpOH TPEIyCMOTPEHO JOCTHKEHHE IIed CO3JaHusl T100abHO
KOHKYPEHTOCIIOCOOHOTO CEKTOpa OMOIPKOHOMHKH, KOTOPBIA HapsAdy C HAHOMHAYCTpUEH U
MH(OPMALIMOHHBIMU TEXHOJIOTUSIMHU, JIOJKEH CTaTh OCHOBOW MOJEPHM3ALMM U MOCTPOCHUS
MOCTUHAYCTPUATBHOM SKOHOMUKH; JTOCTHUKEHUE JOITOCPOUHOM 1enu — Beixoay B 2020 romy
Ha o0BbeM OuoskoHoMuku B Poccuu B pazmepe okono 1 % BBII u B 2030 rony — He MeHee
3 % BBIL

Llenbto paboTHI sBISIACH OLIEHKA COCTOSIHUS OMO3KOHOMUKM B MpkyTcKoil obiacTu ¢
TOYKH 3PEHHUS HCIOJB30BaHUS BO30OHOBISIEMBIX PECYpCOB Jieca M €€ JOJIM  BaJIOBOTO
PErMOHAIILHOTO TPOJIYKTA.

B pabore mpoananmm3mpoBaHa cTaTHCTHYEeCKas WH(pOpMAIMs O JIECHBIX pecypcax
HpkyTckoli 00IaCTH C TOYKH 3pEHUS BO30OHOBIISIEMOCTH, TMPEXKAE BCETO HEIPEBECHBIX
pecypcoB, TpubOB, AUKOPOCOB U T. 1.

PaccmorpeB UHpkyrckyro o0JiacTh € TOYKHM 3pEHUS OMOIKOHOMHUYECKOTO ITYTH
Pa3BUTHSL, MOKHO CJIE€NaTh BBIBOJI O MEPCIEKTUBHOCTU JAHHOI'O HAIIPABJICHUS.

Pa3BuTe permoHa BO3MOKHO HE TOJIBKO 3a CUET HMEIOIIUXCS MUHEPAIbHBIX
pecypcoB, a Takke BO300OHOBIsIEeMbIX Ouosiornyeckux pecypcos. [IpaBurensctBo Upkyrckoit
o0jacTM Ha JaHHBIW MOMEHT YKe paspabarbiBaeT IIpoekT cTpareruu conuanbHO-
sKOHOMHUecKoro pa3Butus Upkyrckoit obmactu no 2030 rona, BKiIrodarouuii B ceOs
BONPOCHl  Pa3BUTHA Cdepbl BOCIPOU3BOACTBA, 3aroTOBKH, IepepabOoTKM U cObITa
Ounosoruveckux pecypcosn [21].

B CubupckoMm ¢denepaabHOM OKpyre yKe CYIIECTBYIOT MPHUMEPHI MOJIOXKUTEIBHOTIO
ONbITa B peaJu3aluu MoJoOHBIX mpoekTtoB. B Tomckoit oOmactu peanu3oBaHa
rocyiapcTBeHHass mporpamma «PaszButue cdepbl 3arOTOBKU M NEpepadOTKU AUKOPACTYIIETO
ceIpbs B ToMckoit o6nactu Ha 2013-2015 roasi.

Pecypcublii noteniman MpkyTckoit 00:1acT, BEICOKUIN CIIPOC Ha MPOIYKThI MUTAaHUS U
OMOJIOTHYECKH aKTHBHbIE J100aBKM U3 JUKOPOCOB CHOCOOCTBYIOT Pa3BUTHIO YCTOMYMBON
CUCTEMBbI cOOpa, 3ar0OTOBKU U NepepabOTKU JIECHBIX HEAPEBECHBIX, a TAKXKe JIECHBIX (TpHOBI,
ATOJIbl, KEAPOBBII OpeX, uepeMIla, MAamopOTHHUK) IMHUIIEBBIX PECYPCOB M JIEKAPCTBEHHOTO
CBIpbS. DTO TO3BOJMT BHECTH CYLIECTBEHHBIN BKJIAJ B Pa3BUTHE SKOHOMHMKH pPErMoOHa M
MOBBILICHUE 3aHATOCTH JKUTEJEH, OCOOEHHO B CEIbCKOM MECTHOCTHM M Ha OTHaJCHHBIX
TEPPUTOPUSIX.

I'eorpaduueckoe cocencTBO €O cTpaHaMu A3HUH U €€ TPAaHCIOPTHAS JOCTYITHOCTh J1aeT
HpxyTckoi 001acTi BO3MOKHOCTh BbIXOJa HA TUTAHTCKHUE a3UaTCKUE PHIHKU MOTpeOuTeNeH,
OCO3HAIOIIMX I[IEHHOCTh MPUPOJHBIX NPOAYKTOB. Vpkyrckas oOnacTb 00iajaeT BCEMH
HEOOXOJUMBIMU pecypcaMy Ui TOro, 4YTOOBI YAOBJIETBOPUTH 3TOT BO3pACTAIOMIMN
NOTPEOUTENBCKUI CITPOC U BCTYUTh B KOHKYPEHTHYIO 00phOY 3a 3apyOeKHbIE PHIHKU.
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Effects of turbulence intensity and double ignition on flame propagation
characteristics and thermal efficiency of CNG engine
Y. Miao
Jilin University, Changchun, China
e-mail: 1477150923@qg.com

Abstract. In order to meet the requirement of low carbonization, improving the
indicating thermal efficiency of CNG-DI engine is an important way. The combustion process
and fluid flow in a CNG-DI engine which was modified from a 2.0L diesel engine are
calculated by multi-dimensional computational fluid dynamics (CFD) code AVL FIRE. The
calculation model have been validated by experimental results of CNG-DI optical engine
firstly. Based on the simulation model, the flame propagation characteristics and indicated
thermal efficiency of CNG fuel were studied respectively from the following two aspects:
Two combustion chamber structures were selected to compare the influence of turbulence
intensity on the flame propagation process. And double ignition is adopted to change flame
propagation velocity in flat top combustion chamber and analyze the influence of increasing
intake swirl on flame propagation characteristics of double ignition. The result shows that the
shape of the combustion chamber has a great influence on the turbulence characteristics and
concentration field distribution characteristics. The increase of turbulence intensity
accelerates the flame propagation process, but the excessive turbulence intensity leads to
fracture of flame surface, resulting in insufficient local combustion. Residual fuel leads to a
decrease in combustion efficiency which leads to a decrease in indicated thermal efficiency.
The double ignition method can not only increase the flame front area, but also form a driving
effect between the two flames. When the intake swirl ratio is increased, the driving effect is
more obvious, which further increases the flame propagation speed. Moreover, the
combustion is more sufficient and the indicating thermal efficiency is improved.
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Fe—N-C nanocatalysts synthesized by alkali precipitation for high-efficiency
electrocatalytic oxygen reduction reaction
J. Ma, Y. Song
University of Science & Technology Beijing, China

Hydrogen-air fuel cell is a promising green energy for the next-generation vehicle and
other applications scenarios due to its high energy densities and environmental friendly. [1]
The main shortcoming is sluggish multiple electron transfer processes of the oxygen reduction
reaction (ORR). [2] M-N-C nanomaterials (M: Transition metal) have triggered enormous
research interests for their excellent catalytic performance and low-cost. [3] [4] In this study,
a novel and simple KOH precipitation strategy is elaborately designed to synthesize Fe
nanoparticles anchored on N-doped carbon nanospheres using the cheap phenanthroline and
carbon black as the N and C precursor (denoted as Fe—N-C nanocatalysts). By further acid
and heat treatments, this Fe-N-C material exhibits a catalytic performance comparable to
commercial Pt/C. This present synthetic strategy will provide new inspiration to the
fabrication of various high-efficiency non-precious-metal catalysts for diverse applications.

References

1. Nie Y., Li L., Wei Z. Recent advancements in Pt and Pt-free catalysts for oxygen
reduction reaction // Chemical Society reviews. 2015. 44. pp. 2168-2201.

2. Yang Z., Zhao C., Qu Y., Zhou H., Zhou F., Wang J., Wu Y., Li Y. Trifunctional
Self-Supporting Cobalt-Embedded Carbon Nanotube Films for ORR, OER, and HER
Triggered by Solid Diffusion from Bulk Metal // Advanced materials. 2019. 31. e1808043.

3. ChenY, Li Z., Zhu Y., Sun D., Liu X., Xu L., Tang Y. Atomic Fe Dispersed on N-
Doped Carbon Hollow Nanospheres for High-Efficiency Electrocatalytic Oxygen Reduction //
Advanced materials. 2018. e1806312.

4. Zhou T., Xu W., Zhang N., Du Z., Zhong C., Yan W., Ju H., Chu W., Jiang H.,
Wu C., Xie Y. Ultrathin Cobalt Oxide Layers as Electrocatalysts for High-Performance
Flexible Zn-Air Batteries // Advanced materials. 2019. e1807468.

