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30ipHUK Te3 J0MOoBijel 74-1 BCEyKpaiHCHKOI HAYKOBO-TPAKTUYHOI
CTyACHTCbKOI  KOH(pepeHuii «HaykoBi  3100yTKM  CTYIEHTIB Yy
JOCITIKEHHAX TEXHIYHUX Ta Ol0€HEPreTUYHUX CHUCTEM
MPUPOJIOKOPUCTYBAHHS: KOHCTPYIOBaHHsS Ta au3aiiH» (2627 Oepes3us
2020 poky) / daxkyiabTeT KOHCTpPYIOBaHHsA Ta au3aiiHy HaliioHaabsHOTO
YHIBEPCUTETY OlopecypciB 1 HOPUPOAOKOPUCTYBaHHSA VYkpainu. — K.,
2020. - 183 c.

30ipHUK TE€3 PEKOMEHJO0BAHO JO JAPYKY PIIIEHHSIM BYE€HOI paju
dakynbTeTy KOHCTPYIOBAaHHS Ta au3aiiHy HalioHaabHOTO yHIBEpCHUTETY
OlopecypciB 1 HOpUPOAOKOpHCTYBaHHsA YkKpainu Big 17.03.2020 p.,
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Penakmitina komneris: Pyxwino 3.B. — romoma, K.T.H., MJOIL.;
Jlogetikin B.C., na.1.H., mnpod.; Adranamaan €.I., A.T.H., 1pod.;
I[Tumunaka C.®d., na.1.H., npod.; bakymn €.A. KT.H., 10I.;
bepesosuit ML.I'., k.1.H., go1.; byarakos B.M., n.1.H., mpod.; Yayco M.I".,
n.T.H., pod.; Jlomarebko K.I'., n.T.H., mom.; SApmonenko M.I'., k.T.H.,
npod.; Hecimomin B.M., n.1.H.,, npod.; Mapyc O.A., K.T.H., O0II.;
HoBunpkuit A.B., x.T.H., go1u.; Pomacesud F0.0O. — cekperap, A.T.H., JI01I.

© HVYBIll Ykpainu, 2020



YK 669.14.018.25:620.18:539.374

PHYSICAL AND TECHNOLOGICAL BASES OF METAL DEFORMATION
(D13uKO-TEXHOJIOTTYHI OCHOBH AedopmMaliii METaIiB)

Honouu O.0., CMyoOeHmKa
Hayxkosuii kepienux — Apmanodinany €.1°., 0.m.uH., npogh.

Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmyseanus Ykpainu

Forming and the purpose the forming.

Metal and alloy forming is based on their plastic deformation. Plastic
deformation is an ability billets change shape and size under the influence of external
forces (tensile and compression) without breaking.

Application of the following treatment method involves obtaining billets and
finished shaped products, including parts and also grinding of large-crystal structure
of ingots of metals and alloys.

Forming includes: rolling, punching, drawing, calibration, etc. in both cold and
hot states (fig. 1).

C
Fig. 1. Forming methods: rolling (a), punching (b), drawing (c)

Elastic and plastic deformation

Metals forming is possible because of the metals plasticity. Elastic deformation
is reversible that is disappearance after removal of the load. Physical nature of elastic
deformation is explained by the insignificant relative displacement of the atoms in a
crystal lattice that after removal of the load return to the previous place.

Plastic deformation is the ability of plastic metal to deform under the applied
forces without breaking. Plastic deformation is the shift along the lattice plane.
Plastic deformation remains after the removal of the external forces. The body gets
specific shapes an sizes as a result of the plastic deformation.

The purpose of forming is maximal approaching of billet shapes and sizes to
the shapes and sizes of the parts. Rods of round, square and hexagonal profiles,
shaped sections, tubes, sheets, wire, forgings, stamped parts and others are received
by the treatment of pressure (fig. 2).



Fig. 2. Pressing parts: hexagonal (a), square (b), round (c) rods and
shaped section (d), tubes (e), sheets (f)

Laws of plastic deformation
1. Law of constancy of metal volume before and after deformation;
2. Law of similarity.
Ratio of the deformation efforts of geometrically similar bodies is equal to the
square and the ratio of spent work-to the cube of the linear dimensions, accordingly;
3) Law of the least resistance
Everybody point moves in the direction of the least resistance at the body
deformation.
Changing of the material structures at forming
Grains and crushed and extracted in the direction of plastic deformation of the
metal at increasing of the deformation degree. Fibrous structure is formed by the
large material deformations.

YK 669.14.018.25:620.18:539.374

ROLLING OF BILLETS
(ITpokaryBaHHS 3arOTOBOK)

Muxaiinuwun J1.0O., cmyoenm
Hayrosuii kepienux — Apmanoinany €.1°., 0.m.H., npog.

Hayionanvnuii ynieepcumem biopecypcis i npupoookopucmyeanus Yxpainu

Rolling - the process of plastic deformation of bodies on a rolling mill between
rotating drive rolls (part of the rolls may be non-driving). The energy required for the
deformation is transmitted through rolls connected to the engine of the rolling mill
(fig. 1).
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Fig. 1. Schema (a) and plant (b) rolling mill

Classification of rolling processes
P according to the temperature of the process, rolling is divided into
P cold (metal temperature is within 10-30% of the recrystallization temperature);
» warm (metal temperature is in the range of 40-60% of the recrystallization
temperature);
P hot (metal temperature above 60—70% of the recrystallization temperature

Longitudinal rolling. The method of longitudinal rolling is the most common.
During longitudinal rolling, the strip is brought to rolls rotating in different directions
and is drawn into the gap between them due to friction forces on the contact surface.
The strip is crimped in height and takes the form of a gap between the rolls. With this
rolling method, the strip moves only forward, that is, it performs only translational
motion.

Cross rolling. During transverse rolling, the workpiece is placed in the gap
between two rolls rotating in one direction and receives rotational motion due to
friction forces on the contact surface. The deformation of the body occurs when the
rolls approach each other. In the longitudinal direction, the workpiece does not move

Helical rolling. Cross-helical rolling is intermediate between longitudinal and
transverse. The body being machined passing between the rollers rotates and
simultaneously performs a translational motion, that is, each point of the body moves
along a helical path.
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Metal stamping is a manufacturing process used to convert flat metal sheets
into specific shapes. It is a complex process that can include a number of metal
forming techniques — blanking, punching, bending and piercing, to name a few.
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There are thousands of companies across the U.S. that offer metal stamping
services to deliver components for industries in automotive, aerospace, medical, and
other markets. As global markets evolve, there is an escalated need for quickly-
produced large quantities of complex parts (fig. 1).
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Fig. 1. Pressing parts

Metal stamping is a fast and cost-effective solution for this large-quantity
manufacturing need. Manufacturers who need metal parts stamped for a project
generally look for three important qualities:

* High quality /durability
* Low Cost

Fast turnaround time

Types of pressing of the metals and their benefits

There are three major types of metal stamping techniques: progressive,
fourslide and deep draw:

* Progressive Die Stamping;
* Fourslide Stamping;
* Deep Draw Stamping.

Progressive die stamping

Many traditional power press metal stamping companies can perform one only
one action: single stroke, short-run stamping. This process requires one tool for each
operation needed to make a finished part — meaning long lead times, high labor
costs, and an inability to create intricate or tight-tolerance parts.

Traditionally, fabricating parts that required more than a bend or two was
costly and inefficient. A manufacturer could either repeatedly change the tool on a
single press or occupy a number of presses, each performing one action required for a
completed part. Even using multiple presses, secondary machining services were
often required to truly complete a part.

Benefits of the progressive die stamping

For very simple parts, progressive die metal stamping may not be the best
option. But there are many scenarios in which progressive stamping is ideal.
Advantages of progressive stamping include:



* Speed: With a continual feed of material, progressive stamping machines
operate at extremely high speeds of hundreds of parts per minute and with minimal
downtime. This facilitates most efficient cycle times, shorter lead times, and
increased production capacity.

* Low Labor Cost: One operator can oversee many machines that run unattended
due to electronic monitoring embedded in our custom tooling.

* Low Part Cost: These factors combine to reduce the per part cost of parts
manufactured by progressive stamping.

* Quick Setup: Multiple setups, tool changes, and die changes are required to
produce complex parts with conventional short-run stamping methods; only one setup
is required to produce completed parts using progressive stamping.

Fourslide pressing and their advantages

Fourslide, or multi-slide, involves horizontal alignment and four different
slides; in other words, four tools are used simultaneously to shape the workpiece.
This process allows for intricate cuts and complex bends to develop even the most
complex parts.

Fourslide metal stamping can offer several advantages over traditional press
stamping that make it an ideal choice for many applications. Some of these
advantages include:

* Versatility for more complex parts

* More flexibility for design changes

As its name implies, a fourslide has four slides — meaning that up to four
different tools, one per slide, can be used to achieve multiple bends simultaneously.
As material feeds into a fourslide, it is bent in quick succession by each shaft that is
equipped with a tool.

Deep draw stamping

Deep drawing involves pulling a sheet metal blank into the die via a punch,
forming it into a shape. The method is referred to as “deep drawing” when the depth
of the drawn part exceeds its diameter. This type of forming is ideal for creating
components that need several series of diameters and is a cost-effective alternative to
turning processes, which typically require using up more raw materials. Common
applications and products made from deep drawing include (fig. 1):

* Automotive components

* Aircraft parts

* Electronic relays

» Utensils and cookware

Short run stamping

Short run metal stamping requires minimal upfront tooling expenses and can be
an ideal solution for prototypes or small projects. After the blank is created,
manufacturers use a combination of custom tooling components and die inserts to
bend, punch or drill the part. The custom forming operations and smaller run size can
result in a higher per-piece charge, but the absence of tooling costs can make short
run more cost-efficient for many projects, especially those requiring fast turnaround.



Fig. 1. Deep draw stamping parts

Presses are Used to Manufacture a Diverse Array of Products

A wide array of products of different sizes can be formed using presses,
ranging from simple shapes requiring a single process to more sophisticated products
requiring multiple processes. The flexibility provided by press forming in terms of
product design and size enables the manufacture of a diverse range of products (fig.

Fig. 2. Diverse array of products

Japanese Vehicles are the Most Diverse in the World

The Japanese automotive industry manufactures the most diverse types of
vehicles in the world. Recently, there has been a noticeable trend towards promoting
differentiation by adding functions to meet the diverse needs of consumers in each of
the world markets. And the efficient and flexible manufacturing structure of the just-
in-time production system is also a hallmark of the Japanese automotive industry.
AIDA's high-performance forming systems are instrumental in enabling the versatile
and flexible manufacturing systems that are used in the automotive industry (fig. 3).

Fig. 3. Automotive stamping parts
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Powder metallurgy is a branch that covers the production of the metal
powders ( Fe, Cu, Ni, Co, Cr, W), alloys, compounds, non-metal materials and
receiving from these parts or half-finished products.

Powder metallurgy method gives the opportunity to obtain materials that can
be not obtained by other mothods.

Powder materials are distributed into the following groups according to the
application:

¢ Structural (antifriction, friction, porous and composite materials);
¢ Instrumental (hard alloy, cemented carbide, hard metal and cermets materials);
¢ Electrotechnical materials;

STRUCTURAL. Antifrictional materials are obtained by pressed and
sintered iron and bronze powders with 2-5% of graphite. They are used for the
production of friction sliding bearings equipment and devices. Frictional powder
materials are made on the basis of iron and cooper with the additives of lead,
graphite, asbestos, silica and others. Porous materials are used for filtering of liquids
and gases. Sintered filters are made of the spherical powders with the diameter of 50-
800 microns and pore sizes of 20-320 microns. Composite materials are made of
non-ferrous metal powders that form the basis and reinforcing components- metal
oxides with the sizes of 0.1-5 microns.

INSTRUMENTAL. Hard alloys are obtained from the carbide powders WC,
TiC, TaC with the addition of cobalt powder. They have high hardness and heat
resistance. Also they are used for the production of cutting tools. Hard metal inserts
are produced by pressing and sintering in a vacuum or hydrogen atmosphere at the
temperatures of 1350-1550. Ceramics-consist of aluminum oxide activators and
filler. The plates are made of ceramic materials by sintering or hot pressing method.
Cermets is called ceramic that is alloyed by tungsten, molybdenum, boron and
titanium.

ELECTROTECHNICAL. Electrotechnical powder materials are used for
the production of discontinuous contacts with the powders of the refractory metals,
metals with high conductivity and sliding contacts of graphite and cooper powders or
bronze.
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Electric arc welding are welding by melting at which heating and fusion of
edges of connecting parts of products is carried out by an electric arc (fig. 1).

. r

C
Fig. 1. Electric arc welding

Welding arc - powerful electric discharge in gases that is followed by allocation
of a significant amount of heat and light. For a cathode warming up between it and
the anode, connected to a current source, carry out short-term short circuit.

Properties of an electric arc

Electric arch (volt arch, the arc category) - the physical phenomenon, one of
types of electric discharge in gas. The electric arch is a separate vipdok of the fourth
form of a condition of substance - plasmas - and consists of the ionized, electric
quasineutral gas. The electric arch is characterized by tension, current and length of
an arch.

Welding part consists of three parts: cathode, anode and column of an arch.
Almost all space is occupied by an arch column in which there are processes of
ionization and movement of charged particles to the cathode and to the anode.

Temperature of a column of an arch reaches 6000...7000. Tension size for
ignition of an arch (idling tension) has to be not lower than 30...35B (at a direct
current) and 50...55B (at alternating current). For steady burning of an open arch
there is enough tension 18...30B.

Electric arc welding

Electric arc welding it was for the first time offered by our compatriot of M.
Benardos in 1882 who used an arch for welding of metals a coal electrode, and in
1888 M.G. Slavyanov offered a way of arc welding by a metal electrode (fig. 2).

Electrode coverings
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Metal electrodes have a flux coating (fig. 2). As a coating of the electrode used
sifted chalk with liquid glass. The general purpose of the coating or electrode
coatings is to ensure the stability of the welding arc combustion and to obtain weld
metal with predetermined properties (strength, ductility, toughness, corrosion
resistance, etc.).

by Lo

1

a
Fig. 2. Schemes of main types of arc welding: a) on the way Benardosa (1 -
welding a product, 2 - additive material, 3 - a coal or graphite electrode); b) on
Slavyanov's way (1 - welding a product, 2 - a metal electrode that melts); c) a three-
phase arc (1 - welding a product, 2 - electrodes are isolated).

WA
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Fig. 3. The structure of the welding electrode: 1- rod, 2 - transition section, 3 -
electrode mark, 4 - coating.
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Centrifugal casting or rotocasting 1s a casting technique that is typically used
to cast thin-walled cylinders. It is typically used to cast materials such as metals,
glass, and concrete. A high quality is attainable by control of metallurgy and crystal
structure. Unlike most other casting techniques, centrifugal casting is chiefly used to
manufacture rotationally symmetric stock materials in standard sizes for further
machining, rather than shaped parts tailored to a particular end-use

Materials of centrifugal casting
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Typical materials that can be cast are iron, steel, stainless steels, glass, and
alloys of aluminum, copper and nickel. Two materials can be combined by
introducing a second material during the process.

Types of centrifugal casting. Schemes of centrifugal casting equipment’s work
are shown on fig. 1.

Fig. 1. Schemes of centrifugal casting equipment’s work: a) with the vertical axis
of rotation; b) with the horizontal axis of rotation; c) for casting by centrifugation
method

Features of centrifugal casting

Castings can be made in almost any length, thickness and diameter.

Different wall thicknesses can be produced from the same mold.

Eliminates the need for cores.

Good mechanical properties due to the grain structure formed by centrifugal
action.

Typically cylindrical shapes are produced:

In sizes of up to 6 m (20 ft) diameter and 15 m (49 ft) length.

With a wall thickness range from 2.5 to 125 mm (0.098 to 4.921 in).

In tolerance limits of the outer diameter of 2.5 mm (0.098 in) an die inner
diameter of 3.8 mm (0.15 in).

In a surface finish from 2.5 to 12.5 mm (0.098 to 0.492 in) rms.

Benefits of centrifugal casting

Cylinders and shapes with rotational symmetry are most commonly cast by this
technique. Long castings are often produced with the long axis parallel to the ground
rather than standing up in order to distribute the effect of gravity evenly.

Thin-walled cylinders are difficult to cast by other means. Centrifugal casting
is particularly suited as they behave in the manner of shallow flat castings relative to
the direction of the centrifugal force.

Centrifugal casting is also used to manufacture disk and cylinder shaped
objects such as railway carriage wheels or machine fittings where grain, flow, and
balance are important to the durability and utility of the finished product.

Noncircular shapes may also be cast providing the shape is relatively constant
in radius.

Process for casting metal
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In centrifugal casting, a permanent mold is rotated continuously at high speeds
(300 to 3000 rpm) as the molten metal is poured. The molten metal spreads along the
inside mold wall, where it solidifies after cooling. The casting is usually a fine-
grained casting with an especially fine-grained outer diameter, due to the rapid
cooling at the surface of the mold. Lighter impurities and inclusions move towards
the inside diameter and can be machined away following the casting.

Casting machines may be either horizontal or vertical-axis. Horizontal axis
machines are preferred for long, thin cylinders, vertical machines for rings and
bearings.

Castings usually solidify from the outside in. This direction solidification
improves some metallurgical properties. Often the inner and outermost layers are
removed and only the intermediary columnar zone 1s used.
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Carbon steels divided according to the production methods, the carbon content,
structure in equilibrium quality, method of shape receipt, application.

In this presentation I specify the sub-theme “The carbon content”.

There are three definitive types of carbon steel, all with their own specific uses
and features. The type of carbon steel also determines how well it alloys with other
components, which is vital when it comes to corrosion prevention. Whenever you’re
looking to work with carbon steel, it’s important that you identify which type you’ll
need, and if it will need any alloy additions or heat processes to increase its strength

(fig. 1).

Steel
* Mild steel
* Carbon content— 0.25%
* Sulphur - 0.055%

* Phosphorous - 0.055%
* Medium carbon steel

* Carbon - 0.25%-0.6%
* High carbon steel or hard steel
* Carbon -0.6%-1.5%
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Fig. 1. Classification of carbon steels: a - low-carbon; b - carbon; ¢ - medium.

In order to demystify the various types, we’ll define the three carbon steel
types below — take a look at their description and use cases.

Low carbon steel

Also known as “mild steel,” low carbon steel is the cheapest option in terms of
value, but it’s also easy to bend and shape, which makes it perfect for a multitude of
uses (including sheets, screws, and concrete reinforcement bars). It can be frequently
found in the kitchen in the form of cookware or eating utensils (stainless steel is low
carbon), but this steel type’s low carbon content means it’s unsuited to being case
hardened (but it can stand up to the dishwasher without rust forming).

Although it’s not quite the strongest steel in its natural state — just think of
how easily you can bend a stainless steel spoon with your hands — other alloys can
be added to increase or modify its base properties. This can include adding aluminum
for drawing quality, or increasing the manganese content for structural steel. To raise
the strength of low carbon steel even more, the surface hardness can be increased
through the process of carburizing(Vid.1.), which makes it more resistant to abrasion.

Medium carbon steel

These steels have higher strength but lower ductility than low carbon steels.
These steels are often used in normalised condition for a great variety of components.
Medium carbon typically has alloys like chromium, nickel, and molybdenum added
in order to increase its stress resistance. In major industries, these steels are used in
hardened and tempered state such as for making camshafts, connecting rods, gears,
spindles, friction discs, piston rods, cross pieces, plungers. These steels form base of
components of machines and are often called ‘machinery steels’.

High carbon steel

Also known as “carbon tool steel,” the strongest carbon steel you can buy is
also, as expected, the most inflexible. High carbon steel has more carbon than the
other two types (between 0.60% and 1.4%), yet it too can accept alloys in order to
change its properties. Chromium and manganese alloys can be added to high carbon
steel while it’s being formed to help the material avoid corrosion. It’s also an ideal
type of steel to subject to heat treatments in order to increase its hardness.

One thing to keep in mind, though, is that heat treatments can make high
carbon steel very hard but also brittle, which means that other measures need to be
taken to prevent cracking.

Conclusion:

When you’re determining what kind of carbon steel to work with, it’s
important that you familiarize yourself with the different properties of each of the
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three types: low, medium, and high. Depending on what the material is being used
for, you’re going to want to choose the type that best suits your needs, or that can best
be treated with additional alloys or heat in order to make it perfect.
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Structural steel - steel that is used for the manufacture of various parts,
mechanisms and structures in engineering and construction and has certain
mechanical, physical and chemical properties. Structural steels are divided into
several subgroups (fig. 1).
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Fig. 1. Structural steels

The materials demanded by the construction industry include metal products.
The use of durable steel allows you to build high-rise buildings, dimensional bridge
spans, bearing lattice structures of metal trusses, which are used for the construction
of facilities for various purposes. Building steels are an integral element in the body
of reinforced concrete foundations, ceilings and other structural elements. Products
focused on the construction industry are mainly represented by the two most common
types of steel products: profile (fig. 2); fittings.
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Fig. 2. profile steel products

Steel classification

The steel classification system, which has found application in the construction
industry, involves the distribution of material according to several parameters. The
first one is mechanical strength. Separation by this indicator defines three types of

steel: material with ordinary, strength increased, high.
The second sign by which steel is grouped is the chemical composition.

Low carbon differ in ductility, good weldability. We have found wide
application in the construction industry.

Low alloy constructional steels (fig. 3).
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This group has a high yield strength, therefore, structures made of this material
have lower weight values. This metal option has increased corrosion resistance and
excellent weldability. In building low-alloy grades, the content of alloying elements
does not exceed 2.5%. These structures can only be used in hydraulic structures.

From 2.5% to 10% of special additive elements that increase the
physicochemical properties of the material.
Steel marking

For marking the material adopted alphanumeric notation. Building brands are
marked with the letter C, the numbers indicate a minimum yield strength of the alloy.
The presence of other symbols provides additional information, for example, the
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presence of the letter K indicates increased corrosion resistance, and T indicates that
the material is thermally hardened (S390K, S355T). The presence of the letter D
indicates an increased copper content. Grades of building steel S390K, S355T are
designed for structures with welded and other joints.

Today in construction often use structural low-carbon steel grades 10, 15, 20.
These figures indicate the average carbon content in the alloy, calculated in
hundredths of a percent.

Steel grade selection

All types of metal building structures are divided into nine groups according to
current norms and rules (SNiP 11-B.3-72). Each group is formed based on operating
conditions, mounting and type of connection of elements. Therefore, the metal alloy
grades are chosen, focusing on the following important factors:

* minimum temperature regime of operation of the structure;
* dynamic and vibration loads.

YK 621.432.3

MNOIKOKEHHS I'UIb3 HUJIIHAPIB IPU EKCILIYATAII
(KABITALIA) I MOHTAXI (HAJJIOM BYPTY)

lenamenxo M.O., cmyoenm
Hayxkoei kepienuku — Xmenvoscoxka C.3., acucm., Cusonanos B.A., cm.euxa.

Hayionanvruil ynisepcumem biopecypcis i npupoookopucmysanus Ykpainu

PakoBuUHM HA 30BHILIHIN CTIHII IiJIb3 HWIIHAPIB (KaBiTalis).

CUMIITOMMU. Ha 30BHIIHIX IIISHKAaX TiIb3 LHJIIHAPIB MOKPOTO THUIY B
00J1acTi BOJISIHOI COPOUYKHU € MOTrIuOJIeHHs abo oTBOpH (KaBitarlis, puc. 1.). Oanak
31€01IBIIIOT0 BOHU BUJIUMI TUIbKU 3 OOKY HAWOUIBIIOro O1YHOTO HaBAaHTAXKEHHS, Ta /
a00 3 MPOTHJIEKHOTO OOKY y BEpXHI a00 HHXKHIM MEpPTBiM TOYI[l HOPIIHS.

[IPUYMHUM. Kasitamiiidi IOMIKOMKEHHS BHUHHUKAIOTH BHACIIIOK KOJIMBAHb
riub3u HWIHApa. Taki KOJMBaHHS MOXKYTb 3'ABJIATHCS HA CTIHII HUIIHIPA IPU 3MiHI
poOOYHX IUKIIIB MOPIIHS Y BEPXHIHM 1 HIDKHIM MEPTBUX TOUYKAX Ta MepeaaBaTUCs Ha
30BHIIIHIO BOJSIHY cOpouKy. [Ipu BiAMOBIAHOMY pyCl CTIHKH IIJIIHJpA i Yac ¢asu
KOJIMBAaHHS BHUHHMKA€ KOPOTKOYACHMM BaKyyM, IO BeAE€ [0 YTBOPEHHS Yy BOJII
OynpOamiok mapu. 3BOPOTHE KOJMBAHHS BOJASHOTO (DPOHTY BUKIMKAE CXJIOMyBAHHS
OynpOamok mapu, TPUYOMY BOJA, IO TOBEPTAETHCA PO30OMBAETHCA 00 TIIB3Y
HWITIHIpa 1 BUKIWKAE epo3ilo Merany. HacTymHi MOMEHTH CHpPHSIOTH PO3BUTKY
KaBITaIll:

m B oxonomxyrouiil piIuHU 3HAXOJUTHCS HENOCTATHBO AaHTUPPU3y, 110
CKOpOYY€ YyTBOPEHHS OyJIbOAIIOK.

m Cucrema OXOJIOJKEHHSI, HANPUKIAJ, KpHILIKa pajiaTopa HErepMeThyHa.
Bracniiok 1p0ro B CHUCTEM1 OXOJIOJKEHHSI HE CTBOPIOETHCS HEOOXIAHHMM THCK, L0
TaKO MPU3BOJUTH J0 MOCUJIEHOTO YTBOPEHHS OyIb0aIIoK.
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m ['inp3a mumiHapa Mae B KapTepi 3aHAATO Benukuil JropT. TuM camum He
3IIMCHIOETHCSL TOCTATHHOTO TACIHHS KOJMBaHb, MPUYMHOIO SKUX € 3MIHA pOOOYUX
LUKJIIB MOPIIHS.

m B cucremi BHUKOPUCTOBYETHCS HEBIAMOBIIHA OXOJO/KyHO4Ya plauHA
(HampukIIa, 3 BMICTOM KUCJIOTH 1 T.I1.).

m /[BUryH Mae 3aHaATO HU3BKUIA TeMIepaTypHUl piBeHb. BHacmimok 1poro
3aHA/ITO HU3BKUM € 1 PIBEHb THCKY OXOJIOXKYIOUOl PIAMHHM, 110 CHPUSIE YTBOPEHHIO
oynbOamiok. [Ipu HOMY 1 TIOpPIIEHb HE JOCSTAa€ CBOET po6oq01 TEMIIEpaTypu, Mae
301IbIICHUN 3a30p 1 HaAMIPHO JKOPCTKY 3M1Hy poOOUMX LUKIIB. 3aHAATO HU3BKHIA
TEeMITIepaTypHUN PIBEHb MOXE MaTH HACTYITHI MPUINHU:

- TepmocTaT a00 TEPMOBHUKIIOYATETh HECTIPABHUH.

- BsskictHa My(dTa BeHTHISTOpa HECHpaBHA, TOOTO BEHTHIATOP IMPAIOE
MOCTIHHO.

Puc. 1. I'inmp3a numiHapa 3 KaBITaIHHUME YIIKOJDKEHHSAMU. 3HOMKa KPYITHUM
MJTAHOM TUTB3U HMJIIHPA 3 TOCTPUMU KpasiMH 1 OTBOPaMH, 1110 PO3MIMPIOIOTHCS
BCEPEIUHY.

YCYHEHHSA JEDEKTY, ITPOOUIAKTUKA

m HeoOximHO 0OOB'SI3KOBO TEPEBIPUTH CUCTEMY OXOJOKEHHS (KPUILIKY
pajiatropa, IJIaHTH, XOMYTH) Ha T€PMETUYHICTb.

m Crmiag 3aauTd  JOCTaTHIO KUIBKICTh aHTU(PPU3Y 3 aHTHUKOPO3IMHUMH
BIIACTHBOCTSIMHU.

m [loTpiOHO mepeBipUTH TPABUIBHICT POOOTH KOMIIOHEHTIB CHCTEMH
OXOJIOJIKEHHS (TePMOCTAT, BEHTUJISITOP, TEPMOBHUKITIOUATENb).

3sam OypTy rijib3u HWIiHAPA.

CUMIITOMU

m ['inp3a muninapa Mae Haamomu mif OypTtu. KyT HaamomMy cTaHOBUTH OJIM3BKO
30 rpagycis (puc. 1).
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m [TomiTHa rpy0Oa CTpyKTypa HAJIOMY.

[MPUYUHMN. [HimiaTopom Takoro CTaTUYHOTO HAIJIOMY BUCTYIIA€ BUTUHAIOUHIMA
MOMEHT Ha OIOpHii moBepxHi OypTy. Takuii BUTMHAIOYMIT MOMEHT MOXE MAaTu
HACTYMHI IPUYMHU:

MixX ruTb3010 HUJIHApA 1 OMOPOI OYpPTY 3HAXOMASTHCS CTOPOHHI MPEAMETH
(Hanpuknan, Opya, 3AIUILIKHU MPOKIAA0K, CTPYKKa 1 T.11.) (puc. 2. a).

Miclie KOHTaKTy oniopu OypTy He Mae (acku (puc. 2. 0).

Omnopa OypTy Mae niepekic (puc. 2. B).

BuxopucTtoByBaHa mpokiiajka roJIoBKHM HMTIHIpa 3aHAATO BelrKa (puc. 2. T).

JlinstHKka BOTHE3aXMCHOI KPOMKHM Ha TOJIBII HWIIHApPA HE OYMINEHUN a0o
migaaBaBcst ToBeaeHH o (puc. 2. a). (puc. 2. 1).

Bracmitok 3aHaATO BEIMKOTO 3330y Tijib3a MITIHAPA CUANTH 3aHATO BITHHO,
110 TATHE 332 COO0I0 CHIIBbHI YAapHI IMITYJIbCH.

Puc. 2. Hagnom OypTy rinb3u HuiiiHApa. 371aM 3 TpyOor0 CTPYKTYPOIO 1 KyTOM
npubnusHo 30 rpaayciB

a 0 6

]

Z |
e

o

Puc. 3. Cxema BUHUKHEHHS] BATHHAIOUYOTO MOMEHTY, 1110 MPU3BOIUTH 10 HAJIJIOMY
OypTy T'iIb3U HUITIHIpA
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YCYHEHHSA JED®EKTY, IMTPOOIIAKTUKA.

m HeoOxigHO CTeXUTH 3a YHCTOTOK OOpOOKM [IISHKKM OypTy B OJo1i
UAJTHIPIB.

m CJ1i1 KOHTPOJIFOBATH IITAaTHE MICIIE T1JIb3H IIWJIIHpa Ha TIpeAMET HeoOX1THO1
IJIOIIUHHOCTI 1 OPTOTOHAJIBHOCTI.

m [licis 0OpoOku OypTy MOTPIOHO CTBOPIOBATH (hacKYy.

m /[03BO/IS€THCA BUKOPUCTOBYBATH TUIBKH T1 MIPOKJIAAKHU, SIKI TIepe0oadeHi s
JAHOTO THITY JBUTYHA.

Cnmcok JIiTepaTypHHUX JKepeJI:

1. Bonosuk E.JI. CnpaBoyHuk 1mo BoccTtaHoBieHuto neraneid. — M.: "Komoc",
1981.-351 C.

2. Cimamenko O.I. PemonT mammu Ta obnagHanus: Iligpyunuk / [CigamieHko
O.L. Ta 11.]; 3a pea. nmpod. O.1. Cinamenka, O.A. Haymenka. — K.: Arpoocsira,
2014. - 665 C.

VJIK 624.014(075.8)

BUT'OTOBJIEHHA TA PEMOHT KOHCTPYKIIIH ITIJ] BOIOIO 3A
JOIIOMOI'OIO 3BAPIOBAHHA

Xymopsancoka [O.11., mazicmp nepuioco poxy HaguaHHs;
Hayxosuti kepienux — cm. suxa. bakynina B.M.

Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu

[TigBoHE 3BaprOBaHHS 3HAMIILIO MIMPOKE 3aCTOCYBAHHS SIK MIPU BUTOTOBIICHHI
TpyOOTPOBOIIB JIJIsi Ta30HA(TONIEPEpOOHOT ramy3i Tak 1 B pPEMOHTHOMY BHPOOHUIITBI
3aBMISIKM CBOTH OMEPATUBHOCTI Ta IPOCTOTI BUKOHAHHS.

Crnioci6 3BaproBaHHS IIiJI BOJOIO 3aCHOBAaHMM Ha BIAKPUTTI, IO Jyra, HE
JUBIITYUCH HA IHTEHCUBHE OXOJIOKEHHS HAaBKOJUIIIHBOIO BOIOIO, HArpiBae 1 MJIaBUTH
MeTaJl TPAKTUYHO HACTIJIBKH K JIETKO, SIK 1 Ha TIOBITPI.

Jlnst  oTpuMaHHS CTIMKOTO TOPIHHA MAYTH i BOMOKO, HA EIEKTPOI 3
HU3BKOBYIJICIICBOTO 3BapIOBAbHOTO JIPOTY HAHOCHUTHCS OIibII TOBCTHM IIap
MOKPUTTS 3 TPOCOUCHHSIM CIEI[iaIbHIMU JTAKaMH.

[TigBoHA 3BaprOBaHHS MOXKE BUKOHYBATHCS JBOMa CIIOCOOAMH: CyXUM Ta
MOKPHM.

Cyxuii cnoci6 siBisie cOO0I0 3BaprOBaHHSA B IITYYHOI CTBOPEHOI MOBITPSHOMY
CepeNOBUIIl, TOOTO KOJM EJICKTPOJ 1 3BapIOIOTHCS JIeTall MOBHICTIO 3HAXOASTHCS B
CepenoBHIIl MOBITPs a00 1HIIOTO ra3y. JJis bOro 3aCTOCOBYIOTH CIEIialibHI KaMepH,
OokcH, SIKI MOXYTh OyTHM HACTUIBKM BEJMKI, IO 1 3BaprOBaJIbHUK, MepedyBarouu
BCEpENMHI, MPOBOJUTH POOOTH MO TEXHOJOTIi MPAKTUYHO HIYUM HE BiJIPI3HAIOTHCA
BiJ1 3BapIOBaHHS Ha MOBITPI.

[Ipu BUKOpPUCTAHHI MOKpo2o chnocoOy neraiab, €JeKTpoA, a dYacTto 1
3BapIOBAJIbHUK, 1 BCE 1HIIE OOJAJHAHHA 3HAXOAUTHCS Yy BOAL, 1110, OE3CYMHIBHO,
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YCKIAIHIOE TIPOBeIeHHs poOiT. JIJis 3BaproBaHHS ITiJT BOJIOIO BiJl 3BapHHUKA MOTPIOHA
BHUCOKa KBatiikarlis, 10 TOro Xk Iie HeoOX1HI HABUYKH BOJ0J1a3a.

VY pesynbTaTi 3BaproBaHHS 000Ma crocob0amu OB BUXOIUTH PI3HOI SKOCTI.
[Ipy BHKOpHCTaHHI MOKPOTO CIOCOOY SIKICTh HWDKYE. AJie, Ha BIAMIHY B CyXOro,
1IeH crmoci0 BUMarae MEHIIUX BUTPAT Ha 00JIaIHAHHS 1 3aiiMae MEHIIIe Yacy.

[linBogHe 3BaprOBaHHS 3aCTOCOBYIOTh TMPH OYMIBHHUIITBI  TiIPOTEXHIYHUX
CIIOPYZl, MOCTIB, PEMOHTI KOpabGjaiB 1 TIJBOAHUX YaCTHH TOPTOBUX 1
Ha(TONPOMHUCITIOBUX METAJIEBUX KOHCTPYKIIIH.

VIIK 69059(075.8)
RENOVATION OF KIEV

Tokariev H.S., student
Scientific supervisor — Bakulin Ye.A., Ph.D., Assoc. Prof.

National University of Life and Environmental Sciences of Ukraine

Renovation is the process of restoring the structure and appearance of damaged
historic urban buildings, facades and interiors of morally and financially obsolete
buildings. All over Kiev, dilapidated pre-revolutionary houses, architectural
monuments and ordinary historical buildings are slowly being destroyed. Some of
them have long gone into private hands, but the new owners, with some exceptions,
do not care about their fate. Of course, it is possible to demolish most of the old
houses - and permanently lose their cultural heritage, replacing it with temporarily
advantageous high-rise buildings. This problem can be solved by appealing for
renovation, while preserving housing or cultural sites. But the most important goal of
renovation is to bring back to life the "dead" industrial territories, such dead zones on
the map of any city of Ukraine. A striking example of a successful renovation is the
Platform Art Factory.

TR
. A
v

Fig.1 Platform Art Facto Fig. 2 A building that needs renovation
Ordinary development is no less important than architectural monuments. The
city, consisting of houses of different historical eras, will be comfortable for its
inhabitants and attractive for tourists. Thanks to indifferent people with professional
education and a thirst to improve the standard of living of every citizen of Kiev, they
have made a map of the buildings and buildings that need renovation. According to
officials alone, there are about 25 abandoned buildings in the Shevchenko district of
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the city. Volunteers have counted about two hundred of them, in addition, some
homes have long been demolished - but still live on official paper.

It is safe to say that the process of renovation in Kiev has fallen from a dead
spot, however, in the near future a significant problem for Ukrainian cities may be a
poor quality home renovation. The fact is that according to the decision of the
Cabinet of Ministers, we have not been taught by restoration specialists for several
years. And it is a serious challenge not only to preserve the historic construction of
Kyiv, but also to carefully restore it. Berlin is a great example for us. Many are
already tired of being constantly compared to Kiev, but these cities are really similar.
Berliners are skeptical of commercial projects involving the demolition of old
buildings. As a rule, such projects simply do not pass public hearings - which,
incidentally, we do not have, and if they do, their decisions are optional. Instead,
local communities are very active in restoring historic architecture. They negotiate
with the city, attract patrons, and carefully, down to the smallest details, monitor all
restoration work.

- %’7; SiAchiAbYDYBOTH 30 THNOM
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Fig. 3. Map of buildings in need of renovation

More than one renovation project has been developed in Kyiv, namely:

1. The building of the former design institute "Kievproject" is located in the
center of Kiev for a long time and has not been used for its intended purpose and
needs rethinking and reconstruction. About 10 variants of projects were considered,
one of them was even granted planning permission. As a result, a concept has been
developed that preserves the modernist appearance of the building, the restoration of
the adjacent architectural monument, the construction of underground parking for
more than 500 cars, the creation of a public space linking Vladimirskaya Street with
Pushkinskaya Street, and Bohdan Khmelnytsky with Prorezna.

The functional filling of the building after reconstruction should be the subject
of discussions and discussions with the involvement of all interested parties: residents
and users of the surrounding territories, tenants of offices in the Kyivproject building,
design institutions and architects.
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2. Renovation of the territory of the Kiev River Port along the Naberezhno-
Lugova Street from the Rybalsky Bridge to the ship repair plant. The purpose of the
project is to give back to people an area that has been excluded from urban fabric for
many years and to create an area for life, work, business, recreation and
entertainment. Instead of the abandoned warehouses, 7 modern European quarters
with housing, offices, coworkings, cafes and restaurants, schools and kindergartens, a
cultural center, a public space along the promenade and a public beach will be built
here. premises, offices and shopping and entertainment infrastructure. The height of
the buildings will not exceed 8 floors. Residential sections will have cozy patios,
closed to cars and outsiders. The office space will be located in sections along the
busy thoroughfares and will have side entrances. On the first floors there will be
shops and cafes, and on the side of the waterfront - cafes with summer grounds near
the water. The project provides for pedestrian connections between neighborhoods,
bike lanes, walking and leisure areas. Along the Dnieper River, a public space with a
waterfront will be created - comfortable, accessible, open to all interested and zoned
for various types of leisure. Cargo cranes that have been a business card for a long
time will be left in the territory as art objects.

3. Another renovation project for an abandoned industrial zone, but already in
Obolon district, near the Pochainna metro station and the future park of the same
name. The project provides the opportunity to live, work or shop and have fun in one
place and is aimed at modern young professionals from different industries. It is a
house with modern technological architecture, interactive media facade, innovative
technologies, complete infrastructure for living, working and relaxing. Infrastructure
facilities will make up almost half of the complex. Offices, conference rooms, and
creative studios are available for use in the area, as well as cafes, restaurants, shops,
picnic areas, a leisure area along the Pochain River, a park and public spaces.
Underground parking is designed for the cars, sports fields, bicycle paths, skate park
for sports. Pet grooming areas, playgrounds and a kindergarten will be available on
site.

Fig. 4. Renovation project in Kiev
References:
1. [enexTpoHHHI1 pecypc].- pexuM goctyny: http://ukrainianurbanawards.com
2. [eneKTpOHHUU pecypc].- peKUM AOCTYyMy:
https://hmarochos.kiev.ua/2019/08/06/proekt-mapa-renovatsiyi-yak-kyyany-

zberigatymut-istorychni-budynky-z-dopomogovyu-biznesu/
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VJIK 72.03

KOHCTPYKTHUBHE PINIEHHS BOJIOBIIBEJAEHHS B BY IIBJISIX 1
CHOPYJIAX

Hununenxo M.I1., cmyoenm
Hayxrosuii kepienux — Baxynin €.A4., ooy., k.m.H.

Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu

XKonen max HE MOKE BBaXKATHUCA 3aBEpIICHUM O€3 BUPIIICHHS IHUTAHHS
BOJIOBiZIBeICHHS. BOMOBIABIL — OJIMH 3 HaWBaKIMBIIMIMX (DYHKIIOHATBHUM €JIEMEHT,
B1JI SIKOTO 3aJICKUTh JOBIOBIYHICTh Ta HAAIMHICTh SIK TOKpiBII Tak 1 OyaiBii. Came
BiH 3a1100ira€e CKyIm4ueHHIO 1 3aCTO0 aTMOC(EPHHX OIaIiB.

[Ipu BuOOpPI Ta OOMAIITYBAaHHI CHUCTEMHU BPaXOBYEThCS KOH(DIrypairisi Ta KyT
HaxwiIy Jaxy, THUI TOKPHUTTS, CTPYKTypa MOKPIBEIBHOTO «IHUPOTa», MPOTKHICTH
CXHJIIB, TEMIIEPATypHUN PEXKUM B MPUMIIIECHH], KJIIMAaTHYHI OCOOJIUBOCTI, IIOpIYHA
KUTBKICTh OMAiB Ta 1HIII 1HAWBITyaIbH1 HIOAHCH.

3aie’)KHO BiJl TUIY KOHCTPYKIIii, ICHY€E JBa BUAM MOKPIBEILHUX BOJOBIIBO/IIB:
30BHIIIIHIN Ta BHYTPIIIHIN.

3oBHimHiiA. Jlng #oro oOnamTyBaHHS BUKOPHUCTOBYIOTBCS — TpPyOU MO
30BHIIIHBOMY TEPUMETPY, a TaKOX KoJioOu Ta 1HmI enemMeHTd. Kriacuuna
KOHCTPYKIisl CKJIAAa€ThCsA 3 MIABICHUX 1 TOPU3OHTAJIBHUX >KOJ00IB, BEPTUKAIbHHUX
TpyO, TpUMayiB 1 NEPEXiTHHUKIB, 3'€HYBauiB, KIHUEBUX BIABOAIB. KoHiryparis
peTeNbHO PO3PaxoBYEThCs, 1100 3a0€3MeUnTH NPUPOAHUN BIATIK Boau. JJisi 1iboro
MOTPIOHO MPaBUJIBLHO BU3HAYMTH KYyTH Ta KUIbKICTh TpyO. 30BHIIIHI BOAOBIABOJIU
MIIXOMATH JUIS JaxiB 3 yXwioM Oiibine 19 0 , BOJIa Ha SIKMX HE BCTUTA€ 3aMEP3HYTH,
BHCOTa TTOBEPXIB HE OLIbIIE HIXK 5.

BuyTpimmnii. YHiBepcanbHa cucteMa sl Oy/Ib-IKUX KJIIMAaTUYHUX PEriOHIB.
BukopuctoByoTh a1 AaxiB 3 BEJIMKOI IUIOMICI0 Ta BUCOTOI OuIbIIe HDK 5
nmoBepxiB.  KOHCTPYKTHMBHO CKJIaa€ThCs 3 MPUAMaOu0i BOPOHKH, CTOSIKA Ta
B1JIBITHOI TpyOM 3 30BHIIITHIM BUITYCKOM. Bojia cTikae 3 g1axy HaBiTh ITiJT 4aC MOPO3iB,
MICTISt YOTO BIIBOJIUTHCS B KaHAMI3allii0 00 30BHINIHIO MEPEKY.

30BHIIIHE BOJIOBIJIBEICHHSA TaKOXK OyBae OpraHi30BaHUM abo
HEOpPraHi30BaHUM. Y NEPIIOMY BHUIAJIKY BOJA BIJIBOJUTHCSA IO 3BiCaM KapHH3Y, Y
IPYroMy — 4epe3 K0JI00M 110 30BHIIIHIX TpyO. BHYTpimHINA — OUTbII MOMIMPEHUN 1
YHIBEpCaJIbHUH, ajie TAKOX BIH JOPOXKUUN Ta CKIAIHIIINN MPU MOHTAXI.

[Tpu mpaBwiIbHO 00aJHAHOMY BOJOCTOKY BOJIa 3 JaXy BIJIBOJAMTHLCS HA30BHI,
10 30epirae He TUIbKM MOKPUTTS, alie 1 3axuiiae gacan ta pynaameHT oyaisii. Kpim
TOT0, TApMOHINMHO BIIMCaHAa B AapXITEKTypy CHUCTeMa — Ile ¥ SIK  CaMOCTIHHHIA
JIEKOPATUBHUHN €IEMEHT, 3 SIKUM OyJIMHOK 31a€ThCS 3aTUIITHUM 1 O0KUTHUM.

OcHOBHI MaTepianu JijIsi BATOTOBJICHHS €JIEMEHTIB BOJIOBIIBEJICHHS — TUIACTHK,
cTaib 1 amomiHii. CremiaabHl MOKPUTTA 3a0€3MedyloTh CTIMKICTH 0 KOPO3ii,
TEeMITepaTypH, MOIIKO/KEHb Y1 PO3TPICKYBaHHSI.

IlepeBaru crajeBHUX BOJOCTIYHUX CHCTEM:
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o Bucoka MIIHICTh €€MEHTIB, IO AYX€ BaXKJIMBO IS CUCTEM, IO MPAIIOIOTh
I1]T HABAaHTAXXEHHSIM CHITY 1 KPUTH.

o [IpocToTa 1 JErKiCTh MOHTaXY (BIJICYTHICTh IPH MOHTaXl1 J0JaTKOBHX
YIIIJTBHIOBAYIB, KJIE{B, MAacTHK, CHJIIKOHY 1 TOMYy T0/Ai0HE), TOYHICTb
3'€THAHHS BC1X €JIE€MEHTIB.

o upokwii CrieKTp KOJIPHUX PIllICHb.

o JIOBTOBIYHICTh BUKOPHCTAHHS CHCTEM 3a0€3MeUyEThCSI BUCOKO KOPO3iHHOI0
CTIMKICTIO TOJIMEPHOTO TOKPUTTA 1 CTIMKICTIO TIOKPUTTS 10 Aii
CepeIOBHIIIA.

Bapricth cucreMu BOJOCTOKIB, SIK TPABUJIO, BU3HAYAETHCA CKIIAJIHICTIO
MOKPiBJi, BUCOTHUMHU BIIMITKAMHU 1, 3BHYallHO X, Momer. [Ipu 1mpomy mis
OUIBIIOCTI THUMIB TMOKpIBEIb LEH MOKa3HUK JeXHTh B Mexax 10-30% BaprocTi
MTOKPIBJIL.

Bopocriuni cucremu 3 IIBX cTiiiKi 10 HECHPUATIMBUX NPUPOJHUX BIUIUBIB,
KOpo3ii, XIMIYHUX A1l (KUCIOT 1 BYIVIEBOJHIB) 1 yJbTpa(ioIeTOBUX MPOMEHIB.
3'eqHaHHSA OKPEMHX €JIEMEHTIB MOKE 31HCHIOBATHUCS KJIEHOBUM CIOCOOOM, a TaKOX
3a JOMOMOTOI T'YMOBHX YUIUIbHIOBauiB. HiKOMM HE MOXKHA MOEIHYBAaTH KIIEHOBY
CUCTEMY 13 3'€lHAHHAMHM Ha TyMOBHX YUIUIbHIOBa4Yax. EjeMeHTH BOAOCTIYHOI
cuctemu 3 [IBX 36epiratoTs CBOIO MJIACTUYHICTH MPU TeMmepaTypi a0 -40° c.

[InacTMacoBi KOHCTPYKIIIi, SIK 1 0araTo 1HIIUX MaTepiaiiB, MalOTh BJIACTUBICTD
3MIHIOBaTH JIIHIMHI PO3MIpH TPH TeMmeparypHuX mnepenamax. Jas Ttoro, 1moo
HIBEJIIOBATH HETATUBHI HACHIJIKM IIbOTO SIBUIIA, 3aCTOCOBYIOTHCSI PO3LIMPIOBAIIBHI
eJleMeHTH. BOHU BCTaHOBIIOIOTHCA BIAMOBIIHO JO0 peKOMeHnamin ¢ipm -
BUPOOHMKIB.

Boponka 3'enmHye x0yi00M 1 TpyOM Uisi BIBEACHHS BOJM 3 BOJ0301pHOI
CUCTEMU B BOJAO3JIMBHY. E(EKTHUBHICTb BOJOBIIBEICHHS B 4YOMY 3aJ€KHUTh BIJ
KOHCTPYKIIi 0JI001B.

I'0/10BHi KPOKH MOHTYBAaHHSI CMCTEMH BiJiBeICHHSI 101I0BOI BOJM:

1. 3anuBKa MOKpiBIl JNaxy OITyMOM ab0 MacTUKamMH 3A1MCHIOETBCS MPHU Jli
BHCOKOI TEMIIepaTypH, y pe3yibTaTl Ha BC1i MOKPIBIIl BUXOAUTb OAHOPIHE TOKPUTTS
3 BUCOKOO BOJIOHETIPOHHUKHICTIO.

2. MoHTax TojIOBHUX JeTanel BOAOBIJIBIIHOI CUCTEMH BUKOHYETHCS MEpe.
3aTOKOI0 3 OCOOJIMBUX TEXHIYHUM OTBOPIB y Aaxy. Ha 1ibomMy Kpoili BCTaHOBIIOETHCS
CHUCTEMa BOJIOBIABOJIIB 1 MpUiiMaibHa BOPOHKA TPYOOMPOBOAY, Al MPOBOAUTHCS ii
repMeTH3aIlis 3 3aCTOCYBAHHSIM YIIIJILHIOBAYIB 3 TYMHU.

3. Ilicns 3miACHEHHS 3aJUBKM MOHTYETBHCS JIUIE 3aXUCHUN KOBIIAK, KU HE
JOTMYyCKa€e 3a0pyAHEHHS CLIOPYAN PI3HUMH UYKOPIAHUMU MPEAMETaMH 1 CMITTSIM.

Po3paxyHOK MOTY»XHOCTI BOJOBIABITHOI CHUCTEMH POOUTHCS BIAMOBIIHO 0
rabapuTiB JAaxy 1 pO3paxyHKOBOIO KUIBKICTIO ONajiB, IO BUIAIAI0Th. SIK mpaBuiio,
BiJIBE/ICHAa BOJA 3 MOKPIBJ MEPEHANPABIAETHCA B 3JMBOBY KaHaNi3alliHYy CHCTEMY
a00 pO3MOUIAETHCS MO BCIH IIISHIN MOPAJT 3 OYTUHKOM.

[IpaBunbHO 3MOHTOBaHa BOJOBIJIBIJIHA CHUCTEMa MOXKE B HaWKOPOTIIHUNA Yac
mpuOpaTd BCIO BOJOy, IO npuOyna. SKImo cropyay CBO€YaCHO YHCTHTH 1
00CITyroByBaTH, BOHA IPOCITYKHUTh BECh POEKTHUH TEPMiH.
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VIIK 69(075.8)
TEXHOJIOT'ISI BATOTOBJIEHHS TPYHTOIEMEHTHUX AT

llempenko P.M., cmyoenm
Hayxkosuti kepienux — baxynina B.M., cm. euxa.

Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu

Oco01MBOCTI TEXHOJIOTIT IPYHTOILIEMEHTHUX NaJlb MOJISTa€ B 3MIIIHEHHI TPYHTY
- 1Ie HeoOXiJHa YacTHHa OyIiBETbHUX POOIT MPH 3BEACHHI MPAKTHUYHO OY/b-SIKOTO
MacuBHOI ciopynu. OCHOBa, cama Mo co0l HE YacTO Ma€ BIJMOBIJIHI XapaKTEPUCTUKU
1 0e3 i€l mpoueaypu y OUIBIIOCTI BHUIMAJAKIB, OOIMTHCS HE MPEACTABISETHCS
MOYJIMBUM, TOMY IIIO BiJl IIbOTO Oy/I€ 3aJIe’KaTH CTIHKICTh 1 HaIIHHICTh MaliOyTHBHOTO
00’exty. OHUM 3 Halle(PEKTUBHIIIMUX CIIOCOOIB 3MIIIHEHHSI IPYHTY € IPYHTOIIEMEHTHI
naJi.

[e#t cioco6iB cTabimizalii IpyHTY ICHY€E KiJIbKa Pi3HOBUIIB 1 KOKEH 3 HUX Ma€
MEBHI TMepeBaru 1 HENONIKW, $KI OyIyTh JOpeYHI B TIH 4YM 1HINK CHUTYyalii.
[pyHTOOETOHHI Mai TaKoX MArOTh PsJ IEPEBar, sKi B OKPEMHUX BHIIAIKAX MOXKYTh
MaTy BU3HAYAJIbHE 3HAUYCHHS 1 BUSBUTHUCS HAMOUTBIIT ONTUMAJIBHUM PIIICHHSIM.
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Puc. 1. Cxema BUTOTOBJICHHS TPYHTOIIEMEHTHUX TMaJb 32 OypO3MIITyBaTbHUM
METOJIOM: a — OypoBe 00aiHaHHs; O- PO3IYIIYBaHHS IPYHTY 3 HarHITAaHHSIM
BOJIOLIEMEHTHOI'O PO3YHMHY; B — EPEMIIITYBaHHS CyMIllli; I — BCTAHOBJICHHS
apMaTypHOTO KapKacy; 1 — 3arajlbHUil BUTJIS IPYHTOLIEMEHTHOT naji; 1 —
aBTOMOO1JTb 13 OYpOBHUM CTaHKOM; 2 — CUJIOBHUI TIPUBI; 3 — BepTuIior; 4 — OypoBa
TpyOa; 5 — piKyunid IHCTPYMEHT; 6 — HaIllIpHUI pyKaB I 110/1a4i BOJIOIIEMEHTHOTO
po3unHYy; 7 — OypoBHUii HACOC; 8 — PO3UMHO3MIIIYBAY; 9 — [PYHTOLIEMEHTHUN
eneMeHT; 10 — rpyHTOLlEeMEeHTHA Tass
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TexHonorist TPyHTOLIEMEHTHUX TNalb NPUHANIUIA A0 HAC 3-3a KOPIOHY -
IIEMEHTAIlis TPYHTY 3 YCIIXOM BHUKOPHCTOBYBajiacs Ha Teputopii SAmoHii, AHrmii Ta
Itami. Ocob6nMBO 4YacTo CTpyMEHEBAa LIEMEHTAIllsl 3aCTOCOBYEThCS IPU 3BEACHHI
HiA3€MHUX CIIOPYH, AJIs 3MILHEHHS CTPYKTYpHU NMPUPOJHOIO MACHUBY - BUKOPUCTAHHS
IPAHTOBUX Majlb CTAJI0 ONTUMAJIBHUM PIIICHHSAM JJIs1 cTa0UI13a1lli pyXJIUBUX IPYHTIB.

OcHOBY [aHOi TEXHOJIOTHI CTAaHOBUTh BHUKOPUCTAHHS KIHETUYHOI e€Heprii
pIIMHU JUIS pyHHYBaHHS, MOJPIOHEHHS 1 MEpEeMIlTyBaHHS TIPYHTY 3 PO3YHHOM
nementy. @opmyBaHHs mani BiAOyBaeTbcs Ha MICII MiA 4Yac OypIHHS <«JTUACPHOID)
cBepaioBuHU. [licnst 3aTBepAiHHS, Ha MICII CBEPIJIOBHHHU YTBOPIOETHCA KOJIOHA 3
IPYHTOOETOHY, II0 Ma€ BHCOKI XapaKTEepPUCTUKaMHU MIIHOCTI Ta CTIMKOCTI 0
nedopmartiii.

IpyHroBi mami (OpMyrOThCA B JBa €TallM, 3a JOINOMOIOK IIEPBUHHOIO Ta
3BOPOTHOTO OYypIHHS «IMAECPHON» cBep/UIoBHHM. [li1 4Yac TEepBUHHOIO eTamy
CBEP/IJIOBUHA JTOBOJUTHCS 10 HEOOX1HOI INIMOMHU T0IOMOI0I0 OypOBOrO pO34HHY,
KU MOJaeTbca 4epe3 NMpsAMUN KJamaH 1 MOXE CKJIaJaTHCS SIK 3 BOAM, Tak 1 3
LIEMEHTHOI'O CKJIQAy - piIMHA PYHHY€ IPYHT 1 BUAAJISA€ [IIaM, IKUH YTBOPIOETHCS MpHU
OypiHHI.

[Tin 4Yac 3BOpOTHOrO XOAY, HpsSIMMM KianaH B OypOBOMY HAKOHEUHUKY
MEPEKPUBAETHCA, TICIAS 4YOoro B OiYHI COMJIa MOHITOpa MiJ THUCKOM TMOJA€THCA
OETOHHMI PO3YUH, SKUH CIIY’)KUTh OCHOBHMM MaTepiajoM ISl CTBOPEHHS OETOHHOT
koJionu. [locTynoBo migHiMaro4uuch, OypoBa KOJIOHAa 00€pTAETHCSI HABKOJIO CBOET OCI,
THM CaMHM 3A1HCHIOIOUH PIBHOMIpHE (DOPMYBAHHS MaIi.

[pyHTOLIEMEHTH] Taji - 1€ OJWH 3 HaMe(pEKTUBHIIIUX CIIOCOOIB 3MillHEHHS
rpyuty. He3Bakatoum Ha Te, IO 3AIMCHUTH YCTAHOBKY Ialb CBOIMH pyKamH HE
MPEACTABISIETHCS MOXKJIIMBUM, TOMY 110 BUMarae 00OB'A3KOBOI MPUCYTHOCTI (paxiBIIIB
- JJaHA TEXHOJIOTIS 3 YCIIXOM BUKOPHUCTOBYETHCS AJI 3MII[HEHHS TPYHTIB IPAKTUYHO
BCIX BHJIIB 1 CKJIQHOCTI, III0 POOUTH 1l HE3aMIHHOIO B OKPEMHX BHIIAIKAX.

VIIK 624.15(075.8)

OCOBJIMBOCTI IPOEKTYBAHHA ®YHIAAMEHTIB CUJIOCHUX BALIT
KOMIIVIEKCIB 3EPHOCXOBHII]

Jlaspunosuu M.B., cmyoenm
Hayxrosuii kepienux — baxynin €.A4., ooy., K.m.H.

Hayionanvnuti ynisepcumem biopecypcie i npupo0okopucmyseants Ykpainu

VYkpaina, ik arpapHa JepaBa Ma€ BEJIHKI 00’€MH 00ITy 3€pHOBUX KYJIBTYD,
30kpema B 2019 porii 3arasom Oyio 310paHO peKOpIHY KIJTBKICTh 3€pHOBUX KYJBTYP,
mo ckiuano 70,8 MiaH ToH. Taki 00’eMu 3€pHOBUX KYJIbTYp BUMAararoTh 3a0€3MeUeHHs
BEJIMKOI KUIBKOCTI CIIOPYZ Ta KOMIUIEKCIB 3 MpuiMaHHs, 00poOku Ta 30epiraHHs
3epHa. Ha choroanimHii JeHb TAKUMH KOMILJIEKCaMU € eneBaTopu. DyHKIIOHAIBHUM
NPU3HAYCHHSAM JAaHUX TMPOMHCIOBUX KOMIUIEKCIB € CTBOPEHHsSI Ta 3a0e3MeueHHs
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cTaOuIbHOI POOOTH TEXHOJOTIUYHUX JIiHIM 3 O0OpOOKH, TpPAaHCHOPTYBAHHA Ta
30epiraHHsl 3epHa, MOINEPEIKEHHS TICYBaHHS MPOAYKTY, KOHIUIIIOBAHHS TeIUia Ta
IHIIMX SIBUI, SIKI CYNPOBOJKYIOTH MpOIeC 30epiraHHs 3epHOBUX KyJIbTyp. Takum
YMHOM BHINl€3a3HAa4YeHl (aKTOpH BIUIMBAIOTh Ha PO3BUTOK JAHOI Taysl
IPOMHUCIIOBOCTI B YKpaiHi.

OcoOMMBOCTSIMU HOPMATUBHOTO PETrYyJIOBaHHS TUIKM IPOMUCIOBOCTI €
IPOCKTYBaHHS Ta OYAIBHHUIITBO 36PHOBUX KOMILICKCIB 3I1HCHIOETHCS 3T1THO YUHHOTO
3aKOHO/IaBCTBA.

KoHCTpyKkTHBHI ~ OCOOMMBOCTI  MPOEKTYBaHHS  TICHO  3aleXaTh  BiX
TEXHOJIOTIYHUX PIMICHb, IO PETYIIOIOTHCS HACTYITHUMHU HOPMAaMH:

1. IBH B.2.2-8-98. IlmianpuemctBa, OyAiBii 1 criopyau 1o 30epiraHHIO Ta
nepepoOili 3epHa;

2. BHTTI-05-88. HopmMBbI TEXHOJIOTHYECKOTO MPOEKTUPOBAHUS
XJICOOTIPUEMHBIX TIPENPUSATUN U DJIEBATOPOB.

Y 3B’I3Ky 3 HEOOXIAHICTIO 3a0€3MEeUeHHS TEXHOJOTIYHHUX MPOIIECiB
byHIaAMEHTH CUJIOCHHX OaIlT po3poOJIsIOThCS 3a TEXHIYHUM 3aBJAaHHSAM 1HXKEHEpa-
TexHoyiora. Yepe3 BHCOKI BHUMOTH JI0 CTIHKOCTI (pyHIaMEHTH IependavyaroTh B
OUTBIIOCTI MaJbOBI 3 MOHOJITHUM POCTBEPKOM Ta TEXHOJOTIYHMMHU KaHanamu. [1o
OC1 CHJIOCY HMIKYE PIBHA TUIMTH 3HAXOJIUTHCA MIJ3EMHA Tajiepesi, 16 PO3TaIlllOBYEThCS
oOnmagHaHHS JUIsl BUBAHTAXKEHHS 3€pHA 3 CWJIOCIB. 3TIJHO HOPM MPOEKTYyBaHHS
PEKOMEHAYEThCS OJOKYBAaHHS TEXHOJOTTYHOTO OOJiaHaHHs. TakMM YMHOM CHUJIOCHI
0amTH pPO3TAlIOBYIOTh OJIOKAMU HA BIJCTaHI TMOXKEXHUX MPOI3/iB, SKI BU3HAUYCHI
HOPMaMH TPOTUTIOKEIKHUX 3aX0IiB JIJIST TPOMHCIIOBUX CIIOPY/I.

Yepe3 BeNMKY PI3HULIO B HABAaHTAXXEHHI Ta YCaJKHM B MEXax JOMYCTHUMHUX
BEIMYMH MDK CHJIOCAMH Ta B MICIIX TIEPICHIUKYISIPHOTO CTHKY Tajepen
posramoByeMo nedopmaiiiiini  mBu  po3MipoM 30 MM, 10 3aNOBHIOIOTHCS
MHOMOJIICTEPOJIOM Ta T1IPOI30JISIIIETO.

Puc.1. Cxema nnany pyHaamMeHTiB Puc.2.Po3pi3 pynnamenty

Mix MIUTOI0 CUJIOCY Ta TyHEJEM MiA3€MHOI rajepei TakoX pO3TallOBYIOThCS
AepopMarlliiiHi mBH K1 BUKOHYIOTbCS UIIXOM MPOKJIaJaHHs IBOX IIapiB pyOepony.
[To Gokax BiJ CHJIOCY PO3TAIIOBYIOTh (PyHIAMEHTHI TyMOHU, Ha SIKI MOHTYIOTh
BEHTWJISITOPU JIsl 3a0€3MeUYeHHs IMOBITPOOOMIHY TiJi CHUJIOCOM IO Hece (YHKIIIIO
HpOCYIIyBaHHs 3€pHa. B pOCTBEpKY IUIMTH NPOEKTYIOTHCS BEHTHIIALIIHI KaHAIH, SIKi
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MO3HAYAIOThCSI HA OMATyOOYHMX KPECICHHSX OCHOBHOTO KOMIUIeKTy posaury Kb
npoekTy. Takok 3riiHO 3ampOEeKTOBAHOI TEXHOJOTIi MO OCl CHJIOCHOI OamiTh Ta
M1J36MHOI rajepei MPoeKTYIOThCS OTBOPH JJIsi BABAHTAXEHHS 3epHa
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Puc. 3. [Inan BifBaHTa)KEHHS 3€pHA
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Puc. 4. Ilnan apMyBaHHﬂ byHIaMeHTy

beron npuiitmatots He HIK4e kiacy C 25 -30 3 apMyBaHHSM BiMOBIAHO A0
PO3pPaxyHKIB.
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Puc. 6. Cxema apmyBaHHs rajepei 3 poCTBEpKOM

VIIK 351.07

BILIMB HA HABKOJIMIIHE CEPEJJOBUILE 3AXOPOHEHH S
PAJIOAKTUBHMX BIIXO/IB

FOwa JI.O., mazicmp nepuioco poky Hag4aHHs
Hayxoesuii kepienux — baxynina B.M., cm. euki.

Hayionanvnuti ynisepcumem diopecypcie i npupo0okopucmy8anHs Yxpainu
B 3B’s3Ky 3 aBapi€ro Ha aToMHINA craHuii B micti Yopuoouns B 1986 p. 1

BEJIMKOI0 KUTBKICTIO PaIl0aKTUBHUX BIIXOIB, IO 3'SIBUIMCS MICIs IIHOTO, BUHUKIIA
mpo0semMa mepepoOKH 1 1301111 ITUX BIAXOIIB BiJl HABKOJUITHLOTO CEPEIOBHUIIIA.
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Jlo toro wacy B VYkpaiHi He Oyno moOynoBaHO, Takoi CHOpyIu, sika O
BIJIMOBIAaJIa IaHUM TIOTpeOaMm.

Bunukiia HEOOX1HICTh PO3POOKH KOMILJIEKCY BHPOOHMIITB IO 3aXOPOHEHHIO
PaJI0aKTUBHUX BIAXOIIB 3 TEpUTOPIi 3a0pyAHeHHs B Hacuiok aBapii Ha UAEC B m.
YopHOOUIIE.

Komrmuieke mo nmepepoOiil Ta 3aXOPOHEHHIO pa/llOaKTUBHUX BIJIXO/I1B 3BOJIUTHCS
HAa TpUBAJIMI Yac Ta TMOBMHEH BECh 4Yac BIJMOBIJATH HOpMam Oesneku. Tomy
OCHOBHOIO 3aj]auelo, fKa CTOITh B Yac MPOEKTHUX POOIT - 1€ YAOCKOHAJICHHS
TEXHOJIOT1 BHPOOHHIITBA POOIT 3a pPaxXyHOK BHUKOPUCTAHHS JIETKO 3MOHTOBAHUX
nepecyBHUX OyaiBenb ISl MOXOBaHHS, 3BEACHHS [0 MIHIMyMYy pYYHOI TIpaiii,
BUKOPUCTaHHA HOBITHIX OyJiBENIbHUX MarepiamiB, sKi HaOUIbII epEeKTUBHO
BIIIOBIIAIOTH BCIM BUMOT'aM.

OCHOBHOIO METOIO0 CTBOPEHHSI KOMIUIEKCY IO 3aXOPOHEHHIO PaJlI0aKTHUBHUX
BIIXO/IB, € TIOKpAIIICHHS €KOJIOTIYHOTO CTaHy B 30H1 “BiguyxeHHs” 1 3HM)KCHHS
HEraTUBHOTO BIUIMBY Ha MPUJIETIl TepUTOpii. 3 METOI0 OOMEXKEHHS ONPOMIHEHHS
MEepPCOHANTy 1 PpaJlOaKTUBHOTO  3a0pyJAHEHHS  HABKOJUIIHBOTO  MPHUPOJHOTO
cepenoBuila npu noxosaHHi PAB, moTpiOHO po3poOUTH KOMIUIEKC OpraHi3aiiiiHuX,
aIMIHICTPATUBHUX, TEXHIYHUX 1 CAHITAPHO-TITEHIYHUX 3aXO0/I1B.

[To3UTUBHUM acreKTOM pOOOTH HaJl CTBOPEHHAM KOMIUIEKCY MO 3aXOPOHEHHIO
PAB € te mo po3po6JieHi KOHCTPYKTUBHI €JIEMEHTH MOXYTh OyTH 3aCTOCOBaHI MpH
MOJAJIBIIOMY PO3BUTKY LII€1 raimy3i OyAiBHULITBA.

TexHonoOriyHa cXeMa TMpolLecy 3axXOPOHEHHS pPaal0aKTUBHUX BIAXOMAIB
HU3BKOTO Ta CEPEAHBOTO PIBHSI aKTUBHOCTI Niepedavae HACTYIHI oneparii:

- MPOBEICHHS PaTIOMETPUYHOIO KOHTPOJIO BIAXOAIB BIJl MOCTadyajbHUKA 1

o opMIICHHS CYTTPOBOKYBATLHUX JTOKYMCHTIB;

- TpaHcnoptyBaHHs TPB;

- BX1JTHUN KOHTPOJIb, 3BaKyBaHHs 1 0011k TPB na KIIIT;

- MIITOTOBKA KOHTEHHEPIB /10 3aXOPOHCHHS;

- 3aXOpOHEHHs KOHTeWHepiB 3 TPB 1 Bemukux pamioakTMBHUX BiAXOJIB B

CXOBHIIIAX;

- BUKOHAHHS PaJialifHOTO KOHTPOJIO 1 MOHITOPUHTY HABKOJUIITHHOTO

CepeOBHIIIA.

BusznaganbHIMEU KPUTEPISIMU TIPU BUOOP1 TUITY CXOBHIII €:

- CTYMIHb pajialiifHol HeOE3MeKH BIIXO/IB;

- HU3BKUW PIBEHb IPYHTOBUX BOJ;

- HASBHICTh IIUIbHUX HEMPOCAJOUHUX IPYHTIB;

- MPOCTa T1IPOTe€oJIOTIYHA CTPYKTYPA;

- BUIIAJICHICTh  JUISSHKK B HACEJEHUX IMYHKTIB Ta I1HIIUX 0O’ €KTIB
rOCIIOAaPCHKOTO 3HAYCHHS, TPAHCIIOPTHUX MaricTpaliei;

- pPO3BHHYTa MEPEKa KOMYHIKAIliii;

- MOXKJIUBICTh BHUKOPUCTAHHS TEPUTOPIM, BUKIIOUEHUX 3 KOJIEKTUBHOTO,

TPOMAJICHKOTO 1 IHAUBIyaJIbHOTO BUKOPUCTAHHS,

- MOJKJIMBICTh BUKOPUCTAHHSI MICIIEBHX OYIIBEIbHUX MaTepiaiiB.

CxoBuia SBISIOTh COOOI0 MOTWJIBHHUKH KYPraHHOTO THUITy. [ OJOBHUMHU

O1o0riYHUMHU Oap’epaMu CXOBUII] €:
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o KOHTeIHepH, Oy1iBesIbHI KOHCTPYKIIIi CXOBHIIL;
° T1APOI30JISIIIIHHAN eKpaH;
o copOLiifHui TIap.

