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IInanupyemsle pe3yabTathbl 00yuenus no OOII

Ko |

Pe3yabTar 00y4yeHus

YHMGQPCLZJZbele KomnemeHyuu

P1

CoBepIIeHCTBOBATh W Pa3BUBATh CBOM MHTEIUICKTYANbHBIH W  OOIIEKYJIbTYpPHBIN
YpOBEHb, NOOMBATbCS HPABCTBEHHOTO U (DPU3MYECKOIO COBEPIICHCTBOBAHUS CBOEH
JMYHOCTH, OOYYEHHUIO HOBBIM METOAAM HCCIEIOBaHMA, K U3MEHEHHIO HAYYHOTO H
HAYYHO-TIPOU3BOJICTBEHHOTO MPOQMIIs CBOCH MpodheCcCHOHATHHOMN IesITeIbHOCTH.

P2

CBOGOI[HO I1I0JIB30BATHCA pyCCKI/IM 158 I/IHOCTpaHHBIM A3BIKAMH KaK CpC[[CTBOM JCJIOBOI'O
001IeH s, CHOCOOHOCTBIO K AaKTUBHOHN COLIMAILHON MOOMILHOCTH

P3

Hcnonb3oBats Ha  IMPAKTHKE HaBBbIK u YMCHUA B opraHu3anuvun HAay4YHO-
UCCIICIOBATEIIbCKUX W TPOU3BOJICTBEHHBIX padOT, B YIPABICHUU KOJUICKTHBOM,
HCIIOJIb30BATh 3HAHUS IMPABOBLIX U 3THUYCCKUX HOPM IIPU OLICHKC HOCHGI[CTBI/Iﬁ cBOCH
po¢eCCHOHATBHON ACATEIHHOCTH.

P4

Nmerp mnpencraBiieHME O METOJOJIOTMYECKUX OCHOBaX HAYYHOTO IIO3HAHUS U
TBOPYECTBA, POJIM HAy4yHOUW MH(OpMAlUU B Pa3BUTUU OTPACId, HABBIKH MPOBEICHUS
paboT ¢ MPUBJICUCHUEM COBPEMEHHBIX HH(POPMAITMOHHBIX TEXHOJIOTHH, CHHTE3UPOBAThH
U KPUTUYECKU PE3IOMUPOBATH HH(POPMAIHIO.

IIpogpeccuonanvuvie Komnemenyuu

P5

[IpumensaTs yriyOjieHHbIE €CTECTBEHHOHAY4YHbIE, MAaT€MaTUYeCKUe, COIHAJIbHO-
HSKOHOMHYECKHE M MPO(PECCHOHATBHBIC 3HAHUSA B MEXAUCUUILUIMHAPHOM KOHTEKCTE B
MHHOBAIL[MOHHON HMH)KEHEPHOW JEATEJIbHOCTH B 00JAaCTH DJIEKTPOIHEPreTHKH U
JJIEKTPOTEXHUKH.

P6

CraBUTE H peliaTb HMHHOBALIMWOHHBIC 3ada4d HWHXXCHCPHOI'O daHalin3da B obmactu
OJICKTPOIHCPICTUKHU n OJICKTPOTCXHUKHU C HCIIOJIBb30BaHHUEM FJ'Iy6OKI/IX
(byHI(aMCHTaJIBHLIX Hn CrICHraJIbHBIX 3HaHI/II>'I, AHAJIMTUYCCKUX MCTOAOB U CJIO0KHBIX
MOHCHCﬁ B YCJIOBHAX HCOIMPCACICHHOCTHU.

P7

BreinmonHsTh HWHKCHCPHBIC TIPOCKTBI C TMPUMCHCHHCM OpUTMHAJIBHBIX MCTOJ0B
IIPOCKTUPOBAHUA JJIsL JOCTHIXCHHUA HOBBIX PE3YIbTATOB, 06ecnqu/IBa10me
KOHKYPCHTHBIC ITPEUMYIICCTBA IJICKTPOIHCPTCTUICCKOTO U SJICKTPOTECXHUICCKOTO
IMPOU3BOJZCTBA B YCIOBHAX )KCCTKHX OKOHOMUUYCCKUX U OKOJIOTHMYCCKUX OrpaHI/I‘leHI/Iﬁ.

P8

[IpoBoauThH WHHOBAIIMOHHBIE WH)XCHEPHbBIE UCCJIETOBAHUS B obnactu
AJIEKTPOIHEPTETUKU U DIIEKTPOTEXHHUKH, BKIIFOYAs] KPUTHISCKUNA aHAIA3 JaHHBIX U3
MUPOBBIX HH(OPMAITMOHHBIX PECYPCOB.

P9

[IpoBOIUTH TEXHUKO-IKOHOMHUYECKOE 0OOCHOBAaHME MPOEKTHBIX PELICHW; BBIIOIHSITH
OPraHW3allMOHHOIUIAHOBBIE  pacyeTel MO  CO3JAaHHUI0  WIM  peopraHu3aluu
IPOM3BOJICTBEHHBIX YYacTKOB, IJIAHUPOBaTh padOTy mHepcoHana M (OHIOB OIUIATHI
TPy/a; ONpeAesaTh U o0ecreunBaTh d3PHEKTUBHBIE PEKUMBI TEXHOJIOTHYECKOTO
npolecca.

P10

HpOBOI[I/ITB MOHTAQXXHBIC, PEryJIupPOBOYHBLIC, HCIIBITATCIBHBIC, HAJIATOYHBLIC pa6OTBI
QJICKTPOSIHEPTCTUICCKOI'O U SJICKTPOTCXHHUICCKOT'O O60py,I[OBaHI/I$I.

P11

OcBauBaTh HOBOE 3JIEKTPOIHEPIETUYECKOE M DIEKTPOTEXHHUYECKOEe O00OpY/IOBAHUE;
MPOBEPATh TEXHUYECKOE COCTOSIHME U OCTAaTOYHBI pecypc 00OpyAOBaHUA U
OpPraHU30BbIBATH MPOPUIAKTUIECKUI OCMOTpP U TEKYIIHI PEMOHT.

P12

Pa3pabaTbiBaTh pabouyi0 MPOEKTHYIO M HAYYHOTEXHMYECKYIO JOKYMEHTAIUIO0 B
COOTBETCTBUM CO CTaHIAPTaMHU, TEXHUYECKUMHU YCIOBUSAMU U IPYTUMH HOPMATHBHBIMU
JIOKYMEHTaMU; OpraHU30BBIBATH METPOJIOTHYECKOe obecrnieueHue
ANEKTPOIHEPTETUYECKOTO UM DIIEKTPOTEXHUYECKOTO  O00OPYIOBAaHHS, COCTABIITH
ONEpPaTUBHYIO TOKYMEHTALINIO, MPEAYCMOTPEHHYIO MPaBUIaMH TEXHUYECKOMN
SKCIUTyaTaluu 000py10BaHUs U OpraHU3alK padoThI.
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PE®EPAT

Beimycknas kBanmupukanmonHass pabora coaepkut 69 crpanui, 30
PUCYHKOB, 3 TaOmuIl, 22 UICTOYHUKOB U | TIPUIIOKEHHUE.

KiroueBbie cioBa: DJIEKTPOKATaIU3aTOPhI, AJIEKTPOXUMUS, CHUCTEMA
HAKOIUJICHUS] AHEPTruM, OU(YHKIIMOHAIBHBIN, TpadUTOBBIM HUTPUH YTJIepoja,
peakuuss  BBIIENEHHUS  BOAOPOAA, PEAKUUS  BBIACICHUS  KHUCIOPOAA,
AIEKTPOXUMHUYECKOE 00pa3oBaHME, KOAKCHAIbHBIM  MAarHUTOILIa3MEHHbBIN
yckoputens (KMITY).

B »sTOli mccnenoBaTenbCkoi paboTe OCHOBHOE BHUMAHUE YIEISETCS
ANEKTPOXUMUYECKOMY PACIICIUIEHWI0 BOABI W, B YACTHOCTH, pPEaKIUU
BbiienieHus Bopopona (HER) mist monmydeHus: yuctoro BoAopojia B KayecTBe
SHEPrOHOCHUTEIIA HA OCHOBE IpapUTONOA00HOM yIriiepoIHON CTPYKTYphL. Jpyras
MOJIOBMHA pEaKIUU pACIICIUICHUS] BOJIbI, @ HMMEHHO peaKUus BbIICICHUS
kucinopoaa (OER), uccienyercs BO BTOPOM 4HacTU ATOM MCCIENOBATENbCKON
paboThl. YuuTbiBasi OOWIHME BOJABI-NPEIIICCTBEHHUKA, KOTOPYIO MOXHO
MOJIYYUTh MyTEM OMPECHEHHUs] MOPCKOW BOJBI, 3TO OYEHb MHOTOOOEIAIoast
MEePCIEeKTUBA B 00JACTH BO30OHOBIISIEMBIX HCTOYHUKOB YHEPTHH.

OCHOBHOI 1LIETBI0 ATOM UCCIEN0BATENHCKOW pabOThl OblIa pa3paboTka
HAHOMATEPHUAJIOB, KOTOpbIE MOTyT paboTaTh B KadecTBe 3((HEKTUBHBIX
AIIEKTPOKATAIN3ATOPOB ISl OOIIETO paclIeIIeHUs BOAbI C 0COOBIM aKIIEHTOM Ha
HER. Jlpyroi#i BaxHOW IEJIbI0 3TOTO HCCIEAOBATEIHCKOTO MPOEKTa OBLIO
COCPEIOTOYUTHCS Ha TMPOCTOM TMPOTOKOJE / 3€JIEHOM METOJEe CHHTe3a
ANEKTPOKATAIU3ATOPOB MIPU COXPAHEHUH BBICOKOM aKTUBHOCTH MO OTHOLICHUIO
Kk HER ¢ HU3KHM niepeHanpsiKeHHeM U J0JITOCPOYHON CTaOUIBHOCTBIO.

OcCHOBHBIE Pe3yIbTaThl paOOTHI:

o IlpencrapisieTcsi BO3MOXXHBIM CHUHTE3UPOBATh KpHUCTaIMueckue (asbl B
cucreMe C-N ¢ HCIOIB30BaHUEM OPUTHMHAIBHON BBICOKOBOJIBTHOM
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YCTAaHOBKM Ha OCHOBE CHJIBHOTOYHOTO HMITYJIBCHOTO KOAKCHAJIbHOTO
MarHurtoriazMeHHoro yckopurens (KMITY), pazpadborannoro B ToMmckom
nonuTexandeckoM yHuBepcutere. KMIIY ¢ rpaduToBbIM yCKOPSIOIMIAM
KaHaJioM o0OecrieurBaeT MoJiydeHrue BRICOKUX P, t-mapaMeTpoB B yCIOBHUAX
mutenbHol (okoio 10-4 ¢) ynapHOU BOJHBI, BOZHHKAIOLIEH B yJIapHOM
bponte cBepxckopoctHOM (103-104 M/C) UMITYJILCHON CTPYH YTJIEPOIHOM
AJIEKTPOPA3PSATHON TIa3Mbl, TEKYIIEH B aTMOc(hepy azoTa.

TexHOJI0THs KOAKCHAJIbHOTO MarHUuToIuIa3MeHHoro yckoputens (KMITY),
pazpabotanHas B TOMCKOM MOJUTEXHUYECKOM YHUBEPCUTETE, OKa3ajaach
0oJiee IKOJIOTMYECKH YUCTOW (HE TpeOyeTcs XMMHYECKHX MM BPEIHBIX
XUMHUYECKUX BEILIECTB npu CUHTE3UPOBAHHOM MOJTYYEHUH
HAaHOMAaTE€pPUaJIOB), C HU3KUM DSHEPronoTpeOdieHHueM, MEHEE JIOpPOroH,
TpeOyeT MEHbIIIE BPEMEHHU JJIsi CHHTE3UPOBAHHBIX MaTEpUaIOB U MPOCTA B
DKCIUIyaTallud 10 CPaBHEHUIO C JAPYTUMH METOJAMHU  IOJIYYEHHS
HAaHOMAaTE€pPUAJIOB. CHUHTE3WPOBAHHBIC HAHOMATEPUAIIBI OOCYXIAIOTCS B
JTAHHOM JTUIIJIOMHOM padoTe.

B menoM, 3T KataimM3aTophl MPOSBISIOT HHU3KYIO KaTaJUTUYECKYHO
AKTUBHOCTH B KHUCJIBIX M HICJIOYHBIX YCJIOBHUSX, O YEM MOXKHO CYIUThH IO
3HAYEHUIO T)1o, KOTOpoe cocTaBisieT 475 MB naxe s jydmiero wus
o0pa31oB (YKUCTHIA yriaepon). OITO 3HAYCHUE UYPE3BBIYANHO BEJIHMKO IO
CpPaBHEHHIO C KOMMEpPUYECKMMH MarepuajamMu Ha ocHoBe Pt/C, uro
yKa3bIBaeT Ha OECMOJE3HOCTh MCIOJIb30BAHMUS TAKUX CHUCTEM B KaueCTBE
aneKTpokatanmn3atopoB s peakiuu HER B unctom Buae. OnHaKko CTOUT
OTMETHUTh, YTO JIy4IIUM U3 3 00pa3ioB oOKazajcs yYIriepoa, He
JIETUPOBAHHBIN a30TOM.

JlerupoBanue yriepoaa u kapOujaa BoJb(Ppama a30TOM HE MOKa3bIBAET

KaKoT0-JIN0O CYIIECTBEHHOTO yJIyUIIICHUS XapaKTEPUCTUK KaTalnu3aTopa.

VIl



o [I'padurononobHbIe yriaepoa-a30THbIE MaTEepHabl 00J1a/1al0T CBOMCTBAMH,
KOTOPBIE MOIXOIAT TSI UCTIOJIB30BaHUS B (POTOKATATUTUYECKUX CUCTEMAX,
B YAaCTHOCTH, JUIS PAa3J0XKEHUsS BOABI HA BOJOPOA M KHUCIOPOA IOA
JICUCTBUEM M3JIYUYECHUS BUAMMOIO JUara3oHa.

o TeopeTndyecku NEPCHEKTUBHBIM CIIOCOOOM TMOIYUYEHHS] HOBBIX MaTEepUaIoB
B cucteMme C-N sBisieTcs reHepanus I1a3Mbl, COAEPKAILIEH NOHBI YIJIepoaa
M a30Ta, B YCJIOBUAX BBICOKMX JaBJICHUW U Temmeparyp. B stom
WCCJICIOBAHUH TTOKa3aHa BO3MOXKHOCTH MOJTYUYEHUs KPUCTAUIMYECKHUX (a3
B cucreme W-C-N ¢ ucnonszoBannem KMITY. Hekoroprie mMarepuaisi
OBLJIM CUHTE3UPOBAHBI C MOMOIIBIO 3TOr0 MPOIECCa; OJHAKO 3TOT METOJ
SBISICTCS ~ ODKCICPUMEHTAJIbHBIM, W  00OpyJoBaHHE  HEOOXOIUMO
YCOBEPIIICHCTBOBATH In:| pa3paboTku HAay4YHO-TE€XHUYECKUX

TCXHOJIOTHYCCKHUX OCHOB HAa HEM.
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List of Abbreviations

HER Hydrogen Evolution Reaction.
OER Oxygen Evolution Reaction.

SEM Scanning electron Microscope.
TEM Transmission Electron Microscope.
XPS X-ray Photo-electron Spectroscopy.
EDS Energy Dispersive Spectroscopy.
CA Chronoamperometry.

CVv Cyclic Voltammetry.

CP Chronopotentiometry.

LSV Linear Sweep Voltammetry.

CVvD Chemical Vapor Deposition.
HFCVD Hot filament chemical vapor deposition
ECR Electron cyclotron resonance.

PVD Physical VVapor Deposition.



Chapter 1: Introduction

1.1 Background Review
This chapter outlines the background, objectives, context of studies and the
significance of the research program.

