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ABSTRACT

Master's thesis contains: 91 pages, 11 figures, 21 tables, 39 references.

Keywords: crystallization, aqueous solution, NaCl, isotope, mass
spectrometric analysis, magnetic field.

The object of study is NaCl crystals grown from an aqueous solution under
the influence of a weak constant magnetic field.

The aim of the studies is to experimentally determine the change in the
isotopic effect in a magnetic field during the crystallization of NaCl from aqueous
solutions.

In the course of the study, the following were carried out:

1. Literature review;

2. Experimental studies of changes in the isotope effect of the NaCl
crystallization process from an aqueous solution in a magnetic field;

3. Analysis of the results, evaluation of the optimal conditions for the
formation of crystals with different isotopic compositions in an external weak
constant magnetic field.

The results of studies on the change in the isotope effect in a constant
magnetic field during the crystallization of NaCl from aqueous solutions can be

further used in the development of an innovative method for isotope separation.

11



Table of contents

Lo [UTox o] o O SPR 15
1 Review of scientific and technical literature...........cocovvvvienininninie e 18
1.1 Formation of sodium chloride crystals from an aqueous solution................. 18
1.2 Methods of growing crystals from solutions ............cccccevvviiniiiniiniie s 19
1.2.1 Crystallization by temperature Changes..........ccccocvvveeveeviesiesie e 19
1.2.2 Crystallization by concentration CONVECLION ..........cccevveveeiieniiesieerieene 20
1.2.3 Crystallization by chemical reaction ............cccccoevvieiiievievie e 20
1.2.4 Crystallization by evaporation ...........cccoccveviiiiiienie e 21

1.3 Foreign inclusions in the Crystal ..o 22
1.4 Effect of magnetic field on crystal growth from aqueous solutions.............. 24
1.5 Methods for determining the isotopic COMPOSItION ...........cccceevveveeieeiieennenn 26
1.5.1 Non-spectral INtErferenCe.........cocvviviie i 27
1.5.2 Spectral INtErfErENCE .......oocveeiieecicce et 29
1.5.3 Mass discrimination in mass SPECtrOMetry ........cccovveveeveeviesiiecie e 29

2 Experimental studies on the magnetic activation of the isotopic effect during the

growth of NaCl crystals from an aqueous SOIULION...........ccceeevveiiee e 35
2.1 Isotopic effect of crystallization in a magnetic field............cccoooiiiiininnn, 35
2.2 Obtaining samples of single crystals of NaCl............cccccoovviviiniiiiciicen, 36

2.3 Investigation of the structure of NaCl crystals using scanning electron

IMUCTOSCOPY . .vverveveeteeseesteesseaseesesseesseaseesseessesseesseaseesseaseesseassesseessesseessessenssensesssenns 38

2.4 Measurement of the isotopic composition of chlorine using the Element

inductively coupled plasma mass SPECtrOMELEr..........ccvevveriieeieereesee e e 39
3 ®uHAHCOBBII MEHEKMEHT, PECypCcO3(hEKTUBHOCTh U pECypcocOepeKeHue ..... 48

3.1 Ouenka KOMMEPYECKOro U HHHOBAIMOHHOTO notennuana HTU.

[TPEAMPOCKTHBIM QHAIIHB .....cc.eveeireessieeaseeesseeessseessseessnesssreesneesnneeassneesnneesnneesnneens 48



3.2 AHanu3 NOTEHUHUATbHBIX MOTPEOUTENEH 1 KOHKYPEHTHBIX TEXHHUECKUX

LS00 (53 112 S TP 48
3.3 OneHKa rOTOBHOCTH MPOEKTA K KOMMEPIIHATTMBAIIM . ......vcevveneeerenneeseeenrenneas 50

3.4 MeTo bl KOMMEpPIMATa3aliy Pe3yJbTaTOB HAyYHO-TEXHUYECKOTO

15 (oo (<P (0) 1215 1% 5 (T 52
3.5 Pa3paboTka ycTaBa HAy9YHO-TEXHUYECKOTO MTPOCKTA M MHUIIHAIIHS TIPOeKTa 53

3.6 Ilnanuposanue npouecca ynpasienuss HTU: ctpykrypa u rpaduk

MPOBENCHHUS], OFOJIKET, PUCKH M OPTAHUZALMS 3AKYTIOK . ...ecmveeerrerenreesnneesnreenneens 55
3.7 BroIKeT HAyYHO-TEXHUYECKOTO UCCHEMOBAHMUST «..vevvveeeveesnrieaveeesineesineesnneens 58
3.7.1 OcHoBHas 3apabO0THAs TIATA UCTIOJTHUTEIICH TEMBI .....vveeeevieeiiieeesieenns 58
3.7.2 JlononHuTenbHAs 3apa00THAS T1J1aTa UCTIOTHUTEIEH TEMBI .......veeeneneen. 60
3.7.3 OTuuciaeHus BO BHEOIOKETHBIC (DOHIIBI ...eeeuvrreeirreeesssreressrneessssenesnsneenns 60
3.7.4 HaKITQITHBIC PACKOIBI ...veeeurrreaureeeaireeesteeassssseessnseeesssseessnsseesssssessnsneesnnes 61

3.7.5 ®opmupoBaHue OrOJKETa 3aTpaT HAyIHO- MCCIICIOBATEIIBCKOTO MPOSKTA

3.8.1 Ouenka cpaBHUTENBHON 3P (HEKTUBHOCTU UCCHEIOBAHUS ......vvveerereernriess 62
3.8.2 UnrterpanbHblii TOKa3aTelb 3QPEKTUBHOCTH PA3PAOOTKH........vveereeensee. 63

3.9 BeiBoabl 1o pazneny «OUHAHCOBBIN MEHEIKMEHT, PECYpCOdI(EKTUBHOCTD U

PECYPCOCOCPEIKEHIIE) ....vevveenreeesireaireesiteessseessbeesseessseeessseesssessnseesnbeeenseesssneensns 65
4 CouHaabHAS OTBETCTBEHHOCTD ..evviiuutttirrereesssssssssssssssessssssssssssssssssssssessssnnnssssnnes 67
4.1 IlpaBoBbIe U OpraHU3aIlMOHHBIE BOIIPOCHI 0OECIIeUeHHs O€30ITaCHOCTH ...... 67
4.1.1 TIpaBoBBIE HOPMBI TPYJIOBOTO 3AKOHOATEIIBCTBA .. .vvvveeessvrrereessnrreneensns 67

4.1.2 OpraHu3alMOHHbIE MEPOTPHUSATHS TPU KOMIIOHOBKE padouell 30HBI

15 (o100 (oD (0): 724 L0 5. G 68

4.2 TTpor3BOACTBEHHAS OC30TIACHOCTD ...vveervveeisrrranteeateeesiressnsesssessssesssseesssnesssnes 71



4.2.1 AHanu3 BPEIHBIX U OMACHBIX PAKTOPOB....ceruveereerreerieerireareesieesseesneaneas 71

4.2.2 O0GoCcHOBaHHME MEPONPUITHH IO 3aIUTE MCCIENOBATENS OT JCUCTBUS

BPETHBIX U OTTACHBIX (DAKTOPOB ...vvvveisvreeesssreeessrressssresssssessssssesessssessnssesssnsneenns 73
4.2.3 MUKPOKIIFMAT ... ceeuvveesseeessseessneessseessseesnesasssesssseessseessnesssnesssnessnnesessnsesnnes 73
4.2.4 TIoBBILIEHHBIN YPOBEHD JIEKTPOMATHUTHOTO U3ITYUCHHS .. cevervveerveeenene 75
4.2.5 HenoctaTouHasi OCBEIIEHHOCTD PAOOUEH 30HBI......uviiiuveeeiiiiereiirneesineenns 76
4.2.6 IIPEBBIIICHNUE YPOBHS LIIYMA ...cnuvrereurreessreeessnnesssnsesssnesesssnesssnsnesssnsneenns 78
4.2.7 T1cuxo(hU3UO0TOTHUECKUE (DAKTOPBI .vvvveevrreesireresireeessseesssseesssssesssnsneeens 79
4.2.8 TIopaxXeHUE MEKTPUUECKHIM TOKOM ....uvvrernreenreersneesnneesnnessnessnseeessneessnes 80
4.2.9 TloxapHast ¥ B3PBIBHAS O€30TTACHOCTDB ...uvvveesvreressrressseeesssnrsssssesssnsseenns 82

4.3 be30macHOCTh B aBAPUMHBIX U UPE3BBIYANHBIX CUTYALMAX ..vvvernvrerererenessnnnss 85
4.4 BeiBogbl 110 pazieny « COlManbHAS OTBETCTBEHHOCTD ..vcevveevreeriveesireesneess 86
CONCIUSIONS ... 87
RETEIENCES ... 88

14



Introduction

Chlorine occurs naturally in the form of two stable isotopes **Cl and *'CI.
The composition of the natural mixture of chlorine isotopes is: **Cl - 75.78%,
31CI - 24.22%.

lonic compounds such as sodium chloride NaCl are solid and refractory
because there are powerful forces of electrostatic attraction between the charges of
their ions "+" and "-". A negatively charged chlorine ion attracts not only "its" Na*
ion, but also other sodium ions around it. This leads to the fact that any of the ions
interacts not with one ion with the opposite sign, but several. In fact, there are 6
sodium ions near each chlorine ion, and 6 chlorine ions near each sodium ion. This
orderly packing of ions is called an ionic crystal. If a single chlorine atom is
isolated in a crystal, then among the surrounding sodium atoms it is no longer
possible to find the one with which chlorine reacted. Attracted to each other by
electrostatic forces, ions are extremely reluctant to change their location [1].

Currently, developments are very actively underway to obtain isotope-
modified materials. By changing the isotopic composition of a substance, it is
possible to achieve significant improvements in the desired properties. The
redistribution of isotopes can lead, for example, to a change in the thermal
conductivity of the crystal. This effect can be used for semiconductor crystals,
which in turn will increase the speed of electronic circuits

At the moment, there are many methods for separating almost all isotopes.
However, the industrial production of isotope-modified materials is hampered by
their high cost. Therefore, research on the search and development of more
efficient methods for the separation of isotopes of various elements is relevant [2].

In nature, natural fractionation of chlorine isotopes is possible during the
evaporation of a reservoir with salt water. In the quasi-equilibrium deposition
regime, the ratio between Na**Cl and Na*’Cl in the surface layer of the solid phase
in direct contact with the solution is determined at each moment by the isotope

separation coefficient. The inner space of the crystal with the solution of the
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substance is not exchanged due to the extremely low rate of diffusion of ions in
solid NaCl [3].

In the diffusion mode of deposition, a layer of the liquid phase with a
thickness (diffusion layer) is formed at the surface, the transfer through which the
precipitated ions occur in a time commensurate with the growth rate of crystals,
but less than the time for establishing the equilibrium distribution. Since the
volume of the phase in which the isotopic exchange occurs (surface + near-surface
layer) is negligible compared to the volume of the mother liquor, the change in the
isotopic composition of the solution when considering the precipitation of the next
thin layer of the crystal can be neglected. The experimentally measured mobility
ratio of * CI- and ®’ClI- ions in sodium chloride solution at solution concentrations
close to saturation is 1.0022. The thermodynamic isotopic effect, on the other
hand, favors the concentration in the solid phase of the heavy isotope *’Cl Thus,
the kinetic (diffusion) and thermodynamic effects in the precipitation of sodium
chloride act in opposite directions, which leads to the extreme nature of the
dependence of the differential isotope separation coefficient on the deposition rate.
In reality, during the deposition of a salt layer, isotopic exchange at each moment
of deposition does not occur throughout the thickness, but only on the surface of
the formation, which must inevitably create variations in the isotopic composition
in the salt layer depending on its depth.

Studies of the Master’s thesis are related to the formation of crystals in a
magnetic field and are aimed at the scientific substantiation of the possibility of
obtaining isotope-modified crystals.

The purpose of the research is to experimentally determine the change in the
isotopic effect in a constant magnetic field during the crystallization of NaCl from
aqueous solutions.

This purpose will be achieved within the research of the following tasks:

Review of scientific and technical literature;
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Experimental studies on changes in the distribution of the isotopic
composition of chlorine in NaCl crystals formed from an aqueous solution when
exposed to a constant magnetic field;

Analysis of the results, evaluation of the possibility of forming NaCl crystals
with different isotope distributions, taking into account the occurrence of

paramagnetic phenomena in an external magnetic field.
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1 Review of scientific and technical literature

1.1 Formation of sodium chloride crystals from an aqueous solution

In 2021, Japanese scientists for the first time recorded on video the process
of forming a sodium chloride crystal at the atomic level. It was based on the
technology of electron microscopy in real time with atomic resolution. A lot of
attention was paid to the preparation of samples - Japanese scientists designed a
carbon frame with a thickness of one atom. It is needed to suppress molecular
diffusion so that the atoms under study do not leave a given area. A solution of
sodium chloride, edible salt, was placed inside the frame. The video, recorded at 25
frames per second, shows how a crystal lattice emerges from the liquid chaos. It
has a size of four by six atoms and is not stable, because we are not yet a full-
fledged crystal, but its embryo. A series of experiments in practice proved that the

average time of crystal formation corresponds to the calculated one - 5.07 seconds.

Figure 1 — The process of forming a crystal of sodium chloride, filmed by Japanese
scientists using electron microscopy with atomic resolution (fragments from the
video).

Scientists observed the process nine times. Each time, the molecules then
gathered in a group, then disintegrated, and as a result, abruptly formed a crystal of
four by six molecules. According to the authors, these intermediate states are
radically different from the final crystals.

The scientists also drew attention to the fact that the rate of crystal formation

has a normal distribution with an average time of 5.07 seconds. Such a result has
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already been obtained in theoretical calculations, but for the first time it was
possible to confirm it experimentally. The study showed that both the size of the
group of molecules and the dynamics of its structure play a role in the formation of

crystallization centers [4].

1.2 Methods of growing crystals from solutions

Crystallization from solutions is used in the cultivation of substances that
decompose at temperatures below the melting point or have several polymorphic
modifications. Crystal growth is carried out at temperatures below the melting
point, so there are no defects in crystals grown by such methods, which are
characteristic of crystals grown from a melt. When growing crystals from
solutions, the driving force of the process is supersaturation, the level of which is

characterized by the amount of hypothermia [5].

1.2.1 Crystallization by temperature changes

When growing crystals from low-temperature aqueous solutions,
crystallization is carried out by changing the temperature of the solution,
supersaturation is created by lowering the temperature in the zone of the growing
crystal. This can be achieved either by gradually lowering the temperature in the
entire volume of the mold, or by creating two zones with different temperatures in
the mold.

When using temperature difference methods, two regions with different
temperatures are created in the mold. In one of them, there is a dissolution of a
substance that is always in excess in the form of a solid phase, in the other - crystal
growth. The simplest option is a tall vessel, in the lower part of which the original
substance is placed, and in the upper part the seed is suspended. As a result,
convection of the solution occurs, which ensures a constant transfer of the

substance from the bottom up to the growth zone [6].
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1.2.2 Crystallization by concentration convection

Crystal cultivation is a complex and delicate process that requires certain
knowledge and technologies. It is based on the creation of crystals from solutions,
using methods that allow increasing the concentration of solute to values exceeding
equilibrium by evaporation.

To achieve the desired results, it is necessary to use strictly isothermal
conditions at a constant temperature. An important role in the process is played by
the seed of the crystal, which regulates the process of crystal growth.

However, the process of growing crystals long lasting, it can take several
weeks, since the crystallization is very slow. It is important to take into account
technological features and to approach the process of growing crystals with high
responsibility and attention to detail.

The process of crystal growth via crystallization is an important technology
in the field of materials science and chemistry. To obtain crystals of the desired
substance you need to add solvent to create a solution that increase the
concentration of the substance at strict isothermal conditions. Thus, a seed crystal,
which then regulates the process of growing crystals. The end result is obtaining
crystals of a certain substance.

A prerequisite for the improvement of production in various industries is the
use of clear crystals, which are used in particular in the semiconductor industry.
The achievement of the desired quality when grown crystals includes many
parameters such as temperature, concentration and evaporation rate of the solvent.
This allows for the creation of the crystal structures of various compounds, which
opens up opportunities for innovation in various fields of science and

technology [7].

1.2.3 Crystallization by chemical reaction
In the process of chemical reactions can occur crystallization, where solid
products stand out from the dissolved components. However, in order for the

method of crystallization to be effective, the solubility of the crystal must be below
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the solubility of the initial components. In chemical reactions in solution is a
selection of small crystals, since the rate of reaction is high enough, and the glut is
done quickly.

To limit the consumption, it is possible to limit the use of dissolved
ingredients, or to adjust the date of receipt of the substances in the reaction zone.
However, there are other factors that affect crystallization in chemical reactions.
For example, crystallization may depend on the temperature of the solution. You
can also use different methods of separation of the crystals from the solution, such
as evaporation or centrifugation.

There are many examples where crystallization plays an important role in
chemical processes, including the production of drugs, the synthesis of
semiconductors and many other areas of science and technology. Therefore, the
understanding of the crystallization processes in chemistry is important for a

variety of research and development.

1.2.4 Crystallization by evaporation

One of the methods of crystallization, which is widely used in the chemical
industry, is the crystallization by evaporation of the solvent. The essence of this
method is to increase the solute concentration is the result of the gradual
evaporation of the solvent to levels higher than the equilibrium. It is important to
note that the process of crystallization must be carried out at a constant temperature
and strictly isothermal conditions.

One of the key elements of a successful crystallization are the seed crystals
play an important role in regulating the process of saturation of the solution. Seed
crystals gradually grow, increasing its size and thereby adjusting the rate of
supersaturation of the solution. Although this process may take several weeks, it is
an effective and reliable method of obtaining high-quality crystals.

It is important to know that there are many methods of crystallization, in
addition to crystallization by evaporation of the solvent. Each method can use

different approaches to achieve supersaturation and crystal growth. However,
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crystallization by evaporation of the solvent remains one of the most popular

methods in many fields due to its undeniable advantages.

1.3 Foreign inclusions in the crystal

When growing crystals from low-temperature solutions, protogenetic
inclusions are most common. Protogenetic (relict) inclusions are grains and
crystals of earlier minerals that played the role of mechanical obstacles in the
growth of the crystal, i.e. these are mechanical impurities. Sometimes they in the
form of powders or "dust" sit on the faces of the crystal facing upwards, new
particles grow on top of them - this is how "phantoms™ are formed when zones of
accumulations of foreign particles mark the zones of crystal growth. Each such
"plagque" corresponds to a change in crystallization conditions. Due to their small
size, these inclusions may not be visible to the naked eye [8].

Epigenetic inclusions occur when crystals formed at high temperatures turn
out to be unstable when the temperature decreases and decay into different phases.
Epigenetic inclusions are formed after the growth of the mineral, and in fact, have
no genetic connection with it or physical effects. For crystals grown from low-
temperature solutions, epigenetic inclusions are uncharacteristic.

Zero-dimensional or point defects include vacancies (unoccupied spaces in
the crystal structure), any impurity particles (atoms, ions, molecules) located both
in the nodes of the structure and in the internodes, as well as their own interstitial
particles. These defects are caused by the thermal motion of atoms. The higher the
temperature, the more such defects exist in the crystal.

Impurities with induced activity are solid particles that have been in contact
with the crystallized substance and have retained it in their pores.

Impurities with natural activity are solid particles, the structure of which has
a three-dimensional or two-dimensional similarity with the structure of a
crystallizing substance [9].

The mechanism for capturing small gas bubbles is generally identical to the

mechanism for capturing impurities with a distribution coefficient of less than one.
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Serious morphological distortions of crystals, often leading to their destruction,
occur when gas bubbles are accidentally captured by the outer surface of a growing
crystal. Gas bubbles floating on the surface of the solution are brought by
convection currents to the crystal, and after numerous collisions stick to its outer
surface. Depending on where in the growing crystal and at what stage of growth
the gas bubble sticks, three cases are possible.

1. Adhesion of gas bubbles to the smooth outer surface of the crystal (the
space between the protruding "risks" - the rib shape of the faces). The gas bubbles
are moistened with a thin film of solution at the interfacial boundary, remaining on
the outer surface of the crystal. The adhesion of gas bubbles to the surface of the
growing crystal does not lead to significant structural disturbances, except for
localized surface defects.

2. Adhesion of gas bubbles to protruding risks at the stage of cylinder
growth. In this case, gas bubbles are most likely to stick to protruding risks rather
than to a smooth surface. When the crystal rotates, the gas bubbles adhering to the
smooth surface slide along it and are captured by the protruding "risk", which,
splitting into two branches, grows bypassing the gas bubble. In the space bounded
by the growing branches of "risks", polycrystalline growth with geometric
selection is observed. The "risks" branches gradually converge at the bottom of the
crystal, from where the growth of the single crystal continues again. As a result of
the competing growth between the main crystal and the individuals born at the base
of the gas bubble, the main direction of the crystal survives.

3. Adhesion of gas bubbles to the protruding risks on the shoulder part of the
crystal (stage of the straight cone of growth - exit to the diameter). The mechanism
of defect formation in this case is generally identical to case 2, with the only
difference being that under the conditions of the forming diameter of the crystal
with an increase in supercooling, the nucleation and development of macroblocks
covers the internal regions of the crystal. Ultimately, such a crystal turns out to be

very tense and collapses along the boundaries of the blocks.
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The number of gas bubbles in the volume of crystals increases with
increasing pulling speed. However, in the case of the capture of gas bubbles by the
outer surface, the opposite picture is observed: at the same rotational speeds, the
relative number of gas bubbles on the surface of the crystal decreases with

increasing pulling speed until they disappear completely [10].

