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NOLEeHT Kadeapu eKOHOMiKM Ta ympasiiHHs IIIOCTKMHCHKOrO iHCTHUTYTY
CyMCBKOTO JIepKaBHOTO YHIBEPCUTETY, K.(ioJ.H.

OPTAHIBAIIIMHUM KOMITET KOH®EPEHIIIT

3aCTYNHHMK JUPEKTOpa 3 HAyKOBOi pPOOOTH, JOLEHT Kapeapu XiMiuHOI
TEXHOJIOTii BHCOKOMOJEKYJSPHUX CHonyK LIIOCTKMHCBKOrO — iHCTHUTYTY
CyMCBKOTO JIePKaBHOTO yHIBEPCUTETY, K.T.H.

3aCTYIHHK TOJIOBU OPTKOMITeTy KOH(epeHIii:
CT. BHMKJIaAau KadeapH XIMIYHOI TEXHOJOTrii BHCOKOMOJEKYJSIPHHX CHOJYK
Iocrkuncbkoro iHcTHTYTY CyMCBKOrO JICpXKaBHOTO YHIBEPCHTETY, K.T.H.

TEXHIYHUI cekpeTap KOH(EePEHILii:
¢axiBenp kapenpu exkoHoMikd Ta ynpaBiiHHsA IIIOCTKMHCBKOTO IHCTHUTYTY
CyMCBKOT0 JIEpPKaBHOTO YHIBEPCUTETY

HavanbHuK JIaGoparopii koHTpoio sikocti ADI ITAT « DAPMAK»
crapmmii BUKIagad Kadeapu eKOHOMikHM Ta ympasininHsA IIlocTKHHCBKOTO
incTuTyTY CyMCBKOTO €P/KaBHOTO YHIBEPCHTETY, K.€.H.

cTapmuii BUKIagad Kadeapn ekoHOMikH Ta ynpaBiinHs IIlocTKHHCBKOTO
iHcTHTYTY CyMCBKOTO JIep’KaBHOTO YHIBEPCHTETY, K.€.H.

cTapmmii BuKTagad Kadeapu XiMiuHOI TEXHONOTii BHCOKOMOIEKYJIAPHHX
cnonyk Hloctkuncbkoro iHCTUTYTY CyMCBKOTO AEPKABHOTO YHIBEPCHUTETY,
K.T.H.

npoBiHKI daxiBenb Kadheapu CHCTEMOTEXHIKH i iHpopMaIiifHNX TeXHOIOTiH
IIoctknHckKOro iHCTUTYTY CyMCBKOTO JIEPXKABHOTO YHIBEPCHUTETY

¢daxiBenp  Bigminmy KoMm’roTepHOro obcmyroByBaHHs  LIlocTKHHCBKOTO
iHcTHTYTy CyMCBKOTO J€PXKaBHOIO YHIBEPCHTETY
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CEKIIIA 1
CremiaigbHa XIMIYHA TEXHOJIOT'1S,
BUPOOHHUIITBO OOEMPUIIACIB
Ta BUOYXOB1 pOOOTH B IPOMUCIOBOCTI

SECTION 1
Special chemical technology,
production of ammunition
and boulder blasting in industry
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2,4,6-TRINITROTOLUENE: REVIEW OF PRODUCTION METHODS AND
APPLICATIONS
Edyta Gawrysiak, Tomasz Jarosz
Silesian University of Technology, Gliwice, Poland
edytgaw(031@student.polsl.pl

Abstract

The article presents the current state and old aspects of TNT production, along with
modifications that have appeared over the years in order to improve the detonation
parameters and the physical properties of the material, as well as modern improvements
in the production of TNT as a crushing explosive that can be cast. The aspects of
applications in the context of historical outline and their changes over the years shall
also be discussed in the following paper.

1. Introduction

2,4,6-trinitrotoluene, popularly known as TNT, is a chemical aromatic nitro
compound that is used as one of the most common military blasting explosives. It melts
at 80.2 ° C, releasing sooty, black, toxic smoke while burning. Explosive decomposition
occurs above 240 ° C. The difference between these temperatures provides an adequate
safety margin in the event of local overheating of the melt. TNT was invented in 1863
by the German chemist Wilbrand, but it was used as an explosive 30 years later, with its
commercial production in Germany occurred in 1901. During World War I, however, it
was not as widely used as picric acid (2,4,6-trinitrophenol), which was related to its low
sensitivity to mechanical stimuli and a relatively large critical diameter of detonation. It
is obtained by three-stage nitration of toluene with a mixture of sulfuric and nitric acids.
As an explosive, it is characterized by durability, low sensitivity to stroke and friction
and high temperature to initiate an explosion. Thanks to these properties, it is safe in the
context of usage and storage, not to say that strong detonators must be used to cause
ignition. It is non-hygroscopic.

The reactivity of TNT is the sum of the possible reactions that the functional groups
can enter in the molecule. These are a methyl group, nitro groups in the 2, 4 and 6
positions as well as hydrogen atoms in positions 3 and 5. Reaction on each of the TNT
functional groups (oxidation or reduction) leads to the formation of compounds with a
higher reaction potential than TNT alone.

0y _OH H 0
CHy CHy CHy CHy Chy
O,N. No, OaM. NO, ‘ [AN NO, O,N. NO,  O,N. NH. ON. NO, ON NH
3 " + OH . ‘ ?
NO. NO, NO. HN.
y 2 o NO; NH, NO,

Fig. 1. Most important pathways of TNT oxidation and reduction.

Protons at positions 3 and 5 on the ring can be substituted under conditions of
nucleophilic substitution (VNS), which is possible when a nucleophilic factor attaches
to an electron-deficient aromatic ring contains a leaving group, located at the reaction
center.
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CHj CH, CH, CH,
R-Nu NO, O,N NO, R-Nu NO, R-Nu NO,
R-Nu-H Nu-H Nu-H
- e, -
Nu Nu Nu

NO; NO, NO, NO,

INuX

X
O,N NO,
NO,

Fig.2. Most important pathways of nucleophilic substitution in TNT.

When describing the energy of very strong explosions, the parameter that can be
commonly seen is the so-called TNT equivalent ar. It is a basic characterization factor
of nuclear weapons and is also used to describe the strength of other events, such as
meteor strikes. It determines the mass of TNT that will release an equivalent amount of
energy during an explosion as in the explosion of a given material. So it is often referred
to as the power of the explosion. According to Sachs' law, a blast wave with the same
characteristics is created by two charges with the same burst energies. Therefore,
assuming the energy of the material of a given explosive as Qx and Qqnr, it is possible
to determine what mass of this material my is equivalent to a given mass of TNT mynt
according to the equation:

mxQx = MryrQrar,
hence:
—mvt _ _Ox
T mx  Qrwr

TNT makes it possible to compare the so-called blast ability various explosives.
The higher the values of TNT equivalents of a given material, the higher the parameters
of the blast wave generated after its outbreak.

Various forms of TNT are available on the market. One of them - TNT cast, has
different characteristics than pressed because it does not detonate while exposed to a
flame. Conventional cast explosives are based on TNT, or mixtures with hexogen
(RDX) or octogen (HMX). This form can be used interchangeably with compressed
TNT for filling bullets and mines. TNT produced in Polish chemical plants in
Bydgoszcz and Tarnow is widely available on the defense markets. To this day,
America remains the largest recipient of Polish TNT. The international brand of Polish
Nitro-Chem has dominated the countries of Europe, including the countries of Africa,
among others due to its extraordinary chemical purity. For example, in recent years in
Bydgoszcz, the annual sales of TNT reached approximately 6,000 tons of TNT at a low
unit price of approximately an estimated 20 PLN/ kg.

In the context of past applications, the significant impact of TNT on World War Il
cannot be overlooked. In the years 1920-1940, the production of TNT was an important
branch of the armaments industry of the USSR, which contributed to the requirement of
significant increase of oil production in the country, due to the fact that petroleum

ar
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products were the basic synthesis substrate. However, this did not happen, and therefore
there was a sharp decline in the efficiency of the USSR's activities, resolved in 1944-
1945 by supplies distributed from the United States.

2. Industrial production of TNT

2.1. Nitration of toluene

Currently used industrially, the TNT production method consists of two stages. The
first is nitrating toluene to nitrotoluene with a mix of nitric and sulfuric acid. Due to the
reaction, except the main product (2,4,6-TNT), unsymmetric TNT isomers (4-4.5%),
tetranitromethane (0,05-0,1%), dinitrotoluene (0,05-0,5%). The qualitative criterium
under which the TNT is assessed is its temperature of solidification, which is dependent
on the undesirable impurities- it is required not to exceed 80.2 ° C. In the nitration of the
pure TNT, the solidification temperature of 77-78 ° C is obtained, therefore it is
required to introduce a second step of the process- purification from those undesirable

content.
CH, CHg
H,50 NO;
+ HNO, —im + + HO0
NO,
CH

3
O,N NO,
+ 3HNO, —— + 3H,0

CH,

NO,

Fig.3. Reactions of the synthesis of TNT (2,5,6-trinitrotoluene) obtained by three-stage
nitration with a mixture of sulphuric and nitric acids representing the main products ie
TNT and the unsymmetrical o- and p-nitrotoluene isomers (without taking into account
the impurities).

CH, CH, CHj
O,N NO, NO, NO,
NO, O,N
NO, NO, NO,
CH,4 CH, CH,
NO, O,N NO,
O,N NO, O,N NO, NO,
NO, NO, NO,

Fig.4. Possible isomers of TNT.
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In order to obtain TNT with a high content of the desired isomer, the method of
toluene nitration followed by purification of the product containing about 4-4.5% of
unsymmetrical isomers can be used. An alternative process is the nitration of o-toluene
or the nitration of a crude mixture of dinitrotoluenes, from which isomers derived from
m-toluene have been removed so that the obtained product has about 1% of
unsymmetrical isomers, which makes the purification much simpler and cheaper.

2.2. Purification of TNT

Purification of TNT can be done by chemical and crystallization methods.
Chemical purification of crude TNT involves the usage of alkaline compounds in
aqueous or alcoholic solutions. As a result of such purification, some of the nitro groups
in the unsymmetrical isomers form the water-soluble salts of the corresponding sulfone
derivatives. TNT also reacts with these compounds, albeit at a significantly slower rate,
so that slight losses of the main product can be expected. In industrial practice, the most
common purification process is cheap and simple sulphitization of raw TNT, which
consists of the use of sodium sulfate. The impurities in crude TNT, so-called the "red
waters", form water-soluble salts and are thus effectively removed. Other contaminants
also react in this process to produce water-soluble organic products. An important
pollutant is a tetranitromethane, which is formed in the last phase of trinitration because
it increases the sensitivity of TNT to mechanical stimuli. The drawback of this type of
treatment is the very good solubility of the aromatic salts formed in water, which makes
them difficult and expensive to remove from post-production sewage. For this purpose,
biological methods are used, since other methods have not found practical application.

Crystallization purification is not used in industry due to the fact that the usage of
flammable and/or toxic solvents, such as ethanol, benzene, xylene, toluene, or phenol, is
required, which causes considerable problems in industrial practice. There are also
possible methods of purifying TNT with the use of other substances such as nitric acid,
crystallization from a water emulsion by fractional crystallization, or distillation with
steam or hot air blowing, but they are not used on an industrial scale.

2.3. Environmentally-friendly TNT production methods

Currently, experiments are being carried out to reduce the formation of undesirable
sewage, which is more environmentally friendly. Attempts are made to nitrate o-
nitrotoluene, and to purify the TNT formed by crystallization from selected solvents or
by washing impurities from crude TNT, so that they accumulate on the surface of the
crystals. These methods do not rely on chemical reactions that produce problematic
wastewater. As a replacement, steam distillation of the raw products has been used,
which proved to be effective. The solvents used for crystallization should be
characterized by a high-temperature gradient, i.e. high solubility of the crystallized
compound at high temperature and low solubility at low temperature. In this method,
trichloroethene was considered the most appropriate, the only disadvantage of which
was decomposition with the release of chloride acid causing corrosion of the equipment.
The products obtained through these tests were of good quality, relatively high
efficiency (approx. 87%), and easy to filter.

The washing purification method is made possible by the accumulation of
impurities on the surface of the crystals, which becomes more noticeable, the slower the
crystallization process is. In this method, the key is to properly prepare TNT crystals by
melting them, placing water in the reactor heated to approx. 80 ° C, and then, after
stabilizing the temperature, starting slow, gradually cooling to 50 ° C, filtering and
drying the obtained suspension. High efficiencies of approx. 99.5% can be then
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achieved. The choice of solvents is justified by the solubility of TNT and the safety of
their use.

Based on the above experiments, it is possible to obtain a satisfactory quality of
TNT without the sulfonation process.

3. Applications of TNT

3.1. Explosive formulations involving TNT

Initially, TNT was used on its own, but now it is commonly occurring as a
component of popular explosive mixtures (including oktol, torpex, H-6, or HTA) which
have reduced sensitivity to unintentional stimulation. Octole is a mixture of 70-75%
octogen and 25-30% TNT, which, due to its high detonation speed, is mainly used to
build warheads of cumulative missiles. The Torpedo Explosive, commonly known as
the torpex, was developed during the II World War. It has about half the explosive
power of pure TNT, which is included in the mixture (40%) except from the hexogen
(50%) and aluminum (10%). An analogous mixture that differs only in the proportions
of ingredients is HTA, which consists of 40% hexogen, 40% TNT and 20% aluminum.
Another well-known mixture is Composition H-6, originally produced in the United
States for use in naval weapons such as deep-sea torpedoes, sea mines, and bombs. The
content of the composition differs from the country of production. The sample
percentage is 30% of TNT, 45% of hexogen, 20% of aluminum, 0.5% of calcium
chloride, and 5% of wax. However, TNT explosives have disadvantages as well- one of
the most important ones is a significant increase in density after the mixture solidifies,
which makes it possible to detach the solidifying charge from the wall of the projectile,
as well as the formation of cracks or voids, the so-called caverns inside the casting.
Considerable stresses, susceptibility to cracking and lack of structural homogeneity
increase the sensitivity of the explosive in the context of cyclical thermal or mechanical
interactions. Therefore, an accidental shock to a warhead containing such material, e.g.
by a fragment or exposure to a shock wave, results in a full combat reaction or setting
the material on fire.

