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CYYACHI ABIALIIMHI TEXHOJIOI'Ti

DESIGN, MAINTENANCE AND DIAGNOSTICS
OF AIRCRAFT AND GAS TURBINE

UDC 628.16:629.063.6(043.2)
Zhdaniuk O.A.
National Aviation University, Kiev

FUEL SYSTEM WATER MANAGEMENT A330/A340 ENHANCEMENTS

Since the entry into service of the A330 and A340 aircraft in the early 90's the
aircraft utilization rate has increased by over 10%, reducing the time available for
maintenance activities. The Maintenance Planning Document for the aircraft has a
minimum interval of weekly for draining the A330/A340 aircraft fuel tanks of settled
water, which can be difficult to achieve in the reduced maintenance time and can lead to
accumulation of water in the tanks causing problems and aircraft delays. Responding to
airline needs for increased aircraft utilization and regular maintenance actions Airbus
has developed solutions, which will help to extend the water drain task interval on
A330/A340 Family aircraft.

Airbus aircraft use a capacitance Fuel Quantity Indication System (FQIS) to
measure the fuel level within the aircraft fuel tanks.The FQIS system is calibrated for
use with jet fuel 'unusable' to full tank capacity. Therefore, when there is water in the
proximity of the probes, the fuel measured capacitance changes. At an aircraft level in
the cockpit, a key symptom of presence of water in fuel is degraded or failed (XXX) fuel
quantity indication.

Airbus has developed solutions to enhance the efficiency of the fuel tank water drain
and scavenge system. The modification for this consists of a new water scavenge pipe
that draws water from the low point of this area.

There are different modifications, such as new water scavenge pipe, collector cell
water scavenge pipe, new water drain remote pickup pipe, water scavenge jet pump,
stand-by pump, etc.

The electrical modification allows normal stand by feed pump operation (when main
pumps fail) or on normal pump selection and any failure, of components introduced the
scavenge cycle without interference of the normal pump control system.

The in-service evaluation showed a reduction of up to 80% of the quantity of water
drained. Therefore, this modification has proven effective and enables escalation of the
water drain task interval.

An additional benefit is that minimizing water content in the aircraft fuel tanks
significantly reduces the risk of microbiological contamination developing within the
tanks and the costly maintenance and grounding activities associated with its removal.

Scientific supervisor — A.l. Bogdanovych, Ph.D, associate professor
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UDC 629.735.046(043.2)
Yefremov A.Y.
National aviation university, Kyiv

NEW SEAT CONFIGURATION FOR AN-158

The considered problem is the fact of the absence of Ukrainian planes in aviation
transportation companies’ fleets. It seems irrational, considering that Ukraine has
opportunities for assembly line production. It is understandable why there are no low-
cost companies from EU that are using Antonov airplanes.

After completing a research, there is the
next statistics. Number of Antonov planes

used by UIA 0, Motorsich— 3 (An-74TK-200, ALTRIMATE
An-140-100, An-24 PB), Dnriproavia — 0, NORMAL

UM Air — 0. Planes, which can perform RORITON. [

passenger transportation flights, are An 140 i T =
& AN 158. Since there is no interest in y e

planes that can take 50 passengers, AN 140
is no further being considered.

AN 158 can take 99 passengers on board
in single class configuration. However, it’s not practical, since passengers that have
transfer flights and have paid for 1st class will have zero interest in flying economy
class. AN 158 can take 76 passengers in double class configuration. However, it is not
competitive with other planes like Boeing 737-300, Boeing 737-500, and Embraer -190.
All of them have at least 105 passenger seats. Not taking into the consideration the
planes’ price, the only priority is to increase the number of passengers to make it more
competitive.

The proposed solution is to replace economy seats by the new type like SkyRider
seats. Because of their construction, they are lighter and require less legroom, which
saves on average about 7 inches per seat. This type of seat decreases the seat pitch from
30 inches on average to 23 inches. Another parameter that will be changed is the seat
height. Nevertheless, it will not cause any effect on overhead baggage bin height. Due to
the decreased length of the seat cushions and shorter armrests, the seat weight is also
reduced. Some may say, that it is not comfortable. However, it has common shape as
saddle. If cowboys can sit for hours on it, passengers can do it for a short-range flight.

According to the calculations, new seat configuration can add up to 3 rows in AN-
178. That is additional 15 seats, which will make 91 passengers in total. As a result, the
price of a single ticket can be reduced by 28.4 %. It can make traveling by air more
affordable.

Often low-cost companies tend to cut the luggage and carry-on weight. By following
this trend, it may help to keep the same fuel weight. These minor changes might help to
initiate the next branch of development in short-range flights for Antonov Airlines.

Scientific supervisor — Maslak T.P., Ph.D., associate professor
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UDC 629.735.046(043.2)
Sabadash K.E.
National aviation university, Kyiv

THE FUTURE OF THE AIRCRAFT CABIN

It’s important to remember that the aircraft cabin is no more than an illusion of solid
structure and volume, creating a sense of security, comfort and isolation from the
elements, at elevations not fit for humans, within what is a surprisingly thin aluminium
or composite shell. The aircraft cabin is not an environment akin to any other spaces on
the ground. A large part of the elements which must go in the cabin are dedicated to
insulation, to controlling cabin pressure, to ensuring the safety of passengers. Every
element of the cabin components put inside the aircraft must comply to stringent regula-
tions governing their properties for fire conduction and corresponding toxic emissions,
as well as meeting dynamic testing requirements to resist sudden movements from
turbulence, or to hold-up well enough in the event of a crash so that passengers can
evacuate.

Many of these regulatory developments are born of lessons-learned from a time
when aircraft crashes (and cabin incidents in flight), were far more common than they
are today. During what many consider the Golden Age of aviation, aircraft structures did
not meet these requirements, and which, to those familiar with the physics and dynamics
behind today’s regulations, seem unconscionable, though they were born out of
ignorance of the risks—with tragic deadly results. Because of these lessons learned
through loss of life, the elements of design in the aircraft cabin have been restricted.

Scientific supervisor — Maslak T.P., Ph. D., associate proffessor
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UDC 621.763:629.73(0432)
Vienko D., Prince Chikezie
National aviation university, Kyiv

VACUUM INFUSION METHOD FOR AVIATION STRUCTURES
MANUFACTURING MADE OF COMPOSITE MATERIALS

Nowadays, vacuum infusion method is the technology, with the most potential of
composite material manufacturing. The main peculiarity of this method is that the
saturation of all the layers of reinforcement material (fiberglass, glass mat etc.), is
carried out without brush handwork. Material in matrix can be divided into reinforcing
and secondary ones. Reinforcing materials compile the future laminate, and determine
its outcoming properties. Secondary materials are necessary just for conduction, of the
process of infusion, and after finishing they are removed from the work-piece.

In infusion set all the materials are placed dry and at once. The number of layer is
determined according to the thickness of the work-piece we want to produce.
Meaning, we need to determine the arrangement of glass fiber layers with respect to
each other, and the rate of their saturation with epoxy resin, and for the determination of
optimal parameters, we conduct some tests. According to the results obtained, we
choose the optimal set of materials, proportions of resin and catalyst, so that it would be
enough binding agent for the whole work-piece saturation. For conduction of the
process, we need: a certain number of reinforcing material layers (f.e. glass fibers);
matrix or binding agent (f.e. epoxy resin); catalyst, which is used in ratio 6/10 to epoxy
resin; chemical separator, used so that the fibers would not adhere to the working plane;
conductive mesh, which allows the matrix to be equally distributed all over the work-
piece area; release fabric, that won’t let the conductive mesh to be adhered to glass
fibers; bagging film, a sealer used to pressurize our work-piece under the bagging film;
vacuum pump, that creates pressure of 1 atm above the bagging film and allows the
epoxy resin flowing. The only disadvantage of the method is necessity of relatively
expensive equipment. Advantages: 1.) vacuum infusion removes air collected in fibers
and between layers in an efficient way, that increases strength of the work-piece; 2.)
method contributes much better distribution of matrix over the layers; 3.) less toxicity;
4.) saving time for details manufacturing; 5.) optimization of the ratio of the reinforcing
material to resin. This allows saving resin and efforts. Photos below show the work-
piece ready for infusion and final composite plate

x § o™ —

Scientific supervisor — V.V. Astanin, professor, Dr.E
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UDC 629.735.036.34:061.5(043.2)
Mohammad Fakhar
National Aviation University, Kiev

COMPARATIVE ANALYSIS OF TURBOFAN ENGINES DESIGNED BY TWO
FAMOUS DESIGN COMPANIES

Each design bureau of aircraft engines has certain traditions of solving design and
technological problems, which are based on the experience accumulated before. In this
report, we propose to compare the design solutions used by the two well-known design
firms in the development of turbofan aircraft engines: (CFM56-3 and IAE VV2500-Al).

CFM International company is a joint venture between French Snecma Moteurs and
American General Electric (GE). The CFM56 engines have been designed to power
short-, medium-, and long-range commercial and military aircraft The engine-airframe
combo 737 entered revenue service in 1984 and quickly became one of the best-selling
ever. While the International Aero Engines company is a consortium backed by five
aero-engine manufacturers, formed in 1983 to produce the engine. The V2500 turbofan
engine were set up to power the 120-180 seat aircraft was launched on January 1st 1984.

CFM56-3 and IAE V2500-Al are twin spool, axial flow, and high bypass ratio
turbofan type engine. The CFM56-3 contains 38 narrow-chord fan blades with a set of
snubbers (clapper) which is a damper used to prevent blade flutter, while The V2500-Al
contains 22 Hollow WCFB (wide chord fan blades) and 22 Annulus Fillers which has
been developed by The Rolls Royce to the V2500 engine family, due to their size, they
are hollow from inside in order to reduce weight, because they have a significantly
lower aspect ratio compared to narrow-chord fan blades. They do not require the extra
support of snubbers, which significantly increases fuel efficiency, an added side benefit
from wide-chord fan blades which is a lower chance of FOD to the core.

Also the CFM56-3 has a single annular combustor while the VV2500-Al has dual
annular combustor and by comparison of these two combustors dual annular combustor
is more efficient in a low operation mode the reason for this efficiency is due to the
capability of using just one part of the combustor.

Due to the comparison between these two turbofan engines the CFM56-3 has a
single stage high pressure turbine while V2500-Al has double stage high pressure
turbine also looking at the blade loading on a single stage HPT (high pressure turbine) is
bigger than that on the double stage HPT. The single stage has a higher peripheral speed
u, while the temperature which drop along the single stage is bigger than the temperature
that drop along the first HPT in a double stage HPT. The main advantage of a single-
stage HPT is reduction of its length almost in 2 times and the number of its parts, as well
as the decrease in the amount of cooling air in comparison with their values in a two-
stage HPT. The main disadvantage of a single-stage HPT is a low value of efficiency, as
well as more severe heat-stressed conditions of its operation compared with the
operation's conditions of a two-stage HPT.

In conclusion between the VV2500-A1 and CFM56-3 the IAE was the first company
which used WCFB and Dual annular combustor first while the CFM international
company introduced these new technologies later on.

Scientific supervisor — Gvozdetskyi I.1., Ph.D, assosiate professor
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UDC 629.7.081(043.2)
Zaharchuk O.V.
National aviation university, Kyiv

CLEANING OF AVIATION TECHNIC DETAILS WITH A DRY ICE

The overall technological process of repair of aviation equipment consists of such
stages as receipt for repair, disassembly, cleaning, inspection, repair, Assembly, testing,
transfer to the customer. This process step provides quality cleaning performance of the
following types of works, search and identification of defects, application of galvanic
and paint coatings, welding.

Common cleaning methods mechanical cleaning methods are inefficient and usually
require further purification others require special equipment that has limitations on the
dimensions of the parts, or cleaned with special chemicals. Therefore there is a need for
implementation of methods devoid of the above disadvantages. This is the method of
dry ice cleaning.

The technology of dry ice cleaning is an innovative method of cleaning without
damaging the surface. The principle of jet spray of dry ice pellets under high pressure.
Dry ice is the solid state of carbon dioxide. COz2 is a colorless gas, without taste and
smell, also contained in the atmosphere. Granules ejected from the nozzle at an initial
pressure of compressed air from 7 to 14 bar with high speed and hit the surface down
contamination.

Cleaning the surface occurs in several stages.

The first stage is Kinetic.

Upon impact the dry ice pellets, which travel at the speed of sound in the
compressed air on the external surfaces is the release of large amounts of kinetic energy
that allows to break down contamination layer on the surface

The second stage — Thermal.

The low temperature of dry ice granules of -79 °C leads to the formation of
microcracks on the surface of the removed layer. This allows the particles of the dry ice
to penetrate inside layer

The third stage of Sublimation.

Dry ice penetrates the layer and instantly evaporates (goes from solid to vapor). As a
result, the volume increases by 700 times, which causes an explosive effect that lifts the
dirt layer from the surface.

Lastly, get a Clean surface.

The equipment for cleaning surfaces with dry ice includes: capacity for storage of
carbon dioxide, equipment for production of dry ice pelletizer, storage container of
granules, a compressor for generating compressed air, the machine cleaning gun nozzle,
connecting hoses for the transport of dry ice and air.

Purification technology of aeronautical engineering parts dry ice is a completely dry
process because dry ice pellets consist of CO2 and vaporize immediately upon contact
with the surface that is cleaned without producing waste, with the exception of
themselves of contaminants. This also eliminates the corrosion of metal, because the
surface does not come into contact with water and detergents.

Scientific supervisor — V.V. Tokaruk, assistant
8
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UDC 629.735.027.2-592.027(043.2)
Oleksii Kodatskyi, Andriy Koba
National aviation university, Kyiv

PARTICULAR FEATURES OF ASSEMBLING AND DISASSEMBLING OF
AIRCRAFT BRAKING SYSTEM

Wheel brakes are normally used to slow the aircraft down during landing, roll on the
runway and to aid in directional control during ground handling operations as taxiing,
steering and parking.

The large amount of heat generated while slowing the rotation of the wheels on large
and high performance aircraft is problematic. Segmented rotor-disc brakes are multiple-
disc brakes. Most feature numerous elements that aid in the control and dissipation of
heat. Segmented rotor-disc brakes are heavy-duty brakes especially adapted for use with
the high pressure hydraulic systems of power brake systems. Braking is accomplished
by means of several sets of stationary, high friction type brake linings that make contact
with rotating segments. The rotors are constructed with slots or in sections with space
between them, which helps dissipate heat and give the brake its name. Segmented rotor
multiple-disc brakes are the standard brake used on high performance and air carrier
aircraft.

The brake assembly consists of a carrier, a piston and piston cup seal, a pressure
plate, an auxiliary stator plate, rotor segments, stator plates, automatic adjusters, and a
backing plate.

The carrier assembly, or brake housing with torque tube, is the basic unit of the
segmented rotor brake. It is the part that attaches to the landing gear shock strut flange
upon which the other components of the brake are assembled. On some brakes, two
grooves or cylinders are machined into the carrier to receive the piston cups and pistons.
Most segmented rotor-disc brakes have numerous individual cylinders machined into the
brake housing into which fit the same number of actuating pistons. Often, these
cylinders are supplied by two different hydraulic sources, alternating every other
cylinder from a single source. If one source fails, the brake still operates sufficiently on
the other. External fittings in the carrier or brake housing admit the hydraulic fluid. A
bleed port can also be found. A pressure plate is a flat, circular, high-strength steel, non-
rotating plate notched on the inside circumference to fit over the stator drive sleeves or
torque tube spines. The brake actuating pistons contact the pressure plate. The pressure
plate transfers the motion of the pistons to the stack of rotors and stators that compress
to slow the rotation of the wheels.

Stators are flat plates notched on the internal circumference to be held stationary by
the torque tube spines. They have wearable brake lining material riveted or adhered to
each side to make contact with adjacent rotors. The liner is typically constructed of
numerous isolated blocks.

Rotors are slit or segmented discs that have notches or tangs in the external
circumference that key to the rotating wheel. Slots or spaces between sections of the
rotor create segments that allow heat to dissipate faster than it would if the rotor was
solid. They also allow for expansion and prevent warping.

Scientific supervisor — 4.V. Rugain, Ph.D, associate professor
9
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UDC 621.438
Lohinov A.A.
National aviation university, Kyiv

THERMODYNAMIC ANALYSIS OF A COMBINED CYCLE POWER PLANT

Nowadays with developing of power plants in leading countries, given much
attention to modernization of simple power plants structure to receive higher efficiency.
The simple and complex thermodynamics schemes using gas turbine engines (GTE) as
power generators exist. A simple thermodynamic scheme of the gas turbine includes an
air compressor; the combustion chamber; multi-stage gas turbine; the electric generator.
The introduction of combined cycle technology for thermal power plants is a perspective
direction of modernization of existing ones. Combined cycle plant with a heat recovery
boiler is the most promising. It is simple to use and has high efficiency of electrical
energy production. In this report, thermodynamic analysis for the combined cycle plant
presents. The results show that increase in the condenser pressure is lead to gradual
decrease in the efficiencies and heat transfer of the plant as well as increase the heat
rejection of condenser. An increase in the reference environment temperature results in
considerable increase in the efficiency of the power plant. It is observed that the plant
should be operated in full capacity in order to increase its power output, thus reducing
the rate of heat loss and energy consumption in the plant. Analysis of a combined cycle
power plant (Analys was performed for gas turbine SIEMENS SGT-800) must contain
the following steps: thermodynamic analysis of system, combined-cycle analysis and
exergy analysis. Parameters required for the thermodynamic analysis of systems is the
output parameters of the gas turbine were input in a steam cycle calculation process. Gas
turbine efficiency, exhaust gas mass flow and temperature and gas turbine power output
were combined with appropriate steam data. The enthalpy, entropy, and exergy has been
determined at each state point using mass and energy balances. The parameter
commonly used to assess the performance of a combined cycle plant is the power — heat
ratio (thermal efficiency) that is defined as the ratio of network output to the total heat
input of the fuel. The simple energy balance is not sometimes sufficient to find out the
Q system defects. In this case the exergy analysis is

useful to locate the systems imperfections. Exergy is

composed of two parts: the physical exergy and the

chemical exergy, it is assumed that the exergy due to

e... Kinetic energy and potential energy are negligible.

Exergy is defined as the maximum theoretical useful

work that can be obtained as a system interacts with

an equilibrium state. The exergy flow of the working

T fluid is determined by the maximum useful work

that can be obtained with a reversible transition of

the working fluid in a state of thermodynamic equilibrium with the environment. Plot

above shows the effect os stack temperatures on the heat rejection into enviroments on
the HRSG exergy destruction.

Exergy destruction in HRSG

Scientific supervisor — L.G.Volianska, Ph.D, professor
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UDC 629.735.045(043.2)
Mazur M.D.
National Aviation University, Kyiv

FUNDUMENTAL CONSTRUCTIVE SOLUTIONS OF BAGGAGE-TYPE
EQUIPMENT FOR LOADING A STRETCHER PERSON ON AIRPLANES,
NOT EQUIPED BY LOADING RAMP (TYPE AN-148/158)

Nowadays the lack of flying hospitals, that could provide a high range of area
covering are one of the main problems for Ukraine Army. The best variant for this
purpose is Antonov An-148 equipped with medical and resuscitator equipment. Taking
into account experience of such airplane applying in the State Emergency Service of
Russia the key problem is lying in onboard loading of a stretcher person. An-148 is not
equipped with a rear cargo ramp and loading could be realized only through aft service
door. Manual loading of the stretcher person is a complicated process, as the floor level
is situated high.

It is obvious that to solve this problem it
necessary to install the low mass and high
strength device. In this work, general
approaches for such lifting device design are
described.

It is a telescopic crane which will provide
the path of stretcher person onboard. After
some iterations and design analyzes it was

considered to make a rotational crane, which /\ .

will hide in the upper part of the transport _______.:.L

cabin and don't obstruct the pathway for

onboard personal and crew. Fig 1. General sketch

The model of loading device was made in
CAD CATIA (fig.1). Initial stress distribution analyzes (fig.2) for crane beam shows
validity of proposed design.
Von Mises stress (nodal values).1
N_m2
4,66e+007
I 4,2e+007
3.73e+007
3.27e+007
2,8e+007
2,33e+007

I 1.87e+007
1.4e+007
9,36e+006

I 4,69e+006

3,37e+004§/

Fig.2. Stress distribution for crane beam

Scientific supervisor — S.S. Yutskevych, Ph.D., associate professor
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UDC 621.452.3(643.2)
Makarenko S.V.
National aviation university, Kiev

DIAGNOSTICS AND REPAIR OF COMPRESSOR TV3-117

One of the most important tasks of improving the aircraft engine is to increase the
reliability and service life.

The reliability of gas turbine engines is heavily dependent on the reliability of the
compressor and turbine blades, as they are the most loaded parts. The blades are
exposed static, dynamic and cyclic loads, moreover, the turbine blades experience a
cyclic thermal stress, they work in corrosive gas environment at a high temperature and
subjected to gas corrosion. GTE blades have complex spatial geometry and are made
from hard-deformable materials: heat-resistant, titanium and aluminum alloys. These
increased requirements, such as on a metal structure, its chemical composition,
mechanical properties, geometric dimensions, with the exception of defects.

TV3-117 Engine is one of the best in the world economy in its class, it has been
achieved high efficiency units (compressor - 86%, the compressor turbine - 91%, free
turbine - 94%). It has been successfully operated in the sea, arctic and tropical climates.

In this paper we propose a method to improve the quality of repair of blades, GTE
TV3-117, on the basis of special powder-composite technology, which is based on the
composition of the main features and principles of synthesis of combined (hybrid),
macro-, micro- and nanotechnology, functional and technology orientation. These
powder-metalurgy include a new class of organizational and technological forms of
technology. On the basis of these technologies provides a qualitatively new set of
properties of products. As will be discussed methods of repair and restoration of the
blades, the blades classification, developed a progressive process of restoration and
repair of blades and designed device for applying a vacuum ion-plasma coating.

In this paper, an analysis of the current state of the issue, repair and restoration of
the blades of the gas turbine engine TV3-117. The existing methods of repair and
restoration of GTE blades, examined the features of the design and GTE TV3-117, as
analyzed kinds of damage to the compressor blades and turbine blades.

There are many technologies of regenerative repair of turbine engine blades, which
have their advantages and disadvantages. But science is developing, so you need to
apply more advanced technologies that will reduce the cost and increase the reliability,
durability and wear resistance of gas turbine engine blades. These technologies are
powder-composite technologies, which are based on the powder- composition of the
main features and principles of synthesis of composite and functionally-oriented
technologies.

Scientific supervisor — O.E.Yakobchuk
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UDC 621.438
Mutayyab A.
National Aviation University, Kyiv

EMISSIONS IN AIRCRAFT ENGINE AND NEW TECHNOLOGY TO REDUCE
EMISSION

Emissions from aircraft originate from fuel burned in aircraft engines. The emissions
will be dependent upon type of fuel, aircraft engine, engine load and flying altitude. The
emission factors produced in overall flying phases specifically GTE (gas turbine engine)
are COz, NOx, SOx, etc. CO2 emission factors per fuel basis are well determined in
terms of aviation fuel and has a well-defined quality. NOx and SOx are highly uncertain.
Amount of CO2 produced by air aircraft is creating: 2C,H, +250, —16CO, +18H,0 .
This equation shows that CO2 will be proportional to the fuel use. According to the

source of IPCC guide lines about the default fuel use and emission factors for some
aircraft types for LTO (landing/takeoff) cycle. KG/LTO.

Aircraft type CO2 CHs4 | N2O | SO2 | Fuel
A 320 (CFM56-5B) 2560 | 0,04 | 01 0,7 | 810
B 727 (JT8D-1) 4455 0,3 0,1 14 1410
DC-9 (JT8D-5) 2780 |08 |01 0,9 | 880
B737-400 (CFM56-3C1) 2625 | 0,08 |01 0,8 | 830
Concorde ( Rolls-Royce/Snecma Olympus 593) | 20290 | 10,7 | 0,6 6,4 6420

While emissions are considered PM (particulate matter) emissions from aircraft
engines are of major environmental concern as well because of their impact on global
climate change.PM emitted from GTE can be classified into Volatile and Non-
volatile.The PM emissions generated by aircraft engines are Nano-particles ranging size
from (5 nm —100 nm) and contains a variety of toxic air pollutants, carbonaceous in
nature. Measurement methodology of PM from aircraft can be done FOA (first order
approximation) which measures PM mass and estimates volatile and non-volatile PM.
These methods are: FOA v1.0 ,FOA v2.0 ,FOA v3.0.

FOA v1.0: To measure non-volatile PM. Here the fuel flow (FF) data and Smoke
number (SN) can be obtained from ICAO data bank: EI (mg/Kg) = 0.6(SN)>&*(FF).

FOA v2.0: To measure Volatile PM: EI (mg/Kg) = 2.4(SN)*8*(FF).

FOA v3.0: It was developed to include all components: Eltotal = Elvols + Elnvols.

Since the emission produced by the jet fuels is playing a vital role in green house
effect. For aircraft emission reduction new technologies are being introduced in which
one of the most effective and nature friendly is bio fuel. Because biofuel is produced
through contemporary biological processes (biomass) which means it’s derived directly
from plants or indirectly from agriculture, commercial, domestic or industrial wastes.
According to NASA’s testing bio fuel can cut soot emissions at least 50 percent. They
said this fuel could cut greenhouse gas emissions up to 80 percent compare to traditional
jet fuel. A good example for this purpose can be taken from Alaska airlines. They flew
up to 75 commercial flights using bio fuel from cooking oil in 2011 and aims to use
biofuel blend on all flights at least on one airport by 2020.

Scientific supervisor — A. Andriets, PhD, associated professor
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UDK 629.7.014-519(043.2)
Obodovsky I.1.
National Aviation University, Kiev

THE PROJECT OF MINI WIND TONNEL FOR MICRO-DRONE
BLOWDOWN

The quick development of drones during past 3 years revealed a problem of absence
of any aerodynamic research during the process of mini-drones development. The
developers of drones are in most cases avionics specialists, not familiar with
aerodynamics. This leads to failure of mini-drones during operation even in zero-wind
air. The drones face usual problem of entering critical angles of attack when being
trapped by even calmest wind gusts. Also, non-skilled drone operators may not gently
control their machines, which leades to entering critical angle of attack, too.

The solution of the problem is the mini wind tonnel UTAD-AKC-1. It is closed-type
subsonic windtonnel, designed on basis of electric cooler of 30W power. The cooler
performs 2250 rpm and provides the relative wind up to 5 m/s.

The tube itself is made from simple poly-vinyl-chlorite water pipes of standard
diameter 110 mm, joined by means of Glue Ne88 and pressurized by means of silicone
sealing component. The electric cooler is mounted on metal frame, that is attached to a
wooden pedestal. It is powered from simple 220V home outlet. The diameter of the fan
of the cooler is 130 mm, therefore the nozzle for accelerating the airflow also joins the
cooler to the pipe. The nozzle is made from cardboard, reinforced by paper-mache using
Glue Ne88. The wind tonnel has open type working part with honeycomb made from
cocktail straws. The drone is mounted on the frame of the working part by means of
two struts, rigidly attached to its port and starboard sides. The working part is also
equipped with hoist that allows to change the angle of attack of the model (drone) when
being attached to the aft holding strut of the model. Also, the elements of working part
frame may be moved simultaneously of differentially in order to either fit the different
locations of holding struts, or to imitate yawing of the model.

b)
UTAD-AKC-1 a) General view; b) Top view scheme:
1 - Pedestal; 2 - Wooden holders; 3 - Electric cooler; 4 - Honeycomb; 5 - Hoist; 6 -
Model; 7 - Model holders.

Scientific Supervisor — S.S. Yutskevich, Ph.D, associate professor
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UDC 629.735.073.001.76(043.2)
Petrenko O.1.
National Aviation University, Kyiv

INVESTIGATION OF FLIGHTS ON AIRBUS CORPORATE
JETLINER

An Airbus Corporate Jetliner (ACJ) is now flying regularly to and from in
Antarctica, transporting scientists more quickly and in greater comfort than by ship. The
flight are the first to the Antarctica by any airliner, the first landings on ice by any
Airbus aircraft, and mean that the Airbus ACJ Family is now lying on every continent,
highlighting the versatility of the family. Captain Garry Studd explains operation of the
aircraft in Antarctica. It is approaching midnight in Australia and Captain Garry Studd is
preparing to fly a group of research scientists in Skytraders’ Airbus Corporate Jetliner to
Antarctica.Landing at night when the temperatures are lower means that the ice runway
will have a better surface coefficient of friction. There are about 2,500 feet of ice
underneath the runway.

So, what’s like taking an Airbus aircraft to Antarctica and landing on an ice-
runway? ‘Blue-ice’ simply means a runway surface that is kept clear of snow by the
wind, and a 30 knots wind is typically what you get. We can restrict the centre-of-
gravity when landing on ice to keep a better distribution of weight on all three landing
gear to optimize the bearing strength of the ice.

One of the big challenges of regular Antarctic flights is the risk of an aircraft
becoming unserviceable on the ground. Skytraders works to minimize the risk by
keeping the aircraft well maintained and only commiting to landings when everything is
in good working order. ‘We wiil only land if there is less than 5 knots of cross-wind, we
have ‘primary’” GPS navigation and if the runway friction coefficient is 0.2 of better. We
fly a fully managed approach and will typically use medium autobrake for landing’,
adds Captain Studd. ‘After landing, we leave the slats and flaps in the ‘1+F’
configuration, which allows easier detection of any trapped ice and snow and is also the
setting that we will use for take-off. When it is time to leave, we do a wing anti-ice
check, then we start the engines and it is back to Australia’.

Antarctica, once of the preserve of polar explorers, is now regularly accessible to
scientists through regular flights by the Airbus ACJ. The flights are made in an
environmentally responsible way, with careful preparation and operation helping to
ensure safety in challenging surroundings. The Airbus ACJ’s ability to handle a wide
range of climatic conditions means that it takes these demanding operations in it’s stride,
highlighting once again the versatility and operational flexibility of the modern Airbus
family.

Scientific supervisor — A.l.Bogdanovych, Ph.D, associated professor
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UDC 621.438
Prytskyi V.L., Dulepov A.A., Melchenko A.O.
National aviation university, Kyiv

IMPROVING THE EFFICIENCY OF ENERGY TECHNOLOGICAL SCHEMES

The gas turbine is the most versatile item of turbomachinery today. It can be used in
several different modes in critical industries such as power generation, oil and gas,
process plants, aviation, as well domestic and smaller related industries. The increase of
fuel prices becomes important, and in many cases, the main reason for the
modernization of the power plants. Application of combined gas-steam cycle is
effective method to increase the efficiency and power in energy industry, because of
using advantage of steam cycle which works with low finally temperatures of working
fluid and gas cycle wich works with high values of initial temperature of working fluid.

The advantages of converting a plant into a combined cycle unit by adding a topping
cycle are: 1. Increase in total plant output, upto 25%; 2. Increase in efficiency, by 5%; 3.
Fuel saving (15-20%); 4. Low investment cost for generating power compared to
conventional units; 5. Low NOx emission.

Ways to increase the efficiency of individual

cycles were analyzed: for the gas turbine cycle it
Q_T is increase the gas temperature before the gas
turbine and the temperature decrease behind it, as
well as reduced cooling air flow. The temperature
u S of the exhaust gases from the gas turbine allows

to obtain a steam temperature before the steam-
turbine plant to 600 °C. Research in the
development of the gas turbine with the
temperature of the gases before the gas turbine of
1700 °C has been begun, this will allow to
The Joule cycle with external firing combined aChieVe efﬁCienCieS Of abOVe 45 % and to

with the Rankine cycle increase a temperature of exhaust gas going to the

HRSG to 650-700 °C.

The most simple and effective way to increase the performance, capacity and
efficiency of gas turbines is the injection of water into the flow path of the engine
(STeam Injection Gas turbine). GP NPKG "ZORYa" - "MAShPROEKT" has experience
in the production of combined cycle plants used for ship propulsion, which developed a
unique combined unit "Bomouneii" with the regeneration water for the steam injection
into the combustion chamber of a gas turbine engine. Addition of water to a fuel-air
mixture increases the heat capacity of the overall mixture. Therefore the overall
temperature level is reduced significantly when using the same amount of fuel.

In the coming decades, the technical process in the power engineering will be
associated with combined-cycle technology. The world annual input of combined-cycle
plants in the period 2000-2010 amounted to 25 GW (35%), almost two times higher than
in the previous decade.The application of the combined steam and gas cycle is
mandatory in enterprises today.

Natural gas
(optional)

Fuel

Scientific supervisor — L.G.Volianska, Ph.D, professor
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UDC 629.735.064.3(076.5)
Reznichenko A.M., Rzhepetska O.G.
National aviation university, Kyiv

HYDRODYNAMIC FORCE IN HYDRAULIC PRESSURE REGULATORS

The main requirement applicable to safety valves as pressure regulators is the
accuracy of operation in static and dynamic modes. Ideally, the pressure should never go
beyond the horizontal plane A (Draw L.1), the intersection of which with the coordinate
planes POQ and POT defines static (flow) and dynamic (temporal) performances of the
safety valve. The degree of approximation of valve objective parameters to ideal is
specified by the accuracy of its operation.

In static (steady-state) mode the major problem is caused by the mathematical
description of a zone that borders close on the throttling gap. In this point the potential
energy of hydraulic pressure is almost completely converted into Kinetic, that is
accompanied by set of effects (hydraulic pressure head, jet contraction, cavitation and
others), accurate measurement of which is complicated because of insufficient
information.

So according to most of projects, devoted to the full-scale investigation of safety
valves or acceded to them (for example distributor study, throttle study and others)
basically are dealt with following questions:

1)  theoretical and experimental determination of the velocity factor, jet
contraction and discharge coefficient (or drag coefficient) in the process of throttling the
liquid;

2)  determination of flow-deviation angle in the process of liquid outflow through
the valve orifice;

3) interaction of valve movable elements with liquid ( hydraulic force
calculation) ;

4)  cavitation in the valve , its cause and remedy;

5)  the action of temperature of working fluid on valve performances;

6) comparative evaluation of variable construction designs of the safety and
overflow valves , their installation methods in hydraulic systems;

7)  tightness of safety valves and absence of pressure hysteresis.

Draw.LL Schematic of direct operated safety valve @
1.2 = valve ideal parameters;
17, 2" - valve objective parameters .

Scientific supervisor — V.S. But ko, Ph.D, associate professor
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UDC 629.735.054.3-33
Fadin A.O.
National aviation university, Kyiv

THE METHODOLOGY OF EXPERIMENTAL RESEARCH OF WAVE
VELOCITY PROPAGATION PROCESS

Determination of the wave processes velocity both in long pipelines and certain
segments is carried out at the special experimental installations. Principal hydraulic
scheme and the system of installation measurement are given at the picture.

The experiment was carried out in
the following way. At the presence of
fluid flow in the installation with fixed
pressure at the entrance and some
position of electromagnetic tap 4 with
corresponding throttle (5a or 5b) the
required pressure Po was set up at the
measuring segment 3. By switching the
tap 4 to another throttle and by its
regulation, the pressure Po' at the

& s

s

A

24

F8M

measuring segment was set.

Due to the fact, that oscilloscope SV-12 is a storage with a single array, about 25-30
measurements carried out in turn by each of sensors 9. It should be noticed that fronts on
the figure correspond to the sensors of different polarity.

Under the certain connection, curves 1 and 2 become almost equidistant and with
measured distance between them, at the zoomed picture, and known velocity of
horizontal profile of oscilloscope's array, delay time of front propagation t on the
distance L can be determined. Wave velocity can be found as

L
" kL
where: L — distance on the oscilloscope figure in millimeters; k — proportion coefficient.

As a result of measurements and calculation according to the formula, the velocity
of wave propagation was estimated under certain geometrical characteristics of long
hydroline and also under variation of pressure at measured segments; its distance from
the stream element and the beginning of pipeline were determined as well.

Scientific supervisor — V.S. Butko, Ph.D, associate professor
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IIPOEKTYBAHHA, TEXHIYHE OBC/IYTOBYBAHHA 1 IIATHOCTHKA
ABIAIITHHOI TEXHIKH I TA30TYPFTHHHX YCTAHOBOK

VK 681.32: 007.52(043.2)
Canamu O.A.
Hayuonanvnvii asuayuonnwiii ynusepcumem, Kuee

CIIOCOBb MAPAMETPUYECKOI'O JMAITHOCTHPOBAHUSA
I'A30TYPBUHHOI'O IBUT'ATEJIA

[Ipu skcmmyatanuu razotypounnsix asurareneil (I'T) Gompmioe 3HaueHHE UMEET
TIOCTOSIHHBIA KOHTpOJNb TexHudeckoro cocrosiHust (TC) ero arperatoB ¢ Ienbro
BBIIBJIICHHSI HEOOXOMMMOCTH INPOBENCHUS HX TexHH4Yeckoro obcmyxusanus (TO),
pemonTta miu 3amensl. B npouecce skcrryatanuu TC I'T/] moCTOSIHHO OTCIIEKUBATHCS C
LIETBI0 CBOCBPEMEHHOTO BEIIBICHHS Je(EKTOB HA MX PaHHEH CTaiuM pa3BUTHS. DTO
JlaeT BO3MOKHOCTh HM30€XKaTh MOSBIECHHS OCOOBIX CUTyal[Mii B IIOJIETE, CBS3aHHBIX C
orkaszamu arperaros I'TT [1].

Croco® mapameTpuyeckoil AmarHocTHpoBaHHA Kommpeccopa ['TJ] BxmodaeT
onpezneneHne 0a30BOT0 M TEKYIETO IapaMeTpOB IHATHOCTHPOBAHMS, CPaBHEHUE HX
JIpyr ¢ APYroM, Ha OCHOBE KOTOPOro MOXKHO cyautb o TC xommpeccopa. B xagectBe
06a30BOTO M TEKYIIEro MapaMeTpoB AUArHOCTHPOBAHUS MCHONB3YIOTCS aanabaTuuecKuit
KITJ xommpecopa. B mporecce pabGoThl koMIpeccopa B 3aBUCHMOCTH OT YacTOTHI
BpAILIEHNs] POTOPa KOMIIPECcopa BEICOKOTO IABJICHUS U TEMIIEPATyphl BO34yXa Ha BXOJE
B JIBHUTaTedb (OPMUPYIOT 3HAUYEHHWE IIPUBEICHHONH YACTOTHI BpAIICHUs pOTOpa
KOMIIpeccopa, o KOTOpoil GopMHUPYIOT 3HaueHHe 6a30BOro KO3 HIHEHTa MTOIE3HOTO
JIeHCTBUA KOMIIpECCOpa, IMpHUYEM 3aJaloT JiBa YpoBHS 3HaueHui cHwkeHus KIIJ]
KOMIIpeccopa, ¢ KaXIBIM M3 KOTOPBIX CYMMHPYIOT 3HadeHume OazoBoro KII/I.
[onmy4eHHBIE CUTHAIIBI KQKOTO YPOBHS CPAaBHHUBAIOT ¢ CHUrHaJoOM (aktuaeckoro KITJ] i
0 pe3yJIbTaTaM CPaBHEHUsS CY/ST O COCTOSIHHH KOMIIPeccopa.

B nportecce akcruryaranuu ['T/] Mo koMrmiekcy n3MepsieMbIX JaTYUKaMH apaMeTpoB
omnpefiensercss  TeKyliee 3HaueHwe —ajuabarmdeckoro KITJI  xommpeccopa (1)
BrlurciieHne mpoM3BOAUTCS M0 CIEAYIOLIeH cTeneHHo QpyHKuuu [2]:

i=k
Y= COH X )
1
riae Co — MOCTOSIHHBIH KoddduimeHT,
Ci — mokasarenb CTereHu i-ro aprymenra, i = 1...k,

X — mapamMeTp OJHOTO M3 JaTIHKOB,

[MapamnensHo (GOpMUPYIOT CHUTHAlI TIPUBEICHHON YacTOTHI BpalleHHWs poTopa
KOMIIpeccopa BBICOKOTO HaBieHHs (Nup). PopMupoBaHHE OCYMIECTBISIETCS HA OCHOBE
CHTHAJIOB HAaTYUKOB N U Tsx TT0 3aBHCHMOCTSM, IIPE/ICTABICHHX B padore [1].

CdopmupoBaHHbIii curHai (Nmp) MOCTYHaeT B CICAYIOLIHH ONOK, TAE C y4eTOM
3anokeHHbIXx B Hero 3nHaueHmit KIIJ] dopmupyercs 06a3oBoe 3HaueHHe Meas B
3aBHCHMOCTH OT Nmp: Neas=f(Nmp). ChopMupoBaHHbIi CHIHAI (T6a3) TOCTYNAET HA BTOPBIC
BXOJIbl CyMMAaTOpPOB, Ha IEPBbIE BXOJbI KOTOPBIX MOCTYMAIOT 3apaHee PacCYMTAHHbBIC
3aJaHHble 3Ha4YeHus AomycTuMbix oTkiIoHeHuit KIIJ[ (Aniu Anz) mepBoro u BTOpPOro
3a/laHHbIX ypoBHeH cHmkenus KIT.
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B mponecce okcmryaTanuu KoMIpeccopa M3-3a  HAKOIUICHHS IOBPEXKACHHH
KOHCTPYKIIMH, BEI3BAaHHBIX M3HOCOM IIPH BBIpabOTKE pecypca WM AeHCTBHEM BHEIITHHX
(axTOpOB, HarmpuMep BO3HHUKHOBEHHWEM 3a00WH WM pa3pylleHHEeM pabodMX JIONaToOK
CTYIEHU KOMIIpeccopa H3-3a IOIaJaHus IOCTOPOHHUX mpeaMeToB B TpakT [T/,
Tekyuiee 3HayeHue agunadarudeckoro KIIJ{ oTknonsercst or 6a30BOro 3Ha4ECHUs.

B mpennokeHHoMm crocobe KOHTponupyeTcs nBa ypoBHS cHmkeHus KII,
BbIIaBacMbIe ¢ OJI0KOB Ha cyMMaropbl. CyMMHpPOBaHHbBIE 3HAYCHHUS (Moas=-AN1, Moas-AN2),
XapaKkTepHU3yIollNe CTeNeHb OTKIOHeHHe Tekymiero mapamerpa KIIJ[ ot momyctumoro,
MOCTYIAOT COOTBETCTBEHHO HA IEpPBBIC BXOJBI JIEMEHTOB CPABHEHMs, HAa BTOPBIC
BXOJIBI KOTOPBIX IOCTYNAIOT CHTHANEI (1)), XapakTepu3sytomue Tekyniee 3HadeHne KI1/]
Kommpeccopa. B cimydae, ecnm  TNew-Ani>ng, HUHULUMUPYETCS PETUCTPUPYIOIEE
ycTpoiicTBo 1, a B cilydae, €ClIM TMeas-ATN2>Ng - HHHUIHHPYETCA PETHCTPUPYIOLIEe
YCTPOWCTBO 2.

Perucrpupyrone ycrpoiicta 1 1 2 MOTYT OBITH BHIIIOTHEHBI PA3IMYHBIM 00Pa3oM,
HaIlpUMep B BU/IE CBETOBBIX W/MIIH 3BYKOBBIX CHTHAIBHBIX YCTPOWCTB MM B BUAE TabIO.

Takum 00pa3om, Mpu OCYIIECTBICHUH CIIOCO0a OJHOBPEMEHHO KOHTPOIUPYIOTCS
nBa ypoBHs camkenust KITJ] Hibke 6a30B0ii XapaKTEpUCTUKH.

Ilpu cHmwkennn KIIJI Hmwke mnepBoro ypoBHS (QOpPMHUpPYETCS COOOMICHUE O
HE0OXOIUMOCTH IpoBeZieHuss ocMoTpa u/mmim TO kommpeccopa (Hampumep, IPOMBITh
IIPOTOYHYIO YaCTh KOMIIPECCOPA).

IIpu camwxennn KIIJl Hmke BTOpOro 3aJaHHOTO YpOBHS (hOpMHpYETCs KOMaHIA O
HEOOXOJMMOCTH TpEKpalleHHs 3KcIulyatannd W HampasieHud [T/ B peMoHT s
3aMEHBI MOyl KOMIIPECCOpa.

Hcnonp3oBanne crmocoba MO3BOMSIET TOBBICHTE TOYHOCTh JAMATHOCTHPOBAHHS
komnpeccopa I'TJ[ 3a cuer HCHONB30BAHUSA MpPHU ONPEACIEHUH €ro COCTOSHUS
KOMITJIGKCHOTO MapameTtpa — aauabaruueckoro KIIJ[, a Takxke 00ecneynTh BBIABICHUE
nedeKToB Ha paHHEH CTaJNH MX BOSHUKHOBEHUSL.

JlutepaTtypa

1. AxmenssiHoB A.M., lyopaBckuit H.I'., TynakoB A.Il. [lnarHoctika cocTOSHHS
BP/] o repmorazoauHaMudeckuM napamerpam. — M.: Mammnoctpoenue, 1983. —206 c.
2. www.findpatent.ru/244/2446386.html.

Hayunwiii pyxogooumens — E.IO. Egcroxos, cm. npenoo.
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VK 681.32: 007.52(043.2)
Hamyk O.B.
Kpusopizvkuii konedowc HAY, Kpusuii Pie

JATATHOCTYBAHHSI CKJIATHOI'O IMHAMIYHOTI'O OB’€KTY 3
BUKOPUCTAHHSAM IITYYHUX HEUPOHHUX MEPEX

3aBnaHHS MIarHOCTYBaHHSA, II0 BUKOPHCTOBYIOTH METOIM PO3Mi3HaBaHHS 00OpasiB,
MOXYyTh OyTH (OpMabHO BHU3HAYEHI SIK BiMOOpaXKeHHsS 3 MPOCTOPY CHOCTEPEIKECHb B
MIPOCTip PillIeHb, 0 IPEICTABIsIE€ COO0I0 3aBIaHHs KiIacu}ikallii criocTepekeHb.

Haii6inpI ckimagHIM IpH CTBOPEHHI CHCTEMH BU3HAYEHHS KJIacy TEXHIYHOTO CTaHy
(TC) typbopeaxtusHOro ABoKoHTypHOTO ABUryHa (TP/I/1) € oTpumanHs (hopMyBaHHS)
MacHUBIB JaHHX, SKi O OXOILTIOBaIM BCi a0o, Xoua O, oCHOBHI MoOimBi Kiacu TC
nsuryHa. [Ipu npoMy Uit Toro, mo6 cucTeMa Maja HeoOXiJHHH piBeHb y3aranbHEeHHS,
HEOOXiTHO MaTH AJIsl KOKHOTO po3ristHyToro kinacy TC, mo HaliMeHI, KijlbKa JECSTKIB
3aIHUCIB, SKI OXOILIIOBAIA BECh Mialla30H 3MIHHM JIarHOCTHYHMX O3HAK, SIKi MOXJIHMBI B
KOXKHOMY po3risiHyTomy kiaci TC.

Otpumarty Taky iHQOpMAIio B eKCIUTyaTamii MPaKTUIHO HEMOXIHBO. CKIagHICTh
MOJIATaE B TOMY, IO aBialliifHa TeXHiKa i, B IepIly 4epry, aBiamiiiHi IBUT'YHHU HIKOJH He
EKCILTyaTyIOThCS 3a CTPATETIEI0 «JI0 BIAMOBHY. €ANHAM BHPILICHHSM I[bOTO NUTAHHS €
BHUKOPHCTAHHSI METOJIB MaTeMaTHYHOTO MOJEJIOBAHHS Ui OTPHMAaHHS HEJOCTAaTHBOT
indopmarii. Jns BupilleHHS 3aBIaHHS MiATOTOBKHM JaHWX JUIsl HAaBYaHHS HEHPOHHOI
mepexxi (HM) 1 kmacudikaTopiB METOIIB po3Mi3HABaHHSA 00pa3iB BUKOPHCTOBYETHCS
mateMatnydi mMoneni (MM) TP/I. Moaens [03BOJIsIE BUPILIYBATH OPSAMY 1 3BOPOTHY
3aJa4i po3paxyHKy mporecy GyHKIIOHyBaHHS JBUTYHA.

[Ipsima 3amaya mossirae B TOMY, OI00 Ha OCHOBI BiIOMHX 3HaY€Hb KOMITOHEHTIB
BEKTOpa TMapaMeTpiB CTaHy 1 BEKTOpa PEXHMHHX IMapaMeTpiB, BU3HAYUTH 3HAYCHHS
KOMIIOHEHTIB BEKTOpa MapaMeTpiB poOoYoro mporiecy. 3BOpOTHa 3ajxada (3aBIaHHS
ineHTHdiKamii) monsrae y BH3HAYCHHI KOMIIOHCHTIB BEKTOpa MapaMeTpiB CTaHy, Ha
OCHOBI BEKTOpa PEKHUMHHUX MNapaMeTpiB 1 BIIOMHX 3Ha4eHb KOMIIOHEHTIB BEKTOpa
mapameTpiB  pobouoro mporecy. Jlo 06a30BuUX TNpHIMAaEMO MPUNHATI CTaHAAPTHI
aTMocdepHi yMOBH, K 0a3oBuil pexum podotu ['T/] — 3mitHuit. Koxen kmac TC B
HaBuanbHiii BUOipui (HB) mpencraBmsemo N = 20 Toukamu. MaremarindHa
(TepMorazoauHaMiua) MOJAENTH IBUTYHA XapaKTepU3yIOTHCS JOCHTH BEIHKOIO KiJIBKICTIO
03HaK, 10 MAIOTh Pi3HY (K MPaBUIIO, BITHOCHO HU3KY) iHpopMaTuBHicTs [1, 2].

Jo Toro > O3HaKM TMOB'A3aHi 3 MPOTHO30BAaHUM HOMEPOM Kiacy (CTaHy)
HENHIMHUME  3B'sI3KaMH, a MDK CcO0OK Jiesiki 3 HHX CHIBHO KOPEIOITh
(Mysprikopemsnist). ToMy HacTymHHMM 3aBAAHHSAIM € OIHKa X iHpOPMAaTHUBHOCTI Ta
BifI0ip Kpamux HaWOIIBII 3HAYYIIMX O3HAK. 3a pe3yibTaTaMH pPo3paxyHkKiB 3a MM
¢dopmyemo HB i mepesipouny Bubipky (I1B) [3].

Jns  mojamemioro  MiABHIIEHHS  SKOCTI  pPO3Mi3HABaHHA 1  IOCHJICHHS
iH)OpPMATHBHOCTI O3HAK MOXXHAa BHKOPHUCTOBYBATH aJIOPHTM KOHTpAcTyBaHHS abo
MeToAr (aKTOpHOTO aHamizy. Meroau (HhaKTOPHOTO aHami3y IO3BOJSIOTH 3MIHNCHHTH
(akTOpHUIT IEPETBOPEHHS BUXiTHMX O3HAK, TOOTO, 3HAWTH Tak 3BaHi FOJOBHI YMHHUKH
(xomrioneHTH) Fj stk niHiiiHI KOMOiHaLi moyaTkoBuX o3HaK Xi [4].

Jnst BUpilIeHHs 3a7adi po3mi3HaBaHHs craHy Ha 0a3i HM BukopucroByemMo Meton
KoxoHeHa i MeroJ mpsMOro MOLIMPEHHsS Mepexi. Buxonsdu 3 mocTaHOBKH 3ajaui,
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posmizHaBanHs TC gaBuryHa HaiOutell TOBHO BiamoBimae wmeron KoxoHeHa,
JTO3BOJISTFOYM HE TUTBKH KIIACTEPi3yBaTH MOJE BXIMHUX JaHUX, alic 1 MPUBECTH BUXIiTHI
JaHi y BIATIOBITHICTH BEKTOPY IIiyIed HaBYaHHA (IpHHHATOI HyMepamii kiaciB). OxHaxk,
Ile Ha II0YaTKOBOMY eTami BiH HE II0Ka3aB XOPOIIMX pe3yJibTaTiB, TOMYy B CKJami
KOMIUIEKCHOTO aHaJli3y BUKOPUCTOBYBABCSI METOJ IPSAMOIO IOLIMPEHHS MEpexi, II0
CKJIaZIa€Thes 3 IBOX MIapiB 3 QyHKUisAMH akTuBalii tansig. {1 HaBuanHs HM B naHoMy
BUNagKy Oynu BuOpaHi anroput™ HaBuyaHHs JleBeHOepra-MapkBapara i perysspu3anii
Bayesia, a Tak0>k 3BOPOTHOT'O HOIIUPEHHS TOXUOKH.

Takum umHOM, Metojn nmiarHoctyBanHs TPJIJl Ha ocHOoBi HM BKitouae B cebe
HACTYIIHI €TaIu:

- hopmyBanHA 1 ineHTudikarisst MM oOpaHoro THIy IBHTYHA;

- IIPOBEJICHHS YHCEIBHOTO eKCIIEPHMEHTY, METOIO SIKOTO € OTPHMaHHS HaBYAILHOTO
1 IepeBipoYHOro HaOOPiB NIarHOCTHYHHX JaHUX;

- HaBuanHa HM i xmacudikaropiB posmizHaBaHHS 00pa3iB A pO3Mi3HABaHHI
knaciB TC TP/;

- (popMyBaHHS AIarHOCTUYHUX O3HAK Ha OCHOBI MM 00paHOTO THITY JBUTYHA;

- (QopMyBaHHS TOJIOBHHX KOMIIOHEHT (IIEPETBOPCHHS IapaMeTpiB i O3HaK) 3a
JIOTIOMOTO0X0 (haKTOPHOTO aHANi3Y;

- KOMIUIEKCHUH aHali3 CTaHy JBUI'YHA Ha OCHOBI HPOLEIYp JIOTIYHOTO BUCHOBKY 1
OaraTokpuTepiaTbHOTO aHami3y [5].

Y pesymbTari NPOBEACHHX MOCHIPKEHb MOXKHAa 3pPOOHTH BHCHOBOK PO
HEOOXiHICTh TOAAJBIIOTO PO3BHTKY MapaMeTpUYHOro niarHoctyBanHs TP 3
BUKOpHCTaHHAM HM Ta KOMIUIEKCHOTO MiAXOAY Ha OCHOBI JIOTIYHOTO BUCHOBKY Ha 0a3i
cyMmicHoro Bukopuctanas HM Ta metoniB po3mi3HaBaHHSA 00pa3iB.
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CTAH I IEPCOEKTHUBYU PO3BUTKY CUCTEMM EKCILTYATAIIT
KOCMIYHHUX 3ACOBIB

Ha 30pi ctBopeHHs KocMmiuHOi TexHiku cuctema ekciuryaramii (CE) He
po3po0iisiiacs, miJ CTBOPIOBaHY TEXHIKY KOXEH TOJIOBHUN KOHCTPYKTOP 3aKJIagaB CBOIO
HOpPMaTHBHY 0a3y eKcIulyaramii, [0 0O0yMOBIIIOBAJIO HeperyiboBaHe (YHKLIOHYBAHHS
CE, BHKIMKalO JOJAaTKOBE HABaHTAXXEHHAI HA OOCIYyroBYIOUHMH TepcoHanm i
HaJHOPMATHBHHUX BUTPAT MaTepialIbHUX 1 TEXHIYHUX PECYpCiB.

Hocsin excrutyatanii kocMmiganx 3aco0iB (K3) 3ymMoBUB HEOOXimHICTH pO3pOOKH
METOJI0JIOTIT CTBOPEHHS 1 IONTYKIB MIIAXIB MiJBHIICHHS €()eKTUBHOCTI (QYHKI[IOHYBaHHS
i cynpoBoxy CE K3 Ha eTarmi mTaTtHoi eKCIuTyaTarii.

[Mix CE K3 po3yMieTbesi CyKynmHICTh 00'€KTiB, 3aC00iB 1 OpTaHiB eKCIUTyaTalii, o
3a0e3Meuy0oTh CTBOPEHHS 1 (YHKIIOHYBaHHS OpOITANbHHX YTPYIyBaHb KOCMIYHHX
anapariB (KA) mig BupimmeHHs HTbOBHX 3aBaHb KOCMIYHUX CHCTEM (KOMILICKCIB).

Mertoto ¢ynknionyBanass CE K3 € TexHiuHe 3a0e3neucHHsS CTBOPCHHS 1
MiATPUMAaHHS B 3aJaHOMY CTaHi OpOiTaNbHUX yrpynyBaHb KA.

Cucrema excutyaranii K3 € cxiagHoro opraHi3aniifHO-TEXHIYHOIO CHCTEMOIO, IO
CKJIQJIA€ThCSl 3 TEXHIYHOI, OpraHi3aliifHol 1 (YHKIIOHAIBHOI MiJCUCTEM, NIPU B3aEMOJIIT
SIKUX 320€311euyeThCsl BUPILICHHS 3aBaHb, 110 CTOSATH MEpes HElo.

Buxomsun 3 mmiaHiB po3BUTKYy K3, EKOHOMIYHHX MOXIHBOCTEH 1 HayKOBO-
BHPOOHUYOr0 NOTEHLIATy KpaiHi, 0OCHOBHUMH HarpsiMamu po3BUTKy CE K3 e:

-onTuMizaiss ckimamy K3 3a  paxyHOK BHOCKOHAJCHHS TaKTHKO-TEXHIYHHX
XapaKTEePUCTHK, YHi(IKaIli] 3aBJaHb 1 BIPOBAIXKCHHS HOBITHIX TEXHOJIOTH;

-CTBOpeHHs1  J1abopaTtopHoi 6a3M 3  IIMPOKUMH  MOXJIMBOCTSMH  IIOJO
JiarHOCTYBaHHS 1 MPOTHO3YBAaHHS TEXHIYHOTO cTaHy K3;

- BUBYCHHS MOXKJIMBOCTEH mepexory 10 ekcruryaramii K3 3a TeXHIYHIM CTaHOM;

-po3BuTOoK HaykoBo-meronuuHOoi 0asm CE K3 Ha ocHOBI komm'rorepu3amii i
MIPAKTUYHOI CIIPSIMOBAHOCTI HAYKOBHX PE3yJIbTATIB;

-po3poOKa HOPMATHBHO-TEXHIYHUX 1 KEPIBHUX JAOKYMEHTIB MO0 HOBUX 3aBAaHb i
CTPYKTYPHHX II€PETBOPEHb;

-BIIOCKOHAJICHHS CHCTEMHU MPOQECiiHO - MCHXOJIOTIYHOTO BiIOOpY 1 cremiaabHOT
MiATOTOBKH OOCIIyTrOBYIOYOT0 MEPCOHANY 3 BUKOPHCTAHHSAM aBTOMAaTH30BaHHX 3ac00iB
TECTYBaHHS 1 TPEHAKEPHHUX KOMILICKCIB.

CraH i mepcrieKTUBH PO3BUTKY KOCMIYHOI rairy3i B YKpaiHi.

