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PE3YJIbTbI OBYYEHMUMA I10 OOII

Kon
KOMIIETEH M

PesyabraTsl ocBoenus OOII (komnereHnuu)

YHuBepcajibHbIE

YK(Y)-1

CriocoOeH OCymecTBIATh KPUTHICCKHUNA aHaII3 IIPOOIEMHBIX CUTYaIlnid Ha OCHOBE
CHCTEMHOT'0 ITOJIX0/1a, BBIPAa0aTHIBATh CTPATETHIO AeHCTBHI

YK(Y)-2

Crioco0OeH yIpaBisTh MPOSKTOM Ha BCEX ATAlaX ero KH3HEHHOTO IHKJIa

YK(Y)-3

CriocobeH OpraHm30BEIBATE U PYKOBOAUTH Pab0TOI KOMaH/IBI, BEIpaOaThIBasi KOMaHIHYIO
CTPATETHIO UL JOCTH)KCHUSI IIOCTaBJICHHON 11eJIN

YK(Y)-4

CriocobeH IpUMEHATh COBPEMEHHBIE KOMMYHUKATHBHBIE TEXHOJIOTHH, B TOM YHUCIIC Ha
HHOCTPAHHOM (-BIX) sI3BIKE (-axX), IUIS aKaIeMIIeCKOT0o U MPpo(ecCHOHATEHOTO
B3aUMOJEICTBUSA

YK(Y)-5

CnocobeH AHaJIM3UPOBATh U YUUTHIBATH pa3Hoo6pa31/Ie KYyJbTYp B IpOLIECCE
MCXKKYJIbTYPHOT'O B3aUMOJCUCTBUS

YK(Y)-6

CnocoGeH OIIPEACIIATh U PEAJIM30BbIBATH IPUOPUTCTHL CcOOCTBEHHOM JACATCIPHOCTU U
criocoObl ee COBCPUICHCTBOBAHUSA HA OCHOBC CaAMOOLICHKHU

ObémenpodeccuonalbHbIe

OIK(Y)-1

CriocobeH (popMyIMpOBaTh LEIH U 3a1a4K UCCIICIOBAHMS, BRIOMPATh KPUTEPHUH OLICHKH,
BBIABJIATH MPUOPUTETHI PCIICHUA 3aJ1a4

OIIK(Y)-2

Cnioco0eH MprUMEeHSTh COBpEMEHHBIE METO/IbI UCCIIEI0BAHUS, OLICHUBATh U MPEJICTABIIAThH
PEe3yNbTaThl BHINOJHEHHON PabOThI

OIIK(Y)-3

Crnioco6eH 0(opMIISITE pe3yJIbTaThl Hay4YHO-HCCIIEA0BATEILCKON eI TEIbHOCTH B BUAE
cTaTeH, JOKIIaI0B, HAYYHBIX OTYCTOB H MPE3CHTANNHN C HCIIOIh30BAaHUEM CHCTEM
KOMIIBIOTEPHOI BEPCTKH U MTAKETOB O(UCHBIX IPOTPaMM

IIpodeccuonanbHble

MK(Y)-1

Cnoco0eH UCIOIb30BaTh q)yHﬂaMeHTaHbeIe 3aKOHEI B 00bEMeE JOCTAaTOYHOM IJIA
CaMOCTOATCIIBHOI'O KOM6I/IHI/IpOBaHI/I$I W CMHTC3a HOBBIX I/I,I[Gﬁ, TBOPYCCKOI'O CAMOBBIPAXKCHUSA

MK(Y)-2

CnocobeH CO34aBaTb HOBBIC MCTOJbI paciceTa COBPEMCHHbBIX (I)I/ISI/I“I€CKI/IX YCTAaHOBOK U
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MK(Y)-6

CriocobeH MpoBECTH pacueT, KOHIENTYalbHYI0 U IPOEKTHYIO pa3paboTKy COBPEMEHHBIX
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MK(Y)-7

Crnioco6eH GpopMyIMpoBaTh TEXHUUECKHE 3a/1aHHsI, UCIIOJIb30BaTh HHPOPMAIIHOHHbIE
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YCTaHOBOK, HCIIOJIb30BATh 3HAHHS METOJ0OB aHAJIN3a SKOJIOT0-3KOHOMUYECKOH

3¢ $EeKTUBHOCTH NP NPOSKTHUPOBAHUN M PEaJIU3alUH ITPOCKTOB

TK(Y)-8

Crnioco6eH K 00BEKTHBHOMY aHAJIN3y TEXHUYECKHX M PACUETHO-TEOPETHIECKNX pa3paboToK,
PELICHUH U ITPOEKTOB, YUETY UX COOTBETCTBUS TPEOOBAHMM 3aKOHOB B 00J1aCTH
MPOMBIIICHHOCTH, SKOJIOTHH, TEXHUYECKOH, paliallMOHHOM U sepHOil 6e30macHoCTH,
JIPYTUM HOPMATHBHBIM aKTaM Ha POCCUIICKOM U MEXTYyHAPOTHOM YPOBHE, IOATOTOBUTh
9KCIEPTHOE 3aKIIOYEHHE

MK(Y)-9

['0TOBHOCTB K ITPENOAaBATENbCKON AEATEIHHOCTH IO OCHOBHBIM 00pa30BaTeIbHBIM
MpoTpaMMaM BBICIIET0 00pa30BaHUS U JOIIOTHUTEIHHOTO MPO(EeCCHOHATFHOTO 00pa30BaHUs

(AI10)

MK(Y)-10

CriocobeH pa3zpabaTsIBaTh IUTAHBI U IPOTPaMMBl OPTaHU3AIMY MHHOBAIIMOHHOM
JACATCIBHOCTH, OCYHICCTBIIATE TCXHUKO-OKOHOMUYECKOEC 000CHOBaHHUE MHHOBAITMOHHBIX
IIPOCKTOB, YIPABJIATH IIPpOTrpaMMaMu OCBOCHHUSA HOBOM IMPOAYKIIMHU U TEXHOJOTHUH




LEARNING OUTCOMES

Competence code |

Competence name

Universal competences

UC(U)-1

Ability to make critical analysis of problem-based situations using the systems analysis
approach, and generate decisions and action plans.

UC(U)-2

Ability to run a project at all life-cycle stages.

UC(U)-3

Ability to organize and lead the teamwork and generate a team strategy to achieve the
target goal.

UC(U)-4

Ability to use modern communication technologies to realize academic and professional
interaction.

UC(U)-5

Ability to analyze and account for cultural diversity in the process of intercultural
interaction.

UC(U)-6

Ability to set and pursue individual and professional activity priorities and ways to modify
professional activity based on the self-esteem.

General professional competences

GPC(U)-1

Ability to formulate goals and objectives of the research study, select assessment criteria,
identify priorities for solving problems.

GPC(U)-2

Ability to apply modern research methods, evaluate and present the results of the
performed research.

GPC(U)-3

Ability to present research outcomes in the form of articles, reports, scientific reports and
presentations using computer layout systems and office software packages.

Professional competences

PC(U)-1

Ability to use fundamental laws in a volume sufficient for independent combination and
synthesis of new ideas, creative self-expression

PC(U)-2

Ability to create new methods for calculating modern physical installations and devices,
develop methods and advanced technologies

PC(U)-3

Ability to create mathematical and physical models that describe processes and
phenomena in separation cascades, installations for the separation and fine purification of
substances, processing and neutralization of industrial waste

PC(U)-4

Ability to assess the prospects for the development of the nuclear industry, use its modern
achievements and advanced technologies in research work

PC(U)-5

Ability to independently perform experimental and theoretical research to solve scientific
and industrial problems using modern instruments for scientific research and mathematical
calculation methods

PC(U)-6

Ability to carry out calculation, conceptual and design development of modern physical
installations and devices

PC(U)-7

Ability to formulate terms of reference, use information technologies and application
packages in the design and calculation of physical installations, use knowledge of methods
for analyzing environmental and economic efficiency in the design and implementation of
projects

PC(U)-8

Ability to objectively analyze technical and computational-theoretical developments,
solutions and projects, taking into account their compliance with the requirements of laws
in the field of industry, ecology, technical, radiation and nuclear safety, other regulations
at the Russian and international level, prepare an expert opinion

PC(U)-9

Readiness for teaching activities in the main educational programs of higher education and
additional professional education (APE)

PC(U)-10

Ability to develop plans and programs for the organization of innovative activities, carry
out a feasibility study of innovative projects, manage programs for the development of
new products and technologies
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Hcxoanbie 1aHHbIe K padoTe

3ananue. JIuTepaTypHble HICTOYHUKH 110 OCHOBaM
nporecca XMMHUYECKOTO HW30TOIMHOrO OOMEHa ¢
TEPMUYECKMUM  OOpalleHueM  MOTOKOB, IO
MIPOCKTHUPOBAHHUIO KOJIOHHBIX arrmaparoB
NpeHa3HAYCHHBIX JUISl Pa3JelieHUs] W30TOIOB.
WcxonHble  AaHHBIE IS TPOCKTHPOBAHUS
Iéonom{oro ammapara Juis pa3zeiicHHsT H30TOIOB
opa.

Ilepedyens nmoasiexkamMX MCCae10BAHUIO,
NPOEKTHPOBAHMIO U Pa3padoTke
BOIIPOCOB

1. O630p U aHaU3 TUTEPATYPHI.

2. Y COBEpIIICHCTBOBAHNE METOJIMK pacyera
TEXHOJIOTUIECKUX MTapaMeTPOB H
KOHCTPYKIIMOHHBIX XapaKTePUCTUK KOJOHHBIX
aIrmaparoB IMpeTHA3HAYCHHBIX IS pa3AeiIeHHs
M30TOMNOB OOpa.

3. Bepudukamusi OmucaHHBIX METOTUK.

4. ITIpoekTHpOBaHNE KOJOHHBIX aIapaToB
ONTUMAJILHOW KOHCTPYKLIUH.

5. DKOHOMHUYECKUH pacyer.

6. OxpaHa TpyJa 1 TeXHUKa O€30aCHOCTH.

7. BeiBosibI. 3aKiII0OUEHHE.




Ilepeyennb rpaguyeckoro marepuajia

1. 3aBHCUMOCTH H3MCHCHUS CCUCHUS
MOTJIOIICHUS HEHTPOHOB PA3IUYHBIX YHEPTUN
u30TOMaMu Oopa.

2. biok-cxeMa TeXHOJIOTHYeCKOro pacyeTa
KOJIOHHBIX almnaparosB.

3. 3aBucumocts N(R+1) ot R.

4. MatepuanbHble IOTOKU B KOJIOHHE.

5. Biiok-cxema KOHCTPYKIIMOHHOTO pacueTa
KOJIOHHBIX almnaparoB JIJIsi CUTYATHIX
Tapenb4aThiX KOHTAKTHBIX YCTPOUCTB.

6. 3aBucumocTb koddpdunmenta Ci ot
PACCTOSIHUSL MEXIY TapeIb4aThIMU
KOHTaKTHBIMH YCTPONCTBAMH.

7. 3aBUCUMOCTb YHCJIa TEOPETUUECKUX CTyIICHEH
pas3JesieHus, HEOOXOAMMBIX JUTSI TOCTHKEHUS
3a1aHHOM KoHneHTparmu °B.

KOHchIbTaHTbI 1o pasaejam Bbll'lyCKHOi;l

KBAJTH(UKALHOHHOH padoThl

Pa3nen

KoncyapTant

DUHAHCOBBIH MECHE/PKMCHT,
pecypcodhheKTHBHOCT U
pecypcochOepexeHue

Houent OCI'H HIBUAII, k.5.1.
Crunpina JIro6oBs FOpbeBHa

ConmanpHas OTBETCTBEHHOCTD

Honenr OATL UATI, k.T.1.
[Tepenepun FOpuit Bnagumuposuu

JaTa BbIIa4M 321aHUS HA BbINOJIHEHHE BBINTYCKHOM
KBAJTH(PUKANMOHHON padoThI N0 JUHEHHOMY rpaduky

3aganue BbI1AT PYKOBOAUTE/Ib:

JloKHOCTH DPUO YueHasi cTeneHsb, 3BaHne Hoanuch JlaTta
[Tpodeccop OATI UATIII Opno A.A. J.T.H., podeccop
33}13HI/I€ NPUHAJT K HCIOJHCHUI0 CTYAEHT:
I'pynna DPUO Hoanuch Jarta
0AMI11 Cyxaps I1aBen AHgpeeBuy
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1. Review and analysis of literature
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7. Conclusions.

List of graphic material
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2. Block diagram of the technological calculation
of column apparatus.

3. Dependence N(R+1) on R.

4. Material flows in the column.
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Abstract

This master's thesis consists of: 118 pages, 29 tables, 10 figures, 104 literature
references.

Key words: chemical isotope exchange, thermal reversal of flows, column
apparatus, calculation methods, isotopes.

The object of study are column apparatuses of various capacities with sieve
plates designed for the separation of boron isotopes by the method of chemical
isotope exchange with thermal reversal of flows in the system of boron trifluoride
and its molecular complex compound with anisole.

The purpose of this work is to improve the existing methods for calculating
the technological parameters of the rectification process and the structural
characteristics of column apparatuses, their verification and use in the design of
column apparatuses of optimal design intended for the separation of boron isotopes
by the method of chemical isotope exchange with thermal reversal of flows.

In the course of the study, improvement of methods for calculating the
technological parameters of the rectification process and the structural
characteristics of column apparatus, allowing more accurate analytical
determination of the operating reflux ratio and the number of separation stages,
which leads to the abandonment of the use of graphical methods and the addition of
empirical corrections to the number of stages in further calculations, reducing the
time of calculations. Improved calculation methods are implemented using a block
approach for describing algorithms in a software environment PTC MathCad Prime,
that allows you to quickly upgrade each block of the algorithm.

The calculation methods are verified for the classical benzene-toluene system
used in the oil industry, as well as for the boron trifluoride-anisole system. A good
convergence of the calculation results with the literature data is shown, which makes
it possible to consider the calculation method as universal. Verification of the
structural calculation method for the separation of boron isotopes has not been
carried out due to the lack of data on the characteristics of the contact devices of

industrial column apparatuses in the literature.
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The optimal technological parameters and design characteristics of column
apparatuses designed for the production of 2 and 4 tons of boron per year with an
enrichment of 96 weight. % over °B. It is shown that column apparatuses with
different capacities have the same type of sieve plates. At the same time, they have
a diameter and height of column apparatuses that have strict design requirements for
plates.

The results obtained can be used to implement an industrial plant for the

separation of boron isotopes in JSC «Siberian Chemical Planty.
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Introduction

The development of the modern nuclear industry requires the creation of
highly efficient and competitive facilities for the production of highly pure
substances and highly enriched isotope products. One of the promising directions is
the work on obtaining boron and its compounds with a changed isotopic composition
by the method of chemical isotope exchange with thermal reversal of flows.

Currently, there is an increase in the consumption of isotopically enriched
boron-containing materials and products with a relative concentration of 1°B of more
than 92 weight % used in the nuclear and chemical industries, medicine,
instrumentation. Thus, work on the creation of an efficient and economical industrial
technology for the separation of boron isotopes is relevant.

In this regard, the purpose of this work was to improve the existing methods
for calculating the technological parameters of the rectification process and the
structural characteristics of column apparatuses, their verification and use in the
design of column apparatuses of optimal design intended for the separation of boron
isotopes by the method of chemical isotope exchange with thermal reversal of flows.

To achieve this purpose, the following objectives are formulated:

1. conducting a literature review on the topic;

2. improvement and verification of methods for calculating technological
parameters and structural characteristics of column apparatus;

3. engineering column apparatus of optimal design, intended for the
production of 2 and 4 tons of boron per year with an enrichment of 96 weight % by
lOB.
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1 Boron isotopes: main properties, applications and separation

methods
1.1 Basic properties of boron isotopes

Boron, as a chemical element, has 14 isotopes, among which only two
nuclides, 1°B and !B, are stable [1, 2]. The natural concentration of boron isotopes
was first established in 1920 by F.B. Aston using a mass spectrometer designed by
him [3, 4]. This result of the analysis was repeatedly verified by other researchers
using other methods and boron-containing compounds (Table 1.1) [3].

Table 1.1 — Concentration of natural boron isotopes

Concentration, _
_ _ Literature
Compound weight % Analysis method
source
lOB llB
BF; 19.80 | 80.20 Mass spectrometry [4,5,6,7,8]
BF; 21.60 | 78.40 Spectrophotometric [5, 6, 9]
BF; 20.50 | 79.50 Mass spectrometry [6, 9]
BF; 19.50 | 80.50 Mass spectrometry [6]
BCl; 19.58 | 80.42 Mass spectrometry [5, 6, 10]
BCl; 19.60 | 80.40 Mass spectrometry [11]
B,03 19.36 | 80.64 Mass spectrometry [6, 12]
Na.B,O-; 18.36 | 81.64 Mass spectrometry [13]
H3;BO3 19.82 | 80.18 Mass spectrometry [14]

Table 1.1 shows the discrepancy between the data obtained by various
researchers, due to the accuracy of the methods of analysis used, without taking into
account the separation of boron isotopes in the processes of chemical preparation of
initial samples. Another reason for the variation in the natural concentration of boron
isotopes is related to the geochemical processes of mineral formation in various
deposits [3].
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In accordance with the data of IUPAC (International Union of Pure and
Applied Chemistry) [14], the average natural concentration of boron isotopes for
various deposits, according to the best measurements, is 19.82 weight % and 80.18
weight %, respectively.

The concentration of boron isotopes in their natural mixture is an important
initial value for calculating any process of their separation. In particular, it
determines the volume of raw materials and other material flows processed in
separation plants, the size and duration of the start-up period of these plants, as well
as the level of energy consumption during their operation [3].

Table 1.2 presents the main nuclear and magnetic properties of boron isotopes.

Table 1.2 — Nuclear and magnetic properties of boron isotopes [1]

Isotop
Characteristic
1OB 11B
Atomic mass, a.m.u. 10.01293704 11.00930544
Nuclear spin 3" 3/2
Magnetic moment, magneton +1.80064486 +2.68864891
Quadrupole moment, barn 0.0847256 0.0407

An important feature of boron isotopes is the difference in the degree of
absorption of neutrons in a wide energy range (Figure 1.1). It can be seen from the
figure that 1°B is characterized by a high, and B by an extremely low effective
capture cross section for thermal and fast neutrons [15].

Materials based on the 1°B isotope are nonresonant neutron absorbers, for
which the absorption cross section varies inversely with the neutron velocity over

the entire energy range [15].
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Figure 1.1 — Dependence of the change in the absorption cross section of
neutrons of various energies by boron isotopes

Absorbing materials based on the °B isotope are characterized by the
absorption of thermal neutrons according to the reaction (n, a) [3, 15]:
YB+'n— "Li+ *He+2.31+2.79 MeV (1.1)
Reaction (1.1) is accompanied by the formation of a large amount of gaseous
helium in the absorber and the release of heat (in 94% — 2.31 MeV + y-radiation
0.478 MeV; in 6% — 2.79 MeV), which limits (reduces) the radiation resistance of
the material. The resulting “Li nuclei have a high capture cross section for fast
neutrons [3].
The interaction between the 1°B isotope can also proceed according to the
reaction:
“B+'n—>"B+y. (1.2)
The absorption cross section of reaction (1.2) is 0.5 barn, and the energy of y-

radiation can vary in the range from 4.47-11.43 MeV [3, 16]. Thus, unlike other
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neutron absorbers, when interacting with neutrons, boron does not produce hard vy-
radiation, which is due to the small cross section of reaction (1.2) [3].

For neutrons with energies above 1 MeV, absorption can occur by reaction
with the formation of radioactive tritium [15, 17, 18]:

YB+'n—>°H+2-("He). (1.3)

Tritium is a S-emitter, due to its radiochemical properties, it easily dissolves
in a liquid, enters the human body, replacing hydrogen and causing damage to health
[18]. The cross sections for reaction (1.3) for neutrons with energies from 3 to 8
MeV are in the range from 0.025 to 0.225 barn. These data are used to estimate the
amount of generated tritium when absorbing materials based on the 1°B isotope are
used [18-24].

11B and materials based on it, unlike 1°B, have the property of “transparency”
in relation to neutrons, the absorption cross sections of neutrons of various energies
do not exceed 1 barn (Figure 1.1) [3].

1.2 Boron isotope applications

The unique nuclear properties of boron isotopes are the main reason for their
wide practical application. Materials based on °B are in demand in reactor building,
radiation chemistry, medicine, instrumentation, biological neutron shielding, where
the features of the interaction of 1°B with neutrons (reactions (1.1)-(1.3)) are used.
Working substances based on !B are used as a neutron-transparent material in
electronics and reactor construction. Both isotopes can be used for the production of
11C and BN radioisotopes [3, 15, 25, 26].

In reactor construction, 1°B with an enrichment of 60 weight % and above (up
to 92-96 weight %) is considered the most promising and uncontested material for
rods that regulate the rate of nuclear processes occurring in nuclear reactors, where
boron is used in three modifications: in combination with carbon — boron carbide, in

metal matrices — boron steels and alloys, as well as in the form of boric acid [3, 15].
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The advantages of 1°B as a neutron absorber make it possible to use it as the
basis for anti-activation coatings that prevent neutron activation of structural
materials used in nuclear physics experiments and reactor building [3].

Boron carbide with various contents of °B is the world leader in the use of
neutron absorbers containing boron. This is due to a number of factors: its high
chemical stability and high melting point, low physical density, and high nuclear
concentration °B, which, depending on the enrichment, can vary over a wide range,
up to 102 nuclei/cm?3 [15].

The uniqueness of boron carbide also lies in the simultaneous content in it of
the 1B isotope with a large absorption cross section for thermal and fast neutrons,
as well as carbon and B nuclei, which effectively slow down fast neutrons. As a
result, boron carbide is a mixture of absorbing and moderating nuclei, which makes
it possible to effectively use it in fast neutron nuclear reactors. According to [15],
the production of control rods BN-600 and BN-800 annually requires from 10 to 50
kg of enriched 1°B, and the projected BN-1200 will require another 200 kg.

The disadvantages of boron carbide, like all materials based on °B, include
their limited radiation resistance due to the formation of a large amount of the
gaseous product of the neutron absorption reaction, helium (reaction (1.1)). This is
the main reason for the “swelling” of products and their destruction. The
disadvantages also include the limited compatibility of boron carbide at high
temperature with austenitic grade steels, from which protective shells of regulatory
bodies are made. Despite these rather serious shortcomings from a practical point of
view, boron carbide remains one of the most widely used absorbent materials due to
the uniqueness of its nuclear, physicochemical, technological properties and low
cost.

Absorbing materials based on silicon doped with B may become promising.
Silicon has good physical, mechanical and thermophysical properties (high
hardness, strength, temperature, corrosion and radiation resistance) and is easily
alloyed with many elements (B, In, Ga, Li, As, Mn, Ca, Ag) in the process of

growing. Absorbing materials based on silicon and boron eliminate the main
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drawback of all materials based on °B, i.e., low radiation resistance, while the
neutron absorption cross section is 760 barn [27].

Boron steels have found wide application in the regulatory bodies of nuclear
reactors. The mass content of boron in them for technological reasons is limited and
does not exceed 2-3%. Boron steels are distinguished by high corrosion resistance
in a water coolant. They are characterized by increased brittleness and therefore
cannot be used simultaneously as absorbing and structural elements in the control
elements of nuclear reactors. As a rule, in structures with elements made of boron
steels, special covers are provided to ensure their movement in the core without large
mechanical loads, which greatly complicates the design of control elements [3, 27].

The disadvantages of boron steels include the relatively low efficiency of
neutron absorption due to the low content of °B. In addition, the technology for
manufacturing products from boron steels, which have almost zero ductility at room
temperature, is rather complicated. Nevertheless, control elements made of boron
steels are widely used in modern nuclear reactors.

Products made of boron steel are also used as neutron shielding during storage
and transportation of fuel assemblies spent in nuclear reactors, as well as in
biological shields [15, 27, 28, 29].

In many nuclear centers, work is underway to create new, more efficient
neutron-absorbing materials and to improve the design of nuclear reactor control
elements - control rods and burnable poisons. Some of these studies are aimed at
combining regulatory functions with other functions (production of radioactive
isotopes, increasing radiation resistance, reducing induced radioactivity, creating
neutron “traps”) [30].

Of particular importance is the practical use of reactions of interaction of
boron isotopes with a-particles, accompanied by the formation of neutrons

according to the reactions [3, 25]:

B+ *He >"N+'n+1.07 MeV, (1.4)
“B+*He > “N+'n+0.15MeV. (1.5)
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These reactions are used to obtain laboratory neutron sources (for example,
polonium), as well as to analyze boron-containing rocks [3, 25].

198 with enrichment up to 30 weight % is used as "burnable" absorbers of
thermal neutrons, added in the form of boric acid to the water that cools the reactor
core. Such additives make it possible to control the rate of nuclear processes in the
reactor at the beginning of its operation, when an excess of reactivity is formed, as
well as the content of 1°B in the core, depending on the depth of “burn-out” of the
control rods. The use of boric acid enriched in 1°B makes it possible to reduce its
concentration, thereby slowing down the corrosion of materials in the reactor core
[3, 25, 31, 32].

The use of “burnable” absorbers with an increased concentration of °B makes
it possible to reduce the amount of additives introduced, which prevents the
deterioration of the mechanical properties of materials, and also significantly
improves the operating conditions of fuel elements and helps to reduce the number
of control rods in the reactor core [3].

Of particular interest for reactor construction is °B used as components of
protective materials, since it allows, with their low specific gravity, to provide highly
effective (exceeding a hundred times concrete) neutron protection [3, 25, 31]. This
circumstance is of particular importance for small-sized low-power reactors [3].
Along with neutron shielding, °B-based materials solve the problem of biological
protection against y-radiation. When a 1°B neutron is absorbed (reaction (1.1)) soft
y-radiation with an energy of 0.478 MeV is emitted, and due to this, the neutron
activation of other structural materials decreases [3, 25].

