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FEATURES OF THERMODYNAMIC CHANGES IN OIL AND
GAS-SATURATED POROUS MEDIA

Doroshenko V.V., postgraduate student, Titlov O.S., professor
Odessa National Technological University
E-mail: znajpomni@gmail.com, titlov1959@gmail.com

Industrial experience and research show that almost all field operations—drilling and well workovers,
reservoir perforation and testing, hydrocarbon production, and artificial reservoir stimulation—are potential
sources of irreversible changes to the initial thermobaric equilibrium of the reservoir. This is characterized by
changes in reservoir pressure and temperature during hydrocarbon extraction. These processes lead to alterations
in the oil and gas-saturated porous medium, including the formation of a two-phase flow (oil and gas) upon
reaching saturation pressure. This results in reduced well productivity and the formation of a zone with deteriorated
filtration properties near the wellbore, referred to as the wellbore zone of the reservoir.

The oil and gas-saturated porous medium is a complex thermodynamic system. Oil and gas within the
Earth's crust are located in cavities, channels, and fractures of various structures, forming multicomponent,
multiphase thermodynamic systems. Subsurface reservoirs are characterized by various statistical parameters:
porosity m, wetting surface f, permeability k, elasticity g, heat capacity ¢ and thermal conductivity A .

The development of a dissolved gas regime when the pressure in the drainage zone decreases to the
saturation pressure of oil by gas during the joint filtration of liquid and gas to the well is accompanied by
continuous temperature changes. This disrupts the phase equilibrium of the oil, causing solid paraffin to precipitate
from the solution, which leads to increased hydraulic resistance in the flow. The possibility of paraffin deposition
in the pores of the wellbore zone is confirmed by well operation practices.

In a porous medium, any temperature change in one component is inevitably associated with heat exchange
between other components of the medium. Therefore, an adiabatic process within an individually considered phase
of the porous medium is unrealistic. Adiabatic processes can occur in the porous medium only as a whole,
considered as an isolated system. The nature of such processes also depends on the laws of heat transfer and
thermal interaction between the components of the porous medium.

Changes in the porous medium can be determined according to the Joule-Thomson effect, expressed for oil
(1) and gas (2) as follows:

Tp=To= —&o(Pp—P) (1);
To—Tg= —&4(Pp—P) (2),

where &, & The integral Joule-Thomson coefficient for oil and gas, °C/Pa; T, - the initial reservoir
temperature, °C; P, — reservoir pressure, Pa; P- the oil and gas pressure corresponding to the temperatures of oil
T, and gas Ty, Pa.

It leads to the precipitation of paraffin crystals from the oil-gas mixture. The heat of paraffin precipitation,
or crystallization heat, is the energy released during the transformation of paraffin from a liquid to a solid state.
This is a physical process in which heat is released due to the formation of a crystalline lattice.

Taking into account the calorimetric equation of the oil-gas mixture and the flow rate of free gas, the critical
value of the gas factor at which paraffin crystals begin to precipitate from the oil solution can be determined as
follows:

_ (cgpgegbaP—copoeo)(Pp—P)—(cgpgbaP—copo)-(to—tp) @3)
cgpgegh-(Pp—P)—cgpgh-(to—tp) ’

Go

where Gy — operational gas factor, m*/m?®; a« — gas dissolution coefficient in oil, m*m?; b — oil formation
volume factor; ¢ — heat capacity of oil and gas at constant pressure or volume, kg-m?/s kg °C; po, pg — density of
oil and gas under standard conditions, kg/m?.
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The dependencies we examined, based on the principles of the Joule-Thomson effect, allow for a
guantitative assessment of temperature changes in the wellbore zone of the reservoir. These dependencies justify
the selection of wells for thermal treatments and establish operating modes for wells that prevent paraffin
precipitation in the reservoir pores. This helps to avoid a reduction in reservoir permeability and a decrease in well
productivity.

It is important to note that the examined dependencies do not take into account the heat released during
paraffin precipitation from oil or the heat exchange with the surrounding reservoir rocks. These factors depend on
many variables and require further investigation.
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DEVELOPMENT OF SYSTEMS FOR OBTAINING WATER FROM
ATMOSPHERIC AIR ON THE BASIS OF ABSORPTION
WATER-AMMONIA REFRIGERATORS AND SOLAR COLLECTORS

Osadchuk E.O., Senior teacher
Odesa National University of Technology, Odesa, Ukraine
E-mail: osadchuk1980@gmail.com

Since ancient times, fresh water, in very limited quantities, has been obtained by collecting condensed. One
of the features of absorption refrigerators of all types is the interdependence of temperatures in the characteristic

processes of the cycle-the temperature of the heating medium t, , the temperature of the cooling medium t,, and
the temperature of the cooling object t, . Of the three temperatures, only two can be arbitrarily assigned. As

practice shows, the operation of the refrigeration unit should provide a given level of cooling (t,,), and the

installation itself should operate under appropriate climatic conditions, that is, at a given temperature of the cooling
medium. Therefore, the real parameter that can change is only the temperature of the heating source.

Modern calculation methods do not take into account such interdependence of temperatures in the
absorption refrigeration cycle, since they allow the presence of a source of thermal energy with only the necessary
temperature potential.

At the first stage of the research, an algorithm was developed for calculating AWCU pump cycles for
working with low-potential sources of thermal energy.

In Fig. 1. The simplest scheme of AWCU with two regenerative heat exchangers — solutions (RHS) and
ammonia (RHA) is presented. To the generator 1, which is filled with liquid WAS, low-potential heat is supplied,
as a result of which the low-boiling component (ammonia) with small particles of water vapor will predominantly
boil off from the solution. The steam enters the rectifier 2, in which the cooled saturated WAS with the RHS 5 and
the absorber 4 flows to meet the vapor stream that comes from the generator 1. At the same time, less volatile
water vapor condenses first, thereby increasing the concentration of ammonia in the stream. Next, WAS pairs fall
into the reflux condenser 3. On its cold tubes, the first condensed water vapor that remained after the rectifier 2.
The presence of the rectifier 2 and the refluxer 3 in the AWCU circuit allows almost completely to get rid of the
water vapor in the ammonia vapor stream that goes to the condenser 7. Further ammonia vapor enters the condenser



7, liguefies with the removal of the phase transition heat, enters the RHA 8, where the cold the ammonia vapor
that comes from the evaporator 9 to the absorber 4 is preheated, thereby increasing the thermal coefficient of the
AWCU cycle.

Initial data for the calculation were adopted: a) temperature of the cooling medium t__; b) temperature of the

oc’

cooling object t, ; c) temperature differences on elements that do not explicitly take into account heat exchange

conditions and under-recovery of heat: temperature difference between the weak WAS and the generator's heating
source of heat; temperature head in the condenser, absorber, dephlegmator with cooling medium; temperature head

between the fluxes of weak and strong WAS at the cold end of RHS; d) refrigerating capacity of the evaporator Q,.

The variable parameter is the temperature of the heating source of heat th .
At the first stage of the research on the above algorithm, a search was made for the temperature range of the
heating source (th ), which would satisfy the conditions of operation of AWCU (1,,.) and the requirements for the

cooling object (typ ).

Figure 1. Scheme AWCU with two regenerative heat exchangers: 1 - generator; 2 - rectifier; 3 - a reflux condenser; 4 -
absorber; 5 — RHS; 6 - the pump; 7 - the condenser; 8 - RHA; 9 - evaporator

The relevance of this research was due to the fact that some modes of operation of AWCU cannot be
organized because of the insufficiently high temperature of the heating source. So, for example, the level of cooling

temperatures in the evaporator requires an appropriate pressure level PO both in the evaporator and in the absorber.
The equilibrium temperature of the strong WAS in the absorber t,';p_ 4 should be higher than the temperature of

the cooling medium in order to ensure removal of the heat of absorption. The mass fraction of ammonia in the

strong WAS SC;Lp, is determined by the values of P, and t,':p_ 4 » and for the organization of the absorption

process, a certain degassing zone is necessary-the difference in the mass fractions of ammonia in the strong f,'(p_

and weak gzéﬂ WAS. In turn, the mass fraction of ammonia in the weak WAS féﬂ is determined by the values of

the condensation-generation pressure and the temperature of the heating source.
The algorithm for searching the AWCU operating modes was as follows. At the first stage, the temperatures

of the cooling object were set Ty = minus 30 °C; minus 15 °C; minus 5 °C. For each valuel,y, , a calculation was

made with a fixed value with a range of 25 ... 43 °C in steps of 1 °C. For the given values, we calculated the
circulation multiplicity with a variable in steps of 1 °C.

In case the multiplicity of the circulation is a positive value, it was concluded that the operation mode of
AWCU can be realized, and otherwise, when the circulation multiplicity was negative, it was concluded that the

operating mode does not exist. An analytical relationship between the temperature of the cooling medium ({,,.),



the temperature of the cooling object (tob ), and the temperature of the heating source (th) is obtained under the
condition of the maximum value of the thermal coefficient. The dependence has the following form:

_a+bt,, et +dt, +et? + ft
" 1+kt _+It2 +mt , +nt’,

€]

where: a = 47,74648658; b = — 1,01853416; ¢ =0,013464939; d = — 1,12675283; e = 0,02319431; f = —
0,00017897; k = —0,03803459; | = 0,00049505; m = —0,00750582; n = 0,000151575; dimension of temperature — °C.

The maximum error of the analytical dependence is 5.3%. The average error is 1.1 %.

The form of the surface constructed from the dependences is shown in Fig.2.

Fig. 2. Dependence between the temperature of the cooling medium (toc), the temperature of the cooling object (tob ) and

the temperature of the heating source (th ) under the condition of the maximum value of the thermal coefficient.
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DEVELOPMENT OF ABSORPTION REFRIGERATION DEVICES
FOR OPERATION IN A WIDE RANGE OF AMBIENT TEMPERATURES

Selivanov A.P., Senior teacher
Odesa National University of Technology, Odesa, Ukraine
E-mail: ref.selivanov@gmail.com

In the recent years, greater weight in the structure of agricultural production in Ukraine belongs to individual
farms and farmers. In these farms arise the problems of forming a regular economical budget, including a major
problem in the preservation of the grown crops for three to six months in commercial quantities and at minimal
energy Ccosts.

However, the acknowledged fact in world practice is the loss of most of the harvest of agricultural products in
the absence of adequate refrigeration storage. Currently, the bulk of Ukrainian harvested fruits and vegetables is
traditionally stored in the basements, where during the warm seasons (August—November, April—May) the required
temperatures (5...12 °C) often cannot be maintained. To ensure the required regimes of storage, the market of household
and commercial refrigeration equipment for small wholesale manufacturers offers national and imported demountable
(panel) cold storages of volumes 3...9 m3, equipped with compression refrigeration machines.
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In modern conditions in rural Ukraine, operation of such cells is hampered by lengthy power outages and
by poor quality electricity incoming (range of fluctuation of voltage is 160—250 V).

The current situation makes appeal to heat-powered pumpless absorption refrigeration units (ARU).

Technical and economic characteristics. Refrigeration units of ARU have a number of unique features such as:

a) the possibility of use in a single ARU a number of different sources of heat — both electric and alternative
(heat of combustion of fossil fuels and biogas, solar radiation, exhaust emissions of internal combustion engines);

b) the ability to work with low-quality sources of energy, including electricity network in the voltage range
of 160...250 V;

c) noiselessness, high reliability and long service life.

The advantages of ARU should include the minimal price among existing types of small capacity
refrigeration equipment, which in many cases determines their popularity among customers.

Important in modern conditions is also the fact that the working fluid of ARU — water-ammonia solution
with the addition of inert gas (hydrogen, helium or mixtures thereof) belongs to natural refrigerants and is therefore
completely environmentally safe (has zero ozone-depleting potential and the potential of the “greenhouse” effect).
One of the most effective developments is the universal low-temperature chamber (LTC) of the “chest” type series,
including the vehicle type (installed on car trailers), with a useful volume: 100; 180; 220; 240; 280 dm?.

LTC’s original design of the “chest” type is protected by Ukrainian patent Ne 50941 and has two
refrigeration units (on the sides or on the rear wall in a row), designed to provide storage regimes in a wide
temperature range — from minus 18 °C (long term storage) to plus 10...12 xC (short-term storage of fruits and
vegetables). All the developments are made on the basis of modern serial industry technologies of Vasil’kovsky
factory of refrigerators.

Design features of “chest” help to preserve cooled air inside the chamber, so that when you open the lid
from the room, the air with a high moisture content does not get on the heat-receiving panels. This can significantly
reduce the rate of formation of snow coats and thereby improve the performance and power characteristics of LTC.

The implementation took place at the Vasil’kovsky refrigerators plant. Achieved reducing energy
consumption — up to 50 %, enhanced functionality. To create a batch sample of absorption refrigerator with
alternative energy sources, it is necessary to develop and produce the burner that works on, for example, liquefied
gas, kerosene, diesel fuel, or gasoline. It is expedient to consider the use of biogas and gas generators.

To successfully promote on the market, such a device must have an appropriate level of reliability and
security.
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AIR CLEANING IN AIR CONDITIONING SYSTEMS OF UNDERGROUND STORAGE

Zhykharieva N., Ph.D., associate professor, Moisieiev V., Ph.D. student
Odesa National University of Technology Ukraine
E-mail: zhikhareva.nata@gmail.com, Vladmays2105@gmail.com

In the conditions of the acceleration of scientific and technical progress, the task of increasing the energy
efficiency of air conditioning systems has an important national economic significance, since its solution, in
addition to increasing the efficiency of capital investments, ensures its energy saving, saving materials, as well as
improving the working conditions of people and the environment

We considered the issue of filtration of clean rooms, some technologies and elements, the improvement of
which directly increases energy efficiency and reduces electricity consumption in the annual cycle of air
conditioning systems based on energy balances of thermophysical processes

In the conditions of the acceleration of scientific and technical progress, the task of increasing the energy
efficiency of air conditioning systems is of great importance, since their solution, in addition to increasing the
efficiency of capital investments, ensures energy saving, saving materials, as well as improving the working
conditions of people and the environment.

We considered the issue of the required temperature regime and humidity levels for clean rooms. From what
has been said, it can be concluded that in order to achieve the required level, it is necessary to carry out air filtration
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for clean rooms, as one of the main requirements for the organization of the necessary conditions.

Air filtration for bomb shelters is a very important stage of ensuring clean premises, their class, so its design
and provision must be thought out in advance and provided to professionals.

For high-quality indoor air purification, three levels of air filtration are used:

Primary. A filter is used to clean the outside air supplied to a special air conditioner.

Secondary filtration is air conditioning to protect the final filters. If this stage is omitted, certain difficulties
may arise, namely:

it is impossible to achieve the required cleanliness class;

constant replacement of finishing filters, which is very financially unprofitable;

contamination of the product with microorganisms and particles, which is extremely undesirable.

Final filtration is necessary to achieve the required class of air cleanliness. [1; 2].

The implementation of innovative technologies in underground rooms shelters is related to the creation of
an artificial indoor microclimate, that is, the provision and maintenance of the necessary parameters of the air
environment, which annually consumes more than 30% of the energy resources obtained in the country. The
necessary microclimate parameters are provided by engineering systems, among which air conditioning systems
play an important role [3].

One of the main tasks of this complex problem is energy saving. Given the approach to energy-efficient
systems, we consider ways to increase the efficiency of air conditioning systems with increased filtration

It was established that the directions of relevant research are related to the improvement of means,
technologies and conditions for people, the creation of scientific bases and methods for calculating parameters and
resource management, the reliability and technical condition of air conditioning, the development of methods for
increasing the efficiency of operation of air conditioning systems and their functional subsystems, equipment and
methods of ensuring their efficiency. According to the results of the analysis, it was established that the solution
to the problem of increasing the efficiency of air conditioning systems is connected, in turn, with the solution of
interdependent problems and, first of all, the improvement of the quality of a comfortable microclimate, provided
that energy consumption for air conditioning is reduced. It is shown that one of the main tasks of this complex
problem is energy saving. A threefold problem was solved - optimization (minimization) of energy consumption
in compliance with regulatory requirements for a comfortable environment in residential, public and industrial
facilities, strict compliance with technological requirements in production processes and minimization of the
harmful impact on the ecology of the environment.

The mathematical model of the air conditioning system is based on the analysis of thermoelectric energy
efficiency indicators that can be solved in the complex: the definition of optimal parameters; determination of the
optimal device and optimization of operating modes of the refrigerating system.

The model takes into account that the energy of the refrigeration unit can be transmitted in the form of
thermal and mechanical work in optimal conditions of the compressor. On the basis of the conducted analysis, the
thermo-economic optimization of the central air-conditioning system and the typical single-stage cooling system

Studying such complex systems as air conditioning systems in the air, requires system analysis using
mathematical modeling methods. For this purpose, the air conditioning system is subdivided into subsystems and
separate elements, for which then a quantitative analysis is performed on the basis of mathematical models of
subsystems.

The aim of the work is to optimize the air conditioning system by minimizing the costs incurred.

For the principal scheme of the microclimate air conditioning system, the input and output parameters of
each subsystem and system as a whole are indicated. For each subsystem, the independent control variables are
assigned, which, along with the input variables, allows you to determine the output parameters, as well as the
subsystem costs listed. At the stage of optimization of design decisions stochastic changes in external climatic
influences on the house and heat and gas modes in the premises are not taken into account. Estimated Input
Parameters /tn, dn, hn, &n, pn, AQs1, AQ, AW, i Mr / are determined at the most unprofitable combinations of the
characteristics of the external climate of heat and gas loads and the given coefficient in the room tg, dB, he, @B, &B
i pB /. The probabilistic statistical nature of the change of these parameters is taken into account when optimally
designing an air conditioning system.

Optimization of air conditioning system is carried out in three stages.

The main equations of the model are the equation of balance of air, total heat, moisture, gases and apparent
heat indoors: (1) — (4)



At the first stage, the structure and performance of the air conditioning system, the nature and the load are
optimized

At the second stage optimization of subsystems is carried out according to various technological and
constructive parameters. Finally, in the third stage, the basic variants of the structure and performance of the air
conditioning system are optimized along with optimal subsystem variants. In this case, all possible combinations
are considered.
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Gn, Gy, Gp - flow supply, remove and return air kg/s; hm, hy hp — enthalpy supply, remove and return air;
dm, dy, dp supply, remove and return air; tm, ty, tp — temperature supply, remove and return air , X/pm X/py x/pp—
concentration and density supply, remove and return air.; AGm, AOm , AWm, AMzm, AQam - difference balances
on consumption, heat, moisture and sheer warmth

The mathematical model of optimization of cooling air conditioning system is based on energy indicators
that can be solved in the complex. Energy in the refrigeration system can be transmitted in the form of thermal and
mechanical work.

Taking into account the dynamic processes at the boundaries of the air environments of the multilayer body
and the joint solution of the heat balance equations for stable and unstable modes, the differential equations of
thermal equilibrium are obtained. Also, when calculating the thermal load, account is taken of non-stationary
flooding of heat from people, equipment, lighting.

The practical solution of the problem of increasing the efficiency of air conditioning systems depends on
the mathematical modeling of the climatic mode of the object, which allows for a short period of time, at small
costs, to obtain the value of the target function for the variants of equipment kits together with the variants of
thermal resistance of the fences during the normative lifetime. As a result, the payback period of the options for
energy saving equipment and the amount of savings received after reaching the payback time before the expiry of
the normative term must be obtained. [1].

The three-fold problem was solved - minimizing energy consumption in order to comply with regulatory
requirements for a comfortable environment for people in bomb shelters, complying with technological
requirements in production processes and minimizing harmful effects on the ecology of the environment.

Developed methods and technical solutions for increasing the efficiency of the air conditioning system
were implemented using contact heat exchangers and ejector type filtration for heating, cooling and maintaining
relative humidity. They are universal and can be used for operation [4].

Cleaning and filtering air using contact heat exchange in a special unit of the central air conditioner was
solved, which made it possible to increase energy efficiency [5].

A heat-economical model for optimizing air conditioning systems for basements has been developed,
taking into account the features of contact heat exchangers of the ejector type and the method of filtration,

For the schematic diagram of the microclimate conditioning system, the input and output parameters of
each subsystem and the system as a whole are indicated. For each subsystem, independent control variables are
indicated, the purpose of which, along with the input ones, allows to determine the output parameters, as well as
costs for the subsystem. At the stage of optimization of design decisions, the stochasticity of changes in external
climatic influences on the building and the heat-moisture and gas regimes in the premises is not taken into account,
and attention is paid to increased air filtration
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A3BIK-TYJIIK OHEPKOCIBIHIH BOJIAIIAFBI )KOHE
TEXHOJOI'UAJIBIK EPEKIHEJIKTEPI

Kaboenosa A.T., Toaeybexosa C.C., Kymabaii 3.K,.
Cemei kanacwvinwiy [lloxapim amvinoaswl yrusepcumemi
Abaii obavicel, Cemetl Kanacsl
E-mail: ain_arik@mail.ru

Byn makana a3bIK-TYJIIK ©HEPKAOCIOIHIEr! jKaHa TEXHOJIOTHSIIAPABIH JaMy OaFbITTapbl MEH OJIapJbIH
epeKIIeTiKTepiHe IOy KacaiIel. | eHOMIKa, albTepHATUBTI OETOK Ke3/1epi, HHHOBAIMSIIBIK KanTamamnap, 3D-
NPUHTHHT, JKacaHAbl HMHTEJUICKT, aBTOMATTaHIBIPY JKOHE (QepMeHTalMs oicTepi calaHblH OoJamarsiHa
afTapibIKTall ocep eTEeTiH MaHbI3bl KaHAIBIKTAp OOJIBIN TaObLIaAbl. bysl TEXHOIOTHsIIAP/IbIH 9PKANCHICHI aJ1aM
OMIpiHIH calacblH apTThIpyfa, KOpIUIaraH OpTara 3USHIBI ocepiiepAl asaiiTyFa »oHE pecypcTapAbl THIMIL
naijganaHyra OarpITTanFaH. |'eHoMHka MeH OuwowH(pOpMaTHKa apKbUIBI JKE€Ke TYJIFAHBIH KaKeTTLUTKTepiHe
OeliiMaenreH TaraMaapabl YCbIHY MYMKiHAIr Tyabl. COHBIMEH KaTtap, albTepHATUBTI OEJIOK KO3Jepi, MbICAIIH,
JKACaHJIBI €T JKOHEe OCIMIIK ajIMaCTHIPFBIIITAPHI, JICTYPIl Mall MIapyamrblUIbIFbIHA TOYEIITIKTI TOMEHICTE .
VHHOBanMAJIBIK KanTaMaiap TaFaMHBIH CaKTaybIH JKaKCapThII, KOJIOTHSUIIBIK Ta3a MaTepHaIiapabl KOIJaHyFa
kOJ1 amazpl. 3D-IPUHTUHT TYTHIHYIIBUIAPIBIH TaJfaMblHA COMKEC TaraM OHIMJAEPIH eHAIpyIi XKEHUIICTCE,
JKacaH bl MHTEIUICKT [IEH aBTOMATTaHBIPY OHIIPIC YIEPiCiH OHTaNIaHbIpYyFa bIKHA eTe/li. DepMeHTaIus KIHE
OMOTEXHOJIOTHSIIAD QMICTepl TaraMHBIH TaFaMIbIK KYHIBUIBIFBIH JKOHE OPraHOJENTHKAIBIK KacHEeTTepiH
KakcapTyra MyMKiHIiKk Oepemi. Ochinaiiina, Oyl WHHOBAIMSUIBIK TEXHOJOTHSIIAP TYTHIHYIIBUIAPIBIH JKEKE
KOKETTUIIKTepiHe OeiiMIeNreH camnajbl, Kayirci3 )KoHe dKOJIOTUSIIBIK Ta3a OHIMJIEP/Il YChIHYFa OaFbITTalFaH.

Heziszei co30ep: a3bIK-TYIIK TEXHOJIOTHSIIAPHI, TEHOMHKA, JIbTEPHATHUBTI O€JI0K, MHHOBALMSUIIBIK KallTama,
3D-npuHTHHT, >KacaHIbl HHTEIUIEKT, aBTOMaTTaHABIPY, (hepMEHTaIIHS.

ABBIK-TYJIIK ©HEpKaciOl 3aMaHayd TEXHOJIOTHSUIAD MEH TYTHIHYUIBUIAPABIH Ocil  Kelle J>KaTKaH
CYpaHBICTaphIHBIH 9CEPIHEH eJieylli e3repicTepre yuipipayaa. Kana a3ipiaeMenep eHIMHIH canacblH apTTHIPYFa,
9KOJIOTHSIFA TEpIC 9cepi azalTyFa >KOHE asbIK-TYJIK PECypCTapbIHBIH TYPaKTBUIBIFBIH KaMTaMachl3 €Tyre
OarpiTTanFad. Kazipri yakpITTa a3blK-TYJIK OHEpKACiOi TYTHIHYIIBLIAPABIH CYPAaHBICTAPBI MEH 3KOJIOTHSUIBIK
TananTapra cail KelleTiH jKaHa TEXHOJOTHsIIApFa CyHeHe OTBIPHIN, KApKbIHIBI AaMyJa. XajblK CaHBIHBIH OCYi,
pecypcTapAbIH LIEKTEYIIr KoHe SKOJOTHSHBIH Hamapiaysl — Oyl canara jkaHa IIemiMAepai eHri3yai Tajar
eTeTiH Heri3ri ¢akropnap. COHIBIKTaH OHEPKACINTIH 3aMaHayd CYpaHBICTapFa ayar Oepil, KOFapbl camabl,
Kayirci3 jkoHe SKOJIOTHSUIBIK Ta3a eHIMJep OHJAIPYl MaHbBI3AbI OOJBIN OTHIP. A3BIK-TYJIK TEXHOJIOTHSUIAPBIHBIH
HETI3T1 TeHACHUMSIIapbl MEH EPEeKIIeTIKTePiH KapacThIpabIK.

Kexe tynrara OelliMaenreH TaMakTaHy

I'enomuka MeH OMOWH(pOPMATHKAHBIH JaMYbl XKeKe OPTaHU3MHIH KQKETTUIIKTEPiH eCKepeTiH a3bIK-TYIIiK
OHIMJIEPiH Jkacay MYMKIHAIrH Oepei. XKeke Tyirara OeHdimMIenreH TaMakTaHy aJaMHbIH TeHETUKAIIBIK IPO(HITiHE
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HETi31IeJITCH J)KOHE ACHCAYIIBIKTHI CAaKTay, aypyJIapablH alJbIH ATy JKOHE OMip CYpPY CcalmachiH apTThIpyFa KaOJIeTTi.
I'eHoMIBI TaNAy TEXHOIOTHSIIAPHI AITaMHBIH KaHAal 3aTTap KaKETTIiriH, ajd KaHaad 3aTTapiblH 3USHIbI 00TybI
MYMKIH eKeHiH aHBIKTayFa MYMKIHAIK Oepesi, Oyl skeKe eHiMIep MEH YChIHBICTap jKacayFa bIKmai eresi [1].

Anvmeprnamuemi Oenox kezoepi

XanbIKTBIH ©Cyi MEH JKOJIOTHUSHBIH JKaF/aiiblHA alaHIayIIbUIBIK ajJbTepHATHBTI OEIOK Ke3IepiH i3meyai
bIHTATaHIBIpansl. OCBIHIAN Ke3mep apachlHAa — JKacaHIbl €T, KOHMIKTEPIEH aJbIHFaH OCIOK YKOHE OCIMIIK
IMaCTBIPFBIIITAPEI. By TeXHONOTMsuIap JoCTYpii Mall HIapyallbUIbIFbIHA TOYEJIUTIKTI a3alTyra MYMKIHAIK
Oepelti, COHBIMEH Oipre pecypcTap/bl TYTHIHY/ B KBICKAPTHIT, ITAPHUK ra3aapbIHbIH IIBIFAPBIHABLIAPEIH a3alTalbl.
Byt 6arpITTBIH JaMysl, acipece, 3epTXaHaANbIK KaFJaiiap/ia eHaIpiIreH eT, OallbIK KoHE TeHI3 OHIMEPi CHIAKTHI
OCIIOKTHI OHIMJIEP AaCCOPTUMEHTIH KEHEUTYTe bIKMal ereAi [2].

Hunosayusnvix xanmamanap sicane 6U0bLObBIPAMbIH MAMEPUAnIOap

NHHOBanMANBIK KanTaMa mMarephaiap ©HIMHIH >KapaMIbUTBIK MEp3iMi MEH CaKTay >KaFmalIapbIHIarbl
e3repicTepai xabapnaii anagsl. MyHaall opaysluTap TYCiH ©3repTyi HeMece TINTi eHIMHIH OY3bUIyBl Typalbl
curHan 6epyi MYMKiH. BHOBIIBIpaliTBIH jK9HE SKONOTHSUIBIK Ta3a MaTepuaigapMeH Yiieckenae, MHHOBaIMsIIBIK
Karramaiap a3blK-TYJIK TEXHOJOTHSIIAPBIHBIH MaHBI3MIbI JJIEMEHTIHE aliHanaabl. bysl eHIMAEpHIiH CaKTalnyblH
YKAKCAPTHII, KaJIABIKTAp/IbIH CAHBIH a3aiTyFa )KOHE DKOJIOTHUAFA KYKTEMEH1 ToMeHIeTyre KeMekTecei [3].

3D-npunmune mexrono2usicol

3D-nipuHTHHT eHiMuepai Oenrismi dopma, TEKCTypa JKOHE TaraMJIbIK KaCHETTEPMEH Kacay MYMKIHIITiH
Oepemi. bynm TamakTel TYTBIHYIIBUIAPIABIH TaHIaylapeiHAa Oelimaeyre MyMmKiHAiK Oepemi. 3D-mpuHTHHT
JIECepPTTEP, €T JKOHE OCIMIIIK OHIMICPIH Kacayaa OeJiceHal Typle naiaananpuiaael. bonamakra Oy TeXHOJOTHS
a3bIK-TYJIKTI MaccaJblK OHAIPY TOCUIIEPiH ©3repTyi )KoHE JUETANBIK KaKEeTTUTIKTepre OeiiMaeyi MyMKiH [4].

JKacanovl unmesniexm xHcane agmomMammanobipy

JKacannmpl HMHTEUIEKT JKOHE AaBTOMATTAHIBIPY 6OHIMHIH ©HAIpiCi MEH camachlH OHTalIaHIBIPyFa,
KaJIZBIKTapIbl  a3aiiTyra JKOHE KayimlCi3mikTi Oakputayabl jkakcapTyra kemektecemi. KM apkpuibl
TYTBIHYIIBIIAPBIH MiHE3-KYJIKBIH OOJDKay, ©HIMHIH camachl MEH KayilCi3miriH apTTeIPy, MOHHTOPWHITIH
JOIIITIH apTTHIPYy MYMKIH OoNazbl. ABTOMATTaHABIPYABIH IaMybl aJlaM €HOETiHe JIeTeH KKETTUTIKTI a3alThlI,
KayiIci3 eHaipicTi KaMTamachl3 eteni [5].

Depmenmayust Jcane OUOMEXHONOUALAD

depMeHTalUs CUSKTBI OMOTEXHOJIOTUSIIAP MUKPOOPTaHU3MICP KOMETIMEH XKETUIIIPIIreH CHIaTTaManapbl
O0ap eHimzepai jkacayFa MyMKiHIIK Oepeni. bynm omic mpoOuoTukTep, BUTaMHUHJED, OCIOKTap CHSKTHI
(YHKIMOHANBI UHTPETUCHTTEP alyFa MYMKIHIIK Oepeni. YKaHa OMOTEXHONOTHSIBIK MIEHIIMICPAl Makaanana
OTBIPHIT, (DEPMEHTAIUS TaFAMJBIK KYHIBUIBIFBI JKOFAPBI JKOHE OPTaHOJENTUKANBIK KACHETTEPI KAKCAPTHUIFAH
OHIMJIEPIi 931pIIeyTe BIKIAN eTeji [6].

Kopvimuinowt

ABBIK-TYJIIK ©HEPKICiOiHIH OoJamarel )kaHa TEXHOJOTHIIAP apKbUIbl OHIM CalachlH, KAYITCI3IITiH XKoHEe
SKOJIOTHSUTBIK Ta3aJIbIFbIH KaKcapTyra OarbITTanFaH. Kasipri TaHaa TYTBIHYIIBUIAP XKEKe TYJIFara OeiimenreH,
JKOFapbl TaraMJIbIK KYHJIBUIBIFBI 0ap, Kayillci3 »oHE SKOJOTHMSJIBIK Ta3a eHimiaepre cypaHsic Ounmipyne. Ocbl
CYpPaHBICTBl ~ KaHAFaTTAHABIPY YIIIH OHEpPKOCIMKe TeHOMHKa, 3D-NpUHTHHT, JKacaHIbpl HWHTEIJIEKT,
aBTOMATTaHJBIPY, (DEPMEHTAIUS CHUSKTHI TEXHOJOTHSIIAP/AbI €Hri3y MAaHBI3bI POl aTkapajbl. | eHOMUKaHBIH
KOMETIMEH aJlaMHBbIH TI'€HETHUKAJBIK TpoduiiHe OeHiMaenreH Taramuap jkacayFa MyMKIHAIK Maima OoJiIbl.
AnbTepHaTHBTI OEJNOK Ke3Jepi KopllaraH opTara KENTIPIICTIH 3USHAbI a3alThIN, pecypcTapibl YHEMIEyre
KeMekTecei. IHHOBaMsIIBIK JKOHE OWOBIIBIPAWTRIH KanTaManap TaraMAbl CaKTay CalachblH apTTHIPHIIL,
9KOJIOTHSIFA JKaFbIMJIBI 9cep eTei. 3D-IPUHTHHT TEXHOIOTHSCH TAaFAMHBIH MilIiHIH, KYPBUIBIMBIH K9HE TaFaMIbIK
KAaCUETTEPiH TYTHIHYIIBI TAA0bIHA call MKeMJIeyre MYMKIHIIK Oepilt, eHIipic 9icTepiH e3repTe anabl. JKacaHabt
WHTEJUIEKT II€H aBTOMATTaHbIPY €HOEK IIBIFBIHIAPBIH a3alThIN, OHIIPIC THIMAUIITIH apTThIpaabl. PepMeHTanys
XKOHE OHMOTEXHOJIOTHSUIAD TaraMfa JXOFapbl TaraMIBIK KYHABUIBIK TI€H IOMIIK camaHbl KOCY apKbUIBI OHBI
JKakcapTazbl. A3BIK-TYJIIK ©HEPKACiOl OChl OarbITTa JaMBbIl, Camalibl JKOHE SKOJOTHSUIBIK TYPaKThl ©HIMEP
YCBHIHYFa TaibIH 0601a TYCTI.
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ITYBOKASI IEPEPABOTKA BTOPUUYHLIX IPOJIYKTOB IITULIEBOJCTBA
JIUISI CO3JJAHUSI ®YHKIIMOHAJILHBIX JJOBABOK

Axumosa J].A.— cmapwuii Hayunviti compyonux Cemetickuti puruanr TOO
«Kazaxckuil HayuHo-uccie008amenbCKuti UHCMUmym nepepabamuviéaiouels u
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Kaxumos A.K. — 0.m.n., Typacynos P.A. — doxmoparm xageopwt « Texnonozuneckoe obopyoosanuey,
HAO «Ynusepcumem umenu llaxapuma copooa Cemetin, Cemeti, PK
E-mail: Bibi53@mail.ru, akdilife@mail.ru

B nmannoit paboTe uccnenyeTcs nepepadoTka BTOPUYHBIX MPOAYKTOB YOOS NTHIIBI, B YACTHOCTH KypPHUHBIX
HOT, C IIENbI0 IOJYy4eHHUs] OEIKOBO-MUHEpATbHONH H00aBKH. AKTyalbHOCTh TEMBbl OOYCJOBJIEHA DPACTYIIUM
MPOM3BOJCTBOM Msica NTHIBI B KazaxcraHe W HE0OXOIUMOCTBIO IPQEKTHBHOTO HCIIONB30BAHUS MOOOYHBIX
npoaykToB. PaboTa BKiIIOUaeT cmoco®d MeXaHWYeCKOW OOpabOTKH, COCTOSIIUM M3 STarmoB MPOMBIBaHMS,
W3MEJIBYCHUSI U TOHKOro IpoOJieHHs, ¢ A00aBI€HHWEM BOIBI Ul MPEJOTBPALICHUS] NEperpeBa U IMOMyYECHHUS
OJHOPOAHOM KOHcHCTeHUUH. IIpoBeneHHbIE SKCIEPUMEHTHI MOATBEPXKOAIOT, YTO IOJyYCHHAs Hacta MMEeT
BBICOKYIO IIUTATEJIbHYIO IIEHHOCTh, C cosepkanuemM 16,5% Oenka, 5,9% xupa, 4,5% 30761 u 73,1% Brnaru. AHanus
MHUKPOCTPYKTYPHI BBISIBAJI HATMYHE BOJOKHHUCTBIX U HOPUCTHIX CTPYKTYP € CPEAHUM pa3MepOM KOCTHBIX YaCTHUI]
44 mxM. MccnepoBanue crocoOCTBYET PalMOHAIILHOMY HCIIOJIb30BAHUIO BTOPHUYHBIX HPOAYKTOB yOOS HTHIIBI
(KypHHBIX HOT), 4TO TIO3BOJISIET COKPATHTh OTXO/IbI M IOBBICUTH SKOHOMHYECKYIO () (DEeKTHBHOCTH NITUIIEBOCTBA.

Kniouegvie crosa: usmenvuenue, Kyputsle Hoeu, Oe1K08O-MUHePanbHas 000a8Kd, MUKPOCMPYKMYPA.

Beeoenue

[IpousBoacTBO Msica NTHLBI U €ro HoTpedieHue exerogHo pacteT B PecnyOimke Kazaxcran. OcoOwsiit
HAYYHO-TIPAKTUYECKAH HWHTEpEC NPE/ACTaBIsET BHEAPEHHE HA TPEANPUATHIX COBPEMEHHBIX TEXHOJOTHU
MIPOM3BOJICTBA MICHBIX POJYKTOB OCHOBAHHBIX Ha NPUHLMIIAX pECypcocOeperaromumx TeXHOIOT UM, CBSI3aHHBIX C
opraHusanuei riryookoi nepepaboTku 0€JI0KCOAePKAILEro ChIPhS.

Henpto nanHON paboThl sBIsIETCST pa3paboTKa TEXHOJNOTHH S(GQPEKTHBHOW TepepaboTKH BTOPHYHBIX
MPOJYKTOB TNTHUIIEBOJCTBA C MPUMEHEHHEM MEXaHUYECKHX METOJIOB BO3JIEHCTBHUS JUIsi MONyYeHHs OEIKOBO-
MUHEpaJIbHON 100aBKH.

Mamepuanvl u memoowL.

OOBEKTHI HCCIEIOBAaHUIA: BTOPUIHBIC MTPOIYKTHI YOOS NMTHIIBI (KypUHBIE HOTH).

C menplo palMOHaIBHOM mepepaboTKH KypHUHBIX HOT, M MX HCIHOJBb30BAaHHUS B HMPOM3BOACTBE MSCHBIX
MPOAYKTOB HAaMH INPOBEACHBI SKCIEPUMEHTHI IO HCCIEJOBAHUIO BIMSHHUS MEXaHW4YEeCKOW o0paboTku Ha
CTPYKTYPY U3MENILYCHHBIX KYPUHBIX HOT.

Ha naganbHOM 3Tane npoMbIBasid KypHHBIE HOXKKH, Cpe3ai KOrTu. [lanee KypruHble HOTH U3MENbYaloT Ha
BOJIYKE - IPOOMIIKE ¢ AMaMETPOM BBIXOAHOM pemeTkd 3 MM. 3ateM IpoOJIeHHBIE KypHUHbIE HOTH ITOMEIIAIOT B
¢apmememanky u 100aBustoT Boay B cootHomeHnu 1:0,5. Ilomyuennas Tekydast Mmacca mogBepraercsi TOHKOMY
M3MEJIBYCHUIO Ha KOJUIOWAHON MelbHUIlE (3a30p Mexxay Hoxkamu 0,1 MM), rosrydaercs nacra. JloOaBieHe BOAbI
OCYILLECTBIISIETCS sl MIPEJOTBPAIICHHUS MIeperpeBa MpoayKTa BO BpPEMs U3MENbUYCHUS, YTO CKa3bIBAETCS Ha €ro
(hM3UKO-XMMHUYECKIX CBOMCTBAX, a TAKXKe JUIS TIOMyYCHUS HEOOXOIUMOM HEXKHON U OJHOPOTHON KOHCHUCTEHITUN
MacThl KYPUHBIX HOT.
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OnucaHue YCTaHOBKM MJIsI TOHKOTO H3MEJBYEHHs KOJUIATCHCOJEpIKallero Chlphsi. B mammbe s
CBEPXTOHKOI'O M3MEJIbUYCHHUS MUIIEBBIX MAaTEPUAJIOB YCTAHOBJICHBI CTATOP U POTOP PA3IMYHON I€OMETPUUECKON
KOH(UTYpaLuH, KOTOpbIe CIIOCOOCTBYIOT BpAIllEHHIO Ha BBICOKMX CKOpocTsiX. Ha oOpabaTeiBaeMble MaTepHaibl
JeficTByeT KOMOMHALIUS CHJI, BKIIIOYasi COOCTBEHHBIN BecC, a3pOJMHAMUYECKOE CONMPOTHBICHHE U LICHTPOOEIKHOE
yckopeHue. Perynupyst 3a30p MeXIy CTaTOPOM M POTOPOM, Ha IIOAABAEMbIil MaTepHall BO3ACHCTBYIOT OTPOMHBIE
HANpsDKCHUS] CIABWIA, CWIBl TPEHWs, yAapHbBIC HArpy3kd M BBICOKOYACTOTHBIE KosiebaHms. B pesymbprare
COBMECTHOTO JACUCTBHS 3THX MEXaHWYECKUX CHJ MPOHUCXOAUT H3MENbUYCHHE, ApPOOJeHHE U THIATeIbHOEe
CMEIIMBAaHWE KOMIIOHEHTOB, 4YTO B KOHEYHOM HTOI€ II03BOJISIET MOJYYUTh IPOAYKT C TpeOyeMbIMHU
XapaKTepUCTUKAMH.

Mogens JIMC-80 XapakTepIicTika

IpomsBoxutensHocts, | 80
KI/4

MomtrocTs 3/1, kBT 4

TabaputHEle  pasMepsl, | 64*41%90
oM

Macca, kr 150
Hanpsxente (V) 380

Bec (xr) 150

Pasmepsr (MM) 600 * 410 * 930
EmkocTh OyHKepa 8L

Jluamerp potopa 80 MM

CKOpOCTH BpaLIeHIs 2,890 00 / i

Pucynox 1. O6uumii BuJ, cXxeMa U XapaKTepPUCTHKA U3MEIbYHUTENS

Ha pucynke 1 nmpencrasieH oOuuii Bua, cxema U XapakTepucTuka o0opynoBanus. JlaHHBINH U3METbYUTETD
paboTaeT N0 NPUHLMITY HEHTPOOEKHBIX H3MeIbunTeneid. OH COCTOUT U3 PaMbl, 3arpy304HOro OyHkepa, pabodero
opraHa (CTaTop-poTOp) W BBITPY304YHOM Kamepsl. Ha pucyHke | neTanbHO Mmoka3aHa M3 KakuX JeTalledl U y3JoB
COCTOUT JTaHHBIH U3MENILYUTEb.

Pezynomamor uccredosanuti u ux oocyscoenue.

B pesynbrare Ha BBIXO/IE M3 KOJUIOMHON MEIbHHUIIBI OTY4YeHa TOHKOU3MEIbYCHHAS 1TacTa KYPHHBIX HOT,
KOTOpasi 10 XMMUYIECKOMY COCTaBY cojepxuT Oenka 16,5%, xupa 5,9%, 30mb1 4,5% u Binaru 73,1%.

N3yuena MUKpOCTPYKTypa KOCTHBIX YacTHLl KypHHOH mactel (pucyHok 2 a), 0)). Ha pucynke 2a npu
yBenuueHu 10 X 100 BUIHBI BOTOKHHUCTBIE CTPYKTYpHI (1), mopucTsie Macchl (2) u myctoTsl (3). [lpu yBennuennn
%200 (pucyHOk 20) OOHapy>KMBalOTCSA MBIIICYHbIC BOJIOKHA (1) Jiexallyue Ha MOBEPXHOCTH MAacChl MACThl U
BBIJICJIIIOTCS] MBILIIEYHBIE BOJIOKHA (2), MOTpYKEHHBIE Cpelly IOPUCTOH Macchl. CpelHHi pa3Mep KOCTHBIX YaCTHUI]
0 pe3yJIbTaTaM U3MEPEHUH COCTaBUI 44 MKM, MaKCUMaJIbHBIA — 70 MKM, MUHUMAJIbHBIN — 25 MKM.

15kV X100 100pm 0001 0989 25Pa 100pm 0001 1089 25Pa

a) Yeemmaernue *100. 0) Yeemuuenue x200.

Pucynox 2. MHUKpOCTpYKTypa KOCTHBIX YaCTHII MSCOKOCTHOH MacTBl M3 KypHUHBIX HOT: 1 — BOJIOKHUCTBIE CTPYKTYpPHI, 2 —
MTOPUCTHIE MAaCChI, 3 — ITyCTOTHI.
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Boisoowi

HccnenoBanue mokasano, 4To MEXaHU4eCcKas epepadoTKa BTOPUYHBIX MPOJIYKTOB YOOSI MITHIILIL, TAKUX KaK
KYpPUHBIC HOTH, TIO3BOJISICT TIOJy4YaTh KAaueCTBCHHYIO OCIKOBO-MUHEPAIbHYIO J00aBKy, CIOCOOCTBYS
PaIMOHAIBHOMY HKCIIOJIb30BAaHUIO0 STHUX PECYpPCcOB. TEXHOJOTMYECKHI TPOIECC BKIIFOYAST MPEABAPUTEIHLHOC
[IPOMBbIBAHME W H3MEIBUYCHHE C HCIOJIb30BAHMEM APOOMIKH M KOJUIOMIHOM MEJIBHHIIBI, YTO OOCCIICUUBACT
BBICOKYIO OJTHOPOJHOCTh MacThl. Jlo0aBieHne BO/bI B cooTHoHeHUH 1:0,5 mpenoTBpamaet neperpes Bo BpeMs
M3MEIBYCHUS W YIY4YIIAeT TEKCTypy KOHEUHOro mpojykTa. llodydyeHHas macta KypHHBIX HOT 00JajaeT
conepxkanuem 16,5% Oenka, 5,9% xwupa, 4,5% 30me1 u 73,1% Bnaru, 4To yKa3plBaeT Ha BBICOKYIO MUTATEIHHYIO
IEHHOCTh. AHAIN3 MUKPOCTPYKTYPHI TMOATBEPIUII HAJIHYHE BOJOKHHUCTBHIX W MOPHUCTBIX CTPYKTYP C CPEIHUM
pa3MepoM KOCTHBIX 4acTHIl 44 MKM, YTO YIy4ilaeT QyHKINOHAIBHBIC XaPAKTSPUCTUKH ITACTHI.

CIIMCOK MCITOJIb30BAHHO! JINTEPATYPhI
1. KakumoB A.K., EcumbekoB XK.C., Kabgpunkap B.K. IIpoGmembl mepepaOOTKH HPOIYKTOB MTHIICBOJCTBA.
Wnterpamms oOpazoBaHus, HayKu H Tpom3BoacTBa// COOpHHK MaTepHajoB MEXIyHAPOJHOH HAayYHO-TIPAKTHIECKOM
KoHpepeHnuu. — Meneys, 2020. — C. 58-62

YK 537.323

TEIIVIOPU3NUYECKHUE CBQﬁCTBA TBEPJIOI'O PACTBOPA Mngio.4SDo.e JIETUPOBAHHOI'O
CYPBMOMU C JOBABJIEHUEM HAHOBKJUIFOYEHHUH TiO;

Acau A.B. — acnupanm OL] « Dnepeoshgpexmusrvie undCceHepHbie CUCTEMbLY,

Hawuna 3.A4. — baxanasp ¢axynemema sxomexuonoauti, U”TMO, Ucayenxo I'.H., — K.¢h-m.H, c.H.C.
Camynun A.FO. — n.c., Qusuxo-mexuuuecxutl uncmumym um. A.D. Hogge,
Canxm-Ilemepoype, Poccus
E-mail: avasach@itmo.ru

TepmoanekTpuyeckoe npeodpa3oBaHre YHEPTUU — OJIH U3 CIIOCO00B MPSMOT0 MPeoOpa3oBaHUs YJHEPTHH,
MO3BOJISIIOLINHA BhIpaOaThIBATh AIIEKTPUUECKYIO SHEPTUI0, MCHOJIB3YS JIIOOYIO TEIUIOBYIO HEPTUI0 B KayecTBE
UCTOYHUKA. DPPEKTUBHOCTL TEPMOIIIEKTPUIECKOTO TPe0Opa30BaHMs 3aBUCUT KakK OT IpalueHTa TeMIIEpaTyp, TaK
U OT 3QPEKTHBHOCTH MaTEpPHAaJIOB YCTPOWCTBA, CBOMCTBA KOTOPBIX OmpesessieTcsi 0000eHHBIM apaMeTpoM
0e3pasMEpPHOM  TepPMODJIEKTpUUEecKOi  nobpotHoctH  ZT = S?GT/A, B KOTOPBIA BXOIAT KOI(PDULIHEEHT
3JIEKTPONPOBOAHOCTH (G), Kod(pduuueHt TemnonpoBogHoct (A) u koddduuument 3eebeka (S). Cpenu
MEPCTIEKTUBHBIX TEPMOIIEKTPHUECKUX MATEPHAIOB PacCMaTPHUBAIOTCS TBEPAbIE PACTBOPHI HA OCHOBE CHIIMIIKIA
MAarHusi, BHEJJPEHHE KOTOPHIX IMO3BOJHMT PACHIMPUTH 00JaCTh NMPUMEHEHUS] TEPMODJIEKTPUUIECKUX YCTPOHCTB.
[Tocnennue paboOThI MOKA3BIBAIOT, YTO MPU ONTHUMHU3ALMH COCTABOB U TEXHOJIOTUI CHHTE3a BO3MOKHO MOJIYYHTh
ZT omuzkoe 1.5- 1.6 [1,2]. B nanHol paboTe paccMaTpuBaeTCss BO3MOKHOCTD YIYUIICHUS TOOPOTHOCTH TTyTEM
no0aBliecHUsT B TBEPIBI pacTBOp HAHOBKIIOUECHUN [3,4], UISI CHIDKCHHS PEIIETOYHOM COCTaBJISIONICH
TEIUIONPOBOIHOCTH (Apew), UIA 3TOTO OYyAYT HMCCIEAOBaHBI TEIUIOPHU3MUECKHE CBOMCTBAa TBEPAOIO PacTBOPA
Mg2Sio.4SNos TerupoBaHHOrO CypbMO#i ¢ 100aBneHneM HaHOBKIFOUeHUH Ti02 B pa3nnyHON KOHIIEHTPALMH.

Oxcnepumenm.

Jiist miccnenoBanust ObLTa MPUTOTOBJIEHA cepHst 00pa3IoB 10 yke oTpadboTaHHOU Metouke [5]. McxomHble
KOMITOHEHTBl B COOTHOIICHHH COTJIACHO CTeXxuoMerpudeckoi (opmyine Mgz(Sio4SNoe)o.s9Shoo1 CrtaBisumch
BMECTE HEIMOCPEACTBEHHBIM MHIYKIMOHHBIM HarpeBoM. CHHTE3 MPOBOAWICSA B KOPYHIOBOM THUIJIE B aMITyJe,
3amoJHEHHOW aproHoM mpu temmeparype okoio 1000°C. 3aTemM CIMTOK M3MENbYald B IMAPOBOW MEJBHHIIC B
teueHue 30 MHHYT B CTakaHe M3 HEpKaBeroWIeH ctamu BMecTe ¢ HOpomkoMm TiO», KOTOpwIA m00aBiIsACS
konnuectBe, coorBercTByomeM 0.5, 1 u 2 00.%. B kauecTBe marepuana HaHOBKIIIOYEHHI HCIIOJIB30BAJICS
nopoinok TiO; ¢ pasmepamu rpanyi okosio 200 HM. OObEMHBIE JOJIH COAEPIKAHUS MPUMECEH PaCCUUTHIBAINCH
Yyepe3 Maccy M IIOTHOCTh UCXOJHOTO MaTepuaja 1 MaTepuaia npumeceil. [lopomok npeccoBaics mpu JaBieHUN
300—400 xr/cm? B Teuenue 30 munyT npu Temneparype 700°C. B pesynbrate nosyudanack maiiba auamMmetpom 22
MM U BBICOTOH npumepHO 10 Mm.
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[Tpr KOMHATHO# TeMIIepaType Ha 00pa3iax ObUTH H3MEPEHbI INIOTHOCTh, JJIEKTPOIIPOBOJHOCTD U TEPMOD/IC.
DNeKTPONPOBOAHOCT, Ha IHaiibe W3Mepsulach Ha MOBEPXHOCTH LIAHOBI YETHIPEX30HIOBBIM METOIOM.
TennonpoBOJHOCTh M3MEPSIach METOJIOM TOpsYero Aucka B nuamazoHe Temmepatyp oT 300 K go 500 K.
CoiicTBa 00pa3LOB IPY KOMHATHOW TEMIIEpaType MpHUBEICHbI B TabmuIe 1.

Tabmmmna 1. CroiicTBa o6pa3mos mpu 300K

CocraB TiO» P, S, o, Apewrs

00.% | rlem® | MxB/K | Cm/em | Br/(mK)
Mgz(Sio,45no,6)o,993bo_01 0.5 2.95 -113 ~2800 1.5
Mgz(Sio,45no,6)o,993bo_01 1.0 3.06 -121 ~2600 1.4
Mgz(Sio,45no,6)o,993bo_01 2.0 3.11 -124 ~2500 1.3

Pesynomamor u 0b6cyscoenue.

Tennodusnyeckne cBOMCTBAa U3MEPSUIUCh METOJOM C MPUMEHEHUEM IUIOCKOIO MCTOYHHKA TeIia (METOA
ropsiuero nucka) Ha ycraHoBke TPS 2500 S ¢upmer HotDisk. OcoGeHHOCTS JaHHOTO METOAA 3aKII0YacTCs B
BO3MOXHOCTH W3MEPEHHsI TEIUIONPOBOTHOCTH U 00BEMHON TEINIOEMKOCTH B IPOLIECCE OJHOTO AKCIEPUMEHTA.
Jns mepecueta 0ObEMHON TEIJIOEMKOCTH B YIEJNBHYIO TEIUIOEMKOCTH HCIIOIBb30BaNach IJIOTHOCTH oOpasla,
MOJTy9eHHAas! pacueTHBIM METOJIOM Yepe3 Maccy U 00beM 00pasIloB.

JJ1s poBeIeHUS UCTIBITAHUI UCTIOB30BANICS ceHCOp 5465 F1 ¢ KalTOHOBBIM MIOKPBITHEM, YTO O0YCIIOBHIIO
BEPXHIOK0 TeMIiepaTypy u3mepenus 0opasmnos B 500 K. BpeMs mposeneHms Ka)xa0ro SKCIIEpUMEHTa 5 ¢, TEIUIOBast
MOIIHOCTH, moABoAnMast Ha ceHcop — 100 MBr. Ilo pesynsTaTam 3xcniepuMeHTa OBLIN TOTYYEeHbI TEMIIEpaTypPHBIE
3aBUCHUMOCTH TEIJIONPOBOAHOCTH M YJICIILHON TEIIOEMKOCTH (PHUCYHOK 1).

3,2
) ‘ s ‘ l l 0,7 # $
3 0,65
~2.8 L] < 0,6 T =
b.‘ n u I I A ; I :
226 . £055 &
& =
<24 160.506.%Ti02 = 05 ©0.506.%TiO2|
22 || 41.006.%TiO2 ~ 045 4 1.006.%TiO2 |
®2.006.%TiO2 ®2.006.%Ti02
2 I T 0,4 T T
300 350 400 450 500 T7,K 300 350 400 450 500 T,K

Pucynox 1. TemneparypHasi 3aBUCUMOCTh TEILIONPOBOJAHOCTH (CJIEBA) U yISIbHOM TEIIOEMKOCTH (CripaBa) 00pa3ioB Juis
paznuuHo# koHueHTpanuu Ti0;.

Kak BumHO 13 Tabvie! 1 BHempenne HanopkmodeHnit Ti0O; 10 2 00.% MpakTHUIECKH He OKA3bIBAET BIIUSIHUE
Ha 3JICKTPUUYECKUE CBOMCTBA 0Opa3IOB COXPaHss BBICOKYIO AJIEKTPOIIPOBOAHOCTh. MOXKHO MPEIIOIOKUTH, YTO
TIPU TAKOHM KOHIICHTPAIIUU TIOIBIDKHOCTH OCHOBHBIX HOCUTEJICH HE U3MEHSIETCS.

TemnomnpoBogHOCTE 00pa3ioB cocrasmia 2.6-3.1 Bt/(m-K), uro xoporio cornacyercs ¢ JaHHBIMH JPYTUX
uccnenopannii [1,2]. Ha rpaduke sBHO BUAHA 3aBUCHUMOCTH TEILIOMPOBOJHOCTH OOPA3IOB OT MPOIEHTHOTO
COJIEp)KaHUS HAHOBKIIIOUCHWA. YUHUTHIBAs OJMHAKOBYIO KOHIEHTPAIMIO JIETUPYIOIICH MpPUMECH U OJIM3KUE
3HAYCHUS DJICKTPOIPOBOJHOCTH Yy O0Opa3MoOB MOXKHO TMPEANOIOKNTh, YTO CHIDKCHHE TEIUIOTPOBOTHOCTH
00yCIIOBJIEGHO B OCHOBHOM CHIXEHHEM PEIICTOYHOW TeIIonpoBOoAHOCTH. [Ipr koMHaTHOW Temmeparype Oblia
paccunTaHa pemeToYHasi TETUIONPOBOHOCTh, I/Ie SIBHO HaOIIoJaeTcs e€ CHUKEHHWE C POCTOM KOHIICHTPaluu
npumecH (tadmuma 1).
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TemnoeMKocTs 00pa3IOB CHUXKAETCS C YBEIHMUCHHEM KOHIICHTPAIIUH HAHOBKIIIOUCHUH. JTO 00BSICHSIETCS
AITUTUBHBIM XapaKTEePOM TEIJIOEMKOCTH JUISI KOMITO3UTHBIX MaTepHAaJIOB.

3axnouenue

Uccnenopanne BiausiHuii HaHoBKItoueHuid TiO, Ha Termmodu3uMyeckue CBOWCTBA IOKA3allo, YTO IPHU
KOHIEHTpaIu 10 2 00.% HaOIro1aeTcs CHIKEHUE TETIONPOBOAHOCTH IIPH COXPAaHEHHUE AIIEKTPHUIECKUX CBOWCTB.

TemnoeMKkocTs 00pa3OB CHUKACTCS € YBEIMYCHUEM KOHIICHTPAIIMN HAHOBKITIOUEHH, HO COXPaHSET CBOM
XapakTep 3aBUCUMOCTH OT TEMIEPATYPhI.

B nanpHelineM He0OX0 MBI UCCIIEOBAHUS TEMITEPATYPHBIX 3aBUCHMOCTEH KOAQPHUIIMEHTOB TEPMOI/IC U
3JIEKTPOTPOBOHOCTH JUTSI OLICHKH TEPMO3JICKTPHUEcKOl 3(h(HEeKTHBHOCTH TOTYYECHHBIX 00pa3IoB.

CIIMCOK UCIIOJIb30BAHHOU JINTEPATY PbI

1. Guo W. et al. Improving n-type thermoelectric performance of Mg.Sio.4Snos compounds via high pressure and Sb-
doping //Journal of Alloys and Compounds. —2024. — T. 1002. — C. 175366.

2. Wang B. et al. Enhanced thermoelectric performance of Sb-doped Mg.Sio4Snos Vvia doping, alloying and
nanoprecipitation //Journal of Materiomics. — 2024. — T. 10. — Ne. 2. — C. 285-292.

3. Wang S., Mingo N. Improved thermoelectric properties of MgSixGeySni—«-y nanoparticle-in-alloy materials
/IApplied Physics Letters. — 2009. — T. 94. — Ne. 20.

4. Tazebay A. S. et al. Thermal transport driven by extraneous nanoparticles and phase segregation in nanostructured
Mg2(Si, Sn) and estimation of optimum thermoelectric performance //ACS applied materials & interfaces. — 2016. — T. 8. —
No. 11. - C. 7003-7012.

5. Isachenko G. N. et al. Thermoelectric Properties of Nanostructured p-Mg.SixSh;-x (x= 0.2 to 0.4) Solid Solutions
/lJournal of Electronic Materials. — 2016. — T. 45. — C. 1982-1986.

90X 656.135

TYUBIK KEHICTIKTEH CYCBIMAJIbI )KYKTEP/I AJIBII IIIBIFAPY
KYMBICTAPBIHBIH TUIMAIJIITTH APTTBIPY

beticembaesa A. macucmpanm TMO,
Anwvinosa A.M. accoy.npogpeccop, doxmop PhDEymabaee M. X. cenvop-nexmop
Anmamer mexnonoausanwix ynusepcumi, Anmamel K., Kazaxcman Pecnybnukacol
E-mail: beisembaevna_01@mail.ru, aiman16@mail.ru, butabaevmir@mail.ru

Kaszipri Tania a3bIK-TYJIIK 6HIMAEPIH, COHBIH IlIiHAe Oumai ToHAepiH TachiMalay ajlbIiC KAlIbIKThIKTapra
KYprizineni. ACTHIK TackiMaiiay AKTay TOPTHI apKbuTel MpanFa sxoHe T.0 enjepre Kypriziiemi.

Kasipri yakeiTTa mopTTap XYK ©HACY KeJeMiH YJIFalTyFa, KalTa eHIEJNeTiH XKYKTiH HOMEHKIATYPachlH
xoHe [TopT KbI3METTEpiHIH canachlH KEHEHTyre OarbITTalFaH MPaKTUKANIBIK iC-1Iapagap/ibl Hri3ye.

Osexminici: EmiMi3ne acTHIKTBI TEHI3 KOJITIMEH TackiMaljay Ke3iHIe, JKOFaphl BUIFAIIBLUTBIKKA
0alIaHBICTBl, ACTBIKTBIH bUIFIABUIBIFEl /14 aWTapJIbIKTail apTaabl. Byl acTHIKTBIH THIFbI3ATybIHA JKOHE
KBICBIIYbIHA OKen cofaibl. Kem KyHmIK TachkIMaijay Ke3iHJe OaTTachlll KaJfaH JKYKTI ally MpoOseMachl
TYBIHJIAWTbI.

Ocbl alfThUIFaHAApIBl €CKepe OTHIPBIN, OaTTAchIl KaJfaH acTBIKTHl MIBIFApy YIIIH MBIHAJal copy
KOHJIBIPFBICHIH YChIHAMBI3. BYHBIH epeKIeniri: CychIMaibl OHIM/II MIEKTENreH KeHiCTIKTe THEBMOTaChIMAIIIay 1a
SHEPTETHKAIBIK THIMAUTIKTI apTThIpy. ByJl KOHABIPFBI adpainusi KaMepachlH/a KYWBIHIBI aFbIH TYJBIPHII, COPY
KOHJBIPFBICBIHA Tipii TyabIpapl, Oyi1 OaTTachll KajfaH eHIMI€ €HYiH JKaKcapTabl.

1. Copy KOHABIPFBICHIH SKCIEPUMEHTTIK 3€pTTEy

Y CBHIHBUIFaH COPY KOHJBIPFBICH OOMBIHINA SKCIIEPUMEHTTIK 3epTTEyJIep KYPri3uiii.

By cxemana 2 nunus Gap. 1-eyi aiinay, KbICBIM apKbUIbI )KYMBIC 1CTEH i, 2-1ITici COpY, SFHU BaKyyM >Keici
apkbutel (1-cypet). Aligay KOHABIPFBICHIHA Kipeli: KOMIpPEccop, peccuBep, MaHOMETpP (KBICBIMABI OJIIen
TYpAaThIH).

ApBI Kapail )XyMBIC iCTe€y MPUHITUII MBIHAJIali: KYpPBUIBIMBI jKaHa COpY KOHABIPFBICH (2-cypeT) aya Oepy
(aspanusi) kKamepacblHaH, OHBIH CHIPTKBI O€TiHIe aliIalThIH TYTIKTEpACH Typaasl. by perte aiinaiiTbiH TyTiKTEp
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JMaMeTpi WIapiibl TipeyJiepJie OpHAIACKIN Oip ME3ruIe TiK XKoHE KOJJICHEH JKa3bIKThIKTap/ia OYpBLUIbIC yKacah
amasel. JKoHe OyJT KOHIBIPFBIHBIH €PEKIIENiri: CyChIMaIbl OHIMAI MIEKTeNTeH KeHICTIKTE ITHeBMOTackIMalaayaa
SHEPTeTUKAIBIK THIMIITIKTI apTTHIPY.

L\\(jf‘ I

10 I1a

™ g

1-nanens; 2-BakyymMMmeTp; 3-QMIbTp; 4-IUKIOH; 5-copy XKyleci; 6-muTo KyObIpImacer; 7-cormio; 8-manrorpad; 9-MmanomeTp;
10-peccusep; 11-kommpeccop; 12-¢punbtp; 13-BaKkyMM COPFEHI.

Cyper 1. XKanmer kepiHic. DKCIEPUMEHTTIK KOHIBIPFBIHBIH CXEMaChl

Tyriktep 7 Oip 13OUTIKIIEH YIIECTIpYLIi-ITyIbCaTOPFa JKAIFaHaAbl. YJIECTIpYLIi-TyIbCaTOPABIH MaKcaThl —
YJIKEH KbICBIM/IAFbl aya aFbIHBIH jKacay JKOHE OHBI KBICKA YaKbIT apalibIFbIHAA YJIKECH JKbUIIAMIBIKICH COpY.
JKoraprpl KbICHIMIBI aya apHaWbl YJIECTIPYLIl — IyJIbCATOpP apKbUIbl OipTiHAEN OipiHIN, €KiHIUI KOHE YINiHIII
aiimay Tytikrepine Oepineni. MyHznail ChIFBUIFaH ayaHbl Oepy TOCUIl COpPY KOHIBIPFBICBIHAA KYHBIHABI aFblH
TYIBIPBIN, KYPBUIFBLIA Aipin maina Oonmanmel, Oyl OaTTachll KajlFaH eHIMre eHyni skakcaptaabl. Ocpliaiiia
OocaraH SIFHM acThIK KOIICBITBUIFAH Ke3A€ BaKyyM-Hacoc 13 apkeuibl BakyyM Oepemi3. ComaH KeHiH acThIK
LIUKJIOHFa 4 KeJill TeMEH Kapal Tyceli, KairaH aya (QWIbTp 3 apKbUIbl BaKyMM-Hacocka Oapajbl. OCBIHBIH
OapbIFbIH 013 JKUHACTBIPJBIK JKOHE Tarbl KOChIMIIA €CENTETII (CUSTUNK) KOSIMbI3, KaHIlla aya KETIIl KaTKaHbIH
Kepy YILiH, COpy JKeliciHe Koicak Ta 0oJa/ibl KaHINA aya COPBII >KaTKaHbIH KOpy YLIiH.

1.1 FeuisiMu 3epTTey HOTHKENEPiH MPAKTUKANBIK 1CKE achIpy

XKyprizinreH TEOpUSIIBIK XOHE JKCIICPUMEHTTIK 3epTTeyJepaiH Heri3iHae 0i3 copy KOHIBIPFBICHIHBIH
XK00achIH )XaHe copy-aiinay »xexnicin (1, 2 - cyper) kacaibIkK.

z
~
N

1-copy KOHIBIPFHICHL; 2-BaKyMMMETP, MaHOMETP; 3-BaKyyM-Hacoc, KOMIIPECCOp, peccuBep

Cyper 2. Copy sxemicinig 0ip GeJiri
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COHHOHBIH KBICBIM/JIAP KaTbIHAChI

- -Kipy KBICBIMBI(BXOIHOE TABIIEHIE), Pa, O6ap

16
14
12
1

o

o N B O

- -UIBIFY KbICBIMBI(BBIXO/IHOE HaBlIeHUE), Py, 6ap

Cyper 3. CoIIoHbIH KbICHIMIap KaTbIHACHI

Kopvimuinowi

Copy nmHEBMOXKYHECIHIET1 COpy KYPBUIFBICHIHBIH YCHIHBIIFAH KYPBUIBIMBI YJIKEH TEXHUKAJIBIK MOHIE He
JKOHE alTapibIKTall SKOHOMUKAJIBIK HOTHXE Oepe ananbl. COHbIMEH Katap, ayaHbl KilllkeHe OeJlikTepe Tikeeh
aspalus KamepachlHa HMITYJIBCTI aiilay BaKyyMFa KaKEeTTUTIKTI a3aiiTyra MyMKiHZIK Oepesi, OyJ1 Ka3ipri yakpITTa
15%-naH acmalTRIH COPY KYHECIHIH Maigabl spekeT Kod(OUIIMEHTIH apTThIpyFa MYMKIHIIK Oepei.

YK 73.37.41

HNPUMEHEHUE [IU®POBbIX TEXHOJIOT UM JJ151 JUATHOCTUKH U
KOHTPOJISI TEXHUYECKOI'O COCTOSIHUSA TOIUIMBHOM U
MPOTUBOIMOXXAPHOMU CUCTEMbI CAMOJIETOB BOEING 737

bonambex E., XKynicoaii b., macucmpanmei 2 xypca,
Axademuu I pasxcoanckoti Asuayuu, PK 2. Arimamul.
Hayunwiii pyxosooumenv: k.m.H., npogheccop AI'A Epeanues J]. C.
E-mail: e.bolatbekO1@mail.ru

B nepByto ouepens MpuMeHUM CTPYKTYPHBIN aHAIN3 [Tl OTIPEIEIICHUS KOJIMYECTBA JIEMEHTOB B KA 10
ciucreMe. A 3aTeM NPUMEHUM (YHKIMOHAIBHBIA aHAlM3, KOTOPBIA TO3BOJUT OIPENeUTh B3aUMOCBS3b
3JIEMEHTOB MeXIy co0oii. [Tociie mpuMeHnM aHanu3 y JEHCTBYIONIMM METO/IaM TUarHOCTUPOBAHUS C TIOMOIIIBIO
BCTPOSHHBIX IUQPOBBIX JIUATHOCTUPOBAHUS, TIOCIAE YEro pPAcCCMOTPHUM BO3MOXHOCTh PHUMEHEHUS
JIOTIOTHATENBHBIX YCTPONUCTB JIJISl TUATHOCTHPOBAHUS CUCTEM.

[lanens coBmemaer B cebe 3JIEMEHTHI YIPABIECHUS HACOCAMU W Ta0JI0 CUTHAIM3AIMH HU3KOTO YPOBHS
JaBJeHUS U paboThl B 00X07 pribTpa 04uCTKH [3]. DTO CBUAETENBCTBYET O TOM, YTO ()aKTUYECKH TOTLTUBHAS
CHCTeMa OCHAIIleHa BCTPOSHHOM CHCTEMON KOHTPOJIS, OJTHAKO BCE JATYMKH MMEIOT aHAJIOTOBYIO CTPYKTYpY, HO
MIPU DTOM aHAJIOTOBbIE CUTHAIBI MPEOOPA3OBHIBAIOTCS B MU(GPOBOM CUTHAI, YTO MPEIOCTABIISET TEXHHYECCKYIO
BO3MOXKHOCTH IIPUMEHEHUS IIU(PPOBBIX CHCTEM Ha OOPTY camosiera.
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Pucynoxk 1. Ilanens ynpasnenus ToruuBHOM cucteMsl camonieta BOEING 737 NG/MAX

Bonee Toro, Ha OopTy npumensieTcst BcrpoeHHas cuctema EICAS (engine indication crew alerting system).
JlanHas cucTema OCyIIeCTBISIET HEMPEPHIBHBI MOHUTOPUHT Pa0OTHI TapaMeTpOB JBUTATENEH U X OTKa30B. Tak
Kak paboTa BUTATENeH HANPSMYIO CBSI3aHa C Pa0OTOM TOTUTUBHOW CUCTEMBI, TO TIPH HATMYNH HEUCTIPABHOCTEH B
toruBHOM cructeme EICAS HezaMmeIuTeNbHO BBIAET COOTBETCTBYIOLIEE MpeAynpexaeHre. bomaee Toro, npu
coBMecTHOM pabore ¢ MC (master caution) ¥ MW (master warning) mujioT NpakKTHYECKH HE MOXKET MPOITYCTUTh
Takoi oTka3. To ecTh nupoBast TMarHoCTUKa paboThl TOIIIMBHOMN CHCTEMbI IPOUCXOIUT HENPEPHIBHO BO BPEMs
nosetra. Takoil pe3yabTaT HOCTUTaeTcs IyTEeM HEIPEPHIBHOIO MOHUTOpUHra. B mepByro ouepenp HE0OXOIUMO
OTMETHTH, YTO TOIUIMBHASI CHCTEMA B OaKaxX XpaHHT 3arachl TOIUTHBA, HEOOXOIUMBIE [T COBEPILCHHUS TIOJIeTa.

B nanbonee obmiem cinyyae cucreMa (GyHKIIMOHUPYET CIEAYIOIMM 00pa30M, CUTHAI O BOZHHKHOBEHUH
no’kapa MPUXOIUT OT OAHOU U3 IPYIII JaTYUKOB, IIOCIIE YETo MWIOT Ha NAHEIH YIIPAaBJICHUS aKTUBUPYET OJUH U3
0aJJIOHOB, OCHAIICHHBIX MHUPONATPOHOM M IUIAMSTACSIIAS CMECh IOCTYHaeT MO TPyOONpoBOAY K MeCTy
BO3TrOpaHus. Crour OTMCTUTD, UTO TP BO3HMKHOBCHUU I10Kapa B IBUTATCIIC, MWJIOT JOIMMOJTHUTCIIBHO BBITATUBACT
W MOBOPAaYMBAET €€ B CTOPOHY JBUIaTelis, HA KOTOPOM INPOU3OLUIO BO3TOpaHHe. BhITArMBasg pyuyky HHIOT
OTCCKACT IIoaavy TOIUIMBA, a IIOBOpPAYMBasd PYUYKYy OH OTKPBLIBACT KilallaH IOJa4u CMECH Ha COOTBeTCTBYIOHlI/Iﬁ
JABUT'ATCJIb. HpI/I 3TOM HGOGXOI{I/IMO OTMETUTL OCOOEHHOCTH pa6OTBI JaTYUKOB. O BO3TrOpaHru B JBUTraTelIC
CUTHAJIM3UPYIOT JATYUKU CUTHAIM3UPYIOT AATYMKA TEMIEpaTyphl BBIXOAALIMX [a30B, KOTOPHIE H3MEPSIOT
TEKYILYIO0 TEMIIEPATypy, CUCTEMA TAaKXKe YUUTBHIBAET CKOPOCTh M3MEHEHHsI TEMIIEPATyphl, YTO B KOHEUHOM UTOTe
B COBOKYIMHOCTHU HNPEBLINICHHA OOIYCTUMBIX 3HAUYEeHUI JJIsL oboux mapaMeTpoOB IMO3BOJACT BblAaThb CUTHAJI O
noxkape B asuratese. Ilpu Tymennn nBurarteiis cMeCh pacripoCTPaHseTCsl TOJIBKO B MOAKANIOTHOM MPOCTPAHCTBE,
TaK KaK IPH paclpoCTpaHEHUH CMECH B 00JIacTH TypOMH OHa OBICTPO BBIOpAcHIBAETCS ABUIATENIEM U OKa3bIBAET
MHWHUMAJIBHOC BO3)Z[eI>'ICTBHe. B cirydac C OarayxHeIM OTCEKOM, TO TaM YCTAHOBJICHbI OITHYCCKHC OAaTYUKH,
KOTOpBIE HM3MEpSIOT MOIIHOCTh CBETOBOTO IMMOTOKA W MPeoOpa3yloT JHEPTUI0 HAaMpaBIeHHOTO Jyda B
NIEKTpUYECKU uMIyibc. [Ipy TOsBIEHMH ObIMa, MOIIHOCTH CBETOBOTO IIOTOKA YMEHBILIAETCS U LEMb
Pa3MBIKA€TCA, TEM CaMbIM NOABIACTCA I[I/I(i)(bepeHI_[I/IaJ]LHaH Pa3HOCThL B MOCTOBOH cXeMe HU3MCPCHUA CUJIBI TOKA,
TeM CaMbIM II0/Ia€TCS CHTHANI O 3aAbIMJICHMHM. B 0araxHoM OTCEeKe TaKKe MOXKET pPaCIpPOCTPaHATHCS
IIaMsTracsIasl CMech, a B HaCCAKUPCKOM CAJIOHE JJISl TYLIEHHUS T0XKapoB pa3MEILeHbl PyYHbIe OTHETYLIUTEIH.
[Tpumeps! naHeseil yrpaBieHns: CHCTEMBI TYILIEHHS TIOKapa MPUBEACHBI Ha PUCYHKax 2 u 3.
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Pucynok 2. [Tanens curHaIM3aIu U TyIeHUs Toxkapa asurareseit camonera BOEING 737 NG/MAX
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Kak BHIHO Ha pUCYHKaX, JaHHas CHCTeMa MPAKTHYECKH AHAJIOroBas, HO OHA TAaKXXe MPEAOCTaBISET
peoOpazoBaHHbIE MH(PPOBBIE CUTHANEI B 0opTOBYIO ciuctemy EICAS.

Crout ormetuth, ur0 BOEING He MMEIOT IICHTpaIM30BaHHONW CHCTEMBI IO COOpY U MPEAOCTABICHUIO
nH(pOpMAIUU, BMECTO ATOr0 Ha OOPTYy UMEETCS MHOXKECTBO CHUCTEM, KOTOPHIC JCICHTPAIM30BaHBI U MOTYT
paboTaTh HE3aBHUCHMO ApPYr OT Apyra B aBTOHOMHOM peXrnMe. ENWHCTBEHHBIM 3HAYMMBIM OTpPaHUYCHHEM
SIBIISIETCS IIEHTPATM30BaHHas WHANKAws. [Ipu aToM yauTsiBaeTcs pesepBupoBanue, rae cucrema EICAS nmeer
4 nucruies AJis BbIBOJa MH(OpMAIUY.