3.2. Functional additives to TNT

With TNT-containing explosives at high temperatures, exudation of low-melting
components, including TNT itself, can be observed. This is a highly disadvantageous
occurrence, but it can be limited by the addition of cellulosic materials or nitrocellulose,
which has a positive effect on the thermal resistance and mechanical strength of the
casts, provided that the density of the composition is sufficiently low during pouring.
TNT explosives are effective and cheap, but too sensitive for modern requirements.

Aluminum (Al) powder additives are also used in the case where the aim is to
achieve an increase in detonation performance. The addition of aluminum significantly
increases the heat of the explosion while reducing the detonation parameters, the larger
the aluminum particles, the less significant is the decrease in the explosion.

The use of waxes (usually natural) is aimed at improving the flexibility of the
casting and preventing cracking at low temperatures or under tensions occurring at a
stroke. The preparation of such a composition consists of mixing at hot temperatures
(82-84 ° C) the waxes with a plasticizer, after which the rest of the ingredients is
introduced into the solution. Mixing takes place under reduced pressure and the
resulting melt is poured directly into the molds. The cast is placed in incubators (70 ° C)
and then gradually cooled down to room temperature (in about 10 h).
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3.3. Effects of TNT on the environment

When it comes to BHP and safety, human exposure to high doses of TNT causes an
increase in the tendency to develop anemia and liver dysfunction. There are also
negative effects in the form of, among other, skin irritations. One should also pay
attention to the significant environmental harm and the risk of explosion during
production. The formation of post-production wastewater containing unsymmetrical
TNT isomers characterized by a higher melting point called "red waters" is currently the
subject of research into disposal methods.

4. New trends and alternatives to TNT

When it comes to fusible crushing materials in modern compositions, it is worth to
notice, that the TNT has been replaced with 2,4-dinitroanisole (DNAN compositions),
and hexogen or octogen substitutes are 3-nitro-1,2,4-triazole-5-one (TNTO
compositions), nitroguanidine, and/or ammonium chlorate (VII). There are also
compositions in which non-explosive substances, such as paraffin waxes or various
types of chemo-setting or thermoplastic polymers, were used as the low-melting
component (matrix). Compositions that contain energetic, thermoplastic elastomers as
well as high-energy explosive compounds which have the crystal lattice with the
minimal possible number of defects, are characterized by a greater degree of
sophistication.

Such substitutes are characterized by different parameters. Blends incompatible
with TNT such as the ones containing ammonium chlorate (VII) exhibit a decreased
chemical stability of TNT. Another composition is DNAN which is a less sensitive TNT
substitute. In the molten form, it shows several times greater solubility of RDX, which
is responsible for reducing the viscosity of the suspensions and for obtaining more
pourable compositions, even if a large contribution of non-melting components is used.
It has also been shown many times that when using this material, the influence of
random stimuli on the stability of the material was reduced. The disadvantages of
DNAN include lower density, poorer detonation parameters compared to TNT, lower
availability, and higher price.

Table 1. Fundamental properties of DNAN and TNT.

DNAN TNT
Molecular Formula C7HgN,O5 C7HsN304
Formula weight 198,133 227,131
.. C (42,43) H (3,05) N (14,14) O C (37,02) H (2,22) N (18,50)
Composition (%) (40,38) 0 (42.26)
Density (gcm”) 1,336 1,654
Melting Point (°C) 94,5 80,5
Physical Form Needles (ethanQI.or H:0), Orthorhombic (ethanol)
monoclinic
. sl (H,0), s (ethanol, ether, i (H,0), sl (ethanol), s (ether),
Solubility .
acetone, benzene), vs (pyridine) vs (acetone, benzene)

The methodology of producing TNT-based hot melt compositions is based on
mixing the components (85-90°C) and introducing the waxes by attaching them to RDX
or HMX particles or by introducing them into liquid TNT together with an emulsifier.
In the next stages, the obtained suspension is poured into previously heated forms, e.g.
missiles or bombs, and then gradually cooled down to obtain a homogeneous material.
The inner surfaces of the molds are coated with varnishes or other substances to
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consolidate the bonding of the explosive to the mold surface. It is also possible to
solidify it in the form of granules, which can then be charged into explosive material by
forcing or pressing.

5. Summary and conclusions

TNT has found its use, between others, in detonating fuses, and modern explosives,
that are still being developed on its basis, in which it is desirable to minimize the
amount of hydrogen and maximize the amount of nitrogen due to the increase in the
enthalpy of formation and the increase in the volume of gaseous explosion products.

The low unit price of TNT makes it an intensively researched substrate for the
production of many energetic compounds. The oldest explosive (1883) obtained from
TNT is symmetrical trinitrobenzene (TNB), characterized by detonation parameters
slightly higher than pure TNT, and its melting point is too high for cast explosives.
Another material that can be obtained from TNT is cyano-2,4,6-trinitrobenzene, which
has a better oxygen balance than pure TNT but has a significant hydrolytic
susceptibility to the nitrile group, which is why it did not attract the attention of
researchers. The methylation of TNT produces trinitroxylene (TNX), i.e. 1,3-dimethyl-
2,4,6-trinitrobenzene, which over time has begun to be synthesized by direct nitration of
xylene to meet the needs of the petroleum industry. TNX is significantly less toxic than
TNT, so it has been used extensively as a replacement for bigger explosives, despite
having slightly lower detonation parameters and a higher melting point than TNT. By
directly implementing amino groups into nitroaromatics such as TNT, amino-2,4,6-
trinitrotoluenes were obtained, for which the stroke sensitivity is reduced. In 1964, a
patent for the preparation of hexanitrobenzophenone by reaction of
hexanitrodiphenylmethane (HNDM) with active oxidants was published. It has a higher
melting point, but a much better oxygen balance. There are no reports in the literature
about the calculated detonation parameters. A very important material that is obtained
directly from TNT is E-2,2'4,4',6,6'-hexanitrostilbene (HNS), which melts upon
decomposition and shows lower sensitivity to mechanical stimuli with detonation
parameters similar to TNT. Due to its high melting point, HNS can also be used as a
heat-resistant explosive and as an additive (0.5-1%) to reduce contraction and the risk of
cavities in TNT castings. Other compounds in this category are nitro-methyl-
diphenylamines obtained from the reduction of TNT. However, due to the presence of
mobile hydrogen on the nitrogen bridge, these compounds are characterized by
relatively high reactivity in terms of salt formation and corrosion catalysis of metals, so
they have been eliminated from common military and civilian applications.
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ONPEJEJEHUE COBMECTUMOCTHU KOMIIOHEHTOB I'OPKOYE-
CBSI3YIOLIETO B CMECEBOM TBEPJIOM PAKETHOM TOIIVIUBE
E.J. letraenko, E.FO. HectepoBa
JlHenpoBckuii HAIMOHANBHBIN yHUBepcuTeT nMern Onecst ['ongapa
katya.petlenko @ gmail.com

®depporieH U ero Mpou3BoaHbIE 1] MIMPOKO HCIONB3YIOTCS B XUMUH, OHOJIIOTHH H
q)apMaKOJTOFl/II/I, B PasJIUYHBIX OTpaC/AX IMPOMBIIIJICHHOCTH, a TaKXX€ B Hay4YHBIX
uccnenoBanusx [2—-16]. B cdepe npoussocTBa OeH3MHA B MOTOPHBIX Maceln (eppoueH
3apeKOMEHJIOBa] ce0sl KaK KauyeCTBEHHAs aHTHICTOHAIMOHHAS MpHCcaaKa, KOTopas
crnoco6Ha 3(PEKTUBHO NMOBBICUTH OKTaHOBOE uKcio [2—5]. B dapmakonoruu deppouen
BXOJHUT B COCTaB JICKAPCTBEHHBIX IIPENapaToB, KOTOPbIE HAIpaBiCHbl Ha JICUCHHUE
xenezoneuUUTHOW aHemuu. Taxoke ydyeHble NbITAIOTCS CO3/aTh HOBbIE U Ooliee
3¢ eKTHBHBIC JEKapCTBEHHBIC Mpernapartsl Ha ero ocHoBe [6-8]. deppoieH u ero
HpOU3BOJHbIE (P(PEKTUBHO HCHONIB3YIOTCS B IPOLECCe HM3TOTOBIECHHS IOJIUMEpPOB.
YCTaHOBIICHO, YTO MPU MOIYYCHUH IOJMMEPOB METOJAMH IOJIMMEPH3AINH BBEICHHE
(eppotieHa, MO3BOISET 3HAUYUTENBHO YIYUYIIUTh UX (U3UKO-XMMHUYECKHE CBOWCTBA [9-
13]. M3BecTHO, 4TO (peppoLeH B COCTABE MOJIUMEPHBIX MATEPHANIOB SIBIISIETCS XOPOIIHM
JBIMOTIO/IAaBUTENIEM, KOTOPBIN B OTJIHYMHU OT APYTMX MHTHOMTOPOB, CHIIKAET HE TOJBKO
TOPIOYECTh MOJMMEPHBIX MAaTepUalioB, HO U 00JalaeT CIIOCOOHOCTHIO K MOAABICHHIO
mporiecca obpasoBanust apimMa [14]. Mcnons3oBanue GpeppolieHa u ero MpoU3BOIHBIX B
Ka4yecTBe MPUCAJOK K TOIUTHBY [15] HOBBILIAIOT CKOPOCTh UX TOpeHus. Perynuposanue
IPOIIECCOB TOPCHHS COCAMHEHUSAMH (eppoleHa OCHOBAaHO HAa OOpa3OBAHUM IIPU
MOBBIILIEHHBIX TEMIIEPaTypaX KaTaJMTHYECKH-aKTHBHBIX YaCTHUIl HOJIb-BaJEHTHOI'O
AKeJe3a, YaCTHUILl 0-OKHCH JKeje3a ¥ OPraHMYeCKUX PaJMKalloB, KOTOPbIE COCOOCTBYIOT
JOMOJIHUTENFHOMY — Pa3BETBICHUIO LEMHBIX  peakuuit, Oomee 3ddexTuBHOMY
MIEPEHECEHHIO KUCIIOPO/ia K OKUCIISIEMO MOJIeKyJIe, BCISICTBUE TIepexoa KUCIopoaa B
AKTHBHOE aTOMAapHOE COCTOSIHHUE. DTO CBOMCTBO (heppolieHa U ero MPOU3BOAHBIX HAIUIO
IIPUMEHEHHE TIPH UCTIOIH30BAaHUH 3THX COCIMHCHUH B KA4ECTBE PETYIATOPOB CKOPOCTH
TOPEeHHUs TBEPABIX PAKETHBIX TOIIIHB [ 16].

B Hacrosimiee BpeMmst B KauecTBE DEryJISTOPOB CKOPOCTH TOPEHHSI CMECEBOIro
tBepporo pakerHoro tomnuBa (CTPT) Hamum mupokoe MNpHMEHEHHE IKUIKHE
MPOU3BO/IHBIE (deppoueHa. OCHOBHOI1 npobnemoit MCIIOJIb30BaHUS
(beppoueHcoaepKaIMX KaTalu3aTopoB, SBISIETCS MX CHOCOOHOCTh K MHIpAllMU Ha
MOBEPXHOCTh TOIUIMBHOTO 3apsifa. DKCCyIalus KaTalu3aTopa 3HAUMTEIbHO YXYALIAeT
(PU3MKO-XMMUYECKHE CBOMCTBA, B TOM 4HCIE OaUIMCTUYECKHE XapaKTCPHCTHKU
TOILIUBA.

VYcraHoBieHO, 4TO  BbICOKas A(PQPEKTHUBHOCTH INPOM3BOAHBIX  (eppoleHa
JOCTHTaeTcsl TPH HX XOPOIIEeM paclpeleseHHH B TOproYe-CBA3YIOIEM. BakHbIM
(akTOpOM yMEHbLIECHHS JIETY4eCTH (hepPPOLICHOBBIX COSAMHEHUH SBISETCS yBEIMUCHHE
TEPMOJMHAMUYECKON  COBMECTHMOCTH  JKHIKHX ITPOM3BOJHBIX  (pepporena ¢
MOJIMMEPHBIM CBSI3YIOLIMM, YTO INPEAOTBPALAET pPAcCIOSHUE TOIUIMBHOM MAacchl M
9KCCYAALMIO OTAENIBHBIX KOMIIOHEHTOB.

