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Pedepar

Brimmycknas kBanudukanuonHnas padota coaepkut: 119 crpanun, 23 pucyHka,
26 tabmui, 61 ucTouHUK, 1 MpUIOKEHUE.

Kmouesie cmoBa: MOJIUDPUKALINA JAPEBECHUHBI, OBBEMHAS
[IPOITMTKA, JPEBECMHA XBOWHBIX IIOPOJI, BBICOKOYACTOTHOE
[TOJIE, TTPOITNUTKA 1104 JABJIEHMEM.

B kauecTBe 0OBEKTOB HCCIEOBAaHMUS BBICTYHNAIM OOpa3bl XBOWHOI
JIPEBECHHBI, 00PA3IIbl COCHBI C BIXXHOCTHIO 12-14%.

Ilens pa®oOThl — HWCCIENOBATHh BIUSHHE BBICOKOYACTOTHOTO SJIEKTPUUYECKOTO
MoJII Ha KadecTBO OOBEMHON MPOINUTKH JPEBECHHBI XBOWHBIX ITOPOJ BOJIHBIMU
pacTBOpamu.

Cyxue o0pa3iibl COCHbI TOMENIATUCH B MPOMUTOYHYIO KaMepy, 3aTeM 00pasIlbl
MOJIBEPrajIiCh MpPeIBApUTEIHLHOMY BaKyyMUPOBaHUIO IIpH JlaBiieHuu S klla B TeueHue
30 munyt. Ilocie 3Toro 006pasisl MPOMUTHIBAIUCH KPACKOM Ha BOJHON OCHOBE MpHU
nasneHuu 10 1-10° [1a B TeueHue pa3IUyYHBIX MHTEPBAJIOB BpeMeHH oT 15 10 150
MUHYT, TIPU 3TOM TOJIOBUHA 00pa3lloB OJHOBPEMEHHO C MPOMHUTKOMN MOJBEpraiach
BO3/ICHCTBUIO BHICOKOYACTOTHOTO AJIEKTPUUYECKOTO TIOJISL.

[Ipu cpaBHEHNY MOTYYEHHBIX 00Pa31I0B ObLIO BBISBICHO, YTO BBICOKOYACTOTHOE
MoJIe BAMSIET HAa KAad4eCcTBO OOBEMHOW TPONUTKH JPEBECHUHBI XBOWHBIX TOPOJ
HE3HAUNUTEIHHO. Pe3ynpTaThl MONYYCHHBIC C IMOMOIIBIO MPOMHUTKH TOJ] BBICOKHM
JTABJICHUEM U C BJIMSIHUEM BBICOKOYACTOTHOTO JIEKTPUUYECKOTO MOJIsi CPAaBHUBAIIUCH C
pe3yabTaTamMu, MOJTYYECHHBIMH TIPU MPOMUTKE TOJBKO MOJ AaBieHueM. CpaBHEHUE
MIPOU3BOIMIIOCH Ha OCHOBE COMTOCTABJICHHS YBEIMUECHUSI MACChl 00Pa3IloB B MPOIIEHTAaX
MOCJIE TIPOTIUTKH.

OcCHOBHBIC KOHCTPYKTHUBHBIE, TEXHOJIOTHUYECKHUE U TEXHUKO-IKCILTyaTallMOHHBIE
XapaKTEPUCTHUKU: IJMHA OfHOTO oOpasma apeBecudbl — 400 MM, mupuHa — 50 MM,
BbicoTa — 50 MM. HampsbkeHue Bbicoko4acTOTHOro reHepartopa — 0,9 kB, gactora —

100 kI



OnpenesieHus
- MoaudunuupoBanue ApeBECHMHbl — HaNpaBIEHHOE W3MEHEHUE CBOMCTB

JPEBECHHBI, TTO3BOJISIONICe KOMIUIEKCHO YIyUIINTh CBOWCTBA JPEBECHHBI, TOBHIIIAS
€€ MPOYHOCTh, CTAOMIHLHOCTh Pa3MepPoB M (HOPM, XUMUUYECKYIO CTOWKOCTh, OHMO- H
OTHECTOWKOCTh M CHHKAasl BJIaro- U BOJIO-TIOTJIONIAEMOCTh, U HaOyXaHue;

- BakyymupoBaHue NpEeBECHHBI — TEXHOJIOTHYCCKUN TPHUEM YIAICHHS YacTh
BOJBI W BO3JyXa W3 JPEBECHHBI C IEJIbI0 IMOJYYCHHUS B HEH JaBICHHS HIDKE
aTMoc(depHOro;

— IlpommTka nOpeBEeCHHBI — BBEACHUE B JPEBECHHY pPa3IMYHBIX COCTABOB
BEIIIECTB, OOCCIEYHMBAIONIUX TOBBIINICHHE €€ OMO-U OTHECTOMKOCTH, MPOYHOCTH,
TBEPIOCTH, CHIDKCHHE DJIEKTPUIECKON MPOBOAMMOCTH, H3MEHEHNE 1BeTa. JKUAKOCTH
MPOHUKAIOT B JIPEBECHHY TMOJ MCWCTBHEM KANWUIAPHBIX CHJI WU H30BITOYHOTO

JaBJICHHA.



Coxpamenus:

- BY mose — BRICOKOYACTOTHOE I10JIC,
- BY reneparop — BBICOKOYaCTOTHBIM I'€HEPATOD;
- TITY — TOKHM IPOMBILIJIEHHOW YaCTOTHI;

- IIK - TlepcoHanbHbIi KOMIBIOTED;
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Introduction

In connection with the development of the construction industry, there is a
growing demand for high-quality finishing and construction materials. One of the most
popular are wood materials, which have ecological compatibility, mechanical strength,
and low specific gravity. In addition, it is worth considering that the wood has a wide
variety of textures and natural beauty.

On the other hand, the use of wood is limited by the impact of external factors
on it, which leads to various damages in the structure of the wood. The wood is
influenced by chemical reactions caused by moisture, high temperature, ultraviolet
radiation, biological effects.

Modification of wood is used to prevent all undesirable processes occurring in
the wood. Under the modification is understood the processing of material with special
solutions, gases, powders, heat treatment, mechanical influences and even plasma. The
most common method of wood modification can be considered impregnation of wood.

However, most methods are effective for hardwoods and have almost no effect
on coniferous wood.

This study is devoted to the research of the effect of high frequency electric field
upon the volume impregnation of coniferous wood with aqueous solutions.

The purpose of this study is development of methods and equipment for studying
the effect of an electric field on the depth of impregnation of softwood with water
impregnating compositions.

All of the research done before in this field of study focused on microwave
modification at atmospheric pressure none investigated either elevated pressure or
vacuum. This study combines the usual high-pressure method with an effect of a high
frequency (100 kHz) electric field on a permeability of a softwood.

The results of this study can be used as in further studies in the field of wood

modification, as well as in the woodworking and construction industry.
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1 State of the art technologies of the wood modification methods

1.1 Impregnation methods

There are many of application techniques that ensure supply of active ingredient
into the treated wood in required quantity and well distribution. Selection of
impregnation techniques depends on the wood properties (species, permeability,
moisture content, temperature), preservative characteristics, like a crystallizing point,
end use (use class, health risk), and others (customer requirements, technology
available). The impregnation treatments can be divided into non-pressure methods and
pressure methods.

Brushing and spraying are simple and low-cost treatment method but the depth
of penetration and retention are very limited. Penetration across the grain is minimal
and some penetration along the grain is possible. Dipping for seconds can increase end-
grain penetration compared to brushing or spraying. The end-grain of pine sapwood is
able to get penetration depth in range of 25 to 75 mm. Soaking is the same process like
dipping with a difference of the immersion time, which could be hours, days or weeks.
This process is often applied in sawmills for small poles and lumbers. The sapwood of
pine after 24 to 48 hours of soaking in preservative solution was well penetrated and
retention levels ranged from 32 to 96 kg-m™3 [1].

Hot and cold bath is the physical methods of impregnation, when the wood is
soaked in the hot preservative bath and then in the cold preservative bath [2].The air in
cell cavities of wood placed to the hot bath expands. The preservatives are penetrated
to wood due to partial vacuum, which is created by the air contraction after immersion
in cold baths [3].

Impregnation, which combine vacuum and pressure, is the most common and
effective methods. The process requires specially equipped plants with pressure
vessels, air compressors, vacuum pumps, measuring and storage tanks, etc. The
pressure impregnation methods can be divided into two methods: full-cell and empty-

cell.
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The pressure impregnation method is usually used with a combination with a
vacuum process. Vacuum helps to get rid of air bubbles and moisture that are stuck in
the wood structure after the drying process. The pressure inside the wood will be higher
than the ambient pressure, it will push the gas and water balls away.

All known methods of impregnation do not allow to reach a sufficient depth of
penetration into softwood. This depth cannot provide reliable protection of wood from
bio-destructors and ignition, which predetermines a short service life. For the same
reason, such promising technologies as the modification of wood by various polymers,
deep dyeing, have not generally spread, as applied to coniferous species. In these
technologies, an essential condition is deep or even full volume impregnation.

Based on some common features, the impregnation methods can be combined
into the following groups. First group is a method that uses pre-treatment (mechanical,
biological, chemical) of wood before impregnation. The methods of this group are
about the preliminary creation of a conducting system in the wood, through which
during the impregnation the liquid will move.

Second group is a group that use a modernization of «classical» methods of
autoclave impregnation. «Classic» methods of impregnating wood, widely used all
over the world, include the following technological operations: vacuum treatment, air
and liquid pressure. Numerous attempts to modernize the known methods were carried
out both in the way of strengthening the technological factors used and in combining
them in a different order.

The third group is a group with methods that use dynamic effects. In this method,
sound vibrations of the ultrasonic range carry out impregnation with the fluid or the
wood itself. The intensifying effect of acoustic oscillations is associated, first, with the
acceleration of diffusion processes. Ultrasound, moreover, has an effect on the
capillary rise of the liquid, due to the generated sound pressure.

Attempts to find ways to improve the quality of impregnation of softwood have
been undertaken many times. The most ancient is the preliminary drilling of holes.

The steam explosion was investigated as a method of increasing the permeability

of wood mainly for wood chips used in the pulp industry [4]. This process involves
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placing the wood in a pressure vessel and increasing the pressure inside the vessel
above atmospheric pressure. The saturated steam is then injected into the chamber for
a period of time to raise the temperature of the core of the wood above the boiling point
of water at atmospheric pressure. Then the pressure is quickly released from the
chamber, causing the water to boil in the underpressure structure, and, consequently,
the boiling point of the water drops. Depending on the temperature, pressure and size
of the wood sections to be treated, the tightness of the steam structure resulting from
this process can open moisture paths in the wood, increase permeability, or, under more
severe conditions, can destroy the wood [4].

Some studies have also been conducted to investigate laser exposure to wood, in
which an array of holes is drilled into a section of a tree with a laser, increasing
permeability and increasing the efficiency of impregnation with preservatives and
resins [5].

Moreover, many different other experiments were conducted where high
pressure and temperature, ultrasound, electrohydraulic effect, alternating pressure,
vibration or plasma were used.

In the technologies of impregnation of wood with modifying fluids, the
consumer properties of the products obtained are determined mainly by the quality of
the impregnation process. Such indicators characterize it as the depth of penetration of
the impregnating liquid and its absorption.

The promising direction of improving a number of properties of wood is the
modification with polymers [6]. The essence of the modification is the impregnation
of wood with monomers or low-viscosity oligomers, which are then hardened by heat,
ionizing radiation and other influences. As a result, water and water absorption can be
significantly reduced, which increases the formability of wood.

The materials thus obtained can have a range of applications from machine parts
to parquet. A necessary and indispensable condition for obtaining high-quality
products in all these technologies is deep or even through impregnation. The
impossibility, with the existing methods of impregnation, to provide this condition, as

applied to conifers, hinders the practical implementation of these developments.
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Increasing the use of solid wood for furniture, joinery, flooring brings to the
forefront its decorative properties. Poor texture and a limited color range characterize
not valuable wood species. To show the natural texture and give the desired color to
wood can be due to its impregnation with solutions of dyes [7]. Dyed wood in its
decorative properties is not inferior to valuable wood. The most desirable is through
impregnation with high absorption. In this case, most important is the uniformity of the
distribution of the impregnating liquid in the wood. This is a condition for uniform
coloring throughout the wood section.

Impregnation is the first step in the processes of extraction and delignification of
wood. Quantitative and qualitative indicators largely depend on it. For these processes,
impregnation is a prerequisite. However, its preparation presents a serious problem,
since wood has a low permeability for liquids and gases. Most often in practice,

impregnation with various aqueous preservatives is used.
1.2 Effect of wood drying on the impregnation quality

Living trees contain a large amount of moisture, including bound water within
the cell wall and free water within the cell voids. This can vary between 30% in the
heartwood of some hardwoods to 200% in the sapwood of some low-density timbers
[8]. Once a tree is cut down, it begins drying, with the free water within the cell being
lost first. Once this has dried out, the moisture within the cell structure begins to
evaporate. This transition point is called the fibre saturation point. The process of
removing this bound water is referred to as seasoning. The moisture content of the
wood will eventually reach equilibrium with the surrounding atmosphere. This is called
the equilibrium moisture content. This is dependant on humidity and as such the
moisture content will continue to change as the atmospheric humidity changes. For
most applications, the wood is dried to a moisture content of between 8% and 15%.

According to [16], the main reasons for drying wood are:

- Increase the dimensional stability of the timber as wood swells and shrinks
with changes in moisture content;

- Create free space within the cell voids to enable preservative impregnation;
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- Reduce weight and therefore transport costs;

- Prevent staining of the timber due to fungal growth or borer;

- Reduce the risk of decay;

- Improve the adherence of coatings and glues;

- Increase the strength of the timber;

The most common methods of timber drying are kiln drying and air drying or a
combination of the two. Kiln drying provides good process control, consistent results
and quick drying times but consumes a large amount of energy. Air drying uses little
or no energy but can be very time consuming. Solar kilns are also commonly used and
utilise the sun as the heat source for the kiln, making them far more efficient but slightly
more difficult to control. Other methods such as radio frequency vacuum drying and
mechanical compression drying have made an appearance in recent years but are
currently in limited use. Microwave drying or pre-treatment has also been introduced
and while the former is energy intensive, the latter appears to be a viable option for

reducing drying times.
1.3 Types of wood preservatives for impregnation

According to [3], chemical preservative systems (against biological
attack) can be divided in two main groups so called water-borne and oil-borne.
Water-borne preservatives consist various inorganic chemicals (copper,
chromium, arsenic, fluorine, mercury, and others) which are dissolved in water. They
are available in powder form or liquid concentrates [8]. [9] state that water-borne
preservatives leaves wood surface clean and paintable. Another advantage is the
reduction in release of volatile hydrocarbons as atmospheric pollutants during the
treatment process. However, these preservatives do not offer protection against
mechanical wear or improved dimensional stability of wood. Some water-based
preservatives can leach out when the wood is exposed to liquid water and increase
corrosion of steel fasteners [3].
Oil-born preservatives are very effective and often used for treatment of railway

sleepers, poles, etc. It has high toxicity against fungi, insects and marine borers, low
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volatility, electrical resistance. The disadvantages are increased flammability of the
treated wood, and impaired or impossible paintability.

Fire retardants are applied to reduce the flammability of wood and act by creating
a barrier to the spread of flame and/or generating non-combustible gases. Chemicals of
the first type speed the formation of a charred wood layer or form a massive layer of
foam. The second type provide fire-retardant action by melting, evaporation, or thermal
decomposition. Usually, they contain silicas, ammonium phosphate, ammonium
sulphate, zinc chloride, boric acid, or other borates [10].

The chemical modification changes the chemical nature of wood. Some
chemicals can react with the cell wall polymer hydroxyl groups. This can result in the
formation of a single chemical bond with one OH group or cross-linking between two
or more OH groups. The cell wall polymers is modified and the properties of treated
wood is changed [11].

One of the main points for choosing a suitable wood modification solution is the
type of wood itself. Occasionally it is even difficult to determine the type of timber

available.

1.4 Microscopic structure of wood

1.4.1 Cellular structure of wood

Cellulose is the major component of the cell walls in wood and responsible for
the structural strength of wood. Hemicelluloses also contribute to the mechanical
properties of wood, though the function of hemicellulose is still not fully understood
because of its complex structure. Though it has been known that polysaccharides serve
as structural material and energy source in plants, certain polysaccharides, called
oligosaccharins, may perform other important biochemical functions as well [12]. They
can influence on growth, development, differentiation of cells, gene expression and
participate in defensive reactions against fungi and other microorganisms [13].
However, the wood saccharides and polysaccharides are a source of food for
microorganisms and therefore different fungi and bacteria are a threat for the life span

of wooden materials. Nevertheless wood contains other components that prevent its
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early degradation. Lignin is a polymeric amorphous substance that plays a major role
as a natural binder in the composite structure of wood [14]. It also plays as a barrier
against biological degradation and lowers the moisture absorption of wood. The
extractives in wood can be fats, fatty acids, fatty alcohols, phenols, terpenes, steroids,
resin acids, rosin, waxes, and many other minor organic compound [6]. The major
amount of extractives are found in heartwood. Some of the extractives act as toxic
components that provide protection against wood degradation.

Cellulose is the major structural component of wood, making up approximately
one half of the cell-wall material of both softwoods and hardwoods [15]. Moreover,
cellulose is considered the main component of the cell walls of all true plants, for
example, cotton is almost pure cellulose [15].

As mentioned above, cellulose is the main component of all true plants, but there
is some difference from the other plants. For example, both cotton and wood have
cellulose as the main functional component, but the properties of these two materials
are very different; cotton is soft, flexible and absorbs water up to 10 times its weight,
while wood is a stiff material with low water absorption [12]. Wood contains large
amount of lignin (18-25% for hardwoods and 15-35% for softwoods) and that makes
wood different from cotton and other fibrous plant-materials [6]. Lignin is an
amorphous hydrophobic polymer with a highly complex structure consisting mainly of

aromatic and aliphatic [6].
1.4.2 Difference in the structure between hardwood and softwood

There are many systems for classifying plants, but among them there are two
distinct groups that are suitable for describing trees. These groups are gymnosperms
and angiosperms [16]. Angiosperms are evolutionarily newer and form two large
classes of plants. These classes in turn are divided into even more subclasses according
to their botanical properties. The largest class — the class of dicots is widely used in the
forest industry.

Gymnosperm — the smaller and evolutionarily older of the two groups, in turn,

is divided into four smaller groups: Pinophyta (or Coniferophyta) — Conifers,
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Cycadophyta — Cycads and Ginkgophyta - Ginkgo represented in a single species [17].
Among all these groups, conifers are the most interesting for the timber industry.

Hardwoods are called angiosperms, when conifers are related to gymnosperms.

At the macroscopic level, the tree trunk, which is the main source of valuable
building material, has three main properties: it supports the tree crown, delivers mineral
solutions from the roots, where they are absorbed into the crown, where these solutions
are processed and stored processed foods (carbohydrates) until they will not be needed.

Wood varies greatly in its structure. Softwoods (Figure 1) differ from hardwoods
(Figure 2), and in each of these groups, there are differences among individual species.
In fact, there are differences even in the same tree, since the heartwood, although its
gross structure is the same, commonly contains certain substances not abundant in the
sapwood. All these differences have their influence upon the penetrability of the wood
by preservatives (impregnants) [18].

Hardwood has a system of cells in the form of vessels that perform the transfer
of water and mineral substances dissolved in it from the roots to the leaves. Vessels are
in the form of tubes.

The latewood of softwoods contains more centrally located pits compared to
earlywood. Thus, the latewood of most of the softwoods species is more permeable
than the earlywood. Latewood cells with thicker walls mean the pit membranes are less
likely to aspirate and permeability can remain high.

The heartwood is formed by physiologically dead part of xylem contained
various organic substances, known collectively as extractives. The tyloses may occur
in the vessels of hardwoods and cause their impermeability. The softwoods are
permeable because pit pairs with openings in the membranes connect the tracheid
lumens. If these membranes are occluded or encrusted, or if the pits are aspirated, the

wood becomes impermeable.
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tt — cross-section surface; rr — radial surface; tg — tangential surface; ar — annual
ring; sm — latewood; sp — earlywood; tr — tracheids, or fibres; hrd — radial resin
canal; vrd — axial resin canal; fwr — fusiform wood ray or ray having radial resin
canal; wr —wood rays; bp — bordered pits.
Figure 1 — Drawing of a highly magnified block of softwood measuring about
0.635 mm vertically [18]

Mostly cellular structure of a softwood consist of elongated cells in a radial
rows, with skewed ends, called tracheids. In the walls of the tracheids there are pores
through which they communicate with neighboring cells. Tracheids are dead cells. In
the trunk of a growing tree, only the newly formed annual layer contains live tracheids.
In addition, coniferous wood differs from hardwood in that it contains cells that
produce and store resin. These cells are grouped into horizontal and vertical resin

courses.
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tt — cross-section surface; rr — radial surface; tg — tangential surface; v — vessel
or pore; wf —wood libriform fibres; wr — wood rays; ar — annual ring.
Figure 2 — Drawing of a highly magnified block of hardwood measuring about
0.635 mm vertically [18]

In hardwoods, the main volume consists of vessels and vascular tracheids,
libriform fibers, parenchyma cells. VVessels are a system of cells serving in a growing
tree to hold water with dissolved mineral substances from the roots to the leaves. Fibers
of libris - the most durable elements of hardwood that perform mechanical functions.
The remaining volume of wood is made up of the cells of the wood parenchyma. These
cells perform storage functions.

Impregnation of wood is mainly provided by vessels that carry liquid along all
fibers of the wood, when in conifers the tracheids, because of their spongy structure,
prevent free flow of solution. In addition, to get rid of air pockets in tracheids,
preventing impregnation too is a challenge. The presence of resin in resin pockets
reduces the amount of liquid absorbed.
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The entire cross-section of the trunk contributes to its mechanical strength and
therefore performs the first basic function, while the outer living layers of the trunk,
known as sapwood, limit the conductivity and storage functions. Sapwood may vary
depending on the species, growth rate and age of the tree and reach from 10% to 60%
of the trunk radius [19]. Since the cells in the sapwood, as the tree grows old, cease to
act as a conductor and storehouse, they die. Thus, the innermost layers of the sapwood
are transformed into core wood. With the transition of the sapwood to the core (ripe
wood), a number of changes occur in it, one of the manifestations of which is a sharp
decrease in permeability

The biggest difference in the permeability is between heartwood and sapwood.
The sapwood of the tree is physiologically active composed of lived xylem cells.
Therefore, almost all of the sapwood (both hardwoods and softwoods) is well
permeable (impregnable). The heartwood is formed by physiologically dead part of
xylem contained various organic substances, known collectively as extractives. The
tyloses may occur in the vessels of hardwoods and cause their impermeability [20].
Permeability (fluid permeability) is a material property and is defined as the ease with
which fluid flows through a porous medium under the influence of pressure gradient
[21]. This is not to be confused with magnetic permeability which is a constant relating
magnetic flux density to magnetic field intensity in a given material [22]. A material
must be porous to be permeable (i.e. it must have some void space within its structure)
but the reverse is not necessarily true, as in the case of closed cell foams.

Due to many of the inherent properties of timber, permeability can be quite
difficult to measure. The permeability of wood varies significantly between different
varieties of tree, between different trees in the same species, between sapwood and
heartwood within particular tree and even varies considerably within a particular type
of wood in the same tree.

Permeability is also significantly influenced by the moisture content of the wood
which can present measurement difficulties as most if not all measurement techniques
change the moisture content of wood due to the fluid flow involved. This is particularly

evident in softwoods, where pit aspiration can cause large changes in permeability
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during permeability measurement were the moisture content of samples is above the

fiber saturation point [23].
1.5 Physical examination of the impregnation mechanism
1.5.1 Principle of wood impregnation

Practically all species are most easily penetrated longitudinally, since liquids can
follow in the direction of the vessels in the hardwoods and through the full length of
the cellular space of the tracheids. Liquids passing in a transverse direction, radial or
tangential, must generally pass through many cell walls [18]. Longitudinal/tangential
permeability ratios of softwoods, measured by several investigators, are between 500
and 80,000 to one. Longitudinal/radial ratios extended from 15 to 50,000 to one. In
hardwoods, there is a little difference between tangential and radial permeability.
Longitudinal/tangential ratios measured by several authors are in range between 3x104
and 4x108 to one with the highest ratio for the ring-porous red oaks. These high ratios
in hardwoods may be explained by: (a) the generally poorer penetrability of rays in
hardwoods than in softwoods and (b) the very high longitudinal permeability of ring-

porous hardwoods with open vessels [23].

1.5.2 Physical system «water — wood»

Before impregnation, wood always has a certain humidity, usually not less than
10%, and more often (25 —30)%. Therefore, it is necessary to deal not with a set of
chemical compounds forming the cell walls, but with the physical system «wood-
water».

Wood as a whole refers to capillary-porous and wood substance to colloidal,
boundedly swelling bodies [24]. In an absolutely dry cell wall, capillaries are
practically absent. Their volume does not exceed (1 — 2)%, and they are not available
to nonpolar molecules [25]. Therefore, it is considered that the cell wall of absolutely
dry wood, in the zone of absence of intercellular pores, is continuous, impermeable

across fibers for nonpolar gases and vapors by a polymer body in a vitrified state [24].
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Capillaries in the cell wall appear with the first portion of sorbed water, which disperses

the wood substance, transferring it to a colloidal state.
1.6 Effect of electric field on wood

The dielectric properties of a material determine the way in which an electric
field interacts with that material. Two important dielectric properties of interest in
microwave heating applications are the relative permittivity and the loss tangent.

Some inhomogeneous materials such as wood have different dielectric
properties indifferent directions. For example, the relative permittivity of some woods
can be up to three times higher along the grain than across the grain [26].

As a natural biological composite of a complex structure, wood has specific
properties that are manifested when interacting with an alternating electromagnetic
field. The effect of a magnetic field freely penetrating into the wood is so small that it
Is not taken into account for practical purposes (the magnetic susceptibility of wood
material is about (0.2 — 0.4)- 107°, that is, as air.