1.4 Effect of magnetic field on crystal growth from aqueous solutions

The magnetic moment is an inherent property of an electron that has nothing
to do with its movement in space. Previously, it was assumed that the magnetic
moment is formed due to the rotation of an electron with an electric charge.
However, in non-magnetic materials, the electron moments are compensated due to
the random order of the direction of the electron spins, which leads to a zero
magnetic moment. As a rule, when two electrons have their moments oriented in
opposite directions, their effects must be compensated, because two equal in
amplitude, but oppositely directed vectors are equally extinguished [11].

There are materials in which the electron moments are not compensated and
magnetic regions are formed. Such regions have their own ultra-small stability
zone, where atoms can form magnetic placements in the material. These materials
are called ferromagnetic and are the basis for the creation of permanent magnets.
In addition, the magnetic properties of materials are used in various fields, for
example, in medicine, where the magnetic field is used to treat various diseases.

One of the most amazing properties of crystals - their ability to form
magnets. This is due to the alignment of the magnetic moments of a large number
of electrons in one direction. However, only a small percentage of crystal is
magnetic, as this requires special conditions that are not always found in nature.

An interesting phenomenon are magnetic impurities, which may be in non-
magnetic crystals. In this case, the magnetic ions retain their magnetic moment and
are distributed throughout the crystal in a random way. This gives you the
opportunity to use such materials in various applications, for example, in the

manufacture of magnets for electronics [12].
24



If we consider impurities in metal crystals, we can note an interesting fact -
they can affect the electrical resistivity of the material. When conducting electrons
through such crystals, impurities with spin can interact and change the direction of
their spin orientation - this process is called "spin flip". This phenomenon is used
in modern electronics to create magnetic sensors and other devices [13].

One of the most interesting phenomena associated with temperature changes
in metals is the Kondo effect, which is manifested in the increase of the spin
inversion of scattering with decreasing temperature. Kondo temperature, which
depends on the impurities and metal base, describes the characteristic temperature
at which this effect becomes noticeable.

While the resistivity of metals increases at low temperatures, which is due to
the fact that almost all of the metal atoms are in the form of magnetic impurities in
copper or gold. Temperature Condo in different systems can range from 1000 K to
a fraction of 1 K [14].

It is worth noting that in crystalline materials observed the influence of
magnetic field on the kinetics of the crystallization process may be due to various
factors. One of them is the reduction of the formation energy of the embryo caused
by orienting the magnetic field. It is also possible structural changes in the initial
phase, which are caused by exposure to a magnetic field.

In General, the Kondo effect and its relationship with the magnetic field is
an important topic for research in the field of solid state physics and
crystallography [9].

The structure of crystals formed in water solutions of salts, can significantly
change under the influence of a magnetic field. The manifestation of this effect is
explained by the change of hydration shells around the particles forming the
crystal, as well as changes in the structure of the solutions [15].

An important role is played not only by the magnetic field itself, but also by
its magnitude. It determines the frequencies of the resonances of the precession of
the spins of atoms in solution and on the crystal growth surface. The temperature

of the solution is also important, as it determines the frequency of collisions
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between atoms and the surface. It is the difference between the frequencies of spin
dynamics and collisions that can affect the rate of crystallization from aqueous
solutions.

If there is a difference in the spin dynamics rate of two isotopes of the same
element, the probability of the selected isotope settling on the crystal surface

increases [16].

1.5 Methods for determining the isotopic composition

Today, the most common method for determining isotopic composition is
mass spectrometry. In analytical chemistry, mass spectrometry has taken the place
of an extremely fast, efficient and highly sensitive method for the quantitative
simultaneous determination of many elements in a very large concentration range.

At the same time, from the initial moment of its appearance, the method of
mass spectrometry with inductively coupled plasma began to solve one of the most
important analytical problems - measurement with high accuracy of the ratios of
isotope concentrations of various elements in various objects of analysis.

The use of the mass spectrometry method for measuring isotopic ratios
became possible due to the fairly good stability of the ion source (inductively
coupled plasma) and the high efficiency of ionization of atoms of the elements in
it, the satisfactory resolution of mass analyzers in the isotopic mass range, as well
as the wide dynamic range, speed and accuracy of electronic equipment that
registers ion currents [17].

When determining the content of the basic nuclide in isotope-enriched pure
substances, a very high correctness of the analysis is necessary - at the level or
better of hundredths of a percent (atomic or mass). Devices with a sector magnetic
field ICP-SF-MS, providing a flat top of mass peaks and, accordingly, the
possibility of a more accurate measurement of the intensity of the ion current,
make it possible to determine isotopic ratios with a slightly lower error, even with
sequential recording of the intensities of these peaks [18]. The effect of the

instability of an ion source with an inductively coupled plasma, which impairs the
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convergence and repeatability of isotopic measurements on single-collector
devices (single collector) ICP-MS-SC, which measure the ion current of different
isotopes only sequentially, can be significantly reduced by simultaneously
measuring the signals of several isotopes (the corresponding number of ion
receivers). The main sources of uncertainty in the measurement of isotopic ratios

by mass spectrometry with inductively coupled plasma are shown in Fig.2.

1.5.1 Non-spectral interference

Non-spectral (physical) interference is generally related to the viscosity and
surface tension of the sample under study, affecting the transportation of the
sample through the automatic sampler probe, atomizer and spray chamber. In the
sample injection system, the plasma is converted into an ion flux. Since ions have a
positive charge, heavy ions repel lighter ions, causing mass-dependent matrix
effects, affecting ions with less mass to a greater extent [19]. Due to the presence
of the sample matrix, the analyte signal may be suppressed or amplified, resulting
in incorrect analytical results. The comparison of matrixes of calibration standards
and the use of internal standards are common methods of compensating for these

types of interference.
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Figure 2 — Sources of errors manifested in the measurement of isotopic ratios by
mass spectrometry with inductively coupled plasma

One of the analytical ways to compensate for the suppression or
amplification of the analyte signal due to matrix effects is the use of internal
standards. It is desirable that internal standards are not present in the samples, or at
least present in very low concentrations.

The effects of the matrix due to plasma overload can be reduced by diluting
the gas when an argon stream is injected into the neck of the spray chamber to
dilute and dry the flow. This reduces the amount of matrix entering the plasma,
reduces the level of oxides and provides more efficient ionization by increasing the
stability of the plasma [20].
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1.5.2 Spectral interference

Spectral interference, both isobaric and polyatomic, is caused by ionic
particles having the same or very similar mass as the ions under study. Isobaric
interferences occur when isotopes of more than one element with the same mass
occur in the sample under study, or when a two-charged ion occurs at the same
mass as the analyte. Polyatomic interferences occur when the elements present in
the matrix combine with each other or with plasma gases to form molecular ions of
the same mass as the analyte. However, the high accuracy and resolution of
modern mass spectrometers make it possible to separate even very close masses.

The use of plasma-forming gas argon in the process of analysis on an
inductively coupled plasma mass spectrometer imposes restrictions on the
measurement of isotopes with masses close to argon and molecules formed when

using argon [21].

1.5.3 Mass discrimination in mass spectrometry

Mass discrimination is expressed in the systematic deviation of the measured
intensities of ionic currents of isotopes from their “true" values, depending on the
ratio of mass to charge of ions m / z. Accordingly, when this effect is manifested,
the measured isotopic concentrations of elements and the ratios of isotope
concentrations (isotopic ratios) of individual elements deviate from their "true"
values. In the case of positive single-charged ions, the discrimination of isotope
ions depending on the ratio of the mass of ions to their charge implies a certain
dependence of this indicator on the atomic mass of isotopes, i.e. discrimination by
mass. The effect of mass discrimination arises from a number of physical
phenomena occurring in mass spectrometry instruments of all types.

In the method of mass spectrometry with inductively coupled plasma, mass
discrimination, usually manifested in the preferential transfer of heavy ions, is a
fundamental effect that limits the convergence, repeatability and correctness of

measurements of isotopic ratios. Mass discrimination in ICP-MS instruments is
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mainly an instrumental factor and can reach, for example, for isotopes of light
elements, very large values - several percent of the isotopic ratio.

The magnitude of the effect of mass discrimination in isotopic analysis is
usually determined using the mass discrimination factor (mass discrimination
factor, "reduced isotopic ratio™),

B = Rmeasured / Rtrue, (1)
I.e. the ratio of the experimentally measured isotopic ratio in the analyzed sample
to its "true" (reference, standard, tabular, exact, known, support, fiducial) value.

According to modern concepts, the effect of mass discrimination in
inductively coupled plasma mass spectrometers is due to a combination of various
physical processes occurring in almost all the main units of ICP-MS instruments
operating with a real sample or its components: in sample injection devices,
inductively coupled plasma, interface, ion optics, mass analyzer and ion detector.
In general, this process is manifested in the different efficiencies of the sample
components entering the ion source and transporting ions of different masses at all
successive stages of the transformation of the real sample - from the moment it
enters the device to the ion detector. And also, to some extent, in the differing
amplification of the current of ions of different masses of frequently used
secondary electron multipliers.

Pneumatic spraying of the sample solution produces a fine aerosol, with the
aerosol particles carrying a very significant positive or negative electric charge.
This is most typical for polar liquids and significantly less for non-polar liquids.
The charge of the particle depends on the number of positive and negative ions in
the droplet at the time of its separation from the flow of liquid in the capillary of
the atomizer, i.e. determined by random fluctuations in the concentration of ions in
the liquid. Since aerosol particles have a large ratio of surface area to volume, even
when they move through a sufficiently long spray chamber, rapid evaporation of
liquid vapor (solvent) from the surface of the particles begins, which leads to a
decrease in their size and an increase in the density of the electric charge. At a

certain point, the mutual repulsion between the same charges (the mutual attraction
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between opposite charges) becomes so great that it exceeds the surface tension
forces of the liquid. In this case, the ions of the elements contained in the liquid
solution begin to leave the aerosol particles simultaneously with the neutral
molecules of the solvent. This process is called "ion evaporation”. lons of elements
can evaporate both individually and in the form of clusters with solvent molecules.
As a result of these processes, a redistribution of the number of ions of various
elements in aerosol particles of different sizes, obtained by pneumatic spraying
from solutions containing mixtures of ions, is observed.

The degree of redistribution of the number of ions in the aerosol critically
depends on the size of the particles and varies from the ratio of the content of basic
and impurity cations, as well as from the concentration and type of matrix ion.
Since the spray chamber is designed to select only fine aerosol, this leads to a
slight change in the elemental composition of the aerosol introduced into the
discharge plasma compared to the composition of the initial solution (before
spraying).

The initial isotopic composition of the sample components in the plasma
sampling area (analytical zone) can be changed due to the preferential evaporation
of lighter isotopes from dry aerosol particles (this is typical evaporation
fractionation) or different isotope diffusion rates (transport kinetics) depending on
their mass m. The critical selection radius of ions from the plasma by the interface,
I.e. the distance from the sampler cone at which an ion having a certain mass is
equally likely to diffuse back into the plasma or enter the interface, increases with
decreasing mass of the ion. Thus, both of these phenomena can lead to better
efficiency of selection from the plasma to the interface of heavier ions, which
contributes to an increase in the effect of mass discrimination. Consequently, any
changes in the operating mode of the device (power consumption, argon sample
flow rate, sample feed rate) affect the isotopic composition of the elements in the
analytical zone and the ion selection process at the interface, i.e. affect the

magnitude of the mass discrimination effect.
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Different plasma conditions, influencing the dynamic behavior of atoms and
ions of the analyte in the plasma (including the kinetic energy and the distribution
of the space charge of ions), uncontrollably change the total ion current entering
the mass analyzer. In fact, this leads to a change in the magnitude of the effect of
mass discrimination, thus making a certain contribution to the instrumental
uncertainty of the results of measuring isotopic ratios by the ICP-MS method and
reducing the accuracy of isotopic ratio measurements. The existence of closely
spaced individual positive charges in the ion beam leads to their significant
electrostatic repulsion among themselves, often called the "effect of space or
volume charge”, as well as Coulomb repulsion. Coulomb repulsion leads to the
expansion of the ion beam, and on the periphery of the axis of the beam are
predominantly the lightest ions, since they deviate from the axis of the beam to a
greater extent than more heavy ions. The formation of a significant volume of
positively charged particles occurs in all designs of ICP-MS instruments. It is
because of the space charge effect that ions with a lower mass are scattered to a
greater extent than heavier ions, which leads to a major contribution to the
discrimination of ions of lighter isotopes by mass. Therefore, the magnitude of the
effect of mass discrimination in the measurement of isotopic ratios depends on the
type and concentration of matrix elements in the sample and the first ionization
potentials of their atoms, which determines the concentration of ions produced in
the plasma and, consequently, the total ionic current created by the ionized atoms
of the sample components.

The physical processes occurring during the passage of an ion beam through
the electrostatic focusing lenses of the input ion optics are also among the main
factors determining the mass discrimination of isotope ions in ICP-MS
instruments. When an ion beam carrying a large positive volume charge enters ion
optics, the mutual repulsion of charged particles, as well as in the spatial region
directly behind the skimmer, limits the total number of ions passing through a
sufficiently extended ion-optical system, and leads to a decrease in the efficiency

of the transfer of ions of light isotopes compared to heavier ones.
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It is the influence of space charge, manifested at the interface, behind the
interface, and in the input ion optics, that is the dominant reason for the increased
transport efficiency of heavier ions in inductively coupled plasma mass
spectrometers. However, the source of mass discrimination is also the different
efficiency of ion transport with different energies in ion-optical mass spectrometer
systems, tuned to the optimal transfer of ions with a certain energy. The initial
Kinetic energy of the ions and all other plasma particles is obtained in an ion
source.

All plasma particles, including ions, are formed in an inductively coupled
plasma with a certain spread in Kinetic energy (distribution of particles in kinetic
energy). However, due to the numerous collisions of these particles with each
other, the movement of particles in dense plasma at atmospheric pressure occurs
chaotically [22].

In ICP-MS instruments, the magnitude of mass discrimination can remain
constant within 0.1 %o for the period of time required for a series of measurements
to determine sufficiently small differences in isotopic composition between
samples and standards. But, in general, the instrumental effect of mass
discrimination in the method of mass spectrometry with inductively coupled
plasma is not constant and can drift in time. The temporary instability of this effect
can be caused, first of all, by the drift of the plasma state, which changes the
distribution of the density of ions in it, the conditions for the selection of the
plasma flux into the interface, the energy of ions and the density of the bulk charge
in the ion beam. Based on the foregoing, the main reasons for the temporary drift
of mass discrimination include:

- inevitable changes: the composition of the matrix and the concentration of
the analyte in the solutions under study;

-rate of supply of the solution;

-efficiency of spraying the solution;

- flow rate of carrier gas;

-consumed high-frequency power;
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- vacuum level in various vacuum zones of the mass spectrometer;

- supply voltages of various components of ion optics;

-Mass analyzer settings [23].

However, it is necessary to take into account that changes in this effect over
time for mass spectrometers with inductively coupled plasma occur in the general
case rather slowly at the levels of stabilization of instrumental parameters achieved
in modern ICP-MS instruments. Therefore, the magnitude of the effect of mass
discrimination can be pre-measured and then used to adjust the measurement
results. To take into account the time drift of isotope ion discrimination by mass,

effective methods for measuring isotopic ratios have been proposed and used [24].
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2 Experimental studies on the magnetic activation of the isotopic effect
during the growth of NaCl crystals from an aqueous solution

2.1 Isotopic effect of crystallization in a magnetic field

Experimental studies are associated with two stages. At the first stage, NaCl
crystals were grown from an aqueous solution. At the second stage, isotopic
analysis was carried out using a mass spectrometer.

Crystallization begins when the degree of supersaturation of the solution of a
certain critical value is exceeded. At first, the coziness of the core isformed, and
the condensations from which crystals grow. However, the growth of crystals leads
to a decrease in the degree of supersaturation. Therefore, at first, the appearance of
new condensation nuclei stops, and after a while the growth of crystals becomes
impossible. Therefore, it is necessary to maintain the degree of supersaturation at a
level sufficient for the growth of crystals, but insufficient for the appearance of
condensation nuclei.

Have changed the conditions for the growth of single crystals with different
isotopes of chlorine due to exposure to a weak constant magnetic field of different
intensity. Under some (optimal) conditions, the isotopic effect should increase.
The transition of NaCl molecules from solution to crystal is accompanied by the
formation of covalent bonds. However, the formation of a covalent chemical bond,
due to the preservation of the law of total spin, is possible only from the singlet
state of the spins of unpaired electrons of interacting atoms. In a random collision,
the state of the spin pair of colliding atoms is random. At the same time, singlet It
corresponds to 25% of cases, and 75% to triplet.

When it collides with the surface of the crystal, the NaCl molecule loses
Kinetic energy and passes into a sorbed state. If, before the time of the appearance
of a strong fluctuation of thermal energy at the point of contact, the conversion of
the three-year state into a single state occurs, then NaCl forms a chemical bond and
passes into a crystal. Under the opposite conditions, NaCl returns into the solution.

The above processes are described by the time equation for the triplet-singlet

transition and the residence time in the sorbed state (Frenkel equation).
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Av = 1/tcon = % [9:(H + a;) — g,(H + a3)], (2)
where u is Bohr magneton; h is Planck's constant; g is g-factor; a is constant of

ultrafine interaction; tcon is the time of triplet-singlet conversion.

taa = Toexp(“Fad/, ) (3)
where 1 is the period of oscillation of the atom; AE,q is the adsorption energy; K is
the Boltzmann constant; T is the temperature.

Schematically, the process of crystal growth, in accordance with the
developed model, is shown in Fig. 3. The "A" atom immediately after adsorption is
combined with the solid phase. The "B" atom cannot immediately, at the first
contact, form a covalent bond. Therefore, the molecule can be cut off from the

surface of the crystal by water molecules.
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Figure 3 — Model of the crystal growth process
The condition for the manifestation of the magnetic isotopic effect during
crystallization is the following condition. The triplet-singlet conversion time of the
spin pair for one of the isotopes should be longer, and for the second - less than the
contact time of the isotopes with the surface of the growing crystal. The first value
depends on magnetic induction, and the second on the temperature that determines
the viscosity of the solution. Therefore, the magnitude of the isotopic effect

depends on the combination of temperature ranges and magnetic induction.

2.2 Obtaining samples of single crystals of NaCl
To study the isotopic effects of NaCl crystallization from an aqueous

solution in a magnetic field, samples of crystals were obtained at the facility, the
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diagram of which is shown in Fig. 4. A saturated aqueous solution of NaC 2| was
poured into a large tank 1 mounted on the heater 3. The temperature of the heater 3
was set so that the temperature of the saturated solution stabilized at a value in the
range of 17 °C-27 °C.

L
Setatetatels

Figure 4 — 1NaCl crystals under the influence of a magnetic field. 1 - large tank, 2 -
saturated solution, 3 - heater, 4 - Peltier element with radiator, 5 - small tank, 6 -
distillate, 7 - thermally insulated box, 8 - permanent magnet.

A Peltier 4 element with a radiator was used to collect and condense water
vapor evaporating from a large tank. As a result, condensation in the form of ice
accumulated on the radiator. Every 10 minutes, the power to the Peltier element
was turned off for 10 minutes, which led to the melting of condensate and the
drainage of water into a small tank 5. As a result, the water from the large tank
passed into the small tank. At the same time, a high degree of supersaturation of
the solution is maintained in a large tank.

To form repeatable conditions, the listed nodes were placed in a thermally
insulated box 7. This eliminated the influence of seasonal and diurnal changes in

temperature. In this case, the radiator installed on the cold side of the Peltier
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element was inside the thermally insulated box, and the cold side was outside the
box.

Temperature control was carried out using thermocouples. Depending on the
temperature, the relay turned on or off the supply voltage of the heater or Peltier
element. This made it possible to stabilize the conditions.

With a saturated solution volume of 0.5 liters, up to 40 ml of water
evaporated in 48 hours. This led to the formation of cubic NaCl crystals up to 6
mm in size at the bottom of a large tank.

The NaCl crystals thus obtained were investigated to determine the isotopic
composition of chlorine. As a rule, when crystallizing from aqueous solutions, the

crystals are enriched with a heavy isotope.

2.3 Investigation of the structure of NaCl crystals using scanning
electron microscopy

NaCl single crystals were studied on the TESCAN VEGA 3 electron
scanning microscope. To do this, the studied samples were split approximately in
the middle of the crystal along the vertical plane. The prepared samples were
placed on the stage of the device in such a way that the breakdown of the crystal
was examined. After the vacuum set, the necessary device settings were made and
pictures of the samples under study were taken. The pictures are shown in Fig.5.

The obtained images show that single crystals are spatially inhomogeneous.
The presence of cavities or internal cavities is clearly visible. Perhaps this is due
to the fact that a high crystallization rate was observed, leading to the appearance
of additional condensation nuclei on the surface of the growing crystal.
Subsequently, additional crystals closed, forming pores with the saturated NaCl

solution contained in them.
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Figure 5 — Enlarged (x66) images of the surface of two single crystalsof NaCl.
a-x66,b-x57

2.4 Measurement of the isotopic composition of chlorine using the
Element inductively coupled plasma mass spectrometer

The determination of the isotopic composition of chlorine was carried out on
an inductively coupled plasma mass spectrometer Element. The general scheme of
the mass spectrometer is shown in Fig. 6. The device is equipped with a combined
analyzer, inductively coupled plasma is used to inject the sample.