Developing sustainable electrocatalysis materials
by understanding structure-activity-durability relationships
D. Geng
University of Science and Technology Beijing, Beijing, China
e-mail: dgeng@ustb.edu.cn

Fuel cells and electrolyzers have gained world-wide interest as future clean
technologies for energy conversion and energy storage. However, their large-scale
commercialization is largely hindered due to the high price and the insufficient durability of
the precious-metal catalysts under operating conditions.
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The Electrocatalysis and Functional Materials Research Laboratory headed by Prof.
Dr. Dongsheng Geng at University of Science and Technology Beijing was established in July
2016. Our research is focused on the development and characterization of new functional
materials for electrocatalysis, which is the key topic for electrochemical energy conversion.
The goal is to understand the relationship between structure-activity-durability for various
electrochemical reactions such as oxygen reduction, oxygen evolution, hydrogen evolution,
CO; reduction etc. and provide fundamental insights into these reaction mechanisms and
kinetics of electrochemical processes by combining the advanced high-resolution microscopic
and spectroscopic techniques.

In one study, we developed a facile
hydrothermal strategy to prepare defect-rich 1T-
MoS,/carbon nanotubes (1T-MoS,/CNTSs) composite,
which enables a higher electrocatalytic performance
of hydrogen evolution reaction (HER) with a small
Tafel slope of 54 mV dec' and a very low
over;)otential of 173 mV at current density of 10 mA
cm “. Moreover, density functional theory (DFT)
calculations show the density of states (DOS) for
defect 1T-MoS, displays semiconducting nature;
whereas defect 1T-MoS,/CNT system shows metallic
behavior. In addition, the defect 1T-MoS,/CNT shows
lower free energy change for hydrogen adsorption

Figure 1. Synergistic effects from

(AGp-) than the defect 1T-MoS,, pure 1T-MoS; and interfacial engineering of 1T-
1H-MoS,. We believe that the excellent HER MoS; and CNTs give the
performance should be attributed to synergy effects composite higher activity and
between 1T-MoS, and CNTs, including relatively- stability towards HER

high active sites, defect-rich structures, and high

electronic conductivity of the 1T-MoS,/CNTs and the

strong interaction between the 1T-MoS; and CNTs. Thus, this work provides a novel and
simple venue for designing 1T-MoS,/CNTs composites in the applications of energy storage.
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Fostering green innovation in functional materials and surface engineering
L.W.M. Lau
University of Science and Technology Beijing, Beijing, China
e-mail: leolau@ustb.edu.cn

The Center for Green Innovation (CGI) at the University of Science and Technology
Beijing was established in 2016 to promote excellence in interdisciplinary research, with a
particular emphasis on developing advanced materials for the application in energy
conversion device and surface engineering. CGI has already built a world-class research
platform which includes a unique integrated equipment-cluster facilitating atomic layer
deposition (ALD), X-ray photoelectron spectroscopy (XPS), and hyperthermal-particle-

242



bombardment, for in-situ preparation and characterization of novel low-dimension functional
materials. CGI has published >20 articles with impact factors of 11-22.

Figure 1. Surface Dynamics Equipment Cluster of CGI@QUSTB
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Design and optical analysis of a novel high-flux refracting concentrating solar simulator
W. Wang, Y. Shuai
Harbin Institute of Technology, Harbin, China
e-mail: solarwangwei@163.com, shuaiyong@hit.edu.cn

To improve the application range and reduce the cost of the concentrating solar
simulators, a novel high-flux refracting concentrating solar simulator is designed in this paper.
The solar simulator based on an array of 7 commercially available xenon-arc lamps coupled
with paraboloid mirror and Fresnel lenses as the optical concentrator. The standard paraboloid
mirror unit model is obtained by calculating the structural parameters and optical properties.
Meanwhile, the influence of different structural parameters on the optical properties of the
paraboloid mirror unit is analyzed. Based on the nonuniformity of the irradiator, the Monte
Carlo ray-tracing technique is applied to optimize the standard paraboloid mirror surface and
simulate the flux distribution of this novel solar simulator. The paraboloid mirror unit model
with uniform output energy is obtained. Furthermore, the high-flux solar simulation is carried
out with the paraboloid mirror unit as the basic component design work, access to high
irradiance and high radiation uniformity of the energy output. The research work of this paper
aims to create the experimental conditions for the study of high-temperature solar thermal,
thermochemical and advanced high-temperature material testing.

High-flux solar-driven thermochemical dissociation of CO, and H,O
Y. Shua, B.G. Lougou, H. Tan
Harbin Institute of Technology, Harbin, China
e-mail: shuaiyong@hit.edu.cn, bachguelou@yahoo.fr, tanheping@hit.edu.cn

Solar thermochemical technique is used concentrated solar radiation as high
temperature heat source to drive chemical reaction. During the process, the solar energy is
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converted into fuels with the assistance of thermochemical reaction, which is largely
employed in hydrogen production and greenhouse gas emission reduction fields. The
concentration properties and thermal conversion characteristics are studied during the two-
step solar thermochemical redox cycles. A novel solar thermochemical reactor is proposed to
volumetrically utilize concentrated solar radiation flux to produce syngas. The
thermochemical reaction performance could be more improved by using NiFe-Aluminate
porous oxide material due to the higher heat and mass transfer within the reaction medium.
Inside the reactor, the reaction is controlled by chemical diffusion, gas diffusion, and surface
exchange. The economic feasibility of solar-to-fuel energy conversion efficiency is strongly
based on a better control of reactor operating conditions with respect to the chemical reactions
involved. The research results of this study have important practical application values for the
development of high-temperature solar thermal chemical fuel conversion technology.

Microbial electrochemical systems centered wastewater treatment technology:
Superiority and Challenges
Y. Feng
Harbin Institute of Technology, Harbin, China
e-mail: yujief@hit.edu.cn

Microbial electrochemical systems (MES) have been regarded as a promising
wastewater treatment technology for its remarkable advantages, such as energy self-
sustainability, wide applicability and functional diversity. However, MES still need to make
applicable changes and find suitable niches to show its superiority than other wastewater
treatment technologies. The understanding of the electron transfer mechanism, the key
materials development, and the operational control of the system, et al. were the core parts for
system fabrication. The initial construction investment was also a great challenge for MESs.
With highly integrated construction, the reactor of MES could be built by combining this
system with traditional wastewater treatment process. Here we reviewed our works about the
fundamental research and technology development of MES, and introduce the latest pilot-
scale application of MES for municipal wastewater treatment.

As a fundamental research, microbial extracellular electron transfer was investigated
by three levels: the electron transfer process from cell to the electrode, the interspecies direct
electron transfer process, and the electro transfer process in hybrid biofilm. The process was
conducted separately with the assist of carbon quantum dots, biochar, and multiwalled carbon
nanotube. This work could be meaningful to reveal how the functional bacterial works on
anode, and shed light on accelerating the performance of electrochemical active bacteria.

Extracellular Electron Transfer

’ ° L
Nanomaterials y ,‘ i/

Interface Taside-binflim

Figure 1. Extracellular electron transfer process in MEC
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A serious of electrode materials with less-expensive and high performance were
designed and developed, including carbon-based anode, 3D graphene aerogel anode, N-doped
activated carbon, and porous carbon-based cathode. Also, some electrode treatment methods
were developed, like hydrophilicity modification, graphene/carbon nanotube adoption. These
materials could sustain a better electrochemical performance and stability over long-term
operation which provided a solid support for their application.

H,0

NDAC
o
Vd

Stainless steel mesh

Figure 2. Less expensive carbon-based materials

By applying the materials, we developed some new configurations for potential
application of wastewater treatment. In MESs system, organic pollutants were nearly
completely oxidized to CO, in anaerobic anode chamber by microorganisms. However, low
conductivity, high influent COD concentration and hard-degraded substance could influent
the performance of MESs. We developed several MES-centered configurations. In a baffled
air-cathode MESs with five modules in serial flow, the performance of upstream modules
started to be affected by the accumulation of volatile fatty acid with influent COD up to
5000 mg L (Glucose, >5g/L). To extend the application scope for high strength sewages, a
continuous stirred microbial electrochemical reactor (CSMER) was developed for the
effective COD removal and degradation of comlicated organic pollutions. In addition, a 100-
liter MES stacked by five air cathode modules, fed with brewery wastewater was designed.
The pollutant removal in the combined systems was improved by current control, flow modes
and electrode combinations.