Hayxosuil kepisnux — M.@.Monooyos, k.m.H., c.H.c.
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Cnassanckuil koneoxce Hayuonanonozo asuayuonnozo ynusepcumema, Cnagsanck

HOBBIIIEHAE YKCILTYATAIIMOHHOM HAJEXKHOCTHY BO3IYIITHBIX
CyJa0B C IOMOIbIO CJIOUCTBIX METAJUVIOITIOJIMMEPHBIX
KOMITIO3MIIUOHHBIX MATEPHAJIOB

Co3laHue MaTepHaloB, MO3BOJISIONIMX CYIIECTBEHHO CHH3HMTh MAacCy, NOBBICHTH
pecypc Hu 0€30MacHOCTb SKCIUTyaTal[Md KOHCTPYKLIMH — BaKHas U IIOCTOSHHO
aKTyaJbHas IpobieMa s aBHAIlMOHHOH TEXHUKH.

Ha mpotspkeHMM MHOTHX JIET OCHOBHBIM KOHCTPYKIMOHHBIM MAaTEpPHAIOM JUIS
CaMOJIETOCTPOCHUs OBUTH alTIOMHUHHEBBIC CIUIaBBL. B rmocienHee BpeMsi CyIIECTBEHHO
YBEJINYUBAETCS 00BEM HCIIOIb30BaHUS KOMIO3UIIMOHHBIX MaTePHAIOB.

IIpuHOUNUaTEHO HOBBIM  KOHCTPYKIMOHHBIM — MaTepHaioM JUIi  CHJIOBBIX
KOHCTPYKIMH ~ aBHAIMOHHON  TEXHMKH  SBISIOTCA  CIOHCTBIE  THOpHUAHBIE
METaUIONOJIMMEPHBIE KOMNO3UIMOHHbIe Marepuansl (MIIKM, 3a pybOexom wux
Ha3bIBAIOT BOJIOKHUCTO-METAJUIMYECKUE ciioucThie Marepuansl FML — Fibre Metal
Laminates). Ouu cocrost u3 uepenyrommxcss ToHKUX (0,3...0,5MM) MeTaLIMIECKHX
JUCTOB W TIPOCIOEK IUIACTHKA, apMHUPOBAaHHOI'O BBICOKONPOYHBIMU BOJIOKHAMH
(OpraHMYecKHMH, apaMUAHBIMH, YTIEPOIHBIMU, OOPHBIMH, CTEKIISIHHBIMK). KonryecTBo
U CTPYKTypa JIMCTOB ¥ IOJMMEPHBIX IPOCIOCK ONpenesieTcs Ha3HaYeHHeM JeTald U
KOHCTPYKIMH. B HacTosmee BpeMst MpakTHIECKOe IPUMEHEHHE HAIIIN:

- CJOUCTBIE amoMocTeknomiacTuku Mapku CHAJL (crmoucThlii  THOPUIHBIN
MaTepHan, COCTOAIIMH W3 TOHKHX JIHCTOB AQMIOMHHUEBBIX CIUIABOB H IIPOCIOEK
CTEKJIOTUTACTHKA);

- amomoopraHomtactukn Mapkn AJIOP (croucTble METanIomIacTHKMA HAa OCHOBE
TOHKHX JIMCTOB AJIFOMUHHMEBOT'O CIIaBA ¥ apaMHIHBIX OPTaHOILIACTHUKOB);

- amomoyreracTukd Mapok AJIKAP (ClOUCTBI METaJUTOMIACTHK Ha OCHOBE
TOHKMX JINCTOB QJIIOMHHUEBOrO0 CIUlaBa (C 3allUTOM OT KOPPO3WH) U CIIOEB
YIJIEIIacTHKA).

B eBponelicknx aBHAIMOHHBIX TPOW3BOAWTENEH HanOoOJlee YacTO HCIIONB3YIOTCS
CIIONCTBIE ~ METAJUIONOJIMMEPHBIE  KOMIIO3HI[MOHHBIE ~ MAaTepHalbl  «AIOMHHHIA-
CTEKIOITacTHK» 1ol Mapkod GLARE. OHE NpHUMEHSIOTCS B KOHCTPYKIIMH CaMOJIETOB
TpakIaHCKOW aBHAILlUH, B Y4CTHOCTH B KOHCTPYKIuu camoneroB ¢hupmer Airbus (A-380;
A-350). MITIKM o00nasaioT CBOWCTBAMU aJIOMHHHUEBBIX CIIABOB M IIOJMMEPHBIX
KOMIO3UIMOHHBIX MaTepuaiaoB. [0 CpaBHEHHMIO C MOHOJMTHBIMH aJTIOMHHUEBBIMH
JIUCTaMH CJIOMCThIE MaTepHabl 00JIaJal0T YHUKAIBHBIM KOMILUIEKCOM CBOMCTB: BBICOKON
TPEIIMHOCTONKOCTBIO; MOHIKCHHOH IUIOTHOCTBIO; BBICOKOH IPOYHOCTBIO, a TaKKe
MOBBIIICHHBIMH MOKaPOCTOHKOCTBIO, YIapOCTOHKOCTBIO M IOCTaTOYHOH KOPPO3HOHHOIT
croiikocThio. Takoe coueranue cBoiictB B MIIKM ycnemno peanu3oBaHo B
KOHCTPYKTUBHBIX  dJJleMeHTax camosiera AH-124-100. OO6nacte mnpuMeHEHHS
METaJUIOTUIACTHKOB — JIEMEHTHI KOHCTPYKIMH, paboTaloIie B YCIOBHUAX YCTaJIOCTHOTO
HarpyKeHus.

Hayunwvui pykosooumens — O.b. Cynuman, npenooasamens
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OITUMI3BANIA ITPOI'PAM 3 TEXHIYHOI'O OBCJIYI'OBYBAHHS
HOBITPSAHUX CYJAEH

OnrtuMizanis CKIamaeTbess B 3a0esnedeHHI 30aJaHCOBAHMX XapaKTEPUCTHK i
BJIACTUBOCTEH BHpoOiB aBianiiiHoi TexHikK (AT) mo cykymHOCTI BU3HAYaIbHHX O3HAK,
110 CIPHSAIOTH HaHOLTBII eheKTUBHIN IXHIil peamizalii B yMOBaxX eKCILTyaTarlii.

Meroto Qopmaimizamii CyKymHOCTI BIIACTHBOCTEH €JIEeMEHTIB (YHKIIOHAIBHUX
cHcTeM Ta Io0yzoBa MoJeNell yIpaBIliHH, € BUjada Kepylounx il Ta peKOMeHAalliH,
moxo TexHigHoro obcmyroByBaHHsS (TO) eneMeHTIB CKIagHUX CHCTEM, SIKi
CKJIAJIAIOTBCS 3 TPHhOX OJIOKIB: OJIOKY OIIHKM BIIACTUBOCTCH EJIEMEHTIB 00’ €KTiB
eKCIlTyaTanii, OJOKy NpUHHATTS pilleHHs Ta ONOKy NpuiHATTA pimeHsb. Ha erami
eKCILTyaTanii, Py 3aJaHUX XapaKTepHCTHKAX N BIACTUBOCTAX 00’€KTIB eKCILIyaTaii,
YIPaBISIIOYMMH BIUTHBaMH €: oOcar it mepionuuHicTs mpoBeneHHs TO, ontuMizamis
SIKMX TIPOBOJUTHCS 3 YpaxyBaHHSIM BIUIMBY — HaBKOJIMIIHBOTO CEPENOBHINA, 3ac00iB
KOHTPOJIIO 1 IIarHOCTYBaHHsI, SIKKMH KOPHCTYIOTBCS, Ta 0COOIMBOCTI Opranizanii poOir 3
TO excrmyaTasTa.

Jnst BUIUICHHS TIEBHOTO KOHCTPYKTHBHOTO €JIEMEHTa CHUCTeMH 3 psIy 1HIINX
€JIEMEHTIB KOKHOMY €JIEMEHTY IMOBIIOMIAEThCA (hOpMaiibHAa BiAMITHA O3HAKa — KOJ.
BUKOpHCTaHHS ~ KOAy PpIBHOCHJBHE 3aBIAHHIO MHOXHHH  BioMocTell  mpo
XapaKTePUCTUKM H BIACTUBOCTI EJIEMEHTIB CHCTEM, a TaKOX IIPO HOMEHKJIATYypy,
CTPYKTYpHE pO3TalllyBaHHS EJIEMEHTIB, L0 YTBOPATH CKJIAIHY CHCTeMy. MHOXHMHA
(akTOpiB 3aMUCYETHCS B MEBHIM MOCIIZOBHOCTI, CTBOPIOIOYH BIIOPSAKOBAHUN KOPTEK:
V ={X1'1,X2'2,...Xn|"}, ne i _J Lem MHOXWHA CTAaHiB | O3HAaKW. SIKIIO

i=1+m

BU3HAYHTH ONTHMAaJbHI «0a30Bi» BIACTHBOCTI i XapaKTEePUCTHKHU «i€aNTbHUX» BUPOOIB
i Bigmosimmi im ctparerii TO: V; = 1I6,52"7,...En'6 , TO Ha OCHOBI NOpIBHAHHA I
OIIIHKU CTYNEHS BiIXWICHHS XapakrepucTuk BUpoOiB AT Bix 6a30BHX BEKTOpiB MOXKHA
BUPIIIUTH Ps/I TIOCTABJICHUX 3aBJaHb. 3a TAaKMX YMOB BHHHUKAa€ OaraTOKpUTEpialbHHUI
KOMIIPOMIC, TOJIOBHOIO OCOOJIMBICTIO SIKOTO € T€, III0 BUKOPHCTAHHS HOTO PIllICHHS HE €
€IMHA TOYKA 30py, & € MHOXXHHA €(PEKTHBHUX pillleHb, a00 ONTHMAIbHUX PIllIeHb 3a
[apeto. BukopucranHs KOPTEXKY 3pYYHO I 3amucy iHpopMamii mpo o0'eKT mpu
ABTOMATH30BaHOMY DillIeHHI MPaKTHYHUX 3aBJaHb, TOMY IO KOXXHHH KOMIIOHEHT
KOPTEXKY 3aifiMae B HbOMY IE€BHE MOJIOKEHHS, 1[0 JO3BOJISIE JOCUThH OLIAIINBO POOHTH
3anuc iHpopMmanii i I momyk. MeTolo CTBOpEHHS aBTOMaTH30BAaHOI CHUCTEMH €
ontuMizauii npoueciB  TO BupoGiB AT, Ha o0OCHOBI pO3pOOKHM EKOHOMIUHO
OOIPYHTOBaHHX LINIECIIPSIMOBAHUX PEKOMEHIaliil 3 ymIockoHaneHHsM BupoOiB AT, mo
3a0e3MeuyIoTh BIPOBAPKeHHs epeKTUBHUX cTpareriii i pexxumis TO.

Takuit minxig aas OPUAHATTS BIANOBINANBHHUX DIlllEHb JO3BOJISE CIOJNYYHUTH
ONTHMI3allil0 i3 MPOTHO3YBaHHSIM, TPH [HOMY O€3MOCepeHbO MPOTHO3YIOTHCS HE
napaMeTpamMyd MoJelNli, a BXifHI JaHi B MaTeMaTHYHYy MOJEJb, IO CIYXHUTh IS
BU3HAYCHHS ONTHMAJILHOTO CIIOJTY4YEeHHS BIaCTUBOCTEi 00'eKkTa eKcIuTyaranii.

Hayroeuii kepisnuk — B.1. Bypaakos k.m.H., npog.
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VK 629.735.083.06 (043.2)
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Hayionanvnuii asiayivinuii ynisepcumem, Kuis

MMPOTHO3YBAHHS ITPOIIECY BTOMHOI'O PYHYBAHHSI
KOHCTPYKIIMHAX EJEMEHTIB 3 AJJIOMIHIEBUX CILTABIB 3A
CTAHOM JE®OPMANITHOI'O PEJbE®Y MOBEPXHI

TIpoekTyBaHHS HOBITPSIHMX CyIEH HA NaHUH 4Yac BHKOHYETHCS HA OCHOBI TPHOX
OpUHOMIIB:  Oe3MeyHoro  pecypcy, Oe3nmeyHOro  pylHYBaHHS,  JOIMYCTHMOTO
HOIIKO/DKEeHHS. Peaiizaliss MpUHIMITY JIOIyCTUMOTO HMOLIKODKEHHS MOXJIMBA TIIBKH 32
HAsBHOCTI a/ICKBaTHUX METO/IB Ta METOAMK IPOTHO3YBAHHS IPOLECY POCTY BTOMHHX
TpimuH. [IporHo3yBaHHS KIHETHKH BTOMHUX TPIIIMH HEOOXiTHE SIK y IPOTHO3yBaHHI, Tak
i Ha eTani HaTypHUX BHIPOOyaHb HOBUX 3pa3KiB aBialliifHOT TEXHIKH, OCKIJIBKU JI03BOJIIE
BU3HAYUTHU «CJIa0Ki» MiCIsl KOHCTPYKIi1, CKOPOTHTH TPUBATICTH BOTO TPYIOMICTKOTO i
3aTpaTHOTO €TaIly CTBOPEHHS IOBITPSHOTO CyIHA

BiporigHicTsh BUHHKHEHHS 1 PO3BUTKY BTOMHHX TPIlIMH 3yMOBJICHA AI€I0 IMKIIYHUX
HaBaHTKEHB TIPH pealizallii BAMOTY MiHiMi3alli MacH. BTOMHI TpilliHHA CHOCTEpIraanch B
eJIeMEeHTaX KpHJla, (PrO3eIHKY, ONEPEHH Ta B 1HIIMX BiNOBITAJBHUX YACTHHAX KOHCTPYKIIT
mitaka. [Ipomec BromMu B 3aralbHOMY BHITQJIKy Ma€ ABI CTaAil: 3apOMKEHHS TPILIMHU Ta
po3BUTOK TpiliHH. CHiBBIHOIICHHS TPUBAIOCTI IMX CTaIii 3MIHIOETHCS B IIMPOKHX
Me)Kax B 3aJI©XKHOCTI Bijl piBHSI NIFOUNX HAIPYXKEHb, CXEMH HaBaHTaKCHHsI, CTaHy MaTepiary
i T.I. B neskux BUmMamkax CTajis PO3BUTKY BHUAUMOI TpinHU Moke ckiamartd 60..90 %
3arajJbHOI JIOBrOBIYHOCTI, [UI1 3pa3KiB 3 KOHILEHTPAaTOpaM{ HaIpy)KEHb BOHa OCOOJIMBO
TpuBana. L{fo craniro Ha3MBaIOTh )KUBYUICTIO MaTepiay.

IIporHo3yBaHHs TPHBAJOCTiI CTajil MOIIMPEHHS BTOMHUX TPIIIMH HAa MaHUH dYac
BHKOHYETHCS TOJIOBHUM YHHOM Ha OCHOBI MEXaHIKH pyilHyBaHHS.

KimouoBiM piBHAHHSIM MeXaHIKH pyHHYBaHHS € piBHAHHA Ilepica, B sKoMmy
MIBUJIKICTh PO3IOBCIOKEHHS BTOMHOI TPIIMHU BH3HAYAETHCS HAa OCHOBI OOYHMCIICHHS
KoeQillieHTa IHTEHCHBHOCTI 1 EeMIIpHYHMX KOe]ilieHTIiB, sKi BKa3ylOThb Ha CTaH
Marepiaiy pu DUKIIYHIA gedopmarii.

InkyOaniiiHa cTajis BTOMHUX TpIIIMH B IUIAKOBAaHMX aJIOMIHIEBHX CIUIaBax
CYNPOBOKYEThC  (hOpMyBaHHAM naedopMamiitHoro pemsedy MOBEpXHI MTOOIH3Y
KOHIIEHTPATOpiB HampykeHb. B poborax, saki mpoBogmwiuce B HAY, Oy
3aMpONOHOBAaHUN P KUTBKICHHX TMapaMmerpiB AedopmamiiHOro penbedy, cepen SKAxX
HaifOUTpIl iHQOpPMATUBHUMHK €: TapaMeTp MOWKOKEHHA D, sgkuii BKa3ye Ha
IHTEHCHBHICTH JAedopMaliitHoro pensedy; dpakrambHa po3MipHicTs Dp/S, sika ommcye
¢dopmy kmactepiB  nedopmariiiHoro penbedy mapaMeTpu  IIOPCTKOCTi.  ByB
BCTAHOBJICHUH TICHUH KOPEJALIAHUN 3B'I30K MiX MPOIECOM HAKOMMYCHHS BTOMHOTO
TOIIKO/DKSHHS Ta BKa3aHUMH MapaMeTpamHu JedopMaliiiHoro penbedy

B ocHOBI mpezcTaBieHOi POOOTH JIGKHUTH MNPHUIYILEHHS NP0 MOXJIMBICTH OOIIKY
JIOKQJIBHOTO TOLIKO/DKECHHST MOOJNHM3Y OTBOPY IIPM aHANi3i IpOLECY PO3MOBCIOPKEHHS
BTOMHOI Tpinmuy. Tapamerpu aedopmarifiHoro penbedy MpH HbOMY PO3ITISIAIOTHCS 5K
XapaKTEePUCTUKH MaTepiaiy sIKi €BOIIOIIOHYIOTh B MPOIEC] IIMKIIYHOTO HABAHTAKECHHSL.

OOk IpoIecy CTPYKTYPHOTO MOIIKOPKEHHS B TIPOIEC] IUKIIYHOTO HAaBAHTAKEHHS
JI03BOJIMTh MiJBUIUTH TOYHICTH MPOTHO3Y MIBUAKOCTI BTOMHOT TPIlIMHHM i TPUBAIIOCTI ii
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PO3IIOBCIO/PKEHHS.

Hocmimpkenns nedopmariifHoro penbedy IMOBEpPXHI MOHOKPHCTATIB AIIOMIHIIO
npoBomck B HAY B paMkax po3poOKH MOHOKPHCTAIIYHIX CEHCOPiB BTOMHU.

Byno mokazaHo, m0 ONTHYHMI METOJ KOHTPONIO JO3BOJISIE BU3HAYHUTH IIUTBHICTD
CMYT' KOB3aHHS, fKi ()OPMYIOTHCS Ha IMOBEPXHI MOHOKPHUCTANIB MPH iX IHUKIIYHOMY
HaBaHTakeHl. KiTbKiCHIM MOKa3HMKOM HAKOMMYEHOTO BTOMHOT'O MOIIKOKEHHS IPU
npoMy Oyna INUIBHICTH CMYT KoB3aHHA. JloBeldeHa (QpakTadbHa MpHUpoIa
nedopmariifHoro pensedy MOBEPXHI MOHOKPHUCTANIB, WO BH3HAYMIO MOXXJIHMBICTH
3aCTOCYBaHHS JIOZATKOBOTO KiJIbKICHOTO IapameTpa — (pakTaabHOI po3MIpHOCTI.

HocmimpkenHss  nedopMariifHoro  penbedy IOBEpXHI  IUIAKOBAHOTO — HIapy
KOHCTPYKIIIifHUX amoMiHieBux cruaBiB J{16AT, B95, 2024T3, 7075T6 wmertomamu
ONTHYHOI MIKPOCKOIIl, €IeKTPOHHOI CKaHylo4ol 1 TPaHCMICIHHOI ~MiKpOCKOMIi,
0e3KOHTaKTHOI iHTep(epeHmiiHOi mpodinomerpii, mpoBemeni B HAY, nosenn
MOXJIMBICTh ~ KiJIBKICHOI ~ONIHKH HAKONHWYEHOTO BTOMHOTO MOIIKOKCHHS IO
nedopMamiitHoMy penbedy TOBEPXHI.

by 3ampomoHoBaHMII mapaMeTp IOWIKOMKEHHsS, SKUA BU3HAYA€THCS  3a
HaCHYCHICTIO AedopManifHOro penbedy MoBEpXHi, BCTAHOBJIEHI 3aKOHOMIPHOCTI HOTO
EBONIONIT TpH pI3HOMAaHITHHX pPEXHUMax LUKIIYHOTO HaBaHTaXeHHs. Ha pwuc.1.18
MOKa3aHi ONTHYHI 300pakeHHS 3MIHM HAacCHYEHOCTI JedopMariifHoro pembedy Hpu
LUKJIIYHOMY HaBaHTa)KeHHI 3pa3kiB cruiaBy JJ16AT.

a) 0) B) r) ) e)

Puc. 1. EBomontist nedopmartiiitnoro penbedy J16AT B yMoBaxX KOHCOIBHOTO BUTHHY
npu omax=147 MIla, R=0:
a) 15000 mukmis, N%=0,95%; 6) 30000 ki, N%=1,89%;
B) 60000 1mkiB, N%=3,79%; r) 100000 ki, N%=6,3%;
1) 330000 1k, N%=20,8%;¢) 711000 memie,N%=44,86%

Ipencrasneni Ha puc.l. ¢pororpadii nedopmariiiaro pensedy orpumani npu 400x
30inbIeHHi. JliamMmeTp miaKOHTPOIBHOL AUISTHKY PU IboMy ckiangae 0,35 mMm.

OcHOBHHI 00’€M eKCIIepHMEHTiB OyB BHKOHAaHMH Ha 3pa3kax JIHMCTOBOTO
makoBaHoro crasy J{16AT

Po3po6mroBannii MeTOX NMPOTHO3YBAaHHS JXHUBYYOCTI MOXe OYyTH BHUKOPHCTAHHH,
Hacamrepes, 1JIs KOHTPOJIIO TEXHIYHOTO CTaHy OOMIMBKU (rO3eNsKy, TOMY (DaKTHYHI
eKCIITyaTaliiiHi HampyXeHHsS B OOWIMBII (I03esHKY CYYacHOTrO JiTaka BH3HAYAIIH
PeKMMH HaBaHTa)KSHHsI [P MIPOBE/ICHHI BUIIPOOYBaHb HA BTOMY.

Hayxosuii kepisnux — C.B. Lllenax, k.m.H., doy.
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V]IK 621.7.036-226(043.2)
Omeinbuenko €.B.
Kpusopizexuii koneoxe HAY, Kpusuii Pie

MOJIEPHIBALISI KOHBEPTOBAHUX I'A3OTYPIHHUX IBUT'YHIB 3 METOIO
MIABUINEHHA IX EKCIVTYATAOIMHUX TA EKOHOMIYHUX
XAPAKTEPUCTHUK

B pmammit wac mommpeHa TEHIEHINSI PEKOHCTPYKIIl Ha3eMHHX Ta30TypOiHHHX
YCTaHOBOK, III0 PHUITYCKa€ BUKOPHCTAHHS BUCOKOTEXHOJIOTIYHHX aBiallifHIX JBUTYHIB 1
iX BY3JiB, SIKi ICTOTHO 3HW)KYIOTh BUTPATH Ha €KCIUTyaTalLilo Ta MiABUINYIOTh HalIHICTh
ra3oTypOiHHUX yCTaHOBOK [1], B ToMy 9Hcmi i MOJAepHi3allisl paHille KOHBEPTOBAHHX
Mopcbkux ra3orypOinHux asuryHiB (I'TH). B mponeci konBeptauii ['T/] KoHCTpyKIIis
OCHOBHHX €JIEMEHTIB JIBUT'YHA 3aJIe)KUTH HE TiJIbKU BiJ] OCHOBHHX ITapaMeTpiB, pobodoro
npolecy, 0 BU3HAYAIOTHCSl TEXHIYHAM 3aBJAHHSM, a i BiJ HACTYITHUX BUMOT [2]:

— OCHOBHHUX BHMOT 10 KOHBEpPTAIIii;

— 00paHOi NPUHIIUIIOBOT CXEMH KOHBEPTAIIiT,

— Burany 6azooro I'T/l (koHCTpYyKIii HOTO €IeMEHTIB 1 MapaMeTpiB HUKITY);

— 3aJIMIIKOBHUX 3aaciB MilHOCTI JeTasel 6azoporo I'TJ] micis HampaIroBaHHS;

— MOJJIMBOCTI TEXHOJIOTIYHOTO 3MIIIHEHHS 1 BIZHOBIEHHS JeTaneidl 6a30Boro
JBUT'YHA ITiCJIsl HAIIPAIFOBAHHS B EKCILTyaTamii;

— CTyNeHs KOHKYPEHTHOCTI JBHTYHa Ha pPHHKY 30yTy 1 MOXJIHMBOTO O00CsTy
3aMOBIICHD (€KOHOMIYHOI AOIIIBHOCTI).

BurmeBkaszani BUMOTH CIpaBeUTHBI SIK JUIS MOTEHLIIHO 3HOB pO3POOICHUX ABUTYHIB
Ha 6a3i aBialiiHKX, Tak 1 Mopchkux I'T/I.

B nmanuit yac HaWOLIBII MOBHO CBOI TEXHIUHI Ta TepMouHaMiyHi MOxmBocTi ['T]]
peati3yloTh B EHEPreTHYHHX Mapora3oBUX YCTaHOBKAX. Y CKJIAQJHOMY CyMIIICHOMY
TepMOJMHAMHYIECKOM IWKIi bpaiitona - PenknHa HalOLIbI e(eKTUBHO (3 HAHOUIBIINM
KKJI) eHepreTndHO BUKOPHCTOBYIOTHCS MOXKIIMBOCTI BHCOKOTEMITEPATYPHOTO ITiABEICHHS
TEIJIOBOI  eHeprii 70 poOoyoro ceperoBwina (ra3oBa dYacTMHA  IMKIY) 1
HHM3BKOTEMIIEPATYPHUI HOro BilBEZEHHS B MApoBOi YacCTHHM IPH KOHJCHCAIil BOJSHOT
mapu. Taki eHepreTWuHi yCTaHOBKM IpU ONTHMi3alii mapameTpiB 000X 4YacTHH
TEpPMOJMHAMIYHOI IMKIY B KOHICHCALIMHOMY pEXHMi pPOOOTH TpH HOMiHAJBHIN
notyxHocti MoxyTe Marn KKJI Oumeme 60 %, mo HEmZOCSIKHO B OKpeMO Hi
ra30TypOiHHOI, Hi MAPOTYPOIHHOT ycTaHOBKaMH. SIK MOKa3aJlk JOCIHIIKEHHS, Mapora3oBi
YCTaHOBKM HAHOUIBII THYYKO i €(EeKTHBHO peani3yloTh CBOi MaHEBPEHI MOXIMBOCTI B
HaMiBITKOBIH YacTHHM rpadiKiB eNEKTPHIHIX HAaBaHTaXKEHb, a Fa30TYPOiHHI YCTAaHOBKH —
B MKOBOI iX yacturd [3].

Jlutepatypa

1. Hcnoms3oBanne KOHBEPTHPOBAHHBIX aBHAIMOHHBIX ra3oTypOMHHBIX
neurareneii: cratbs /| C.JI.Mensenes, B.b. Banskun — Camapa: Bectauk Camapckoro
roCyaapCTBEHHOTO YHUBEPCUTETA A3POKOCMUYECKOTO UMEHH aKaJeMHuKa
C. II. Kopouniea Ne 3 (19), 2009. C -292 — 298.

2. Hexoropsie Bompocsl KoHBepTHpoBaHUs aBuanmoHHBIX [T/ / E.A.I'puneHko,
AM. Unenscon // Hoele TexHomoruueckne mnpouecchl W Hagexsnocts ['TH: C6.
[UAM. M.: 1992. — C.42-51.

3. Ta3oTypOuHHBIE JABHUTATEeNd B HSHEPreTHKE: JOCTIDKCHHsS, OCOOCHHOCTH,
Bo3MOxHOCTH: ctaths / B.M. Koserkuii), FO.FO. Koeukas — Kue: Hayunblii cGOpHHK
«[Ipo6nemu 3aransHOI enepretukm» 17/2008 — 2008, c. 24-30.

Hayxosuii kepisnux — [mumpice C.O., 0.m.H., npogp.
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TEXHOJIOTTI TA TEXHOJIOTTYHE ObJIATHAHHA AEPOITOPTIB

V]IK 678.032:629.735.08(043.2)
Amupryaosa A.Jl.
Hayionanvnuii agiayitinui ynieepcumem, Kuig

KAYYYKOBA PEBOJIIOLIA: BUTOTOBJIEHHSA I'YMU 3 KYJIbBABA

Kynp6abu - cKpoMHi pOCIMHH, SIKI € BIIMIHHUM aJbTEPHATHBHUM [DKEPEIOM IS
CHPOBHHHU BHCOKOTO IIONMTY - HATYpaJIbHOTO KaydyKy, L0 € OCHOBHMM KOMIOHEHTOM
JECATKIB THUCSY BHPOOIB: BiJ aBTOMOOUIPHHMX 1 aBlallilHMX MIMH 1O MEIHYHOTO
obmamHanss. Jocnigankn @®payHrodepa cTBOpPWIM OCHOBY IS BEJIMKOMACIITaOHOTO
BUPOOHNITBA BHCOKOSKICHOTO KaydyKy 3 e€Bpomnelchbkoi Kymp0abu. B manmit gac
HaTypalbHUH KaydyK BUTOTOBJISIOTH 3 reBel Opasmibcbkoi. IlimBHINEHHS NOMUTY i
MOTCHINIWHI TPOOJIEeMH, TOB'I3aHi 31 CIYCTOILIMBUM TPHOKOM KaydyKOBOTO JIEpEBa,
3pOOMIN HATypadbHUM KaydyK B IKOCTI IHHOTO pecypcy. 95% cBiTOBOro BUpOOHMIITBA
HATYypaJIbHOTO KaydyKy mpumnanae Ha [liBmerHo-CximHy Asiro. BupoOHuuTBO #oro i3
Kynp0a0 MOKe 3MEHIIUTH 3aJIeKHICTh Bifl IMIOPTY 3 A3ii 1 3am00IrTH mepeTBOPEHHIO
TPOMIYHUX JiCiB B CUIBCHKOTOCIIONAPCHKI yrinas. B arpapHomy acmekTi Kynp0Oaba €
HEBHOATJIMBOIO POCIHMHOIO, SIKY MO)KHA BHPOIIYBAaTH HEJAJICKO BijJ IIMHHHX 3aBOJIB, Ha
HETIPUAATHIN U CUIbCBKOTOCIIONAPCHKOI MisTbHOCTI 3emii. Lle mo3BoimTh 3HAYHO
CKOPOTHTH TPAHCIOPTHI MapIIPyTH 1 ONTHUMI3yBaTH JIOTiCTHYHI BUTPATH, 3MEHIIUTH
BUKHIH BYIJEMIO B arMoctepy i o0csarn BHPYOKM HaWBayIIMBINIMX TSI €KOCHCTEMH
IUTaHETH TPOMIYHUX JIiCIB.

Sx dopmyerbcs kaydyk B Oumiil pimmHi? MonodHa pigWHa, IO MICTUTH
KaydyK, BHPOOJSETHCS B CICIiaTbHUX KaMmepax B Kynp0abi. BimmosimamsHuM 3a
¢dopmyBaHHS KaydyKy € OinkoBuii kommiekc. LIi KymscTi dYacTKu 3amoBHEH1
TOJTi130MTPEHOM, OCHOBHHM KOMITOHEHTOM T'YMH, 1 OTOUYCHI 3aXHCHUM MOKPHUTTAM. [lpyre
JOCIIJDKEHHS, sike Oyyo mpoBeneHo 3 ydacTio gocniauukiB 3 IME i YHiBepcutety
MroHCTepa, MOKa3ago e OAWH BAXIJIUBHH OLTOK, SIKMH Bifirpae KIIIOUOBY pONb Y
(GopMyBaHHI IOBrMX JAHLIOTIB mojiizonpeny. Came @i mHOJiMepH HaJalOTh TyMi
€NacTHYHOCTI 1 mpyxHOCTi. [IpOAYKTUBHICTh IIUX LIMH BXKE JOBEIEHA B Aii, BUPOOHHK
Continental BunpoOyBaB nepmuii Bapiant. OIHaK 1€ 11e He BCi HOBUHKH i3 KyJI60a0 Bif
Continental. Ha Bucrasii IAA-2016 B T'anHOBepi 3 IHHOBAIWHOrO MaTepiany OyIi0
MIPEJICTaBICHO JeTalll KpilUIeHHS IBHUTYHA, SKi MAlOTh MOKpalleHy BiOpoi3ousiiio, Ta
TP TiABICHUH MiAIIUITHUK KapIaHHOTO Bajia, SKUU JJa€ 3MOTY CKOPOTHTH BiOpaii,
1110 IepealoThes Ha maci. Bee 1e cripusie Oinbin komdopTHOMY 1 6€3MeYHOMY BOAIHHIO.

IlpomucnoBe BHKOPHCTAaHHS HATypaJbHOTO KaydyKy 3 Kyne0ab €
HA3BUYAHHO MEPCICKTUBHOIO TEXHOJIOTIEI0, TaK SK BOHA BIAKPHUE MOXIHUBICTH IS
OINIBII SKOJNIOTIYHOTO BHPOOHMITBA SKICHUX aBTOMOOLTBHMX IIHMH, 0€3 KOMIIPOMICIB B
MMUTAHHSX SIKOCTI MPOIYKIIIi Ta MPOJXYKTUBHOCTI.

Cnucok guxopucmanux oicepei:
1. https://www.autocentre.ua
2. https://phys.org
Hayxosuii kepisnux — O. M.. Binskoguu, k.m.H., npog.
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UDC 696.7.072.6:656.71(043.2)
Babenko A.Yu.
National Aviation University, Kyiv

OFFERS FOR CONVENIENT PASSENGER TRANSPORTATION USING
ELECTRIC BUS AT AIRPORTS

As it is known, the airport bus or airport shuttle bus used to transport people to/from,
or in airports. These vehicles usually are equipped with plenty of space for luggage, and
include a special branding. The first fully-electric airport bus worldwide, so far, only
prototypes of electric buses have been in service at airports all over the world.
Nowadays solution is developed for “COBUS” models to upgrade diesel buses with a
complete e-drive and to operate these trend-setting vehicles at the airport. This
innovative concept of the “COBUS” 2700/3000 and the drive technology guarantee high
availability, 75% reduction of energy costs compared to diesel or gas driven buses,
minimum maintenance, emission-free operation and attractive design of the interior for
perfect passenger comfort.

The concept: using the latest energy storage technologies, it is now possible to
accumulate electricity so efficiently that it can be used in vehicles for transportation on
airports.The design: low-floor bus with kneeling system, the electric bus is a low-floor
airport bus with a floor height of approx. 280 —290 mm so that the bus can be entered
from the ground easily. The pneumatic “kneeling system” assures that passengers of any
age group are guaranteed a safe and comfortable step height making both entering and
exiting a short time process. The bus offers three extra wide passenger doors on each
side, equipped with safety devices that guarantee protection of the passengers.

The energy storage system: reliable and safe, the most suitable batteries at present
are batteries with lithium ferrophosphate cells. The electric bus is equipped with 4
battery packs located on the roof top for which two capacities can be chosen, and a
minimum capacity of 85 kWh is recommended. A reliable battery management system
is provided to control the batteries and to monitor battery temperature and voltage.

The brake system: energy recovery when braking. The brake system is controlled by
two separate, independent circuits. Moreover, the brake system is designed as a
regenerative system — as soon as the driver slows down, the first stage of energy
recuperation is activated and the engine acts as a generator.

The charging system: charging with high and low power. The batteries can be
charged with the on-board charger in which a wall box provides the connection to the
grid. The off-board charger allows loading the batteries by 100% within 2-3 hours,
depending on the battery capacity and the charger power chosen.

The service concept: minimum costs and high availability. The combination of proven
bus components already applied to in thousands of other systems and high quality technology
assures a minimum of costs for maintenance and a high availability of the fleet. So, during
researching, it is determined that electric bus based on proven technology: fully electric
design, highly efficient power train, latest battery technology, local emission-free, low-noise,
reduced maintenance costs, low-floor bus with kneeling function, comfortable interior, easy
and fast access for passengers, financial benefits through energy savings.

Scientific supervisor - Pryimak L.B., associated proffessor, PhD.
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VK 629.73.03.419 (043.2)
Boiiko I. C., lanuneiiko O. B.
Hayionanvnuii agiayitinui ynieepcumem, Kuig

HAHOCTPYKTYPHA MOJA®IKAIIA KOMITO3HIIAHUX MOKPATTIB
JJIA YIJIBHEHD HACOCHOTI'O OBJIAJHAHHSA AEPOIIOPTIB

IMepexauyBaHHs ManuBa ckiIanae 6au3bKo 35% Bif yCiX TEXHOJOTIYHMX OINeEparii 3
MaJMBHO-MAaCTHJIBHUMH MaTepialaMd B acpornopTy. TOpIeBi YIITbHEHHS € OJHHM i3
TOJIOBHUX EJICMEHTIB HACOCHOTO OOJAJHAHHSA aepolopTiB Ta MaJMBO3alPaBHUX Ta
pO3BaHTaXyBaJbHUX INTaHr. CaMe TEXHIYHHH CTAaH TOPLEBHMX YIIIJIBHEHb BH3HAUYa€
pecypc Ta Oe3meuricTh 3anpaBHOTO 00JIaTHAHHS.

Mo>kiHBI pi3HI CXeMH peaiizamii yIiTbHIOBAaIFHOTO By3Ja, a caMe: KepaMiKa-CTallb,
CTaJb-CTallb 3 HOKPUTTSIM. HaHeceHHs KOOIO3ULIIITHUX MOPHUTTIB € OLIBII PaIlioHATEHUM
3 TOYKH 30py AWHAMIYHUX BIUIMBIB HAa YIIUIHEHHS B MEPIOJ 3alyCKy Ta 3yMUHKH
Hacocy. KOMIOHEHTH MOKpUTTA MOBHHHI OyTH Oe3ae(iMTHUMU Ta HEKOIITOBHHMH, a
IIMXTA NMBHHHA HAHOCHTHUCS HECHEPIrOEMHHMH TEXHOJOTiSIMH. TakuM YHHOM Ui
MOKPUTTs Oy70 00paHO KOMITO3MLII0 KapOil KPEMHII0 — OKCHA allIOMiHiI0. AJie Bizoma
npoOJieHa HaHECEHHsS IIMX KOMIIOHEHTIB — BHCOKa IOPHCTICTh HOKPUTTIB, HH3bKa
MOKPHBHICTh. BUpIINTH IIe NHUTaHHS MOJMIIMBO 3a paxyHOK MOAWMIKaIii MIMXTH
HAHOPO3MIpHUMHM YaCTHHKAMH 3aji3a (puc. 1. a jiBopyy).

15,0kV. 9000 Wwo-12.1mm zo.ooT X250 200um

6)
Puc. 1. EnextponHi ¢dortorpadii: a — MOpoIIKiB cuUcTeMH KapOif KPeMHII0 — OKCHJ
ATIOMIHIIO 3 HAaHOPO3MIPHMMH dYacToukaMHu 3amiza 30. 9000; 6 — cTpykTypa

JIETOHALIHHOTO TMOKPHUTTS 3 IIFOTO MOPOIIKY 30. 250.

3a paXyHOK TaKOTO TEXHOJIOTIYHOTO PillleHHS OKPHUBHICTH MOKPHUTTS, IO HAHECEHE
JIeToHanifHNM MeTooM (puc. 1. 6), 36impmryeTsest 10 90%, a TTOPHUCTITCTH 3HMKYETHCS
mo 1%. Sk Hacmimok BHCOKa anre3iss OO MIAKIAAKH Ta CYTTEBO MOKpalleHa
3HOCOCTIHKICTh. 3a paxyHOK MiJBHIIEHOI CYI[IHOCTI CTaleBi AeTaii yIIiTbHEHHS
rapHO 3aXHIICHI B/l BIUTUBIB MPHUCAI0K aBialliifHOTO MaHBa.

OTXKe 3aCTOCYBaHHS HOBHX KOMIO3HUIIHHMX IOKPUTTIB IO3BOJIMTH 3HA4YHO
MIBUIIMTH PECYPC TOPLEBHUX YIIUILHIOBAILHUX arperaris, Ta 3HU3UTH IX BapTICTh Tak
SIK BHKOPHUCTOBYETBCS CX€Ma CTalb — CTalb 3 MOKPHTTSIM. 3HAYHO 3MEHIIATHCS
eKCIUTyaTamiiHI BHUTPAaTH CYTTEBO IIIBUINUTHCS EKOJOTIYHA YHCTOTa Ta Oe3meka
TEXHOJIOT1YHOTO 00JIaTHAHHS aePOTIOPTIB.

Hayxosuii kepisnux — A. I'. [Joseans, k.m.H., 00y..
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VJIK 004.35: 629.73(043.2)
I'punak H.B.
Hayionanenuu asiayitinui ynieepcumem, Kuis

HNEPCIIEKTABH BITPOBAI)KEHHS 3D-JIPYKY B ABIAIITIMHIN
IMPOMHUCJIOBOCTI

s craTTa migBOOUTH MiACYMKH HomyiIspHHX 3D mporeciB ApyKy B aepOKOCMidHIN
npomucioBocTi. Omnucano Martepiaiy, po3poOieHi chemianbHO Ui BHKOPUCTAHHS B
ACpOKOCMIYHIM MpPOMHUCIOBOCTI. PO3ryisiHyTa MOTOYHA IisSUIBHICTH, MOB's3aHa 3 3D-
JIPYKOM Y pi3HHX CBITOBUX KOMIIaHISX 1 OpraHizarisx .

3a feSIKMMH  eKCHepTHHMH  pO3paxyHKaMH, AaepoKOCMi4Ha Trajy3b, IO
XapaKTepH3yeThCsl TPUBAJIMM II€PiOJIOM Yacy i HU3BKHUMHM 0OCATaMH BHPOOHHIITBA, €
MPOMHUCIIOBICTIO, sIKa HaWKpalle MigXoAuTh 11 npubytkoBoro 3D-mpyky. € Ttpu
OCHOBHHX CIIOCOOU BHKOPHCTAHHS Li€1 TEXHOJIOT1 aepOKOCMIYHOIO IPOMHCIIOBICTIO:

1. TecTyBaHHS KOHCTPYKIIiH 1 3HM)KEHHSI BUTPAT Ha iHCTPYMEHTH: BHECCHHS 3MIH €
MPOCTUM CIIOCOOOM OHOBJICHHS KOHCTPYKIII B U poBOMY (aiiii 1 IpyKy CKOPHUTOBaHOL
YaCTHHH.

2. BUpOOHHUITBO JIETKUX YaCTHH: 3MEHIICHHS Bard IMOBITPSIHOTO CyJHA € OJHHUM 3
NpPIOPUTETIB, OCKIJIBKM  [I¢ MOXKEe 3HU3WTH BHTPAaTH Ha IAIMBO 1 MOJIMIINTH
aepoANHAMIKY.

3. BwupimeHHs muTaHb iHBEHTApU3allii: yIpaBIIiHHS 3allacaMy 3aIT4acTHH € OJHIEI0
3 KJIIOYOBHX 3aJa4 IS Taiys3i.

3a ocTaHHI KiJibKa pokiB, 3D-ApyK cTaB OAHUM 3 OCHOBHHUX CIIOCOOIB BUTOTOBJICHHS
neraneit 3 Tutany. TexHomnoris 3D-apyKy CTBOPIOE TUTAHOBHUH CIUIaB a0COMIOTHO HOBUM
cnocoboM  (GopMyBaHHS, TaKdM UYHHOM, BHPOOJSE IIHUPOKUH  aCOPTUMEHT
BHUCOKOSIKICHUX BHpOOIB 3 1mporo Metamy. Lle ocobmmBo akTyamsHO B 001acTi
ACpPOHABTHKU 1 acTPOHABTHKH, J€ CIUIaBM TUTaHOBoro 3D-apyky HaOyBaloThb Bce
6inb1oi 1 Oibmiol HinHOCTI [1].

€Bporneiiceknii mpoekt RepAIR - rpyma 3 12 maprrepiB, Biodatoun Boeing i
Lufthansa Technik, 6yB 3acHoBanwuii B 2013 porii, 11100 BUBUKTH NOTeHIian 3D-apyky, 3
METOI0 3HIDKCHHS BHTpaTH Ha OOCIYroBYBaHHsS, 1 PEMOHTHI omepamii, a TaKoX
CKOPOTHUTH 3aralibHU 9ac mMpocToro noBiTpsiux cyaeH [2]. GE Aviation crana nepumm
BUPOOHHUKOM B acpPOKOCMIYHIH TPOMHCIOBOCTI, SKHA OTpPHMaB CXBAJICHHA BiJ
®denepanbHOTO yrpaBiiHHSA HUBLIEHOI aBianii CILIA Ha BukopucTanHs 3D-npykoBaHUX
YaCTUH y KOMEPLIHHMX PEaKTHBHUX NBHTYHax. Skmio rosoputH mpo Airbus, To 3D-
JPYK CTaB iICIbHUM PIIICHHSIM JUISl TIOCTaBKH 3allaCHUX YaCTHH I JEeSIKUX CTapillinx
JTaKiB.

Jlimepamypui dorcepena:
1. https://www.flyer.co.uk
2. https://3dprintingindustry.com
Hayroeuii kepisnux — O.M.Binsxosuu, k.m.n., npog.
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CYYACHI ABIALIIMHI TEXHOJIOI'Ti

V]IK 629.73:629.7:338.45(043.2)
I'punak H.B.
Hayionanvnuii agiayitinui ynieepcumem, Kuig

BUKOPHUCTAHHS IHTEJIEKTYAJIbHAX MATEPIAJIB V ABIAIIVHIA
MMPOMMUCJIOBOCTI

VY CTBOpEHHI MEPCHIEKTUBHUX a€POKOCMIYHMX CHCTEM HOBOTO IOKOJIHHS KIIOYOBUM
(baKkTOpOM NIOCATHEHHS YCIIiXy SBISETHCS BHKOPUCTAHHSA KOMIUIEKCHOTO MIiAXOAY 1O
[POCKTYBAaHHA, B  OCHOBI  SIKOTO  JIGKUTb  BUKOPHCTAHHS  IHTENEKTYaIbHUX
KOHCTPYKIIHHUX CHCTEM 1 MaTepiaiiB, sKi 37aTHI aBTOHOMHO aJanTyBaTHCS 1
(opMyBaTHCS y 3aJISKHOCTI BiJ] 30BHIIIHIX YMOB 1 BHYTPIIIHIX (hakTopiB. Y 3araibHOMY
BUIIJIKy BOHH ITOBHHHI CaMOCTIHHO NPHCTOCOBYBATHCS A0 3MiH 1 HemependadyBaHUX
cUTyalii B yMoBax ImocraBieHoi 3amaui. [Ipy mpOoMy BHCOKAa HAAINHICTD TaKHX
MaTepiajiB 3a0€3MeUyeThCsl MOXKIIMBICTIO CAMOBITHOBJICHHS, aHATIOTIYHO 10 pereHepartii
B 010JIOTIYHUX CHCTEMaX.

lamy3i 3acTtocyBaHHS  IHTENEKTyalbHHUX  KOHCTPYKIIMHMX  MarepiamiB 1
MIKpPOCHCTEM B aBiarii:

. MOHITOPHHT CTaHy KOMIO3UTHHX MatepiaiiB (cuctema Smart Layers no3sosse
peecTpyBaTH 3MiHY CTPYKTYPH MaTepiaily 1 BUSBIATH TPILIUHN);

. MOJIaBJICHHSI CTPYKTYpHHUX BiOpaiii ( cucrema SMART);

. nogasiieHns mymy (texuosoris Ultra Quiet Cabin);

. yhpaeiHHA Mop¢iHroM ruiomuH Kpuia (mpoekt Smart Wing Project
0cO0JIMBO e)EKTUBHUIA IPU CTBOPEHHI HOBHX OE3MIIOTHHX anaparis)

[lepeBaru iHTENEKTYaIbHUX KOHCTPYKIIMHUX MaTepiatiB:

. MOKpAIEHHS JIbOTHO-TEXHIYHMX XapaKTepHCTHK MOBITPSHOTO CyAHA 3a
paxyHOK ajanTamil aepoIMHAMIKH1 i TOBEPXOHb KPWJIa 10 YMOB IOJIBOTY 33 MPUHIUIIOM
3BOPOTHBOTO 3B’3KY;

. 30UTBIIEHHS] TEPMiHY CIIY>KOM (pyHKI[IOHAJBHMX KOMIIOHEHTIB — 3a paxyHOK
30epekeHHsI CTPYKTYPH;

. 30UIBIIEHHS pecypcy OOLIMBKM — 32 PaXyHOK BHKOPHCTAHHS MOKPHUTTIB, SIKi
CaMOBITHOBITIOIOTHCS,

. HiBUIIEHHS KOM(OPTY eKimaxy i MacaXMpiB — 3a PaxXyHOK 3HWKCHHS
BiOpauil i mymy.

Hanpsimku nocrmimxenas NASA Biologically Inspired Materials Institute:

. MaTepiajy i MOKPUTTS, SIKi CAMOBITHOBITIOIOTHCS

. PETYIATOPHI CTPYKTYPH 1 CHCTEMH, SIKi CAaMOOPTaHI30BYIOTHCS;

. CEHCOPHI 1 aKTUBHI €JIEMEHTH 3 MMOKPANIEHHMH XapaKTEPUCTUKAMH,

. KOMITIO3UTH HA OCHOBI TIIONIIMEpiB, KEpaMiKH, aJre3WBiB 3 HOBUMH
BJIACTHBOCTSIMMU;

. CTPYKTYpPH Ha OCHOBI rpadeHy.
Jlimepamypui doicepena:
1. https://uk.wikipedia.org/wiki/Po3ymni Mmarepianu
2. http://www.bbc.com/news/science-environment-15096393
Hayxosuii kepienux — O.M. Binsaxosuu, k.m.n, npogp.
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VJIK 656.022.3:629.312(043.2)
Hanuaeiixko O. B.
Hayionanenuu asiayitinui ynieepcumem, Kuis

ICTOTHI KPUTEPII, 1110 MAIOTh IEPBUHHY 3HAUYYIIICTH IIPA
BUKOPUCTAHHI TPAHCIIOPTY AJIA HOCAAKHU IHBAJILAIB TA OCIB 3
OBMEXEHUMHA ®I3NYHUMHU MOXKJINBOCTAMU

BusHaueHo cnenn¢ivyHi BUMOTH LIOA0 OXOPOHH 30pOB’S Ta OE3MEKH, a TAaKOXK,
JesKi BUMOTH 100 (PYHKLIOHANBHOCTI Ta pOOOTH TPAHCIOPTY, MPH3HAYCHOTO IS
JOCTaBKM aepofpoMOM, MiX OymiBIel0 aepoBOK3aly 1 MOBITPSHMM CyRZHOM, Ta
3MIHCHEHHS TOCAJKA 1HBANIIIB Ta OCi0 3 OOMEKCHUMH (I3UYHHUMH MOXKITUBOCTSIMH.
TomoBHe B KOHCTPYKNIl YyCTaTKyBaHHS CTOCOBHO O€3NeKH - IIe 3a/J0BOJECHHS
MICUXOJIOTIYHUX YHHHUKIB, TOOTO BIAUYTTd Onaromony4us, Oe3mekd, (i3sHIHOTO
KOM(OPTy acaXupa i YHUKHEHHS MaHiKH.

3aranbHi BUMOTH. Y CTaTKYBaHHS TPAHCIIOPTHHX 3ac00iB MOCAIKH iHBATIAIB Ta 0Ci0
3 oOMexeHUMH (Pi3MIHUMH MOXIIMBOCTSIMH, TIOBUHHO BiamosizaTu Bumoram EN 1915-
1, EN 1915-2, EN 1915-3 i EN 1915-4.

KoHcTpykIist  enexTpoarnaparypd IOBHHHA BpaxoByBaTH Oyb-ske IOTECHIIHHO
MOJKJIMBE BTPYYaHHS TACAKHUPIB, 3’€THAHUX 3 KapAiOCTUMYISITOPaMH abo CyNpOBiTHOIO
enexTpoamnaparyporo. [lorpiono posmisaari Bumorun EN 60601-1 BigHOCHO OyIb-KOTO
MEIMYHOTO YCTAaTKyBaHH!, K€ MOKe OyTH BUKOPHCTAaHE Ha II0CaJKOBOMY TPAHCIIOPTI.

Po3paxyHku MilfHOCTI MOTPiOHO 3xilicHIoBaTH BiamosiaHo 1o EN 1915-2.

[aGaputHi po3MipH IOCAIKOBOTO TPAHCIOPTY MAarOTh OyTH SKOMOTa MEHIINMH,
yMOBax mepeMilieHHs (3 mpuOpanuMu cTabiiizaTopamMu) HE TIOBHHHA MEPEBUILYBATH 2
600 mM. Bricota TpaHCTIOPTY y MOBHICTIO 3HW)KEHOMY ITOJIOKEHHI Mae OyTH He Oijiblie
HiXK 4,0 M. 3 TIpaKTHKK BU3HAYECHO OOMEKeHHs BUCOTH Y 3 800 MM, IO 3aJ0BOJBHSE
OLUTBIIICTD MICIIEBUX OOMEXEHBb BHCOTH TOJIOBHOTO aepPOTIOPTY.

CaMoOXimHMii TOCaaKOBHH TpPaHCHOPT 3 KaOiHOKW BOJISI TMOBHHEH MaTH
IbTEpPHATUBHUH 3aci0 BHXOAY I BOAIS y pasi amapiiiHOi curyanii. BiH moBuHeH
pO3MIIIaTUCS SKHAWIAI] BiJl 3BUYAIHOTO BUXO/Y.

Ha Bcix BU3HAYEHHMX MICIIX Ha CaMOXiTHOTO IMOCAJKOBOTO TPAHCIIOPTY MAalOTh
OyTH BCTAQHOBJIEHI CHCTEMH YTPUMYBaHHsS, SK MiHIMyM, NMOBWHEH OyTH B HasSBHOCTI
MOSICHUI PEMIHb Oe3IeKH.

SIKImo BCTaHOBJICHO KaOiHy BOJis, L€ HE IOBMHHO YCKJIAJHIOBATH NeEpecajKy
nacaxupiB 3 MOBITpsHOTro cynaHa. KaGina Boais Moxke OyTH posmimieHa 3 Oyab-sKoi
CTOpPOHH.

[ToBuHHO OYTH MOXXIJHMBO 3IVIQJAWTH Iepefady iHBaliZHOrO Kpicia abo Homax-
Bi3Kax Bijl IOCAJKOBOTO TPAHCIIOPTY JI0 HOBITPSHOTO Cy/HA, HATIPHUKIIA] 33 JOTIOMOTO0
3a0e3MeUeHHs] CYLUIBHOTO ab0 Bpy4YHY MPHEIHYBAHOTO, CHOJYYHOTO MOCTOBOTO
nepexony. Ilepemnaau 3a BUCOTOIO MiX IIepexXo/iaMH He TOBHHHI MEPEBUIIYBATH 5 MM.

BucHoBku. Po3misHyTi MiHIMadbHI iCTOTHI KpHUTepii, IO MalTh IEPBUHHY
3HAYYIICTh [IOJ0 MiABUIIEHHS HaIIHHOCTi,0e3MeYHOCTI, EKOHOMIYHOCTI 1 MPUIATHOCTI
0 BHKOPHUCTaHHSI TPAHCIOPTY AJIsS MOCAJKU IHBAJIIIB Ta MacaxupiB 3 OOMEKCHHUMH
(bi3UYHIME MOYKITUBOCTSIMH.

Hayxoeuii kepienuk — B. B. Bapioxno, k.m.H., 0oy..
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CYYACHI ABIALIIAHI TEXHOJIOI'TI

VK 629.73.03.419 (043.2)
3youenko K. €.
Hayionanvnuii agiayitinui ynieepcumem, Kuig
NIJIBUIIEHHS MAJIMBHOI EOGEKTUBHOCTI TA EKOJIOTTYHOI
YUCTOTH JABUT'YHIB BHYTPIIIIHbOI'O 3T OPSTHHS ABIALIIMHOI
HA3EMHOI TEXHIKHA

SIK BiZIOMO OCHOBHHM arperatom CHJIOBOi ycraHoBku cyuacuoi AHT e nmBuryn
BHYTPIIIHBOTO 3rOPSIHHS, [0 3HAYHO e(heKTUBHILIMI Ta CKOHOMIYHIIINI 32 aBialiifHuUiA,
Ta MOTY)XHINIMH 3a eNeKTPHYHI aHaJoTH. 3 JacoM BinOyBaeThCsl 3aMiHa TpaJuLiHHIX
JIBUT'YHIB Ha €KOHOMIYHI Ta IHXKEKTOPHI HOBOTO ITOKOJIHHS BIJOMHX CBITOBHX (ipM
BupoOHuKiB Deutz ta Cummings. B KOHCTPYKUisSX LUX ABUTYHIB [UIsl 301JbIICHHS
Koe(illieHTy HamOBHEHHS NWIIHIpa Ta OUIBII e(pEeKTUBHOI MNPOIYBKH IIIIHIPIB
BCTaHOBJICHO IO JiBa BIYCKHHMX Ta BHITYCKHHX KJaIlaHH, II0 YCKJIAJHWIO NPoOIeMy
repMeTH3alii CHCTeMH KIIanaH-Ciayo, Ta MiBUIICHHS 1X 3HOCOCTIHKOCTI (pHc. 1. a).

Cigna xmanadiB, SK 1 cami KJIamaHa, MPALIOIOTh B IyXE BaXKHX YMOBaX.
TeMmmepaTypa BUXJIONHHX ra3iB B OCH3MHOBHX ABUTyHax Moxe mocsratu 950-980°C.
Ipu 1pOMy cima KJIamaHiB MiATAOThCS il NUKITIYHUX TEIUIOBUX 1 YIapHHUX
HABaHTaXXCHb, a TAKOXX XIMIYHIN 1 Qi3uuHiil il ra3iB MaaMBHOI CyMIllli, IO BiIXOAATh
(puc. 1.6).

a) 0)

Puc. 1. T'omoBka Onoky munmiHapiB asuryHa 3M3 406 (a) Ta cimma KimamaHiB 3
KOMITO3HUIIHHOTO Matepiay (0).

VY SIKOCTI OCHOBH Matepiany Ui CilieNl KJIanaHiB 00paHo KapOil TUTaHy, IO MOXKe
OyTH OTpUMaHUU 3 PYTWIy HAasBHOTO B pecypcHiii 0a3i Ykpaiuu. [y migBHUIICHHS
LIIJTBHOCTI MaTepially B HbOTO BapTO BBOJWMTH METAIEBHH CKJIQJHHK B SIKOCTI OCHOBH
SIKOTO 0OpaHO KapOMIITHUN Ta KOPPO3iHHO-CTiHKUI Hikelb. OMHOYACHO 3 TCXHIYHHUMH
BAMOTaMH JI0 MaTepialliB BUHOCATBCS 1 €KOHOMIYHI BUMOTH — MiHIMaJbHa BapTiCTh
CKJIAJJOBUX KOMIIOHEHTIB, MiHIMaJbHa IX KIUIBKICTh Ta HaWIENIEBIIAa TEXHOJIOTIl iX
oTpuMaHHA. TakMM YHHOM TOTPIOHO 3°sICYBAaTH CKIAJ Ta TEXHOJOTIYHI OCOOIUBOCTL
OTpPHUMaHHS KOMIIO3HIIfHOTO MaTepiay Ta BU3HaYeHHs ioro BiactuBoctei. OTike, Taka
cHUCTeMa Ta TEXHOJIOTis OTPUMAaHHS Marepiaqy [O03BOJHTh OTPUMATH JIOCTATHIO
KiJbKICTh  OHOTHUIIHHMX KUIBIIEBUX BHUPOOIB At mojaisinol  ix 0OpoOku Ta
BCTAHOBJICHHSI y SIKOCTI CiJieJ KiIalaHiB.

