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MAIN CURRICULUM LEARNING OUTCOMES

Competency
code

Learning outcomes (competencies)

Transferrable competencies

TC(U)-1

Able to search, critically analyze and synthesize information, apply a
systematic approach to solve tasks

TC(U)-2

Able to determine the range of tasks within the goal and choose the best
ways to solve them, based on current legal regulations, available resources
and restrictions

TC(U)-3

Able to carry out social interaction and realize any role in the team

TC(U)-4

Able to carry out business communication in oral and written forms in the
state language of the Russian Federation and foreign language(s)

TC(U)-5

Able to perceive the intercultural diversity of society in the socio-historical,
ethical and philosophical contexts

TC(U)-6

Able to manage the time, build and implement the trajectory of self-
development based on the principles of education throughout life

TC(U)-7

Able to maintain the proper level of physical fitness to ensure social and
professional activities

TC(U)-8

Able to create and maintain safe living conditions, including in case of
emergencies

TC(U)-9

Able to show entrepreneurship in professional activities, including as part of
the development of a commercially promising product based on a scientific
and technical idea

General professional competencies

GPC(U)-1

Able to use basic knowledge of natural sciences in professional activities,
apply methods of mathematical analysis and modeling, theoretical and
experimental research

GPC (U)-2

Able to search, store, process and analyze information from various sources
and databases, provide it in the required format using information, computer
and network technologies

GPC (U)-3

Able to use modern information systems in professional activities, analyze
the dangers and threats arising from this, comply with the basic requirements
of information security, including the protection of state secrets

Professional competencies

PC(U)-1

Able to use scientific and technical information, domestic and foreign
experience on research topics, modern computer technologies and
information resources

PC(U)-2

Able to carry out mathematical modeling of processes and objects of the
nuclear industry using standard methods and computer codes for design and
analysis

PC(U)-3

Ready for conducting physical experiments according to a given
methodology, making a description of ongoing research and analyzing the
obtained experimental data

PC(U)-4

Able to use technical means to measure the main parameters of research
objects

PC(U)-5

Ready to draw up a report on the completed task, to participate in the
implementation of research and development results

PC(U)-6

Able to use information technology in the development of new installations,
materials and devices, to collect and analyze initial data for the design of
nuclear industry facilities




PC(U)-7

Able to calculate and design parts and assemblies of devices and
installations in accordance with the terms of reference

PC(U)-8

Ready for the development of design and working technical documentation,
registration of completed design work

PC(U)-9

Capable of monitoring the compliance of developed projects and technical
documentation with standards, specifications, safety requirements and other
regulatory documents

PC(U)-10

Ready to conduct a preliminary feasibility study of design solutions for the
development of installations and devices

PC(U)-11

Capable of monitoring compliance with technological discipline and
maintenance of technological equipment

PC(U)-12

Ready for operation of modern physical equipment, instruments and
technologies

PC(U)-13

Able to assess nuclear and radiation safety, to assess the impact on the
environment, to monitor compliance with environmental safety, safety
regulations, norms and rules of industrial sanitation, fire, radiation and
nuclear safety, labor protection standards

PC(U)-14

Ready to develop ways to use nuclear power, plasma, laser, microwave and
high-power pulse installations, electron, neutron and proton beams, methods
of experimental physics in solving technical, technological and medical
problems

PC(U)-15

Able to draw up technical documentation (work schedules, instructions,
plans, estimates, applications for materials, equipment), as well as
established reporting in approved forms




PE3YJIbTbI OBYYEHMUMA I10 OOII

Kon
KOMIIETEHITUH

Pe3yabrarsl ocBoennst OOII (koMneTeHum)

yHHBepcaJ'[LHLIe

VK(V)-1

Cnoco0eH oCyIIeCTBISATh MOUCK, KPUTUUECKUI aHAIN3 U CUHTE3
uH(pOpPMAIUH, TPUMEHATh CUCTEMHBIN MOIXO AJIS1 PEIICHHUS TTOCTABICHHBIX
3a1a4

VK(Y)-2

Cnioco0eH omnpenensaTh KpyT 3a/1ad B paMKax MOCTaBJICHHO LeNu U
BBIOMPATh ONTUMAJIbHBIE CIIOCOOBI UX PEIICHUS, UCXOAS U3 ACHCTBYIOMIMX
IIPaBOBBIX HOPM, HUMEIOIIMXCS PECYPCOB U OTPAaHUYEHUHN

VK(Y)-3

Cnocoben OCYHICCTBIIATH COIMAJILHOC B3aHMOJACHUCTBUEC U PCain30BbIBATH
CBOIO POJIb B KOMaHAC

VK(Y)-4

Crioco6eH OCyIeCTBIATh AEI0BYI0 KOMMYHHKALIUIO B YCTHOU H
MMCbMEHHOU (popMax Ha rocyaapcTBEHHOM si3bike Poccuiickoit denepamuu
U MTHOCTPAaHHOM(-bIX) sI3bIKe(-aX)

YK(Y)-5

CnocobeH BOCIpUHUMATh MEXKKYJIBTYpHOE pasHooOpa3ue o0IIecTBa B
COLMAIBHO-UCTOPHUYECKOM, STHUECKOM M (HHUIT0COPCKOM KOHTEKCTAX

VK(Y)-6

CrniocobeH ynpaBisiTh CBOUM BPEMEHEM, BBICTPAaUBaTh U PEAIU30BHIBATh
TPAEKTOPUIO CAMOPA3BUTHSI HA OCHOBE MPUHIIMIIOB 00pa30BaHUsI B TCUCHUE
BCeH KU3HU

YK(Y)-7

CriocoOeH noaIepKUBATh TOJKHBIA YPOBEHb (hU3NYECKOM
HOATOTOBJIEHHOCTH JJIsl 00eCTIeUeHus MTOJIHOLIEHHON COLMAIbHON U
poQ)eCCHOHATBHON IeITeTbHOCTH

VK(Y)-8

CniocobeH co3iaBaTh U MOJACPKUBATH O€30MACHBIE YCIOBUS
JKU3HEIEATEIIbHOCTH, B TOM YHCJIE IPU BOBHUKHOBEHUHN YPE3BBIYANHBIX
CHUTYaIU

VK(Y)-9

Cnioco0eH nposBIISTh MPEANPUIMUUBOCTE B IPO(heCcCHOHATBHOM
JIeSATeTLHOCTH, B T.4. B paMKax pa3pabO0TKH KOMMEPUYECKHU MEePCIEKTUBHOTO
MPOJAYKTa HA OCHOBE HAYYHO-TEXHUYECKOU UJEU

Oo6menpodeccnoHabHbIE

OIK(Y)-1

Cnoco0eH UCIT0Ib30BaTh 0a30BbIC 3HAHUS C€CTCCTBCHHOHAYYHbIX JUCHUIIINH
B HpO(i)GCCI/IOHaJIBHOI;'I ACATCIIBHOCTH, IPUMCHATH MCTOJbI MATEMATUUCCKOIO
aHaJIn3a U MOACIUPOBaHUA, TCOPCTUICCKOTO U SKCIICPUMCHTAJIIBHOT'O
HNCCICIOBAaHNU

OITK(V)-2

Crioco6eH ocyIecTBIATh IOUCK, XpaHEeHHe, 00pabOTKy U aHaIU3
UHPOPMAIIUH U3 PA3IMIHBIX UCTOYHUKOB M 0a3 JaHHBIX, IPEJOCTABISATE €€ B
TpedyemMoM (popmare ¢ UCIOIb30BaHNEM UH()OPMAIIMOHHBIX,
KOMIBIOTEPHBIX U CETEBBIX TEXHOJIOTHUI

OITK(Y)-3

CnocobeH ucnoap30BaTh B MpohecCHOHANIBHOM IeATeTbHOCTH
COBpeMeHHbIE HH(POPMAIIMOHHBIE CUCTEMBI, aHAJTU3UPOBATh BO3HUKAIOIITNE
P STOM OMACHOCTH M YTPO3BbI, COONMIOAATH OCHOBHBIE TPEOOBAHUS
nH(pOpMAITMOHHON O€30MTaCHOCTH, B TOM YHCJIE 3aIIUTHI TOCYIaPCTBEHHOM
TalHBI

IIpodeccuonanbHbie

TIK(Y)-1

Crioco6eH UCrob30BaTh HAyYHO-TEXHUUECKYI0 HH(OpMaIHIo,
OTEUYECTBEHHBIN U 3apyOeKHBIN OIBIT 110 TEMATUKE HCCIEA0BAHNUS,
COBpPEMEHHbIE KOMIIBIOTEPHBIE TEXHOJIOTUU M HHPOPMAIIMOHHBIE PECYPCHI

TIK(Y)-2

Cnocoben IMPOBOJAUTH MATCMATHUYCCKOC MOACIIMPOBAHUC ITPOLECCOB U
00BEKTOB aTOMHOM OoTpaciii ¢ UCIIOJB30BAaHUEM CTaAHAAPTHBIX MCTOAOB U
KOMITBIOTCPHBIX KOJAOB IJId IMPOCKTHPOBAHUS U dHAJIM34d




TIK(Y)-3

['oTOB K MpoBeeHNIO (HPU3NIECKUX IKCTIEPUMEHTOB 110 33JaHHON METOJUKE,
COCTaBJICHUIO ONUCAHUS IPOBOUMBIX UCCIIEAOBAaHUN U aHAIU3Y
MIOJyUYEHHBIX IKCIIEPUMEHTANIbHBIX JTaHHBIX

TIK(Y)-4

Cnoco0eH UCII0Ib30BaTh TEXHUYECKHE cpeacTBa i U3SMEPCHHA OCHOBHBIX
mapaMcTpoOB 00BEKTOB HCCICIOBAaHUA

TIK(Y)-5

['0TOB K COCTaBJIEHUIO OTYETA 110 BHIIOJHEHHOMY 33IaHUIO0, K YYaCTHIO BO
BHEAPEHUU PE3yJIbTaTOB HCCIEI0BAaHUM U pa3paboTok

TIK(Y)-6

CriocoOeH UCToIb30BaTh HHPOPMAITMOHHBIE TEXHOJIOTUH TP pa3paboTKe
HOBBIX YCTaHOBOK, MaTepuajioB U IpuOOpoB, K cOOpY U aHATIN3Y UCXOTHBIX
JTAHHBIX JIJISl IPOCKTUPOBaHMS 00BEKTOB aTOMHOM OTpaciiu

TIK(Y)-7

Cnoco0eH Kk pacyeTy ¥ MPOSKTUPOBAHUIO JI€Tajeil U y3710B MPHOOPOB U
YCTAHOBOK B COOTBETCTBUHU C TEXHHUUYECKUM 33/IaHHUEM

TIK(Y)-8

I'oToB Kk pa3paboTKe MPOSKTHOHN M paboueii TEXHUYECKON JJOKYMEHTAIIUH,
0hOPMJICHUIO 3aKOHUYECHHBIX MPOEKTHO-KOHCTPYKTOPCKUX padoT

TIK(Y)-9

CriocoOeH K KOHTPOIIIO COOTBETCTBHS pa3padaTbIBAEMBIX MPOEKTOB U
TEXHUYECKOW JOKYMEHTAIMH CTaH1apTaM, TEXHUYECKUM YCIIOBHUSIM,
TpeOoBaHuUsAM 0€30MaCHOCTH U JIPYTUM HOPMAaTUBHBIM JJOKYMEHTaM

TIK(Y)-10

['0TOB K MPOBEACHUIO MTPEIBAPUTEIBLHOIO TEXHUKO-IKOHOMUYECKOTO
000CHOBaHMUsI IPOEKTHBIX PEIICHUHN IIpU pa3pabOTKe YCTAHOBOK U pUOOpOB

TIK(Y)-11

CriocoOeH K KOHTPOJIIO 32 COOMIOICHUEM TEXHOJIOIMUECKOM TUCLUITIIMHBI U
00CIIy’)KUBAaHHIO TEXHOJOIMUYECKOr0 000PyIOBaHUsI

TIK(Y)-12

['0TOB K 3KCIUTyaTalui COBPEMEHHOTO (PU3UYECKOro 000pya0BaHMUS,
IpuOOpPOB U TEXHOJIOTHM

MIK(Y)-13

Crioco0eH K OLIeHKe sIIEPHOM U paMalliOHHON 0e3011acHOCTH, K OLICHKE
BO3JICHCTBYSI HA OKPYKAIOLIYIO CPey, K KOHTPOJIIO 3a COOIIOICHUEM
9KOJIOI'MYECKOI 0e30MMacHOCTH, TEXHUKH 0€30I1aCHOCTH, HOPM U IpaBUI
IIPOU3BOJICTBEHHOW CAHUTAPUH, ITOKAPHOM, paualluOHHON U AIEpHOU
0€30I1aCHOCTH, HOPM OXPaHBbl TPy/a

TIK(Y)-14

['oTOB pa3pabaTsiBaTh CIIOCOOBI MPUMEHEHUS SICPHO-IHEPTETHUSCKIX,
TTa3MEHHBIX, JTa3€PHBIX, CBEPXBBICOKOYACTOTHBIX M MOIIHBIX UMITYIbCHBIX
YCTaHOBOK, 3JIEKTPOHHBIX, HEUTPOHHBIX U TPOTOHHBIX MTYYKOB, METO/IOB
HKCIIEPUMEHTATBHON (PU3UKU B PEIICHUH TEXHUYECKUX, TEXHOJIOTHUECKUX U
MEIUIIMHCKHUX TTPo0IeM

TIK(Y)-15

Crioco6eH K COCTaBJIEHUIO TEXHUUECKON JOKyMeHTaluuu (rpadukos padorT,
WHCTPYKIIMH, TUTAHOB, CMET, 3asIBOK Ha MaTepHaIIbl, 000pYI0OBaHUE), a TAKXKE
YCTaHOBJICHHON OTUETHOCTH 10 YTBEPKJICHHBIM (popMam
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For a student:
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Deadline for completion of Bachelor Thesis:

TERMS OF REFERENCE:

Initial data Investigate and optimize the plasmachemical
synthesis of fuel oxide compounds «UQO2—ThO2—
MgO» u «UO2-ThO2-Al>Oz» from water-organic
nitrate solutions.

List of the issues to be investigated, 1. Review and comparative analysis of literature
designed and developed on separate and joint production of fuel oxide
compounds.

2. Calculation of burning rates of WONS included
water nitrate solutions of fissile metals
(uranium, thorium), matrix metal (magnesium,
aluminum), and organic component (acetone).
Establishment of influence patterns of the
organic component content on their net calorific
value. Determination of the optimal composition
of WONS that ensure their energy-efficient
plasma treatment.




3. Thermodynamic calculation of plasmachemical
synthesis of fuel oxide compounds from WONS.
Establishment of influence patterns of the
plasma coolant mass fraction on the composition
of the resulting products in the gas and
condensed phases. Estimation of specific energy
consumption for the process. Carry out the
comparative analysis and determination of
modes providing the plasmachemical synthesis
of the required fuel oxide compounds in air

plasma.
4. Experimental confirmation of the research
results.
Advisors to the sections of the Bachelor Thesis
Section Advisor
Calculating section Associate Professor of DNFC A.G. Karengin
Experimental section Associate Professor of DNFC A.G. Karengin
Financial Management, | Professor of DSHS M.A. Gasanov
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Social Responsibility Associate Professor of DNFC Y.V. Perederin

Date of issuance of the assignment for Bachelor Thesis
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Assignment issued by a scientific supervisor
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Otnenenne mkoibl (HOLL) — OTaenenue siepHO-TOILIMBHOTO IIUKJIA

YTBEPXAIO:
PykoBoaurens OOII
CennBagnukona O.B.

(IToamucs) (Hata) (®.1.0.)
3AJJAHUE
HA BBINOJIHEHNE BbINYCKHON KBAJIN(PUKAMOHHOH padoThI
B dopwme:
bakanaBpckoi paboThI

CryneHry:

I'pynna DPUO

0A92 Ky3nenoBoit AHactacuu AHJIpeeBHE
Tema paboThI:

Hccnenosanue mpouecca IMmIa3SMOXUMHUYCCKOI'O CHMHTE3a TOINIMBHBIX OKCHIHBIX KOMITO3UITUI
AJI1 BBICOKOTEMIICPATYPHBIX I'a300XJIAXKIACMBIX PCAKTOPOB IJIA MOJYUCHUA BOAOPOdad

YTBepkaeHa NPUKa30M AUPEKTOpa (1aTa, HOMEp) ‘ Ne32-52/c o1 01.02.2023

Cpok cauu CTyJI€HTOM BBITIOJTHEHHON paOOTHI:

TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie 1aHHbIe K padoTe

HccnenoBaTh M ONTUMHM3MPOBATH  IIPOIIECC
MIa3MOXMMUYECKOTO CHHTE3a TOIJIMBHBIX OKCHIHBIX
kommosuiuii  «UO2-ThO2-MgO» u «UO2—-ThOo—
Al;O3» W3 BOJHO-OPraHUYECKMX  HUTPATHBIX
PacTBOPOB.

IMepeyenb moaiexammx
HCCJIEIOBAHNIO, IPOEKTHPOBAHUIO U
pa3padoTKe BOIPOCOB

1. O630p U CpaBHMUTEIBHBIA aHAIM3 JIUTEPATYPHBIX
UCTOYHMKOB MO  METOJaM  pas3felbHOro |
COBMECTHOTO TOJyYEHHsI TOIUIMBHBIX OKCHJIHBIX
KOMIIO3ULIUH.

2. Pacuer TmokazaTeneii TrOpIOYECTH  BOJHO-
OpPraHUYeCKUX HUTPATHBIX PACTBOPOB, BKIIIOYAIOIINX
BOJIHBIC HUTPATHBIE PACTBOPHI ACTAIINXCS METAJIIOB
(ypaHn, Topmii), MeTtaqu1 Martpuibl (MarHuil u
ATIOMUHHUIM) ¥ OPraHUYECKUH KOMITOHEHT (alleTOH).
YcranoBnenue 3aKOHOMEpPHOCTEH BIIMSIHUS
COJICp)KaHUsI OPTaHUYECKOTO KOMIIOHEHTa Ha WX
HU3LIYIO TEIJIOTBOPHYIO criocoOHOCTh. Omnpenenenue

ONTHUMAJIBHBIX MO cocTtaBy pactBopoB BOHP,




o0ecTeynBaroIuX ux 3HEProdPPeKTUBHYIO
MJIa3MEHHYIO MepepadoTKy.

3. TepmonuHaMuueckuit  pacuer npoiiecca
MJ1a3MOXUMHUYECKOTO CUHTE3a TOTUIMBHBIX OKCHIHBIX
koMmno3uuuii u3 pacrsopo BOHP. Vcranosnenue
3aKOHOMEPHOCTE  BJIMSHHS ~ MaccoBOM  JIOJIU
MJIA3MEHHOTO TETUIOHOCHUTENS (BO3/yXa) Ha COCTaB
oOpa3yromuxcsi ~ MPOAYKTOB B Ta30BOH U
KOH/JIEHCHUpOBaHHBIX  (pazax. OreHka yIenbHBIX
sHepro3aTpar Ha nporecc. CpaBHUTENbHBIN aHAIU3 U
OTNpENIeICHUE  PEeKUMOB,  O0ECIEUYMBAIOUINX B
BO3JYIIHOM TMJla3Me IUIa3MOXUMHYECKHH CHUHTE3
TpeOyeMBIX TOTUTUBHBIX OKCHIHBIX KOMITO3UIIHA.

4. DKcriepuMEeHTaNIbHOE TOATBEPKIACHHUE Pe3yIbTaTOB
WCCIICIOBAHMSL.

KoHcyabTaHTBI 0 pa3iaejaM BbITYCKHOH KBAJIN(PUKAIMOHHON padoThI

Pa3nen

KoncyabTant

PacueTHas yactb

Homent OATII UATII A.I'. Kapenrun

3KCHepI/IMCHTaJ'IbHaH qacCTb

Houent OATI] UATHI A.T'. Kapenrun

duHaHCOBLIN MCHCI>KMCHT,

pecypcodhHEeKTHBHOCTH u IIpodeccop OCTH M.A. I'acanor
SHEprocOepeKeHNE
ConuanbHas
i Houent OATL UATII FO.B. Ilepenepun
OTBETCTBEHHOCTb
JlaTta BbI1a4M 32JaHUS HA BbINOJHEHUE BHINYCKHOM 01.02.2023
KBAJIM(UKAIUOHHOH padoThI 110 JUHeHHOMY rpaduky R
3anaHue BbIIAJ PYKOBOAUTE/Ib
Jlo/KHOCTH [%(0] yqe"::af;;"eﬂb’ Moanucey JlaTa
Kapenrun Anekcan
Touenr OSTI{ UATII | 2P S I YRy 01.02.2023
I'puropseBuy
3anaHue NPUHAJ K MCIIOJHEHUIO CTYIeHT:
T'pynna ®UO Hoamucs Jara
0A92 Ky3nenoBa Anacracust AHJIpeeBHa 01.02.2023
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3AJIAHUE JIJISI PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE)
Crynenry:
I'pynna L4 (0)
0A92 Ky3nenoBoit Anacracuu AHapeeBHe
HIkoua UATIO OTtnenenne OTIL]
14.03.02 Snepubie ¢puzuka u
Yposensn
bakanaBpuar Hanpasienue texHonorun/ ®uznka

o0pa3oBaHus .

KHHETHUYECKUX SIBICHUI

pecypcocoepe:keHmne:

Hcxonnbie 1anHble K pa3aenay «DMHAHCOBbIH MEHEIKMEHT, pecypcodPPeKTUBHOCTDH U

1. Cmoumocmw pecypcog Hayurnozo uccredosanus (HHU):
MaAMepuUanbHO-MeXHUYECKUX, IHePLeMuyecKux, QUHAHCOBYIX,
UHPOPMAYUOHHBIX U HeNI08EUECKUX

Oxnao pykogooumens — 38050py6.
Oxnao unocenepa — 14874,45 pye.

2. Hopmbl u nopmamuesi pacxo008aHus pecypcos

Ipemuanvuvlii kodpguyuenm pykosooumensa 30%;
Ipemuanvuvii kodspduyuenm unsncenepa 30%;
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ABSTRACT

The final qualifying work contains 95 pages, 22 figures, 29 tables, 28
sources, 47 formulas and an appendix.

Keywords: plasma, high-frequency torch discharge, VHF plasma torch,
water-organic nitrate solution, oxide composition, matrix.

The object of research is the process of plasma-chemical synthesis of oxide
compositions «UO2-ThO,—MgO» and «UO,-ThO,-Al,O3» from water-organic
nitrate solutions.

The purpose of the work is to study and optimize the process of plasma-
chemical synthesis of fuel oxide compositions «UO,—ThO,—MgO» and «UO2—
ThO,—Al,O3» from water-organic nitrate solutions.

The paper presents the calculation of the flammability indicators of water-
organic nitrate solutions of metals based on acetone; the thermodynamic analysis of
the plasma-chemical synthesis of the oxide compositions «UO,-ThO,—MgO» and
«UO,—ThO2—Al,O3» from these solutions in air plasma; and the calculation of the
gas-dynamic and thermophysical characteristics of the air-plasma flow when a
plasma stand based on an HF plasma torch is used.

The compositions of water-organic nitrate solutions and the methods of
processing them that allow for the direct synthesis of the nanosized oxide
compositions «UO2-ThO,-MgO» and «UO2-ThO,-Al,O3» in air plasma are
determined in this work.

The outcomes can be utilised to produce fuel oxide compositions for
uranium-thorium DNF for high-temperature gas-cooled reactors for the production
of hydrogen using a plasma-chemical synthesis method which requires a lesser

amount of energy.
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Definitions

Plasma — is a partially or fully ionized gas formed from neutral atoms (or
molecules) and charged particles (ions and electrons).

HF-plasmatron — a device for generating air-plasma flows.

Plasma-chemical synthesis — is a chemical method for obtaining highly
dispersed powders of nitrides, carbides, borides and oxides, which consists in the
reaction in a low-temperature plasma far from equilibrium at a high formation rate.

Nanodispersed powder — powder, the particle size of which is less than 100
nm.

Scanning electron microscopy — is a method of obtaining an image with a
high spatial resolution based on the principle of the interaction of an electron beam
with the object under study.

Transmission electron microscopy — is a method of obtaining an image of
an ultrathin sample by passing an electron beam through it.

X-ray phase analysis — is a method for studying the structural characteristics
of a material using X-ray diffraction.

BET analysis — is a method of mathematical description of physical

adsorption based on the theory of polymolecular (multilayer) adsorption.
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Designations and abbreviations

BET analysis — is a method proposed by Brunauer, Emmit and Teller.

HF-discharge — high-frequency torch discharge.
HF-plasma torch — high-frequency torch plasma torch.
HFG — high-frequency generator.

WNS — water nitrate solution.

WONS - water-organic nitrate solution.

OC - oxide composition.

RPW — recycled process water.

SEM - scanning electron microscopy

TEM — transmission electron microscopy.

XRF — X-ray phase analysis.
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Introduction

The utilisation of high-temperature gas-cooled reactors for hydrogen
production in the process of methane steam reforming is one of the top priorities for
the development of nuclear power in Russia. However, the nuclear fuel (NF) made
from uranium dioxide that has been enhanced to contain the isotope U?® has a
number of drawbacks, including brittleness, a propensity to crack, a short lifespan
(3-5 years), low thermal conductivity, which reduces the specific power of the
reactor, a finite supply of the isotope U?®, and high disposal costs for spent fuel. [1].