The fossil fuels like coal, natural gas, oil, and petroleum have been powering
economies for many years and supply the world is energy [1]. When fossil fuels are
burned, the stored carbon and other greenhouses (such as CO,) are released into the
atmosphere which contributes to climate change challenges, environmental
pollution, Impact on marine life, rising costs, environmental degradation, and an
Increase in the temperature of the earth atmosphere is known as global warming. The
increase in the world population, industrial activity in both developing and
developed countries cause the increase in the global energy demand. The fossil
resources begin to run out which can result in an increase/rise in the cost of this type
of energy with scarcity. Scientists and researchers in the world as working on green/
clean energy such as renewable energy sources (for example; solar, hydropower,
geothermal, biomass, and wind energy) and hydrogen energy. The usage of green
energy can help to replace/substitute fossil fuels and solve the problem of the global
energy requirements/demand and mitigation of climate change. However, hydrogen
recently gained a lot of attention. Hydrogen energy has a lot of advantages such as
it is green energy, clean fuel, more efficiency, high reliability, and having a high
energy density of almost 3 times, contrasting with other energy sources such as
gasoline, petroleum, and coal, when hydrogen is consumed with oxygen in a fuel
cell, produces water as waste products and energy in form of electricity or heat.
Natural gas, nuclear power/energy, and alternative/renewable energy sources

including solar, biomass, hydropower, geothermal, and wind can all be used to make
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hydrogen. These features make it attractive as a viable fuel alternative for energy
generation, storage, and distribution; electricity, heat, and cooling for buildings and
households; industry; transportation; and feedstock application fabrication. Because
hydrogen is an energy carrier/currency rather than a source of energy, it may be
utilized to store, transport, and deliver energy generated by other sources.
Hydrogen energy can be produced through a variety of processes, including
thermochemical processes (such as biomass-derived liquid reforming, biomass
gasification, solar thermochemical hydrogen (STCH), and natural gas reforming),
biological processes, direct solar water splitting processes (Photolytic processes),
and electrolytic processes. Electrolysis processes are one of the cleanest ways to
produce hydrogen energy. Water is split into its elements, oxygen, and hydrogen.
This can be accomplished utilizing various technologies such as direct solar water
splitting or photolytic processes in which water is split into hydrogen and oxygen
elements using light energy/sunlight from the sun. These processes are currently in
various phases of development, but they have great potential in the future for
sustainable hydrogen production with minimal impact on the environment.
However, photolytic processes have some drawbacks, including minimal
efficiency and low sensitivity to light (it is required a large amount of energy to
splitting water into oxygen and hydrogen elements). One of the most advanced and
promising technologies for overcoming the disadvantages mentioned above and
producing hydrogen in a more efficient manner is electrochemical technology. This
technology can be easily powered by electricity produced/generate from
alternative/renewable energy sources (including hydropower, geothermal, tidal
solar, wind, and biomass). The electrolysis process occurs in electrolyzers when
water is split into hydrogen and oxygen elements using electricity. Systems that can
efficiently utilize intermittent renewable power are being built using this technology,

which is well developed and commercially available.
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This has led the researcher to explore a suitable, efficient, low-cost
electrocatalyst (such as non-noble metal and metal-free based electrocatalyst) to
improve the HER performance. The Pt-based metal catalyst has been the most
effective for the HER process which is expensive and has a relatively low reserve,
Pt-based metal catalysts cannot be used in large-scale hydrogen production.
Researchers need to solve the contradiction between high hydrogen production
efficiency and low cost. For these reasons, non-precious metals based-materials
include copper (Cu), lead (Pb), nickel (Ni), and zinc (Zn) or non-noble metal
catalysts/groups, such as transition-metal sulfides, nitrides, carbonaceous, carbides,
oxides, and phosphides materials, and their complexes, have been widely studied to
replace noble metal catalysts for HER application.

The primary focus of this research is on electrochemical water splitting,
particularly the HER to generate/produce green hydrogen (clean hydrogen) as an
energy carrier (fuel). It is a very promising potential in the realm of renewable energy
(alternative energy), given the huge amount of precursor water, which may be
supplied through the seawater desalination process. The water-splitting reaction
produces both hydrogen and oxygen at the same time. The production of hydrogen
Is an endothermic reaction, which frequently necessitates the use of high
costly/expensive catalysts such as platinum to achieve a reasonable rate of
production.

As a result, the issue of cost-effectiveness arises, and technology must
accomplish advances in cost-effectiveness in order to become a competitive way of
storing renewable energy that can compete with and eventually replace fossil fuels.
Furthermore, developing a cost-effective and efficient/effective electrocatalyst for
the HER processes is essential for overall water splitting efficiency. Several studies
have been conducted to develop the cheapest/inexpensive water-splitting catalysts

that take into account several electrocatalyst properties such as electrochemically
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active surface area, resistance to charge transfer, morphology/shape, specific
activity, and stability [1].
1.2 Research Objectives

The major goal of this research was to develop nanomaterials that could be used
as efficient/effective electrocatalysts for the electrochemical overall water splitting
process, with a focus on the HER mechanism. Another primary objective of this
resecarch was to develop a straightforward process/procedure  for
manufacturing/synthesizing electrocatalysts with high activity/photocatalytic
activity toward the HER mechanism, minimal overpotential, and long-term stability.
For this research project, a general coaxial magnetoplasma accelerator preparation
method/technology (CMPA) was proposed to synthesize the catalysts. In this field
of research, it is also significantly important to get detailed insight into the
electrochemical behavior of graphitic carbon nitride (g — C3N,) nanomaterials
during synthesis processes and their applications.

The structure, physical characterization, and electrochemical measurements
properties of graphitic carbon nitride was also thoroughly investigated. It was done
through different physical characterizations techniques including X-ray
photoelectron spectroscopy (XPS), scanning electron microscopy (SEM),
transmission electron microscopy (TEM), X-ray diffraction (XRD), and Energy-
dispersive X-ray fluorescence spectrometry (EDS) before and after electrolysis to
look for any change in physical, compositional or morphological properties that
could affect rate reactions [1]. Apart from these, an electrochemical analyzer (CH
instrument) was also used to investigate its functionality towards the HER
mechanism for hydrogen production/generation [1]. It was also tested from the
commercial standpoint by mimicking a commercial setup in a small three-electrode

cell for water splitting to see its viability to be used in power industries. Also,



Analyze the existing condition of the challenge of crystalline phase synthesis in the
C—N system.

Properties including size, shape, porosity, crystallographic orientation, phase
change, composition, and others were investigated in order to better understand the
activity of graphitic carbon nitride (g — C3N,)-based HER electrocatalysts [1][3].
All of the previous studies focused on graphitic carbon nitride for efficient hydrogen
and oxygen evolution in order to facilitate robust/efficient electrochemical water-

splitting reactions.

1.3 Context

This research project was only dedicated to the development of graphitic carbon
nitride nanomaterial electrocatalysts that are simple to make using coaxial
magnetoplasma accelerator (CMPA) technology yet superior in terms of hydrogen
evolution reaction (HER) and overall water splitting efficiency for hydrogen
production. Among many advantages of using coaxial magnetoplasma accelerator
(CMPA) is more environmentally friendly and reduce the time for preparation of

nanomaterials.

1.4 Significance, Scope, and Definitions

The development of a reliable way to produce, store, and release renewable
energy when we need it is critical to solving the problem of fossil fuel shortages. So
far, it has been well demonstrated that storing intermittent energy from
alternative/renewable sources like wind and solar in a cost-effective manner is still
a problem in order to eventually reduce our reliance on fossil fuels. Since the 1970s,
one approach has been identified: employing non-polluting hydrogen as the primary
energy carrier, and referring to the total system as the hydrogen economy. Because
saltwater is plentiful, a cost-effective approach is to use it to manufacture hydrogen

fuel, which is a clean fuel that can be utilized as a key component in a fuel cell to



generate energy on a massive scale. As a result, developing an affordable, robust,
and stable catalyst that can endure high energy density over a long length of time is
a critical determinant in solving the energy storage problem through water

electrolysis [1].
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2.1 Project initiation

Initiation processes define initial goals and content and fix initial financial resources. The internal and
external stakeholders of the project are determined, which will interact and influence the overall result of

the scientific project.

1.1. Project goals and results

Information about the stakeholders of the project, the hierarchy of project goals and criteria for

achieving goals is presented in table below.

Table 1 — Stakeholders of the project

Stakeholders of the project

Stakeholders of the project expectations

Energy industry, biomedical, transport and
sensing industry, wastewater and environmental
service, Energy storage materials such as Li-ion

and fuel cell technologies.

Reliable source of energy supply;
Low energy cost;
Convenient in usage, clean and green energy;
High efficiency of the energy

Information about the hierarchy of project goals and criteria for achieving goals is given in the table

below.

Table 2 — Project goals and results

To develop nanomaterials which can work as efficient electrocatalysts for overall
water splitting with a special emphasis on the HER. Another major objective of
Project goals | this research project was to focus on a simple, clean, and green method for
synthesizing electrocatalysts while maintaining high activity towards the HER
with a low overpotential and long-term stability.

Expected results | Based on the conducted research, analyze the sensitivity, find shortcomings,
of the project suggest the necessary measures to improve these indicators.




Acceptance
criteria of the
project result

Efficient electrocatalysts for overall water splitting with a special emphasis on
the HER by using simple, green and clean technique and maintaining high
activity towards the HER with a low overpotential and long-term stability.

Requirements to
the project results

Project completion on time

Stability of technological equipment

The efficiency of the equipment used and efficient electrocatalysts

term stability.

Maintaining high activity towards the HER with a low overpotential and long-

Convenience in usage, simple, clean and green

1.2. Organizational structure of the project

The organizational structure of the project is presented in the table below.

Table 3 — Project Working Group

Ne Name Position Functions Hours
spent
1 Frank Temu. Project Executor Work on project 750
implementation
Coordination of work
2 llyas Rahmatullin Project Manager activities and assistance in | 100
project implementation
Total: 850

1.3. Assumptions and constraints

Limitations and assumptions are summarized in table below.

Table 4 — Limitations and assumptions

Factor Limitations/assumptions

1. Project budget
- for design

2334533.22 RUB

1.1 Source of budgeting Own funds / bank loan

2. Project timeline:

21 January 2022 — 10 August 2022

2.1 Date of approval of the project management

25 January 2022
plan
2.2 Project completion date 10 August 2022
3. Other -

10




As a result of the initialization of the project, the goals and expected results were formulated, the
stakeholders of the project and the financial framework were identified, which is very important for the
successful completion of the project and its implementation.

1.4. Project planning
The main way to develop a design implementation schedule is called a Gantt chart.

A Gantt chart is a horizontal graph that depicts work on a topic in long time periods,
described by completion dates and start dates for the assigned work.
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Table 5 — Design and research timing

Task

The laboriousness of the task

tmin,
person-days

tmax,
person-days

tO.?K‘i ’

person-days

Duration of the task in
working days7,,;

Duration of the task in
calendar daysT,;

Supervisor

Engineer

Supervisor Engineer

Supervisor

Engineer

Supervisor Engineer

Supervisor Engineer

Drawing up the
technical
assignment

3

8

5

5

7

Intensive Literature
review and State of
the Art

Selection of the
research field

Calendar planning

10

15

12

Preliminary
Research design
(process
development) and
justifications

10

10

Preparation of
sample/Materials
used

Environment
potential analysis

Equipment
research and
Experiment Set up

Materials
Characterization
Techniques and

Analysis

Electrochemical
Techniques and
Measurements

Electrochemical
Data analysis

Evaluation of the
effectiveness of the
results

10

12




Drawing up a final 6 10 10 10 15
report
Table 6 — Schedule of the project design
T da Duration of the task
Ne Task Executors Kls January February March April May
y 2]3]4 234 1]2[3]4]1[2]3]4 234
Drawing up the technical :
1 assignment Supervisor 3
2 Intensive Literature review and Endineer 5
State of the Art 9
3 Selection of the research field Engineer 9
4 Calendar planning Supervisor 1
Preliminary Research design
5 (process development) and Engineer 10
justifications
Preparation of sample/Materials .
6 Used Engineer 5
7 Environment potential analysis Engineer 10
Equipment research and .
8 Experiment Set up Engineer 10
Materials Characterization .
9 Techniques and Analysis Engineer 10
Electrochemical Techniques and .
10 Measurements Engineer !
11 Electrochemical Data analysis Engineer 5
Evaluation of the effectiveness of -
12 the results Supervisor 5
13 Drawing up a final report Engineer 10
. — Engineer — Supervisor
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Thus, the duration of the task performed by the engineer and the supervisor. In general, the duration of work
in calendar days for an engineer is 82 days, and for a supervisor is 8 days.

2.2 Project budgeting

The project budget must display reliable values for all types of costs associated with its implementation. The
costs of this project include:

* Costs of purchasing equipment;

* Costs for materials and other products;

* Expenses for the main and additional salaries of the theme performers;
* Costs for special equipment;

* Costs of social security contributions;

* Overhead costs.

1.4.6. Costs of purchasing equipment

Table 7 — Calculation of the cost of basic equipment

Name of equipment Number Equ};njgt cost,
- - 0
Total 0
Taking into account transportation costs (kr=5 %o) 0

1.4.6. Costs for materials and other products
These costs include office supplies, printing costs, and various equipment required for paperwork.

Table 8 — Costs for materials for the project

Name me;:Irte?r]:ent Number Price per unit, RUB Expenses (E,;), RUB

Paper Pack 1 250 250
Pens Unit 2 50 100
Pencils Unit 1 50 50
Ruler Unit 1 40 40
Printing Page 200 2 400
Folder Unit 2 5 10
Stapler Unit 1 150 150
Staples Pack 1 40 40
Hole puncher Unit 1 250 250

Total 1290

1.4.6.

Costs for specialized equipment

This item includes all costs that are associated with the purchase of special equipment (for example,
instruments, instrumentation, stands, devices and mechanisms) necessary for the project.

Table 9 — Costs for specialized equipment

Ne Name

Number

Price per unit, RUB

Total price of equipment,
RUB
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1 Laptop 1 30 000 30 000
Microsoft Windows 10
2 Professional RU x64 1 4000 4000
3 Kaspersky Anti-Virus 1 1320 1320
4 Microsoft Office 2019 Home 1 2500 2500
and Student
5 X-ray diffractometry (XRD) 1 5220000 5220000
(Shimadzu XRD 7000)
X-ray diffractometry (XRD) 1 4567500 4567500
6 o
(CuKa radiation)
Transmission electron 1 15757875 15757875
7 microscopy (TEM) (Philips
CM12)
Transmission electron 1 14681250 14681250
8 microscopy (TEM) (Jeol JEM
2100F)
CH Instruments 1 1013542 1013542
9 (electrochemical analyzer)
model 760E
Energy-dispersive X-ray 1 2057435 2057435
10 fluorescence spectrometry
(EDS)
11 Coaxial magnetoplasma 1 20000000 20000000
accelerator (CAMP)
12 Scanning electron microscopy 1 24468750 24468750
(SEM)
13 Digital Ultrasonic cleaner 1 8483 8483
HR-250AZ Compact 1 102035 102035
14 .
Analytical Balances
Total, RUB 87876870

The cost of specialized equipment is recorded in the form of depreciation charges.

Depreciation is the gradual transfer of costs incurred to purchase or build property, plant and equipment to
the cost of the finished product. With its help, money spent on the construction or purchase of property is

compensated. Depreciation deductions are paid during the entire period of property exploitation.

Let's calculate the amount of monthly depreciation deductions in a linear way. Equipment costs are 37 820
RUB. The operating life of the computer is 7 years, the Microsoft Windows 10 license is 4 years, the rest of the

software is a year and all equipment’s are 10 years. Then the annual depreciation rate for them, respectively:

1
Np = 7 100% = 14,29%,

1
Np = 1 100% = 25%,
1
Np = 1 100% = 100%
Np = ! 100% = 10%
D =70 0 = 0
Academic year depreciation (9 months) for Laptop, Microsoft Windows 10 License, and Supporting Software:
D, =30000- —2_. L _ 30000.2%29% . 29 _ 4 457 RUB
L 100% 365 100% 365 ’
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T 25% 90
Dyin10 = 4000 - 100% 365 = 4000 - 100% 365 = 246,6 RUB,
= 3820 - = 3820 - 100% . 2 = 941,9 RUB
100% 365 100% 365 ’ ’
N, T 10%
Dxrp Shimadzu XRD 7000 = 5220000 - 100% 365 = 5220000 - 100% 365 = 128712.33 RUB,
Dxrp CuKa radiation = 4567500 - = 4567500 - 10% 90 _ = 112623.29 RUB,
100% 365 100% 365
10% 90
T 10% 90
DrEm jeol jEM 2100F = 14681250 - 100% 368 = 14681250 - 100% 365 = 362003.42 RUB,
Dcy = 1013542 - 1013542 2% 9% _ 5499145 RUB,
nstruments 100% 365 100% 365
N, T 10% 90
Drps = 2057435 - 100% 365 = 2057435 - 100% 365 = 50731.27 RUB,
N, T 10% 90
Dcamp = 20000000 - 100% 365 = 20000000 - 100% 365 = 493150.68 RUB,
Dgpy = 24468750 - No L = 24468750 - 10% -——=603339.04 RUB
100% 365 100% 365 ’
10%
DULTRASONIC_CLEANER 8483 - 100% 365 = 8483 - TOO/O . % = 209.17 RUB,
D, = 102035 - = 102035 - 10% 90 _ = 2515.93 RUB,
ompact Analytical Balances 100% 365 100% 365

Where T — number of working days

Total depreciation for a year:

D =2169072.42 RUB

1.4.6. Basic salary

The amount of expenses for wages of employees is determined based on the labor intensity of the work

performed and the current system of salaries and tariff rates.

The calculation of the basic salary of the head of a scientific project is based on the sectoral wage system. The
branch system of remuneration at TPU assumes the following composition of wages:

1) Salary - determined by the enterprise. In TPU, salaries are distributed in accordance with the positions
held, for example, assistant, art. lecturer, associate professor, professor (see "Regulations on
remuneration™ given on the website of the Planning and Finance Department of TPU).

2) Incentive payments - set by the head of departments for effective work, performance of additional duties,

etc.
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3) Other payments; district coefficient.

Since incentive bonuses, other payments and incentives depend on the activities of the manager in particular,
we will take the coefficient of incentive bonuses equal to 30%, and the coefficient of incentives for the manager
for conscientious work activity is 25%.

The basic salary of a manager is determined by the formula:

Sp =Sy Tw, (11)
Where S, — worker’s regular salary;
T,- duration of work, work days.

Additional salary:

Sada = 0,15 5y, (12)
Average daily salary for a 5-day working week:

_ SuM
Sd - Fd ) (13)

where Sys — worker's monthly salary, RUB;

F; — number of working days in a month, days,
M — number of months of work without vacation during the year

Full salary can be defined as:
Sp = Sp + Saaar (14)

Taking into account the document "Regulations on wages", associate professor, candidate of technical
sciences, working at TPU has a salary equal to 26,300 rubles. A design engineer with no experience in Tomsk has
an average salary of 18,000 rubles. With this in mind, we calculate the size of the total salary of the project
manager and design engineer during the study.