Hayxosuii kepisnux — A.I". [loseans, k.m.n., 0oy.
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V]IK 629.73.712 (043.2)
Kapnun M.L
Hayionanvnuii agiayitinui ynieepcumem, Yxpaina

CYYACHI BUMOI'l 1O TPAHCIHOPTHHUX 3ACOBIB 31 CTPIYKOBHUM
KOHBE€POM

BusHaueHO OCHOBHI BHMOTH IIOAO OXOPOHH 3IO0POB’s Ta Oe3mekd aBiamifHOro
MEepPCOHANy, a TaKOX, BUMOTH 10 (PyHKI[IOHATBHOCTI Ta eKCIUTyaTallii TPaHCIIOPTHHX
3aco0iB 31 CTPIYKOBUMH KOHBEEPaAMH, o MIpU3HAYeH1 TUIs
HAaBaHTAKCHHS/PO3BAHTAKECHHS OKPEMHX OJWHUIL Oaraxky abo BaHTaxy HpH
Ha3eMHOMY 00CITyTOBYBaHHI OUTBIIOCTI THITIB ITOBITPSHUX CyAEH IIMBIIBHOI aBiartii.

VY pamkax npoBefeHHs rapMoOHi3amii HalliOHAJbHOI HOPMAaTUBHO-TEXHIYHOI 0a3H y
raiay3i aBiamiiiHoi Ha3eMHO! TEXHIKM O BHMOI €BPOINEHCHKUX CTaHAAPTIB TBOPYHM
KOJICKTHBOM KaeIpW TEXHOJOTiIH aepomopTiB 3Ha4YHA YyBara Oyna MpHIiIeHa
BUDILICHHIO MHUTaHb BHUINE3a3HAUCHOI TapMOHI3amii CTOCOBHO BHMOI [0 3aco0iB
MexaHizamii 3 0O0CIyroByBaHHS TMOBITPSHUX II€PEBE3€Hb, 30KpeMa, 1O CICIMAIIWH,
00TaTHAaHUX CTPIYKOBUMH KOHBEEPAMH.

SIK CBiMUMTH aHAN3 cydacHOI 0a3u €BPONCHCHKUX CTaHAAPTIB, CTPIYKOBI KOHBEEPU
MaroTh Bimmosimatu Bumoram EN 1915-1, EN 1915-2, EN 1915-3 i EN 1915-4.
Po3paxyHOK MiITHOCTI Ta CTiKOCTI HOTpiOHO BUKOHYBATH Y BimosigHocTi 1o EN 1915-2.

EnexrpudHa cucTeMa TPaHCIIOPTHUX 3ac00iB 31 CTPIYKOBMM KOHBEEPOM ITOBHHHA
BigmoBimatm BuMmoram EN 1175-1 3a BHHATKOM J[JaHHX CHCTEM CTaHIAPTHUX
ABTOMOOITBHUX IITACI.

TpancnopTHuii 3aci0 31 CTPIYKOBHM KOHBEEPOM Mae€ OYTH NPUAATHHM IO
00CITyrOByBaHHS NIEBHUX THITIB MOBITPSHHUX CYAEH, IS SIKAX OyJIO 3MPOEKTOBAHO JaHY
CIICIMAILIHHY.

SIkmio mependaueHo peryJroBaHHS 3a BHCOTOI 000X KiHIIB CTPLNIH, KOHCTPYKIis
MOBHHHA TepeadayaTH He3ale)KHe PEryIroBaHHs KOXKHOTO 3 HUX.

HeoOxingHO 3a0e3MeynTH AOCTYI A0 TOYOK TEXHIYHOTO OOCIYyroBYBaHHS, HaBiTh 3
CTPIJIOI0 B HAWHWKIOMY TOJIOXKEHHI, 32 BIAKITIOYEHOT0 JpKepesa eHepril.

Bci roctpi kpai a6o KyTH, IO YTBOPIOIOTHCS MiJ 9ac BUPOOHIMYOTO TPOIIECY, MAIOTh
OyTH 3aKpyTJeHi 3 MiHIMAJIBHUM paiycoM y 1 MM,

BucHOBKH: TapMoOHi3alis HaliOHAIFHOI HOPMAaTHBHO-TEXHIYHOI 0asm y Tamysi
aBiamiHOI HA3eMHOI TEXHIKH [0 BHMOT €BPOICHCHKHAX CTaHAAPTIB Ma€ Ba)XITUBE
3HA4YEHHS Juis PO3LIMPEHHS criBIIpari MiX MPOBITHUMHI
BUpoOHMKamu/mocTayansHukamMu AHT Ta cy0’ektamMu aepomopToBoi isUIBHOCTI B
VYkpaiHi, yIOCKOHAJICHHs JIep)KaBHOI cUcTeMH cepTHdikamii y ramysi aepornopToBOro
00J1aHaHHs Ta TEXHOJIOTIH, MMiIBMILEHHS 1 3a0€3MeYeHHs IKOCTI Ta HaAiiHOCTI MalluH,
piBHst Oesnexu npu excrutyaranii AHT i 3aXHCTy HABKOJNHIIHBOTO CEPEIOBHUIIA.

Hayxosuii kepisnux — Bapioxno B.B., k.m.H.,00y..
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CYYACHI ABIALIIMHI TEXHOJIOI'Ti

V]IK 696.7.072.6 (043.2)
Ky3bmina €. T'.
Hayionanvnuii agiayitinui ynieepcumem, Kuig

BOJIWJIbHUI AEPOJIPOMHUI TATAY HOBITPAHUX CYZIEH 3
MNOKPALIEHUMH EKCINTYATAOIMHUMHU XAPAKTEPUCTUKAMUA

BykcupyBaHHS MOBITPSHUX CYZAEH € OJHIEIO 3 HEBIA €MHHX OIepaLiil mepeanomiTHOI
miaroroBku. ToMy A LIBHOKOTO, WiJIOAOOOBOTrO, BCECE30HHOTO Ta BCEIOTOJHOTO
BUKOHAHHSA PO3KJIALy MHOJILOTIB LMBUIBHUX MOBITPSHUX CYIEH aepoIopTy LIMPOKUM
KOJIOM TIPOBiTHHMX (ipM aBialifHOT Ha3eMHOI TEXHIKH CHPOETOBAHO Ta BUTOTOBIICHO
CHeIiaTbHI TUIH JIITAKOBUX TATAYIB, [0 MOKYTh OyTH BOJWIBHIUMH Ta OE3BOAMILHUMA.
BomunbHi Tiraui, sk mnpaBmwio OUTBII yHIBepcaslbHI, TaK SK OOMEXYIOTBCS JIHIIE
HasBHUM TSATOBHM 3YCWJUIIM Ha I'ayKy B MOMEHT 3pYIIaHHS CHUCTEMH TATad-JITaK Ta
TEOMETPUYHAMH PO3MIpaMH, HI0 MOXYTh OyTH 3HIBENBOBAaHI 3a HAABHOCTI HAATO
JIOBTOro BOIWJIa. MeTa cremiamicTiB 3 Ha3eMHOTO OOCITYrOBYBaHHS MOBITPSHHUX CYICH
MOCTIfHO MOKpaIryBaTH HOTO SAKiCTh, IBUAKICTh, CKOHOMIYHICTh, CKOJIOTIYHY YUCTOTY,
ajie )KOTHIM YWHOM HE TOTipIIyIo4YH Oe3eKy.

OTKe TPOeKT TiAraya 3 MOKPAIIEHUMH EKCIUIyaTallifHAMH XapaKTepHUCTHKAMH
BiZPI3HAETHCS HACTYITHUMH KOHCTPYKTHBHHMH 0COOJIOBOCTSIMH (pHC. 1.):

- 3yimHi npuctpoi 1 Ta 6 € JBOMO3UIIIHUMH Ta 3 PIBHEM IO PETYIIOETHCS B
3aJIeKHOCTI BiJ{ 3JIITHOI Maccy MOBITPSTHUX CYJIeH, [0 eKCILTyaTyIOThCS;

- KkabiHa 2 3amaTeHTOBaHHOI (OPMH 3 JTOOOBHUM CKIIOM ITiIBHIIEHOI OTJIiOBOCTI;

- Bemyuli moctu 3 Ta 5 po3milieHi Ha He3aleKHIA MiABICII, Ta OXHOYACHO
SIBJIIFOTHCSL KEPMIBHUMH ISl IOKPAIIEHOT MaHEBPEHHOCTI;

- Tigpoo®’eMHa TpaHCMICis TsArada Mae MeXaHi3M TypOOOXOJOMKEeHHS pobodoi
piauaY § I TPUBAIOi poOOTH 3 BYKKHMH TTOBITPSHUMH CyJHAMH B CLIEKOTHY ITOTOLTY.

7

1

Puc.l Aeponponmii Tsray: 1- mepemHiil 3uimHmii npucTpii; 2 — kabiHa Bogis
MOKpAIEHO1 OTJISIIOBOCTI; 3 — MepenHiid MmicT; 4 — BiICIK JIBHTYHA Ta TiApood’eMHOT
TpaHcMicii; 5 — 3amHii MicT, 7 — JIOCTEPKO HATJSAAY 3a 30HOK 34enkd; 8 — cucrema
TypOOOXOJIOKEHHS po60Uoi pinuHn; 9 — MPOOIUCKOBHI MasvOK.

OTKe, 3ampONOHOBAaHI KOHCTPYKTHUBHI 3aXOAM A€POAPOMHOTO TATaYaBUMAraroTh
PETENbHOTO HAyKOBOT'O JOCIHIXKEHHSI Ta CYTTEBO IMOKpAIaTh HOro (yHKIiOHAIBHICTD,
0e3MeKy Ta MOXKJIMBICTb 0OCITyrOBYBAaTH HaiXKBaBillIMi PO3KIIa] MOJIBOTIB JiTaKiB.
Hayroeuii kepisnux — A. I'. J[Jogeans, k.m.H., 0oy..
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YK 656.7.072(043.2)
MapkoBens A.A.
Hayionanenuu asiayitinui ynieepcumem, Kuis

IO MATAHHSI BATATO®YHKIIOHAJBHOCTI ITIOCATKOBHX
IMACAXKHUPCBHKHUX I'AJIEPEN

[Tacaxxupcpki mocagkoBi ranepei MpU3HAueHI U MOCAAKH (BHUCAIKH) MacaXxupiB
Oe3nocepeIHbO 3 OyIiBIIi aepOBOK3aTy B KaOiHY JIiTaka 0e3 BUXOAY Ha MEePOH, MUHAIOYH
MPOMIXKHI TPAaHCHOPTHI 3acO0H. 3a3BUYaii Taki TPAIy BCTAHOBIIOIOTHCS B a€POIOPTax 3
00'eMOM TIepeBe3eHHs, IO IEepeBHIIye 2 MIH. HMacakupiB y pik. Bonnm marorh Taki
nepeBaru:

® CTBOPIOIOTh HAWOLIbIIMIT KOM(OPT sl MacaxupiB, Tak sIK 3a0e3medyeTbest
MOBHHH 3aXUCT IacCaXUpiB BiJl HETOJIH, IIyMy ABHUT'YHIB 1 HOTOKIB ITHIIY i rasy;

¢ HaOJNIIDKAIOTh JTITAK JI0 a8POBOK3ANY, IO A03BOJISIE 3HATHO CKOPOTHUTH IIUIAX PYXY;

® 320€3MEYYIOTh MOXKJIMBICTh IHAWBIAyalbHOI TMOCAJKA MACAXHPIB B JITaK
0e3mocepeHbO MiCIs HOYAaTKy pPeecTparii;

JTO3BOJIIIOTH PO3BAHTAKUTHU TEPOH BiJ] TPAHCIIOPTHHX 3ac00iB.

J1o HeoJiKiB MaCaXMPCHKHUX MOCAIKOBUX rajiepeil MOXKHA BiJTHECTH:

. iX ycTaHOBKa  TOB'3aHa 31 3HAYHHMH MaTepiaIbHUMU BUTpaTaMH i
crier(iYHIMI BHMOTAaMH 10 apXiTEKTypU aepOBOK3ally, SIKi BHIIPABIOBYIOTHCS IPU
3HAYHOMY HaCaKHPOIOTOKY;

® BUKOPUCTAHHSA MOXIIMBO TUIBKH AKIIO JIITaK 3HAXOAWUTHCA MOPYY 3 TEPMIHAIOM,
TUM CaMHUM OOMEXYEThCS YHCIO TapyBAIBHUX Micub. TOMy Jeski aeporopTH,
HaINpuKJIag, MDKHapoxHHi aeponopt «bopuchinbe», SK 1 paHille BHKOPHUCTOBYIOTH
HepecyBHI Tpany Ha BiJJaJIEHUX CTOSHKAX;

e JiTak, IO 3HAXOAWUTHCSA O TepMiHANYy , SK MPaBWIIO, HE MOXE CAaMOCTIHHO
BUPYJIUTH 31 CTOSHKH (3Ba)Kal04M Ha OOMEXEHHs II[0JI0 BUKOPHCTAHHS PEBEpCy), TOMY
HeoOXizHe ioro OyKCHpYBaHHs, L0 BUMarae JOJAaTKOBHUX BUTPAT 4acy i HasBHOCTI
CHeHiabHOI TEXHIKH Ta IEPCOHAIY,;

e pymiHHA "3a7HIM X010M" 3a00pPOHEHO, X0Ua TCOPETHYHO MOXKE 3aCTOCOBYBATHCS
Ha JiTakax 3 BHCOKO pO3TAIIOBaHMMH JABUTYHaMH (y HHMX MEHIIAa HMOBIpHICTbH
MOTPAIUIIHHSL B JABUTYHH CMITTSA 1 TPEIMETIB, MITHATHX PEBEPCOM 3 IMEPOHY, HIX Yy
JTaKiB 3 ABUTYHAMH TiJl KPWJIaMH), 1 Ha TBHHTOBUX JITaKaX, 3a JOMOMOTOIO PEBEPCY
TBHHTA,

e y 3UMOBHH Yac MOJXJIMBE MPUMEP3aHHs i MOIIKO/DKEHHs JIiTaka, SKIIO Micle
CTHKOBKH He 0yJI0 HaJIe)KHIM YHHOM 0OpOOIICHO TPOTHOOi THIOBaIbHUMHE 3aC00aMHU.

Ha manwmit 9ac eBOMIOIiS BUKOPHCTAHHS ITacCaXHPCHKUX MOCAIKOBUX Taneped ine
BOIK pO3IMIMpPEHHS iX (YHKIiIOHATBHOCTI, KOHCTPYKTOPH MPOBITHNX BUPOOHHKIB TaKUX
sk CIMC (Kurait) abo FMT (ILlIBerwis) 3a06e3neuyroTh BCTAHOBJICHHS B KOHCTPYKIISIX
MOCaJKOBHX rajiepeil CHCTEM eJIeKTPOXKHBJIEHHS 3MIHHOIO Ta MOCTIHHOTO CTpyMy, a
TaK0XX CHCTeM KOHAMIoBaHHs canony [1C.

Ile mae 3mory 3MeHIMTH KitbkicTh omuHuib AHT Ta 3acobiB MexaHizamii mix dac
HA3eMHOTO OOCITYyTOBYBaHHS IOBITPSIHMX CyIEH, IIO JAacTh 3MOTY CYTT€BO 3OLIBIIHMTH
KOMEpIIHY MIBUIKICT 0OCTyTOBYBaHHS, 1 3a0€3MEUUTh OUTBIINIA MPUOYTOK aepoTIOpTY.

Hayxosuii kepisnux — O.M. Binaxosuu, k.m.H., npog.
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CYYACHI ABIALIIMHI TEXHOJIOI'Ti

UDC 656.71(043.2)
Petrenko O. I.
National Aviation University, Kyiv

TECHNOLOGY OF THE CATERING LOADING INTO THE AIRCRAFT OF
EXTRA-HIGH PASSENGER DECK

One of the indispensable technology of aircraft ground handling is loading and off-
loading the catering for flight and passenger deck refurbishment (replacement of head-
rest and arm-rest fabric covers). In order to hold all operations properly and safely, the
special vehicle of aircraft ground support equipment is to be used developed and
operated (fig. 1.). It should have a properly designed vehicle chassis equipped with
stabilization system 8 when the specific equipment 5 of the vehicle is exposed into the
working configuration. The power plant of the vehicle is to be capable of driving all
main and auxiliary accessories to support the proper vehicle performance. Emergency
systems as well as power sources are to be foreseen in order to overcome the possible
accidence during the aircraft ground handling. The specific equipment of the catering
vehicle should consist of the following main elements:

- hydraulically-driven elevation gear of multi-scissors type 4 with two-powered
cylinders 3 each capable supporting the fuel load of the van body 5;

- hydraulically-driven stabilizing system 8 in order to provide the vehicle stability
when the van body is elevated within the severest wind shear load that is possible on the
apron during the aircraft ground handling;

- the proper painting, overall marks and light warning of the vehicle that is required
to be allowed for application on the apron.

The scissors lift gear is to be properly calculated for sufficient hydraulic cylinder
performance and capability of elevation from the rest point.

Y n ° 2

Fig.1 The catering vehicle for handling of extra-high aircraft deck: 1-retractable
platform; 2 - rear platform; 3 — the hydraulic cylinder of the elevating gear; 4 — multi-
scissors link elevating gear; 5 — elevated van body; 6 — cabin with chassis 31T 5301; 7 -
elevating gear support frame; 8 — stabilizers.

Conclusions.The design of this catering vehicle with double-scissors mechanism
provides loading and unloading the food from the aircraft with high location of galley
doors. This configuration has a high level of control and safety during operation. All
controls, hydraulic and electrical equipment are to be designed in compliance with all
Safety Standards and operate in a failsafe manner.

Scientific supervisor — A.G. Dovgal, Ph.D., associated professor.
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VJIK. 629.73:62(043.2)
IIputyaa B. 1.
Hayionanenuu asiayitinui ynieepcumem, Kuis

MIHIMI3AIIA ITIOKA3ZHUKIB HEBE3ITEK ITPU BUKOPUCTAHHI
A30THHUX ABO KNCHEBUX AI'PET'ATIB

BusHaueHo cnenumgivuHi BUMOTH IIOAO OXOPOHHM Mpalll Ta TEXHIUHOi Oe3mekd, a
TaKOX, AEAKI BHMOTH IIOAO (YHKI[IOHAJBHOCTI Ta POOOTH a30THUX 1 KHCHEBUX
arperarip, NMPU3HAYEHHUX 11 BCIX THIIB MOBITPSAHUX CYICH,IIO EKCIUIyaTyIOThCS Yy
IUBLTBHIA aBiamii. Po3risHyTi MiHIManbHI iCTOTHI KpHTepii, IO MalOTh HEPBHHHY
3HAUYIIICTh NpH 3a0e31edeHHi Oe3MeKy IpH poOoTi 13 BKa3aHUMH YCTaHOBKAMH.

A3OTHI Ta KHCHEBI arperatdl IIOBHHHI PO3POOISATHCS AT BHKOPHCTAHHS TUIBKH
OJHOTO THIy ra3y. Po3paxyHOK NaHUX YCTAaHOBOK Ma€ MPOBOJUTHCS 3TiJHO iCHYIOUHX
TEXHIYHUX HOPM Ta cTaHAapTiB. CaMOXiJHI arperatu MOBHHHI OyTH 00JaHaHI 3pYIHUM
pobounMm miciem Bofis. OFHOO i3 caMUX MiHIMaJlbHa BUMOT € 000B’SI3KOBa HAasBHICTh
macka Oesneku moscHoro tumy. CaMOXigHI arperatd 3 KaOiHOIO BOJisS MOBHHHI MaTH
aIbTEepHATUBHUN 3aci0 BHXOAY UL BOAIA y pasi aBapiiiHoi curyanii. BiH moBmHEH
PO3MIIYBATHCE, SIKIIO MOXKIINBO, SKHAWIANTI BiJl 3BUYalfHOTO BUXOMY.

lazoBi OamoHm moOBHMHHI (ikCyBaTHCST 3a JOIIOMOTOI 3aTHCKyBadiB  abo
CTaI[lOHapHOTO KPIIUIEHHS Ha CIELialbHO NPUCTOCOBAaHMX InTomankax. OKpiM 1boro,
0aJIOHH, III0 MOHTYIOTECS HA arperarax 3 JBUI'YHAaMH BHYTPILIHBOTO 3TOPSIHHS, HOBHHHI
3axXHUIIaTUCS OE3MEYHOI0 BIICTaHHIO a0 CHEIiadbHUMH IIUTaMH Bil BIUIUBY
MiABUIIEHUX TEMIIEPATYP, AKi MOKYTh OYTH BUKJIHKaHI poOOTOIO ABUTYHA 200 CHCTEMH
BUXJIONY. BeHTHIi 6aoHIB MOBMHHI 3aXHINATUCS BiJ MEXaHIYHOTO TOMIKOIKCHHSI.

Ilnanrn s BUmadi KUCHIO ab0 a30Ty TOBHHHI OyTH BiIIOBITHOT MIITHOCTI,
BiANIOBINHOI JOBXMHE i MalOTh OyTH BHTOTOBIEHIi 3 BigmoBigHOro Marepiamy. Ix
YKJIaJJaHHs Mae 3ifCHIOBAaTHCS y CHelliajbHi HiIM i HaxiifHo ¢dikcyBaTucs mix 4ac
TPaHCHOPTYBaHHs, 100 YHUKHYTH IX IONIKOMKEHHS, THYTTS, IMEpeKpydyBaHHS abo
cKpydyBaHHS. KOMIIOHEHTH KOHCTPYKIIi, sSKi KOHTaKTYIOTh i3 KHCHEM IIOBHHHI
BUTOTOBJIATHCS 3 BIAMOBIIHOTO MaTepiaay, HAMPUKIAL Mili, HIKETIO0, MiJHOTO CILJIaBYy 3
MiHIMaJIBHOIO YacTKOIO Mimi y 55 %, mimHo-HikenmeBoro cruraBy. KucHeBi arperatn
MOBHWHHI OyTH CHIPOEKTOBaHI 3 MOJMJIMBICTIO PO3MILICHHS, SK MIHIMYM, OIHOTO
JIETKOJIOCTYITHOTO JJIsl ONlepaTopa BOrHEeracHuKa Ha 6 kr. KOHCTpyKIisi Ky30Ba arperary
Ta 3aco0iB pPO3MIIIEHHS IUIaHTIB Ta KpIIUICHHS IOBHMHHA OYyTH Takowo, Imo0
YHEMOXITUBUTH 3aiiBe HAKOMUYEHHs KucHI0. KabiHa Bomis Mae OyTH TaKOX 3aXHIICHOIO
BiJI BUHMKHEHHSI Y Hili BEJIMKUX KOHIICHTPAIIil KHUCHIO.

BucHoBok: KOHKpeTH30BaHO TeXHIUHI BHMOTHM MIOJ0 MiHiIMi3alii HebGe3mek B
pO3Iidi, 10 MOXYThb BHHHKHYTH MiI 4Yac BBEOCHHS B eKCIUIyaTalilo, poboTH i
00CITyTOBYBaHHS a30THUX 1 KHCHEBHX arperariB, sKi BHKOPHCTOBYIOTBCS 3TiTHO
cnenudikamii HaxaHiii BAPOOGHHKOM ab0 HOTO YIIOBHOBKCHUM MPEACTABHUKOM. Takoxk
BPaxOBYIOTCS JESKi BUMOTH, SIKi BH3HAaHI, K CYTTEBI, OpraHaM¥ BJIaJH, BUPOOHUKAMH
MOBITPSIHUX CYZIEH Ta aBiamiiHoi Ha3eMHOI TexHikn (AHT), a Takox aBiakoMIIaHIsIMU Ta
areHIlisIMU 3 TPAHCTIOPTHOI OOPOOKH BaHTAXIB.

Hayxosuil kepisnux — JI.B.Kypbem, acucmenm
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V]IK. 656.714:621.335.53(043.2)
Pomanuyk M.O.,
Hayionanonui agiayitinui ynieepcumem, Yxpaina

NIABUIIEHHSA PIBHS BE3IIEKHU ITPU BUKOPUCTAHHI
YCTATKYBAHHS AJIS1 HASBEMHOI'O PYXY NNOBITPAHUX CYJAEH

Bu3HayaeMo BUMOTH IIOJO OXOPOHH 30POB’S Ta O€3MEeKH, a TaKoX, AesSKi BUMOTH
mono (GYHKIIOHATBHOCTI Ta eKCIUTyaTallii yCTaTKyBaHHS JJsS Ha3eMHOTO pyXy
MOBITPSIHUX CYIEH, SIKE€ 3aCTOCOBYIOTH JI0 BCIX THIIIB MOBITPSHUX CYIEH, IO 3a3BUYail
eKCIUTyaTyIOThCsl Yy IMBUIBHIN aBiarii. Po3mistHyTi MakcHMmanbHI KpuTepii, IO MaroTh
NIepBUHHY 3HA4IyIIiCTh IS 3a0e3nedeHHs Oesneku [1C mpu HazeMHOMY pyci.

VYcratkyBaHHS JUII HAa3eMHOTO pyXy HOBITPSHUX CYyJICH IIOBHHHE BiANOBimaTh
BUMOTaM, SIKIIO iHIIIe He BU3HAYCHE Y CTaHIapTi.

Ha taragax 3 kabiHOIO MOBHHHI OyTH CHCTEMH NPHCTPOIB macuBHOI Oe3mexu. /s
BOJIis, IK MiHIMYM, MalOTh OyTH MacKy Oe3MeKH HAKOMIHHOTO TUITY.

Ky30B TsiraduiB moBiTpSHHX CyZE€H HEOOXiZHO PO3pOOIATH TakK, 100 MONETIINTH
OOCTYN Ml 3aMiHM KOJiC 1 IIMH 3a JOMOMOTOI0 BHKOPUCTAHHA BiAMIOBiITHOTO
IiTHIMAJIBHOTO YCTAaTKyBaHHS.

SIKmo TATaY MOBITPSHOTO CyAHA 3a0e3nedeHHH OYKCHpPYBalbHO-IITOBXAalOYHM
i IHOMHUKOM, HOT0 HEOOXiTHO yOE3MEUUTH 32 JOMOMOTOI0 CHEHiAIbHOTO MEXaHIYHOTO
CTPIDKHS (ikcarii.

EnexkTpuyHa cHCTEMa aKyMYJIATOPHO-NIPHMBIIHOTO YCTaTKyBaHHSA IUIS HAa3eMHOIO
PyXy NOBITPSHUX CyIeH IOBHHHA BIINOBIIAaTH TEXHIYHUM BHMOTaM, 32 BHHITKOM
CTaHIAPTHOTO CAMOXIiTHOTO IIACi.

Tsraui, po3poOieHi 3 Oimblle HXK OZHUM PEKAMOM PYyJIBOBOTO KEpyBaHHS, MO0
3amo0irTd 3MiHI pEXHUMY, MOBHHHI OyTH OONaJHaHI OJOKYBAJIFHHMH TIPHCTPOSIMU.
brokyBanHs Mae BinOyBaTuCs IOTH JOKH BCi KoJieca HE 3HAXOMATHCS B INPSIMOMY
MOJIOKEeHHI, 1 JOKHM WIBHIKICTH PyXy He HepeOiiblrye 5 xm/z00. Bubpanuii pexum
py/IOBaHHS Mae OyTH 4iTKO BKa3aHHUI OIepaTopy.

ligpaBniyHi CHCTEMH pYJIOBaHHS TOBHHHI 3a0e3leuyBaTH IPIOPUTET IIOJ0
JKUBJICHHS PYJIbOBOTO KEpyBaHHS BITHOCHO OyIb-SKOTO IHIIOTO TiIpaBIigyHOTO
YCTaTKyBaHHS, 1110 JXUBHUTHCS BiJl TOTO K JDKEpEa KUBICHHS.

SIKIIO BHKOPWCTOBYIOTH €JEKTPOHHI 3aCO0M KOHTPONIO PYIIOBaHHA, Mae OyTH
rapanrTisi, OO omnepaTop 3a0e3NeueHuil MOKAKIUKOM OyIb-sIKOi BiIMOBH, SIKa MOXKE
HECHPUSTINBO BIVIMHYTH HA POOOTY CHCTEMH PYJTIOBAHHSI.

BucHOBKH: BCTaHOBICHO TEXHIYHI BUMOTH MO0 MiHiMi3allii HeOe3MeK, sKi MOKYTh
BUHUKHYTH IIii Yac BBEAEHHS B eKCIUIyaralilo, poOOTH 1 0O0CIyroByBaHHS
YCTaTKOBaHHS MJIS HA3eMHOTO pyXy MOBITPSAHMX cyaeH. Excrutyararisi BKa3aHOTO
oOnagHaHHS Ma€ TEeBHY CHenudiky, sSKy CIiJ BpaxOBYBAaTH 3TiIHO 3 IHCTPYKIISMH,
HaJaHHMH BHPOOHMKOM ab0 #HOro YHOBHOB@XEHHM MPEACTaBHUKOM. TYT TaKoX
BpaxoBaHO [esKi BaKJIMBI BUMOTHW, SKi BH3HaHI OpraHaMd BIagd, BHPOOHHKAMH
aBiamiifHoi TOBITPsHOI Ta HazemHoi TexHikum (AHT), a Takox aBiakOMIaHiIMH Ta
areHIlisIMU 3 TPAHCTIOPTHOI OOPOOKH BaHTAXKIB.

Hayxoeuii kepienux — B.B. Bapioxno, k.m.n., doy.
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VK 629.73.03.419(043.2)
Pynenxo O. 1O.
Hayionanenuu asiayitinui ynieepcumem, Kuis

ITPOTOBKEHHA PECYPCY I[ETAJIE?I JBUI'YHIB BHYTPIIIHBOI'O
3rOPSIHHSI ABIALIIMHOI HABEMHOI TEXHIKH

OCHOBHHM arperatom cuioBoi ycTaHoBKH cydacHoi AHT € OBUTYH BHYTDIIIHBOTO
3rOpsIHHS, IO 3HAYHO e(eKTHBHIMIMA Ta CKOHOMIYHIIIMA 3a aBialiiHUHA, Ta
NOTYXKHIIIMA 3a eNeKTpu4Hi aHamord. Jleranmi OWITIHAPOBO-MOPLIHEBOT TPYMH ILUX
IBUT'YHIB MAlOTh CTPIMKY TEHIEHIIIO 10 3HIKEHHS METaJOEMKOCTI, IO 3HAYHO
MiABUIYE TPOOIeMy IX 3HOCOCTIMKOCTI Ta MOBEpPXHEBOi MiIfHOCTI. OCKIIBKH MOpPIIHI
CYJacHUX JBHTYHIB BHYTPIIIHBOTO 3TOPSIHHS BHT'OTOBICHI 3 aJIOMIHI€BHX CIUIaBIB TO
BOHHU CYTTEBO TMOCTYHAIOTHCS 3HOOCTCIMKICTIO CTAlICBHMM JETAlIM OCOOJMBO TPH
MABUIICHUX TEMIIepaTypax, 00 SK BiOMO aTIOMIHIEBHH CIUIaB IUIACTU(IKY€EThCA BIKE
mu Temmeparypi Omm3pko 400 °C.B pesynpraTi HagMIpHOTO 3HOLIYBAHHS MOPIIHIB
BiIOyBa€eThCs 3 OAHOTO OOKY MPOPUB BiANpAIbOBAHUX ra3iB B KapTep 1 HABMAKH MAacCiIo
NIPOHMKA€E B KaMepy 3rOpsHHS Ta KOKCYEThCS Ha MOBEPXHI MOPIIHS Ta CTIHKaX Tilb3H
(puc. 1. a). Tomy noBepXHeBe 3MIIIHEHHSI MOPLIHIB JIBUT'YHIB BHYTPILIHBOTO 3TOPSHHS,
0 BUTTOBJICHI 3 JIMBapHUX ATIOMIHIEBHX CIUIaBIB — € MPOOJIEMO0 (YHKLIOHYBaHHS
OYKBaJBbHO BCIiX CHCTEM JIBUTYHA.

Bapro BuIinMTH ABi OCHOBHI IUITHKH HaJAMIpHOTO 3HOIIYBAaHHS MTOPIIHIB IBUTYHIB:
Ile KaHaBKU i KOMIIPECIfHWI MakeT Kilenb, Ta CIIJHMI TMOPIIHS B HAMPAMKY
MIEPICHANKYJSIPHOMY HOPIIHEBOMY ITAJIBLEBI.

a) 0) B) T)

Puc. 1. llopmmni aBuryna Deutz micns HaaMipHOTO 3HOIIYBaHHS CHIAHUMI (a), Ta MICIA
00poOku 3HEKUpIOBaHHSA (0), TICKOCTpYMHHHOI 00pOOKH (B), HAHECEHHS MOKPUTTS (T).

B pamxax HaykoBoi poOOTH 3alpOIIOHOBAHMII HACTYIHMH MEXaHi3M IiJABUILIECHHS
3HOCOCTIMKOCTI MOpIIHIB ABUTYHIB. [lepimia omepariis Le MHUTTS Ta 3HEKHPIOBAHHS
noBepxHi po3unHHUKOM (pHc. 1. 6). Jani omepanii BUKOHYIOTHCS Ha MICKOCTPYMHUHHIH
MmanmHi. Cro4yaTKy yCyBa€eThesl IIiIbHA OKCHHA IUTiBKa MmickoM 3epHucTicTio 0,5-1 MM.
(puc. 1. B). lani B micok fofaeTchst KapOix KPeMHII0 3epHHUCTITCIO 5-20 MKM, IO TapHO
BIIPOBAKY€EThCS B MOBepXHEBi mapu BupoOy. diHanbpHa TepMmiuHa 00poOKa J03BOJIIE
¢ikcyBatu MinHe HOKpUTTS (puc. 1. 1).

OTXe BHIPOBaKCHHS HOBHUX METOJIB 3MII[HEHHs JeTajell JBUTYHIB J[O3BOJIUTH
3HAYHO MOJOBXKUTH X pecypc, HiABUIMTH HOro epeKTUBHICTb, EKOJIOTTYHY YHCTOTY.

Hayxosuii kepisnux — A.I". [logeansy, k.m.H., Ooy.
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V]IK 656.71:656.7.072(043.2)
Cimuyk B.B.,Txau M.M.
Hayionanvnuii agiayitinui ynieepcumem, Kuig

CYYACHI TEXHOJIOI'Ti TO3UIIOHYBAHHS ITACAKHAPIB B
AEPOIIOPTAX

OmHUM 3 Cy4acHUX TPEHIB y cdepi NOCIyr NOTYKHUX aepoNOpPTiB 1 aBiaKOMITaHiH,
10 HAJAIOThCS MacakHpaM, € BIPOBAIKEHHs TEXHOJIOTIH MO3UI[IOHyBaHHS MacaXupa B
TepMiHaJaX aepornopTy i moOya0Ba MOXKIMBHX IUIAXIB HPOXOKEHHS 10 IPU3HAYEHOTO
BUXOJIy Ha IIOCAJKy, IO CTa€ OCOONMBO aKTyaJdbHHM IIPU HasBHOCTI B aeporoprax
JEKITEKOX TepMiHaiB.

MosxHa HaBecTH y skocTi npukiany aeponopt lapms e Toms (Ilaprmk), ne dac
TepexoLy MK KpaiHIMI TOYKaM¥ JOCTYIy ckianae 10 S50 XB, 10 BXKE CTa€ KPUTHIHUM,
SK JUIA TAacaXHpiB, MO MalOTh CTHUKYBAIbHI MapIIpyTH B aepomopry, TaK 1 st
aBiaKOMIaHI{, SIKUM JOBOJHUTHCS IUIAHYBATH MICIS CTOSIHKH JIITaKiB B aeponoOpTYy, AJIS
onTuMi3amii TPaH3UTHUX ITOTOKIB MTACAKHUPIB .

CyTb TexHOJNOTIl TOJsArae y BH3HAYCHHI IOJNOKEHHA IMacakupa B aeponopTy
METOJIOM CKaHYBaHHS IEPEBI3HOTO JOKyMEHTA K y BHUIJIAJI MAepOBOro I10CAJT0YHOTO
TaJIOHA, TaK 1 y BUIJIII JIEKTPOHHOTO MOCAaJOYHOT0 TAJIOHA Ha MOOUIBHOMY IPUCTPO].
I1i 1aHi 3YUTYIOTHCSI CKAHEPOM, BCTAHOBICHUM Ha iH(QOpMaIiiHIX KiockaxX abo KiocKax
CaMOCTIHHOT peecTpallii, i 00pOOIIAIOTHCS BIAMOBIIHIM MOJYJICM.

3a momomoror HpOro Moayins Ha iHdopmamniliHe Tabmo abo, 3a HEOOXiTHOCTI, Ha
€KpaH MOOIUTBPHOTO TNPHCTPOI KOHKPETHOTO Iaca)kupa BUBOIMTHCS pi3HOMaHITHA
iH(pOopMaLis 3aIeKHO Bi CUTYallii: JaHi 0 HAMKOPOTHIOMY IIISIXY 10 MICIS IIOCAIKH B
JiTaK, KOpHCHa iH(GopMamis MO0 MICIh JOJATKOBOTO CEpPBICY, 30HH INPOMIKHOTO
orsAny abo MAacIopTHOTO KOHTPONIO, iH(GOpPMAIis MO MOXIIHMBI MiCLS BiJIOYHHKY
(pectopanu, Oapu, Mara3uHH TOIIO) i Micls, ¢ HEOOXiAHO MiATOTYBaTH MEBHI
JOKYMEHTH JUTsl KOHTPOJTIO (IIaCIIOPT, MTOCAIKOBHIT TaJIOH 1 iH.).

Bce Oinpioi momymsipHOCTI HaOyBa€ TEXHOJIOTiSI 3 BHUKOPUCTaHHSIM HEBEIHMKUX
nepeiaBaibHUX TMPUCTPOIB - aiibikoHOB (ibeacon) abo wmaskie. Skumio macaxup
BCTaHOBIIIOE BIANOBIAHY NpOrpaMy Ha MOOITBHI HPUCTPOi, TO HE Ja€ HOMYy 3MOTY
OTEpPaTUBHO OTPUMYBATH JeTali3oBaHy iH(OpMALil0 B aepomopTy 3a MicleMm
po3TamryBaHHS TOrO 4YM iHIIOro 00’ekry. [lOBimOMIIEHHS TNPUXOIATH Y MOMEHT
MepeTHHy JiHiA 1ii MasgkiB (aif0iKOHOB), pPO3TAIIOBAHMX Ha CTiHaX ab0 B IHIIUX
HETPUMITHUX Miclsix aepomopty. IIpy BkiIroyeHHI macaxkupom bluetooth-curnamy na
CBOEMY MOOUIBHOMY TPHCTPOi MasK{ JO3BOJSIOTH iAEHTHU(]IKYBaTH HOro NMEpCoHy i
HaJaBaTH JIeTali30BaHi PeKOMEHIAIIT 1010 3HAXO/PKEHHsI MacaKupa B aepoIopTy.

TakuM ke YMHOM MOXKHA 3HAiTH ONTHMAaJbHHI MapIIpyT i po3paxyBaTH 4Yac J0
BUXOJy Ha IOCAAKy (IO KOHKpeTHOro reity). OTpumaHa macaxupoM iHpopmaris
MIOCTIHHO AaKTyalli3yeThC MHpPH TNPOXOKEHHI 30HM il BIAMOBITHUX HPHCTPOiB. Y
pe3yiIbTaTi MacaXup 3aBKAWM 3HAXOJUTHCS B 30HI KOHTPONIIO CIY)KO aepomopry Ta
aBlakOMIIaHI Ta OTPHUMYye€ MOXJIMBICTh IUIAaHYBaTH CBOi MEPEMIIIEHHS II0 30HAM
TepMiHaIy.

Hayroeuii kepisnux — O.M. Binaikoguy, K.m.H., npog..
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UDC 696.7.072.6 (043.2)
Soroka Yu. A.
National Aviation University, Kyiv

REVIEW OF LAYOUT OFFERS FOR SPECIFIC EQUIPMENT OF AIRCRAFT
DEICING VEHICLES

The ground deicing treatment of aircraft is vital, despite of its very expensive cost.
But the profitability and payback is guaranteed, so as all wealthy people are about of
that to celebrate their winter holidays together with their families which are living long
far from their business jobs and the winter flights are demanded. That’s why the deicing
in the Europe is of great demand and high of cost. The design of layout offers of deicing
vehicle is directrly influencing the efficiency, cost saving, environmentally friendlyness
and rapidness of total aircraft ground handling procedure.

I would like to emphasize of two main layouts of deicing vehicle for aircraft:
cantilever type (fig. 1.) and bar-holding deicer (fig. 2.) concerning to the working body
mount; and two types stand-acting and travel-acting concerning the ability of chassis to
overcome the all forces acting on the vehicle’s specific equipment during the aircraft
ground handling.

Fig. 1. Cantilever type deicing vehicle of travel acting: 1 — vehicle chassis; 2 — main
boom; 3 — extension boom; 4 — enclosed operator’s cabin; 5 — vehicles transmission; 6 —
auxiliary fuel tank; 7 — auxiliary engine vent holes; 8 — spraying system tanks; 9 — boom
operaitng hydraulics.

/im IR rwae—. /s 1\
L“' x:b

Fig. 2. Bar-holding deicing vehicle of stand-acting type: 1 — vehicle chassis; 2 —
boom turret; 3 — boom elevating cylinder; 4 — boom; 5 — ADF tank; 6 — cabin leveling
cylinder; 7 — cabin holder; 8 — operator’s cabin; 9 — bar leveler; 10 — deicing bar nozzle;
11 — deicing bar; 12 — vehicle’s stand satabilizers (cabin operated); 13 — bar to airframe
contact protection sensor.

All main elements are already specified on the relevant drawings. And for successful
application of the vehicles at the proper airports for the proper aircrafts requires the
thorough scientific investigation.

Scientific supervisor — A.G. Dovgal, Ph.D., associated professor.
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Tyndyryka Y.O.
National aviation university, Kyiv

TECHNOLOGY OF RUNWAY FOAM COVER FOR AIRCRAFT
EMERGENCY LANDING

The usefulness of foam application in the indicated situation is confirmed by ICAO
statistics, according to that, at landing of aircrafts with failed systems on runways
without a foam, fires occurs approximately in 30 % cases, and at landing on a foamy
runways - only in 3% cases. It is important to quickly eliminate the possibility of fire
and ensure the safety of people and environment during the prevention and elimination
of accidents that occur during emergencies associated with landings of aircrafts that take
place with deviation from the norm. Method that consists in coating of runway surface
by the layer of fire foam for reduction damage of aircraft construction at landing and
decline of probability of overflow and ignition of fuel is presently used.

Reduction of probability of fire at landing on runway, covered by a foam, is caused
by the next factors: reduction damage to the aircraft structure damage due to lowering of
deceleration forces during its sliding on the foam, which reduces the probability of
failure of aircraft systems and fire; reduction probability of ignition of jet fuel as a result
of reducing the concentration of vapor in the air due to the insulating properties of the
foam layer; effect of spark suppression in the foam.

In addition, during the emergency landing of the aircraft on the foam runway the
intensity of a possible fire decreases due to insulation action of foam.

For the covering of the runway by foam, different devices can be used: special
machines for covering the runway by foam, with reserves of water and foam concentrate
pump unit, foaming apparatus and installations for the foam distribution; converted
airfield fire cars or refuelers, taken from the main type of operation; installations for
coating runway by foam that are removable and trailed units for the airfield fire cars of
heavy type. It is necessary to take into account at causing of foamy layer, that an aircraft
with retracted landing gear concerns runway surface far beyond its threshold (at 150-600
m) than under normal landing conditions. Removing of the touch point depends on the
aircraft, its landing speed, but also on the type of the landing gear failure.

When covering the runway with foam for maximum effect it is necessary to create a
continuous foam strip on the supposed area of the runway. The gaps in the foam
covering are not allowed. Dimensions of foam strip applied to the runway depend on the
aircraft type and kind of emergency landing.

It is not practical to apply the foam on the runway at low temperatures, since in this
case there is the freezing of the liquid foam components, which degrades the braking of
the aircraft and fire-extinguishing properties of the foam coating. It is not recommended
to use the extinguishing foam to cover the runway in heavy rain or snow.

Thus, this technology of crash-landings prevention will allow: to eliminate the
appearance of fire, to ensure safety of aircraft construction; ensure the safety of the crew
and passengers; to prevent environmental pollution.

Scientific supervisor - Pryimak L.B., Ph.D., associated proffessor.
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Chopyk V. Yu.
National Aviation University, Kyiv

AIRCRAFT DEICING VEHICLE OF IMPROVED OPERATIONAL
PERFORMANCES

One of the widespread winter-season preflight procedure of aircraft ground handling
is the aircraft on ground deicing/antiicing, that enables the aircraft for safe takeoff and
dive out the the on ground layer where the great water drops content is accumulated.
After that the aircraft onboard built-in deicing system will be activated and sufficient to
avoid the wing leading edges and engines intake icing. On the ground the special
vehicle os aircraft ground support equipment is to be used — aircraft deicers. One of the
main element of specific equipment of this vehicle is either open basket or enclosed
cabin of aerial device for the deicing personnel, which is usually stowed in travel deicer
configuration in front of the drivers cabin. Thus it considerably worsens the driver
visibility while driving the vehicle with-in winter conditions (natural darkness and
artificial lighting, snow, fog, mist and frozen rains) and having the busiest ground apron
traffic of other aircraft ground support equipment. So, the innovative development for
deicer aerial device was offered (fig. 1.). The main features of vehicles aerial device is
the following: the personnel carrying basket 5 is stowed behind the vehicles cabin 1;
structure of the main boom is 6 is two-sectional — it consists of bent main boom section
and extension boom 4 of fork structure;the basket 5 is retracted in to working
configuration by swinging of half-cycle around the front boom swivel using the basket
retraction (as well as leveling) device 7. Thus the vehicle driver’s visibility from seat
position is not obstructed by any part of aerial device that other deicers have.

8 g

78 5 O 7

Fig.1 The aircraft deicing vehicle of improved operational performances: 1- Base
Chassis Deimler; 2 - Boom Support; 3 — Remote Control Panel; 4 — Extension Boom; 5
— Personnel Carrying Basket; 6 — Main Boom; 7 - Basket Retraction Device; 8 — Boom
Suspension; 9 - Auxiliary Engine; 10 - ADF Tank; 11 - Hydraulic Control Unit; 12 -
Exhaust Gas Outlet; 13 - Hot Water Tank; 14 - Auxiliary Battery; 15 - Diesel Fuel Tank;
16 - Vehicle Battery; 17 - Heat Chamber.

Such design of deicer’s aerial device provides for the vehicle the lowest profile of
overall height enabling the sefest driving in travel configurations under the generic
airport structures like a passenger boarding bridges and other road passage ways. The
solid structure of main boom enables application of standard extenders (boom,
hydraulics and spraying pipes) for processing of extra-high aircrafts. So the design of
deicing vehicle offered will have doubtlessly improved operational performances.

Scientific supervisor — Dovgal A.G., Ph.D., associated professor.
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Munenxo A.1O.
Hayionanenui asiayitinui ynieepcumem, Yxpaina

CHEIJAJBHI BUMOTH 10 ABIAIIMHNUX MIAHOMHHKIB, OCHOBHUX
JOMKPATIB TA I'IIPABJIIYHUX XBOCTOBHUX HIAIIOP

Y po06oTi BH3HAYEHO CIHELiaJbHI BHUMOTH IIOJO TEXHIYHOI Oe3MeKd, OXOPOHHU
310pOB’sl, (YHKLIOHAJIBHOCTI Ta pOOOTH aBiallifHUX MiTHOMHHKIB, OCBOBUX JIOMKpATiB
Ta TiAPaBIIYHUX XBOCTOBHX HiANOp, NPU3HAYEHUX IS BCiX TUIIB HOBITPSHUX CYICH,
0 eKCILTYaTYIOThCS Y aBiallil.

3araibHi BUMOTH.

PiBeHp MIITHOCTI Ta CTIMKOCTI aBiamiHWX IiJHOMHHUKIB, OCHOBHX JOMKpATIB Ta
XBOCTOBUX TIPaBIiYHUX IMIiANOp TOBHHEH OYTH Y3TOMKCHUI 3 BiIMOBITHUMH
BUMOTaMH Ta CTaHJAPTaMHU O€3MeKH.

OCKibKY 3an00KHUNA KIallaH BUKOPHCTOBYIOTh ISl 3aXHCTY BiJ IepeBaHTaKCHHS,
HOro He MOXKHA PO3MIIIYBAaTH MiX IIJTIHAPOM 1 TMPHUCTPOEM KepyBaHH:. 3amoOixHUI
KJIanaH Mae OyTH BIIPETyIbOBAHO O HAHHIDKIOTO MOXKIIMBOTO 3HAUCHHSI.

OmnepaTop MOBHHEH MaTH MOXJIMBICTH YIPABISATH MIBUAKICTIO OICKaHHS abo
3YNUHATH OIYCKAaHHS MiJiiMaviB Ta JOMKpATiB 3a Oy[Ib-SKOTO HABAHTAXKEHHS HIDKYE
HOMIHAJIBPHOTO, HANpHKIad, Ha MimifiMayax Ta JOMKparaX KepOBaHHMX BPY4YHY —
KJIaIIaHOM 3 TOYHUM PETyTIOBAHHSIM.

ABianiifHi TiIAOMHHUKH, JTOMKPAaTH Ta XBOCTOBI TiApaBIiYHI MiANOPH HEOOXiTHO
MIPOCKTYBATH Tak, 00 3a0e3neynTy Oe3MeyHe 1 JIerKe CIPsIMyBaHHS, HAPHUKIAI, OJHE
KOJIECO 3 TPHOX Ma€ OyTH HOBOPOTHHM.

Ha aBiamiiHUX miIiOMHHKaX, TOMKpaTraXx Ta XBOCTOBHX TiJpaBIiYHHX MiAmOpax
MMOBHHEH OyTH 3a0e3le4eHuid MOCTIHUN MOCTYyn [0 ONOPHOI TOYKH HAaBaHTAXKEHHS.
Ilpn BuUKOpHWCTaHHI ApaOWHM 31 CXigUAMH MakCHMalbHa BIJICTAHb MiX UYETBEPTOIO
CXOJJMHKOIO 3BEpXY i HaiBiJaJICHIIIO ONOPHOIO TOYKOIO HE IMOBHHHA MEPEeBUIYBaTH
2,0 m.

Mapxkysanna Cmayionapne Mapky8anHs 6U2OMOGIAIOMb 3 MEMALesux NidcmuH,
3agixcosanux 3axienkamu abo npusapenux 00 KOHCMpyKyii.

JlonaTkoBe MapKyBaHHS

Ha meTaneBiif ruiacTuHi pa3oM i3 Ha3BOIO Mae OyTH 3a3HAYEHO:

- HOMiHaJIbHE HaBaHTAXKEHHS;

- TUII IOBITPSIHOTO CY/HA, SKIIO € OOMEKEHHS 70 MIEBHHUX THUIIIB JITAKiB;

- JUIsL TiApaBIiYHUX XBOCTOBHX IiIOP: TaOINIS AJIs HOPIiBHSHHS CITiBBiTHOIICHHS
TUCKY JI0 CHIIHL.

BucHoBok. PosrmsiHyTo KpuUTepii, 10 MalTh IEpBHHHY 3HAYYLCTh I
yOe3mneyeHHsl, eKOHOMIYHOCTI 1 3pYYHOCTI y BHKOPHCTaHHI aBiallifHUX ITiTHOMHUKIB,
OCBHOBHUX JIOMKPATiB Ta T1IpaBIiYHUX XBOCTOBHX IiAIOp. BcTaHOBIEHO, 110 BiIXMICHHS
BiJl pEKOMEHIOBaHUX KPUTEPIiB MOXIMBI TUIBKU TICIS MPOBEACHHS Ta OMpAIfOBAHHSI
BiJITIOBIIHUX BUTPOOYBaHb 1 PETENFHOI EKCILTyaTalliifHOI IepeBipkH, ska O Iokaszaia
3aJI0BIJIBHICTh aJBTEPHATHBHUX METO/IB 200 YMOB.

Haykoeuii kepienux — Bapioxno B. B., k.m.n., ooy..
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VJIK 629.73.03.419(043.2)
HInasnuk B. L.
Hayionanenuu asiayitinui ynieepcumem, Kuis

HAHOCTPYKTYPHA MOJUPIKAIISA KOMIIO3UTIB JIJIS1 YIIIJIBHEHD
TEXHOJIOI'TYHOI'O OBJIAJHAHHSA AEPOITIOPTIB

ViineHeHHs] HACOCHOTO 00JaJHAHHS aePOIMOPTIB € OJHUM i3 OCHOBHUX €IIEMEHTIB,
I1I0 BU3HAYAIOTH B I(IJICMY PECYPC arperaris, 0oro eeKTHBHICTh, EKOJIOTIYHY YHUCTOTY, a
ronoBHe Oe3mexy. Tomy B ramy3i eKcIulyaTalii YIIiJIbHEHb HACOCIB Ta INapHIpHUX
3’¢JIHAHb TPYOONPOBOJIB JaBHO MOMITHA TEHJCHINS «0E3MPOOIEMHUX)» YIIUILHCHb —
VIIUIBHEHHS, 0 He MOTPiOHO 0OCIyroBYBaTH Ta pecypc SKuX Harepen Bimomuit. L[
MeTa JIOCATaeThCsl 32 PaxyHOK BHUKOPHCTAHHS HOBHX TEXHOJIOTiH Ta MarepiaiiB. Ilpu
[[bOMY B&)KJIMBO, 100 BHXiHI KOMOITHEHTH Ta CHPOBHMHA U IIMX MarepiaiiB Oyna
HasBHa B pecypcHiil 0a3i YkpaiHu, a TexHoioris ix orpuMaHHi Oyna He Oyma O
E€HEPrOEMHOIO. A II¢ BHMAara€ peTeNbHUX HAYKOBUX JOCHI/KCHb Ta I1HHOBAIIHUX
TEXHOJIOT1YHHX PillleHb.

B sxocTi BUXiTHUX KOMIIOHEHTIB Ul KOMIIO3UTIB 0110 00paHo KapOix KpeMHilo Ta
OKCHJI aJTFOMIHIIO, TaK SIK CHPOBUHA JUIS TX BUTOTOBJICHHS HAasBHA B JIOCTaHil KiJIKOCTI B
pecypcHiii 6a3i Ykpainu, a kapOiToKpeMHi€BI MaTepialid TapHO 3apEKOMEHAyBaU ceOe
JUISL BUTOTOBJICHHSI TOPLEBHX YINIIbHEHb. [IpoTe A MiIBHUINEHHS 3HOCOCTIHKOCTI Ta
MIIHOCTI IUX MarepiajiB po3poOHHKaM HOTPIOHO OyI0 BIAaBaTHCS IO PIZHOMAHITHHX
3axofiB. Mos mpomo3umis Tomsrae B MoAM(DIKAil KOMIIOHEHTIB KOMIIO3UTY
HaHOPO3MIPHUMH YacCTOYKaMH 3aii3a (puc. 1. a).

WD=13.3mm 20.00kV__ x10.0k

Puc. 1. EnextponHi ¢oTtorpadii: a — mopomkiB cucremu KapOil KPEMHIIO — OKCHI
AITIOMIHIIO 3 HAHOPO3MipHUMH 9acTo4KaMu 3aii3a 30. 10 000; 6 — cTpykTypa KOMITO3HUTY
3 1poro nopomky 36. 1000.

Lle mpu3BOAWMTH 1O OTPUMAHHsA OiMbLI ILIiTBHOI, APIOHO3KPHHCTOI CTPYKTYpH
KOMIIO3UTY B IPOLIECCi Taps4oro npecyBaHHs (puc. 2. 0), a SK HaCTiJOK 3HOCOCTIHKICTh
KOMIIO3UTY B TOPIBHAHHI 3 HeMoaudikoBaHUM 30imbiryeTbes B 3-4 pas3u, a ioro
MinHIcTe B 2 pasu. Jlo TOro » 3a paxyHOK Ili€l akTHBAaIiifHOT JOMIIIKKA 3HAYHO
3MEHILYETHCSI TEMITepaTypa i 4ac OTPHMAaHHS KOMIIO3HMTY TapsiuMM IPECyBaHHSM, IO
3HAYHO 30LTBIIUTH €HEPrOOIAIINBICTS TEXHOJIOT1H OTPIMaHHS.

OTrxe BIPOBaMKEHHS HOBHX MaTepialiB B TEXHJIOTiYHE OOJAaIHAHHS aepOIOPTIB
JI03BOJIMTH 3HAYHO MOJOBKHUTH PECYPC, MiIBUIINTH HOTo eeKTHBHICTb.

Hayxosuii kepisnux — Joseanw A. I'., k.m.H., 00y..
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Shovkun O. I.
National Aviation University, Kyiv

SELF-PROPELLED CONTAINER LOADER OF IMPROVED ENERGY
SAVING PERFOMANCES

The air cargo is usually delivered being enplaced in to the unit load device (ULD):
either container or pallet. It’s total weight can vary from 2 to 10 tones. So, in order to load
off-loaf of all ULD types in the quickest and safest way into the aircraft cargo
compartment the specific vehicle of aircraft ground support equipment is to be used — self-
propelled container loader (fig. 1.a). On the purposly designed shassis of low profile the
main platform 4 (for ULD acceptance from dollies) and front platform 2 (for ULD transfer
in to aircraft cargo compartment tracing filowing the door sill sink) are located. So the
main platform is to be frequently elevated and lowered with the ULD on. Thus the energy
for elevation may be spent but when lowering to ground level the potential energy may be
successfully accumulated twofold either as hydraulic or an electric power one.

In order to have this feature the loader should have be properly designed and
equipped with the specific accessories, namely:

- the elevation gear (fig. 1. b) of the main platform shoul be of reversible type,
where the the hydraulic cylinder 3 is immovably installed upward and has the sproket 4
for the chain 2. One and of the chain is fastened to the frame and another is attached to
the main platform 6 in place where the pivot support of scissors is located;

- thus the force acting on the hydraulic cylinder will be constant and will not depend
on the main platform elevation height;

- due to the movable pulley effect the force acting on the cylinder when lowering
will be twice greater and the hydraulic cylinder will accimplish the reversible function
of hydraulic motor of straight line.