In radiation chemistry, the high ionizing ability of the fragments formed as a
result of reaction (1.1) is used, which accelerate radiation-chemical processes. The
use of enriched °B makes it possible to achieve the formation of ionizing particles
in the entire volume of the reaction medium, which cannot be achieved with surface
irradiation, due to the intense absorption of ionizing particles by the upper layers of

the reactants. It was noted in [3, 25, 33] that the volumetric introduction of 1°B into
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the reaction mixture contributes to a decrease in the reaction products of radioactive
impurities arising due to the neutron activation of the irradiated substances.

Surface irradiation of materials with reaction products (1.1) has also found
wide practical application in radiation chemistry. An example of such use is the
original method proposed for cross-linking (welding) polymeric materials to each
other due to the formation of polymer bonds between them under the influence of
localized neutron radiation on a solution wetting the surfaces to be stitched, which
includes °B. The method is based on the formation of polymer bonds between the
surfaces to be stitched due to short-term heating (up to 1000°C) due to interaction
with ionizing particles. Seams formed in this way can withstand a load of more than
100 kg/cm? [3, 34, 35].

The phenomenon of neutron flux transformation into heavy ionizing particles
underlies the treatment of malignant tumors in nuclear medicine by boron neutron
capture therapy (BNCT) [3, 36].

BNCT is a promising technique for the destruction of malignant tumor cells
by accumulating 1°B in them and subsequent irradiation with neutrons. As a result
of the absorption of a neutron by boron, a nuclear reaction occurs with a large release
of energy in the cell, which leads to its death. The main ideas of BNCT were
formulated by the American radiologist G.L. Locher in 1936 [37], shortly after the
discovery of the neutron in 1932 by James Chadwick [38]. The resulting heavy
particles have a total range of 10-14 microns, which is commensurate with the
diameter of one cell. Therefore, with the predominant localization of °B in tumor
cells, there is a fundamental possibility of their selective damage. The chemical
properties of boron make it possible to synthesize many of its derivatives, which
expands the boundaries of the search for compounds suitable for BNCT [3, 36].

The key problem in the development of BNCT is to ensure the selective
transport of 1°B to tumor cells. It is a special case of a medical problem — the delivery
of medicinal agents to organs and target tissues [3, 36].

The phenomenon of neutron flux transformation into heavy ionizing particles

due to reaction (1.1) is also widely used in instrumentation to create semiconductor
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neutron sensors and highly efficient neutron gas-discharge or scintillation counters,
which are widely used not only in nuclear physics experiments and in the study of
the structure of cosmic radiation, but also in the search for minerals, as well as in the
organization of control over the level of neutron radiation [3, 25, 27].

A many times smaller neutron captures cross section for !B compared to 1°B
IS used in reactor construction to create heat-resistant and “transparent” structural
materials with respect to neutrons: borides of zirconium, yttrium, titanium and their
alloys [3, 15].

Boron carbide enriched with B and crystalline B are excellent neutron
reflectors, moreover, they have the property of incombustibility and nontoxicity [3].

The presence of a nuclear moment in B is used in the chemistry of labeled
atoms, in nuclear magnetic resonance (NMR) spectroscopy, and in laboratory
polonium neutron sources [3, 25].

The neutron transparency and high heat resistance of structural materials
based on B may in the future be of considerable interest in the development of
individual components of the primary circuit of thermonuclear reactors [3, 26].

The considered directions of using isotopically enriched boron-containing
materials and products, as well as the possibility of their potentially wide application
in fast neutron reactors and in thermonuclear reactor construction, make it possible
to predict a significant increase in demand for boron isotopes.

In the late 80s, due to the collapse of the USSR, the domestic nuclear industry
lost its only production of highly enriched boron isotopes - the Research Institute of
Stable Isotopes (since 1991 it has been reorganized into the National Center for High
Technologies of Georgia), Thilisi, Georgia. All boron used in industry is imported.
Solving the problem of the emerging import dependence on the supply of boron
isotopes and their growing need for the domestic industry requires urgent measures
to be taken to organize such enrichment production in the Russian Federation [3].

According to estimates [15], for the stable development of the nuclear
industry, about 2000 kg of °B with a relative concentration of 92-96 weight % is

needed annually. Achieving the required supply volumes and solving the problems
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of reducing production costs and improving quality create favorable conditions for
conducting new research and make the problem of producing enriched boron

isotopes very urgent.
1.3 Boron isotope separation methods

To obtain isotopes of light elements, including isotopes of boron, separation
methods based on the physicochemical process of isotope exchange in two-phase
systems are widely used historically: rectification or chemical isotope exchange
[3, 39-59]. The advantages of these methods are associated with the reversibility of
a single act of separation, the simplicity of multiplying a single isotope effect
through the use of countercurrent separation columns. All energy consumption in
these separation methods is associated with the movement of phases and with the
processes of phase flow reversal in the flow reversal nodes. All these advantages
make it possible to create high-performance and economical industrial facilities for
the separation of isotopes of light elements [39].

Recently, a highly economical and energy-efficient gas centrifuge method,
which was originally developed for the separation of uranium isotopes, has been
used to separate isotopes of various chemical elements. To carry out the separation,
the isotope mixture in the gas phase is fed into a rapidly rotating rotor of a gas
centrifuge. In this case, light isotopes are concentrated relatively closer to the rotor
axis, heavier isotopes are concentrated near the rotor wall, due to which a separation
effect is achieved. Multiplication of the separation effect to the required level is
achieved by connecting gas centrifuges in a cascade [48, 60-62].

Next, we will consider known methods for the separation of boron isotopes
and pilot and industrial facilities implemented on their basis in order to identify the
most promising and competitive method that provides the most economical
industrial production of boron isotopes in the required quantities. Particular attention
will be paid to ongoing R&D to modernize and study the operating modes of
separation plants and analyze their advantages and disadvantages identified during

operation.
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1.3.1 Separation of boron isotopes by rectification

In world practice, one of the simplest and most productive methods for
separating boron isotopes is rectification. Boron halides are mainly used for
distillation of boron compounds. In the series of boron halides, the value of «
decreases from fluorine to iodine, and their price increases in the same direction, and
therefore, work on the separation of boron isotopes was limited to the use of boron
trichloride (BCl3) and trifluoride (BFs) [3, 40, 41, 44, 46].

1.3.1.1 Rectification of boron halides

The method of low-temperature rectification of boron trifluoride (BF3) was
developed in the early 1960s. Scientific research and development work (R&D) was
carried out in the USSR and England [3, 40-47].

Boron trifluoride has a boiling point of 171.5 K and a critical temperature of
260.9 K. In this temperature range, according to the results of [3, 40, 44, 45], 'BF3
is more volatile, while the separation factor o = 1.002-1.011 [3, 40, 44].

The accumulation of heavy !B in the upper part of the column apparatus
occurs due to the specific properties of boron isotopes. In the separation of isotopes
of other light elements, no such “inversion” was found [3, 39, 41, 44].

In 1965, a plant for the separation of boron isotopes by low-temperature
rectification BF3; was built in the USSR, including a column 57 mm in diameter,
filled to a height of 49.5 m with a wire spiral prismatic packing 2.6x2.7 mm in size
and operating at atmospheric pressure. The annual productivity of the plant is 20-
25 kg 1°B with a concentration of 85 weight % [44, 46].

To increase the efficiency of the installation, R&D was carried out on the
rectification of BF; at elevated pressure [41]. The results showed that with an
increase in pressure with a decrease in the separation factor, the height of the
equivalent theoretical stage (HETS) decreases, which is explained by the directly

proportional dependence of the packing capacity on pressure. At the same time, it
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was found that the operation of the installation under increased pressure (3-5 at.)
proceeds more stably [41, 46].

In the period from 1960-1970 rectification of BF; was one of the main
industrial methods for the production of enriched °B and !B, however, in the early
1970-s, the method was recognized as unpromising due to the extremely low
separation factor, relatively more complex instrumentation, utilization of BF;
streams depleted in the target isotope, and high consumption of refrigerant to
maintain a low temperature [3, 44, 46].

The choice of BF; as a feedstock is due not only to the thermodynamic
stability of this compound, lower cost and corrosion activity compared to other
boron halides, but also to the production of BF; developed in Russia at JSC
“Halogen” (Perm) and the ability to work with a simple binary (due to the
monoisotopicity of fluorine) isotopic mixture. The low molecular weight of BF;
contributes to its high rate of diffusion in the gas (vapor) and liquid phases, which
ensures a high rate of interfacial isotope exchange in working systems containing
this compound [3, 56].

In modern industry, low-temperature rectification of BF3 plays an important
role in the implementation of processes for the production of boron isotopes by
chemical isotope exchange (CIE), where it is used for preliminary deep purification
of the initial BF; feed stream [3, 44].

For the first time, the separation of boron isotopes by distillation of another
boron halide, BCl3, was proposed by G.K. Urey in 1935 in [49]. Boron trichloride
has a normal boiling point of 285.9 K. In the temperature range of 278-438 K,
according to the results of [3, 41, 50, 51], *BCl; is more volatile, and the separation
factor o = 1.0018-1.0043.

The first installation for the separation of boron isotopes by BCl; rectification
was a laboratory glass column 160 cm high and 20 mm in diameter, filled with a
1.6x1.6 mm Dixon packing with 192 theoretical stages. Enrichment in °B by a

factor of 1.35 was obtained on this column [3, 40].
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The process of BCl; rectification, despite the relatively simpler technological
design than for BF;, associated with the possibility of carrying out the separation
process at room temperature and atmospheric (or somewhat elevated) pressure, has
not been brought to industrial use. This was largely facilitated by the fact that the
process of BCl3 rectification is characterized by a relatively low separation factor,
as well as the extremely high corrosivity of BCl; [3, 41].

In 2010, JSC “Siberian Chemical Plant” [53] attempted to design,
manufacture, and test a new pilot plant for separating boron isotopes by the BCl;
rectification method. A number of new technical solutions have been implemented
in the design of the plant, which make it possible to carry out the technological
process of 1°B concentration remotely and automatically. The installation consisted
of two distillation columns with a total packed bed height of 22 m. A spiral prismatic
packing with an element size of 2.5x2.5%0.2 mm was used as a contact device.

The developed installation passed successful tests that lasted 20 days, as a
result of which the concentration of the 1°B isotope was more than 40 weight % and,
for the first time in modern Russian history, an experimental batch of °B was
produced, and the necessary experimental data were obtained to develop the initial
data to determine the investment costs for the creation of experimental - industrial
installation with a capacity of 1000 kg of °B per year with a concentration of
75 weight %. Unfortunately, this facility has not yet been put into commercial

operation [53].
1.3.2 Separation of boron isotopes by chemical isotope exchange

Chemical isotope exchange, as compared with the rectification method, is
usually characterized by higher values of the separation factor [3, 39].
Unfortunately, this advantage often results in the need to use chemical phase flow
reversal, as is the case, in particular, in the separation of hydrogen isotopes in the
water—hydrogen system and nitrogen by nitric acid or ammonia methods [39, 44].

This drawback can be eliminated by chemical exchange with a thermal

(reagentless) method of phase flow reversal, an example of which is the industrial
28



processes of separating boron isotopes between gaseous boron trifluoride and a
molecular complex formed due to its special electronic structure with such
compounds as methylphenyl (C¢HsOCHj3) or demethyl ethers (C,HgO) [3, 54, 55,
56]. Thermal reversal of flows simplifies the hardware design of the separation
process, bringing it as close as possible to distillation plants [3]. The mechanism of
the processes of isotopic exchange and flow reversal (formation of a molecular
complex, its thermal dissociation) in this case can be written in general as:

AX .+ AX-Dy, <> AX .+ AX"-D

AX ,+ Dy, —>AX:D

AX-D

lig. !

(1.6)

lig. lig. ?

+Q
——>AX st Diig. »

lig.
where A —is a part of a molecule of a substance that does not contain an exchanging
atom; AX — working substance molecule; X and X* are isotopes involved in the
exchange; X" — target isotope; D — is a molecule of a compound that forms a
molecular complex of AX-D with AX; -Q and +Q - heat removal and supply,
respectively.

The resulting molecular complex compounds do not have a constant boiling
point - when heated, they begin to dissociate, releasing BF; into the gas phase. The
composition of the complex at different temperatures is determined by the molar
ratio [3, 56]:

mole BF,

r == - )
mole complexing agent

(1.7)

Depending on the properties of the complexing agent used, two groups of
chemical isotope exchange processes are distinguished: with complete or partial
dissociation of complex compounds [3].

Liquid complex compounds BF; with simple, complex and cyclic ethers, as
well as methyl fluoride, in which the vapor pressure is less than the vapor pressure
of the complexing agent. In the vapor phase, they are only partially dissociated, due
to which BF; cannot be completely separated from the complexing agent, as a result

of which two parallel processes of interfacial exchange occur in the countercurrent

29



column. One of them is due to the chemical isotope exchange between the liquid
complex and the gas formed during its dissociation, and the other is due to the phase
isotope exchange between the complex in the liquid and vapor phases. This group
of complex compounds is used to separate boron isotopes by chemical exchange
rectification [3, 41, 44, 56].

The main advantage of the method of chemical exchange rectification is the
possibility of using a wide range of complexing agents with different degrees of
dissociation of the complex to organize the technological process. The most
promising are the processes of chemical exchange rectification (CH3),O-BF; and
CH3F-BF; [3, 41].

In the 1970-s chemical exchange rectification of the BF3; complex with
dimethyl ether was the main method for the production of 1°B in the USSR and the
USA [41], but it lost its leading position with the discovery and development of the
method of chemical isotope exchange separation with complete dissociation of
complexes [3, 41].

The chemical isotope exchange between BF; and its fully dissociable liquid
complex compounds is characterized by the largest separation factors known for the
separation of boron isotopes. Methylphenyl (CsHsOCHs;) ether, anisole, was chosen
as a complexing agent for the industrial separation of boron isotopes in the USSR
(Research Institute of Stable Isotopes, Thilisi, Georgia) [3].

The method of chemical isotopic exchange between BF3 in the gas phase and
its thermally unstable complex with anisole in liquid is based on the reaction [3, 54,
56, 57]:

YBF,

3(gas)

+C,H.OCH,- " BF,,, = ' BF

siqy = BFygag+ CoHsOCH,- ° BF, iy (1.8)

The used complex of BF; with anisole has a low heat of formation, which
provides a low level of energy consumption for the circulation of flows in columns,
a large value of a, and a high rate of interfacial isotope exchange with a significant

content of BF; in the complex. Anisol is produced in Russia on an industrial scale at

30



JSC “Aromasintez” (Kaluga). Among other complexing agents used with BFj,
anisole is characterized by higher chemical and thermal stability.
Thermal reversal of flows is organized at the ends of countercurrent mass

transfer columns, at the top in the absorber according to the reaction [3, 54, 56]:

CsH;OCH,;,,+ BE, oy = BE,- C;H,OCH, ;. ,, (1.9)
at the bottom in the desorber according to the reaction:
BF,- C,H;OCH,,, = C;H;OCH, i+ BE; - (1.10)

These reactions are characterized by mobile chemical equilibrium. The
formation of a liquid complex of BF; with anisole (1.9) occurs with the release of
heat (51.53 kJ/mol), to remove which a cooling jacket is used in the design of the
absorber, since as the temperature rises, the chemical equilibrium shifts towards the
starting reagents and the complex compound dissociates into BF3; and anisole (1.10)
[3, 56].

Control of the complete reversal flows of the BF; and anisole streams is
necessary to prevent leakage of BF; to the atmosphere. The temperature of the
complex entering the column is controlled by the flow rate of cooling water
depending on the readings of a thermocouple located in the absorber [3, 54, 56].

The column-type desorber is intended not only for the dissociation of the
complex, but also for the separation of BF; vapor from anisole. The desorber is
equipped with a stepped electric heater for complete decomposition of the complex
[56].

The initial BF; and anisole must be carefully cleaned and dried beforehand,
since industrially produced anisole, in accordance with [3, 56], can contain up to 0.1
weight % water, as well as phenol (C¢HsOH), creosol as by-products. Together with
the initial BF3, hydrofluoric (HF) and boric (H3BOs3) acids enter the column
apparatus, which are formed as a result of the interaction of BF; with water
(hydrolysis) and the atmosphere:

BF,+3H,0 =3HF+H,BO,. (1.11)
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The presence of HF in a two-phase system of BF; with anisole leads to the
appearance of a side reaction:

HF + C;H,OCH, = C;H,OH+ CH,F. (1.12)

As a result of reaction (1.12), phenol is formed as a contaminant in anisole.
Reactions (1.11) and (1.12) proceed especially intensively at elevated temperatures
in the lower node of flow reversal, the desorber [41, 54, 56].

BF; and HF are strong catalysts in the alkylation of aromatic compounds;
therefore, the reactions proceed efficiently in the desorber:

C,H.,OCH,+ CH,F—2%— = 0—(p) - CH,- C,H,OCH,+ HF; (119
C,H.OCH,+ CH,F—%— =0 (p) — CH,- C,H,OH+ HF

The resulting phenol and reaction products (1.13) effectively enter into
complex formation with BFs, however, such complexes are 3-5 times more viscous
than those of the complex of BF; and anisole, are more stable, and do not completely
dissociate at the boiling temperature of anisole in the lower flow reversal node. The
undissociated complexes are removed from the desorber together with the reusable
anisole flow, which leads to losses of the target 1°B isotope [3, 41, 54, 56, 60].

Parasitic reactions (1.11)—(1.13) lead to incomplete circulation of flows, as a
result of which the specified concentration of the target isotope is not achieved. More
viscous complexes lead to a deterioration in the hydrodynamic and mass transfer
characteristics of the setup [56].

Anisole, like a number of other organic complexing agents, is also capable of
autocatalytically decomposing to form phenol. The parasitic reactions of the
formation of complex compounds and the decomposition of anisole during the
implementation of the “anisole” process of separating boron isotopes require not
only special measures for the deep chemical purification of the original BF; (by the
method of low-temperature rectification), but also measures for the deep drying of
anisole, as well as its deep purification from chemical decomposition products. The
formation and accumulation of phenol in anisole requires the organization of

analytical control of its content in anisole. These measures complicate the
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instrumentation of the “anisole” process of separation of boron isotopes, in
comparison with the process of rectification of BF; [3, 54, 55, 56, 58, 60].

In chemical exchange separation processes, the mechanism of interfacial
isotope exchange is complicated by diffusion. This leads to a decrease in the rate of
interfacial isotope exchange compared to the rate of a similar process in distillation
systems. In turn, the rate of these processes, as well as the value of «, is significantly
affected by temperature. Its increase accelerates the interfacial isotope exchange, but
reduces «a. In this regard, for each working system there is an optimal temperature
value at which the highest degree of isotope separation is achieved in a particular
process. In the case of the “anisole” process of separation of boron isotopes, the
optimum temperature is 313 K, while a = 1.027 and the optimum pressure is 0.1
MPa [3, 54, 56].

1.3.3 Gas-centrifuge separation of boron isotopes

Gas-centrifuge separation is one of the highly efficient industrial Kinetic
methods for isotope separation. The centrifuge technology is easily scalable, allows
obtaining high separation characteristics and does not require significant constant
energy consumption for phase transformations and temperature control. In
separating gas centrifuges, as a rule, a countercurrent flow of the gas mixture is used,
the means of organizing which (sampler-circulator, diaphragms with holes, water
cooling, etc.) not only complicate the design and reduce the reliability of the
centrifuge, but also limit the allowable flows of feed, selection and dump. For these
reasons, the disadvantages of this method are traditionally considered to be the
complexity of the process equipment, the relatively large number of centrifuges in
the cascade, and the high cost of the product with small production volumes [49, 61,
62, 63].

Of greatest interest are subcritical centrifuges optimized for industrial
enrichment at 1°B and not containing auxiliary elements that complicate the design.
The maximum separation factor of such devices is limited by the practically

achievable primary equilibrium factor of 1.05-1.07 for boron isotopes. There is no
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countercurrent flow in them, therefore, the exact location of the sampling points,
strict control of the temperature distribution on the rotor walls with the help of the
cooling system is not required [62, 63].

A method is known for obtaining enriched isotope production of boron
isotopes by the gas centrifuge method using BF; as a working gas. Natural BF3is fed
into a cascade of gas centrifuges where boron isotope separation takes place. From
the first stage of the cascade, a heavy fraction stream enriched in the !B isotope is
taken. From the last stage of the cascade, a light fraction stream enriched in the 1°B
isotope is taken. Setting the parameters of the cascade to obtain BF3; with a given
concentration of 1°B is carried out by changing the values of the feed flows, the light
and heavy fractions of the cascade, the number of the stage to which the feed is
supplied. The results of calculations and optimization of the cascade of gas
centrifuges for obtaining 1 g/s BFz enriched by °B to 95 weight % in the enrichment
part and B up to 99.9 weight % in the depletion part of the cascade are given in
[64]. It has been shown that 736 steps are required to achieve these concentrations,
with a feed flow (4.798 g/s of natural BF3) being supplied in 516 steps [64].

The disadvantage of this separation method is the low content of boron in the
volatile chemical boron compound used: 1000 g of BF; with natural isotopic
composition contains about 159 g of boron. That is, about 16% of the separating
power of the cascade is spent on the separation of boron isotopes, and the remaining
84% is spent on the transfer of monoisotopic fluorine between gas centrifuges [62,
63].

The efficiency of the cascade is directly proportional to the content of the
target chemical element in the working gas. To ensure the required performance of
a gas centrifuge cascade for the separation of boron isotopes using BF; as a working
substance, high capital costs are required, associated with a large number of main
and auxiliary equipment used. In addition, BF3 is a highly corrosive substance that
reacts with structural materials, which leads to the formation and accumulation of
non-volatile corrosion deposits on the internal surfaces of the equipment and reduces

its service life [62, 63].
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9999

In JSC “Production Association “Electrochemical Plant™”, Zelenogorsk,

proposed to use a volatile chemical compound of boron, trimethylborane B(CH3)s,
as a working gas. B(CHjs)s is an organic alkyl compound of boron, a colorless gas.
In addition to boron, B(CHs3)s contains polyisotopic chemical elements carbon and
hydrogen, each of which has two isotopes. Therefore, B(CH3); is a mixture of 5
components with a molecular weight of 55 to 59 u. The °B isotope is almost
completely concentrated in the component with a molecular mass of 55 u. (about
97% of the total isotope). The main advantage of B(CH3)s is the proportion of boron
in the working gas, which is 0.193 (for BF3 - 0.159), which is 21% more than in BFs.
Thus, using B(CHj3)s as the working substance in the cascade, it is possible to obtain

the 1°B isotope with a concentration close to 100% [63].

* *

*

Thus, as a result of the review and analysis of literature sources, it has been
shown that boron isotopes have unique nuclear properties, due to which they are
widely used in the nuclear and chemical industries, medicine, and instrument
making. It is shown that the main use of 1°B is reactor building. Annual consumption
of 1°B with a relative concentration of 92-96 weight % in reactor building is about
2000 kg, and due to the development of nuclear energy based on fast neuron reactors,
it will steadily increase [65, 66]. In this regard, work on the creation of an efficient
and economical industrial technology and a plant for the separation of boron isotopes
iIs relevant and in demand.

The analysis of the advantages and disadvantages of the considered separation
methods showed that the method of chemical isotope exchange between BF; and its
thermally unstable complex with anisole is the most suitable for solving the problem
of producing highly enriched boron isotopes in the required quantities, since it can
be implemented at a low temperature, atmospheric pressure with the use of
chemically and thermally stable components, the production of which is industrially
established. This method is quite efficient (has a high separation factor), productive,
economical (simplicity of manufacture and operation of equipment) and allows

thermal inversion of phase flows.
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2 Method for calculating column
2.1 Object of study

The object of study are column apparatuses of various capacities with sieve
plates designed for the separation of boron isotopes by the method of chemical
isotope exchange with thermal reversal of flows in the system of boron trifluoride

and its molecular complex compound with anisole.
2.2 Formulation of the purpose

When calculating column apparatuses, an engineer is faced with many
different options for implementing the separation process. To select the optimal
option, you have to perform a large amount of work. The simplest solution to this
problem is the use of personal computers.

Thermal reversal of flows and the use of a complexing agent as an extractant
makes it possible to reduce the calculation of the process of chemical isotope
exchange in the system of boron trifluoride and its molecular complex compound
with anisole to the calculation of extractive distillation (the complex compound is
formed in the absorber and flows down as a phlegm and completely dissociates in
the desorber from where it is discharged for reuse). In this case, the low-boiling
component (LBC) of the mixture is 'BF; (due to the “inversion” of the separation
described above), and the high-boiling component (HBC) is 1°BF; [67].

Known methods for calculating column apparatuses [68-86], used in practice
for isotope separation, are divided into analytical and graphic [68, 69, 71, 75, 76,
83]. In the case of separation of such mixtures, these methods have significant
limitations: graphical methods introduce a large error due to the small scale of the
graphs used to determine the reflux ratio and number theoretical separation stages
(NTS).

Graphical methods use empirical corrections, which are determined mainly

for the oil refining and chemical industries. Analytical methods are too laborious
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and require a large number of calculations of the same type and a significant
calculation time.

Thus, it is obvious that with the modern development of computer technology,
graphical methods are outdated and are not suitable for calculating the technological
parameters of such systems. The existing shortcomings of analytical methods can be
eliminated by adapting existing methods for calculating technological parameters
and design characteristics for isotope separation using a computer to increase the
speed and accuracy of the calculations.

In this work, the methods for calculating column apparatus used in the
chemical and oil industries will be improved in accordance with the features and
known experimental data on isotope separation.

The definition of the main technological parameters of the ongoing process is
incorporated in the technological methodology. Justification of the dimensions of
the column and the design of its internal contact devices, providing the required
degree of separation of the initial mixture at a given performance - in the design
method.

In improved methods for calculating the process of chemical isotope exchange

with thermal inversion of flows in column apparatus, the following assumptions are

made:

1. There are no heat losses of the column to the environment.

2. The heat of mixing of the mixture components at theoretical stages is
Zero.

3. The temperature in the column is unchanged.

4.  The pressure in the column is constant.

5. The costs of material flows along the height of the column are
unchanged.

6. The concentration of the target component in the nodes of the column
does not change.
7. When calculating the technological parameters of the separation

process, the content of the complexing agent is not taken into account.
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Improved calculation methods are implemented using a block approach to
describing algorithms in the PTC MathCad Prime software environment, which
allows you to quickly upgrade each block of the algorithm.