TakuM 006pa3oM MOXKHO MPUATH K HMPOMEKXYTOYHOMY BBIBOIY, UYTO Ha OOPTY HEOOXOAWMO yCTaHOBHTH
KaMephl, KOTOpbIe OyIyT paboTaTh HE TOJNBKO B MYJBTHCIIEKTPAIEHOM CEKTOPE BUANMOTO CBETOBOTO THAMA30Ha,
HO ¥ B HH(PaKpPacCHOM. A €CIIi y4eCTh U TO, YTO OOCIYKUBAHUE BO3AYIIHBIX CYJOB IPOU3BOUTCS HE TOJIBKO B
JTHEBHOE BpPEMS, HO U B HOYHOE, TO CTOMT YCTaHOBUTh M KaMEpPbl C MOHOXPOMHBIM PEKHMOM pPa0OThI HIIU
PEXMMOM HOYHOTO BUICHHA. ECTECTBEHHO, UTO IS KXKAOTO CIIEKTpa N300pakeHus OJKEeH OBITh 3a1eHiCTBOBAH
COOTBETCTBYIOIIMI TPOTPAMMHBI MOIyNb JJIs ero o00paboTku. CTOWT OTMETHTh YTO COBPEMCHHEBIC
JIOPOTOCTOSIIIIME KaMepbl MOTYT HMMETh JO TPEX PEXKHMOB pabOThl, YTO MOXET CYIIECTBEHHO COKOHOMUTH
MIPOCTPAHCTBO U MAacCy JJIsl pa3MelieHnst 000pyI0BaHUA Ha OOPTY BO3AYIIHOTO CY/AHA.
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KenpoBblii opex sBnsercss KpyHHbBIM MCTOYHMKOM IIMTATENbHBIX BEIIECTB M OO0JIAZAaeT BBICOKHM
OuoxumuueckiM 3HaueHWeM. Kezapoas ckopiymna (Mynb4a) COIEpXKHUT OONbIIOE KOJMYECTBO MakKpo- U
MHKpOJIEMEHTOB. MyJjbya KepOBOro opexa criocoOHa o0ecreunBaTh 3allUTy OT IPUOKOBBIX 3a00JI€BaHUI U
BpPEIHBIX HACEKOMBIX, CO3AaET ONTHMAIBHBIA ITOYBEHHBIM MHUKPOKIMMAT. Takke HaIIOCh NPHMEHEHHE
CKOPJIyTIbI KEIPOBOT'O Opexa B HapoAHOW MeauuuHe. JIronu ynorpelnsin e€ B3Bap Ipu PacCTPONCTBE JKeMyIKa,
mpobyieMax ¢ KHUIIEYHUKOM, dK3eMe, OOJISIX B CyCTaBax, peBMaTu3Me, OTPABICHUH, TPOCTYIHBIX 3a00JI€BaHUIX,
reprece U octeoxoHapose. Ckopiyna 3To OAMH U3 TPEX OCHOBHBIX KOMIIOHEHTOB KEAPOBOro opexa: 1) siapo, 2)
obonouka siapa, 3) ckopayna. JByM u3 Tpex KOMIOHEHTOB HAIIJIOCh TOYHOE U SIBHOE MPUMEHEHUE B MHILEBON
MIPOMBINIJIEHHOCTH, B TO BpeMs, KaK CKOPIJIyIe yAemseTcsl MeHblee BHUMaHue. CKopiyna KeIpoBOro opexa, B
CBOCH OCHOBE, SIBISETCS MPOJYKTOM IOCTOOPAOOTKH TP UCIOJIL30BAHUM KEJIPOBOTO Opexa B IHIICBOM
IIPOU3BOJCTBE.
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Pucynox 1. Cxopiyna keapoBoro opexa

st pa3BUTHSL NOTEHLIMAIA HCIIOIB30BaHUS CKOPIYIbl KEIPOBOIO Opexa B KadeCTBE CAMOCTOSITEIBHOTO
MPOAYKTa HEOOXOIUMO PACCMOTPETh €r0 XMMUYECKHUI COCTaB M ONPENEeTUTbh TEHACHIMH Pa3BUTHUSI AaHHOTO
HampaBJICHUSL.

W3 cHUMKa CKOPITYTIBI KEIPOBOIO OpeXa Mo MUKPOCKOIIOM (pHC. 2) BUIIHO, YTO OHA UIMEET MHOTOYTOJIHYIO
CTPYKTYpY €€ KJIETOK C IJIOTHBIMU MEXXKJIETOUHBIMHU CBSI3IMU C MMHUMAJIbHO BCTPEYAIOIIUMUCS ITyCTOTaMHU.

Pucynok 2. @parmMeHT cKopilyna KeApOBOT0O Opexa Mol MEKPOCKOIIOM

Hcxonsa u3 ombiTa NpeaplAyIIUX HUCCIIE0BATENed CTAaHOBUTCS M3BECTHO, YTO B XMMHUYECKHH COCTaB
CKOPJIyIBl KEAPOBOIO Opexa BXOASAT MHOXECTBO KOMIIOHEHTOB, KOTOPbIE MOKHO KJacCH(pHUUUPOBaTh Ha
OpraHu4ecKue 1 Heopranuueckue coequHeHns. OCHOBHBIM KOMIIOHEHTOM SIBJISIETCS KJIETYATKa, IPOLIEHT KOTOPOH
coctapiseT nmopsaaka 69%. KimergaTka e B CBOIO 04epeah COCTOUT U3 TPEX OCHOBHBIX KOMITOHEHTOB. bonbmmm
MPOLICHTOM COJICPKaHHEM B COCTAaBE KJIETYATKU 00JIaIaeT 1EeJLI0103a (pUc. 3), YMCII0 KOTOPOH 10X0auT 110 55%.
Jlosst IMTHUHOB B KJIETYAaTKE COCTaBIsET OKOJ0 35%. Tperbeit OCHOBHOM COCTABISAIONICH KIETYATKU SIBIISETCS
TEMUIIEIUTION03a, TIPOIIEHT KOTOPOM cocTariseT mopsiaka 10%.
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PucyHok 3. ®@parMeHT cTpyKTypHO#l (hOPMYJIIbI LEIUTIOJI03b

Lemmono3a — onuH w3 Haubolyiee PacCHpPOCTPAHEHHBIX MPUPOJHBIX IOJIMMEPOB, SIBISETCS OCHOBHOM
COCTAaBIISIIONICH 4YacThIO KJIETOYHBIX CTEHOK pacTeHWil, oOecrneunBaromas MEXaHWYECKYIH TPOYHOCTh U
JNIACTHYHOCTh PACTHUTENBHBIX TKaHel. Llemmono3a He MoxeT ObITh pacuieruieHa (pepMeHTaMH >KETyJI0YHO-
KHIIEYHOTO TPaKTa 4YeloBeKa, IMO3TOMY OKasbIBaeT IOMOIIb B IpoOIecce BBHIPAOOTKH TKAHEBBIX TOPMOHOB,
CHI)KAaeT PUCK BO3HUKHOBEHHS KEITYHOKAMEHHOW OO0JIE3HH, HOpMaIHM3yeT TAKOH CIIOXKHBIH OMOXMMHUYECKUN U
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(hHM3UOTOTHYECKHN TPOTIECC, KaK JIMITHTHBIN 00MEH, CITOCOOCTBYET THIIOX0JICCTEPHHOBBIMY TTporieccy (CHIKCHHIO
YPOBHSI XOJIECTEpHHA) B IUIa3Me€ KPOBH, TAKXKE OTMEUCHO CHIDKCHHE TEHICHLMH YCBOSEMOCTH caxapa. B
MPOMBIIIIJICHHOM TPOMU3BOACTBE LEJUTION03a UMEET OOMIMPHBINA CIEKTP MPUMEHEHHUs], TaKUe KaK, MPOU3BOJICTBO
Oymar, TeKCTHJIBHOE MPOU3BOJCTBO, MPOU3BOJICTBO MEUYATHBIX KpacoK W T.J. LIIMpokuil crekTp mpuMeHEeHUs
LEJUT0NIO36l TOBOPUT O MHOT0O00pasuM IPUMEHEHUS €€ B Pa3iIM4YHBIX BUAAX IPOU3BOICTB C OOJIBIIMNMHU
MEPCIEKTUBAMU HA JalbHEHIIee pa3BUTHE.

JIMrHMH — CIOXKHOE TONMMEpPHOE COCJMHEHHEe, colepXaleecss B KJIETKaX COCYAMCTBIX pPAacTeHUI.
OTHOCHTCSI K CBSI3YIOLUIMM BEIIECTBaM OOOJOYKH PAcTUTENbHOH KieTKH. OTJIOKEHHME JIMTHWHA B KJIETOYHBIX
000J104Kax BbI3BIBAET OJPEBECHEHUE KIETOK M YBEIMYMUBACT X NMPOYHOCTh. [locie mesiroa03bl IMTHUH caMblil
pacnpocTpaHeHHBIH TOIUMEP Ha 3eMJIe, UTPAIOIIUI BaXKHYIO POJIb B IPUPOIHOM KPYTOBOpOTE yriepoaa. Taxke
€ro YCTOWYMBOCTh K Pa3lOKCHHUIO JAeiaeT JMICHWH BaYKHBIM MAaTepUalioM B MPOU3BOJACTBE KOMIIO3UTOB M
OMOIIIACTUKOB.

I'emunenmonosa — monuMmep, KOTOPBI pacoaraeTcsi B pacTUTENbHBIX KIETOYHBIX CTEHKaX M 3a4acTyIO
paccMaTpuBaeTcsl Kak CyOnpoayKT Mpu nepepaboTKe IPEBECHHBI H PACTUTEIBHOTO CHIPBSI, HAIPUMED, OPEXOBOH
ckopuynbl. Hannune y reMunesuironossl resieo0pas3yromux CBOMCTB MO3BOJSAET HCIOIb30BaTh €0 B IHUILEBOH,
KOCMETHYECKOH U (apMaLeBTHUECKOW NPOMBIIUIEHHOCTH KaK 3aryCTHTENb WIM CTaOMIN3aToOp TIelei.
I'unpodunbHble CBOMCTBA TEMHIICIUTIONO3bI MO3BOJIAIOT WCIIONB30BaTh €€ JAJs MOAJCpKaHUs HEeoOXO0AUMOH
BJIa)KHOCTH IIPOAYKTOB M MaTEPHAJIOB. | eMHLIEIITION03a TAKKe SIBIACTCS IPOONOTUKOM, KOTOPBIN OJ1aronpusTHO
BIMSET Ha OAJICPKAHUE 310POBbS.

Hcxons u3 cocrtaBa 1 MHOT00Opa3us NMPUMEHEHUsSI B PAa3UYHBIX cepax MPOMBIIUIEHHOCTH OTACTBHBIX
KOMIIOHEHTOB CKODJIYIIBl KEIPOBOTO Opexa, MOXKHO CKaszaTbh, YTO CKOpJIyNa SIBJSIETCS MEPCIEKTUBHBIM
MaTepUalIoM IJsl NajdbHEHIIMX HMCCIEHOBAHUI B Cpele SKOJOTMYECKOM MpOMBIIUIEHHOCTH. HampaBieHHOCTh
HUCII0JIb30BaHUA OTI[GHBHBIﬁ KOMIIOHCHTOB KJICTYATKHM B IIPOMBINUJICHHOCTHU IIOKa3bIBACT, YTO HCO6XOI[I/IMO
)IaIH)HCI‘/'IIHCe Pa3BUTUC B MIPUMCHCHUU UX JJId CO3JJaHHA HOBBIX MAaTCPUAJIOB C BBICOKMMM I3KCIITyaTallMOHHBIMHA
XapakTepucTukaMu. ¢ GEeKTUBHbIE HCCIEIOBAaHUS 10 IPUMEHEHUIO CKOPJIYNbl KEOPOBOrO opexa Oyzer
CIOCOOCTBOBATh CHIDKECHHIO OTXOJOB B BHJIE CYONPOAYKTOB INPOM3BOJICTBA KEIPOBOI'O OpE€Xa, YTO MOKET
CHOCOOCTBOBATh YCTOWYHBOMY SKOHOMHUECKH AP PEKTHBHOMY MPUPOJOTOIB30BAHUIO.

CIIMCOK HCITOJIb30OBAHHO JINTEPATYPhI

1. Oddan K.B. [IpoayKTHl TEpMOKATATHTHICCKOTO OKUCICHHUS CKOPIIYITBI KEAPOBOTO opexa // XUMHS PacTHTEIHHOTO
ceipbs, Cep. 4. 2001. C. 35-37.

2. Eroposa E.}O. TluiieBbic BOJIOKHA CKOPJIYIBI M OKOJOIUIOAHOW OOOJOYKH KEAPOBOrO opexa // XpaHeHHE H
nepepaboTka cenbxo3chipbst, Cep. 6. 2009. C. 42-45.

3. Environmental aspects of improving the quality of raw materials in the food industry / A. K. Gorelkina, I. V.
Timoshchuk, E. N. Neverov [et al.] // IOP Conference Series: Earth and Environmental Science : International Conference on
Environmental Technologies and Engineering for Sustainable Development, Tashkent, 12—15 okts6ps 2022 roma. — IOP
Publishing Ltd: IOP Publishing Ltd, 2022. — P. 012067. — DOI 10.1088/1755-1315/1112/1/012067.

4. Xanrypraece A. I'. M3ydyeHHne KadeCTBEHHBIX XapaKTEPHCTHUK OHOMPOAYKTOB (YHKIMOHAILHOTO IHTAHHS C
HCTIOJIB30BaHUEM BTOPHUYHOTO CBHIPhs MepepaboTku keapoBoro opexa // Bectank BCTYTY, Cep. 2 (73). 2019. C. 20-28.

5. Effect of Low Temperatures on the Brittle Fracture of Hazelnut Shell / E. N. Neverov, I. B. Plotnikov, I. A. Korotkiy,
R. Yu. Skhaplok // International Journal of Design and Nature and Ecodynamics. — 2023. — Vol. 18, No. 3. — P. 713-718. —
DOI 10.18280/ijdne.180324.

UDC 621.575.931:621.565.92

APPLICATION OF SOLAR SYSTEMS FOR OBTAINING
WATER FROM THE ATMOSPHERIC AIR

Graduate student, Kravchenko V.V., Professor Titlov O.S., Docent Nikitin D.M.
Odesa National University of Technology, Odesa, Ukraine
E-mail: vladkrav1122@gmail.com , titlov1959@gmail.com, dnn@utecon.com

The shortage of water resources is one of the most important problems of our time. Nowadays, countries all
over the world feel the effects of this issue on various scales. Reports and studies conducted by the United Nations
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claim that more than 2 million people do not have access to safe water and the situation worsens every year [1, 2].
It is important to note that in Ukraine, which is one of the countries with limited water resources, the situation is
worsening due to the war and requires immediate intervention.

The problem of water shortage is not new, and scientists from all over the world are engaged in solving this
problem. There are several ways to reduce the water scarcity: importation, desalination of salt water and extraction
of water from atmospheric air. There are several methods of obtaining water from the air, the most common of
which are cooling the air below the dew point or using special materials to absorb water with its further extraction
[3]. The choice of method depends on climatic conditions and economic factors.

The presented methods of obtaining water from the air require a certain amount of energy, and solar
radiation will be considered as a source of the necessary energy.

Currently, the most common and studied method is the design of air dryer systems using special materials
that absorb water (absorption process) during the night time period. For the subsequent release of water (desorption
process), it is necessary to heat the material. To implement this method, a temperature in the range of 50-80 °C is
sufficient, which is quite satisfactorily implemented using solar systems. There is a large amount of research and
materials for the implementation of this method, but at this stage it is still not enough for their implementation.

Another promising direction is the development of systems for obtaining water from the air based on solar
systems and absorption ammonia-water refrigerating machines (AWRM) [4,5]. They implement the process of
condensation of water from the air when the temperature is below the dew point. A peculiarity of the use and
research of AWRM is the interdependence of temperatures: the heating medium, the cooling medium, and the
temperature of the cooling object. The variable parameter of these three is the temperature of the heating source.
To implement the operation of this system, it is necessary to specify the temperatures of the cooling object and
determine the temperature range of the heating source.

For this type of system, research was conducted for various conditions and with some modifications. The
advantage of using AWRM is the minimal amount of energy consumed, reliability and durability, the absence of
complex mechanisms and the availability of parts and construction materials, and also a natural working body that
has many advantages - an ammonia-water solution (AWS). The choice of solar systems is related to their
autonomy, wide distribution and a large assortment of devices for various tasks.

One of these schemes for obtaining water from the air is the AWRM scheme with a booster compressor
(Fig. 1).

The need to install a booster compressor is due to the high operating temperature range of AWRM 120-170
°C. An additional compressor allows you to reduce the range of optimal operating temperatures to 70 °C.

The disadvantage of the presented system is the need for an increased amount of energy for operation.

Figure 1. Scheme of AWRM with booster-compressor: 1 — solar system: 2 — circulation circuit; 3 — heat exchanger; 4 —
circulation pump; 5 — generator; 6 — booster-compressor; 7 — ammonia steam condenser; 8 — throttle of liquid ammonia; 9 —
evaporator; 10 — absorber; 11 — solid solution pump; 12 — throttle of a weak solution; 13 — heat exchanger; 14 — air channel;
15, 17 — fans; 16 — condensate collector.
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In the case when there is no additional source of electrical energy, it is advisable to consider the AWRM
scheme with an additional solution evaporator (Fig. 2).

The presented scheme with an additional solution evaporator has a higher concentration of ammonia and
can use a heat source with a temperature of 75 °C for its operation.

Presented and other existing schemes for obtaining water from the air are gradually attracting the attention
of more and more people and look somewhat promising. However, for their implementation, it is necessary to
carry out further studies of operating modes, improvement of calculation methods, selection of more efficient
materials from the point of view of heat and mass exchange and minimization of economic costs.
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Figure 2. Schematic diagram of AWRM with an additional solution evaporator: 1 - generator unit; 2 — reflux condenser; 3
— condenser; 4 — ammonia evaporator; 5 — absorber; 6 - solution evaporator; 7 — generator; 8 — separator; 9 — channel
of weak AWS; 10 — channel of strong AWS; 11 — solution heat exchanger; 12, 13 — heat exchangers; 14 — ammonia
hydraulic seal; 15 — equalizing main; ¥ 1, ¥2, ¥3 — levels, respectively, of a weak solution in the separator, at the inlet
and outlet of the absorber.
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VIIK: 664.834
CYHIKA MOPKOBU B JIETUJIPATOPE HA BA3E TEIIJIOBOT'O HACOCA

bepecnes U /1., macucmpanm kagedpvl menioxaiadomexuuru, 3adeceney A.E.,
acnupanm kageopst mennoxradomexuuxu, Ananuenxo P.A., acnupanm xageopvi menioxaadomexHuxu,
Kemeposckuii cocyoapcmeennniil ynugepcumem, 2. Kemeposo, Poccus

B arponpoMmsITieHHOM KOMITIEKCE TPOITYKTHI IOITOCPOYHOTO XPAaHEHHS SABIISIOTCS BAXKHBIM aTpHOYTOM B
o0ecrieueHur TPOJIOBOJIBCTBCHHON Oe30omacHOCTH. YTOOBI COXpaHWUTh OOJBIIYID YacTh BUTAMHHOB H
MUTATEIBHBIX BEIIECTB B MOPKOBH, a TAKXKE YBEIUYUTh €€ CPOK XPAaHEHUS HEOOXOAUMO IMPOU3BECTH CYIIKY
mpoaykra. B 3Toil craTthe OyIOeT paccMOTPEHO HWCHOIh30BAaHME MOPKOBH B Pa3HBIX IPOIECCaxX CYIIKU IS
JUIATEIBHOTO XPAHEHUS U COXPAHCHHUS €€ KaueCTRa.

CymmnpHas yCTaHOBKA HA OCHOBE TEIJIOBOTO HACOCA — 3TO MHHOBAIIMOHHOE 000pyA0BaHUE, CIOCOOHOE
OBICTPO ¥ PAaBHOMEPHO CYIIUTH Pa3HbIE BUJIBI IPOAYKTOB. B ee cocTaB BXOAST KITFOUEBBIE KOMIIOHEHTHI, TAKHE KaK
MapOKOMIPECCHOHHBIA  TEIUIOBOM  HACOC, BO3AYIIHBIA  BEHTHISATOD Ui IUPKYJSIUH  BO3/AyXa,
TepMoperyany}omm‘/'I BCHTWJIb, PCJIC OaBJICHHUA, HCHAPUTCIIb, KOHACHCATOP M HArpcBaTCIIbHBIC 3JICMCHTHI.
BoznymHenii MUpKyISAIAOHHBIA BEHTHISTOP PABHOMEPHO paclpenessieT TEIIo 10 BCeMy O00bheMy CYIIMIBHOM
KaMephl, 4TO MIPeIOTBpaIlaeT BOSHNKHOBEHHE MECTHBIX 30H MEepPeTPeBa WIH MEePEOXIAXKICHUS MaTepPHaIoB. JTO
OCO6eHHO 3HAaYUMMO B CJIydac CYIIKW YYBCTBHUTCJIBHBIX K M3MCHCHHUAM TCMIICPATYypPbl MaTCpHUAJIOB, TaKUX KaK
MUILEBBIE IIPOLYKTEHL.

3d Mozenp CyMIMIBHOM YCTAHOBKH Ha 0a3e TEIIOBOro Hacoca n3o0paxkeHa Ha puc. 1. CymunsHas KaMepa
Ha 0a3e TEIUIOBOro Hacoca paboTaeT Mo MPUHIUITY HUPKYJISAIUN BO3AyXa C HOCICAYIOIIUM €ro OXJIaKICHUEM U
KOHJIeHCallMe! BiIar.

Pucynok 1. 3D cxema CymmibHO# yCTaHOBKH Ha 0a3e TEeIIOBOro Hacoca

B Hauvane nporecca, BO3/1yxX U3 KaMephbl IOJAETCs B TEIUIOBOW HACOC, I/I€ MPOMCXOIUT €T0 OXJIaXKJICHUE.
3areM OXJaKACHHBIA BO3IYX NMPOXOAWUT Yepe3 KOHAEHCATOp, IIe NPOHMCXOAUT KOHACHCALMs BJIAard, KOTOpas
OTBOJUTCA HapyxKy. [lociie 3Toro Bo3Iyx Bo3BpalaeTcsi 00paTHO B KaMepy, I'/ie IPOUCXOIUT TOBTOPHBINA HAarpeB
1 nupKyssinus. Takum 00pa3oM, cylInibHas ycTaHOBKa Ha 0a3e TeIIOBOIro Hacoca MpeaocTasisieT 3¢ dhekTuBHOE
1 SKOHOMHUYHOE YJaJIeHHE BJIard U3 MaTepuana, ejas Mpolecc CyImKky 0oee ObICTPBIM U 3P GEKTHBHBIM.

J1g cymiku MOPKOBH €€ MBUTH, YUCTHIIM OT KOXKYPBI M Hape3alld Ha ciaichl fonmuHoi 2+3 MM (puc. 2 a).
Jarnee cnaiicel packiaibIBajiv B CYIIMIFHOM 00BheMe Ha ceTdaToM moaione (puc. 2 0). CymKy Mpou3BOAMIN IPH
TeMIIepaType CyIwIbHOrO areHrta (Bo3ayxa) 4501 C B Teyenue 8 uyacoB. B pesynbrare monydanu CyIIeHYIO
MOPKOBb (puc. 2 B).
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a) 6)
Pucynok 2. MopkoBb Ha 3Tamax nporecca CymKu:

a) MOITOTOBKAa MOPKOBH COpTa «BUTaMUHHASD) IS CYIIKH; 0) MOPKOBB B CYIIMJIEHOM 00BeMe; B) MOPKOBb,
BBICYILICHHAS B CYIIMJILHOW YCTAaHOBKE Ha 0a3e TeIIoBOro Hacoca

B mpouecce cymky KOHTPOJIMPOBaIM TEMIEpaTypy B MNPOAYKTE, a TaKXe TeMIepaTypy Bo3lyxa B
Pa3NMYHBIX 3JIEMEHTax CylmibHOro oowrema. Ha rpaduke (puc. 3) BuIHO, 4TO Temmeparypa BHE HPOILYKTa
OTIIMYAETCSl OT TEMIIEPaTyPhl BHYTPH MPOIYKTa, 3TO BHIHO MO TepMomapaM 1, 3 U 6 KOTopble pacrojoKeHbl B
Pa3NUYHBIX YacTax pabouero o0beMa Kamephl.
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Pucynok. 3 I'paduku M3MeHeHUs] TeMIepaTypbl B NPOJYKTe M BO3jayXa B paboueM oObeMe CYHIMIBHON Kamepbl Ha 0ase
TEIUIOBOIO Hacoca

C TedyeHueM BpeMEHH TeMIepaTypa B MPOLYKTE MPOJOIKAET PacTH, [IOKa TEIUIOBONH HACOC HE BBIIIEN Ha
3aJaHHBIA TEMIIEPATYPHBIH PEXHUM, IPH KOTOPOM INPOUCXOJUT KPAaTKOBPEMEHHOE OTKIIIOYEHHE KOMIpeccopa
cymipHOro mkada, npuMepHo Ha 260 MuHYyTe HccienoBanust. Jlanee UK MOBTOPSIETCS, TIPU ATOM TeMIieparypa
B TPOJYKTE MPOAOJDKAET pacTh, NPUONMIKAsCh K 3aJaHHOM Temmeparype cymkd. 1lo OKOHYaHWIO 3aMepoB
TeMmIeparypa B Kamepe M MPOAYKTE MPAaKTUYECKU cpaBHAIach M cocraBuia 45 °C, 4TO MOXXHO 3aMETUTh IO
rpaduKy, OTIIMYAIach TOJIBKO TEMIIEpaTypa B MPOJYKTE, I'Jie MCIOIb30BaIach TepMonapa mnoJi HOMepoM 2, OHa
pacronaraisack B Ha4aje KaMmepbl B JIEBOM yTIIy, TJ€ Y HAC IPUCYTCTBOBAIIN 3aCTOWHBIE 30HBI 00/1yBa CYIIMIBHOTO
areHTa, M TemrepaTypa TaM oTinJanack Ha 4-5 °C.

Taxoke BO BpeMsi CYIIKH MPOJYKTa ObLIIO ONpe/IeIeH0 N3MEHEHHUEe MAcChl MOPKOBH. Macca KOHTPOJIBHOM
HaBeCKHM MOpKOBH co 129 rpammoB ymeHbmimiack jo 13 rpammoB. Takum o0pa3oM, Iporecc CYIIKH ¢
WCTIONIb30BaHUEM TEIUIOBOTO HAacoca, JOCTATOYHO 3((EKTUBEH M MO3BOJSET MONYYUTh NPOAYKT C XOPOLINMH
KayeCTBEHHBIMH IIOKa3aTEIISIMH.
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The solution to food security problems and the stabilization of food prices are connected, first of all, with
the development of one's own high-tech and competitive agro-industrial production.

In the conditions of ever-increasing volumes of grain and high rates of harvesting, the problem of preserving
the harvest, more than half of which is harvested in a wet state, is becoming increasingly acute. Freshly harvested
wet seed grain is unstable in storage and requires immediate processing.

The most important problems of the agro-industrial complex were and remain the insufficient depth of
processing of agricultural raw materials and high losses during storage. To solve these problems, the development
of the food and processing industry, the material and technical storage base, as well as the creation of modern
storage facilities for primary products are necessary for the modernization of food and processing industry
enterprises due to technical rearmament based on innovative resource-saving technologies.

Agriculture is a branch of the economy aimed at providing the population with food and obtaining raw
materials for a number of industrial sectors. It is one of the most important industries for the population, as well
as the functioning of the state. Cereal crops are the predominant branch of agriculture.

Grain is one of the most important basic human food products, for the cultivation and collection of which
large resources are involved. Postharvest processing and storage is a key link in grain production. According to
the Food and Agricultural Organization of the United Nations (FAO), about 20 % of harvested grains in the world
spoil annually.

Reduction of grain losses at all stages of harvesting, transportation, storage and processing and ensuring its
safety is determined by the technology after harvest processing.

The main method of bringing the seed to a quality-safe state is its drying. Drying is the most expensive and
"narrow" operation of post-harvest processing. The concentration of grain production, the development of combine
technology, and the improvement of harvesting methods lead to the need to use more and more powerful grain
drying equipment, with the terms of its use becoming shorter and shorter. Under these conditions, ensuring the
immediate drying of freshly harvested grain coming from the fields in full requires significant capital investments
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for the construction of drying equipment, causing a sharp increase in the cost of drying. To increase the profitability
of grain drying equipment, it is important to extend the period of operation of the dryers, which is possible due to
the conservation of wet grain that accumulates before the dryer and "waits" for drying opportunities.

Recently, the increase of grain drying capacity has mainly been in the direction of increasing the capacity
of individual machines to ensure harvesting in a short time.

The introduction of commodity classification of grain products also determined the need to improve the
technology of post-harvest processing of grain products, including for grain batches of different volume and quality.

In the drying process, a significant amount of scarce light petroleum products is consumed, and the existing
combustion devices are especially equipped with heat exchangers that have a low efficiency.

Conservation of wet grain is possible with the help of organic acids, by storing grain without access to
oxygen (hermetic and in an environment of inert gases), as well as by cooling.

It has been established that the fruit dies when treated with organic acids and stored in airtight conditions,
therefore seed preservation is possible only with the use of cooling.

Due to daily temperature fluctuations, cooling of wet grain mass is possible at night with the help of active
ventilation with atmospheric air. However, the cooling capacity of active ventilation depends on climatic
conditions, so it is often not possible to cool the wet grain to the required temperature, as a result of which the
seeds spoil from self-heating and mold.

In the modern world, refrigeration equipment systems, in particular, continuous refrigeration chain systems,
without which it is impossible to fully ensure food safety, are becoming more and more popular.

Special interest in artificial cooling systems in the state grain economy of Ukraine, which is one of the
country's budget-generating industries.

It should be noted that among all types of grain products, the greatest effect of primary low-temperature
processing can be achieved for small grain varieties (rape, flax, millet, mustard). They, due to their small inherent
linear size, are most prone to damage during heat drying.

Due to the fact that rapeseed can be effectively used for the production of biofuel. It is known that German
biofuel producers intended to lease 50,000 square meters of agricultural land in Ukraine in 2008. ha to provide
itself with raw materials for a long time.

The development of primary cooling systems requires the availability of information on methods of
calculating heat and mass transfer processes under the conditions of low-temperature processing of small-seeded
grain with cooled and dried air, which is currently lacking.

In connection with the above, the development of systems for primary low-temperature processing and
storage of grain, which takes into account the peculiarities of the processes of heat and mass exchange between
grain and cooled and dried air and minimizes energy costs, becomes relevant.

UDC 621.575

DEVELOPMENT OF SYSTEMS FOR OBTAINING WATER
FROM THE ATMOSPHERIC AIR

Godyk K.O., graduate student
Odesa National University of Technology, Odesa, Ukraine
E-mail: godykkostas@gmail.com

Water will soon become the most valuable resource on the planet. Currently, more than 40 percent of the world's
population lives in areas experiencing moderate or severe water scarcity. By 2025, roughly two-thirds of the world's
population—about 5.5 billion people—is expected to live in areas facing water shortages on such a scale.

There are more than 1 billion people who do not have sustainable access to clean water. 2.4 billion people—
more than one-third of the world's population—do not have access to adequate sanitation.

This situation leads to catastrophic consequences and may happen in Ukraine in the near future.
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One of the areas of partial elimination of the shortage of water resources is the technology of extracting
water from atmospheric air, while the greatest prospects are methods associated with the operation of
thermotransformers, which are guaranteed to provide a temperature below the dew point.

At the same time, one of the promising areas is the development of systems for obtaining water from
atmospheric air based on absorption water-ammonia thermotransformers (AVT), which work from a source of
low-potential heat - solar energy.

Another promising direction is the use of vapor compression thermotransformers (VCT) powered by solar
energy.

The conducted comparative analysis of various cooling systems showed that for work as part of systems for
obtaining water from atmospheric air, it is advisable to use refrigeration machines based on AVT, as those that
consume the minimum possible amount of electrical energy, are reliable in operation, use widely available
construction materials and a natural working body (aqueous ammonia solution).

It is also advisable to study the possibilities of use in systems of obtaining water from the atmospheric air.

In the real embodiment of the AVT, taking into account heat losses and thermal resistance in the contact
zone of the heat source and the wall of the AVT generator, higher temperatures should be expected.

At the same time, the estimated calculations showed that in conditions of moderate ambient temperatures
(20...22 °C), as well as with water cooling of the condenser, when the working pressure in the system can be
reduced to 1.0 ... 1.2 MPa, the work AVT can be carried out at 80 °C.

In this way, it is possible to recommend to the developers two types of sources of heat load of AVT as part
of systems for obtaining water from atmospheric air.

In a tropical hot climate - with vacuum solar collectors or solar concentrators capable of providing
temperatures above 200 °C. In the temperate climate zone - with solar collectors with water as a heat carrier.

It is obvious that in comparison with analogues, AVT with a solution evaporator will have large weight and
size characteristics.

At the same time, this shortcoming can be partially eliminated - to develop a scheme with the supply of
purified PGS solutions from the absorber to the evaporator. In this case, the PGS flow should be parallelized.

As part of the further energy improvement of AVT, it is promising to consider a binary mixture of
trifluoroethanol (TFE) — tetraethylene glycol dimethyl ether (TEGDME), which may be more advantageous for
absorption cycles at high temperatures than classical working systems such as H,O-LiBr and NHs-H;O. This
system is non-corrosive, fully miscible over a wide temperature range, heat resistant up to 250 °C and has a low
operating pressure.

In terms of increasing the energy efficiency of the generator unit, one of the promising directions may be
the replacement of the traditional steel material of the AVT body with aluminum alloys, which have shown not
only high heat transfer characteristics, but also corrosion resistance when interacting in a water-ammonia mixture.

It is shown that an increase in the supplied heat load on the AVT thermosyphon has an ambiguous effect on
the cooling capacity. There is an optimum-minimum cooling temperature, which corresponds to the maximum
refrigerating capacity of the evaporator.

According to the results of our experimental studies, we can identify the optimal level of heat load on the
thermosiphon 70<Qs<100 W from the point of view.

With the growth of the added heat load on the thermosyphon, the temperatures in the heat-loaded elements
of the AVT also increase: in the absorber, thermosyphon, and rectifier. At the same time, there is an intense
monotonous increase up to 80...90 W, and then a certain stabilization is observed - a smooth increase.

The analysis of the results of experimental studies showed that the maximum energy efficiency of the AVT
lies in the area of the "evaporator cooling capacity limit".

This regime is determined by the numerical value of the thermal load of the thermosyphon, at which the
temperature at the evaporator outlet begins to decrease.

Thus, AVT developers can be recommended to work in the "evaporator productivity limits under these
conditions" zone.

A distinctive feature of this proposal is the use of an AC compressor, which significantly reduces the cost
of the product. It is suggested to use solar batteries with a direct current to alternating current converter for such a
compressor during daylight hours.

The starting current, during the periodic start of the electric motor of the PKT compressor, is supplied to
immediately from a stationary network source of electrical energy.
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In the dark, evening and morning hours of the day, the PKT can work from a stationary network source of
electrical energy, both in the mode of obtaining water and in the mode of air conditioning.

Systems for obtaining water from atmospheric air based on PCT are most effective at atmospheric air
temperatures of 35...40 °C and relative humidity above 70%

The proposed modification of AVT with an adiabatic solution evaporator can work as a part of systems for
obtaining water from atmospheric air at hot source temperatures of 100 °C and is completely structurally fit into the
elemental base of typical models. On average, the evaporator of the solution is about 10% of the surface of the absorber.

Despite the positive experience of using the AVT radial capillary notch in the designs of ammonia absorbers
and evaporators, in further studies of the AVT, it will be necessary to study the degree of its influence on the
processes of heat and mass transfer during the evaporation of the solution in the PGS.

In the modeling and calculation of the process of ammonia evaporation from weak VAR in PGS, the analogy
of the reverse process of absorption of ammonia vapor from PGS by weak VAR was used.

To date, neither theoretical nor experimental studies of such a process are known to the author.

The proposed universal AVT scheme with two booster compressors allows to significantly increase the
operational characteristics of not only the cold source, but also the reliability of the system for obtaining water
from atmospheric air as a whole. AVT allows solving the tasks of air conditioning in residential and public
premises, heating, obtaining water from atmospheric air and cold storage of fruits, vegetables and other agricultural
products and raw materials.

The scheme also makes it possible to quickly react to changes in operating conditions in terms of
temperatures of the heat source and the environment.

UDC 621.575

INCREASING THE EFFICIENCY OF AUTONOMOUS HELIOSISTS RECEIVING WATER FROM
THE ATMOSPHERIC AIR USING ABSORPTION THERMO TRANSFORMERS

Bilyi O.S., postgraduate student
Odesa National University of Technology, Odesa, Ukraine
E-mail: dnn@utecon.com

In the near future, water will become the most valuable resource on the planet, and this trend will only
increase in the foreseeable future. Great prospects for solving the problem of water supply have methods related
to the operation of autonomous generators of artificial cold, which are guaranteed to provide a temperature below
the dew point. Of particular interest to countries with a shortage of water resources are systems for obtaining water
from atmospheric air based on absorption thermotransformers (ATTs), which work from a source of low potential
heat - solar energy. In the near future, water will become the most valuable resource on the planet, and the problem
of water supply to the population will only grow in the foreseeable future. To help solve this problem, the United
Nations General Assembly declared 2005-2015 the International Decade of Action "Water for Life".

It is known that the main part of fresh water is in the 1-kilometer layer of the planet's atmosphere, and the
average absolute humidity is 11 g/m3, and in tropical regions it reaches 25 g/m3 and higher. Since ancient times,
fresh water in limited quantities was obtained by collecting condensed drops from the air as a result of the natural
daily radiation cooling of the earth's surface. Currently, in order to increase the efficiency of water vapor
condensation processes from atmospheric air, crushed stone-based cold accumulators, two-phase thermosyphons
that provide heat transfer over considerable distances, and sorbents that work in a cyclic "charge-discharge™ mode
are used. However, for a stable water supply, the methods associated with the operation of artificial cold
generators, guaranteed to ensure a temperature below the dew point, have the greatest prospects. As shown by
numerous studies of real generators of artificial cold, to obtain 1 liter of water from atmospheric air, on average,
about 1 kWh of electricity must be spent, and 10 g of water must be extracted from 1 kg of air. With a cooling
coefficient of a compression refrigerator equal to 3, energy of the order of 0.33 kwWh will be consumed for the
production of 1 liter of water. In the modern world, the main volume of the equipment market for obtaining water
from the air is accounted for by systems that include a compression refrigeration unit with an electric drive.
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A necessary condition for the operation of a compression refrigerator is the availability of electrical energy,
and the majority of countries (North Africa, Central Asia and America) that experience water shortages are limited
in electricity generation capacity, but have an excess of solar energy.

The most rational solution to the problem of water supply in such a situation can be the use of absorption
thermotransformers working on solar energy.

Analysis of the modes of operation of absorption thermotransformers showed that the main tasks that must
be solved when using them in systems for obtaining water from atmospheric air are as follows: a) first, to develop
designs of thermotransformers with air cooling of heat-dissipating elements; b) secondly, to propose a cycle that
could be implemented at elevated temperatures of atmospheric air (30...40 °C) and temperatures of traditional
water solar collectors (80...100 °C).

The analysis of different types of thermotransformers showed that absorption thermotransformers (ATT)
have the greatest prospects in the conditions of operation of systems for obtaining water from atmospheric air.
ATT, unlike their analogs - bromistolithium heat absorption thermotransformers and steam-water ejector heat
thermotransformers, have a wider scope of application, in particular, in the temperature range down to minus 30
°C. In contrast to bromolithium absorption thermotransformers, ATT heat sources are not so critical to temperature
changes, they use ordinary structural steels in their design, and the cycle is implemented at pressures exceeding
atmospheric.

Of particular interest are ATTs that work on the energy of solar radiation. Such interest is connected with
the possibility of year-round use of solar collectors, which are currently widely used in heating and hot water
supply systems. It is assumed that if there is an excess of solar energy in the warm period of the year, part of it can
be directed to the ATT generator for further low-temperature cooling in the systems of obtaining water from the
atmospheric air and in the air conditioning systems.

Recently, topics of "apocalyptic™ scenario of the development of events are being discussed more and more
frequently in the world community. The theme of the world cataclysm and the subsequent survival of the remaining
humanity.

Conditions of the absence of global sources of electrical energy.

In such conditions, autonomous sources of electrical energy are needed - first of all, solar batteries that can ensure
the operation of systems for obtaining water from atmospheric air in the absence of a centralized power supply.

Thus, research related to the development of new schemes and designs of ATT on solar energy for operation
in systems for obtaining water from atmospheric air is relevant.

For you the solution to this problem is to carry out work on improving the efficiency of autonomous systems
for obtaining water from atmospheric air by increasing the energy efficiency of ATT with solar energy sources.

For this purpose, in the first approximation, a scheme of an autonomous system for obtaining water from
atmospheric air using an absorption-type ATT and solar batteries is proposed (Fig. 1).

The proposed system works as follows.

When solar radiation hits the surface of the solar battery 3, an electric current is generated, which is fed to
the ATT generator 1. The generator starts a pumpless diffusion cycle with the production of artificial cold at
temperatures below the dew point in the evaporator 5.

The evaporator 5 of the ATT 1 is located in the volume of the air cooler 2, where it is in contact with the
atmospheric air flow.

Upon contact, the air stream cools, and water vapor condenses on the cooled surface of the evaporator 5.

The resulting condensate flows into a special assembly 4, and the cooled and partially dried air flow is
directed into the air channel 7 located on the surface of the solar battery 3.

Upon contact, the air is partially heated and released into the atmosphere, and the solar battery 3 is partially
cooled.

Atmospheric air is supplied to the system using a pressure fan 6.

The electric current received by the solar battery 3 is fed to the ATT generator 1 and to the air fan drive 6
using a special control unit 8.
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Figure 1. Scheme of an autonomous system for obtaining water from atmospheric air: 1 — absorption thermotransformer; 2 —
air cooler; 3 — solar battery; 4 - condensate collector; 5 — evaporator; 6 — pressure fan; 7 — solar battery air cooler; 8 — power
load control unit

The proposed scheme of operation makes it possible to increase the energy efficiency of the solar battery
due to additional cooling by the flow of partially dried exhausted air.

Ultimately, the efficiency of the system for obtaining water from atmospheric air increases due to an increase
in the amount of condensate obtained.
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Modern systems of refrigeration equipment consume from 25 % to 30 % of the global amount of electrical
energy produced by power plants. At the same time, a number of developing countries have a permanent shortage
of electrical energy, and the available sources of electrical energy are often characterized by its low quality. As a
result, the population of these countries cannot operate household refrigeration equipment properly. The situation
that has developed with sources of electrical energy and determines the directions of improvement of modern
household refrigerating equipment:

a) increasing the energy efficiency of thermodynamic cycles and heat-technical characteristics of
refrigerating devices;

b) maximum use of alternative, secondary and indirect sources of electrical energy.

Despite the fact that the main attention of developments is paid to the energy component, the main
requirement of new technology in the modern world is environmental safety (protection of the ozone layer,
minimization of the greenhouse effect, etc.).

The review and analysis of specialized literary sources and patents, as well as the modern level of technical
solutions, showed the perspective of research and development of AHP with alternative energy sources.

Such AHPs allow solving not only energy saving problems, but also environmental problems regarding the
adverse man-made impact on the environment. Solar batteries, which convert solar radiation into direct electric
current, have the greatest prospects for solving tasks in the field of household refrigeration equipment. ACPs use
electricity in the form of heat, that is, when using an electric heater.

32



Depending on the range of the required heat load on the generator of the absorption refrigeration unit (AHA),
the required type of electric heater can be manufactured without any problems.

Variant calculations of thermodynamic cycles of AXH and simulation of heat and mass transfer processes
in the circuit of natural circulation were performed.

It was proven that for the evaporation temperature from minus 9 °C to minus 27.5 °C, it is necessary to
increase the heat load in the AXA generator by 40%, while the heat load on the elements also increases: the
absorber - by 25%, the condenser - by 44 %, dephlegmator - by 40 %.

An increase in the boiling temperature in the generator worsens the energy characteristics of the AXA
refrigeration cycle. So, for example, when the boiling temperature in the generator increases from 135 °C to 195
°C, the thermal coefficient of the AHA cycle decreases from 23.5 % to 6.7 %, and the specific heat load in the
generator and dephlegmator increases by 3.5 and 11...12 times, respectively.

It has also been proven that AHPs in the tropical design at outdoor temperatures of 40...45 °C work with
increased energy consumption by 25-30 %.

The obtained results of simulation of heat and mass exchange processes in the natural circulation circuit of
a typical AHA show that when the height difference between the evaporator and the absorber increases from 0.2
to 0.8 m, the cooling capacity increases by 4.4 times.

A decrease in the temperature of the AXA absorber from 35 °C to 15 °C, which can be achieved either when
working in conditions of low outside air temperatures, or due to the intensification of external heat exchange, leads
to an increase in the cooling capacity of the evaporator by approximately 9.5 times. A decrease in evaporation
temperatures leads to an increase in the heat load on the three-flow heat exchanger-evaporator.

It has been proven that with an increase in the degree of purification of the gas-steam mixture in the AHA
absorber, it becomes possible to increase the performance of the evaporator while simultaneously increasing the
consumption of cold for subcooling the flows of liquid ammonia and the gas-steam mixture.

At the same time, the increase in heat load on the three-flow heat exchanger-evaporator for single-chamber
models and freezers, compared to mini-refrigerators, will be 24 % and 48 %, respectively.

Taking into account the technical features of the design of the three-flow heat exchanger-evaporator and the
intensity of the heat and mass transfer processes, a three-flow model of the heat exchanger-evaporator with a
coaxial arrangement of the channels of purified and saturated vapor-gas mixtures and a channel of liquid ammonia
carried beyond the inter-tube space is recommended for developers.

A complex of experimental studies of absorption refrigeration devices of two types was carried out: a single-
chamber refrigerator "Kyiv-410" ASH-160; mini-refrigerator in the transport version of the "chest" type ("Kyiv"
AL-35 model).

Experimental studies were performed in a wide range of numerical values of heat loads (50...130 W) in
AHA generators. It is shown that at minimum heat loads in the generator (50...60 W) they provide the standard
temperature level in the cooling chambers, and at maximum heat loads in the AHA generator (100...130 W) they
have a "reserve" in terms of cooling capacity.

Thus, in experimental studies, the possibility of operation of the AHP with the thermal load of the AHA
generator, which changes in time, was established.

Test experimental studies were carried out with the introduction of a thermal load on the generator from the
solar monocrystalline battery "Sunport” SPP350N60H with an electric power of 350 W, which showed the
efficiency of the mini-refrigerator "Kyiv" AL-35. Studies of the "Kyiv" AL-35 mini-refrigerator showed the
prospects of installing "cold bridges™" based on L-shaped heat pipes. The temperatures achieved in the cooled
volume are significantly lower than the normative ones (0...5 °C), while the daily energy consumption, compared
to the base model, was reduced by 11...13%.

The perspective of using a collector heat pipe is shown - the temperature decrease in the cooled volume of
the "Kyiv" AL-35 mini-refrigerator was 1.8...2.4 °C compared to the basic version.

It has been proven that the creation of an isothermal zone on the lifting section of the AHA generator in the
"Kyiv" AL-35 mini-refrigerator reduces energy consumption by 6...7% compared to the base model.

The developed forward-looking designs of AHP with solar energy sources not only include energy-saving
technologies, but also have improved, compared to analogues, consumer characteristics. In particular, due to the
use of L-shaped two-phase thermosyphons and heat pipes, not only the energy efficiency of AHA increases, but
also the temperatures in the entire cooled volume of refrigerating chambers are equalized.
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It has been proven that cold accumulators based on salt solutions in combination with "cold bridges" based
on L-shaped heat pipes and two-phase thermosyphons allow solving both the task of energy saving and the task
of thermal stabilization of the useful volume of cooling chambers, about this for the freezer as an aqueous solution
of sodium chloride with a melting point of minus 21.2 °C is required for the cold storage material, and an aqueous
solution for the refrigerating chamber sodium sulfate with a melting point of minus 1.2 °C.

An engineering method for the constructive calculation of the main elements of the AHA (condenser,
regenerative heat exchanger, dephlegmator, absorber, evaporator, regenerative gas heat exchanger) was developed
and the calculation of a typical model of a two-chamber AHA with a cooling capacity of 50 W and a temperature
in the freezer chamber of minus 18 °C, and a temperature in the refrigerating chamber 6 °C at an ambient
temperature of 32 °C.
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DEVELOPMENT OF A STRATEGY FOR COMPREHENSIVE
ENERGY MODERNIZATION OF RESIDENTIAL AREAS

Mostovoy V.M., magister
Odesa National Technological University, Odesa
E-mail: mostovoyvn@ukr.net

Among the world community, the countries of the European Community (EU) achieved the most significant
achievements in the field of energy efficiency.

The experience of energy modernization of multi-apartment buildings in EU countries is of the greatest
interest.

Let's consider the historical aspects of the experience of the EU countries in the energy modernization of
residential buildings.

Approximately 85 % of buildings in the EU were built before 2000, and among them 75 % have low energy
efficiency. Building energy efficiency measures are therefore key to saving energy, reducing bills for citizens and
small businesses and achieving zero emissions and a fully decarbonized building stock by 2050. These and the
following facts come from the Eurostat energy balances and the EEA Greenhouse Gas Inventory, 2023.

Key features:

- about 40 % of the energy consumed in the EU is used in residential buildings

- more than 1/3 of the EU's energy-related greenhouse gas emissions are accounted for by residential
buildings

- about 80 % of the energy used in EU residential buildings is for heating, cooling and hot water

At the beginning of the 20th century, the main trends in the energy modernization of residential buildings
in Europe were related to the introduction of energy-saving technologies and equipment, the activation of the use
of alternative energy sources, the reduction of technological and commercial losses during the production,
transportation and consumption of energy carriers. According to the study, which was made specifically for the
EC [1], existing obstacles to the implementation of building reconstruction were identified:
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1. Various aspects of the lack of transparent and reliable information about reconstruction,

2. A large amount of (perceived) effort and "hassle" that demotivates owners and residents, as well as
mistrust of the market and the perception of high risk and transaction costs associated with renovation projects.

3. Stakeholders also raised the issue of difficulties with access to financing (long payback periods,
difficulties in obtaining a bank loan for the reconstruction of residential buildings, unpredictability of costs during
the entire reconstruction, high initial contribution to financing, etc.).

4. Insufficient technical expertise among local and regional authorities and financial institutions.

5. Lack of qualified workforce and insufficient quality of knowledge.

6. Some stakeholders argue that the availability of funding is not a problem in itself, and that even higher
levels of funding on their own, rather than in combination with other activities (such as advice and technical
support), may bring their own risks, as in house owners have no knowledge about deep renovation works.

7. Several stakeholders point to decision-making difficulties in multi-unit residential buildings, as well as
the lack of impact of energy efficiency on property prices.

8. Some stakeholders point to the limited use and availability of environmentally friendly materials with a
low carbon footprint, insufficient awareness of the many benefits of building renovation, and insufficient
cooperation within the industry and between authorities, particularly at the regional level.

9. Other barriers. Some stakeholders offered specific points of view: for example, the owners' associations
indicated, firstly, the uncertainty about the future use of the building and therefore the reluctance to renovate
(changes in services, demographics, exit from the countryside, etc.), and secondly, on the difficulty of population
resettlement for owners of private buildings.

Several stakeholders from the non-governmental sector as well as businesses mentioned that the European
building stock is not resilient to climate change and that in certain cases, such as post-earthquake reconstruction,
legislative and administrative obstacles delay reconstruction.

Complex and lengthy procedures in the public procurement system and limited ESCO activity were also
cited as barriers.

Some cautionary statements from the construction industry include that even comprehensive refurbishment
may not reduce operating costs, that surface refurbishment may help reduce operating costs but also increase
purchase and rental costs, that refurbishment may be economically unattractive and that there is some general
public uncertainty about toxicity and safety of some materials.

Some cautionary statements from the construction industry include that even comprehensive refurbishment
may not reduce operating costs, that surface refurbishment may help reduce operating costs but also increase
purchase and rental costs, that refurbishment may be economically unattractive and that there is some uncertainty
among the general public in the toxicity and safety of some materials.
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B koHCTpyKIusaxX B30MBaIbHBIX MaiuH Tiiia MB-10, MB-35, MB-6, npeana3HaueHHBIX I MEXaHU3alluH
[poLIecca MPUIOTOBICHUS Pa3IUYHbIX KOHAMTEPCKUX CMECEH HMPUMEHSIOTCS YE€ThIPEX3BCHHBIC U ISATH3BCHHBIC
3y04YaThic MEXaHU3MBI,

OOBIYHO 3y6'-IaTBIC MEXaHU3Mbl BKJIIOYAOT B CBOCM COCTAaBC KHMHEMATUYCCKUEC IIapbl IIATOIO p5 nu

yerpeproro |9 , KJ1accos.
O01ee KOTUIECTBO KHHEMAaTHIECKHX TTap KHHEMATHYECKON eI MOKHO OIIPEIENSATh 0 (hopMyJie

p=7-n +(@-Yn_ +(@-2)n_,+...+[r—(z—1)]n, +...+
[z - (=D, +(z—7)n,,

rIe nT — YHCIIO 3BEHBEB, TOOABIISIONINX B IIEMh M0 7 KHHEMATHYECKHX T1ap,

1)

nl - YU CJIO 3BCHLCB, ILO6aBJ'IH}OH_II/IX | KHHEMAaTHYECKUX nap,

no — YHCJIO 3B€HBECB, HE ,I[063.BJ'I$IIOH_II/IX B [I€NIb KNHEMATUYECKUX I1ap.
Yucno 3BeHbEB OCIIH, 0003HaYaeMoe 6yKBOI>i n y MOXKET OBITh OIpeaCJICHO U3 3aBUCUMOCTHU
N=N+N_4+N_+..4N +..+N +N_. @)
T -1 72 i 1 0
O6H_[ee YHUCIO KHHEMATHYCCKHUX Iap LIenn p MOXHO IPEACTaBUTb TAKXE KaK CYMMY BCEX

KHMHECMAaTHUYCCKUX Iap pa3jJINnYHbIX KJIaCCOB OT MEPBOI0 A0 IATOTO

pP=p+pP,+P,+P,+P=2P 3
rae k- Homep kimacca kunemarnaeckux map (k= 5, 4, 3, 2, 1).

[ToBMYKHOCTh KHHEMATHUYECKOM IIENH OMPEACIIASTCS W3BECTHOM YHUBEPCAIbHOM (hopMyIioi mpodeccopa

B.B. J1o6poBosibcKOro
m+:

1
W=(6-mn->(k-m)p,, 4
k=5
rae M - uucno o6mmx Hanokenusix Ha Mexanusm ceaszeit (M =0,1,2,3,4),

P, - ancino knHematHdeckux nap K - toro knacca.
Jlnst ockux MexauuzmoB (M =3) popmyna (4) npunumaet By
W =3n-2p, - p,. 5)

3aBucumoctd (1), (2) u (4) NOJHOCTHIO OIMCBHIBAIOT KWHEMATHYECKYIO IIelb JF000H CJIOMXKHOCTH.
YHuBepcaigbHas CTPYKTypHasl CHCTeMa, COCTaBJlIeHHas u3 3aBucuMocTei (1), (2) u (4), MOIHOCTHIO ONMHUCHIBAIOT
KHHEMAaTHUYECKYIO IIeTlh JIF000H CIIO)KHOCTH U UMEeeT CIeAyronui By [1]

dp.=r-n+(z-Dn_+...+in+...+2n,+n,,

Nn=n+nN_,+...4+N+...4+n +n +n,, (6)
W =(6—m)n—k§:5:(k—m)pk.

3BCHBS no - 9TO TaKUE€ 3BCHbs, KOTOPLIC HEC ,I[06aBJ'I$IIOT B IICTIb KUHEMATUYCCKUX I1ap. C NpUCOCANHCHUEM

TaKHUX 3BEHbEB 00Pa3YyIOTCS WM OTKPBITHIC LIEIH, MM 3aMKHYThIE, HE NUMEIOIIHE CBOOOIHBIX Map.
Oo6patrmcs k wiockum Mexaanzmam (W=1). C yuerom (5) cucrema (6) uist INIOCKUX MEXaHU3MOB IIPAMET BT

p.+p,=z-n +(r=1)n_ +...+in +...+2n,+n,,
N=Nn+N_+...+N +...+N +n,, )
W =3n-2p, - p,.
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rae T - 4HCIIo FeOMETPHIECKHX DJIEMEHTOB 0a3UCHOIO 3B€Ha, | - YrOJIbHUKA,
ni - YKCJIO 3BE€HBEB, JOOABIISIONINX B LIEMD 110 | KHHEMATHYECKHX I1ap,

W -nopsmxHOCTS KHHEMATHYECKOMH LeMu,
N - gucno IMOJBMKHBIX 3BEHLEB.
B mockux 3y04aThix MeXaHU3Max BCerjia COOJIF0IaeTCs YCIOBUE

p,=n. (8)

C y4eToM TOro, 4To p5 = N paseepuyTas popmyna I1.J1.Uebblepa 3anumercs, Kak
p,=n-W, (9)
ECJ'II/I, HaI/I6OJ'Iee CJIO’KHBIM 3BCHOM B KI/IHGM&TI/I‘-ICCKOﬁ J1(S7007%0 HpI/IHﬂTL T - 3 , T.C. TpeerJlLHOC H CUUTAaTh,

YTO 3BEHHEB no B I[EITH HE UCTIONB3YeTCsI ( no =0), TO MepBOE U BTOPOE YPaBHEHUS CUCTEMHI (7) MpeoOpasyroTcs

K BUOY
p.+p, =3+2n,+n,
(11)
n=1+n,+n,
IpU 5TOM 3BCHbSI n2 OyayT n00aBIATH B IETb 1O JIBE Taphl, a 3BEHBs nl - 110 OJTHOM.

Torma ¢ yuerom (8) u (9) Haiinem obmiee perrerne npu N = 3n=4,

T xaxnoro I onpenensiem snauerns N, N, P,, P, nsce nonyuennere pemenns ceenem B Tabumy 1.

Tabnuma 1.
Yucao Yucao
Yueio Yucao Yucao
u KHHEMATHY | KHHEMATHYecK
Homep 3BeHbEB, | 3BCHbEB,
3BEHLEB, €CKHUX nap, ux nap,
peleHust N n n
1 2 p P
5 4
1 3 2 0 3 2
2 4 2 1 4 3

Paccmotpum pentenue mog Homepom 1u 2. T.e N=3, n1=2, n,=0, p4 =2,ps=3 u
n=4, n1 =2, np=1, ps =4, ps=3.

OTuM pPEeHICHUAM COOTBETCTBYIOT CXCMBI 3y6'-IaTBIX MCXaHHU3MOB ITPHUBCJICHHLIC B Ta6n1/1ue 2.

TabGmuma 2.

KOHI/IquTBO 3BE€HbLEB N
n=3 | n=3 | n=4
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Takum 06pazom, MOXHO 3aKJIIOYNTh, YTO, IPUMEHEHHE YHUBEPCAIHHOW CTPYKTYpHOW (OPMYIBI aeT
BO3MOXKHOCTh CHHTE3UPOBATh CXEMBI 3yOUaThIX MEXaHHU3MOB PA3IUYHON CIOKHOCTH B PA3IMYHBIX OTPACIIAX
MIPOMBIIIICHHOCTH.
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TENNJIOHACOCHBIE YCTAHOBKH B KA3AXCTAHE: 3KOHOMMYECKHWH 1
IKOJOI'MYECKHNHA NIOTEHIINAJL

Tneyxanoe U.C., Anmamunckuii ynusepcumem snepeemuxu u cesasu umenu 1. [layxeesa.
Pecnybnuxa Kazaxcman, 2. Aimamol.
E-mail: i.tleukhanov@aues.kz

TennoBble HACOCHI — 3TO COBPEMEHHBIE YCTPOMCTBA, KOTOPbIE MO3BOJIIOT 3((EKTUBHO HCIIOJIB30BaTh
BO300OHOBIISIEMYIO DHEPTHIO M3 OKpY’Kalolled cpedpl Ajsi oborpeBa W oxinaxiaeHUs 3aaHuil. OHU cHOCOOHBI
W3BJICKATh TEIJIO U3 BO3JlyXa, BOJBI WM IPYHTA JIaKe TIPH HU3KHUX TeMIepaTypax, Jeas uX 0COOEHHO IICHHBIMU
B ycioBusx Kazaxcrana, rae KiIMMaTHYECKHE YCIOBUS TPEOYIOT BBICOKOM 93HEPTro3(h(HeKTUBHOCTH.

Cucmema pabomsl menio6020 Hacoca

[IpuHnKn paboTHI TEMJIOBOIO Hacoca OCHOBaH Ha MEPEHOCE TEeIUla C MOMOIIBI0 XJIaJareHTa, KOTOPbIi
nupkKyupyet B cucteme. OcHOBHBIE dTansbl: 1. 3abop Tema: Teruio u3BinekaeTcst 13 UCTOUYHUKA (TPYHTa, BO3/IyXa
WM BOJBI) C IOMOLIBIO TETNIO0OMEHHHKA.

2. Kowmmpeccust: XnagareHT ¢ HHU3KOW TEeMIIEpaTypoil M JaBI€HHEM IOCTyIaeT B KOMIIPEccop, IJie
C)KMMaeTcsl. JTO TPUBOAMT K yBENWYEHHIO ero TemmepaTypsl. 3.  Ilepemaua temma: Harpertsrit xmagareHT
MPOXOIUT Yepe3 KOHAECHCATOP, OTAaBasl TEIUIO CUCTEME OTOIUICHHS HIIM TOPSYero BOJAOCHA0KEHHS

4. Pacmmpenue: Ilocne KOHAEHCANN XJIAJAreHT OXJIAX/IaeTCs U BO3BPAILAETCS B HCXOJHOE COCTOSTHUE,
TOTOBBIN K CIIEAYIOMEMY ITUKITY.

IIpumep pacuéma sxonomuyeckoil dghgexmusnocmu

Jnst OLIeHKH BBITOJBI OT KCIIOJB30BAaHMS TEIUIOBOTO HACOCA CPaBHUM TPAAMIMOHHOE OTOIUIEHHE (Ta30BbIi
KOTEM) ¢ TeTuIoBBIM HacocoM. [Ipemmomnoxxmm, nom miommaasio 100 m? pedyer 15 000 kBT-9 TemIoBo# SHEPTHH B TOJ.

o ["azoBbIil koTén: KIIJ coctausier okono 90%. st nomydenus 15 000 kBt 4 notpedyetcs 16 667 kBt u
raza. [Ipu cpenneii niene rasa 20 tenre 3a kBt 4, rogoBbie 3atpatsl coctasaT 333 340 Tenre.

o TerutoBoit Hacoc: Cpennuit koaddumment s¢dpexruaoctu (COP) TemoBoro Hacoca — 4. DTO 3HAYMT,
yro s npousBoactBa 15 000 kBtu Temna motpedyercs 3 750 kBt'u snextposnepruu. [lpu nene
3JeKTpo3Hepruu 25 Tenre 3a KBT 4 rogoBeie 3aTpatsl coctaBiaT 93 750 Tenre.
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Oxonomust: 333 340 - 93 750 =239 590 tenre B roj. Ilpu cpenHeii CTOMMOCTH yCTaHOBKHU TEIUIOBOIO HacOoca
B 2 MJTH TEHT€ OKyIIaéMOCTb COCTABUT OKOJIO 8 JIET.

Tunvl menno6vlX HACOCOB U UX NPUMEHEHUE

e Bo3yIHble TEIIOBBIE HACOCHL: padoTarT 3ddexkTuBHO mpu Temmneparype 1o -15 °C. INomxomar mis
FOJKHBIX W 3amaiHbIX peruoHoB Kaszaxcrana.

o [ pyHTOBBIC TEIUIOBBIC HACOCHI: CTaOWIbHAsT 3PPEKTUBHOCTh KPYIJIBIH TOMA, WIACAIBHBI IS CYpOBOTO
KIIMMaTa.

® BopsiHbIe TeII0BbIC HACOCHI: 3(D(DEKTHBHBI B pErHOHAX C JOCTYIIOM K TOJ3MHBIM BOJIaM WJIA BOJIOEMAM.

Kaxaplit THII ©MEEeT CBOM MPEUMYIEecTBa M HEIOCTaTKH. BBHIOOP 3aBHCHUT OT KIMMAaTHYECKUX YCIIOBHH,
JOCTYITHOCTH MCTOYHHKA TEIUIA U OFOJIKETA.

Hpeumywecmea ona Kazaxcmana

o CHIKCHHE 3aBHCUMOCTH OT YTOJILHOM U Ta30BOY SHEPIeTHKH.

© YMCHBIIICHUE BRIOPOCOB YIIICKKCIIOTO Ta3a.

© BO3MOKHOCTH UCIOJIb30BaHMSI B PaMKaX MPOrpaMMbl YCTOHYUBOTO Pa3BUTHSI.

Buiso0wbi u pexomenoayuu

TemnoBble HACOCHI MPEAJIATaOT 3HEPro3(PPEKTUBHOE U IKOJIOTHYESCKH YUCTOE PEIICHUE JJIsl OTOIUICHUS U
oxyaxacHus 3nanuil B Kazaxcrane. i X MIMPOKOTO BHEAPSHUS BaXKHO:

¢ Co3naTh MpOrpaMMBbl CyOCHINPOBAHMSL.

® YBeIMYUTh HHOOPMUPOBAHHOCTH HACEIICHUSI.

© O0Oy4UTh CHECIHATUCTOB JJI1 KAYSeCTBEHHOTO MOHTaXKa M 00CTYKUBaHMSI.

T'ocyoapcmeennas noodepocka u bapvepol

s yckopeHHsl BHEAPEHUS TEIUIOBBIX HacocoB B Kasaxcrane TpeOyeTcsl aKTMBHAs TOCYJapCTBEHHAs
noaaepxka. Cpeau BO3MOXKHBIX Mep:

o CyOcuupoBaHue 000pyA0BaHUS M YCTAHOBKHY.

e Pa3paboTka CTaHIapTOB M HOPMATHBOB 1T MOHTaXa U YKCILUTyaTallUH.

o [IpoBeneHre 00Opa3oBaTeIbHBIX KAMITAHWH JIJISl HACEICHUS U CIICUAIMCTOB. TeM He MeHee, CYIIECTBYIOT
onpenenéHaple Oapbephl, TaKME KaK BBICOKAas CTOMMOCTh, HEJIOCTATOYHAS OCBEIOMIIEHHOCTh HACEICHHS H
OTPaHUYCHHOE KOJUYECTBO KBAIM(UIIUPOBAHHBIX MOHTKHUKOB M CEPBUCHBIX IIEHTPOB.

3axnouenue

TerutoBeIe HACOCH — 3TO KITHOY K 9KOJIOTHYHOMY U dHeprodddexruBHOMy Oyaymemy Kazaxcrana. é6Ux
WCTIONIb30BaHMUE ITO3BOJIUT HE TOJHKO CHHM3WTH 3aTpPaThl HAa OTOIUIEHHE W OXJIAXKJICHWE, HO M BHECTH BKIA] B
BBITIOJTHEHUE MEXIYHAPOJIHBIX 00S3aTeIbCTB 10 CHUKCHHIO BBIOPOCOB IMAapHUKOBBIX Ta3oB. CoderaHue
rOCY/IapCTBEHHOM MOJJCPKKU, WH(GOPMUPOBAHMS HACEIICHUS W Pa3BUTUS HH(PPACTPYKTYPBI CHEIAET 3Ty
TEXHOJIOTHIO IOCTYITHOH M MacCOBO MIPUMEHSIEMOM.
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[ceBno0oKMKEHHBIN ClIOW — 3TO (PU3HUYECKOE SBICHHUE, KOTOPOE BO3HUKAET, KOT/Ia TBEP0C BEIIECTBO B
BUJIe YacTul] (OOBIYHO MPUCYTCTBYIOIIEE B €MKOCTH JIJIsl XpaHEHHS ) HAXOUTCS B ONPEACICHHBIX YCIOBUSAX, TaK
9TO OHO BenmeT cebs Kak KUAKOCTh. OOBIYHBIM CHOCOOOM TONYYEHHS TICEBJOOKMIKEHHOTO CIIOS SIBIISIETCS
3aKauMBaHUE KHUIKOCTH IOJ JaBicHHEeM B uacTHibl. [lomydeHHas cpena oOiamaeT MHOTMMH CBONCTBAMH H
XapaKTePUCTUKAMU OOBIYHBIX JKHUJIKOCTCH, TAKUMH KaK CIOCOOHOCTh CBOOOJHO T€Yhb TOJ[ NEHCTBHEM CHIIBI
TSDKECTH WM TIEPEKadYNBaThCS C UCITOJIB30BAaHUEM JKHIKOCTHBIX TEXHOJIOTHH.

Bo3zHukaromee B pe3yibTare SIBJICHHE Ha3bIBaeTcA MceBAoOKImKeHneM. llceBmooxmkennsie ciou (Puc.1)
WCTIONIB3YIOTCS JIUIS HECKOJIBKHUX IIENIeH, TAKMX KaK PEaKTOPHI C MCEBIO0XKMKCHHBIM CIIOEM (THITBI XUMHYECKUX
pEaKTOpOB), pa3delicHHe TBEPABIX dYacTUIl, [l] KUAKOCTHBIH KaTAINTHYSCKHM KPEKWHT, CKATAaHHE B
TICEBIOOKIKEHHOM CJIOE, TETUIOMAacCOOOMEH M MoauduKanus nHTepdeiica, HalIpuMep, HAHECEHHE TTOKPBITHS
Ha TBEpJbIC MPEAMETHL. DTOT METOJ TaKXKe CTAHOBUTCS BCe OoJiee pacIpOCTPAHCHHBIM B aKBaKyJbType IS
MTPOU3BOICTBA MOJLTFOCKOB B MHTETPUPOBAHHBIX MYJIBTUTPO(HBIX CHCTEMaX aKBaKyJIbTYPHI.

HiH

a)

Pucynok 1. J/IBukeHue raza yepes cJaoi TBEPIbIX YaCTHUIL:
a - HETMOABIKHOH CIIOM; 6 - KUMSNIHUI (TICeBI00KMKEHHBIN) CIIOH; B - YHOC TBEP/BIX YaCTHUI[ IIOTOKOM.

B 1922 romy ®pur Bunkiep BriepBbie TPUMEHI TICEBIOOKIKECHHE B PEAKTOPE VIS MpoIiecca ra3uuKaiiu
yra. B 1942 romy ObDI MOCTPOSH MEPBBIN IMPKYIUPYIOMINI TICEBIOOKIKEHHBIN CIIOW U KaTATUTHIECKOTO
KPEKHHTa MUHEPAJIBHBIX MacelN C TEXHOJIOTHEH TICEBI00KIDKEHHS, TIPIMEHIEMOH [T METaJLTyprudeckoil 00paboTku
(o6xur apcenonupura) B KoHIe 1940-x rogos. 3a 310 BpeMs TEOPETHUECKUE U IKCIIEPUMEHTATIBHBIE UCCIICIOBAHUS
VIYYIIWIA KOHCTPYKUMIO IICEBAOOXKIKEHHOro cios. B 1960-x romax xommanust VAW-Lippewerk B Jlronewe,
I'epmanusi, BHeApUIIa NEPBBIN MPOMBIIUICHHBIN CIOM JJIs CKUTAHUS YIS, a 3aTeM JJIsl MPOKaIMBAHUS THIPOKCUAA
amomuHus. B HacTodIiee Bpemst armapatsl ¢ TICEBI00KUKEHHBIM CIIOEM HUCTIONB3YIOTCS IS 3aMOPAKUBAHUS U CYILIKU
MHUILEBBIX MPOTYKTOB, TAKMX KaK TOPOX, KPEBETKM WIIM Hape3aHHbIE OBOLIIH.

[IceBn00XKmKEHHBIH CIIOH COCTOUT U3 KUAKO-TBEPION CMECH, KOTOpasi 00J1alaeT CBOMCTBAMH, IOA00HBIMU
KUAKOCTH. TakuMm 00pa3oM, BEpXHsS IMOBEPXHOCTh CJIOS OTHOCHUTEIBHO TOPH30HTANBbHA, YTO AaHAJOTUYHO
TUApPOCTaTHYECKOMY ToBeieHH0. CII0i MOXHO paccMaTprBaTh KaKk reTepPOTeHHYIO0 CMECh KHUJIKOCTH U TBEPIOTO
BEIIEeCTBa, KOTOPasi MOXKET OBITh MPEICTABICHA OTHOW HACBHIITHOW TUIOTHOCTBIO.

Kpome Toro, 0o0beKT ¢ OOnbIIel TIOTHOCTBHIO, YeM CIIOW, OyJeT TOHYTh, TOTAAa KaKk OOBEKT C MEHBIIeH
TUIOTHOCTBIO, YE€M CIIOH, Oy/IeT TIaBaTh, TAKMM 00pPa30M, MOKHO CUHTATh, YTO CJIOW JEMOHCTPUPYET MTOBECHNE
JKUJIKOCTH, OXHJIaeMoe U3 mpuHimna Apxumesna. [lockonabky "MIOTHOCTB" ((pakTHUecku OOBbEMHAs JOJIs
TBEP/IOTO BEIIECTBA B CYCIIEH3WH) CIIOS MOKET OBITh M3MEHEHA ITyTeM M3MeHEeHHs (PPaKIUH KUIKOCTH, OOBEKTHI
C Pa3IMYHON TUIOTHOCTHIO 10 CPABHEHHUIO CO CIOEM MOTYT, U3MEHSs JTHO0 KHIKYI0, INOO TBEpIylo (paKiuio,
MOTPYKaThCS WK BCIUIBIBATh.

[IceBnooXmKEHHBIE CIIOM HWCIOJNB3YIOTCS B KauecTBE TEXHMYECKOro IIpoliecca, KOTOPBIH CIOCOOEH
o0ecreunBaTh BHICOKUN YPOBEHb KOHTAaKTa MEXKIy ra3aMyd M TBEpAbIMH yacTUlamu [2]. B mceBaooxmxkeHHOM
CJIOE MOXET OBITh MCIOJIB30BAH XapaKTEPHBIH HAOOpP OCHOBHBIX CBOWCTB, HEOOXOJMUMBIX IJIsI COBPEMEHHOTO
TEXHOJOTMUYECKOr0, XUMHUYECKOTO U MHUILEBOT0 MATMHOCTPOEHHS, 3TH CBOMCTBA BKIIIOYAIOT:

© BBICOKME OTHOCHTE/IBHBIE CKOPOCTH MEKIY KHUIKOCTHIO M JUCTIEPTUPOBAHHOM TBEpIO# (ha3ok.

® BricokHe ypOBHH MepeMelIMBaHus JUCIIEPCHON (a3bl.

® YacThle CTOJIKHOBEHHUS YaCTUIA-YaCTHIIA ¥ YAaCTHIIA-CTEHKA.

YcraHoBKa [Uis CYIIKH NMOJIUIUCIIEPCHBIX MaTepraiioB (Puc.2) mo3BossieT pemuTs 3a1a41 10 HOBBILICHUIO
3G PEKTHBHOCTH HWCIIONB30BaHUS CYIIWIBHOTO areHTa, YCTPaHEHHWI0 O0pa30BaHWSl 3aCTOMHBIX 30H BHYTPHU
KaMephl, CHIKCHHIO YJENbHBIX SHEpro3arpaTr Ha €AWHHUILy NPOAYKIHMH W YCTPAaHEHHs arJioMepanuf YacTHUll
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BBICYIIIMBAEMOT0 MaTepuana. [3]

KoHCTpYKTUBHBIME OCOOCHHOCTSIMHU CYIIWIIBHOW YCTaHOBKH SIBJSIFOTCS YCTAHOBJICHHBIC B HYDKHEH 4acTH
KaMephl, TOJICOCIUHCHHBIC K TPUBOJAY B3aUMOMApPAJUICIIbHBIC TOPU30HTAJIBHBIC BaJbl C HAcagKkaMud U
TaHTCHIIMATIbHBIC MATPYOKH BBOJIA TEIUIOHOCUTEIIS B CYIIIILHYIO Kamepy. [I[puMeHeHre HacaloK, 3aKPeTJICHHBIX
Ha BpAIArOIIUXCsl TOPH30HTATIBHBIX Bajax, TO3BOJIICT HEMPEPHIBHO OYMINATH CTEHKH KaMephbl OT MaTepHala,
JIe3MHTETPUPOBATH IPOYKT, IPEIOTBPAIIas TEM CaMbIM OKOMKOBAHHUE BBICYIITUBAEMOTO MaTepHalla U UCKITF0YaeT
o0pa3oBaHHE B KaMepe 3aCTOHHBIX 30H.

Pucynok 2. Cymmuika /s HOJHIUCTIEPCHBIX MaTePHUaIOB:
1- cepnoBuIHBIE HacaKU;2 - BaJIbl; 3 - BUXpeBas Kamepa; 4 - BepXH:A 4yacTh BUXPEBOI KaMepshl; 5- ycTpoiicTBa i 3arpy3Ku
Marepuana; 6 - TaHreHIMaJbHbIe TaTpyOKy; 7 - maTpyOoK

Hanwnuwne BHyTpH KaMepsl CYyIIWIKH JBYX B3aHMONAapaJIeIbHBIX TOPH30HTAIBHBIX BPAIAOIINXCS BAJIOB C
3aKpEIVICHHBIMU Ha HUX HAacaJKaMy HE CO3JaeT caMo M0 ceOe 3HaYUTEIbHOIO THAPABINYECKOTO COIPOTHBIICHNUS
JUISL TIPOXOYKACHUS TETUIOHOCHUTEINS U JaXKe CIOCOOCTBYIOT €r0 YMEHBIIECHHUIO B cly4yae MPUMEHEHHs mpolecca
MepeMeIINBaHysl BBICYIIIMBAEMOIO MaTepHrana.

[lepememuBanue MaTepuaa Mo3BoJsIET CO31aTh MATKUN THAPOJMHAMUYECKUHN PEXUM, H30€XKAaTh SIBICHUS
KaHaJ000pa30BaHMsl, CO37]aTh Pa3BUTYIO TOBEPXHOCTh KOHTAKTa MaTepHala C CYIIMIbHBIM areHTOM U 00eCIeUnTh
MOCTOSIHHOE ee OOHOBJIEHHE, a TAKXKe 00eCIeunT OoJIee TOTHOE UCITOh30BAHNE SHEPTHH TETUIOHOCHTEIIS, YTO TEM
CaMbIM YBEIMYMBAET IMPOU3BOAMTEIBHOCTh CYIIWIKM IO HCHApPAEMOW BJIAare W IOBBIIAET WHTEHCHBHOCTH
Mpolecca CyIIKH.

Takass KOHCTPYKIMS YCTaHOBKH IMO3BOJISIET HMHTEHCH(UIMPOBATH TMPOLECC CYHIKH, DPEryJInpoBaTh
MOPO3HOCTH CJI0S1, CO3/1aTh PEXXUM YCTOHYMBOTO IICEBIOOKIKEHHUS, UCKIIIOYUTh 00pa3oBaHUE 3aCTOMHBIX 30H U
KaHaJIOB, IPEJOTBPATUTh arJJOMEPALMIO YaCTHI] BBICYIIIMBAEMOI0 MaTepHaa.
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CoHFBI €Ki OH KBULIABIKTA )KBITY Oepy MEH JKbITY )KYHeJIepiH MO/IeNIb/ICY YIIIiH MAIIMHAIBIK OKBITY 91iCTEpiH
(ML) xonmaHyJa aWTapiibIKTail S>KETICTIKTepre KoJ JKeTkizunmi. ML omicTepi 3epTTeylijiepre AoCTYpIi
SMIUPUKAIBIK KOPPEISIUSHBl KOJJaHy Ke3iHae eTe Kypeli MiHaerTep OOiFaH KeNTereH aWHbIMajbLIap
apachIHAAFbI )KOFAPhI CHI3BIKTHI KOHE TMHAMHKAIBIK KaTBIHACTAP/IBI MOJIENBICYT€ MYMKIHIIK Oeperi.

Herisri cesznep: MamuHaNbIK OKBITY, YKacaHAbl MHTEIUICKT, JKBUIBITY, JKEJJETy JKOHE ayaHbl Oanrtay
Kyhenepi

Kipicie. MammHansik oxpiTy (ML) - Oy wmplcammap apKpUThl OHIMAUIITIH JKaKcapTaThblH ecenTey
MoJeNbAepiH Kypy. FrulbiMu skoHe WHXKEHepiK 3epTTeynep ywiH ML omicTepiH KoigaHyFa KbI3BIFYIIBUIBIK
apThIN Kenexdi, eiiTkeHi ML Mozpenblepi »KOFapbl CHI3BIKTHI KOHE KON eNIeMAl Xyhenepai Oomkall amaTbhiH
JIepeKTepre HeTi3/AeIreH MOAeNbIep pPeTiHAe KbI3MET eTe amazsl [1].