1 2 3 4
i 34 5
2 6
d 1 7
8

9 6 5
a) b)

Fig.1 Self-propelled container loader: a — drawing 1 — front platform elevation gear;
2 — front platform; 3 — elevation cylinder sproket; 4 — main platform; 5 — chassis frame;
6 — support wheel; 7 — power-hydraulic plant; 8 — dirving-and-steering wheel; 9 — deck
transfer interface; b — working body diagram; 1 - frame; 2 - chain; 3 — hydraulic
cylinder of the elevating gear; 4 — chain sproket; 5 — container; 6 — main platform; 7 -
scissors links; 8 — scissors links rollers.

Thus the energy of fluid flow may be accumulated in hydraulic accumulator or
converted in to electric power via the reversible power-hydraulic machines and the
energy saving (recycling) effec will be achieved.

Scientific supervisor — Dovgal A. G., Ph.D., associated professor.
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Zhdaniuk O.A.
National Aviation University, Kyiv

LAYOUT OFFERS OF PORTABLE WATER SERVICING VEHICLE OF
AIRCRAFT

One of the most important ground handling technology of long-range traveling
aircrafts is supply of portable water in the proper aircraft storage places, meeting all
sanitation requirements.

In order to hold this aircraft ground handling procedure, the respective special
vehicle of AGSE is to be designed, calculated and applied. It should have the following
specific equipment: water tank with preheating and mixing a portable water, self-loading
water pump and supply pump into aircraft onboard storage, access platform (in order to
reach to the aircraft onboard refilling coupler, means of vehicle stability. The vehicle is
to be properly painted, has the overhaul marks and proper illumination devices (side
lights, head lights, beacon lights).

The custody of portable water is to be made of stainless steel, manufactured under
all sanitation requirements, as well as houses, are to be kept clean, meeting all
requirements for portable water.

The vehicle is to be suitable for easy flushing and disinfection procedures. As well
as all specific equipment closely dealing with portable water. Power plant should be
capable of driver the pump. (Fig.1.)

Foldable stairs Handrail

— Gas
shock absorber

Working
platform

Rear equipment box Access stairs
Fig.1. Typical potable water servicing vehicle layout with elements specified.
Water filling machine airfield is designed for transportation, short-term storage,
refueling of aircraft with drinking water. Vehicle maintains all types of aircrafts.
The aircraft water supply system is intended for satisfaction of hygienic demands of
passengers aboard the aircraft, demands of galley and other consumers, providing the
potable-water supply to all consumption points: lavatories, galleys.

Scientific supervisor — Dovgal A. G., Ph.D., associated professor.
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Hayionanenuu asiayitinui ynieepcumem, Kuis

HNEPOHHMI ABTOBYC JIJIS1 PETTOHAJIBHOT O AEPOIIOPTY

[leponnuii aBToOyc aeponopty - aBToOyC, KU JOCTABISE MACAKUPIB BiJ aepOBOK3aAIy 10
MpUHMaoYoro Ha OOPT MacaKHpiB JiTaka abo, TaKOX, AOCTABIsAE MACAXHUPIB BifJ JiTaka, IO
MIPUJIMTIB, 1O aCPOBOK3AITY.

B npmanmii yac MmHMPOKO BUKOPHCTOBYIOTH IIEPOHHI aBTOOYCH PI3HHX Mojeneil Ta
KoH(Irypamiifi B aepormoprax Bcboro cBity. HaiiBimoMimi BHpOOHHKH INEpOHHHX aBTOOYCIB
Cobus (Bicbaaen, I'epmanis), MA3 (MiHcbk, Benapycs), Neoplan (Ityrrapr, ['epmasisi), Van
Hool (Jlip, Bemsrist), Youngman (I[3unbxya, Kuraii). Ileponuuii aBTOOYC 00OB’SI3KOBO
MIOBUHEH MaTH HEBEIMKUI KIipeHC, MaHIyCH IS MacaKHpiB, sKi MEepPecyBalOThCs Ha Bi3Kax,
MiHIMaJbHOIO KUIBKICTh MiCLb I CHIIHHA, MAaKCHMaJbHOI KUIBKICTh HMOPY4YHIB, CHCTEMY
KOHJIUIIIOHYBaHHS Ta O0IrpiBy CalOHY.

[leponHi aBTOOYCH TOUIPHO BUKOPHCTOBYBATH Y PETiOHATBHUX acpoOIOPTax, B aepOIOPTax
Jie TAaCAKUPCHKI TepMiHaIM HEe 00JaJHEH] MOCAAKOBIUMH TajlepesiMH Ta B aepONOPTaX, BEIUKUX
3a IIOMICKO, JIC MICIIs CTOSIHKYU TMOBITPSHUX CYJICH 3HAXO/SThCS HA 3HAYHIN BiZICTaHi.

OCHOBHHMM HEJIOJIIKOM IIEPOHHHX aBTOOYCIB € Te, IO B SIKOCTI CHJIOBOI YCTQHOBKH
BUKOPHCTOBYETHCS ABUTYH BHYTPIIITHBOTO 3ropsiHHS (OeH3MHOBMH abo au3enbhuit). e cnpuse
3a0pyIHEHHS THUpETOpii aepomopTy BiANpPANbOBAaHUMH Ta3aMH IBHUTYHIB BHYTPILIHBOTO
3TOpaHH!, a TAKOXX 3HAYHUM E€KCILTyaTaIliiHIMH BUTPATaMH.

[IpoBenenuii aHami3 MoKa3ye, IO € IOLMUIPHAM BHKOPHCTOBYBATH IIEPOHHI aBTOOYCH
(ocoOMMBO ISl pEeTiOHANBFHHUX AaepoIOPTiB) oONagHaHiI enekTpompuBomoM. JoBemeHo, mio, B
CepeTHbOMY, EIEeKTPOIBUTYH IIEPETBOPIOE B MEXaHIUHy eHepriio Omm3pko 60% emekTpuaHOl
eHeprii. Y ToOH e yac IBUTYH BHYTPIIIHBOTO 3rOpaHHS Ha OCH3MHI BHKOPHUCTOBYE IaJHBO 3
etpexTuBHICTIO ¥ 17-20%. TpaHcmopTHi 3ac00H 3 €ICKTPOABUTYHOM MPOCTO ifealbHi 3 TOYKH
30py ekojorii. BoHN He 3a0pyqHIOIOTH HAaBKOJMIIHE CEPElOBHUINE TOKCHYHUMH BUKHIAMH, a
BUPOOHUIITBO "ManuBa" /sl HUX HE BUMArae CIyCTOIICHHS TIPUPOHUX 3amaciB HadTH.

Jlimepamypa:
1. http://avia-tehnika.ru
2. AsuanuoHHas HazeMHas TexHuka:CrnpaBounuk/ B. E. Kanapuyk, I'. H. Teneryxa, B.

B.3amopoxen u ap.; [lon pen. B. E. Kanapuyxka.

Hayxosuil kepienux — B.1. Jluuux, ooyenm HAY

VJIK 656.71 .712. (477) (043.2)
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Amnikina B.B., 3106ina O.M.
Hayionanonuu asiayitinuu ynieepcumem, Kuis

HNEPCIIEKTABH PO3BUTKY AEPOIIOPTIB YKPATHA

ITuranns npuBeneHHs iHPPACTPYKTYPH aepONOPTIB O CyIacCHOTO CBITOBOTO PIiBHS
Ta MEPCHEeKTUBU PO3BUTKY aepONOPTiB IMBIIBHOI aBiauii YkpaiHu 0OroBOprOBaIUCS Ha
onHii 3 Hapax MiHicTepcTBa [HGpacTpykTypu YKpaiHu.

Ha 3aciganni 3a3Havanocsi, W0 3aralbHUN CTaH iHQPACTPYKTYpH aepormopTiB
XapaKTepU3yeThCs 3HAYHUM 3HOCOM. IIIBHMAKE 3poCTaHHS aBianepeBe3eHb, MOCHICHHS
BUMOT O€3IeKH IOJILOTIB, SKOCTI, HAMIHHOCTI Ta PeryJsipHOCTI aBianepeBe3eHb BIMAarae
Heperisiy ICHYIOUMX TEXHOJIOTiH Ha3eMHOro OOCIyroBYBaHHS —aBiallepeBi3HUKIB,
MacakKMpiB 1 BAHTAXIB B a6pONOPTAX.

Jlnst mpuBeNeHHS UBUTFHUX aepOIOPTIB YKpaiHU y BIANIOBIAHICTE 10 MIDKHAPOJHHX
CTaHIAPTiB, MOJKJIMBOCTI eKCIUTyaTamii JiTakiB Tumy "boinr-767", "Boinr-747",
"Aepbac-320" mpakTHYHO BCi MOTPEOYIOTh PEKOHCTPYKIii YW OYyHiBHHUITBa HOBHUX
3IIITHO-TIOCAAKOBUX CMYT, PYJIIKHHUX JOPIXKOK 1 MiCIIb CTOSTHOK .

PekoHCTpyKIif0O macaXWpChbKUX TepMiHANB Ta OyAIBHUOTBO HOBHUX 3JITHO-
MOCAJIKOBHX CMYT IUIAHY€EThCS 3/iHICHIOBATH SIK 32 KOIUTH Jep>KaBHOTO OIOMKETY, TaK 1
3a paxyHOK IHBECTHI[IH. 3arajbHa BapTICTh BUTPAT, 3a IONEPEIHIMH PO3paXyHKaMH,
cxiagarume 876 muH. J{onapis CIIA.

Ha napapni mpuifHATO pilleHHS CTBOPUTH poOOdy Tpymy i3 3ailydeHHsAM (axiBLiB
MiHTpaHCc3B'3Ky, IPEICTaBHUKIB 0OJACHUX Ta MICBKHX pajl, SKi BHKOHYIOTH (QYHKIII
YIOpaBIiHHA MaiHOM aepomopTiB, 1 BIANPALIOBATH KOHIEMIID 3 MOJCpHi3amii Ta
PEKOHCTPYKII1 aepOTOPTiB.

JoBinka: B Ykpaini HamiuyeTbes 30 AiF0UMX aeporopTiB, 3 AKuX 20 MalOTh MyHKTH
MPOITYCKY 4epe3 Aep:kKaBHUH KOpAoH, a 6 € crtpareriunmmu ( "Bopucming", "Ogmeca",
"JIeBiB", "Xapkis", "[Qninpo ", " Kuis-)KynsHu"), siki moB's3aHi MOBITPSHUMH JIHIIMH 3
6arateMa mictamu Ykpaiun, CHJI, kpainamu 3axinnoi €Bponu, A3ii Ta Appuky.

Hayxosuit kepisnux —binaxosuu O. M., k.m.H., npogh.

AEPOJUHAMIKA TA BE3IIEKA I10/IbOTIB
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VJIK 629.78(93)(043.2)
I'punak H.B., I'opaunsik B. €.
Hayionanvnuii agiayitinui ynieepcumem, Kuig

AHAJII3 CYUYACHHMX TEOPII 3ATHUBEJI IOPISI TATAPIHA

27 6epesns 1968 poxy IOpiit [Narapin 3 incTpykTopoM Bonoxumupom CepbroriHum
BiANpaBWINCA Ha HaBYAJIBHO-TPEHyBadbHOMY BuHHITYBaui YTI Mil-15 y momr i
3aruHyd. JliTak 3ipBaBcs y IITONOP, Bpi3aBcs y 3eMito. Y gap OyB HACTIIBKU CUIIBHUM,
110 I’ ATUTOHHA MAIIIFHA PO3JIETiNacs BILEHT.

BucHOBOK KoMicil: HaiO1IBII HMOBIpHA ITPUYMHA KaTacTpo(u — BUKOHAHHS Pi3KOTO
MaHeBpY JUIS BiIBOPOTY B KyIi 30HAA.

Icnyroui epcii 3aeubeni FOpis I'acapina ma iio2o incmpykmopa:

. BIZIBOPOT, SIKUi1 3A1MICHUB eKilax, 00 He 3aX0JUTH Y XMapH;

. BEpCis MPO KOPOTKOYACHY BTPATy CBIIOMOCTI OJHOYACHO 000Ma JHOTYHMKAMHU
4yepe3 po3repMeTH3allio;

. HETOYHE MUIOTYBaHHS;

. JITaK MOTpaNMB y CymyTHIH cmix mitaka Cy-15;

{06 3po3ymiTH, M0 BimOYAOCS y MOJIBOTI, MOTPIOHO AETAIBHO PO3TIIIHYTH HPHIIAR
aBiaropu3oHT AI'K-47b, sikuit OyB yCTaHOBICHHH 1 B mepiriid, i B Apyrid kaOiHi JiTaka.
ABiaropu30HT — 11¢ OCHOBHHUI TIJIOTOXXHUN TPWIAJ Y KaOiHi JIiTaka, 3a JOMOMOTO SKOTO
JOTYUK BEAC TPOCTOPOBY OPIEHTAINIO 1 KEpye JITAKOM TIPH TMONBOTI y XMapax.
LleHTpabHIM €IEMEHTOM aBiaropH30HTY € TiPOCKOI, TOUHICTh SIKOTO 3aJIXKUTH BiJ| SIKOCTI
JKHBIICHHSI, SIKa TOJAETBCS B JpKepena (aKymynsTopa, reHepaTtopa). BHacmimok 3MiHH
SIKOCTI JKHBJICHHS aKymyisaTopa BinOymoch <3aBamoBaHHA» AI'K-47b. JloTpumyrounch
HETIPaBWIIPHUX TTOKA3HUKIB aBlarOpH30HTY, JITaK IMOYAB PYXaTHCh 31 3HIDKCHHAM 11032
BUIIMIMICTIO 3eMJIi B YMOBaX CYHUIbHOI XMapHocTi. [Ipu BiaMOBiI reHeparopa, GOpTOBOTO
aKyMyJISITOpa BHCTAUUTh s ICHHOTO TIOJIOTY B XMapax Ha 24-26 XBUITHH.

3 MoMmeHTy 3amycky naBuryHa initaka YTI Mil-15 mo kartactpodu mpoiinnio 23
XBHWJIMHH. SIKII0 TeHepaTop He OyB yBIMKHEHHH, TO aBiarOpH30HT BHJaBaB HEIPaBUIIbHI
moka3uuku. ['arapin Ha Bucoti 4200 M momoBiB:”625-ii 3aBmanHs B 30HI 20 3aBepIInB,
mpoury J03Boily Ha po3Bopor Ha kypc 320”. Tob6to, I'arapiny HeoOxigHo Oyio
3MICHATH PO3BOPOT 31 3HIKEHHSAM NPH BIJACYTHOCTI BUIUMOCTI IPUPOIHOTO
ropu3oHTy. [IpoOuBIIM HIKHIA Kpall XMap, MJIOTH PanTOBO BHSBHIIM, IO 3HIKYIOTHCS,
JUIi  BUBCIOCHHS 3 TIKIpyBaHHA HE BHCTAYWIO BHCOTH. HeBipHI TOKa3HUKH
aBIarOpU30HTY CTAJIM HUISXOM J0 3aru0eli Ui JIbOTYHKIB, 0 3HAXOIMIIHCS B HeOl Ha
PEaKTUBHOMY JiTaKy. [IpHYMHOI0 MU BB)Xa€EMO BIJICYTHICTH MEPEXOJy 3 aKyMyJsiTopa
Ha TeHepaTop MpH 3aMyCKy, KU Ha JaHOMY THIII JliTaka 3/1ii{CHIOETHCSl BPYUHY.

Jlimepamypui dorcepena.

1. http://ru.wikipedia.org/wiki/T'u6ens_FOpus_Tarapus.
2.benoniepkosckuit  C. M. T'mbens Tarapuna. @aktel ©W  JOMBICIBL — M.:
Mammsaoctpoenue, 1992. — 156 c.

Hayxosuii kepienux — FO.I1. Minsics, k.m.H., npogp.
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VK 629.7.067:004.94(043.2)
BoasBax B.C., Kpynko A.l.
Hayionanenuu asiayitinui ynieepcumem, Kuis

3D MOJEJIFOBAHHA TEPUTOPIi AEPOIIOPTY HA BA3ITIC
TEXHOJIOI'TA AJIsA 3BABE3NNEYEHHS BE3IIEKU ITOJIBOTIB

Ilepemkonamu BBakaroTbcs BCl HEPYXOMi THMYacoBi a0o0 MOCTiHHI 00’€KTH, L0
pyxaroThcs, a00 1X YacTHHH, IO PO3MIILEH] B 30Hi, MPU3HAYEHIH AT PyXy MOBITPSHUX
CyIeH 1o poOouii momi, abo sKi MJHIMAIOTbCA HaJ YMOBHOIO IIOBEpXHEO,
NPU3HAYEHOIO 11 3a0e3nedeHHs Oe3IIeKH MOBITPSIHUX CY/CH Y MOIBOTI.

AeponopTy NOBUHHI MaTH MOBITPSHHI MPOCTIp, BITBHUH BiJ] IEPEIIKO, IS 3IbOTY
1 TOCaJKH MOBITPSHHUX CyIEH B aeporopTy. O4eBHIHO, IO TaKa BiICYTHICTH NEPEIIKON
€ yMOBOIO 3a0e3mnedeHHs1 Oe3nekn MmoiboTiB. Lle mocsraeThesl OUIIXOM BCTAHOBIICHHS
BUMOT IIOJI0 OJICPKaHHA JaHUX IPO PO3TAIIyBaHHS 1 BUCOTY MEPEIIKO. Ta iX 00K IpHu
BCTAHOBIICHHI CXeM BWJIBOTY 1 3aX0dy Ha mOcaaky. Bumorm mopo 3abe3medeHHs
KOHKPETHOI MOBEpXHI OOMEKEHHS 1 pO3MIpiB MEPemKoa KIaCU(PIKYIOThCS 332 THIIAMH
3IIITHO-TIOCAAKOBOI CMYTH.

OnTuMansHUM IUIIXOM BHpillleHHS 11iel 3aqa4i € 3D MonenmtoBaHHs acpoapoMy Ta
HpUaepoIpOMHOI TepuTopii Ta HasBHUX y3moBxk Hel mepemkon. I'IC e yHiBepcambHUM
IHCTpyMeHTOM Juis cTBopeHHs 3D Mozenet, moexHaHHA iX 3 KapTorpadiyHUMH TaHUMHU
Ta BUMOTaMH MDKHAapOIHOTO 3aKOHOIABCTBA y cdepi aepoHaBiramii i 6e31eKu moIbOTIB.

IToOynoBa TpuBHMipHOI KapTH nepenbdadae moOya0By IPOCTOPOBOi MOJETI perbedy
MICIIEBOCTI Ha OCHOBI Tomorpado-reofe3nyHux BHMipIOBaHb. B mporpamHomy
3abe3neuenHi ArcGIS mobymoBana kommiekcHa 3D mopens MiCIEBOCTI B JEKijbKa
eTamiB:

1) moOymoBa mpocTOPOBOi MOJIEN MiCIIEBOCTI 32 OTPUMAHUMU TaHUMU;

2) BHeceHHs 3MiH 710 3D Mozerni, 10 CIpHSE KPAIIOMy CIIPUHHATTIO KOPUCTYBadeM;

3) nobymoBa mepeniko;

4) noOynoBa MOBEPXOHb OOMEKEHHS MTEPELTKOI.

Po3pobiena KoMIUIeKCHa MOZENb MOXe OyTH BHKOPHCTaHa, SIK aepoHaBirar{iiHui
Halip MaHWX UIS: MIBUAKOI! OLIHKH penbedy Ta MmepemKo eKinakeM B pasi aBapiifHOL
CHUTYalii Ta OLIHKY 30IMKEeHHS 13 3eMJIel0; BU3HAYCHHS 3aIlaCHUX CXEM 3aX0.y Ha Apyre
K0J10; TTOOYIOBH CXEM IOJIBOTY IO TpUIagax.

B pesymprari Oyma orpumana komruiekcHa 3D mopens penbedy, mepemkon Ta
MOBEPXOHb OOMEXKEHHS MEpeIIKoJ Ha TEepUTOpii aepoJpoMy Ta IpHAepPOIPOMHIN
TEpUTOPil 3 MOXKIUBICTIO OLIHKM ITOTEHLIIHUX MEpPEemIKoA, 0 MOXYTh BIUIMBaTH Ha
0e3rneKy HONBOTIB, a TAaKOX 3 MOXJIMBICTIO BHSIBICHHS IEPEIIKOJ, 10 MEPEeBUIIYIOTH
MEBHI TOBEPXHI 0OMEXEHb 3 OJJHOYACHHM BH3HAYCHHSIM THILy, HOMEpPY Ta KOOpAHUHAT
Hepelkoay 3a aTpuOyTHBHOW Tabiuier. B momamsimioMy po3po0ieHa MoJeib
Bisyawmizamii mepemko] Moxke OyTH JOMOBHEHAa Yy pa3i MOSBH HOBHX MOTECHIINHHUX
HEpPEIIKO/l Ta BU3HAYCHA HAsIBHICTh IIEPEBUIIICHb HAJl 0OMEKYBaIbHIMH TOBEPXHAMHU.

Hayroeuii kepisnux — O.1.3anopooiceynb, 0.m.H., npogp.

54



CYYACHI ABIALIIMHI TEXHOJIOI'Ti

V]IK 629.735.33(043.2)
Bypnayenko B.M.
Hayuonanvuwiti asuayuonnsiii ynueepcumem, Kues

CIOCOBBI CO3JAHUSI BOKOBOI CHJIbI HA CAMOJIETAX U
METOJMKA UX OIIEHKH

B nanHOit paboTe paccMaTpHUBAaIOTCSI BOMPOCHI, CBS3aHHBIE C BO3MOXKHBIM
CO3[JaHHEM Ha TPAaHCHOPTHBIX CaMoieTax OOKOBOH CHIIBI C HCIIONB30BAaHHEM €€ B
cHCTEME HEMOCPENCTBEHHOTo ympasieHus O0okoBoit cminoir (HYBC) mis ymydrneHus
JIETHBIX XapaKTePHCTHK CaMOJIETa.

Hccnenosanue Bonpoca o npuMeneHuu cucteMsl HYBC Ha camoneTre MoxeT UATH
o TpeM HamOojee BaXHBIM HampaBieHHsM: wucrnoins3oBanne HYBC Ha BoeHHBIX
MallvHax Ui YBEJIWYEHHs TOYHOCTH JOCTABKH CPEICTB IOPaXKCHHS; MCIOIB30BaHHE
HYBC na camonerax YBII mnst ymy4menus OOKOBOH MaHEBPEHHOCTH B YCIOBHSIX
3axojJa Ha Mocagky Oe3 yXy[IICHHs XapaKTepHCTUK CaMoleTa Ha KpeHcepcKux
pexumax mojera; ucnonb3oBanne HYBC Ha rpakJaHCKIX TPaHCHOPTHBIX CaMOJIETaXx.

OpHOI U3 NPUYHH SIBISTIOTCS IUIOXHUE MAHEBPEHHBIE XapAKTEPHCTHKU CaMOJIETOB B
00J1acTH HU3KOBBICOTHBIX PEXHUMOB IIOJIeTa HA MaJbIX CKOPOCTSIX M COOTBETCTBEHHO
HEJOCTaTOYHO BBICOKHE SKOHOMHYECKHE XapaKTePUCTHKU Ha ITHX PEKUMaxX I10JIeTa.

[Mpumenenue >¢pexTuBHON GoKOBOH critsl B cucteme HYBC Ha camonere mMoxer
JaTh BO3MOXKHOCTh oOOecnedyuTh: Oojiee TOYHOE BBINOJHEHHE 3aXola Ha IOCAJKY,
0COOCHHO €ro KOHEYHOTO ydacTka; 0ojiee KPaTKOBPEMEHHOE BBITIOIHEHHE KOHEYHOTO
ydJacTKa CHIDKEHMS, 4YTO MO3BONMIO OBl yMEHBIIUTh YPOBEHb IyMa Ha MOCAJKE;
BBIMIOJTHEHUE 0oJiee KPYTOTO ITAHUPOBAHHSA C COKPAIEHHEM IOCATOYHOH TUCTAHINY;
0oree HHM3KHH MOCAJOYHBI MUHUMYM IIpH TMOCAJKe MO Mpubopam; Ooiee TOYHYIO
MOCaKy Ha IUTONIAJKY OTPAaHWYEHHBIX Pa3MepOB.

BeInonHeHHbIE HCCIIEOBaHMUs ITOKa3bIBAlOT, YTO XapaKTEPUCTHKH MaHeBpa Io
KOMIIEHCAIlM OOKOBOTO CMELIEHHs 3aBHCAT KaK OT JIETYMKA, TAK U OT JAUHAMHYECKUX
XapaKkTepUCTUK camojieTa. B cBOI0 odepenp NUHAMHYECKHE CBOWCTBAa CaMojeTa BO
MHOTOM OTIPENEISIOTCS CIIOCOO0M CO3/1aHNs1 OOKOBOMH CHIIBL.

B pabore ocHOBHOE BHHMaHHE yIENEHO PA3IMYHBIM CIoco0aM Co3laHHs OOKOBOH
CHIBI JUISL BBINONHEHWS MaHeBpa OOKOBOTO JIOBOPOTa M  CIENaHa IIONBITKA
(hopMHpOBaHHS KPUTEPHEB OLECHKH YPPEKTUBHOCTH 3TUX CIIOCOOOB.

Hayxoeuii kepienux — O.H. Tpioxan, k.m.H., 0oy.
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VJIK 629.735.33(043.2)
Tokap O.M.
Hayuonanvuwiii asuayuonnwiii ynugepcumem, Kues

INPUMEHEHHME CUCTEMBI HEHOCPEACTBEHHOI'O YIIPABJIEHUS
BOKOBOU CHJIOU HA TPAXKJAHCKUX TPAHCIIOPTHBIX CAMOJIETAX

B mocnenHue ronasl B CBSI3M C MEPErpy’KEHHOCTBIO BO3JYIIHOTO IPOCTPAHCTBA
BOJIM3H a3pOIPOMOB yYMEHbIIAeTcs 3 (hEeKTHBHOCTH TPAHCHOPTHBIX IIEPEBO30OK.

OnHOIl U3 NpUYMH ABIAIOTCA IUIOXHE MaHEBPEHHBIE XapaKTEPUCTUKH CaMOJIETOB B
00JIacTH HU3KOBBICOTHBIX PEXKHMOB IIOJIeTa HAa MAJIBIX CKOPOCTSX M COOTBETCTBEHHO
HEJJOCTaTOYHO BEICOKHE IKOHOMUYECKHE XapaKTEPHCTHKH Ha ITUX PEKUMax MoJeTa.

B cBmm ¢ otEM cimemyer o0paTHTBCI K KOHQUTYpalusM —CaMOJICTOB,
obecrieurBarOIM 0oJlee MaHEBPEHHBIE XapaKTEPUCTUKH Ha MaJbIX CKOPOCTSX ITOJIeTa
u Oonee BBICOKHE CKOPOCTH CHIDKGHHS Ha IOCAJKE II0 CPABHEHUIO C OOBIMHBIMH
KOH(HUTYypaIHsAMHU caMoJIeTa.

B nmamHOlt paboTe paccMaTpHBAIOTCS BOIPOCH, CBSI3aHHBIE C BO3MOXKHBIM
UCIIONB30BAaHMEM Ha TPAHCIOPTHBIX CaMOJIETaX CHUCTEMbl HEMOCPEICTBEHHOTO
ynpasienus: OokoBoit cwioit (HYBC) mns ymydmieHWs JIE€THBIX XapaKTePUCTHK
caMoJieTa B BO3YLIIHOM IPOCTPAHCTBE BOJIM3H [10CaJOYHOH I10JI0CHI a3popoMa.

IIpnmeHeHme Takol CHCTEMBI Ha CaMOJIeTe MOXKET J1aTh BO3MOXKHOCTh O0OECIIEUNTh:
Ooiiee TOYHOE BBHINOJHEHME 3aX0Ja Ha IOCAJKY, OCOOEHHO €ro KOHEYHOrO Y4acTKa;
Gosiee KPaTKOBPEMEHHOE BBIMIOJIHEHHE KOHEYHOTO yJacTKa CHIDKCHHS, YTO MO3BOJMIIO
OBl yMEHBIIUTH YPOBEHb IIyMa Ha ITOCAIKE; BHIIOTHEHNE Oosiee KPyTOro IIIAHNPOBAHUS
C COKpaIleHHEM II0CaJOYHOW AWCTAHIMHU; Oojiee HU3KUI MOCATOYHBII MHHHUMYM TPH
nocajke 1o nmpudopam; 6oiee TOUHyIO NOCAAKy Ha IUTOMIAAKY OTPAaHNIEHHBIX Pa3MEpOB.

HUccnenoanue Bompoca o npuMeneHnn cucrembl HYBC Ha camornere MOXET WATH
Mo TpeM Haubosiee HampaBieHusM: ucnosib3oBanne HYBC Ha BOCHHBIX MallluHax JJIst
YBEJIMUCHHUS TOYHOCTH JOCTaBKU CpEACTB MopakeHus; wucnonp3oBanue HYBC Ha
camosterax YBII mms ymydmieHuss GOKOBOM MaHEBPEHHOCTH B YCIIOBHSIX 3axoja Ha
nocazaky 0e3 yXyALIeHHUs XapaKTepUCTHK caMojeTa Ha KpeHCepCKHX pekuMmax I0JIeTa;
ucnons3zoBanue HYBC Ha rpaxIaHCKUX TPaHCIIOPTHBIX CaMOJIeTaX.

BrimonHeHHBIE  WCCNIEOBAHUS ITTOKA3bIBAIOT, YTO XapaKTEPHCTHKHA MaHEBpa IO
KOMIEHCAIM OOKOBOTO CMEIICHHS 3aBHCST KaK OT JIETYMKA, TAK U OT JUHAMHUYECKUX
XapaKTepHCTHK CaMoleTa. B KkadecTBe OCHOBHOTO TapaMeTpa, XapaKTepH3YIOLIEro
MaHeBp OOKOBOTO JOBOPOTa, NMPHHHMAJIOCh MOTpeOHOE paccTosiHue a0 Hawana BIITI,
OTCYMUTBHIBAEMOE C MOMEHTA Hayajla MaHeBpa.

B pabore Takxe paccMOTpEHBI pPa3MYHbIC BapHAHTHI TIOJy4eHHs OOKOBOIl CHIIBL,
HeO6XO}1MMOl>’I JUIA BBINOJTHEHUA MaHEBpPa, 1 BO3MOXXHBIC KDUTEPUHN UX OLICHKH.

Hayxosuii kepienux — O.H. Tproxan, x.m.n., 0oy.
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CYYACHI ABIALIIAHI TEXHOJIOI'TI

V]IK 629.7.035(043.2)
CreniBka M.P., Paguenxo B.M.
Hayionanvnuii agiayitinui ynieepcumem, Kuig

CTEHJ JJ1s1 EKCHEPUMEHTAJIBHOI'O JOCJII>KEHHS
XAPAKTEPUCTHUK MMOBITPAHUX I'BUHTIB JJI51 BE3INIIVIOTHUX
JITAJTBHUX AITAPATIB

EdekruBHicTs BHKOpHCTaHHS Oe3minoTHHX JIA 3alexuTh Bif ONTHMAIBHOTO
BHOOpPY XapaKTEpHCTHK CHJIOBOI YCTQHOBKH. AKTYaJIbHOIO SBIAEThCA MpoOiemMa
Y3TO/DKEHHSI XapaKTepHCTHK IUIaHepa Oe3mimoTHoro JIA Ta CHIIOBOI YCTaHOBKH.
OntuManeHAR Mindip TBUHTO-MOTOPHOI YCTAHOBKH, IIOB'S3aHUH 3 BHPIMICHHSAM ITi€l
npo0iaeMy, € HenpocToro 3aaadeto. OCKUIBKM IIPU PO3PaxyHKY BpPAaxOBYETbCA 0Oarato
rapaMeTpiB, K IulaHepa 6e3mizoTHoro JIA, Tak i XapaKTepHCTHK CHTIIOBOI yCTaHOBKH
(ocobmuBo Komm TAra A Oe3miIoTHOTO JIA CTBOPIOETHCS TBHHTOM). SIK IpaBWIIO,
HEOOXiAHUMH BHXITHUMHU JAaHUMH JJI MiI00py TBUHTIB 3a3BHYail € MaKCHMabHA Maca
OesmiotHoro JIA, mambHICTD Ta TPUBANICTh IOJBOTY, MaKCHMallbHa IIBUIKICTH
MOJILOTY Ta PO3PaXyHKOBa MIBUIAKICTH (Kpelcepchka), a TaKOXK IMOTYKHICTh Ha Bally
nmeuryna I1/IB i wacrora oOepTaHHsS HOBITPSHOTO TI'BHHTA. L{i YMHHHMKH SIBISIOTHCS
TOJIOBHMMH JJIsI IPOLIEypH BUOOPY TBHHTA.

BinpInicTe BUPOOHWKIB IOBITPSHUX TBHHTIB HABOIATH B CBOIH KOMEpIiHHIN
JIOKyMeHTalil TUIBKM 3HAYeHHs JiaMeTpa Ta KpOKy TIBHHTAa 1 He HAJalTh IX
aepoIMHAMIUHI XapaKTePUCTHKH. ICHYIOUI METOAM pPO3paxyHKy aepoAWHAMIYHHX
XapaKTepUCTUK TBMHTA IO LHM MNapamMeTpaM He JO03BOJIIOTH OTPUMATH IIOBHY Ta
nocToBipHy iH(popManito. [loBiTpstHHET TBHHT (IKCOBAHOTO KPOKYy, SK BiZOMO, €
onHopexxuMHUM. Lle o3Hauae, mo makcumanpHuit KK/ BiH 3a0e3medye TiUIBKH Ha OHIHM
PO3paxyHKOBIH IIBUIKOCTI 1 11 KOHKPETHOI BUCOTH.

Tomy mIs OTpUMaHHS XapaKTEPUCTHK TaKUX
TBUHTIB iCHY€ €IMHUH crocid — ue excriepuMent. s
eKCIIepUMEHTAJIBHOTO ~ TECTYBaHHS T'BHUHTO-MOTOPHOT
rpynu Oyjao po3poOIeHO CTeHA, KOHCTPYKIIS SIKOTO
MpeJcTaBlieHa Ha puc. 1.

3a  JOMOMOTOI0  CTEHJAa BUMIPIOIOTBCS  TaKi
HapaMeTpH SIK TsAra, KPyTHHI MOMEHT, 00epTH, Hampyra
JpKepena JKHBJIEHHS 1 cTpyMm. Lle 703BOJUTH OTpUMATH
MIBUJIKICHI XapaKTePUCTUKH CHJIOBOT YCTAHOBKH IO
HOTYXHOCTI, KoeillieHTy KOpUCHOT Iii,

Jlana YCTaHOBKa JI03BOJIUTH 3MIACHUTH
ONTHMAaJBHUK Mia0ip KoMOiHaMLiH cucTeMu Oe3mioTHUI
JIA — rBUHT - IBUTYH.

Puc. CteHn aj1s XapakTepUCTHK
MOBITPSIHUX TBUHTIB Oe3minoTHux JIA.

Haykosuii kepienux — C.O. Iwyenxo, 0.m.H., npog.
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V]IK 629.7.035(043.2)
3opin C.C.
Hayionanenuu asiayitinui ynieepcumem, Kuis

AHAJII3 BILUTUBY ®OPMH XBOCTOBOI YACTUHH ®IO3EJISIKY
TPAHCIIOPTHOI'O JIITAKA, HA MO0 AEPOJUHAMIYHI
XAPAKTEPUCTHUKH

Dopmu Hro3eDKIB CydacCHUX TPAHCHOPTHUX JITAKiB 3HAYHO BiAPI3HAIOTHCS BiA Til
obepranns. Ll pi3HHIT OCOOGIUBO TPOSIBISIETHCS B XBOCTOBIM HYacCTHHI (DIO3EIKY.
®ro3emski  TO3BYKOBHX TpPAHCHOPTHHX JIITaKiB MalOTh BIIXWIEHY BrOpY XBOCTOBY
yacTuHy. [IpuKiIaqoM Takux Cy4acHUX TPAHCIIOPTHHX JITaKiB Ta TPAHCIOPTHHUX JIITAKIB,
IO eKCILUTYyaTYIOThCS B JJAaHUH MOMEHT 4acy 1 BTOMY 4HCIi B YKpaiHi €: AH-22 AHTeH,
AH-26, AH-32, AH-70, AH-72, AH-74, 1n1-76, A-400M, C-1, C-5A Galaxy, C-17
Globemaster, C-130 Hercules, C-295 Casa, KC-390, Y-7, Y-8F-200, Y-9, Y-20 ta ixumi.
Benukuii kyT BiaxmiaeHHS ¢ (KyT MK OYAiBEIbHOI TOPU3OHTAIBHOIO IUIOLIMHOIO
(hro3esDKy 1 CepeHBOI0 JIHIEI0 XBOCTOBOI YacTHHU (DIO3EISIKY) 1 HE BiceCHMETpHYHA
¢opma xBocTOBOI uacTHHH (PIO3EISDKY 3YMOBJIEHa HEOOXiTHICTIO 3a0e3MeYuTH
MOXKJIMBICTh 3aBaHT@XCHHS 1 PO3BAHTAKECHHS BEJIMKOraOapHTHHX BaHTaXIB uepe3
BaHT@KHUIl JIIOK B HIDKHBOMY MEIIaIbHOMY IIepepi3i 4O BaHTaXHOI KabiHW. 3a0IHO
CJIiI 3MEHIIUTH Macy KOHCTPYKIIi (ro3esDKy JliTaka 3a paxyHOK 3MEHIICHHS ITIOII
OMHBAHHS, OCKUIBKM BHYTPIIIHIH 00'eM XBOCTOBOi YacTHHH  (IO3EIDKY Mallo
NPUJATHAN JUIS PO3MIIICHHST BAaHTAXKY.

31 301IpLICHHAM KyTa BIIXHIJICHHS XBOCTOBOI YaCTHHU (PrO3EILIKY caM (DIO3EIIK BCe
Oinpie HaOyBae aepoOJMHAMIYHMX XapaKTEPUCTUK MOraHo oOTiduHOro Tima. B Hacmimok
[BOTO BiI0OYBAETHCS BiAPUB MPUTPAHUYHOTO IIAPY BiJl HIHKHBOTO MEIIabHOTO TIepepi3y
KOpPMOBO1 YacTHHH, SKHH TaJlbMy€ MOBITPSHHI TOTIK B3AOBX HIDKHBOI IOBEPXHI
KOpMOBOT yacTHHH. [losiBa 3araJbMOBaHOTO MOTOKY 30iNMbIIye 3HAUEHHS CTATHYHOTO
THUCKY, 110 TIPU3BOJIE 0 BUXPOYTBOPEHHS Ha CKYyJIaX XBOCTOBOI YaCTHHU (DIO3EIISIKY.

ExcriepuMeHTaIbHUMH JOCITIPKEHHSIMU 0yJI0 BCTAHOBJICHO BIUTHB KyTa BiAXMJICHHS
XBOCTOBOI YacTHHM (IO3eIsDKY Ha PO3MOIIT THUCKY TO BCilf JOBXKHHI 1307b0BaHO
¢drozemspky.  JlocmimkeHHS TPOBOAWINCE Ha 4-X MOIEIAX (IO3EISDKY THIIOBOTO
TPAaHCIOPTHOTO JIiTaKa 3 OJHAKOBUMH MapamMeTpaMH ITOJIOBXKEHHS HOCOBOI An=1,44,
CepenHboi Aep=3,75 1 XBOCTOBOI Axs=3,8 JaCTHH 1 BIAPI3HANNCS NUIIE KyTOM BiXMICHHS
XBOCTOBO 4JacTWHH (ro3emstky ¢. B pesymbraTi ekcrmepuMeHTy I i30JIbOBaHUX
Mozenel (Io3eNsDKIB OTPUMaHO: PO3MOALT THCKY B HI)KHBOMY MEHiaIbHOMY Iepepisi,
3HAUEHHS] MiHIMaIbHOTO KoedillieHTy J000BOrO Omopy, BidyaibHa KapTHHA OOTiKaHHS
OTpHMaHa METOI0M IIOBKOBHHOK.

Takox TeOpeTHYHO OYJIO PO3IJISIHYTO MOXKIMBI IUISIXH MONEPEHKEHHS BiIiEHHS
MOTOKY B KOPMOBIH YacTWHI (O3eIsDKy 3 BEIMKHM KyTOM BiJXHJICHHS XBOCTOBOI
YaCTHHH.

Hayxosuii kepisnux — C.O.lujenko, 0.m.H., npogh.
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CYYACHI ABIALIIMHI TEXHOJIOI'Ti

VJIK 629.7014-519:656.7.052(043.2)
lanymxko €.B., Bypaio:xenko €.0.
Hayionanvnuii agiayitinui ynieepcumem, Kuig

MOJIEPHI3AIIIA AEPOJTAHAMIYHOI CXEMH HABYAJIbHO-BOMOBOT'O
JIITAKA L-39

ABiallis CbroficHHd, K 1 3aBkau Oyna CKJIaJHUM IMPUKIAJOM CHHTE3y HAyKd Ta
TexHiku. [CHyI0Tb pi3Hi THIH JiTakiB Ta JIA. Cepen HUX iCHYE KJlac HaBYAJIbHO-00HOBUX
JiTakiB. SICKpaBO BHPI3HAETBHCA JIITAK YeXOCIOBalbKoi aBiaOyniBHOI ¢ipmu Aero
Vodochody L-39. Icuytots 6 ocHoBHHX Momudikauii L-39, onna 3 skux: L-39M1 —
YKpaiHChKa MOJepHi3ais.

3aBaAUyroun BRANIH KOHCTPYKIIHIN cXeMi Ta BIaCHUM T'€OMETPHYHUM ITaHHUM,
JiTaKy IpUTaMaHHI Bpa)karodi JbOTHO-TEXHIUHI XapaKTePUCTUKH. AJie, He 3BaXKal0un Ha
e Juis gitaka L-39 mpuramaHHe SBHINE, KOJNHM CHJIa MOMEHTY TaHTa)ka HEraTUBHO
BIUIMBA€E HA JIITAK MiJ] YaC KPUTUYHUX KyTiB aTaku ( 1 COpUYMHSIE BXOKCHHS JIiTaKa y
LITOIIOP.

106 xoMIICHCYBATH II¢ SIBHIIE i 3a0C3MEYHUTH JIITAK OUTBIIMMH KyTaMu aTtakd O ,
LIUIIXOM eKCHEePEeMEHTAIBHUX JOCIIKeHb Oyio BU3HaueHo, mo IO Tumy «kadyka» 3
BUKOPUCTAHHAM Ha HbOMY 4 00’€MHHX BUXPOYTBOPIOBaUiB (HAHOLIBII BAaa KiNbKICTh
BIXPOYTBOPIOBAaYiB) IIOBHICTIO KOMIICHCYIOTH BiJI’€MHHH MOMEHT OIPOKHHEHHSI.
«Kauka» € Takol aepoJMHAMIYHOI0 CXEMaolo, NpH sSKii OpraHy JITAIBHOrO amapara
MIO3JJOBKHBOTO YIPABIIIHHS PO3TAIOBaHi monepeny kpuia. [lepeBaru cxemu: «kadka»
3abe3rnedye yNpaBlIiHHA 1O TaHTaXy 0e3 BTpaT MiTHOMHOI CHJIM Ha OalaHCYBaHHS.
IcHyroTh Hemomiky, MO BUpakeH] B 3MeHIIeHi migiomHoi cmum Ha [1I'O Ta «cxmipHOCTL
10 KJIIOBaHHs». Uepes CKOLIyBaHHS MOTOKY 32 MEPEAHIM FOPU30HTAJIFHUM ONEPEHHSAM
(IIT'O) xkyr & ©a xpwri MeHmmi, Hix Ha [II'O, Tomy B Mipy 30LIbIIEHHS KyTa aTaku
3pHB TOTOKY HounHaeThest crmoyatky Ha III'O. Lli sBuma ocoOnmBo-HeOe3nme4yHi Ha
3IBOTI Ta mocali. B cBoro uepry 06’eMHI BHXPOYTBOPIOBaYi MPOJOJBHUX BUXOPIB - L€
IyXe eeKTUBHHIA 3aciO 1y 301IbIICHHS KpUTHYHOTO KyTa aTaku O 1 A7 301TbIIeHHS
MaKCHMaIbHOTO KoedillieHTa migioMHOT cuid. BuxpoyTBoproBaui He MPH3BOIATH 10
BUHUKHEHHS e(eKTa ricTepe3ucy Ha BeIMKHUX KyTax aTaku O .

KinneBuM pe3ynpraToM BHIPOOYBaHB, MO 3adikcoBaHi rpadivHO-PO3PaxXyHKOBUM
METOAOM, € (haKTHYHE 30UIbIICHHS! KPUTUYHOTO KyTa ataku & B 1.5 pasu 3 20° mo 35°
(3 HE3HAYHOK BTPATOK MiTHOMHOT CHJIM) Ta 30UIBIICHHS BEIMYMHU IIBUIKOCTI
3yCTpiYHMX Ta OOKOBHX MOBITPSIHUX ITOPHBIB, WO 34aTeH BHUTPHUMYBATH JITaK HPH
nocaakoBiii mBuakocti 175 km/rox, 3 10.68 mM/c mo 21,71 m/c. Idna 3abe3neueHHs
MOJJIMBOCTI 3py4YHO 3MIHIOBaTH KyT aTakKd JO0 KpUTHYHOro y 35° HeoOXigHO
MO/ICpHI3yBaTH IITYPBAIbHY KOJIOHKY JIiTaKa.

Hayroeuil kepisnux — €.11. Yoapyes, 0.m.n., npog.
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XVII MizkHapoHa HaYKOBO-NPAKTUYHA KOH(pepeHList MOJIOANX YUEeHHUX i CTYAEHTIB
«Ioait. Cy4acHi npod;emu Haykm», 4-5 kBitust 2017 poxy, HAY, Kuis

VJIK 629.7014-519:656.7.052(043.2)
OoonoBcebkuii LI
Hayionanonuu asiayitinui ynieepcumem, Kuis

INPOEKT BATATOLIJIBOBOI'O BILJIA 3 IOBEPXHAMMW KEPYBAHHS,
OCHAINEHUMHA BUXOPOI'EHEPATOPAMMU

Oco6nuBicTIO KOHCTPYKIIT gaHOTO JIA € BUKOPUCTAHHSA BUXPOTEHEPYIOUOTO KpHIIA.
Ilo Bcilt moBXHHI MepeqHBbOI KPOMKM KpHJa BCTAHOBIICHI CIeHiaibHI aepoJHHAMIuHi
HPHUCTPOT — BUXOPOT'€HEPATOPH.

Buxoporenepatopn SBISIOTE COOOI0 CBOEpiAHI «3yOIi», po3TamioBaHi MO BCiH
nepenHiii kpomui kpwia ta ['O. BoHH € mpomoBXeHHSIM IeperHboi KPOMKH Kpuia
BuxpoBi motokn Ha mpaBoMy Ta JIBOMY HAIliBKPHII 3aKpy4yIOTHCSI BIIPaBO i BIIIBO
BinoBixHO, 110 Hajxae BITJIA craGinbHOCTI.

3a paXxyHOK CTBOPCHHS BUXOPiB BOHH 30UIBIIYIOTh KpUTHYHHN KyT aTaku JIA mo 2
pasiB. BizOyBaeTscs 1€ 3a paxyHOK TOTO, IO BUXOPH MPHCKOPIOIOTH MOTIK MOBITPS HaJ
KPUJIOM, CTBOPIOIOYH J0JaTKOBY HiJHOMHY CHITY.

BIUUIA He Mae 3BHYHOI CHCTEMH KepyBaHHs. 3aMiCTh LOTO, BiH Ma€ BiIXWIAIOUl
3aKiHIIBKM KpWJIa, sIKi BCTAHOBJICHI HA KYJIBKOBUX IIapHipax. BoHM BIZXWISIOTHCS SIK
HaBKOJIO MO3JJOBXXHBOI, TaK i HABKOJIO TTONepedHol oci. [Ipy ropu3oHTansHOMY IOJIBOTI
3a KIHIIIBKM 3HAXOJSATHCSA B IUIOMIMHI Kpwia. [Ipu mocailli BOHH BiIXHJSIFOTHCS BHU3,
30utbIytoun criiikicts BITJIA. ITpn mompoTi Ha MaJIMX IIBUAKOCTSX a00 MPU CHIEHOMY
BITpi BOHM 30UIBLIYIOTH CTIHKICTh BIIXWIAIOYHCH Bropy. OTHOYaCHO BOHH MOXKYTh
BiIXuATHCS qU(EepeHIiatbHO sl KepyBaHHS IO KPEHY Ha KIITAIT TOPU30HTAIbHOTO
ornepeHHst BUHuUIyBaya Mil-23

TopuzonTtanshe onepeHns JIA sBise co60t0 2 TUTEHOMOBOPOTHI KEPYIOUi MOBEPXHI
31 cTpinomoxiOHicTIO TO mepenHiit — kpommi. OcobmuBicTio KoHCTpykHii ['O €
BUKOPUCTAHHS aepoJMHaMIUHUX HarumBiB. [ maHoro mpoekty Oynmu oOpaHi TOTHYHI
HaIUTUBH.

OCKINBKH, K 3a3HA4YEHO
BUINE, BiCh JBUTYHIB 1
BiZITIOBiTHO, TSTH, TPOXOIUTH
BHUILE BiX Bici (ro3esoKy, me

CTBOPIOE JTOJIaTKOBHUH
MiKipyBaTbHAN MOMEHT,
npuuoMy i3 BeIMYMHA
MOMEHTY IPSIMO

HPOIOpLiifHa BETMYHHI TSTH.
Jns  xommeHcamii  1bOTO
HeratuBHoro ssuma IO
ABTOMATUYHO BiJXHJISIOTHCS
Bropy mOpu  30UIbIICHHI
MOTYXXHOCTI JIBUTYHIB.

Hayxoeuii kepisnux — €.11. Yoapyes, 0.m.n., npog.
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CYYACHI ABIALIIMHI TEXHOJIOI'Ti

V]IK 629.735.33(043.2)
Curnuk 10./1., KoBanenko M.I'., JlicoBeus /I.A., [IpaBaa B.P.
Hayionanvnuii agiayitinui ynieepcumem, Kuig

MOJEJIb MACOBOI'O IIJIOTA’KHOI'O BE3IIJIOTHOI'O JITAKA JJIsL
MNIArOTOBKH IIJIOTIB.

Jlsg MATOTOBKM «ITIJIOTiB» OE3MIJOTHUX JIITaKiB HEoOXiJHA JelieBa MOJENb 3
JOCKOHAIUMH aepOAWHAMIYHUMH XapaKTEpPUCTUKAMH Ta 3a0e3MEUCHHSIM 3aXUCTy Bifg
MOPHBIB BITPY 1 MOXKIIMBOCTI MIIOTYBaHHS Y JOII.

Mopens ToOBHHHa OyTH KOMIIAKTHOIO, JIETKOIO 1 3amyckatucs 3 pykd. Macose
BUTOTOBJICHHS TAKMX MOJEINEH IaHyeThes 3a fornomororo 3D npunTepis.

VY nomnoBini JeMOHCTPYETHCS MOZenb BUpoOHUKa Ha 3D mpuHTEpi 3 XapaKTepHUMH
po3Mipamu.

Jopxuna mitaka — 0.53 (m).

JosxuHa drozemoky — 0.43(m).

MakcumainsHa mupuHa ¢ro3empky — 0.07(m).

MaxkcumansHa BucoTa ¢rozemspky — 0.09(m).

Bucora nitaka — 0.115(m).

Bucora mycroro sitaka — 0.115(m).

Kpuno

Po3max kpuna — 0.43(m).
Ihnoma — 0.76(M?).

Kyr crpinosunnocri - 4°

Topuzonmanvhe onepenns
Po3max — 0.105(m).
ITnoma — 0.36(Mm?).
Bepmuxkanvhe onepennst
Bucora — 0.1(m).

Inoma — 0.35(m?).

Hayxosuii kepisnux — €.11. Yoapyes, 0.m.H., npog.
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T'T/TPABJIIKA TA I'/TPOIIPUBO/U ITIOBITPAHHUX CY/IEH

YK 621.924.93(045)
Huxoaun O.B., Xiibuenko A.A.
Hayionanenuii asiayivinuii ynisepcumem, Kuis

MEPEBATH I HEJOJIIKHU I'IPOCTPYMEHEBOI OBPOBKU MATEPIAJIIB

Cepen cnoco6iB BIUTUBY Ha MaTepiajiy MPOBigHE Micle 3aiiMaloTh T1IpOCTpyMEHEB1
TEXHOJIOTii, CYyTHICTp SKMX TOJATa€ Yy BHUKOPHCTaHHI B SKOCTI 1HCTpyMEHTa
c(hOpMOBaAHOTO 3a JTOIIOMOTOIO CHEIiaJbHIX COIEN CTPYMEHS PIIMHU BHCOKOTO THCKY.
Takuif iHCTpyMEHT BOJIOJli€ YHIBEpCAJTbHUMH BIACTHBOCTSMH: BiH 3]]aTCH BHKOHYBATH
KepoBaHe PYHHYBaHHS HMEBHUX OOCATIB TBEPAOTO TiNa - BiJ HEMETaliB 1O TBEPIUX
CIUIAaBiB Ta TYTOIUIAaBKMX METAJIB, BUAAISITH 3 IOBEPXOHb 3a0pyAHEHHS Ta Pi3HOMAaHITHI
MOKPHUTTS. 3a MOKa3HUKaMH MPOIYKTUBHOCTI Ta €HEPrOEMHOCTI CTPYMEHEBI TEXHOIOTIi
MOXYTh KOHKYPYBAaTH 3 €JIeKTPOXIMIYHUMH Ta €IeKTPOQi3HIHUMH METOJaMU 00pOOKH,
3 JIa3epHOI0, YIBTPA3BYKOBOIO Ta IUIa3MOBOIO OOpOOKOIO, 3 TpaguLiiHHM JIE30BUM
pi3aHHAM Ta OOpOOKOIO MaTepiaiiB THCKOM.

3aiiHsABIIN OKpeMe Miclie cepell (Pi3nko-MexaHiYHUX METOJIB 00pOOKH, CTpyMEHEBI
TEXHOJIOT1i IMOYMHAIOTH AaKTHBHO JOCIHIJKYBAaTHCSl Ta BROCKOHamoBatucsa. CydacHuid
CTaH TPOMHMCIIOBOTO KOMIUIEKCY BUMarae akTHBi3allii 3yCHJIb CIIPSIMOBAaHUX Ha IOLIYK
i po3poOKy HMPHUHIIMIIOBO HOBUX METOXIB 0OpoOKH, IO 0a3yloThCs Ha MPOTPECHUBHUX
¢isnyanX 1 (QI3MKO-TEXHIYHMX e(EeKTax, BOJIOLIIOTH BHCOKOI CHEPTeTHUYHOIO
e(EeKTUBHICTIO, IMIHPOKHMH TEXHOJOTIYHUMH MOXJIMBOCTSMH Ta € EKOJOTIYHO
0e3MeYHNMH.

CtpymeHeBi 00poOKka CYHNpOBOMKYETBCS HE3HAYHUM  CTPY)KKOYTBOPCHHSM,
migBUIIye KoedimieHT BUKOPUCTAHHA MaTepiaiy. [Ipi HboMy B 30HI pi3aHHS MPAKTUIHO
HE BUJIUISIETHCS TN, BIACYTHI TEPMIi4Hi 3MiHH 1 IEPETBOPEHHS.

ligpocTpyMeHeBi MeTOAM B CHCTEMI TEXHOJOTIH OOpOOKM KOHCTPYKIIHHUX
MarepiajiB 3aiMalOTh JJOCUThH IIUPOKY HIllly, OOYMOBIICHY 3HAUHOIO YHIBEPCAIBHICTIO
CTPYMEHsI, 110 BHKOPHCTOBYEThCS SIK IHCTPYMEHT. BOHHM MOXYTh KOHKYpYBaTH 3
00poOKOI0  MarTepiamiB  THCKOM, MEXaHIYHUM  pi3aHHSIM, EJIEKTPOXIMIYHHMH,
eNIEKTPOICKPOBUMH  YJIBTPa3BYKOBHMH, IUIA3MOBHMH Ta Ja36pPHUMHU METO/IAMH.

Oco0nmBO1 aKTyaJ bHOCTI CTPYMUHHEBI OOpoOKM HaOymu y 3B'S3Ky 3 pI3KUM
3pOCTaHHSAM OOCSTIB BUKOPHCTaHHS HOBHX MarepiaiiB, 30KpeMa, KOMIIO3HUTIB, SKi, Ha
BiZIMIHY BiJ TpaJuIiifHUX KOHCTPYKLIHHUX MarepiajiB, BOJOMAIIOTH 33aaHUMH (Di3HUKO-
MEXaHIYHUMH BJIaCTUBOCTSIMH - JIETKICTIO, MIIIHICTIO, CIIPOMOXXHICTIO IpalfoBaTH B
arpecHBHHX CEpPeOBHIIAX TOIIO.

OpnHak SIKIIO B pe3yibTaTi pi3aHHS HEOOXiqHO 3a0e3MeYrTH HEe TIIbKU (GopMy, a i
HaJeXXHy SKICTb OTPUMAaHUX MOBepXOHb CTpyMEHEBI TEXHOJNOTil BHMAararmoTh
BUKOPHUCTAaHHS HAQAMOTYXXHMAX CTaHMid BUCOKoro THCKy (mo 600-800 MIla).
MiHiMi3amii poOo4oi mogadi Ta JOAATKOBUX 3YCHIIb.

AHari3 TEeXHOJOTIYHUX MOXIIMBOCTEH 1 (Hi3MYHOI CYyTHOCTI OOpOOKHM MaTepialiB
rizpoabpa3sUBHUM CTPYMEHEM IOKa3ye, IO Led TeXHOJOTIYHHH MPOIEC MOXKE IIUPOKO
3aCTOCOBYBATHCS HA BUPOOHHUIITBI 1| MOXKIIMBOCTI HOr0 MOXXYTh OYTH PO3IINPEHI.