Figure 3. Scaling up system for wastewater treatment, A-Continuous stirred microbial
electrochemical reactor(CSTR-MES); B-Baffled air-cathode MES (BAMES); C-Stackable
and separate accessible carbon brushes electrodes MES; D-Stackable horizontal MFC; E-Self
sustainable multi-module BES
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Based on these fundamental research, a multi-module pilot reactor was constructed
with a total liquid volume of 1.2 m® and operated in the actual operating condition of a
municipal wastewater treatment plant, fed with effluent of the primary clarifier. The reactor
was assembled in compact design with separate accessible carbon brushes electrodes. Both
normal biocathode and alternating hydrophobic and hydrophilic coating biocathode were
applied for comparison with raw wastewater. The effluent quality met the first grade A
standard of discharge standard of pollutants for municipal wastewater treatment plant in
China (GB 18918-2002).

0000000000000

Figure 4. The mobile wastewater treatment system and the electrode modes
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Microfluidics and its application in environment
K. Sun
Harbin Institute of Technology, Harbin, China
e-mail: ksun@hit.edu

With the rapid development of micro-electromechanical systems (MEMS), the
appearance of biochip, which is a multidisciplinary field intersecting engineering, physics,
micro electrics and molecule biology, has become the great one among the recent high
technologies. Microfluidic chips integrated with components such as micropump, microvalve
and micromixer are getting more and more perfect powerful. Here we introduce two parts of
our works based on microfluidics.

Capacitively coupled contactless conductivity detection (C4D) is an innovative
approach to avoid the problems of labour-intensive, time-consuming and insufficient accuracy
of plate count as well as the high-cost apparatus of flow cytometry (FCM) in bacterial
counting. We developed a novel electrode-integrated PCB-based C4D device, which supports
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the simple and safe exchange of capillaries and improves the sensitivity and repeatability of
the contactless detection. Furthermore, no syringe pump is needed in the detection, it reduces
the system size and more importantly avoids the effect on the bacteria due to high pressure.
The recovered bacteria after C4D detection at excitation of 25 Vp-p and 60-120 kHz were
analysed by flow cytometry, and the survival rate higher than 98 % was given. It was verified
that C4D detection did not influence the bacterial activity. Moreover, different bacteria
concentrations from 10 cells/ml to 10® cells/ml in DI water and different concentration of
PBS dilution were measured, and the effects on bacterial and C4D from background solutions
were discussed. In contrast to common methods used in most laboratories, this method may
provide a simple way technical solution for some in situ detection of bacterial cultures.

Chemotaxis is the response ability of motile cells to chemicals gradients in
environment and the migration toward higher concentration of the chemoattractant or lower
concentration of the repellent. This mechanism is a basic nature of microorganisms to adapt to
the environmental changes. The research of microbial chemotaxis is of great significance in
utilizing bacteria to solve environment problems, controling the pathogen infection, and
development of microbial industrial projects. We have fabricated a microfluidic chip to
generate the concentration gradient of the chemotaxis in the channel of the chip, and to detect
and quantify the bacterial chemotaxis. The value of fluorescence intensity was measured at
the position of 2 mm to the main channel entrance. By comparing the diffusion of the
fluorescent agent at different flow rates, the flow rate of the chemotactic / buffer solution was
80 uL / h, and the flow rate of the bacteria was 40 uL / h (the flow rate was 1.24 in the
channel) as the optimum flow rate for the chemotaxis experiment. The results showed that the
degree of responses of E. coli to different chemotaxis was different, and the trend of aspartic
acid was higher than that of serine and leucine, which was mainly due to the differences in the
induction of the agent, so that the degree of response of bacteria to different chemotaxis is
different.

Microfluidic devices could also become powerful culture, screening, single-cell
sequence, in-situ and analytical tools for microorganisms and related applications.
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Figure 1. A — Schematic illustration of capacitively coupled contactless conductivity detection
(C4D) device on detecting bacterial concentration. B — The printed-circuit-board (PCB)
based electrodes. C — Fluorescence-labeled Escherichia coli in capillary. D — Scanning
electron microscope (SEM) image of E. coli, the length of which on average is about 2 uym

247



References

1. Xiaoyan Zhang, Zheyu Li, Yu Zhang, Xiaogian Zang, Kosei Ueno, Hiroaki
Misawa, Kai Sun. Bacterial Concentration Detection using a PCB-based contactless
Conductivity Sensor // Micromachines. 2019 10(1). P. 55.

2. Xiaowei Jin, Zheyu Li, Pianpian Xu, Xiaoyan Zhang, Nangi Ren, Vitaliy V.
Kurilenko, Kai Sun. Advances in Microfluidic Biosensors Based on Luminescent Bacteria //
Chinese Journal of Analytical Chemistry. 2019. 47(2). pp. 181-190.

3. Kai Sun, Zheyu Li, Shijie You, Xiaoyan Zhang, Nangi Ren, Spatiotemporal
fractionation of two DNA fragments by microfluidic devices // Microfluid Nanofluid. 2015.
19(2). pp. 291-298.

4. Zheyu Li, Kai Sun, Misato Sunayama, Ryoko Araki, Kosei Ueno, Masumi Abe,
Hiroaki Misawa. On-chip fraction collection for multiple selected ssDNA fragments using
isolated extraction channels // Journal of Chromatography A. 2011. 1218(7). pp. 997-1003.

5. Zheyu Li, Kai Su, Misato Sunayama, Ryoko Araki, Kosei Ueno, Masumi Abe,
Hiroaki Misawa. A simultaneous space-sampling method for DNA fraction collection using a
comb structure in microfluidic devices // Electrophoresis. 2011. 32(23). pp. 3392-3398.

Adsorption of estrone with few-layered boron nitride nanosheets:
kinetics, thermodynamics and mechanism
G. Liu
Harbin Institute of Technology, Harbin, China
e-mail: Liuguohong7@126.com

Boron nitride Nanosheets (BNNSs) was fabricated with a method of heating the
mixture of boric acid and urea in N, atmosphere and used to remove estrone (E;) from water.
The obtained BNNSs exhibited a higher surface area of 896 m?/g, a large pore volume of
0.76 cm®/g, and only few layers (0.398 nm) with the boric acid and urea ratio of 1:80. The
layer number of BNNSs decreased from 15 to 4 with the mole ratio of boric acid and urea
decreasing from 1:20 to 1:80, which was identified by SEM, TEM, AFM and BET
measurements. More importantly, BNNSs presented an outstanding adsorption performance
for estrone with the adsorption capacity of 249.15 mg Ei/g BNNSs. The adsorption process
could be best fitted by pseudo second-order kinetic model and the equilibrium data at
different temperatures were well fitted by Langmuir isotherm model. The thermodynamics
analysis revealed that E; adsorption on BNNSs was spontaneous (AG=-29.33 kJ mol™) ,
enthalpy-retarded (AH=29.75 kJ mol™), entropy-driven (AS=198.26 J mol™ K™), and mostly
chemical adsorption. The adsorption rates of E; in water were sharply enhanced with thinner
BNNSs as absorbents and removal efficiency by BN-60 regenerated after 6 times was above
95 %, it was shown that the surface areas, mesopores and remarkable structure played
important roles in the adsorption process. The firmness of E; onto BNNSs and the stability of
adsorption efficiency made BNNSs as a potential absorbent for efficient removal of E; from
wastewater.
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Research on the relationship between consumption
and total quality management activities of enterprises
C. Chu
Harbin Institute of Technology, Harbin, China
e-mail: ivycc1995@163.com

As China enters a new era of socialist development, the role of total quality
management in promoting China's economy to leap into high-quality development has
gradually emerged. Consumption as the terminal of production and operation of enterprises is
inseparable from the relationship of total quality management activities. Through the combing
and analysis of the existing total quality management theory, this paper establishes the
relationship between consumption and enterprise total quality management activities from
three different levels: quality management evaluation system, enterprise performance and
corporate ethics. Based on the perspectives of consumers, enterprises and governments, this
paper proposes preliminary policy recommendations for the improvement of total quality
management activities and the improvement of product quality level.....
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Evaluation of regional green development level and study of influencing factors
Y. Yafen
Harbin Institute of Technology, Harbin, China
e-mail: yyf130629@163.com

With the aggravation of resource constraints and environmental pollution, the issue of
green development has received unprecedented attention. Under the constraints of resources
and environment and the promotion of sustainable development concepts, how to evaluate the
level of regional green development, explore the factors affecting regional green development
and accelerate the promotion of energy conservation and emission reduction are of great
research significance for the realization of sustainable development.