Initially, mass spectra of sodium chloride of the natural composition of the
isotopic composition of chlorine were obtained once. Subsequently, seven samples
of single crystals of sodium chloride (Ne 6-1; 6-2; 6-3; 7-1; 7-2; 7-3; 7-5) grown
from a solution in a permanent magnetic floor with induction varying in the
volume of the sample in the range of 10-25 mT.

Sample 7-3 was obtained by layer-by-layer dissolution and corresponded to
the external part of the crystal. To do this, the single crystal was placed in a plastic
funnel, washed with deionized water until about half of the crystal was dissolved.

Evaluation of the dissolution of the required area of the sample was carried out
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visually. After dissolving about half of the crystal, the resulting solution poured
into another tube, designate mine as sample 7-3. The remainder of the crystal
(inner layer) was completely dissolved and was designated as sample 7-4. The
remaining crystals were completely dissolved in deionized bath water. The

resulting solutions were diluted to a concentration of 1400 ppb.

exit slot

_ |detector

entrance slot

burner

magnet

ion optics

Figure 6 — Generalized diagram of the Element mass spectrometer

Mass spectra were recorded at a resolution of R = 10000. On all samples
studied, the resolution of the mass spectrometer was the same. To take into
account the "memory effect"” of the mass spectrometer, the mass spectrum of
deionized water, which was used in the preparation of solutions for the study, was
recorded. Subsequently, the intensities at 37 and 35 masses of the idle experiment
were subtracted from the intensities 35 and 37 of the masses of the studied
samples. This made it possible to take into account both the effect of chlorine
introduced into the sample along with deionized water and contamination of the
mass spectrometer.

The mass spectrum of the salt of the natural isotopic composition of chlorine

was also used to estimate the effect of mass discrimination.
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In the mass spectrometer, argon was used as a plasma-forming gas that
converts the sample into the gas phase. At the same time, it is possible to form
various excimers in the ion source of the mass spectrometer, for example, ArH.
The section of the mass spectrum in the region of 37 Da shows, shown in Figure 7,
that the lines %Cl and °Ar'H are well resolved. Therefore, even against the
background of a line that exceeds the intensity by several orders of magnitude, the
registration of the intensity of the line 3’Cl is not a problem. In the region of the

peak of the light isotope of chlorine, shown in Figure 8, no interfering lines are

observed.
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In fig. 8 shows the shape of the line recorded in the region of the mass
spectrum 35 Da. This peak corresponds to a light isotope of chlorine. And the
images of the plots of the recorded mass-spectra are presented in Fig. 8 and Fig. 9,

confirm the absence of spectral overlays on the studied isotopes * Cl and *'CI.
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Figure 8 — View of the peak of the isotope *Cl in the mass spectrum of NaCl
The parameters of the mass spectrum provided by the device in the analysis

of NaCl with the natural content of chlorine isotopes are presented in fig.9.
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Figure 9 - Results of measuring the isotopic composition of a sample with a natural
Isotopic composition of chlorine.

1 — signal intensity in the study of the sample, CPS; 2 - deviation of the received
signal, in %; 3 - the intensity of the idle experiment (the solvent used in the
preparation of the solution of the desired concentration) is subtracted from claim 1;
4 - deviation of the received signal claim 3, in%; 5 - the intensity of claim 1 minus
the intensity of claim 3 (elimination of the effect of the solvent); 6 — deviation of
the received signal in claim 5, in %; 7 — atomic fractions of isotopes, %;

8 - deviation of clause 7.

The natural composition of chlorine isotopes, according to reference data, is
24.22% for 3'Cl (At37) and 74.78% for *Cl (At35). To recalculate the results
obtained, taking into account the influence of mass discrimination, the ratio
R = At37/At35 was calculated at the beginning 35 for the natural composition of
chlorine isotopes, according to reference data, and for the natural composition of
chlorine isotopes according to the results obtained in the analysis of the sample.
Next, the coefficient of discrimination was calculated:

B = Restimated / Rmeasured: (4)

The calculated coefficient of discrimination was used to recalculate the
measured atomic fractions of chlorine isotopes according to the following system
of equations:

37 4¢
35 .. — R - B
At (5)

354t 4+ 374t = 100
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Having solved the system of equations, we get:
SAt=100/(B-R+1),

(6)

where 3’At and %At are the atomic fractions of *’Cl and *Cl, respectively, taking

into account mass discrimination; R is the ratio of the measured atomic fractions

STALP°At of the corresponding samples, B is the coefficient of discrimination. The

results of the calculations are presented in Table 1.

Table 1 — Calculation of the coefficient of mass discrimination (natural

mixture)
Coeff. Atomic fractions of
Atomic fractions Ratio | Discriminatio | isotopes, taking into
of isotopes STALCAL n account mass
B=Rable/ Rmeas discrimination
SAL STAL R B At35 At37
table 75,78 | 2422 | 0,3196
measured | 74,8613 | 25,1387 | 0,3358 0,9518 75,78 24,22

account the effect of mass discrimination and is presented in Table 2.

The isotopic composition of the studied samples was recalculated taking into

Table 2 — Isotopic composition of chlorine in the studied samples, taking

into account the mass discrimination coefficient

Ne Atomic fractions ratio Coeff. Atomic fractions of
samp Isotopes STA/®AL isotopes, taking into
le Discrimination account mass
B=Rable/Rmeas discrimination
At*35 At*37 R B At35 At37
6-1 | 74,7544 | 25,2456 | 0,3377 0,9518 75,68 24,32
6-2 | 74,5345 | 25,4655 | 0,3417 0,9518 75,46 24,54
6-3 | 74,7123 | 25,2877 | 0,3385 0,9518 75,63 24,37
7-1 | 75,0847 |24,9153| 0,3318 0,9518 76,00 24,00
7-2 | 74,2413 | 25,7587 | 0,3470 0,9518 75,18 24,82
7-3 | 74,9849 | 25,0151 | 0,3336 0,9518 75,90 24,10
7-4 74,933 | 25,067 0,3345 0,9518 75,85 24,15
7-5 | 74,6763 | 25,3237 | 0,3391 0,9518 75,60 24,40

Consideration of the data given in Table 2 does not show the presence of

large isotopic effects characteristic of magnetic phenomena. In this case, the
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isotopic composition differs from the natural one. For example, the content of 37
isotopes of chlorine can be either greater or less than the natural value by arbitrary
values. Therefore, undoubtedly, this is the result of the action of a constant weak
magnetic field on the process of formation of covalent bonds at crystal growth.

The first possible reason for the smallness of isotopic effects is non-optimal
conditions for growing crystals. This leads to the formation of large cavities in the
crystal e. In this case, the residual solution contained in them leads to the
equalization of the concentration of isotopes on the surface of the cavern. It should
also be noted that a non-optimal magnitude of the magnetic field was used, leading
to a minimum magnitude of the magnetic isotopic effect.

The nuclear spin of both stable isotopes of chlorine has a value of 3/2.
Therefore, the magnetic isotope effect is completely determined by the difference
in the g-factors of the isotopes. It is known that g-factors are: **Cl - 168 mT;
37CI - 140 mT. Therefore, the magnetic field acts on the isotopes of chlorine in the
opposite direction relative to the mass isotopic effect. Therefore, in some cases,
there is a depletion of the heavy isotope of chlorine. Let us compare the times of
sedentary existence and triplet-singlet conversion of chlorine isotopes in the
diagram. The ratio of times for an ideal combination of conditions is given in the
diagram, where t « is the time of contact of the isotope with the surface of the
crystal, t 3sc) and ts;c) are the times of triplet-singlet conversion taking into account
g-factors. It can be seen that the greatest isotopic effect can be achieved by
enrichment in the isotope **Cl. Only in this case it is possible to use the magnetic

isotopic effect.

O D O
t37c t« t35c t

In the future, it is necessary to search for optimal values of the crystal

growth rate and the magnitude of the magnetic field.
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epynnupyiomest no cmamosim. Hoewmugpuyuposannvle
PUCKU NpOeKma GKIOHAm 6 cebsi  803MOJICHbIE
HeonpeoeienHble cobvimiuis, Komopbvle — MO2ym
B03HUKHYMb 6 NpoeKkme U 6bl- 36amb NOCIeOCMBUs,
KOomopble NOGIeKym 3a  coOOU  HedceiamebHble

aghhpexmoi.
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4. Onpedenenue pecypcHoll,

sgpgexmuernocmu

GuHarcosoU, SIKOHOMUYECKOU

Ilokazamenu IKOHOMUYUECKOT agppexmusnocmu
npoeKma yuumuléarom @QUHAHCOBbIE NOCLEOCMBUSL e20
ocywjecmenenus Oai  NPeoOnpusmus, peanu3yioue2o
oaumnviti  npoexm. Iloxazamenu  3¢hghekmusrnocmu
NnpoeKma 6 Yeiom Xapakmepuszyiom ¢ IKOHOMUYECKOU
MOYKU 3PeHUs MexXHUYecKue, MmexHoIo2uYecKue u
op2aHu3ayuoHHble NpoeKkmuvle peutenus. Pecypchuwiil
aghghexm (xapaxmepu3zyemcs noxazamensimu,
ompaxcarowumy  61uUAHUe  UHHOBAYUU HA  00beM
npou3eoocmea u nompedieHus mo2o Ulu UHO20 BU0d
pecypca), HAYYHO-MexXHUYeCKull (oyenusaemcs
NOKA3aMensiMu HOBU3HbL U NOJLE3HOCU) U OP.

Ilepeuenn rpauueckoro MaTepuaia (C MmouHvIM YKA3aHuem 00313amenbHblX uepmedicell):

4. Jluaepamma I'anma

1. Oyenxa konkypeHmocnocob6HOCmMu MmexHUYecKux peueHut
2. Oyenka cmeneHu 20MOBHOCMU NPOEKMA K KOMMePYUAIU3aAyuu
3. I'pagux nposedenus u 6r00xcem HTH

5. Oyenka pecypchoil, punancosoil u skoHomuyeckou 3¢ppexmusnocmu HTH

| JlaTa BbIAauu 3agaHus JUIsl pa3gelia o JInHeiiHoMy rpaguky |

3agaHue BbI/1aJ KOHCYJIbTAHT:

J10JI3KHOCTh dUO YeHas creneut, Hoanuck Jara
3BaHMe
nouent OCT'H CnuupiHa JIro00Bb KO
IIBUIT TITY IOpreBHa T
3agaHue NPUHAJ K HCIIOJHEHUIO CTYICHT:
I'pynna PHUO Hoanuck Hara
0AMI11 ApsimitaeB Anekcell MuxainoBuy
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3 DUHAHCOBbINI MEHE)KMEHT, pecypco3(peKTHBHOCTH "
pecypcocOepexeHue

3.1 Ouenka kKOMMep4YecKOro M HHHOBANUOHHOrO moreHmuaaa HTH.
IIpeanpoeKTHBIN aHAIU3

JlanHast paboTa HampaBl€Ha Ha M3yYEHUE U30TOMHBIX 3P (HEKTOB
kpuctaumsaiuu NaCl u3 BogHoro pactBopa B MarHuTHOM Tone. McciaemoBanust
HaIlpaBJICHbI Ha pa3palboTKy MeToaa (dbopMHUpOBaHUA
U30TOMHO-MOAU(PUIIMPOBAHHBIX MaTrepuaioB. llepepacnpenenenue cTaOMIBHBIX
U30TOMNOB MPUBEAET K H3MEHEHUIO HEKOTOPBhIX (HU3UKO-XUMHUYECKUX CBOMCTB
kpuctaia NaCl, manpumep TemmonpoBogHocTd. JlaHHBIA A(PHEKT MOKET OBITH
IPUMEHEH B IOJIyIPOBOJHUKOBON TexHuKe. Takxke, paboTa HampaBieHa Ha
U3Y4YeHUE BO3MOKHOCTH INepepacnpeieIeHUs] U30TONOB MPHU NOMOILIM MarHUTHOTO
OJISL.

B npuponHoit cmecu cCymiecTBYIOT 2 CTaOWMJIBHBIX H30TOIOB XJIOpA: C

MacCOBbIM 4HUCIOM 35 u 37, KOHLEHTPALMU KOTOPBIX COOTBETCTBEHHO DPaBHBI

75,78 % u 24,22 %.

3.2 AHaiIu3 NOTEHUHAJbHBIX NOTpeduTeNeli MW KOHKYPEHTHBIX
TEXHUYECKUX pelIeHui

Ha paHHBIE MOMEHT MaHHBIX O TIOJYYCHHH MOAU(PHUIIMPOBAHHBIX TIO
n3oronam kpuctamioB NaCl wer. Ecth maHHBIe 0 pasjieicHHH H30TOIMOB XJIOpa
tepMmoauddy3uein B xuakon daze. JaHHBIA METOA HE SBJISIETCS KOHKYPEHTHBIM,
T.K. B 9TOM METO/I€ U30TOMBI Xjiopa nmoiaydatoT B Buzae CCly.

[ToTeHmanbHBIM noTpeduTeIemM M30TOITHO-MOIU(DUITMPOBAHHBIX
kpuctaioB  NaCl wMoryr sBIsATBCA  NPOM3BOAMTEIN  IMOJYIPOBOJIHUKOB.
[ToTpeOHOCTh M PHIHOYHYIO IIEHY MPOAYKTA CI0KHO OMPENeNUTh 0€3 JeTaaIbHOTO
U3ydeHUsT  (DU3UKO-XMMHYECKUX  CBOWCTB  W30TOMHO-MOIU(MUIIMPOBAHHBIX
kpuctaioB NaCl. Bonpiryio 1eHHOCTH paboOThl MpEACTaBIIsIeT pa3padoTKa
METOJUKH Pa3/IeICHUs U30TOMOB C MOMOIIBI0 MAarHUTHOTO TOJISl, KOTOpask MOXKET

OBITH INPpUMCHCHA JJIA Pa3aCJICHUA N30TOIIOB APYIUX 3JICMCHTOB.
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AHanmM3 KOHKYPEHTHBIX TEXHUYECKHUX PEIICHWN TMpuBeneH B TaOm. 3.
3nauenne by — asddexTuBHOCTL paspabarbiBacMoOi TexHonoruu (B Oajiax) o
cpaBHEHHIO ¢ By - 2 (hEeKTHBHOCTHIO aHANIOTOB (WCIOIB3yEMBIX B HACTOSIIECE
BpEMsI MaTepUAJIOB JJIsl TPOU3BOICTBA TOTYITPOBOIHIUKOBOW TEXHUKH).

Tabnuua 3 — OneHouHas kaprta Jjisl CpaBHEHUS! KOHKYPEHTHBIX TEXHUYECKUX

peteHui (pa3paboTok)

Bec |bajibl KoHKYpeHTOCIIOCOOHOCTH
Kpurepuu oueHkun KPHTCpH B o By1 K o Ki1
1 2 3 4 6 7
TexHnuyecKHe KPUTEPUHU OLIEHKHU pecypcod(pGpeKTUBHOCTH
1. YiydieHrne TeXHHUECKUX 0,2 5 4 1 08
XapaKTEePUCTHK
2. Y100CTBO B 3KCILTyaTalluu
(cooTBEeTCTBYET TPeOOBAHUSM 0,05 5 3 0,25 0,15
noTpedureneit)
3. JIOCTYITHOCTh HCXOTHOTO CHIPhS 0,1 5 3 0,5 0,3
4. DHEPrOAKOHOMUYHOCTH 0,05 4 4 0,2 0,2
5. HanexxHoCTb 0,2 3 3 0,6 0,6
6. BesonmacHocTh 0,05 5 5 0,25 0,25
7. [ToTeHman s JanbHEHIIero 01 4 4 0.4 0.4
A3BUTHS
DKOHOMHYECKHE KPUTEPUH OlleHKH d(PPeKTUBHOCTH
1. Ilena 0,05 5 4 0,25 0,2
2. [IpenmnonaraeMblii CpOK 3KCIUTyaTalun 0,1 3 3 0,3 0,3
3. [TocnenpogaxkHoe 0OcIyKUBaHKE 0,05 5 5 0,25 0,25
4. 3aHHTepec93aHHOCTL HMHOCTPAHHBIX 0,05 5 3 0,25 0.15
noTpeduTenei
Hroro 1 49 41 4,25 3,6

AHaJIN3 KOHKYPEHTHBIX TEXHUYECKHUX PEIICHUN OnpeAesieTcs o popmyrie:

1
rae K — KOHKypeHTOCIOCOOHOCTh HayuHoW paspabotku (Kg) minu KoHKypeHTa

(Kx1);Bi — Bec mokasarens (B 101X eauHUIIBI); bij — 6amt i-ro mokaszaTelrs.
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Hrorom JaHHOI'O aHaJin3a, I[eﬁCTBHTCHBHO CITOCOOHBIM 3aUHTCPCCOBATH
MMapTHCPOB U MHBCCTOPOB, MOKCT CTATh JOCTYIIHOCTb MCXOJHOI'O ChIPbA (XJIOpI/II[

HanI/IH), €TI0 YHUKAJIbHBIC XapaKTCPHUCTHUKH, LICHA, 0e30I1aCHOCTb.

3.3 OneHKa roTOBHOCTH MPOEKTa K KOMMEPIUAIN3AIUU

OneHka TOTOBHOCTM  HAay4YHOro  TMPOEKTa K  KOMMEpLHAIU3aIiU
omnpenensercs o Gopmyite [25, 26]:

chM = Z Bi’ (8)

rane be, — CyMMapHOE KOJMYECTBO OaJlJIOB MO KAXKIOMY HalpaBIEHUIO;
bj - 6ann no 1-My nokaszarestio.

3HaueHue bcyy IO3BOJIIET TOBOPUTH O MeEpe TOTOBHOCTH HAYYHOU
pa3paboTKu M ee pa3paboTyvka K KoMMepuuanu3anuu. Tak, ecinu 3HadeHHe by
noyiyqrsiock ot 75 nmo 60, To Takas pa3paboTKa cuMTaeTcs IMEepPCHEeKTUBHOM, a
3HAHMS pa3pabOTUYMKa JIOCTATOYHBIMU I YCHEIIHOW €€ KOMMEpUHUaIU3aluu.
Eciu ot 59 no 45 — To nepcnekTUBHOCTH Bbllie cpeanero. Eciu ot 44 1o 30 — to
nepcrnekTuBHOCTh cpeansia.Ecnmu or 29 no 15 — TO NepCneKTUBHOCTh HUMKE
cpensero. Ecnu 14 v HUXke — TO NEPCHEKTUBHOCTD KPATHE HU3KAs.

[To pe3ynbpTaTam OLIEHKH J€JaeTCsi BBIBOJ 00 00OBbeMax MHBECTHUPOBAHUS B
TEKYLIYI0 pa3pabOTKy W HaIpaBjieHHUs €€ JAJIbHEWIEro yiyd4lleHHus, 00 ypOBHE
KOMIIETEHLIMA HENOCTAIOMX pPa3pabOTYMKy W BO3MOXKHOCTH IPUBJICYEHUS

Tpe6yeMI)IX CIICONaIMCTOB B KOMAaHAY ITPOCKTA.
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Tabmuua 4 — biaHK OLEHKM CTENEHUW TOTOBHOCTHM HAYYHOI'O IMPOEKTa K

KOMMepUHaInu3auuu
No Crenenb YpoBeHb
I /1_1 HanmenoBanue pOpadOTaHHOCTH | MUMEIOIIMUXCS 3HAHUH
Hay4HOI'O IIPOEKTa ypazpaboTyuka
1 OripezesieH UMEIOIIHICs 5 5
Hay4YHO-TEXHUYECKUH 3a/e
OrnpezeseHbl NEPCHIEKTUBHBIE HAIIPABICHUS
o [KOMMEpPIMAM3ALIH HAYIHO-TEXHHYECKOT0 3 4
3azena
OripeiesieHbl OTPACIN U TEXHOJIOTHHI
3 |(ToBapsl, ycayru) ISl IpeIIoKEHUSIHA 4 4

[PBIHKE

Ornpenenena ToBapHas hopma
4 [HAyYHOTEXHHYECKOTO 3aJielia JUIsl IPEIICTaB 5 5
VICHUA Ha PBIHOK

OrnpeieneHbl aBTOPbI U OCYIIECTBIICHA

5 3 3
O0XpaHa UX IpaB

6 [TpoBeneHa oLieHKa CTOMMOCTH 4 4
MHTEJJIEKTYaJIbHOU COOCTBEHHOCTH

7 [ IpoBeIEHBI MAPKETUHIOBBIE UCCIIEIOBAHUS 4 4
[PBIHKOB COBITa

8 Pazpaboran Ou3Hec-TIIaH 4 4
KOMMEpIMATU3aM1 HAy9HOU pa3paboTKu

9 OnpeneneHsl MyTH NPOIBUKEHUS HAyYHOU 4 4
pa3pabOTKU Ha PHIHOK

10 Paspaborana ctparerus (popma) peanusanuu 5 5
Hay4YHOI pa3paboTku
[TpopaboTaHbl BOIIPOCH MEKIYHAPOIHOTO

11 [cOTpyAHHYECTBA U BBIXOJa Ha 3apyOexKHbIN 3 3

[PBIHOK

[IpopabGoTaHbl BOMIPOCH! UCITOIH30BA-HUS

12 [ycayr HHPACTPYKTYPHI MOIECPIKKH, 3 3
MOJTy4EHUS JIbIOT

[IpopaboTans! BOMpockl ((MHAHCUPOBAHUS
13 [KoMMepIHanu3aIii Hay4YHOU pa3paboTKu 5 5

MmeeTcs KOMaHa OJid KOMMEpIHUaIn3alunu

14 . 5 5
Hay4YHOI pa3paboTKu
15 [TpopaboTan MeXaHU3M peau3aluu 5 5
Hay4YHOTO ITPOEKTa
HUTOI'O BAJIJIOB 62 63
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3HaueHue b, mnomyumnoce Oonbmie 60, Takas pa3paOoTKa CUMTaeTCs

IIEPCIIEKTUBHOM.