PTC MathCad Prime is designed for automated mathematical modeling with

the ability to document all calculations in the form of equations and expressions [87].
2.3 Algorithm for technological calculation of column apparatus

The technological calculation algorithm is designed to justify the operating
parameters of the process (pressure and temperature in the system, reflux ratio,
NTS), which ensure the separation of the initial mixture into components of the
required concentration, material flows are also determined and consumption rates
are specified.

The block diagram of the technological calculation algorithm proposed by us
Is shown in Figure 2.1.

The initial data necessary for carrying out the technological calculation are
given in Table 2.1. The beginning of the calculation is the input of initial data into
the program form.

The initial mixture is fed into the column apparatus in the form of a vapor
mixture. Then, according to the accepted assumptions, the concentration of LBC in
the extraction and waste streams does not change after transformation in the
circulation nodes of the stream. That's Why Y, . = Xoras B Yivmas = Xwimas -

Table 2.1 — Initial data for technological calculation

Ne Parameter name Units

1 | Operating temperature in the column: T K

2 | Separation factors: a

3 | Operating pressure in the column: p MPa

4 | Molecular weights *BF3 (M g ) 1 °BF3 (M5 ) kg/kmol

5 | Molecular weight of the complexing agent (anisole) M, kg/kmol
Concentration LBC in the initial mixture ( Yg,.), in product flows

6 . kg/kg
(Ypmas) In dump streams ( Yyymas )

7 | The productivity of the column apparatus °B (C) t/year
Density BFs (05 ) and complex compound

8 ' kg/m?3
( pcomp,ex) at operating temperature

38



Next, the conversion of mass concentrations ( Yg,., X Xumas ) INt0 molar ones

Pmas ?

Is carried out using the formulas [72, 82]:

yFmas
Yemol = Myec [kmol/kmol], (2.1)
Yemas + 1- Fmas
M LBC M HBC
XPmas
Xomg = Moo [kmol/kmol], (2.2)
Xpmas + 1- Pmas
M LBC M HBC
Xwmas
M LBC
ol = kmol/kmol], 2.3
ol Xwmas + 1- Xwmas [ ] ( )
M M

LBC HBC

where M sc u Musc — molecular weights LBC (X!BF3) and HBC (°BF3) mixtures
[kg/kmol].

Then, using the concentration of LBC in the initial mixture (Y, ) and the
equation of the equilibrium curve, the concentration of LBC in the liquid phase is

found:

X = Yemol [kmol/kmol]. (2.4)

Fmol a . (a _ 1) . yFmOI

The mass concentration of LBC in the liquid phase is found by the formula:

. = M Lec - Xemol [kg/kg]. (2.5)

Fmas
M Lec " Xemol T M HBC * (1_ XFmoI)
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Calculation of mass flows and conversion of
product concentrations to mole fractions
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Determination of the minimum reflux ratio

!

Calculation of the operating reflux ratio and the
number of theoretical stages

!

Calculation of mass and volume flows of liquid
and steam for sections of the column

Y
[ |

Figure 2.1 — Block diagram of the technological calculation of column apparatus

Then, using the reaction of formation of °BF3, preliminary calculations are
carried out, during which the total mass flow rate of the working substance is
determined — 1°BF; in the waste stream containing a given amount of 1°B [3]:

2B+ 3F,=2BF,. (2.6)
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The calculation of the amount of substance 1°B is carried out according to the

formula:;

v(°B) = I\r;((l;BB)) [kmol], (2.7)

where m(*°B) — weight °B, according to the specified performance (C), [kg];

M(*°B) — molecular mass 1°B, [kg/kmol].

The mass of the required °BF; is determined taking into account equation
(2.7) by the formula:

m(**BF,) =v(*’B) - M (**BF,) [ka], (2.8)

where m — mass required °BFs, [kg];

M — molecular mass 1°BFs, [kg/kmol].

It is assumed that there are 300 working days (7200 hours) in a year.
Therefore, the value of the dump flow rate is determined by the formula:

__m(*BF,)

= ka/s]. 2.9
7200-3600 [kg/s] (29)

According to the initial data, the concentration ‘°B n the dump flow is (1- X,

), then the total mass flow of the dump for °B and B will be equal to:

Wy, = — [kl (2.10)

mas

With the help of the total flow of the waste of the column apparatus (W

mas)

calculated by the formula (2.10) and the LBC concentrations from the initial data,
on the basis of the material balance equations, the values of the feed and selection
flows are determined [69, 71, 76, 83, 89]:

{Fmas = Pmas +Wmas’
Froas * Xemas = I:)mas "X

mas

W [kals].  (2.11)

Pmas mas ~ “Wmas

where Fras, Pmas, Wmas, [Kg/s] — mass flow rate of the initial mixture, product and
waste flows;

X Xpmas+ Xwmas» LKG/ Kg] — mass fraction of LBC in the initial mixture, in

Fmas !

the product and waste flows.
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After the transformation of the system (2.11), the calculation of the mass flows
of feed and product is carried out:

P = Wines - (X\Nmas - XFmas)
i Xemas — Xpmas [kg/S] (212)

Fmas = Pmas +Wmas

Then the molar flow rates of the main flows of the column apparatus are
calculated [72, 82]:

|:mol = Fmas !
M F

p P [kmolss), (2.13)
M P

WmoI = Wmas !
MW

where Mg, Mp, My, — molar mass of the feed mixture, product and waste flows:

M. =M Lec " Xemot T M HBC (1- XFmoI) [kg/kmol], (2.14)
M P M Lec " Xpmot T MHBC '(1_ XPmoI) [ka/kmol], (2.15)
MW = MLBC “Xwmol T MHBC '(1_ X\Nmol) [ka/kmol]. (2.16)

The steam and liquid load of the column apparatus is determined by the
operating reflux ratio (R ) — one of the main parameters that determine the size of
capital investments and operating costs for the implementation of processes in
column apparatus. Therefore, the choice of the optimal value of the working reflux
ratio is a very responsible and important task [73, 78, 79].

The technological algorithm contains three options for determining the
working reflux ratio. The simplest way to calculate it approximately is the Gililand
method [68, 72, 74], which uses the empirical equation:

R=13-R_ +0.3, (2.17)
where Rpyin — minimum reflux ratio.

This method arose as a result of analyzing the operation of a large number of
laboratory, experimental and industrial distillation columns used in the chemical and

oil industries [68, 72, 74].
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To determine the minimum reflux ratio, two main calculation methods are
used: by the equation of the phase equilibrium curve and Underwood [78, 80, 81].
The calculation method using the equation of the phase equilibrium curve
consists in calculating the LBC concentration in a liquid that is in equilibrium with
the feed mixture in the vapor phase and substituting it into the equation [80]:
R, = et~ Yeuo (2.18)
Yemot ~ Xemol

where X LBC concentration in the liquid in equilibrium with the feed vapor

Fmol —
[kmol/kmol].
This method is used when the separation factor of the rectification process is

not determined (it is found X, using the phase equilibrium curve obtained as a
result of the approximation of experimental data), as well as in graphical
implementation (when working lines are plotted on the phase equilibrium diagram)
in approximate calculations, which lose by accuracy of analytical calculation.

The Underwood method is more often used for isotope separation [77, 78, 89,
92]. In it, the minimum reflux value is calculated by the formula (for feeding in the
form of a steam mixture):

Rmin: 1 _[a'meol _1_meoI j (219)
a-1 YEmol 1- YEmol

Underwood's method allows calculating the values of this parameter for power
flows in different phase states. This method is also often used in calculating the
separation of multicomponent systems, for which methods using the equation of the
phase equilibrium curve are inefficient [77, 78, 89, 92].

The operating reflux ratio can also be determined using the coefficient excess
reflux g [73, 77, 83]:

R=R_. -/, (2.20)

where S — coefficient excess reflux ratio, in works on isotope separation it is

recommended to use values from 1.1 to 5.0 [73, 77, 83].
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The third way to set the working reflux number is its manual entry into the
calculation form.

For all options for determining the working reflux ratio, the calculation of the
NTS consists in solving the system of phase equilibrium equations and the

corresponding working line:

y a-X
M1 (@ -1) - x (2.21)
y — R X+ XPmol
KR R+1 T R+1
y _ a-X
equil — 4 /7 AN o
< 1+ (a—1)-x | (2.22)
yo =R+f  1-f
work.low R +1 R +1X\Nmol

where y,.; (X) —equation of the phase equilibrium line;

Yworkup (X) — Working line equation for the top (strengthening) section;

(x) —working line equation for the lower (exhaustive) section;

ywork.low

F :
f = _ relative molar flow rate [kmol/s].

mol

The concentration of LBC (X) is substituted into the equation of phase
equilibrium y,,; (x), as a result of which the concentration of LBC in the vapor

phase is determined. Further, using the equation of the working line of the section

( Yaorkup (X OF Yooraiow (X)), the corresponding concentration of LBC in the liquid

phase is determined. This iteration corresponds to one theoretical separation step.
The found LBC concentration in the liquid phase is used for the next iteration. The
calculation continues until the LBC concentration in the liquid reaches the required
concentration of the target component (in accordance with the given boundary
conditions) [73, 76, 85].
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The total NTS in the column is the sum of the steps of all sections of the
column. In practice, the Gililand method is also used for approximate calculation of
NTS [85]:

N.in + 9

N=—mn_<= 2.23
. (2.23)
where g alculated using the empirical formula [85]:
2
g :0.663—1.0628-(mj+0.4227-(mj ; (2.24)
1+R 1+R

N, — the minimum number of required PTS is found using the Fenske equation

[44, 46, 73]:

N, = In[ Xenot 1~ Xumg j na. (2.25)
1- Xpmol Xwmol

It is assumed in the calculation that the height of the column is directly
proportional to the NTS, and the diameter of the column is directly proportional to
R, therefore, the volume of the column will depend on the value of N -(R+1).

The optimal working reflux ratio R and the corresponding amount of NTS are
determined from the minimum of the dependence on R with a given change step f —
0.01. When using such a step of changing f in the range of its values from 1.1 to0 5.0,

a dependence on R was obtained N - (R+1), an example of which is shown in Figure

2.2.

500 H

3001

5I 7,'5 1IO 12I,5 1I5
Figure 2.2 — Dependence N - (R+1)onR
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As a result, instead of a smoothed approximation of the curve, a sawtooth
shape is obtained, the minimum values of which correspond to the minimum values
of the reflux ratio at a constant number of theoretical steps. This makes it possible
to more accurately determine the NTS in the column and at the same time refuse to
use empirical corrections.

The calculation of the steam number characterizing the operating mode of the

lower flow circulation unit is carried out according to the formula:

QZM.R_ (2.26)
X X

Pmol ~ “*Fmol

Next, the flow rates of steam and liquid in the sections of the column are
calculated. Figure 2.3 shows the material flows of a column apparatus for chemical
isotope exchange with thermal inversion of flows in the system of boron trifluoride
and its molecular complex compound with anisole.

For the upper and lower sections of the column, the molar flow rates of steam

and liquid are calculated [80, 83]:

Gpma =(R+1D- P, [kmol/s], (2.27)
Guoumo =(R+1D P —F_ [kmol/s], (2.28)
G,o =G,y — Poo [kmol/s], (2.29)
Lot = Liowmol = R Proy [KmMoI/s]. (2.30)

Next, the average concentrations of !B in the liquid and vapor phases are
determined for the upper (strengthening) and lower (exhausting) sections of the
column apparatus [80, 83]:

— XFmoI +X

up.aver = 5 Pmol. - [kmol/kmol], (2.31)
Y =% [kmol/kmol], (2.32)
yo =Ry Xeno remolikmol], (2.33)

up.aver R+1 up.aver R+1
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R [kmolkmol],  (2.34)

Yiow.aver m low.aver R+1

rae X X —average LBC concentrations in the liquid and

up.aver ! “‘low.aver ? yup.aver’ ylow.aver

vapor phases for sections of the column apparatus.

b

[ [

P,. Xp
F
1 Lup| |Gl
-
-g F, xr L
= —_— s — .
-
A
II Liow 1Gow
Y
W, X
—

\ [/

Figure 2.3 — Material flows in the column:

| — upper (exhaustive) section of the column, Il — lower (strengthening)
section of the column,
Lup, Gup— liquid and vapor flows at the top of the column,
Liow, Giow— liquid and vapor flows at the bottom of the column,
L, G — the total amount of substance in the liquid and vapor phases supplied
to the flow circulation nodes,
F — vapor phase feed flow with concentration B - y. .,

P — vapor phase extraction stream with concentration B — y,_.,
W — waste stream in vapor phase with concentration *'B — Y,,,....
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The next step is the calculation of the average molecular weights of the liquid
and vapor in the column sections [72, 74]:

qup.aver =M LBC Xup.aver +M HBC (l_ Xup.aver) [kmOI/kmOI]’ (235)

Mx =M g X + M g - A—X [kmol/kmol], (2.36)

low.aver low.aver low.aver )

Ivlyup.aver =M LBC yup.aver +M HBC (1_ yup.aver) [kmOI/kmOI]’ (237)

Mylow.aver = M LBC ylow.aver + M HBC (l_ ylow.aver) [kmOI/kmOI]’ (238)

e MX, e 1 MX — average molecular weights of steam in the upper and lower

low.aver

sections of the column; My, ... 1 My, ... —average molecular weights of the liquid

in the upper and lower sections of the column.

Then the molar flows of vapor and liquid are converted into mass flows:

Gp.mas = Cupmot * MYup aver [KO/S, (2.39)
Giowmas = Giowmot - MYiowaver [KO/S], (2.40)
Giras = Gror - M [k/s], (2.41)
Lpmas = Lupmot * MXp arer [KO/S], (2.42)
Liowmas = Lowmol * MXiou,aver [KG/S]. (2.43)

In the upper flow reversal node, all incoming vapor (G_..) interacts with

mas
anisole and forms a complex compound according to reaction (1.9). The amount of
anisole required for the formation of a complex compound is calculated by the
formula:

L _ Gmas MM anisole [kg/S] (244)

anisole.mas
P

Then the total amount of substance in the liquid phase leaving the upper flow

circulation node for different sections can be found using the formulas:

I‘up.complex.mas = I‘up.mas + Lanisole.mas [kg/S]’ (245)

Llow.complex.mas = I—Iow.mas + I—anisole.mas [kg/S]’ (246)
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Then, the volumetric flows of vapor and liquid in the sections of the column
are calculated. To do this, it is necessary to determine the density of boron trifluoride
and the complex compound of boron trifluoride with anisole at operating
temperature.

The density of boron trifluoride ( oy, ) is determined from the reference data

[3], and for the complex compound, the empirical expression is used:

~2309.2-3.698-T [kg/m?]. (2.47)

P complex

Next, the values of the volumetric flows of steam and liquid are calculated for

the sections of the column, as well as in the feed, product and waste:

V, = Fose [mg), (2.48)
Per,
V, = Tm [mes], (2.49)
PsF,
V,, = Vs [mis], (2.50)
Pr,
L
V|_ — up.complex.mas [m3/S], (251)
* pcomplex
L
V|_| — low.complex.mas [m3/3], (252)
- complex
G
VGup = — [mSIS], (2'53)
complex
Vo = Stunes [ms]. (2.54)

complex

This concludes the technological calculation.
2.4  Algorithm for structural calculation of column apparatus

Recently, there has been a trend towards the use of disc contact devices for
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the separation of isotopes of light elements. The most common type of disc contact
devices for these tasks are sieve plates. These contact devices have a simple design,
ease of installation and repair, low hydraulic resistance and sufficiently high
efficiency.

The structural calculation algorithm is designed to determine the main
dimensions of the column apparatus (diameter and height), maximum and minimum
loads, hydraulic resistance when using sieve disc contact devices.

The initial data for carrying out structural analysis are the results of
technological calculation. The block diagram of the structural calculation proposed
by us is shown in Figure 2.4.

The beginning of the calculation is to determine the range of stability of the

operation of disc contact devices:

A= —mex, (2.55)

where K__. — power flow load increase factor; K . — power flow load reduction
factor.

For sieve trays, according to [85, 88], the value A, should be less than 2. If
the stability range exceeds the specified value, then this type of contact device does

not satisfy the initial data. It is necessary to change the values of the coefficients
K K

max ! min *
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[ Start

]
Determining the stability range of contact devices

k

Checking the stability of
contact devices

| Estimated column diameter calculation |

Choice of standard column dlamqter and distance between
contact*dm'lces

Selection of the main design parameters of contact devices

Calculation of the working and maximum speed of steam 1n
the working section of contact devices

Steam overspeed check

€5

Calculation of the height of the drain threshold of contact devices

¥
Calculation of the mimimum steam veloeity in the Iree
section of contact devices

Checking that the minimum

steam speed has been reached

Calculation of hydraulic resistance contact devices

'
Calculation of intertray entrainment and liquid velocity 1n
the overflow of a contact device

Health check overflow device

Calculation ot the number of contact devices and column
height

[ End ]

Figure 2.4 — Block diagram of the structural calculation of column apparatus for

sieve disc contact devices
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Next, the values of the estimated maximum allowable steam velocity in the

column sections are calculated:

P —p
Wiaxp = Craup \/ o [mis], (2.56)
BF;
P —p
Wmax.low = Cmax.low \/ o = [m/S]’ (257)
Per,
e Coonr Craxiow— COEFficients for the upper and lower sections of the column,

depending on the type and design of the contact device, the distance between the
plates, the values of liquid and steam flows in the sections of the column. These

coefficients are calculated by the formulas:

Crany =847-10°-(1.2-C, -5- (4, —35)), (2.58)

max.up

C

max.low

=8.47-10°-(1.2-C, -5 (4,, —35)), (2.59)
where C, — coefficient depending on the chosen standard distance between disc

contact devices [85, 88] is found using figure 2.5; 4, 4, — coefficients for the

low
upper and lower sections of the column, depending on the type and design of the
contact device, the values of the liquid vapor flows in the sections of the column.

For sieve disc contact devices, these coefficients are calculated by the

formulas:
/1up _ 0655 ° Lup_complex.mas A 12 ) Cl . pcomplex _ pBF3 ) (260)
pcomplex VLup pBF3
AIOW _ 0655 : Llow.compIeX.maS . 12 ) Cl . pcomplex _ pBF3 . (261)
pcomplex VLlow pBF3
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10,0

8,0

Cl-l()2

6,0

4.0+

0,0 . . !
0,0 4, 6,0 8.0 10,0

H102

Figure 2.5 — Dependence of the coefficient C; on the distance between the
disc contact devices

Then, the estimated diameter of the column apparatus for the upper and lower

sections is calculated:

b, = | Ve 2.62

Asses.up W— [m]! ( . )
max.up

D _ |2V 2.63

Asses.low — W— [m] ( . )

max.low

From the standard series of column diameters [88], the value closest to the

estimated value is selected— D _, D

up '’ low *
The next step is to calculate the free section of the column apparatus:

S ooy = 0.785- D, 2 [M?], (2.64)

free.up

S,... =0785-D_° [m2]. (2.65)

free.low low

The steam velocity in the sections of the column apparatus is calculated by

the formulas:

VGup
W,, = [mis], (2.66)

free.up
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Vv
W, = SG— [m/s]. (2.67)

free.low

Next, the values of the steam load factor for the sections of the column

/k
fvup :Wup : pBF3 [ Eg's]’ (268)

Vigw =Wiaw - \[Per, [\/%-S], (2.69)

In accordance with the selected standard column diameter from [83, 85, 88],

apparatus are calculated:

the design parameters of the sieve plate are selected:

- drain perimeter: p,...., [M];

- relative cross section of the overflow: for the upper section — s, for the

lower section — s, [%].

low ?

Then the relative working section of the selected sieve plate of the column
apparatus is calculated:

Sy =1-0.02-5,,, (2.70)

rel.up

S, =1-002-s (2.71)

rel.low low *

The calculation of the maximum allowable speed in steam in the working
section of the plate for the upper and lower sections of the column is calculated by

the formulas:

Peomplex — P
W, =0.549-6°%- B, - \/ P 755 Tmis), (2.72)
BF;
Peomplex — P
WS.Iow =0.549- 0-0’2 'Bllow \/ i = [m/S]1 (273)
Per,

where o [mh/m] — intense tension of the boron trifluoride-anisole complex at high

temperature; B, = — coefficient for the upper section of the column, depending on

1up
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the distance between the plates and the auxiliary coefficient Lupmes : / Per , IS
pcomplex

up.mas

found using linear data interpolation [88]; B, — coefficient for the lower section of

low

the column, depending on the distance between the plates and the auxiliary

coefficient IC;'OW-maS . / Per , Is found using linear data interpolation [88].
low.mas pcomplex

Then, the conditions for the maximum allowable steam velocity in the

working section of the plate are checked:

K e -Wip<W - S (2.74)

rel.up?

S

up

K, -W,,<W.

low Slow

(2.75)

rel.low *

If these conditions are not met, the next standard value of the distance between
the plates is selected for a given column diameter and the calculation is carried out
starting from formula (2.72). If it is impossible to increase the distance between the
trays, the diameter of the tray should be increased to the next one from the standard
series and the calculation should be carried out starting from formula (2.62).

When the conditions (2.74, 2.75) are met, the specific load per unit length of
the drain perimeter is calculated and a check is made for exceeding the permissible

value:

Vi,
Lipspes = ——<0.0017 [m?/s], (2.76)

drain

VL
L =—te 00017 [m?s]. (2.77)

low.spec
drain

If the drain load does not pass the test, the next diameter from the standard
range is selected and the calculation starts again with formula (2.62). When the
conditions (2.76), (2.77) are met, the calculation of the liquid backwater above the
drain threshold of the tray for various sections of the column apparatus is carried

out:

2

hb.up =1.44. (Lup.spec)g [m]’ (278)
95



2

Nytow =144 - (Lignspec)® [MI. (2.79)

b.low
Calculation of the minimum bubbling depth on the contact device is carried
out using the formula:

M = 0.05- — [m], (2.80)

complex

Then the height of the drain threshold of the contact devices located in

different sections of the column apparatus is calculated:

hh.up = houbl - ho.up [m]’ (281)
hh.Iow - houbl ho low : (282)

The next step is to calculate the dynamic bubbling depth on the tray contact
devices in the sections of the column apparatus:

1000
dup — (hh.up + hb.up) A [m], (283)

complex

1000

h

hd.Iow = (hh.low + hb.Iow) )

[m], (2.84)

complex

Then follows the calculation of the minimum allowable steam velocity in the

free section of the disc contact devices located in the sections of the column

apparatus:
B,, —9-(1-100-d,)
Wi = [m/s], (2.85)
\ Per,
Wmin.low_ ZIOW 9 (1 100 d) [m/S], (286)
\/pBF3
where B, , B,,, — coefficients for the upper and lower sections of the column

apparatus, depending on the depth of bubbling. These coefficients are calculated by

the formulas:

By, =21.03+1.626-In(h,,,) —1.85-10"* - (h,,,) °* -exp(90.33- A, ,) , (2.87)

d.up d.up

=21.03+1.626-In(%,,,,)—1.85-10 " - (h,,,,) % -exp(90.33- A,,,,,) , (2.88)

2Iow low Jlow Jow
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where — d, — diameter of holes in the sieve cloth of the plate [m]. Selected from the

standard range given in the reference literature [85, 87].

The next step is to calculate the relative free section of the disc contact device:

W, K, 100
min.up
W . -K_. -100
O.low = IOWW = [%] (290)

min.low

Then, from the reference literature [88], the nearest suitable smaller value of
the standard relative free section and the pitch between the holes are selected —t [m].
Next, the conditions for achieving the minimum steam velocity in the column
apparatus are checked:
W

min.up * fO.up <W -K_ (2 91)
100 up min '
Wmin.low . fO.low <W|ow ) Kmin' (292)

100

If these conditions are not met, it is necessary to increase the diameter of the
opening of the sieve cloth. When the maximum value of the hole diameter is reached,
the diameter of the contact device should be increased.

When these conditions are met, the aeration factor is calculated:

0.1 0.253
P = + (2.93)
" M +4 X hd.up
O.up
0.1 0.253
Brow = + : (2.94)
M +4 Y hd.low
O.low

Then the coefficient of hydraulic resistance of the contact device is calculated:
2
d, ) t
e=|—| - -11. 2.95
(t] [0.62-d0 ] (2.95)
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Calculation of the hydraulic resistance of contact devices in various sections

of the column is carried out using the following formulas:

2
fVU
APup:SOOO-e-{ p] +9810- 8, -y, [Pal, (2.96)
O.up
f 2
AP_, =5000-¢- [ V'OWJ +9810- B, hy,., [Pal. (2.97)
O.low

Then the height of the separation space of the upper and lower sections of the
column is calculated:
=h —-25-h, [m], (2.98)

slow ht 2.5 IA'd low [ ] (299)

The next step is to calculate the intertray entrainment of liquid from the

contact device:

3.2
_3 W
=57 % ( P J [m], (2.100)
s.up
10_3 W 3.2
Chow = . (ﬁj [m]. (2.101)
s.low

Then, the conditions for the admissibility of intertray entrainment of liquid are
checked:

e,>0.1, (2.102)

e >0.1. (2.103)

low

If the conditions are met, you should increase the distance between the contact
devices and start the calculation with formula (2.72).
If the conditions are not met, then the calculation of the liquid velocity in the
overflow of the contact device is carried out:
Vv, -100

U, = S“— [m/s], (2.104)

free.up ) up
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V, -100
U.ow=—s [m/s]. (2.105)

free.low low

Next, the calculation of the maximum allowable fluid velocity in the overflow

device is carried out:
U = 0.008- [h - (Deomprex — Pgr,) [MVS]. (2.106)

Then, the conditions for the allowable liquid velocity in the overflow device

are checked:
UU|O<Umax (2.107)

U<V, (2.108)

low

If the conditions are met, you should increase the distance between the plates
and start the calculation with formula (2.72).