Kazip xenreren amamaap XpUTy FBUIBIMAAPBIH 3epTTey yiniH MO-ai yIKeH MOTEHIHaNl Kepei, oNTKeHi
KBUTY FBUIBIMIApPBl SKCICPUMEHTTEPACH, AajaliblK eJNIIeYJIepIeH >KOHE CaHIbIK MOZCTBICYICH ajlbIHFaH
JepeKTepIiH YIKEeH KeeMiMeH aifHanbIcaabl. JKbITy FRUIBIMIAPHIH 3ePTTEY CalachlHAA ICPEKTeP CYHBIKTHIKTHIH,
TEMIIEpPAaTypaHBbIH JXOHE TEOMETPHSUIBIK aiHBIMANBUIAPABIH KAaCHEeTTEpiHIH (YHKIUSACH PETiHAE KbUTy Oepy
KO3 PHIIMEHTI CUAKTHI OipKaTap alHBIMAIIbLIAP apachIHAAFbl KOPPEISIMSHEI ATy YIIiH NaiananbuiIbel. AJaia,
MYHJIail KOppelsiusiap KypAedl CHI3BIKTBIK e€MeC JKYHenep YVIIiH eTe Ao OOoNFaH JKOK, OHTKeHI MyHaan
KyHenepaeH alblHFaH MAJIMETTep YIIH ©Te KOJaliIbl MaTeMaTHKAIBIK (opmamapasl aHBIKTAy KHBIH.
Marematukanslk Qopmanapra HETI3IENTeH MICTYPIli KOpPeIsIusIIapAblH IIEeKTeyIepiH KeHy YIIiH jKacaHIbl
HEHPOHJBIK JKEJiJiep, WICHIIM aFaliTapbl >KOHE TipeK BEKTOPJBIK MamiuHajgap cuiktel MO Mopaemnblepin
TEPMISLTBIK, FRUTBIMIIBI 3€PTTEYIE PETPECcCHsl MOJIENbepl PETiHIe KOJINaHyFa TRIPBICTHI [2].

Marepuanmap MeH afictep. JKakpiHaa TepeH OKBITY 9JiCTepl KONTEreH KOChIMIIanapa TaHbIMal OOk,
OiTKeHI OyJ1 omicTep ajaM MHbIHA CIIKTEHTIH MOJCIb apXHUTEKTYPACBIHBIH apKAaChIHIA JIEPEKTEepAl OHICYIl
Hemece TaHOanayapl KaKeT eTIECTEH AepeKTepieri MaHbI3Abl epeKIIeTiKTepai aepOec aHbIKTail amaabl. DL
MOJIeTBACPiHIH KemmIiiiri OemiMae (kabaTTap Iemn aTanaabl) YHBIMAACTHIPBIIFAH ecenTey OJOKTaphIH (>KacaHbl
HEHpOHap Aem aTanaabl) KAMTUTBIH TEPEH JKacaHIbl HEHPOHABIK XKeliep/i nainananansl. Kipic ®oHe MIBIFbIC
KabaTTaphl apachIHAarbl OipHelIe KabaTTapabl Koca ainranaa, DL moaensaepi kapamaiitbim MO ofictepine Koi
KETIMII eMec Kyp/ieli ChI3BIKTHIK €MeC KaThIHACTap bl 1erie anaabl. COHBIMEH KaTap, TEPMOJIOT FaIbIMAAp MEH
WHXXeHeprep ken KabaTtel nepuentpoH (MLP), xonBomonusiblk Helponabik sxenisep (CNN), reHepaTuBTi-
kapcoiiac okeniiep (GAN), Bapuanusuieik aBrosukopepiiep (VAE) skoHe T. 0. CHUSAKTBI TepeH HEHPOHIBIK
JKENINIEPIiH KOIITereH TYPJIepiH KojiaHa 6acTaiinbl pusnkara HeriznenreH HepoHbIK xemisep (PINN) [3].

Kacangp! HelipoHABIK keninep MO MozeiHiH anFamks! GopManapbiHbIH Oipi-KacaHIbl HEHPOHIBIK XKl
(ins), Oy MHIBIH Kanadl >KyMBIC iCTEHTiHIHEH mIaOBITTaHFaH ecenTey MojeNli. Mura ykcac, ins KypaMbIHIa
ecenTey TYHiHIEpi peTiHae KbI3MeT eTeTiH OipHeme jkacaHnbl HelipoHnmap Oap. Tarbl Oip MaHBI3IBI YFbIM-
HeHpoHAap TOOBIHAH TYpaThIH Kabar. OfneTTe, ins OipHerle KabaTTapApl KAMTHIIBI XKoHE Oenris Oip KabaTTarbl
HEHpOHIap ©3/epiHiH IIBIFBIC MOHJCPIH KeHiHri Kabarrapjarsl HeWpoHnapra Oepeni. HelipoH emmeHeTiH
OipHerire KipicTi KaObUIIAM agaibl.

Cyper 1. J)KaHapThUTaTBIH 2HEPTUS KO3/1EPi CaNaChIHAA KaCaHIAbl HHTEIIEKTTI KOJIAaHy
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ManmmHaIBIK OKBITY oficTepi asFamt peT 1990 xKeuiaaphl JKBUIBITY, XKEJISTY )KOHE ayaHbI OanTay KyHenepin
Oackapy *oHE OHTAWIAHIBIPY YIIiH KonnaHeuiabl. Coman Oepi SHEPTUSHBI YHEMJIEY KOHE KBUTY JKalIbUIBIFbIH
apTTeIpy OOWBIHINIA KONTEreH 3epTreynep Xyprizinmi. Kemrteren 3eprreyiep KOHIULIMOHEpIEY >KyHeciH
OHTAMNAHIBIPY YIIIH MallMHANBIK OKBITY SAICTEpiH KOJAAHYy 3HEprusl WbIFbIHBIH 5% - naH 30% - ra geiin
TOMEHJIETIN, TYPFBIHAAPABIH >KaWIBUIBIFBIH apTThIpa alaThlHBIH Kepceremi. OCBI camamarbl MallWHAIBIK
OKBITYIBIH €H TaHBIMAJ 9/IicTepi-0aKbUTIaHATHIH KacaHIBI )KoHE TepeH HeMpoHBIK xemniitep (ANNs xone DNNS).
JlerenMmeH, KoJiaHyFa OOJIaThIH KOITETeH 0acka dJicTep 0ap, COHBIH INIHAE TIPeK BEKTOPJBLIK omictep, ['aycc
MIPOILIECTEPIHIH YATLIEpl, AP0 PETPECCUSCHL, OIIIEM]Ii a3aiTy amicTepi xoue T.0 [4].

MammHaBIK OKBITYABI XKBUIBITY, JKEI/IETy JKoHE ayaHbl OamTay KyWesiepi YIIiH €H jKaKChl MIenTimMaepai
YCBIHA OTBIPBII, FUMapaTTapAbl )kobanay skoHe jxocnapiay Ke3iHje naiaananyra 6onaasl. Mbicanbl, MamnHambIK
OKBITY AM3aliHEpIIepre apXUTEKTYPaJIbIK JU3aHHHBIH KONITETeH MbICAIaPBIH Taj/lay apKbUIbl OHTalIaHABIPBUTFaH
IU3aiiH cXeMalapblH jkacayra keMekrecemi. OHBIH KoeMeriMeH IU3aifHHBIH KaHIal JJIeMEHTTepl HeMece
napameTpJiepi TYNKUTIKTI HOTIDKETE VIIKEH ocep €TEeTiHIH aHBIKTayFa jKoHe Ju3aiiHepre TY3eTyjep eHrizyre
KOMEKTECEe/I.

KopbIThIHBI.

OnpipicTep/eri XbLUTy alMacy ajlaHAapbl MEH TOHA3BITKBIII KOHIBIPFBUIAPHIH OacKapy/aa JkacaHabl 6ackapy
xy#eci sxxone MO KoJiaHy oflapAbIH THIMALIITIH apTTEIpyFa, Oip Me3Tisiie SHeprus NIBIFBIHBIH apTTHIPYFa )KoHE
CEHIMIUTIKTI apTTRIpyFa KeH MYMKiHAIKTep amanbl. CaHIBIK eTi3/iep MEH WHTEIUIEKTyal sl Oackapy Kyuhemepi
JepeKTepi KbICKa Mep3iMae OipikTipyre, )KyHenepIiH oSpeKeTiH OomKayFa )KoHe TY3eTylep/li aBTOMaTTaHIbIpyFa
MYMKIHJIK Oepeli, OyJI SHEPTUsIHBI YHEMJICY MCH OHTAMIaHBIPYIBbIH A TapJIbIKTAl dKaKcapyblHa KIS/,

HAI7IZ[AJIAHBLHF AH OJIEBUETTEP TI3IMI

1. Andrea Costa, Marcus M. Keane, J. Ignacio Torrens, Edward Corry, Building operation and energy performance:
monitoring, analysis and optimisation toolkit, Appl. Energy 101 (2013) 310-316, https://doi.org/10.1016/
j.apenergy.2011.10.037.

2. Zi Wang, Hang Yu, Maohui Luo, Zhe Wang, Hui Zhang, Jiao Yu, Predicting older people's thermal sensation in
building environment through a machine learning approach: modelling, interpretation, and application, Build. Environ. 161
(2019), https://doi.org/10.1016/j.buildenv.2019.106231.

3. J. Park, H. Choi, D. Kim, T. Kim, Development of novel pmv-based hvac control strategies using a mean radiant
temperature prediction model by machine learning in Kuwaiti climate, Build. Environ. (2021), https://doi.org/10.1016/
j-buildenv.2021.108357, 206-Dec.

4. S. lkeda, T. Nagai, A novel optimization method combining metaheuristics and machine learning for daily optimal
operations in building energy and storage systems, Appl. Energy 289 (2021) 116716, https://doi.org/10.1016/
j-apenergy.2021.116716.

UDC 621.575

DEVELOPMENT OF LOW PRODUCTIVITY ABSORPTION
THERMAL TRANSFORMERS WITH SOLAR ENERGY SOURCES

Ponomarev K.M.
Odesa National University of Technology, Odesa, Ukraine
E-mail: alic.in.mine@gmail.com

For centuries, mankind has used various cooling systems. From the last century to the present day,
compression refrigeration systems are used all over the world to meet broad social needs for product preservation
and room conditioning. However, in recent decades, these systems have attracted attention due to the
environmental impact of their indiscriminate use, primarily related to their high energy consumption and direct
and indirect contribution to global warming.

Currently, various alternatives to traditional cooling systems are offered. One technology that offers some
attractive advantages over these is absorption thermotransformers (ATT), which use low-potential heat as the
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primary energy source. Thus, energy sources such as solar, geothermal energy and industrial heat show significant
potential for production cooling using absorption systems.

In addition to its attractive potential, ATT allows the use of natural refrigerants such as water or ammonia,
which, unlike some refrigerants used in compression systems, have little or no global warming or ozone depletion
potential. Another advantage of natural refrigerants over synthetic ones is their economy and wide availability.

These properties together make ATT an attractive alternative in the presence of a low-temperature heat
source. Despite the described advantages, one of the most significant disadvantages of these systems is their lower
efficiency compared to compression systems. In this regard, in recent decades, a large part of research in ATT has
been focused on improving their performance using various strategies, including, among others, the design of
components using methods of numerical simulation, optimization of operating conditions, dynamic analysis, new
working fluids, improved cycles and other studies.

As a promising object for solving the tasks of autonomous cooling of small objects, the scheme of the
lithium bromide thermotransformers of the American company "Arkla" was chosen, which was originally designed
to work in-home air-conditioning systems.

The schematic diagram of such an installation is shown in Fig. 1.

In the scheme, water vapor and a strong solution from the boiler 7 enters the separator 9. The strong solution
flows through the pipe 11 through the heat exchanger 5 through the pipe 16 into the absorber 2, and the water
vapor is directed through the pipe 10 into the condenser 1.

A distillate is formed in the evaporator condenser, where in the process of boiling at low pressure it produces
artificial cold. Next, the water vapor enters the absorber, where it is absorbed by a strong solution. The weak
bromolithium solution formed flows into the lower part of the apparatus and flows back into the boiler through
pipes 4 and 6.

The condensation temperature in such a thermotransformers is in the range of 40...45 °C, and the boiling
point is 5...10 °C. Accordingly, the maximum pressure difference between the condenser and the evaporator, as
well as the boiler and the absorber does not exceed 600...700 mmHg.

The specified pressure difference is sufficient for circulation due to the difference in densities of the vapor-
liquid flow in the boiler and the cold, weak solution in the absorber.

2 17 1115F
\

Figure 1. Schematic diagram of the "Arkla" installation

The conducted thermodynamic analysis of such a scheme showed that for the effective operation of such a
scheme in systems with alternative sources of renewable thermal energy with temperatures up to 100 °C, special
attention should be paid to the boiler.

The boiler provides both the generation of water vapor (as a cooling agent) and the circulation of the
solution.

According to preliminary estimates, the main losses from the irreversibility of heat exchange processes in
the boiler are 60...65 %.
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Taking into account the complexity and interdependence of the processes of heat exchange and
hydrodynamics during the operation of the boiler, further research is planned on an experimental stand.
V]IK 544.774.2

INPUMEHEHUME XAPAKTEPUCTHUK ASPOI'EJIA
B CUCTEMAX TEIIVIOCHABKEHUS

Cynvoun E.O., - cmyodenm epynnvt T®-202,
HAO «Ynusepcumem um. Llaxapuma 2. Cemetiy,
Pecnybnuxa Kazaxcman 2. Cemet,
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Ansporenu — 310 3((HEKTUBHBIC MATEPHAIIBI TS TEILION30ISIUUA. OHU CIOCOOHBI MPAKTUYCCKH MTOTHOCTHEO
OJIOKMPOBATh MEepeiavy TeIuia, KOTopask OCYIISCTBIAETCS TPEMsi OCHOBHBIMHU CITOCOOAMH: TEILIONPOBOIHOCTHIO,
KOHBEKIHEH 1 H3ITydYeHUEM.

[To mpupoxe adsporens ruApoUIIeH, OJHAKO €0 MOKHO CAENATh THAPOGOOHBIM C TTIOMOIIBI0 XUMHYECKOH
o0paboTku. B mporiecce MOCTENEHHOro MOMIIOIICHUST BOJSHOTO Tapa refib NpeTeprieBacT U3MEHEHUS B CBOCH
MOJIEKYJISIPHOU CTPYKTYpE, TaKHe KaK yMEHBIIIEHHE B pa3Mepax WiH Jaxke paspyireHue [1].

OCHOBHBIE CBOWCTBA a3pOresi:

[Ipo3payHOCTh U OECLBETHOCTH: MOKa3aTeib MpesioMiieHus: cocTapiisgeT ot 1,006 xo 1,06, yTo mO3BOJISET
MPAKTUYECKU MOJHOCTHIO MPOIYCKATh MaTaloNTUil CBET.

Husxkas nmaotaocts — ot 0,003 mo 0,3 r/cMm3.

Absporens — camoe JIErkoe TBEPAOE BEUIECTBO B MUPE.

Ouenpb Hu3kas TemionpoBogHocTs — ot 0,001 no 0,004 Bt/(m-K). Asporens He IPOBOIUT TEILIO M HE
MOIIEPKUBAET TOPEHHE, a TAKXKe 00JIaaeT OTIMIHBIMA TETUION3O0JISIIUOHHBIMA CBOMCTBaMHU [2].

Ha naganpHOM 3Tare ObLTH MOMBITKH UCIIONB30BATh TOPSYUN BO3MYX WM WHPPAKPACHOE MIIMYICHUE IS
HarpeBa u Cymku a’poreiss. OQHaKo a’dporeian — 3TO U30JHUPYIOUIUN MaTepuai, U TPaJAUIIMOHHBIE METOIBI HE
MOAXOJIAT M3-32 UX HU3KOH 3()()EKTUBHOCTH.

B pesymbraTe 3THX TOIBITOK CTal0 OYEBHUAHO, YTO A I(PPEKTUBHOTO HATPEBAa M CYIIKH a3pOTeIs
HE00X0 MBI 00Jiee CIICIHAIM3UPOBAHHBIC METObI, KOTOPBhIE MOT'YT 00ECIICYUTh PABHOMEPHOE PACIIPEIeIICHUE
Terla 1 MUHIMH3HPOBATh PUCK MOBPEXISHHS MaTepuaia [3].

Marepuanpl, O00eCIeUMBAIONINE TEIUIOM3OANI0, J(PPEKTUBHO HCHONB3YIOTCS TPU  MOHTaXKe
TETUION30JIALIUN TPYyOOTIPOBOIOB U 000PYIOBaHUS TOBEPX MOBPEKIAEHHOTO H3OJSIIHOHHOTO CIIOSI.

Hcnonp3oBanue TaKUX MaTEPHAIIOB IIOBEPX CYIIECTBYIONMICH KOHCTPYKIIMH TTO3BOJISET JOCTUYH MPOCKTHBIX
3HAYCHHUH TEIIOBOTO ITOTOKA.

3amutHO-TIOKpoBHBIN cinoii (3[1C) 3amurmaer KOHCTPYKIIUIO OT BO3ISHCTBUS MOTOJHBIX YCIOBHUA. DTOT
METOJ] PEMOHTA MO3BOJISIET OBICTPO, HEAOPOTO U JIETKO BOCCTAHOBUTH CHCTEMY.

KadecTBeHHBIE YacTHIBI KPEMHE3EMHOTO adporesisi OOECIeUMBAIOT TEPEIOBBIC PEIICHHS IS TaKUX
oOyacTell MpuMEHEeHHs, Kak dHeprodeKTUBHBbIC 3[aHUS U TPOMEBIIIICHHAS UHPPACTPYKTypa, MOBEPXHOCTH,
MIPUSTHBIE Ha OIIYTIb, CPEACTBA JUYHON I'MTUEHBI M MHOTOE Jipyroe [4].

Ansporenb, NOSBUBIIUICS B Hadasie XX BeKa, He SBJIACTCS HEJIaBHO U300peTéHHBIM MaTepraioM. OHaKO
€ro YHUKaJbHBIC CBOHCTBAa IPHBIEKAIOT BHUMaHHE Yy4Y€HBIX. lcmomb3oBaHHWe alsporens Bc€ emé Tpedyer
JanbHEHIero u3y4eHus u uccieaoBanus [5].

Asporesnb JIeMOHCTPHUPYET BBICOKYIO 3((GEKTHBHOCTh AaKe NPU DKCTPEMAaJbHO HHM3KHX TEeMIIeparypax,
nocturaromux -260 °C.

KoaddumeHT TerionpoBofHOCTH a3porelis 3HAYUTEIHHO MPEBOCXOANUT OKA3aTeIH IPYTHUX MaTepHAIIOB,
YTO JIEAET €ro OJHUM U3 JYUIINX TEIUIOU30JISTOPOB B Mupe. [1o CBOMM XapaKTepUCTHKAM adporeilb yCTyIaeT
TOJBKO BaKyyMHBIM TTaHEIISIM.

YunThIBas CTOMMOCTh, yIOOCTBO MOHTa)Ka, HEOOJBIIYIO TONIIMHY H APYTUe MPEUMYIIECTBA, MOXKHO C
YBEPEHHOCTBIO CKa3aTh, YTO adporeiib B OJiMKaiiiiiee BpeMsl CTAaHET OCHOBHBIM KOHKYPEHTOM TPaJIMIIMOHHBIM
YTETUTUTEIISIM.

Curyanusi ¢ a3poresieM Ha pbIHKE HAIIOMUHAET CUTYaIUI0 ¢ MUHEpalIbHOU BaToi B 90-X ronax, Korjna oHa
TOJIBKO HauWHAJIA BBITECHATH CTapble MAaTEPHAIbl IS TEIIOU30JSIUU. [[porHO3BI OBUIH CKENTHYECKUMHU, HO
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pe3yIbTaT MPEB30MIET BCE OKUAAHUS U Pa3Besyl COMHEHHUS B aKTYaIBHOCTH DTOTO MPOAYKTa HA CTPOUTEILHOM
peIHKE [6].

B Ommxkaiimem OynymieM dYenoBEYECTBO CMOXKET pa3paboTarh 00jiee COBEPIICHHBIC TEXHOJOTHH
MPOU3BOICTBA A3POTENIsl, UCTOIB3Ysl yKE CYIICCTBYIONIME METOJbl. DTO OTKPOET HOBHIC BO3MOXKHOCTH JIJIS
NIHPOKOTO TIPUMEHEHHS adpOrelisi B KAUeCTBE TETUIOU3OIISIIOHHOTO MaTepraa, BKIIYas ero UCIob30BaHUE B
M30JISIMH TETUIOCETeH. A3porenh 00N1alacT YHUKAIIbHBIMH CBOMCTBAMH, TAKUMH KaK BBICOKAs TEIUIOM3OJISINS U
JIETKOCTh, YTO JIENIACT €r0 HJCATBHBIM JJIi MPUMEHECHUS B Pa3IMYHBIX OTPACIAX, BKIOYAs CTPOUTEILCTBO,
SHEPTeTHKY M MPOMBIINIICHHOCTh. OXKUIACTCS, YTO BHEJAPEHHE adporens B 3TH chepbl MPUBEAET K TOBBIICHUIO
9HeprodGHEKTUBHOCTH U CHUXKEHHIO 3aTPAT HA IKCILTYaTALUIO 3aHUN U COOPYKEHUI.
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The desire of people to live in comfortable conditions and enjoy all the benefits of civilization is growing
uncontrollably, as well as the cost of energy carriers that provide these needs, as the reserves of traditional fuels -
oil, gas, coal, and wood - are being depleted. In addition, the consumption of natural resources in unlimited
guantities (as is happening now) threatens humanity with a global ecological disaster. For this reason, the use of
low-potential energy: soil, water, air, unusable heat is one of the most effective ways to reduce the level of thermal
pollution of the planet and provide an effective economic alternative to traditional life support systems.

The study shows that waste heat accounts for about 19 billion kWh of total energy consumption in the
industry, i.e., about 25 %. Here, therefore, there is a great potential for the production of electricity and heat, which
can be used.

The problems of energy saving are currently important primarily in connection with the limitation of natural
resources, their uneven distribution, as well as in connection with the increasingly man-made pollution of the
environment, part of which is the dumping of refrigerating machines.

Reducing the harmful impact on the environment can be achieved by increasing the efficiency of domestic
heating and cooling systems both during their creation and during operation.

A vitally important problem that arises in industry, but also during the use of household appliances, is how
to efficiently use limited energy sources.

In the field of household appliances, generating systems include heat-using absorption refrigerating
machines.
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From the point of view of energy saving, a promising direction in modern technology is the creation of
designs of combined household absorption refrigerating devices that combine the functions of cold storage and
thermal processing of food products, semi-finished products and agricultural raw materials. The thermal chamber
of the combined absorption refrigerator can currently maintain the temperature level in the range from 25 to 70
°C, and in the future, it is possible to reach high temperatures. The use of thermal cameras is aimed primarily at
households in different climatic zones.

The use of thermal cameras is possible for:

- preservation and maintenance of temperature at a certain level (thermostat);

- heating the product to the specified temperature;

- various types of technological processing, as a result of which a new product can be obtained (drying,
drying, fermentation, etc.).

During most household technological processes, the temperature is absorbed at 70 °C. For technological
modes with a temperature level below 70 °C in the thermal chamber (TC) of the refrigerator, devices can be used
that allow the heated air to be removed outside the chamber, for example, dampers, plugs, etc. Among all types of
modern household refrigerating equipment, elements of the absorption refrigerating unit (AHA) — the
dephlegmator and the rectifier — have such a temperature potential.

Various schemes of household refrigerating appliances with additional cooling equipment have been
developed, which differ in: the method of heat transfer (direct contact of the dephlegmator and cooling equipment,
use of intermediate heat transfer devices, including those with the "osmosis" effect); the location of the TC (on top
of the refrigerating cabinet and in the lower part); constructive execution of TC (one-chamber, two-chamber); a
source of indirect heat and, accordingly, the temperature level (condenser, dephlegmator).

The simplest in terms of design is the scheme with an intermediate heat transfer device, which provides for
a minimum of changes in the composition of the household combined appliance and AHA.

Two types of such household combined devices have been developed and studied - from air TC and liquid
TC (Fig. 1).

a) with air and liquid TC; b) with liquid TC; 1- TC; 2-refrigerator.

Figure 1. Household combined appliances - with air TC (a) and liquid TC (b).
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TaraM eHepkociOiHIH 3aMaHayd JamMybl, arpecCHBTI OpTajga OOJBIN JKaTKAH JKaHA TEXHOJIOTHSIIBIK
MPOLECTEPAIH AaMybl KYPBUIBIMABIK MaTepHajapFa KOFapbl TananTap Kosiabl. EH MaHBI3ABl KYPBUIBIMIBIK
MaTepuaiiap - MeTaagap KoHe OJIapIbIH KOphITHANApEl. OHIMIAEP i Naiinanany 6apbICEIHAA OJapAbIH KOpIIaraH
OpTaMeH XMUMHSITBIK HEMECe JIEKTPOXUMUSITBIK ©3apa dpeKeTTecyiHe OaimaHbICThI KOPpO3us maiiaa 0omambl, Oy
METaJIJ1 KOHCTPYKITUSUTAP/IbIH, arapaTTapablH, KyObIpIapabIH ®oHE T. 0. Oy3bUIybIHA oKenei. TaraM eHaipiCiHIH
TEXHOJIOTHSUIBIK ~IAPTTaphl arpecCUBTI OpTalapblH OpPTaHUKANBIK JKOHE OCHOpPraHUKANBIK OOIyBIMEH
epekmieneneni. bynm opramap Oeifrapar, cinTili HeMece KBIIKBUT O0ysl MyMKiH. KelOip TEeXHOIOTHSIIBIK
MPOLIECTEP KOFaphl TeMIleparypazaa xkypedi. YKaOapIKTapaplH Mep3iMiHeH OYpPbIH iICTEH HIBIFYBL: 3JCKTPOJIUT
epiTiHainepinae maiga OONAaThIH AIEKTPOXUMUSIIBIK KOPPO3Msl; TO3y; OTTeri Oap opranma, acipece »KOrapbl
TeMIeparypajaa TOTBIFY; )KoHe T. 0. cebenrepre OailaHbICTBI. A3BIK-TYJIIK OPTACHIHBIH 3USH/IBI MaTepUaiapaH
KacaFaH KaOJbIKIICH JKaHACybl OHAIPLICTIH OHIMHIH OY3bITybIHA 9Kellyl MyMKiH. KOppo3usHbIH ayKbIMBI KoHE
OHBIH IIBIFBIHBI - KOPPO3HUSHBIH JKOMKBIH dcepiHeH Oapiblk MeTanubiH mamamen 10% - b1 Oipokosia KoFasiaibl.
OchI TYPFBIJIAH aTIFAH/Ia TaFaM KOCITOPBIHIAPBIHBIH ka0 BIKTaph YIIiH MaTepraiiap MEH KOphITHaIappl TAHIAY
oTe MaHbI3IBI [1].

Han 3aybIThIHa HaH OHAIPYIiH TEXHOJOTHSIIBIK MPOIIEC] KeJleCl Ke3eHACPACH TYPaIbl:

- IUKI3aTThl KAOBLIAAY JKOHE CaKTay;

- IUKI3aTThI OHIIPICKE €HTI3yTe JalbIHIIAY;

- KaMbIpJIbpl 1aibIH/IAY;

- KAMBIP/IBI KeCy;

- TalibIH OHIMIEP/Ii Micipy XKoHE CaKTay;

- OHIMJII cay/ia JKeJriciHe xkidepy.

Ty3 HaH MEH KONTEreH HaH OHIMIEPIH JalbIHaayAa MIHICTTI PEIENT KOMITOHEHTI 00BN TadbuIams! [2].

Epitianinig KaHBIFYBIHA TY37bl €PITIHIIHIH TYUBIK IeHOep OOWBIMEH alfHAIIBIMBI BIKITANl €Te[i: TY3/bI
epITKIIITEH COPFBI apKbUIBI — Kepi. OHAipicTe KOFapblia CUNATTaJFaH HPOLECTEpP YLIIH 3JEKTP COPFBI
KOHJIBIPFBICHI KOJaHbuiansl. ON CTAalMOHAPIBLIK Karjaiiia skymelc icteyre, TemmepaTypackl O-nen 85°C-ka
NEHIHrT (DU3MKATBIK-MEXaHUKAJIBIK KOPCETKIIITED MEH XMMHSJIBIK OCJICEHIUIIK OOWBIHINA CY/AbI, CyFa YKCac
HeMmece 0acKa CYMBIKTHIKTap/Ibl aliiayFa apHaiFaH.

Xorapel KOHIIEHTpaNMsAarbl CYJbl TY3/Ibl EPITIHAI arpeccuBTi opTa OOJBII TaObUIAABI, OYJI OHBIH
KypaMbIH/Ia SPTYpJi MOHIAPbIH 00jybiHa OaiiaHbICThl. COPFBI OOJIIIEKTEPl IJIEKTPOXUMHSIIBIK KOPPO3UsIFa
YIIBIpaiabl, COHBIMEH KaTap >KYMBIC OpraHIapbIHbIH THAPOa0Opa3uBTI TO3YHl OpPBIH anansl. Arperarrapasl 6-12
aiina Oip peT >KUNIKIIEH e3repTy Kepek, OyJ1 alTapiIbIKTall 3KOHOMHUKAJIBIK, IIBIFBIHAPFa OKeIeI].

3epTTenrex yuriiepae Metai Herisi Gpeppur xkoHe a3 Menmepae nepaut 6omnabl. by kopeitna Geppurti
Cyp WIOWBIH JETeH KOPBITBIHIBI KacayFa MYMKIHIIK Oepeni (Merayun HerisiHzeri mepiaut memmepi 20%-naH
acraraH Kesze moibH Gepputti Oonbin cananaasl) [1].

CY10, CU15, CU18 cusikTbl cyp GeppuT MIOHBIHAAPHI a3bIK-TYIIIK MalTHHATIAPBIHBIH OPTAIlla )KYKTEMECIHIH
opTYypJli OeIIeKkTepiH jkacay VIIH YCHIHBUIFAHBIHA KapaMacTaH, OYJ KOpBITIIANAp arpecCHUBTI OopTaliapIbiH
ocepiHe XKeTKUTIKTI Te3imai emec [3].

Cyp HIOWBbIHHAH jKacajFaH COPFbI OOJIIIEKTepl JKYMBIC KE31HIAe YHEMI TY3bl epiTiHIiZe OoJaabl jKoHE
ANEKTPOXUMUSITBIK, KOPpO3usFa Yiiblpaiiibl. Kopposus Typi — anmbel OipKenKi, OHbl KOPPO3USHBIH OY3bLTY
cunaThlHa Kapail Oaranayra Ooxansl. JKamnmbl OipKesiki KOppO3Hs KbUIIAMIBIFBIH aHBIKTAayAbIH €H KapanaibiM
KOHE KEH TapaJifaH 9Jlici — IpaBUMETPHSIBIK. | paBUMETPHSIIBIK 9JIiCTIEH KOPPO3Hsl JKbIIIAMABIFBIH JKbUTbIHA 10
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3.10"* MM-ZIeH acaThIH JKaFmainapaa KeTKUIKTI JOIIIKIEH oaueyre 6o1aasl. DKCIEPUMEHT Ke3iHIe MacCaHbIH
mamachkl OOMBIHINIA ©3repyi Tapa3bIHbIH PYKCaT €Ty KaOiJeTiHeH KeM JieTeHze Oip peTKe )KOFaphl OOIYBI KEepek.
OJeTTe, IPaBUMETPHUSIIBIK 9JIICTIH AQJIIr CAIMAKTBIH CE3IMTANIBIFBIMEH XKOHE OJIIICY TJIIMIMEH eMeC, KOMEKIIT
orneparysuiap/el ()Kyy, KeNTipy, KOppo3us OHIMIEPiH KEeTipy) )KacalThIH Ke3/IeHCOK KATeIIKTEPMEH aHBIKTAIa bl
[4]. Coprpl OemikTepiHEH TIKOYPBINITHI KECEKTEp Keciiaemi, OeTTepl op Typili YHTAKTaIFaH 3iMITapaMeH
KBUITBIPATBUIFAHFa JCHIH MYKHAT Ta3aJdaHambl, TY3 KBIIKBUIBIHBIH KOHICHTpANHUsJIaHFaH epiTiHaiciMeH
MapHuHaTanaabl. byiip OeTTepi KOppO3HsUIBIK OpTaFa TO31M/Ii OKIIayJIaFbIll MATepUAIIMEH X)aObUFaH. OnmeMaep
KanuOp/IiH KeMeTiMeH aHbIKTaNnabl. beTTep aeToHaa HeMece aNKOToJIbIe MaHChI3aH b PBLIA/IbI, AHATATHKAIIBIK
Tapasbliap/a eJmeHe . Ommey aaairi TepTiHmi Oenrire Aewin. MeTtangap/IsIH JKalmbl KOPPO3USFa TO3IMILUTITIH
Oaranayra apHaJIFaH OH OalJbIK IIKaNa HEri3iHIe cyp HIOHBIH a3 Te3iMai (9 Oamn) sxkoHe Typakchz (10 Oamn)
aHBIKTAIAbl. KOppO3USUTBIK CHIHAKTAPABIH Y3aKTHIFbI apTKaH CaiblH TO3IMIUTIKTIH JKOFapbUIaybl KOPPO3HS
OHIMJIEPiHIH KaOaTHIHBIH KaJBIHIBIFBIHBIH JKOFAphUIAYBIMEH JKOHE OCHIFaH OailIaHBICTBI KOPPO3HS HKBUIIAM-
JIBIFBIHBIH TOMEHJICYIMEH OalIaHbICThI 00Tyl MYMKIH.

Tamak eHepkaciOiHIe TeMip, MbIC, A TFOMUHUIA, HUKEIb, TATAH JKOHE T.0. KOPBITIANIAPHI KEHIHEH KOJIJaHy
KakeT. Tamak eHepkaciOiHIH epekmieniri Oenrini O6ip mekTeynep Kosnbl. MHruOuTOpIapMeH ka0abIKTH OHIIEY
KON >Karmaiiia KoJalChl3, OWTKEHI KONTereH KOJAAHBUIATBIH XUMHSJIBIK HHTHOUTOpPIAp YBITTHUIBIFBIHA
0ailyIaHBICTHI TaFaMMEH Yinecrieiai. Koppo3us »KbUIIaMIIbIFBIH TOMEHACTETIH OapIIbIK KOPFAHbIC JKaOBIHIAPHI
YCBIHBUFAH JKaFjainapia >KyYMbIC iCTel amMmaiinbl, COHBIMEH KaTap oilap YIIbI eMmec OOmybl Kepek. Ty3mbl
COPFBUIAPABI KOPFAayABIH JIIEKTPOXUMISUIBIK OMICTEPiH e KolmaHy MyMKiH emec. Kopposus mporeciHig
KBUIIAM/IBIFBIH TOMEHCTYTE KYHUEHIH TEPMOIUHAMHUKAIIBIK TYPAKCHI3IBIK JTOPESIKECIH TOMEHACTETIH KOPFAHbIC
oiCTEpiH KOJIaHy BIKIA STEI.

Mertangapasl KOppo3HsIaH KOPFayIblH OipHEIle omicTepiH KaTap KOJJaHFaH Ke3Ze, Oo/IeTTE, TOIBIK
KOPFaHBICKAa KOJI JKETKi3y OHaibIpak Oosanbsl. MbICabl, aHOATHI MHTHOMTOpIIapAbl (IIaCCUBATOPIAPABI) KOCY
apKbUIbl METAJT KOPPO3USCHIH a3aliTy apKbUIbl KOPFAHBIC 9CEPiH apTThIpyFa KOPBITIAaFra KaTOATHI KOCIHATapabl
€HTi3y HeMece KOCBIMIIIA aHOITHI TIOJISIPH3AIIHS aPKBIIBI Aa KOJ XKEeTKi3iIe 1.

Ocpinaiima, MeTanaap/IsI KOppo3usIaH KOprayIbslH OipHeIe oIicTepiH KaTtap KoJIIaHy KaKeT.
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HEPCHEKTHUBbI HCIIOJIb30OBAHUSI YHACTOTHOI'O PEI'YJIMPOBAHMSI,
KAK CIIOCOBA OIITUMHN3ALIMA PABOTBI TEIINIOHACOCHOHU YCTAHOBKH

Jozunosckuii C.A., acnupanm xagheopwvr mennoxaadomexnuxu, Kopomruii U.A.,
O0OKMOp MeXHUYeCKUX HayK, npogheccop, 3a8. Kaghedpol mexnioxia0omexHuKu.
Kemeposckuii cocyoapcmeennulii ynugepcumem, 2. Kemepoeso, Poccus

CoxkpainieHue MOTPEOJICHHUS] JHEPrEeTHYECKUX PECYpCOB, POCT 3KOHOMHYECKOW 3(P(HEKTUBHOCTH
MPOU3BOJICTBA, a TAKXKE MOBBIIICHUE HAJEKHOCTU MPOU3BOACTBEHHBIX MPOLIECCOB U PA3BUTUE SKOJIOTUUYECKOM
COCTOBJISIIONICH MPOMBIIIIICHHOTO0 KOMIUIEKCA — 3TO OJIHHA M3 OCHOBHBIX 33/1a4, CTOSIIINX Mepe]] SHePTeTHIECKOM
oTpacibio coBpemeHHou Poccuu u ctpan CHI [1].

B xomonuiapHON TEXHWKE BOMPOCHI PAIMOHAIM3ALWU DHEPronoTpeOICHUS OTHOCSATCS K IMOBBIIICHHUIO
SHEProcOePEKECHUS JICKTPOABUraTeNIeH KOMIIPECCOPOB JUIS PAa3JIMYHBIX HHU3KOTEMIIEPATYPHBIX CHCTEM, B TOM
YUCJIE W TETUIOHACOCHBIX YCTaHOBOK. Komrmpeccop sBISE€TCS OCHOBHBIM IOTPEOHWTENIEM DJIEKTPOIHECPTHH IS
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OCYIIIECTBIICHUSI TEPMOJAMHAMHYECKOTO IHKia. I[Ipesrmonaraercs, 4To KOPPEKTHPOBKAa PabOTHl KOMIIpeccopa
TEIUIOBOTO HAacoca CIIOCOOHA YMEHBIIUTh KOJMYECTBO IIyMmMa, BbIpabaThkiBaeMoro paboToil Komipeccopa,
YBEIMUUTD DHEPTreTHUYECKYI0 d(PPEKTHBHOCTh PabOTHl BCETO LMKJIA TEIUIOBOIO HACOCA, TAKKe MPOAJIHUTH CPOK
SKCIUTyaTalluy YCTAHOBKH U YBEIMYHUTh MaTepPUAIBHBIN pecypc Komipeccopa [1, 2].

CeromHs MeToJ ITyCK-OCTaHOBKA SBISIETCS HamOoliee pPacIpOCTPaHEHHBIM CIIOCOOOM  PETyIMpPOBAHUS
MPOU3BOIUTENILHOCTH KOMITpeccopa. MeTo/1 OCYIIECTBISETCS ¢ MTOMOIIBIO TEMITEPATYPHOTO JIATYHUKA W KOHTPOJIEpa.
Mertox pabotaeT TakuM 0Opa3oM, YTO THPH JOCTIKCHHH 33/1aBa€MOM TeMIepaTyphl B 00JacTH TeriooOMeHa
KOHJICHCATOpa, TPOMCXOJHUT OTKIFOUCHUE KOMIIPECCOpa, IOCNE OCTYXEHHs KOHJAEHCATopa MpPOUCXOMUT IYCK
KOMIIpeccopa ¥ paboTa IUKIIa MpojoinkaeTcst. PaboTta kommpeccopa B peskuMe MepHoIIECKOro IMyCcKa M OTKIFOUCHUS
BJICUET 3a COOO0M Psi HEAOCTATKOB, KOTOPbIE HATPSIMYIO BIMSIOT KaK Ha padoTy IMKIJIA TEIUIOBOrO HACOCA, TaK M Ha
CPOK CITy>KOBI 3JIEMEHTOB TEIJIOHACOCHOHM ycTaHOBKH. K HeZocTaTkaM OTHOCSITCSI CKauKY JaBJICHHS X TEMIIEPATypPhI B
OTJIIENBHBIX 3JIEMEHTAX HU3KOTEMIIEPATYPHOUN CHCTEMBI BO BPEMsI IIUKJIOB ITyCKa/OTKITFOUCHHS, YACTUIHOE UCTIAPCHIEC
XJIafiareHTa u3-3a TPeHUsI B COCIUHUTEIILHBIX TPYOOIIPOBOIaxX U Ap.

CoBpeMeHHOW albTEePHATUBHON BBIIICOMUCAHHOTO CIIOCO0a MOXKET MOCIYKHUTh CIOCO0 perylupoBaHuUs
MPOU3BOJUTEIBHOCTH KOMIIpECcopa IyTeM W3MEHEHHsI YacTOTHl BpAIICHHSl €ro JJIeKTpoaBUTaTeNss. B
COBOKYITHOCTH CO CHW)KEHHEM MOTPEeOIsIeMO 3HEPrHH, WCIOJIh30BAHHE YACTOTHOTO NpeoOpa3zoBaTeis B
HU3KOTEMIEPaTYPHBIX [IUKJIaX TAKKe MTO3BOJISIET MOMYYHTh O0Jiee KaueCTBEHHBIE MTEPEXO0IHBIC TPOIECCHI, a TAKKE
CHHM3HTh TUHAMUYCCKHEC HATPY3KU HA CHCTEMY, YTO CYIIECTBEHHO MPOJITUT CPOK paboThl KoMmpeccopa [3].

W3BecTHO, 4TO U3MEHEHHE YaCTOThI BPAIICHHS SJICKTPONPUBOJIA KOMIIpEccopa MpsMo MPOTOPITHOHATIEHO
BIMSCT Ha KOHEYHOE 3HAYEHHE TEIJIONPOU3BOAUTENILHOCTH W KOd(QQUIMEHTa MpeoOpa3oBaHUsl SHEPTUU
TEIUIOBOT'O HACOCA, U3 YET0 CTOUT MPEIIONI0KUTh, YTO PETYJIUPOBAHIE YACTOTH pab0THI KOMIIPECCcopa He BIUSET
Ha MPOU3BOIUTEIHHOCTD IHKJIA TEIUIOBOT'O HACOCA.

Onnako, Tpu pa3dope peanbHBIX MPOLECCOB, MOXKHO HAOJIONATh PACXOKICHHE C TEOPETHYECKHMHU
pacueramu. Hampumep, B paboTe OMUCHIBACTCS CIIOCO0 YITYYIICHHUS! YHEPTETHYCCKUX XaPaKTEPUCTHK TEILIOBOTO
Hacoca, paboTaroliero mo MPUHIMIY BO3AYyX-BO3ayX. B paboTe ommcaH psij SKCIIEPUMEHTOB, B PE3yJbTaTe
KOTOPBIX HaOIOaeTcsl yaydlieHne kodhhuiuenTa npeoOpa3oBaHus SHEPTUH, TaKkKe ObUT OmpesiesieH padouuit
JMara30H YaCTOTHOTO PEeryJMpOBaHMs 3JeKTpoiBurareis kommpeccopa - 50-180% ot paboueir 4acTOThI
komrpeccopa [4].

Tarxoke 4acTOTHOE pPeryJIupoBaHKe OJIATONPUSITHO BO3JCHCTBYET Ha 3JIEKTPOJBUraTebh KoMipeccopa. Kak
paccMoTpeHo B pabore [5] Ha mpUMeEpe ACHMHXPOHHOIO JBHUraTelis, MPH CHUXKCHMM YacTOThl BpalllCHUs
ANIEKTpoIBUTATEINS, Habmonanock noseimenne KIIJ anexTponsuratens, a Takke CyIECTBEHHO COKPAIIaHCh
MEXaHHUECKHE TTOTEPH.

[MpuMeHEeHHe YacTOTHOTO PETyJHUPOBAHHS MPeoOpPa30BaTENIeM YaCTOThI KOMIIpEccopa MOXKHO CUHUTATh
MEPCIEKTUBHBIM CHOCO6OM OIITUMU3aAITUH pa6OTBI TCIIOBOT'O HACOCAa, TaK KaK IMMOBLIIIACTCA IMPONU3BOAUTCIIBHOCTD
IUKJIA ¥ YBEIIUYUBACTCS CPOK CITYKOBI 000PYI0BaHHS.
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INCREASING THE ENERGY PERFORMANCE OF COMPRESSOR
STATIONS OF MAIN GAS PIPELINES

Blumenfeld M.V., magister, Felonyuk S.A., postgraduate student
Odesa National Technological University, Odesa
E-mail: s-feloniuk@ukr.net

The gas transportation system of Ukraine consists of a dense network of gas communications, which serve
to supply gas to both domestic consumers and to transit fuel to the countries of Western Europe.

For the transportation of natural gas through pipelines, gas pumping units (GPU) are installed at numerous
compressor stations (CS), the energy carrier for which, in most cases, is transported natural gas. 0.5 ... 1.5% of the
volume of transported gas is spent (burned) on the pumping unit drive. Therefore, the problem of minimizing fuel
gas consumption in a gas pumping unit is relevant and requires careful analysis.

The efficiency of the majority of the GPU fleet currently in operation in Ukraine is in the range of 24 ... 27.

Pumping costs can be reduced as follows: replacement of existing units with low efficiency by more
economical ones, with an efficiency of 36% and higher; modernization of existing equipment with the use of new
approaches to the organization of the processes of compression (compression) at the main compressor stations.

The situation with the replacement of existing equipment with modern equipment is associated with
significant investments, on the one hand, and the uncertainty with the transit of Russian natural gas through
Ukrainian gas transportation systems in the near future.

More promising is the way to increase the efficiency of the GPU cycle through the use of circuits with
preliminary cooling of the compressed gas.

This position is based on the following.

If analyze the formula for the specific work of an ideal compressor | for 1 kg of gas, it is possible to see that
it is directly proportional to the absolute temperature of the gas before compression

RT, (Pl\%
-1 (R ] ®

| =
K-1

P

2

where R is the individual gas constant, J/(kg-K);

71— absolute gas temperature before compression, K;

K — the Poisson's ratio;

P1 and P, — the absolute gas pressure, respectively, before (at suction) and after compression, Pa.

Since the value of the suction temperature is close in most cases to T = 300 K, from equation (1) it is possible
to conclude that with a decrease in the temperature of the suction gas by 1 °C, the work spent on compression of
1 kg of gas decreases by approximately 0,33 % Thus, a decrease in the temperature of the gas before compression
by 3 °C leads to a decrease in the work required to compress and move 1 kg of gas by approximately 1 %.

In a first approximation, this conclusion, obtained for an ideal compressor, can be applied to a real
compressor.

The thermodynamic efficiency of diesel engines is also significantly affected by the temperature of charge air.

With its increase by 10 °C, the effective efficiency decreases by about 0.5 % and, accordingly, the specific
fuel consumption increases.

To reduce the temperature of the charge air, it is proposed to use one and two-three-stage heat-utilizing
steam-ejection refrigerating machine on a low-boiling working fluid (R142b). It is assumed that cooling systems
utilize the heat of exhaust gases of combustion products.

The disadvantages of a cooling system based on steam ejection systems include the lowest energy efficiency
among heat-using cooling systems and a critical dependence on changes in temperature of heating and cooling
media.
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The authors of came to a similar conclusion when comparing the steam ejection and absorption refrigeration
cycle.

If compare the absorption heaters using absorption water-ammonia refrigeration machine (AWRM) will
have an advantage over lithium bromide (ALRM) in terms of the range of cooling temperatures.

Thus, the minimum real cooling temperatures in the ALRM are not lower than 0 °C, and as the authors of
note, their decrease below 0 °C is theoretically possible, but difficult to achieve in practice.

The operating range of the AWRM at the lower boundary is minus 45...minus 25 ° C and these systems,
first of all, can find application in pre-cooling systems before compression of natural gas in the gas pumping unit.
Currently, the experience or theoretical analysis of the use of both AWRM and ALRM as part of the CS of natural
gas main pipelines is unknown.

The aim of research is studying the prospects for the application of technology for pre-cooling technological
natural gas before compression in a gas pumping unit based on heat-using absorption refrigeration machines.

To do this, first of all, it is necessary to assess the effect of the temperatures of technological natural gas on
suction on energy consumption in gas pumping units.

Given the wider range of cooling temperatures, let’s dwell on the AWRM (Fig. 1).

The analysis of methods to reduce energy consumption during the transportation of natural gas through
pipelines is done.

It is shown that lowering the gas temperature before compression also leads to a decrease in the work spent
on gas compression, and cooling tasks can be solved most energetically efficiently using heat-consuming AWRM
s with a wide range of cooling temperatures, which use the thermal energy of the exhaust gases for their work.

P\

Figure 1. Scheme of heat recovery of combustion products for cooling the process gas before compression: 1 — GPU; 2 — gas
turbine drive (GTD); 3 — turbine; 4 — main gas pipeline; 5 — air cooling apparatus (ACA); 6 — AWRM; 7 — brine-natural gas
heat exchanger; 8 — brine circulation pump; 9 — brine line

To assess the prospects of pre-cooling the process gas before compression, the working parameters of a
typical gas pumping unit are calculated and, based on the analysis of the calculation results, the energy and
financial prospects of such a solution are shown. So, for example, for the current economic situation in the
Ukrainian gas market, the daily decrease in operating costs in standard gas pipelines with a decrease in gas
temperature before compression in the gas pumping unit by 20 K ranges from 1800 USD to 3360 USD.

To implement the technology for pre-cooling the process gas, an original design of an AWRM-based heat
recovery plant has been proposed, which in the range of typical operating characteristics allows to reduce the
temperature of the process natural gas before compression by 11...13 °C.

The technology for pre-cooling the process gas allows to reduce the temperature level of the compressed
gas and to obtain an additional economic effect due to the ACA shutdown, which can be estimated for specific
climatic conditions in the region where the compressor station is located.
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STUDYING THE PROSPECTS OF USING ARTIFICIAL COLD AT COMPRESSOR STATIONS OF
MAIN GAS PIPELINES TO REDUCE OPERATING COSTS OF NATURAL GAS
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E-mail: s-feloniuk@ukr.net, titlov1959@gmail.com

The work is devoted to researching the possibilities of using artificial cold at compressor stations of main
gas pipelines to reduce energy and operating costs during natural gas transportation. An innovative approach based
on the introduction of cooling systems of the working environment in the conditions of compressor stations using
heat emissions is proposed.

The paper analyzes the current level of use of artificial cold in energy, in particular, in gas transport systems.

The potential of using renewable energy sources and secondary heat for cooling natural gas has been studied,
which allows to reduce transportation costs and reduce energy consumption of compressor stations.

The urgency of the work is due to the high operational costs that arise at elevated temperatures of the working
environment at compressor stations. The study states that reducing the temperature of the gas at the compressor inlet
allows to reduce energy consumption, increase the efficiency of the units, and also reduce the wear and tear of the
equipment. The use of artificial cold can reduce the volume of consumption of natural gas, which is burned to power
compressor units, and helps to optimize the operation of the entire gas transportation system.

Based on numerical models, calculations were made that demonstrate that the use of artificial cooling at
various stages of natural gas transportation can reduce energy losses by up to 15 %, depending on parameters and
operating conditions. A variant calculation of the impact of temperature reduction on the energy and economic
performance of compressor stations, in particular, at high loads and different temperature regimes, was performed.

Conducted experimental studies confirm the effectiveness of the developed systems, and technical
recommendations for their implementation have also been developed. The proposed artificial cooling systems
provide cooling of the gas at the compressor inlet with minimal energy consumption due to the use of secondary
heat from the compressors and environmentally friendly cooling methods. Research results point to the prospects
of reducing carbon emissions by reducing energy consumption for transportation.

The practical significance of the obtained results lies in the possibility of using the developed cooling
systems at compressor stations to optimize natural gas transportation processes and reduce the costs of its pumping,
which contributes to increasing the overall efficiency of the gas transportation infrastructure.

YIK. 622.481.24

COBPEMEHHOE COCTOSHHUE U INEPCHHEKTUBbBI MOAEPHU3ALIUU
HOEHTPAJIM30OBAHHOI'O TEIIVIOCHABXKEHHWSA B TAILKEHTE

Koponu M. A., npogp. PhD, Anumos 3. b., macucmp
Tawkenmckuii 2ocyoapcmeenHulil mexHuyeckuil ynusepcumem umenu Mciama Kapumoasa,
Vzbexucman, 100095, Tawkenm, yn. Ynusepcumemckas,
E-mail: 2 elyorjonalimov@gmail.com

Ananu3 cutyanuy B T. TamkeHTe, a TakKe COMOCTABUTENIbHBIN aHaJIN3 OPTraHU3AMOHHBIX U TEXHUYECKUX
aCIEeKTOB IIEHTPAIM30BAHHOTO TEIIOCHAOXKEHHUS M PELICHUS aHAJOTHYHBIX NMPOOJeM B Pa3BUTHIX CTpaHax
MO3BOJIMJI  BBICIUTh KOMILJIGKC MEPOTPUSTHH HANpaBJICHHBIX Ha IMOBBIIIEHHE JSHEProdhEeKTHBHOCTH
CYIIIECTBYIONTNX KOTEIMBHBIX U TEIUIOBEIX ceTel [1]. LlenTpann3oBanHoe TemtocHaOkeHre TamnkeHTa BKIIFOYaeT B
cebs 9 xkpynHbIX TermoueHTpaneit npennpustusa « Tamrennouentpansy» (TL-1, 3—10) u TemnosnekTpoLeHTpaib
«TamTOLl», xoTopeie BripadareiBatoT 90% Bcell TEmIOBOI SHEPruu B CTONMLE. B CHHCOK TEMTOMCTOYHUKOB
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«TommmccukKyBBaTH» Takke BXOmAT 3 KpymHble KorenbHbIe (TI1I-2, «Bomumk» m «Canoaranepro») u 200
JIOKaJbHBIX. YCTAHOBJIEHHAs MOIIHOCTh BCEX KOTEIbHBIX B TamikeHte cocraBiateT 6233,093 I'kan/dac,
MPUCOEAMHECHHAS MOITHOCTh — 3602,223 T'kan/4. ExxerogHo peanusyercst okono 9,67 muiunona ['kan TemnoBoit
sHepruu. CcCyliecTBYIONIas CHCTeMa TEIUIOCHAOKEHUS! CTONHIBI MOpPalIbHO M (u3muecku ycrapena. Cpok
9KCIITyaTalluy OTCIYXHIU 65% Bcex TemoBbIxX ceteid — 310 880,9 kM Kanana nnu 1761,7 kM TpyOOIpOBOIOB.
OTO BelmeT K TMOSBICHUIO MOBPEXKACHUN W YBEIWYCHHIO TPOTHKEHHOCTH CETeH, SKCIUTYaTHPYIOLINXCS CBEPX
HOpPMAaTHBHOTO cpoka. [Ipobnema mpuoOperaeT orpomHsle MaciiTaObl, Mo3ToMy IIpaBUTENBCTBOM MPHHSTO
pelIeHre KapInHAIbHO H3MEHUTH CHCTEMY TEeTIOCHAOKEHHS ¥ pa3padoTaio psiI IporpaMM ¥ OTIPEIENTHIIO 3a1a91
IO TIOBBIIIEHUIO dHEPTOd(hEKTUBHOCTA BO BCEX CEKTOPAaX SKOHOMHUKH ITyTEM MOAEPHHU3AINH CYIIECTBYIOIINX
MPOM3BOACTBEHHBIX MOIIHOCTEH. PEKOHCTPYKIMS ceTel LEHTPATN30BaHHOTO TEIUIOCHAOKEHHUS 110 BCel cTpaHe
SIBISICTCSI OHUM U3 KITIOUEBBIX HarpasieHu# 3tux nporpamm (ITocranosnenue [Ipe3uaenTa peannszanny ONbITHO-
WCIIBITATENBHBIX MIPOEKTOB B IENIX obecreuenns HaceneHus I. TamkenTa Pecriy6onukn Y3oekucran ot 20.01.2023
r. Ne 23 «O0 omepaTuBHBIX Mepax IO IOMOJHHUTEIFHOW TEMJIOBOW M 3JEKTpHYECKOW 3Hepruein»). CormacHo
nokymeHTy «IIporpaMma pa3Butus cuctemsbl TermiocHadxkeHust Pecriyonuku Y30ekucran Ha 2018-2022 roga» Ha
peaH3aIno MPOEKTOB 110 MOJIEPHHU3AINY TETUTOCHAOKEHHS U MTEPeXo/ia Ha 3aKPHITYI0 cxeMy ObLIo BhIAeneHo 1,7
TPITH CYMOB 32 CYET TOCYIaPCTBEHHOTO OIOKETa KOTOPAst O3BOJIHUT COKPATUTH MTOTPEOICHNE PECYPCOB, TIOBBICUTH
HKOHOMHYECKYIO d3PPEKTUBHOCTh U YITYUIIUTh KOJIOTHIECKHE TToKazaTemu [2].

KittoueBpIMU 3a71a4aMH SIBIITIOTCA: «3aKPBITHE)» CHCTEMBI TETIOCHAOKEHHSI, PEKOHCTPYKITUS N3HOIIEHHBIX
YY4acTKOB TEIUIOBBIX CETeH, MmepecMOTp OanaHca TEIJIOBBIX HArpy30K W paIllMOHAIBHOE IepepacipeesieHus
TEIUIOHOCHUTEISL, IIUPKYJIUPYIOMIETO B CHCTEME TETIOCHAOKEHHS.

Cucrema teruiocHabxenus 3¢ dexturHa [3], ecnu:

- HeT Tepepacxofia TEIUIOHOCUTENS U, CJIEeIOBATENBHO, IMepepacxoia JMEKTPUYeCKOW SHEpPTruu IMpHU ee
nepeaue;

- TUAPABIMYECKUN PEXUM pabOThI TEIIOCETEH CTa0MIIbHBIH;

-3KCITyaTallMOHHBIE W KalMTaJbHBIE 3aTparhl, BHI3BAHHBIE, KaK MpPaBUJIO, HEIPHEKTUBHBIM (PYHKIINO-
HUPOBAaHMEM CHUCTEM IIEHTPAIM30BAHHOTO TEIUIOCHAOXKEHHs (OOJNBIIOE KONWYECTBO aBapHil M MOBPEKICHUHN B
MarucTpaibHBIX CETSIX, BBI3BAHHBIX HApPYIICHUEM peXkuMa paboThl THIPABIMKH, TIEPEPACcXo]l TEIJIOHOCUTENS B
CHCTEME U T.II.) MUHUMAJIbHBIL.

[IpoBenena peKOHCTPYKITHSI CUCTEMBI TETITIOCHAOKEHHS C TIEPEXO0/I0M Ha 3aKPBITYIO CXEMY MTPHCOEINHEHUS
norpeourens. [lpu mnepexome TemnocHaOXKeHUsI Ha 3aKPBITYIO CXeMy HOAKIIOUCHHE TEIJIOBBIX CeTel
MHOTOKBapTHPHBIX JKHIIBIX JIOMOB M OOBEKTOB COLIKYJIETOBITA OCYIIECTBISICTCS Yepe3 WHANBUAYIIbHBIE TETJIOBBIE
MyHKTHI. B 3aKpBHITBIX CHCTEMax TEIIOHOCHUTENb IUPKYIHPYET 1O 3aMKHYTOMY KOHTYPY, PAacXOIys TEIDIOBYIO
SHEPrUi0 Ha OTOIUICHWE W TOJOTPEB BOJOIPOBOIHON BOIBI MUTHEBOTO KadecTBa. 11ogorpeB XOIIOMHON BOIBI
MPOMCXOJUT B TEIUIOOOMEHHBIX amraparax, yCTaHOBICHHBIX B MHIMBHYAIBHBIX TEIUIOBBIX MMyHKTaX. OqHUM U3
OCHOBHBIX MEPONPHUATHH, TpeiaraeMplX IPH peaNH3aluyd MPOrpaMM TOBHIMIEHUS 3HEProdhdeKTUBHOCTH
ropozoB, sBisAercs yctaHoBka AUTIL

ABTOMaTH3UPOBAHHBIN HWHIAMBHUIYANbHBIA TEIJIOBOW MYHKT CHUCTEMBI LEHTPAJIBHOTO TEIUIOCHAOKEHHUS
MpeHa3Ha4YeH Ui U3MEpeHus o0beMa MOTpeOICHUsT TETNIOHOCUTES, YIIPABICHUs MPOIlecCaMH OTOILICHUS U
BEHTWJIALINN 3]IaHUS, © TPOW3BOJICTBOM BOJBI B CHCTEME TOPSYEr0 BOJOCHAOKEHHUS IO 3aBHCHMOW CXeMe
COCJIMHEHHS OTONMUTENFHONH CHUCTEMBl W CHCTEMBl BEHTHIISIMH (TETUIOHOCHTENb W3 TEIUIOTPACCHl MPOXOIUT
CHUCTEMY OTOIUICHMS W BEHTWISAIMU). [opsuas BoJa TPOHM3BOAMTCS C TIOMOILIBIO IUIACTHHYATOTO
TEII00OMEHHHKA.

B nomemeHnM TEIVIOMyHKTa MOHTaXXHas OpraHW3alus BBINOJHACT NOAKIIOYEHUE TPyOOIpPOBOIOB,
MPUCOEMHEHHE KaOesl DIEKTPONUTAHMS U TTOIKIIIOUEHIE JaTYhKa TEMIIEPaTyPbl HAPYKHOTO BO3/IyXa.

CranzapTHOE OCHALICHUE MHANBUAYAIBHOTO TEIJIOBOTO IMyHKTA:

e MJIACTUHYATHINA TETFIOOOMEHHUK JUISI CUCTEMBI TIPOU3BOCTBA BOABI CETH IrOPSYEro BOIOCHAOKECHUS;

e JIEKTPOHHBIE YCTPOICTBA (PETryIATOPHI) YIIPABICHIS;

e IIIUT YIIPABJICHUS paOOTONM HACOCOB;

e 3aropHbIe ¥ OATAHCUPOBOYHBIC BEHTUIIN;

o (GUITBTPEI;

® TEPMOMETPHI U MAHOMETPBL;

e BHYTPEHHUE JIEKTPONOAKIIOUEHHUS TETJIOBOTO IMTyHKTA;

e TEIJIOU3OJISINS TETUNIOOOMEHHUKA (CheMHas)
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ABTOMATH3WPOBAHHBIN WHIANBUAYaATbHBIN TerioBod myHKT (AWTII), ycTaHOBICHHBIM B TOABAIHHBIX
MOMEILEHMSIX JKUIIBIX JOMOB B Maxamuix «Oxrena» u «bor3opy», npeacrasiaser co00i KOMIUIEKC 000pyIOBaHMS,
npeAHa3HauYeHHOro i obecriedeHus: 3(pdekTHBHOTO TeriocHaOXeHusi U ropsuero BopocHaOkenus (I'BC)
KHUJIOTO IoMa. B moMenieHnn TemIomyHKTa MOHTa)KHasi OpraHU3alisl BBIMOHSET OAKIIOUeHHE TPYOOIPOBOIOB,
MpHCOeAMHEHNE KaOes AIEKTPOTUTAHHS U TIOAKIIOUeHHE JaTYNKa TeEMIIepaTypbl Hapy»KHOTO Bo3ayxa [4, 5].

OpHako TPH MOIEPHHU3AINN CHCTEM TerulocHaOkeHus myTeM ycTaHoBku AUWTII yuauThIBarOTCS TOJBKO
SKOHOMHYECKHE M JHEpreTudeckrue >PQeKThl, BO3ACHCTBYIONINE HA KOHEYHOTO MOTpeOHTeNs (HaceleHHe), a
NOJHBIM aHANW3 BIMSHUSA 3TUX OCHCTBUII Ha CHUCTEMY TEIUIOCHAOXKEHHUS! B LIEJIOM OTCYTCTBYeT. BiusHue Ha
norpeduTenel, OCTaBIIMXCS 0€3 CHCTEMbl aBTOMAaTHYECKOI0 PETYIHPOBaHMA, HA PEKUM padOThl TEIJIOCETeH U
PEKUM OTITyCKa TEIIOBOM SHEPTHH OT UICTOYHUKOB TEIUIOCHAOKEHHSI TOKa HE PacCMaTpUBaCTCA.

HeopranuzoBanHas yctaHoBka oOopymoBaHus morpedureneii AUTII 6e3 ydyera rumpaBIndecKoil CBS3U
BCEX 3JIEMEHTOB CHUCTEMbI IIPUBOAUT K pa30ajaHCHPOBKE I'MIPABIMYECKOIO peXrMa paboThl TEMJIOCETH. DTO
OTPHLATENBHO BIHUACT Ha HAJEKHOCTh TEIUIOCHAOKEHHUS MOTpeOuTeNei u cHukaeT 3QEKTUBHOCTD PaOOTHI

HCTOYHHKOB TEIUIa U CUCTEMBI B LIEJIOM.

KorenepanuonHast KoTenpHasl, OCHAIEHHAs IBYMsI I'a30NOPIIHEBBIMHM JBUIATEISIMH M BOIOIPEHHBIMU
KOTJIAMH, ITO3BOJISIET HE TOJILKO BRIPa0aThIBaTh TEILIO, HO M OJHOBPEMEHHO T€HEPHPOBATH IEKTPOIHEPTHUIO, YTO
CHIDKAET IKCIUTyaTallHOHHBIE 3aTpathl Ha 15-20%. Kpome Toro, 3akpbiTas cxeMa yMeHbIIaeT NOTPEOJICHUE BOJIBI,
TaK Kak HEeT HeOOXOANMOCTH HOCTOSTHHO JOOABIIATH CBEXYIO BOLY ISl KOMIIEHCALMHU YTEUEK, XapaKTEePHBIX AJIS
OTKPBITBIX CHCTEM. BBeleHHE KOreHEepauMOHHOW KOTEJIbHOW M MEPEXOA Ha 3aKpbiTyro cxemy B mape ¢ AUTIIL
MO3BOJIWJIM ITOBBICHTH JHEProd(pPEKTUBHOCTh CHUCTEMBl TEIJIOCHAOKEHMsI Uil JBYX Maxajled, CHHU3HUTh
SKCIITyaTallMOHHBIE 3aTPaThl U YMEHBIIUTE MOTPeOIeHHE TPUPOIHBIX PECYPCOB, o0ecreunBas 0onee yCTOHINBOe
1 3KOHOMUYHOE TEeIJIOCHAOKEHUE aAaTUPYSICh K M3MEHEHHSIM BHEILIHUX YCJIOBHM.
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TEIUIO®U3UYECKHUE CBOMCTBA MOTOPHBIX MACEJ U Y®PEKTUBHOCThH
PABOTHI JIBUT'ATEJIEA BHYTPEHHEI'O CTOPAHUS

Payocen B.A., acnupanm, bapabnuna FO.E, acnupanm,
Hosomenvnosa A.B., kano.mex.HayK, opoOuHapHwill 0OyeHm
Ynusepcumem UTMO, 2. Canxm-Ilemep6bype, Poccus
E-mail: a — varaudsep@itmo.ru, b — Julia-Barablina@yandex.ru, ¢ — novotelnova@itmo.ru

Besonacnas u sddexTrBHas paboTa MallMH W MEXaHW3MOB 3aBUCHT OT TINATEIHHO IPOJTyMaHHBIX
B3aMMOJEHCTBUN MEXIYy ITUMH dNieMeHTaMH. [pu 3amycke, ocTaHOBKe, a TaKkKe BO BpeMsi paboThl OONBITHHCTBO
3JIEMEHTOB MAILWH MCTIBITHIBAIOT PA3JINYHBIE KOHTAKTHBIE Harpy3KH. [IpsMOI KOHTAKT IBIXKYIIMXCS AeTaned BO
BpeMsl BpalleHUsl NPUBEAET K CUIBHOMY H3HOCY COIPHUKACAIOLIMXCS MOBEPXHOCTEH, IO3TOMY KpalHE BaKHO
HMETh CHCTEMY, KOTOpas pa3fesisieT MOBEPXHOCTM BO BpEMs 3allyCka M OCTaHOBKM. PacmpocTpaHEHHBIM
pELICHUEM CITYXKHUT YCTAHOBKA CUCTEM JJIsl CMa3Ki MEXaHU3MOB U IPaBUJIBHBIN BEIOOpP CMa3KH.
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B mporecce skcrutyatanuy ABUTATEIH TCHEPUPYIOT 3HAUUTEIBHOE KOJMYECTBO TeIuia, U 3(deKkTHBHOE
yIpaBJICHHE ATUM TEIJIOM SBISCTCS KPUTHYECKH BAKHBIM JUIS TIOMAEPKAHUS HX PAabOTOCIIOCOOHOCTH M
nonroBedHocTH [ 1]. MoTOpHBIE Maciia He TOJIBKO CMa3bIBalOT IBMXKYILMECS YAaCTH, yMEHBINAS TPEHUE  U3HOC, HO
U CIyXaT TEeIUIOHOCUTENSIMU, CIOCOOCTBYSI OTBOJY M30BITOUYHOIO TEIUIa OT KPUTHYECKHUX Y3JI0B IBUTATeNs [2].
TernonpoBOAHOCT B BA3KOCTH MOTOPHBIX Macel SBJISAIOTCS KPUTUUECKH BaKHBIMH ITapaMETPaMH, BIUSIOIMHI
Ha 3¢ (PEKTUBHOCTH 1 TOITOBEYHOCTH JIBUTATENIEH BHYTPEHHETO CrOPaHusL.

Bricokast TemnonpoBoIHOCTh Macia CIocoOCcTByeT 0ojiee PAaBHOMEPHOMY PACTIPEIEICHUIO TEMIIEPaTyphl
BHYTPH [IBUTATeNs, 4YTO, B CBOIO OYepedb, CHIDKAET pPHCK MeperpeBa W YIydIlaeT ero oOIIyro
MIPOM3BOANTEILHOCTE. Macia ¢ BBICOKOH TEILIOTPOBOIHOCTHIO CIIOCOOHBI ObIcTpee M d((PeKTHBHEE OTBOIUTH
TEIUIO, YTO CHOCOOCTBYET OoJiee cTabMiIbHOW paboTe ABUraTess. ITO MO3BOJISET MOJACPKUBAThH ONTHMAJIbHEIC
TeMIIepaTypHble PEeKUMBI, 4TO BayKHO A5t HoBbimeHus: KI1/{ n cHikeHns BEIOpOCOB BpeaHBIX BemiecTB. Huzkas
TETIONPOBOTHOCTH, HAIIPOTHUB, MOXKET IMPUBECTH K MEPETPEBY, YTO HETATUBHO CKA3bIBACTCS HA XaPAKTEPUCTHKAX
JIBUTATEJIS, €r0 HAJIEXKHOCTH U CPOKE CITYKOBI [3].

TemnonpoBOAHOCTE MOTOPHBIX Macesl UrpaeT KIIUeBYI0 pojiib B oOecreueHuH 3()(HEeKTUBHON pabOTHI
JBHUTATENIe BHYTPEHHETO CTOPAHHSL.

TermonpoBoAHOCTF MOTOPHBIX Maces BapbHPYeTCs B 3aBHCUMOCTH OT MX COCTaBa M TemIiepatrypsl. B
OOJIBLIIMHCTBE UCCIECIOBAHUI OTMEUYAEeTCsl, YTO CHHTETHUYECKHE Macia, Kak MpaBuio, o0nanaiT Ooiee BBICOKOH
TETIONPOBOTHOCTHIO 110 CPABHEHHUIO ¢ MHUHEPAIBbHBIMU MacllaMi. DTO CBSI3aHO C TEM, YTO CHHTETHYECKHE Macla
UMEIOT Oosiee OTHOPOIHYI0 MOJICKYJSIPHYIO CTPYKTYpPY, YTO CHOCOOCTBYET JIyYIlleMy TeIuiooOMeHy. B Opuro
MOKa3aHO, YTO CHHTETUYECKHE Macia MOI'YyT UMETh TEIUIONpOoBOAHOCTh Ha 10-20% BhIlIe, YeM Y TPaJUIIHOHHBIX
MHHEpAJIbHBIX Macesl IPU OIMHAKOBBIX Temreparypax [4].

PasznuaHbie MOTOpHBIE Macia BeIyT ceOsi IMo-pa3HOMY B YCIOBHSX paOOThI asurarens. [Ipy moBbIIIEHHH
TEMIICPATYypbl BA3KOCTb MaACCJI CHMIKACTCA, UYTO MOXKET YIy4lIUTb HMX TEKYUYCCTb H, COOTBCTCTBEHHO,
TETUIONPOBOTHOCTh. OIHAKO, €CITH TEMITEpaTypa MPEeBbIILAET ONpeIeNEHHbIN TOPOT, BI3KOCTh MOXKET CTAaTh CIUIIKOM
HH3KOH, 4TO MPUBEJIET K YXYAIICHIIO CMa3bIBAIOIINX CBOUCTB. DTO CO31aeT KOMIIPOMUCC MEXKTY TETUIOPOBOTHOCTEHIO
U 3ammTod gAeTtaneld npurarens. lcciemoBaHMsS ITOKA3bIBAIOT, YTO ONTHMAJbHBIE XapaKTEPHCTHKUA Macedw
o0ecreunBaroT CTaOMIbHYIO padOTy ABUraTeNs P PA3IMYHBIX TEMIIEPATYPHBIX PEKUMAX.

TermnonpoBOAHOCTh MOTOPHBIX Macel HEMOCPEACTBEHHO BIHsIET HA 3P PEKTUBHOCTh Pa0OTHI JBUTATEIICH.
BeIcokas TeTIOnpoOBOJHOCTE CIIOCOOCTBYET Oostee 3(p(heKTHBHOMY OTBEACHHIO TEIIa OT KPUTHYECKUX Y3JIOB, YTO
MO3BOJISIET TOJACPKUBATh ONTHMAJIbHBIE TEMIEpaTypHBIE PEXUMBI. JTO, B CBOIO OYepeab, CHMKAET PHCK
neperpeBa M yBeIMYMBAET CPOK CIyXKObl JBuTaTens. Mcmonb3oBaHne Macesl ¢ BBICOKOHM TEIIONPOBOJIHOCTHIO
MOXET MOBBICUTH 0O0IIy0 3()(GEKTHBHOCTH IBUraresnss Ha 5-7% IO CpPaBHEHMIO C MacilaMd C HH3KOH
TEIUIONPOBOTHOCTHIO [5]. MOTOpHBIE Maciia ¢ BBICOKO# TEIIONPOBOIHOCTHIO CIIOCOOCTBYIOT CHIIKEHHUIO H3HOCA
JieTajneil IBUraTelis, 4TO TaK)Ke MOJOKUTENFHO CKa3bIBAETCS Ha €T A0JTOBEYHOCTH. CHHTETHYECKUE Macia, Kak
NpPaBWJIO, AEMOHCTPUPYIOT Oojiee BBICOKHE 3HA4YEHHs TEIUIONPOBOMHOCTH IO CPABHEHHIO C MHUHEPAJIbHBIMU
MacjaMH, 4TO TI03BOJISIET UM Oosiee 3((PEKTUBHO OTBOJUTH TEIUIO OT HArPEBAIOIIMXCS YaCTeH BUraTels.

Bmecte ¢ TemM B IOCJIICAHHUE TOJbl B CBsA3U C HCO6XOJII/IMOCTBIO PEHICHUA SKOJOTHYCCKHUX HpOGHeM
MPOUCXOUT HHTCHCHBHAS 3aMCHA CHHTETHYECKUX MAacell paCTHTEIILHBIMU B COCTAaBE Pa3IMUHbBIX MPOAYKTOB [6].

Tpubonornyeckre XapakTEPUCTUKU THAPABIMYECKUX W TPAHCMUCCHOHHBIX PAIICOBBIX Macell MOKa3allu,
YTO OHM HMMCIOT TAKHE XKE WU JTy4YHIUC «MCXAHUYCCKUCH CBOﬁCTBa, 4YeM MHUHCPAJIBHBIC, HO YCTyNaroT II0
CTOMKOCTH K OKucieHuto [7]. sl MOBBIICHHS YCTOWYMBOCTH K OKHCIICHHUIO PACTUTENILHBIX KOMIIOHEHTOB
MPUMEHSIOT MOAW(UKALMIO PACTUTENIBHBIX Macel, MOJIMMEPHU3AlMI0 U BBEACHHE J00aBOK JONOIHHUTEIBHBIX
KOMITOHEHTOB.

B nokname NpUBOIATCS PE3YJIbTAaThl MCCICIOBAHUHM TEIIO(PHU3UUESCKUX CBOWCTB (TEILIOMPOBOIHOCTH,
BSI3KOCTH, INIOTHOCTH) CMa304HBIX MaTepHaOB, TIOJIyUYEHHBIX Ha OCHOBE PAIiCOBOTO Macia.
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HNPEUMYIECTBO KPUOKOHIUEHTPUPOBAHUA
TP JETUAPATAIIMU BOJHBIX PACTBOPOB

Tunvghanos JI.P., Banees H.A.
Kemeposckuii cocyoapcmeennsiil yHugepcumem,
Poccuiickas ®edepayus, 650056, Kemeposo, yauya Kpacuas oom 6
E-mail: pomedorka337@gmail.com

B Poccun u 3a pyOexoM >KHIKHE THIICBBIC MPOIYKTHl KOHIEHTPUPYIOT C MOMOLIBIO BBIAPUBAHMUS,
mporecca BBIMOPQXHBAHUS WIM KPHOKOHLEHTPHPOBAHUS, a TaKXKe MeMOpaHHBIE TEXHOJIOTHH, TaKHE Kak
yIBTpapUIBTPANS U O0OpaTHBIN OCMOC.

[Ipu KOHLIEHTPUPOBAHUY MTUILIEBBIX MIPOAYKTOB HEOOXOAMMO: 00ECTIEUHTH JI0OJTOBPEMEHHOE COXPAaHCHUE U
TPAHCHOPTUPOBKY KOHIIEHTPUPOBAHHBIX KHUJKUX MHUIIEBBIX MPOIYKTOB C COXPAaHEHHWEM KadecTBa, MOJOOHBIM
HaMCBEXalIIMM npoayKTam. [ TaHHBIX KpUTEpUEB TpeOyeTcs CUIIBHO CHU3UTH CoAiep kaHue Biary, 10 10-12%,
a B 0COOBIX ciy4asx W 110 5%, ¥ UCIOJIb30BaTh TEPMETHYHYIO YMAKOBKY. ONTHMHU3NPOBATh dPPEKTHBHOCTH
MPOM3BOJICTBA KOHIEHTpATa MPOAYKTOB HAa MECTe WX IPOU3BOJACTBA 0€3 M3MEHEHHS OPraHOJICNTHYECKHX W
BKYCOBBIX CBOWMCTB, U YBEJIMUYEHHS CTOMMOCTH MpoayKuuu. [lepBudHas moaroToBka u oOpaboTKa CHIPbS, €ro
CMEIIMBAHUE M CYIIKa 3HAYNTENIFHO COKPALIAIOT 3aTPaThl Ha IIEPEBO3KY U YIIAKOBKY.

UccnenoBanusi, npoBenéHnbie B Poccuu u 3a pyOekoM, MOKa3ad, YTO BBIMOPaKWBAHHE SIBISETCS
3¢ GEKTUBHBIM TEXHOJIOTHYECKUM MIPOLECCOM C HU3KUM TEMIIEPaTypHBIM BO3JECHCTBHEM, KOTOPOE MO3BOJISIET B
OosblIeM 00beME COXPaHUTh UCXOJHBIE CBOMCTBA MPOAYKTA.