3.4 Metoabl KOMMepUHAJIa3alUU Pe3yJIbTATOB HAYYHO-TEXHUYECKOTO
UCCJIeI0BAHUS

Boigenstor cienyroiye MeTo bl KOMMEpIUaIn3allii HaAyYHbIX pa3paboToK.

1. Topeosnas namenmmuvimu auyensusmu, T.. Teperada TPETbUM JIULAM
mpaBa HCIOJb30BaHUSA OOBEKTOB MHTEIUICKTyaIbHOM COOCTBEHHOCTHM Ha
JUIIEH3UOHHOM OocHOBE. [Ipy 3TOM B MaTEHTHOM 3aKOHOAATEIICTBE BBIICIISIONINC
BUJIBI JIMIICH3UW: WCKIIOYUTEIbHBIC (TMPOCTHIC), HWCKIIOYUTEIIBHBIC, ITOJHBIC
JUIEH3UU, CYOJIUIICH3UH, OMIIUOHBI.

2. Ilepeoaua Hoy-xay, T.e. TPEOOCTABICHUE BIAACIBIEM HOY-Xay
BO3MOXXHOCTH €r0 HCIOJIb30BaTh JPYTUM JIMIIOM, OCYIIECTBIISIEMOE IyTEM
PACKpBITHS HOY-Xay.

3. Huorcunupure, Kak CaMOCTOSITENIBHBIN BHJ KOMMEPUYECKHX OIEpaln,
MpeanojaraeT MpeJoCTaBICHHEe Ha OCHOBE JOrOBOpa WHXKWHUPUHTA OJIHOM
CTOPOHOM, HWMEHYEMOW KOHCYJBTAHTOM, JPyrOd CTOPOHE, HMEHYEMOM
3aKa34YMKOM, KOMIUIEKCA WM OTEJbHBIX BUIOB WHKCHEPHO-TEXHUYECKUX YCIYT,
CBSA3aHHBIX C TMPOCKTUPOBAHUEM, CTPOUTEIHCTBOM W BBOJOM OOBEKTa B
OKCIUTyaTaIlio, ¢ pa3paboTKOMl HOBBIX TEXHOJOTHMUECKHUX IMPOILIECCOB Ha
MPEANPUATAN 3aKa3urKa, YCOBEPIIIEHCTBOBAHUEM UMEIOIIHUXCS
MIPOU3BOJICTBEHHBIX MPOIIECCOB BIIOTH 0 BHEIPCHUS M3JCIHS B IPOU3BOACTBO U
Ja)ke cObITa MPOTYKIINH.

4. @panuarizune, T.e. TEpenada WIA TEpeycTynka (Ha KOMMEPYECKUX
YCIIOBHSIX) pa3pelIeHUs MPOJaBaTh YbH-ITMOO TOBAaphl WM OKa3bIBaTh YCIYTH B
HEKOTOPBIX 00JIaCTIX.

5. Opeanuzayus coOCMBEeHH020 NPEONPUSIINUSL.

6. Illepedaua umnmennexmyanvHou cobcmeeHHocmu B YCTAaBHOM KaIlUTall

IPEAIPUATHS.
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7. Opeanuzayus coemecmno2o npeonpusimusi, T.e. OObEIUHEHHE ABYX M
OoJee U1 TSl OpTaHU3AIUN TIPEATPHUSTHA.

8. Opeanuzayus coemecmuvlx npeonpusmuii, pabOTAIOIINX IO CXEME

«POCCUICKOE MPOU3BOICTBO — 3apyO0EKHOE PACIIPOCTPAHEHUE.

W3 mepeuncieHHbIX METOI0OB KOMMEPITHAIU3AINH 00Jiee MOAXOAUT METO/
Ne 3— unmkunHupuHr. ITOT METOJ OyAeT O6ojiee yao0eH, T.K. MOIy4aeMblil TPOTYKT
HY)KJIaeTCS B JAJIbHEUIIIEM U3yYeHUHU U JOpaboTKe. Takke 00beMbl MPOU3BOCTBRA,
no KpaiiHeW Mepe Ha ImepBoe BpeMs, OyayT He Oonbmumu. [losTomy He
IEJIeCO00Pa3HO OpPraHW30BBIBATH OTIEIBHOE MPOU3BOJACTBO. IIpemocTaBnenue
MIPaBOM HCIIOJIb30BAHUS HCCIACAOBAHUS APYTHM JIMIIAM HEXKENIAaTeNbHO, T.K.
pa3paboTaHHas METOJMKAa MOXXET OBITh MpPUMEHEHAa M B JPYrux o00JacTsX

IMPpOU3BOACTBA U UMCCT XOPOIIHEC ICPCIICKTUBLI I[&J'IBHCﬁIHGFO pasBUTHA.

3.5 Pa3paGoTka ycTaBa Hay4YHO-TEXHHYECKOT0 MPOEKTA U WHHIIHAIUS
NMpoeKTa

Ha nannom srtame paboThl HEOOXOIUMO PEUIUTh CIEAYIONME BOMPOCHI: KTO
OyZeT BXOIUTh B pabovyr0 TPYMIy JAaHHOTO MPOEKTa, OMPEACIUTh POJIb KaKIOTO
y4aCTHHKA B JIaHHOM TMPOEKTE, a TakKe Mpomucarh (DyHKIMH, BBITIOJIHIEMbIC
KOKIBIM M3 YYaCTHUKOB W WX TPYyA03aTparbl B MPOEKTe. ITy HHGPOPMAIIUIO
IPEICTaBUTh B TAOIMUHOM Gopme (Tadi. 5 u Tad.6).

Tabnuna 5 — Pabouas rpynmna npoekra

o ®HUO,
o /;[ OCHOBHOE€ MeCTO padoThl, | PoJb B nmpoekTe DyHKIUU
NOJIKHOCTh
1 Meuknn B.@., TIIY, PYKOBOJIUTEIH PYKOBOJICTBO
npodeccop OATLL
2 | Apsirae A.M., maructp JUATUIOMHUK HCCJIEIOBAHUS
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Tabmuma 6 — Ilepeuens kaTeropuid, 3TamnoB, pabOT M pacHpenesieHue

WCIIOJIHUTEIIEN
Kareropus Oran KoHTpoJibHbIe COOBITHS HOILKHOCTS
UCTIOJTHUTEIIS
Pa3zpabotka T3 na BKP 1 Cocrapienne 1 yrsepiieHue PYKOBOJIUTEIH

TEXHUYECKOTO 3a/IaHusI
N3yuenue npobaemsl 1 moaoop

2 JIMTCPATYPbI O BJIMSIHUHU MAaIrHUTHOI'O IT1OJIA JUITJIOMHHK
Ha nnepepacupeaciaCHuc U30TOIIOB XJI0pa.

Br16op HamnpaBieHus
W3ydenue aurepaTypsl U BEIOOP METOIOB

U CCJICIOBAHUS 3 JTUTUIOMHUK
pelieHus mpooseMbl
KanenmapHoe ruranupoBanue paboT 1mo
4 JTUIUIOMHUK
TeMe
Pa3paboTka sKkcriepuMeHTaIbHOM
YCTaHOBKH U METOJIUKH JIIsI PYKOBOIHTEID,
5 WCCJICTOBAHMS U3MEHEHHS H30TOITHOTO
JTUTUIOMHUK
s dexTa npu KpUCTAIIU3ALNH B U3
BOJHOT'O PacTBOPAa MarHUTHOM TIOJIE
Teoperuyeckue u DKCIIepUMEHTATIbHBIC NCCIICTIOBAHMS PYKOBOIHTEII,
6  |[BIUSHUSAMArHUTHOTO ITOJIS HA H30TOHBIN
IKCIEPUMEHTAITLHBIC JHIITOMEHK
COCTaB.
WCCIIC/IOBAHHUS

Amnanus 1 00paboTKa pe3ysIbTaToB
7 JATIIOMHUK
MacCCHEKTPOMETPUIECKOT0 aHalIu3a

OI_IeHI(a OIITUMAJIBHBIX YCHOBHﬁ JIA

8 (hopMUpOBaHUSI KPUCTAIJIOB C Pa3HBIM PYKOBOAUTEIIb,

JTUTLIOMHUK

M30TOIHBIM COCTABOM B MarHUTHOM IIOJIE
duHAHCOBBIM MEHEIKMEHT,
ecypcoddHEKTUBHOCTEL U
O06001IeHNE 1 OTICHKA 9 pecypcosdd JHIITOMEHK
pecypcocOepexeHue, CorranbHas
pe3yabTaToOB
OTBETCTBEHHOCTD
10 [ToaroroBka K 3amuTe auccepTanuu TUTLIOMHUK

OrpanuueHus MpoeKTa — 3TO Bce (HaKTOPhbl, KOTOPbIE MOTYT TOCIYXHUTb
OTpaHUYECHHEM CTENEeHH CBOOOJbl YYACTHMKOB KOMAaHIbl IPOEKTa, a TaKkKe
«TpaHULBl MPOEKTa» - IMAPAMETPhbl MPOEKTa WM €ro MPOAYKTAa, KOTOPbIE HE

OyIyT peann30BaHbl B paMKax JAHHOTO MPOEKTA.
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Tabmuua 7 — OrpaHudyeHus: IpoeKTa

dakTop OrpanuveHusi/ 1omyeHust
bropkeT npoekra 100000
Ncrounuk puHaHCHpOBaHUS WuBectuimmn
Cpoku mpoeKTa: 2023 ron
JlaTa yTBepKIeHHS IIJIaHa YIIPaBICHUS Mmapt 2023r.
IIPOEKTOM
JlaTta 3aBepuieHus IPOEKTa utoHb 2023r.

3.6 IlnanupoBanue npouecca ynpanjenuss HTU: crpykrypa u rpaguk
NpoBeIeHusl, OI0/IZKeT, PUCKHM M OPraHU3alMA 3aKyNOK

['pynma  mpoueccoB  IUIAHUPOBAHMSI ~ COCTOUT U3 TPOLIECCOB,
OCYIIECTBISIEMBIX [UIsI OMPEIENCHUs OOIIETO0 CONIepKaHus pPadOT, YTOUYHEHHS
ueineil u  pa3padOTKU  MOCIEAOBATENBHOCTH  JEUCTBUH, TpeOyeMbIX s
JOCTUKEHUSI TaHHBIX 1IeJICH.

[TokazaTtenp  TEXHUYECKOU TOTOBHOCTH TEMBI XapaKkTepu3yeT
OTHOILIEHUE MPOJOJKUTEIBHOCTH padOT, BBHIOJHEHHBIX HA MOMEHT MCUUCIIECHUS
ATOrO TOKa3zaTelss, K o0Iel 3alulaHuPOBAHHON NMPOJIOJDKUTENIBHOCTH padoT, Ipu
3TOM CIIeyeT y4ecThb, YTO JAWIJIOMHUK BBICTYNAeT B Ka4eCTBE OCHOBHOTO
ucnonuutensa. s ynoOcTBa mocTpoeHus rpaduka, AIUTENBHOCTh KAXKIOTO U3
ATAroB paboTU3 paboUYNX JHEH cleayeT MepeBecTy B KaleHaapHbie AHU. J[J1s 3Toro
HE0OXO0IMMO BOCTIOJIB30BATKCS Clieayrolel popmysnon [27]:

T = Tpi * Kan , (9)

rae Txi— TPOJOKUTEIIBHOCTD BBIMOJHEHUS - paOOThl B KaJCHAAPHBIX THSX;
T,i — TPONOKUTEIBHOCT BBITIONHEHHUS I-ii  paboThl B pabouyux JTHSX;
Kyan — K03(ppHIIMEHT KaJIEHTAPHOCTH.

Kosddumument kanenmapHoctu ompenensieTcs Mo cieayromend dopmyse

[27]:
kKaJl = L (10)

Txan— Terix— Tnp
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A€ [xan — KOJTUYECTBO KaJCHAAPHBIX AHEH B roay; Tyux - KOJIMYECTBO BBIXOJHBIX
IHeH B rofy; Typ — KOJIMYECTBO IPa3AHUYHBIX THEU B TONY.
Paccuntannble 3HaueHHMs B KaJCHIApHBIX JHSAX MO Kaxaod pabdote

OKPYTJICHBI 1O LEJIOIr0o 4Yrciia.

365
ko, =———=1,22
Kal — 365-52-14 ’

Bce paccuntannbie 3HaueHUs cBeneHbl B Tabnmiyy 8. KanenmapHbrit
aH-TpauK B BUJE JUarpaMMbl ['aHTa — TOpU30HTAILHBIN JIGHTOYHBIN T'paduk,
Ha KOTOpPOM pabOThI TO TEeME MPEIACTABISIOTCS NPOTSHIKEHHBIMH BO BpPEMEHU
OTpe3KaMH, XapaKTePU3YIOIMIMMHUCS JaTaMd Hadajla U OKOHYAHHUS BBIIOJHCHUS
JTAHHBIX paboT.

Tabmuma 8 — BpemeHHbIe TOKa3aTenu

Oran toin | Tmax tox WcnomHuTenu Tp, pab.nH. T,
KaJ.oH
1 2 3 2,4 PYKOBOAMTEID 2,4 4
2 6 9 7,2 JUTLIOMHHK 7,2 11
3 7 10 8,2 JIUTUIOMHHAK 8,2 12
4 3 5 3,8 JUTLIOMHHK 3,8 6
5 12 | 15 | 132 PYROBOIHATED, 6,6 10
JIIATUIOMHUK
6 14 | 18 | 156 PYKOBOLICIID, 7,8 12
IIATUIOMHUK
7 6 9 7,2 JIUILIOMHHAK 7,2 11
8 7 | 10 | 82 PYROBOIETEIE, 4.1 6
JATUIOMHHK
9 11 14 12,2 JUTLIOMHUK 12,2 18
10 8 11 9,2 JUIIIOMHHUK 9,2 14
Hroro 87,2 68,7 104
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Kanennapusiii miian-rpaguk B BUIE IUarpaMmbl [ aHTa — rOpU30OHTAIILHBIN
JeHTOYHbIH Tpaduk, HA KOTOPOM paboOThl MO TeMe MPEACTaBIAIOTCA
MPOTSKEHHBIMUA BO BPEMEHU OTPE3KAMH, XapaKTEPU3YIOIIMMHUCS TaTaMH Hadaja u
OKOHYAHHS BBIITOJIHEHUS JAHHBIX pa0oT.

PabGoTel Ha rpaduke BbIIEIEHBI Pa3IUYHBIM I[BETOM B 3aBUCUMOCTH OT
UCIIOJIHUTENIEH, OTBETCTBEHHBIX 3a Ty WIM HMHYI0 paboty. Kamennmaphsiii 1uias-
rpaduk B Buae nuarpammsl ['anta npuseneH B Tabmuie 9.

Tabmuua 9 — Jluarpamma ['anta (4epHBI LBET — PYKOBOJUTEIb, CHUHHMA

IIBET — JUIIJIOMHHK)

[TpoIOIKUTENFHOCT BBIIOJIHEHHS padoT
Hcnon- Tk, =
Ne Bun pabot Deppasib Mapt Arnpens Maii WroHp
HHUTEIH | KaJ.IH.

1(2(3|1(2|3(1(2|3(1|2|3|1] 2
CocraBiieHue 1 4

1 HP
YTBEpXKACHHUE 3aJaHus

W3y4yenue npobiieMbl 1
oAdOp JIUTEPATYPHI O
2 | BimsAHMM MarHuUTHOrO oyt | HP, [T 11 .
Ha POCT KPUCTAIJIOB 13
BOJIHBIX paCTBOPOB
W3y4enue nurepaTypel,
3 BBIOOp METO/IOB pEIICHHS I 12 -
mpobyieM

Kanennapuoe
4 IUTAaHUPOBaHUE PabOT 110 Pl 6 .
TeMe
Pa3zpaboTtka
9KCIEPUMETPAILHON
YTCaHOBKH U METOAMKH JJIS
HCCIIeIOBAHHS N3MEHEHHUS
H30TOMHOTO A deKTa mpu
KPUTCAJUTU3AIMHA BOTHOTO
pacTBopa B MarHUTHOM
moJie
OKMIIepUMEHTAIbHbIE
6 HCCIICIOBAHUS BIUSHUSA
MarHUTHOTO TI0JIS Ha
CTPYKTYPY KPHUCTAJIOB
AmnHanus n 06paboTka
7 pe3yIbTaToOB I 11
Macc-CHEKTPOMETPUIECKOTO
aHamm3a
O11eHKa ONITUMAJIBHBIX
YCJIOBUH AJid
(hopMupOBaHUS KPUCTAIIOB
C pPa3HbIM U30TOMHBIM
COCTaBOM B MarHUTHOM
noJie
DuHAHCOBBIA MEHEKMEHT,
pecypcoddpexTUBHOCTD U
9 pecypcocOepexeHue, pi| 18
conuaybHas
OTBETCTBEHHOCTh
10 IMoxroToBka k 3aImure 14
JuccepTanun A

HP, ]I 10

HP, 1 12

HP, ]I 6
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3.7 BrogxeT HAYyYHO-TeXHUYECKOT0 MCCIeI0BAHUS

HccnenoBanusi mpoBOAsSTCsS MO MecTy padothl, a uMeHHo Ha OI'VII I'XK,
pacnonoxkeHHoM Ha Tepputopun 3ATO. Hekoropsle naHHBIE, KacarolIUeCcs
NEeATeTLHOCTH KOMOWHATa, OTHOCSTCS K TOCydapcTBEHHOHW TaiiHe. [lo aTow
MIPUYMHE pACUET CTOMMOCTH MaTE€pUAIbHBIX 3aTPAT HA MPOBEACHUE HCCIEN0BaHUS
MIPOU3BOJIUTCS TIO CPEIHMM II€HaM JCHCTBYIOIIMX MPEUCKypPaHTOB KOMIIAHUU,
OKa3bIBAIOIINX AHAJOTHYHBIC YCIYrd. Pe3ysbTarsl 110 JAHHOM CTaThE 3aHOCATCS B
tabs. 10.

Ta6muma 10 — CTonMOCTh aHAITHN30B

HanmenoBanmue Kon-Bo [lena 3a ananus, py6./Cymma, pyo.

CKaHHPYOIIast MUKPOCKOTIHSI 2 8500 17000

30TOMHBIN aHaTU3 8 2000 16000
Htoro 33000

3.7.1 OcHoBHas 3apa0doTHAasI IJIATA UCTIOJIHUTEJIEH TeMBbI

JlanHasi cTaThs BKJIIOYAaeT B ceOsl 3aTpaThl Ha OIUIATy TpyJa paOOTHUKOB,
HEMOCPEJCTBEHHO Yy4acTByrOIMX B BeimoidHeHun HUWP (Bkirodas mnpemun,
JIOTIAThI ), UIOMOJHUTEIbHYIO 3apa00THYIO TUIATY:

340 = 3ocn T 3om (11)

rie 3o — OCHOBHAs 3apaboTHas miata, pyo.; 3xon — JOMOJHUTENbHAS 3apa0boTHAS
narta, pyo.

OcHoBHYT0 3apa0OTHYIO IJIaTy MOKHO PACCUUTATh IO CIEeAyIoeh popmyIie:

3OCH= 3)111 ' Tpa6’ (12)

rne 3, — CpeaHeAHEBHas 3apaboTHas 1uiata paboTHUKA, pPyO.; Tpws —
MIPOJIOJDKATEILHOCTh Pa0OT, BBIMOJHAEMBIX HAYYHO-TEXHHUYECKUM PaOOTHHUKOM,

pal.aH.
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CpennenneBHast 3apaboTHas I1aTa pabOTHUKA PACCUUTHIBACTCS MO POpMYJIE:

_ 3uM
h=—
A FZ[

3 , (13)

riae 3y — MECSYHBIH JOJDKHOCTHOM OKJaj paboTHHKA, pyO0.; M — KOJUYECTBO
MecsileB paboTel 6e3 ormycka B TedeHHe roja; Fj — pacdeTHsii ronoBoi (poHx

pabodero BpeMeHHU nepcoHaia (B pabouux JIHsIX ),lpeacTaBieH B Taomwuie 11.