If the conditions are not met, the number of valid contact devices in the
column is calculated. To move from the number of theoretical plates to the number
of real plates, a correction efficiency factor is introduced that takes into account the

kinetics of the processes occurring on the plates of the column:
N _ .
I\Ireal - [thlngS], (2109)
n

rne #n— efficiency of disc contact devices [55, 88]

Next, the height of the column apparatus is calculated according to the
formula:

H=N_,- h [m], (2.110)

This completes the structural calculation of the column apparatus with sieve

contact devices.
2.5 Verification of calculation methods

The described methods for calculating the technological parameters and
structural characteristics of column apparatus intended for the implementation of

rectification and chemical isotope exchange processes have been successfully tested
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and verified for the benzene-toluene system. This system was chosen due to the
absence in the literature of a set of necessary data for verification on isotopic
mixtures and is a test task on multiple confirmed data obtained in the oil industry.

The conditions for carrying out and the main results of the calculation are
given in tables 2.2 and 2.3.

Table 2.2 — Initial data for a mixture of benzene-toluene
Feed flow F_, [kg/s] 5

Operating pressure in column: P, [MPa] 0.101

Molecular weights: M [kg/kmol]:

Benzene (M 5¢) 78

Toluene (M 5.) 92

Concentration LBC (Benzene) [weight %]:

in the initial mixture (X, ) 35
in the product mixture withdrawal flow (X, ..) 98
in waste flow (X, ) 1.7

Comparative analysis of the results of technological calculation showed their
good convergence. Differences appear only when determining the reflux number
and the number of separation steps. In [72], the NTS was determined by a graphical
method, while in this work, an analytical method was used based on solving the
systems of equations of the equilibrium curve and working lines in the sections of
the column apparatus. As a result, the parameters depending on the reflux ratio differ
from the data [72].
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Table 2.3 — The results of the structural calculation of the column apparatus designed
to separate the benzene-toluene mixture

. Literature
Name of parameters Calculation results data [72]
Technological calculation
Operating reflux ratio, R 2.45 2.1
The total number of theoretical stages N
: 17 22
[ things]
Mass flow of gas in the upper section of the
6.19 5.58
column G ., [kg/s]
Mass flow of gas in the lower section of the
6.56 6.04
column G, .. » [K9/s]
Mass liquid flow in the top section of the column
4.46 3.84
Lup.mas ! [kg/ S]
Mass flow of liquid in the lower section of the
9.61 9.29
column L, ..., [Ka/s]
Structural calculation of a plates column
Plate type Sieve Sieve
Plate construction TS-R TS-R
Plate column diameter, D, [m] 1.6 1.8
Diameter of the hole in the plate do, [mm] 8 8
Pitch between holes t, [mm] 15 15
Distance between plates, h, [m] 0.45 0.5
Number of actual separation stages 25 31
Height of the plates column, H, [m] 15 18
Total hydraulic resistance, AP [Pa] 7650 8225

The choice of the type of sieve plate TS-R and the diameter of the column was
carried out by the author [72] on the basis of his own experience and
recommendations given in the literature. According to our methodology, they are
selected taking into account the optimization criterion - the minimum diameter of

the column, at which it remains operable. It is shown that the calculation results also
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agree satisfactorily. Therefore, this technique allows one to adequately calculate the
technological and structural characteristics for tray columns.

Based on the results of the verification of the described methods for
calculating the technological parameters and structural characteristics of column
apparatuses, a scientific article was published in the Journal of Physics: Conference
Series [89].

3 Calculation of the column apparatus for the separation of boron

isotopes

Using the technique of technological calculation described above, the main
parameters of the process of chemical isotope exchange with thermal reversal of
flows in the system of boron trifluoride and its molecular complex compound with
anisole, occurring in a column apparatus, are determined. The calculations were
carried out for the initial data given in Table 3.1.

Table 3.1 — Initial data for technological calculation

Operating temperature in the column: T, [K] 313
Separation factor [3]: « 1.027
Operating pressure in column: P, [MPa] 0.1

Molecular weights: M [kg/kmol]:

UBF; (MLBC) 68
10BF; (M j5c) 67
complexing agent (anisole) (M o1 ) 108.13
Concentration of HBC (¥B) [weight %]:

in the initial mixture (Yg,.o) 19.82
in the product flow of the mixture enriched in the target isotope (1°B), ( Ywmas ) 90-+99.9
in the product flow of the mixture enriched in the side isotope (*'B), ( Ypmas) 10
Performance of the column apparatus in terms of element 1°B [t/year] 2

Density of substances at operating temperature [xr/m°]:

BFz [3] ( pBFS) 2.52
complex compound [3] ( Ogomprex) 1151.73

62



The indicated range (90+99.9 weight %) of concentrations of the target 1°B in

the selection stream is due to the study of the dependence of the number of

theoretical separation stages necessary to achieve the indicated concentrations of

198, The concentration of the by-product !B in the waste stream has a fixed value,

since, according to [3, 53, 55, 56, 90], an increase in the concentration of !B is more

efficiently achieved in separate distillation columns.

The research results are shown in tables 3.2 and 3.3.

Table 3.2 — The results of the technological calculation of column apparatuses with
a target concentration of 1°B in the selection stream of 90-95 weight %.

Name of parameters Target concentration, '°B [weight %]

90 91 92 93 94 95
Operating reflux ratio, R 31.30 29.69 29.69 29.69 29.69 | 29.69
Operating steam number, @ 210.04 | 202.01 | 204.85 | 207.68 | 210.52 | 213.36
Tl\r|1e to_tal number of theoretical stages 266 286 992 299 307 316

[things]

Number of theoretical stages in the
upper section of the column Nup 60 64 64 64 64 64
[things]
The number of theoretical stages in
the lower section of the column N, | 206 222 228 235 243 252
[things]

Table 3.3 — Results of technological calculation of column apparatuses with a
target concentration of 1°B in the selection stream of 96-99.9 weight %.

Name of parameters Target concentration, 1°B [weight %]

96 97 98 99 99,5 99,9
Operating reflux ratio, R 29.69 29.69 28.54 28.31 28.31 | 27.62
Operating steam number, & 216.20 | 219.03 | 213.22 | 214.20 | 215.55 | 211.32
The to_tal number of theoretical stages 397 341 374 410 442 598
N [things]
Number of theoretical stages in the
upper section of the column Nup 64 64 68 69 69 72
[things]
The number of theoretical stages in
the lower section of the column N, | 263 277 306 341 373 456
[things]

From tables 3.2 and 3.3 it can be seen that the specified concentration of °B

in the selection stream is achieved in each design case. At the same time, the given
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reflux and steam numbers characterize the most effective operating conditions for
the nodes for reversing the flows of the column apparatus. The dependence of the
number of theoretical separation stages required to achieve a given concentration of
198, provided that the optimal operating parameters of the flow circulation nodes are

used, are shown in Figure 3.1.

N
550

500
450
400
350

300

YPmas:
250 weight % (1°B)

90 91 92 93 94 95 96 97 98 99 100

Figure 3.1 — Dependence of the number of theoretical separation steps
required to achieve a given concentration of 1°B

Figure 3.1 shows that the number of required theoretical separation steps
increases linearly from 266 at 90 weight % on °B to 341 pieces at 97 weight % over
19B. A further increase in the concentration of 1°B is accompanied by an exponential
increase in the number of theoretical separation steps: at 98 weight % — 374 pieces,
at 99 weight % — 410 pieces, at 99.5 weight % — 442 pieces, at 99.9 weight %—- 528
pieces.

Thus, it is advisable to use the method of chemical isotope exchange with
thermal reversal of flows in the system of boron trifluoride and its molecular
complex compound with anisole for the production of 1°B with a concentration of

up to 97 weight %.
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To verify the described technological method of calculation, the most reliable
literature data obtained as a result of pre-design calculations of column apparatus for
the production of 1°B isotopes with a concentration of 96 weight % [3, 59].

The main results of the technological calculation and literature data are shown
in Table 3.4, and also published in scientific journals “News of higher educational
institutions. Physics” [91] and “Russian Physics Journal” [92].

Table 3.4 — Results of technological calculation of column apparatuses with a
given concentration of °B in a selection stream of 96 weight %.
Calculation results

Name of parameters using the described Literature data [59]
methods
Feet flow F ., [ka/h] 16.30 16.32
Product flow P, [ka/h] 1.94 1.92
Waste flow W__, [kg/h] 14.36 14.40
Operating reflux ratio, R 29.69 29.73
Operating steam number, & 216.20 218.94

The total number of theoretical

stages N [things] 327 324
Mass flow of gas in the upper

section of the column G, .., 440.50 446.06
[kg/s]

Mass flow of gas in the lower

section of the column G, 421.50 426.86
[kg/s]

Mass flow of liquid in the column

L. » [kg/s] (excluding anisole) 426.14 431.53
Anisole mass flow L, e mas 679.15 290.00

[kg/s]

A comparative analysis of the results of technological calculation with the
available literature data showed their good convergence. Most of the calculated
parameters coincide with the literature data with a maximum deviation of up to 5%.

In the initial data, a more accurate value of the natural concentration of HBC
198 in the initial mixture was chosen, which leads to some difference between the

calculated external flows of the column apparatus and the literature data [59].
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Differences also appear when determining the reflux ratio and the number of
theoretical separation stages, which in turn leads to a change in the working steam
ratio and the values of the internal flows of the substance in the column apparatus.

In [59], the NTS was determined using the approximate Gilliland method,
whereas in the described method, the calculation is carried out with greater accuracy
by solving the systems of equations of the equilibrium curve and working lines in
different sections of the column apparatus.

Therefore, this techniqgue makes it possible to adequately calculate the
technological parameters for column apparatus intended for the separation of boron
isotopes by the method of chemical isotope exchange with thermal reversal of flows
in the system of boron trifluoride and its molecular complex compound with anisole.

The initial data for the structural calculation are the initial data from Table 3.1
and the results of the technological calculation.

With the help of the described calculation method, the optimal structural
characteristics of the column apparatus designed for the production of 2 and 4 tons
of boron per year with an enrichment of 96 weight % according to 1°B given in Table
3.5.

Table 3.5 — The results of the structural calculation of the column apparatus designed
for the separation of boron isotopes

Name of parameters 2 tlyear 4 tlyear
Plate type Sieve Sieve
Plate construction TS TS
Plate column diameter, D, [m] 0.5 0.6
Diameter of the hole in the plate dy, [mm] 3 5
Pitch between holes t, [mm] 11 17
Distance between plates, h, [m] 0.3 0.2
Number of actual separation stages 411 423
Height of the plates column, H, [m] 123.3 84.6
Total hydraulic resistance, AP [Pa] upper 418.0 44171
lower 405.7 427.3
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Table 3.6 shows that column apparatus with a capacity of 2 and 4 tons / year
for 1°B, enriched to 96 weight % have the same type of sieve plates. At the same
time, they differ in the diameter and height of the column apparatus, the main
structural characteristics of the trays.

It is difficult to verify the method of structural calculation due to the lack of
data on the characteristics of the contact devices of industrial column apparatuses in
the literature.
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4 DUHAHCOBbIN MEHEIKMEHT, pecypcod3dPeKTUBHOCTD U

pecypcocoepexeHne

Llenpto maHHOTO paszena SABISETCS  OMNpeAeNieHHEe SKOHOMHYECKOH
IIEJIECOO0PAa3HOCTH M TEPCICKTUBHOCTA CO3JAHHUS YCTAHOBKH IO Pa3JICIICHHIO
WU30TOTIOB OOpa METOJAOM XHWMHUYECKOTO H30TOIMMHOTO OOMEHa C TEPMHYECKUM
oOparieHreM TIOTOKOB C HCIOJb30BaHWEM cucTemMbl BFz-anmzon. Pacuer
TEXHOJIOTHYECKUX  TapaMeTpOB W KOHCTPYKIMOHHBIX  XapaKTEPUCTHUK
MPOCKTUPYEMOTO KOJIOHHOTO ammapaTra TPOW3BOJIUTCS C TOMOIIBI0 CO3TaHHBIX
meroauk Ha [I9BM B nporpammuoii cpeae PTC MathCad Prime.

B nanHom paszgene ans oOecrieueHUs MOCTABICHHOW 1€MW HEOO0XOIUMO
peleHre CIeAyomunX 3a/1ay:

e pa3paboTka o0OIIel SKOHOMHUYECKOW HJEH NpPOeKTa, (POpMUpPOBAHUE
KOHIICTIIIUU MTPOCKTA;

® TUIAHMPOBAHUE W OpraHU3AIMS HAYYHO-HCCIIEOBATEIBCKUX padoT;

® OMpeelieHHe  BO3MOXHBIX  allbTEPHATHUB  TPOBEICHUS  HAYYHBIX
UCCJICIOBAHUM, OTBEUAIOIIMX COBPEMEHHBIM  TpeOOoBaHHSIM B  00JacTu
pecypcodPheKTUBHOCTH U PECYyPCOCOEPEIKEHUS;

® OIICHKa KOMMEpPYECKOIO IMOTEHIMada M MEPCHEKTUBHOCTH IMPOBEIACHUS
HAyYHBIX UCCIICIOBAaHUM;

e oOmpeAcIeHHE  pecypcHoi  (pecypcocOeperaroreii), (HHUHAHCOBOM,

OIOPKETHOM, COLIMAJIBHON U 9KOHOMHYECKOU 3(PPEKTUBHOCTU UCCIIETOBAHHUS.

4.1 OneHka KOMMEpPYECKOr0 MOTEHHHAJAa M MNEePCHeKTHBHOCTH

NpOBeJeHNs] HAYYHBIX UCCJIeI0BAHNI
4.1.1 TloreHuMaNbHbIE OTPEOUTETH Pe3YIbTATOB HCCIEI0BAHUS

I[aHHaﬂ HAaYyYHO-HUCCIICAO0BATCIIbCKAs pa60Ta HallpaBJICHAa Ha CO3JaHHC

MCTOJUMKH pacd€Ta KOJOHHBIX aIIlapaToB M OIPCACICHHC C €€ IIOMOIIbIO C
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ONTUMAJIbHBIX TEXHOJOTMYECKUX U KOHCTPYKIIMOHHBIX MapaMeTpoB KOJOHHOTO
anmapara Jijisi IpOM3BOJICTBAa BRICOKOOOOTallIEeHHBIX U30TOIMOB Oopa.

[{eneBbBIM PBHIHKOM JAHHOTO HMCCIEIOBAHUS OyAyT SIBISATHCS MPEATPUSTHS,
IJIE UCMOJIb3YIOTCS KOJIOHHBIE amnmapaTbl U KacKaabl KOJOHH ISl pa3feieHUs
M30TOTIOB JIETKUX 3JIEMEHTOB, & TAKXKE BEIIECTB ¢ OIM3KUMH (DU3UKO-XUMUICCKAMU
cBoiictBaMu. K TakuM npeanpusiTusiM OTHOCSATCS TOAPA3AEICHUS TOCYJapCTBEHHOM
Koprnopauuu 1mo aromMHoit sHepruu «Pocatom» (AO «I10 3X3», ITAO «H3XK»,
AO «CXK»), nedrenepepadatsiBarontue npeanpustus Poccun (ITAO «I"azmpomy,
00O «Cubyp»), Hayunsie yHuBepcuretsl (PXTY um. JI.M. Menaeneera, AO
«BHUMHMp).

CerMeHTHPOBaTh PHIHOK YCIYT MOKHO TIO CTEIICHH MOTPEOHOCTH CO3TaHUS
YCTAaHOBKU TIO MPOU3BOJICTBY BBICOKOOOOTAIIEHHBIX M30TOMOB Oopa. Pe3ynbTaTh

CErMEHTUPOBAHMSI MPEJICTABIIEHBI B pUCyHKE 4.1.

[TapameTpsl KOJOHHOTO aIapara, IpeIHa3HAYCHHOTO IS
IIPOM3BOJICTBA BEICOKOOOOTANEHHBIX H30TOIOB O0pa

Hedrsnas u
XUMUYECKast
MIPOMBITIUICHHOCTh

ATOMHas
MIPOMBIIIIEHHOCTh

Hayunas

DKCIopT
oTpacib

CunpbHas

[TorpebHOCTH

Pucynok 4.1. Kapra cerMeHTUpOBaHHs PhIHKA YCIIYT 10 UCIOJIb30BAHUIO
YCTaHOBKH IO MPOU3BOJICTBY BEICOKOOOOTAIIEHHBIX U30TONOB O0opa

B pesynbrare moctpoeHus U aHaIM3a KapThl CErMEHTUPOBaHMS (pUCYHOK 4.1)
MOBBIIIICHHBINA CIIPOC HAa PE3yJbTaThl HMCCICAOBAHWUN BBISABICH Y MPEANPHUITHIA

aTOMHOM MPOMBIIIJIEHHOCTH U HAYYHBIX OpraHu3allfii, pa3BUBAOIINX HAIIPABJICHHE
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PasaciICHUsL HM30TOIIOB JICTKHUX JJICMCHTOB M BCHICCTB C OTM3KUMH (1)I/IBI/IKO-

XUMHYECKHUMM CBOMCTBAMHU.

4.1.2 AHaiM3 KOHKYPEHTHBIX TEeXHHYECKHX PelIeHuil ¢ NOo3HIHN

pecypco3¢deKTHBHOCTH U pecypcocOepexeHust

JleTanbHbI aHANM3 KOHKYPUPYIOIIUX pa3pabOTOK, CYIIECTBYIOIIMX Ha
PBIHKE, HEOOXOAMMO ITPOBOIUTH CHCTEMATHIECKH, ITOCKOJIBKY PHIHKU IPEOBIBAIOT B
MIOCTOSTHHOM JIBM>KEHUU. TaKoi aHalIu3 MOMOTaeT BHOCUTh KOPPEKTUBBI B HAYYHOE
UCCIIEIOBAHUE, UYTOOBI YCICIIHEE MNPOTUBOCTOSITh CBOUM COMEpHUKaM. BakHo
PEATUCTUYHO OLICHUTh CHJIbHBIE U CJIa0ble CTOPOHBI pa3pad0OTOK KOHKYPEHTOB.

[TokazaTenu OIEHKM KadyecTBa M TMEPCIEKTUBHOCTH HOBOW pa3paboTKH
noA0UparoTCd KCXO0ld W3 BBIOPAHHOTO OOBEKTAa HCCIEAOBAHHUS C YYETOM €ro
TEXHUYECKUX M DKOHOMUYECKHX OCOOEHHOCTEH pa3paOOTKH, CO3JaHUs U
KomMepuuanuzanui. OnpeaeneHsl CISIYyINMe TEXHUIECKUE KPUTEPUN OLICHKH:

— MpPOU3BOAUTEIBHOCTh YCTAHOBKM —  BpPEMEHHBIE  3aTpaThl  Ha
MPOU3BOJICTBO 33JJaHHOTO KOJIMYECTBA MPOYKIIHNH;

— KauecTBO MOJy4YyaeMOl MPOIYKIMU — HAJIU4HUe MOOOYHBIX MpPUMECEH B
[IPOAYKIMH;

— yA0OCTBO M MPOCTOTA SKCIUTyaTallM1 — POCTOTA JOCTABKH HEOOXOIMMBIX
MCXOJHBIX BEIIECTB AJIS BEAEHHUS MMPOLECCa MOTyUeHUS TPOAYKIUU;

— HaJeXKHOCTh — CPEAHsSIS TPOJOJDKUTEIHHOCTh O€3aBapUtHOTO |
oecniepeboitHOTO pekrma padboThI;

— PEMOHTOIPUTOJHOCTh — 3aJ0KEHHOE€ B TEXHUYECKOW JIOKYMEHTaIluu
BpeMsl DKCILTyaTallid OCHOBHBIX JE€Tajleil 1 UX PEMOHTOIIPUTOIHOCTD;

I[ToMMMO TEXHUYECKMX KPUTEPUEB OLEHKU pecypcodDPeKTUBHOCTH
OMpEICNICHBI TAKKE U IKOHOMUYECKUE KPUTEPUU OLICHKHU:

— KOHKYPEHTOCTIOCOOHOCTb;

— 3aTpaTthbl HA CTPOUTEIHLCTBO — OTICHKA (PMHAHCOBBIX 3aTPAT HA pEaTH3aIINIO

IIPOCKTaA,
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— 3YKOHOMHUYHOCTH — COKpAIICHUE MaTepUAIbHBIX U SHEPTETUUYECKHX 3aTpaT
Ha KCIUTyaTallui0 YCTaHOBKHU;

— YpPOBEHb BO3MOXHOCTH BXOXKJICHUSI Ha PBIHOK — CTpaTerus pocTta cObITa
YCTaHOBOK;

— (uHAHCUPOBAHUE HAYYHON pa3pabOTKH — MOJAEPKKA TOCYJAPCTBOM MU
MHBECTOpPaMH.

B Tabmuue 4.1 npuBeneHa OIEHOYHAs KapTa CPABHEHUS KOHKYPEHTHBIX
TEXHUUYECKUX peuieHuil. [IpoBeaeHo cpaBHEHUE CIPOEKTUPOBAHHON YCTAHOBKH 110
IPOM3BOJICTBY M30TOIMOB OOpa ¢ UMEIOLTUMHUCS Ha PHIHKE KOHKYPEHTAMHU:

— B HAllMOHAJIBHOM LIEHTPE BBICOKHMX TeXHOJorui I'py3un (r. TOumucn)
JEHCTBYET NPOMBINUICHHAs YCTaHOBKAa MO IMPOU3BOJCTBY BBICOKOOOOTAIIEHHBIX
U30TOMOB OOpa METOJOM XHWMHUYECKOTO H30TOMHOTO OOMEHa C TEPMHUYECKUM
oOpallleHueM MOTOKOB € UCIOJIb30BaHuEM cucTeMbl BFs-anuson;

— B kommnanuu EaglePicher Technologies (CIIIA) BbicokooOoraméHHbIe
u30TONbBl OOpa HapadaThIBAIOT C MOMOIIBIO MPOMBIIUIEHHOW YCTAaHOBKH C
UCIIOJIb30BaHUEM TEXHOJIOTUH XMMHUYECKOI0 M30TOMHOro oomeHa B cucteme BFs-
JUMETHIIOBBIN d(Pup.

[To3urus pa3paboTKK U KOHKYPEHTOB OIICHHBAETCS MO0 KaXKAOMY MTOKA3aTEeII0
AKCTIEPTHBIM ITYTEM I10 IATHOAIILHOM ITKaJie, Tie 1 — Hanbosee cinabas mo3umus, a
5 — HauboJsIee CUIIbHAS.

Beca noka3zareneii, onpenensieMble SKCIEPTHBIM IyTEM, B CyMME JOJIKHbI
COCTaBJATh 1. AHaAMU3 KOHKYPEHTHBIX TEXHHYECKUX PEIIECHUH OIpenessieTcs Mo
dbopmyie:

K=>B 5, (4.1)

rae K — KOHKypeHTOCOCOOHOCTh HayUYHOU pa3paboTKu WM KOHKYpeHTa; Bj — Bec

nokaszaresis (B JOJAX eQuHUIB); bi — 0ast I-ro mokasaTes;

B omeHouHO# KapTe aiis MpPOBEACHUS CpaBHEHUS BHIOPAHO TPU BapUaHTa

TEXHUYECKUX pelIeHUH MpoOsieMbl TPOU3BOACTBA U30TOIOB Oopa:
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BapuaHT | — yCTaHOBKA, CIPOCKTHUPOBAHHAS B pE3yJbTaTe MPOBEICHHBIX
HCCIEeI0BAHUM;

BapUaHT 2 — yCTaHOBKA, pa3MeEIIeHHAs B HAIIMOHAJIBLHOM IICHTPE BBICOKHX
texHonorui ['py3un (r. TOumucn);

BapuaHT 3 — ycraHoBka, komnanuu EaglePicher Technologies (CIIIA).

Tabmuna 4.1 — OuneHoyHast KapTa JJid CPAaBHEHHUS KOHKYPEHTHBIX TEXHUYECKHX
peuieHuil (pa3paboToK)

Bec Bajisl KonkypenTocnocooHoCTh
Kpurepuu onenku
KPUTEPUS | Bap | | Bap.2 | Bap.3 | Bap. 1 | Bap.2 | Bap.3
1 2 3 4 5 6 7 8
TexHUYECKNEe KPUTEPHUH OIEHKH pecypcodd(PeKTHBHOCTH
[Tpon3BOIUTENILHOCTH 0.2 4 3 3 0.8 0.6 0.6
YCTaHOBKH
KadecTBo npoaykmuu 0,05 5 4 4 0,25 0,2 0,2
Y1006CTBO ¥ IPOCTOTA 0.1 5 5 3 05 0.2 0.3
IKCILTyaTalluH
Hanexuoctb 0,2 4 3 4 0,8 0,6 0,8
PeMoHTONPHUTrOAHOCTD 0,05 5 2 1 0,25 0,1 0,05
CTabWIBHOCTHh PaOOTHI 0,05 4 4 3 0,2 0,2 0,15
IDKOHOMHYECKHE KPUTEPHH OLeHKH 3¢ (PeKTHBHOCTH
KOHKYpeHTOCTIOCOOHOCTh 0,1 4 3 2 0,4 0,3 0,2
3aTpathi Ha 0,05 5 4 4 0,25 0,2 0,2
CTPOUTENIbCTBO
DKOHOMHUYHOCTh 0,05 5 3 4 0,25 0,15 0,2
dunaricipoparnue 0,1 5 2 1 05 0,2 0,1
Hay4HOU pa3zpaboTKu
BeposTHOCTh OCBOCHUS 0,05 5 1 1 0,25 0,05 0,05
pBIHKA
Hroro 1 51 31 30 4,45 2,80 2,85

[Tonyuyennsle AaHHble B Tabiune 4.1 MO3BOJISIOT TOBOPUTH O TOM, YTO

uccienoBanue sABisgeTcss Ad(PQPEKTUBHBIM, TaK Kak OOECIeYMBaeT MPHUEMIIEMOE

KaueCTBO pe3ysbTaToB. [lanbHeillee MHBECTUPOBAHKE TaHHOM pa3pabOTKH MOKHO

CUMTATh 11€JIeCO00Pa3HBIMHU.