Monthly salaries:

o For project supervisor:

Sp =S+ (1+ky + kg) -k, = 26300 (1+ 0,3+ 0,25) - 1,3 = 52995 RUB
Sg =Sy + Sqaqa = 52995 + 0,15 - 52 995 = 60 944 RUB
o For engineer developer:
Sp=5-(1+ kpr + kq) -k =18000-(1+ 0,3+ 0,25)-1,3 =36270 RUB

Sp =S, + Saqq = 36270 + 0,15 - 36270 = 41 711 RUB

Average daily salary:
_ Sb.sup. _ 52995

SD.sup. = Fa = m =2 575,1 RUB
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SD.eng. - — = 1762,4RUB
Fq 20,58
where the average number of working days in a month was determined as:
F,=D2=27_ 7058

12 12
Let's assume that the project manager spent 8 working days on it, then the design engineer was engaged

in the rest of the time (82 days). Salaries of project participants for the period of work:

SSup = SD.Sup. ) tsup = 2575;1 -8 =23 175,9 RUB,
Seng = SD.eng. ’ teng =1762,4-82 = 14 2754,4 RUB

Additional salaries of project participants:
Sadd.sup. = 0,15 52995 = 7 949,3 RUB,
Sadd.eng. = 0,15-36270 = 5 440,5 RUB
Daily additional salaries:
7949,3

Sp.add.sup. = 2058 = 386,3 RUB,

5440,5
Sp.add.eng. = Zoss 264,4 RUB

Additional salary for the entire project period:
Sadd.sup. = SD.add.sup. “lsup = 386,39 = 3476,7 RUB,
Sadd.eng. = SD.add.eng. “leng = 264,4-81 = 21416,4RUB
Full salary for the period of the project:
Srsup. = Sp + Saaa = 23175,9 + 3476,7 = 26 652,6 RUB,
Sreng. = Sp + Sqaq = 142754,4 + 21416,4 = 164 170,8 RUB
1.4.5 Contributions to social funds

Here | will consider the obligatory contributions according to the norms established by the legislation of the
Russian Federation to the state social insurance bodies (FSS), the pension fund (PF) and medical insurance
(FFOMS) from the costs of wages of employees. The amount of contributions to extra-budgetary funds is
determined by the formula:

Sexb = Kexv(Sp + Saaa), (15)

where k,,,— contribution rate to extrabudgetary funds.

To date, the following contributions must be made from the amount provided as payment for labor:

* 22% towards the accrual of future pension;

* 5,1% to the Mandatory Health Insurance Fund;

* 2,9% to the Social Insurance Fund;

« from 0,2 to 8,5% for insurance against accidents that may occur at work (the exact amount depends on the
risk class, which includes the profession and position of the employee).

The work of a manager and a design engineer belongs to the 1 risk class. Thus, the total deductions amount
to 30,2%.

Sexb = 0,302 - (231759 +3476,7 + 142 754,4 + 21 416,4) = 57 629 RUB

1.4.6. Organization of research costs budget
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In the previous subchapters, the values of the main costs of the research were calculated. Let us take
them all in one table.

Table 10 — Research cost budgeting

Name Cost, RUB. Cost, %
Costs of purchasing equipment 0 0.00
Costs for materials and other products 1290 0.01
Costs for specialized equipment 2169072.42 0.42
Supervisor salary costs 26652.6 0.03
Design engineer salary costs 164170.8 0.24
Contributions to social funds 57629 0.08
Overheads 152659 0.22
Research budget 2334533.22 100

2.3 Economic model development

1.1 Primary project analysis

Hydrogen and energy have a long-shared history — powering the first internal combustion engines over
200 years ago to becoming an integral part of the modern refining industry. It is light, storable, energy-
dense, and produces no direct emissions of pollutants or greenhouse gases. But for hydrogen to make a
significant contribution to clean energy transitions, it needs to be adopted in sectors where it is almost
completely absent, such as transport, buildings and power generation.

The Future of Hydrogen provides an extensive and independent survey of hydrogen that lays out where
things stand now; the ways in which hydrogen can help to achieve a clean, secure and affordable energy
future; and how we can go about realizing its potential. Supplying hydrogen to industrial users is now a
major business around the world. Demand for hydrogen, which has grown more than threefold since
1975, continues to rise — almost entirely supplied from fossil fuels, with 6% of global natural gas and
2% of global coal going to hydrogen production. As a consequence, production of hydrogen is
responsible for CO2 emissions of around 830 million tonnes of carbon dioxide per year, equivalent to
the COz emissions of the United Kingdom and Indonesia combined.

The hydrogen can be produced in many ways such as renewable energy (solar and wind), and fossil
fuels. Here is this project; renewable energy (wind energy and solar energy) has been selected as primary
source of electricity to feed electrolyser for hydrogen production.
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1.2 Focus group of research results

In order to conduct research on the most suitable equipment, you need to consider the target market
and segment it. Segmentation is the division of a product into a homogeneous group that has a function.

The global hydrogen market is segmented on the basis of technology, application, end-use industry,
and region. By technology, the market is classified into proton exchange membrane electrolyzer, alkaline
electrolyzer, and solid oxide electrolyzer. By application, it is segmented into power generation,
transport and others. By end-use market is analyzed across North America, Europe, Asian-pacific and
LAMEA.

Some of the key players operating in the global green hydrogen market are Ballard power systems,
Enapter, Engie, Green hydrogen System, Hydrogenic, Nikola Motors, Plug Power, SGH2 Energy Global
LLC, Shell, and Siemens Gas and Power GmbH & Co.KG.

» Global Green Hydrogen Market, by Technology
By technology, the alkaline electrolyzer segment has the largest market share, owing to its higher
operating time capacity and low capital cost. In addition, the segment is expected to expand at a faster

pace during the forecast period.

Green Hydrogen Market

I 2020 [ 2028

Proton Exchange Membrane Electrolyzer Alkaline Electrolyzer

Alkaline electrolyzer is projected as the most lucrative segment.

» Global Green Hydrogen Market, by Application
By application, the power generation segment dominated the market share for 2019, owing to demand

from the industrial sector for on-site electrolyzer setup.
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Green Hydrogen Market

Power Generation Transport

Power generation is projected as the most lucrative segment.

» Global Green Hydrogen Market, by End-use industry
By end use industry, the chemical sector is a major producer of by-product hydrogen, which is consumed
within the sector as well as distributed for industrial use.

Green Hydrogen Market

Food & Beverages Petrochemicals

Petrochemicals is projected as the most lucrative segment.
» Global Green Hydrogen Market, by region
By region, among all regions, the global market is dominated by Europe. A large number of green
hydrogen project in the area are supporting business development. The area emphasizes renewable

energy generation and has a large supply of hydrogen.
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Green Hydrogen Market

I 200 [ 2028

North America Europe

Asia-pacific

Europe holds a dominant position in 2020 and would continue to maintain the lead over the forecast

period.

Table 11 — Key of Global Green Hydrogen Market

Global Green Hydrogen Market

By Technology By Application By End-Use industry By Region
Proton exchange . North American (US, Canada, Mexico)
Power generation Food and beverage
membrane
Alkaline . . Europe (Germany, France, Italy, Spain,
electrolyzer Transport Medical and Chemical P (UK, Re);t of Europe)y P
Solid oxide Energy storage Petrochemical and Glass Asian-Pacific (China, Japan, India,
electrolyzer South Korea and rest of Asian-pacific)
Steam Methane Others Others LAMEA (Brazil, Saudi Arabia, south
Reforming (SMR) Africa, rest of LAMEA)

2.4 SWOT-analysis

SWOT analysis is used to determine the strengths and weaknesses of the project.

Table 12 — SWOT analysis

Strengths (S)

Weaknesses (W)

S1: Abundant resource reserves
S2: Great development potential
S3: Benefits for environmental

protection

W1: High cost
W?2: Lack of key technologies
W3:  Incomplete  hydrogen

infrastructure

Opportunities (O)

SO strategies

WO strategies

O1: Government support
0O2: High social acceptability
03: Deepened cooperation

SO1: Developing large scale
Coal-hydrogen technologies
with CO; capture and storage
(CCS)

WO1: Government subsidies and
tax allowance
WQO2: Foreign capital

importation
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S02: Popularizing fuel cell
vehicles
SO3: Establishing hydrogen

market and industry standards

Threats (T)

ST strategies

WT strategies

T1: Deficiency of investment
channel

T2: Competition with other
Renewable resources

T3:

potential

Unconfirmed market

ST1: Encouraging private
participation of Industrialization
and  Commercialization  of
hydrogen energy

ST2: Establishing hydrogen
development priority strategy in

worlds

WT1: Developing new and
sustainable hydrogen
technologies
WT2: Improving hydrogen
infrastructure

In addition, you need to identify the strengths and weaknesses of the research project to the external
environmental conditions to determine the need for strategic changes. For this it is necessary to build the project

matrices.

Table 13 - Strengths and Opportunities Project Matrix

S1 S2 S3
01 + + -
02 - + +
03 + - +

Analysis of this interactive spreadsheet showed correlated strengths and opportunities: 01S1S2,

025283, O3S1.

Table 14 - Weaknesses and Opportunities Project Matrix

w1 W2 w3
01 + + -
02 - + +
03 + - -

The correlations of weaknesses and opportunities are as follows: O1W2, 02W2W3, O3W1. The next

step in project analysis is to identify the correlation of strengths and threats.

Table 15 - Strengths and Threats Project Matrix
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S1 S2 S3

T1 + + -
T2 + + -
T3 + + +

The correlations of threats and strengths are as follows: T1S1, T252S3. The next step in project analysis
is to identify the correlation of weaknesses and threats.

Table 16 - Weaknesses and Threats Project Matrix

w1 W2 W3
T1 + + +
T2 - - +
T3 + + +

The correlations of threats and strengths are as follows: TAIW1W2W3, T2S2S3.

2.5 An analysis of the emissions and costs of fossil fuel based versus renewable

electricity-based hydrogen
2.1.1 Determinants of the production cost of hydrogen
1) Costs of producing hydrogen from fossil fuels
The production cost of hydrogen from fossil fuels is heavily determined by two factors: capital
expenditure and the cost of the feedstock. CG has higher capital costs ($2670/kW) than SMR ($910/kW),
but lower fuel costs for coal mean that these options will have a similar production cost in certain
scenarios. For CG processes, capital costs account for around 50% of production costs and fuel is
between 15-20% depending on the cost of coal. For SMR processes, the IEA estimated that fuel costs
are likely to be between 45%-75% of hydrogen production costs. The IEA estimates that adding CCS to
CG would increase capital and fuel costs by 5% and increase operation costs by 130%. Adding CCS to
an SMR plant will also increase costs, which the IEA has estimated to be, on average, a 50% increase in
capital costs, an additional 10% for fuel costs and a doubling of operational costs for CO2 transport and
storage.
2) CO; avoidance cost
The CO: avoidance cost is the difference between producing hydrogen with and without
emissions capture. It is equivalent to the carbon price that would need to be applied for these two options
to have the same production cost. There are multiple methods for calculating the CO2 avoidance cost,

but the most valid approach is to compare a given facility with a fixed level of production with and
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without CCS. This requires detailed techno-economic modelling as in the reports used for the analysis
in section 3. As well as the costs of CO2 capture, it should include costs of transport and storage at
suitable geological formations. Many studies do not include transport and storage costs, which will differ
based on location and whether storage is onshore or offshore. Some studies do not use an exhaustive
approach and only account for the costs of CO2 capture without CO2 transport and storage, which is
consistent with a ‘cost of CO2 captured’. Assessments also commonly do not account for the costs of
long-term storage and monitoring to ensure that the carbon captured remains underground. Accordingly,
the actual costs of carbon avoided will usually be likely to be higher than existing studies suggest.

CO2 avoidance costs differ greatly and depend on the capture rate due to the process used and
additional energy needs (Figure 2). The median estimates from the range of studies3 included in this
analysis are $17/tCO2 for CG with CCS and $76/tCO2 for SMR with CCS. While there is large variation
in capture costs, it is clear that higher capture rates will be more expensive.

The IEAGHG study provides the most comprehensive techno-economic comparison between
technologies with different capture rates. Assuming relatively low transport and storage costs of
$11/tCO2, this work found that CCS at a 56% capture rate increases the cost of hydrogen by 18%, while
90% capture rates increase the cost by 45%.

At the recent Tomakomai CCS demonstration project in Japan, CO2 avoidance costs for a high
capture rate of 99% were $127/tCO.. This cost was for 200,000 tons of CO2 captured between April
2016 and November 2019. Increasing the size of that demonstration project by a factor of five would
decrease CO2 avoidance costs by approximately 50% (from $124/tCO2 to $67/tCO2). Most of this
projected cost reduction was attributed to reductions in the relative magnitude of capital costs and
operation costs of the injection wells and storage. CO2 transportation costs were not included in this
analysis. This means that the CO2 avoidance cost below $80/tCO: for a capture rate of 99% quoted in
that study has not been demonstrated but was extrapolated using assumptions.

The estimates for transport and storage are particularly uncertain as very few CCS plants
sequester the gases in long term underground storage and the magnitude of these costs will be highly
site-dependent. The studies that we reviewed have transport and storage costs as low as $5/tCO2 and as
high as $29/tCO2. A recent study provided ranges for transport and storage costs when the storage site
was assumed to be onshore ($3-18/tCO2) or offshore ($5-50/tCOz). The error bars in Figure 2 show the
impact of doubling or halving the transport and storage costs for those studies that report them.

Figure 2: Cost of avoiding CO;
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Note: the error bars show the impact of doubling or halving the transport and storage costs for
those studies that report them.
2.1.2 Determinants of the production cost of hydrogen using electrolysis and renewables

1) Costs of producing hydrogen using renewables

The largest factor determining the cost of producing hydrogen using electrolysis is the cost of
electricity. With electricity costs between $61/MWh and $69/MWh, the magnitude of electricity
expenditure has been estimated at 65-80% of total hydrogen production costs. The other defining cost
components are the capital cost of electrolysers and the capacity utilisation of electrolysers. Other costs,
such as labour, land and water, are a minor determinant of the production cost of hydrogen by
electrolysis.

Recent decreases in the cost of electricity generation from solar photovoltaic (PV) and wind have
lowered the cost of producing hydrogen using electrolysis. Capital costs for solar PV installations fell
by 79% from 2010 to 2019 and by 24% for onshore wind generators. This results in lower average costs
of generating electricity over the lifetime of assets. The levelised cost of electricity (LCOE) for solar PV
installations was $35/MWh in 2020 and has been projected to decrease to $20/MWh by 2030. For wind,
the equivalent numbers are $33/MWh and $31/MWh.

Electrolyser manufacturing costs are expected to fall substantially as deployment of electrolysers
increases. The capital cost of alkaline electrolysers is between $500-1400/kW in 2019 and projected to
fall to $400-850/kW by 2030. Polymer electrolyte membrane (PEM) electrolysers are between $1100-
1800/kW in 2019 and projected to be between $650-1500/kW by 2030. However, lower capital costs
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have been reported. The electrolyser producing company Nel has reported an alkaline electrolyser cost
of $700/kW for 2015 and a projection of a little over $490/kW for the near-term future.

2) Specification of the production cost of hydrogen from electrolysis

To assess the cost of producing hydrogen via electrolysis a multivariate specification is needed to
account for the three main determining factors. We developed a simple equation that accurately captures
the IEA estimations for hydrogen production costs using electrolysis. The equation that estimates a

hydrogen production cost (PC) for a given electricity cost (EC), capital cost (CC) and operating capacity
factor (CF) is:

cC
PC:ﬂ0+ﬁ1EC+ﬁzﬁ

Where g is an interceptand g, g, are parameters that define the impact of electricity costs and
the ratio of capital cost and capacity factor. To specify equation above we used 24 data points from the
IEA hydrogen cost relationship to estimate an Ordinary Least Squares regression. The high level of
model fit (i.e., R-squared statistic) confirms that the other components of cost, such as labour, land and
water, can be accurately estimated using a constant (Table 2).

We use these regression estimates to specify six cost curves for two levels of electrolyser capital
costs (CC), i.e., $1000/kW and $500/kW, and three levels of capacity factors (CF), i.e., 90%, 45%, and
30% (Figure 3). The higher capital cost point proxies the costs of Alkaline electrolysers today and
possible cost levels of PEM electrolysers in the near future. The lower capital cost point proxies’ costs
that might be able to be achieved over the next decade. Note that considerable capital cost reductions
could occur as a learning rate of 18% has been estimated for electrolysers.

The operating capacity factor for electrolysers will depend on the energy sources. An electrolyser
run from the grid or from stand-alone renewable energy sources firmed with deep storage will be able
to be run at high-capacity rates, possibly exceeding 90%. Note that grid connection will generally mean
some use of fossil fuel-based electricity and emissions associated with the production of hydrogen. We
focus on the case of using renewable electricity as a feedstock and assume that an electrolyser run off a
wind farm could operate at capacity factors close to 45%, and a standalone solar farm at around 30%.
We developed production costs of hydrogen using the LCOEs for solar PV and wind in 2020 and 2030
sourced from IRENA and discussed in section 4.3.1. These hydrogen production costs are $2.43-3.05/kg
and $1.76-2.37/kg using the solar LCOEs for 2020 and 2030. The equivalent estimates are $2.13-2.54/kg
and $2.04-2.44/kg for wind (Figure 3).

We have used low LCOE estimates and higher capacity utilization factors, as it is likely that
these will be more relevant in practice as hydrogen production would be run on the lowest cost renewable

energy generation opportunities. We also emphasize the uncertainty regarding future cost estimates, and
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the possibility of large and rapid cost reductions as the industry scales up.