Hayxosuii kepisnux —Awyx O.11., cmapwiuii uknaoau
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CYYACHI ABIALIIMHI TEXHOJIOI'Ti

YK 621.924.93
Ocanuyk B.B.
Hayionanvnuii agiayitinui ynieepcumem, Kuig

NEPCIIEKTABH PO3BUTKY CTPYMEHEBHX TEXHOJIOI'TIA

PO3risHYTO CHCTEMHM CTPYMCHEBHX TEXHOJIOTIH CYTHICTH SKHX HOJSrae vy
BUKOPHUCTAHHI B AKOCTI IHCTPYMEHTa C(POPMOBAHOTO 32 JOIOMOTOI0 CIICI[iaJIbHUX COTIEN
CTpyMEHs DPIIMHM BHCOKOTO THCKY. Takuif I1HCTpyMEHT BOJOAi€ YHiBepCaIbHUMH
BJIACTMBOCTSIMU: BiH 3/laTCH BHUKOHYBaTH KEpOBAaHE pPYHHYBaHHSA IEBHHX OOCATIB
TBEpAOTO Tijia, 3MII[HIOBATH IOBEPXHEBHH IIap, GopMyBaTH HEOOXiMHHUN MiKpoperbed
MOBEpXHi, BUIAIATH 3 MOBEPXOHb 3a0pyIHEHHS Ta PI3HOMAHITHI IOKPHTTS.
lapocTpymeHeBi METOIM B CHCTEMI TEXHOJOTil 00pOOKH KOHCTPYKIIHHIX MaTtepialiB
3aliMaloTh JIOCUThH LIMPOKY Hilly, 0OyMOBIECHY 3HAYHOIO YHIBEPCAJBHICTIO CTPYMEHS,
OI0 BUKOPUCTOBYETHCS K IHCTPYMEHT. BOHM MOXYyTh KOHKYpYBaTH 3 0OpOOKOIO
MaTtepiaiiB THCKOM (BUpyOHIMU LITaMITaMH), MEXaHIYHUM  pi3aHHIM,
CNIEKTPOXIMIYHIMH, €IEKTPOICKPOBUMH yJIbTPa3ByKOBHUMH, INIA3MOBHMH Ta JIA3EPHUMHU
METO/IaMH.

liopocTpymuHHa 00poOKa NPAKTUYHO IOBHICTIO BHKIIIOYAE HEIONIKH, BIACTUBI
[HIIMM MeTOoAaM: TepMiYHy JASCTPYKLII0 Marepiaily, 3Ha4Hi JIOKaJIbHI HaBaHTaXKCHHS
00po0ITIOBAHOI JUISTHKN 3arOTOBKH, BUKHMAN IIKIUIMBAX PEYOBHH Yy MOBITps Tomo. [Ipn
LBOMY JIOBEIEHO, IO INPOXYKTHBHICTH Tiipo - abo TiApoaOpa3sWBHOTO pi3aHHS, 5K
MPaBUIIO, 3HAYHO BHUINA 33 MPOJYKTUBHICTH IHIIUX METOMIB (hi3UKO-TEXHIYHOI 0OPOOKH,
a CHEprOBUTPATU — MCHIII.

IIpoananizoBaHO 3aCTOCYBaHHS CHCTEMH CTPYMEHEBOI TEXHIKHM B Pi3HHX cdepax
HApOJHOTO TOCTIOAPCTBA: aBialiifHO-KOCMIYHIH ray3i, cyJHOOYTyBaHHI Ta MEIHIIIHI.

Iupokuii miama3oH TEXHIYHOTO 3aCTOCYBaHHS OOYMOBIICHHH MOXIJIHBICTIO, SIKi
CYNpPOBOJ/UKYIOTBCSI HE3HAUYHMMH JIOKATBHUMH MEXaHIYHUMH 1 TeMIepaTypHHMHU
BIUTMBaMH Ha 00poOIsiEMUit MaTepiai. AHai3 TeXHOJIOTIYHUX MOXKIHBOCTEH 1 Hi3uIHOT
CYTHOCTI OOpOOKM MaTepialiB TiApoaOpasMBHUM CTPYMEHEM T[OKa3ye, MmO e
TEXHOJIOT1YHHMI TPOIIEC MOXKE IIHPOKO 3aCTOCOBYBATHCS Ha BUPOOHUIITBI i MOXKINBOCTI
HAOT0 MOXKYTH OYyTH pO3IMINPEHi.

[Ipy momryKky HOBHX TEXHOJIOTiH, TOB'I3aHUX 3 3aCTOCYBaHHSM TigpPaBIIYHUX
CTPYMEHIB, OJIHa i3 MEPIIOYEPTOBHX 3aIad IONArae B OTPUMaHHI IapaMeTpiB
cTpyMeHs. Bix Toro, HaACKITBKY B0 BUPIMIEHO IIi MUTAHHS, 3aJISKUTh ¢(DEKTHBHICTh
HOBOI TexHouoril. OCHOBHUMH €JeMEHTaMH B OTPMMAaHHI CTPYMEHs1 NP CTPYMEHeBil
00pOoOIIi ABIAIOTHCSA TOJOBKH.

B po6orti y3aranbHeHO icHyroui Teopil CTpyMEeHEBOTro pyHHYBaHHS TBEpAOTO Tila.
CucremaTr30BaHO iHGOPMAILIIO I0JI0 MOXKIIHBUX Tally3eil BUKOPUCTAHHS CTPYMHHHHX
TEXHOJIOTIN Ta 00JIaJHAHHS.

CchopMyTb0BaHO OCHOBHI NPHHIMIHM KOHCTPYIOBaHHS €JIEMEHTIB TiIpopi3HOro
obnaHaHHs, 10 SKUX HAJIeKaTh CTPYMEHEBI TOJIOBKH, CHCTEMH KUBJICHHS Ta iH.

Hayxosuii xepienux —Hwyx O.11., cmapwuii euxnadau
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YK 621.924.93
TominoBuu P.B.
Hayionanenuu asiayitinui ynieepcumem, Kuis

MNPOTUOBJIIHIOBAJIBHA CUCTEMA JIITAKA

OO0neneHiHHS - MpoILec YTBOPEHHS JIbOAY Ha KEPYIOUMX MOBEPXHAX, KPUJI JliTaka i
T. JI. IpY HU3bKIH TeMIepaTypi.

Icuye Tpu Bumu obneneHiHHsA: cyOniMariiiine, cyxe, amopdHe.

Ilepmmii Tum - me Tak 3BaHe cyOiiMauiiiHe 3neneHiHHA. B npomy BUmagky
BiIOyBa€eThCsl cyOuiMalis BOJSHOI IapW Ha MOBEpXHI OOIIMBKHM JITATFHOTO amapary,
TOOTO TIEPETBOPEHHS B JIiJI MHHAIOYH PiAKy da3y.

Jpyruii Tam - Tak 3BaHe cyxe 3neaeHiHHs. Lle ocimaHHs Bke TOTOBOTO JIEOY, CHITY
a0o rpaay TpU MPONBOTI JIiTaka Yepe3 KpucTaimiudi xmapu. Haiibinem HeOe3meuHuit
BUA oOOMep3aHHSA-Ie aMOpPQHI BIAKIANCHHA YHUCTOTO JIBOAY - SBHIIE, CXO0XKE 3
O’KEJICIUIICIO Ha TOBEPXHI 3EMIIL.

Takok BYECHI BUAUIAIOTH YOTUPU (OpPMHU OOJIeAeHIHHSA: KInHONoAiOHa(TIpodinpHa),
JKojobomnoaiOHa, poromoniOHa Ta Oap’epHa. HaiiGinpm HeOe3meyHoro (GOpPMOO, L0
HOTipIIy€e aepoIMHAMIYHI XapaKTepUCTHKHU — 1ie 6ap’epHa Gopma.

IIpoTn3amMopoXyBabHI CHCTEMH MOIUISIOTBCS 33 XapaKTepoM BIUIMBY Ha
MexaHiuHi, (i3nKO-XiMiYHI Ta TEIUIOBi, a 32 YMOBaMH eKCIUTyaTallil Ha IUKJIiYHI Ta
IOCTIHHOT /il.

MexaHigyHHI CrOCi0 3aCHOBaHWI Ha MEXaHIYHOMY BIUIMBI Ha map jpoxay. Jlig 3
MOBEPXHI BUAAISETHCS MUIIXOM CKOJIOBAaHHS, Aedopmarii, BiIpUBAaEMOTO [l BILTHBOM
BiZILIEHTPOBHUX, aPOAMHAMIYHHX 200 1HIIMX 30BHIMIHIX CHIL.

®Di3uKo-XiMiUHI CIIOCOOM 3aCHOBaHI Ha BUKOPHUCTAHHI PSIy PEYOBHH y BHTIISIL
pianH, sSKi a00 3HIKYIOTh TEMIIEpaTypy 3aMep3aHHs IEePEOXOJIOKEHUX Kparelb BOJIH,
SIKi TIOTPAIUISIOTH HA MOBEPXHIO, 00 3MEHIIYIOTh CHITy 34EILICHHS JIbOY 3 OOIIMBKOIO.

TemnoBuit  cmoci6 3acHOBaHWI Ha HArpiBaHHI 3aXHUIIAEMOi TMOBEPXHI JIO
TeMIIepaTypy TaHEHHs JIboy ab0 BUIIApOBYBAHHS IUTiIBKU BOJIH.

Iopsin 3 mum Bci [IOC MokHA pO30OMTH Ha MBI TPYNH 3a XapakTepoM pOOOTH:
OesmepepBHOi nii 1 nukmiyHoi aii. [IOC Ge3nepepBHO il HE MOMyCKalOTh OOMEp3aHHsI
MOBEPXHi, M0 3aXUINAETHCS, IHUKIIYHOI Mii JOIMyCKalOTh YTBOPEHHS JIHOAY IEBHOL
TOBIL[MHH, & IIOTIM BUIAJIAIOTH HOTO.

Hezanexxno Bix momepennix o3Hak Bci [1OC mpwifHATO MOALIATH 3a MicueM ix
BCTAQHOBJICHHS: KpWJIAa, XBOCTOBOTO OIIEPEHHs, IMOBITPSHUX, HECYYMX Ta XBOCTOBHX
IBUHTIB, OIJISI0BUX BiKOH 1 T. II.

Hayxoeuii xepienux — onoexo F0.C., k.m.n., doyenm
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VK 629.7.022 (043.2)
Yuyuxajo B.
Hayuonanvuwiti asuayuonnsiii ynueepcumem, Kues

YIPABJISIOIIUE YCTPOUCTBA I'IJIPABJIUMYECKOM CTPYHHOI
TEXHUKU. TUNIBI CTPYHHBIX YCTPOMUCTB

I'mppaBnuueckue CTpyHHBIE SIIEMEHTHI INpeAHA3HAUEHbl AT HpeoOpa3oBaHUS U
YCHIICHUSI BXOIHBIX CUTHAJIOB B BUJIE TIEPEMEILEHHUS, U3MEHEHU aBIeHUS MM pacXxoja
JKUKOCTH. Y CTPOMCTBA TMJPABINYECKON CTPYHOM TEXHUKH HE HMEIT 3aMKHYTBIX
00BEMOB JKHJKOBCTH H O00JagaloT CBOWHCTBAMU OJHOCTOPOHHEH IPOBOJMMOCTH.
BxiroueHne uX B THIPOCUTEMY PE3KO CHHXKAET BEPOATHOCTb BOXHUKHOBACHUS
THJPOYAAPOB, YTO MOBBIIIAET €€ HaJIe)KHOCTh U JIOJTOBEYHOCTb.

CylIlecTBYIOT CIEeIyIOLIME TUIIBI CTPYHHBIX YCTPONCTB:

ba3oBbIil 31€MEHT THIPABINYECKON CTPYMHON TEXHUKM — «COIUIO — IPUEMHBIN
kaHam». OH COCTOUT U3 MUTAIOLIETO COILIA, B KOTOPOM (popMupyeTcss OCHOBHASI CTPYSI, H
PACIHONIOKEHHOTO TPOTHB HEro INPHEMHOro KaHama. KuHeTndeckas SHeprus CTpyd
npeobpasyercs B HEM B IIOTEHIUATBHYIO SHEPTHIO CXKATOH KHUIKOCTH. DIEMEHT «COILIO
— IPUEMHBIH KaHa» MOXET OBbITh BBIIOJIHEH 1o anddepeHnnanpHol cxeme. [Ipn aTom
HCIIONB3YETCs JIBa MIPUEMHBIX KaHaia. [l ynpaBieHUs MOTYT IPUMEHSATHCS DIIEMEHTHI
C YHCJIOM NIPUEMHBIX KaHAJIOB U 00Jiee IBYX.

B ananoroBoM cTpyHHOM »3J€MEHTE C IOIEPEYHBIM B3aUMOJICUCTBHEM CTpyH
BXOJIHBIM BO3JCHCTBHEM SBIAETCS H3MEHEHHE pacxoja WIH IaBIEHHS >KHUIKOCTH B
KaHajJaxX YHpaBILIIOMKX COIUL. B ympammsiomem comre ¢opmupyercs cTpys, KOTopas
BO3JIEHCTBYET Ha CTPYIO, BBITEKAIOIIYI0 M3 NMUTAIOIIETO coma. IIpu 3ToM Ha BEIXOHE
YCTPOWCTBA H3MEHSIOTCS JABICHHE U PacXol.

B nmednexropHOM CTpyHHOM »31€MEHTe OTKIOHSETCS CTpys, BBITEKAromas U3
nuraroniero coma. Jegaekrop MoxeT ObITh BBINOJHEH B BUJE IUIOCKOHM IUIACTHHBI C
OCTpHEM, BO3JCHCTBYIOIIMM Ha cTpyo. llupoko ucnomb3ytoTcss Takxke AedieKTopsl
00BEMHOT0 THUIIA, B KOTOPBIX Ha CTPYIO BO3AEHCTBYET MOBEPXHOCTb, B OOIIEM Cllydyae
KpuBOJMHeWHas1. [[e(eKTop MOKET MMETh OJJHY MJIM HECKOJIBKO TaKMX MOBEPXHOCTEH.
Hamnbonee wacto ucmonb3yroTcss OedIeKTOpel B BUAE HIETH C ABYMS PabOYHMHU
moBepxHOCTAMU. [Ipu paboTe CTpYHHOTO yCTpOICTBA CTPYS OTKIOHSAETCS Ae(IEKTOPOM,
OJTHOBPEMEHHO OTCEKAaeTCs 4acTh €€ 1 HAIPaBIIeTCs Ha CIIUB.

Hayxosuii kepisnux —Tapacenxo T.B., ooyenm xkag. I'T'C, k.m.H.
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YK 621.924.93
TominoBuu A.B.
Hayionanvnuii agiayitinui ynigepcumem

CUCTEMA BUITYCKY TA IPUBUPAHHSA IIACI

IcHye Benmmka KiNBKICTh BapiaHTIB PO3MILICHHS IIaci Ha JiTaKy, Ta HaHOLIBIIOro
BUKOPDHCTaHHS OTPHMAJIO TPUONOpHE IIaci 3 HOCOBOI omoporo. [laHa cxema €
ONTUMAJIBHOIO, TaK K 3a0e3leuye IOCTAaTHIO CTIMKICTh NMPH PO3rOHi JTaka i ycyBae
MOXIJIUBICTh KAallOTYyBaHHS NpPH TalIbMyBaHHi. TakoX ICHYIOTH MHIaci 3 MOJKJIMBICTIO
npubupanHs omop i 6e3 Hel. Benmmkoro mommpenHs HaOynn maci 3 ormopamw, IIO
HNpUOMPAIOThCS, SKi B CBOIO UepTy, MOTPEOYIOTh CHCTEMY BHITYCKY Ta IPUOUpaHHS IIaci.

CucremMa BHITYCKY Ta NpHOMpaHHS IIaci SIBISIETHCS JOCHTh BAXKIHMBOIO, TaK SIK
npUOMpaHHs IIaci 3HaYHO 3MEHIIye JOOOBHUIl Omip, a MPU BiIMOBI BUITYCKY BCE MOXKE
3aBEPIIUTUCH JOCUTH TparidHo. [Ipu3HavueHa maHa cucTeMa IS BUIYCKY 1 ¢ikcamii y
BUIYIIEHOMY MOJIOKEHHI ONop maci mpu mocanmi i ix po3gikcauii i mpubupaHHs Tpu
31b0Ti. ICHye Jekinpka BapiaHTiB TPUOMpaHHA IIAaci: OCHOBHI CTIMKH MOXYTh
npUOUPATUCH IO PO3MAXY KPHUIIA, 110 MMOTOKY 1 MPOTH MOTOKY.

IIpnOupanHs mo po3Maxy Kpwia B OCHOBHOMY 3HIHCHIOETBCS Y (DIO3EILIK.
TlepeBaroro Takoi cxeMu SBISETHCS HE3MIHHUN 1IeHTp MacH. HemomikoM — HEOOXiHICTh
MOPYIICHHS CHJIOBHX CIIEMEHTIB 1 K HACHJIOK HEOOXIMHICTh X TOCHJCHHS, IO
HPUBOJAUTE J10 301IBIICHHS MacH.

IIpubupanHs MO/MPOTH MOTOKY 3AIHCHIOETHCA B TOHAOJM ABUTYHIB. IlepeBaroro
Takoi CXEMH SBISIETHCSA BIJACYTHICTHP HEOOXITHOCTI MOPYIIYBATH CHJIOBI EIEMEHTH
Kapkaca Qro3emspky. HemomikoM — po3MilieHHs Imaci mopsii 3 ABUTYHOM MOXKE OYyTH
M0K€KOHEOe3IMETHIM.

Ilepenns criiika 3a3BU4ail MPHOMPAETHCS MPOTH MOTOKY, TaK K JIaHa CXeMa Ma€ PsiJl
mepeBar: INpu BiAMOBI TiIPOCHCTEMH BUITYCK HIaCi MOXKHa 3AiHCHUTH 3a PaxyHOK
Habiraro4oro MoTOKy; NMpHU 37b0TI MPUOMPAHHS MIaci 3Millye HEHTP Macu BIEpes, IIOo
MPUBOIUTE 110 301MBIICHHS CTIHKOCTI, a MPH MOCAIII [IEHTP MaCH 3MIIyeThCs Ha3al i B
pe3yabTaTi HOKPAILYEThCS KEPOBAHICTb.

Jis BUITycKy 1 mpuOMpaHHs [Iaci JiTaKk OCHAIIEHHH OCHOBHOIO i TyOIIf0- BalbHOIO
rizpocucreMaMy. 3aMHUKaHHS CTIHOK y BHIIYIIEHOMY TOJIOKEHHI 3[IHCHIOETHCS 3a
JIOTIOMOTOI0 MIZKOCIB, IO CKIAJAalOTHCS, SKI KPIIUIATBCA O CTIHOK OMOp 1 CHIIOBUM
eJIeMEeHTaM KOHCTPYKIIi JiTaka. B po3mpaBieHOMY ITOJIOKEHHI MiIKOCH (iKCYIOThCS
3aMKOM BHUIYIICHOTO TMOJOXEHHS. Po3dikcartiss 3IiHCHIOETBCA  TiAPOIUITIHIAPOM
BUITYCKY 1 MpUOMpaHHs 11aci Ha MOYaTKy NpUOHpaHHs.

OCHOBHMMH €JIEMEHTAMH CHCTEMH €: TiIpOLWIIHIPH, M0 3a0e3NedyloTh caM
IPOLIEC BUIMYCKY Ta MPUOUPAHHS; MiJKOCH, IO CKJIAAI0ThCS, SIKi QiKCYIOTh CTiHKHM maci
y BHUITYIIIEHOMY IOJIO’KEHHI; CHCTeMa aBapiifHOro BHIYCKY IIAaci, IO JO3BOJISIE MIJIOTY
3/1IHCHIOBATH BUITYCK IIIACI ITPU BIZIMOBI CHICTEMH.

Hayxosuii kepienux —Tapacenxo T.B., ooyenm xag. I'TC, k.m.n.
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V]IK 629.7.067 (043.2)
Kopmuxos II. B.
Hayionanvnuii agiayitinui ynieepcumem, Kuis

SJIEKTPOAUCTAHIIMOHHASI CUCTEMA YIIPABJIEHUSA

Hcropuuecku mosiinenue DJICY ObUIO CBSI3aHO C POCTOM JIETHO-TEXHHYECKHUX
XapaKTepPUCTUK JETATEIbHBIX AMMapaToB U COMYTCTBYIOMIUX 3TOMY POCTY TEXHHYECKUX
npo6ueM. Jlonroe Bpems cHCTeMa yHpaBIeHHUs CaMOJETOB ObLIa YHCTO MEXaHUUYECKas.
B Ttakoit cucreme ycunus OT WITypBaia U MeJaleld NepeaaroTcs K pyssiM OCPEACTBOM
THOKO¥ MITH )KECTKOH NPOBOJAKH, MPOJIOKSHHON BHYTPH KOHCTPYKIINH TUIaHEepa.

JlanpHeHIii pocT CKOpPOCTEil IoJieTa IPHUBEN K IOSBICHHIO THIPOMEXaHHIECKIX
CHCTEM YNPABICHUS, TAaK KaK MBIIICYHOH CHJIBI ITMJIOTA HE XBATAJIO JUIS TIPEOJIOTCHHUS
a’POIMHAMHUYECKOI0 CONPOTHUBIICHUS HA PYJIEBBIX IOBEPXHOCTAX. ['MIpoMexaHuueckas
CHCTeMa MMEeT Pa3lIMYHbIe CUIIOBBIE OyCTEphl, KOTOPHIE MHOTOKPATHO YBEINYHBAIOT
ycunue, nepegasaemMoe nuiaotoM. OmHAKO, Takasi CUCTEMa YIPABIEHUS MPH MHOXKECTBE
TIOJTO’KUTENBHBIX Ka4eCTB TAKXKE HUMEET MACCy HEOCTATKOB, B YACTHOCTH, OHA SIBIISCTCS
CJI0KHOM, TPOMO3/IKON M TSKEION.

B ommmume oT MexaHMYecKMX M OyCTepHBIX cucTeM ympasieHusi, B DJICY
BO3JICHCTBUS OT OpPraHOB YIPAaBJICHUs B KaOWHE K YIPABISIIONMM IOBEPXHOCTSIM
NepeflaloTCsl € IOMOILBIO D3JIEKTPUYECKUX CHUIHAjoB. Takas cHCTEMa II03BOJIET
JOOUTHCS JTy4YIINX MaccorabapHTHBIX ITOKa3aTeslel U B HEKOTOPOH CTENEeHH yIpoIlaeT
TeXHUYECKoe oOcmyxuBaHue. TakKe TMOSABIAETCS BO3MOXHOCTH BBOIWTH OUYCHb
CIIOXKHBIE ANTOPUTMBI  YNPABICHHA, (PU3NUECKH HEBO3MOXKHBIE MJIsI YelIOBEKa.
DIEeKTPOAUCTAaHIMOHHAS CHCTEMa MOIHOCTBIO KOHTPOJMPYET NEHCTBHA JIETYMKA U HE
TI03BOJISIET BEIUTH HA OTIACHBIE PEKHMBI.

HenocraTkamu CHCTEMBI SIBISIOTCS:

®  TPYZHOCTH 0OECTIEYEHUS TOCTATOYHON HAIEKHOCTH,
®  TPYIOEMKOCTH 00CITyKHBaHUS,;
®  TIOBBINICHHBIC TPEOOBAHUS K HA3EMHOMY MEPCOHAIY.

Jns  oOecriedeHnss OOCTATOYHOH HAAEKHOCTH Ha OOpTy camonéTa HMeeTcs
HECKOJIBKO TApaUIeIbHO PAa0OTAIONIMX KaHAIOB ympaBieHus. Cucrema KOHTPOIIST
CPaBHMBAET CHTHANBl KAHAJIOB MEXIYy CO0OH B HECKOIBKHX KITIOUEBBIX TOUYKAX M
CIOCOOHA «IIPOUTHOPUPOBATH MHEHHE» BBIYMCIHUTENS, KOTOPHIH BBITACT HEBEPHBIE
JaHHBIE, ONpeJAeNsAeMble KakK IPEBBbIIICHHE JOIyCTUMOIO IOpOra MOrPEIIHOCTH.
[Tomumo 3TOro, yacTo NPUMEHSETCS MHOTOYPOBHEBBIH [ONOJIHUTENBHBI KOHTPOJb
CUTHAJIOB HA COOTBETCTBME MapaMmeTpaM, BIUIOTb 10 IPOBEPKH KadyecTBa
aJIeKTponuTaHus, nocrynatomero B JICY. B pe3ynbraTe BEpOATHOCTh MOJIHOTO OTKa3a
DCY naccakupcKUX caMoJIEToB cocTarisieT menee 107 Ha 1 wac monéra.

B T0 ke Bpemsl, CTOIPOLICHTHON TapaHTHH HaAEKHOCTH CUCTEMEI B IIEIOM JI0OUTHCS
HEBO3MOJKHO, TI03TOMY AyONUPYIOTCS HE TOJHKO KaHAIB! YIPABICHMS, HO U PEKHUMBI
yIpaBieHUs, MO3BOJIIOIINE B Cllydae OTKa3a MEpexXOoJUTh Ha YINPOUIEHHBIH pEeXuUM
NUJIOTUPOBaHUS, U He oJuH. CHCTeMa MPOEKTUPYETCs C pacu€ToOM Ha MHOT'OYHCIICHHbIE
OTKa3bl U OCHOBHOH MpO0JeMOoil pa3pabOTUMKOB SIBISIETCS 3ajava MPeayCMOTPETh BCe
TEOPETUYECKU BO3MOXKHbIE BApUAHThI Pa3BUTHSL COOBITHUH.

Hayxosuil kepienux — Tapacenxo T.B., KaHO. mexH. HAYK, OOYeHm
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YK 665.75.035.5-97
3u3a B.O.
Hayionanenuu asiayitinui ynieepcumem, Kuis

BILJINB BOJIM B ITAJINBI HA POEOTY MAJIMBHOI CUCTEMM JIITAKA

OCHOBHOIO BUMOTOIO 0 MAJIMBHHUX CHUCTEM Cy4YacHHUX JIITaKiB € HaJiifHE KUBJICHHA
JIBUTYHIB JliTaKa MAJIMBOM IIPH BCiX OUYiKyBaHMX YMOBaxX €KCIUTyaTalii JliTaka Ha 3eMJi
yid B mouboTi. [lanmBa, 1m0 3acTOCOBYIOTBhCA B aBiallii, MICTATh 3a0pyAHEHHS, SKi
YTBOPIOIOTECS B PE3YJbTATI iX BUTOTOBJICHHS, IPH TPAHCHIOPTYBaHHI, IpH 30epiranHi, a
TaKkoX Ti, fAKi TOTPAINIIOTE y TamuBO B Tporeci ekcmuryaranii. OCHOBHHM
3a0py/AHIOBAaYEM € BOJA.

B nonoBini BH3HaYeHO MIKIUIMBHI BIUIMB BOAM Ha (DYHKIIOHYBAaHHS IalUBHOI
cuctemu. Bona B manuBi Moxke OyTH B po3dMHEHOMY abo0 BUNEHOMY CTaHi (y BUIIIAIL
emynbcii abo BimcToro). KinpkicTh BOAM B PO3YMHEHOMY CTaHI 3al€XKHTh BiJ CKIaxy
manMBa 1 30BHIIIHIX YMOB: BiJl TeMIlepaTypd Ta THUCKY, NPH 3HIKEHHI THCKY 1
TEMIIEpaTypH BOJa NEpeXosiTh y BiNbHUHA cTaH. HasBHiCTP BOAM B HaiuBi
MPOSIBIIIETBCS y BHUIIIAAI HAKOIMYCHOTO BiJICTOIO y MAIMBHUX 0akax, B €MyJIbI'YBaHHI
BOJIM B MAJIMBI, B YTBOPCHHI 1HEIO Ha CTiHKaxX 0akiB, IO MPU3BOIUTH JIO MOSIBH IIYTH, B
oOMep3aHHI CITOK TiJKadyBaJbHUX HACOCiB, B OOMep3aHHI (IIBTPIB JApEeHAKHUX
TpyOompoBoiB. BinOyBaeThcss MOpyIIeHHS POOOTH MAIMBHOI CHUCTEMH. PO3TIsHYTO
MHUTaHHS YTBOPEHHS EMYNBbCIH y MaquBax Ta 1X CTIMKICTB 1 TPUBANICTh IX pyHHYBaHHS.
Cepen TOJOBHUX YMHHHUKIB, IO PO3JISAANUCSH, € KOHICHTpAIlsl eMyJIbCiiHOI BOIU B
MaJNBi, AUCHEPCist eMYNbCii, TeMIepaTypHi oA B O0akax, IIOBHOTA 3allOBHEHHS 0aKiB
HaJIUBOM.

Jlis 3axXHCTy MANWMBHOI CHCTEMH JIITaKiB BiJl HHU3BKOTEMIEPATYpHHX MOPYIIECHBb
3aCTOCOBYIOTh €KCIUTyaTaliiHi Ta Ternodizuyai Metoau. 1o mepmmx ciil BiIXHECTH:
Ha3eMHE OYMIIEHHsS MajiMBa  Bix  3a0pyIHeHb Ta  BOJM,  3aCTOCYBaHHS
HNPOTHUKPUCTATIYHAX NPHCATOK, OOMEKEHHS TPHBAJIOCTI IOJBOTY HAa maiumMBi 0e3
npucagok abo Ha MayMBax 3 MiJABUIICHOI0 TEMIIEPaTypol0 KpHCTaNi3alii, KOHTPOIb
TeMIlepaTypyd MaJlMBa Y IMOJBOTI JiTaka, 3JUB BiJACTOI0 3 NAIMBHUX OakiB IpH
TexXHIYHOMY 00cCIyroByBaHHi. Jlo Termodi3sMYHUX METO/IB BiIHOCATH: 3aXHCT (PiIBTPiB
Bil oOMep3aHHs, MO 3a0e3meuyeTbes MIMITPIBOM TaidWBa B JIiHII ToAavi mepen
(dhinpTpamMu, migirpiB manpBa B 0akax Bifl CHCTEMH KOHAMIIIOBaHHS a0 TiIpOCHCTEMH,
TiAPOCTpYMEHEBE 3MHUBAHHS TAJHBOM OOMEp3JIOi CITKH BiJIEHTPOBOTO HACOCY Yepe3
KiJIBIIEBUI KOJIEKTOP.

Hayxosuii kepisnux — Cusawenxo T.1., kano.mexu.nayx, npogecop
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Zanjani M.F.
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THE A380 MAIN LANDING GEAR SYSTEM

Airbus measured pavement loads using a 540-tonne (595 short tons)
ballasted test rig, designed to replicate the landing gear of the A380.

The landing gear and landing gear doors operation are controlled
electrically and are hydraulically and mechanically operated. In abnormal
operation, the landing gear can be extended by gravity. The A380
undercarriage consists of four main landing gear legs and one noseleg , with the
two inboard landing gear legs each supporting six wheels.

Gears: Nose Landing Gear (2 Wheels), Body Landing Gear x2 (Bogie Type,
6 Wheels - 4 Braked), Wing Landing Gear x2 (Bogie Type, 4 Wheels - 4
Braked).

Monitoring Systems

Tyre Pressure Indication System

Brake Temperature Monitoring System

Oleo Pressure Monitoring System
A380 Landing Gear Systems - Oleo Pressure Monitoring System:
e Oleo pressure is monitored simultaneously on all landing gear shock
absorbers and any warning is passed on to the Flight Warning System.
Prevents departure with mis-serviced Landing Gear
Accurate Check - performed once per flight, after gear extension
Gross Check - continuous monitoring
Combined Pressure and Temperature sensor mounted on each Shock
Absorber
Wing Landing Gear Each wing landing gear has a leg assembly and a four-
wheel bogie beam. The WLG leg includes a Bogie Trim Actuator (BTA) and
an oleo-pneumatic shock absorber. A two-piece side-stay assembly holds the
WLG in the extended position. A lock-stay keeps the sidestay assembly stable
in the locked down position.

Body Landing Gear The two body landing gears have a six-wheel bogie beam
and a leg assembly that includes an oleopneumatic shock absorber. A two-piece
drag-stay assembly mechanically locks the leg in the extended position.

Nose Landing Gear The nose landing gear includes a single-stage direct
acting oleo-pneumatic shock absorber. A twopiece drag-stay assembly with a
lock-stay, mechanically locks the leg in the extended position.

Scientific leader —Tarasenko T.V., associate professor
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CHUCTEMA KEPYBAHHSI IOBOPOTOM KOJIIC TEPEJTHHOI OITIOPA

Jl1s KepyBaHHS PyXOM JIiTaka pa3oM 3 aepoAMHAMIYHMMH OpraHaMu KepyBaHHS IPH
37BOTI, HOCANI, PyAiHHI BUKOPHCTOBYETHCS CHCTEMa KEpyBaHHS MMOBOPOTOM HOCOBOI
CTiiikn, KOTpa MOBEpTae MO KOMaHJi JbOTYHKA IIOBOPOTHY YacTHHY NMEPEAHbOI omnopu
pasoM 3 KkomecaMd. Ha cydacHMX macaXXMPChKUX Ta TPAaHCHOPTHHX JTakax 3
TPHOXOIIOPHOIO CXEMOIO0 IIaci KEpoBaHOIO € TMepelHs Oomopa, a Ha JlTakax 3
0araToONmOpHOI0 CXEMOIO Pa3oM 3 IEePeAHIMH ONOpaMH KepOBAaHHMH MOXYTh OyTH
yacTHHa ab0 BCi OCHOBHI CTilKH.

CucremMa KepyBaHHS IIOBOPOTOM KOJIC IEepeJHBOI OIOpH IpU3HAa4YeHa Ui
BUKOHAHHS PO3BOPOTIB MU Py iHHI 1 BuTpuMLi HanpsiMy Ha 3I1C npu 31p0Ti 1 mocanmi,
a Takox 3a0e3meuye nemrdyBaHHS KOJNWBaHP (TUIY "OIMMi") KOJiC MEPEeaHbOI OMOpH
CIUTBHO 3 OIOPOIO Ha BCIX PEKMMaX KEpyBaHHS.

Cucrema KepyBaHHS MOBOPOTOM KOJIC IEpeIHbOI OMOPHU — EJIEKTPOTigpaBIlivHa,
IUCTaHILINHA, ciinkyloda. [Ipy BUMKHEHiH CHCTeMi Kojeca BIJIbHO OpIEHTYIOTHCS IpH
pyci mitaka mo pymsoBiii gopikmi (3I1C). Cucrema kepyBaHHsS MOBOPOTOM OCHAIlIEHA
OJIOKYBaHHSM, IO BIAKIIOYA€E CHCTEMY IIPH BiIPHUBI KOJIC IEpeIHbOI ONMOPH BiJ 3eMIIi,
o 3amobirae po3BOPOTY KOJIC y MOJBOTI, @ OTHKE, i MOCAIKY JIITaka 3 PO3BEPHYTHMH
kosecamu. [Ipu BipHBi KOJIiC MOBOPOTHA YaCTHHA CTIHKH 1 KOJIeCa BCTAHOBIIOIOTHCA 1
YIPUMYIOTECS B HEUTPANbHOMY TIOJIOKEHHI IIEHTPYIOUMM MEXaHI3MOM  CTiHKH
MepeIHbOI OTOPH.

Ha choropHinmHii 1eHb PO3MOBCIOKEHO 1Ba BHUAM CHCTEM KEPyBaHHS HOCOBOIO
OTIOPOIO: TIIPOMEXaHIYHA Ta eJEKTPOINCTAHIIIHA.

EnexrponycraHmiiiHa cucTeMa € OUTbII TNEepCIeKTHBHOIO [UIsi BUKOPHCTAHHS Y
TPAHCIOPTHOI aBiallil 3aBIAKHA MEHIIII Maci, a TAKOK OLTBIIIi HaJiitHOCTI.

EnexrponycraHiiiiHa cucTeMa KepyBaHHS MpOCTille Oyab-SKOr0 CEepBONPUBOY,
HiIKITIOYEHOT0 10 MEXaHIYHOI NMPOBOAKH. Y Hi HeMae MPUCTPOIB NEePEeCHIIOBAHHS i
BIIKIIFOYEHHS, HEMae JeTekropa BimMOB. BoHM Tyr He moTpiOHI (BipHile,
HeoOoB's13k0B1). HecripaBHMI KaHAT MPOCTO BUMHUKAETHCS, 200 KOMIIEHCYETHCS iHITUMH
KaHaJlaMH.

Ilomamemre 3HWKEHHA BapTOCTI ENEKTPOMMCTAHIIWHOI CHCTEMH, 3MEHIICHHS
rabapuriB ii arperaTiB Ta GJIOKIB, MiZABUIICHHS X HAAIHHOCTI TO3BOJIUTH 3HAXOIUTH BCE
Ginplre crocobiB 1 3aCTOCYBaHHS B JIITAKOOYyBaHH.

OCHOBHHMM TPH3HAYSHHSIM CHCTeMa KepyBaHHsS MEXaHI3MOM PO3BOPOTY IEpeIHbOT
OIIOPH € KePYBAaHHS HANPSIMOM PYyXy JIiTaka MiJ 4ac pyiiHHA, po30iry ta mpobiry mo
3T1IC. [dns mporo HOCOBA CTiHKa IMaci Cy4acHOTO TPAHCIOPTHOTO JIiTaka 00NafHyeThCS
MEXaHi3MOM po3BopoTy. CucTema KepyBaHHS B CYKYITHOCTI i3 MEXaHi3MOM PO3BOPOTY
YTBOPIOIOTh CHCTEMY KepyBaHHs PO3BOPOTOM IHEPEIHBOI CTIHKH.

Hayxosuii kepienux — Makapenxo P.O., kano.mexu.nayx, ooyenm
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JUHAMIYHI BJACTUBOCTI I'TNPABJIIYHUX PETYJIATOPIB TUCKY

JluHamiyHi TpouecH, M0 BiIOYBarOTbCA B PEAIBHHX TiIPaBIIUYHUX CHCTEMaXx,
3a3BHYail ONMUCYIOThCA HENHIMHUME TU(epeHIiaTbHIMHU PIBHIHHAME 3 PO3NOIIICHUMHI
apamMeTpaMu BHCOKOTO HOPSAKY, TOYHE PILIEHHS SKUX JOCUTH CKiaaHo. TpynHorui
4acTO MOJIATAIOTh HE TUIBKH B PillleHHI PiBHAHB (OKpeMi pillICHHS LUX PiBHSHb MOXKHA
BUKOHATH 3a JIOTIOMOT'0I0 €JIeKTPOHHO-JIYMIBHOI TeXHIKN), a i B X CKJIamaHHI i BHOOpI
MIPAaBOMIPHUX MPUIIYIIEHb, TaK SK HEBIJJOMIi CIIOCOOM ONMHUCY CKIATHUX (DI3UIHHX SIBHII,
mo BigOyBalOTbCS B TiOPaBIIYHUX CHCTEMaX B IEPEXiTHUX peXUMax. Tomy
JOCIIJDKEHHST AMHAMIYHHUX BJIACTHBOCTEH TiJpaBIiYHNAX CHCTEM BKIFOYA€E SK YTOYHEHHS
OUHAMIYHHX XapaKTEPUCTUK eJIeMEHTapHUX JaHOK (Ipocend, KiamaHa i T.1.) 1 mpomecis
(BUTOKY piaMHH 3 OTBOpY, Iepenada IMIyAbCy THCKY 1 1H.), TaKk 1 pPO3IISA
HECTaI[lOHAPHHUX PEKUMIB POOOTH CHCTEMH B IIIIOMY.

s mpakTHYHUX 1HKEHEPHUX PO3PAaXyHKIB 3pYyYHO CKIAAHI (Hi3WYHI MPOLECH, IO
BiIOYBalOThCS B CHCTEMi, ONWCATH CIPOIICHUMH JIIHIHHUMH PIBHSHHAMH BiTHOCHO
HEBHCOKOT'O MOPSIIKY 1 BU3HAUUTH poO0OUy 001acTh, B SIKiH Take CIIPOLICHHS IPHIHHSATHE.
OpHak  HEOOXITHICTH  y3araJbHEHHS  pe3yJbTaTiB  JOCHIUKEHb 1 BHCHOBKIB
3aKOHOMIPHOCTEH, IO MOIIMPIOIOTECS Ha MIMPOKMH [iama3oH po0oYMX 4YacToT i
KOHCTPYKTHBHHUX MapaMeTpiB, BUMArae OiIbII IIIMOOKOT0 BUBYCHHS CYTHOCTI (Di3HUHHX
SIBULI, 110 BiZOYBAIOThCSA B MEPENUBHI KiIanaHax (TiApOIWHAMIUHI CHIIH, iHEpIIHHUI
Hamip i T.1.). [Ipu pOMy cTaTH4HI i AMHAMIYHI XapaKTEPUCTUKU PETYISATOPIB THCKY
PO3TIANAIOTECS CIIJIBHO, OO0 OTPUMATH HAHOLIBII TOBHE YSBIEHHS NPO MOBEHIHKY
peryisTopa THCKY B CHCTEMI 1 BUOpATH pilleHHs (4acTo KOMIPOMICHE), 1o 3abe3neuye
ONTHMAaJIbHI YMOBH POOOTH.

3aranbHi METOAM pO3paxyHKYy 1 KOHCTPYIOBaHHS 3aloODKHHX 1 IepelnuBHUX
KJIaNaHiB, a TAKOXK palliOHaJIbHI CXeMH BKJIFOUEHHS X B TipaBIiuHy CHCTEMY OIHCaHi B
(dyHIaMeHTanbHUX mpansgx no rigponpuoxy T.M. Bamru, B.B. €pmaxoma, 1.3.
3aituenko, B.H. IIpokod'ea, E.M. XaiimoBuua, B.A. XoxinoBa Ta iH. B mpamsx mux
aBTOPIB MOKAa3aHO, MIO PETYISATOP THCKY SBISIE COOOI0 NTUHAMIYHO CKIIQJHUHA arperar,
3MATHUI BUKIMKATH HECTiIHKYy poOOTy Bci€i TimpaBimiyHOI CHCTEMH, € JDKEPEIoM
aBrokommBaHb. C.H. PoxnmectBeHcbkmit moOynayBaB [miarpamy [Uiss  3amoOiKHOTO
perynsTopa THCKY 3 ypaxyBaHHSIM CTHCIMBOCTI PiJMHHU B HaIlipHOMY TPyOOIPOBOI, MO
SKif MOYKHA BU3HAYUTH MEXI HECTIHKOCTI mepeximHux mporeciB. Cril 3a3HAYNTH, IO
JMHAMIYHA HECTIMKICTh OXOIUTIOE HIMPOKY 00JacTh KOJIMBAaHb PETYISATOpA THUCKY - BiX
SBUI[A aKyCTHYHOTO pE30HAaHCYy JO CaMO30y/[DKCHHS KOJMBaHb, BUKIMKAHUX
CTUCKaHHSM PiJvHK a0 HEIOCTATHBOO )KOPCTKICTIO NPUBOY Hacoca.

Hayxosuii kepienux —bymoio B.C., kano.mexn.nayx, 0oyenm
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MPAHIMII IIi CYYACHOI' O AKCIAJIBHO-TIOPIITHEBOI'O
PETYJbOBAHOI'O HACOCA 3 TIOXUJIUM JUCKOM

Y po60Ti BU3HAYEHO MPHUHIMI [ii Ta KOHCTPYKIIIO CYy4aCHOTO HACOCYy 3 MOXUIUM
nuckoM Ha npukiaai V30D, mepeBaru Ta HEOMIKM MOPIIHEBOTO arperary, 0CoOIMBOCTI
BIOCKOHAJICHHS JeTajel, Mo 3a0e3NeuyroTh HEOOXiIHY aKTYalbHICTh BHKOPHUCTAHHS
caMe I[bOTO Hacocy.

PoGora arperaty rpyHTyeThCsl Ha BIUIMBI OOEpTOBOTO Bajla Ha CHEIialbHHH OJIOK
mTieApiB. Ilpy poMy crocTepiraeThcs NOCTyHajJbHE IEPEeMIIleHHs HOPIIHIB y3I0BXK
oci 11boro 01oKy. TakuM 4MHOM BiZiOyBarOTHCS 3BOPOTHBO-TIOCTYIIABHI aKCialbHI pyXH,
3aBIAKU KM arperaT OTpUMaB CBOIO Ha3BY.

Ilpu pyci mopmHiB B IMIIHApax MOCTIIOBHO BinOyBaeTbcs BCMOKTYBaHHS 1
Har”iTaHHs. 3'€MHaHHSA 3 HANIPHUMH 1 BCMOKTYIOUHMH JIHISMH 3IiHCHIOETHCS
MOCTIJOBHO dYepe3 CIeliaibHI BiKHA B PO3NOAUIGUOMY MpucTpoi. Jns 3amobiraHHs
BUHHKHEHHSI HECTPABHOCTEH, OJIOK NWIIHAPIB pPO3TANIOBYETHCS Tak, MO0 BiH OyB
IITEHO IPUTHCHYTHH 10 PO3IOAUIBHOTO TIPHCTPOIO.

3 MeTOI 3MCHIICHHS TiIpoyaapy B XOAi pPoOOOTH arperaty B 3a3HAYCHUX
MepeMHUYKaX CIEIiadbHO POONATHCS JApOcebHI KaHaBKW. [[iHa arperaTy BiaIOBiIHO
BHCOKA.

[Ipu po3pobui koHuenmii Hacoca OynM BUKOPUCTaHI HalCydacHIUI 3HAHHS 1
JIOCBiAYEHI aHi B 00JacTi 3HWKEHHS PiBHS IIyMy B TiAPaBIiYHUX MAaIIUHAX. TOMy THI
V30D Bupobnsie (B TOMy YHCHi i HpH MaKCHMAaJIbHUX HABAaHTAXCHHSIX) BIITHOCHO
HEBHCOKHH piBeHb 3BYKOBOTO THCKY. Ilinbip MarepiaiiB BiAmoBizae HaHBUIIUM
craHnapram. Pi3HOMaHiTHa mporpama peryjroBaHHsS (MOIYyJTbHAa CHCTEMa), a TaKOXK
HACKPI3HUI MpoXiJ Bady (3a OaxkaHHAM) Ui HaBIlIyBaHHS JOMOMIDXKHHX HACOCIB
HaJaloTh KOPHMCTYBAadeBi INMPOKI MOMXJIMBOCTI 3acTocyBaHHi. 3 Ttunom V30D
MPOIIOHYETHCS KOHLEMIisl Hacoca, sKa 3aJ0BOJIbHSE CHELiabHUM BHMOTaM CYYacHHX
MPOMHUCIIOBHX i MOOUTBHHX T1IPOCHCTEM.

Baxxuusi nmepeBarn  akcianpHOTO Hacocy Ha mpukiami V30D:

- HEBENWKHHA PiBEHb 3BYKOBOTO THCKY, IIO IO3BOJIAE OOiifTHCS 0€3 BTOPWHHHX
3aX0JIiB IIO/I0 3HIKEHHS IIyMY;
- TpoximHWiA Bax 3a0e3nedye TaHAeMHYy KoMOiHario HacociB Tay V 30 D oqun
i oqHAM 200 HaBilTYBaHHS AOTIOMIKHHUX HACOCIB BCIX BUJIIB;
- BCTaHOBJICHHH MEXaHIUYHWH IHAMKATOP KyTa TOHJAHHS B SKOCTiI Ba)KIIMBOTO
JOTIOMIXKHOTO ~ TMPHUCTPOI0 Ui KOHTPONO  (YHKIIOHYBaHHA  Ta  IHIIE.

TakuM 4YHHOM, KOHCTPYKTHBHI eneMeHTH Hacocy tumy V 30 D 3partHi
3a0e3neyyBaTi CIIpaBHE KOPUCTYBaHHS HHMM; CBOIMH MepeBaraMy HOTro KOHCTPYKIIiS
MOKa3ye MParHeHHs Cy4acHOTro0 Hacocy M0 3MEHIICHHs HEraTHMBHOTO BIUIMBY HENOJIKiB
aKcialbHO MOPIIHEBHUX arperaTis.

Hayrosuii kepisnuk —bymoro B.C., kano.mexu.nayx, ooyenm
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JOCTIIKEHHS XAPAKTEPUCTUK CTPYMEHEBOI'O CTABIJII3ATOPA
OBEPTIB I'lIPOMOTOPA

CyuacHuil eTam pO3BHTKY TiIpONIPHBOAY XapaKTEPU3YEThCA aKTHBHHM
MOIIYKOM TEXHIYHHX 3aC00iB MiJABULICHHS BUXITHUX XapaKTEPUCTUK TiIPONPUBOAY.
OpnHielo i3 aKkTyaldbHUX 3ajJad, L0 BHPINIYIOTHCS, € 3a0e3lmeyeHHs MOCTiIHHOT
IIBUJKOCTI PyXy BHUXIJHOI JIaHKM TiAPONIPHBOAY B IIMPOKOMY Jiara3oHi 3MiHH
HaBaHTaXeHHA. PimeHHA pnaHoi nNpoOJIeMH MOXJIMBE IIISIXOM BHKOPHCTaHHS
CTpyMEHEBHX crabimizaropiB BuTpatu. J[laHi crabimizatopn BHUTPaTH MOXKYTh
BHKOPHCTOBYBAaTHCh y SIKOCTI CTpyMEHEBUX CTalii3aTopiB 00epTiB TigpONpHBOIY
(Cconn).

Pe3ynpTaTi eKCIepHMEHTAIbHUX NaHUX CTPYMEHEBUX CTadimi3aTopiB 00epTiB
riApONPHUBOIY MOPIBHIOBAIKCH i3 CTAHAAPTHUM TiApONpHBOgOM —aHamorom ['TI-72.

CCOI' cknmamaerbest i3 JKUBIAYOTO 1 NPUMMAIbHOTO KOHIYHUX KaHANIB, fAKi
po3TamioBaHi coocHO B poOouiii kamepi. XKupisde comno 3’€mIHaHe i3 KEpeIoM
THCKY, a IpUAMaJIbHUI KaHaM 3 TiAponpuBoaoM (rigpomotropom). Pobounii mporec
CCOT' xapakTepu3yeTbCsi IBOKPATHHM IE€pPETBOpEHHSIM eHeprii. B ikuBmstaomy
comi BigOyBaeTbcs IMEPETBOPEHHS IOTEHLIaNbHOI eHeprii THCKYy B KiHETHYHY
CHEpTril0 CTPYMCHIO PiAWHH, IO BHUTIKA€ B 3aTOIUICHUH mpocTip. CTpyMiHb MOTIM
MOTpAaIlisie B MPUHAMaNbHUNA KaHajd, O¢ BiAOYBA€ThCA NEPETBOPECHHS KiHETHYHOI
eHeprii cTpyMeHs B NMOTEHIiaJbHY EHEPril0 TUCKY, SKa 3aJIeKHUTh BiJ BEIHMYUHU
HaBaHTA)KEHHS Ha BUXIAHIH JaHOi rigpoMoropa. [eomerpuuHi po3mipu
MPUAMANBHOTO COIJIa BHOWPAIOTBCS TAKUM YWHOM, MIO0 BTpPATH TiApaBIidHOL
eHeprii npu poboTi cTabinizaTopa OyJIM MiHIMaJIbHI.

Jlnisi mpoBeleHHs eKCIEepUMEHTANbHUX JOCIiIKeHb PO3pOOJIeHO crelialbHy
METOJIUKY.

Howminanu niameTpiB comen nmpuHMalbHUX KaHaJIiB BUOPAHO TaKMM YHHOM, 1100
4yepe3 HUX IpPOTiKalla Taka )k BUTpaTa, K depe3 rigponpuson ['TI-72 (16 n/xB. mpu
MakcuMmanbHuX obeprax 400 006/xB). TakuM YHMHOM pO3paxyHOK TE€OMETPUIHHX
rmapaMeTpiB MPOTOYHOI YaCTHHHU COIUIA i MPUIMAaIBbHOTO KaHalTy OyJo Opi€eHTOBAaHO
Ha JaHy BeJIM4YHHY. JliaMeTp JKMBJISYOrO COIUIa 3HAXOAUTHCA 3a (OPMYIOI0
Toppiueni:

Q.
u 2(po - p3ﬂ)
o

ne QO - BUTpATa 4Yepe3 kupisgue comno; [ - xoediuient Butpatu; [); - THCK

HarHiTauus; [J, - THCK 3MuBY; 0 - IyCTUHA PilUHH.

3a pe3ynpraraMd TNPOBEACHHX BHNPOOYBaHb HAWKpamli eHepPreTHYHi
XapaKTEPUCTUKU EJIEMEHTY «COIUIO-IPUIMaNbHUi KaHA» OTPHMaHi MpH po3Mipi
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npuiMansHoro kanaixy Ha 20% OUIBIIMMU BiJ pO3MipiB KHUBIISTIOTO COILIA.

ExcnepuMeHTH NpOBOMMINCH B YOTHpH eranmu. Ha mepmomy etami Oyio
BUKOHAHO MPOJIMBKH JKUBISUMX comesn. Ha npyromy erami Oymo IociifKeHO
cratuyHi xapakrepuctuku CCOI' 3 pi3HMMH THHOPO3MipaMH J>KHBISIYHX COTEN i
npuiiManbHUX KaHamiB. Ha TpeTboMy eTami NMpoBOAMIHCH JOCTIMXKEHHA CTaTHYHHX
xapakTepucTuk rigpomoropa i CCOI' y BcTaHOBIIeHOMY pexkuMmi. Ha gyeTBepromy
eTani NPOBOIWINCH AOCTIIKEHHS IHHAMIYHUX XapaKTEPHUCTHK TigpoMoTopy 3i
CTPYMEHEBHUM cTaliIi3aTopoM 00epTiB riApOMOTODY.

IIpu nmpoBeeHHI eKCIIEPUMEHTI BCTAHOBIICHO:

1. B iHTepBani 3MiHM THUCKY HAaBaHTa)XeHHS B NpHHMalibHOMY KaHaiui Bix 0 1o
60% Big MakCHMaJBHOTO BHTpaTa depe3 NpUIMaIbHUH KaHAI MaKCHMalbHa i He
3aJIe)KHUTh BiJ] THCKY HaBaHTakeHHs. [Ipu 30inbIIeHH] THCKY HaBaHTakeHHS Bix 60
% 1o 70% Big MakCHMaIbHOTO BHTpaTa CHIDKYEThCS Ha 5% y TMOpIBHAHHI i3
MaKCHUMAalbHOIO.

2. Mae wmicne He3HauyHE 3MEHIICHHS YacTOTH OOEpTaHHA TiAPOMOTOpa MpH
HyJTbOBOMY HaBaHTa)KCHHI Ha BUXiAHIH naHi. [Jng Bcix Tunopo3mipiB conen CCOT
LIS BEJIMYMHA 3HAXOOUTHCS B Mexax 5 — 10%.

3. [Ipu 3MiHI TPOTUIIIOYOr0 HaBaHTaXeHHS Bin 5 mo 40 Hm vactoTa obepTaHHs
BUXITHOTO BaJly NMPaKTHYHO 3JIMIIAETHCSA MNOCTIIHOIO 1 30epirac cBO€ MakcUMallbHE
3HaYCHHS.

4. Ilpu 3miHi mporupmitodoro HaBaHTaxeHHA Big 40 mo 50 Hwm wactora
o0epTaHHS 3MEHIIYETHCS B MOPIBHIHHI 3 MakcuManbHOMO: 111 CCOI™ 3 miamerpamu
comen 1,56 ta 1,84 — Ha 15%, mns 1,46 ta 1,75 — na 11%, nna 1,22 ta 1,5 — Ha 6%.

5. Ilpu panToBiif 3MiHI MPOTHAIFOYOTO HABaHTAXXCHHS Ha BUXIAHIN naHUi Big 5
o 45 Hm, nepexigHuii mpoiec Mae KONMMBAIBHHUNA Xapakrep. [Ipu npoMy BeanmdnHa
Iepe peryjioBaHHsA 3a 4YacTOTOI O00epTiB BHXIZHOTO Bajly TigpoMOoTOpa He
nepesutnye 10%, a yac nmepexigHoro mpoiiecy cknanae 0,5 c.

Hayrosuii kepienux — Tapacenxo T.B, k-n mexH. HayK
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ABTOMATH3ALIA TA EHEPITOE®EKTHUHBHICThH B
ABIAI[IHHIH TATY3I
V]IK 656.71.628.984
Kyopak L. T'.
Hayionanenuii agiayitinuii yniseepcumem, Kuis

IH®OPMAIIIITHI 3ACOBH KOHTPOJIIO HASIBHOCTI JE®EKTIB
3JITHO-TIOCAJJKOBOI CMYI'

VYcemix nmepenboTiB AK MajiMX JITakiB, TaK 1 TPAHCATIAHTHYHHUX MOBITPSHUX CYICH
3aJIKUTH He JIMIIE BiJ TEXHIYHHWX 3aco0iB Ta CIIPaBHOCTI TEXHIKHW, aje W Bix 3IiTHO-
IOCaJKOBOi CMYTH B aepomnoprax, J€¢ BOHM 3[IHCHIOIOTH BIIINOBITHO 3MIT Ta
npusemieHHs. Ilpu  excruryaramii  aepoJpOMHOTO IOKPHTTS Ha HOro IOBEpXHi
YTBOPIOIOTHCSI MIKPOTPIIIMHH, SIKi 3 9aCOM 30LIBIIYIOTECS B po3Mipax i MPHU3BOIATE 10
pyHHYBaHHS MOBEPXHi MOKPHUTTS. TOBIIMHA 3pYHHOBAHOTO IIApy MOXKE CTAHOBUTH Bif
JeKiTbKOX MiTiMeTpiB A0 10 MimiMeTpiB i Oinbire. Benuki yacTHHKY MicKy a00 HEBETHKI
YaCTUHKH IIEOCHIO, IO 3BUIBHSAIOTHCS IPH TaKUX PYyWHYBaHHSX, MPEICTaBISIIOTH
cepiio3Hy HeOe3MmeKy AL JBUTYHIB JIITAaKiB.

3a TakMX YMOB, METOI JOCITI/DKCHHS € THOIIYK TEXHOJOTIl, YHiBepcaJbHUX
NaTYUKIB, 3aCTOCYBaHHS SIKUX OOCIYrOBYIOUMM IIEPCOHAJIOM aepoIliopTy HaJacTh
MOXKJIMBICTB ITE€PEeT9aCHO BUSBIATH TPIIIMHY 1 3HEIIKODKYBATH 1X.

IcHye psim maTYMKIB PO3BUTKY MOBEPXHI TPILIWH, IO NPHU3HAYEHI I BU3HAYCHHS
XapaKTEePUCTHK TPIIIWHOCTIMKOCTI KOHCTPYKIIMHNX MaTepialiB, BUMIpIOBaHHA 3CYBY, a
TaKOXK JJIsI BU3HAUCHHS HassBHOCTI IeEeKTiB Ha 3TITHO-IIOCAAKOBII cMy3i.