Jiist mpoTeKaHusl KPHOKOHIICHTPUPOBAHHMS KHUJIKUX MPOJAYKTOB MUTAHMS MPUOETAIOT K KPUCTAJUIN3aTOPaM
JIBYX, OTJIMYHBIX [0 KOHTAKTY C OXJIAXKAaeMOW cpe/lod, THUIIOB, 2 UMEHHO KOCBEHHOTO U MPSIMOTO OXJIAXKICHHS.
Jnist IepBBIX alTOPUTM TEIUIOOOMEHA MPH BHIMOPAXHUBAHUH MIPOUCXOJHUT YEpe3 TEIII000MEHHYIO TOBEPXHOCTb,
YTO OKa3bIBaeT BO3CHCTBHE HA YHEPro3aTpathl, MPOU3BOJUTEIBHOCTh YCTAHOBOK M OYHCTKY TEIUIOOOMEHHOMH
MOBEPXHOCTH OT BEIMOPOKEHHOTO JibJIa. [Jis1 BTOPBIX BBIMOPaKUBaHHE TIPOTEKAET HETIOCPEICTBEHHO B KOHTAKTE
C OXJIAXJAIOIIUM BEIIECTBOM. OJTOT CHOCO0 3aMOpakKMBaHMSA, HECMOTPS Ha €ro 3Heprod(eKTHUBHOCTS,
XapakTepu3yeTcsl 3HAYUTENbHBIM [IPOUTPHILIEM JIETYYHX KOMIOHEHTOB U H20O, cocTtapmnstommumu npuMepHo 15—
20% oT 00111 1011 B M3HAYAIBHOM MPOIYKTE.

Kpucrannuzaropel ¢ KOCBEHHBIM OXJ@XJICHHEM HAILIM MAacCOBOEC IPHMEHEHWE B  IUINEBOH
MPOMBIIIJICHHOCTH, TaK KaK OTBOJI TeIljla MPOU3BOIUTCS Yepe3 CTEHKH EMKOCTH MM C TIOMOLIBIO PELHUPKYIISILIUT
KHUJIKOCTH.

CoBpeMeHHBIE METOJBI KPHOKOHIIEHTPHPOBAHUSI 00ECIEYNBAIOT HE OOJBIINE TOTEPU CYXHX BEIECTB,
cocTasisitomye npuMepHo 1%. OCHOBHBIE KOMIIOHEHTHI YCTAaHOBKU BHIMOPaKUBAHUS BKIIIOYAIOT:

1. XonoaunbHas ycraHoBKa (puc. 1) ncnonb3yeTcs Ui TOCTHXKEHHUSI HU3KUX TeMIIEpaTyp, HeOOXOAUMBIX
JUTSI KPUCTAJUTH3AIIMN BOJIBI U3 PACTBOPOB. B KauecTBe XOMOAMIBHBIX areHTOB NMpUMeHst0TCsl aMmmuak (R717) u
¢peonsr  (R134a, R22, R404a, R410A), xortopple 001aJalOT OTIMYAOIIUMCA Jpyr OT Jpyra
TEPMOJIMHAMUYECKHMH XapaKTepUCTUKAMH U BIUSIOT Ha sHepreTnueckuii K11/ mponecca.
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a) KoMIpeccop, 0) KoHIEHCATOP
PucyHok 1. DneMeHThI X0JI0IUILHONW MAlIMHBI KPHOKOHIIEHTpaTOpa

1. KpucrannmsanmonHass éMKOCTh (puC. 2) — TJIaBHAS 4acTh KPUCTAUIM3ALHMOHHOM YCTaHOBKH, B KOTOPOH IPOBOIUTCS
MIPOLIECC BBIMOPAXUBAHHS BOJBI M3 XKUIKOTO ITUIEBOTO MIPOIYKTA.

Pucynok 2. EMKOCTB JJ1s1 KpUCTA/UTH3AIHH

1. Yopasmsiromasi cucteMa yCTaHOBKH — 00ecIlieunBaeT NoiepxaHue TpeOyeMbIX apaMeTpoB.

D¢ ¢hexTHBHOCTh TIpoliecca 3aBUCHT OT MHOXKECTBa (DaKTOPOB, TaKMX Kak TeMIepaTypa, MpOoI-
KHUTENBHOCTh 3aMOpPAKMBAHMS, HavyalbHAs KOHIEHTpalus, GopMa KpPHCTAJUIM3aTOPa, KOJIMYECTBO IHKIOB U
Jpyrue napamerpsl. B Hay4HBIX MCCIEIOBAaHUIX OTMEYAETCS BO3MOKHOCTh IPUMEHEHHsI IApOB JKUAKOTO a30Ta
JUTST KOHLIEHTPUPOBAHUS PACTUTENBHBIX Macel U TBOPOXKHOH CHIBOPOTKH. MexaHHUYecKoe MepeMelInBaHie B
Ipolecce KpUCTAIUIN3AUK YCKOPSIET IPOLIECC 3aMOPaXUBaHUsl, YTO MUHUMU3UPYET IIEPEOXIIaKICHUE pacTBOpa
u o0ecrieunBaeT MOJIHOE BKIIOUEHHE PACTBOPEHHBIX KOMIIOHEHTOB B JIE.

O dexTUBHOCTD Mporecca KOHUEHTPUPOBAHUS JKUAKHX THIIEBBIX MPOAYKTOB AOCTHUTraercs: Ojaromaps
HU3KUM TEMIlepaTypaM W BBICOKOW CTENEeHH WHHOBAI[MOHHOCTH IIPOLIECCa, YTO TIIO3BOJISIET IIOydYaTh
OMOJIOTUYECKH  BBICOKOKAYECTBEHHBIE KOHILEHTPATBl C COXPAaHEHHEM HMCXOAHBIX OPraHOJENTHYECKHX
XapaKTePUCTUK NPOIYKTA.

Taxxe K TUIFOCAaM KPHOKOHIIEHTPHPOBAHMS HAJ BBITAPHBAHMEM MOXHO OTHECTH TO, YTO B IIPOIECCE
KOHIIGHTPUPOBAHHUS HE 00pa3yeTcsl HAaKUIb Ha TOBEPXHOCTH €MKOCTH KOHIIEHTpaTopa. M3-3a 0TCyTCTBHSI HAKHUITH
KPHUOKOHILIEHTPATOP MPOCITY>KUT AOJIbIIE, YTO B CBOIO OuYepeab OnaronpusTHO ckaxercs: Ha Oromxere. Croga ke
clleyeT OTHECTH TO, YTO IIPU UCIOIb30BAHMH KPUOKOHIIEHTPATOPa HEJb3s 00)KeUbCs MapoM, KakK 3TO ObIBaeT NpU
WCTIONIb30BAaHUM BhIMapuBaHuA. [Ipy MpOMBIIIIEHHOM NMPUMEHEHNH JaHHOE JOCTOWHCTBO TIOMOXET COKPATUTh
HECYACTHBIE CIyyau Ha MPOU3BOJACTBE B HECKOJIBKO pa3. Emie oqHMM AOCTOMHCTBOM MOXHO CUUTATh TO, YTO
KPHUOKOHLIEHTPUPOBAHUE YIPOILIAET IPOLECC KOHIEHTPALMHU JJIsl TAKKX MPOIYKTOB Kak: 4aid, Koe, MOJIOKO, MMBO,
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pa3nuyYHBIe coyca W COKH. JlaHHBIE TPOMYKTHI MEHSATCS MPU WCIOIH30BAaHWM BBITIAPWBAHUS, YTO 3aTPYAHSIET
KOHIIEHTPUPOBAaHUE WX JAHHBIM CIIOCOOOM, HO C HMCIIOJIb30BaHHEM KPHUOKOHIIEHTPUPOBAHUS JaHHAS Ipobiema
OTCYTCTBYET.

KpHoKOHIIEHTpUPOBAaHUE SBISETCS CaMbIM HOBBIM CIIOCOOOM KOHICHTPUPOBAHUS KHUJKHX IHIICBBIX
MPOJYKTOB M TIOITOMY OHO €Ile HE CHJIBbHO HCCIEOBAHO, HO MPH HCCIEAOBAHMHM U HCIOIB30BAaHUH JAHHOTO
METO/Ia MOXXHO JIOCTHYb TIOBBIIIEHHUS Ka9eCTBA KOHIIEHTPATOB U TIOTYUYESHHSI Pa3IMIHBIX KOHIIEHTPATOB, KOTOPHIE
HE MOJIYYHTh JIPYTUM CIIOCOOOM KOHIICHTpUpOBaHU. J[aHHOE HampaBieHHe OyIeT enle J0Iro akTyalbHbIM JIIs
WCCIIEIOBAHUNA W C KaXKIBIM TOJOM OYyIEeT TOJNBKO COBEPIIEHCTBOBATHCS, YTO YIPOCTHT KOHIIEHTPHUPOBAHUE
MPOJYKTOB B IPOMBITINIEHHOM MactiTabe.

CITMCOK MUCITOJIb30BAHHOM JIMTEPATYPbI
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Bsenenue

KBaHTOBBIE TEXHOIOTUH — 3TO OHA M3 CaMbIX MEPEIOBBIX TEXHOJIOTHH COBPEMEHHON HAyKHU M TEXHHKH,
oOagaromiasi MOTEHIIMAIOM KapJHUHAJIbHO M3MEHHTH cepy mHpopMmanmoHHbIX TexHonorud (WUT). brarogaps
BO3MOXXHOCTSIM KBaHTOBBIX KOMIIBIOTEPOB PELIATh 33a7aui, KOTOPbIE BBIYMCIUTENbHBIE MAIIMHBI 00padaThIBAIOT
CJIMIIKOM JOJIr0, KBAaHTOBBIE TEXHOJOI'MHU MOTYT 3HAYUTEIBHO YCKOPUTH BBIYMCICHHSA, MOBBICUTH TOYHOCTH
aHaM3a JaHHBIX M yCOBEPIICHCTBOBaTh Kpunrorpadpuio. OAHAKO BHEAPEHHE KBAHTOBBIX TEXHOJOTHU TaKKe
CBSI3aHO C HOBBIMH BBI30BaMH B 00JacTh 0e30MacHOCTH, 4YTO TpeOyeT pa3pabOTKM W TPUMEHEHHS Mep
JOTIOJTHUTEINIBHBIX CPEACTB /ISl 3alUThl HHPOPMALIH.

1. OcHOBHBIE TPUHIHITBI KBAHTOBBIX TEXHOJIOTHIA.

KBaHTOBBIE KOMITBIOTEPHI PA0OTAIOT HA OCHOBE YCTPaHEHHS KBAHTOBOW (DM3UKH, BKITIOUAS:

o Cynepno3unusi, pa3pelieHHas KBaHTOBBIMU OUTamMu (KyOMTaMH) CYLIECTBYET B HECKOJIBKUX COCTOSTHUSIX
OJTHOBPEMEHHO.

e 3amyTaHHOCTh (PHTIHIIIMEHT), IPU KOTOPOH /ABa MM Ooyiee KyOWTa CTAHOBATCS 3aBUCUMBIMHU APYT OT
JpyTa, 1 U3MEHEHNE COCTOSHUSA OJJHOTO U3 HUX BIMSET Ha IPYroro HE3aBUCUMO OT PACCTOSTHHMSL.

o KBaHTOBBII TYHHEIHMHT U JEKOTEPEHIINIO, KOTOPBIE TAK)KE UMEIOT pellatoliee 3HaUeHUE TSI KBAHTOBBIX
onepanuu.

OTH TPUHIUNBI CO3/1AI0T YHUKAJIBHBIE BO3MOKHOCTH, HEJOCTYIHBIE ISl KIACCUYECKHX KOMITHIOTEPOB.
OnHaKo OHM TaKKe CO3/1al0T HOBBIE YIPO3bI sl 0€30MaCHOCTH JIaHHBIX.

2. [MpobnemMbl 6e30MaCHOCTH MPH UCTIOJIL30BAaHHN KBAHTOBBIX TEXHOJIOTHH.

Pa3BuTHE KBaHTOBBIX TEXHOJIOTHI HECET B C€0€ CIICAYIOIINE PUCKH:

¢ YTpo3bl TPaAMLMOHHON KpUnTorpaduu: MHOTHE COBPEMEHHBIE KpUIITOrpaduuecKre MeTo bl (Harpumep,
RSA wu anroputmbl Ha OCHOBE JJUIMNTHYECKUX KPHUBBIX) CTAHOBATCS YSA3BUMBIMH IIepell KBaHTOBBIMHU
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BBIYUCIICHUSMU. KBaHTOBBIE MOTYT peliaTh TaKHe 337a49M, Kak KOMITBIOTEpHAs (JaKTOpU3aIysi OOJIbIIUX YHACEN U
MTOMCK KOMIUIEKCHOW JIoTapu(MBbl, TOpa3mno ObICTpee, 4eM OOBIYHBIE KOMIBIOTEPHI, YTO AETAECT TPAIUIIMOHHYIO
KpUNTOrpaduio 10CTaTOYHO HAJACKHOM.

e KBanToBbIii  B3moM: llosBneHHME  MOUIHBIX  KBAaHTOBBIX  KOMIIBIOTEPOB  MOXKET  IO3BOJIMTH
3MOYMBIIUICHHUKAM TONYYUTh JOCTYyN K 3amupoBaHHOW WHGOpPMAIMH IOCPEACTBOM KBAaHTOBBIX aTak.
Hampumep, amroputm Illopa mo3Bomsier 3¢¢eKkTHBHO permath 3anadu, KOTOpPhIE BO3HHUKAIOT B OCHOBE
OOJIBLIIMHCTBA KPUNTOrPApHUUECKUX CHCTEM.

o KBaHTOBBIE YA3BIMOCTH 33/IEHCTBOBAHBI: TIPY NIEpeXoie K HHPpacTpyKType KBAaHTOBBIX TexHomoruit UT
MOTYT CTOJKHYTHCS C TPYOHOCTSIMH B OO€credeHHH OE€30TAaCHOCTH KaK KIIACCHYECKHWX, TaK M KBAHTOBBIX
BBIYUCIICHUH, OCOOCHHO B HaYaJIbHBIE TOBI aJalTaI1H.

3. IlpenmMy1iecTBa KBaHTOBOW KpHUIITOrpaduu

s obecriedeHnss 6€30TTACHOCTH B YCIOBUSX PA3BUTHS KBAHTOBBIX TEXHOJOTHH pa3padaThIBAIOTCS HOBbIE
MOIXO/IbI, TAKUE KaK:

o KBanroBoe pacnpeaenenue kmoueit (QKD): DToT MeToz mo3BosisieT 6e30macHo MepeaaBaTh KIIOUd A
muQpoBaHUs, UCIONB3YS CBOWCTBA KBAHTOBOM MEXaHWKH, oOeclednBas HEBO3MOXKHOCTh WX IepexBara 0e3
HapyILICHUS UX COCTOSHUSL.

e KBaHTOBas 3ammTa Ha OCHOBE MOCTKBAaHTOBBIX AITOPUTMOB: DTH aJTrOPUTMBI Pa3pabaThIBAIOTCS IS
MIPOTUBOCTOSIHYSI aTakaM KBaHTOBBIX KOMITBIOTEpOB. I[locTkBaHTOBas Kpunrorpadus TmpeasaraeT MeTOMbI
mUQpPOBaHUS, YCTOWYMBBIE K BO3MOXKHBIM BO3MOXKHOCTSIM KBAaHTOBBIX KOMIIBIOTEPOB, HE TPEOYIOIINE 3TOTO
KBaHTOBOT'O 000PYA0BaHUsI.

4. Mepbl 110 NpeAO0TBPAILEHUIO YTPO3bl KBAHTOBOM 0E3011aCHOCTH.

CymiecTByeT HECKONBKO CTPAaTerwii MO CHIDKEHUIO PHUCKOB OE30MacCHOCTH, CBS3aHHBIX C Pa3BUTHEM
KBaHTOBBIX TEXHOJIOTHIA:

e [Iepexoa kK MOCTKBaHTOBOW Kpumnrorpaduu: YxXKe ceiiuac MHOTHE KOMITAHUW W TIPaBUTEIIbCTBEHHBIC
YUpeKIIeHUS] HaYMHAIOT pa3pabaTeiBaTh W BHEAPATh alNTOPUTMBL, YCTOWYHMBBIE K aTakaM KBaHTOBBIX
KOMIIBIOTEPOB.

o Pa3BuTHe NMpUMEHEHHUs] KBAHTOBBIX MHUKPOCXEM: Ba)KHO CO37aTh CTAHIAPTHI U MPOTOKOJIBI JUIS 3aIlIUTHl KaK
KJIACCUYECKHUX, TaK M 3aLIUIIEHHBIX KBAHTOBBIX MHUKPOCXEM, a Takke o0ecriedeHre COBMECTUMOCTH MEXKTy HUMH.

o KOHTpOJIb 32 pa3BUTHUEM KBAHTOBBIX TEXHOJIOTUM: [IpaBUTENBCTBEHHBIE YUPEKIACHUS NOLKHBI CIEIUTh
3a Pa3BUTHEM KBAaHTOBBIX TEXHOJOTHMH, YTOOBI CBECTH K MHHHMYMY WX BO3MOXKHOE HCIIOJIL30BaHNE
37I0yMBIIUIGHHUKAMH. MEXIyHapoIHOE COTPYIHHYECTBO OyAeT 00s3aTeNbHBIM Uil  CO3JaHusl  OOLIMX
CTaHAAPTOB U CTAaHAAPTOB.

3akiroueHue

BHenpeHne KBaHTOBBIX TEXHOJOTMHM OTKpbIBaeT nepen MT-uHaycTpuedl orpoMHbIE BO3MOMKHOCTH, HO
OJTHOBPEMEHHO W BBEI30BBI B c(epe OezomacHocTH. IIpuM WMCTHONB30BaHWM KBAHTOBBIX TEXHOJOTHH BajKHO
YUYUTBIBATh PUCKU W MPUMEHATH MEPHI 3alUThl AaHHBIX, TAKUE KAaK KBAHTOBBIE KIIOUM U IIOCTKBAHTOBAs
kpunrorpadus. MexIyHapoHOE COTPYHHUYESCTBO U MIPOIECCH CTaHAaPTHU3AIMH Oy Iy T UTPATh PEIIAIOILY IO POIb
B 00ecredeHnH 6e30MaCHOCTH KBAaHTOBBIX TEXHOJIOTHUH B TOBCEHEBHOM KHU3HU.

CITMCOK UCIOJIb30BAHHOM JIMTEPATY PbI
1. op, I1. B. «Anroput™Mbl MOIMHOMHAIBHOTO BPEMEHH IS PA3JIOKEHHS Ha MPOCThIE MHOXKUTEIH M IUCKPETHBIX
sorapu()MoOB Ha KBaHTOBOM KomIibtoTepe». JKypHan SIAM 1o BeruuciaenusM, 1997.
2. Pudpdens, D.I'., [Tonak, V.X. «KBanToBEIC BEIUUCIICHUS: KpaTKoe BBeaeHue». MIT Press, 2011.
3. Yen, JI. u ap. «Otuer o nocTkBanToBOU Kpunrorpadun». NIST, 2016.
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PABPABOTKA TEILJIOHACOCHBIX TEXHOJIOT A 1151 KOMILIEKCHOT'O
SHEPIOCHABXEHMUS YIAJEHHBIX OFBbEKTOB HA BA3E
TPUT'EHEPALIMOHHBIX YCTAHOBOK

I'pubenxo A.K.
AYIC um. I Jlaykeesa,
Pecnybnuxa Kasaxcman, 050013, 2. Anmamel, yruya batimypcoinynot 126/1

OHepreTHUecKuil Tepexol W pacTyllue ICHbl Ha OJICKTPOIHEPTHIO [ENaloT JeHeHTPaTU30BaHHOE
IIPOM3BOACTBO AIEKTPOIHEPTUHU BCE OOee BaXKHBIM.

B ommmume oOT KpyNHBIX I[IEHTPaJM30BaHHBIX 3JEKTPOCTAHLIWH, KOTOPBIE TakKKe HCHONb3YIOT
KOMOMHHUPOBaHHOE POU3BOICTBO dMekTpuuecTBa U Temia (TOLI), korenepanust — MeTo, KOTOPBIH MPUMEHSIETCS
Ha 00BEKTax pacrpeneiacHHon dHepreTuku (MuHU-TOL[) — COOCTBEHHBIX 3JEKTPOCTAHINAX HA MPEIIPHUATHIX,
UHQPACTPYKTYPHBIX M JKWIMIIHBIX OOBeKTax. KoreHepaluoHHbIE YCTAaHOBKU (HU3MYECKH Pa3MELIaloTCs
HETIOCPEJCTBEHHO Ha 00BEKTE, TIOATOMY HE UMEIOT MOTEPh NPH Iepeade.

Korenepanus HenoctarouHo 3¢ ¢eKTUBHA B Cly4asx KOrga MOMHUMO TEIUIOBOI SHEPruM Takxke Tpelyercs
xonof. B aTom ciydae nienecoo0Opa3Ho nepeitu Kk TpureHeparuu. [Ipomece Tpurenepanuy npencTaBisier coboit
COBMECTHOE ITPOU3BOICTBO JIEKTPUUECKOM, TETNIOBOW U XOJIOAUIBHON BUJIOB 3HEPTUU.

B paborte npencraBieHsl TEMIOHACOCHBIE TEXHOJIOTHH TSI KOMIUIEKCHOTO SHEPTOCHAOKEHUS YIATEHHBIX
00BEKTOB Ha 0a3e TPUreHEPALIMOHHBIX YCTAHOBOK, MMEIOIIMX B CBOEM COCTaBe TEIJIOBBIE Hacochl. B MupoBoit
IMPAKTUKE UCIIOJIB3YIOTCA KOHCTPYKIHU TCIIJIOBBIX HACOCOB C IMIPUBOAOM OT I[BI/IFaTCJ'IGI\/'I BHYTPCHHCTO CropaHmus.
OKcIepUMEeHTaIbHAs JTabopaTopHas MOJICIh MOHOOJIOYHOM TPUTreHEPAIMOHHOM yCTaHOBKH pa3paborana B AYIC
[1]. Ona BBIpabaTheIBaCT TPH BUAA SHEPIHUU: AIEKTPUUECKYIO, TEIUIOBYIO U XOIOAHYIO. IIepBUUHBIM HCTOYHHKOM
SBISIETCSL An3enbHOE TOINIMBO. CyTh YCTaHOBKHM B TOM, YTO KPOME TEIJIOBOIO MOIYJNS TPUIE€HEPaLMOHHON
YCTAaHOBKH, TCIUIOBAsA U XOJOAHASA SHCPIrusa BI)IpaGaTBIBaCTCSI C MOMOLIBIO TCILUIOBBIX HACOCOB, KOTOPLIC UMCIOT
NpSIMOW TIPUBOJ OT CHJIOBOTO arperara. Pe3ynbraTbl JaHHBIX TOJNyYEHHBIE C TOMOIIBI0 MOJAEIH MOTYT OBITh
BHEJIPEHbI B NPOEKTUPOBAHME TAKUX CHCTEM JHEPTOCHAOKEHUS, MPU KOTOPHIX KOMOWHUpPOBaHHAasl BbIpabOTKa
AIIEKTPUYECTBA, TETUIA U XOJIOAa YCTaHABIMBACTCS pacueTHHIM 00pa3oM OT TIOTpEOHOCTElN B SHEPrOHOCHUTEINSX B
TEX WJIM HHBIX TEXHOJOIMYCCKUX IIponeccax. DTO O4YEHb BbBITOJHO C TOYKM 3pCHHUA OKCILUTyaTalluu
TPUTCHEPALMOHHBIX YCTAHOBOK, IO TOW MpPHUYMHE, YTO OHH JAIOT BO3MOKHOCTh NPUMEHEHHS XOJOAHOM WU
TEIUIOBOM PHEPruM BHE 3aBHCHMOCTH OT BPEMEHHM Iofld, U 3THUM CaMbIM IPOAJIEBAETCS CPOK 3KCILUTyaTaluu
TPUTCHEPATNOHHBIX YCTaAaHOBOK.

JlaGoparopHas Mozenb 1aET BO3SMOKHOCTh ITPOBOANTE OIIBITHI, BBIOIHATE COOP HYXHOIM HHPOpMAIMU IS
BBIYUCIICHUN peasibHbIX MMOKa3aresieil 3pEeKTUBHOCTH YCTAaHOBKHU IIpH €€ paboTe B pa3HBIX PeXUMaX, HAXOAUTh
SHEPTEeTHUYECKUI OaaHc U HAOIIOAATh 3a MPOTEKAIOIINMHE MTPOIIECCaMU.

B XOJ€ MPOBCACHUA SKCIICPUMCHTAJIBHBIX UCCIICIOBAHNN GI)IJ'Ia JI0Ka3aHa COCTOATCIIbHOCTD IMMPEAJIOKCHHBIX
B paboTe METOOUK SKCIEPUMEHTAJbHOTO MCCIIEAOBAHUS SHepreTudecknx xapakrepuctuk MTIY u HOBBIX
3P PEKTUBHBIX TEXHOIOTUH COCTUHEHUS TEITIOBOTO HACOCA C KOT€HEPAIllMOHHOM yCTaHOBKOM.

Jiis noBbIeHUs 3PPEKTUBHOCTH CUCTEMBbI TEIUIOCHAOKECHHUS TETUIOBOM HACOC UMEJT TIPUBOJT OT JIBUTATEIs
I3elb-TeHepaTopa, BBITOIHEHHOTO Ha 0a3e aBuraresst BHyTpeHHero cropanus J1905-EBG-2, npeana3HayeHHOTO

JUTS BBIPAOOTKH 3JIEKTPHUYSCKON SHEPTUU MOILITHOCTBIO N 5= 6,5 kBT.

[locne 3TanoB NpOEKTUPOBAHUS U M3TOTOBJICHUS! TPUTCHEPALIMOHHASl YCTAHOBKA HA JU3EJIBLHOM TOILJIMBE
nepeHeciia CTeHIOBbIE NCTIBITAHUS 1 UMEET CIICTYIOIHE XapaKTePUCTHKH:
aNIeKTpUIecKas MOIIHOCTh — 6 KBT (3 dazn.);
TEIUTONPOU3BOAUTENBHOCTE — 40 KBT;
XOJIOAOTPON3BOAUTEIHLHOCTE — 22 KBT.
O600meénHas TeXHMYECKas CTPYKTypa MOHOOJOYHOM TPUTEHEPAIMOHHON YCTAaHOBKM NIPHUBEICHA Ha
pucyHke 1.
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JABC — naBuraresb BHyTPEHHETO CTOPAHUS, TU3EJIbHBIN HIIH Fa30MOPIIHEBOMH;
TO — TennooOMeHHUK BOJIa/BOJIa CUCTEMBI OXJIXKACHUSI PyOallIKy JBUraTes;
KY — xotén-yTunusarop (ra3/Boja) Tersia BIXJIOMHBIX I'a30B;
TH-1, TH-2 — mapokoMIpecCHOHHBIE PEBEPCHPYEMBIE TEIUIOBBIE HACOCHI C HETIOCPEICTBEHHBIM (TEKCTPOIHBIM)
MeXaHW4YecKuM mpusogoM ot JIABC;
K — xongencarop; U — ucnapurens; I — a1eKTpUYeCKUl TeHEPATOP.

Pucynox 1.060011eHHast TeXHUUECKast CTPYKTYpa MOHOOJIOWHOMH TpUreHepalonnoi ycranosku (MTI'Y)

Pabora TemmoHacOCHBIX YCTaHOBOK, BXomsmux B coctaB MTI'Y, opranm3oBana Ha Ha 0a3e IBUTATENS
BHYTPEHHETO cropanus. [Ipurarens paboTaeT YaCTUYHO HMJIM MOJHOCTBIO Ha MPHBOI KOMIPECCOPOB TETIOBBIX
HacocoB. BxiroueHne MyQT CLEMIeHHs OCYLIECTBISCTCS C IEKTPOHHOTO MyJbTa YHPaBICHUS MOCPEICTBOM
KoMnbioTepa. TakuMm o00pa3oMm, [ABHrarellb TPUICHEPALMOHHOHM YCTAaHOBKM MOXET paboTaTh TOJNBKO Ha
3JIEKTPOreHepaTop.

ITpu 5TOM OyyT BEIPaOATHIBATLCS DIEKTPHUECKAs SHEPTUs B KonuuecTBe N, = 6,5 KBT 1 Teruiosas sneprus

B pC3yJIbTaTC YTUIN3AllUU TCI1JIa BBIXOAHBIX I'a30B U TCILJIa CUCTEMbI OXJIAXKJICHUA ABUT'ATCIIA.
I[BI/IFaTe.TIB MOXET pa60TaTI> Ha 3JICKTPOreHEePaTop U Ha OAUH U3 KOMIIPECCOPOB TCIIOBBIX HACOCOB. B aTtom
CJIydac 3JICKTpHUYICCKas SHCPIrusi BBIpa6aTLIBa€TC$I B KonnyecTtBe N ) :3,5 kBT. Tertopas OHEPTHUAd BBIpa6aTLIBaeTC$I

B KOJIMYCCTBEC me = 17,5KBT, B OCHOBHOM, 3a CU€T YTUIN3aluy TCIIA BBIXOAHBIX I'Aa30B 1 CUCTEMbI OXJIAXKICHUA

JIBUTaTes, a TaK)Ke TEIIOHACOCHOW YCTaHOBKOM.

JlBuraresib MOKET paboTaTh Ha MPUBOJ] KOMITPECCOPA TEIJIOBOTO Hacoca. B aToM citydae anekTporeHeparop
paboTaeT B XOJIOCTOM peXHMe, T.K. BCS MeXaHWUYECKas OHEprus, BbIpa0daThiBaeMas JBUTaTelleM, Oymer
pacxomoBaThCs Ha MPUBOA KoMIIpeccopoB. [1o3ToMy BeIpaOaThIBaETCS TONBKO TEIUIOBASI DHEPTHS, MOJIyIaeMast B
TEIUTIOHACOCHON YCTAHOBKE B PE3y/IbTATEe YTHIIM3AINH TEIJIa BRIXOIHBIX Ta30B U CUCTEMBI OXJIAKICHUS IBUTATEIIA.

XuMu4ecKast TeTIoTa TOIIMBA B ABUTaTelle YaCTUYHO IPpeodpasyercs B MEXaHHUYECKYH0 Ny, KOTopasi B BHJIE
BpAIIaOIIET0 MOMEHTA IepenaéTcs HeMOCPEACTBEHHO Ha Ball aCHHXPOHHOTO AIeKTpruIeckoro reneparopa (31) u
OJHOBPEMEHHO, MPH IOMOIIY TEKCTPOIHOM IMepenadd, Ha IIKUBBI 2-X (PPEOHOBBIX KOMIIPECCOPOB TEILIOBBIX
HacocoB TH-1 u TH-2.

OKCIIEPUMEHTHI TI0 UCCIICIOBAHHIO DHEPTETHYSCKUX XapaKTEPUCTHK U dHEPro3PeKTHBHBIX TOKa3arenen
pabotet MTT'Y npoBomMINCH B IBA dTAIIa.

Ha mepBom sTane ObITH TPOBEICHBI YKCTICPUMEHTABLHBIC UCCIICTOBAHUS YHEPTETUICCKUX U DKOJIOTHIECKHUX
MoKa3areseil B CUCTEME YTUIM3AIMU TeIlJIa BHIXOIHBIX Ia30B U oxJiaxaaromieit npurarens MTI'Y Boabl.

Lenpro McCIeqOBaHUN SIBISIOCH JKCIEPUMEHTAIBHOE OIPEICICHUE COCTABISIONIMX dHeproodagaHca
MIPOTOTHIIA YCTAHOBKH W COCTaBa BBIXJIONMHBIX TAa30B MPU PA3IUYHBIX YPOBHSIX HArpy3KH, a TaKXKe IPOBEPKA
PpaboTOCITOCOOHOCTH TETIOBBIX HACOCOB B PEKUME IMPOU3BOICTBA TEILIOBON SHEPTUU U XOJIO/A.
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B xome sKcrieprMEHTOB MPOBOMMINCH W3MEPEHHUS CIEAYIOUINX MapaMeTpOB: pacxof TOIIIHUBA, PACXOIBI
TEIUIOHOCHTENIeH, TeMIepaTypsl Ha Bxoe U Beixone [IBC, TermmooOMEeHHUKOB U OaKOB HAKOMHUTENEH, BBIXOTHOTO
HaIpsKSHUS U TOKA.

Harpyska na MTI'Y npousBoxuiace mpHu MOMOIIN JIEKTPUYECKOTO KoTina (0oiiepa) ¢ BO3MOXKHOCTBIO
perynmupoBkr MomHOCTH (0T 0 mo 100%). Ilo n3MepeHHBIM TaHHBIM pacxola TOIIMBA MPOM3BEAEH pacueT
OTHOCHUTENFHOW HHepreTndeckoil skBuBaneHTHocTH TorwmBa (mipu 100% moctymaromeit B JIT momHOCTH).
OHepreTUUeCcKuii KBUBaiIeHT Torumea, (100% nocrynaromeit B JII" MomHoCTH):

N, =G, QZ 13600, xBm, (1)
rie G, - pacxon ToruuBa 3a Bpemsa A 7.
G = (G, -G,)/ A7, @)
c

e Gtx , GtH - IIOKa3aHuA pacxoaoMeEpa TOINIMBA B Ha4YaJI€ X KOHIIE OIIbITA.

[o naHHBIM MOKa3aHMU PacXOAOMEPOB TOIUIMBA U CUETYMKOB PACX0/ia TETNIOHOCUTENEH ObIITH POU3BEACHBI
pacu€Thl TEIUIOBOM SHEPryu, MOIYYEHHOM 3a CYET YTWIM3ALMH TEIUIOTHl BbIXJIONHBIX razoB MTIT'Y. Temnora,
nepeaaHHas 0aKy-akKyMyJISITOPY OT BBIXJIOITHBIX I'a30B:

)1 =G,,-1,-G,,-1.,=G,(I,,-1,), xBm. 3)
Tennora, oTmaHHAas OT BEIXJIOIHEIX T'a30B B KVY:
Q" =Q.-Q,..xBm @
DneKTpUIecKas MOIIHOCTh TPEXIMINHAPOBOTO nu3enb-reneparopa I, N , paccuurana 1o ¢opmye:
N,=1-U+1,-U,+1,-U,, kBm )

[IpoBenen pacuér snepreTndeckux nokasareneid MTIY, oTpaxkaionux sHeprodanaHc yCTaHOBKH B PEIKUME
«caoxHas KoreHepauus». [lo qanHBIM 3HEprodananca NocTpoeHs! rpauky Ha pUCYHKE § B BHIIE 3aBUCHUMOCTEI
JHEPreTHUYECKUX MOKa3aTeneil oT Harpys3ku Ha [IBC.

25,00 -
/ —e— Mol HocTb TonNWBa KBT
20,00 3NeKTpUYecKas MoWwHocTe KBT
- TennoBasi SBHEPrMs NONyYeHHas oT
Q 15,00 py6Gawku OXK OABC kBT
z TennoBas 3HEPrs NONy4YeHHasn OT KoTna
‘g_ yTunu3atopa kBT
& 10,00 —x— 3aTpaTbl TENIIOBOW 3HEPrUN Ha
cOBCTBEHHbIE HYKAbl KBT
—e—[lOTepn TENIOBOI 3HEPTAN Ha pagualuo
L.
500 1 BUGpauuo KBT
| lMNonesHo ncnonb3oBaHHas Tenrnosas
‘ 3Heprus kBT

> - —

0,00 # ‘ ‘ ‘ =
25 50 75 100

Harpyska Ha OBC %

o

PucyHoKk 2. - 3aBUCHIMOCTH TETUIOBOM YHEPTUN M MOIITHOCTH B 3aBUCUMOCTH OT Harpy3KH MOTPEOUTEIIS.

[Tonmyyennsie Bo Bpemsi ucnbiTanuss MTIY skcnepuMeHTaNbHbIE NAaHHBIE W pPAcyeT SHEPreTUYECKUX U
9KOJIOTMYECKHUX MOKa3aTesIel MOATBEP)KIAI0T ee Pad0TOCIIOCOOHOCTh B pekUMe paboThl «CII0MKHAST KOTEHEPALIHS.

DKCHepUMEHTaNIbHbIE UCCIIEeI0OBaHuUs Ha TemoBbIX Hacocax MTI'Y mpoBoauiuck Ha BTOPOM 3Tarie ¢ LENbl0
MPOBEPKH PabOTOCIIOCOOHOCTH U OHEHKH 3(P(PEKTUBHOCTH MOACPHU3UPOBAHHBIX TEIUIOBBIX HACOCOB.
PeBepcrpoBanue TEIIIOBBIX HACOCOB OCYIIIECTBIIIETCS C TTIOMOIIBIO 4-X XOMOBBIX KIIAlIaHOB.
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B xome skcnepuMeHTOB ycTaHOBIIEHBI Harpy3ku Ha JIBC, mpu KOTOPBIX OMpeAesnstoTcss HOMUHANbHEIC
TertonpousBonuTenbHocTr TH 1 moTpediasieMble MOIITHOCTH KOMITPECCOPAMH.
KonuuecTBo BeipaboTanHoro Temia Ha THY paccuuteiBaeTcs no gopmysie:

Quv =p-N, -1-3600,xkBm-u, (6)
rie
N, = N2 =N = N2 =N, kB )
Kosdpdumment npeodpaszosanus KOII THY u paccunteiBaercs mo ¢popmyie:
Ny
H= : (®)
IB ‘N M
Obmee Terio U3 cucteMbl yrrnu3arun teria u THY onpenensiercs mo gopmyse:
Qoo = +Qpyy kBm-u. (€)
TeruoBast MOITHOCTH TETJIOHACOCHON YCTAHOBKHU PAcCUMTHIBACTCS IO PopMyIie:
Ny =p-N ,  kBm, (10)
DreKkTpudecKkasl MOITHOCTh PACCUUTHIBACTCS 110 PopMyIie:
N,=a-N,,,kBm. (19)

3navyeHus: KodpuIreHTa npeodpazoBaHus YHEPTUH IJIsl OTAEIBHOTO TerioBoro Hacoca TH-1 B cocraBe
MOHO0JIOUHOM TpureHepanmonHoil ycranoBku MTI'Y HaxonsTcs B nuana3zoHe BeiauuuH oT 2,7 mo 3,61, uro
OTBEUAET MPENCTABICHUAM 00 3(h(HEKTUBHOCTH TEIUTOBBIX HACOCOB, PEATM30BAHHBIX Ha JPYruX oObekTax. [Ipm

menio __

3ToM Temosas MomtHocTs TH cocrasuna Ny = 7,07 kBT, a motpe6isiemas snextpuyeckas momuocts - N =

2,4 xBt. Cpennen3penieHHast BenuarHa K03 dummenTa npeodpa3oBaHus TEIIIOBOTO Hacoca Onm3Ka K 3,5.
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CMECEBBIE XJIAJAT'EHTBI HA OCHOBE I'PYIIIIBI I'®O.
BLENDED REFRIGERANTS BASED ON THE GFO GROUP.
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Poccuiickuti buomexnuyeckui ynueepcumem, Poccus, 125310, Mocksa, Borokonamckoe ut., 11
E-mail: holod@mgupp.ru, krut1942@mail.ru, andrew.lyamin@gmail.com, vladislav8759@mail.ru

Paccmotpenst cmeceBbie xnagarentsl rpymmsl ['@O. [IpuBeneH ux 3KOJOrMYECKUN COCTAB U MOKa3aTelu.
[IpencraBieHpl KBOTHI Ha COKpaIieHue motpednaeHus ruapodropyriepomos Ha 2025 r., 2029 r. m 2034 1.

Mixed refrigerants of GFO group are considered. Their ecological composition and indicators are given.
Quotas for reduction of hydrofluorocarbons consumption for 2025, 2029 and 2034 are presented.
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OcHOBHas 4acTh:

CornacHo psiy MEXIYHapOIHBIX COTJIANICHHH MO MO3TAHOMY COKPAIeHHIO BBIOPOCOB B arMocdepy
dbropconepxkamux razos (Kuorckuii mporokon, EBporetickuit permament Ne 517 2014, Kuranuiickas morpaBka
U JIp.) COKpaIaeTcs MPOU3BOICTBO XJIafareHToB rpynmsl I X0V u ['OVY.

B nactosimiee Bpemst pa3paboTaH psin xiagarenToB rpynnsl 'O, npu 3ToM 0CHOBHOE BHUMAaHHE yIENSACTCS
Ha MHHUMANbHOE BIUSHHE XJIQJareHTOB Ha TMapHUKOBBIA dS(ddekr. 3a cy€r mNOITamHOTO COKpameHUs
MIPOM3BOCTBA U MPUMEHEHHUS B XOJIOAWIHHBIX CHCTEMAaX M CUCTEMAaX KOHIUIIMOHINPOBAHMS XJIAJareHTOB TPYIIITEI
I'®VY k 2030 rogy npakTHUECKH OCTAHYTCS XJIQAareHThl C MOTEHIMAIOM riio0anbHOoro notemieHus: menee 500.

B mocnennue rogpl aKTUBHO MPOBOJAUTCS U3BATUE XJaaareHToB rpynnsl ['®Y. B gactHOCTH, coryiacHO
MaHHBIM TIPEICTaBICHHBIM BceMupHOWl TamMoxeHHOW opraHms3amnueir, B 2022 romy OBIIO W3BATO
030HOpa3pymaronux BemectB U ['®Y- 28,927 Toun, a ¢ 1 mo 31 okts6ps 2023 roga - 70 TonH. Mcrounukom
0OJIBIIMHCTBA HeJleranbHbBIX TocTaBOK B EC Obutu Kuraid, Typuws, JIutea u np. [1].

Xnagarentel rpynmnsl @O umeror (HyneBoi morenrman ODP) u mo TepMOJMHAMHYECKUM CBOWCTBAM
SIBIITIOTCS OJIM3KUMHU TI0 3HAYCHHIO 3aMEHSIEMBIMU XJTagareHrTamu. Hapsiiy ¢ ux JOCTOMHCTBAMHU OHU UMEIOT Psifl
HE/IOCTATKOB - BEICOKAs II€Ha, TOPI0YEeCTh, OTHOCUTENIbHASI HEIOCTYITHOCTD H.T.JI.

Hwuxe paccmatpuBaroTcsi cmeceBble xyagareHTel Ha ocHoBe I'DO. Ha pucynkax 1 u 2 npeacraBieHbl
TEMIIEpaTypbl KHIIGHWS ¥ JKOJOTHYECKHE IoKaszaTenu (TmoTeHmuan rinobampHoro moreruienus [GWP)).
B kauecTBe npumepa s cpaBHEHHS MPUBEICHBI JaHHBIE TIOKa3aTenu xianarenta R134A.

Xnanarent R444A. Cocras: R32/R152a/R1234ze(E) (12/5/83) %. Ilpennaznauen s 3ameHbl R134a B
KadecTBe XJIafareHTa B OBITOBBIX M MPOMBIIIICHHBIX XOJOMIIBHAKAX, KOHAUIIMOHEPAaX W TETUIOBBIX HACOCAX, a
TaK)Ke UCIIOJIb30BaHUE B a3P0O30JIbHBIX OaJlIoHYMKaxX. [2].

XnanareHnt R445A. Cocra: R744/R134a/R1234ze(E) (6/9/85) %. IlpennasznaucH aist 3amensl R1234yf, B
KOMMEPUYECKUX, TPOMBITIIIEHHBIX CUCTEMAaX OXJIKICHHS U KOHTUITMOHUPOBAHHUS BO3[yXa, AaBTOMOOMIEHBIX KOH-
TUIIOHEPaX, TETUIOBBIX Hacocax. [2].

Xnanarent R448A. CocraB: R1234yf /1234ze/R32/R125/R134a (20/7/26/26/21) %. ToproBas mapka -
Solstice® N40. [Ipennasnauen mis 3amMeHsl R404A, B KOMMEpUECKHX CHCTEMAax MPOMBIIUIEHHOTO OXJIKICHUS,
TTOIXOUT JUTA XOJOAMIBHBIX YCTAHOBOK CYNIEPMAapKETOB M THIIEPMAPKETOB, a TAKXKE JJIST XOJIOAUIBHBIX CKIIA/IOB,
MOPO3UIIBHBIX YCTaHOBOK, KaMep XpaHEHUs U XOJOJWIBHOTO TpaHcmopTa. [2].

Xnanarent R449A. Cocras: R32/R125/R1234yf/R134a (24,3/24,7/25,3/25,7) %. Toprosas mapka -
Opteon™XP40. IIpennaznauen mis 3ameHsl R404A u RS07A, a Taxoke B KauecTBe allbTEPHATUBBI R22, B HOBBIX
Y MOJICPHU3NPOBAHHBIX KOMMEPYECKHX JILIOT€HEPATOPax, Ha XOJIOAMIEHOM TPAHCTIOPTE, ABTOHOMHBIX BUTPHHAX
JUIL CpeIHETeMIIepaTypHOrO0 M HHU3KOTEMIIEPATypHOI'O OXJIKICHUS MPOAYKTOB MHUTaHUS, B XOJOIMIBHBIX
CUCTEMax CYNepMapKeTOB, a TAKXKe B YIaJIEHHBIX OT KOMITpeccopa KOHIEHCATOPHBIX OJIoKax. [2].

Xnanarent R450A. CocrtaB: R134a/R1234ze(E) (42/58) %. ToproBas mapka - Solstice ® NI13.
[pennaznaven ams 3amenbl R134, B koMMepUecKuX W MPOMBIIIUIEHHBIX CUCTEMAaX OXJIAXK/ICHHUS, a TAK)KE B aBTO-
MOOUILHOM KOHIUIIMOHUPOBAHUY BO3ayXa. [2].

Xnanarent R454C. Cocra: R32/ R1234yf (21,5/78,5) %. llpennasnauen mis 3amensl R-22 u R404a, B
CHUCTEMaX KOHIUIIMOHUPOBAHUS BO3/IyXa U TEIJIOBBIX Hacocax. [2].

Xmagarent R457A. CocraB: R1234yf/R32/R152a (70/18/12) %. IlpemnaznaueH st Ui 3aMEHBI
R-22, B OBITOBBIX 1 KOMMEPYECKUX CUCTEMaX KOHAWIIMOHUPOBAHHS BO3/[yXa M TEIUIOBBIX Hacocax. [2].

Xnanarent R513A. Cocras: R1234yf/R134a (56/44) %. Toprosast mapka - Opteon™ XP10. [Ipenna3nayeH s
3ameHbl R134, B koMMepUYeCKUX MPOMBIIUIEHHBIX CHCTEMAX, YHILIEpax, KOHIUIIMOHEpaX, TEINIOBBIX Hacocax. [2].

Xmamarent R452A. Cocta: R32/R125/R1234yf (11/59/30) %. Toprosas mapka Opteon™ XP44. Ilpen-
Ha3HaueH ans 3aMeHbl R404A u R507A, B KOMMepUeCKUX XOJOJWIBHBIX CHUCTEMax JUisl CpelHe- M HHU3KO-
TEMIIEPATYPHBIX PEKUMOB. [2].

Xnamareutr R452B. Cocras: R32/R125/1234yf (67/7/26) %. ToproBas mapka - Opteon™(XL55).
[Ipennasnaven ans 3amensl R410A, B cucreMax KOHIUIIMOHUPOBAHHSA, paOOTAIOIINX NPH BBHICOKOW Hapy>KHON
TeMIieparype (KpbIHble KOHAUINOHEPHI). [2].

Xnanarent R454A. Cocras: R-32/R-1234yf (35/65) %. Toprosas mapka - Opteon™ (XL40). Ipeanas-
HaveH it 3aMeHbl R404A, B OBITOBBIX M KOMMEPUYECKHX OXJIAUTEIFHBIX CHCTEMaX U TEIDIOBBIX Hacocax. [2].
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Xmagarent R455A. Cocra: R1234yf/R32/R744 (75.5/21.5/3) % npu HU3KHX U cpenHux. ToproBas Mapka
- Solstice® (L40X). Ilpemna3HadeH i mis 3aMeHbl R-22, B OBITOBBIX W KOMMEpPUYECKHX CHCTEMax
KOHWIIMOHUPOBAHHMS BO3/yXa, & TAK)KE MPOMBIIUICHHBIX XOJIOAWIBHBIX YCTAHOBKAX. [2].

Xnamarent R458A. Cocras: R125/R134/R32/R227/R236 (4/61.4/20.5/13.5/0.6) %. [Ipennasnayen s st
3aMeHbI R-22, B cpeiHe- M BBICOKOTEMITEPATYPHBIX XOJIOAMIBHBIX CHCTEMaX IMPOMBIIIJIEHHOTOM KOMMEPYECKOTO
Ha3HAYCHHS, OXJIAUTEISAX KUAKOCTH HETOCPEICTBEHHOTO OXJIAXKIEHUS, TEIUIOBBIX HAcOCaX W 3HAYMTEIHHOMN
XOJIOJIOTIPOU3BOJUTEILHOCTH CUCTEM KOHIUITMOHUPOBAHUS. [2].

Xnanmarent DR7. CocraB: R32/R1234yf (36/64) %. IIpennaznauen ans 3amensl xmagarenta R404A, B
OBITOBBIX U TIPOMBINIICHHBIX XOJ0MMIFHUKAX, KOHIUIIMOHEPAX M TEIUIOBBIX Hacocax. [2].

Xmamgarenr DR33. CocraB: R32/R125/R134a/R1234yf (24/25/26/25)%. Ilpenna3naueH Juisi 3aMeHbBI
xyagarenTa R404A, B OBITOBBIX M MMPOMBIILICHHBIX XOJIOAWILHUKAX, KOHAUIIMOHEPAaX U TeIUIOBBIX Hacocax. [2].

Kak BumgHO w3 pucyHka 2, psin cMeceBbIX xiafgareHToB rpynmnsl 'O wMmeer BBICOKOE 3HAYCHHE
GWP (R452A, R448A, R458A u nip.)

GWP

2500
2141

2000
1650

1500 1397 1410
1273 1300

1000

500

o

R444A R44SA RA4BA RA4OA RASOA RSI3A RAS52A RAS2B RASAA RASAC RASSA RASTA  DR7 DR33 RA4SSA R134A

Pucynox 1. [Torenmuan rmobansHoro nmotemieHus (GWP) cmeceBbix xmagarenToB rpynmns! 'O B cpaBHEHUH C XJ1a1aT€HTOM
R134a

to(°Cc)

R444A R445A R448A R449A RAS50A R513A R452A R452B R454A R454C R4A55A R457A  DR7 DR33 R458A R134A

-20

-231
-26,5

-30 28
-30

-35

-40
-a2,7 -39.8

-45,5 -46 -47 -45,9 -46

-50
-51 -52,1

Pucynox 2. 3HaueHus TeMepaTypsl KUIIEHHUsI CMECEBbIX XJsaaareHToB rpynnsl 'O B cpaBHeHuu ¢ xyagareHroM R134a

B 3akmrouenuu crienyer OTMETUTh, YTO MpPaBUTENbCTBO PD ycTaHOBMIO KBOTHI Ha BBO3 XJIQJareHTOB
rpynnsl @Y Ha 2024 ron u iepBoe OIIYyTUMOE COKpaIlleHHe MOTPeOIeHHs TUAPOPTOPYTIEPOAOB TUTAHUPYETCS
B 2025 roay Ha 35% ot 6a3oBoii uHuM, ¢ 2029 1 - Ha 70 %, ¢ 2034 1 - Ha 80%.
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VIIK 621

TEPMOJJUHAMUYECKHI AHAJIU3 ATIIITAPATYPHOI'O
O®OPMJIEHMSI OBIIENA MOJIEJIA KPUOBAHKA

llpoobros U FO., benyrkos C.B.
Dedepanvroe 20Cy0apCmeeHHOe A8MOHOMHOE 00PA308AMENbHOE YUPEICOEHUE BbICULC20 00PA308AHUS
«Mocroeckuti nonumexnuyeckuu ynugepcumemy, 2. Mockea, Poccus

[IpencraBnena ympolieHHas MaTeMaThdeckas MOJEeNb TEINIOOOMEHHBIX IMPOLECCOB KPHOTEHHBIX IS
Pa3NUYHBIX PEKUMOB pabOThl KPHOTEHHOTO XpaHWIMIIA Ha OCHOBE MPEANONIOKEHUs 00 OIHOPOJHOCTU
mapaMeTpoB B JKUAKOW W TapoBod (hazax BemiecTBa. Mojenb SBISIETCS YHHBEPCAIBHOM W TMO3BOJISET
MOJICINPOBATh DPa3MYHBIE PEKUMBI pabOThl KPHOXPAHWIHWII, TaKHE Kak 3ampaBKa, OTOOp BeIIeCTBa IS
noJiepKaHus CTa0MIBLHOM TemrepaTypsl o0pasloB, Oe3apeHakHoe XpaneHue W Ap. [Ipu momomm maHHON
MOJIEIH NIPOBEJEHA OIIEHKA MacChl OTEPh KUAKOTO a30Ta IIPH 3alIpaBKe U3 BHEIHEN KPHOT€HHOW EMKOCTH. J[i1st
pexxuma xpaHeHus 0e3 orOopa pabouero BeIIECTBa, PE3yJbTAaThl pacueTa IO MPEACTABICHHOW MOJAENH
CPaBHMBAIOTCA C JaHHBIMU IKCIEpUMEHTOB. [loayyeHo, 4To JaHHBIN MOAXOJ CYLIECTBEHHO CHHUXKAEeT CKOPOCTb
pacxona >KMIKOTO KPHONPOAYKTa, MPHUYEM IOTPEIIHOCTh MaAaeT IPU YMEHBIICHWM CTENEHHW 3allOoJHEHUS
BHYTpEHHEH EMKOCTH XpaHwnuma. B pesynbrate XpaHeHus 0Oe3 oTOOpa KPHONPOLYKTa PEKOMEHIYETCs
MPUMEHATh JaHHYI0 METOJIUKY B KadecTBE OLEHKM CKOPOCTH pacxoja padouero BemiectBa. KitoueBble ciioBa:
KPHUOTEHHOE XpaHWIHUILE, Oe3ApeHAKHOE XpaHEHUE, KPHOTEHHbBIE TETNTIOOOMEHHBIE MPOIIECCHl, MaTeMaTHUECKOe
MOJICJINPOBaHKE, METOAMKA PacyeTa, 3alpaBKa, KpUOOaHK.

[Ipu paboTe KpHOTeHHBIX XPAHWIIHIL, BKIIOYEHHBIX B COCTaB KPHOOAHKOB, MPOUCXOIAT pa3HOOOpas3HbIe
¢usnueckue nporecchl. BHyTpu 0akoB HCHONB3YIOTCS BCE BHIBI TEIUIOOOMEHA, BKIIIOYAsi TEIUIONPOBOIHOCTD,
KOHBEKLMIO W HchapeHue. TedeHus >KMAKOCTH M ra3a B KPHOT€HHBIX TPyOONpoBOIax MOryT OBITH Kak
JAMUHAPHBIMHU, TaK U TypOYJECHTHBIMH, BKIIIOYas CIOXKHBIE CTPYHHBIE TEUEHHS. DTH IMPOLECCHl YCIOXKHSAIOT
BBIUUCIICHHUS H3-32 BIMSHHS BSI3KOCTH, TEIUIONPOBOAHOCTH M Auddy3nn. MaremMaTHueckoe MOJEIUPOBAHUE
TaKUX IMpoleccoB TpeOyeT OOJBIIMX  BBIYMCIUTENBHBIX  PECYpPCOB  W3-3a  JUIMTENBHOTO  BPEMEHH
¢byHKUMOHMpPOBaHUs XpaHWwnl. OIHAKO ISl OLEHKH NapaMeTpPOB KPHOTEHHBIX CHCTEM MOXXHO HCIOJIb30BaTh
YIPOIIEHHBIE MaTEMaTHYECKHE MO/IETH, KOTOPBIE TIO3BOJISIOT IPOBOUTH ONEpaTUBHBIE pacyeThl Ha BCEX dTamax
JKCIUTyaTally XpaHUINIIA.

OOm1as nocTaHOBKA 3a/1a41

PaccmoTpuM TepMOIMHAMUYECKOE CO CTOSIHUE EMKOCTH 00beMOM Vg, YaCTHYHO 3aIIOJHEHHOTO >KUAKUM
KpUOTE€HHBIM KOMIIOHEHTOM. [Ipennonoxum, 4To B HOAYyIIKe EMKOCTH HAXOIUTCS Map KOMIIOHEHTA i CTOPOHHUI
ra3. [lapameTpsl mapa Oynem 0003HauaTh MHIECKCOM V, CTOPOHHETO raza — HHIEKCOM (, a KUAKOH ¢as3pl —
uHgekcoM |. Bynem cumrtarh, 4TO uepe3 TEIUIOM3ONALMIO M MO TEIUIOBHIM MOCTaM B EMKOCTh IMOCTYMAeT
MEPEMEHHBIH BO BpEMEHH MHTErPAILHBIN TEIUIOBOH MOTOK Q.

JlommycTrM, 9TO 10 HEKOTOPOH ITUKIOTPaMMe MOTYT IPOU3BOIUTHCS:

* 0TOOP XKHUJIKOr0 KOMIIOHEHTA U3 XPaHWINLIA;

* 110/1a4a KUAKOTO KOMIIOHEHTA B XPaHWIIHILIE;

* HaJTyB XpaHWIUINA TApOM KOMITOHEHTA MPH 3aX0NaXUBAaHUH TPyOOIIpOBOa;

* 3aII0JTHEHUE MOAYIIKN XPaHMIUILA CTOPOHHUM TI'a30M MPH 3arpy3Ke/BBIrpy3Ke 00pa3ioB;

* 0TOOp MapoB KOMIOHEHTA U r'a3a U3 NOAYIIKH EMKOCTbH IIPH 3arpy3Ke/BBITPY3Ke 00pa3IoB.

g m3nmaraemMoi HuKe MOJIENTM He UMEET 3HAaYSHHSI PACIIONI0KEHUE U KOJTMYECTBO BXOIAINX U BBIXOJSIINX
n3 émkoctu Mmaructpaneil. [lostomy nmiast mpocToTsl OyaeM mojaraTb, YTO EMKOCTH COOOIIEH C JAPYTHMMH
cUcTeMaMy 4epe3 ISTh MarucTpaieil: ABe MarucTpalid Ui, COOTBETCTBEHHO, 3alpaBKU M OTOOpa >KUAKOTO
KOMITOHEHTA; JIBe — JUIS HAJI/TyBa H peHaKa ra3000pa3HOro KOMIIOHEHTA U ellle 0J{Ha — JUTS IT0/Ia49H CTOPOHHETO
raza. Cxema éMkoctu mpencrtapiena Ha puc. 1. [ToBepxHocTh paznena ¢a3 Ha puc. | TMoOkazaHa IUIOCKOH
WCKIIIOYUTEIBHO AJIS MIPOCTOTHI, TaK KaK BEJIMYMHA W HAIIPABJIEHUE MACCOBOM CHIIBI B U3J1aracMoi HUXKe MOAETH
HE MMEIOT 3HadyeHuda. bonee Toro, mapel a30Ta, CTOPOHHHM Ta3 W JKUIKOCTh MOTYT OBITh (hparMEHTHPOBAHEI.
CropoHHMY Ta3 XUMUYECKH HE B3aMMOEHCTBYET C KUAKUM a30TOM B €MKOCTH M, KPOME TOTO, HE YYacCTBYET B
(a30BbIX nepexoiax (Bcerna OCTaeTcs B XKHUIKOM COCTOSHUM). B peanbHON EMKOCTH BO3MOXKHA CUTYyaLusl, KOTJa
xujKas ¢asza a3oTa nomnagaet Hapyx Ky EMKOCTH IPH U3BJICUCHUU 00pa3LoB (Aajee ApeHaxe), OJHAKO Mbl OynemM
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IIPOCTO CUMUTATh BCC paCXobl 3aJaHHBIMHU.

OcHOBHOE IIPECATIOJIOKEHUEC HW3J1araéMoil HIKE MOJCIH COCTOUT B TOM, YTO OABJICHHUC U TEMIIEpATypa B
€MKOCTH NEpEMCHHBI BO BpPEMCHHU, HO IIOCTOAHHBI II0 O6’beMy €MKOCTH. HpOCTpaHCTBeHHaH OIHOPOAHOCTDH
TEMIICPATYPBl W JAABJICHUA ABJIAIOTCA OCHOBHBIMH IPEANOCBIJIKAMU PACCMOTPCHUA IIPOLCCCOB B paMKax
TCPMOANHAMUKHU, ITOITOMY JaHHYIO MOJCJIb MOXHO Ha3bIBATh TepMOHHHaMHHCCKOﬁ.
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Pucynok 1. TepmoauHamMudeckas cucTeMa éMKOCTH B MOMEHT BpeMenH 1(a) u (t+At)(6)

MartemaTu4yeckasi MoeJib U MPUMEP PacyeTOB ¢ UX KPATKUM aHAJIH30M

Hcnonp3oBanue TEPMOIUHAMUYESCKON MOJICIH JIJIS peaibHBIX 0AKOBBIX CHCTEM IO3BOJISICT OLICHUTH TaKHE
Ba)KHBIC pabOUue MMapaMeTphl, Kak:

* IOTEpU KOMITOHEHTA TPHU 3aIpaBKe EMKOCTH Ha dTaIe MPeICTAPTOBOM MOATOTOBKH;

* IWMHAMUKY POCTa JIaBJICHUA B EMKOCTH TpH Oe3qpeHaXHOM XpAaHEHHWH Ha JdTamax IoJieTa B COCTaBe
HOCHTENSI U B KOCMHUYECKOM TIOJNIETE;

* pacxo/1 KOMIIOHEHTA MPH UCIIOJIF30BAaHUH €T0 B Ka4ecTBe ra3a HaJyBa Ha dTarne oT0opa B IBUTaTelb.

Jis mpuMepa OIeHHM C TIOMOIIBIO TIPEUIOKEHHOW MOJIEH MOTePH KOMITOHEHTa B a30THOM XPaHHWIIUIIE
MIPHU ero 3arpaBKe Ha KocMojipoMe. byieM cunTarth, 4To CTeHKa EMKOCTH NIPEABAPUTENBHO 3aX0JI0KEHa, a B cCaMo
E€MKOCTH HaxOIATCS Tapbl KOMIIOHEHTAa IIPU TEMIIEpaType, COOTBETCTBYIOIICH 110 KPUBOW HACHIILICHHUS
aTMoc(hepHOMY naBieHnt0. Pacxo moiaBaeMoro B €MKOCTh JKHIIKOTO a30Ta MpH 3ampaBke cocTtaBisieT Gg = 0,02
xr/c mpu T;"™* = 77,4 K. CBoiicTBa HIKOTO M ra3000pasHOrO a30Ta, NPUHATHIE HA OCHOBaHMM paboTh [4],
Oepytcs npu Temmeparype 77,4 K u 3amarorcs CleAyrOUMMH 3HAYCHHSIMH: Ta30Bas mnocrosHHas — 296,8
JIx/(xr-K); ynenpHas TermioeMKocTb xxuiakoro azora —2 010 JIx/(kr-K); ynensnas teruora ucrapenus — 160000
JIK/KT; IIIOTHOCTD SKUIKOT0 a30Ta — 808 kr/m>.

Bynem cumrtaTh, 4TO MPOIIECC 3alpPaBKU MPOXOIUT MPU OTKPBHITOM JPEHAKHOM KJIalaHe, W JaBJICHUC B
€MKOCTH CO BpEeMEHEM He MEHSETCS, a 3HAUUT, HE MEHSETCS U TeMIiepaTypa KoMIoHeHTa. J[aHHoe foryieHue
MO3BOJISIET 3HAYUTENBHO YIIPOCTUTH ypaBHeHUs. [lepBoe ypaBHEHME MTpeoOpasyeTcs K BULLY:

Q=Gi(r=R,T) =Gz -+ G5 - =0, (1)
v l
a BTOpoOE:
_Pv) _ Py _
Gy ( pl) G+ G52 =0. @)
CosmecTHOE penienue ypaBHenuii (1) u (2) orHocurensHo G U G, 1aer:
1= 11\ P ( )
T—RUT+p(E—p—l) pL
Gz = Gy +52(Gs — Gy). @

[TonHoe KONMMYECTBO TeIUIa, MOJBOIUMOE K )KUAKOMY a30Ty B €MKOCTH QQ, MOXKHO OLIEHHTH IO Nepenany
TEMIIEPATYPHI ¥ TEPMUIECKOMY COMPOTHBIICHHUIO CIIOS TETUIOU3O0JISALINH:
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Q=S5 (Tou =), (5)
rae S — Mmiouaab MOBEPXHOCTH EMKOCTH;

Arps — KOIGOUIMEHT TEIIONPOBOAHOCTA MaTepuaia TeIIOM30NAUUK; Op; — TOJIIMHA CIIOS
tertonsomsanuu; Ty, — TemmepaTypa BHEITHEH cpenbl Py 3arpaBKe.

WznaganpHas Macca JKHIKOTO a30Ta B CAMOM TSDKEIIOM BapHaHTE MOKET cocTaBisATh 10 S0 kr. M3BecTHO, UTO
Ha 3ax0JaXHuBaHKe 1 KT MeTasia KoxKyXa EMKOCTH UCTIONb3YeTCs 1 KT )KUAKOr0 a30Ta U3 TEXHUYECKUX XapaKTEPUCTUK
€MKOCTH, HalieM NpUMEpHBId MOTpeOHbId 00beM: Vi = 1 M3. i mpuONM3MTENbHOM OLEHKH MPHUMEM, YTO
XpaHWIININE SBJSIETCS IWIMHAPHYIECKHM ¢ BbicoToi H. Torma cooTBeTcTByrOmas Tiomiagh OOKOBOW CTEHKH IS
LJIMHIPUYECKOH EMKOCTH C TAKUM 00BEMOM M PaJlycOM MOKHO OLICHHTbH CICAYIOIIMM o0pazom: S =1 mM2.

3navyeHust K03(GUIMEHTOB TEIUIONPOBOAHOCTH Ul MaTepHala TETUIOW30JISAIH, TPUMEHSBIIETOCs IS
KPUOTEHHBIX XpaHmwmuin B auanazoHe temmeparyp 20...300 K 3mauenus mensumucek ot 0,016 mo 0,35 Br/m/K.
Bynem 3amaBath cpemHee MeXAy OTHMH 3HAueHHSIMH B KadecTBe J¢(eKTHBHOTO KOI(PHUIIEHTa
TEIUIONPOBOIHOCTH TEIUIOM30ISIINN: A= 0,02 B1/M-K. TonmunHa Termon301s1uuy 00BIYHO COCTABISET HECKOIBKO
JECSITKOB MIJUTUMETPOB, B HAIIIMX pacdeTax MpUMeM dr; = 50 MM. PazHuIy TemmnepaTyp MeXAy BHEIIHEH cpemroit
1 KUAKOCTBIO B XpaHWIMIIe Bo3bMeM paBHoit 215 K. Torna, ucmone3ys Gopmyny (5), MOTyduM I BETUIAHBL
TEIIOBOro MoTOKa 3HaueHue Q = 86 Br.

Heo0xommumo oTMeTHTB, 4TO IPUBEICHHAS OIICHKA TEITIOBOTO MIOTOKA SIBIISIETCSI O4eHb Tpy00ii. Bo-niepBrIx,
HEW3BECTHA TOYHAS TOJIIMHA TEIUIOM30JIANNN. BO-BTOPHIX, HCIIONB30BaHNE CPETHETO 3HAUSHUS KO3 PHUIIeHTa
TEIUIONMPOBOIHOCTA TETUIOM3OJSIINA MOXKET MPHUBOAUTh K CYIIECTBEHHBIM MOTpemHocTsM. Kpome Toro,
cooTHoIIeHue (5) crpaBelIMBO JIMIIb I Cydasi CTAIIMOHAPHOTO MpOoQuiIs TeMieparyphbl B TEIJIOU30JISINH,
TOTJa KaK B pEaNbHBIX YCIOBUSAX 3allpaBKH IIPOIECC 3aXOJaKWBaHUS CTEHKH EMKOCTH CYIIECTBEHHO
HECTAIlMOHAPHBIA, M TEMIIEpaTypa CTEHKH EMKOCTH YMEHBIIAETCS MMOCTEIIEHHO MO0 MEpe yBEIMYCHHS ypPOBHS
KHUIKOCTH. TakuMm 00pa3oM, MpHUBE/ICHHBIC BBIYMCICHUS MOXKHO PAacCMaTpHUBaTh TOJBKO Kak TpyOyIO OICHKY
MOPSA/IKa BEIMYMHBI BHEIIHETO TETJIONPUTOKA.

Hcnons3yst ;aHHOE 3HaUYE€HHE M CBOWCTBA KHUAKOTO a30Ta [4], OIy4rM ¢ MOMOIIbIO ypaBHeHHt: Gy =
0,012 kr/c; G2 = 0,029 xr/c. 3 cOOTHOLIEHN HECIOKHO MONTYIHUTh, YTO BPEMsI 3alPABKH EMKOCTH J0 CTECIICHU
zamonuenus 0,9 (0,9 m3) cocraBuser tiu,y = 2700 c. 3a 3TO BpeMs MOTEpPU KOMIIOHEHTA Ha JIPEHUPOBAHUE
coctaBsT ~50 Kr.

3akiroueHue

[Ipennoxena ympolieHHass MOJEIb, OIUCHIBAIONIAS TEPMOJWHAMUYECKOE COCTOSIHHE EMKOCTH
KpuoreHHoro Omoperno3utopus. OHOBpEMEHHBIH y4YeT MOCTYMAIOMNX B €MKOCTh U yHalsdeMbIX U3 EMKOCTH
YKUJIKOTO WJIM Ta3000pa3HOT0 KOMITOHEHTa W/WIIM CTOPOHHETO Ta3a Ha Pa3JIMYHBIX dTarnax (yHKIHOHUPOBAHUS
MO3BOJIMJIO 3allucaTh YHHUBEP CaJbHBIA alrOpUTM ONpE/eiIeHUs] BHYTPUEMKOCTHBIX MapaMeTpOB MpH JIOOOH
MOCJIEZIOBATEIbHOCTH CMEHSIONUX JPYr Apyra peXHMOB JKCIUTyaTaluu EMKocTH. JlaHHas BO3MOXKHOCTh
CTAaHOBUTCS OCOOEHHO BaKHOW MpPH HANWCAaHWU HAa OCHOBE IMPEIOKEHHOTO ajropuTMa KOMITBIOTEPHOM
MPOrpaMMBbl, UCXOJHBIMH JaHHBIMH JUISI KOTOPOM MOTYT CIYXHUTh LMKJIOTPaMMBI pPacxol0B KOMIIOHEHTa U
CTOPOHHET0 Ta3a, BHEIIHUX TEIUIONPUTOKOB. B KauecTBe mpuMepa HCIMOIB30BAaHHUS JAHHOM Mojenu Oblia
MOJTyYeHa KaueCTBEHHAs! OIIEHKA MOTePH KOMIIOHEHTA TIPH 3allpaBKe a30THOTO XPaHWIWIIA HATYPHOTO H3/EIHs
[1]. Pacuer mokaszai, 4to mpu 3amnpaske co ckopocThio 0,02 Kr/c yHOC Macchl uepe3 ApeHaAKHYI0 CHCTEMY COCTaBUT
npubmusutenbHo 50 kr. [lo pesynbraraM cpaBHEHHS JIaHHBIX MaTeMaTHUECKOW MOJIEIM W PeajbHbIX
9KCIIEPUMEHTAIBHBIX JaHHBIX CIENaH BBIBOJ, YTO JAHHBIA MOJXOJ CYIIECTBEHHO 3aHMXAET CKOPOCTh POCTa
pacxoga. s GonplMX cTeneHed 3aloJIHEHUs] UTOTOBBIM pacxo]] OKa3ajcs 3aHW)KEHHBIM B HECKOJIBKO pas,
OJTHAKO TIPH YMEHBIICHNHU CTETICHH 3aII0JHEHHS IMOTPEIIHOCTh CHIDKANACh. B ciydae 6e3apeHakHOTO XpaHeHUs
PEKOMEHTyeTCs UCITONIb30BaTh JAHHYI0 METOJUKY B KaUeCTBE OLIEHKH POCTa JAABIEHUS CHU3Y, IPUYEM B CITydae
Majoi creneHu 3anoiHeHus: MmeHee 20% MPOrHO3 CKOPOCTU POCTa JABJIEHUS NaeT norpemHoct Menee 30% mo
CPaBHEHUIO C 3KCIIEPUMEHTAIBHBIMU JJAHHBIMHU.
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VJIK 67.05
OB30P BAKYYM-BBITIAPHBIX YCTAHOBOK JJISI CTYIEHMSI MOJIOKA

Iyxenbaes /I K., ookmopanm OII « Texnonozsuueckue mawuHsl u 060py0o8anues,
Kaxumos A.K., 0oxmop mexnuueckux nayx, npogheccop xkaghedpwi « Texnonozuuecxoe 0b6opyoosarues
HAO «Ynusepcumem umenu [llaxapuma 2. Cemeiiy, e. Cemetl, Pecnybonuxa Kazaxcman,
E-mail: da_mir.1991@mail.ru

Poct cmpoca Ha HaTypanmbHBIE TNPOMYKTHI NHTAHUS, Pa3BHTHE Maioro OH3HecCa M CTpPEMIICHHE K
9KOJIOTUYECKH YHCTHIM TEXHOJIOTHSAM JETAl0T aKTyaJbHON pa3paboTKy W MPUMEHEHHE YCTAHOBOK JUIS CTYIICHHS
M TACTePH3ALUH JKUIKUX MHIIEBBIX MPOAYKTOB Majoil MPOU3BOAMTEIBHOCTH. JTO CBSA3aHO C IMOBBIIICHHEM
OCBEIOMJICHHOCTH TIOTPEOHTENe O KadecTBE IPOAYKTOB, JKEJIAHHEM IIOTydYaTh CBEKHE W HaTypajbHBIC
HPOIYKTHI, @ TAKXKE C Pa3BUTHEM arpoTypu3Ma 1 (epMepCKHUX XO3SHCTB.

BakyyM-BbIlIapHbIe YCTAaHOBKH SIBIISIOTCS HEOTHEMIIEMOM YaCThIO TEXHOJIIOTHYECKOTO MPOIIeCca Ha MHOTHX
MOJIOUHBIX mpeanpusaTusax. OHU TpenHa3Ha4YeHbI JUIS KOHIICHTPALMH MOJIOKa IyTeM YIaJICeHHs M3 HEro 4acTH
BOJIBI ITPY MOHIDKEHHOM JIaBJICHHU. DTO MO3BOJISIET YBEINYUTH CPOK XPaHEHHS IIPOTYKTa, CHU3UTH TPAHCIIOPTHBIC
pacxo/ibl ¥ PaCIIUPUTh ACCOPTUMEHT BBIITYCKaeMOM MPOITYKIIUH.

Ha npeanpusatusx XUMHYECKON U MUILEBOM MPOMBIIUIEHHOCTH HIMPOKO PACIPOCTPAHEHO UCIIOIb30BAHUE
BaKyyM-BBIIIAPHBIX YCTAHOBOK, 00ECIICUYMBAIOIINX KOHIIEHTPHPOBAHNE PA3THYHBIX PACTBOPOB MPHU UX KHIICHUU
Ha TIOHIDKCHHOM Temmeparype. llommepikaHume peXHMHBIX IapaMeTpOB B TaKHUX YCTAHOBKaX OOBIYHO
obecreurBaeTCsi JIOKATbHBIMH OJHOKOHTYPHBIMH CHCTEMaMH aBTOMATHYECKOTrO YIPABICHHUS TEMIIEpaTypow,
BaKyyMMETPHYECKUM JIABJICHUEM U KOHIICHTPAIIUEH CyXHX BEIIECTB B c1laboM pactBope. [Ipu aToM ynpasistomime
YCTPOMCTBA MPEACTABISIOT cO00H MU(POBBIE PETyJSATOPHI, HACTPOHKA MapaMeTPOB KOTOPBIX MPOHM3BOAUTCS C
MCIIOJIb30BAaHUEM YIIPOIICHHBIX JUHAMUUECKUX MOJIEJICH BaKyyM-BbIlIapHO#l ycTaHOBKH [1].

B MO0J104HO# TPOMBIIUIEHHOCTH MOJIOKO KOHCEPBUPYIOT, BbIpadaThiBasi CTYIICHHBIE MOJIOYHBIC KOHCEPBBI
U CyXH€ MOJIOYHbIE MPOIYKThl. OCHOBHOW TEXHOJIOIMYECKON OIEpaIMel IPH STOM SIBIISIETCS CTYIIEHHE MOJIOKa
METOJIOM BBINIAPUBAHUS /IO ONPENEIICHHOIO COJEp)KaHUSI CYXHMX BEUIECTB. BblmapuBaHWe NpPOW3BOIUTCS B
BBINIAPHBIX armaparax Mpu pa3pekeHHH, YTO TMO3BOJISET BECTH IMPOIIECC HA MOHMKEHHBIX TemrepaTrypax. [Ipu
MOHIDKEHHON TeMIlepaTtype KHIICHHs IPOAYKTa B YCIOBHAX BaKyyMa JOCTHUraeTCsl 3HAYMTENBHO OOJbIIast
Pa3HOCTB TEMIIEPATYP MEXIY I'PEIOLIMM MapOM M KHUITSIIEH )KUIKOCThIO. [Iporecc crymmenns npu 3TOM IpoTeKaeT
Oosiee MHTEHCHMBHO, a ChEM Mapa C CIUHHUIBI MMOBEPXHOCTH HArpeBa HAaMHOTO BBIIIE IO CPABHEHUIO C
aTMoc(epHbIM BbIIApHBaHUEM [2].

H3Becten crmoco0d pa3padOTKH BaKyyM-BBITAPHOM YCTaHOBKM JUIS IHIIEBBIX HPOJYKTOB, KOTOPBIH
COJIEPKHUT €MKOCTh-UCIIAPUTENb C KPBILIKOM, 3KEKTOp M KOHJeHcaTtop. Kpbillika BHIMONHEHA B BHJC KOHYCa,
YCTaHOBJICHHOTO BEPIIMHOW BBEPX. DKEKTOP YCTAaHOBICH AU(PQY30pOM Ha BEpIIMHE KOHYCa M COOOIIEH ¢
KoHJeHcaTopoM. KoHzieHcaTop pa3meliieH Ha Hapy »KHOW IMOBEPXHOCTH KPBIIIKU. B HWKHEW YacTh BHYTpEHHEH
KPBIILIKY BBITIOJIHEHA KOJIbIIEBAs KaHaBa 1uis cOopa KoHeHcaTa. KanaBka coolIieHa TpyOoIpoBOIOM € TOBOIOM
nepeKayrMBaeMoii cpeibl 3kekropa [3].

ABTOpamMH pa3zpa0oTaHa BaKyyM-BbIIIApHAs YCTAQHOBKA ISl KOHLEHTPUPOBAHHS SKUAKHX MHIIEBBIX
NPOIYKTOB ITyTEM WX BBINAPUBAHUS TI0J BaKyyMOM. YCTaHOBKAa COJCP)KUTY3eNl BBIAPHBAHHS C BOJSHOM
pyOaIkoit, KOXyXOTpyOHbBI KOHIEHCATOP, 3KEKTOp, IKad IIEKTPOOOOPYJAOBAHUE CBBIKIIOYATEIICM,
npeoXpaHuTeeM, myckaresneM. [IpeiokeHHas ycTaHOBKa 03BOJISIET 3)(DEKTUBHO MPUMEHSTh €r0 B YCIOBHSAX
MaJIbIX MPEANPUSTAN M XO3SHCTB, JHMIICHHBIX MapOCHAOXKEHUS, ISl KOHIIGHTPHPOBAHUS ITyTEM BAaKyyMHOTO
BBITTAPUBAHUS, & TAKXKE ISl PEKTU(PHUKAIIMH JKUJIKUX THIIEBBIX TPOAYKTOB [4].