Llenplo JaHHOTO HCCIENOBAHUS SIBISIETCS AHAIM3 MHUIPALMOHHOH CIIOCOOHOCTH
KUAKKX (eppoLeHCOoIepIKaINX KaTaIu3aTOPOB HA OCHOBE TEOPETHYECKHX PAacyeTOB UX
TEPMOJMHAMUYECKON coBMecTUMOCTH ¢ apyrumu kommoHeHTamu CTPT, a mmeHHO
KaydyKaMu, TIIaCTU(UKATOPAMU U TOPIOYE-CBSI3YIOLIUM B LIEJIOM.
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TepmoanHaMuYecKast COBMECTHMOCTD HU3KOMOJICKY/IAPHBIX BEIIECTB H IIOJIUMEPOB
PA3IMYHOrO0 XMMHYECKOTO CTPOCHMS OLIEHMBANACh HA OCHOBAHHH KOJIMYECTBEHHBIX
3HaYEHHH Mapamerpa pacTBOPUMOCTH BBeneHHoro I'mibaebpannom § [17].

s AE, o
4

KBazpar mapamerpa pacTBOPHMOCTH MpPEJCTABIseT COGOW IIOTHOCTh IHEPrUM

KOT€3HH XKUJKOCTH, T.C. BEINYHHY SHEPIHH KOTe3UH JICICHHYIO Ha MOJIBHEIN 00BbeM:
2 _
6% = AEy/V 2)

HamnydmmM — pacTBopuTeneM il IIONHMEpa  SIBISCTCS TOT, IapaMerp

PacTBOPHMOCTH KOTOPOTO PaBeH MM GJIM30K apaMeTpy PacTBOPUMOCTH ITOIUMEpa:
8y~ 8, 3)

Ecmu 8, — 8, < 2 unmn 8, — 8, < 2, To pacTBOpEHHs IIOJIUMepa B pacTBOpHTeNe OyneT
MIPOUCXOMUTSH JUIIb B 50 % ciyuaes.

Pacuer mapamerpa pacTBOPHMOCTH IIPOM3BOJUTCS 110 (opMyIte:

C))

rae: » AE; — cymmapHast SHeprust KOre3uu >KUJIKOCTH WM MOBTOPSIOLIErocs: 3BeHa
OJIUMEPa;
> AV; — Ban-znep-BaanbcoBblii 00beM jKHUIKOCTH MM MOBTOPSIOIIETOCS 3BEHA
nonumepa [18].
Tlapametp pacTBOPUMOCTH KHIKOCTH TAaKXKE MOXKHO PAaCCUUTaTh Yepe3 CKPBITYIO
TEIIOTY mapoobpa3oBaHus L. o Gpopmyie:

®)

CKpBITast TEIIO0Ta MapooOpa30BaHMs PACCUUTHIBACTCS IO popMyIIe:
Ly = 23.7 Ty + 0.02 - TZ — 2950 (6)
rae: Tx — Temmeparypa kunenus xuakoctu, K [18].
Jlnst pacyera napaMeTpa pacCTBOPMMOCTH CMECH YPaBHEHHE 3aIIMCHIBACTCS B BULIE:

ay (N AED) + ap (B AE ) o+ +an (B AE] ), )
Npla (B AV)1 + ap (X Vi)t +an (B Vin]

Tlpu cobnronennu ycnoBus (3) v pa3HUIIE MKy TapaMeTpaMH PaCTBOPHUMOCTH He
Oonee 2, ompenensiercsi KPUTEPU COBMECTHMOCTH, C IIOMOLIBIO KOTOpOro c Ooiee
BBICOKOM TOYHOCTBIO, paBHOM 85 % ciydaeB, MOXKHO MpencKa3aTh COBMECTUMOCTH
nonnmepa U XKUIKOCTH. HJ'U[ KleTepl/IH COBMECTUMOCTH CyLLleCTByeT HepaBeHCTBO:

U< 2p0(@ -2 -1+a ()
rae: @ — o0beMHbli apameTp;
p — KOHCTaHTa, KoTopas paBHo 0,681;
0. — apaMeTp MOBEPXHOCTHOTO HATSKCHHS;
L — OTHOIIGHHE KBajgparta pacTBOPHMOCTH IOJHMMEpa K KBaapaTy
PacTBOPUMOCTH PAaCTBOPHTEIIS:

5=

5:
L= =;
&
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Takum 006pa3oM COINIaCHO KPUTEPHIO, PACTBOPUMOCTh OyeT HAaOIIOAThCS B TOM
cilydae, KOT/a [paBasi 4acTh KpUTepHst OyJaeT OOJbliie JIeBOW YacTH, MpUYeM 00e YacTu
KPUTEpHUS] BBIYUCIAIOTCS HA OCHOBAaHMH XUMMYECKOTO CTPOCHHS IIOBTOPSIOIIErocs
3BEHA MOJMMEpPa U MOJIEKYJIbl PACTBOPHTEIIS.

O06bemubli mapamerp @ paccunrtbiBaeTcs o Gopmye:

1/3
RAA) ©
- 1/3 1/3
(Vp /3 4 v, / )2
rae Vp iV, — MOJApHEI 00BbeM pacTBOPHTEINS U HOIMMEPA COOTBETCTBEHHO.
ITapameTp MOBEPXHOCTHOIO HATSKEHHS MOXKHO PacCUUTaTh 1o Gopmye:

&= You/Yp (10)
T Ypn — BETHYHUHA MEXK(DA3HOTO HATSHKCHHS;
Yp — BCIMYMHA [OBEPXHOCTHOrO HATSKCHHS JUIS JKHMIKOCTH, KOTOpast
paccuuThIBaeTCs o Gopmyie:
A 2iAE] an
P E vy

WM Yepe3 HapaMeTp pacTBOPUMOCTH KUIKOCTH:
— 1/352
Yo = Bi(ZAV)'/38 (12)
Jlist pacdeTa MoBEpXHOCTHOTO HATSHKEHHUS cMecH (hopMyria mprHoOpeTaeT BU:

-yCMECI/I

aym (X AVi)12/3 mi/a/cﬂ + @Y (C AVi)22/3 m;/g)/cjz

(@l + @62 0 S, + & C VD) (@ +ag mpy s (D)
BenuunHa Mex(pa3HOro HaTsHKEHHST PACCYUTHIBACTCS 110 (hopMylie:
Yon = W + Y — zq)(ypy")l/Z (14)
IJ€ Yy, — BeIMYMHA TOBEPXHOCTHOTO HATSHKEHHs JUIA IOJIMMEpa, KOTopas
paccuuThIBaeTcs o Gopmyie:
ye=(—ZiBEL (15)
n J (E AVi)2/3 - ml/3

IJIe M — YUCIIO AaTOMOB B ITOBTOPSIOLIEMCS 3BEHE.

3areM Bce MOJTYYEeHHBIC 3HAUEHIS ITOICTABISIOTCS B HepaBeHCTBO (8) [18].

Ha ocHOBaHMHM TOJYYEHHBIX JAHHBIX 10 MPUBEACHHBIM METOAAM PacyeTa MOXHO
3HAUUTEJBHO YIPOCTHUTh 3a4ady U cpa3dy OTOPOCHUTH KaTaau3aTOpbl, C KOTOPBIMU
MOJIUMEPBI He OYIyT TEPMOANHAMUYECKH COBMECTUMBIMH.

Jlnst oneHUBaHUs TEPMOAMHAMHYECKOH COBMECTUMOCTH KOMIIOHEHTOB B rOproue-
CBS3yIOLIeM OBUIM  HCIIONB30BAaHBI ISATh  KaydyKOB: OYTaJMEHOBBIH  Kaydyk,
H30IPEHOBBIH Kayuyk, snokcujaHas cmoisa, kayayk CKH-10-KTP u, CK[-10-a. B
Tabnuie 1 npeacraBieHbl XapaKTePHUCTHKH KaydyKOB.

Tabauna 1 — XapakTepucTHKH KayqyKoB

Bertiectso YAES | XAVL | & v [ Ve
Jlx/mMois A (x/cm’)™” | qma/cM” | cM”/MOb
ByranueHoBsIi Kaydyk 9054 64,3 15,29 33,5 56,869
M3onpeHoBEIi Kaydyk 10030 81,5 14,294 29 72,081

DIoKCHIHAs CMOJIa 57626,232 | 2779 18,555 49,713 | 245,784
Kayuyk CKH-10-KTP | 21407,26 | 110,22 17,957 22,173 97,482
Kayuyx CK/I-1-a 25511,94 | 1479 16,923 19,839 | 130,808
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Jlis  ompeneneHHs TEPMOIMHAMHYECKOM COBMECTHMOCTH OBUIM  IIPOBE/ICHBI
pacyersl mapameTpoB JByX IutactudukatopoB: aumoktmincebamunara (JOC) wu
nubyruicebanunara (JIBC), xapakTepuCTHKH KOTOPBIX IPE/ICTAaBIEHBI B Ta0IHUIe 2.

Tabnuia 2 — XapakTeprCTHKH IIacTH(PUKATOPOB

YAE, [SAVST Le % . |8,m0T o | Mmoo |y
Bemectro AL, i Vi b, s 1o ZiAEi*, n Jom : Teun S
Jox/mMonb | A K | Jx/mMons (T /CM3)0,5 (Ix/em) | YAE:, /en’ CM”/MOJIB|

mn/em’
JOC  [12272,742| 505,2 | 613 [79887,120] 15,412 13,162 | 32,700 | 23,857 | 446,82
JBC  [50646,483| 330,2 | 617 80695,469| 15,958 16,366 | 30,426 | 32,007 | 292,04

Ha ocnoBannm mannbeix [19], [20] mamu ObuiM BEIOpaHBI JBa COCTaBa roprove-
CBA3YIOIIMX, KOTOpble NpuMeHsInch B kadectBe kKommnoHeHToB CTPT. Copepixanue
BEIECTB B COCTaBaX:

— Cocras 1:

e xayuyk CKH-10-KTP — 10 %;

e BroKcHaHas cMojia — 2 %;

e JIOC -2 %;

— Cocras 2:

e xayuyk CK/I-1-a— 12,45 %;

e orokcuaHas cMona — 2,8 %;

e JIBC-1,5 %.

IIpu pacuete coneprxanue BemecTB 0bput0 mepecuntaHo Ha 100 %. Tak kak pacder
IAaCTU(UKATOPOB NpOBOJMICS JAByMs Merogamu 1o ¢opmyram (4) u  (5),
COOTBETCTBEHHO pacyeT CMecel M HX TEPMOAWHAMHUYECKOW COBMECTHMOCTH C
KaTalu3aTopaMd TPOBOAMICS C YYeTOM OTHX JBYX MeTofoB. PacuerHble
XapaKTEPUCTUKY CMecel CBEICHBI B Tabnuiy 3.

Tabnuua 3 — XapakTepucTHKH cMecel

, Y Va,
(}1)1(/01\43)0‘5 11m-1/CM3 oM’/MoTh
Cocras 1 o Y,AE; 17,171 28,654 | 168,573

BemectBo

Coctas 1 110 Ty 16,447 | 25,403 | 168,573
Cocra2mo Y,AE | 17,782 | 27,687 | 139,696
Cocras 2 110 Tyun 17,851 28,012 | 139,696

B kauectBe pacrBopuTelnel Obln BoIOpaHbI (eppoLICHCOAEPIKAIME KATaTU3aTOPBI,
Takue Kak: audtwideppouen  (JJAD-2), srtundeppoueH, n-OyruiadepporieH,
nubyTuiadepporeH u TperOyruindeppoueH. B rtabnuie 4 ykasaHbl MX pacyeTHbIC
XapaKTEePUCTHKH.

Tabnuna 4 — XapakTepuCTHKH KaTtann3atopoB ckopoct ropeans CTPT

. Ty, K
AV, 2 Le, Sy, s Vi
Bemectso > A 1pu 760 Jx/Monb | (x/ em)?? Z[]/IIZ/ oM’ | em’/mons
MM.PT.CT
JustungepponeH 156,71 557 68851,402 18,020 30,264 | 204,392
OrmipeppoleH 134,233 537 65037,268 19,158 32,484 | 170,453
n-Byrungeppouex 159,375 510 59971,313 16,682 26,080 | 206,604
Jubyrungeppouen | 208,643 436 46764,120 13,024 17,391 | 261,087
TperOyrundeppouen | 156,20 398 40289,368 13,699 17,469 | 201,499
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C y4eToM XapaKTEpPUCTHK YKa3HBIX B TabmMue 4 paccCuMTaHbl HapaMeTpbl
PacTBOPMMOCTH psijia AJIKMINPOU3BOAHBIX (heppolieHa, Ha 0a3e KOTOPBIX OmpeneneHa
X TEPMOJMHAMUYECKasi COBMECTMMOCTb C COOTBETCTBYIOLIMMHM ILIACTH(HKATOPAMH,
KHIKUMHU Kaydykamu U MojeiabHbiME cocTaBaMd CTPT, 4To ObIIO 3KCIIEpUMEHTATIBHO
MOATBEPXKICHO B MOCIEACTBUM  MeTonoM  auddepeHHalbHO-CKaHUPYIOIeH
kanmopumerpuu (JJCK).

BrIBOIBI:

1. JlaHHBII METOX OLEHKH TEPMOJMHAMUUYECKOH COBMECTUMOCTH KOMIIOHEHTOB Ha
OCHOBaHMHU MapaMeTpa UX PacTBOPUMOCTU IOMOTAET 3HAYUTEIBbHO YTOYHUTH MPOTHO3
[0 MMIPALMOHHOH CIIOCOOHOCTU >KUIKHX (PeppoLEeHCOoAepKaluX KaTalu3aTopoB B
COCTaBE CMECEBOT0 TBEP/IOT0 PAKETHOTO TOILIHBA.

2. Ha ocHOBaHMH HPOBEICHHBIX PAcueTOB AMATHI(EppOLEH, STUI(EppPOLeH U n-
OyTHIIheppoLIeH SABISIOTCS TEPMOJMHAMHYESCKH COBMECTHMBI C MOJACIBHBIMH CMECSMH
roproye-CBA3YIOLIEero; COOTBETCTBEHHO CKOPOCTh MHUIPALMM UX U3 TOIUIMBHOH MaccChl
Oyner HUXKe, yeM y auOyTuindeppoleHa u TpeToyTHiadeppoLeHa.