Hydrogen is considered as a promising energy carrier for the development
of a low-carbon and carbon-free economy, which reduces the anthropogenic impact
on the climate to a minimum. The high-temperature gas-cooled reactor is capable of
generating heat at temperatures up to 1000°C with a possible increase in steam
temperature up to 1100°C. In such a reactor, methane conversion will not require
burning methane to increase the temperature, which will reduce the carbon footprint
[1].

The potential for dispersive uranium-thorium nuclear fuel based on Th?3*2 and
UZ% isotopes, with inclusions from fissile materials (uranium dioxide, thorium
dioxide), is high due to its high thermal conductivity and low due to its low neutron
absorption cross section. [1].

Th?% jsotope use does not need costly isotope enrichment. In addition,
thorium is predicted to have three times the amount of reserves in the earth's crust
as uranium, making it possible to build ultra-small (up to 10 MW) and small (up to
100 MW) nuclear power plants for hydrogen production in far-flung and difficult-
to-reach areas. By using uranium-thorium DNF, weapons-grade plutonium won't be
created, and the fuel usage cycle will be prolonged by 75 % [2].

The following drawbacks are associated with the methods used to produce
fuel oxide compositions for DNF (separate production, mechanical mixing, sol-gel,
etc.): high energy and labour expenses, several stages, usage of extra chemical

reagents, uneven distribution of phases [3, 4].
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The use of plasma for the plasma-chemical synthesis of fuel oxide
compositions from dispersed water-organic nitrate solutions of metals, including an
organic component (alcohols, ketones, etc.), has several unquestionable advantages,
including: single-stage; high speed; homogeneous phase distribution; high thermal
conductivity; and the capacity to achieve the required phase composition without
further hydrogen reduction. low cost of energy and labour [1].

The purpose of the work is to study and optimize the process of plasma-
chemical synthesis of fuel oxide compositions «UO2—ThO,-MgO» and «UO,—
ThO,—Al,O3» from water-organic nitrate solutions.

1. Review and evaluation of the literature pertaining to the plasma-
chemical technique for creating fuel oxide compositions for uranium dispersion fuel,

2. Calculation of the water-organic nitrate solutions’ (WONS')
combustibility indices, which include acetone as an organic component and water
nitrate solutions for fissile metals like uranium and thorium as well as matrix metals
like magnesium and aluminium. WONS solutions' ideal composition must be
determined to assure their energy-efficient plasma processing;

3.  Thermodynamic calculation of the plasma-chemical processing of
WONS and identification of patterns relating the composition of the produced
products to the mass fraction of the air plasma coolant. Comparative investigation
and identification of processes for the energy-efficient production of the fuel oxide
compositions «UO2-ThO,-MgO» and «UQO,-ThO2-Al,O3» in air plasma for the
dispersion of different types of nuclear fuel;

4. Determination of the operating modes of the plasma stand based on the
HF plasmatorch;

5. Obtaining oxide composition prototypes and researching their

characteristics.
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1 Literature review
1.1 Matrix materials for uranium-thorium DNF

High radiation resistance is ensured by the non-fissile material (matrix), a
component of uranium-thorium DNF [1]. DNF is utilised in reactors with various
operating circumstances (research, energy, and nuclear power plants), and specific
needs are taken into consideration while determining the matrix's composition
[4, 6-8].

First, the matrix material must satisfy the following requirements and have
the lowest cross section for thermal neutron resonant absorption [6-8]:

* to restrict the pressure of gaseous fission products escaping from nuclear
fuel, materials must have considerable mechanical properties (strength, elasticity,
hardness, etc.) [2];

* the melting temperature must be greater than the fuel core of the TVEL's
working temperature;

* the passage of thermal energy from the nuclear fuel particle via the shell to
the coolant must be ensured by the presence of thermophysical qualities (thermal
conductivity, thermal expansion coefficient, etc.) [6];

The matrix material must not experience phase transitions and must be stable
when exposed to radiation [6]. It must also be compatible with the DNF fuel mix,
the cladding material, and the coolant [6].

Most often, the most studied oxide systems are used for DNF matrix material
[4]. Among the oxide matrix materials, MgO, Al,O3, Y03 and complex oxides:
ZrSiOq4, MgAl,O, [4] are considered.

Table 1.1 presents the physical and mechanical properties of oxide matrix

materials [9].
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Table 1.1 — Physical and mechanical properties of oxide materials

Combination of oxides

Properties

Al203 MgO Y203 MgAl,0 ZrSiOq4
Meltin 1676,
9 2054 2827 2430 2105 eutectic
temperature, °C formation
Vapor pressure, ~10-9 ~10-4

mm Hg (1950°C) | (1727°C) |¥'10-7(2000°C) - -
Thermal 133 (500 °C)| 20.0 (500°C) | 4.1 (500 °C) | 9.0 (500°C) | 5.4 (500 °C)
conductivity, |8.2 (1000°C) | 13.0 (1000°C) | 2.5 (1000 °C) |7.7 (1100 °C)| 4.5 (1000 °C)
W/(mK) | 5.8(1500°C)| 6.0 (1500°C) | 2.9 (1500 °C) |8.0 (1500 °C)| 4.2 (1500 °C)
Modulus of

normal 317447'6130‘ 20520-219.68 |  180.10 274.00 154.00
elasticity E, | 03" - (298-1573 K) (293 K) (293 K) (293 K)
GPa (293-1773 K)
124.55—-
Shear modulus 113.76-35.31
105.92 (298 - - 64.40
G, Gpa 1323 K) (573-1673 K)
) , . 0.26-0.45 0.36-0.47
Poisson's ratio (208-1473 K)| (298-1373K) — — 0.19
o, barn 0.241 0.059 1.380 - -

Data analysis (Table 1.1) shows that Al,O3;, MgO, MgAl,O4and Y,03 oxides
can be used as inert matrix materials for DNF [8]. The use of Al,O3 or MgO matrices
is expedient because of their high thermal conductivity, high melting point, and

small neutron absorption cross sections. [9].
1.2 Methods for obtaining oxide compositions
1.2.1 Sol-gel process

The sol-gel process is the stage in which particles get dispersed with a change
in the colloidal system (Figure 1.1) [4]. A «gel» is a porous, three-dimensional,
continuous solid network that typically results from covalent connections between
sol particles and surrounds and sustains a continuous liquid phase.

The monomer undergoes a transformation into a colloidal solution, often
known as a «sol» (a stable suspension of colloidal particles in a liquid) during the

process [4].
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Figure 1.1 — Scheme of the solvent extraction process to produce a «sol»
from UO,

The «sol» (colloidal solution) progressively transforms into a two-phase
system that resembles gel and is composed of a liquid and solid phase.

The remaining of the liquid phase must be removed by drying, which
frequently results in the particles contracting and shrinking. How rapidly the solvent
is eliminated depends on the porosity of the gel [10]. Thermal processing speeds up
polycondensation and improves the structural and mechanical properties of
materials. Following that, the completed constructs are sintered and crushed [4].

However, there are drawbacks to this technique for producing microspheres
from WNS, including the necessity for a second hydrogen reduction step, high cost,
a lot of process stages, high time costs, and low productivity [11, 12]. It should be
highlighted that a uniform distribution of phases in DNF is not provided by the
different preparation and mechanical mixing procedures used to combine the fuel

oxide composition and matrix [4].
1.2.2 Plasma-chemical synthesis of fuel oxide compositions

The plasma-chemical synthesis of FOC from dispersed solutions of WNS
metals has the following benefits over the "sol-gel" method, separate production
methods, and subsequent mechanical mixing: the process is completed in one step;

there is a high reaction rate; the ability to alter particle size and morphology; and the
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technical apparatus is small [13]. The plasma processing scheme for WNS dispersed

solutions is shown in Figure 1.2 [14].
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Figure 1.2 — Scheme of plasma processing of dispersed solutions of WNS:
| - mixing zone; Il - droplet evaporation zone; I11 - chemical reaction zone;
IV — zone of formation of powder particles; V - cooling zone; 1 — plasma torch;

2 - reactor; 3 - nozzle

Plasma thermolysis of water solutions of salts and suspensions is a flexible
and comprehensive method for creating nanostructured particles of simple and
complex metal oxides [13]. The benefits include the potential to modify the
physicochemical characteristics of the compounds produced, the ability to
synthesise complicated oxide compounds, and the target product's high chemical
activity [13].

Metal nitrates, sulphates, acetates, carbonates, and hydroxides are used as

foundation chemicals to make water solutions and suspensions. [13].
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However, the required stoichiometric composition must be obtained by
plasma treating aqueous solutions and suspensions, which has a high energy cost (up
to 4 MW h/t) and necessitates further hydrogen reduction [13].

Making complex oxide compositions from dispersed water-organic nitrate
solutions (WONS), which contain an organic component (alcohols, ketones, etc.),
and a matrix of refractory metal oxides with a high thermal conductivity and low
resonant absorption of neutrons, in order to make solutions more flammable [13].

The direct synthesis of complex OCs with nanoscale dimensions in air
plasma that have the necessary stoichiometric composition and homogeneous phase
distribution is made possible by plasma processing of such WONS solutions, which
lowers the specific processing energy needed (up to 0.1 MWh/t) and increases plant

productivity.
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2 Calculated part
2.1 Calculating flammability and composition indicators for WONS

The net calorific value for WONS solutions was determined by formula (2.1)
[14]:

(100-W-A)-Q; 2,5-W
100 100

Q= (2.1)

where Qf, — is the combustible organic component's net calorific value, MJ/kg; W —
Is the amount of water, %; A - the quantity of non-combustible materials are present
in the solution, %; The latent heat of evaporation of water at 0 °C is taken into
consideration by the coefficient 2.5, MJ/kg [14].

Table 2.1 lists several organic compounds' flash and autoignition
temperatures as well as their net calorific value values [14].

Table 2.1 — Indicators of combustibility of organic substances

Parameter Substance
Methanol Ethanol Propanol Butanol Acetone
Q5 , MJ/kg 19.95 26.80 31.38 33.47 31.54
Toutbreaks, K 284.00 285.00 285.00 302.00 254.00
Tself-ignition, K 658.00 619.00 673.00 618.00 738.00

Acetone (C3HgO) has been used as a combustible component due to its high
calorific value, high mutual solubility with aqueous solutions, and easy availability
[14].

The adiabatic combustion temperature, which was calculated using formula
(2.2), is a more precise measure of the combustibility of a water-organic nitrate
solution [14]:

tOC

oc

_ (100-v,,)Q; +v,, -C

- 2.2
ad 100v ' (2.2)

where v, — is the oxidising agent's bulk percentage (air), %; C,. — is the oxidizer's
heat capacity, kJ/(kg'K); t,. — is the oxidizer's temperature, K; v — is the unique
equilibrium heat capacity of the WONS products produced during plasma
processing, kJ/(kg-K) [14].
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Water-organic nitrate solutions, ¢ T.q = 1500 K, make it possible to carry out
energy-efficient plasma processing in air plasma flows and obtain oxide
compositions with high physicochemical properties [14].

The results of calculations of the compositions of WONS based on acetone,
the lower calorific value, and the adiabatic combustion temperature are shown in
tables 2.2 and 2.3, respectively, for the plasma-chemical synthesis of fuel oxide
compositions for uranium-thorium DNF based on magnesium oxide and aluminium
oxide matrices.

Table 2.2 — Composition of acetone-based WONS solutions for plasma-chemical
synthesis of fuel oxide compositions based on the MgO matrix for uranium-thorium
DNF

Composition WONS, % Composition FOC, %
2 = © ~ Hps
| 2] £ ©
g | £ | 2
a=UO2/(UO2+ ThO,) =0.5
1 17.70 | 21.20 | 6.41 | 34.70 20 475 | 475 5 5.44 1602
2 14.62 | 17.51 | 11.18 | 16.69 20 | 450 | 450 10 5.39 1560
3 10.34 | 12.39 | 17.80 | 39.46 20 | 40.0 | 40.0 20 5.32 1504
4 3.960 | 4.75 | 27.27 | 43.02 21 25.0 | 25.0 50 5.55 1500
a = UO2/(UO2+ ThO2) = 0.6
5 21.22 | 16.95 | 6.04 | 35.42 20 | 57.0 | 38.0 5 5.42 1591
6 17.53 | 14.00 | 11.18 | 37.29 20 | 540 | 36.0 10 5.38 1551
7 1225 | 9.79 | 17.58 | 39.38 21 | 480 | 320 20 5.64 1574
8 469 | 3.75 | 26.93 | 42.63 22 | 300 | 200 50 5.87 1553
a=UO2/(UO2+ ThOy) = 0.7
9 2475 | 12.71 | 6.40 | 36.14 20 66.5 | 285 5 5.40 1580
10 20.45 | 10.50 | 11.17 | 37.88 20 63.0 | 27.0 10 5.36 1542
11 1429 | 7.34 | 17.57 | 39.80 21 | 56.0 | 24.0 20 5.63 1568
12 547 | 2.81 | 26.92 | 42.79 22 | 350 | 15.0 50 5.87 1570
a =UO2/(UO2+ ThO2) = 0.8
13 28.27 | 8.47 | 6.40 | 36.87 20 76.0 | 19.0 5 5.39 1569
14 23.36 | 7.00 | 11.17 | 38.48 20 72.0 | 18.0 10 5.35 1534
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16.33
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1.87

26.92
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22

40.0 | 10.0 50

5.87

1568

Table 2.3 — Composition of acetone-based WONS solutions for plasma-chemical

synthesis of fuel oxide compositions based on the Al,O; matrix for uranium-thorium

DNF
Composition WONS, % Composition FOC, %
2129
S s | 3 o o i
Ne § § § % % § g 3 I\/IQJ/ig Tad, K
< | 2| 2 © A
S = <
a =UO2/(UO2+ ThO2) = 0.5
17 19.50 | 23.36 | 4.06 | 34.08 19 | 475 | 475 5 5.14 1584
18 17.24 | 20.65 | 7.58 | 35.53 19 | 450 | 450 10 5.10 1552
19 13.52 | 16.20 | 13.37 | 37.92 19 | 40.0 | 40.0 20 5.04 1500
20 6.09 | 7.30 | 24.09 | 41.53 21 25.0 | 25.0 50 5.59 1560
a = UO2/(UO2+ ThO2) = 0.6
21 23.38 | 18.68 | 4.06 | 34.88 19 | 570 | 380 5 5.12 1553
22 20.68 | 16.51 | 7.57 | 36.24 19 | 540 | 36.0 10 5.09 1542
23 16.02 | 12.79 | 13.20 | 37.99 20 | 480 | 320 20 5.36 1572
24 7.31 | 5.84 | 24.08 | 41.77 21 | 30.0 | 20.0 50 5.58 1557
a=UO2/(UO2+ ThO,) = 0.7
25 27.27 | 14.00 | 4.05 | 35.68 19 66.5 | 285 5 5.10 1559
26 24.11 | 12.39 | 7.57 | 36.94 19 63.0 | 27.0 10 5.07 1531
27 18.68 | 9.59 | 13.19 | 38.54 20 | 56.0 | 24.0 20 5.34 1563
28 852 | 4.38 | 24.08 | 42.02 21 | 350 | 150 50 5.57 1554
a=UO2/(UO2+ ThO,) = 0.8
29 31.14 | 9.33 | 4.05 | 36.48 19 76.0 | 19.0 5 5.08 1548
30 2754 | 825 | 7.56 | 37.65 19 72.0 | 18.0 10 5.05 1520
31 21.34 | 6.39 | 13.19 | 39.08 20 64.0 | 16.0 20 5.33 1555
32 9.74 | 292 | 24.07 | 42.27 21 | 40.0 | 10.0 50 5.57 1550
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2.2 Calculation of the process's thermodynamics during the plasma-
chemical synthesis of FOC from WONS

The thermodynamics of the plasma-chemical synthesis of complex oxide
compositions in air plasma from WONS were calculated using the licenced
thermodynamic software «TERRA» for calculating the composition of phases of
arbitrary heterogeneous systems. The calculations were performed at atmospheric
pressure (0.1 MPa), at a wide range of temperatures (300-4000 K), and with a range
of starting air mass fraction values (10-90%).

The total amount of energy required for the plasma processing of WONS
solutions was calculated using formula (2.3) [15]:

Etotal = I7— 300, (2.3)
where It — is the enthalpy of the end products after processing 1 kg of WONS in
air-plasma at temperature T, MJ/Kg; lso0 — is the enthalpy of the WONS plasma-
processed products at 300 K in temperature, MJ/kg.

The formula (2.4) was used to calculate and evaluate the specific energy
required to produce 1 kg of fuel oxide composition [15]:

Esp = Dtotall Zroc, (2.4)
where Zroc — the plasma-processed WONS solution's composition of the products'
mass percentage of the fuel oxide component.

Appendix A displays the usual equilibrium compositions of the acetone-
based plasma-processed solutions of WONS-1 through WONS-32.

Figures 2.1 to 2.8 present the findings of an estimation of the specific energy
required for the plasma-chemical synthesis of FOC — 1 + 32 from solutions of
WONS - 1 + 32 based on acetone.

29



2 800 ——

= WONS 1
= | = WONS2
wn

W 400 —+—\WONS 3

/,: WONS 4

200
0 +— C—= M

0 500 1000 1500 2000 2500 3000
T, K

Figure 2.1 — Specific energy requirements for the plasma-chemical
synthesis of FOC — 1+4 from WONS — 1+4 from solutions based on acetone
(oo = 0.5) with a MgO matrix

According to an analysis of the equilibrium compositions of the plasma-
processed solutions of WONS — 1+4 based on acetone (Figure Al), the main
products in the condensed phases with a mass fraction of air of 57% are oxides
UO,(c), ThOy(c) and MgO(c), which form fuel oxide compositions
«UO,-ThO,—MgO» of a specified composition FOC — 1+4,

In this instance, a negligible quantity of carbon (c) is created at 300 K, and
its concentration rises dramatically until the mass fraction of air falls below 57%.
Esp increases from 19.83 MJ/kg to 54.97 MJ/kg at 1500 K when the amount of
magnesium oxide in the TOC is increased from 5% to 50%. Instead of UOy(c),
UsOsg(c) forms at 1600 K, resulting in the compositions «U3Og-ThO -MgO». This

occurs when the mass fraction of air is increased from 57% to 59%.
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Figure 2.2 — Specific energy requirements for the process of plasma-
chemical synthesis of FOC — 5 + 8 from WONS — 5 + 8 solutions based on acetone
(oo = 0.6) with an MgO matrix

According to an analysis of the equilibrium compositions of the plasma-
processed solutions of WONS — 5+8 based on acetone (Figure A2), the main
products in the condensed phases with a mass fraction of air of 57% are oxides
UOz(c), ThOz(c) and MgO(c), which form fuel oxide compositions
«UO,-ThO,—MgO» of a specified composition FOC — 5+8.

In this instance, a negligible quantity of carbon (c) is created at 300 K, and
its concentration rises dramatically until the mass fraction of air falls below 57%.
Esp increases from 19.98 MJ/kg to 57.26 MJ/kg at 1500 K when the amount of
magnesium oxide in the TOC is increased from 5% to 50%. Instead of UOy(c),
U30s(c) forms at 1600 K, resulting in the compositions «U30g-ThO -MgOy». This

occurs when the mass fraction of air is increased from 57% to 59%.
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Figure 2.3 — Specific energy requirements for the process of plasma-
chemical synthesis of FOC — 9 + 12 from WONS — 9 + 12 solutions based on

acetone (a = 0.7) with an MgO matrix

According to an analysis of the equilibrium compositions of the plasma-
processed solutions of WONS — 9 + 12 based on acetone (Figure A3), the main
products in the condensed phases with a mass fraction of air of 57% are oxides
UOy(c), ThOy(c) and MgO(c), which form fuel oxide compositions
«UO,-ThO,—MgO» of a specified composition FOC — 9 + 12.

In this instance, a negligible quantity of carbon (c) is created at 300 K, and
its concentration rises dramatically until the mass fraction of air falls below 57%.
Esp increases from 20.14 MJ/kg to 57.02 MJ/kg at 1500 K when the amount of
magnesium oxide in the TOC is increased from 5% to 50%. Instead of UO,(c),
UsOsg(c) forms at 1600 K, resulting in the compositions «U3Og-ThO -MgO». This
occurs when the mass fraction of air is increased from 57% to 59%.
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Figure 2.4 — Specific energy requirements for the process of plasma-
chemical synthesis of FOC — 13 + 16 from WONS — 13 + 16 solutions based on

acetone (a = 0.8) with an MgO matrix

According to an analysis of the equilibrium compositions of the plasma-
processed solutions of WONS — 13 + 16 based on acetone (Figure A4), the main
products in the condensed phases with a mass fraction of air of 57% are oxides
UO,(c), ThOy(c) and MgO(c), which form fuel oxide compositions
«UO,-ThO,—MgO» of a specified composition FOC — 13 + 16.

In this instance, a negligible quantity of carbon (c) is created at 300 K, and
its concentration rises dramatically until the mass fraction of air falls below 57%.
Esp increases from 20.30 MJ/kg to 57.05 MJ/kg at 1500 K when the amount of
magnesium oxide in the TOC is increased from 5% to 50%. Instead of UOy(c),
UsOsg(c) forms at 1600 K, resulting in the compositions «U3Og-ThO -MgO». This

occurs when the mass fraction of air is increased from 57% to 59%.
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Figure 2.5 — Specific energy requirements for the process of plasma-
chemical synthesis of FOC — 17 + 20 from WONS — 17 + 20 solutions based on

acetone (a = 0.5) with an Al,O3; matrix

According to an analysis of the equilibrium compositions of the plasma-
processed solutions of WONS — 17 + 20 based on acetone (Figure A5), the main
products in the condensed phases with a mass fraction of air of 55% are oxides
UO,(c), ThOy(c) and AlO3(c), which form fuel oxide compositions
«UO,-ThO,— Al,O3» of a specified composition FOC — 17 + 20.

In this instance, a negligible quantity of carbon (c) is created at 300 K, and
its concentration rises dramatically until the mass fraction of air falls below 57%.
Esp increases from 17.43 MJ/kg to 43.82 MJ/kg at 1500 K when the amount of
aluminum oxide in the TOC is increased from 5% to 50%. Instead of UOy(c),
U3Osg(c) forms at 1600 K, resulting in the compositions «U3O0g-ThO - Al,O3». This
occurs when the mass fraction of air is increased from 55% to 57%.
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Figure 2.6 — Specific energy requirements for the process of plasma-
chemical synthesis of FOC — 21 + 24 from WONS — 21 + 24 solutions based on

acetone (a = 0.6) with an Al,O; matrix

According to an analysis of the equilibrium compositions of the plasma-
processed solutions of WONS — 21 + 24 based on acetone (Figure A6), the main
products in the condensed phases with a mass fraction of air of 55% are oxides
UO,(c), ThOy(c) and AlO3(c), which form fuel oxide compositions
«UO,-ThO,— Al,O3» of a specified composition FOC — 21 + 24.

In this instance, a negligible quantity of carbon (c) is created at 300 K, and
its concentration rises dramatically until the mass fraction of air falls below 57%.
Esp increases from 17.69 MJ/kg to 43.88 MJ/kg at 1500 K when the amount of
aluminum oxide in the TOC is increased from 5% to 50%. Instead of UOy(c),
U3Osg(c) forms at 1600 K, resulting in the compositions «U3O0g-ThO - Al,O3». This

occurs when the mass fraction of air is increased from 55% to 57%.
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Figure 2.7 — Specific energy requirements for the process of plasma-
chemical synthesis of FOC — 25 + 28 from WONS — 25 + 28 solutions based on

acetone (a = 0.7) with an Al,O3; matrix

According to an analysis of the equilibrium compositions of the plasma-
processed solutions of WONS — 25 + 28 based on acetone (Figure A7), the main
products in the condensed phases with a mass fraction of air of 55% are oxides
UO,(c), ThOy(c) and AlO3(c), which form fuel oxide compositions
«UO,-ThO,— Al,O3» of a specified composition FOC — 25 + 28.

In this instance, a negligible quantity of carbon (c) is created at 300 K, and
its concentration rises dramatically until the mass fraction of air falls below 57%.
Esp increases from 17.84 MJ/kg to 43.98 MJ/kg at 1500 K when the amount of
aluminum oxide in the TOC is increased from 5% to 50%. Instead of UOy(c),
U3Osg(c) forms at 1600 K, resulting in the compositions «U3O0g-ThO - Al,O3». This
occurs when the mass fraction of air is increased from 55% to 57%.

36



500

400

2
g 300 T WONS 29
= 200 = \WONS 30
L ——\WONS 31

100 WONS 32

0 +——= : !
0 500 1000 1500 2000 2500 3000
T K

Figure 2.8 — Specific energy requirements for the process of plasma-
chemical synthesis of FOC — 29 + 32 from WONS — 29 + 32 solutions based on

acetone (a = 0.8) with an Al,O3; matrix

According to an analysis of the equilibrium compositions of the plasma-
processed solutions of WONS — 29 + 32 based on acetone (Figure A8), the main
products in the condensed phases with a mass fraction of air of 55% are oxides
UO2(c), ThOz(c) and Al;O5(c), which form fuel oxide compositions
«UO,-ThO,— Al,O3» of a specified composition FOC — 29 + 32.