CxoBuiie TPB-1

KOHCTpYKTHBHO CXOBWINE SBISIE COOOIO TiAPOI30IHOBAHUN MalJaHYVK,
CIIOPY/DKCHHI TIOBEpX COpOINIAHOTO eKpaHy, 1o OoOKaM SIKOTO mepeadadeHi
BOJIOBI/IBITH1 KaHaBKHU. [IoBEepXHs 3a11300€TOHHOT IJIUTU TTOKPUBAETHCS achaabToM 1
Mae HaxwiI, 10 3abe3mneuye cTik arMocdepHux omnajiB. KoHTeitnepu, maroToBaHi 10
3aXOPOHEHHS, MOCTA4Yal0ThCS JO CXOBUIIA CIEHTPAHCIOPTOM 1 Jaii MpU JONOMO31
MOCTOBOT'O KpaHa BaHTaXOIMAHOMHICTIO 20/5 T BCTaHOBJIIOIOTHCS Ha 3a11300€TOHHY
ty. Ilicns 3amoBHEHHS CXOBHINA a00 YaCTUHU 3AIMCHIOETHCS (POpMyBaHHS
BEPXHBOTO T1JIPOI30JIAIIIITHOTO EKpaHy.

CxoBuiie TPB-2

[IpuzHaueHo 1 3axopoHeHHs BenukorabaputHux PAB HaBaiom abo B
MEPBUHHINA YNAKOBIIl, EPEBO3ATHCA B TPAHCIIOPTHUX KOHTEMHEpPax, B TOMY YUCII —
Ty’Ke TIAJIOB] -B METAJICBUX KOHTCHHEPaX .

KOHCTpYKTUBHO  CXOBHIE SBIS€ COOOK0  MOAYJb, CKJIAJAEThCA 13
3a11300€TOHHUX CTIH, BCTAHOBJIEHUX Ha 3a711300€TOHHIM OCHOBI 1 MEPEKPUTUX MICIIS
iX 3amOBHEHHS 3aJ1300€TOHHUMHU MEPEKpPUTTAMU. Biaxoaw, mo mnocTynarwTh Ha
3aXOpPOHEHHA B OOOPOTHHX CaMOPO3BAaHTAXKYIOUMX KOHTEHHEpax, 3a JOMOMOTOIO
MOCTOBOT'0 KpaHa BaHTaxomigiomMHicTIO 20/5 T BKIAJAIOTHCS 0 MICIISI 3aXOPOHCHHS.
bins 10% Biaxo/1iB 3aXOpOHIOIOTH B HEIIOBOPOTHUX MeTajieBUX KOHTeHHepax. Ilicis
3alIOBHEHHS  CXOBMINA  BIAXOJaMU  3AIMCHIOETBCA  (POPMYBAaHHS  BEPXHBOTO
T1pOI30JISIIHHOTO eKpaHa.

[TyckoBuii KOMIUIEKC Tiepeadadae CropypKeHHsT CXOBHIN ABOX TuIiB: TPB-1,
TPB-2, mo 3abe3neunTh 3A1MCHEHHSI TEXHOJIOTIYHOTO Mpollecy, MNepeadadeHoro
MIPOEKTOM Ha Haillomwxuyuil mnepion. B HacTymHoMy OyAIBHHULTBO CXOBHII
MIPOJIOBXKYETHCS B BIAMOBIHOCTI 3 BUPOOHMYOIO MPOrpaMor0 poOOTH MIANPUEMCTBA.

Paniamiiinuii KOHTpOJIb HEOOXIHUM B CHUCTEMI paJiallifiHOTO KOHTPOJIIO.
CucreMa CKJIaIa€eThes 13 MIACUCTEM:

- MmiicucTeMa  paJiallifHOrO  TEeXHOJIOTIYHOTO  KOHTPOJIIO,  MIJICUCTEMa
pajiamitHoro J03UMETPUYHOTO KOHTPOJIIO;

- MiJCUCTEMA THIUBITYIBHOTO TO3UMETPUIHOTO KOHTPOJIIO;

- MJCUCTEMA KOHTPOJIIO HABKOJIMIITHBEOTO CEPEIOBHUIIIA.

BusHnaueHHST KOHTPOJILOBAHMX TApaMeTpiB MepeadadacThCsl 3A1HCHIOBATH
METOaMH TPSIMOTO BUMIPIOBaHHS, HAKOIUJICHHS paJlialliifHOTO JISTHHS 1 BIIOOpY Mpoo
3 BUKOPHUCTaHHSIM CTaI[lOHAPHUX 1 HOCMMHUX TpUOOpiB, 3 MPOBEACHHIM
PaAIoXIMIYHUX 1 CHEKTPOMETPUYHUX aHAJI31B B JabopaTopii.

Jns  KOHTpOJIIO  3a 703010  30BHIIIHBOTO  TaMa-BUIPOMIHIOBAHHS
BUKOPUCTOBYIOTHCA 1HAMBIAYaIbH1 J0o3uMeTpu tuny JAIIT", TepMoatoMiHECIEHTHI, SIK1
CIy’XaTh JJi BHUMIPIOBAHHS IHTETPAJIbHOI J03M omnpomiHeHHs. [lpu BUKOHaHHI
pamianiiiHo-HeOe3MeyHuXx poOIT MO JO3UMETPUYHHUM HaPsSI-TO0NMyCKaM TEpCOHA
3a0e3MeuyeThcs TAKOXK ONEPaTHMBHUMM i0Hi3aliiHuMu posumerpamu tumy KIJI. Ix
BUKOPHUCTAHHS [IO3BOJISIE POOUTH OMEPATUBHY OIIIHKY JI03M ONMPOMIHEHHS 1 3a1100ITTH
NEPEBUIICHHIO JTO3BOJICHUX 103 HAaBaHTaXX€Hb. [HTerpanbHI JO3UMETPU BUAAIOTHCA
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BCIM 0Cc00aM, MPAIIOI0OYUM B 30H1 BIAUYKEHHS, 1 OOMIHIOIOTBCS Yepe3 MEBHUM CTPOK
(re piame sk yepe3 30 auiB). Jlozumetp tuny KI/[ Bumaerbcs Ha TepMiH He OLIbIIE
OJTHOT 3MIHHU.

VJIK 72.03
IH)KEHEPHI PIIIEHHS PO3YMHOTI'O BYJIMHKY

I'puyaii /].A., cmyoenm
Hayxosuti kepienux — baxynina B.M., cm. guxa.

Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu

Inei OumbI pO3BUHEH] J0 MOHATH CyYaCHUX CHUCTEM aBTOMAaTH3allli OyAHHKY
Oyl1H HpOJEMOHCTpoBaHI Ha spMapkax y UYwmkaro (1934) Ta Hero-Hopky. Y
«BeMMKOMY  si0nmymi»  Tpoxu  misHime — (1964-65), mpeacraBwiM  IUTaHU
eNeKTPO(PIKOBAHUX Ta AaBTOMATU30BAHUX TMPUMINIEHb. Y PEIITI-PEIIT MEPIIHii
CEepHO3HUIl aHalor po3yMHOTO JoMy 3'sBuBca y 1966 pomi. Ile Oyna
EKCIIEpUMEHTAJIbHA CUCTEMa JOMAIIHbOI aBTOMATHU3AIlll — «JIOMAIHIA KOMIT'IOTEP
9xo IV». Horo Bunaxigank — Jxum Casepiieny, imxenep kommnanii Westinghouse
Electric. Moro Texnomoris Oyna NMpUBaTHUM, HEKOMEPIIHHMM mpoekToM. Ilepuri
«JIpOTOBI OYJIMHKW» OyJIM 3BEJIEHI aMEPUKAaHCHbKUMU BUHAX1THUKAMU-TIOOUTEIISIMU Y
1960-x, ane BoHU OyJIM CYTTEBO OOMEKEH1 MOKIIMBOCTSIMU TOTOYACHUX TEXHOJIOTIH.

VYhepuie TepMiH «po3yMHUN OyauHOK» OyB BUTaJaHUN AMEPHUKAHCHKOIO
Acomianiero Housebuilders y 1984 poi. I3 BuHaxoa0M MIKpOKOHTPOJIEPIB, BapTICTh
Ha EJEeKTPONpWIaAu IBUAKO Tagama. Llg & ycraHoBa 3a3Haymia, MO0 Take
MOMEIIKAHHSA BIAMIHHE BiJI 3BHYAHOTO CBOEIO 3JaTHICTIO 3a0e3rnedyBaTu
NPOAYKTUBHE Ta €()EKTUBHE BUKOPUCTAHHSA POOOUYOT0 Ta KUTJIOBOTO CEPEIOBUILIA.

3a MM, BiIJaneHl 1HTENIEKTyajdbHI TEXHOJOTIi KepyBaHHSA OYyJIu MPUMHSITI
OyA1BEIbHOIO0 MPOMUCIIOBICTIO, SIKa MOCTYNOBO MoYaia BBOAUTH X HE JHIIe y O13HecC
yCTaHOBaX, aje 1 y JOMAIlHIX MOoMemKaHHax. [lig 4yac akTWBHOI ITOMAaIIHBOI
aBromatu3zaiii 90-x pokiB iHpOpMaTHKa Ta TEJIEBI31MHI cUCTeMH OyJu TOE€THAH] JJIs
MIITPUMKH 1HTEJICKTYaJIbHUX MOXKJIMBOCTEH MpuMilieHb. Y 1995 poril BUHaXiAHUKH
TEXHOJIOT1 Java OroJIOCHIM OJHUM 13 OCHOBHHUX IMpH3HAYEHb JAHOI TEXHOJOTIl —
«301NIbILICHHS 1HTEJIEKTY TOOYTOBUX MPUIIAIIBY.

Posymuauit gim (posymuuit 6younox/ smart home, digital house) — OyaMHOK,
naya abo MpUMILIEHHS KOMepIiiiHoro mnpu3HaueHHs (OyTik, odic, Oyap-sgka
YCTaHOBA), SIKI MalOTh SKICHI CUCTEMH 3a0e3MeUeHHs Ta onepauiinuii multi-room. 3a
JIOTIOMOTOI0  OCTaHHBOTO, (PYHKI[IOHAIBHO TOB'SI3YIOTECA MK co00l0  yci
eJIeKTponpuiIaad OyAiBil, AKUMH MOKHA KEepyBaTH LIEHTPaJi30BaHO — 3 MyJbTa-
mucmieto. [lpunmagu MoxyTes OyTu mig'eqHaHi A0 KOMITIOTEPHOI MeEpexi, M0
703BOJISIE KepyBaTH HUMU 3a gornomoroio [IK Ta Hamae BigmaneHud JOCTYI 10 HUX
yepe3 [HTepHeT. 3aBasku iHTerpaiii iHpopMaIiHHUX TEXHOJIOTIH y JOMAIIHI YMOBH,
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ycl CHUCTEMH Ta TMpUiaad Y3TOJKYIOTh BHKOHAHHA (YHKIIA MK co0o010,
MOPIBHIOIOUH 3a/1aH1 ITPOrpaMu Ta 30BHIIIHI MOKa3HUKU (0OCTAaHOBKH).

Puc. 1. MynbTuMeAIiHUN AUCIUIEH ISl KEPYBAHHS PO3YMHHUM OyJIHMHKOM

JIst BU3BHAYEHHS BUCOKO-TEXHOJIOTTYHUX OCOOJIMBOCTEH MPHUMIIICHHS TaKOXK
BXKUBAIOTh TEPMIHU: intelligent building, smart-house, digital home.

Po3ymunit JiM CTBOPIOETHCS 3a JIOIIOMOT 00
podeciitHOro MPOEKTYBaHHS Ta MPOTPaMyBaHHs KOMITAHISIMU, 110  3aiiMaloOThCA
po3po0KoI0 TpoekTiB smart-home. [Iporpamu, mo BBOASATHCS 10 airoputMiB multi-
room pO3yMHOI'O JIOMYy, PO3paxOBaHI Ha IE€BHI MOTpeOM MEIIKAHIIB Ta CHTYaIIii,
MOB'sA3aHI 13 3MIHOIO cepenoBuia abo Oesnekoro. OcobmuBicTio smart-home €
KEepyBaHHS 3 MyJIbTa, HA KOTPOMY JIIOJMHA MOXKE HAaTUCHYTH OJIHY-€UHY KIaBIIIy 3
METOI0 CTBOpEHHSI TMeBHOI oOcraHoBKH. [Ipm mpomy, cama cuctema MyJIbTH-PYM
aHalI3y€e HABKOJIMILIHIO CHUTYallll0 Ta IMapaMeTpu YCEpeAHHI1 MPUMILIEHHS, Ta,
KEpYIOUUCh BJIACHUMH BHUCHOBKAMH, BHKOHYE 3aJaHi KOPHCTyBaueM KOMaHIU i3
BI/IMOBIIHUMH HaJlalITyBaHHSAMU. OKpIM TOro, €JIeKTPOHHI NOOYyTOBI MpPHIIA/IH,
BCTAHOBJIEH] Y pPO3YMHOMY OYJIMHKY, MOKYTh OyTH 00'€HaH1 y aoMaiHo Universal
Plug'n’Play — Mepexy 13 Buxoj0om B [HTEpHET.

OcHoBHI1 (DyHKIIIT pO3yMHOTO JOMY:

v HaliiHa Ta MPOCTa Y KOPUCTYBaHHI CUCTEMa OXOPOHU Ta BIJICO-HATIISIY;

v aBTOMATUYHA IIEHTPaTi30BaHa KOPEKIlis OCBITICHHS y 3aJIEKHOCT1 BiJI TOJIMHU
100U Ta mepecyBaHHS JIIOJICH MO MPUMIIIEHHIO (0COOIMBO BAXKIIUBA VISl THX,
XTO BUXOBYE JIITeH a00 MOTISAIAE 32 POAUIAMH TIOXUIIOTO BIKY);

v' 1oOyroBi TypOOTH, sIKi, 3a3BHYall, JISTAIOTh HA IUICYi JIOJAUHH, Y PO3YMHOMY
OyOMHKY Yy3TOMKYIOTBCS 3 yciMa MWOTO CHCTEMaMd Ta BHUKOHYIOTHCA
HaWJermuM 1 Halle)eKTUBHIIIUM CIOCOOOM 3a JOMOMOTOK Cy4acHOTO
oOnagHaHHs. Lle Moxxe OyTH MoauB cagy abo MOro HaKPUTTS BiJ COHLA (TPO3H)
3T1IHO 13 BUMIpaMu TMOTOJHUX yYMOB; BIAUMHEHHS JBEPISAT O MEBHIN TOUHI
JUISL BUTYJIy JIOMAIIHIX TBAapWH, M00 ypaHIl BOHM MOIJIM BUUTH Ha ABIp 0e3
3aJy4eHHs Yyacy XassiB 1 T11.;

v’ KOHTPOJIb 3a NPOTIKaHHIM BOJIHU/Ta3y;

v’ opieHTHp Ha eHeprosbepexeHHs. [HTENEeKTyalbHHN JiM — 1€ He
EHEProBUTPAaTHA CHCTeMa (aBToMaThKa Ha 500M ° CTAHOBHMTH HPHOMH3HO 60
W);
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v\ JoMamHs aBTOMAaTHKa OYyJWHKY [03BOJIS€ IOKPAIUTH YMOBH JKUTTS Ta
CIIPOCTUTH MOOYTOBI 3a/1aul JUIsl KOPUCTYBaHHS 1HBATIAIB Ta JIOJCH MOXUIIOTO
BIKY;

v MOXJIMBICTh KEPYBAHHS I1HTEJIEKTOM OyIMHKY Ta MOOYTOBUMHU MpHIIaJaMu

yepes iHTepdelic 3a JomomMorow TenedoHHOT JiHIi, MOOUTBHOTO 3B'SI3Ky a00

[aTepnet. To6TO, B MOXXeTe poOUTH SKICh TOMAIIIHI CIIpaBH 4epe3 cMapThoH

abo BeO-Opaysep, I1ie He JICTaBIIMCh CAMOT0 OYAUHKY;

yci GyHKIIT BUKOHYIOTHCS 13 OJTHOTO TyJIbTa-TUCTIICS;

Po3BaxkanbHi MyTbTUMEI1HHI MOKIIMBOCTI Smart-home:

MMOBHOIIHHUH JOMAIITHINA KIHOTEATP;

oOJamTyBaHHS MPUMIIICHB JIJIS irOp Oyb-SKOTO BUY;

PO3yMHI TEXHOJOT1i MOKHA €()EKTUBHO IHTEPIPETYBATU B IHTEP'Ep OyIUHKY,

odicy, 3aknany i T. 1.

oOnamTyBaHHs Ta PYHKIIOHYBaHHS MPUMIIIEHHS 3T1IHO 13 BUXOBAHHIM

JUTUHU: 11 PO3BUTOK, O€3IeKa Ta po3Baru.

CydacHi MOOUIBHI MIPUCTPOI, 3a0e3MedeHi akcelepoMeTpaMu, MiKpo(poHaMHU,

KaMepaMH, BCUISIKUMH JaTYUKAMH, SIKI MOXYTh 3a0€3MEUUTH TMOTIK JaHHUX, IO

OJIHO3HAYHO 1 YITKO OIHCYE BCE, 1110 BiAOYBAETHCA B HABKOJIMUIIIHBOMY CEpeAOBHIII. |

3aJIMIIAETHCS TUIBKU PO3POOUTH TOCUTH CKJIAJ/IHI 1 MOTY>KHI YHIBEpCaIbHI MPOTpaMHi

QITOPUTMH, SIKI 3[1aTHI I1HTEPIPETYBaTH 1€l MOTIK JaHUX, 3POOUTH BUCHOBKH,

MPUMAHSTY BIJTIOBIIHI PIIICHHS 1 BUKOHATH HEOOX1IH] 1ii.

NN NENAN

\

Puc. 2. [Ipuknan cygacHoi OyAiBii 3 CHCTEMOIO “pO3yMHHM iM”

YK 692
TAPE FOUNDATIONS AS THEY ARE
Zaverukha R.B., assistant
National University of Life and Environmental Sciences of Ukraine

Tape foundations for structural type are of two types:
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Monolithic foundations - reinforced concrete strip with reinforced belt;

Prefabricated foundations - precast ribbons made of reinforced concrete blocks
or red bricks.

Both types of strip foundation are stripes that run around the perimeter of the
building, as well as under the load-bearing and interior walls. Such foundations are
used for buildings made of different materials, such as a building of aerated concrete,
cinder lock and brick. In addition, its use is justified for homes that have a basement.

The ribbon foundation gained popularity due to the following advantages:

The ability to withstand heavy loads. The tape foundation for the house is used
for light buildings and for buildings with heavy overlapping. The use of supports
allows you to distribute the load evenly across the whole.

The possibility of building a basement or basement.

Simple erection technology, despite the complexity of the work. Ability to use
available materials such as: concrete, reinforcement, brick, stone, etc.

Low cost.

The foundation device does not require the use of special equipment.

Durability. If the foundation is submerged below freezing, it will be less
susceptible to deformation and have a higher resistance. Depending on the material
chosen for the foundation, the service life of the foundation is:

brick - 30-50 years;

reinforced concrete blocks - 30-75 years;

monolithic reinforced concrete tapes - up to 150 years.

When calculating the cost of the tape foundation can be reduced by choosing a
cheaper type.

Monolithic structures

The monolithic foundation, regardless of the depth at which it is laid, makes it
possible to erect buildings of any shape. This advantage can be used to embody both
original individual solutions and typical projects. In addition, the monolithic
foundations are stronger than precast ones and do not require additional
waterproofing. Due to the integrity and depth of the structure, several foundation
strips can be used as walls for the construction of basements.
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When constructing a monolithic foundation, for example, for a warm energy
efficient home, you do not need to hire expensive equipment, a fairly conventional
concrete mixer. The disadvantage is the high complexity of work and high time costs.
In addition, seasonality is of great importance for a monolithic foundation. The
foundation should be filled in a warm season so that the construction is durable and
reliable. The disadvantages of reinforced monolithic tape foundations can be
attributed to the high consumption of materials: concrete, lumber, reinforcement.

Prefabricated structures

The main disadvantage of prefabricated foundations is the high cost of
materials and works. In addition, special lifting equipment is required for erection.
Reinforced concrete blocks cannot be used to erect a foundation on porous soils, as
the movement of the soil can cause deformation of the structure, which cannot be
strengthened by reinforcement. The blocks do not have the same strength as
monolithic concrete tapes. Block joints need additional waterproofing to prevent
water from entering the block joints.

VJIK 351.07
KOHCTPYKIII JEPEB’STHUX OBOJIOHOK TA 3 KJECHOI JIEPEBUHU

boukos O.C., macicmp nepuio2o poky Hag4auHs
Hayxosuti kepienux — baxynina B.M., cm. guxa.

Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmyseanus Yxpainu

KoHncTpykiii nepeB’stHUX OOOJOHOK 3aBXAM KOPUCTYBAJIUCH IOMNUTOM Yy
HapOAHOMY  TOCHOJApCTBI.  3acTOCYBaHHS  JEPEB'STHUX  OOOJOHOK  3HAYyHO
PO3IIUPUITIOCS, KOJIU 3'SIBUITUCS KIJIEHOBI AepEB'sTHI KOHCTPYKIIII.

Ha 3aBOACHKMX  TIOTOKOBUX  JIHIAX  JOIIKKA  CKIJICIOIOTH 3yOUacmumu
mopysimu (puc. 1), MepeTBOPIOIOYM 1X B JIOBIOMIpPHI MaTepiaiau, sSKi IMOTIM MOXKHa
CKJICITH B MAKETH 1 OTPUMATH MPUHITUTIOBO HOBUW OY/iBENbHUN MaTepiall - KIEHOBY
JIepeBUHy, sKa Habararo TNepeBepllye NPHUPOJHY JEPEeBUHY 3a CBOIMHU
KOHCTPYKTUBHHMH BJIACTHBOCTSIMHU. Y KIIGEHUX BHPOOAX MOXKHA BUKOPHUCTOBYBATH
HU3BKOCOPTHY JEPEBMHY 1 MAaJOMIpPHI [IOIIKH, SIKI 3aBASIKA 3aCTOCYBaHHIO
BHCOKOMIIIHMX KJICIB 1 MEXaHI30BaHOI TEXHOJIOTii CKJICIOBAHHSI MEPETBOPIOIOTHCS B
MEpIIOKJIACHUM OyniBeNbHUM Martepian. [ BUTOTOBIEHHS HECYyUHMX KIIEEHUX
JEPEB'THUX KOHCTPYKIIN HEOOX1AHO BHUKOPHUCTOBYBATH MUJIOMATEpIaid MEPEBAKHO
2-TO COpPTY 1 B HEBEIMKHUX 00cCsTax 3-ro COpTy MJIsl YKIaJaHHS B CEPEIHIO M0 BUCOTI
MepeTuHy 30HY. BUKOpUCTaHHS KOPOTKOMIPHHUX MHJIOMATEpiaiiB JOBKUHOIO MEHIIIC
2 M 3-ro 1 4-ro COpTIB MPU3BOAUTD A0 3POCTAaHHS COOIBAPTOCTI 1 PI3KOTO 3HUKECHHS
SAKOCTI HECy4MX KOHCTpyKuUid. Kieena nepeBnHa JOCUTh BOTHECTIiKa HaBiTh 0€3
cnemiasibHOi  mpocodyeHHA. Oco0nMMBO e€(pEeKTUBHUM € 3aCTOCYBAaHHSA KJICEHOI
JEpEeBUHA B BEJIUMKONPOTOHHUX  Ta apo4yHux (puc.2), kymoibHHX (puc.3) 1
CKJIETIIHYACTUX (puC.4) MOKPUTTAX OyAiBENb 1 CIIOPYI.
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a 6 o
Puc.1. 3yOuacti kiielioBi 3'€IHaHHS: @ - BEPTUKAJIbHE; O - TOPU3OHTAJIBHE; 6 —
nlaroHaabHE

IcHye Benmka KUIBKICTh KiacU(IKAIIWHUX O3HAK, HA MIJACTaBl SKUX MOKHA
3rpymyBaTH MPOCTOPOBI JepeB'sHI eneMeHTH. OqHak Oyap-ska kiacugikaimis Oymae
yMOBHOI0. J[o kimacudikamiiHUX O3HaK MOXXHA BIAHECTH Marepial KOHCTPYKIIiH,
reOMETpIiro 1 MPUHIUIH (GOPMOYTBOPEHHS MOBEPXHI JIepeB'sTHOI 000JOHKH, 11 popmy
IUTaHy, XapakTep poOOTH KOHCTPYKIi MiJ HaBaHTaXEHHsIM 1 OaraTo 1HIIOTO.
Hampuknan, 3a ¢opMoro JepeB'sHi MOKPUTTS, SK 1 TOKPUTTS 3 OyIb-SKOTO
OyIiBEJILHOTO MaTepiaiy, IUIATbCS Ha CKICMIHHS (HWIIHAPUYHI TOBEPXHI) 1 KyHOJIu
(moBepxH1 00epTaHHs a00 30HTUYHI TOBEPXHI, JUB. pUC.3).

Puc. 2. ApkoBa o6osoHka 3 nepeBunn  Puc.3. JlepeB'ssHuii Kymou B mporieci
OyJIBHUIITBA

Puc.4. [lepes'sne ckieninus apounoro tumy. Puc.5. TonkocTiHHA cy1liibHA
000J10HKa 3 Opyca

3a KOHCTPYKTMBHMM BHKOHAHHSIM OOOJIOHKHM MOXYTb OYTU MOHKOCMIHHI
cyyinoni (puc.S), peopucmi (puc.6), cimuacmi (puc.7).
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Puc. 6. Pebpucra o6ononka 3 aepeBuru Puc.7. [TokpuTTs 3 ciTyaToi 000J0HKA

CituacTi nepeB'sHi 000JOHKM MOXHa Ki1acu(ikyBaTh 3a (OPMOIO CKIAJOBUX
¢iryp citku. JlepeB'sHi O00OJOHKM MOXYTh OyTH BHUKOHAHI OJHO-, JBO- 1
TPUIIAPOBUMHU.

Kpyorcanvnoi-cimuacmuti  36i0 siBsie  c000I0 KOHCTPYKIIO, CKJIaACHY 3
KOPOTKHUX CTaHIAAPTHUX KOCSKIB (JOIIOK, OPYCKIB), pO3TAllIOBAHUX IO JBOX B3aEMHO
IIEPECIYHMX TBUHTOBUX JIiHIAX (PHUC.8).

AS

5

C,C,CCC

6 2a = 135’
Puc. 8. Po36uBKa B 1U1aH1 CITKU I KPY>KaJbHOI-CITYACTUX CKJICTIIHb:
a - IPSAMOKYTHa; 6 - poMOiyHa; 6 - cxeMu By3imiB cucteMu C. . [lecenbHika; e -
PO3paxyHKOBa cxema

BucnoBok. [0 OCHOBHHUX TmiepeBar JEpeB'SSHUX KOHCTPYKIINA HajlexaTh:
MOXJIMBICTh ~ BUKOPHUCTAHHS ~ MICIEBUX MarepialliB, Maja o0'emMHa Maca,
TPaHCIIOPTAOENbHICTh, €KOJIOT1YHICTh, TEXHOJIOT1UHICTh Y BUKOPUCTAHHI.

OcHoOBHI cdepu  paliOHATBLHOIO  3aCTOCYBaHHSI  KJICEHUX  JICPEB'SHUX
KOHCTPYKIIIA — TOKPUTTS BHUPOOHHUUX, CUIBCHKOTOCIIOAAPCHKUX, TPOMACHKIX
(CIOPTUBHUX, BUCTABKOBHX Ta IHIIUX OyAiBENh), AESKUX MPOMHUCIOBUX OYyIiBENb 1
ciopyn (y TOMy 4YHCH 3 XIMIYHO arpeCHMBHHUM CEpEIOBHINEM), OYHAIBHHIITBO
rpagupeHb, MAXTHUX CIOPYJ, MOCTIB, €CTakaj, Oy/iBeNlb 1 CIOPYJ y BiIJajJeHUX
JICOBHX palioHax, OyAIBHUIITBO B CEHCMIYHHUX paiioHaX.

HaiiBaxxnuBiiii nepeBaru KJICEHUX JAEPEB'THUX KOHCTPYKIIIH:
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e  MOXIMBICTb OTPUMAHHS MOHOJIITHUX EJIEMEHTIB BEJIMKHX PO3MIpIB 1
GopM MOMEPEYHOTro MEPETHHY, IO MAaOTh IMiJBHIIEHY TPUMAIbHY 3IaTHICTH,
JIOBIOBIYHICTH 1 BOTHECTIHKICTB;

e BHCOKa €(pEKTUBHICTh BUKOPHUCTAHHS MaTepiany (TOJOBHUM YHHOM
MaJIOMIPHOTO 1 PI3HOCOPTHOTO MUJIOMATEpialy).

YK 691
ADVANTAGES OF BITUMINOUS MASTICS
Zaverukha R.B., assistant
National University of Life and Environmental Sciences of Ukraine

Bitumen mastic has a number of advantages. Yes, it is an elastic insulation
material that has high stretch and recovery performance. After coating the surface
with a polymeric bitumen mastic, a waterproofing membrane is formed.

The popularity of bituminous mastic among our customers is quite justified:
this material has excellent physico-chemical characteristics, among which - high heat
resistance, reliability, durability, good adhesion to the glued materials. All these
qualities make polymer mastic an ideal  waterproofing  material.
Bituminous mastics are not blown away when exposed to water vapor and create a
continuous, without joints and seams, waterproof film. It is simple enough to use: no
special qualifications are required to work with it. The method of application is
similar to the application of oil paint. Bituminous mastic without damage and loss of
quality withstands conditions of high humidity, high or low temperature. Bituminous
mastics are able to protect any surface from dampness, to resist the appearance of
mold and fungus. The main advantage of this material is that it can withstand low (up
to -50 ° C) and high (up to + 100 ° C) temperatures.

i

Fig. 1. Manual application of bituminous mastic
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Epoxy-bituminous mastics have similar characteristics. The quality of the
material is confirmed by the certificate of compliance with the requirements of
regulatory documents in terms of quality and safety (environmental, sanitary, fire)
conditions. Bituminous mastics have been successfully used in conjunction with other
bitumen-containing materials, such as roofing material. They are good for protecting
against the moisture of the wood used in the construction of wooden fences, when
processing the bottom of the boats.

New bitumen-polymer mastics for waterproofing have many advantages in
comparison with other materials made of bitumen - the application is carried out by
the method of surfacing with the help of infrared or fire nozzles. This allows to
significantly improve the quality of waterproofing and eliminate the seasonality of
work. There is also no need to arrange additional enclosures that prevent the
waterproofing layer from shifting.

Polymer-bituminous mastic for insulation has such properties as resistance to
foaming, durability, lightness, chemical resistance to corrosion, durability and water
resistance. With the help of this mixture create a reliable and durable protection of
homes from moisture.

Bitumen-polymer mastic is used for:

« arrangement of roofs;

» water and steam insulation of walls;

* treatment of interfloor floors;

» protection of rolled roofs from the negative effects of precipitation,
atmospheric phenomena, solar radiation and chemicals;

» waterproofing of foundations, galleries, turlllnels, pools, pipelines.
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7 Fig. 2. Mechanical application of bitumen mastic

As a conclusion, today it is safe to say that bitumen-polymer waterproofing
occupies a leading position in the construction sector. For comparison, adhesive
waterproofing requires preparatory work to eliminate the unevenness of the substrate,
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priming the surface with a liquid bitumen mixture. The coating is carried out in 3-4
layers of rolled material (hydroskloizole, foil insole, glass scrubber, waterproofing,
glass insole). The adhesive hot mastic and the roll material are heated by using
soldering or gas lamps. The bitumen mixture is applied with a roller or brush,
occasionally with a spray (if the consistency of the mixture allows). The primer is
applied in 1 ball. When processing the highly absorbent surface of the primer is
applied in 2 layers. Bituminous mastic for waterproofing is one of the most
economical and reliable options for sealing surfaces. The application of the mixture
does not require special skills and many years of experience, with this task to cope
with the strength of everyone.

VJIK 69
IBUJIKOMOHTOBAHI BYIBJII MOTEHIIAJ TAJIY3I BYIIBHUIITBA

bozoan O.P., macicmp nepuio2o poky Ha84aHHs1
Hayxkoeuii kepisnux — baxynina B.M., cm. suxa.

Hayionanvnuii ynieepcumem diopecypcis i npupoookopucmyeanus Yxpainu

3Be/IeHHS IIBUIKOMOHTOBAHUX OymiBenb 3 BUKOPHUCTAHHSIM
METaJOKOHCTPYKIIM — MEpPCHEeKTUBHUM HampsiM pO3BUTKY OyaiBesbHOI ramysi. B
VYkpaiHi MOCTynoBO HaOMparOTh OOEPTIB TEMIU KOMEPUIAHOrO OYIBHUIITBA, 1
3aBASKUA LIbOMY NOTpeda y TaKWX KOHCTPYKIISAX 3pocTae. MiHIMI3yBaTh BUTPATH Ta
30UTBLIIMTH TOMUT B KpaiHi JOMOMOKE 3aCTOCYBAaHHSI HOBMX THIIIB NEPCHEKTHUBHOI
MpoayKIlii, cepen Akux XojoaHorHyTi Z-C-mpodimi ta SIN-Ganku. Kpim Toro,
CTPATETIYHO BaXXJIMBUM PHUHKOM JUJII TIOCTABOK METAJOKOHCTPYKIIM BITYU3HSIHHUX
BUPOOHUKIB 3aJIMIIAETHCS OJTM3BbKE 3apyOi1 K K.

OcHOBHI 3aMOBHUKH OyiBEJIb — MPEJCTABHUKHN CEPEAHBOTO 1 MAJOro Oi3Hecy.
Haiinommpenini mromti — 300-4000M> , B OCHOBHOMY ISt BAACHOTO KOPHCTYBAHHSI.
[HBecTHUIIIfHO TIPUBAOIMBUM CETMEHTOM PHHKY 3QJIMIIAIOTHCS TOPTOBI IIEHTPH, a
TaKOX 00’ €KTH CUTbCHKOTOCIIOIAPCHKOTO Ta MPOMUCIIOBOTO MPU3HAYCHHS, ITEPEAYCIM
JUIsl IepepoOKH Ta 30epiraHHs MpoaAyKIlii. MaroTh 3HAYHWUN TOTEHITIAJ JIOTICTUYHI Ta
CKJIaJIChK1 KOMIUIEKCH, X04a 00CATH iX OYyJIIBHUIITBA OCTAaHHIM YaCOM 3MEHIITUIIUCS.

VY 3aranpHit cTpykTypi LIIMB Ha ciabcbkorocnogapchki Ta BUpOOHUY1 00’ €KTH
npunazgae 0au3bko 40%, Toprosi — 45%, ckianaceki — 5%, cnoptuBHi — 5%, 1HII —
5%.

CralUIbHICTD, SIK 1 paHille, 3AIUIIAETHCA aKTyalbHOIO JIJISl ONEpaToOpiB PUHKY.
3MmeHIIeHHsT 00CATiB 3aMOBJIEHb, 10 criocTepiraerbes micis 2018 p. , cioHyKaroTh
IIYKaTH HOBI MOXJIUBOCTI 3a KOPJOHOM. 3a PI3HMMHU OI[IHKaMH, 4acTKa €KCHOPTY
MPOBITHUX BUPOOHUKIB METAIOKOHCTPYKIiH 30umbImnucs 10 30—40%.

VY Toil xe yac, CyTTEBO MIABUIIMIUCS BHUMOTH 1HBECTOPIB J0O NMPOEKTYBAaHHA,
cnopymxeHHss Ta oonamryBanHs [IIMbB. Ilpioputer — MiHiMiI3aIis BapTOCTI
OyAIBHUIITBA, B TOMY YHCI1 3a pPaXyHOK CKOPOYEHHS TepMiHiB. SIKIIO paHilie

42



HopMoto Oyno criopymkenHst TPL] cepennboro gopmarty 3a 9—12 wmicsiiB, To HUHI —
M MiBPOKy. EKCIepTH mepekoHaHi, Mo TUMOBY Oymimio miomero 20 THc.M
MOKHA 3MOHTYBATH «IIi] KJIt0U» 32 3—4 MICHILIL.

Puc. 1. MeraneBuii kapkac 0JJHOIOBEPXOBOT OyAiBIII.

CyBopuil KOHTPOJb 3a KOIITOPUCOM OYIiBHMUIITBA 3 OOKY 1HBECTOpIB
3YMOBJICHUH 1 THUM, IO OO €KTH NEPEBAXKHO BUKOPUCTOBYIOTHCS HJisi BJIACHHUX
moTpeO, a He I EPENpPoaaXKy, MPAKTHKA SKOTO OyIa MOMMUpeHa B TOKPHU30B1 YacH.

B Vkpaini muMpoko 3acCTOCOBYIOThCS KapKacHa Ta 3 HEMOBHUM KapKacoM
KOHCTPYKTHBHI cxemu OyniBenb. OcTaHHS Tmependayac BUKOPUCTAHHS TOTOBUX
0JI0KiB, TIaHesel abo momymiB. Takum crocoOoM 3BOAATH OymiBmi Tuiomiero a0 500
M’ Ta He BHIIE JBOX MOBEPXiB —HAMPUKIIAJ, HEBEJIMKI Mara3uHu ab0 THUMYACOBI
CIIOPY/U JJ1s1 00CITyTOBYBaHHSI.

TexHomor14 3BeIeHHS KapKacHUX OyiBesb Ma€ psJl mepeBar. 3arajibHa IIoia
00’€KTIB MOE CTAaHOBUTHU JIECATKU THUCSY KBaJ[paTHUX METPIB; BUCOTA BHYTPIIIHIX
OpUMIIIEHs — 10 25 M; 3HayHa IUIOIMIA BHYTPIMIHIX TPHUMINICHh 0€3 HECy4duX
KOHCTPYKIIIH — 0€30MOPHI MPOTOHU JOBXHUHOIO 110 48 M.

[TopiBHSHO 13 TpaaULIMHUMHU OYIBEIbHUMH TexHoJoriamu 3BeacHHs [IIMb
MOHa NPUCKOPUTH y 2—2,5 pa3u Ta 3meHmMTH BuTpatd Ha 30—40%. I'onoBHOMNO
MEepeayMOBOI0  €(pEKTUBHOCTI  pOOOTH €  3aCTOCYBaHHS  HOBUX  THIIIB
MeTaJIoOKOHCTpyKIiKH. Hampuknan, sukopuctanHs SIN-Oanku (Oajnka 3 TOHKOKO
ro)poBaHOIO CTIHKOIO) Ta THYTOI'O XOJIOJIHOKATAHOTO MpO(dUII0 MOXKE 3MEHIIUTH
HEeOoOX1aHy Macy MeTany y 1,5-2 pa3u.

Pa3om 3 THM, eKClepTH HaroJiollylTh, 110 BaXKJIMBO HE HEXTYBAaTHU SIKICTIO
MarepianmiB. JlemeBi MEeTaTOKOHCTPYKIIii, BIAMOBITHO, BUTOTOBJIEHI 3 HU3bKOSKICHOT
CUPOBMHH, 1110 3TOJIOM MPU3BEAE 0 EKCIulyaTaliiHux npobieM. EkoHoMuTH BapTo
HE Ha MaTepiajiaXx, a Ha Maci METaly 3a JOMOMOTOI0 BUKOPHCTAaHHS HOBUX THIIIB
KOHCTPYKITiY Ta €EeKTUBHOTO MPOEKTYBAaHHS.

[[IBuakoMOHTOBaHI OyAiBIl 3pOOMIIM CHPaBKHIO PEBOJIONII0 B CY4aCHOMY
OyniBaunTBl. Ha 3MiHy KameHo, Ieri 1 IepeBy NpHHUILIIN OyaMarepiaad HOBOTO
tury. Taki HOBI OymiBeNbHI TEXHOJIOTII CKJIANAl0Th CEPHO3HY KOHKYPEHIIIO
KamiTaJbHOro OYIIBHUIITBA Ta MAIOTh MEPE HUM SIBHI IIEPEBary.
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VIIK 69(075.8)
TEXHOJIOT'TS IPYKOM B 3D HUBLIBHUX BYIIBEJIb

Jlobuenxo I'.B., mazicmp nepuioco poKy Ha84aHHs
Hayxkoeuii kepisnux — baxynina B.M., cm. suxa.

Hayionanvnuii ynisepcumem biopecypcis i npupoookopucmysanus Ykpainu

[TpoGnema xuTna 3aBxau icHyBana. J[o TpaauuiiiHUX METOAIB OYIIBHHUIITBA
ToTyduSiich HOBITHI TexHouorii. [Ipukmagom nboro € xommanis ICON 3acHOBaHa
takumu Jroapmu sk Jason Ballard , Alex Le Roux ta Evan Loomis. Il xommanis
CTaja Mepuior B AMepHill, sKa OTpUMaia J03BUI Ha OYyAIBHULTBO Ta MoOyayBaja
oynismo 3 3D-apykoM. byaunok B Ocrini, mrat Texac (puc.l), 6yB mokazom
KOHIIETIIII, sika 00'e/THaIa KOMaHy, IHBECTOPIB Ta 3aMOBHUKIB pa3oM, 1100 pyXaTuch
y MaitOyTtHe. Ll miaTpuMka BHKOPHUCTOBYBAJaCh I PO3POOKH POOOTOTEXHIKH,
MIPOTPaMHOro 3a0€e3MEeUeHHS Ta MaTepialiB SK OCHOBHOI TEXHOJIOTII JUIsl MapTHEPIB Ta
MOKYMIB AoMy. MIIHICTh IIMX OPOAYKTIB Oyia JOBeAeHA Naiai B Pl MPOEKTIB,
MMOYMHAIOYH 3 IIOTO MEepIIoro OyauHKY. [{eBi3 KoMIaHii 3By4uTh Tak «Bix cBiTy, 110
PO3BUBAETHCS, 1O OE3MPUTYIBHOCTI, TYMaHITAPHUX 3yCWJIb 1 Jaii, Halla Micis
noyisirae B TOMY, 100 3pOOUTH TIJHE >KUTJIO AOCTYIHUM JMJIS BCIX, CKpI3b».
Texnozorii 3D-gpyky HanmamToBaHl Ha TpaHchopmalito ria00anbHOT 0€310MHOCTI 3
600-800 xkBampaTHUMHU OyAMHKAMU, HaJIpyKOBaHUMU 3a 24 roaunu, 3a 4000 momnapis.
JomiBku 3 3D-ApyKOM € J0Ka30M KOHIIEMIii CTajaoro JAOMOOYAIBHMIITBA, IO
JI03BOJIUTH IIBU/IIIE, HIXK OyAb-KOJIH, 3a0€3MeUnTH OLIbI Oe3MeuH1, OUTbII JOCTYIHI
OynuHku nist Oinbiiocti cimeid. [lpunTep, 3Banmii Bynkan II, po3poOnenuit s
poOOTH B yMOBax OOMEXKEHHsI, SIKI € 3araJibHUMH B TaKUX MiCIsiX, sk [aiTi Ta
cinbchkuii CanbBasiop, J€ MOTYKHICTh 36MJIETPYCIB MOKe OyTH HemependadyBaHolo,
7€ HE 3aBXKIU € TMUTHAa BOJA , a HaJAlSl Ha TEXHIYHY JOMOMOTY - pinkor. BiH
MPU3HAYEHUH I BUPIMICHHS MeDIUTY )KUTIA U1 Mano3abe3nedeHux rpyI JroeH ,
a He J1s1 TOOYI0BH 3 MOTHBAITIEIO TPUOYTKY.

“We feel it’s our responsibility to challenge traditional methods and work
toward ending homelessness. Linear methods will never reach the billion+ people
who need safe homes,” - 3asBuB Brett Hagler, renepansuuii qupexkrop New Story.
“By working with ICON and leveraging their 3D printing innovations, we’re able to
reach more families with the best possible shelter solutions, exponentially faster.”

Sk MOXXHA 3a3HAYMTH 3 ITUTATH - TpeOa KMHYTH BUKJIMK TPAJAWIIIHHAM METOIaM
OyniBHulTBa. JIIOJICTBO HE CTOITH Ha MICII TOMY 1 OYIIBHMIITBO HE TOBHUHHO
BI1JICTaBaTH.

Came Vulcan II nie Hame MaiiOyTHe BiH OCHAIIEHUH 1HTYITUBHO 3pO3YyMIUITUMU
IUIAHIIETHUMHM ~ €JIEMEHTaMH  yMPaBIiHHS,  BIJJAJICHUM  MOHITOPDUHTOM  Ta
HiATPUMKOI0, OOPTOBUM CBITJIOIOAHUM OCBITJICHHSAM JUIsSL IPYKY BHOYI a0o MijJ 4ac
HU3BKO1 OCBITJIGHOCTI, @ TaKOX CIeEIlaJbHUN MPOTpaMHUN TAKeT, 10 3abe3nedye
HaJIAIITYBaHHS, pOOOTH Ta OOCIYrOBYBaHHS MaKCUMAIbHO MPOCTI Ta 3pO3yMIJIL.
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Puc. 1. byniBnsa Bukonana 3D ;(pylco

Texniuni Xapakrepuctuku Vulcan II:
1. Bucora npyky : 2,5 metpa.

Bynkan cToiTh 3,5 MeTpa 3aBBUIIKU 1 MOKE APYKYBATH HACTIHHI KOHCTPYKIIIi

JI0 2,5M. 3aBBHUIIIKH.
2. Hlupuna npyky : 8,5 metpa.
Bynkan oxomtoe 10 MeTpiB 1 MOKe JpyKyBaTH Ha pyHIaMEHTaX MIMPUHOIO J10
8,5. JloBxkuHa JIpyKy e(heKTUBHO HECKIHUECHHA.
HIBuakicts apyky : 12-17 cm/c
HowminanbHa notyxHicts: 16 kBT
MaxkcumanbHa noTyxHIcTh - 35 kBT. Hanpyra: 230 / 240B onHodasHa.
CnooxxuBaHHs Boau: 2 1/ XB
Marma Bumarae nojady JOCTYIHOI BOAM 31 LIBUAKICTIO CIIO)KUBAHHS 2 TaJIOHU
Ha XBUJIMHY.
Vulcan ocHamieHuid 1HTETPOBAHOIO ONEPAIIHHOI CHCTEMOI0 Ha OCHOBI
mnanmerHux [IK i ympaBiaiHHS BciMa  aclieKTaMM — Omepaliil ApyKy uepes
IHTYITUBHUH, TPOCTHUI Ta KPAaCUBUN KOPUCTYBAJIBLHUIILKUM 1HTEpGEHC.

JluBnsanch B MailOyTHE MOXKIIMBO PO3TIISIATH caMe TaKui JApyK OyaiBeih He
TUIBKH Ha 3eMJIi, a HaBITh 1 11034 HEIO.
MoskHa TUTbKHM YSIBUTH IO Ha IUTAHETI sIKa 1€ MPUAATHA JI0 3aCElICHHS BXKe

AUCTAHLIWHO OyAyI0Th OyiBIIl CIIOPYAU Ta TOIIO. SIKi TUIbKH ¥ OyyTh YeKaTH HA Te
100 JTFOMHA TPUJIETijIa Ta MoYayia B HUX KUTH.

NowneEWw
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TakuM YMHOM MM PO3TISHYJIM TPOTPECHBHY TEXHOJOTIIO MaiOyTHROTO.
[IpoanainizyBaBIIM MOXKIUMBOCTI Ta MeToau OyniBHUITBa Vulcan II, MoxxHa 3poouTH
OJIMH MPOCTUM BUCHOBOK — CaM€ TaKMX TEXHOJIOT1M HaM HE BUCTAyae.

.

e 7
Puc. 2. Ilpunrtep Vulcan II

VIIK 69(075.8)
BYMIBEJBHI TEXHIKA HA BYIIBEJJbHOMY MAWTAHUYUKY

T'apsauuu C.B., macicmp nepuioco poKy Ha84aHMsl
Hayxoeuii kepisnux — baxynina B.M., cm. suxa.

Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu

[cHyIOTH MEeBHI BUMOTH A0 OyiBeNbHOI TeXHIKU. by/iBeabH1 MalllMHU MOBUHHI
BIJIITOBIATH TAKUM BHUMOTaM:

o BIJMOBIAATH 1X TEXHOJOTIYHOMY MPU3HAYEHHIO Y CYyYaCHOMY TEXHOJIOTITYHOMY
MpoIIECt;

o MaTH MPOCTOTY KOHCTPYKLIi 3 ypaXyBaHHSIM YMOB IIpalli;

o 3py4H1 B KEpyBaHHI;

o OyTH yHIBEpCaJIbHUMU (MaTH 3MiHHE 00JIaIHAHHSA);

o MaTH JIETKICTh MOHTaXYy Ta JIEMOHTAXKY;

o OyTHU HaJITHUMHU B pOOOTI;

o OyTH MaHEBPEHWMH, MaTH BHCOKI po0OYl IMIBHAKOCTI, MO0 3a0€3MEUHThH

Cy4YacHY MPOTyKTHUBHICTb;
o OyTH KOM(DOPTHUMH.
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s cyyacHuX OyAiBeNbHHUX MAIUH XapaKTepHI BEIUKI MIIHOCTI i poboul
IIBUJKOCT, BAKOPUCTAHHS T1IpaBIIYHUX MPUBOIB 1 yHI(IKAIIis.

€ Oarato MalIvMH JJI1 BUKOHAHHS OOCATIB 3eMJISTHUX poOiT. OJHI 3 HHUX SKI
MOKpamaTh NPOIyKTUBHICTH Ipalli Ha OyA1BEeIbHOMY MalIaHYMKY 3aB/SKH HOBITHIM
TEXHOJIOT1SIM:

Enextpuuna 6ypoBa ycraHoBka «Liebherr». Kommanist «Liebherr» Burotosuia
MepIry B CBITI OYpOBY YCTAHOBKY 3 *KUBJICHHSIM BlJI aKyMyJsiTOpHHX OaTtapeit — LB
16. Tt He moTpiGen kabens. 3apamy BucTayae Ha 10 TOAMH POOOTH. 3apsAmKacThCs
BOHA 3a OJHY HIY. 3aBISKHU HU3bKOMY PIBHIO IIIyMY YCTaHOBKA 1/1€abHO MiAXOAUTH
i 3actocyBaHHs y Mictax. lomo pemTn skxocTeil ycTaHOBKA HIYUM He
MOCTYNAEThCS BKE 3BHYHMM MOJENsAM. li eKkciiyaramiiina wmaca 55 ToH,
MakcuManbHUi oOepranpHuii MoMeHT 180 kHwm, makcumanbHa TnuOWHA OypiHHS
34,5 M, MakcuManbHUN AlameTp cBepaiaoBuHA — 1500 Mm.

Puc. 1. EneKTqua OypoBa CTaHBKa Puc. 2. ExckaBatop «DOOSAN»
«LIEBHERR»

ExckaBatop Doosan DXI170LC-5 po3pobieHo Tak, o0 TMOJETIIATA Ta
3MICIIEBUTH MOro TpaHcnopTyBaHHs. Maca mamnuau 17 ToH. [{o 11 mepeBar HajlexuTh
no0pa BUIUMICTh 3 poOoudoro micis. OTrisaoBICTh MiJIBUINYIOTH JIB1 BiJEOKaMEpH.
ExckaBatop Moke MpaIfoBaTH y YOTUPHOX pPEXKMMax — MI00 Kpare 30ajaHCyBaTH
BUTPATH NAJIHMBA 1 TOTY)XHICTh 3 YMOBaMHU POOOTH:

. PexxuMm cuiia miac MBUAKICTH TPU3HAYEHUN 1T BUCOKOI TPOIYKTUBHOCTI

MIPY 3aBaHTAXEHH1 BAaHTAXI1BOK, PUTTI TBEepA0i 3emiti. Bin 3abe3neuye mBuaKe

nepeMileHHs] POOOYMX €JIEMEHTIB;

. Cuna nae HeoOX1IHI 3yCHILIA, OO KOMATH Y BAXKKUX YMOBaX;

. CranaapTHMil peXXUM ONTHUMI3Y€ BUTPATH MAJIUBA MPHU MOBCIKIECHHIA pOOOTI;

. ExoHoMiuHMii — MIHIMI3y€ CIHOXMBAaHHS MajiiBa MPU HEBUCOKUX TEMIIax
po0OTH Ta YHOBIIBHIOE PYXH JIJII YMOB, KOJIM HEOOXiHA MiBUILIEHA TOYHICTh
PYXIB.

PoGoTy MamH MOKHa BIJCTEXKYBAaTH 3a JOTMOMOTOI0 OOJIIKOBOTO 3amucy B
iHTepHeT. Junepu oTrpuMyloTh 1H(OpMAII0 MPO CTaH MEXaHI3MIB Ta MOXYTh
3a3/aneriib monepepkaTu MoOXuBl Hemodaaku. [IoTyXHICTP MOTOpa eKckaBaTopa
131,3 k.c. mpu 2000 06/xB. KoBi1 Mmae BaHTaKOMITHOMHICTS 5,8 TOH.

Bce  dwacrime — wmicne  3BHYAMHMX ~ CaMOCKHIIB  Ha  OyIiBHHUIITBI
3aliMaloTh Aymnepu. BoHU 3’4BUIMCH KUTbKa JECATHPIYbL TOMY SIK KOMIIAKTHI
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MAaIlTMHU 1S IEPEBE3EHHS MaTepiaiiB Ha MalJaHINKY. A TeTep MOXKYTh BUKOHYBaTH
GbyHKIT TaradiB, mpaioBaTh BcepeAuHl OyaiBenb (1I€XiB, CKIIAJIB), Ha IMIJ3EMHUX
poboTax, B cajax i mapkax. IX cepeqoBuIle TaMm, Jie 3BMYaiiHi CAMOCKMIU Yepe3 CBOi
PO3MipH Ta 0€30PIXIKS MPAIFOBATH HE MOXKYTh.

Himenpkuit  konnepH «Wacker Neuson SE» cTBOpHB HOBY  KOHIICHIIIIO
BaHTaxiBku «Dual View», 1mo 10 TO3WTUBHUX SKOCTEM  camMocKuaa
(BaHTaXXOIITMOMHICTh Ta IMIBHUAKICTH) JI0Jaja mpeBaru aymiepa. Bona mae xoporry
MPOXiJHICTh, KOMIIAKTHA Ta MaHeBpeHa. Ha mapHipHO-3’€qHaHIN paMi BCTAaHOBIICHO
TPUCTOPOHHIN MexaHi3M po3BaHTakeHHs. [Ipuctpiii moxke obepratuch Ha 270 °©
HABKOJIO BEPTUKAJIBHOI OCl Ta MEPEKUAATH Ky30B KpiM (POHTANBHOTO IIe Ha Oyb-
SKUH 3 OOPTIB.

B 2019 poui 3aBepmieHO  CTBOpEHHA  HOBOi  mHiiiku:  DV-60
BaHTaxomigiomMHicTIO 6 ToH, DV-90 Ha 9 ToH Ta guarman DV-100 — na 10 Ton. Yci
TPU MOJIEJIl OCHAIlleH1 Au3elbHUM ABUryHOM Deutz TD2.9 L4, mo mae moTyXHICTb
55,4 KBt. Y MamuH — riipocTaTH4Ha TPaHCMICis, sika 3a0e3rnedye He JIUIIe TOBHUN
MIPUBII, aJie ¥ TOBOPOTHICTh YCIX KOJIIC.

Bomiit Wacker Neuson nobpe 6auuth yce, mo HaBkoio. [1lo0 po3Bantaxkutu
MaliuHy, o0epTae CUAIHHS 3 KOHCOJUTIO KepyBaHHS Ha3aJl, B HAMPSMKY Ky30Ba: Tak
JIETIIIe MaHEBPYBATU. A JJId MOI3/IKH — 3HOBY MTOBEPTAE CUJIIHHS 3 KOHCOJLIIO BIIEPE]I.

Puc. 3. BaHTa)KlBKa «DUAL VIEW» Puc. 4. I'iagpoekckaBatop « TRUVACY»

BaxyymHi ekckaBaTopu 3’sBuiucs 0sn3bko 20 pokiB ToMy. BoHM mpalioroTh
AK MHJIOCOC 1 MOXKYTh BUJAJISTH KOMyHaJIle BIJIXOJIH, CMITTS, TJIUHY, MICOK, TPYHT,
Boay. i 1boro y Hux € joBra Tpyoa miamerpom Omm3bko 30 cM. Matepian BoHH
BUIMAIOTh, HE TMOPYIIYIOUM MIapiB MOpyd. MaiuHU MOXYTh PUTH POBU, POOUTH
OTBOPH JUIsl MPOKJIAJKK TPYyO Ta 1HIIMX KOMYHIKAIlIi, KOJIU MPOBEICHHS BIIKPUTUX
po3konok HemMoxJinBe. [T0oTyKHICTh arperary J103BOJIsIE BCOTYBAaTH 00’ €KTH J10 25 cM
nonepeurnHoro ta 10 30 kr Baroto. [HOA1 Ipu poOOTI MOEAHYIOTH pOOOTY OBITPSTHOTO
ctpymeHsi 3 BoasHuM. ['igpoekckaBarop «Vactor  HXX) BHUpi3Hs€ KOMIIaKTHA
3emiieueprnaika. € ontuMizoBaHa cucrema ¢uapTpaiii. MammHa Mae HUCTEPHY IS
Boau eMHIcTIO 2,7 ky0. M. HoBuit aBrorpeitnep «Komatsu» 3MeHIIeHH 3a
po3MipaMu Ta 3yCWUISIM 1Jisi 1moBopoty kKepmo GD655-7 po3ramoBane cripasa.
HoBaropchka TenemMarnyHa cucTeMa i MOHITOPU HAAAIOTh BOMIEBI 1HGOPMAIIEIO PO
CTaH T1APABIIYHOT CUCTEMH, BUTPATH MaJUBa, MPOIYKTUBHICTh ToIIo. HoBe cuninus
3 MHEBMATUYHOIO MiABICKOIO IMTOM’ SIKIITy€ BiOparlii.

JlBuryn SAA6D107E-3 mae moTyxHicTh 218 K.C. 1 32 BUKHMIAMH BIAMOBiAA€E
HopMmaMm Tier 4  Final. TpuctyneneBe  kepyBaHHS  3MIHOKO  TOTYKHOCTI
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(VHPS) no3Bossie 00paTtu OJIMH 3 IBOX PEKUMIB — €KOHOMIT HayinBa a0 MOTY>KHOCTI.
SIKIO  MOTOp JIOBTO TPAIIOE€  BXOJOCTY, JaTYMK caM #Woro BuMHKae. Ilin
HAaBaHTAXCHHAM 3a0e3reuye AWHAMIYHE TICPEMUKAHHS IIOBHOI IOTYXHOCTI Ta
MOBUTBHY TIepeady ad0 aBTOMaTHYHE MEPEMUKAHHS Ha OIMBIINX MIBUAKOCTSAX. J[is
poOOTH y BaXKUX YMOBaX € OJIOKyBaHHS audepeHIiiany. SKio BijBaa TOPKAEThCS
HEPYXOMHX 00’ €KTIB, YJapH MOTJIMHAIOTH riapoakymynstopu Blade Lift.

Ha rpeiinepi Mo)xHa BCTAaHOBIIOBATH HaBiCHE O0JIaTHAHHS.

PHC 3. ABTOFpeI/I,IIGp «Komatsu» Puc. 6. CamoxiHuit 6eTOH0yKJ1a,uaq GT- 3600

Camoxinauii OeToHOyKJIamad Bia KommaHli «Gomacoy mojermye poodoTy
OoyniBenbHUKIB. GT-3600 npu3HaueHuid A1 BIAIITYBAHHS OOpIIOpPIB Ta KOJOOIB,
TPOTYyapiB, JOPIKOK, MapareTiB, MOCTOBUX OrOpOX Ta JAOPOKHBOTO TMOKPUTTS
3aBIIMPIIKHA 10 3 M. Arperatr 3MOHTOBAHMI Ha TPbOX I'YCEHMUYHHUX Bi3KaX, KOXKEH 3
HUX Ma€ BJIACHY CUCTeMY Mo3uIlitoBaHHs. CucTeMa KepyBaHHS OCHAIllEHA TaTYUKAMU
Ta TOYHO BUTPUMYE TPAEKTOPIIO pyXy. Arperar MOXe CIopyJKyBaTH OOpIIOpU Ta
MPOKJIaaTh OETOHHI kO0JIOOW 3 MIHIMAJIbHUM paJlyCcOM 3a0KpyTieHHsa 10 610 mwm.
[IBuakicte pobotn — 13 M/xB. 3aBaHTaXyBaJbHUN KOHBEEP 3 TIAPABIIYHUM
MPUBOJIOM PEBEPCUBHUMN, 3 OyHKepoM Mae noBxkuHy 4,57 M, mupuny 610 M i
3a0e3neyye BUCOKY MPOAYKTUBHICTh. [Ipu TpaHcmopTyBaHHI JTOBXHHA MalldHU 5,3,
mupuHa 2,6, Bucota 2,5 m. [l 6e3nexu poOOTH Ha yCiX BaXKJIMBHUX BY3JIaX € KHOIKH
aBapiiiHOi 3ynmuMHKH. be3neky HanawTh TaKOXK 3aXHUCHI I[IUTKU TYyCEHMIIb,
nornepeKyBalbHl HamMcH Toulo. MaliiHa CpoeKTOBaHa Tak, 110 omepaTop ao0pe
0aunTh BUKOHAHHS BCiX poOoYMX omepariid. Bei 1l MalmmHu NpUCKOPIOIOTh TEPMIHU
OyZIIBHMIITBA Ta MOJETTIYIOTh MPAIo Oy/11BEIbHUKAM.

YK 691
HEAVY CONCRETE
Zaverukha R.B., assistant
National University of Life and Environmental Sciences of Ukraine

Concrete 1s one of the most popular building materials in the world. It consists
of cement, sand, water and fillers. In order to improve the performance of concrete,
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its composition includes various additives - fillers. Depending on the percentage of
composition, they are divided into particularly light, light, lightweight, heavy,
especially heavy concrete. The most popular and widely used is heavy concrete. It is
used both in the construction of private facilities and in industry, if the construction
facilities require increased strength. To obtain heavy concretes use special fillers with
increased strength, reliability and, accordingly, heavier weight. Heavy concrete is a
fairly dense matenal of -2 5()0 kg / m3
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CALCULATION OF HEAVY CONCRETE COMPOSITION

The composition of heavy concrete has its own characteristics. To prepare it
you must consider the recipe, as well as the following parameters and ingredients:

a certain brand of cement, such as M300 or M600. Portland cement can also be
used as a base, it gives the concrete maximum strength;

purified from acidic and alkaline additives water makes the composition of the
mixture more homogeneous, does not disturb the balance of sand and additives;

it is important that the sand is free of clay. Clay in the composition of concrete
impairs its properties. For heavy concretes, sand with large grains is used to make the
mixture more durable;

aggregate is the key indicator that determines the brand of concrete obtained.
For heavy concretes the aggregate from rocks - crushed stone, granite is used;

The extra strength of heavy concrete can be provided by the marble crumb. The
diameter of the grains of this aggregate should be not less than 7 cm;

special additives make it possible to improve the existing characteristics of the
concrete mixture. Each additive performs a specific function. Some are able to
shorten the pour point of cement and speed up construction work.
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YK 691
COAGULATION ORGANIC BINDERS
Zaverukha R.B., assistant
National University of Life and Environmental Sciences of Ukraine

Mortars and concretes based thereon.

Organic binders used in the waterproofing device, in the manufacture of
waterproofing materials and products, as well as waterproofing and asphalt solutions,
asphalt, are divided into bitumen, tar, bituminous and tar. They are well soluble in
organic solvents (gasoline, kerosene), have a watertightness, are able to move from a
solid state to a plastic, and then liquid, have a high adhesiveness and good adhesion
to building materials (concrete, brick, wood).

Anhydrite binders

Anhydrite occurs as natural rock (CaSO4) without crystalline water (natural
anhydrite NAT) or is formed from artificially made anhydrite in installations for the
extraction of sulfur from flue gases at coal-fired power plants (synthetic anhydrite
SYN). It is also often referred to as REA - gypsum. In order for anhydrite to be able
to perceive water, basic materials such as lime or basic and salt materials (mixed
inhibitors) are added to it as pathogens (inhibitors).

The anhydride solution begins to settle after 25 minutes and becomes solid no
later than 12 hours. Its hardening occurs only in the air. Anhydrite viscous (AB) is
delivered to DIN 4208 in two strength classes. It can be used as a binder for plasters
and screeds, as well as for internal building structures. Stucco with anhydrite binders
must be protected from moisture. Mixed binders

Mixed binders are hydraulic binders that contain fine-grained tracks, blast
furnace slag or blast furnace sand, as well as lime hydrate or Portland cement as an
inhibitor for water perception. Mixed binders harden both in the air and under water.
Their compressive strength is set to DIN 4207 not less than 15 N / mm 28 days after
installation. Mixed binders can only be used for mortars and unreinforced concrete.

VIIK 691

LWKIJHUKU JEPEB’SIHBUX BYAIBEJb TA KOHCTPYKLIA

Cuiorcxkosa J[.M., mazicmp nepuio2o poKy Ha84aHMHsl
Hayxosuii kepienux — baxynina B.M., cm. suxa.

Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmyseanus Ykpainu

3axucT JEepeBHHU - 1€ HAWTOJIOBHINIE MUTAHHSA IUIsI THX XTO Oyaye Ta
MpOXHUBa€E B OyAIBIIAX 3 I[HOTO MaTepiaiy.
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VY uymcni nmepmux 3axoJliB MO 3aXUCTy OyIHWHKY BapTO mepeadadyuTH 3aXHCT
nepeBa Bia Bojiord. Jlommi, CHIr, TymaH, KOHJIEHCAT, BUCOKa BOJIOTICTh, MOPO3H 1
BIJIJIUTH - 11€ IPUYMHM 3 SKUX B JIepEeB1 3'sIBIAIOTHCS IBIJIEB1 I'puOU, THWIBbHI OakTepii
1 KoMaxu-1maniiiai. Bci BOHM BIUIMBaIOTh Ha JIEPEBUHY IO -pI3HOMY, TOMY HE ICHYE
OJIHOTO €IMHOTO 3ac00y 3aXHCTY BiJl BCIX XBOPOO JIE€PEBUHHU.

3 HaiOe3neyHImuX MKITHUKIB BUAUTMMO 1BLIb. BoHa nepedapOoBye okxpemi
TUISTHKA JIepeBa B 3€JCHYBaTUH KOJMIp, CHJIBHO YPaXKEH1 JIISHKH MOXYTh 3 4acoM
CTaTH TEMHO-CipuMH ab0 POKEBHMH, ajie MPHU IbOMY cama CTPYKTypa KOJOIU HE
3MIHIOETHCS.

binpm cepiio3Hmii BOpor jaepeBa Iie THHIb a00 IpUOOK, SKUH PyHHYE HOTO
CTPYKTYpYy, TOMYy € qyXe HebOe3nmedHa i JepeB'sHoro OymuHkKy. HeoOximHo
000B'SI3KOBO BHOpAaTH HAMIMHUKM 3axyUCT BIA rpuOka. IleW MKIAHUK 30aTHUN 3a
KOPOTKH Yac «3'icTu» Ay»Ke TOBCTHH 1miap ayoda. ['onoBHa mpobiema 1ie Te, 1o oiiuit
rpud Jy>Ke JEeTKO CILTYyTaTH 31 3BUYaMHOIO IJTICHSBOO, BOHH JTy’KE CXOXI.

[IpodinakTuka BUHUKHEHHS BUIIE OMUCAHUX MPOOJIeM — 11€, TOJIOBHUM YHUHOM,
3aXMCT JIEPEBHOTO MaTepially BijJ BOJOTH, BOTKOCTI. ToMy Jyke Ba)KJIHBO, 100 Ha
eTamni MpoeKTyBaHHA Oyjia CTBOpEHa HajliiHa cucTeMa BEHTWJIALII, BeCh OYJIUHOK
MOBUHEH TOCTIHHO MPOBITpIOBaTHCS. BeHTUsIIHA cucTeMa MOBUHHA OXOIUIIOBATU
KOXKCH KYTOYOK OYIWHKY 0e3 BHHATKY. 3 KOoMaX, fKl IIKIJJIUBI JUIS JICPEBUHH,
B1JI3HAYMMO TaKHX, K JKYK IIallliJb, JEPEBHUH KYK, a TAKOXK JOMOBUI BycaHb. K 1y
BUIMAJIKy 3 LBUUIIO 1 TPUOKOM, TOJOBHE HE YINYCTHUTH MOMEHT 1 BYACHO BXXHUTH
3ax0/u. ManeHbKUil OTBIp, 31A€ThCS, HE MPU3BEJIEC JO BEJIMKOI MPOOIEMH, aje SIKIIO
BiH TIOYHE PO3POCTATHUCS, TPOOJIEM HE YHUKHYTH.

[lepmmii 1 HalO1IBII MOIMIMPEHUA B HAWIIM KpaiHl, Ta i B3araji B €Bpor, -
1€ KyK-KOPOIiI.

LA % ‘r‘

Puc. 1. XKyk-kopoin. Puc. 2. Kyk Me6ieBuil TOUNIBHUK

Benuunna #oro xonuBaeTrhbes B Mexkax 0,8-9 MM, KuBe B OUIBIIIOCTI BCPEAUHI
JEPEBUHH, POTPU3aAE AyKe 0arato XoiB po3mMipoMm 1-3 Mm.

Jpyruii npeACTaBHUK I[MX HACTUPJIMBHUX ICTOT - 1€ MEOJIEBUI TOUYMIILHUK.
XKyx He npencTaBisie HeOE3MEKH sl IEPEB'THOTO BUPOOY, a OT JIMYMHKA LIOTO JKyKa
popoOJisie KaHaIM B JACPEBUHI 1 TaM K€ XapuyeThCs, MOIIKOKYIOUH MPHU I[bOMY
Me011, BIKOHHI pamMu, 0Ky, TOKPUTTS IS MiJIOTH (TTAPKET 1 TOIIO).

Hait6inpmmii - e XKyk-Bycau.
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Puc. 3. Xyxk-Bycau. 4. Kyk-TepMmit

Posmipom Bin 16 1o 30 MM .Cam KyKk HE iCTh JI€pEBUHY, TOJOBHY HEOE3MEeKy
JUIsl iepeBa abo BUPOOU 3 JiepeBa MPECTaBIsEe HOro JIMYMHKA, Ky BiH BIJIKJIA/Ia€ B
TpIIIMHU a00 X Ha ypakKeH1 AUISHKHU. Y JIEPEBUHI BOHU 3HAXOASATHCSA OJIM3BKO POKY
9H JIBOX.

HesBuuaitnuii mikigHuk - 1e Tepmit. [lpubnauzno 10% BumiB TEpMiITIB €
IIKITHUKaMH, TPHHOCSYN BTPATH TOCIIOAAPCTBY JIFOJWHHM, ajie HE 3aJIeKHO BiJ TOTO
110 11e Bchoro 10% BOHU BCe OAHO 3aBAAIOTh IIKOAW HE TUIBKHU JIICY, a M IepeB’ STHUM
OYIIBJISIM 1 KOHCTPYKITISIM.

YCcyHeHHST KOHTaKTy [EpPEeBUHH 3 3EMJICI0, BHKOPHCTAHHSI OETOHHOTO
dbyHaameHnTy abo cTajgeBOi OCHOBU. XO4Ya HaBITh Yy IIbOMY BHMAAKy TEPMITH 32
JIOTIOMOT'OI0 TYHEJIIB 3/1aTHI JIOCSATTH JIepeBa; KPiM TOTO, BIIOMI BUIAAKU, KOJIU JJIs
1iei METH BOHU BUKOPHCTOBYBAJIN TpyOH BO/JIONIPOBOTY.
3axucTATh JIEpeBO BiJg Komax XimiyHi mpemnapaTtu. lLleil cmocid enuHuii, SKuii
e(heKTUBHUH, ajle MICTUTh IIKIIJIMBI IS JIOJUHA 1 HABKOJMIIHBOTO CEPEIOBHINA
ejeMeHTH. ToMy HAaHOCUTH iX MOTPIOHO TITbKU JTOTPUMYIOUUCH IHCTPYKITISIM.