JlaTuuKy pO3BUTKY MOBEPXHI TPILIMH NMPU3HAYCH] U BU3HAYCHHS XapaKTEPHUCTUK
TPIIIUHOCTIHKOCTI KOHCTPYKIIHUX MarepiaiiB MpH 3HAKO3MIHHUX HAaBaHTAKEHHAX B
miamasomHi po3Maxy koedimienTa inTencupHocTi Hanmpyxens AK Bix 5 1o 50 MIlavm B
YMOBaX MakpOKJIIMaTHYHUX PalOHIB 3 HOMIPHHM i XOJIOTHHUM KIiIMaTOM.

Jpyruii THN NaTduKiB, SIKI MOXYTh 3aCTOCOBYBATHCS, - IPHJIAAN BHMIipPIOBAaHHS
3cyBy. [lpumipom, matymk tpimua BCD-5B, mio cTBopeHHMi Al BHMipHOBaHHSI
TIOIIKOJKEHD, SIKi 3'IBJISIOTHCS B OETOHHUX KOHCTPYKLIAX. Y MOPIBHSAHHI 3 3BUYAITHUMU
nmaryukamu, natdyuk BCD-5B Bosomie Haa3BHUYAilHO MajuM BHUMIPIOBAaHHM 3yCHIUISIM
mpu TpocToTi ycraHOBKM. CaMe TOMYy BiH il€allbHO IiOXOIUTH MJISl BHSBICHHS
HallMEHIINX TPINIMH Ha3MmiTHIA cmy3i. llle ogHMM mpmiazoM NepeBipkd CMyTH Ha
HasABHICTh NedeKTiB Moxe ciyryBaTh nartuuk Vaisala DRS511. Ile cucrema, mo
BUMIPIOE Pi3HI MapaMeTpu MOBEPXHi 3JITHO-TIOCAAKOBOI CMYrd. J[aT4MK MOHTYETHCS
0e3rmocepeTHEO B JIOPOIKHE TOKPHUTTS 1 30Mpae 1aHi, Oy1ydun BCTAHOBJICHUIT Ha OTHOMY
piBHi 3 moBepxHeto. Cucrema DRS511 nepenae He Tifbku TeMIepaTypy MOBEPXHi, ajie i
JiaHi PO HasBHICTh BOJIOTH Ha MOBEPXHi, 1, TAKUM YHHOM, MOYKE aHAJIi3yBaTH TaKi CTaHH
CMYTH, SIK CyXa, BOJIOTa, 00JIe/IeHINIa 1 3aCHIXKEHA TOIIO.

Taxknm 4mMHOM, 3aBYacHa MepeBipKa Ta BUSBIEHHS TPIIIMH Ha 3JITHO-TIOCAJKOBHX
CMyTax € TepCIeKTHBHIM HalpsMOM isUTBHOCTI, KU TO3BOJHMTH HE JIUIIE 3aBYACHO
3HaXOAWTH TPOOJEMHI IINISTHKM, ane ¥ yHUKAaTH CHUTYallii, [0 MOXYTh HETaTUBHO
BILIMHYTH Ha po0OTy aepomopTy Ta Oe3leKy NepeBe3eHHs MacaXupiB Y I[IHHHUX
TOBapiB.

Hayxosuii kepienux — C.M. I'anvuenxo, k.m.H., 0oy.
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VJIK 681.515.8(043.2)
3ynynos A.O., Hinos’s3 A.O.
Hayionanenuu asiayitinui ynieepcumem, Kuis

CHUHTE3 IUOPOBUX PETYJIATOPIB JJIs1 CUCTEM KEPYBAHHS
POBOTOM MAHIITIYJATOPOM

Ha cporonmHimHii neHp 3aCTOCYBaHHS POOOTOTEXHIUYHHX KOMIUICKCIB 3HAXOAWUTH
IIMPOKE 3aCTOCYBaHHA B PI3HHX ramy3sax. Lle moB’s3aHo 3 TuM, mO POOOTOTEXHIKY
MO>KHa 3aCTOCOBYBaTH B THX BHIAIKaX, KOJNM MOXIHBICTb POOOTH JIIOJUHU OOMExeHa
ab0 HEMOXJIMBA Yepe3 psa MPHMUMH, TAKUX AK 3arpo3a 370poB’I0 Ta iHmi. IX ronsoBHa
3aJa4a — BHKOHAHHS IIOCTAaBIEHOI 3aJadi 3 MAaKCHMAJIBHOIO e(EKTHBHICTIO Ta
touHicTIo.CaMe TOMy, TIPH 3aCTOCYBAaHHS TaKHX KOMIUICKCIB BHHHKAE DPSAJ 3aBJIaHB,
30KpeMa, MOB’S3aHMX 3 IX YNpaBIiHHAM. Y 3B’A3Ky 3 LUM, Yy JaHiil JOmoBimi
MPOMOHY€EThCsT 3acTocyBanHsA mu¢posux [IIJ] - perymsaropiB B cucTeMi KepyBaHHSI
POOOTOM-MaHIITyIATOPOM 3 METOIO IiIBUIIEHHS TOYHOCTI CHCTEMH B CTAIOMY PEXHMI
Ta 3a0e3neyeHHs OaKaHUX MMOKA3HUKIB SKOCTI IIEPEXiTHOTO MPOIIECy.

Hudposmii I11[-perynsatop — me OpuCTpiii B KEPyrOUOMY KOHTYpi 31 3BOPOTHIM
3B’SI3KOM, SIKMH MICTHTH B COOi TpH CKJIAIOBi: NPONOPIiiHY, IHTErpyBaJbHY Ta
mudepenniiny ganku. IIpote € ICTOTHMH HENONIK NPAaKTHYHOTO BHKOPHUCTAHHS
mudposoro IIIJ[-perynsitopa — CcHHTe3 HOro mapaMeTpiB, TOMY HaJAIITyBaHHS
peryssTopa crajo cepio3HOI0 IPoOIEMOIO y Halll Yac.

IcHye WmMano aHaNITUYHUX, EKCIICPIMEHTAIBHUX METOMIB HOro HajaIlTyBaHHS,
KOXEH 3 SKHX Mae CBOi mepeBaru Ta Hemoiniku. lllmpokoro 3aramy HaOymum MeTORH
3inrepa-Hikonca Ta METOA €KCIEPHUMEHTAIBHOTO HanamTyBaHHA. Lli MeTomm mocuTh
MpoCTi Ta INBWAKI, MPOTE€ TOYHICTh, SKy BOHH NPOIOHYIOTH, HE 3aJ0BOJBHSIOTH
Oa)kaHNM ITOKAa3HUKaM SIKOCTI MEPEXiTHOTO MPOIIECy.

Meroan HamamTyBaHHS 32 JIONMOMOIOIO JOJATKOBUX IPHUCTPOIB, TaKi SIK METOJX
MINPOTHO-IMITYJIbCHOT MOJYJISLIl, TAfoTh BHCOKY TOYHICTh, ajieé BOHM (D iHAHCOBO- Ta
4aco3aTpaTHi.

VYV 3B’A3Ky 3 MM, B JIONOBii MHPOMOHYETHCS 3aCTOCOBYBATH METOJ CHHTE3Y
OUQPOBOTO peryiaTopa MUITXOM MiAOOpy OakaHMX TepenaBadbHUX (YHKLIH Ta
MOJANIbHAN METOJ] CHTE3Y, SIKi 33/I0BOJIGHSIOTH BCIM HEOOXiHUM yMOBaM Ta OakaHUM
MOKa3HUKaM SKOCTI mepeximHoro mporecy. Lli MeToam MaioTh BHCOKY TOYHICTH B
MOPIBHAHHI 3 HHU3KOIO IHIIMX METONIB, a IX BUKOPHCTaHHS [a€ HamiifHi TapaHTii
YCHIIIHOT pOOOTH CHCTEMH.

Hayxosuii kepisnux — O.M. Tauunina, k.m.H., ooy.
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V]IK 629.735:681.51 (043.2)
PomanoBcbka A.A.,
Hayionanvnuii agiayitinui ynieepcumem , Kuis

CUCTEMA OIITUMAJIBHOTI'O YIIPABJIIHHA PYXOM JIITAJIBHOI'O
AITAPATY I3 3AJAHOIO IBUAKICTIO IEPEMIINEHHSA PYJIBOBOI'O
OPTAHY

Jlitanbhuit anapatr (JIA) sx 06’ eKT ynpasiiHHsS sBIsA€ cOG0I0 CKIaaHy AMHAMIYHY
CHCTEMY 4epe3 HasBHICTh BEJHMKOi KITBKOCTI MOB'A3aHUX MDK C000I0 mapameTpiB i
CKJIIaJHUX TEPEeXpPecHUX B3aeMOfiil MiX HUMHU. OpraHu yHpaBliHHS, SIKI CTBOPIOIOTh
KepyIodi BIUTUBH, MOXHA PO3ALIUTH Ha Bl rpymu:

— OpraHd TO3JOBKHBOTO YIPABIiHHA, SKi 3a0e3MedyloTh pPyX B MO3IOBKHIH
ILIOIIMHI,

— OpraHM YNpaBJIiHHA OIYHUM PyXOM, sKi 3a0e3ledyloTh HEOOXiTHWH XapakTep
3MIHH KYTiB KpEHY, KOB3aHHS | pUCKaHHSL.

[MoniGHe po3xiNeHHS OpraHiB YIPaBIiHHS € YMOBHHM, TaK SIK iCHYIOTh PEXHUMHU
MOJNBOTY, B SIKAX OpraHMW YNpPaBIiHHSA 3IIHCHIOIOTh II€peXpecHi BIUMBH. [l
3a0e3MeyYeHHs] aBTOMATH3alil ympaBiiHHA HONb0TOM JIA HEOOXiTHO YOTHPH KaHAIH
YIpaBIiHHA: KaHa YIIPABIiHHS CHJIOBOI YCTAaHOBKOIO; KaHaJl YIPABIiHHS TaHTaXeM; —
KaHaJl YIIPaBJIiHHSA KPEHOM; — KaHaJl YIIPABIiHHSA PHCKaHHSM.

Cunte3 minotaxnoi cucremu JIA momsrae y BHOOpI CTPYKTYpH 1 mapaMerpiB
KaHaJiB YIpPaBJIiHHA, [0 3a0e3MeuyloTh OJEpKaHHS 3adaHol SIKOCTI YIpaBIiHHSI
[IOJILOTOM, Ha Ii/ICTaBi IMHAMIYHUX BIIACTUBOCTEM.

PobGacTHICTB cucteM, SIK MPaBHIIO, 3a0€3MeUy€eThCsl HAISKHUM BUOOPOM pEryIsiTopa,
SKU Mae HEeOOXiNHY UIBHIKOMII TPH CTYMiHYACTOMY BXiJHOMY CHTHAi, Mai
OUHAMIYHI TOXHOKM Ta JOIYCTUMI 3MiHHM SIKOCTI cucTeMd. [l 3aMKHYTOI CHCTEMH
yHpaBiiHHESI KpeHOM JIA MOKHA CKOPHCTATHCS CHPOIISCHOO MOIEIUTIO JHHAMIKH JIiTaKa

y BUMNAAI MepenaBanbHOl (yHKI, AKka 3B A3ye BiJXWIEHHS eNEpOHiB i KyT KpeHy

. . . o,
mitaka. IIpuBim enepoHa omHCYyeThcs IepemaBanbHO0 (yHKmielo W, (S)= , a
S+a
. . . o, .
IMHamika Jitaka — mepemaBanbHO QyHKImieto W, (S)=———; oauHUYHHI

s(s+b)’

B €MHHMIi 3BOPOTHii 3B 30K 3/iliCHIOETHCS TiPOCKOIOM, IIPH IEOMY II€peaaBajibHa

(byHKLIs 06’€KTa YIPaBIIHHS JUIS PETYIISITOpa BU3HAYAETHCS Y BUTIISI a

W)= s(s+a)(s+h)

HeBin eMHOIO 4YACTMHOIO CHCTEM AaBTOMATHYHOTO YNpaBiiHHA pyxXom JIA €
BHKOHAaB4Yi MeXaHi3Mu. BHKOHaBYI NPHBOIU PYJbOBHX OpPraHiB BUOMPAIOTHCS 3 YMOBH,
mo6 iX HaBaHTaXyBaJlbHI XapaKTePUCTHKU 3a0e3nedyBail HEOOXiJHY AUHAMIKY
NpOLECIB  yNpaBIiHHS, IHIIMMHM CIIOBaMHM, Bil HHUX BHMAractbCs 3a0e3nedeHHs
MepEMIIICHHS 13 3a[JaHOI0 MIBUAKICTIO PyJIhOBOTO OpraHy, HABAHTKECHOTO 30BHILNTHIMHU
craMu 200 30BHIITHIMI MOMEHTAMH.

Hayxosuii kepisnux — C.C. Toskau, k.m.H., 0oy.
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VK 621.31:681.51 (043.2)
Mimenxko O.10.,
Hayionanonuu asiayitinui ynieepcumem , Kuig

CUCTEMA YIIPABJIIHHA ACUHXPOHHOTI'O EJIEKTPO/JIBUI'YHA 3
YACTOTHUM INPOT'PAMYBAHHSAM

B nmanmii yac HaHOTBII MAacoOBO BHUKOPUCTOBYIOTbCS ACHHXPOHHI IBHTYHH, SIKi
BUIYCKalOThCs MOTYXHicTI0O Big 0,1 kBT 10 KiIbKOX THCAY KIJIOBAaT 1 3HAXOIATh
3aCTOCYBaHHs y Beix ramys3sx npomucioBocTi  [1].  OCHOBHOK — IepeBaroro
ACHHXPOHHOTO JIBUTYHA € IPOCTOTA HOro KOHCTPYKIIi i HeBHCOKa BapTicTh. OnHAK 32
NPUHIAIOM Mii aCHHXPOHHWH JIBUT'YH Yy 3BHYAiHII cXeMi BKIIOYCHHsS HE JOITyCKae
peryIoBaHHs MIBHAKOCTI Horo obepranHs. OcoOMmMBY yBary Ciij 3BEpHYTH Ha Te, 100
YHUKHYTH 3Ha4HUX BTpPAT €Heprii, a, OTKe, U1 KOPOTKO3aMKHEHHX AaCHHXPOHHHUX
JBHUTYHIB YHUKHYTH IIEPETPiBy HOro poTopa; IBUI'YH MOBHHEH MPAIIOBATH B TPUBAIOMY
PEeKUMI 3 MiHIMATbHUMH 3HAUCHHSIMHU KOB3aHHS.

J1y1s HaliKpamoro BUKOPUCTAHHS aCHHXPOHHOTO JBUTYHA IIPH PETYIIOBaHHI KYTOBOT
MIBUIKOCTI 3MIHOI YaCTOTH HEOOXITHO PEryJioBaTH HANpyry OJHOYACHO B (PyHKIIT
YacTOTH 1 HAaBaHTAXEHHs, [0 pEai30BYEThCS TUIBKM B 3aMKHYTHX CHCTeMax
CJICKTPOTIPHBOJA. Y PO3IMKHYTHX CHCTEMax Hampyra peryioeThes Jume y (yHKIT
YaCTOTH T10 JIESIKOMY 3aKOHY, 3aJI©KHOMY BiJI BH/y HaBaHTa)KCHHSI.

Jlnst  31ifiCHEHHST YacTOTHOTO pETyJIOBAaHHS KYTOBOI IIBHIKOCTI 3HAXOISThH
3aCTOCYBaHHS MEPETBOPIOBAYl, HA BUXOJl SKHX 10 HEOOXiZHOMY CITiBBiTHOIIEHHIO 200
HE3aJISKHO 3MIHIOEThCS K YacTOTa, TaK 1 aMmIuliTyga Hampyrd. Cepex HHX MOYKHA
BUJUIATH €IEKTPOMALINHHI MEPETBOPIOBAYl YaCTOTH, SIKi MOXKYTh OyTH peasi3oBaHi 3
MPOMIKHOIO JIaHKOIO TOCTIHHOTO CTpyMy 1 Oe3mocepenHiM 3B'SI3KOM, 1€ Ha BXiJ
KOJIEKTOPHOI MAaIIMHM 3MiHHOTO CTPyMy IOJAIOTh HANpYyTy 3 MOCTIHHOIO YacTOTOIO i
aMIUTITY/I00, @ Ha BHUXOJI OTPUMYIOTh HANpPYry 3 pEryjJbOBaHOI0 YacTOTOIO i
amrutitynoro. OfHak, eNeKTpOMAalIMHHI TepeTBOpIoBadi 3 Oe3rmocepe/iHiM 3B'SI3KOM
MPaKTHYHOTO 3acToCyBaHHs He orpumanu [1]. Tomy s po3poOKH 4YacTOTHOTO
MepeTBopioBaya HEOOXIHO BHUKOPHUCTOBYBAaTH HACTYIHI  CKJIQJOBi:  BHIPSIMIIY
MEepeTBOpIOBaYa YacTOTH, (IIbTpalis TOCTIHHOW HANMpyrd; IHBEPTHUHA MOIYJIb,
MIKpOTIPOIIECOPHA CUCTEMA YIIPaBIiHHS.

CyyacHI TIepeTBOpIOBAdi YaCTOTH 1€ BHUCOKOTEXHOJOTIUHI MPHUCTPOi, sIKi
CKJIaZIAlOTBCSI 3 EIIEMEHTIB Ha OCHOBI HAIIBIIPOBIJIHHUKIB, iX €JEKTpOHHA CHCTEMa
yhnpaBiiHHs, 100yJoBaHAa Ha MIKPOKOHTpOJIepi, 3/IMCHIOE peryioBaHHS BCiX
nmapaMerpiB  €JIeKTPOJBHI'YHA, 30KpeMa 3MiHy HOro IIBHAKOCTI 0OepTaHHSI.
3acTocyBaHHSl TaKMX YacTOTHHMX IEPETBOPIOBAYIB JO3BOJISIE 3MEHIINTH BUTPAaTH Ha
00CIIyroByBaHHsI €JIEKTPUYHOTO MPHUBOIY, 8 TAKOXK PO3LIMPHUTH HOTOo (yHKI[IOHATBHI
MO>KJIUBOCTI.

JlitepaTtypa
1. Ilpeobpazosamenu yacmomoi o1 acunxponnwvix dgucameneti 2005. — 241 ¢

Hayxosuii kepienux — C.C. Tosxau, k.m.H., 0oy.
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YK 621.311:68
Kpasuyk T.B., IIyTuenxo /I.C.
Hayionanvnuii agiayitinui ynieepcumem, Kuig

MOJYJb COHSYHO - BITPOBOI EHEPTETHYHOI YCTAHOBKHA

Ha ¢oni mocTiiHOro pocTy IIiHM 3a €JIEKTPOCHEPri0 Ta BHUEPIHOCTI MPUPOTHUX
pecypciB cTae Bce OOIUIBHILIE IEPEXOAUTH Ha aIbTEpHATHBHI JKepena eHeprii. Enepris
COHIIS T4 CHEPTis BITPY SABJIAIOTHCS HEBUYEPIIHUMH, TOMY BUKOPHCTAHHS YCTaHOBOK, SKi
MPALIOIOTECA 33 JOMOMOIoI0 HUX OyAe AOLUIBHMM 3 MOIJsiAy OaraTbOX YHWHHHKIB:
BIZICYTHICTD 3a0pyAHEHHS HABKOJMIIHHOTO CEPEeOBHUINA, BITHOCHO IIBHIKA OKYITHICTH
Ta MOXJIMBICTh BHKOPDHCTAHHS B perioHax, 1€ HEMOXJINBO KOPHCTYBAaTHCh
TpaIUIiHAMH JHKEPETaMHu CHEeprii.

BukopucranHs COHAYHMX TIaHeJded B Tapi 3 BITPOBOIO YCTaHOBKOIO Oyne
e(eKTHBHUM 3 TOYKH 30py 3MEHIICHHS MOPOTOBOI IIBHUAKOCTI BITPY, HEOOXIiTHOI A
BUXO/JYy VYCTAaHOBKM Ha HOMIHaIbHY dactoTy oOepraHHa. CoOHSYHI maHemi
PO3TaIIOBYIOThCS. HAa BEpPXHiM YacTHHI KOXKHOI JIOMacTi, a miJ 4ac oOepTaHHS BOHHU
OyZyTb YTBOPIOBATH IMIiBKOJO, THM CaMUM 30LTbLIYIOYM €(QEKTUBHY IUIOLTY IS
MIOTPAIUITHHS COHSYHUX MPOMeHiB. BepTrkanbHi BiTpsiku 3 poropoM Jlapee 3a0e3mnedeHi
JIBOMa - TPhOMa OMYKJIMMH JIONACTAMH, Oe3 IeBHOI aepoANHAMIYHOI CHPSIMOBAHOCTI.
BoHn MoOHTyIOTBCS B HIDKHIM 1 BepxHilf Toukax oCi poTopa Ta MOXYTh
BCTAQHOBJIIOBATHCS HAa OKPEMUX CTOBMAxX abo MiATOTOBICHOMY (yHIAMEHTi, Ha piBHI
3emii. laoxi, poropu Japee i CaBoniyca 00'emHYIOTH B OJHE Lile i iX BIACTHBOCTI
MPEKPACHO IOMOBHIOIOTh OJMH OJHOTO. BU3HAYEHO OCHOBHI IepeBaru: BEPTUKAJIBHI
potopu 0e3 HaCHiAKIB MEPEeHOCATh pi3Ki MOPUBH BITPY, aX O0 Oypi, HOpMaIbHO
MPAIIOIOTh B YMOBAX CHITOMAIIB 1 0OMep3aHHs; CaMOCTIHHO MOYHHAIOTH 00epTaTucs
mpu mBuAKocti BiTpy 0,2-0,5 MeTpiB B CeKyHAy, HOMIHAIBHY TIOTYXKHICTH TIPH
MIBUKOCTI BChOTO 3-4 M/cek; OE3MIYMHICTh PyXy 00€pPTOBHX ACTalei, MpU OYab-TKOMY
BiTpi; 6e3 ¢urorepuoi cucremu, CBEY 1erko noBuTh pi3HOCIIpSIMOBaHUWI BiTep;
BIZIHOCHO HeBeluka pobouya MIBHIKICT oOepTaHHsd, 10 200 o0epTiB 3a XBHIHHY,
MPOMIOBKYE TPAIE3JATHICTh BCiX MIAMIMIHUKIB MEXaHi3My, 30iNbIIyE TepMiH Mix
00CITyroByBaHHSIMH yCcTaHOBKH; BepTHKaibHa CBEY 1103BOIIsIE BUKOPHCTOBYBATH OY/Ib-
SKHA HU30BHH BiTep, TYpOYJEHTHICTh, TMPOTAT B3AOBXK BYIHII a00 MK

0araTornoBepXiBKaMu;

[ocriitHO 3pocTaroya IiHA Ha EHEPropecypcH 3pOOHUTh COHSYHO - BITPOBO
EHEepreTHYHi YCTAaHOBKM 3BHUYAMHMM OOJagHAHHSAM JJIsS IOCTAYaHHS IKUTJIOBUX
OYIMHKIB €NeKTPHYHOIO eHepriero. Moy COHSYHO - BITPOBOI EHEPreTUYHOT

YCTaHOBKU MAlOTh BHCOKY CTapTOBY I[iHY, ajie ACCATHIITTSIMHU BiJIal0Th OE3KOIITOBHY
eneKTpoeHeprito. IIpocTota KOHCTPYKILIT i 3aCTOCYBaHHS Cy4aCHHUX MaTepiaiiB, JaloTh
BIEBHEHICTB, III0 MOJYJIb COHSYHO - BITPOBOI €HEPreTUYHOI YCTAHOBKU OyZe CIIYy>KHTH
HE MeHIe 25 poKiB.

Hayxosuii kepisnux —Kpaeuyk M.I1., k.m.H., doy.
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VJIK 621.311 (043.2)
IIpoxopenko I.B., k.1.H., Tumomenko H.A., K.T.H.
Hayionanenuu asiayitinuu ynieepcumem, Kuis

ABTOHOMHA CHCTEMA EJIEKTPOIIOCTAYAHHSI 3 BAKOPUCTAHHAM
BIJHOBJIIOBAJIBHUX JIXKEPEJI EHEPT1I

Po3BuTOK CcycminecTBa 3 HaiIaBHIMIMX YaciB TICHO MOB’sA3aHHUM 3 eHepreTukor. 1o
CyTi, iCTOpiA CycHiJbcTBA — IIe icTopist eHepreTukd. [locTiifHO 3pocTratodi moTpedu B
€HEeprii Tak YM 1HaKIIe 3aJOBOJBHSIINCA 32 PaXyHOK MTOKPAIIEHHS TEXHOJIOTI] mepepoOKu
NajyuBa, NPUTSATHEHHSM HOBHX PECYpCIB, BIOCKOHAICHHSIM CIOXXHBaHHSA. OcCTaHHIM
yacoM IepuIoueproBe 3HadeHHs HaOyBalOTh caMe HETaTHBHI IPOIECH, IOB'I3aHI 3
eyleKTpoeHepreTrkolo. [lo-miepie, BUHUKIA CTilfka TEHIEHINS 10 3pOCTaHHS BapTOCTI
enextpoeHeprii. [Ipy iCHYyIOYHMX eJIEKTPOCHEPreTHYHUX CHCTEMaxX Ta TEeXHOJIOTiAX
BUKOPHUCTaHHS €JEKTPOEHEPTii CHOXKHMBAa4eM 1 TPH CXeMax ii CIOKUBAaHHS, IO
CKJTaJIHCS, OLTBIIICTh MPOMHUCIOBO-PO3BUHEHUX KpaiH BxKe MiTIHIUIO 10 Ti€l MeXi, KOJIH
3 TOJANbIINM 3pPOCTAaHHAM BHUPOOHMITBA E€NEKTPOCHEprii BHIATKM ITOYHHAIOTh
nepeBuIyBaTH NpuOyTku. [lo-apyre, HUHIMIHIA MOHOIONI3M CHEPrOKOMIIaHI He
CTUMYIIIOE iX 10 OOpOoTEOM 3 aBapiiHMMM CHTyalisMH, L0 BHHHUKaOThb. Ilo-Tpere,
BEJIMKA JIOJIS1 THCKY Ha HAaBKOJIMIIIHE CEPEIOBUINE, IO IPHITAac Ha eHepronocTayaHHs,
Telep MOYMHAE MOPYLIYBAaTH NPUPOIHI NpolecH i HaOyBae peanbHOi 3arpo3u. Tomy
caMe B JaHMH Yac JKUTTS 3HOBY 3MYIIy€ HAac IOBEPHYTHCH OOIMYYSIM JO Kepew
BIZTHOBIIIOBAILHOI €HEprii, MpHpoJa SKUX BHU3HAYAETHCSA IPOIECaMH Ha COHILI H B
rimbuHax 3emii, rpaBiTamiiiHoro B3aemomieto Conryt, 3emii Ta Micss.

B ymoBax VYkpaiHm HaHOLIBIIOrO BHKOPUCTAaHHS MOXYTh  JOCSTHYTH
TeTi0yCTaHOBKH TapsI0ro BOAOMOCTAYaHHS. TaK K BUKOPHCTAHHS COHSYHOI yCTAHOBKH
B PEKUMI IIJIOPIYHOI CHCTEMH Tapsa4oro BOJOIMIOCTauaHHs 3a0e3Medy€e BICOKI 3HAUCHHS
MHUTOMOI TEIUIONPOAYKTUBHOCTI, OT)KE, I TMTOMOI PiYyHOI EKOHOMIi MajuBa, TOMY IIO B
[[bOMY PEXHUMi TEIUIOBA MOTYXKHICTh YCTAHOBKH BUKOPHCTOBYEThCS HAHOLIbIIE TOBHO.

3acTOCyBaHHS COHSYHUX YCTAHOBOK JUIs 3a0€3MCYeHHS IHAMBIAyaIbHHX 1
MPOMUCIIOBHX CIIO)KMBA4iB TapsdyOl0 BOAOI0 Ta EJIEKTPUYHOIO EHEPTiclo I03BOJISIE
3HM3UTH BHUKOPHCTAHHS TPUPOJHOTO Ta3zy Ta IHIIOTO OpPraHiYHOTO IIAMBA, IO
HEOoOXifHI I BHPOOHHWIITBA TEIUIa Ta EIEKTPOCHEprii, a TaKoX JO3BOJSE CYTTEBO
CKOPOTHUTH WIKI/UTMBI BUKUAN B aTMOC(EpY, IO YTBOPIOIOTECS B PE3YJbTATI 3rOPSHHS
pI3HUX BHIIB TMalWB Ha TEIUIOBHX EJIEKTPOCTAHIIAX. CHcTeMH  COHSYHOTO
temionoctadands (CCT) cTaioTh yce OinbIn MOMyJSIpHUMH B 06araTbox KpaiHax CBITY.
OCHOBHHMM KOMITOHEHTOM TaKHX CHCTEM € COHSIYHHI KOJIEKTOP.

KoMO0iHOBaHI CHCTEMH COHSYHOTO TEIUIONOCTaYaHHS PO3PaxoBaHi Ha IMOKPHUTTS
TEIUIOBOTO HABAHTAXKCHHS Tapsivyoro BOJOIOCTaYaHHS B JITHIA Mepioa IMmia dac
NpOQIIAKTHKHA TEIUIOBHX MEPEX 1 MPaIol0Th, SK CUCTEMH MONEPEIHBOTO MiTIrpiBy
BOJIONPOBIAHOI BOAW 3 MOAANBINNM ii HarpiBaHHSAM BiJl TEIUIOBHX MEpPEX MPOTATOM
OTAJTIOBATEHOTO Ta HEOTIATIOBAILHOTO MIEPioAIiB POKY.

Amnaniz pe3ynpTaTiB IPOBEJCHUX PO3PaxyHKIB Mokaszye, mo BukopucranHs CCT
JI03BOJISIE€ TIOKPUTH 3HAYHY YaCTKY TEIJIOBOI'O HAaBaHTA)XXEHHS 33 PaXyHOK BUKOPHCTAHHS
COHSIYHOT €Heprii, TePMiH OKYIHOCTI JaHOi CUCTEMH CKJIaJae 5,5 pokiB.
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CYYACHI ABIALIIMHI TEXHOJIOI'Ti

VK 621.313.333
IMaciuanyenko €.0.,
Hayionanvnuii agiayitinuil ynigepcumem, Kuis

CUHXPOHHMI TEHEPATOP CTABLJIBHOI YUACTOTH

Ha puc. 1 mpeacraBneHa KOHCTPYKTHBHAa CXeMa CHHXPOHHOTO TeHepaTtopa
cTabinpHOi 4acToTH. CHHXpPOHHHH Te€HepaTop MICTHTh: OCHOBHHMI TeHepatop 1 i
€JIeKTPOMAarHITHUH NpUBiz 2.

%&‘X&“i DA AN
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w
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14 \
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2/ 14 167 17 A
Puc.1. KoncrpykruBHa cxema Puc.2. Enextpuuna cxema

OcHOBHHI TeHepaTop, puc. | Mae skip 3 3 MarHiTHUM IIYHTOM Ta TpupazHOi
00MOTKOIO 4 1 OOMOTKOIO MigMAarHidyBaHHsA 5. 30BHINIHIK pOTOp 6 BHKOHYETHCS Y
BUTJISIII IBOX MOPOXKHHUCTHX IumiHapiB 7 1 8. L{uninap 7 BUKOHYE QyHKIIIO iHIYKTOpa
CHHXPOHHOT'O T'eHepaTropa i Mae IMOCTiHI MarHiTH 3 SBHO BHPQXEHUMHU IIOJFOCAMHU.
Huniaap 8, BUKOHaHMIT 3 (eppHMarHiTHOrO Marepiaiy, Mac Ha BHYTPIIIHII MOBepXHi
nasu 9, B Akux posminieHa Oararodasna oomMotku 10. Mixx nopoxHimMH yutiHApaMu 7 i
8 po3mimeHnit MoposkHiH TiHApP 11 3 HEMarHiTHOTO CIUIABY.

Jns perynroBaHHS BUXiZHOI HANpyrd Ha CTAaTOpi 3 € MarHiTHUHA OIyHT 12, sSKuid
OXOIUICHHH TOPOINaNbHOI0 OOMOTKOIO MiIMarHiuyBaHHS 5, MiIKIIOYEHOIO O OJOKYy
peryiroBaHHS HanpyrH 13, puc.2.

EnextpomarnitHuii npusin 2, puc. 1,2 ckiagaeTbesi 3 BHYTPIIHBOTO potopa 14,
mwtiaapa 8 i 30yaauka 15. Potop 14 posminieHuii BcepeanHi poropa 6, muiinapa 8 3
obmotkoro 10, sika migkmodeHa 1o 6aratodasHoi oOMoTKH 30ynHuKa 16. 30ymHuK 15,
¢wur. 1, ckimamaeTbcs 3 MarHiTONpoBixy cratopa 18 3 mazaMum e po3TamioBaHa
Oararoda3na oOMoTKa 19, sika miakiodeHa 10 OIOKy perymtoBaHHs dactotd 20, ¢ir.3.
Potop 30ynHmka 15, o0'emHaHmii Ha ONHOMY Bajly 3 30BHIIIHIM POTOPOM 6, Mae
MarHiTonposin 17 3 30BHINIHIME Ta3aMu, Ae TOKIajgeHa Oaratoda3zHa oOMoTka 16.
Oomotku 10 1 16 3'egaani Mixk co0010.

Po3milieHHs 30BHIIIHBOTO poTopa 3 OaraTtoda3Hoi OOMOTKOIO, sKa OTPUMYE
JKMBJICHHS Bill 30y/[HHMKa 3 MOXJIMBICTIO PETYJIIOBaHHS CTpyMy 4depe3 poboTy Ooky
PETYIIOBaHHS YacTOTH i BHYTPILIHBOIO POTOpa 3 MOCTIHHMMM MarHiTamu, JO3BOJIUIIO
00'eqHaTn QyHKIT CHHXPOHHOIO FeHepaTopa i eleKTPOMarHiTHOTO IPUBO/LY.

Hayxosuii kepignux — B.B. Tuxonos, k.m. ., 0oy. \
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VIIK 621.313.322 (043.2)

CakiBcbkmii B.B.
Hayionanenuii agiayivinuil ynisepcumem, Kuis

JTBOXIIBUJIKICHUIN ACHHXPOHHUMI JIBUT'YH

ACHHXPOHHHH JBUTYH BiIpi3HSIETbCS THM, IO UL OTPUMAaHHS OJHOYACHO JIBOX
MIBUIKOCTEH OOepTaHHS BaliB, IBHTYH Ma€ JBa PoTopa. Y 30BHIIIHIX i BHYTPIIIHIX
na3ax 30BHIIIHBOTO pPOTOpa po3MmimieHi OararodasHi oOMOTKH 3 pI3HHM YHCIOM Map
ITOJIFOCIB, SIK1 3’ €IHAHI ITOCIIIIOBHO.

BayTpimHii poTOop BUKOHYETHCS Y BUII MACCHUBY 13 ()epOMarHiTHOro Matepiaiy.

CraTop aCHHXPOHHOTO JBUTYHA MA€ CTaHAAPTHY KOHCTPYKIIIO.

7 6 2

3 e S

a) 0)
Puc.1. KonctpykTuBHa cxema

Cratop, puc.1a,0 1 mae MarHiTOnpoBia 4 3 MazamMu 5 Ha BHYTPIIIHIN IWTIHAPUIHIN
MOBEPXHi, B SIKMX BKJIaJaeThCs TpuazHa oOMOTKa 6 3 YHCIOM Map IOJIOCIB pi, sKa
MiAKITIOYAETHCS 10 MEPEXKi.

30BHIIIHII pOTOpP IBUIYHa 2 BUKOHAHMU y BUIIISAI HuuTiHApa 7 i3 (hepoMarHiTHOro
Marepiaiy, Ma€ Ha BHYTPIIIHIH 1 30BHILIHIN MOBEPXHOCTIX Ma3H, B SKUX PO3MillIEHi
Garatodaszni ooMoTokn 8 i 9 3 WMCIOM Map MOJIOCIB BIANOBIAHO p1 i p2. OOMOTKH
3’€IHaHI TIOCTIIOBHO OJHA 3 OJHOK TAaKMM YWHOM, I[00 MAarHiTHi MOTOKH,AKi BOHHU
CTBOPIOIOTH, 00EPTAIHCS B MPOTHIISKHOMY HAIPSIMKY.

BryTtpimHii poTop 3 BUKOHAHWH y BUTIISAI MACUBY 31 CTali.

EnexTpoMarHiTHHI MOMEHT 30BHIIIHBOTO pOTOpa 2 AacHHXPOHHOTO JBHTYHA
CTBOPIOETHCA TIIEI0 EJEKTPOMArHITHOTO MOMEHTY BiJ B3aeMOIii CTpyMiB, IO
MPOTiKaIOTh MO OOMOTIN 8, 3 MarHITHUM TOJIEM MaIllMHU. ENeKTpoMarHiTHU MOMEHT
BHYTPILIHEOIO pPOTOpPa 3 CTBOPIOETHCS B3aEMOJIIEI0 BUXPOBUX CTPYMIB B MacHBi
JIBUT'YHA 1 MarHiTHOTO TIOTOKY, CTBOPEHOT'0 CTPYMaMH, IIPOTiKaloYMMH 1o oOMoTi 9.

[TinOuparoun pi3HEe YHCIO Map MOJIOCIB 0OMOTOK 8 i 9 MOXKHa OTpUMAaTH pi3Hi
IIBUAKOCTI 00epTaHHs poTopis 2 i 3.

BukoHaHHs JBUTYHAa 3 POTOpaMH, B OJHOMY i3 SIKMX po3MilleHi OaratodasHi
0OMOTKH 3 Pi3HHUM YHCJIOM Iap MOJIOCIB, a IHIIWH BHKOHAHWH y BHII MacUBY i3 cTaii
JIO3BOJISIE OTPUMATH Ha BUXOJI OJHOYACHO MBI IIBHIKOCTI OOEpTaHHS BaJiB POTOPIB
JIBUTYHA.

Hayxoeuil kepisnuk — B.B. Tuxonos, k.m.H., 0oyenm
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CYYACHI ABIALIIMHI TEXHOJIOI'Ti

YK 621.313.333
Mysuka B.B.,
Hayionanvnuii agiayitinuil ynigepcumem, Kuis

JUHAMIYHE JIXKEPEJIO )KUBJIEHHS

JluHaMiuHe JOKepeno JKUBJICHHS CKIAJA€ThCd 3 CHHXPOHHOTO TE€HepaTropa, IIo
MICTUTH fAKOp | 3 MarHiTHUM HIyHTOM 14, Tpbox(a3Hol O0OMOTKOI 2 i 0OMOTKOIO
migMarHigyBanHs 3. [[ns perynaioBaHHS BHXiZHOI Hampyrn Ha SKOpi pO3TAIIOBaHUI
MarHiTHAH mWyHT 13, Ha KU HacaKeHa TopoinaibHa 0OMOTKA MiAMarHiyyBaHHA 3, 110
MiAKITI0YeHa 10 OJI0Ka peryoBaHHsI Hanpyry 14.

8 746 15 1 235 1191210

D A% ‘—2—@7;13
SrEalE G
Fo——o | 5

Puc.1. KoHcTpykTuBHA cxema Puc.2. Enextpuuna cxema

30BHIIHII pOoTOp 4 Mae MarHiTONPOBI/ 3 TOCTIHHIMHU MarHiTaMH 5 1 MArHITOIPOBI
3 eNEKTPOTEXHIYHOI cTalli 6 3 maszamu B SIKHX po3MimeHa OaratodaszHa oomMoTka 7. Mixk
MAarHiTonpoBogaMu 5 i 6 po3MilieHHHd MOMUi MWIHAP 15 3 HEMarHiTHOro CIUIaBy.
BHyTpimHiii poTop 8 BUKOHY€EThCA Yy BHII MacHBY 3 MarHiTHOro Matepiaiy. 30ymKyBad
Ma€ CTaTop 3 SBHOBHUPOXCHUMH moyitocaMd 11 3 oOMoTkoro 30ymkeHHS 12, ska
mifKIIoYeHa 1o Oyoka perymoBaHHs 14. Potop Mae marHiTompoBix 9 3 30BHINIHIMH
masaMH, B SIKHX po3MilieHa Tppoxgasna ooMoTka 10. B pe3ynbrari IpoTikaHHS CTpyMiB
1Mo 0OMOTII SKOps 2 BUHUKAE MArHITHUI MOTIK KUl 00epTaeThesl BITHOCHO CTaTOpA i3
LIBUJIKICTIO /1. B pe3ynbTaTi B3aeMo/1ii MarHiTHOro MOTOKY CTaTopa 3 MarHiTHUM IMOJIeM
MOCTIfHAX MarHITIB 5 30BHINIHINA poTOp 4 00epTaeThes 13 MBUAKICTIO 711.. OTHOYACHO 3
HUM 00epTaeTses 1 AKopb 30ymKyBada 9 3 oOMoTkoro 10, Tak sk BOHM pO3MIIlCHI Ha
onHOMYy Baiy. [lig mi€l0 MarHiTHOTO IO, CTBOPIOBAHOTO CTPYMaMH, IO MPOTIKAIOTh
mo oOMoTHi 30ymkeHHS 12 30ymKyBada, B oOMOTHI 10 HABOAMTHECS ENEKTPOpYIIiiiHA
cuia 3 9actoToro fs. Ta M0 0OMOTII 7 MPOTIKAE CTPYM, KU CTBOPIOE MarHiTHHI MOTIK,
o o0epTaeThest 31 MBHUAKICTIO #2 BIJHOCHO 30BHIMIHBOTO poTopa 4. MarHitTHuil moTik
30BHIIIHBOTO poTopa 4, 00epTaeThbcsl BiJHOCHO BHYTPIIIHBOTO POTOpA 3i IMIBUJIKICTIO
nitn2 1 HABOJUTH B MAcCHBI BHYTPIIIHBOTO POTOpa 8 CTPyMH, B pe3ysbTaTi 4Oro BiH
moynHae o0epTaThcs i3 MBUAKICTIO ONMU3BKOIO 10 IMBHIKOCTI obepranHs nitnz. [pu
aBapifHOMY peXuMi poOOTH 3a paxyHOK 3amacy KIHETHYHOI eHepril BHYTPIITHHOTO
potopa 8 i eNeKTPOMAarHiTHUX 3B’S3KiB MK BHYTpIOIHIM § 1 30BHIIIHIM poTopoM 4
30BHIIIHIA pOTOp MpOAOBKYe oOepraThch. MarHiTHe MoJie TOCTIHHUX MAaTHITIB
30BHIIIHBOTO POTOpa 8 HABOAWTH B OOMOTII 2 sikopsi 1 enekTpopyluiiiHy cuiy, ska
HOCTYIAE B EICKTPUIHY MEPEKY

14

Hayxoeuil kepisnuk — B.B. Tuxonos, k.m. H., doyenm
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VK 621.725. (043.2)

Kpasuenko B.C.,
Hayionanenuii agiayivinuil ynisepcumem, Kuis

OCOBJMBOCTI MOHITOPUHI'Y EHEPTOE®EKTHBHOCTI BY AIBEJIb

VYkpaiHa € oJHI€I0 3 eHepro3ajeHUX KkpaiH €Bpomu. ToMy BHUpIIICHHS NHTaHb
€Hepro30epekeHHs] Ta €Heproe(eKTHBHOCTI € OJHUM 3 MEepIIOYeproBHX B YMOBAX
€HepreTHYHOI KpH3H B KpaiHi.

OcCHOBHUMU METOAaMHU Ta IHCTpYMEHTaMH peadizarii TIOJTITHKH
eHeproeeKTUBHOCTI €  HOPMAaTHBHO-TNIPABOBAa  periiaMEHTallis  MisUIbHOCTI 10
CHEProCIIOXKUBAHHIO; I11iIHOBA, KPEIWTHA Ta IOJATKOBA IIOJITHKH, IO CTHMYJIIOIOThH
eHeproeeKTUBHICT Ta eHepro30epeKeHHs; Aep)KaBHA MiATPUMKA IHHOBAIIHHHX
PO3p00OK eHepro30Oepirarounx TEXHOJOTIH Ta 0OJaTHAaHHS; 3TyYCHHS 1HBECTHIIN IS
peamizamii eHepro30epirarounx, eHeproeeKTHBHHUX NPOEKTiB; cepTH(ikamis Ta
CTaHIapTH3allisl CHEePrOHACHYCHOr0 OOJNaJHAHHS Ta TEXHOJIOTIH; OOJiK i KOHTPOJIb 3a
BUTpavYaHHsIM €HEProHOCIiB; eHepreTHIHUH ayauT; iHpopMaliiiHa MiATPUMKA YIaCHHUKIB
€HEePreTHYHOTO PHHKY.

B Vkpaini, sx i B 6inbmmocti eBpomneiicbkux kpain, moHan 30 % kiHmeBol eHeprii
CHOXHBAETHCS OyanHKamu. Yepe3 He3a0e3MEUYEeHICTh CHEProe()eKTHBHOCTI OyHiBelb
BTpaTH TeIIa CTaHOBIATH 47 %, 12 % Temna BTpadaeThesl 4epe3 3HOLIEHICTh MEpex, 5
% — depe3 3acTtapine oOMagHaHHS KOTeJIeHb. MOHITOPHHT OyIiBIli, CIIOPYIH OXOILTIOE
HapI3HOMAaHITHIII acHeKTH X (QYyHKIIOHYBaHHS, BU3HAYAIOTh MOXIIMBICTH amamTamii
OyniBii, cHOpyad A0 YMOB AWHAMIYHO PO3BHBAIOYOrO 30BHIIIHBOTO CEPEIOBHINA.
KiHIeBOI0O METOI0 MOHITOPHHIY € YIpPaBIiHHA 3MiHAMH, BIIXWICHHSMH IIUIIXOM
CBOEYACHOTO iH(OpPMYyBaHHS NPO MOXJIMBOCTI HACTaHHA HECHPHUATIMBHX 3MiH. [Ipu
o0cTekeHHI OyiBENEHOTO0 KOMIUIEKCY BOKIIMBHM 3aBJIAHHSIM € IPOBEICHHS MacOBOTO i
OTIEPaTHBHOTO  OOCTEXEHHS  (PaKTUYHOTO  TEIUIOTEXHIYHOTO CTaHy OyaiBeib
(bakTuunoro po3moziny TemmepaTyp (TeMIepaTypHHX IIOJIB) MO MOBEPXHi 30BHILIHIX
OTOpPODKYBABHUX KOHCTPYKILi# OymiBensb i copy).

O00B’A3K0BUM 7151 OYAiBHUIITBA HOBHX OY/iBENb, a TAKOXK KaIiTaJIBHOTO PEMOHTY,
PEKOHCTPYKIii OyaiBedb € HasBHICTH Macrnopra eHepreTHYHOl e(eKTHBHOCTI OyIiBIi.
Jnst icHyrounx Oy/iBesb 3aKOHOIPOEKTOM IependadacThes cepTrdikaiisi eHepreTHIHo
e(eKTHBHOCTI 3 METOI0 BH3HAueHHS (AKTHYHUX IIOKA3HUKIB EHEPreTHYHHX
XapaKTepUCTHK, TPOBEICHHS OLIHKK  BIAMOBIAHOCTI  3a3HAYCHUX  IIOKAa3HUKIB
YCTQaHOBJIEHUM MiHIMaJbHAM BHMOTaM JO €HEPreTWYHoi e(eKTHBHOCTI OyIiBels,
PO3pOOJICHHST peKOMEHJaliil [IOA0 MiABHIICHHS PIBHS EHEPreTHYHOI e(pEeKTHBHOCTI
OymiBii, SKi BpaxOBYIOTh MiCIEBi KIIMATHYHI YMOBH Ta € TEXHIYHO i E€KOHOMIYHO
00OTPYHTOBaHIMHU.

Hayxoesuii kepienux — H.I1. Coxonosa, k.m.H., doyenm
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CYYACHI ABIALIIMHI TEXHOJIOI'Ti

CYYACHI ®I3HYHI TEXHOJIOT'TI
YK 620.3:578.22(043.2)
Kosanbuyk L.B.
Hayionanvnuii agiayitinui ynieepcumem, Kuig

®PI3UYHI BJIACUBOCTI I'TbPUJIHUX-BIPYC HEOPTAHIYHHUX
KOMILJIEKCIB

Pi3HOMaHITTSA POCIMHHUX €KCTPAKTIB, COJICH METAJIB Ta 34aTHICTh BapilOBAaTH CKIAL
peakuiiiHOi cyMimn i yMOB MpOBEAEHHS peakiii IUIIXOM 3MiHH Temmneparyp, PH
PeaKIiiHOi CyMilr, BKIFOYCHHS I00aBOK OiOJIOTIYHOTO MOXOKCHHS JIO03BOJIIOTH
CTBOPIOBATH HAHOYACTUHKH 3 PI3HUX METAJIB IIEBHOTO PO3Mipy Ta hopMu.

Haii6inplnr mommpeHHMM KaHIUIATOM Yy pOJi IabloHAa MeTaJeBHX BIPYCHUX
HaAHOJPOTIB € Bipyc TIOTIOHOBOT Mo3aiku. BTM maloTs xapakTepHy CTPYKTYpy, MOIiOHY
HaHOKa0eIIo - MOPOXKHUCTI O1IKOBI TpyOKH, BeepeanHi skux mpoxonurs PHK.

[IpoBeneno mpocmimkeHHs Gi3HYHMX, (i3UKO-XIMIYHHX BIACTHBOCTEH Ta MOPQOIIOTii
OTPUMaHHX HAHOIPOTIB METOJAMH 30HIOBOI MIKPOCKOIII Ta CIIEKTPOCKOIMil aTOMHOI
po3ninbHOi 3matHOCTI. [lokazano, mo reomerpiero BTM yacTHHOK MOXKHA YHpPaBIATH
IUIIXOM HiIrOTOBKY Ta BapilOBaHHS XiMil Ta MEXaHIKH CepeIoBHINa.

CuHTe3 HeopraHiyHMX MaTepianiB Ha ocHOBi BTM Ta HaHOYACTHHOK MeTalliB
MIPOIIOHYE MOXJIMBICTH BHT'OTOBJICHHS KOHCTPYKIIH 3 pEeryibOBaHUM pPO3MipOM,
¢dopmoro i monoxeHHsM Ha HaHOpiBHI. [lokputrs BTM HaHOMATpUISAMH Di3HHX
MaTepiajiB € BaXIUBIM KPOKOM Ha HUIAXY 1HTETparlii HAHOCTPYKTYPOBaHUX MaTepiajiB
y (yHKUOioHaNIBHI MpHCTPOi. 30BHINIHA MOBEpXHS Ta/abo LeHTpaibHuil kaHan 3 BTM
MOXYTh OyTH BHOIPKOBO METali30BaHi 3a JOMNOMOIOK XIMIYHOTO OCaKEHHS.
BcranoBneHa onTiyHa akTHBHICTH Komiuiekcy BTM-Au 3 makcumymom Ha 540 HM.
CriocrepiraeTbesi 3aJ€XKHICTh IHTEHCHBHOCTI CIEKTPiB ONTHYHOTO TIOTJIMHAHHS Bif
opieHTaIil BeKTOpa MoJsipr3artii.

IMoka3aHo, 110 B3aEMOAiS JOCITIIPKYBAHMX POCIMHHHUX BIPYCiB 3 aQHTHTLIAMHU
MIPU3BOAMTH 0 BIACYTHOCTI arperaii i kiactepu3aiii HaHOYaCTHHOK KOMITO3HTY.

INoka3aHa moBepxHeBa pyifHAllis 30JI0Ta MICHs BHIAIEHHS HAHOYACTHHOK BIpYCY
BTM 3 noBepxHi 30J10Ta.

3anponoHOBaHa METOAWKA CHHTE3y HAHOJAPOTIB Haga€ MEpPCIEKTHBH PO3POOKH
BITYM3HSHUX TEXHOJIOTiH OTpUMaHHS HaHOMAaTepialiB Ha OCHOBI POCIMHHHX BIPYCIB.
Bwminas moegayBatd BTM 3 HeopraHiUHMMH 1 OpraHIYHUMH MarepialaMH BiJKpHUBAE
MEPCIEKTUBY PO3POOKH MIMPOKOTO KOJIA I[IKaBUX KOMIIO3UTIB 1 TIOpUIHUX MaTepiaiis,
MOMIOHUX 10 PO3rsIHYTHX. bioOe3neka Ta €KOJOTiYyHa YHUCTOTa BUPOOHHIITBA JaHHUX
HAHOYACTHHOK 3a0e3neuye HaliifHiCTh IPOBOAUTH 0OPOOKY IPH KOPCTKUX YMOBAX M03a
MeXaMH MOXKIUBOCTEi 610JI0TTYHUX MOJICKYJI.

Hayxosuii kepisnux — B.JI. Kapoiscokuii, 0okm. ¢hiz.-mam., npog.
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YK 681.784:535-1:611.84
Jlencbka €.-A.M., 'op6anuu B.A., ®omin /I.A
Hayionanenuu asiayitinui ynieepcumem, Kuis

CIIEKTPAJIBHI OCOBJIMBOCTI TEXHOJIOT'TI KOHTPOJIIO CITKIBKA
OKA

Oco0nuBicTIO PO3POOIIIOBAHOTO METOAY TPAHCCKIEPAIBHOTO MPOCBIYYBaHHS €
MOXJIUBICTh Bi3yaumizamii ciTyactoi 0OOJOHKH O€3 J0JAaTKOBOTO BBEIEHHS Oyab-siKOi
KOHTpacTyroyoi peuoBuHH [1-2]. Texuosoris 0a3yeTbcsi HAa HOBUX MPUHIMIIAX
TpaHCCKJICpaNbHOI METOAMKHM IPOCBiUyBaHHS. PosrisHytHii B po6OTi  MeTox
TPYHTYETBCS Ha CIIEKTPAJIBbHUX Ta ONTHYHMX XapaKTePHCTHKaX 010TKaHWH Ta ONTHYHUX
CEepeIOBHII OKa, TOMY BJOCKOHAJICHHS MPOCTOi OE3MeYHOi TEXHOJOTIT TpaHCITFOMIiHAIIIT
oKa Il PO ITAKTUYIHOTO TECT-KOHTPOJIIO CIiTKIBKA 0O€3 3aCTOCYBAHHS CIICI[iabHUX
MEIUKAMEHTO3HUX 3ac00iB A PO3MIMPEHHS 3IHUII € HAJA3BHYalHO AaKTyaJbHOIO
3amauero. B poOOTi mpoBeneHO aHali3 eHepriil BIUIMBY BHUIPOMIHIOBaHHS Ha OKO Ta
HIKipY JIOIMHU MIPH J1arHOCTHUI Ta KJITHIYHOMY OOCTEXEHHI IPU 0(TaTbMOCKOMI].

IIpoBeneHO pO3paxyHKH MaKCUMAalIbHO [OMYyCTHMUX pPIiBHIB ONPOMiHEHHS
(M/P) Ta 3poGiieHO OLIHKY O€3NeKH BHKOPHCTaHHS CBITJIONIOZHUX BHUIPOMIHIOBAUiB
(LED) st TeXHOJIOTH i CHCTEM KOHTPOJIIO (CAMOKOHTPOITIO) 3MiH CITKiBKH BiIIIOBiIHO
crangaptam Oesneku |IEC 60825. Jlns KOHTpoOSIO 3a CTaHOM ICHTPaNbHOI 00JacTi
CITKIBKM HOBHMM 1HHOBAI[IfHUM METOJIOM € 3alaTCHTOBAaHHU CIIOCIO, KUl peani3yeThest
3a jornoMoror Qysmyc-cucrem orsimy oka ®CI11_(LED-ayroodransmockormis) 0e3
posmmpenHs 3iHumi. [lokasaHo, 0 MpH KOHTPOJI CITKIBKH B 3eJeHii obmacti (530 -
580 HM) xapakTepHa MaKCHMallbHa KOHTPACTHICTh CYyAWH (4epe3 HAasBHICTb CMYT
MOTJIMHAHHS KpoBi). ONTHYHI XapaKTEPUCTUKH 1 JOBXHUHH XBUITb MMPUIAIY CIEIialbHO
po3paxoBaHi Is OE3MEYHOr0 BUKOPUCTAHHS Ta OTPUMAaHHS MaKCHMAIIbHO KOHTPACTHOT
KapTHHHU CyIWH CiTKiBKH. [Ipn KOHTpomi ciTkiBkH, B 3eneHiiioOnacti (530 - 580 um),
XapakTepHa MaKCHMallbHAa KOHTPACTHICTh Cy[JHWH (4Yepe3 HasBHICTb CMYT IOTJIMHAHHS
KpoBi) 1 MiHIMaIbHMH iBEHb ONPOMIHEHHs, OCKUIBKM B JaHiil o0JlacTi CrekTpaibHa
YyTJIMBICT CITKIBKM MaKCHUMaJIbHA.

Hayxosuii kepisnux — I.B.Ilitomo, 0okm. @i3.-mam. HayK
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YK 621.1.016:621.184
Boiitenko A.1O., Ocranuyk T.C., Bpycuncoka 51.B.
Hayionanvnuii agiayitinui ynieepcumem, Kuig

OCHOBHI OCOBJIABOCTI TEYII I TEIIVIOOEMIHY B TTTAJIKUX TPYBAX
IIPU HAJ KPUTHYHUX TUCKAX

AKTyanbHi TNUTaHHS PO3BUTKY €HEPreTUKM Oe3locepenHbO IOB’sA3aHI 3
MiABUIICHHSM e(eKTUBHOCTI aTOMHHX eleKTpocTaHiii. OAHUM i3 BOXXIHBUX HAMPSIMIB
TaKOro MiJBHIICHHS € 3aCTOCYBaHHS B SKOCTI TEIUIOHOCIIB SIIEPHUX PEAKTOPIB PiAMH
TIPY HaIKPUTHIHUX THCKaX.

Line manoi poGoTm monsArama B JociuimkeHHi Ha ocHOBi CFD-monenroBaHHS
KapTHHHU Tedil Ta TeruiooOMiHy HaAKPUTHYHO! BOIM TPH IIJHOMHIM Tewii B riragkux
TpyOax.

Jlana 3aa4a BUpilIyBajachk B JBOBUMIpHiil ocecumeTpuuHii moctanoswi. [ toro,
mo0 crabimizyBaTd Tewilo Tepen BXOIOM B TpyOy po3paxyHKOBa 001acThb
30iIbIIyBaach BBEPX O MOTOKY 32 paXyHOK ITOYATKOBOI IUISHKH, IO HE 00irpiBanacs,
JoBxuHOI 1,2 M. VY BXimHOMY mepepi3i MacoBa MIBHAKICTH Ta TeMIEpaTypa
MpuiiMaack MOCTIHHO, a BETMYMHA IHTEHCHBHOCTI TYpOYJICHTHOCTI — piBHOX 3%.