Table 17: Regression estimates for the production cost of hydrogen (PC) using data sourced from IEA

model
Variable Coefficients
Electricity cost (EC) 0.475***
(0.00)
Ratio of capital cost (CC) and capacity factor 0.037***
(CF) (0.00)
Constant 0.174%**
(0.01)
R-squared 0.999
Number of observations 24

Standard errors in parentheses. Statistical significance: *** p<0.01, ** p<0.05, * p<0.1.

Figure 3: Production cost of hydrogen via electrolysis using renewable electricity
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3) Comparison of costs across hydrogen technologies

We complete the analysis by comparing estimates from 16 studies (listed in the appendix6) for the
different hydrogen production technologies considered in section 3: SMR and CG with and without CCS.
We also include the selected estimates for renewable energy powered electrolysis from section 4.3.2
(Figure 3). Currently, producing hydrogen with fossil fuels costs less than producing it with renewable
energy powered electrolysis (Figure 4). The additional cost of CCS is significant and increases the
median (or central) estimates from $1.66-1.84/kg without CCS to $2.09-2.23/kg with CCS. These

median estimates increase by a considerable amount when a carbon penalty on remaining emissions of
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$50/tCO2 is assumed. This increases the median estimates for fossil fuels with CCS from $2.09-2.23/kg
to $2.24-2.70/kg. In comparison, the median estimate for renewables-based electrolysis would decrease
from $3.64/kg for the present day to $1.85/kg when capital and/or electricity costs are lower. The
assumptions used differs by study and these are provided in the appendix. They include estimates that
use an LCOE as low as $10/MWh and the lowest level of capital costs is $200/kW.

A range of target prices have been set in various strategies and $2/kg is a common benchmark for
cost-competitive hydrogen. It has been set as a target by the US Department of Energy for the levelized
cost of hydrogen at the plant gate. A comparable figure (20 yen/Nm3) was also included in the Japanese
Hydrogen Strategy as a target for the landed cost of imports of hydrogen. Australia has a $2/kg (AUD)
production cost target for ‘clean’ hydrogen, which is equivalent to $1.4/kg (USD).

While the cost of producing hydrogen via electrolysis is expected to fall, fossil fuel and carbon
capture options are mature technologies. Likewise, it is unlikely that there will be significant reductions
in carbon transport and storage as cost improvements from economies of scale will be limited. The
inclusion of realistic CO2 transport, storage and monitoring costs would lead to higher costs than
currently projected.

From our analysis, we can extract an implied carbon price that would be required to make low
emission fossil-fuel technologies (i.e., SMR and CG with 90% CCS) break even with current fossil-fuel
hydrogen costs. Using the median estimates from Figure 4, a carbon price of $22/tCO2 (CG) and
$46/tCO2 (SMR) would be required to make hydrogen production from fossil fuels with CCS achieve
cost parity with the non-CCS option. This occurs at a production cost of $2.23/kg (SMR) and $2.43/kg
(CG) (Figure 5). This is due to a high carbon abatement cost and reflects the costliness of CCS as an
option to decarbonize hydrogen production. Achieving capture rates above 85% is expensive, the
residual emissions are notable, and CCS has no impact on fugitive emissions, which are included in this
analysis. So, it only takes a moderate increase in costs, either a carbon price or revised costs of transport,
storage and monitoring, to shift the median CCS estimates away from the example target price of $2/kg.

These increases in cost also make these technological options less favorable compared to electrolysis
with lower capital cost or low-cost electricity.

Figure 4: Production cost of hydrogen by type
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2.6 Conclusions

A number of government strategies foresee ‘low-emission’ hydrogen production from fossil fuels

with CCS as an element of their hydrogen strategies. We find that these ‘low-carbon’ production
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methods create significant greenhouse gas (GHG) emissions when realistic capture rates and fugitive
emissions from feedstock extraction are taken into account. The extent of the emissions is often
downplayed or ignored in governments’ public statements about future hydrogen supply chains, with
many treating low-emission and zero-emission production as functionally equivalent or interchangeable.
The high rates of carbon capture typically posited in government strategies are likely to be both difficult
to achieve in practice and costly. CCS is an inherently expensive option for decarbonizing hydrogen
production. Our analysis shows that carbon prices of $22-46/tCO2e would be required to make hydrogen
from fossil fuels with CCS competitive with hydrogen produced from fossil fuels without CCS. In
contrast, the cost of producing zero-carbon hydrogen from electrolysis could fall in the foreseeable
future, and be cost-competitive with fossil fuel options.

Hydrogen can help achieve decarbonization of global energy systems; however, the use of oil or
natural gas would come with significant remaining emissions even if relatively high carbon capture rates
were achieved. Using emission intensities that include fugitive emissions means that if SMR with CCS
at a capture rate of 90% were to occupy 40% of total hydrogen production, the amount of GHG emissions
generated annually would equal 2.5% of 2019 energy related CO2 emissions. Hydrogen produced from
fossil fuels without CCS would result in much higher emissions compared to unmitigated combustion
of fossil fuels. Setting up new fossil fuel-based hydrogen supply chains using fossil fuels without CCS
would be detrimental.

As CCS and fossil fuel-based facilities have long lifetimes, early investment in fossil fuel-based
hydrogen production creates a risk of lock-in. Tightening carbon constraints combined with decreases
in the cost of hydrogen from electrolysis will raise the possibility that natural gas and coal- based
hydrogen production assets could become stranded. Meanwhile, many national hydrogen strategies
define both fossil fuel with CCS and renewable based options as ‘clean’ and/or ‘low-emission’. The
current framing of these options suggests that there is a risk of government support for an option

incompatible with stated objectives of energy system decarbonization and net-zero emissions outcomes.

2.1 Russia’s Hydrogen Energy Strategy

Vision

In June 2020, the Russian Federation released its Energy Strategy to 2035. This document
outlines Russia’s overarching, medium-term plans for its energy sector, a vital segment of its economy.
The strategy includes a broad overview of its plan for hydrogen: to export 0.2 million metric tons of
hydrogen by 2024 and 2 million by 2035. For context, global hydrogen production was approximately
70 million metric tons in 2019.

Russia’s hydrogen strategy was further fleshed out with the October 2020 release of the Roadmap

for Hydrogen Development until 2024. The document outlines, still in broad terms but with some detail,
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a multi-year action plan for the development of a hydrogen energy sector in Russia. The Russian
government’s most recent and most detailed release, the Concept for the Development of Hydrogen
Energy in Russia (August 2021), is the first step in the lengthy action plan outlined in the roadmap.

Russia’s energy strategy spells out two broad goals: (1) increasing socioeconomic development
and (2) maintaining a commanding position in global energy. The strategy outlined in the document
includes structural diversification, doubling down on domestic fossil fuel energy infrastructure in key
regions, growing Russia’s presence in Asia-Pacific markets, and non-committal calls for climate action.

Russia’s hydrogen strategy echoes these goals and strategic aspects, but how this strategy will
materialize remains unclear. Many key questions—what the priority areas will be, how much money
will be dedicated to developing this sector, how many clusters will be created, what the role(s) of the
private sector will be, etc.—have yet to be answered.

Russia believes it has a competitive advantage in hydrogen because of its vast fossil fuel resource
endowment coupled with a global, mature oil and gas industry. Natural gas is currently the dominant
feedstock for hydrogen energy production globally; Russia remains the second-largest producer globally,
a potential boon in terms of cost competitiveness. Furthermore, conventional wisdom ranks the oil and
gas sector (and its workforce) among the highest in terms of transferable skills for hydrogen energy
production. The roadmap also lists Russia’s already-existent expertise in hydrogen fuel—in production,
transportation, and storage—as a boon.

Russia’s hydrogen strategy is not solely based on the country’s strengths. All strategy documents
acknowledge changing global demand in the face of the energy transition, and Russia’s hydrogen
strategy is clearly an attempt to adapt. As a major hydrocarbon producer, Russia also faces compounding
risks in a decarbonizing global economy.

Both the concept and the roadmap highlight the defensive aspects of Russia’s plans, with nods
to climate change, the global energy transition, and rising demand for low-carbon products. A variety of
action items/tactics named in the documents demonstrate a recognition that emissions from future
hydrogen fuel production may receive greater scrutiny from foreign buyers. For example, Russia’s
strategy explicitly outlines the creation of low-carbon, export-oriented hydrogen production facilities
within the Northwest cluster (or “hub”), with an eye toward low-carbon demand from Europe. While it
is unclear how much effort will be put into green hydrogen, it is mentioned numerous times in both the
roadmap and the concept as a likely priority.

Strategy

The concept spells out three phases of development:

v Stage 1 (2021-2024): Reach 0.2 million metric tons of exports by creating hydrogen

clusters and a research ecosystem, developing technologies and manufacturing of
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industrial products for hydrogen, implementing pilot projects, and creating domestic
demand for hydrogen.

v’ Stage 2 (2025-2035): Reach 2 million metric tons of exports by launching commercial
projects for hydrogen production, particularly large, export-oriented production facilities.
Continue to expand and integrate hydrogen energy into the domestic market. Scale up the
production and export of domestically produced hydrogen equipment.

v’ Stage 3 (2036-2050): Develop, and be a major player in, a global hydrogen energy market
on a large scale. Export 15-50 million metric tons to the global market by 2050.

The crux of the strategy seems to lie in developing hydrogen clusters. Strategic documents have
so far avoided defining these clusters. Beyond inferred export and production facilities, and an explicit
mention of leveraging university systems, it is unclear what other institutions and facilities mentioned
will be part of these clusters. (More on the clusters below.)

Aside from these clusters, the concept is more a lengthy menu of tactics than a coherent set of
guiding principles, goals, or instructions. There is little sense of priority, or even a discernible strategy,
within the laundry list of potential actions.

The roadmap offers more structure, including distinct steps and timelines for various aspects of
the strategy. The eight aspects include strategic planning, state support, production capacity, pilot
projects, research and development, regulatory development, workforce development, and international
engagement.

That said, the roadmap’s timelines only go to 2024, and much of the document is essentially a
plan to make a plan. Most steps simply require government entities to report on various broad aspects of
the strategy (e.g., the state of the workforce) to better define priorities, feasibility, and actual steps needed
to be taken.

Responsibility for executing these and future aspects remains ambiguous. The roadmap lists the
entities involved in each step—sometimes at great length—but does not provide a sense of hierarchy or
assignment for fleshing out the development of the hydrogen sector. The Ministry of Energy may be the
most vital actor in this strategy, as it has been made responsible for annual reporting on the sector’s
development.

The concept repeatedly references or alludes to mobilizing the private sector (largely
unmentioned in the roadmap), but without much specificity. However, in July 2021 the government
founded a working group, involving large companies including Novatek, Sibur, and Sistema. State-
owned enterprises in the group include Rosatom, Rosneft, Gazprom and Gazpromneft, Kamaz and
Rostec, as well as Rosnano.

Russia clearly intends to be a global, geopolitical leader on hydrogen energy. The concept
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emphasizes international cooperation, including working with other countries on pilot projects, industry
standards, and trade regulation. (Interestingly, Russia’s strategy includes the promotion of

2"

“technological neutrality,” an effort to safeguard hydrogen energy produced from fossil fuels and,
notably, from nuclear power.) The roadmap lists the following potential international partners: Germany,
Japan, Denmark, Italy, Australia, the Netherlands, and South Korea. Outside these documents, Russian
officials have also expressed interest in joint projects with Saudi Arabia.

Russia has recently signed bilateral cooperation agreements on hydrogen energy with the United
Arab Emirates (UAE) and Japan. The extent of cooperation with either country remains vague, though
the agreement with the UAE includes a working group on issues pertaining to hydrogen energy
development.

Geography

Per the concept, Russia plans to create three hydrogen clusters, or hubs: a Northwest cluster, an
Eastern cluster, and an Arctic cluster. The document also leaves the possibility for a fourth Southern
cluster.

The Northwest and Eastern clusters are in direct response to anticipated demand centers for
hydrogen. Russia intends to use the Northwest cluster to export to European markets—with an eye
toward low-carbon (and, theoretically, zero-carbon) products—and the Eastern cluster for exportation to
Asian markets. The Arctic cluster aligns with supply; the cluster would likely correspond with new gas
resource development. This cluster also fits clearly within Russia’s broader strategic interest in
maintaining a strong economic (and military) presence in the Arctic. (A Southern cluster would
presumably be contingent upon demand growth for hydrogen fuel, but the concept offers little on this,
geographically or otherwise.)

Precisely where these clusters will be located is yet to be determined. The definitional ambiguity
of the clusters, combined with the lack of geographic specificity in the document, leaves this an open
question. However, it is strongly implied that the geography of these clusters will mirror the current
geography of Russia’s natural gas sector. (Russia is already exploring the use of Nord Stream 2 for
hydrogen.) Based on current economic and infrastructure realities, one can infer likely candidates for the
Northwest, Eastern, and Arctic clusters: the Leningrad Oblast, Primorsky Krai, and Yamalo-Nenets
Autonomous Okrug, respectively.

The concept also mentions the creation of a domestic research ecosystem and local and regional
markets—domestic demand creation and research hubs are mentioned throughout the strategy. But
beyond the clusters and hydrogen-fueled urban transport, the geographic picture for Russia’s research
ecosystem and domestic demand remains unclear.
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Chapter 3: Social Responsibility

3AJIAHME JUJISI PA3JIEJIA
«COINUAJIBHAS OTBETCTBEHHOCTDb»
CryneHry:
I'pynna PUO
SAMOY ®pask Mapku Temy
I koJ1a niin Otaenenne 055
(Hor)
Yposenn MarucTpaTrypa Hanpasaenne/ DJIEKTPOIHEPreTUKA U
oﬁpaaonamm CIeHaJbHOCTD
JJIEKTPOTEXHUKA

Tema BKP:

I/ICCJ'IG,[[OBaHI/Ie MaTepuaioB IJIA3MOJAUHAMUYCCKOI'0 CUHTE3a B CUCTEMC YIJTICPOA-a30T B KAYCCTBC
KaTalm3aTopoB monyueHus Bogopona/Study of Plasma Dynamic Synthesis Materials in the Carbon-

Nitrogen System as Catalysts for Hydrogen Production.

HCXO)IHI)Ie AaHHBbIE K pa3aejay «COIII/Ia.]'IbHaﬂ OTBETCTBEHHOCTb»:

BBenenune

XapakTepucThKa o0BeKTa
HCCIICIOBaHUS (BemiecTBoO,
MaTepual, npudop, aaropuTMm,

METOJMKa) ¥  O0JIACTH  €ro
HIPUMEHEHHUS.

Onwucanne  paboueil  30HBI
(pabouero MecTa) npu
pa3zpaboTke MIPOEKTHOTO

PEUICHUS/TIPH SKCIUTyaTalluu

Obwexm uccnedosanus: Paspabomame nanomamepuansi, Komopule Mo2ym
pabomame _Kax _d)dexmusnble 1eKmpoKAmaiu3amopsl o ooue2o
pacujenienus 600bl ¢ 0cobbim_akyenmom Ha HER. J[pyeoil saxcHoll yenvto
21020 UCCIe008AMENLCKO20 NPOCKMA DbLIO COCPEOOMOUUMbCSL HA NPOCHIOM
NPOMOKOLEe Ccunmesd 1eKmpoKAmaiu3amopos npu_COXPAHEHUU 8blCOKOU
akmuenocmu_no _ommuowenuto Kk _HER ¢ nuskum nepemanpsicenuem u
00/120CPOYHOU CMAOULLHOCTIBIO.

Ob6racme npumeneHus: MexXHoNo2UU NPou3eo0Cmed, Npeoopazosanus u
XPAHEHUs. SHepeul, peakyuu ebl0eleHusi 6000p00d U Peakyull 8bloeNeHls
KUCII0POOd, a makice npou3800cmeo 6000POOHOU IHEPUUL.

Pab6ouas 30HQA: oduc/mabopaTopus/IpOU3BOICTBEHHOE
[oMenieHne/moseBbie yeiaoBus : Jlaboparopust 05 (8- kopryc, OKOIbHbIH

JTa) JUId IPOBECHUS DKCTIEPUMEHTOB 110 Teme BKP

Pasmepvr  nomewenuss  Kaumamuveckas — 30Ha*):  Mukpoxaumam,
NPOU3800CMBEHHbLE WYMbL U BUOPAYUU, OCEEULCHUE U INEKMPOMASHUMHbLE
noss, nexkmpuueckuti mok, Hazeanue gpaxmopos no ecocmy 2015 3awumer
and IIposedenvi pacuemoi nO YPOBHIO WYMA U OCECULCHUIO OOHOUL U3 KOMHAM.
aabopamopuu.

Konuuecmeo u naumenosanue 06opyoosanus paboueti 30nsl: 6 Konuuecmeo
u _npubop SEM, TEM, XPS, XRD, CAMP u CH (snexmpoxumuyeckuii

aHa/m3amog[

Pabouue  npoyeccvl,  ceéazamnvie ¢ 00bEKMOM  UCCIEO06AHU,
ocywecmensiowuecs: @ pabouetl 30He: AHAIU3 XAPAKMEPUCIUK MAMEPUATO8
U cunme3 HAHOMAMEPUAILO8.

[lepeueHs BOMIPOCOB, MOJISKAIINX HCCIEIOBAHHIO, TPOESKTHPOBAHHUIO M pa3padoTKe:

1. IlpaBoBble ¥ OpPraHU3allHOHHbIE BONPOCHI
o0ecreyeHHs 0€30MACHOCTH NPHU
pa3padoTKe NMPOEKTHOI0 pellleHUsA/pH

IKCILIYATAIMH :
—  CIeLUaJIbHbIE (xapaxTepHble
OpU  DKCIUIyaTaluud OObeKTa
HCCIIEI0BAaHUS, MPOECKTUPYEMOM
paboueii  30HBI)  NPaBOBBIC
HOPMBI TPYZOBOTO
3aKOHO/IATENbCTBA;

I'OCT 12.2.032-78 Cucrema cTaHIapTOB
oe3onacHoctutpyaa (CCBT). Pabouee mecto mpu
BBIMOJIHEHUU paboT cuist. OOIIne SproHOMUYECKUE
TpeOOBaHMS.