ITeryxoB U.N. u ap. pazpaboTaHa BaKyyM-BbIlIapHasi YCTAHOBKA, KOTOPAsi MOXKET OBbITh UCIIOJIb30BAHO JIISI
CTYLICHHALEIIBHOTO ¥ 00E3’)KUPEHHOT'O MOJIOKA, BBIIAPHBAHHS CHIBOPOTKH, & TAKXKE B IPYTUX 00JIACTSX MUILEBOM
HNPOMBINIICHHOCTH [5].
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ABTOpaMu pa3paboTaHa BaKyyMHO-BBIIIApHAs YCTAaHOBKA. BakyyM-BbIllapHas YCTaHOBKAa BKIIOYACT
BBIHOCHYIOHAIPEBATEIbHYIO KaMepy, Cenaparop CO BCTPOSHHBIM B €ro OOBEKT KOHIEHCATOPOM, KOXKYXOM
KOTOPOTO SIBJISICTCS OTCachIBarolas TpyOa cemaparopa, BaKyyM-HAcOC U CHUCTEMY IMOABOJSIIMX W OTBOJSIIMX
TpyOOIPOBOAOB C BaKyyMHO-3amopHoi apMaTypoil. Kpome Toro, ycraHoBKa MOKET ObITh CHa0KeHA EMKOCTBIO-
cOOpHUKOM KOHJIIeHcaTa BTOpWYHOTomapa. Ilpeamaraemas ycTaHOBKa KOMIIAKTHA, HAJEkKIa, TEXHOJIOTHYHA,
sKOHOMMYHA [6].

ABTopamMu pa3pab0oTaHa BaKyyM-BBIIIapHAs YCTAHOBKA JUIsl CTYIICHHS MOJIOYHOTO ChIpbs. M300pereHuc
o0ecreyrBaeT MOBBIIICHUE YHEPTOIPPEKTUBHOCTH BaKyyM-BBITIAPHOW YCTaHOBKH [7].

ABTOpaMH pa3paboTaH KOMOWHHPOBaHHAs BaKyyM-BbITApHAs YCTAHOBKA JUIs CTYIICHHS MOJIOKA.
KoMOuHMpOBaHHAs BaKyyM-BbIlapHasl YCTAHOBKA JUIS CTYIICHHUS MOJIOKA COACPKHUT KOHACHCATOP, IJICHOYHBIH
WCTIIAPUTENh, COOOIIICHHBIN KaJIOpU3aTOPOM U cerapaTtopoM. B cemaparope ycTaHOBIIEHa CIIUpalibHAS BUHTOBAS
tapenka. CemapaTop cOOONIEH C BEpXHEHW YacThl0 KaJopu3aTopa TpyOONpOBOJOM C BEHTUIIEM-APOCCEIIEM.
Hwxare yactu cemapaTopa W Kajlopu3aTop COOOINCHBI OJHA C JIPYrod TpyOONpPOBOJIOM C IUPKYJISIIIMOHHBIM
HacocoM. KoHieHcaTop BBITIONHEH ¢ BEHTUIIEM PETYIIATOPOM pacxoja xjaaaarenta [8].

Takum 00pa3oM,B yCIOBUSAX MAITBIX MPESIIPUATHN ¥ HEPMEPCKHUX XO3SUCTB, BO3SHUKAET HEOOXOIUMOCTD B
CO3JIaHMM MAJIOTA0APUTHON BAKyyMHOH BBIAPHOH YCTAHOBKH C ONTHUMAIBHBIM W PAMOHATLHBIM
TEXHOJIOTMYCCKM PEKHUMOB, IMO3BOJIAIOLIUX MOJYYaTh XUAKHUE IMUIICBLIC IMPOAYKTHI BBICOKOI'O Kade€CTBa C
HAMMEHBIIMMHU 3aTPaTaMH, TOBBICUTh 3(P(EKTUBHOCTh HCIOJIL30BAHUS TEXHOJOTHYECKOTO 00O0PYI0BaHMS,
CHH3HTh MOTEPH [IECHHBIX KOMIIOHEHTOB YCTAHOBKH.
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WHXXEHEPJIIK ) KYHUEJEPJI JAMBITY JAFbI /KAHA TEXHOJIOT USLTIAP
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Cenmeil kanacvinoiy [llIokapin amvinoazol yHusepcumemi
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Wmxenepnik kyhenep — OyJl Kasipri 3aManfbl WH(PaKYPHUIBIMHBIH HETi3i OOJBIN TaObUIATBIH JKOHE
KOFaMHBIH 6MIp CYpy CallachlH apTTHIPAThIH KEIIeH i KYPbUTBIMAAP KUBIHTHIFEL. OJap opTYpIli OHJIPIiCTIK XKoHE
TYPMBICTBIK KaKETTUTIKTEPIi KaMTaMmachl3 €Tyre OarbITTallFaH OHE 9pTYpIi cajaiapia KOJAaHbLIaIbl, OHbIH
IIiHAe PHEPreTHKa, Cy pecypcrapblH Oackapy, Kejik, OainaHbic xoHe T.0. MHKeHepiik Xyienep apKbLIbl
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azamzap YWIepiH >KbUIBITa/Ibl, aybl3 Cy ajajbl, JIEKTPO3HEPrHsHbI aljaaHa bl XKoHE 3aMaHay! TEXHOJIOrussIap
apKBUIBI OMIP CYPY OPTAChIH XKaKcapTazsl [1].

WmxeHepiik xyienep alaMHBIH OMip CalachlH jKaKcapTyMeH KaTap, SKOHOMHKara Jia YJIKEH dcep eTei.
Omnap eHZIpiCTI aBTOMATTaHABIPY, KAJTAIBIK HHPPAKYPBIIBIMABI JAMBITY, SKOJIOTHSIIBIK MACENIENep i ey KoHe
pecypc YHeMIey apKbUIbl XaIBIKTHIH KQXKETTUTIKTEPIH KaMTaMachl3 eTei. MbIcaibl, 3aMaHayy CyMeH ka0 bIKTay
XKyHenepi azaMaapasl canajibl aybl3 CyMEH KaMTaMachl3 €T€ OTBIPBII, JEHCAYJIbIK CAKTay JKaFrdalblH )KaKcapTyFa
MYMKIiHJiK Oepezi.

OHepreTuka cajachlHIa KaHAPThUIATBIH SHEPIUs KO3AEPiHE KOy KIMMATThIH €3repyiMeH KYPecTe YIKEeH
pen arkapaabpl, Oyl SKOJIOTHSIIBIK Ta3a WHKCHEPINIK MIemIiMIepre CYpPaHbICTHIH apTyblHa okeneni. Kamambix
XKepleple aKpUIIbl KOJIK JKyHelepiH eHrizy KeJiK KeNTeNiCTepiH a3aiTyra jKoHEe aya calachlH JKakcapTyra
MYMKIiHJiK Oepexi.

WNmxenepmik xyilenepAeri jkaHa TEXHOJOTHSUIAPABIH JaMybl OJApAbIH THIMIUTITIH  apTTHIPHII,
SKOJIOTHSUIBIK Ta3a >KOHE TYPAKThl MHQPAKYPBUIBIMABI KalbIITACTHIpyFa OarbITTanFaH. MBbICANbl, >KacaHIbl
WHTEJUIEKT eH WHTepHeT 3arTapblHblH (I0T) xeMeriMeH WHKEHEpINiK JKyHelepAiH >KYMbICHl OakpuiayFa oHai
KOHE aBTOMATTAHABIPBUIFAH TYPAE Ky3ere acaapl. «AKBUIOBD) KajlaJap KOHLEHIMSICH  OCBhIHAAN
TEXHOJIOTHSUIIAP IBIH WHTETPANUACEIMEH WHXKSHEPITIK KYHeTIepIiH KEeTUIIPIITeH TypJIepiH KoanaHaasl [2].

CoHpaif-ak, SHEpPrUsHBIH aJIbTEPHATHBTI KO3JAEPiH KOJJAaHy, FUMaparTapAbl SHEpPrus YHEMICHTiH
TEXHOJIOTHSIAPMEH Ka0 IbIKTAY, )KaHAPTHUIFaH CyMeH Ka0JpIKTay 9/IiCTEPiH €HTi3y CHSIKTHI OaFBITTap OoJamaKra
WHXEHEPITIK XYHeTepiH TYPaKTBUIBIFBI MEH THIM/IUTITIH apTTHIPaIbL.

XKana TexHOJOTHSIAPABIH JaMybl HHXXCHEPIK JKyHelnepAl OHTalIaHABIDY MEH aBTOMATTaHIBIPYIIbI
MYMKiH eTTi. MbIcanbl, aKpUIIBl KYHeNep apKblIbl WHKEHEPNiK KYPBUIBIMIAPbl KAlIBIKTaH OaKpliay KoHE
Oackapy KOKeTiMIi 0ommbl. XKacaHabl HHTEIEKT KOMETIMEH YHEPreTHKA JKOHE KOIIIK JKYyHeNnepiHiH THIMAUTITIH
apTTBIPBIN, KayilCi3[iK JAeHTreliH jkorapeliaryra Oonaabl. WHKeHeprmik Kydenepai JaMbITyla JKaHa
TEeXHOJIOTHUIAp/IbIH, COHBIH inmiHme MarepHer 3arrapbl (IoT), skacanasl nHTEIUICKT (Al) %oHE YIKEH ACpeKTep
(Big Data) cusxTel WHHOBAIMSUIAPABIH pemi apryna. loT apkbutel 3HEpruss MeH Cy IIBIFBIHBIH Oakbliar,
OHTaWIaHIBIpyFa O0masl, an Al koHe YIKeH AepeKTep KyhenepIiH THIMILTITiH apTThIPHII, 0acKapy MporecTepin
aBTOMATTaHIBIPYFa MYMKIHAIK Oepei.

AKBULIIBI KaJIajap KOHICTIIHACH MHXKECHEPIIIK XKYHeIepAiH YHIeCIMII )KYMBIC iCTEeyiHEe OarbITTaIFaH XKoHE
Kaja UWHQPaKyphUIBIMBIH CaHABIK TYpAe OakpulayFa, pecypcrapibpl THIMAI MaiijaniaHyra >KOHE Kaja
TYPFBIHJIAPBIHBIH OMip CalachlH apTThIpyFa MYMKIiHIIK Oepeni. MpIcajbl, >KapbIKThI, CYJbl OHE >KBLTY]IbI
naianany npoleciH 0akpuiay apKbUIbl AJIEKTP DHEPIHSCHl MEH CyMEH KaOJbIKTay WIBIFBIHAAPBIH a3aiTyra
Oomazsr [3].

CoHbIMEH KaTap, HH)XEHEPIIK KYHesnep i >KaHFBIPTYAa KaChlJl TEXHOJIOTHSIIApAbI €HI13y epeKIIe MaHbI3Fa
ue. DHeprusi YHEMJICHTIH FUMaparTtap, KaHApThUIATBIH SHEPrus Ke3zlepi jKoHE pecypc THIMAUITIH apTThIpy
MaKCaTbIHaFbl TEXHOJIOTHsIIAp KOPLIaFraH OPTaHbl KOPFay JKOHE KJIIMMATTBIH €3repyiMeH Kypec aschlHaa 0acTbl
OarbITKa alfHaIyaa.

Wmxenepnik sxyhenep — Kaszipri 3aMaHFbl KOFaMHBIH aplpamac Oemiri. OnapiplH THIMALIINT MeH
TYpPaKTBUIBIFBI aaM3aTThIH JaMybl MEH KOpIIaFaH OpTaHbl KOpFay YIIIH ©Te MaHbI3Ibl. 3aMaHayu
TEXHOJIOTHsIIapAbl KOJIIaHy apKblIbl HHXKEHEPIIIK JKyHerep oJlaH opi AaMblll, KOFaM eMipiHiH OapIbIK caanapblHa
OH acep eTeTiHi aHbIK. THIMJII 9pi SKOJIOTHSITBIK WHXKEHEPITIK JKyienep Kypy alJarbl yaKbITTarbl 0acThl MaKcaT
0o TaObUTa/Ibl, OUTKEHI OJTap XAIBIKTBIH dJ1-ayKaThIH KaKCapTyFa jKoHE IUIaHEeTaHBIH TaOWFH pecypcTapbiH
caKTayra KeMeKTecedl. SIFHu, Oyl KOFaMHBIH JaMybl MEH XaJIBIKTBIH OMip CYPY CalachblH apTTHIPYAaFbl MaHbI3IbI
¢bakTop. 3amaHayn MHXXEHEPIIIK KYHeIepAiH KYPhUTYbl SKOJOTHSUIBIK KOHE SKOHOMHUKAIBIK TYPFBIIAH TYPAaKThI
OosybIMEeH Oipre, aljarbl YpIIakKa Tasza jKOHE KOJAWIbl eMip CYpy OpPTAChIH KAJBINTACTHIpyFa OaFbITTalIFaH.
TexHonorUsAIap MEH HHXEHEPIK MIeNIMASPAiH JaMybIMeH Oipre, OyJ1 xyielep KOFaMHBIH TYPaKThbl AaMybl YIIiH
OJIaH 9pi KeTine OepMex.

TAMJIAJIAHBIIFAH ©JIEBUETTEP TI3IMI
1. I'yces, B.I". UmxeHepHBIE CHCTEMBI 3AaHUI U COOpYKeHHH: YueOHUK 11 By30B. MockBa: Akanemus, 2015.
2. BepesuH, [1.C. NmkeHepHble CUCTEMBI U YCTOMUMBOE pa3BuTHe. Mocksa: tOpaiit, 2020.
3. HoBukog, A.H. CoBpeMeHHbIC TEXHOJIOTHH B HH)KEHEPHBIX cucTemax. Cankr-IlerepOypr: ITurep, 2018.

72



YJIK 658.5
ACTBIK KAYBI3JAY 'KABJIBIFbIH JKETLIIIPY 5KOJIJIAPBI
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AyBUIT IIapyambUIbIFBl OHIMIEPIH OHIEY CallaChlHAA aCTHIK KaybI3/ay >KaOIbIFbI epeKie MaHbI3Fa ue. by
KaOBIK TOHII MaKbUIIAPIBIH KAYBI3BIH aXKBIPaTy, OHIMILTIKTI apTTRIPY XKoHE OHJEY CalachlH JKaKCcapTy YIUIiH
KOJIIaHbUIaAbl. Asaiina, Kasipri >kaOAbIKTapIbIH KYMBICH KE3iH/IC OHIMHIH CallachIHBIH TOMEHIIEYi, SHEPTHUs
LIBIFBIHBIHBIH JKOFapbl OOJYBI JKOHE TUIMAUTIIKTIH JKETKUIIKCI3IIr cHUsAKTHl OipkKaTap macenenep Oarikanaisl.[1]
OcsI Macenenep i ety YIIiH acThIK KaybI31ay KaOabIFbIH KETUIIIPY/iH jKaHa JKOJIJaphbl KapacThIPhLTYHI KaKeT.
ACTBIKTBI XapMaFa ©HJICYJiH HETi3ri MIHIETI - ajlaM ar3achlHa CIHIPIJIMEHWTIH aCTHIKTBHIH CBIPTKBI KaOaThIH
OapeiHIa anbiln TacTay. KaOBIKCHI3 acTBIK OHAlM *OHE KbULJaM JNadblHaanazbl. JKapMaHbIH camackl TaOWFU
epEeKIIeTiKTepiMEeH J1e, ACTHIKTHI KalTa OH/Iey TEXHOJIOTHICHIMEH NI alKbIHAamaabL.[2]

Kagipri acTeIK KaybI3aay >ka0abIFBIHBIH KeMIIiTikTepi. KomganbIcTars! )ka0ABIKTap IbIH HET13T1 Macemnenepi
MBIHAJIAP:

1. OwnimHIH 3aKpIMIaHYHI: J[oHAEPAIH MEXaHUKAIBIK 3aKbIMIAHYbI OHIM CaIrlachblH TOMEHAETE]I.

2. DHeprus IIBIFBIHBIHBIH JKOFaphl OONYBI: TeXHONOTHSIIBIK IPOLECTEPAET] eCKIpreH MeXaHW3M/IEP
YKOFapbl SHEPTUsl MILIFbIHBIH KOKET CTE/I.

3. Tazapty camackiHblH TeMeHIIr: KenrereH xa0pIkTap/ia Kaybl3 TOJBIKTal aKbIpaThLIMAWIbI, OYII
OHJICY/IIH THIMJIUTITIH TOMEHACTE/I].

4, 1lly xoHe mIaH JCHreii: DKONOTMAJBIK CTaHAApPTTapFa cail eMec JKYMBIC >KaFaaijapsl
KBI3METKEpIIEpIiH JeHCayJIIBIFbIHA Kepi ocep eTeni[2].

2. Keringipyaia Heri3ri OarpITTaphl. ACTBIK KaybI3ay >KaOAbIFBIH KETUAIpy Keleci OarbITTapaa sKy3ere
aCBIPBLTYBI MYMKIH:

2.1. KoHCTpYKIMSITBIK KETUTIIpY

¢ J)Kana mMarepuannapnasl naiiganany: JXorapel OEpiKTiKKe KoHE TO3yFa TO3IMIlI MaTepHaaap a0 abIKThIH
KBI3MET Mep3iMiH apTThIPaJIbI.

o JIMHAMUKAIBIK JIEMEHTTEP/I skaHapTy: JKyMbic OapabaHbl MEH COKKBIIITAP/IbIH MIIIHIH OHTAWIaH IBIPY
apKbLIbI JIOHHIH 3aKbIMJIaHYbBIH a3aiTyFra 00J1aibl.

e ABToMaTTaHAIpy: JKaOApIKTapra CceHcoplap MeH Oackapy JKyWelepiH KOCy apKbUIBI KaybI3Jay
MIPOLIECIHIH IONIITIH apTTHIPY.

ActeIK

Kayerspamvaran

Ipi dpaxapa

Baxpmayra

Byrin esexni Ycaxranran
Kapma Kapma

1-nonpmi ipiniri OGoiibiHIIA QpakusIapra cypeinTay; 2-19H1 Kaybl3aay; 3-Kayb3llay OHIMICPIH CYPHINTaY;
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4-apMaHbl axxapiiay; S-)KapMaHbI )KBUITHIPATY; 6-ycaKTalMaFaH KapMaHbI ally; 7-e3eKTK ycakray; 8-ycakray
OHIMJIEPIH CYPHINTAY; 9-yCaKTalFaH XKapMaHbl akapiay; 10-yHTaKTamFaH )xapMaHbl alry.

Cyper 1. Kays3nay 6emiMiHIETi TEXHOIOTHSIIBIK IPOLIECTIH CXEMAaChI

2.2. DHeprus THIMALIITIH apTTBIPy

e DHeprusi YHEMJICHTIH KO3FANTKBIIITAP: DIEKTP SHEPTUsACHIH TYTHIHYABI a3aiTy YIIiH THIMALUIITT dKOFaphl
KO3FaNTKBIITAp/bI TaliAaIany.

o OnTUMHU3aLsUIaHFAH TEXHOJIOTHSUIBIK TpouecTep: KockiMIna by HeMece MEXaHWKAJbIK YHEPTUSHBI
KOJIJaHy bl a3aiTy apKblLIbl SHEPTUs YHEMIEY.

2.3. OHIM canachlH )KaKcapTy

o Tazanay xyienepin enrizy: Kaysi3asr 6oy miH )kaHa TEXHOIOTHSUIAPHIH MTaii1aIaHbIl, OHIMHIH Ta3aJIbIFbI
MEH CalachlH apTTbIPy.

¢ XXymcak ocep ereTiH TexHoJorusuiap: JoHHIH TaOMFU KYPBUIBIMBIH CaKTaWTBIH TOMEH TeMIIEPaTypajibl
’KOHE a3 KbICBIMIIBI TIpoIiecTep i Konaany [3].

2.4. DKOJOTHUSJIBIK TaJIallTapabl ECKEPY

o [ITanzp! sxuHay xyitenepi: JKaOabIKKa MAHCOPFBILI XKYHenepi KOCy apKbUIbl SKOJOTHSUIIBIK Ta3a dKYMBIC
JKaFJalblH KAMTaMachl3 €Ty.

o [lyner azafity: Ly meHrerin ToMeHAETY YIIiH ABIOBIC H3OJSAIMACH MEH apHAMbI )KaOBIHAAPIBI KOJIaHY .

Hanadxa #a npoco Hanadxa #a apeyuxy

o L

11
2
L SN
¥ ']
— 7
6
I~5
L_| N4 —

1-6ackapy myneTi; 2-Kopiay; 3-ctanuHa; 4, 7-mTypBanaap; 5,8-ecikrep; 6, 9-06ackapy uiHtipekrTepi; 10-
KOPEKTEHIiprill MexaHu3M; 18-351eKTp Ko3raiTKbeinTap; 12-adpa3usBti Oiik; 13 — peseHke nek; 14-pickipma; 15
— OHIMJIUTIKTI peTTeyre apHaIFaH MaXOBUKTIH TYTKACHL;, 16-KyMTac nek, 17-kymrac OuTik.

Cyper 2. Exinexana 2-II1IC kays3nay a0bIFIHBIH CXEMaChl

DKOHOMHUKAIBIK THIMIUTIK JKaOaBIKThI KETUIIPY HOTHKECIHIE:

e DHeprus mbirbiHbl 20—30%-Fa neliin ToMeHae .

e OHIMHIH canachl 15%-Fa JeliH apTajibl.

e J)KaOAbIKTBIH KBI3MET €Ty MeEp3iMi y3apajbl, OyJI JKOHICY JKOHE TEXHHKAJIBIK KBI3MET KOpCeTy
LIBIFBIHAAPBIH a3aiiTanbl[S].

KopbITbIHBI

ACTBIK KaybI3aay ®aOAbIFbIH KETIAIPY aybll MIapyallblIbFbl CajJachlHAAFbl OHIMIUIIKTI apTTHIPHIT KaHa
KoiliMall, eHIipic IIBIFBIHAAPBIH a3aliTyFa >KOHE OKOJOTHSJIBIK TajanTapAbl OpbIHIAyFa KOMEKTeceli.
VHHOBaIMSIIBIK TEXHOJIOTHSIIAP/IBl KOJJIAHY JKOHE 3aMaHayd IIelliMeplli eHTi3y acThIK OHJEY CaJIaChIHBIH
THUIMJIUTITIH JKaHa JISHIeHre KoTepel.
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3KCEPTETUYECKHUIN AHAJIN3 PABOTHI XOJI0AWJIbHOM YCTAHOBKH
B PEXKUME HATPEBA U OXUTAKJIAEHUSA

Mamnynenxo A.U. — mazucmpanm cneyuanvnocmu « Tennosnepeemuxay
Epmonenko M.B., k.m.n., cmapwuii npenooasamens kageopul « Texnuueckas gusuka u meniosHepeemuray.
HAO «Ynusepcumem um. lllaxapuma 2. Cemeiin, 2. Cemetl, Pecnyonuxa Kazaxcman
E-mail: suvorov8214@gmail.com

XOHO[II/IHI)HI)IC CUCTCMbI C TIPOMECKYTOUHBIM TCIUIOHOCHUTCIIEM HaxXOOAT I[PUMCHCHUA TaM, TI€
MPEIbIBISIOTCS BBHICOKHE TpeOoBaHMS K 0E30MAaCHOCTH JIOJEH, 0COOCHHO Ui paboThl B peKUMax HarpeBa U
oxyaxaeHns nomemenuit. [loatomy nccrenoBanne 3¢ (HeKTUBHOCTH paObOTHI 00OPYIOBAHUS MPHU MEPEMEHHBIX
peKuMax SABJSIETCS MEPBOCTENICHHOM 3amadyeld IUIsl BBIABICHUS CIAa0BIX MECT M ONPEAETICHUS ONTUMAalbHBIX
PEXMMHBIX TapaMETPOB.

Anamms skceprerudeckoro KIIJ[ mo3Bomisier BBISIBUT ITyTH MHUHUMHU3AIWHN TTOTEPh HOCTYITHOW YHEPTUU H
MOBBICUTh alAITUBHOCTH CUCTEMbI K U3MEHSIOLIMMCS yCI0BUsIM. VccnenoBanne X0M0MIbHBIX CUCTEM AaHHOTO
TUTIA BaXXHO JJIS TOBBIMICHUS WX dS(Q(OEKTUBHOCTH, CHIKCHUS JHEPromnoTPeOJICHUsI W yMEHBIICHHS
AKOJIOTHYECKOTO CJIEJ]a, YTO COOTBETCTBYET MHUPOBBIM TEHEHITUSAM yCTOWIMBOTO pa3Butus [1,2,3].

e uccnenoBanust:

Lenbto paboTel siBisieTCs uccienaoBanue 3(hp(GEeKTUBHOCTH PaOOThl XOJOAMIBHOW CHUCTEMBI B PEXKHUME
OXJIAKACHHWA U HarpeBa.

Merononorus:

HccnenoBanrsi NpoOBOAMINCH Ha 3KCIEPUMEHTAIBHONW XOJIOAWJIBHOW YCTAaHOBKE C MPOMEXKYTOUHBIM
TEIUIOHOCHUTENEM, paboTaloIel B IBYX peXUMax: Harpesa u oxjiaxaeHus (puc.l). B kauecTBe mpomMexyTOYHOTO
TEIUIOHOCHTEJISI UCTIONB30BaH TPOIMIICHTIIMKOIb, @ B Ka4eCTBE XOJOAMIBHOTO arenTa — R134a.

Ele)

KM — kommpeccop, KJI — konaencarop, I1T — mnacTHHYATHII TETIIO0OMEHHIIK,
©®H — ¢ankoiin, PJI — pecusep nuneins, OXK — oTnennTens )XUAKOCTH,
MO — macnooraemutens, PO — unprp-ocymmrens, LIH — nupKysnuoHHEIH Hacoc,
UXK — uetbIpéxxoa0Boii knanaH, OPB — anekTpoHHBIH peryaupyonuil BEeHTHIIb.

Pucynoxk 1. [IpyHnunuansHas cxeMa 3KCIEepUMEHTAIbHON YCTaHOBKU
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Ha ocHOBe 3KCHEpHMEHTANbHBIX NAHHBIX OBLTM TOCTPOCHBI TEPMOAWHAMHYECKHE IHKIBI JUIS JBYX
PEXUMOB pabOTHl W OBUIM TPOBEACHHI TEPMOAMHAMHUYECKHA W JKCEPreTHYECKH aHAIM3bl TPH Pa3THIHBIX
3HAUCHUAX TEMIIEPATypPhl TETNIOHOCUTENS. 3aBUCUMOCTH dKcepretruueckoro KII/I or u3sMeHnenus tTeMnepaTypHoOro
pexuMa IpeICTaBICHA Ha PUCYHKE 2.
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Okceprerudyeckuit K

O Pexxum oxnaxkaenus < PexxuM Harpesa

PI/ICYHOK 2. 3aBUCHMOCTH OKCCPIreTHICCKOIO KHI[ OT TEMIICPATYPbI TCINIOHOCUTECIIA B PCIKUMEC OXJIAXKIACHUA U HArpeBa

Ha momygennom rpaduke ¢ yuyeToM MpOTrHO3a XapaKTepa M3MEHEHHs TOKa3aTelnel BHIHO, YTO CHCTEMa
HambOoee 3¢ dexkTuBHO paboTaeT B peXuMe Harpesa Jo TemrepaTypsl Temmonocurens 14 °C. [Ipu remmneparype
TEIUIOHOCHTENSI Ha BXoAe B TemnooOMeHHHK 14 °C HabOmomaeTcsi TepecedeHHe JBYX 3aBHUCHMOCTEH
skceprerudeckoro KIIJ[ mist ycaoBuil oxmmaxaeHust 1 HarpeBa, 4To O3Ha4aeT PaBHOZHAYHOCTH dPPEKTHBHOCTH
JUTSE TUX PEIKUMOB.

AHanu3 Taxke mokaszani, uyto skcepreruaeckuit KIIJ[ cuctemsr B pexxume Harpesa Boimie Ha (3+19) %, yem
MPU OXJIAKICHHU.

B pesynbprare marematndeckoil oOpaOOTKM ObLIM TOJTY4YEHBl aHATHTHYECKHE 3aBUCHMOCTH B PEKUME
oxnaxaenus (1) u marpesa (2) mis skceprernyeckux KIT/I:

r]:))(KC = _0;004‘6tH1 + 0,3916 (1)
Mike = —0,0193t,; + 0,5973 @)
OLIeHKa BJIUSAHUA  TEMICPATYpPbl  TCIJIOHOCUTCIIA Ha HOTpeGJ'IeHI/Ie QJICKTPO3HCPIrun  MOKasajio
YYBCTBUTCIIbHOCTDH K BEJIMYMHC U3MCHCHUS TCMIICPATYPHI.

ITpu MeHbIIeH Pa3HOCTH TEMIIEPATyp CUCTEMa MOTPEOJIIET MEHbIIE 3JCKTPOIHEPTHUH, YTO 00YCIOBICHO
CHIDKEHUEM Harpy3Kd Ha Kommpeccop (puc.3).
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Pucynox 3. 3aBucHMMOCTh MOTPEOIsIEMON MOIIHOCTH 3JEKTPONPHBOIA KOMIIPECCOPA OT TEMIIEPaTYpPhl TEIIOHOCHUTENS B
PEKHMeE OXJTXK/ICHUS U HarpeBa

HauGonpimee mnoTpeOicHUE SJCKTPOIHEPTUM HAONIONACTCS B PEXHUME OXJaxIeHHs. [IpeBbiimicHUE
coctasnsieT (15+31) % mo cpaBHEHHIO C peXXHMOM HarpeBa. B pesynprare Maremarnieckoil oOpaboTKu ObLIH
MOJTyYeHbI aHATUTHIECKUE 3aBUCHMOCTH AIIEKTPHIECKONH MOIIHOCTH (KBT) OT TemmepaTypsl TEIJIOHOCHTENS Ha
BXOJIC B TCIUIOOOMEHHHUK B pexuMe oxnaxaeHus (3) u Harpesa (4):

WX = —0,021t,, + 1,1015 3)

WwH = —0,0338¢,, + 1,045 4)

Takum 00pa3oM, B pe3ysbTaTe NPOBEACHHBIX UCCIECJOBAaHMI OBUIM MOJYYEHBI YpaBHEHHS 3aBHCUMOCTEH
skceprerudeckoro KIIJ] u ajekTprueckoil MOITHOCTH OTHOCHTENBHO TEMIIEPATYPhl TETNIOHOCUTENS Ha BXOJE B
TemI000MeHHUK. Tak e ObLIO YCTaHOBJIEHO, YTO B PEXHMME HarpeBa XOJIOJWIbHAS cHcTeMa paboTaeT Oonee
a¢dhexkTuBHO.

CIIMCOK MCITOJIb30BAHHOM JIMETEPATY PhI
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HAPPOBBIE TEXHOJIOI'MM YITPABJIEHUA CUCTEMAMMU TEIIVIOXJIANJOCHABXEHUSA HA
MNPOMBIIIVIEHHBIX OBBEKTAX: IIOBBILNEHUE D®OEKTUBHOCTHU,
9KOHOMMNYHOCTHU U HAJEKHOCTH

Mawanoea T.P. mazucmp, Hyemanosa C. A. ¢p.-m.2.x., Opmanbexosa A.A. PhD
an-@apadbu amwvinoazvl Kazax ynmmulx ynueepcumemi, Aimamol, Kazaxcman, np. Ane-@apabu, 71.
Anmamuncrkul mexunonocuveckull ynusepcumem, Kasaxcman, 050012, Anmamet, ya. Tone ou, 100
E-mail: mashanovatomiris@mail.ru, Nugmanova_S@mail.ru

B mHacrosimee BpeMsi TpPOMBILIUICHHBIE OOBEKTHl CTAJKWUBAIOTCA C pacTylUMU TpeOOBaHUSAMH K
3¢ dEeKTUBHOCTH, HAJIEKHOCTH U SKOHOMUYHOCTH CHUCTEM TEIUIOXJIafocHaOkeHus. B crarbe paccmaTtpuBaercs
WCTIONB30BaHHE COBPEMEHHBIX HHU(GPOBBIX TEXHOJOTWH Ui yMpaBlieHHs MOAOOHBIMU cucTeMaMu. CHCTEeMBI
SCADA, loT-ceHcopsl W TpEAWKTHBHAs aHAJUTUKA WIPAOT BAXKHYIO POJIb B ONTHMH3ALUH TPOLECCOB
YIpaBJICHUs TEIUIO- U XJIa0CHA0KEHNEM Ha POMBIIIICHHBIX 00BEKTaX.

Kirouesie cnosa : cucreMa SCADA, IoT-cencopsl

Beenenne. CuctemMbl TEMIOXJIa0CHAOXKEHUS SIBISIFOTCS. BAYKHBIM KOMIIOHEHTOM HAa MPOMBINUICHHBIX
00BEKTax, rae TpedyeTcs NoANEPKUBATH ONTUMAJIBHBIE TEMIIEPATypHBIE PEKUMBI I IPOLIECCOB POU3BOICTBA.
B cBs3M C MOCTOSIHHBIM POCTOM MOTPEOJICHUS SHEPIMU W W3MEHEHUSIMM B 3aKOHOJATEIbCTBE B 00JacTH
9Hepro3((HEeKTUBHOCTH, NMPOMBIIUICHHBIE MPEATPHATHS CTPEMSTCS K BHEAPCHUIO HOBBIX TEXHOJOTHH IS
ONTUMH3ALMU CUCTEM TerutoxianocHabxkenus. Lludposeie nHCTpyMeHTHI, Takue kak cucteMbl SCADA, [oT-
CEHCOphl M NPEIOUKTHBHAs AaHAJUTHKA, MPEJOCTABISIOT BO3MOXHOCTU JUIS aBTOMATH3alM{ YHPABICHUS WU
MOHUTOPHHTA CHUCTEM TEIUIOXJIaJOCHA0KEHUS, YTO TO3BOJISIET MOBBICUTH 3(PPEKTUBHOCTh, SKOHOMHUYHOCTh U
Ha/IKHOCTD JIaHHBIX CHCTEM.

Oco6eHHOoCTH UG POBBIX TEXHOJOTHH YIIPaBIeHHs cucTeMaMu TerutoxiaanocHadkenns: Cuctemer SCADA
(Supervisory Control and Data Acquisition) MO3BOJSIFOT onepaTopaM MOHHUTOPHUTH W yIPABJIATH MPOIECCAMH B
pealbHOM BpEeMEHHM, a TakKe OCYNIeCTBISITh aHaM3 JaHHBIX JUIsi ONTUMH3alud  paboThl  CHCTEM
TeroxmnagocHaokenus. HcmonszoBanne loT-ceHcOopoB mo3Boisier coOupath HHGOPMAIMIO O COCTOSHHU
000pyIOBaHUsI M YCIOBMSAX OKPY)KAIOLIEH Cpelpl, YTO MOMOTraeT MNpeJOTBpAIlaTh aBapUiHbBIE CUTyalUHd MU
ONTUMH3UPOBATh PACXOAbl Ha oOciHyxuBaHue. [IpeUKTUBHAs aHAJIWTHUKA I[IO3BOJSIET TPOTHO3UPOBATH
notpe0JieHue DJHEPruM ¥ TPUHUMAThb MeEphl JJIsl CHIDKCHUS H3JIEPKEK, YTO BelleT K COKPAlICHHUIO
SHEPTONOTPEOICHUS U YIYIIICHUIO 3PPEKTUBHOCTH CUCTEM TEIUIOXIaJOCHA0KEHHSL.

Mertoas! nccnenoBanus. s qoCcTXeHNs TOCTaBICHHON 1IeNN OBbIIIM MCIIOJIb30BaHbI CIEIYIONINE METO/IbI
UCCIIEJOBAHUS:

1.AHanu3 TMTepaTypHBIX HCTOUYHHKOB - IPOBEIEH 0030p HAYUHBIX IMyOIMKAaLUH 10 TEME UCCIICA0BAHMS IS
BBISIBJICHUS OCHOBHBIX TEHACHIMH U JOCTIKEHUH B 00J1acTH IU(POBBIX TEXHOJIOTHH B TEIUIOXJIaJOCHA0KEHUH.

2.WmkeHepHBIE pacyeTbl - MPOBEIEH pacyeT JHepronorpedyieHuss U A(PQPEKTHBHOCTH CHUCTEMBI
TEIUIOXJIaJI0CHA0KEHUSI C CIIOB30BAHUEM PA3IIUYHBIX U(PPOBBIX TEXHOIOTUH
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Pucynok 1. Ucnions3oBanue snementoB Scada u IoT-ceHCOpsI Ha IIPOU3BOJCTBE.
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[Ipumeps! ycnemHoro BHeIpeHU MA(POBBIX TEXHOJOTH: MHOTHE MPOMBIIUIEHHBIE MPEANIPHUATHS YKe
YCHEIHO BHEAPWIH IU(PPOBBIE TEXHOJIOTHH YIPABICHUS CHUCTEMaMH TEIIOXJIAAOCHAOKEHUS, YTO MPHUBEIIO K
3HAYMUTENFHBIM YITyUdlIeHUsIM B paboTe naHHbIX cucteM. Hanmpumep, ncnonb3oBanue cuctembl SCADA Ha 3aBoje
M0 MPOM3BOJACTBY MHUIIEBHIX MPOJAYKTOB IMO3BOJMIIO OMEpaTOpaM B peaJibHOM BpPEMEHHM KOHTPOJIMPOBATH U
ONITUMHU3HPOBATh TPOIECCH OoxyaxaeHuss. OTHUM W3 YCIEUIHBIX NMPUMEPOB BHEAPEHHS MHU(MPOBBIX CHCTEM
yIpaBleHUs] Ha MPOMBIIUIEHHOM O0OBeKTe siBsierca kommanus "Anbda-Tepmo", KoTopas BHeOpuia CHCTEMY
MOHUTOPHHTA U yIpaBlICHHUS TEIJIOXJIaJ0CHA0KEHNEM Ha CBOEM IMPOM3BOACTBEHHOM MpeAnpusTuu. biaarogaps
STOW CHCTEME YAAJIOCh 3HAYHUTENHHO YIYYIIUTh 3(P(EKTUBHOCTh PabOTHI CHCTEMBI, COKPAaTHUTh PACXOIbI Ha
SHEPTOHOCHUTEIHN M O0CTyXHBaHHE O0OPYIOBAHHSA, a TaK)KE TOBBICHTH YPOBEHb 0€30MacCHOCTH M HAJAEKHOCTH
pabotbl. Cucremsl SCADA TO3BOJISIOT OCYIIECTBIATH YAAaJCHHOE MOHHTOPHHI W YTMpaBlICHHE IMPOLECCaMH
TemioxnagocHatkeHus. OHM 00ecreuuBarOT ONEepPaTUBHBIN aHaIH3 TaHHBIX O TeMIepaType, 1aBICHUH, PacXoe
XJIaJlareHTa ¥ APYTUX TapaMeTpax CHCTEMBL. DTO TMO3BOJSET OlepaTopaM NMPUHUMATH OBICTPHIE PEMICHUS s
ONITUMH3ALUH PaOOTHI CUCTEMBI M MPEAOTBPAIICHHUSI BO3ZMOXXHBIX aBAPUMHBIX CUTYALHH.

I0T-ceHCcOpBI HCMONB3YIOTCS A cOOpa JAaHHBIX O TEXHHYECKOM COCTOSHHHM 00OpYJOBaHUS M yCIOBHSX
cpensl. OHU MOTYT OBITh YCTAaHOBJIEHBI HA O0OPY/IOBaHNE CUCTEM TEIUIOXJIAI0CHA0KESHHS TSI MOHUTOPHHTA €T0
paboTel B pea’dbHOM BpeMeHH. brmaromapsi 3ToOMy oOIepaTtopbl MOTYT ONEpaTHBHO pearnpoBaTh Ha IOOBIS
OTKJIOHEHHS OT HOPMBI U CBOEBPEMEHHO MIPOBOAMUTEH TEXHUUYECKOE 00CITyKUBaHHE.

[Ipumepom ycremHoOTo BHEApPEHUsT NU(POBBIX TEXHOJOTHHA TEIUIOXJIaJOCHAOKEHUS HA MPOMBIIIICHHOM
npennpustun sBisieTcss kommnanus ABC, kortopas Bueapmna cucteMy SCADA u loT-ceHcopsl Ha cBoem
MPOM3BOACTBE Ha puc.l. biaromaps 3ToMy ynajloch COKpaTuTh 3Hepromorpetienue Ha 15% 3a mepBblid T0OJ
OKCIUTyaTalluu. Taxxe YAajadoCh yJaydllUTh HAACKHOCTb CUCTEMBI U CHU3UTh PUCKHW BOSHUKHOBCHUA aBapHﬁ.

3aknaouenue. BHempeHne TakWX CHCTEM TIO3BONISIET COKPATHTh 3arpaThl Ha OOCTy)XUBaHHE U
SKCIUTyaTallMi0, IOBBICUTh O€30MacHOCTh IMPOM3BOJCTBCHHBIX IPOILECCOB W YJIYYIIMTh YCJIOBHS TpyAa
coTpyaHuKOB. IIpenmyiiecTBa UGPPOBLIX TEXHOJOIHH BKJIFOYAIOT BO3MOXHOCTh YIAJICHHOTO MOHHMTOPWHIA W
yIpaBIeHUs, aHATN3 OOJBIINX 00HEMOB JTAHHBIX, aBTOMATH3AIIHIO TIPOIIECCOB U YBEITNYCHNE HAZC)KHOCTH PabOThHI
CUCTEMBI.
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MEXAHM3ANIUA TPOU3BOJCTBEHHBIX ITPOIIECCOB
HOJYYEHUSA HAIIMOHAJIBHBIX ITPOAYKTOB
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OnHOM U3 OCHOBHBIX 33J1a4 MHUIIEBOH TPOMBIIUICHHOCTH SABJISETCS 00eCIeUeHHe MOTPEOHOCTH HACEICHHS
BBICOKOKaYECTBEHHOM MPOAYKIIKEH 3a cueT pa3pabOTKH U BHEIPEHHUS HOBBIX TeXHOIOrHid. Ha ceronHsHuii 1eHb
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B cpeniHel A3uu Bce 00JIbIle U OOIbLIIEe CTAHOBATCS NOMYJIIPHBIMU HallMOHAJIBHBIE IPOAYKTHI TIOPKCKOI'O Hapoja
— 000PCOK, MaKCBIM, Kapma, Jarar, 0030, KBIMBI3.

Hanpumep, 6oopcok — siBiseTCsl TPaAMLIMOHHBIM ONIOIOM KBIPTBI30B, Ka3axoOB, OAllKbIp Ha3BaHUE
KOTOPOTO MPOM30ILIO OT CIEAYIOMINX CIIOB: «0aypmacy, Oaypiacyra, 0ayp», 4To IEpeBOAUTCS, KaK «CTPEMIICHHE
K 00BEIMHEHUIO0, POJICTBY, OpaT.

Kucnomonounsiii Hanutok «KbIMBI3» M3roTaBIMBAaEMBbIi N3 MOJOKA KOOBUIBI, MOJIY4aeTCsl B pe3yibTaTe
MOJIOYHOKHUCIIOTO ¥ CIHPTOBOTO OpOKEHHsS TPU MOMOIIHM OOJrapcKoi U anuao(GuiIbHONM MOJOYHOKHCIBIX
MajoyeKk M JOpOXKeH, pacrnpocTpaHéH B KyxHe HaponoB Kaszaxcrana, Kelpreizcrana, MoHronuu, a Takxke
TIOPKCKUX ¥ MOHI'OJIbCKHUX HapOJIOB.

A cnaboankoronbHbIN (epMEHTUPOBAHHBINM HAMUTOK ~ «b030»,  HEKOTOPHIM  BHJ MHBa U3 3epHA
pacnpocTpaHéH y HEKOTOPBIX HapoaoB Azuu U EBpornbl.

KbimbI3 siBisieTcs j1e4e0HbIM U TUETUYECKUM HAIIUTKOM, KOTOPBIH YCIELIHO IPUMEHSETCS NIPH JICUCHUN
Oosie3HEl cepIeYHO-COCYANCTON, MOUETIONOBOH CHUCTEM, OPraHOB JbIXaHUs, MNAaTOJIOTHUYECKHX COCTOSIHUN
gyenoBeka. KpoMe 3TOro oH OkasblBaeT TOHU3UPYIOIEEe ACHCTBHE HAa HEPBHYIO CHCTEMY, MOBBIIIAET OOMEH
BEIIECTB U.T.[.

[Ipu mpon3BOACTBE MPOAYKTOB U3 CBEXKEr0 KOOBIIIHETO MOJIOKA, KaK HAIIMOHAJIBHOTO HAITUTKA KBIMBI3 JUIS
BBIMEIIMBAHUS HANINTKA B EMKOCTH, JJISl a9pUPOBaHHs (HACBIIICHUS BO3yXOM) B MHIUBHUIyaJbHBIX YCIOBHUIX Ha
KaWI00, a TaKXKe B YKPYITHEHHBIX (PEPMEPCKUX XO3SIMCTBaX, INie BIAIENbIbl COAEpKAT OONbLIOE KOJINYECTBO
KOOBUTHII, ¢ MOOWIM3alMed IOSAPOB TpeIIaracTcs COBEPIICHHO HOBOE YCTPOWCTBO. 3amadueii Cco3TaHMS
YCTpPOWCTBA SBIACTCS 00JIEryeHne TpyAa MPOU3BOAUTEINEH KBIMBI3a B YCIOBHUSIX JKAHIIO0 IMMyTeM aBTOMAaTH3aIW! 1
MOBBIIIEHHUS 3PPEKTUBHOCTH MPOIECcca adpUPOBAHUSI IPOAYKTa U3 CBEKETO KaOBUILEr0 MOJIOKA.

KoObuibe MOOKO sBHSieTCss OBICTPO MOPTALIMMCS HPOXYKTOM, MO3TOMY JUIS TOJMyYCHHS HAIWTKa B
YCIIOBHSAX «OKaHII00» HEOOXOJMMO MEXaHW3alusl mpolecca ee M3roTorieHus. OTHUM U3 OCHOBHBIX HPOIIECCOB
MIpY U3rOTOBJIEHUH HAIMTKA, SIBJIAETCS MPOIOIKUTENBbHBIN MpOoIiecC HAaChIEeHUs Bo3ayxoM. JlaHHbI npoliecc B
HacTosillee BpeMs IPOBOAUTCS B OCHOBHOM BpPYUYHYIO, COOTBETCTBEHHO MEXaHHU3alMs AaHHOTO Ipolecca
SIBIISIETCSL AKTYalbHOW MPOOJIEeMOl U1 yBeTUUEHHsI BBITyCKa HAMOHAIBHOIO HamuTKa «KbIMBI3Y», B yCIOBHSIX
nepexo/1a 5KOHOMHUKH peciTyOIMKH Ha WHHOBAIIMOHHBINA MY Th Pa3BUTHSI.

B nensix nocTrkeHus e a3pUpOBaHUs CO3AAETCS BCTPEYHBIN TOTOK JIBHKEHHS KUCIIOMOJIOYHBIX CMeceH.
Bcerpeunslii NOTOK ABMKEHUS TPOIYKTa 00eCIIeYnBaeTCsl MapaMy KPUBOIIUITHO-IIIATYHHOTO MEXaHU3MA.

OnekTpoMexaHHudeckoe 00OpYJOBaHMs CHaOXKaeTcsi SHEpruedl COMHEYHOU Oarapew, pacloIOKEHHOH B
HapyHOM 4aCTH OMEICHUSI.

Cotpynuaukamu u acniupantamu Kadeapst MAIIIL KI'TY um.M. PazzakoBa nonyueH nareHT Keipreizckoit
PecrryOnvkm Ha yCTaHOBKY Ui NIPOM3BOACTBA KbIMbI3a [2]. Ha pucyHke 1 mpepcraBieH ONBITHBIA 0Opaser
YCTaHOBKH JI TPOM3BOCTBA HAIIMOHAIBHOTO HaNMUTKa «KBIMBI3.

JUi1st oBbIIIEHHE KOHKYPEHTOCIIOCOOHOCTH MOJIOYHOM MPOAYKLMHU B YACTHOCTH HALIMOHAIBHOT'O HAIIUTKA
KBIMBI3, HEO0XOIMMO CO3/1aHUsI COBPEMEHHOI'0, BEICOKOTEXHOJIOTMYHOT0 000pYJ0BAaHUSI AJ1s1 B30MBaHMS KbIMBI3a,
KOTOPBIH SIBIISIETCS KITIOYEBBIM 000PYJI0BAaHHEM B TEXHOJIOTHH MTPOU3BOICTBA.

Pucynok 1. DkcnepruMeHTaIbHBIA CTEH]T YCTAHOBKHU IS TPOU3BOJICTBA « KBIMBI3Y

80


https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D0%BC%D0%BE%D0%BB%D0%BE%D1%87%D0%BD%D1%8B%D0%B9_%D0%BD%D0%B0%D0%BF%D0%B8%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B1%D1%8B%D0%BB%D1%8C%D0%B5_%D0%BC%D0%BE%D0%BB%D0%BE%D0%BA%D0%BE
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%BE%D1%87%D0%BD%D0%BE%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D0%B5_%D0%B1%D1%80%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D1%80%D1%82%D0%BE%D0%B2%D0%BE%D0%B5_%D0%B1%D1%80%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%BB%D0%B3%D0%B0%D1%80%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D0%B0%D0%BB%D0%BE%D1%87%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D1%86%D0%B8%D0%B4%D0%BE%D1%84%D0%B8%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BF%D0%B0%D0%BB%D0%BE%D1%87%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%BE%D1%87%D0%BD%D0%BE%D0%BA%D0%B8%D1%81%D0%BB%D1%8B%D0%B5_%D0%B1%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%BE%D1%87%D0%BD%D0%BE%D0%BA%D0%B8%D1%81%D0%BB%D1%8B%D0%B5_%D0%B1%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%BE%D0%B6%D0%B6%D0%B8
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%B7%D0%B0%D1%85%D1%81%D1%82%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%9A%D1%8B%D1%80%D0%B3%D1%8B%D0%B7%D1%81%D1%82%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D0%B3%D0%BE%D0%BB%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A2%D1%8E%D1%80%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D0%B3%D0%BE%D0%BB%D1%8C%D1%81%D0%BA%D0%B8%D0%B5_%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%BA%D0%BE%D0%B3%D0%BE%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%BD%D0%B0%D0%BF%D0%B8%D1%82%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D0%BC%D0%B5%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BF%D0%B8%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D1%80%D0%BD%D0%BE
https://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%95%D0%B2%D1%80%D0%BE%D0%BF%D0%B0

Pucynoxk 2. BeicTaBka noctiskeHni HaydHbIx uccienosanuit KI'TY um.M.Pa3zakoBa

B 3akiroueHHH MOXKHO CKa3aTb, YTO JUIS AajbHEHIIEro MoIbEMa MaTepUaIbHOTO U KYJIbTYPHOTO YPOBHS
KHU3HH JIIoield Heo0X0IuMo o0ecriednBaTh NOTPEOHOCTH HACENICHHsT BRICOKOKaueCTBEHHON MPOIYKIMEH 3a cUeT
Pa3pabOTKH U BHEIPEHUS HOBBIX TEXHOJIOTHUEH U TEXHUKH.

CIIMCOK MCITOJIb30BAHHO JINTEPATYPhI
1. https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%BC%D1%8B%D1%81
2. https://concept.kg/guests/post/3/

3. Matent Ne 2320. VcraHoBka i mpou3BonacTBa Keimbiza. ABTopsl pa3pabotku: XXymaes T.)K., CagneBa A.D.,AcueBa
A K., Kokonoesa ¥.¥. -31.01.2023 r. Bros. Ne 1.
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The use of zeolites enables long-term heat storage in minimal volumes without losses. The most practical
applications for thermochemical heat storage have been achieved with zeolites of types A and X. Thermochemical
heat storage with zeolites is based on the adsorption and desorption of water. When water is adsorbed, the zeolite
releases the heat of adsorption. To accumulate heat in the layer of dry zeolite, moist air is passed through the
container. This allows the zeolites to adsorb water from the air and dehumidify it. Since the adsorption process is
exothermic, the air is heated. After exiting the container, the hot air can be used for heating [1]. Thermochemical
heat storage is characterized by long storage durations and quite high energy densities, highlighting the prospects
of using zeolites as thermal energy storage systems [2]. At the same time, the zeolites must be pre-dried. In
convective drying of zeolites, the heating of the equipment occurs, leading to additional energy costs and a
decrease in energy efficiency. Heating methods based on microwave field energy allow for the conversion of
energy into heat directly within the volume of the layer, thereby bypassing the limitations associated with heat
transfer through conduction or convection. The conversion of microwave field energy into heat within the material
can lead to unique effects that do not manifest when using traditional thermal treatment methods, such as changes
in the internal structure of the material, allowing for the production of a final product with qualitatively new
properties, as observed during the regeneration of zeolites or during the sintering of powders for technical
ceramics. Processes based on microwave heating of materials characterized by sufficiently high dielectric
constants, or containing substances with the properties of polar molecules, have great potential for energy
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efficiency. Microwave heating is an alternative to traditional methods; however, it is not utilized for many
technologies on an industrial scale. One of the reasons for this is that microwave (MW) heating, given the
insufficiently studied characteristics of MW energy absorption by a specific material, can lead to negative
phenomena such as large temperature inhomogeneities, local overheating, and low efficiency of converting
microwave field energy into the internal energy of the material.

This work presents the results of studies on the drying of dense layers of zeolites 13X and 4A in a microwave
field and an assessment of the impact of dielectric characteristics on the energy efficiency of microwave energy
conversion into heat. The methodology for conducting experiments, the experimental setup, and the data
processing algorithm are presented in [3]. Figure 1 presents the graph of the change in moisture content of zeolites
during microwave drying.
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Figure 1. Change in moisture content of zeolites during drying in a microwave field. The output power of the magnetron P=1
kW, mass of the material m=300 g

The curves of moisture content changes (Fig. 1) show that for zeolites 4A and 13X, the heating period is
relatively short, lasting 25 seconds, while the remainder of the drying process occurs during a constant drying rate
period, in which the moisture content changes linearly. The drying of zeolite 13X occurred slightly more
intensively compared to zeolite 4A, because zeolite 13X was heated more intensely. However, the differences are
minor. The increase in temperature during the desorption process leads to an increase in the water adsorption
capacity of the adsorbent in subsequent adsorption [4]. When regeneration is performed at temperatures below
80°C, the performance of humidification/dehumidification is significantly reduced due to insufficient desorption
of water.

The analysis of the heat flows involved in heating the material and evaporating moisture showed that at t>80
°C, a redistribution of flows occurs: the heat of evaporation begins to exceed the heat of heating. It is assumed that
the effect of barodiffusion begins to take effect, which intensifies the moisture transfer process inside the zeolite
grains, directed towards the surface. The decrease in efficiency at the end of the drying process is associated with
a reduction in heating heat, which may be related to the deterioration of dielectric characteristics. The heating
efficiency for masses of 200 and 300 g in the time interval of 60 ... 200 s practically coincide.

The main reason for the uneven heating of the samples is the sharp increase in the value of the dielectric
loss factor with rising temperature. The non-uniformity of heating causes negative consequences for the
technological process and is associated with the poor controllability of conventional microwave power sources,
namely magnetrons. In the conditions of conducting experiments with zeolites 13X and 4A, the thickness of the
samples was significantly less than the penetration depth of microwave energy into the material layer, meaning
that the conditions for uniform heating were met.
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[IbIHBI TaMIIBIFBIH, SCipece IUIACTHUKAIBIK MaccaMeH Oipre TipkecTe, KeH KOJJIaHy a3aMaTThIK JKOHE
OHEPKICINTIK KYPBUIBICTA iCKE aChIPBUIBINT KeJiedi. TalIbIKTHI IIBIHBI )KOHE MIBIHBI KaOBIPIIAKTaphl JBIOBIC — ,
TEPMO — JKOHE DIECKTPOOKIIAyay YIIiH KOJIAaHbLIa bl

[IbiHBI MaccachIHBIH KAaCHUETTEepl OJaH TaIBIKTBI OYHbIMIap anyra MyMKiHairia Oepemi. LIbrabI
TaJIIBIKTBl MaTepUaap MbIHAJal Oaranbl KaCHETTEpPre We: JKAHFBIII eMeC, KOPPO3HsFa TYPAKThI, OEpIiKTiri
KOFapbl, CAJIBICTBIPMAIIbI a3 THIFBI3ABIKKA, )KAKChI ONTHKAJIBIK, 3IEKTP — , )KBUTY — , XKOHE JBIOBIC OKILIAYJIaFbILI,
OMOJIOTHSITBIK 9CEPiHE TYPaAKThI 00s1a bl Oiap TEXHUKAIA )KOHE OHEPKACINTE KSH KOJIIaHbLIa b,

LIprHBI MaccacChIHBIH JKIHIIIKE Y3bIH TAJIIBIKTAPFa CO3BLTY KAOUIETTLUIIr agaMIapra eTe epTeieH Oenrii.
LbHB TAMMIBIKTAPIBIH OlIeKeinepi (0i3miH Aoyipre HeHiHTi) KeHe JKepIieyIiH apXeoJOTHSIIBIK Ka30amapsl
KE31HJIe JKeP IIAPBIHBIH 9P TYPJIl OeiKTepiHe, OHBIH imiHAe Oi3/iH eIiMI3IiH ayMarbiHIa 1a TaOburaH. biznig
spambI3fa Aeiinri [X racelpia Typii — TYCTI HIBIHBI XINTEPAi CYPBINTHIK IIBIHBI BIABICTAPABI Oe3eHIIpyre
koimanynsl yipenai (Mramus). XIX raceipabiH opTackiHaa Poccusina MIbIHBI TamImbIKTapaH TPl SmieKeinep
JMaiBIHAANAB, OipaK Y3UITITITiHEe OaiIaHBICTHI COH Y3aKKa OapMaJIbl.

IbIHBI TANMIBIFBIHBIH Y3/IIKCi3 TEXHOJIOTHSICHIHBIH HeT131 XX FachIP/IbIH OTHI3BIHIIBI XKbUIIAPABIH COHBIH/IA
«MeMJIeKeTTiK HIBIHBl HHCTUTYTHIHBIHY MIBIHBI TAJIIIBIK 3epTXaHa KYMbICEIHA KypbU1abl. Keitinaen (1946 x) Oy
3epTXaHa IUBIHBl TANIIBIFBIH «BYKiIpeceinik FHUIBIMH — 3€pTT€y WHCTUTYTBD» OOJBIN KaiiTa KYpbUIIbI
(ILITBPEF3U). 1963 >kbLIbl O MIBIHBI TUIACTHK >KOHE IIBIHBI TANIIBIFBIH «ByKinpeceilik FBUIBIMH — 3epTTey
uHCTUTYTHDy Jien atanateiH Oonnael (IUTITBPEF3U). Ocbl MHCTHTYTTBIH ToXipuOeni eHHipicTepiHae KoHE
3epTXaHajJapblH/A IIBIHBI TAJIIBIKTAP/IBI XKETUIAIPY TEXHOJIOTHSCH XKaJIFacya.

Y31iKCi3 IIbIHBI TANIIBIK OHAIPICHIH eHepkaciOi amramr per 1942 xbuabl ['yCEeBTIK IIBIHBI TaIIIBIK
3aybIThIH/IA YHBIMAACTHIPBULABL. By 3aybIT KaHa MaMaHIap/blH YCTaXaHAChl )KOHE OHEPKACINTIH Te3 JaMyIIbl
cananapbl 0onasl. LIbIHEL TaMIIBIKTap HETi3iHAE jKacanFaH OyWeIMIap Oi3IiH eNiMi3[iH TeXHUKAJBIK MPOTrpeciH
KaMTaMachI3 eTyJle MaHbI3/1bl OPbIH anassl. [1-3]

[IbIHBI TANIIBIFBIHBIH MBIHAJIAM CHPEK YiIIeciMIl KacheTTepi 0ap — Uilryre )KOFapbl OepIiKTUTIK, CO3BUTY MEH
CBIFBUTY, >KaHOaybl, TeMIIepaTypara TYPaKTBUIBIK, Cy CIiHIPTiIUTIri TOMEH, XUMHSUIBIK >KOHE OHOJIOTHSUIBIK
acepiiepre Te31MIi, CATBICTHIPMANbI TOMEH THIFBI3ABIK. OfaH Y3/iK 3JIEKTP — , KbUTY — KOHE ABIOBIC OKIIAYJIaFbIII
KacuerTepi Oap Marepuangap gadbiHgaiabl. LIIBIHBI TaNIIBIK JKAPBIKTHI OTKI3yre KaOUIeTTi, »apThLiai
OTKI3TIMITIK KACUETKE W€, PAJIMOTOIKBIHIAAPFA MOJJIIP XOHE KbICKA TOJKBIHIBI )KOHE PEHTICH COyJIeNep/ii Y ThII
Kosi1b1. LLIBIHBI TAIMIBIKTAP HETi3iHae MBIH TYPII ASCTYPIIi MaTepuanapAbl 5KOFapbl THIMAUTIKIIEH aTMacThIPAThIH
TAOWFH KOHE JKaCaH bl TANIIBIKTAD, Y3/iK MapKajbl 00JaT oHE TYCTI METaIap, KYPhUIBIC MaTepHaIaphl XKoHe
T.0. OyiibIMIap Il JaiibIHIANIbI, Oipak KOJIIaHy ayMarbl )KOHE JKeKe MarbiHachl 0ap. [4-5]
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LIpIHBI TAMIIBIKTAP OHIPICIHE MTBIHBIHEI KAWHATY YIIIH Y3IIiKCi3 )KYMBIC iICTEHTIH BaHHA TIEIITEPi, TIKEeIeH
KBI3JBIPbIIATEIH JKAIBIHIBI TEIITEPl, JJICKTP JKOHE Ta3dJIeKTp IIbIHBI KAWHATKBINI TEmTepi KOJAaHbLIAIbL.
Kaitnary temneparypacsl 1600°C soHe 01aH K0Fapbl 00J1aIbL.

IIpIHBI TaNIIBIFBIHBIH KACHETTEP1 KoHE amy oficTepi OObIHIIA epekuieneHe . TalbIKTapAbIH Heri3ri 2
TYpi 6ap: y3miKci3 )KOHE IITaIeIb/Ii.

LIerHBI GanKpIMaaH CO3y apKbUTBI ANBIHATHIH Y3/IKCi3 TANMIBIKTaphIHA MIEKCi3 Y3BHABIFH (20 KM meiin),
TiK CBI3BIKTHIFBI JKOHE XKIiIl 1IIIHJIE OJIAP/IbIH MMAPaJUICIIbIl OPHAJIACY CHUIIATHI; ajl OAKBITHUIFAH IIBIHBI aFbICBIHAH
ayaMmeH, OyMeH HeMece ra3/pl YpJIeTilneH 0eiHy apKbUIbl allbIHATHIH IITANEbl TAIIBIK YIIH — Y3bIHABIFBI
yikeH emec (50 cM — Te AeiiH), TIK CBI3BIKTHI €MeC, TAJIIBIKTap KEHICTIKTe PEeTCi3 OpHAIACyMEH CHITATTaIabl.
Y31iKCi3 MIBIHBI TAIIBIKTAPBIHBIH quaMeTpi 3 — TeH 100 MKM — Te JIeliiH meKapalbFbIHa, Tanesba — 0,2 — nex
20 MKM — e AeHiH. Y3/IIKCI3 TaIIBIKThI CHIPTKBI TYpi OOMBIHIIIA TAOUFU KOHE JKACaH/IbI )KiOEKKe, aj IITanebIi
— MaKTara YKCaupl.

Y3IiKCi3 MIBIHBI KINTEPACH TOKBIMA MaKCaTTaFbl OYMBIMIAPbI ally MbIHAIal ONepanusaapabl KaMTHIbL:
KaJbnTay, 1 — 1i allHanAbIpy, eKiHII JKOHE YIIiHII alHanAbIpy,. JKin eHAipiciHiH MakcaTbiHa OaillaHBICTHI 9p
TYPJII XUMISUTBIK KYpaMIarsl IMIBIHBLIAPAB! KojiaaHaabl. IIIBIHBEIHBIH MBIHAMAH €Ki TOOBI KOMIAHBUTIAIbI — CLITLT
xoHe cinTiciz. CinTici3 mBIHBDIAP CIATUTIK MeTaul oKcuATepiHiH 1 — 2% - maH apThIK eMec KypaMbl Ooajbl.
CinTici3 MIBIHBLIAP KOFAPBI AJICKTPIIIK KEJeprire ue >kKoHe OKIIAYJIarbIlll MaTepHaaap PETiHAC KOJIaHbLUIaIbl.
CinTini WHHBUIAP Kemeprici CiNTicizmep KeAepriciHe KaparaHAa jKy3 ece a3 JKoHE TeMIlepaTypaHBIH TOMEH
ypIiciHe ve. OUTKeHI MBIHBI XKINTepaiH 0aChIM KOIILITI NEeKTP OKIMIAYJIaFbIIl MaTepHaIapasl OHIIpY YIIiH
nadaanaHpUIaabl, OJapAblH OHAIPICIHIH HEri3ri IIMKi3aT Ke3i CUITICI3 alroMOOOPOCHIIMKATTHI IIBIHBI OOJIBIIM
TaObLIA B

By IIBTHBIHBIH ©31HE TOH epeKIIeNiri Ke3 — KETeH MIBIHBI MacCachl 0aIKbIMAChl CHUSIKTHI, Oenriii 6ip 6anKy
TEeMIIepaTypachiHblH O0Maybl, CYHBIK KYHAEH KaTThl KYHWIe >KOHE KepiCiHIIe Kelly HYKTECiHiH OOIMAaykl.
Temmnepartypa TemMeHaereHe OalKbIMaHbIH TYTKBIPIIBIFB OIPTIHIACT YWIFasabl, OJ ©3iHe OepiireH MilliHAl caKkTay
KaOlJeTiH WeleHe i )kKoHe KalTalaH KaTThl JeHere aitHanmaapl. [1IsIHBI Maccachl OaKBIMACHIHBIH KATTHI JICHETe
alfHayIarbl TemIepatypa oONBICHI (KaTy TeMIlepaTypachl) OHJaFaH KOHE XKY3JEereH TpaaycKa CO3bUIAIbI,
KaJIBINITAy MpOLeCiH keHuneTemi. [IIBIHBIHBI KaNbINTay €Ki TOCIIMEH JKyprisijeni: y3mikci3 (0ip Ke3eH i) xoHe
Mep3iMIiK (eKi Ke3eH1).

Exi ke3eHiKk Toci Ke31H e TANIBIKTap 16l MIBIHBI TY3YIIIi arperarra anajbl, oJ1 OipHeIIe dKYMbIC OPHBIHAH
Typajbpl. OpOIp *KYMBIC OPHBI 3JICKTP MEIIMEH, KAJIBINTAy KYPBUIFBICHI, MalIaHIbIPYy KYPBUIFbUIAPHI JKOHE
KaObUIIay — Opay MEeXaHu3MepiMeH KamTamachi3 eTireH. LIbHbIHBIH OacTanKkel OanKybl 9pOip KYMBIC OpPHBIHAA
JKY3ere achIpbUIaJIbl, MBICANIbI, IIBIHBI OAJKBITY BUIBICTAPBIHIA, HIBIHBI TYHIpIIIK TypiHme Tycemi (miapiap,
mTabuKTep i *xKoHe T.0.).

XUMUSIIBIK IIBIHBI TAIIBIKTAPAbl OHIIPY, HEFYPJbIM IEPCICKTUBAIBI KOHE Te3 JaMbIll KeJie KaTKaH
XUMHSUTBIK KOHE TOKbIMAa ©OHEPKOCiOiHIH canackiHa jxkarafpl. LIIBIHBI TammbIK ©HIIPiCiHIH KapKBIHABI ©cyi
onapiblH Oaranbl Oipereil KacHETTEpiHIH apKachlHIA, OJIap KONTEreH XallblK MIApYallbUIBIFbIHIA KEHIHEH
KOJIIaHbIC Taly1a, OJIap il Hak1aiany xkoHe O1p Me3TrijiIe )KaHa TEXHOJIOTUSIIBIK TIPOIIECTEP Il KYPY JKOHE Oap bl
OH/JIIPYre apHaJIFaH KypaJl )KaOIbIKTap bl d31pJiey e MiHIETTEp KO OJIapAblH KOJIAHbIC asChIH KCHEHTTI.

CoHFBl MIHICTTEPIH IIEIIiMi Koiga Oap ammaparrapMeH MallldHaIapibl KAHFBIPTY JKOJBI, OJIAP/IBIH
OHIMJIUTITIH apTTBIPY YIIiH pe3epBTEpIi i3MeCTipy, ’KaHa OHIMJIIT JKOFaphbl >KaOIBIKTAp/bl d3ipiiey OOJbII
TaOBLIAIEI.

MaHbIB3/1bI IPAKTUKAIBIK MiHAET OOJBIN — KaObUIAay — Opay KYPBUIFBUIAPBIHBIH YKOFAPBI KbIIIaMIIBIKTHI
CUHTE3 93ipJiey TEOPHSCHI, TAJIIBIKTAPbl OHMIPYJi XYy3€ere achlpaThlH KaOULIETTI KOFaphl JKbUIJAMJIBIKICH
KO3FaJlaThlH, YJKEH Maccalarbl Tele — TEHJIKTI XOHE TYPaKTBUIBIKTBI KaJbIITACTHIPY, *KOFapbl TEXHHKA —
SKOHOMUKAJIBIK KOHE IKCIUTYaTaIHSUTBIK KOPCETKIIITEPre XKETKITIKTI CeHIMIUTIKKE e 0OITyBI KEpekK.

Kazipri 3amaHfpl JKOFapbl  KBUIJAMJBIKTBI XUMUSIIBIK JKOHE MHHEPAIIBIK OIKINTEpIi OHAIPETiH
MaITuHAIap Il KapaKTaHIBIPY KOHE CEHIMIII, COHBIMEH KaTap YHEM/II KaObUIIay — opay MEXaHu3MICPiH OacKapy
OCBIHIall MIHAETTEP/II KOO KaKETTUIIMHEH TYbIHIaM/IbI.

Byt sxyMBICTa )KOFaphI KBUIIAMABIKTHI TIBIHBI TAJIIBIKTAP/IBI ATy YIIH TETIKTI MeHOepITi KO3FaIbICThI Kill
KYprizy MexaHu3Mi a3ipier1i. MyHaai MeXxaHu3MIi KOJIIaHy opay >KbIIIaMJIbIFbIH YIIFalTyFa MyMKIHIIK Oepei,
JeMeK arperaTThIH OHIMILIITIH, COHIal — aK KaJIbINTacaThIH OYHbIMIAPIBIH CAllaChlH apTTHIPAIEL. [6-7]
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E-mail: gulshara_pirova@mail.ru

Kasipri ke3zme e3ekTi Macenenepaid 0ipi — 3JIEKTp MEH JKbUTY SHEPTUsCH MIBIFBIHBIHBIH KONTiri. Kypbuisic
CaJachblHbIH HBICAHJAPBIHAA 3JIEKTP SHEPIUSCHIHBIH IIBIFBIHBEL 13,5, ai >KbUTy IIBIFBIHGL 24 mallbl3abl Kypauabl.
ConsiMeH kartap, 2012 xbUTFEI 3epTTeyniep OoifbrHma, Kazakcranma FuMapaTTapJarbl JKbUTy HIBIFBIHBL 9pOip
mapisl metpre 270 kBT 6oinca, an bateic Eypona enaepinne MyHAald KOpCETKIIITEp opTalla ecemreH opoip
mapisl Metpre 100 — 120 kBt — b1 Kypaiiipl eKeH. DHeprusi KYHBIHBIH KYH caHal KbIMOaTTayblHa OaiTaHbICTHI
FUMapaTTapAarbl )KHHAKTAIFaH KbUTYIbl CAKTAIl, KbITY MIBIFBIHIAPBIH TOMEHIETY KaXKeT. AJ BICTHIK KIIMMATTHI
aliMaKTap/a KOHIUIIMOHEPJIEp MEH KEJIJIETYI'e KeTETIH MIbIFhIHIAP/IbI a3aHTy KEPEK.

JKYMBICTBIH MaKcaThl — SKOHOMHUKAJIBIK, JHEPIUSJIBIK KOHE SKOJOTHSUIBIK THIMII JKaHOAWTBIH, Y3aK
Mep3iMre KbI3MET JKACAWTHIH TEXHOJOTHSCHl BIHFAWIBI MaTepuan — KeOIKTI  IIBIHBI JKacayllblH JKaHa
TEXHOJIOTHSCHIH JKy3ere achlpy. KeOikTi mbeIHBI — OipHeIe 0arbITTa KOJNJIAaHBIIATHIH JKBUTY CAKTAFBII MaTEpHaI.
By maTepuaisl TYpFhIH — YH, OHEPKICINTIK, a3aMaTThIK, aybll [IapyallblUIbIK FUMapaTTapbl MEH KOWMasapabl
caJly Ke3iHJIe, COHBIMEH KaTap JKbUIy ©TKI3TIIITEePl TOHA3BITKBIIITAP/AA, Cy KOJIKTEpiH/e naiijanaHaasl. AliTa
KeTy Kepek, Kazakcranya Kasipri ke3/ie ®orapbl THIM/Ii )KbLUTY OKIIAYyJIaFbIIl MaTepral OH i PiCiHIH TEXHOIOTHICHI
*OK. KeOiKkTi IIbIHBI MaTepHaIbiHBIH 0acka aHAJIOTTaAPMEH CANBICTBIPFaH/a 0achIMIBLIBIFGL, )KbUTY (DU3UKAIIBIK
YKOHE KOJITAaHBICTHIK KACUETTEPIHIH HETI3T1 )KOHE €H KaXKETTi apTHIKIIBLIBIFBI — OHBIH JKbLTY CAKTAFbIII KOHE )KbLTY
OKIIAyJIaFBITI KYPBUIBIMIBIK MaTepHall PeTiHe KOJIIaHbLTYHI.

ConbIMeH 0acKa JKbUTy OKIIAYJIaFbII MaTepruaiiap KypbUIBIMIBIK MaTepHUajiap PeTiHAe KOJIIaHbLTMAN Ib.
[MonmmMep >xoHE TaNIIBIK HETi31HJETI KbUTy OKIIAYJaFbIIl MaTepraiiap OTKa Te31MCi3, y3aK Mep3iMre KbI3MeT
eTreii. OpTKe KayilnTi koHE XKOHIIKTEpP KeMipedi. A TaJIIbIKTHI )KBUTY CaKTay MaTepUalapbIHBIH HEeTi3ri
KEMIIJIri, OJ1 yakbIT ©Te Kejie aTrMoc(epaHbIH 9CEpiHEH OThIpajbl, COHBIMEH KaTap OJapAbIH CYAbI CiHipyi
KaOijgeTi »Koraphl OOJFaHIBIKTAH, XBUIYIbl OKIIAyjJay KacheTiH oranTaabl. KeOiKTI MIbIHBI MaTepUalbIH
KOJIIaHFaH Ke31€ OJ1 ©31HiH KbLTYy OKIayjay Kei3MeTiH 40 — 50 KbUT TYPaKThI aTKapasl. At 0acka MaTepuasiap/a
Oy1 kepcetkim 10 — 15 >xbut FaHa.

Bapnbik ¢u3nka, MeXaHUKAIBIK KAaCHETTEpl 3epTTENil, ajjblH aja SKCIECPUMEHTAIbIbI JKYMBICTAp
JKYPTi3iim, Oy TEXHOIOTHS OOHBIHIIIA KOIITEreH KYMBICTap sKacaabsiaraH. [ 1-3]

Ke0ikTi IIBIHBIHBIH MEHIIIKTI CalMaFbl MEH JKbUTY OTKI3TIIITIK KACHETI TOMEH, bUIFal ©TKi30ei i, 0TKa
TO3IM/Ii )KoHE Kecy, OypFbIIay apKbUIbI )KaKChl oHaeeai. KoOikTi MbIHBI OJIOK HEMece TUTUTa TYPIiH/Ia XKaCaJIbIIL,
yiuiepaiH KaObIprachIHBIH apachbiHa caliblHaIbl. My3maTkelil, pedprokepaTopiapaa BICTBIK Cy, Oy KYpeTiH
KYOBIpIIap/ibl Opay YIIiH KOJJJaHAIbI.
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Yanvl wivinvl — Oipmexmi Keyekmepoen KYpanean KeyeKk apacvl HCYKd WblHbl mapi30i nepe2opooKkameH
OoniHeeH YAbl KYPbLILIMObL, HCOAPLL KEeYeKmi HCbliyoKuiayiazeiut mamepuai. bemmix mypi kamxan xobOixkke
YKCAAHOBIKMAH, OVl MAMepUuaiobly eKiHui amayvl — KOOIKmMi WbIHbL.

Kaszipei kesoe ysinvl wbinbiibl anyobiy OipHeute 20ici 6ap: OIpIHII 9MICTE IMUXTAa KYpPaMbIHA OaJIKBITY
MPOIIECCIH/IE KO MOJIIIep e Ta3MaHbIPFIIITAp KOCAbl; eKIHIII 9[iCTE IIBIHBI OANKBIMACKIH aya HeMece Ta30eH
YpJIETI KOTICHITY; YIIIHIII 9JTiCTE ITBIHBI OaTKEIMACHIHIAFHI ayaHbl BAKYYMHBIH KOMETIMEH KEHEHTIII, KOTICHITHIIFaH
Macca ajy; TOPTIHILI SicTe )KOFaphl YHTaKTAIFaH IIBIHBIHBI TEXHUKAJIBIK KOOIKIIEH apanacThIPBII, MiCipil KeyeKTi
KYPBUTBIM/IBI Macca ary. OHAipicTe OChl 9MiCTEPIIH ITIiH/E KOFaphl YHTAKTAJIFaH IIBIHBIHBI TEXHUKAIBIK KOOIKIIEH
apaJIacTHIPBIN, IICIpilT KEYEKTI KYPBUIBIMABI Macca aiay ofici kKeH Tapanrad. OCBl oIiCTi maiimamaHa OTHIPHII,
KEPEKTi YsUTbl IIBIHBIHBIH KACHETIH ay >KeHiJT OOJIBII Keei.

[piHbl  GanKpIMAchlH KOOIKTEHIIPY JKOJBIMEH JKbUTY KOPIIAFBIII KOHE [BIOBIC CIHIpriml THIMII
Marepuanmapapl (keOik mibIHBI) anbiHanpl. CoHmalh — akK, CHIMKATTHIK OaJIKbIMa MAacCaHBIH XKYMCAK KYHiHIE
¢unpTpIey, ypiey, mTabukTay, Kypamanay tacingepidig Oipimen auametpi 0,1-100 MKM LIBIHBI TAIIBIKTApBIH
TapTHII, COHBIH HeTi3iHAe OipHelle TaMala MaTepraiaap MeH OyibpiMaap (LIBIHBI MaTaaapsl, [IOHAAP, MIBIHBI
IJIACTUKTEP1 JKOHE T.0. ) MIBIFAPBIIAIIBI.

Ke0ik msIHBI — MUXTaHBI OAKBITKAH/IA Ta3 OeJIeTiH apHaibl 3aTTap KOCY apKbUTBI JalbIHAaNaasl. JKeHit
KYpBUTBIC MaTepuaisl. JKbUTy b1, TBIOBICTHI a3 OTKi3e .

Ke0ik mbIHBL — XKEHINT KeyeKTi KanplTanrad Marepuai, auamerpi 0,1 — 0,5 MM KeyekTe, IIBIHBIHBIH KYKa
KaOBIKIIaapbIMeH OOTiHTeH, MaTepral KeJeMiHe OipKenKi Tapaiabl.