4.1.3 SWOT-ananu3

SWOT - Strengths (cunbnble cToponbl), Weaknesses (ciaOble CTOPOHBI),

Opportunities (Bo3mMokHOCTH) U Threats (yrpo3bl) — TpeACTaBISET COOOM

KOMIIJICKCHBIM aHaJIu3 HAay4YHO-HCCIICAOBATCIbLCKOTO IIPOCKTA.

IMPUMCHAIOT IJIA UCCIICIJOBAHUA BHEILIHEHW U BHYTpeHHef/i CpCAbI IIPOCKTA.
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B pesynaprare Oblma cocraBieHa wuroroas wmatpuinia SWOT-ananu3a,

npejcTaBiieHHas B Taonuie 4.2.

Tabmmma 4.2 — Utorosas matpuria SWOT-ananuza

CuibHbIe CTOPOHBI HAYYHO-

HCCJIeI0BATEIbCKOr0 MPOEKTA:
C1. IIpuMeHeHHE COBPEMEHHBIX
IIOJIXO/I0B B pacyeTe KOJIOHHOTO
amnmnapara.
C2. AXTyanmsHOCTB TIPOEKTA —
©XKEroZHOE yBEIMUEHHE CIIpoca Ha
MPOAYKIHIO.
C3. Hannune kBanuuuupoBaHHOTO
[I€PCOHANA, UMEIOIIEr0 OIBIT
paboThI B JaHHOH 00JIACTH.
C4. DKOHOMHYHOCTH U
9Heprod(hHEeKTUBHOCTH TEXHOIOTHH.
CS5. OrcyrcTBue B PO
JIEUCTBYIOIUX NPEATIPUIATHNA 110
MIPOMBIIIIJICHHOMY IIPOU3BOJCTBY
H30TOIIOB O0pa.

Cia0ble CTOPOHBI HAYYHO-
HCCJIEN0BATEIBCKOT0 MPOEKTA:
Cal. Heo0xoamMocTs OOIBIIIX
KaITUTaIbHBIX U
JKCIUTyaTallMOHHBIX 3aTpart.
Ca2. HeoOX0IuMOCTh pa3BUTHS
IIMPOKON JTJOTUCTUYECKOMN CETH
IO MPOU3BOJICTBY U TOJaue
HCXOHOTO ChIPbSL.

Can3. HeHageXHOCTB,
pa3paboTaHHBIX METOIAMK
pacuera, py IpoOBEAECHUNA
pacyeToB ISl MAIOM3YYCHHBIX
BEIIIECCTB.

Ca4. HeoOxoaumocTh
nepepaboTKu OOIBIIOTO
KOJINYECTBA TOKCHYHBIX
OTXOJIOB.

Bo3Mo:kHOCTH:
B1. YcoBepuieHcTBOBaHUE
METOAMK pacuera
TEXHOJIOTHYECKHUX U
KOHCTPYKIMOHHBIX
apaMeTpOB KOJIOHHOTO
ammapara.
B2. Bo3M0OXHOCTE
MPOBEACHUI
HCCIICJOBAHUIM.
B3. JlonmonHUTENbHBII
CIIPOC Ha PE3YJIbTATHI
HUCCJIEIOBAHUM.
B4. Ucnonws3oBanue
Hay9IHO-
HCCIIeJOBATEIIBCKIX
noctrxkenun TITY.
BS. IIpunsras B PO
MOJTUTHKA
HUMIIOPTOHE3aBUCUMOCTH

Pe3yabTathl aHamu3a
WHTEPAKTHUBHOI MATPHUIIBI
npoexkra nojei «CuiabHbIe
CTOPOHBI M BO3MOKHOCTH:

1. Ucnionp3yemMbie B METOTIKE
pacdera moAX0/bl, a TAK)KE OTIBIT
pa3pabotunkoB u TITY, mo3BoJIsOT
OBICTPO BHOCHUTH JIOOBIC U3MEHEHHS
B METOJTUKY, TEM CaMbIM
nmoaacCPIKrBasd aKTyaJIbHOCTb U
KOHKYPEHTOCITOCOOHOCTh
PE3yNIbTaTOB pacyeTa.

2. [lomyueHHBIE pe3yNbTATHI
HCCIIEIOBAHUI TEXHOJIOTMYECKHUX
PEeXMMOB TIpOIlecca U pacyeToB
ONTUMAJTBHBIX MTAPaMETPOB MOTYT
OBITh MPUMEHHUMBI TIPU CO37IaHUHU
JIPYTUX YCTAHOBOK MO Pa3/IeIeHUIO
M30TOIIOB JIETKUX AJIEMEHTOB
(hM3UKO-XUMUYECKIMH METOIAMH.
3. OrcyrcTBue B PD nelicTByrOMUX
OPEANPUATHNA IO TPOMBILUICHHOMY
MIPOM3BOJCTBY M30TOMNOB O0Opa U
npuHATas MoJIUTUKA
HUMIIOPTOHE3aBUCUMOCTHU IIPUBOJUT
K HOSBIICHUIO TOTIOJHUTEIBHOTO
cripoca U GPMHAHCHPOBAHWS
pa3paboToK.

PesyabTarhl anaau3a
HHTEPAKTHBHON MaTpPULbI
npoexkra nojuei «Ciadblie
CTOPOHBI H BO3MOKHOCTH:
1. IlpoBeneHune OOINBIIOTO YKCITA
WCCIIEIOBAHNMN U UX JaJbHEHUIIas

peanu3anys Ha MpeAnpPUITHIX
MO3BOJISIET BHOCUTH OOHOBJICHUSA
B UMEIOLIMECS METOIUKU
pacuera, TeM caMbIM
YBEIIMYMBAs UX HAZCKHOCTD U
CHIKasi HeOOX0IUMBIE
KaIlluTaJIbHbIE U
9KCIUTyaTallHOHHBIE 3aTPaTHI.

2. Hay4dHo-Hccre1oBaTeIbCKUE
noctmwkenus TITY mo3BonsioT
MOCTOSIHHO TIOJTY4aTh
WHPOPMAITUIO O COBPEMEHHBIX
KOHCTPYKLUSIX KOJIOHH.

3. [loBbl1IeHHBIN CIPOC HA
MPOTYKITHIO
BBICOKOOOOTaIIEHHBIX H30TOIOB
0opa IpUBJIEKAET JTYUIINX
YYEHBIX U CIIEIUATIICTOB JUIs
peteHus npobieM
3((hEeKTUBHOTO MPOU3BOJICTBA H
TPAHCIOPTUPOBKU HCXOHOTO
CBIPbSI, @ TAKXKE BOTIpOCa
nepepadoTKH OTXOJ0B
MIPOM3BOCATBA.
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[TpopomkeHnue TabanIIbI

4.2

Yrpo3ssr:
VY1. Pa3Butast KOHKYpeHIIUS
C IPYTUMU MPEIIPUITHIMHI
Y HAyYHBIMU HHCTUTYTaMHU.
¥Y2. PazpaboTka HOBOTO
croco0a IIPON3BOJICTBA
BBICOKOOOOTaIIEHHBIX
M30TOIIOB O0pa.

Pe3yibTarsl anaiun3a
HHTePAKTHBHON MaTPHLbI
npoexTa nojei «CuiibHbIe

CTOPOHBI H YTPO3bI»:

1. [IpumeHeHnE COBPEMEHHBIX
MIOJIXO/I0B B pacyeTrax, a TaKkxKe
HMMEIOILETOCS OTIBITa
MIPOEKTHUPOBAHUS IPUBOAUT K
CO3JIaHHIO KOHKYPEHTOCIIOCOOHBIX
YCTaHOBOK LTS 3 QEKTUBHOTO

BBITIOJITHCHHS ITIOCTABJICHHBIX 3aJa4.

PesyabTarhl anajimn3a
HHTEPAKTUBHOW MATPHLI
npoekTa nojei «Ciaadblie
CTOPOHBI M YTPO3bD»:

1. HecoBepimeHCTBO pacueTHBIX
METOMK MOYKHO PEIIUTh C
MOMOIIBIO UX ONTUMHU3AINU 1
MOJIEpHH3AIINH.

2. IlpoextupoBanue 6oee
BOCTPEOOBAaHHON YCTaHOBKH C
BO3MOYKHOCTBIO TIOTY4EHHUSI
MOOOYHBIX MPOJYKTOB U3 OTXOJIOB
MTPOU3BOJICTBA.

B tabnuue 4.3 npeacTaBieHa HHTEpAKTUBHAS MaTpUIlAa MPOEKTa, B KOTOPOH

IIOKa3aHO COOTHOMICHUC CHUJIbHBIX CTOPOH C BO3MOKHOCTAMU.

Tabsuua 4.3 — IHTepakTUBHAs MAaTPULA IPOEKTA

Bo3moxHocTH CusbHBIE CTOPOHBI IPOEKTA
IIPOEKTA Cl C2 C3 C4 C5
Bl + + + + -
B2 + + + + +
B3 + + + + -
B4 + - + + +
B5 + + + + +

B wMarpune mnepeceueHus

CWJIIBHBIX CTOPOH H BO3MOKHOCTEH HMeEET

ONpENENECHHBIA PE3yNbTaT: «+» — CUIBHOE COOTBETCTBUE CUIBHOM CTOPOHBI U

BO3MOXHOCTH, «-» — cimaboe COOTHOIIICHUC, «0» — ecimu ecTb COMHEHUS B TOM, 4TO

IIOCTABUTD «1T» HUIIH «-.

Takum o6pazom, BemomaNB SWOT-aHaau3 MOXKHO cJiejiaTh BBIBOJI, YTO Ha

I[aHHBII‘/’I MOMCHT TPYAHOCTHU H HpO6H€MBI, C KOTOPbBIMH TaK HIIM HHAYC MOKCT

CTOJIKHYThCS JTAaHHBIM UCCIEAOBATEIBLCKUN MPOEKT MOXKHO OyJEeT PElIuTh 3a CUeT

HMCIOINXCA CUJIIBHBIX CTOPOH U BO3MO>XHOCTEH.
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4.2. Maunuanusi npoeKTa

B ununmanuio npoexkra BXOAUT HHGOPMAIIUS O 3aMHTEPECOBAHHBIX CTOPOHAX
IPOEKTa, UEPAPXUH LIETIEH IPOEKTAa U KPUTEPHUSAX JOCTUKEHUS LENEH.

ITon 3aMHTEpECOBAHHBIMM CTOPOHAMH NIPOEKTAa MOHUMAIOTCS JIMIA WJIU
OpraHu3aliy, KOTOPbIE AKTUBHO YYacCTBYIOT B MPOEKTE WM MHTEPECH KOTOPBIX
MOTYT OBITh 3aTPOHYTBHl KakK IIOJIO)KUTEIbHO, TaK M OTPULATENIBHO B XOJE
UCIIOJIHEHUSI WM B  pe3yJbTaTe 3aBepuieHus mnpoekra. HWudopmamus o
3aMHTEPECOBAHHBIX CTOPOHAX MPOEKTa, MH(pOpMAalKsi O LEIsIX U pe3yibTaTax

IIPOCKTA, pa60qa;1 I'pyIiiia IIpOCKTa U OI'paHUYCHUS IIPOCKTA IIPUBCACHLI B Ta6JII/II_[aX

4.4-4.7.

Tabsuua 4.4 — 3auHTepecoBaHHbIE CTOPOHBI IPOEKTA

3anHTEPECOBAHHBIE
CTOPOHBI TPOCKTA

O}KI/IILaHI/I}I 3aUHTCPCCOBAHHBIX CTOPOH

I'K «PocaTtom»

Hcnonb3oBaHue pPaCCUNTAHHBIX OIITUMAJIbHBIX

(AO «I10 B5X3», TEXHOJIOTUYECKUX U KOHCTPYKIIMOHHBIX [TapaMETPOB
I[TAO «H3XK», KOJIOHHOTI'O arapara, Juisi OpraHu3aluu
AO «CXK») IPOMBIIIJICHHOT'O ITPOU3BOCTBA M30TOMOB OOpa.

HHUHN Ncnonp3oBanue pa3paboTaHHON METOJMKH pacyeTa
(PXTY um. JI.N. TEXHOJIOTUYECKUX U KOHCTPYKIMOHHBIX ITAPAMETPOB
Mengeneena, AO KOJIOHHOT'O armapara Jyisl pa3ieieHrs U30TOIOB JIETKUX

«BHUMHM») AJIIEMEHTOB.

YacTHbIE HHBECTOPBI

[TosryueHnne MakcUManbHOU TOXOAHOCTH B 3aBUCUMOCTH
OT BJIOKEHUU

Nudopmanus uensix u pe3yiabTaTax MpoeKTa NpUBeAeHbI B Ta0nuie 4.5.

Tabnuma 4.5 — Llenu u pe3ynbTaThl MIPOCKTA

enu mpoexkra:

IIpoBenenue pacuera o CO3JaHHON METOJUKE,
ONTHUMAJIbHBIX TEXHOJIOTHYECKUX U KOHCTPYKIIMOHHBIX
MapaMeTpoOB KOJIOHHOTO anmnapara, NpeIHa3Hau€HHOTr0
JIJIsL IIPOMBIIIIJICHHOTO MPOW3BOJICTBA H30TOMOB Oopa

OxunaemMole

pE3YJIbTATHI TPOEKTA:

COSI[aHa MCTOAMKA pacdCTa KOJJOHHOI'O allllaparTta.
HOJ’Iy‘—IeHI)I OIITUMAJIBHBIC 3HAYCHHUA TCXHOJIOTHYCCKUX
N KOHCTPYKIMOHHBIX ITapaMETPOB.

Kpurepun npuemku

pe3yJibTara MpoeKTa:

CoznanHas METOJIMKa JOJKHA BKJIIOUATh B CE0S pacyeT
TEXHOJIOTHYECKUX W KOHCTPYKIITMOHHBIX TTApaMETPOB.

TpeboBanus K

pe3yJIbTaTy MPOEKTa:

[Tomy4yeHHBIC pE3yAbTATHI TAPAMETPOB KOJTOHHBIX
anmapaToB JIOJDKHBI ObITh BEpUPUITMPOBAHBI HA JAHHBIX
C 3apyOEKHBIX YCTAaHOBOK.
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Ta6nuna 4.6— PaGoyas rpyrina npoekra

D®UO, ocHOBHOE
MecTO padoThl, Poab B npoekre DOyHKUHA
JOJIZKHOCTD
Opnos AA.,
dI'AOY BO KOOPAWHALMS ITPOEKTA;
«HanmoHanbHbII BBIOOD HAINPABJICHUS UCCIICIOBAHMUS;
HUCCIIEN0BATEIbCKUN COCTaBJICHUE U YTBEPKICHUS
. PykxoBogurenn
ToMmckuit TEXHUYECKOTO 3aJaHHUA;
MOJIUTEXHUYECKUMN KaJICH/IApHOE MIJIAaHUPOBaHKE paloT;
YHUBEPCUTETY, 000011IeHIE U OTICHKA PE3YIIHTATOB.
podeccop
Cyxaps [L.A., 5
BEIOOD HAIIPABJICHUS UCCIICIOBAHNUS,
®rAOY BO p Hanp :
. KaJICHIApHOE TIJIaHHPOBaHKE padoT;
«HanmonanbHbII
. 0030p UCTOYHUKOB HH(POpMAILHH;
HUCCIIEI0BATEIbCKUU
. HcnoaHuTen MIPOBE/ICHUE PACUETOB;
ToMmckui
. COCTaBJICHHE OTYETA;
MMOJIUTECXHUYCCKUI
aHaJIu3 MOJyYEHHBIX JJAHHbIX;
YHUBEPCUTETY,
MMOJBEACHUE UTOT'OB.
MarucTpaHT

Tabnuna 4.7 — OrpannyeHust IPOeKTa

dakrop OrpaHuveHust/0MyIIeHHS
1. bromxer npoekra: He nomxen npesbimats 300 000 pyO.
1.1 UcTouHuk puHAHCUPOBaHUS CpencrBa ®I'AOY BO HU TIIY.
2. Cpoku MpoeKTa: 15.02.2023 — 20.05.2023
2.1 Jlata yTBep>KIeHHUs 3aJaHUsl Ha | 3aJaHUE Ha BBINOJIHEHUE
BBITIOJTHEHUE UCCIIEIOBAHUM UCCIIEOBaHUM JOJIKHO OBIThH

yTBepxkaeHo k 15.02.2023.

2.2 JlaTa 3aBepLIeHHUs IPOEKTA

PaGora nmomxHa OBITH BBIMIOJHEHA K
20.05.2023.

3. Ilpouyune orpaHUyYeHHs U AOMYLICHUS

OrpannueHus Ha BpeMsl OECIIaTHOTO
yueOHOU
nporpammHoii cpeasl PTC MathCad
Prime.

OrpannueHue

HCIIOJIb30BaHUA BCpPCHUHU

pabouero  BpeMeHHU
YYaCTHUKOB MPOCKTa (PYKOBOJUTEIIS H

WCTIOJTHUTEJIS).
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4.3. IlnanupoBaHue yNnpaBJeHUsA HAYYHO-TEXHMYECKUM MPOEKTOM
4.3.1. Uepapxuyeckasi CTPYKTypa padoT mMpoeKTa

[Tpu opranuzanmu npoiecca peanu3aii KOHKPETHOTO MPOEKTa HEOOXOAUMO
paLMOHAJIBHO IUIAHUPOBATH 3aHATOCTh KaXJIOr0 M3 €r0 YYaCTHUKOB U CPOKH
MIPOBEICHUSI OTACIBHBIX Pa0OT.

B nmanHOM pasjene cocTaBiseTCs MOJHBINA NEPEUYCHb MPOBOANMBIX padoT, B
paMKax NpOBEACHHS HAYYHOI'O MCCIIEIOBAHUs, ONPEACISIOTCA UX UCIIOJHUTEIN U
palMoHaIbHAas MPOAOJKUTEIBHOCTD.

Uepapxuueckas ctpykrypa pador (MCP) — neranuzanusi yKpymHEHHOM
CTPYKTYphI pabot. B mpouiecce coznanus UCP cTpykTypupyercs u onpenensiercs

conepxanue Beero npoekra. MCP npuBenena Ha pucyHke 4.2.

BrImyCKHAR
KBAMHGHKALIOHHAR
pabora
[ [ | |
PaspaGorka Bulop TeopeTieckue i OBobmexe —{ Odoprnenne
TeXHIYeckoro| - HANDARNGHHA |  — JKCTEpHMEHTATHHEIE I OLIEHKA or4éra no HIP
JATAKIR HECe0BAHIA HCENEA0BAHIA Pe3yALTATOR
Cocrasnenne
c:f“ﬁ::;: Moabop u Hayuesmie | MOACHITENbHOI
YTBep: | H3yYeHne | BoMONHEOCTEl JAMMCKH
Iﬂ:::;fiﬁm MATEPHANOR pal:qé'muﬂ
no Tene
MOZEH Iposepka
MPABHIBHOCTH
Kanennapuoe | Ococane —{ BbinomHeris [OCTa
— IIAHIPOBAHIE METOHKH MOACHHTENbHO
pabor pacuéra JAIHCKIN
.| [Tpoeepenne | Moarotoska
pacicTos K 3aiTe
Anami
= NOTYYEHHEIX
H4HHBIX

Pucynok 4.2 — Uepapxuueckas CTpyKkTypa padboT
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4.3.2. KOHTpOJIbHBIE COOBITHSI MPOEKTA

HepequL OCHOBHBIX JTallOB HX COACPKAHUC M PpacCIIpCACIICHUC CPCaU

YYaCTHHKOB IIPE/ICTaBIIEHbI B TabuLe 4.8.

Tabmuma 4.8 — IlepedeHp KIIOYEBBIX JTamoB, pabOT U paclpejecHue
HUCIIOJTHUTEJIEN
Ne
OCHOBHBIE ATAIIbI pabor Coneprxanue padboT CocraB y4YaCTHHUKOB
CocraBieHue 1
PykxoBonurens,
1 YTBEP)KJICHHE TEMbI
" HACIIOJIHUTEID
Pazpabotka T3 JUIUIOMHOM paboThl
2 AHanM3 aKTyaJIbHOCTH PykoBomuTens,
TEMBI HACIIOJIHUTEID
Ilouck 1 n3yuenue
3 M Hcnonaurens
MaTepHalia Imo TeMe
4 Br160op HanpaBieHus PykoBoauresnp,
HCCJIEAOBAHUS HACIIOJIHUTENb
Br160op HanpaBieHus 5 Kanennapuoe PykoBoauresnp,
HUCCIIEIOBAaHUI IJIAaHUPOBAHHUE padOT HACIIOJTHUTENb
6 [TonGop HOpMaTUBHBIX PykoBonurens,
JIOKYMEHTOB HACIIOJIHUTEID
N3yuyenue pacueTHBIX
7 y P Hcnonaurens
METOINK
CosaHue METOIUKU U
Teopernueckue u BepU(pUKALUA JTAHHBIX
p pruiais 1 ’ PykoBonurens,
AKCIIEPUMEHTAIbHBIC 8 MOJTyYEHHBIX B
HACIIOJIHUTEID
HCCIIETOBAHUS pe3ynbTaTe MpoOHOTO
pacyeta
PykoBoaurennb
9 AHanu3 pe3yabTaToB y a ’
HACIIOJIHUTEID
10 3aKIro4YeHne HUcnonaurens
O00011eHNE U OIIEHKA
Odopmiienne
pe3yJIbTaToOB o
11 MMOSICHUTEIbHON HUcnonaurens
3aMUCKA
12 IloaroroBka K 3amure Ucnonaurens

4.3.3 OnpenesieHne TPYA0eMKOCTH BbITIOJIHEHUSI padoT

TpynoBbie 3aTpaThl B OOJBIIMHCTBE COydasiXx 00pa3yrOT OCHOBHYIO YacTh
CTOMMOCTH DPa3pabOTKH, MOATOMY Ba)XHBIM MOMEHTOM SIBIISIETCS OTpEIETICHUE
TPYJAOEMKOCTH pabOT KaXJA0T0 U3 YYaCTHUKOB HAYYHOT'O MCCIIEI0BaHUS.

3t .+ 2t

t = min i maxi ’ 42
0o1C 1 5 ( )
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rae t, ., — oKugaemas TPyJOEMKOCTb BBINOJIHEHHUS i-0if paGoTs! yen.-aHu.; t ., —
MHHUMAJIbHO BO3MOKHAs TPYJOEMKOCTb BBIIIONHEHUS 3aJaHHOW | — ol paboTel
(onTUMHMCTHYECKAs OLICHKA: B IIPEANOJIOKEHUH HauOosee OJIaronpUsATHOIO

CT€4eHUsI OOCTOATENBCTB), 4YeN-AH.; t . — MakCHMMalbHO BO3MOXKHAs

TPYAOCMKOCTDH BBIITOJIHCHHA BaﬂaHHOﬁ | — oM pa6OTBI (HGCCI/IMI/ICTI/I‘IGCKSJI OIICHKaA.

B IIPCAITIOJIOKCHUN HanoOoIce HC6JIaFOHpI/ISITHOI‘O CTCUCHMUS O6CTO§ITCJ’IBCTB), qcCJI.-

JH.
T, = o (4.3)

qi
rae T, — HPOJOIIKUTENBHOCTh OJHOW paloThl, pad. nH.; t . — oxujgaemas
TPYAOEMKOCTb BBIIIOJHEHUS OJHOM padoOThl, 4YelL-IH.; Y, — YHUCIEHHOCTb

VCITOJIHUTEJIEH, BBINOJHSIOMIMX OJHOBPEMEHHO OJHY U Ty K€ pabOTy Ha TaHHOM

JTarne, 4ye.
4.3.4 Pa3zpa0oTka rpadpuka npoBeeHuss HAYYHOI'0 UCCJIeI0BAHUSA

Hnst ynobctBa moctpoeHus: rpaduka, JUIMTEIbHOCTh KaXKIOTO W3 JTaloB
paboT u3 pabouux AHEH cileAyeT MepeBeCTH B KaJleHAapHble THU. [ 3Toro

HEO0OXOJIMMO BOCIIOJIL30BATHCS CIEAYIONICH (hOopMyJIIO:

T}ci :Tpi ’ kkaﬂ (44)

rae T, — NPOJOJDKUTENLHOCTD BBINIOIHEHUS I-ii pabOTBI B KaleHAAPHBIX JHAX; T,

— MPOAOJDKUTEILHOCTh BBITIOJIHEHUS I- pabOThl B PabOuYMX JHAX; Kyar
KOA(D(PHUITMEHT KaTeHIapHOCTH.

KoaddunmeHT kanenmapHocTy onpeaesieTcs 1o cieayieit hopmyie:

T
_ Kan
kk‘afl - T _T _T (45)
Kan 6bIX np
rac TKM— KOJIMYECTBO KAJICHAAPHBIX }IHeﬁ B roay, Tgbzx — KOJIMYECTBO BBIXOIHBIX

JTHEW B TONY; Tnp— KOJIMYECTBO MPAa3JHUYHBIX JHEU B TONY.
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Bce paccuntannbie 3HaueHus NpeacTaBieHbl B Tabnune 4.9. B tabnuue 4.9
UCTIONB3YIOTCS CIIEAYIONINE CoKpalieHus: P — pykoBoauress, M — uConHUTENb.