Under the influence of the electrical component in the wood, especially wet,
electric currents arise. The occurrence of electric currents is accompanied by the effect
of polarization of the electrical constituents of the component composition and heating
of the wood.

The specific resistance of absolutely dry wood is 101° — 101° Q - m, which
makes it possible to consider it a dielectric. In an absolutely dry state, wood has weak
properties of a polar dielectric. When humidified, polar properties manifest themselves,
and as the humidity increases, the resistivity of the wood decreases, it becomes nearly
conductive to semiconductors. At a humidity above the saturation limit of the cell
walls, ionic conduction occurs.

Due to the fact that the magnetic component of the field has no effect on wood,
the effect of polarization is due to the presence of moisture in the wood.

The phenomenon of polarization consists in changing the spatial arrangement of
electrically charged particles of matter that form the water-wood system. At the same

time, an electric moment is formed.
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The macromolecules of cellulose, hemicellulose, lignin, which constitute the
wood substance, are characterized by dipolar polarization. Dipole polarization consists
in the rotation of dipole molecules in the direction of the external electric field. The
effect of polarization of a dielectric is created due to the orientation of dipole molecules
in chaotic thermal motion. This polarization in the wood is caused by the displacement
of the polar groups (radicals) OH, CH,OH relative to the immobile parts of the
molecules. When the field is removed, the thermal motion of the molecules disturbs
the dipole polarization.

There is also migration polarization in the wood, because wet wood is a
composition of substances: the wood itself in the solid phase, water in the liquid and
gaseous phases and air.

A contact potential difference arises between water and wood substance — water
acquires the potential of one sign, the wood substance of the other. Woody material
has a much lower electrical conductivity than moisture. Therefore, the electric field
created by moisture on the potential of the wood occurs. As a result of this
superposition of fields, the free electrons and ions contained in the conducting or
semiconducting inclusions of the cell walls move within each inclusion, which acquires
a dipole moment. The heterogeneity of the structure of the wood leads to a limited
movement of charges, which, being free within the same cavity or channel, behave
similarly to bound charges. The dissociated ions, which are in free water in the cell
cavity, shift when the electric field is applied, polarizing the water.

Related to the study of this work it is important to know the effect of microwave
radiation on the permeability of wood. Under high microwave power density treatment,
moisture within the wood is first heated and then boiled, generating steam. This creates
internal pressure in the wood and can drive water out of the wood far quicker than
conventional drying. When heated further, the high pressure generated can result in
rupture of some of the elements within the wood structure, increasing the permeability
[27]. This is referred to as microwave wood modification. Increasing permeability can
both speed subsequent drying processes and reduce moisture content gradients,

reducing degradation due to splitting and checking [28]. In [29] authors describe a
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process of modifying the properties of wood, in particular permeability by application
of microwaves. The technique was developed as an alternative to steaming. The
pressure is suddenly released, rupturing the ray tissue in the timber, increasing the
permeability. They found that a similar modification could be obtained by applying
intense microwave energy to moist timber.

The mechanisms of increased permeability in softwoods were stated as
destruction of ray tissue, softening and mobilisation of resin and creation of cavities in
the longitudinal-radial plane [29]. Similar results were reported in hardwoods, where
intensive microwave treatment resulted in rupture of tracheids and libriform fibres in
the ray tissue, formation of micro-checks at the interface of the ray tissue and
longitudinal fibres and formation of voids in the longitudinal-radial plane. They found
the resultant increase in permeability accelerated the drying process, relieved stresses,

reduced check formation and improved impregnability.
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2 Subjects of study and methods of research
2.1 Methods of research

For the experiment, were chosen wood bars of 80 cm in length, 5 cm in width
and 5 cm in height. The species of wood to be modified is pine. Before impregnation,
the samples are dried in an oven at a temperature of 104 °C to a humidity of 12-14%.
Then the samples are cut across into two halves. One half was impregnated under the
influence of an electric field and pressure (Figure 3). The second half was impregnated
under the influence of only high pressure.

Samples were weighed before and after impregnation. After impregnation, the
samples were cut along the fibers to visually determine the impregnation depth. All
blocks of wood were impregnated in a cylindrical chamber 50 cm long and 40 cm in
diameter for 15 minutes, 30 minutes, 60 minutes, 120 minutes, 150 minutes. The
impregnation process also included preliminary vacuum treatment of the wood. Before
the impregnation in the chamber, a pressure of 4 kPa was generated by means of a
vacuum pump. The operating time of the vacuum pump was 30 minutes. Vacuum
allows you to get rid of air and moisture residues in the pores of wood. After 30
minutes, an impregnating solution was supplied to the chamber. After filling the
chamber with a solution, a high-pressure pump was connected. The pump was operated
until the pressure in the chamber reached 1 - 10° Pa, after reaching the desired pressure
parameters; the pump operates in an automatic mode to maintain the set pressure value.
The technical characteristics of the high-pressure pump are shown in Table 1. After
reaching the required pressure, a voltage source was connected to study the effect of

the electric field.

Table 1 — Technical characteristics of the pressure pump

Power supply Single-phase, 220 V
Power consumption, W up to 1000

Pressure, kPa from 10 up to 1000
Overall dimensions, mm3 500x700x1100
Weight, kg 20
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The HF generator SPN-1500V/100 kHz is used as the source of the high-
frequency field.

Figure 3 — A sample of pine for impregnation under the influence of a high-

frequency field
2.2 The design and performance of the experimental procedure

Schematic diagram of the installation of volume impregnation of wood without

a HF generator is shown in Figure 4.
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1 — manometer; 2 — tank with an impregnating liquid; 3 — the ball valve of the
vacuum pump; 4 — impregnating chamber; 5 — high-pressure pump; 6, 7 — ball valves;
8 — electrode.

Figure 4 — Schematic diagram of the installation of volume impregnation of

wood
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Samples of wood are loaded into the chamber, after which the chamber is
hermetically sealed. Before switching the pump on, it must be ensured that all the
valves, except the tap 3 for evacuating the air from the chamber, are closed. After that,
the vacuum pump is turned on. The pump draws air to a pressure of 5 kPa. After 30
minutes valve 3 that connects the vacuum pump to the chamber is closed and the
vacuum pump is turned off. Further, a solution was supplied to the chamber, through
the tap 7 that connect reservoir with impregnating fluid with the chamber. Due to the
presence of a vacuum in the chamber and the effect of atmospheric pressure on the
solution in the reservoir the chamber will be filled until the pressure in the chamber
becomes 1 atmosphere. After filling the chamber with the impregnating solution, the
tap 7 closes and the tap 6 opens, through which the impregnating composition will be
fed under pressure. Having established the maximum permissible pressure in the
chamber equal to 1 - 10° Pa, we turn on the pressure pump. Further, the pressure pump
IS put into automatic mode to maintain the necessary pressure at the same level, as the
pressure in the chamber will fall as the wood of the solution is absorbed. After reaching
the required pressure in the chamber, a voltage source is connected. The voltage in the
chamber is fed through the conductor with the electrode 8. After the necessary
impregnation cycle is completed, generator is turned off, the high-pressure pump is
disconnected, and the rest of the impregnating liquid is drained back into the tank.

Figure 5 shows the electrical circuit of the experiment.

A voltage divider is a simple circuit, which turns a large voltage into a smaller
one. Using just two series resistors and an input voltage, we can create an output
voltage that is a fraction of the input. VVoltage dividers are one of the most fundamental

circuits in electronics.
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R, — protective resistance; R4;, R4, — Voltage divider; R, — resistance of the
impregnating chamber; R — shunt resistance.

Figure 5 — The electrical scheme of the experiment

Divider's voltage ratio is 500, as R4, = 500 kQ, Rg4; = 1 MQ. Shunt resistance
R, = 18 Q. HF generator parameters: voltage U = 0.9 kV, frequency of the generator
f =100 kHz.

Figure 6 shows the current and voltage oscillograms obtained in the

impregnating chamber.
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1 — oscillogram of voltage; 2 — oscillogram of current

Figure 6 — Oscillograms of current and voltage
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These oscillograms are needed to monitor the current and voltage that are
released on the impregnating chamber.

Figure 7 shows a schematic representation of the impregnating chamber.

b)

7 6
1 — the electrode; 2 — the rubber gasket; 3 — the housing of the impregnating chamber;

4 — the tube connecting with the vacuum pump; 5 — the chamber cover; 6 — the tube
connecting with the pressure pump and with the tank with the impregnating solution;
7 — samples of wood.

Figure 7 — Schematic representation of the impregnating chamber

For one experiment two samples of wood were placed in the chamber.

Element 1 in Figure 7 is shown in more detail in Figure 8.
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b)

a) view from the outside; b) sectional view; c) diagram of an insulator
1 —groove; 2,5 — rubber gasket; 3 — textolite insulator; 4 - holes for bolts; 6 -
conductor.

Figure 8 — The construction of a conductor with an insulator

Figure 9 shows the physical parameters of the insulator

31



7

[

a2

[l — R

e

240
366

A T
el T

Figure 9 — Diagram of an insulator

Figure 8 shows the structure of the conductive part connecting the electric field
generator and the impregnating chamber. The groove 1 is located inside the chamber
and serves to fix the electrode through which the HF field acts on the solution and
wood. Gaskets 2 and 5 are necessary so that the impregnating solution does not flow
out of the chamber. Insulator 3 is made of textolite and serves to isolate the conductive
part from the body of the impregnating chamber. Holes 4 serve to fix the entire
structure to the body of the camera with the help of bolts.

After impregnation, the samples were weighed and after that, the bars were split
in half along the fibers, to visually assess the impregnation depth. Since the transport
of substances is mainly carried out along the wood fibers, the longitudinal split gives
the optimal picture of the degree of impregnation of the wood.

Figure 10 shows the outer part and the cut portion of one 40-centimeter pine specimen.

As an impregnating solution, a dark red water-based paint was used.
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1 - longitudinal section of the sample; 2 - the outer color of the sample.

Figure 10 — Wood sample after impregnation

As can be seen in Figure 10, the outer part of the sample of wood (1 on the Figure

10) completely colored in comparison with its inner part (2 on the Figure 10).
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3 Analysis of the obtained wood samples

A total of five samples were impregnated for each time interval using an HF
generator and five samples impregnated without. To quantify the quality of
impregnation of wood samples were weighed before and after impregnation. Since the
only source of additional mass is the absorbed liquid, knowing this, it is possible to
calculate the difference in mass of the sample and the mass of the absorbed solution.
This difference was then recalculated into a percentage, showing how many percent
the sample was weighted. Knowing the increase in mass in percentage samples can be
compared to each other.

So, for example, sample b (Figure 11) before impregnation had a mass of 233.6
g. After impregnation without a generator, the mass of the experimental sample

increased to 292.5 g. Then the mass of the soaked solution is:

Am'=m, —m,; =292,59—-233,6g=589g, (1)

where Am — mass of the soaked solution, g;
m, — mass of the sample before impregnation, g;

m, — mass of the sample after impregnation, g;

Further, knowing the mass of the soaked solution, it is possible to calculate by

how much percent the mass increased in comparison with the original sample:

Amy, = 22 = 222 .100% = 0,252 - 100% = 25,2%. )

my; 2336

After impregnation using a generator, sample a (Figure 11) weighed from 212.8
g to 268.7 g. Then the mass of the soaked solution is the same as (1) and is equal to
Am = 55,9 g. Then the mass of the sample after using calculations from (2) increased
by 26.2%.
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If we compare the increase in mass with an HF generator and without it, we get:
Am = Aml, — Am§, = 26,2% — 25,2% = 1% (3)
Then we can conclude that wood that impregnated with a treatment of HF

generator, it absorbed 1% more solution.

Similarly to (3), the masses of all the samples were calculated.

luence of an electric field; b - a sample

a-asample i.r;regnatéd under t?le inf
impregnated without the influence of an electric field.
Figure 11 — Samples before and after impregnation under the influence of a
high-frequency field for 30 minutes

After the study, all the collected data is assembled in Table 2 that shows the
changes in the masses of all samples.

Table 2 — Percentage increase in the mass of samples.

Type of experiment | Weight gain, % Difference in mass, % | Average weight
Amy, Am difference, %

1 Impregnation time 15 minutes

Without generator 1 25.6

With generator 1 26.6 .

Without generator 2 19.8 ~0

With generator 2 18.7 11

Without generator 3 30.3 0.8
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Continuation of Table 2

With generator 3 31.1

Without generator 4 26.9

With generator 4 25.5 14
Without generator 5 214

With generator 5 22.0 00
2 Impregnation time 30 minutes

Without generator 1 323

With generator 1 34.8 2
Without generator 2 251

With generator 2 26.9 L8
Without generator 3 34.2

With generator 3 36.9 2 #10
Without generator 4 39.0

With generator 4 44.8 >
Without generator 5 33.4

With generator 5 34.4 !

3 Impregnation time 60 minutes

Without generator 1 45.4 4
With generator 1 49 4

Without generator 2 401 58
With generator 2 45.9

Without generator 3 491 59 >-12
With generator 3 54.3

Without generator 4 48.7 44
With generator 4 53.1

Without generator 5 56.3 6.2
With generator 5 62.5

4 Impregnation time 120 minutes

Without generator 1 89.6

With generator 1 93.7 * >-04
Without generator 2 82.1 4.3
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Continuation of Table 2

With generator 2 86.4

Without generator 3 93.7

With generator 3 08.2 +
Without generator 4 89.3

With generator 4 95.4 -
Without generator 5 98.2

With generator 5 104.4 o
5 Impregnation time 150 minutes

Without generator 1 102.6

With generator 1 106.9 4.3
Without generator 2 98.9

With generator 2 107.1 o2
Without generator 3 89.3

With generator 3 95.6 >3 -
Without generator 4 975

With generator 4 101.4 39
Without generator 5 100.2

With generator 5 104.4 2

Based on the data form the table, changes in the mass of the samples are
determined to estimate the amount of absorbed material.
The graphs were created using the Excel software. Moreover it should be

remembered that the samples are not related by any dependence.
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Figure 12 — The plot of the change in mass with a duration of impregnation of

15 minutes
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Figure 13 — The plot of the change in mass with a duration of impregnation of

30 minutes
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Figure 14 — The plot of the change in mass with a duration of impregnation of

60 minutes
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Figure 15 — The plot of the change in mass with a duration of impregnation of

120 minutes
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Am, % Average difference in mass
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Figure 16 — The plot of the change in mass with a duration of impregnation of

150 minutes

In the Figures 12-16, the dotted lines indicate the average difference in the
increase in mass. An important parameter is the difference between these two dashed

lines.
A graph of the change but only of the average value of the difference in mass

was constructed.
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Average weight difference,%
[ [ %] [#%] = %3]

15 30 60 120 150
Impregnation time, minutes
Figure 17 — Change in the average percentage difference in the mass of

samples impregnated with the generator and without

According to the graphs, it can be concluded that impregnation of the samples
for 15 minutes did not reveal any change in mass, when comparing the impregnation
under the influence of the field and without it.

After impregnation for 30 minutes, it was found that, after impregnation with an
HF generator, the average weight of the bars was 2.76% higher than the average weight
of the bars after the impregnation without the generator.

When impregnated under the influence of an electric field for 1 hour, the change
in the mass of impregnated samples was almost 6% greater than without the action of
an electric field.

A further increase in the impregnation time did not show an increase in the mass
of the samples when they were compared with each other.

Based on the results obtained, it can be concluded that the impregnation of the
samples under the influence of the high-frequency field shows a very slight
improvement in the impregnation quality.

At visual inspection, signs of impregnation of wood are absent (Figure 18).
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a — sample impregnated under the influence of an electric field, b — sample
impregnated without the influence of an electric field.
Figure 18 — Samples before and after impregnation under the influence of a

high-frequency field for 150 minutes

4 Impregnation of wood under the influence of industrial frequency
currents

Impregnation of wood under the influence of industrial frequency currents. The
assumption was made that with increasing energy of the influencing field, the quality
of impregnation will improve. To test this assumption, an industrial frequency current
generator was used, providing an electric field energy of 1-1.5 kW.

The experimental conditions remained the same as in the experiment with a high-
frequency generator. Vacuuming time is 30 minutes. The pressure in the chamber
during impregnation is 1 - 10° Pa.

The electrical scheme of the experiment is shown in Figure 19.
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- Ra2 @ -

Rg1, Rqz — Voltage divider; R, — resistance of the impregnating chamber;
Rg — shunt resistance.
Figure 19 — The electrical scheme of the experiment with the generator of the

current of the industrial frequency

Divider's voltage ratio is 500, as R4, = 500 kQ, Ry4; = 1 MQ. Shunt resistance
R, = 0.06 Q. HF generator parameters: voltage U = 100V, frequency of the generator

f=50Hz. Oscillograms obtained inside the impregnating chamber shown on Figure 20.

Tek Ajks Trig’d M Pos: =3.500ms
+
\ £ "“\
/ ‘
\ : .
\ \ §
\ 5
\‘ ‘.'
\ {
\ /
Off
M 2.50ms

13-Apr-18 1351
Figure 20 — Oscillograms of current (2) and voltage (1) of the industrial frequency

obtained inside the impregnating chamber
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The remaining parameters, such as the number of samples and their pre-
treatment, as well as the experimental procedure, remained the same.

As a result of the experiments, the results presented in Table 3 were obtained.

Table 3 — Percentage increase in mass of samples.

Type of experiment | Weight gain, % Difference in mass, | Average weight
Amy, % difference, %
Am
Impregnation time 15 minutes
Without generator 1 28.9
3.2
With generator 1 32.1
Without generator 2 26.5
With generator 2 27.7 1.2
Without generator 3 29.8
) 1.4
With generator 3 31.4 16
Without generator 4 28.2
With generator 4 29.3 11
Without generator 5 26.2
With generator 5 26.1 01
Impregnation time 30 minutes
Without generator 1 35 3.1
With generator 1 38.1
Without generator 2
: 33.9 3.4
With generator 2 373
Without generator 3 3.14
g 37.7 35
With generator 3 41.2
Without generator 4
g 35.7 42
With generator 4 39.9
Without generator 5
9 33.4 15
With generator 5 34.9
Impregnation time 60 minutes
Without generator 1 55.9 5.6 6.5
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Continuation of Table 3

With generator 1

61.5
Without generator 2 55.3
With generator 2 63 "
Without generator 3 59.2
_ 4.9
With generator 3 64.1 6.5
Without generator 4 62.7
With generator 4 68.6 >0
Without generator 5 54.4
With generator 5 62.8 .
Impregnation time 120 minutes
Without generator 1 90.8
51.5
With generator 1 142.3
Without generator 2 84.7
With generator 2 138.1 2
Without generator 3 87.7
_ 61.9 ST.1
With generator 3 149.6
Without generator 4 88.2
With generator 4 138 8
Without generator 5 955
. 71.9
With generator 5 167.4
Impregnation time 150 minutes
Without generator 1 105.1
93.3
With generator 1 198.4
Without generator 2 99.8
With generator 2 207.1 17
. 102.24
Without generator 3 93.9
With generator 3 195.6 el
Without generator 4 95.7
With generator 4 201.4 10T
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Continuation of Table 3

Without generator 5 101.6

103.2

With generator 5 204.8

From the values obtained, we plot the change in the average percentage
difference in mass (Figure 21).

= =
o] o
=] =]

oo
=

Average weight difference,%
= @
= =

[t
=

15 30 B0 120 150

Impregnation time, minutes

Figure 21 — Change in the average percentage difference in the mass of
samples impregnated with the current generator of the industrial frequency and

without

When exposed to industrial frequency currents for 15 minutes, it was found that,
on average, the mass of impregnated samples was more by 1.4% than without exposure.
When impregnated for 30 minutes, the difference was 3.14%. When impregnated for
60 minutes, the difference is equal to 6.5%.

Between 15 minutes and 60 minutes, on average, the results are similar to those
obtained with impregnation with an RF generator. With a further increase in
impregnation time, there is a marked improvement in impregnation quality. When
impregnated within 2 hours, the difference in the increase in the mass of the samples

under the influence of industrial frequency current generator relative to the
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impregnation without the influence of industrial frequency current generator was
57.7%.
When impregnating according to the method described above, the difference in
weight change in samples impregnated within 2 hours 30 minutes averaged 102.24%.
During visual observation, after the samples are split along the fibers,
impregnated channels are observed with the solution along the length of the entire

sample. (Figure 22)

a — sample impregnated under the influence of an electric field; b — sample
impregnated without the influence of an electric field.
Figure 22 — Samples before and after impregnation under the influence of
industrial frequency currents

To further study the improvement in impregnation quality, the impregnation
time should be increased.
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SAJAHUE JUIS PABJETA
«PECYPCOY®®PEKTUBHOCTh U ®UHAHCOBBIII MEHEJ)KMEHT»

Crygnenry:
I'pynna oUuo
4TM61 AxwmerraeBy JKanuOeky AchlnyJibl
Ilxona UIIHIIT Otnenenne mkoasl (HOLL) Ortnencnue
MaTepHaloBeICHIS
YpoBeHb Maructp TeXHUKH U HanpasJieHue/cnenuaJibHOCTh 13.04.02 DnexTpo3HepreTuKa
o0pa3oBaHust TEXHOJIOTHH 1 3JIEKTPOTEXHHUKA

Hcxoaublie 1anHble K pasaenay «PecypcodppekTHBHOCTH U (PMHAHCOBBII MEHEIKMEHT)

1.  Cmoumocmv pecypcos nayunozo
uccneoosanus (HU): mamepuanvHo-mexnuyeckux,
IHepeemu4ecKux, (PUHAHCOBLIX, UHPOPMAYUOHHBIX U
Yen08euecKuUx

Tlomenyuanvuvie nompeoumenu pezyromamos HTH

2. Hopmbl u Hopmamugsl pacxo0osanust
pecypcos

Hopma amopmuzayuu ycmanoexu 10%
Hopma amopmusayuu 11K 33,3

3. HUcnonvzosanue cucmem Han0200010M4CeHUs,
CMABKU HAN0208, OMYUCTEHUL, OUCKOHMUPOBAHUA U
Kpeoumos8aHus

Omuucnenus 60 8HeO0OHiCEMHblE CMPAxosbie PoHObI,
xomopuwle cocmasnsiom 30 %.

IMepeyens BONMpoCcoB, MOIJIEKANIMX HCCIET0BAHNIO, TPOEKTHPOBAHMIO N pa3padoTKe:

1. Oyenxa xommepuecko2o u UHHOBAYUOHHO2O
nomenyuana HTH

SWOT-ananusz HTHU, paspabomxka uepapxuyeckou
CMpPYKmMypbl NPoeKma

2. Paspabomka ycmasa nayuHo-mexHu4eckozo
npoexma

IIpoexm 6vinoansem 6 pamkax MazucmepcKkou ouccepmayuu,

ycmag He mpebyemcsl.

3. IInanuposanue npoyecca ynpasnenus HTU:
cmpyKkmypa u epaguk nposederusi, 6100xcem,
PUCKU U OP2AHU3AYUSL 3AKYNOK

Paspabomra karenoaprozo niana u 6100%cema HayyHo20
uUccne0o8aHusl.

4. Onpeoenenue pecypcholi, PuHAHCOBOI,
9KOHOMUYECKOU P PexmusHocmu

Onpedenenue yenecoobpasnocmu u sgpgpexmusnocmu HTU:
OYEHKA PUCKO8 U HAYYHO-MEXHUUECKO20 YPOBHS
UCC1ed08aHUsl, OYeHKa pecypcodrdhexmusnocmu npoekma

Ilepeyennb rpaguyeckoro marepuaJia:

Kapma cezamenmuposanus pvinka
Mampuya SWOT -ananuza npoexma
Hepapxuueckas cmpykmypa pabom
Juazpamma I'anma

agrwnE

Cmema 3ampam Ha HAYYHO-UCCTIe008AMENbCKYIO pabony

\ JlaTa Bbl1a4u 3a1aHu JJIA pa3jesia 1o JUHeHoOMY rpaguky \

33}13HI/I€ BbIJ1AJI KOHCYJbTAHT:

JokHOCTH DdUO0 Yuenas Toanuch Jlara

CTeleHb,

3BaAaHHC
JIOLeHT OTHeneHuss COUaIbHO-TYMaHUTapHBIX CrapukoBa
HayK Exarepuna
BacunbeBHa

3agaHue NPUHAJ K HCIIOJHEHUIO CTYIeHT:
I'pynna [035(0] Hoanuch Jara
4TM61 AxmertaeB JKannOek AcbUTyIibl
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5 Pecypco3appekTuBHOCTH M PUHAHCOBBII MEHET:KMEHT

TeMolt MarucTepckod BBIMYCKHOH KBAIM(PUKAITMOHHON pabOTHI SIBISETCS
WCCIICIOBAHUE BJIMSIHUSA BBICOKOYACTOTHOTO AJIEKTPUUYECKOTO MOJiI Ha KadeCTBO
00BEMHOM MPOMUTKH JPEBECUHBI XBOWHBIX MOPO] BOAHBIMU PACTBOPAMH.

Iensto pazgena «PecypcoaddekTuBHOCT M (DUHAHCOBBIA MEHEIKMEHT)
ABISETCST  OIeHKa A((EKTUBHOCTH ¥ BO3MOXKHOCTH TPOBEJCHUS JTAHHOTO
MCCJICIOBAHUS, OIIEHKU PUCKOB U 3aTpaT, a TAKXKE pelieHue 3aaad [42].

[ToctaBuM 3aaun 715t JAHHOTO pasjena:

- OueHuTh NepCneKTUBHOCTh UCCIEAOBAHNUS;
- CocTaBUTh IUIaH BBIIOJIHEHUS UCCIIEIOBAHHUS;

PaccuntaTh HEOOXOUMBIE 3aTPATHI JJIs1 UCCIEAOBAHUS.