In this instance, a negligible quantity of carbon (c) is created at 300 K, and
its concentration rises dramatically until the mass fraction of air falls below 57%.
Esp increases from 17.90 MJ/kg to 44.69 MJ/kg at 1500 K when the amount of
aluminum oxide in the TOC is increased from 5% to 50%. Instead of UOy(c),
U30s(c) forms at 1600 K, resulting in the compositions «U30g-ThO - Al,O3». This
occurs when the mass fraction of air is increased from 55% to 57%.

Comparative tables of the obtained fuel oxide compositions are given in
Appendix A.

Based on the calculations, the following best circumstances for the plasma-
chemical synthesis of oxide compositions of FOC of the required composition from

WONS solutions were established, which guarantee the plasma-chemical synthesis
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of oxide compositions of the required composition «UO,-ThO,-MgO» and «UO,-
ThO,-Al,O3» in air plasma:

—  composition WONS - 2, 6, 10, 14;
—  minimum mass percentage of air plasma coolant: 57%;

—  process temperature: 1500+200 K;

—  specific energy consumption for obtaining 1 kg FOC «UO>-ThO,—
MgO»: 23,38 — 23,83 MJ/kg.
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3 Experimental part
3.1 Description of the experimental setup

Experimental studies were carried out on a laboratory plasma stand
(Figure 3.1) based on a high-frequency generator HFG8-60/13-01 on model
WONSs, including an organic component (acetone), as well as solutions of WNSs
of the matrix metal (magnesium, aluminum), neodymium and cerium instead of

fissile metals (uranium and thorium) [16].

WS

0‘( i 15

—_— H‘r‘.—‘lb!l 13 ‘\

1

Figure 3.1 — Scheme of a laboratory plasma stand based on a high-frequency
generator HFG8-60 / 13-01:
1 — high-frequency generator; 2 — coaxial output; 3 — node "wet" purification
of exhaust gases; 4 — pyrometer IPE 140/45; 5 — protective casing of the
pyrometer; 6 — plasma-chemical reactor with an impeller; 7— copper electrode;
8 — HF-plasmatron; 9 — HF-discharge; 10 — dispersant; 11 — housing;
12 — gas analyzer; 13 — sampler; 14 — exhaust fan; 15 — air duct
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A high-pressure exhaust fan 14 pumps air through the HF plasma torch 8 and
the reactor of the plasma stand [16].

An impeller with a constant input area Spg=25 cm? is installed at the entrance
to the HF-plasmatron, which spins the incoming plasma gas into the discharge
chamber. Pyrometer 4 is installed in the plasma jet reactor to measure the operating
temperature.

After the reactor, a gas analyzer 12 with a sampler 13 is installed, which
determines the content of pollutants (CO, NO, NO,) in the exhaust gases after the
reactor.

Assembly drawing of the electrode is presented in Appendix B.

3.2 Calculating the gas flow rate through the HF-plasma torch to create

plasma

The air flow through the duct is determined using the Pito tube (Figure 3.2).

(+)

= . P Pst
y \\ : —\ air outlet tot
airflow w |
&
Pito tube - i
manomet
positive iput {nsomn, » Pst I

negative input

Figure 3.2 — Scheme for determining the air flow in the duct using the Pito
tube

The pitot tube measures the head generated by the ram air according to the
following formula:

2
F-2" _p

2 tot_Pst’

(3.1)

where p,, — total pressure, Pa;
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p_—static pressure, Pa;
p — air density at temperature T, kg/m?;

pyve _

> the pressure created by the oncoming air flow.

Free flow velocity from formula 3.1:
v {MF (3.2)
p
Volumetric (mass) air flow through the duct:
Q=S-V, (3.3)
where S — duct cross-sectional area.
The flow rate of the plasma-forming gas (air) through the HF plasma torch
(Qp) and the air coolant through the gas duct (Qg), which rely on the size of the input
area of the reactor impeller, were both graphed based on the findings of the data
acquired.
Figures 3.3 and 3.4 illustrate how the reactor impeller's input area affects the

mass air flow via the HF plasmatorch and the gas duct.

Q. ke/s
0,16 -

0,12 - J.

0,11 -

0,10 T ' ' ' . :
500 700 900 1100 1300 1500 1700 g3, 104 m?

Figure 3.3 — Effect of the reactor impeller's input area on the amount of plasma-

forming gas flowing through the HF plasma torch
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Figure 3.4 — Effect of the reactor impeller's input area on the pace at which the

plasma-forming gas flows through the gas duct in terms of mass flow

3.3 Calculation of gas flow through the reactor

Calculation of the reactor's air flow:

QR=Q,-Q,, (3.4)
where Q, — air flow through the reactor, kg/s;

Q, — air flow through the gas duct, kg/s;
Q, — Is the pace at which the gas that forms plasma flows through the HF plasma

torch., kg/s.

A graph illustrating the relationship between the gas flow through the reactor
and the area of the gate was created using the data gathered and is displayed in
Figure 3.5.

The data for plotting graphs 3.3 — 3.5 are given in Appendix C.

Thus, by changing the gate of the input area of the impeller, it is possible to

smoothly control the air flow through the plasma torch.
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Figure 3.5 — Impact of the reactor impeller's input area on the mass flow rate of the

reactor's air coolant

The results imply that the air flow through the reactor and plasma torch may

be smoothly regulated by altering the input area of the reactor impeller.
3.4 Calculation of the main technological parameters of the installation

Power consumed by the HFG from the industrial network:
P,=I1U,, kKW, (3.5)
where | —anode current, A;
U,— voltage at the generator lamp anode, kV.

Power released at various units of the installation (generator lamp anode (a),
grid inductance (g), electrode (e), housing (h)):
P =mCAt, - 4,186, KW, (3.6)
where m, —mass consumption of cooling water, kg/s;

C — heat capacity of water, kcal/kg-°C,

At, — temperature variation in the cooling water, °C.
HF-discharge power:
P,=P-(P,+P, +P), KW. (3.7)

The plasma jet's power is calculated as the difference between the HF
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discharge's power and the power delivered onto the plasma torch's body.:
P, =P -P, kW. (3.8)
Plasma jet enthalpy:
H=H,+2 kikg, (3.9)

n

where H, — enthalpy of the gas mixture at temperature 300 K;
Q. — mass consumption of plasma gas, kg/s.

Efficiency of HF-plasmatron:
) =[ij-loo,%. (3.10)
Pd
Installation efficiency of the plasma stand:

1 =[%)-100,%. (3.11)

0

Appendix D contains the data that were acquired. The plasma torch's
operating mode was selected such that the flame jet's temperature did not fall below
the point at which the processed WONS solution's combustible component ignites.

The following were found to be the ideal operating conditions for a high-
frequency generator, a high-frequency torch plasma torch, and a plasma-chemical
reactor in a laboratory plasma stand:

—  HF generator (anode voltage 5.6 kV, anode current 3.5 A, grid current
1.2 A);

—  HF plasma torch (air plasma jet power 15.0 kW);

—  reactor (air flow through the reactor 0.95 kg/s, impeller inlet area
0.132 m2).

The HF plasma torch's mode of operation was chosen such that the flame
jet's temperature did not fall below the WONS solution's processed ignition

temperature.
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3.5 Preparation and plasma processing of WONS solutions

Model water-organic nitrite solutions were prepared using neodymium
nitrate salts instead of uranyl nitrate, cerium salts instead of thorium, and magnesium
nitrate to form a matrix in the form of magnesium oxide as part of the «neodymium
oxide — cerium oxide — magnesiumy oxide oxide composition.

Aqgueous solutions of metal nitrate salts were prepared using distilled water
and mixed with an organic component (acetone) to obtain water-organic nitrate
solutions of metal salts of a given composition. The prepared WONS solution is fed
into the reactor through a disperser at a constant flow rate of 300 I/h. The reactor is
then «ignited» by an air plasma jet produced by an HF plasma torch, the dispersed
solution is processed in an air plasma flow, and oxide compositions are produced
plasma-chemically at a temperature of 1373+50 K. The temperature was controlled
by a high-precision digital infrared pyrometer along the carbon dioxide absorption
line.

The dust-vapor-gas mixture from the reactor was supplied to the centrifugal
bubbling system in the «wet» unit of the exhaust gas purifier and quenched (cooled)
with regenerated water to form an aqueous suspension of the oxide composition. The
cleaned off-gas was removed by a high-pressure exhaust fan and released into the
atmosphere through an air duct. The resultant solution was then transferred to a
stainless-steel tank, where samples were obtained and the oxide composition's
particle size distribution was calculated using laser diffraction. Then the aqueous
suspension was allowed to settle, the precipitate formed was separated, filtered off,
and calcined at 423 K for 20 min.

3.6 Studying the physicochemical characteristics of oxide compositions

On the analytical apparatus of the Centre for Collective Use Scientific and
Educational Innovation Centre «Nanomaterials and Nanotechnologies» of the

Federal State Autonomous Educational Institution of Higher Education «National
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Research Tomsk Polytechnic University», studies of the morphological, structural,
crystalline, and other properties of the obtained oxide compositions were conducted.

To measure the particle size distribution of aqueous suspensions of oxide
compositions, the SALD-7101 equipment (made by «Shimadzu», Japan) was
utilised in the laser diffraction method.

Using a Sorbi-M equipment (produced by «META», Russia), the Brunauer-
Emmett-Teller technique was used to calculate the specific surface area of the
powders under study (Ss,). Based on the supposition that the data were spherical in
geometry, the collected data were recalculated into particle size.

Next, the powders' phase composition, the detected phases' crystal structure's
characteristics, and the typical diameters of the areas where coherent scattering of
crystallites (D¢r) occurs were all determined.

The composition and processing modes of WONS solutions, the
physicochemical and technological properties of the obtained simple and complex
oxide compositions, simulating the plasma-chemical synthesis of uranium-thorium
dispersive nuclear fuel in an air-plasma flow, are presented in Appendix E.

From the analysis of the presented results, it follows that at an RPV
consumption of 2.8 kg/s for quenching OC and a frequency of 35 Hz of the
dispersant, an increase in the initial concentration of metal salts (Ce(NO3)s - 6H20)
from 300 g/l to 1500 g/l in solutions WONS — 33, 34, 35 leads to a decrease in the
size of the resulting certum oxide particles from 9.0 pm to 4.8 um (LD method). At
the same time, the specific surface of OC also decreases from 10.3 m?/g to 4.9 m?/g
(BET).

A decrease in the size of the formed OC particles from 9.8 up to 9.6 m (LD
method) is caused by an increase in the mass fraction of the matrix (MgO) from 10%
to 20% in the composition of OK (at = 0.5) obtained from solutions of
WONS - 2, 3. This is due to an increase in the dispersant's frequency: 50 Hz.

An increase in the mass fraction of the matrix (MgO) from 10% to 20% in
the composition of OC (at a. = 0.6) obtained from solutions of WONS — 6, 7 also

leads at a frequency of 50 Hz of the dispersant to a decrease in the size of the formed
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particles of OC from 8, 9 um to 7.5 um (LD method). An increase in the mass
fraction of the matrix (MgO) from 10% to 30% in the composition of OC
(at o = 0.7), obtained from solutions of WONS — 10, 11, also leads at a frequency of
50 Hz of the dispersant to a decrease in the size of the formed particles of OC from
9,3 um to 8.9 um (LD method).

This suggests that the plasma processing of dispersed solutions of these
WONSs in an air-plasma flow also leads to the plasma-chemical synthesis of
nanosized OCs.

Figure 3.6 shows a histogram of the size distribution of particles of an

aqueous suspension of OC-2 (LD method).
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Figure 3.6 — Histogram of particle size distribution of agueous suspension
OC-2

The size distribution of the OC-2 particles in an aqueous solution is rather
broad and does not clearly have a maximum.

The characteristic values of the median particle (agglomerate) distribution
values vary from 2 to 45 m. Particle size (agglomerates) Dsg is 14.7 um on average.
A sample's typical CSR size is 89 nm.

In Figure 3.7, the SEM picture of the synthetic OC-2 powder is displayed.
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Figure 3.7 — SEM image of the morphological structure of OC-2 powder

particles

The SEM picture analysis reveals the existence of several phases, tiny dense
particles, and a reasonably wide range of particle sizes.

The bulk of the particles are spherical, according to microscopy. The specific
surface area measured by the BET method was 12.8 m?/g.

The obtained value of the area was translated into the particles' size, which
was determined to be 76 nm (BET), on the assumption that the particles had a
spherical form.

The test sample of OC-2 powder had a bulk density of 0.462 g/cm3, which
was determined in accordance with GOST 27801-93.

The compressibility characteristics of the OC-2 powder, which belongs to the
fourth pressing complexity group, exhibit values typical of most oxide materials.

Thus, the production of ceramic tablets from this powder is possible using
commercially available equipment and molds made of carbon tool steel.

The pressing of the powder material was carried out in a steel cylindrical mold
with a diameter of 10 mm under a pressure of 400 MPa, followed by sintering the
obtained compacts at a temperature of 1300 °C.

A micrograph of sintered ceramics is shown in Figure 3.8.
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Figure 3.8 — Micrograph of sintered ceramics from OC-3 powder

As a result of the study, it was found that the plasma processing of dispersed
WONS and the modes of plasma-chemical synthesis of nanosized OCs in an air-
plasma flow have good physicochemical and technological properties that meet the
requirements for dispersed nuclear fuel for various purposes. These factors also

affect the frequency of the dispersant and the consumption of RPV.
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4 DUHAHCOBbINI MEHE)KMEHT, pecypcodpPeKTUBHOCTH "

pecypcocOepe:xeHue

B Hacrosiiee BpeMs MEpPCHEKTUBHOCTh HAYYHOTO  HCCJIEIOBAHMS
oOyCJIaBIMBAETCS HE TOJBKO BAXHOCTHhIO pa3pabOTKM B Kakol-mubo cdepe
JESITEIbHOCTH, HO ¥ €r0 KOMMepueckoi 3 GeKTUBHOCTHIO. OlleHKa KOMMEPYECKOTO
NOTEeHIMaNIa Pa3paboTKU SBIAETCS HaumOoJiee BaXXHBIM (DAKTOPOM MpU TOUCKE
(UHAHCOBBIX HMCTOYHHMKOB JMJI pealu3allii Hay4HOTO HCCIEAOBAHUS M €ro
NOCJIEYIONIEH KOMMEPIHAIA3aIUH.

[{enpro 1aHHOTO pasnena sBISETCS OLICHKA IIIa3MOXUMUYECKOTO CUHTE3A U
UCCJIEIOBAHMS OKCHJIHBIX KOMIO3UIMH, WUMHUTHPYIOIIUX JUCIEPCUOHHOE YypaH-
TOpPUEBOE  SJEPHOE  TOILUIMBO C  MO3ULIUU  pecypcod(p(PEeKTUBHOCTH U
KOHKYPEHTOCIOCOOHOCTH.

JInst 1OCTHOXKEHUSI TTOCTABJICHHOW I€JIM HEOOXOJMMO PELIUTh CIETYIOIIne
3aJ1ayu:

1. OmnpeaenuTh NOTEHIMATBLHBIX TOTPEOUTENCH PE3YJIbTATOB
WICCJIEIOBAHNS;

2. TlpoBectn aHanM3 KOHKYPEHTHBIX TEXHHUYECKUX PEIICHUI;

3.  Bemonaute SWOT-ananus3: onucaTth CUIbHBIC U ClIa0ble CTOPOHBI
IIPOEKTA, BBIIBUTH BO3MOXKHOCTH U YTPO3bI ISl peaJIn3allii IPOEKTa;

4.  OueHuTh CTENeHb TOTOBHOCTH HAYYHOU pa3pabOTKH K
KOMMeEpIIHaTUu3allnH;

5. TloctpouTts KajaeHAapHBIN MUIaH-TPAPUK TPOBEACHUS padOT HAYYHO-
UCCJIEI0BATENBCKOTO MPOEKTA;

6. Paccuurtarh O10IKET HAYYHOTO UCCIIEIOBAHUS;

7. OnpenenuTs peCcypcHyI0, GMHAHCOBYIO, OIOIKETHYIO, COIUAJIBHYIO U
PKOHOMUYECKYI0 3(DPEKTUBHOCTH UCCIICIOBAHMUS.

B pabote He0OX0MMO 1aTh KOMILICKCHOE ONMCaHUe U aHaln3 (PMHAHCOBO-
HKOHOMHYECKHUX ACTIEKTOB BBIMOJHEHHOMN pabOoThl, IO U3YUYEHUIO MpoIlecca CUHTE3a

B BOSHYMHOﬁ Im1asMe€ OKCHIHBIX KOMHO3HHHﬁ, N OLOCHUTBH IIOJHBIC 3aTpaThl Ha
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uccienoBanue (MPOEKT), a TaKkKe JaTh MPUOIMKEHHYI0 Y9KOHOMHYECKYIO OLEHKY
pe3yJIbTaTOB €€ BHEAPEHHsS. OTO B CBOK OYEpPEAb MO3BOJIUT C IOMOUIBIO
TPaIWIIMOHHBIX  TIOKa3zaTene  3(PGEKTUBHOCTH  WHBECTHIMM  OIICHHUTH

9KOHOMHYCCKYIO HGH€COO6p33HOCTB OCYHICCTBJICHUA pa6OTBI.

4.1 OneHka KOMMEPYECKOr0 TMOTEHUHAJA W TMEePCHeKTHBHOCTH
NMPOBEJACHUS HAYYHBIX MCCJICJI0OBAHUN C MO3MIUU pPecypcodPPeKTUBHOCTH U

pecypcocoepexeHust
4.1.1 IloTeHuMANBbHBIE OTPEOUTEIN PE3YJIbTATOB MCCJIEI0BAHNUS

K mnoreHnuanbHbIM NOTpPEOUTENSIM  pe3yJIbTaTOB HCCIENOBAHUN IO
IOJIyYEHUIO TOIUIMBHBIX OKCUHBIX KOMITO3UIIMI MOKHO OTHECTH MPEIIIPUATHUSA 110
(dabpukanuu SAEPHOrO TOIUIMBA, UCCIEAOBATEIbCKUE U SHEPTETUUECKUE SAEPHbBIE
peakTopa 3KCIUTyaTUPYIOIIME TaHHBIN BUJ SIIEPHOTO TOILINBA.

CerMeHTHpPOBaTh PBIHOK YCIYI MOXHO IO CTENEHU NOTPEOHOCTH
UCITIOJIb30BAHUSI MEHEE PECYPCOEMKUX TEXHOJIOTHI MOJYyYEHUs AIE€PHOrO TOIIMBA

(ST). Pe3ynbrarsl cerMeHTUPOBAHUS PEJCTABICHBI HA pUCYHKE 4. 1.

[Tonyuenue AT
HccnenoBarensckue | [Ipomeimennsie | HayuHnas
Meramtyprus

sIIEPHbIE PEAKTOPbI peaKkTopsI OTpacib
2 CunbHas
3
¥ Cpenuss
3
= Cnabas

Pucynok 4.1 — Kapra cerMeHTUpOBaHMS PbIHKA YCIYT IO UCIIOJIB30BAHUIO

qucrepcuoHHoro AT

N3 ananu3a KapThl MOKHO CJIeiaTh BBIBOJ, YTO HAUOOJBITYIO TOTPEOHOCTH

B TaHHOM BHJAC TOIINIMBA UCIIBITBIBAOT HAYUYHBIC OTPACIIU U AJACPHBIC PCAKTOPLI.
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4.1.2 AHa1M3 KOHKYPEHTHBIX TEXHHYEeCKUX peleHni

JleTanpHBIA aHATN3 KOHKYPUPYIOIIUX pPa3pad0TOK, CYIIECTBYIONIUX Ha
PBIHKE, HEOOXOUMO MTPOBOJIUTH CUCTEMATUYECKH, ITOCKOJIBKY PHIHKH ITPEObIBAIOT B
MOCTOSIHHOM JIBIKEHUU. TakoW aHajau3 IOMOTaeT BHOCHUTh KOPPEKTHBBHI B
pa3pabaThIBacMbIii OOBEKT.

UtoObl BBIIBUTE pecypcodPHEeKTHBHOCTh pa3pabOTKH  HEOOXOAMMO
MIPOBECTH aHAJN3 KOHKYPEHTHBIX TEXHHYECKUX PEIICHUH C TTIOMOIIBI0 OTIEHOYHOM
KapThl, IPUBEJICHHON B Tabnuie 4.1.

B Tabnuue mnpencraBieHbl  CENYIONME TEXHUYECKHME IOKa3aTesu
KOHKYPEHTOCTIOCOOHOCTH HCCIICOBAHUMN: TIIIa3MOXUMUYECKUNA CHHTE3 OKCHIIHBIX
kommosutmit (IT), 30mp-Tens Metoy (3), METO XUMUYECKOTo ocaxaeHus (X) as
MIOJTYYCHHS YPaH-TOPHUEBOTO TOTUIHRA.

[Tosummst  pa3pabOTKM ¥ KOHKYPEHTOB OIICHHBACTCA IO KaXIOMY
MOKA3aTelI0 HKCIIEPTHBIM ITyTEM IO MATUOAUTbHOM 1IKalie, rae 1 — ciaabas mo3uius,
a 5 — cunpHas. Beca nmokazarenei B CyMMe JOJDKHBI COCTaBIATH 1.

K npeumyiectBaMm Miia3MOXUMHUYECKOTO CHHTE3a CIOKHBIX OKCHIHBIX
KOMITO3UIIMA U3 BOJHO-OPTAaHUYECKUX HUTPATHBIX PACTBOPOB CIIENYET OTHECTH:
OJTHOCTAIMHHOCTD, HU3KHE yACIbHBIC DHEPT03aTPaThl, TOMOTCHHOE pacpeIecHue
¢a3 ¢ 3a1aHHBIM CTEXMOMETPUIECKUM COCTABOM, BO3MOKHOCTh aKTUBHO BIUSTH Ha
pazmep 1 MOpP(OJIOTHIO YACTHIL.

Tabmuna 4.1 — OueHo4yHas KapTa IJisi CPAaBHEHHS KOHKYPEHTHBIX TEXHUYECKHX

peLIeHUI
Bec bambr KonkypeHTocrnocoOHOCTh
Kpurepnn onenkn
kputepust | by bs bx Ky K, Kx
1 2 3 4 ) 6 7 8

TexHuuyeckue KpUTepuM OLeHKHU pecypcodpPexkTuBHOCTH

1. TloBbimienme

0,25 5 5 2 0,75 0,75 0,50

MPOU3BOIUTENILHOCTH TPY/Ia
2.Y 100CTBO B 9KCILTyaTalluu 0,12 5 5 2 0,60 0,60 0,24
3. DHEPro’KOHOMUYHOCTh 0,10 4 4 3 0,40 0,40 0,30
4. HagexxHOCTH 0,12 3 3 5 0,36 0,36 0,60
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5.IIpocroTa sKCIuTyaTanuu 0,15 5 5 2 0,75 0,75 0,30
JKOHOMHYECKHE KPUTEPUHU OLeHKH I(PPEeKTHBHOCTH
6. KoHKypeHTOCTIOCOOHOCTh
0,07 5 4 2 0,35 0,28 0,14
MPOJYyKTa
7. YpoBeHb IPOHUKHOBEHUS
0,07 3 2 5 0,21 0,14 0,35
Ha PBIHOK
8. Llena 0,07 5 4 3 0,35 0,28 0,21
9. IlpeanosaraeMblii CpoOK
0,05 3 3 5 0,15 0,15 0,25
IKCIUTyaTalu
Hroro 1 38 35 29 3,92 3,71 2,89

Ananns KOHKYPCHTHBIX TCXHHYCCKHUX peIIleHI/Iﬁ OIIPCACIIACTCA I10 (bOpMYJIGZ
K=)B -5, (4.1)

rae K — KOHKypeHTOCIIOCOOHOCTh HAyYHOU pa3pabOTKH UM KOHKYPEHTA;

B, — Bec mmoka3ares (B I0IIX CAUHUIIbI);
b,— 0ay1 i-ro moxas3aTelis.

KoadduimeHT KOHKYpEeHTOCTIOCOOHOCTH TIPEAIPHUATHS

- Kp _ 39

" Ky B71+289)/2 (4.2)

B pesynbrate anamuza, moiiydeH KOd()PUIIMEHT KOHKYPEHTOCIIOCOOHOCTH
K¢ > 1, ciemoBarenbHO, MPEIIOKESHHBIA METO/I IMTOTYYCHHUS OKCHUIHBIX KOMITO3HMIIHMA
st ST sBusieTcss  KOHKYPEHTOCHOCOOHBIM — Cpelu  MPECTaBIECHHBIX

MIPOMBIIIIJICHHBIX METOOB.
4.2 SWOT-ananaus

SWOT - Strengths (cunmbHbIe cTOpoHBI), Weaknesses (ciabble CTOPOHBI),
Opportunities (Bo3mMoxHOCTH) U Threats (yrpo3el) — TpeAcTaBisieT coOoi
KOMIUIEKCHBIM aHAJIM3 HAy4YHO-HCCIEeAoBaTelbckoro mnpoekra. SWOT-ananuz
NPUMEHSIOT JIJIsl HCCJICIOBAHUS BHEIIHECH W BHYTPEHHEH CpeJIbl MPOCKTA.

PesynpTatom sBISETCS WTOTOBas MaTpWIla, B KOTOPOW OIMCHIBAIOTCS
CHJIbHBIC W cja0ble CTOPOHBI HAYYHOI'O HMCCJICIOBAHUS, a TaKKe BO3MOKHOCTH W

YI'pO3bl, KOTOPBIC MOT'YT IMOBJIMATL HA OCYHICCTBJICHUC ITPOCKTA.
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B Tabmuie 4.2 npeacrapiieHa yOpolleHHass MaTpUlla aHaJIN3a CUJIbHBIX U

cIa0BIX CTOPOH ITPOCKTA.