Based on the connotation and elements of sustainable development, combined with the
current situation of China's regional development and the practical basis of green
development, this paper focuses on sorting out relevant theories and literatures on green
development and green economy, constructs an evaluation index system of the comprehensive
effect of regional green development. Furthermore, this paper provides relevant policy
suggestions for promoting sustainable development.
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Review of semiconductor pulsed power switches
L. Liang
Huazhong University of Science and Technology, Wuhan, China
e-mail: lianglin@hust.edu.cn

Pulsed power technology is a kind of special power supply technology. It stores the
energy in long time and releases it in short time, then gets the extreme high peak power. In the
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civil and industrial areas, it could be applied for the treatment of waste gas and water,
treatment of solid waste, synthesis of nanopowders, biological and medical technology, etc.
Pulsed power switch is the key element of the pulsed power system. Because of the
development of semiconductor technology and the advantage of semiconductor switches,
pulsed power switch tends to turn into semiconductor. In this report, the semiconductor
pulsed power switches are reviewed, including the serial special types of switches proposed
by Russian scientists firstly, the RSD(reversely switched dynistor) of microsecond range, the
DSRD(drift step recovery diode) of nanosecond and the FID(fast ionization dynistor) of
picoseconds, and the main stream of power electronic devices IGBT applied in the pulsed
power areas. The semiconductor material includes the traditional silicon and the wide
bandgap silicon carbide. The operation principle, key technology, characteristics evaluation,
application status and prospect for each sort of switches are illustrated in this report.
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Human cell consumption of radiation energy
C. Song
University of Science and Technology Beijing, Beijing, China
e-mail: chingsong962005@sas.ustb.edu.cn

Synthetic biology is an emerging enabling technology to meet the challenges for
human survival and prosperity. Here we report our on-going study lasting a few years of
characterizing a light-driven proton pump in human mitochondria using synthetic biology
theory and methods. This technology has a potential to energize human cells beyond chemical
energy, for a variety of applications from pharmaceutical production to space travel.

Evidence-based Proposition about preventing radiation damage
H. Wu, W. Shaoxuan
Huazhong University of Science and Technology, Hubei, China
e-mail: hsingtzu@hust.edu.cn, 1796566343@qg.com

There are many operating nuclear power plants in the techno-sphere and radiation released
from a severe nuclear accident could harm the environment. Therefore nuclear safety plays an
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important role in techno-sphere safety. All nuclear power plants have equipped sufficient safety
systems in case of emergency. However, to the best of the authors’ knowledge, there is no
effective way to prevent radiation from being released to the environment once all safety systems
fail, such as the Fukushima nuclear accident. Radiation comes from radioactive isotopes that
released from a nuclear reactor core, and here we propose a novel and evidence-based method to
naturally trap most radioactive isotopes within a certain area to avoid radiation damage outside the
certain area. We suggest that a nuclear power plant should be surrounded by a forest since
scientific reports show radioactive isotopes released from severe nuclear accidents tend to be
preserved in a forest ecosystem with low output ratios [1, 2]. Key elements of the forest are also
identified. For example, evergreen species would be better options than deciduous species [3] and
Fungi contribute substantially to the long-term retention of radioactive nuclides [4]. This approach
guarantees that radioactive isotopes will be locked within the forest area after the occurrence of a
severe nuclear accident and therefore secure safety outside the forest.
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Performance analysis and optimization of a household
radiant cooling/heating system integrated with fresh air supply
Y.Yin*2 Y. Wang', X. Zhang*?
!School of Energy and Environment, Southeast University, Nanjing China
’Engineering Research Center of BEEE of Ministry of Education, China

With the ever-accelerated development of urbanization, the energy consumption on
building cooling/heating is increasing rapidly, and thus the energy-saving renovation of air-
conditioning systems has occupied an important position. For heat pump driven air-
conditioning (HPAC) systems, those applied for household with small scale generally have
poor energy-saving performance, which urgently needs to be addressed.

Employing temperature and humidity independent control (THIC) systems integrated with
liquid desiccant dehumidification is sufficiently effective for energy conservation in air-
conditioning. However, the hot-cold offset and concentrated-diluted offset in liquid desiccant loop
would deteriorate the system performance and restrict their utilization potentiality especially for
small-scale air-conditioning systems. This paper proposed a household THIC air-conditioning
system, in which the fresh air moisture is preliminarily removed by high-temperature chilling
water and then deeper removed by liquid desiccant. The cooling capacity loss resulting from the
hot-cold offset was significantly alleviated with the decrease in the required solution flow rate
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from regenerator to dehumidifier. Further to cope with the dehumidification capacity loss
resulting from the concentrated-diluted offset, the system was developed into the formation of
intermittent solution delivery. The working procedures and control methods for the developed
system were specified, and a quasi-dynamic model was introduced to evaluate its one-day
performance. The results showed that the developed system holds satisfactory dehumidification
capacity and controllability in a typical summer day in Nanjing and improves the system COP by
25.8-30.1 % compared to the conventional system. The results can help to design energy-efficient
and capacity-sufficient HPLD building radiant cooling/heating system.

HayuHble 0CHOBBI 00ecriedyeHUs IKOJIOrnIecKoil 0€30NaCHOCTH TEPPUTOPHIA
KAaK OCHOBA YCTOMYHUBOIr0 pa3BUTHA rOPOI0B
E. Kotnsaposa
Honckoii 2ocyoapcmeennblil mexHuyeckull ynugepcumem, Poccus
e-mail: ekkot.arch@gmail.com

B Hacrosiiee BpemMsi COBpEMEHHBIM TOpOJl IPETEPHEBACT  3HAUYUTEIbHBIC
UH(GPACTPYKTYpPHBIE U3MEHEHHU S, KOTOPBIE MPUBOJIAT K U3MEHEHHSIM COCTOSIHUS OKPYXKAIOIIeH
cpenbl. 3HAYUTENIbHOE BIMSHUE HA COCTOSHUE OKPYKAIOLIEH Cpelbl OKa3bIBaIOT HE TOJBKO
MIPOMBINIIICHHBIE TIPENPUATHS, HO U 00BEKTHI Y4eOHO-BOCITUTATEIILHOTO HA3HAYCHUS, 3TaHUS
COLIMATILHOTO OOCIY)KUBaHHsI HACENEHUS U 3/IPaBOOXPAHEHHS, CEPBUCHOTO OOCITYKMBaHHS,
KYJIbTYPHO-/I0CYTOBOW JIEATEIbHOCTH U BpeMEHHOro mnpeObiBaHusA. CBS3aHO 3TO, MPEXIE
BCETO, C TEM, YTO B COBPEMEHHOM TOpojie Bce OOJIbIIE MECTa 3aHUMAIOT CEITUTEOHBIC 30HBI,
BBITECHSSI MPOMBIILICHHBIE. J[eHCTBYIONIME MPOMBIIIJICHHbIE 30Hbl AKTUBHO BBIHOCIT 3a
YepTy Topoa, HO 3TO HE SIBJISETCS JOJTOCPOYHBIM pEIICeHHEM IpoOieMbl BBHIY pOCTa U
MOCIEAYIOEro 00bequHEHUsT YpOaHU3UPOBAHHBIX TEPPUTOpPUI B ariiomepanuu. B To xe
BpeMsl  3a0pOIlIEHHBIE TEPPUTOPUM AKTHBHO TIOJBEPraloTCs BOCCTAHOBJICHHIO IS
MOCJIEAYIOLIETO MCIOJIb30BAHUS X B KauecTBE OOBEKTOB OOIECTBEHHOIO0 Ha3HAYEHMsI, UTO
MO-TIPE)KHEMY TO3BOJISIET paccMaTpuBaTh WX B KAyeCTBE MCTOYHUKOB HETaTHBHBIX
BO3JEHCTBUI HA OKPYKAIOIIYIO CPENLY.

[TpobGnemMa HeraTUBHBIX BO3JACUCTBUIN PA3IMYHOTO XapaKTepa Ha OKPYKAIOIIYIO0 CPEly
OT ()YHKIIMOHUPOBAHUS 0OBEKTOB OOIIECTBEHHOTO HA3HAUECHUS B HACTOSAIIEE BPEMS SIBISIETCS
0oco0eHHO akTyanbHOM. (Ocoboe MecTo cpeau Takux OOBEKTOB 3aHUMAIOT TOPTOBO-
pa3BIEeKaTEeNbHbIE KOMIUIEKCHI, MPEACTABISAIONINE COO0M YHUKaIbHBIA CUMOMO3 Pa3iHuHbIX
30H, YTO JIeTIaeT UX OOBEKTaMH C OOIIMPHBIM MEPEYHEM HETAaTHBHBIX (PaKTOPOB, BIHUSIOIIUX
Ha OKpy’Karollyto cpeny. s peieHust JaHHOM npoOaemMbl Ha MEPBOM 3Talle UCCIIEIOBAHUS
HaMU OBLIO BHITIOJHEHO M3yYEHHUE CYIIECTBYIOIINX HAYYHBIX MOAXOJIOB K OLIEHKE COCTOSHUS
OKpYXarolle cpeapl W BBIOOP HAy4YHOH OCHOBBI JJISl TOCJIEAYIOIIUX HCCIEeIOBAaHUM.
[Tony4deHHbIE pe3yabTaThl HA BHIMIOJHEHHOM JTalle MUCCIEIOBAHHUS MOTYT OBITh TIOJIOKECHBI B
OCHOBY COBEpIIECHCTBOBAHMS CYIIECTBYIOIICH HAy4yHOW ©0a3pl C IETbI0 MUHHUMH3AIUN
HEJ0CTAaTKOB UMEIOIINXCS TTOIX0/I0B.