5.1 OueHka KOMMEpP4YeCKOro MOTEHIUAJIA U MIEPCIeKTUBHOCTH NPOBEACHUA
HAaY4YHBIX HUCCJIeJOBAHU U c MO3UIUU pecypco3pPeKTHBHOCTH 7|

pecypcocoepeskeHust

- ITlepcneKTUBHOCTb MCCIEAOBAHUN OMPENETACTCS HE CTOJIBKO BaXXHOCTBIO U
IJI00IBHOCTBIO OTKPBITHSI, KOTOPHIE TSXKEJIO OICHUTh HAa HAYaJbHBIX dTamax
MPOEKTA, A UMEHHO KOMMEPYECKOM OLIEHKOW. O1leHKa KOMMEPYECKOU IEHHOCTH
— o0f3aTenbHO  YCIOBHUE, HEOoOXOoAuMOE [IJIi TOMCKAa  HCTOYHUKOB
(dbrHaHCUPOBAHUS U, CIIEIOBATEIBHO, JJIS YCIEIIHOTO MPOBEJACHUS HAYYHOTO
uccienoanus [42].

OTtedecTBEHHBIN M 3apyOCKHBIA OMBIT TMOKA3bIBAET, YTO HEJOCTATOYHAS
OIICHKA PBIHKOB COBITA MPOW3BOAMMON MPOAYKIIUU SIBISACTCS OJHOW W3 TJIaBHBIX
MPUYUH HECOCTOATEIIBHOCTH MHOTUX MPOEKTOB. HeoO6Xxo UM Tiry0oKuii aHaIu3 cripoca
Ha MPOAYKITUIO, KOTOPYIO MPE/IOJIaraeTCs BBITYCKAaTh, OMPEACIUTh, B KAKUX 00BheMax
U MO Kakou IieHe ero Kymar. OmnpenenuB CIpoc, YCTaHABJIMBAIOT MaKCUMAaJIbHBIM
00BeM MPOU3BOJICTBA, KOTOPHIN MPEANPUHUMATENh CMOXKET OCYIIECTBUTH C YIETOM

CBOHMX INIOTCHOHWAJIbHBIX BO3MOKHOCTEH.
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HOTeHHI/IaHBHBIMI/I HOTpe6I/ITCJ'I$IMI/I JaHHOTI'O Hay4YHO TCXHHUYCCKOI'O
HCCIICAOBAHUA  SABJIIOTCA  CTPOUTCIIBHBIC KOMIIAHHH, I[epeBOO6pa6aTBIBaIOH_[I/IC

34aBOIbl, KOMITAHHUH I10 IIPOU3BOJACTBY MeOeIu.

Tabnuna 4 — Kapra cermeHTUpOBaHMs phIHKA

OTpacnu, 3aMHTepecOBaHHbIE B MOAU(PHUIIMPOBAHHON

JIPEBECUHE
Crpowuten epeBooOpada
Hayunslie p Hlep p [IpousBoacrse
bHBIC THIBAIOIIHE
UHCTUTYTHI HHBIE [[EXH
KOMITaHUU 3aBO/IBI
[IpousBoacTeo
MoIU(PULIIPOBAHHOMN X X
JIPEBECUHBI
@]
=
S
3 OcBo€eHNE HOBBIX METOI0OB « X
é MIPOIUTKHU JPEBECHUHBI
=
0=
g
z N3yuenue cBoricTB
2 MOAUGUIIUPOBAHHOMN X X
£ JPEBECUHBI
=
S
=
= AHanmn3 XxapakTepUCTUK
=t X X X
2 JIPEBECUHBI
Qo
= .
- [Tponaka mponuTaHHON < < «
§ JPEBECHHBI
T
¥a]
=
]
= [Tponaxa pe3ynpTaToB
& | MccIen0Banuii U yCTaHOBOK I10 X X X
8 MPOMUTKE APEBECHUHBI
Q
=
O
Ucnonp3oBanne
MOIU(PUIIUPOBAHHOMN . < <
JIPEBECHHBI B IIPOMBIITUICHHBIX
eJSIX

Kak BMIOHO M3 KapThl CErMEHTHUPOBAHHS, OCHOBHBIM CETMEHTOM JIAHHOTO
PBIHKA SBJISIOTCS IepeBO0OPadaTHIBAIONINE 3aBObI, KOTOPHIC BHITIOIHSIOT MOYTH BECh
IIUKJI pabOoT, CBSI3aHHBIX C MOAU(MUIIMPOBAHHOM JpeBecuHo. Llenbio ucciaenoBanmii,

BBIIIOJIHACMEBIX B paMKax BKP, ABIACTCA NCCICAOBAHUC BIIMAHKWA BBICOKOYAaCTOTHOI'O
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IEKTPUUECKOTO TOJIsl HAa Ka4eCTBO 00bEMHOM MPOMMUTKHU APEBECHHBI XBOMHBIX TTOPOJT
BOAHBIMH pacTBopamu. [lo mpuymHE TOTO, 4YTO BCE KIACCHYECKHE CIOCOOBI
MOAU(PUKALIMK APEBECUHBI IPOMUTKONU HE 3(h(PEKTUBHBI JIJI1 XBOMHBIX TTOPO JaHHOE
UCCIIEIOBAaHUE TOMOXET pa3paboTaTh WM MOMOYb B pa3pabOTKE HOBOTO METOja
MPOMMUTKN XBOMHOW JPEBECUHBI.

Wepapxuueckast cTpykTypa pabOT — MHCTPYMEHT, MO3BOJISIOMMN pa3OUTh

OHa ycTaHaBIUBAeT

COCTaBHBIC qacCTH. HNCPAPXUICCKHU

IIPOEKT Ha
CTPYKTYPUPOBAHHOE pacripejiesieHne paboT Mo peaanu3aluu IpoeKTa, OMUChIBACT BCE
paboThl, KOTOPBIE JOJKHBI ObITh BBIIIOJHEHBI B POEKTE.

Coneprxanue pabOT JaHHOTO MPOEKTA ONMPEIEICHO U CTPYKTYPUPOBAHO B BUJIE

uepapxuu, KoTopas puBeieHa Ha pucyHke 14,

HccnenoBanne Bausgang BY monxa Ha kadecTBO ITPpOIINTKH

Pezynerate

lccnenoBaTenbckad 4acThb

SKCHGPI’IMGHTEL"IBHHH qJacTb

AHamn3 Bosgeiicteaa BU
0114 Ha APEeBECHHY

IlocTaHOBKA 3ada9H
IKCIIEPHMEHTA

AHATH3 TOTyIeHHBIX
JTAHHBIX

| AHarH3 Bo3aeticTBHA BU moma
Ha MPOITHTHIBAIONIHE PACTBOPEI

PazpaboTKa YCTAHOBKH ITIA
[IPOITHTKH IO BO3AeHCTBHEM
BY mora

BrlABICHHE B.‘IKEH&HZI

[TonCcK ONTHMATBHBIX YCIOBHH
IIPOITHTKH

HpOBB,Z[EHHE‘- IKCIIEPHMEHTA
I10 IMPOITHTKE

Pucynox 14 — Uepapxudeckasi CTpykTypa padoT

[IpuBenennas Ha pucyHke 14 cTpykrypa padboT — BaKHEUINHN 3IEMEHT ycrexa
IpoeKTa, MOoToMy uTO (OKyCHpyeT BHMMaHHUE Ha pe3ysbTare IMpoekta. bmaromaps
JIEKOMITO3ULIMM, UCIIOJHUTENU IIPOEKTa IMOJYYWIN IIOJHOE U OJHOBPEMEHHO SICHOE

NpEACTABJICHUC OKUAACMOI'0 PE3YyJIbTaTa BCCTO IIPOCKTA.
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Jsis TOoro 4toObl OIEHUTHh (PAKTOPHI M SIBICHHUA, CIIOCOOCTBYIOIIME WIIH
NPENATCTBYIOUIME MPOABMKEHUIO MpoekTa, Obul mnpousBeneH SWOT — ananus
IPOEKTA.

Omnucanne CUIBHBIX U CIa0bIX CTOPOH MPOEKTa, BHISIBJICHHE BO3MOKHOCTEH U
yrpo3 AJIs pean3aluy IpoeKTa MpuBeIeHbI B Ta0IuUIE 5.

Ta6nuna 5 — Marpumia SWOT

CuibHBIE CTOPOHBI Bo3MoxHOCTH BO BHEIIIHEH cpelie
C1.YHUKAIILHOCTE HCCIEIOBAHUS B1.Bo3MoXHOCTE CO3JaHUs MapTHEPCKUX
C2. UccnenoBaTenbsckast TeMa paboThI OTHOILIEHWH C  PSIOM  HCCIEIOBATEIbCKUX
C3.Hamuune OIIBITHOT'O HAyYHOTO MHCTUTYTOB
PYKOBOJIUTEIIS B2 B0o3M0>XHOCTb CO3/1aHUs IATEHTA
C4.AxTyanpHOCTb MPOBOUMOTO UcciieoBanus [B3.Bo3M0OXKHOCTh BbIX0O/a HA MIMPOKUI PHIHOK
C5.006mmpHas chepa mpuMeHEHUS B4.B03M0KHOCTH OBICTPOTO BBIXO[a HA PHIHOK, B

CBSA3HU c OTHOCHUTEILHOH MIPOCTOTOM
KOHCTPYKITHH.

B5.B0o3M0KHOCTh y4acTBOBaTh B KOH(pEPEHITMIX

Cnabble CTOPOHBI VYTrpo3bl BHELIHEHN Cpeibl

Cnl. Bnusaue BY mnonss Moxer okaszatbes | Y 1.PazBurne KOHKYpEeHIIMM HU3-3a HEBBICOKOM

HE3HAYUTEIbHBIM CTOMMOCTH HE00XOAMMOT0 000pyI0OBaHHUS.
Cn2. Hudopmanmonusie wmarepuanbl Moryt | Y2.HecBoeBpeMeHHOE (buHaHCOBOE
OBITh NCIIOJIH30BAHBI KOHKYPEHTAMHU o0ecrieyeHrne HayqHOTO UCCIICIOBAHUS

Cn3. UccnenoBanue 3aHuMaet joiroe Bpems | Y3.HecBoeBpemeHHas obecrieueHne
Cn4. Tpebyer TmaTeapbHOTO COOpa MCXOMHBIX | MATEpHAIaMH  JUJIT  UCCIIeNOBaHMS  (cyxas
JTAHHBIX JpeBECHHA XBOMHBIX ITOPOJT).

Cn5. OrcyrctBHE  NpOTOTMIA  HAyYHOU

pa3paboTku

Crnenyromuii 3Tanm COCTOUT B BBISIBJICHUM COOTBETCTBUSI CHJIBHBIX U CJIA0BIX
CTOPOH HAay4YHO-HCCJIEA0BATEIBCKOTO MPOEKTa BHEIIHUM YCJIOBUSAM OKpYKaroImieh
cpeabl. ITO COOTBETCTBUE WJIM HECOOTBETCTBUE JOJKHBI TOMOYb BBISIBUTH CTEICHb
HEO0OXOIMMOCTH MPOBEJICHHUS CTPATETHUYCCKUX NU3MEHEHHUM.

[Ipy aHanu3e CUIBHBIX CTOPOH MPOEKTAa MOXKHO BBISIBUTH CICAYIOIINE
KOPPENUPYIOIIME CWIBHBIX CTOpOoH U Bo3MmoxHoctu: BIC1C2C3C4C5C6,
B2C1C4C5, B3CIC4C5C6, Takke MOXXHO BBISBHTH CIEIYIONINE KOPPEIUISAINH
CUJIBHBIX CTOPOH U yrpo3: Y 1C4C5C6.

[Ipu ananuse cnaObIX CTOPOH MOXKHO BBISSBUTH CJIEAYIONINE KOPPETUPYIONTHE
cnabpIx cTopoH 1 Bo3mMoxkHocTH: B1Cn1Cnd, B3Cal1Cn2Cn5, Takke MOXKHO BBISIBUTH

CIIEAYIONINE KOPPEIUIALNH C1abbIX CTOpOH U yrpo3: Y1Cn2, Y2Cn3, Y3Cn2Cn3Cn4.
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Tabmuma 6 — SWOT-ananus

CWwibHbIEe CTOPOHBI HAYYHO-
HCCI1e10BATEILCKOT0
NpoeKTa:

1.

2.

YHUKAIIBHOCTh
UCCIIEJIOBAHUS
Bo3Mo)kHOCTB
y4acTBOBaTh B
KOH(EepeHIHIX
Hanuuue onbiTHOTO
Hay4HOT'O PYKOBOJMUTEIIS
AKTyaIbHOCTb
MIPOBOJIUMOTO
UCCIIEJIOBAHUS
OO6mmpHas chepa
MpPUMEHEHUs
Boubiioe koruecTBO
MOTEHLIHUATbHBIX
norpedurenei

OPOAYKIIMU

Cia0dble CTOPOHBI HAYYHO-
HCCJIeI0BATEIbCKOIO
NpoeKTa:

1. Bousaue BY nosnst Mmoxxet
0Ka3aThCsl HE3HAYUTEIbHBIM

2. Nudopmanronusie
MaTepualibl MOTYT  OBITh
MCIIOJIb30BaHBI
KOHKYpPEHTaMH

3. HUccnenoBanue 3aHUMAET
J0JIT0€ BpEeMsi

4. Tpebyer  THOIATEILHOTO
cOopa UCXOTHBIX JTAHHBIX
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[Tpogomxenue TabauIbI 6

Bo3moxknocTH:
1. Bo3MO)XHOCTE CO31aHUS
[MAPTHEPCKUX  OTHOLIEHUH €
psIOM HCCIIEI0BATENbCKUX
WHCTUTYTOB
2. Bo3moxxHOCTE co3naHus
naTeHTa
3. B03MO0OXHOCTB BpIXO/a Ha
LIUPOKUI PBIHOK
4.  B03MOXHOCTH OBICTPOTO
BBIXO0/Ia HA PHIHOK, B CBSI3U C
OTHOCHUTEIILHOU MPOCTOTOMN

AKTyaJIbHOCTb pa3padOTKH U
OIIBITHBIM PYKOBOJUTENb JAeT
BO3MOXXHOCTb COTPYAHHMYATH C
PSAIOM BETYLIMX
UCCIIEI0BATEIbCKUX
UHCTUTYTOB;

3a cueT HOBU3HBI U (PAKTHUYECKH
OTCYTCTBHSI aHAJIOTOB

3¢ PEeKTUBHON MPOTUTKH
JPEBECUHBI XBOWHBIX TIOPO]T
BO3MOJKEH OBICTPBIN BBIXOJ Ha

Bo3MOXHOCTH HAIMYMS
[TAPTHEPCKUX OTHOLICHUM C
UCCIIE0BATEIbCKUMU
MHCTUTYTaMH JJIs IOUCKA
HauboJiee ONTUMaIbHbIX
[1apaMeTPOB IIPOIUTKH;

KOHCTPYKIUH. LIMPOKUI PBIHOK. BO3MOKHOCTB
IIPUMEHEHHUSI NCCIIEI0OBAHUS BO
Bcex chepax, UMEIOLUX
OTHOILIEHHE K JJPEBECHHE.
Yrpossr: YHUuBEpCAIBHOCTh IPUMEHEHHUS
1. Pa3Burue METOJIOB MCCIICIOBAHHH,
KOHKYPEHLIUN U3-3a | BO3MOYKHOCTb CO3JaHUs
HEBBICOKOM CTOMMOCTH | MaTeHTa, U o01mupHas chepa IIpu obHapyxeHuun
HE00X0AUMOTO IIPUMEHEHHUS TPOrPaMMHOI0 HE3HAYUTEJIBHOTO BIIUSHUS
000pyIOBaHUsI. KOMILJIEKCAa MUHUMU3UPYIOT BY nons, 6iaronaps
HecBoeBpeMeHHOE (PMHAHCOBOE | BJIMSHUS PAa3BUTON HOBU3HE DKCIIEPUMEHTOB,
oOecrnieueHue HAy4YyHOTO | KOHKYpEHIMU B 0003HAUYEHHON | pe3ysIbTaThl UCCIIEIOBAHUS
VCCIIEIOBaHMS chepe MO’KHO HMCIIOJIb30BaTh IS

HecBoeBpemeHHas obecrieueHne
MaTepuagamMu JJIsl HCCIeA0BaHUS
(cyxast AqpeBecrHa XBOMHBIX
Opo.).

AKTyaabHOCTb IPOBOAUMOTO
WCCIIEIOBAHMSI U HAJTUYNE
OTIBITHOTO HAyYHOT'O
PYKOBOJIUTENSI B COUCTAHUH C
MPUHLIUIINAIBHO HOBOM
METOJIMKOHN MpOBeACHUS paboT
o0ecreynBaroT CTPEMUTEIbHBIN
BBIXOJT Ha MTPOMBIIILICHHBIN
PBIHOK.

BBICTYILJICHHS Ha
KOH(EpEeHIMSIX UIH B
TanbHEUIIIMX
HCCIICIOBAHUSX B
COBMECTHBIX MPOEKTaX C
JPYTUMHU Hay4YHBIMU
WHCTUTYTAMHU.

Takum oOpa3zom, caMoii OOJIBIIION yrpo30¥ I MPOEKTA SBISETCS Pa3BUTHE

KOHKYPEHIIMU B 00JIACTH MPONUTKU XBOMHOW JIPEBECHHBI, YEro, MpU OOHAPYKEHUU

MOJIOKHUTEIBHOTO 3(PeKkTa Ha KAadecTBO MPOIMUTKH, MOXKHO H30exaTh Oiaromaps

CO3JaHMI0 IaTeHTa. Takike cpean yrpo3 MOKHO OTMCTUTb HCCBOCBPEMCHHOC

oOecrieueHue

H€O6XOI[I/IMBIMI/I MaTcpuaIaMu,

TaK KaK JaxXe

OlHA cepus

9KCIICPUMCHTOB MOJKCT 3aHUMATh OT OAHOTO AHA OO0 HCACIU, TO 3aACPIKKHU MOT'YT
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CHJIBHO 3aTSHYTh BCE UCCIENOBaHHE. DTOr0 MOXHO H30exaTh Omarojaps pa3BHTOMN
undpactpykrype TIIY u cocTaBiaeHHN KOHTpaKTa C MPOBEPEHHBIMU MTOCTABIIUKAMHU.

HccnenoBanne uMeer O00MIbIION MOTEHIMAN, IUPOKUM KPYT NOTEHLIUATIbHBIX
NOTpeOUTENEN U BO3MOKHOCTD BBIXO/]a HA BHEIITHUI PBIHOK.

HJIaHI/IpOBaHI/Ie pa60T BBIITOJIHACTCA ITOOTAIIHO!

npesesieHue CTPYKTYPhI paboT B paMKaX HAy4YHOT'O UCCIIEAOBaHUS;

ONpeIeNICHHE YYACTHUKOB KaXKI0U PaOdOThI;

YCTAHOBJICHHUC IIPOAOJIZKUTCIIbHOCTHU pa60T;

MOCTPOCHUE Tpauka MPOBEICHUS HAYYHBIX UCCIICIOBAHUM.

JIns1 BBITIOTHEHUS HAYyYHOT'O HCCIEAOBaHUSA coOupaeTcsl TpyImma, B COCTaB
KOTOPOM BXOIAT HAYYHBIM pPYKOBOAWTEIb H HHXeHep. [lo kaxmomy Buay
3alUIAHUPOBAHHBIX ~ PabOT  yCTAaHABIMBAETCA  COOTBETCTBYIOMIASl  JIOJDKHOCTD
HWCHOJIHUTEICH.

B nanHOM myHKTE cOCTaBIICH IepeueHb paboT B paMKaXxX IIPOBEJACHUS HAYIHOTO
MCCIIEIOBAHUSI U paclpe/ieNIeHbl UCITOJIHUTENH 1Mo BUuaaMm padot. [Topsaok nmpuBeieH B

tabmure 7.
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Tabnuua 7 — [lepedyens 3TanoB padboOT U pacnpeIeieHre UCTIOTHUTENEH

Conep:xkanue
Ne . . JloskHOCTD
OcHOBHBIE TANBI HCCIeI0BATEILCKOM Conep:xaHue TeXHMYECKOI yacTH padboT
pao HCIIOJTHUTEISA
qyacTu pador
CocraBiieHHE U 00630p nuTepaTypsl, cOOp HEOOXOIUMBIX JAHHBIX, TEXHUYECKUX
1 | yrBepxkaenue napaMeTpoB 000pyIOBaHMsI, pa3paboTKa TEXHOIOTHIECKOTO PykoBogutenn
TEXHUYECKOTO 3aJaHus npoiecca.
C TYpHPOBaHIE ITmannpoBanme
TPYKTYpHP 2 P IToaroroBka 00pa3IOB APEBECHHBI Nnxenep
HCCIIEIOBaHUA SKCIIEPUMEHTa
Kanennapnoe
3 | mmaaupoBaHue padboT Mo CocraBnieHue rpaduka BBIITOTHEHUS pabOT Ha BCEX ATarax. Nnxenep
TEME
[IponuTka 4 O1eHKa JUINTEIIFHOCTH [Tony4yeHue TOUKM NpU KOTOPOU JOCTUTHYTa MAaKCUMAJIbHO Uibkere
JIPEBECUHBI T1O]] MIPOTTUTKHU BO3MOYKHAs TPOTTUTKA P
Bo3nericTtesueM BY Ornpenenenue KauecTBa
5 PacniiiioBka npeBecHHbI WNuxenep
OJISt MIPOTTUTKHU
AHanu3 KoandecTBa
6 B3pemuBanue o0pasios Nuxenep
BIIMTAHHOT'O BEIIECTBA
AHanus 3Hepruy,
COop maHHBIX 7 N CHsiTHE OCHMIITIOTPAMMBI TOKA. WNuxenep
BBEJICHHOU B KaMepy
BusyanbHblii aHanm3
8 Ornpezenenne kauecTBa NPOMUTKHU C MIOMOIIBIO KOJIOPUMETPa Nuxenep
00pa3IoB
CpaBHeHHE MOTYIECHHBIX
Amnamuz HIT 9 P ya AHanu3 JaHHBIX. Nuxenep
pe3ynbTaTOB
CocraBiieHue CocraBlieHne 0T4eTa 0 MPOAEIaHHON padoTe, ¢ YKa3aHHEM
Odopmienue 10 . P P Oy Wnxenep
oTuera o HIP MOSICHUTEITLHOM 3aMMUCKH | MPOOJIeMaTHKH MMPOBOJUMOTO UCCIIEIOBAHUS, PE3YIbTATOB.
ApxuBanus moay4eHHbIX . PykoBoauTens,
11 Hanucanue BEIBOIOB O MPOJIETaHHOMN padoTe.
BBIBOJIOB WHXXEHEP
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JIuneiinpIil rpa@uK MpoeKTa MPECTaBICH B BUE KAJICHIAPHOTO MJIaHa.

Ta6nuna 8 — KanenaapHslii mian

Bun pabot

JlmmTenbHo

CTh, THU

Jata
Havaa

pabot

[laTta

OKOHYaHHA

pabot

Cocrasn

YYaCTHUKOB

CocraBiienue u
YTBEPKICHUE
TEXHUYECKOTO
3aJJaHUs

21

8.09.17

28.09.17

PyxoBoaurens

[InannpoBanue
JKCIEPUMEHTA

38

29.09.17

05.11.17

Nuxenep

KanenngapHoe
MJIaHUPOBAHKE
paboT 1o Teme

06.11.17

12.11.17

Nnxenep

Onenka
JUIATEILHOCTH
MIPONUTKH

35

13.11.17

18.12.17

Nuxenep

Onpenenenue
KauecTBa
MIPOIUTKH

30

19.12.17

19.01.18

Nuxenep

Ananns
KOJIMYECTBAa
BIIMTAHHOT'O
BEIICCTBA

15

20.01.18

05.02.18

Nuxenep

Pacuer sneprum,
BBCJICHHOH B
Kamepy

15

06.02.18

21.02.18

Nuxenep

BusyanpHb1i
aHanu3 o0Opas3loB

30

22.02.18

22.03.18

Nnxenep

CpaBHeHue
MOJTYYEHHBIX
pE3YIbTATOB

51

23.03.18

14.05.18

Nnxenep

10

CocraBnenue
NOSICHUTENBHOM
3aUCKHU

15.05.18

21.05.18

Nnxenep

11

ApxuBanus
MTOJTYYEHHBIX
BBIBOJIOB

22.05.18

28.05.18

PykoBoaurens,

WHXXEHEP

HUtoro

227

5/




Tabmuma 9 - Jlmarpamma ["anTa

NMpooomEATENDBS0CTE EDINONHEHHA paﬁnr

NE: Eng pabor HCMONHHTENH O He
CeHTAGpe | OTROpE HoAaGpe | Oskabpo AHBEPR TLEEpAND [ ET Anpent

CoCTaRmeHNE H

1 | VTEEpEIEHHE Pyrozogmrens 21
TEXHHUECKOTD 3 aHRT
[InasmpoBaHHE

2 Hesezap 38
SECTIEpPHMEHTA
Eanengaproce

3 | WIaHApOEAHHE paboT Hezazap !
o TEME
JOeHEa JTHTEIRHOCTH

4 a Haeamep 33
OpOIHTER
(W EIEHHE

5 Tpes Hezazap 30
E49ecTES IPOTIHTER
AHATH? KOIHISCTE

& Hezazap 13
EIHTASHAOTO BEMIECTEA
PacueT sHepTHH,

7 ...P Haeamep 13
EESJEHHOH E KaMepy
BHsvATEHEA aHATHS

g - Hezaman 15
obpasuoe
Cpaenenne

8 | Momy4eHHRIX Wezzanap 28
PESYIBETATOE
CocTaenemmne

10 | MOACHATETEHOH Hesamep J
SATTHCHH

1 ApxAEanHA PyEceEoguTeIE, 7
MIOTYIeHHEERIX ERIECICE HEESEED
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Takum oOpazom, oOmee umcno pabor cocraBwio 11. Okumaemas
TPYJOEMKOCTb palOT JUIsl HAYYHOIO PYKOBOJMUTENS COCTaBHJIA 28 4en-AHEH, s
CTyJICHTA-UCIIOJIHUTENST cocTaBuia 206 uyen-gHed. OOm@as MakcuMaibHas

JUTUTEIBLHOCTD BBITIOTHEHHUS pa0OThl cocTaBuia 227 KaleHIapHbIX THEH.