Tabmuma 4.2 — Yapomennas matpura SWOT-ananuza

CujibHbIE CTOPOHBI:

C1. IlpeaBapuTenbHOE MOJIEITUPOBAHUE.
C2. B0O3MOXXHOCTh BJIMATH Ha pa3zMepsl
YacTHI[ B PeaJIbHOM BPEMEHH.

C3. DKOJIOTMYHOCTh METO1A.

Caa0ble CTOPOHBI:

Cnl. 3arpatel Ha OTPaOOTKYy TEXHOJOTHUH U €e
BHEJIPEHUE.

Cn2. C10XHOCTh KOHCTPYKLIUU TEXHOJIOTMYECKOTO
000pyI0BaHUS.

Bo3moxHoCcTH:

Bl. Pacmmpenue pblHKa IO METOJaM
MOJYYEHUsI  TOIUIUBHBIX  OKCHJIHBIX
KOMITO3UIIN.

B2.  Pocr cmpoca co  CTOpOHBI

npeanpuatui Pocatoma.

Yrpo3ssl:

V1. VY coBeplileHCTBOBAHUS
TEXHUYECKUX PELICHUN.

V2. HecBoeBpemMeHHOE (PUHAHCOBOE OOECIICUCHHE.

KOHKYPEHTHBIX

B tabmunax 4.3 — 4.6 npexacraBieHbl MHTEpakTUBHbIE MaTpuibl SWOT-

aHaJIn3a.

Tabmuna 4.3 — HTepakTuBHAsA MaTpuiia cooTBeTcTBHs (B-C)

CusnpHbIE CTOPOHBI IPOEKTA
B Cl C2 C3
P B2 0 ¥ +
Tabmuma 4.4 — IaTepakTuBHas Matpuiia coorBerctus (B-C)
CrnaOble CTOPOHBI IPOEKTA
B Cnl Cn2
P B2 0 +
Tabnuna 4.5 — MUaTepaktuBHas marpuia cootBerctBus (Y-C)
CusnpHble CTOPOHBI IPOEKTA
v Cl C2 C3
wpoerra |2 : : 0
P V2 - ¥ 0
Ta6nuna 4.6 — UnrepaktuBHas matpuiia coorBerctus (Y-Ci)
CrnaOble CTOPOHBI IPOEKTA
v Cnl Cn2
wposxra |21 - :
P V2 0 n
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Nrorosas matpunia SWOT-ananuza npeacranieHa B Tadmuie 4.7.

Ta6nuna 4.7 — Utorosas matpunia SWOT — ananm3a

CuipHbIE CTOPOHBI
CI.

MOACIIMPOBAHUC.

IIpenBapurenbHOe

C2. B0O3MOXHOCTbh BJIHATHL HA

Cnalbie CTOpPOHBI
Cal.

TCXHOJIOTMKM W €€ BHCAPCHUC.

3arpatel Ha OTpPabOTKY

Cn2. C10XHOCTh KOHCTPYKIIUH

(bMHAaHCUPOBAHUS CO CTOPOHBI
rocyJapcTBa Ha YBEIMYCHHE
MOIIHOCTH TEXHOJIOTHYECKOTO

00opyI0BaHUsI.

pa3Mepbl YacTUI[ B PEAJbHOM | TEXHOJIOTHYECKOTO
BpPEMEHH. 000pyAOBaHUS.
C3. DKOJIOrMYHOCTHh METOIA.

BosmoxnocTH:

B1. Pactmupenue poiaka mo | B1C1. Cuntes paznoo6pasusix | B1Cal. HeoOxonumocthb

MeTOoJIaM MIOJIyYE€HHUS | OKCUJHBIX KOMIO3UIMM s | OTpAaOOTKU TEXHOJOTUHU  JUIs

TOTUIMBHBIX OKCHJTHBIX | SICPHON YHEPTETHUKH. MOJIy4€HUs  JIMIEH3UU  Ha

KOMITO3UITHH. B2C2. Hcnonb3oBanue | Mpou3BOJICTBO SAIEPHBIX

B2. Poct cmpoca co | mpakTHYeCKH BCero o0beMa | MaTepHaloB.

CTOPOHBI MPEANPUATHI | HICXOIHOTO pacTBOpa B2Cn2. Beicokas BepOsSITHOCTb

Pocatoma. B2C3. Brsicokoe KauecTBO | M3HOCA KOHCTPYKIIMOHHBIX
LIEJIEBOTO POJYyKTa Ha | DJIEMEHTOB IPU HENPEPHIBHOU
BBIXO/IC. pabore.

Yrpo3sr:

V1. YcosepuenctBoBanus | Y1Cl. Bosmoxnocts | Y1Cnl. duHaHCUpPOBaHUE

KOHKYPEHTHBIX ONITUMMU3AINH METOJIa | TEXHOJIOTHI OTpabOTaHHBIX Ha

TeXHUYECKMX  PELICHUH. | Ja3epHOH CcyOnuMManuu JUlsl | MIPOTSHKEHUH  JECATKOB  JIeT.

V2. HecBoeBpeMeHnHoe | cuHTE3a OKCUIHBIX | Y2Cn2. Bo3moxHOCTB

¢uHaHCOBOE OOecreyeHne. | KOMIO3ULUH. BO3HUKHOBEHUS IPOCTOs
y2C2. [IpuBnedenue | npou3BoOICTBA B ciy4ae
JIOTIOTHUTEIBHOTO MIOJIOMKH.

Takum 00pa3om, JUIsl YCIEIHOTO MPOABUKEHUS TEXHOJIOTUHA HEOOXOAUMO
COBEPILIEHCTBOBAHUE M OTPAOOTKA TEXHOJOTHMU CHUHTE3a OKCUAHBIX KOMITO3MIIMMA
Ul TpuBiedYeHUs npeanpusatu  Pocaroma w®  mosiydeHue JIMIEH3MM HA
OPOM3BOACTBO, @  TakXke  oOeclieueHue

000py/ZOBaHUsl  3almacHbIMHU

KOMIUIEKTYIOIIUMHU JJIsl 00eCreYeHUs CTaOUIbHOM paboThl.
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4.3 IlnanupoBaHue HAYYHO-MCCJIEA0BATEIbCKUX PadoT
4.3.1 Ctpykrypa padoT B paMKax HAy4YHOIr0 HCCJIAEA0BAHUS

Jlnist BeImosHEeHUs: paboThl hopmMupyercs pabodas rpymima, B COCTaB KOTOPOH
BXOJIUT HAYYHBIA PYKOBOAUTENH MPOEKTA M HCTONHUTEND. [locie yero, B paMkax
NPOBEICHUS HAYYHOTO UCCIIEIOBAHUS BBIITOTHACTCS PSIl OCHOBHBIX ITAIOB.

B Tabnune 4.8 mpencrtaBieHa CTpyKTypa padOT B paMKaX BBIMOJTHEHUSA
KypCOBOI'O IIPOEKTA.

Tabnuua 4.8 — [lepeuenb 3TanoB padOT U pacipenesieHue UCTIOIHUTENEH

OcHOBHBIE 3Tarbl No | Coneprxanue pabot JlommKHOCTH
pab VCTIOJIHUTEIIS
N3yuyenune nureparypHbix | 1 Br16op HarpaBieHus | PykoBoaurens mpoekra,
HUCTOYHUKOB IO  TEMeE UCCIJIEJOBaHUM UCIIOJIHUTEIb
paboThI 2 [Ton6op u nuszydeHue | Mcnonnurens

MaTCpHaJIOB 110 TEMC

3 Kanennapnoe mnanupoBanue | MicnomHuTens

paboT 1o Teme

Teopernueckue ulé [IpoBenenne Teopernueckux | McrosHHUTENH
AKCIICPUMCHTAJIbHBIC pacyeToB U 0OOCHOBAHMI
HCCIIEIOBAHUS 5 MopenupoBanue u | Uctionuurens

MPOBCACHNEC SKCIICPUMCHTOB

6 ComocraBieHne pe3yabTaToB | McromHuTeNb
HKCTIEPUMEHTOB C
TEOPETUYECKIUMU
UCCIIEIOBaHUSAMU

7 AHanu3 U obpabotka | Mcnionnutens

MOJIYUYCHHBIX PE3YJIbTATOB

O06o06menne ul8 CocraBnenue  oruera 1o | PykoBogutenb mpoekra,
IpeCTaBICHNE pabote VICTIOJTHUTEITh
pe3yJIbTaToB

4.3.2 OnpenesneHue TPyA0eMKOCTH BbINOJHEHUsI padoT

TpynoBsie 3aTpaThl B OOJIBIIMHCTBE CIy4asx OOpa3yrOT OCHOBHYIO YacTh
CTOMMOCTH DPa3pabOTKH, MOATOMY BaXHBIM MOMEHTOM SIBIISIETCS OIpEIesieHUe

TPYAOCMKOCTH pa60T KaXJ0T0 M3 YYAaCTHHKOB HAYYHOIo HCCICOOBAHUS].
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Tpya0eMKOCTh BBINOJHEHUS HAYYHOTO MCCIICAOBAHUS OIEHUBACTCS AKCIEPTHBIM
MyTeM B YEJIOBEKO-JHSIX M HOCHUT BEPOSTHOCTHBIM XapakTep, T.K. 3aBUCUT OT
MHOKECTBA TPYIHO YIUTHIBAEMBIX (PaKTOPOB.

Jlns ompeneneHuss 0KHUIaeMoro (CpeIHero) 3HAUYCHHS TPYAOEMKOCTH 1y

UCIIOJNIB3YETCs cleaytomas popMya:

- 3tini T Lmaxi (4.3)

0o1C T 5 !

rae t,., — OKujgaeMas TpyJI0€MKOCTh BBITIOJIHEHUS 1-0M paOOThI Yenl.-1H.;

t — MHUHHUMAJIbBHO BO3MOKHAA TPYAOCMKOCTD BBIITOJTHCHU 3aﬂaHHOﬁ 1-oH pa6OTI>I

mini
(OHTI/IMI/ICTI/I‘ICCI(a}I OOCHKAa: B IIPCAIIOJIOKCHUU Hanbosee 6Hal‘0HpI/I}ITHOI‘O
CTE€UCHHS 0OCTOSTEIIBCTB), Ye.-IH.;

i — MAKCHMAaJbHO BO3MOXHAsi TPYIOEMKOCTb BBIOJTHEHUS 3aJlaHHON 1-OM

pa6OTI>I (HGCCI/IMI/ICTI/ILIGCKEUI OLICHKA: B IMPCAIIOJIOKCHNN HauoOoee

HEeOJIaronpusiTHOTO CTEYEHUS 0OCTOSTEILCTB), Y.~ /IH.

_3-5+2-8

ooci 5

t =6,2 4.

Ucxogss w3 oxkuaaeMod  TPYJOEMKOCTH  paboT,  ompeaensercs
MPOJIOJDKUTEIIFHOCTh KaXIOW padoThl B paboumx mHsAX Tp, ydUTHIBaromias
NapaJIeTIbHOCTh BBITTOTHEHUS pab0OT HECKOJIBKUMHU UCITOJTHUTEIISIMH.

Takoe BrIuuCICHHE HEOOXOAUMO 71 0OOCHOBAHHOTO pacuera 3apaboTHOM
IJIaThl, TaK KaK yAENbHBIN BEC 3apIlIaThl B OOIIEH CMETHOW CTOMMOCTH HAy4YHBIX

HUCCIEeIOBAaHUN COCTaABIIIET OKOI0 65 %.

T . =-oxi (4.4)

rae T, — IPOJOJDKUTENLHOCTD OIHOM paboThl, pad. 1H.;
t .. — OKUJIaeMasi TPYJOEMKOCTh BBITIOJIHEHUS OAHOU pabOThI, Yel.-1H.;
Y, — 9UCIICHHOCTh WCIIOJTHUTEIICH, BBHIMOIHSIIONUX OJHOBPEMEHHO OJHY H Ty K€

paboTy Ha TaHHOM 3Tare, Yel.

6,2
Tyi= S 6,2 pal.1H.
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4.3.3 PazpaboTka rpaduka npoBeJeHHsI HAYYHOT 0 UCCIeTOBAHUA

Juarpamma ['aHTa — TOpPH30OHTAIBHBINA JICHTOYHBIH TpauK, HA KOTOPOM
paboThl O TeME€ MPEACTAaBISAIOTCS MPOTSHKEHHBIMH BO BpPEMEHHU OTPE3KAMH,
XapaKTepU3yIOIIMMUCS 1TaTaMU Hadyalla U OKOHYaHUS BBIMOJHEHUS TaHHBIX padoT.
Pa3zpaboTka rpaduka paboT OCYIIECTBISIETCS C yY€TOM BPEMEHHBIX IOKA3aTeln
MIPOBEICHUSI HAYYHOT'O MCCIIEIOBAHUS MPEACTaBICHHBIX B Tabnule 4.9.

Jlnst ymo6cTBa mocTpoeHus rpaduka, JIMTEIBHOCTh KaKIOTO W3 ITAroB
pabot u3 paboumx JHEH cieayeT MepeBeCTH B KaleHaapHble nHU. s 3Toro
HEO0OXOIMMO BOCIIOJIL30BATHCS CIICYIONIEH (GOpMYJIION:

T =T Keans (4.5)
rae T, — IPOJIOJDKUTEILHOCTD BBIIOJTHEHUS 1-i paOOThI B KAJICHIAPHBIX JHSX;
T,; — IPOJOJDKUTENBHOCTD BBIIOJIHEHHUS 1-i pabOThI B pad0YMX JHSIX;

k., —KO3hOUIIMEHT KaJIeHIapHOCTH.

KosddurmenT kanenaapHOCTH onpeesieTcs o ciaeayomei gopmyie:
T

kle B TKan _T6blx _Tnp ’ (46)

rae T, — KOJIUYECTBO KAJICHIAPHBIX THEN B Toay, 365 nHEH;

T,,. — KOJIMYECTBO BBIXOAHBIX IHEN B roay, 104 nus;

B8bIX

T,, — KOJIMYECTBO MPA3HAYHBIX THEH B TO1y, 14 mnHei.
PaccuntanHble 3HaueHUs B Kal€HIApHBIX AHSIX MO Kaxaoud padore T,

OKpYTJIEHBI JI0 LIEJOT0 YHCIa.

« __ 365
K1~ 36510414

Tabnuma 4.9 — BpemenHbie moka3aTen MpoBeICHUS HAYIHOTO UCCIICI0OBAHMS

=1,48.

TpynoémkocTs padbot JimrensHOCTh | JITUTETEHOCTD

paboT B paboT B

Oran tmi t toxi Hcnonnurenn
min me o pabounx AHSIX | KaleHIapHBIX

qeJI-AHUu qeJI-AHU qeJI-AHU

T, aHAX T,

P
1 1 9 14 YKOBOJUTED, 0.7 1

HUCITOJTHUTEIIb
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2 1 3 1,8 HcnonHUTEND 1,8 3
3 5 8 6,2 Hcnonuurens 6,2 9
4 6 8 6,8 Ucnomnaurens 6,8 10
5 6 8 6,8 HUcnomnaurens 6,8 10
6 12 14 12,8 Hcnomnaurens 12,8 19

20 23 21,2 Hcnomnaurens 21,2 31
g 3 5 38 PykoBogutens, 19 3

HCIIOJTHUTEIIb
Uroro: 60,8 58,2/2,6 86

Ha ocHoBe pacuera BpEMEHHBIX IOKa3aTeled NPOBEICHUS HAYYHOIO

MCCJIeIOBAHUSI IOCTPOCH IIaH-Tpaduk npeacrasiieH B Tabnuiie 4.10.

Tabnuua 4.10 — KanennapHslii miaH-rpaduk npoBeieHus padoThbl

Ne
pab

Conepxanue
pabor

JlOMmKHOCTD
HCTIOTHUTEIIS

Tk,

KaJI.JIH.

[IponoKUTENBHOCTD

pabor

BBIITOJIHCHU L

®eBpanb

Mapt

Anpenb

Mait

1123

1123

1123

Br16op
HaIpaBJICHUS

HUCCIEe0BaHUN

PyxoBoaurens
MPOEKTA,
HCHOJIHUTEID

I
/

[TonGop u
U3y4eHUE
MaTepUalioB 1o

TEMEC

Ucnomuurens

Kanennapnoe
IJIAHUPOBAHUE

pabot 1o Teme

Hcnomuurens

IIpoBencHue
TEOPETUYECKUX
pacyeToB U

000CHOBaHMIA

Hcnomuurens

10

MoaenupoBaHue 1
MIPOBE/ICHHE

JKCIIEPUMEHTOB

Ucnomuurens

10

ComnocTaBieHne
pe3yIbTaTOB
HKCIIEPUMEHTOB C
TEOPETHUYECKUMU

HUCCICIOBAaHUAMHA

Hcnomuurens

19
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7 AHanuz u
obpaboTka
MOJTy4YEeHHBIX

pe3yJIbTaToB

HUcnonaurens

31

8 Oruenka
a3 exTuBHOCTH
MOJTyYEeHHBIX

pE3yJIbTaTOB

Ucnomuurens

&Y N

z - PykoBoauTens npoekrta

. - UcnosHUTENH

Takum oOpa3zoMm, ObUT MOCTPOEH IUIAH YTNPABJIECHUS HAYYHBIM IMPOEKTOM,

OIIPpCACIICHBI BUbI pa60T, YCTAHOBJICHBI JAThl Ha4YajJla 1 OKOHYaHU A pa60T H COCTaB

Y4YaCTHHKOB.

4.4 BrogKeT HAYYHO-TEXHUYECKOT0 MCCIIe0BAHUSA

[Tpu nnanupoBanuu 6rompxera HTU momxHO ObITH 0OecrieyeHo MOJHOE U

JAOCTOBCPHOC OTPAKCHUC BCCX BUJI0B PACXOJ0B, CBA3aHHLIX C €I'0 BBIIIOJIHCHUCM. B

npouecce popmupoBanus o6roxetra HTU ucnone3yercs cienyronias rpynnupoBKa

3aTpar Mo CTaThsIM, IPEACTABICHHAS HA pUCYHKE 4.2.

g Broger HTH =
/,.,---' e T‘ A D —
Fi - Y Y
| Haknagmoie | | CTpaxoeble | | MaTepl‘lﬂanblEI\ JononsutenbHan
| pacxogst | /| oTumcnenus zaTparhbl \ |_3apaboTHana nnata
|' W A \
| I l
' ™ T "
OcHoeHan CneunanbHoe | HoHTpareHTHble
zapaboTHan nnata obopydoBaHue pacxoabl

*,

Pucynox 4.2 — Ctateu 6rompxera HTU

A

4.4.1 Pacuer matepuanbubix 3aTpatr HTU

Pacuer maTepuallbHBIX 3aTPAT OCYIIECTBIIICTCA MO Clemyomei hopmyre:

3/\/! :(1+kT )Z:l:lll 'Npacxi’

4.7)
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rire M — KOJMYECTBO BHUAOB MAaTEPUAIBHBIX PECYpCOB, MOTPEOISEMBIX IpPHU
BBIIIOJIHEHUH HAYYHOT'O MCCIICIOBAHUS;
Npaexi — KOIMYECTBO MAaTEpUAIBHBIX PECYPCOB 1-TO BHJA, IUIAHUPYEMBIX K
HCIIOJIb30BAHMIO [IPH BBIIOJHEHUH HAy9HOTO UCCIEN0BAHMS (IUT., KT, M, M2 T.1L.);
Il; — ueHa mpuoOpeTeHHs] €AMHMIBI 1-TO BUAA TOTPEOISIEMBIX MaTepHATbHBIX
pecypcos (py6./mr., py6./kr, py6./m, py6./M? 1 T.11.);
K7— k03 huIHeHT, yYUTHIBAaIOLIHIA TPAHCIIOPTHO-3arOTOBUTEIILHBIE PACXOIBI.
3HaueHMs LIEH Ha MaTepUaIbHbIE PECYPChl MOTYT OBITh YCTAHOBJIEHBI IO
JAHHBIM, pa3MELICHHBIM Ha COOTBETCTBYIOIMX calitax B IHTepHere
IPEANPUATAIMU-U3TOTOBUTEISAMU (;1ubo OpraHU3aLUSIMU-TIOCTaBIIUKAMH).
Pacxonpl Ha MaTepHUanbHbIE 3aTPaThl IPEACTABICHBI B Ta0nuie 4.11.

Tabnuna 4.11 — MarepuanbHbie 3aTpaThI

Ennnuna 3aTpathl Ha
HasBanue KonuuectBo | Llena 3a en., pyo.
HU3MEPEHUS MaTepuaisl, pyo

b

QJIOH CO CXKaThIM N 1 290 290
BO3JIyXOM
b

e I 1 250 250
YIJIEKHCIIBIM Ta30M
H 6-

COAIM HITTPAT Kr 1 12000 12000
BOJIHBIN

i (I
Hepuii (IlT) mirrpar Kr 1 7000 7000
6-BOIHBIN
Marnuii Hutpat 6-
. Kr 1 5000 5000

BOJIHBIN
Bymara, popmar A4 [Tauka 1 295 295
K

AT AR iy 1 2650 2650
MPUHTEPA
[IporpammHuoe
obecrieyeHne It 1 13000 13000
Windows
I1

POTPANMHO® It 1 15000 15000
obecnieuenue Terra
ApeHja KoMIbloTepa 116 1 5000 5000
Aueron JI 1 191,04 191,04
Uroro: 60676,04
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4.4.2 Pacuer 3aTpar Ha cHeuuajbHoe 000pPyAOBaHHE JIsI HAYYHBIX

pador

Pacuér amopTH3anMu NPOW3BOAMTCA HAa HAXOMSIIEECs B HCIOJIb30BAHUU
o0opy10BaHHE.

Bce paboter mns BKP mpoBoaunuce Ha Tuia3sMeHHOM Moaysie Ha 0ase
BBICOKOYAcTOTHOrO reHeparopa BUI™ 8-60/13-01.

B Tabnune 4.12 npeacraBieHsl 3aTpaThl Ha 000pyA0BaHHE HEOOXOIMMOTO
U1 HAY4YHBIX padoT.

Ta6nuna 4.12 — 3arpatsel Ha 000pyI0BaHUE

Cpok Oo6mas
Koi- Ilena enuHUITEL
HaunmenoBanue IOJIE3HOTO CTOMMOCTD
Ne BO, 00opyI0BaHus,
00opyI0BaHUs HCITOIB30BaHHS, 00opy10BaHus,
IIT. pyoO.
JIeT pyo.
[Tna3MeHHbIi MOTYIIb
Ha 0ase
1 BBICOKOYACTOTHOT'O 1 15 10000000 10000000
reneparopa BUI" 8-
60/13-01
Hroro: 10000000 py®6.

Pacuer amopTH3aruy mpoBOAUTCS CICTYIONTUM 00pa3oM:

Hopma amopTu3zaruu paccuutsiBaercs 1mo popmysie 4.8:
1 4.8

w1 (4.8)
n
rzie N — CPOK MOJIE3HOTO UCIIOIB30BAHMUS, JIET.
AmMopTu3zanus paccuuThiBaeTcs mo gopmyse 4.9:
_H,-H (4.9)

= m,

12
rine M — utoroBasi cymma, ThiC. pyo.;
M — BpeMs UCII0JIb30BaHUS, MEC.
Paccuntaem  amopTuzanuio  IMIa3MEHHOro  MoOAyJis  Ha  0Oase
BbICOKOUAcTOTHOTO TeHeparopa BUI' 8-60/13-01, yuuThiBas, 4T0 CPOK IMOJIE3HOTO

UCIOJB30BaHUS 15 JeT:

H, :E:L:O,OG.
n 15
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OO0myr0o cyMMy aMOpPTHU3AIIMOHHBIX OTYHCICHUH HaxXOIuM CIEAYIOIIUM
obpazom:

Moty Ha 6a3e BeIcOKOYacTOTHOTO reHeparopa BUI™ 8-60/13-01:

_H,-U = 0,06 -10000000
12 12

A 4= 200000 py6.

B nmanHOM paszzgene mpoBeleH pacdy€T aMopTu3aluu OOOpyAOBaHUS AJis
IKCMEPUMEHTAIBHBIX padOT. AMOpTH3alus IJi IJIa3MEHHOTO MOJIyJs Ha 0ase
BbICOKOYacTOTHOTO rereparopa BUI™ 8-60/13-01, yuuTsiBasi, 4TO CPOK IMOJIE3HOTO
ucnonp3oBanusi 15 ner cocraBmia 0,06, a obmas cymMma aMOPTH3AI[MOHHBIX

otuuciieruit 200000 pyOnei.
4.4.3 OcHoBHas 3apa00THAA IUIATA HCIOJHUTEJIEH TeMbI

CraTtbsi  BKIIOYAET OCHOBHYIO  3apabOTHYIO IUIaTy  paOOTHUKOB,
HEMOCPEJCTBEHHO 3aHAThIX BbioaHeHneM HTU, (Bkirouass mpemuu, IOIJIAThI) U

AOIIOJIHUTCIIbHYIO 3apa60THYIO IiarTy:

3

/2

3

OCH

+3, (4.10)

on’

e 3ocy — OCHOBHAS 3apabOTHAS IJ1aTa;

310n — IOTIOJTHUTENbHAS 3apabOTHAs TIIaTa.
OcHoBHas 3apabotHas maata (3oc) PYKOBOAUTENS (J1abopaHTa, MHKEHEPaA)

OT TIpeaAnpuATHs (IPY HATWYUU PYKOBOIUTENS OT MPEIIPHUATHS) PACCUUTHIBACTCS

o cieaylieit hopmyie:

3w =3, T (4.11)

P
/1€ 3ocn — OCHOBHAS 3apabOTHAs MIaTa OJJHOTO PaOOTHUKA,

T, — [OpOJOKUTETBHOCTh PAOOT, BBINOJHSAEMBIX  HAYYHO-TEXHHUYECKUM
paboTHUKOM, pad. IH.;

3 — CpeaHeHEBHAS 3apa00THAs Tu1aTa paboTHHKA, PYO.