Ta6J'II/IHa 4.9 — BpCMeHHLIC IMOKA3aTCJIN ITPOBCACHUA HAYYHOI'O NCCIACAOBAHHNA

TpynoémkocTs paboT JmurensHo | JnuTenbH
tmin, tmax, toxci, CTb OCTb
Yyena-THU | uel-IHU Yes-THU pabot B padot B
Haspanue pabounx | KameHmap
paboThI JTHSIX HBIX
T . JTHIX
pi
Ki
P 4 P | U P n P 41 P 4
CocraBiieHue u
YTBEPKICHUE TEMBI 2 2 4 5 2,8 3,2 1,4 1,6 3 3
JTUTUIOMHOU paboThI
AHaJn3 aKTyalTbHOCTH 5 3 3 5 38 | 24 | 12 1.9 5 3
TEMBI
[Touck u u3yuyeHue i 5 i 10 i 76 i 76 i 12
MaTepHaa 1o TeMe
Br10op HarnpaBieHus 5 3 4 5 28 | 38 | 14 | 1.9 3 3
HCCIIEIOBAHUS
Kanennapuoe 2 | 2 | 3|3 |24 24|12]12]|2]| 2
IJIAHUpOBaHKUE paboT
[ToaGop HOpMATHUBHBIX 5 4 3 6 | 24 | 48 | 12 | 24 | 2 4
JIOKYMEHTOB
N3yueHne pacuyeTHBIX ) 7 - |15 i 10,2 i 102 | - 16
METOIUK
Cosnanue Meromakn i |45 | o0 | o0 | 25 | 17 | 22 | 85 | 11 | 13 | 17
BepudUKanus JaHHBIX
AHanu3 pe3yJabTaToB 2 10 5120 | 3,2 14 1,6 7 3 11
3aKI04YeHne - 2 - 5 - 3,2 - 3,2 5
Oopmrene - |15 | - |18| - |162]| - |162]| - | 24
MOSCHUTEIBLHON 3aIIUCKU
IToaroroBka K 3ammre - 5 - 8 - 6,2 - 6,2 - 10
O6iiee kommeeTso weit | 27 | 79 | 42 152 344 | 96 | 165 | 704 | 28 | 110
Ha ocHoBe momydeHHOH TabnMIBl TMOCTpoeHa auarpamma [ 'aHra,

MpeACTaBJICHHAs pUCYHKE 4.3.
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¢8

No pabot Bua pa6or YyacTHUKH i [TpoK0KUTEIBHOCTD BBITIOJIHEHHS pa0OT
K
KalL IH desp. MapT anpeib Mait WIOHBb
2 3 1 2 3 1 2 3 1 1
1 CocraBiieHUE U yTBEPKICHUE
YT P PykoBogurens 8
TEMBbI TUIUIOMHOM paboThI
2
PykoBonurens, 3
AHanu3 aKTyaJbHOCTH TEMBbI
WCIIOJTHUTEIIb
3 [Touck u n3yuenune Mmarepuana | PykoBoaurens, 5
0 TeME WCIIOJTHUTEIIb
4 Br160p HanpaBieHus 8
PykoBogurens
UCCJIEI0BAHUS
S5 Kanennapnoe minanupoBanue 3
PykoBoaurens
pabor
6
[Ton6op HOpMATUBHBIX PykoBonurens, 5
JIOKYMEHTOB WCIIOJTHUTEIb
! 13
N3ydenue pacueTHbix MmeToauk | McnomHuTens
8 Co3nanne METOUKH U €€ PykoBonurens, 12
BepudUKanus WCTIOTTHUTEIIb
9 PykoBonurens
AHanu3 pe3yabTaToB y A ’ 6
WCTIOTTHUTEIh
10
3akiroueHue Hcnonuurens 13
11 Odopmienune nosiICHUTENbHOU
$op Hcnonuurens 19
3aUCKA
12 15
IloaroroBka k 3amuTre Ucnonaurens
[
B - ucnonnurens 4 - PYKOBOIUTEND

Pucynok 4.3 — KanenaapHslil mian-rpa@uk mpoBeIeHHs] HAYYHOTO UCCIIEI0OBAHUS




4.4 brojgxker Hay4YHO-TeXHUYeckoro ucciaenopanus (HTH)

[Tpu nmnanupoBanuu Orokera HTUW momxHO OBITH 00ECIEUEeHO IMOJHOE U
JIOCTOBEPHOE OTPAXKEHUE BCEX BUJIOB PACXOJIOB, CBA3aHHBIX C €T0 BHIIIOJHEHUEM. B
npouecce popmupoBanus 61o0xeTa HTU ucnonbsyercs ciienyromias rpynnmupoBKa
3aTpar IO CTAThSM:

— MartepuanbHbie 3aTpatel HTU;

- 3aTpaThl Ha  CHEIUAIbHOE  OOOpYyJAOBaHWE I  HAYYHBIX
(9KCTIepUMEHTANBHBIX ) padoT;

- OCHOBHas 3apaboTHas IJIaTa UCTIOJIHUTEIICH TEMBI;

- JIOTIOJTHUTENIbHAS 3apab0THAas TJIaTa UCTIOTHUTENCH TEMBI;

- OTUHUCJIEHUSI BO BHEOIOKETHBIE (DOH/BI (CTPaxOBbIE OTYUCIICHHUS);

- HaKJIaJJHbIE PACXO/IbI
4.4.1 Pacyetr MmaTepuaIbHBIX 3aTPaT

B 5Ty craThio BKIIIOYAIOTCS 3aTpaThl Ha MPUOOPETEHHE BCEX BHUIOB
MaTepHaioB, HEOOXOAMMBIX IS BHITOJTHEHUS paboT mo JanHo# Teme. KonnuecTBo
MOTPEOHBIX MAaTEPUATILHBIX IIEHHOCTEN OMPECIISIETCS IO HOpMaM pacxo/ia.

Pacder maTepuanbHBIX 3aTpaT OCYIIECTBISIETCS TI0 CIEAYIONICH dhopmyIie:

m
3u :(l"'kT)'ZUi 'Npacxi (4.6)

i=1
r1€ M — KOJMYECTBO BHUJOB MaTEPHAIBHBIX PECYpPCOB, MOTPEOISIEMBIX IpHU
BBIINIOJIHCHUH HAYYHOI'0 HMCCICIOBAHMA, Npacxi — KOJHMYCCTBO MATCPHUAJIbHBIX

peCypCoB i-0ro Buja, INTAHUPYEMBIX K HCITOJIb30BAHMIO MTPH BHITIOJTHCHUH HAYYHOTO

2

yicciIeioBaHus (IIT., KT, M, M° U T.11.); L], — leHa NpHOOpeTeHNs € TUHUIIBI I-0TO BHIA

IOTPEOIIAEMBIX MaTEPUAIBHBIX PECYpCoB (py0./mT., py0./kr, py0./m, py6./M? U T.11.);

k;— K03(UIIMEeHT, YyYNUTHIBAIOIINI TPAHCIIOPTHO-3arOTOBUTENIFHBIC PACXOIB,
npuHUMaloTes B mpexenax 15-25 % ot crommoctn MatepuainoB. llpumem K

paBHbIM 0,2.
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OcCHOBHBIMM 3aTpaTamMu B JaHHOW HCCIEAOBATENIbCKOW paboTe SBISIOTCS
3aTpaThl Ha 3JeKkTpodHepruto. [IporpaMmHoe obecniedeHre mo 0opa3oBaTeIbHBIM
auneH3usM OecriatHoe. Pe3ynmpTaThl pacyeToB MO 3aTpaTaM Ha MaTepHabl
npuBeieHb! B Tabnmiie 4.10.

3arpaTel Ha 3JIEKTpodHepruio ans padotel [I9BM paccuuThiBatoTCs 1O
dbopmyre:

C, =1, -P-F,=58-0,5-800=2320 (4.7)
riae 1], — Tapud Ha MPOMBIIUICHHYIO 3JIeKTposHepruto (5,8 py06. 3a 1 kBtu); P —
MOIITHOCTh 000pyaoBaHus, KBT; F,s — Bpems ncnonab3oBanus 000py0BaHuUsl, .

Tabnuna 4.10 — MartepuaibHbIe 3aTPaThI

HaumenoBanue Mapxa, KonnuectBo Hena 3a equumty, Cymma,
pasmep pyo. pyo.
DneKTpodHeprus 400 kBt-u 5,8 2320
[Tporpammuoe obecrieueHue:

P'II')C II\)/Iathcad Prime 4 mecua 0 0

Bcero 3a marepuasbl 2320
TpaHCIOPTHO-3arOTOBUTEIBHBIE PACXOIbI 0

Nroro mo crarbe Cy 2320

3arpatsl Ha 3neKTpo3Hepruto st 1Byx [IDBM cocraBuiu 2320 pyoas.

4.4.2 Pacyer 3aTrpaT Ha cHeHUHAJbHOe 000pyAOBaHHMe LISl

IKCINEPUMEHTAIbHBIX PadoT

Ha cratpio "CneuobopynoBanue" s pa3padOTKH M SKCHEPUMEHTAIbHBIX
paboT OTHOCSTCS 3arpaThl Ha MPUOOpPETEeHHE, W3TOTOBJIECHUE, AapeHIy WIn
aMOPTHU3AIIMOHHBIE OTYMCIIEHUS CIIEHUATIbHBIX TPUOOPOB, YCTPOUCTB U T. .

CYMMa AMOPTU3aIMOHHBIX OTYHUCJICHUM pacCUUThIBACTCA IO CIICAYIOIIUM

dbopmynam:
A = % (4.8)
A=Co 4, (4.9)
A= (4.10)



A=A -n (4.11)
rac AH — HOpMa aMOpPTHU3alluH, N — CPOK ITOJIC3HOT'O UCIIOJIB30BAHUA Ae —T'OJOBBIC

AMOPTHU3ALUOHHBIC OTYHCIICHHUA, C — CTOHUMOCTb OCHOBHOI'O CpPCICTBA,

OCH

A —  CXKCMCCAYHBIC aMOPTU3ALMMOHHBIC OTYHUCIICHUA, A - 3aTpaTbl Ha

M

aMOPTH3AIMIO0 B TPOEKTE; N — KOJIMYECTBO MECAIICB HCIIOIb30BaHUS OCHOBHOTO
CpEeIICTBa MJIM HEMATEePHAIBHOTO aKTHBA,;

Hcnonp3zyemoe 000pyA0BaHKE, €T0 CTOMMOCTh M aMOPTH3AITUS TIPUBEACHBI B
tabmurte 4.11.

Ta6nuna 4.11 — 3arpatel Ha 000pyHOBaHUE

Cpox OOrmas 3atpatsi
Koi- LleHbI eTMHUIIBT Ha
HaunmenoBanve OJIE3HOTO CTOUMOCTD
No BO, 000py10BaHUs, amopTu3a
000pymoBaHUs HJT HCIIONIB30BaH 5 000pyI0BaHUs, I
' usi, JeT pyo- pyo. R 24
y | llepeomamererit |, 3 45000 90000 10000
KOMITBIOTEP
Hror: 90000 py6. 10000

B maHHOM paszgene mpoBEACH pacuéT aMOpPTH3allud OO0OpYJIOBAaHHMS.
AMopTHu3anus IS TIEPCOHAIBLHOTO KOMIIBIOTEpA, € YYETOM TOr0, YTO CPOK
MOJIC3HOTO WCTOJB30BaHMs 3 roma coctaBuina — 0,33, a oOmas cymma

aMopTH3alMOHHBIX oTurcieHuit 10000 pyoiiei.

4.4.3 3aTpaTsl Ha OIJIATY TPY/Ja HUCIOJHHUTE]EH HAYYHO-TEXHUYECKOT O

HCCJIeJ0BaHUA

Cratbsi  BKIIOYAET OCHOBHYIO  3apa0OTHyl0  IuiaTy  paOOTHUKOB,
HEIOCPEICTBEHHO 3aHATHIX BbImosHeHneM HUP, (Bkimrouass mpemuu, AOTUIATHI) H
JOTIOJTHUTENBHYIO 3apaboTHYIO TIIaTYy.

C3n = 300H + 30 (412)

on

rae 3,,— OCHOBHas 3apaboTHas Iiata, py0.; 3, ~— IOMOJHUTENbHAs 3apaboTHas

don

ara, pyo.
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OcHoBHy10 3apaboTHyt0 1aty pykoBoautenss HUP moxHo paccuurtath 1o

cienytoue hopmyre:

3OCH :3()H + Tpa6 (4 13)
roe 3, — CpenHenHeBHasd  3apaboTHasd  IulaTa  paboOTHHMKA,  pyo.;
Tp a6 HpOI[OJ_DKI/ITeHBHOCTB pa60T, BBITTIOJIHACMBIX HaquO'TeXHI/ILIeCKI/IM

paboTHukoM 28 1 110 17151 pyKOBOAUTENS U UCIIOJIHUTEISI COOTBETCTBEHHO, pal. TH.

JlononHuTENbHAS 3apab0THAs TUIaTa BKIIOYAET OIUIATY 3a HEMpopaboTaHHOe
BpeMs (ouepenHOM U y4YEOHBIA OTIYCK, BBIMIOJIHEHHE TOCYAapCTBEHHBIX
00s13aHHOCTEM, BbITIIaTa BOSHATPAXKICHHUM 32 BBICITYTY JIET U T.I1.) U PACCUMUTHIBACTCS
ucxons w3 10-15% oT ocHOBHOW  3apaboOTHOM  MaThl, pPaOOTHHUKOB,
HEMOCPEJCTBEHHO YYACTBYIOIIUX B BHIIIOJIHEHUE TEMBI:

3, =3

oon ocn Kdon

(4.14)
rae K, — Ko3(QQHUIUEHT JOMOIHNUTEIbHON 3apIlIaThl, paBHbId 12,5%.

CpennenneBHas 3apab0THas miaTa paOOTHUKA pacCUUTHIBAETCA 10 (hopMmyIie:

_3M'M

3, (4.15)

rae 3, — MECAYHBIH JTOJDKHOCTHOM OKJaj paboTHHKA, pyO.; M — KOJIMYECTBO
MecaleB padboTel 0e3 ormycka B TeueHue roga 10,1 u 10,4 nns pykoBoauTens u

MCIIOJIHUTENS COOTBETCTBEHHO, MeC. F, — pacyeTHBIH rof0BOH dbona pabouero

BPEMEHU NEpCOHala B pab0UYMX JHSAX MpeacTaBieH B Tabmuuue 4.12.

Ta6numa 4.12 — PacueTHbIl T0/10BOM (hOHT paboyero BpeMeHH

[Tokazarenu pabodero BpeMeHH PyxoBogutens | UcnnonHuTenb
Kanennapnoe uncino naei 365 365
KonunuectBo HepaOouux mHeit
P 66 118
(BBIXOTHBIC/TIPA3THUIHBIC)
[Totepu pabouero BpemeHu (OTITYCK/ HEBBIXOJIbI 56 28
1o 00JIe3HN)
eHCTBUTENBHBIN TO10BOM (oH paboyero
a JIOROH (hOFA P 243 219

BPEMEHU
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MecsuHbIi TOJKHOCTHOM OKJIa] paOOTHUKA PACCUUTHIBAETCS 1O (OpMYJIE:
3, =35 +Kpp Kp (4.16)
rae 3,. —3apaboTHas miata o Tapuduoii crake 35000 u 15000 nis pyxoBoauTens
Y UCIIOJTHUTEIIS COOTBETCTBEHHO, PYO.; K, — IPEMUAJIbHBINA KO (UIINEHT, PaBHBIN
20% ot 3,.; k, — palloOHHBIN KO3 PHuuneHT, paBHbli 1,3 11 Tomcka;

Pesynbrathl pacueTa 3apaboTHOI MIIaThI MpeacTaBieHbl B Tabmune 4.13.

Tabmmia 4.13 — Pe3ynbrathl pacuera 3apab0TaHHON TUTATH HCTIOJHUTECH

3TC1 3M, 3()H, Tpa6, 3ocu, 3()0n, C3n,
PaGotHuku Knp | xp
pyo. pyo pyo. paob. 1H. pyo. pyo pyo
PykoBoxurens| 35000 | 7000 44100 1825 28 51100 | 6387 | 57487
Wcnonuutens | 15000 | 3000 1,3 | 18900 723 110 79530 | 9941 | 89471
Hror 50000 | 10000 63000 2547 138 130630 | 16328 14295

4.4.4 OTunciaeHusi BO BHeOKOAKeTHbIe GOHIBI

B nanHOl cTathe pacxoliOB OTpa)KaroTCs 00s3aTeIbHbIE OTYHUCIICHUS IO
YCTaHOBJICHHBIM 3aKOHOJATeNbCTBOM Poccuiickon Penepanuyn HOpMaM OpraHam
rocyaapcTBeHHoro coruanbHoro crpaxoBanus (OCC), nencuonnoro douaa (I1D)
u meauiHckoro ctpaxoBanust (DDOOMC) oT 3aTpaT Ha oruIaTy Tpyia pAOOTHUKOB.

Benuunna oTunciaennii Bo BHEOKOKETHbBIE (POHJIBI OIIPEEsAeTCs] UCXOs U3
cieayroieit GopMyJIbL:

Coes =Ky - C,, (4.17)
rae Kewes= 30,2% — KOA(POUIMEHT OTYMCICHUN HA YIUIATy BO BHEOKOJKCTHBIC
dboHIbI (MEHCHOHHBIN (OoHA, (OHA 003aTEILHOI0 MEAUIIMHCKOTO CTpaXxOBaHUS U
np.)

Takum oOpa3oM OTUMCIIEHHUS BO BHEOIOJKETHbIE (DOHIBI OT 3aTpaThl HA

OIuIaTy TpyAaa PYKOBOJIUTCIIAA BBIYHUCIIAOTCA CIICIYOIMINM 06pa30M:

Cunes = 0,302 -57487 = 17362 py®.
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OTtuucnenuss Bo BHEOIO/pKeTHBbIE (OHIBI OT 3aTpaThl Ha OIJIATy Tpyna
UCTIOJTHUTEJIS BEIYUCIISIOTCS CIICAYIOIMM 00pa3oM:

Cines = 0,302 -89471 = 27021 pyO.

B pesynbrate pacu€ToB OMpeAeNieHbl OTYHUCICHHUS BO BHEOIOJKETHBIC
GoHIIBI OT 3aTpaT Ha OIUIATy TPyAa PYKOBOAMUTENS U HCIIOIHUTENS, PU TOM, YTO
K03 PHUIIMEHT OTYUCICHUHN Ha YIIaTy Bo BHEOOKeTHbIE (oHbI cocTaBmi 0,302.
g pykoBoauTens, oTuncieHus coctasuin 17362 py0., a ans ucnonaurens 27021

pyouIs.
4.4.5 HakagHble pacxoabl

Hakmannele pacxoabl YYHMTBIBAIOT IPOYME 3aTpaThbl OpPraHU3ALMH, HE
IONAaBUIME B MPEIbIAYLIME CTAaTbU pAaCXOJOB: Ie€YaTb M KCEPOKONMPOBAHME
MaTepUalOB MCCIEIOBaHUs, OIUIaTa YCIyr CBSI3U, IOYTOBBbIE M TenerpagHble
pacxo/ipl, pa3MHOKEHUE MAaTEPUAJIOB U T.J.

Pacder HaknaHBIX pacxoJ0B BEJAETCSA IO caeayromei popmye:

c. =k -(C,+A+C,. ) (4.18)

HaKn HakKn

111 Kyaxn — KOODGUIIUEHT HAKIIATHBIX PACXOI0B;

Haxnannsie pacxoast B TITY cocrapnstoT 12 — 16 % oT cyMMbl OCHOBHOM U
JIOTIOJITHUTENILHOW 3apIuiaThl paOOTHUKOB, YYaCTBYIOIIUX B BBIMIOJHEHUH TEMBI.
[TpumeM Ko = 16 %.

HaxmnanHbie pacxo/ibl COCTABJISIOT:

C =0,16-146958 = 23514 py®.

HaKn

4.4.6 dopmupoBaHue OIOIKeTa 3aTPAT HAYYHO-HCCJIEA0BATEIbCKOIO

npoeKTa

Paccuntannas BelnMunHa 3aTpaT HAy4YHO-UCCIEA0BATEILCKON pabOTHI (TEMBI)
SBJISIETCSI OCHOBOM UIs1 (popMUpOBaHUsl OrOPKETa 3aTpaT MPOEKTa, KOTOPbIM Mpu

dbopMHpPOBaHUN JOTOBOPA C 3aKA3UMKOM 3allMINACTCS HAyYHOW OpraHu3aIueil B
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KauecTBe HWIXKHEro Ipenesia 3arpaT Ha pa3paboTKy HayYHO-TEXHMYECKOU
MPOYKIIHUU.

Onpenenenue OOKETa 3aTpaT HA HAYYHO-HCCIIENOBATEIBCKUM MPOEKT IO
KaXJIOMY BapUaHTy UCIIOJHEHUs MpUBe/eH B Tabnuie 4.14.

Tabnuna 4.14 — Pacuer Gromxera 3arpat HTU

HaunmMenoBanue cratbu CymmMma, pyo.
1. Marepuansnbie 3arpatel HTU 2320
2. 3aTpaThl Ha CelMaIbHOE 000PYAOBAHUE IJI HAYUHBIX 10000
(9KCIIEpUMEHTAIBHBIX ) paboT
3. 3aTpaThl IO OCHOBHOM 3apabOTHOM IJIaTe UCTIOTHUTENEH
146958
TEMBI

4. OtuncneHus: BO BHEOIOKETHBIE (POHIBI 44383

5. Haknagablie pacxojsl 23514

6. broker 3atpat HTU 227175

4.5 Onmnpenesienne pecypcHoi (pecypcocOeperawiueit), (GuHAHCOBOI,

OI0I’KETHOI, COUMATBHOI U IKOHOMUYeCKOH 3P PeKTUBHOCTH HCCIeIOBAHUSA
4.5.1 Onpenenenue GUHAHCOBON U pecypCHON 3P PEeKTHBHOCTH

Omnpeneneane  3(PpGEKTUBHOCTH  IPOMCXOJUT HAa  OCHOBE  pacyeTa
MHTErpajJbHOTO TOKa3zaTensd 3(PQPEeKTUBHOCTH HAy4yHOro uccienoBanus. Ero
HaXO0XJIEHUE CBSI3aHO C OMNpEACNIEHUEM [IByX CpPEIHEB3BEIICHHBIX BEIMYUH:
dbuHaHCOBOM 3P HEKTUBHOCTH U PecypcoddHEeKTUBHOCTH.

Omnpenenenusa (QuHaHcoBor 3(QPEKTUBHOCTH U  pecypcodPPeKTUBHOCTU
OPOBOAMUTCA JUIsl TpPEX BapHAHTOB pea3allud YCTAaHOBKH IO TOJYYEHHIO

BBICOKOOOOTAIEHHBIX U30TONOB Oopa:
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BApUAaHT | — yCTAaHOBKA, CIPOEKTHPOBAHHAs B PE3YJbTATE IPOBEICHHBIX
HCCIEeI0BAHUM;

BApUAHT 2 — YCTAHOBKA, pa3MEIllEHHAs B HAIMOHAJbHOM I[EHTPE BBICOKHUX
texHonoruii ['py3uu (1. TOunucn);

BapuaHT 3 — ycraHoBka, komnanuu EaglePicher Technologies (CIIIA).

WuTerpanbubiii  mokazarenb (UHAHCOBOM A((EKTUBHOCTH  HAYYHOTO
UCCJIEIOBAHMS TIOJIy4alOT B XOJI€ OIEHKM Oromkera 3aTpar Tpex (uwim Oolee)
BAPUAHTOB UCIIOJHEHUS HAy4YHOro wucciegoBanus. s »Toro HanmOOIbIIUN
MHTErPaJIbHBIN [MOKa3aTeNb pealn3allii TEXHUYECKOH 3a/1auu IpUHUMAaeTCs 3a 6azy
pacyeTa (Kak 3HaMEHaTelNb), C KOTOPhIM COOTHOCUTCS (PMHAHCOBBIC 3HAYCHHUS IO
BCEM BapUaHTaM HCIIOJIHCHUSI.

WNuterpanbHbiii (pUHAHCOBBIA TMOKa3aTelb pa3pabOTKU OIpeaensercs Io
dbopmyiie:

17 = ;&, (4.19)

rne @; — CTOMMOCTb 1-TO BapraHTa UCTIONHEHUS; @y, ,,,— MAKCUMAIBHASI CTOUMOCTb

ucnonHenus HTU (B T.4. anasorn).

| Bap.1 — ®Bap.l _ 227175 . 0

¢ @ 300000

max

B2 _ Dy, 270000 0.9
7)) - - ] )
D 300000

max

IBap.3 — (pBap_3 _ 300000 _1

¢ @ 300000

max

[TonyyeHHass BEJIMYMHA  HMHTETPAIBHOTO  (PUHAHCOBOTO  ITOKa3aTeIIs
pa3paboTKy OTpakaeT COOTBETCTBYIOIIEE YHCIECHHOE YBEINYEHHE OI0)KEeTa 3aTpar
pa3paboTKu B pa3ax (3Ha4ueHHWE OOJIbIIE EIWHUIIBI), JUOO COOTBETCTBYIOIIEE
YHCIIEHHOE YJCIICBICHUE CTOMMOCTH pPa3padOTKH B pa3ax (3HAUCHHE MEHBIIE

CAMHUIIBI, HO OOJIBIIIE HYJIS).
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WNHTerpanbHblil okazaTesb pecypcodPPeKTUBHOCTH BAPUAHTOB UCIIOJIHEHHUS

00BEKTa MCCIEAOBAHNS MOKHO OIMPEICTUTh CICIYIOUTIM 00pa3oM:
l,=>3-b (4.20)
rae |, — MHTErpabHbIN MOKasaTenb pecypcoddPeKTMBHOCTH JUIsl i-ro BapuaHTta
UCIIOJHEHH pa3paboTKy; & — BecOBOU K03(h(UIMEHT i-ro BapuaHTa UCTIOIHEHHS
pazpabotku; b*,b°— OampHas omeHka I-ro BapuaHTa HCHOJHEHUsS pPa3paboTKH,
YCTaHABIMBAETCSl DKCIEPTHBIM IyTeM IO BBHIOPAHHOW IIKale OIICHUBAHUS, N —
YHCIIO TAPAMETPOB CPABHEHUHI.
Pacuet unTerpasibHOrO MoKasaresns pecypcodpPexkTUBHOCTH MPEACTABIICH B

tabmnurte 4.15.