VJIK 624.045.12

HOCTAOBHICTH MOAEJIOBAHHA TA PO3PAXYHKY LEXY 3
BUPOEHUIITBA METAJIEBUX KOHCTPYKIIIA

Tumowenko B.B., macicmp nepuio2o poKy Ha8UaHMHsl
Hayxoeuii kepienux — Axogenko 1.A., 0.m.n., ooy.

Hayionanvnuii ynieepcumem biopecypcis i npupoookopucmyeanus Yxpainu

Po3spaxyHOk Kapkacy 1exy 3IIMCHIOETBCS Y TMPOTPAMHOMY KOMILICKCI
«Monomax-CAIIP» 3a pomomoroto mianporpamu «KommonoBka». Y mporpami
OyIyeThCS MIPOCTOPOBUIN BUTIISI KapKacy 1 3a/1al0ThCsl HABAaHTA)XKEHHS Ta MaTepiajiu 3
SKUX BUTOTOBJICHI CKJIaJIOB1 Kapkacy. Po3paxyHok 3aiMicHioeTbes miist Omoky I-II,
1HIII1 OJIOKU PO3PaxOBYIOTHCS aHAJIOTIYHO.

[1InuTy mepekpuTTss BUTOTOBIISIIOTH 3 BaKKoro OetoHy kiacy C25/30. PoGoua
apMmatypa IIMTH npuiimaeThes 13 crani kinacy A400C, montakna — A240C.
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Konony (mepepizom 400x400 sm) BUTOTOBISIOTH 3 BAXKOTO OETOHY KIacy
C16/20. Poboua apmatypa npuiiMaeTthbes 13 ctati kiacy A400C, montaxkna — A240C.
Konony miaBany (mepepizom 600x600 mm) BUTOTOBISIOTE 3 OeToHy Kiacy C16/20.
Po6oua apmatypa npuiimaerbes 13 crani kiacy A400C, montaxna — A240C.

Paiton OymiBaunTBa I 3a cHiroBum Ta Il 3a BiTpOoBMM HaBaHTa)KeHHSAM. Jljis
BITPOBOI'0 HAaBAaHTAXKEHHS TUII MicIIeBOCTI B, y BiamoBigHocTi 3 [1].

Po3paxyHKOBI J1aHi €KCIOPTYIOThCS B MiAMPOrpaMu KOMILIeKkcy «MoHoMaxy,
JUTSL TIOAQIBIIOTO 1X PO3paxyHKy. TaKoX MO 3aKiHYECHHIO PO3PAaXyHKIB BHUIA€THCS
pPO3paxyHKOBa 3alKcKa, sSIka BKJIIOYAa€ B ce0e XapaKTepUCTUKY OyIiBIl Ta IPYHTY,
HABAaHTA)XCHHS €JIEMEHTH Kapkacy (KOJIOHHM, (yHIAMEHTH) Ta MOMEpPEeAHl PO3Mipu
byHIaMEeHTIB.

Po3paxynox naumu nepekpumms TpPOBOIUTHCS B miamporpami «llnuray,
XapaKTEPUCTHKU TUIMTH Ta HABAaHTAKCHHS HA HEl IMIIOPTYIOTBHCS 3 TMIAMPOTpaMu
«KommnoHOBKaY.

[To 3akiHYEHHIO PO3PAXYHKY MiJOMPAETHCA apMyBaHHS KOJIOHU. 32 OCHOBHE -
MPUIMAIOThCS CITKA B HIDKHIM Ta BepxHiid 30Hax 3 apmarypu D12A400C 3 kpokoM
150150 mm. Takox TOAATKOBO BCTAHOBIIOETHCS apMarypa y BEpXHIM Ta HUKHIN
30HaX Ha AUISHKAX MiJ CTIHAMHU Ta Yy PO3TATHYTIA 30HI Ha KOHCOJBHHX JUISHKaX
uTy. [ITuTy BUTOTOBIISIOTH 3 BayKKOTO OeTOHY Kitacy C25/30.

Po3paxynok kononu npoBoauThCs B mianporpami «KosoHay, XapakTepuCcTUKH
KOJIOHM Ta HABAaHTAKEHHS Ha HEl IMIOPTYIOThCS 3 miamporpamMu «KoMImoHOBKaY.
Kosnona 1-9 nosepxy nepepizom 400x400 mm apmyeThbest 4 CTEpKHIMH 3 apMaTypu
D16A400C (BukonyroThcsi Bunycku L=1000 sm, ansd 3’€qHaHHA 3 KOJOHHOIO
noBepxoMm Buiie). [lonepeuna apmatypa kinacy P8 A400C BCTaHOBIIOETHCS 3 KPOKOM
200 mm. Konony BUTOTOBIISIOTE 3 OeToHy Kiacy C16/20. 3mina niameTpy apMarypu
HE BiOYBarOThCS 3a paxyHOK TOTO, IO apMarypa MpaIioe Ha 3TWH, a MO BHCOTI
OyJIMHKY MOMEHTH MPAKTUYHO PiBHI.

Konona miaBany nepepizom 600x600 rm apMyeThest 8§ CTEpKHIMU 3 apMaTypu
D16A400C (BuxkonyroThcsi Burnycku L=1000 sm, mns 3’€qHaHHS 3 KOJOHHOIO
nosepxoMm Buiie). [lonepeuna apmartypa kiacy W8 A400C BCTaHOBIIOETHCA 3 KPOKOM
200 mm. KonoHny BUTOTOBIISIIOTH 3 OeToHy Kinacy C16/20.

Tabmn 1
30ip HaBaHTa:KeHb Bil IOKPUTTS
Hopwma- . Pospaxyn-
No TUBHE KOGQIHIEH.T KOBE
HaIHHOCTI
1/ Ckian HaBaH- HaBaHTAa-
3a HaBaHTa-
| TaXCHHS, SKCHELSIM KEHHS,
kH/W’ kH/W’
1 2 3 4 5
IlocTiliHe HABAHTAYKEHHSA:
1 [TpodinsoBanmii HacTun Rannila 0,132 1,05 0,14
MeTanoKOHCTPYKIIT TOKPUTTS 0,60 1,05 0,63
3 [TpodinboBanuit HacTua Rannila 0,117 1,05 0,122
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[Tpomosxenus Tabymii 1.

1 2 3 4 5
4 Vremmosau ISOVER OL-KA 0.96 13 125
0=120 mm
5 ITigBicHa cTens 0,141 1,05 0,148
Bcenoro: 1,95 2,29
TumyacoBe 10BrorpuBaJie:
6 CHirope HaBaHTAXKCHHS 0,5 1.4 0,665

IIpumiTka: HaBaHTa)XXEHHS BiJ BJIACHOI BarW CKJIAJOBHX KapKacy, a TaKOX
CTIH Ta MEpPEeropoJI0OK BU3HAYAE caMa Mporpama, JJisl [bOro HeOOX1THO 3aJ1aTH TUIbKU
XapaKTePUCTUKN MaTEPIalliB.

Po3paxyHok (QyHmameHTy mnpoBOAHMTHCS B mianporpami «®DyHIaMeHT»,
XapaKTEPUCTUKU IPYHTY Ta HaBaHTAXCHHS IMIIOPTYIOTBCS 3 MIANPOTPaMH
«KomnonoBkay. @yHaaMeHT miJi KojaoHy mnepepizom 600x600 imm 3a po3paxyHKOM
JBOXCTYIIHYacTUN 0e€3 mMiAKOMIHHMKA 3 po3mipamu B 1iaHi 2700x2700 wmm.
ApmyeTbest ciTkoro 3 apmatypu kiacy D14A400C 3 kpokom 200x200 mm. Aune
OCKIJTbKM HEMa€ MOXJIMBOCTI BIAIITYBATH Takuil (yHAAMEHT TIiJ KOXHY 13-3a
HEBEJIMKUX B1JICTaHEH MDK OCSIMU KOJIOH, TO KUIbKa (yHIaMEHTH 00’ €IHYIOThCS B
onuH. 3 (yHAAMEHTY BJIAIITOBYIOTHCS BUIYCKM 3 apMaTypH i KOJIOHY MifBaiy.
dyHAaMEHT BUTOTOBJISIIOTH 3 OeTony Kkiacy C12/15.

Cnmcoxk BUKOPHUCTAHOI JiTEPATypH:
1. Harpysku u Bo3geicTBus: HOpMbI npoektupoBanus: JIbH B.1.2.-2:2006. —

[Beenens! B aerictue ¢ 2007-01-01]. — K. : Munctpoit Ykpaunsi, 2006. — 68
c. — ("'ocynapcTBEHHBIE CTPOUTENbHBIE HOPMBI Y KPAUHBI).

VJIK 624.045.12

PO3PAXYHOK MIITHOCTI 3AJII30OBETOHHUX KOHCTPYKIIIN,
HOCMJVIEHUX HNOITEPEJJHBO HAITPY KEHUMM 3ATAKKAMHA

Kinaw 1.1, mazicmp nepuioco poky naguanms
Hayxoeuii kepienux — Axogenko 1.A., 0.m.n., ooy.

Hayionanvnuti ynisepcumem biopecypcie i npupo0okopucmy8anHs Yxpainu

[Ipuctpiéi 3aTsSKOK TMEPETBOPIOE TOCWICHY 3a11300€TOHHY KOHCTPYKIIIIO Y
CTaTUYHO HEBM3HAUYEHY KOMOIHOBaHY CUCTEMY, SIKa CKJIAJAETHCS 13 3a11300€ TOHHOTO
eJeMeHTa 1 3aTsDKKH [1].

OCK1UIBKH peaKIlisl BiJ] 3aTsDKKU MEePeIacThCsl HA OTIOPHUM Mepepi3, MiJICHIEHOIO
3TUHANBHOI, TMO3a€HTPOBO CTUCHYTOI (PO3TATHYTOi) KOHCTPYKLIi, TO 3'IBISETHCS
J0JaTKOBa CTHCKaroua cuia. KpiM TOro, y 3aleXHOCTI BiJl MICIS 3aKpiIUICHHS
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3aTSHKKYM, BUHHMKAIOTh KIHIIEBI PO3BaHTaXyrodi abo Jgo3aBaHTakeHI MOMeHTH. [lpu
MOCWJICHHI IINPEHIeIbHUMHU 3aTSHKKAMH  Ha TMIJACWICHY KOHCTPYKIIIO —iIOTh
PO3BAHTAXKYIOU1 CHIIH Y MICHAX NIEPETUHY 3aTSKKH.

Po3paxyHOKk MIITHOCTI 3a/11300€TOHHUX €JIEMEHTIB, MIACHUICHUX 3aTsHKKaMH
3MIMCHIOIOTh, BUXOASYM 3 TMPUMNYILIEHHS, W10 TPAaHUYHUN CTaH [MiJICUIICHUX
KOHCTPYKI[I HACTa€ OJJHOYACHO 3 JOCSITHEHHSIM ICHYIOUOIO apMaTypolo 1 3aTSKKOIO
PO3PaxyHKOBOT'O OTIOPY.

CrovaTKy OpI€EHTOBHO BM3HAYAIOTh IUIONTY MOMEPEYHOTO MEepPepidy 3aTsHKKHU 3
ypaxyBaHHSM Koe(ilieHTa yMOB i1 poOOTH:

— JUIs1 TOpU3OHTaNbHOL ¥ =0,8;

— JUISL INMIPEHTENBHOI 1 iiaroHansHoi y, ., =0,7,

p.ad

1 OOYHMCITIOIOTHh 3yCHIUIS B 3aTSKI[l y TpaHUYHOMY cTaHl. [IOTIM BUKOHYIOTH
NEePEBIPKY MILHOCTI NOCUJIEHOI KOHCTPYKIIII 3 YpaxXyBaHHSIM PEaKTUBHOI CTUCKAKOYOi
CHJIN 3aTSKKU.

Po3paxyHkoBa cxemMa KOHCTPYKIIi, MOCHUJIEHOI MONEPEIHbO HANPYKEHUMHU
3aTsKKaMU HaBeJIeH1 Ha puc. 1.

[licnss BU3HayYeHHs TMepepi3y 3aTSHKKU IPOBOJATH MEPEBIPKY MIIHOCTI
MOCWJICHOI KOHCTpYKUIi. JloJlaTKOBa CTHUCKaroya Cuia OIMOPHOI peakuii 3aTsSKKd
JIOP1BHIOE:

—JUJIsI TOPU30HTAJIBHOT 3aTSKKHU:

Nad = j/p,ad ) f;/d,ad ) Ap,ad 2 (1)
— JUISl ITIPEHTEIIBHOI 1 IIarOHAIbHOI 3aTSIKOK:

Nad = 7p,ad .f;/d,ad ) Ap,ad '(05 (2)

e @ — KyT, SKHA CTAaHOBUTH TMOXWJY AUISTHKY 3aTSDKKH 3 TIO3J0BXKHBOIO BICCHO
MTOCHJICHOT KOHCTPYKIIIi.
JlomaTKoOBHIA KIHIIEBUIA MOMEHT JIOPiBHIOE:

Mad = Nad ) ead 2 (3)

1€ e,, — BIACTaHb MK MICLIEM 3aKpPIIUICHHS 3aTSKKH 1 BICCIHO, KA IIPOXOAUTH Yepes
LEHTp Baru nepepizy KOHCTPYKIIIi.

[Tpy mocwiieHHI KOHCTPYKIIA 3aTsHKKaMd MOKYTh BHUHHKHYTH HETAaTHBHI
3TUHAJIBHI MOMEHTH BiJ TIOTIEPEIHBOTO HAIMPYXKEHHS B 3aTsOKII. B 1iboMy BHManky
HEOOXITHO BUKOHATH TMEPEBIPKY MIIHOCTI KOHCTPYKIII Ha [1I0 3yCHIUIA
[ONIEPEIHBOI0 HANIPYKEHHSI B 3aTsKLI [IPU HABAHTAKEHH1 HA KOHCTPYKIIIIO Ha CTali
ITOCUJICHHS.
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Puc. 1. Po3paxyHKOBI cXeMH KOHCTPYKIIii, TOCUIICHUX TOPU30HTATLHUMU
3aTSKKAMU: @ — TIPU 3TUHI; 6 — MPHU MO3aIIEHTPOBOMY CTHUCKY; 8 — TIPH
M03allEHTPOBOMY PO3TATY

Cnucok BUKOPHCTAHOI JiTepaTypu
SxoBenko 1. A. PekoHCcTpyKIlisi OyaiBenb Ta CIIOPYJ a€pOMOPTIB : MET. PEKOM.
no BukoHaHs PI'P mnsa cryaentiB cnen. 6.06010101 / 1. A. SlkoBenko, €. A.

bakynin. — K.: HAY, 2013. - 50 c.
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YK 624.045.12

OCOBJMBOCTI KOHCTPYIOBAHHS TA PO3PAXYHKY KOHCTPYKIII
CKUIEIIIHHA

ILnisswenxo O.0., mazicmp nepuioeo poxKy HA8YAHHS
Hayxosuii kepienux — Axosenxo 1.A., 0.m.n., ooy.

Hayionanvnuii ynisepcumem biopecypcis i npupoookopucmysanus Ykpainu

Y mpaktuii 3BeAeHHS OyJiBeNb MiJ KOHCTPYKIUEK CKJICMIHHS PO3YMIETHCS
IIPOCTOPOBE TOHKOCTIHHE IOKPUTTA Yy BUIJISIAI KPUBOJIHIAHOI IUIMTH, SKa Mae
BIJINOBIJTHUN po3Mip 1 mpaioe Ha cTUCK (puc. 1). Taki MOKPUTTS MArOTh OKPECIECHHS
HYJIbOBOI, JI0JJaTHOI a00 BiJ’€MHOI TayCOBOi KpUBU3HH. SIK MpaBUiIO, CKJIEMIHYACTI
MNOKPUTTA MaroTh XBUiIenoAiOHy ¢opmy [1]. [lonepeunuil nepepiz XBUiIb MOKPUTTS
MpUIAMAaIOTh HA MPAKTHUI Y BUTIIAI TPUKYTHHUKA, Tpamnemli 4u HWIIHApPA MIHUPUHOIO
2...3 m (puc. 1, a, b). XBunenoiona popma nornepeyHoro nepepizy 3HauHO 301IbIIYE
KOPCTKICTh Ta HECydy 3HaTHICTh CKJemiH4YacToro mnokputTsa. lLle no3Bosse 3a
JIOTIOMOT'OI0 CKJIETIHB MEPEKPUBATU IUBUIBHI Ta MPOMHUCIIOBI OY/IIBIII MPOJILOTAMU JIO
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Puc. 1. Konctpykuii ckieniH4acTux 000JIOHOK:
a — 31 301pHUX KPUBOIIHINHUX €JIEMECHTIB;
b — 31 30IpHUX TIPSAMOIIHIMHUX €JIEMEHTIB; c— 31 30IpHUX IaHeIeH-000JIOHOK;
d — 301pHa naHenb-000JI0HKA Ta 11 apMyBaHHS;
1 — xonoHa; 2 — omopHa Oayika; 3 — 3aTspKKa; 4 — 301pHUM €IEMEeHT;
5 — mouinka (migBicka); 6 — 3a0eToHKa nasyx; 7 — pyHaamMeHr;
8 — mo3moBxkHE pedpo; 9 — monepeune pedpo; 10 — 3akmaani cranesi getani; 11
— CTEpKHI1 MO3JI0BXKHIX pedep; 12 — cTepxkH1 y30BK IpeOCHS XBUII;
13 — pombGoBuaHa ciTKa; 14 — apMaTypa MO3A0BKHBOTO pedpa
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VY MO310BXKHBOMY HAIpPSMKY OKPECIEHHS CKJIEMNiHb (TOOTO OKpecjeHHsS Oci,
gKa TPOXOAUTH 4Yepe3 IEHTP Bark IMOMNEPEYHOTO TMepepidy) PEKOMEHIY€EThCS
300pakyBaTl y BUIVISII OJHIET 13 HACTYNMHUX KPHBUX: AYrd KoJja, mapabowu,
rinepOoJiv Ta 1HIIUX HAOIMKEHUX 0 HUX KpUBHUX a00 JIaMaHUX JIiHIN, BIMCAHUX B
KpUBI.

VYucyBaHHSIM TPSIMOKYTHHX €JIEMEHTIB 13 MPU3MATHYHUMHU KOHTYpaMH Y
BIJIMOBIAHI KPUBI OTPUMYIOTH npusmamuyuui ckieninus (puc. 1, a). Sxmo B
MO3/0BXKHBOMY Ta IOMEPEYHOMY HaIpsIMKax OKpPECJCHHsS CKIEMiHb — Jyra Koja
OJTHO3HAYHO1 KPUBU3HU, TO TaKl 000JIOHKU Ha3UBAIOTh OOYAPHUMU CKIIENIHHAMU.

CkieniHyacTi MOKPUTTS MOXYTh OyTu monorumu (f = 1/12/) (puc. 1, a, b) ta
Bucokumu (f = 1/2/) — (puc. 1, ¢), ogHO- Ta OGaratonpoJiITHUMHU. Y SKOCTI OIOP
MOJIOTUX CKJIEMIHb 3aCTOCOBYIOTh CTIHM a0o kosionu (puc. 1, a, b), a BUCOKUX
CKJICTIIHB — Oe3mocepenbo dyHaamenTu (puc. 1, c).

CxuieniHHs 3a crOcOOOM BHUTOTOBJICHHsSI OyBaroTh 301pHI Ta MOHOMITHI [1, 4].
MOHOMITHI CKJEHIHHSA 3 MPOJbOTaMU JO 12 M TPOEKTYIOTh HWJIIHIPUYHUMHU
[NIAIKUMU, TIPY OUTBIIUX MPOJBOTAX — Yy HUX TNependadyaroTh 3MIIHIOBAJIbHI pedpa B
HaIpPSIMKY TPOJILOTY IS MIABUIIICHHS HECYUOI 3/JaTHOCTI OOOJIOHKH.

[Ilupokoro 3acTocyBaHHS B IPOMHUCIOBOMY Ta CLIBCHKOTOCHOJAPCHKOMY
OyIIBHUIITBI HAOYIM CKJIEMIHHS mpoaboTamu 18, 21 ta 24 m BHCOTOO BiAMOBIIHO 9,
7,2 Tta 6 m. Taki CKJIEHIHHSA CKIAMAlOThCs 13 JBOX YHI(IKOBAaHUX 301pHHX
3aJ11300€TOHHUX a00 apMOIIEMEHTHUX MaHeIel-000JIOHOK (IMiBapoOK), BUTOTOBICHUX
Ha 3aBojax (puc. 1, ¢).

3a1300€TOHH1 MaHeN1-000JI0HKH BUTOTOBIISIFOTh B’ €MHOI rayCOBOi KPUBU3HU
(rimepOosiyHO-apaboiyHoi ¢opmu) TOBUIMHOIO A0 40 Mm 3 TMO3M0BXKHIMH Ta
TOpIEeBUMHU peOpaMu TOBIIMHOIW 110 90 mm. Tako 3acTOCOBYIOTH 3a1i300€TOHHI
MaHeIi-000JIOHKH HYJIbOBOI TayCOBOI KPUBU3HM (LMJIIHAPUYHOI (popMmu), sKi
BUTOTOBIIAIIOTh Y BHUIVISII TaBPOBOTO TMOMEPEYHOro Tepepidy. ToBIIMHA TakKoi
o0oioHKH 13 3amizo0etony — 30 mm, 13 apmouemeHTty — 15 — 20 mm. Y3100BX
obononku € pedbpa Bucotor 250...390 mm, mpu HEOOXITHOCTI A 3a0e3MeUCHHS
CTIWKOCTI MOJHIlh TUTUTH BJIAIITOBYIOTH MPOMiIXkHI pedbpa Bucororo 150...250 mm. ¥V
CKJICTIIHHAX 31 301pHHUX €JIEMEHTIB-IIBApOK MaHEIN1-000JI0HKH M1k CO00I0 3'€THYIOTh
3BepXy B 3aMKy, a MDK COOOI0 Y3[0BX 3 €IHYIOTh 3BAapIOBAaHHSIM BHITYCKIB
apMaTypHUX CTEpXKHIB 13 HACTYIHUM 3aMOHOJIIYYBaHHSIM CTUKIB  OETOHOM.
OnuparoTh MIBApKOBI  €JIEMEHTH MaHEeNi-000JOHKM BHUCOKHMX CKJICMIHb Ha
(GbyHIaMEHTH IIAPHIPHO.

[IpuamatuuHi CKJAEmiHHA, $KI MawTh npodinb cknagku (puc. 1, b),
CIIOPY/KYIOTh MpojboTaMu 12...24 m MIUPUHOK CKIAAKku a0 12 m 31 30ipHHUX
IJIOCKUX MaHesield. 3aCTOCOBYBaHI PSAOBI MaHENl MalOTh HOMIHAJIbHI Po3MipH 3%X6
a6o 3x12 m, a omopHi MaHeNl BUTOTOBIAKOTH Tpaneuienoaionumu. Lli ckneniHHs
CIIUPAIOTHCA Ha CTIHM a00 KOJIOHW depe3 OOpPTOBI €JIEMEHTH y BUTJISAII TPUKYTHUX
depm. Po3mip KOXHOI CKIAAKU CIPUMMAETHCA YOTHPMA CTATIIAMU 13 apMaTypHHX
crepxkHiB kmacy A240C, A400C, siki po3TalioBaHi Mi>K OMIOPHUMH BY3JIaMH (epm.
Crarni niaTpUMyIOTHCS TOYINMKAaMHU, SKIIO MPOJIbOT NEPEBUILYE 24 .

Po3paxyHOk Hecy4oi 3MaTHOCTI CKJICMIHb 3JIMCHIOIOTh 3aJeKHO BT iX
KoHCTpyKIii [1, 2]. Skmo ckaemiHHA 3BOASTH, MOHOJITHI, TO iX 3BHUYAHO
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PO3paxoBYIOTh SIK OJHOXBHJIBOBI JBOIIAPHIPHI apKud 3 BIAMOBIIHUM Mpodiiem
MOTIEPEYHOTO Mepepi3y (KPUBOIIHIMHOTO UM CKIAA4aTOrO).

XBWISCTI  CKJICTIHHSA, SKI CKJIAJalOThCSd 3 JBOX  €JIIEMEHTIB-ITIBApOK,
pO3paxoByIOTh  SIK  TpUIIApHIpHI  apku. B po3paxyHkax  TOCTiiiHe
HABAHTAKEHHACTANOI I1HTEHCHUBHOCTI g BiJi Macu OOOJOHKM Ha TOPU30HTAIbHY
IUIOLIMHY BPaxOBYIOTh 31 30UIBIIEHHSM Ha BEIUYUHY gj, COPUYUHEHY HAXUJIOM
nokpuTTs. HaBaHTakeHHS Bl Macu CHITY S B OJHOINPOJIBOTHUX CKIJICTIHHSX
PO3TISAAETHCS MPUKIIAICHUM Ha MOJOBHHI MPOJBOTY 3 OJIHIE€T CTOPOHHU BiJl 3aMKa, a B
0araTompoJiTHUX CKICMIHHAX — 3 YpaXyBaHHSAM CHITOBHX MIIIKIB 3TiIHO 3
BHUMOTaMu HOpM [3].

3HaueHHS 3TMHAJIBHIUX MOMEHTIB, HOPMAJIbHUX Ta MOMEPEYHUX CHUJI, AKi I1I0Th
y mepepi3ax eJIeMEHTIB CKIICMIHHS, BA3HAYAI0Th 3a HACTYITHUMH (POpMyJIaMHu:

M=M 0o H- s
N=V, -smep+H - cosp,; , (1)
V=V, -cosp—H -sig,

B AKUX M,,V,— 3yCWUIS B JaHOMY IEpEepi30Bi JIJIsi OJHOIPOJITHOT IIAPHIPHO
omnepToi OalKu MPOJLOTOM /; y — OpAMHATAa OCl1 CKJICMIHHS B MEPEPi30Bi, IS SIKOTO
BU3HAYAIOTHCA 3yCUIUISL; H — po3mip XBHIII CKIICTIIHHSL.

BucHoBok. TOHKOCTIHHI CKJENIHHS MOTPeOyIOTh MEPEBIPKY iX CTIMKOCTI.
Takox € HeOOX1THUM PO3pPaxXyHOK MIITHOCTI TIEPEPi3iB Y UETBEPTAX MPOJIBOTY, 1€ MpU
OJTHOCTOPOHHIX HABaHTAKEHHSAX BIJ MacH CHII'Y BHHHKalOTh MaKCHMAaJlbHi
3HAKOTIEPEMIHHI 3THHabHI MOMEHTH. llepepi3u CKIEMIHHS 3a  MIIHICTIO
pPO3paxoBYIOTh $IK TO3allEHTPOBO CTUCHYTI eneMeHTH. DyHJaMEeHTHI, a TaKOX
MIJICKJICHIHHI OaJIKu, Ha SKI CIHAPAlOThCAd XBWICHOMIOHI YaCTHHU CKJICIIHHSA,
PO3paxoBYIOTh Ha JiF0 KOCOTO 3TMHAHHS Ta KPYTIHHS.

Cnucoxk BUKOPHMCTAHOI JiTepaTypu:
1. [TaBnmikoB A.M. 3ani300€TOHHI KOHCTPYKIIii: OyA1Bii, CIIOPYIX Ta iX YaCTHHMU:

[Tigpyynuk [ms cTyd. Bunl. HaBd. 3aki.] / A.M. IlaBmikoB; IHontHTY. —
ITonraBa: TOB «ACMlI», 2017. — 284 c.

2. [IpakTiyHuil TOCIOHMK 13 PO3paxyHKy 3aji300€TOHHUX KOHCTPYKIINA 3a
nitounmMu HopMamu Ykpainu (JIbBH B.2.6-98:2009) ta HOBUMH MOaensiMU
nedhopmyBaHHS, O po3po0ieHi Ha ixHIo 3aminy / [bamOypa A.M., [TaBnikoB
AM., Komuynos B.I. Ta in.]. — K. : Tonoka, 2017. — 627 c.

3. Harpysku u Bo3zeiicTBus: HOpMbI IpoektupoBanus : JIbH B.1.2.-2:2006. —
[Beenens! B aerictue ¢ 2007-01-01]. — K. : Munctpoit Ykpaunsi, 2006. — 68
c. — ("'ocynapcTBEeHHBIE CTPOUTENbHBIE HOPMBI Y KPAUHBI).

4. bynim mignpuemcts : napametpu : JICTY b B.2.2-29:2011. — [Uunnuii 3 2012-
12-01]. — K. : MinrepionOyn Ykpaiau, 2011. — 11 c. — (Hauionansauii crangapt
VYkpainn).
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YK 624.045.12

AJI'OPUTM PO3PAXYHKY MIINHOCTI IVIMT 11O BUAIJIEHUM
IIJIOCKUM EJIEMEHTAM

Tomento B.B., macicmp nepuio2o poxy Ha84aHHA
Hayxosuii kepienux — Axosenko 1.A., 0.m.n., ooy.

Hayionanvnuii ynisepcumem biopecypcis i npupoookopucmysanus Ykpainu

Y poOoTi po3rAsAatOTHECA BUAUICHI 3 TUIMTH TUIOCKI €JIEMEHTH 3 OJAWHUYHUMH
po3MipaMu IO IIUMPHUHI, MO OIYHMX CTOPOHAX SAKUX Yy3A0BX oced X 1 Y MIIOTh
3rMHaNbHI MOMEHTH M, 1 M, KpyTHUI MOMEHT M,, Ta monepeuni cunn O, 1 O, (puc.
1).

3ycumns M., M,, M,, O, 1 (O, BHU3HA4alOTb B 3arajJbHOMY BHIIAAKY 3
pPO3paxyHKy IUIMTH METOAOM CKIHYEHHUX €JIEMEHTIB 1 BOHHU SBIISIIOTH COOOIO
3HAYEHHS Ha OJAMHHULIIO JOBXHUHHU (IIMPUHH) €JIEMEHTA.

[To3noBXkHE apMyBaHHS 3IIHCHIOETbCSI OPTOTOHAIBHO  PO3TAIIOBAHUMU
apMaTypHUMHU CTPUXKHSIMU B HarpsiMkax oceid X 1 Y, 110 BIAMOBIIAIOTh MPUNHHATIN
CUCTEMI KOOpPJIUHAT.

YmoBu minHocri. Ilnocki 3ami300€TOHHI €IE€MEHTH MEPEKPUTTIB 1 CTIH
KApKacCHO-CTIHOBUX KOHCTPYKTMBHHMX CHCTEM 0araTONOBEPXOBHX MOHOJITHUX
OyZIiBesb B 3arajbHOMY BHUIIQJKY MPALOIOTh MiJl BIUIMBOM 3TMHAIOYUX 1 KPYTHHUX
MOMEHTIB, MO3/J0BXHIX, 3CYBHMX Ta nonepeuyHux cuia [l, 2]. Pasom 3 TuM B
HOPMATHBHUX JOKYMEHTAX 3 MPOEKTYBAHHS 3aJ1300€TOHHUX KOHCTPYKIIN MeToau
PO3paxyHKy MIIIHOCTI TUIOCKMX 3a11300€TOHHMX €JIEMEHTIB Ha 3a3HaueHY
KOMO1IHAI[IF0 CHJIOBUX BIUTMBIB MaJjIo MPE/ICTABIICHI.

PosrnsgaroTecss B IpaHMYHOMY CTaHI OPTOTOHAJIBHO AapMOBaHI  TUIOCKI
€JIEMEHTH, HANpsSMOK apMaTypu B SKUX 30Ira€Tbcsi 3 HANPSIMKOM KOOPIMHATHHUX
oceil. [IpuitmaeThcs, 110 B apMaTypi pO3BUBAIOTHCS TIILKM HOPMAaJIbHI HaIPYy>KEHHS.
3rigHo 3 pocnimpkeHHsaMu M.1. KapneHko BIUIMB JOTUYHHUX HANPYXEHb HA BEIUMYUHY
MeXI1 TeKy4oCTi Ayxe Manui [3].

Buainumo 3 po3riisiHyTOrO €JeMEHTa KBaJIpaTHUH €JEeMEHT 3 OJUHUYHUMU
po3MipaMu 1O LIKMPHUHI, IO OIYHUX CTOPOHAX SIKMX y B3a€EMHO MNEPHEHAUKYISPHUX
HanpsIMKax y3J0Bxk oceil X 1 V nitoTh 3ruHanbHi MOMEHTH M, 1 M, KpyTHUII MOMEHT
M., 1 monepeuni cumm Q.1 O, (puc. 2).

V4BIMO MJIOCKUN €IEMEHT 110 CKIAJAETHCS 3 JBOX LIAPIB - apMAaTypPHOTO LIapy,
10 BKJIIOYAE PO3TATHYTY apMmaTypy, 1 OETOHHOro miapy, IO BKJIOYae OCTOH Hal
TpimmHamu (puc. 2). Bix aii 3ruHaibHUX MOMEHTIB M, 1 M, 1 KpyTHUX MOMEHTIB M,,

B KOJKHOMY 3 IIUX HIAPIB I10 O1YHMX I'paHsAaX BUHUKAIOTD ITO3O0BKHI1 3YCHILIIA Nx =—,
z

M . . M . . .
N, =7y 1 3CyBHI cud N, = Z“y , 1€ z — BIICTaHb MDX IIEHTPAMH apMaTypHOTO 1

OeTOHHOTO 11apiB (TIJIeUe mapu CHI).
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1 L
Puc. 1. Cxema 3ycuiib, siKi AiFOTh Ha BUAIJICHUHN IIJIOCKUM €JIEMEHT OJIUHUYHOI
IITUPUHA

Q,
Qx quf\ }O« Y
| M,

' V4
Puc. 2. Cxema 3ycuiib, siKi Ait0Th Y OCTOHHOMY 1 apMaTypHOMY IIapax BUIIJIEHOTO
IJIOCKOTO €JIEMEHTA TITUTH

BuninmuMo 3 TI0CKOTO apMaTypHOTO MIapy MOXHJIMM IEpPepi3oM TPUKYTHY
NpU3My 3 TOXWIOK TpaHHIO, MO0 30IracThCs 3 JIHIEIO 37aMy, JTOBXHHOIO, IO
nopiBHiO€E 1,0 3 KyTOM HaXWiIy MO BIJIHOIIEHHIO J0 OJIHI€T 3 OPTOTOHAIBHUX TPAHEH,
piBHUM 0. J[OBXXMHA OPTOTOHAJIBHUX TPaHE CTAaHOBUTH BIAMOBIAHO cosa 1 sina. 3a
OpPTOTOHAJILHUMH TPAHAMU IPU3MH J1I0Th MO3I0BXKHI po3TArytoul 3ycuuist N, 1 Ny 1
3CyBHI (I0THYHI) 3ycHIs N,, BiJl 30BHINIHFOIO HaBaHTaeHHs. Ilo moxwinii rpaHi
MIPU3MH JIIFOTh OChOB1 3yCHIIJISI B OPTOTOHAJILHO PO3TAIIIOBAHIN MO3/I0BXKHINA apMaTypi
Ny 1a N,

JIOTHYHUMH  3yCWJUISIMH, IO JiIOTh BIIOMEPEK apMaTypHHUX CTEPXKHIB,
HEXTYEMO.

Bemnunnu N,, N,, N,, Ta Ny, N, SBIAIOTH OO0 PO3NOJUIEH] 3yCHIUIA Ha
OJIMHUITIO JTOBXKUHU €TIEMEHTA.
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PiBHSIHHS piBHOBaru BHYTPINIHIX 1 30BHINIHIX CHJI, IO JIFOTh HA BUIAUICHHMA
TPUKYTHUH CIEMECHT, MAatOTh BUTJISI:
— y HanpsIMKY oci X:
N, cosa+N_ sina=N_cosa; (1)
— y HanmpsIMKYy ocl Y:

N, sina+N_cosa=N_ sina. (2)

[licnss mepeTBOpEeHb PIBHSAHHS JJIS apMaTypHOro Iapy MOXYTb OyTH
MIPE/ICTABJICHI:

NSX = Nx + nytga ; (3)
1
N,=N,+N_, —. 4)
Iga

TakuM 4YWMHOM, ICHYIOTH PI3HI HIAXOAM O PO3PAaXyHKY MIIHOCTI IJIOCKOTO
BUJIJICHOTO €JIEMEHTAa IIJIMTH Ha JII0 3TMHAJIBHMX MOMEHTIB M, 1 M, 1 KpyTHHX
MOMEHTIB M, [5].

[To-mepiie, MPOBOAUTHCS TMOAUT ITUIOCKOTO €JeMEHTa Ha OKpemi IIapu
(apmatypHHil 1 OETOHHMIA) 1 KOKEH IIap PO3PaXOBYETHCS OKPEMO Ha JIIF0 TTO30BXKHIX
N, 1 N, ta 3cyBHUX N,, 3yCHIb B LbOMY IIapi, a00 IUIOCKUH €JIEMEHT B LIJIOMY
PO3paxoBYIOTh Ha 10 3TUHAIBHUX 1 KDYTHUX MOMEHTIB M., M, 1 M,,.

[To-npyre, po3paxyHOK NpPOBOAMTBCS 3 YypaxXyBaHHSAM KyTa HaXuiy
J1arOHaJBFHOTO TIEpepidy o, IO XapaKTepu3ye MOMJIIMBUI CTaH J1arOHAJIbHOI
TPIIIMHYU, a00 BUXOASYM 3 MIHIMYMY CYMapHOiI KUIBKOCTI MO3J0BKHBOI apMaTypu B
JIBOX OPTOTOHAJIBHUX HaIpsSMKax, II0 BIAMOBIAaE KyTy a = 45° abo BuUXoIsuu 3
y3arajibHEHOr0 PIBHSHHS HE3AJIEKHO Bl KyTa HaXUJIy J1arOHAJIbHOTO Nepepisy.

Cnucoxk BUKOPHMCTAHOI JiTepaTypu:

1. beronHi Ta 3amizo0eToHH1 KOHCTpyKLii. OcHoBHI nonoxeHHs : JBH B.2.6-
98:2009. — [Yunnuii 3 2011-07-01]. — K. : Miurepion0yn Ykpainu, [epxaBne
NIAIpUEMCTBO «YKpapxOyninpopm», 2011. — 71 c. — ([depxaBHi OyaiBeabH1
HOPMH).

2. beronni Ta 3ami300€TOHHI KOHCTpyKLii 3 Baxkoro OeroHy. I[IpaBumia
npoektyBanHs : JCTY Bb.B.2.6-156:2010. — [Yunnuii 3 2011-06-01]. — K. :
MinrepionOyn Ykpaiau, 2011. — 118 c. — (Harionanbuaumii crangapT YKpaidu).

3. Kaprnienko H. Y. O6mue monenn mexanuku skenezooerona / H. Y. Kapnenko.
— M.: Crpoiinzgat, 1996. — 416 c.
4. [TpakTuHUii TOCIOHUK 13 PO3pPaxyHKY 3ai300€TOHHHX KOHCTPYKIIN 3a

nirounmMu HopMmamu Ykpainu (JIbH B.2.6-98:2009) Ta HOBUMH MOAENISIMU
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nedopmyBaHHS, O po3pobiaeHi Ha ixHIo 3aminy / [bamOypa A.M., [TaBmikoB
A.M., Komuynos B.I. Ta i1.]. — K. : Tonoka, 2017. — 627 c.

5. Salnikov A., Kolchunov V1., Yakovenko I. The computational model of spatial
formation of cracks in reinforced concrete constructions in torsion with
bending // Applied Mechanics and Materials. Vols. 725-726 (2015), pp 784—
789.

VIIK 624.012.45.004(075.8)

MOJEJIOBAHHSA CTIHOBUX EJIEMEHTIB MMPOCTOPOBOI
PO3PAXYHKOBOI CXEMMH 3A JOITOMOI'OIO ITPEIMTPOLECOPA
«CAIIDIP»

bouxoes O.C., macicmp nepuio2o poKy Ha84aHHs.
Hayxkosuii kepignuk — /{mumpenko €.A., K.m.H., CM.8UKL.

Hayionanvnuii ynieepcumem biopecypcis i npupoookopucmyeanus Ykpainu

[Ipu MopentoBaHHI Ta PO3PAXyHKY CTIHOBUX €JEMEHTIB MOHOJITHUX
3a/11300€TOHHUX HECYYMX KapKaciB 3a METOJOM CKIHYEHHUX €JIEMEHTIB Ha
JaHUM ICHYe AEKIIbKa BaplaHTIB ypaxXyBaHHs iX M1MCHOI poOOTH y cKiajl
KapKacy OyJlIBJIl YU CIOPY/IH.

TpaaumiiHo, CTIHOBI e€JieMeHTH (NUIOHU, TMPOCTIHKH, TEPEMHUYKH)
MOJIETIOIOTh IJIACTUHYACTUMHU 000JIOHKOBUMHU CKiHUeHHUMU efieMeHTamu (CE)
tuny CE41, 42, 44 (nmpuknazn knacudikaiii ckinueHHUX eneMeHTiB [1K «JITPA-
CAIIPy). Ile, nepmr 3a Bce, BUKIMKAHO OaKaHHSIM CIPOIICHHS Ta MPUCKOPECHHS
MPOLECY CTBOPEHHSI PO3pPaXyHKOBOI CXEMH 3a paxyHOK HOro aBTOMaTH3allii

(puc. 1)

it

]

Puc. 1. MoaentoBaHHs CTIHOBUX €JIEMEHTIB OyiBII 000JIOHKOBUMU
ckinueHHUMH enemeHTamu y [TK «JITPA-CAIIP»

Ase 3a xapakTepoM poOOTH IIi €JIeMEHTH OuIbIl HAaOJWXKEeHI 10 poOoTH
cTepkHs, HDK 70 o0onoHku, HJIC sSkuX CyTTEBO BIAPI3HAETHCS MK COOOIO 1
BIUIMBAE HA OCTATOYHHMN pe3ynbTaT po3paxyHKy. OKpiM TOTo, HAOIMKEHHS
poOOTH CTIHOBOTO €JIEMEHTa, 3MOJIETHOBAHOTO CKIHYCHHUMHU €JIEeMEHTaMHU
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000JIOHKH 10 pOOOTH CTEP>KHS BUMArae 3rylieHHsI CKIHYCHHO-EJIEMEHTHOT CITKH
1 TPU3BOJIUTH 10 YCKJIAQJHEHHS TPOIECY CTBOPEHHS PO3PAXYHKOBOI CXEMH
OyiBIIL.

Tomy OUIBII JOIIBHUM € I1HIIMA BapiaHT MOJICIIOBAHHS CTIHOBUX
€JIEMEHTIB, a caMe, MOJCNIOBaHHsA CcTepkHboBUMHU enemeHTtamu CE10 3
ypaxyBaHHAM IX CIUIbHOI pOOOTH 13 I1HIIMMH €JIEeMEHTaMH KapKkacy 3a
JIOTIOMOT'O0 a0COJIFOTHO JKOPCTKUX T1I (puc. 2)

Puc. 2. ®parMeHT CKIHYEHHO-EJIEMEHTHOT pO3PaXxyHKOBOI CXEMH — TIiJIOH,
3MO/ICTThOBAHUH 3a JOTIOMOTOI0 CTePKHBOBUX eleMeHTiB 1 AJXKT

Taxi cKiHUEHHO-ETIEMEHTHI MOJIEJ1 CKOPOUYIOTh PO3MIPHICTh PO3B'SI3yBaHUX
3amady 1 3a0esneuyroTh oTpuMaHHs 3ycwib (M, N) mis Bcboro mepepisy
€JIEMEHTa y 3pyYHOMY BUTIIAII AJI1 HOTO PO3PAaXyHKY Ta KOHCTPYIOBaHHS.

st MOHOMITHUX 1 TaHenbHUX OyaiBens y mpenporecopi «CATIDIPy
peali3oBaHO aBTOMATUYHE MOJIENIOBAaHHS 00JacTi HaJl BIKOHHUM a0o0 JIBEpHUM
OTBOPOM Y BUTJIAMI CTepxKHs (mepeMuuku). llepepi3 cTepikHs 0OUHUCTIOETHCS
ABTOMATUYHO 1 B1IOOpa)KA€THCS TIILKU B aHATITUYHINA Mozeni (puc. 3).
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Puc. 3. 3agaBanHs nepeMUYKy HaJ1 JBEPHUMH 1 BIKOHHUMHU OTBOPaMH y
npenporecopi «CATIDIPy

Takox y mpenpouecopi «CAIIDIP» peanizoBaHO MEPETBOPEHHSI OJHOTO
TUIY 00'€KTIB B iHIIHMH THIl. Lle Moke OyTH 3aCTOCOBAHO JJisl IUIUT, CTiH, KOJIOH,
O0anok. DyHKIIIO 3pPydyHO BHUKOPHUCTOBYBAaTH TIEPETBOPEHHS Il OO0'€KTIB
Onu3pkuX 3a rabaputamu. Hampukian, st nmepeTBOPEHHS KOPOTKOI CTIHH B
KOJIOHY-TITUIOH (puc.4), By3bKO1 IUIUTH y OQJIKy, MPH IIbOMY, TabapuTu 00'€KTiB
MICJIs IEPETBOPEHHS 30€piraloThesl.

FECWL Y R LW 15

 GOv——, PRTSTESE

L P

S e——
- araeas Bes o0

Puc. 4. IleperBopeHHs1 00’ €KTIB (CTIH) Y KOJIOHU

ST e —
S 54 ST P

BucnoBok

MopentoBanHsT JIMCHOI pOOOTH €JIEMEHTIB KapKaciB OyaiBeab 4Yd CIOPY.
BHUMarae BiJi po3pOOHHUKIB MPOrpaMHOro 3a0e3neueHHs po3poOKHM HOBUX METO[IB Ta
GyHKLIM, sKi O A03BOJSUIM OUIBII TOYHO OLIHIOBATH pPOOOTY €JNEMEHTIB Iijl
HaBaHTaXXEHHsSIM. [IpuKIIaZloM TakuX €JIEMEHTIB € CTIHOBI €JIEMEHTH, SKl
PEKOMEHYEThCSI MOJENIOBATH CTEPKHAMHM, 3a0€3Meuyroud iX CHUIbHY poOOTy B
3arajbHIi KOHCTPYKTUBHIN cXeM1 OyJIMHKY 3a JIOIIOMOTr0I0 a0COJIOTHO KOPCTKHUX TIJ.
ITpenponiecop «CAIIDIPy y cknaai [IK «JIIPA-CAIIP» mae y cBoemy ckiai
(YHKLIOHAJBHICTh, SIKa 3a0e3medye 1HCTPYMEHTapieM, IO J03BOJISIE€ IIBUAKO Ta
3py4YHO 3MOJEIIOBATU AIMCHY POOOTY TaKUX €JIEMEHTIB 0€3 CyTTEBUX YCKJIaJHEHb Ta
BTpaT 4acy.

VK 624.012.45.004(075.8)
YPAXYBAHHSA CXOIIB Y CKUIAII PO3PAXYHKOBOI CXEMH I1PU
MOJAEJIOBAHHI BYIIBEJIb TA CIIOPY/ ¥ ITPEITPOLIECOPI
«CAIIDIP»

bozoan O.P., macicmp nepuio2o poky HaguauHs.
Haykosuti kepignux — /[mumpenxo €.A., K.m.H., Cm.8uUKI.

Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu
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KoHcTpykIiii cXomiB € CYTTEBOIO YAaCTHHOIO 3arajibHOi KOHCTPYKTHBHOL
cxemMH OyniBii. Y MpakTHUIl MPOEKTYBaHHA, HallyacTilie, KOHCTPYKIII CXO/AIB He
BKJIIOYAIOTHCA Y PO3PAXYHKOBY CXeMy OYAIBJIl YU CIIOPY/JHU 1 BPaXOBYETHCS TUIBKU
HABAHTAXKECHHS BiJ] HUX.

YV TIK «CAII®IP», mnoumnaroum 13 Bepcii 2016 poxy po3poOieHa
JIeTani30BaHa aHAJIITUYHA MOJENb oJHOMapiioBux, [I-moaioHux Ta I'-00pa3zHux
CXOJIiB, 13 moganbiuM ix po3paxyHkoMm B [IK «JIIPA-CAIIPy.

KoncTpykiii cxoliB MOXyTh OyTH 13 3ali300€TOHY, Ha Kocoypax abo Ha
TETUBAX. 3aJ11306eTOHH1 CXO/I MOJIENIOIOTHCS IUIACTHHAMA (pHC. 1).

S, -
R N o~ ———
-
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mnmm «0 un oo souunhBne T (oL "L PRots bt
Puc. 1 Anamrtrnyaa moaeins [1- O6paSHI/IX 3113006 TOHHUX CXO/IIB

Cxonu Ha Kocoypax a00 Ha TETHMBaX MOJENIOIOTHCS CTEPKHSAMHU 3aJaHOTO
nepepizy. JlJisi mIacTUH TakoX MOKHA 3aJaBaTh T'PaHWUYHI OOMUpAHHS: BIIbHE,
mapHipHe a00 JKOPCTKe.

Jlo1aTKOBO Ha CTEP KHI 1 INIACTUHU MOXKHA 33J]aBaTy 3HAUYECHHS TPUBAJIOTO Ta
/ 200 KOPOTKOYaCHOTO HaBaHTAXKEHHSI.
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Puc. 2. Ananituuna Mozielib OJHOMAPIIEBUX CXOAIB Ha KOCOypax

Jlnst ypaxyBaHHS BIUIMBY CXOJIB Ha poOOTy €JIEMEHTIB Kapkaca OyB
BUKOHAHUH MOPIBHSJIBHUNA PO3PAaXyHOK JBYX IUIOCKHX paMm. Y MepIIioMy BHUIIAJIKY,
KOHCTPYKIliI CXOJIB ITHOpYyBaJlacs, 3aMiCThb Hei OyJ0 NpHKIaJCHE BIiJIIOBITHE
HABAHTAXKEHHS Yy BY3JM KOHCOJI BiJl BJIaCHOI Baru CXoliB. Y Jpyromy
3aBaHTKEHHI MPHUKIAganacs KOPUCHE HABAaHTAXCHHS Ha CXOAM 1 3arajibHe
HABaHTa)XCHHS Ha KapKac.

Ha puc. 3 HaBeneHi po3paxyHKOBI CXE€MM IUIOCKMX paM (pUCYHOK 3, a)
KOHCTPYKIisI CXOAIB ITHOPYEThCS), (pHc. 4, 0) KOHCTPYKIIS CXO/IB BKIIOUAETHCA B
PO3PaXyHKOBY CXEMY).

| FE]

W ad0 N\
— —mn:fu
@
@,
@ B soveo l-”T'JI:Jt'ﬂ'JI
a) 0)

Puc. 3. Cxemu miockoi pamu: a) 6e3 ypaxyBaHHS CXO/IiB; 0) 13
ypaxyBaHHSAM CXOJIiB

Pe3ynbratu po3paxyHKy paM IpeJCcTaBieHl Ha puc. 4,5.
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a) 0)
Puc. 4. Emopu 3ruHaNbHUX MOMEHTIB M, 171 paMu: a) 0e3 ypaxyBaHHs
CXO1B; 0) 13 ypaxyBaHHSM CXO/IIB

a) 6)
Puc. 5. Entopu nonepeunux cui Q. Juist paMu: a) 0e3 ypaxyBaHHs
CXO/IiB; 0) 13 ypaxyBaHHSIM CXOJIiB

VY cxemi pamu, B sAKif cxoau OyinH BKIIFOYEHI, ICTOTHO 3MIiHWJIACs KapTHUHA
HAC xomon 1 pwureniB. 3MEHIIUIUCS MOMEHTH Yy JAPYrOMYy IMpPOJIbOTI,
PO3BAHTAKUIUCS OOKOB1 CTIWKH (3MEHIIMJIMCA SK TO30BXKHI, TaK 1 MOMEPEUHI
3ycuiuis) 1 BiOyBes ix mepepo3mnonaii. Ha emopi N B JeskuX eleMEeHTaxX HaBiTh
BiI0yJacs 3MiHa 3HAKa, 3 PO3TATY Ha CTHUCK.

BuchoBok.

Ha ocHOBI pe3ynbTaTiB BUKOHAHOTO PO3PaXyHKY MOYKHA 3pOOUTH BUCHOBOK,
0 CXOAW HEOOXiJHO BKIIIOYATH Y PO3PAXyHKOBY CXEMy, TaK SK Y BHIIAJKY
IJIOCKOI paMy BOHM MIJIBUIYIOTh 3arajbHy OPCTKICTh CHOPYAH 1 CYTTEBO
BIUTMBAIOTh HA HAINPY>KEHO-1e(POPMOBaHUI CTaH eneMeHTiB OyaiBii. [Ipenponecop
«CAIIDIP» y ckmami [IK «JIIPA-CAIIP» Hamae mupoki MOMJIMBOCTI st
MOJIETIIOBAHHS CXOJIB y CKJIaJi pO3PaxXyHKOBHX CXeM Oy/iBelb Ta CIIOPY/I.

YK 631.6.65(075.8)

TEXHOJIOI'TA BUPOBHUIITBA ASBBECTOHEMEHTHUX BUPOBIB
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Masypenxo €.M., cmyoenm
Hayxkoeuii kepisnux — baxynina B.M., cm. suxa.

Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu

A30ECTOIEMEHT — ITYYHUH KOMIO3UIIIMHUI KaM'ssHUM OyiBeIbHUI MaTepial,
OTPUMaHHUM y pe3yibTaTi 3aTBEPAIHHS CyMIIi, IO CKIAAAE€ThCA 3 IEMEHTY, a30ecTy
(10-20% Bim Macu IEMEHTY) 1 BOJIH.

Jlo OCHOBHUX TOKa3HUKIB SKOCTI a30€CTOIEMEHTHHUX BUPOOIB BITHOCATHCS:
BHCOKA MIIHICTh, BOTHECTIMKICTh, JOBIOBIYHICTh, MaJla BOJOTPOHUKHICTD,
TEIJIONPOBITHICTD 1 €JEKTPONPOBIIHICTb.

[ToyaTok  TPOMHCIOBOTO  BUPOOHHUIITBA  a30€CTOIEMEHTHUX  BHUPOOIB
MOB'A3aHUN 3 IM'IM YechbKoro BuHaxigHuka Jlroasira ['adeka, siKuii BMICTHUBIIM B
NanepHOBUPOOHY MAaIIMHY Macy, L0 CKJIAJa€eThCcsl 3 a30ecTy, LIEMEHTY 1 BOAM,
BIIEpIIIE OJIEp>KaB HOBUI OyJIBENbHHM Marepiai. 3a3HaueHa MOJisl BIAHOCUTHCS 0
noyatky XX ct. CupoBHHA JUIsl BATOTOBJICHHS a30€CTOIIEMEHTHUX BUPOOIB €:

- MOPTJAH/IEMEHT, SIKUA B a30€CTOIIEMEHTHIA KOMITO3UIlli BUKOHY€E (YHKIIIT
B'SDKy4Oro. 3aCTOCOBYIOTH mopTtianaieMeHT Mapok 400 1 500, a Takoxk MilIaHUCTUN
MOPTIAHIIEMEHT (SKIIO TBEPAIHHS BHUpPOOY 3M1MCHIOETHCS B aBTOKJaBl), OUIMIA 1
KOJIbOPOBUM LIEMEHTH (SIKILIO BUPIO Ma€ JeKOpaTUBHE MPU3HAYECHHS).

3anmeXHO Bil BUTpPATH BOAHM, BHKOPHUCTOBYBAHOI JJisi MPHUTOTYBaHHS
a30€CTOLIEMEHTHOT  CyMillll,  PO3PI3HAIOTH  TPU  CHOCOOM  BHUTOTOBJICHHS
a30eCcTOIIEeMEHTHUX BUPOOIB:

- MOKpHH, IIpH AKOMY BUPIO (HOpMYyIOTh 13 cycreH3li azdectonemeHTy (8-16%)
i Boam (92-84%);

- HamiBCyXWi, TPH SIKOMY BUPIO OJEPKYIOTh 3 KOHIICHTPOBAHOI Macu 13
BMicToM Boau 20-40%;

- CYXHUH, TPU SKOMY BHUPIO BUTOTOBIISIOTH 31 3BOJIOKEHOI a30€CTOIEMEHTHOI
cyminri 3 BMicToM Boau 12-16%.

TexHousorist BUTOTOBJIEHHsS a30€CTOLIEMEHTHUX BHPOOIB BKJIIOYA€ HACTYIHI
TEXHOJIOTI4HI oOmepalii: NPUrOoTyBaHHS IWIMXTH a30ecTy, pO3IMyLIyBaHHS a30ecty,
3MINTyBaHHS HOTO 3 I[EMEHTOM 1 BOJOI, (POpMyBaHHS BHUPOOIB, iXHE TBEPIHHSI,
MexaHlyHa 00poOKa BUpOOiB.

[IpurotyBaHHs MIMXTU SABJIsSE€ COOOIO0 3MIIMIAHHS JIEKIIBKOX COPTiB azbecty (3,
4,51 6 copTiB 3 1OBXHHOI BOJOKOH Bia 0,3 10 10 MM) aiist 3a06e3nedueHHs] BUCOKOL
IIIJTBHOCTI 1 BOJOYTPUMYYOi 3JaTHOCTI a30€CTOLIEMEHTHOI MacH. 3aJIe)KHO Bij
cnoco0y BUPOOHMIITBO 3M1MCHIOETHCS B PI3HUX NpUCTposix. [Ipm Mokpomy crocoOi
BUPOOHMIITBA — Yy TypOO3MillyBauax, MPU CyXOMY 1 HaIlIBCYXOM — CIOYaTKy B
3MIIIyBaydl CyXUX KOMIIOHEHTIB, OTIM y O€TOHO3MIITYBaul HUKIIYHOT [ii.

Po3zmyuryBanHs a30ecTy 3A1HCHIOETHCS B T1POPO3IYyIIyBadax 4d TOJUICHAEepax
Opu MOKpPOMY cmocoOli, B JE€3IHTerparopax MpH BCIX cHocobax BUPOOHHIITBA.
3a3HaueHa TEXHOJIOTIYHA omnepallis HeoOXiiHa AJisl pO3UIeTIEHHS a30ecTy Ha OKpeMi
BoJIOKkHa. DopMyBaHHsS a30€CTOIIEMEHTHUX BHPOOIB mMOJsrae y BiadiibTpyBaHHI
BOJM 3 a30€CTOLIEMEHTHOI Macu /10 HEOOX1JHOTO YIIIIbHEHHS 1 AOAaHHS il 3aJaHuX
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¢dbopM 1 po3MipiB HUIAXOM MPECYBAHHS Y XBUJISICTOCTI Ha Mpecax 1 6e3mpoKIa0dHIX
XBUJILOPOBIIUKAX.

TBepaiHHS a30€CTOIIEMEHTHUX BUPOOIB MPOBOAATH Y NBi cTajii. [lepmma crasmis
(momepenHe TBEP/IIHH) 3abe3reuye NoaJIbIIIe BHYTPIIITHbO3aBOJICHKE
TpaHCHOPTYBaHHs BHPOOiB. [i TpuBamict — 6-8 roguH. Bupi6 Habupae MilHicTb y
nponaproBaIbHUX Kamepax mpu Temriieparypi 50-600C. Jlpyra crtamis (ocTaTOYHE
TBEP/IIHHS) BUKOHYETHCS Y 3aKpPUTHX MPUMIIMICHHIX (TEIIUX CKiIagax) MpoTsIroMm 7
110, AKmO BUPIO BUKOHAHWK HA TOPTIAHAIIEMEHTI, 1 B aBTOKJIABax, SKIIO IS
BUTOTOBJICHHS 3aCTOCOBYBABCSI MIIIAHUCTHIA IIEMEHT.

Mexaniuaa 00poOka sBisie cO00r0 OOpi3Ky KpahoK JIMCTIB, 0Opi3Ky TpyO IO
TOpLAX, 00TOUyBaHHs KiHLIB 1 T.1. L{i Buan 06poOKM BUKOHYIOTH MICJI OCTATOYHOTO
TBEpIHHA BUPOOIB. 3a1€KHO B MPU3HAYECHHS a30€CTOLEMEHTHI BUPOOH NOILISAIOThH
Ha: MOKPIBEeJbHI, CTIHOBI, JEKOPaTUBHI, IOTOHAXHI1, CIICI1aJIbHI.

XBuisgcti nokpisenbHi guctu (mudep) (ACTY b B 2.7.-53-96) — ocHoBHUM
BHJI JIMCTOBHX a30€CTOIIEMEHTHHUX BHUpOOIB. Y 3aragbHOMYy 00CS31 BHUPOOHMIITBA
MoKpiBeNbHUX MartepianiB ckiagae 50%. IlokpiBenbH1 JMCTH BUIMYCKAOTh 6
TUIIOPO3MIPIB: AOBXHUHOW — 1,2...2...2,5 M; mmpunoro 0,69...1...1,15 M; TOBIIMHOIO
5,5...7...7,5 mM. JloBrosiuHicTh mudepHoi nmokpiBiai — 50 pokiB. OcTaHHIM YacoM
BUITYCKAIOTh JIMCTH, TModapOoBaHi aTmMocdepocTiiikoo ¢apOoro, M0 IMITYIOTh
npiOHomTYYHy yepenuifto. AzdecronemenTi wiocki mmutu (JCTY b B 2.7-52-96)
MpU3HAYEeHl ISl BUTOTOBJICHHS 1 OOJIMIIOBaHHS OYMiBEIbHUX KOHCTPYKIIIH.
Bunyckarote po3mipamu: gosxuna — 3600, 3000, 2500 mwm; mmpuna — 1500, 1200
MM; ToBiuHa — 10, 8, 6 mwm. Ilanem (MIMTH) a30€CTOIIEMEHTHI TPUILAPOBI 3
OOIIMBKAMU 13 TJIOCKUX a30€CTOLIEMEHTHHUX JIMCTIB 3 YTEIUIIOBaYeM 13 MEHOIUIACTY
(I'OCT 24581). 3acTOCOBYIOTh AJI CTiH, MOKPUTTIB 1 MiJABICHUX CTEJIb BUPOOHUUMX
OyZiBesib, SIKI €KCIUTYyaTyIOThCSl B HEArpeCUBHUX 1 CTA0KOArpeCMBHUX CEPEIOBUILAX.
JlosxxuHa nanenei gocsirae 6000 MM, mupuHa — 10 1500, TOBIIMHA 3MIHIOETHCS BiJT
60 no 200 mm. ExcTpy3siitHi maHemi 3acTOCOBYIOTH JUIsl MPUCTPOIO OE3rOPHUIIHHUX
MOKPUTTIB TPOMUCIIOBUX OyIMHKIB 1]l pYJIOHHY MOKpiBmo. [TaHen MatoTh MupuHy
595 mm, nosxuny 3000 MM asist mokputTiB, 3000 1 6000 MM 1715 CTiH 1 IEPETOPOIOK,
BHUCOTY — 120 MM aJ1 MOKPUTTIB 1 cTiH, 60 Ta 80 MM I IEPETOPOIOK.

Jlo moroHa)KHUX a30€CTOIEMEHTHUX BUPOOIB BIIHOCATH IIBEJIEPH, IMiIBIKOHHI
IUTUTH, 37TUBUA. A30ECTOLIEMEHTHI TpPyOM — TMEepCHneKTHUBHUN BuUI TpyO camoro
IITUPOKOTO TPHU3HAYEHHS, IO BOJIOJIE PSAIOM IIIHHUX BJIACTUBOCTeH. BoHM He
MIIAI0TBCA KOPO3ii, SIK MeTaj, 3HaYyHO JIeTIe MOro 1 He CXWJIbHI J0 OOpOCTaHHS.
Bunyckatore Oe3HamipHi ¥ HamipHi TpyOW, IO BIAPIZHSIOTHCS TOBIIUHOIO 1
MILIHICHUMH MOKa3HuKamMu. besnamipui tpyou (miametrp 100 1 150 MM, nosxkuHa —
3...6...6 M) 3aCTOCOBYIOTH JIsl HEHAIIPHUX KaHaJ13alllid, JMMOXO/IIB, TIPH MPOKJIA/IIII
Ka0eniB, ApPEHaXXHUX KOJEKTOPiB, HaPTO- 1 razomnpoBoaiB. HamipHi Tpyou (miamerp
100...100 mMm, noBxkuna-1,5...6...6 M) BUKOPUCTOBYIOTH ISl BOJIO- 1 Ta30MIOCTaYaHHS,
BEHTWIALII, KOJOAM31B 1 cMiTTenpoBoaiB. Taki TpyOu ocoOnmBO e(eKTUBHI AJis
NPOKJIAAKK TerioTpac. BapTictb 1 AKICTh LUX BUPOOIB 1€ JOBro OyayTh
npuBalIIOBaTH 320y TOBHUKIB.
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YK 669.14.018.25:620.18:539.374

CARBON TOOL STEELS
(ByrieneBi iIHCTpyMEHTaJIbHI CTaJ)

Ocaouuii €.0., cmyoenm
Haykosuii kepienux — Apmanoinany €. I'., 0.m.H., npogh.

Hayionanvhuii ynisepcumem biopecypcis i npupoookopucmysanus Ykpainu

Tool steel is a term used for a variety of high-hardness, abrasion resistant
steels. Specific tool applications are dies (stamping or extrusion), cutting, mold
making, or impact applications like hammers (personal or industrial). It is also a
common material used to make knives. Tool Steels are extremely hard and are quite
often used to form other metal products. Tool Steel is available in a wide variety of
shapes including round bar, flat bar, square bar and more (fig. 1).

Fig. 1. Tool steels of variety shapes

Tool carbon steel-steel with a carbon content of 0.7% or more. This steel is
characterized by high hardness and strength (after final heat treatment) and is used
for the manufacture of tools. Produced according to GOST 1435-99 in the following
grades: U7; U8; U8G; U9; U10; Ul1; Ul2; U7A; USA; USGA; U9A; U10A; V11A;
U12A. The standard applies to carbon tool steel hot-rolled, forged, calibrated steel,
Serebrianka.

Kinds of Carbon tool steel and their designation

Tool carbon steel is divided into high quality and high quality. The content of
sulfur and phosphorus in quality tool steel — 0.03% and 0.035 %, and in high-
quality-0.02% and 0.03%, respectively. To the group of high-quality steels are steel
grades without the letter A (at the end of the marking), the group of high-quality
steel with low sulfur and phosphorus and harmful impurities of other elements of the
brand began with the letter A. The letters and figures in the designation of these
grades of steel mean: Y — carbon, the following figure — the average carbon
content in tenths of a percent, Y — high manganese content, and — high quality.
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» For example, Y7 steel contains : C=0.65-0.73%; Mn=0.17-0.28%; Si=0.17-
0.33%; S<0.028%;P<0.030%.

®» Steel YV7A contains : S<0.018%, P<0.025% and there is no harmful
impurities such as C, Mn, Si.
Mainly, carbon tool steel is used for manufacture (fig. 2):
VY7 and Y8 - from these metals usually make: impact benches, bench tools

chisels, punches, anvils, planes and also tools for wood working.

Steels Y9 and Y 10-chisels, drills for wood, dies, taps.
Steels Y12 and Y 13-cutting blades, engraving tools, files, scissors.

Fig. 2. Application of carbon tool steels:
a- anvils; b- chisels; c- vice; d- file.

YK 669.14.018.25:620.18:539.374

CLASSIFICATION AND MARKING USA STEELS
(Knacudikarrist Ta mapkyBanHs ctaneit USA)

Kuysa B.O., cmyoenmxa
Hayxosuii kepienux — Apmanoinany €.1°., 0.m.H., npogh.

Hayionanvnuii ynieepcumem biopecypcis i npupoookopucmyeanus Yxpainu

Steels are classified on different grounds:
v" chemical composition:
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* carbon;
» alloyed (depending on what elements are included in their composition);
v’ quality (the quality of steel depends on the metallurgical production process;
quality is determined by the content of oxygen, hydrogen, nitrogen and
harmful impurities of sulfur and phosphorus in the steel);
v method of deoxidation;
v’ appointment.

Steel marking systems in the United States.

The United States uses several metal and alloy designation systems associated
with existing standardization organizations. The most prominent organizations are:
Society of Automotive Engineers — SAE;

American Institute of Iron and Steel — AISI;

Specifications space materials — AMS;

Association of American Railways — AAR;

American Bureau of Shipbuilding — ABS;

The American Petroleum Institute — API;

American of Railways Engineers Association — AREA;

American Society of Mechanical Engineers — ASME;

American Society of Testing and Materials — ASTM.

Designation systems used by an organization derive from their historical
development as well as the development of related industries.

AISI Designation System

In the AISI designation system, carbon and alloy steels are generally denoted
with four digits. The first two digits represent the steel group number (see Table 1)
and the last two represent the average carbon content of the steel multiplied by 100.

Table 1. Designations of carbon and alloy steels in the AISI system

NS NENE N N N N NN

Steel group

Carbon steel
10XX [Non-sulfonated steels, Mn: less than 1%
11XX [Resulfinated steels
12XX |Refosphorized and Resulfinated Steels
15XX |Unresulfinated steels, Mn: more than 1%
Alloy steels

13XX [Mn: 1.75%

40XX |[Mo: 0.2, 0.25% or Mo: 0.25% and S: 0.042%
41XX |Cr: 0.5, 0.8 or 0.95% and Mo: 0.12, 0.20 or 0.30%
43XX |Ni: 1.83%, Cr: 0.50 - 0.80%, Mo: 0.25%

46XX [Ni: 0.85 or 1.83% and Mo: 0.2 or 0.25%

47XX |Ni: 1.05%, Cr: 0.45% and Mo: 0.2 or 0.35%
48XX |Ni: 3.5% and Mo: 0.25%

51XX |Cr: 0.8, 0.88,0.93, 0.95 or 1.0%

51XXX|Cr: 1.03%
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52X XX|Cr: 1.45%
61XX [Cr: 0.6 or 0.95% and V: 0.13% min or 0.15% min

86XX |Ni: 0.55%. Cr 0.50% Mo
87XX |Ni: 0.55%, Cr 0.50% Mo
88XX |Ni: 0.55%, Cr 0.50% Mo

92XX |[Si: 2.0% or Si: 1.40% and Cr: 0.70%
50BXX|Cr: 0.28 or 0.50%

51BXX|Cr: 0.80%

81BXX|Ni: 0.30%, Cr: 0.45% Mo
94BXX|Ni: 0.45%, Cr: 0.40% Mo

Thus, steel 1045 belongs to the group of 10XX quality structural steels
(unsulfined with Mn content of less than 1%) and contains carbon of about 0.45%.

Steel 4032 is alloyed (group 40XX), with average content of C 0.32% and Mo
0.2 or 0.25% (actual content of C in steel 4032 - 0.30 - 0.35%, Mo - 0.2 -0.3%)).

Steel 8625 is also alloyed (group 86XX) with average content: C 0.25% (real
values 0.23 - 0.28%), N1 0.55% (0.40 - 0.70%), Cr 0.50% (0.4 - 0.6%), Mo 0.20%
(0.15 - 0.25%).

In addition to four digits, letters may also appear in steel names. The letters B
and L, meaning that steel is alloyed with boron (0.0005 - 0.03%) or lead (0.15 -
0.35%) respectively, are placed between the second and third numerals of its
designation, for example, 51B60 or 15L48. The letters M and E are placed ahead of
the name of the steel, which means that the steel is intended for the production of
non-essential grade (letter M) or is melted in an electric furnace (letter E). Finally, the
letter H may be present at the end of the steel name, meaning that hardenability is a
characteristic feature of the steel.

Stainless steel.