OHBl YHTaKTay TOCUTIMEH, SFHM WIBIHBI YHTaFbl KOCHAChIH, KbI3JbIpFaHga ra3 Qasackl Ty3ulyiHe
KOMEKTECETIH Tra3 TY3rill KOCBIHIbUIApMEH KyWmipinm anbiHaael. llukizar peTiHIe IIbIHBI OHAIPICIHIH
KaJIJBIKTaphl: CHIHFAH IIBIHBUIAP, OATKBITBUIFAH IIBIHBUIAD (DPKIIE3), TYHIPIIIKTENITeH TOMEH COPTTHI IIBIHBLIAP
XoHe T.0. Koimanbuiaabl. JXKui Tepese )KoHe bIIBIC IIBIHBUIAP CHIHBIFBI Nakganansuiaasl. Keyekrep Ty3iny mpoueci
Oasty yoHe OIpKeIKi )KYpyl Kepek.

I"a3Ty3rim periHge KOMipTEeKTi KOCBUIBICTAp (@HTPAIUT, KOKC, KYH), Keiine keitbip kapOoHaTTap (MpaMop
YHTAFBbI, 9K) KOJITaHa bl

Ke0ik MIbIHBI MUXTaHBI AJIJBIH — ajla ©JIIIICHTeH IIBIHBI MEH Ta3Ty3riiTi (Macca OolibiHIa KaThiHackl 100:
1) 6ipre yHTaKTam, apanacThIpbIIN Kacaiibl. ¥HTakTay MeHIIiKTi 6eti 500-600 M/Kr AeiiH mapiisl JuipMeHIepae
xyprizineni. KeOik MIBIHBI MIMXTACKIH JIETIPreHTeH OOJIATTAH KacallFaH KAJBIITAPFa CAIIbIN, TyHHEIb/II ITEIIKe
xibepesi, kei3appy 700-800°C neitin xypeni. INemTen MBbIKKAH KOOIK MIBIHBIHBI KECII, KAXKETTI MEXaHUKaJIbIK
OHJICYJICH OTKI3eI.

Ke0ik mIBIHBI HETi3IHEH a3aMaTTHIK XOHE OHIIPICTIK KYPBUIBICTA €leH, TeOe, KabaT apaiblK OeTOH
KaJIKQJIapblH JKbUTyJIaH OKIIAYJIaWTBhIH MaTepHal peTiHae KoyjaHbuiaabl. KeOik HIBIHBIHBI SIIEKeiney KoHe
ApXHUTEKTYPAJIbIK KYPBUIBIC MaTepuall peTiHje KOJIJAaHy MYMKIHAIr, YIKEH KbI3BIFYIIBUIBIK TyAbIpaabl. KeOik
IIBIHBI TYCCI3 e, 00yl 1a 60ysl MyYMKiH. Typiti — TycTi Ke0ik IIBIHBIAA TYCTI TAHHO, MO3alKallbl CypeTTep
’KoHe MyciHzaep kacaiinpl. KeOik mbIHBI KoliManap jkoHe TaMaK CaKTaWThIH OPBIHIAP KYPBUIBICBIHAA ©T€ THIMI
KOJIJJAaHBLIA/IbI.

Minzerrepine OaisaHBICThI KOOIK IIBIHBIHBI OHIIPYTe 00JIa Ib;

* TYHBIK KEYEKTEPMEH — JKbUTY OKIIaYJIaFbIIIT;

* Oipi — Oip KaThIHACTHI KEYEKTEPMEH — JILIOBIC OKIIIAYJIAFbIIII;

* JKapThUIAH KaTHIHACTHI KEYEKTEPMEH — KYPBUIBICTHIK — OKIIAYJIAFbIII;

* TYCTi — IEKOPaTHUBTIK;

* MUKPOKEYEKTI — XUMUSIIBIK;

* MEXaHUKAIIBIK OepiK — TEXHUKAIIBIK.

Ke0ik mbiHbl Herizinae kaHa OeHopraHuKajIbIK KeOiK MaTepraaap: ca3ibl KoOiK MIBIHBI (IEHOKEPAIUT),
KOFapbl KpeMHe3eMIi Ke0ik MaTepual (IIEHOCHIT), IEHOKBapII KoHE T.0.

Kputy etkisrimriri OOHbIHIIA KOOIK IIBIHBI INBFAPBUIATHIH JKBUTY OKIIAYJIAFBIIl MaTepuajapMeH
caJIbICTBIpyFa 00Jajbl, an Oip Karap KehOip KepceTKimTepi OOMbIHIIA ojapaaH ackin Tyceai. XKoLy eTkiz0ek i,
MeXaHUKAIIBIK OCPIKTIri >KOFaphl, )kaHOAMIbI ’KOHE JKOFaphbl CAHUTAPIIBI — THTHEHANIBIK TAJIAlITapFa calikec, ce0eli
0J1 OHOJIOTHSUIBIK Oepik (IIipiMel i KoHe KorepMen/Ii).

OKOHOMUKAIIBIK, THIMJIUTIK KaFbIHAH AJICAK, YCHIHBUIBII OTHIPFAH KOOIKTI HIBIHBI OHJIIPICTIK TEXHOJIOTHUSICHI
KOJIJaHBUIFaH Ke3/le FUMapaTTap MeH KoHMasap/blH JKbITy CaKTaybl KeIl >Korapbliaiisl. JKoHe sHeprus cakray
MeH KOM(OPTTHIK >Karjmaiapabl KamraMachkl3 eremi. KeOiKTi IIBIHBI ©3iHIH KaKChl JKbUIY CaKTaFbIIl
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KaCHETTepIMECH FUMapaTThl KBUIBITYFa KOHIUITHOHEPTe KOHE KEIJIETYyTre KETETIH MBIFBIHILI 2 — 2,5 ecere meiin
azaitrajgpl. KopbiTa keje aiitapbiMbI3, FUMapaTTap MeH KolMalap Oip yakbITTa )bUTY CAKTATy )KOHE KYPBUTBIMJIBIK
KBI3METTEp KaTap aTKapaThiH KOOIKTI IIBIHBI TEXHOJIOTUSCHI yKacaabl. [4-6]
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COBPEMEHHBIE ITPOBJIEMBI XOJIOAWJIBHOM
TEXHUKHU U TEXHOJIOTHHA U ITYTHU UX PEHIEHUSA

Acuesa A.K. Cmapwuii npenodasamens kagh. MAIIII, achupanm.
Pyxosooumensv 0.m.H., npogheccop Caduesa A.D.
Kuipevizckuii T'ocyoapemeennwviil Texnuueckuil Yuusepcumem um. M. Pazzaxosa.
npocnexm Yvinewviz Avimmamosa 66.
E-mail: Toktogulova_2013@mail.ru

XonmoauabHAasl TEXHUKA W TEXHOJIOTUU WUTPAIOT BXKHYIO POJIb B COBPEMEHHOM OOIIIECTBE, 0OecrieunBas He
TOJIBKO COXPAaHHOCTh HPOAYKTOB MUTAHUs, HO U 3((eKTHBHOE (PyHKIMOHUPOBAHUE MEANIIMHCKON, XUMHYECKOM,
MPOMBIIUIEHHONW W Apyrux orpacied. HecMoTpss Ha 3HauMTeNbHBIE NOCTIKEHMS B 3TOW 0ONacTH, pa3BUTHE
XOJIOMMJIbHBIX TEXHOJOTHH CTAJIKHUBAETCS C PSAAOM MPOOSeM, KOTOphIe TPEOYIOT KOMIIJIEKCHOTO MOIX0a JUIS UX
pemenus. B crarbe paccMarprBaloTCs KIIIOUEBbIE COBPEMEHHBIE TPOOIEMBbI XOJIOANIBHON TEXHUKU U TEXHOJIOTUH,
a TaKkKe MyTH UX PEeILCHHUS.

B mocnennue tompl B Kbipreiscrane HaOnmomaeTcs pocT NOTPEOHOCTH B XOJNIOAMIBHBIX CHCTEMax M
00OpYIOBaHMH, YTO CBS3aHO C HECKOJBKMMH (hakTopamMu. Bo-TiepBBIX, 3TO CBS3aHO ¢ pacuipeHueM cdepbl
TOPTOBIM W IEPepadOTKH MPOAYKTOB HHUTAHUs, YTO TpeOyeT yBEIMUYCHMS XOJOAWJIBHBIX MOLIHOCTEH IS
COXpaHEHHsI CBEXECTH TOBAPOB M NPOUICHUs MX CpPOKa XpaHEHHus. Bo-BTOphIX, pa3sBUTHE PECTOPaHHOH M
TOCTUHUYHOM OTpaciiei, a Tak’Ke pOCT CIpoca Ha OBITOBYIO TEXHUKY CTUMYIHPYIOT HEOOXOMMOCTh B YCTAaHOBKE
3¢ PEKTUBHBIX XOJOAUIBHBIX CUCTEM.

Kpome Toro, ¢ yueTom n3MeHEeHuUs KIIMMaTHYeCKUX ycnoBuid B Kelpreiscrane, 0cOOCHHO B JIETHHE MECSILIBL,
HaOIIOaeTCsl IOBBIIICHHBIA CIIPOC HA CUCTEMBI KOHJUIIMOHHPOBAHHS M OXJIKACHUS, KaK B KWIBIX, TaK H B
KOMMEpPUYECKHX W MPOMBIIUICHHBIX 3AaHUAX. B Takux yclnoBHSX, CTpemiieHHE K MOJEPHU3ALNHU XOJOIWIBHON
UHPPACTPYKTYPBI, BHEAPEHNE COBPEMEHHBIX SHEPTro3((EKTUBHBIX TEXHOJIOTHI U MCIIOIb30BAHUE HKOJIIOTHUECKU
0€301acHBIX XJIQJIaTeHTOB CTAHOBUTCSI OCOOCHHO aKTYyallbHBIM.

HeoOxoauMocTs B XOJOAMIFHOM OOOPYIOBaHWM TakKXKe CBS3aHA C Pa3BUTHEM CEIBCKOTO XO3SHCTBA M
pacTymMM HHTEpecoM K mepepaboTKe CenbXO03NPOAYKLUMH, 4To TpeOyeT 3()(EeKTHBHBIX CHUCTEM XpaHEHHS U
TPaHCIOPTUPOBKHU TOBApOB. B 3THX ycnoBusix TpedyeTcs BHEAPEHNE COBPEMEHHBIX TEXHOIOTUH U 000pY10BaHHS,
CHOCOOHBIX 00€CTIEYNTh CTAOMIIBHYIO pabOTy MPH IKCTPEMATBHBIX KIIMMAaTHYECKUX YCIIOBHAX, @ TAK)KE CHIDKEHUE
3aTpar Ha SHEPronoTpedieHre U cOOMOAEHUE SKOJIOTHUECKUX CTAaHAAPTOB.

OnHoM W3 caMBIX aKTyaJIbHBIX MPOOJIEM XOJOAMIBHOM TEXHUKH SIBISETCS] BO3JACHCTBUE XJIaJareHTOB Ha
OKpYXaloIylo cpeay. XJaJareHThl, HCIONb3yeMble B XOJIOJWIBHBIX cUCTeMax (Hanmpumep, (peoHsl,
THIIPOPTOPYIIIEPOIbI), 00IaJAF0T BBICOKMMH TTOKA3aTeNIsSIMU IMI00abHOTO MOTETNICHHUST ¥ Pa3pyIIal0T 030HOBBIH
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cioit. B wactroctH, xmopdropyriepoast (CFC) u ruapoxnopdropyrieponst (HCFC) 6p11u mpu3HaHBI OITAaCHBIMEU
JUTS 030HA, YTO MIPHUBEJIO K MX IMOCTETICHHOMY HMCKITFOYEHHIO M3 MPOU3BOICTBA 110 WHUIIMATUBE MEXTYHAPOTHBIX
COIalleHUM, TaKuX Kak MOHpeanbCKUi MPOTOKOI.

Cerognst akTUBHO OOCYKIOaeTcs MEpexoA Ha JKOJOTMYECKH YWCThIE XJajareHThl, Takue kak HFO
(runpodToponedunsn), yrnekucisiii a3 (CO2) n amMuak. DTH BelIeCTBA OKA3hIBAIOT MUHUMAIIEHOE BO3/ICHCTBUE
Ha 030HOBBIN CIIOH M 00Ma/1at0T 60JIee HU3KUM IMOTEHIINAIOM Tiio6anbHOoro norereHus. OHako 3aMeHa CTaphIx
CUCTEM Ha HOBBIC TpeOyeT 3HAYMTEIbHBIX 3aTPaT M MOACPHU3AIUHN WH(OPACTPYKTYPHI, YTO SBISCTCS BaXKHBIM
0apbepoM TSl ITUPOKOTO BHEAPEHMUS IKOJIOTUIECKH YUCTHIX XJIaJareHTOB.

XONMonWIbHBIE CHUCTEMBI TOTPEONSIOT 3HAYUTENbHBIE OOBEMBI JHEPTrHH, YTO TPUBOTUT K BBICOKHM
AKCIUTyaTaIMOHHBIM PAacXo/laM M YBEIWYHMBACT YIICPOAHbIN cien. OMHON U3 KITFOYCBBIX MPOOJIEM XOIOAUIBHON
TEXHHUKH OCTaeTCs 3HEProdOHEeKTUBHOCTh — CHIDKEHHME NOTPEONICHUS SHEPTUU MIPU COXPaHEeHUU 3P PEKTUBHON
paboTel cucteM. OCOOEHHO 3TO aKTYaTbHO TSI KPYITHBIX TPOMBIIUIEHHBIX XOJIOAMIBHBIX YCTAaHOBOK, a TAKXKE IS
KIIMMATHYECKUX CUCTEM B 3JIaHUSIX.

CoBpemeHHBIE pa3pabOTKM TpemIaraloT pelieHHe MNpoOneMbl 4Yepe3 BHEAPEHHE HHBEPTOPHBIX
KOMITPECCOPOB, KOTOPbIE AalTUPYIOT MOITHOCTD Pa0OTHI B 3aBUCHMOCTH OT TEKYIIHX IMOTPEOHOCTEH CHCTEMEI.
Taxxe pa3pabaTIBAIOTCSI CHCTEMBI PEKYyTIepaIiX TEIlIa, KOTOPhIe TTO3BOJISIFOT MCIIONb30BaTh N30BITOYHOE TEILIO
ol Apyrux HYX], HalpuMep, AJid OTOILJICHUA. OILHaKO AJid TMOJIHOLICHHOI'O0 BHCAPCHUA I3TUX TEXHOJOT UM
TpeOyeTrcss 3HAaYUTENbHAsI MOJCPHU3AIUS 000PYIOBaHUs, a TaKKe IMOBBIIICHHE OCBEJOMJICHHOCTH W TIPUHATHE
SHEpProcOEeperamIux CTaHaapTOB.

Bo mHOrHX cTpanax, BkIro4dass KbIpreI3cTaH, MpomoKalOT HCIONB30BaThCSl YCTApPEBIINE XOJOAWIBHBIC
YCTaHOBKH, KOTOpPBIE HMEIOT HH3KYI0 5HEprod@(ekTHBHOCTP W HCHONB3YIOT BpEAHBIC XJIaJarcHTHI.
MogaepHu3anuss TaKMX CHUCTEM — 3TO JOPOrOCTOSIIIMA W TPYIOEMKHH MPOLECC, BKIIOYAIOLIUNA 3aMEHY
YCTapCBIINX KOMIIOHCHTOB, TAKHNX KaK KOMIIPECCOPHKI, TCHHOO6MCHHI/IKI/I, pr6OHp0BOIH)I " XJIadarc¢HThbI.

B ctpanax ¢ pa3BuBaromieicsi 3JKOHOMHUKON MPOOIEMbI MOIIEPHU3AIMH CTOST OCOOEHHO OCTPO, MOCKOIBKY
MHOTHE TIPEIIPHUATHS HE MOTYT ITO3BOJIUTH C€0€ 3HAYNTEIHHBIE MHBECTUIIMH B OOHOBJICHHE YCTaPEBIIEH TEXHUKH.
B Takmx ycmoBusx HEOOXOAMMEI TOTIONHHUTENBHBIE YCHINS CO CTOPOHBI TOCYIapCTBa, BKIIOYAs CyOCHANH Ha
3aMeHY CTapbhIX XOJOAWIBHBIX YCTAHOBOK M BHeNpeHue Oomee 0e30macHbIX U S(GEKTUBHBIX TEXHOJIOTHH.

HecMmoTpss Ha 3HauMTeNbHBIE MOCTHMIKEHHs B OOJNAcTH pPa3pabOTKM M IMPOU3BOACTBA XOJOAWUIBHOTO
o0opynoBaHUs, 0€30MACHOCTh IKCILTYaTaIlMX XOJIOAUIBHBIX YCTAHOBOK OCTAETCs BAXKHOHU mpooieMoit. OmmOKu B
06CHy>KI/IBaHI/II/I, HCIMPaBUIIbHOC HCIIOJIB30BAHUC XJIAJAIr€HTOB M HEHUCIIPABHOCTU B CUCTEMAX MOTYT IIPUBECTU K
ABapUITHBIM CUTYAIIMsIM, YTSUKE XJIaJareHTa I 1axe nokapaM. OcoOeHHO ITO KacaeTcsi CHCTEM, UCTIONB3YIOIIHX
aMMHaK WM YTIEKHUCIBIA Ta3, KOTOpPhIe TPEOYIOT CTPOTOTO KOHTPONS M CHeNH(PHUSCKUX HABBIKOB IS
00CITy)KHBaHUS.

Hnst moBblmieHUs O€30MacHOCTH HEOOXOmIMMO OO0y4YeHHE CIEeHHAINCTOB, YIyYllleHHE CTaHIapTOB
AKCIUTyaTalluil ¥ Pa3BUTHE TEXHOJOTHH, KOTOPBIC IMO3BOJISTIOT MOHUTOPUTH PabOTy XOJOAHMIBHBIX YCTAaHOBOK B
peaTbHOM BpEeMEHH, MPEIYIIPEXIasi HEUCITPABHOCTH JI0 UX BOSHUKHOBEHUS.

CoBpeMeHHbIC TPOOJEMbl XOJIOAMIBHON TEXHUKH M TEXHOJIOTHH TPEOYIOT KOMILICKCHOT'O TOJX0Aa K
pemieHro. BakHO He TOJILKO pa3pabaThiBaTh MHHOBALMOHHBIE pEIICHUs Ui YiaydieHus 3QQeKTHBHOCTH U
0e30MmacHOCTH, HO W OOECHeYnTh WX MAaCCOBOE BHEJAPEHHE, YTO CBSA3aHO C BBICOKUMH 3aTpaTaMd Ha
MOJICPHU3AIHIO CYIIECTBYIONIET0 000pY/IOBaHUS U MEPEX0/ Ha HOBBIE TEXHOJOTHH. B perreHun 3Tux npodiiem
HEO0XOIMMO COTPYAHUYECTBO IPOU3BOAMUTENECH, HCCIIEI0BATEILCKUX OPTaHU3aIMi U TOCY1apCTBEHHBIX OPTaHOB,
KOTOPBIE JTOJKHBI CO3aBaTh CTUMYIIBI JIJIsl BHEJJPEHUS HOBBIX DKOJIIOTUYECKH 0€30MaCHBIX ¥ HEProdPHEKTUBHBIX
TexHoJoruid. TONBKO TakuM 0Opa3oM MOXHO JOOWUTHCS YCTOWYHMBOTO Pa3BUTHUS XOJOIWIBHOH OTpacid B
YCIOBUAX pPACTYHIUX OKOJIOTMYCCKUX M OKOHOMHYCCKHX BBI3OBOB, B TOM 4YHCIIC U B KBIpFBI3CTaHe, rac
MOTPEOHOCTH B XOJIOJUIEHOM 000PYI0BaHUH MPOJIOIHKAET PACTH.

CITMCOK MUCITOJIb30BAHHOM JINTEPATYPhI
1. I'moGanbHBIE TPOOIEMBI XOJOMMIBHON TEXHHMKMTEKCT HayyHOIl cTaTrhbd MO crenualbHOCTH «CTPOUTENBCTBO U
apxutektypa» LiBetkos Oner bopucosuu, Jlantes FOpuit Anexcanaposuu.
2. HayuHo-mpaktuueckass xoH(pepeHuust «I[IpoOneMbl pa3BUTHS XOJOOMIBHOW NMPOMBINUICHHOCTH Poccun - myT
pemenus» TekeT HayqIHOH CTaThU MO CHEIMAILHOCTH « DKOHOMUKA U OusHec» barupsa D.A., Kynpusn E.b.
3. I'moGanbHBIE TTPOOIEMBI XONOMMIBHOW TEXHUKH [EKCT HAy9HOH CTaThM IO CIEHaTbHOCTH «CTPOUTEIBCTBO U
apxurektypanllperkoB Oner bopucosud, Jlantes FOpuit AnexcanapoBud
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YHUDOUKADMSA TPOTI'PAMM TEXHUYECKOI'O OBCJIIYKUBAHUS BO3AYIIHBIX CYJOB JJIA
IKCIIVIYATAHTOB KA3AXCTAHA HA OCHOBE MEXJIYHAPOJIHBIX CTAHIAPTOB

bepzenocanosa I'.P. k.m.n., accoyuuposarnnulii npogheccop
Camuwibexos P.b asuayuonnviii uncnexmop, Oncabaesa K.C., PhD, ooyenm
AO «Axademus epasxcoarncrou asuayuuy, Kazaxcman, 050039, Anmamet, yn. 3axapnamckas, 44
E-mail: G.bergenzhanova@aues.kz, ramazansatybekov@mail.ru, k.olzhabayeva@aues.kz,

B cratbe paccmarpuBaeTcsi HEOOXOOUMOCTb YHU(HUKAIMK pa3padOTKH MNPOrpaMM TEXHHUUYECKOTO
o0CITy>)KMBaHHS BO3AYIIHBIX CYIOB JUISI AKCIUTyaTaHTOB KaszaxcTama ¢ ydeToM MeXIYHApOIHBIX CTaHAapTOB.
AHanu3upyroTCs CYUIECTBYIOIIME METOJUKU W IpeJlaratoTcsl PeKOMEHIAlMK [0 UX aJanTallMd B YCJIOBUAX
Kazaxcrana.

Kurwouegvle cnosa: yHugukayus, npozpamma mexHUHecko2o OOCAYHCUBAHUA, BO30VUIHble —CYOd,
MeNHCOYHAPOOHble CMAHOAPMbL, TeMHAs 200HOCHb, ABUAUUOHHASL OE30NACHOCHTb.

Bgenenue

B cootrserctBum ¢ [Iporpammoii [pesunenrta Permyommkn Kazaxcran ot 20 mast 2015 roma «Ilnan marpm — 100
KOHKPETHBIX IIIaroB» ObUT TpeneneH 68 mar — yaydiieHue 3()GeKTHBHOCTH TOCYIapCTBEHHOTO PETYIHPOBAHUS
aBMarepeBO30K JUIS TMOBBIIIEHUS NPUBIEKATENbHOCTH aBuarpaH3uTa uepe3 Kazaxcran. [lestensHocth Komutera
TpaXkIAHCKOW aBHaly OyleT OPUEHTHPOBaHA HA MoOfENU BpHUTaHCKOro rocyaapCTBEHHOTO areHTCTBA IPayKIAHCKOU
aBrari 1 EASA. C 1 aBrycra 2019 roma AO «ABuanmonnas AnMuancTpanys Kazaxcranay ocymecTBiseT GyHKINH
YIIOTHOMOYEHHOW OpraHu3alii B cdepe TpakJaHCKON aBuanud. B mpesenax cBOel KOMIIETEHIMH OCYIIECCTBISIET
KOHTpOJIb M HaJ30p 32 COOTBETCTBUEM COCTOSHHS BO3IYLIHOTO Cy/IHA, €T0 KOMIIOHEHTOB, 3allaCHbIX yacTed
BCIIOMOTaTeNTbHBIX PHOOPOB TPeOOBaHMSIM BHIJAHHOTO SKCILTYaTaHTy cepTH(UKATa JISTHONU TOIHOCTH U TPEOOBaHISM
AKCILTYaTalHOHHO-TEXHUIECKOH JOKYMEHTAIINH, OTIPE/IEIISIOIIEH JISTHYIO TOMHOCTh. JTO UCCIIEIOBAHUE HAITPABICHO
Ha pelleHue MpoOJieMbl HEAOCTATOYHOW YHH(UKAIMU Tpouenyp IO pa3pabOTKe MPOrpaMM TEXHUYECKOTO
obcimyxuBaHust Bo3nymiHbIX cynoB B PK. [lomoOHble pekomMeHIamuu IMO3BOJSIT ONTHMH3UPOBATh MPOILIECC
cormacoBanust rporpamm TO, CHU3MB OrOpOKparuuecKre Oapbepbl M MOBBICUB 3(P(EKTHBHOCTh B3aMMOICHCTBUS
9KCILTyaTaHTOB U PETYIHPYIOIINX OPTaHOB.

Marepuaiibl 1 METOJIbI

ABnarmoHHass AIMUHUCTpAITUS Ha TIOCTOSTHHOW OCHOBE BeJIET pabOoTy 10 COBEPIIIEHCTBOBAHUIO ITPOIIECCOB
1 pa3paboTKy MHCTPYKTUBHBIX MaTepuasioB (TPOLEAyp), YHHU(PHUKAIMIO aBHAIIMOHHOTO 3akoHonareiascTea PK c
EBPOTEHCKON MOJIENBI0 PEryIHPOBaHHs O€30MAaCHOCTH IMOJIETOB. 3aKIIOYEHBI JIOTOBOPA O COTPYAHUYECTBE U
oOMeHy onbIToM ¢ EBponeiickuMm areHTCTBOM 110 Oe3onacHocTy nosietoB EASA.

TexHnueckoe oOcCTy)KuBaHHWE BO3MyMIHBIX CynoB (BC) sBisieTcs KIIOYEBBIM acIeKTOM OOeCTeUeHWsI
0e30IacHOCTH W HAJeKHOCTH BO3JAYIIHOTO TpaHCIopTa. B ycioBusx mnoGanu3alil ¥ HMHTETPAllUN B
MEXTyHapOJHOE COOOIECTBO BOSHUKAET HEOOXOMUMOCTh aJanTalud U YHU(PHKAMH MPOTpaMM TEXHHYECKOTO
obocinyxuBannss BC B KazaxcraHe, 4TO IO3BOJUT IMOBBICUTH YPOBEHb 0€30mMacHOCTH W 3(deKkTuBHOCTH
JKCIUTyaTaluu.

st HoBOTO CcepTH(UIIMPOBAHHOTO THIA BO3AYIIHOTO CYIHA, KOTIA OTCYTCTBYET paHee YTBEpKICHHas
nporpamma TO BC, B nemsx MOATOTOBKM W MPEACTABICHUS Ha YTBEP)KIACHHE PEAJMCTUYHOM NpPOrpaMMbl
9KCIUIyaTaHT JOJKEH BCECTOPOHHEE OLCHUTh PEKOMEHJAIMM OpraHu3allid, OTBETCTBEHHYIO 32 THUIIOBYIO
koHCTpyKImio. [{mst cymectByromux TimoB BC normyckaercst mpoBe/leHHe IKCIUTyaTaHTOM CpPaBHEHHH C paHee
yTBepkAeHHbIMU ITporpammamu TO BC.

MeskayHapoaHbIe CTaHIAPThl UTPAIOT BAKHEHITYIO POJIb B PETYIMPOBAHUN TEXHUYECKOTO 0OCITYKUBaHUS
Bo3ayHIHbIX cya0B (BC) u obecneuenun 6e3omacHoCTH 1moJieToB. Hanbonee 3HaYMMbIMKH OpPraHU3aIUsIMHU B 3TOM
oOmactu sBIsitOTC MexayHapoaHas opranu3anus rpaxaanckoi apuanuu (ICAQO), EBporielickoe areHTCTBO 1Mo
6e3onacHoctu noieroB (EASA) n ®@enepanbHoe ynpasnenue rpaxaanckoit apuamuu CHIA (FAA). Kaxaprii u3
9THX OpraHoB pa3palarTblBaeT W BHEAPAET CTAHAAPTHI, KOTOpPbIE BIHSIIOT HAa MPAKTHKH TEXHUYECKOTO
00CITy)KUBaHUS 110 BCEMY MHUDY.

ICAO, netictBytomias nof srugor Opranmzanuu OObequHEHHBIX Harmmii, oTBeyaeT 3a KOOPAWHAIUIO H
Pa3BUTHE MEXAYHApOIHOIO TPakKJAaHCKOTO aBHUAIMOHHOIO TpaHcmopTa. OCHOBHBIM JOKyMEHTOM, KOTOPBIN
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perynmupyetr TexHmueckoe oOcmyxuBanue BC, sBmusercs Ilpmiokenne k KoHBeHIMU 0 MeXmayHApOTHOU
rpaxmanckor aBmanmu (Annex 6 to the Convention on International Civil Aviation). DkcruryaraHT AOJDKEH
o0ecreurBaTh HATMUME YTBEPKICHHON TOCYAapCTBOM PETHCTPALIUK TPOTPAMMBI TEXHHYECKOTO O0CITYKHBAaHUSL.

EASA pa3zpabareiBaeT 1 BBOAUT B ACHCTBHE MPAaBWIA M CTAHAAPTHI AJIST 00ECIICUCHHsT BHICOKOTO YPOBHS
0e30MacHOCTH B TpaJTaHCKOW aBWanuu B cTpaHax EBpomeiickoro Coroza u 3a ero mpeaenamu. OCHOBHBIE
perTaMeHThl, Kacarommecs TexHmdeckoro ooOcmyxuBanusi BC, Bxmowaror: pernmameHT (EU) No 1321/2014,
cucTeMa ynpasieHus 6e30macHocTsIo (SMS), ayanuThl 1 MHCTICKLIUH.

FAA sBnsercs aBuarmmoHHbIM perynsitopoM B CIIIA u pa3zpabarpiBaeT MHOXKECTBO CTaHIAPTOB U MPAKTHK,
Kacaroruxcsi Texanaeckoro oocyxuanus BC. OcHoBHble fokyMeHThI BKIrodaroT: FAR Part 43, FAR Part 145,
MPOTPaMMBbI OLIEHKH B KOHTPOJISL.

Apnantanus MmexayHaponusix cranaaptoB ICAO, EASA u FAA kx ycnoBusim Kazaxcrana Moxer
3HAYUTENHHO TMOBBICUTH KAaUYECTBO TEXHHYECKOTO OOCTYXMBAHHA. DTO BKIIOUAET: YIIydIllleHHe Oe30MacHOCTH,
CHIDKCHUE 3aTpaT U YBEIHMYCHHUE KOHKYPEHTOCTIOCOOHOCTH.

Ob6cyxneHne u pe3ylbraTsl

Texnamueckoe oOcmyxkuBanne Bo3mymHbBIX cymoB (BC) B Kaszaxcrame wrpaer KITlO4eBYHO pOIlb B
obecrnieueHNN 0€30MACHOCTH TTOJIETOB M HAZEKHOCTH SKCILTyaTaI[ii aBUAIIMOHHOTO TTapKa CTpaHbl. B mocnenane
rolbl B 3TOW 00JacTH HAOJIOMAIOTCS IOJIOKUTEIIbHBIC TCHICHIIMM M TIOBBIIICHUE YPOBHIO KOMITAHUH U
ABUAIIMOHHOTO TIEPCOHANA.

Kazaxcranckoe 3akOHONATENHCTBO B OOJACTH aBHAIMK OCHOBBIBAETCS HA TMPHUHINIAX, M3IOKEHHBIX B
MEXKIYHAPOIHBIX KOHBEHIIUSX M PEKOMCHIAIMAX. ABHAIlMOHHAas AnMuuuctpaius KazaxcTtan oTeuyaeT 3a
KOHTPOJIb HAA30p B OONAacTH TPaKAAHCKOH aBHAMKM W TEXHWUYecKoe oOciyxuBanue BC sBisieTcs ero
HEOTHEMIIEMOU YacThI0. OJJTHAKO HEAOCTATOYHAS aanTalus MeXIyHAPOIHBIX CTAHAAPTOB U OTCYTCTBUE METOIUK
W peKOMEeHJalMi 1o pa3paboTke MpOorpaMM TEXHUYECKOro obciyxuBaHus BC yBenmuuMBaeT CpPOKH 1O HX
pa3palboTKe U YTBEPKICHHIO.

B mocnexane roxer B Kazaxcrane HaOMIOMAIOTCS MOJOXKHUTEIHHBIE U3MEHEHHUS B OOJIACTH TEXHHUYECKOTO
oOcimyxuBaHus. BHeapeHuWe HOBBIX TpOTpaMM OOYYEeHHS H CEepTUPHUKAINK, a TaKXKe COTPYIHHYECTBO C
MEXTyHapOJHBIMH OPTaHU3AIHUIMH CIIOCOOCTBYIOT MOBBIIICHUIO YPOBHsI 00CITy>KUBaHUs. BaskHBIM 111aroM crasno
yuactue KazaxcraHa B MEXIyHapOAHBIX (opyMax U pabo4Mx TPyIINax, 4YTo MO3BOJISIET OOMEHUBATHCS ONBITOM U
BHEJIPATH JIYYIITUE ITPAKTHKH.

YHu}UKaus mporpaMM TEXHIIECKOTO 00CTYKUBAaHHSI TO3BOJIUT:

— [ToBbICHTE 0€30MMaCHOCTH IOJIETOB;

— CokparuTh CPOKH Ha Pa3paboOTKy M YTBEPKICHHE MTPOrpamMMm;

— YIpOCTHTB MPOIECCH CEPTUHUKAITIHN U KOHTPOJIS;

— YIIy4IIuTh B3aUMOJEHCTBHE MEXAY Pa3IM4YHBIMU YYACTHUKAMU aBHALIMOHHOM OTPACIIH.

Ha ocHoBe mpoBeZieHHOTO aHallM3a MpeiaraloTcs KOHKPETHBIE IIard Ui BHEAPEHHS MEXITyHapOIHBIX
CTaH/IapTOB B MPOTPAMMEbI TeXHHYecKoro oocmyxuBanus BC B Kazaxcrane:

— Pa3paboTka METOaMUECKUX PEKOMEH AN 110 pa3paboTKe MPOorpaMM M0 TEXHUUECKOMY 0OCITYKHBaHHIO;

— OO0y4eHue mepcoHana ¢ akIeHTOM Ha MEX/TyHapOIHbIE TPAKTHKH;

— BHenpenue cucteMbl MOHUTOPHHTA.

3akmoueHre. MeToquueckue peKOMEHIAIMH 10 pa3paboTKH MPOrpaMM TEXHHYECKOTO OOCITy:KWBaHHS
BO3AYHIHBIX Cyd0B B Kazaxcrane Ha ocHOBe MCKAYHAPOAHBIX CTAaHAAPTOB ABJIACTCA HeO6XOI[I/IMBIM oraroM Ha
nyTd pa3BuTHA aBuaumu Kaszaxcrtana M moBblLeHHIO Oe30macHOCTH M 3(P(PEKTUBHOCTH aBHANEPEBO3OK.
Peanuzanus npeanokeHHBIX PEKOMEHAALMi crocoOCTBOBasia Obl Pa3BUTHIO aBHALMOHHON OTpacid CTPaHbl U
MOBBIIIIEHHIO YpoBHS cooTrBeTcTBUS MKAO.

CIIMCOK MCITOJIb30BAHHOM JIUTEPATYPhI

1. Oxcrmyatanus Bo3aymHsIx cynoB. MKAO IIpunoxenue 6 k KoHBeHIIMM 0 MeXAyHApOAHOH I'paskJAHCKON aBUALMH.
JIBeHanmaroe u3ganue, uioiab 2022 roma

2. JIétHas ropHocTh Bo3aywmHbIX cynoB. UKAO. Ilpunoxenue 8 k KoHBeHIIMM 0 MEXIyHapOIHOW Tpa’kAaHCKOU
apuanuu. TpuHaguaroe uznanue, utonb 2022 roaa.

3. PykoBoactso no nérnoit rognoctu. UKAO. Doc 9760. M3nanue yerseproe, 2020 roga.

4. Iporpamma Ipesunenta Pecrryonuku Kazaxcran or 20 mas 2015 roga «ITnan Hanmu - 100 KOHKpPETHBIX IIArOBY.

5. 3axon Pecrry6nukn Kazaxcran ot 15 wmromst 2010 roga Ne 339-1V «O06 ncnonb30BaHAN BO3AYITHOTO MPOCTPAHCTBA
Pecny6nmxm Kazaxcran u AesITeTbHOCTH aBHAIIMNY, BKIFouatomuii m3MeHeHwst Ne 60 ot 01.01.2024 .
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AMOS: THHOBAIIMOHHAS CUCTEMA YIIPABJIEHUSI ABUALTMOHHBIM
TEXHUYECKUM OBCIYXKXUBAHUEM

Bepeenocanosa I'.P. k.m.n., accoyuupogarniulii npogheccop
Omcabaesa K.C., PhD, ooyenm, [lvinzapo 3.B
AO «Axademus epadxcoanckou asuayuuy, Kazaxcman, 050039, Aimamol, yn. 3axapnamckas, 44
E-mail: G.bergenzhanova@aues.kz, k.olzhabayeva@aues.kz, pynzarz@list.ru

B crartbe paccmatpuBaeTcs BHeapeHue U ucnonb3oBanue cucteMbl AMOS (Asset Management Operating
System) B aBuarmonHo# otpaciu Kazaxcrana. Mcenenytores e€ pyHKIMOHAIBHBIE BO3MOXKHOCTH, TPEUMYIIIECTBA
IUIs1 yIpaBJICHHUS TEXHUYECKUM 00CITy>KUBAaHHEM BO3IYIIHBIX CYIOB U alalTalisl 0 HAlMOHAILHBIE TPeOOBaHNUs
U MEXIyHapoaHble craHmapThl. [IpoBenmen ananu3 BiausHus AMOS Ha 3ddexTHBHOCTH 00CTYKUBAHUS
BO3AYIIHBIX CyJIOB U IIEPCIICKTUBBI €€ IPUMEHEHUS.

Kurwouesvie cnosa: AMOS, mexunuueckoe obcuyscueanue, 6030yWiHble CYOd, YApasieHue, asuUayus
Kaszaxcmana.

Beenenue. [[ns ymoBieTBopeHHs pacTymux TpeOoBaHW K Oe3omacHOCTH M A(()EKTHBHOCTH aBHAIUH,
uugpoBble perieHus, Takue kak AMOS, NpemocTaBisSIOT WHCTPYMEHTHI JUISI ONTHMH3AINH TIPOIECCOB
TEXHUYECKOTO OOCITy:KMBaHHS BO3AYIIHBIX cymoB. COBpeMEHHas aBUAIIMOHHAS MHIYCTPHUSl CTaJIKHBAeTCS C
pacTymuMu TpeOoBaHMSIMUA K A(H(HEKTHBHOCTH, 0S30MACHOCTH U MUHHMMHU3AIUU MPOCTOEB BO3AYIIHBIX CYI0B
(BC). Texuuueckoe oOCTyXKMBaHHE CTAHOBUTCS HEOTHEMIIEMOW YaCThIO ATHX IMPOIECCOB, I/Ie aBTOMATH3AIH
UTpacT KIIOYeBYH poib. OAHOM M3 MEpeJoBBIX CHCTEM, OOECIEeUMBAIOIIMX YIPABICHUE TEXHHYECKUM
obcnyxuBanueM, sBisiercst AMOS (Asset Management Operating System) [1]. Dta cTaThs MOCBSICHA aHAIU3Y
cucrembl AMOS, e€ (pyHKINOHATHPHBIX BO3MOXXHOCTEH W MPEUMYIINECTB, & TAKKE MPAKTHUYECKOMY OIBITY €€
BHEPEHHUSI, KPOME 3TOr0, IPOBOAUTCS CPABHUTEIIBHBIN aHAU3 C APYTUMH CUCTEMaMHU.

Marepuaiibl 1 METOBI

AMOS — 310 Benyimas MoayJIbHas CUCTEMA YIPABICHHUS TEXHUISCKUM OOCTYKMBAaHHEM U 3KCILTyaTalluu
aBHanMoHHOro mnapka. OHa oOecrieuynMBaeT NOJHBIM KOHTPOJb HAaJ J>KU3HEHHBIM LHKJIOM TEXHHYECKOI'O
0OCITy>)KUBaHUs, JIOTHCTUKH W YIPaBJICHUS 3alacami, a TaKKe MOAJEePKUBACT COOIIIOJICHUE MEXKITyHAPOIHBIX
HOPMaTHBHBIX CTaHIAPTOB, Takux kKak EASA Part-M u Part-145 [2].

AMOS Production B aBuanuu 0THOCUTCS K (DYHKITMOHATBHOCTH CUCTEMBI, CBSI3aHHOH C:

— VmpaiieHHEM MTPOU3BOJICTBEHHBIMHE IPOILIECCAMH B TEXHUUECKOM 00CITY)KUBaHHH CaAMOJICTOB, BKITIOYAS
IUTaHUPOBAHUE U UCTIOJIHEHUE PadoT.

— Konrponem pecypcoB: 3amacHbIX 4acTeld, HHCTPYMEHTOB, PACXOJHbBIX MaTE€PUAIIOB.

— Tlopnepxkoil cOOTBETCTBHS HOPMATHUBHBIM TPEOOBAHUSIM B aBHAIMH, BKJIIOYAs CTPOTUE CTAHIAPTHI
0€e30MacHOCTH.

— BsaumoneiictBuem ¢ apyrumu Mmoayisimu AMOS 11t uaTerparuu paboThl pa3IHYHBIX TOApPa3AeTIeHUI
(HampuMep, MHXEHEPHOTO, IOTUCTUYECKOTO U ONIEPaIlMOHHOTO).

Ota cucrema nomoraer aBuakomnanusiMm 1 MRO-nentpam (Maintenance, Repair, Overhaul) noBsicuts
3G PEKTHBHOCT, CHU3UTH 3aTPaThl 1 MUHUMH3HUPOBATH IPOCTOH CAMOJIETOB.

AMOS (mporpammuoe obecrieuerrie MRO) cocToUT 13 BOCEMHU OCHOBHBIX MOAYJIEH, KOTOPBIE COCTABIISIOT
cepale cucreMsl [3]:

1. Moayne ynpaBieHUs] MaTepUALHBIMH IMOTOKAMHU: YIPABISIET TMPOIECCAMU YIPABJICHUS 3aracami,
3aKa3aMU ¥ MPUEMKOW, HAIMIHUEM JIETallel U HCIIOJIhb30BaHUEM KOMIIOHEHTOB, & TAK)KE KOHTPOJIEM IrapaHTHH.

2. UmxeHepHbIl MOIynb: oOecrieuydMBaeT COOJIOACHHE Pa3IMUHBIX MPOrpaMM  TEXHHUUYECKOTO
00CITy>KUBaHUS ¥ IPUMEHUMBIX TUPEKTHUB JIeTHOU rogHoctd (AD) u CepBucHsix Oromereneit (SB).

3. Moaynb maHupoBaHHS: YIpaBJIeHUE TOATOTOBKOH IIAHOBBIX M BHETUIAHOBBIX 33/1a4 10 TEXHHYECKOMY
00CITy)KHBaHHUIO.

4. Tlpon3BOACTBEHHBI MOIYJb: yHpaBieHHE (AKTHUECKHM BBIOJHEHHWEM 3afad I0 TEXHUYECKOMY
00CITy)KMBaHHUIO.

5. Moaynp ympaBieHUSI TEXHUYECKUM OOCITYy)KUBAaHHEM: CIYKHT CBS3YIOINIMM 3BCHOM MEXIY
SKCIUTyaTaled ¥ TEXHUYECKUM 00CITy>KUBaHHEM.
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6. Moaynb TeXHHYECKOTO 00CITy)KHBAaHHSI KOMITOHEHTOB: YIIPaBJICHUE MACIITAOHBIMH MEPOIIPHATUSIMH TI0
TEXHHYECKOMY OOCITYy>KHBaHUIO, PEMOHTY U KallUTATHGHOMY PEMOHTY B YCIOBHUSX IIe€Xa.

7. KoMMmepueckuid MOJyJb: MOHUTOPUHI B3aMMOOTHOIICHUH CO BCEMH KJIMEHTAMH M OTCIIC)KHBAHHC
TEKYIIUX TPEANPOJIAKHBIX MEPOIPUATHH ¢ MOTCHIUAITEHBIMH U CYIICCTBYIONIMMH KIIUCHTAMU.

8. Moaynb obecrieueHus KayecTBa: COOMIOICHUE CTAHIAPTOB KAueCTBA.

OO6cyxneHue u pe3yabTaThl

B Hacrosimmee BpeMs BO MHOTMX CTpaHaX HU(POBH3AIMS SBISETCS CTPATETUYCCKUM MPUOPHUTETOM
pazButus. [Iporpammuoe obecieuenne AMOS (Aircraft Maintenance & Engineering Operating System) akTHBHO
BHenpsieTcs B Kazaxcrane kak 9acTh o01meit mnd)poBU3aIiiy OTpaciieli SKOHOMUKH, B 4aCTHOCTH aBuaruu. AMOS,
paspaboTanHoe mIBeHnapckold kommaHued Swiss Aviation Software Ltd., mpumensercst nns ymnpaBlieHHs
TEXHUYECKUM O0CITYKUBAaHHEM M PEMOHTOM BO3YIIHBIX CY0B, BKJIFOUask KOHTPOJIb 3arPy3KH [IEX0B, YIIPaBICHUE
mpocTosiMi W (UHAHCOBYIO OT4YeTHOCTh. BHenpenme AMOS mnoBbimaer 3¢ ¢eKTHBHOCTH IPOIECCOB U
COOTBETCTBYET BBHICOKHM CTAaHJapTaM COBPEMEHHBIX aBUakoMmaHuii. [ obankHas nudposusanus B Kazaxcrane
MOJJICPKUBACTCST TocyAapcTBeHHON mporpammoli "LludpoBoii Kaszaxcran", koTopas OXBaThIBaeT KIIIOYEBBIC
HampaBlieHUs, Takue Kak Ou(poBH3aNMA HSKOHOMHKH, TEpexoJ Ha IM(PpPOBOE TOCYIapCTBO, pa3BUTHE
YeIIOBEYECKOT0 KaluTaja W CO3/aHHe WHHOBAIIMOHHON 3KOCHCTEMBI. B pamkax »Tol mporpaMMbl BHEIPEHUE
MEPEIOBBIX  pelleHuil, Takux kak AMOS, crnocoOCTByeT pOCTy KOHKYPEHTOCIIOCOOHOCTH CTpaHbl B
MEXTyHApOIHOM MacIiTade

AMOS mpemraraeT MUPOKHUIA CIIEKTP BOZMOKHOCTEH, KOTOPhIE JENaloT e€ OMHOW M3 BEAYIINX CHCTEM B
OTpaciu:

— lloBeimenne >(h(EeKTHBHOCTH TMPOIECCOB: WHTETpAlMsd MOAYJIEH TO3BOJSET aBTOMATH3MPOBATH
yIPaBJICHHUE 3allacaMy, IJIAHUPOBAHUE U BBITIOJHEHHE padoT.

— CootBercTBHE craHzaptam: nogaepkka EASA Part-M u Part-145 o0ecrieunBaeT COOTBETCTBUE
MEXTyHApOIHBIM TPEOOBAHUSIM.

— CaHmxkenune BpemeHH mpoctos BC: Omaromaps yiaydIIeHHOMY IUIQaHHPOBAaHHWIO W KOHTPOJIO
TEXHUYECKOTO 00CTYKUBAHUSL.

— VYnyumieHHOe yTpaBiIeHHWE 3allacaMU: WCIIONIb30BaHUE AHAJIWTHKH IS TMPOTHO3WPOBAaHUS U
ONTHUMU3AIIUU MCIIOJIb30BAHUS 3aIT4acTei.

— HWHrerpaius ¢ IpyruMu CUCTEMaMu: BO3MOXKHOCTbB nojkiroueHus ERP-cucrem, miardopm ynpasienus
nosteramu 1 HR-cucrem.

Ha 6a3e Benymux aBuakommnanuii Kazaxcrana npoBogutcs nmuiotHoe BHeApeHue AMOS st ynpaBieHuUst
TeXHUUYECKUM 00CITy)kuBaHueM. OCHOBHbBIE 3a7aud BKJIFOYAIOT WHTETPALMIO JAHHBIX IO 3alacHBIM YacTsM,
TUIAHUPOBAHWE M KOHTPOJIb BhIONHEeHHS 3a1a4 TO.

[Ipeumymectsa AMOS nns Kazaxcrana

—IloBpIieHne 3 EeKTUBHOCTH: UHTETPAIINS MOyl TTO3BOJISIET COKPATUTh BpeMst Ha TutanupoBanue TO
Ha 25%.

—OKOHOMHS PECYpCOB: aHATUTHUYECKHE (YHKIMH CUCTEMBI TIOMOTAIOT ONTHMH3HPOBATh 3aKyNKH H
HCIIOJIb30BAHHE 3aIMaCHBIX YaCTEH.

— Camxkenne Bpemenu mpoctos BC: 3a cu€t ynydmeHnHoro ynpasienus 3agadamMu TO 1 B3anMoAeicTBUS
noApasaeacHui.

— Apjantarus MO PETHOHANBHBIE YCIOBUS: BO3MOXHOCTh VYHTHIBATH crenuduueckue TpeOoBaHU
HAI[MOHAJIPHOTO aBUAIIMOHHOI'O 3aKOHOIATE/IbCTRA.

Sakimrouenne. AMOS - 1o03BOJIIET ABUAIMOHHBIM KOMIIAHHUSM COOTBETCTBOBATH COBPEMEHHBIM
TpeOOBaHUAM W JIOCTHTaTh BHICOKHX IMOKazaTtened dddexkruBHocTH. OMHAKO YCHENIHOE BHEApPEHHE TpeOyeT
TIIATEIFHOTO [UIAHUPOBAHUS, IOATOTOBKH U 3IaNTAIlU CHUCTEMBI 1TOJI KOHKPETHBIC 3a/1aun Ou3Heca. BHenpenue
U ucnoyib3oBanue cucteMbl AMOS B KazaxcraHe OTKpbIBae€T MEPCHEKTHBBI ISl 3HAYMTEIbHBIX U3MEHCHHH B
ABUAIIMOHHOW OTpaciy CTpaHbl. [IporHo36! pa3BuTus 1 ucosib3oBanuss AMOS B OyAyIieM BKIIFOYarOT HECKOIBKO
KIIFOUEBBIX HANPABIICHUIA, KOTOPbIE TOBIUSIOT Ha 3()(EKTUBHOCTH, 0€30NMAaCHOCTh U TEXHOJIIOTUYECKOE Pa3BUTHE
ABUAI[MOHHOTO CEKTOPA.

CITMCOK UCIIOJIb3OBAHHOM JINTEPATY PbI
1. Swiss AviationSoftware. AMOS - The Leading MRO Software. www.swiss-as.com.
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2. ICAO. Safety Management Manual (Doc 9859). MexayHapoaHas OpraHM3alds TPaKIAHCKOH aBHALIMH:
Www.icao.int.

3. ACARS Integration with AMOS. Optimizing Aircraft Data Flows. Cratest na moprane AviationToday:
www.aviationtoday.com.
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ABTOHOM/IbI KOHUIMOHEPJIEP
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Kasipri 3amana 3Heprus THIMALTITT MEH SKOJIOTHSUIBIK Ta3a TEXHOJOTHSUIAPFa CYPAHBIC apThill Kemnesi. Ockl
KaXXETTUTIKTEpl KaHAFaTTaHIBIPY YIIIiH aBTOHOM/IbI KOHAMITHOHEpIIep KeHiHeH eHTi3UTyAe. by KypbUFbLIap CHIPTKEI
AJIEKTP JKENICIHE TOYENJIi eMeC HEMEeCe MUHUMAIIBI TOYESJIUTIKIICH )KYMBIC iCTelTi. ABTOHOM/IBI KOHIUIIMOHEPIICPI
KOIZIaHy, ocipece IIajFai ayIaHaapaa, IKOYHIepe skoHe TOTEHIIIE KaFIainapia epekiine MaHbI3/Ibl.

ABTOHOMIBI KOHIUIIMOHEpJEp — OYJI 3JEKTp JHEPTHSACHIH CHIPTKBI JKENiJeH eMmec, 0amama »Heprust
KO3JIEPIHCH alaThlH CaNKpIHAATY Xkyhenepi. Onap keOiHece KYH SHEPrHsCHl, Oarapesyiap HeMece Keil
TeHepaToOpIIaphl aPKBUILI JKYMBIC icTel 1. KypbUTFbIHBIH HETi3T1 MiHAETI — SHEPrUsHBI THIMI aiilanany apKbLIbI
FUMapaT iOIiHAerl HeMece KONIKTeri TeMIeparypaHsl perTey. JKeprilikTi KOHAWINOHEPIIep aBTOHOMIBI JKOHE
aBTOHOMJIBI €MeC OOybl MYMKiH. ABTOHOMIBI KOHIBIPFBIFA TOHA3BITKBIII MAlIMHACH Oap KOHAMIIHOHEpPIEp
Kipezi. AyaHbl KOHE CYyJIbl CaJKbIHIATaThIH aBTOHOMJIbI KOHIMIIMOHEpJep Oap. AyaMeH CalKbIHIaFaH Ke3Jie
TOHA3BITKBIII MallTMHAHBIH KOHJICHCATOPHI CHIPTKBI ayaMeH YpieHeai. Ken tapanran, acipece bICTBHIK KJIMMATHI 0ap
XKepJiep/ie, aBTOHOM/IbI TYPMBICTBIK Tepe3e KOHAuIonepiepi (cyper 1).

Cypert 1. KonageHcaTopsl ayaMeH CalKbIHIATATHIH ABTOHOM/IBI KOHJTUITUOHED

1 - CHIPTKHI ayaHBIH OTYiHE apHaJFaH TeCik; 2 - KoMIpeccop; 3 - kamro3zaep; 4 - KOHIEHcarop; 5 -
JKEJICTKINT, 6 - CBIPTKBI O6J1ik; 7 - xamo3aep; 8 - imki 0esik; 9-Oynanapipreii; 10-0ejiMere ayaHblH OTyiHE
apHaJIFaH COHJIK Top; 11 - OenMelieH ayaHbIH OTyiHEe apHaIFaH COHJIK Top; 12 - cy3ri; 13-kenmeTKim

Omap opHary YIIiH apHalbl OPBIHABI KXKET CTICHII XoHe Tepe3e CaHbUIayJapblHAa OpHAJacKaH.
Konaunuonep waiminHa OejiiMi, OHBIH IIIHJAE TOHA3BITKBIII CBIPTKbI ayaMeH OalJIaHbICATBIH ETil
OpHAIACTRIPBUIFaH. [1IKi 061K KbI3MET KepCeTiIeTiH 06 IMEHIH ayachIMeH OaiaHbICThl Ooajpl. benMeneri aya
KENJETKIIINEeH COPbUIA/bl, COHMIK TOpJaH ©Teli, CY3Tifie TaszajdaHajabl XOHE TOHA3BITKBII MAallWnHAHBIH
OynaHapIprbimbHa Oepineni. CoOHIIK TOp apKbLIbI CATKBIHAATHUIFaH aya OeiMere KaiTapbuiaasl. [1]

ABTOHOM/IbI KOHIUIIMOHEPJIEPIiH HETI3ri OemKTepi:

1. OHeprus Ke3i:

o KyH maHesbaepi HeMece kel reHepaTopiiaphbl 3JCKTP SHEPTHACHIH OHAIPEII.

© DJIEKTP PHEPTHUSACKHI OaTapesiia caKTaIabl.
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2. CaJKpIHIATY KyHeci:

o JlocTypai KoMmpeccop Hemece adCOPOIMSIIBIK 9IICTEP apKbUIbI CANKBIHAATYABI )KY3€ere achlpabl.

3. Backapy xyiieci:

e TeMnepaTypaHbl aBTOMATThI TYPJE PETTEI, SHEPTUsl LIBIFBIHBIH OHTAMIaHIbIPAIBI.

Konnany cananmapsl

1. AybuinplK JKOHE IIanFail aiiMakrap: DJEKTp JKeliCiHe KOJDKETIMCI3 jKepiiepAe TYpPFBIH Yijep MeH
FUMapaTTapAbl CAIKbIHIATY.

2. Tetenuie xarmaiinap: TaOuFu anmattap MEH TOTCHIIE JKaFmaiap Ke3iHAe YaKbITIIA OpHAJIACTBIPY
OpBIHAAPBIH/IA TAlAATaHy.

Keunik:
ABTOOYyCTap, XKYK KOJIIKTEPi, MOWBI3AAP JKIHE KEMEIEp.

3. Dkoyiiep MeH akplIAbl FUMapatTap: Kopiaran oprara 3ustHIBI 9cepi a3aiiTy MaKcaThbIHIa

APTHIKIIBLIBIKTAPBI

DHeprus ToyeNnci3uiri:

DJeKTp JKeiCiHeH TONBIKTal HeMece XKapThUlai Toyencis.

OKOJIOTHSIIBIK Ta3a:

banama sHeprust Ke3aepiH KoJIIaHy apKbUIbl KOMIPKBIIIKbII Fra3bIHbBIH MIBIFAPBIHABUIAPIH a3aiTaabl.

Y TKBIPIBIK:

KypbuiFbIHEI opTYpIti OpBIHAAPFa OHAll OpHATyFa 0oIajbl.

TexHUKaTBIK KbI3MET KOPCeTYIiH KEeHUIIIT:

JocTypri KOHIUITMOHEpIIEpTre KaparaHaa KypAeli KbI3MET KOpCeTy Il KaXKeT eTIeHIi.

KemmrinikTepi

Koraps!l OacTankpl KYHBI:

Kyn nanenszaepi MeH Oatapesinapibpl OpHATy HIBIFBIHAAPHI.

Toyennimik:

KyH coyneci MeH kel CUSKThI TAOUFU PECYpPCTapFa TOYEIII.

Kyar mexreymimiri:

YJIKeH FUMapaTrTap HeMece OHEPKACINITIK HICAaHAap YIIiH XKEeTKLTKCi3 O0Iybl MYMKiH.

ABTOHOM/IbI KOHIUITMOHEPJIEPIiH OOJIaIIaFhl

1. TexHONMOTHSIIBIK KETLIipyep:

® DHeprus cakTay )KyHesepiH (YJIKEeH CHIMBIMIIBIIBIKTHI OaTapesuiap) 1aMbITy.

o J)KaHapThIIaTHIH SHEPTUS KO3JIEPIH THIMII TTalijanany.

2. Konyany asichIH KeHEHUTY:

© DKOJIOTHSUIBIK Ta3a TEXHOJIOTHSUIApFa CYpaHbIC apTyblHA OaiIaHBICTHI AAMYILBI e1/iepae OeICeH i eHT13y.

3. LbiFpIHIAP BT A3aUTY:

XKanmait enjipic meH »aHa TEXHOIOTHSUTAPBIH apKachlHIa KYHBI TOMeHAeH i [2]

ABTOHOMIIBI KOHIUIMOHEpJIEp — OyJ1 AHEprusl YHEMICHTIH, SKOJOTHSIBIK Ta3a mewiMm. Onap manrai
ayJlaHaap MEH SJICKTP JKeJICl )KOK XKepJjiep YIIiH TanThpMac KYPbUIFbUIAP OO0JIbIN TaObLIa bl bysl TeXHOIOTHs
OoJanrakTa TypakThl JaMy MakcaTTapblHA KETYTe KOMEKTECEeTiH MaHbI3[bl KYpalIapIbiH Oipi OOJaThIHbI CO3CI3.

HAfII[AHAHBIHF AH OJIEBUETTEP TI3IMI
1. Tamak eHAipiCiHIH KoCIMOPBIHAAPBIH KeNAeTy [TekcT/DNeKTpoHHBINH pecypc]: oKy Kypansl/ M. O.
Onindekos, K. K. Myxamanuera. - Anmarer: ATY, 2022. - 160 6.
2. BeHTHMSIIMS M KOHAMIIMOHUPOBAHUE BO3MIyXa [TEKCT/3MEKTPOHHBIN pecypc]: yueOHOoe mocodue / 0. A.
VYHacnekoB. - AnMarsl: JjanTap Tpein, 2018. - 276 c.
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YJIK 664.002.5
TABUFU CAJIKbIHJATKBIIITAPIBIH BOJIAIIAFBI

HKapviiganosa JK.0., Mapamog 3., cmydenm,
Anmamol MEXHONOSUATBIK, YHUBEPCUMEMI,
Kaszaxcman Pecnyonuxacel, Anmamot 5., Tone ou xout
E-mail: zhansaya_06z@mail.ru

TaOury calKpIHAATKBIIITAD — OV TabWFrarra KE3[ECeTiH OHE CalKBIHIATY MCH KOHIUITMOHEPIEY
KyHenepiHae KoamaHbuiaThiH 3aTTap. Onap SKONOTHSIBIK Ta3a, 030H Ka0aThIHBIH OY3BUTYBIHBIH TOMCH HEMECe
Heumik moTeHIanbHa (ODP) sxoHe MUHUMAaIBI TapHUKTIK ToTeHuara (GWP) ne. TaOuru canKeIHIATKBIIIITAD
¢peonmap (CFC, HCFC xone HFC) CHSKTBI CHHTETHKAIBIK CaJIKBIHIATKBIIITAPFa TYPAaKThl OanaMa OOJIbII
caHaJajpl.

Taburu canKpIHAATKBINTAPBIH AP THIKITBUTBIKTAPHI

1. OxonoruansIk Kayincizaik: O30H KabaTeiH 0y30aiiap! sxoHe jkahaH IBIK JKBUTBIHYFA a3 9Cep eTe/Ii.

2. Dueprus taiMautiri: XKakcel TepMOJMHAMUKAIIBIK KACUETTEP OJIap bl TOHA3BITKBIII KOHIBIPFBUIAPBIHIA
naianaHy YIoiH THIMII €Tei.

3. KomkeTimainik:

KenTeren Taburu CaJIKbIHAATKBIIIITAD

Kecte 1 CHHTETHKAIBIK CaNKBIHAATKBIIITAPMEH CAJIBICTBIPY

IMapamerp Tadouru caJkpIHAATKBIIITAP | CHHTETHKAJIBIK XJIa/IareHTTep
OKOJIOTHSJIBIK Ta3aJIbIK Temen ODP xone GWP Kebinece sxorapet GWP 0ap
KyHbI Komxkerimai OHnipicTe KbiMOaThIpaK
ayincizmikke JKoraps! (yBITTBUIBIFBI . .
KOFIEJ’IZTLIH fananTap )KEHFSILHTLIFLI) ) Onerre naiinanany Kayineis
Kytenepnin y3ax Jypbic maiifanaHca MOHTLITIK Kp3mer ety Mep3imi mekTeyi
Mep3IMILTIT] JKYMEIC Kacalabl 00ITyBI MYMKIH

Taburu canKpIHAATKBIIITAPIBIH HETI3T1 TypIiepi
Kap6onaunokcuy (CO2, R744):

Ammuak (NHs, R717):

Kemipcyrektep (nponan (R290), uzobyran (R600a)):
Cy (H20):

. Aya:

TaOuru camKbIHIATKBIIITAP/IBIH OOJIAIIaFbIHBIH HETI3T1 TeHICHINSIIAPbI

1.XansIKapanblK CTaHAAPTTAPIBI KaTaAHTy

Momnpeanp xoHe Kuramm xarramanapsl skahazaslk KpuibiHY aneyeTi (GWP) skorapbl CHHTETHKAaIbIK
XJIaJareHTTepal NaijanaHyra KaTaH LIeKTeysep Kosubl. 2.Ta0ufu CalKbIHAATKBIITAPABIH 030H KaOaThIHBIH
OY3bUTYBIHBIH HOJJIIK IOTEHIIMAIBI jxoHe MuHIMan sl GWP Gap, Oyi1 onapasl Tamania 6anaMa eTei.

3. DKOJIOTHSUIBIK MoceJieliep Typaiibl xabapJapiibIKThIH apTybl. TaOWFHM CANKBIHJIATKBIIITAP MAPHUKTIK
raszap WbIFapbIHIBUIAPBIH a3aliTyFa KoHe KOpIIaraH OpTara 3UsSHIbI a3aiiTyra kemekTecel. Ty ThIHyIbIIap MeH
KOMITaHUSUIAP TYPaKThI JaMyJIbIH kahaHIIBIK TEHICHIUSUIAPbIHA COWKEC KENeTiH TYPaKThl MenmimMaepai Kedipek
TaHJayaa.

4. DHeprus THIMIUIIT XoHe yHemaey. TaOburu canKbIHAATKBILITAphl Oap 3aMaHayH sKyienep SHEPrHsHbI
THIMAIpeK eTeni, Oyl mainanany IIBFBIHAAPBIH a3aiTanel. Kemipcyrekrep skoHe CO: CHSKTHI TaOWFH 3aTTap
’KOFapbl TEPMOTMHAMHKAIIBIK CHUITaTTaMajIapra ue, OyJ1 oJlapbl OPTYPJIi TarnchipManap yirid THiMai etemi.[1]

1. TeXHOIOTrusIIbIK HTHHOBALUSIIAD

a. ToHa3BITKBII JKYHENEepiHiH KaHa KOHCTPYKIMSAIAPHl TAOMFU CAJKBIHAATKBIIITAPIBIH (MbICAJbI,
aMMHaK HeMece KOMIPCYTEKTep) JKaHFBIIITHIFRIHA HEMECE YBITThUIBIFbIHA OAMIaHBICTBI TOYEKeNep/ai OapbIHIa
a3alTabl.

agrwbdE

95


mailto:zhansaya_06z@mail.ru

b. OHIMITIKTI apTTRIPY YIIiH OipIKTIpUIreH TOCUTAEP Il KOJNIaHATEIH THOPUATI KYHeTIepaiH naiiaa

0O0ITyBI.

2. Konnany cananapbia KeHEHTY

a. Tabury canKbpIHAATKBIITAD TYPMBICTBIK TEXHHMKaZa, ©HEPKICINTe, JOTUCTHKAAa, aybll
apyambUIBIFBIHAA XKOHE MEANINHAAA OapraH CalibIH TaHBIMAI 001a OacTajbl.

b. Kemik camaceiama TaOuFn CaaKpIHIATKBIIITAP TOHAZBITKBIIITAP MEH ayaHbl OamnTay >kyiernepinse
KOJIJaHbLIA/IbI.

bonamakra TabuFy canKbIHAATKBIITAPABIH apTHIKIIBUIBIKTapbI

1. OKOJOTHSIIBIK OPHBIKTBUTHIK: TaOufy CanKpIHAATKBIIITAPABI MalijanaHy KeMIipTeKTi OedTapan
HSKOHOMHKAFa KOIy i KOJAANIbI.

2. TexHonorusIBIK OciiiMaeny: 3aMaHayu Kyienep TaOUFH CalKbIHAATKBIIITAPMEH THIMII )KYMBIC
icTeyre apHaJFaH.

3. ¥3ak Mep3iMai IIBIFBIHAAPAB a3aidTy: JKorapbl SHeprusi TUIMALIITIHIH apKacklHAa Maiaaiany

IIBIFBIHAAPBI a3as1/1bl, OYJI TAOUFY CAKBIHIATKBIIITAPABI YHEM/II €T/
EHTi3y ’KOJIBIHAAFEI CBIH-KaTEPIIEP

1. Kayimncizmik:

o AmMMHaK yJbl, KemipcyTektep skanrbiil, CO: jKOFaphl KbICBIMIA JKYMBIC iCTEYJli KaKeT eTefi.
[emrim amatTapas! 6aKplIay MEH aJIIbIH alyIbIH KETULIIPUITeH xKylieaepi O0Iysl MYMKiH.

2. [lepconanapr KaiiTa OKbITY: TeXHUKTEp TaOWUFW CANKBIHIATKBIIIITAPMEH XYMBIC iICTeYiH >KaHa
oflicTepiH MEHrepyi Kepek.

3. Bacrankpl mwbiFeiHAap: TaOufy canKbpIHAATKBIIITAPFA apHAIFaH >KyHeslepiai opHary YJIKeH

WHBECTHUIHSIIAP/IBI KAXKET €Tyl MyMKiH, OipaK OyJI TEXHUKAJIBIK KBI3MET KOPCETYIIH TOMEH IITIMEH OTeJeIl.

CaHpnapaarbl TAOMFU CAJTKbIHIATKBIIITAPIBIH OOJIaIIaFhl

Bomkam Ootibiaina, 2030 skbuFa Kapall TOHA3BITKBIII JKOHE KIMMATTBIK KaOJbIKTapaarbl TaOWUFH
cankpIHAATKBIITapAbIH yireci 40-50% -Fa apTasr.

EO xoHe Asus ennmepiHme MyHAal CamKbHIATKBIITAP KAaTaH SKOJOTHSIIBIK TalaNTapAblH apKachlHAA
CTaHJlapTKa ailHaiya.

TaOuru canKpIHAATKBIITAPARl MaliAanany WHPPaAKYpbUIBIMBIH JaMBITy MEMIIEKETTIK Oacramanap MeH
cyOcuausap eceOiHEeH BIHTAIAHIBIPHLITABL.

TaOufu CaJIKBIHAATKBIIITAD — TOHA3BITKBIII TEXHOIOTHSICHIHBIH Oonamarbl. Ojap KOpIllaraH opTara
3USIHIBI a3afiTyFa JKOHE JHEPrUSHbI TYTHIHY IIBIFBIHAAPBIH a3aiiTyra kKemekrecerdi. JKaHFBIITHIK HeEMece
YBITTBUTBIK, CUSAKTHI KeHOIp KUBIHABIKTAPFa KapaMacTaH, TEXHOJIOTHUSHBIH JaMybl OJIap bl Kayilci3 jKoHe THIMII
TaH#ay jxacaiinpl. TaOurn canmkbiHIATKeIITap (amMMuak, kemipcytekrep, CO2, Ccy XoHe aya) TOHA3BITKBIII
KOHIBIPFBIIAPBIH/IA SKOJOTHIIBIK KAYINCI3iri MEH HEePTUs THIMILIITiHe OalaHbICThl MaHbI3/Ibl OPBIH aJlajibl.
TexHoMOTHANAPABl AAMBITY KOHE OKOJOTHUSIIBIK CTaHAAPTTApAbl KaTalTy ONApAbIH OJEMIIK HapBIKTaFbl
OoJamarerH apTTeIpaabl. TaOuFH CaNKBIHAATKBIIITAPIBIH OOIAIIaFbl OJIAP/IBIH SKOJIOTHSIIBIK KOHE YKOHOMHKAITBIK
apTHIKIIBUIBIKTAPhIHA OaiIaHBICTBI KAPKBIH Oonyra yone Oepexmi. Onmap SKOJOTHUSIIBIK Ta3a TEXHOJIOTHSIIAP
CaJIaChIH/Ia JKETEKIII OPbIHFA UE JKOHE KIIMMATTBIH ©3repyiMEH KypecyliH skahaHIbIK CTPATETUACBIHBIH MaHbI3 IbI
JeMeHTiHe aifHayaa. TeXHONIOTHSITBIK MHHOBANMSIIAP, YKIMETTEp Il KOIIay KoHE KOFaMIBIK O0aChIMIIBIKTAP/IbI
©3repTy OJIapBIH SPTYPIIi cajlanap/ia KeHiHeH KaObUTaHybIHa BIKTai eTe/i.[2-3]

TAMJIAJIAHBIIFAH ©JIEBUETTEP TI3IMI
1. Ioii, A.T1. XomoaunbpHasi TEXHUKA M TEXHOJIOTHS MOTpeduTeneit xomnona [ Tekct/DnekTpoHHbIN pecypc] : yaeOHuK /
A. TI. o#, U. A. Kum. - Anmarsr : Adal kitap, 2023. - 487 ¢. - ISBN 978-601-7200-44-
2. TOHA3BITKBIII MANIMHATAPIBIH TCOPUsIBIK Herizaepi; C.Ockenbaes, Anmatsl, Feuaeiv, 2004. -946.
4. TOHA3BITKBIIITHIH TEXHOJOTHSUIIBIK aOablkTapel: oKy Kypansl / JL.H. Bysnos, H.H. Bopo0ObeBa, A.H.Ycos;
KemepoBo Tamak eHepKaciOl TEXHOIOTHSIIBIK HHCTHTYTHI. - Kemepogo, 2009. - 200 6.
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CYLIKA M OXJIAJKJIEHHME 3EPHA HA OCHOBE TEILIOBOI'O HACOCA
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Anmamunckuii mexnonocudeckull ynusepcumem, 2. Aimamaol, Pecnybnuxa Kazaxcman
E-mail: a.askarov@atu.kz, otarbai03@list.ru, ildarmukanzhanov@gmail.com

[Tocnmeybopounast 06paboTka 3epHa HampaBieHa Ha MpHUBeAeHHE yOpaHHOH C mmoJiell 3epHOBOM Macchl B
CTOHKOE TpH XpaHEHWH COCTOSHHE TMPH COXpPAHEHHH WIH YIYyYlHIEHUH KauecTBa TMPHUHATOTO 3€pHa.
[TocienoBaTensHOCTD MPOLIECCOB U OTEPALMH MOCICYOOPOUHON 00padOTKH 3epHa BKIIOYAET B ceOs: MPUEMKY
3epHa, OYNUCTKY OT MPUMECEH OPraHNIECKOT0 M MHHEPAIILHOTO MPOUCXOKACHHS, CYIIKY B CYIIMIKaX, 1 aKTHBHOE
BEHTUJIUPOBAHKE C UCIIOJIb30BAHUEM YCTAHOBOK U CUCTEM BEHTHWJIMPOBAHHS Pa3InYHON KOHCTpYKImH [1; 2].

B cuity pa3nu4HbIX IPUPOTHO-KIMMATHIECKUX YCIOBUH COOpaHHBIA ypoxKail MOXKET UMETh TTOBBILICHHYIO
BIIQYKHOCTb, IIPU KOTOPOH HEBO3MOXKHO JUTUTENbHOE XpaHeHue. st cOopa MakCHMaIbHOTO BOZMOXKHOTO ypOXKast
3€PHOBBIX M €r0 COXPAaHEHUS HEOOXOIMMBI COOJIOJICHHME ONTHMAIBHBIX CPOKOB YOOPKH M CBOEBpPEMEHHAs
KOHCEpBalusl CBEKEYyOpaHHOTO 3epHa Ha TOKY. BiakHOe 3epHO XapaKTepU3yeTcCsl YCHIICHHBIM JIbIXaHUEM, a
BBIJICIISIFOLIIASICS ITPY STOM BOJIA BJIEYET 3a COOO0I MOBBIIICHHE BIA)KHOCTH 3€pPHOBOIT MacCHl.

B 3aBHCHMOCTH OT BIa)KHOCTH CBEXeyOpaHHOTO 3epHA €ro MOKHO TIOCTEIIEHHO MO/ICYIIHBATh, OXJIAXKIATh,
BPMEHHO KOHCEpPBHPOBATH JI0 NpMeMa Ha TEPBUUHYI0 00pabOTKYy, HACKHIIATH KUCIOPOJOM. DTH MEPONPHUITUS
o0ecrieunBaeT CHIKEHHE SHEPTHH B CPABHEHUH C TEPMUYECKOW CYMIKOH. Tarke MOBBIIIAETCS Ka4eCTBO CEMSIH
WIN 3epHa 3a CYET «MSTKOT0» 3aBEpIICHHS OMOXMMHYECKHX IIPOIECCOB, CBSA3AHHBIX C CO3PEBAHHEM H
cradunu3anueii 0eIKoBO-QEepMEHTHOro KoMmIUiekca. Takol mpueM He TpeOyeT CIO0KHOTO OCHAIICHUS WIIN
OOJNBIIMX KamuTalbHBIX BlIOKeHWH. [losToMy He cimydaliHo, 4TO Ha 0a3e aKTMBHOTO BEHTHIIMPOBAHUS OBLTH
pa3paboTaHbl TEXHOJOTHH, KOTOpbIE IIHPOKO TPUMEHSIOTCS TP 00padOTKE OCHOBHBIX OOBEMOB
BBICOKOKaYECTBEHHOTO 3€pHA B psAjie arpapHo - pa3Buthix crpaH (CILIA, Kanama, ABcTpanms).

B »T0i1 cBsI3M neBaTOpHOE XO3SIMCTBO JOJKHO B KOPOTKHE CPOKH OCYIIECTBISTH MPUEMKY M MOTOYHYIO
nmociyieyOoopouHy 00pabOTKy 3epHa, BaKHEHIINM 3BEHOM KOTOPOU SBISETCS CYIIKA, TaK Kak OOJIbIIAs YacTh
3arOTOBIISIEMOTO 3epHA MOCTYIAET, KaK MPABHJIO, C TOBBIIICHHON BIAXXHOCTBIO M €r0 COXPAHHOCTH 3aBHCHUT OT
paboThl 3epHOCYIIMIIBHBIX yCTaHOBOK. J[Jist JocTkeHus: HauOousbliero d¢¢gexTa U yMEHBIICHUs yJeNbHBIX
OHEPTETUYCCKUX 3aTpar IHIpHU CYIIKE, BpeMeHHOfI KOHCEpBallM1, MNPUHYAUTCIHBHOM BCHTWIMPOBAHUHN HAI0
BHEJPUTH PAIOHAJBbHBIE KOHCTYKIMH YCTAHOBOK CHCTEM AaKTUBHOTO BEHTWJIMPOBAaHHS O0OECICUMBAIOIINE
pPaBHOMEPHOE pacHpeieNICHne BO3IYIIHOTO 110 BceMy 00beMy 36pHOBOW MacChI.

OI{HaKO OKCILTYaTUPYEMBIC B HACTOAIICC BPEMS CYIINIIBHBIC YCTAHOBKHY 3a4aCTYIO HE UCIIOJIB3YIOT TCIJIOTY
0TpabOTaHHOTO CYIIMIIBHOTO areHTa, peKynepanust KOTOpO IMO3BOJIUT CYIIECTBEHHO TOBBICHTH SKOHOMUYHOCTh
cymmiok. [ToaTomy pa3paboTka U UCIIOIB30BaHNWE YHUBEPCAIBHBIX ITOJIXOJ0B JUIS aHAJIN3a U TOMCKA PEIICHUH
MO TIOBBIIICHUIO 3((EKTUBHOCTH TMPOIECCOB CYIIKM W XpaHEHUs 3epHa Ha ocHOBe mojakiatoueHus TH mpu
COBMECTHOI BBIPaOOTKE TEIlIa U X0JI0/1a SIBJSIETCS aKTyabHOU mpodaeMoit. [3-4]

Hamu Obuto TpeuioKeHO YCTaHOBKA pa0OTAIOIIMII HAa OCHOBE TEIUIOBOTO HAcoca, KOTopasl JaeTr
BO3MOKHOCTb OJTHOBPEMEHHO OXJIaXJIaTh 3€PHOBYIO MAacCy B CHJIOCaX OCHAIICHHBIMH YCTAaHOBKAMHU aKTUBHOT'O
BCHTWIMPOBAHUA U CYHINUTH 3€PHO B IIAXTHBIX 3CPHOCYHINIIKAX.
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PI/ICYHOK 1. Cxema YCTAHOBKH UL CYIIKHU U OXJIAKACHUC 3€pHA HAa OCHOBC TCIIJIOBOI'O HAacocCa

1 — xommpeccop; 2 - KOHIEHCATOP; 3 — PErYIUPYIOLUINHA BEHTUIIb; 4 — UCIIApUTENb; 5 — IIEHTPOOEKHBIN BEHTIIIATOP; 6
— BEHTWIATOP; 7 — cuiioc; 8 — nephopUpOBaHHBIN KOPITYC; 9 — IICHTpaibHas ra3opacnpeaeiauTenbaas Tpyoa; 10 — nopiieHs;
11 — maructpaibHbIli TPyOOIIPOBOA JUIS MOJAYU XOJIOJHOTO BO3JyXa K yCTaHOBKe; 12 — maxTHas 3epHocymmika; 13 —
MarucTpanbHbIN TPyOOIIPOBO ISl ITOJaYH TOPSYEro BO3AyXa K MIaXTHOH CYIITHIIKE

YcraHoBka (cM. pucyHOK 1) paboTaeT ciieayrouum oopazom. [1pu paboTe X0I0AUIBHON CUCTEMBI B PEKUME
TEIUIOBOTO HACOCa XOJIOJHBIM BO3IYyX BCACBHIBAETCSA M3 MCIAPUTEN M TMOAAETCS K YCTAHOBKE HJii aKTUBHOTO
BEHTWJIMPOBAHUS 3€pHA C LIEJIbI0 BPEMEHHOM KOHCEpPBALIMM, a TEIUIBIA BO3AYyX BBIACISEMBIM U3 HCHApUTENS
BCACBIBAETCA C MMOMOIIBIO BEHTHIIATOPA U MOAAETCS K IIAXTHOU CYIIUIIKE.