5.2 Pacuer 010/2k€eTa AJ151 HAYYHO-TEXHHYECKOT0 UCCJIeI0BAHUSA

B npouecce popmuporanus 6romkera HTU ncnons3yercs rpynmnupoBKa

3aTpar Mo CTAThSIM:

- maTepuaiibHble 3aTpartel HTU;

- 3aTpaThl Ha CHEIMATIbHOE 000PYI0BAaHUE JJI HAYYHBIX UCCIIECIOBAHUN;

- OCHOBHasl 3apa0O0THas IJ1aTa;

- TOTIOJTHUTEIbHAs 3apaboTHAs I1J1aTa;

- OTYHUCJICHUS BO BHEOIO/PKETHBIC (DOH/IBI;

- HaKJIQJHbIE PACXO/IbI.

Tak ke JUIsl OLIEHKH PacXo/IOB, 3aTPAYCHHBIX HA MPOBEJACHUE JAHHOIO
HAy4yHO TEXHUYECKOIO0 HCCJIEOBaHUs, COCTaBUM CMETY pPacxolioB H
aMOPTHU3ALMIO UCIIOJIB3YEMOUN TEXHHUKHU.

PaccunThiBaeM CMETy pacxoJOB, BKIIOYAIOLIYID  3aTpaThl  Ha
MpUOOpETEeHUE HEOO0XOIUMOro O0OpyAOBaHUS MJisl pa3pabOTKU TPOEKTa W
TEKYIIHE PacXOJbl. 3aTpaThl, 00pa3yrIre ce0eCTOMMOCTh MPOAYKINK (padorT,
yCIIYT), TPYNIUPYIOTCS B COOTBETCTBUU C UX IKOHOMUYECKUM COJIEPKaHUEM 10
CJIEAYIOIINM 3JIEMEHTaM:

AMopTu3anusa — 3TO MPOUECC MNEPHOJUYECKOr0 IMEepEeHOca HavaIbHOU
CTOMMOCTH OCHOBHOTO CpeacTBa WJIn HeMaTepUaITbHOTO aKTHUBA
Ha TMPOU3BOJICTBEHHBIC, KOMMEPUYECKHE WM OOIIEXO3SMCTBEHHBIE PACXOAbl —

B 3aBUCHMMOCTH OT TOI'O, KaK 3TOT aKTHB HUCIIOJIL3YCTCA.

59



Tabmuna 10 — AmopTu3zanus

Cpoxk Bpewms
CroumocTs, AmMopTtu3zanus,
HaumenoBanue 6 CIIy’)KOBI, | HCIIOJIb30BaHH 6
py JeT s, THeH py
I1K 45000 3 140 5753
BricokouacTOTHBIM 60000 5 35 1150
TeHepaTop
Ocnumnorpad 80000 5 50 1052
[Tponurounas kamepa 1000000 20 70 9668
BakyyMmHbIi Hacoc 50000 5 70 19150
Hacoc Bbicokoro 70000 5 70 2684
JaBJICHUS
Utoro 39457

B nanHOM TIyHKTE paccUMTHIBA€TCS OCHOBHAs 3apaboTHas IUIaTa
PYKOBOJUTENSS M HWHXKEHepa. 3apaboTHas IUlaTa OIpENessieTcs] HCXOAsd W3
TPYJOEMKOCTH BBINOJIHAEMBIX pPAa0OT U JAECUCTBYIOIIEH CHUCTEMBI OKJIAJOB U
tapudHbix craBok TIIY. B cocrtaB ocHOBHOI 3apa0OTHOM IJIaThl BKIIOYAETCS
IpeMUsl, BBIIUIAYMBAEMAs] €KEMECSIYHO U3 (POH1a 3apaOOTHOM TUIATHI.

[IyHKT  BKJIIOYAaET OCHOBHYK  3apa0OTHYI0 IulaTy  pabOTHHUKOB,
HEIMOCPEJICTBEHHO 3aHAThIX BbinojHeHneM HTU, (Bkitodass mpemuu, JOMIIATHI) U

JOTIOJTHUTENBHYIO 3apab0THYIO TIIaTYy:

3,0 =3 +3 (4)

311 OCH JOIT 1
rne 3. — OCHOBHAs 3apaboTHAas T1aTa;
30n — JAONOTHUTENbHAS 3apadoTHas miata (12-20 % oT 3ocy).
CpennenneBHas 3apab0OTHasl IIaTa pacCUUTHIBAETCS 1O hopmyJie:

3,-M
HH_F—, (5)

it

3

rae 3y — MECSUYHbIN JOJDKHOCTHOU OKJIaJ pabOTHHKA, PYO.;
M — Konr4YecTBO MecsIeB paboThl 0€3 OTITyCKa B TEYEHHUE TOIa:
F. — nelictBuTenpHbI roa0BOM (OHJ pabouero BpEeMEHU Hay4dHO-

TCXHHUYCCKOI'O IICpCOHAlIA, pa6.I[H.
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Tabnuna 11. bananc pabouero BpemeHu

Hayunblii
IMoka3aTenu padbouero BpeMeHH HNuikenep
PYKOBOJUTE/Ib
Kanennapnoe uucio nuei 365 365
KonnuectBo Hepabounx aHeH
- BBIXOJHBIE JHU 52 104
- Tpa3THUYHBIC THU 14 14
[ToTepu paGouero BpeMeHU
- OTHYCK 48 24
- HEBBIXOJBI IO OOJIE3HU 10 10
JelicTBUTENBbHBINA T010BOM (POH]T pabouero BpeMeH! 242 214
Pabouune nuu 28 206
Tabmuma 12 — Pacuér ocHOBHOM 3apaO0OTHOM IIIaThI
3TC, 3]1H, Tp, 3OCH,
Hcnoanurenn pye. pye. pab. . py6.
. 31434 1350 23 31050
Hayunslif pykoBoguTENH
14584 763 140 106820
Nuxenep
Vitoro 137870

Tapudnbie cTaBky ObLIM TPUHITHI HA OCHOBAHUY PETIIAMEHTHUPYIOLIUX

JIOKYMEHTOB T1aHOBO-(hrHaHcoBoro oTaeiaa TITY [43].

Pacdet nononHUTEILHOM 3apab0THOM TIATHI BEAESTCS IO CISAYIOIICH

bopmyie:

300 =Kon -3 (6)
e Kypn — KO3(GGUIMEHT MOMOJHUTEIBHON 3apaboTHOW ILIaThl (Ha CTaauu
NPOCKTUPOBaHUs puHUMaetcs paBHbiM 0,12 — 0,15).

Taxxe  paccuuTbiBalOTCA ~ 00s3aTelbHBIE  OTYMCICHHMS ~ OpraHaM
rocyaapcTBeHHoro comuanbHoro crpaxoBanus (OCC), nencuonnoro ¢ouaa (I1D)
1 MeauIMHCcKoro crpaxoBanus (POOMC).

Benuunna oturicneHnii BO BHEOIOKETHBIE (POH]IBI OTIPEAEIISETCS UCXOS U3

cieayronieit hGopmyIb:
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3BHC6 = kBHe6 ) (3OCH + 3;[01'1) ’ (7)

r1e  Kpnes — KOIPOHUIMEHT OTYUCICHUH Ha YILIATy BO BHEOIOKETHBIC (DOHIBI
(meracuonnbId HoHA, HOHT 003aTEITHPHOTO METUIIMHCKOTO CTPAXOBAHUS | TIP.).

Ha ocHoBanuum nyHkta 1 cr1.58 3akoHa Ne212-®3 mua yupexaeHUi
OCYIIECTBISIIOIIUX 00pa30BaTebHYI0 M HayudHyl JesaTenbHocTh B 2017 ronmy
BOJUTCS NOHMKeHHas ctaBka — 30 %.

OTtuucnenust BO BHEOIOKeTHBIC (DOHJIBI TTpeIcTaBiieH B Tabue 13.

Tabnuna 13 - OTuncnenus Bo BHEOIOHKETHBIE (POHIBI

OcHoBHasi JlonotHUTeIbHAS
Hcnoanurennb 3apa0oTHas mJjara, | 3apadoTHas nmJara, Hroro
pyo. pyo.
Hayunsrit 31050 4658 35708
PYKOBOJUTEID
- 106820 16023 122843
HXKEHEpP
Hroro 137870 20681 158551
Otunciienus, pyo (30 %)
Hayunprit 10712
PYKOBOJUTEIIb 47565
WNuxenep 36853
Haknaguele pacxogpl — TO BCE NPOYME 3aTpaThl, HE BONICIAIINE B

NpCAbIAYIINE ITYHKTBI (KCCpOKOHI/II/I, QJICKTPOOHCPI'UA, OTOINNIICHUEC, YCIYTU CBA3U U

1p.). Beraucnsrores mo ciaenayromieid popmye:

3HaKJ'I = (3 + 30CH +300n) ’ k (8)

amopm Hp
rae Kyp — K03 QUIMEHT, yYUTHIBAIOIINI HAKIIAHBIC PACXOIBL.
Bemnuuny xoaddunmenTa HakIaaHBIX PAacX0J0B MOXKHO B3SITh B pa3Mepe
16%, Torma pa3Mep HaKIaaHBIX pacxo/10B cocTaBUT 38082 pyOieii.
Omnpenenenre OrKETa 3aTpaT Ha HAYYHO-HCCIIECIOBATEILCKUNA MPOEKT IO

KQKJIOMY BapUaHTy UCIIOJIHEHHUS MTPUBEECHO B Tabnuie 14.
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Tabnuna 14 — Pacuer 6romxera 3atpatr HTU

HaunmeHnoBanue craTbu Hroro %
1. Awmopruzanus 79461 24,5
2. 3arpaThl O OCHOBHOM 3§pa6OTHOH [IaTe 137870 426
HCIIOJIHUTENEH TEMBI
3. 3arpaTsl MO JOMOJHUTEIHHOM 3apabOTHOM I1aTe 20681 6.4
HCIIOJIHUTENEH TEMBI '
4. OTtumucieHUs BO BHEOIOHKETHBIC (DOHIbI 47565 14,7
5. HaxkmagHble pacXxoabl 38082 11,8
broker 3atpar HTU 323659

Takum o0pa3oM, 3aTpaThl Ha aMOPTH3AIlUIO cocTaBuIM 39457 pyoOiei,
OCHOBHasl 3apabotHas mata 137870 pyOmnelt, qomomHUTENbHAS 3apaboTHAs IIaTa
20681 pyOnel, oTunciaeHus: BO BHEOOMKeTHbIE (hoHbI 47565 pyOnel, HakIagHbIe
pacxojel 38082. CymmapHblii 010JKET 3aTpaT HAYYHOTO UCCIIEI0BAaHUS COCTABUI —
283655 pyobueit. C yueToM NMEepCneKTUBHOCTH UccieaoBanus u oromker HUA TITY

IMPOBCACHUC JAHHOI'O HAYYHOI'O NCCICAOBAHUA ABJIACTCA HGJIGCOO6p33HI)IM.

5.3 OueHka pUCKOB HAYYHO - TEXHUYECKOT0 MCCJIeT0BAHUS

[Tpu onienke puckoB HTU oneHnBaeTcs BeposTHOCT UX HacTyruieHus (Pj).
ITo mkane or 0 g0 100 nmpouenToB: 100 — HACTYynUT TOYHO, 75 — CKOpee BCEro
HacTynur, 50 — cuTyanus HEONPEAEIEHHOCTH, 25 — PUCK CKOpPEE BCEro HE HACTYIINT,
O — puck He HactynuT. OILIEHKa BaXHOCTH pHUCKAa OILIEHUBAETCS BECOBBIM
ko3 dunmerTom (w;). Baxxnocts orenuBaetcs 1o 10- 6amipHOM mkane b;. Cymma
BECOBBIX KO3(PPUIHUEHTOB JOJIKHA PaBHATHCA enuHuLe. OLeHKa BaXXHOCTH PUCKOB

npuBeicHa B Taommie 15.
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Tabnuna 15 — DKoHOMHYECKHE PUCKU

Ne Pucku Pi bi Wi Pi*wi
1 | Uadnsauaus 100 1 0,019 1,960
2 | DKOHOMHYECKHIA KPU3HC 25 2 0,039 0,980
3 | HemoOpocoBeCTHOCTh MOCTABIIUKOB 25 6 0,117 2,941
4 | HenpenBuaeHHBIE pacXxo/Ibl B IJIaHE paboT 50 7 0,137 6,862
5 | CHmxeHne ypoBHS CIpoca Ha IPOAYKITHIO 25 | 10 | 0,196 4,9
6 | Cl10)XHOCTh BBIXO/1a HA MUPOBOM PBIHOK 50 7 0,137 6,85
7 | Konebanusi ppiHOYHON KOHBIOHKTYPBI 25 6 0,117 2,941
8 | OTcyTCcTBHE B YUCIIE COTPYIHUKOB SKOHOMHCTOB 25 2 0,039 0,980
9 | Huskue o0beMsl cObITa 25 10 0,196 49
Cymma 51 1 33,314
Tabnuma 16 — TexHomorndeckue pucku
Ne Pucku Pi bi Wi Pi*wi
1 | Bo3MOXHOCTb MOJIOMKH 000pYI0BaHUS 25 7 0,25 6,25
2 | Hu3koe ka4ecTBO MOCTABICHHOTO 000PYIOBAHHUS 25 9 |0,3214 | 8,0357
3 | HenpaBuibHast cOopka 000py1oBaHUS 25 8 10,2857 | 7,1428
4 | OnacHocTh AJis pabOoTaroIIero MepcoHaia u annapaTypsl 50 4 10,1428 | 7,14
Cymma 28 1 28,568
Tabnuua 17 — HaydyHO-TEXHUYECKHE PUCKH
Ne Pucku Pi bi Wi Pi*wi
1 | Pa3BuTHE KOHKYPEHTHBIX TEXHOJIOTHIA 75 7 0,145 | 10,937
2 | Co3anue HOBBIX METO/IOB IPOMUTKHU 75 7 0,145 | 10,937
3 Puck HEBO3MOYKHOCTH YCOBEPIICHCTBOBAKAS | 8 0,166 8,333
TEXHOJIOTHH
4 | OrcyTcTBHE pe3yibTaTa B YCTaHOBJIEHHBIE CPOKU 75 7 | 0,145 | 10,875
5 [Toryaenue OTPHUATENLHOTO  pesyibTata  NpH | ¢ 10 | 0208 156
BHEJIPEHUU B TPOU3BOJICTBO
6 | HecBoeBpeMeHHOE MaTeHTOBAHHE 50 9 0,187 9,35
Cymma 48 1 66,029
Jlanee mpou3BOAUTCS pacueT OOUTUX PUCKOB:
Tabnuna 18 — Ob1as oleHKa pucka mpoeKTa
B“;";;‘y’ﬂ:;‘“’ Pi bi Wi PiI*Wi
DKOHOMUYECKHE 38,88 10 0,25 9,72
TexHOIOrN4YeCKUE 31,25 9 0,5 15,625
_ayao- 66,6 6 0,25 16,65
Hroro 25 1 419
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HTrorosas oreHka cocTaBuiaa 0KoJio 42%, 4To SIBIICTCS BeChbMa HEIUIOXHUM

IMOKa3aTcCJICM JJIA HAYYHOI'O UCCIICAOBAHNA.

5.4 Anaam3 u OlI€CHKA HAYYHO-TCXHHUYECCKOT'0 YPOBHHA MCCJIICA0BAHUA

Heobxoaumo paccuutath KOA(Q(PUIMEHT HAYYHO-TEXHUYECKOTO YPOBHS.
Koaddumment HTY paccumthiBaeTcs mpu MOMOIIM METO/1a OaUTBHBIX OIICHOK, B
KOTOpOM KaxxaoMy u3 IpusHakoB HTY mnpucBanBaercss OmpeneseHHOE YHCIO
0amioB 1o mpuHATOM 1Kaie. OOIIyI0 OLIEHKY MPUBOJIAT MO CyMMe 0ajoB MO BCEM
MOKAa3aTeNiIM C YYETOM BECOBBIX XapakTepucTHK. OOIas OlleHKa pacCUYUTHIBACTCS

o dopmyiie:

HTYV =Yk 11 ©)

i=1
rae k, — BecoBO#l KOA((HUITMEHT | — TO MPU3HAKA;

IYi — KOJIMYCCTBCHHAA OLICHKA I —T0 IIPpHU3HAaKa.

Ta6muma 19 — BecoBbie koaddurmenter HTY

Hpuznaxku HTY BecoBoii ko3¢ Ppunuent
YpOoBEHb HOBU3HBI 0.4
Teopernueckuii ypoBeHb 0.2
Bo3MoxHOCTE ¥ MaciiTabbl peanu3anuu 0.4

Taomuma 20 — [1Ikasma OneHKU HOBU3HBI

Basl YpoBennb
1-4 Huzxuit HTY
5-7 Cpennniit HTY
8-10 Cpasaurensuo Beicoknii HTY
11-14 Bricokmit HTY

Tabnuia 21 — 3HaYUMOCTh TEOPETUUYECKUX YPOBHEH

XapakTepuCcTHKA 3HAYUMOCTH TEOPeTHYECKUX YPOBHeEH Basbl

YcTaHoBKa 3aK0OHOB, pa3paboTKa HOBOM TEOPUH 10
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I'my6okas pa3paboTka mpo0ieM, MHOTOCTOPOHHHMI aHaJIN3, B3aMO3aBUCHUMOCTb 8
MEXIy (hakTopamu

Pazpabotka anroputma 6

DneMeHTapHbIN aHANIN3 CBsI3el MEXy (pakTopamu (Hajauure TUIIOTE3bl, 2
00BsICHEHNE BepCUl, MPAKTUYECKUE PEKOMEHIAIINN )

Ornucanue OTACIBHBIX (aKTOPOB (BEIIECTBA, CBOMCTB, OIBITA, PE3YIHTAaTOR) 0.5

Ta6numa 22 - Bo3M0XKHOCTB pea3aliiy Mo BpeMEHU U MacilTadam

Bpems peanuzanun Bbanawbl
B Teuenue nepBLIX JIET 10
Ot 5 o 10 ner 4
Csprie 10 net 2
Macmradbl peaju3auuu bajuibl
OAHO WM HECKOJIBKO MPEITPHUITHIA 2
Otpacib 4
Hapojanoe x03sHCcTBO 10

k, = 04,1, = 10,k, = 0.2,T1; = 10, ks = 0.2,1I; = 10,k, = 0.2,11, = 10,
HTY = 0,4-10+0,2-10+0,2-10 + 0,2+ 10 = 10

I[lo mnomydeHHBIM pe3ylbTaTam pacuera Kod(duiueHta Hay4dHO-
TEXHUYECKOTO YPOBHS MOXKHO CJI€JIaTh BBIBOJI, YTO JIAHHBIN MPOEKT UMEET BHICOKYIO
3HAYMMOCTh TE€OPETUUYECKOTO U MPAKTUYECKOTO YPOBHS, U MPU ITOM HCIOJIb3YETCS
B IIIMPOKOM CIIEKTPE OTPACIICH.

Takum 00pa3zoM, aHAIU3UPYS PE3YIbTATHI OLEHKH, MOXKHO 3aKIIOUUTh, YTO
MPOBOAMMOE HCCJIEJOBAHUE HMMEET BBICOKYIO 3HAUUMOCTh TEOPETHUECKOTO U
MPAKTUYECKOTO YpPOBHA, a TaKXe MPUEMIIEMBIi YpPOBEHb PHUCKOB. OTO

MOATBEPKIAET 11eJIeCO00Pa3HOCTh MPOBOJUMOIO HAYUYHOI'O UCCIIET0BAHMS.

9.5 Onenka pecypco3¢gpeKTUBHOCTH NPOEKTA
PecypconddpekTHBHOCTD HCCIIENOBAHUS BIUSIHUS BHICOKOYACTOTHOTO TOJIS
Ha Ka4CCTBO IIPOIIHUTKH OIIPCACIIACTCA IIPH IMOMOIIM HHTCIPAJIBHOI'O KPHUTCPHUA

pecypcoddpHEeKTUBHOCTH, KOTOPBIA UMEET CIICTYIOIIUM BU/I:
bo



Ipi = Z a - bi (10)

rze: L, - HHTerpanbHbIi I0Ka3aTellb pecypcodhPEeKTUBHOCTH;

a; - BECOBOM KOA(D(PUIIUECHT MPOEKTa;
b; - 6anbHas OlleHKA MPOEKTA, YCTAaHABIMBACTCS IKCIIEPTHHIM ITyTEM I10
BBIOPAHHOM IIKAJIe OLICHUBAHHS.
Pacuet unTerpasibHOTO MOKa3arTess pecypcodrhHEeKTHBHOCTH MPEICTABIICH B
Tabnure 23.

Tabnuma 23 - CpaBHUTENbHAS OLICHKA XapaKTEPUCTUK MPOEKTa

Kputepun Becosou banbHan
KoapbuumeHT OLEeHKa
pa3paboTKu

1. KauecTBo NpOnNUTKK 0,25 3

2. PeHTabenbHOCTb 0,25 5

3. MpounssoautenbHocts | 0,20 5

4. SKOHOMUYHOCTb 0,20 3

5. 9KONOrmM4yHocCTb 0,10 5

UToro: 1,00

NHurterpanbHbIii MOKa3aTelb pecypcoddHEeKTUBHOCTH JUISt

pa3pabaTbIBAEMOT0 MPOEKTA:
L,; = 0,25-3+0,25-4+0,20-5+0,20-3+0,10-5=4,1
[IpoBeneHHast oieHKa pecypcodPPEeKTUBHOCTU TMPOEKTA JACT XOPOIIHA
pesynbrar (4,1 w3 5), 4ro cBUAETENBCTBYET 00 3(PQPEKTUBHOCTH peaau3aluu
TEXHUYECKOTO MPOEKTA.
Pacdet unTerpasibHOTO nokaszaress pecypcoddhPeKTUBHOCTH MPOEKTA UMEET
BOXHOE 3HAYCHHWE TIPH BBIMIOJIHCHUH pazzaena «PecypcoaddektuBHOCT U
(hMHAHCOBBIN MEHEHKMEHT». Ero BhICOKOE 3HaueHHE rOBOPUT 00 3 (PeKTUBHOCTH

HCIIOJIB30BaHUSA TCEXHHUYCCKOI'o IIPOCKTA. Bricokne Oamipl 0O€30IMacHOCTH U
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HaJCKHOCTH, YI[O6CTBEI B OKCILTyaTalyu “u HpennonaraeMHﬁ CPOK SKCILTyaTaluu

MO3BOJIIOT CYAUTh O KOPPEKTHO BBITIOJIHEHHOM pa3pabOTKE CUCTEMBL.

3ak/JIoYeHue

B xone BeimonHenus pazgena «PecypcodrpdekTuBHOCT M (DHHAHCOBBIM
MEHEKMEHT» ObUTH PEIICHBI CICAYIONINE 3a/1auu:
1 IIpoBenena oreHKa KOMMEPYECKOTO IIOTCHIMala W TEPCHEeKTUBHOCTU
MPOBENICHMUSI HAyYHOTO HWcclieqoBanus Ha mnpuMmepe SWOT-ananmmza, pe3yabrar
KOTOPOr0o MoKa3zaj OOJIbIIONW MOTEHIMAT MPOBOJAUMOTO MCCICAOBAHUSA, a TaKKe
BO3MOXXHOCTH OBICTPOTO BBIXOJIa Ha IIUPOKUM PHIHOK 00ECIIeUeHBI TPUHITUITHAIBHO
HOBOW TEXHOJIOTUEN K PEIICHUIO MOCTABICHHOM 3a1a4H.
2 OrnpenesneH TOMHBIA MEpedeHb PadOT, MPOBOJAMMBIX IPU HCCIICIOBAHUU
kadecTBa mnporuTkd. OOmee uyucmo pabor cocraBwio 11. OmnpeneneHa
TPYAOEMKOCTb MpoBeeHUs paboT. Oxugaemas TpyJ0EMKOCTh PadOT JjIsl HAYYHOTO
PYKOBOAUTEJIS COCTaBUJIA 28 Yell-IHEH, I CTYIeHTa-UCTOJHUTENS cocTaBuia 206
yen-aHeil. O0mas MakcuMaibHas JJIUTEIBHOCTh BBITIOJIHEHUSI paOOThl COCTaBUIIA
227 KaneHaapHbIX JHEH.
3 CymmMmapnsiii 0romker 3atpar HTU coctaBun — 283655 pyoOsneit. Pacuer
O10JI’KeTa OCYIIECTRIISJICS Ha OCHOBE CIICAYIOIINUX MyHKTOB:

- pacueT MarepuanbHbix 3arpat HTU,;

- OCHOBHAs 3apabOTHas IJ1aTa UCIIOJHUTENIEH TEMBIL;

- IOTIOJTHUTENbHAS 3apaboTHAs TIaTa UCTIOTHUTENCH TEMBI;

- OTYHCIICHUS BO BHEOIOKETHBIE (DOHJIBI (CTPAXOBBIC OTUUCIICHHUS);

- HaKJIaJTHBIE PacXOJIbl.
4 Omnpenenena 1enecooopazHocTb U 3PGHEKTUBHOCTh HAYYHOTO UCCIICIOBAHUS
MyTeM aHaJIN3a U OIICHKH HAYYHO-TEXHUYECKOTO YPOBHS MPOCKTA, a TAKKE OIICHKU

BO3MOYKHBIX PUCKOB. B pe3ynbpTaTte MNpoBOAMMOE HCCIIEIOBAHUE MUMEET BBICOKYIO
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3HaYUMOCTh TEOPETHYECKOTO U MPAKTHYECKOTO YPOBHSA U MPHUEMIIEMBI ypOBEHb
PHUCKOB.
5 IIpoBenena omnenka pecypcodddexruBHOCTH npoekTa (4,1 mo 5- GanbpHOM
IIKaJe), YTO TOBOPUT 00 XOpOIleH peanu3aly JAHHOTO HAYYHO- TEXHHUYECKOTO
IPOEKTA.