AISI standard stainless steel designations include three numbers and, in some
cases, one, two or more letters following them. The first digit of the designation
determines the class of steel. So the designations of austenitic stainless steels begin
with the numbers 2XX and ZXX, while ferritic and martensitic steels are defined in
the 4XX class. In this case, the last two digits, unlike carbon and alloy steels, are not
connected in any way with the chemical composition, but simply determine the serial
number of steel in the group. Assignment of letters following numbers see table 2.

Examples.

AISI 304 steel belongs to the austenitic class, its carbon content is <0.08%. At
the same time, carbon content in AISI 304 L steel is only <0.03%, while carbon in
steel 304 H 1s determined by the interval 0.04 - 0.10%. The specified steel, in
addition, can be alloyed with nitrogen (then its name will be 304 N) or copper (304
Cu). In AISI 410 steel, belonging to the martensito - ferrite class, the carbon content
1s <0.15%, and in 410 S steel, the carbon content is <0.08%.

In AISI 430 F steel, unlike AISI 430 steel, there is a high content of sulfur and
phosphorus, and selenium is also added to 430 F Se steel.

Table 2. Additional letters and numbers used to designate AIST and UNS
stainless steels
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Symbol AISI[Symbol UNS Description
xxxL xxx01 Low carbon content <0.03%
XXXS xxx08 Normal carbon content <0.08%
XXXN xxx51 Nitrogen added
xxxLN xxx53  |Low carbon content <0.03% + nitrogen added
xxxF xxx20 High sulfur and phosphorus
xxxSe xxx23 Added selenium
xxxB xxx15 Silicon added
xxxH xxx09 Extended carbon range
xxxCu xxx30 Copper added
ASTM Notation System

The designation of steels in the ASTM system includes:
v’ the letter A, which means that it is a black metal;
v’ serial number of the ASTM normative document (standard);
v' the actual steel grade designation.

Usually, ASTM standards adopt the American system of notation of physical
quantities. In the same case, if the standard provides a metric notation, the letter M is
placed after its number.

ASTM standards, as a rule, determine not only the chemical composition of
steel, but also a complete list of requirements for metal products. To designate the
proper steel grades and determine their chemical composition, both ASTM's own
designation system can be used (in this case, the chemical composition of the steels
and their marking is determined directly in the standard), as well as other designation
systems, for example AISI, for rods, wire, billets and etc., or ACI - for castings from
stainless steels.

Examples

A516 / A516M-90Grade 70

Here A determines that we are talking about ferrous metal; 516 is the serial
number of the ASTM standard (516M is the same standard, but in the metric
notation); 90th year of publication of the standard; Grade 70 is a steel grade. In this
case, ASTM's own steel designation system is used, here 70 determines the minimum
tensile strength of steel in tensile tests (in ksi, which is about 485 MPa).

A 276 Tour 304 L

In this standard, the steel grade designation in the AISI system is 304 L. A 351
Grade CF8M

The ACI notation system is used here: the first letter C means that steel belongs
to the group of corrosion-resistant, 8 - determines the average carbon content in it
(0.08%), M - means that molybdenum is added to the steel.

A 335/ A335M grade P22; A213/A 213M grade T22; A 336/ A 336M class
F22

These examples use ASTM's own steel marking. The first letters mean that
steel is intended for the production of pipes (P or T) or forgings (F).

A269 gradeTP304
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It uses a combined notation. The letters TP indicate that steel is intended for
the production of pipes, 304 is the designation of steel in the AISI system.

Universal UNS notation

UNS is a universal designation system for metals and alloys. It was created in
1975 with the goal of unifying the various notation systems used in the USA.
According to UNS, steel designations consist of a letter defining a group of steels
(see table 3) and five digits.

In the UNS system, it is easiest to classify AISI steels. For structural and alloy
steels included in group G, the first four digits of the name are the designation of steel
in the AISI system, the last digit replaces the letters that appear in the designations
according to AISI. So the letters B and L, meaning that the steel is alloyed with
boron or lead, correspond to the numbers 1 and 4, and the letter E, meaning that the
steel 1s smelted in an electric furnace, 1s the number 6.

The names of stainless AISI steels begin with the letter S and include the
designation of steel according to AISI (first three digits) and two additional digits
corresponding to the additional letters in the designation according to AISI (see table
3).

Table 3. Steel designations in the UNS system

Symbol Steel group
Dxxxxx Steel with prescribed mechanical properties
Gxxxxx| AISI carbon and alloy steels (excluding tool steels)
Hxxxxx Same for hardened steels
Jxxxxx Foundry steels
Kxxxxx Steels not included in the AISI system
Sxxxxx |[Heat Resistant and Corrosion Resistant Stainless Steel
TXXXXX Tool steels
WxXXXXX Welding materials

Examples

Carbon steel 1045 is designated in the UNS G 10450 system, and alloy steel
4032 - G 40320.
Steel 51B60 alloyed with boron is called in the UNS G 51601 system, and lead
alloy steel 15048 - G 15484.
Stainless steels are designated:
v 304 - S 30400,
v' 304 L -S 30401,
v' 304 N - S 30409,
v 304 Cu - S 30430.
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Defintion of welding:

Welding is a fabrication or sculptural process that joins materials, usually
metals or thermoplastics, by using high heat to melt the parts together and allowing
them to cool causing fusion. Welding is distinct from lower temperature metal-
joining techniques such as brazing and soldering, which do not melt the base metal.

The main purpose of using the magnetic field in the welding zone is to increase
and retain the ferromagnetic powder at the time of its welding to the surface of the
part. Here it is necessary to create high magnetic flux intensity in the welding zone. A
diagram of the formation of a powder layer on the surface of a part using a magnetic
field is considered

Methods of electrocontact

» Using roller electrodes

On the surface to be restored, a steel reinforcing fabric mesh is placed, the part
is driven into rotation with simultaneous transmission of welding current pulses,
which is sufficient for heating of its surface by electrical contact method to ductile
state of alloy. The steel woven mesh is pressed flush against the surface of the part to
be restored by constantly moving the roller electrode along the axis of the part. A
woven mesh is used whose cell size does not exceed the width of the roller electrode
and ensures the extrusion of part material heated to the plastic state through the cells.
The diameter of the mesh wire is selected depending on the required value of the
increment of the size of the part to be restored in the process of reinforcement (fig. 1).

Fig. 1. Electrocontact welding with using roller electrodes

Electrode holder for resistance spot welding
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Tube for the cooling medium supply is installed in the dead-end longitudinal
cavity of the electrode holder rod. In the bolt head to fasten the roller electrode, there
is the longitudinal cavity opened into the atmosphere, passing into the bolt cavity,
filled with the porous material. The bolt is threaded from the shank end in its dead-
end cavity, the part of which at the bottom is filled with the porous material. The
dead-end longitudinal cavity of the rod is connected by the transverse window to the
mentioned shank cavity, filled with the porous material. According to another
embodiment of the electrode holder, the bolt is made with the longitudinal grooves,
formed on its side surface, and the bolt head has opened into the atmosphere dead-
end longitudinal cavity, connected by the transverse windows to the mentioned
longitudinal grooves of the bolt. The dead-end longitudinal cavity of the rod is
connected by the transverse window to the mentioned shank cavity, filled with the
porous material.

It is known that in order to restore small and medium-sized parts with a small
amount of wear, electrocontact welding of powder materials and their mixtures is a
universal method. The most obvious advantages of this method are higher
productivity of the process (60 cm2/min), insignificant depth of the heat-affected
zone, no deformation of the part during the process and after restoration of the parts,
the possibility of combining the hardening of the surface of the applied layer with the
welding process, minimal loss of metal powder (3...4 times compared with arc
recovery methods), the ability to control the thickness of the applied layer and high
environmental friendliness of the welding process.
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Electroslag welding - fusion welding, in which the main part of the energy

spent on heating and melting the metal is provided by the heat released in the closed
volume of molten slag - the slag bath when current passes through it (fig. 1).
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Fig. 1. Scheme of the process of electroslag welding

Varieties of electroslag welding
The main varieties of electroslag welding are:
» multi-electrode electroslag welding,
> electroslag welding with plate electrodes,
» electroslag welding with a consumable mouthpiece
Multi-electrode electroslag welding
The maximum thickness of metal welded with a single wire is usually limited
to 60 mm. For large thicknesses it is advisable to use several wires - usually a
multiple of three - to the number of phases of the power source.
Electroslag welding with plate electrodes
The electroslag process stably proceeds at current densities an order of
magnitude lower than the arc one, about 0.1 A / mm2. Therefore, the cross section of
the electrode can be increased and the wire is replaced by a plate electrode, which
allows to increase the productivity of the welding process
Electroslag welding with a consumable mouthpiece
With a complex configuration of the product, it is possible to weld with a
consumable mouthpiece, which is a plate electrode that repeats the shape of the
welded edges. Since there is a gap between the melting mouthpiece and the
workpiece, an additional wire is fed through the mouthpiece to fill it in the weld pool
Electroslag welding is technically possible with a metal thickness of more than
16 mm and, as a rule, cost-effective when welding metal with a thickness of more
than 25 mm. This type of welding allows only vertical seams to be made. The use of
electroslag welding makes fundamental changes in the technology for the production
of large-sized products: it becomes possible to replace large cast or forged parts with
welded-cast or welded-forged from smaller parts.
Advantages of electroslag welding
Advantages:
the possibility of welding in one pass of parts of almost any thickness;
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the vertical position of the metal bath, the elevated temperature of its upper
part and the significant time spent by the metal in the molten state contribute to the
removal of gases and non-metallic inclusions from the weld metal;

low flux consumption, usually not more than 5% by weight of the deposited
metal.

Disadvantages of electroslag welding

Disadvantages:

significant overheating of the metal of the heat-affected zone, which leads to a
decrease in plastic properties, therefore, as a rule, subsequent high-temperature
processing is required to obtain the required mechanical properties of the welded
joint;

this type of welding allows only vertical seams to be made.

Areas of use

Electroslag welding is used in the manufacture of massive beds, shafts of
powerful turbines, thick-walled boilers and drums, for welding steels, aluminum and
titanium alloys. Its application introduces fundamental changes in the technology for
the production of large-sized products. It becomes possible to replace large cast or
forged parts with welded-cast or welded-forged from smaller forgings or castings.
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The essence of the method of welding in protective gases

The essence of the method of welding in protective gases is that in order to
protect the molten metal from the harmful effects of oxygen and air nitrogen in the
zone of the arc, which burns between the welded product and the fusible or non-
fusible electrode, through the nozzle of the burner continuously flows a stream of
shielding gas from the place welding. In some cases, welding occurs in sealed
chambers filled with shielding (inert) gas.

As the gases used are monatomic or inert gases (argon and helium) that do not
interact with the molten metal, and active gases (carbon dioxide, hydrogen, nitrogen,
water vapor, and mixtures thereof - argon with oxygen, argon with nitrogen or carbon
dioxide, carbon dioxide with oxygen, etc.) that partially interact with the molten
metal.

Inert gases are used for welding of reactive metals, as well as when it is
necessary to get welds homogeneous with the composition of the base and the filler
metals (fig. 1).
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Active gases are used when the specified properties of the metal can be
achieved by metallurgical treatment, such as reduction, oxidation

Fig. 1. Welding methods: a) right, b) left

Argon arc welding.

For this type of welding use argon, which is extracted from the air, where it
contains about 1% by volume. Argon is transported and stored in cylinders with a
capacity of 40 1 at a pressure of 15 MPa.

Argon arc welding is performed by non-fusible (preferably tungsten) and
fusible electrodes. Non-floating electrodes are only intended to excite and maintain
the arc burning; to fill the place of opening between the edges of the welded products
in the welding zone is fed additive metal in the form of bars or wire. In chemical
composition they are close to the parent metal (fig. 2).

Fig. 2. Inert gas arc welding process: 1 — electrode, 2 filler wire, 3-item, 4-weld, 5-
arc, 6-stream shielding gas, 7-burner

Non-melting electrode welding

Non-melting electrode welding is carried out in direct and alternating current
by manual, semi-automatic and automatic methods. Corrosion-resistant and heat-
resistant steels, copper and its alloys, nickel and its alloys, titanium, zirconium,
molybdenum and some other metals with a thickness of 0.1 ... 6.0 mm are welded by
direct current on direct polarity.
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Welding generators or welding rectifiers with a sloping external characteristic
are used as DC sources.

Alternatively, aluminum, magnesium and their alloys are welded. However, in
those half-periods when the cathode is a product, its surface is bombarded with heavy
positive argon ions and the so-called cathode spray of refractory aluminum or
magnesium oxide films occurs. Therefore, there is no need to apply fluxes to remove
them.

Welding electrode welding

Welding of the fusible electrode is carried out only by automatic and semi-
automatic methods. It is used for welding aluminum, magnesium and their alloys, as
well as corrosion-resistant steels. Welding is carried out on a direct current at reverse
polarity, which 1is obtained from sources with rigid or growing external
characteristics.

In the case of semi-automatic welding, special hose semi-automatic machines
are used, in which the feed of the welding wire into the welding zone is carried out
not through the hose, but through the holder. For this purpose, the holder itself has
extension rollers that allow the use of soft small diameter wires ranging from 0.8 mm.

Argon-arc welding is used in some cases in admixture with active gases. This
improves the stability of the arc combustion, increases the depth of penetration,
improves the formation of joints, reduces splashing, improves the transfer of metal in
the arc, increases the welding performance.

Thus, the addition of 1 ... 5% oxygen to argon, which is used for welding low
carbon and alloy steel, contributes to the conversion of dripping metal in the arc into
jet. This allows for more dense seams and increased welding performance. The
method of fusion electrode welding provides high welding speeds (200 ... 300 m / h).

Welding in carbon dioxide

Welding in carbon dioxide is characterized by high productivity and low cost,
resulting in this method is increasingly common for welding low carbon, low alloy
and some high alloy steels. Carbon dioxide for welding is extracted from flue gases
from chemical industries. It is delivered in a liquefied state in steel cylinders with a
capacity of 40 1, in which a pressure of 7.5 MPa contains 25 1 of liquid carbon
dioxide. Evaporation produces 12 750 liters of carbon dioxide.

Carbon dioxide at high arc temperature is partially dissociated into carbon
monoxide and atomic oxygen, which promotes oxidation of the metal. To neutralize
the oxidizing effect of carbon dioxide when welding carbon and low-alloy steels use
welding wire with high content of manganese and silicon (Sv-08GSA, Sv-08G2SA).

Welding in carbon dioxide is carried out by a melting electrode, preferably in a
semi-automatic manner. Feed the welding arc from a direct current source with a
rigid or growing external characteristic at reverse polarity.

Conclusion.

The essence and distinguishing feature of arc welding in shielding gases is the
protection of the molten and heated to high temperature of the base and electrode
metal from the harmful effects of air with protective gases, which provide physical
isolation of the metal and welding zone from the air and a given atmosphere in the
welding zone.
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The advantages of welding in shielding gases are:

- High performance

- Easy mechanization and automation;

- The possibility of welding in different spatial positions;

- High quality of protection, no need to apply stitching for multilayer welding.
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Ultrasonic welding is similar to friction welding. The permanent connection is
formed by joint action on the welded parts of mechanical vibrations of high
(ultrasonic) frequency and relatively small compressive forces.

Ultrasonic welding is used for ultrasonic welding.

Mechanical vibrations and small compression forces. Fluctuation created by
the magnetostrictive effect, which is the ability of metals and their alloys to convert
electromagnetic vibrations of the ultrasonic frequency (15 ... 100 kHz) into
mechanical vibrations of the same frequency (fig. 1). Nickel alloys with iron
(permeal), cobalt with iron (permendure) and others have a magnetostrictive effect.
They are made of magnetostrictive converters.

=g

Fig. 1. Ultrasonic welding installation
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High-frequency mechanical oscillations and static forces compression causes
the destruction of the oxide films at the point of contact of the two products and large
plastic deformation. As a result, a strong connection is achieved between the welding
surfaces. The process is accompanied by an increase in temperature at the junction.
Depending on the metal being welded, the heating temperature is 200 ... 1200 ° C.

Ultrasound welds non-metallic materials, for example chlorvinyl, polyethylene,
capron, nylon, organic glass. Ultrasound welding is performed spotwise and spotwise
suture joints of metals and their alloys with a thickness of 0.01 ... 1 mm.

Copper, aluminum, titanium, zirconium, tantalum, nickel and their alloys are
good are welded by ultrasound. Low carbon, heat and tool steels and magnesium
alloys are worse welded ultrasound.

The advantages of ultrasonic welding are:

Q insignificant thermal impact on the welded parts, which ensures minimal
change of their structure;

O  the use of small compressive forces (0.12.5 kN) leads to small dents (510%);

Q solid state welding without significant heating makes it possible to weld
chemically active materials;

Q possibility of welding very fine details; - low power of welding equipment

and simplicity of design.

The disadvantages of ultrasonic welding are:

limiting the thickness of the welded parts;

the impact of high frequency on the human body;

high cost high frequency generators.

This method of welding is used in instrumentation, radio electronics for

coupling metal pairs: chromel - aluminum (350 ° C), copper - constantan (450 ° C),

aluminum (200300 ° C), copper (600 ° C), as well as thermoplastics , plastic films,

glass thickness 0,050,5 mm.

oooU
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Electron-beam welding (EBW) is a fusion welding process in which a beam of
high-velocity electrons is applied to two materials to be joined. The workpieces melt
and flow together as the kinetic energy of the electrons is transformed into heat upon
impact. EBW is often performed under vacuum conditions to prevent dissipation of
the electron beam.
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Fig. 1. Electron-beam welding installation

Electron-beam welding was developed by the German physicist Karl-Heinz
Steigerwald in 1949, who was at the time working on various electron-beam
applications. Steigerwald conceived and developed the first practical electron-beam
welding machine, which began operation in 1958. American inventor James T.
Russel has also been credited with designing and building the first electron-beam
welder.

Electrons are elementary particles possessing a mass m = 9.1 - 10" kg and a
negative electrical charge e = 1.6 - 107" C. They exist either bound to an atomic
nucleus, as conduction electrons in the atomic lattice of metals, or as free electrons in
vacuum.

Free electrons in vacuum can be accelerated, with their paths controlled by
electric and magnetic fields. In this way narrow beams of electrons carrying high
kinetic energy can be formed, which upon collision with atoms in solids transform
their kinetic energy into heat.

Fig. 2. Physics of electron-beam heating
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Electron-beam welding provides excellent welding conditions because it
involves
» Strong electric fields, which can accelerate electrons to a very high speed.
» Using magnetic lenses, by which the beam can be shaped into a narrow cone
and focused to a very small diameter.
» Shallow penetration depths in the order of hundredths of a millimeter.

Beam formation

Conduction electrons (those not bound to the nucleus of atoms) move in a
crystal lattice of metals with velocities distributed according to Gauss's law and
depending on temperature. They cannot leave the metal unless their kinetic energy (in
eV) is higher than the potential barrier at the metal surface. The number of electrons
fulfilling this condition increases exponentially with increasing temperature of the
metal, following Richardson's rule

Condition for material use in electron beam to achieve high power density in
the beam, the emission current density [A/mm’], hence the working temperature,
should be as high as possible, to keep evaporation in vacuum low, the material must
have a low enough vapour pressure at the working temperature.

The emitter must be mechanically stable, not chemically sensitive to gases
present in the vacuum atmosphere (like oxygen and water vapour), easily available,
etc.

Acceleration of electrons, current control

Electrons emitted from the cathode possess very low energy, only a few eV. To
give them the required high speed, they are accelerated by a strong electric field
applied between the emitter and another, positively charged, electrode, namely the
anode.

Focusing

After leaving the anode, the divergent electron beam does not have a power
density sufficient for welding metals and has to be focused. This can be accomplished
by a magnetic field produced by electric current in a cylindrical coil.

Beam deflection system

As mentioned above, the beam spot should be very precisely positioned with
respect to the joint to be welded. This is commonly accomplished mechanically by
moving the workpiece with respect to the electron gun, but sometimes it is preferable
to deflect the beam instead.

Penetration of electron beam during welding

To explain the capability of the electron beam to produce deep and narrow
welds, the process of "penetration" must be explained. First of all, the process for a
"single" electron can be considered.

Penetration of electrons

When electrons from the beam impact the surface of a solid, some of them may
be reflected (as "backscattered" electrons), while others penetrate the surface, where
they collide with the particles of the solid.

Penetration of the electron beam

The heat contribution of single electrons is very small, but the electrons can be
accelerated by very high voltages, and by increasing their number (the beam current)
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the power of the beam can be increased to any desired value. By focusing the beam
onto a small diameter on the surface of a solid object, values of planar power density
as high as 10" up to 10’ W/mm?® can be reached

The welding process

Weldability: For welding thin-walled parts, appropriate welding aids are
generally needed. Their construction must provide perfect contact of the parts and
prevent their movement during welding. Usually they have to be designed
individually for a given workpiece.

Joining dissimilar materials: It is often not possible to join two metal
components by welding, i.e. to melt part of both in the vicinity of the joint, if the two
materials have very different properties from their alloy, due to the creation of brittle,
inter-metallic compounds. This situation cannot be changed, even by electron-beam
heating in vacuum, but this nevertheless makes it possible to realize joints meeting
high demands for mechanical compactness and that are perfectly vacuum-tight.

Possible problems and limitations: The material melted by the beam shrinks
during cooling after solidification, which may have unwanted consequences like
cracking

Electron-beam welding equipment (fig. 3)
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Fig. 3. Electron-beam welding equipment

Electron gun: In the electron gun, the free electrons are gained by thermo-
emission from a hot metal strap (or wire).

Working chamber: The vacuum working chamber may have any desired
volume, from a few liters up to hundreds of cubic meters.

Workpiece manipulators: Workpiece manipulators are mostly designed
individually to meet the specific requirements of the welding equipment.

Power supply and control and monitoring electronics: Electron-beam
equipment must be provided with an appropriate power supply for the beam
generator. The accelerating voltage may be chosen between 30 and 200 kV.
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Underwater welding is used in the construction of hydraulic structures, repair

of ships and underwater parts of port and oilfield metal structures (fig. 1). For the first
time arc welding underwater was proposed and developed by K. K. Hrynov (1932).
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Fig. 1. Scheme of the process of underwater welding

Welding under water is performed by melting artificial electrodes, powder wire
and non-fusible electrode. For underwater arc welding, thick coated electrodes with
gyroscopic insulation are used. The core is made of low carbon steel; The coating
includes: titanium oxide, iron ore, feldspar, ferrotitanium, ferromanganese, starch and
liquid glass. Waterproofing is carried out with paraffin, a solution of celluloid in
acetone or special varnishes. The coverage ratio should be within 0.35-0.40, and the
surfacing factor should be 8-9 g/ A-h.
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The essence of the process of welding under water is that the heat of the arc
evaporates and decomposes water, creating a gas cavity around the arc. The stability
of the arc combustion is affected by the sleeve formed due to the delayed melting of
the electrode coating compared to the melting of the rod. It helps to preserve the gas
cavity in which the arc burns.

During welding, the heat of the arc is absorbed and the thermoelectronic
emission is reduced, which makes it difficult to ignite the arc. Therefore, it is
necessary to use AC power sources with a higher DC voltage (70-85 V). The welding
current is selected 10-25% higher and the arc voltage 6-7 V higher than when
working in the air.

Underwater welding technique with artificial electrodes and powder wire

The technique of welding underwater with artificial electrodes and powder
wire 1s similar to welding in air. Weld in all spatial positions and to depths that limit
the ability of the human body in diving equipment. As the depth increases, the
pressure of the water on the gas cavity and the column of the arc increases, which
contributes to the increase in the depth of metal penetration. The joints made by
artificial electrodes have porosity, low plasticity and viscosity due to the negative
influence of hydrogen.

When welding with a powder wire, the density and strength of the seam meets
the requirements of responsible products. Due to difficult working conditions
underwater welding there are defects: gaps, displacement of the axis of the seam, not
melting of one of the edges.

For welding underwater use special electrodes with a detailed insulated
surface. Before work, the welder must carefully check the diving equipment. The
front porthole of the diving helmet should be closed with a filter by 2/3. Welding is
started only when there is another instructed worker with two-way telephone
connection to the welder above the water. There should be a telephone, an automatic
power source circuit breaker and a cut-off switch to switch off the welding system
from the mains. The most promising types of underwater welding are semiautomatic
arc, plasma arc and electron beam.

YK 669.14.018.25:620.18:539.374

FRICTION WELDING
(3BaproBaHHS TEPTSIM)

Capean 1., cmyoenm
Hayxrosuii kepienux — Apmanoinsany €. I'., 0.m.H., npogh.

Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmyseanus Ykpainu

Friction welding is stamping welding with heating of a metal in the joint zone
due to the friction of its surfaces during rotation or reciprocating movement of one
surface relative to another.
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Usually friction welding is used in the manufacture of parts that have the shape
of bodies of rotation. Coaxially arranged parts are compressed by welded surfaces
with some effort, and one of the parts is rotated. At rotation there is a grinding of the
ends and intense heat. Contamination together with the metal heated to the plastic
state are squeezed out of the joint. Upon reaching the joint at a sufficient temperature,
the relative movement of the parts is immediately stopped and compressed with a
certain amount of precipitation. At this point, a connection is formed (fig. 1).
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Fig. 1. Scheme of the process (a) and equipment (b) of friction welding
b - 1 and 3 - clips, 2 - workpieces, 4 - power drive, 5 - mechanism of installation
movement of workpieces to the stop, 6 - engine, 7 - drive of rotation.

Thermal mode is important in friction welding. A quality connection is formed
as a result of establishing metallic bonds between the juvenile surfaces of the parts.
Films of various nature present on the connecting surfaces are destroyed by friction
and removed from the welding zone due to considerable plastic deformation. To
achieve the required deformation, the metal is heated under the influence of heat
released during friction. Mechanical energy is converted into thermal localized in thin
surface layers.

The work spent on overcoming friction forces is converted into heat that heats
the metal to the required temperatures. For steels, depending on the welding mode,
these temperatures are 950... 1100 ° C. The metal can be heated to friction even at
higher temperatures, but it is displaced from the joint by the existing axial heating
pressure. After reaching the required temperature, the relative displacement of the
surfaces must be stopped (as soon as possible) as soon as possible. The heated
surfaces are compressed by the force of precipitation (forging). The volume of the
thin surface layer that is heated to the welding temperature is so small that the entire
welding cycle lasts from several to 30 seconds.

A necessary condition for the formation of a quality joint is the plastic
deformation of the metal in the joint zone. It is measured by the amount of
convergence of the parts in the axial direction and is called the amount of sediment.
Under the influence of temperature and pressure in the welding zone, the displaced
metal forms a "collar" that protects the welded surfaces from the external
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environment. Its size and shape, as well as the width of the thermal impact zone,
depend on the welded metals and welding mode parameters (fig. 2).

Fig. 2. Samples of friction welding

The main parameters of the welding mode are the speed, pressure and time of
heating, the pressure of forging (sediment) and the amount of sediment of the metal.
Friction welding machines have a sufficiently high axial force and speed of rotation
and should allow the parts to be started and stopped quickly relative to each other.

Advantages of friction welding over other methods of welding are: high
productivity and energy performance of the process, quality and stability of
properties of welded joints, ease of mechanization and automation, absence of
harmful gas emissions, light ultraviolet radiation, spray of hot metals surface
cleanliness, low level of welding deformations and defects of joints, possibility of
welding in any spatial position.

The disadvantages of friction welding include some cumbersome equipment,
limiting its use forms and sizes of parts; the need for strong substrates and secure
attachment of welded workpieces; heavy metal losses (12 mm from each fork); noise
and vibration during welding; frequent wear and tear on appliances and accessories.
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YK 669.14.018.25:620.18:539.374

INDUCTION WELDING
(Immykiifine 3BaprOBaHHS)

Craspyx B., cmyoenmxa
Haykosuii kepienux — Apmanoinany €. I'., 0.m.H., npogh.

Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu

Basic concepts

Welding is a fabrication or sculptural process that joins materials, usually
metals or thermoplastics, by using high heat to melt the parts together and allowing
them to cool causing fusion.

To obtain the energy that needs to be introduced into the production core
elements of welding these parts:

* thermal

* thermomechanical
* thermal presses

* current ones

* press-own

Physically, all welding methods are combined into three classes:

Thermal class: types of welding, performed by melting with the use of
thermal energy - gas, arc, electron-beam, laser, etc.

Thermomechanical class: types of welding carried out with the use of thermal
energy and pressure - contact, diffusion, gas and press, forging and others.

Mechanical class: types of welding performed using mechanical energy -
cold, friction, ultrasonic, explosion, etc.

Induction welding is a welding method in which electromagnetic induction is
used to heat a workpiece.

The method of induction welding is the welding of longitudinal seams of
suture pipes. In the induction circuit of the pipe in front of the clamping rolls are in
the immediate vicinity of the transformer or inductor, with the edges form a gap V-
shaped, which is closed under the inductor. When passing under the inductor, swirl
currents are induced in the welded parts, which deflects to the top of the ascent
angle, thereby providing rapid heating of the metal at the connection point to the
welding temperature.

Induction  welding is performed by heating the metal to
plastic state or before melting by induction
currents of medium (2 ... 10 kHz) or high (70 ... 500 kHz) frequencies with
subsequent squeezing of details. When welding pipes workpiece 1
moves between the clamping rollers 3 and is heated by the inductor
2 (Fig. 1)
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Fig. 1. Scheme of the induction welding

During the passage of current through the inductor in the pipe workpiece
secondary currents are induced 4. Due to the high current density the metal in this
area 1s very quickly heated to temperature melting. The next compression of the pipe
billet a welded joint is created with displacement of the molten joint metal.

Induction welding is used for welding ferrous and non-ferrous metals and
alloys, plastics and synthetic fabrics.

When welding cross-connections, the transformer inductor is made in the form
of a ring that covers the welded pipes along the connection line. High frequency
induction currents weld the pipes have diameters from a few millimeters to 1600
mm at wall thickness 0.1 ... 16 mm (fig. 2).

Advantages of the method

 the possibility of welding pipes from hot-rolled, uncleaned scale, workpieces,
which is not possible with the contact welding, or contact current supply high
frequency;

* high performance;

* possibility of welding of pipes from easily oxidized metals, austenitic and heat
resistant steels, aluminum alloys and others metals.

Wi

Fig. 2. Samples of the induction welding

Some equations to consider for induction welding include:
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The heat station utilizes a capacitor and a coil to heat the work pieces. The
capacitor matches the power generators output and the induction coil transfers
energy to the piece. When welding the coil needs to be close to the work piece to
maximize the energy transfer and the work piece used during induction welding is
an important key component of optimal efficiency.

V]IK 621.432.3

KOJIICHI 'AJIBMA TPAKTOPIB XT3-17221, HECITPABHOCTI TA
METO/M iX YCYHEHHSA

Jlaspinenxo O.B., macicmp nepuio2o poxy HA84aHHs
Hayxkosuii kepignuk — Cusonanos B.A., cm.8uxi.

Hayionanvnuii ynieepcumem diopecypcis i npupoookopucmyeanus Yxpainu

Tpaktop XT3-17221 o06mamHaHO UEHTPAIBHUM CTPIYKOBUM TajibMOM 3
MEXaHIYHUM TPUBOJOM 1 PYYHHM KEPyBaHHSM Ta KOJICHUMH KOJOJKOBHUMHU
raJilbMamMu 3 THEBMATUYHUM MIPUBOOM 1 HOXKHUM KEPyBaHHSIM.

KomicHl ranpma mnpu3HayeHi JUisl 3HWKEHHS ILIBHJIKOCTI pyXy TpakTopa i
MMOBHOT HOTO 3YNUHKH, a IICHTPAJIbHE (CTOSHKOBE) — JIJIS TaJlbMyBaHHS Ha CTOSHKAX,
a TaKOX JIJIs1 TEPMIHOBOI 3YIMHKHK TPaKTOpa B aBapiiiHid 0OCTaHOBIII MPHU BIIMOBI B
POOOTI KOJIICHUX TaJIbM.

Y mporeci ekcrulyaraiii TpakTOpa HakJIagKh KOJIOAOK Ta OapabaHu
CIPAIlbOBYIOTHCS 1 3a30pUM MDK HUMHU 30UIBIIYIOTHCS. [3 3017IbIIEHHAM 3a30piB
30UTBIITYETHCS Yac BCTYIy B JII0 TallbM, BUTPA4Ya€TCsl OLIBIIE MOBITPS HA KOXKHE
raJIbMYBaHHS, 3HIKYEThCS €()EeKTUBHICT rajibM. O3HaKa HaAMIPHOTO 301TBIICHHS
3a30piB 1 HEOOXIJHOCTI PEryJIOBaHHS TaJibM — 30UIBIIEHHS XOJy IITOKa KaMepu
noHaa 35 MM. XiJ MITOKA MEPEBIPAIOTH JIIHINKOIO, HATUCKYIOUN Ha PETyJIIOBATbHUN
BaXKUJIb 200 MOIAI0YH MOBITPS B KaMepy.

PerymioBanHsI KOJIICHUX TaJibM. [[71s1 BiHOBIIEHHS HOPMAJBHHUX 3a30PiB MIXK
HaKJIaJKaMu 1 6apabaHOM BUKOHYIOTh YaCTKOBE PETYJIIOBAHHS TajbM, a MPHU 3aMiHi
HaKJIaJOK a00 TOpYyIIeHHI 3 Oyab-SKHX NPHYUH TIOJIOKCHHS CKCICHTPUIHHUX
MaJbliB— IOBHE.

KomicHi ranema. [{nst po30upaHHs 1 CKJIAJaHHS KOJIICHMX TajlbM TpPakTopa
po3pobiieHo crenn OP-6283. BcTaHOBUBIIM KOJIICHE TAJIbMO B CKJIQJICHOMY BUTJISII
Ha CTEHJ, BIA'€IHYIOTh BWJKY IITOKAa TajlbMiBHOI KamMepu BiJ BaXKeys rajibMa 1
3HIMAIOTh TaJbMIBHY KaMepy, MPYKHUHY KOJOJOK rajbMa, YeKH, CTSHKKH, KOJOAKH i
IIal0N, BUWMAIOTh 13 Ma31B KOJIOJIOK CaJIbHUKOBI KIJIBIA.

3HIMAIOTh PETYNIOBAILHUNA BaXidh TajbMa B CKJIAJCHOMY BHUIJISL,
pEryIoBalIbHI MIai0M 1 BUMMAIOTh 13 IIUTAa PO3THUCKHUM KyJlaK Ta 3HIMAIOTh 3 HBOTO
MOBCTSIHE KUIbIE 1 onopHy maiidy. Ilicas nporo 3HiMaroTh KPOHIUTEHH raibMiBHOI
KaMepH B CKJIAJIEHOMY BUTJISA]II, HAKJIAJIKN 3 KOJIOJKU rajbMa, BUIPECOBYIOTH IMMaJeIb
BIJITSDKHOI IPYKUHH.
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[ToTtiM po30HparoTh perymoBalbHUN Baxinb ranbma. Jjis 1poro 3pyOyroTh
3aKJICTIKH, 3HIMAIOTh KPHUIIKH KOPMYCY, BIAKPYUYIOTh 13 HHOTO IMpOoOKU (ikcaropa,
BUUMAIOTh MPYXHUHY 1 KYJIbKY. BiIKpydyloTh 13 KOpPIyCy BICh Y€pB'sKa, BUIMAIOTh
YepB'sIK, YEPB'SYHY IIECTIPHIO, 3arJyIIKy 1 BIATBUHYYIOTh MPOOKH, BUIIPECOBYIOThH
BTYJIKY 13 KOPITYCY Ba)<eJsl.

CrhpartoBaHHsl 1 po3MipHu JeTajeil KOJICHOro rajibMa HaBejieHl B Tabnwuii 1.
Kpim TOro, BUHHKAIOTh TPIIIMHM 1 3JIOMH TajJbMiIBHUX HAKJIAJIOK, IITUTA TaJIbMIBHOTO
OapabaHa, KpOHINTEHHIB, PETYIIOBAILHUX BAXENTIB, IOMIKOMKCHHS PI3hOH,
ocnabJieHHs 3aKJENOK KpPOHINTEHHIB, IIWTa B CKiIaaeHoMy Burismi. [ledexkramu
raJibMiBHOI KaMepH € MOPYILIEHHS TePMETUYHOCTI, TPIIIMHYU 1 BM'SITUHU KPHUIIKH, TO-
IIKOJDKEHHS pi3b0H, miadparMu, MoOJOMKa NPYKUHHU. Y PETYTIOBATBHUX BaXKEISIX
MEePEIHHOT0 1 3aJHBOT0 TajJibMa BUHUKAIOTh TaKOX Takl Me(PEeKTH, SIK 3MUHAHHS
rpaHeil oci 4yepB'sKa, OCNaOJICHHs 3ariyliKd, BIACYTHICTh (pikcamii Ta 3aimaHH
YepB'aKa.

'anpMiBHI HaAKJIQJKW 3 TPIMIMHAMHU 1 3JIOMaMH, a TaKOX CIIpallbOBaHI Ha
BEIIMYMHY, OUIBIIY BiA JOMYCTUMOi, BHOpPaKkoBYIOTh. J[lehopmoBaHy KpHIIKY
raJIbMiBHOT KaMepH 1 IIUT TaJbMIBHOTO OapabaHa PUXTYIOTh, TPIIIMHU 3aBAPIOIOTh.
OcnabieH1 3aKJIeNKA 3aMIHIOIOTh.

B pasi crpairoBaHHs MOBEPXOHb TaJIbMIBHOI KOJOJKHU TiJ BiCh 1 rajJbMIBHUN
KyJaK OTBOPU PO3TOUYIOTh Ta 3alPECOBYIOTh PEMOHTHI BTYJIKH.

[Tomkomxkeny niagparMy 1 monamMaHy NpPYKMHY TajJbMIBHOI KaMepH
BUOPAKOBYIOTh. TPIIIMHU PEryJIOBAIBHUX BaXKEJIB, Kl HE BUXOIATH HA MOBEPXHI
COPSDKEHHS 3 1HIIMMH JETaISIMH, YCYBalOTh 3a JOMOMOroro 3BaproBaHHs. [lomiko-
JDKEH1 1 CIpanbOBaHl JAeTalll YepB'sTYHOI mapu BUOpakoBYrOTh. CrpaibOBaH1 1HIII
JeTaal KOJICHOTO TajibMa BIJHOBIIIOIOTH MUISXOM HAIJIaBJICHHS 3 HACTYIHOIO
MEXaHIYHOI 00pPOOKOIO.

CknagaroTh KOJICHI TajibMa B MOCI1IOBHOCTI, 3BOPOTHIN pO30HpaHHIO.

JlommycTuMi 3a30pH 1 HATATH B 3'€THAHHAX JIETAJICH 1] Yac PEMOHTY HABEJICHO
B Tabnwui 1.

I'anpMiBHI HaAKJIaJKW TOBHMHHI IIUIBHO TPWJISATATH JO IOBEPXHI TaIbMIBHUX
KOJIOJIOK. Mi>K raJbMiBHOIO HAKJIQJIKOK 1 000JI0M KOJOJKH JOMYCKAETHCS 3a30p [0
0,3 mm. ['0/I0BKM TBHUHTIB KPITUICHHSI HAKJIAJOK 10 KOJOJIOK TMOBUHHI yTOMAaTH B
HOBHX Haknaakax Ha 9...10 mm.

Pi3Huns 3amiproBaHb BUCTYNaHHS, NaJbLsl BIATSHDKHOI IPYXKUHU 3 ABOX CTOPIH
BIJIHOCHO KOJIOJIKM TajibMa JOMYCKaeTbcsi He Ounbiie 1 mMm. BHyTpimHs poboua
MMOBEPXHS rajIbMIBHOTO OapabaHa MOBMHHA OyTH YUCTOIO, 0€3 PUCOK 1 pAKOBHH.

BTynkyu poO3TUCKHHUX KyJakiB 3alpecoBYIOTh Yy KPOHIUTEWHU BpIBEHb 3 1X
MOBEpXHEI0. BUCTymaHHs TOPIIiB BTYJIOK HE AOMyCKaeThes. Bam po3THCKHOTO Kynaka
MMOBHUHEH BUTBHO MIPOBEPTATUCH Y BTYJIKaX KPOHIITCHHA.

3'ennyBanbHl TPYOKH, MUIAHTH 1 TaJdbMIBHI KaMepu TE€PMETH3yIOTh. [lpwu
BUIPOOYBAHHI il THCKOM 10 KCM/CM” BUTIKaHHS TIOBITPS HE JOMYCKAETHCS.

["anpMiBHI KOJIOJKY MOBUHHI HAIHHO yTpUMyBaTH O0apabaH y 3aralbMOBaHOMY
CTaHi, MPU LOMY X1 IITOKA rajbMiBHOI kamepu Mae Oytu 15...20 mm. ["anpmiBHI
KOJIOJKU PETYJIOI0Th 3a JOTIOMOT0I0 €KCHEHTPUYHUX OCEH y TaKiil MOCIiI0BHOCTI:
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- TIOBEPTAIOTh BICh KOJIOJIOK MIiTKaMH (Ha 30BHINTHHLOMY TOPIIi 200 OcCi) ofHa 10
IpyTO1;

- PO3TUCKAIOTh KOJIOJKH PETYyTIOBAJLHUM Ba)KeJIeM 10 BIUPAHHS HAKIAJIOK y
rajapbMiBHUM OapabaH;

- IEHTPYIOTh KOJIOJKH 3a JOMOMOIOI0 EKCIICHTPUKIB OCed Tak, MO0 BOHHU
IIIbHO TpujsAraau o ©Oapabana. Illym 0,1 MM He TOBHHEH MPOXOJUTH MIXK
OapabaHOM 1 HaKJIaJKOIO MO BCiM mmpuHi Ha BifcTaHi 20...30 MM BiJ 30BHINIHIX KiH-
1B HAKJIAI0K.

[licnst perymioBaHHA TallKd OCEM KOJNIOJOK HAIIdHO 3aTATYIOTh. Y
pO3raJIbMOBaHOMY CTaHI OapabaHW TOBWHHI BUIBHO 00EpTAaTHCh, HE TOPKAIYHCH
kojonok. Ilpu 1mpomy 3a30op Mk OapabaHOM 1 KOJOJKAMH MYCHUTH OyTH 3 OOKY
PO3TUCKHHUX KyJakiB He MeHIle sik 0,4 M, a 3 60Ky oceil koioaok — 0,2...0,6 MM.

Tabnuns 1 - CripaliroBaHHs 1 po3MipH JeTajeil KOJICHOTO rajbpMa

Po3mip, MM
CopaitoBaHHs JeTanen JOITYCTUMUN
3a KPECJICHHAM | IiJl YaC PEMOHTY

['apMiBHA HakKIagKa 3a TOBIIMHOIO 9,5 £0,5 5
(yTomnaHHs TOJIOBOK TBUHTIB)
. . . + .
aJIbMIBHa KOJIOJKA M1JI BICh ,
r 28700% 28,2
Brynka mura moijg Bich 210,140 22,2
y
Brynka kpoHiTeiiHa raabMiBHOI Ka- 3810 38,2
MEpH il TaJIbMIBHUHN KyJIaK
. o . +
I"anpmiBHUE OapabaH mig HAKIAIKY 4600 466
KOJIOJIKH
Po3Tuckauit raIbMiBHHM KyJIaK ITijg 390052 20,100 37,8
BTYJIKH
[Iminu po3TUCKHOTO rajbMiBHOTO KY- 5,860,100 5.5
JIaKa
Bick kK01010K IT11 AeTati:
rajbMIBHY KOJIOJKY 28'0(;00620_0,130 27,8
BTYJIKY 22(; 1’40_0,08 5 21,8
CTSKKY 227 -0,280 21,1
70,12
Brynka peryatoBaJbHOTO Baxesst 1270120 10,060 12,6

Cnucokx BHUKOPHUCTAHUX JIZKEPEJI:

1. BosioBuk E.JI. CnpaBouHuk mo BoccTaHoBieHHto netaneil. — M.: "Komoc",
1981. -351 C.

2. Cimamenko O.l. Pemont mamuu Ta obnaananns: Iligpyunuk / [CimameHko
O.I. ta in.]; 3a pexa. mpod. O.I. Cinamenka, O.A. Haymenka. — K.: Arpoocsira,
2014. - 665 C.
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VIIK 621.79

AHAJII3 XAPAKTEPHUX JE®EKTIB PO3IIOAIJIBYUX BAJIIB
ABUI'YHIB BHYTPIINIHBOI'O 3I'OPAHHSA

Mixuenko 1.0., mazicmp nepuio2o poKy Ha8YaHHs
Hayxosuii kepisnux — Hosuywvxuii A.B., k.m.H., ooy.

Hayionanvnuii ynisepcumem biopecypcis i npupoookopucmysanus Ykpainu

OnHi€l0 3 BOXJIMBUX CKIAJOBUX JBUTYHA BHYTpilIHBOTO 3ropaHHs (IB3) €
po3noautbunii Ban (PB), Tomy mo came BiJ epEeKTUBHOCTI HOro poOOTH 3aJEKHUTh
MOPSIIOK 1 TPUBAJICTh BIAKPUBaHHA KiamaHiB. HaBite, nomyctumuii 3Hoc PB
MPU3BOJUTH J0 BTpaTH motyxHocTi /B3, a #oro rpaHuyHuil 3HOC — JIO JOPOTOro
PEMOHTY, SIKMM TIOB’S3aHUM 13 BITHOBJIEHHSM TOJOBKH OJIOKY, KJIallaHiB 1 HaBITh
omoxy nwmmianapiB [1, 2]. o xapaktepHux aedextiB PB BimHOCSITbCS HACTYIIHI:
CWIBHUH 3HOC, 3aIUPH 1 MOJPSIIUHU Ha MOBEPXHIX OMOPHUX IIHUHOK PO3MOJLITEHOTO
BaJla; CUJIBHUN 3HOC 1 33JIMpakKu Ha pOOOYMX TOBEPXHAX KyJIauKiB PO3IMOALIBHOTO
Bana. Po3rmsaHemo Ti nedekTd po3MOoAIILYoro Bally, sIKi HaldacTillle BUHUKAIOTHh B
mpolieci eKcruryaTallii MoOUIbHUX eHepreTuyHux 3aco0iB (ME3) ta mpuumnu ix
BUHUKHEHHS.

JledexToM HOMEp OAMH € TPAHUYHUN 3HOC, 33IUPH 1 TOAPATUHN HA TIOBEPXHSIX
onopHux muiiok PB. XapakrepHi npuunnu: pobora J[B3 3 HemocTaTHIM THCKOM B
CUCTEMI MallleHHs 200 X 3 HEIOCTAaTHIM PIBHEM OJIMBH B KapTepl; poOOTa ABUTYHA Ha
OJIMB1 HU3bKOI1 SIKOCTI; CUJIbHE MEPErpIBaHHsl, 1110 MPUBOAUTH 10 PO3PIIKEHHS OJIUBU;
MOMNaJaHHs B OJIMBY najuBa (O€H3UMHY a00 JU3EIHHOTO MaJiBa), 10 TPUBOAUTH 0
po3pimkenHs onuBH; podbota JIB3 13 3a0pynHeHuM (GuUIBTPOM IS OUUILEHHS OJIMBH;
pobora JIB3 Ha OpynaHii onuBi; Benukui mpooir ME3. PosrimsHemo 3axomu, siki
HarpaBJjeHI Ha YCYHEHHS HACIHIIKIB BKa3aHOTO Je(eKTy: 3amiHa pO3MOIiIIBY0r0
Bana; nuridyBaHHs muiok PB mig peMoHTHUN po3Mip Ta BCTAHOBJIEHHS BTYJIOK
30UTBIIIEHOTO PEMOHTHOTO PO3MIpY; MepeBipKa mocagouyHux micip mig PB B romisi
Ooky nwiaiHApiB abo B Omomi mwiiHApiB. B okpemux BuMagkax — pPEMOHT
nmocajouHux micip i PB; mepeBipka cuctemu MarieHHs, Hacoca CUCTEMHU MaIlleHHS
1 mpu HEOOXITHOCTI, peMOHT abo MHoro 3amiHa. OuHIIEHHS, TPOMUBAHHS 1
MpOAYBaHHS KaHaiB [JIs TMojadyi oJuB OJIOKY IWJIIHIPIB 1 TOJOBKH OJIOKY.
3acToCyBaHHSI MOTOPHOT OJIMBU HAJIEAKHOI SKOCTI 1 pEryJisipHa, 3T1JIHO pEKOMEH 1Al
3aBOJly-BUPOOHMKA TEPMIHHU, 3aM1HAa MOTOPHOI OJIMBH 1 QLIBTpA.

Jpyrum 3a moBTOproBaHIicTIO € nedekt PB, sxuit mop's3aHuil i3 TpaHUYHUM
3HOCOM 1 3aqupaMu Ha pOOOYMX MOBEPXHAX KyJiadKiB. XapaKTepHi MPUUUHU: poOoTa
JIB3 3 HemocTaTHIM TUCKOM B cUCTeM1 MarieHHs; poboTa JIB3 3 HemocTaTHIM piBHEM
OJIUBH B KapTepi abo  poOoTa Ha OJMBI HU3BKOI SIKOCTI; 3HA4HE TieperpiBanns J[B3,
0 € OJIHIEI0 3 MPUYHH PO3PIHKEHHS OJIMBH; MOMAAHHS B OJMBY MaynBa (OCH3UHY
ab0 MU3eNTbHOr0 MaNKBa), 10 MPU3BOIUTH O PO3PLIKEHHs onuBH; podota /B3 i3
3a0pynHeHnM (GITETPOM IS OYUIICHHS OJIMBH a00 X poOOTa Ha 3a0pyIHEHIH OJIUBI,
Benukui mpobir [/IB3; mopyimieHHS 3a30py B KJIAalaHHOMY MexaHi3Mi; aedekTu
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riipoKoMIieHcaTopiB. MOXyTh TaKOX BUHUKATU NE(EKTH 1 MOLIKOMKEHHS JeTanen

NPUBOJY KJlanaHiB, BKJIIOYAIOYH, IITOBXayl, IITAaHTH, KOPOMHKCIIA, Yepe3 MOPYIIECHHS

y BCTAHOBJICHHI (ha3 Tra30po3MoaiIy.

OCHOBHUMHU 3axX0JlaMU JJIsi BITHOBJICHHSI MPAIE3]aTHOCTI € HACTYIHI: 3aMiHa
PO3IOJIILHOIO BaJjia, IEPEeBIpKa, PETYIIOBaHHA 1 IIPH HEOOXIJHOCTI PEMOHT
KJIAMIaHHOTO MEXaHI3MY; 3aMiHa T'iIp0 KOMIIEHCATOPIB; MEPEBIPKA CUCTEMU MAIllCHHS,
Hacoca 1 Mpu HEOOX1HOCTI PEeMOHT abo0 K MOro 3amiHa; OYMILCHHS, MPOMHUBAHHS 1
NpOAYBAaHHS KaHAIIB A TMOJa4yl OJUBM B OJOLI UWIIHAPIB 1 TOJOBIHI OJIOKY.
3acTocyBaHHS MOTOPHOI OJMBH HAJEKHOI SKOCTI 1 peryJsipHa, 3TiHO PEKOMEHAALIIN
3aBOJy-BUPOOHUKA TEPMiHH, 3aMiHa MOTOpPHOT onuBH 1 PinbTpa. [lepeBipka cuctemu
OXOJIOJIKEHHS 1 mpu HeoOXiaHocTi ii TO 1 peMoHT.

OpHuM 13 LIUISXIB BIJAHOBIIEHHS Npale3gaTHOCTI NPU BHUHUKHEHHI BKa3aHUX
nedexTiB € giarHoctyBaHHA, TO abo X PEMOHT CHUCTEM OXOJO/KEHHS abo X
xuBneHHss ME3. EdektuBHicTe npoBeneHHst poOiT 3 pemoHTy JIB3 1 BiHOBICHHS
OKpEeMHX JIeTaliel 3aJIeKUTh BiJ OpraHizailii poOOTH 1HXEHEPHO-TEXHIYHOI CITyx0a,
HasBHI B T'OCIOJIApPCTBAX PEMOHTHOI MalCTEpPHI, YKOMIUIEKTOBAHOCTI MpodeciiHuMU
KaJIpaMd, PEMOHTHO-TEXHOJIOTIYHUM OOJaJIHAHHSIM Ta HOPMATUBHOIO-TEXHIYHOIO
nokymenTtarieto [3]. [lpm mnpoBeneHHi CckIagHUX peMoHTIB nBuryHis ME3
MPUHIIMIIOBE 3HAYEHHS MAa€ HAsIBHICTh BHUMIPIOBAJBLHOTO 1HCTPYMEHTY Ta
npuctocyBanb. [lpu iX BiACYTHOCTI JIOMOTTHCS SKICHOIO TPOBEIACHHS PEMOHTHHX
poOiT 1 BUcokoi HaaiitHOCTI JIB3 B mojanbIniii ekcrutyartaiii HEeMOXIUBO [2].

Cnucoxk BUKOPUCTAHMX JAKepeJI:
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56 — 60.

2. HoBuupkuit A., Mensnuk B., Kapabunsom C., bannuii O. BumiproBanbHuii
IHCTPYMEHT Ta MPUCTOCYBAHHS JJIsl PEMOHTY ABUTYHIB. Agroexpert, 2014, No
10. C. 74 - 78.

3. Pyxwuno 3. B., HoBunpkuii A. B. Orisa TeopeTHIHUX JTOCTIHKEHb HAIHHOTO
dbynkuionyBanHsa cuctem «JIMCy mij BIUIMBOM TEXHIYHOTO OOCITYTrOBYBaHHS 1
pemonty. HaykoBuii Kypaan «TexHiuHuii cepBic arpornpoMHCIOBOTO,
JICOBOTO Ta TPAHCMOPTHOTO KOMITJIEKCIBY. XapkiB, 2016, Bum. 2 C. 223 — 231.

VJIK 621.432.3
3AXUCT BJOKY IUJIH/APIB IBUT'YHIB BIJI KABITALIII

Baxynenxo O.A., mazicmp nepuioco poKy HA8UaHHsA
Hayxosuu xepienux — Cusonanog B.A., cm.euxa.

Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmyseanus Ykpainu

[Ipu tpuBamiii ekcrutyatamii auseniB SIM3 panime crnocTepiranucs 3HAYHI
KaBiTalllifHl pyHHYBaHHs MMOBEPXOHb T'JIb3 1 OJIOKY LUJIIHAPIB 3 YTBOPEHHSIM BUIMOK
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rmouHoI0 110 3 MM. B pesymbrari mporo piaHA 3 CHCTEMH OXOJIO/DKCHHS
noTparuisia B kaprep apuryHa. OfHi€lo 3 NPUYUH KaBITallIMHUX PYWHYBaHb Tib3 1
OJIOKIB IUJIIHJIPIB € KOJUBAHHS T1JIb3, MOPYIITYBaH1 ITUKIIYHUM HaBaHTKCHHSM, 110
Jll€ Ha TIOPIIIHI, 1 0COOJIMBO JUHAMIYHUM IMITYJIbCOM IIPH «IEePEKIaJaHH1» MOPIIHS B
rine3i. KonuBaHHS Tib3 TPU3BOAATH 1O TOPYLICHHS HECTAI[lOHApPHUX Tediit
OXOJIOJIKYIOUOi PIIMHU B 30HI CHOJIYYEHHS TUIB3U 1 OJOKY IUJIHJPIB 3 PO3BUTKOM
KaBITALIMHUX TPOILIECIB, B PE3YJIbTATI IKUX OJIOK 1 TUIh3H HITIHAPIB PYHHYIOTHCS.

Jlnia BinmpairoBaHHsl KOHCTPYKIIT By3ja 3 aHTHKaBITAIIHHUM 3aXHCTOM OJIOKY
MATIHAPIB B 30HI HIHKHBOTO MOCAJTOYHOTO TOSICKA 1 BUSHAYCHHS €()eKTHUBHOCTI ITi€T
KOHCTPYKIlii Oyna moTpiOHA pO3poOKa crHeriaabHOol METOAUKH  (POopcoBaHUX
BUMIPOOYBaHb. 3a pe3yibTaTaMd IMX BHUMNPOOyBaHb OyB oOpaHuii crociod
AHTUKABITALIMHOTO 3aXHMCTy OJIOKY LIMIIHIPIB B HUKHBOMY IOCAJKOBOMY MOSCI -
YCTaHOBKA aHTHKABITAI[IHHUX TYMOBHUX Kuiellb. [Ipy oIiHIIl BapiaHTIB KaBITallHHOTO
3aXMCTy BpaxoOBYBAJIUCA Taki (aKTOpH, SIK €(PEKTUBHICTh 3aXMUCTy BiJ KaBiTailii,
TEXHOJIOTIYHICTh ~ KOHCTPYKIli, MpOCTOTa  CKJIaJaHHI Ta  po30UpaHHS,
B32€EMO3aMIHHICTh T'UTh3 IIMIIIHJIPIB HA paHillle BUITYIIEHUX AU3eNsaX. bynu npoBeaeHi
MTOPIBHSUTBHI JOCIIIJPKEHHS TPhOX BapiaHTIB aHTUKABITAIIMHUX KLIEIb.

[lepmmii BapiaHT - B SIKOCTI aHTHKAaBITAI[IHHOTO KUIbISA 3aCTOCOBYBAJIOCS
cepiifHe KuIbIle YIIUIbHIOBaYa KPYIJIOro NepeTuny. [ yCTaHOBKH I[bOTO KIJIBIS HA
TIb3Y 1 TUIB3H 3 KUTBbIIEM B OJIOK MTOTPiOHA JogaTKOBa 00poOKa T'inb3u 1 OJI0Ky (puc.
1, a). B pe3ynbTrati hopcoBaHUX BUNIPOOYBaHb aHTUKABITAIIMHI KUIbIISI JAHOTO BULY
YacCTKOBO a00 MOBHICTIO PYyWHYBaJIMCS, OXOJIOJKYIOYa PIIUHA 3 COPOYKH OJIOKY 1
rUIb3M TpPOHMKANIa B 30HY KUIENb YHIUJIBHIOBAYiB, BHUKJIMKAIOYU MPOTPECyrodl
KaBiTalll{HI pyWHYBaHHS.

Hpyruil BapiaHT - MJOCKE T'YMOBE KUIbLIE 3 HATSATOM HAJArald Ha TiIb3y, a
MOTIM T3y 3 KUIbIIEM BCTAaHOBIIOBAJIM B BUTOYKY OJIOKY (puc. 1, 06). Cknananus
IpU IIbOMY 3pYy4YHE, aje YTPYIHCHUH NEMOHTaX Tiab3u 3 OJOKY HMIIHIPIB B pasi
pO30yXaHHS TYMHU.

Tpertiif BapiaHT - aHTUKABITAIllHE KUTbIIE TOMIIIAIA B PO3TOYEHHS OJIOKY, a
KOHTaKTHY TOBEPXHIO TUIb3U poOWIM KoHIYHOWO (puc. 1, B). Jlanuwii BapiaHT
BUSIBUBCS HEBJAJIUM B TEXHOJOTIYHOMY BimHOIIEHHI. [Ipy MOHTaXi Tiib3U KiIbIlE
3MINyBaJIOCS MIOAO pO3TOuyBaHHS B Onomi. OgHak e(EeKTHBHICTh 3aXHUCTy BiA
KaBiTauii OyJa 3aJ0BUIbHOIO.

Puc. 1. BapianTu aHTHKaBITAI[IHHOTO 3aXUCTY HIXKHBOTO TOsICKa OJIOKY IUJIIHJIPIB
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OnTuMansHUM BHUSIBUBCS JIPYTUW BapiaHT MICS BBEICHHS JEIKUX 3MiH. byma
nmorymbJieHa BUTOYKA IIiJT KUIbIE Ha T'iib3l, TOMy OJIOK He Tpeba Oyyo 10AaTKOBO
00poOsITH. [l Kpaloro 3axwWcTy Tiab3 1 OJOKY BiJ KaBiTalii OyB BH3HAYCHMI
ONTUMAJILHUM HATAT B CHOJIYYEHHI TiJib3a-Kilblle-0yi0k. Ilnocke rymoBe Kijblie
BIJIMOBIAHOT KOHCTPYKIIii, 10 BCTAHOBIIIOETHCS HA TJIb3Yy IUJIH/PIB 3 ONTHMAIBHUM
HATATOM OYJIO BIIPOBAIXKCHO Yy BUPOOHHIITBO.

VK 621.432.3

AHAJII3 METOJIB BIIJHOBJIEHHA I'lJ1b3 IWJIMHAPOB JIBUI'YHIB
BHYTPIIIHBOI'O 3I'OPAHHA

Ouepemsnuii B.C., cmyoenm
Hayxkosuii kepignuk — Cusonanos B.A., cm.8uxi.

Hayionanvnuii ynieepcumem biopecypcis i npupoooxkopucmyeants Ykpainu

VYcepenuni ONOKy HHIIIHIpa JABUTYHA BHYTPIIIHBOTO 3TOPSIHHS 1 HA HBOMY
PO3TaIIOBYIOTHCSI OCHOBHI MEXaHI3MH 1 JeTalli cucteM aBuryHa. [loBepxHsi Os0Ky
IUAJIIHJIPIB BUKOPUCTOBYETHCS SIK poOOUYa MOBEPXHS TUIBKU B JACSIKUX aBTOMOOITBHUX
1 TPAaKTOPHUX JBUTYHAX 3 HEBEJIUMKUM JiaMETPOM IHJIIHIpa. Y CyYacHHX JBHTYHaX
PIAMHHOTO OXOJIOJUKEHHS UWIIHAP BUKOHYETHCS Yy BUIJIAAI MOKpOI TUIb3H, fKa
OMMBAETHCSA 30BHI OXOJIOJKYBaJbHOK PIAMHOI, ab0 y BHIJISAl CyXOl TUIb3H,
BCTAHOBJICHOT MO BC1M JOBXHUHI MIWJIIHAPA, € CIIOCTEPIrac€ThCI MaKCUMaIbHUN 3HOC.

I'inp3a 3aliMae ocoOnuBe Micle, SK 3a CBOIM MPU3HAYEHHSM, TaK 1 MO
BHUCYHYTUM 10 Hei BUMoraM. Takwil TMOKa3HUK, SK MIIHICTh, HE JOCTATHIN IS
TpuBayoi 1 HamiiHOI pobotu aBuryHa. Cyxi TUIB3W TOBIIMHOIO BiI 2 10 4 MM
(pucynok 1, B, r) BcranoBmowTh 3 HaTsaroMm 0,03...0,06 mMm. B aBTOMOOUIBHUX 1
TPAKTOPHUX JTU3EIbHUX JBUTYHAX 3aCTOCOBYIOTH MOKpI TiJIb3H, IO BIIJIUBAIOTHCA 3
YaByHY, 3 BEpXHIM onopHUM (raHiieM (pucyHok 1, a, 6).
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Pucynok 1. I'inbp3u 610Ky numiHapis, a, 6 - MOKpi; B, T — CyXi.
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['inp3u B G011 LIMUIIIHAPIB BCTAHOBIIOIOTH TAKUM YHHOM, 1100 OXOJIOKyH0Ya
piauHa HEe 3MOTJIa MPOHUKHYTH B HUX 1 B MIJJIOH, a Ta3u HE MPOPUBAIUCS 3 IIMITIH/IPA.

JledekTH Tijab3 1 OCHOBHI IPUYMHM X BUHUKHEHHS.

1. 3HOC BHYTpIIIHKOI MOBEepXHI1 TUIb3 HuTiHIApiB JIBC.

[TIpu poOOTI ABUTYHA BHYTPIIIHBOTO 3TOPSIHHS y BEPXHIM YaCTHHI LMJIIHJPIB
B1I0YBa€ThCs 3ropaHHs poOOUO0i CyMmill, 0XOJ0/KyIoUa piiuHA, Mapy BOAM 1 Macja
KOHJICHCYIOTBCS Ha CTIHKaX LWIHAPIB. BinOyBaeTbcsi mpolec OKUCICHHS 3
YTBOPEHHSIM KHCJIOTH, SIKa BUKIUKA€E KOPO31I0 HUIIHAPIB, PyHHY€E MACISIHY IUTIBKY 1
301bIIyE 3HOC LWIHAPIB 1 NOPIIHEBHX Kuteub. J[is 3017blIeHHS TepMiHy
3HOCOCTIMKOCTI IIWJIIHAPIB B JIBUTYHAaX 3aCTOCOBYIOTh BCTAaBKH, BUTOTOBJICHI 3
KOPO31MHOCTINKOTO YaByHY.

VY BepxHii yacTHHI A3epKajia HWIIHAPA MEXaHIYHE 3HOLIYBAaHHS OUIbIIE, HIXK Y
HIWKHIM. Poboda cywmimn, mo 3ropae, MiABUILYE TUCK rapsuux rasziB. [lepiue
KOMITIpEeCiHEe KiTbIIe MAaKCUMAJIBHO MPUTUCKAETHCS 10 A3epKana nuiinapa. [lopiieHs
3YNUHSETHCS, MaclisiHa IUIIBKa, 1110 YTBOPHJIACA, 3rOpae, 1 Meplle MOPIIHEBE KUIbLE
CTUKAETHCS 3 I3€PKAJIOM LIUJIIHApPA.

2. KagiTariiifHe 3HOITYBaHHSI.

VY auzenbHUX JIBUTYHaX BUHUKAE BiOpallis Tiib3 MUIIHAPIB, KA YTBOPIOETHCS
IIPU TIEPEMIIIIEHH] TTOPIIHS BiJl OJIHIET CTOPOHM IUJIIHpA 10 1HIIO1. MiX MOpPIIHEM 1
J3epKaJIOM IUJIIHAPA € 3a30p, TOMY IPHU MEpeMIlIeHH] MOPIIHS BiAOYBaeThCA yaap.
BibOpauisg uuninapa npu3BOAUTH 0 KaBITALIMHOTO 3HOLIYBAHHS.

30BHIIIHA TOBEPXHS TiAb3 IIWIHAPA 1 4YacTUHA OJOKY UWIHIpa, €
3aMHMKAIOThCS KaBiTalllHI OyJibOalllKu, MiAJAI0ThCS PYWHYBaHHIO. {71 YHUKHEHHS
1IbOTO BUy pYWHYBaHb B Tr'yib3ax ABUTYHIB (AM3-236 1 AM3-238) pobiiaTh KaHABKY,
B SIKY BCTaBJISIIOTh aHTIKaBITAIlll{HE KUIbIE TPSIMOKYTHOTO MEPEpi3y.

3. 3nam OypTy T'iJib3H.

VY 610111 IMITIHAPIB € OKPYTJIe 3arTHuOIeHHs, IKE HA3UBAETHCS CIITIOM OypTHKA.
BoHno mnpusnauene mis  Qikcamii TUb3M B Onomi. bBypTuk cuauTth TOYHO B
morMOJIeHH] Tak, 00 TIh3a MOBHICTIO CIHMpajiacs MO0 BCbOMY IEPUMETPY Ciaja.
OCHOBHMMHU MpPUYUHAMHU 37aMy OypTY TIJIb3M € HEPIBHOCTI 1 Mepekocu B 00JacTi
cipra Oyptuka B Omori mmiiHapa. HeoOximHo, mo0 moBepxHs Oyia CTPOro
TOpPU30HTAIbHA), @ KPOMKA IMOBEPXHI Cijia 3pi3aHa (1mix KyroMm npoiau3Ho 1x45 °©).

4. TpimHU HA TOBEPXHI TIb3H.

[IpyuriHOIO TOSIBU TPIUMH B JAETANAX € HEHOPMalbHI YMOBH iX pOOOTH
(cubHMI TIeperpiB, MIBUAKE OXOJIOPKCHHS, VYAApHI HABAaHTAKEHHA 1 T.I.).
BuHMKHEHHS TPIIMH MOX€e OyTH CIIPOBOKOBAHO MOPYIIEHHAM TEXHOJIOT1] PEMOHTY.
[IpyurHOIO YTBOpPEHHS TPIIIMH Ha MOBEPXHI T'Ib3 MOXKE CTATH MEPETSKKa OOJTIB
TOJIOBKM OJIOKY WWIIHAPIB B JEAKUX JABUTYHaX. Y psaAl BUMNAAKIB TpilIMHA
PO3BUBAETHCS 1 MPU3BOJUTH JIO TOBHOI TMOJOMKH JeTali. 30UIbIIEHHS TPIIUHU
3aJIeKUTH BIJI TUITY JETail, MaTepialy 3 sIKOTO BUTOTOBJICHA T1Ib3a, 1 IEPETHHY, 10
SAKOMY TIPOXOAMTH TpimuHA. i neTaneil HOpIIHEeBOi IPyH TPIIMHA MaiKe 3aBXKIH
MIPU3BOUTH hi (o) pyWHYBaHHS neTani 1 MOJIOMKH JIBUTYHA.
Bubip cmnocoOy BiZHOBJICHHS 3HOLICHUX ABTOTPAKTOPHUX JeTaleld MPOBOAUTHCS
pI3HUMH cHocobaMu 1 3aJIeKUTh Bl BHUPOOHMYUX MOXKIMBOCTEH pPEMOHTHHX
MalCTepeHb 1 EKOHOMIYHO OOTPYHTOBAaHUMHU MIPKYBaHHSIMU :
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1. PosrouyBanHss mig pemoHTHHU po3mip Cnocid po3rouyBaHHS 1
XOHIHTYBaHHS T1b3 IHJIIHJPIB 3aCTOCOBYETHCS IMPH 3HOCI BHYTPIIIHBOI MOBEPXHI
TUIB3M 70 JlaMeTpy, IO TEePEeBHUIIyE TPAaHWUYHHUM, TP BUHUKHEHHI OBAJIBHOCTI 1
KOHYCHOCTI Ha poOodYiil AUIAHIN OuIbIe AOMYCTUMHUX PpO3MIpIB. 3aJeKHO BiJ
BEJIMYMHU  3HOCY TUIb3M  BIJIHOBIIOIOTH  PO3TOUYBAHHAM 3  IMOJAJIBIIAM
XOHIHTYBaHHSAM. Takuil croci0 BiJIHOBJIEHHS 3HAWIIOB IIMPOKE 3aCTOCYBAHHS MPU
PEMOHTI IIIIHIPOTIOPIIHEBOI IPYNH JBUTYHIB BHYTPIIIHOTO 3rOPaHHS.

2. llInipyBanHs BHYTpIIIHBOT MOBEpXHI BHYTpIIIHI MOBEpXHI Tijb3 LUTIHAPA
nunipyroTh J0 TOBHOTO BHBEACHHS CmiaiB 3HOCy. Ilicmsa mnuridyBaHHS poOoua
MOBEPXHS TUIb3U TMIJIAE€THCA MICKOCTPYMHUHHOMY OYHILIEHHIO 1 OIIMHKYBAaHHIO,
MO>KJIUBE BUKOPHUCTAHHS 1HIINX CTPYMHUHHHUX METO/IIB.

3. EnekTpoiMnyfibCHE HAHECEHHS TOKPUTTIB.

[IpuHuun pgaHoro crnocoOy 3aCHOBaHW Ha TOMY, IO MPU MPOXOMKEHHI
IMITyJIBCHOTO PO3psAy KOHAEHCATOpa uyepe3 JpiT HAIWIIOBAaHOTO MeETally BUHUKA€E
BUOYXOBE TUIABJIICHHS APOTY, B XOJl SIKOTO PO3ILIABICHI ApiOHI YACTUHKU METaly
OC1/Iat0Th HA BHYTPIIIHIN MOBEpXHI I'iIb3u. OCHOBHUM HENOJIIK JIAHOTO CIIOCO0Y € Te,
0 Led crnoci0 He TOOUTHCS AJIS BITHOBJICHHS Tib3 3 BEJIMKOIO BEJIMYMHOIO 3HOCY,
TaK K TAKUM CII0COOOM HEMOXKJIMBO OTPUMATH NOKPUTTS BEIUKOI TOBIIMHU.