[To pe3ynbTaraM BBIIIOJIHEHHOTO 3Tala MCCIENOBAaHUN MOKHO CJeNaTh BBIBOJ, YTO
JOCTH)KEHUE HKOJIOTUYECKOH 0e30MacHOCTH KPYIHBIX TOPOJOB BO3MOXKHO TOJBKO MpHU
COBEpUICHCTBOBAHUM  CYIIECTBYIOIIEW  HaydHO-METOAMYEecKOM  0a3pl B 0o0iacTu
MpeIBapUTENLHON OLIGHKM YPOBHS BO3ACHCTBHI Ha OKPYXKAIOUIYIO Cpeay Hu moadopa
COOTBETCTBYIOIIMX Meponpusatuil. beccriopHo, mogo0HBIH MOAX0A CIIOCOOEH MPUOIU3UTH
JOCTHKEHHE OOLIEMUPOBOM 1enM B 00JIaCTH YCTOWYMBOTO pa3BUTHS TOPOJAOB, ClieaB
KOMIUIEKCHYIO OIIEHKY BIIMSHHS Ha OKPYXKAIOIIYIO Cpely BO3AeHcTByOMUX (pakTopoB Oolee
MH(OPMATUBHOMN U TOUHOM.
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Applying large volume plasma discharges in water to cleaning of lakes and marshes
C. Zhang
Nanjing University of Aeronautics and Astronautics, Nanjing, China
e-mail: zch852@126.com

With the rapid development of industry and continuous expand of the scale of the city,
large amounts of nitrogen and phosphorus emissions into the water body, which cause an
overproduction of the algae and a eutrophication. Recently, the frequency and severity of
cyanobacterial blooms in freshwater-lakes are growing rapidly.

A range of physical, chemical, and biological reactions can be initiated by the pulsed
power supply discharging in water. The strong electric field, high current, UV rays, free
radicals and high-pressure shock waves will be generated, which can be used to rupture the
bubbles in the cyanobacteria cells. As an advanced oxidation technology, pulse discharge
method is more and more popular because of its high processing efficiency, non-selectivity
and non-secondary pollution. The main components of the method applied to cyanobacteria-
removal are high voltage pulse power supply, discharge reactor and discharge mode.
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Laser methane remote detector
B. Yang
Nanjing University of Aeronautics and Astronautics, Nanjing, China
e-mail: bxyang@nuaa.edu.cn

The detection and measurement of methane concentrations using the characteristic
optical absorption of the methane is important for both understanding and monitoring a
variety of phenomena from industrial processes to environmental change ™. Our work focus
on the Laser Methane Remote Detector, which is designed based on Tunable Diode Laser
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Absorption Spectroscopy technology (TDLAS) . The device operates on a sharp absorption
wavelength unique to methane, the strength of the absorption is related to the concentration of
methane present (by the Lambert-Beer Law) . The detector is easy to operate and is highly
selective to methane, with high sensitivity, good accuracy (~10ppm), and a low rate of false
alarms. It can detect methane leaks up to 200 meters away. The detector will be of great help
in increasing the efficiency and quality of online inspections, and will make it safe and easy to
perform inspections in unreachable areas, such as pipes under bridges, vertical pipelines along
tall buildings and long pipelines behind locked gates, etc.
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Study on the strategy of greening transformation for industrial buildings-taking
Liaoyang paper machinery factory as an example
B. Xue
Dalian University of Technology, Dalian, China
e-mail: 350446817@qq.com

Green building renovation has increasingly become the focus of attention in the
construction industry around the world. China has also implemented a national policy of
sustainable development, and low-carbon, ecological and green mode has become a strategic
choice of urban development and transformation. Due to the differences of construction ages,
structural forms and energy-using equipments, the strategies of transformation for existing
industrial buildings are also different. Generally, in the process of greening tansformation, the
selection of appropriate technology should follow the principle that passive technology takes
precedence over active technology. In this paper, a industrial buiding, Liaoyang Paper
Machinery Factory, is greenly transformed as an example, and low-cost passive green
technologies such as high-efficiency energy-saving doors and windows, adjustable external
shading, roof greening, natural lighting, natural ventilation, etc. are taken into account.
Meanwhile, optimization design using active technology like high-efficiency energy-saving
HVAC system is added. This transformation strategy can provide reference for similar
greening transformation design of industrial buildings.

References

1. Schot J., Brand E., Fischer K. The greening of industry for a sustainable future:
building an international research agenda // Business Strategy & the Environment. 1997. 6(3).
pp. 153-162.

2. Liu Y., Li X, Li X,, Liu L. Low carbon industrial park green infrastructure
planning control strategies discussed. 2014.

3. Yu S.Q. Exploration on factors of old industrial building renovation and design
practice // 10P Conference Series: Earth and Environmental Science. 2017.

4. Guo X.M., Lin Y.X. On green strategy of the building industry: case study of vanke
/I Advanced Materials Research. 2012. pp. 512-515.

5. Research Group. A study on the green transformation of Chinese industry. China
Industrial Economics. 2011.

255


mailto:350446817@qq.com

Hayunoe n3nanue

JHEPI'O-PECYPCO2PPEKTUBHOCTD B
UHTEPECAX YCTOMYUBOI'O PA3SBUTUS

COOpHHK HAyYHBIX TPYJIOB
Il MmexxyHapoaHOM HayYHOU KOH(epeHIun
«QHepro-pecypcodDPeKTUBHOCTD
B MHTEpECcaxX YCTOMUHUBOTO Pa3BUTH

16-20 cenTsaopn 2019 r.

IleuaTaercs ¢ OPHUTHHAJIOB, ITOATOTOBJICHHBIX aBTOpaMHU

[Toanucano B mevats 09.09.2019.
dopmat 60 x 90/ 16. Ycu. neu. 1. 16,5.
Tupax 500 »k3. 3ak. 55k.

Otneyarano B Tunorpaduu M3garenscrpa
OI'bOY BO «MpkyTckuii HAIMOHAIBHBIN
MCCIIEIOBATEIILCKUM TEXHUYECKUN YHUBEPCUTET»
664074, yn. JlepmoHTOBa, 83.



	Оглавление
	Секция 1. Энергосбережение и повышение энергетической  эффективности в строительстве и ЖКХ
	Section 1. Energy Saving and Energy Efficiency
	The temperature effect on Portland cement strength
	Y. Abzaev, A. Gnyrya, S. Korobkov, D. Dudov, D. Mikhailov

	Экспериментальное исследование плит перекрытия  многоэтажных зданий с гибкими связями
	К. Бактыгулов, Б. Ордобаев, А. Зулпуев, Ш. Абдыкеева

	Direct electric preheating of the concrete mix as an element of precast concrete producing technology
	M. Batyuk, V. Ushakov, A. Gnyrya

	Energy-efficient retrofit of evaporation station  for calcium chloride production: the case for Russian Federation
	S. Boldyryev

	Декомпозиция профиля предпочтений при представлении данных энергетических обследований
	М. Борисова, С. Муравьев

	Поиск путей снижения расхода топливно-энергетических ресурсов в производстве сахара
	С.В. Голобоков, Т.Ю. Бростилова, Г.К. Трифонов, А.С. Сачков

	Исследование эффективности получения водорода  на электролизной установке «Краб»
	С.В. Голобоков, М.А. Трайбер, А.Н. Сударев, Ю.A. Захарова

	Снижение расхода энергоресурсов  при эксплуатации промышленного склада-холодильника
	В.Я. Горячев, С.В. Голобоков, Т.Ю. Бростилова, П.С. Сипягина

	Intelligent Lighting System: Energy Management Technical Measure
	Zh. Elukova, O. Lyubova, V. Lyubov

	Directions for improving the efficiency of local energy systems in Irkutsk region
	I. Ivanova, T. Tuguzova, A. Izhbuldin

	Иерархическое математическое моделирование теплоснабжающих систем с учетом активности объектов распределенной генерации энергии
	А. Кравец, В. Стенников, А. Пеньковский

	Mathematical model for calculating solar radiation on horizontal and inclined surfaces for the conditions of Yakutsk
	Y. Krivoshein, A. Tolstikh, N. Tsvetkov, A. Khutornoi

	The effectiveness of dual hot water systems using solar vacuum collectors in the Northern Territories
	Y. Krivoshein, Al. Tolstikh, N. Tsvetkov, A. Khutornoi

	Repairability as one of the most important properties of water supply systems
	R. Krimov

	Model evaluations of energy consumption and CO2 emission in lead smelting processes
	N. Kulenova, V. Shumskiy, M. Sadenova, Zh. Onalbaeva