CrnemyeT OTMETUTh BaXXHOCTH IS POEKTA B IEJIOM TIPOBEACHHBIX B TAHHOM
riaBe paboT, KOTOpbIE TMO3BOJHIM OOBEKTHUBHO OLEHUTH dS()PEKTUBHOCTD

IMPOBOAUMOI'O HAYIYHO-TCXHUYCCKOI'O UCCIACIOBAHHNA.
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3AJJAHUE JIJISI PA3JIEJIA
«COLUAJIBHASI OTBETCTBEHHOCTb»

CryneHry:
I'pynna DOUO
4TM61 AxmertaeBy JKaHnOeKky ACBUTYIIBI
I xoJa WIIHIIT OT1aes1 HKOJIbI Ornenenne
MaTepUaIOBEACHUS
YpoBeHsb 13.04.02 — «3nexTposnHep-
Maructpatypa Hanpagienue/cnenquaibHOCTH
o0pa3oBaHus TETHKA U SIEKTPOTEXHUKA»

Hcxoanblie JaHHBIE K pasaejny «COIII/IaJILHaH OTBETCTBEHHOCTD) .

1. Xapaxtepucruka
Marepual, npuOop, ajaropuT™M, METoJuKa, paboyas 30HA) U
o0acTu ero NpUMEeHEHH

00BeKTa HUCCIICAOBaHUA (BeHleCTBO,

OOBEKTOM HCCIIEOBAaHMS SIBISAETCS JpeBECHHA
xBoiHBIX mopond. Ilpeamerom  uccnenoBaHuA
SBISIETCS 0OBEMHasI IPONUTKA APEBECHUHBL. Pabouas
3oHa — 11" kopmyc, mabopatopms Ne 010.
Pe3ynpraThl  HaHHOTO  HCCIIEAOBAHUS  MOTYT
MPUMEHSATCS B JIECHOH M AepeBo0OpadaThIBaIONICH,
CTPOUTENBHON 1 MEOEITHPHON MPOMBIIIICHHOCTH.

Hepeqeﬂb BOIIPOCOB, MOAJIC/KAINUX UCCIICTOBAHUIO, IPOCKTUPOBAHUIO U pa3paﬁoTKe:

SKCILTyaTaluu

1. IlpousBoacTBeHHAs 6€30IACHOCTD
1.1. AHanu3 BBISIBICHHBIX BPEIHBIX (haKTOPOB IpH pa3paboTke 1

MPOEKTUPYEMOT0  pELIeHHS B  CleAylomen

IOoCICA0BATCIIBHOCTH!

(GU3NKO-XMMHUYECKas TMPHPOJIA BPEIHOCTH, €&
CBsI3b C pa3pabaThIBACMOM TEMOIA;

JericTBre pakTopa Ha OpraHu3M YesIOBEKa;
MIPUBEJICHUE AOMYCTHUMBIX HOPM C HEOOXOIUMOU

Pa3MepHOCTHIO (co CCBLIKOM Ha
COOTBETCTBYIOIIMHA  HOPMATHBHO-TEXHHYECKUI
JOKYMCHT);

npeajaraeMble  CpPeICTBa  3allUThl  (CHa4aia
KOJIJIEKTUBHOM 3QIIUTEL, 3aTEM -

WHJUBUAYaTbHBIE 3aIIUTHBIE CPEICTBRA).

1.2. AHanu3 BBISIBIICHHBIX OMACHBIX (DAKTOPOB IPH pa3pabOTKE U

IKCIUTyaTallii  MPOCKTHPYEMOTO pENICHHS B  CIEAYIOUIeH
MOCIIE0BATEILHOCTH:
—  MCXaHMYECKHE OIMACHOCTH (MCTOYHHUKH, CPEICTBA
3aIUTEL;
— TepMHYECKHE OMACHOCTH  (MCTOYHUKH,  CpEICTBa
3aIUTHI);
—  35eKTpoOe30MacHOCTh (B T.4. CTaTHUIECKOE
JNIEKTPUUECTBO, MOJIHHUE3AIUTA — UCTOUYHUKH, CPEACTBA
3aIUTHI)

1.1 Bpexnnsie hakTopsl pabodeii 30HHI:

- [loBbIIICHHBIH YPOBEHB LIIyMa BCIIEICTBHE PaOOTHI
BaKyyMHOTO Hacoca.

VYpoBeHb mymMa B pabouyeii 30HE BO BpeMs pabOThI
Hacoca cocTtaBisieT okono 80 nb. mpenenbHBIN
JIOMYCTUMBIA YPOBEHb 3BYKOBOTO JaBIEHUS A
IAHHOTO THIIa IOMeleHus cocrtasiager 60 nb. B
KadecTBE MHAWBUAYAILHOTO CPEICTBA 3alIUTH BO
BpeMsi pabOTHl BaKyyMHOTO HAacoca HMPUMEHSIOTCS
poTuBOIIYyMHBIE HaymiHUKU POCOM3.

- DIEKTPOMarHUTHOE M3IIyYeHHE B pabodeii 30He:
DHepreTHyeckas SKCHO3HIUSA B TUANA30HE YaCTOT
no 100 kI'm. IlpumeHsieMble CpeacTBa 3alUThL:
9KpaHUPOBAHME, KOPITyC YCTAHOBKH IIOMEIIEH B
METaJUINYECKUH KOXYX, BBICOKOBOJIbTHBIE Kabenn
MOMEIIEHBl B  OKPAaHUPYIOIIME  JIOTKH, Ui
paccenBaHMs BBHICOKOYACTOTHBIX IOJICH reHepaTop
OKpPY’KEH METAIIMYECKON PEIIeTKOM.

1.2 OnacHele GakTOpHhI:

- IloBbllleHHOE 3HaueHue HampspbkeHue 10 1 kB,
MOBEIIIICHHOE 3HAYCHHE YJICKTPUIECKOTO TOKa J10 15
A. UcTOYHHMKH: KOHTaKTBI BBICOKOYaCTOTHOTO
TeHeparopa, 1abopaTOpHEI aBTOTpanchopmMaTop, a
TaKXKe BCE TOKOBEIYIIHE YaCTH YCTAHOBKH.
[Ipumensiemple cpeACTBa 3alUTHl OT TOPAKECHUS
ANEKTPUYECKIM TOKOM: YCTaHOBKA OTPaXICHUI U
GaprepoB, pasMelIeHHE BHE 30HBI JIOCSITAaeMOCTH,
M30JIAIUST  TOKOBEAYIIMX  YacTed, 3aluTHBIC
3a3eMJICHHS, ypaBHEHHE MTOTEHITNAJIOB,
AaBTOMATHYECKUE BBIKIIOYATEHN, BCE COTPYAHUKH
nabopaTopud  HWMEIOT TPYMIy  JIOMyCKa IO
JIEKTPOOE30IIaCHOCTH HE MEHBILIE BTOPOH.
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- Hcrounmkm  MeXaHUYECKHUX  OIIACHOCTCH:
BpaIllAOIIAECs YaCTH BAKYYMHOI'O HacOca M Hacoca
BBICOKOT'O JaBIICHHUS.

[Ipumensiemble  cpeAcTBa  3alllUThl:  yCTAHOBKA
OTpaXKACHUI M OaphepoB, pa3MEIICHHE BHE 30HBI
JI0CSATaeMOCTH

— JlaBneHue B Kamepe MOXET AOXOauTh 10 1,5
MlIlIa.

[Ipumensiemble CpeACTBa 3alllUTBL: OTPAXKACHUS
aBTOKJIaBa HMMEET COOTBETCTBYIOIIMU  3amac
MIPOYHOCTH, HCKJTIOYAIOIIHIA HaKOILJICHHE
YCTaJOCTHBIN JeopManuii B COOTBETCTBUU C
I'OCT P 52857.6-2007.

[IponuTouHas kKaMepa OCHaIllEHa PACIIUPUTEIbHBIM
0aKoM M MpeaoXpaHUTEIHHBIM KIIAIIAHOM.

- HcrouHuku  TEpMHMYECKMX  ONACHOCTEH:
TIOBHIIIEHHAS TeMIepaTypa o0edaiiku KaMepsl Ipu
Harpese.

[Ipumensiemble  cpencTBa  3aIUMThI:  3ALUUTHBIN
KOKyX Ha oOedaiike KaMmepbl, B KaueCTBE
WHIUBUYAJIIBHOI'O cpeacraa 3alUThI
HCIOJIB3YIOTCSL TEPMOCTOUKHE MEPUATKHU.

2. DKkoJiornyeckast 0€30MacHOCTb:

3aIyTa CeMUTEOHON 30HbI

aHaJN3 BO3JCHCTBUA 00BekTa Ha aTMochepy (BEIOPOCHI);
aHaJU3 BO3MEHCTBHS 00BhEKTa Ha THApocdepy (cOpock);
aHaJN3 BO3IECcTBUSA 00beKTa Ha JuTochepy (0TX0abl);
pa3paboTaTh PEIICHHUS 0 00SCIICUSHUIO YKOIOTHYESCKON
OezomacHoctn co cceuikamu Ha HT/l mo oxpane
OKpy>Karollen cpeabl.

2.1 CenureOHas 30Ha TPONMUTOYHOH KaMepsl
Haxoautcst Ha Tepputopuu 11r kopmyca TIIY,
nmabopatopus NelO.

2.2 Bo3zpmeiictBus o0bekta Ha  atMmocdepy
OTCYTCTBYeT T. K. B  armMocdepy IpH
pasrepMeTH3anry KaMephl BHIITYCKaeTCs BO3IyX 0e3
COJICpIKaHMNs BPEIHBIX BEIOPOCOB.

OTCyTCTBYIOT BpEIHbIE BBIOPOCHI OT MPOIUTKH
BOIHBIMHM  pacTBOpaMHu, TaK KaK  MpPONUTKA
MPOUCXOJIUT BHYTPH KaMephl.

2.3 Bo3sgeiicTBue yCTaHOBKM Ha JHUTOochepy
UCKITIOYEHO, T.K. OTCYTCTBYIOT BBIOPOCHI IPOJYKTOB
paboThl YCTAaHOBKH B JIUTOChEPY.

2.4 Bo3zmeiictBue ycTaHOBKH Ha Tuapocdepy.
OcTaTK¥ pacTBOPOB, UCIIOIB3YEMbIX IJISI IPOITUTKH
JIPEBECHHBI ~ CIMBAIOTCI B  KOHTEHHEpPHI IS
JKUJIKOCTH U JJaJiee YTHIM3UPYIOTCS B COOTBETCTBUH
C COCTaBOM >KHJKOCTH.

2.5 Marepuansl s TPONUTKH BBIOMpAIOTCA
cormacio I'OCT P 52491-2005 Marepuainsl
JIAKOKPACOYHBIE, IPUMEHSEMbIEC B CTPOUTEINLCTBE.
XpaHeHHe U yTUIIM3alMs IPOIIUTOYHBIX PACTBOPOB
npousBogutcs corigacHo CanlluH 2.1.7.1322-03 u
I'OCT 9980.5-86 Matepuanbl JIaKOKpAaCOUYHBIE.
TpancnopTupoBaHue W XpaHeHHe. | UrneHndecKue
TpeOOBaHUS K pasMELIEHHI0O M 00E3BPEKUBAHUIO
OTXOJIOB IPOM3BOJICTBA M OTPEOICHHS.

3. Be3onacHocTh B Ype3BbIYAiHBIX CHTYaLIUAX:

nepeueHb Bo3MokHbIX UC mnpum  paspabotke W
SKCIUTyaTaI[H IPOSKTHPYEMOTO PELICHNUS;
BbIOOp Hanboee TunuuHOM YC;

3.1 [TIlepeuenp Bo3MoxHbIXx UC: BO3ropanue
obopynoBaHus, HapylIeHHe FepMETUYHOCTH
KaMepebl.

B kasectBe Hamboiee BEpOSTHON CHTyaIlH
paccMaTpuBaeTcsl Moxap.
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- pa3pa60T1<a MPEBCHTUBHLIX MCP MO MPCAYHNPEKIACHUIO 3.2 HpeBeHTI/IBHLIC MEpBI 1O HOPEAYIPEIKIACHUIO

uc, BO3TOpaHus: COOMI0AaTh TpeOoBaHUs O€30MMaCHOCTH

— paspabotka aeiictBuil B pe3yiprate Bo3Hukmieid YC u | TPH paboTe B OMEIICHAH, OYHIIATE IIOMEIIICHHS OT
Mep 0 JTUKBHUIAINH €€ MMOCIIeICTBHUIA. FOprOYNX OTXOMOB U MYCOpA, IPOBOIUTE IIPOBCPKU
COCTOSIHMSL ~ Y3JIOB  YCTaHOBKH, &  TaKxKe

QJIEKTPUYECKOH LEeNu YCTaHOBKH, JabopaTopHas
YCTaHOBKAa JOJDKHA HAaXOOUTHCS BO BKIIOYEHHOM
COCTOSIHUU TOJBKO BO BpeMsI IpOBeIeHHs onbITa. He
HCIOJIb30BaTh B KAaueCTBE pacTBOpa IOPHOYME HU
JIETKOBOCIUIAMEHSIOIIUECS KUIKOCTH.

3.3 Jle#ictBus npu Bo3HuKHOBeHUHU UC: pekpaTHTh
BCe pabOTBl B  3JaHUM, HE3aMEUIUTENBHO
ONOBECTHUTh TIOKAPHYIO OXpaHy 1o TeaedoHy,
OPHUHATH BO3MOJKHBIE MEpBl 10 JIMKBHIALMH
mocuencteuii UC: aBakyamus JIONCH, TYyIICHHE
mo)kapa, B ClIy4ae Yrpo3bl JKWU3HH JIIOAEH
HEMEUIEHHO OPTaHU30BATh UX CIIaCEHHE.

4. IlpaBoBble M OPraHM3alMOHHBLIC BONPOCHI oOecrmedeHus | [IporuTka W3AENMi  JODKHA  MPOU3BOIUTHCS
0e30MacHOCTH: 3aIIUTHBIMU CpeACTBaMH, pa3peieHHbIMI
— CcHeuualgbHbIE (XapaKTepHBIE NP SKCIUTyaTallud | OpraHaMH 37ApaBooxpaHeHus corjmacHo ['OCT

00BEKTa HCCIIe/IOBaHU, MPOCKTUpYyeMoii paboueii | 20022.2-80 3amuta apeBecuubl. [IpaBoBbie U

30HBI) MpaBOBLIE HOPMBI TPYAOBOI'O | OPTaHU3AalMOHHBIE  BOMNPOCHI  OTPa)XEHbI B
3aKOHOATENHCTBA; JIOKyMEHTaxX: I'oCT  20022.6-93 3amura
—  OpraHu3alMOHHbIC MEPOIPHUSITHS npu | JApeBecuHbl. CIIOCOOBI IPOMHUTKH.

KOMITOHOBKEC pa60qel71 30HBI.

‘ JlaTa BbI1auM 3a1aHu4 1JIs1 pa3/iena no JuHeiiHoMy rpadpuky ‘

3agaHue BbI/1aJ KOHCYJIbTAHT:

Y4enas crenenb
JIO/KHOCTH ()7 (0] ’ Hoamuck Jara
3BaHMe
Tpodeccop oTaeneHns: KOHTPOIIS AxmemxanoB Paduk
W JUArHOCTUKHU PaBuibeBuu
33}]3]—[“9 NPUHAJJT K HCIOJHCHUI0 CTYAECHT:
I'pynna DOHUO Hoanucey Hdara
4TM61 AxmerraeB JKannOexk AcbuTylibl
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6 COIII/IaJILHaH OTBETCTBCHHOCTD

Beenenue

B naHHOW BBIMYCKHOM KBaIM(PUKAIMOHHON paboTe MPOU3BOIUTCS
UCCJIEIOBAHUE BBICOKOYACTOTHOTO AJNEKTPUUECKOTO TMOJIsI HA Ka4eCTBO OOBEMHOM
MPOIUTKHU JIPEBECHUHBI XBOMHBIX MOPO]I BOJIHBIMU PACTBOPAMMU.

Ilenpto Moei paboThl sBISIETCS pa3paboTka 3PGHEKTUBHOTO METojIa
MIPOIUTKH JIPEBECHHBI XBOWHBIX TTOPO MOAUDHUITUPYIOIIHUMHE KATKUMH COCTaBAMHU.

Haunubiit paznen BKP mocBsiiieH BBIMOJHEHUIO aHallu3a U pa3paboTke Mep
1o o0ecreyeHuIo 0IaronpusITHHIX YCIOBUM Tpy/a B paboueit 30He. Pabouelt 30H0#
apigercs 1aboparopust Nel0 11r kopnyca TITY.

[IpousBeneH aHanu3 BpeaHbIX (haKTOPOB B JaOOPATOPHUH, TI€ MPOUZBOIUTCS
IIPOITUTKA JPEBECUHBI BOJHBIMU PACTBOPAMHU, TAKUX KAK: OTKJIOHEHHE MOKA3aTeJen
MHUKpPOKJIMMATa B T[OMEIICHUH, T[IOBBIIMIEHUS YPOBHA IIIymMa, MPEBBIIICHUAE

QJICKTPOMAIrHUTHBIX I/IBJIy‘-IeHI/Iﬁ.
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6.1 Ilpou3BoacTBeHHasi H€30MACHOCTD
6.1.1 Anaau3 onacHbIX U BpeaHbIX (GakTOPOB

B mnponecce xu3HeNEATEIbHOCTH YEJIOBEK IIOJIBEPraeTcsi BO3JIEHCTBHIO
OMacHOCTE M B CBOEH TPYAOBOM AEATENBHOCTH. ITa JIESITEIBHOCTh
OCYIIECTBISIETC B MPOCTPAHCTBE, HA3BIBAEMOM ITPOM3BOACTBEHHOW cpenou. B
YCIJIOBUSIX MPOU3BOJCTBA HA YEJIOBEKAa B OCHOBHOM JIEHCTBYIOT TEXHOTEHHBIE, T.€.
CBSI3aHHBIC C TEXHUKOW, OMACHOCTH, KOTOpPHIC MPUHATO HA3bIBaTh OMACHBIMU M
BpPEIHBIMH NMPOU3BOJICTBEHHBIMU (haKTOpaMHu.

Onachvim  npouzgoocmeennvim  pakmopom (OIID) HazpiBaeTcs Takou
MPOU3BOJICTBEHHBIN  (PaKkTOp, BO3ACHCTBHE KOTOPOro Ha padoTarolero B
ONPEICIICHHBIX YCIOBUAX NIPUBOAUT K TPABME WJIU K IPYTOMY BHE3AITHOMY PE3KOMY
YXYALICHUIO 370pOBbs. TpaBMa — 3TO MOBPEKIEHUE TKAaHEH OpraHMsma u
HapylieHue ero PyHKIUN BHEITHUM Bo3/ieicTBUEM. TpaBMa sIBIII€TCS PE3YJIbTaTOM
HECYACTHOTO CJIy4dass Ha [MPOMU3BOJCTBE, MOJ KOTOPHIM MOHHUMAIOT CiIy4yau
BO3JICHCTBHSI OMACHOTO MPOU3BOJACTBEHHOrO (hakTOopa Ha paboTarouIero Mpu
BBITIOJIHEHUU UM TPYJIOBBIX 00sI3aHHOCTEHN WIIH 3aIaHU PYKOBOAUTEIS PaboT.

Bpeonvim npoussoocmeennvim  akmopom (BIID) HazpiBaeTcst Takoit
MPOU3BOJICTBEHHBIN  (aKkTOp, BO3AEHCTBUE KOTOPOTO Ha padoTarolero B
OTIPEJICTICHHBIX ~ YCJIOBUSIX TMPUBOAUT K 3a00JICBaHUI0 WJIM  CHIKEHUIO

TPYJAOCIOCOOHOCTH.
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Tabnuna 24 - Bpeanblie u onacHbie (GaKkTOPHI

Hcrounnk dakrtopsl (mo F'OCT 12.0.003-74) HopmaruBHbie
dbakrtopa, JIOKYMEHTBI
HAHMEHOBAHME Bpennbie OnacHelie
BHJIOB padoT
Pabora B | 1. Henoctarounas 1.2nexkTpudeckuit
naboparopun OCBEILIEHHOCTh TOK CaulluH  2.2.4.548-
(pabora Ha | TIOMEIIEHUS 96.[44];
ycraHoBKe 110 | 2. [ToBbIIEHHBIN YPOBEHD
MIPOTIUTKE nrymMa Ha paboueM MecTe I'OCT 12.1.003-
JIPEBECHHBI ) 3. Hanuuue 83.[45];
ANEKTPOMArHUTHBIX
Hoden TOCT 12.1.019.[46];
roct 12.1.038 -
82.[47]
Muxkpokiumar IIPOU3BOJICTBEHHBIX MMOMEIICHUI OIpeliesieTcs

COBOKYITHBIM BO3JICUCTBHEM Ha OpPraHU3M YEJIOBEKa TEMIEpPaTypbl, BIAKHOCTH,
CKOPOCTH JBMKEHHUS BO3IyXa, TEMJIOBOTO M3IYYCHHUS HArPEThIX IMOBEPXHOCTEH.
MUKpOKIUMAT pa3IMYHBIX MPOU3BOICTBEHHBIX TOMEIIICHUH 3aBUCUT OT KOJIeOaHU I
BHEIITHUX METEOPOJIOTHYECKUX YCIOBUM, BPEMEHU [IHA, Tojia, OCOOCHHOCTEH
IIPOM3BOICTBEHHOTO MTPOIIECCa M CHCTEM OTOIUICHUS U BEHTHIIALUU. [44].
Cornacuo [44] paboTa B 1a00paTOprUn OTHOCUTCS K KaTeropuu padort 16 ¢
WHTEHCUBHOCTBIO dHepro3arpar 121 - 150 kkan/gyac. OCHOBHOM Tieproi pabOThI B
7a00paTOpUU COMPOBOXKIAETCS PabOTON 3a KOMIBIOTEPOM C TMEPUOIAYESCKUMU
Harpy3kamu B BUJIE 3arPy3KH/pa3rpy3Ku MPOMUTOYHON KaMephl 00pa3iiaMu MmopoI.
[Ipu 3TOM 00pa3IBl ApeBEeCHHBI UMEIOT Maccy MeHbine 1 kr. IlepmoamuHoCTh
Harpy3Ku COCTaBJISIET OT 4aca J0 YEThIPEX YacOB B 3aBUCUMOCTH OT peXUMa

HCCICAOBaHUA.
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Tabmuna 25 — [NapamMeTpsl MUKpPOKJIIMATA 7Sl IPOU3BOACTBEHHBIX TOMEIIIEHUH

Ilepuon rona ITapamerp MUKpOKJIMMATA Benuyuna
TemnepaTypa Bo3ayxa B IOMEIIEHUN 22 -24°C
X OJIOAHBIHI OTHOCHUTENbHAS BIaKHOCTh 40 -60 %
CKOpOCTh JBUKEHUS BO3AyXa 1o 0,1 m/c
Temneparypa Bo3yxa B IOMEIICHUN 23 -25°C
Terubrit OTHOCHTENIBbHAS BIAXKHOCTh 40 - 60 %

CKOpOCTh JBM)KEHUS BO3IyXa 0,1-0,2 m/c

JUis  oOecriedyeHust JOCTATOYHOTO TOCTOSSHHOTO W PAaBHOMEPHOTO

HarpCBaHUs BO3AyXa B pa6oqu KaOWHETE B XOHOHHBIﬁ IICPHUOJ roa UCIIOJIb3YCTCA

OTOIIJICHHUC. TeMnepaTypy B IIOMCIOCHHH CJIICAYCT PpCIryJIupoBaTb € Y4UYCTOM

TEIJIOBBIX TOTOKOB OT 00OPYAOBAaHMUS.

Hpyrum BpeaHbiM (HhaKTOPOM, OKa3bIBAIOIIMM MaryOHOE BO3JIEHCTBHE Ha

3JI0POBbE YEJIOBEKA, SIBJSETCA IIyM. YPOBEHBb IIymMa B paboyeil 30HE COCTaBISAET

80nb.

Cornacuo CH 2.2.4/2.1.8.562-96 npenenbHo nonyctuMmbie ypoBHH (I11Y)

3BYKOBOI'O [JaBJICHHA, YPOBHHM 3BYKa W OKBHUBAJCHTHBLIC YPOBHH 3BYKa MJIA

U3MEPUTENbHBIX U aHAJUTHYECKUX paboT B KaOWHETE MpPEe/ICTaBIICHbI B TaOIHUIe

26[62,48].
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Tabnuma 26 —IIpenenbHo AOMyCTUMBIE YPOBHH 3BYKOBOTO JaBJICHHUS, YPOBHU
3BYKa M SKBUBAJICHTHBIE YPOBHU 3BYKa IS OCHOBHBIX Han0OJIee TUIIMYHBIX BUOB

TPYJOBOM AESITEIILHOCTU U pabO4YnX MECT

VYpoBHH
Ne YpoBHU 3BYyKOBOI'O JaBiieHUs], 1b, B p
3BYyKa U
n/ OKTaBHBIX I10JI0CaX CO
. 9KBHBa-
1| Bug tpynosoi CPEIHEreOMETPUUECKUMU YacToTaMH, ['1g
JICHTHBI
NesTeNbHOCTH, pabouee
e
MECTO
o o o o
3— o | V[ B|8|o|o|S | S | YporHA
R I A = = B = I B = ) =
™ — | Q| & | © | 3ByKa (B
nbA)

BricokokBanudunmpoBaHaa
s pabora,  TpeOyromas
COCPEIOTOYEHHOCTH,

aJIMUHUCTPATUBHO-

yIlpaBJIeHYeCKass  JCATEelb-
HOCTh, W3MEPHUTECIbHBIE U
aHAJTUTHYECKHEe paboThl B
nabopaTopuy, pabouue
MecTa B IOMEIIEHHSIX
[IEXOBOTO  YIPABJICHYECKOTO

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

arrmapara, B pabounx
KOMHAaTax KOHTOPCKHUX
MOMEIIICHUH, B
naboparopusx

BrusHue mryma Ha CIIyXOBOM aHAIM3aToOp MPOSIBISIETCS B aypallbHBIX
addekrax, KOTOphIe, TJaBHBIM O00pa3oM, 3aKIIOYAIOTCA B  MEIJICHHO
IPOrPECCUPYIOLIEM MOHWKEHUM CllyXa [0 TUIy HEBpUTa CIyXOBOI'O HEpBa
(xoxneapHslid HEBpUT). lloaBepraromumecs MIyMOBOMY BO3JIEUCTBHIO JIFOJIM, Yalle
BCEr0 JKAIYIOTCS Ha TOJOBHbIE OOJM, KOTOpble MOTYT HMETh pa3HYIo
MHTEHCUBHOCTbD U JIOKAJIU3ALIHIO, TOJJOBOKPYKEHHUE MPU MEPEMEHE MOJI0KEHUS Tea,
CHIDKEHUE TaMsTH, MOBBILICHHYIO YTOMJISIEMOCTb, COHJIMBOCTb, HapyIlICHUs CHa,
HMOLIMOHAIBHYI0 HEYCTOMYMBOCTh, CHIKEHUE amMeTuTa, MOTIMBOCTb, OOIM B
obmactu cepauna. BnusHue mryma ckasbiBaeTcsl Ha (QYHKIUSX DHIOKPHUHHOW W

HMMYHHOfI CUCTCM OpraHu3mad, B Y4aCTHOCTH 3TO MOZKCT IIPOABJIATECA B BUAC TPCX
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TJIaBHBIX OMOJIOTMYECKUX 3(PPEKTOB: CHMHKEHHE MMMYHUTETa K HWH(EKIIHMOHHBIM
00J1e3HIM; CHIDKEHUE UMMYHHUTETA, HAPABICHHOTO MPOTHB PA3BUTHUS OITYXOJIEBBIX
IPOLIECCOB; MOSIBICHNE OJaronpUsTHBIX YCIOBUMN NIl BOSBHUKHOBEHUS U PA3BUTHUS
AJJICPTUYECKUX U ayTOMMMYHHBIX TPOIIECCOB.