I'OCT 12.2.033-78 Cuctema cTaHIapTOB
6e3omacHoctutpyna (CCBT). Pabouee mecto mpu
BBIMOJHEHNUH paboT cTost. OOIIne SproHOMUYECKUE
TpeOOBaHHUS.

I'OCT 12.2.049-80 Cuctema cTaHIapTOB
6e3omacaoctutpyna (CCBHT). ObopynoBanue
npou3BoAcTBeHHOE. O0IIIe )PrOHOMUYECKHE
TpeOOBaHMS.
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—  OpraHHu3aliOHHBIC
MEpOTIPHUATHUS TIPU KOMITOHOBKE
paboueii 30HbL.

IMHJ @ 12.13.1-03 Meroanueckue peKOMeHIaIUH.
TexHuka 6€30MacHOCTH MPHU padOTe B aHATTUTUYECKUX
naboparopusx (0OIIHE TOIOKESHHS).

2. IIpomsBoacTBeHHasi 0e30MACHOCTH NPH
pa3pa0oTke  NPOEKTHOrQ  pelleHUs/NIPU
IKCIUTYATAIUM '
— AHaian3 BBIIBIIEHHBIX BPCAHBIX U
OITaCHBIX MMPOU3BOJACTBCHHLIX
(hakropoB
— Pacyer ypoBHs omacHoro uam
BPEJHOIO IPOHU3BOACTBEHHOTO
bakTopa

MHEKpOK/INMAT, TPOU3BOICTBEHHBIC IIYMBI H
BUOpAINHN, OCBEIICHNE U SIEKTPOMarHUTHEIE
TOJISL.

2.1. DnexTpudecKuit TOK.

2.2. HaszBanue ¢axropos mo 'OCT 12.0.003-2015
3aruTel
[IpoBeneHb! pacyeThl IO YPOBHIO IIyMa M OCBEIICHHIO
OJHOH M3 KOMHAT J1JabopaToOpHHu.

3. DkoJioruyeckasi 6€30MacHOCTh MPH
pa3padoTKe NPOEKTHOr0 peuieHust/npu

IKCIayaTanuuu

NmeeTcst orpaHrueHHOE KOIMYECTBO ITyOIUKAIUI O
BIIUSTHUW CKOHCTPYHUPOBAHHBIX HAHOYACTHI] HA
JKUBOTHBIX U PacTEHUs B OKpy»Karomieil cpene. Ha
CErOJHSIIHUI 1eHb JOCTYITHO JUIIb HECKOJIBKO
METOJ0B KOJMYECTBEHHOI'O aHaIu3a I U3MEPEHUS
HaHOYACTHII B IPUPOTHBIX CUCTEMAaX, YTO MIPUBOIUT K
cepre3HOMY AeuIHUTy HHPOpPMALUK 00 UX
NPUCYTCTBUU B OKpPY>KAIOLIEH cpeae.

OcHoBHas ipoOiieMa OyIeT 3aKITI0YaThCS B TOM,
SIBJISTFOTCSL JTH KaKie-11u00 HAHOYACTHIIBI,
MONAaJAI0NINE B OKPYKAIOIIYIO CPEAY, TOKCUUHBIMU
WY MOTYT CTaTh TOKCUYHBIMU JJIS )KUBBIX
OpraHu3MOB B OKpYy»karouiei cpeae. Hanpumep,
CYILIECTBYET BEPOATHOCTH TOr'O, YTO HAHOYACTHULIBI
MOTYT OBITh TOKCHYHBIMU JIJISI MUKPOOPTaHU3MOB B
MOYBE ¥ TPYHTOBBIX Bogax. CIEACTBHEM 3TOTO MOTYT
OBITh BO3MOXHBIE OMACHOCTH OT HAHOYACTHIL UJIH OT
OTPeOIICHNSI MUKPOOPTaHU3MOB, MTOPAKEHHBIX
HaHOYACTHIIAMH, JUTSI PHIO, HACEKOMBIX WIIH
MyeKonuTaronmx. CyIiecTByeT TakKe PUCK JJIs
pacTeHuil OT HAHOYACTHUL, KOTOPhIE CHOBA MOTYT
0Ka3aTh MOCIEAYIONIEEe BO3ACHCTBUE HA MUILEBYIO
uenb. Hanpumep, otiioxkeHne atMoc(epHbIX YaCTHIL
Ha CeJIbCKOXO3SIMCTBEHHBIX KyIbTYpax MOXKET
00ecrneunTs el OJMH My Th JUIT TOKCHYHBIX HITH
PEaKIMOHHOCTIOCOOHBIX HAHOYACTHI] B ITUIIECBYIO
1enb. BEICBOOOXKICHIE HAHOYACTHI] MOKET
MPOUCXOAUTDH U3 TOUCUHBIX HCTOUHUKOB, TAKHX KaK
MIPOU3BOICTBEHHBIC 0OBEKTHI, CBAIKHU FJIH OYUCTHEIC
COOPY’KCHUS, WIH U3 HETOYCUHBIX UCTOYHUKOB, TAKUX
KakK U3HOC. U3 MaTepuaiioB, cogepxkammnx NP. Taxxe
BO3MOJKEH CITy4aiiHBIH BBIOPOC BO BpeMsI
MIPOM3BOJICTBA WIIH TPAHCIIOPTHPOBKH. B momomHeHme
K HEMpeHaMEPEHHOMY BBIOPOCY HAHOYACTHIIBI TAKXKE
IpeTHaMEePEHHO BBIOPACHIBAIOTCS B OKPYIKAIOIIYIO
cpeny.

4. Be3onmacHOCTH B Ype3BbIYAHHBIX
CUTYAlUsIX IPH Pa3padoTKe NPOEKTHOTO

pPellleHN s/ IIPU IKCIIYATALUT

[Toxxap win B3pbIB BO BpEMS SKCIIEPUMEHTA.

JlaTa BbIIa4u 3a/1aHMsA AJI4 pa3jiesia no JUHelHOMY rpaguky |

3az[afme BbIAAJI KOHCYJbTAHT:
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Jlo/zkHOCTH DdUO0 Yu4enas crenenb, Ilonnuch Jara
3BaHue
Crt. mpenogaBarens AmnToneBnd Onbra
AnekceeBHa
3anaﬂne NPUHAJT K UCIIOJTHCHHUIO CTYACHT:
I'pynna ()5 (0] Ioanuch Jara
SAMOY ®pssK Mapku Temy

3.1 CounanbHasi 0OTBETCTBEHHOCTh

CouunanbHOM OTBETCTBEHHOCTBIO SIBJISIETCA OTBETCTBEHHOCTh OpraHu3aliu 3a
BO3/ICHCTBUS €€ PEIICHUN U ACSITSIHPHOCTH Ha 00IIIECTBO M OKPY KAIOIIIYIO Cpeaydepes
PO3pavyHOe U 3TUYHOE MOBEJEHUE, KOTOPOE COJEUCTBYET YCTOMUYMBOMYPA3BUTHIO,
BKJIFOYAs 370pOBE M  OJaroCOCTOSHWE OOIIeCTBAa, YYHUTHIBACT OKUIAHUS
3aMHTEPECOBAHHBIX CTOPOH, COOTBETCTBYET MPUMEHAEMOMY Ha JTaHHBII MOMEHT
3aKOHOJIATEIBCTBY U COTIIACYETCS C MEXAYHAPOIHBIMUA HOPMaMU MOBEJICHHUS, a TAK)KE
WHTETPUPOBAHO B  JIEATETLHOCTh OpPTaHM3AllMd W TNPUMEHSETCS B €€
B3aMMOOTHOIIICHHUSIX.

HccnenoBanre OCHOBAHO Ha MOJYYEHUH TpadUTONONOOHBIX YIJIEPOA-a30THBIX
MaTepHaioB METOI0M TUTa3MOIMHAMHYECKOTO CUHTE33/KOaKCUATLHOTO
marautoriasMeHHoro yckoputenss (KMITY). OxcnepumeHTanbHas 4acTh BCex
MCCIIeI0BaHMM TpoBoUTCS B TabopaTopuu 05 (puc. 3.1), pacmoyioKeHHOW Ha IIEPBOM
Take 8-r0 y4eOHOTro KOpmyca, T/e MEepCOHAl HAaXOMUTCS Ha MPOTSKEHUU BCETO

BpEMEHHM (OT MOATOTOBKH JI0 SKCIIEPUMEHTA).

Odopy noBaHHE
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Pucynok 3.1 — Cxema snabopatopuu 05
B naGoparopuu HaxoasTCsi BBHICOKOBOJIbTHAS SKCIIEPUMEHTAJIbHASI YCTaHOBKA
Ha ocHoBe KMIIY, pasnuuHoe »iekTpooOopyaoBaHue (TOKAPHBIA, HACTOIBHBIN
CBEPJIMJIbHBIN, NUTM(GOBATBHBIA U OTPE3HON CTaHKW) U OAJJIOHBI C ra3aMu aproHa,

a30Ta U Kucjopoaa.

Takum oOpa3oM, rymaBa OyJneT NOCBSLIEHA MPABOBBIM M OPraHU3aLMOHHBIM
BOIpocaM o0ecrieueHusi 0€30MaCHOCTH, BBISIBIICHUIO U aHAJU3Y BPEIHBIX U OMACHBIX
(akTOpOB, KOTOPbIE MOTYT BO3JIECTBOBATh Ha MEPCOHAN U OKPYKAIOIIYIO Cpeay, a
Takke pa3paboTKa Mep U METOJIOB IO MPOBEICHUIO 0€30TaCHBIX PadoT.

3.2 IlpaBoBbie U OPraHU3aIHOHHBIE BONPOCHI o0ecreyeHusi 6€30MacHOCTH
JlabopaTopusi, Kak U Apyrue paboure 30HbI, UMEET CBOM XapaKTEepHBIE

IpaBOBbIE HOPMBI TPYAOBOIr0 3aKkoHOAaTenbeTBa [1]. Takum o6pa3om, CTyA€HT UMEET
IIPaBo Ha:
O pabodee MECTO, COOTBETCTBYIOIIEE TPEOOBAHUSIM OXPaHbl TPY/a;
O TMOJy4YeHHEe JOCTOBEpHOU MH(OpManuu 00 YCIOBUSX M OXpaHEe TpyJa Ha paboyem
MECTE, O CYLIECTBYIOLIEM PUCKE MOBPEXKICHUS 3J0POBBS, a TAKXKE O MEPAXIIO 3allUTE
OT BO3/ICMCTBUS BPEAHBIX U (MJIM) OMACHBIX MPOU3BOJICTBEHHBIX (PaKTOPOB;
O OTKa3 OT BBINOJHEHUS padOT B ClIydyae BO3HMKHOBEHHS OMACHOCTU IJISl €r0 XKU3HU
U 3/J0pOBbS BCIIEICTBUE HAPYIIEHUS TPEOOBAHUI OXpaHbl TPYa;
o o0ecreueHne cpeICTBAMU UHIUBHU Ty aTbHON U KOJIJIEKTUBHOM 3alIUThl B COOTBETCTBUH
¢ TpeOOBaHUSIMU OXPaHbI TPYIA 3a CUET CPEJICTB padOTOAATENS;
o o0ydeHue Oe30MacHbBIM METOAAM U MpHEMaM TPYAa;
O JIMYHOE Y4acTHE B PACCMOTPEHUH BOIIPOCOB, CBA3aHHBIX € 00ecrieyeHneM 0e30IacHbIX
yCIIOBUM TpyJla Ha ero paboyem MecTe.

B xoMmHate ¢ ycTaHOBKOM MMeeTcsl pabouurii CTOJI JJIsl BHITOJHEHUS paboT CUJis
10 TIOJITOTOBKE K KCIIEPUMEHTATBHBIM padoTam. [[7s cozmanus kompopTHOHpadboueit
cpenbl B jabopaTopuu COONIOACHBI OCHOBHBIE JPrOHOMHUYECKHE TpeOOBaHUS K
NPaBUJILHOMY pACIIOJIOKEHUI0O M KOMIIOHOBKE paldodeil 30HBI HUCCIeN0BaTENs

cornacHo [2]:
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O BbICOTa paboueil MOBEPXHOCTU CTOJA JIOJKHA peryiupoBaThes B npenenax 680-800
MM; TIPH OTCYTCTBUU TaKOW BO3MOKHOCTH BBICOTAa paboyell MOBEPXHOCTH CTOJIA
JIOJDKHA COCTaBIISITh (25 MM;

o paboumii CTON JOJKEH MMETh MPOCTPAHCTBO JUIA HOT BHICOTOM He MeHee600 mwm,
mupuHoi — He MeHee 500 MM, ryOuHOI Ha ypoBHE KoJieH — He MeHee 450MM U Ha
YPOBHE BBITSHYTHIX HOT — He MeHee 650 mm;

O pabounii CTyJ IOJDKEH OBITH IMOJIBEMHO-TIOBOPOTHBIM, PETYJIMPYEMbIM IO BBICOTE H
yTilaM HaKJIOHA CUJICHbS M CIIMHKHU, a TAaK)KE PACCTOSIHUIO CITIMHKH OT MEPETHEro Kpas
CUZCHBS, TIPH 3TOM PETYIMPOBKA KaXKJOTO MapaMeTpa JOJDKHA ObITh HE3aBUCHUMOM,
JIETKO OCYIIIECTBIIIEMON U UMETh HAJICKHYIO (DHKCAITHIO;

O pabouee MeCTO JIOJKHO OBITH 000PYA0BAHO MOACTABKOM /Il HOT, UMEIOIICH IUPUHY
He meHee 300 MM, TiryonHy He MeHee 400 MM, PeTyJIUPOBKY ITOBBICOTE B IIPEIeIax 10
150 MM U 1O yIIy HaKJIOHA OMOPHOM MOBEPXHOCTH MOJICTaBKU 10 20°; MOBEPXHOCTh
MOJICTaBKH JIOJKHA OBITH pUQIICHONW U UMETh 10 MepeHEMY Kpato OOPTUK BBICOTOM
10 mm.

OcranbHble  paboThl (paboTa 3a craHkamu, cOoOpka ©  pa3dopka
AKCIIEPUMEHTAIILHON YCTAaHOBKH) B JJAOOPATOPUM BBITIONHSIOTCS CcTOs. [[71s1 co3manus
koMpopTHOU paboueil cpempl cTos B JabOpaTopud  COOJNIOJICHBI  OCHOBHBIC
AProHOMHUYECKHE TpeOOBaHUs coriacHo [2, 3]:

O BBITIOJIHEHHE YACTHIX TPYMOBBIX OMEparii 00ecTedeHo B Mpeaenax 30HbI JIETKOU
JOCSITa@MOCTH M ONITUMAJIEHON 30HBI MOTOPHOTO TIOJIS;

O opraHuzaiys paboyero MecTa U KOHCTPYKIUS 000pyI0BaHUs TOJDKHBI 00€CTIeUnBaTh
npsiMOe U CBOOOJHOE TOJIOKEHHE KOpIlyca Tejia paboTalomiero Wi HAKIOH €ro
BIIepeT He Oonee yem Ha 15°;

o g obOecredeHus: yJ00HOro, BO3SMOXKHO OJM3KOTO MOAXO0Aa K CTOJNY, CTAaHKY WIIU
MaIHE JOHKHO OBITh TIPETYCMOTPEHO MTPOCTPAHCTBO IS CTOIT pa3MEPOM HE MEHEee
150 MM o riy6une, 150 mm no Beicote 1 530 MM MO MIMPUHE;

O TIpH paboTe ABYMS pyKaMu OpPTaHbI YIIPABICHUS PA3MEIIAIOT ¢ TAKUM PACYETOM, YTOOBI

HE ObLIO NMEePEKPEIMBaHUS PYK;
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O MCCTA BO3MOKHBIX KOHTAKTOB OPIraHOB YIIPAaBJICHWUA C PyKaMH U HOTaMU pa60Tafomer0
JOJIDKHBI OBITh BBIIIOJIHEHBI W3 HCTOKCHUYHBIX, a4 B HCO6XOI[I/IMBIX cly4daidx MU U3

HCTCIIOIIPOBOAHBIX U 3JICKTPOU3OJLINUOHHBIX MATCPUAJIOB.

B  nmaboparopun a8 TINATENbHOW  YHMCTKM  BHYTPEHHEH  KaMephl
AKCIIEPUMEHTAJIBLHON YCTAaHOBKHM Ha IOCJIEIHEM JTale HMCIOJb3YeTCs aleTOH WU
OeH3uH. XpaHEHHWE TaKUX XHUIKOCTEH JOMyCKAeTCsl B TOJCTOCTEHHBIX, CHAOXKEHHBIX
repMeTHYHBIMU NpoOkamu OyThULIX. [IpenenbHo momycTrMble 0ObEMBI alleTOHA U
OeH3MHa, pa3pelIeHHbIe K XpaHEeHUI0 B pabo4mnx nomMenieHusx, cocrapistoT 0,5 u 0,3
am® cooTBeTcTBEHHO [4].