CpennenneBHas 3apaboTHas IaTa paCCUUTHIBACTCS 10 (hopMyIie:

3 S

= 4.12
= (4.12)
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rjae 3, — MECSIYHBIM JOJPKHOCTHOM OKJIaa paboTHHKA, py0. (B KaueCTBE MECSIYHOTO
OKJIaJla JUIJIOMHUKA BBICTYIAET OKJIaJl MHXKEHEpa, KOTOPhIi cocTtaBisgeT 14874,45
py0. 1 38050 py0. 1 HAYyYHOTO PYKOBOJIUTEIS, IOIIEHTA, KaHIUaTa HAYK).
M — KOIMYECTBO MeCAIIEB PabOTHI O€3 OTITyCKa B TEUEHHE Io/1a:

— TIlpu otmrycke B 48 pa6. naeit M=10,4 mecsiia, 6-q1HEBHAs HEACIS;

— Ilpu otmrycke B 24 pa6. nas M =11,2 Mmecsna, S-n1HeBHAs HEIEIIA.
F, — neiicTBUTENbHBIN rof0oBoi (HoHA pabodyero BpEeMEHH HAYYHO-TEXHUYECKOTO
nepcoHasna, pad. JaH.

MecsiuHblii TOKHOCTHOM OKJIaJl paOOTHUKA:

3, = 3k )k, (4.13)

rae 3. — 3apaboTHas 11aTa no TapudHoil ctaBke, pyo.;
Kup — mpemMuanbHbiii Ko3¢GGunmeHt, paBabii 0,3;
K, — patfionHbIit KO3 unmeHT, paBHblii 1,3 (r. Tomck).
bamanc pabouero BpeMEHHM HAyYHOTO PYKOBOJIUTENS M HWCIOJHUTENS
npejcTaBiieH B Tabymiie 4.13.

Tabnuua 4.13 — bananc paboyero BpeMeHHU.

. Nuxenep
[Tokazarenu pabodyero BpeMeHuU Hayunsrif pykoBouTensb
(Mcnionautens)

Kanennapnoe uucino guei 365 365
KonnuectBo Hepabounx aHen

— BBIXOJHBIE JHU 52 104

— TMpa3AHUYHBIC THU 14 14
[Totepu paGouero BpeMeHH:

— OTIIyCK 48 24

— HEBBIXOJBI 110 00IEe3HU - -

€lCTBUTEIBHBIA  TOIOBOHU OHJ

A ¢ 251 223
paboyero BpeMeHu

Pacuet 3apaboTHOI MIaThl AJ11 HAYYHOTO PYKOBOIUTEIIS:
3,, =38050-(1+0,3)-1,3=64304,5pyo.

5 _64304,5-10,4
on 251

= 2664, 4pyo6.

64



3, =2664,4-3=7993,2pyO0.
[TpuBenem pacueT 3apabOTHOM MJIATHI 7Sl UHKEHEpa:
3, =14874,45-(1+0,3)-1,3=25137,8py0.

_25137,8:11,2
"o 223

3,,, =1262,5-59 = 74492,8pyo.

3, =1262,5py6.

PesynbraThl pacyeTa OCHOBHOM 3apab0THOM IIaThl HAYYHOT'O PYKOBOIUTEIS
Y UCIIOJIHUTENS IIPEICTaBIICHbI B Tabiuue 4.14.

Ta6nuna 4.14 — PesyapTaThl pacueTa OCHOBHOM 3apa00TaHHOM TLIAThI

OxJtan,
Wcromaurenn 5 Kp Kp 3w, PYO | 3, py0. | Tp, pad. mH. | 3ocu, pyO
pyo.
Hayunsrii
38050 0,3 1,3 2664,4 559524 3 7993,2
PYKOBOJIUTEIH
HNuxenep
1487445 | 0,3 1,3 25137,8 1262,5 59 74492,8
(Mcnomuurens)
Uroro: 82486,0

4.4.4 JlonoiHUTEJIbHAS 3apa00THAS IJIATA

JlonosnHuTENBbHAS 3apa0OTHA IJ1aTa BKIIIOYAET OIJIATY 3a HEMPOPAOOTaHHOE
BpeMsi (ouepenHOM U y4YeOHBId OTIYCK, BBINOJHEHHE TOCYJapPCTBEHHBIX
00513aHHOCTEM, BBITIIIATa BOSHATPAYKICHH 3@ BBICIIYTY JIET U T.I1.) U PACCUUTHIBACTCS
ucxoas u3  10-15% oT ocHOBHOM 3apa0OTHOM  IUIaThl, PaOOTHUKOB,

HCIIOCPCACTBCHHO YUYACTBYIOIIKX B BBIIIOJIHCHHUC TCMBI:

3, 3 (4.14)

on kbon
1€ 3xon — OTIOJHUTENBHAS 3apa0b0THA IUIaTa, pyo.;

Kion — K03 puIpieHT AomoHuTebHOM 3apmiaThl (K,,,=0,12 — cpeanee);
30ct — OCHOBHasI 3apaboTHas 11aTa, pyo.

B tabnune 4.15 npuBeneH pacuét JOMOTHUTEIBHON 3apa00THOM TIIATHI.
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Ta6nuna 4.15 — JlononHUTEILHAS 3apaOb0THAS TIaTa UCIIOJTHUTENCH.

3apaboTHas 1aTa PykoBoguTens Nuxenep
OcHoBHas 3apriuiata, pyo 7993,2 74492,8
JlomonHuTeNbHASL  3apIUiaTa,
959,2 8939,1
py6
3apruiata UCTIOHUTENS, PYO 8952,4 83431,9
HWroro no crarse Csn, pyo: 92387,3

4.4.5 OTunciaeHusi BO BHeOKOAKeTHbIEe POHIBI

Benuunna oTurcienuii Bo BHEOOHKETHBIE (DOHIBI ONIPEACIIASTCS UCXOIS U3
cieayroieit hopMyJIbL:

3

e

k

6eHeb

(Bocn + 300 ) (4.15)

r11€ Kanes — KOO OUIIUEHT OTYMCICHUH HA YILIATy BO BHEOIOMKETHBIE (DOH/IBI.

Ha 2022 r. B cootBercTBUM ¢ DenepanbHbIM 3aKOHOM OT 24.07.2009 Ne212-
®3 Ha ocHOBaHMM TIyHKTa 1 CT.58 11 yudpexaeHUH, OCYIIECTBISIOMUX
o0pa3oBaTeIbHYI0O W HAy4YHYIO JESITEIbHOCTh, BOJMTCS IOHM)KCHHAs CTaBKa —
30,2%. PacueT oTuncieHuit Bo BHEOIOKETHBIE (DOHABI IPUBOAUTCS B Ta0uIe 4.16.

Ta6muna 4.16 — OTurciieHus: BO BHEOOHKETHBIE (DOH/IBI.

OcHoBHas 3apaboTHas mara, | JlonomHuTenbHas 3apaboTHas
Hcnonaurens
pyo niara, pyo
PyxoBoaurenb 7993,2 959,2
WNuxenep 744928 8939,1
Kos e OTYHCIICHUN
¢bdunreHT  oTYMCIEHMH 0.302
BO BHEOIO/IKETHBIE (DOHIbI
Hroro 27716,2

4.4.6 HaknaaHble pacxoabl

Haxmannable pacxoapl y4YMTHIBAIOT IPOYME 3aTpaThl OpPraHU3alUH, HE
MOMABIIME B MPEABIAYIIME CTAaThbU PACXOJOB: MEYaThb W KCEPOKONMHPOBAHUE
MAaTEPUAJIOB HMCCIEAOBAHUSA, OILUIATa YCIYT CBSI3H, JJIEKTPOSHEPTHUH, MOYTOBBIE U

TenerpadHble pacxo/pl, Pa3MHOKEHUE MATEPUATIOB U T.1.
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Haxnannusie pacxoast B TIIY cocraBnsaor 16 % OT cymMMbl OCHOBHOHM U
JOTIOJITHUTEIPHOM ~ 3apa00THOM  TIaThl,  paOOTHUKOB,  HEMOCPEIACTBEHHO
YYaCTBYIOIIKMX B BBINIOJHEHUE TeMbI. VX BeIWUYMHA ONpenensercs no Cieayromen
bopmyiie:

3 un = knp (3OCH +3()0n +36He6), (4.16)

r1e Kyp — Koo PUITMEeHT, yIUTHIBAIOIINI HAKITaHbIE PACXO/IBL.

3,s =0,16(92387,3+27716,2) =19216, 2 py6 . (4.17)

4.4.7 (I)opanOBaHne 6IOIDKCT3 3aTpaTrT HAaYYHO-HCCIEA0BATECIbCKOI'0

NpOeKTa

Paccuntannas BenMyMHA 3aTpaT HAYYHO-HCCIIEIOBATEIbCKOM pabOThI
ABJIIETCSI OCHOBOM ISl (pOpMUpOBaHUsL OIOPKETa 3aTpaT MPOEKTa, KOTOPBIM Mpu
(GbopMUPOBAHUM JTIOTOBOpPA C 3aKA3YMKOM 3alUIIAETCS HAy4YHOM opraHu3aluei B
KauecTBe HWKHEro Tpelesia 3aTpar Ha pa3paboTKy HAyYHO-TEXHUYECKOU
npoayKuuu. PacdeT OrokeTa HayyHO-HCCIEIOBATENbCKON pabOThl MPUBEIEH B
tabnuie 4.17.

Tabnuua 4.17 — Pacuer 61o0xeta 3atpat HTU

HanmenoBanue cratsu Cymma, py0 [Ipumeuanue

1. MarepuanbHble 3aTpaThl

60676,04 [Tynxkr 4.4.1
HTHU
2. 3aTpaThl Ha CIELMAIBHOE
000opyI0BaHUE JUIsl HAYYHBIX 200000 ITynxr 4.4.2
(9KCTIepUMEHTANIBHBIX) Pa0OT
3. 3aTpatThl 1O OCHOBHOM
3apa0oTHOM 1u1aTe 82486,0 ITynkr 4.4.3
VCTIOJTHUTEJIEW TEMBI
4. 3arpatsl 110
JOTIOJTHUTEILHOM 3apaboTHOM 9898,3 [Tynkr 4.4.4
IIJIATE UCTIOJIHUTEIIEN TEM
5. OTuucnenus Bo

27716,2 [lynkr 4.4.5
BHEOIO/KETHbIE (DOHIBI
6. HaknanHble pacxozsl 19216,2 ITynxr 4.4.6
7. bromxer 3atpatr HTU 339316,7 ITynxr 4.4.7
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B wurore OromkeTHass CTOMMOCTh HAay4YHOTO MCCIIEJOBAHUSI COCTaBUJIa
339316,7 py6Oneii. B 3Ty CTOMMOCTh BXOJST: aMOPTH3aIUsl, CTOUMOCTb CBIPbS,
MaTepuajoB, OCHOBHas 3apaboOTHas IJiaTa, JOMOJHUTENbHAs 3apa0OTHas IuIaTa,

OTUYHUCJICHUS HA COLIMANIbHBIE HY Kbl U HAKJIaTHbIE PACXOIbI.
4.5 Onpenesienne pecypcHoi 3(p(peKTUBHOCTHU MPOEKTA

Omnpenenenrne 3G (HEKTUBHOCTH TPOUCXOJUT HA OCHOBE pacyera
WHTETPATLHOTO TOKazaTens d3(PGEeKTHBHOCTH HAYYHOTO HCcieaoBanus. Ero
HaXO0XJICHUE CBSA3aHO C OMPEEICHUEM JBYX CPEIHEB3BEIICHHBIX BEIMUNH:

WNHuTterpanbHblil (PMHAHCOBBIN MOKa3aTelb pa3pabOTKU:

jeni — 1 (4.18)
Qbqu ®max

rae @pi — CTOUMOCTD 1-TO BapHAHTA UCIIOJIHEHMS,
@Dnax — MakcUMaldbHas CTOMMOCTb HWCIOJHEHHUS HAyYHO-HUCCIIEIOBATEIHCKOTO
MPOEKTA.

NuTterpanpHbIil TOKa3aTenb pecypcodPPEeKTUBHOCTHU:

|, =ab, (4.19)

r7ie 8j— BeCOBOM KOA((PUIIMEHT 1-r0 BapraHTa UCTIOJHEHUS pa3paboTKH;
b; — GanmpHast OlIeHKA i-TO BapUaHTa UCTIOJIHEHUS pa3pabOTKH.

Pacuer uHTErpaspHOro mokasatens pecypcod(pGeKTHBHOCTH MPUBEIEH B
tabmnurie 4.18.

Tabmuua 4.18 — CpaBHUTENbHAS OLIEHKA XapaKTEPUCTHK BAPUAHTOB MCIOJHEHUS

IIPOEKTA.
OOBeKT uccaenoBaHus BecoBoii koapdunuent | Hem.l Hcen.1

Kpurepun napameTpa (amreTon) | (3TaHOMN)
1. CriocoOcTBYET pOCTY MPOU3BOIUTEITLHOCTH 0.10 4 4
TpyZa MOJIb30BaTENs
2. Y 100CTBO B 9KCIUTyaTalluu (COOTBETCTBYET 0.15 4 5
TpeOOBaHUAM MOTpedUTENEH) ’
3. [ToMexoycTONMYMBOCTD 0,15 3 3
4. DHeprocOepeKeHme 0,20 5 4
5. HamexHOCTB 0,25 4 4
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6. MarepuanoeMKocTh 0,15 5 4
HUTOI'O 1 25 21

I ) =0,10-4+0,15-4+0,15-3+0,20-5+0,25-4+0,15-5=4,2.

ucn.l(a

I ):0,10-4+O,15-2+O,15-3+0,20-4+O,25-4+0,15-4:3,6.

ucn.1,(o
WuTerpanbHpiii  moka3atenb 3(PPEKTUBHOCTH BApUAHTOB HCIIOTHECHUS
pa3pabOTKH [yni OMpenenseTcss Ha OCHOBAHMM WHTETPAIBHOTO TIOKA3aTels

pecypcordHEKTUBHOCTH U UHTETPATBLHOTO (PUHAHCOBOTO MOKa3aTess o GpopMmyiie:

| .
| _poueni (4.20)

ucn.i I
punp

CpaBHurenbHasg 3(pPEeKTUBHOCTD MPOEKTA:

30 — :ucn.i ’ (421)

ucn.i
Pacuer cpaBHHUTENBbHON 3(PEKTUBHOCTH pa3pabOTKU TNPEICTABICH B
tabnuue 4.19.

Tabnuna 4.19 — CpaBautenbHast 3PGHEeKTUBHOCTH Pa3padOTKH.

[TokazaTenu Ucm.1 (aeron) Ucn.1 (aTanomn)

WnuTerpanbublii (pUHAHCOBBIN 1 1
MOoKazareib pa3paboTKu

HHTrerpanbHblii  MOKa3aTeib
pecypcoahhekTHBHOCTH 4,2 3,6

pa3paboTku

WNHTerpanbHelii 1oka3arelb
4.2 3,6

3¢ (HEeKTUBHOCTH

CpaBHuTenbHas

3¢ (HEeKTUBHOCT,  BapUAHTOB 1,16

HUCITOJTHCHU A

Ha ocHoBe pacuera MHTErpajibHOTO TOKa3aTesisd C ONpPEIeICHHEM IBYX
CPEIHEB3BEILICHHBIX BEJINYMH: (buHaHCOBOM s¢pexTuBHOCTH 17}
pecypcodh(PEeKTUBHOCTH HAYYHOTO HMCCIENOBAHUS MOXHO CHIeJaTh BBIBOI O TOM,
YTO pa3padaThIBAEMbIi IPOEKT sBIsIETCS OoJiee 3P hEeKTUBHBIM BAPUAHTOM PEIICHUS

NIOCTaBJICHHOMW 3aJ1a4M 10 CPAaBHEHUIO C MPEJIOKEHHBIM aHAJIOTOM.
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B pesynbTaTe BBINOIHEHUS JAHHOTO pa3jiesia MOXHO ClenaTh CleIyouue
BBIBOJIBL:

1. Pe3ynbTaToM MPOBEACHHOTO AaHaIW3a KOHKYPEHTHBIX TEXHUUYECKUX
pelieHuil SBisieTcsl BHIOOP OJHOTO M3 BAPUAHTOB peaju3allii yCTPOMCTBA, Kak
HauboJee MPeANnOYTUTENIHHOTO U PAlMOHATIFHOTO, IO CPABHEHUIO C AaHAJIOTOM;

2. OmpesiesieHbl  CUJIbHBIE W CJIa0ble CTOPOHBI TPOEKTA, BBISBIICHBI
BO3MOXXHOCTH W Yrpo3bl sl peanu3auuu npoekra. Bemomnen SWOT-ananus
MPOEKTA;

3. B mpomecce maHMpOBaHUS HAYYHO-UCCIEIOBATEIHLCKOIO IPOEKTa
MOCTPOEH IUJIaH YIpaBJICHUS HAy4YHBIM TPOEKTOM, OIpPEAENICHbl BHUJIBI PadoT,
YCTaHOBJICHBI JaThl HaA4aJla U OKOHYaHUs pabOT U COCTaB YYACTHUKOB;

4. CocTaBiieH OIO/IKET MPOCKTUPOBAHUS, MO3BOJISIOMINNA OIEHUTD 3aTPAThI
Ha peau3aluio MpoeKTa, KoTopbie cocTaBisitoT 339316,7 pyo.

OueHka 3 (HEeKTUBHOCTH MCCIEI0BAHMS MOKa3aa, YTo pa3padaTbIBa€MbIil
MPOEKT sIBIsieTcs Oosiee A(h(PEKTUBHBIM BapUaHTOM PEIICHUSI TOCTABJICHHOM 3a1a4u

10 CPAaBHCHUIO C IIPCATIOKCHHBIM aHAJIOTI'OM.
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5 COIII/IaJIl:HaH OTBETCTBCHHOCTDb

OnHO U3 OCHOBHBIX HANpaBICHUI MPOPUITAKTHUECKON PaObOTHI IO CHUKEHHUIO
MPOU3BOJCTBEHHOTO TpaBMaTU3Ma U NpodeccHoHanbHOM  3a00JieBaeMOCTU
SBJISIETCS] IOBCEMECTHOE BHEAPEHNE KOMILJIEKCHON CUCTEMBI YIPABICHUS OXPaHOU
Tpy/a.

OmnacHbIil MPOU3BOACTBEHHBIN (akTOp — TNPOU3BOJICTBEHHBIA (haKTOp,
BO3JICICTBHE KOTOPOrO B ONPEIEIEHHBIX YCJIOBHUSX MPUBOIAT K TpPaBME WU
JPYyroMy BHE3aITHOMY, PE3KOMY YXYAIICHUIO 3/I0POBbSI.

Bpennslii mpon3BoACTBEHHBIN (PAKTOp — (akTop, BO3JACHCTBHE KOTOPOrO Ha
paboTaIIero B ONPEIEICHHBIX YCIOBUSIX MPUBOAUT K 3a00JEBaHUIO WA
CHIKEHUIO TPYIO0CTIOCOOHOCTH.

OkcnepuMeHTsI mpoBoauiuch B tadboparopuu Ne 001A 10 koprryca Tomckoro
MOJINTEXHUYECKOTO YHUBEPCUTETA, IPU ITOM UCIIOJIB30BAJICS TUIA3MEHHBIN MOJTYJIb
Ha 0a3e BbICOKOUYacTOTHOTO reHepatopa BUI 8-60/13-01.

B pasnmene paccMoTpeHbl omacHble W BpeAHBbIE (DAKTOPHI, OKa3bIBAIOIIWE
BJIMSHHAE Ha IPOLIECC MCCIENOBAHUS, PACCMOTPEHBI BO3JEHUCTBHS HCCIELYEMOIO
00BbEKTa HAa OKPYXKAIOUIYI0 Cpeay, MpPaBOBbIE W OpPraHU3aL[MIOHHBIE BOIPOCHI, a

TAKKC MCPOIIPUATHUSA B IIp€3B]E>Iqa,l\/'IHBIX CUTyalusiax.

5.1 IIpaBoBble MW OpPraHU3ANUOHHBIE BONPOCHI OOecmeYeHus!
0e30macHOCTH

5.1.1 CneumnanbHble (XapaKkTepHbIe 1J151 padoueii 30HbI HCCJIeI0BATEINA)
NMpaBoBbIe HOPMbI TPY/I0BOI'0 3aKOHOAATEIbCTBA

OCHOBHBIE TOJIOKEHUSI IO OXpaHe TpyJAa U3JI0OKEHBI B TpyAoBOM KOAEKce
Poccuiickoit @enepanuu [17]. B 3TOM 10KyMeHTe yKa3aHO, YTO OXpaHa 370pPOBbS
TpyIasmmxcsi, obOecrieueHue Oe30MacHBIX  YCIOBUM  Tpynda, JIMKBUAALUA
npodeccuoHaNbHbBIX 3a00JIEBaHU U MPOU3BOJICTBEHHOIO TPAaBMAaTHU3Ma SIBJIIOTCS
OJIHOM 13 IIaBHBIX 3a00T rocyAapcTBa.

CornacHo KaXkablii paOOTHUK UMEET MPABO Ha:

—  pabouee MeCTO, COOTBETCTBYIOIIEE TPEOOBAHUSIM OXPaHbI TPY/a;
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—  00s13aTenbHOE COLMAIBLHOE CTPAaXOBaHUE OT HECUACTHBIX CIy4yaeB Ha
MPOU3BOJICTBE U MPOGECCHOHATBHBIX 3a00JIEBAHMIA;

—  TONly4eHHWE  JOCTOBEpHOW  wmH(popmamuu  oT  paboTomaTesns,
COOTBETCTBYIOIIMUX T'OCY/IapPCTBEHHBIX OPraHOB U OOIECTBEHHBIX OpraHu3aIuii 00
YCIOBHSIX W OXpaHE Tpyaa Ha pabodeM MecTe, O CYIIEeCTBYIOIIEM pPHUCKE
MOBPEXKICHUS 3/I0POBbsSI, @ TAKXKE O MEPax IO 3aIUTe OT BO3JACUCTBUS BPEIHBIX U
(WJIHM) OTIaCHBIX TIPOU3BOJICTBEHHBIX (DAKTOPOB;

—  OTKa3 OT BHITIOJIHCHHSI pabOT B ClIy4ae BOZHUKHOBEHHSI OMACHOCTH JIJIS
€ro *KHU3HU U 3JI0POBbsI BCJICICTBUE HAPYIICHUS TPeOOBAHUN OXpaHbI TPY/Ia;

- oOecrieueHre CpeCTBAMU WHIUBUTyIbHON U KOJIJIEKTUBHOM 3aITUTHI
B COOTBETCTBHUU C TPEOOBAHUSIMH OXPaHbI TPY/Aa 3a CUET CPEACTB pabOTOIATENS;

—  o0yueHue 0Oe30macHBIM METOJaM U MpUeMaM TPyJa 3a CUET CPEJNICTB
paboToarens;

—  JIMYHOE YYacTHE WJIM YydYacTHe dYepe3 CBOUX TPEJACTABUTEICH B
PacCMOTPEHHUH BOITPOCOB, CBS3aHHBIX ¢ 0OECTIeueHreM O€30MacHBIX YCIOBUH Tpyaa
Ha ero pabodemM MecTe, U B pacCiaeAOBAaHUM MPOUCIISAIIETO ¢ HUM HECYaCTHOTO
ciydasi Ha POU3BOJICTBE WU TIPO(HECCHOHATFHOTO 3a00JICBAHMS;

—  BHEOYEPETHOW MEIUIIMHCKUI OCMOTP B COOTBETCTBHH C MEAUITUHCKUMH
PEKOMEHAAIUSIMH C COXPAaHEHHEM 3a HUM MecTa pabOThl (IOJDKHOCTH) U CPEHETO
3apaboTKa BO BPEMs MPOXOKIEHUS YKA3aHHOTO MEIUIIMHCKOTO OCMOTPA;

— TapaHTHH ¥ KOMIIEHCAIIUN, YCTAaHOBJICHHBIC B COOTBETCTBHHY C HACTOSIIIAM
KonekcoM, KOJIJIEKTUBHBIM JIOTOBOPOM, COTJIAIICHHEM, JIOKAIbHBIM HOPMATHBHBIM
aKTOM, TPYJOBBIM JOTOBOPOM, €CIIM OH 3aHST Ha padoTax C BPEIHBIMU U (UJIN)
OITACHBIMHU YCJIOBHSIMH TPYy/a.