HcTounukoM mryma npu pabote B KaOMHETE SBIISETCS BaKyyMHBIM Hacoc,
HEOOXOAUMBIA I OOBEMHOM HPONUTKH ApeBecuHbl. llpuyem mIMTENbHOCTH
paboTsl Hacoca cocTapisieT He Oounbine 1 MuHyTHL. [Ipn oGecieueHuN HOpMaTbHBIX
yCIOBUI MHUKpPOKJIMMAaTa ypOBEHb IllyMa B KaOWHeTe 0e3 BKIIOUEHHOI'0 Hacoca He
OyZAeT MpeBbIIaTh HOPMBI.

B  kadectBe CpenCTB MHAMBUAYAJIBbHON 3Tl  MPUMEHSIOTCS
npoTtuBoiiyMHble  HaymHukn ~POCOM3.  (Pucynok — 23). Haymiauku

npeaHa3HauYeHBI [T 3alUThI OpTraHa ciiyXa OT IiyMa ¢ ypoBHeM He Oosiee 115 nb

(SNR =27 nb). I'pymimia A.

Pucynok 23 - naymuauku POCOM3.
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Tak kak B mabopaTopuyl HAXOAHWTCS T€HEPATOP BHICOKOYACTOTHOTO IIOJIS,
€CTECTBEHHBIM YCIOBUEM SIBJIIETCS PACCMOTPEHHE AIEKTPOMArHUTHOTO U3JIy4ECHUS.

PanHuMH KJIMHUYECKUMHU MPOSBICHUSIMU TOCIEACTBUS BO3JICUCTBUSA
DJIEKTPOMAarHUTHOIO  M3JIy4YEHHWs  Ha  OpraHM3M  YEJIOBEKa  SIBIIIOTCSA
(GyHKUIHMOHATIBHBIE HAPYIIECHUSI CO CTOPOHBI HEPBHOM CHUCTEMBI, TPOSBIISIIOIIUECS B
BUJIC BEreTaTUBHBIX AUCHYHKUIMNA HEpBAa CTEHHMYECKOTO W aCTEHUYECKOTO
cuHapoma. Jluma, NpPONOIDKHATENIBHOE  BpeMs  HAaxXOAMBIIMECS B 30HE
AIEKTPOMArHUTHOTO W3JIy4YEHUS, UMEIOT KaI0OBbI Ha c1a00CTh,
pa3IpakKUTEIbHOCTh, OBICTPYIO YTOMIIIEMOCTb, OCJIA0JICHHE MTaMSITH, PACCTPOMCTBA
CHA. 3a4acTyl0 3THM CHUMIITOMaM COIYTCTBYIOT pPacCTPOWMCTBA BErETATUBHBIX
bynkuuii. HapyieHnus co CTOpoHbI CepIeUHO-COCYAUCTON CUCTEMBI TPOSIBIIIOTCS,
B OOJIBIIMHCTBE CIy4aeB, HEUPOUUPKYISATOPHON JUCTOHHUEH: JTaOMIBHOCTD MyJIbCa
U apTepUaTbHOTO JABJICHUS, HAKJIOHHOCTh K TUIIOTOHUH, 00JIU B 00JACTH Cep/lia.
OtmeyaroTcss Takke (a3oBble HM3MEHEHHS cocTaBa MNepudeprUuecKol KPOBH C
MOCJIEAYIOLIUM pa3BUTUEM YMEpPEHHOU JICUKOTICHUH, HEUPOTEHNH,
SPUTPOLUTOINECHUU. VI3MEHEHUsT KOCTHOIO MO3ra HOCAT XapaKTep PEaKTUBHOIO
KOMIIEHCATOPHOTO HampsiKeHus pereHepanuu. OObIYHO 3TH U3MEHEHU ST BOSHUKAIOT
y JMIl TI0 pOAYy CBOEH palbOThl TMOCTOSHHO HAXOJWBIIUXCS TON JCHCTBHUEM
AJIIEKTPOMATHUTHOTO M3JyYeHHUs] C JIOCTATOYHO OOJIBIION HHTEHCHUBHOCTBIO.
PaboTaroniyie ¢ MarHUTHBIMU U 3JICKTPOMArHUTHBIMU TOJISIMU, & TAKXKE HaCeJICHHE,
)uByIiee B 30He AeiicTBus DOMII xamyrorcst Ha pa3apaxkureabHOCcTh. Yepes 1-3
rola y HEKOTOpbIX NOSBIsAETCS 4yBCTBO 104 BHyTpeHHEH HaNpsSKEHHOCTH,
CyeTJIMBOCTh. Hapyiiatorcsi BHUMaHue U MaMsaTh. Bo3HUKAIOT KajioObl Ha Maylo
3P PEKTUBHOCTH CHA M YTOMJIIEMOCTH [63].

YcTaHOBKa HaxOOUTCS B METAUIMYECKOM  KOpIYyCe,  SBISIOUIAMCS
3alIUTHBIM JKPAaHOM OT DJJIEKTPOMAarHUTHOTO M3JydeHus. MakcuMalbHOE
BblJIaBaeMoe HarpspkeHue rerepartopa aocturaetr 1000 B, wacrora 100 xI'u. Tax

KaKk MOIIHOCTb TICHCpATOpa HE3HAYUMUTCIIbHA, TO HCET HGO6XOJII/IMOCTI/I B
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WCIIOJb30BaHUU JIOMOJIHUTENBHBIX CPEJCTB KOJUIEKTUBHOM M WHIUMBHUAYaJbHOU
3aIUTHI.

W cTouHMKOM 3JEKTPOMArHUTHBIX HM3IIYyYeHHH B 1a00paTopuu Takxke
apisierca auciuieit [ID9BM. MoHuTOp KOMIbIOTEpa T€HEPUPYET PEHTIEHOBCKOE,
yibTpaduoaeToBoe U HMH(PpPaKpacHOE H3IYUYEHHS, a TaKkKe IIMPOKUM TUara3oH
ANEKTPOMArHUTHBIX BOJH Apyrux dacTtoT. CormacHo [49] HaNpsKEHHOCTb
AJEKTPOMArHUTHOTO TIOJIS 1O JIEKTPUUECKOW COCTABIAIOIIEH HA paccTostHUU S0cM
BOKpYT BujeoauciuieiHoro Tepmunana (BJT) He momwkna mpesbimath 25B/M B
nuamnaszone ot SI'm go 2xI'1; 2,5B/M B numanaszone ot 2 no 400 kI'm. IlmotHOCTH
MAarHUTHOIO MMOTOKA HE JI0JIKHA MPEBBIIAaTh B Auana3zone oT 5 I'n 1o 2 kl'u 2508T,
u 258Tn B nuanazone ot 2 g0 400xI'1. [ToBEpXHOCTHBIM 3JIEKTPOCTATUUECKUM
MOTEHIINAJ He J0JbKeH mpeBbimaTh S00B [48].

Cornacuo [49] xonctpykimus BAT u [I9BM nomkna oOecrieunBaTh
MOIIIHOCTb 3KCMO3UIIMOHHON JI03bI PEHTTEHOBCKOTO M3IIy4YEeHHUsI B JIFOOOW TOUKE Ha
paccrosiuuu 0,05 m ot kopmyca He Oonee 0,1 mO3p/u(100MkP/4). ITpenen no3bi
oOnmyuenus nansi pabotHukoB BIl (omepaTopsl, NporpaMMHCTBI) COCTABISIET

0,5 63p/rog.

B kabunete mabopatopuu B HACTOSIIUNA MOMEHT MPHUMEHSIOTCS JIAMITBI C
HEJI0OCTaTOYHBIM CBETOBBIM MOTOKOM (F = 2500 1m).

B kaOuHeTe, I/ie TMPOUCXOAMT IEPHOAMUYSCKOE HAOJIIOACHHE 3a XOIO0M
MPOM3BOJICTBEHHOT'O IIPOIIECCa IMPH MOCTOSHHOM HaX0XKICHHUH JIFO/ICH B TOMEIIICHHH
JO/KHBI OBITH COOJIOZCHBI HOPMbI OCBEIICHHOCTH M KadeCTBEHHBIE IMOKAa3aTElIH
OCBEILICHUSI B COOTBETCTBUU ¢ Tpeboanmsmu CanlluH 2.2.1/2.1.1.1278-03 [50].
[TomerieHne MOMKHBI HMMETh €CTECTBEHHOE W HMCKYCCTBCHHOE OCBEIICHHE.
EcTecTBeHHOE OCBEICHHE JOKHO OCYIICCTBIATHCS Yepe3 OOKOBBIC CBETOIIPOEMBI.
WCcKycCTBEHHOE  OCBEIICHHE JOJDKHO —OCYIIECTBISATHCS CHCTEMOM — OOIIero

PaBHOMCPHOI'O OCBCIICHU .
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OcBelnIeHHOCTh paboueii MOBEPXHOCTH JOJDKHA cocTaBsaTh 300-500 ik [50].
Koadpumment mnynscanmu ocBemeHHocTH He Oonee 15 %. Koaddumment
ectecTBeHHOUM ocBenieHHocTH KEO B kaOuHerax u paboyumx KOMHATax JOJHKEH
ObITh He HWXKE 1%. —mpu OOkOBOM ocBelmleHHUH U 3% — NpU BEPXHEM WIU
KOMOMHUpPOBaHHOM oOcBeleHnd. Kod3puiMeHT COBMEIIEHHON OCBEIICHHOCTH
KEO B kabuHerax W pabouMx KOMHaTax JOJDKeH ObiTh He Hike 0,6%. —mpu
6okxoBoM ocBemieHnu U 1,8% — npu BepxHEM W KOMOMHHUPOBAHHOM OCBEIICHHUH

[IpousBeneM pacueT UCKYCCTBEHHOTO OCBEIIEHUS JiJisi pabouero kaOuHeTa,
B KOTOPOM MTPOU3BOJIUTCSI KOHTPOJIb COCTOSIHUSI aBTOHOMHOI'O KOMILJIEKCa 3JIEKTPO-
cHaOxeHust. KabuHeT umeer creayromme pa3Mepsl:

- IIIUpUHA — 5 M;
- 1auHa —6 M;
- BBICOTA — 3 M;
- roromaap —30 M.
ITopsnok pacuéra:
1 Br1Oop THIa CBETUIILHUKOB;
2 OnpeneneHne KOJIMYECTBA CBETUIILHUKOB;
3 OmnpeneneHrie MOITHOCTH UCTOYHUKOB CBETA.

B momernienun npegycMoTpeHo olliee paBHOMEPHOE OCBEIIEHUE, JIJIST KOTO-
pOro NpUMEHSIIOTCA JIOMUHECLIEHTHbIE Jamibl Tuma JIXb (mammsl x05101HO-0€10r0
I[BETA), JUIsI KOTOPBHIX UCTOb3yeTcsi cBeTibHUK Tuma [1IO/-2-40 (mnmuHoi 1228
MM, mupuHOi 284 Mm). PazMenieHne CBETUILHUKOB B TTIOMEIIEHUU ONPEACIISIETCS
CIICIyIOIUMHU pazmepamu [51]:

H =3 M— BpICOTA IOMECIIICHUS;

he = 0,2 M — paccTosiHUE CBETUIIBHUKOB OT TIEPEKPBITHS (CBEC);

hn— BBICOTA CBETHILHHMKA HAJ ITOJIOM, BBICOTA O/IBECA,;

hp,— BbIcOTa paboyeii MOBEPXHOCTH HAJI TIOJIOM;
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h — pacuérHas BBICOTA, BHICOTA CBETHIILHUKA HaJ padoYeil MOBEPXHOCTHIO
(h = hy - hy);

L — paccTostHHE MEXTy COCCAHMMH CBETUIbHHUKAMH HIIH PSIaMU;

| — paccrosHMEe OT KpaWHHMX CBETHJIBHHUKOB WM PSJIOB JIO CTCHBI
(onTHMaJIbHOE PACCTOSIHHE / PEKOMEHIYeTCsl IPUHUMATh PaBHBIM L/3);

J — HHTErpajbHBIA  KPHUTEPHUH  ONTHMAJIBHOCTH  PACIOJIOKCHHS

CBCTHUIILHHUKOB.
BricoTa moaseca cocraBisieT:
hn: H - hc = 3 - 0,2 :2,8M. (11)

VYuauteBas, uro hy = 1 m, Harigém h = h, - hy =2,8-1=1,8 m.

Jlns ceetrnibHUKOB Tuna IO/ 4 = 1,1, mostomy

L=A-h=11.1,8=198m; (12)
|, = L_1%_ 0,66 M; (13)
3 3
- 4—2-0,2284—1,98 0726w

Ha ocHoBe JaHHBIX pacue€TOB PEKOMEHIYETCS PA3MECTUTh CBETHIILHUKHU B 2
pAlla, B KXKJIOM U3 KOTOPBIX MOKHO YCTAHOBUTH 2 cBeTHibHUKA THIA [ITO/]-2 MomI-
HOCTBIO 40 Bt. IIpn 3TOM MHTEpBAI MEXAY CBETUIBHUKAMH B PALY COCTABAT MPH-
MepHO 1,224 M. YUuThIBas, YTO B KOKJIOM CBETUIILHUKE YCTAHOBJICHO 10 JIBE JIAMIIHI,
o0111ee YMCIIO JIaMI B TIOMEIIEHUH COCTABUT (2* 2) * 2 =8,

Pacuer 00111€T0 paBHOMEPHOTO OCBEIICHUS BBITTOTHIETCS METOA0M KO3(Phu-
[UEHTa CBETOBOTO IIOTOKA, YYHUTHIBAIOIIUM CBETOBOM MOTOK, OTPAXKEHHBIM OT
noToJika U cTeH. CBETOBOM MOTOK TPYIINbBI JIOMUHECIIEHTHBIX JIaMIT CBETUJILHUKA

onpenensercs no popmyrie:
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E,-S-K,-Z
F= ! (14)
n-n

rae E,— HOpMHpyeMmas MUHUMAabHAas OCBEIICHHOCTh (MJI1 JaHHOW KaTeropuu
nomenienunit £,=300k) [51];

S— nomank oceeniaeMoro nomemenus (30 M?);

K3 xoaddummenTt 3amaca, yYWTHIBAIOMIMKA 3arpsi3HCHWE CBETHIHLHUKA,

3anbUIeHHOCTH (K3 = 1,5 - /1 moMenieHuii ¢ MajibIM BBIJICJICHUEM ITbLIH );

Z— k03¢ GHUIIHEHT HEPABHOMEPHOCTH OCBEIICHUS (/I TIOMUHECIICHTHBIX JIaMTIl

Oepercs paBHbIM 1,1);

N— gucino nami (8);

#— KO3 (PHUIMEHT HWCMOIB30BaHMS CBETOBOTO IMOTOKAa — IOKA3bIBAET, Kakas
94acTh CBETOBOIO MOTOKA JIAMII TIOMaIaeT Ha pabovyr0 MOBEPXHOCTh. OH 3aBHCHUT OT
WHJICKCA MMOMEIICHUS |, TUIIAa CBETUJIbHHMKA, BHICOTHI CBETHJIBHMKOB Haj padouei
MOBEPXHOCTHIO N M KO3 (DUITMEHTOB OTPAXKEHUS CTCH P M IIOTOJIKA Py,

Pacuer nnaekca nomenieHus OCyIecTBiIsieTcs o popmyie:

-S> (15)

rae S— miomans nomemenus (30 m2);
h— BeICOTa MMOBECA CBETUILHUKOB HaJl paboueii moBepXHOCTHIO (1,8 M);

a,b— nnuHa U mypuHa nmomeienus (a = 6 m; b =5 m).

.30
B pesynbrare i = 56 = 1,51

KoadduinreHTs! 0TpakeHHs p, Mp, UIMEIOT Clieayroliue 3Hauenus [51]:

- pe = 50% (cTeHnl cBeXXenoOeIeHHbIE ¢ OKHAMU 0e3 IITOD);

- pn = 70% (ITOTOJIOK CBEKEITOMOOCTICHHBIH ).
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JUJ1st IOTy4YeHHBIX 3HAUYEHUH P, Py U | KOI(D(DUIIUEHT UCTIONB30BaHUS CBETO-
BOTO 1oTOKa ) =42,72%, unu n = 0,427. IloacTtasnsist moydyeHHbIE 3HAaYCHUS B Pop-
MyJly, HaliJileM 3HauyeHHe MUHUMaJIbHO TpeOyeMOro CBETOBOTO MOTOKA JIs paboyeid

ayJIUTOPHH:
~300-20-1.5-1.1

80427 o0

PaccuntaB cBeToBOM MOTOK F, 3Has THM NaMIibl, BEIOEpEM OMIKANIITYIO
CTAaHJAPTHYIO JIaMIly M  ONpEOEIuM  DJIEKTPUYECKYI0  MOIIHOCTH  BCEU
OCBETUTEINIbHOU cucTeMbl. bikaiimas cranaaptHas nammna — JIXb40 Bt ¢ moTokom
3100 M [51]. Hanpsoxenue cetu 220 B. Ilo pe3ynbraram 1aHHOTO pacdeTa MOKHO
clenaTh cleyromui BeIBO: cornacHo [50] B paboueit ayauropuu (pasmepamu 6 X
5 x 3 M) co cBexenoOeIeHHBIMH [TOTOJIKOM U CTEHaMH, C OKHaMH 0€3 ILITOp CIeayeT
ucroas3oBaTh 4 cBermibHUKAa THHA 1IIOJI-2-40 ¢ MIOMHHECIEHTHBIMH JIAMIIAMU
JIXB momaoctrio 40 Bt ¢ motokom 3100 y1m.

Tak kak, OCHOBHas 4acTh pabOThl CBfi3aHA C OOBEMHOW MPOMHUTKOM
npeBecuHbl, Huwxke npuseneHsl ['OCTsl M HOpMaTHBBI IPU IMPOU3BOJCTBE
IPOMUTOYHBIX U MOKPACOYHBIX padoT.

Cornacuo I'OCT 20022.2-80 3ammTa IpeBECUHBI COCHA, TOPOJa C KOTOPBIN
IPOBOJASTCS UCCIENOBaHMS B JIaDOpAaTOPUHU, OTHOCUTCS K CTOMKOM K THUEHHUIO U
YMEPEHHO ITPONUTHIBAEMOM.

B kauecTBe NMpONUTHIBAIOIIMX COCTABOB HMCIOJB3YETCS BOJIOPACTBOPUMBIE
3aIUTHBIE BELIECTBA.

Hcnonezyercs [Hokpeitne ODII-9 mo 'OCT 23790-79, kotopoe
OKpAILIMBAET IPEBECUHY B CEPBIN MM KOPUYHEBBIM IIBET B 3aBUCUMOCTH OT L[BETA
nUrMeHTa, 0e3 3anaxa. O0paboTaHHas TpeBECHHA CKIIEUBACTCS M OKPAIITUBACTCS.

[Ipu 3TOM NponKTKa MPOUCXOIUT BHYTPH 00beMa MPOMUTOUHON KaMephl,
KOTOpasi B CBOKO OYEPEIb FTEPMETUYHO 3aKPBIBAECTCS, YTO UCKIIFOYAET MONAJaHuE

KaKuUX JU00 ucnapeHuit B armocdepy.
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6.1.2 AHaJIU3 ONMACHBIX MPOU3BOJACTBEHHBIX (PAKTOPOB, BO3MOKHBIX MIPH
NMPOBEJACHUU UCCIEJOBAHUM.

DIIEKTPUYECKUM TOK, TPOXO/Is Uepe3 KUBOU OPraHu3M, OKa3bIBa€T TEpMHUUE-
CKO€, DJIEKTPOJIUTUYECKOE, OMoJIoTHUecKoe AercTBusl. Tepmudeckoe qeicTBUE TIPO-
SBJIIETCSI B O’KOTaX, HarpeBe U MOBPEKICHUU KPOBEHOCHBIX COCYAOB, IEpPErpeBe
Cep/illa, MO3ra W JPYTrdX OPraHoOB, YTO BBI3BIBAET B HUX (DYHKIIMOHAIBLHBIE
paccTpoiicTBa. DJEKTPOJUTUYECKOE JIEUCTBUE TMPOSIBISIETCS B  Pa3lIOKEHUU
OpTraHUYECKON >KHIKOCTH, B TOM YHCJIE KPOBH, YTO BBI3bIBAET 3HAUUTEIHLHOE
HapyllleHUE €€ COCTaBa, a TakKe TKaHW B IIeJOM. buosoruuyeckoe eucTBUE
BBIPAKAETCS B HAPYIICHUU BHYTPEHHUX OMO3JIEKTPUUYECKUX TpoiieccoB. Hampumep,
B3aMMOJICUCTBYSI C OMOTOKaAaMH OpPraHW3Ma, BHENIHUW TOK MOXKET HapyUIUTh
HOPMAaJIbHBII XapaKTep MX BO3JCWCTBHUS HA TKaHU M BBI3BaTh HEMPOU3BOJBHOE
COKpaIlleHHe MBIIIIII. [TosTomy HEO00XO0IUMO coOroIcHNE Mep
antekTpode3onacHoctr [52,53].

DNEKTPOYCTAaHOBKH KJIACCU(PUIIUPYIOT MO HAMPSHKEHUIO: C HOMUHAJIBHBIM
HanpspkenreM 10 1000 B (momenienust 6€3 moBbliieHHON onacHocT), 70 1000 B ¢
MPUCYTCTBUEM arpeCcCUBHOM Cpefibl (MIOMEIEHUs C TOBBIIIEHHON OMacHOCTHIO) U
ceeiie 1000 B (momereHust 0c000 OracHbIe).

JIabopaTopusi OTHOCUTCS KO BTOPOM TpyHre MOMELIEHUH B OTHOUIEHUH
ONMACHOCTH TIOPaKEHHS JIIOJICH DJIEKTPUYSCKUM TOKOM [54] — momemieHus ¢
MOBBIIIIEHHOMN OMACHOCTHIO, TaK KaK yCTaHOBKA JIJIsi IPOMMUTKU APEBECHUHBI paboTaeT
OJTHOBPEMEHHO C BBICOKOYACTOTHBIM reHepatopoM 10 1000 B, Tak u B TOXke Bpems
KamMepa HaXOJIUTCS 10T BRICOKUM AaBiieHneM B 11 armocdep.

IIpu paboTe ¢ yCTaHOBKOW MPOU3BOJUTCS TOJBKO OIepaTtopckas pabdora.
BbICOKOBOJIbTHAS 4acTh YCTAHOBKM HAaXOJUTCS B 3aKPBITOM KOPIyCE, KOTOPBIN
3a3eMJICH, U HaXOJMUTCS BHE 30HBI JIOCATAEMOCTH omepatopa. /Jlims obOecrieueHus

0€30IMaCHOCTH M IOJHOTO MCKIIOYEHUS BO3MOKHOCTH MOPaAXKCHHUA SJICKTPUIYCCKHUM
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TOKOM, YCTaHOBKA HAXOJIUTCS B U30JIMPOBAHHOM OOKCE M TaKXKE UMEET 3a3eMJICHHE.
Jlommyck k paboTe Ha JaHHOW YCTAaHOBKE HUMEIOT COTPYIHUKH TMPOIIEIIINE
CHEelMaNbHYI0 OoAroToBKY M umeromue |l xareropuro mo anekrpoOe3onacHOCTH
U1t pabot ogHoMy M |l kareropuro it paboT nojx npucMoTpoM cotpyanuka c | u
BBIILIE KATETOPHUE.

JUJis1 321U Thl OT MOPAXKEHUS JIEKTPUUECKUM TOKOM B HOPMAJIbHOM PEXKHUME
JOJKHBI OBITH IPUMEHEHBI 10 OTJIEIBHOCTH WJIM B COUYETAHUU CIEAYIOIINE MEPHI
3alUTHI OT MPSIMOTO MPUKOCHOBEHUS:

— OCHOBHAsI H30JISIUSI TOKOBEIYIIIUX YaCTeH;

— MOJIyYECHHE IEPCOHATIOM COOTBETCTBYIOIIEH TPYTIIBI

AJIEKTPOOE30I1aCHOCTH;

- OrpaXXJIeHUS U 000JI0UKH;

- yCTaHOBKa 0apbepoB;

- pa3MelIeHUEe BHE 30HbI JOCATaEMOCTH;

JIJ1s1 31U ThI OT TOPAKEHUS IIIEKTPUUIECKIM TOKOM B CITydae MOBPEKICHUS
U30JSIIMUA  JIOJDKHBI  OBITh NPUMEHEHBl IO OTAEIBHOCTH WJIM B COYETAaHUU
CJIEYIOIIIE MEPHI 3aIUTHI P KOCBEHHOM MPUKOCHOBEHUU:

- 3alIUTHOE 3a3€MJICHUE;

- aBTOMATUYECKOE OTKIIOUEHHUE TUTAHMS;

- ypaBHHUBaHHE MMOTCHIINAJIOB,

- V30U TOKOBEAYIIANX YaCTEH;

- 3aIIUTHOE JIEKTPUUYECKOE Pa3eICHHE LIETIEH;

- M30HpYoIKe (HEMPOBOIAIINE) TOMEIIEHUS, 30HbI, TTOMIAIKH.