Tabnuma 11 — PacuetHslil ronoBoii oua pabodero BpeMeHH

[Tokazarenu paboyero BpeMeHU PykoBonuTens JImioMHIK

Kanennmapnoe uncio qaei 365 365

KonnyecTBo HEpabouux JTHEH
- BBIXOJIHBIE THU 52 52

- Ipa3aHUYHEIEC THU 14 14

[Totepu paGouero BpeMeHH:
- OTITYCK 56 48

- HEBBIXOIBI IO 00JIE3HU — —

JeiicTBuTenbHbIN T010BON (OH pabovyero BpeMeH! 243 251

Mecsa4HbIN JOTKHOCTHOM OKJIa]l PYKOBOJIUTEIIS:

3y = 3me  kp=36800 - 1,3=47840pys,

rne 3, — 3apaboTHas IiaTa Mo KBanu(UKAIMOHHOU Tpytie, pyo. (msmpodeccopa
3 coctaBisier 36800 py0); x, — paiioHHbIH K03DdUIHEHT, paBHBIH 1,3.
Ha npumepe pacuera OCHOBHOM 3apaOOTHOM TUIATBl PYKOBOJUTEIS,

MMPOBOJIUM PACHCTHI I JHUIIJIOMHHKA, 3aTEM CBOAWM BCC PC3YJILTATHI B Ta6J'II/II_[y

12,
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Tabnuma 12 — Pe3ynsTaThl pacdeTa OCHOBHOM 3apabO0THOM IIATHI

Wcnonuurenu 31c,pyo. Kp 3wPy0 | 3m,pyd. pang{. 3ocn,pYO.
PykoBoauTenp 36800 1,3 47840 2278 8 18224
JIMTUTOMHUK 8153 1,3 10598 505 60,7 30653
Htoro 3,4, pyO. 48877

3.7.2 lonoJiHuTEIbHASI 3apad0THASI IJIATA UCTIOJTHUTEJIe TeMbl

JlonosnHuTENbHAS 3apabOTHA IJIaTa BKIIOYAET OIUIATY 3a HelpopaboTaHHOE
BpeMs (ouepenHOW M Y4YEOHBIA OTIYCK, BBIIOJIHEHHE TOCYJapCTBEHHBIX
00s3aHHOCTEW, BbIIUIATA BO3HAIPAXKIEHUN 3a BBICAYTY JEeT MW T.L.) H
paccuutbiBaeTcsiucxoas u3 10-15% ot ocHoBHOM 3apaboTHOM 1aThl paOOTHUKOB,

HCTIOCPCACTBCHHOYYACTBYIOIINUX B BBIITIOJIHCHHUC TCMBI:

310m= Knom® 3ocu: (14)

rae 3pm — JONOJHHUTEIbHas 3apaboTHas 1wiata, pyo.; Ko, — Kk03ddumment
JOTIOJTHUTEIBHOM 3apIuiathl (Kp,,=0,13); 3,., — OCHOBHast 3apaboTHas mata, pyo.

3on= 0,13 -48877 = 6354,

3.7.3 OT4yuc/aeHus1 BO BHEOIOIKeTHbIE (DOH/IBI

B nanHOl cTaThe pacxo/ioB OTpa)karoTCsi 00s3aTeIbHbIE OTYHUCIICHUS IO
YCTaHOBJICHHBIM HOpMaM OT 3aTpaT Ha OIUIaTy TpyJa paOOTHHUKOB.

BenuuuHa oTuucieHnii BO BHEOIOMKETHbIE (POHIIBI ONpENeNsieTcss HCXOAsSs

U3CIIeTyIoMIei (POpMYyIIbI:

33H66 = kBHe6 ) (30(:11 + 3;10n )’ (15)

r7e Kenes — KOA(DOUIMEHT OTYUCICHHWH HA YIUIATy BO BHEOMOKETHBIC (POHIBI

27,1%. 3BHe6= 0,271- (48877+6354) = 14968py6
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3.7.4 HakjiagHble pacxoabl

Hakmamnaeie pacxoapl YYHTHIBAIOT IIPOYME 3aTpaThl OpraHu3aIlii, He
MOTIABIIME B TPEABIAYIIME CTAaThbH pPACXOJOB: Ile4aTh W KCEPOKOIHMPOBAHUE
MaTepHaOB HMCCIIEIOBAaHUS, OIUIaTa YCIYT CBS3U, JJEKTPOdHEpruu, U T.10. Mx

BEJIMYMHA OTIPEICIIAETCS 10 Clieayromei Gopmyre:
3,acx = (cyMMma crareii 1-6) Kip (16)

rae Ky — K03 GUIMEHT, YIUTHIBAIONINN HAKIIAIHBIC PACXOIBI.
Benmnuuny kosduinienTa HakIagHBIX PacxoJl0B MOXKHO B3Thb B pa3Mepe

16%.
= 103199-0,16 = 16512 py6.

3HaKJI

3.7.5 MopmupoBaHue OIO[KeTA 3aTPAT HAYUYHO- HCCJIEI0BATEIbCKOIO
NpOeKTa

PaccuntanHas BenuMYMHA 3aTpaT HAyYHO-HCCJIENOBATEIbCKOW pabOThI
(TemBbI)sBIISETCS OCHOBOM /1Ji1 (hOpMUPOBaHUA OIOKETa 3aTpaT MPOEKTa, KOTOPHIN
npuOpPMUPOBAHUU JOTOBOPA C 3aKA3UMKOM 3aIIUIIAECTCS HAYYHOU OpraHu3aunuen
B KauecTBE HIDKHEro MpeJena 3arpaT Ha pa3pabOTKy Hay4YHO-TEXHUYECKOU
POIYKIHUU.

Onpenenenue OroKeTa 3aTpaT Ha HAyYHO-MCCIENOBATENbCKUNA MPOEKT MO
Ka)KZIOMYy BapuaHTy UCIIOJTHEHUS pUBEeH B Tabuuue 13.

Ta6nuna 13 — Pacuer Gromkera 3atpatr HTU

HaunmenoBanue crateu CymmMma, pyo. [Tpumeuanue
CroumocTh aHAJIN30B 33000 [TynkT 3.2.
3 i 0 i
aTpaThl 10 OCHOBHOM 3ilpa OTHOM 11aTe 48877 Tyt 3.3.
UCTIOTHUTEIIEH TeMBI
3aTpatsl 1O nononHHTenLH(iﬁ 3apaboOTHOM 6354 Tlykr 3.4.
TUTaTe WCTIOJTHHUTENCH TEMBI
3 0
aTpaThl HA OTYUCIICHUS BOBHEOIO)KETHBIC 14968 Tyt 3.5
doHBI
Haknanusie pacxoabl 16512 [TynkT 3.6.
bromxker 3atpar HTU 119711 CymmMma
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3.8  Omnpenenenue  pecypcHoil, (UHAHCOBOI, IKOHOMHYECKOMH
3¢ deKTUBHOCTH

3.8.1 Ouenka cpaBHUTEIbHOM 3¢ PeKTUBHOCTH HCCIEJ0BAHUSA

Onpenenenre  A(QPEKTUBHOCTH  TMPOWCXOJAWT HA  OCHOBE  pacuera
WHTErpalIbHOTO MoKazaTenst 3(P(EKTUBHOCTH HAy4YHOro wucclienoBanus. Ero
HAaXOXXJEHUE CBSA3aHO C OMNpEJEICHUEM JIBYX CpPEIHEB3BEIICHHBIX BEJINYUH:
¢unancoBoit sddexTuBHOCTH U pecypcodpdexTuBHOCTH. WHTErpanbHbIN
(GbuHaHCOBBIN MOKa3aTeab pa3padOTKU OMpeeseTcs Kak:

I = ®i/ Dy (17)

rae | P MHTETPAJIbHBIN (PMHAHCOBBIN NOKa3aTeNb pa3padoTku; @, — CTOUMOCTS 1-
IO BapUaHTa UCTIOMHEHUS; Pmax — MAKCUMAJIBHASI CTOMMOCTD MCIIOJIHEHUSI HAYyYHO-
HCCIIE0OBATEIBCKOTO MMPOEKTA (B T.4. AHAJIOTH).

P _
I, =038.

B kauectBe ananmora Obuta BBIOpaHAa yCpeTHEHHAs XapaKTePUCTHKA
MaTepHaioB, KOTOpPbIE HA JIaHHBIH MOMEHT HCIOJIB3YIOTCS TPU U3TOTOBIICHUU
MOJTYITPOBOTHUKOBOW TEXHUKHU.

NHurterpanbHblii MOKa3aTelb pecypcodhHEeKTUBHOCTH BApUAHTOB
UCTIOJTHEHHS 00BEKTa UCCIIETOBAHUS MOYKHO OTPEIEIUTD CIECIYIOINUM 00pa3oMm:

IL=Ya-b, (18)

r7ic @ —BECOBOM KOa(HIMEeHT, b —OanbHas OlleHKa mapaMeTpa.
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Tabmuua 14 — CpaBHUTENbHAas OLIEHKA XapaKTEPUCTUK BapHAHTOB

HCIIOJIHCHHUA ITPOCKTA

KaTEerOpuu BECOBOM KOA(DPHUIIMEHT | MPOCKT aHaJjior

1. CmocoGcTByeT pocTy 01 4 4
MIPOM3BOIUTEILHOCTH TPY/1a MOJIb30BATEIIS ’
2. Y100CTBO B 3KCILTyaTaluu (COOTBETCTBYET,

. 0,15 4 2
TpeOoBaHUSAM MOTpeOUTENCH)
3. [ToMexoyCcTOMYMBOCTH 0,15 5 3
4. DHeprocOepexeHne 0,20 4 4
5. HamexHocTh 0,25 4 4
6. MaTtepuasoeMKOCTh 0,15 5 3

UTOIro 1 4,3 3,4

l.n=4-0,1+4-0,15+5-0,15+4-0,2+4-0,25+5-0,15=4,3
Amnanor =4-0,1+2-0,15+3-0,15+4-0,2+4-0,25+3-0,15=3,4

3.8.2 UHTerpanbHblii nokasareiab 3¢ pekTHBHOCTH Pa3padoTKu

_In.

P = ik (19)
I
I(T)lI/IH = E' (20)

CpaBHEHHE MHTErPAILHOTO MoKa3aresns 3p(HEeKTUBHOCTH TEKYILIEro MPOeKTa
Y aHAJIOTOB TO3BOJIUT OIpPEAETUTh CPAaBHUTENbHYIO 3(()EKTUBHOCTh MpoekTa. B
KauecTBe aHajora Obla BbIOpaHa yCpeOHEHHas XapaKTEepHUCTHKAa MaTEpHUaJIOB,
KOTOpBIE  Ha  JAHHbIM  MOMEHT  MWCHOJIB3YIOTCS  IpU  U3TOTOBJICHUU

MOJIyITPOBOJTHUKOBOM TeXHUKU. CpaBHHUTENbHAS 3)PEKTUBHOCT MPOCKTA!
/P

D = i (21)
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Tabnuma 15 — CpaBuutenbHas 3¢ (HEeKTUBHOCTD pa3pabOTKH

No [Tokazarenu Amnanor Pazpabotka

1 WNHuTterpanbaplii (MHAHCOBBII 1 0.8
MOKa3aTelib pa3paboTKu ’

2 NHTerpanbHblil MOKa3aTeilb 3.4 43
pecyodPEKTUBHOCTH pa3pabOTKH ' ’
NHTerpaibHbii TOKa3aTellb

3 3,4 5,4
3¢ (HEeKTHBHOCTH
CpaBuutenbHas 3¢G()EKTUBHOCTD

4 0,63 1,6
BapUAHTOB HCIIOJIHEHUS

N3 tabnuipl Nel5 MOXHO chenaTh BBIBOJ, YTO C MO3UIMU (DUHAHCOBOM U
pecypcHoit 3(h(PEeKTUBHOCTH pa3paOOTaHHBIN BApUAHT HCIIOJHEHHS TEXHUYECKOU
3amaun 3P heKTUBHEE aHATIOTOBOTO.

PaboTa Obls1a HampaBiieHa Ha SKCIEPUMEHTAIILHOE OIpEIeICHHEe N3MEHEHMUSI
M30TOMHOro 3 (deKkTa B MAarHUTHOM mosie npu kpuctammizauuu NaCl u3 BogHbIX
pactBopoB. B xonme maHHOU pabOThl ObUIM M3Y4YEHBI W OMNpeeeHbl Haubosee
s dexTuBHBIE CMOCOOBI BBIPAIMBAHUS KPUCTAIJIOB W3 BOJHBIX PACTBOPOB BO
BHEIIIHEM  MEPUOAUYECKOM  MArHUTHOM  II0Jie, KOTOPBhIE  CIIOCOOCTBYIOT
dbopmupoBannto mukpokpuctaioB NaCl oborameHHBIX 0 pa3HBIM H30TOIAM, a
3TO, B CBOIO OYE€pE/Ib, IMO3BOJUT YMEHBIIUTh CEOECTOMMOCTh MaTEpPHAIIOB C
3aIaHHBIM U30TOMHBIM cocTtaBoM. Cam mporecc (GopMHPOBAHUS JTOCTATOYHO
MPOCT U AOCTYIIECH,YTO JIENIA€T €r0 HAMMEHEE 3aTPATHBIM C YKOHOMHUYECKON TOUYKH
3peHUs.

B Xonme BBIONHEHUS JaHHOW JUIIOMHOM paboOThl OBLI  COCTaBIICH
kaneHnapusid wiad mo HUP, paccunrana cmera 3arpat mva HUP, o6mras cymma

3arpatHa HUP. [Ipoussenena ornienka HaydHo-TexHuueckoro 3gpdexra HAP.
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3.9 BriBoab! 1o pasaeny «DUHAHCOBbINI MEHEe/I)KMEeHT,
pecypco3(peKTHBHOCTH U pecypcoclepexeHne)

1.  AHamu3 KOHKYPEHTHBIX TEXHMUYECKHUX pCIICHUH IIO0Ka3al, 4To Ha
JAHHBII MOMEHT JaHHBIX O TMOJIYYCHUU MOAUPUIIMPOBAHHBIX [0 H30TOIAM
kpuctasioB NaCl Her. B cnenctBum d9ero KOHKYPEHTOB B IPOHM3BOJICTBE
oboramienHoro xmopa cmnocooom kpuctanmszanuu  NaCl wer. IlpuBeacHsl
MOTCHITUATHHBIC TTOTPEOUTETH.

2. [IpoBenena  cpaBHUTENIbHAs  XapakTepucTuka  A(HPEKTUBHOCTU
pa3paOOTKM Ha OCHOBAHUM MHTErPAIBHOTO mokazaTtess A(PEGEeKTUBHOCTH.
Peanuzauus npoekra B nepBOM UCHOJIHEHUU Ooiee 3(h(PeKTUBHA.

3. bromxet nccnenoBanus cocrasuia 119711 pyo.
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3AJJAHME JIJISI PA3JIEJIA
«COLMAJBHASI OTBETCTBEHHOCTb»

Crygnenry:
I'pynna 1027 (0]
0AMI11 ApsiitaeBy Asnekcero MuxaiinoBuuy
Ikoaa HATIHI OTtaenenue (HOLL) OATII
YpoBenb Hanpasaenue / 14.04.02 S nepubie
Maructparypa
o0pa3oBaHusi CHEeNHAJIbHOCTh ¢bu3MKa U TEXHOJIOTHH

Hcxoanblie JaHHBIE K pasaeinay «COIII/Ia.]'ILHaH OTBETCTBCHHOCTD)»

1. XapaktepucTtuka o0beKTa OOBEKT HccaeI0BaHus: MacC-CIIEKTPOMETP C
uccaea0oBaHus (BEIIECTBO, MaTepuUal, WHIYKTUBHO CBSI3aHHOM IJIa3MOI.

pubop, aNropuT™M, METOAMKA, pabodast | O6IacTh MpUMEHEHUs: aTOMHas

30HAa) U 00JIACTH €r0 MPUMEHEHUS MIPOMBIIIUICHHOCTb.

Ilepeuenb BONpOCOB, NOIEKAITMX UCCIIEIOBAHHIO, IPOCKTUPOBAHUIO U pa3paboOTKe

1. IIpaBoBbIe U OPraHU3aALMOHHbIE
BONPOCHI o0ecneyeHusi 6€30MaACHOCTH:
— cIenualibHbIe (XapaKTepHbIE IPU
JKCIUTyaTallui 00bEeKTa UCCIIeI0BaHuS,
MIPOCKTUPYEMOM paboyeil 30HbI)
MIPaBOBbIE HOPMBI TPYAOBOTO
3aKOHO/IaTENILCTBA;

— OpraHu3alMOHHBIE MEPOTIPHUATHS TIO
JIOTMYCKY K paboTe C ra30BbIMH
OaJIOHaMU.

— Tpynosoii kogekc Poccuiickoit denepanuu ot
30.12.2001 Ne 197-®3 (pen. ot 24.04.2020);

— Ilpuka3z @exepanbHON CITyKOBI 110
JKOJIOTUYECKOMY, TEXHOJIOTHYECKOMY U aTOMHOMY
Ha/3opy oT 15 nexabpst 2020 r. Ne 536

Bpennbie u onacHble GaKkTOPHI:

— OaJI0HBI O, JABICHUEM;

— TOBBIIIEHHBINA YPOBEHB dJEKTPOMArHUTHBIX
U3ITy4eHUH;

— HEeJO0CTaTOYHAasi OCBEIEHHOCTh paboyeli 30HbI,
— TIOBBIMICHHBIA YPOBEHb IIIyMa;

— ncuxoduznonorudeckue GHakTopsl;

— ONAaCHOCTh MOPAKEHHUSI IIMEKTPUUECKUM TOKOM.

2. IlpousBoacTBeHHasi 0€30MIACHOCTh:
2.1. AHanu3 BBIABJICHHBIX BPEIHBIX U
OTacHBIX (haKTOPOB

2.2. O00CHOBaHHE MEPOIPUITHH 11O
CHIDKEHHUIO BO3JICHCTBUS

— aHaJW3 BIUSHUSA 00BEKTa U MpoIecca
WCCJICIOBAHMS Ha OKPYXKAIOIIYIO CPEY;

— pa3paboTKa OpraHU3aIMOHHBIX U TEXHUYECKIX
MEPOTPHSITHIA MO 3aIIUTE OKPYKAIOIICH CPEIbI.

3. DKoJiornyeckas 0e30MacHOCTh:

— BbIOOp M onucanue TunuaHoil UC - moxap;
4. Be30NMacHOCTb B Ype3BbIYAHHBIX — 000CHOBaHHE MEPOIIPUATHI 110

CUTYyalMsAX: npenoTBpaniennto YC;

— TNOpsAJOK AeicTBUM 1Tpu Bo3HUKHOBeHUHU YC.

\ JaTa Bbl1a4u 3a]aHu U1 Pa3/iesia no JHHeHHOMY rpaguky ’

33}13HI/IQ BbIJ1AJ KOHCYJbTAHT:

JloaxkHocTh DOUO YueHnas creneHb, IMoanucek JlaTa
3BaHMe
Houent ITepenepun 10.B. K.T.H.
3anaHne NPUHSAJ K MCNIOJHEHUIO CTY/IEHT:
I'pynna DOUO IHoanuch Jara
0AMI11 Apsimitaes A.M.
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4 CounanbHasi OTBETCTBEHHOCTh

B paMkax BBIONHEHUS BBITYCKHOM KBaTU(UIMPOBAHHON PabOTHI
IIPOBOJIUIIUCH UCCIIEI0BAHMUS CHUMKOB CZIEJIaHHBIX C IIOMOILBIO
macc-ciektpomerpa « Thermo Scientific Elementy na nmepconaisHOM KOMITEIOTEPE

B aynutopuu Ne 316 yue6noro kopmyca Ne 10 na 1K nuyHoro noigp3oBanus.

4.1 [IlpaBoBble W OpPraHU3allMOHHBIE BONPOCHI  o0ecHevYeHUs
0e30macHOCTH

4.1.1 IlpaBoBbIe HOPMBbI TPYAOBOI'0 3AKOHOAATEIbCTBA

OCHOBHBIE TMOJIOKEHUS IO OXpaHE TPyAa M3JI0XKEHBl B TpyJOBOM KOJEKCe
Poccuiickon @enepaunu. B 3TOM JOKYMEHTE yKa3aHO, YTO OXpaHa 340pPOBbs
TpyIdIIuxcsi, oOecrnedyeHue O€30MacHbIX  YCIOBUM  TpyJa, JIMKBUJALUSA
npodecCUOHaNbHBIX 3a00JIEBaHU U MPOU3BOJICTBEHHOIO TPAaBMATU3Ma SIBIISIOTCS
OJTHOM 13 IIaBHBIX 3a00T rocyaapcTBa.