CIIMCOK MCITOJIb30BAHHON JINTEPATYPhI

1. Bparepckuii, @.J1. ITocneydopounast 0opabotka 3epua/ @.J1. Bparepckuii,

C.B.Kapab6anos.-M.: Arponpomusnat, 1986. -175c.

2. Bobuukos, E.M. ITocneybopounast 00pabotka u xpanenue sepHa/ E.M. Boonukos, B.A.byxanios, b.K. Maparos,
A.C. Ilpokomnues. -Pocros v//l: MapT, 2001.-240c.

3. bputukos, [I.A. IlpumeHeHre MapOIKEKTOPHON XOJOIUIBLHON MAIIMHbI B

TexHoyoruu 3epHocymenns [ Texct] / [I.A. bputukos // BectHuk BopoHeKcKoi rocyapcTBEHHOH TEXHOIOTHYECKOM
akagemunu. Cepus «IIporeccs! U anmapaTsl MAMIEBBIX Tpom3BoaCTB». — 2011, — Ne 1. — C. 24-26.

4. bpurukos JI. A. MoaenupoBaHHUe MPOIECCOB TETUIO- H Maccomeperoca npu cym-ke 3epHa [Teker] / [I.A. Bputukos
/I CoBpeMeHnHbIe HaykoeMkue Texaoorun. — 2010. — Ne 2. — C. 36 — 39.

YK 663.4 (075)
MHUHMU COJIOJOPACTHIIBHASI YCTAHOBKA
Acxapos A.J1, PhD., Kabviibexosa H.A., cmyoenm, Cagvineanues /|.K, cmyoenm
Anmamunckuil mexnonocudeckull ynusepcumem, 2. Aamamol, Pecnyonuxa Kazaxcman
E-mail: a.askarov@atu.kz, kabylbekovanurai@gmail.com
Sagyngalievdamir7@gmail.com

HCHI)I-O ImpopamurBaHrs COJIOJAa SABIACTCA CUHTE3 U aKTUBHU3allld HCAKTUBHBIX q)epMeHTOB, 10a BIIMAHUEM
KOTOPBIX B MPOLICCCC 3aTUPAHUA JOCTUTACTCA PACTBOPC-HUC BCEX PE3CPBHLIX BCUICCTB 3C€PHA. B mpopamurBacMom
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3epHE MPOUCXOIAT T€ XKe OMOXMMUYECKHUe U (U3UOIOTUYECKUE U3MEHEHHs, YTO U IIPU E€CTECTBEHHOM IIpopa-
LIMBAaHUM €ro B mouse. [lepexon 3apoapliia OT COCTOSHUS MOKOS K aKTUBHOM KHM3HE-AEATENILHOCTH BO3MOXKCEH
TOJIBKO TPH JIOCTATOYHOM BIAXKHOCTH, HAIMYUH KUCIOPOJIa U ONTUMAJIbHON TemnepaTypsl. [1]

3epHO sBIsieTCS JAOCTYMHBIM MHIIEBBIM MPOAYKTOM Ui JIIOOBIX TPYIN NuTaomuxcs. B mpouecce
IIPOPAIIKBAHMS B 36pHE AKTUBU3UPYETCs (PepPMEHTHbIE CUCTEMBI U IPOUCXOANT PACILEIUIEHHE CII0XKHBIX ITUIIEBBIX
BEIIECTB A0 OoJiee MPOCTHIX, JIETKO YCBOSEMBIX OPraHW3MOM uelioBeKa. B HacTosIiee Bpems COJIONOpallCHHUe
MOCTOSIHHO Pa3BUBAIOTCS, UCTIONIB3YS COBPEMEHHOE 000PYI0BaHIE U BHEPSIS HOBOE B TEXHOJIOTHHU ITPOU3BOJICTBA
cosoza. [IpopoiueHHble 3epHa HCIOIb3YETCS HTMBOBAPEHHBIX 3aBOJAX U MUHU [TMBOBAPEHHBIX 1I€XaX PECTOPAHOB,
TaKKe MPOPOLICHHBIE 3¢PHA HCIIONIB3YIOT ISl HEIOCPEACTBEHHOTO YIIOTpeOIeHus yenoBeka. [2]

[Ipennaraemast craTuyeckas COJOJOpAacTUIIbHAS YCTaHOBKAa pabOTAloOLIMe IO MPHHIUIY COBMEIICHHS
MPOIIECCOB MOMKH, JE3WH(EKIHIO, 3aMaYrBaHUsl U MPOpAIIMBaHHA SIUMEHS, a TaKKe CYIIKH COJIoJa B OIHOM
anmapare (puc.l), cocToAT U3 annapaToB AJs 3aMadynBaHUs, IPOPAILNBAHMS 3€pHA U CYIIKH COJIOA CO ITHEKOBBIM
BopoimTeneM 6, TemoreHeparopa 11 ¢ BeHTumsTopoM 8 v kKaMepbl KOHAUIIMOHUPOBaHUs 12 ¢ BEHTHISTOPOM 8.
OTcopTHpOBaHHBIA SUMEHb IIOCJIE B3BCIIMBAaHUs IOAaeTCS B MOEUHBIA ammapar 1, mnpeaBapUTeIbHO
HAIOJTHEHHBIH /10 MMOJIOBUHBI 00BeMa BoJoi TemnepaTypoit 14...15 °C. 3anomHeHHbIH BOAOW U 3€pPHOM MOCUHBII
anmapat 1 octaBmisroT B mokoe Ha 20...30 MuH, 3aTeM CMeCh 3epHa C BOAOH HMHTEHCUBHO MEPEMEIIHBAIOT CKATHIM
BO3JyXOM M CHUMAIOT CIUIaB NPH HEMPEPHIBHOM TOKE BOIBL. B HWkHel yacTu munuHapa umeercs Oanpax. K
OaHIaXy IPUKpeTUIeHa YepBauHas mectepHs 13, Haxoasmasicst B 3alleTUIEHUH 0aHIaXXOM, KOTOPBI MTPUBOIUT BO
BpaleHue BepTukaibHbri mumraap 10.

[ocne npenBapuTensHON MOHKH 3epHa B anmapaTt 1 1o0aBisioT qe3nH(EeKTaHT, a 3aTeM — aKTUBAaTOP POCTa.
UYepes 5...6 4 BOAHO-3epHOBAs CMECh THIAPOTPAHCIOPTEPOM HAMpaBISCTCS B ammapaT 5 JUis 3aMadyuBaHHs H
MPOpAIIMBAaHUS 3€PHA U CYIIKH coyiofa. lIpomoipKuTenbHOCTh 3arpy3kd ammapaTa 5 3epHOM He J0JDKHA
npeBbimath 1...1,5 4. Pacxon Bobl Ha MOWKY M I'HAPOTPAHCIIOPTUPOBAHKE 3€pHa cocTaBiseT 2...4 M3, Anmapar 5
MEPUOTUUECKOTO JCHCTBHSI MPENCTaBIseT co00l MHANBUAYAIBHYIO KaMepy JIUIMNTHYECKOH (opMmbl. BHyTpn
KOPpITyca pacroJIOKeH BEPTUKAIbHBIN ITHEKOBbIH 6 nmminHap 10 ceryaToil HOBEPXHOCTHIO.

Pucynok 2.1. Cratudeckas COJI0A0paCTHIbHAS yCTaAHOBKA

1 — MoeuHsbI anmapat; 2 — BOIOIPOBOA; 3 — OaK A yJalneHus ciuiasa; 4 — naTpy0oK JuIs oa4u BOABL;, 5 — KOpIyC
ammapara; 6 — IHeK; 7 — BO3/LyX0BoJl; 8 — BEHTWIATOP; 9 — popcyHkH; 10 — BepTUKAIBHBIN IMIMHAP CeTYaTON
MOBEPXHOCTHI0; 11 — TeruorenepaTop; 12 — konuuMoHep Bo3ayxa; 13 — mectepHs; 14 — 4epBSIYHBIN pEyKTOD;
15 — anexTpoBHUraTeIh.
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Beirpy)xeHHbIll B anmapaT 5 sSUMeHb OCTaBISIIOT B IIOKOE Ha 5 4, oOeclieuuBasi IPH 3TOM yJaJleHHE
N30BITOYHOM BOABI M TOIJIOIIEHHE €€ C IMOBEPXHOCTH 3epHa. JlanbHelInee 3aMauyMBaHUE OCYLIECTBISIETCS
BO3AYIIHO-OPOCUTEIBHBIM ~ CIIOCOOOM € TMEPUOJMYECKOW WM  HENPEephIBHOW  MPOAYBKOW  cJOs
KOHIWIMOHUPOBaHHBIM  CIIOCOOOM M OpOLICHHEM  paCHbUICHHOM Bomoi. ONTUManbHBIA  pacxon
KOHIMIIMOHMPOBAHHOTO BO3ayxa coctasiset 250...300 M%/(u-T), onTuMabHbIi pacxoa Boasl — 1 M3 Ha 1 T stamenst.

Oporienue 3epHa BOAOM BO BpeMsl €ro BOPOLICHMS IIHEKOBBIM LIJIMHIPOM 5, HA KOTOPOM YCTaHOBJICHA
OpocHUTEeNbHAs cucTeMa 9, He0OXOANMO IIPOBOAUTE B 3aBUCUMOCTH OT CIIOCOOHOCTH STUMEHSI K BOAOIOIJIOLICHHUIO.
[IponomxuTenbHOCTh 3aMavyUBaHUs 3€pHa 10 TOCTHXEHUS BIaxXHOCTH 45 % coctasnser B cpeanem 30...40 4.

IIpu noctwkenun 3epHoM BiaxHocTu 43..46 % opomenue BomOM mpekpamaercsa. B mporecce
MIPOPAIIMBAHMUS 3€PHOBYIO Maccy HEOOXOAWMO BOPOLIMTSH 2...3 pa3a B CyTKH, IEPHOANYECKU MU HENPEPHIBHO
npoayBas KOHAWIMOHHUPOBAaHHBIM BO3IYXOM C TIOMOINBIO BeHTWIATopa 8. MakcumansHas BbBICOTa
CBEXKEMPOPOCIIETO paBHa BBICOTE ITHEKOBOTO LIMIIMH/IPA.

Ilocne okoHYaHMsI HpOpalMBaHUS CBEXKEOPOPOCUIMM COJIOA B ammapare 5 MOABEPrarT CyLIKE U
TePMHUYECKON 00pabdoTKe CyIIMIBHBIM areHTOM, IOJTOTOBIEHHBIM B Teruioreneparope 1l. Cymky wu
TEpMUUECKyI0 00paboTKy cosioia mpoBoasAT Oe3 BopomeHus B Teyenne 20 4. Pacxox cymmnbHOro areHra Ha
cymiky conoma cocrtauser 4..4,5 teic. M%/(4-1) mpu masnenuu 1000 Ila. B koHIE CymIKu pacxoj areHra
yMeHbInaercs a0 2 Teic. MY/(4-T) npu pasnenuu 400 Ila. B mpomecce cymku cosnoaa HEOOXOIMMO HE TOJIBKO
yAajluTb H3 HETro I/I36LITO‘-IHYIO Bjary, HO H O6CCHC‘-II/ITI: 6HaFOHpI/ISITHI)Ie yCiIoBUA Ji1 TIPOTCKaHUSA
(PM3UOJIOTUYECKUX, OMOXMMUYCCKUX U XUMHUYCECKUX MPOILIECCOB, B PE3YJIBTaTe KOTOPHIX MPOJIYKT MPUOOpETacT
OIIpeeNICHHbIE TEXHOJIOIHIECKHE CBOICTBA.

KoHncTpykius HOBOW CONOAOPACTUIBHON YCTAHOBKM OTJIMYAETCA TEM YTO MOBEPXHOCTh BEPTUKAIBLHOIO
UWIMHIAPA BBHIMOJHEH W3 CETYaTOro METAUTMYECKOro Marepuana, 93To oOecrnednBaeT paBHOMEpPHOE
pacrpeneseHue CyIIWIBHOIO areHTa B MeX3epHoBoe npocTpaHcTBO. IIIHekoBbid nunuaap 6, 10 ¢ ceruaToi
MOBEPXHOCTHIO IPUBOIUTCS BO BpAaLIaTEIbHOE IBM)KEHHE C IOMOIIBIO 3y0uaToro OaHiaka HaxonsIIascsl B
3alerieHny mecTepHeil 13 u yepBauHbIM penykTopoM 14. Takum oOpa3oM ¢ MOMOIIBIO ITHEKOBOTO LUIMHIpA
MO>KHO OCYILIECTBUTH JBa IIPOIIECCa OAHOBPEMEHHO T.€. POLIECC a3pali 1 BOPOLICHHUSI.

[IpumeneHne TakuMX MHHH COJOJOPACTHIBHBIX YCTAaHOBOK MHHH 3aBOJaX 00ECHEeYMBAacT IOJYYHUTh
BBICOKOKaueCTBEHHBIH COJOJ.

CIIMCOK MCITOJIb30BAHHON JINTEPATYPhI
1. MamumHsl 1 anmnaparsl THIIEBbIX MPou3BoACTB: B 3 kH. KH. 1/pen. B.A.Ilandwunos. - M. :KonocC, 2009. - 610 c.
2. TexHonorus otpacnu. TexHOMOTH conona: ydaedoHoe nocodue /T.D. Kucenera. KemepoBckuii TEXHOIOTHICCKUN
MHCTUTYT IUILEBOM NpoMblluieHHOCTH. - Kemeposo, 2005 - 132 c.

YK 621.56

BJIMSTHUE KUT AJTMACKOM MOIPABKY HA TIPUMEHEHUE
XOJOJNJIBHBIX ATEHTOB B 3ABUCUMOCTH OT HABHAYEHUA
XOJIOJUJIBbHOU CUCTEMBbI

bapmenosa A. yuenuya 11 «A» knacca
Xazuposa M K. yuumens ceoepagpuu,
KI'Y «OLL Ne189», Pecnyonuxa Kazaxcman, 2.Anmamot, Bocmanovikckutl paiion

XonmoauiibHasi TEXHUKA U TEXHOJIOTHS UTPAIOT BAXKHYIO POJIb B cOBpeMeHHOM mupe. OHM obecneyuBaroT
COXpaHEHHE MPOJYKTOB NHUTAHUS, MEANKAMEHTOB WM JAPYTHX TOBApOB, TPEOYIOMMX KOHTPOJS TEMIIEpaTyphl.
CoBpeMeHHBIC XOJIOMIIBHBIE CUCTEMbI UCIIOJIBL3YIOTCS B PAa3NIMYHBIX cepax, OT OBITOBBIX XOJOAMIBHUKOB JIO
HIPOMBILUICHHBIX XOJIOAWIBHBIX YCTAHOBOK.

XonoawibHasi TEXHUKa — 3TO OTpacib HayKd, UCCIeNyIomas U pa3padbaThiBalOIas pa3InyHbIe CIIOCOObI
MOJTyYeHHSI HCKYCCTBEHHOTO XO0JI0/[a, a TAKKE TeXHUYECKHE CPE/ICTBA MMOMYUYCHHs i MPUMEHeHus xonoaa [1].
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Bcem m3BecTHO, 4TO B MHpe HJET TII00ATBHOE MOTEIUICHUE, KOTOPOe SBJISIETCSl OOJBIIONW Yyrpo30d BCEro
genoBedecTBa. CBSA3H ¢ 3TUM MHPOBOE COOOIIECTBO IPHHSIIO PSIT MEP JUTSI pEIICHUS 3TOU mpooeMbl. OTHUM 13
HUX sBisiercs Kwuranwiickas monpaBka K MoHpeadbCcKOMy MpoTokody. OCHOBHOHM 3ajmadell ee SBIISCTCS
COKpaIllcHUE XJIaJIOTEHOB C BBICOKUM ToTeHIMamoM rinodansHoro moterwieHus (IIT'TI) u mepexom k
HCITOJIH30BAHHUIO 00JIee IKOJIOTHMUCCKIM 0e30ITacHBIX albTepHATHB. B CBSI3M ¢ oknmaeMoit patuduKaImeit 3toi
monpaBku B Kazaxcrame B 2025 romy, IJIaHHPYIOT PAacCMOTPETh HCIIONB30BAHHUE XJIAJAreHTHl C HHU3KUM
noteHuanom riodansroro noremienus (11T mist pa3nuyHBIX CEKTOPOB.

XomonuiapHas TEXHUKAa OCHOBaHA Ha TEPMOIWHAMHYECKUX HpuHIHMIax. OHa paOdoTaeT Mo CiexyroleMy
MPUHIWITY: TEIUIO W3BIIEKAeTCS M3 OOBEKTa W TMEPEeHOCHTCS B OKPYXAromylo cpexy. [TaBHBIE 371eMEHTHI
XOJIOJJMIIEHOM CUCTEMBI BKITFOUAIOT:

Kommpeccop — cxkuMaeT XJialareHT, TOBHIIIas €ro IaBJICHUE U TeMIICPaTypy.

Konpencarop — OTBOOMT TEIIO OT CXATOTO XJAJareHTa, B Pe3ylbTare 4ero OH KOHACHCHUPYETCS B
KUJAKOCTh. VcmapuTenh — MOTIONIAET TEIUIO M3 XPAaHMMOTO MPOJAYKTa, TEM CaMbIM OXJaxknas ero. Kuakuit
XJIQJIareHT MpeBpaIlaeTcs B ras.

PacmmpuTenbHbIii KIIanaH — CHIKAET JaBJICHUE XJIaIareHTa Iepel ero MOCTYTICHHEM B UCTIApUTENb.

XONOANNbHAS MALLMHA  cewae

&

Pucynok 1 XononunbHast TEXHUKA -

B mnpeobnanaromeM OONBIIMHCTBE TEXHUYECKUE CPEICTBA JUIS OXJIKICHUS M 3aMOPAKUBAHMS SIBIISFOTCS
ueHTHYHBIME. CpaBHUTENBHO C 3aMOPAKHUBAIOLIMMH YCTPOHCTBAMH OXJIXKIAIOIINE YCTPOWCTBA MMEIOT MEHBIILYIO
TUIONIA/Th TOBEPXHOCTH UCTIAPUTENSI M MEHBIIIYIO XOJI0IONPOU3BOIUTEILHOCTD XOJIOMIBHON MallvHbI [2].

[IpumeHenune skostoruu 6e30nacHbIX XnanareHToB ¢ HU3KuM [1IT1 11 pa3nuaHBIX CEKTOPOB SKOHOMHUKH:

BrITOBBIE XONOAMIBHUKY — UCTIONIB3YIOTCA B IOMax U KBapTUPax, o0ecreunBasi XpaHeHHE POYKTOB.

Iponan u uzobyman (R600).

3T0 cMech TporaHa u M300yTaHa, UMerollasi HU3KUH moTeHuan riodanpHoro norerenus (I1T'TI). Oto
COEJIMHEHUE BBIJIENsIeTCSI Kak Oolee Oe3omacHoe W dPQEKTHBHOE PENICHUE IS XOJOAMIBHUKOB, MMOCKOJIBKY
YPOBEHb €r0 BO3ACHCTBHS Ha KIIMMAT 3HAYUTEIBHO HUXKE, YeM y TPAJULIMOHHBIX XJ1a/1ar€HTOB.

Kommepueckue XONONWIBHBIE YCTaHOBKM — HCIIOJIL3YIOTCS B Mara3wHax, pecropaHax W kade, Tie
TpeOyeTcs MmoJyiepkaHre HU3KOW TeMIepaTyphl it 00IbIINX 00HEMOB MTPOAYKTOB.

Ilponan (R290).

Hcnonp3yeTcs B KOMMEPUYECKUX XOJIOAMIBHBIX ycTaHOBKaX. [Iponan o0nagaer auskum I1I'TI n BeIcOKHMEU
TEPMOJMHAMUYECKAMHU XapaKTEPUCTUKAMHU. DTO IO3BOJISIET WCIOJL30BATh €r0 B PA3NIMYHBIX XOJOJMIBHBIX
cUCcTeMax, BKJIOYasi BATPUHBI U allapaThbl.
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[IpOMBIIIIICHHBIE XOJOAMIbHBIE CHCTEMbl — MPHMEHSIOTCS B IPOU3BOJICTBCHHBIX M  CKIIaJICKUX
MOMELICHUSX U1 XpPaHSHHS Pa3InNYHbIX TOBAPOB.

Yenexucnwuii eaz (R744):

nucnoib3oBanrue CO2 B NMPOMBINUICHHBIX XOJOJWIBHUKAX W XOJOJIWIBHBIX CKIaJax MpPeloCTaBIsSeT
BBICOKOA((EKTHBHOE PEIICHUE ¢ OUYCHb HU3KUM IIOTCHIIMAIOM IJI00aIbHOTO MOTEILICHHS.

Ammuax (R717).

[Iupoko uconb3yeTcst B KPYIMHBIX XOJOJMIEHBIX CHCTEMaX 0Jlarofapsi CBoel BBICOKOH 3(()EeKTUBHOCTH U
HU3KOW cTomMocTH. HecMOTpsi Ha CBOIO TOKCHYHOCTh, aMMHAK MPUMEHUM JJIsl KPYITHBIX YCTAHOBOK, IJI¢ €ro
WCTIOJIb30BaHUE YMECTHO U COOTBETCTBYET TPEOOBAHUSM OE30MACHOCTH.

[lepexom Ha »SKOJIOTMYECKH O€30MAacHBbIC XJIAJareHThl JUIS pa3IUYHbIX CcekTopoB Kaszaxcrana B
COOTBETCTBMM C KHraimickoil mompaBKO#H sBIsETCS HEOOXOAMMBIM INaroM B 00pb0e ¢ TJI00ATEHBIM
roTeruieHneM. Be10op Takux ximagareaToB, kak R600, R290, R744 u R717, 060cHOBaH MX HU3KHUM BO3ICHCTBHEM
Ha KJIUMaT, YJKOHOMUYECKON 3(PPEKTUBHOCTHIO U COOTBETCTBHEM COBPEMEHHBIM TPEOOBAHUSM K YCTOWYHMBOMY
Pa3BUTHIO.

CIIMCOK MCITOJIb30BAHHO JINTEPATYPhI
1. C.A. Bonbiakos XOJ‘IO,I[I/IJ'ILH&SI TCXHHKA U TEXHOJOTUA MPOAYKTOB ITUTAHUA y‘I€6HI/IK
2. Llypanos O. A. Kprsicur A. I'. XonoaumpHas TEXHUKA ¥ TEXHOJIOTHSL.
3. https://measlab.ru/catalog/stands/kholodilnaya-tekhnika/kholodilnaya-ustanovka-s-vozdushnym-kondensatorom/

VIIK 664
JIOKAJIM3ALMS Y DKOJIOTU3ALIMSA TEXHOJTOTHMYECKOTO OBOPYIOBAHUSA

Kaxcoinvikoaesa A.A. u Ananactoxk M.M., yuenuyot 9 «A» knacca
Capcexeesa U.C., yuumenv Xumuu, Macucmp.
Kommynanvnoe I'ocyoapcmeennoe Yupencoenue "Obweodpazoseamenvrasn wxona Ne 189",
Pecnybnuxa Kazaxcman, e. Aimameot, yn. Kazvibex Tayacapynot, 27.
E-mail: inkarggg@gmail.com

CoBpeMeHHasi THIIEBas MPOMBIIUIEHHOCTh KazaxcraHa akTHBHO pa3BUBaeTcCsl Ojaronapsi BHEIPECHHUIO
WHHOBAIIMOHHOTO TEXHOJIOTHYECKOTO 00opynoBaHus. OHO WTpaeT KIIOYEBYIO POJIb B IMOBBINICHHH KadecTBa
OponyKnuu, e€ Oe30MacHOCTH W KOHKYPEHTOCIIOCOOHOCTM Ha MHPOBOM pbIHKE. B 1aHHOI crarbe
paccMaTpuBalOTCsi OCHOBHBIE BHJIBI 000pY/IOBaHUsI, ero nmpuMeHeHrne B KazaxcraHe, JokanbHbIe pa3paboTKu U
MePCTIEKTUBBI Pa3BUTHSI.

Buasl TeXHOOTHUECKOTO 000PYIOBaHHS

[IueBast TPOMBIIIIEHHOCTh BKIIIOYAeT LIMPOKUN CIEKTP 00OpymoBaHUS AN NepepaboTKH, XpaHEHUs U
YIaKOBKH MPOAYKIINH.

Tabnuma 1. Knaccudukanus obopynaosanus [ 1, 2]

Tun o6opynoBanus IIpumepsbl HasnayeHue

ITepepabatriBaromee MenpHUIBI, cenapaTopbl, MICOPYOKH W3mensuerne u nepepaboTka
o0opynoBaHue CBIPBsI
VYnakoBouHOE BakyyMmHbI€ MallliHEI, YnakoBka roToBOH MpogyKIUU
o0opyoBaHue TEPMOCBAPOYHBIE JIUHUHI
XonoguieHoOE XomnoawIbHBIE KaMEPBI, MOPO3WIILHUKN |  XpaHEHHE Msca, PbIObI, MOJIOKa,
o0opyoBaHue oBoLIEH

Bbuorexnonoruueckoe ®depMeHTaTOpEI IIpousBoacTBo HOTypTOB,
o0opynoBaHue HAINTKOB

TeroBoe o0opynoBanue Tepmokamepsl, )kapouHbIe Konuenwue, oOxapuBaHue, BapKa
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IIpumenenue obopynoBanus B Kazaxcrane

B Kazaxcrane oOopynoBaHHMe HCIONB3YyeTCS HA BCEX JTamax MPOHM3BOJCTBA: OT 00paOOTKH CHIPhS IO
YITaKOBKY TOTOBOI MPOIYKIIHH.

CxeMa Mpou3BOACTBEHHOTO Mpolecca

1. IToaroroBka Chipbs

|

2. IlepepaboTka (M3MensIcHHE, (DepMEHTAITHS)

|

3. TeroBast 0OpaboTKa (Bapka, KOITYCHUE, 3aeKaHUE)

l

4. YrakoBKka (BaKyyMHasl HJIM TepMETHIHAs)

|

5. XpaHeHue (XOJOIMIBHUKU WIH TEPMOKaMepHhl)

l

6. TpaHCTIOPTHPOBKA (CHCTEMBI OXJIAXKICHHUS)
Ta6muna 2. Ilpumepsl ucnonbs3oBanus odbopynosanus B Kazaxcrane [3, 4]

Ipennpusitue Tun o6opynoBanus Iponykuus
Xnebo3ao0bi Anmamol ABTOMaTHU3UpPOBaHHBIE XJIe0ONEKapHbIE JIMHUH X1e0, OyI0o4YHbIe H3EIHS
Tossaduna Aepo Kazaxcman MsiconepepabarbiBaroliiee 000pyI0BaHHE [MonydaOpukarsl, KOI0ACK
Paiivinbex Aepo YnakoBOYHBIE MAIlIUHbI Mornoxko, HOTypThI
Aiic+ XoJoniibHOE 000pyI0BaHKE MopokeHoe, 3aMOPOKEHHBIE TPOAYKTHI

Monenu o6opynoBanus, cooupaemslie B Kazaxcrane
Kasaxcran akTUBHO Pa3BHUBACT NPOU3BOACTBO o6opy)1013aHI/1$1 JJIsL HI/IHICBOI\/'I IIPOMBIIIJICHHOCTH.

Tabmura 3. Monmenu o6opynoBanus, cooupaemslie B Kazaxcrane [5]

IIpousBogurtenb Tun o0opynoBaHusi OcoleHHocTH
MenbpHUYHBIE YCTaHOBKH ABTOMaTHU3MPOBAHHBINA KOHTPOIIb U BHICOKASI
KazTechAgro y P p
TIPOU3BOIUTEILHOCTD
CucreMbl XoJ0AUIBHBIE KaMEPBI
OHepro3¢hPeKTUBHBIE 1 KOMITAKTHBIE PEIICHHS
OXJIAXKJICHHUS AJIMaThI
3aBon Arporex KoHBeliepHbIe CHCTEMBI IoaxonuT JUIst MaJIbIX M KPYIIHBIX TPOU3BOJICTB
KazPackTech YnakoBOYHBIE JIMHUU IIpou3BOACTBO BAKYYMHBIX YIIAKOBOK
IlepcnekTUBBI
1. JKoJIorn3anusa NPou3BOACTBA:

BHrenpenne 060pynoBaHus ¢ HUI3KUM SHEPTONOTPEOICHHEM.

VYTunusanus NUIIEBbIX OTXOIOB HA 3TAare MPOU3BOACTBA.

2. Pa3BuTHe 10KAaJIbHOIO POU3BOACTBA:

VYBenuueHue J0U Ka3axCTaHCKUX KOMIUIEKTYIONIHX B 000PY/IOBaHHH.
Co3znaHne COBMECTHBIX MPEANPUATHI C MEKAYHAPOIHBIMU IPON3BOIUTEISIMHU.
3. Buenpenne nuugpoBbIX TEXHOJIOTHIA:

Ucnonezoranue [oT mist MOHUTOpUHTA pabOTHI 000PYIOBAHUSL.
HcKyccTBEHHBIN MHTEIIEKT U1 aHAJIU3a U ONTHUMM3ALUU IIPOLECCOB.

Yro B JabHeHIIEM YIYYIIUT TEXHOJOTHYECKOro 000py10BaHNs MUILIEBOI MPOMBIIIJICHHOCTH
1. T'ocynapcTBeHHas moAaepsKKa:

CyOcuanu asist Ipou3BoauTENEH 000pyI0BaHNS.

JIbrotTHOE HaIOrOOOJI0KEHNE TSl HTHHOBAILIMOHHBIX MPEINPUSTHH.

2. [MoaroroBKka KaaApPOB:

Cosaanue yu4eOHbBIX IPOrpamMM JIisi HHKEHEPOB IUIIIEBON OTPACIH.
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OpraHu3anys CTaXXHPOBOK HA MEPEIOBIX MPEANPUATHSX.

3. CoTpyIHHYECTBO C MEKIYHAPOIAHBIMU KOMIIAHUSIMM:

OOMeH TEXHOIOTUSMH U OTBITOM.

VYdacTre B MeXIyHapOIHBIX BHICTABKAX.

3axiIrouenue

Texnomornyeckoe 00OpYZIOBaHME SBISIETCS BAKHCWIINM KOMIIOHCHTOM NHINEBOH HPOMBIILUICHHOCTH
Kazaxcrana. JlokanpHOe MPOM3BOACTBO, BHEAPEHUE MHHOBAIMH M OKOJOTH3AIMsl OTPACId IOMOTYT 00CCHeuuTh e
YCTOHYMBOE Pa3BUTHE, COOTBETCTBUE MEYKTyHAPOIHBIM CTaHIapTaM M KOHKYPEHTOCHOCOOHOCTh HAa MUPOBOM PHIHKE.

CIIMCOK MCIIOJIb30BAHHOM JINTEPATYPhI
1. Jxaxumea, C.A. Uunosayuu 6 nuuegou npomviuinennocmu Kazaxcmana. Anmarst: Kaitnap, 2020.
2. CpaBOYHUK 110 TEXHOJOTHYecKoMy obopynoBanuto. URL: www.equipment.kz.
3. [Mumesie Texnomorun Kazaxcrana. URL: www.agroindustry.kz.
4. Kucenes A. CospemenHble meHOeHYuU 6 NPouU3800cmee npooyKmoe numawus. A
5. Otuer o pa3BuTnn MamuHOcTpoeHUs B PK. MunucTepcTBO HHAYCTpUH M HHPPACTPYKTYpHOTO pa3BuThs, 2022.

YK 634.1:664.8.037.4, 664.808
COBPEMEHHBIE TEXHOJIOT'MU XPAHEHUS AABJIOK B KASAXCTAHE

Kanaxmem A., yuenuya 10 “JI” HULI XBH 2. Anmamol
Canamuna U.A., npeocmasumens Plattenhardt+Wirth GmbH,
Lo A.I1., 0.m.n., npogh. Aimamunckuti mexnoaocuueckuil ynusepcumem, Pecnyonuxa Kasaxcman, e. Anmamot
E-mail: irinasalatina@gmail.com

1. BBenenue B Temy

o 3HavyeHue sI0JIOK KaK CTpaTerniecKy BaKHOTO TIPOJYKTa cajoBocTBa B Kazaxcrane.

o Ponb coBpeMEHHBIX TEXHONOTHH XpaHEHHWS B CHIDKCHHH MOTEPh Yypoxkas W oOecredeHuu
MPOIOBOJIBCTBEHHOM O€30MaCHOCTH.

2. Texymas cutyanus B Kazaxcrane

o OCHOBHBIE pEruoHBl TPOW3BOJACTBA SOJNOK: AJMaTHHCKas o00JacTh (OCHOBHBIE COPTa)
YKam6biickas u TypkecTaHckas 00IacTH.

@) HpO6HeMBI TpaAuIHOHHBIX METOA0B XpaHCHHA: BBICOKHUE IoTepH, HEAOCTAaTOYHAasA
nH(PACTPYKTYpa, CE30HHBIN XapaKTep MOCTABOK.

3. CoBpeMeHHBIE TEXHOJIOTHHM XPaHEeHHs SI0J10K

o XpaneHue B peryaupyemoii razosoii cpeae (PI'C)

Ho;mepn(aHHe OINITUMAJIBHOI'O COOTHOIICHHA KHUCJIOpOJa U YIJICKHUCIJIOTO ra3a.

TexHuyeckoe obopyaosaHue ans xpaHenns PIC

e :; aHanu3aTopbl
ISEnn  eEE
[of | — BEHTMNALWA 7 co:H o, FH:0
J Z

-

n / KnanaH Perynauus
/ naBneHus

Lungs
Obixanue NNogos:  armocdepa XpaHeHus: ;
notpebnenue Oz
npouasoacTeo COz Apcopbu-
) ancopbep poBaHue
E - CO;

-3% Oz renepamp MoHuxe-
L % COz _'—HZ:[—,—E N: 20s

ocrarok: N2

-

YCTORUNBOCTE K HU3KMM
BEDL W BBICOKMM t
ra3oHeNpPOHML| ra3oHenpoHUUaemMocTe
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VYBenndyeHue cpoka xpaneHus 10 6—12 mecsiieB 6e3 OTepH KauecTsa.
o XpaHeHHe ¢ KOHTPOJIeM BJIAKHOCTH

- HOZ[I[ep)KaHI/IC TEMIICPATYPhbI ONTUMAJIEHOM TEMIICPATYPhbI U OTHOCHUTEIBLHOM BJIa)KHOCTH

90-97%.
0 NuHamurka nNoTeps ypoxasa AGNOK B 3aBMCHMOCTM OT YCNOBUIA XpaHeHna (c ceHTABpA)
— gfélwuﬂe xpaHenue
50} = PrC+MCP-1
z 40
g 30
g 20
10
& o Qp’p ¢ «® s ‘,:DQ& «® & & & S
4. Hcnoab3oBanne 1-meruinukionponeda (MCP-1):
o Onucanue TEXHOJIOTMH:
. MCP-1 Onokupyer BOCHpHSITHE OTHJICHA KIETKaMU SO0JIOK, 3aMeIUIss IPOLECCHI
CO3peBaHMS.
. SBnsercs ogHOM U3 caMbIX 3()(HEKTUBHBIX TEXHOIOTUH ISl IPOUICHHSI CPOKa XpaHESHUSI.
MnoTtHOCTL nnogoe cnycrty 5 MecsueB XpaHeHUA
fA6noko AnbcTap
COBPEMEHHbBIE TEXHOJIOTUUA XPAHEHUA MCP-1
NnotHocTs nnoaos Red Delicious
JlbiXaTensiibie NpoLeccH NA0A08, copt Red
Delicious
Boigeneime JTwnena, ppm
‘@urtomar
5. I/IHHOBaHHI/l B TEXHOJIOTUAX XPAHCHUSA:
o Hcnonb3oBanue nudpoBbIX TEXHOJIOTUH JIJI1 MOHUTOPHHTAa MUKPOK/IMMATA.
e} V1aKoBOYHBIE TEXHOJIOTHH:

Hep(l)OpPIpOBaHHLIC MIEHKU U HUHAUWBUAYAJIbHAA YIIAKOBKA U1 YMCHBIICHUA MCXAHNYCCKUX HOBpe)KI[eHPIfI.
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6. JKOHOMUYECKasI U IKOJ0oruueckas 3ppeKTUBHOCTD

o CHmxenne noreps ypoxas Ha 30—-50% mpu nCroab30BaHIH COBPEMEHHBIX TEXHOIOTHIA.

o MuHuMu3aIys  YIIepoJaHOro ciela 3a CuéT ONTHUMH3AIMKA DHEPreTUYECKHX 3aTparT B
XpaHWIHIIAX.

7. IIpodaemsl u BbI30BBI B Kazaxcrane

o HenocraTok nHbpacTpyKTypbl COBPEMEHHBIX XPAHUJIHII B PETHOHAX.

o Bricokast cToMMOCTh 000PYIOBaHUS U TEXHOJIOTHIA JUI MAJIBIX U CPEIHHUX XO3SUCTB.

o HexBarka kBanmu(punrpoBaHHBIX CIIEIUAINCTOB TSI OOCTYKUBAHHS CHCTEM XPaHEHUSI.

8. IlepcnekTHUBBI M MYTH pellleHUsT

o [IporpaMMbl TOCYIapCTBEHHON MOMICPKKU U CYOCUIUpPOBaHMS ()epPMEPOB JJIsi CTPOUTEILCTBA
COBpPEMEHHBIX XPaHWIHUIII,

o MexIyHapoTHOE COTPYTHHYECTBO C Pa3padOTUMKaMH TEXHOJIOTHHA XpaHEHUS U 3apyOeKHBIMHU
arponpeanpUsITHIMU.

o Co3znanre 00ydarouIux IICHTPOB JJIsi TOBBIIMICHUS KBATH(DHUKAIMKA CICIHATUCTOB B 0OO0JACTH
XpaHeHUs PPyKTOB.

9. 3akiaoueHue

o WuTerpamnusi cOBpeMEHHBIX TEXHOJIOTHI XpaHeHHs 51070k B Kazaxcrane — kiroueBod (akTop

MOBBIIIICHASI KOHKYPEHTOCHOCOOHOCTH OTpaciy W 00ecledeHHs CTa0WIBHOTO CHaOXXeHWsI HaceleHUs
KauyeCTBEHHOM MPOAYKUUEN B TEUEHHUE BCETO rojia.

o HeoOxomumocTs nHBeCTUIMH B HHOPACTPYKTYPY U pa3BUTHE HHHOBALIWH I OyAyILEro ycrexa
OTpaciIy.

CIIMCOK MCIIOJIb30BAHHOM JIMTEPATYPBI
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2. Kader, A. A. (2002). Postharvest Technology of Horticultural Crops. University of California, Agriculture and
Natural Resources.

3. McGlasson, K. R. (1993). Postharvest Physiology of Fresh Horticultural Products. Springer.
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B crathbe 000CHOBaHbBI OCHOBHBIE HaIlpaBJICHUA CHMXKCHUSA SHECPIrOCMKOCTHU ITPOU3BOACTBA U OXJTAXKICHUSA
MOJIOKaA. PaBpa6OTaHI>I MNPUHOUIIHUAJIBHBIC CXEMbI JOUJIBHO-MOJIOYHBIX JIMHUH IIpyu BbIAAWBAHUH KOPOB B
AOWJIBHBIC B€pa U B MOJIOKOIIPOBOJ € TPUMCHCHHUEM YHHBepcaHBHOﬁ 3Heproc6eperalou_[ef/'1 YCTAHOBKH.
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OcHoBHas 3aa4a MOJIOYHOIO CKOTOBOJCTBA 3aKJII04YaeTCsA B 00ECIIEUCHUN HAaCEJIEHUs] CTPaHbl MOJIOKOM
B HEOOXOAMMOM KOJIMYECTBE U TpeOyeMOro KauecTBa NP MUHHMMAIBHBIX 3aTpaTax pecypcoB. IIpomsliieHHOe
MPOM3BOJ-CTBO MOJIOKa TpeOyeT OOJBIINX 3aTpaT YHEPreTUYECKUX PECYPCOB, B TO BpeMs KakK YAOBJIETBOPEHHE
MOTPEOHOCTH B HUX TPHU XO3SMCTBEHHON CAMOCTOSITETEHOCTH OOBEKTOB CYIIECTBEHHO YCIIOKHsETCS. PpiHOYHAS
SKOHOMHKa emie Oosee 000c-TpHia TOIUIMBHO-IHEPTETHUYECKYIO MPOOIEeMy, OCOOCHHO TaM, TIe OTCYTCTBYET
coOCTBeHHasl ChIpbeBas 0aza Al IPOU3BOJCTBA YHEPTOHOCUTENEH.

OpHuM W3 MoOKa3aTeNel, MO3BONAIONIMX OoJiee JOCTOBEPHO OIPENeNUTh 3aT-paThl Ha MPOU3BOJICTBO
MOJIOKA, SIBIISIETCS JHEPrOEMKOCTb — 3aTpaThl MaTepHalb-HO-YHEPTETHUECKUX PECYpPCOB HA  EOUHUILY
IIPOM3BEIEHHOI0 Ha (pepMe MOJIOKa. DHEProeMKOCTb, BKIFOUEHHAsI B OOLIYIO CUCTEMY ITOKa3aTesel IPOU3BOICTBA
MOJIOKa, TI03BOJISIET 00OCHOBATH MOTPEOHOCTH MOJIOYHOTO CKOTOBOJCTBA B JHEp-TOpecypcax, HPUMEHATh
sHeprocOeperaoe TEXHOJOTHH 1 TEXHHUKY, BBISBISITh PE3€PBbl SKOHOMHH SHEPropecypcoB U pa3padaThiBaTh
MPEUIOKEHHS 110 UX 3KOHOMMHU. B CBSI3u ¢ 3TUM mpobiieMa CHMXKEHHSI SHEPrOoeMKOCTH IIPOM3BOJCTBA MOJIOKA
SABIISIETCSL AKTyalbHOW, a pa3paboTka NpPEAJIOKEHWH 10 TPUMEHEHHIO Ha MPaKTUKE pPecypco- H
9HEprocOeperaonx TEXHOIOT I, MAIlIUH U 000pYJ0BaHHS TTO3BOJIUT MOBBICUTH 3((EKTUBHOCTH IIPOU3BO/ICTBA,
ero cTabuIbHOCTh U KOHKY-PEHTOCIIOCOOHOCT. JleTanbHoe pacCMOTPEHUE COCTaBIIAIOLINX SHEPronoTpeO-1eHuUs
TIPH TIPOM3BOJICTBE MOJIOKA OYAET CIIOCOOCTBOBAThH BHIPAOOTKE OOIIEl CcTpa-Terun cOepekeHUsT YHEPrOpeCypCoB
1 KOHKPETHBIX PEIICHUH 110 OCYIISCTBICHHIO MPOIIECCOB U OTICpaIIHi.

CoxpaHeHre Ka4ecTBa M COKpAIeHHE MOTePh MOJIOKA SIBIIIETCSI CEPhE3HON MPOOIEeMOiA, B 3HAUUTEIILHOM
Mepe ompenesronei 3gpdexkruBHOCTs padoTsl Bcero AIIK Pecny6mmkn Kazaxcran. Ota 3agada qonkHa OBITH
peuieHa Ha 0a3e JambHEWIIEro COBEPIICHCTBOBAHUS XOJIOJMUILHOTO O0OPYAOBAaHMS W MPABUIILHOTO COYCTAHUS
HCTOYHUKOB HCKYCCTBEHHOTO U €CTECTBEHHOTO XOJIOAA.

EctecTBeHHBIN X010 — OIMH U3 IJIaBHBIX U 3KOJOTMYECKH YHUCTHIX CPEACTB, 00ECIIEUNBAIOLINX CHI)KEHUE
OHEPTOCMKOCTHU IMPOU3BOJACTBA NPOAYKIHHU KUBOT-HOBOACTBA, COXPAHHOCTDH CEIbCKOXO031CTBEHHOM IpOAYKINHN
HEINOCPEICTBEHHO B MECTAX €€ NPOU3BOACTBA, MO3BOJIIOIIMNA MOJYUYUTh JEIIEBBIM TEXHOJIOIMYECKUM X001 U
YCOBEPLICHCTBOBATh SHEPIeTUIECKUN OallaHC cTpaHbl. DKCIIEPUMEHTHI 110 TPUMEHEHHIO €CTECTBEHHOI'O X0JI0/1a
ITOKa3aJId, YTO €TI0 HCITOJNb30BAaHHE HAa COOTBETCTBYIOIIEM OOOPYIOBAaHHH IO3BOJIICT yBenMWuuTh Ha 25-30%
o0ImuMi 00beM HCIONBH30BAHUSI TEXHOJIOTHYECKOTO XOJI0Ja B MOJOYHOM >KHBOTHOBOJCTBE 0€3 CYIECTBEHHOTO
YBCJINYCHUA KallUTAJIbHBIX 3aTpar. HpI/I 3TOM O6eCHe‘II/IBa€TCH COXPAaHHOCTb CEIbCKOXO03I1CTBEHHOM MNpOAYKIHWH,
YMEHBLICHHE Pacxofa 3JIEKTPO-IHEPTUH Ha NPOU3BOACTBEHHbIE HYXK/Ibl, CHKCHUE SKCIUTyaTallHOHHBIX 3aTpat
Ha XOoJoAuIbHOEe 000pynoBanue. OCBOEHHE €CTECTBEHHOTO XO0JI0Ja UMEET OOJBIION connanbHbli 3¢ dekT, Tak
KaK IIO3BOJISICT IIOJIYy4YaThb IleIIIeBBIﬁ XoJoa aJist XO3STMCTB M OBITa CEILCKOTO HACCJICHUA, 4YTO BaXHO JJIA
COXPaHHOCTHU NPOJYKLUH XHUBOTHOBOJCTBA U PACTEHUEBOJICTBA.

PaboTs! 10 MCTOIb30BaHUIO €CTECTBEHHOIO X0JI0/1a BBI3BIBAIOT OOJIBIION HHTEPEC 3a PyOE:KOM, B CEBEPHBIX
crpanax: Kawmane, @umwmstanuu, [lIBenun, Hopeermm, a Ttakke B CIIA u Smonuu. OO6namasi BBEICOKHUM
MPOMBIIIJICHHBIM TOTEHIMAIOM, 3TU CTPaHbl MAYT MO IIyTH COBEPLICHCTBOBAHUS TPAAMLUOHHBIX IAPOKOM-
MPECCHOHHBIX XOJIOAMIBHBIX CHCTEM.

[Ipobnema mpPOM3BOACTBA BBICOKOKAYECTBEHHOTO MOJIOKAa IPU MHHHUMAIBHBIX 3aTpaTax pecypcoB
(puHAHCOBBIX, TPYAOBBIX, SHEPIETUUECKUX) JOJDKHA PACCMATPUBATBCS U PEIIATHCS KOMILIEKCHO C yY4ETOM BCEX
BIIMSIOLINX M B3aUMOCBSA3aHHBIX TEXHOJIOTUYECKUX, (PU3HOIOTHIECKUX, CTPOUTEIIbHBIX, TEXHUIECKUX (PaKTOPOB.

MosnokonpueMHbIe U MOJIOKOTIEpepadaThIBAIONINE TYHKTHI KaK CTPYKTYpHAs €IUHHIIA YKMBOTHOBOAUECKUX
(hepM U KOMIUIEKCOB, TaK M KaK OT/AEIbHOE MPOU3BOJCTBO OCHAIAIUCH M OCHAIIAIOTCS Pa3InYHBIMUA MalTUHAMHU
u o0opynoBaHHEM C OONBLION NOTPEOIIEMO MOLIHOCTBIO. DTO BBI3BAHO TEM, YTO TaKHE OCHOBHBIC
TEXHOJIOTHYECKHUE MPOILIECCH, KAK OUHUCTKA U OXJIKICHUE MOJIOKA, OJOTPEB BOABI ISl TEXHOJIOTHYECKUX HYKI,
BCHTW ALY, ABJIAIOTCA SOHEPrOCMKHUMU.

OCHOBHBIMH OIEpaMAMH, ONPEACISIOINMHI Ka4eCTBEHHOE COCTOSIHUE MOJIOKA, SIBIISIIOTCSI €r0 OYMCTKA U
oxyaxkaeHue. [1ocTosSHHBI pOCT CTOMMOCTH 3HEPrOHOCUTENICH NleNaeT NMpoOiieMy CHIDKEHHs DHEprozaTpaTr Ha
MpoIecC OXJAKACHUS W XpaHEHWS MOJOKa B YCIOBUsAX (epM BecbMa akTyaibHOH. [IpoBelneHHBIE Hamu
WCCIIEIOBAHUS TIOKA3bIBAIOT, YTO CTOMMOCTh DHEPTOHOCUTEINICH B CTPYKTYpe JKCIUTyaTallMOHHBIX M3JIepKEeK Ha
MPOM3BOJCTBO MOJIOKA B Hacrtosimiee Bpems cocTtaBisieT 38% (puc. 1), a Ha OO0 MPOLECCOB, CBA3aHHBIX C
JIOEHHEeM KpOB W 00pa-00TKoW Mosoka, mpuxomutcs 26% ot oOmux sHeproszatpaT Ha depme (puc. 2).
HpeHCTaBHeHHBIe JAaHHBIC ABJIAIOTCA YCPEAHCHHBIMU JJI TUIIOPAa3MEPHOI'0 psaaa MOJIOYHBIX q)epM C ITOT'0OJIOBHEM
20, 50, 100, 200, 300 1 400 kOpOB 1 MOIyYEHB! HA OCHOBAHUH Pa3pabOTKHU TEXHOIOTUYECKUX KapT.
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[TpakTHKa ¥ MHOTOYHCIICHHBIE MCCIICIOBAHHS TTOKA3bIBAIOT, YTO MPOLECC OXIAKICHNS MOJIOKA SBISIETCS
BBICOKOYHEPro3aTpaTHbIM, TpeOYIOMM B cpeiHeM 29-30 kBT 4 aJIeKTposHepriy Ha OXJIaKAeH!e | TOHHBL. DTHM
OTpeneNnseTcsl aKTyalbHOCTh Pa3pabOTKH TEXHOJOTMH W YCTPOMCTB, 0OECHEUMBAIOIIMX CHIDKEHHE 3aT-pat
SHEPrUHU Ha MPOLECC OXJIAKAECHHS MOJIOKA.

= AmopTusaynsa, TOP
CpeAcCTB MexaHn3ayuuu
B JHeproHocuUTenn

= 3apnnaTta

E[poune

Pucynok 1. CTpykTypa 3KCIITyaTallMOHHBIX M3/Ep>KEK Ha MIPOU3BOJICTBO MOJIOKA
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1 — mocraBka u pa3gada KOpMOB; 2 — 10eHHE 1 00paboTKa MOJIOKa; 3 — yOOpKa M yTHIM3alus HaBo3a; 4 —
obecrieyeHne MUKPOKIIMMATa; 5 — BOJIOCHAOXKeHHe; 6 — Mpovne

Oons B cyMMapHbIX 3HeprosaTparax, %

Pucynox 2. JluarpaMma pacripeieneHusi CTOMMOCTH SHEPTOHOCHUTENEH 10 TEXHOJIOTHYECKUM IIpoIieccam

OCHOBHBIMH HATIPABJICHUSMH 37IECh SBJISIOTCS UCIIOIb30BAHNE TEILUIOBOM SHEPTHH, OTOMPASMOii OT MOJIOKa,
B TEXHOJIOTHYECKUX IIEJISIX, & TAKIKE MCIOJIb30BaHHE MPUPOIHOTO UCTOYHHMKA XOJI0/1a B 3UMHHUI MEPHOJ roja.
IlepBoe HampaBicHUE MPETYCMATPUBACT UCIOIB30BAHHME TEIUIOXOJOAMIBHBIX YCTAHOBOK WM PEKY-IIEPATOPOB
TEIUTOTHI, BTOPOE — aKKYMYJISITOPOB €CTECTBEHHOTO XOJI0/1a.

[epBuuHass 0O6paboTKa MOJNOKA OCYIICCTBISICTCS B MOJIOYHBIX OJokax ¢epM. B koropeix 75...80 %
9HEPro3arpar MPUXOJAUTCS HA OXJTXKJACHHE MOJIOKA U HATPEB BOJIbI HA TEXHOJOTHUYCCKHUE HYXKIBI.

Ha BenmuumHy SKCIUTyaTalMOHHBIX H3JCPIKEK BIHUSCT KAK KOMIUICKTAIMS JOUIBHO-MOJIOYHON JIMHUH
TEXHOJIOTHYECKUM 000pYJ0BaHHEM, TaK M CYyTOUHBIH 00beM 00padarbiBaeMoro Mosoka (tadm. 1).
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Ta6n1/1ua 1. Z[OJ'IH 3aTpaT Ha OXJIAXKJACHUC U XPAHCHUC MOJIOKA B MOJIOYHOM O110Ke

CyTOuHBINA 00bEM
BapuaHT 1oeHust KopoB DHeprosarpatsr,%
00pabaThIBAGMOT0 MOJIOKA, T
1 JIOWJIbHOE BEJIPO 47,7
MOJIOKOTIPOBOJT 52,0
5 JIOWJIbHOE BEJIPO 42,1
MOJIOKOITPOBOJ 42,7
3 JIOWJIBHOE BEJIPO 39,8
MOJIOKOIIPOBOJ 41,9
4 JIOWJILHOE BEJIPO 35,7
MOJIOKOTIPOBOJT 36,9

CrnenyeT OTMETHUTb, YTO JIOMIILHO-MOJIOYHAS TUHHMSI Ha 0a3¢ YCTaHOBOK C MOJIOKOITPOBOJIOM SIBIISIETCSI O0iee
SHEPTOEMKOH (IHEPro3aTpaTHOMN).

Hamu pazpaboTaHbl NpHHIUMIHAANBHBIE CXEMBI TOWIHLHO-MOJIOYHBIX JHUHWA TPHU BBIJAUBAHUH KOPOB B
JOWIbHBIE Beapa (puc. 3) U B MOJOKOIPOBOA (puc. 4) ¢ MpuMEHEHHEM YHHUBEPCAIBHON 3Heprocoeperaromieit
YCTaHOBKH, TPEACTABISIO-IIEH co00i OXIaauTeNnb-BoJOoHArpeBartelb. [Ipolece oxmaxaeHus BOABI (XJIaI0HO-
cuTensi) obecredrnBaeTcs 3a CUeT ECTECTBEHHOTO X0JIOa B 3SMMHHUE MECSIIBI TO/1a, 8 HATPEB BOJIBI B IETHUN TIEPHOJ
— COJTHEYHOU 2HEpruei.

KopoBHux \
1 2 3 . .

W W N

010K 4 o

2 -

i EBHJaqa

= == = = == ?5_ :

“J | |= —_— | = — ;
[ I [@

=t MOJIOKO; =+ =-~=s XOJIOJHai BOIQ, -=-----= TOpAYaA BOIA,
- — = = BOJONPOBOHASA BOJA.

1 — nownbHBIN anmapar; 2 — BaKyyMIPOBOJ;, 3 — epEIBMKHAS MOJIOKOIIPUEMHAST YCTAaHOBKA;
4 — HacoC MOJIOYHBII; 5 — pe3epByap-OXJIaAUTeIb; 6 — OXJIaAUTEIb- BOJIOHAIPEBATEIb;
7 — TermI000MeHHUK; 8 — BOJOHArpeBaTelb; 9 — 6ak ams ropsiueii Boabl; 10 — Hacoc BOASIHON

Pucynoxk 3. Cxema JIMJI nipu noennu kopoB Ha arperarax AJl-100A (IAC-2b)
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1-nownnbHBIA anmapaT; 2—MOJIOKOTPOBO/; 3—MOJIOKOCOOPHUK; 4—HACOC MOJIOYHBIN; S—(UIbTP;
6—oXJIaguTENIb MOJIOYHBIN; 7—pe3epByap-0XJIauTellb, 8—HaCOC BOASHOM; 9—0XIIaIuTeNb-BOJOHArpeBaTelh; 10—
TermnooOMeHHUK; 1 1-BogoHarpeBaTenb; 12—0ak Ass ropsiueil BOJIBI

Pucynok 4. Cxema JIMJI npu noeHn# KOpoB Ha ycTaHOBKax Tumna AJIM

OTIMYuTeabHOW OCOOCHHOCTBIO JOWIBHO-MOJIOYHON JMHMM Ha Oa3e arpera-toB JAC-2b, AJI-100A
SIBJIICTCSl TIPUMEHEHHE TICPEABM)KHON MOJIOKOPUEMHON YCTaHOBKH, YTO CIIOCOOCTBYET HaMOOJICEe IOJHOMY
COXPaHEHUIO KaYeCTBEHHBIX TTOKa3aTelel MOJIOKa M CHHYKEHHIO TPYAOBBIX 3aTpar.

OmbITHRIE JAHHBIE W TEXHUKO-DKOHOMHYECKHE pacyeThl IMOKa3bIBAIOT, YTO CPOK OKYIIaeMOCTH
MpeCTaBIeHHOT0 000PYI0BaHuUs coCcTaBisieT 1,5—2 ro/ia 3a C4eT CHUIKEHUS dHepro3arpar Ha 00paboTKy MOJIOKa
Y COXPaHEHUS er0 KaueCTBEHHBIX MOKa3aTeleH.
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IIOKTHI TOHA3BITY TEXHOJIOTMACHI MEH APTBIKIIBLTBIKTAPBI
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LToxThl TOHA3BITY TEXHOJOTHACH — OYJI 3aMaHayW TaMakK ©HEpKOCiOiHIe KoHe KOFaMIBIK TaMaKTaHy
OPBIHJIAPBIH/IA a3BIK-TYJIIK CallaChlH CaKTayIbIH THIMII SJiCi. BYJl TEeXHONOTUSHBIH 0aCThl MaKCaThl — OHIMICP/II
MYMKIHJITIHIIE KBICKA MEp3iMJle TOMEH TeMIepaTypara ICHiH CaJKbIHAATHIIN, OJNapIblH KYPBUIBIMBIH, TOMIIK
KaCHeTTEepiH jKOHE TaraMBIK KYHIBUIBIFBIH Y3aK YaKbIT OOMIbI cakTayabl KamTamach3 eTy. LLIOKTEI TOHa3bITy
JIECTYPJIi CAITKBIHAATY SICTEPIHEH KbIIIaAMIBIFBI )KOHE THIMJILTITIMEH SPEKIICIICHE/I.

Bys1 TeXHOIOTHSHBIH JKYMBIC iCTEy HPHHIMII OHIMAEPIl oTe ToMeH Temmeparypbl (—18°C xoHe onaH
TOMEH) XbUIIAaM MY3JaTyFa Herizfenred. JKpligaM CcankplHAATY Ke3iHIe MOoJeKyjaamap OipieH ycak My3
KpUCTalapeiHa aiHANaael. byl KpucTanmapablH KilliripiM eJmieMi a3bIK-TYJNIKTiH JKaCyIIalbIK KYPhUIBIMBIHA
3aKbIM KEJITIPMEU/Ii, IFHU OHIMJIEp ©3iHIH 0acTaIKhl carmachlH cakTai bl KomiMri My31aTy 9IiCTEpiH/e YIKESH MYy3
KpHCTaJIIaphl maiia 601aapl, Oy OHIMHIH KYPBUIBIMBIH OY3bII, TOMIHIH ©3repyiHe aubil Keimyi MyMKiH.[1]

[lokTh TOHA3EITY Mpotieci OipHele Ke3eHHEeH Typabl. bipiHii Ke3eHae oHIMHIH TeMIIEpaTypachl XKbUIIaM
+3°C - Ka neitin TemenaeTinesni, 0y OakTepusuapapIH KeOeroiH Texelai. Temmneparypack! -18°C-ka aeliin ogan
opi TeMeHneTineai, Oy OakTepHUsIapAbIH eMip Cypy KaOijeTiH TONBIKTall TOKTaTaawsl. byn amic acipece Te3
OY3BUTATHIH OHIMIIEDP — €T, OaJIbIK, KOKOHICTED, KeMicTep, HaH OHIMIepi )KoHEe TalblH TaFaMap YIIiH 6Te THIM/I.

[IOKTBI TOHA3BITYJBIH HETI3T1 apTHIKIIBUIBIKTAPBIHBIH Oipi — a3bIK-TYJIKTIH JOMJIK JKOHE TaFaMJIbIK
KAaCHETTEPIH Y3aK yaKbIT Ooiibl cakraii Oinyi. COHbIMEH KaTap, OHIMIEPIiH CHIPTKBI TYpI JIe e3repMeial — onap
OanFpIH KYWiHIE KalaThlHAANW KepiHedi. by TexHomorus coHpIMeH Oipre Taram KaJlABIKTAphIH a3aiiTyFa BIKIIall
eTelli, OUTKEHI CAIKBIHAAThIIFaH OHIM/IED Y3aK CaKTalaIbl )KOHE TYTHIHYIIBIFA KOFAPHI carmaja KeTKi3UIe/i.

Tarbl 6ip MaHBI3/IBI AP THIKIIBUIBIFBI — a3bIK-TYIIK KaYINCI3AIriH KaMmTamachi3 eTy. LLIokThl My3aaTy Ke3iHjae
3uaH/Ibl OaKTepUsUIap MEH MUKPOOTap/IbIH KeOelo Kaymi ToeMeH e ai. by ocipece TaraM nailblHIay MEH cakTay
nporecTepi KataH O0akbUIaHATHIH KOFAM/IBIK TAMAaKTaHy yoHE O6JIIIeK cay/a calachlHa 6Te MaHbI3IbL. [2]

[IoKTBI TOHA3BITY TEXHOJOTHACH SKOJIOTUSJIBIK TYPFBIIAH Ja THIMII. OHIMAEPl y3aK cakTay MYMKIHIIT1
a3bIK-TYJIIK BICBIPANTApbIH a3alTajbl, &l DHEPrUsHbl YHEMJEWTIH 3aMaHayH >KaOJbIKTap dJIEKTP KyaThlH
yHeMzieyre MyMKiHaik Oepeni. Kasipri 3aManFbl TOHA3BITY KYPBUIFBUIAPEI SHEPTHSI TYTHIHY/IbI OHTANIAH IBIPHITL,
KOpILIaraH opTara Kepi acepli a3auTampl.

Byt TexHOMOTHS TEK OHIPICTIK CEKTOPA FaHa eMec, COHbIMEH KaTap LIaFblH OM3HEC IT€H TYPMBICTA KEeHiHEH
KOJIIaHbLTy 1a. MBIcalibl, MelipaMxaHaap HIOKTHI My3/1aTy apKbUIBI QJIIBIH aJla JaibIHaIFaH TaFaMIap/ibl CaKTarl,
Ka)XKETTi YaKbITTa camaibl OHIM YChIHA anaibl. Y )KarJaiibiHIa OYJI TEXHOJIOTUS OTOACBUIBIK TaFaM KaJlIbIKTapblH
a3aiiTyFa j)KOHE YaKbITThl YHEM/IEyre MyMKiHik Oepei (cyper 1). [3]
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Cyper 1.KamepaHbl CanKpIHIATY KYHECIHIH CXeMaCh

LITokTHI TOHA3BITY TEXHOJOTHS TaMakK ©HEPKOCIOIHIH opTYpI i cajalapblHAa KeHiHeH KOJIaHbUIanbel. by
omic acipece €T, OalbIK KOHE TEHI3 OHIMJACPUH OHJCY CalachlHIa ©Te MaHbI3Abl. byl eHiMuep Te3
OY3bIIATHIHBIKTAH, OJIAP/bl TACKIMAJI/IAY JKOHE CaKTay Ke3iHJIe camachlH CaKTay YLIIH JKbIIIaM MY3[aTy KaXKeT.
[lokTel TOHA3BITY ©HIMIEPAi OacTamKbl OalFbIH KYWIHIE CaKTail OTBIPHIN, OJAPIBI ajbIC KAIIBIKTBHIKTapFa
KETKi3yre MYMKIiH/IK Oepe/i.

KexkewnicTep MeH jxeMicTepli OHaeYyIe e OYJI TeXHOIOrHs KEHIHEH KOJIAaHbUIa b, MbICabl, MayChIMIIBIK
KOKOHICTEp MEH KeMICTepi My3/1aTy apKbUIbl OJIApAbl JKBUIJBIH Ke3 KeJIeH YaKbIThIHA Maijaaany MyMKIH/IT
naiiga 6onaapl. lLlokTel My31aTy ©HIMIIEPIIH TAOUFH JOMiH, TYCIH KOHE TaFaMJIbIK KYH/IBUTBIFBIH CaKTaiIbl, Oy
0JIap/ibl TAMAKTaHy PallMOHBIHBIH aKbIpaMac OeJIiri eTe/i.

MeiipamxaHa jkKoHE KOFaMIbIK TaMaKTaHy WHYCTPHWSCHIHJA IIOKTHI TOHA3BITY >KOFaphl CYpPaHBICKA He.
ANIpiH ana JadbIHAANFaH TaraMaapAbl CaKTay apKbUIbl acyiiiep >KYMBIC THIMIUIITIH apTTBIPBIN, YaKbITTHI
yHempeit anaasl. CoHbIMEH KaTap, OyJ1 TEXHOJIOTHSI MelipaMxaHaiapra MayChIMIBIK Ma3ipJep/i *Ky3ere acelpyra
JKOHE TaFaMHBIH JKOFaphI CallachlH CAKTayFa KOMEKTECe/ .

Jaiipra Taramaap eHIipiciH/Ie IIOKBI TOHA3BITY TYTHIHYIIBLIAPFA Callallbl )KOHE Kayirnci3 OHiMIIep/Ii YChIHYFa
MYMKiHIUK Oepexmi. byn omic apKpuibl My3iaTbUIFaH Taramuap AECTYpJi Typle AaiblHIadraH TaFaMHAH eIl
aBIPMAIIBIIBIFEI J)KOK caraja cakranaabl. COHIBIKTaH MY3/1aThUIFaH MHIINA, OdIIIIITEp, copriaiap *oHe O6acka a
OHIMJIEp Y3aK CaKTala bl dpi TYTHIHYIIUIAP apachiHa YIKEH cypaHbicka ue.[4-5]

KopbIThIHIbUIAl Kele, OKTH TOHA3BITY — a3bIK-TYJIIK OHIMIEPIH CaKTay calachlHIarbl MHHOBAIIMOHAIIBIK
mrenriM. OHUH KBULIAMIBIFbL, TIMIUTITT )KOHE OHIM CalachlH CaKTayaFbl )KOFApbl KOPCETKIIITEPi OYIT TEXHOIOTHS
OoJaiakra oJiaH 9pi KeH TapalyblHa bIKHAJ €Teli. A3bIK-TY/IIKTIH OaJFbIHIBIFbIH, KAyITICI3AITiH KOHE TaFaMIbIK
KYHJIBUIBIFBIH CaKTay Macesieci MaHbI3AbI OOJIBIN Kajla OepeTiHi ce3¢i3, COHIBIKTAH IIOKTHI TOHA3BITY TEXHOJIOTHUS
OCBI caJa >KeTeKIlli OpbIHFa He.
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1. Biacos A.Il., Ky3unenos U.W. ToHA3BITKEII TEXHOJIOTUSACHIHBIH Heriznepi. — M : MamuHa xacay, 2018.
2. Smith J., Brown K. Blast Freezing Technology: Principles and Applications. — Springer, 2020.
3. I'pomos C.B. OHiMaepai my3aatyapia 3amanayu texHosorusuapsl. — CIIB.: IIpogwis, 2019.
4. OxeroB A.H. TOHa3BITKBII KOHABIPFBUIAPBIHBIH SHEPreTHKANBIK acnekTiiepi. // ToHa3bITKBII eHepKaciOiHiH
xabapmsicsl, 2021.
5. Johnson M. Advances in Food Freezing: New Materials and Methods. — Wiley, 2019.

112



YK 621.565.83, 621.565.4

HOBBIHIEHUE SHEPTO®P®EKTHUBHOCTH U BE3OITIACHOCTH
ITPOITAHOBOH XOJIOANJIBHOU MAIIINHBI
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[IponanoBble  XONOAMJIBHBIE MAIIMHB BCE AKTUBHEE BHEAPAIOTCS B  Pa3IM4YHBIX  OTPaciX
MPOMBIIIJICHHOCTH OJlaroapsi cBOei SKOJIOTMYHOCTH U BhICOKOW 3¢¢exTuBHOCTU. [IpomaH, Kak XjagareHr,
o0yiafaeT HU3KUM MOTCHLUUAIOM IJI00aTbHOrO MOTEIUIEHUS W HE Pa3pylLIaeT O30HOBBIM CIIOH, YTO JAENaeT ero
IIPUBJICKATENbHOW aJbTEPHATHBON TpPaAWIMOHHBIM XjagareHraM. IlpuopureTHoe HampaBiieHHE pPa3BUTHA
XOJIOAWIBHOW TEXHUKH — STO MOBBIIIEHUE SHEPrOd(EKTUBHOCTH M IKOJOTMYHOCTH CHCTEM MPOMBIIIIEHHOTO
XOJIOJJOCHA0KCHUS ¥ KOHAUIIMOHUPOBaHus Bo3ayxa [1]. [Tepexon Ha IKOIOTMYECKH YHCTHIN XJIaJareHT MporaH
(R290) B xOoMMepYecKMX XOJOMWIbHBIX ycraHoBKax Hoshizaki America mnpuBenr K CHWKEHHIO
sHepronoTpedieHus Ha 11%, coryiiacHO AaHHBIM, NPENCTABICHHBIM TEXHHYECKUM AUPEKTOpoM [I3BHaom
CennepcoM. D10 pelieHne He TOIBKO IKOHOMUYECKH BBITOIHO, HO M CIIOCOOCTBYET OXpaHe OKPYKaloIIel cpe/ibl.
Kommnanus Hoshizaki America qocturiia 3SHaYMTENBHBIX YCIIEX0B B 001acTh skoiorugHocTy. [lepexon Ha mpomaH
(R290) cokparni napHHKOBBIE BBIOPOCHI XOJIOAMJIBHOIO 000PYAOBaHMUS, UCIONB3YEMOro B obmenure, Ha 21%.
Taxoli pe3yabTaT CTajl BO3MOXKEH Oaroiapsi CHIKECHHUIO KaK TPSAMBIX BBIOPOCOB XJIaJlareHTa, TaKk U KOCBEHHBIX
BBIOPOCOB, CBSI3aHHBIX C dHEpromoTpedeHueM [5].

OpHako, MUPOKOE NPUMEHEHHE MPOIAaHa B XOJOAWIBHBIX YCTaHOBKAaX CONPSDKEHO C ONPEAEICHHBIMH
pHCKaMU, CBSI3aHHBIMU C €T0 BBICOKOH TOPIOYECTHIO [5].

VYTeuku nponana MOTYT IPUBECTH K CEPbE3HBIM TOCIEACTBUIM, BKIIFOUAs! [TOKAPBI, B3PHIBEI U OTPABICHUSL.
Oco0eHHO OomacHbl YTEUKHM B 3aMKHYTBIX NPOCTPAHCTBAX, I/I€ KOHLEHTPALMs ra3a MOXKET ObICTPO NOCTHYb
B3PBIBOOIIACHBIX 3HAYEHUH, BeJlb IPOIaH 00pa3yeT ¢ BO3AYXOM B3PbIBOOIIACHBIE CMECH ITPU KOHIICHTPALINH I1apOB
ot 1,7 no 10,9 %. [4]. KpoMe TOro, NpOMaHOBbIC XOJIOAMIbLHBIC MAIIMHBI YaCTO MCIOJB3YIOTCS Ha 00BEKTaxX C
MOBBIILIEHHO [TOKapHON ONACHOCTHIO, YTO elle OOJIblIe YBETUUNBAECT PUCKH.

Lenp nmaHHOrO HCCIENOBAHMS 3aKIIOYACTCS B KOMIUICKCHOM aHaiu3e (akTOpoB, BIMSIOMIMX Ha
0e301acHOCTh JKCIUTyaTalnu, pa3paborke 3pPekTUBHBIX Mep M0 MHHUMH3ALWU PUCKOB dHEProdddexkTuBHOM
MTPOIIAHOBOM XOJIONUIBHON cHCTEMBI. B paMkax paGoThl OYyT PELICHBI CIASAYIONINE 33 [aUH:

e II3ydyeHne KOHCTPYKTHBHBIX OCOOCHHOCTEH NPONAHOBHIX XOJOAMJIBHBIX MAaIIMH W BBISBICHUE
MOTEHIHATBHBIX YSI3BUMBIX MECT.

e AHaJIM3 IPUYMH BOZHUKHOBEHUSI aBapHUi ¥ MHIIUJCHTOB C MPOMIAHOBBIM 000PYIOBAHUEM.

¢ Pa3paboTka pekomeHganui o BEIOOPY MaTepHaIoB, yCTOMUMBBIX K BO3/ICHCTBHIO IPOIIAHA U €T0 MapoB.

¢ ccnenoBanne 3ppeKTUBHOCTH Pa3TUUHBIX CUCTEM OOHAPY>KEHUs yTEeUeK MPOIaHa.

¢ Pa3paboTka anropuTMOB aBTOMAaTHYECKOTO OTKJIIOUYEHHUST 000pYI0BaHUsI IPH BO3HUKHOBEHUH aBAPUITHBIX
CUTYaLMH.

e Pa3pabotka 6e30macHoOi 1 YHEProdpHEeKTUBHOM MPOMAHOBOH XOIOIUIHPHON CHCTEMBI.

e O0LEKTHI M METOALI HCCJICA0OBaHMNS.

Hinst obecrieyeHrs: KOMIUIEKCHOTO aHallM3a HOPMATUBHO-NIPABOBOW 0a3bl, perynupymomei 6e30macHOCTb
9KCIUTyaTallud XOJOAMIBHBIX YCTaHOBOK B PecmyOnmke Kazaxcran, HEOOXOAMMO pPacCMOTpETh CIEAYIOLINE
IPYMIIBI 3aKOHOIATENBHBIX aKTOB!

e TexHUYECKHE periaMeHThl: ONPENeNsoT TpeOoBaHUS K O€30MacHOCTH TEXHHYECKHX YCTPOWCTB U
MPOAYKIHH, BKIIIOYAs XOJIOAWIbHOE 000pYIOBaHHE.

o [[paBuna 0e30macCHOCTH: YCTaHABIMBAIOT KOHKPETHBbIE NpaBWa W HOPMBI, HalpaBlieHHbIE Ha
obecriedeHue 6e30MaCHOCTH TPH SKCILTYaTaI[H XOJIOJMUIILHBIX YCTaHOBOK.

e CaHWTapHBIE HOPMBI W TIpaBWJA: PETJaMEHTHPYIOT CaHWUTAPHO-TUTUEHHYECKHE TpeOOBaHUSI K
XOJIOAWIBHOMY 000pYIOBaHHUIO U YCIIOBUSM €0 3KCIUTyaTallut.

e [IpaBuia moXKapHOH OE30MACHOCTH: ONPEACSAIOT TPEOOBAaHUS IMOXKAPHOHW OE30MacHOCTH  IPH
MPOEKTHPOBAHUH, MOHTAXE, IKCILTyaTaIllUN U PEMOHTE XOJIOJMIBHBIX YCTaHOBOK.
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e TpynoBble HOPMBI U NIPABUJIA: PETYIUPYIOT BOIPOCHI OXPaHbl TPyJa MpU SKCILIyaTallul XOIOAUIBHBIX
YCTaHOBOK.

[Ipuxka3 u.0. Munuctpa no upe3BbruaiiibiM cutyanusMm PK ot 08.07.2022 Ne 253 [3] aBnsieTcst OIHUM U3
KITIOYEBBIX HOPMATUBHBIX JJOKYMEHTOB, PETYIMPYIOMINX 0€30IaCHOCTh SKCILTyaTallul XOJOJMIBHBIX YCTaHOBOK
B Kazaxcrane. B nanHOM npukase copepkaTcs HCUEpIbIBAIOLINE TPEOOBAHMUS KO BCEM 3TallaM XU3HEHHOTO LIUKIIA
XOJIOANUIBHOM YCTAaHOBKHU: OT MPOEKTUPOBAHUS U MOHTAXKa JI0 3KCIUIyaTallud U PEMOHTA.

KiroueBble TpeOOBaHMs, COEPIKAILUECS B IPUKA3€:

e TpeboBaHus K TEXHUIECKOMY OOCITYKHBAHHIO:

o Perynsipabie 0CMOTpHI B peBU3NH 000PYIOBaHUSI.

o KoHTpoib 32 repMETHYHOCTHIO CUCTEMBI.

o Ouncrka 000pyIOBaHUS OT 3arpsA3HEHUM.

o YcTpaneHne HENCIIPABHOCTEH B COOTBETCTBHHU C TPEOOBAHUSIMHE ITPOU3BOAUTETIS.

e TpeGoBaHUs K SKCILTyaTalUu:
o [IpaBuna mycka 1 OCTaHOBKH 000PYAOBaHUSI.
o KonTpons mapamMeTpoB paboTH (HaBieHNE, TEMIIEPATYPa).
o Benenue skcmiyaTalliOHHON TOKYMEHTALUU.
o Orpanndenue JoCTyna K 000pyJ0BaHHIO TOCTOPOHHHX JIHII.
e TpeboBaHus K peMOHTY:
[opsinox mpoBeaeHUsI PEMOHTHBIX padoT.
BezonacHocTs mpu cBapouHBIX paboTax.
O0e3BpeKUBAHUE XJIaJarcHTa.
TpebGoBanus K epcoHaITy:

o Kpanugukanus nepconana, 00CIyKHUBaIOIIET0 X0JI0AWILHOE 000pyI0BaHHE.

o [IpoBenenne HHCTPYKTaXKEH MO TEXHUKE OE30MACHOCTH.

o Obecneuenue nepcoHaia CpeacTBaMy HHANBUIYAIBHON 3aIUTHI.

Jus uccnemoBanust Oe3omacHOCTH M dHeEprod(h(eKTHBHOCTH ObUTa pa3paboTaHa 3KCHEpUMEHTAITBHAS
XOJIOJWJIbHAS MalllMHa. B KkayecTBe XOJIOAWIBHOW KaMmephbl ObLT HCIIOIB30BaH OOBIUHBIM OJHOKAMEPHBIN
XOJIOAWIBHUK 00BEMOM Kamepbl 90 NUTPOB, U3 KOTOPOTO M3BATHI BCE BHYTPEHHHE KOMIOHEHTHI. [lockoibky
IKCIIEPUMEHT IUIAHUPYETCs IPOBOJUTH C XiagareHToM R290, ¢ momorsto mpunoxerns Danfoss 6su1 nogobpan
KOMIIpeccop C XOJIOAONPOU3BOANTENHHOCTRIO 238 BT M paccunrana JuiMHA KanWUIIPHON TPYOKH, MTOCKOJIBKY
ucnoJipzoBanue TPB B 1aHHOM 3KCIIEpUMEHTAIBHON MallIMHE 3aTPYHEHO.