3. Pe3ynbraThl aHHOTO HCCIIEOBAHUS MOTYT OBITH HCIIONB30BAHbI AJIS OLEHKH
TEPMOJIMHAMUUYECKON COBMECTUMOCTH KOMIIOHEHTOB B CMECEBOM TBEPJIOM PAKETHOM
TOIIJIMBE W YCOBEPIICHCTBOBAHNS PEIIENTYP TOIIMBHON MAacChI.
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BJIACTUBOCTI HIPOTEXHIYHUX BA30OBUX CKJUIAJIIB:
AHAJII3 CTAHY JOCJIAKEHb
Jlapuna 3a1cycm101, Tomam CanavinbchbKHit
CyMCBKHii Iep)KaBHUI YHIBEPCUTET
*[HCTHTYT NPOMHCITOBOT OpraHiuHoi Ximii, Bapiasa, [Tombiia
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AHorauis: Posenanymo 6e32az06i nipomexuiuHi ckiadu ma iXHi 61acMuoCmi.
Onucana npobnema cy4acno20 cmawy OOCHIOJNCEHHs 6nacmugocmei 0e32a306ux
nipomexwiunux cknadis. Ilpoananizoeani Haykoei Odcependa, 6 sKUX ONUCYIOMbCA
docniodcents 6e32a306Ux NIPOMEXHIYHUX CKAAOI8 HA npeomem NOSHOMU OOCIIOHCEHHS
enracmusocmeti. Hasedena oyinka ananizy cmany OOCIONCEHHsT Ma NPOAHANIZ306aHA iT
npuvuHa.

Beryn. IlipoTexHiyHi CKIagd MarmOTh BEIHMKY KiIacH(iKamiiHy HOMEHKIATYPY i
IIMPOKUH CIIEKTP 3aCTOCYBAHHS SIK HA BITYM3HSIHOMY IPOCTOPI, TAaK i Y CBITI B LJIOMY.
Cepen HHX ocoOimBe Micue 3aifMalOTh 0e3ra3oBi Ta MajoOrasoBi CKJIAAHW, SIKi
KIacuQiKyrThCs SIK TepMiuHi ckinaau [1, c. 4].

BusnauenHst 06e3razoBoro CKkJagy € pi3HUM I BITUM3HAHOI IMIPOTEXHIYHOT
MIPOMHUCIIOBOCTI 1 /1S CBiTOBOI. L5 pi3HMIIA BUHHKIIA TOMY, IO Y CBITOBIiil MPaKTHIII €
YiTKa Mexa MK 0e3ra30BHUMH Ta MaJIOTa30BHMH IMiPOTEXHIYHHMHU CKJIaJaMH. 3TiTHO
miel Mexi, 6e3ra3oBi MPOTEXHIYHI CKJIQAW TPH TOPIHHI BUAUISAIOTH He Oinbime 10 o’
ra3iB Ha | r miporexHiuHOI cymimi [2]. ¥ Toil ke uac, BITYM3HSHA IPaKTHKa HE
BH3HAUAE II0 MEXKY, 1 IT03Ha4ae Oe3ra3oBi CKJIQAU SK MaJIOra30Bi, OCKUIBKH a0COIIOTHO
Oe3ra3oBux ckiaiB He icHye [1, c. 218].

BesrazoBi mipOTEXHIYHI CKJIQAW BUKOPUCTOBYIOTBCS Yy PpI3HHX  cdepax
npomucioBocti. Haigacrimie ix 3aCTOCOBYIOTH B SIKOCTi YIMOBIUIBHIOIOYHX CKIIAAIB IS
PI3HUX CHCTEM iHiLiIOBaHHS (HANpPUKIAJ, KalrCyiB-IeTOHATOpiB). Y TOH e 4ac, BOHU
MOXYTb 3aCTOCOBYBATHUCS SIK JOMOMDKHI CHCTEMH PaKETHO-KOCMIiYHOI TEXHIKH Ta s
PO3irpiBy TBep/10-€JIEKTPHYHUX OcepeKiB TepMiuHuX Oarapeit [1, c. 218].

OCHOBHOIO MPOOIEMO0 0€3ra30BHX MIPOTEXHIYHUX CKIIA/IB € TMOBEPXHEBICTH iX
nocinimkeHHs. OCKIIBKYA BOHU 3HAHMIUIM CBOE BUKOPUCTAHHS B SKOCTI YITOBUIbHIOIOYHX
CKJIaJ(iB, OLTBIIICTD OCIIIKEHb 30CepPEPKeHA Ha XapaKTePUCTHKAX, SIKi HEOOXiMHI st
KOMEpPLIHOI KOHKYpeHLIl 3 IHIIMMHM CKJIagaMM (HanpuKIaj, 4ac YIOBUIbHEHHS,
LIUTBHICTh  CKIANy, IUBHAKiCTH TropiHHs). Yepe3 me iHmI acmekTd O6e3ra3oBuX
MIPOTEXHIYHUX CKJIaiB Maike He AOCIIKYThCs. Tako BapTo BIAMITHTH BiJHOCHO
crapy 6a3y 3HaHb nIpo 1i cknagu y kpaimax CHJ. Binbmicts mocmimxeHb (izuko-
XIMIYHHX Ta BUOYXOBHX XapakTepucTUK mpumnaaae Ha 1970-1980 pp., i ui gocmimkeHHs
3 THX Mip Mai)ke He pO3IUMPIOIOTHECS 1 HE JIONMOBHIOKOTHCSA. lle mpu3BOAWTH 10
HEMOXKJIMBOCTI ~ TOIIYKYy albTEPHATHBHUX 3aC00IB  BHKOPHUCTaHHS  0e3ra3oBHX
HIPOTEXHIYHUX CKJIAAiB Ta BIJICYTHOCTI LUIAXIB BAOCKOHAJIEHHS HHUX cKkiagiB. Lls
mpodIieMa € aKTyallbHOIO He Tinbku mst kpain CHJL, ane i aist cBiTOBOT IPaKTHKH.

Meta po0OTH. AHaiTHYHE CTBOPEHHS MOYAaTKOBOI 0a3M 3HaHb ISl BU3HAYCHHS
(bi3MKO-XIMIYHUX Ta BHOYXOBUX XapaKTEPUCTHK O€3ra3oBHUX IIPOTEXHIUHMX CKIAJIB
JUISL  TOZanbLIol  CHCTeMaTH3alii 3HAHb Ta MOIIYKY NUIIXIB aJbTepPHATHBHOTO
BHUKOPHMCTAHHS LIMX CKJIAJIB.

Buxiax ocuoBHoro marepianxy. Jlins moyaTky aHaJiTHYHOTO JOCHiIXKEHHS
PO3MIISHYTO Ta KOPOTKO OIMCAHO KpHUTEpii OLIHIOBAHHS ITOBHOTH JOCIIIKCHHS
0e3ra30BUX MIPOTEXHIYHHUX CKIA[IIB.
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Ceper  OCHOBHHX  (i3UMKO-XIMIYHMX Ta  gedarpariiHmX  BIacTHBOCTEH

MIPOTEXHIYHKUX CKJIA/iB BUALIAIOTH HAacTymHi [1]:

XIMIYHUH CKJIaI;

LIBHICTE;

TEIJIOTa Ta TEMIepaTypa TOpiHHS;

00’eM rasis;

YYTIHMBICTh 710 MEXaHIYHHUX Ta TEIUIOBUX B3a€EMOIii;
MEXaHi3M Ta IIBUJKICTh TOPIHHS;

(iznyHa Ta XiMiYHA CTIHKICTb;

KOMHOHGHTI/I MIPOTEXHIYHOTO CKJIQAy Ta IX BIJJCOTKOBE CIIIBBIIHOLICHHS TIpae
KJIFOYOBY POJIb IIPH CTBOPEHHI Ta BUKOPUCTaHHI LbOTO CKJIaay. BaXMBUM € HE TiTbKH
migdip OKMCHMKA, MaJbHOTO Ta PEYOBHH TEXHOJOTIYHOTO INpU3HAYEHHS, ane 1 ix
BiJICOTKOBE CITiBBiJHOIICHHS Y CyMiiri. Takox BayKIIMBO MIPOBOIMTH aHAJI3 MOXIHBOCTI
3aMiHU KOMIIOHEHTIB CyMillll y BUIIa/IKaX, KOJIU MOYaTKOBI KOMIOHEHTH € PiJIKICHUMH,
a00 MaloTh BHCOKY BapTicTh. OcCTaHHIM YacoM HaOyBa€ axTyalbHOCTI MinOip
KOMIIOHEHTIB, SIKi HE € TOKCHYHUMHM ISl HABKOJIMIIHBOTO CEPElOBHIIA. 3 eKOJIOTIYHUX
MepelyMoB, Cy4acHi MipOTEXHIYHI CKJIQJM HAMararoThCsl He BKIIFOYAaTH B ce0E CIONYKH,
[0 MICTATh CBHHEIb, Oapiii, Mepxjopatd Ta Xpomaru. [IpukiamamMu eKOJOTIYHHX
cknaniB € B/Fe;O3, Mn/MnO,, Ti/C-3Ni/Al, B4C/NalO4/PTFE, Si/CaSQy4, Ta W/MnO,
[3,c.2].

inpHICTH MIPOTEXHIYHOTO CKIIAy 3aBXKIH Ma€ OYTH MaKCUMAIBHO BEIUKOIO 5K Y
MOPOLIKOBOMY CTaHi, TaK 1 y CHpPECOBaHOMY. 3aJ€XHICTb MIBUIKOCTI TOPIHHSA BiX
LIJIBHOCTI CKJIAQy € TPSIMO MpPOMOPLIHHOK Ta JiHIIHOK: YMM BHIIE JOCSATHYTa
LIJIBHICTD, TUM OiJIbIIa MBHUIKICTE TopiHHA [3]. TakoX IIUIBHICTH CKJIay BIUIMBAa€E Ha
nedaarpamiiiHi XapakTepHCTHKH.

Teriora Ta TemmepaTypa TOpIHHS 3ajJeXaThb BHKIIIOYHO BiJ] KOMIIOHEHTIB
nipoTexHiyHOro ckiaay. Temnora BUOyXy BH3HA4YaeThesi TEOpeTHYHUM (3akoH [ecca)
a00 excrepuMeHTalbHUM (KajgopuMerpuuHa Oomba) mupixom [1]. Temneparypa
TOPIHHS BU3HAYAETHCS, SIK IPABUIIO, TEOPETUYHO.

006’eM ra3iB st 6e3ra30BUX MIPOTEXHIYHUX CKIAIIB Ma€ CKiaaaTH He Ounbiue 10 i1
Ha 1 Kr mipoTexHiuHoi cymimmi (a6o 10 cm° rasie Ha 1 T miporexuiunoi cymim) [2]. Lle
JIOCSITAa€ThCS  MiJOOPOM KOMITOHEHTIB TaKMM YHHOM, LI00 KIHIIEBUMH IPOJYKTAaMU
ropiHHs OyJaM OKCHAM MeETaliB Ta caxka. Bapro BiaMmiTuTn, mo 06e3ra3oBicTb
MiPOTEXHIYHOTO CKIIaYy, K MPABUIIO, Y TOCITIDKEHHSIX HE JOBOANUTHCS.

YyTnuBICTh 70 MEXaHIYHUX Ta TEIUIOBUX B3a€EMOJH Ipae BaXIHMBY POJIb 5K Y
Mpale31aTHOCTI MPOTEXHIYHOTO CKIIaAY, Tak 1y 6e3medHocTi oro Bukopuctanus. [1in
MEXaHIYHUMH B3a€EMOJISIMHM MalOTh HA yBa3i yap Ta TepTs, a IiJ{ TeIJI0OBUMU — IIPOMiHb
BOrHio. UyTJiMBICTH 10 yIapy XapaKTepH3ye MOXJIMBICTh 3aiiMaHHS CKIIAAiB HpH
BUIIAJIKOBOMY YZapi, @ YyTJIHUBICTh JI0 TE€PTS — MPH BUIAIKOBOMY BHHUKHECHHIO TEPTSL.
UyTaMBICTh IO MPOMEHIO BOTHIO XapaKTepH3ye MOJMIIMBICTH 3aiiMaHHs CKIAiB NPU
BUIAJKOBOMY IIOMAJAaHHI Ha HUX ICKpU. UyTIHBICTh [0 MEXaHIYHHX Ta TEIUIOBUX
B3a€EMOJIIN 3aJICKUTH BUI KOMIIOHEHTIB CKJIaqy Ta BH3HAYAIOTHCS B CIICLiaJIbHUX
MIPUCTPOSX, IO TO3BOJISIOTH OTPUMYBATH BIATBOPIOBaHI pe3ynbTatH [1].

IIBUAKICTE TOPIHHSA € HENOCTIHHOIO BIIACTHBICTIO, KA 3aleXUThb BiJ POy
¢axropiB. JIo uux (akTopiB BiJHOCATH BIAHOLICHHS MOBEPXHi 10 00’€My, BOJOTICTb,
JOCTYI JI0 KHCHIO, TEMIIepaTypa Ta TUCK HaBKOJMIIHBOIO CepeloBHIIa. BruacTusicts,
[pUTaMaHHa OLIBIIOCTI 0€3ra30BUX CKIIA/IB, - Maja 3aJIeKHICTh IIBHKOCTI TOPIHHS Bif
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30BHIMHBOrO TUCKY [, c. 247]. MexaHi3M TOpiHHS, B CBOIO 4epry, 0OyMOBIIOEThCS
XIMIYHOIO PEaKI[i€o, 0 BUHHUKAE, 1 TOCIIKYETHCS, K TPABUIIO, TEOPETUYHO.