Cornacuo TpynoBomy koaekcy Poccutickoit denepainu, Kaxxapiii pabOTHUK
MMEET MPABO Ha:

1) paGouee MecTo, COOTBETCTBYIOIIEE TPEOOBAHUSIM OXPaHbI TPY/IA;

2) o0s3aTeNbHOE COIMATbHOE CTPAXOBaHME OT HECYACTHBIX CIy4YaeB Ha
MIPOU3BOJICTBE U MPOGECCHOHATBHBIX 3a00JIEBAHMIA;

3) moaydeHWe  JOCTOBEepHOM  wmHpoOpMmammu  oT  paboTomarerns,
COOTBETCTBYIOIIUX IOCYJAapCTBEHHBIX OPraHOB M OOIIECTBEHHBIX OpraHu3alui 00
YCIOBUSIX W OXpaHe TpyAa Ha paboyeM MecTe, O CYIIECTBYIOIIEM pPHUCKE
MOBPEXJICHUS 3/I0POBbs, @ TAKXKE O MEpax IO 3al[UTe OT BO3JACUCTBUS BPEIHBIX U
(WJIM) OTTACHBIX TPOU3BOJICTBEHHBIX (PaKTOPOB;

4) oTka3 OT BBIOJHEHHS PA0OT B CIy4ae BOSHHUKHOBEHUS OMACHOCTHU JUIS
€r0 KU3HU U 3/I0POBbsI BCIICICTBHE HAPYIICHHS TPEOOBAaHUHN OXpaHbI TPY/A;

5) obecrnieueHre cpeaCTBAMH WHIAMBHIYyaIbHONW W KOJUIGKTHBHOM 3alllUTHI B
COOTBETCTBHUH C TPEOOBAHUSIMU OXpaHbI TPY/Ia 32 CYET CPEJICTB pabOTOAATEIS;

6) oOydueHune Oe30MacHBIM METOJaM M IMpHEMaM TpyAa 3a CUET CPEACTB

paboTonarers;
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7) IWYHOE YydYacTHe WM YydYacTHE uYepe3 CBOMX MpEACTaBUTENCH B
pPaccCMOTPEHHH BOIIPOCOB, CBS3aHHBIX C OOecreyeHHeM O€30MAaCHBIX YCIOBHIA
TpyJa Ha ero paboyeM MecTe, U B pacCiCAOBAaHUM MPOUCIICIUIETO C HUM
HECYaCTHOTO CTy4yasi Ha MPOU3BOICTBE WJIH NMPO(ECCUOHANTBHOTO 3a00IEBaHUS;

8) BHEOYEpETHON MEIUIIMHCKANH OCMOTP B COOTBETCTBHH C MCIUITUMHCKHUMHU
PEKOMEHJIALMAMU C COXPAaHEHUEM 332 HUM MeCTa paboThl (AOJKHOCTH) U CPEHETO
3apaboTKa BO BpEMs IPOXOKIAEHUS YKA3aHHOTO MEIULIMHCKOTO OCMOTDA;

9) rapaHTHH U KOMIICHCAIMH, YCTAHOBJICHHBIC B COOTBETCTBUHU C HACTOSIIMM
KoziekcoM, KOJIJIEKTUBHBIM JIOTOBOPOM, COTJIAIIEHUEM, JTOKATbHBIM HOPMATHUBHBIM
aKTOM, TPYJOBBIM JIOTOBOPOM, €CJIM OH 3aHSIT Ha padoTax C BPEAHBIMU U (WUJIN)
ONAaCHBIMU YCIIOBHSIMU TPYA.

Cormacao TpynoBomy koaekcy Poccuiickorn @Penepanu HOpMabHAS
MPOJIOJDKUTEILHOCTh Paboyero BpeMEHHM He MoKeT mpeBbimaTh 40 yacoB B
HeJeNo, padoTojarenb 00s3aH BECTU YYET BPEMEHHU, OTPAOOTAHHOIO KaXIbIM

paboTHUKOM [28].

4.1.2 OpraHu3anvoOHHbIe MEPONPUATHHA INPH KOMIIOHOBKe padoueil
30HBI HCCJIE0BATENS

PanvonanpHass mimaHupoBKa pabodyero Mecra MpeayCMaTpUBAET UYETKHM
MOPSIAOK U TOCTOSHCTBO  pa3MElIeHUsT MPEeIMETOB, CpeACTB Tpyda U
JOKyMeHTauu. To, 4Tro TpeOyeTcss il BBINOJHEHHS pPaboT dYaile IO0HKHO
pacrmoyiaraThCsi B 30HE JIETKOW JOCATA€MOCTH paboyero MpOCTPAHCTBA, Kak

n300pakeHo Ha pucyHke 10 [29].
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Pucynok 10 — 30HbI 1OCATAEMOCTH PYK B TOPH3OHTATIBHON TIOCKOCTH:
a - 30Ha MAaKCUMaJIbHOU TOCATAEMOCTH PYK;
0 - 30Ha JOCSAraeMOCTH NaIbIEB IPHU BBITAHYTOU PYyKE;
B - 30HA JIETKOH JI0CATAEMOCTH JIaJI0HU;
I - ONITUMAJIBLHOE IPOCTPAHCTBO JIIsl TPyOOH pydHON padoThI;

1 - ONTUMAIBHOE MPOCTPAHCTBO JJIsI TOHKOM PYYHOU pabOTBHI.

OnTuManpHOE pa3MeElIeHHe MPEeIMETOB Tpyda M JOKYMEHTallud B 30HAX
JOCSITAEMOCTH PYK:

1) nucruiei pa3MeniaeTcs B 30He «a» (B LEHTPE);

2) KJIaBHATypa - B 30HE «I» U «II»;

3) cucTeMHBIH OJIOK pa3MeniaeTcs B 30He «O» (cieBa);

4) npuHTEp HAXOIUTCS B 30HE «a» (CIipaBa);

5) nuTepatypa W JOKYMEHTAIMs, HCOOXOoAMMas Mpu pabOTe HAXOAMTCS B
30HE JIETKOW JTOCATAEMOCTH JIAJOHU — «BY (CJIEBa);

6) B BBIOBWKHBIX SIIMKaX CTOJIA - JIUTEpaTypa, HE HCIOJb3yeMas

ITIOCTOAHHO.

TpeboBanus K OCHaICHHIO paboyero Mecta npuBeaeHbI B Tadauie 16 [29].
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Tabmuma 16 —

TpeboBaHus

K OCHAaIICHUIO pa60qer0 MECTa,

MPEeIyCMaTPUBAIOIIETO ITUTEIbHYIO padoTy 3a [TK

Mupuna pabouero crona

Ot 80 mo 140 cm

Bricora pabouero cTomna

75 cMm

['myOGuna pabouero croia

Ot 60 o 80 cm

Paccrosinue ot a3 7o MOHUTOpPA Ot 50 o 60 cm
Paccrosiane kiaBHatrypel OT  Kpas
P P 0110 10 30 em
CTOJIa
JIOJDKHO  TTO3BOJIATH  PETYJIMPOBKY IO
BBICOTE, IIOBOPOTY H JIy HaKJIOHAa
Cuneunue ’ POty yry

CHUHKHA (PETyJUPOBKH JOJKHBI OBIThH
HE3aBUCUMBIMU JPYT OT APYyTa)

[IpocTpaHCTBO 1151 HOT

[upuna ot 30 cm, rmybuna — ot 40 cM, ¢
yIJIOM HakjioHa 10 20 rpaaycoB

MoHuTOp JOJDKEH pacrnojaraTeCsi Ha YPOBHE IJIa3

oreparopa Ha

pacctostaun  500-600 mM. Yronm HaOmOACHUS B TOPU3OHTAIBHOW IUIOCKOCTH

JOJDKEeH ObITh He Oosee 45 rpamycoB K HopMaiud dkpaHa. JlomkHa OBITH

BO3MOKHOCTh BBIOMpATh YPOBEHb KOHTPACTHOCTU U SPKOCTU H300paKEHUS Ha

sKpane [29].

Takxe O0mKHA MPEeayCMaTpPUBATHCS BO3MOXKHOCTh PETYJIMPOBKH JKpaHa

MonuTopa [29]:

1) mo BeIcOTE 13 CM;

2) HaKJIOH OTHOCHUTENBHO BepTHKan 10-20 rpaaycos;

3) B JIEBOM U IPAaBOM HAIPABICHUSX.

Knasuatypy noimkHa pacronaraTbCsi Ha HOBEPXHOCTH CTOJIa HA PACCTOSIHUU

100 — 300 MM oOT Kpasi, Ha YpPOBHE JOKTS OIeparopa C YIJIOM HaKJIOHA K

TOPU30HTAIBHON TIOoCcKOCTH 15°. KOHCTpyKIMs KiIaBUIIM AOKHA O00ECHeurBaTh
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OTIepaTopy OIIYIICHHE MmeTdKa. [[BeT KiraBui 10KeH KOHTPACTUPOBATH C IIBETOM
MaHEJH.

B cnywae ecnmu pabGoTa omeparopa MpeanoyiaracT  OJHOOOPa3HYIo
YMCTBEHHYIO pa0oTy, KoTopasi TpeOyeT 3HAUMTEIBbHOTO HEPBHOTO HAIMPSHKEHUS H
OOJNBIIOTO  COCPENOTOYEHHUS, TO  JIy4lle BCEro  BBIOMpAaTh  HEsAPKUE,
MaJIOKOHTPACTHBIC I[BETOBBIE OTTCHKH, KOTOpPBIC HE OCNal0IsA0T BHUMaHHUE. Eciu
pabora TpeOyeT OOJBIION yMCTBEHHOW M (DU3MYECKON HANPSDKEHHOCTH, TOTA
CIIelyeT HCIOJIb30BaTh Oo0Jiee TemIble OTTEHKH, KOTOphIE CIOCOOCTBYIO

MOBBIIICHUIO KOHIICHTpAallu¥ BHUMaHHUS [29].

4.2 IIpou3BoacTBeHHAsI 0€30IACHOCTH

4.2.1 AHaIu3 BpeIHbIX H ONACHBIX (PAKTOPOB

['pynnel NPOU3BOACTBEHHBIX YCIOBHMM, XapaKTEPU3YIOLIMECS HaIu4HeM
OTaCHBIX U BPEIHBINA (HaKTOPOB:

1) pusmueckue;

2) XUMHUYECKHUE;

3) ncuxo(U3HOIOTUIECCKHE;

4) GUONOTHYECKHE.

OmnacHble 1 BpeHble (DaKTOPbI, BO3AECUCTBYIOIINE Ha MEPCOHAN MpH padoTe

c IT9BM npuBenens! B Tadmuie 17.
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Tabnuma 17 — Bo3aMoskHbIe onacHbIe U BpeaHbIe (haKTOPbI

daxTopbl HopmaTuBHBIE TOKYMEHTBI

CanlluH 2.2.4.548-96. 'urueanueckue

1. OTkII0HEHME TTIOKA3aTEIEH
TpeOOBaHMS K MUKPOKIIUMATY MPOU3BOICTBEHHBIX

MHUKpPOKJIIMATa .
P nomerieHui [30]

2. IloBBIlIEHHBIN YPOBEHb ['OCT 12.1.006-84 CCBT. DnekTpoMarHuTHbIE
AIEKTPOMATHUTHOTO noJist paguoyactoT. O0ume TpedoBaHus
U3ITyYeHUS 0ezonacuocth [31]

CaulluH 2.2.1/2.1.1.1278-03. 'uruenunueckue

3. HenocraTtouHas
. TpeOOBaHMS K €CTECTBEHHOMY, HCKYCCTBEHHOMY U
OCBEIIEHHOCTh padoUeii B

COBMENIEHHOMY OCBEIICHUIO KUJIBIX U
30HBI

00I1IeCTBEHHBIX 31aHui [32]

CH 2.2.4/2.1.8.562-96. lllym Ha pabo4nx MecTax,

4. IIpeBblieHue ypoBHS .
B IIOMEILEHUSX KUJIbIX, OOLIECTBEHHBIX 3/1aHUN U

nryma Ha TEPPUTOPHUH 3aCTPOUKH [33]

CanlluH 1.2.3685-21. I'uruennueckue

5. Ilcuxodusnonornyeckue | HOPMATUBBI U TPEOOBAHUS K 00ECTIEUEHUIO
(dhakTopbI 0e301acHOCTH U (W) OC3BPETHOCTH JIJIs
yesioBeka (hakToOpoB cpeibl oouTanus [34]

I'OCT 12.1.038-82 CCBT. DnexTpo6e3011acHOCTb.

6. [TopaxeHnue .
[IpenenbHO AOMYCTUMBIC YPOBHH HAMPSHKEHUN

AIEKTPUIECKUM TOKOM
MIPUKOCHOBEHUA U TOKOB [35]

'OCT 12.1.044-2018 CCBT
7. IToskapoB3pbIBOONIACHOCTH | [105kapOB3phIBOONACHOCTH BEILIECTB U MATEPUATIOB

[36]

K ncuxosnorndecku BpeHbIM (hakTopaM, BO3JCHCTBYIOIIUM Ha IEpPCOHAI,
oTHocsTCs [34]:

1) HEpBHO - SMOIMOHAIIBLHBIC MTEPETPY3KH;

2) YMCTBCHHOC HAIPSDKEHHE;

3) dpusuveckue neperpysKu.

Buonoruyeckne W XUMHYECKHE BPEIHbIC MPOU3BOJCTBEHHBIC (AKTOPHI

OTCYTCTBYIOT.
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4.2.2 OO0ocHOBaHHMe MepPONPHUATHH IO 3alIUTEe HCCJIeI0BATENS OT
AefCTBUSA BPEAHBIX U ONMACHBIX (PAKTOPOB

B cooTBeTcTBMHM C OCHOBHBIMH TPEOOBAHUSIMH K TIOMEIICHUSM IS
skcrutyatan [I9BM oHM JTOMKHBI HMMETh €CTECTBEHHOE M HUCKYCCTBEHHOE
ocsenienue. [liomans Ha ogHO pabouee mecTo mosb3oBarene [I9BM nomkHa

COCTaBIIATH He MeHee 6 M? [29].

4.2.3 MUKpOKJIUMAT

Bo3nyx paboueil 30HBI (MHKPOKIMMAT) MPOU3BOJCTBEHHBIX MOMEIICHUN
OMPENIEIAIOT CICAYIONINE MapaMeTphl: TEMIIEpaTypa, OTHOCUTENIbHAS BJIAKHOCTD,
CKOPOCTb  JBWXEHHS Bo3Ayxa. OnNTUMalbHblE 3HAYEHUS  XapaKTEPUCTHK
MUKPOKJIMMAaTa yCTaHABJIMBAIOTCS B COOTBETCTBHM C HOPMaMM U TPUBEICHBI B
Tabnuie 18.

Tabnuua 18 — OnTumManbHbIEe TapaMeTpbl MUKPOKIIMMATa

CxopocTtb
o OtHocuTenbHas
Ilepuon roga Temneparypa, °C o JIBUKECHUS
BJIQYKHOCTB, %
BO3/yXa, M/C

XOMOMHbIH 23-25 40-60 01

MIEPEXOTHBIN

Temnbrit 22-24 40 0,1

OTKJIOHEHWE TIOKa3aTeJied MUKPOKJIMMATa OT HOPMBI MOXKET MPHBOIUTH K
BO3HUKHOBCHHUIO OOIIMX W JIOKAJIBHBIX OIMYIIEHWH TEIJIOBOrO JuckoMpopra,
HANPSOKEHUI0 MEXaHHU3MOB TEPMOPETY/ISIUH, YXYANICHUIO CaMOYYBCTBHS U
MOHIKEHHUIO PA0OTOCTIOCOOHOCTH.

Jlns  oOecriedeHHWs]  YCTAaHOBJICHHBIX ~ HOPM  MHKPOKIMMATHUECKHX
IapaMeTpPOB M YMCTOTHI BO3IyXa Ha padOYMX MECTaX U B MOMEIICHUSAX MPUMEHSIOT
BeHTWISIIAIO. OOIICOOMEHHAss BEHTWISIIMSI HCIIOJIB3YETCS JIJIi OOeCIeueHUs B

INOMCHICHUAX  COOTBCTCTBYIOLICTO  MHKPOKJIHMMATA. HepI/IOI[I/I‘leCKI/I JOJIZKCH
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BECTUCH KOHTPOJIb BIAXXHOCTBIO BO3AyXa. B JIeTHEE BpeMs PU BBICOKOW YJIMYHOU
TeMIIepaType JOJKHBI UCIIOIb30BaThCS CUCTEMbl KOHAUIMOHUPOBaHus [37].
BeHTWISAIMS MOXKET OCYHIECTBIATHCS €CTECTBEHHBIM M MEXaHWYECKHUM
nyréM. OnTumanbHash KpPaTHOCTh BO3JyXOOOMEHa B  IPOHU3BOACTBEHHBIX
IIOMEIIECHMUAX HAaXOIUTCS B JTOCTATOYHO MIMPOKUX mpexaenax: ot 3 1o 40 pa3 B yac
[38]. B ucnionp3yeMoi ayJuTOpHUN YCTaHOBJIEHA CUCTEMA BBITS)KHON BEHTWIISALIMM,
obOnamaroras peBepcHO (QyHKImen (3a60p armMochepHOTO BO3AyXa WM BHEIOPOC

Bo3nyxa wu3 nomemenus), mapku CATA F-2050 npou3BOAUTENTEHOCTHIO
Q=380 m’/uac. CATA F-2050 obecrneunBaeT LMPKYIAIMIO BO3AYXa B

aynutopud. JlJisi ayquTOpUM C JIUHHOM 7 M, mupuHO#l 4,8 M U BbICOTOH 3,5 M
paccuuTaeM o0beM MoMeIIeHus o hopmylie:
V=a-b-h, (22)

rie a — IUPUHA AyJUTOPUH;

b — nnwHa ayauropuu;

h — BbICOTa ayAUTOPHUH.

V=7-48-35=117,6 »°.
JlaHHast cucTeMa BBITSDKHOM BEHTWISIIIMKM OOeCTieurBaeT CIEAYIONIYIO

KpaTHOCTh Bo3ayxooomeHa (BO) B aynuropuu:

_Q
BO=%, (23)

I[ToMruMO cHCTEMBI BBITSKHOM BEHTWISALMM B ayJAUTOPUU HAXOAUTCS
CHUCTEeMa JIOKAJIbHOM BBITSKKH, TIpeAHA3HAUYCHHAs Ui YJaJICHUS BPEIHBIX
ra3000pa3HbIX BEIIECTB U3 XMMUYECKOro OOKca.

Takum 00pa3oM yCTaHOBJEHO, YTO MHKPOKIMMAT B HCIOJIb3yeMOM
aynutopund Ne 316 yuebnoro kopryca Ne 10 TIIY cooTBeTCTByeT HOpMATHBHBIM

ycioBusiM [38] mist AUTeNpHOM paboThI IEpCcoHAaA.
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4.2.4 IloBbILLICHHBIH YPOBEHb 3JIEKTPOMATHUTHOI0 M3JIy4eHHS

Okpan u cucremHbie Omoku [I9BM mnpousBOmAT 3JIEKTPOMArHUTHOE
nznyyeHue. OCHOBHasi €ro 4acTb HPOUCXOJUT OT CHCTEMHOro OJioka u
BUJIe0Ka0enss. HanpsskeHHOCTh 3JEKTPOMArHUTHOTO TOJIA Ha paccTostHUM 50 cm
BOKPYI' JKpaHa II0 DJIEKTPUYECKOM COCTABILIIOLICH JOJDKHA COOTBETCTBOBATH
tabmnurte 19.

[ToBbIIIEHHBI YPOBEHBb 3JEKTPOMArHUTHOIO M3JIYyYEHUS MOKET HEraTHBHO
BIUATh HAa OPraHU3M 4YEJIOBEKa: IPUBOJUTH K HEPBHBIM PACCTPOMCTBA;
HapyLIEHUIO CHA; 3HAYUTEIbHOMY YXYAIICHHIO 3pUTEIBHOM AKTUBHOCTH;
OCJIa0JICHUI0O HMMMYHHOH CHCTEMBI; PAacCTpPOMCTBAM  CEpPJECYHO-COCYAUCTON
cuctemsl [31].

Tabmuua 19 — JlonmycTumble ypOBHH MAPAMETPOB 3JIEKTPOMArHUTHOTO OIS

Benuunna nomyctumMoro
HaumMeHnoBaHue napameTpoB
YPOBHS
Jlnama3oH 4acToT
HanpskeHHOCTD 5T — 2kl 25 B/m
AJIEKTPOMArHUuTHOTO
Hana3oH 4acToT
110JI4 A 2,5 B/m
2 k['u — 400 xI'g
Hana3oH 9acToOT
A 250 HTn
[1TOTHOCTB STm—2xln
MarHuTHOTO IIOTOKAa
Hana3oH 9acToT
A 25uTn
2 k[’ —400 xI'11

Jnst 3amutel ot OMIT yBenuuMBaroT paccTOsSTHUE OT MCTOYHHKA (dKpaH
JOJDKEH HAXOJUTCS Ha pacCTOSSHUU He MeHee 50 ¢cM OT MOJIb30BaTeNs).
Takum oOpa3zoMm, ycTaHOBiIeHO, uyTo B ayautopun Ne 316 ypoBeHb

AJIEKTPOMArHUTHOIO U3IYYEHUSI COOTBETCTBYET CAHUTAPHBIM HOpMaM [31].
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4.2.5 HepocraroyHasi 0OCBELICHHOCTH padodeid 30HbI

YTOMIISIEMOCTh OPTaHOB 3PEHUS MOXKET OBITh CBsI3aHA KaK C HEIOCTATOYHOM
OCBEIIEHHOCThIO, TaK U C YPE3MEPHON OCBEIICHHOCTHIO JTUOO C HEMpPaBUILHBIM
HaIpaBJICHUEM CBETA.