4. Cnioci6 BITHOBIJICHHS €JIEKTPOITUHYHUMHU MOKPUTTIMHU.

[lpuHnun MeToAy TMOJsra€ B TOMY, TOCTIMHMA EIEKTPUYHUNA CTPYyM,
MPOXOJSYH Yepe3 PO3UUH ENEKTPOIITY, YTBOPIOE B HHOMY MO3UTHUBHO 1 HETATUBHO
3apakeHl 10HU. [IO3UTHMBHO 3aps/KEeHl 10HM NPUTITYIOTHCS JO HEraTUBHOTO
eJIEKTpOAYy - KaTojda, SIKMM € MeTajeBa JeTajlb, 1 OCiAal0Th Ha 11 TOBEPXHI.
OCHOBHUMHU HEAOJIKAMH JAHOTO CIOCOOy € MajeHbKa TOBIIMHA LIApYy MOKPHTTS,
BEJIMKA 4YacoBa TPUBAIICTb HAHECEHHS MOKPUTTA 1 HEPIBHOMIPHICTH wIapy, WIO
HAHOCUTHCSA

5. 'anpbBaHOMEXaHIYHUN CHIOCIO BITHOBJICHHS.

Hanuit  cnoci® € pi3HOBUAOM E€IEKTPOXIMIYHOTO XOHIHTYBaHHSA, IS
OXOJIO/KCHHSI BHUKOPHUCTOBYIOTH EJIEKTPOJIT JIJIi HAHECEHHS OOpaHOro metaity, 1
3BOJUTBCS JI0 €JIEKTPOOCA/KEHHS MeETally 3 OJHOYACHUM XOHIHTYBaHHSM IIpU
HE3HaYHOMY THUCKY OpYCKIB 1 JO OCTATOYHOTO XOHIHTYBaHHS [UJIsl OTPUMAaHHS
HEOOXITHOT TeoMeTpii MOBepxHi, 1O 00pobyseTbess. ToMy Bech TEXHOJIOTIYHHIMA
IpoLec 3AIMCHIOEThCS 3a JOIIOMOTOI0 OJIHIET YCTaHOBKM Ha MEBHOMY OOJIaJHaHHI.
CyTT€BUM HEIOJIKOM JJAHOTO CIIOCO0Y € BUCOKA BapTICTh HEOOX1THOTO 00JIaTHAHHS,
MarepiaiiB, IKi BAKOPUCTOBYIOTHCS MIPU B1THOBJICHHI.

6. BinHOBIIEHHS CITOCOOOM MOCTAHOBKH PEMOHTHHUX BTYJIOK.

Croci0 BITHOBJIEHHS BHYTPIIIHBbOI IMOBEPXHI TUIb3 LMWJIIHAPIB JO3BOJISIE
30UTbLIYBaTH BIJCOTOK MOBTOPHO BUKOPUCTOBYBAHMX TlIb3, B 3B'A3KY 3 THUM, LIO
BUHHMKA€E WMOBIPHICTh PEMOHTYBATH TUIb3M MPH 3HOCI BHYTPIMIHBOI MOBEPXHI, IO
nepepuiye 0,4 Mm.

30BHIIIHIO TMOBEPXHIO BTYJIKH MNPOTOYYIOTh 3 JOMYCKAMH Ha TMOJaJIbIIe
JOBEJICHHS [0 HOMIHQJIBHUX pPO3MIpPIB TUIB3M TICHS OMmepalii 3ampeccyBaHHS.
BuroroBneny BTynky cnouatky HarpiBaioTh g0 300°C..400°C, a mnotiMm
BCTAQHOBJIIOIOTh Ha MIATOTOBICHY JUISHKY TiUIb3u. [IpM OXONOIKEHHI BTYJIKU
BiJI0YBA€THCSI OOTUCK TJIb3HU, 32 PaXyHOK LIbOTO BiTHOBIIIOETHCS BHYTPIIIHINA J1aMeTp
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riip3u. B KiHIIEBOMY MIACYMKY OOpOOJISiIOTH BHYTPIIIHIO 1 30BHILIHIO MOBEPXHI
T'UIB3H i HOMIHAJIBHI PO3MIPH.

HenonikoM gaHoro cmoco0y € MOJOpOXKYaHHS BUPOOHHUIITBA 1 YCKJIaIHEHHS
TEXHOJIOTIYHOTO MPOLIECY.

YK 669.14.018.25:620.18:539.374

DIFFUSION WELDING
(dudysiitne 3BaproBaHHs)

Xeyney T., cmyoenm
Hayrosuii kepienux — Apmanoinsany €.1°., 0.m.H., npog.

Hayionanvnuii ynieepcumem biopecypcis i npupoooxkopucmyeants Ykpainu

Diffusion bonding or welding is a solid-state welding process wherein
coalescence of the facing surfaces is produced by the application of pressure and
elevated temperatures to carefully cleaned and mated metal surfaces so that they
actually grow together by atomic diffusion.

* The process does not involve macroscopic deformation, or relative motion of
the workpieces.

* The process can be used to join either similar or dissimilar metals with the
optional use of a solid filler metal between the facing surfaces.

Welding types

Gas pressure bonding:

*The facing surfaces are pressed together and heating done to 815 degrees
Celsius. During heating, an inert gas pressure is built up over all the surfaces of the
parts to be welded.

*Non ferrous metals

Vacuum fusion bonding:

*The facing surfaces are pressed together mechanically or hydraulically using a
hydraulic press. Process carried out in vacuum chamber. Heating at about 815
degrees Celsius.

*Pressure much higher than previous process, so can be used for steel and its
alloys.

Eutectic fusion bonding:

*Low temp diffusion welding process

*A thin plate of filler material between the pieces to be joined.

*As the pieces are heated to a particular temperature, the filler material diffuses
and forms a eutectic compound with the parent metals.

Equipment and tools
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Main requirement is that temperature and pressure must be applied and
maintained in a controlled environment. Usually, autoclaves and presses are the main

equipment used.
Diffusion welding working principles

Ist stage deformation and interfacial
boundary formation

Asperities come into contact

2nd stage grain boundary migration and 3rd stage volume diffusion pore
pore elimination elimination
Fig. 1. Diffusion welding working principles

1st stage - Deformation forming interfacial boundary.
2nd stage - Grain boundary migration and pore elimination.
3rd stage - Volume diffusion and pore elimination.

Principle
Surface to be diffusion welded will have some surface roughness, ie; a number
of peaks and valleys, and also oxidized layers, grease dirt, adsorbed gas, moisture

,etc. on its ,surface.
*The first stage is to ensure intimate metal to metal contact for the 2 pieces to

be diffusion welded.

For this, we need to apply pressure to deform the substrate roughness and also
disperse the oxide layers and contaminants.

Diffusion and grain growth to complete the weld so that there is complete
metallic bonding across the area of contact.

*Moderate heating temperatures below 1100 degrees Celsius to increase the
diffusion rate.

Process

*The Diffusion-welding process consists in bringing together the smoothed
surfaces to be diffusion welded after having eliminated all contaminants and surface
oxides (Stage 1 of fig. 2).

*Then pressure 1s gradually applied and temperature is elevated to permit
diffusionat the atomic level (Stage 2 of fig. 2).
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Fig. 2. Stages of diffusion welding process

*Then diffusion causes the interface to disappear slowly while the remaining
voids between the original surfaces shrink or are absorbed within the grains(Stage 3
of fig. 2).

*Finally the interface cannot be seen any more (in a metallographic section)
and residual voids, if any, result no larger or frequent than those of the base metals
(Stage 4 of fig. 2)

Welding Parameters

1. Bonding Pressure:

*Uniform pressure assures consistency of bond formation, i. e, it ensures tight
contact between the edges of the pieces.

*The initial deformation phase of bond formation depends on the intensity of
pressure applied. It must be sufficient so as to aid deformation of surface asperities
and to fill all the voids at the interface by material flow.

*The compressive load helps in dispersing surface oxide films. This leaves a
clean surface and aids diffusion and coalescence at the interface.

*For a given time-temperature value, increased pressure gives better quality
joints. However, the cost will also increase.

*However, the applied pressure must not be so high as to cause macroscopic
deformation.

2. Bonding Temperature:

*Plastic deformation, creep and the diffusion mechanisms are all temperature
dependent since higher temperature increases the surface energy and hence the
mobility of the atoms.

*Temperature determines: (a) the extent of contact area which dictates the size
of the voids to be eliminated during the 2ndstage of diffusion and (b) the rate of
diffusion which governs void elimination during the 3rdstage.

*Usually, elevated temperatures will shorten diffusion welding cycle and
reduce cost since less pressure needs to be applied.

*Diffusion welding temperatures usually ranges from 0.55 to 0.8Tm (the
melting point of the base metal).

3. Dwell Time:
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*Dwell time is usually dependent on the temperature. An increase in
temperature shortens the time required to complete the diffusion welding and vice
versa.

*Dwell time at a specific bonding temperature and pressure must, in most
cases, be kept minimum from physical and economical considerations.

It should be sufficient for an intimate contact to be formed by elimination of
the asperities at the interface through the process of diffusion. However, excessive
diffusion time may lead to the formation of Kirkendall voids in the weld zone or even
form brittle intermetallic compounds.

Pressure, temperature and time are shown on fig. 3 for diffusion welding

copper and stainless steels.
900

800 = r— “u—Temp | ' 10
700 —o—Prgssure : | 9
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Fig. 3. Pressure, temperature and time of diffusion welding copper and
stainless steels

YK 669.14.018.25:620.18:539.374

LASER WELDING
(JTazepHe 3BaproBaHHs)

Llyman A., cmyoenm
Hayxrosuii kepienux — Apmanoinsany €.1°., 0.m.n., npog.

Hayionanvnuti ynisepcumem diopecypcie i npupo0okopucmy8anHs Yxpainu
The term laser is an acronym for Light Amplification by Stimulated Emission

of Radiation. A laser beam is a powerful, narrow, monochromatic and directional
beam of electromagnetic radiation. Often, these beams are within the visible spectrum
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of light. A laser device excites the atoms in a losing medium. The electrons of these
atoms move to a higher orbit, then release photons, creating a laser beam.

A laser beam is produced inside of the Ruby Crystal. The Ruby Crystal is made
of aluminium oxide with chromium dispersed throughout it. Which is forming about
1/2000 of crystal, this less than natural ruby. Silver coated mirrors are fitted internally
in the both side of crystal. The one side of mirror has a tiny hole, a beam is come out
through this hole.

A flash tube is placed around the Ruby Crystal, which is filled with xenon inert
gas. The flash is specially designed such as which is made flash rate about thousands
flashes per seconds (fig. 1).

—@ | Sty | @—

] |
| I

Capacitor

Laser beam | |Concentrated beam

Mirror \.NN . 4 V- k- _,= ! ji\‘ ’
I I ==
Cooling system r \ : \
\ Focusing lens
‘ \ Work piece
Xenon Flash tube Laser crystal

Fig. 1. Schematic diagram of Laser welding

The electrical energy is converted into light energy; this is worked by flash
tube. The capacitor is provided for storage the electrical energy and supply the high
voltage to flash tube for performed appropriately. The electrical energy discharged
from capacitor and xenon transform the high energy into white flash light rate of
1/1000 per second.

Types of laser Beam

Types of lasers include gas (fig. 2a), liquid (fig. 2b) and solid (fig. 2¢).

1. Gas lasers excite the electrons in gases, such as helium, neon, cadmium,
carbon dioxide and nitrogen.

2. Liquid lasers include the dye laser, which uses organic dye molecules in
liquid form to produce a wavelength of radiation that can be tuned.

3. Solid lasers include the ruby laser, which uses a precious stone to produce a
beam of red light.
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Fig. 2. Gas (a), liquid (b) and solid (c) lasers

Mechanics of LBW
Laser beam welding (LBW) is a welding process which produces coalescence
of materials with the heat obtained from the application of a concentrate coherent
light beam impinging upon the surfaces to be joined (fig. 3).
It is achieved through following phases:
1. Interaction of laser beam with work material.
2. Heat conduction and temperature rise.
3. Melting vaporization and joining : When using the laser beam for welding,
the electromagnetic radiation impinges on the surface of the base metal with such a
concentration of energy that the temperature of the surface is melted vapor and melts
the metal below.
LBW Process Advantages:
> Works with high alloy metals without difficulty
> (Can be used in open air
> Can be transmitted over long distances with a minimal loss of power
> Narrow heat affected zone
> Low total thermal input
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> Welds dissimilar metals

> No filler metals necessary

> No secondary finishing necessary
> Extremely accurate

> Produces deep and narrow welds

> Low distortion in welds

> High quality welds

> Can weld small, thin components
> No contact with materials

Fig. 3. Mechanics of Laser beam welding

YK 669.14.018.25:620.18:539.374
BAXKKI BETOHH

batibapa B.1., cmyoenm
Hayxosuui kepienux — Apmanoinany €. I'., 0.m.H., npogh.

Hayionanvnuii ynieepcumem diopecypcis i npupoookopucmyeanus Yxpainu

Baxkuii 6eToH - 1I¢ OJHE 3 HAaWAKTyaJbHIMUX OyaMmaTepiamiB B yMoOBax
cydacHOro GymiBHMITBA. MOro 3acTOCOBYIOTH B OCHOBHOMY IIPH 3BEJICHHI 30ipHHX
KOHCTPYKLIH 1 MOHOMITHUX OyaiBesb. Takox 3 MaTepialy TaKOro TUITY, AOMTOBHEHOTO
apMaTyporo, BUPOOJISIOTE 0€37114 3a11300€TOHHUX BUPOOIB: JOPOXKHI IIIUTH, OJIOKH
U1t QYHIAMEHTY, TUTUTH TIEPEKPUTTSI, Ma Ta iH.
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LlemeHT K MpUpPOAHA PEUOBHHA ICHYBaB IIE JO MOYATKY ICTOpIi JIOACTBA —
Ounbie 12-Tv MiTEHOHIB pokiB ToMY. CIipaBxHIO OETOHHY CyMIlll BIIEpIIE CTBOPHIIN
caMe pUMJISIHUA. Y TPEThOMY CTOJIITTI JI0 HAIlIOi €pU BOHU BUSBUJIM, 1110 3MIITyBaHHS
BYJIKAHIYHOTO TMONENTy 3 BallHSIHUM PO3YMHOM, IICKOM 1 IpaBl€EM CTBOPIOBAJIO TBEpAA
peYOBHHA, CXOXe Ha cydacHuid OetoH. [licist Toro, sik y O€TOHHY CyMilll JOAaiu
TBAPUHHUN JKUP, MOJIOKO 1 KpoOB, peuoBMHa Oyna Ha3paHa «Ilyiomnanom.
[lymonan BUKOPUCTOBYBAIM JUisi OyAiBHMIITBA ArmiaHckoro nuisixy, Kosmizero i
[TanTeony, a Takox [lon-mio-I'ap B IliBnenniit ®panmii. [licns naxinaa Pumcbkoi
iMrepii SKICTh IIEMEHTYBaJIbHHX MaTeplaliB MIBUAKO TOTIpIIMIAch, TOMY IO
OUTBLIICTh JIIOACH CTajo MIKaBUTH OYAIBHUIITBO KaM SIHUX CHOpyA. TexHika
BUTOTOBJICHHSI MYIIIIOJIAHOBOTO IIEMEHTY OyJia BTpadeHa, 3a0yTa 1 He 3 SBIsjacs 10
cepenuHu cepeaHboBluds. Opnak, B 1414-my pomi Oynu BHSIBIEHI pPYKOIKCH
puMcekoro apxitekrtopa Ilomio BitpyBiyca, B gkux MicTwiacs iHGopMalis Mpo
myiioiad. Tak y rpoMaicbKoCTi 3HOBY 3’SIBUBCS 1HTEepecC 70 OeToHy, 1 Bxke B 1163-
My poii @pa J[>KOKOHI0 BUKOPUCTAB IMYLLIOJIAHOBHUI LIEMEHT /17151 Oy IBHULITBA Mipca
[Ton-ne-Hotp-/lam B [Tapuxki.

3a numomoro macoro 6emoHu noJiNAIMbCA HA :

X Oco06auBo Bakki 6eTonu (0utbIe 2500 kr/m?)
® Baxki 6etonu (Bix 2200 go 2500 kr/m?)

X Tlonermeni 6etonu (Bix 1800 mo 2200 kr/m? )
X Jlerki 6etonu (Big 500 no 1800 kr/m?)

X Oco6muBo nerki (menme 500 kr/m?)

Baorckuii bemon

Minepanvue 6'sorcyuuu

Moro BuGip BH3HAYAETHCS 3aJAHOI0 MIIHICTIO OETOHY, YMOBaMH HOTO
TBEpIHHSA 1 eKcIUTyartalii. BpaxoByeTbcs MiHEpajJOTIYHUIN CKIa HEMEHTY, TOHKICTb
MOMEITy, 3MICT T0OABOK.

Booa

BukopucTtoByeThCSl MUTHA, MPUPOJIHA, 10 HE MICTUTh IMIKIJUTMBUX JOMIIIOK
(MiHEpasibHUX a00 OpraHIYHUX KHCIOT, KUPIB, Cylb(dariB) Boma. Y 1abopaTOpHHUX
YMOBaxX BU3HAYAIOTh MIPUJIATHICTh BOJIH.

Iicok

Cymim 3epeH kpymnHicTio 0.14-5 mm. AkicTh micka BU3HAYAETHCS BMICTOM B
HbOMY IIKIAJMBHUX JOMIIIOK (TJIMHUCTI, MUJIOMOJIOHI, CIpYaHOKUCIUHN 3'€JHAHHS),
3MICT SIKMX HE MIOBUHHO MepeBuIyBaty BctaHoBieHux ['OCTamu HOpM.

3a KpYIMHOCTI MICKH MiAPO3AUISIIOTH: BEJIMKUI MICOK, CepeHIN, APIOHUH 1 JyKe
Ipi1OHU.

Kpynuuu 3anoeniosay

I'pasiii - myxka cymim ripcekux nopig. Po3mip 3epen 5-70 mm. I'paBiii OyBae:
TIPCHKUM, PIYKOBUM, MOPCHKUM. [1[e01Hb OTPUMYIOTH NMIISTXOM JIPOOJIEHHS T1PCHKUX
nopia. Mae po3Mmip 3epeH Takuii ke SIK y TpaBiio.

Ocobnuso 8adcki bemoHu BUKOPUCTOBYIOTBCS JJIsl CIIOPYAXKEHHS ClieliadbHIX
3aXUCHUX cropyd. Baxki OeToHM 3acTOCOBYIOTh Ui OyAiBHUITBA OYIUHKIB,
MIPOMUCIIOBHUX, T1APOTEXHIYHUX 00'€KTIB.
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Oco06mmBO Bakki O€TOHW 3 CepeAHbOr0 MIUIbHICTIO Oumbmie 2500 kr / M3
BUTOTOBJISIFOTh Ha OCOOJMBO Ba)KKMX 3allOBHIOBauax (MarHeTUT, JIUMOH, OapwuTi,
YaBYHHOI Ipo0y, 00pi3aHHSAX CTaJIH).

Bci MoHOIITHI eieMeHTH OY/IiBelb 1 CIIOPYA BUTOTOBIISIIOTHCSL CAME 3 BaXKKOTO
oetony (puc. 1).

Puc. 1. Hpoe BHTOTOBICHHS! BUpOOYy (a) Ta 6110ku (0) 3 BAXKKOTO OCTOHY

Menm epekTHBHUI BaKKHi OCETOH TIMBKU IS YJIAIITYBaHHS CTIH 1 JIETKHUX
MepeKpuTid, TOOTO TaMm, A€ HEOOXiJHO 3HU3BWTH TEIUIOBTPATH 3a pPaxyHOK
3aCTOCOBYBAaHUX MaTepialiB.

YK 669.14.018.25:620.18:539.374
JIEI'KI BETOHHA

baubapa 1.1, cmyoenm
Hayxosuui kepienux — Apmanoinany €.1°., 0.m.H., npog.

Hayionanvnuii ynieepcumem biopecypcis i npupoooxkopucmyeants Ykpainu

Jlerki OetoHu - 11e rpyra 0eToHIB 3 00'eMHOI0 Macoro MeHie 1800 kr / M3.

Jlo Hel BIAHOCATHCA OETOHM Ha TMOPUCTUX 3aloOBHIOBauYax (KepaM3UTOOETOH,
arJIonopiToOETOH, MEPAUTOOETOH), OETOHM HA JIETKMX OPraHIYHUX 3alOBHIOBaYax
(apOoauT, KOCTpPOOETOH, TMOJICTUPOIOETOH) 1 mopuUcTi OetoHu (MHOOETOH,
ra3zo0eToH).

B saxocTi B'SKyduMX MOXKYTh OyTH BHKOPHCTaHI IIEMEHT, TilC, MarHe3idHui
LIEMEHT.

3aCTOCOBYIOTHCS JIeTKI O€TOHU JJIsi BUTOTOBJICHHS! CTIHOBUX TaHENeH 1 OJIOKiB,
IUTMT JJI OKPUBIB Ta KaMiHHS JIJIs1 YKJIQJaHHS CTiH.

Jlerkuit 6eToH — edeKTUBHUN MaTepial, KUl Ma€ BEJIUKY MEPCHEKTUBY (puc.

1.
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Puc. 1. Hpo61/1 3 JIETKOTO OETOHY

Jlezki 6emonu (Ha modatky XX CT. IX Ha3UBaIU «TeTuli O€TOHW») — OETOHU 3
mineHicTI0 MeHme 1800 Kr/M® — yHiBepcanbHHH MaTepian, sSKHil OropoKyIoTh i
HECYTb KOHCTPYKIIIi )KUTIIOBUX 1 TPOMUCIOBUX OY/IUHKIB.

CBimueHHS IXHBOTO 3aCTOCYBaHHS Bimomi mmie B [lpeBHbomy Pumi. s
oJlepKaHHS JIETKWX OCETOHIB TOAI BHKOPHUCTOBYBAJIW MPUPOTHUN 3allOBHIOBAY —
nem3y 1 Ty}, a Takox Ol Kepamiky 1 HaBITh MOPOXKHI TIHHSIHI MOCYIUHHU. Y TaHUAN
Jac I1i 3aITOBHIOBAY1 TaAKOK BUKOPHUCTOBYIOTH SIK MIiCIIEBHI MaTepial.

[Iupoxuii po3BUTOK JIETKI OETOHU OJIep>Kalid B APYTiil mosioBUHI XX CT., KOJIH
MOYaJIOCss MacoBe BUPOOHUIITBO IITYYHUX IMOPUCTHX 3allOBHIOBAYIB: KEPaM3UTY,
arJIONOPUTY, KYKUIbHOI ITEM3H Ta 1H.

3 nerkux OCTOHIB BUTOTOBJISIIOTH OUIBIIICTh CTIHOBUX MaHENCH 1 OJIOKIB, IIUT
MOKPIBENbHUX MOKPUTTIB Ta KaMEHIB JUIsl YKJIQJaHHS CTIH. TepMIH «JIerKi OETOHM»
MOETHYE BEJIMKY TPYITY PI3HUX 32 CKIIAJIOM, CTPYKTYPOIO 1 BIACTUBOCTSIMU OETOHIB.

Cuposunni mamepianu

Jlnst  mpuroTyBaHHS  JIETKMX OETOHIB  3aCTOCOBYIOTH  MOPTIAHAIIEMEHT,
MIBUIKOTBEPAHYYHH TTOPTAAHANICMEHT 1 IIJIAKOMOPTIAH-I[EMEHT.

Sk 3anoBHIOBaul JJIsl JErKUX OETOHIB BUKOPHCTOBYIOTH NMPUPOJHI Ta IITYYHI
CHIIKi MOPHCTI MaTepiadd 3 HACUIIHOWO IIiIbHICTIO He Oimbmre 1200 kr / M° mpu
KPYITHOCTI 3epeH 10 5 MM (IicoK) i He Ginmbire 1000 Kr / M IpH KPYITHOCTI 3peH 5 ...
40 MM ( me0iHb, TpaBiii).

Ilpu macud)zmuzz nOpUCmux 3ano6n08auie pOS’plS’H}Zlomb MOPUCTI HpHpOI[Hl
HAIMOBHIOBAY1 ByJIKaHII-IHI 1 0CaJIKOBI, a MITy4YHI — CIEIIaJbHO BUTOTOBJICHI 1 TBEP/i
B1JIXO/IA TIPOMHUCIIOBOCTI.

o epynu 3ano6H06a4i6 8YIKAHIUHO20 NOXOONCEHHS 6X00amb 1MIEOIHb 1 MICOK 3
neM3H, BYJIKAHIYHOTO IIIaKy, Typy 1 TypiB naB. JJo 3anosnioauie 0cadosozo
NOX00JICEeHHsT IOHOCAMbCS TIOPUCTI BAaMHSAKA 1 BamHsHI Tydu, OmMoKa, Tpemedn,
TIAaTOMITH. B saxocmi nopucmux 3anoeHI08ayié MONCYMb CILYICUMU PIZHOMAHIMHI
8i0X00U NpOMUCIOBOCMI: TATWBHI W MeTalypridiHi LIJIaKW, 30J1a-BUHECEHHS 1
30JI0IIIAKOBI CyMIIlll, KEpaMIuyHUMA OOJT.

CneyianbHo 6U2OMOBIEHUMU NOPUCMUMU 3AN0BHIOBAUAMU € KEPAM3UT 1 HOro
p13HOBUIM (IIIYHT131T, 30JIbHUHN TpaBid, MIMHO30JBHUN KEpPaM3WT 1 1H), arjomopuT,
KY)KIIbHA TIeM3a, I'paHyJbOBAaHUH IIJIAK, CIydeHMH IepiiT Ta BEPMHUKYIIT. 1X
CHeIIaJIbHO OTPUMYIOTh Y BUTJIA/1 TPaBito, MEOEHIO 1 MCKY B pe3yJabTaTi TEPMIYHOT
00pOOKHU TIIMHUCTOTO, 30JIbHOTO, IIJIJAKOBOTO Ta 1HIIOTO MIHEPAJIbHOT CHPOBHHH.
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3a npusnayenHaM ne2ki bemoHu niopo30LIAOMbCs HA:

* KoHCTpyKIiliHI, B TOMY YHCJ1 KOHCTPYKIIMHO-TEIUIOI30JIAIINHI, J0 SKUX
J0JTATKOBO MPeJ1 ABJISIIOTHCS BUMOTH 110 TETJIONMPOBITHOCTI;

* CrneniansHi (kapoctiiiki 3a 'OCT 20910, ximiuno criiiki 3a [OCT 25246 Ta

1H.)

* TemnoizonsmiiiHi, OCHOBHE NPHU3HAUEHHS SKHX 3a0e3leuyBaTH HEOOXI1THE
TEPMIYHHMM OMip OrOPOKYBaJIbHOI KOHCTPYKIIii; 00’eMHMI Bara ix menmie 500 kr /
M Koe]ilieHT TeruonpoBiaHocT: 70 0,2 kkan / M * u * paauii.

* KOHCTpyKTHBHI, NpU3HAYEH] CIIPUHMATH 3HAYHI HABaHTAXXEHHS B OYHIBIAX 1
criopyzax; 06’emMHa Bara ix 1400-1800 kr/m’, mapka 3a MinmicTio He MeHme 50,
MOPO30CTIMKICTh HE HUXKYE 15.

*  KOHCTpYKTHUBHO-TEILIOI30JALINHI, B  SKUX TOEIHYIOTbCA  BJIACTUBOCTI
TonepeHIX BUJIIB JETKUX OeToHiB; 00’eMHMil Bara ix 500-1400 kr / M Koe]ilieHT
TEIJIONPOBITHOCTI He Oubmie 0,55 kkaim / M * TOJ * Tpad, Mapka 3a MILHICTIO HE
MeHiie 35.

bemonu na nopucmux 3anosnwosauax

Jlerki OeTOHM Ha TIOPUCTUX 3aMOBHIOBaYaX OTPUMYIOTh BC€ OUIbIIE
3aCTOCYBaHHS B OYJIIBHHUIITBI 3aBASKM MEHIIIA MIUIBHOCTI MPHU JOCTaTHBO BEJIUKIN
MILIHOCTI 1 psay TMOPIBHSAHO CHOPHUSTIMBUX BJIACTUBOCTEH —  MIJBUIIEHOI
JIOBFOBIYHOCTI, MOPO30CTIMKOCTi, BOJOHEHIPOHUKHOCTI, BOTHECTIMKOCTI, KOPO31iHOT
CTIMKOCTI, MEHILIOI TEIUIONPOBIAHOCTI 1 BapTOCTl. MiHEepalibHa NEPEBaXXHO OCHOBA
Jerkux OETOHIB 1 BIICYTHICTh IIKIJIMBUX JOMIIIOK Y BUKOPUCTOBYBAHOMY CUPOBUHY
poOUTh 11 OETOHM EKOJOTIYHO YUCTUMHU 1 Oe3neynumu. lle n03BoisE yCHIIIHO
BUKOPUCTOBYBATH iX B HECY4YUX 30IpHUX 1 MOHOJITHHUX KOHCTPYKIIISIX — KOJIOHAX,
IJIMTaxX MEePeKpUTTiB, Oankax, (epmax, MPOroHOBHX OyJOBaX MOCTIB, KyIOJIax,
Kapkacax BHCOTHUX OyJiBelb, CHJIOCaX, e€JeBaTopax Ta 1H CHOpyJdax; B
OTOPOJHKYBAIbHUX KOHCTPYKIIISIX — OJHOIIAPOBUX 30BHINIHIX CTIHAX Ta IJIMTaX
MOKPUTTIB, a TaKOX SK TEIJIO3BYKOI3OJSAIINHOIO MaTepialy B IIapyBaTHX
KOHCTPYKIIISIX 30BHINIHIX CTIH 1 TUIMT MOKPUTTIB, MIKKBApPTUPHUX IMEPErOpOaKaX 1
MDKITOBEPXOBHUX TIEPEKPHUTTSIX.

[upota 1 e(EeKTUBHICTb 3aCTOCYBaHHS JIETKMX OETOHIB Ha MOPUCTUX
3alOBHIOBAYax Yy PI3HUX oOjacTsax OyAIBHULTBA TOB’s3aHI 3 PO3BUTKOM
BUPOOHMIITBA, YJOCKOHAJICHHSM TEXHOJIOTIT 1 NIABUUIEHHSAM $KOCTI TMOPHUCTHX
3aMOBHIOBAYIB, B TOMY YUCJI1 3 HETPAJAULIIMHUX CUPOBUHHUX JIKEPEIL.

llopusosanuii 6emon

[TopuzoBaHuii 6ETOH BIAPIZHAETHCS Bl 3BUYANHOTO HIIJILHOTO JIETKOTO THUM,
[0 MICTHTh Y IIEMEHTHOMY KaMEHI BEJMKY KIJIbKICTh MOBITpsHMX Top. [Topm3arrii
J03BOJISIE 3HU3UTH IIUIBHICTh 1 TOJIMIIUTA TEIUIOTEXHIYHI BJIACTUBOCTI JIETKOTO
OCTOHY Ha TOPUCTUX 3aMOBHIOBauax. BoHa KOpHWCHA y BHIMAAKYy, KOJW BiJICYTHS
MOPUCTHI MCOK a00 BIACTUBOCTI 3alIOBHIOBAYIB HE JT03BOJISIIOTH, OTPUMATH JICTKHUMA
0€TOH 33/1aHO1 IITBHOCTI.

Y  OynmiBHUIITBI  3HaXOJAUTh TIEPEBAXHE 3aCTOCYBaHHS IMOPU30BaHUU
kepam3utrodbeTon M35, 50, 75 1 100. beron mapku 35 BHUKOPUCTOBYETHCS IS
OPUCTPOIO  TEIJIOI3OMAIIMHOTO  mapy  0araTolIapoBUX  OTOPOKYBAJIbHHX
KOHCTPYKIIi, OETOH OLIbIII BUCOKUX MapOK — JIJIsI OJHOIIAPOBUX BUPOOIB.
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IlinbHiCTh MOpH30BaHOrO Kepam3utoOeroHy craHoButh 700-1400 xr / ™M 3
MOPU30BAHOTO0 KEPAaM3UTOOETOHY BHUTOTOBJISIOTH CTIHOBI TaHEl 1 BEJIMKI OJIOKH,
CyMIiIIeH1 MOKPIBEIbHI IJIUTH Ta 1HII BUPOOHU.

Hizoprosamuii bemon

HizaproBatuit 6eTOH — 11€ 0COOIMBO JIETKHI O€TOH 3 BEJIMKOIO KUIBKICTIO (10
85% Bia 3aranbHOro 00CATY OETOHY) IpIOHMX 1 CepellHIX MOBITPSHUX OCEPEIKIB
po3mipoMm 110 1 ... 1,5 mMm. [Topucticth KoMipyacTUM OETOHIB HATAETHCS:

1. MexaHIYHUM MUISIXOM, KOJH TICTO, IO CKJIAJA€ThCA 3 B SHKYYOro Ta BOJIH,
4acTo 3 J00aBKOIO JPIOHOTO MICKY, 3MIIIYIOTh 3 OKPEMO MPUTOTOBJICHOI MHOI0; MpU
OTBEPAIHHS BUXOAUTh MOPUCTHUI MaTepial, 3BaHU MIHOOETOHOM;

2. XIMIYHUM HUIAXOM, KOJU B B’SOKy4Ye BBOJATH CICIIalbHI Ta30yTBOPIOIOY]
no0aBKM; B pe3yjibTaTl B TECTI B SDKY4OrO pPEYOBUHHU BIJIOYBAETHCS peakuis
ra3oyTBOPEHHS, BOHO CIIYYy€ThCS 1 CTAa€ TMOPUCTUM. 3aTBEpAUIMA Marepiai
Ha3UBAIOTh ra300€TOHOM.

Komipuacti 6€TOHU MO MIUIBHOCTI 1 MPU3HAYCHHAM JIUIATh Ha TEII0130IAI1HH]
3 miHicTIO 300 ... 600 kT / M’ Ta MirmicTio 0,4 ... ... 1,2 MIIa 1 KOHCTPYKTHBHI 3
mineHicTIo 600 ... 1200 kr / M’ (dacTime Bcboro Gmu3bko 800 Kr / M) i MinHicTIO
2,5... 15 MIla.

YK 669.14.018.25:620.18:539.374
SIYEICTI (HI3JIPIOBATI) BETOHU

bineyvxuii B.JI., cmyoenm
Hayxrosuii kepienux — Apmanoinsany €.1°., 0.m.H., npog.

Hayionanvruil ynisepcumem biopecypcis i npupoookopucmyseauus Ykpainu

Hizoprosamuii 6emon (komipyacTuii O€TOH, TOPUCTHII OCTOH) YTBOPIOIOTHCS
BHACIIJIOK 3aTBEPAIHHS TIOPU30BAHOI CYMIIll B’SHKY4OTro, KPEMHE3EMHHCTOTO
KOMITOHEHTa ¥ BOAMW. BHACHIIOK IIhOTO YTBOPIOIOTHCS TOPHU, O0’€M SKUX MOXKE
nocsiratu 10 85% B yCboro 00’ €My OE€TOHY.

3acTocyBaHHS B OYJIBHHUIITBI 0araTolapoBUX TEIUIOI30JAINHUX OJIOKIB
BBAXKAETHCS HAWO1IBII BUTIIHUM, TaK SIK TaHWM OyIiBEIbHUN MaTepial Ma€ BHCOKY
CTYIIHb MILIHOCTI, €CTETUYHY NMPUBAOIMBICTh, HEBENUKY Bary. CaMe HeBelMKa Bara
TEIJI0130JISIIHHUX OJIOKIB pOOUTSH iX JIETKUMH B TPAHCIIOPTYBAHHI 1 MOHTaXI.

3a cnocobom nopuzayii 6emonu po3pizHAIOMb.

[TiHOGETOHM — YTBOPIOIOTHCS HUIAXOM 3aMIIIyBaHHS 31 CTIMKOIO MIHOIO

['a300eTOHN — YTBOPIOETHCS MUISXOM BBEIAEHHSA JI0 CHPOBUHHOI CyMim
ra3oyTBOproBava

Cghepa 3acmocysanus 2azo06emony

T'azobemon 3aCTOCOBYETHCSI B KUTIOBOMY, KOMEPIIIHHOMY Ta MPOMHUCIOBOMY
OyniBHANTBI. OCHOBHUN O0OCST CIOXWBAaHHA 3alMalOTh OyjiBenbHI (CTIHOBI W
MEPETOPOAKOBI OJIOKH).
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B manonoBepxoBoMy 1HIUBIAyadbHOMY OyIIBHMIITBI CaMOHECydYa 3JaTHICTb
ra300eTOHHUX OJIOKIB JT03BOJISIE BUKOPUCTOBYBATU iX SIK MaTepiasl IJisi 30BHINIHIX
CTIH OYJIMHKIB HEBEJIUKOi MOBEPXOBOCTI (B CEpPeIHbOMY A0 TphoX mMoBepxiB). [Ipu
OyIIBHMUIITBI 0araTOMOBEPXOBUX KapPKACHO-MOHOJITHUX OYAMHKIB, KOJU OJIOKU
BIJIIFPAOTh POJIb OTOPOKYBAIBHUX KOHCTPYKIIM ,[TOBEPXOBICTh MPAKTUYHO HE
oOMexeHa.

3a npuznauenHaM 0y8arOMb:

*  KOHCTpYyKUiHHUHN — miinbHicTh Bix 1000 1o 1200 kr/ky6. M.

* BiH BiIpI3HAETHCS BUCOKOI MIIHICTIO 1 MiIXOIWUTH IS 3BEICHS HECYIHX
CTIH,

* KOHCTPYKUIHHO-TEIIO130M i HII — miiibHICTh 500--900 kr/Ky0.

* ToauThCs A1 MAJIOTIOBEPXOBOTO OYIIBHHUIITBA, TAK K MIIIHICTH OJIOKIB HIDKYE.
Ane 3aTe TEII0130AI1HHI IKOCT1 BHIIIE;

e Temo3oAIiHui — uIbHICTE Big 300 mo 500 xr ky6. M. ChoyXuThb
TEIJIOI30JIITOPOM ~ MpU  3BEJEHHI  MOABIMHUX  CTIH, Hampukiaa.  Moxe
BUKOPHCTOBYBATHUCS ISl IEPETOPOJIOK.

3a ymoeamu meepoinHs:

ABTOKIIaBHI — TBEPAHYTh B CEPEOBUIIl HACHMYEHOI Mapu MPU TUCKY BHIIEC
aTMOoC(epHOro;

HeaBTokiiaBHi — TBEpJAHYTHh B MPUPOJHUX YMOBAX, MPH E€JIEKTPOIPOTPiBaHHI
ab0 B cepeIoBHILI HACHYEHOT Mapu Mpu aTMOC(hEepHOMY THCKY.

Buan 6eTorHMX BHpOOiIB HaBeIeHO HA puC. 1.

B r
Puc. 1. Buau OeToHHUX BUPOOiB
a-ra300eToH, 0-HI3IPIOBaTHIl 0ETOH, B-aBTOKJIABHUN OJIOK, T-HEaBTOKJIABHUN OJIOK.

Heoonixu cazobemony:
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Kpuxkicmo. CTiHu 3 1a300€TOHY HE OOSTHCS MEXaHIYHMX MOILIKOIKEHb, ajie
OKpeMi OJIOKM BHMAararoTh 10 ce0e I0ailinBOro CTaBjieHHsS. BOHM MpOCTO MOXYTh
PO3KPHUIIUTHUCS 200 HAIJIOMUTHUCS.

Liepockoniunicms. Tlopucta CTpyKTypa € OJHOYACHO TIEPEBAror i HEMOIIKOM
ra3o0J0KiB, a/pke€ BOHM 3a0€3MeuylOTh IUPKYJIAIII0 IOBITPS, aje IyKe IMIBHIKO
BOMpAaIOTh BOJIOTY. Bmopatucs 3 mpoOieMoro JOMOMOXKE TUTbKH IpaBHJIbHA
BHYTPIIITHSA 1 30BHIIIHA 00poOKa.

Ocobnusa cucmema «xpinienws. Yepe3 TEXHOJOTIYHI OCOOJUBOCTI JTAHOTO
OyIiBELHOTO MaTepiady J0 HbOTO HE MiAXOIATh TPAIAUIIINHI €IEMEHTH KPITUICHHS.
JlolaTKOB1 KOMIIOHEHTH HE BXOJSATh B KOMIUIEKT JJIsi Tpojaxy. ToMy € HOCHTH
BITYYTHI JOJATKOBI BUTPATH, PO AKI PEKIAMIIUKH 3aMOBUYIOTb.

YK 669.14.018.25:620.18:539.374

INTHOBETOHHA

bino3y6 €. 0., cmyoenm
Hayxkosuii kepienux — Apmanoinany €.1°., 0.m.H., npogh.

Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu

[liHOOeTOH - 1e OETOH, 10 Ma€ MOPUCTY CTPYKTYPY 3@ PaXyHOK 3aMKHYTHX
nip (Oynap0alok) mo BCcboMy 00'eMy, IO OTPUMYETHCS B pPE3yJbTaTl 3aTBEPAIHHS
PO34YMHY, IO CKJIAJAETHCA 3 LEMEHTY, MICKY, BOAW 1 MiHOyTBOptoBaua (puc. 1). Y
Takux 0€TOHAX YaCTHUHA Mip CTBOPIOETHCS MIHOYTBOPIOBAIBHUMHU JOOABKAMH.

Puc. 1. bnok 3 mino6etony

MinHicTh THOOETOHY 3alieKUTh Bl 00'€éMHOT Baru, BUAY 1 BIACTHBOCTEH
BUXI1JIHMX MaTepiajiiB, a TAKOXK BiJl PEKUMIB iX 0OpOOKH 1 BOJIOTOCTI OETOHY.

VY 30-x pokax XX CTOJITTS, BHUIAIKOBO JOJIABIIM «MWIBHUM KOPIHB» B
[IEMEHTHUM PO3YWH, MIHOOETOH «BIAKPUJIN» 3aHOBO, aJIe IITUPOKOIO MOIIUPEHHS BiH
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3HOBY He oTpuMaB. To7i 3irpanu CBOIO poJib 3arajibHa HECTaOUIbHICTD Y CBITI, Jpyra
CBITOBA BiifHA, a TAKOK HU3bKa BapPTICTh €EHEPTOHOCIIB B MICISIBOEHH] POKH.

VY 60-70-11 poku miHob6eToH 3actocoByBaBcs B CPCP, ane, B oOCHOBHOMY, II€
OyB aBTOKJIaBHUM MiHOOETOH. byno moOyaoBaHO KilbKa 3aBOJIIB 3 BUPOOHMIITBA
aBTOKJIABHOT'O MIHOOETOHY, ajie¢ B CWJIYy HOMEHKJIATYpHUX MPUYUH 1 3HOBY-TaKH
HEBHCOKHMX IIiH Ha eHeproHocii Bcepeauni CPCP mepeBarum mniHOOETOHY Niepen
3aJ11300€TOHOM OyJIM  HEOYEBUJIHI, IO TMPHU3BEIIO 0 YEProBOro «3a0yTTIO»
MHOOETOHY.

Y 90-1 poku XX cTOMITTS OYpXJIMBE 3pOCTAHHS 1I1H Ha €HEPTrOHOCIT 1 PO3BUTOK
OyaiBenbHOI raixy3i mpuBenud OyAiBEJbHHUKIB 3HOBY /O BIIKPUTTS «HOBOTO J00pe
3a0yTOTO CTaporo» crnodarky B €Bporri, a 10 KiHmsd 90-x-moyatky XXI cTomiTTs 1 B
VYkpaiHi.

Ha nanuii MOMEHT BUPOOHMIITBO 1 MPOMO3UIIII0 MIHOOETOHY BIACTa€ Bij
HapOCTAIOYOro JIABMHOMOJIOHO TOMUTY Ha Hbhoro. HalyacTime niHOOETOH
3aCTOCOBYETHCS Yy BHIJIAJI IMIHOOCTOHHUX OJIOKIB, a00 «IiHOOJOKIBY», TaKOX
ICHYIOTh T€XHOJIOT11 MOHOJIITHOI 3aJIUBKU HAJIJIETKOTO MHOOETOHY SIK YTEILTIOBaY.

Bueomoenenns ninobemony

1) Knacuunuii.

3a MM METOJIOM CHOYaTKy TOTYIOTh IIEMEHTHE TiCTO a0 IEMEHTHO-IIIAaHuN
pO34YMH, a TOTIM B HBOTO [OJAIOTh CIEIIaJbHO MPUTOTOBJICHY IMHY 3
neHoreHeparopa. Po3unH B OeTOHOCMECUTENE 3MINIYEThCA 3 TIHOK, 1 BUXOJUTH
MIHOOETOHHA CyMIII, sKa MPH MOAAIBIIOMY TBEpIIHHI yTBOpIOE MiHOOeToH. Llei
croci0 MOKHA Ha3BaTH HAMOUIBIN BIAMPAIIbOBAHUM 1 HaliitHUM. [[151 1aHoro mMeTomy
3a3BUYail BUKOPUCTOBYIOTHCSI OpPraHiuHi MHOYTBOPIOBAYi, 3MIIIYyBayl 3 MOJIMIIEHUM
3MIITyBaHHSIM KOMIIOHEHTIB 1 CIieIliajibHI MiHOTeHepaTopH (puc. 2).

[lEHOBETOHOCMECHTENB)

lforosbielneHO6a0KN

Puc. 2. Kitacuuna T€XHOJIOT1 BUTOTOBJICHHS MHOOETOHY

2) Cyxa minepanizayis.
3a MM METOAOM MIHOOETOHHA CyMIII BHUXOJIUTh MPHU TOEIHAHHI CYXHX
KOMITOHEHTIB 3 HI3KOKpPAaTHOM TMIHOIO, OE3MEepPEePBHO TOMAETHCA IMMHOTEHEPATOPOM.
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[Ipu 1bOMY YTBOPIOETHCS CTiliKa MIHOOETOHHA CyMIII 3 MajOl KUIBKICTIO BUIBHOI
Boau. Ha moBepxHi MiHHUX OyJap0amIoK OCiAarOTh ApiOHI yacTKU TBepnoi (asu.
Bucoka HacuuyeHICTh Map MOBEPXHI PO3JAULY «IOBITpSHA MOpa — JUCHEpCiiiHa
cepena» 3yMOBIIOE (hOPMYBaHHS TJIQJIKOIO TJISSHCOBOIO MOBEPXHI CTIHOK mip. Takwii
METOJI 4YacTO BHUKOPHUCTOBYEThCS MpU O€3MEpPepBHOI TEXHOJOTIi BUPOOHUIITBA
niHobeTony.  Jlnsg  gaHOro  METOAy — BUKOPHCTOBYETHCS — MIHOYTBOPIOBAY,
MHOT€HEePaTOPH 1 CIielialibHI 3MilTyBadi (puc. 3a).

3) bBapomexnonoeis.

3a MM MeTOA0M MIHOOETOH BUXOUTH ITi/T HAJTUIITKOBUM THCKOM CYMIIII BCIX
CUPOBMHHUX KOMIIOHEHTIB. Y 0apocMmeciTeNb CIIOYaTKy 3ajJUBa€ThCs BOAA 3
MiHOYTBOpPIOBaUYE€M, TMOTIM TMOJAIOThCS BCl KOMIOHEeHTU. [licmsa 1poro B
O6apocMeciTeTh KOMIPECOPOM HATHITAETHCS MOBITPS, CTBOPIOIOYM THUCK BCEPEAMHI.
[lenoOeTOHHAsT cyMiln, OTpHMaHa B TEHO OapoOETOHOCMECITENe, I THUCKOM
TPAHCIOPTYEThCS 3 3MillyBada JI0 MICUs YKIagaHHA B (opMu ab0 MOHOJITHY
KOHCTPYKIIito. JlJis JaHOTO METOAYy BUKOPUCTOBYIOTHCS CHHTETHYHI MIHOYTBOPIOBaul
1 cneriaigbHl 6apoycTaHoBKi (puc. 30).

a
Puc. 3. BuroroBieHHs miHOOETOHY 3a METOJIOM CyXO0i MiHepai3alli (a) Ta
6apoTexnoJorii (0)

Buxopucmanns ninobnoxis

[TinoOeToOH BUKOPHUCTOBYETHCSA: B OYIIBHUUTBI OYyJIHWHKIB, B MOHOJITHOMY
KUTIOBOMY OYIIBHUITBI JUIsl TEMJIO- 1 3BYKOI30JIAALIi CTIH, JaxiB, MiJJIOT, IUIUT,
nepekputiid (puc. 4). Takuil MiHOOETOH Ha3WBaIOTh MOHOMITHUM. [liHOOJOK - 1€
OyaiBenbHMI OJIOK, KM OTPUMYIOTH 3 miHOOeToHy. Lleit mMartepiain, skuil oTpuman
[IMPOKE NMOLIUPEHHS B OCTaHHI POKH, HACTIPaBl BIAOMHUH II€ 3 XiX CTOMITTS. MoXkHa
CKa3aTH, L0 I1IHOOCTOH B JaHHii MOMCHT IIEPEKHUBAE «IPYTe HAPOJKEHHSI.

Esian L

Puc. 4. BukopucrtanHs miHo0JI0KIB
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YK 001.891.572

BU3HAYEHHS PIBHSIHHS PYXY PIXKYUYOI'O 3VBIISI KPYTIJIOI MWJIKA
KPS KYBAJIBHOI'O BEPCTATY MAATHHUKOBOI'O TUITY

Casuenko b. I1., cmyoenm
Hayxosuii kepienux — I'obena B.M., acucmenm

Hayionanvnuu nicomexniunuii ynieepcumem Yxkpainu

[Tig yac poOOTH KpsXKYyBaJIbHHUX BEpPCTaTIB pOOOYMI IHCTPYMEHT BHUKOHYE
CKJagHuil o0epToBUil pyx. be3nocepeaHbo, 3HIMAaHHSA CTPYKKH, MiJ 4Yac MHJISHHA,
BUKOHYETHCS 3YOISIMH TTHJIKH.

Ha puc. 1 300paxkeH0 po3paxyHKOBY CXEMY JJIsi BUBHAUEHHS TPAEKTOPIi pyxy
pLKYUYUX 3yOIlIB KPYTJUX MWIOK, HAa AKIH YMOBHO 300pa)K€HO IMOJOXKEHHS, B SKIACH
MOMEHT 4acy, JOBUIBHO BUOPAHOTO PIXKy4doro 3yOo1s M 1 HacTynmHoro M.

i mpoewmops s 1M

Puc. 1. Po3paxyHkoBa cxema J1jisi BU3HAUEHHSI TPAEKTOPIi PyXy pIKydnX 3yOI11iB
KPYTJIMX MHIOK KPSKYBaJIbHUX BEpCTaTIB

[Tomaua muaku Ha KOJIOAY MPOXOAUTH MiJ yac oOepTaHHs MastHuka (O,0;) 3
KYTOBOIO IIBUJKICTIO @ HABKOJO HEpyXoMoro mapHipy O. mo kojoBii opOiti. [ns
3a0e3nedeHHs] Pi3aHHS TUCK THWJIKA TIOBHHEH OOEpPTa€ThCA BITHOCHO PYXOMOTO
mrapHipy O; 3 KyTOBOIO IIBUAKICTIO @,. [IpuitMaeMo JOBXHMHY MasiTHUKa PIBHOIO [, a
paziyc BepxiBok 3yO11iB muiku — R. [lpuiiasaty cuctemy koopauHaT XOY po3micTuMo
TaKUM YHMHOM, MO0 MmovaTtok koopauHaT (T. () chiBMaaaB 3 TOYKOK TOBEPTAHHS
masiTHUKA. [Ipu oMy OymemMo BBakaTH, IO B MOYATKOBHA MOMEHT Yacy MasiTHUK
(0,0)) 1 paniyc (O;,M) 3youss M nunku 3HaxoAsThes Ha oci OX, a obepTaHHS
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MasiTHUKA 1 MWIKU BiJOYBA€ThCSl MPOTH TOAMHHUKOBOI CTpUTKU. Toal KoopAHHATU
TOBLIILHO BUOpaHoro 3yO1s M BU3HAYMMO 3a (hOpMyJIamMu:

X =[-cosp+R-(p+vy) (1)
Y=1[-sihp+R-sin(p+y) 2)

BpaxoByroun, 1110 mporiec pizaHHs BiIOyBA€EThCS Mia 9ac oO0epTaHHS MHJIKH 1 11
nmojayvl Ha Kojoay (MOBEPTaHHI MasTHHKA) ICHYE 3aJICKHICTh MK KyTOM IOBOPOTY
MasiTHUKA ¢ 1 KyTOM ITOBOPOTY MHJIKH v , SIKYy MOHA MMPEICTABUTH Y BUTJISIII:

v =k-p,2pad 3)

ne k — koedILieHT SIKuii BpaXxOBY€E 3aJI€KHICTh MK KYyTOM ¥ 1 ¢.
Bpaxysagsiu Bupa3s (3) piBusnss (1) 1 (2) 3anumiemMo y BUTIISIL:

X:l-cosgo+R-cos[(1+k)-(p] 4)
Y =1-sin p+R-sin[(1+k)- o] (5)

CyTHICTh TIpOIIECY NWISHHA TOJNSTaE B TOMY, IIO B TPOIECI MPUIMAIOTh
y4acTb OJHOYACHO JAeKiIbKa 3yOuiB. [lapaMeTpuuHi pIBHAHHS TPAaEKTOPIi pPyXy
BEPIIMHHU HACTYITHOTO 3yOIlsl M 3anuIiemMo y BUTIISIII HACTYITHOT ()OPMYIIH:

X:l~cos¢+R-cos[(l+k)—a] (6)
Y =[-sinp+R-sin|[(l+k)—a] (7)

1€ a — KyT MIXK paJlycamH CyCIIHIX 3yOIiB.

Jns rpadiunoi moOyAOBH TpaeKTOpii pyxy 3yOLiB KPYyrioi MUIKH 3aJaMOCs
BUXITHUMU YMOBaMU B3SITHMH 3 TEXHIYHOI XapaKTEPUCTUKU  HANHOUIbII
PO3MOBCIOIKEHOTO KPSKYBaJIbHOIO BepcTary MasitHukoBoro tuiry ALl —3C: [ ==1,1
M; R=0,75, m.; n= 950, 06/x8.; m= 120, mr.; V,=0,7 - 0,8, m/c.

BpaxoByroun MOXJIMBICTh HAKJIaJaHHSA KPUBUX JOIUIBHO B PO3paxyHKH
3aMICTh KyTa a TIpUAMATH KYT «,, SIKii BU3HAYAIOTh 32 JOPMYIIOLO:

a,=i-«a (8)
e | — TOPSAKOBUM HOMEp HACTYMHOrO i-ro 3y0a Ui SIKOTO BHUPAXOBYIOTH
TPAEKTOPIIO PYXYy.

Jli1s1 po3paxyHKiB HpuiiMaeMo rpazamiro y uepes 5°. Ipadik Tpaextopii pyxy
piKydoro 3yOI1s peACcTaBlIeHO HA PHC. 2.
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Puc. 2. I'padik TpaekTopii pyXy pixKy4oro 3yO1s Kpyriioi MAJIKUA KPSHKYBaIbHOTO
BEpPCTaTy MasSTHUKOBOTO THITY

BucnoBku. B pe3ynbrari 3/IHCHEHOTO OCHIKEHHS BCTAHOBJICHO, IO 3YOIIi
KpYTJi0i TWIKK KPSHKYBAJIBHOTO BEPCTaTy MAATHUKOBOTO THIY IIiJI 4ac poOOoTH
PYXalThCs MO CKJIQNHIN TpaekTopii, mpenacraBieHii Ha puc. KoxxHuii HacTymHUM
3yOelh MUJIKU MOBTOPIOE PYX MOMEPETHBOTO, ajieé HOTO TPAEKTOPIs 3MIILYy€EThCS IO
BiJTHOILIEHHIO JI0 MOTIEPEIHHOI Ha BEITUYMHY TTOBOPOTY MAasTHHKA, 3a YaC MPOTATOM,
AKOTO MUJIKa MOBEPHETHCS HAa KYT «. 3alpPONOHOBAHO PIBHSHHS JUISI PO3PAXYHKY
TpaekTOpii pyXy 3yOIiB KPYIJIMX MIJIOK, IO JOIIJILHO 3aCTOCOBYBATH JJIsI OYIb-SIKHX
r€OMETPUYHUX MapaMeTpiB Ta JJIs PI3HUX YMOB pOOOTH KpPsDKYBaJIbHUX BEpCTaTIB
MasITHUKOBOTO THUITY.

Cnucoxk BUKOPUCTAHUX JAKepeJI:

1. Kipux M. JI. Mexaniune oOpoOJICHHs IEPEBUHM Ta JCPEBHUX MaTepiaiiB /
M. JI. Kipuxk - JIsBiB : KH, 2006. 412 c.

2. lIxips T. M. Mamuau 1 0651aJHaHHS JIICOCIYHUX Ta JIICOCKIIAJCHKUX POOIT:
nigpyunuk / T. M. Ikips. — JIeBiB: “Tpiaga miroc” 2005. — 436 c.

3. BacunbeB I'. M. PackpsikeBKa XJIBICTOB Ha CTallMOHAPHBIX YCTAHOBKAaX :
moHorpadus/ I'. M. Bacunwes, T. A. Typoscbkuii, B. C. Caruun - Mocksa : JlecHas
MPOMBIIUIEHHOCTB, 1971 p. 160 c.
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VK 621.432.3

JOCIIIXKEHHS HAJJIMHOCTI ABUI'YHIB I IX EJIEMEHTIB ITPH
EKCIIIYATAIUI I PEMOHTI

Mipownuuenxo A.C., cmyoenm
Hayxkoesuii kepisnux — Cusonanog B.A., cm.suxn.

Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu

[lutaHHS JOCHIIKEHHS Ta BH3HAYCHHS PIBHS HAAIMHOCTI JBUTYHIB
BUPIIIYIOTHCA €(EKTUBHINIE 1 MPOCTIIIE, SAKIIO AETall 1 BY3JIHM JOCHIIKYBAaHUX
00'eKTIB yMOBHO 00'eZlHATH B Ipynu 3 OJMM3bKOI TOBroBiuHICTIO. Kpurepismu s
o0'eTHAHHS JIeTael 1 BY3JIIB B TPYIHU €: PIBEHb JIOBFOBIYHOCTI, KU TUIAHYETHCS B
3aJIEKHOCT1 BIJ NMPU3HAYEHHS, CKJIAJHOCTI Ta BApTOCTI €JIEMEHTIB KOHCTPYKII 3
ypaxyBaHHSM iX ()YHKIIIOHAJBHOTO 3B'SI3KY; PIBEHb TPYJAOMICTKOCTI 3aMIHM JI€Tasl
a00 yCyHEHHs i1 BI]MOBH.

[IpoBeneHi nocaiKEeHHS BUSHAYMIIN JIOIIILHICTE 00'€THAHHS JeTaleH 1 By3JiB
JBUTYHIB B TPU OCHOBHI TPYIH, SIKI BIAPIZHSIOTHCS MK COOOI0 SIK Jiara3oHOM
JIOBTOBIYHOCTI, TaK 1 TPYJAOMICTKICTIO YCYHEHHS BIIMOBHU.

[lepma rpyna - merani Ta By3iM, JOBTOBIYHICTh SIKMX OulblIe a00 JOPIBHIOE
JOBTOBIYHOCTI JABUTYHa J0 CIUCaHHS. BigMoBH merasneil naHol TpymM BHUMAararoTh
JUIS CBOTO YCYHEHHS TMOBHOTO pPO30MpaHHS JBUTYHA, TOOTO XapaKTepU3YIOTHCS
MaKCUMAaJIbHOIO TPYJIOMICTKICTIO YCYHEHHS HECIPAaBHOCTI, 1 € OAHUM 3 KpUTEpPIiB
HEOOXI1THOCTI MPOBEICHHS KaliTalbHOTO PEMOHTY JBUTYHA.

Bci perani naHoi rpynu BITHOBIIOIOTHCS, TOOTO MpPU KamiTAIbHOMY PEMOHTI
JIBUTYHIB JIOMYCKA€TbCS 1X BIJHOBIIOBATH MUISIXOM MHUTIQyBaHHS, NPUTHUPAHHS,
pPO3TOUYBaHHS, HApOLIlyBaHHS Ta iHIIE. PiBeHb HAIIWHOCTI naeTajed 1 By3/diB INE€l
TPy OIIHIOETHCS MapaMeTpaMH JIOBFOBIYHOCTI O PEMOHTY 1 O€3BIIMOBHOCTI JI0
3aminu. Jlo 11i€i rpynu HanexaTh 0a30Bi 1 OCHOBHI JieTajll IBUT'YHA: OJOK MITIHAPIB,
KOJIIHYACTHH 1 pO3MOAUIBYNIN Bajk, TOJIOBKH OJIOKY, KapTep MaxOBUKa, MATyHH Ta
1HIITI.

Jpyra rpyma - getani Ta BY3JIM, JOBTOBIYHICTH SIKMX MEHIIE JOBTOBIYHOCTI
JBUTYHA JI0 CITMCAHHs, ajie OuIbIna ado JTOPIBHIOE HOTO JIOBFOBIYHOCTI JI0 MEPIIOTO
KamiTaJbHOI'0 PEMOHTY. 3aMiHa JieTaliel TaHOi TPyNu 3A1UCHIOEThCS, SIK TIPaBUIIO, HE
paHillle MepuIoro KamiTaabHOTO0 PEMOHTY JBUTYHA.

PiBeHp HamiMHOCTI JeTajiei 1 BY3JIiB JIaHOI TPYIH OIIHIOETHCS TMapaMeTpaMu
JOBrOBIYHOCTI 1 0e3BIIMOBHOCTI. [lo 1i€l rpymu naeraned i1 By3JdiB BIJHOCSTH B
OUIBIIOCTI BUIAJKIB TOPIINHI, TUIb3W, MIAUIUMIHUKKA PO3MOALIRYOr0 Baja, JAeTai
MeXaHi13My ra30po3MolTy, CAIbHUKOBI YIIUIbHEHHS KOJIIHYACTOrO Basia 1 1H.

Tpers rpyma - gerani Ta By3/1IM, WMOBIpHA JIOBIOBIYHICTh SAKHUX HIDKYE
JOBTOBIYHOCTI JBUTYHA JI0 MEPIIOTO KamiTadbHOro peMoHTy. llpu mocsrHeHHi
JABUTYHOM T[I€BHOTO HaNpallOBaHHS JAeTaldl 1 BY3/IM Li€i TPyHH JOMYCKAETHCA
BIAMOBIAHO /O pPEKOMEHJAlllil  3aBOJMy-BHUTOTOBIOBaua ab0 3a  O3HAKOIO
HE3aJJOBUIBHOT X pOOOTH 3aMiHIOBaTH a00 PEMOHTYBATH, 1100 MIATPUMATH 3aJaHUN
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piBEHb HAAIMHOCTI 1 pecypcy ABUTYHA B ntomMy. HamiifHICTh AeTayiel 1 By3miB i€l
Ipylu OIIHIOETBCA SK MapaMeTpaMyd O€3BIJIMOBHOCTI, TaK 1 [apaMeTpaMu
JIOBTOBIYHOCTI.

Jlo uucna npetanei i€l rpynu BIAHOCATHCSA: IMOPIITHEB1 KijbIld, BKJIQIMIIN
KOPIHHMX 1 IMATYHHUX MIIIITUITHUKIB KOJIIHYACTOTO Baja, MPOKIAJKH TOJOBOK OJIOKY,
JeTajl YIIIJIbHEHHS BOASHOTO Hacoca, po3MiioBadl (POPCyHOK Ta iHIm. {1 3amiHu
neTajgen Ipyroi 1 TpeThoi Tpyn MOTpiOHE YacTKOBE po30upaHHs JaBUTYHA. PoboTu 3
YCYHEHHS BIJIMOB MOXYTh MPOBOJUTHCS O€3mocepenHbo Ha TpakTopi (6e3 3HATTS
JIBUTYHA) 1, OTXE, XapakTepU3YIOTbCA 3HAYHO MEHIIOK TPYJOMICTKICTIO B
MOPIBHSIHHI 3 prI[OMiCTKiCTIO 3aMiHU 200 BITHOBJICHHS JETaJeil MepIIoi IPyIu.

[Tepmmm eTamom JOCIIKEHHS HAIIMHOCTI IBUTYHIB 1 JeTaNe KOKHOI 3 TPyII
€ BH3HAYCHHS KUIBKICHUX TIOKa3HHWKIB 1X JOBTOBIYHOCTiI, O€3BIIMOBHOCTI 1
PEMOHTOTIPUIATHOCTI, PO3PaxXyHOK SIKUX Oa3yeTbCs HAa BUKOPHCTaHHI OCHOBHHUX
MOJIOKEHb Teopil MMOBIPHOCTEH 1 MaTeMaTUYHOI CTATUCTUKH. 3a OTPUMAHUMHU
MMOKa3HUKAaMH OIIHIOITh PiBeHb (DAKTUYHOI HAIIMHOCTI JBUTYHIB IIOAO 3aJaHUX
HOPMATHBIB, a TaKOX 3ICTaBJSIOTh PIBHI HAJIMHOCTI JeTalied BCepeuHl KOXKHOI 3
rpyn. Pe3ynbratu 11boro eramy - OCHOBa /i OUTBIN TJIMOOKOTO aHali3y pe3ysbTaTiB
eKCIUTyaTallii ABUTYHA B pealbHUX YMOBaX.

[Topasnbiiie JOCTIHKEHHS BEJIETHCS B IBOX HAINPSMKaX:

1) BU3HAYEHHS PIBHS JOBTOBIYHOCTI 1 O€3BIIMOBHOCTI JBHUTYHIB IO POKax
BUITYCKY B IICHTUYHUX YMOBaX €KCILTyaTallii,

2) chniibHUM aHali3 piBHSA HAAIMHOCTI JBUTYHIB 1 YMOB iX €KCIUTyaTallli JJis
BU3HAUYEHHS BIJIUBY OKPEMHMX EKCIUTyaTalliHHX (akTopiB abo iX KOMIUIEKCY Ha
HaJIIMHICTh JBUTYHIB.

JI0 OCHOBHUX €KCIUTyaTalliiHuX (paKTOPiB BIAHOCATHCS KIIMATHUYHI 1 MOJIbOBI
YMOBH, HIBUJKICHI 1 HaBaHTAKYBaJbHI PEXUMH, TEIJIOBHI PEXKUM POOOTH 1 HOTO
CTaOUIBbHICTh, TAJMBHO - MACTHJIbHI MaTepiajiu Ta OXOJOKYBajbHI PiJIMHU, YUCIIO
IUKJIIB BKJIIOYEHHS (BUKIIOUCHHS) PEXHUMIB, CHCTeMa , MEPIOJUYHICTh Ta PIBEHb
TEXHIYHOTO OOCIYrOBYBaHHS, a TaKOX SKICTh peMoHTy. OOmik 1ux ¢akTopiB
BHUMarae mpoBEJEHHS B €KCIUTYyaTyIOUUX OpraHi3allisx CrelialbHuX JOCIHIKEHb, 110
3MIMCHIOETHCS AOCIITHUKAMH BIAMOBIIHO 0 PO3POOICHHX TSI IIHOTO MPOTPAMaMHU.

JlocmimKkeHHsT TIO BUSBICHHIO KOMIUICKCY TTOKAa3HUKIB JIOBTOBIYHOCTI 1
0€3B1IMOBHOCTI JJO3BOJISIFOTh:

1) ouiHUTH eQEeKTUBHICTH BOPOBAHKEHUX KOHCTPYKTOPCKO-TEXHOJOTTUHUX
3aXO0/IiB 10 JBUTYHY B IIIJIOMY 1 HOTO €JIEMEHTIB,;

2)  BUSBHUTH BIUIMB HAaBaHTa)XCHHsS JBUTYHA Ha HOTO HAJIAHICTh 32 MHUTOMOIO
eKCIUTyaTaI[ifHOI0 BUTPATOIO MaTNBa;

3)  3icTaBUTU piBEHb HAMIMHOCTI JABUTYHIB 32 POKaMH iX BHUIIYCKY 1 MOPIBHSATH 3

PIBHEM HAJIIMHOCTI JBUTYHIB 1HIIMX MapoK.
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YK 669.14.018.25:620.18:539.374
IHOJIMEPIHEMEHTHI BETOHH

bosapuyk A. M., cmyoeumka
Haykosuii kepienux — Apmanoinany €. I'., 0.m.H., npogh.

Hayionanvnuii ynisepcumem biopecypcis i npupoookopucmyseanus Ykpainu

Ionivepyemenmni 6Gemonu — 1€ ITIEMEHTHI OETOHHM, B SKHX Ha CTafii
MPUTOTYBAHHS CyMillll BBOAMUTHCA TOJIIMEpHA J00aBKa.
Jlo6aBku SIBJISIOTH co0010 BBOJIHI acnepcii

(eMyIbcii, TATEKCHI M CyX1 TIOPOIIKU MOJIIMEPIB).
[leMeHTHO-TIONIIMEPHI OETOHM XapaKTEPU3YIOTHCS HASBHICTIO JBOX aKTHMBHUX
CKJIQJIOBUX: MIHEPAJILHOTO B’SKYYOro 1 OpraHigyHOi pedoBUHHU (puc. 1).

Puc. 1. brok 3 mosiMeprieMeHTHOTO OETOHY

BnactuBocTi monimMepuieMeHTHOTO O€TOHY 3alieXaTh BiJ BIACTUBOCTEH 1
CIIBBIIHOILIICHHSI HEOPTaHIYHO1 1 MOJIMEPHOI B'sHKYYO01 PEUOBUHU, BOJIOIIEMEHTHOTO
BIIHOIIICHHS, BUY 1 IKOCTI1 3aIIOBHIOBAYiB, PEXKUMY TBEPI1HHSI.

OCHOBHMM  CTPYKTYPOYTBOPIOIOYMM KOMIIOHEHTOM  TOJIMEPIEMEHTHUX
O0eToHIB € yemenm. HaityacTiie 3aCTOCOBYIOTh MOPTIAHAIEMEHT 1 TJIMHO3EMHUCTUM
neMeHT. Sk mojiMepHi J00aBKM B IIEMEHTHI KOMIIO3UIlli HaW4acTilie BBOJATH
noniBiHinanerar (IIBA), natekcu 1 T.1.

3euuatino IIBA 3actocoByeTbest y Burisiai emynbcli (IIBAE), mo mictuth
6m3pko 50% cyxoi pedyoBUHU 1 T0OABKH TOJIBIHIJIOBOTO CHUPTY SK €MyJbratopa.
OcTtaHHIM YacoM Yy CKJIagax CyXux OyAiBeJbHUX CyMilIel BHUKOPUCTOBYIOTh
moaudikoBanuii [IBA y BUrsal AucnepcitHuX MOPOLIKIB.

Jlamexcu  sBASIOTH  COOOI0  BOJHY  JUCIIEPCII0O  HATypajdbHOTO  abo
CUHTETUYHOTO KaydyKy.