[Tomemenne  mabopatopu  JOHKHO  COOTBETCTBOBAaThH  TPEeOOBAHMSIM
3JIEKTPOOE30MACHOCTH MPH PabOTe C AINEKTPOYCTAHOBKAMH COTJIacHO [4, 5]:

O BCe ANEKTPooOOpyI0BaHNE C HampsbkeHHeM cBbilie 36 B, a Takke o0opyaoBaHue u
MEXaHU3MbI, KOTOPbIE MOTYT OKa3aThCsl MO/ HANPSHKEHUEM, JOJIKHBI ObITh HAJIEKHO
3a3eMJICHBI,

O IS OTKJFOUCHUS JIEKTPOCETEl Ha BBOAAX JODKHBI OBITH PYyOMIBHUKHU WU JPYTHE
JIOCTyMHBIE yCTpoiicTBa. OTKIIOYEHHE BCEH CETH, 3a HMCKIIOYEHHUEM JICKYpPHOTO
OCBEIICHHU S, TPOU3BOJIUTCSA OOIUM PyOUIIEHUKOM.

B nensx npeaoTBpaiieHus JIeKTpOTpaBMaTi3Ma 3anpeinaercs [4, 5]:

O paboTaTh Ha HEUCIPABHBIX ANEKTPHUECKUX MPUOOpAX U yCTAHOBKAX;

O TEperpyxarb JJIEKTPOCETH;

O TIEPEHOCHTh M OCTaBJIATH 0€3 HaI30pa BKIIOUYEHHBIEC 3JIEKTPOIPUOOPHI;

O paboTaTh BOJW3M OTKPBHITBIX YACTEH AIEKTPOYCTAHOBOK, MPHUKACAThCA K

HUM;

b

O 3arpoMoxaarb MnmoAaxXxoAabl K 3JICKTPUICCKHUM YCTPOﬁCTBaM.
[Tocne okoHuaHus pa6OTBI HCO6XOI{I/IMO OTKJIFOYHTD SJICKTPOSHECPIUIO, I'a3 U BOJAY

BO BCeX moMenieHusx [4].
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3.4 IIpousBoacTBeHHAs 0€30MACHOCTH

Ha mnepconan naGopatopum MOTIYT BO3JEHCTBOBATH CIIEIYIOLIUE BpEIHBIC
(akTOphl: MUKPOKJIMMAT B MOMEIIEHUU JabOpaTOprH, MPOU3BOACTBEHHBIC IIIYMbI U
BHOpallui OT DJICKTPOOOOPYIOBAaHMS, OCBCIICHHE IIOMEIICHUS J1abopaTopHH,
ANICKTPOMArHUTHBIC TIOJISI OT BBICOKOBOJIBTHBIX OOOPYJAOBaHHMHA. bBONBIIMHCTBO
AIEKTPOOOOPYAOBaHUSI HAXOASATCSA TMOJ] HAIMpPSHKEHHEM, CJeI0BaTeIbHO, TJIABHBIM
OMACHBIM  TMPOU3BOJCTBEHHBIM  (AKTOPOM  MOXKET  SIBISATbCA  BO3JCHCTBHUE
AJIEKTPUUYECKUM TOKOM, BTOPBIM OMAacCHBIM (DAKTOPOM — B3PBIB OaJJTIOHA C ra3oM IO
NPUYUHE HETIPABWIIBHOTO €T0 XpaHCHHS WU dKCIUTyaTtanuu (Tabmnwma 7.1).

Tabnuua 3.1 — Bo3moxHbIe BpeiHbIE U ONAaCHbIE (PaKTOPHI

Dakrops! ('OCT 12.0.003- rarbi pador

b015) [ToaroToBka [TpoBeneHue HopmatuBHBIE JOKYMEHTBI
DKCIIEPUMEHTa  PKCIIEPUMEHTA

OTKIIOHEHHE TTOKa3aTeme + + CanTIuH 2.2.4.548-96 [59]

MHKpOKJIMMATa

[peBbIlIeHNE YPOBHS IIIyMa + CH 2.2.4/2.1.8.562-96 [60]

'OCT 12.1.012-2004 [62]

[pesbiienie yposns BruOpaii * CH 2.2.4/2.1.8.566-96 [63]

HCIIOCT?TO‘{HaH OCBELICHHOCTh + + CIT 52.13330.2016 [64]

[paboueii 30HbI

[TpeBbilicHUE YPOBHS

HANPSHKEHHOCTH TIEPUOTNIECKOTO + CanlTuH 2.2.4.1191-03 [65]

MarHUTHOTO TI0JIS

DIIEKTPUYECKHI TOK + I'OCT P 12.1.009-2009 [67]

B3pbIiB Ga/utoHa ¢ ra3omMm + 16 03-576-2003 [68]

3.3.1 Ananu3 BpeaHbIX (PaKTOPOB, OKA3BIBAIOIIMX BIMSIHUE HA TIEPCOHAT

Ha mpotsbkeHnn Bcero BpeMEHH MHUKPOKIIMMAT B JJa0OPATOPHH OKAa3bIBACT
BO3/ICIICTBHE HA TepcoHam. [ OLEHKH BO3AEWUCTBUA 3TOTO (haKTopa €cThb psif
METEOPOJIOTHIECKIX YCIOBHM, KOTOPHIC OTCIICKUBAIOTCS B TTOMEIIeHUH [6]:

o Temmepatypoii Bo3ayxa t (°C);
O OTHOCHTENIbHOM BIaXHOCThIO ¢ (%0);
O CKOPOCTBIO JIBUKEHHUsS BO3yxa Ha pabouem mecte v (M/c);

O MHTEHCHBHOCTH TEIIOBOro m3nydenus (Br/m?).
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[Ipu  ompeneneHHOM  COYETAaHUU  TEPEUMCICHHBIX  BBIIIE  YCJIOBUH
MUKpPOKJIMMAaTa B JA0OPATOPHOM TOMEIICHHH YeNOBEK OyJeT HCIBITHIBATh
OIIYIIEHUE TEIUIOBOro KomdopTa Ha MPOTIKEHUU BCErO BPEMEHHU MPOBEACHUS
AKCIIEPUMEHTANbHBIX  paboT. CoOCTOSHHE TEIJIOBOTO KOM(oOpTa OKa3bIBAET
MOJIOKUTENIbHOE BIMSHUE HAa pabOTOCIOCOOHOCTh, HE BBHI3BIBAET OTKJIOHEHHE B
COCTOSIHUE 3JI0pOBbs paboTaroiiero. B Tabnuie 7.2 mpeacTaBieHbl ONTUMAIbHBIC U
JOMYCTUMBbIE BEIMYMHBI TOKa3aTeled MHKpPOKIMMAara B paccMaTpUBAeMOil

naboparopuu coriacHo [6].

IIpr OTKJIOHEHHSAX OT HOPMBI IAPAMETPOB MHKPOKIMMATA HUX MOXKHO
pEryiaupoBaTh € IOMOLIBIO MCIIOJIB30BaHUS CUCTEMbI KOHIMLMOHUPOBAHUSA BO3AYyXa U
CUCTEMbI OTOIUIeHUS. B 3umHUII mepuon B J1abopaTOpUM HCIOJB3YETCS CUCTEMA
PEryJINpyEMOT0 LHEHTPAIBHOIO BOASHOIO OTOIICHUS.

Tabauma 3.2 — OnTuManbHbIE U TOMYCTUMBIEC BEJTMUMHBI TOKa3aTeICHMUKPOKINMATA

Ha pabouYrX MeCcTax MPOU3BOJICTBEHHBIX MTOMEIEHUM

Temneparypa Bo3ayxa, CKOpOCTb JIBHKEHHS
Heon Kareropust paGoTmo °C Temmneparypa |OTHOCHTEIBHAS BO3JyXa
cpHon YPOBHSAM BBILICONT. | MOBEPXHOCTEH, |BIAKHOCTB BBIIIIE OTIT.
rona HIKE OTIT. o HIKE OTIT.
SHeprozarpar, Bt BEJTMUMHBI C BO3/yXa, % BESTNIHHbI
BEJTMUHHEL BETMUHHBL
ONTUMaNEHBIE BETUIUHEI
XONOIHBIH 16 (140-174) 21-23 20-24 60-40 01
Terbrit 16 (140-174) 22-24 21-25 B '
JIOTy CTHMBIE BETMIUHEI
X 0o IHBIN 16 (140-174) 19-20,9 23,1-24 18-25 1575 0,1 0,2
Terutsiit 16 (140-174) 20-21,9 | 24,1-28 19-29 B 0,1 0,3

[IlyM mOCTaTOYHO CHUIIBHO YXYAIIAKOT YCJIOBUSA TPYJa M OKA3bIBAIOT BPEIHOE
BO3/ICMICTBUE HA OpPraHU3M YEJOBEKa, €r0 CaMOYyBCTBME M BHUMATEIbHOCTH, YTO
MOKET TPHBECTH K TpaBMaM IpU padoTe Ha CTaHKaxX. VICTOYHMKaAMU TIIyMOB
BBICTYTIAIOT AJIEKTPOOOOPYI0BaHNE, UMEIOIINE ABUTATENIN: KOMITPECCOP, BEHTUIISIINS,
CTaHKM M DJEKTPOMHCTPYMEHT. JlIMTenpHOE BO3JAEHCTBUE IIyMa HA OpPraHU3M
IPUBOJUT K IOTEPE WIK YXYIIIECHUIO CIyXa, CHUKEHUIO OCTPOTHI 3PEHHUS, yXYIIIACTCA
BHHMAaHUE, MOBBIIIACTCS JaBieHUE KpoBU. CHUIBHOE IIYMOBOE BO3JIEUCTBUE MOXKET

BBI3BATh CEPhE3HBIC 3a00JIE€BAHUS CEPACUYHO-COCYUCTON U HEPBHOM CUCTEM.
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[IpenesapbHO IOMYyCTUMBIC YPOBHHM 3BYKOBOTO JaBJICHHUS, YPOBHH 3ByKa U
OKBUBAJICHTHBIC YPOBHHM 3ByKa B JIAOOpATOpHUH CJEIYeT MPUHUMATh HCXOMIS W3
ta0suibl 3.3 cornacHo [4].

Ta6numa 3.3 — [IpenenpHO TOMyCTUMbIE YPOBHH 3BYKOBOTO JIaBJICHHUS, YPOBHHU 3ByKa

1 DKBUBAJICHTHBIC YPOBHHU 3BYKa

CpeﬂHeFeOMeTpl?;‘ecme HaCTOTEL 139 5 163 125 | 250 (500 |1000 |2000 |4000 |8000
HopmaTtuBHble 3HaueHus1, 1b 103 91 | 83 77 (713 70 68 66 64
YpoBeHb 3ByKa U 3KBUBAJICHTHBIN
75
ypoBeHb 3ByKa (B 1BA)

HopMaTuBHbIC 3HaYeHUWs, NpHUBEACHHbIE B Tabmume 5.2,
NPUMEHSIOTCS TIpU paboTe 3a MyabTaMU B KaOWHAX HAOIOACHUS U TUCTAHITMOHHOTO
yrnpaBiieHusi 6€3 pedeBoil CBsi3u MO TenedoHy, B MOMEIIEHUAX jgabopaTopuil ¢
IITYMHBIM 000pY/IOBaHUEM, B TIOMEIICHUAX IS pa3MEIICHUS IIYMHBIX arperaTtoB
BBIYHMCIUTEIbHBIX MaIluH [5].
VYPpOoBHM 1IIyMa UCTOYHUKOB, HAXOSAIIUXCS B JIAOOPATOPHUH, TTPEICTABIICHBIB
tabmwuie 3.4 cornacHo [8].

Tabnuna 3.4 — YpoBHU 3BYKOBOI'O JJABJICHUS PA3IMYHBIX HCTOYHHKOB

M cTouHuk nryma Yposens myma, 1b
CrcTemMa MPUTOYHO-BHITSHKHON BEHTUIISIIUU 45
TokapHBII CTaHOK 76
HacTonbHBI CBEPIMIIEHBINA CTAHOK 89
[T oBanbHbII CTAHOK 76
OTpe3HOU CTaHOK 80

Jlns pacuera ypoBHS ImiyMa L, BO3HMKAmOIIEro OT HECKOJIBKMX HWCTOYHHUKOB,
WCIIOJIB3YETCSl TMPUHIUIT SHEPreTUYECKOT0 CYMMHUPOBAHUS HM3IYYEHUM OTAECIBHBIX

HMCTOYHHUKOB MO BbIpaxkeHuto (1):
"
L=10-1g> 10%" =
i=1

(D
=10-1g(10°% + 107 +10™% + 107 +10**") =89.89 #BA,

rac Li — YPOBCHDb 3BYKOBOI'O JJaBJICHUA I-r0 KICTOYHHUKA myma, N — KOJIUYECTBO

HCTOYHHKOB IIyMa.
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Takum o0Opa3om, sl CHIYKEHUSI BO3JCHCTBYS MPOM3BOACTBEHHBIX ITyMOB Ha
pabounx B 1a00paTOprUn HEOOXOAUMO MOTH30BATHCS MHANBUIYATBHBIMHU CPEICTBAMU
3aIIUTHI: TPOTUBOITYMHBIMU HAYITHUKAMHU WJIU BKJIA IBIIIAMHU.

Bubpamus otHOocuTCcs K yuciny (akTopoB, 00JIagaronuX — BBICOKOU
OMOIOTHYECKON aKTHBHOCTHIO. JmuTensHOEe BO3ACHCTBHE BHOpammu Ha padbodero
MOKET TIPUBECTH K BO3HHKHOBCHHIO Yy HETO TOJOBOKPYXXEHHUS, PaCCTPOUCTBY
KOOpPAWHAIIUY  JIBFDKEHWUH, BECTUOYISPHOH  HEYCTOWYMBOCTH, YKadyMBaHHUIO,
HapyIIeHUIo0 3peHus. VICTOUYHMKaMHu BUOpAIMK SBIISIOTCS TOKAPHBIN, HACTOJBHBIN

CBEPJIMJIbHBIHN, IITN()OBATLHBIN U OTPE3HON CTAHKH.

Cy1iecTByeT ABa BUJia HOPMUPOBAHUS BHOpAIIMU: CAHUTAPHO- TUTUEHUYECKOE
u TexHudyeckoe. CaHUTAPHO-TUTHUEHUYECKOE HOPMHUPOBAHUE PETJIAMEHTUPYET
napaMeTpbl MPOU3BOJICTBEHHON BUOpAllMu U IpaBujia paboOThl C BUOPOOMACHBIMU
MeXaHW3MaMHi M o0opyaoBaHueM. Takue mapaMeTpblperJaMeHTHPYIOTCS COTJIACHO
[9] u [10].

[IpenenbHO nomycTuMble 3HA4YeHUs BUOpanuu padoumx Mect kareropuu |l11—

TEeXHOJIOrnyecko Tuna «By npeacrasnens! B Tadbauue 7.5.

Bubpanuu B nabopaTopu OTHOCSTCS K TEXHOJOTMYECKOW BuOpamuu 3
KaTeropuu — TEXHOJIOTMYecKoro tumna «By, Tak kak obmas Bubpanus 3 KaTeropun—
TEXHOJIOTMYECKass BUOpalys, BO3ACHCTBYIONIas Ha 4YeloBeKa Ha pabodyMx MecTax
CTal[MOHAPHBIX MAIllMH WU TepeJarollytocss Ha paboune MecTa, HE HMEIOUIUe
HMCTOYHUKOB BHOpalK (CTaHKKM METAIoO- M JIepeBooOpadaThiBaroiue, Ky3HEUHO-
npeccoBoe  000py/lOBaHME, JUTEHHBIE MAIHMHBI, JJIEKTPUYECKHE MAIIHMHBI,
CTallMOHAPHBIE JJIEKTPUYECKHE YCTAHOBKH, HACOCHBIE arperatbl U BEHTUISITODHI,
o0opynoBanue il OypeHHs] CKBaXHH, OypOBbI€ CTaHKH, MAIIMHBI IS
’KUBOTHOBOJICTBA, OUYMCTKH U COPTHPOBKHU 3€pHA, 0OOPYTOBAHKE MPOMBIIIIICHHOCTH
CTpoMMaTepHaioB, YCTAHOBKM XUMUUYECKON U HEPTEXMMUUYECKOUTTPOMBIIIJIEHHOCTH
u 1p. OOuryro BUOpalMIO KaTeropuu 3 MO MECTY ACHCTBUS NOAPA3JEISAIOT Ha

CICAYOIKNC TUIIbI:

45



Tabmuua 3.5 — IlpedenbHO [OMycTUMbIE 3HAYEHHUS BUOpAaLMM pPabOYUX MECT

kareropuu |l — rexnonornueckoit Tuna «By»
[IpenenbHO qomycTUMBIE 3HaUeHUS 10 ocsiM Xo, Yo, Zo
CpeaHereoMeTpuIecKue BUOPOYCKOPEHUS BUOPOCKOPOCTH
YacCTOThI OKTaBHBIX I10JI0C, m/c? nb M/c-107 b
In 1/3 1/1okT . 1/1okT 1/3 1/1okT 1/3 1/1okT
OKT OKT OKT OKT
1,6 0,0130 82 0,130 88
2,0 0,0110| 0,020 |81 86 0,089 | 0,180 |85 91
2,5 0,0100 80 0,063 82
3,15 0,0089 79 0,045 79
4,0 0,0079| 0,014 | 78 83 0,032 | 0,063 |76 82
5,0 0,0079 78 0,025 74
6,3 0,0079 78 0,020 72
8,0 0,0079| 0,014 |78 83 0,016 | 0,032 | 70 76
10,0 0,0100 80 0,016 70
12,5 0,0130 82 0,016 70
16,0 0,0160 | 0,028 | 84 89 0,016 | 0,028 | 70 75
20,0 0,0200 86 0,016 70
25,0 0,0250 88 0,016 70
315 0,0320 | 0,056 |90 95 0,016 | 0,028 | 70 75
40,0 0,0400 92 0,016 70
50,0 0,0500 94 0,016 70
63,0 0,0630 | 0,110 |96 101 0,016 | 0,028 | 70 75
80,0 0,0790 98 0,016 70
KoppektupoBannbie u
SKBUBAJICHTHBIE 3HAYECHUS U 0,014 83 0,028 75
WX YPOBHU

A — Ha MOCTOSTHHBIX pabOYMX MECTAX MPOU3BOJCTBEHHBIX MOMEIEHUN NpeAnpusiTHii; b
— Ha pabouumx MecTax Ha CKJIaJax, B CTOJIOBBIX, OBITOBBIX, JEKYPHBIX U JPYTUX
IPOX3BOICTBEHHBIX MOMEIIEHUH, IJIe HET MAlllMH, FeHEPUPYIOLUX BUOpanuto; B — Ha
pabounx MecTax B TOMEUICHHSIX 3aBOJOYIPABICHUS, KOHCTPYKTOPCKUX OIOpO,
nabopaTopuii, Y4YeOHBIX ITYHKTOB, BBIYMCIUTEIBHBIX IIEHTPOB, 3/PABIYHKTOB,
KOHTOPCKHUX MOMEIIEHUH, pabourX KOMHAT U JPYTUX MOMELIEHUMN sl paOOTHUKOB
YMCTBEHHOTO TpyJa.