Tabmuua 4.15 — CpaBHUTENBHAS OLIEHKA XapaKTEPUCTHK BApPUAHTOB MCIOJHEHUS
IPOEKTa

Beconoit
Kpurepun ko3 uiment | Bapuant 1 | Bapuant 2 | Bapuanr 3
napameTpa
1 .IToBbIIeHUE 0.1 4 4 3
IPOU3BOJIUTEIIBHOCTH
2.Y1100cTBO B
IKCILTyaTaIuu
(CoOTBETCTBYET 0,15 5 4 4
TpeOOBaAHUSIM
noTpeouTeNei)
3. CTaOMIILHOCTD 0.15 5 4 3
paboThI
4. DKOHOMHUYHOCTD 0,1 4 2 3
5. HagexxHocThb 0,25 4 3 4
6. Bpemst HapaGoTku 0,25 5 9 3
MPOTYKIIUU
Iy 4,55 3,05 3,40

=0,1-4+0,15-5+0,15-5+0,1-4+0,25-4+0,25-5=4,55;

Bap 1

=0,1-4+0,15-4+0,15-4+0,1-2+0,25-3+0,25-2=3,05;

Bap 2

=0,1-3+0,15-4+0,15-3+0,1-3+0,25-4+0,25-3=3,40

Bap 3
HHTCFpaHBHBIﬁ II0KA3aTECJIb 3(1)(1)€KTI/IBHOCTI/I BapI/IaHTOB HUCIIOJIHCHU A

Bap.2 Bap3
) U aHaJoroB (Iq)HHp, Pup
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WHTETPAIbHOTO  TOKazarenss  pecypcodPGEeKTUBHOCTM U HMHTErPaIbHOTO
I I I

IBap.] __ _ Bapl Bap2 __  Bap2 Bap3 __  Bap3 .

(unancoBoro mokasaress mo popmysam |0 =—==, 10 = Tome Vi =T

@ ¢ v
|
;aupll;) =2l _ 4,55 :6101’
Ij» 0,757
|
== =99
I, 0,9
I
| o :ﬂ:ﬂ:mo.
D I;ap.} 1

CpaBHEHHE MHTErPATLHOTO MOoKa3aress 3PPEeKTUBHOCTH TEKYLIETO MPOEKTa
Y aHAJIOrOB MO3BOJIUT ONPEIETUTh CPABHUTENBHYIO 3(P(HEKTUBHOCTH MPOEKTA.

CpaBuurenbHasg 3pPeKTUBHOCTD MPOEKTA ONpeAesieTcs no hopmyJe:

D =t (4.21)

p I
p

Tabsuua 4.16. CpaBHuTenbHas 3p(HEKTUBHOCTh pa3pabOTKU

[Tokazaremu Bapuant | | Bapuanr 2 | Bapuant 3
NuTerpanbHbii [1OKa3aTellb
pecypcodPheKTUBHOCTH  Pa3padOTKH 4,55 3,05 3,40
Y aHAJIOTOB
NuTerpanbHbii II0Ka3aTellb
3 PeKTUBHOCTH BapUaHTOB 6,01 3,39 3,40
MCIIOJTHEHHUsI pa3pabOTKU U aHaJora
CpaBHuTENBHAS 3¢ (PEeKTUBHOCTH 1,32 111 1
BAPUAHTOB MCIOJIHEHUS

Ha ocHOoBe pacuera WHTETpaJIbHOTO TOKA3aTeNs C OMpPEICICHHEM BYX
CPEIHEB3BEIICHHBIX BEJINYUH: dbuHaHCOBOM s exTuBHOCTH u
pecypcoddHEKTUBHOCTH HAYIHOTO WCCJICTOBAHMS MOXHO CICNIAaTh BBIBOJ O TOM,
YTO pa3padaThIBAEMBbIN IPOEKT sBIsIETCS OoJiee 3P hEeKTUBHBIM BAPUAHTOM PEIICHUS

MOCTaBJICHHOM 3aJ[a49U 110 CPABHCHHIO C IPCAJIOKCHHBIMHU KOHKYPCHTAMU.
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4.6 BbIBoaBI 1O pa3jaerry

I. OueHouynass kapTa CpaBHEHHMS TEXHUYECKUX PEIICHUHA KOHKYPEHTOB
MoKa3aja, 4To MPOBOAMMBIE B pabOTE MCCIEIOBAHUS MO CO3JAHUIO METOJAWKUA U
pacCUNTaHHOW C TIOMOUIIBIO HEE YCTAHOBKU SBIIIOTCS ONTHUMAJbHBIMU IS
WCIIOJIb30BaHUs B MPAKTUYECKUX IIEJISIX.

2. B xoxe miaHuUpOBaHUS HAy4YHO-HCCIEAOBATEIBCKUX PadOT OMpenenéH
nepedyeHb padoT, BBHINOJHSAEMbIH pabouel rpymnmnoi. B manHoMm ciiydae pabGouas
rpynmna COCTOMT U3 JBYX YENOBEK: PYKOBOJUTENb W HUCHONHUTENh. COrIacHO
COCTaBJICHHOMY ITUJIaHy pa0oT JJIUTEIBLHOCTh TPYAOBOU 3aHATOCTH B paOOUYUX JHSIX
COTPYJHUKOB HCCIIEJIOBATEIIbCKOIO TMPOEKTa cOocTaBWia B cymme 138 pgHed,
3aHATOCTh PYKOBOAUTEINS U ncnoHUTENA 28 1 110 1HEN COOTBETCTBEHHO.

3. CocrtaBiieH OIOJKET BBINOJHEHUS HAYYHO-HCCIEIOBATEIbCKUX PadoT,
MO3BOJIIONIMN OLIEHUTH 3aTpaThl HA peau3alliio MPOEKTa, KOTOPHIE COCTABIISIOT
227175 pybmei.

4. DddexTUBHOCTh MPOEKTa MOATBEPKIAECTCI HAMOOJIBIIMMHU 3HAYCHUSIMU
WHTErpalibHOTO (hrHAHCOBOTO TOKazaTenss — 0,757, MHTErpaapbHOTO TOKA3aTess
s exkrrnBHOCTH — 4,55, cpaBHUTENBHOM d(PdekTuBHOCTH — 1,32 IO OTHOIICHUIO K

aHaJjioraM.
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3AJAHUE JIJISI PA3JIEJIA
«COIAAJILHASI OTBETCTBEHHOCTb»

Crynenty:
I'pynna DUO
0AMI11 Cyxapio IlaBny AnapeeBuuy
Ixoaa MATII Ornenenne mkouabl (HOILI) OTL
YpoBennb Marucrparypa Hanpasienne/cnenuansHocts | 14.04.02 SInepHbie pusuka
o0pa3oBaHus M TCXHOJIOTHH

Hcxonnblie 1anHble K pa3neay «CouuaibHas OTBETCTBEHHOCTbY !

1. XapakTepuctuka oObEKTa HCCIEIOBaHMs (BEIECTBO,
Matepuai, npudop, alNropuT™M, METOANKA, pabodas 30Ha) U
00J1aCTH €T0 IPUMEHECHHS

OOBEKT UcCIIeoOBaHMs: KOJOHHBIN armapar
JUTs pa3zielieHust 130TOMOB 60pa METOJIOM
XUMHYECKOTO M30TOITHOrO0 0OMEHA ¢
TEPMHUUYCCKUM OOpAICHUEM TTOTOKOB.
O0nacTh MPUMEHEHHMS: aTOMHAs
HpOMI)IL[IJ'IeHHOCTI).

Hepeqeﬂb BOIIPOCOB, MOMJICKAIUX UCCIICA0BAHNIO, IPDOCKTHUPOBAHUIO U paspaGOTKe:

1. IlpaBoBbIe U OPraHU3aLMOHHbIE BONIPOCHI
obecrieyeHns 0e30MACHOCTH:

— cHenuanbHbIe (XapaKTepHbIE MIPH KCILTyaTaluu
00BbeKTa UcCIeJOBaHUs, TPOCKTUPYEMOH paboueit
30HBI) IPABOBBIE HOPMBI TPYI0BOTO
3aKOHOJATENbCTBA;

— OpraHru3allMOHHBIC MEPOIIPUATHA ITPU KOMIIOHOBKC
paboueii 30HbI.

— T'OCT 12.0.003-2015 Cucrema cTaHaapToB
6esomacuoct Tpyaa (CCBT). Omnacuble u
BpEIIHBIC MPOU3BOICTBEHHBIC (PAKTOPHI.

—  CanlluH 1.2.3685-21 TI'mruenundeckue
HOPMATHUBHL W TPeOOBaHUS K OOECICUCHHIO
OezomacHocTH ¥ (WIH) OE3BPEAHOCTH LIS
genoBeka (PakTOpoB cpesl OOUTaHUS.

2. IIpousBoacTBeHHasi 0€30N1ACHOCTD:

2.1. AHanu3 BBIIBIICHHBIX BPEIHBIX U OMACHBIX (pakTOpOB
2.2. OO0ocCHOBaHHWE MEpONPHUITHI 1O  CHIKCHHUIO
BO3JICHCTBHUS

Bpenubie u onacHbie (hakTOpHI:
— MHUKPOKJIUMAT;

— IIIyM U BUOpanus;

— OCBEILCHHOCTH;

— 3JIeKTpOo0OE30IIaCHOCTbD;

— TI0’Kapo- M B3PbIBOOIIACHOCTb.

3. BezonacHocTh B aBapPUHHBIX M Ype3BbIYANHBIX
CUTyallusIX:

Bo3moxHble aBapuiiHble U Upe3BbIYaiHbIE
CUTYAINH:

— TpaBMaTH3aLHs TIPH MMAJCHAN C BEICOTHI
COOCTBEHHOTO POCTA;

— yIap dJIEKTPUIECKHM TOKOM;

— TIOKap.

| JaTa BpLIauM 3aJaHMs ISl pa3jieia Mo JUHeilHOMY rpaduky

3agaHue BbIIAJ KOHCYJIbTAHT:

Jlo/zKHOCTH [5(0] Yuenas crenenb, Iloanucn Jlarta

3BaHue

Ilepenepun FOpwuit
Jlouent OSITL] USITIII PEIEpHI Fp K.T.H.
Brnagumuposuu
3az[aH1/1e MNPUHAJT K UICIIOJTHEHHUIO CTYACHT:
I'pynna DPUO Hoanuch Jlara
0AMI11 Cyxaps IlaBen AHapeeBuy
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5 COIII/IaJIl:HaH OTBETCTBCHHOCTD

B COOTBETCTBMM C TIOCTABJICHHOM LEIBIO PE3YyJIbTaTOM MAaruCTEpCKOU
JIVCCEPTALMU SABJISIETCSA PACCUYUTAHHBIM, C IOMOIIBIO CO3JAHHON METOJIUKH pacuera,
IIEPEUYECHb TEXHOJOTMYECKUX IapaMETPOB M KOHCTPYKIIMOHHBIX XaPaKTEPUCTHUK
KOJIOHHOTO amrnapara, IpeIHa3Ha4eHHOI 0 JUIsl pa3AesIeHUsl N30TOIOB 00pa METOAOM
XUMHYECKOTO HM30TOMHOTO0 OOMEHa C TEPMUYECKUM OOpalieHHeM IOTOKOB B
cucreme TpudTopua O60pa U €ro MOJIEKYJISIPHOIO KOMILJIEKCHOTO COEIUHEHMSI C
AHU30JIOM.

AgnanTanus ¥ COBEPUIEHCTBOBAHUE CYIIECTBYIOIIUX METOJAUK, IIPOBEICHUE
pacdyeToB ¢ 1€Jbl0 OOOCHOBAHMS ONTUMAJBHBIX IapaMETPOB HCCIENLYEMOTO
IIPOIIECCA U OCHOBHBIX PAa3MEPOB M XapAKTEPUCTHUK ITPOEKTHUPYEMOIO amnmapara, a
TAK)K€ aHaJu3 IOJYYEHHBIX pPE3YyJIbTaTOB IPOBOAMIUCH B ayautopun Ne 246
OTHEJICHHUS  SAEPHOTO-TOIUIMBHOIO [HMKJIA HWHXEHEPHOM IIKOJbI  SAEPHBIX
texHonoru 10 xkopnyca @PI'AOY BO HU TITY.

B nmaHHOM pasnene paccCMOTpEHbl BpeIHbIE U OHacHble (HaKTOpPbI
IIPOU3BOJICTBEHHOM CpeEnbl, OKa3bIBAIOIIME BIMSHUE Ha orneparopoB OBM,
OlpeseNieHbl CHocoObl O0ecredeHus: 3alUuThl OT HUX B COOTBETCTBUU C

TpeOOBaHUSIMU ACHCTBYIONICH HOPMATUBHON JOKYMEHTAIINH.

5.1 BbisiBjieHHMe M aHAJU3 ONMACHBIX M BPEIHbIX MPOU3BOACTBEHHBIX

(¢paxropos

B  coorBerctBuM ¢ [93] omnpedeneHbl  OCHOBHBIE  3JIEMEHTHI
IPOM3BOJICTBEHHOTO TMpoliecca, (HOpMUPYIOIINE OINACHbIE W BpeIHbIe (aKTOPHI,
KOTOPBIE BOHUKAIOT TIPY BBIITOJIHEHUH JAHHOUW PaOOTHI:

- mukporimmar [94, 95];

- rym 1 BuOpanms [96, 97];

— ocBereHHOCTh [98];

— anektpobe3onacHocTh [99, 100];

— nokapo- u B3pbiBoomnacHocTs [101, 102]
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5.1.1 MukpoxkaumMar

OCHOBHBIMM  TIOKa3aTENsIMU,  XapaKTepU3YKOLIIMMH  MHUKpPOKIMMAT B
MPOU3BOJICTBEHHBIX MOMEIICHUSX, SBJISIIOTCS: TEMIIEpaTypa BO3/lyxa; TeMiepaTrypa
MOBEPXHOCTEH; OTHOCUTEIbHAS BIAKHOCTh BO3/IyXa; CKOPOCTH JIBHXKEHUSI BO3/1yXa;
MHTEHCUBHOCTb TEILIOBOT'O OOITyUYEHUS.

OBM, BcriomorarenbHasi TEXHHKA, & TAK)Ke MPUOOPHI OCBEILICHUS B TIPOLIECCE
paboThl BBIIENSAIOT TeIio. Bbicokas TemmepaTypa CcHocoOCTBYeT ObICTpoO
YTOMJISIEMOCTA M TIEPETPEBY OpraHu3Ma IMpU HAXOXKJACHUU B HEMOCPEACTBEHHOMU
OJIM30CTU OT MCTOYHHMKOB TeIia. BIaXHOCTh TakKe OKa3bIBAET 3HAUUTEIHHOE
BIIMSIHUE HA TEPMOPETYJSLIMIO YEJIOBEKA, TAK HU3KAs BJIA)KHOCTh MOKET MPUBECTU
K BBICBIXaHUIO KOXKH, CIIM3UCTBIX 000JI0YeK 1 00111eMy 00€3BOKUBAHUIO OPTaHU3Ma,
a BBICOKas — K MOBBIIEHHON OT/ay€ TEIIa U BO3MOKHOMY IEpPErpeBy OpraHu3Ma
[94].

Jl1s moaiepKaHus TaHHBIX CAHUTAPHBIX HOPM HEOOXOJMMO UMETh MECTHBIN
KOHJIULIIOHED YCTaHOBKU MIOJIHOTO

KOHIUIIHUOHUPOBAHUA BO31yXa,

o0ecrneunBaOINil  MOCTOSIHCTBO ~TEMIIEpaTyphl, OTHOCUTEIHLHON BIAXXHOCTH,
CKOPOCTH JIBMDKEHMSI M YUCTOTHI Bo3ayxa. HeoOxommma cuctema LEHTPaIbHOTO
BOJISHOTO OTOIUUICHUS, OOecredyuBaroas 3aJlaHHbI YpOBEHb TeMIepaTyphl B
3UMHHUN Tiepuoy [94].

B Tabmume 5.1 mnpuBeneHbl ONTHMAJbHBIC BEJIWYMHBI ITOKa3aTesei
MUKpOKJIMMaTa Ha paboyuMx MeCTaX, KOTOpbIE YCTAHOBJICHbl CAHUTAPHBIMU
HOPMAaMH JUTsl Pa3IMYHbIX KaTeropuii paboT B pa3Hble nepuobl rojaa. [lpu padote
3a OBM karteropust pabotr siBisiercss Jerkoil (la), mockoibky HE BO3HHKAET
CHCTEMATHYECKUX (PU3NYCCKUX HArpy30K [94].

Tabmuma 5.1 — OnTuManbHbIe BEIMYMHBI TTOKa3aTelield MUKPOKJINMAaTa Ha pabodmx
MECTaX NPOU3BOACTBEHHBIX TOMEIICHUHI

Kareropus pa6ot Temmneparypa | OtHOcuTenbHast | CKOpoOCTh
IIepuon Temneparypa .
10 YPOBHIO o~ | TIOBEPXHOCTEH, BJIQXKHOCTH JIBUKCHHUS
roza BO3ayXa, °C o
sHepro3arpar,BT C BO3nyXxa, %  |Bo3myxa, m/c
XOJIOAHBIH la (mo 139) 22-24 21-25 60-40 ue 6oiee 0,1
Tennbiii Ia (10 139) 23-25 22-26 60-40 He 6onee 0,1
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B aynutopun Ne 246 otaeneHus ssA€pHOro-TOIUIMBHOTO IIMKJIA MHKEHEPHOM
mKoJbl siaepHbix TexHosoruil 10 kopmyca ®T'/AOY BO HU TIIY BbeIonAHAIOTCS
HOPMAaTHUBBI 110 MUKPOKJIUMATY.

Jns monjiep:kaHus CaHUTAPHBIX HOPM JOCTATOYHO HUMETh €CTECTBEHHYIO
HEOPTaHU30BAHHYI0 BEHTWIALIMIO TIOMEUICHUS W MECTHBIM KOHJIUIIUOHEP
YCTAaHOBKMA  TIOJIHOTO  KOHIWIIMOHUPOBAHMS  BO3AyXa, OOECIEeYMBAIOIINN
MIOCTOSIHCTBO TEMIIEPATYPbI, OTHOCUTEJIIBHON BJIAXKHOCTH, CKOPOCTHU JABMKECHUS U
YUCTOTHI Bo3yxa [95].

Jist  pacuéra TPOU3BBOAMUTEIBHOCTH BO3JyXOOOMEHAa BEHTHISATOpPA B
aynutopun Ne 246 otnenieHHs siAEPHOTO-TOIUIMBHOTO IUKJIA HWHXXEHEPHOM MIKOJIBI
anepHbix TexHosorud 10 kopmyca P®I'AOY BO HUM TIIY Bocnome3yemcs
bopmyoii:

wW=V-K, (5.1)
rae V = 115 M3, kpatHOCTL BO3ayX000MeHa B nomeiennu K = 3 ', uto coorseTcTBYyET
Hopme 1o [95].

[ToacTaBnss n3BeCTHBIE 3HAYEHHs B hopmyJty, momydaum W = 345 m® -, cxons

13 UMEIOIINXCS KpUTepHid, ToJoMaET BUXpeBas Bo3myxoayBka Becker SV 700/2 5.5, ¢

MaKCHMAJIbHOM MPOM3BOAUTENEHOCTBI0 370 M3 -u [103].
5.1.2 lllym u BuOpauus

[IIym yxXynamaer ycioBUS TpPyJa, OKa3blBa€T BPEAHOE BO3JICHCTBUE Ha
OpraHr3M YeJOBEKAa, & UMEHHO, Ha OpraHbl CIyXa M Ha BEChb OpPraHU3M 4epe3
LEHTPaJbHYI0 HEpBHYIO cucTeMy. B pesynbrare 3TOoro ocnabisercss BHUMAaHUE,
yXyIIIaeTCsl MaMsTh, CHHXKAETCS PEaKlMsl, YBEIUYMBAETCS YMCIO OLIMOOK Mpu
pabote. Illym Moxer co3maBaThCsi paboTaromuM 000pYAOBAHHUEM, YCTaHOBKaMHU
KOHJAMIIMOHUPOBAHUS BO3/yXa, OCBETUTEIbHBIMH NMPUOOpPaMH THEBHOTO CBETa, a
TaKXe€ IPOHUKATh U3BHE.

JUis  OlEeHUBaHUS UIYMOBOM OOCTaHOBKHM JOIyCKAeTCsl HCIOJIb30BaTh
YHUCJIOBYIO XapaKTePUCTUKY, Ha3bIBA€MYI0 ypOBHEM 3ByKa (u3Mepsiercs B Ab).

JlonmycTuMBIN ypOBEHb IiIyMa Mpu padboTe, TpeOyoliei CoCpeIoTOUeHHOCTH, paboTe
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C TOBBILIEHHBIMU TPEOOBAaHUSIMU K TpolleccaM HaOJIOJECHUS U JUCTAHIMOHHOTO
YIpPaBJICHUS MPOU3BOACTBEHHBIMU IIMKJIaMHU Ha pabOYMX MEcTax B MOMEMICHHIX C
IIyMHBIM 000pyZ0BaHueM, coctasisiet 75 nb [96].

3a paboueil MOBEpXHOCTHIO ypoBeHb ItymMa oT OBM nocturaer 30 nb, uto
HaxXOJUTCA B MpeAesiax HOPMbl. YPOBEHb IIyMa OT BHXPEBOM BO3QyXOJYBKH

coctaBisieT 53 nb, 9To cooTBETCTBYET HOpMaMm [97].
5.1.3 OcBenieHHOCTD

Ocgenienue paboyero Mecta — BaXHEHIINI (akTop CO3JaHUsT HOPMAJIbHBIX
ycioBuil Tpynaa. OCBelIeHHIO cleayeT yIensITbh 0co00e BHHUMAaHME, TaK KaK MpU
paboTe HanboJblIee HAPSKEHUE MOJTy4daroT Ta3a. Henocrarounas ocBeIeHHOCTD
paboyell 30HBI TaKXe€ CUYMTAETCS OJHMM M3 (PAKTOPOB, BIUSIOIIMUX Ha
paboTocrnocoOHOCTh YenoBeka. JJisi MPOMBIIIIEHHBIX MPEANPUATHI ONTUMAaJIbHAS
OCBEIICHHOCTh TEPPUTOPUM M TOMENICHUN SIBIAETCA BAXXHOM W HENPOCTOU
TEXHUYECKON  3aJauel, pelIeHne KOTOpOoil  oOecnedyrBaeT  HOpPMalbHbIE
TMTMEHUYECKHE YCIOBUA JUIsl paboTatolero nepconana. [IpaBunbHo nogoOpaHHbIe
VCTOYHUKH CBETA U UX MTPOECKTUPOBAHKE CO3AAIOT YCIOBHS JJIsl TPOU3BOACTBEHHOTO
TpyZa, KOPPEKTHOCTH BBIIIOJHEHUS TEXHOJIOTHUYECKUX OIepalnuid, CcOoOII0AeHUs
IpaBUJI U TEXHUKH 0€30MaCHOCTH.

OcBenieHne OenuTCs Ha €CTECTBEHHOE, MCKYCCTBEHHOE M COBMELIEHHOE.
CoBMernieHHOE codyeTaeT 00a Bua OCBELICHMS.

[IpyuriHaMU ~ HEOCTATOYHOCTH  €CTECTBEHHOIO M MCKYCCTBEHHOIO
OCBEILIEHUH SBISAIOTCSA OTAAIIEHHOCTh paboyero Mecrta OT UCTOYHUKOB OCBEILIEHUS,
HEJOCTaTO4YHAasi MOIIHOCTh M HEKAa4eCTBEHHOCTb HWCTOYHHUKOB OCBELICHUS,
HEMOAXOASIINE MorojaHbie (akTopel HWIM BpeMs CcyTok. HemocTtaTouHOCTh
OCBEIICHMS] CHUKAET MPOU3BOJUTEIBHOCTh TPYJA, YBEJIMUYMUBAET YTOMIISIEMOCTD U
KOJIMYECTBO JOIMYCKAEMbIX OIIMOOK, a TaKKe MOXET MPUBECTU K TMOSBICHHUIO

npodecCHOHANIBHBIX Ooie3HeH 3penust [98].
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HCO6XOI[I/IM8,$I OCBCIICHHOCTh Ha pa6oqu MECTEC OOCTHUIacTCAa 3a CUCT
HCKYCCTBCHHOTO OCBCIICHU JJIOMHMHCCHOCHTHBIMHA JJaMIIaMH. [Tocuuraem

HE0OXO0IMMOE YUCIIO CBETUIILHUKOB 110 (hOpMyJIe:
_E-§S-Z-K
" F U -2)

rae E — nopmupoBanHas ocBenieHHOCTh, E = 300 1k;

S — wromane momemnieHus, S = 41,1 M?;

Z — onpaBoYHbII K03 PUIMEHT cBeTUIbHUKA, Z = 1,2;

K — xoadduineHT 3amaca, yYUTHIBAIOIIUN CHI)KCHHUE OCBEIICHHOCTU TMPH
skcruryatanuu, K = 1,2;

F — cBeToBOM moTok omHoi mammel, JI/1 40, F = 2130 nx;

U — ko dunment ucnonnzopanus, U = 0,55;

M — YKCJI0 JIAaMIT B CBETHJILHHKE, M = 2.