	Несчастные случаи на объектах электросетевого хозяйства
	O. Kustov

	Optimization of structures of the responsible parts of axial-piston hydraulic machines at increasing work pressure
	I. Nikolenko, V. Zheglovа, Y. Khomyak, A. Kibakov, S. Medvedev

	Optimization of operation mode of centrifugal-type pumps of a water supply system booster pumping station with a reserve tank
	I. Nikolenko, A. Ryzhakov

	Actual performance of aluminium heating appliance determination
	A. Novozhilova, K. Isaeva, A. Vereshchagin, Z. Marina

	Сравнительный анализ использования различных источников теплоснабжения индивидуальных жилых домов
	Д. Подбельская, М. Мороз

	Повышение метрологической надежности при измерении расхода теплоносителя и количества теплоты на объектах ЖКХ
	С.И. Половнева, М.Ю. Толстой

	Heat transfer in thin-film thermal insulation
	V. Polovnikov

	Investigation of the possibilities of using of heat pipes in the recuperation systems of paper industry enterprises with heat excess
	I. Pospelova, V. Filatov

	Влияние наполнителей полиминерального состава  и модифицирующих добавок на свойства цементного камня
	А. Таирова

	The complex mobile independent power station for the recreational areas
	A. Tunik, M. Tolstoy, M. Kalashnikov

	Разработка ресурсосберегающей технологии получения строительных блоков из твердых отходов фтороводородного производства и шлаков ТЭС АО «СХК»
	Ю. Федорчук, В. Матвиенко, Д. Нарыжный

	Optimization modeling in the selection of key performance indicators  in problems of management energy saving
	O. Choporov, I. Lvovich, Y. Lvovich, A. Preobrazhenskiy

	Методология построения цифрового двойника сетей на примере электрической сети Академгородка. Перспективы использования инфраструктурных сетей  ИНЦ СО РАН в качестве объектов научных исследований
	Е. Чуйко, К. Апарцин, А. Быстрицкий, Е. Барахтенко, А. Домышев

	Application of energy-saving measures in the heating economy  on the example of Baikal natural territory
	O. Edeleva, V. Stennikov, P. Sokolov


	Секция 2. Рациональное природопользование
	Section 2. Sustainable Use of Natural Resources
	Hydrogenation of poly-α-olefin oils on applied palladium catalysts
	E. Aubakirov, R. Bashirbayeva

	Исследование влияния группового состава дизельных топлив  на эффективность действия депрессорных присадок
	I. Bogdanov, A. Altynov, A. Orlova, M. Kirgina

	Производство зимнего и арктического дизельного топлива в процессе каталитической депарафинизации
	В. Быкова, Н. Белинская

	Engineering geology as a basis of rational nature management  and protection of geological environment
	I. Verkhozin

	Largest rift Lake Baikal and the world: Nyasa as repositories  of freshwater on the planet
	V. Verkhozina, E. Verkhozina

	Исследование динамики содержания углеводородов  в эпикутикулярном слоя личинок колорадского жука (Leptinotarsa decemlineata)  на разных стадиях межлиночного периода
	М. Ганина

	Перспективы получения газового топлива из отходов сельскохозяйственного производства в Пензенской области
	В.Я. Горячев, С.В. Голобоков, А.A. Дивненко, И.А. Лесин

	The concept of sustainable development of human civilization – the problem status  and the research objectives
	М. Degtyareva, A. Pozdnyakov, Y. Pupyshev

	Study on Reasonable malposition of the extremely-near coal seams  when combined mining of shaft 10 slots in Daanshan coal mine
	W. Junguang, Y. Pengjin, L. Bing, L. Cunzhou, A. Okhotin

	Complex processing of sea brines of desalination plants
	B. Duisebayev, K. Baytasov

	The research of hydrometallurgical method of copper extraction  from rebellious copper ores
	M. Yerkesheva, N. Kulenova

	Анализ материальных потоков для экранирования потерь при обработке цветных металлов
	A.K. Ipmagambetov1, M.A. Sadenova1, P.S. Varbanov2

	Оптимизация использования стимуляторов  для увеличения роста посадочного материала
	C. Кабанова, Ж. Зенкова, М. Данченко

	Мониторинг экологического состояния городской среды на примере г. Томска
	А. Каташова

	Overview and perspectives on water footprint (availability, scarcity,  virtual and combined with energy and GHG)
	J. Klemeš, X. Jia, P. Varbanov, S. R. W. Alwi

	Natural risks of vulnerability of the dark coniferous taiga  of the southern Baikal region (Khamar-Daban range)
	A. Kovalev, T. Morozova, V. Oskolkov, A. Sofronov, V. Soukhovolsky, V. Voronin

	Теоретические основы определения результативности мероприятий  в области техносферной безопасности
	А. Копытова

	Categorization and gradation of hazardous actions of industrial workers: methodological aspects
	D. Kostin, B. Sevastyanov, R. Shadrin

	An innovative solution to the problem of reclamation of the dusting surface of the tailings of a closed mining enterprise in the Primorsky territory
	L.T. Krupskaya1,2, M.B. Bubnova3, D.A. Golubev1,2

	Ni, Co, Cu and Mo in the soils of the steppes of the left bank of the Yenisei river  of the south of the Middle Siberia (Minusinsk intermountain trough)
	S.P. Kulizhskiy1, A.V. Rodikova1, V.F. Kravtsova2

	Рециклинг отходов – эффективный способ рационального использования  древесного сырья
	И. Липунов, И. Первова

	GIS-based Dynamic Monitoring and Evaluation of Land Use in Changchun
	X. Lu, Y. Zhang, Z. Chen

	The efficiency of bark and wood fuel utilization in the hot water boilers
	V. Lyubov, A. Popov, E. Popova

	The energy and ecological performance of the hot water boiler burning linden bark  and wood briquettes
	V. Lyubov, A. Popov, E. Popova

	Scientific and technological bases of resource efficient productions of low-emission  construction materials of wide range from waste of various productions and  anthropogenic СО2
	N. Lyubomirskiy, S. Fedorkin, A. Bakhtin, T. Bakhtina, E. Nikolaenko, V. Nikolaenko

	Выявление проблемных территорий Прибайкалья по состоянию  сосновых лесов и почвенного покрова
	Т. Михайлова, О. Калугина, О. Шергина

	An energy efficiency forecast for the economy of Irkutsk region
	R. Muzychuk, S. Muzychuk

	Possibilities of voltammetric determination of betulin in medicinal substances
	E. Nurpeiis, G. Slepchenko

	Effect of Heat Treatment on Microstructure of La1.7Fe11.6Si1.4 Alloy
	A. Okhotin, K. Sun, J.-Y. Zhu

	Study of geodynamic conditions the development of rock bursts  in coal mines of Tszinsi deposit in China
	A. Okhotin, L. Tianwei, H. Zhang, L. Sheng, A. Batugin

	Исследование влияния состава композиционного топлива на механизм  и характеристики зажигания в рамках стратегии утилизации промышленных  и бытовых отходов
	К. Паушкина, Д. Глушков

	Методы и результаты картографо-космического мониторинга Прибайкалья
	Л. Пластинин, Б. Олзоев

	Asymptotically stable dynamics and constructive perfectionism  in the development of civilization
	A. Pozdnyakov

	Подмененная собственность на природную ренту
	А. Поздняков, К. Семенова

	Интегральная оценка техногенного загрязнения почв и современных  климатических изменений на состояние агроэкосистем Байкальского региона
	Л. Помазкина

	Ресурсосберегающая гидрометаллургическая  переработка низкокачественных цинксодержащих концентратов
	М. Саденова, Н. Куленова, Ж. Оналбаева, М. Елеукенов

	Synthesis of novel catalytic materials using metallurgical slags
	M. Sadenova, M. Utegenova, J. Klemeš

	Methods and techniques for testing knowledge in the process  of occupational safety training in the form of instruction
	B. Sevastyanov, E. Lisina, R. Shadrin, A. Shalamova, N. Selyunin

	Interrelation of regulatory legal acts regulating professional functions  of the specialist on labor protection
	B. Sevastyanov, R. Shadrin, E. Lisina, N. Selyunina, A. Shalamova

	Post-fire transformation of drained bog in Western Siberia:  ecological consequences and recovery dynamics
	A. Sinyutkina, L. Gashkova, N. Koronatova, A. Maloletko, N. Mironycheva-Tokareva, I. Russkikh, O. Serebrennikova, E. Strelnikova, E. Vishnyakova, Y. Kharanzhevskaya

	Geoinformation mapping of the mudflow basins  of the Southern Baikal region: methods and results
	В. Ступин, Б. Олзоев

	Композитные сорбенты на основе отходов производства  кристаллического кремния и биоугля
	С.С. Тимофеева1, М.С. Леонова1, Н.В. Горленко1, J.-H. Chang2, S.-F. Cheng2

	Комплексный анализ пожароопасных свойств угля как инструмент  предупреждения пожарных рисков
	С.С. Тимофеева1, Г.И. Смирнов1, В.В. Гармышев1,  К.Л. Кузнецов2