Ilpueomyeanns TONIMEPIIEMEHTHUX OETOHHUX CyMIIeH 3HIHCHIOETHCS B
OeToHO3MIIITyBa4aX MPUMYCOBOi Jii, J00aBKM BBOJSATHCS pPa3oM 3  BOJIOIO
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3aMillyBaHHSA. BUKOpPUCTaHHS BOJOPO3YMHHHUX IOJIIMEPIB MPHUBOJIUTH TAKOX IO
MIJBUIIICHHS PYXJHMBOCTI CyMilieil. 3amoBHIOBaYaMHU JUIS  IOJIMEPIEMEHTHUX
OCTOHIB clTy’KaTh KBaplloBi ab0 MOApIOHEHI IMICKH, a TaKoX IIeOiHb MIMHUX 1
IIUTBHUX TIPCHKUX MOPiA KpynHicTIO He Ounbine 20 mm. Ha BinMiHy Bijg 3BUYaWHUX
0eTOHIB 3 MOAUPIKYIOUUMH J00aBKaMU, SIKI 3-32 MaJIMX KIJIBKOCTEW MPAKTUYHO HE
MIHSIIOTh CTPYKTYpY O€TOHY, BMICT MOJIMEPY B MOJIMEPIEMEHTHUX O€TOHAX JIOCUTH
Benuke 3HadeHs. lle mo3Bosisie oTpuMyBaTH MaTepiaiv 3 HOBUMHU BIACTUBOCTSMH.
Bonu MaTh MeHIIy Macy, MOpPO30CTiiKi, MalOTh OUIbIIY MIIHICTh MOPIBHSIHO 13
3BUYAMHUMU, IIJIBUIICHY 3HOCOCTIMKICTh. [lommMeprieMeHTHI OETOHW MOETHYIOThH
BHCOKY XIMIYHY CTIMKICTh 3 MIITHICTIO 1 JOBTOBIUHICTIO, IIIO BiJKPUBAE MOXKJIHBICTD
BUKOPHUCTAHHS iX K KOHCTPYKI[IWHOTO MaTepiaiay MpH BIUIMBI XIMIYHO arpeCUBHUX
cepenoBuii. [lomiMepiieMeHTHI OETOHU HMIMPOKO BHUKOPUCTOBYIOTHCS ISl TTOKPHUTTS
miuior y OyIiBIsSX MPOMHUCIOBOTO 1 IUBUIBHOTO MPU3HAYEHHS, BIAIITYBAHHS JOPIT,
BUTOTOBJICHHS 03/100JIFOBaJIbHUX CyMiIIeH, KJIeiB (K TOTOBUX JI0 3aCTOCYBAaHHS, TaK
1 CyXHUX), MacTHK , KOPO311{HO-CTIHKUX NOKPUTH (PHC. 2).

-
I S 3\

a2

Puc. 2. 3actocyBaHHS MOJIIMEPLEMEHTHOTO OETOHY
[TonmMeprieMeHTHI OETOHM YCHIIIHO BUKOPUCTOBYIOTH JUIsl BUTOTOBJICHHS

[IAXTHUX CTOBOYPIB, KITBIIEBUX KOJEKTOPIB MiJ3€MHUX CHOPYI, XIMIYHO CTIHKHX 1
APEeHaXHUX TPYO, 3HOCOCTIUKUX OOIUIIOBAHD TAPOTEXHIYHUX 1 IHITUX CIIOPY.

YK 355.695.1
AJIBTEPHATUBA HA®TU, SAK JIZKEPEJIA BYT'JIEBOAHIB J1JIA
BUKOPUCTAHHA B AKOCTI ITAJIMBA 1A IBUT'YHIB
BHYTPIIIHBOI'O 3I'OPAHHA
Komnosanos A.4., cmyoenm
Hayxoei kepienuku — Lllanenxo B.O., k.m.u., doy., Kocmuncoxuii 1.B., k.m.H., 0oy.

Kuiscoxuii nayionanvHuil ynisepcumem 6y0isHUYMSEA i apximexkmypu

JlepeBa MOrnMHAIOTH 3 TIOBITPS BYTIJIEKHCIMN Ta3, a 3 omaaiB - Boay. B
pe3ysbTaTi BOHH yYTBOPIOIOTH BYTJICBOJU - 3'€IHAHHS 3 BYTJICIIO, KHMCHIO 1 BOJHIO.
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Konu pocnvua po3kianaeTscsi, BOHA 3aluIIae micis cede BYrieBoAeHb. Y HadTu
90% peuyoBUH - caMe 111 BYTJIEBOAHI. 3aBASIKA TOPIOYUM BIACTUBOCTSIMHU BYTJIEBOIHIO
OCH3MH 1 JaM3eNb, pe3ynbTaTH TIepepoOku HadTH, 3a0e3MeUyl0Th MOXKIJIHMBICTD
JBUTYHIB BHYTPIIIHBOTO 3TOPSIHHS MPAIFOBATH.

AnbTEepHATUBU L[LOMY JIKEpENTY BYIJIEBOJHIB MOXHA 3HaiTH B npupoi. [1lo6
NEPETBOPUTH POCIUHHY OJII0 B MajuBO, MOTPIOHO 3Mimatv ii 31 COUPTOM 1
KaTaai3aTopoM - Halpukiaj, gyrom. [IpubnusHo Tak camo poOisITh MUIIO, ane 0e3
naogaBaHHsl cniupTy. lIporiec BUXOIUTh €EKTUBHUM: SIKIO 3 TOHHU HapTH MOXKHA
OTpUMaTH TMIBTOHHH OCH3MHY, TO 3 TOHHU POCIMHHOTO OJli - THUCAYY JITPIB
010IM3€I0 Ta TIIILEPHH.

OmHUM 3 TOJIOBHUX IUTIOCIB O107M3€II0 € Te, MO BUPOOIATH HOro MOXKHA 3
MOBHICTIO BIJIHOBIIIOBAaHOI CHpPOBMHHU. Hampukiaa, MoxHa 3aciiTh HEBUKOPHCTAHI
MOJISI CITBCHKOTOCIIOIAPCHKOT0 MPU3HAYECHHS TOMNIHAMOYPOM.

Byrnekucnoro razy mpu crnairoBaHHI O10u3eNt0 BUAUIIETHCS Tpoxu. [lpu
IbOMY B HbOMY HEMa€ CIPKU Ta 1HIIUX JOMIIIOK, 3JaTHUX OTPYIOBATH HABKOJIMUIIHE
CEpENIOBHUILIE, SIKI € B TPAAULIMHUAX BUIAX NaJIMBA.

3apa3 Giogusenb noxaroTh B OeH3uH. Hampukian, 3 2018 poky B Ectonii, 3
iHiIaTuB €BpOCOIo3y, B 95-i OC€H3MH 1 B JqU3€Nb JN0Aal0Th O10KOMIIOHEHT, 1100
3HU3UTH 3a0pyTHEHHS HABKOJIMIIHBOIO CEPETOBUILA.

BukopuctoByBaTu 0107113€/1b MOKHA B 3BUYAMHUX JNU3EJIbHUX JIBUTYHAX, SKIIO
J0JaTH B TMAaJUBO MPHUCAAKY 1 3MIHUTH CUCTEMY TOJadi 3 ypaxyBaHHSIM 3HUKEHOTO
3MICTy eHeprii B Oioau3eni. Ane € 1 MIHYCH - 3aCTHra€ Take MajuBO MPHU OLIbII
BHUCOKIl TeMriepaTypi, HIK Ju3€lb, TOMY MOTPiOHI 3aXOAM JUisl BHUKOPUCTAHHSA
OlomanunBa B XOJIOJIHUX pPErioHax.

YK 669.14.018.25:620.18:539.374
APMOBAHI BETOHH

3o3yna O.0., cmyoenm
Hayxosuii kepienux — Apmanodinany €.1°., 0.m.H., npogh.

Hayionanvnuti ynisepcumem diopecypcie i npupo0okopucmy8anHs Yxpainu

ApMoOBaHul OETOH Ma€ BEJIMKY MILHICTh HAa CTUCK 1 pO3TAT B MOPIBHAHHI 31
3BUYaiHUM OeToHOM. J[j1s1 11bOro B OETOH BBOASTH CIEIialbHI CTajleBl CTPYIKHI, SKi
BOJIO/IIIOTh BUCOKUM OINOpoM. Takoxk HEoOX1THO MPOBECTH HATAT apMmarypu. BoHo
3IIMCHIOETHCS XIMIYHUM, €JIEKTPOTEPMIYHUM 1 MEXaHIYHUM CITOCOOAMHU.

ApMmyBaHHS O€TOHY € EKOHOMIYHO BHIIAHMM 1 TpU LOMY HE CKIIaJHO
TexHoJoriuHo. Kpim Toro, apmyBaHHs O€TOHY CKOpPOUY€ BUTPATy OETOHY 3a PaxXyHOK
3MEHILEHHS TOBIWHU IIIUTH.

ApmyBaHHS O€TOHY TPOBOAMTHCA APMATypoOlO, METaJEeBOIO  CITKOIO,
CUHTETUYHUMU BOJIOKHaMH (puc. 1).
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Puc. 1. Marepianu st apmyBaHHs O€TOHY.
a- apmartypa, 6- MEeTaleBOIO CiTKa, B- CHHTETUYHH BOJIOKHA

HeoOxiaHicTh B apMyBaHHI O€TOHY Oe3nepeyuHa, Tak siK, 3aCTUralouu, OETOH He
MOX€ MaTH HACTUIBKM BEJHMKY TBEPAICTh 1 THYYKICTIO, II00 BUTpPUMATH BCl
HaBaHTAXXEHHSI 1]l 4ac JOBIOCTPOKOBOI €KCILTyaTallli, Ha BiJIMiHY BiJ] apMOBaHOTO
OeTOHY.

ApMoBaHuil O€TOH JOIUIBHO 3aCTOCOBYBAaTH B OYAIBHMIITBI, i€ BaXXJIUBO
BUCOKHI ONIp pO3TATYBaHHIO, TaK SK 3BUYANHHUI, HeapMoBaHUN O€TOH n00pe
IPYyYaeThCs CTUCKY M TIOraHo - pO3TATYBAaHHA. Y 3B'A3KYy 3 UMM, HEAPMOBAHUN OETOH
MIIXOAUTH IS PYHAAMEHTIB 1 CTIHOBHX OJIOKIB.

Bapro Bim3HauMTH OJHY BaXIWBY OCOOJMBICTH - TMpU HarpiBaHHi 1
OXOJIO/DKCHHI, KOEe(IIIEHT TEeMIEepaTypHOrOo pO3IIUPEHHS y CcTam 1 OeToHy
3aJUIIAETHCSA OAHAKOBUM. Lle roBOpUThH Mpo Te, 110 MPH TEMIEPaTypHUX BILIUBAX,
MOHOJIITHICTh ApMOBAHOTO OCTOHY 30epiraeTbcs.

ApMmyBaHHs 0€TOHY TaK0 IPOBOJUTHCS 3a JOTIOMOTOI0 MeTaneBoi ¢hiopH, Ky
JI0JIal0Th TpsIMO B CKJaJ OeToHy. BukopucrtanHs wmetaneBoi (iOpu 3MeHIIye
TOBLIMHY O€TOHHOI CTSKKH, MPU IbOMY HAa HECYUMX 3/110HOCTSIX 1I€ HE MO3HAYAETHCA.

BuxopucranHs apmaTtypu, ooepirae Woro BiJ pylMHYBaHHS B PO3TSTHYTIN 30HI.
Opnak, apMaTypa Bce-TaKd HE MOBHICTIO 3amo0irae yTBOpeHHwo TpiuuH. g Toro,
00 3HU3UTH TPOMI3AKICT APMOBAHUX KOHCTPYKI[IA Ta 3MEHIIUTA [IUPUHY
PO3KPHUTTS TPIIIMH, BUKOPUCTOBYETHCA TONEPETHE HAMPYKCHHS apMmaTypu. [lms
OTO MOKJIaZeHy B (hopMy poboUy apMmarypy, pO3TATyIOTb, a MICISA TOTO, SIK OETOH
3aTBEpJIi€ 1 JOCATHE HEOOXIJHOTO 34YCIJIEHHS 3 METajoM, HaTAT apMaTypu
BianmyckaeTbcsd. CTHUCKAIOYUCh, apMarypa CTBOPIOE OOTHCHEHHS y MalOyTHIN
PO3TATHYTIHM 30H1 KOHCTPYKIi. [licas ycTaHOBKHM GETOHHOT IUIUTH, OOTUCHEHHS Mij
J€10 HABAaHTA)XKCHBb 3HIMAETHCH 1 3'ABISIETHCS PO3TATHEHHS, ajie 3HaYHE MEHIIE, HIXK B
pasi, aKOu Hampyra apMaTypu He OYJI0 CTBOPEHO.

[TonepenHbO-HAIPYKEHUMU Ha JaHUH MOMEHT poOJIATH Oalku 1 depmu 3
POJILOTOM Olfibie 9 M (puc. 2).

Puc. 2. AﬁMOBaﬁi “6ueTOHi BUPOOH
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CTprkHI TOBIIMHOIO HE Ounblie 25MM 3BapIOIOTh TOYKOBHUM 3BapIOBAHHSM,
B'sI3aHOT JIPOTOM. BBl TOBCTI MPYTHU CKPIIIIIOIOTH TUIBKU JYTOBOI'O 3BapOBAHHS.
beron MoxHa apMyBaTH CTaJeBUN HEP)KaBIIOYOI APOTOM TOBIIMHOKO 3-12 mwm.
3a3faneriib roTylOTh 3BapeHy CITKy. MiX IpyTaMu BiACTaHb POOJISATH B MPOMIKKY
Big 5 1o 20 cm.

ApMoBaHuil Kapkac a00 CITKy YKJIaQJalTh B CHEIIaJIbHY KOHCTPYKINIO 1
MMOYMHAIOTh 3aJIUBATH OETOH IIapaMu, MOCTIHHO 3MIIHIOIOYM IIapu BiOpatopom abo
JIOTIaTOIO.

€ me oMH BUJ apMyBaHHS OCTOHY-IHCIEPCHUN. BUKOPHCTOBYIOTH CTajieBi
BOJIOKHA-pO3pi3aHa B XOJIOJHOMY BWIJISIII cTajb. BojoOKHA 3acumaioTh B PO3YMH
OeroHy Ha crTamii posMimryBaHHs. [lnuTu npuroroBaHi 3a TaKUM METOAOM
BUKOPHUCTOBYIOTh B OCHOBHOMY B pa3i, SIKIIIO BOHU OyAyThb JiexkaTu Ha rpyHTI. Tpeba
B1/I3HAYUTH, 110 AUCTIEPCiIiiHI apMOBaHI IUIUTH MIIIHI 1 HE MIAIAI0THCS YCaIlIl.

YK 669.14.018.25:620.18:539.374

P®IBPOBETOHHN

Kanawnux O.0., cmydenmxa
Hayxosuii kepienux — Apmanoinsany €.1°., 0.m.H., npog.

Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmyseanus Yxpainu

Diopobemon - PI3HOBU]I LIEMEHTHOTO OETOHY, B SIKOMY JOCHTb PIBHOMIPHO
po3noauieHi pidpa ado (iOpoBoOJIOKHA K apMyrouuid matepiai (puc. 1).

Puc. 1. CDi6po6eT0H

Diopa - matepias y BUTJSAIlI BOJOKOH, 3aCTOCOBYBaHWH JUIsl JAUCTIEPCHOTO
apMyBaHHsI OETOHHUX KOHCTPYKLIH (puc. 2).
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Puc. 2. Buau ¢i16pu: a- meranea, 0- CkJIsiHa, B- 0aBOBHSIHA

®ibpa nomaeTbea B O€TOH Ha cTafil BUPOOHUITBA OETOHHOI CyMillli, 3aBASIKU
il MIJBUILYETbCS OMIPp PO3TATAHHIO, YAApPHUM HABAaHTAXXEHHSAM 1 CHpHSIE
MOJIMIIEHHIO  SIKOCTI ~ O€TOHy,  MIABUILYIOYM  HOTO  TPIIIMHOCTIMKICTD,
BOJOHETIPOHUKHICTh 1 MOPO30CTIMKICTb.

B nanwmii wac ¢iOpa mynga OeToHy IIIMTBCA HA JBI TPYNU: MeETajeBa 1
HeMeTasneBl. MeraneBa BUPOOJSIETBCS 13 CTalll, MOXKE MaTH PI3HY KOHQIryparito 1
po3Mmipu (ii miamerp Moxe ckianata Big 0,1 - 0,5 mm, a goxkuna 10 - 50 Mm).
HewmeraneBa ¢i6pa moxke OyTH mpe/cTaBlieHAa BOJOKHAMHU HACTYIMHHUX MaTepialliB:
CKJIO, TIOJTICTHIICH, O0aBOBHA, aKpuJI, Oa3aJIbT, KapOOH Ta IHIIII.

Crpyktypa (hi0poOeToHy HaBeIeHa Ha pucC. 3.

B

R e 9

= A R gl L 1 - rpannua
3 :~(_\ IV I 3 MaKpocKonu4eckon
7 WL\ () -~ -4 AYeitky;
R IR B |/ 2 - dubpa;
. r_,.--l - Ry | - ( \ 3 - MaTpuua GeToHa;
—' G oG : } i r_ e 4 - 30HA KOHTAKTHOro
e~ Ty ) N : B33aMMOAEHCTBUA
Pt T Ths " ' apMUPYIOWMNX BONOKOH C
)- Uttt (|0 (o X GETOHOM.
% 5 ;

Puc. 3. Ctpykrypa ¢i6pobeTony

3 TOYKH 30py MOHTa)XXy MOHOJITHUX OyHiBelb, MPOIEC KOHCTPYIOBAHHS €
OTHUM 3 HaMOUIBII JOBrMX 1 TPYAOMICTKHX TIPOIECIB, aje 3acTOCyBaHHS
¢i0pobeToHy gomoMarae MPUCKOPUTH TMPOIEC 3BEIAEHHS Oy/iBelb, a TaKoXK
MIJBUIIUTH 1X HECY4y 3AaTHICTb 1 3IaTHICTh CIOPYJ cpuiiMatu auHamivHi aii. Ock
B UOMY 1 IIOJIsITa€ OCHOBHA nepeBara ¢i0podeToHa.

I3 cepiio3zHux HemodikiB (piOpoOETOH Ma€ TUIBKH OJWH: JOCUTh BHUCOKY
BapTICTh y MOPIBHSHHI 31 3BUYAWHUMM OeTOHAMU. AJie BUKOPUCTAHHS HEIOPOTUX
CUHTETUYHHX BOJIOKOH IOCTYNOBO 3HWXY€E Iied mokasHuk. Ille ogHum Hemosikom
IIPU BUKOPUCTAaHHI MeTajeBoi (iOpu € MiABUIICHUN 3HOC OETOHO3MIIIYBAJIBHOTO
oOJ1aTHaHHS.

®i0poOeToHH 3aCTOCOBYIOTH B 30IpHMX 1 MOHOJITHHX KOHCTPYKLISIX, IO
IOpaliolTh Ha 3HAKO3MIHHI HaBaHTaXeHHsA. HailiBakiuBilma XapakTepHUCTUKA
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$16pobeToHy — MILHICTh Ha PO3TIT — € HE TUIBKU NPSIMOI0 XapaKTEPHUCTUKOIO
Marepiaiy, ajie 1 HempsiMoro, 1 BijoOpaxkae ioro omip iHmmMX BIUuBiB. llle onna
BAXKJIMBA XapakTepucThka GpidpodeToHy — 1€ Moro HOBrOBIYHICTh. 3a MOKA3HUKOM
poOotu pyiinyBanHs (Hi0podeTony Moxe B 15-20 pa3ziB nepeBepiiryBaTu OETOH.
["onoBHUMEU 0COOIUBOCTAMU (P1OPOOETOHY €: 3MATHICTh CIPUUMATH AUHAMIYHI
HABAHTAXKEHHS, BUCOKA MIBUIKICTh MOHTaXY, MOPO30CTINKICTh 1 3HOCOCTIMKICTD, SIKI
0e3rocepe/IHbO MOB'sI3aHI 3 HOTO MiJABUIIEHOIO TPEIIIHOCTIHKICThI0. DiOpobeToH
3aCTOCOBYETHCSI B KOHCTPYKIISIX, IO EKCIUTyaTYIOTbCS B YMOBaxX arpecHBHOTO
HABKOJIMIIIHBOTO cepefoBuia. L1 KoHCTpyKIlii MOKYTh OyTH SIK TPOMUCITIOBOTO, TaK 1
moOyTOBOTO Xapakrepy (puc. 4).

Puc. 4. 3aCTOCYB}—IH5[ b106pobeToHy

YK 669.14.018.25:620.18:539.374
BOPOIIVTIACTUKHA

Kamuokin B.B., cmyoenm
Hayrosuii kepienux — Apmanoinsany €.1°., 0.m.H., npog.

Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu

BopormacTuku 11e KOMIO3WTHI MaTepialiv, 1110 MICTATh B SIKOCTI HAllOBHIOBaya
OOpHI BOJIOKHA, BIIPOBAKEHI B TEPMOPEAKTUBHOIO MOJIMEPHY MATPULIO, IPU LILOMY
BOJIOKHA MOXYTb OYTH SIK y BUIJIA1 MOHOHUTOK a00 JUKTYTiB (pHc. 1):

a 0
Puc. 1. Boporactuku y BUTIIsi/1i MOHOHUTOK (a) 1 KTYTiB (0)
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3aBASKM BENUKIA TBEPAOCTI HUTOK, IO BHUXOJWUTh MaTepial Mae€ BHUCOKI
MEXaHI4H1 BIaCTUBOCTI (OOpHI BOJIOKHA MAaOTh HAWOUIBILY MIIHICTD MPU CTUCHEHHI
B TIOPIBHSHHI 3 BOJIOKHAMH 3 IHIIMX MaTepialliB) 1 BEJMKOI CTIMKICTIO M0
arpecMBHUX YMOB, alle BHCOKAa KPHUXKICTh Marepialdy YCKIaJHIOE iX OOpoOKy 1
HakJagac oOMexeHHs Ha GopMy BUPOOiB 3 OOPOILIACTIKOB gpnc. 2).

n

YK 669.14.018.25:620.18:539.374
KEPAMIYHI MATEPIAJIX TA BUPOBHU

Casuyx B.O., cmyoenm
Hayrosuii kepienux — Apmanoinsany €.1°., 0.m.H., npog.

Hayionanvnuii ynieepcumem diopecypcis i npupoookopucmyeanus Yxpainu

Kepamixa nie mty4ni kam'sHi Marepiaind il BUpoOU, OTpUMaHI B PE3yNbTarTi
TEXHOJIOTYHOT OOPOOKH 1 HACTYITHOT'O BUIATY TNIMHUCTOI CHPOBHHH.

OCHOBHOIO CHPOBHUHOIO /JIsi BUPOOHUIITBA KEPAMIKH € 2IUHUCA CUPOBUHA

I'nunucma cuposuna € TPOTYKTOM MEXAHIYHOTO PYWHYBAaHHS BHUBEPKEHHX
MOJILOBOIIMATOBUX TIPCHKUX TMOPIJ, IO MICTUTh YaCTKU TJIMHH, KBapIly, CIIOIU Ta
IHIIUX MIHEpAIIB, IO HE PO3KJIAIHUCI. [JIMHUCTI YacTKM MarOTh IUIACTUHYACTY
dhopmy, TOMY TIpU 3MIITyBaHHI 3 BOJOK YTBOPIOETHCS JIETKO (DOPMOBaHA IJIACTHYHA
Maca.

3 METOI HaJlaHHS HEOOX1JHUX BJIACTUBOCTEH SIK TJIMHAM, TakK 1 BUpoOaM 3 HUX
710 CKJIaAy TIUHSHOI CHPOBHHHU BBOJSTH 100ABKH.

OTpuMaHHs Yepenka MOTPIOHOTO KOJbOPY W CTPYKTYpHU 3I1MCHIOETHCS
pPI3HHMH MeETOAaMH, B TOMY YHCII: TOKPUTTAM TOTOBUX BHpOOIB aHrodamw,
rilazypamu, eMaisiMi, KepaMiyHUMH papOamu.

TexHonoriss  BUTOTOBJIEHHS ~ KepaMIYHUX  BUpPOOIB, HE3BaXKAlOUM  Ha
PI3HOMAaHITHICTh ACOPTUMEHTY, 110 BHUIYCKA€TbCA 3a BIACTHBOCTSAMH, (opMamu 1
MPU3HAYEHHSM € 3arajJbHOI0 M BKJIIOYA€ HACTYIHI TEXHOJIOTIYHI €Tamu:
n00yBaHHS CHPOBUHHHMX MaTepiajiB
M1rOTOBKA KEpaMIvyHOT MacH (IIUXTH)
dhopmyBaHHS BUPOOIB (CUPITIO)

CYIIIHHS , BUTAJIFOBaHHS.

COo00
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Cminosi kepamiuni mamepianu

Kepamiuni yeenu ii kameni BUTOTOBIIIOTH 13 JICTKOIUIABKUX TJIMH 3 J0OaBKaMu
i 0e3, 3aCTOCOBYIOTh JUIsl KJIAJKW 30BHIIIHIX 1 BHYTPIIIHIX CTIH ,JJIs1 BUTOTOBJICHHS
CTIHOBUX IMaHesneH 1 6510kiB (puc. 1).

Puc. 1. Buau kepaMiuHOi 11eTIu

3a winenicmio 6 cyxomy cmani 1eTiia i KaMeH1 MiAPO3AUISIIOTh HA TPU TPYIIN:
- 36uyaiini — 3 MIABHICTIO Oibme 1600 Kr/m> ;

- yMosHoe(ekmugHi — i3 minbHicTIO Gibime 1400-1600 K/,

- epekTHBHI - 3 MTBHICTIO HE OibIe 1400-1450 KT/M-.

Hernu MoXyTh OyTH MYCTOTIIUMHU (puC. 2):

Bupobu ons obruyrosanns gacadis

OO6nuiroBaHHS CTiH OyAiBedb 13 KepamidyHOI IeTJd 1 KaMEHIB JUIbOBUMU
BUpoOaMH — HaWeDEeKTUBHIMINKA BHUJA O3700JEHHS, OCKUIBKM BOHO BHKOHYETHCS
OJIHOYACHO 3 PSOBOIO KJIAJKOIO, a JIMIOBI BUPOOU, KPIM JEKOPATUBHUX (DYHKIIIH,
BUKOHYIOTh 1 KOHCTPYKTHUBHI (PYHKIIIT cTiHU (puc. 3a).

Llecna ii kameni 1uybosi € 03100IOBATLHUMHU M KOHCTPYKTUBHUMHU HECYUYHMU
eJIeMEHTaMu, 110 MPAIIOI0Th y IETeNbHIM KJIaAll pa3oM 31 3BUYAWHOIO IETJIOH.
JIuupoBa 1eria 1 kKameHi Mpu3HayeHl 11 MypyBaHHs 1 OJHOYACHOTO OOJIMIIFOBAHHS
30BHIIIHIX CTIH OYJiBENb 1 CIOPYH, TOMY MarOTh JIBl JUIIbOBI MOBEpxHI. JIMIHOBI
LIETJIM ¥ KaMEeH1 BUITYCKalOTh TUX K€ pO3MIpiB 1 (hopM, 1110 ¥ 3BUUAIHI.

Kepamiuni ¢pacaoni naumku («IUIMHK») BHUTOTOBJISIOTH KBaJpaTHOI abo
MPSMOKYTHOT (OpMHU JOBXKHUHOIO 3 PI3HUMU KOOPJWHAIIMHUMU po3Mmipamu (Bia
50x50 mo 300x150 mm, 3aBTOBIIKM 7 1 9 MM. BumyckaroThecs 13 TJ1a3ypOBaHOMO 1
HEMIa3ypoOBaHOIO, TJAJKOK Ta penbedHO0, OAHO- abo 0araToKOJIbOPOBOIO
MOBEPXHEI0. 3aCTOCOBYIOTh IS OONWIfOBaHHS acaaiB 1 IOKOJIB, ITiI3EMHUX
MEPEXO/IiB.
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Puc. 2. IlycroTim nernu
a — uera 3 18-ma mycroramu (mopoxkHicTh 27 1 36%);
0 — eryia 3 28-ma myctoTamu (MMOPOKHUCTICTD 32 142%);
B — KaMiHb 13 7-Ma MmycToTamu (MOPOKHUCTICTD 25 1 33%);
r —3 18-ma mycroramu (mopokHUCTICTb 27 1 36%) ;
1l — YKPYTTHEHU I KaMiHb JIsl KJIQJKU CTIHU B «OJWH KaMiHby» (TOpOKHICTH 45%).

Puc. 3. Ilerma mist oOnuIlIOBaHHS
dacaniB (a), MIUTKU 1751 BHYTPIIIHBOTO
oOnuiroBanHsl (0) Ta BUIW TIWHSHOI
yepenuiii (B).

I lnumku ons eHympiunboeo obnuyrosanus (puc. 30)
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Kepamiuni naumku 0ns 6HympiuiHb020 001UY08aHHs BAKOPUCTOBYIOTHCS IS
OOJIMIIFOBAHHS CTIH 1 JUIs MOKPHUTTIB miior. Lli BUpoOu eKCITyaTyroThCsl YCepeInHi
OPUMIIICHHS, TOMY BUMOTH 32 MOPO30CTIHKICTIO 10 HUX HE MPe SIBISIOTHCS.

Jlns  oOnumItoBaHHS CTIH  3aCTOCOBYIOTh  Mationikosi  (OjepKyBaHl 13
CUPOBHMHHOI CYMIIlll KaoJIiHY, MOJbOBOTO IIMATy, KBaplOBOIO MICKY) 1 ¢hasaHcosi
(omepkyBaHi 3 BOTHETPUBKMX TJIMH, JIOAAIOYM KBapIOBUM MICOK 1 IUIaBHI 3
HACTYIHHM TJ1a3ypPyBaHHIM) IUIATKH.

JIis TOKPUTTIB MIAJIOT 3aCTOCOBYIOTH MemaaxcbKi TUIUTKH, SKi BOJIOAIIOTH
T1IBUIIEHOIO MIUTHHICTIO 1 BUCOKHM OITOPOM CTHPAIOYNM HABAHTAKCHHSM.

IInumku kepamiuni mo3aiumi Ui TIAJOT BUTOTOBJISIIOTH KBaJApaTHUMH 31
cTtopoHoro 23 1 48 mm, 3aBToBmIKK 6 1 8§ MM. Ha 3aBoji mIMTKH JTUITLOBUM OOKOM
HAaKJICIOIOTh Ha KpadT — mamip abo KapTOH 3 IEBHUM PUCYHKOM, OJEPKYIOUN KUIUMH
po3mipom 398 x48 mm.

Benukopozmipni TIMTKA TUIY «KEPaMOTPaHIT» BUKOPUCTOBYIOTH IS
BJIAIITYBAHHS MIJIOT Y BUPOOHMYMX I[€XaX, Mara3uHax, pecTopaHax, BUCTABKOBUX
3alax, J1abopaTopisix

Kepamiuni supobu onsa noxpiani ii nepekpummis (puc. 3B)

Kepamiuna uepenuys € HaWNOUIMPEHINIUM KEpaMidYHUM MaTepilajioM s
MOKpPiBIl SIK B YKpaiHi, Tak 1 B 3alaJHOEBPONEUCHKUX KpaiHaxX 3aBASKU CBOIA
€KOJIOT14HIM 4nucToTI M noBroBiyHOCTI (10 300 poKiB), BOTHECTIHKOCTI, CTIKOCTI /10
aTMOc(epHUX BIUIMBIB.

UYepenuiro BUPOOISAIOTh 3 JIEFKOIUIABKUX TJIMH HIMPOKOI KOJIPHOI ramu (B
OJIaKUTHOTO 710 YOPHOT0) MOpPO30CTIMKICTh Yepenulll MOBUHHA OyTH HE MeHIe 25
IIUKIIIB.

JIo HenoJKIB BIJHOCATh KPHUXKICTh, TPYAOMICTKICTh MOHTaKHHUX PpOOIT,
BenuKy Bary 1 M° (40-80 kr). 3acTOCOBYIOTH KepaMiuHy Yepermiio Ha KPYTHX
HOKPIBJIAX 3 YXUIOM He MeHIne 30

YK 669.14.018.25:620.18:539.374

JEPEB'SIHI-IEMEHTHI KOMIIO3UIIIMHI MATEPIAJIA

®Deouyk 0.0., cmyoenm
Hayxrosuii kepienux — Apmanoinsany €.1°., 0.m.H., npog.

Hayionanvnuii ynisepcumem diopecypcie i npupo0okopucmy8anHs Yxpainu

Apbonim - PI3HOBUJI JIETKOrO O€TOHY. ApOOJIT BHUTOTOBJSIOTH 3 CYMIIIl
OpraHIYHUX HAMOBHIOBAYIB POCIMHHOTO TOXOJKEHHS, IO MICTSITh IEITI0JI03Y
(moapiOHEeHNX BIAXOMIB JAEPEBOOOPOOKH, IJIbOHY, cTeOen OaBOBHUKY, OYEPETY),
MIHEPaAJIbHOTO B';[)quoro (3a3BMuail MOPTIAAHALIEMEHTY ), XIMIYHUX 100aBOK 1 BOJH.

Koponim - pizHOBUJ ap6on1Ty, 0 OTPUMAHMH 3 CyMilll KOpH, 00poOieHoi
XIMIYHUMU PEUYOBUHAMH, IEMEHTY 1 BOJIH.
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Dibporumosi naumy BUTOTOBISIOTH 3 CyMIIlll CIEHIadbHO HApi3aHOIO CTPYKKU
JEPEBUHM, MMOPTIAHIAIEMEHTY, XIMIYHUX JOOABOK 1 BOJIH.

Kcunonim - pizHoBUJ JIeTKOro OETOHY Ha Mar"e3iaiIbHOMY B'sDKydOMy 1
OpraHiYHOMY IICJTFOJI03HOMY 3allOBHIOBadl (THUpca JepeBUHU ab0 1HII MOoJpiOHEHI
JaCTKH POCIUHHOTO MTOXO/KEHHS).

VIIK 669.14.018.25:620.18:539.374
JIEPEB'STHI KOMITIO3UIIMHI MATEPIAJIA

Llepa B.C., cmyoenm
Hayrosuii kepienux — Apmanoinsany €.1°., 0.m.H., npog.

Hayionanvnuii ynieepcumem diopecypcis i npupoookopucmyeanus Yxpainu

lepesuna npecosana — nepeBuHa, MiJJlaHa CTUCKYBaHHIO MEPIEHIUKYIISIPHO
710 BOJIOKOH 1171 TuckoM 10 30 MIla (300 krc/cm?). ILlinbHICTE TpecoBaHOi AEPEBUHU
1200...1450 xr/m3. 3amexHO BiJ CHOCO0Yy MpecyBaHHS PO3PI3HAIOTH IPECOBAHY
JIEPEBUHY, IO OTpUMaHa OJHOOIYHUM, JBOCTOPOHHIM 1 KOHTYPHUM YIILTLHEHHSM.
OpnHoOlyHE YIIITBHEHHS BHPOOJIAE€THCS MPECyBaHHSAM OpYCKIB JAEPEBUHH YIONEPEK
BOJIOKOH B OJIHOMY HampsiMi, JBOCTOPOHHE — Y JBOX Hampsimax. J[pyrum crmoco6om
JOCSTaeThCs BUILA IIIIBHICTh. KOHTYpHE YIIIIbHEHHS 31MCHIOETHCS BTUCKYBaHHSIM
LIUAJIHIPOBOT 3aroTOBKM JICPEBUHUW B METAJICBUN IWIHAP MEHIIOTO JiamMeTpa.
['panuisi MIITHOCTI MPECOBAaHO! AEPEBUHU NPHU CTATUYHOMY 3TMHI M CTHCKYBaHHI
Y3JI0BX BOJIOKOH, @ TaKO TBEPIICTh TOPLIEBOI MOBEPXHI BHILA, HIXK y HaTypaldbHOI
JIepPEeBUHM, Y 2...3 pa3u. Y NMPOMHUCIOBOCTI BOHA 3aMIHIOE YOPHI 1 KOJIbOPOBI METaJIH,
TEKCTOJIT. 3 TPECOBAHOI JCPEBUHU BUTOTOBIISIIOTh YOBHUKM TKAIIbKUX BEPCTATIB,
MIIITUITHAKA KOB3aHHS, IO MPAIIOI0Th B a0pa3uBHOMY CEPEIOBUIII TOIIIO.

lllapysama xneewa Oepesuna — MaTepial 3 JIEPEBUHH, OTPUMaHUI
CKJICIOBAHHSIM ILIOHY, Y SKOTO BOJIOKHAa B CYMIXHHX BIJHOCHO OJMH JI0 OJHOTO
MalOTh 3aJlaHUN HANPSIMOK (Hampukiaa, ¢aHepa, JNEPEeBHUN IIapyBaTUW IJIACTHK
toio) (puc. 1).
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Puc. 1. HlapyBara kieena nepeBuna: a — @aunepa, 6- JlepeBHUM MmapyBaTHii MIaCTUK
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Mooughikosana Oepesuna — pnepeBUHa, OOpOOJIEHa TIEBHOIO XIMIYHOIO
PEYOBUHOIO (CMHTETUYHOIO CMOJIOI0, aMiakOM TOIIO) 3 METOI0 MiJABUIICHHS ii
MEXaHIYHUX BJIACTUBOCTEH Ta MOMAHHSA BOJOCTIMKOCTI. Y OUIBIIOCTI BHIIAJKIB
IPOCOYCHHSI  JEPEBUHM  3MIMCHIOEThCS Mg TUckoMm. [lomimepuzaris  abo
MOJIIKOHJIEH Al XIMIYHMX PEYOBHH, IO BBOJATHCA B JEPEBUHY (MOHOMEPIB,
OJIITOMEPIB  TOIIO)  JOCITAEThCS  TEPMIYHOO  OOpPOOKOIO,  OMPOMIHEHHSM
PEHTIeHIBCBKUMU 1 0-, [-, Y-IPOMEHSIMH Yy TIPUCYTHOCTI KaTajli3aTopiB.
MonudikoBaHna JepeBHHA MOPIBHSHO 3 HATYpPaJbHOIO Ma€ OLIbIly MIIHICTh Ha
cratuuHuil 3ruH (Ha 75 %); 3HMKeHe BojomoriuHeHHs (y 3...5 pasiB) 1 BuIly
CTiHiKicTh 0 aOpasuBHOro 3HomryBaHHs (y 1,5...2 pasu). MoaudikoBaHy nepeBHHY
3aCTOCOBYIOTh  JUII ~ BUTOTOBIICHHS  TWIJIIMITHWKIB ~ KOB3aHHA y  By3Jax
CITbCHKOTOCIIOJIAPCHKUM  MAIllUH, JeTalied, 110 TMpalilTh B  arpeCUBHUX
cepeoBUIIaX, JIUBAPHUX MOJIENICH 1 KOMIPIB TOIIO.

o Oepesnux xomno3umie — JIEepeBHI MaTepiali, 110 € TOETHAHHSAM JICPEBUHU
1 B'SDKy4YHX pEUOBHMH Yy TOMY YHCII MOJIMEPHMX MaTepialiB, 3 J10JaBaHHSIM
Moaudikyroun 100aBok. [[o boro BUay MaTepiaiiB HAJIEKATh:

* JlepeBocTpyXKOBa (JIEpEBUHHO-CTPYKKOBA) TUTUTA (JICIT)

*  OpIlEHTUBHO-CTPYKKOBI IJTUTH

* JlepeBHO-BOJIOKHUCTA TJINTA

* Hanarsepai

* Tsepai a00 1epEBOBOJIOKHUCTI TUIUTH CEPEIHBOT IIIBHOCTI

* HaniBTpepai abo 1epeBOBOJIOKHUCTI IJIUTH BUCOKOT HIITBHOCTI
*  Mixki

» JlepeBHi mIaCTUKH

* JlepeBHO-NIOJTIMEPHI KOMIO3UTH (ATK)

Jlepesocmpyoickosa  (Oepesunno-cmpyackosa) nauma  (ACII)  nucToBui
Marepiajg, BHUTOTOBJIICHMM NUISIXOM Taps4yoro IUIOCKOTO ab0  eKCTPY31MHOTo
MIPECYBaHHS JEPEBHUX YACTHHOK, MEPEBAXKHO CTPYKKHU, 3MIIIAHUX 13 3B'SI3yIOUUMHU, 3
JOTaHHSAM, TTPHU HEOOX1THOCTI, CTICIIaIbHUX J0OaBOK

Opienmueno-cmpyacrkosi naumu (OCII — oriented strand board a6o osb) — 11e
OararomapoBa (3—4 mapu) riMTa, BUTOTOBJICHA 3 JIEPEBHOI CTPYKKU (B OCHOBHOMY
COCHOBO1) IIUISIXOM rapsiyoro MpecyBaHHs MiJ] BUCOKUM THCKOM 3 JIOJaBaHHIM PI3HUX
HAIOBHIOBAYiB Y BUTJIS1 BOJOCTIMKMX CMOJI, CHHTETUYHOTO BOCKY 1 OOPHOI KHUCIIOTH.
Cama muMTa CKJIQJA€ThCS 3 TPbOX-UYOTHUPHOX MIAPiB, MNPUUOMY CTPYXKKA Y
BHYTPIIIHHOMY IIapl PO3TALIOBYETHCA y MONEPEYHOMY HAIpsMi MIOJ0 JOBXKHHU
JUCTa, @ B 30BHINIHIX IMapax — Yy MO3J0BXKHbOMY. [HIIMMH cloBamMu, CTpY>KKa
OpIEHTOBAHA y MEBHOMY HaIpsiMi — 3B1JICH 1 Ha3Ba IUIUTH;

Jlepesno-sonoxnucma nauma ([[BII) — nucToBUN MaTepian, BUTOTOBJICHUI
[IUISIXOM Taps4yoro MpecyBaHHA a0o CYyNIHHS KWJUMa 3 JEPEBHUX BOJOKOH 3
BBEJICHHSIM MPU HEOOXITHOCTI CIIOJIYYHUX 1 CIEHiaIbHUX J100aBOK. Matepiaiiom s
BupoOHunTBa [IBIIl cnykuTh mepemeneHa Ha BOJIOKHA JEPEBHHA, a TaKOX BIAXOIU
TIEepeBOOOPOOKH (CTpYXKKa, TpICKa, NEPEBHUN MWJI), SKi 3MIMIYIOTh 3 KICEM 1
CIPECOBYIOTh NIPU BHCOKIM TeMmrepaTypl 3 J0JaBaHHSAM CHHTETHUYHUX CMOJI,
napadidy, Iepe3rHy, aHTUCENTHKIB Ta IHIIMX pedoBHH. [lommpeHMMHU € TaKoX
JaMiHOBaH1 JBN (JIABIT) Ta 00JIarOpoOJIKEH1 ABII, SIKI OTPUMYIOTh IIJISIXOM MOKPHUTTS
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3BUYANHOI JBIT CIEIIaIbHAM CKJIAJIOM 13 CHHTETUYHMX MEJIaMIHOBHX CMOJI. Taki
IUTUTH BIJIPI3HSAIOTHCS BHUCOKOKO 3HOCO-, TEPMO- 1 BOJOTOCTIHKICTIO. Ha moBepxHIo
JIBIT MOKE€ HAHOCUTHCS MAIIOHOK, IO IMITY€ CTPYKTYpY AepeBa. OOmaropoKeH1 B
BUKOPUCTOBYIOTh SIK O3J00JIIOBaJIbHUM MaTepial JJisi CTiH 1 CTellb, a TaKOX SIK
BHYTPIIIIHI €JIEeMEHTH MeOJiB. 3ajeXHO BiJ HIIJILHOCTI JI€PEBOBOJIOKHUCTI TUIMTH
[MOJAISIOTEH HA

Haomeepoi (minpHicTh Big 950 no 1100 xr/m*) — BIAPI3HAIOTHCS BUCOKOIO
IIUTHHICTIO 1 CIY’KaTh B OCHOBHOMY ISl TIOKPUTTS MiAJIOT a00 /I BHTOTOBJICHHS
JBEpEU, IEPErOpOaOK, TapH.

Teepoi abo OepeBooNOKHUCMI NAUMU CEePeOHbOI WINbHOCMI — 1€ TUIATH,
OTpUMaHi B pe3yJbTaTi MPEeCyBaHHA 1 TUCKY NMPHU BUCOKIM TeMIepaTypi MaJeHbKHX
YACTUHOK JE€PEBUHM. Taki TUIMTH TPOCOUYYIOTHh CHEIIaJIbHUM PO3YMHOM, 3aBISKU
SKOMY BOHH CTAalOTh BOTHETPMBKHMH 1 BOJIOTOCTIMKMMHU. 3rofoM iM HaJaaloTh
noTpiOHy opMy Ha creniaibHUX BepcTartax. Ha BiqMiHy Bij JCT IPU BUTOTOBJICHHI
M} HE 3aCTOCOBYIOTh €MOKCHJIHY CMOJIY 200 (peHosn. CroayyHO peYOBUHOIO Y HUX
€ aiHriHi. JIiHTiHI — 1€ TpUpOJHA CKIIAJ0Ba KOXKHOI JEPEBUHU, KA BUAUIIETHCA 3
Hel NUISIXOM HarpiBaHHs. M — eKOJIOT14HO YUCTHI MaTepial;

Haniempepoi (600...800 kr/m®) abo Oepesosonroknucmi nauUmMu GUCOKOL
winbHocmi — TOHKUM JIUCTOBUM MaTepiay, OTPUMAHUM METOJOM Trapsyoro
IpECYBaHHS MOJAPIOHEHUX JEPEBHUX BOJIOKOH. 3aCTOCOBYIOTBHCS Ul BUPOOHMIITBA
3a/IHIX CTIHOK MeO]iB, BHCYBHMX SIIMKIB Ta IHIIMX BHYTPIIIHIX MeOIeBUX
CJICMCHTIB;

MsaxiBin 100 mo 400 kr/mM?, BUTOTOBJIEHI METOJOM CYIIIHHS KHUJIUMA,
BUKOPUCTOBYIOTHCA SIK 130JISIL1ITHO-03100/t0BanbH1 (250—350 kr/m?) i 1305s01iiH1
(mo 250 xr/m?). Taki ABOD — XapakTEPHU3YIOThCS BHCOKOK MOPHUCTICTIO, MAaJIOIO
TEIJIONPOBITHICTIO 1 HU3bKOIO MIIHICTIO, TOMY iX BUKOPUCTOBYIOTh B OCHOBHOMY SIK
3BYKO- 1 TETIJIO130JISIIIHUI MaTepiasl y OyA1BHUIITBI;

Hepeeni  napacmuxku ~ —  minacTU(dIKOBaHI  JIGPEBUHHI  MaTepiaiu
(mepeBHOIIapyBaTi  IJIACTUKA Ta  JIEPEBHOIUIACTMYHI ~ MacHu),  OJEpKyBaHl
KOMILJIEKCHOIO MEXaHIYHOI0, TEPMIYHOI Ta XIMIYHOIO OOpPOOKOI CHPOBHHH
(JTymeHoro mimoHy, MOAPIOHEHOT IEPEBUHU TOIIIO);

Hepesno-nonimepni komnozumu ([I1K) MaroTh y CBOEMY CKJIaJli IEPEBHY MYKY,
TEPMOTUIACTUYHUHN TIOMIMEp (TOTIBIHUTXJIOPH, MOJINPOIUIEH, ad0 MOJIEeTUICH) Ta
pi3Hi Monaudikatopu (HAIalOTh TOTOBOMY BHPOOY OCOOJIMBUX BIIACTUBOCTEN).
[IpolieHTHE CHIBBIAHOILIEHHS MEPIINX JBOX KOMIIOHEHTIB 3aJI€KUTh BijJl BUPOOHHUKA 1
KJIacy Marepiay. B OCHOBI mpoliecy mnepepoOKH JIeKUTh EKCTPY3isl — METO]I
OTPUMaHHS BUPOOIB 3 MOJIMEPY IUIAXOM MPOAABIIOBAHHS MOTO B PO3IUIABICHOMY
BUIISAL yepe3 (opMyBaJIbHMIM OTBIp NEpepoOHOI MalIMHU — eKcTpyjaepa. Pimmie
BUKOPUCTOBYETHCS ~ JIMTTS il THCKOM 1 TIpecyBaHHsS y Tmpec-popmax.
BukopucToByIOThCS 1711 OTpUMaHHS BUPOOIB (JOIIOK, MaHEeNel TOIIO), TPU3HAYSCHUX
eKCIUTyaTallii miJ NpSMUMU COHSYHUMHU MPOMEHSMHM, 3a MiJBHUILNEHOI BOJOTOCTI Ta
[P 3HAYHOMY KOJIMBaHHI TEMIIEPATYPH.
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VIIK 630.3(075.8)

PAIIIOHAJIBHE BUPIIIEHHS TEXHOJIOTTYHUX 3AIAY I'TPCHKOI
JIICO3AT'OTIBJII

®Deoeuxo FO.A., cmyoenm
Hayxosuii kepienux — Kapamnux I.P., k.m.nu., ooy.

Hayionanvnuii nicomexuiunui ynigepcumem Yxpainu

Kommuiekcn TeXHONMOTIYHOTO YCTaTKOBAHHS ISl TIPCHKUX JIICOCIYHUX POOIT
MOBUHHI (dopmyBatucs 3 ypaxyBaHHSIM MPUPOJHO-BUPOOHUYMX
JMICOEKCIUTyaTallifHUX yYMOB, 10 € BaroMoOl MIJACTABOK Ji1 €(PEeKTUBHOTO
3aCTOCYBAaHHS CIEIIAJIbHOTO OIEpalliifHOro yCTaTKOBAaHHSA, OCOOJMBO TaKOro, SK
KaHaTHO-M1BICHI TpemoBaibH1 ycTaHoBKHU (KITY) abo TpentoBaibH1 TpakTOpH.

Meta nociipkeHHS € OOIPYHTYBaHHS TEXHIKO-€KOHOMIYHOTO MiJIXOIy JJIst
BU3HAYCHHS [apaMeTpiB  JICOTOCMOJAPCHKUX JUISHOK 1 JICOCIK  TIPCHKOi
J1CO3aroTiBIi.

Binomo, 1110 co01BapTICTh JTICO3aroTiBI B NPCHKUX YMOBaX 3HAYHO BUIIA HIXK B
pIBHUHHUX yMoBaXx. lle MOSICHIOETBhCS CKIIAIHICTIO OpraHi3alii J1co3aroTiBeIbHUX
poOIT Ha BCIX TEXHOJIOTIYHMX LMKIAX Yepe3 CKJIaJAHI YMOBH IEpPECIYeHOI TipChKOi
MICLIEBOCTI, SIKI CYTT€BO 30UIBLIYIOTH HANPUKIAL CEPEAHIO BiAJalb TPEITIOBAHHA
JEpEBUHU 1 BUTpPATH HA HEI Ta YJNAIITYBaHHA BEPXHIX CKJIAJIB, YacTO 3HAYHO
BUITAJIGHUX BiJ JIICOBO3HMX MUIAXIB, KyAU JOXOJATH JIICOBI JOPOTH  JUIst
TpaHCTIOpTYyBaHHs aepeBUHH. [li yac po3poONIIHHA JICOCIK y TOpax, HaNpuKiIag 3
nonoMoror KITY, pi3ko ckopouyeTbesi cepeiHsl BIACTaHb TPEIIOBAHHS JIEPEBUHHU 1,
pa3oM 3 THUM, 30UIBIIYETHCS YHCIO NPOMDKHUX MaWJaHYMKIB CKJIaJyBaHHS
3TpEIbOBAHOI JIEPEBMHU, BUHUKAE MOTpeOa MiJBE3CHHS JicOMaTepiaiiB 0 BEPXHIX
CKJIaJIB, 3pOCTAIOTh BUTpPATH HA BIAIITOBYBAaHHS MPOMDKHHUX MaNJaHYMKIB
CKJIaJlyBaHHS JIEPEBUHU, II0 B 3arajlbHOMY MPU3BOIUTH 10 30UIBIICHHS BUTpaT Ha
MOBHUM IUKJI TPEITIOBAHHS JIEPEBUHM BiJ MICIIS 3arOTIBIl 0 BEPXHHOTO ckiany [1,
2].

Posmipu  micocik, X  30CepEeIKEHICTh, TMapaMeTPH  TPEITIOBAIHLHOTO
ycratkoBaHHs sk KITY Tak 1 TpakTOpHOrO B3a€MO3B’si3aHi 1 CYTTEBO BILIMBAIOTH Ha
coO1BapTICTh JIICOCIYHUX pOOIT. OUEeBUAHO B KOKHOMY KOHKPETHOMY BHMMAAKY CIIiJT
BCTAQHOBJIIOBAaTH ONTHMAJIbHE YHCIO MaWJaHYMKIB TPOMDKHOTO CKJIaJdyBaHHS
JEpEeBUHU Tiepe] ii MiJBE3CHHs Ha BEPXHINW CKJIaj, SKEe MOB’SI3yBAaTHU 3 MapamMeTpamu
AK JIICOCIK TaK 1 TPEIIOBAIbHOI TEXHIKH, 3 METOIO 3MEHILEHHS CO0IBAPTOCTI T1PChKUX
JicociyHuX poOiT. [Jns peamizamii Takoi 3amayl JOIUIBHO TaKOX MPONOHYBATH
nporpecuBHl KIIY KOMOIHOBaHOTO TpeNtOBaHHSA-TPAHCIIOPTYBAHHS JCPEBUHH 3
METOI0 3MEHUICHHS MPOMDKHOTO CKJIAAyBaHHS JIEPEeBUHM Ta  YHUKHEHHS
TEXHOJIOTI4HO1 (a3u “miABE3eHHs JJicoMaTepialiB 0 BEPXHIX CKIAJIB”.

Cxema pO3MIIIEHHS TpPETIOBAIBHUX TEXHOJOTIYHUX KOPUAOPIB TiIPCHKOT
micociku st KITY 6nu3bka 10 mapanenbHoi, moka3aHa Ha puc. 1, AJis KOl NpUHSTI
MO3HAYCHHA: L — mapaMeTp JICOCIKHM; # — KUIBKICTb MAailJIaHYUKIB MPOMIXXHOTO
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CKJIa[yBaHHsI IEPEBHHI; y — IUTOMUIA 3arac AEPEBHHH Y JepeBocTaHi (M /MY).

[IponykTuBHICTH KaHAaTHO-MIABICHOT ycTaHOBKH (KIIY) TpentoBaHHS AepeBUHU
a00 TpeoBaJILHOTO TPAKTOpa Ha TPEIIOBaHHI a00 I1BE3EHHI JICPEBUHU
BU3HA4Ya€eThes [2]:

T-k -k, - T-k -k, - VoV
— 1 2 Qn — 1 2 Qn; Z(): p X, tcp:ln-l-tp' (1)
lcp/vp+lgp/vx+t”+tp ty-1, +1, VoV,

ne T — ¢poug pobouoro gyacy mpotsrom 3MmiHH; k;, k, — Koedili€eHTH, BiIMOBIIHO,
BUKOPHUCTAHHA POOOYOro yacy 1 BaHTaXXOIHOMHOCTI TPENOBAILHOTO 3aco0y; O, —
pelicoBe HaBaHTa)KEHHA Ha TPENIOBAIBHMU 3aci0; V,, V, — MBHIKICTE pPyXy
TPENIOBAIbHUKA Y 3aBaHTAXCHOMY 1 TMOPOXKHIKOBOMY HamNpsMKaxX TPETIOBAHHS
NEpEeBUHU; 1, {, — d4ac BIINOBIAHO Ha 3aBAHTAXKCHHA 1 PO3BAHTAKCHHSA
TpENOBAIbHUKA.

Puc. 1 — Cxema po3MilieHHs
NaciK, TEXHOJOTIYHUX KOPUJIOPIB
1 Mai{IaHYUKIB TPOMIKHOTO
CKJIaJIyBaHHS JCPEBUHH HA
micocini 3 KITY-tpemtoBannasaM: 1
— MEXI1 JIICOCIKH; 2 — MexKa
MMaciK1; 3 — BICh TEXHOJIOTITYHOTO
kopuaopa KIIY; 4 — BepxHiit
CKJIaJ; 5 — BOJIOK ITIABE3CHHS
NEpEeBUHU; 6 — IPOMIKHUN CKIIaJ
(KITY); 7 — nicoBo3Ha nopora; L
— TIapaMeTpu JICOCIKH; 1 —
KUIBKICTh MaJaHYNKIB
MIPOMIKHOTO CKJIaTyBaHHS
JicomaTepiaiB.

3rigHo cxemu (puc. 1) BUBHAYAETHCS:

[ =L-(n+1)/2n. 3)

3 o
Butpatu Ha TpaHCIOpTYBaHHS 1-T0 M” JIepeBUHU Ha BEPXHIHN CKIa y
3araJbHOMY BH/Il BUPQKAIOThCSI 3AJIEKHICTIO:

4q,=c/1, 4

TOJII:
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Ct,-L 1\ C-t
=—— 0~ J1+= P 5
=0, (+nj+Qm'T’ 2

ne: C — coOiBapTiCTh MAIlMHO-3MIHM TPEIIOBAIBLHOTO 3aco0y; (O, — peicoBe
HAaBaHTA)KEHHS TPaKTOpa Ha MiJBE3€HHI JiepeBUHU 3 npomixkHoro ckiany KIIY go
BEPXHBOT'O CKJIANY; k3 — KO€(IIIEHT CIIBBITHOIICHHS peiicoBuX HaBaHTaxkeHb KITVY 1
TPENIOBAILHOTO TPAKTOPa Ha TiIBE3EHHI IePEBUHHU;

BapTicHi BUTpaTH Ha BIAIITYBAaHHS IPOMIKHUX MailITaHYUKIB CKJIaTyBaHHS:

4,,=@B)/Ly) (6)

ne: B — muToMi cepeiHl BUTpATH Ha BIIAIITYBaHHI OJHOTO MaiIaHYHWKa MPOMIXKHOTO
CKJIaJly JICPEBUHU; Y — MUTOMHM 3arac JEPEBUHM Yy €KCIUTyaTalliiHOMY JIepEeBOCTaHI,
MM

3arajibH1 3MIHHI BUTPATHU HA TPEJIIOBaHHS 1-ro M JIEPEBUHU CKJIAJIal0Th:

I, = ¢ .tO'L.(1+lj+tc +n2'B. (7)
O, T |2k, n Ly

[TpuBeneH1 BUTpaTH MOKYTh OyTH BUpaKeH1 3aJexHICTIO [3]:
U”P = (E ) W)/(H te) + L[Zm’ (8)

ne: £ — HopmatuBHUM KOEQIIIEHT €KOHOMIYHOI €()eKTUBHOCTI; ¢, — KUIbKICTh TOANH

po0OTH TpentoBaIbHUKA 3a 3MiHYy; W — cyma CKJIaJ0BHUX BapTOCTI TPEITIOBAIHLHOTO
3aco0y.
Ha mincrasi (1) 1 (7) 3anexHicTh (8) oTpuMae BUTIIS;

Uﬂ:E-W-[tO-L-(n+1)+2n-tc]+ C-L
g T-k-k,-Q -2n-t, 2.0 -T-n-k,
-B
<[t +1) - (n+ D]+ ==, )
Ly

y AKi 3MIHHUMH BEJIMYMHAMU € PO3MIp JIICOCIKM L 1 YMCIIO HaBaHTaXyBaJbHUX
MadgandukiB n. Jns mocmimkenas QyHkiii (9) Ha MiHIMYM BH3HA4Y€HI YacTHUHHI

oIl . ol

MOX1/1H1 L Lo AK1 TPUPIBHSHI 10 HYJIsI. PO3B’SI3KM piBHSHD MAlOTh BUTJISAL:
n

I 8T -k,-Q, -t -B-t,-n*
y-[40 -E-W+C-t,-t -(+n)]’

(10)
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Ly-[40,-(E-W+C-t,-V,-1)]
4Q Tt -k,-B '

n=

(1)

BucnoBku. PiBusaas (9) cobiBaprocTi JicociyHMX pobOIiT Ha  (dasi
“TpemtoBaHHS + TIABE3CHHS JepeBUHU, pasoMm 13 3amexHocTsmu (10) 1 (11)
JI03BOJISIFOTh:

1) BM3HAQUUTH ONTHMAJIBHE YHCJIO MaWAaHYMKIB TPOMIKHOTO CKJIaIyBaHHS
JicoMarepialiB y BUnaaky tpakropHoro 1 KITY -tpeatoBanHs 115 oIHIET TICOCIKH,

2) BUOpaTH pallioHAJIbHI PO3MIPH JIICOCIK B YMOBaX TIPChKHUX JIICOPO3POOOK
JU1s 3a0e31eYeHHs MiHIMaJIbHUX BUTPAT Ha JIICOCIYHUX pOoOOTaX;

3) po3paxyHKOBI pe3yJbTaTH 3riHo 3anexHoctel (9), (10) 1 (11) MoxyTh OyTH
BUKOPUCTaHI ISl OJICPXKAHHS TEXHIKO-€KOHOMIYHUX TOKA3HHUKIB KOMOIHOBaHUX
KaHATHO-MIJIBICHUX TpetoBaibHO-TpaHcnopTHUX cucteM (tumy KIITTY mpoexty
JIsBiBChKOTO ITKTI “JlicnepeBmnpom™).

Cunucok Jgireparypu:

1. Kopxxos B. JI. Pekomenaarii 13 3aCTOCYBaHHS JIICOTPAHCIIOPTHUX YCTAHOBOK
npu ripcekux JicosaroTiBiasx / B. JI. Kopxos, I. . I'pumxyk. — IB.-
®pankiBebk : @omianT, 2015. — 28 c.

2. [Mxips T. M. TexHonorig 1 MamuHdA Jicociunux poOit / T. M. Ilkips.
[Tigpyunuk. — JIsBiB: YkpJITY, “Tpiaga mmoc”, 2003. — 352 c.

3. Omitinuk B.O. ExoHOMIUHMI aHaji3: MPaKTUKyM JJIS CTYJISHTIB BHIIHMX

HaBYAJIBHUX 3aKJIaJlIB €KOHOMIUHUX CIemiaibHOCTeH / [3a ped. mpod. d. O.
bytunus]. — 2-e Bua., goi. 1 nepepo6. — XK. : TIIT “Pyra”, 2003. — 496 c.

YK 669.14.018.25:620.18:539.374
CKUIOINVTACTUKHA

Yepusax C.1., cmyoenm
Hayxrosuii kepienux — Apmanoinsany €. I'., 0.m.H., npogh.

Hayionanvnuti ynisepcumem diopecypcie i npupo0okopucmy8anHs Yxpainu

CKJIOTIIACTUK € HEOMHOPIMHUNA CYIUIBHUM MaTepia, 10 CKJIAIA€ThCA 3 JIBOX
OCHOBHUX KOMIIOHEHTIB: CIHOJYyYHOTO 1 apMyludoro MarepiajiB - CMOJH 1
CKJIOBOJIOKHA. 3a PAaxyHOK IIbOr0 BiH HaOyBa€ yHIKalbHI XapaKTEPUCTUKH, SKI
3a0€3Meuy0Th OT0 3aCTOCYBAaHHS B CAMUX PI3HUX TaTy3sX: BiJ] MOOYTOBOT TEXHIKH 1
CLTBCHKOTO TOCTIOAPCTBA JI0 aBIalIfHOTO 1 KOCMIYHOTO BUPOOHHIITBA.

OCHOBHUMH OCOOJIMBOCTSIMU 1 TlepeBaramM CKJIOIJIACTUKIB B TMOpPIBHSHHI 3
TPaaUIIMHIMU KOHCTPYKIIIHHUMH MaTepiajgaMu €:

HecxunbHICTh 10 KOPO3ii 1 THUTTS;

CTi#KiCTB 70 J1i arpeCUBHUX CEPEIOBMIII;

MeHI1a miabHICTE;
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MinHICTh Ha P1BHI BUCOKOSIKICHUX KOHCTPYKILIMHHUX CTaJeH;

Bucoka BToMHa MIITHICTB;

Bucoka enekTpuiHa MIITHICTb 1 T1€JIEKTPUYHI BJIACTUBOCTI;

CKJIOIJIACTUK OTPUMYIOTh IUIAXOM Tapsyoro MpPEeCyBaHHS CKIOBOJIOKHA,
NEPEMIIIAHOTO 3 CUHTETUYHHUMU CMOJIAaMH. Y CTEKJIOIIACTUKAaX CKIOBOJIOKHO Tpa€e
pPOJIb apMYIOUOI'0 Marepiaily, IO J10Ja€ BUpoOaM BHUCOKY MEXaHIYHY MIIHICTh MPHU
MaJTIH HIJIBHOCTI.

CMOJI MOYKHA PO3AUINTH Ha:

- 3BUYAiHI KOHCTPYKIINHI;

- XIMIYHO CTiHKi

- BOTHECTIHKI;

- TeIUIOCTIMKI;

- CBITJIONPO30Pi.

Bupobu 3i cknonnacmuxy

CKJIOIJIaCTUK 3aCTOCOBYIOThH SIK KOHCTPYKIIMHUM 1 TEIUIO3aXWCHUNM MaTepia
MpU BUPOOHUIITBI KOPITYCIB YOBHIB, KaTepiB, Cy/JCH 1 PAKETHUX JBUTYHIB, Ky30BIB
aBTOMOOWIIB, IUCTEPH, pepuKepaTopiB, PaJioONpo30puUX OOTEeKaTeneu, jonaren
BEPTOJIbOTIB, BUXJIOMHUX TPYyO, JAeTaneil MaluH 1 mpuiaaiB, KOPPO3UOHHOCTOUKOTO
obagHaHHSA 1 TPyOONpPOBOAIB, HEBEIMUKUX OyiaiBeNb, OacelHIB JJIs IUIaBaHHS, a
TaKOX SIK €JIEKTPO130AIIAHNN MaTepiai B €IEKTPO- - 1 PaAIOTEXHIII.

3acTocyBaHHA CKJIOIIACTUKY B OY[IBHHUIITBI

JlekopaTHBH1 €JIEeMEHTH 31 CKJIOIJIACTUKY B odopmiieHHI ¢acagy o(iCHOTro
HEHTPY

CKJIOMIaCTUK Ma€ IIHMPOKY 00JacTh 3aCTOCYBAHHS: apXITEKTYpHI €JIE€MEHTHU
1 opopmiieHHs dacany:

aBTOPCHhKA CKYJIBITYPA;

TeaTpajbHI JEKOpaIIii;

dboHTaHY;

aBTOpChKa MeOTi;

peKiIamMH1 00'€KTH 1 1H.

HeBenuka Bara KOHCTpPYKIIii 1 BUPOOIB 31 CKIIOMIIACTUKY JIO3BOJISIE MPOBECTH
MOHTaX 0€3 cemiaibHIX 3ac001B B KOPOTKUH Yac.

OnTuManbHa TOBIIMHA CTIHKU CKIIOTUIACTUKOBOI 0OOJIOHKU CTAHOBUTH 4-5 MM.

Bara ogHoro kBajipaTHOTO METpa CTAHOBUTH 5-6 KT.

3aBASKHA CBOIM YHIKQJIbHUM BJIACTUBOCTSIM, TAKHM SIK: BHCOKA MIIHICTh TpH
MaJlii Ba3i, aTMOC(EpOCTOMKOCTh, XIMIYHA CTIHKICTh, BOTHECTIWKICTb, MPOCTHI
MOHTaX - BUPOOU 3 CTEKJIOKOMITO3UTA 3HAXOASATH BCE O1JIbIIIE 3aCTOCYBaHHSI.

Tepmin excrutyaTtanii BUpOOIB 3 CTEKJIOKOMIIO3MTA 3ICTAaBUMO 3 TEPMIHOM
CITy>KOU OyaiBeNb 1 CIIOPY/I.

BaxiauBuM € MOXIMBICT BHUIOTOBJICHHS 31 CKJIOIUIACTHKY O0'€KTIB
MaKCUMaJbHUX (HOPM 1 PO3MIpIB.

3acmocyeanis cmekIoniIacmuKo8ou KOMROIUMHOL apmamypu

CKJIOIIJIaCTUKOBY apMaTypy 3aCTOCOBYIOTh BIATOBIAHO 10 BUMOT TPOEKTHOI
JOKYMEHTAI1 A1 KOHCTPYKIiH OyAiBeNb 1 COPYI PI3HOTO Npu3HadeHHs (puc. 1).

144



>

Puc. 1. CxnomiactukoBa apMarypa

ApmaTypa mpu3Hau€Ha JUIsl 3aCTOCYBAaHHS B MPOMHCIOBO-IMBUIBHOMY,
JIOPOKHBOMY OYIBHULITBI;

3actocyBaHHS B OCTOHHHUX KOHCTPYKISIX OyIiBeNb 1 CHOPYA PI3HOTO
NPU3HAYEHHS;

JIisi BUKOpUCTaHHS B JIETKMX 1 BaXKux OeToHax (MHOOETOH, IUIUTH
MEPEKPUTTS, B MOHOJITHUX PyHIaMEHTaX);

B mapyBatoi kmaii nerisiHuX Oy 1iBeb;

Sk mro0emniB 11 KPITUICHHS 30BHINTHBOT TETUIO130IA111T CTIH OY/TiBEIIb;

SIK CITOK 1 CTPUKHIB B KOHCTPYKIIAX;

3acTOCYBaHHSI KOMIIO3UTHOI CKJIOIUIACTUKOBOI apMaTypu 30UIbLIYE TEpMIH
CIY>KOM KOHCTPYKIIM B 2-3 pa3u B TMOPIBHSHHI 3 3aCTOCYBaHHSIM METaJIEBOI
apMatypu, 0coOJMBO MPH BIUIUBI HA HUX arpeCUBHUX CEPENOBUII, B TOMY YHUCII IO
MICTSTh XJIOPUCTI COJI, TYTH Ta KUCIOTH.

Ilepesacu cmeknoniacmukogou apmamypu

MinHicTh Ha pO3pUB B 3 pa3u BUIIE MIIHOCTI cTaneBoi apmatypu kiacy AllL.
[Toka3Huk Mexi MinHOCTI MertaneBoi apmarypu - 390 MIla, kommo3utHOi -
monamMenme 1000 MIlIa;

CKJI0IIIaCTUKOBI apMaTypa He ipkaBie. Uu He cXuiibHa A0 KOpPO3ii,

Kucnorocriiika. Crilika 10 MOPCHKOi BOJIH;

CKJI0IIaCTUKOBI apMaTypa BOJIO/I1€ BUCOKUMHU MPY>KHUMH BIACTUBOCTSIMHU;

HeenexTponpoBimHUX. T1€TEKTPUK;

Komrmo3uTHa CKJI0MIaCTUKOBI apMaTypa MPakTUYHO HE MPOBOJUTH TEILIO;

Panionpo3zopuii;

MarnitoeneptHa. He MiHs€ BIaCTUBOCTI MijJ] BIUIMBOM €JIEKTPOMArHITHUX
ToJIE ;.
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He BTpawae cBOiX BIACTHBOCTEW MIITHOCTI TIPU BIUIMBI HAJHU3BKUX
TeMIeparyp;

Jlermie MeTaneBoi apMaTypu B 9 pasiB, IIpu paBHOIIPOYHOM 3aMiHi;

Bynb-sxa OyniBenbHa TOBXKUHA MM BUMOTH IIPOEKTY 1 3aMOBHHKA.

Bucnosox

CKJIomIacTUKM - MaTepiaii 3 Majol MUTOMOI Barow 1 3aJaHUMU
BJIACTUBOCTSMHU, SIKI MAIOTh ITUPOKUN CHEKTP 3acTocyBaHHs. CKIIOIUIACTHKUA MalOTh
Ty’)Ke HU3BKY TGHJ’IOHpOBlI[HlCTB (HpI/I6JII/13HO SK y JepeBa), MIIHICTIO K Yy CTaJlH,
010JI0T1YHOI CTIMKICTIO, BOJIOTOCTIMKICTIO 1 aTMOCCI)epOCTII/IKICTIO MOJIIMEpIB, HE
BOJIOJIIFOYH HEJIOJTIKAMH, BIACTUBUMHU TEPMOILIACTIB.

YK 669.14.018.25:620.18:539.374

JOCJIIIZKEHHA ITPOLECY BUT'OTOBJIEHHS BIMETAJIEBUX
BUJINBKIB

Honouu O.0., CMyoOeHmKa
Haykosuii kepienux — Apmanoinany €. I'., 0.m.H., npogh.

Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu

JlocmiPKeHHST  MPOBOJWIM 3@  IOCIIJOBHOI  CXEMOI  BUTOTOBJICHHS
OiMeTasieBUX BUJIMBKIB, KA BKJIIOUAE 3AJIMBKY OCHOBHU, 3aCUIIKY (JIFOCY Ha MTOBEPXHIO
3aTBEP/ILIOT OCHOBH, 3aJIMBKY pOOOYOTO MIapy, 3aTBEPAIHHS i OXOJIOKCHHS BUITHBKA
miclist 3aTBEep/iHHs. Taka MOCHIAOBHICTh TEXHOJOTIYHUX OMepaliidi xapakTepHa s
BEIIMKOI Tpynu OiMEeTaleBUX BWIMBKIB pOOOYMX OpraHiB JAPOOHIBHO-PO3METHLHOTO
o0J1alHaHHS, 30KpeMa, MOJIOTKIB, O¥II, BIAOIMHUX TUTUT Ta 1H.