[Ipumenenue qByX U O60see Mep 3alUThI HE TOJKHO OKa3bIBaTh B3AUMHOIO
BJIMSTHUSI, CHIDKAIOMIETO (P PEKTUBHOCTH KAKIOU U3 HUX.

3amuTy Npu KOCBEHHOM MPUKOCHOBEHHUH CIIEAYET BBIINOIHATH BO BCEX CIIY-
yasx, €clii HamnpsyKeHUE B AJIEKTpoycTaHOBKe mpesbiinaer 50 B mepeMeHnHoro u

120 B nocTossHHOTO TOKA.
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3azemmsitomiee  ycTporcTtBo  [59], wmcmomb3dyeMoe IS 3a3€MIICHHS
AIEKTPOYCTAHOBOK JIOJDKHO YIOBJIETBOPSATH BCEM TPEOOBAHUSAM, TIPEIBSIBISICMBIM K
3a3€MJICHUIO JTHUX DJICKTPOYCTAHOBOK: 3alllUTHl  JIIOJEH OT MOpa)KEeHUs
IEKTPUUECKUM TOKOM TPHU TIOBPEKICHUU U30JIAIUN, YCIOBUSIM PEKUMOB pabOTHI
CeTeH, 3alIUThI AIEKTPOOOOPYI0BAHUS OT IEPEHANPSIKEHUS U T.]. B TECUCHHE BCETO
NepHo/JIa HKCILTyaTaluH.

B mepByio ouepenb JODKHBEI  OBITh  COOJIFOACHBI  TpeOOBaHUS,
NpEeabIBISIEMbIe K 3alIUTHOMY 3a3eMyieHuio. TpeOyemble 3HaUCHUS HaIPSKEHUN
MIPUKOCHOBEHUS M COTIPOTUBIICHHUS 3a3EMIISIFOIITUX YCTPOUCTB MPU CTEKAHUU C HUX
TOKOB 3aMBIKaHHsI Ha 3E€MJII0 M TOKOB YTE€UYKH JOJDKHBI OBITH OOCCIEYCHBI MpHU
HamOoJiee HEONIaronmpusATHBIX YCIOBHUSIX B JIF000O€ BpeMsl Toja. 3a3eMIISIoNue
YCTPONCTBA JIOJDKHBI OBITh MEXaHWYECKHU TTPOYHBIMH, TEPMHUCCKH U JUHAMUYICCKU
CTOMKHUMU K TOKaM 3aMBIKaHUS HA 3€MITIO.

JUist  OTKITIOYEHHUsI DJIEKTPOCETEeH Ha BBOJIAX HMEIOTCS PyOWJIBHUKH.
OTkiTroueHne BCeH CeTH, 32 UCKIIOUCHHUEM JCKYPHOTO OCBEIICHUS, TPOU3BOIUTCS
o0muM  pyOWIbHMKOM. B 1ensix mnpeaoTBpalleHusi dJIeKTpOTpaBMaTu3Ma
3ampeniaeTcs: paboTaTh Ha HEUCIIPABHBIX AJICKTPUICCKUX MPUOOPAxX M YCTAHOBKAX;
Meperpykarhb 3JEKTPOCETh; MEPEHOCUTh M OCTABIISITH 0€3 Haa30pa BKIIOYCHHBIC
ANIEKTPONIPUOOPHI; paboTaTh BOJMM3M OTKPBITBIX YacTeH dJIEKTPOYCTAHOBOK,
MIPUKACATHCS K HUM; 3arPOMOXKAATH MOIX0IbI K JICKTPUUECKHM YCTPOUCTBAM.

[Ipu nmopaskeHnu MEKTPUUECKHUM TOKOM HEOOXOJMMO KaK MOXKHO ObICTpee
OCBOOOJWTH TOCTPAIABIIETO OT JEUCTBUS JJICKTPUYECKOTO TOKA, OTKIIFOYUB
AIIEKTPOTIPUOOP, KOTOPOTO KacaeTcs MoCTpagaBiinii. OTKIIOYeHHE TIPONU3BOAUTCS C
noMomplo  pyouneHuka. [Ipy HEBO3MOXHOCTH  OBICTPOTO  OTKJIFOYEHUS
AIEKTPONPUOOpa HEOOXOJAMMO OCBOOOJUTH TMOCTPAJABIIETO OT TOKOBEAYIIHUX
JacTell JCPEeBSHHBIM WJIM JIPYTUM HE MPOBOISIIMM TOK MPEIMETOM HCTOYHHK

nopakeHus. Bo Bcex ciydasx MOpa)KeHUs JJICKTPUUECKHUM TOKOM HEOO0XOIUMO
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BbI3BaTh Bpaya. Bce coTpynHuku 1abopaTopun Kaxiple IoJaroa mpoXoasaT IK3aMeH

0 AJIEKTPOOE30IIaCHOCTH U UMEIOT KaTeropuio He HUXKeE BTOPO.

6.2 DKoJornuyeckas 0e30MacHOCTh

OxpaHa okpyXarollel Cpellbl — 3TO KOMIUIEKCHasi IpoOsieMa U Haubosee
akTuBHas ¢opMa e€ pemeHus — 3TO COKpAIIeHHE BPEIHBIX BHEIOPOCOB
MPOMBIIIUICHHBIX TPEINPUSATANA Yepe3 IMOJIHbIA Mepexo]] K Oe30TXOJHBIM WU
MaJIOOTXOAHBIM TEXHOJIOTUSIM IPOU3BOJICTBA.

CenuTeOHas 30Ha yCTaHOBKU HaxouTcst Ha Tepputopuu 11r kopmyca TIIVY.

B nmanHo#t  paboTe  mpomMTKa  OCYHIECTBIISIETCS C  MOMOIIBIO
BOJIOPACTBOPUMOM KPAacCKH, YTO MO3BOJIAT HATJISIAHO OLIEHUTh KAYECTBO MPOIUTKH
JIPEBECUHBI, TaK KaK B OCHOBHOM Macce Bce aHTHUCENTUKH OeciBeTHbie. Kpacka
XPAHUTCS B IUIACTUKOBBIX KOHTEWHEpax. CaMa MPONUTKA OCYIIECTBISIETCS BHYTPH
KaMephl, YTO MUHUMHU3UPYET BpEAHBbIE BHIOPOCHl B atMochepy MHauBuayanbHbIe
MEphl  3allUTHl:  KOCTIOM  XJIOMYAaTOOYMaKHbIM,  pE3MHOBBIC  IEPYATKH,
MIPOTUBOA’PO30JIbHBIN PECTIMPATOP.

[IponuTka apeBeCHHBI SIBISETCS HE OYEHb SHEPro3aTPaTHOM, UYTO TaKkKe
MOJIOKHUTENIBHO CKa3bIBa€TCA Ha €ro JKOJOorhyeckod 3Haummoctu. Pabota
YCTAaHOBKHM COIPOBOXKIAETCS MHUHHMMAJbHBIM BBIJICJICHUE TeIia. B pe3ynbrare
JoJIroit paboTel noAkItoueHHOTo BY reHeparopa yacTh HEPTrUU MOXKET BBIICIUTCS
B BHUJC HArpeBaB KaMepbl, HO TEMIIEpaTypa MOBBIIIACTCA HE3HAYUTEIBLHO U HE
OKa3bIBAECT BIIMSAHUS HA TEMIIEPATYPY OKPYKAIOIIEH CPEIbI.

PaGota yctaHoBkM He BiedeT 3a CO0OM Kakoe-muOO HEraTUBHOE
BO3JICMCTBHE HAa OKPYKAOUIYI0 CpENy, 3a HCKIIYEHUEM OTXOJOB B BHJIE
oTpaboTaHHOW Kpacku. OrpaboTaHHAs >XUIKOCTh XPAHUTCS B CICIHAIBHBIX
KOHTEHWHEpaxX U B NAJIbHEUIIIEM CIACTCSA HA YTWIN3aIuUI0. B 3aBUCUMOCTH OT cocTaBa

PacTBOpa, KpaCKa MOIKCET CKHUIaTbCda, a IPHU HAJIMYHMHU CAKHX BCIICCTB pPaCTBOP
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OPOXOIUT LMK yTuin3zanuu. [Ipouiecc yTunuzanmm 1aKOKpacOYHBIX MAaTEepHAIOB
BBIIIOJIHAETCS B CIIEAYIOIINX CTAUAX:

- OIpeNeJICHUE TUMAa U IOJIHOTO COCTaBa IMOJYYEHHBIX ISl yTUIU3aluu
MaTepHaJoB;

- IOHWKEHUE KUCIOTHOCTHU J0 O€30IMaCHBIX IapaMeTPOB;

- HeUTpaau3anus )KMJIKUX KOMIIOHEHTOB C TIOMOIIbIO pa3HbIX a0COPOEHTOB;

- U3MENbUYCHHE MATEPUAJTIOB BMECTE C TAPOM 10 HEOOXOIUMOM (DpaKLMH;

- IPUMCHCHUC ITOJIYYCHHOT'O MaTCpHralida B U3rOTOBJICHUMU OICMCHTA.

5.3 be3onacHOCTh B Ype3BbIYAHHBIX CHTYAI[USIX

[lon mnpoM3BOACTBEHHOW aBapuel IOHUMAIOT BHE3AIIHYID OCTAHOBKY
paboThl WM HapylIEHHE MpoLecca MPOU3BOJICTBA, IPUBOISILYIO K MOBPEXKIECHUIO
WIM YHUYTOKCHHIO MaTEpPUAJbHBIX LEHHOCTEH. ABapuM MOTYT BO3HUKAaTh B
pe3ynbTare CTUXUHUHOrO O€NCTBUSA, a TaKKe HapYyIIEHHUS TEXHOJOTHYECKOIro
periamMeHTa, paBuJl SKCITyaTalluy MallliH, 000pYyI0BaHUS M YCTAHOBIIEHHBIX MEP
oe3onacHocTu. OrnepaTuBHAs YacTh IJlaHA JMKBHUJALUWKA BO3MOXKHBIX aBapHid
IpeycMaTpUBaEeT CIOcOObl OMOBEIIEHUsI 00 aBapuM, BBIXOJAA JIIOACH U3 OMAacHBIX
30H, BKJIFOYEHUE CUCTEM I0KapOoTyleHus. [1nan IMkBuaanum aBapui u3y4acT BeChb
MepcoHal, a TaK)Ke pabOTHUKHU criacaTeIbHOM CTAHIIUU U MOYKAPHOU YacTH.

[Tomemienue 1abopaTopun OTHOCUTCS K IOXKapoornacHoi (kareropus B), Tak
KaK B HEH MPOUCXOAAT pabOThI C KPACUTEISIMUA U APEBECUHOM, KOTOPBIE SABIISIFOTCS
roprounmu Marepuaiamu. [60]).

CucreMbl TPOTUBONOKAPHOM 3aIUTHI 3aHUsI JODKHBI 00ecTieyuBaTh BO3-
MO>XHOCTh 3BaKyalldu Jitojield B O€30MaCHYI0 30HY A0 HACTYIUICHUS MNpPEIebHO

JOTTYCTUMBIX 3HAYCHHI OMAaCHBIX (PaKTOPOB TOXKapa.
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Bce momemienust mabopaTopuu JOJDKHBI COOTBETCTBOBATH TPEOOBAHMSIM
noxkapHot  6ezomacHoctt mo ['OCT 12.1.004-91 wu wumerp cpeacrtsa
noxkapotymenus o I'OCT 12.4.009-83.

OrnoBelnieHue JIOAEH O TMOXape, YNpaBJICHUE »HBaKyallued ojed u
obOecrieyeHne WX O€30MAaCHON SBaKyallud TpH TOKape B 3JaHUW JIOJDKHBI
OCYIIIECTBISATHCS OJTHUM U3 CIEAYIONMINX CIIOCOO0B MM KOMOWHAITUEH CIIeTyIOIINX
crioco6os [60]:

1 1oJlaya CBETOBBIX, 3BYKOBBIX U (HMJIM) PEUYEBBIX CHUTHAJIOB BO BCE TI0-
MEITEHUS C TIOCTOSTHHBIM WJIH BPEMEHHBIM ITPEOBIBAHUEM JTIOICH;

2 TPAHCISIUS CTIEIUATBHO pa3padOTaHHBIX TEKCTOB O HEOOXOAMMOCTH
ABaKyallud, MYTAX OSBaKyalldd, HAIMPaBICHUU JBIKECHUS U JIPYTUX JEHCTBUSAX,
o0ecrneunBarOMUX 0€30MaCHOCTD JIOACH U IPEIOTBPAIICHIE TAHUKH TIPH MOXKAape;

3 pa3MenieHre 1 o0ecredeHne OCBELECHUS 3HAKOB MOKapHOU Oe3zomnac-

HOCTH HaA IIYTAX 3BAKyallUU B TCUCHHUC HOPMATHBHOI'O BPCMCHH,

4 BKJIFOYEHHE PBaKyallMOHHOTO (aBapUIHOTO) OCBEILICHHUS;

5 JTHMCTAaHIIMOHHOE OTKPBIBAHUE 3aII0POB JIBEPEH IBaKyallMOHHBIX BBIXO-
JOB;

6 obecrieueHre CBSA3BI0 MOXKAPHOTO TOCTa (IUCIIETUYEPCKOM) C 30HAMU

OTIOBEICHUS JIFOJICH O MOXkKape;

[To>kapHbIE OTTOBENIATENH, YCTAHABIMBAEMbIC Ha 00BEKTE, TOJDKHBI o0ecTe-
YUBaTh OJHO3HAUYHOE HHGOPMHUPOBAHWE JIOACH O TMOXKape B TEYCHUE BPEMEHU
IBaKyalllH, a TAKXKE BBIAAYy JOMOJTHUTEIBPHON HH(POPMAIIUU, OTCYTCTBHE KOTOPOI
MOJKET MPUBECTH K CHIDKCHHUIO YPOBHS O€30TTaCHOCTH JIFOJICH.

OOyuenue nuI] MepaM TOXKAapHON O€30MaCHOCTH OCYIIECTBISIETCS MyTEM
MIPOBEICHMSI TOBTOPHOTO MHCTPYKTAXKa OJIMH pa3 B TO/I.

[Tomernienue, B KOTOPOM pacIiookeHa J1adopaTopus, OCHAIIEHO MOKAPHBIMU

KpaHaMH C ITOKApPpHBIMU pYKaBaMMH. Ha BUJIHOM MCCTC BUCHUT IIJIAH 3BAKYyallUU U3
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nabopaTopuu. B momenieHnu camoii 1a00paTopuu UMEIOTCS CPEACTBA IEPBUYHOIO
MOKapOTYIICHUS, TAKHE KaK MECOK, OTHETYIINTENb, aCOECTOBbIC MOKPHIBAIA U T. 1.

PacniopsikeHuem 1o 1abopaTtopuu U3 YKciia COTPYIHUKOB Ha3HAUYEH YEJIOBEK,
KOTOPBIN OpraHU3yeT BCE MPOTUBOIMOKAPHBIE MEPOIIPUSITHS, TTOJYYUB HHCTPYKTAXK
MECTHOM MoKapHO# KoMaH/bl. Bee coTpyaHuku 1aboparopuu 0Oy4eHbl paBUiiaM
oOpalleHusi ¢ OrHe- U B3PBHIBOONACHBIMH BEIIECTBAMH, T'a30BBIMH MpPUOOpaMH, a
TaKKe€ YMEIOT 00pamarbcs C TPOTUBOTAa30M, OTHETYIIUTENEM U APYTUMHU
CpEeIICTBAMH MOXKAPOTYILICHUSI, UMEIOIIIUMUCS B J1abOpaTopuu.

[TprurHamMu Bo3ropanusi B KAOWHETE MOTYT CIYXKHUTh:
- HeCcOOITI0ICHNE TEXHUKH OC30aCHOCTH,
- KOpPOTKO€ 3aMblKaHUE (B cllyya€ HEUCIPaBHOCTU OJOKHPOBOK, CpPEJCTB
ABTOMATUYECKOTO OTKJIIOYCHUS MUTAHU);

[losromy BO wu30€kaHUE MOXKAPOOMACHBIX CUTyallMd HEO0OXOIUMO

coOoaTh cienyronme Tpedboanus [55,57,58,59]:

- coOmo1aTh TpeOoBaHMs O€30MIACHOCTHU MPHU PaboTe B MOMEIICHUY;

- OUMLIATh MIOMENIEHUS OT TOPIOYUX OTXOJI0B U MyCOpa;

- OTIPEeIeTTUTH MECTA U JOMYCTUMOE KOJMYECTBO SAMNHOBPEMEHHOT'O XPaHCHHUS

CBIPBS;

- 000pyA0BaTh CHEUATIBHO OTBEAEHHBIE MECTA JUIsl KYPEHHUS;

- 3aMpelIaeTcs 3arpoOMOXKAaTh IBAKYaI[MOHHBIC ITyTH U BBIXOIbI PA3TUYHBIMU
MaTepuagamMH U U3JIeIUsIMU, 000pyA0BaHUEM, MYCOPOM H T.II.
- TIOXKapHbIE THIPAHTHI JOJKHBI HAXOAUTHCS B UCIIPABHOM COCTOSIHUH, a B 3UMHEE
BpEMS IOJDKHBI OBITh YTETIJICHBI M OYUIIATHCS OT CHETa U JIbJIa;

- BCE CpEeACTBa TMOXKAPOTYIIECHUS JOJDKHBI HMETh COOTBETCTBYIOIIHE

CepTU(PUKATHI.
- IOpPOTH, MPOE3/1bI ¥ MOIBE3/bI K 3JaHUI0 JOJIKHBI OBITH BCerAa CBOOOIHBIMU IS
poe3/ia MoKapHOM TEXHUKH, COJEPKATHCS B UCIIPABHOM COCTOSIHUU, a 3UMMOM OBITh

OYHMIIIEHHBIMHU OT CHEr'a U JILNA;
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- HE peXe OJTHOTO pa3a B MOJYTOJAUE MPOBOJAUTH MPAKTUICCKUE TPEHUPOBKH
BCEX 3aJIeCTBOBAHHBIX JIJISl IBAKyallud paOOTHUKOB.

[Topsimok aecTBUi TTpy OOHAPYKCHHUH TI0Kapa WM MPU3HAKOB TOPCHUS U
MEpBI T10 JIOKAJTM3AINH ¥ JTUKBUAAIMHU nocaeacTeuii YC:

- IPEKPaTUTh BCcE PabOTHI B 3JIaHUU;

- HE3aMEIUTEIILHO OIOBECTUTH IMOKAPHYIO OXpaHy Mo TeiaedOoHy, Ha3BaB
aapec 00beKTa, MECTO BOSHUKHOBEHUS TTO’Kapa U CBOIO (DaMIITHIO;

- MPUHATH BO3MOXKHBIC MEPBI 10 3BaKyallMH JIIOJICH, TYIICHHIO T0Kapa U
COXPaHHOCTH MaTEePUATBHBIX IIEHHOCTEH;

- B CcTydae yrpo3bl JKU3HM JIIOJICH HEMEJICHHO OpPTaHW30BaTh X CIIACCHHUE,
HCIIOJIB3YS JIJISL 3TOTO UMEIOIINECs CHITBI U CPEJICTBA;

- TPOBEPUTH BKIIOYCHHE AaBTOMATHYECKHUX CHCTEM IPOTHBOIIOXKAPHON
3aMThl (OTOBEIIEHUS JIIOJEH O ToXKape, IMOXKapOTYIICHHS, MPOTUBOIABIMHOM
3aIHTHI);

- Tpu HEOOXOJMMOCTH OTKIIIOYHUTH JJICKTPOIHEPTHUIO (32 HMCKIIOYCHHUEM
CUCTEM TMPOTHUBOIIOXKAPHON  3aIllUTHl), BBIMOJHUTH JPYTHE MEPOIPHUATHSA,
CIIOCOOCTBYIOITHE TIPETIOTBPAIICHHUIO Pa3BUTHS MTOXKAPa;

- YAQINTH 3a TIPEACIIBI OMTACHOM 30HBI BCEX PAOOTHUKOB, HE YUaCTBYIOIINX B
TYIICHUH TT0XKapa,;

- OCYIIECTBUTH OOIee PYKOBOJCTBO IO TYIICHHUIO TIOXKapa JI0 MPUOBITHS
MOAPA3CICHUS IMOKAPHON OXPaHBI;

- obecneuuTh COOJIOJICHHE TpeOOBaHUM OE30MaCHOCTH PabOTHUKAMH,
MPUHUMAIOIIMMHY y9acTHE B TYIICHUH TOXKapa,

- OJTHOBPEMEHHO C TYIIIEHHWEM I0Xapa OPraHU30BaTh IBAKYAIUIO0 U 3AIIUTY
MaTepHaTbHBIX IICHHOCTEH;

- OpraHu30BaTh BCTPEUy MOAPA3IACICHUA TOKAPHOW OXpaHbl W OKa3aTh

TIOMOIIIb B BBIOOpE KpaTYalIIero myTy ISl MObe3/1a K 04ary moxapa,
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- coo0IIaTh MOApa3ACNCHUSIM MOXKAPHOM OXpaHbl, MPUBIECKAEMbIM IS
TYLICHHSI T10Xapa U MPOBENCHUS CBS3AHHBIX C HUMH MEPBOOYEPETHBIX aBAPUIHO-
criacaTtelabHbIX pabOT, CBEIEHUS O ImepepadaThlBa€MbIX WM XPAHSIIUXCS Ha

00BeKTE OITaCHBIX, B3PbIBYATHIX, CHHBHOﬂCﬁCTBYIOMHX AA0BHUTHIX BCIHICCTBAX.

5.4 IIpaBoBbIe M OPraHU3aAIMOHHBIE BONIPOCHI 00ecIeYeHusl

0e30macHOCTH

Cornacuo [48] npu pa3memenun pabounx Mect ¢ [I9BM paccrosiHue
MEXJy paboYMMU CTOJIAaMH C BHUJCOMOHUTOpaMH (B HAMpaBJICHUU ThlIa
MOBEPXHOCTH OJJHOTO BUJEOMOHUTOPA U SKpaHa APYroro BUICOMOHUTOPA) TOJKHO
ObiTh He MeHee 2,0 M, a pacCTOSHHE MEXKIYy OOKOBBIMH IOBEPXHOCTSIMHU
BHJICOMOHHUTOPOB — HE MeHee 1,2 m.

Paboune mecra ¢ [I9BM B nomenieHUusX ¢ KICTOYHUKAMH BPEIHBIX MPOU3-
BOJICTBEHHBIX (DaKTOPOB JIOJKHBI pa3MeNIaThCsl B U30JIMPOBAHHBIX KaOWHAX C Opra-
HU30BAaHHBIM BO3yX00OMEHOM.

Paboune mecra ¢ [I9BM mnpu BBIOJHEHUH TBOPYECKOW paboOTHI,
TpeOyrole  3HAYUTEIBHOIO  YMCTBEHHOTO  HAMNpSDKEHUS] WM BBICOKOM
KOHILICHTpAIlMM BHHUMAaHUS, PEKOMEHAYETCS W30JMpoBaTh JApPyr OT Jpyra
neperopoakamu Beicotoit 1,5 - 2,0 m.

DKpaH BUACOMOHUTOPA JTOJKEH HAXOAUTHCS OT IJ1a3 MOJIb30BaTENs Ha pac-
crostaur 600 - 700 MM, HO He Ommke 500 MM ¢ ydeTom pa3mepoB aihaBUTHO-
HU(POBBIX 3HAKOB U CUMBOJIOB.

KoHctpykuus padbodero crosyia AoKHA 00eCeYrBaTh ONTUMAIBHOE pa3Me-
neHue Ha pabodeil MOBEPXHOCTH UCTIOIB3YEeMOT0 000PYIOBAHMSI C YYETOM €Tr0 KO-
JUYECTBA M KOHCTPYKTHUBHBIX OCOOCHHOCTEM, XapakTepa BBITIOIHSIEMONU pabOTHI.
[Tpu 5TOM MOMyCKAaETCs UCTIOIB30BaHUE PA0OYHX CTOJIOB PA3TUYHBIX KOHCTPYKITUM,
OTBEYAIOIINX COBPEMEHHBIM TPEOOBaHUSM AProHOMHKHU. [ToBepxHOCTH pabodero

CTOJIa TOJbKHA UMEeTh ko3 duiueHt otpakenus 0,5 - 0,7.
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Konctpykius  pabouero cryna (Kpecima) [OJDKHA — 0OeCreYrBaTh
Mo/I/Iep KaHNe palMoHaNbHONW paboueit mo3sl mpu padote Ha [I9BM, mo3BonsITH
U3MEHATH M03Yy C LEJbI0 CHUXKEHUS CTAaTUYECKOTO HANpPSKEHUsS MBI LIEHHO-
IJIeYeBOM OOJIACTM M CIHHBI ISl NPEIYyNpPEKICHUS Pa3BUTHA yTOMJIeHUA. Tun
pabouero cryna (kpecia) cieayeT BbIOMpAaThb C Y4€TOM pPOCTa MOJIb30BATENs,
XapakTepa U MpoJI0JKUTENLHOCTH paboThl ¢ [IDBM.

Pabounii cTyi (Kpecio) H0IKEH ObITh MOAbEMHO-TIOBOPOTHBIM, PETYJIUpPYeE-
MBIM IO BBICOTE U YTIJIaM HAKJIOHA CUJEHbS U CIIMHKH, a TAKKE PACCTOSIHUIO CIIMHKU
OT IIEPENHErO Kpasi CUICHBsS, IIPU 3TOM PETYIMPOBKA KAXKIOr0 IapaMeTpa JI0HKHA
OBITH HE3aBUCUMOM, JIETKO OCYIIECTBIISIEMON U UIMETh HAJIEKHYIO (PUKCALIUIO.