[ToncraBuB 3HaueHus nosydaeM N = 7,58 mt. Ho Tak kak HE0OOXOAMMO 11€J10€
YUCJI0, TO OKPYTJIMB, MOJy4aeM 8 JaMIl, YTO COOTBETCTBYET KOJMYECTBY JaMIl B

ayautopuun Ne 246 oTaeneHus I€pHOTO-TOINIMBHOTO LMKJIA WHXXEHEPHOW IIKOJIbI

anepHbix Texnonoruil 10 kopmyca ®I'AOY BO HU TIIV.
5.1.4 JaexkTpobe30nacHOCTb

B 3aBuCHMMOCTH OT yCJIOBHIl B IOMEILIEHNUN OMACHOCTh MOPAXKEHUSI YeJIOBEKa
AIIEKTPUUECKUM TOKOM yBEJIMYMBACTCS WM yMeHbInaeTcs. He cinemgyer paborats ¢
DOBM B ycClIOBUSIX MOBBIIIEHHOW BIAXKHOCTH (OTHOCUTENIbHAS BIAXKHOCTH BO3IyXa
JUIMTENIbHO TipeBbIiaer 75 %), Bbicokoil Temmepatypsl (Oonee 35 °C), Hanuuuu
TOKOIIPOBOJSIIEH  MbUIM,  TOKONPOBOASAIIMX  TOJOB M BO3MOXXHOCTHU
OJTHOBPEMEHHOTO TNPHUKOCHOBEHHS K UMEIOIIUM COEAMHEHUE C  3emilel
METATTMYECKUM 3JIEMEHTaM U METAUTMUYECKUM KOPITyCOM 3JIEKTPOOOOpYAOBaHUS.
Omneparop paboOTaeT C AAEKTPONPUOOPAMH: KOMIBIOTEPOM (AUCIICH, CUCTEMHBIM
OJlok W T.Ja.) W TnepudepuitHbIMU ycTpoiicTBaMu. OMNAacHOCTh TOPAKEHUS
NICKTPUUIECKUM TOKOM CYIIECTBYET B CISIyrONuX ciydasx [99]:

— IIpHU HETIOCPCACTBCHHOM IIPUKOCHOBCHHWHN K TOKOBCAYIIMM 4YaCTsAM BO
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BpEMsl PEMOHTA;

— IPU NPUKOCHOBEHMHM K HETOKOBEAYIIHMM YacTsM, OKa3aBLIMMCS IIOJ
HaIpsHDKEHUEM (B Cllydae HapyILISHUs U30JISILUN TOKOBEIYIINX YacTel);

— OpY DPUKOCHOBEHUM C IIOJIOM, CTEHAMH, OKAa3aBIIMMMCS 0]
HaIpsHKEHUEM;

— Opu KOPOTKOM 3aMBIKAaHMU B BBICOKOBOJIBTHBIX OJIoKax: OJoke
MUTAHMS U OJIOKE TUCTUICHHOMN pa3BEPTKHU.

DNEeKTPUYECKUNA TOK, MPOXOJs YEpe3 TEJIO YEIOBEKA, OKa3bIBA€T TEILIOBOE,
XUMHUYECKOE U OMOJIOTUYECKOE BO3ICHCTBUE.

TennoBoe (TepMuyeckoe) AeMCTBUE MPOSABISAETCS B BUJE OXKOIOB ydacTKa
KOXH, IEperpeBa pa3juyHbIX OPraHoOB, a TaK)XE€ BO3HHUKAIOIIUX B pE3yJbTaTe
IIeperpeBa pa3pblBOB KPOBEHOCHBIX COCYI0B U HEPBHBIX BOJIOKOH.

XHUMHYECKOE (IJEKTPOJIIUTUYECKOE) AEHCTBUE BEAET K 3JIEKTPOIU3Y KPOBH U
JIPYTUX COJEP>KAIIMXCS B OpPraHU3ME YEJOBEKa pacTBOPOB, UTO MHPUBOJMUT K
U3MEHEHUI0 UX (U3MKO-XMMHUYECKHX COCTaBOB, a 3HAYUT, M K HapyLICHUIO
HOPMAJIbHOTO (DYHKIIMOHUPOBAHUSI OpraHu3Ma

Meponpusitus 1o o6eceueHuIo JEeKTPoOe30MaCHOCTH IEKTPOYCTaHOBOK:

— OTKJIIOYEHHUE HAIPSKEHUSI C TOKOBEOYIIMX YacTel, Ha KOTOPBIX WM
BOJIM3U KOTOPBIX OYyJIE€T MPOBOJIUTHCA padOTa, U MPUHATHE MEP MO 0OECIEUECHUIO
HEBO3MOXKHOCTH 01aYU HANPSHKEHUS K MECTY paOOThI;

— BBIBEILIMBAHUE JIAKATOB, YKa3bIBAIOUIMX MECTO paOOTHI;

— 3a3eMJIEHUE KOPITYCOB BCEX YCTAHOBOK U€PE3 HYJIEBOU MTPOBOL;

— NOKPBITHE METAIMYECKUX MOBEPXHOCTEM MHCTPYMEHTOB HAJIEKHOU
WU30JISIMCH;

— HEJOCTYITHOCTh TOKOBEAYIIMX YacTedl ammapaTypbl (3aKIIOYEHHE B
KOpIyca 3JIEKTPOMOPAXKAIOIIUX 3JIEMEHTOB, 3aKJIIOYEHHE B KOPIYC TOKOBEIYIIMX
vacreit) [100].

[Tomerienue, B KOTOPOM MPOXOAMIN PabOThI, MOAXOIUT MO MOMEIIeHus |

KJ1acca, B KOTOpOM pabouue HanpspkeHus He npebimaoT 1 000 B [99].
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5.1.5 DyieKTpOMarHMTHHIE TOJISE

OcHOBHBIM BpeaHBIM (AKTOPOM TMpH HUCMoNb30BaHUM OBM  sBisercs
DJIEKTPOMAarHUTHOE  M3JIYyYEHHE OT  COCTABISIOIIMX  YacTe  yCTPOWCTB.
[ToBBIIEHHBIN YPOBEHD 3JIEKTPOMATHUTHOTO U3JIyYEHUS MOKET HETAaTUBHO BIIMSIThH
Ha OpPraHu3M 4YeJIOBEKa, a MMEHHO IPUBOJIUTH K HEPBHBIM pPACCTPOMCTBAM,
HapyLIEHUIO CHA, 3HAYUTEIbHOMY VYXYALIEHUIO 3pUTEIbHON aKTUBHOCTH,
OCJIa0JICHUI0O HMMMYHHOM CHCTEMBI, pPAacCTPOMCTBAM  CEpPIAECYHO-COCYIAHCTON
CUCTEMBL.

DNEeKTpOMarHUTHBIE MTOJIsSI KOHTPOJIMPYIOT B clieAyronux auarnas3onax: 50 I'n
(mpombitieHHas yactotra) U ot 30 kl'm mo 300 I'Tn. M3mepenus npoBoaaT Ha
pabouyux MecTax IMOJIb30BATENE CTAIMOHAPHBIX W MOPTATUBHBIX NEPCOHAIBHBIX
KOMITBIOTEPOB.  KOHTPOIMPYIOT  ClEAyIOIIHE NapaMmeTpbl:  HANPSKEHHOCTh
AIEKTPUYECKOTO U MAarHUTHOTO TOJISI, HAPSKEHHOCTD JIEKTPOCTATHYECKOTO TTOJIS.

Hopwmbl npenensHo pomyctumbix ypoBHe (IIY) snexrpomarHuTHOTrO
U3ITy4YEHHUsI, YCTAHOBJICHHBIC B TOKyMeHTe [96], moka3ansl B Tabaunax 5.2 u 5.3.

Tabmuua 5.2 — IlpeaenbHO MOMYCTHUMbIE YPOBHHU 3MEKTPUUYECKUX M MarHUTHBIX
MOJIEW MPOMBIIIICHHON 4acTOThI S0 ['1l

N Hanpsxenrocts (HaII'/IIH}fngI-IIIIjII(s)[CTL
Tun Bo3aencTBU 3IEKTPUUECKOTO p
p
n/m nons. kB/m MarHUTHOTO TOJs), MK T
’ (A/m)
B »XWiIBIX 30aHUAX, JETCKUX,
1 JOIIKOIBHBIX, IIKOJIBHBIX, 05 5,0 (4,0)
0011e00pa3oBaTeIbHBIX ’ AT
YVUPEIKICHUAX
2 B 0611eCTBEHHBIX 3aHUAX 0,5 10,0 (8,0)
3 Ha teppuropun Kuitoi 3aCTpOrKu 1,0 10,0 (8,0
ppuATOp P

Ta6nuna 5.3 — [IpenensHo nonyctumbie ypoBHu DMII nuamazona yactor 30 kl'1-

300 I'T
Jlmamna3oH 4acToT 30-300 0,3-3 3-30 30-300 0,3-300 I'T'ig
Kl MI'm MI'm MI'm

Hopmupyemsrit HanpsikeHHOCTD 3JeKTPUYECKOTO OIS, [TnoTHOCTH MOTOKA

napameTrp E (B/m) suepruw, [1113 (MxBT/cm)
[TpenenbHO- 25 15 10 3 10

JOTTYCTUMBIE 25 nns ciydaeB 00ydeHuUs
YpOBHU OT aHTEHH, pabOTAIOIINX B
peXHUMe KpyroBoro o63opa

WJIM CKAaHUPOBAHWSI
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[TepconanbHbIA KOMIBIOTEP, HAXOAAIIMNUCS B ayauTopun Ne 246 otneneHus
SJIEPHOTO-TOIIMBHOTO IMKJIA WHXKEHEPHOM IIKOJbI SIEPHBIX TexHoJoruid 10
kopnyca ®I'’AOY BO HU TIIVY, co3gaeT 371eKTpOMarHuTHOE U3Iy4YE€HUE YaCTOTON

130 I't, yTo He KOHTpOIUpYyeTCs [96].
5.1.6 Ilo:xxapHas 1 B3pbIBHAsI 0€30NIACHOCTH

B 3aBHCMMOCTH OT XapaKTEPUCTUKH UCTIOJIb3YEMBIX B IPOU3BOJICTBE BEILIECTB
M HX KOJWYECTBA, IO TMOXAPHOM H B3PHIBHOM OMNACHOCTH ITOMEIICHUS
noapasaenstorcsa Ha kareropun A, b, B, I', /I. Tak kak momMenieHrue no CTEneHH
[I0KapOB3PBIBOOIIACHOCTH OTHOCUTCA K Kareropuu B, T.e. K IOMELICHUSAM C
TBEPJBIMH  CTOPAIONIMMHU  BEIIECTBAMH, HEOOXOJUMO TMPEAyCMOTPETh Pl
npoduIakTHIecKkux Mepornpustuii [101].

Bo3MoXxHbIE TPUYHHBI 3aTOPAHHUSL:

— HEHUCIPABHOCTh TOKOBEIYIINX YACTEN YCTAHOBOK;

— paboTa ¢ OTKPBITOM JIEKTpoanmapaTypoi;

— KOpPOTKHE 3aMbIKaHUs B OJIOKE MUTAHMUS;

— HecoOJIIoICHUE MPABHII TTOKApHOH 0€30MacCHOCTH;

— HaJIU4Me FOPIOYUX KOMIIOHEHTOB: JTOKYMEHTBI, ABEPH, CTOJIbI, H3OJISIUS
ka0enel u T.1I.

Mepomnpuatus 10 MOXapHOW MNPOPUIAKTUKE TMOAPA3ACIAIOTCS  Ha:
OpraHU3alMOHHBIE, TEXHUYECKHE, IKCILTyaTallMOHHbIE U PEXKUMHBIE.

OpraHu3allMoOHHbIE ~ MEPONPUATHS  NPEAYCMATPUBAIOT  IPABHIIBHYIO
DKCIUTyaTaIio 000pyI0BaHUs, TIPABWIHHOE COJEpKAHUE 3[aHUN U TEPPUTOPUH,
MPOTUBOIIOKAPHBIA ~ WHCTPYKTaX  pabouumx W CIOyXKamux, oOydeHue
MIPOU3BOJICTBEHHOTO TEpPCOHANA TMpaBUjaM TMPOTUBOIMOXKAPHON 0€30MacHOCTH,
W3/IaHUE UHCTPYKINM, IJIAKaTOB, HAJTMYKUE TJIaHa HBAKyalluu.

K TexHrueckuM MepOnpuUsITUSIM OTHOCSTCS: COOJIIOICHUE MTPOTUBOIOKAPHBIX

paBujl, HOPM MPU NPOESKTUPOBAHUU 3AaHUH, IPU YCTPOUCTBE AINEKTPOIPOBOJIOB U
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00Opy10BaHUs, OTOIUIEHUS, BEHTUJISILIUM, OCBELIEHUS, NPAaBUJIBHOE pa3MEIECHUE
000opy10BaHUS.

K pesxMMHBIM MEPOIIPUATUSAM OTHOCATCS CICAYIOUIUE: YCTAHOBJICHHUE IIPABUII
opranumzanMu  pabor, U  CcOOJIOJEHHE  NPOTHUBOMOXKApHBIX  Mep.  [nd
IIPERYIIPEKICHNAS BOSHUKHOBEHHS I10XKapa OT KOPOTKHUX 3aMbIKAHHM, IEPETPY30K U
T. . HEOOXOOUMO COOJIFOJICHUE CIEAYIOIUX MPaBUI MOKApHOM OE30MacCHOCTH
[101]:

— HUCKIIOYeHHe  oOpa3oBaHMs ~ Toproded  cpeabl  (repMeTu3anus
000py10BaHUsl, KOHTPOJIb BO3AYLIHON Cpe/ibl, paboyasi u aBapuiiHas BEHTUIISILINS);

— TpaBWIbHAs JKCILTyaTauus o0OpyaoBaHMs (MPaBUIBHOE BKIIOUYECHHE
o0Opy/nOBaHUSI B CETh  3JEKTPUYECKOrO IUTAaHUS, KOHTPOJIb Harpesa
o0opy10BaHUS );

— TIIPaBWJIBHOE  COJACpPXAHWUE  3JaHMM, TEppUTOpUl  (MCKIIFOUECHHE
o0Opa3oBaHMsI MCTOYHHKA BOCIUIAMEHEHHUS — MPEAYyNpEKICHHE CaMOBO3TOpaHUs
BELIECTB, OTPAaHUYEHUE OTHEBBIX PaldOT);

— 00ydeHue MPOU3BOJACTBEHHOTO MEPCOHANA MpaBUiIaM NMPOTUBONOKAPHON
0e3011aCHOCTH;

— W3JaHUe UHCTPYKLHUM, IJIaKaTOB, HAJIMYKE TJIaHa 3BaKyaluu;

— cOoONIOZICHUE MPOTHUBOIOXKAPHBIX IMPABUJ, HOPM MPHU MPOECKTUPOBAHHUU
3MaHUWA, TPU YCTPOMCTBE BJIEKTPONPOBOAOB U 00OPYIOBaHUSA, OTOIICHUS,
BEHTUJISILIUU, OCBEIICHMUS;

— MpaBWIbHOE pa3MelIeHUue 000pyA0BaHUS;

— CBOEBPEMEHHBIA MNPOPUIAKTUYECKUM OCMOTp, PEMOHT M HCIIbITAaHUE
000opy10BaHUS.

[Ipu BOZHUKHOBEHUH aBapUMHOW CUTYyaIlM HEOOXOIUMO:

—  COOOUIUTH PYKOBOJUTEIIO;

— TI03BOHMTH B aBapuitHyto ciyx0y nin MUC — ten. 112;

— TPUHATH MepbI B cooTBeTcTBHH C [102].
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5.2 be3onacHOCTH B aBAPUIMHBIX U YPEe3BbIYANHBIX CUTYAUSIX

UpesBbluaiiHas (aBapuiiHas) CUTyalusl — ’TO 00CTaHOBKA Ha OIMpPeIeNICHHOM
TEPPUTOPUH, CIIOKUBIIASACS B PE3YJIbTATE aBapUH, OMIACHOTO IPUPOIHOTO SBJIECHUS,
KatacTpodbl, pacIpOCTpaHEHHs 3a00JEBaHUs, TPEICTABISIONIETO ONACHOCTh JIJIs
OKPYXAIOIUX, CTUXUWHOTO WM MHOTO OEJCTBHUSA, KOTOPbIE MOTYT MOBJI€Yb WM
NOBJEKIM 3a COOOl YEIIOBEYECKHE >KEPTBBI, YIIEPO 3I0pOBBIO JIOJAEH WU
OKPYXaroUIEH Cpelie, 3HAUMTEIbHbIE MaTEPUAIIbHBIC IOTEPU U HAPYIICHUE YCIOBUN
JKA3HEIECATEIbHOCTH JI0/1e. ECTh J1Ba BUIAa YpE3BbIYANHBIX CUTYAIIH:

— TEXHOTCHHAas;

- IPUPOIHAS.

K rexnorennnsiMm YC MOKHO OTHECTH MOXKapbl, B3PHIBbI, TMBEPCUH, BEIOPOCHI
anoBuThIX BemlecTB. K mpupoansiM UC OTHOCATCS TPUPOIHBIE KAaTAKIU3MBI.
Hau6onee BepositHOM TexHOTeHHON YC SBISIOTCA MOXKapHI.

K omacHocTSIM HecyacTHOro ciay4das OTHOCHUTCSI  BHE3allHBIA U
HEYIIPABJISAEMBI HCTOYHUK JHEPIUU: JBUTAIOLIUMKCS IPEIMET, HEYIPABISAEMOE
JBWOKeHue uin sHeprust [104].

PaccMoTprM  BO3MOXKHBIE aBApUMHBIE W YPE3BbIYAMHBIE CHUTyallMd B
ayautopuu Ne 246 oTaeneHus S1€pHOTO-TOIJIMBHOTO HMKJIAa WHXEHEPHOM IIKOJIbI
anepHbIx TexHosoruil 10 koprmyca PI'AOY BO HU TIIY, a umeHHO:

— MaJICHUE C BBICOTHI COOCTBEHHOI'O POCTa;

— yaap 2JEKTPUUYECKUM TOKOM;

- BO3HHKHOBEHHUE MOXKapa.

Meponpustiss 10O NPENOTBPALICHHUIO BBIIICYKAa3aHHBIX aBapUUMHBIX U
YpE3BbIYAWHBIX CHUTYyallud W MEPONPHUSITUA MO JIMKBUAAUMUA HX IMOCIEICTBUN

IIpeCTaBIICHBI B Ta0auIIe 5.4.
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Tabnmuma 5.4 — ABapuiiHble W Ype3BbIYAMHBIC CUTYyalldd, MEPONPUSITHS I10
NPEAOTBPAIICHUIO AaBAPUMHBIX M YPE3BBIYAWHBIX CUTyalMd U JIMKBUAALUHU
IIOCJIEACTBUN aBAPUMHBIX U YPE3BbIUAWHBIX CUTYAIUN.

Mepornpusrus o

ABapuiinbie IIPEIOTBPALICHUIO MeponpusTus 110 JINKBUAALNAN
Ne | (upe3BbluaiiHbIe) aBapuMHOMN U IIOCJIEICTBUH aBapUIHOMN U YPE3BBIYaHOMN
CHUTYyallu:u YpE3BBIYANHOMN CUTYalH
CUTyaluu
1 TpaBmaruzauus | 1. Copepxanue 1. OcmoTtpeTsb WU OIPOCUTH
IIPY NTAJICHUM C | TIOMELICHHUS B | IOCTPaJaBILIEro;
BBICOTBI HaJJIeXKaleM 2. ecn HEOOXOAMMO — BBI3BaThb CKOPYIO
CcOOCTBEHHOI'O MOPSIIIKE. ImoMoIp — Tei. 112;
pocra 2. OrpannyeHue 3. OCTaHOBUTb KPOBOTECUEHHUE, €CIH OHO
pabouero UMeeTcs;
IIPOCTPAHCTBA. 4. ecaum ecTb MOJO3pEHUE, UYTO Y
3. CBoeBpeMEHHOE [IOCTPAJABILErO  CJIOMaH  I103BOHOYHUK
IIPOBEJICHUE (pe3kass 00iab B IO3BOHOYHUKE IpU
MHCTPYKTaxXa. MaJIeHIlleM  JBM)KEHUH),  HEOOXOJUMO
o0ecrnieunTh  MOCTpajaBIIEMy  IOJHBIH
IIOKOM B IIOJIOKEHUU JIe)Ka Ha CIIMHE J0
OKa3aHHUs KB (HULIUPOBAHHON
MEIULIUHCKOW ITOMOIIIH.
5. TO3BOHUTH B aBapUUHYIO CIYKO0y WiIn
MUC —Ten. 112;
2 Ynap 1. 3azemnenue  Bcex | 1. BricTpo 0CBOOOIUTH MOCTPAABIIETO OT
AIIEKTPUYECKUM | BJIEKTPOYCTaHOBOK. JENCTBUS 3JIEKTPUUECKOIO TOKa,
TOKOM 2. OrpanuyeHue 2. BbI3BAaTh CKOPYIO ITOMOIIIb;
pabouero 3. eciy NOCTpaJaBIIUil OTEPsJI CO3HAHUE,
IIPOCTPAHCTBA. HO JIbIXaHWE COXPaHUJIOCh, €r0 CIELyeT
3. Obecnieuenne yA00HO YIJI0XKUTb, pPacCTerHyTh
HEJOCTYTTHOCTH CTECHSIOUIYIO OJIeXKAY, CO3[aTh IPUTOK
TOKOBEIIYIIMX 4YacTed | CBEXKETro BO3JyXa W OOECIEUUTH TOTHBIN
arnmaparypsl. ITOKOM;
4. CBoeBpeMEeHHOE 4. mocTpanaBlIeMy HaJo0 AaTh IMOHKOXAThb
IIPOBEJICHUE HAIIATBIPHBIM CHOUPT, COPBI3HYTh JIUIIO
MHCTPYKTaXa. BOJIOM, pacTEPETh U COIPETH TEIIO;
5. Ipu OTCYTCTBHH JbIXaHWS HYXHO
HEMEIJIEHHO  JeNaTh  HUCKYCCTBEHHOE
JBIXaHUE U Maccax cepala.
6. TMO3BOHUTH B aBapUUHYIO CIYKO0y WIn
MUC —Ten. 112;
3 [Toxap 1. CBoeBpemeHHOE 1. ObectounTh NOMEIIEHUE, MPEKPATUTH
IIPOBEJICHUE MOCTYIUIEHHE BO3/yXa;
MHCTPYKTaxXa. 2. HEeMEMJIEHHO COOOIUTh O THoXape
VYcTaHOBIIEHHUE | I€KYPHOMY WJIH Ha IIOCT OXPAHBI;
CPEICTB 3. O BO3MOXHOCTH HPHUHSITH MEPHI IO
aBTOMAaTUYECKOTO ABaKyalM JIIOJeH, TYIIEHUIO MoXKapa U
MOKapOTYILIEHUs B | CITACEHUIO MaTepUaIbHBIX LIEHHOCTEH.
ITOMEILCHUSAX. 4. TO3BOHUTH B aBapHilHyl0 CiIyk0y WM
3. YcraHoBKa MUC — ten. 112;
JaTYUKOB  JAbIMAa U
OTHS.
4. ObecnieueHue myTei
ABaKyaIuu "
nojaJep>KaHue HX B
HaJJIexaleM
COCTOSTHUH.
4. KoHtponb paboThI
3ICKTPOIPUOOPOB.
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B manHOM nogpaszaene paccMOTPEHbI NOTEHIMAIIbHBIE aBAPUHBIE CUTYallNH,
KOTOpbIE MOTYT BO3HUKHYTH ITpH padbote B ayautopun Ne 246 oTaeseHus epHOro-
TOIUIMBHOTO IIMKJIa WHXXEHEPHOW IIIKOJIBI SIJIEPHBIX TexHojoruit 10 kopmyca
OI'AOY BO HU TIIY. PaccMoTpeHbl MEpONpUATHS IO NPENOTBPALICHUIO U

JMKBHIAITUH ITOCIICICTBUIN 3THX CHTYyaIuii cormacHo [104].
5.3 BbiBoabl o pazaeiy «ConuajibHasi 0TBETCTBEHHOCTb

B pazgene paccMOTpeHbl OpraHu3allMOHHBIE BOIPOCHl  OOECTICUECHHUS
0e30macHOCTH pabOTHUKOB, BBISBICHBI BO3MOKHBIE BPEIHbIE U ONACHBIE (DaKTOPHI
(mukpoxsimmar [94, 95], BuOpamms, mym [96, 97], ocsemenue [98],
anextpoode3onacHocTh [99, 100], moxkapo- u B3peiBonmacHocTh [101, 102]), Takxe
NPOBEIEH HX AaHaJIW3 M OOOCHOBAH PsiJi MEPONPHUITHI IO CHUXKEHHUIO UX
BO3JICVCTBUS HA UCCIIEN0BATES.

Paborta B mratHoM pexume B aynutopun Ne 246 oTaeneHus sIEpHOTO-
TOIUIMBHOTO IMKJIa WHXXEHEPHOM IIKOJBI SIAEPHBIX TexHonorut 10 kopmyca
OI'AOY BO HU TIIY ne mpuneceT Bpen pabotHuky. [lomelienrne oTHECEHO K
kiaccy B nmo noxapoomnacHocTH, k 1 kateropuu 1o aekrpobdesonacHoctu (10 1000
B).

[Ipoananu3upoBaHbl BO3MOKHBIE ABAPUMHBIE M YPE3BBIYANHBIE CUTYyalUH,
ONMMCAHbl MEPONPHUATHSA IO MX NPEIOTBPALICHUIO M JIMKBUAAILMU TOCIEICTBUM.
Haubosnee BeposaTHOM Upe3BbIYaHOM CUTYyaIuEH SIBISIETCS BOSHUKHOBEHHE TI0Kapa

Ha paboyeM MecTe BCIIEJICTBHE BO3TOPaHUs 000pyA0BaHUS.
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Conclusions

1. Improvement of methods for calculating the technological parameters
of the rectification process and the structural characteristics of column apparatus,
allowing more accurate analytical determination of the operating reflux ratio and the
number of separation stages, which leads to the abandonment of the use of graphical
methods and the addition of empirical corrections to the number of stages in further
calculations, reducing the time of calculations. Improved calculation methods are
implemented using a block approach for describing algorithms in a software
environment PTC MathCad Prime, that allows you to quickly upgrade each block of
the algorithm.

2. The calculation methods are verified for the classical benzene-toluene
system used in the oil industry, as well as for the boron trifluoride-anisole system.
A good convergence of the calculation results with the literature data is shown,
which makes it possible to consider the calculation method as universal. Verification
of the structural calculation method for the separation of boron isotopes has not been
carried out due to the lack of data on the characteristics of the contact devices of
industrial column apparatuses in the literature.

3. The optimal technological parameters and design characteristics of
column apparatuses designed for the production of 2 and 4 tons of boron per year
with an enrichment of 96 weight % over °B. It is shown that column apparatuses
with different capacities have the same type of sieve plates. At the same time, they
have a diameter and height of column apparatuses that have strict design
requirements for plates.

The results obtained can be used to implement an industrial plant for the

separation of boron isotopes in JSC «Siberian Chemical Planty.
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