3rifHO 3 OTPUMAaHUMH AaHMMH (opMa NPOQITIB MIBUAKOCTI JENIO 3MiHIOETHCS
B3JOBX TpyOM. A came, 3MIHIOETBCS CTYIIHb 3alOBHEHOCTI JaHMX mpodimis. 3
BiIJJAJICHHAM BiJl BXOJy BKa3aHa CTYNiHb 3allOBHEHOCTI 30UIbLIyeThCA. A jaui,
MMOYMHAIOYH 3 Bi[CTaHi BiJ BXOXy, IO NOPIBHIOE MPHOJU3HO 2 METPH, BOHA MOMITHO
3MEHIITY€ThCSI.

3 OTpUMaHUX JaHHX BHIUIMBAE, OIO IIBUAKICTH HA OC1 30UIBIIYETHCS BiJ BXOAY OO
BUXOy TpyOu npubmusno Ha 5 m/c. Hamani Bimcrani ogHOT COTOT MiniMeTpa Biji CTIHKA
TpyOu — e Ha 2 m/c. JlaHe MPUCKOPEHHS MOMITHO MiBHUINY€ETHCS BHU3 IO MOTOKY,
MOYHMHAIOYN NPHUOIU3HO 3 CepeMHM NOBXHHU TpyOu. IIpy 1bOMy BKa3aHa TEHICHIIS
MIPOSIBIISIETHCS OIBII CYTTEBO NP HAGNIVDKEHHI 10 Bici TpyOH.

Po3rnspatount 3aKOHOMIPHOCTI TEIUIOOOMIHY CIil 3a3HAUUTH, IIO MOBEIiHKA
KoedillieHTa TEIUIOBiqIaui XapaKTepU3yEThCA THUM, IO HOro 3MiHAa B LEHTPAJbHIN IO
JIOBXWHI YaCTHHI TpyOW BHSBISAEThCA B LUIOMY BITHOCHO HE3HAa4HOW. ToOTO
CIIOCTEpIraeThcs KapTWHA, TOAiIOHa crabimisamii TermooOMiHy B Tpybax mpH
JOKPUTHYHUX TapameTpax pimmHu. Ha Bimmanmeni mpuOmusHO 2,5 M Bin BXomy Ha
IUITHII TpyOH, MO OOIrpiBaeThes, MOYMHAETHCS MAIiHHSA KoedillieHTa TeruIoBianadi,
0o0yMOBJICHE 3HAYHOIO MIpPOI0 YTBOPEHHSIM MOONM3Yy CTIHKM TpyOM miapy, II0O
MePEIIKO/KAE IEPEHOCY TeIlIa, B IKOMY TypOYJIeHTHA TEIUIONPOBITHICTh JOCUTh MaJia.

B 3araneHOMY, B JMaHiii poOOTi BCTAHOBJIEHO OCHOBHI OCOOJIMBOCTI JBOBHMIipHOT
KapTHHH Tedii Ta TemiooOMiHy s JocnmijkyBaHux ymoB. OcoOnuBa yBary
MIPUALTANIACE PO3IIISAY 3aKOHOMIPHOCTEH 3MIH XapaKTEepHUCTHK MOTOKY HAIKPHUTHYHOI
BOAM TO pamiycy T1pyom. HaBomsaTecs JHaHHI Tpo KOoHpirypamito  ¢GpoHTY
TICEBAOKPHTHUYHOTO TIEPEXOTY.

Hayxosuii kepienux — H.M. @ianxo,un.-xop. HAH Yxpainu, 0.m.n., npog.
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YK 538.9:536.6
Tepeoyn B.O., Illkopka M.I.
Hayionanenu asiayitinui ynieepcumem, m Kuig

EKCHEPUMEHTAJIBHI JOCJIKEHHS TEMIIEPATYPHOI
3AJIEXKHOCTI KOE®IIIEHTIB TEIIOIMPOBIJJHOCTI HOJIIMEPHUX
MIKPO- I HAHOKOMIIO3UTIB

TonimMepHi MiKpo- i HAHOKOMIO3HTH MAlOTh IIMPOKHIl CIEKTp 3acTocyBaHHs [1].
3aBmaHHS CTBOPEHHS TaKWX KOMIIO3HTIB IOTPeOYIOTH JEeTAIBHOTO BHBYEHHS IX
TEIIO(I3UIHNX XapaKTEPHCTHK.

B nmaniii po60Ti HaBOIATHCS PE3yIIBTaTH AOCTIIPKEHb TEMIIEPATYPHHX 3AJISKHOCTEH
Koe(]iLi€HTIB TEIIOMPOBIAHOCTI A PSILy BHCOKOTEIUIONPOBITHUX MOJIMEPHHUX MIKpO- 1
HAaHOKOMMO3UTIB.  JIOCTHI/DKEHHS MPOBOJMINCS OIS KOMIIO3HTIB, HANOBHEHHX
MIKpOYaCTHHKAMH aJIOMIHII0O Ta BYIJICIICBUMH HAHOTPYOKaMu, NMpH BHUKOPHCTAHHI B
SKOCTI moiiMepHux Matpuip nomietwieny (I1E), momimermmerakpumary (IIMMA),
nominponinedy (IIT) ta monikapbonary (IIK) mis pi3HHX 3HAUYCHb MAcOBOi YaCTKH
HamoBHIOBaYa (Bim 5 mo 10%). ByrmemeBi HaHOTpYOKH, IO 3aCTOCOBYBAIHCS,
BUTOTOBJUIUCH METOJOM XIMIYHOrO mapoda3oBOro o0ca/uKeHHsA. MIKpoJacTHHKH
TIOMIHIIO OIEP)KYBAINCH 3 ATIOMIHIEBOI THPCH IUIIXOM IX PO3TUPAHHS Y KYIbOBOMY
MIIAHI IO YyTBOPEHHS YacTUHOK po3mipoMm 0,5...1,0 Mm.

Ilpu mpoBemeHHI JOCHIKEHh KOE(DILIEHT TEIUIOMPOBIAHOCTI  MONIMEPHUX
KOMIIO3UTIB BHU3HA4YaBcsi 3 BHKOpHCTaHHAM mpwiany I[T-A-400. [Ins otpumanHS
KOMIIO3UTIB BHKOPHCTOBYBaBCS METOJA 3MIIIyBaHHA KOMIIOHEHTIB B pO3IUIaBi 13
3aCTOCYBaHHSM JIHCKOBOTO EKCTPyIepa.

HaBonsTbcst pe3ynbTaTd BHKOHAHHX —EKCIIEPUMEHTAIbHUX JIOCHTIIKeHb, SIKi
CTOCYIOThCSI BU3HAUCHHSI TEMIIEPaTyPHUX 3aJIeKHOCTEH KoeillieHTiB TeIIONpOBiHOCTI
PO3MJISHYTHX KOMITO3HTIB. [IpefcTaBIeHO 3aJIe)KHOCTI 3MiHH A 3 TEMIIEPaTypOIO st
HoTiMepiB, HAIIOBHEHNX BYTJICIIEBUMHU HAaHOTPYOKaMH Ta MiKpOYaCTHMHKAMH AIOMIHIIO.
IlomaroTbess maHi MO0 BIUIMBY MAacoBOi YAacTKM HAMOBHIOBada Ha TEIUIOMPOBITHI
BJIACTUBOCTI KOMITO3HTIB.

Jis momiMepHHX MIKpO- 1 HAHOKOMIIO3UTIB i3 3aJaHUMH  TEIUIONPOBITHHMHU
BJIACTHBOCTSAMH TPOBEICHO MOPIBHAJIBHUI aHaNi3 JaHUX PO iX CKIAaJA, OTPHUMAaHHUU i3
BpaxyBaHHAM Ta 0e3 BpaxyBaHHS TEMIIEPATypHUX 3aJeKHOCTEH KoedilieHTIB
TEIJIONpPOBiIHOCTI. BeTaHOBNIEHO, O TpaauiliiiHe BU3HAUCHHS CKJIAAYy IO 3HAUCHHSX
KOe(Ili€HTIB TEIUIONPOBIAHOCTI KOMIIO3UTIB TIPH TEeMIEpaTypi HaBKOJIMIIHBOTO
CepeOBHIIA IPU3BOIUTE IO HEMPHUITYCTUMUX TOXHUOOK.

Hayxosuii kepisnux — H.M. ®ianxo,un.-kop. HAH Yxpainu, 0.m.u., npog.
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VK 620.3(043.2)
®omin /I.I., Apremiok B.A.
Hayionanvnuii agiayitinui ynieepcumem, m Kuig

OTPUMAHHA TA ®I3UYHI BJACTUBOCTI MOHO-TA
BAI'ATOIIAPOBUX HAHOCTPYKTYP HIKEJIIO ITPU TEPMIYHOMY
HAHECEHHI B BAKYYMI

Jocnimkeno MexaHi3M GopmyBaHHS HaHOpenbe(dy Hikemo Ha moBepxHi Si(111) npu
TEepMIYHOMY HOT0 BHUMApOBYBaHHI B BakyyMi. KapTuna HaHOpenbedy MOBEpXHi, Micist
HaHeCeHHs, Oyna JocimijpkeHa Ha KOKHIiM crafii Tpancdopmanii (puc. 1.14,6,6).
BcTaHOBIIEHO, 110 HAHOYTBOPEHHSI MAlOTh OJIHM3bKY 10 chepHyHOi POpMY i yTBOPIOIOTH
KJIacTepH, SKi CKIIaAI0Thes MpUOMH3HO 3 5-10 HaHOUacTOK Hikemto. OTpuMaHi B poOOTi
MOHOIIIAPOBI  CTPYKTYpPH HIKENIO 3aJOBUIBHO ONHUCYIOTBCS B paMKax MOJeNi
€IICKTPOHHOTO BHPOIIYBaHHSL.

5

90x90 nm’ . 90x90 nm’

Puc. 1.1. CTM 306paxenss: a) 1 ¢, 6) 3 ¢, B) 5 ¢ HanmnenHst Ni Ha noBepxHio Si(111).

BcranoBneni  mapamerpu  cyomiopctkocti  Ra, Rg,  Rgzis, Rz Sratio mms
TpaHC(OPMOBAHUX TIOBEPXOHb, Ta iX 3AJIEKHOCTI BiJ] TEXHOJOTIYHMX IapaMeTpiB
HaHeceHHs. [lokazaHo, MO Mae Micie 3pOCTaHHS PO3MIpy KJIACTEPiB HPH 3aralbHOMY
30epe)keHHI TEHJEHIIi 3pOCTaHHS MAaKCHMalbHOI PI3HHUII MK BHCTYIIaMH Ta
BIAMHAMH I10 JECSATHOM TOYKaM JUIs TBOX OCTaHHIX HaHECEHb, OCKUIBKY NP HAIMIEH]
mpotsiroM 1 ¢ Mae Micle TITBKM YacTKOBE OCADKEHHs HIKETI0 Ha MOHOKpPHCTAI
KPEMHIIO.

BcTaHOBIIEHO CHIIBHY B3a€MOJIIF0 MOHOMIAPOBUX MOKPHUTTIB Ni 3 migkaaakoro. [Ticms
3HAYHOT'O TPOTPIiBYy IMOBEPXHI CIIOCTEPITacThesi Maike MOBHA JecopOlis HIKENo Ta
YTBOPEHHSI HE3HAUHOI KITbKOCTI mpoMixkHOT (ha3m NiSi2.

Hayxosuii kepisnux — Kap6iecoxuii B.JI., 0. ¢b.-m. nayx, npogp.
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YK 621.1.016:621.184
Boiitenko A.IO., Ocranuyk T.C., Bpycuncoka 51.B.
Hayionanenuu asiayitinui ynieepcumem, Kuis

3AKOHOMIPHOCTI BILIMBY MACCOBOI IIBUJAKOCTI IOTOKY HA
CTPYKTYPY TEUIi I TEILUIOIIEPEHOCY B TPYBAX IIPH
HAJKPUTHYHUX TAPAMETPAX

3 ornmsgay Ha po3poOKy KoHLenuii iHHoBamiifHOro peakropa A€C 3 0XOIOIKY
BaJIbHUM CEPENOBUILEM IIPH HAAKPUTHYHUX THCKAX aKTYaJbHUMU € IOCIIKEHHS,
CIPSIMOBaHHI Ha BUBUCHHS PI3HMUX aCIEKTiB TiIPOAMHAMIKH Ta TEITIOOOMIHY 3a TaKHX
YMOB.

Jlana poOoTa mpuCBSYEHa KOMIT'IOTEpHHM IPOTHO3aM Tedil Ta TeIuIoNnepeHocy
BUCXIJJTHOTO ~ HOTOKY HAAKPHUTHYHOI BOAM B BEPTHKAIBHHMX TIJIAJKUX TpyOax IpH
BapilOBaHHI MacOBOi MIBUAKOCTI PiIUHH.

Sk 00’€ekT TEIIO(I3MUHUX MOCTIHKEHb CUTYalis, IO PO3TIAAAETHCS, BIINOBIAA€E
3a1a4i 3MiIIaHOi TeIIoBiAaayi(Ipy BUMYIIIEHOMY Ta BUTBHOMY PYCi) B YMOBaX CyTTE€BOI
3aJIeKHOCTI BIIACTUBOCTEH pIOMHM Bin Temmeparypu. Po3’s3aHHsS naHol 3amadi
3xiiicHroBanocs 3 BukopuctanHsiM FLUENT xony. B poGoti BukoHaHa Bepuikamis
Mozened  TypOyJNeHTHOTO  IEpeHOCYy  LUIIXOM  3ICTaBICHHS  OTPUMAaHHX
eKCIIepIMEHTAIbHUX JaHHX i3 YHCIIOBUMH PO3B’SI3KaMH, OJIEP>)KaHUMH 3 3aCTOCYBAHHSIM
pi3HMX Mojened TypOyIeHTHOCTI, 0 (IrypyloTh B Cy4acHOMY KaTalo3i 3aMHKAIOUMX
MOJEIICH.

HaBonsaTecss pesynpTaTé KOMIT'IOTEPHOTO MOJETIOBaHHS TP 3MiHI  MacoBoi
mwBuakocti Big 1002 xr(m%c) go 2400 xr/(M?c). 3a IaHUMM JOCIIIKEHb BCTAHOBJIEHO,
IO BIUIMB MAacOBOI IIBUAKOCTI Ha KapTHHY TeUii Ma€ HEOJHO3HAYHUH XapakTep. A came,
30UTBIICHHS] MAacoBOi MIBUAKOCTI NMPHBOAWUTH IO INIBUIIEHHS MIBUAKOCTI Ha 3HAYHIN
IUISHII TpyOHU, MPUICTii 10 BXOMy, 1 0 11 3MEHIICHHS Ha MUISHIN, 10 MPUJISTae 0
BUXOAY TpyOH. [la€ThCs MOSICHEHHsI TaKOT 3aKOHOMIPHOCTI BIUIMBY MacOBOI MIBUIKOCTI
Ji€I0 psily KOHKYpYIOUMX (hakTopis.

[TokazaHo TakOX, IO 31 3POCTaHHSIM MAacOBOi IIBHUIKOCTI Ma€ MiCIle CYTTEBE
MiABAIIEHHS Koe(illieHTa TETUIONPOBIAHOCTI MpH peamizamii Horo 3HaYHO OULTBIIOT
HEpPiBHOMIPHOCTI 110 JOBXHHI TPYOH.

BcranosneHo, mo pyx ppoHTY ICEBIOKPUTHIHOTO EPEXOY Bill CTIHKU TPYOH OO il
0Ci YIOBIJIBHIOETHCS TIPH 301TBIIIEHH] MACOBOT MIBUAKOCTI.

Hayrosuii kepisnux — H.M. @ianxo,un.-xop. HAH Yxpainu, 0.m.n., npog.
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CYYACHI ABIALIIAHI TEXHOJIOI'TI

VK 620.3:546.(043.2)
Kyabuinbkuii 1.0.
Hayionanvnuii agiayitinui ynieepcumem, Kuig

CHUHTE3 TA BJACTUBOCTI HAHOJUCIIEPCHOI'O AITATUTY KAJIBIIIO

JInst minecnpsiMOBAaHOTO CHHTE3Y CIIONYK 3 HEOOXiTHMMH BIaCTHBOCTSIMH HEOOXimHi
3HAHHS 3aKOHOMIpPHOCTEH (OpMyBaHHS eleKTPOHHOI OYIOBH B 3aJISKHOCTI Bill CKIaay,
YMOB CHHTE3y, 3MIiHH PO3MIPHOCTI Ta TOIOJOTI] KIIOUOBHUX €JIEMEHTIB, 3B’A3KY MDK
0COOIMBOCTSIMH CKJIaly Ta CTPYKTYpPH CIIOJIYK Ta €IEKTPOHHOIO0 OyI0BOIO.
Orysin cuHTe3y pi3HOMAaHITHHX 3pa3KiB, 30KpeMa, MOPOIIKiB, IUTIBOK, KepaMiK I0Ka3as,
0 Ha CHOTOJHI HAHOUIBII MONIMPEHHM METOJOM OTPUMAaHHS HaHOAWCIIEPCHOTO
aTlaTHTY € 30J1b-TeIb METO/I.
~12.24m OpmHUM 3 BOXIMBHX (PAaKTOpiB, IO BIUIMBAE Ha
BJIACTHBOCTI PEYOBHHH, € i CTPYyKTypHH cTaH. B
19.7wu  POOOTI OTPUMAHO HAHOAMCIICPCHUH allaTHT KaJbIio
3 IIUTOMOKO TIOBEPXHEI ~ 500 M/ — METO0M 30J1b-
73w Tenb.  Mopdoiorist  3pa3kiB  HAHOIWCIIEPCHOTO
anaTUTy Kaublito Oyna JOCTi[DKEHA METOJO0M
49w BHCOKOBaKyyMHOI 30HJOBOi MIKPOCKOIi aTOMHHUX
CHJI 3 aTOMHOIO PO3JiJIBHOIO 3/IaTHICTIO (JHB.pHC.).
24w BcTaHOBIIEHO, IO CEpelHId pPO3Mip YACTHHOK
ckaagae ~40 HM. ChoocrepiraeTscsi XapakTepHa
oom  opMa Ta  TEKCTYPYBaHHS»  TOJKOHNOAIOHHX

YaCTHHOK aIllaTHTY.
BcTaHOB/IEHa BUCOKA COpOLiiiHa 31aTHICT 10 ST Ta MOJIEKyN BOIU HAHOAMCIIEPCHOTO
anmaTuTy Kaiblilo, [0 OOyMOBIEHa SK MAalMMH pPO3MIpaMH YAaCTHHOK, TaK i
HECTEXIOMETPHYHICTIO CKIIaJy.

Hayxosuii kepisnux — B.JI. Kapbiscokuil, 0. Qiz.-mam.H., npog.
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YK 538.9:536.6
Ixopka M.I., Tepedyn B.O.
Hayionanenu asiayitinui ynieepcumem, m Kuig

TEILIO®I3UYHI BJACTUBOCTI HU3BKOTEILIONNPOBITHUX
HNOJIIMEPHUX HAHOKOMIIO3UTIB

OJHUM 3 NMEPCHEKTHBHUX HAINPSMIB 3aCTOCYBAHHS MOJNIMEPHHX HAHOKOMIO3HTHUX
MaTepiaJiB € CTBOPEHHS TpPYOONPOBOMIB pI3HUX CHUCTEM, a TaKOX 3aXHCHOL
TEIUIOI30ALIT eHePreTHYHOTO O0JagHaHHA. Y psji NPaKTHYHO BaXIUBHUX CUTyalid 10
HHU3BKOTEIUIONPOBITHIX MOJIMEPHUX MaTepialliB BUCYBAaIOThCS TAKOX BHMOTH IOIO
iXxHIX ~MexaHIYHMX BiacTHBOcTed. CTOCOBHO  TeIIO(I3MYHUX  BIACTHBOCTEH
KOMIIO3UTHHX MaTepiayiB, TO TyT CTAQHOBHTb IHTEPEC aHAN3 MOXKJINBOCTEH
3aCTOCYBaHHS Pi3HHX TEOPETHYHUX METOJIB iX IPOTHO3YBAaHHS Y HIMPOKOMY Aiala3oHi
3MIHM CKJIAJOBUX KOMIIO3UTiB. BKa3aHe 3yMOBIIOE aKTyalbHICTh PO3POOKH
HHM3BKOTCIIONPOBIAHUX TMOJNIMEPHUX HAHOKOMIIO3HTIB, MPHU3HAYCHUX IJI1 CTBOPECHHS
TpyOONIPOBOIIB Pi3HUX CYYaCHUX CHCTEM.

Jlana  poGora  TpUCBAYCHA  BUBYCHHIO  TEIIOQI3MYHUX  BIACTHBOCTEH
HHU3BKOTEIUIONPOBITHUX IMOJTIMEPHUX HAHOKOMIIO3UTIB JUIS CJIEMEHTIB €HepreTHYHOTOo
o0JaTHaHHSI.

Onep)xaHO ~ €KCIEPUMEHTANBHI  3aJeKHOCTI  KoeQillieHTa  TEeIUIONPOBiIHOCTI
HOJIMEPHUX HAHOKOMITO3HTIB Ha OCHOBI MOJIIETHWIICHY Ta IOJINPONWICHY, HATTOBHEHHX
BYIJICIICBUMH HAHOTPYOKaMu a00 HAHOOUCIICPCHHUMHU YAaCTHHKAMH aepoCHy, Bifg
MacoBOi YacTKM HAlOBHIOBaya. BcTaHOBIEHO (HakT HE3HAYHOrO  IIiJBMILCHHS
Koe(ili€HTa TEIIOMPOBIAHOCTI Ta CYTTEBOTO 3pPOCTAaHHA MOIYJIS MPYXKHOCTI TIPH
postsryBanHi (1o E=1,33 I1a) s MacoBoi 4acTky HaMOBHIOBada 10 2%.

PO3IIISIHYTO MOXJIMBICTD 3aCTOCYBaHHS sy Mojeseil eheKTHBHOTO CepeaoBHIIa —
Mojeni MakcBena Ta MoaudikoBaHoi Mojeni bpyrremana, i Teopii mepkosiii — Moeri
Kupknarpuka Tta wMogmeni Makiaxinana. [lokaszano, mio Moxenb edexkTHBHOTO
CepeloBHIIA  aJeKBaTHO  OIKMCYe  KOHIEHTpALiiiHy  MoBe#iHKy  KoedilieHTa
TEIUIONIPOBIHOCTI TIIbKA B TEBHOMY Jiala30Hi BMICTY HAlOBHIOBaYa, a MOJICIh
MEepKOIIALIl 3a0e3reuye aaeKBaTHE IPOTHO3YBAHHS TEIUIONPOBIAHMUX BIACTHBOCTEH
KOMITO3HUTIB Y BChOMY Aiana3oHi. [Ipu mpomy mozens MakiiaxiiaHa Mae TiepeBard Haj
mozemmo Kupknarpuka.

3a pe3ysnbTaTaMi BHKOHAHHMX JIOCII/PKEHb BCTAHOBICHO MOKIIMBICTh OTPHMAaHHS
HU3BKOTETUIONPOBIIHUX MOJIMEPHUX HAHOKOMITO3MTIB 3 TMOJIMIICHUMH MEXaHIYHUMH
BJIACTUBOCTSIMH JUTSL TPYOOIIPOBOJIIB Pi3HOTO NPHU3HAYECHHS.

Hayxoeuii kepisnux — HM. @ianxo,un.-kop. HAH Ykpainu, 0.m.n., npogp.
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V]IK 548.0:53(043.2)
Pomancekuii A.O.
Hayionanenuu asiayitinuu ynieepcumem, m Kuig

KBAHTOBOMEXAHIYHI PO3PAXYHKH CTPYKTYPH ATIATUTIB
KAJIBIITIO

Cnonyku rpynu anatutis (Mewo(Z04)eX2, ie Me™, n=1,2,3,Z™ m=1, 2, 3,
XK — enekTpoBin’eMHuiI eTeMEHT) € IiKaBUMHU Ui JOCTI/KeHb 3 OTIALY Ha iX
IIUPOKHUI CHEKTP MOXKJIMBOCTEH 10 NPAKTHYHOTO 3aCTOCYBAaHHS, a caMe, y SIKOCTi
IITY9HUX O10aKTHBHUX MartepialliB, CyMiCHHX i3 KiCTKOBOIO TKaHWHOIO, CEHCOpIB
BOJIOTM Ta QJIKOTOJIIO, MAaTPHIb U 3aXOPOHEHHS DAaNiOaKTHBHHUX BIIXOIIB Ta
HaKOIINYyBadiB €KOJIOTTYHO MIKIJIMBUX PEUOBHH.

Ha crporomni icHye BelaHMKa KUIBKICTH POOIT MO MOCTIIPKEHHIO CTPYKTYpH,
BJIACTHBOCTEH Ta €IEKTPOHHOI OYZOBH alaTHTIB KCIICPUMEHTAILHUMYI METOJaMH,
IpoTe, TMOBHUH ONHC 3aKOHOMIpPHOCTEH i30MOp(i3My amaTUTIB MoOXe OyTH
JNOCATHYTHH JIMIIE IUIIXOM CHIiBCTABJICHHS CKCIEPUMCHTAIBHUX JaHUX 3
TEOPETHYHHMH PO3PaXyHKAMH.

Uepe3 BeNMKY KIIBKICTh CIOJNYK alaTHTOBOTO PsTy 1 CKIAJHICTH CHHTE3Y
OKpEMHX anaTUTHUX MarepiajliB KBAHTOBOMEXaHIYHI PO3PaXyHKH 3 MEpIINX
NPUHIMIIB CTAIOTh OJHUMH 3 TOJOBHHMX IHCTPYMEHTIB MJIsSI JOCHIMDKEHHS iX
eJIEKTPOHHOI CTpyKTypH. Teopis dyHkiionany rycriuan (T®I') € He TUTBKH OHIEIO
3 HaHOLTBII BKMBAHUX METOJAUK PO3PAaXyHKY €JEKTPOHHOI CTPYKTYpPH MaTepiais,
ajie TaKOK BJIACTUBOCTEH X OCHOBHOI'O CTaHy.

OCHOBHOIO METOI0 JaHWX JOCHI[UKeHb OYB TEOPETHYHUH pPO3paxyHOK
enektpornoi OynoBu cmonyk Caio(POs)eXz2, ne X = F, Cl, Br, OH, meromom
noBHomnoteHianpHOoro [1[1B+mo 3 nHaGopom OasucHux ¢yskniid I1IB+mo+JI0
(APW+lo+LO) Tta BpaxyBaHHSM penakcaimii aTOMHHX Mo3uiii. s oOGMiHHO-
KOpeJsILiiiHOT YacTWHM TOTEHLially BHKOPHUCTOBYBABCS METOJ Yy3arajlbHEHOTO
rpagienTHoro  HaGmmwkenHs (GGA). InterpyBanHss 1o 30HI  Bpimmoena
BHKOHYBAJIOCh Ha CiTii 2-2-3 3 eHTpoM y Touli I' (4 HeekBiBaneHTHI K-Touknm).

Bcranosieno, mo 3 eneprerrmanoi pomimbHOcTi Ca10(PO4)6Clz2 Ta Calo(PO4)eF2
YTBOPIOIOTH Ipymy P6a/m, a He P63, Xxoua cnabka amIuliTyAa BiAXWICHb MOBHOI
eHeprii Ha eleMeHTapHy KOMIpKy CBimduTh mpo Te, mo axionn F- ta CI-
30epiraroTh Ja0UTFHICTE BITHOCHO MOJOXKEHHS OCi ¢. Po3paxyHKH 3 QyHKIiIOHATIOM
GGA rmoka3anu 3a70BUIbHE Y3TOJDKEHHS 3 EKCIIEpUMEHTAIbHUMH JIaHUMHU 110
IINPUHI EHePreTUYHOI IIUIMHM, a TaKoXK JJI MapaMeTpiB eleMeHTapHO! KOMIpKH
Cai0(PO4)sCl2 Ta Ca10(POa)sF2.

Hayxosuii kepisnux — B.JI. Kapbiscokuii , 0.¢iz.-mam.H., npog.
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VJIK 378.854:524.1:53.1.07:53.08(042)
Tapacesuu C.M, 3acenko B.C.
Hayionanenuu asiayitinui ynieepcumem, Kuis

OCOBJIMBOCTI CTBOPEHHS YCTAHOBKHU AJIA CIIOCTEPEXKEHHSA
KOCMIYHHUX TPOMEHIB

CTBOpEHHS €KCIIEPHMEHTAIbHOI YCTaHOBKH — IPOTOTHIY Kamepu BinmbcoHa € He
TiJbKU BXXJIMBOIO 13 TOUKH 30py PO3BUTKY MPAKTUYHUX HaBUUOK MaOYTHIX 1HKEHEPIB,
a i nocuTh iHPOPMATHBHOIO MIATGHOPMOIO AJIsi BUBUCHHS KOCMIYHHX MPOMEHIB. MeTor0
JOCIIUKEHHsT OyJI0 CTBOPEHHS HPHCTPOIO, NPHIATHOTO IS CIHOCTEPEKEHHS TPEKiB
MIKpOYaCTHHOK.

TexHoJOTisl BHTOTOBJIEHHS YCTAaHOBKHM 1 peaii3amii eKCHepHMEeHTY MICTHJIA Taki
OCHOBHI €Taru.

1. IoGip BciX KOMITOHEHTIB JUIA JAHOTO NOCIHIAy, Cepel SKHAX: TOHKHH CKISTHHN
(mmacTUKOBHUI) Kynod, piBHA (A7 Kpamoro edekTy) YopHa MaTOBa MOBEPXHS, TOPOJIOH
(abo matepian, sIKMH Ma€ CX0Ky BOPCUCTY TEKCTYpY, 1 3AaTHHH yTPUMYBaTH PiAHHY),
i3ompomnanon abo ermnoBui crupt (bakano 96%, M Kpamoro HaCHYSHHs MOBITPS),
Marepiaiay JuIsl KpilUIeHHs 9acTHH (KJIeH, JBOCTOPOHHIM CKOY) Ta CyXHH JIJ — JIOKCH]
yremto (CO2), sikuit 32 HOPMajgbHHX YMOB IEPEXOJUTH Yy Ta30MOAiOHHN CTaH,
oMuHatOuM pigky ¢asy, i, mawoum t=-78°C, 3abe3nedye HEOOXiAHHH Tpami€HT
TEeMIIepaTypy JUIsl CTBOPEHHS IIEPEeHaCHIEHOT0 CTaHy MapH.

2. besnocepeiHE CKNIaNaHHS YCTAHOBKH JJIsI TPOBEICHHSA nociiny. HeoOximHy
KUTBKICTh ITOPOJIOHY 3aKpIIUTIOIOTH Ha BEPXiBKY KyIOJa 3 BHYTPIIIHBOI CTOPOHH 3a
JIOTIOMOTOI0 BiZITOBITHOTO Matepiaily KpilUICHHs, HalPUKJIal, TBOCTOPOHHBOIO CKOTUY.
Ha dopHniif MaroBiifi TOBEpXHI MO TEPHUMETPY KyIOJia 3aKpIIUTIOIOTH YIIUTBHIOBAY.
TTopoJIoH 1 YIIiNBHIOBAY PSICHO 3pOLIYIOTH CIIMPTOM JIsS CTBOPEHHS HACHYEHOI mapu y
Kamepi. 3a3HaueHi eNeMEeHTH KOHCTPYKIIl pO3MIIIyIOTh Ha MiIAOHI i3 CyXHM JIBOIOM.
JlixTapuku po3MIIIyIOTh Tak, MO0 CBITJIOBHH MPOMiHb OyB OPi€HTOBAaHHWII MapaneinbHO
JI0 OCHOBH YCTaHOBKH. Jl0CiJ] MPOBOJATD Y 3aTEMHEHOMY MPUMILICHHI.

3.Y crBopeHii Kamepi YTBOPIOETbCS II€peHAacHM4YeHa Iapa CHOHPTY, sKa
CrocTepiraeTbcsi y BUINIAAI TyMaHy. Tpekd 4YacTHHOK (MIOOHIB, aHTHMIOOHIB,
CJISKTPOHIB, IO3UTPOHIB, O—YAaCTHHOK TOLIO), SIKi BXOIATH A0 CKJIaAy KOCMIYHHX
NPOMEHIB, MalOTh BHIVLI «CIHIiAiB» y TyMaHi CIHUPTY, SKi YTBOPEHI KparumsiMH
KOHJICHCATY B3JIOBXK TPAEKTOPIH IX MOIBOTY. 3a BUIIIAAOM CIiLy (TOBUIMHHU, KPUBH3HH,
PO3Mipy) MOXXHA BU3HAYHTH, SIKUH caMe 00’ €KT IPOJIETIB KPi3h YCTAHOBKY.

CTBOpEHHSI JaHOTO [OCTiTy, OKpiM 3a3HAa4e€HOi METH, PO3BUBAE iH)KEHEpHI Ta
TeXHIYHI 3[aTHOCTi, a caMe — BHpIOICHHS TMpoOJeM, sKi BHHUKAIOTH WiA dYac
NPAaKTHYHOTO BHUKOHAHHS poOoTH. TakoX 1e OoAauH i3 OMKETHUX BapiaHTiB
JIOCITIKEHHS, IKHH MO>KHa 3aCTOCOBYBATH IIPU BUBYEHHI CKJIay KOCMIYHHX ITPOMEHIB.

Hayroguii kepignux — 1.4 Crinyxina, 0.neo.u., npog.
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VJIK 378.1:372.853:001.8 (045)
Baaxeii b. B., bopo3aina /. B.
Hayionanvnuii agiayitinui ynieepcumem, Kuig

BUKOPUCTAHHS ARDUINO BOARD Y JJABOPATOPHOMY
MNPAKTHKYMI 3 ®I3UKHU

MeTo10 NPOBEAECHOTO AOCHIKEHHS OYyJO BHBYEHHS MOXJIMBOCTCH 3aCTOCYBaHHS
YJIBTPa3ByKOBOI'O JaT4UUKa Ui 0araTtopa3soBOro BHMIPIOBAaHHS IPUCKOPEHHS BIIBHOTO
najiHHs Y 1a00paTOPHOMY MPAKTUKyMi 3 (i3UKH, 30KpeMa, Ul eKCIEPHUMEHTAIbHOTO
JOCIIJDKEHHST HOpMAJIBHOTO po3mnoxiny ['ayca.

VY Xomi MpOBEAEHOTO IOCTIKEHHS OYyJI0 CHPOEKTOBAHO 1 pO3pOOIEHO CHCTEMY Ha
ocHoBi BukopuctaHHs ARDUINO BOARD a6o STM32 3 ynbTpa3ByKOBHM JaTIHKOM.
KoHremnis mossarae y 3acToCyBaHHI BIAaCTUBOCTEH YIBTpPa3ByKy y (ikcarii gacoBHX
MPOMIXKKIB. YIIBTPa3BYKOBHH JaTYMK PEECTPYE MOSBY MEPEUIKOAN HA MEBHIM BiACTaHI
BiJl HHOTO CAMOT0, BUMIPIOIOUH B TaKHH CIIOCIO TPUBANICTH MiBIEPIOIIB.

Byno mocsarayto Takux minei: QikcyBaHHS 334aHOI KUTBKOCTI YaCOBUX 1HTEPBAIIIB Y
KOJMBAJIGHOMY pyci MasTHHKA, OINPALIOBAHHA JaHUX MIKPOKOHTPOJIEPOM Ta
BiZOOpa)keHHs pe3ybTaTiB TOCHIIKEHHS Ha TUCILIET.

VY xoxi po6oTn Oyi10 BUSBICHO, IO IPH BUKOPHCTaHHI TAKOT CHCTEMH 301IBIIYETHCS
TOYHICTH Ta IIBHAKICTh BUKOHAHHS pOOOTH, 3HAYECHHs NPHCKOPEHHS BUTBHOTO ITaJiHHS
PO3paxoBY€EThCSI aBTOMATHYHO, 0€3 BTPYYaHHS KOPUCTyBada, Ta 3HAYHO 3MEHIIYIOThHCS
0COOHUCTICHI 1 BUNIAKOBI MOXHOKH €KCIIEPHMEHTY.

Byo BupimeHo Taki 3agadi :

1) HamamTyBaHHS po6OYOI BiACTAHI IS YIBTPa3ByKOBOTO JaTUHKA,

2) pearmizamifo 3aTpUMKH, ay3u O6e3 Bukopucranus delay;

3) BigOOpaXkeHHS OTPUMAHUX JAHUX HA JHCILIET;

4) aBTOHOMHICTH Ta CaMOJOCTATHICTh 3a pPaXyHOK BOYIOBAHOrO JUKEpela
JKMBJIEHHS (aKkyMyJsiTop tuiy 18650).

Ipu inimiamizanii STM32  cnpanpoBye 3ymep, IIO CHIHANI3y€e NMPO TOTOBHICTH
BUKOHAHHS IporpamMamu, Jami, npu ¢ikcarii JaTYuKOM KyJIbKH, PO3MOYMHAETHCS

BHUKOHAHHS 3aITPOTPAMOBAHUX (PYHKIIIH .

VYci 6i0mioTeky, BUKOPUCTaHi A mporpamyBaHHs koay y C++, € myOmiuHUMH Ta
JI03BOJISIIOTHCS] BAKOPUCTOBYBATH Y HEKOMEPLIHHUX PO3pOOKaX.

[IpoBenena poGoTa MpoaeMOHCTpyBana e(EKTHBHICTD IOETHAHHS HAYKOBOTO Ta
iH)KEHEPHOTO METOJIB Ha Ja0OpPAaTOPHUX MpPaKTHKyMax 3 (Ii3UKH 1 € TNPUKIAIOM
MDKAMCHMIUTIHAPHOTO MiAXoAy Yy moOyAOBI HaBYAIBHHMX IIPOrpaM  IiJrOTOBKU
MaifOyTHIX iHXKeHepiB.

Hayxosuii kepienux — 1.A Cninyxina, 0.neo.n., npog.
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YK 004.45:53:378.14 (043.2)
Kanenuenko B. P.
Hayionanenuu asiayitinui ynieepcumem, Kuis

KOMII'IOTEPHO-OPIEHTOBAHA CUCTEMA JJIS1 TABOPATOPHUX
JOCJIIXKEHD 3 ®I3UKH HA BA3I MIKPOKOHTPOJIEPA STM32

AKTyajJbHICTh [JaHOTO JOCTIDKEHHS BH3HAYAETHCA TUIAKTUYHUMH (MOTPeOoIo
po3umpeHHs 3aco0iB 1a0OpaTOPHUX TOCTIHKEHb 3 (I3UKU y CepeiHiil 1 BUIIIH KO
MPAaKTUYHHUX) 1 MPAKTUKO OPIEHTOBAaHMMH (TPAHCAMCUMIUTIHAPHUNA MiAXiA y HaBUaHHI
(I3UKH 1 TEXHIYHAX TUCIUILTIH) YHHHUKAMH.

Meroto poGoTn Oyino CTBOPEHHsSI CyYacHOTO IPHUCTPOIO JUIsi BUBUCHHS SIBUINA
@JICKTPOMATHITHOI 1HAYKIIi y 1Ta00paTopHOMY IMPAaKTHKYMi 3 (i3UKH.

Jlnst BUBYEHHS SIBHINA €JIEKTPOMATHITHOI IHAYKWii HaMM CTBOPEHO J1abopaTopHy
eKCIICPHIMEHTaIbHy ~ yCTAaHOBKY, fKa MICTUTh TaKi IeMEHTH: MBI KOTYIIKH
IHIYKTHBHOCTI, 110 MalOTh Pi3HY KUIbKICTIO BUTKIB (77 Ta 235), BATOTOBJICHI 3 MiTHOTO
JIPOTY; HANpPAaBJSIOYMX TPYOOK 31 3MIHHOIO JOBKHHOIO, sIKi 3’€IHAaHI 31 IITATUBOM, IO
YTPUMY€E BCIO KOHCTPYKIIiFO; HEOOAUMOBOTO MArHITY; MaHEeN i 31 CBITIOAIONIB, SKi MAalOTh
napajenbHe 3’€IHaHHsS; M’SKOTO TajbMa; AarapaTHO-OOYHCIIOBAIBHOTO KOMILICKCY
STM32 nnsi BUBENCHHS Ha CKpaH TOKa3iB JaT4YMKiB, PO3PaxyHKIB Ta MOOYI0BU
rpadiki. CTBOpeHUH HAMH KOMIUIEKC TaKOX MiCTHTh MikpokoHTposep STM32F103CS;
BOJIBTMETP; amIiepmerp; nporpamue 3abesmedennst Serial Port Plotter, sike mae 3mory
OynyBatu rpadikyd 4acoBOi 3MIHM CHJIM CTPYMYy Ta HANPYTH; JBa JAaTYUKU XOJUIa, 3a
JIOTIOMOTOI0  IKMX MOKHa BHMIpSATH 4ac HEOOXiTHHH Ha IOJOJIAHHS BIJCTaHI MiX
BEPXHIM KiHIIEM TpyOH Ta KOTYIIKOIO, SIK HACII0K BUPAXyBaTH IIBUAKICTb BXOKCHHS
MarHity B 0OMOTKY KOTYIIKH. Y poOOTi BUKOPHCTAHO HEOAMMOBHI MAarHIT, SIKHH Mae
HACTYIHI XapakrtepucTuku: miametp D= 45 mM; Bucora H=30 mMMm; cuma 34eruieHHs
F=900 H; maca m=390r; Bexrop HamarniueHocti J=42 A/M; NOKpPHUTTS IOBEPXHI
HikenpoBaHe (Ni-Cu-Ni).

[Mpuctpiit nae 3MoOry mpPOBECTH JOCIHIJA, SKHH 103BOJISE BHMBYNTH SIBHILE
CJICKTPOMATHITHOT 1HAYKIII, 30Kpema, nocmiautu 3anekHicte EPC  imgykmii Big
KIJTBKOCTI BHUTKIB, IIBUAKOCTI MarHiTy Ta HOro mojsipHOCTi, 3akoHH Dapazes i JleHna.
Jis neMoHCTpanii 3aeXHOCTI HalpsMy CTPYMY Bifl MOJSPHOCTI MarHiTy 3aCTOCOBaHO
MaHenb 31 3’€QHAHUMH I1apajielbHO CBITJIONIOJaMH Ta cTabiTi3aTopoM Hampyru
1mo0yI0BaHOMY Ha MiKpOKOHTpoJiepi LM2596.

IlpoBeneHe MAOCTIDKEHHS Ha OCHOBI BHKOPHCTaHHS MYJIBTHILIAT(OPMHOTO
komiuiekcy STM32 BUSBMIIO [OLUIBHICTH BHUKOPHUCTAHHS IOCITITHOI YCTQHOBKH Y
n1abopaTopHii AiSTTBHOCTI CTY/ICHTIB BUIIUX TEXHIYHUX HABYAILHUX 3aKJIa/liB,

Hayxosuii kepienux — I.A Cninyxina, 0.neo.n., npog.
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AKICTb, CTAHJAPTU3ALIIA TA CEPTU®IKALIA B MAIIIUHOBY/[YBAHHLI.

SAnimescokuii P.O.
Hayionanvnuii agiayitinui ynigepcumem, Kuis

OCOBJIMBOCTI HEPEXONY CUCTEMM YIIPABJITHHS SIKICTIO B
JEPKABIACJIY)KBI YKPAIHU HA BIAIIOBIJHICTb CTAHAAPTY
1SO 9001-2015

LlenTpansHUM OpraHOM BHKOHABYOI BJIAJM B aBiawiifHill ramysi € [lepxaBiacayx0a
Vxpainu. IapanTieto sikocti nocayr JIAC € cBoedacHe Ta e(eKTHBHE BIPOBA/DKEHHS
cucremn ynpasiiHHS sikictio (CYSl) Ha BigmoignicTs cranmapty ISO 9001. IlosBa B
2015 poui ocTaHpOi Bepcii cTaHIapTy 3000B A3y€ MIAMPHEMCTBA MEPEUTH HA CTaHIAAPT
ISO 9001 2015 mo 2018 poxy.

ToMy, KOPUCTYIOUNCH KEPIBHOKO POIUTIO BHIIe KepiBHUNTBO JJAC Mae 3a0e3meunTi
HasBHICTh CBIJOUTB BHKOHAHHS NPHUHATHX 3000B'SI3aHb 3 PO3pPOOKH, BHKOHAHHIO 1
PO3BUTKY BHYTPIIIHIX MOXKJIMBOCTEH IPOLIECIB YIPABIIHHS IMOCIYraMH B KOHTEKCTI
Oi3Hec-BUMoOT criokuBaya rociyr. Kepisanirso JJAC noBuHHO:

a ) BCTAaHOBHUTH I , BU3HAYNTH IOJITUKY , i chopMyBaTH IUIaHH 3 YIPaBIiHHS
MOCITyTaMH;

0) iHdopMyBaTd HEpCOHAN TPO BAXKIHUBICTh JOCATHCHHS IJIeH 3 YIpaBIIiHHI
MOCIYTaMH 1 PO HEOOXiTHICTh MOCTIHHOTO TOJINIICHHS;

B) OyTH BIEBHEHHUM , IO 3 METOI0 MiABHIICHHS 3aOBOJCHOCTI CIIOKMBadiB X
BHMOTH BU3HAYCHI , Y3TO/KCHI 3 HUIMH 1 BUKOHYIOTBCH

I) IPU3HAYUTH NpPEACTaBHUKA KEPIBHHUITBA , BiAMOBINAIBFHOTO 32 KOOPAMHALIIO 1
yIpaBIiHHS BciMa MOCIyramy ( BiHOBIIaIbHOTO KEPIBHUKA ) ;

1) BU3HAYMTH 1 HAJIATH PECYpPCH JUISl TUIAHYBaHHS , BIIPOBA/DKEHHS , MOHITOPHHTY ,
MIPOBE/ICHHS aHaJI3y , MOJIIMIISHHS HAJAQHHS Ta YNPaBIiHHSA HNOCIyraM{ , HaNpUKIaNK ,
MIPUIHATH HAa pOOOTY HEOOXITHHI MepcoHaln , KepyBaTH IUIMHHICTIO KaJpiB;

€) YIpaBIsATH PU3UKAMH , TIOB'SI3aHUMH 3 OpPTaHI3alli€l0 YIPaBIiHHS IMOCIYraMHu i 3
CaMHMH TIOCITyTaMH;

’K) TIPOBOJWTH AaHANI3 YNPABIIHHA TOCIYraMH 3 MEpiOJUYHICTIO, BU3HAYEHOIO B
IUTaHaX YIPaBIiHHA TOCIYyraMH , Uil TOrO MO0 OyTH BIIEBHEHWM Yy TIOCTiHHIHN
MIPUIHATHOCTI , aIeKBATHOCTI 1 Pe3yJIbTATUBHICT IUX IPOLECIB.

JAC mnoBuHHI HajgaBaTH JOKYMEHTH 1 3alliCH, IO TapaHTYyIOTh e()eKTHBHICTbH
IUIaHyBaHHs, QYHKIIOHYBaHHS Ta KOHTPOJIIO MPOLIECIB YIIPABIiHHS MOCIYTaMy.

[NocTavyaisHUKOM MOCITYT TOBHHHI OyTH BCTAQHOBJIEHI MPOLEIYPH UISI CTBOPEHHS,
aHaJi3y , 3aTBEP/KCHHS, IMATPHUMKHU B aKTYalIbHOMY CTaHi, BAKOPHCTAHHS 1 YIpaBIiHHSI
PI3HUMH THIIAMH JOKYMEHTIiB 1 3ammcCiB, a TaKOXX TIIOBHHHI OyTH BH3HAYEHI
BiJITIOBITaTEHOCTI CIIIBPOOITHHKIB 32 peatizallilo JaHUX MPOLEIyp.

Hayxoeuii kepienux —Menvuuk B.b.., k.m.n., doy.
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Anomkina M.I'
Hayionanenuu asiayitinui ynieepcumem, Kuis

NPOLECH YIIPABJIIHHA AKICTIO IIOCJIYT Y BULLIOMY
HABYAJIBHOMY 3AKJIAAI

B Ham yac sAKicTh OCBITH Mae BH3HA4YaJbHE 3HAYEHHA VIS YCHIIIHOTO PO3BUTKY
Oynp-sKoi kpaiHu. PeBomroniiiHi 3MiHM T€XHOJOTIH, SKi OMUPAIOTHCS HA IHTEICKTYaJIbHi
pecypcH, CTaloTh HaWBAXKIMBIMIMM (DAaKTOPOM, II0 OOYMOBIIOE€ PO3BUTOK E€KOHOMIKH.
BusHauangbHa poNb BUIIMX HAaBYAJIBHUX 3aKIAiB CaMe y PO3BUTKY IHTENEKTYaJIbHHX
pecypciB  KpaiHW, KOHKYPEHTOCIIPOMOXKHHX Ha CydacHOMY pPHHKY MIpari, ToOTo
CIIPOMOKHHX 3a0e3IEeUHTH pealli3allilo BUCOKOS()EKTHBHUX IHHOBAILIIfHUX NPOEKTIB B
PI3HHX CEKTOpaxX eKOHOMIKH.

Tlomryk HOBMX CydYacHHX IHCTPYMEHTIB, sIKi 3a0e3medaTh 3aTpeOyBaHUH CHOTOJHI
PUHKOM DiBE€Hb SKOCTI OCBITHBOI HiSUTBHOCTI, 3aTOCTPUBCS MOCHJICHOK KOHKYPEHIIIEIO
cepen BH3. MixHapoaHUiA JOCBI CBITYNTH, IO JOCATAIOTH

JMAEepCPKUX MO3WIIM y Oyap-sKiii ramy3i JuIme Ti yCTaHOBH, Oprasizamii Ta
MiAPUEMCTBA, SIKI CIPOMOYXHI 3a0€3MEYUTH CBITOBUH piBEHb SKOCTI MPOXYKII Ta
HagaHHg mociyr. Came sKICTB — € TpioputeTHUM (akTopoM 3abe3redeHHs
KOHKYPEHTOCIPOMOXHOCTI JJIsI BUIIMX HaBYAIBHAX 3aKJIaJliB.

OCHOBHI CBITOBI TeH/eHLIT y cepi 3a0e3nedeHHs IKOCTi OCBITH:

1) Po3poOka equHMX KpUTEpiiB Ta CTAaHIAPTIB IapaHTii IKOCTI OCBITH €BPOINEHCHKIX
KpaiH B pamkax bonoHcbkoro mporecy.

2)  CrBOpeHHs, PO3BHTOK Ta I'apMOHI3allis HAIIOHAJBHUX CHCTEM aKpeauTarlii
OCBITHIX IPOTpaM €BPOTEHCHKHUX KpaiH.

3) Po3pobka Ta BIPOBAHKEHHS CHCTEMH SKOCTI HAaBYAJIBHOTO 3aKiamy Ha 0asi
PI3HUX MOJENel CHCTEMH SKOCTi, BKIIOYAIOYM BUMOTH Ta PEKOMEHJAlii Mi>KHAPOTHUX
crannaptis cepii ISO 9001:2015, monmens €Bponelicbkkoro (GoHAY MO MEHEIKMEHTY
sxocti (EFQM) Ta iHIIi HarjioHanbHI MOZENI YIPaBIiHHS SKICTIO B OCBITI.

4)  TloGynoBa CHCTEMH YNpPaBIiHHS SKICTIO OCBITHBOTO MPOIIECY HA MPHHIMIIAX
MEHEIDKMEHTY SIKOCTI, aie 6e3 Oe3mocepeiHbo1 MPUB’A3KU O OY/b-SIKMX MOJEIEH.

5)  TlepeHeceHHs LEHTPY TSDKIHHS i3 MPOLEAYP 30BHIMIHBOTO KOHTPOJIO SIKOCTI
OCBITHBOTO TPOIIECY Ta HOTO pe3ynbTaTiB Ha 0a3i HAIlIOHAIBPHHUX CHCTEM aTecTallii Ta
aKpeauTalii B CTOPOHY BHYTPIIIHBOI CAMOOIIIHKH OCBITHBOTO 3aKJIaly HAa OCHOBI THX UH
iHmux moxeneil. Lle 3abe3medye mepeHECeHHs BiIIOBIIANBHOCTI 3a SKICTh Ta OLIHKY
SIKOCTI TyZAW, J€ BOHA i TOBMHHAa OYTH — B OCBITHIO YCTaHOBY, Ta HPHU3BOAUTH [0
CYTTEBOI EKOHOMii MaTepiaJIbLHUX Ta YacOBHX pEeCypCiB, SKi BHAUIIIOTHCS Ha
MPOBE/ICHHS 30BHILIIHBOT €KCIEPTH3H.

ChOro/iHi, TOBOPSYH TIPO SIKICTh, MAIOTh Ha YBa3i HE CTUIBKH SKIiCTh OCBITH, CKIJIbKH
SKICTh (DYHKIIOHYBaHHS BHIIOTO HABYAIBHOTO 3aKiIaay, TOCKOHATICTh HOro cHCTEM
VIOpaBIiHHSA SKICTIO, HAI[UICHMX Ha TOCTiifHe mokpameHHsa. binpmicte BH3
BHUKOPUCTOBYIOTh IUISI I[bOTO MixkHapoHi crangapté [SO cepii 9000, BrockoHaAMIOIOUH
CBOi CHCTEMH SKOCTI Ha 3acajax KOHIICMINH 3araipHOro ympasiiHHA skicTio (TQM),
SKUMH TIepefdadeHo Oe3nepepBHE BIOCKOHAJCHHS OpraHilallii, MOJNIMIICHHS SKOCTI
npoaykuii (mociyr) i 3amoBosieHHsT MOTpeO yciX 3alliKaBICHHX CTOPIH: 3aMOBHHUKIB,
MOCTavyaIbHUKIB, IIEPCOHATY Ta CYCIiIbCTBA.

Hayxoeuii xepienux —Menvhuk B.b.., k.m.H., ooy.
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Mynuyak B.B.
Hayionanvnuii agiayitinuil ynigepcumem, Kuis

VIIPABJITHHSA AKICTIO MPOIYKIII HA MIJIITPHEMCTBAX
ABTOMOBUIEBY1YBAHHS

T'0JI0BHUM €1€MEHTOM Ha MKHApOJAHOMY PUHKY € KiHIIEBHI CHOKHBaY, 10 JUKTYE
cBO{ yMOBHM 3a SKMMH HalOUIbII KOHKYPEHTO3JATHOIO Oylne Ta MPOAYKLisA, IO Mae
BUCOKY SKICTb Ta HH3bKY LiHY. MeTolo naHoi poOOTH € IOCTIKEHHS CHCTEMH
YIOpPaBIiHHA SKICTIO MPOAYKILI HA MiIOPHEMCTBAX aBTOMOO1NeOyayBaHHS B YKpaiHi Ta
PO3po0Ka peKOMEHAIIIH IS iIBUIIEHHS SIKOCTI ITPOJTYKIII.

[Mpexmer nocmifuKeHHs — YHpaBIHHS SKICTIO HMPOAYKIII Ha aBTOMOOiNEOyIiBHUX
MiAIpHeEMCTBax YKpaiHu.

Ha ocHOBi pe3ysibTaTiB MPOBEACHOTO IOCHIPKCHHS CHUCTEMH YIPABIIHHS SKICTHO
MpOAYKWii Ha MiANPHEMCTBAX aBTOMOOLICOYAyBaHHA B YKpaiHi Oyno BH3HaYeHO
MMOKAa3HUKU SIKOCTI AT aBTOMOOUIFHOI MPOIYKIii, 3aIpONOHOBAHO PEKOMEHAAIT ISt
MiABUIIEHHS SKOCTiI aBTOMOOLTbHOI poayKIii. B Xoai qocmimkeH s cTano BiIoMo, o
B OLIBIIOCTI BUIAIKIB SIKICTH aBTOMOOLIS OLIHIOETHCSA 3a IMOKA3HWKAMH: TEXHIYHOCTI,
TEXHOJIOT1YHOCTi, €PrOHOMIYHOCTI, €CTETHYHOCTi, CKOHOMIYHOCTI Ta 3a MOKa3HUKaAMH
HaaidHOCTI. JIyi1  OIIHKM SKOCTI aBTOMOOITBHOI TPOAYKII Ta Ti PHHKOBOTO
MO3UIIIOHYBaHHsI 3allPONIOHOBAHO TaKi ITOKAa3HWKH, $K TaJMBHA CEKOHOMIYHICTB,
€KOJIOTI4HICTh, epeKTHBHE 00CITYTOBYBaHHSI.

CraH cnpaB y Tamy3l YOpaBmiHHA SIKICTIO I MANPHEMCTB aBTOMOOLIECOYTyBaHHS
VYkpaiHu He MOJKHA BU3HAUUTH SIK 33I0BUIBHINA. PO3BHTOK €KCIIOPTHUX BiTHOCHH IOKA3Ye,
[0 MPOAYKLIS BITYM3HAHHUX MIANPUEMCTB € HEKOHKYPEHTOCIIPOMO)KHOIO Ha CBITOBOMY
puHKy. [TomiTHka miANpUEMCTB TOBUHHA OYTH CIIPSIMOBaHA Ha JOCSTHEHHS BIUCOKO]I SIKOCTI.

Jns 3a0e3medeHHs] SKOCTI Ha MiANPHEMCTBAX aBTOMOOiTeOyAyBaHHS HEOOXimHA
HasBHICTh CHCTEMHOTO IIiIXOMy 1O NHTaHb YIpaBIiHHA sKicTio. IlignpuemcTBO
TIOBUHHO CTBOPHTH JI€BY CHCTEMY YIPAaBIiHHI, sKa CHPSIMY€E HOTo 3yCHIUIS Ha SIKiCHE
BHUKOHAHHS BCiX MPOLECIB, 1110, 3a0€3MeUNTh TOCATHEHHS SKICHOTO pe3yJbTary.

HaBezneHo 3aranmbHy xapakTepucTHKy nHisiibHOCTI IIpAT "DBpokap". 3a3HaueHo,
mo 3 2003 IIpAT «EBpokap» TOCTIHHO MiNTBEPAKYE BIAMOBIIHICTE CBITOBUM
CTaHJAapPTaM YIPaBITiHHS SKICTIO BUPOOHHIITBA Ta MPOIYKIIii, a TAKOXK OXOPOHH Tparii. Y
2009 p. IpAT «EBpokap» BOPOBAOMB IHTETPOBAHY CHUCTEMY  YIPaBIIiHHSI
MATPUEMCTBOM, BIATIOBINHO 1O MiXkHapoaHuX cTaHmaptiB ISO 9001:2008 ta OHSAS
18001:2007, 1o [03BOJSIE peali3yBaTH MPHHIMIN TOJITHKH MiANPUEMCTBA,
CIpsIMOBaHI Ha BHHATKOBY yBary 1O SKOCTI NPOAYKIii, 3a0e3NeYeHHs BUCOKHX
CTaHIApPTIB OXOPOHM Ta OE3MeKu Mpalli, a TaKOoX BIJKPUTICTE 1 TypOOTy mpo
croxuBaviB. B ocHOBy cuctemu ympasminHs skicTio IIpAT «EBpokap» mHokianeHuit
NPOLECHUH Tiaxia. BXxomoM mpouecy € BUMOTM 3aMOBHHKIB, IO BHCYBArOThCS IO
mpoaykii, 1 T gxocti. Buxogom mporecy € 3a0BOJICHICTh CIIOKHUBAYiB MPOIYKIIEIO
IpAT «EBpoxap». Y paMKax CHCTEMH SKOCTi, ToOy1oBaHoi BigmoBinHo 10 Moaermi MC
ISO 9001, BumineHi HACTYyNmHI KIIOYOBI MPOIECH JKUTTEBOTO IHKIY IPOIYKIIi:
TEXHOJIOTIYHA MiJrOTOBKAa BHUPOOHMIITBA; 3aKyMiBIs MaTepialiB Ta KOMIUICKTYIOUHX;
BHPOOHUIITBO MPOIYKIIT; 30€peKEHHs MPOTYKILi.