JocnipkeHHs XiMiuHOi Ta (i3MuHOI CTIMKOCTI IPOBOAATH [UISL BHU3HAYEHHS
ONTUMAIBHUX YMOB 30epiraHHs MipOTEXHIYHUX CKJIA/IB Ta TEPMiHY iX mpumatHocTi [1,
c. 105]. diznuna criiikicth BKIOUae B cebe Taki (akTopu SK BOJOTOCTIHKICTH Ta
CTIHKICTh 10 3MIHM arperaTHoro CTaHy JIETKHMX KOMIIOHEHTIB (HampuKian, Taki
KOMIIOHEHTH CKJIaJy, SIK Ha(TaJliH Ta reKcaxJIopeTaH MOXYyTh cyOniMyBaTn). XimiyHa
CTIlfKiCTh — 3[aTHICTH CKJIaJy HE 3MIiHIOBaTH CBOI (pi3MKO-XIMi4HI BIACTHBOCTI IiJ Yac
30epiranns. [IpuknagamMu MO3UTUBHOT XIMIYHOI CTIHKOCTI CKJIa/y € BiJICYTHICTh KOPO3ii
MOPOIIKY METalTy Ta BIJCYTHICTh XIMIYHOi peakiii MiX KOMIIOHEHTaMH i 4ac
36epiranns [1, c. 93]. O6uaBa BuIM CTiHKOCTI 6€3ra30BHX MIPOTEXHIYHHX CKIIAIiB
BU3HAYAIOTHCS 32 CHCLIAIBHUMH METOAMKAMH.

JInst oJanbIoro aHamizy po3IJISTHYTO HAYKOBI JpKepena, B SKUX JOCITIIKYIOThCS
0e3ra3oBi MipOTEXHIUHI CKJIaJ, Ta MPOAHAJI30BaHO SKICTh JOCIIKEHHS BH3HAUYCHUX
BIIACTUBOCTEH.

B sikocti mepmioro 06’ekTa AOCTIMKEHHS BHCTYMae 0e3ra30BHil MipOTEXHIYHUI
ckian Fe/BaO,, onmcannii y mkepeni [4]. Lleli ckiaJ BUKOPHCTOBYETHCS B SIKOCTI
YIOBLIBPHIOBAaYa B CUCTEMAX iHiliOBaHHS. BHOIp KOMIIOHEHTIB MiPOTEXHIYHOTO CKIALy
MOSICHIOETHCS TMi00POM KOMIIOHEHTIB TaKMM YHMHOM, LI00 MPOAYKTaMM peakuii Oyiau
TBEpJi pPEYOBHHU. Bapro BIiAMITHTH, IO [Ei CKIaj HE € TOBHICTIO EKOJIOTiYHHM,
OCKUIBKHM MICTHTB Tepekuc Oapito. Po3paxoBaHa IIIIBHICTE MiPOTEXHIYHOTO CKJIAIy Ta
OIMCAHO BIUIMB BIJICOTKOBOTO BMICTY 3ajli3a Ha Hel Ta TOBIIMHY CTIHKH OOOJIOHKH.
JletanbHO AOCHIIKEHO BIUIMB BMICTY 3alli3a y CyMillli Ha MIBUJKICTh TOPIHHS, a TAKOX
Ha MeXaHi3M ropinus. BusHauena Temmeparypa poskialy CKIany B 3aJIeXHOCTI BiX
BMICTY 3aii3a (I10 MOXKE PO3IIHIOBATHCS SIK TEMIIEpaTypa TOPiHHS), ajle He BU3HAYCHA
TEIUIOTa rOpiHHA. Bu3HaYeHa 4yTIIMBICTB O TEPTS Ta yAapy, a TAKOX KIacH(iKOBaHO
cKJaj sK BorHeHeOesmewHuit. @isnyHa Ta XiMiyHa CTIHKICTh CKIagy He
JOCTIKYIOThCS.

Y  mkepeni [5] po3risgarOThCS  BIACTUBOCTI  BITYM3HSHOTO — 0€3ra3zoBOro
niporexHiuHoro ckiamy PbO,/Si. el ckmag BHUKOPUCTOBYETBCS B SIKOCTI
YIOBLIFHIOBAaYa B CUCTEMAX IHINiOBaHHS. BHOIp KOMIIOHEHTIB MPOTEXHIYHOTO CKIALy
HOSICHIOETHCS aHAJII30M JIITEpaTypH, IPU L[bOMY BPaxyBaHHS BiJICyTHOCTI TOKCHYHOCTI
He BinOyBaeThes. lle € KPUTHYHUM, OCKUIBKH JIOKCH] CBHHIIO € BHCOKOTOKCHYHOIO
PEYOBHHOIO, 110 POOUTH el ckiaa He ekonoriuHuM. OMNHMCaHO BIACTUBOCTI KOKHHX
KOMIIOHEHTIB CKJIaJly, a TAKOXK YMOBH iX 30epiraHns. J{oCiikeHO BIUIMB PELENTYpH Ha
LIIBHICTh CKJIAAy Ta WOro MIBHUAKICTh TOPiHHS. JleTanbHO pO3INIsSHYTa 3aJeXKHICTh
TeMIepaTypu peakuii Bix BmicTy KpeMmHito. Ilpu 1bpoMy, TEIJIOTa TOpIHHS He
posrisimaeThest. YyTIHBICTh 10 MEXaHIUHHX Ta TEIJIOBUX B3a€MOJIiH, MEXaHi3M TOPiHHS,
yac yHoBUIbHEHHs Ta (Bi3uyHa 1 XIMiYHA CTIHKOCTI CKJIaLy HE JOCIIIKYIOTCS.

VY mxepeni [6] po3rismaOThCs BIACTHBOCTI 0€3ra30BOr0 MiPOTEXHIYHOIO CKIAmy
Mn/Bi,Os. Lleli ckiaq BHUKOPHCTOBYETHCSI B SIKOCTI YIOBUIBHIOBa4Ya B CHCTEMax
iHilitoBaHHs. BuOip KOMIIOHEHTIB MipOTEXHIYHOrO CKJIAJy € HAayKOBOI HOBHU3HOIO.
Bapro BiAMITHTH, [0 TaKWi CKIajq € EKOJOTiYHMUM. J[eTaJbHO OMMCAHO MEXaHi3M
peakuii ropinHs. J[OCTiZKEHO BIUIMB BMICTY Maprasili0 Ha TEIUIOTY Ta TEMIICPATypy
ropinast. YyTIMBICT 0 MEXaHIYHHX Ta TEIUIOBHUX B3a€EMOIii, a Takox (i3uuHa Ta
XiMiYyHa CcTaOUIBHICTh CKJIQAy HE OMNHCYeThCsA. Takok BIJACYTHI JlaHi CTOCOBHO
LIITBHOCTI CKJIAy Ta HOTo BIUIMBY Ha XapaKTEPHCTHKH.
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VY mxepeni [7] po3risnaoThCsl BIACTUBOCTI 0€3ra30BOro MipOTEXHIYHOIO CKIamy
BaCrO4/TiB,. Lle#i ckiag BHKOPHUCTOBYEThCS B SIKOCTI YIOBIJIbHIOBauYa B CHCTEMaXx
iHilitoBaHHs. Bubip KOMIIOHEHTIB MiPOTEXHIYHOIO CKJIALy € HAYKOBOIO HOBHU3HOIO Ta
MOSICHIOETHCST HEOOXIIHICTIO Y MOBILIBHOMY TOPiHHI CKiIamy. Bapro BimmiTuT, 1m0 1ei
CKJIQJl HE € eKOJIOTIYHHM Yepe3 HasBHICTb Xpomary Oapito. Y mociimkeHHi BiJCyTHI
JlaHi CTOCOBHO LIUTBHOCTI CKJIay Ta ii BIUIMBY Ha XapaKTEPHCTUKH, OCKIJIbKH LeH CKIIax
€ TIPECOBAHMM 1 MpeJCTaBisie co00 MITiHAP BUcOoTOO 8-10 MM Ta miamerpoM 10 mMm.
TexHoJorist mpecyBaHHs onucaHa. PO3MISIHYTO MeXaHi3M TOpiHHS Ta JOCHIiHKEHO Horo
mIBHIKICTh. Po3paxoBaHa TemrepaTypa ropiHHs, ajle He HajaHa Teriora ropinus. Jauxi
CTOCOBHO YYTJIMBOCTI JI0 MEXaHIYHHMX Ta TEIUIOBHX B3a€EMOJIH, a Takok (izmuHOi Ta
XIMi4HOT CTabIIBPHOCTI CKJIa/Iy HE Ha/IaHO.

OcranHiM  00’€KTOM JIOCIIJDKCHHSI € BITYM3HSHMI NIPOTEXHIYHMH CKIag
Zr/BaCrOy, onmcanuii y mxepeni [8]. Lleit ckimamg BUKOPHUCTOBYETHCS UISl HArpiBaHHS
TepMiyHUX Oarapeil. BuOip KOMIIOHEHTIB MIpPOTEXHIYHOrO CKJAaLy MOSCHIOETHCS iX
MOMYJSIPHICTIO Y Lill mpomucioBiil cdepi. Bapro BigMiTuTH, IO Hel ckiag He €
€KOJIOTIYHUM 4epe3 HasBHICTh XpoMaTy Oapito. Y [OCHi[KEHHI BHU3HAYCHO BILIHB
CKJIJly Ha IIUIBHICTH TOTOBOTO IIPOJYKTY, @ TaKOX 3a3HaueHo, 10 Led ckiaj €
npecoBaHuM. BiH mpexacTaBisie co0OH0 TOHKHH JIMCT, MapaMeTpaMH SIKOTO MOXKHA
MaHIIyJII0BaTH 3a Jonomororo mpec-gpopMm. TexHosoriss BHPOOHMITBA OIMCaHA.
Temmeparypa ropiHHs y JIOCIi/UKEHHI HE 3a3Ha4a€ThCs, X0Ua € JaHi CTOCOBHO TEIUIOTH
TOpiHHS Ta ii 3aJeXHOCTI BiJ BIJICOTKOBOIO BMICTYy KOMIIOHEHTIB y ckiani. Jlani
CTOCOBHO YYTJIHMBOCTI /0 MEXaHIYHUX Ta TEIUIOBHX B3a€EMOJiH, a Takok (izmuHOi Ta
XIMiYHOT CTabIIbHOCTI CKJIa/ly HE HA/IaHO.

BucHoBkH. Buxonsuu 3 aHaimi3y IOCIHIDKEHb MIPOTEXHIYHUX CKJIaiB, MOXHA
3pOOHTH HACTYITHI BUCHOBKH:

1. Oinbiicts 6e3ra3oBuUX MiIPOTEXHIYHHX CKIaAiB (4 i3 5) BUKOPUCTOBYIOTHCS B
SIKOCTI YIIOBUIbHIOBAYiB JJIsl CHCTEM iHILIFOBAHHS PI3HOTO XapakKTepy;

2. KONHMHA 31 CKJIamiB HE JOCH/DKCHHH IIOBHICTIO 3a BCIMa OCHOBHHMH
BJIACTUBOCTSIMH;

3. Haliyacrimie 3a BCce HE JOCHDKYIOTH (i3HYHY Ta XIMIYHY CTAOLIBHICTD CKIIANy;
Ha IPYroMY MICI[i — YyTJIUBICT IO MEXaHIYHHUX Ta TEIIOBUX B3a€MOJIiN; Ha TPETHOMY —
TEIUIOTa FOPIHHSL.

[lpyurHa HEIOCTATHBOTO JOCTI/PKCHHS MIPOTEXHIYHMX O€3ra3oBHX CKIAIIB
YaCTKOBO MOSICHIOETbCS iX OCHOBHUM Cy4acHHM HpH3HAueHHAM. [UIsl yrnoBijbHEHHS
CIpalIOBaHHA CHCTEMH IHILIIOBaHHS HE € HACTUIBKM BaKJIMBUMH  OIMCaHI
HEJIOCHI/DKEHI MapaMeTpu, SK BaKJIHMBI IIBHIKICTh TOPIHHS, Yac YIMOBLIbHEHHS Ta
XiMiuHMH cknax cymimi. Ile nNpu3BOAMTE N0 HEMOXIMBOCTI IOLIYKY LIIAXiB
BJIOCKOHAJICHHsI 0€3ra30BHX MIPOTEXHIYHHX CKJIAJIB Ta MOLIYKY iX albTepHATHBHOIO
3aCTOCYBaHHS, 1110, B CBOI Yepry, 3BYXKY€ IOJ€ JUI JOCITIPKEHb Y MipOTEXHIYHIH
chepi.