[ToBepXHOCTb CHJIIEHbS, CIIMHKA M JAPYTUX BJIEMEHTOB CTyla (Kpecia)
JOJDKHA OBITh TMOJYMSATKOM, C HECKOJB3SIIMM, CJIa00 >3JIEKTPU3YIOIIHUMCS U
BO3JyXOIPOHUIIAEMBIM TOKPBITHEM, OOECIEUMBAIOIIUM JIETKYIO OYHCTKY OT

3arpsI3HEHUN.
3ak/aoueHue

OcHOBHBIM  (paKTOpPOM, BIMSIONIMM Ha MPOU3BOJUTEIBHOCTh JIIOJIEH,
paboTarolUX B 3aKPHITOM IOMEIICHUH, SIBISIOTCS KOMQOpPTHbIE W O€30IacHbIC
yCcIOBUSI  Tpyna. YCJOBUS Tpyda COTPYJHHUKOB B paboueld KOMHAaTe
XapakTepU3yrTCS  BO3MOXXHOCTBIO  BO3JICMCTBUSI HAa  HUX  CJEAYIOIIMX
MIPOU3BOJICTBEHHBIX (DAKTOPOB: IIyMa, TETUIOBBIJICIICHHH, TeHCTBUE MUKPOKIIMATA,
HEJIOCTATOYHOU OCBEIIEHHOCTH, TapaMeTPOB TEXHOJIOTUYECKOTro 000pyI0BaHUs U
pabouero mecra.

Takum oOpa3om, B JaHHOM paszjieie ObLUIN MTPOaHATU3UPOBAHBI BPEIHBIC U
omnacHble (PaKTOPHI, BIUSIONIME HA 3JJ0POBhE UETOBEKA B 3aKPHITOM MOMEIICHUHU.
bbimu 0TMEYEHbI UICTOYHUKHA HETaTUBHOTO BO3JICHCTBUS, MPUBEIAEHBI JIOMYCTUMbIC
HOPMBI C HEOOXOJIMMOM pPa3MEpPHOCTBIO, a TaKXe CpEeJCTBA KOJUICKTHMBHON U

VH/IMBUA1YaJIbHOM 3aILUTHI.
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Conclusion

The results of the study showed that in a process of impregnating coniferous
wood for 15 minutes, the high-frequency field does not affect the quality of complete
impregnation. With a time interval of 15 minutes, the high-frequency field has an
insignificant effect on the volume impregnation quality, and starting from a duration
of impregnation of 60 minutes the further increase in the impregnation time under
the influence of the high-frequency field has not shown further improvement in the
quality of the impregnation of the wood.

The quality of complete impregnation of wood was influenced by
impregnation with an industrial frequency current generator with a current strength
of 15 A. In addition, in the impregnation interval from 15 minutes to 2 hours, the
difference between high-frequency impregnation and impregnation using an
industrial frequency current generator is insignificant. There is a sharp increase in
impregnation quality starting from the impregnation time of 2 hours.

A possible reason for this result is the combined effect of high temperature
and pressure and industrial frequency currents.

It is known that a high temperature leads to a violation of the mechanical and
physical properties of wood. To further study the combined method of impregnation,

it is necessary to study the extent to which the properties of wood change.
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PEBI[CJI M&I‘HCTCpCKOI?I AUCCCPTAIHU, BBIIIOJTHECHHBIN Ha HHOCTPAHHOM SA3BIKC

Effect of high frequency electric field upon the volume impregnation of coniferous

wood with agueous solutions
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Theoretical foundation

There are many application techniques that ensure supply of active ingredient
into the treated wood in required quantity and sufficient distribution. Selection of
impregnation techniques depends on the wood properties (species, permeability,
moisture content, temperature), preservative characteristics (crystallizing point,
etc.), end use (use class, health risk, etc.), and others (customer requirements,
technology available). The impregnation treatments can be divided into non-
pressure methods and pressure methods.

Brushing and spraying are simple and low-cost treatment methods but the
depth of penetration and retention are very limited. Penetration across the grain is
minimal and some penetration along the grain is possible. Dipping for seconds can
increase end-grain penetration compared to brushing or spraying. The end-grain of
pine sapwood is able to get penetration depth in range of 25 to 75 mm. Soaking is
the same process like dipping with a difference of the immersion time, which could
be hours, days or weeks. This process is often applied in sawmills for small poles
and lumbers. The sapwood of pine after 24 to 48 hours of soaking in preservative
solution was well penetrated and retention levels ranged from 32 to 96 kg-m~3[1].

Hot and cold bath is the physical methods of impregnation, when the wood is
soaked in the hot preservative bath and then in the cold preservative bath.The air in
cell cavities of wood placed to the hot bath expands. The preservatives are penetrated
to wood due to partial vacuum, which is created by the air contraction after
immersion in cold baths.

Impregnation, which combine vacuum and pressure, is the most common and
effective method. The process requires specially equipped plants with pressure
vessels, air compressors, vacuum pumps, measuring and storage tanks, etc. The
pressure impregnation methods can be divided into two methods: full-cell and

empty-cell.
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The pressure impregnation method is usually used with a combination with a
vacuum process. Vacuum helps to get rid of air bubbles and moisture that get stuck
in the wood structure after the drying process. The pressure inside the wood will be
higher than the ambient pressure, it will push the gas and water balls away.

All known methods of impregnation do not allow reaching a sufficient depth
of penetration into softwood. This depth cannot provide reliable protection of wood
from bio-destructors and ignition, which predetermines a short service life. For the
same reason, such promising technologies as the modification of wood by various
polymers, deep dyeing, have not generally spread, as applied to coniferous species.
In these technologies, an essential condition is deep or even full volume
impregnation.

Based on some common features, the impregnation methods can be combined
into the following groups. First group is a method that uses pre-treatment
(mechanical, biological, chemical) of wood before impregnation. The methods of
this group are about the preliminary creation of a conducting system in the wood,
through which during the impregnation the liquid will move.

Second group is a group that uses a modernization of "classical” methods of
autoclave impregnation. "Classic" methods of impregnating wood, widely used all
over the world, include the following technological operations: vacuum treatment,
air and liquid pressure. Numerous attempts to modernize the known methods were
carried out both in the way of strengthening the technological factors used and in
combining them in a different order.

The third group is a group with methods that use dynamic effects. In this
method, sound vibrations of the ultrasonic range carry out impregnation with the
fluid or the wood itself. The intensifying effect of acoustic oscillations is associated,
first, with the acceleration of diffusion processes. Ultrasound, moreover, has an
effect on the capillary rise of the liquid, due to the generated sound pressure.
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Attempts to find ways to improve the quality of impregnation of softwood
have been undertaken many times. The most ancient is the preliminary drilling of
holes.

The steam explosion was investigated as a method of increasing the
permeability of wood mainly for wood chips used in the pulp industry [2]. This
process involves placing the wood in a pressure vessel and increasing the pressure
inside the vessel above atmospheric pressure. The saturated steam is then injected
into the chamber for a period of time to raise the temperature of the core of the wood
above the boiling point of water at atmospheric pressure. Then the pressure is
quickly released from the chamber, causing the water to boil in the underpressure
structure, and, consequently, the boiling point of the water drops. Depending on the
temperature, pressure and size of the wood sections to be treated, the tightness of the
steam structure resulting from this process can open moisture paths in the wood,
increase permeability, or, under more severe conditions, can destroy the wood [2].

Some studies have also been conducted to investigate laser exposure to wood,
in which an array of holes is drilled into a section of a tree with a laser, increasing
permeability and increasing the efficiency of impregnation with preservatives and
resins [3].

Moreover, many different other experiments were conducted where high
pressure and temperature, ultrasound, electrohydraulic effect, alternating pressure,
vibration or plasma were used.

In the technologies of impregnation of wood with modifying fluids, the
consumer properties of the products obtained are determined mainly by the quality
of the impregnation process. It is characterized by such indicators as the depth of
penetration of the impregnating liquid and its absorption.

The promising direction of improving a number of properties of wood is the
modification with polymers [4]. The essence of the modification is the impregnation
of wood with monomers or low-viscosity oligomers, which are then hardened by

105



heat, ionizing radiation and other influences. As a result, water and water absorption
can be significantly reduced, which increases the formability of wood.

The materials thus obtained can have a range of applications from machine
parts to parquet. A necessary and indispensable condition for obtaining high-quality
products in all these technologies is deep or even through impregnation. The
impossibility, with the existing methods of impregnation, to provide this condition,
as applied to conifers, hinders the practical implementation of these developments.

Increasing the use of solid wood for furniture, joinery, flooring brings to the
forefront its decorative properties. Not valuable wood species are characterized by
poor texture and a limited color range. To show the natural texture and give the
desired color to wood can be due to its impregnation with solutions of dyes. Dyed
wood in its decorative properties is not inferior to valuable wood. The most desirable
is through impregnation with high absorption. In this case, most important is the
uniformity of the distribution of the impregnating liquid in the wood. This is a
condition for uniform coloring throughout the wood section.

Impregnation is the first step in the processes of extraction and delignification
of wood. Quantitative and qualitative indicators largely depend on it. For these
processes, impregnation is a prerequisite. However, its preparation presents a serious
problem, since wood has a low permeability for liquids and gases. Most often in
practice, impregnation with various aqueous preservatives is used.

According to [5] chemical preservative systems (against biological attack) can be
divided in two main groups so called water-borne and oil-borne.

Water-borne preservatives consist various inorganic chemicals (copper,
chromium, arsenic, fluorine, mercury, and others) which are dissolved in water.
They are available in powder form or liquid concentrates. [6] state that water-borne
preservatives leaves wood surface clean and paintable. Another advantage is the
reduction in release of volatile hydrocarbons as atmospheric pollutants during the
treatment process. However, these preservatives do not offer protection against
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mechanical wear or improved dimensional stability of wood. Some water-based
preservatives can leach out when the wood is exposed to liquid water and increase
corrosion of steel fasteners [4].

Oil-born preservatives are very effective and often used for treatment of
railway sleepers, poles, etc. It has high toxicity against fungi, insects and marine
borers, low volatility, electrical resistance. The disadvantages are increased
flammability of the treated wood, and impaired or impossible paintability.

Fire retardants are applied to reduce the flammability of wood and act by
creating a barrier to the spread of flame and/or generating non-combustible gases.
Chemicals of the first type speed the formation of a charred wood layer or form a
massive layer of foam. The second type provide fire-retardant action by melting,
evaporation, or thermal decomposition. Usually, they contain silicas, ammonium
phosphate, ammonium sulphate, zinc chloride, boric acid, or other borates [7].

The chemical modification changes the chemical nature of wood. Some
chemicals can react with the cell wall polymer hydroxyl groups. This can result in
the formation of a single chemical bond with one OH group or cross-linking between
two or more OH groups. The cell wall polymers is modified and the properties of
treated wood is changed [8].

One of the main points for choosing a suitable wood modification solution is
the type of wood itself. Occasionally it is even difficult to determine the type of

timber available.

Chapter Al. Wood and its chemical structure

Cellulose is the major component of the cell walls in wood and responsible
for the structural strength of wood. Hemicelluloses also contribute to the mechanical
properties of wood, though the function of hemicellulose is still not fully understood

because of its complex structure. Though it has been known that polysaccharides
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serve as structural material and energy source in plants, certain polysaccharides,
called oligosaccharins, may perform other important biochemical functions as well
[9]. They can influence on growth, development, differentiation of cells, gene
expression and participate in defensive reactions against fungi and other
microorganisms. However, the wood saccharides and polysaccharides are a source
of food for microorganisms and therefore different fungi and bacteria are a threat for
the life span of wooden materials. Nevertheless, wood contains other components
that prevent its early degradation. Lignin is a polymeric amorphous substance that
plays a major role as a natural binder in the composite structure of wood [10]. It also
plays as a barrier against biological degradation and lowers the moisture absorption
of wood. The extractives in wood can be fats, fatty acids, fatty alcohols, phenols,
terpenes, steroids, resin acids, rosin, waxes, and many other minor organic
compound. The major amounts of extractives are found in heartwood. Some of the
extractives act as toxic components that provide protection against wood
degradation.

Cellulose is the major structural component of wood, making up
approximately one half of the cell-wall material of both softwoods and hardwoods.
Moreover, cellulose is considered the main component of the cell walls of all true
plants, for example, cotton is almost pure cellulose [11].

As mentioned above, cellulose is the main component of all true plants, but
what makes wood different from the other plants? For example, both cotton and
wood have cellulose as the main functional component, but the properties of these
two materials are very different; cotton is soft, flexible and absorbs water up to 10
times its weight, while wood is a stiff material with low water absorption [8]. Wood
contains large amount of lignin (18-25% for hardwoods and 15-35% for softwoods)
and that makes wood different from cotton and other fibrous plant-materials. Lignin
is an amorphous hydrophobic polymer with a highly complex structure (Figure 5)
consisting mainly of aromatic and aliphatic.
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Al.1 Distinction between hardwood and coniferous tree

There are many systems for classifying plants, but among them there are two
distinct groups that are suitable for describing trees. These groups are gymnosperms
and angiosperms. Angiosperms are evolutionarily newer and form two large classes
of plants. These classes in turn are divided into even more subclasses according to
their botanical properties [12]. The largest class — the class of dicots is widely used
in the forest industry.

Gymnosperm — the smaller and evolutionarily older of the two groups, in turn,
is divided into four smaller groups: Pinophyta (or Coniferophyta) — Conifers,
Cycadophyta — Cycads and Ginkgophyta - Ginkgo represented in a single species
[12]. Among all these groups, conifers are the most interesting for the timber
industry.

Hardwoods are called angiosperms, when conifers are related to
gymnosperms.

At the macroscopic level, the tree trunk, which is the main source of valuable
building material, has three main properties: it supports the tree crown, delivers
mineral solutions from the roots, where they are absorbed into the crown, where
these solutions are processed and stored processed foods (carbohydrates) until they
will not be needed.

Wood varies greatly in its structure. Hardwoods (Figure 2) differ from
softwoods (Figure 1), and in each of these groups there are differences among
individual species. In fact, there are differences even in the same tree, since the
heartwood, although its gross structure is the same, commonly contains certain
substances not abundant in the sapwood. All these differences have their influence

upon the penetrability of the wood by preservatives (impregnants) [13].
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Hardwood has a system of cells in the form of vessels that perform the transfer
of water and mineral substances dissolved in it from the roots to the leaves. VVessels

are in the form of tubes.

tr fwrrd

tt — cross-section surface; rr — radial surface; tg — tangential surface; ar —
annual ring; sm — latewood; sp — earlywood; tr — tracheids, or fibres; hrd — radial
resin canal; vrd — axial resin canal; fwr — fusiform wood ray or ray having radial
resin canal; wr — wood rays; bp — bordered pits [13]
Figure A1 — Drawing of a highly magnified block of softwood measuring

about 0.635 mm vertically

Mostly cellular structure of a softwood consists of elongated cells in radial
rows, with skewed ends, called tracheids. In the walls of the tracheids there are pores

through which they communicate with neighboring cells. Tracheids are dead cells.
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In the trunk of a growing tree, only the newly formed annual layer contains live
tracheids. In addition, coniferous wood differs from hardwood in that it contains
cells that produce and store resin. These cells are grouped into horizontal and vertical

resin courses.

N
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7

==
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tt — cross-section surface; rr — radial surface; tg — tangential surface; v —
vessel or pore; wf —wood libriform fibres; wr — wood rays; ar — annual ring [13]
Figure A2 — Drawing of a highly magnified block of hardwood measuring
about 0.635 mm vertically

In hardwoods, the main volume consists of vessels and vascular tracheids,
libriform fibers, parenchyma cells. Vessels are a system of cells serving in a growing
tree to hold water with dissolved mineral substances from the roots to the leaves.
Fibers of libris - the most durable elements of hardwood that perform mechanical
functions. The remaining volume of wood is made up of the cells of the wood

parenchyma. These cells perform storage functions.
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Impregnation of wood is mainly provided by vessels that carry liquid along
all fibers of the wood, when in conifers the tracheids, because of their spongy
structure, prevent free flow of solution. In addition, to get rid of air pockets in
tracheids, preventing impregnation too is a challenge. The presence of resin in resin
pockets reduces the amount of liquid absorbed.

The entire cross-section of the trunk contributes to its mechanical strength and
therefore performs the first basic function, while the outer living layers of the trunk,
known as sapwood, limit the conductivity and storage functions. Sapwood may vary
depending on the species, growth rate and age of the tree and reach from 10% to
60% of the trunk radius [14]. Since the cells in the sapwood, as the tree grows old,
cease to act as a conductor and storehouse, they die. Thus, the innermost layers of
the sapwood are transformed into core wood. With the transition of the sapwood to
the core (ripe wood), a number of changes occur in it, one of the manifestations of
which is a sharp decrease in permeability

The biggest difference in the permeability is between heartwood and
sapwood. The sapwood of the tree is physiologically active composed of lived xylem
cells. Therefore, almost all of the sapwood (both hardwoods and softwoods) is well
permeable (impregnable). The heartwood is formed by physiologically dead part of
xylem contained various organic substances, known collectively as extractives. The
tyloses may occur in the vessels of hardwoods and cause their impermeability.
Permeability (fluid permeability) is a material property and is defined as the ease
with which fluid flows through a porous medium under the influence of pressure
gradient [15]. This is not to be confused with magnetic permeability which is a
constant relating magnetic flux density to magnetic field intensity in a given
material. A material must be porous to be permeable (i.e. it must have some void
space within its structure) but the reverse is not necessarily true, as in the case of
closed cell foams.
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Due to many of the inherent properties of timber, permeability can be quite
difficult to measure. The permeability of wood varies significantly between different
varieties of tree, between different trees in the same species, between sapwood and
heartwood within particular tree and even varies considerably within a particular
type of wood in the same tree.

Permeability is also significantly influenced by the moisture content of the
wood which can present measurement difficulties as most if not all measurement
technigques change the moisture content of wood due to the fluid flow involved. This
IS particularly evident in softwoods, where pit aspiration can cause large changes in
permeability during permeability measurement were the moisture content of samples

is above the fiber saturation point [15].

Al.2 Impregnation mechanism

Practically all species are most easily penetrated longitudinally, since liquids
can follow in the direction of the vessels in the hardwoods and through the full length
of the cellular space of the tracheids. Liquids passing in a transverse direction, radial
or tangential, must generally pass through many cell walls [13].
Longitudinal/tangential permeability ratios of softwoods, measured by several
investigators, are between 500 and 80,000 to one. Longitudinal/radial ratios
extended from 15 to 50,000 to one. In hardwoods, there is a little difference between
tangential and radial permeability. Longitudinal/tangential ratios measured by
several authors are in range between 3x104 and 4x108 to one with the highest ratio
for the ring-porous red oaks. These high ratios in hardwoods may be explained by:
(a) the generally poorer penetrability of rays in hardwoods than in softwoods and (b)
the very high longitudinal permeability of ring-porous hardwoods with open vessels
[15].
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Chapter A2. Influence of the electric field on the liquid in the wood

The dielectric properties of a material determine the way in which an electric
field interacts with that material. Two important dielectric properties of interest in
microwave heating applications are the relative permittivity and the loss tangent.

Some inhomogeneous materials such as wood have different dielectric
properties indifferent directions. For example, the relative permittivity of some
woods can be up to three times higher along the grain than across the grain [16].

As a natural biological composite of a complex structure, wood has specific
properties that are manifested when interacting with an alternating electromagnetic
field. The effect of a magnetic field freely penetrating into the wood is so small that
it is not taken into account for practical purposes (the magnetic susceptibility of
wood material is about (0,2 — 0,4)- 107, that is, as air.

Under the influence of the electrical component in the wood, especially wet,
electric currents arise. The occurrence of electric currents is accompanied by the
effect of polarization of the electrical constituents of the component composition
and heating of the wood.

The specific resistance of absolutely dry wood is 101% — 101° Q - m, which
makes it possible to consider it a dielectric. In an absolutely dry state, wood has
weak properties of a polar dielectric. When humidified, polar properties manifest
themselves, and as the humidity increases, the resistivity of the wood decreases, it
becomes nearly conductive to semiconductors. At a humidity above the saturation
limit of the cell walls, ionic conduction occurs.

Due to the fact that the magnetic component of the field has no effect on wood,
the effect of polarization is due to the presence of moisture in the wood.

The phenomenon of polarization consists in changing the spatial arrangement
of electrically charged particles of matter that form the water-wood system. At the

same time, an electric moment is formed.
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The macromolecules of cellulose, hemicellulose, lignin, which constitute the
wood substance, are characterized by dipolar polarization. Dipole polarization
consists in the rotation of dipole molecules in the direction of the external electric
field. The effect of polarization of a dielectric is created due to the orientation of
dipole molecules in chaotic thermal motion. This polarization in the wood is caused
by the displacement of the polar groups (radicals) OH, CH20H relative to the
immobile parts of the molecules. When the field is removed, the thermal motion of
the molecules disturbs the dipole polarization.

There is also migration polarization in the wood, because wet wood is a
composition of substances: the wood itself in the solid phase, water in the liquid and
gaseous phases and air.

A contact potential difference arises between water and wood substance -
water acquires the potential of one sign, the wood substance of the other. Woody
material has a much lower electrical conductivity than moisture. Therefore, the
electric field created by moisture on the potential of the wood occurs. As a result of
this superposition of fields, the free electrons and ions contained in the conducting
or semiconducting inclusions of the cell walls move within each inclusion, which
acquires a dipole moment. The heterogeneity of the structure of the wood leads to a
limited movement of charges, which, being free within the same cavity or channel,
behave similarly to bound charges. The dissociated ions, which are in free water in
the cell cavity, shift when the electric field is applied, polarizing the water.

Related to the study of this work it is important to know the effect of
microwave radiation on the permeability of wood. Under high microwave power
density treatment, moisture within the wood is first heated and then boiled,
generating steam. This creates internal pressure in the wood and can drive water out
of the wood far quicker than conventional drying. When heated further, the high
pressure generated can result in rupture of some of the elements within the wood
structure, increasing the permeability [17]. This is referred to as microwave wood
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modification. Increasing permeability can both speed subsequent drying processes
and reduce moisture content gradients, reducing degradation due to splitting and
checking.

The mechanisms of increased permeability in softwoods were stated as
destruction of ray tissue, softening and mobilisation of resin and creation of cavities
in the longitudinal-radial plane [18]. Similar results were reported in hardwoods,
where intensive microwave treatment resulted in rupture of tracheids and libriform
fibres in the ray tissue, formation of micro-checks at the interface of the ray tissue
and longitudinal fibres and formation of voids in the longitudinal-radial plane. They
found the resultant increase in permeability accelerated the drying process, relieved

stresses, reduced check formation and improved impregnability.

116



Bibliography

1 Richardson, B.A. Wood preservation. — L.; Taylor & Francis. — 1993.
—P. 226

2 Zhang, Y. Effects of steam explosion on wood appearance and structure
of sub-alpine fir / Zhang Y., Cai L // Wood Science and Technology, 2006 — Ne40 —
P. 427-436

3 Islam, M. N. Comparative study between full cell and passive
impregnation method of wood preservation for laser incised Douglas fir lumber /
Ando, K., Yamauchi, H., Kobayashi, Y. & Hattori // Wood Science and Technology.
— Ne42 —2008. —P. 343-350.

4 George T. Tsoumis. Science and technology of wood: structure,
properties, utilization. — VVan Nostrand Reinhold,1991 — P. 494

5 Rowell R. M. Handbook of Wood Chemistry and Wood Composites,
Second Edition. CRC Press. Taylor & Francis Group, —2013. — P. 703

6 Zabel R. A. Wood microbiology: decay and its prevention / Zabel, R.
A, Morrell, J. J. // San Diego: Academic Press. -1992. — P. 476

7 Richardson, B.A. Wood preservation. — L..E & FN SPON, 1994. — P.
248

8 Hill C. A. S. Wood modification: chemical, thermal and other
processes. — Hoboken: John Wiley & Sons. — 2006. — P. 260

9 Ek M., Wood Chemistry and Biotechnology / Ek M., Géran Gellerstedt,
Gunnar Henriksson // Walter de Gruyter — 2009. — P. 308

10  Fengel, D., Wood. Chemistry, Ultrastructure, Reactions / Fengel, D.,
Wegener // — N-Y.:Walter de Gruyter. — 1989. — P. 626

11 Brown W. B. Introduction to organic chemistry. 3rd ed. / Brown W. B.,
Poon, T. // — John Wiley & Sons, Inc. — 2005. — P.696

12 Bootle, K. Wood in Australia, Types Properties and Uses. — McGraw-
Hill Book Company — 2005. — P.443

117



13 Maclean, J. D. Preservative treatment of wood by pressure methods. —
Washington: U. S. Govt. Print. Off.j. — 1953. — P. 160

14 Vinden, P. The physical manipulation of wood properties using
microwaves. / Vinden, P., Torgovnikov, G. // IUFRO Conference. Tasmania,
Australia. — 2000

15  Usta, I. A Review of the Factors Affecting Permeability in Softwoods
/ The internation research group on wood preservation 35th annual meeting. //
Ljubljana, Slovenia, - 2004

16  Vinden, P. Microwave modification of Radiata pine railway sleepers
for preservative treatment. / Vinden, P., Torgovnikov, G. & Hann , J. // European
Journal of Wood and Wood Products — Ne69 — 2010 — P. 271-279

17  Vinden, P. The Manufacture of Solid Wood Composites from
Microwave Modified Wood. / Vinden, P., Torgovnikov, G., Przewloka, S., Hann, J.
& Shaginov, A. /I International Panel Products Symposium. Cardiff, Wales, UK. —
2007

18 Vinden, P. The physical manipulation of wood properties using
microwaves. / Vinden, P., Torgovnikov, G. // IUFRO Conference. Tasmania,
Australia. — 2000

118



CD — quck
«MccnenoBanre BIMSHHS BBICOKOYACTOTHOTO JJIEKTPUYECKOTO IMOJIA Ha

KayeCcTBO 00ObEMHOM IMPOITUTKU APCBCCHUHBI XBOMHBIX Imopoa BOAHBIMHA paCTBOPAMMN»
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