® O O O

= Danfoss Capillary Tube Selector = a X
™ Verson 1.0
DanCap ™ ;. &0 )
Input Data
Refrigerant R290 v
@ Heat load of the system 265 w

Evaporating temperature 23 °c
@ Condensing temperature Ei{ °C

@ Retum gas temperature 0 °C

Capillary Tube Recommendation
Flow Rate: 0.48 CFM (N. at delta p 10 nbar)

0.32m 0.60 mm
041m 0.63 mm
069m 0.70 mm
0.74 m 0.71 mm
13m0

241m 0.90 mm
4.09m 1.00 mm
721m 1.12mm
10.18 m 1.20 mm
Optenal selection 1 hghighted o grees

e ter QP |

Pucynoxk 1. Pacuer kanmisipHo# TpyOku B nprinokernun Danfoss
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Takum ke 00pa3oM C IMOMOIIBIO TPOTpaMM sl pacueTa ObUT BBIOPAH KOHJACHCATOpP BO3IYLIHOTO
oxmaxeHust pupmbel AFrost ¢ momaocteio B muke 980 BT. ITocne mojdopa BceX KOMIUICKTYIONIMX ObLTa
CKOHCTPYHpOBaHa paMa JJIsl SKCIIEPUMEHTAIbHOM MallMHBIL. 151 M3rOTOBJICHUS PaMbl ObLT IPUHST BEPTUKATBHBIN
dbopMaT pacHoyIoKEHUs] KOMIIOHEHTOB, 3TO TpeOyeTcs A Oonee HArISJHOTO IMPOBEAEHHS IKCIIEPUMEHTa, a
TaKoKe I yI0OCTBa MOHTa)Ka M 3aMEHBI KOMITOHEHTOB.

PI/IcyHOK 2. KOHCprKTI/IBHOG peuicHue E)KCI'IepI/IMeHTaJILHOﬁ MalInHbI

st mpoBeneHus SKCIepuMeHTa Oblla pa3paboTaHa T'MApaBIMYEcKas CXeMa MPONAHOBOM XOJIOAMUIBHOM
MalllMHBl C MHTETPUPOBAHHBIMH KOHIAEHcaTopamH. [IpMHIMI pabOTBl CHCTEMBI OCTAETCsl KIACCHYECKUM 32
WCKIIIOYEHHEM HCIONBb30BaHMs JIBYX KOHJIEHCATOPOB BO3AYLUIHOIO W PaJWallMOHHO-HCIAPHUTEIBHOTO
KOHzeHcaTopa. B 3aBucHMMOCTH OT BHZa KCIIEPUMEHTa M MOTOAHBIX YCJIOBUH OyAeT peann30BaHO HECKOJIBKO
BapHaHTOB HCIOJb30BaHUs. OMHAKO MPH KOMOMHHMPOBAHHM PAa3IMYHBIX METOJOB OXJKICHUS HEOO0XOIUMO
OIPE/ICIUTh KPUTEPHUH, TI0 KOTOPHIM OJTMH METOJ OXJIAKIACHHS ePEKIF0YaeTes Ha Apyroit [2].

K2 HaumeHoBaH1e anemeHToB
/\ /\ /\ A /\ /\ KM Komnpeccop
©0 K1 KondeHcamop BosdywHsid
\/ \/ \/ \/ \/ K2 PagduouuoHHo ucnapumenbHell
@ CmO KOHGeHcamop
% —@*Q} 0X PecuBep xudkocmHou
/\ /\ /\ /\ /\ /\ &0 bunbmp-ocywumens
M0 CMompoBoe okHO
\/ \/ \/ \/ \/ un Ucnapumens aucmompydHbll
K1

Kn KanunnsipHast mpydka

PS Pene daBnenus
PE llamyuk daBnenus
TE Nlamyuk memnepamypel

PI/IcyHOK 3. FI/IZ[paBJ'II/I"IeCKaSI cXema SKCHepI/IMeHTaHLHOﬁ XOHOI[HHLHOP'I MalIuHbI
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3axirodeHue.

[IpoBeneHHOE WCCNeTOBaHWE TO3BOJNMIO BBISIBUTH OCHOBHBIE PHCKH, CBSI3aHHBIC C OKCILTyaTaluen
MTPOTIAHOBBIX XOJIOAWIBHBIX MAIIMH U pa3padboTaTh PEKOMEHIAINHU 110 WX MUHUMH3AIMUA. AHAIH3 HOPMATUBHO-
MpaBoBOl 0a3bl TOKa3aJl HEOOXOAMMOCTh NalIbHEHIIEr0 COBEPIICHCTBOBAHUS 3aKOHOJATEIILCTBA B 00JIACTH
0€301acHOCTH POITAHOBOTO XOJIOJUIIEHOTO 000PYAOBaHUS.

Pa3paboranHass MO/IeNb XOJOAMIBHON MAITMHBI MOXET CIY>KUTh OCHOBOH JJISi CO3JIaHHsI HOBBIX, OoJjiee
0e30macHbIX 1 SHEProd()(HPEKTUBHBIX CHCTEM OXJIAXKICHUSI.

PesynbTathl nccnenoBaHns HMEIOT BRICOKYO MMPAKTUYECKYHO 3HAYMMOCTh U MOT'YT OBITh MCITOJh30BAHBI:

e [Ipon3BOIUTENSIME TIPOITAHOBOTO XOJIOAUIBHOTO 000PY0BAHMS JJIsl pa3paOOTKH HOBBIX MOJIEIEH.

e DKCIUTYyaTUPYIOIIMMHU OPTaHU3aIlUsIMU JIJIS TIOBBIMIEHUS 0€301acHOCTH PabOoTHI.

e HopMOTBOpYECKMMY OpraHaMu JJIs COBEPIIICHCTBOBAHUS 3aKOHOIATEIILCTRA.

e DKOHOMHYECKAasl OIIEHKA: B JAbHEHIIEM IOCIE MPOBEACHUS TCOPETHUSCKUX W IKCTIIEPHUMEHTAIBHBIX
WCCIICIOBAHUN MOXKHO OIICHUTh SKOHOMHUYECKYIO 3(D()EKTHBHOCTh UCIONB30BAHUS MPOMAHOBBIX XOJIOAHIBHBIX
MaIlIMH ¢ HHTETPUPOBAHHBIMU KOH/ICHCATOPaMH.

CIIMCOK HCITOJIb30BAHHON JINTEPAYTPhI

1. Ioi#t, A.Il. DxcrepuMeHTaNbHO-IPOMBIIUICHHBIC XOJIOAWIBHBIE CHCTEMBI Ha BO30OHOBIIIEMBIX HCTOYHHKAX
suepruu / AL Hoit, [I.A. Kopeuxkuit, A.C. I'panoBckuii / Kazaxcran-Xomnon 2023: CO. 10k MexA. Hayd.-TexH. KOH. (27
anpens 2023 r.). — Anmater: ATY, 2023. — C. 55-59.

2. Tsoy, A. P. Experimental Study of the Heat Flow and Energy Consumption during Liquid Cooling Due to Radiative
Heat Transfer in Winter / A. Tsoy, A. Granovsky, D. Koretskiy, D. Tsoy-Davis, N. Veselskiy, M. Alechshenko, A. Minayeyv,
I. Kim, R. Jamasheva // Energies. — 2023. — 16, 4865. — https://doi.org/10.3390/en16134865.

3. IIpukaz MuHucTpa Mo MHBeCTHIHMAM M pa3BuTHi0 PecnyOnuku Kaszaxcran ot 30 mekabpst 2014 roma Ne 345.
3apeructpupoBan B MunucrepctBe foctuimu Pecnyonuku Kaszaxcran 17 ¢espans 2015 roma Ne 10276. Uutepner-
HUCTOYHUKU

4. https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BF%D0%B0%D0%BD

5. https://kriofrost.academy/lenta/novosti/perekhod-na-propan-obespechil-snizhenie-energopotrebleniya-na-11-
protsentov/
VK 669.01

HOBOE IOKOJIEHUE MATEPHAJIOB - PEBOJIIOLIUA B HAYKE 1 TH)KEHEPUUN

Capmucsan 3., yyenuk 8 «A» xnacca
Kaxcubaesa I'JI., yuumenv guzuxu,
KI'Y «OLI No189», Bocmarnovikckuti paiioH, 2opod Aimamul

Mup MarepuanoB IOCTOSIHHO PAa3BUBAETCS. TpagulMOHHBIE MAaTepuaibl, TAKHME KaK CTajlb, IUIACTHK U
KepaMHKa, YK€ JaBHO CTall HEOThEMJIEMOM YacThlO Hamlel *u3HU. OJHAKO MPOrpecc B HAyKe M MHKCHEPUU
OTKpPBIBA€T HOBBIE TOPU3OHTHI, TO3BOJSIS CO3/aBaTh MAaTepUaIbl C HEBEPOSTHBIMH CBOMCTBaMH, HE
BCTPEUAIONIMMHCA B MPHPOJIE. DTO HOBOE MOKOJICHHE MaTepUaIOB, KOTOPOE MOXKET W3MEHHUTh HAIly XU3Hb,
OTKpPBIBasi HOBBIE BOBMOKHOCTH B CAMBIX pa3HbIX 00IACTIX — OT MEJUIHMHBI 10 KOCMHYECKHUX HCCIICTOBAaHHH.

MeTtamartepHaisl - HCKYCCTBEHHBII MUP CBEPXbECTECTBEHHBIX CBONCTB.

MeramMartepuanbl — 3TO UCKYCCTBEHHO CO3JAHHBIE MaTEPHAJIbI C IIEPUOJIUUYECKON CTPYKTYPOM, pa3Mephl
KOTOPOM CONOCTaBUMBI € JUIMHOM BOJIHBI CBETA WM 3ByKa. biaronapst aToMmy, MeTaMaTepyalibl MOTYT YIIPaBJIsTh
3JIEKTPOMArHUTHBIMHU M aKyCTHUECKHMH BOJIHAMH, JEMOHCTPUPYS CBOICTBA, HE XapaKTEpHBIE ISl MPUPOJHBIX
MaTepHasoB.
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Hekotopsle npumepsl.

* HeBumumocTh - Metamarepuanbl, criocoOHbIE WU3MEHATh HampaBiieHHE CBETa, MO3BOJIIIOT CHAEIaTh
00BEKTHI HEBUIUMBIMHU.

*  Bplcokoa(deKTHBHBIE COJHEYHbIE Oatapen: Meramarepuanbl € YHUKQJIBHBIMH ONTHYECKHMU
CBOWMCTBaMHM CIIOCOOHBI COOMPATh OOJIbIIE COTHEYHON SHEPTHH.

* CBepXIIpOBOJHUKH: MeTamaTepralibl C HyJIEBBIM COMPOTUBICHUEM IS MPOXOXKICHHS 3JIEKTPHUECKOTO
TOKA.

2D-matepuraltsl: TOHKHE IUIEHKH C HEBEPOSTHBIMHU CBOHCTBAMH.

2D-marepuanbl — 3TO MaTepualibl TONIIMHON B OJUH aTOM, KOTOpbIe OONaar0T HWCKIIOYHTENLHON
MPOYHOCTBIO, HIIEKTPOIPOBOJHOCTBIO U TEILUIONPOBOIHOCTHIO.

I'paden, xak npumep.

I'paden, mpeacraBnsronuii coO00 OAHOATOMHBIA CIIOH yriiepona, 00JasaeT HEBEPOSTHON MPOYHOCTHIO,
HPOBOJUT HIEKTPUUECTBO JIy4llle MU U TEIUIO - JIydIlle aamasa.

IIpumenenue.

* DnexkTpoHuKa: rpadeH MOXKET OBITh MCHOJIB30BAaH Uil co3maHusi Oosee ObICTPhIX U 3()(HEKTUBHBIX
3JIEKTPOHHBIX YCTPOMICTB.

* CeHCOpBI: BBICOKAsi UyBCTBUTEILHOCTh rpad)eHa JeNlaeT ero WealbHBIM MaTepHalioM ISl CO3aHus
qyBCTBHUTEJIbHBIX CEHCOPOB.

* batapen: rpadeH noBeimaeT 3hHEKTUBHOCTD U CKOPOCTh 3apsAKH JTUTUH-NOHHBIX OaTapei.
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BuoMumeTHuecKkue MaTepraibl: IPUPOJIA - UCTOYHHUK BIIOXHOBCHHSL.

buoMumeTHueckue Marepuaibl — 3TO MaTepUalbl, UMHTHUPYIOIIUE CTPYKTYpyY U CBONCTBA KHBBIX
opranusmoB. [Ipupona yxe paspaboTana MHOXKECTBO YAHBUTEILHBIX MATCPHATIOB ¢ YHUKAIBHBIMU CBOMCTBAMH,
TAKUMH KaK MTPOYHOCTh, THOKOCTh, CAMOBOCCTAHOBJICHHE.

IIpumenenue.

* Jlerkue W TPOYHBIE KOHCTPYKIMH: MaTepuamnbl, UMUTHPYIONHE CTPYKTYPY KOCTEH WM PakOBUH
MOJUTIOCKOB, MOTYT OBITh HCHOJB30BaHBI JUISI CO3JAHMS JICTKUX M TPOYHBIX KOHCTPYKIMA B caMolieTax,
ABTOMOOMJIAX, 3MaHHSIX.

* CaMOBOCCTaHABJIMBAOIIUECS MaTepUaibl: MaTepraiibl, UMUTHPYIONIUE CIIOCOOHOCTh TKaHEH OpraHnu3Ma
K CaMOBOCCTaHOBJICHUIO, MOTYT OBITh HCIOJB30BaHBI JJISI CO3J[aHUS CAMOBOCCTAHABJIMBAIOIINXCS MOKPBITHIA,
3alIMIIAIOIINUX OT OBPEXKICHHUI.

ITepcniexkTuBHI.

* CHWXEHHE 3aBUCUMOCTH OT HedTu - Pa3paboTka HOBBIX MaTepualoB i MPOU3BOJICTBA
BO300HOBJISIEMbIX HCTOYHUKOB SHEPTHH.

* Pemrenue mpoOsieM okpyxaroied cpenbl - Co3naHue OuopasiiaraéMbIX MaTepUajioB JUIS CHUXKCHUS
3arpsI3HCHMSL.

* Co3/iaHue HOBBIX JICKapCTB - Pa3paboTka MaTeprasioB JJIs JOCTABKY JICKAPCTB U JICUCHHsI 3a00ICBaHU.

BaxHO NOMHUTE.

Pa3paboTka v BHEIpEHHE HOBBIX MaTEPHAJIOB TPEOYyeT BPEMEHH M 3HAYUTEIbHBIX pecypcoB. OnHaKo,
MOTEHIIMAT STHX MAaTePHAJOB HACTOJBKO BEJHK, YTO BJIOXKCHHUS B WX HCCICIOBAHUS U PA3BUTHE YK€ CETOIHS
OKYIIAIOTCSI MHOTOKPATHO.

3akiroueHue.

HoBoe nokosieHre MaTepHaIoB — 3TO HACTOSIIIHMIA MPOPBIB B HAYKE U UHKeHepuu. Metamarepuansl, 2D-
MaTepHaibl 1 OMOMHUMETHYECKHE MaTepHalibl OTKPHIBAIOT OE3rpaHUYHbIC BO3MOXKHOCTHU JJISi CO3JaHHUSI HOBBIX
TEXHOJIOTHH, YIYUIICHUs Ka4eCTBA )KU3HU U PELICHUS INI00ATbHBIX ITPOOIIEeM.

VK 621.565.83, 621.565.4
HOI'PYKHOE OXJIA’KIEHUE CEPBEPOB

Xaxumoeg LLLA., cmyoenm-6axanraepuama, Lot A.11., Ook. mex. nayx, npogeccop
Anmamunckuil mexnonozuueckutl ynugepcumem, Kasaxcman, 050012, Anmameot, ya. Tone 6u, 100
E-mail: hakimov.shuhrat@bk.ru, tsoyteniz@bk.ru

HmMepcroHHOE (OTPYKHOE, OT aHTJI. immerse) OXJIaXIeHUE - OXJIaXKJaeT 000pyI0BaHHE 32 CUET ITOJTHOTO
MOTPYXKEHMsI BCEX KOMIIOHEHTOB CEpBepa B LHUPKYJIUPYIOIIYI0O HE TMPOBOASIIYI0 3JIEKTPUYECKOH TOK
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OXJIAKJAIONIYI0 JKUAKOCTh (TEIJIOHOCHTENh). VMMmepcus TMO3BONISET OXJaXKIAATh KOMIIOHEHTHI KpanHe
3(p(EKTHBHO U UMEET MPAKTHYECKUA HEOTPAHUICHHBIN 3arac MOIIHOCTH st OXJaKaeHus. [1]

BHeproachcheKTBHOCTL

BhPEeKTUBHOCTb OXJIONKOEHUSA
MSOTHbIX C60POK

CToMmMocCTb BHeapeHust

BOKONOrN4YHOCTb

Crno)XHOCTb BHeapeHus

H HOCTb 06 HUSA

npocrom IKkecnyaraumm n
O6CNYyMMNBAHNA

EETENEE
J U [l
I -

M6kocTb pasmeLueHns

Mnoxo - - OTNNYHO
Hpunyun pabomeol.

[lpuHIAT PabOTHI COCTOMT B CIEIYIOIIEM: TEIUIO, BBIAEISIEMOE JJICKTPOHHBIMH KOMITOHEHTaMH,
MepeaacTcsl HEMOCPEACTBEHHO OXJIAKIAIOLIEH KUIKOCTH.

[IpeumyriiecTBa MOTPYKHOTO OXJIKICHHUS: BBICOKAs 3PPEKTUBHOCTD, SHEProd(h(hEKTUBHOCTD, TIOBBIIICH-
Has HaJIeKHOCTh, TUXas padoTa, KOMIIAKTHOCTh M SKOJIOTUYHOCTb.

NMMepcroHHOE OXJIaKIEHHE WCIONB3YeTCs B CIEAYIOMUX OO0JIACTSAX: JaTa-IeHTPHI, BBICOKOMPOU3-
BOJUTENIBHBIC BEIUUCICHUS, KpUTHUESCKH BAXKHBIE CUCTEMBI.

Tumbl KUIKOCTEH A TOTPYKHOTO OXJIaXJIEHHS: CHHTETHYECKHE IUIJICKTPHKH, Mep(Topyriiepobl,
BOJHBIE PACTBOPHI.

CymiecTByeT 1Ba TPUHIMITUAIGHO PAa3HBIX THMA WMMEPCHOHHOTO OXJIXKACHHA — OJHO(pA3HOE H
nByxdazHoe.

Jleyxghasnas ummepcus.

TexHonorus no3BojseT oxyiaxaaTe A0 250 kBT yncToll MOIIHOCTH Ha CTOMKY.

[Mpunnun paOOTHI: CIeNUANbHAS — OXJIAXKIAIOIAs JKHIKOCTh BBIKMIIACT, W OOpa3yIoIIMics map
KOHJICHCHpYETCs Tiepe/i TOBTOPHOM HUpKyIsiuen. [lepexoa KuaKocTH B Ta3 d3QQEeKTHBHEE OTBOAUT TEIUIO, HO
YCJIOKHSET YCTPOHUCTBO CUCTEMBI.

o TEeXHUYECKH CIIOXKHAsl CUCTEMA

¢ Jloporue CTOHKH U TETIIOHOCUTEINH

e He odeHb Oe30macHO BBHUYy BEICOKHX JIaBIICHHMA

¢ Jloporocrosmipe TETIOHOCUTENH TpeOyeTcs MOIONHATh MPUMEPHO KaKIble JIBa ToJa W MX KpaiiHe
CJIO)KHO KyIIUTh
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Oounocghasnas ummepcus.

TexHOMOTHA O3BOMAET OXIAXKAATh 10 150 KBT "ncTOl MOITHOCTH Ha CTOMKY.

[MpuHun paboThl: TEIUIOHOCUTENL OCTACTCS B )KHUIKON (pase Ha BceM MPOTSHKEHHU LUKJIA OXJIKICHUS U
HUPKYJIUPYET MEXKAY CTOMKOM U paAHaTOPOM C IOMOLIBIO OOBIYHBIX HACOCOB.

¢ DddexTrBHEE

¢ bezomnacuee B HCMOJIB30BaHUH

¢ PenrabenpHee

¢ Cpok ciyxO0b!I TermoHocuTens cocrapisieT 10 et

CepBepHbie CTOMKIK, 3anonHeHHbIe
MNOKM TEMNMIOHOCKMTENAM

~ ~
LMPKYNALMOHHHBIA HOCOC

FpaaupHa

Apaikynep

WHohk
TennooGmerHbIn

R =

L > _——,— e ———— —

—

OpHaKo, UMMEPCHOHHOE OXJIAXKICHUE HECMOTPS Ha BCE MPEUMYIIIECTBA UMEET TAK)KE M CBOU HEJAOCTATKH,
K KOTOPHIM OTHOCHUTCS: BBICOKAas CTOMMOCTH CIEIHAILHOTO O00OpyAOBaHUS H KHUAKOCTH; CIOXHOCTH
00CIy)KUBaHUS, TaK KaK OOBEKT OXJIKICHHS HAaXOJIUTCS BO BJIAKHOM cpeze;, a Takke mpodiieMa ¢
COBMECTHMOCTBIO 000PYI0BaHUs, T.€ OHO MOMPOCTY MOXKET HE TIOMECTHTHCS Ty/Ia.

B nenom, uMMepCcHOHHOE OXJIAXKIEHUE SABJISIETCS COBPEMEHHBIM METOIOM OXJIXKACHHS, HO TpeOyeT Oomee
TIIATENFHOE OOCITY)KMBaHUE TI0 CPABHEHUIO C TPAJAUIIMOHHBIMHA CUCTEMAaMHU.

Buibop srcuoxocmu 0ist cucmemuvl NOSPYIHCHO20 OXAANCOCHUSL.

OcHOBHBIE TpeOOBaHMA K IKUJKOCTSM: BBICOKas TEIJIOEMKOCTh, HH3Kas BSI3KOCTh, BBICOKAs
JIUDIIEKTPUYECKAast IPOYHOCTh, XHMHUYECKash HHEPTHOCTh, HU3Kasi TOKCUYHOCTh U JIETYy4eCTh, CTAOUIBLHOCTH MPHU
BBICOKHX TeMItepaTypax [2].

[Momenienue, npenHazHAuYCHHOE JIJISI PA3MEIICHUSI CUCTEMBI IIOTPYKHOTO OXJIAXKICHHUS, JOJDKHO OTBEYaTh
pany cnenuduueckux TpeOOBaHUH, 00ECTICUMBAIOIINX Oe30TacHy0 1 3(h(EeKTUBHYIO paboTy 000pyA0BaHUSI.

OcHoOBHBIE TpeOOBaHUS: MPOYHOCTh M TEPMETHYHOCTh, BEHTWISAIUS, MPOTUBOMOXKAPHBIE MEPHI,
3a3eMJICHUE, MOHUTOPHHT ¥ KOHTPOJIb, OCTYITHOCTH [3].

Paouayuonnoe oxnascoenue.

Jis oBeimeHus 3QPEKTUBHOCTH OXJIAXKACHUS TETUIOHOCUTEIIS MIPEjIaraeTcsi HCIIOJIb30BaTh YCTAHOBKY C
panuaIMOHHBIM OXJIaXICHHEM, KOTOpasi yCTaHABIMBAETCS MapalIeIbHO YHIUIepy. B CBs3U ¢ TeM 4To JonmycTHMOe
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TIOBBIIIICHUE TEMIIEPATyPhI B AKTUBHOM cJ10¢ mporieccopa 10 83°C, u mpu 00bIYHOM 00beMHOM TIOTOKE BoIBI 0,002
M3/cek, MOYKHO HCTIOIB30BaTh BOY JUISl IEPBHYHBIX 3MEEBUKOB ¢ TeMrepatypoii 62°C [4 ].

ITpu Tako# TeMrepaType OXJIaKMAOIICH BOABI MOXHO MPUMEHSTH MapauieIbHO YHIIIEPY YCTAHOBKY C
panuaIMOHHBIM OXJIKICHUEM U OXJIAXKIATh MPOIIECCOP KPYIIIOCYTOYHO U B JIETHHUH TIepHOA [5] .

CIIMCOK HCITOJIb30BAHHO JINTEPATYPhI

1. Ummepcuonnoe oxiaxaerue// https://clck.ru/3EqRAA

2. Bri6op KUIKOCTH JUTST TIOTPY>KHO# CHCTEMBI OXJIKIICHUST 1
https://www.datacenterfrontier.com/sponsored/article/33008403/dow-inc-four-factors-to-consider-when-selecting-the-right-
glycol-based-fluid-for-liquid-cooling

3. Boibop momereHust i pa3MelICHHs CHUCTeMbl oxnaxaeHus// https:/ww.opencompute.org/documents/design-
guidelines-for-immersion-cooled-it-equipment-revision-1-01-pdf

4. https://habr.com/ru/companies/3mrussia/articles/206658/

5. Tsoy A., Granovskiy A., Koretskiy D., Tsoy-Davis D.,Veselskiy N., Alechshenko M., Minayev A., Kim I.,
Jamasheva R. Experimental Study of the Heat Flowand Energy Consumption during Liquid Cooling Due to Radiative Heat
Transfer in Winter, Energies. — 2023. — Ne 16. — 4865. https://doi.org/10.3390/en16134865
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CPABHUTEJIbHBIN AHAJIN3 CUCTEMBI TEILVIOCHABKEHUS OT
OTOIIMTEJBHBIX KOTEJIBHBIX U TEIIJIO HACOCHBIX YCTAHOBOK

Tneyxanos U.C., I'. [laykeesa.
Anmamunckuil yHUgepcumem dHepeemuKy U C8a3uU UMeHU
Pecnybnuxa Kazaxcman, 2. Aimamol
E-mail: i.tleukhanov@aues.kz

CoBpeMeHHBIE TEXHOJIOTHH TEIJIOCHAOKEHHS PEIaraloT HECKOIbKO MMOAXOA0B ISl 000rpeBa KUIBIX U
KoMMepueckux 3nanuid. Cpenu HanOosiee MOMYJSPHBIX PEIICHUH BBIIENSIOTCS OTONUTENbHBIC KOTEIbHBIE U
TEIUIOBBIE HACOCHI. DTH CUCTEMBI SBIISIIOTCS KITIOUEBBIMH 3JIEMEHTAMH COBPEMEHHBIX YHEPI€TUUECKUX CTPATETnH,
HamnpaBJICHHBIX Ha TIOBBIIIEHHE KoMdopTa W CHIWKeHHE »dHeprosaTpar. Kaxkmas ©u3 HHUX HMeeT CBOH
MPEeNMYIIECTBa, HETOCTATKH U OCOOCHHOCTH KCIUTyaTallly, YTO TpeOyeT TIATEIbHOTO aHaIi3a MPH BEIOOpE.

B nanHO¥ cTaThe pacCMOTPUM OCHOBHBIC Pa3IMUMsl MEXK/y HUMH C aKIIEHTOM Ha 3Heprod(h(eKTHBHOCTD,
9KOJIOTHYHOCTbD U 3KCIUTyaTal[IOHHbIE PACXO/IbI

[Ipunnum paboTel cucTeM

OtonwurenbHbIe KOTENBHBIE — 3TO CUCTEMBI, TJIe TEIUIO BhIpabaThIBACTCS MyTeM COKUTAHUS TOIUTUBA (Ta3,
Ma3yT, Yroyib) Ui BBIPaOOTKM TEIUIOBOM SHepruu. B KOTenbHOI cropaHue TOIUIMBA MPHUBOAUT K HArpeBy
TEIUIOHOCHTEIIS (BOIBI MIIM apa), KOTOPBIH Mojaércs B OTONMTENbHYI0 cucteMy 3xanus. KIIJI coBpemMeHHbIX
ra3oBBIX KOTIOB gocTuraeT 90-95%, ogHako BEICOKHI ypoBeHb BBIOpOCOB CO2 U 3aBUCHMOCTH OT HCKOIIA€MBIX
SHEPTOHOCHUTEINEH SIBIISIOTCSA 3HAUNTEIIbHBIMHU HEIOCTAaTKaAMH.

TennoBeie Hacock! - TerioBble HACOCH PabOTAIOT 0 HHOMY IPUHLMITY, YeM KOTEJIbHbIE, U3BJIEKas TEIJIO
W3 OKpY’Karoleil cpensl (Bo3ayxa, TPyHTa WM BOJBI) BHYTPh 3[aHus. PaboTa TeruioBoro Hacoca OCHOBaHa Ha
WCTIOJIb30BaHHH XJIQIareHTa, KOTOPBIH MOTJIONIaeT TeIUIo PY HU3KUX TEMIepaTrypax U mepeaaét ero B CUCTEMY
ororutenusi. KI1JI (B Bune xoddunuenta nmpeodpazoBanusi — COP) TerIoBbIX HACOCOB MOXKET JOCTHTraTh 3—5,
YTO 03HAYAET, YTO HACOC MPOU3BOIUT 3—5 KBT Termna Ha Ka el moTpebsieMblii KBT 31eKTposHeprun.

OHeproahHeKTHBHOCTH

J1st cpaBHEHHSI CHUCTEM MPOBEAEM pacyET 3aTpar SHEPTUU U TOIUIMBA HA OTOIUICHHE 31aHuA 1iotaaso 100
M? B T€YEHHE BCETO OTOMUTEIHHOTO Ce30Ha (5 MecsIeB).

OtonurenbHbIC KOTIIBI:

Cpenusist morpeOHocTh B Terie anst 3maHus — 100 Br/m2.CyrouHoe teruionoTpedieHue: QcyT =
100x100 = 10 000 Bt = 10kBT x 24y = 240 kBT/4 Exemecsaunoe rtermtonorpednenue: Qmec = 240 x 30 =
7200 kBt/4

Mec 7200
s razoBoro komia ¢ KIT 90% notpeOyercs: QTonsimBa = ¢ =

—— = 8000 kBT/4

nKOTJIA 0,9 -
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IIpu croumocTu ra3a 35 tenre/kBT 4 3aTpatsl coctaBsat: 3aTpaTbl = 8 000 x 35 = 280 000Tr

TennoBoii Hacoc:

& = 22 = 1800 kBr/4
IIpu crtommoctu amektpodHepruu 30 TeHre/kBt-a 3arpatel cocTaBsaT: 3aTpaThl = 30 * 1 800 =
54 000 TeHre

Brioa: TermoBoli Hacoc 3xkoHOMHUT Oosiee 70% Ha IHEPrOHOCUTENSX B CPABHCHUU C Ta30BBIM KOTIIOM.

DKOJOTHIHOCTH

OtommurenbHbie KOTIEL Cxxuranne 1 m® raza mpomsBoaut ~2 kr CO:. Ilpu pacxome ~800 m* raza 3a Bech
CE30H BBIOPOCHI COCTABSIT:

IIpu COP = 4: QasrekTpuyecTBa =

800x2 =1600kr CO2

TermmoBsIe HACOCHI.

Pabora Hacoca He BBI3BIBAET MPSIMBIX BHIOPOCOB, OJHAKO KOCBEHHBIC BBIOPOCHI 3aBHCST OT UCTOYHHKA
anekrpodHepruu. Ecimu 50% smekTposHepruu BhIpAOATHIBACTCS YrOJbHBIMUA CTAHIUSAMU, YACIBHBIA BBIOPOC
coctaBut ~0.4 kr CO2/kBT-u:

1800x0,4=720xkr CO2

Takum 00pa3om, HCIOJIL30BaHUE TEIUIOBOTO HACOCA CHIDKAET YIJICPOIHBIH CJIe] IOYTH BIIBOE.

OKCIUTyaTallMOHHBIE PACXOJIbI

CpaBHuTenBHAS TAOIUIA!

ITapamertp OTonuTebHbIH KOTEN Tens0Boii Hacoc
CroumocTh Cpennss (~1,8miH 1r.) Bricokas (~3 MiH. TT.)
YCTaHOBKH
3arpatsl Ha Beicokue Huskue
SHEPTOHOCHUTEIH
Texnuueckoe Exeronnas yncrka MuHumansHoe
00CITy)KUBaHHE
[Tepros oKymaemMocTu 3-5 ner 7-10 ner

3akiroueHme

BbeiOOp MeXIy OTOMUTENbHBIM KOTJIOM M TEIUIOBBIM HACOCOM 3aBHUCHUT OT KOHKPETHBIX YCIOBHMA
SKCIUIyaTalluM, KIuMaTta U OrJpkeTa. TeruioBble HACOCHI JIEMOHCTPUPYIOT BBICOKYIO 3HEProd((eKTUBHOCTh U
9KOJIOTHYHOCTD, YTO JeJaeT MX MEPCIEKTHUBHBIM BHIOOPOM JUIs ycToW4YMBOro ororienus. OHako, ux Oonee
BBICOKAsi HAYaJIbHAsI CTOMMOCTh TPeOyeT JTOITOCPOYHOT0 MOIX0/1a K TNIAHUPOBAHUIO 3aTPaT.

CIIMCOK HCITOJIb30BAHHON JINTEPATYPhI
1. Anues, A. M. DHeproapPpeKTHUBHbBIC TEXHOJIOTHH B TeIiocHaO)eHuu. — Anmarsl: M3natenscteo KasHTY, 2021. —
250 c.

2. Tney6aes, C. K. TermnoTexHHUECKHE YCTAaHOBKH M MX JKCIUTyaTallus B KIMMaTH4eCKHUX ycinoBuax Kaszaxcrana. —
Hyp-Cynran: OxorHomuka u 6usznec, 2020. — 320 c.

3. Hypceutos, [I. b., Aiinapxanosa, XK. K. Bo3oOHoBIsieMast sHeprus u ee npuMeHeHune B Kasaxcrane. — AnMaTh:
KazsHUND, 2019. — 275 c.
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Byn wmakamaga Omnrycrik Kazakcranpmarbl Tepmocu(OHAAPAbI JKbUTYy CHIATTaMajiapbl  ©HIMJLIIT
3epTTeireH. TepMocuOHABIK KYyHenep ChIPTKBI COPFBUIAPABI KAXKET €TIECTeH CYMBIKTBIKTHI alHAIABIPY YIIiH
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TaOWFY KOHBEKIIUSHBI NaijaiaHa OTBIPHII, CyJIbI )KbIIBITY YIIIH KYH SHEPTHSCHIH Maliiananaibl. 3epTTey JKyprizy
YIIiH, apHaBI o3ipieHTeH TepMOCcH(OH KYyHeci TeMIepaTypansl OaKplIayFa apHAIFaH TepMoliapajapMeH JKoHe
JIepeKTep/i ’KUHAYFa apHAIIFaH IePEeKTep i TipKeyIliMeH ka0 AbIKTaabIK. JKyiie KbIc alinapbIHaa qa Cyabl >KOFaphl
TUIMJUTIKIICH JKBUIBITY YIIIH KYH JHEPrUAChIH THiMJI mnaiimgananansl. Cyapl aniblH ajla KbI3JIBIPY CUSKTHI
OHTAMNIAHMBIPY CTPATETUsIIAPhl JKYHEHIH JKYMBICBIH OJaH opi »akcapra anajsl. HoTmkenep KIUMATTHIK
Kargaiapel yKcac aifMakTap YIIiH THIMII )KOHE TYPaKThl KYH KbUIBITY HISITIMAEPIH 93ipeyre bIKIaT eTel.

TyliH ce3aep: KyH SHEPIUsChI, jKa3blK KYH KOJIJIGKTOPBI, KYH SHEPTHUSACBIH OPHATY, TEPMOCU(OH, JKbLTY
SHEPIUACHl, OHTAMIIBI.

Kipicre. KyH >KbIIBITKBIITAPEI TYPaITbI 3¢PTTEYNICP TATKBUIAHIBI.

Makananarel 3epTreyae [1] amblK >koHe OYITTHI aclaHFa apHaJIFaH KOJUICKTOPIBIK KOTEPTrilllTepIiH
KOH(UTypauusiapblHa HEeTi3/1eNTeH KYH >KbUIBITKBIIIbBI 3epTTerai. THIMAUTIKTI apTThIpy YIIIH KYH coyJieciMeH
xabpIKTay Kyheci kacanral [2]. TazapTeuFraH BaKyyMIIBIK KYPBUIFBUIAP VIIH SPTYPIIl TYCTEP KOJIAAHBUIIHI,
aJIcOpOLIMSUTBIK  3€pTTEYNep JKYprisinai. OpTypiai ciHiprimn OeTTepai KongaHa OTBHIPHIN, TepMO(U3NKAIBIK
epITIHIep Kacasbl [3], OHTAWIBI XKbLTY OSpy YIIiH CiHipriul nanenbaep 3eprreni. Connaii-ak, ayara IbIFbIHKBI
miactrHa eHrizingi. Kommekropnmap ymmH THIMAUTIK KepceTkimrepi abcopbep OeTTepiHiH MINIHIH €3repTy
Ke3iHeri THiMaimiK koadduientiMer Oipre anpikTanasl [4]. IlalinananpuiFad KO3FAITKBII MaibiH abcopbep
JKOHE CaJIKBIHAATKBIII PETIHAC KYH paJualysaCchlH MaKCHUMaJJibl CiHIpYy YIIIH maijajaHaThlH JKaHa Cy
KBUIBITKBIBI  eHri3inai [5]. Hormxenep KaHaraTTaHapIbIK OHIMIUTIKTI KOPCETTi, KbI3ABIPYABIH OHTAMIIBI
TeMIIepaTypachblHa YIII CaFraTTaH a3 yakbIT ilIiHAe opTama THIMAUIT 65% sxone MmakcumyM 80% KeTTi..

Marepuangap Men oaictep. KyH *KbUTyMeH ka0abIKTay Kyieci 1-cypeTTe KopceTilreH.

SEUS BEPSEOW

Cyper 1. KyH xbutyMeH xa0/IbIKTay )KYHECIHIH HEeri3ri JuarpaMMachl KOPCETIIreH.

Byn 1-cyperte xputy okmayianraH kopimyc (1), Menmip kakmak (2), pesepByap cigipriur (3), aifHaIMaIsl
coprbI (4), KBUTY COPFBICHI (5), KYOBIp (6), )KbLTY anMacTeIprbIl (7), TepMmomeTpiiep (8, 9) pesepByap CiHiprinmiHig
Kipici MEH IIbIFBICBIHIAFBl JKOHE KOpIIaraH oOpTajarbl TeMmIiepaTypaHbl ejmieyre apHamrad (10),
aBToTpancdopmatop (11), pesepByap akKyMyasTopsl (12) kKoHE KOHTPOJUIEP XHUBIHTBIFBI Oap 3JIEKTp eJiey
KypaJizapsl OeplireH cayaiHaMaa HHHOBAIUSUIBIK MYMKIHIIKTI - KbICBIMIBI TOMEHCTETIH KbLIY OKIIayIaFbIIil
Ta3a eKi KabaTThl Tepe3€e PETIH/IE )KYMBIC ICTEHTIH TIKeIeH KYH KOJIEKTOphI 0ap. KosimaHblIaThiH CaJIKbIH A TKbIIL
- TOT OacmaiThIH >KyKa KaObIpFaibl TOJKBIHABI KYOblp. KyH aFbIHBI KaTylIKanapaarbl €piTiHAiIHI KbI3IbIPaabl,
CoJlaH KeliH KOJUIEKTOP.IbIH ajAbIH anaabl. CyphinTay UCTEpHACHIHBIH CU(OHBIHAH MIBIKKAH CATKBIH CYHBIKTBIK
KEHICTIKKE 9cep eTejli, HOTHKECIHIe KYHelli KbUTy allHaIIBIMBI JKYpelli. byl skyiie cuoH apKbUTbl XKapamIbUTBIK
Mep3iMiH OaKbUIayFa MYMKIHAIK Oepeni, Oyt croH OachIHBIH ©JIIIeMiHE XKoHE OHBIH T€OMETPHUSUIBIK apaMeTpiHe
OaiinanpicTel. CyablH KbICHIMBI JKOFapbliaraH cailblH CHU(OHHBIH THAPABIUKAIBIK KeIEprici Jie apTalbl, OChI
CYWBIKTBIKTHIH YKBUIaM/IbIFBIHBIH JKOFaphUIaybiHa oKenei. XKbuTy TachIMaaFbIlKa KbUTy Oepy TepMOcu(OH bl
KYH KYHeciHiH TI30eKTepiHJe TeMIlepaTypa albIpMAIIbUIBIFBIH TYABIPFAaH Ke3Jie TAOUFM KOHBEKIIHs OacTamabl.

123



ByJ1 KOHBEKITUS KbI3ABIPBUTFAH CYHBIKTBIKTHI KYPBUIBIMFA KOFaphl Kapail >KbIDKBITAIbI, COHBIMEH Oipre, OHBI a3
KBI3IBIPbIIFAHFA aYBICTHIPAJIbI.

Kopeiteiaapsl. by Makanana Tik TapaTy HUCTepHAChIMEH JaibIHIAIFaH TePMOCH(OHIBI KYH HETi3iHAer Cy
panuaToOphIHBIH cuNaTTaManapbl KazakcTaHHBIH OHTYCTIK aiiMarbIHIA JKYMCAK KbIC KarAaWbIHAA 3€pPTTENCAl.
AXMapaTThl eNIIeyre jKOHE JKMHAyFa apHaIFaH OipHelle TepMmomapanap AadblHaainel. [lupanomerp MeH
TEPMOMETP/IIH KOMeTiMeH KYH KOJUIEKTOPBIHBIH TEMIIEpaTypackl aliblK KYH/IE )KOHE pe3epByap imiHAe TipKemIi.
lyakThl KYH/AE CHIMBIMABLUIBIFEI Oap pe3epByapIarkl )KOFAPFhI Cy Ka0aThIHBIH Temiepatypackl 60°C 6onabl. by
Typajbl OMIaHFaH Ke3Jle, KYHHIH KeHEeTTeH TOMEH/EYl WHCOJIUAFa MaMaMeH OaFbITTaFaH/IBIFBl eCKepiieni,
13:30 kayimncizaik TakTackiHAa Oip carat KigipicrieH TaHbUIABL. KopFaHbIC TaKTaChIHAAFEI €H JKOFaphl TEMIIepaTypa
85°C-ka kenrenze caraT 15:00-re xenmeai. Bynm KyHi KOpFaHBIC JKa3bIKTBIFBIHA TYCETiH €H >KOFapbl OMipIICHIIK
1000% kypaiiabl. KyaTTelH apTybl ONTHKAIBIK KyaTTBIH OoJMaybIMeH TyciHaipineai. IIbIHBI apKbUTbl KYH
SHEPTHACHIHBIH OTyl Ke3iHAeri IIBIFbIHIAP, COHAAH-aK, >JKBULy aFbIHBIHA TO3IMAUTIKTIH alTapibIKTait
TOMEHACUTIHIH 3€PTTEY KYMBICTAPBI PacTabl.

HAPIL[AHAHI;IHF AH OJIEBUETTEP TI3MI

1. Zwalnana S, Calebb N, Mangaic M, Sandaa N. Comparative Analysis of Thermal Performance of a Solar Water
Heating System Based on the Serpentine and Risers-Head Configurations. Journal of Renewable Energy and Environment.
2021, - vol. 8(2). pp. 21-30. [In Eng] DOI: 10.30501/jree.2020.251190.1150

2. Li S, Wang H, Meng X, Wei X. Comparative Study on the Performance of a New Solar Air Collector with Different
Surface Shapes. //Appl. Therm. Eng. 114, 2017, 639-644. [In Eng] DOI:10.1016/j.applthermaleng.2016.12.026

3. Vera-Medina J, Fernandez-Peruchena C, Guasumba J, Lillo- Bravo I. Performance analysis of factor made
thermosiphon solar water heating systems. Renewable Energy, 164,2021,1215 - 1229. [In Eng] DOl:
10.1016/j.renene.2020.10.133

4. Zhang L, Zhang T, Pei G, Ji J. Experimental study of the wickless loop thermosyphon solar water heating system
under passive and active cycle mode. International Journal of Low-Carbon Technologies. -Vol. 12(3), 2017, 256-262. [In
Eng] DOI:10.1093/ijlct/ctx001

5. Arunachala UC, Siddhartha Bhatt, M, Sreepathi LK. Experimental study with analytical validation of thermally
driven flow in risers of solar water heaters under varying scale thickness and heat flux. Journal of Solar Energy Engineering,
Transactions of the ASME, -Vol. 136(2), 2014, 021018. [In Eng] DOI:10.1115/1.4025716

YIAK 637.513.8.
SJEKTPUUYECKHUE ABTOPE®PUKEPATOPBI

Typorcu-Oenvr A. cmyoenm, Lllanbaes K.K. 0.m.u.,
Anmamunckuil mexnonocuseckuil ynusepcumem, 2. Aaimamol, Pecnyonuxa Kazaxcman

Pazpabotka snexTpuueckux aropedprxeparopon (DAP) npencrapisier coOoii 3HAYUTENBHBIN LIar BIIEPE
B 00JacTH XOJNOOWIBHBIX TexHOMOrui. OCHOBHas ILeJb JOKJIaJa 3aKio4acTcs B HM3YYEHHH HOBOTO THIIA
aBTOpepprKEepaTOpa, KOTOPHIM UCTIONB3YET MEKTPUIECKHE TEXHOIOTUH ISl TOJ/ICPKaHHS TeMIIepaTypbl BHYTPU
Ky30Ba TPaHCIIOPTHOTO CpeAcTBa. Takoi moaxo oOecreunBaeT psj MPEeUMYIECTB KaK C SKOJIOTMYECKOH, TaK U ¢
SKOHOMHYECKOH TOUYKH 3pEHUSI.

Bo-1niepBbIX, SKOJIOTHYECKUE TIPEUMYIIECTBA HCIIONB30BAHMUS AIIEKTPUIECKUX TEXHOJOTHH B XOJIOIMIBHBIX
TEXHOJIOTHSAX HEOCHOpHUMEL. TpajuinoHHBIe aBTOpedprKeparopsl paboTalOT Ha JTU3ENBHBIX WM OCH3MHOBBIX
JBUTATENAX, KOTOPBIE BBIACISIOT 3HAUYMTEIbHOE KOJNMYECTBO BPEOHBIX BBIXJIONHBIX Ta3oB B armocdepy [4] .
BBenenue amMeKTpUYECKUX CHCTEM IMO3BOJSET CYNMIECTBEHHO COKpPATHTHh BBIOpOCH! yriekucioro raza (CO2) u
JPYTUX 3arpsi3HSIONIMX BEIIECTB, YTO CIIOCOOCTBYET YIYUIICHUIO Ka4eCcTBa BO3/IyXa W CHU)KEHHIO HETaTHBHOTO
BO3/ICHCTBHUS Ha OKpyXaromryto cpeny. cnons3oBanne AP Takxke criocoOCTBYyeT CHH)KEHHIO YPOBHSA LIyMa, YTO
0COOEHHO BayKHO B TOPOJICKUX YCIOBHUSX.

Bo-BTOpBhIX, SKOHOMUYECKHE IMPEUMYIIECTBA TaKXKe HWIPalOT BRXHYIO poiib. HecMOTpsi Ha HavaibHBIC
3aTparbl Ha pa3padOTKy W BHEAPEHHE OHJIEKTPUUECKUX TEXHOJOIMH, 3KCIUTyaTallMOHHBIE pacxoisl Ha DAP
3HAUUTEIBHO HIKE M0 CPABHEHUIO C TPAJAWLHOHHBIMA MOAETSIMH. DJIEKTPUUYECKHUE CHCTEMBI TPeOYIOT MEHBIIIE
00CITy)KMBaHUs, IMEIOT OoJiee JITUTENbHBIN CPOK CITYy>KOBI 1 Oosee 3PPEKTUBHBI B TUTaHE MTOTPEOICHNS SHEPTHU.
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3TO MO3BOJISAET TPAHCTIOPTHBHIM KOMIIAHUSM CHU3UTh 3aTPAThl HA TOIUIMBO U 00CITY)KHBAHUE, YTO B KOHEYHOM UTOTE
BEZET K 3HAYUTEJIbHON 3KOHOMHUH CPEICTB.

Kpome Toro, mepexom Ha wucmonb3oBaHne AP cmocoOCTByeT pa3BUTHIO WHQPACTPYKTYPHI JUIs
ANIEKTPOTPAHCIIOPTa, CTUMYIIMPYET HHHOBALIMU U CO3/IaHHE HOBBIX pa0dounXx MeCT B chepe 3eJCHBIX TEXHOIOTHA.
OTO BaXHO HE TOJIBKO C TOYKH 3PEHHS 3KOHOMUYECKOW BBITOABI, HO U C NO3ULUHU YCTOHYMBOTO Pa3BUTHUA U
9KOJIOTUYECKON OTBETCTBEHHOCTH.

Pazpabotka DAP siBisieTcst BAXKHBIM IIarOM B HampaBlieHHH 00Jiee SKOJIOTHIECKH YUCTHIX U IKOHOMUYECKH
BBITOHBIX XOJOAWIBHBIX MAIIMH. OTO HAIPaBJICHHE OTBEYAECT COBPEMEHHBIM TPEOOBAaHMSIM M BBI30BaM,
CBSI3aHHBIM C OXPaHOW OKpY»Karowlel cpenbl U 3 (HEeKTUBHBIM HUCIIOJIB30BAHUEM PECYPCOB.

BaxueiM snemeHTOM B DAP ABISIOTCS aKKyMyJIsITOpHBIE Oaraped, KOTOpbIe SIBIISIIOTCS HCTOYHHUKOM
SHEPTUH Ui XONOAWIbHON MamuHbl. CoBpeMeHHble DAP B OCHOBHOM HMCHONIB3YIOT JTUTUH-MOHHBIE OaTapew,
M3BECTHBIE CBOEH BBICOKOH ITOTHOCTHIO SHEPTUH M TONTOBEYHOCTHIO [5]. CyIIecTBYIOT U IPYTHE THUIIBI OaTapei,
Takue Kak [5]:

o Jlutuii-xkenezo-pocdarnsie (LiFePO4): obnamaror BBHICOKOH CTaOMIBHOCTBIO M 0€30MacHOCTBIO, HO
HMMEIOT HECKOJIBKO MEHBIIYIO INIOTHOCTD SHEPTUH [0 CPABHEHHUIO C TUTUH-MOHHBIMU.

¢ Huxenp-meramn-runpunnsie (NiMH): rcronb3oBanuck B paHHUX MOZEISX THOPUIHBIX aBTOMOOHIIEH, HO
MeHee dQeKTUBHBI B OoJIee TSKENIbIE.

3apsiaka OaTapeit OCyImEeCTBISIETCS ¢ TIOMOIIBIO 3apSIHBIX CTaHIUN. CYIIECTBYIOT TPH YPOBHS 3aPSIIKH:

e YpoBeHb |: MeUIeHHas 3apsa/IKka OT CTaHAapTHOU ObITOBOM po3etku (120 B), 3anumaer no 20 gacos.

e YpoBeHb 2: yCKOpEHHas 3apsiKa OT CleHUalu3upoBaHHBIX cTaHuui (240 B), oObruHO 3aHmumaet 4-8
4acoB.

e YpoBeHb 3: ObIcTpas 3apsaaka moctossHHBIM TokoM (DC fast charging), mo3Bonstomias 3apsaauTh OaTapero
10 80% 3a 30 MUHYT.

EmrocTh akkymynsTopHoOW Oarapem u3Mmepsiercs B kwiioBarT-4acax (kWh). Uem Gonblie eMKOCTb, TeM
OoNbIlle pacCcTOSIHUE, KOTOpOe MOXET mpeoponeT DAP Ha omHO#M 3apsake. YBeNMWYEHHE E€MKOCTH TaKKe
YBEJIMYMBAET BEC M CTOMMOCTH Oarapeu, 4To TpeOyeT OanaHca MEXAy 3TUMH NapaMeTpaMu AJIsi ONTHMalbHON
MPOU3BOAUTENLHOCTH.

AKKyMYJSTOpHBIE CUCTEMBI OOECIEUMBAIOT aBTOHOMHOE MUTAHWE XOJOAWIBHBIX yCTaHOBOK DAP, urto
MO3BOJIICT HOAJCPKMUBATh CTAOWJIBHYIO TEMIIEparypy Aa)ke MpHU OTCYTCTBHM BHEIIHEr0 MCTOYHHKA SHEPIHU.
[MpuMeHeHne akKyMyJIsITOPOB B XOJOAMIBHBIX CUCTEMaX UMEET Psiji IPEUMYIIECTB:

1. HezaBucuMOCTh OT BHEITHUX HCTOYHUKOB SHEPTHH: aKKyMYJISITOPHBIE CUCTEMBI MO3BOJISTIOT DAP
paboTaTh aBTOHOMHO, YTO OCOOCHHO Ba)KHO IIPH TPAHCIOPTUPOBKE IPY30B Ha OOJBbIIME PACCTOSHUS WM B
YCIIOBHSIX, TI€ HET BO3MOXKHOCTH MOAKIIIOUNTHCS K BHEITHEMY UCTOUHHUKY ITMUTAHHS.

2. CrabuibHOE TIMTAaHUE: COBPEMEHHBIE aKKyMYJSTOPHI O0ECIEUMBAIOT CTA0MIBHOE M HaJIe)KHOE
MUTAHUE XOJOIWIBHBIX YCTAHOBOK, YTO MO3BOJISIET MO/ICPKUBATh 33/IaHHYI0 TEMIIEPaTypy BHYTPH Ky30Ba e
IpY KoJIeOAHUSIX BHEIIHEH TeMIIEpaTyphl.

3. BricTpast 3apsiika ¥ BBICOKasi EMKOCTb: COBPEMEHHBIC JINTHIH-HOHHBIE aKKYMYIISITOPBI 00J1a1ai0T
BBICOKOI €EMKOCTBIO 1 MOT'YT OBICTPO 3apsiKaThCsl, YTO MO3BOJISIET MUHUMHU3UPOBATH BPEMsI ITPOCTOS U 00ECTICUUTh
JUTMTEIIbHYI0 aBTOHOMHYIO pa00Ty XOJIOAUIILHOM CUCTEMBI.

4. OHeproapHeKTUBHOCTh:  MPUMEHEHHWE  aKKYMYISTODHBIX ~ CHCTEM  MO3BOJISIET  CHHU3HUTH
9HEPro3arparbl U YIY4IIUTh OOy 3HeprodhdpekTuBHOCTE DAP. DT0 mocTHraeTcs 3a CUeT MCIIOJIB30BaHUS
MEPEAOBBIX TEXHOIOTUH yIpaBIeHHS 3apsIIKON U Pa3psIKOA aKKyMYISATOPOB.

JpyruM OCHOBHBIM 31eMEHTOM DAP SBISIOTCS 3JIEKTPUYECKHUE ABHTaTeNlM, KOTOPBIE UTPAIOT KIIIOYEBYIO
pons B paboTe XONOAMIBHBIX YCTaHOBOK DAP. OHM MCHONB3YyIOTCA AJ TMPUBEACHUS B IEHCTBUE Pa3IMIHBIX
KOMIIOHEHTOB XOJOIMJIBHOW CHCTEMBI, TAKMX KaK KOMIIPECCOPBI, BEHTHISTOPHI M HACOCHL. DNEKTPOABUIaTEIN
00JIaaroT PSAAOM MPEUMYIIECTB, ASNAIONINX UX UAeaTbHBIMU JIJIS UCTIONb30BaHus B DAP [3]:

1. Bricokas 3((heKTHBHOCTB: BIIEKTPUYECKHUE JIBHTATENd WMMEIOT BBICOKYIO 3((EKTHBHOCTD
npeoOpa3oBaHUs ICKTPUUECKON SHEPTUU B MEXaHHYECKYIO, YTO [TO3BOJISIET MUHUMHU3HPOBATh TIOTEPH SHEPTUH U
YBEJIMYUTH OOLIYI0 MPOU3BOAUTEIBHOCTD XOJIOAMIBHON YCTAaHOBKH.

2. Huskuit ypoBeHb myma: B OTJMYHE OT JBUrareiell BHYTPEHHETO CTOpaHWsl, 3JIeKTPOJIBUTATEIIH
paboTaroT MpakTU4ecku OecUIyMHO, YTO SIBISIETCS BRXKHBIM (DAKTOPOM B YCIOBHUSIX TOPOACKOW CPEAbl W MpHU
MEPEeBO3KE I'PY30B B HOUHOE BPEMS.
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3. MeHbl1ee TEIUIOBBIIEIEHNE: JIEKTPUUECKHIE IBUTATEH BBIIEIAIOT MEHBIIIE TeTia M0 CPaBHEHUIO
C TPaANIIMOHHBIMY ABUTATEIISIMH, YTO IOMOTAaeT CHU3UTh HArpy3Ky Ha CHCTEMY OXJIXICHUS U YITyUIIUTh OO0
sHeproddppekTuBHOCTE DAP.

4. JlONrOBeYHOCTh M HAAEKHOCTH: JJEKTPOIBUTATE MMEIOT MEHBIIE MOABIKHBIX YacTeH, 4TO
CHIDKAeT BEpOATHOCTH IOJOMOK M HEOOXOIWMOCTh B HYAacCTOM OOCTYXHBaHMHA. DTO OCOOEHHO BaXKHO IS
XOJIOMMIIBHBIX YCTaHOBOK, KOTOPBIE JIOJDKHBI paboTaTh 0e3 mepedoeB B TeUeHHE UINTEIHHOTO BPEMEHH.

OHeprocoOepexeHue SBISIeTCS ONHON M3 KIIIOUEBBIX 3a1a4 mnpu paspadborke DAP. CymecTByeT HECKOIBKO
METOJIOB TIOBBIMIEHUS 3((HEKTUBHOCTH W CHIDKCHHSI SHEPTONOTPEOICHUS XOJIONWILHBIX cucTeM [1]:

1. Hcnons3oBanne TETUTOU3OJISITHOHHBIX MaTepHaJIOB: MIpUMEHEHNE COBpPEMEHHBIX
TEIUIOM30JIIUOHHBIX MarepuanoB B KOHCTPYKIHM Ky30Ba aBTOpedprkepaTopa MOMOraeT MHHUMH3HPOBATH
TEIUIONOTEPH M YITy4LIHTh P (PEKTHBHOCTD XOIOIUIEHON CUCTEMBL. DTO MO3BOJISET COKPATUTh SHEPro3arpaTsl Ha
nojiep >kaHre 3aJaHHO TeMIIepaTypsl BHYTPH Ky30Ba.

2. WHTenneKTyanbHbIe CUCTEMBI YIIPABJICHUS: COBpeMeHHbIe DAP 0CHAIIICHBI HHTEIUICKTYyaTbHBIMU
CHUCTEMaM{ YIpaBJICHUs, KOTOpble ONTHMU3HUPYIOT PadOTy BCEX KOMIIOHEHTOB XOJOAWIBHOW CHCTEMBI. JTH
CUCTEMBI TO3BOIISIOT TOYHO PETYIHPOBaTh TEMIEPATypy, yIpaBIeHNE BEHTWISINEH 1 paclpeneieHne YHePTrH,
YTO CIIOCOOCTBYET CHIDKCHHIO SHEPTOMOTPEOICHNS.

3. OHeproapdexkTHBHBIE KOMIIOHEHTHI: HCIOJIb30BaHUE HSHEProdh(EeKTUBHBIX KOMIIPECCOPOB,
BEHTWJIATOPOB W HACOCOB IIO3BOJIIET 3HAYUTEIHHO CHU3UTH DHEPrONoTpeOIeHNE XOJIOMWIBHON CHCTEMEI.
CoBpeMeHHBIE KOMIIOHEHTHI UMEIOT BEICOKYIO 3(h()eKTUBHOCTD ¥ JIONTOBEYHOCTH, UTO IETIACT MX WeaTbHBIMHU JIJIS
npuMeHenus B DAP.

4. YMHBIE TEXHOJIIOTHM MOHHTOPHHIA U KOHTPOJIS: BHEAPEHUE CHCTEM MOHHTOPHHIA M KOHTPOJIS
MO3BOJISIET OTCJIEKUBATH COCTOSHHE XOJIOMWIBHON CHCTEMBI B pPEaTbHOM BpPEMEHH M MPUHUMATH MEPHI I10
ONITUMH3ALUH €€ pab0Thl. DTO MOMOTAET CHU3UTH YHEPro3aTparhl U MOBBICUTH HAJIE)KHOCTh CHCTEMEI.

[IpuMeHneHune Bcex 3TUX METONOB M TEXHOJIOTUH MO3BOJISIET 3HAYUTEIBHO MOBBICHTH SHEPTO()(HEKTUBHOCTD
Y CHU3WTH 3HepronorpediaeHne DAP, 4To crmocoOCTBYeT CHIDKEHHIO AKCILTYyaTaI[HOHHBIX 3aTPaT W YMEHBIICHHIO
HEraTUBHOTO BO3/ICHCTBUS HAa OKPYKAOIIYIO CPENl

DKOJIOTHYHOCTh: CHUXEeHHE BRIOPocoB CO2 1 APYruX BPEIHBIX BEIIECTR.

OnnuMm w3 Hambonee 3HAYMMBIX MpeuMmyliecTB DAP sBisercss MX BKIIaJA B CHHKEHHE BBIOPOCOB
yoiekucnoro raza (CO2) m Apyrux BpemHBIX BemecTB B arMocdepy. TpaauilmoHHBIE aBTOpedpHKepaTophl
paboTaloT Ha JAW3ENBbHBIX WM OEH3WHOBBIX JBHTAaTENAX, KOTOpPHIE BBIIENSIOT 3HAYUTEIBHOE KOIMYECTBO
BBIXJIOITHBIX Ta30B, BKiIrouas CO2, okcuasl azota (NOX), u TBepabie yacTUIlsl (PM). DT BEIOPOCH OKa3hIBAIOT
HEraTUBHOE BO3JICHCTBHE HA OKPYXKAIOIIYIO Cpely W 3I0pOBBE JIIOAEH, CIOCOOCTBYS M3MEHEHHWIO KIMMara U
3arpsiI3HEHHUIO BO3/TyXa.

DneKkTpuyecKre aBTOpePUIKEPATOPHI, HCIONB3YsS JJICKTPOABUTATENIM M AKKyMYJISTOPHBIE CHUCTEMBI,
MPAKTHYECKA HE BBIICISAIOT BBIXJIONHBIX Ta30B. JTO IO3BOIISET 3HAYMTEIHHO CHU3WUTH YITIEPOMHBIA CIEed U
YMEHBIIIUTh 3arps3HEHHE BO3/IyXa, YTO OCOOEHHO Ba)KHO B T'YCTOHACEIEHHBIX TOPOJIaX WM TPOMBIIIJICHHBIX
paiionax. Kpome Toro, cokpaiienre BEIOPOCOB MOMOTae€T COOTBETCTBOBATH CTPOTMIM 3KOJIOTHUECKUM HOpPMaM U
CTaHJapTaM, YTO CTAHOBUTCS Bce OoJiee aKTyalIbHBIM B CBETE II00AIBHOM OOPHOBI C N3MEHEHUEM KITHMAaTa.

DKOHOMHYHOCTh: CHUKEHHE 3aTpar Ha TOIUIUBO M OOCTYyKHUBAHHE.

[Nepexon Ha DAP mpenocraBisieT 3HAYUTENbHBIE SKOHOMHYECKHE MMPEUMYIIECTBA, B MIEPBYIO OYepeb 3a
CUET CHIYKEHUSI 3aTpar Ha TOIUTUBO U o0cmyxuBanue. TpaJuinoHHbIE aBTOpePHKEPATOPHI TPEOYIOT PETYISIPHBIX
J103aMpaBoK OCH3MHOM HITH JIU3EJIEM, YTO COCTABIISICT 3HAYUTENBHYIO YacTh SKCIUTYaTalldOHHBIX pacxonoB. DAP,
HalpOTHUB, HCIOIB3YIOT BJIEKTPOSHEPIHI0, KOTOpas 3HAYMTENIFHO JIEIIEBIE€ M JIOCTYIHEE MO CPaBHEHHUIO C
WCKOTIAeMbIMHU BHJIAMH TOILTHBA.

[Tomumo 3T0TO, 3MIEKTPOABUraTEIN TPEOYIOT MEHEE YacTOro M MEHEee JOPOTOCTOSIIETO OOCTYKHBAaHUS 1O
CPaBHEHUIO C JIBUTATEIISIMA BHYTPEHHETO CropaHus. B alekTpoaBUrarensx OTCyTCTBYIOT TaKUe KOMIIOHEHTHI, KaK
CBEUM 3@KUTaHUs, TOIUIMBHBIE HWHXKCKTOPHl W BBIXJIONHBIE CHCTEMBI, KOTOpbIE TpPEOYIOT pEryiIsipHOrO
OOCITy)KMBaHUS W 3aMEHBbl. JTO TIO3BOJSET CHU3UTH OJKCIUTyaTAllHOHHBIE PacXoibl M YBEJIWYHTH OOIIYIO
SKOHOMHYECKYI0 3(QekTuBHOCTE ODAP.  JIOMOMHUTENBHBIM MPEUMYIIECTBOM  SIBISIETCS  BO3MOXKHOCTH
WCTIOJIb30BaHUSI BO30OHOBIISIEMBIX UCTOYHUKOB 3HEPTHH JUISI 3aPSIKU aKKyMYJISITOPOB, YTO CHU)KAET 3aTparhl Ha
AIIEKTPOIHEPTHIO U JIETAET DKCILTYaTalluIo ele 6onee SKOHOMUIHOM.

TexHoNmornuecKue MpeuMyIIecTBa: yBeIUUYEeHHE CPOKa CIIy>KObl 000pYI0BaHUs U CHM)KEHHE IIyMa.
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DAP 00mamaioT psAAOM TEXHOJOTHYECKHX IPEHMYIIECTB, KOTOpBIE AETAl0T WX HCIOJh30BaHHE Oosee
MIPUBIIEKATENFHBIM W BBITOAHBIM. ONHMM W3 TaKUX NPEUMYIIECTB SBISETCS YBEIMUEHHE CpPOKa CITy)KOBI
000pyaOBaHMs. DJIEKTPOABUTATEIN M aKKYMYIISITOPHBIE CUCTEMBI UMEIOT 3HAYUTENLHO OONBIINK pecypc padoThI
[0 CpPaBHEHUIO C TPaJWIUOHHBIMM JIBUraTelIsIMM BHYTpPEHHEro cropanus. OTCyTCTBHE MEXaHMYECKHUX
KOMITOHEHTOB, TIOIBEP)KEHHBIX M3HOCY, TAKUX KaK TOPIIHU M IFUIMHAPBL, CHIKAeT BEPOSTHOCTH MOJIOMOK H
HEOOXOAMMOCTh YacTOTO PEMOHTa. JTO 00ecleurBaeT OJTOBEYHOCTh W HAJEKHOCTh O0OpYHOBaHUS, UTO
0CcOOEHHO BayKHO JJIsI IPEATIPUATHH, 3aHUMAIOIINXCSl TPAHCTIOPTHPOBKOW TPY30B Ha OOJIBIINE PacCTOSHUS [2].

Eme omamMm BaxxHBIM mpenMmymiecTBOM OAP sBnseTcs CHWKEHHWE YPOBHA IIymMa. |paJWIMOHHEIE
aBTOpePprKEpaTOpsl ¢ IBUTATENSIMA BHYTPEHHETO CTOPaHUs CO3MAIOT 3HAYUTENBHBIA IIyM Hpd padoTte, 9To
MOXeT OBITh MPOOJIEMAaTHYHBIM B TOPOJACKMX YCJOBHSX W NIpU HOYHOW AocTaBKe rpy3oB. DAP paboraror
MPaKTHUECKH OECHIyMHO, YTO CHIKACT 3BYKOBOE 3arps3HEHUE M YITydIllaeT YCIIOBHS PaOOTHI AJIsl BOOUTEICH U
OKPY’KaIOIIHX.

Kpome Toro, DAP MoryT ObITH OCHAaleHbI COBPEMEHHBIMH CHCTEMaMH YNpPaBJICHUS W MOHHTOPHHIA,
KOTOpBle 00ECHeYHBaIOT ONTUMAIBHYIO paboTy 00OpYyIOBaHUS W KOHTPONb 32 COCTOSHHEM XOJIOAHMJIBHBIX
YCTaHOBOK. JTO TMO3BOJISET MPENOTBPATUTH BO3MOKHBIE HEHCIIPABHOCTH M MHHHMH3HUPOBATh PHUCK MOTEPH MPHU
TPaHCTIOPTUPOBKE CKOPOITOPTSIIINXCS TOBAPOB.

DAP npenctapisiror coboit COBpeMEHHOE M KOJIOTHYECKH YHCTOE PEICHHE ISl TPAHCTIOPTHPOBKH TPY30B,
TpeOyIOIUX TOANEPKAHUS OIPEEICHHOTO TeMIlepaTypHoro pexknma. OHHM 00ecednBarOT 3HAYUTEIHHBIE
SKOJIOTHYECKHEe, SKOHOMHUYECKHE M TEXHOIOTUYECKHE MPEUMYINeCTBa, JieNas UX HCIOIb30BaHNE BBHITOMHBIM U
MEPCIEKTUBHBIM B YCIIOBHSX ITI00AIBLHOTO MEpexo/ia Ha yCTOWYHBEIE U 3¢JICHBIC TEXHOIOTHH.

TexHonornyeckrue HHHOBAIHH.

1. NHTennexkTyanbHble CUCTEMBI YIIPABICHUS: COBpeMEHHbIE DAP OCHAIllEHbI UHTEIIEKTYadIbHBIMU
CHUCTEMaMH yNpaBJICHUs, KOTOPBIE MO3BOJISIOT MOHUTOPUTH M PErYJINPOBaTh TEMIIEPATYPY B pealbHOM BPEMEHHU.
Oro obecreurBaeT 0oJiee TOYHOE YIPABICHUE M SKOHOMUIO SHEPTHH.,

2. OHeprodh(heKTHBHOCTh: HOBBIE MOJENH aBTOpe(PIKEPaTOPOB  pa3paboTaHbBl C  YYETOM
sHeproddpdexktuBHOCTA. OHU TOTPEOISIOT MEHBIE JHEPTHH, YTO CHIDKAET ASKCIUTyaTalliOHHBIC PacXoabl U
YMEHBIIIAeT HEraTUBHOE BO3/IEHCTBUE HA OKPYKAIOIIYIO CPELY.

3. WHHoBalMOHHBIE MaTepuasbl: coBpeMeHHble DAP HCIONb3ylOT HOBBIE MarepHalibl, KOTOPbHIE
00EeCMeunBalOT JIYYIIYI0 TEIUIOW30JIUI0 W JONTOBEYHOCTh. IJTO IO3BONSET YIy4ImUTh 3(PdeKTuBHOCTH
OXJIQXK/IEHUS M CHU3UTh BEPOSITHOCTH ITOJIOMOK.

4. CBsi3b 1 yaleHHOe yIpaBiieHHe: HeKoTopble DAP ocHamieHbl QyHKIHSIMU CBSI3U U YAAJIECHHOTO
YIpaBIeHWsI, YTO TIO3BOJISIET OIepaTopaM MOHUTOPHUTH U YIPABIATh YCTPOHCTBAMHU M3Jasieka. JTO yIOOHO IS
OOJBIIUX CETEeH W IOMOTAeT ONIEPATHBHO pearupoBaTh Ha U3MEHEHUS B TEMIIEPAType.

5. [lepcriekTuBbI pa3BUTHS: B OyIyIIIeM MOXKHO OKHJIATh JaIbHEUIIIETO Pa3BUTHUS TEXHOJOT U, TAKKX
KaK HCIIOJb30BaHHE BO300OHOBISIEMBIX WCTOYHWUKOB dHeprum sl mutaHus ODAP, a taxke BHenpeHue Ooree
MIPOIBUHYTHIX CHCTEM MCKYCCTBEHHOTO WHTEIUIEKTA JUIS YITyYIIEHUS YIIPABICHHS U OITUMHU3AIUH TTPOIIECCOB.

[Tpumepsl KOMITAaHHU#, UCIONB3YIONIUX JIEKTPHUECKUE aBTOpe)prKepaTophl.

1. Coca-Cola: 3ra xoMmaHus ucroib3dyeT DAP [uis XpaHeHHs HAlUTKOB B Pa3iIMYHBIX TOYKAX
MpoJaX. ITO MO3BOJISIET OIAEPKUBATh ONTHMAIBHYIO TEMIIEPATYPY U Ka4€CTBO MPOLYKIIHH.

2. Starbucks: B cetn Starbucks Taxke ucnonb3ytorcs IAP s xpaneHus kode U Jpyrux HaITUTKOB.
3TO IOMOTaeT COXPAHHUTh BKYC M CBEXKECTh MPOIYKIIHH.

3. McDonald's: 3Ta komnanusi ucnoib3dyer DAP nist XxpaHeHUS! MPOAYKTOB NMUTAHMSA, TAKHX KaK
HAIUTKH, MOJIOYHBIE TIPOAYKTHI M APYTHE NPOAYKTHI, TPEOYIOLINE OXIaXACHUS.

4. 7-Eleven: B wmarasmnax 7-Eleven Ttakxke wucnonedyrorcs DAP 1 XpaHeHHs HAIUTKOB H

MPOAYKTOB MHUTAaHUS. JTO TO3BOJSET OOECIEYNUTh MOCTOSHHYIO JOCTYIHOCTb OXJIaXKACHHBIX TOBapOB IS
KIJIUCHTOB.

3aKitoueHue.

OnekTpuyeckre aBTopedprKepaTopbl MPENCTABISIOT COO0OH BaKHOE M IMEPCIIEKTUBHOE HAlpaBleHHE B
00JIaCTH TPAaHCHOPTHBIX TEXHOJOIHH, 0ObeAMHSS B cebe MpenMylIecTBa HKOJOTHYHOCTH, SKOHOMHYHOCTH U
TEXHOJIOTMYECKOM HHHOBAIMH. B TeueHue Haiero o0Cy X IeHH!s MBI PACCMOTPEIHN Pa3InvHbIC aCHEKTHI X pabOoThI
Y IPUMEHEHUS, BKJIIOYAsl UCTIONIL30BAHUE dJICKTPOIBUTATENEH s paOO0ThI XOIOMITLHBIX YCTaHOBOK, IPUMEHEHHE
aKKyMYJISITOPHBIX CHUCTEM JJisl o0eclieueHHs aBTOHOMHOTO IMUTAaHUSI M METOABI JHEProcOepeKeHus i
MOBBILIEHUS 3PPEKTUBHOCTH.
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DKOJIOTHYHOCTH MEKTPHIECKUX aBTOPEPPIKEPaTOPOB BHIPAKACTCS B 3HAUNTEIFHOM CHIKCHUH BHIOPOCOB
yroekucioro raza (CO2) m apyrux BpeAHBIX BEIECTB, YTO CIIOCOOCTBYET YIYUIISCHHIO KadecTBa BO3IyXa U
CHIDKEHUIO HETaTMBHOI'O BO3/IEHCTBHS HA OKPYXKAIOIIYIO Cpeay.

OKOHOMHUYHOCTb JOCTUTaeTCs 3a CYeT CHIDKCHHUS 3aTpaT Ha TOIUIMBO W OOCIY)XHBAaHWE, TaK Kak
3NEKTPOIHEPTHsl JCIIEBIIE U JOCTYIHEE, a HICKTPOABUraTeNId TPEOYIOT MEHbIIE 00CITY>KUBaHUS IO CPABHEHHUIO C
TPaIULMOHHBIMU [IBUTATE€ISIMM BHYTPEHHETO CropaHus. TeXHOJOrMYecKHe NPEeUMYINECTBa BKIHOYAIOT
yBEIIMUEHHE CpOKa CIYyXObl OOOpYHOBaHMS W CHW)KEHHE YpPOBHS LIyMa, 4YTO JeNlaeT »JICKTPUYECKHE
aBTOpedprKeparopsl Oojee HaZAS)KHBIMH U YIOOHBIMA B UCTIOH30BaHUH.

[lepcriextuBbl pazButus: Oynymee ADP 1 X BIUSHUE HA XOJIOAOBYIO IIEITh.

Bynymee DAP Beimsaut MHorooGemaromie. C pa3BUTHEM TEXHONOTWMI M TOBBIIICHHEM TPEOOBaHUHA K
9KOJIOTUYECKOH YCTOHYMBOCTH, MOXKHO OXHJaTh, YTO WX HCIONb30BaHuE OyneT CTaHOBUThCA Bce Oonee
pacpocTpaHeHHbIM. OOHOM M3  KIIOYEBBIX IEPCHEKTHB  PAa3BUTUSl  SIBISIETCS  COBEPLICHCTBOBAaHHE
AKKyMYJISITOPHBIX TEXHOJIOTHH, YTO MO3BOJIUT YBEJIMYUTH E€MKOCTH Oarapeil, COKpaTHTh BpeMs 3apsikd U
yBEIMUUTH 001mui 3amac xona DAP.

Kpome Toro, passurue uHGPACTPYKTYphl AT 3apsiAKU 3IEKTPOMOOMIICH, BKIIO4as ObICTpbIC 3apsiAHbIC
cTaHmuH, OyIeT CIOCOOCTBOBaTh Oojee MIMPOKOMY BHeApeHWI0 DAP B XOMOOMIBHYIO OTpacib. JTO TaKXKe
MO3BOJIUT CHU3HUTH IKCILTyaTallMOHHBIE 3aTPAThl M MMOBBICUTH O0IIYI0 3(p(PEKTUBHOCTH MEPEBO30K.

C pocToM MHTepeca K YCTOHYMBBIM PELICHUSM B XOJIOAOBOM LIENH, KOMIAHUU W IIPABUTEIbCTBEHHBIC
OpTraHbl MOTYT TPENOCTABUTH JOMONHUTENbHBIE CTHMYJBl U cyOcuamu anms mepexoma Ha DAP. Dto moxer
BKJIFOYaTh HAJIOTOBBIE JIBIOTHI, I'PAHTHl HA IIOKYIIKY M YCTAaHOBKY 3apsAHBIX CTAHLUH, a TAKXE IIPOrPaMMBbI
q)HHaHCI/IPOBaHI/I}I AT IOAACPIKKH MEPEXoaa Ha SKOJIOT'MYCCKU YUCTYIO XOJIOAUJIbHYO MallInHY.

Brmusaue DAP Ha xomomunbHyO0 oTpacnb OymeT 3HauuTenbHBIM. OHH IMOMOTYT CHHU3UTH YPOBEHB
3arps3HCHUA BO34YyXa, YMCHBIIUTH 3aBUCHUMOCTbH OT MCKOIIAEMBIX BHJOB TOIJIMBAa W IIOBBICUTH O6HIYIO
3¢ ekTUBHOCTH nepeBo30k. Kpome Toro, BHenpeHue DAP OyneT criocoOCTBOBATh Pa3BUTHIO HOBBIX PA00OYMX MECT
B cepe 3eNeHbIX TEXHOJIOTHH U MHPACTPYKTYPBI, YTO IOJIOKHUTEIBHO CKAKETCSI HA SKOHOMHUYECKOM Pa3BUTHU.

B 3axutouenue, anekTpuueckre aBTopeprKepaTopsl MPeICTaBIsIOT cO00H NMEPCIEKTUBHOE HApaBJICHHE
B XOJOJWILHOW OTpaciy, obJajgaroliee MHOKECTBOM IpeuMyliecTB. X pa3BuTHe W pacnpocTpaHeHue OyayT
CHOCOOCTBOBATh CO3JIaHUIO 00Jiee YCTOMUMBOM W HSKOJOTMYECKM YHCTOW XOJIOJOBOHM IIEMH, OTBEYAOIEH
COBPEMEHHBIM TPEOOBAHUSIM U BBI30BaM.
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