TakuM 4YMHOM, NPOBENEGHUH aHaNi3 JEMOHCTPYE HEMOBHOTY JOCHiKEHHS
0e3ra3oBuUX MipOTEXHIYHMX CKiIafiB. Ilofganbiui IOCHIKEHHS y LbOMY HaNpSIMKY
JOTIOMOXXYTh CHUCTEMATH3yBaTH MiAXiJA 10 pO3pOOOK 0e3ra3oBHX MIPOTEXHIYHUX
CKJIaiB Ta ITiABUIIUTH SKICTh X OLIIHKH.
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CYYACHUM CTAH TA IPOBJIEMHI MUTAHHS KOHTPOJIIO AKOCTI
APTUJIEPIMCHKUX MOCTPLIIB MICJISI TPUBAJIOTO 3BEPITAHHSA 1
THX, IO IPUABAHI 3A IMIIOPTOM
M.C. Momkoscbkmii, C.51. Mociiiuyk, O.B. Knsizcbkmii
LenTpanbHuil HAYKOBO-IOCTIIHUH IHCTUTYT 030pOEHHS Ta BIHCHKOBOT TEXHIKH
36poiinux Cuin Ykpainu
cndi_ovt@mil.gov.ua

3 noyaTkoM 3actocyBaHHs 30poitHux Cuin YKpaiHM Ta IPaBOOXOPOHHHX OpraHiB B
AHTUTEPOPUCTUYHIH omepalil, a 3rogom y Omnepariii O6’exnannx Cuil, BUHHKIIA TOCTpa
norpeba B 3abe3neueHHi pisHMMH Ooenpunacamu. Pi3ka 3MiHa B xapakTepi 306poiiHoi
60poThOH, GopM i CIOCOOIB 3aCTOCYBaHHS BIfICBK B Cy4aCHHX YMOBAaxX MpHU3BeEna JI0
IIPOSIBY TaK Ha3BaHOI «TriOpUIHOT BifiHM» i3 100pe 030pO€HNMHU CHIaMU NIPOTUBHHUKA Ha
Hamiit teputopii. s 36poiinnx Cun YkpaiHu, a TakoX i IHIIMX BifCHKOBHX
¢dopmyBaHb, 1o npuitMarTh ydactb B OOC, HailBaXIIHBILIOKW BiCHKOBO-TEXHIYHOIO
po06JIEMOI0 ChOrOJEHHS € T€, 110 FapaHTiiHI TepMiHH 30epiraHHs Ta TepMiHH (CTPOKH)
30epeKeHHOCTI (TepMiHM TEXHIYHOI MPHUAATHOCTI) BHYEpNaHi Ui BCHOTO MAcHUBY
pi3Hux Goemnpumnaci ado O1u3bKi 10 3akiHueHHA. OJJHUM 3 HANPSAMKIB BUPIIICHHS L€l
mpo0ieMu € TPOJOBXKEHHS MPHU3HAYCHUX CTPOKIB CITYKOH, [I0 MOXE Ha ICSSIKHH dac
nigTpuMyBati 6oerotoBHicth 30poiiHuX Cun Ykpainu i1 3a0e3neyyBaTd BUKOHAHHS
00/0BHX 3aBJIaHb IIiJl YaC CYYaCHHUX BIICHKOBHX KOH(IIKTIB. AKTyaqbHUM HMHUTAHHSM €
BCTaHOBJICHHsSI TEXHIYHOTO CTaHy OO€mpunaciB 3a pe3ylbTaTaMH JIa0OpaTOpHHUX Ta
MOJIIFOHHHUX BHUIIPOOYBaHb, NEPEBIPKU TEXHIYHUX 1 OAICTHYHUX XapaKTEPUCTHK Micis
(bi3uKo-XiMIYHUX BUITPOOYBaHb KOMITIOHEHTIB, 1[0 BXOJATH 10 CKJIaday Ooenpumacis [1 -
4].

V 36poitanx Cunax YkpalHH B OCHOBHOMY 30epiraroThCsi pakeT Ta Ooempwuiacu,
mo BurortosiieHi 3a yaciB CPCP ta maroth cTpok 30epiranus 30-40 pokiB Ta Oijiblue.
Iponyktu crewianbHOi XiMmil Taki SIK MOpoxa, TBEpAE paKEeTHE MalWBO, BUOYXOBI
PEYOBHHH 3 YacOM BTPAvaroTh CBOI (Di3HKO-XIMIUHI XapaKTEPUCTHUKU Ta MOXKYTb CTaTH
HeOe3neyHnMH (XIMIYHO HeCTiHKMMHM). BuHHKIA rOoCTpa HEOOXIAHICTH MPOBEICHHS
POOIT 3 IPOJOBXKEHHS! IPU3HAUCHUX CTPOKIB CIy>KOM apTuiepificbkux noctpinis [15 -
17].

OpraHam BiliCbKOBOTO YIPAaBJIiHHS NPU NPUHHATTI PillleHb LIOAO BCTAHOBJICHHS
Kareropii pakeram Ta OoenpumnacaM HEoOXiJHO MaTH MOCTiiHYy iH(popMaliio mpo ix
MpUJATHICTh  (HeMpUAaTHICTH) a0 OoioBOro 3acrocyBaHHs a00 MOAAIBIIOTO
30epiraHHs.

[5-8].

B ymoBax BIHCBHKOBO-TIOMITUYHOI OOCTAHOBKM CHOTOJICHHS, MOMOBHEHHS 3araciB
3ac00iB ypayKeHHS] MOXIIMBO 32 YOTHPMA HUISXaMHU:

- CTBOPEHHS HOBUX BITYU3HAHUX OOEMPHIIACIB BIACHOTO BUPOOHUIITBA;
- 3aKyIiBIIs OOENPUIIACIB Ta iX KOMIIOHEHTIB 32 KOPJIOHOM;

- PEMOHT i MOJIepHi3allisl iICHYIOUHX 3anaciB 60enpunacis;

- IPOJIOBXKEHHSI PeCypCy OOEMPHUITACIB JOBIOTPHBAIOTO 30epiraHHsI.

HopMaTHBHO - NPaBOBOIO OCHOBOIO MPHHHATTS TAaKHUX PILIEHb NPO IPOJOBKCHHS
TEPMiHIB TEXHIYHOI NPUIATHOCTI 3aCTApUIMX OOENPHUIIACIB € IONEPEHE MPOBEICHHS
EKCIIepHUMEHTAIBHOI  MEepeBIpKM  XiMiuHOI cTilikocTi, izuunoi crabutbHOCTI 1
OaJiCTUYHHMX  BIACTUBOCTEH  OOempHIaciB  CreHiali30BaHUMH  OpraHizalisiMu
Ykpobopounpoma, nabopatopismu O30poenus KomaumyBaunus Cun norictiku 3C
VYkpainu, crenianbHuMu gabopatopismu MBC  VkpaiHu Ta iHImIMX BiHCHKOBHX
¢dopmysans [18-20].
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[Ipn mpoMy HEOOXiIHO Bif3HAUWTH, IO TIEPiOJ EKCIUTyaTalifHOI NMPHUAATHOCTI
apTUIIEPIICHKUX MOCTPLNTIB 0OMEXKYETHCS CTAPIHHAM OANICTUTHUX MOPOXIB 1 MAIUB, IO
BXOIATh B iX ckian. B xoxi crapiHHs OalicTUTHHMX CKIaAiB BifOyBaroThCs pi3HI
MPOIIECH, 1110 BIUIMBAIOTH HA 0aTiCTHYHI BIACTHBOCTI 1 TepMiHM Oe3MeuHoro 30epiraHHs
OoenpunaciB. [lepion ekcruryaraniiiHOI NPHIATHOCTI BKJIIOYAe: OE3MEYHUI TepMiH
30epiranns i OamicTuuHMil TepMmiH 30epiranus. besneunuii TepmiH 30epiraHHs — Ie
nepioJ; 4acy, NpoTAroM sSKOro OaJdiCTUTHI MOPOXM 1 manuBa MoOXKHa 30epiratu 6e3
3arpo3u camo3aiiMaHHA. BiH 0OMexyeThcs IIpoliecaMy CTapiHHA — PO3KIaTaHHIM
HiTpoedipiB, peakiisiMd TPOAYKTIB pO3KJIaJaHHA 13 cradimizaropaMu XiMigHOL
CTIMKOCTI, KHCHEM IOBITps 1 Bosoroto. bamicTuunmii TepMmiH 30epiraHHs — 1e Hepiox
4acy, IpH SKOMY MOpPoX abo MaiuBO MOXKe OE3MEeYHO BUKOPHCTOBYBATHCS 1 30epiratu
cBO1 OanictiyHi B1acTUBOCTi. OCHOBHI YMHHHKH, 110 OOMEXYIOTh OaliCTHYHUN TePMiH
30epiraHHs — Ii¢ XIiMi4HI [POLECH PO3KIaJaHHS HITPATIB MEI0JIO3U, NpPH SKUX
BiZIOyBa€eTbCsl 3HMXKEHHS ii MOJIEKYJISApPHOI MacH, TYCTHHH, MEXaHi4HOi MilHOCTi, a
Takox (isuyHi mporecn Mirpamii (Iudysii) Ha MOBEPXHIO PINKUX IUIACTH(IKATOPIB
IHIINX KOMIIOHEHTIB OamicTuTHUX ckiamiB [10-12].

OcHoBy 3amaciB 0oenpunacis (apTHIICPIHCHKUX, MIHOMETHHX, IHXKEHEPHHX, 10
PEaKTUBHHUX CHCTEM 3aJIIIOBOTO BOTHIO 1 3aC00IB OJMXHBOrO 000, aBialliiHUX 3ac00iB
YpaXKeHHs) CKIaaloTh OOENpUnacu, BUroToBiIeHi e 10 1991 poky.

BiAmoBimHO 10 HOPMATHUBHO-TEXHIYHOI JOKYMEHTalili TapaHTiiHI TepMiHU
30epiraHHs pakeT i OOENpPUIACIB B 3aJIKHOCTI BiJl THITYy — HE NIEPEBHIIYIOTH 12 poKiB, a
BU3HAYEHI CTPOKHM CIyXOHW, MIOIMYCKAalOYH MOKIMBICTE IIPOJOBXKEHHA 60i{0BOroO
3aCTOCYBaHHS, OOMEXYOTbCs 25-35 pokamu, a Ui MaTPOHIB /IO CTPLICIBKOTO
030poenHs 40-45 pokamu [14-17].

[lipoKcHTiHOBI MOPOXH, SIKI € MOXiJHAMH OPraHIYHHX PEYOBHH i OCHOBY SIKHX
CKJIaJal0Th TOXIJHI MPUPOTHOro mosiMepy (LeN0I03u), MOCTaBMWIIM 3a/ady OuIbII
TIMOOKOro JIOCHIDKEHHST TpOLeCY XiMiYHOI CTiHKOCTI JaHuX 3'eHaHb. BuHHKIA
HEeOoOXiZHICTb JOCIIKEHHs] MEXaHi3MYy 1 KIHETHKH PO3KJIaJaHHS BUOYXOBHUX PEYOBMH i
MIPOKCHJIIHOBUX TOPOXIiB i CTBOPEHHS HOPMATHBHUX METOIB OIIHKH iX CTIHKOCTI.
IcHye uucneHHa HayKOBO-TEXHIUHA JiTepaTypa, 1€ HaBOJUTbCS NETANBHUI OMMC IUX
METOMUK, a TakoXk HopmartuBHi mokymentn ['OCTu, OCTu, ACTY 3 mnuraub
BU3HAUCHHS BJIACTHBOCTEH 1 XapaKTePUCTUK CTIHKOCTI MiPOKCHMIIIHOBUX 1 OaliCTUTHHX
MOPOXIB JUIs IPUKJIALy HABEACHUX Ha pHUC. 1.

BigmiyaeTbes, 10 OPUYUHHM, SIKI MOXYTh MaTH OCOOJMBO 3HAYHHMH BIUIMB Ha
XiMiuHY CTiIlKiCTh BUOYXOBUX peYOBHH OyBalOTh ABOX BUIIB. Ilepiua i HaliBaxiuBima 3
HUX - CTYIIHb YUCTOTH OJICPKYBAHOTO NpH (pabpHKaIlil MpoayKTy, a caMe BiICYTHOCTI B
HbOMY CTOPOHHIX JOMIIIOK, OCOOJMBO 3alHMILKIB HpPH HIiTpauii KUCIOT a30THOI i
cipuanoi xoya © B caMMX HE3HAYHMX KUIbKOCTSX. Jlpyra mpu4MHa - e yMOBH
30epiraHHs, TrOJIOBHMM YMHOM TeMmepaTypa 30epiraHHs 1 BiJJHOCHa BOJIOTICTb
aTMocdepHoro moBitps npu 30epiranyi [10-12].