JIisi BU3HAYEHHS KUIBKICHUX 3aKOHOMIPHOCTEH (OopMyBaHHS CTPYKTypHU
BUTOTOBWJIA OIMETaJIeBl BUIMBKH 3 €KOHOMHOJIETOBAHUX MaTepiajiB, y IKUX 001acTh
(hakTOpHOTO MIPOCTOPY OCHOBU 3MiHIOBasacs (mac. %) Bix 0,22 go 0,8 C, 0,2-0,50 Si,
0,35-1,6 Mn, no 0,3 Cr i Mo, a po6ouoro mapy — 2,4 - 3,6 C; 0,05 - 1,0 Si; 1,5 -5,2
Mn; 11,0 - 25,0 Cr; 0,15 - 0,35 V; 0,15 - 0,35 T1; no 0.4 Mo.

O6Opana  oOnacTh  XIMIYHHX  CKJaJiB  OOYMOBJIEHAa  ONTHUMAaJbHUM
CITIBBITHOIIIEHHSIM MIITHOCTI, IJIACTUYHOCTI, 3HOCOCTIMKOCTI 1 BAPTOCTI MaTepiaiB.

VY nuTomy craHi ctaneBa ocHoBa OimeTaneBoro BuimBka «Cranbs 25J1 - YaByH
300X12I'5» cknanaerbes 3 25 - 30 % deputy 1 70 -75 % nepiity , a pobouuit map - 3
KapOi/iB, ayCTEHITYy 1 mepmiTy B KuibkocTi 5 - 10 %. I'panuiiss ocHOBH 1 poO0o4YOTO
mapy audysiiiHa, 6e3 miAIIaBIeHHS.

[lepexigHa 30Ha MIXX OCHOBOIO 1 poOOYMM IIapoM 3 OOKY YaByHY Ha BiJCTaHi
38 - 47 MKM BiJ TpaHUIll KOHTAKTY CKIAJAEThCS 3 MEPNITY, B 1HTEpBaIl Big 47 10
1000 mMxm 3MicT niepiiTy 3meHmryeTbest 10 80 - 90 % 1 gani cTpyKTypa CKIala€eThes 3
KapOiiB , ayCTEHITYy 1 mepmiTy B KUbKocTi 5 - 10 %. Ilepeximna 30Ha 3 60Ky cTanm
Ha BIACTaH1 0 16 MKM BiJ IpaHUIll KOHTAKTY SIBJsiE cO0010 (pepuT, B iHTEpBati BiJ 16
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10 400 mxMm - 90 % nepmity 1 10 % depury, a B intepsam Big 400 Mkm 1 nami - 25 -
30 % deputy 1 70 - 75 % nepmity.

3MiHa XIMIYHOTO CKJaJy OCHOBM 1 poOOYOro Imapy, a TaKoX YMOB
(dhopMyBaHHS BUJIMBKA CYMPOBOIKYETHCS 3MIHOIO KUJIBKOCTI 1 pO3MIPIB CTPYKTYPHHUX
cknanoBux. Hanpukinan, y pasi 6imeraneBoro BuinBka «Crans 70171 - Hapyn UX22»
MIKpOCTPYKTYpa CTajeBOi OCHOBH B JIUTOMY CTaHi ckiagaeTrses 3 10% depury 1 90%
copOITOOOPA3HOTO MEPIIITY.

Biacranp mMik macTuHamMu 1ieMeHTUTY B mepaiTi Bix 0,3 mo 1,0 mxm. Pobounii
I1ap CKJIaJa€eThes 3 KapOiliB, MEPIIITY 1 3aJUIIKOBOTO aycTeHiTy 10 20%.

['paHuiiss KOHTaKTy MICTUTh 30HHM mmimmiaBieHHs. [lepexigHa 30Ha 3 OOKy
YaByHY Ha BijacTaHi 70 47 MKM BiJ TpaHHIl KOHTAKTy CKJIAJAEThCS 3 TMEPIITY, B
inTepBan Bix 47 no 400 MKM - aycTeHITy 1 kapOiaiB, Oinbiie 400 MKM EpeXoAuTh B
CTPYKTYypy 4aByHy. [lepexigHa 30Ha 3 00Ky cTajii Ha BiJCcTaHi 10 31 MKM Bij rpaHuii
KOHTaKTy siBJsie coboro cmyry ¢deputy, B iHTepBaii Big 31 go 300 MM - cMmyry 3
cop6iToOpazaum nepiitom. [lpu OibIIiil BiCcTaHl CTPYKTYpa 30HU KOHTAKTY SIBIISIE
c000I0 CTPYKTYpY CTajieBOi OCHOBH. BijicTaHph MiXk IIJJaCTHHAMH [IEMEHTUTY B MEPJIITI
CTaHOBUTH, B OCHOBHOMY, 0,3 MKM, OJIHaK CIIOCTEPITalOThCA TUISHKU 3 BIJICTAHHIO BiJl
0,5 o 1,0 MmxM.

PesynbraTtu MetanorpadiyHOro aHaii3y Mmokasaiy, 1110 CTPYKTypa OiMeTaneBuX
BUJIMBKIB B JIUTOMY CTaH1 CKJIaJIa€ThCA 3 (PepUty, mepiiTy, 3aJIMIIKOBOIO ayCTEHITY 1
kapOiaiB. IIpu npomy KinbKiCTh (Dyer, Ilyer) 1 po3mip 3epen (Dger, Drer) deputy Ta
MEePJITY B CTAJIEBUIl OCHOBI 3MIHIOBAJIUCS, BinoBiAHO, BiA 10 1o 40 1 Bix 60 10 90 %
00., Bix 25 no 240 1 Big 47 no 175 mxm, mupuna GeputHOro (Bgyy,) 1 mepiaiTHOro
(Bu;) mapy B nepexianoi 30Hi1 - Big 12 1o 50 1 Big 30 mo 75 Mkm, kiuibKicTh (K, 1)
1 po3mip (Dyy, Dyy) KapOiziiB 1 3epeH nepiaiTy B pododomy mapi - Bix 27 1o 32 mac.
noi1. %, Big 4 no 60 00. non. % 1 Big 43 no 100 1 Bix 15 no 107 MKM, BIAIOBIIHO,
B1JICTaHb MK IJIACTUHAMU IEMEHTHUTY B NepiiTi (Ayy) Bix 0,3 mo 1,0 MxMm 1 06'emHa
YacTKa 3aJIMIIKOBOTO ayCTEeHITY (A,) B poOodoMy trapi Biz 8 10 68 06. 1oi. %.

AHaJ3 pe3yibTaTiB JOCHIKEHb IOKa3ye , IO B TpoIeci 3aTBEpAiHHA 1
OXOJIO/DKCHHST TIICIsl 3aTBEpAiHHS OIMeTaJeBUX BWIMBKIB BMICT CTPYKTYPHHX
CKJIQZIOBUX 1 JUCIEPCHICTH (PEPHUTO - TEPIUTHOI CTPYKTypU METaldy - OCHOBH
BU3HAYAETHCS BYTJICIEBUM CKBIBAJICHTOM CTajid 1 MIBUAKOCTSIMU OXOJOKEHHS B
piIKoMy cTaHi, iHTEpBaJi TBEpAIHHSA i TemrmeparypHii obmacti Bix 600 mo 800 °C
nepea MEepEeTBOPEHHSIM ayCTEHITY; po3Mip (EpUTHOrO 1 NEPIITHOrO 1Iapy B
MepexiiHii  30HI— BHUINE3a3HAYCHUMHU IapaMeTpaMHu, a TaKoX BYTJICIEBUM
€KBIBaJIEHTOM YaBYHY; KUIbKICTh KapOiiB - BYTIJIEIIEBUM €KBIBaJEHTOM YaBYHY, a iX
pPO3MIp - TAKOX MIBHJKICTIO OXOJIOPKEHHS poOOYOro mapy B pPiAKOMY CTaHl 1 B
1HTEpBal TBEPIIHHS.

KinbkicTh 1 po3Mmip 3epeH mepiiTy B poOOYOMYy IIapi, a TaKOoX BIICTaHb MIX
MIACTHHAMH  TIEMEHTHTY B MEpJIiTI BU3HAYAETHCA IBHJKICTIO OXOJIOHKCHHS
p06oqoro mapy B 1HTepBaJ11 temreparyp Bigx 600 mo 800 °C, BYTJICIIEBUM
€KBIBAJICHTOM YaBYHY 1 TEMIEPaTypHUM IHTEPBAJIOM MePETBOPEHHS ayCTeH1Ty
pobouoro mapy; o0'eMHa 4YacTKa 3aJMIIKOBOTO ayCTEHITY B poOOYOMYy Imapi -
BYTJICIIEBUM E€KBIBAJIEHTOM YaBYHY 1 IIBHJKICTIO OXOJOKEHHS pOoOOYOro mapy B
plAKOMY CTaHi 1 B IHT€pBal TBEPAIHHS.
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301bIIEHHS MIBUIKOCTI OXOJIOJKEHHS OIMETalleBOro BHUJIMBKA B PLAKOMY
CTaHi, iHTepBaji TBEpAiHHS 1 TeMmeparypHoi oomacti Big 800 10 600 °C mpu3BoIUThH
70 JUCHEPryBaHHSA CTPYKTYpPH OCHOBH, Ta pPOOOYOro IMmiapy 1 PpO3IMIUPEHHIO
nepexigHo1 30HHU.

JleryBaHHsI CTaJIM MapraHIileM 1 XpOMOM IIPU3BOAUTH A0 JUCIEPTYBAHHIO 3€pEH
(dbepuTy Ta IepiiTy B OCHOBI OIMETaJIeBUX BWJIMBKIB 1 PO3IIMPEHHS NEPEXiAHOT 30HH.
30UTbIIIEHHST BMICTY MApraHIl0 B YaBYHI HPHU3BOJUTH [0 JTUCIEPTyBaHHS BCIX
JAOCTIDKEHUX CTPYKTYPHHX CKJIQJOBHUX pOOOYOro Imapy, a JAOAATKOBE JIETYBaHHS
XPOMOM - JT0 301TBIIICHHS pO3MipiB KapOiliB 1 3€PEH MEPIiTYy.

[Ticast TepmiuHOT OOPOOKK CTPYKTYpa CTaleBOI OCHOBU OIMETaNIeBOrO BHIIMBKA
«Cranp 25J1 - YaByn 300X12I'5» ckmamaetsest 3 50% deputy 1 50% mneprity, 3
po3mipom 3epeH 22,7 1 20,3 mxMm, BianosiaHo. [lepexinHa 30Ha 3 OOKy CTajid SIBIIsIE
(depuTHy CMyry TOBHIMHOIO 1 MKM, a 3 OOKy YaByHy — MEpJITHY - TOBIIMHOIO 11
MKM.

CraneBa ocHoBa BuwimBka «Ctanp 70I'J1 - YaByn UX22» micnsa TepMidyHOI
00poOku ckmananacs 3 95% deputy 1 5% nepmity 3 po3mipom 3epeH 18 1 8 MKwM,
BIIMOBIIHO. ['paHulis KOHTAKTYy aenio xBuisacTa. [lepexigna 3oHa Ha Bijcrani 10 0,17
MM ckiafaetses 3 90% nepmity 1 10% deputy. CtpykTypa 4aByHy poOOYOro mapy
cknanaeTbes 3 33% xapbiniB, 50% maptencuty 1 17% aycrenity. Po3mip da3 npu
IIbOMY CTaHOBHUTH 35, 29 1 57 MKM, BIJIIOBIJIHO.

[licns TepmiuyHOi OOPOOKH, OOAATKOBO JI0 BHUIIEHA3BAaHUX CTPYKTYp, B
pobouomy 1rapi OiMeTareBUX BUJIMBKIB CIIOCTEpIraeThesa MapTeHcuT. O0'eMHa yacTka
deputy Ta mepiiTy B CTaleBHM OCHOBI 3MiHIOEThCS Big 10 go 97 1 3 - 90 %
BIIMOBIHO, a iX po3mipu Big 6 10 44 1 Big 5 no 27 mMxMm. Po3mip deputHoi 30HH
MEPEeX1THOrO 1apy 3MiHIOeTbCA Bl 1 10 4 MKM, a mepiiTHOi - Big 2 A0 16 MKMm.
PoGounii map cknamaerbcst 3 KapOiaiB, MapTeHCUTy 1 aycreHity. llpu 1mpomy
CIIOCTEPIraloThCsl TaKi 3MIHM KIJTBKOCTI 1 pO3MipiB KapOiiiB, BIAMOBIAHO Bl 28 10 35
Mmac . g0a. % 1 Big 20 mo 50 mxm; maprencuty Big 10 go 60 06. %, NOBXHUHU HOTO
nmakeTiB Bix 10 1o 90 MxmMm; aycreHiTy Bix 1 10 36 06. % 1 po3mipy 3epeH Bix 7 1o 65
MKM.

[Ticns tepmiuHOi 0OpOOKH OiMETaJIeBHX BHWJIMBKIB MIKPOCTPYKTYpa CTaleBOI
OCHOBH CKJIQJAE€ThCS 3 MepiiTy 1 depuTy, a pobdodoro mapy - 3 cymimr KapOiaiB
Me,C;, BUCOKOXPOMHUCTOTO ayCTEHITY 1 MAPTCHCHTY.

AHani3 pe3yabTaTiB TOCHIIKEHHS MMOKa3ye, M0 AUCIIEPCHICTh MIKPOCTPYKTYpHU
micasi TepMIYHOI OOpOOKM ICTOTHO 3aJ€XHUTh BiJ BIAMOBIIHUX CTPYKTYPHHUX
napameTpiB B JMTOMY CTaHl 1 CTYyNEHs JIeTyBaHHS TBEPAOrO0 PO3YMHY METaJIEBOi
OCHOBH 1 poO0OYOr0 IIapy B MPOIIECi ayCTeHITU3aIlll O1MeTaIeBUX BUIMBKIB.

B npoueci TepMiyHOT 00pOOKH MOCHITIOETHCS B 2 - 3 pa3u BIUIUB (PaKTOPIB, AKi
MPU3BOJATH 10 JTUCHEPTYBAaHHS CTPYKTYpH OIMETajeBUX BUJIMBKIB B JUTOMY CTaHI.
HeoOxigHO BiA3HAUMTH, M0 SKIIO 30UIBIICHHS BMICTY XPOMY B YaBYHHOMY
poOodoMy Mmapi B TUTOMY CTaHI MOHOTOHHO 3MIHIOE PO3MIpH 1 (a30BHil CKIIaJ MOTO
MIKPOCTPYKTYPH, TO MICIS TEPMIYHOT OOpOOKHM Takwil BIUIMB eKcTpemanbHuil. [Ipu
[bOMY MaKCHMajibHa JHUCIEPCHICTh MAPTEHCHUTY JAOCSATAETHCA MPH BMICTI XpOMY B
Mmexax Bif 16 1o 17%.
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YK 669.14.018.25:620.18:539.374
BYTJIEIINIACTUKHA

Yopueti /1.11., cmyoeum
Haykosuii kepienux — Apmanoinany €. I'., 0.m.H., npogh.

Hayionanvnuii ynieepcumem biopecypcis i npupoookopucmyeanus Yxkpainu

Brepire mpo Byrienesi BosokHa mouyniu B 1880 poui Eficon BUKOPUCTOBYB X
B SIKOCT1 HUTKHU po3KapioBaHHs Jiamil. L{s imest Hezabapom Oyia 3a0yTa 3 IpUX0Oa0M
BOJIb(PAMOBOro JApoTy. | TUIBKM B CepeArHI MUHYJIOTO CTONITTS I1HTEpEC [0
BYIJICIJIACTUKIB MposiBUBCS 3HOBY. lllykamu HOBI matepianu, 34aTHI BUTPUMATH
0araToTUCAYHY TEMIIEpATypy pPAaKeTHUX IBUTYHIB. be3miu kpaiH Opanu yyacTh B
CTBOPEHHI KapOOHY 1 HE MOKHA CKa3aTH, 110 IieH nuisx OyB JierkuM. Brepiie kapoox
OyB BuKopucTtanuii B mnporpami NASA, mpu OyAIBHUITBI KOCMIYHMX KOpaOIiB.
Tenep ByriemnIacTuK BXOJUTH 1 B HAILl TOBCSKACHHUNA MTOOYT

OcHOBHa CKJIaJiloBa 4YacTHHA BYIJICIUIACTUKIB - 1€ HUTKU BYIJICLIEBOTO
BOJIOKHA, L0 CKJIAJAlOThCS B OCHOBHOMY 3 aTOMIB Byrjemto. Jlyig nopaBaHHs 1€
OUIBIIIOT MIITHOCTI TKAHWMHHW, HUTKHU BYTJICHIO KJIAIyTh IIapamMu, MOpa3y 3MIHIOIOUYU
KyT HampsiMy IUIETIHHA. Takl HUTKM Jy’K€ TOHKI, 3JaMaTd iX IyKe€ MpocTo, a
pO3ipBaTH JOCUTH BaXKKO. 3 IUX HUTOK CIUTITAIOTHCS TKAaHWHH. TaKoK BOHU MOXKYTb
MaTH Pi3HUNA MATIOHOK IJIETIHHS (puc. 1)

Heoonixu

[Ipu BUPOOHUIITBI BYIJIEIIACTUKIB HEOOX1THO TOTPUMYBATUCH TEXHOJIOTTYHUX
napameTpiB, IPH MOPYILIEHI SIKUX, BIACTUBOCTI MIITHOCTI BUPOOIB PI13KO 3HHKYIOTHCS.
HeoOximHi ckiaaHi 1 JOPOT 3aX0AN KOHTPOJIIO SIKOCTI BUPOOIB

[HmMM ceplio3HUM HEOJIIKOM BYTJICTUIACTUKIB € 1X HU3bKa CTIMKICTH TIO
BIJTHOILIEHHIO J0 yJapHUX HaBaHTa)KeHb. [IOIIKOMKEHHS KOHCTPYKLIN Mpu yaapax
CTOPOHHIMHU MpeIMETaMU y BUIJISII BHYTPIIIHIX TPIMIMH 1 pO3IIapyBaHb MOXKYTb
OyTH HEBHIIUMI OKY, aJIe IPU3BOJATH IO 3HMKEHHS MIITHOCTI1

a 0
Puc. 1. Hutku (a) Ta Tkaauawm (0) 3 BYyTIEIeBOrO BOJOKHA
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llpecysanns

Byrnerkanuna BUCTUTIAETBCS B (DOpMy, MONEPENIHBO 3MallleHy BOCKOM a0o
musioMm. [loTiMm BoHa mpocouyerbcst cMONO. HamMimku cMoiM BUIANSIOTHCA Y
BaKyymi a0o mij TuckoM. Jlasi cMoJia mojaiMepru3y€eThes 1 MicIsl MoJIIMEpH3aliii CMOJIH
BHUPi0 rOTOBUH.

Ilynmpysis

Ile TexHOJIOTisI BUTOTOBJICHHS BUCOKOHAIIOBHEHUX BOJIOKHOM KOMITO3HIIIITHUX
AeTaneil 3 TMOCTIMHOIO TMOMEePeYHOI0 CTPYyKTypoio. B  maHuii yac akTHUBHO
BUKOPUCTOBYETbCS Yy BHUPOOHHIITBI TMOJMIMEPHUX KOMIIO3UIIHHUX MaTepialis,
HANPUKIIA, 151 BAPOOHUIITBA BYTJICIIEBUX JaMeNel (TU1acTuH).

Hamomyeanus

CyTtp TexHosOril mnoysirae B Oe3MepepBHOMY HAMOTYBAHHS 3a3Jalierib
MIPOCOYEHOTO POBIHTY a00 CTPIYKH HA MONEPEAHBO MIATOTOBIEHY (POPMY - MaHAPETb.
[Ticnst HamMoTyBaHHS HEOOX1THOT KUJIBKOCTI IIapiB, MaHJPEb 3 HAMOTAHUMHU IIapaMu
MOMIIIAETHCS B HATPIBAIbHY MY JJIs MOAAIIBIIOT TOJIMEpHU3allii.

3acmocysanus

PakeTHO-KOCMIYHA TeXHIKa, aBlaTeXHIKa, CyAHOOYTyBaHHS, MEIUYHA TEXHIKA,
poTe300yayBaHHs, puOaIbChKi CHACTI, podeciitHi (OTO 1 BICOMITaTUBH, TOOYTOBA
TEeXHIiKa, MOACIHN3M (puc. 2)

B
Puc. 2. 3acTocyBaHHs BYTJICIUIACTHKIB: a- PAKETHO-KOCMiIYHA TEXHIKa,
0- pubanbChKi CHACTI, B- mpodeciiini (OTO 1 BIACOMTATUBH
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YK 669.14.018.25:620.18:539.374

MPUCTPINA 51 BUBYEHH: TPILMHOCTIMKOCTI TUBAPHUX
CTAJIEM IIPU 3ATBEPAIHHI

Muxaiinuwun J1.0., cmyoenm
Hayxkosuii kepienux — Apmanodinany €.1°., 0.m.uH., npog.

Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu

[Tpuctpiit 1151 KOMIIEKCHOTO BU3HAUEHHS XapaKTEPUCTUK TPIIIMHOCTIMKOCTI
CIUIaBIB CKJIQJIA€ThCS 3 OMOKU 1, B dAKid QopMmyeTbcsl cTymiHuacTta mpoda 2,
JIMBHUKOBOI yaili 3, 60aTiB 4 /1l 0IHOCTOPOHHKOT (hiKcallii MeTay, 110 3aTBEP/iBaE,
TepMoniapu S5, TArM 6, U0 TOCHIJOBHO 3'€JHYy€ IUIACTUHY 7, SKa TIPYXKHO
neopMYy€EThCS, 3 3aTBIP/IIBAIOUUM METaIOM, (DepOoIMHAMIYHOTO JaT4YMKa 8 JIHIMHUX
nepeMilieHsb (BIATApOBAHOTO Ha 3yCHIUIs), sikui 3 TouHicTio 10 0,1% mepeTBoproe
JHIAHI TIEpEeMIIeHHs] B €JIEKTPUYHI CUTHaiu, noteHiiomerpa 10, skuil peectpye

nedopmaiiito 1 Temmneparypy (puc. 1).

14 i 13
3 11
9 78 S ! J
8
/ > / / 4 5
§ " Ll XA e

A

10

Puc. 1. Cxema 6a30BOro NpucCTpOIO JIJIsi BU3HAYCHHS TPIIIMHOCTINKOCTI
JIMBAPHOTO CIUIABY

Ha Bincrani 0,025 noBxxuHM npoOH Bl HEHTPY TEPMIYHOTO By3Jia BCTAHOBJICHI
enexTpoau 11 BUMIPIOBAIBLHOTO JIAHITIOTA. Y TIEHTP1 TEPMIYHOTO By3Jia BCTAHOBJICHO
nyOmikar 12 eneKkTpoaiB BHUMIPIOBAILHOTO JaHIOra. EjexkTponyu BUMIPIOBAIBHOTO
JaHIrora 1 QyOIikaT MIAKII0YEeH] 10 YHIBEpCaJbHUX BUMIPIOBAIbHUX MpuianiB 13 i
14.

3 MeTow MIABUIICHHS TOYHOCTI BHUMIPIOBAaHb €IEKTPOAU HEOOX1THO
BUTOTOBJISITU 3 MaTepiaqy 3 MIHIMAIbHUM €JIEKTPOOnopy (HampHKIam JpiT
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niamerpom 1,6 mm 31 crami 10) 1 migKIIOYaTH 0 YHIBEPCAIBHOTO TMEPEHOCHOTO
BHUMIPIOBAIBHOTO MPUJIAAY, SIKHI Mpallo€e 3a MPUHIIUIIOM MOABIHOTO MOCTA.

Jns ycyHEeHHS mepemkoj 1 moOiyHuX edeKTiB, He IOB'A3aHUX 3 IPOIIECOM
YTBOPEHHS TPIIIMHU, B IICHTP1 TEPMIYHOTO BY3Jia MK IIPOBOJIAaMH BHUMIPIOBAJIBHOTO
JIAHIIOTa BCTAHOBIIIOETHCS AYyONiKaT, MO (iKcye piBEHb MEpenKoa 1 MOOIYHMX
edekTiB. PB3HMIIT MK  TNOKa3HHMKaMU  €JIEKTPUYHOrO  OMOpYy  IIPOBOIB
BHUMIPIOBAJIBHOTO JIAHIIOTA 1 JAYOJIIKATOM J1a€ MOXKJIMBICTh BU3HAYUTHU €JIEKTPOOMIp
TEPMIYHOTO BY3J1a, IO MOB'SI3aHUMN 3 TTOSBOIO TPIITUHU, IIIOJI0 HOTO 3MIHU BU3HAYHUTH
MOMEHT YTBOPEHHS TPIIIMHU 1 CHHXPOHI3YBaTH HOT0 3 TEMIEPaTypHUMH, CUIOBUMHU
Ta nedopMaIitHUMHI TapaMeTpaMy MPOIeCy TPIIIMHOYTBOPEHHS JTUTOTO CILIABY MpHU
3aTBEPIiHHI.

Jns miABUIEHHS TOYHOCTI BHUMIPIOBAHb €JIEKTPOAY BHUMIPIOBAJIBLHOIO 1
nyOJIIOI0YOTO  JIAHIIOra HEOOXIJHO BUTOTOBJSTA 3 OJHAKOBUM MIHIMaJIbHUM
€JIEKTPUYHUM OIOPOM, OCKUJIBKH 31 3MEHIICHHSAM EJIEKTPUYHOIO OINOpPY €JIEKTPOIIB
3MEHILIY€ETHCS BEIMUNHA a0COIIOTHOI TOXMOKU BUMIPIOBaHb.

3 METOI0 CIHpPOIIEHHS KOHCTPYKIlI YCTAHOBKM 1 OTPUMAaHHS CHUHXPOHHOI
iH(dopMaIli Mpo HaBaHTaXKEHHs 1 AeopMallii B MpoIeci YTBOPEHHS TPIIIUH B SKOCTI
IPUCTPOIO VISt CTBOpPEHHS YTPYIHEHOIO yCaJIKU BUKOPHUCTOBYIOTh
yOpyroaeQopMipyrouyo IIACTUHY (BUKOHAHY 3 PECOPHOI CTalll), AKY CTaBJIATh MIX
JUBapHOi (OPMOIO 1 JATYMKOM JIHIMHUX MHEpeMIlIeHb 1 MOCIII0BHO 3'€HYIOTH 3
METaJIOM, 1[0 3aTBEPAiBaE 1 JaTIMKOM 3a JOTIOMOTOFO THIT.

3 METOI CHpOUIEHHS KOHCTPYKIIi YCTAHOBKM 1 MIJABUIIEHHS TOYHOCTI
BUMIPIOBAHHSA B SIKOCT1 EPETBOPIOBAaYA JIHIMHUX MEPEMIIIEHb B €IEKTPUYHI CUTHAIIN
BUKOPUCTOBYIOTh (DepOAMHAMIYHUI aTYUK, SKUH MEPETBOPIOE CUTHAIM 3 TOYHICTIO
10 0,1%. JlaTunk BcTaHOBJIEHUH MICHS AaTYMKA JIHIMHUX ePEMILIEHb.

[leHTp croiay4YeHHs NOPOXKHUHU JIMBAPHOI (POPMHU, 11O YTBOPIOE MEPEXI] BIJ
OJIHOTO JliaMeTpa JI0 IHIIOTO, BHU3HAYAETHCS SK TOYKA BHUMIPIOBAHHS pajiyca
KPUBHU3HU CIIOJy4YeHHS! (TOYKa TEpexoay BiJl OJHOTO pajiyca A0 1HIIOTO), IO
BIJJTHECEHA J10 OCl cTyniHYacToro npodu (Puc. 2, rouka C).

Puc. 2. Cxema cTymiH4acTOi JIMBAPHOI MpOOH

Enexktponu 11 BUMIiprOBaJIbHOTO JIAHI[IOTa BCTAHOBIIIOIOTHCS Ha BifcTani 0,25-
0,5 Benukoro niamerpa (D,) mopokHuHU TUBapHOI (OPMHU BiJl LIEHTPY CHOIYyUEHHS
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(rouka C), a B UEHTPl CHOJYYEHHS BCTAaHOBJIEHO nayOmikar 12 enekTposiB
BUMIPIOBAJILHOTO JIaHIIora (puc. 3).

11 211

' !

Puc. 3. Cxema ycTaHOBKH €JIEKTPOAIB B JIUBAPHOI Mpo0Oi

VYcraHoBKa €NEKTPOJIIB BUMIPIOBAILHOTO JiaHmiora Ha Biactani 0,25-0,5
BEJIMKOIO J1aMEeTpPy BiJ LEHTPY CIOIYy4YeHHsS OOyMOBJIEHA THM, IO B IIbOMY OOCs31
JTUBapHOi (POPMHU BUHUKAIOTH MAaKCUMAaJIbHI HAINPYTH, BHACIIIOK CIIOJIYYSHHS PI3HUX
JiaMeTpiB BWJIMBKHM TIPU 3aTBEPAIHHI CTalld, 110 NPU3BOAUTH JO YTBOPEHHS 1
PO3BUTKY TPIIIUH.

VYcraHoBKka €NEKTPOJIB BUMIPIOBAILHOTO JiaHmiora Ha Biactani 0,25-0,5
BEIIMKOIO JIIaMETPy BiJ IIEHTPY CHOJIYYCHHS J03BOJIAE JOCIIIKYBAaTH ONTUMAIbHUN
oOcsiT MeTaly, B SKOMY BiOyBae€TbCS MPOIEC 3apOKEHHS 1 PO3BUTKY TPIMIMH 1
OJTHOYACHO PEECTPYBAaTH KOMILIEKC TEMIIEpaTypHHX CHJIOBHX 1 AeopMariiitHux
XapaKTEPUCTHK TPOIECY YTBOPCHHS TPIIIKH.

VYcraHoBKa €NEKTPOAIB BUMIPIOBAJIBHOTO JIAHIIOra Ha BifcTaHi Ouibmie 0,5
BEJIMKOIO JIIaMEeTpy BIJ UEHTPY CIHOJYYEHHS TMOPOXXHUHU JUBApHOI (opMHu
HEJIOIIJIbHA BHACIIJIOK TIJBUILECHHS PIBHS MEPEIIKOJ, HE MOB'SI3aHUX 3 MPOLIECOM
OCBITH TPIIIHHH.

VYcraHoBKa BHMIPIOBAJIBHOTO JIAHIIOTa Ha BiacTtani MeHmie 0,25 BeTuKOro
JiaMeTpy BiJl IEHTPY CIOIYYEHHS HEAOIIJIbHA BHACTIIOK MOYKJIMBOTO BUHUKHEHHS
TPIIIUH 32 MEXaMH JOCIIHKYBAaHOTO 00CSTY MeTay.

VYcraHoBKa mpariroe B Takui crocio.

Po3mnaBnenuit Metasn, 3aJuTHIl B JIMBHUKOBY yaily 3, 3amoBHIOE Gopmy 1y
BUTJISII CTYMIHYACTOIO mpodu 2. Meraj, mo KpUcTamiz3yeThesi (DIKCYEThCSI 3 OJHOTO
O0oky Oontamu 4, 3 IHIIOTO — TPYKHOJe(oOpMipyrola TIacTUHA 7 KpuU3 TAry 6
CTBOPIOE YCKIIAJIHEHY YCaJKYy, sIKa Yy BUTIIAAL eopMarllii peeCTPYEThCS TaTUUKOM 8
(momepeaHbO BIATAPOBAHOIO MO HABAHTAXXEHHIO) IMEPETBOPIOETHCS TATYMKOM 9 1
3aMUCY€eThCA MOTeHI[ioMeTpoM 10 OJHOYACHO 3 TOKa3HUKaMHU TepMmomapu S
(momepeaHbO  BIATApOBAHOI 3a TMOKa3aHHSAMU TEepMONApH, BCTAHOBJIEHOI B
TepMiuHOMY BYy371). lle 1ae MOXIMBICTH OJHOYACHO BH3HAYaTH TEMIIEpATypHI,
CIWIIOBI 1 jJedopMalliiiHi XapaKTepUCTHKU TMPOLECY YTBOPEHHS Ta TMOLIUPEHHS
TPIIIKHU.
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3 METOI0 OJHOYACHOTO BU3HAYECHHS TEMIEPATypHUX 1 CHIIOBUX HapaMeTpiB
IPOLECY YTBOPEHHS TPIIIMHU INPU 3aJIUBLI METalTy BKJIIOYAETHCS BUMIPIOBAIBHUN
CJICKTPUYHUM JIAaHLIOT, SIKMM PEECTpye EJIEKTPUYHMM OIIp TEPMIYHOrO By3ida 1
OyOIIIOI0UMM €JIEKTPUYHUH JIAHIIOT, KU pEeECTpy€e PIBEHb MEPEIIKOJI, MOB'A3aHUX 3
TEMIIEPATYPOIO METAITY.

[To pi3HHULI €NEeKTPUYHOIO OMOPY BUMIPIOBAJIBLHOTO Ta AYOJIIOIOUOIO JIAHLIOra
BU3HAYAETHCS CIPABXKHIA EIEKTPUYHUM OMip TEPMIYHOTO By3ja, SKUHM P MOSBI
TPIIKHYU 301IbIIYEThCS B 2-3 paszu. Dikcallisi MOMEHTY YTBOPEHHS TPILIMHU B Yaci 3a
nokasHukamMu npunaaiB 13 1 14 go3Bossie 3B'i3aTu MpoOIEC TPIIIMHOYTBOPEHHS 3
TEMIEPATypHUMHU, AehOpMaAlIHHUMU 1 CUJIOBUMH XapaKTEPUCTUKAMH YTPYIHEHOI
YCaJKH PEECTPYIOYUM TOoTeHITioMeTpoMm 10.

B pesynmpraTi OAHi€l 3aNMMBKM OJHOYACHO BHM3HAYAETHCS  KOMILIEKC
TEMIIEpAaTypHUX, CUJIOBUX 1 JedOpMAaLlITHUX XapaKTEpUCTUK MPOLECY YTBOPECHHS
TPIIIUH JIMTOTO CIUIABY MPH 3aTBEP/IIHHI.

YK 669.14.018.25:620.18:539.374
BJIACTUBOCTI BIMETAJIEBUX BUJIUBKIB

Honouy 0.0., cmyoenmra
Hayxosuii kepignuk — Apmanoinsany €. I'., 0.m.H., npogh.

Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmysauus Ykpainu

Ha ocHOB1 aHamizy pe3ylbTaTiB pPO3POOKH 1 OCBOEHHS MPOMUCIOBHUX
TEXHOJIOT1M BUTOTOBJICHHS OIMETaJICBUX BWJIMBKIB IMPOBEICHA CUCTEMATH3aIlIs JaHUX
PO BIUIMB XIMIYHOTO CKJIAJy CIUIaBIB 1 TEXHOJIOTIYHHMX IapaMeTpiB JUTTA Ha
dbopMyBaHHS CTPYKTYpu 1 (DI3UKO-MEXaHIYHUX BJIACTHBOCTEM BUIIMBKIB TpU
peastizallii pi3HUX CXEM IpPOLECIB iX OTpUMaHHA. ['0JIOBHOIO METOIO CTBOpPEHHS 0azu
JaHUX CTaJl0 ONHUC BIJIACTUBOCTEW CIUIaBiB OiMeTajeBUX Map 1 MepexiTHuX
mudy3iiHUX IIapiB, a TaKOX CIOCOOIB OTpHUMaHHS HEOOXIMHHUX BIIACTHBOCTEH 3
ypaxyBaHHSIM BHUMOT €KCILTyaTallii BUpoOiB B yMOBaX aKTUBHUX BHU/I1B 3HOILIYBaHHS.

AHaJi3 JdaHuX MOKa3ye, 10 OCHOBHUM BIUIMB HA BJIACTMBOCTI OiMeTajIeBHUX
BUJIMBKIB HAJal0OTh CTYIIHb JIETYBAHHS PO3ILIABIB; TEMIIEpATypa 3aJMBKU PO3ILJIABIB;
CITIBBIJTHOIIICHHS TEMIIEPATyp JIKBIAYC 1 COMMAYC CIIABIB, II0 BXOJATH 0 CKJIAIy
OimMeTaneBuX Map; CIIBBIJHOIICHHS Mac CIUIABIB; Yac BUTPUMKUA MDK 3aJIUBKaMU
IapiB.

OgHuM 3 HaOWbII BaxJIMBUX (AKTOPIB BIUIMBY Ha (i3MKO-MEXaHIvHI
BJIACTUBOCTI 1 3HOCOCTIMKICTh O1JTUX YaBYHIB € CITIBBITHOIIICHHS B HUX BMICTY XpOMY
1 ByrJieo, ki GopmyroTs kapOiaHy (a3zy. MakcCuMyMu MIIIHOCTI 1 3HOCOCTIMKOCTI B
XpPOMHUCTHX YaBYHax He 301raroThCsi, 110 MOSCHIOETHCA 3MIHHUM XIMIYHUM CKJIAJO0M
ayCTEHUTHOW XpoMucToi KapOimHoi eBTekTukH A + Me;C; 1 pi3HUM BMICTOM
KapOiiB.
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301IbIIEHHS.  KITBKOCTI KapOiAiB MPU3BOAMTH A0 3HUKEHHS MEXaHIYHUX
BJIACTUBOCTEH 4aByHIB. Pa3om 3 TuM, HalO1IbIIT BUCOKY 3HOCOCTIMKICTh Ma€ IIUJIbHA
€BTCKTUYHA CTPYKTypa 3 MaKCHMAJIbHOI KUIBKICTIO KapOimaiB. dakTopamu, IO
0OMEXYIOTh BMICT XpOMYy 1 BYIJICHI0O B YaByHaX poOOYOro mapy OiMeTaleBuX
BUJIMBKIB, € YTBOPECHHS 3aCBTEKTHYHHMX KapOiJiiB, SKI 1CTOTHO 3HWXKYIOTh
3HOCOCTIMKICTh, MIITHICTh 1 Iepexija 10 eBTeKTUlll A + Mey;Cs.

30UTbIIEHHS KIJTBKOCTI MIEPBUHHOIO ayCTEHITY B YaBYHAaX HE3JIEKHO BiJl THUILY
KapOimiB BeAe A0 3pOCTaHHS IX MIIHHX BlacTUBOCcTed. OJHAK MPHUCYTHICTH B
CTPYKTYpP1 METaJIeBOi OCHOBH YaBYHIB HaBITh HEBEIMKOI KUIBKOCTI M'SKUX TIPOIYKTIiB
po3mnajay ayCTeHITY 3HUKY€E 3HOCOCTIHKICTh OIMETaJIeBHX BUJIMBKIB.

AHani3 JaHuUX PO BIUIMB XIMIYHOTO CKJIaay CIJIaBiB OiMeTaneBuUX map 1
TEXHOJIOTIYHUX TMapaMeTpiB JIUTTA Ha CTPYKTypy 1 BIACTUBOCTI OiMETaleBUX
BWJIMBKIB, OJICPKYBAHUX IMOCIIJOBHOI 3aJIMBKOIO PO3IUIABIB Y 00€PTOBY BUJIMBHUIIIO
BIJILICHTPOBOI MAIlIMHUA TI0Ka3e, 10 (OPMYBaHHS BIIACTUBOCTEH OiMETalIeBUX
BUJIMBKIB B1I0YBA€THCS T11]] BILTABOM HACTYITHUX OCHOBHHX (DAKTOpIB:

- KOHIICHTpAIlisl JIETYIOUMX €JIEMEHTIB B PO3IUIaBax;

- peXKUMU TEPMOUYACOBOT OOPOOKH PIKOTrO YaByHa B M€l

- TEeMIIepaTypa 3aJIUBKU PO3ILIABIB;

- IHTepBaJl Yacy MIXK 3aJIMBKaMU I1apiB;

- PEXKUM IIPUMYCOBOTO OXOJIOKEHHS BUIMBHHUIIL,

- PeKUMH TepMIYHOI 0OpOOKH BUJIMBKIB.

[TapameTpu CTpYKTypu MHepuioro (podouoro) mapy mpu 3agaHOMy XIMIYHOMY
CKJIaJll 3aJiekaTh BIJl CIIBBIJHOUIEHHS IIBUAKOCTEH OXOJOMKEHHS B IHTEpBai
3aTBEPAIHHSA, B TBEPJIOMY CTaHI JI0 MOYATKy 3JIMBKYU APYroro (BHYTPIIIHKOTO) I1apy,
B BWIMBHHUII BiJI MaKCHMaJbHOI TEMIIEpaTypu peKpUCcTami3anli 10 BUIYyYEHHS
BUJIMBKHU 1 B TEPMOCTATI 10 TEMIIEPATYPU €BTEKTOTIHOTO IEPETBOPEHHHL.

Cucrematuzaiiito  €KCIIEpUMEHTAJbHUX  JaHUX  TPO  eKCIUTyaTalliiHi
XapaKTEepUCTUKU OIMeTaleBUX BHWJIMBKIB "ByrjereBa (JieroBaHa) CTajib -
3HOCOCTIMKHMM CIUIaB" TPOBOJMIIM CTOCOBHO JCTaJiel MamuH 1 OOJaJHAHHS IS
HaTOXIMIYHOT, METaNypriiHOi, IEMEHTHOI, OOPOIIHOMEILHOI TPOMHUCIOBOCTI,
€HepreTUYHOrO 1 CLIbCHKOTOCTIOAAPCHKOI0 MAIIMHOOY/IyBaHHS, a TAaK0X OyA1BEIbHOT
iHayCTpli. B sSIKOCTI HAMOIIBIN BaXIMBUX MOKA3HUKIB, [0 BU3HAYAIOTH CKOHOMIYHY
e(eKTUBHICTh 3aCTOCYBaHHs OiMeTaleBUX BWIMBKIB, B3SJIM TEXHIYHHUU pecypc 1
IHTEHCUBHICTh 3HOUIYBaHHS, $KI HaBEeJECHI B TMOPIBHSHHI 3 MOHOMETAJIIYHUMU
cepiiHUMU BUPOOaMH, BHUIOTOBJIIEHUMH TPAAUIIHAHUMU CIOCOOAMHM JIUTTA abo
3MIITHEHUM 32 JJOTIOMOT OO €JIEKTPOIHOT HaTlJIaBJICHHS.

Excrumyaraiiiini  xapakTepuCTHKM  OiMeTajieBMX BWJIMBKIB B YMOBax
aObpa3uBHOTO 1 y1apHO-a0pa3vBHOIO 3HOIIYBAHHS MIPECTaBIICH] B Ta0I. 5.

3 TabauIll 5 BUIHO, IO pecypc poboTu GiMeTaneBuX BUIUBKIB B 1,4 - 4,5 pa3u
MIEPEBUIILYE PECYPC CEPITHUX MOHOMETAICBUX BUPOOIB.

[HTEeHCUBHICTD 3HOIIYBAaHHS OIMETAJEBUX BUJIMBKIB 3QJICKUTHh HE TITBKH BIJ
BJIACTMBOCTEH CIUIaBIB POOOUYOro IIapy, aje 1 BiJl XapaKTEpUCTHK MaTrepialiB, IO
nepepoOIsIOTHCS, @ TAKOK HABAHTAXKEHb.

Bucnoeku
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CtBopeHOo 0a3u JaHMX MPO BIUIMB XIMIYHOTO CKJIaay 1 TEXHOJOTTYHHUX
napaMeTpiB JUTTA CIUIaBiB OiMeTaJeBUX Map OJAEPKYBaHUX IOCIIIOBHOI 3aJIMBKOIO
PO3ILIaBiB B CTallloHApHY (opMy Kpi3b aBTOHOMHI JJMBHUKOBI CUCTEMH 1 B 00€PTOBY
BUJIMBHUIIIO BIALICHTPOBOI MaIIMHK Ha (hOPMYyBaHHSI BIIACTUBOCTEH 1 €KCILTyaTaIlliHI
XapaKTePUCTUKN OIMETAJICBUX BUJIUBKIB.

Otpumani 0a3d JaHUX JAalOTh MOXJIMBICTH OOTPYHTYBAaTH IPUHIIUIH
KOMILIEKCHOT'O JIETYBaHHS, PEKUMIB JIUTTS 1 TEPMIUYHOI 0OpOOKH, 110 3a0€3IMeUyIoTh
ICTOTHE MiJIBUIIEHHS EKCIUTyaTallliHUX BJIACTMBOCTEH OiMETalieBUX BWJIMBKIB MpHU
€KOHOMHOMY JIETYBaHHI Ta BHUTpaTax €EHEProHOCIiB, ONTUMI3yBaTH IMPOLEC
dbopmyBaHHS (PI3UKO-MEXaHIYHUX BIACTUBOCTEH OiMETaIeBUX BHWIMBKIB METOJIAMH
JIeTyBaHHS, JIUTTS 1 TEPMIYHOT 0OPOOKH.

YK 630.383

KOHCTPYIOBAHHS ITIEPETUHAHD, IPUMHNKAHD I
PO3T'AJIYKXEHD JIICOBUX JTOPIT" 3 YPAXYBAHHSAM TEXHIKO-
TEXHOJOI'TYHUX ACIIEKTIB I BUMOI' BE3IIEKHA PYXY

Cemenenxo O. M., Myxanos J[. B., cmyoenmu
Hayxkosuii kepienux —Pyowbko .M., k.m.Hh.

Hayionanvnuii nicomexuiunuii ynigepcumem Yxpainu

JlicoBi poporu fK 1HXEHEpHI CHOPYIM M OCHOBHI TEXHIUHI €JIEMEHTHU
B1JIOMYOTr0 TPAHCIOPTY MPHU3HAYEH] HAacaMIepesa Ui pyXy MO HUX CIeliali30BaHUX
TATOBUX 1 MIPUUINMHUX 3aCO0IB 3 METOIO MEPEBE3CHHS JIoJieH (MpalliBHUKIB JIICOBOTO
rocrofapcTBa W JIICOMPOMHUCIOBOTO  BUPOOHMIITBA  TOIIO) Ta  BAaHTAXIB
(JicomarepiaiiB, CHIEIMAIINH Ta YCTaTKOBAHHSI, IHCTPYMEHTY ).

KoHcTpykitito J1icoBOi JTIOpOTH 3a3BUYail XapaKTEepPU3YIOTh TPU ii OCHOBHI
npoekuii, cepeA SKUX W 30KpeMa pO3rOpHYTHMH TIjIaH Tpacu (MPOEKIs Ha
TOPU30HTANBHY IUIOMMHY). Ha mepmiomy erami npoekTyBaHHS, NPUCTOCOBYIOUU
Tpacy A0 MICLIEBUX yMOB, 1HKEHEpU OTPUMYIOTH JlaMaHy JiHit0. /st 3ab6e3nedeHHs
MJIABHOCTI ¥ O€3MeKu pyxy ChelialbHUX TPAHCHOPTHUX 3aCO0IB OKpEMi €JIEMEHTU
Tpacu 3’€IHYIOTh KPUBUMHU (KOJOBUMM KPUBHMH CTaJOro pajiyca Ta NepeXiJHUMHU
KPUBUMHU 3MIHHOTO pajiiyca).

B OCHOBI MpoOeKTyBaHHS IUIAHY €JIEMEHTIB MPSMUX 1 KPUBHX AUISHOK Tpac
JICOBUX JIOpIT, a TakKoX OOIPYHTYBaHHS TE€OMETPUYHHUX PO3MIPIB JOPOKHIX
nepeTuHaHb, MPUMUKAHb 1 po3raidyXeHb (po3’i31iB, 3°13/11B, Iepei3aiB uu 00 i311B),
ITOKJIAJICHO TTOSTAITHUM PSIJT TAKUX IIPUHITUIIB 1 METO/IIB:

1)  Bi3yami3amis €cKi3HOi reoMeTpii (po3TalryBaHHA MPSIMHUX Ta KPUBHX AUISTHOK
JICOBOI JTIOPOTH B IUIaHI 3 JOTPUMAHHIM OCHOBHUX TEXHIYHHUX HOPMATHBIB ii
OyAIBHUIITBA: PEKOMEHIOBAHUX MONEPEYHUX PO3MIPIB (KUIBKOCTI CMYT PyXy
(1 ... 2 wm.); mpuHN 3eMIsTHOTO noJjioTHA (4 ... 12,5 m), mpoi3HOI YacTHHY,
y3614 (0,5 ... 2 m)), pamiyciB KpUBHX B IIJIaH1 TOIIO);
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2)  ypaxyBaHHA OyniBeNbHUX BHUMOT ((paKTUYHE PO3MIIICHHA HIKHBOI Ta
BEPXHBOI OYyZOBU JOPOTH, BOJOMPONMYCKHUX 1 YKPIMHUX IITYYHHX CIOPYII,
30KpeMa YKOCIB 3€MJISTHOTO TOJIOTHA, OOKOBUX pE3€pBiB, KaHaB, KIOBETIB
TOIIIO);

3)  cTBOpeHHs 0e3MEeYHUX YMOB IS PyXYy TPAHCIIOPTHUX 3aCO01B:

- yJallTyBaHHS Ha OKPEMHX JUISTHKAaX PO3IIMPEHHS aBTOIOPOTH (IS
r€OMETPUYHOTO BMHMCYBAHHS OJAMHOYHUX ABTOMOOUIIB YW CHELMOTATIB HA KPUBUX
TUITHKAX TUIAXYy 3 YpaxyBaHHSIM PO3PAaxXyHKOBOI IIBHIAKOCTI PyXy, CXEMHU
TPAHCIIOPTHOTO 3aco0y, pajaiyca KpWBOi i TEXHOJOTIi TpaHCIOPTYBaHHS BAaHTAXIB
TOIIO);

- BUKOHAHHA yMOB 3a0e3nedeHHs: BUAUMOCTI (puc. 1 — 2), mo cnpudauHse
noTpedy pO3UIUPIOBATH CMYTY BiABOAY (MPOCIKY) Yy 3B’S3KYy 3 TMOTIPIICHHSIM
OrJISIAOBOCTI Ha MOBOPOTax (3 ypaxyBaHHSIM pO3pPaxyHKOBOI BIJCTaHl BHAMMOCTI
3YyCTPIYHOTO  PYXOMOro Ckjamay (s  OJHOCMYXHHUX  JIICOBUX  JOpIrT —
micorocnonapcebkux I 1 Il tumy, miconpomucnoBux ripebkux Il 1 III Tumy, BiTOK 1
Mmarictpaiiert [V kareropii) uu moBepxHi JOpOTH (A1 TBOCMY>KHHX JICOBUX JIOPIr).

KoHcTpytoBaHHS JTOpPOXKHIX T€peTHHAaHb, NPUMHKAHb 1 PO3TalyX eHb 3a

BUIIIE3a3HAYCHOI0 METOJMKOI0 (OKpeMi 3 SKUX MpeACTaBieHi Ha puc. 1 — 2)

MIPOBE/ICHO B TOJILOBUX YMOBAax JEp:KaBHOTO MiAnmpueMcTBa “MaluHCBKE JIiCOBE

rocrnofapcTBo’” g €(GEeKTUBHOTO EKCIUTyaTyBaHHS OJMHOYHOTO COPTHUMEHTOBO3a

KamA3-5320 ta cremiaiabpaoro asronotsara KamA3-5320 + I'KB-8350.
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0)
Puc. 1. KoHcTpyKIlist TOpOKHBOTO TIEpETHHAHHS (@) 1 IPUMHUKaHHS (6) J11COBOT
noporu: KII — xyT noBopoty Tpacu; /IK — nodatok konoBoi kpuBoi; KK —
KIHEIlb KOJIOBOI KpuBoi; BK/I — BeplInHa KyTa IoBOpoTy; O, — LEHTP IIOBOPOTY

KpHBOi; R, — pajlyc KOJIOBOi KPUBOI, M; ¢; — KYT IIOBOPOTY
Tpacy, epao; T, — NOPOXKHIii TaHTeHC, m; K, — TOBKUHA KOJIOBOI KPUBOI, M;

5, — nopoxns Oicexrpuca, m; [, — nomip, m

Puc. 2. KoHCTpyKIIisi ZOPOKHBOTO PO3Tay>KEHHS JIICOBOT TOPOTH
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besneka pyxy 3a3Ha4eHUX OJMHOYHOTO aBTOMOOLJIA 1 aBTOMOTATA HA OYIb-AK1i
JUJISHIN JIOpOord, a ocoOJIMBO Ha KpHUBUX, Oyne 3abe3neueHa, OCKIIBKH BOJIM
OaunTUME JOPOTYy Ha BIJICTaHI HE MEHIIIN 3a PO3PaxXyHKOBY BIJICTaHb BUIUMOCTI. B
OKPEeMHUX MICIIX Ha KpPUBHX IUTAaHY BUIUMICTh ()AaKTUYHO € yTPYIHEHOIO BHACIIJIOK
HAsBHOCTI PI3HOTO POJy TMEPEIIKOJ, PO3TAIIOBAHUX 3 BHYTPIIIHBOTO OOKY KpPHBOI
(mepeB, darapHuKiB, MIJABUINEHb MICIEBOCTI Tomo). Tomy s 3abe3reueHHs
PO3paxyHKOBOI BHAUMOCTI TependadeHe YCYHCHHS 3a3Hau€HUX MEPeNIKOa IUITXOM
PO3IIMPEHHS MPOCIKK Ta PO3PIBHIOBAHHS MPUPOJHUX HEPIBHOCTEH MICIIEBOCTI Ha
BIJIMOBIIHY OOIPYHTOBAHY BiJCTaHb.

VJIK 630.3(075.8)

OBI'PYHTYBAHHA KOMBIHOBAHOI'O TEXHOJIOI'TYHOI'O
HNPOLECY AIVIBHUII KOMIIVIEKCHOI'O OBPOBJISIHHA
COPTUMEHTHOI'O 1OBI'OMIPY

Anopynesuun C.1., macicmp
Hayxosuii kepienux — Kapamnux I.P., k.m.n1., ooy.

Hayionanvnuii nicomexuiunuii ynigepcumem Yxpainu

Ha nanuit yac ¢yunkiionye nonag 100 smicrocmiB TUIBKM ATEHCTBa JIICOBHUX
pecypciB YKpaiHM, Y CKJaJl SIKUX 3HAYHA KUIbKICTh TEXHOJOTIYHUX JUIBHUILL 3
BUTOTOBJICHHSI MWJIOMAaTepialiB, COPTHUMEHTIB JepeBOOOpPOOKH, OYJIIBHUIITBA,
TapHOr0, TEXHOJOTIYHOTO 1 MAaJMBHOTO MPU3HAYEHHs, a00 Tpicku. Lle B ocHOBHOMY
cneyianizosani NUTBHMIN, Ha SKUX CKJIATHO pealli3yBaTH OC3BIIXOJIHE pallioHaJIbHE 1
KOMILJIEKCHE BUKOPHCTAHHS 3aroTOBJICHOI JIGPEBUHM 4Yepe3 HasBHE IIJIbOBE
YCTAaTKOBAHHS 1 TEXHOJIOT14YHI MOTOKH 3 HU3bKUM piBHEM KOMOiHyBaHHA. OmHHM 13
HaIMpsIMKIB ~ yJIOCKOHAJICHHSI KOMIUIEKCHOTO BUKOPHUCTaHHS JCPEBUHH — II€
PEKOHCTPYKIliSE 1 TEXHIYHE JOOCHAIEHHS [II0YUX JePeBOOOPOOHUX IUIHHUIID
IUISIXOM BIIPOBAJKEHHS Ha HUX JIOAATKOBHX 1 JIOMOMDKHHMX TEXHOJIOTIYHUX JIHIN IS
KOMILJIEKCHOTO OOPOOJISTHHS COPTUMEHTHOTO JIOBTOMIPY 3 SIKICHUM PO3COPTYBaHHS
CUPOBMHU Ta EKOHOMIYHO JOIIIJIbHUM BHUTOTOBJICHHS TPOAYKI[i IIUPIIOTO
aCOPTUMEHTY.

Meta nocnikeHHs — OOIpYHTYBaHHsSI TPyl ONEpalifHOr0 yCTaTKOBaHHA 1
TEXHOJIOTIHA ITOTOKOBUX JNHIM, TEXHOJOTIYHHX 1 TEXHIKO-CKOHOMIYHMX IMOKA3HHUKIB
KOMOIHOBaHO1 J1€peBOOOPOOHOI AUIbHUII KOMIUIEKCHOTO MepPepOoOIsiHHS CTOBOYPHHUX
jJicomaTtepialiB  JUIsi YMOB JiepkKaBHOTO mianpueMctBa “CKOJIBCHKE JIICOBE
rocriogapcteBo” (I1 “CxkomiBchkuii Jicrocit”).

AHami3 TEXHIKM, TEXHOJIOTI 1 OOCSTIB BUTOTOBJICHHS JICOMPOIYKIT
Jico3aroTiBii Ta JaepeBooOpoOHoro BupoOHumTBa Il “CxomiBchkuit microcm”
BUSIBUB MOXKJIMBICTh 1 JIOIIJIBHICTh CTBOPEHHSI HAa OCHOBI JiF0Y0i OHOBJICHOI
KOMOIHOBAaHO1 J1epeBOOOPOOHOT MIMBHUII, IO MOXE BHUIYCKaTH OJM3bKY 3a
MOKa3HWKaMH (BUMOTaMH) Ta €KOHOMIYHO BHIIJHY JICONPOAyKIito (OamaHcw,
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TIPHUY] CTOSIKM, TEXHOJIOTIYHI 1 APOB’SIHI COPTUMEHTH, CYIyTHBO — TPICKY Pi3HOTO
npu3HaueHHs). JIJIs TEXHOJOTIYHOTO MPOIEeCy AUIBHHIN TPH IbOMY HEOOX1THO
peainizyBaTu:

- KOHIIEHTpAIlIl0 JepEeBOOOPOOHOr0 BUPOOHMIITBA JUISI MaKCHUMAJIBHOIO 1
KOMIUICKCHOTO ~ OOpOOJISHHS ~ PI3HOCOPTHOI ~ COPTUMEHTHOI  JIICOCUPOBUHHU 1
PIBHOMIPHOTO 3aBaHTAKEHHSI ONEPAI[IHOTO YCTATKOBAHHS;

- OpraHizallilo 3arajlbHuX TEXHOJOTIYHHMX TMOTOKIB JJi1 OOpOOJISHHS Pi3HHUX
BUJIB COPTUMEHTIB Ha TNPOAYKIIIO KUIBKOX HaililMeHyBaHb (yHUKHEHHS
crieriamaarii).

- CTBOPEHHS 3arajbHUX CKJIJIB CHPOBUHH [JIs 3MIMIAHOTO 3a0e3reyeHHs
MOTOKIB KOMOIHOBaHOI 1epeBOOOPOOHOT JUNbHMUIIL 1 CKOPOUCHHS CKIIAJCHKUX TLJIOIL;

- MEpBUHHE KOMOIHYBaHHS NapaJiebHUX J1€PEBOOOPOOHHUX MOTOKIB 3 METOIO
0OpOoOJISIHHA Ha HUX PI13HOI COPTUMEHTHOI JIICOCUPOBHHY;

- BIIPOBAJ>KEHHS JOLUIBHUX 1 palioHATBHUX MDKITOTOKOBHX 1 MiXKOTIEpaIliiHUX
TEXHOJIOTITYHUX 3B’SI3KIB  JUIsl 3aBAHTAKEHOCTI yCTAaTKOBAaHHS 3T1IHO  BHU/IIB
JICOCUPOBUHHU 1 ACOPTUMEHTY MPOIYKIIIT TIITHHUIIL.

- 3aCTOCYBaHHSI aBTOHOMHHX  MIJHOMHO-TPAHCIIOPTYBAJbLHUX  MEXaHI3MIB
(ITTM) nns  kKOMOIHOBAaHOTO OOCITYrOBYBaHHS IOTOKIB 1 arperaTHUX TIpyll
YCTaTKOBAHHS 3 METOI0 MAaKCHUMAaJIbHOI 3aBaHTAXKEHOCTI ONEPAIIITHOTO yCTaTKOBAHHS
TIIBHHAILL.

- Oprasizauis TEXHOJIOTIYHMX JIIHIA 3 BTOPHUHHUM KOMOIHYBaHHSIM IOTOKIB
3aroToBOK 1 MmiB(aOpUKaTIiB 3 METO MaKCHUMalbHO MMOBHOTO OOpPOOJSHHS BX1JHOT
JICOCUPOBUHH.

OcHanieHHs:  KOMOIHOBaHOI  J€peBOOOPOOHOI  AUIbHHII HlI[HpI/IeMCTBa
OCHOBHHMM yCTaTKOBaHHSM OOpOOJISHHS TapHUX, TEXHOJOTIYHUX 1 JIPOB’SHHUX
COPTHUMEHTIB Ta TMEepepoOssiHHS TUJIOBHUKA OyJ0 3alpoOlOHOBAHO Ha OCHOBI
omepaliifHuX BEPCTaTIB, SAKI Ha JaHUW Yac 3aCTOCOBYIOThCS Ha JIIOUYOMY
JIePEeBOOOPOOHOMY BHPOOHMIITBI, POUIMPUBIIN MOTO TEXHOJOTIYHMMH MOTOKAMHU 3
BUTOTOBJICHHS KPYTJIUX 1 KOJIOTUX OajaHCIB, PO3MIPHUX TEXHOJOTIYHUX 1 MAJIMBHUX
COPTMMEHTIB, TIPHUYHMX CTOSIKIB 1 TEXHOJOTri4yHOi abo mnamuBHOI Tpicku. JlaHa
MPOMO3ULSl IPYHTYETbCS HA TOMY, 110 Ha TOJIOBHOMY IOTOI JiCOMPOMHUCIOBOIO
CKIajly He 3aCTOCOBYETLCS MEPBUHHE 06p06n;1HH;1 MPUBI3HOI CTOBOYPHOI JE€PEBUHU
(y T. 4. TEXHOJOTIYHOTO, TOHKOMIPHOTO 1 JIpOB’SHOrO J0Bromipy). Pasom 3 Tum
JOIUIBHAM € YJAOCKOHAJICHHS JIUIBHMIII BHUTOTOBJICHHS TPICKM Y HAIMPSAMKY
oprasizailii Ha Hii KOMIUIEKCHOTO MEepepOoOISIHHS K CTOBOYPHUX KPYTIUX 1 KOJOTHX
JicomaTepialiB, TaK 1 KOHAULIMHUX KYCKOBUX BIIXO/IB 1€pPEBOOOPOOKH.

st KoMO1HOBAHO1 J1IepeBOOOPOOHOT MITILHHUII 3aMPONIOHOBAHO MaKCUMabHUN
PO3BUTOK THYYKHUX MDKBEPCTATHHUX 1 MIXKIIOTOKOBHMX TEXHOJIOTIYHMX 3B’s3KiB Ha 0asi
CHeIiali30BaHUX  OMEpalliiHuX  arperaris, OydepHux 3alaCHHUKIB 1
TPAaHCIIOPTEPHOTO  YCTATKOBaHHS Ta  aBTOHOMHHX  MiJHOMHO-TPAHCIOPTHUX
MEXaHI3MiB.

Taki TeXHIUYHI CHUCTEMH peali3yloTh JiHIHE MPOBAKEHHS OIepaliii
oOpOoOISTHHS JEPEeBUHH, Y SIKUX OIepalliiiHi abo Oararoonepairiitdi 00poOH1 OUHUIII
YCTaTKOBAHHSA 3’€HAHI Yy TEXHOJOTIYHUN KoMIUieKC Oy(hepHO-TpaHCIIOPTEPHUMHU
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3acobamu (maraszunu KCII-10 a6o PB-15 3 Ttpancnoprepamu I1TB-25-1, KbC a6o
HKC, a Takox nonepeuni Tpancrioprepu PS-45 (yci ykpaiHChKOTO BUPOOHUIITBA)).

3rifHO  3acajJl KOMOIHOBAHO  TEXHOJOTIYHOrO  TIpolecy  OOpOOJISTHHS
JOBFOMIPHUX COPTUMEHTIB [IJI1 OCHOBHHUX TEXHOJIOTIYHUX OIepariii IMOTOKIB
BUTOTOBJICHHSI OaJlaHCIB, TAPHUX 1 TEXHOJOTIYHUX COPTHUMEHTIB, MAJMBHUX IPOB, a
TaKOX TPICKU 3 PI3HOPIAHOI CUPOBUHU, 3aIPOTIOHOBAHO MAaKCUMAaJIbHE 3aBaHTAKECHHSI
TOJIOBHOTO YCTAaTKOBAHHS 3arajbHOi JUISHKM TEXHOJOTIYHHUX TMOTOKIB, a CaM€ Ha
oTeparlisix po3KpsHDKyBaHHS JOBTOMIpPY 1 pO3COPTYBaHHs 3aTOTOBOK YU BUPOOIB, s
4oro  pPEKOMEHJOBAHO  MAHIMYJIATOPHE  YCTaTKOBaHHS  JUIsl  CTOBOYpPHHX
JicomMaTepialliB pi3HOTO MPU3HAYCHHSI.

[IportonoBani MexaHi3Mu oOpaHi A 3a0e3MeyYeHHs HaJleKHOro PiBHSA
KOHIIGHTpAIlli LMKJIOBUX OINepalii Ha TOJOBHUX BepcTaTax, IO I1HTEHCU(IKYE
0o0poOHI 1 mepeMillyBaJIbHO-CKJIayBalbHl Omepallii, 3pOCTaHHS MPOAYKTHBHOCTI
OTEpalifHOTO YCTaTKOBaHHS 3arajibHOi JIUISHKM TMOTOKIB 3 JokambHuMu [1TM 1
3a0e3reuye BIIHOCHO CTaOLIBHUM IUKIIYHO-TIOTOKOBUM PEKHUM BCHOTO IPOIECY
TEXHOJIOT1YHO1 JUTHHHUIII.

3rilHO0 TJIAHOBUX OOCATIB TEPBUHHOTO OOpOOJISIHHA 1 MepepoOIsTHHS
CTOBOYpHUX JlicOMaTrepiaiiB, BHPOOHUYOTO 3aBJaHHS Ha BUTOTOBJIEHHS IE€BHOI
JEpEeBOOOPOOHOT JTICOMPOAYKINT 6A30BOT0 MiANMPUEMCTBA OYJI0 BUKOHAHO MPOEKTHY
MIPOTIO3UIIII0 KOMOIHOBAHOI JAEpEeBOOOPOOHOI TEXHOJIOTIYHOI JUTHHUIN pallioHAIBHOT
CTPYKTypu Ha 0a31 HasSBHMX JICONMWISJIBHOI TEXHOJOTIYHOI JIHIT 1 TOTOKY
BUTOTOBJICHHS TAPHUX KOMIUICKTIB 3 JOTIOBHCHHSIM BKa3aHUX KOMOIHOBAaHUM 3 HUMU
TEXHOJIOTIYHUM TIOTOKOM NEPBUHHOTO OOPOOJSHHS TEXHOJOTIYHUX Ta JPOB’SIHUX
COPTUMEHTIB 3  JUISHKOK  BUPOOHMIITBA  TPICKM  TEXHOJOTIYHOro  abo
TEIJIOCHEPTETUYHOTO TpU3HAUeHHsA. [Ipu 1bOoMy OOIPYHTOBAHO CTPYKTYPY
KOMOIHOBAaHO TE€XHOJIOT1YHOTO MPOLECY 0araTonoTOKOBOI AepeBOOOPOOHOI AUIbHHIII,
gKa HaIl[lJlIeHa Ha JOCSTHEHHS e(QEeKTUBHOTO (YHKIIIOHYBAaHHS TMapalieIbHUX
TEXHOJIOTIYHUX JIHIM 1 OCHOBHOTO OIEPAIifHOTO Ta IXHBOTO JOMOMIKHO-
J0JIaTKOBOTO ~ YCTAaTKOBAaHHS Yy ToO€nHaHHI 3 cnutbHUMU [ITM-arperatamu,
OydepHrMH MarazuHaMH 1 IEPEMIllyBaJIbHUMUA CUCTEMAaMU CUPOBHHHM, 3arOTOBOK Ta
nponaykiii. Take 3aBHaHHS 3YMOBUJIO TPOBECTH Y3TOKCHHS TEXHOJOTIYHUX
rapameTpiB TOJIOBHOTO Ta J0JIATKOBOTO OMEPAIlIfHOTO yCTaTKOBAHHS, 1110 BU3HAYMIIO
BapiaHTH KOMIIOHYBAHHS TEXHOJIOTIYHUX JIIHIM 30KpeMa Ta Ha IUIBHUII B HIJIOMY.

3riIHO  CTPYKTYpHOI  cXeMH (3  PEKOMEHJOBAaHUM  TEXHOJOTTUHUM
YCTAaTKOBAHHSM TOTOKOBUX JIIHIM KOMOIHOBAaHOI JepeBOOOPOOHOI  JIIBHUII)
3aMpONOHOBAHI JIBa BaplaHTHU OpraHizalii TEXHOJOTIYHUX JiHIA AepeBOOOpOOHOI
TITBHUIN 32 CKJIAJ0M CHIJIBHOI pOOOTH MEXaHi3MIB OOCIYroBYBaHHSI LUX JIIHIM Ta
CKJIAICBKUX JISHOK.

Po3paxyHKOBO  BCTaHOBJIEHI  NPOJYKTUBHOCTI  TEXHOJIOTIYHUX  JIIHIN
KOMOIHOBaHO1 JIepeBOOOPOOHOT MIMBHUIN (3 YaCTKOBO BIAMIHHUMH KOMILJIEKCAMHU
OCHOBHOTO YCTAaTKOBAaHHA), L0 € TOJIOBHUMH TIOKa3HUKaMH €()EeKTHUBHOCTI IXHIX
TEXHOJIOTTYHUX TPOIIECIB, MUISIXOM BU3HAYCHHS:

- OmepaliiHuX MPOMYKTUBHOCTEH 3aiSTHOTO YCTAaTKOBAHHS 1 TEXHOJOTIYHUX
JHIN AUTBHUII U IPOEKTOBAHUX BapiaHTIB, 110 aBTOHOMHO BHUKOHYIOTH 3aBIaHHS
BUPOOHUYHX OOCSTIB;
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- 3BEACHMX NPOAYKTUBHOCTEH TEXHOJOTIYHMX JIHIM [JIs1 MPOEKTOBAHUX
BapiaHTIB, IO IepeadavyaroTh KOMOIHOBaHE BHMKOHAHHS 3aBIaHHS BHUPOOHUYMX
00cHTiB.

[Ipn 1poMy B35ITO 1O yBaru HEMPOAYKTHBHI BTpaTH poOOYOTO Mepiojly Ha
MOTOKOBUX JIIHISAX, K1 3aBXKIU TMPUCYTHI Yy BUPOOHMYMX yMOBax (IJisI BUIAJIKIB
Nepioro HabMMKEHHSI BU3HAYEHb 1X BPaxOBaHO Koe(illl€HTaMU HAKJIAJICHUX BTpaT
po60YOTO Yacy) B CKiIaAl OpraHizaifiHO-TEXHIYHUX 3aXO0/I1B, 0COOJMBO Ha 3arajabHii
PO3KPSDKYBAIBHO-COPTYBAJBHIM JUISIHIII Ta MM Yac ONEPaTHBHOTO 3a0e3MeUYCHHS
TOJIOBHHUX BEPCTATIB TEXHOJOTIYHUX JIIHIN, 1 pO3MOALTY miBpabpuKaTiB 0 BEPCTATIB
HACTYIHOTO PSTY 3 OJJHOYACHIM BTOPUHHUM KOMOIHYBAaHHSIM IMOTOKIB 3aTOTOBOK.