B [17] roBopuTcsi, 9T0 HOpMaIbHas MIPOIOJKUTEITLHOCTh pab0Uero BpeMEHH
He MokeT npeBbiiaTh 40 4acoB B Hefeno, padoropaTesb 00s13aH BECTU YUeT

BPEMEHHU, OTPAOOTAHHOTO KaXKIbIM PAOOTHUKOM.
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5.1.2 Opranu3anuoHHble MepONPUSATHSI MPU KOMIIOHOBKe padoueil
30HBI UCCJIeTOBAHUS

PannonanpHas miuaHupoBKa paboyero Mecra MpeaycMaTpUBaeT YeTKUH
MOPSAOK U TOCTOSTHCTBO Pa3MENIEHUs IPEIMETOB, CPEJICTB TPyAa U TOKYMEHTAIIUN
[18]. To, uto TpeOyeTcs i BBITOJHEHHs padOT Yaile, JOHDKHO PacloiarathCs B

30HE JIETKOM JOCATaCMOCTHU pa6oqer0 IMPOCTPAHCTBA, KaK IIOKAa3aHO Ha pPUCYHKC 5.1.

800 500 _—2004 0 200 - 600
800 =T T R e S Ty

o002 | L& | L4 el

]

o]

[d
Q,"'-’ ;D

450

700

Pucynok 5.1 — 30HBI 10CATaEMOCTH PyK B TOPU30HTAIBHON INIOCKOCTH, a —30HA
MaKCHUMaJIbHON JOCATAEMOCTH PYK; O — 30Ha TOCSTaeMOCTH MajblEB MPU
BBITSHYTOM PYKE; B — 30HA JIETKOU JOCSATAEMOCTH JIAJIOHH; T — ONTUMAJIBHOE

MIPOCTPAHCTBO JIJIsi TPyOO pPyuHOU paboThI

OnTuManbHOE pa3MeElIeHHe MPEeIMETOB TpyJa M JOKYMEHTallMd B 30HAX
JOCSITaeMOCTH PYK: TUCIIICH pa3MeaeTcs B 30He a (B IICHTPE); KJIaBHAaTypa — B 30HE
T/, CUCTEeMHBIN OJIOK pa3merniaeTcs B 30He O (clieBa); MPUHTEP HAXOAUTCS B 30HE a
(cipaBa); TOKyMEHTAIUSL:

— B 30HE JIETKOM J0CSITaeMOCTH JIaJIOHU — B (CJIeBa) — IUTEpaTypa u
JIOKyMEHTAIus1, HeoOxoaumasi mpu padbore;

- B BBIJIBIDKHBIX SIIMKAaX CTOJIA — JIATEpATypa, He UCTIOJIb3yeMast
nocrostHHO [19].

[Ipu mnpoeKkTHpOBaHWU THUCBMEHHOTO CTOJa JIOJDKHBI OBITh  yYTEHBI
cleayroIue TpeOoBaHus.

[Ipenen BeicoThI paboueii moBepxHocTH cToiia 680 - 800 mm. BricoTa paboueit

MOBEPXHOCTH, HA KOTOPYIO YCTaHABIMBAETCA KJIaBUATypa, JOJHKHA ObITH 650 MM.
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Pabounii cTos goymkeH ObITh miupruHOM HEe MeHee 700 MM u JyuHoM 6omee 1400 Mm.
JIOJKHO MMEThCS MPOCTPAHCTBO JJIsE HOT BbICOTOM He MeHee 600 MM, IIMPUHON —
He meree 500 MM, r1yOnMHOM Ha ypoBHE KoJjieH — He MeHee 450 MM u Ha ypoBHE
BBITSAHYTHIX HOI — He MeHee 650 mm.

Pabouee kpeciio JOMKHO OBITh MOABEMHO-IIOBOPOTHBIM U PETYIUPYEMBIM
10 BBICOTE M YTJIaM HaKJIOHA CUJICHBS M CITUHKH.

MonuTtop noiKeH OBITh pacoJIOKEH Ha YpOBHE IJ1a3 omeparopa Ha
paccrosinuu 500-600 mm. CornacHo HOpMaMm, YroJl HaOJIIOIeHUS B TOPU30HTAIBHOM
IJIOCKOCTH JOJKEH OBbITh He Ooiiee 45° k HOopManu skpaHa. Jlydine — eciu yroin
0030pa Oyzaet cocTaBisaTh 30°.

JlomkHa perycMaTpUBATHCS BO3MOKHOCTD PETYJIUPOBAHMS dKpaHa:

— 110 BeIcOTE + 3 CM;

— no HakioHy oT 10 1o 20 rpagycoB OTHOCHUTEIBHO BEPTUKAIH;

- B JICBOM M ITPaBOM HaIpaBJICHUSIX.

KnaBuarypy cnemyer pacrnojiaraTh Ha MOBEPXHOCTH CTOJIA HAa PACCTOSHHUU
100-300 MM ot kpas. HopManbHBIM TMOJIOKEHUEM KJIaBUATYphl SIBISETCA €€
pa3MelieHne Ha YpOBHE JIOKTS omepaTopa C yIJIOM HaKJIOHa K TOPU30HTAIBHON
wiockoctu 15° [18].

B nmaboparopun Ne 001A 10 kopmyca TIIY mNOTHOCTBIO BBITIOJHSIOTCS

yCTaHOBJICHHBIC HOPMBI [18].

5.2 IlpousBoacTBeHHasi 0€30MACHOCTh

5.2.1 AHau3 BpPeJAHbIX U ONACHBIX (PAKTOPOB
[Ipon3BoaCcTBEHHBIE YCIOBHsS Ha pabodeM MecTe XapaKTepu3yITCs
HAJMYMEM OIACHBIX W BPEIHBIX (PAKTOPOB, KOTOpHIE KIACCU(DHUIMPYIOTCS TIO
rpymnmnam AJIEMEHTOB: dusnueckue, XUMHYECKUE, OuoNOruyYecKue,
NCUXO(PU3NOIOTHYECKHE.
B Ta6muie 5.1 mpencraBiieHbl OnacHbIe U BpeIHbIe (PaKTOphI B 1abopaTopuu
Ne 001TA 10 xopmyca TIIV.

Ha pabotHuka mabGoparopuu, TPOBOJIAIIETO  AKCIEPUMEHTAIbHBIC
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UCCJICIOBAHMSI, MOTYT BO3/ICHCTBOBATH CIICAYIOIINE (haKTOPHI:
— (usnueckue;
— XHUMHYECKHE;
— TICUXO(PHU3NOIIOTUICCKUE;
— Owmonorudeckue [19].
Tab6muma 5.1 — Onacueie u Bpeaabie Gaktopsl B 1adopatopuu Ne 001A 10 xopmyca

TITY

®dakTOopbl
HopmartuBHBIE JOKYMEHTBI
Bpenusie OnacHble
I'OCT 12.1.007-76 CCBT.
Bpenusie Bemectna [20].
XUMHYECKUE BPEIHbBIC 3 MYV 2.6.5.033-2017 Opranuzanus
BEIIIECTBA. BEHTHJISIIIUH HA PAJMAIMOHHO OTTACHBIX

IpeanpUATHsIX (IPOU3BOAICTBAX )
rockopmoparuu "Pocarom" [21]

I'OCT 12.1.038-82 CCBT.
Dnextpobesonacuocts [22],CanlluH
DNEKTPUYECKUHUTOK 2.2.4/2.1.8.055-96.

DJIEeKTPOMArHUTHBIC U3Ty4YCHUS
paarovacToTHorouana3zona [23].

BosgeicTeue paguanuun
(BY,YBY, CBY u
T.J.).

IToxxapHas I'OCT 12.1.004-91 CCBT.
OITaCHOCTh [Moxapnas 6e3omacHOCTb[24].

CanlluH 2.2.4.3359-16
[Iym, MUKPOKITUMAT; «CaHUTapHO- MUAEMHUOIOTUICCKUE
BO3/ICHCTBUE PaHAIN TpeboBaHus K puznueckuMdparTopam Ha
(BY,YBY, CBY u pabouunx mectax» [25],
T.IL.). I'OCT 12.1.038-82 CCBT.
OnekTpobe3onacHocTh [22].

DNeKTPUYECKUNUTOK

K ncuxonoruuecku BpeIHBIM (pakTopam, BO3ACHCTBYIOIIMM Ha MEpCOHAI,
MO>KHO OTHECTH:
—  YMCTBEHHOE HalpsHKEHMUE;
—  (uzmyeckue neperpys3Ku.
buonornyeckue BpeaHbIE MPOU3BOACTBEHHBIE (DAKTOPbI B JlabopaTopuu
No 001A 10 xopnyca TITY oTCyTCTBYIOT.
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5.2.2 Ob6ocHOBaHMe MepPONPUATHH MO 3alIUTEe HCCIAeA0BATENA OT
NedCTBUSABPEIHBIX H ONACHBIX (PAKTOPOB

5.2.2.1 OTk/10HeHHe TIOKA3aTeJ el MUKPOKJIUMATA
Bosnmyx paGoueii 30HBI (MHKPOKIUMAT) MPOW3BOJCTBEHHBIX IOMEIICHUN
OTIPEMIETSIOT CIEAYIONIME MapaMeTphl: TeMIEepaTypa, OTHOCUTEIbHAS BIIAXHOCTH,
CKOPOCTb JBWXEHHMS Bo3ayxa. ONTUManbHbIE 3HAYEHHUS  XapaKTEPUCTHK
MHUKPOKJIMMATa IIpHuBeaeHbl B Tabuie 5.2 [19].

Tabnuna 5.2 — OnTuManeHble MapaMeTpbl MUKPOKIIIMATa

Mepron ronia Temmepatypa, °C OTHOCHUTENBHAS CKOpOCTh IBM)KEHUSIBO3/1yXa,
BJI&KHOCTB, % M/C
X OJIOTHBII 23-25 40-60 0,1
Témerit 23-25 40 0,1

K  wmepompusiTusM 1O O3I0POBIICHHIO  BO3IAYIIHOM  cpedbl B
MPOU3BOJICTBEHHOM  IOMEIIEHUH  OTHOCATCS:  IpaBWJIbHAs  OpraHU3alusd
BEHTWISILUU U KOHIUIMOHUPOBAHUS BO3yXa, OTOIJIEHUE TOMEILIEHUN.

Bentumnsmus — npouecc yaaneHus oTpabOTaHHOTO BO3yXa U3 OMELIEHUS U
3aMeHa ero HapyXHbIM. CucTteMa BEHTUJISALMH O0OECHeYMBAET OTTOK M MPUTOK
BO3/lyXa B IMOMeNIeHMH. BeHTuisus o0ecrneynBaeT CaHUTapHO- THTUEHUYECKUE
yCJIOBHS (TEMIEPATYPY, OTHOCUTENIBHYIO BJIAXXHOCTh, CKOPOCTHIBHKEHHS BO3lyXa
YU YHUCTOTY BO3/lyXa) BO3AYLIHOW Cpeabl B TOMEIICHHH, OJaronpusiTHble Jis
3I0POBbsl U CAMOYYBCTBUS 4YEJIOBEKA, OTBEYAIOIINE TPEOOBAHMSIM CaHUTAPHBIX
HOPM, TEXHOJIOTMYECKUX IPOLIECCOB, CTPOUTENBHBIX KOHCTPYKLUMH 3/1aHUM,
TEXHOJIOTUIA XpaHEHUS U T. 1.

BeHTunsiuust MOXKET OCYIIECTBISTHCS €CTECTBEHHBIM W MEXaHHYECKUM
nyTéM. OnTuMmanbHash KpaTHOCTh BO3AYXOOOMEHa B  IMPOMU3BOACTBEHHBIX
MOMEIIEHUSIX HaXOJUTCS B IOCTATOYHO MIMPOKUX mpeaenax: oT 3 ao 40 pa3 B yac
[19]. B wucmonb3yemoit 1abopaTopvii YCTAHOBJACH BBICOKOHAIIOPHBIN BBITSHKHOM
BeHTUIATOp Mapku BP-12-26-4 mpoumssogutensHocThio Q = 2400 — 4400 M%/9ac.

O6bem nadoparopun Ne 001 A paccuurtan o ¢popmyse (5.1):
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V=a-b-h=6m-12m - 7m=504 0" (5.1)
I[aHHLIﬁ BCHTHUJLATOP oOecrieynBaeT CICOYHOIIYIO KpaTHOCTb

Bo3myxoobmeHa (BO) B maboparopun, paccunTanHyro no popmyie (5.2):

BO = % = (2400 + 4400) / 504 = 4,8 +8,7 u™™. (5.2)

TpeOoBaHUsI W3JIOKEHBI B HECKOJBKMX JOKyMeHTax [16, 18], ykazaHsl
OPUEHTHUPOBOYHBIC TOKA3aTeMd KPaTHOCTH BO3AyXO0OOMeHa B (PU3HUECKHUX
nabopaTtopusx - ot 5 g0 15971,

Takum 00pa3oM, YCTaHOBIEHO, YTO MHUKPOKIMMAT B HCIOJIb3yEMOM
nabopatopun Ne 001A—10 yuebnoro xopmyca TITY cooTBETCTBYET ONTUMATLHBIM

ycioBusaM paboTsl [19, 21].

5.2.2.2 TlpeBbillIeHUE YPOBHS IIyMa

[lyMm yxynamaer yCIOBUS Tpyda, OKa3bIBaCT BPEIHOEC BO3JACHCTBHE Ha
OpraHu3M 4YeJOBEeKa, a MMEHHO, Ha OpraHbl ClyXa W Ha BECh OpPraHU3M uepe3
IIEHTPATbHYIO HEPBHYIO CHCTEMY.

B pesymprare aToro ocnabnsercs BHHMaHHE, YXYIIIAeTCS IaMsTh,
CHW)KAETCSl PEeaKI[usi, yBEIIMUYMBAETCS YMCIIO OIIMOOK Mpu padoTe.

[Iym MoxkeT co3gaBaTbcs paboTaromuM O00O0pyJAOBaHHMEM, YCTaHOBKaMU
KOHJUITMOHUPOBAHUS BO3/yXa, OCBETUTEIBHBIMU MPUOOpPAMU JTHEBHOTO CBETA, a
TaK)Xe MPOHUKATh U3BHE.

B HamreMm ciydae MCTOYHHKOM IITyMa SIBJIICTCS OTKAYMBAOIIHIA KOMITPECCOP.

[Ilym xomrmpeccopa BBICOKOYACTOTHOTO TEHEpPATOpa  HCIOIb3yEMOM
YCTaHOBKHU HE MPEBBIIACT 75 Ab, 4TO Tak e COOTBETCTBYET CAHUTAPHBIM HOpMaM
[25].

B tabnuime 5 . 3 mpuBeneHbl HOPMBI YPOBHS IITyMa MPU PA3IUYHBIX BHJIAX

pabor.
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Ta6nuna 5.3 — HopMaTtuBel ypOBHSI IIyMa MPU Pa3IMUHbIX BUJAX pabOT

MakcumanbHO JAOMYCTUMBIN ypOBeHb IiyMa (1b), B | DKBUBaJIEHTHBIE
nosiocax cnenyronux okras (I'm) YPOBHHU  IIIyMa,
nbA
Hayunas pabora,
pacyeTsl, 86 | 71 | 61 | 54 | 49 | 45 | 42 | 40 38 50
KOHCTPYHPOBAHHE
Oducsl, 93 | 79 | 70 | 68 | 58 | 55 | 52 | 52 | 49 95
JabopaTopun

B na6oparopun Ne 001A 10 yyebnoro kopmyca TIIY ypoBeHb mryma

COOTBETCTBYET CAaHUTapHBIM HOpMaMm [25].

5.2.2.3 TloBbIlIEHHBI YPOBEHDb 3JI€KTPOMATHUTHOTO U3JTyYeHHs

BrIcOkOoUacTOTHBI TreHepaTop IUIa3MEHHOM  yCTAaHOBKH  ITPOM3BOJIUT
AJIEKTPOMArHUTHOE HW3TyYCHHE, KOTOPOE MOXET OBITh CBEACHO K HYIIIO 3a CUeT
AKpaHUPOBAHUS.

Okpan u cucrtemabie Ojoku IIK Tak ke IPOM3BOIAT IJIECKTPOMArHUTHOE
m3nydeane. OCHOBHasT €ro 49YacTh NPOUCXOJUT OT CHCTEMHOTO OJioka u
BHUJIcoKkaOenss. HampspkeHHOCTh 3JIEKTPOMArHUTHOTO IO Ha paccrosHun 50 cMm
BOKPYT dKpaHa 1Mo JIEKTPUIECKON COCTABIISIONICH TOJDKHA OBITH HE OoJiee:

- B nuana3one yacToT SI'm — 2kl — 25B/m;

— B nuana3one yactoT 2K — 400kl 11 — 2,5B/m.

- INIOTHOCTh MAarHUTHOT'O TTIOTOKA JOJKHA OBITH He OoJiee:

- B quamna3one 4yactoT SI'm — 2kl — 250uTn;

— B nuara3one 9actot 2Kl — 400kl 'y — 258 Ta [20].

CylecTByOT CJIeAYIOIINE CITOCOOBI 3aIUTHI OT JEUCTBUSA
AIIEKTPOMATHUTHOTO M3TyUCHUS:

— YBEITUYCHHUE PACCTOSHUSA OT UCTOYHHKA (KPaH JIOJDKCH HaXOIUTCS Ha
paccrosiauu He MeHee 50 cM ot mosb3oBarens) [23].

YcranosneHo, yto B jaboparopun Ne 001A 10 yyeOnoro kopmyca TITY

YPOBCHb OJJICKTPOMAIrHUTHOTO H3JIIYUYCHHA COOTBETCTBYCT CAHUTAPHBIM HOPpMaM

[23].
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5.2.2.4 HepocTaToyHasi 0CBEIIEHHOCTH padoyeil 30HbI

YTomisieMoCTh OpraHOB 3pEHHUS MOKET OBbITh CBsI3aHA KaK C HEJJOCTATOYHOM
OCBEILEHHOCTBIO, TaK M C YpE3MEPHON OCBEIIEHHOCTbHIO, a TAKKE C HEMIPaBUIbHBIM
HaIpaBJICHUEM CBETA.

[To HOpMaTHBaM OCBEIIEHHOCTh Ha TOBEPXHOCTH CTOJIA B 30HE pPa3MEIICHUS
pabouero nokymeHnTa AojikHa ObITh 300-500 k. OcBenieHre He A0IKHO CO31aBaTh
OJIMKOB Ha MOBEPXHOCTHU 3KkpaHa. OCBELIEHHOCTh MOBEPXHOCTH IKpaHa HE AOJHKHA
ob1TH O0Jtee 300 nk [19].

SIpKoCTh CBETHJILHUKOB OOIIIETO0 OCBEIICHUS B 30HE YTJIOB U3Iy4deHUs oT 50
n0 90° ¢ BepTUKalbl0 B MPOJOJBHONM W TOMEPEYHOM IUIOCKOCTAX JOJIKHA
cocTaBisATh He Oonee 200 Ka/M, 3alIUTHBIA YroJl CBETUIILHUKOB JIOJDKEH OBITh HE
menee 40°. Koaddumment 3amaca (K3) 11 oCBETUTENBHBIX YCTAaHOBOK OOIIETO
OCBEIICHMS JOJDKEH npuHuMarbes paBHbIM 1,4, KoadduuueHTt mynbcanuu He
JTOJDKEH TPeBbIaTh 5 %.

HckyccTBEHHOE OCBEILIEHHE B MOMEMIEHUAX M 3Kciutyatauuu [19BM
JIOJIKHO OCYIIECTBIIATHCS:

— CUCTEMOH OO0IIEr0 paBHOMEPHOTO OCBEIICHHUS.

- B MIPOU3BOICTBEHHBIX U aJIMUHUCTPATUBHO-00IIIECTBEHHBIX
MOMEIIEHUSX, B CIy4asX MPEHUMYIIECTBEHHONH PaOOTHI C TOKyMEHTAMHU, CJIEIyeT
MPUMEHSITH CUCTEMBI:

- KOMOMHUPOBAHHOTO ocBeleHus (K o0meMy  OCBEIIECHUIO
JOTIOJTHUTEJIPHO YCTAHABIIMBAIOTCS CBETUIILHUKH;

— MECTHOTO OCBEIICHUS, TPeIHa3HAYCHHbIC [IJI1 OCBEIICHUS
30HBIPACIIONIOKCHHS JOKYMEHTOB) [19].

[Tnomans moMemnienrs Haxoautces 1o gpopmyse (5.3):

S=a-b, (5.3)
rje a — JIHa, M; b — IMpuHa, M.

S=6-6=36M",

Kosddumment orpakenuss mnoOeneHHBIX CTeH C okHamu, p. = 50%,
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nobeneHHoro mnoronka p,; = 70%. Koabdumment 3amaca, yuuThIBarOLIUN
3arpsi3HEHUE CBETHJIbHUKA I MMOMEIIEHUN C MaJlbiM BBIJCIICHUEM TIBUIM pPaBEH
K, = 1,5. KoaduruenT ayis HepaBHOMEPHOCTH TSl CBETOUOAHBIX JieHT Z = 1,1.

Breioupaem cBetoguonsl Diora LPO, cBeToBOW IMOTOK KOTOPBIX paBeH

@, =2900 JIm.

Bribupaem cBeTriibHUKH co cBeTouoaMu Tuna Diora LPO DLPOSE20-O-
6K-N. DTOT CBETHMJILHHK HMMECT JABE CBETOIMOJHBIC JICHTHI MOIIHOCTBHIO 20 BT
Ka)KJas, JJIMHA CBETWJIbHUKA paBHa 1260 MM, mmpuHa — 124 Mm.

HNHTEerpasbsHbIM KPUTEPUEM ONTHUMAIBLHOCTH PACIIONOKEHHUS CBETUIILHUKOB
SBJIICTCSI BEIMYMHA A, KOTOpasl Uil CBETOAMOIHBIX CBETHJIBHHKOB C 3aIl[UTHBIM
paccenBaresnieM JeXKuUT B quarna3one 1,1 — 1,3.

[Mpuanmaem A =11 paccTossHUE CBETUIBHHKOB OT MEPEKPBHITHS (CBEC)
h,=0,5m.

Bricora cBeTunpHHMKA HaJ pabodeil TOBEPXHOCTBIO OIPEACIsIeTCs IO
dbopmyiie (5.4):

h=h -h, (5.4)
rae h, — BICOTa CBeTHIIBHUKA HAJ IOJIOM, BHICOTA TTOJBECA, hp _ BBICOTa paboueii
MMOBEPXHOCTH HaJ TIOJIOM.

HanMenpimas momycTrmasi BBICOTa TIOJIBECa HaJI TIOJIOM IS IBYXJICHTOBBIX

cBeTmwibHUKOB Diora: h, = 3,5 m.
Bricota cBeTunpHHKA HaJ pabdoydeil MOBEPXHOCTHIO OIpeAeiseTcs o

dbopmyiie (5.5):

h=H-h -h =35-1-0,5=2m. (5.5)
N3 dhopmyist (5.6)
o, -E5 K. 2) (5.6)
N -7

riae N — 4ncio cBeTOANOIHBIX JICHT;

17 — K03 (PUIIMEHT UCTIOTB30BAHMS CBETOBOTO MOTOKA;

HAXOJIUM YHUCJIO cBeTOAnOaHBIX JeHT N mo dopmye (5.7):
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_(E:S K, 2)

N 5.7
o 1 (5.7)

77 ompeessieM Yepes HHaeKC nmomenieHus mo Gopmyie (5.8):
@b _ 66 ;g (5.8)

T h(@a+b) 2(6+6)

KO3(1)(I)I/IHHGHT HCIIOJIB30BaHHs CBCTOBOI'O ITIOTOKA, HOKaBLIBaIOHH/Iﬁ KaKasd
HaCTb CBCTOBOI'O IIOTOKA CBECTOAMOAHBIX JICHT IIOIIAJAaCT Ha pa6oqy10 IMOBCPXHOCTD,

IS CBeTWJIBHUKOB THma Diora co ceromwoansiMu jteHTamu npu p, =70 %,
P, =50 % u nnnexce nomemenus i = 1,5 pasen 77 = 0,52.

Torma
_ (E-S- K, -Z) _ 300-36-15-11
D -n 2900-0,52

[IpuHMMaeM KOIMYECTBO CBETOAMOAHBIX JIEHT 12. IIpu 3ToM nomyyaercs 6

N =11,81 neHr.

CBETHJIBHUKOB, T.€. 2 psiia MO 3 CBETHJIbHUKA.
[ToTpeOHBI CBETOBOM MOTOK CBETOIUOIHBIX JIAMIT:
b - (E-S-K,-2) :300-36-1,5-1,1
! N7 120,52
W3 ycnoBuil paBHOMEPHOCTH OCBEILIECHUs OIpezessieM paccrosHus L, u

= 2856 JIm.