TpaauiiiHo, Tmicas BUTOTOBJCHHS MIPOKCHIIIHOBI MOPOXH MOCTYNAKOTh Ha
CIOPSIDKEHHsT 3apsliB Julsl pi3HMX Ooenpumnacie abo 30epiraloTbCsi B 3aBOACBKOMY
MaKyBaHHI B ClieliaibHO 00a/HaHKX MicisiX. B mporieci 1oBrotpusaioro 30epiranus 3
MIPUYMHHE HEOJHOPIHOCTI YMOB 1 TPUBAIOCTI 30epiraHHs OYHHAIOTh BiOyBaTHCS Pi3Hi
(izuKo-XiMiuHI MporecH, OB’ A3aHi 3 MEPEepO3NOIIIOM PO3UYUHHUKA i (hrermMarusaropa,
MIHSETBCS LIUTBHICTD, KUIBKICTh 1 XIMIYHHMH CKJIaJ cTabinmizaTopa XiMi4HOI CTIHKOCTI —
mudeninamina (JPA), BinOyBaroThcss 3MiHH 1 B OCHOBHOMY KOMIIOHEHTI IIOpOXa -
mipokcuiini. [lipokcuniH B pe3ynbrari BHIAUIAE HeOe3Me4YHi pedyoBUHH. Tomy
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HEOOXITHIM € CTBOPEHHS CHCTEMH KOHTpOJI 1 OmiHkM Horo skocri. Lli Bumornm
BUKOHYIOTbCSI TIPOBEJICHHSAM aHaJi3y MOpoXa 3 BU3HAYEHHSIM B HbOMY BMICTY JITKUX
PEYOBHH, KOHLEHTpaLii cTadinizaTopa XiMi4HOI CTIHIKOCTI, MAHOMETPHUYHOIO OLIHKOO
00’eMy ra3omoaiOHUX MPOAYKTIB MEPETBOPEHHHS NP MiIBHIICHUX TeMIleparypax i
BU3HAUEHHSAM  (I3MKO-XIMIYHMX  XapaKTePUCTHK MOpoXa IICHS  MPHUCKOPEHOro
(«popcoBaHOro») crapiHHs, IO IMITYE HEOOXIMHHIA i BiAMOBIIHUN 10 HOPMATHBHOI
JOKyMeHTalii TepMiH TexHiuHOl mnpuaaTHocTi [15-17]. OpHuM i3 HaiBaXKJIMBIIINX
IOKAa3HUKIB TEXHOJIOTIYHOI 1 eKOJIOTiUHOI Oe3IeKH HmpH mepepodui i 30epiraHHi mopoxa
SIBISIETHCS KUTBKICTh 1 cTaH JIDA, 1110 B HbOMY 3HAXOAUTHCS. AKTYalIbHUM TIPH [[BOMY €
MIPOCTOPOBHH TPaJieHT PO3NOALTY crabiiizaTopa BCEpeAMHI ITOPOXOBOTO €IEMEHTa B
MiKpooOeMax i MOKe CTaTH OCepeIkaMy caMo3aiMaHHs,
HOPMOBAHI METOJIN

I BUNMPOBYBAHDb INIPOKCUJITHOBUX I BAJIICTUTHUX I
IOPOXIB .
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B po6Gorax [10,12,13] mokasaHo, IO HAHOLIBII TEPCIEKTHBHUMH METOJaMU
JOCITI/DKeHb LMX MPOLECIB € METOAM TOHKOIIAPOBOi 1 pigMHHOI Xpomatorpadii i
0c0011MBO BUCOKOe(eKTUBHOI pinnHHOI Xxpomarorpadii (BEPX)

CrapiHHs Ta MOTIPIICHHS SIKICHOTO CTaHy 3amaciB apTHICPIHCHKUX IOCTPLTIB
HaOyBae mporpecyrounii xapakrep. s cBoe4acHOro BU3HAYCHHS 3MiH, 10 BiIOYyIHCS
B TEXHIYHOMY CTaHi OO€mpumaciB, BHUSBICHHS HENPUAATHUX 1 HEOE3NMEYHUX IS
0oifoBoro 3acrocyBaHHs OoenpumnaciB y apceHanax (0azax, LEHTpax, CKJIaJgax) iCHye
cHCTeMa KOHTPOJIIO 32 TEXHIYHUM CTaHOM OO€NpHIIaciB, ska MOBHHHA 3a0e3ledyBaTH
yTpUMaHHs OOempUnaciB y MOCTiiiHIH 00HOBIH FOTOBHOCTI i MPUAATHOCTI 0 TPUBAJIOL
eKCILTyaTamil

Ilix cucTeMOO KOHTPOIO 32 TEXHIYHMM CTAHOM OOEMPUIACIB PO3YMI€ThCS
CYKYITHICTb ~ B3a€EMO3AJICKHUX  CJIEMEHTIB  OpraHi3aliifHOro, TEXHIYHOrO W
TEXHOJOTTYHOr0 XapakTepy. KOHTpob 32 TeXHIYHUM CTAaHOM OOEMPHUIIACIB HEOOXiTHO
3MIMICHIOBAaTH Ha BCIX €Tamax eKCIUTyaTalil i MOBHHEH BKJIIOUATH: CIIOCTEPEKEHHs 3i
cropoHn lleHTpy KOHTpomOo sKOcTi OoempumaciB 3a TEXHIYHHM CTaHOM BCi€l
HOMEHKJIATypu OO€MpUIIaciB, OpraHizamilo B J1a0OpaTopisx 1 Ha TMOJIroHax ix
BUNPOOYBAHHS, IEPEBIPKY TEXHIYHOrO CTAaHy Ha ITyCKaxX i INPAKTHYHUX CTpiIbOax,
y3aranpHeHHsT B nabopartopisx LleHTpy pe3ynbTariB HEHTPati30BaHOTO, AOCIIIHOTO,
MiAKOHTPOJIBHOTO 1 30BHIIHBOTO 30epiranHs Ooenpumacis [5-8, 21-24].

JlabopatopHi BUNIpPOOYBaHHS - 3aXOAW KOHTPOJIO, IO HPOBOAATHCS B
11a00paTopisgx BIAMOBIIHO JO IIOPIYHMX IUIAHIB BUOIPKOBOTO KOHTPOJIKO OOENMPUNACIB i
iX eneMeHTiB ab0 B HAyKOBO-IOCTIJHHX IUISAX. MeToan 1abopaTopHUX AOCIIIDKEHb, iX
0o0csr 1 TepioAWYHICT, a TaKOX HOPMH OLIHKH pe3YJIbTAaTiB YCTAHOBIIOIOTHCS
BiAnoBigHUMHU cTpykTypamu O30poenns Komannysanns Cun norictuku 36poitaux Cuin
VYkpainu ii BUKIaaeHi B KEPIBHUX JOKYMEHTAX.

[onironHi BUNpOOYBaHHS — 3aXOJ KOHTPOJIIO, IO HPOBOJSTHCS HA IOJIIrOHAX
Bu3HaueHnx KomannyBanusm Cuin norictuku 3C YkpaiHU BiJIOBIIHO O HIOPIYHUX
IUTaHIB BHOIPKOBOTO KOHTPOJIO OO€mpumaciB i iX eneMeHTIB abo B JIOCIHITHUIBKHX
LiIsIX.

Pesynbratu mabopatopHUX BUIPOOYBaHb JIO3BOJISIOTH BCTAHOBUTH CTPOK 00iOBOT
MpUaaTHOCTI OoempumaciB mpu iX ekciutyaramii Ha apceHanax (6a3ax, ckiamax) i
YacTHHaX 00HOBOrO 3aCTOCYBaHHS.

3a pe3yabTaTaMU IOJNIFOHHUX BHIPOOYBaHb CKIIANA€THCA 3BIT i BUCHOBOK, SKI 1
€ OCTaTOYHMUM pIIICHHSAM IPO MPHUAATHICTh ab0 HEMPHIATHICTh BUIPOOOBYBaHUX
Ooenpumnacis 1o 600BOro 3aCTOCYBaHHS.

IIpote Ha CHOTOAHINIHIN A€Hb CHCTEMa TEXHIYHOIO KOHTPOIO B 30poiiHux Cuax
VYkpainu He (yHKIIOHYe B HeoOXigHOMY 00Cs3i i Ha JocTaTHbOMY piBHI. OmHUM i3
YMHHUKIB ~ TaKOro CTaHy € HEJAOCTAaTHS  HAlOBHEHICTh  IHCTPYMEHTAIBHOL
BUNpPoOyBanbHOI 0a3u. Y cucremi koHTpomo 30poiHux Cunax YKpaiHM IMONIrOHHO-
BUNPOOYBaJbHA CKJIa0Ba PO3BHHYTA HEJOCTaTHbO, IO 3HAYHO YCKIAJHIOE IPOLEC
BUNPOOYBaHb 1 00’ €KTUBHOI OLIHKH MPUIATHOCTI OOEnpUnacis.

HasBue y 30poiinux Cunax Ykpainu oOnaJHaHHs 3 HEepeBIpKH SKOCTI IPOLYKTIB
crenianpHoi Ximii BUrorosisinocs e 3a yacie CPCP, nepiofuuHO peMOHTYETbCS Ta
notpedye OHOBIIEHHs (MOJEpHi3alii) 3 ypaxyBaHHAM Cy4acHOI'O JOCBily HMpOBEJEHHS
11ab0pPaTOPHUX JAOCTIKEHb.

BukopucranHs Ccy4acHOro OONagHAHHS Ta METOMIB KOHTPOIO MPOJAYKTIB
creniaibHOI XiMii B TOMY 4ucii 3 ypaxyBaHHsAM BuMmor cranaaptie HATO 1n03BonuTs:

BiZIHOBHUTH (MOJIEpHI3yBaTH) HasIBHE O0IaIHAHHS;
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301IbIHUTH 00’ €M HEPEeBIPOK 32 PAXyHOK BIPOBADKCHHSA HOBHX METOJIB KOHTPOIIO
Ta aBTOMATH3allil IPOIECiB MEPEBIPKH;

Habmm3uTn 36poiini Cunu Ykpainu 10 B3aeMocymicHocTi 3 mapTHepamu HATO 3
NUTaHb 0€3MEeKH MOBOKEHHS 3 BUOYXOBHMMH PEUOBHHAMH Ta BCTAHOBJICHHSI iX SIKOCTI.

Amnani3 icHyrouoi y 36poitaux Cunax YKpaiHu eKCliepUMEHTANbHOI 1abopaTopHOL
6a3u lleHTpy KOHTpoNIO sKocTi OoempuraciB B/d A2192  cBIZYMTH IO HAsBHICTH
HACTYITHOTO IHCTPYMEHTAIBLHOTO 00T HAHHS [UIsl IPOBEICHHS BUIIPOOYBaHb:

- METOJMKa BU3HAYCHHS apaMeTPiB MIBHIKOCTI IIONBOTY KYJI Ta THCKY TOPOXOBHX
ra3iB y KaHajul CTBOJa Yy BUIUICHHI OQiCTHKU CTPUICHBKOr0 030pOEHHS Ta
Ooemnpumacis;

- BU3HAYCHHS yJapHOI B’A3K0CTI Ha Kompi MasitHukoBomy KM-0,5 Ta BHunpoOyBaHb
BTOPMHHHMX BHOYXOBHX PEUOBHH Ha UyTJIMBICTb 10 ynapy Ha npuiani K-44-11;

- CTEH/IH JUIS IPOBEICHHS MEXaHIYHUX BUNIPOOYBaHb;

- BUNPOOYBaHHS 3 BHU3HAUCHHsS XIMIYHO CTifiKOocTi Ha OOYHMCIIIOBAILHOMY
xommiekci BOK “BYJIKAH-BM.” BuMiproBaHHs THCKY 1 TeMIIepaTypH IapiB Ta rasis
B 3aJaHOMYy 00’€Mi B 130TE€pMIYHOMY pEXHMI MPH BHU3HAYEHHI TepMOCTaOLILHOCTI
PCUOBHH;

- BUIIPOOYBaHHS U BUMIPIOBaHHS TEIUIOTH 3TOPSHHS PeYOBHHHU Ha cuctemi [KA
KAJIOPUMETP C2000;

- BUMIPIOBAaHHS IHTEHCHBHOCTI (DOpCy TONyM’sl Ta 4acy TOPIHHS MIPOTEXHIYHOI
cyMimni TpacepiB Ha JabOpaTOpPHO BHIPOOYBAJIBHOMY CTEHII JJisi BU3HAYCHHS
IOKa3HUKIB ropiHHs Matepianis «CIIOJIOX-T»;

- (i3uKo-XIMIUHHMI aHaji3 3pa3KiB BHOYXOBHMX PEUOBHH Ta MOPOXIB HA MpHUIAAax
ra3oBOro aHanizy, ontu4Hoi Ta [Y - cexrpockomii.

3Bu4yaiiHO TepMiHM 30epiraHHs MOICIIOITh IMTY4HUM  («(hOPCOBAHMMY)
CTapiHHSAM MNOPOXiB NpHU MiABUILEHIH Temneparypi. Hampuxian ¢opcoBane crapinus
MIPOBOJIATH IIPH TEMIIEPATYPi:

JUIst ipokcuniHoBUX nopoxiB — 398 K ( 4,5 ron. HarpiBanHs imityloTs 50 pokiB
30epiraHHs),

s GamictutHux mopoxiB — 383 K (6,0 rox HarpiBaHHs IMITYHOTh 25 pOKiB
30epiranns). ['nmubuny ¢opcoBaHOro CTapiHHS 3pa3KiB MOPOXa KOHTPOIIOIOTH IO
KIUTBKOCTI Ta30MOJiOHUX TMPOAYKTIB (MO0 THUCKY B JaTYMKax YCTAHOBKH «Byikany)
HPOAYKTIB po3knany. IIpu upMy NpuHMAeThCs, IO KPUTHYHHII MapameTp XiMidHOL
CTIMKOCTI ISl MPOKCHIIHOBHX TMOPOXiB cKiagae 220 MM.PT.CT., a Jjist OamiCTUTHUX
nopoxiB — 130 MM. pr. cr. SIKIo mopoxa MarOTh Taki KPUTHYHI NapaMerpu I10
ra30yTBOPEHHIO, TO BOHU BITHOCATHCS 1O XIMIYHO HECTIfIKMX 3 aHOMalIbHUMH IO
CTPYKTYpi (hi3uKo-XiMiuHUMH BiIacTuBocTsIMH [13-15].

Jlnst mpuKiagy BaXIMBOCTI TakMX JOCHTIPKEHb MOXKHA HAaBECTH MPOOIeMHI
MUTaHHS NepeBipKH KocTi ABOX maptiit 100-mm moctpinie YOD12, npuabanux B KiHII
2020 p mo iMnopTHUM 3aKynkam. Y LleHTpi KoHTpoJI0 sikocTi Ooenpumnacis B/4 A2192
(cmT. T'opomok, YKuromupchkoi 001acTi) komiciero Oyia nposeneHa nepesipka 100-mm
MOCTPUTIB 3  OCKOJKOBO-()YyracCHUM  CHapsiIOM  IJBHINEHOI  MOTYTHOCTI  JIO
nporuTankoBoi rapmatd MT-12 Ha BIAMOBIAHICTP JAHHUX TOCTPLTIB BHMOTaM, IO
Ipe’ BIAI0ThCA 10 apTHIIEePiHChKUX MocTpiniB 1 kareropii (mpuaatHumu 10 60ifoBoro
3aCTOCYBaHHs) 3TIHO  TONOXKeHb  «IHCTpykmii 3  KaTeropyBaHHsS  pPaKeTHO-
apTHiIepiiicbkoro 030poeHHs», 3aTBepikeHoi HakazoM MO VYkpainm Big 04.01.2019
Ned Ta iHIIOT HOPMATHUBHOI JOKYMEHTAIII].