BucHoBku. KomOiHoBaHi JepeBOOOpOOHI MUIBHHIN, Y SKUX TOPSA 3
TOJJOBHUMH MalOTh (DYHKIIIOHYBAaTH IMOTOKOBI JIIHII KOMIUIEKCHOTO BHUKOPUCTaHHS
HU3BKOCOPTHUX 1 HU3BKOSKICHUX JIlcCOMAaTEpialiB Ta KOHAULINHUX AEPEBOOOPOOHMX
B1JIXO/1IB, HEOOX1THO yTBOPIOBATH 3 THYYKUMHU a00 MIBTHYYKMMHU TE€XHOJIOTTUHUMHU
3B’sI3KaMH, 3aCTOCOBYIOYM I IIbOTO MIKIOTOKOBI 1 MixkomepaiiitHi OydepHi
3alMacHUKW CUPOBUHU Ta aBTOHOMHI [ITM-arperatu o0CIIyroByBaHHs BUPOOHHUYHUX
30H Ta CKJIAJCHKUX 00’ €KTIB, IO 3/]aTHI 3a0€3MeYNTH MI>KITOTOKOBE 1 MIXKBEPTCTATHE
KOMOIHYBaHHS 3a0€3MeYeHHSI CAPOBHHOIO 1 3aTOTOBKAMH.

YK 666.97.033.1
BE3IIEPEPBHE ®OPMYBAHHS 3A/II3BOBETOHUX BUPOBIB

Kumnuk A.b., cmyoenm
Hayxosi kepienuxu — lllanenxo B.O., k.m.H., ooy., Kopuitiuyx B.B., k.m.H., ooy.,
Macnwok A.A., acnipanm

Kuiscoxuii hayionanvruil ynisepcumem 0y0i6HUYMSBA [ apXimeKkmypu

Ha croromni icHYIOTH Pi3HI TEXHOJIOT1UHI JIiHII Oe3mepepBHOTO (HOpMYyBaHHS
3a;1i300€TOHHUX BUPOOIB. 3a 0COOIMBOCTSIMU pPoOOTH OETOHO(HOPMYBAIBHOTO
arperaty ix MOKJIMBO PO3JUIMTH Ha €KCTPY3iiiHi Ta CaindOpMyBaIbHI.

J1o OCHOBHUX MepeBar eKCTpy31MHUX METO/IB YIIIJTbHEHHS MOXHA BITHECTH:

- MOXKJIMBICTh BUKOPUCTAHHSI OETOHHUX CYMIIei 3 HU3bKHM BOJOLIEMEHTHUM
BIIHOILICHHSM, IO JI03BOJISIE CKOPOTUTH 4Yac TEIIOBOi 0OpoOku BHpOOIB Ha 2 — 4
T'OJINHU;

- 3aBASKM HHU3BKOMY BOJOIIEMEHTHOMY BIJHOIICHHIO, JOCATA€THCS BHCOKA
CTYMIHb YUIJIbHEHHS;

- peXUM PYyXy eKCTpyaepa 0e3mocepeHbO MOB'sI3aHUl 13 BHYTPIIIHIM PIBHEM
HATopy, SIKUI CTBOPIOETHCS CTOBIIOM CyMiIlll B OYHKepI.

OCHOBHMM HEJIOJIIKOM EKCTPY31HHOI TEXHOJIOTii € OOMeXeHa HOMEHKIaTypa
BUPOOIB, AKI MOXJIMBO (popmyBaTu. lle OUIBII 3a BCE MIUTH MEPEKPUTH Ta CTIHOBI
MaHeJI.
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[IpencraBHukoM ekcTpy3iiiHux MammH € ¢ipma "Komako" (CIHIA) ne
BUTOTOBJISIIOTH OOPTOBE OTOPOJKEHHSI TPOTyapiB 1 AOPIT, MaparneT HaOepeKHUX Ta
iHII  ToAi0HT KOHCTpyKMii. I{i KOHCTpyKIii MOXyTh OyTH O€TOHHMMH abo
3a11300eTOHHUMU. Tak, HampuKiIajd, MPU BUKOPUCTAHHI apMaTypHUX CTEPXKHIB abo
CITOK MOKJIUBO BihopMyBaTu napaneT BucoToro 10 800 MM mipaMigaibHOT hopmu 3
ocHOoBOol0O 400 mMm. I 1BOro BUKOPUCTOBYIOTh OETOHHI CyMilll 3 JpiOHUM
3alOBHIOBAaYeM Ta 30UIbIIEHUM BMICTOM micky. Takox ¢ipma "Xacrtiar3" (CIIA)
peanizye BHPOOHHMIITBO IyCTOTHHX 1 CYIIJIBHUX IUIMT Ha JOBTUX CTEHIAX 3
BUKODUCTAaHHAM  MajJopyXxomux OeroHHuX cymimed. Ilicna  dopmyBanHs
BiflopMoBaHa OETOHHA TMOJOCAa 3AJMIIAETHCS HA CTEHAl MICHsA MPOXOIY
(dbopMyBaTbHOT MaHU 6€3 OOKOBOI OMATYOKH.

Mammau ciaingopMyBalibHI 32 KOHCTPYKLI€O OUTbII CckiIaaHim. OCHOBHOIO
MepeBaror0 Kjiacy TaKUX MAllliH € MOXJIHMBICTh OTPUMYBATH OUIBITY HOMEHKIATYPY
BUPOOIB: TUIUTU TEPEKPHUTTS PI13HOI BHCOTH, pUreni, Oaiku pizHOro npodiiaro, mami
TOILIO.

Jlo kiacy TakuMxX MallMH MOXHa BigHecTH cepito SF MamuH ¢ipmu
“Nordimpianti” (Itamist) 6ynu po3poOseHi Ajisi BUTOTOBJICHHS IIMPOKOI raMu BUPOOiB
3 TepeJHANpPyKEeHOro OETOHY, SIK /I CTIH, TaK 1 JJII NEPEeKPUTTIB Ha JOBIHX
BUPOOHMYUX JOPDKKAaX. YHIKAIBHICTIO IUX MAIIUH € iX MOJyJIbHa KOHCTPYKIIIO:
npuiiManbHUN OyHKEp OETOHY 1 CHJIOBUM OJIOK MOXKYTh BCTaHOBJIIOBATHUCS Ha IHIITY
(hopMytoUl BCTABKH JjIsl BUPOOHUIITBA 1HIIOTO BUAY BUPOOiB. CTaHAapTHUI Jlana3oH
BUpoOiB mo BucoTi Biag 80 MM mo 1000 MM, a mmpuna moxe pocsratu 1200 mwm.
[upuHa 3a1eKUTh BiJl KOHKPETHUX NOTped 3aMOBHUKA. BucoTy BUpoOIB, a Takoxk
TOBLUIMHY BEPTUKAIBHUX peOep MOKHA BaplioBaTH B MEBHUX MEXKax BIAMOBIIHO J0
TUITY 3aCTOCYBaHHS Ta creludikaiiero BUpooy.

VIIK 69.002.5

AHAJII3 IIJIAXIB IIOKPAIIEHHA AKOCTI BUKOPUCTAHHA
BYJIBJO3EPIB

IOpxis O. B., cmyoeum
Hayxkosuti kepisnux —bopamuncoxuu O.B., cm. 8uxi.

Hayionanvnuu nicomexniunuii ynigepcumem Yxpainu

[lix yac OyAiBHMIITBA aBTOMOOIIBLHUX JOPIT MailKe TpeTHHA, BiJ 3arajibHOTO
o0cAry, podIiT BUKOHY€ETHCA 3 3aCTOCYBAHHSIM OYJIbI03€EPIB.

3 MeTor0 TOKpaIieHHs] €(eKTUBHOCTI BUKOPUCTAHHS OyJIbI03€piB, HAMPUKIIAT
MIIBUIIUTH CTYMHb MEXaHi3allli MeBHUX TEXHOJIOTTYHUX OTepairiii, 6e3 301IbIIeHHS
KUIBKOCTI MaIlMH 1 MAIIMHICTIB-ONEepaTopiB, MPOMOHYEThCA I1X OCHAIIlyBaTH
IIBUKO3HIMHUME 0araToriibOBUMU pPOOOUYNMHU OPTaHaAMHU.

Po3pobnenns Oynpao3epamMu CKJIagHUX TUMiB IpyHTIB (Hampukiazg, III-
IV xareropii) € nocutb IpodIEMaTHYHUM, a7KE BEIE 10 3HIKCHHS MPOTYKTUBHOCTI
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poO0IT, a TpyAOMICTKICTb Moxe csiratu 45-60% Big cymMapHOi TpPyIOMICTKOCTI
Oynbo3epHUX poOIT. (s BUpilIeHHS MPOOJIEMU TAaKOTO XapaKTepy IPOMOHYETHCS
3aCTOCOBYBaTH 3HIMHE poOode OOJIaJHAHHS, B SIKOMY pEali3yeTbCsl MPUHIIUI
KOHIIEHTpAIlll 3yCWJUIsl Ha po3pOOJIOBaHUI I'PYHT HUJISXOM 3MEHILIEHHS JOBXKWHU, a
4acTo 1 BUCTyNaHHS BIEpe, PKydoi Kpallku cepeHbO1 YacTUHU Hoxa. [lapameTpu
TaKOro HOXKa PI3HWIKNCH 1 3aJaBajiCh aBTOpPaMU JOCIHIJKEHb BUXOISYM 3 YMOB
MalOyTHBOIO 3acTOCyBaHHS Oynblio3epiB. PallioHanbHa MIMpUHA BUCTYMAKOYOi
YaCTUHU BiJBaly, 3TIHO MPOBEICHUX EKCIUTyaTalllfHUX BHUMNPOOyBaHb, CTAHOBHUTH
0,33-0,16 mmpunu BinBamy. Taka KOHCTPYKLIS AO3BOJSE 30UIBIIMTA TEXHIYHY
MPOYKTUBHICTh Oynba03epiB Maibke Ha 25% 3a paxyHOK OUIBIN IIBHIKOTO
dbopMyBaHHS ¥ KOMOAkTHIMIOI (QOopMH TpuU3MH  BoJouiHHA. EdexkTuBHICTH
3aCTOCYBaHHS BIJIBAJIIB 3 CEPEAHIM HOXEM, IO BHUCTYIA€E, 3HUKYETHCS IIJI 4Yac
pPO3pOOJIEHHST JUIKHUX 1 3BOJIO)KEHHX IPYHTIB, OCKUIBKM 3pOCTa€ CyMapHHU Omip
I'PYHTY pi3aHHIO BHACIIIJIOK HAJUTIAHHS X Ha BiABaJ.

JUis nonaHHS TOAIOHOrO POy TPYAHOILUIB IPOMOHYETHCS 3aCTOCOBYBATH
Oysba03epH 3 T1IPOPIKOBAHUM ITEPEKOCOM BiJIBAITY.

Sk mokazana MpakTHKa eKCIulyaTalii TakuxX 3pa3KiB  OyJIbJ03€pHOTO
oOnagHaHHs, IX TeXHIYHA MPOIYKTUBHICTH MOXKE 3pocTaT 10 25% Ha po3poOIieHH1
JIETKUX THUIIIB IPYHTIB. 3 HEMOJIKIB OYJIbA03€PIB 3 MEPEKOCOM BiJIBAIY B MOMEPEUHIM
IJIOIIMHI BiI3HAYAETHCSI pOOOTAa METaJeBUX KOHCTPYKIIH poOouoro obiagHaHHS B
CKJIQJHOHAMPY>KEHOMY CTaHl Ta YacTKOBAa BTpaTa KypCOBOi CTIMKOCTI MiJ Yac
NpsSMOJIiHIMHOTO mnepeminieHHs. OJHUM 3 BapiaHTIB MiABUIICHHS €(QEKTUBHOCTI
BUKOPHUCTaHHS OyJIbJ03€PiB € 3aCTOCYBAaHHS KOHCTPYKIIIM poOodoro o01aaHaHHs, 10
J03BOJISIE 3MIHIOBAaTM KYyT pI3aHHS I 4Yac po3poOsieHHs IpyHTIB. PoOoue
o0JIalHaHHS TAaKOTO XapaKTepy JA03BOJSE, B 3aJIEKHOCTI Bil (H13UKO-MEXaHIUYHUX
AKOCTEH TIPYHTIB 1 PEXUMY POOOTH, 30UIBIIUTH POOOUY IIBUIKICTb, 3MEHIIUTH
KUIbKICTh BMUKaHb CHCTEMHU KEPYBaHHSI Ta 3HU3UTH MUTOMY €HEPTOMICKICTh MPOIIECY
KOTMAHHS MUISIXOM pAaIliOHabHOT 3MIHM KyTa pi3aHHsa. [leBHI HOro 3HaueHHs
BCTAHOBIIIOIOTHCSL JUISI PI3HUX €TamiB TPOIECy pO3pOOJIeHHsS TIPYHTIB: TiJ dYac
3araubJIeHHS poOoUYoro 00JiafHaHHS B IPYHT, BIH PEKOMEHAYEThCA B Mexkax 65°-70°;
miJl yac HACTYNMHOIO pi3aHHs IPYHTYy — 10 55° mix vac HaOupaHHS TPYHTy W
dbopmyBanHs npu3mMu BoJiodiHHS — 40°-55°. Cepen mepcrneKTUBHUX HAMPSIMIB, 100
BJIOCKOHAJICHHS OyJb03epHOTO poOodoro oOJmagHaHHS, CJiJ BII3HAYUTH 1X
OCHAIIICHHS IIEJeTTHAM 3aXBaTOM 3 CEpelHIM HOXKeM, IO BHCTymae. Take
oOJjamHaHHS MaTHME 3aCTOCYBAaHHs JUIsl BIAIITYBAaHHS DPI3HOTO POy HETNTMOOKHX
TpaHueil. bynpgo3epHe oOnanHaHHS 3 IIENENHUM 3axXBaToM OyJe 3pyYHHM B
3aCTOCYBaHHI MiJ 4Yac 3aXOIUICHHS 1 TPAHCIOPTYBAaHHS PI3HOTO pOAY IMPEIMETIB
(TpyOM 1 iX eneMeHTH, CTOBOYpH JepeB TOIIO), NpUOUpaHHI KaMiHHS, BaJIyHIB,
MeHbKIB 1 T. J. ToOTO Take oONagHaHHS MOXKHAa IIMPOKO 3aCTOCOBYBAaTH Ha
CHOPY/KEHHI TIEBHHUX THUIIB JOPIT, HAIPUKIIA] JTICOBUX, a00 XK i yac OyJaiBHUIITBA
CHEeU(IYHUX IUISTHOK JOPIT 3araibHOTO KOPUCTYBAHHS.

[TpakTka excrutyaraiii Takoro oOyiaJHaHHS IMOKaszaja Taki BaplaHTH pPoOOTH
Oynbro3epa: 3a BEpXHHOTO PO3TAIIlyBaHHS IIEJEN BiABAJ 3aCTOCOBYETHCS 1 MPALIOe
3a TPaJAULIHHOIO CXEMOIO; CEpPEIHE TOJIOKEHHS 3a0e3neuye poOOTy HOXKIB HIEJENH Ta
Oynbro3epa OIMH 3a OJHUM Ha OJHOMY pIBHI; MiJ Yac HWKHBOTO PO3MIIIEHHS
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IICJICTTHAA 3aXBaT ONMUPAETHCS HAa HIK BiABATY, IO JO3BOJSE HOXY N
BUCTYNATH 3-MiJl piXKy4yoi KpalWku Hoxka Oynbaosepa. [IpomoHoBaHa KOHCTPYKIIiS
pobouyoro Oyiba03epHOrO OOJATHAHHS IiJIABHUINYE €(EeKTUBHICTH PO3POOJICHHS SK
IIUIBHKUX, TaK 1 CUIIKUX THUIIB IPYHTIB, a TAKOX MOX€ OyTH BCTAaHOBJIEHA Ha TAradyax
OyIp-sIKOrO0 TUINOPO3MIpY. MakcumanbHOro edekty MoxkHa Oyae JTOCSATTH Ha
OyJba03€epax Mayioi Ta CEPEeIHbOI MOTYKHOCTI, Yepe3 iX IUPOKE BUKOPUCTAHHS Ha
pi3HUX BUAax poOiT. [lomimnmeHHss TexHoJIori poOodoro mpoiecy O0yiaba03epiB — IIIe
OJlHA IliKaBa Ta JOCHIJKyBaHa BYCHHUMH NpolOiieMa, MOB’si3aHa 3 €(PEKTHUBHICTIO
BUKOPUCTAHHA OYJbJ03€piB, SKy MOXKHA pO3B’sA3aTH BHACHIIOK 3HIKCHHSIM
€HEPrOEMHOCTI TPOIECY KOMAHHS MUIIXOM TOJIMIICHHS MpOQII0 BiABAIBHOI
noBepxHi Ta Gopmu BinBany B miaHi. OgHaK peani3yBaTH €IWHY ONTHMAJIbHOMY
dbopMy BIIBaNy BaXKKO, OCKUIBKA BOHA 3MIHIOETHCS BIANOBIIHO JI0 XapakTepy
IPYHTOBUX YMOB 1 BHIYy 3eMisiHUX poOiT. I[lpm npomy ¢Qopma BiaBamy mae
3aJI0BOJILHSITH HE JIMIIIE OTEpallii KOMaHHs, a i MepeMillleHHs IPYHTY, TaK K BOHA B
3HAYHIA Mipi BU3Ha4Yae epeKTUBHICTh poOoTH Oynbao3epa. EdekTuBHicTh poO0OYOTrO
nporecy Oynbpao3epiB Moxe OyTH I1CTOTHO MiJABUINEHA OCHAIIEHHSIM BIJIBaJIIB
MPUCTPOSIMHU, 1110 3HUKYIOTh BTPATHU IPYHTY IMpPU KOMAHHI Ta TpaHcmopTyBaHHI. Ha
MpaKTULll I I[bOTO 3aCTOCOBYIOTh JOJIaTKOBE OOJIaJIHAHHA — YIIMpPIOBaul Ta
BIJIKPWJIKH, K1 JIETKO BCTAHOBJIIOBATH B PI3HI MOJOKEHHS B 3aJIEKHOCTI B1J] YMOB
eKCIUTyaTarlii 3 JOIOMOT'O0 PI3HUX BHU/IIB CYYaCHUX CUCTEM KEPYBaHHSI.

[loTpiOHO  BIA3HAUWUTH, L0 MPONOHOBAHI  PI3HOMAHITHI  BapiaHTH
BJIOCKOHAJICHHSI p0oO0YOTO 001aiHaHHs OyibA03€piB, IJIs MiABUIIEHHS €()eKTUBHOCTI
iX 3acTOCyBaHHS, O3BOJISIOTH PO3IIMPUTH MEXI PpallioHATBPHOTO BUKOPHCTAHHS
OyJbJI03€piB, 3HU3UTH JOJII0 PYYHOI Mpalrli Ta KUIbKICTh 3allydeHUX MAaIlUH s
BUKOHAHHSI aHAJIOTTYHUX omeparlii. BaxIuBUM Takox € Te, 0 00JaJHaTH CepiiiHi
TUNX OyJB03€piB NPOIMIOHOBAaHUMH BaplaHTaMU BIOCKOHAJIEHb iX pOOOYMX OpraHiB,
MOKHA TUIAXOM iX BUTOTOBJICHHS CHJIAMH CaMHUX €KCIUTyaTOBAHMX IMIJIIIPUEMCTB 1
opraHi3arim.

YK 629.014.63

JTOCAIIXKEHHS MMOIKOIXEHb TA BZIHOBJEHHS JTETAJIEN
KOPOBKH IIEPE/IAY TPAKTOPIB XT3-181

Hinxesuy /1.10., cmyoenm
Hayxkosuti kepienux — Cusonanog B.A., cm.suxa.

Hayionanvnuti ynisepcumem biopecypcie i npupo0okopucmyeauns Ykpainu

OckiJIbKH KOpOOKa Tiepenad € BaKIMBOIO CKIIAIOBOIO TPAHCMICIT TpakTopa,
Ma€ CKJIaJHYy KOHCTPYKIIIIO Ta BUCOKY BAapTICTh, y>KE€ BKIMUBO MPOBOAUTH PEMOHT
Ta PETyIIOBAHHA ii B BIAMOBITHOCTI 3 TEXHIYHUMHU BUMOTAMHU.

Jlo ocHOBHHX JIe(EKTIiB KOpIyCy KOpPOOKHM Tiepenad HajekaTh OpraHidyHi 1
MiHEpaJdbHI BIIKJIAMW Ha BHYTPINIHIX CTIHKAX, TPIMIMHUA 1 3JIOMH, IOIIKO/KCHHS
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pi3b0M, HEIUIOMIMHHICTh NPUBAJIKOBUX MOBEPXOHB, CIIPAIIOBAHHS IMOBEPXOHb IiJ
MITAITHAKY, 1X CTaKaHHU, BAJTUKH 1 (JIKCATOPH.

[Ipu HasIBHOCTI 3710MiB, SIKi BUXOJISITh Ha IMMOBEPXHIO OTBOPIB, KOPITYC KOPOOKHU
nepenady BUOPAKOBYIOTh. TpimMHU po3podisaoTh mifg kytom 90° C, kiHmi iX
3aCBEPIAJIIOIOTh CBepuioM niametpoM 3...4 mMm. 3aBaputu aporom [TAHY-11.
OOpoOuTH HEPIBHOCTI 3BApHOr0O IIBa 3 IUIaBHUM MEPEX0JOM  3BapHU  IIOB
NOBUHEH OyTH pIBHUM, IIUIbHUM, ©O€3 TpIMH, TIOPUCTOCTI, HEMPOBAPEHUX
Miciib 1 HatUHBIB. [1icis bOTo HOTO 3a4MINAIOTh 1 IEPEBIPSAIOTh  HA TEPMETUYHICTD.
[Ipu mepeBipii Ha TEPMETUYHICTb, HAMpPOTA31 S5 XBWIMH MOsBAa IUIAM racy Ha
MMOBEPXHI 3BAPHOTO II1Ba, 00OPOOIICHOTO KPEHU 1010, HE TOMYCKAEThCS

[Ipy mOWmIKO/PKEHHI PI3pOM  OTBIP PO3CBEPUIIOIOTh, HApi3al0Th pi3b0y 1
BCTAaHOBJIIOIOTh PEMOHTHY TIpOOKYy Ha EMNOKCUAHIA cyMilii. 3MIIIeHHsT oceH
BIJIHOBJIEHUX PI3bOOBUX OTBOPIB JIONMYCKA€ThCs He Ouible sk Ha 0,25 MM Bixg ix
HOMIHAJIBHOTO po3MilieHHs. JlomycTumuil crnocid - po3cBEpUIMTH OTBIp, Hapi3aTH
pi3b, BKPYTUTH P13b00BY CHipaIbHY BCTaBKY

CnpainpoBaHi OTBOPH T MIAIMIMITHUKK 1 CTaKaHW MiAMIMITHUKIB PO3TOUYIOTh,
MPOBOJIATH MICIIEBE OCTAJIOBAHHS 1 3HOBY PO3TOYYIOTH JO HOPMAaJbHUX PO3MIPIB.
[lix yac ocranatoBaHHs MOBEPXHS MOBUHHA OYTH PIBHOIO, CP1OIUCTO-017IOTO KOJIBOPY.
Tpimuau, BiAmapyBaHHs, IOPU, PAKOBUHU, TEMHI CMYTH Ha MOBEPXHI MOKPUTTS HE
JOIYyCKaIOThCA.

EnexTponiTHYHe OCaJKeHHSI METajuly MPOBOAUTHCS B CIIAYIOUOMY PEXKUMI.
TpaBieHHsI OCTaJIIOBAHOI MOBEPXHI KHCIOTOIO COJISIHOIO TeXHIYHOK. JlekamyBatu
npu 3BOpoTHIN moJsipHocTi (3amizo aBoxsopucte 'OCT 4149-65 (250...300 r),
kucjgota comsHa tTexHiuna ['OCT 1382-89 (1...1,5 r), t=20...40°C, MmIBbHICTH
cTpyMmy 5 A/om” Hanpyra 12 B, BifHOIIEHHS aHOHOT MOBEPXHi 10 KaToaHoi 2:1, yac
5 xB.). Enexrponitnune ocajpkeHHss Metany B pexuMi (3amizo aoxsnopucte ['OCT
4149-65 (250...300 r), xucmora comnssHa TexHiuna ['OCT 1382-89 (1...1,5 1),
t=20...40°C, minsHicts ctpymy 30...40 A/On’ Hampyra 12 B, BigHOmIEHHS aHOXHOT
MOBEpXHi /10 KatoaHoi 2:1, gac 60..180 xB.).

OcHoBHUMHU JAedeKTaMH BaliB KOPOOKM Tepenad € CHOpalioBaHHS IUTIIIB,
MOBEPXOHb Tij MiJIIUIMHAKA KOYEHHsS, 3yOiB IO TOBIIMHI, KaHABOK IMiJl YIIIJIb-
HIOBaJIbHI KUIBII BTOPMHHOT'O BaJla, OpraHiyHI 1 MiHEpaJlbHI BiJKJIagd B HOTO
KaHaJlax, TOMIKO/KEHHSI PI3b0W, TPIIMIMHMA, TOJOMKA 1 BHUKPHIIYBaHHsS 3yOiB.
CrnparntoBaHHsi CTIHOK KaHAaBOK BTOPMHHOTO Bajia MiJ YIIUIbHIOBAJIbHI KUIBLS JOITY-
CKaeThCs 10 2,63 mm.

Kinmi BamiB 3 MOLIKOAKEHOK PI3b00I0  HAIUIABJIAIOTH BIOPOKOHTAKTHUM
crocoOoM HariaBoyHuM JipotoMm 1,8HN-50, 00TOUyIOTH HaIIaBICHUN KIHEIh [0
HOPMAJIBHUX pO3MIpiB, (pe3epyroTh JHMCKU 1 KaHaBKU YW CBEPUISITH OTBOPH BiJ-
MOBIJTHO /10 KOHCTPYKIIil Bajia Ta HApi3al0Th HOBY Pi3b0Yy.

[Ipn He3HAYHOMY CHpAIfOBaHHI MMOCAJOYHUX MOBEPXOHb IiJ MMiAIIUAITHUKA
koueHHs (10 0,06 vy Ha MiaMeTp) X BITHOBIIOIOTH 33 JOTIOMOTO0 enactoMmipa ['OH-
150B. Ilpu 3maunomy cnpaitoBanni (Oimbmie 0,06 mm) TOBEpXHI HAIIIABISIOTH
BIOPOKOHTaKTHUM CIIOCOOOM HariaBodHuM apoToM 1,8Hm-50, 06TouyIoTh 1 UTihyroTh
710 HOopMalbHUX po3MipiB. Ilicmst oOTouyBaHHS MOBEPXHI OOPOONSIOTH MIACTUYHUM
nehOopMyBaHHSIM 32 JOMOMOTOI0 0OKATKH POJIMKAMHU.
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CnpanpoBani numinu (mpu 3MeHIIeHH1 iX ToBmuHUA Ha 0,5 mm [ Ouibiie)
HAIUIaBJISIOTh Y CEPEAOBHUILI BYTJIEKUCIOTO ra3y, MOTIM Ball 00TOUYIOTh, (Ppe3epyroTh
IUIIIK 1 TapTYIOTh iX 3a JOMOMOIOI CTPYMY BHCOKOI yacToTH. [licisi mporo Ban
Ui yIOTh 10 HOPMAIBHOTO JlaMeTpa.

BinHoBneHHs neranedt KOpoOKM TMepefad MeXaHI30BaHUM HAIUIaBJICHHSM B
CEpEeIOBUII BYTJIEKHUCIIOTO ra3y.

HannaBneHHsiM nieraneil KOpoOKHM mepenayd B CEPelOBUILI BYTJIEKUCIIOTO Ta3y
yCyBaroTh AedeKTH Pi3b0, 3HOC OCE 1 BajiB, NUIiiB Oiibire 0,7 MM MO miaMeTpy Ta
1HIITI.

Pexumu HaruiaBieHHS BUOMpPArOTh Tak, 100 Oyno 3a0e3redeHo OTpUMaHHs
SKICHOTO HAIUTABJICHOTO Iapy, MIiHIMAaJbHUNW TPHUIYCK HA MEXaHIuYHy OOpoOKy
MOBEpXOHb. JleTasli HaMJIaBIAIOTh Ha MOCTIMHOMY CTPyMI 3BOPOTHOI MOJSIPHOCTI.
Butpara Byrnekucnoro rasy 7 ... 10 ji/xs.

B 3anexxHocTi BiJl TpU3HAYEHHS JeTali, Marepiagy 1 TepMIidyHOI OOpOOKH
PEKOMEHIYEThCSI HACTYMHI Mapku enekTpojaHoro apoty: CB-08I'C, Cs-0812C, Cs-
18XT'CA, Hn-30XT'CA. Jlns HanmaBiaeHHs pi3bOOBUX MOBEPXOHB 3aCTOCOBYIOTH JIPIT
CB-08I"2C. a ma nommiB 1 muiok Bamis - Ho-30XT'CA, Cs-18XI'CA.

Ha sxicTh HamjmaBieHOTO MeTaay 1 CTaOUIBHICTH NPOIECY HAaIlIaBICHHS
ICTOTHUM BIUIMB POOUTH CTaH IIOBEPXHI EJEKTPOAHOro JpoTy. BoHa 3a3Buuaii
MOKPUTA TOHKUM IIIAPOM TEXHOJIOTIYHOTO 3MAllleHHsS, a 1HOJA1 OpraHiYHUMU
AHTUKOPO3IMHUMHU peyOoBUHAMHU (OJNisIMU), $KI MOTIPIIYIOTH CTIHKICTh MpPOLECY
HAIUTABIICHHS, MIJBUINYIOTh PO30OPU3KYBaHHS MeETaly, CIyXaTh MPUIHHOIO
YTBOPEHHSI B HAIUIaBJICHOMY MeTall mop. Y 3B'3Ky 3 LUM EIEKTPOAHHMM JpIT
peKoMeHay€eThes nposkaproBaTu npu Temneparypi 100 ... 150 © C nporsirom 1 ... 1,5
TOJINH.

HeoOxigHO BpaxoByBaTHM TakOXk, IO OYMIIEHWH BiJ Macia 1 Opydy IpiT
3a0e34y€ CTalliCTh KOHTAKTHOTO OIMOPY MIX HEK 1 KOHTAKTHHUM HAKOHEUYHHUKOM
MaJibHUKA, CTa0UII3yI0OYH THM CAMHUM CHJIY 3BapIOBAJIBHOTO CTPYMY, a OTXKE, 1 IIPOIIeC
HaIJIaBJICHHS.

PexxuMm HamnmaBieHHS BHU3HAYAE€ThCS TAKMMU TapaMeTpaMmH, SIK Cuja
3BapIOBAJILHOTO CTPYMY, HAmpyra JyTH, MIBUJIKICTh HAIUIABJICHHS, BUJIIT €JICKTPO/a,
KPOK HAIJIaBKH 1 3MIMIEHHS €JIEKTPO/Ia 3 3CHITY.

[Ipy BCTaHOBIEHHI KOHKPETHHX TapaMEeTpiB PEXHUMY PEKOMEHIYEThCS
KepyBaTHCS HACTYITHUMHU MipKyBaHHIMH.

[lepm 3a Bce BUOMPAIOTH JlaMETP €JIEKTPOJHOIO JPOTYy 1 IIBHUJKICTh
HATUTABJICHHS, 3HAYCHHSI SIKUX BCTAHOBJIOIOTH 3aJIS)KHO BiJl JiaMeTpa PEMOHTOBAHOI
AeTani Ta 3HOcy. YMM MeHIIE 3HOC, THUM MEHIE TOBHHEH OyTH JiamMeTp
€JIEKTPOAHOTO JIPOTY 1 OUIbIlIe MIBUIKICTh HAIUIaBJACHHS. 31 3MEHIIECHHSM Jl1aMeTpa
JeTal 3HUKYIOTh 1 CHITy 3BaplOBaJIbHOTO CTPYyMY.

JliaMeTp eJeKTPOTHOTO POTY HEOOXIHO BHOMpATH MIHIMAIBHUM, TOMY IIIO,
HE3BAXKAIOYM HA MIABUINEHHS BapTOCTI €JIEKTPOJHOrO APOTY MNPU 3MEHIICHHI ii
aiameTpa 3a0e3MedyeThCsl MEHINA TOBIIMHA IIapy 3 HEBEJMKHM MPUIYCKOM Ha
00pOoOKyY, MIABUIIYETHCS CTIMKICTh MPOIIECY 1 30UIBLIYETHCS KOS(IIIEHT HAIJIaBJICH-
HS1, 3HUOKYETHCS CHJIA 3BapIOBATILHOTO CTPYMY, a OTKE, 1 TETJIOBHI BIUIMB Ha JIE€Tab.
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[IIBMAKICTH HAIUIABIIEHHS MOIIJILHO BUOUPATH MOKJIUBO OUIBIINY, BUXOISYA 3
yMOB (DOpPMYBaHHS HAILJIABJISTIOTHCS BAJUKIB 1 HAIIMHOCT1 3aXUCTY JTYTH.

Hanpyra na ay3i ciig Bubupatu Ha 0,5 ... 1 B Bule MiHiMaabHO MOXKJIMBOTO
JUTst 3a0€3IeYEHHS CTAJIOrO MPOIIeCy HaIlJIaBICHHSI.

Butit enektpogHoro apoty Tpeda BCTAaHOBIIOBATH MOXJIMBO BEJIUKUM, ajie HE
JOIYCKAa04YM OJyKaHHS YTy Yepe3 MeperpiB KiHI eeKTPoaa.

Cuna 3BaproBajJIbHOTO CTPYyMY IpH 3aJaHiil Hampysi, JiaMeTpi eIeKTPOJAHOrO
JPOTY 1 MIBHAKOCTI HAIJIABJICHHS BCTAHOBIIOIOTH (3aBISKU 3MiHI MIBHIKOCTI MOadi
€JIEKTPOIHOTO JIpOTy) Takoro, o0 3abe3medyBaBcs MPUIYCK Ha TMOAAJBIILY
MexaHigHy 00poOky He Oumpmie 0,8 ... 1,2 MM. Bunit enextpoma moBuHEH OyTH B
Mexax 8 ... 15 Mm.

Koxxna peranp Mae CBIM 3HOC, CBOIO METAJOEMHICTh, a OTKE, 1 CBOIO
TEIJIOEMHICTh. BITHOBIIIOBaHA MOBEPXHS BOJIOAIE PI3HOIO 1HTEHCUBHICTIO B1JIBEICHHSA
Teria BiJ MICI HarutaBieHHs. [Ipy HariaBiaeHHI B CEPEOBUII BYTJIECKUCIOTO Ta3y
HaWBAXYUM BBAKAEThCS TOYATOK HAIUIABJIECHHS IO BCTAHOBJIICHHS CTaOUIBHOIO
IpoIiecy mepeHocy Metainy. UuM MacHuBHIIIE JeTallb 1 O1IbIIE TEIIOBIABIA BiJ IyTH 1
3BaprOBaJIbHOT BAaHHU, TUM TPHUBAJIIIA cTa01Ii3allisl MPoIlecy 1 HaliMOBIpHIIIe MOsBa
B 1I€/ Yac Mop 1 HECIUIABJICHHS €JIEKTPOJHOTO METAITy 3 OCHOBHHUM.

OpauH 13 3aCTOCOBYBAHUX TEXHOJIOTIUHUX MPUHUOMIB - HAILJIABJICHHS MEPIIOTO
KPYTOBOT'O BaJIUKY 0€3 BKJIIFOUEHHS T030BKHbBOI [TO1aui.

[Ipn HamuaBiieHHI MOBEPXHI MaJIOTO AlaMeTpa, 0 MEePeXOJuTh B MOBEPXHIO
OOJIBIIIOTO JlIaMeTpa, HATUIABKY MEepeBaXkKHIIIE TOYMHATH 3 MOBEPXHI MAJIOTO JllaMeTpa
1 IPOJOBXKYBATH i1 B HAIPsiIMI OBEPXHI BEJIMKOTO JI1IaMETPY BIJ KIHIISA 0 CEPEIUHU
Baja.

UDC 621.643
SYSTEM OF STABILIZATION OF THE SPEED OF PIPE DEVICES
"Halem A.A., master

Scientific supervisers — ' Zaichenko S.V., Doctor of Technical Sciences, Professor,
*Shalenko V.O., PhD, Associate Professor,
’Masluyk A.A, postgraduate student

'National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute"
’Kyyivskyy National University of Construction and Architecture.

The main way of ensuring high economic and environmental performance of
hydrocarbon transportation is pipeline transport. The products of gas wells contain a
certain amount of impurities. These impurities lead to the formation of deposits in the
form of complex compounds - hydrates. These deposits lead to an increase in hydraulic
resistance in the pipelines and, as a consequence, to a decrease in productivity. Common
methods for removing hydrates include reducing the pressure at a predetermined
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temperature, increasing the temperature, introducing inhibitors, sublimation of hydrates,
and a combination of different methods. These methods have a number of disadvantages
that are related to their energy and material consumption, poor efficiency.

At the same time, pipe devices that move due to the hydraulic energy of the product
are widely used in the purification and diagnosis of oil pipelines. These devices have
high economic and environmental performance and provide high guaranteed quality of
cleaning of paraftin and resin deposits [1]. The main problem with using this method of
gas pipeline cleaning is the high speed of gas movement (up to 25 m/ s) and the ability
of gas to accumulate energy. The ability of gas to accumulate energy when using piston-
type internal tube devices in the event of a temporary stop will cause the device to
accelerate, with further destruction of system elements.

The solution to using piston in-pipe devices for gas pipelines is to create a system
of stabilization of the speed of movement. The main purpose of this system is to prevent
the device from stopping and overclocking.

The purpose of this study is to develop and substantiate the parameters of the
system for stabilizing the speed of reciprocating piston devices(fig. 1).

e
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Fig. 1. Appearance of the drive part of the intra-tube device

To solve this problem, a mechanical speed stabilization system has been developed,
the main elements of which are: a mechanical energy accumulator, a multiplier and a
wheel drive. The peculiarity of this system is the partial selection of the energy of the
transported gases. Partial extraction of the energy of the transported gases will reduce the
speed of movement of piston in-pipe devices up to 1-2m/ s.
Reference:
1. Shevchuk SP, Zaichenko SV, Streltsova IM A device for cleaning the main oil
pipeline from asphalt-resin paraffin deposits / S.P.Shevchuk, S.V.Zaychenko,
.M. Streltsov. - Collection of scientific works works "Problems of subsoil
use". Part 1., St. Petersburg, 2012, pp. 208-210.
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CTPYKTYPA BIMETAJIEBUX BUJINBKIB

Kuys B.O., cmyoenmxka
Hayxkosuii kepienux — Apmanodinany €.1°., 0.m.uH., npog.

Hayionanvnuii ynisepcumem biopecypcis i npupoookopucmyseanus Ykpainu

[TocnigoBHICTH eTamniB popMyBaHHs OiMeTaIeBUX BHJIMBKIB B MPOIIECI 3aTUBKU
pobGodoro mapy Ha 3aTBEpAUTYy METAJIEBY OCHOBY 1 iX OXOJOKEHHS B JIMBapHIH
¢dhopmi mokazana B TabJI. 2.

3ajie’)KHO BiJ CHIBBIIHOLIEHHS TEMIIEpaTyp MOYATKy Ta 3aKIHYEHHS po3naiy
ayCTEHITY METaly-OCHOBH 1 pobouoro mapy ¢opMmyBaHHS OiMeTaaeBOl BHJIMBKU
Bimroyatume etanu VIII * - XI * a6o VIII ** - XT **,

Tabnuus 2 — Etanu npouiecy hopMmyBaHHs OiMeTalIeBUX BUJIMBKIB TP 3aJMBaHHI
po0OoUOro mapy Ha 3aTBEPALITY METAJIEBY OCHOBY

Ne CraH 1 cTpyKTypa
eTarmy poboyoro mapy METaTy-OCHOBHU
| Hemae Po3nias
1 Hemac OKI/IcneHHiI 1 StHeByl:J'IeI_[IOBaHH-}I
KOHTAKHOI (BUIbHOI) MTOBEPXHI
I ®dnroc Ha KQHTaKTHOI (BLIBHOT)
MOBEPXHI METAITy-OCHOBHU
IV Po3snnas
\Y Po3mnaB + AycreHirt ®epur
VI | Po3smnas + Aycrenit + EBTekTKa (Ha KOHTAKTHOI MOBEPXHI)
VII AycteHiT + EBTekTHKa + AycCTeHIT
VIIT AycteniT + EBrektrka + @eput +
KapOuu
X ®epur + Eprextuka + Kapbunu
e ®eput (Ha KOHTAKTHOI TOBEPXHI) +
®eput + EBTexTrka + Kapouau Aycrtenit + ®@eput + Kapbunu
XI ®epur + KapOuau
Vi Aycrenir + EpTexrika Oepur (Ha. KOHTaKTHO1 TOBEPXHI1) +
AycteniT +®eput + Kapouau
X AycteniT + EBTekTrka Oeput + Kapou b
o Aycrenit + EBTextuka + ®@epur + Deput + KapGiu
KapOun
X1 | ®epur + Esrextnka + Kap6umm ®eput + Kapbuau
ITicnss  3aauBKM  MeTalieBOi  OCHOBHM  BIiJOYBa€ThCA  OKHCICHHS 1

3HEBYTJICHIOBaHHS i1 BUIbHOI MoBepxHi. IIpu aHamizi ekcrnepuMeHTaIbHUX JaHUX,
HaBEJCHUX B pPOOOTax, BCTAHOBJICHO, IO BIUIMB TEMIEpaTypd Ha IIBUIKOCTI
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OKHCJICHHS 1 3HEBYTJICLIOBAaHHS TIOBEPXHI BYIJICLIEBUX CTaJIel HA MOBITP1 OMUCYETHCS
HACTYITHUMU PiBHSAHHSIMHU:

Voo =1,3-107-t"%, R=0,972 (1)
Vpep = 0,000214 - exp(0,0073 - 1), R=0,998 (2)

ne Vo — HMBHIKICTb OKUCIIEHHSA, MKM/C; Ve, — IIBUIKICTh 3HEBYIJICIIIOBAHHS,
MKM/c; t — TemriepaTtypa, °C, R — MHOKUHHUN KOeDIIEHT KOPETSIIi.

3MIHM MIBHJIKOCTI 3HEBYIJICHIOBAHHS 1 OKHCJICHHS BYIJICLIEBUX CTalieil B
iHTepBan Ttemnepatyp Bia 1300 mo 1500 °C, mo po3paxoBani 3a piBHAHHAMH (1) 1
(2), mokazani Ha puc. 1.

3 MeToro padiHyBaHHS BUIBHOT MMOBEPXHI METATY-OCHOBHU B1J] OKCH/IIB BBOAMIIN
CUHTETUYHMUM (DJIFOC HACTYMHOTO cKiaay (B Mac. yacTkax,%): 60 — 80 Na,B,0,, 10 —
30 B,0s, 4 — 6 K,ZrFg, 2 — 6 Si0,. [Ipu n1pomMy yTBOPIOETHCS 3aXKCHA IUTIBKa (QIIIOCY,
110 NEPEIIKOIKAE MOJAIBIIOMY OKHCIIEHHIO 1 3HEBYTJICIIOBAHHIO TIOBEPXHI.
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Teaumeparypa. 'C

Puc. 1. BrumB Temneparypu Ha MIBUJIKICTh 3HEBYTJICHIIOBAHHS 1 OKHCIICHHS
BYIJIELIEBUX CTAJIEH

st OLIIHKH TOYHOCTI pPO3paxyHKIB JIOCITIJIKYBaJIHA MIMOUHY
3HEBYIJICLIOBAHOTO Iapy OimetaneBux BuiMBKIB "ctamp 70 T'JI - waByn UX22".
3acunky ¢arocy Ha BUIbHY TMOBEPXHIO CTaJeBOi OCHOBU poOuiu micis 10 cexyHn
MIiCHs 3aKIHYEHHS i1 3a1MBKU. PoOoumii map 3aivBaiv miciisg 8 CeKyH/I MICIs 3aCUIIKU
¢dmrocy. Pe3ynbTaTH €KCIEpUMEHTIB TOKa3ylOTh, 110 TVIMOWHA 3HEBYTJICHIOBAHOTO
mapy 3MiHeThes Bl 132 10 378 MkM nipu cepeiHbOMY 3HaueHH1 246 MKM (puc. 2).
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Mertan-ocHOBa
(ctranb 701°JI)

Po6ounii map
(uaByH UX22)

Bukonanuii anaiiz mokasye, 1Mo B MPOIEC] 3aJUBKH 1 OXOJIOKCHHS P1AKOTO
yaByHy (GOpMyBaHHS TIEpPeXigHOI 30HM BiIOyBaeTbcs B pe3ynbTari audysii
KOMITOHEHTIB pOOOYOro mapy B CTaJIeBy OCHOBY Kpi3 3HEBYIJICIIbOBAHUN (hEepPUTHUN
MPOIIAPOK.

B mporeci 3anmuBku poboyoro mapy BiAMpanboBaHU (IIOC BHIATSETHCS 3
MOBEPXHI METaTy-OCHOBM 1 (OpMyBaHHA OiMeTaleBOi BUJIMBKH BiJIOYBA€ThCS B
YMOBAaxX KOHTAKTy 3aTBEpP/UIOI CTAJIHM 3 YaBYHOM, 1110 3HAXOAATHCA B PLAKOMY, PLIAKO-
TBEPAOMY 1 TBEPAOMY CTaHaX.

YK 669.14.018.25:620.18:539.374
MOJEJIOBAHHSA JUBAPHUX BJIACTUBOCTEM CTAJIEHA

Ocaoyuu €.0., cmyoeum
Hayxosuii kepienux — Apmanoinany €. I'., 0.m.H., npogh.

Hayionanvruii ynisepcumem 6iopecypcis i npupoookopucmyseauus Ykpainu

Pe3ynbTatn BU3HAUYEHHS MapaMeTPiB JACHIPUTHOI CTPYKTYpH MpPHUBEACHI Ha
puc. 1.

s :1I'Y

\
.
\l‘
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. 3 3 AN Y.
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B r
Puc. 1. 3onm TpanckpucTamizaiii (a, 0) u 1e30pieHTOBaHUX (B, T) ACHAPHUTIB
B BunuBKax 3 ctayen 20XT'CJI (a, B) u 40X3I'3C3JI (6), 20XT'CADJI (1)

VY mpotieci 0X0J0)KEHHS BUIMBKY MICJIs 3QJIMBKU METaly B (pOpMy BHU3HAYaIU
TaKl IapaMeTpH BUIbHOI JIMBAPHOI yCAJIKH KOHCTPYKLIMHUX CTalel, sIK TeMIepaTrypa
noyajga JMBAapHOI ycaakH (tuy), MaKCHMalbHa BEJIMYMHA IIEPel YCaJ04YHOIO
pPO3LIMPEHHS (&,,,), TEMIEpaTypa IO0YaTKy YyCaAKd Miciasd Iepe] YCaJOo4HOIo
po3mMpeHHs (tyy), KoedimieHT nuBapHOi ycanku aycreHity (K,y), mo BusHavamm 3a
dbopmyioro (1).

Kﬂy:(lz_ll)/(t(bl'l_tHy).llj (1)

ne l; u 1, BIAnoBIIHO JOBXKUHA 3pa3Ky MPU TEMIEpaTypax MoYaTKy JUBAPHOI YCAIKU
HICJIA MPeJ] yCaIKOBOrO pO3IIUPEHHS (t,y) 1 po3namy ayCTeHITY (tyn).

BpaxoByrouu, 110 BIUIMB JIETYIOUMX €JIEMEHTIB, MOIU(DIKATOPIB 1 JTOMIIIOK Ha
MPOLEC JINBAPHOI YCAIKH CTaJIH MOB'A3aHO B OCHOBHOMY 31 3MIHOIO HUMHU MIPUXOBAHOI
TEIUIOTH KpucTamsanii (qy,), BEJIMYMHH HEPErpiBy HaJ TEMIIEPATypoO JIKBLAYCY
(At,) 1 mucniepcHocTi aeHapuTHOi cTpyktypu (le;, 1) BcTaHOBUIHM, MO KiIbKICHA
3aKOHOMIPHICTh BIUIMBY BHUXIAHUX (PAKTOPIB Ha TeMmeparypy IOYaTKy JIHMBApHOI
YCAAKH (tyyy, °C) Ma€ Takuil BUIIIAA:

ty =892-9,53- 4 +1,135-q,, + 77,341, +8,691-At, +490,5-1_ -1, -
2 2
-81,75-1;,-782,6-1,-0,02483- At - q,,, : )
R =0,954;6 =0,43%; F, =16,4>F"' =43,

BennurHa ~ MakCHMManbHOTO  NPENYCaAKOBOTO  PO3MIMPEHHA  (Eqpp,%0)
BU3HAYAETHCS HACTYITHOIO 3aJICKHICTIO:
Enpp = 2,2-32:10° "q, T1,85-A,-0,924-1, -2,09-107 - At +
+0,155-1,, -1, -5,32-107 - I, +2,67-10° - At, -q,,,
R =0,914;6 =9,6%; F, =10,2>F"' =4,28.

: 3)

TemmnepaTypa modaTKy JMBApHOI YCAAKHU MICIS MPEAYCaTKOBOTO PO3ITUPEHHS
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(tsy) 3 IMOBIpHICTIO 99% 1 moxuOkoro 0,15% moB'A3aHa 3 TeMIEPATYpOIO MOYATKY

AMBapHOi ycagkd (tyy) 1 BEIMYMHOI MAaKCUMAJbHOIO IIEpesl YCaJO4HOro
PO3LIMPEHHS (Eppp) HACTYIHOIO (OPMYJIOKO:

ty=299+t,. -(0,978-0,068-¢

R =0,993;5=0,15%;F =676 >F*' =593.”

npp))

4)

BpaxoByroun, mo KoeQilieHT JIUBapHOI yCaaKH, MO (PI3UYHOMY 3MICTY
3BOPOTHUN KOE(DILI€HTY JIHIKHOTO PO3IIUPEHHSA, 3aJIEKUTh B OCHOBHOMY BiJ CHII
MDKAaTOMHUX 3B'SI3KIB  €JIEMEHTIB BU3HAYWIM HOTO 3aJICKHICTh BiJ CTYICHS
JIETYBAaHHS ayCTEHITY, TOOTO BIJ XIMIYHOTO CKJIaay cTaii. KiibKicHa 3aKOHOMIPHICTb
TaKOTO BIUIMBY MAa€ TaKUi BUTJISI:

K, =(12+45-Si+78,25-Si-Mn - 46,84 -Si-Cr-595,5-C-Si-Mn -
-104,6-Si-Mn -Cr+748,5-C-Si-Mn-Cr)-10°,
R =0,894; 5 = 6,4%; F, =9,96 > F*"' =4,32.

; )

3MiHa MOBHOI JIMBApHOI BUIBHOT YCAJKU JOCHIHKEHUX CTaje 3 IMOBIPHICTIO
95% omuCy€eThCst HACTYITHOI (OPMYJIOIO:

€ = 6,63-14,69-C-14,69-C-0,323-5i+0,377-Cr+19,2-V-226,2-N -
17,875, +37,5-K,, -t +1226-¢, K, -t,, , (6)
R =0,828;6 =74%;F, =3,53> ' =277,

AHaJli3 BIUIMBY JIETYIOUMX €JEMEHTIB Ha 3MIHY JIMBApPHOI YCAJAKW CTaju
20XT'CJI nokasye, 110 3 pOCTOM BMICTY B CTajli MapraHiito i XxpomMy JMBapHa ycajka
30UTBIITY€ETHCS, @ B pa3l BYIVICIIO, KPEMHIIO, @30Ty Ta CHUIHHOTO JIETYBaHHS a30TOM 1
BaHAJIEM - 3MEHIIYETHCS. 3a MUTOMOIO €(EKTHBHICTIO BIUIUBY €JIEMEHTH MO>KHA
po3TanryBaty B HacTymHii nociigoBHocTti: Cr, V, Si, Mn, C, V+N, N.

VIIK 622.771.2

MAIIVHU JJI 3BATAYEHHS I'NPCHKOI IOPOIU

Kumnuk A.b., cmyoenm
Hayrxogi kepisnuxu — lllanenxo B.O., k.m.u., ooy., Kocmuncoxuii I.B., k.m.H., ooy.,

Kuiscokuii nayionanvruil yHisepcumem 6y0i6HUYMSEA i apxXimekmypu

JloOyTi 3 TIMOUH 3eMJIl KOPUCHI KOMAJIMHU, K MPaBUII0, HE BUKOPUCTOBYIOTHCS
y CBOEMY TMEPBUHHOMY BHIJISNAl, a NOTPeOYIOTh MOJANBIIOTO 30aradeHHs is
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HAaOYyTTS KOHIIGHTpAaTy TMEBHOTO MIHIMaJbHOTO BMICTY IIIHHOTO KOMIIOHEHTY.
Hampuknan, y  MeTamypriiiHii  OpOMHUCIOBOCTI HE  MOXIMBO — OTpPUMATH
BHUCOKOSIKICHUM MeTal, SKIIO BUT1IHA pyJla MaTUME BUCOKUN BMICT 3a0pyIHIOIOUHMX
nomimok. Taka K cHUTyallisl CrocTepiraeTbes 1 B OyaiBenbHIN ramy3i. Hampukian,
SAKICTh OCTOHHUX BHPOOIB 3aJIeKUTh HacaMmrmepea BiJl OTHOPIAHOCTI (DI3ZUUHUX
BJIACTUBOCTEH 3amoBHIOBaYiB. TOMy JIETrKo BIIEBHUTHCS y OTpeOl CTBOPEHHS MAIlIUH
JU1s1 €DEKTUBHOTO Ta €KOHOMIYHOTO 30araueHHs1 MaTepiaiB.

Ha croronmni icHye BenMKa KUTBKICTb METOJIB 30aradyeHHs TIPHUYOI Macwu.
Haii6inpm momupeHuMu MeTogamu  €:(JIOKTalliifHi; TpaBiTaliifHl; MarHiTHI Ta
CJIEKTPUYHI.

dokTamiitHi Ta TpaBiTamiitHI METOMM 30aradeHHs IOB'S3aHI 3 MPUCYTHICTIO
BEJIMKOI KUIBKOCTI PIIMHH, BEJIUKUX BHUPOOHUYMX IUIONI Ta 3HAYHUX €HEPreTUYHUX
3aTpar, a 1€ NPU3BOAMTH JI0 30UIbIIEHHS COOIBApTOCTI KIHIIEBOTO MNPOAYKTY B
JIEKUIbKA pa3iB, MOPIBHIHO 3 MOYaTKOBOIO.

MarHiTHi Ta €JIEKTpUYHI METOJM CIUPAIOTHCS Ha BIAMOBIAHI crenudivHi
BJIACTUBOCTI MatepiaiiB. HelpomikoM Takux METOMAIB € MeBHA OOMEXEHICTh IXHBOTO
3aCTOCYBaHHS.

OTxe, cTa€ BCE aKTYaJbHIMIUM HEOOXIAHICTh CTBOPEHHS MAIllMH, AKI JadyTh
3MOTy MPOBOAUTH 30araueHHs maTepialliB 0€3 BUKOPUCTAHHS BEIUKUX BUPOOHUUIUX
IUION] Ta 3HAYHUX EHEPreTUYHHUX 3aTparT 1 SKI 3MOXYTb OyTH BCTaHOBIIEHI
0e3rocepeIHbO B yMOBaX IIAXTH, Kap'epy 4u Oy/1BEIbHOTO MaliJaHUMKY.

ToMmy, $K CBIJUMTH CBITOBA TMpPAKTHKAa BHUKOPUCTAHHA 30aradyBajibHUX
TEXHOJIOT1H 1 MOIIYK HEOOX1AHOTO METOJY CJIiJl BECTH y HANpsiMi BiICYTHOCTI PiAMHU
(cycniensii). OauH 13 TakMX METOAIB O€3pIAMHHOr0, TOOTO "cyxoro" 30araueHHs €
BUGipKOBE JpobIeHHs. Moro cyTh Tmonsrae y po3JiieHHi ripHHYoi MacH Ha MilHi Ta
cnalOKl CKJIaJIOBI, HIUISXOM MPOIMYCKaHHS MEPIIOi CKIaJ0BOi Ta APOOJICHHS APYroi
CKJIQJIOBOi T1PHUYOI MACH.

VIIK 691.328

IHTEHCU®IKALIA BETOHHOI CYMIIII IPU ®OPMYBAHHI
3AJIIBOBETOHHUX BUPOBIB

llonpoywvka O./]., cmyoenmka
Hayxosi kepisnuxu — ' Hlanenxo B.O., k.m.u., doy., *3aiiuenxo C.B., d.m.H. npog.,
IKopHiﬁqu b.B., k.m.n., ooy.

)i . o . o . . . .
Kuiscokuii nayionanbHuti yHigepcumem 0y0igHUYMSA i apXimexkmypu
2 . o . . .. . .

HTYY ,, Kuigcokuu nonimexuiunuii incmumym im. 1. Cikopcokoeo”

Y  BIANOBIAHOCTI [0 3araJibHOT (DYHKLIOHAJIBHOT CTPYKTYpHOI CXEMH

BITYM3HSHOIO Ta 3aKOPJOHHOIO TMPOMUCIIOBICTIO CTBOpPEHI pOOOYl OpraHu, SKUMH
00JaIHyIOTh (POPMYBaJIbHI arperaTy MOCIiJOBHOI .
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3ajie)kHO Bl YMOB pOOOTH arperaty, BHUIYy OOpOOJIOBAHOTO CEPEIOBHUINA,
napaMeTpiB BUpPOOYy TOIIO JIO CKJIaay poOOYHMX OpraHiB BXOAATh Ti YW 1HIII
MEXaHi3MH, BOHHM MalTh OJHO- a00 0araToCTymiHYacTy KacKagHy CXeMy
yiiibHeHHs. CroibHe ISl BCIX CXE€M € TOCHiOBHE OO0'€THAHHS CIeliali30BaHUX
MeXaH13MIB JIJI1 Oe3MepepBHOIO BUKOHAHHS oneparliii hopMyBaHHS.

CxnanHicTh npu 3a0e3neueHHl ePEeKTUBHOI eKCIUTyartallii poOoYHux OpraHiB
arperary moJisira€ y CTBOPEHHI CTaOLILHOTO OJTHOPIAHOTO MOTOKY CYMIIlll Ha BUXOI1
13 po3maBaibHOTO OyHKEpa Tepea YIIIIBHIOIYUM MexaHi3MoM. [l JmocsSrHeHHS
BOTO KOHCTPYKTOpaMHU MPOMOHYBAJIHCh PsJl TEXHIYHUX pilleHb, SKI Oynu
HaIpaBJieH1 Ha IHTeHCU(DIKAI[II0 TOTOKY CyMIillI, III0 BUTIKAE 13 OyHKepa.

Jns migBumieHHS e(eKTUBHOCTI poOOYMX OpraHiB  OeTOHO(POPMYBAIBHUX
arperatiB OyB 3alpONOHOBaHWI Ui BTUIEHHS HOBUM YAOCKOHAJIEHUN MPHUCTPIH,
KOHCTPYKIIIS SIKOTO IMOKa3aHa Ha puc. 1.

Puc. 1. Pobounii opran 6eToHo(hOpMyBaJILHOTO arperary

[TocraBneHa mMeTa MOCATAEThCS THUM, IO MPUCTPIM, BMilIye B cobl OyHkep 1,
SKUW CKJIQJIAa€ThCSA 3 HIDKHBOI 1 BepXHBHOI YacTWH. Ha OOKOBMX CTIHKaX HHKHBOI
YaCTUHU PO3MIIIEH] Bl OC1 6 13 CTEPKHAMU 2, SKI OTPUMYIOTh TOJIYaCTOTHY BIOpaIIito
BiJl BIOp030y/mkyBadiB 16, 3akpimieHux Ha 1ux ocsx. Oci 6 MaloTh MOXKJIMBICTH 3a
JIOTIOMOTOI0 T1APOIMIIiHAPa 3, BAXKUTFHOI CUCTeMH 4 1 KOHIYHUX 3y0daTux mepenad S,
MOBEPTATUCh HABKOJIO BIACHUX oceil. CTepykHI 2 )KOPCTKO 3B’s3aHi 13 OCIMU 6 1 TOMY
mijg gac ix oOepTaHHS 3IIMCHIOIOTh KOJMBAIBHUM PyX y MOpPOXXHHUHI OyHkepa. B
BEpXHIA yacThHI OyHKepa po3MillleHa JomnaTe 9, sKa 37aTHa pO3CYBAaTUCh Yy
BEPTUKAJILHOMY HapPsSIMKY 3a JOIIOMOTOI0 BCTAHOBJICHOT'O BCEPEIMHI T1APOLMIIHApa 3
1 IepeMIIIyBaTUCh Y TOPU30HTAIILHOMY HANpsSMKY 1O HApsAMHIHN 8.

Kinmere ymiuibHeHHs 0€TOHHOI CyMilll 31IMCHIOETHCS 3a JIOMTOMOTORO BIOPOJIHAKi
10 1 xaceTd MyCTOTOYTBOPIOBaYiB 15, sIKI OTPUMYIOTh KOJIMBAHHS BiJ BIOpoIKepea,
YCTAHOBJIEHOTO Ha 111 BIOpOMMKi. 3a JOIMOMOT0I0 PEKOMEHI0OBAHOI KOHCTPYKIIIi, sIKa
COpUsie BHUTIKAHHIO cyMmiml y ¢opMy, PpO3NOAUICHHIO 1ii, TONEPEeAHbOMY 1
3aBEepIIAILHOMY YIIUIBHEHHIO T JI€I0 MOJIYaCTOTHUX KOJMBAaHb MOYKIIMBO CYTTEBO
M1BUIIUTH TPOIYKTUBHICTh arperary 1 sikicTb (GopMyeMUX BUPOOIB.
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He3Bakatoun Ha TO3WTHBHI PE3yNbTaTH EKCIUTyaTarii IMOBEPXHEBUX
BIOpalifHUX MaIIMH Ta EKOHOMIYHI pO3paxyHKH, IO IIJATBEPKYIOTh 1X
e(EeKTHUBHICTh, BITUYM3HSIHA MPOMUCIIOBICTh HE Hajarojuia iX CepiiiHOTO BHUITYCKY,
IO TIOSICHIOETBCS OpraHi3alliiHUMU Ta HayKOBO-TEXHIYHMMH HEJOCKOHAIOCTSIMHU B
I[IJIOMY T10 IPOMHUCIIOBOCTI.

VIIK 621.79

OCOBJIMBOCTI OBKATKMU /IBUI'YHIB BHYTPIHNIHBOT O 3IrOPAAHHA
MHICJIA PEMOHTY

Ocaouuii €., I'ypa M., cmyoenmu
Hayxosuii kepisnux — Hosuywvxuii A.B., k.m.H., 0oy.

Hayionanvnuii ynieepcumem diopecypcis i npupoookopucmyeanus Yxpainu

BcranoBneHHs Ta 3amyck JABUTYHA Ha MOOUTHHUM eHepreTnunuit 3acid (ME3) €
HE MEHII BaKJIMBUM €TarlOM PEMOHTY, HX 1HIII. [IpakThka nokasye, 1mo B 0ararbox
MalCTEepHSAX 3 MOMUJIKAMU MPU YCTAaHOBII JABUTYHA 1OB’sa3aHi He MeHie 30... 40%
BCIX HECITPaBHOCTEM, sIK1 3 ABJISIIOTHCA B €KCIUTyaTalli micis peMoHTy [1, 2].

[Ipu poboTi ABUrYyHA BHYTpIIHBOTO 3ropaHHd (/B3) micis peMoHTY
KOHTPOJIOETHCS JUMHICTh BiANpanboBaHUX rasiB. CuHIM AuM, 3a3BUYai, CBIIYUTH
npo 30iiblIeHe 3rOpSHHS OJMBH. SIKIIO Tepen peMOHTOM JABUTYH MaB BEIHKY
BUTpATy OJHMBH, TO OJIUBA MOXXE OYTH y BUIYCKHIM cucTemi. Y I[bOMy BUIAAKY
JIBUTYH MOE€ TUMITH JOCUTh TpUBaJIUi yac (110 1,5...2 roa. poboTH), MOKHU OJIMBA HE
BUTOpUTH. Y TOM K€ Yac, KOJIp BIANPAIbOBAHUX Ta3iB MOXE CBIIYUTH 1 TMPO
HEsIKICHE CKJIQJaHHs IBUTYHA.

[TouarkoBuil mepion OOKATKM JBUTyHAa MOOIIBHOTO EHEPTeTUYHOTO 3aco0y
(ME3) na micii, BKIII0Ya€e BC1 HEOOX1IHI MEPEBIPKHU 1 peryatoBaHHs, 1 ckianae 2...3
rol. 1 Ounpmre. SIKIIO BCI CUCTEMU MPAIIOIOTh HOPMAJIbHO, TO OOKaTKa MOXE OyTH
nposoBxkeHa B pyci ME3 Ha cepenHix yacToTax 00epTaHHS 1 HABAHTAKCHHSIX.

Jlnst mepeBipku poOOTH JBUTYHA, SK TMPaBUJIO, IJIKOM JIOCTaTHRO MPOOITY
5..10 kM, micas 4Oro ciifi MOBTOPUTH TMEPEBIPKH 1, AKIIO HEOOXITHO, MPOBECTU
perymoBanHs. OcoOnuMBY yBary TYT CIiJI TPUIUIMTH KOHTPOJIKO TMiATIKAHHS
texHiyHuX piauH J(B3. HesaliBum Oyne mepeBIpUTH KOJIp OJIMBH, SIKIIO JBUTYH
310paHuii TPaBUIBLHO, BOHO MPAKTHYHO HE 3MIHUTH KOJbOpY. Cipuil BIATIHOK OJIUBU
MOKE CBIIYUTH MPO IHTEHCUBHHUM 3HOC BKJIAQJUIIIB MiAIIMIIHUKIB a00 TMOPIIHIB B
MOYaTKOBU MepioJi 0OKaTKH, 110 MOXKEe OYTHU HACIIIKOM HESIKICHOTO CKJaJaHHs a0o
3aCTOCYBaHHS 3allaCHUX YaCTHUH 1 IeTaliell HU3bKOT SIKOCTI.

EdextuBna oOkatka JIB3 micas KamiTaabHOTO PEMOHTY MOXe OyTu
3abe3nedena nmpotsaroM mnepmux 50 roa. poOOTH (SK IJIT HOBOTO JBUTYHA). Y TIeH
nepioj; peKOMEHAYEThCSl YHUKATH MMOBHUX HAaBaHTaXEeHb 1 BUCOKUX 00eptiB [IB3. ¥V
nepios; oOKAaTKH BiAOYBA€ThCS PIBHOMIpHE MPUMIPALIOBAHHS JA€Tajeil IHIIHIPO-
MOPUIHEBOI TpPyNH, ULIECTepeHb, MIIUIUIHUKIB Ta IHIIUX JeTajell 3 MEeTOlo
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3MEHIIEHHS 1X MOJAJIbIIOT0 3HOCY, CTa01II3y€eThcs BUTpaTa onuB. [lepeBaHTakeHHS y
BKa3aHUU Mepio/] HETATUBHO MO3HAYUTHCS HA MPUIIPALIOBAHHI JIeTajiel 1 CIPUYUHUTD
3a c00010 CKOpOYEHHS TepMiHy ciyx0u JIB3.

B mpoueci ekcrutyaramii JIB3 ciig creXuTH 3a MOKa3HUKAMH KOHTPOJIBHO-
BUMIPIOBAIbHUX MPUJIAAIB 1 CUTHAJIBHUX TPHUCTPOIB ME3 Temneparypa
OXOJIOJKYIOUOI PifMHK JBHIYHA IOBHHHA GyTH B Mexax 75..90°C. JlomyckaeTscs
KopotkouacHe (mo 10 xB.) mimBumenns temmepatypu mo 95°C. Ilicms mycky
OpOTrpiBaHHS JIBUTYHa [0 p060q1/1x Temreparyp HEOOX1IHO TPOBOAUTH  3i
3017bIICHHSAM HaBaHTaXeHHA. He cmig mporpiBaT JBUTYH, JOMYCKal4d HOTO
TpUBaIy poOOTYy Ha MiHIMaJbHIM 4acTOTI 00EpPTaHHS XOJIOCTOrO XOnay. SIK TUIbKH
JBUTYH MOYHE pearyBaTH Ha 3MiHy Mojadyi najauBa 1 Oyje 3a0e3meueHo0 HOpMaTbHUMA
poOouMii THUCK, HEOOXIHO TIOCTYNMOBO 30UIBIIYBATH YACTOTy OOEpTaHHS [0
cepenHboi podoyoi 1 nounHatu pyx ME3 Ha 3HMKEHUX nepeaaydax.

[loBHe HaBaHTaxkeHHs Hemporpitoro JIB3 He npomyckaerbes. Takoxk, He
JOMYCKAa€eTbCsl  poOOTa  JABUTYHA IIJ] HABAHTAXEHHSAM IMpU  TeMIeparypl
OXOIIOUKYIOUOi pinuHl Hikde 50°C, TOMy IO HPH [OMY 3HAYHO MOTIPIIYETHCS
3TOpSIHHS MaJIMBa, HA CTIHKAX T'lJIb3 KOHAECHCYIOTHCS MPOIYKTH HEMIOBHOTO 3TOPSHHSA,
PI3KO 3pOCTa€ 3HOC TUIb3 HWIIHAPIB 1 MOPIIHEBUX Kijelb. O3HAKOI TOTOBHOCTI
JBUTYHA JI0 IPUMHATTS HABAaHTA)KEHHS € OT0 pearyBaHHs Ha 3MIHY [10fadl MajauBa.

Cnin mam’saTatv, 10 TUCK OJMBHM B Marictpam O0joky mporpitoro JIB3
noBuHeH Oytu B mexax 400...700 xIla nmpu HOMIHAIBHINA YacTOTI OOEpTaHHS 1 HE
menie 100 kITa npu MiHIManbHIN 4acTOTI 0OEpTaHHS KOJIIHYACTOTO Bally. SIKIo mpu
poOOTI JBUTYHa IIOYMHAE TOPITH JiaMIa CBITJIOBOIO CHUTHAII3aTOpa MAacisHOIO
¢binbTpa, ciij 3aMIHUTH (PUIBTPYIOY] €JIEMEHTH.

He ekcruyatanis ME3 3 nammoro curHaiizaTopa, sika CBITUThCS. [ OpiHHS
JaMIM JOIMYCKaeTbcsa He Ouibine 1 xB. micas mycky asuryHa. [Ipu pob6orti [IB3,
0COOJIMBO B Tepioa OOKATKH, HEOOXITHO KOHTPOJIIOBATH 3a BIJICYTHICTIO CTOPOHHIX
mymiB. [lepen 3ynuakoro ME3 nBuryH moBuHeH mpoTarom 2-3 XB. mpaifoBatu 0e3
HABAHTAXKCHHA TPU CEpeaHIA YacToTi oOepTaHHS KoJiiHyacToro Bamy. Ilicis
3aKiH4YCeHHS nepiony oOkatku JIB3 HEoOX1THO BMKOHATH KOMILUIEKC poOIT B 00Cs3l,
KU nepeadavyaeTbes TEXHIYHUM oO0ciayroByBanHsM ME3.

EdexTuBHicTh TIpOBENEHHS pOOIT 3 PEMOHTY Ta OOKaTKHM, B 3HAYHI Mipi,
3aJIKUTh BiJI OpraHizaiii poOOTH I1HXKEHEPHO-TEXHIYHOI CIyk0a, HasBHUX B
arpapHux 1 IPUEMCTBAX PEMOHTHOI MaKCTepHi, YKOMIIJIEKTOBAHOCTI
npodecitHuMu KaJpaMu, PEMOHTHO-TEXHOJIOTTYHUM o0JiaTHaHHIM Ta
HOPMaTHBHOIO-TEXHIYHOIO JOKYMEHTAIl€xo [3, 4].
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