L,

=, L,u ?Zno CIIEYIOIIMM YPABHEHHUAM:

3

6000:L1+§-L1+2-124; L, =3451 mw, %znso MM; (5.9)

6000=2-L, + % L, +3-1260; L, =832 mm, %zm MM; (5.10)

Ha pucynke 5.2 n300pakeH 1iaH moMenieHus U pa3MeIieHus CBeTUIILHUKOB

CO CBETOMOAHbIMU JeHTamu B tabopatopuu Ne 001 A 10 yueOnoro kopnyca TITVY.
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3451

1150

6000
&

[

) 277

¥

Pucynok 5.2 — Ilnan nabopatopuu NeOO1A u pa3menieHusi CBETUIBHUKOB CO

CBCTOOHMOAHBIMU JICHTaAMH

Jlemaem IpOBEPKY BBITTOJIHECHUS YCIOBUSL:

~10% < (@, - D)

.100% < 20%: (5.11)
10

(@, —®,) _ (2900-2856) _,
@ -100%  2900-100%

9%

'l

Takum oOpa3zom, MBI TOJYYIJIA, YTO HEOOXOMMMBIA CBETOBOM TMOTOK HE
BBIXOJUT 3a Mpenensl TpeOyemMoro auana3oHa. MOIIHOCT OCBETHTEIbHON
YCTaHOBKH ITOJIyYHIIACH:

P=12-20 = 240 Br.
Takum 00pa3oM, YCTaHOBJIEHO, YTO OCBEUICHHOCTh B HCHOJIb3yeMOU
nabopatopuun Ne 001A 10 yueOnoro kopmnyca TIIY cooTBeTcTBYeT ONTUMaIbHBIM

ycinoBusiM pabotsr [19, 21].

5.2.2.5 DJ1eKTp0o0e30nacHOCTh
DnekTpoOe30MmacHOCTh — 9TO CHCTEMa OPTraHU3AIMOHHBIX M TEXHUYECKUX

MEPOTIPUATUNA M CPEACTB, OOECICUMBAIONINX 3aIUTy JIOACH OT BPEIHOTO U
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OMMACHOTO  BO3JCHCTBUS  DJEKTPUYECKOTO  TOKA,  DJIEKTPUUYECKOM  JyTH,
AIEKTPOMATrHUTHOTO TIOJISL U CTATUYECKOTO AJIEKTPUUECTBA.

B 3aBHCHMOCTH OT yCJIOBHI B TOMEIIEHUH OMTACHOCTh MOPAXKEHUS YeJIOBEKa
AIEKTPUUYECKUM TOKOM yBEITUYHMBAETCS UM yMeHblnaetTcs. He cnenyer paborats ¢
[15BM wunu apyrumMu 3JIeKTPUYECKUMHU MPUOOpPaMH M YCTAaHOBKAMHU B YCIIOBHSIX
MOBBIIICHHONM BJIAXKHOCTH (OTHOCHUTENbHAS BJIAXKHOCTh BO3AyXa JJIUTEIBHO
npeBbiiiaer 75 %), Bbicokoi Temmeparypbl (6osmee  35°C), HamuumMu
TOKONPOBOJSALIEH  MbUIM,  TOKONPOBOASIIMX  IOJOB W BO3MOXHOCTH
OTHOBPEMEHHOTO IPUKOCHOBEHUS K HMEIOIIMM COCIUHEHHE C 3eMIIEN
METAJTIMYECKUM 3JIEMEHTaM U METaNINYECKUM KOPITyCOM 3JIEKTPOOOOPYAOBAHHUS.

CyuiecTByeT 0acHOCTb 3JEKTPONOPAKEHHS B CICTYIONIUX CAyYasx:

— IIPU HEMIOCPEACTBEHHOM IIPUKOCHOBEHUH K TOKOBEAYIIUM YacTsAM BO
BpEMsI PEMOHTA JIEKTPUYECKUX IPHUOOPOB;

— IIPU MPUKOCHOBEHUH K HETOKOBEIYIIMM YacTsIM, OKa3aBIIUMCS MO
HanpsHKeHUEM (B CiIydae HapyIIeHUs U30Jsiun) [22];

Meponpusatus no o0ecrneyeHuto 3IeKTpo0e30MaCHOCTH YCTaHOBOK:

— OTKJIFOYEHHUE HANPSIKEHUS C TOKOBEIYIIHMX YacTei, HA KOTOPBIX WM
BOJIM3U KOTOPBIX OyA€T MPOBOAUTHCS padOTa, U MPUHITHE MEP MO 00ECIICYEHUIO
HEBO3MOKHOCTH MOJAa4YH HAMPSKEHUS K MECTY padOTBhI;

- BbIBEIIMBAHME [JIAKATOB, YKA3bIBAIOLINX MECTO pabOTHI;

— 3a3eMJICHUE KOPITYyCOB BCEX YCTAHOBOK Y€pe3 HYJIEBOU MPOBOI;
ITOKPBITUE METAUIMYECKUX TOBEPXHOCTEN HHCTPYMEHTOB HAJEHKHOU U30JISLMUEN;

— HEJOCTYITHOCTh TOKOBEAYILIMX YaCTE anmapaTypsl (3aKJI0UEHUE B
KOPITyC TOKOBEIYIIHMX M AJIEKTPOIIOPAKAIONINX YacTeit) [22].

DNeKTpO3alUTHBIE CPEICTBA — 3TO IEPEHOCUMBIE U NTEPEBO3UMBIE U3EIINS,
CyXalye i 3alluThl JIoJed, paboTaloluX C 3JIEKTPOYCTAaHOBKAMH, OT
MOPAKEHUS DJIEKTPUYECKUM TOKOM, OT BO3JECUCTBHS 3JEKTPUUYECKON Oyru. OTu
CpeICTBa JOJDKHBI 00ecreyrBaTh BBICOKYIO CTEMEHb 3allUThl U YAOOCTBO MpH
sKCIUTyaTanuu. Mx BeIOMparoT ¢ ydyeTom TpeOoBaHUM 0€30MacHOCTH AJIsl TaHHOTO

Busa pabot. B mepByro ouepenb 0€30mMacHOCTh OOECIEYMBACTCS MPUMEHEHHUEM
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CpeacTB KOJIJIEKTUBHOM 3alliThI, a 3aTCM, €CJIM OHAa HC MOXET OBITH O6CCH€‘{€H3,

IMPUMCHAIOT CPCACTBA HHHHBHHy&HBHOﬁ 3allIUThI.

K cpeacream I/IHI[I/IBI/II[yaJ'IBHOf/'I 3alIUTBl OT IIOPAXCHHUA OIJICKTPHUYCCKHUM

TOKOM OTHOCATCA:

- orpaanuTCIbHBIC YCTpOfICTBa, KOTOPBIC MOT'YyT OBITH CTallMOHAPHBIMHU

Y IEpEHOCUMBIMU. OrpakI€HUsI MOTYT OBITh COJIOKMPOBAHBI C YCTPONCTBAMH,
OTKJIIOYAIOLIMMU paboyee HaNpPsHKEHUE MPU CHATUU;

— W30JIMPYIOIINE YCTPOICTBA U MOKPBITHS;

— YCTPOMCTBA 3aIlMTHOIO 3a3€MJICHUS, 3aHYJICHUS U 3alIUTHOTO
OTKJIFOUECHHUS;

— YCTPOMCTBA AUCTAHIIMOHHOTO YIPABICHHUS;

— IIPENOXPAHUTEIIBHBIE YCTPOMCTBA U JP.

B tabmuue 5.4 npuBeneHa  kiaccuuKanus — MOMEIICHUIN

AIEKTPOOE30MACHOCTH.

Tabnuna 5.4 — Knaccudukarys MoMemeHni mo 3JeKTpo0e30macHOCTH

I10

Kareropus Pactmdponka Kpurepuu

- Bnaxunocts He 6onee 75 %

- Paboraromas mpuTOuHO-BBITSKHAS
1 [Tomerenust 6€3 MOBBIINIEHHON | BEHTUIISIIUS

OTIaCHOCTH - Temnieparypa ne Boie 35 °C

QJICKTPUYCCTBO

- MaTepHan IMMOKPBITHUSA T10JIa HE ITIPOBOAUT

- Bnaxxnocts Gonee 75 %

- B BO31yX€ BO3MOXKHO Hanu4ue
TOKOIIPOBOJSALLEH LN

2 [ToMemienus ¢ MOBBIIEHHOW | - BBICOKOE CcollepKaHKE B BO3LYXE
OIACHOCTBIO XUMHYECKUX COCTUHEHUHN

JIEKTPUYECTBO
- Beicokas Temnieparypa

- Marepuan nona cnoco0eH NpoBOAUTD

%

- Oco00 ceIpbIe, BIaXHOCTH Bo3ayxa 100

- [ToMmenieHnsa ¢ akTHBHOU XUMHYECKON

Oco0o onacHbIe WJIM OPraHU4eCKOU cpenon
3 - Hannume cpasy nByx ¢axTtopos,
OTHOCSIIITUXCSI K YCIIOBHSIM MTOBBITIIEHHON
OIaCHOCTH
4 Tepputopuu ¢ OTKpbITEIMA | - Hanmuune oTKpBITOro
AJIEKTPOYCTAaHOBKAMHU pacnpenenuTenbHoro yerporcrsa (OPY)
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N3 tabmuipl 5.4 MoxHO BUAETH, uTo jJadoparopusi Ne 001A 10 yueGHOro
kopiyca TIIY oTHOCHTCA KO 2-011 KaTErOpHUH.

OpraHu3alMOHHBIMU MEPONPUSITUAMH MO SJIEKTPOOE30MACHOCTH SIBISIOTCS
MEPUOANYECKHE M BHEIJIAHOBBIE WHCTPYKTAXKH. [lepHOIWYECKUN HWHCTPYKTAXK
MIEPCOHAITY, BBHITIOJHSIONMIEMY CICIYIONTUE padOTHl: BKIIOUYCHHE M OTKIIOUYCHUE
AIIEKTPONIPUOOPOB, yOOpKa TMOMEMICHWH BOJM3U DJICKTPOIIUTOB, PO3ETOK U
BBIKJIIOUaTeael u T. 1. Bech HEINEKTPOTEeXHUYECKUU MEepCOoHaN JOHKEH OBITh
aTTECTOBaH Ha TEPBYIO KBaTM(UKAIIMOHHYIO TPYIITY IO 3JIEKTPOOE30MaCHOCTH.
[epromuveckuii MHCTPYKTAX MPOBOJAUTCS HE MEHEE OJHOTO pas3a B rox [19].

BHennaHOBBI MHCTPYKTaK MPOBOAUTCS PYKOBOIAUTEIEM MOAPA3IACIECHUS
MPUBBEJICHUHU B SKCILTyaTalliI0 HOBOTO TEXHUYECKOTO AJIEKTPOOOOPYI0BAHHUS.

ITpu BeimonHennu aanHo BKP, nucnonsizoBancs BUD-na3MeHHBIN CTEHIC
UCIIOJIb30BaHUEM BBICOKOYACTOTHOTO TeHepatopa BUI'8-60/13. DtoT reneparop
IIATAETCS OT CETH C NPOMBIIUICHHBIM HanpspkeHueM 380 B, ¢ aHOOHBIM
HanpsbkeHueMm 10,5 kB u HomuHanbHOU oTpediasiemoit  MorHocThio 100 kBT.

[Ipy wucCnosb30BaHUM JAHHOTO OOOpPYJAOBaHUS CTPOTO  BBITIOIHSIUCH
TpeOOBaHMSI MO  DJIEKTPOOE30MACHOCTH, BCE  OMNEPAMH  BBITIOJIHSIIACH

PYKOBOAMTENEM, MMEIOIINUM JOIMYyCK K padoTe ¢ HanpspkeHusimu cbimie 1000 B.

5.2.2.6 llcuxoduszuueckue GpaxkTopbl

[Icuxodusnonoruueckue onacHble U BpeIHbIE IPOU3BOICTBEHHBIE (DaKTOPBI,
JeNsATCs Ha: (PU3WYecKHe Meperpy3ku (CTaTUYecKue, TUHAMUYECKHE) U HEpBHO-
NICUXUYECKUE NIEPErPY3KH (YMCTBEHHOE MEPEHAIPSIKEHNE, MOHOTOHHOCTD TPY1a).

TpynoBas nedarenbHOCT, PaOOTHUKOB  HEMPOU3BOJACTBEHHOW  cdepsl
OTHOCHUTCSl K KaTeropuu padoT, CBSI3aHHBIX C MCMOJIb30BAHUEM OOJIBIINX 00BEMOB
uHbOpMaIK, C IPUMEHEHUEM KOMIIBIOTEPU3UPOBAHHBIX PA0OUUX MECT, C YACTHIM
NPUHATUEM OTBETCTBEHHBIX pELIEHWH B YCIOBUSX JAeQUIUTA BpPEMEHH,
HEIOCPEICTBEHHBIM KOHTAKTOM C JIFOJbMHU Pa3HbIX TUIIOB TEMIIEPAMEHTA U T.A. ITO
0OyCIJIOBIIMBAET BBICOKUH YpPOBEHb HEPBHO-TICUXHUYECKOM MEPEerpy3KH, CHIXKAET

(GyHKIHMOHATBHOCTD EHTPAIBHON HEPBHOW CHCTEMBI, MPUBOJUT K PACCTPONCTBAM
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B €€ JICATENBHOCTH, Pa3BUTHS YTOMJICHHUS], IEPEYTOMIICHHUS], CTPECCY.

Haubounee s dekTrBHBIE CpencTBa MPEAYPEXKICHUS yTOMIIEHUS PU paboTe
Ha TPOU3BOJACTBE — 3TO CPEIACTBA, HOPMAIU3YIOIIHE AaKTHUBHYIO TpPYIOBYIO
JesATeIbHOCTh uenoBeka. Ha oHe HopManibHOTO MpoTEeKaHusi MPOU3BOJACTBEHHBIX
MIPOIIECCOB OJTHUM U3 BXKHBIX (PU3MOJOTHUECKUX MEPONPUATUN IPOTUB YTOMIICHHUS
SIBIISICTCS IPABUJIBHBIN PEXKUM Tpyia v oTabixa [19].

B xoze Boimonnenus padota B taboparopuu Ne 001A 10 yue6HOTO KOpmyca
TIIY pykoBoAMTENEM OpPraHU30BaHbl BCE HEOOXOIUMBIE MEPONPUATUS IS

HHUBCJIMPOBAHUA HCI/IXO(I)HSI/I“IGCKI/IX (b&KTOpOB

5.2.2.7 Xumudeckasi 6€30MacHOCTh

I[Ipu oskcrmyaranmun BY®  mmasmMarpoHa B OKPYXKAKIIYK — Cpeny
BBHIOpAChIBAIOTCS BpEAHBIE Ta3000pa3HbIe BEIIECTBA, C KOHIICHTpaIlMeH, He
MPEBBIIAIONICH HOPMBI TpEACTbHO AomycTUMoil. B Tabmuue 5.5 mnpuBeneHbl
npenenbHo nomyctuMmble KoHreHTpanuu (I1/IK) BpemHpIx BelecTB M MX Kiace
OIIacHOCTH [26].

Knaccel onacHocTu:

1 — BemiecTBa Ype3BbIYAMHON OMACHOCTH;

2 — BEIIECTBA BLICOKO OMACHBIC;

3 — BeniecTBa yMEpPEHHO OIACHBIE;

4 — BemecTBa MaJjio oracHeie [23].

Tabmuua 5.5 — [TJIK BpeaHbIX BEIIECTB U UX KJIACC OMACHOCTH

No BemectBo TIK, mr/m° Knacc onacnoctu
Oxcua MarHust 3,0 3
2 Aneron 0,2 4
Bentunsamus oOecreunBaeT CAaHUTAPHO-TUTUEHUYCCKUE YCJIOBUS

(Temmiepatypy, OTHOCUTEIBHYIO BIIA)KHOCTb, CKOPOCTh JBHWKECHHSI BO3AyXa U
YUCTOTY BO3yXa) BO3IYITHOM Cpeibl B TOMEIICHUH, OJIaroNpUsITHBIC JIJIs1 310POBbS
U CaMOYYBCTBHS YEJIOBEKA, OTBEYAIOIIHE TpPEOOBAHUSM CAHUTAPHBIX HOPM,

TEXHOJOTHYCCKUX IMPOUECCOB, CTPOUTCIILHBIX KOHCTPYKHI/Iﬁ 3)13HI/II\/'I, TEXHOJIOTUM
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xpaHeHuss u T. A. CucTtemMa BEHTWISAIMM Ha IUTa3MAaTPOHE OCYIIECTBIISCTCS C
MIOMOIIIBIO  CTICIIMATBHBIX JIBIDKUMBIX JIONIACTEH, 00ECIeYNBAIONINX CKOPOCTh
moToKa Bo3ayxa 18,76 M/c uepes ra3oxo] (BEHTHIISALIHIO).

[Ipu paboTe HCMIONB30BATUCH CIEAYIONIUE CPEACTBA WHIAWNBUAYATbHON

3alIUTHl: PE3UHOBBIC TEPUYATKH, JTa0OpaTOPHBIA XalaT, PECHUPATOP «JIETIECTOK»

[28].

5.2.2.8 IloxkapHasi 1 B3pbIBHAsI 0€30M1aCHOCTh

CornacHo HOpMaMm TOKapHOW O€30MacHOCTH, B 3aBUCHUMOCTH  OT
XapaKTEPUCTUKHU HCIOJb3YEMBIX B MPOU3BOJICTBE BEIIECTB M UX KOJIMYECTBA, IO
NOKapHOM U B3PHIBHOM OMACHOCTU MOMEILEHUS MOJPa3AeaioTCsa Ha KaTeropuu A,
b,B, T, 1[27].

Tax kak nomenieHne 1a60pPaTOPUU MO CTENEHU MT0KAPOONACHOCTU OTHOCUTCS
K Kateropuu B, T.e. K TOMEIIEHUSIM C TBEPABIMU CTOPAIOIIUMHU BEIICCTBAMH,
HEOOXOMMO MPETyCMOTPETh Psil MPOPUIAKTUYECKUX MEPOTIPUSATHUH.

Bo3MokHBIE IPUYMHBI BO3ropanus [24]:

- paboTa ¢ OTKPBITON DIEKTPOAIapaTypo;

- KOPOTKHE 3aMbIKaHUs B OJIOKE TUTaHMS;

- HEeCcOOIII0/IeHNE TIPaBUJI NTOKAPHOU OE€30MaCHOCTH;

- HAJIMYUE TOPIOYUX KOMIIOHEHTOB.

Haubosnee onacHbIM ¢ TOYKH 3pEHUS TOXKAPHOH 0€30MaCHOCTH BEUIECTBOM,
IPUMEHSEMbIM B paboTe, SBISETCS alleTOH.

Bce paboTel ¢ aneTtoHOM JOJDKHBI TPOBOJIUTHCS C HCIOJIB30BaHHUEM
MPUTOYHO-BBITSDKHOW ~ BEHTWJISIIMM ~ BOAJIM OT OTHA W HCTOYHHKOB
HUCKPOOOpa30BaHMUS.

[Ipu otOope mpoO, mpoBeneHUH aHalM3a U OOpalleHuH B  Ipoliecce
TPAHCTIOPTHBIX M MPOU3BOJICTBEHHBIX OMNEPALUA C aleTOHOM IPUMEHSIOTCA
WHIMBHUIyaJIbHBIE CPEICTBA 3allIUTHl 0 HOPMaM BBIIAYM CIICIUATBHON OJCHKIBI,
CIeNHMaNbHOW O0yBH W  JPYIMX CpPEACTB  3alllUTHI, YTBEPKICHHBIM B

YCTaHOBJICHHOM ITOPAJKE.
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JUJist TyllIeHUs TOPSIIIETO aleTOHA MPUMEHSIOT MOPOIIKOBbIE OTHETYIIUTENH,
CpelicTBa O0BEMHOr0 TylIeHUs (MUHHMMAalbHAsg OrHETyIIAIlas KOHIEHTpPALUS:
yraekucioro raza — 29 % (mo oOwvemy), azora — 43 % (mo ob6wvemy),
nuopomrerpadTopatana — 2,1 % (1mo o0bemy), ecok, acOeCTOBOE OESII0 U MEHY
[24].

MeponpusiTuss 1m0 TOXapHOW  NpOQUIAKTHKE  pa3Aensiorcs — Ha:
OpraHU3aIMOHHBIC, TEXHMUYECKUE, SKCIUTYaTallMOHHBIC U PeXUMHBIC [24].

OpraHu3ailiOHHBIE ~ MEPONPUATHS  NPEIyCMATPUBAIOT  NPABHIBHYIO
HKCIUTyaTali0 00OpYyI0BaHUs, NMPAaBUIBHOE COJEp)KaHUE 3JaHUM U TEPPUTOPHIA,
MPOTUBOIIOKAPHBIM ~ MHCTPYKTOX  pabouyumx HW  CHOyXKamux, oOydeHue
MPOM3BOJCTBEHHOTO TIEpCOHAIa TPaBUJaM TPOTHUBOIMOKAPHOW OE30MacCHOCTH,
U3JlaHie UHCTPYKIINH, MJIaKaTOB, HAJIMYKE TUIaHa 3BaKyaruu [24].

K TexHnyeckum MepOrpHUsITHIM OTHOCSTCS: COOII0ICHIE TTPOTUBOMOXKAPHBIX
MIPaBHJI, HOPM IIPHU MPOCKTHUPOBAHUH 3[aHHM, IPH YCTPOHUCTBE AJIEKTPOIPOBOIOB U
00Opy10BaHUsl, OTOIUICHUS, BEHTWISALMU, OCBEILEHUS, MPaBUIbHOE pa3MeEIICHHE
obopymoBanus [19].

K pexuMHBIM MepOmpUSTHSIM  OTHOCATCS, YCTAHOBJICHHE  IPaBUI
opraHuzauud  paboT, ¢  COONIOACHHE  MPOTUBOMOXKApHBIX  Mmep. Jlud
IpeIynpekIeHNs BOSHUKHOBEHUS TI0Kapa OT KOPOTKUX 3aMBIKaHHM, IEPETPY30K U
T. JI. HEOOXOIMMO COOJTFOJICHHE CIISTYFOIIMX MTPABHJI IOXkKApHO#I 6e3onacHocTH [19]:

- UCKJTIOYCHHE 00pa30BaHus TOPIOYEH cpenbl (TepMeTH3aIus
000pyI0BaHUs1, KOHTPOJIb BO3AYIIIHOM Cpe/ibl, paboyasi U aBapuitHast BEHTUIISAIUSA );

- MPAaBWJIBHOE COJIEPKAHUE 3AaHUN U TEPPUTOPUN (UCKITFOUCHHE
00pa30BaHMsI HICTOYHMKA BOCIIIAMEHEHHUS - TIPEAYTPEXKICHNUE CAMOBO3TOPAHUS
BELIECTB, OTPAaHUYECHHUE OTHEBBIX PaldoT);

- U3JIJaHUe WHCTPYKIUH, TJIAKaTOB, HAJTMYKE TUTaHa DBaKyalluu;

- COOJTIOICHNE TIPOTUBOIIOKAPHBIX MIPABHII, HOPM MPHU MPOSKTUPOBAHUHT
3JJaHUH, IPU YCTPOMCTBE 3JIEKTPOIPOBOJOB U 0O0PYI0BaHMSI, OTOIIJICHHUS,
BEHTUJISIIINN, OCBEIIICHUS;

- MPaBUIILHOE pa3MeleHrne 000py0BaHMS;
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- CBOEBPEMEHHBIN NMPOPUIAKTUIECKUI OCMOTP, PEMOHT U UCIIBITAHNE
00opy10BaHUS.

[Ipy BO3ZHMKHOBEHUH TOXKapa COOOIIUTH PYKOBOJIUTENIO, OpraHamM
IPOTUBONOXKAPHOI O€30MACHOCTH MTPEANPUATHS U IPUCTYIIUTH K TYLIEHUIO I0Xapa
OTHETYLIUTEIEM.

[Tpu BO3HMKHOBEHUU aBAPUITHON cUTyaIu HeoOXoaumo [24]:

- COOOIIUTH PYKOBOJACTBY (JIKYpPHOMY);

- MO3BOHUTH B COOTBETCTBYIOILYIO aBapHitHyto ciryx0y win MYC no
tenedony — 112;

- IPUHATH MEPHI MO JTUKBUJIALUHU NOCIEACTBUM aBapyuu B COOTBETCTBUU

CUHCTPYKIHEM.

5.3 be3onacHOCTH B AaBAPUITHBIX W YPE3BbIYAHHBIX CUTYAlMAX

UpesBbiuaiinas cutyarus (YC) — oOcTaHOBKa, CJOXMBIIAsiCA Ha
ONPEICICHHOW TEPPUTOPHUH B PE3YIbTATE ABAPUH, ONTACHOTO MPHUPOJHOTO SBJICHMUS,
KaTtacTpodbl, CTUXUWHOTO WM UHOTO O€JCTBUS, KOTOPask MOKET MOBJIEYb 3a COO0M
YeJIOBEYECKHUE JKEePTBbI, yIIEpO 3I0POBBIO JIIOACH WM OKPYXKAIOIIEH MpUpPOTHON
cpene, 3HAYUTEIbHbIE MaTepuajbHblE TOTEPU U  HAPYLIEHHUE  YCIOBUU
JKU3HEAESITSIIbHOCTH JIFOACH.

ABapuitnas cutyanus (AC) — coueraHue YCIOBUH M OOCTOSITEILCTB,
CO3/JIAIOIINX YIPO3Y BO3HUKHOBEHHUS aBapvil U JPYTHMX ONACHBIX MPOUCIIECTBUH,
KOTOpbI€ MOTYT MPHUBECTU K B3pBIBY, IMOXKapy, OTPABICHHUIO, TUOETU WU
TpaBMUPOBAHUIO (3a00JIEBAaHUIO) JTIOJCH, MOTEPSIM MaTEPHAIBHBIX IIEHHOCTEH.