Jns oOecniedyeHuss BUOpPAIIMOHHON O€30MaCHOCTH MOXKHO HCIIOJIb30BaTh

BUOPOU3OIIALIUIO.
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Ocgelenue pabouux oOjacTeil Takxke sBIeTCcsS BaxHbIM (akrtopom. [lpu
HEMPAaBWJIBHON OPTaHU3aI[Mi MOYKET MOBJIEYh TPABMbI WM MOPUYY 000PY/IOBAaHUS TIO
IPUYMHE HCKAKEHUS MOJy4aeMOM BU3YalIlbHBIM IIyTeM KapTuHbl. [lomumo 3toro,
IJI0XO0€ OCBEILEHNE MPUBOANT K YTOMJIEHHUIO 3pEHUS, @ TAKKE OPraHU3Ma B LIEJIOM.

HenpasunbHoe OCBeNIEHHE MOXKET CTaTh IPUYMHOW BOSHUKHOBEHUS YPE3BbIYaNHON
CUTYyallUM U3-3a HEKOPPEKTHBIX AEUCTBUM ITepcoHalia. Hopmbl kK OCBEIIEHHUIO HAYYHO-
TEXHUYECKUX JabopaTopHii mpeacTaBicHsl B Tabuie 3.6 [11].

Tabnuua 3.6 — Hopmbl k OCBeleHNI0 HAyYHO-TEXHUYECKUX JTabopaTopuid

Cpenusis TOpU30HTaTIbHAS

OcBerjaeMble 00BEKTHI
OCBEILIEHHOCThL HE MEHEE, JIK

JlaGopaTtopun Hay4yHO-TE€XHHUYECKHE (KpPOME MEIUIIMHCKUX
YUpPEXKIEHUI):  TepMudeckue,  (pu3udeckue,  CIEKTPO-

rpadguieckue, CTUJIIOMETPUYECKHUE, dboTomeTpuUecKue, 400
MUKPOCKOIIHBIE, PEHTT€HOBCKHE, PEHTTEHO- CTPYKTYPHOTO
aHasm3a, MeXaHUYECKHE, panuon3MepHTeIbHBIE,

PIIEKTPOHHBIX YCTPOUCTB

B kadecTBe KOJIMYECTBEHHOW XapaKTEPUCTHKU OCBEIICHHOCTH TPUHATA
HAaMMEHbIIAs OCBEIIEHHOCTh pabodeil moBepXHOCTU FEmin. s maGopaTopuil u
AyIUTOPHIA BBICIIMX YYCOHBIX 3aBEICHUA MHUHUMAIBHO JIOMYyCTUMBIA YPOBEHB
ocseniennoctu paseH 400 sk [11]. Cxema pa3meliieHus CBETHILHUKOB B J1ab0opaToOpuu

npejcTaBieHa Ha pucyHke 3.2.
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Pucynox 3.2 — Cxema pa3MeInieHust CBEeTUIILHUKOB B JabopaTopunOnpeensieM HHICKC

MOMEIIEHUS | 110 BhIpakeHuto (2):

S 4B 626
(4+B)-h (4+B)-h (6,2+6)-2.3

=1.33.

[F¥]
—
(]

)

rae S — miomanaes nomemeHns; A u B — mimMHa W mumpuHA MOMENEHUS
COOTBETCTBEHHO; N — paccTosSHHE MEXay CBETHJIBHUKOM U TOPHU30HTAIBHOMN
MIOBEPXHOCTBIO, HA KOTOPOH PacCUYUTHIBACTCSI OCBEIIEHHOCTb.

U3 pucynka 3.3 onpenensieM KodhOUITMEHT UCTIOIH30BaHUS CBETOBOTO IMMOTOKA

n 4JIs IMIOTOJOYHBIX CBCTUJIBHUKOB.
iy, %
70
60
50
40

0 05 10 15 20 25 30 35 40 45 1,0.€.
Pucynok 3.3 — I'paduk 3aBucuMoctr K03 PHIMeHTa UCIIOIB30BaHNS CBETOBOTO
MOTOKA JIJIs TOTOJIOYHBIX CBETUILHUKOB OT UHAeKca nmomeinenus n = f(i) Onpenensem
OCBEIICHHOCTSH B Jlaboparopuu E no Beipaxkenuto (3):

OnpenensieM OCBEIICHHOCTH B JTabopartopuu E 1o BeIpaxenwuro (3):

F F . 35760
E=p-==p-——=049-22
s ' 4B 6.2

471.03 1K, 3)

rae F — oOmmit cBeTOBOM MOTOK B 1a0OPATOPHU € IKCIEPUMEHTATBHOM

YCTaHOBKOM, OTpeIeIsieMbIi 1O BhIpakKeHHUIo (4):
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F=Yfi=fm+fn,=2760-6+1200-16 = 35760 1. (4)

i=1

rae f1 u f2 — cBeToBbIe MOTOKK MroMuHEcHeHTHBIX J1amit OSRAM L36W/765 u
OSRAM L18W/640 coorBeTcTBEHHO; N1 K N2 — 00I1IEE KOTUIECTBO JTFOMUHECIIEHTHBIX
nmamnn OSRAM L36W/765 u OSRAM L18W/640 cooTBETCTBEHHO.

Takum 00pa3oMm, OCBelIeHHE B JIA0OPATOPUH COOTBETCTBYET HOpPMaM,
npeactasiaeHHbix B CIT 52.13330.2016.

s mpoBeneHUS JKCIEpUMEHTa B YCTAaHOBKE HCIIOJIB3YIOTCS Pa3IMdHOEe
BBICOKOBOJIETHOE 000pyI0BaHUE (€MKOCTHBIC HAKOTUTEIM SHEPTHH, dICKTPUICCKAs
CUCTEMa YIIPaBJICHUS U 3apsJIKH) Ha pabouunii mepcoHas OyaeT BO3/IeHCTBOBATh TAKOU
BpeAHBIA (PaKTOp, Kak DJIIEKTPOMarHuTHbIEe ToJiA. VHTEHCHBHOE BO3JEHCTBUE
ANIEKTPOMATrHUTHOTO TIOJIS TPOMBIIIUICHHOW YacTOTHI BBI3BIBAET y PaOOTArOIINX
HapyIIeHHnEe padoThI IIEHTPATHHON, HEPBHOU U CEPICUHO-COCYIUCTON CUCTEM.

Bo3zneiicTBue 3JIEKTPOMarHUTHOTO TIOJNS Ha YEJIOBEKa NPHHITO OICHUBATH
KOJINYECTBOM MTOTJIOIAEMON AIEKTPOMAarHuTHOM DHEPIUH. Bennuuna
3JIEKTPOMArHUTHBIX MOJIeH (Tabmuia 7.7) HopMHUpyeTcs coryiacHo [12].

Tabnuna 3.7 — [IpeneabHO AOMYCTUMBIE YPOBHU HAIPSKEHHOCTH TEPHOTUYECKOTO

MarduTHOro 1oJsd yactoroi 50 I'ng

Bpens mpeObBanus, 4 JlomycTumbie ypf)BHI/I MIT/MU, [A/m]/[MKTo] _
O61iee Bo3ielicTBHE JlokanbHOE BO3JEHCTBUE
<1 1600/2000 6400/8000
2 800/1000 3200/4000
4 400/500 1600/2000
8 80/100 800/1000

Jlns TeppuTOpuid, TJE YCTAHOBJEHO OHJIEKTPoOoOOpynoBaHue, corjacHo [13],
YCTaHOBJIEHBI HOPMBI Ha MPEJENBHO JOIYCTUMbIE HAIPSHKEHHOCTH JIEKTPUYECKOTO
0JIs1 IPOMBIIUIEHHON YacTOThI. JlaHHbIE HOPMBI IPUBEICHBI HUXKE:

O TIpM 3Ha4YeHUsX cBbIlIE 25 KB/M — npeObiBaHME B 3JEKTPUYECKOM M0Je0e3 Cpe/ICTB

3alIUTBI HC OO0ITYCKACTCA;
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o npu 3HaueHusAx 20 + 25 kB/M — npeObiBanue B anexTpruyeckoM mnoje Hebosee 10 MunyT;

o mpu 3HaueHusax 5 + 20 kB/M — pgomyctuMoe BpeMsi mpeObIBaHUS BAJIEKTPHUUECKOM
nojie Beraucisior o gopmyne: 7= (SOVE) — 2, u;

O IIpU 3HaYEeHUSX MeHee 5 KB/M — npeObiBaHUE B 3JEKTPUUECKOM IOJEHOANYCKAeTCs B
TEUYEHUE MOJHOTO paboyero JHs.

Eciu  HanpsyKeHHOCTh  JIEKTPUYECKOrO MOJS  IPEBBIIAET MPEAEIIBHO
JOIYCTUMBIE YPOBHHU, NPHUMEHSIOTCS pa3IMyHble MEpPbl MO €€ CHIKEeHHIo. Jlis
CHIDKEHHUSI BIUSHUS TOJIEH Ha TepcoHal B JabOpaTopuud BO BpeMsl IPOBEIACHHUS
AKCIIEPUMEHTOB HEOOXOJMMO MPUMEHATH CpPEICTBA KOJUIEKTUBHOM  3aIlUTHI.
TakoBBIMM SBIAIOTCS SKPAHUPYIOIIME YCTpoMcTBa. B ciydae paccMmarpuBaeMon
n1a0opaTopud B MOMEHT 3allyCKa 3KCIEPUMEHTAJIbHON YCTaHOBKHM BECh MEPCOHAI
HAXOJUTCSl BHE MOMEILEHHUS, TJIe pacrlojaraercsl SKCIepUMeHTaIbHas yCTaHOBKA U
YIPABJIEHHUE MPOLIECCOM IMPOBOAMUTCS JUCTAHIIMOHHO.

K  opraHu3allMOHHBIM  OTHOCSTCSL ~ MEpOINpPHUATHS,  OOECIEeUUBAIOLINE
coOmro/ieHne TpeOOBaHUN OTpaHUYEHUsl MPOAODKUTEILHOCTH MPEOBbIBAaHUS BO3JIE
ANEKTPOYCTAHOBOK, OpraHu3alus pabo4yuX MECT Ha PACCTOSIHUM OT TOKOBEMYLIUX
yacTel WM coO0IeHNEe BHUMATEIbHOCTH MIPU MPUOINKEHUH K HUM.

3.3.1 Ananu3 onacHbIX (DaKTOPOB, OKA3BIBAIOIINX BIMSHHUE HA TIEPCOHAT
K onacHpIM pakTOpaM MOKHO OTHECTH HAJIMUWE B TOMEIICHUH OOJIBIIIOTO KOJIUYECTBA
armapaTtypbl, UCIIOJIB3YIOIIEH 0HO(A3HBIN dIEKTPUUECKUN TOK HanpsbkeHueM 220 B
u yactorou 50 I'm.

B cootBerctBre ¢ IIYD [5] mo cTeneHW OMACHOCTH BJIEKTPONOPAXKEHUS
nabopaTopusi OTHOCUTCS K TOMEIICHHSIM C MOBBIIIEHHOW OMACHOCThIO, TaK Kak
IPUCYTCTBYET BO3MOYKHOCTh OJHOBPEMEHHOIO CONPHKOCHOBEHHS C HMEIOIIHMHU
COEIMHEHHE C 3eMJIEH METAIUIMYECKUMUIIPEIMETAMH U METAJUNIMYECKUMH KOPITYyCaMHU
000py10BaHUSI.

K opranuzaniMOHHbIM MEpONPUATHSAM, O0OECIeYrBaOIUM 0€30MacHOCThPA0OT

B DJICKTPOYCTaHOBKaX coriacHo [4] oTHocsTCS:
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o odopmieHue paboT HAPSAIOM, PACHIOPSIKEHUEM WM MEepeuHeM paboT,BBIMOIHIEMbIM
B TIOPSJIKE TEKYIIIEH dKCIUTyaTaIluu;
O JIONYCK K paboTe;
O Haa30p BO BpeMs pabOTHI;
o odopmIIeHHE TIEPEPHIBOB B paboTe, IEPEBOIa HA IPYTO€ MECTO,0KOHUYAHUE PaOOTHI.

JlaHHBIC OpPTaHW3AIMOHHBIC MEPOINPHUATHS B MOJTHOM O00BEME NMPUMEHHUMBI Ha
MPOMBIIIVICHHBIX TpeAnpuaATusx. [Ipu TpoBeNEeHWH OYEPEeIHOTO IKCIIEPUMEHTA
o(OpMIISIETCS OMBIT-JIUCT, TAC MOMUMO IapaMEeTPOB JKCIIEPUMEHTA YKa3bIBACTCS
TIEPCOHAJ, HAXOJSIIUIACS BO BpeMs MOATOTOBKA W BBIMIOJHEHUS AKCIIEPUMEHTA.
JIOITyCKH ¥ HaJ[30p BO BPEMSI TOTO OCYIIECTBIISICT HAYYHBI PYKOBOIUTEb.
[Tpu moaroroBke pabodero mecta sl pabOT CO CHATHEM HAIPSDKEHUSONIEPATHBHBIM
NIEPCOHAIOM JIOJDKHBI OBITh BBITIOJTHEHBI B YKa3aHHOM TMOPSJIKE CJICAYIOIIHNE
meponpustus [5, 14]:
O MpPOM3BENCHb HEOOXOMUMBIC OTKIIOYEHHS W TPUHATH MEPHI, IPETSITCTBYIOIINE
nmojade  HANpsDKEHWST K  MECTy paboThl  BCIAEACTBHE  OIMMUOOYHOTO  WJTU
CaMOTIPOM3BOJILHOTO BKIIFOUCHHUS KOMMYTAITMOHHOM arapaTyphl;
O Ha MPHUBOJAX PYYHOTO W KJIHOYAX JUCTAHIIMOHHOTO YMPABICHUS KOMMYTAIIMOHHOM
amnmapatypoi BEIBEIIEHBI 3anpeniatoniue miakarsl («He BkitouaTs, paboTaroT JTH0an»,
«He Brmrowyarhr paboTra Ha JIMHUWY») W TPH HEOOXOAMMOCTH YCTaHOBJICHBI
3arpakJICHHUS,
O TPUCOEAWHEHBI K <«3EeMJIe» TEPEHOCHBIC 3a3eMIICHHS, TPOBEPEHO OTCYTCTBHE
HANPSDKCHUS HAa TOKOBEAYIIMX 4YaCTAX, Ha KOTOPBIX JOJKHO OBITH HAJIOXKEHO
3aIATHOE 3a3€MJICHHE JIJIS 3aIUTHI JIFOJICH OT OPAXKEHUS AICKTPUICCKUM TOKOM;
O  HEMOCPENCTBEHHO TMOCJ€ TPOBEPKH OTCYTCTBUS HANPSUKEHUS JOJKHO OBIThH
HAJIO)KEHO 3a3eMJICHUE;
O BBIBEUICHBI PEAYTPEIKAAOIINE TIAKATHI U MPEMHUCHIBAIOIINE TIaKATHI.

[TopaxeHusi MEKTPUIECKIM TOKOM IMPH NMPUKOCHOBEHUH K HEU30JIMPOBAHHBIM
TOKOBEIYIIMM YaCTSIM MOKHO M30€KaTh COOIIOICHUEM MPABUIT TEXHUKH O0€30MMacHOCTH

(Th), obGecnedyeHreM XOpPOIIETO OCBEMICHUS BBICOKOBOJIHTHOTO OOOPY/IOBaHUSA B
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nabopaTtopuu, MNPUMEHEHUEM 3alllMTHOTO 3a3€MJICHUs, COOpPYKEHHEM KOHTypa
3a3eMJICHHS M 3aIIUTHBIX OTPaXKICHUM.