	Search for the main sources of losses in the blast smelting process of lead production
	D. Tolepbergenov, M. Sadenova

	Влияние минеральных источников на формирование почв  в предгорье Восточных Саян (Бурятия)
	М.А. Тугарина1, О.Г. Лопатовская2

	Исследование материалов на основе алюмоборосиликатных отходов
	С.В. Федорова

	Рациональное использование слюдяного сырья – приоритетная задача  горнодобывающей отрасли Иркутской области
	В. Федчишин

	Проблемы рационального природопользования на морских побережьях при  дальнейшем повышении уровня Мирового океана
	А.В. Холопцев1,2, С.А. Подпорин2

	Рациональное использование природных ресурсов  при добыче полезных ископаемых
	Л. Худякова, С. Тимофеева

	Algorithm of real time kinematic using BeiDou regional system and the results analysis
	Zh. Huizhong, X. Aigong, X. Xinchao, G. Meng, A. Okhotin

	Characteristics for different types of water bodies in Siberia for model assessment  and forecast of their water-ecological state
	A. Tskhai

	Modern data about characteristics for types of water objects in Siberia  for model assessment and forecast of their water-ecological state
	A. Tskhai

	Estimation of straw yield and comprehensive utilization countermeasures in Baicheng based on remote sensing data
	Y. Zhang, X. Lu, Z. Chen


	Секция 3. Проблемы экологической безопасности  и системы защиты среды обитания
	Section 3. Clean Technologies and Environmental Protection Systems
	Радиационная безопасность Кыргызской Республики
	Б. Айдаралиев, Н. Садабаева, Б. Сеитов

	Оценка содержания углеводородов в природных и сточных водах Омской области
	Т. Антонова

	Построение математической модели распространения волны горения  в СВ-синтезе функциональных боридов, использующихся для защиты  от смешанного ионизирующего излучения
	М.М. Балачков, М.С. Кузнецов, А.А. Пермикин

	Лесные пожары и их экологические проблемы  на территории Иркутской области
	Л.И. Белых

	Теплоисточники малой мощности и их канцерогенная опасность  для атмосферы городов Иркутской области
	Л.И. Белых, М.А. Максимова

	Накопленный экологический ущерб здоровью работающих  в производстве винилхлорида
	Г.М. Бодиенкова 1,2, С.С. Тимофеева 1

	Complementary utilization of industrial  solid wastes to prepare high-performance, green materials
	W. Wang, X. Wang

	Обоснование параметров технологии подземной разработки  золоторудных тел Коневинского месторождения
	Д.С. Васильев, А.М. Павлов

	Application of mathematical models for estimating emissions of the industrial  enterprises of power on the Baikal region
	V. Verkhozina, A. Safarov

	Качество пищевых продуктов как фактор риска общественного здоровья
	И.В. Волчатова

	Электронная информационная модель регулирования обращения твердых  коммунальных отходов в Красноярском крае
	И.И. Галяутдинов1, Г.И. Щадов1, О.Л. Томшин2

	Проблемы регулирования обращения твердых коммунальных отходов  в Тункинской долине
	И.И. Галяутдинов, Г.И. Щадов, С. Удаева

	Medical waste resposal: Russian and global experience
	N.E. Garashchenko

	The use of stable carbon and nitrogen isotope ratios in epiphytic mosses  and lichens for air pollution studies in cities of the Western Siberia
	A. Geraskevich, Y. Volkov, D. Kalashnikova, G. Simonova

	Financial and economic criteria for choosing  the method of recycling of construction waste
	S. Globa

	Получение препарата для экологически безопасной защиты растений
	О.М. Горелова1, Л.В. Куртукова1, С.Г. Русаков2

	Сравнительная оценка профессиональных рисков предприятий  нефтедобывающей и угольной промышленностей Иркутской области
	Н.В. Горленко, М.А. Мурзин

	Оценка экологического ущерба от нефтешламов на земельные ресурсы  в Иркутской области
	Н.В. Горленко, С.С. Тимофеева

	Ecobiotechnology in the process of industrial wastewater treatment  of the closed mining enterprise as a guarantee of environment safety
	K.E. Gula1, L.T. Krupskaya1,2, N.K. Rastanina1

	Способ очистки сточных вод  в комбинированном водоподготовительном комплексе
	Л.Р. Джунусова1, С.В. Чичерин2

	Прогнозная оценка техногенных рисков  при сливно-наливных операциях на нефтебазах
	Т.И. Дроздова, А.С. Верещагина

	Audit of fire protection in buildings of trade purpose of Irkutsk
	T. Drozdova, D. Drozdov

	Технологии восстановления земельных ресурсов  при внешнем бестранспортном отвалообразовании
	Ф.В. Дудинский, К.Б. Нечаев

	Study on axial force of pile body and particle breakage distribution of sand under  single-pile penetration in calcareous sand
	X. Deng

	Экология транспорта в России: проблемы и перспективы развития
	Е. Замараева

	Mining enterprises waste as a source of secondary raw materials
	E.V. Zelinskaya

	A feasibility study of producing electric energy in the processing of municipal solid  waste on the example of Irkutsk region
	А.V. Ivanov

	Assessment of environmental risks to the health of the population  of the southern Baikal region
	S. Ivanova

	Оценка рисков для здоровья населения при употреблении сельскохозяйственной продукции, выращенной в зоне воздействия алюминиевого производства
	С.В. Иванова, И.А. Рябчикова

	Идентификация и оценка опасностей  электротехнического персонала на складах нефтепродуктов
	Д.М. Костин, Б.В. Севастьянов, Р.О. Шадрин

	Recycling of liquid wastes of mining companies
	A. Kurina

	Обнаружение наноразмерных частиц загрязняющих веществ  с помощью хронопикоамперметрии
	E. Larionova, S. Romanenko, A. Kagirov, M. Vilesov, K. Brazovskii

	Управление риском аварии при эксплуатации нефтепроводов  через водные объекты
	E. Larionova, S. Romanenko, A. Pazuk

	Оценка экологических рисков чрезвычайных ситуаций  на примере производства фтористого водорода
	Е. Ларионова, И. Рубцова

	Analysis of methods for the extraction of metals from industrial raw materials
	E. Leonov

	Влияние пылевых выбросов кремниевого производства на условия труда
	М.С. Леонова, С.С. Тимофеева

	Анализ системы контроля радиационной обстановки  на территории Томской области
	М. Лисичкина

	Laser cleaning as an alternative electrodeposition pretreatment
	X. Liu

	Environmental risks of the salt refinery of OJSC Tyretsk Solerudnik  and the development of measures to reduce them
	O. Nikitina

	Development of equipment for the monitoring system of the Baikal water area
	A. Nikolaev

	Совершенствование конструкций ответственных деталей аксиально-поршневой гидромашины
	И.В. Николенко1, Ю.М. Хомяк2, В.М. Жеглова3, А.Г. Кибаков4, С.А. Медведев5

	Mathematical modeling of oil pollution in the river in case of damage to the pipeline
	V. Perminov, S. Romanenko

	Исследование производственных рисков Иркутской области
	А.М. Подкорытова, Е.А. Хамидуллина

	Природный резервуар – как геологическое тело для хранилища запасов гелия
	Л.А. Рапацкая, М.Е. Тонких, А.О. Устюжанин

	Экспресс-метод на основе спектроскопии диффузионного отражения  для определения иона железа (II) в водных объектах
	S. Romanenko, A. Geraskevich, E. Larionova

	Обработка статистических данных о производственном травматизме  в Удмуртской Республике методами нечеткой логики
	Б.В. Севастьянов, Р.О. Шадрин

	Прогнозирование показателей производственного травматизма и профессиональной заболеваемости в Удмуртской Республике
	Б.В. Севастьянов, Р.О. Шадрин, Е.С. Гайнатуллина

	Исследование и повышение эффективности мониторинга шумовой нагрузки  и минимизации профессиональных рисков в условиях воздействия производственного шума
	В. Сердюк, О. Владимова, Д. Алешков, Е. Бедрина

	Обеспечение безопасности труда на основе метода «Кривая Бредли»
	В.С. Сердюк, В.В. Кулешов, Н.О. Ковальковская

	Оценка микротравматизма на основе комплексного показателя безопасности
	В.С. Сердюк, В.В. Кулешов, Н.О. Ковальковская, Ю.С. Белоусова

	Problems of ecological safety of pharmaceutical manufactures  and voltamperometric control of some medicine drugs
	G. Slepchenko, O. Mezentseva, V. Kruykovskiy

	Защита водных объектов от загрязнения с использованием отходов  от выращивания подсолнечника
	В.А. Сомин, Л.Ф. Комарова, А.В. Куталова

	Analysis of the territorial impact of mercury wastes: Problems and solutions
	V. Starostina