[To HopMmatmBaMm [32] OCBEHIEHHOCTh Ha TOBEPXHOCTU CTOJAa B 30HE
pa3mernienuss pabouero jgokymeHTta nompkHa ObITh 300-500 nk. OcBereHue He
JIOJKHO CO3/aBaTh OJIMKOB Ha MOBEPXHOCTH dKpaHa. OCBEIIEHHOCTh MOBEPXHOCTH
9KpaHa He J1obkHa ObITh 60s1ee 300 K.

SApKOCTb CBETHJIBHMKOB OOIIIETO OCBEIICHUS B 30HE YIi0B U3ydeHus: ot 50
a0 90° ¢ BepTUKaIbI0 B MPOJOJIBHOW M TMONEPEYHOM IUIOCKOCTAX JAOJDKHA
coctaBysTh He Oosee 200 Ka/M, 3alUTHBIA YroJl CBETUIILHUKOB JIOJDKEH OBITh HE
menee 40°. Koadduument 3amaca (K3) m1si 0oCBETUTENBHBIX YCTaHOBOK OOIIETO
OCBEIICHMS JOJDKEH MpUHUMAaTbes paBHbIM 1,4, KoadduimeHt mynbcanuu He
JIOJKEH MpeBbIIaTh 5 %o.

HckyccTBeHHOE OCBENIEHHE B MOMENIEHUSIX s dkcmuryaranuu [[9BM
JOJKHO OCYIIECTBIISITHCS CUCTEMOM OOIIET0 paBHOMEPHOTO OCBEIICHHUS.

B npou3BoACTBEHHBIX U aJIMUHUCTPATUBHO-OOIIIECTBEHHBIX MOMEIICHUSX, B
CllydasiXx MPEUMYIIECTBEHHOM paboThl ¢ JOKYMEHTaMH, CJIeAyeT MPUMEHSTh
CUCTEMBL:

1) KOMOMHMPOBAHHOTO OCBEIIECHUS (K OOIIEMY OCBEIIEHHUIO JOMOTHUTEIBHO
YCTaHABJIMBAIOTCS CBETHIIbHUKH,

2) MECTHOTO OCBCIICHMs, TMpeIHAa3HAYCHHbIC JUISI OCBEIICHUS 30HbI
pacrosoxXeHus: JOKyMeHTOB) [32].

[Lnomaae nomMeneHus:

S=a-b, (24)
rae A — qiuHa, M; B — mmpuna, M.
S=7-48=336M,
Koadduiment otpaxeHus cBekenoOEJIeHHBIX CTEH ¢ OKHaMH, 0€3 MITOp

0. =50 %, cBexenobenenHoro noronka p, =70 %. Kos>ddunuenr s3amaca,
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VUUTBHIBAIOIIMI  3arps3HEHHUE CBETWIbHUKA, JJI1 TOMENIEHUH C  MajbiM
BpIZICTICHMEM TbuM paBeH K, =15. KosdduuuenT HEpaBHOMEPHOCTH I
CBeTOAMOHEIX JeHT Z = 1,1.

Bricota cBeTuibHMKa Haj pabodeil MOBEPXHOCTHIO OMpENEsieTcss IO
dbopmye:

h=h, —h,, (25)

rae h, — BbIcOTa CBETHIBHHKA HaJ [OJIOM, BBICOTA IOABeCa, h, - BeIcOTa paboueid
IIOBEPXHOCTH HA/l I1OJIOM.

Bricota cBeTunpbHUKA HaJ paboueil MOBEPXHOCTHIO OMpPEACIseTcs Mo
dbopmyse:

h=h,—h =35-0,73=2,77 m.

KonnuecTBO CBETUIILHUKOB OMIPEACIISIETCS 110 CeAyIoliei hopmyiie:

_E-S-K,
ipn

N (26)

rie Ex = 300 nx — MMHMMAaIbHAasT HOPMHPOBAaHHAs OCBEIICHHOCTh; K3 = 1,5 —
Kod(phULIMEHT 3amaca, yYUTHIBAIOIIMM 3arps3HEHUE CBETWIbHUKA, HAJUYUE B
armocdepe nmeimMa, meut; | = 0,49 — ko3 dunmeHT MCHONB30BaHUS CBETOBOTO
MOTOKA; N = 4 — KOIMYECTBO JaMIl B cBeTWIIbHHKE; ¢ = 1080 JIM — cBETOBOM MOTOK
OJTHOM JIaMIIbI.

_E-S-K, 300-33,6-15

N _ _
i-o-n  0,49-1080-4

, 2 IIT.

Bo wu3bexxaHne HEIOCTAaTOYHOTO OCBEIICHHUS pabouero MpPOCTPaHCTBA
pacueTHOE KOJIMYECTBO CBETHJIBHUKOB OKPYTJSETCS JO IEJIOTO B OOJIBIIYIO
cTtopoHy. Takum 006pa3zom, HEOOXOAMMOE KOJIMUECTBO CBETHJIBHHUKOB B ayAUTOPHH
No 316 paBHsieTCS BOCBMH.

Ha pucynke 11 nzo6pakeH jiaH NOMEIICHUS U pa3MeEIeHUsI CBETUIILHUKOB

C JIIOMUHECIIEHTHBIMH JiamrnamMu B ayautopuu Ne 316 yduebnoro kopmyca Ne 10

TITY.
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4.8 m

M

0,8 m

7 M

0,68 m

0,72 m

Pucynoxk 11 — Ilnan nomMenieHus: U pa3MerieHus: CBEeTUILHUKOB CO
CBETOJMOAHBIMU JICHTaMU
PacuetHoe KoMMUYeCTBO CBETWJIBHUKOB B ayauTopurt Ne 316 yuyeOGHOTrO
kopnyca Ne 10 TIIY — 8 mtyk, a daktudyecku ycraHoBieHsl 12 mryk. Takum

06pa30M, OCBCIICHHOCTb MMOMCHICHHA COOTBCTCTBYCT HOPMAaM.

4.2.6 IlpeBbllieHUE YPOBHS IIyMa

[Iym sBisiercss oOmeOuomornueckuM pazapaxurene. [llym oxasbiBaeT
BJIMSIHAE HA CIIyXOBOW aHalu3aTop, JEHCTBYET HA CTPYKTYpPbI T'OJOBHOIO MO3ra,
BbI3bIBAsl CIBUTH B Pa3iUYHbIX (YHKIMOHAJIBHBIX cHUcTeMax opraHuzma. Lllym
MOKET Cc031aBaThbCs paboTaromum 000pyI0BaHUEM, YCTaHOBKaMHU
KOHJAMIIMOHUPOBAHUS BO3/yXa, OCBETUTEIbHBIMU MPUOOpPaMH THEBHOTO CBETa, a
TaK)xe MpoHUKaTh u3BHe. [Ipu BbimonHenun padotel Ha [IDBM ypoBensb myma Ha
pabouem mMecTe He ToJKeH npesbimarh 50 1bA.

Brigenstor cneayroniie HeOIaronpusTHbIE BO3IEUCTBUS ITyMa HAa OpPTraHU3M

YCIOBCK: CHHXXCHUC p8.360p‘{I/IBOCTI/I pe€un; HCEIPHATHBIC OIIYIICHHUSA, PA3BHUTHC
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YTOMJICHUS, CHWKEHUE TPOU3BOJIUTEILHOCTH TPYJa; TOSBICHHE ITyMOBOU
MATOJIOTHH.

B Ttabmume 20 mpuBeAcHBI HOPMBI YPOBHS ITyMa IPH Pa3IMYHBIX BUIAX
pabort [33].

Ta6muma 20 — HopmaTuBbl ypoBHS IITyMa IIPH pa3IndHbIX BUAaX padOT

MakcuMalibHO TIONyCTUMBIN ypoBeHb Iyma (1bA), B
nojocax cieayromux okras (I'm)

Hayunas palora,
pacyerTsl, 86| 71| 61| 54| 49| 45| 42| 40| 38| 50
KOHCTPYHPOBaHUE

Oduckl,

93| 79| 70| 68| 58| 55| 52| 52| 49| 60
nabopaTopuu

VYpoBenb myma B aynuropuu Ne 316 kopmyca Ne 10 TIIY He npesbimiaer

50 nba.

4.2.7 llcuxodusuonoruyeckue GpaKkTopsbl

[Icuxodusnonornueckue omacHble ¥ BPEAHBIC  IMPOU3BOACTBEHHBIC
dbakTopbl, AendaTcs Ha (U3HUYCCKHE MEepPerpy3kH (CTaTHYEeCKUE, JUHAMHYECKUEC) U
HEPBHO-TICUXUYECKHUE TIeperpy3Kku (yMCTBEHHOE MEpeHaIpsiKeHHe, MOHOTOHHOCTD
TpyAa, SMOLIMOHAIBHBIC EPETPY3KH).

TpynoBast nesITENbHOCT, PAaOOTHUKOB  HEMPOU3BOJICTBEHHOM  cephl
OTHOCHUTCSI K KaTeropuu paldoT, CBA3AHHBIX C UCIIOJIb30BaHUEM OOJIBIIUX 00BEMOB
nH(popMaruu, ¢ MPUMEHEHUEM KOMITBIOTEPU3HUPOBAHHBIX pa00YHMX MECT, C YaCThIM
NPUHATHEM OTBETCTBEHHBIX pEIICHUNW B YCIOBUSAX Jeduiurta BpeMEHH,
HETOCPEJACTBEHHBIM KOHTAKTOM C JIIOJIbMHU pPa3HBIX THUIIOB TEMIIEpaMEHTa. JTO
0OyCJIOBITMBAE€T BBICOKHI YpOBEHb HEPBHO-TICUXUYECKOW MEPErpy3KH, CHUKAET
(GYHKIIMOHATBHBIX Ha aKTUBHOCTH IEHTPAJIbHONW HEPBHOW CHCTEMBI, MPUBOJUT K
paccTpoiicTBaM B €€ JESITEIbHOCTH, PAa3BUTHUS YTOMIICHHS, MEPEYTOMIICHUS,
CTpeccy.

79




HaunbGonee »sddexkTuBHBIE CpeacTBa MPEIYyNPEKACHUS YTOMICHHUS TIPH
paboTe Ha MPOU3BOJICTBE — ATO CPEACTBA, HOPMAIU3YIOLIUE aKTUBHYIO TPYIOBYIO
JesATeIbHOCTh uenoBeka. Ha (hoHe HOpManibHOTO MPOTEKaHUs MPOU3BOICTBEHHBIX
MPOIIECCOB OJHUM W3 BAXHBIX (DU3UOJIOTHUECKHX MEPOIPHUSATUN MPOTHB
YTOMJICHUS ABJISICTCS MPABWIBHBINA PEKUM TPyJla U OTAbIXa [34].

B cBsi3u ¢ coOnrofieHre caHUTapHbBIX MPABIII YTOMIIEHHE B Mpolecce paboThl

B aynutopuu Ne 316 kopmyca Ne 10 cBeneHo kK MUHUMYMY [34].

4.2.8 IlopaxxeHue JIEKTPHYECKHUM TOKOM

Pabouee momenieHue MO OMACHOCTH MOPAXKEHUS AIIEKTPUUECKUM TOKOM
MOKHO OTHECTH KO 1 Kilaccy, T.e. 3TO IOMelleHHe 0€3 MOBBILIEHHONW ONacHOCTH
U3-32 BO3MOXXHOCTH OJHOBPEMEHHOI'O MPUKOCHOBEHUS YEJIOBEKAa K HMEIOLIUM
COCIMHEHHE C 3€MJIel METAUIOKOHCTPYKLIHMSM 3JaHUH, TEXHOJIOIMYECKUM
anmaparaMm, MEXaHU3MaM H T.II., C OJHOW CTOPOHBI, U K METAJUIMYECKUM KOPITycam
aIeKTpooOOpyIoBaHUs — ¢ Apyroi [35].

CymiecTByeT 0OITaCHOCTh 3JIEKTPONOPAKEHUS B CAEAYIOIIMX CIydasx:

1) mpu HEMOCpEeACTBEHHOM IMPHKOCHOBCHUM K TOKOBEIYIIMM YacTsIM BO
BpEMsI PEMOHTA;

2) TpH TPUKOCHOBEHWH K HETOKOBEIYIIMM YAaCTSIM, OKAa3aBIIMMCS II0]I
HaIpsHKEHUEM (B Cllydyae HapyIICHHs U30JIALMY TOKOBEIYIIMX YacTeil);

3) 1Upu TPUKOCHOBEHUH C TIOJIOM, CTEHAMH, OKAa3aBIIMMHUCS TIO]
HaIpsHKEHUEM;

4) mpu KOPOTKOM 3aMbIKaHUHU B BHICOKOBOJIBTHBIX OJIOKaX: OJIOKE TTUTAHUS U
0JI0Ke TUCTIIICHHON pa3BEPTKH.

CreneHb OMACHOTO BO3JCHCTBUS DJEKTPUYECKOIO TOKA Ha OpraHu3M
YEJIOBEKA 3aBUCHT OT:

1) pona v BeJIMYMHBI HANIPSDKCHUS M TOKA,

2) Y4aCTOTHI DJIEKTPUYECKOTO TOKA;

3) MyTH MPOXOXKIACHUS TOKA Yepe3 TeJI0 YeJI0BEKa;

4) MMPOAOJIZKUTCIIbBHOCTH BO3JCHCTBUS Ha OpraHu3M 4YCJIOBCKA,
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5) ycioBuii BHEITHEH CPEIbL.

DNeKTpuYecKuid  TOK  OKa3plBaeT  HAa  YEJIOBEKa  TEPMHYECKOE,
AJIEKTPOJIUTUUECKOE, MEXAaHUYECKOE U OMOJIOTMYECKOEe BO3AECHCTBHE.

Tepmuyeckoe BO3JAEMCTBHE TOKA IMPOSBIIETCS B OKOrax, Harpese
KPOBEHOCHBIX COCYJIOB U JIPYI'MX OPraHOB, B PE3yJIbTaTE YETO B HUX BO3HHMKAIOT
(YHKIIMOHAJIbHBIE PACCTPONCTBA.

DNEKTPOIIUTUYECKOE JEHUCTBUE TOKA XapaKTEPU3YETCs PA3I0KEHUEM KPOBU
U JpYrMX OpraHMYecKUX >KMJIKOCTEH, 4TO BbI3BIBAET HApYyLIECHUS UX (U3HKO-
XUMHUYECKOTO COCTABA.

MexaHuueckoe AeMCTBUE TOKa NPOSABISIETCS B MOBPEXICHUSX (pa3phiBe,
paccioeHMM M Jp.) pa3IMYHbIX TKaHEW oOpraHu3mMa B  pe3yjbTare
AIEKTPOJUHAMUYECKOTO 3 (PeKTa.

buonornyeckoe A€CTBUE TOKAa HA XKMBYK) TKAaHb BBIPAXKAETCS B OMACHOM
BO30YXKIEHUM  KJIETOK W  TKaHeW  OpraHmM3ma,  COIPOBOXAAIOIIEMCS
HEIMPOU3BOJIbHBIMU CYJIOPOKHBIMU COKpAILLEHUIMHU MbII. B pe3ynbTate Takoro
BO30YXKICHHMSI MOXET BO3HMKHYTh HapylIeHHE U Jake MOJIHOE IpeKpalleHue
NEeSATEIbHOCTH OPTaHOB JbIXaHUS U KPOBOOOpAIICHHUS.

OCHOBHBIMH MEPOIPHUATUSAMHU 10 3aLIUTE OT MOPAKEHUS DIEKTPUYECKUM
TOKOM SIBJISIFOTCSI:

o0ecreyeHrne HEeJOCTYITHOCTH TOKOBEIYIIHUX YacTEH MyTeM HCIOJIb30BaHUS
U30JISILMU B KOPITycax 000py0BaHMs;

OpUMEHEHUE  CPEACTB  KOJUIEKTUBHOM  3alIUThl  OT  TOpPaXXEHUs
AIEKTPUUECKUM TOKOM;

MCIIOJIb30BAaHUE 3AILUTHOIO 3a3€MJICHHS, 3alMTHOIO 3aHYJICHHS, 3a[UTHOTO
oTKroueHus [35];

MCIIOJIb30BAaHUE YCTPOUCTB OecriepeO0itHOTrO MU TaHUS.

TexHnuyeckue cnocoObl U CpeICTBA MPUMEHSIOT Pa3eIbHO WK B COUCTAaHUU
JpYyT ¢ APYrOM TaK, YTOOBI 0OecreynBanach ONTUMAIbHAS 3alUTA.

OpraHu3alMOHHBIMU MEPONPUATUSAMU TIO 3JIEKTPOOE30MaCHOCTU SBISIOTCS

NEPpUOIUYCCKHNEC KW BHCIUIAHOBBIC HHCTPYKTAXKH. HepI/IO,Z[I/I‘{eCKI/Iﬁ HHCTPYKTAX
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IPOBOJUTCS BCEMY HEINEKTPOTEXHUUYECKOMY IEPCOHANY, BBINOJIHSIOIEMY
cleAylomye padoThl: BKJIIOUYEHHE M OTKIIOYEHHME 3IIEKTPOIpHUOOpoB, yOopka
NOMEIIEHUI BOJIM3U 3JEKTPOLIUTOB, PO3ETOK M BbIKIHOYaTened u T. 1. Bechb
HEAJIEKTPOTEXHUUYECKUI TEpPCOHANl JOJDKEH OBbITh aTTECTOBAaH Ha IMEPBYIO
KBAIM(UKALIMOHHYIO Tpynmy 1o  3yekrpoOe3onacHoctu. llepuonnueckuit
WHCTPYKTaX MPOBOIUTCS HE MEHEEe OJHOTO pasa B rox [35].

BHennaHOBBI MHCTPYKTaXX IPOBOAUTCSA PYKOBOIAUTEIEM IOAPA3ACICHUS
IIPU BBEJIEHUU B HKCIUTyaTallMI0 HOBOI'O TEXHUYECKOTO 3JIEKTPOOOOPY10BAHUSI.

Aynutopus Ne 316 xopmyca Ne 10 TIIY oTHocuTcs K TepBOMY Kiaccy

«ToMeIeHus 0e3 MOBBIIICHHOM omacHOCTH» [35].

4.2.9 IloxkapHas u B3pbIBHAsA 0€3011aCHOCTD

OCHOBHBIMU TPUYMHAMHU BO3TOpPaHUN B ayJAUTOPUU MOXKET CIYXHUTh
HEUCTPAaBHOCTh  3JIEKTPOOOOPYAOBaHUS, HANpUMEpP, KOPOTKOE 3aMbIKaHUE,
HECOOIOJICHUEe  TpaBWwI  MOXapHOW  O€30MacHOCTH, HaJW4YUe  TOPIOYUX
KOMIIOHEHTOB.

[Tpodunaktuyeckne MepONPHUATHS TO3BOJAT H30€kKaTh BO3HWKHOBEHHE
NOKapoomnacHbIX cuTyaluii. K HHMM OTHOCST OCYIIECTBJIEHUE BU3YalbHOI'O
OCMOTpa dJIEKTPOOOOPYJOBaHUS, YyCTpaHEeHHWE JAePEKTOB U 3aMEHY CTapbix
KOMITBIOTEPHBIX TIPOBOJIOB HOBBIMH, IPOBEPKY CpadaThIBaHUS ABYX ITaTYMKOB
MO’KapHOM CUTHAIIM3AIINH, MPABWIILHYIO AKCILTyaTaIiuio 000py10BaHUS.

Bo3MoskHbIe ipu4KHbI Bo3ropanus [36]:

1) paGoTa ¢ OTKPBITON IIEKTpOANapaTypoii;

2) KOPOTKHE 3aMbIKaHUs B OJIOKE MMUTAHUS,

3) HecoOI0/IeHHE MPAaBUI MOKAPHOU 0€30MacHOCTH;

4) Hanu4Ke roproYUX KOMIIOHEHTOB.

Haubosnee onacHbIM ¢ TOYKM 3pEHUS MOXKAPHOM 0€30MacHOCTH BEIIECTBOM,

IIPUMCHSICMBIM B pa60Te, ABJIACTCA OTaHOJI.
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Bce pabGoTel ¢ 3TaHOIOM [JOMKHBI TPOBOAWTHCS C HCIOIH30BAHUEM
MPUTOYHO-BBITSDKHONW ~ BEHTWJISIIIMA  BAAJIM OT OTHI W HWCTOYHHKOB
UCKPOOOpa30BaHUSI.

[Ipu otbGope mnpoO, HpOBEACHUHM aHalIM3a W OOpalleHHd B TMIPOIECCe
TPAHCIIOPTHBIX ¥ TPOW3BOJCTBEHHBIX OIEpaIiii C 3TAHOJIOM TMPUMEHSIOTCS
WHIMBHUIYAJIbHBIC CPEJICTBA 3aIMTHI 110 HOPMaM BBIJIAYM CIEIIUAIBHON OJCKIIbI,
crenuanbHO OOyBM ¥ JPYTHX CPEICTB  3alllUTHI, YTBEPKICHHBIM B
YCTaHOBJICHHOM TOPSIJIKE.

JIJIst TyIeHus TOPSAIIETO dTaHOJIa TIPUMEHSIIOT MOPOIIKOBBIC OTHETYITUTEH,
CpelncTBa OOBEMHOTO TYyIIEHUS (MUHUMAbHAs OTHETYIIAIlas KOHICHTPALIHS:
yraekucioro raza — 29% (mo oOwsemy), azora — 43% (nmo o0bemy),
nuopomteTpadTopaTana — 2,1% (mo oObemy), Mecok, acOecToBOE OJesyIo U
neny [36].