Hayxosuil kepisnux- Menvrux B.5. k.m.H.,00y.
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BoJiomun A.
Hayionanvnuii agiayitinui ynieepcumem, Kuis

IHTEI'POBAHI CUCTEMMU YIIPABJIIHHSA SIKICTIO TA
THO®OPMAIIIMHOIO BE3IEKOIO NIAIPUEMCTBA

s yenimHoi poOOTH MiANPHEMCTB Ha Cy4YaCHOMY PHHKY HAsBHICTb y HUX CHCTEMHU
SIKOCT1, 110 Bixmosigae cranaaptam ISO cepii 9000, i cepTudikara Ha Hel MOxe OyTH He
30BCIM JIOCTaTHBOIO, ajie HeoOXimHoo yMmoBow. ToMy i B YkpaiHi Bke € THCAYL
miAnpueMcTB, mo BOpoBagwid crangaptu ISO cepii 9000 i ceprudikatu Ha cBOi
CHCTeMH SKOCTi. B nanmii wac omHiero i3 cepHo3HHX NHpoOIeM Uil YKpailHCBKHX
HiIPHEMCTB € CTBOPEHHS CHCTEMH SIKOCTI iIH(pOpMaIIiifHOT Oe31eK.

Indopmaris € ogHEM i3 TOJIOBHHUX AITOBHX PECYPCiB, SIKHH 3a0e3nedye opraHizamii
JIOJJAaHy BapTICTh, 1 BHACHIZAOK [BOrO MOTpeOye 3axucTy. Crabki MICIsl B 3aXHCTI
iH(popMaLii MOKYTh IPU3BECTU 10 (iHAHCOBUX BTPAT, 1 HAHECTH 30MTOK KOMEPIIHHIM
oreparisam.

Tomy B Ham yac THUTAaHHA PO3POOKH CHCTEMH YIPABIiHHA 1H(QOPMAIiHHOO
6e3mekoro Ta ii BIPOBapKeHHsI B opraHizaiii € konuentyaipHo. Ctanmapt ISO 9001-
2015 Bu3Havae iHpOpManiiHy Oe3reKy sK: «30epekeHHsT KOH(IeHIIHHOCTI, HiNiCHOCTI
Ta JOCTYIHOCTI iH(popMamii».

ISO 9001-2015 sBnsie co0oro mepelnik BUMOT 10 CHCTEMH MEHEIKMEHTY
iHpopMaItiitHOT Oe3rmekH, 000B'SI3KOBUX JUIi cepTudikaii, a ctanaapt ISO 9001-2015
BHCTYIIA€ B IKOCTI KEPIBHUIITBA [0 BIIPOBA/UKCHHIO, K€ MOXKE BUKOPHCTOBYBATUCS TIPU
MPOEKTYBaHHI MEXaHi3MiB KOHTPOIIIO, BUOPaHUX OpraHi3ami€ero A1 3MEHIICHHS PH3HKIB
iH(popMaLiitHOT Oe3neKH.

Crarmapt ISO 9001-2015 BW3Ha4yae mpoIecH, MO MPEACTABISIOTh MOXKIHBICTH
0i3Hecy BCTAHOBJIIOBATH, 3aCTOCOBYBATH, MEPETIIIaTH, KOHTPOIIOBATH 1 MATPHMYBATH
e(eKTHBHY CHCTEMY MEHEDKMEHTY iHdopMariiiHoi Ge3reKy; BCTaHOBIIOE BUMOTH JI0
PO3poOKH, BIPOBAJDKEHHS, (YHKIIOHYBAaHHIO, MOHITOPHHTY, aHali3y, MiATPUMKH Ta
BIOCKOHAJICHHSI JJOKYMEHTOBAHOI CHCTEMH MEHEMKMEHTy iH(popMauiiHol Oe3neku B
KOHTEKCTI ICHYI0UHX Oi3Hec pU3MKIB OpraHizaiii.

VYnpasninas iHpopmariiiHoo Oesnekoto Ha [TAT «KuToMHupchKkuii Macio3aBomy
HEOoOXiHO OyTH HEBiI'€MHOIO CKJIQJIOBOIO YIPABIiHHS CYYaCHHUM ITAIPHUEMCTBOM i
SIBISITH COOOI0 CHCTEMY 3aXOJiB, CHPSIMOBAaHMX HE TIIBKM Ha TOIOJNAHHA 3arpo3 Ta
PU3HKIB, ajie i Ha mepeadadeHHs Ta 3am00iranHs iX HacTaHHA. BnpoBamkenns CY Sl Ha
HiIPUEMCTBI JO3BOJIUTH 3HAYHO MOKPAIIUTH SIKiCTh IPOAYKLIT MiAIPUEMCTBA, @ BiJl TaK
i HaJJaCTh MOSKJIUBICTD JJIs1 301IBIICHHS OOCATIB EKCIIOPTY MiAMPUEMCTBA.

Haykoeuii kepienux-Menvnux B.b. k.m.n., doy.
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Yeprxammna O.B.
Hayionanvnuii agiayitinui ynieepcumem, Kuis

EHEPTETUYHE OBCTEKEHHS TA EHEPI'OAY/JIUT HA
NIANNPUEMCTBAX MAIIMHOBY IYBAHHS

B po6oTi po3riasiHyTO MUTaHHS BIPOBAHKEHHS CHCTEMH MEHEIKMEHTY SIKOCTI Ha
MiANPUEMCTBAX MAIIMHOOYAYyBaHHs eHepreTuuHol ramysi. Crermdika BIpoOBaKeHHs
CMSl Ha migmpHeMCTBAaX CHEPreTHYHOI Taly3l HOJAra€ y TOMY, LIO HE MOXKHA
po3riAgaTé MeBHE MIANPHEMCTBO Taiy3i SK caMocTiiiHe 1 He3anexHe. [loBuHeH
icHyBaTH B3a€MO3B's130k Mixk CMSI reHepyrounx MiINPHEMCTB, HiIIPHEMCTB 30yTy Ta
CMS wMepexeBHX MIANPHEMCTB, TOMY IIJBHUIIEHHS EKOHOMIYHOI e(eKTHBHOCTI
TISTIBHOCTI @JIEKTPOCHEPTeTHIHIX MiANPUEMCTB Mae OyTH HOB'SI3aHE 13 BIIPOBAIKEHHIM
IHTETPOBAaHUX CHCTEM MEHEDKMEHTY SIKOCTi, IO 3a0e3NedyroTh B3aEMOIII0 BCIX
YYacHHKIB JIaHIFOTa BHPOOHHUIITBA ENEKTPOEHEPTii (TeHepyrodi, MEepekeBi, PEeMOHTHi
MiATPUEMCTBA TOIIO) 1 JOCTABKH 11 KIHIIEBOMY CII0>KHBAYEBI.

AHaii3 cTaHy yIpaBJiHHS SKICTIO B CYYacHiId €HEpreTHYHiHd ramysi YKpaiHu moka-
3aB, IO Ha JAaHWH Yac >KOJHE IMiJIPUEMCTBO Taly3i HE MPOHIIIO cepTUdiKamii cucTeMu
MEHE/DKMEHTY sikocTi 3a ctanaaproM ISO 9001.3 iHmmoro OGoKy meBHI KpOKH B €HEp-
TeTHYHIH raiy3i IPOBOIATECS 3 CepTU(IKAIIl CHCTEMH €KOJIOTIYHOIO MEHEIKMEHTY Ha
BIAMOBIAHICTE MiKHapogHOMy cTanmapty ISO 14001:2004 Ta oxopoHH i Oe3mexn npari
OHSAS 18001:2007. V niro4unx cHCTeMax YIpaBliHHSA YKPaiHCHKUX €HEPrOKOMIIAHUH Y
Tiit a00 1HIIIH Mipi peani3yroTbes IesKi MPUHIUIN MEHEKMEHTY SIKOCTI, aJie MOKH IIIe

Maibke BiICYTHI HACTYIHI NMPHUHIUIK: OLIHKA CTYIEHS 33J0BOJIEHOCTI CIIOKMBaua;
KepiB- HUK, BiAIOBiTaJbHUI 32 SKICTh; MOJIITHKA, MeTa y cepi AKOCTI Ta KEPIBHUITBO 3
SIKOCTi; imeHTH(iKalis MpoIeciB; BHYTPIIIHI IIEPEBIPKH; MOHITOPHHT 1 OIiHKa
pe3yIpTaTHBHOCTI TporeciB. BiamoBimHO, pecypcn sK MarepianbHi, Tak 1 JIOJCHKL
BHUKOPHCTOBYIOThCS He- epeKTHBHO. ToMy Ha maHMi yac Ha3pija rocTpa HEOOXiTHICTh
BIPOBA/DKEHHS CHCTEMH Me- HEDKMEHTY SIKOCTI y BiJIlIOBIJHOCTI 3 BCECBITHBHO
BU3HAHMMH cTaHmaptamu cepii [SO Ha mignpueMcTBaXx eHEpreTUYHOi ramysi.
PesynbratoM moOynoBH Takol CHCTEMH € HAJIaHHS IOCIYT 3 TapaHTOBaHMM CTaOUIBHO
BHCOKHM PiBHEM SIKOCTI, IO BiIOBIAAIOTh O4iKyBaH- HAM CIIO’KHUBAUiB.

3a3Ha4yeHo, MO U TOTO, HI00 PO3MOYaTH MPOLEeC MOOYAOBH CUCTEMH YIPaBIIiHHS
SIKICTEIO HEOOXiTHIM € MOTHBALIiS 1 pillIeHHs BUIIOTO KEPIBHUIITB PO3MOYATH POOOTY, yc-
BiJOMJICHHS KEPIBHHITBA Ta MEpPCOHANy, IIO CHCTeMa - Ii¢ e()eKTHBHHUI IHCTPYMEHT
ynpasiiHHsA. Ane cnenudidHiCTh 1aHOol raimy3i NPU3BOANUTH A0 TOTO, IO KEPiBHUKU HE
HAJITO 3alliKaBJICHHI B MiJBUIICHHI AKOCTI MOCIYT Ta 3aJ0BOJICHI CIOXXHUBAYiB, OCKUTBKH
HEe Mae KOHKYpeHLii cepex mianpueMcTB. Bu3HayeHO pU3UKH, SIKi MOXKYTh BHHUKHYTH
npu  BrpoBapkeHHI CMJS Ha WiANPUEMCTBI: BIPOBAKCHHS 3l 3400yTTS
cepTudikary; BiJl- CyTHICTb 3aI[IKaBICHOCTI Ta OCOOUCTOT Y4acTi BUIIOTO KEPIBHHUITBA Y
BrposapkeHHi CMSI; He po3yMiHHS TOTO, IO MOXe, a mjo He Moxe natu CMS; 3ananro
JeTaNbHa PErJIAaMEHTAlllsl MISUTbHOCTI 1 MporeciB; HeoOayMaHe 3aCTOCYBAaHHS THITOBUX
MPOSKTHUX pi- IIIEHb, HEBU3HAUEHICTh BUMOT 3 OOKYy CIIOKMBadiB; BiJCYTHICTh
HEeoOXiTHOT MiATOTOBKH B IIEPCOHAIY.

Hayxosuii xepienux- Menvnux B.5. k.m.H.,00y..
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YK 620.1.05: 66.095.8 (043.2)
YepBaTiok M.B.
Hayionanenuu asiayitinuu ynieepcumem, Kuis

YIIPABJITHHS SIKICTIO PO3POBKH I CTBOPEHHSI
MOJII®YHKIIOHATBHAX NOKPUTTIB IIJISIXOM 3ACTOCYBAHHS
MPOLIECHOT'O MIJIXOY

Po3poOka Ta BOpOBamKeHHA y BHPOOHHULTBO HOBHUX NPOTPECUBHHUX TEXHOJIOTIH
IHKeHepii MOBEpxHi isg OTpuMaHHs momidyHkuioHanpHuXx mokpurtiB (IIIT), siki
JO3BOJISIIOTH  ONHOYACHO INJBHINUTH JeKiIbKa eKCIUTyaTallifHUX BIACTHBOCTEH
MarepiajgiB KOHCTPYKILiH, € OXHUM i3 IPIOPUTETHHX HAIPSIMIB PO3BUTKY CY4acHOTO
MalnInHOOyJyBaHHS. BiacTHBOCTI NMOKPHTTS TOBHHHI BiIIOBiaTH BHMOTaM BHCOKOI
CTabiIbHOCTI OCHOBHUX ITapaMeTpiB y Yaci 3a yMOBH BIUIMBY Pi3HHUX €KCIUTyaTalliiHUX
¢akropis. Lli mapamerpu BH3HAYAIOTHCS SIK SKICHUMH XapaKTEPUCTUKAMH BUXITHUX
MarepiajiiB, TaK 1 MOKa3HUKAMH SKOCTI Ha KOXKHOMY €TaIli TEXHOJIOTIYHOTO IPOIECY
HaHeCceHHs MOKpUTTA. CTaOUIbHICTP TOKa3HUKIB SKOCTi, Hampukian, (isuko-
MEXaHIYHUX Ta eKCILTyaTaI[iiHHX BIACTUBOCTEH AeTanell MallMH MOXIHMBA 32 YMOBH
MOCTIHHOTO BIOCKOHAJICHHS TEXHOJOTIYHHMX IIPOLECiB, IO JIeXKaTh B OCHOBI iX
BUPOOHUIITBA, 3MIITHCHHS 1 BiJIHOBIICHHS.

AKXTHBHE BIIPOBaDKEHHS NosokeHb cranaaptiB ISO cepii 9000 i monoxxens TQM B
CHCTEMY YIpaBIiHHA € HaHBa)XIMBIIIOK YMOBOIO MOAAIBIIOTO BIOCKOHAJICHHS
npoueciB oxepkanHaa [1I1. Ilpm 3acrocyBaHHI MPOIECHOTO MiAXOAY Y BHPOOHHITBI
BUHHUKAa€ HEOOXIAHICTH y PO3pOOLi CTPYKTYPHOTO OIUCY KOHKPETHOTO IIpOIecy —
MOJIeJI IpoLecy Ta peKOMEHIAIIH M0A0 1i BUKOPUCTAHHA. 3 METOIO MiJBHIICHHS SKOCT1
IIIT Ha mepmioMy eTami MPOMOHYETHCS TMPOBOMUTH CTPYKTYPHHH OIHC TPOILECY iX
orpumaHHs. [Ipomec HEOOXiTHO PO3TIISIATH 3 PiI3HAX TOYOK 30Dy, IPH HEOMY BHSBISTH
OCHOBHI XapaKTepPUCTUKH, HEOOXiaHI Ui Horo ycminrHoro (GyHKIIOHYBaHHS B Mepexi
BUPOOHMYMX TporueciB. [Ipy po3risai mporecy sK caMOCTIHHOI OIMHUII HEOOXiJHO
BCTAHOBHTH HalilMEHYBaHHs, NpHU3HAYEHHS Ipolecy, HOro KepiBHHMKa (BIIaCHHKA),
XapaKTePUCTHKU i METPUKH, BUMOTH 1O IpOLeCy, KpUTepii Ta MeToxu 3ade3nedeHHs
HOTO pe3yabTaTHBHOCTI.

Ha puc. 1 maBemeHO (parMeHT 3ampOIOHOBAHOI MPOIECHO-OPIEHTOBAHOI MOJEINI
YIpaBIiHHA SKICTIO po3poOku Ta otpuManHs [II1, sxka yTBOpIOE Taki (yHKIIOHATBHI
omoxu: mpoenenns HJP, mposenenns AKP, orpumanns I1I1, aHami3 pe3ynbTaTUBHOCTI
MpoIlecy Ta PO3pOOJIEHHS MPOMO3HUILii 1moa0 mosiniieHHs. KoxHuil i3 3a3HaueHUX
MiAMPOIIECIB PO3IIISIAIOTH JeTANbHIIIE 1 HOr0 MOYKHA JICKOMIIOHYBATH Ha KiJibKa PiBHIB.
Hampuxnan, nponec «Otpumanns I1I1» oxorumoe MiAroTOBKY MOBEPXHi, MiATOTOBKY
YCTaTKOBaHHS Ta MaTepialiiB, 6e3M0cepeHb0 HAHECEHHS TIOKPUTTS Ta KOHTPOJb SIKOCTI.

Jexomnosutiro mporecy ortpumanHs [II1 3a HaBemeHo Ha puc. 2, mO JAa€
MOXITUBICTH BUSIBUTH OCHOBHI ITPOOJIEMHI Ta YCITIIIHI ACTIEKTH CHCTEMH 1, B pe3yJbTaTi,
OpraHi3yBaTH MPOIIEC, IKUI TOCTIHKYIOTh, HAHOLIBII e()eKTHBHAM CITOCOOOM.

3anponoHOBaHa MPOIECHO-OPIEHTOBAaHA MOJENb YHPABIIHHS SKICTIO PO3POOKH Ta
orpumanss I1I1 n03BoJIsI€ CTBOPUTH HOTO CTPYKTYPHHI OIHUC, @ TAKOXK HAOYHO U OiJIbII
(dopMaTizoBaHO TIOJATH B3AEMOJII0 CHCTEMH YIMPABIIHHS SIKICTIO 3 TEXHOJIOT1YHUM
MPOIIECOM, BUPOOHHYUM CEPEITOBHIIIEM 1 TUHAMIKOIO HOTO 3/1iHCHEHHS.
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Puc. 2. lexomnosuuist npouecy A3 «Otpumannst [TI1»

Takok 3alpornOHOBaHAa MOJENb HaJae€ MOXIMBICTh BIACTEXYBaTH Iepedir
BHYTPIIIHIX i 30BHINIHIX 3MiH 1 aJE€KBaTHO pearyBaTH Ha HHUX 3 METOIO IiJBUIICHHS
SIKOCTI BUpOOJIEHOI mpoaykuii. Y mpoleci MOJENIOBaHHS BHSBICHO HEOOXiIHICTH
BBEJICHHS TIPOIIEAYPH OLIHIOBAHHS PiBHS PE3yIbTaTHBHOCTI mporeciB oxepxanus I1I1,
IO € aKTYaJbHUM HAIPSIMKOM HOJAJBIINX JOCHTiKCHb.

Hayxosuii kepignux — O.B. Paovko, k.m.H., 0oy.
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EHEPIETHYHI YCTAHOBKH

YK 629.76.03
Jopomenko E.B., Tepemenxo F0.1O., I'am3zer I1.
Hayuonanvueiii asuayuonnwlii ynusepcumem, Kues

TPAHCIIMPAIIMOHHOE OXJIA’KJIEHUE PEAKTUBHOI'O COIIJIA
KHUJIKOCTHOI'O PAKETHOI'O ABUI'ATEJIA

Co3zaHne  COBEPUICHHBIX  JKHIKOCTHBIX  DaKkeTHBIX  JABWrareneil  tpebyer
HPUMEHEHHS BBICOKOI(D(EKTUBHBIX CHCTEM TEIUIOBOW 3aILUTBI JIEMEHTOB BUTATEI.
M3ydeHnio IpoIeccoB TEIIOMaccolepeHoca B TypOYJISHTHOM IIOTPAaHWYHOM ClIOoe Ha
3aIIMIAeMON ITOBEPXHOCTH TPH HAJIWYMHM JIOKAJBHOTO M PACIpPEelIeHHOro BIyBa
MOCBSIIIIEHO OOJIBIIIOE YHCIIO SKCIIEPUMEHTAIBHEIX M TEOPETHUECKUX HcciemoBaHuil. K
Hanbojiee MEPCHEKTUBHBIM CHCTEMaM OXJIAKACHHS CIIeIyeT OTHECTH KOHBEKTHBHO-
IUVICHOYHYIO, TPAaHCIHPALMOHHYI0 W MOPUCTYIO CHCTEMBl OXJaxaeHus. Ilpu
pacrpesieIecHHOM BBIIYBE OXJIQIUTEIs Yepe3 IMOPUCTYI0 OO0O0JOYKY BHYTPEHHEro
KOpITyCca PEaKTHBHOT'O COILIA M CeKIIMOHUPOBAHHBIC OPHCTHIC YHACTKU 00eCIIeunBacTCs
HanboJee BhICOKas 3()(HEeKTHBHOCTD OXIIAXKACHHS.

Hapsimy ¢ coBeplIeHCTBOBaHHMEM TEXHOJOTHH CO3/AHHS IIOPHCTBIX CHUCTEM
oxnaxaeHus: A(Q(EKTHBHHIM ¥  pPAlMOHAIBHBIM, B CHIY  KOHCTPYKTHBHO-
TEXHOJIOTMYECKHX  TNPHUYMH,  SBISIETCS  WCHOJNB30BAaHME  TPAaHCIUPANMOHHOTO
oxnaxaeHus. TeXHOIOT sl CO3aHMs TPAHCIHMPALIMOHHOTO OXJaXICHHs 00ecreunBaeT
ONTUMAJIBHOE pACHpENeICHUEe TEIUIOBBIX IIOTOKOB II0 OOBOAY cOIla W Jaer
BO3MOXXHOCTh JOCTHTaTh 3(QQPEKTUBHOCTh OXJIAKICHUSA, ONM3KYI0 K MOPHCTOMY
OXJIKACHUIO.

B cratbe paccMaTpuBaeTCs  3ajada  OXJKACHHS COIUIA € IIOMOIIBIO
ra3oreHepaToHOro rasza, IPOXOALIEro uepe3 NOMOJHHTEIbHBINH razoHepeparop . B
pa3paboTaHHBIX METOJaxX pacyeTa TeIIoOOMeHa W TPEHHS Ha IIOBEPXHOCTH IIpH
HaJIMYUY JIOKAJBHOTO BBIAYBa HCHOJB3YIOTCS alpOKCHMAIMOHHBIC, WHTETrpalbHbIC H
YHCIICHHbIE MeTOABL. [lpu yuere BIMSHHS pPa3IMYHBIX (HAKTOPOB (CHKMMAEMOCTH,
HEN30TEPMHUYHOCTH, HEOJHOPOJIHOCTH TEUSHUS U TIp.) STH MOAXOIbI TPeOYIOT 3aJaHus
pacrpesiesieHusi CKOPOCTH M TEMIIEpaTyphl, y4eTa B3aMMHOIO BIMSHHUS Pa3IHYHbIX
(hakTOpOB, XapaKTEPU3YIOLINX PEANIbHBIC YCIOBHS TEYCHMIT M IPUCTEHHBIX MPOIIECCOB.

AHanM3  pacrpeniesieHHsi CTaTHYeCKOTO JAaBJCHMS, TEMIIEpaTypbl CTCHKH H
KOO (HUIMEHTOB TEIIOOTAAYH MOKa3al, YTO HAWIYYIIyl0 TOYHOCTh pacyera
obecrieunBaet SST K- mMomens TypOyIeHTHOCTH PH KOTOPO#l MOrPENIHOCTh pacyera B
00acTu BXOAHOTO ceueHus 8,8%, a Ha CpeIMHHBIX y4acTKax oxJaxkaaeMoro comia 5%.
TlosTomMy i MomenmpoBaHusi MoxeT ObITh pekomenmoBana SST k-0 Mozgens
TypOYJEHTHOCTH,  Kak  Haumbojiee  aJeKBaTHO  ONHCHIBAIOIIAS  IPOILIECCHI
TEIJIOMAcCONePeHOCca B CUCTEMAaX OXJIAXICHUS COMeI.
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CYYACHI ABIALIIMHI TEXHOJIOI'Ti

V]1K:629.735.036.34:004.3°122(045)
Kucasik M.I.
Hayionanvnuii agiayitinuu ynieepcumem, Kuis

CIIOCOBU MEPEBIPKHA TOYHOCTI PE3YJIBTATIB IIPU 3ACTOCYBAHHI
AKYCTHYHUX MOJIEJIEH

Ilpodnema suKopucmanna mMamemamuyHo20 MOOeII08AHHA Ol 6UHAYEHHA nApamempie
Ppeanvrozo npovecy nonsazac é nepegipyi 0ocmogipnocmi ompumanux oanux. Yepes wo eunuxae
HeoOXIOHICMb 6 GUKOPDUCHMAHHI CREYIAIbHUX RPUIIOMIE 04 OMPUMAHHA A0EKEAMHUX
pesynomamis.

JlocmipkeHHS IIyMy JliTaka € OJHUM 3 IIEPCICKTHBHHX HAmpsMKiB Mopudikamii, Imo
JIO3BOJIUTH KOMIIaHii BUUTH Ha CBITOBHI PHHOK Ta OYTH KOHKYPEHTHO CIIPOMOYKHOIO B HOPIBHSHHI
3 iHIIMMH JTiiepaMu aBiauiiiHoi npomuciaoBocti[l]. OnHak BUKOHAHHS aKyCTHYHHX JOCIIIKEHb Ha
eTall NMPOeKTyBaHHS Ta BHTOTOBJICHHS NBUTYHA, IOTpeOye NONATKOBUX MaTepiallbHUX 1 YaCOBHX
3aTpar.ToMy BHHHKA€ HEOOXiAHICTH B CTBOPEHHI MaTeMaTHYHHX MOJENeil JBHIyHA, IO OyIyTh
HaJaBaTU I[10YaTKOBE YSBICHHS Npo Moaudikaimii 10 1X BBeAeHHs B ekciutyaTauiro.lIporpamue
cepenoBuie ANSIS Hamae MOXIMBICTH BHKOPUCTaHHS PI3HMX aKyCTHYHHX MOAeNeil, IO B
JIOCTATHIM Mipi OMUCYIOTH 3MiHH SIK [IYMOBHMX XapaKTEPUCTUK JBUTYHA, TAK i ra30MHAMIuHUX [2-
4]. OnHak BenuMKy posib B MOJEJIOBaHHI Bi/irpae NPaBUJIBHICTh 3aJjaBaHHS IPAHHYHHX YMOB IIPH
IIOCTaHOBII Ha PO3PaXyHOK.

Bech po3paxyHOK HPOBOAMTBCS B JBa €TAlW: CTAIIOHAPHHN Ta HECTALIOHAPHHMN, B SKUX
3MIHIOIOTBCS TTapaMeTpu MOTOKy. JlaHa [is HeoOXigHa 4epe3 Te, IO BCi PIBHAHHS PO3PAXyHKY
3aMHKAIOThCS Ha PIBHSHHAX TypOYJIEHTHOI B'S3KOCTI 1 3 momepexmHix nocuiukeHs [5] Oymo
MOKa3aHo, L0 Haikpamie migxoauth came SAS SST Momens sika Mpaumioe JHIIE HA BXKE
MPOBEICHOMY CTalliOHAPHOMY PO3PaXyHKY, Uepe3 IO i HeOOXiJHO [Ba eTai MOJICIIOBAHHS.

B po6oTi BUKOHYBaJIOCH MOJEIIOBAHHS CTYIICHI BEHTHIIATOpPA 3 PO3MIPOM CITKH 7 MIIH.eI. Ta
TPaHUYHUMH YMOBAaMH, IO BiANOBIZaIM EKCIIEPUMEHTAJIbHUM IMOKa3HHKaM. KinbkicTh iTepariid
Oyio 00paHO 3 TOYKH 30py 3a0e3MeYeHHS] MiHIMaJIbHOI KiJIbKOCTI JJIsi aKyCTHYHOTO PO3PaXyHKY.
OJHAK 3HATTS MapaMeTpiB JUTA MOPIBHAHHSA MOKa3HHUKIB BHKOHYBAJIOCh HE B OJHiif YacoBiif Toumi a
B YaCOBOMY IPOMIDXKKY, OCKIJIBKM XapakTep MPOTiKaHHS B KaHaJi HOCHTh ITyJIbCYIOUMI Xapakrtep,
TOX 3HAUCHHS THUCKY, TEMIIEpAaTypu, 4Mcia Maxa Ta IHIIMX MalOTh Pi3HI 3HAUCHHS B Mexax
MIEBHOTO TIPOMDKKY 1 JUIS IIbOTO HEOOXiTHO BH3HAYHUTH CEpeIHE 3HAUCHHS, o 1 Oyae BipHUM IS
JIAHOTO PO3PAXYHKY.

Cnucok eukopucmanux oxcepein
1. Xanerxui, }0./1. Dxonormyeckuenpobinemslasuanyy [ Tekcr] / }0.[l. Xanenxuit. — M. : TOPYC
ITPECC, 2010. — 504 c.
2. Documentationfor ANSYS ICEM CFD 14.0 [Enexrponnwuii pecypc] / ANSYS Inc. - 2011.-
Pexum noctymy: http://www.academia.edu/3196227/ANSYS_ICEM_CFD_14_Tutorial Manual
3. Horvath C., Broadband noise source model a coustical investigation on unskewedand skewed axial
flow fan rotor cascades / C. Horvath, J. Vad, 14th InternationalConference on Fluid Flow
Technologies. 682-689 pp. 2009.
4.Gennaro M., FfowcsWilliams-Hawkingsacousticanalogy for simulation of NASA SR2 propeller
noise in transonic cruise condition. / M. DeGennaro, D. Caridi, Prof. M. Pourkashanian. V
European Conference on Computational Fluid Dynamics. Lisbon, Portugal, 14-17 June 2010
5.Kucask M.1. BusHadeHHs parioHansHOT MOJeNi TypOYIEHTHOCTI JJIsl OTPUMAHHS XapaKTEPUCTHK
CTYNEHI BEHTHISATOPa OCbOBOTO KOMIIpECOpa Ta30TYpOIHHOTO JBUTYHA 3 BHKOPHUCTAHHSAM
nporpamuoro kommiekcy ANSYS [Teker] / M.I. Kucnsak, B.B. Komapos, M.M. Mitpaxosuu /
TexuomornueckuecucteMsr. — 2015. — Ne3 (72). — C. 62-67 — bubaumorp.: c. 67. — ISSN 2074-0603.

Hayroeuui kepisnux — Mimpaxoeuu M. M. 0.m.n., npog
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VJIK 692.735.083.002.5:62-69.001.57(043.2)
Komapos B.B.
Hayionanenuu asiayitinui ynieepcumem, Kuis

MOJIETTIOBAHHS Y IPOTPAMHOMY KOMILIEKCI ANSYS CFX BILIMBY
CHJIOBHUX CTOVOK Y IO3BYKOBOMY BXIIHOMY IIPUCTPOI KIJIBIIE-
BOI'O THITY CUJIOBOI YCTAHOBKHM 3 TBUHTOBEHTUJISITOPHUM
JIBUT'YHOM HA HEPIBHOMIPHICTH ITOTOKY HA BXO/II B KOMIIPECOP

B nammii wac cmocTtepira€Tbcsl TEHIEHINS PO3POOKH JITaKiB HeTpajuMiHHMX
aepoxnHamigyHuX (opMm. lle mos's3aHO 3 mociIeHHAM BUMOT 110 JIA i KOHKYpeHI€ro,
mo 3aroctpmwiacsd. OIHEM 3 HMEPCHEKTHBHUX CIIOCOOIB IOJIIMIIEHHS aepoANHaMIdHOT
SKOCTI JIiTaKa € 3aCTOCYBaHHS CHJIOBOI YCTAHOBKM 31 CHIBBICHUMH JBOPSAUMH
TBUHTOBEHTHJIITOPAMH TPOTWIEKHOTO oOepTaHHA. [lpuw Takii KOMIIOHOBLI BXiJ B
MOBITPO3a0ipHUK pPO3TAIOBaHWK 32 pPOOOYMMH TBHUHTAaMH 1, SK HACIIIOK, MOTIK
pobodoro Tima B 00MacTi BXiZHOTO TPHCTPOIO Mae CKIagHHN Xapakrep. [IparHeHHS
3HU3UTU BTPATH Yy BXiJHOMY IPUCTPOI NPH3BOJIUTH A0 HEOOXITHOCTI BUKOPHUCTAHHS
JOCHTH CKJIQIHOT hopMu KaHay.

IIpn mpoekTyBaHHI TaKUX MPUCTPOIB BUKOPHUCTOBYIOTHCS METOJHM MaTEMaTHYHOTO
MozemoBaHHs. Taki MiIXoqu TO3BOJIIIOTH iICTOTHO CKOPOTHTH BHTPATH Ha PO3pPOOKY,
3aMIHMBIIN CO0OI0 JOPOTHH EKCIEepPUMEHT. TakoXk, BHUKOPHCTaHHS PO3PaXyHKOBUX
IHCTPYMEHTIB IO3BOJIE€ 3HAYHO MOJIMIINTH XapaKTEPHCTHKH TypOOMAIIMH i 30KpemMa
BX1THHX MPHUCTPOIB, KOMIIpECOpiB i TypOiH ra3oTypOinaux apuryHis (I'T/).

3aBoaHHS JOCTIDKEHHS TMONsirae B opraHizamii Oe3BigpwBHOI Tewii B KaHami
BXiTHOTO TIPHCTPOIO 1 3a0e3MeUYeHHs] BUCOKUX XapaKTEpUCTHK IMOBITPO3a0ipHHUKA 5K B
yMOBax MOJbOTY Ha BEJMKid BHUCOTI i, BIAMOBIJHO, MPH HU3bKUX YHCIaX Re, Tak i Ha
3JIITHO-TIOCAI0YHUX PEKHMAX.

VY poGoTi mpescTaBieHi pe3yabTaTH PO3PaxyHKOBHX IOCIIKEHb HEPiBHOMIPHOCTI
MOTOKY Ha BXOJi B KOMIIPECOpP J03BYKOBOT'O BXIJHOTO MPHCTPOIO KiJBIEBOTO THUITY
CHJIOBOI YCTQHOBKM 3 TBHHTOBEHTHJIITODHHM JBHTYHOM Ha 0a3i BITYH3HSHOTO
TBHHTOBEHTWISITOPHOTO ABHTYHA J[-27. Po3paxyHKOBI JOCITIIKEHHS MIPOBOAMINCE JUIS
IIBOX BapiaHTIB BXiITHOTO TNPHCTPOIO: 0a30BOr0 BHKOHAHHSA Ta KaHAIy 0e3 CHIIOBHX
CTOMOK, TpHM HATYpHUX IIapaMeTpax HaOIraro4oro MOTOKY 3 BHKOPHCTAHHAM
MNPOrPaMHOT0 KOMIUIEKCY PO3paxyHKy B's3kux (piBHsHHs PeitHonbaca) teuiit ANSYS
CFX i3 3acrocyBanHsM SST-mozeni TypOyneHTHoCTi. Y po3paxyHKax iMiTyBajach
poboTa IBHIYHa NDIIXOM 3aBJaHHS MacoBOi BHTpPaTH IOBITPS Ha BHUXOAI 3
noBiTpo3abipHuka. OOpoOka reomeTpii 1 TOOyZOBa  pPO3pPaxyHKOBOI  CITKH
3xiticHIoBanucs 3 BukopucTaHuaMm nporpamu ANSYS ICEM CFD.

OTpuMaHi B IPOIIECi MOAEIIOBAHHS PE3yIbTaTH OyIyTh KOPHCHUMH JUIS CTY/ACHTIB
aBialifHUX BY3iB Ta JUIS CIIBPOOITHHUKIB MiJIPHEMCTB a€pOKOCMIYHOTO MPOQLII0, M0
3aliMarOTHCS MMPOEKTYBaHHAM 1 moBepeHHsM [T/,

Hayxosuii kepisnux — M.M. Mimpaxosuu, 0.m.n., npog.
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YK 629.735.036.34.5(043.2)
Mopo3 A.O., Topxos K.M.
Hayionanvnuii agiayitinui ynieepcumem, Kuis
BIIJINB EKCHHYATAHIﬁHHX ®AKTOPIB HA TEXHIYHUM CTAH
T'A3OTYPBIHHUX YCTAHOBOK

Excnayamayiini - ¢hakmopu  npueodsams 00 HecnpasHocmell ma 8iOMO8 2a30mypOiHHUX
06UYHIG, 2a30MYPOIHHUX YCIMAHOBOK | 2a30MypOiHHUX azpeeamis. AHANI3 8IOMO8 AKUX NOKA3YE, WO
0N agiayiliHux O8USYHI6 HAUOILIbUL NOUWKOONCYBAHOK YACMUHOK € NPOMOYHA YACMUHA, Ol
HA3eMHUX OBULYHIB - CUCMeMU KOHMPOIO | d8MOMAMUKU, X0Yd € NPUOIUZHO OOHAKOBUL BI0COMOK
8I0MOG NOG'SI3aHUTL 3 ONOPAMU [ MACTOCUCTNEMOIO OBUSYHIE.

CTaTHCTUKY BiJMOB II0 OCHOBHMX BY3llaX i CHCTeMax aBiallifHMX Ta30TypOiHHUX [IBHTYHIB
(I'TH) [1] npencraBneno Ha puc.l.

e e BUTMOR S
Tporousoi Onop poropis PepepcHBHOrO Crcremn Cucremn Cucremn Konrpomsno-
HACTHHIA TPHCTPOIO 3amycKy i i i
yquip; | [9HOTO CHCTeMH
Je s | perymoBaHns |
[
z% l
| |
70 1+ { ’
|
| | |
60 T J 1 ‘
|
50 +
40 +
30 +
20 T
10 7T
i ] BN\

B oo N-/oa [ BB

Puc.1. Posnoxin BinmoB asiamiitanx I'T/l B ekcrutyaranii mo By3nam i cuctemam, ae JI3/1 —
BIIMOBH, MpPUBEIH JO JOCTPOKOBOTO 3HIMaHHsA JBHryHa; J[3A — BiAMOBH, NpHBENIU [0
JIOCTPOKOBOTO 3HIMaHH arperaty; BBE — BizMoBH, 1110 BUIIpaBIIeH] y eKcIUTyaTaril.

B pesynpTaTi  CTaTHCTHYHOTO  ONpAIfOBaHHSA  akTiB  aBapiifamx  3ymuaoK  JIK
«YKPTPAHCI'A3» oTpuMaHO jiarpaMd  BiIMOB 1O pI3HUM THIaM Ta30TYpOiHHUX
rasonepekadyBanpHux arperaris ['TIA (tun I'T/I), a came: I'T-750-6 (I'T-750-6); ' TH-6 (I'TH-6);
I'TK-10 (I'TK-10); I'TK-10I (MS3002); I'TH-16 (I'TH-16); I'TK-251 (MS5002); I'TH-25 (I'TH-
25); TTIA-11-6,3 (HK-12CT); TTIA-1I-6,3A (JI-336-2); I'TIA-6,3C (AT-71); I'TIA-LI-8A (AU-
336-8); I'TK-10A (AHM-336-10); I'TK-10C (JH-70); I'TIY-10 (AK-59P); TITIA-LI-16 (HK-
16CT); T'TIY-16 (JXK-59J1); ['TIV-16K (AV-71); TTTA-11-16C (AT-90J12); I'TIA-25C (JIH-80).

Ha ocHoBI 3i0paHuX CTaTUCTMYHUX JaHUX 3a 10 pOKiB pO3MOJIN BiIMOB BY3JIB i CUCTEM, IO
NMpUBENM 10 aBapiiHuX 3ynuHOK [TIA BUIIsmae: KOHTPOJNBHO-BUMIPIOBAJbHI HpHIamd i
aBTOMatHka — 41,2%; enekrpoobiaagnanus — 16,0%; wmacnsaHa cucrema — 14,5%; omopu I'TIA —
7,8%; kamepa 3ropanss — 4,1%; ocpoBuii kommnpecop I'TY — 2,3%; By3ox Typbinu I'TY- 1,6%;
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HarHitau — 2,4%; nomomixue oOnamHanHs — 4,5%; moxacekuid daktop — 2,2%; pisne — 2%;
HaJ3BUYAiiHI cuTyauii (mpupoaHi sieuma) — 1,4%.

3po3yMino, 10 Ha BHHMKHEHHS BiZIMOB BIUIMBAIOTH yYMOBH IIPOCKTYBaHHS, BUPOOHHITBA i
eKCILTyaTamii, SKi XapaKTepHU3yIOThCS TAKUMHU (PAKTOPAMH, SIK XapaKTEPHCTUKOIO MaTepialiB
JieTaleil By3JiB Ta €JIEMEHTIB CHCTEM TEXHIYHOro 00’€KTy eKCIUTyaTallil, 3amacaMy MillHOCTI;
BOpoBapKeHHsIM B KoHctpykiio I'TH, I'TY, I'TTA MeromiB i eneMeHTiB craHiaprtu3amii i
yHiQiKaIii; TEXHONOTIYHICTIO BHTOTOBICHHS Ta  PEMOHTY; KOHTPONCNPUAATHICTIO 1
EKCIUTyaTalliiHOK TEXHOJIOTIYHICTIO; OpTaHi3alli€l0 eKCIuTyaTallii, KBajidikaiieo mnepcoHany;
HPUPOAHBO-KIIMATUYHUMH YMOBaMM CKCIUTyaTallii; CHJIaMM 1 MOMEHTaMH, IO BH3MBAIOTh
HAIPYXEHICTh JeTanel Ta By31iB; sKICTIO pOOOYHX Til poOOYOro mpouecy JBUIYHa, HOTo By3NiB Ta
cucTeM (TAIMBHOI, MAICHHS, TiIpaBIiYHOI Ta iH.); MATPHMKOIO BCTAHOBIEHHUX PEXHMIB poOOTH
JIBUTYHIB, arperaTiB Ta iX cHCTeM; HApOOITKOM B TOANHAX 1 LIUKJIAX..

3 aHali3y CTATUCTHKHU BiJ]MOB aBiallifHUX JBUTYHIB 1 Ha3eMHHUX ra30TypOiHHHX JIBUTYHIB i
arperariB MOXKHa BIAMITUTH Pi3HHUILIO B NepeNiKy NIPHIMHH iX BiAMOBH. Lle MOSACHIOEThCS yMOBaMHU
ekcrutyaranii. Hanpukian, Mu 6a4nmo 3Ha4YHUIA BicoTOK BiqmoB apiauiiiaux ['T/I, mo moB's3anuii
3 {oro mpoTOYHO YacTHHOIO; [Tt HazeMHUX ['TY, I'TIA e cucteMu KOHTPOIEHO-BUMIPIOBATEHUX
MPUCTPOIB i aBTOMATUKHU. AJie € BIJIMOBH 3arajbHOrO THITY, ITOB’s3aHi 3 SIKICTIO CEpelOBHUINA Y
SKOMY IPALOIOTh By3IM Ta ix Aetaii. Lle xapakTepHo Juist cHCTeM 3MAILCHHS Ta BY3JIB OHOP
poTOpiB.

Bucnoeox

Just 3menmenus Bigmo ['T/, I'TY, I'TIA ocobnuBy yBary Cii[ NPUALTITH SIKOCTI poOOYMX
TLJI, TOOTO IJIS IPOTOYHOI YACTHHH — ITOBITPIO, UL OLIOP POTOPIB — MACTHIILHOMY CEpPEIOBHII.

Cnucok BUKOPUCTAHUX JIzKepesT

1.KoznoB B.B. Ananu3 u kiaccuduxanus aedeKToB, MPUBOMIMIMX K OTKa3aM Ta30TYpOHHHBIX
JBUratenei B OKCIUTyaTanuu. MeTomsl M CpejcTBa KOHTPOJIS TEXHHYECKOrO COCTOSHHUS
aBUALMOHHBIX ABUTaTENe: cO.HayuH.Tp. - K.: KUWT'A, 1989.-C.128-135.
2.Koznoe B.B., Tapacenko A.B., MomnoukoB M.A. Omnpenenenne U  KiaccUpUKALHs
9KCIUTyaTAlMOHHBIX (PAKTOPOB, OKAa3bIBAIOIIMX BIMAHME HA TexHudeckoe cocrosaue [TJI./
OKcITyaTallMOHHAs HAaJIKHOCTh Ta30TYpOMHHBIX nBuraTeneil: c6.maydn.tp.- K.: KMHI'A,1988.-
C.59-64.
3 Kymuuk I'.5., [anua B.B., Kosnos B.B. Ananu3 BiIusHHs IKCIUTYaTallIOHHBIX (AKTOPOB Ha
Xapa-KTePUCTHKH KOMIIPECCOPOB Ta30TypOMHHBIX aBurarencii./ MeTomsl U cpencTBa KOHTPOIS
TEXHUYECKOTO COCTOSIHUSI aBHAIIMOHHBIX ABMrateneil: c6.Hayun.tp. - K.: KUUT'A, 1989.- C.124-
128.

Hayxosuii kepienuk — Kosznog B.B. k.m.H., doy.

108



CYYACHI ABIALIIMHI TEXHOJIOI'Ti

VIIK 62-231.22 "401"(043.2)
Mopo3s A.O.
Hayionanvnuii agiayitinuu ynieepcumem, Kuis

BIIVIMB HA JOBI'OBIYHICTb IIAIIWIIHUKIB OIIOP I'TY SIKOCTI
OJINBU Y CUCTEMI 3SMALIEHHS

B pobomi 3anpononosanuil nioxio usHaueHHs KoeqiyicHmy, wo KOPeKmye 008208IYHICb
(pecypc) niowunHnuxie onop 3a ymoeamu ix ekcniyamayii.

He Bci exciutyaraniiiai GaxTopu, 10 BIUIMBAIOTH HA JOBIOBIUHICT MiANIUITHHUKIB, BpaXOBaHi y
BIZMOBITHOMY cTaHmapTi [1], KOHKpeTHO — 3HAYCHHs KOe(illiEHTY as, SKili KOPEKTye pecypc 3a
YMOBaMH €KCIUTyaTallii (IIOripIIeHHS BIACTUBOCTEH MAaCTHIBHOTO CEPEIOBHINA, B SKOMY IPALIOE
I AUITHAKOBHH By301). ToMy #oro BH3HAa4eHHS Ta BIUIMB Ha JOBTOBIYHICTH IIiJIIIMITHUKIB OHOP
ra3oTypOiHHOrO JBHI'YHAa MPEACTaBIAIOTH HAyKOBY HOBH3HY. IloripiieHHS MacTHIBHOTO
cepenoBuia OOYMOBJIEHE 3 HAapOOITKOM 3a0pYyIHEHICTIO MACTWIa MPOAYKTAMH 3HOLICHHS,
OKHMCJICHHS Ta o00BoxHeHicTIo. OcTaHHiIH (aKTOp OTPHUIATEIBHO BIUIMBAE Ha PpoOOTY
MAHITHAKOBOTO By3ia Ha nodatky po6or ['T/I, I'TY, I'TIA BH3uBaiOUH rpaHHIHHNA PEKUM TEPTS
y HiJUIMIHAKY Ta 3MEHIIIY€E HOTo TOBrOBIYHICTB 1 pecypce.

Bu3HaueHHs CKOPETrOBaHOTO PO3PAaXyHKOBOTO PeCypcCy (IOBrOBIYHOCTI) OCHOBYETHCS Ha TOMY,
1[0 MacTUIIbHE CEpPEAOBHILE HOPMAaNbHE, TOOTO TOBIIMHA MACIISIHOI IUTIBKH y 30HaX AOTHKY, TijlO
KOUYCHHSI/IOPIXKKa KOYCHHS, TOPIBHIOETHCS 200 HE3HAYHO OiNblIe CyMapHOI IOPXOCTH MOBEPXOHBb
notuky. [Ipu BukoHaHHi wiel BuMoru az=1.

IIpu mpoBeeHHI MOIYHATYPHOTO EKCIIEPHMEHTY Ha YETHIPEXKY/IbKOBOI MammuHi Tepts YMT-1
(puc.1) [2] i Ha 0OBOAHEHOMY Macii Ha PeXKHUMI HABAHTAXKEHHsI | cepeqHiil AiaMerp 3HOCY TPhOX
HWKHIX KYJIBOK Yy IIICTBOX BUMIpIOBaHHSX 3pic B 50 pasiB. [Ipu mpomnopuiiHOMy LbOMY 3HOCY
3MiHeHHi koedimient a; Oyme mopiBHroBatmcs 0,02. VY BiANMOBIZHOCTI 3 IUM 3MEHIIUTHCS
CKOpErOBaHUI pO3paxyHKOBHI pecypc (JOBrOBIYHICTD) MiANIMITHUKA.
3HaveHHs a3>1 Moske OyTH, SKIIO YMOBH
MAILIEHHS HACTIIBKU XOpOlli, 110

IMampon ¢ wapuxor IMOBIPHICTB Bi/]MOBH 32 PaxyHOK
TIOIIKO/KEHHST TOBEPXOHb ITiIIIMITHHKA,
Havepsemes e Maja.
CA Hy}l(
usnoca Bucnosox

oLy PereHepyrous MacTWIO HE TiNBKH

MIIIXOM  WOro  jerasaifii, 3HWKEHHS
e TEeMIIepaTypH, OYMIIEHHS BiJl TPOAYKTIB
R 3HOCY Ta OKHUCIIEHHS, a TaKOX ILIIXOM

3HCBOJHEHHS 1 OOE3KICHEHHS B yMOBax
i e eKCIUTyaTallii Ha eTami TTiATOTOBKH JBUIYHA
JI0 3aITyCKy, MOXIIMBO depe3 KoedilieHT a3
T ITPUMYBaTH PO3paxyHKOBY

JIOBTOBIYHICTH (pecypc) MiAUIMITHUAKA.
Puc. 1. By3on TepTs 4OTHPHOX KYJIbKOBOI MallIMHH

CRucok 6uKopucmanux oxcepen

1. TOCT 18855-94: Ilommmnauky kadeHws. J[MHaMudeckas pacdyeTHas TIpy30HOJbEMHOCTH U
pacyeTHbIH pecypc (I0IrOBEYHOCTD).
2. TOCT 9490-75: Marepuaibl CMa304HBIC JKHIKHE U IUTACTHYHBIC. MeTOom ompeneeHus
TPUOOJIOTHYECKHX XapaKTEPUCTUK Ha YETHIPEXIIAPUKOBOI MallIiHE.

Hayxosuui kepisnux — Ko3noe B.B. k.m.H., doy.
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Hayuonanvuwiii asuayuonnwiii ynugepcumem, Kues

OIITUYECKAA INIHPOMETPUYECKASI CHUCTEMA JJIsI HU3MEPEHUS
TEMIEPATYPbBI HOBEPXHOCTH JIOITATOK TYPBUHBI I'T /|

Ilpedcmasnenvt  ocrnosHble pezyibmamel  pabom no  CO30aHUI0  MHO20KAHAIbHOU
ONMUYECKOU NUPOMEMPUUECKOU Cucmemsl Ol KOHMpOIs paboyux J1onamox mypouHsl
8bICOK020 OasneHust. Onmuueckas nupomempudeckas cucmema OIIC-2010 ycmarnoenena
Ha 2azoeenepamope osucamens I11/[-14 u obecneuusaem oOHO8peMeHHOE, HENPEPbIGHOE
mepmomMempuposanue 6cex pabouux aonamox 1 u 2 cmyneHu mypOuHbL 6bICOKO20
Oasnenus 8 npoyecce CMeHO08bIX UCHbIMAHU.

Beenenne

T"azorypounnsie neuratenu (I'T/I) 3a ceMbaecsT €T CBOEro pa3BUTHS CTAJIM OCHOBHBIM THIIOM
JIBUraTesied Juisi BO3AYLIHBIX CYyIOB COBPEMEHHOW TI'pakIaHCKOH aBuauuu. ['a30TypOuHHBIE
JIBUraTeJId - KIACCUYECKUH NpPUMEp CIOXKHEHIIEro yCTpPOMCTBAa, AETAIM KOTOPOro paboraroT
JUIITETBHOE BpeMs B  YCJIOBUSX BBICOKHX TEMIIEpaTyp ¥  MEXaHHYECKHX Harpysok.
BeicokoadekTnBHAS M HajeKHAsS OKCIUTyaTal[s aABUALMOHHBIX Ta30TYPOMHHBIX CHJIOBBIX
YCTaHOBOK COBPEMEHHBIX BO3IYIIHBIX CyJOB HEBO3MOXHA 0€3 NPHMEHEHHs CHELUAIbHBIX CHCTEM
aBToMarmdeckoro ympasineHus (CAY). KpaiiHe BakHO OTciexHBaTh pabodne IapaMerpsl
JIBUTaTells, yIPaBIIATh UMU UL 00eCIIeueH s BICOKOH HalIeKHOCTH pabOThI U JUIUTEILHOTO CPOKa
ero skcruryaranuu. ClieoBaTeNnbHO, OTPOMHYIO POJIb MIPAeT BHIOOP aBTOMATHYECKOH CHUCTEMbI
YIIPaBIICHUS IBUTATENIEM.

B mHacrosmiee BpeMs B Mupe LIMPOKO HCIOIB3YIOTCS BO3AYLIHBIE Cy[a, HAa KOTOPBIX
YCTaHABIUBAIOTCS [BUTaTeNd V  IOKOJIEHHsA, OOOpyIOBAaHHBIE HOBEHIIMMH CHCTEMaMH
aBTOMAaTHYECKOTO YIpaBiieHUs Tumna. Ha aBHAIMOHHBIX Ta30TypOMHHBIX ABUTATENSIX IIEPBBIX
MOKOJICHUH yCTaHABIMBAINCH TuipoMexanndeckue CAY.

CepbesHoe H3ydeHHE YCTPOMCTBA M pabOTBl CHUCTEM aBTOMAaTHYECKOIO YIPaBICHUS
aBuanMoHHbIX ['TJ] sBisieTcss HEOOXOOWMBIM YCIIOBHEM IPABHIBHOCTH OIEHKH TEXHHIECKOTO
coctostHus (quarHocTuku) AC ynpaBlieHHS M MX OTIENbHBIX 3JEMEHTOB, a TaKkke 0e30macHOi
skcmutyatanud CAY aBHAIHOHHBIX a30TYPOHHHBIX CHJIOBBIX YCTAHOBOK B IIEJIOM.

OnmunM u3 Hamboliee HAarpy)KeHHBIX KOMIIOHEHTOB ropsdeil wactu I'T sBISIOTCS JOmATKH
paboyero koseca mepBoW cTymeHH TypOuHbl Bbicokoro namienusi (TBJl). OObekTuBHas u
CBOEBpEMEHHAasi OIleHKa TemIepaTypsl pabounx somnatok (PJI) TBJ sBnsercs onHoit u3
NIPUOPUTETHBIX 3aJad KOHTPOJSI M JHAarHOCTHKH. ENWHCTBEHHBIM M 0e3ajJbTepHATUBHEIM
CPEACTBOM TIOJYYEHHUS! JOCTOBEPHOH HM3MEpPUTENFHOH HMH(POpPMALUM O TEKyIIeH MIHOBEHHOM
temmeparype PJI sBistoTcs OecKOHTaKTHbIE cpencTBa ontudeckoil mupomerpuu (COIT). Mmenno
yHUKaJIbHbIEe BO3MOKHOCTH COIl  00ycnaBIMBalOT HEHCCSAKAEMBI HMHTEpEC CIEIHANCTOB
JIBUraTeNIeCTPOUTENbHBIX QHPM.

OIIC oOecneunBaer u3MepeHue Ttemiepatypbl BauamazoHe 700-1150 °C u He Tpebyer
JIOTIOJIHUTENBHOr0 Ipenapupoanus repmonapamu PJI TBI.

I crmar AT e st Toma orepaTopa

FCLOKC2) cxnennix

A ] x2

FCLOKC2) 3 emmernin]

Puc. 1. Cxema ycTaHOBKM MHOT'OKaHAJILHOM ONTHKO-3JIEKTPOHHOW MUPOMETPHYECKON
CHCTEMBbI Ha CTEH/| JUIsl UCTIBITAaHUI ra3oreHepaTopa:
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M1, M2 - ruOkue BOJIOKOHHBIE CBETOBOABI ONTHYECKHUX 30H/I0B;

O11I1-M2 - onTHyeckuii TIPOMETPUIECKHHI IIpeodpa3oBaTenb;

K1 (K2), K1 (K2) - xabenu coequHHUTENbHbIC UIsl QHAJIOTOBBIX CUTHAJIOB;

Wb - unTepdeiicHblil 650K 1 TPeoOpa30BaHKs aHAJIOTOBBIX CUTHAJIOB B HU(POBYIO hopmy;
1K - mopTaTUBHEIN KOMIIBIOTEP CO CHEHAITH3UPOBAHHBIM IPOrPAMMHBIM 00ECIIEeUCHUEM.

3akmloueHne

1. Onrumueckass mnmpomerpudeckas cuctema OIIC- 2010 ofecreunBaeT HeIpepHIBHEIN
MOHHUTOPHHT TEMIIepaTypbl pabOYuX JIONATOK MEPBOM M BTOPOil CTymeHeH TypOWHBI BHICOKOIO
JIaBIEHHSI B IPOIECCe CTEHIOBHIX HCIBITAaHUH. TeXHHYeCKHe XapaKTePHCTHUKH pa3paboTaHHOU
CUCTEMBbI IO3BOJIAIOT MPUMEHATH €€ Ha pasznuunblX I T, I'TY ps peuenns aHaloru4Helx 3aaad.

2. Jlna peanu3anmu CTpaTeruy SKCIUTyaTalMyd aBUAaUMOHHBIX [T/l mo TexHH4ecKoMy
COCTOSHHIO HeoOXoIuMa pa3paboTka METONUK M AJITOPUTMOB aJeKBAaTHOTO ydeTa HapaOOTKH
HanboJee HaNPsDKEHHBIX KOMIOHeHToB - PJI TB/I.

3. dns nmpeoponenust GaprepoB, crosummx Ha mytd npumeHenuss COIl B kauecTBe MITATHBIX
OOPTOBBIX YCTPOMCTB, TpeOyeTcs 3HaYNTeNIbHAsI HapaboTKa B cocTaBe pa3nuyHbix THioB [T, T'TY
W OCO3HaHHE  CHEUAINCTAMH  YHUKAIbHBIX  BO3MOXKHOCTEH  ONTHKO-DJIEKTPOHHBIX
MTHPOMETPUUECKUX CHCTEM.
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yrpasnenuss temnepatypsl jomatok I'TJ{ [Texcr] / B.I'. Asrycrunosmu, A.H. CaxenxoB //
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Hayrosuii kepisnux —Kmoui B. M. acucmenm
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