	Обоснование параметров рекультивации нарушенных земель  при разработке россыпей
	Б.Л. Тальгамер, Н.В. Мурзин, Д Батжаргал

	Prospects for the use of ash and slag waste
	A. Tamaraeva

	Использование программы расчета пожарного риска  для оптимизации затрат на выполнение противопожарных мероприятий
	В.В. Телегин, Б.В. Севастьянов, Р.О. Шадрин

	Оценка экологического риска горных предприятий по интегральному показателю пылевыделения
	С.С. Тимофеева, М.А. Мурзин

	Специализированный пожарный извещатель  для раннего обнаружения самовозгорания угля
	С.С. Тимофеева, Г.И. Смирнов, С.С. Тимофеев,  С.И. Латышева

	Вклад  лесных  и торфяных пожаров в загрязнение атмосферы  на территории Иркутской области
	С.С. Тимофеева, С.С. Тимофеев, В.В. Гармышев

	Search for the main sources of losses in the blast smelting process of lead production
	D.T. Tolepbergenov1, M.A. Sadenova1, P.S. Varbanov2

	Composite materials prepared by combustion method for synthesis  of hydrogen-enriched fuel mixtures from methane or biogas
	S. Tungatarova1,2, G. Xanthopoulou3, G. Kaumenova1,2, T. Baizhumanova1,2, M. Zhumabek1,4

	The best available technologies in oil production
	E. Khamidullina, V. Uvarovskii

	Post-treatment of anaerobic digestate using composting technology
	Y. Zeng

	Economic and environmental impacts of different types  of environmental regulation
	Z. Qi

	Оценка риска угрозы здоровью населения г. Томска  при ингаляционном воздействии вредных веществ
	К. Чернышкина, А. Вторушина, Ю. Анищенко

	Цифровая трансформация горнодобывающих предприятий способствует рациональному использованию ресурсов
	С.А. Шведина

	Evaluation of the influence on the atmosphere of lockal aircraft enterprise  and capability to reduce its emissions
	E. Shevchenko

	Анализ системы смазок шарошечных долот
	А.Н. Шевченко, С.Ю. Красноштанов, М.В. Рууз, В.А. Перфильев

	Проблема экологической безопасности питьевой воды  в Иркутской области и Южной Финляндии
	Т.И. Шишелова1, В.В. Федчишин2, L.I.A.  Pulkkinen2, P. Matti 2


	Секция 4. Зеленая химия
	Section 4. Green Chemistry
	Platinum-containing nanocomposites based on humic substances from therapeutic mud
	G. Aleksandrova, M. Lesnichaya, G. Dolmaa, B. Sukhov, D. Regdel, B. Trofimov

	Esterification of tall oil fatty acids by n-butanol in the presence of ion exchange resins
	А. Govorin, N. Konovalov, N. Gubanov

	Перспективы применения дигидрокверцетина в неврологии
	Е. Гусев, В. Шпрах, М. Мартынов, В. Бабкин, Л. Остроухова

	Фитосорбент на основе сосновых опилок
	А. Денисенко

	Каталитическая конверсия жидких отходов переработки биомассы в условиях, соответствующих требованиям «зеленой химии»
	Е. Колобова, Е. Пакриева, Д. Герман, А. Григорьева, А. Горбунова, Л. Прати, С. Карабинейро, Н. Богданчикова, А. Пестряков

	Зеленые технологии в рекультивации земель предприятий  угольной промышленности
	И.В. Кузнецова, С.С. Тимофеева

	Endogenous phthalates in plants and their alleged participation in defense response against phytopathogenes
	L. Maksimova, A. Enikeev, J. Omelichkina, A. Semenov, T. Shafikova

	Атомэкономный синтез хлорпропенилсульфонов в отсутствии растворителя
	V. Nikonova, A. Kaliev, N. Korchevin, I. Rozentsveig

	Применение метода математического моделирования для повышения ресурсоэффективности химических производств на примере процесса сульфирования линейных алкилбензолов
	M. Pasyukova, I. Dolganova, I. Dolganov, A. Solopova, A. Bunaev

	Energy-efficient and environmentally-friendly flexible electronics  by photochemical processing
	R. Rodriguez, A. Lipovka, P. Postnikov, G. Murastov, A. Khalelov, E. Dorozhko,  I. Amin, M. Trusova, J.-J. Chen, M. Chehimi, E. Sheremet

	Квантово-химическое моделирование химических сдвигов  ЯМР 1H, 13C и 195Pt платиновых комплексов
	Н.И. Тихонов,  Д.О. Самульцев, В.А. Семенов, И.Л. Русакова, Л.Б. Кривдин

	Influences of nanoparticles on heat transfer and pyrolytic deposition of n-decane at supercritical pressure
	Z. Han

	Synthesis and study of biodegradable proton-exchange membranes for pem fuel cells
	A. Chesnokova, S. Zakarchevskiy, T. Zhamsaranzhapova, R. Usmanov, Y. Pozhidaev

	Cadmium-induced oxidative stress, histopathology, and transcriptome changes  in the hepatopancreas of freshwater crayfish (Procambarus clarkii)
	Y. Zhang

	Pyrolysis behavior of supercritical n-decane over nano nickel oxide MDOfield commercial HZSM-5
	W. Zhou


	Секция 5. Экологическая биотехнология,  зеленая экономика: проблемы и перспективы
	Section 5. Biotechnology Contribution for Sustainability
	Использование ризосферных микроорганизмов  в биоремедиации почв, загрязненных нефтью
	Л. Беловежец, М. Третьякова, Ю. Маркова, А. Левчук, С. Адамович,  Е. Оборина, И. Ушаков

	Исследование низкотемпературных свойств смесей дизельное топливо – биодизельное топливо – низкотемпературная присадка
	N. Belozertseva, M. Kirgina, I. Bogdanov, A. Balzhanova

	Десорбция микроорганизмов с гидрофобизированных поверхностей
	И.А. Богданова, Е.Ю. Коновалова, А.Б. Купчинский, Г.О. Жданова

	Биокатод микробных топливных элементов на основе  нитратредуцирующих штаммов Pseudomonas aeruginosa
	О.Ф. Вятчина1, Д.И. Стом1,2,3, С. Гоэль4, Б. Сие5

	Влияние пестицидов на электрогенную активность осадка  в микробных топливных элементах
	Г.О. Жданова1, М.Ю. Толстой2, А.Б. Купчинский3, Д.И. Стом1,2,3

	Ecologically safe technology of enrichment of bread with selenium
	T. Katsurba

	Micrococcus luteus и Serratia marcescens, как новая ассоциация биоагентов  для микробных топливных элементов
	Е.Ю. Коновалова1, Л. Барбора5, К.И. Чижик4, Д.И. Стом1,2,3

	Инновационные технологии в производстве хлебобулочных,  макаронных и кондитерских изделий
	V. Filatov, S. Paschuk, A. Pritchina, O. Voskanyan, T. Bulavina

	Биоэкономика Иркутской области: состояние и перспективы развития
	Е.Ю. Панасенкова, С.С. Тимофеев

	Effects of turbulence intensity and double ignition on flame propagation  characteristics and thermal efficiency of CNG engine
	Y. Miao

	Fe–N–C nanocatalysts synthesized by alkali precipitation for high-efficiency electrocatalytic oxygen reduction reaction
	J. Ma, Y. Song

	Developing sustainable electrocatalysis materials  by understanding structure-activity-durability relationships
	D. Geng

	Fostering green innovation in functional materials and surface engineering
	L.W.M. Lau

	Design and optical analysis of a novel high-flux refracting concentrating solar simulator
	W. Wang, Y. Shuai

	High-flux solar-driven thermochemical dissociation of CO2 and H2O
	Y. Shua, B.G. Lougou, H. Tan

	Microbial electrochemical systems centered wastewater treatment technology：Superiority and Challenges
	Y. Feng

	Microfluidics and its application in environment
	K. Sun

	Adsorption of estrone with few-layered boron nitride nanosheets:  kinetics, thermodynamics and mechanism
	G. Liu

	Research on the relationship between consumption  and total quality management activities of enterprises
	C. Chu

	Evaluation of regional green development level and study of influencing factors
	Y. Yafen

	Review of semiconductor pulsed power switches
	L. Liang

	Human cell consumption of radiation energy
	C. Song

	Evidence-based Proposition about preventing radiation damage
	H. Wu, W. Shaoxuan

	Performance analysis and optimization of a household  radiant cooling/heating system integrated with fresh air supply
	Y. Yin1,2, Y. Wang1, X. Zhang1,2

	Научные основы обеспечения экологической безопасности территорий  как основа устойчивого развития городов
	Е. Котлярова

	Applying large volume plasma discharges in water to cleaning of lakes and marshes
	C. Zhang

	Laser methane remote detector
	B. Yang

	Study on the strategy of greening transformation for industrial buildings-taking Liaoyang paper machinery factory as an example
	B. Xue