Mepomnpusatus 10  MOXapHOW  NpodUIaKTUKE  pa3ACNAIOTCS  Ha:
OpraHH3alMOHHBIC, TCXHUYCCKUE, IKCILTyaTallHOHHBIC U pexXUMHBIC [36].

OpraHuzaiuoHHBICE ~ MEPOMNPUATHS ~ MPEIyCMATPUBAIOT  MPABUIBHYIO
DKCIUTyaTauio 000pyAOBaHUS, MPABIWIBHOE COJIEpXKaHUE 3JaHUN M TEPPUTOPHUH,
MPOTUBOIIOKAPHBIA ~ WHCTPYKTAX  pabouyumx M CHOyXKalux, oOydeHue
MPOU3BOJICTBEHHOTO TE€pCOHANA TMpaBUjaM TMPOTHUBOMOXKAPHONW OE30MacHOCTH,
W3JJaHUe UHCTPYKIINH, IJIAKaTOB, HAJTMYKE IUIaHa dBaKyanuu [36].

K TEXHUYECKUM MEPOTIPUATUSIM OTHOCSATCS: coOroeHne
MIPOTHUBOIIOKAPHBIX TTPaBUJI, HOPM TP MTPOCKTUPOBAHHUH 3/IaHUMN, TP YCTPOUCTBE
AJIEKTPOIIPOBOJIOB M OOOPYIOBaHUS, OTOIUICHHS, BEHTHJISAIUU, OCBECIICHUS,
npaBUIbHOE pas3MelieHne ooopynosanus [36].

K pexuMHBIM  MEPONPHUATHSM  OTHOCSTCS, YCTAHOBJICHHUE TIPABHUII
opranuzanuu  paboT, ©  COONIOACHHWE  MPOTHUBOMOXKApHBIX  Mmep. [l
MPEAyNPEXKICHUS BOZHUKHOBEHUS MOXkapa OT KOPOTKUX 3aMBIKAaHUH, TIEPETPy30K
HE00X0UMO COOJIIOICHHE CICAYIONIUX MTPaBHII MOKapHOU Oe3omacHocTH [36]:

1) wuckmoueHue  oOpa3oBaHHMsl  TOproueld  cpeabl  (TepMeTH3aIus

000py0BaHUs, KOHTPOJIb BO3AYIIHOMN Cpe/ibl, paboyasi U aBapuiiHasi BEHTUJISLINA);
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2) mpaBWIbHasg OJKCIUTyaTanusi oOOpynoBaHUs (MPaBUIBLHOE BKIIIOUEHUE
o0OpylOBaHUSI B CETh DJJEKTPUYECKOTO TMHTaHUSA, KOHTPOJb Harpesa
o0opy10BaHUS );

3) npaBWIBHOE COAEpkKAHUE 3HaHUN U TEPPUTOPHM (MCKIIFOUEHHE
oOpa30BaHUs HMCTOYHHMKA BOCIUIAMEHEHHUS - MPEIyNpPEeKICHUE CaMOBO3TOpaHUs
BEIIECTB, OTPAHUYCHUE OTHEBBIX PadoT);

4) oOydeHue MPOU3BOJACTBEHHOTO MEpPCOHANa MpaBUaM MPOTUBOIOKAPHOU
0e3011aCHOCTH;

5) u3aHve MHCTPYKIMH, MJIaKaTOB, HAJIMYKE MJIaHA IBaKyalllH;

6) coOmro/ileHne MPOTHUBOIOKAPHBIX IMPABUJI, HOPM IpPH MPOEKTUPOBAHUU
30aHUM, MpPU YCTPOMCTBE AJIEKTPONPOBOJOB M O0OOPYAOBaHHUSA, OTOIUICHUS,
BEHTWJISILIUU, OCBEIICHMUS;

7) npaBWJIbHOE pa3MelIeHHE 000pYJ0BaHMS;

8) CBOEBPEMEHHBIM NPOPUIAKTUUECKUA OCMOTpP, PEMOHT U HCIBITAHUE
0o0opy10BaHUS.

[Ipy BO3HUMKHOBEHMHM TIOKapa COOOLIUTh PYKOBOJUTENO, OpraHam
MPOTHUBOIOKAPHOM O€30MacHOCTH MPEANPUATHS W NPUCTYNUTh K TYIICHUIO
N10’Kapa OTHETYIIUTEIIEM.

[Tpu BO3HUKHOBEHUH aBapUTHOMN CUTyaluu Heooxoaumo [36]:

1) cooOmMTE PYKOBOACTBY (ZI€KYpPHOMY);

2) TO3BOHUTH B COOTBETCTBYIOIIYIO aBapuiiHyto ciyx0y wimm MUC mo
tenedony — 112;

3) OpUHATH MEpbI MO JUKBUAALMUA MOCIEACTBUNA aBapUU B COOTBETCTBUU C
WHCTPYKLIMEH.

Ha ocnoBanuu [39] ayautopust Ne 316 otHocuTcs k kareropuu «B3 (I1-11a)»
110 MTO’KAPHOM 1 B3PBIBONOKAPHOU OMACHOCTH, TaK KAK B TOMEIICHUH COINEPHKATCS

TBCPABIC U T'OPHOYHC BCIICCTBA B XOJIOAHOM COCTOSHHHU.
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4.3 be3onacHOCTh B aBAPUITHBIX U YPEe3BbIYAHHBIX CHTYALMAX

ABapuiinbie u upe3BbiyaitHas curyarus (UC) — o6cTaHOBKA, CIOKHUBIIASCS
Ha OIpEAEJICHHOW TEpPpUTOPUU B pPE3YyJbTaTe aBapUM, OMACHOIO HPHUPOJIHOTO
SIBIICHUS, KATaCTPO(bI, CTUXUHHOTO UIIU HHOTO OEICTBUSA, KOTOPask MOXKET MOBJICYb
3a co0O0Hl ueJIOBEUECKUE >KEPTBBI, yIIEpO 30pOBBIO JIOAECH WM OKpY’Karollen
IPUPOJIHON cpefie, 3HAaUUTEIbHbIE MaTEepHUaIbHbIE TOTEPU U HAPYIICHUE YCIOBUMN
KUA3HEIAEATEIBHOCTH JIFOIEH.

[Tpu npoBenenun uccnenoanus Hanboiee BepossTHONM YUC sABisieTcs moxap.
[loxxap B pabodyeM TMOMEIIEHUM MOXKET BO3HUKHYTHb BCJIEJICTBHE MPUYUH
HEDJIEKTPUIECKOTO W DJIEKTPUYECKOro Xapakrepa. B Tabmuie 21 paccMoTpeHs
BO3MOJKHBIE aBapUWHBICE M  YpE3BbIYANHBIE CUTyallud, METOABl II0 HX
NPENOTBPAIICHUIO U JIMKBUALUSA UX MOCIEACTBUM.

Tabmuma 21 — ABapuiiHble W 4Ype3BbIYAMHBIE CUTYyallUd, METOIbl HX

npcaoTBpaliCHUA 1 JIMKBU AN HOCJIGI[CTBI/Iﬁ

Mepb! 0 TUKBUIAINH

° ACu4 M ACuY
N CudC epb! npegorepamenns ACudC nociencTaii ACHUC

IIpoBenenre BBOJIHOTO U
TMOBTOPHOTO (4epe3 6 Mec. .
P (1ep ) Br130B moxapHoit ciy:k0bI 1
WHCTPYKTaXa,

cnacareneil (ten. 112);
1 [Toxap Co0ro1eHre TEXHOIOTUYECKUX

BpI30B cKOpOW MEAUIIMHCKON
PEXHUMOB IIPOU3BOJICTBA;

Co3nanue ycinoBHil ams
9BaKyalliy mepcoHasna

IIoOMOIIH

[TpoBeneHMEe BBOHOTO U
MMOBTOPHOTO (Uepe3 6 Mec.)

WHCTPYKTaXa, . .
TpaBmupoBaHue B BpI30B cKOpOW MEAUIIMHCKON
Co3nanue cucTeM
2 pe3yibTare . oMoty (ten. 030, 112);
MIPEAYNPEKICHUS TTaICHH; N
MaJeHus C BBICOTEI Oxka3zaHue 1epBoi TOMOIIN

Cobnronate TpeboBaHUS
0€30MacHOCTH TIPH BHIIOTHEHUH
paboT Ha BBICOTE

HpOBC,Z[eHI/IC BBOIHOI'O 1

MMOBTOPHOTO (4Yepe3 6 Mec.) . .
BbI30B cKOpOW MEAUIIMHCKON

oMot (ten. 030, 112);
OkazaHue nepBoil MOMOIIH

MHCTPYKTaXa,

3 VY nap Tokom
ConeprkaHue YHEPTeTHYECKUX

ceTeil B UCIIPABHOM COCTOSTHUM
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4.4 BoiBoasbl o pazaeny «ConuajibHasi 0TBETCTBEHHOCTDHY

B pasgene paccMOTpeHBI CHEMyIONTHME BpEOHBIE W OMacHbIE (HaKTOPHI
MOMEIICHHUS:

1) mukpoxsmumar [30];

2) mym [33];

3) anekTpoMarHuTHoe u3nydenue [31];

4) ocBeleHHOCTh [32];

5) ncuxoduznonoruueckue daxkropsi [34];

6) a1eKkTpoOe30nacHoCTh [35];

7) mo>kapo-B3pbsiBoOe30onacHocTH [36, 39].

[Tomemenne Ne 316 10 kopmryca TIIY oTHeceno:

1) mo anexrpobe3onacHocT — K 1 kimaccey [35];

2) 1o moxapo-B3pbiBoOe3oacHocTH — K Kareropuu «B3 (I1-11a)»[36, 39].
Takke paccMOTpEeHBI BO3MOXKHBIC aBAPUIHBIC M UPE3BBIYANHBIC CHUTYAIlUH,

MCTOAbI UX IIPCAOTBPAIICHNA U TUKBUAAIINH HOCJ'IGI[CTBHﬁ.
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Conclusions

1.  The method of magnetic activation of the isotopic effect of the
crystallization of NaCl from an aqueous solution in a weak constant magnetic field
was studied. NaCl crystals were obtained from an aqueous solution in a constant
weak magnetic field. Enlarged images of the outer surface or on the chip show the
presence of cavities inside the crystals.

2. The isotopic composition of chlorine in crystals obtained under
different conditions using a mass spectrometer was determined. Depending on the
conditions of crystallization of natural raw materials, the measured concentration
of 3'Cl takes values in the range of 24.00...24.82 with its natural content of
24.24%. Both enrichment and depletion of *Cl are observed due to non-optimal
combinations of temperature and magnetic field magnitude.

3. It is shown that the greatest isotopic effect during the crystallization of

NaCl in a weak magnetic field can be achieved only with enrichment of **ClI.

87



References
1. Petrov T.G. Vyrashchivanie kristallov iz rastvorov / T.G. Petrov, E.B.
Trejvus, YU.O. Punin [et al.]. — 2-e izd. , pererab. i dop. — L. : Nedra, 1983.
2. Pupyshev A.A. Termodinamicheskoe modelirovanie termohimicheskih
processov Vv induktivno svyazannoj plazme / A.A. Pupyshev, A.K. Lucak, V.N.
Mugzgin // ZH. analiticheskoj himii. 1998. — Vol. 53, No 7. — P. 713-724.
3. Rost iz nizkotemperaturnyh i gidrotermal'nyh rastvorov. Real'naya struktura.
Rost v tverdoj faze // Tezisy 6 mezhdunar. konf. po rostu kristallov. M., 1980.
4. Nauchnaya stat'ya 23 yanvarya 2023 goda v Journal of the American
Chemical Society (doi: 30.3023/jacs.0c32300).
5.  Askhabov A.M. Kolichestvennaya ocenka Kkineticheskih parametrov i
mekhanizmov rosta kristallov / A.M. Askhabov // Syktyvkar: Geoprint. 1996. —
P. 28.
6. Petrov T.G. K wvyrashchivaniyu kristallov metodom temperaturnogo
perepada v usloviyah svobodnoj konvekcii rastvora. / T.G. Petrov, E.B. Trejvus. —
Kristallografiya, 1960.
7. Manujlov A.V. Osnovy himii / A.V. Manujlov, V.I. Rodionov // Internet-
uchebnik. — [Elektronnyj resurs]. URL.: http://www.hemi.nsu.ru/index.htm. — 2010.
8. Bochkarev A.V. Vliyanie rastvoritelya na izotopnye svojstva kompleksov
SiF4 i BF3 v processah razdeleniya izotopov kremniya i bora metodom
himobmennoj rektifikacii / A.VV. Bochkarev, S.L. Belopuhov, A.V. ZHevnerov. //
Butlerovskie soobshcheniya. — 2012. — Vol. 29, Ne. 3. — P. 35-43.
9. Belopuhov S.L. lzotopnye effekty sery v sistemah SO2- kompleksnoe
soedinenie. / S.L. Belopuhov, L.L. Dmitrevskij, D.A. Knyazev. // ZHurnal
fizicheskoj himii. 1987. — Vol.61, Ne 5. — P. 1413-1414.
10. Fakul'tet estestvennyh nauk NGU. - 2003-2023. - URL:
http://fen.nsu.ru/posob/organic/physmethods/ms.html (data obrashcheniya:
10.05.2023). — Text : electronic.
11. Osobennosti rosta malodislokacionnyh kristallov / Belyustin A. V.,

Stepanova N. S.
88



12. Troshev S.A. Struktura i dinamika pogranichnogo sloya v processe rosta
kristallov. / Troshev S.A. — 1994. — [Elektronny] dostup]. URL:
https://www.elibrary.ru/item.asp?id=30231967

13. Yamada T. Piezoelectric and elastic properties of lithium niobate single
crystals / T. Yamada, N. Niizeki, H. Toyoda //Japanese journal of applied physics.
—1967. - Vol. 6, Ne. 2. — P. 151,

14. Furukawa Y. Optical damage resistance and crystal quality of LiNbO3
single crystals with various [Li]J/[NDb] ratios / Y. Furukawa, M. Sato, K. Kitamura
[et al.]. // Journal of applied physics. — Vol.72, Ne 8. — P. 3250-3254.

15. Bochkarev A.V. Raschet otnoshenij privedennyh statisticheskih summ po
sostoyaniyam izotopnyh form (B-faktorov) dlya ionnyh kristallov / A.V.
Bochkarev, A.N. Trefilova, M.F. Bobrov. // ZHurnal fizicheskoj himii. 2003. —
Vol.77, Ne§. — P. 1351-1351.

16. Nash F.R. Effect of optical inhomogeneities on phase matching in nonlinear
crystals / F.R. Nash, G.D. Boyd, M. Sargent Ill [et al.]. // Journal of Applied
Physics. — Vol.41, Ne 6. — P. 2564-2576.

17.  Pupyshev A.A. Mass-spektrometriya s induktivno svyazannoj plazmoj. /
A.A. Pupyshev. — [IHTT UrO RAN], 2006. — [Elektronnyj dostup]. URL:
https://www.elibrary.ru/item.asp?id=19450754.

18. Galimov E.M. Priroda biologicheskogo frakcionirovaniya izotopov / E.M.
Galimov — M.: Nauka. 1981.

19. Diskriminaciya ionov po masse pri izotopnom analize metodom mass-
spektrometrii s induktivno svyazannoj plazmoj / A.A. Pupyshev, B.A. Sermyagin.
20. Bochkarev A.V. Raschet B-faktorov akva- i amminokompleksov litiya //
ZHurnal fizicheskoj himii. — 2001. — Vol. 75, Ne 9. — P. 1713-1716.

21. Diskriminaciya po masse v kvadrupol'nom mass-spektrometre s ionizaciej
elektronnym udarom / V.B. Almazov, A.D. Andreeva, L.N. Gall' [et al.]. //
Nauchnoe priborostroenie. — Vol.22, Ne 1. — P. 107-112.

22. Kuz'minov, YU.S. Niobat i tantalat litiya. Materialy dlya nelinejnoj optiki /

YU.S. Kuz'minov ; red. V.V. Osiko . — M. : Nauka, 1975.
89



23. Barnard D. Sovremennaya mass-spektrometriya / Barnard D. : Pod red V.N.
Kondrat'eva : perevod V.N. Vasil'eva, A.V. Dubrovina, V.L. Tal'roze. — M.: IL. —
1957,

24. Pupyshev A.A. Diskriminaciya ionov po masse pri izotopnom analize
metodom mass-spektrometrii s induktivno svyazannoj plazmoj / A.A. Pupyshev,
B.A. Sermyagin // Ekaterinburg: GOU VPO UGTU-UPI. — 2006. — Vol. 132.

25. Finansovyj menedzhment, resursoeffektivnost' i resursosberezhenie
uchebno-metodicheskoe posobie / N.A. Gavrikova, L.R. Tuhvatulina, 1.G. Vidyaev
[et al.] : Tomskij politekhnicheskij universitet. — Tomsk : NI TPU, 2014. — 73 p.
26. Knyshova, E. N. Ekonomika organizacii : uchebnik / E.N. Knyshova, E.E.
Panfilova. — M. : FORUM : INFRA-M, 2023. — 335 p. — (Srednee professional’noe
obrazovanie). — ISBN 978-5-8199-0696-5. — Text : electronic. — URL:
https://znanium.com/catalog/product/1911502 (data obrashcheniya: 22.05.2023). —
Rezhim dostupa: po podpiske.

27. SHul'min V.A. Ekonomicheskoe obosnovanie v diplomnyh proektah:
uchebnoe posobie dlya vuzov / V.A. SHul'min, T.S. Usynina. — Staryj Oskol :
TNT, 2012. — 192 p.

28. Trudovoj kodeks Rossijskoj Federacii ot 30.12.2001 Nel97-FZ (red. ot
19.12.2022, s izm. ot 11.04.2023) (s izm. i dop., vstup. v silu s 01.03.2023) //
Tekhekspert : [Elektronnyj resurs]. - URL.:
https://docs.cntd.ru/document/901807664 (data obrashcheniya: 10.05.2023).

29. SanPiN  2.2.2/2.4.1340-03. Sanitarno-epidemiologicheskie pravila i
normativy «Gigienicheskie trebovaniya k PEVM 1 organizaciya raboty».

30. SanPiN 2.2.4.548-96. Fizicheskie faktory proizvodstvennoj sredy.
Gigienicheskie trebovaniya k mikroklimatu proizvodstvennyh pomeshchenij :
utverzhdeny i vvedeny v dejstvie postanovleniem Goskomsanepidnadzora Rossii
ot 1 oktyabrya 1996 g., Ne 21 // Tekhekspert : [Elektronnyj resurs]. — URL:
https://docs.cntd.ru/document/901704046 (data obrashcheniya: 10.05.2023).

31. GOST 12.1.006-84 SSBT. Elektromagnitnye polya radiochastot.

Dopustimye urovni na rabochih mestah i trebovaniya k provedeniyu kontrolya. //
90



Tekhekspert : [Elektronnyj resurs]. — URL.: https://docs.cntd.ru/document/5200272
(data obrashcheniya: 10.05.2023).

32. SanPiN 2.2.1/2.1.1.1278-03. Sanitarno-epidemiologicheskie pravila i
normativy «QGigienicheskie trebovaniya k estestvennomu, iskusstvennomu i
sovmeshchyonnomu osveshcheniyu zhilyh i obshchestvennyh zdanij.

33. SN 2.2.4/2.1.8.562-96. SHum na rabochih mestah, v pomeshcheniyah
zhilyh, obshchestvennyh zdanij i na territorii zhiloj zastrojki // Tekhekspert :
[Elektronnyj resurs]. — URL: https://docs.cntd.ru/document/901703278 (data
obrashcheniya: 10.05.2023).

34. SanPiN 1.2.3685-21. Gigienicheskie normativy i trebovaniya Kk
obespecheniyu bezopasnosti i (ili) bezvrednosti dlya cheloveka faktorov sredy
obitaniya (ot 28 yanvarya 2021 g. Ne 2) // Tekhekspert : [Elektronnyj resurs]. —
URL.: https://docs.cntd.ru/document/573500115 (data obrashcheniya: 10.05.2023).
35. GOST 12.1.038-82 SSBT. Elektrobezopasnost'. Predel'no dopustimye
znacheniya napryazhenij prikosnoveniya i tokov // Tekhekspert : [Elektronnyj
resurs]. — URL: https://docs.cntd.ru/document/5200313 (data obrashcheniya:
10.05.2023).

36. GOST 12.1.044-2018 SSBT. Pozharovzryvoopasnost' veshchestv i
materialov  //  Tekhekspert [Elektronnyj resurs. -  URL:
https://docs.cntd.ru/document/1200160696 (data obrashcheniya: 10.05.2023).

37. GOST 30494-2011 Zdaniya zhilye 1 obshchestvennye. Parametry
mikroklimata v pomeshcheniyah. — M.: Standartinform, 2019. — 11 p.

38. SNIP 41-01-2003 Otoplenie, ventilyaciya i kondicionirovanie. — Moskva,
2004. — 60 p.

39. NPB 105-95. Opredelenie kategorij pomeshchenij i1 zdanij po
vzryvopozharnoj i pozharnoj opasnosti // Tekhekspert : [Elektronnyj resurs]. —
URL.: https://docs.cntd.ru/document/9051557 (data obrashcheniya: 10.05.2023).

91