Taxxe B 1abopaTopuu pacrojiaraloTcs ra3oBble OANIOHBI, HAXOIAIIUECS 0]
JABJICHUEM JIJI1 3alOJIHEHUS KaMep NpH SKCIEPUMEHTaX B Pa3IUYHBIX Cpeaax.
DKCIUTyaTalus, XpaHeHUE U TPAHCIIOPTUPOBKA OAJUIOHOB JOJDKHBI MPOU3BOAUTHCS B
COOTBETCTBUH C TpeOOBaHUAMH HHCTPYKIMHU [15]. OCHOBHBIC MOJOKCHUS MPABHI:

O OalJIoOHBI C Ta30M, YCTaHABIMBACMbIE B TOMEIIEHUSX, JOJKHBI HAXOJIUTHCS Ha
paccTossHUM HEe MeHee | M OT pajguaToOpOB OTOIUICHUS U JAPYTUX OTOINUTEIIBHBIX
npuOOpOB, U MeUei U HE MEHEee 5 M OT UICTOUHHUKOB TEILIa C OTKPBITHIM OTHEM;

O CKJIaJICKO€ XpaHEHHE B OJHOM IOMEIICHUN OaJUIOHOB C KUCIOPOJOM M TOPIOUUMH
razamu 3amnpeniaercs;

O MpH JKCIUTyaTaluu OaJsIOHOB HaxXOMSIIUICS B HHUX ra3 3ampemiacTcs pacxo10BaTh
OJIHOCTHI0. OcTaTOYHOE JaBJIEHHE ra3a B Oayu1oHe 10HKHO ObITh He MeHee 0,05 MI1a
(0,5 xrc/em?);

O BBINYCK T'a30B M3 OAJIOHOB B €MKOCTH C MEHBIIUM pabO4YMM JaBJICHHUEM JOJDKCH
IIPOM3BOJIUTBCS Yepe3 PEayKTOp, NpeAHA3HAYCHHBIM IS JaHHOTO Traza |
OKpAIIIEHHBIN B COOTBETCTBYIOIINH 1[BET;

O TIPOBEJCHHE ONBITOB C MPUMEHEHUEM JAHHOTO 000PYAOBAHMS JIOJIKHO BBITOJTHSATHCS
B MPUCYTCTBUHM HAYYHOTO PYKOBOJUTENSI WM IPYrOoro OTBETCTBEHHOTO JIMIA BO
n30exaHue HeNpaBUIIbHBIX ACHCTBUM.

3.4 Dkojornueckast 0e30MacHOCThb
[Ipu mnpoBeaeHWM cepuU OMBITOB HAa YCTAaHOBKE W3HAIMBAIOTCS PACXOIHBIC

MaTepuallbl — CTBOJI-3JIEKTPOJl M TalJjeTka B wu3oaupyemMoMm Kopmyce. [lpu
NOATOTOBKE K OJKCIEPUMEHTAM BO3HUKAECT OOJIBIIOE KOJIMYECTBO Pa3IMUYHOIO
Mycopa: METaJUIMYecKas CTPyXKa M HM30JSLUHUOHHBIA Marepuall. DTOT MaTepual
HE00X0IUMO NpPaBWJIbHO  YTWIW3UPOBaTh WM  MOABEpPraTb IMOBTOPHOMY
UCIIOIb30BaHUI0. MeTamIn4eckue OTXOJIbI HE0OX0 MO OTHPABIATH  Ha
NeperiaBKy, U30JSIIUOHHBIN MaTepral NOBTOPHO MCHOJb30BATh HA MPOU3BOACTBE.

B nmabGoparopun wucnosib3yercss OOJBIIOE KOJUYECTBO BCIOMOIaTelIbHOIO

obopynoBaHusi, Hampumep, Tpanchopmaropsl, EHD, ocrmmiorpadsr u mepcoHaTbHbBIN
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KOMIIbIOTEp. B cnydae BbIXoAa U3 CTpOsi 00OpPYAOBAaHMS, MPOUCXOIUT CIHCAHHUE C
NOCJIEAYIOUIMM  OTHPABICHUEM CHELUAIBHBIM MPEAIPUATUAM JUIl COPTHUPOBKH,
BTOPUYHOT'O UCIIOJIb30BAaHUS WIH CKIAJIUPOBAHUS HA TOPOJICKMX MYCOPHBIX ITOJIUTOHAX.

[IpuuriHamMu, MO0 KOTOPOH OOOpPYAOBaHUS MOTYT BBIUTH U3 CTPOSl, SABIISIFOTCS
aTMoc(epHble IepeHaIpsHKeHUs U 3arpsi3HeHus . OT nepeHanpsKeHusi MOXKeT CIIacTH
UCIIOJIb30BAHUE 3alIUThl WJIM PE3EPBHOTO HMCTOYHMKA. OCHOBHOW NPUYMHOU
3arpsi3HEHUS 000PYI0BaHUS B JIaOOpATOPHUH ABIISETCS MbUIb. Bo n30exaHune moJoMKU
PEKOMEHIyEeTCsI IPOBOAUTh YUCTKY 00OpY/IOBaHUSI HE MEHEE OJHOI0 pa3aB MECHIII.
JUis  oOmield 4YUCTOTHI JTAOOPAaTOPHOM ayJUTOPUHM PEKOMEHAYETCS MPOBOJIUTH
BJIQKHYIO YOOPKY OJIMH pa3 B JICHb.

K xugkum oTXogaM OTHOCSTCS OBITOBBIE OTXOHbI, OOpa3yroumecs B
npoleccax BIAXHOW yOOpKH sabopaTopuu MpU IOJIb30BAaHUU BOJONPOBOIOM,
KOTOpBIE€ cOpachIBalOTCSA B FOPOACKYIO KaHAJIU3ALUIO U Jajiee MOCTYNAlT BCUCTEMbI
[ICHTPAJIM30BAaHHOW OYMCTKU Ha TOPOJCKUX OYHCTHBIX coopyxenusx [16]. [Tpu
IIOATOTOBKE K BBIITOJIHEHUIO SKCIIEPUMEHTA HEKOTOPBIE ITPOLIEAYPHI COITPOBOXKAAIOTCS
HarpeBOM, JBIMOOOpPA30BaHKMEM U BBIACICHUEM B aTMochepy
4yepe3 BEHTUISILUIO 3arpSI3HAIOIINX BEILECTB.

K ra3oo0pa3HbiM 0TX04aM, 3arps3HSIONIUX BO31YyX, OTHOCATCS €CTECTBEHHbBIC
BBIICJICHUS — YIJIEKUCIBIM Ta3, Mapel BOABI, JIETy4YWE OPraHUYECKUE COCAMHEHUS
(anmpaeruabl, KETOHBI, A30TUCThIE COEAMHEHUs) M MbUIb. llepen BbIOpOCOM BO3AYyX
NOMEIIEHU TOABEpraeTcss o00sA3aTeIbHOM OYUCTKE B  (PUIBTPOBEHTUIISILIUOHHBIX
CUCTEMaX, YTO MPEJOTBpalIaeT 3arpsisHeHrue atMocdepbl. K 0CHOBHBIM MeponpusiTUsIM
10 YMEHBUIEHUIO 3arpsi3HEHUS BO3AyXa oTHOCcATCes [17]:

O TpaBWIbHBINA BHIOOP MaTepuasoB A o0opynoBanus, cpencts KUIIuA, repmetuzanus
CUCTEMBI;

O NpPUMEHEHHE CHCTEM AaBTOMATHYECKUX OJIOKUPOBOK M aBapMiHON OCTaHOBKH,
00€eCleYnBaIINX OTKIIOUEHHE OOOPYJIOBaHUS M YCTAaHOBOK IMpPHU HapyLICHUHU

TCXHOJIOTUYCCKOI'O PCIKNMaA.
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3.5 be3onacHOCTh B Ype3BbIYAHBIX CHTYALMAX
Upe3BbIUaliHBIMUA  CUTYaIlMSIMU  SIBJISIETCS TOXAap M B3PBIB  O0OpYAOBaHUS B
1a00paTOpPUH, YTO MOXKET NMPUBECTH K BOSHUKHOBEHHUIO MOXxapa. [[puarnHaMu MoryT
OBITh HEWCIIpPaBHASI DJIEKTPONPOBOJKA, HEHUCIPABHOE JIICKTPOOOOPYIOBAHUE WU
HECOOIIO/ICHNE TEXHUKH ITOKapHOW Oe30MmacHOCTH. B CBSI3M ¢ 3THM HEOO0XOJIUMO
IPUHUMATh MEPbI, HAlIPAaBJICHHBIC Ha TIOBBIIICHNE B3PhIBA- U M0Kap0OE30MacHOCTH.
OCHOBHBIMHU MepaMU JIJIsl PEOTBPAIIEHHUS TIOKAPOB SBIISIOTCS COOJIIOICHHUS BCEX
CTaHJAPTOB 10 MPOCKTUPOBAHUIO M CTPOUTEILCTBY 3JaHUH UM COOPYKCHHI,
CBOCBpPEMEHHAs TPOBEpKA W PEMOHT D3JIEKTPOOOOPYIOBAHUS, a TaKKe COOJIOJICHUE
MIPaBUII OKAPHOU OE30MTaCHOCTH.
B mensx oOecnedeHMsS TOKapHOW O€30MMaCHOCTH MPOBOIATCS TEXHUUYCCKUC H
OpraHU3aIMOHHBIC MEPOTTPHUATHSI.
K TexHM4YeCKUM MEpONIPUATHSIM OTHOCSITCS:
0 coOMroNeHne  TMpaBWJI ~ TEXHWYECKOM  JKCIUTyaTallud  DJIEKTPOTEXHHUUYECKOTO
000pynoBaHUs;
O KOHTPOJb U3OJSIHU 3JIEKTPOOOOPYIOBAHUS,;
O HaJJIeKaIas IAHUPOBKA TEPPUTOPHHU By3a U Pa3MEIICHNS HA HEUTEXHUYECKUX 3aHUN
U COOPYKEHUN;
O COOJIO/IEHHE TIPOTUBOIIOKAPHBIX PA3pPhIBOB B CTEHAX 3aHUI HCOOPYKEHU;

O TMPABUIBHOC PAa3MCHICHHUC BBIXOIOB U aBapHﬁHOTO OCBCIICHUA.

OpraHu3alinoOHHBIE MEPOTIPUATHS — ITO KOMIUIEKC MEPOTIPUSTHH, CBSI3aHHBIX C
yCTpaHCHUEM MPUYHH, CIIOCOOHBIX BBI3BAaTh CaMOBO3ropanue. K HUM OTHOCSTCS:
O  3ampelieHHe TMOJb30BaThCS OTKPBITHIM OTHEM TIPH  TPOM3BOJACTBE pabOT B
MI0YKapPOOTIACHBIX TTOMEIIICHUSX;
O YyHaJeHHEe W3 MOMENICHUH JIErKO BOCIUIAMEHSIONIMXCS MAaTepHaloB M BEIIECTB,
CTIIOCOOHBIX K CAMOBO3TOPAHHUIO;
O pa3zpalboTKa MIaHa BaKyalllH JIIOJEH U UMYIIECTBA U3 MOMELICHUN;
o o0ydeHue pabouux W CIIyKaIluX MepaM MOXAPHOW 0e30MacHOCTH.

[Ipy BO3HMKHOBEHHMH MOXapa Ha 0ObEKTE MEepPBbIA 3aMETUBIIMI O4ar moxkapa
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JOJKEH HEMEJICHHO COOOIIUTh PYKOBOIUTENIO JIA0OpATOpUH, a IPU HATUYHUU CBSI3U
— B [I0KapHYI0 OXPaHy U MPUCTYIUTH K TYHIEHUIO [10XKapa UMEIOIIUMUCS CPEACTBAMHU
nokaporymeHus [18].

Jlns  mpenoTBpamieHHsT BO3HMKHOBEHHS  YPE3BbIYAMHOW CUTyallUd B
MOMEIICHUH JTA0OpaTOpPUM YCTAHOBJICHA IOXKApHAas CUTHAIM3AIMS CO 3BYKOBBIM
onoBenieHueM. Ha pucynke 7.4 mpejcTaBlIeH IJIaH ABaKyalluy U3 JJa0OpaTOPUH.

[Tepuunbie cpenctBa mnoxapotyumenuss (IICIIT) — HeoTbemiiemass 4acTh
NOKapOTYyUIEHUsA, KOTOPbIM JOJKHBI OCHAIIATHCS BCE MECTa M COOPYKEHHS C
MacCCOBBIM CKOIUIEHUEM JIFOJEH Ha CIydald TYLIEHUs BO3TOPAHMUS.

Cocras IICIIT [19][20]:

O TMOKapHbIC MIUTHI PA3IMYHON KOMIUIEKTAIUHY;

O BOJA W3 CETEH MPOTUBOMOXKAPHBIX BOJOIPOBOJOB, BOJAOEMOB;

O IIECOK;

O Hecropaemble MOJOTHHIIA;

O OTHETYIIUTENH (3KUJIKOCTHBIE, TOPOIIKOBBIE, YTIEKUCIOTHBIE, BO3IYIITHO-TICHHBIE);
O HMHCTPYMEHT, MPUMEHSIEMbBIN MPHU TYIMIEHUU (JIOMBI, BeIpa, Oarpbl,JIONAaThI).

Takke K upe3BbIUAWHBIM CHUTYyaIlUsIM OTHOCHUTCS BHE3amHOe OOpyIlIeHue
31aHUs, TJIe HaX0AUTCs JlabopaTopusi ¢ nepcoHanoM. CTpOeHUs U3HAIIUBAIOTCS U3-3a

JOJITOU SKCIUTYaTalUH.

B psge cioydaeB npuuMHaMu OOpYILIEHUS SIBJISIIOTCS B3pBIBBI BCIIEACTBHE
YTEUKH Tra3a, HENpaBWIbHAs OSKCIUIyaTalMud OBITOBBIX Ta30BBIX MPHOOPOB,
HEOCTOPOKHOE  OOpalieHusi C OrHeM, XpaHEHHWe B  IOMELICHUH  JIETKO
BOCIUTAMEHSIOLIUXCS )KUIKOCTEH U B3PbIBUATHIX BEIIECTB.

Kpome Toro, oOpy1ieHrne coopykeHusi BO3MOKHO BeeACTBUE TeXHOreHHOMYC.
Bo Bpemsi crtuxuiiHbix OencTBUM (B MEPBYIO OYEpEdb, MPU 3E€MIICTPSCEHUH), HOB
Tomckoil o6iactd 3TO ManoBeposiTHO. Takke OOpyIIeHHE MOXKET MPOU30UTH IO
OpUYrHEe OOJBIIOrO0 KOJMYECTBA OCAJAKOB B BHJIE CHEra Ha KpbIlIe 3/1aHUA.
Pa3pyimienuss MOryT OBITH CIIEJICTBUEM HE TOJBKO CHJIBI CTUXHH, HO U IUIOXOIO

KadyCCTBa CTpOGHI/Iﬁ N UX TCXHHUYCCKOI'O U3HOCA.
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BuiBOABI

B rmaBe paccMOTpeHBI IPaBOBBIE M OpTaHU3AIMOHHBIE BOMPOCHIOOECTICYCHHUS
0€30MacHOCTH B Ta0OPaTOPUH, BBISIBIICHBI U MPOAHATU3UPOBAHBI BPEIHBIEC U ONTACHBIC
(akTOphl, KOTOPbIE MOTYT BO3/ECHCTBOBATh HA MEPCOHAN U OKPYKAIOILYI Cpeay.
Taksxe pa3paboTaHbl MEPHI U METO/IbI IO MPOBEICHUIO 0€30MacHBIX PadoT.
Omnpenenensl XapakTepHble s Jab0OpaTopuyd MPaBOBBIE HOPMBI  TPYAOBOTO
3aKOHO/ATEIbCTBA, OCHOBHBIE OJPrOHOMHUYECKHE TpeOOBaHUS K MPAaBUIBLHOMY
PacTOJIOKEHUIO U KOMIIOHOBKE pabodeil 30HBI MpU paboTax CHUIS U CTOS, a TAKXKe
paccMOTpEHBI MpaBWJIa XpaHEHUs alleToHa W O€H3WHa B JIaOOpAaTOPUU U MEpHI JUIS
IPEeIOTBPALICHUS dJIEKTPOTPaBMaTU3Ma.

BoisiBiieHbl BpeAHble W omnacHble (akTtopsl (Tabmuma /.1), KOTOpblE MOTYT
BO3/eiicTBOBaTh Ha mepcoHan jaboparopuu. [IpoBeneH pacdyer ypoBHS IIyma,
BO3HUKAIOILIETO OT HECKOJIBbKUX UCTOUHUKOB (L = 89,89 J10). PacueT nokasain, uro npu
paboTe Ha CTaHKax HEOOXOAMMO TIIOJb30BATHCS CPEACTBAMHU WHIWBUYaIbHOU
3amuThl. Takke paccunTaHa OCBELIEHHOCTh B KOMHATE C YCTaHOBKOM /IJIsl CPaBHEHUS
¢ TeopernueckuM 3HadueHueM (E = 470 nk > Emin = 400 nx). Pacuer mokaszan, 4to
ocBemieHue coorsercTByeT Hopmam CII 52.13330.2016.

B pasnmene skonormdeckoil 0€30MaCHOCTH PacCMOTPEHBI BHJIBI  OTXOJIOB,
BO3HHUKAloIMe npu pabote B JabOpaToOpuu, UX BIUSHHE Ha JUTOChEpy, ruapochepyu
atMocepy, a TakKe METOAbl M MEPOIPHUATHS IO YMEHBIIEHUIO 3arps3HEHUs
OKpY>KaroIen Cpebl.

B pabore Taxxke mnpoaHanu3upoBaHa OE30MACHOCTh B YPE3BbIYAWHBIX
CUTyalusiX B Jlabopatopuu. PaccMOTpeHbI KOMIIEKC MEPOIPHUATHI 10 yCTPaHEHUIO
NPUYUH CaMOBO3TOpPaHUs, COCTaB TMEPBHYHBIX CPEJICTB TOXKAPOTYIICHHS, a TaKkKe

pa3paboTaH IJIaH IBaKyallud U3 1a0OpaTOPHH.
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