[Tpu npoBeaeHun uccieaoBanus Haubosee BeposTHor UC sBisieTcst moxap.
[Toxxap B paboyeM TMOMEIICHUHM MOXET BO3HUKHYTh BCJICACTBHUE MPUUUH
HEAJIEKTPUUECKOTO W DJIEKTPUYECKOTO Xapakrepa. B Tabmmie 5.6 paccMOTpeHbI
BO3MOKHBIC aBapUNHBIE U YPE3BbIUAMHBIC CUTYAIIMU, METOAbI UX MPEIOTBPAICHUS

U JIMKBU Al HOCHGI[CTBI/Iﬁ.
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Tabnmuma 5.6 — ApapuiiHble | Ype3BbIYAMHBIE CHUTYallMM, METOJBl HX
MPEIOTBPAICHUS Y JTUKBUIALMH TTOCIEICTBUI
ABapHﬁHim " JIukBupanus
No | upesBhIuaitHas Mertonbl npegorpanienus AC u UC nocrenctsuii AC 1 UC
CUTYyalHs
IIpoBeneHue BBOJHOIO 1 MOBTOPHOTO (4epe3
6 Mec.)MHCTPYKTaxa; Bb130B mokapHOii ci1y kOBl
Toskap Co0uroieHre TEXHOIOTMYECKHX PEXKUMOB | | cracaresei (ten. 112);
npou3BojcTBa; Co3naHue ycaoBUM i Br130B cxopon
1 IBaKyaluu MEIULUHCKOUITOMOIIN
Ilepconaina
[IpoBeneHue BBOHOTO U IOBTOPHOTO (Yepe3 Br130B cxopon
Vtap ToKoM 6 Mec.)UHCTPYKTaxa; } MC,Z[I/II_II/IHCKOI‘/:IHOMOH_[I/I
2 Copneprxanue SHEPreTUIECKUX CEeTeH B (texn. 030, 1012), Oxazanue
UCIIPAaBHOM COCTOSIHUU NepBOil momMoIu
[IpoBeeHue BBOJHOIO M MOBTOPHOTO (4epe3
TpaBmupoBanue 6 Mec.)MHCTPYKTaxa; BrI30B cxopoi
B pesynbrate | Co3aHue cUCTeM MpeayNpeKICHUANAACHUH; | MeAULIUHCKOUITOMOIIN
NaJCHUS C Co0mronars TpedoBanwust 6e3omacHoctu rpu | (ten. 030, 112); Oka3anue
3 BBICOTBI BBINOJIHEHUH IepBOil moMoIu
paboT Ha BHICOTE

B naHHOW rnaBe NMpOBEJAEH aHajiu3 BPEIHBIX M OMACHBIX (PAKTOPOB Ha

pabouem mecte B 1abopatopuun Ne 001A 10 xopmyca TITY ¢ uccnenoBanuem:

- mukpokimumar [19, 21];

- mym [25];

- 3JICKTPOMarHuTHOE u3nydenue [23];

- ocBemeHHoCTh [19];

- ncuxodusronornyeckue haxkrops [19];

- XUMUYECcKas 0€30macHOCTh [26];

- aJIeKTpoOe3onacHoCTh [22];

- M0KapOo-B3pPhIBOOE30MacHOCTH [24].

[Tomemenne Ne 001 A—10 xopryca TIIY otHeceHo:

- 110 AJIeKTpoOe30macHoCTH — K 2 Kiaccy [19];

- T10 TOKapO-B3PHIBOOE30MAaCHOCTH — K Kateropuu B [24].

Taxkxe pacCMOTPEHBI BO3MOXKHBIE aBAPUNHBIC U YPE3BBIYANHBIC CUTYAIUH,

MCTOJ bl UX ITPCAOTBpAIICHUS U JTUKBUAAINN HOCJ'IG)ICTBPIﬁ.
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Conclusions

1. The report reviews and evaluates several ways to get uranium-thorium
dispersion nuclear fuel. Their findings suggested that the plasma-chemical synthesis
could be used to produce DNF, which is FOC, from dispersed water-organic nitrate
solutions that also contained the organic compound acetone.

2. Based on the calculation findings, the compositions of the WONS
solutions were defined, ensuring their energy-efficient plasma processing, as well as
the regularities of the impact of the organic component (acetone) on the flammability
indices of water-organic nitrate solutions:

Composition WONS - 2, 6, 10, 14 (80% WNS : 20% acetone).

3. The following conditions were established that guarantee the plasma-
chemical synthesis of oxide compositions «UO,-ThO,-MgO» and
«UO,-ThO,-Al,O3» of the required composition in air plasma in accordance with
the results of thermodynamic modelling of the process of plasma treatment of
WONS solutions:

— composition WONS - 2, 6, 10, 14;

—  minimum mass percentage of air plasma coolant: 57%;

—  process temperature: 1500+200 K;

—  specific energy consumption for obtaining 1 kg FOC «UO>-ThO,-
MgO»: 23,38 — 23,83 MJ/Kg .

4. Based on the experiment's findings, the plasma stand's operating modes,
which guarantee effective processing of scattered WONS in an air-plasma flow,
were identified:

— HF discharge power — 14,5 kW,

— the reactor's operating temperature — 1100+50 °C;

— low rate of the WONS — 300 I/h;

— rotational frequency of the disperser rotor — 50 Hz;

— use of water during the «hardeningy» of oxide compositions — 2.8 kg/s.
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5. From dispersed WONS solutions, oxide compositions were plasma-
chemically synthesised in an air-plasma flow, and their physicochemical
characteristics were investigated. The paper presents the patterns for how the
resulting OC's size and specific surface area are affected by the mass percent of the
matrix (magnesium oxide). It is demonstrated that a change in the mass fraction of
the matrix (MgO) in the MOC obtained from WONS solutions from 10% to 20%
leads to a decrease in the size of the resulting MOC particles from 9.8 um t0 9.6 um
(LD method), while the specific surface of the MOC and the particle size lie within
68-67 nm and 13.1-14.5 m?/g (BET), respectively.

The results obtained can be used to create an energy-efficient technology for
the plasma-chemical synthesis of fuel oxide compositions for uranium-thorium DNF

for high-temperature gas-cooled reactors for hydrogen production.
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Figure A1 — The impact of temperature on the equilibrium composition of the primary plasma-processed WONS-1+4

solution's condensed phases, which are based on acetone and include the matrix material MgO at a mass fraction of air:
a,b,c,d-57%;e, f—59%; g-60%;h-61%
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Figure A6 — The impact of temperature on the equilibrium composition of the primary plasma-processed WONS-21-+24

solution's condensed phases, which are based on acetone and include the matrix material Al,O3 at a mass fraction of air:
a,b,c,d-55%;e,f g—59%;h-61%
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Figure A7 — The impact of temperature on the equilibrium composition of the primary plasma-processed WONS-25+28

solution's condensed phases, which are based on acetone and include the matrix material Al,O3 at a mass fraction of air:
a, b, c,d-55%;e, f-58;g-60%;h-61%
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Figure A8 — The impact of temperature on the equilibrium composition of the primary plasma-processed WONS-29+32

solution's condensed phases, which are based on acetone and include the matrix material Al,O3 at a mass fraction of air:

a, b, c,d-55%; e, f—59%; g-60%; h-61%
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Table Al - Comparison table of received currents with matrix MgO

Composition of

» Composition WONS, % mass Q. , ) 2.,
Composition OC f}?( T, K| Air, % products S/pk
UO,(NO,),6H,0 | Th(NO,),6H,0 | Mg(NO,)» 6H,0 | H,0 | CHO | MIka Uo, [U,0,[mgo| MYkd
a = UO2/(UO;+ ThO,;) = 0.5
69 + [ - [+
47.5% UO,— 47.5% ThO2 - 538 |1 T I I el
o7 5§/o_|v|gb o 17.70 21.20 6.41 3470 | 20 = P B
5.44 | 1602 2 — ] 19.83
833 | 1835 —= T 3479
45% UO, - 45% ThO, - ' HEEE '
’ Lo Mf) 2 14.62 17.51 11.18 1669 | 20 ; —
Ve 539 | 1560 2 — T 2338
827 | 1793 2 A e L=
40% UO, -40% ThO, - ' HEEE
’ ) Mi) 2 10.34 12.39 17.80 39.46 | 20 g; —
M9 5.32 | 1504 —oo ———T—— 3060
851 | 1788 [—= T 11—+ 7956
25% UO, - 25% ThO, - ' -+ [+ '
’ S0y M?) 2 3.96 4.75 27.27 4302 | 21 g; —
M9 5.55 | 1500 —p; ———— 5497
o= UO/(UO: + ThO,) = 0.6
836 | 1859 — T 1— 1 2087
57% UO, -38% ThO, - ' -+ [+ '
e 21.22 16.95 6.04 3542 | 20 g; —
oV 5.42 | 1591 —oo ———— 1997
832 | 1829 2 T+ 3495
54% UO, -36% ThO, - ' -+ [+ '
RPN 17.53 14.00 11.18 3729 | 20 g; —
° V9 538 | 1551 23.53
60 - + +
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69 N
826 | 1788 45.18
0, - 0, -
48% Uz(gg/ SI;AZ/ f)ThOZ 12.25 9.79 17.58 3938 | 21 S :
o Mg 5.64 | 1574 — — 3184
851 | 1787 22 * 1 126.37
0, _ 0, - h )
30% US%g/ Iz\;J 8 f)ThOZ 4.69 3.75 26.93 4263 | 22 ;; :
o Mg 5.87 | 1553 — - —| 8662
a = UO,/(UO,+ ThO,) = 0.
69 N
66.5% UO,— 28.5% ThO 8.34 | 1851 ;| %00t
o 5&)_|v|g'o e 24.75 12.71 6.40 36.14 | 20 = "
540 | 1580 21.14
59 N
831 | 1765 —22 * 1 3407
0, _ 0, - ' '
63% Ul?)g/ |2v|7/ E)Thoz 20.45 10.50 11.17 3788 | 20 ; I
o M9 536 | 1542 23.69
60 N
825 | 1784 —22 * 1 3105
0, - 0, - ' '
26% U;)g/ IZ\;V z)ThOZ 14.29 7.34 17.57 3980 | 21 ; -
o Mg 563 | 1568 31.95
60 N
850 | 1785 —22 7977
0, - 0, - ' '
35% US%g/ 5/ z)ThOZ 5.47 281 26.92 4279 | 22 gé I
o Mg 587 | 1570 57.02
63 N
a = UO,/(UO,+ ThO;) = 0.
833 | 1843 —22 * 1 3018
0, - 0, - ' '
76% Usooj I\l/lggThoz 28.27 8.47 6.40 36.87 | 20 ; I
o Mg 539 | 1569 20.30
59 i
69 i
23.36 7.00 11.17 3848 | 20 829 | 1816 [—- —— 3524
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72% UO, - 18% ThO, - 57 -1+ 1 -1+
10% MgO 535 | 1834 — T T - 1+ [+ | 88
824 |19 -1 * L - 1+ 1§ a5
0 - 0 _ . _ _ .
o4% uzcgg/ Ilvls/f)Thoz 16.33 4.89 17.57 4022 | 21 ; —— - :
°Mg 562 | 1552 23.83
62 - - + +
850 |1783 |—2 11 - L * 1 sy
0 - 0 _ . _ _ .
40% uscgg/ Il\;J/f)ThOZ 6.26 1.87 26.92 4295 | 22 ;; —— - :
> Mg 587 | 1568 32.12
63 - - + +
Table A2 - Comparison table of received currents with matrix Al,O3
Composition WONS, % mass Q Compasition of 3
Composition OC ' M Jf}‘;( T.o K| Air, % products MJS/i
UO,(NO,),6H,0 | Th(NO,),6H,0 | AI(NOs):9H,0 | H,0 [ CH,0 9 c|uo, |U,0,] ALOs g
o = UO,/(UO, + ThO,) =0.5
69 -1+ - +
47.5% UO,— 47.5% ThO, - 840 11883 —— T - 1+ [ + | 2%
7 5(;0 ALOS 0T 19.50 23.36 4.06 34.08 | 19 =TT "
514 | 1584 17.43
57 - - + +
837 | 1859 ot * 1 - L * | 3568
45% UO, - 45% ThO, - ' 71 - - + + :
’ L0% Al (; 2 17.24 20.65 7.58 3553 | 19 = e R mm
R 510 | 1552 19.48
58 - - + +
832 | 181 o1 F 1 - L * | g7
71 - - + +
40% UO, -40% ThO, - 55 [-| + | - | +
o AL, 13.52 16.20 13.37 37.92 | 19
6 Al203 504 | 1500 23.93
59 -l - + +

106




69

- +
25% U0, - 25% ThO, - 6.09 7.30 24.09 4153 | 21 Nl il I I
0, ' ) ' ' -
50% Al0s 550 | 1560 — * 1 4382
61 + +
a = UO,/(UO,+ ThO,) = 0.
838 | 1874 |—2 1 * 1 o779
57% U0, -38% ThO, - 23.38 18.68 4.06 34.88 | 19 ' 7 S '
0, ) ' ) ' -
5% AlLO; 512 | 1553 —2 T 1769
59 + +
835 | 1542 |—2 T 1 3081
54% U0, -36% ThO, - 20.68 16.51 7.57 36.24 | 19 ' = N '
0, ) ' ) ' -
10% Al;0; 500 | 1542 —2 T 1964
59 + +
830 | 1815 —2 1 | 374
48% UO, - 32% ThO, - ' '
o 16.02 12.79 13.20 37.99 | 20 = 1
0 s 536 | 1572 24.97
59 + +
854 | 1804 |—2 ~ 1 * | 6467
30% UO, - 20% ThO, - 7.31 5.84 24.08 477 | 21 ' 1 LE '
0, ' ) ' ' -
50% Al,0; 558 | 1557 — * | 4388
6l + +
a =UO,/(UO+ ThO;) =0
836 | 1865 — 1 ! o704
66.5% UO, - 28.5% ThO, - 7 o7 1400 105 s | 10 ' 71 P -
0, ) ' ) ' -
5% Al,0 510 | 1559 —22 T 1784
58 + +
833 | 1843 —2 ~ 1 ! 3100
63% VO, - 27% ThO, - 24.11 12.39 7,57 36.94 | 19 ' 1 L '
2 . . . . :
10% Al,05 507 | 1531 —=2 * 1 1978
58 + +
18.68 9.59 13.19 3854 | 20 | 820 |1810 [ " 3760
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56% UO, - 24% ThO, -

55

534 | 1563 o ——— 2510
;

T 8.53 | 1801 32 ——— 6486

% UO. - 15% Tho. -
35% lﬁ;) /1jz/c0> :hoz 8.52 4.38 24.08 0202 | 21 m—— Zi N

o= U0J/(UO, + ThOz) = 0.

835 | 1856 3? ——— 2811

% UO. - 19% Tho. -
76% U;/zo Ali ggThOz 31.14 9.33 4.05 36.48 | 19 T gg B
8,32 | 1836 si ——— 3116

% UO. - 18% Tho. -
72% Ul(g(% lljzg :hoz 2754 8.25 7.56 3765 | 19 T gg N
828 | 1804 si ——— 3801

% UO. - 16% Tho. -
64% Uz(g(% ;'jzg :hoz 21.34 6.39 13.19 3008 | 20 N ES i
853 | 1799 Si ——— 6488

% UO. - 10% Tho. -
40% Lé(g(% i?zg :hoz 9.74 2,92 24.07 4027 | 21 m— - Zi N
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Appendix C

Table C1 — Measuring the air flow through the flue

Ng Simp Pp, pV2/2 Pm
3xn cm? 2 3 4 5 6 7 mbar

1 3x10 | 1650 | 2.64 | 2.66 2.66 2.56 2.52 257 | 2.61 2.60
2 3x8 1320 | 256 | 254 2.50 2.48 2.49 248 2.49 2.51
3 3x6 990 241 | 2.36 2.42 2.39 240 241 | 2.37 2.39
4 3x4 660 2.25 | 2.29 2.24 2.30 2.25 229 | 2.28 2.27
1 3x10 | 1650 | 2.66 | 2.56 2.60 2.55 2.57 2.63 | 2.64 2.60
2 3x8 1320 | 2.56 | 2.48 2.50 2.53 2.44 251 2.53 2.51
3 3x6 990 242 | 2.37 2.35 2.40 2.39 241 | 2.32 2.38
4 3x4 660 2.27 | 2.23 2.30 2.32 2.27 2.25 | 2.33 2.28

Table C2 — Measurement of air flow through the plasma torch

NQ Simp Pp, pV2/2 Pm
3xn cm? 2 3 4 5 6 7 mbar
1 3x10 | 1650 | 2.23 | 2.21 2.24 2.30 2.19 2.26 | 2.28 2.24
2 3x8 1320 | 241 | 2.43 2.56 2.42 2.47 252 | 251 2.47
3 3x6 990 2.57 | 2.67 2.66 2.65 2.61 2.64 | 2.55 2.62
4 3x4 660 3.57 | 3.60 3.51 3.57 3.63 3.65 | 3.67 3.60
1 3x10 | 1650 | 2.19 | 2.25 2.21 2.23 2.27 2.28 | 2.22 2.24
2 3x8 1320 | 242 | 2.43 2.54 2.47 2.41 251 | 2.53 2.47
3 3x6 990 258 | 2.63 2.65 2.59 2.60 2.62 | 2.63 261
4 3x4 660 3.57 | 3.60 3.63 3.53 3.55 3.61 | 3.54 3.58

Table C3 — Measurement of air flow in the reactor
No Simp Flue HFPT T p Qp
» | Pep, Pp, Q, Pm, Pp, Q, |, 3

3xn | em mdar | Pa kg/s | mbar Pa ka/ C| kg/m kgls
1 [3x10 | 1650 | 4.01 {39994 | 155 | 2.24 |223.76| 0.12 1.43
2 3x8 | 1320 | 3.09 | 307.65| 1.36 | 2.47 |246.69| 0.13 21 | 1.2009 1.23
3 3x6 | 990 | 2.88 | 286.71| 1.31 | 2.62 |261.36| 0.13 ' 1.18
4 3x4 | 660 | 2.67 | 266.63| 1.27 | 3.60 |358.92| 0.15 1.11
1 | 3x10 | 1650 | 4.02 |401.08| 155 | 224 [22290| 0.12 1.43
2 3x8 | 1320 | 3.11 | 310.21| 1.36 | 2.47 |246.54| 0.13 21 | 1.2009 1.24
3 3x6 | 990 | 2.89 | 287.85| 1.31 | 2.61 |260.64| 0.13 ' 1.18
4 3x4 | 660 | 2.68 | 267.48 | 1.27 | 3.58 |356.50| 0.15 1.12
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Appendix D

Table D1 — The results of the analysis and optimisation of a plasma installation's operating modes based on a HF-plasmatron

Anode Grid Electrode Housing

I, | Ua | Po, Ta, S, Ma, o | Pa, o mg, | dTg, Tg, | me, |dTe, | Pe, | Te, | mn, | dTh, | Pn, | Th,
N | ALKV | kw | oc | om? | kgis | 9TEC | kw | T2 kg e | PorkW | ol kgls | °C | KW | °C | kgis | °c | kw | °C
1 {3057 | 1710 | 340 |3x10|0.244 | 75 |765| 184 |0.066| 43 | 1.18 | 123 |0.119| 41 | 2.05|14.7(0.057| 1.0 |0.238|11.9
2 |30|57| 1710 | 346 | 3x8 | 0244 | 75 |7.65| 184 |0.066| 43 | 1.18 | 123 |0.119| 4.1 | 2.05|14.7(0.057| 1.0 |0.238|11.9
3 /30|58 1740 | 35.7 | 3x6 | 0244 | 7.6 |7.75| 185 |0.066| 43 | 118 | 123 |0.119| 4.2 | 2.10|14.8/0.057| 1.0 |0.238|11.9
4 3058|1740 | 366 | 3x4 | 0244 | 76 |7.75| 185 |0.066| 43 | 118 | 123 |0.119] 42 | 2.09 |148|0.057| 1.0 |2.380]|119
1 35|58 ] 2030 | 37.3 |3x10| 0244 | 85 |[8.67| 194 |0.066| 3.7 | 1.02 | 11.7 [0.119| 49 | 2.45|155|0.057| 1.0 |0.238|11.9
2 3558|2030 | 368 | 3x8 |0244| 85 |867| 194 |0.066| 3.8 | 1.05 | 11.8 |0.119| 49 | 245 |155|0.057| 1.0 |0.238| 119
3 |35|63] 2205|365 | 3x6 | 0244 | 84 |857| 193 |0.066| 40 | 1.10 | 12.0 |0.119| 4.9 | 245|155|0.057| 1.0 |0.238|11.9
4 35|65 | 2275 | 370 | 3x4 | 0244 | 86 |877| 195 |0.066| 41 | 113 | 121 |0.119| 5.1 | 255|15.7|0.057| 1.0 |0.238|11.9
1 40|65 | 26.00 | 37.8 |3x10|0.244 | 93 |949| 20.2 |0.066| 3.6 | 099 | 116 |0.119| 54 | 2.70 | 16.0 [ 0.057 | 1.0 |0.238|11.9
2 140] 6.7 | 2680 | 380 | 3x8 | 0.244 | 94 |959| 20.3 |0.066| 35 | 0.96 | 115 |0.119| 55 |2.75]16.1[0.057| 1.0 |0.238|11.9
3 140[69| 2760 | 37.9 | 3x6 | 0244 | 96 |9.79| 205 |0.066| 3.3 | 091 | 11.3 |0.119| 5.6 | 2.80|16.2|0.057| 0.9 |0.214|11.8
4 40| 70| 28.00 | 36.8 | 3x4 | 0244 | 96 |9.79| 205 |0.066| 3.0 | 083 | 11.0 |0.119| 5.7 | 285|16.3|0.057| 0.8 |0.191| 117
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Table D2 — The temperature of an air plasma jet and the effectiveness of a plasma installation based on an HF-plasmatron

HFTP
Ne I, A Uy, KV | Po, kW | Ta °C S, cm? P, KW Qp, kg/s Hx, k/kg Te, °C Po, KW | 1, %
1 3.0 5.7 17.10 34.0 3x10 5.737 0.11 354 350 5.08 96.0
2 3.0 5.7 17.10 34.6 3x8 5.737 0.12 349 350 5.08 96.0
3 3.0 5.8 17.40 35.7 3%6 5,885 0.13 344 350 6.12 96.1
4 3.0 5.8 17.40 36.6 3x4 5.884 0.15 338 340 6.12 96.1
1 35 5.8 20.30 37.3 3x10 7.682 0.11 372 375 7.92 97.0
2 35 5.8 20.30 36.8 3x8 7.654 0.12 365 375 7.89 97.0
3 35 6.3 22.05 36.5 3%6 9.451 0.13 370 375 9.69 97,5
4 35 6.5 22.75 37.0 3x4 9.820 0.15 365 375 10.10 | 97.6
1 4.0 6.5 26.00 37.8 3x10 12.340 0.11 415 425 1260 | 98.1
2 4.0 6.7 26.80 38.0 3x8 13.020 0.12 411 425 1330 | 982
3 4.0 6.9 27.60 37.9 3%6 13.670 0.13 402 420 13.90 | 985
4 4.0 7.0 28.00 36.8 3x4 14.150 0.15 393 400 1430 | 98.7
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Appendix E

Table E1 — Composition and methods of WONS solution processing, technical and physicochemical characteristics of the produced
simple and complicated oxide compositions, and simulation of plasma-chemical synthesis of uranium-thorium dispersive nuclear

fuel oxide compositions in an air-plasma flow

WONS Laser BET analysis Press parameters
Composition OC Composition WONS processing diffraction y P
ocC ocC
modes 0oC
0C No Nd(NOs)s | Ce(NOs)s | Mg(NOs)2 | C3HeO, fo, Qore, Dso, S, Dhoet, Pbulks Pbulks
B 6H20, g/l | -6H0, g/l | -6H,0, g/l | % mass. Hz kgls um m2/g nm g/cm?® %
0C-33 (100% Ce,03) WONS-33 - 300.0 - 64.9 35 2.8 9.0 10.3 76 - -
0C-34 (100% Ce;053) WONS-34 - 500.0 - 64.5 35 2.8 6.1 5.2 151 - -
0OC-35 (100% Ce203) WONS-35 - 1000.0 - 54.6 35 2.8 48 4.9 159 - -
0o = Nd203/(Nd203 + Ce;03) = 0.5
- 0, 0,
(C)eczozfiso%gjo I\IJ/?58§_45'0/0 WONS-2 146.7 148.8 160.3 62.3 50 2.8 9.8 13.1 68 0.84 12.5
- 0, 0,
8;033&2%%@ |\|\I/(|158§_40'0 % WONS-3 130.7 132.3 320.5 60.3 50 2.8 9.6 14.5 67 - -
0o = Nd>O3/(Nd>O3 + Ce,03) = 0.6
- 0, - 0,
R '\I\'/‘I’égi 38.0% | wons-6 | 1760 119.1 160.3 623 | 50 | 28 8.9 : : : :
- 0, - 0,
o '\I\'/‘Ijégi 320% | wons-7 | 1565 105.8 3205 603 | 50 | 28 75 . . . .
o = Nd203/(Nd203 + Ce;03) = 0.7
- 0, . 0,
8;(%3—(1%30?’/fl\'/\ll;(2)())3 27.0% WONS-10 205.4 89.3 160.3 62.3 50 2.8 9.3 13.9 64 - -
- 0, . 0,
A v /fl\';‘gé()% 240% | \oNs-11 | 1825 79.4 3205 603 | 50 | 28 8.9 168 | 58 . .
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