Buxopucrani mnpu 1poMy ICHYIOYi METOAM KOHTpOJIO Ooe€rpumaci, a came:
TEXHIYHOTO OISy, po30upanHs Ooempumacis, J1abOpPaTOPHUX 1 MOJITOHHHUX
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BUIPOOYBAaHb, € JOCTATHIMU Ul (JOPMYBaHHS BUCHOBKY IPO MPHHAIEKHICTh OCTPILNIB
uux napTii 10 1 kareropii Ta NpUAATHICTH 10 OOHOBOro 3acTocyBaHHs. BiamoigHo 10
BUCHOBKIB KOMICii y mocTpinax ne(ekris, IO € MiJCTaBOIO VIS MEPEBOY iX y HIKUY
KaTeropiro He BHUSBJICHO, KOMIUIEKTAILisl, 3aXHCHE TIOKPUTTS Ta MAPKyBaHHS Bi/IIOBiIa€e
BUMOTI'aM HOPMATHBHHX nokyMeHTIiB. Kpim Toro, cHapsuu innexcy O®D35 BigHocsThCS
IO CHapsIIiB IiIBHIICHOI MOTYTHOCTI 332 PaxyHOK 3aCTOCYBaHHS BHOYXOBOI PedOBHHU
A-1X-2 (rexcoren 80%, anrominieBa mynapa 20%, mo Ha 25% nigsuiLye X GpyracHy Airo
y TIOpiBHSHI 13 cHapsgamu iHgexcy O®-15 i Oynu HalicydacHINIMMY CHapsIaMH 4aciB
CPCP.

3 MeTol BHUBYEHHS CTYNEHIO MOXJIMBUX 3MiH OOHOBHX, ()i3HKO-XIMIUHHUX,
MEXaHIYHUX XapaKTePUCTHK CJICMEHTIB MOCTPUTiB OynaM MpoBelaeHi J1labopaTopHi
BunpoOyBanHs migpusaua B-429E, meransHoro 3apsny AJl-17, Tpacepy Nel2.

3a pesynbTaraMu MEPEeBIPKA OCHOBHI TOKa3HUKK sKOCTi Tpacepy Nel2 Ta
nigpusaya B-429E BinnoBigaoTh BUMOraM HOPMAaTHUBHO-TEXHIUHOI JOKyMeHTauii i
BIJITOBITHO 10 BUMOT [HCTpyKIii BimHOCSATECS 10 1 Kareropii.

Ilix yac po3marpoHyBaHHS MNOCTPUTIB 3 BHPOOHHYMMH gaHuMu [-550M-20
BUSIBIICHO, 110 Ha KapTy3ax HaHECeHi JyOiiorodi sIpIMKHM sKi cBiguars rnpo 1985-1987
POKH BHUTOTOBJICHHS TOPOXY, & JUIS MOCTPLIiB 3 BUpoOHMuYuMHU manumu 1-1284M-20
SpIMKH SIKi cBimdyaTh 1mpo 1968-1986 poku BuUrotosieHHs nopoxy. ToOro daxruuHo,
OaJiCTUTHI MOPOXM B TEPMETHYHOMY CTaHi B 3aBOACHKOMY IIaKyBaHHI 30epiranucs
npotsrom 35 ta 51 poky 3 MOMEHTY BUTOTOBJICHHS BiJIIIOBITHO.

JlabopaTopHUMH BHIPOOYBAaHHAMH IOPOXIiB BH3HAYAEThCSA y MEpIIy 4Yepry, IX
Oesmeka 30epiraHHs (XiMiuHa CTIHKICTB) Ta MOXJIMBa 3MiHa OaNiCTHYHUX
XapaKTepPUCTHK, TaKUX SK II0YaTKOBAa IUBMIKICTb CHapsla, MaKCUMAalbHMH THCK
MIOPOXOBHX T'a3iB 3a 3HAYCHHAM TEIUIOTH 3TOPSHHA HOPOXY T 1HII.

IMopsin 31 CTPOKOM TEXHIYHOI MPHUAATHOCTI JOBIOBIYHICTH IOPOXIB OLIHIOETHCS
3armacoM XiMi4HOI CTIHKOCTi, MiJ SIKOI PO3YMIIOTh YMOBHI YacOBi IMOKa3HUKHU (4acoBi
KpuTepii CTIHKOCTI 10 BU3HAUeHUX Ipodax). Y HaHOMy BHUNAJIKy XiMiuHa CTIiHKiCTh
BHU3HAUYalach [0 MAHOMETPUYHIH mpobi 3a  /JOMOMOrOK  BHMIpPIOBAJIBHO-
obuncmoBanbHoro komiuiekcy «SEO VBP-01» skuii siBisie co0010 MOJepHi30BaHUM
nporotunt BOK “BYJIKAH-BM” (ze y mpotieci HarpiBy HaBiCKH HOPOXY BHMipPOEThCS
THUCK TapiB 1 ra3is, 1110 BUHUKAIOTb y FePMETHUYHIN YapyHIi).

Buriar 3 npHKIagoM OTPUMAaHHUX pe3yIbTaTiB JIaOOPATOPHUX BHUIPOOYBAaHb 3
MepeBipKU METATBbHUX 3apsiIiB HaBeJCHO B Tabuui 1.

3a pe3ynbTaTaMM MEPEBIPKU OCHOBHI NMOKA3HUKH SKOCTI NMOPOXY Pi3HMX HapTiif i
POKiB BUTOTOBJICHHS Bi[IOBIIalOTh BUMOTaM HOPMATHBHO-TEXHIYHOI JOKyMEHTAllii Ta
MalOTh JOCTATHIl 3amac XiMiuHOI CTIHKOCTI, 110 03BOJIS€ JOBrOTpHUBAle 30epiraHHs i
BUKOPHCTAHHS 32 IPU3HAYCHHAM.

Ha mnonironni BunpoOyBaHHS Yy paMKax 3aHATTS 3 OOHOBOI MiJATrOTOBKH
apTHiIepiiicbkuM po3paxyHkoMm B/4 A0409 Oynu mpeacTaBiieHi IMIOPTHI MOCTPiTH B
LITATHIN yKynopui 3 BupoOHHurMHU qanumu: 1-1284M-20 8 ox.;1-1550M-20 8 ox.

VY xoxni 6oioBUX CTPiAbO OLiHIOBaNOCS (YHKLIOHYBAHHS IOCTPLNIB 1 IIOYATKOBA
HIBHJKICT CHapsIiB 3a JOMOMOIOI [IOMIUIEPIBChKOI pamapHoi cuctemun DRS-1
(Prototipa —ZM).

CepeziHsi OYaTKOBA MIBUAKICTH 16 mocTpiniB ckiana 698,8 m/c.

Tabmuueto crpinsbu 100-MM npotuTankoBoi rapmatu MT-12 ms chapsna O®-15
B 3aKiHUCHOMY CIIOPSI/PKCHHI TaOJIMYHA [M0YATKOBA MIBUIKICTH Mae cranoBUTH 700 m/c

35



V MixHapo/iHa HayKOBO-IIPaKTHYHA KOH(EepeHIist
«XIMIYHA TEXHOJIOI'IA: HAYKA, EKOHOMIKA TA BUPOBHUIITBO»
20-22 xoBtHst 2021 poky, m. IllocTka

Ha 3apsani cneuianbHoMy (cHapsny O®35 no Maci 1 reOMETpHYHHX —po3Mipax
aHanoriyauii cHapsimy OD15).

3a pe3ynbTaraMy CTpUIEO BIIXMIIEHHS CEpeIHBbOI MOYAaTKOBOI MIBHIKOCTI CHapsIiB
O®35 cknano 1,2 m/c, M0 BXOJUTH B JOMYCTUMHUIN [iama3oH BiaxwmieHb (10 22,6 m/c)
Jutst MeTanbHUX 3apsniB AJ117 1 kateropii BinnosigHo 10 BUMOr IHCTpyKIii.

Tabauu 1 - Pesynbraris 1a00paTOpHUX BUIPOOYBaHb 3 NEPEBIPKH METAIBHUX 3apsi/iiB

HaiiMenyBanH INokazHuk BucHoBok
HaiiMenyBanns, s mopoxy Ta Buan
BHUPOOHHYI JaHi roro . BHIIPO- 3a HTJ[ Paxtuiio
6oenpurnacy BUPOOHHYI OyBaHb
JaHi
Mertanpumuii
sapsin 1A AJL-
17 naprii 3-87-
M 3 nopoxy:
AI-3 13/1 2/87
100-Mm M;
noctpin YO®D- | 5/12 A-25
12 1/85K;
11.30.1-1550 M- | 8/1YT'®
20 15/86K
-3 13/1 2/87 | Ximiuna | OCT B 84- 13,8 MPUAATHA
M cridikicts | 2085-83 MM.pT.CT. | |
<130
MM.PT.CT.
Macosa |OCT B 84-| 0,6% MPUAATHA
gactka | 2339-87 i
BOJIOTH 0,5-0,7 %
Temnora | OCT B 84- R70 kkan/kr| mpuaatHu
sropsiuHs | 2401-88 i
>800 kkay/Kr
Temmnepary-| OCT B 84-| 184°C | npumaram
pa cnianaxy | 1582-78 i
180-200°C

TakuM YMHOM, 33 Pe3yIbTaTaMH TEXHIYHOTO OIJISAY, JTa0OPATOPHUX 1 MONITOHHHUX
BUnpoOyBanb noctpind YO 12 ra ix enementH, mo Oymu npundani MinictepcTBom
obopoHn YkpaiHH 3a IMIOPTOM, HPHUIATHI 70 OOHOBOTO 3aCTOCYBaHHS, a iX SKiCTh
BiJMOBiae BMMoraM 10 OoempumaciB 1 kareropii. B ymoBax BiiicbKOBO-IOMITHYHOL
OOCTaHOBKM CHOTOJICHHS, IIOIIOBHEHHS BIIICBKOBHX 3amaciB IUIAXOM 3aKyMiBIi
Ooemnpuracis Ta iX KOMIIOHEHTIB 32 KOPJIOHOM, Y MONEPEIHBO MEPEBIPEHUX MAPTHEPIB,
€ MePCIEKTHBHUM HAIPSIMOM.

[lizcymoByrOuH BHUILIEHAaBEACHE CITiI 3ayBa)XKUTH, 110 Jaboparopist B/4 A2192 mae
Habip OCHOBHUX METOJNK, ajie JUlsl IIPOBEACHHS KOMIUICKCHHX i TECTOBUX BHIPOOYBaHb
HEOOXITHO TOJANbIIE YAOCKOHAICHHS EKCIIEPUMEHTANbHOI 0a3d 1 OCBOEHHSI HOBHX
Meroauk. HeoOXifHE OCBOEHHS METOIMK MPOBEJCHHS IMPHUCKOPEHUX KIIMaTHYHUX
BUNPOOYBaHb, IO IMITYIOTh BIUIUB (haKTOPIB 30BHILIHBOTO cepedoBHia. [IpakTuaHuii
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iHTepec Mpe/CTaBsie OCBOEHHS 30KpEMa METOAUKHM BHCOKOE()EKTHBHOI pPiIMHHOI
xpomarorpadii (BEPX), 1110 BUKOPHUCTOBY€ETHCSI B OLIBIIOCTI Cy4aCHUX CTAHIAPTIB IS
KOHTPOJIIO SIKOCTi OaJliCTUTHUX ITOPOXIB i pAKeTHHUX IAJIMB 32 BMICTOM CTabii3aTopiB Ta
1X MOXIAHUX 1 JA03BOJISIE 3[IMCHIOBATU aHA3 OPraHIiYHUX KOMIOHEHTIB OaliCTHTHHX
CKJIaJiB TaKuUX SK HITPOTJILEPUH, IHETHICHIJIKOIbIUHITPAT, AWHITPOTONYOd Ta
mubytundranar. HeoOXifHa TakoX opraHi3allis CHCTEMHOI IiJrOTOBKH BiAMOBIIHHX
CHeLiaIiCTIB 1 MiJBHUINEHHS iX KBamidikauii Ha 0a3i crieniani3oBaHoi opraHizarii.

Jlnss BMBYGHHS il ONEpAaTHBHOrO pearyBaHHS Ha 3MIHH Yy MOpOXax Ipu iX
JoBroTpuBanomy 30epiranHi y 30poiiHux Cuinax YkpaiHu HEoOXiAHO OUIbII aKTHBHO
CTBOPIOBATHU 1 PO3BMBATHU BIIACHY BiZlOMYy BUIIPOOYBabHY 0a3y oOiajHaHy Cy4acCHUMHU
aBTOMATH30BAaHUMH IHCTPYMEHTAIbHUME METO/IaMH (Pi3HUKO-XIMIYHOTO aHami3y. 3 i€t
METOI0 OpraHam BilicbKOBOro KepiBHMITBAa MiHicTepctBa 000poHH — YKpaiHU
MIPENCTABISAETHCS JAOLUIBHAM BHUKOPHCTATH MDKHApOAHY JIOHNOMOTY 3 BiliCHKOBO-
TEXHIYHOTO CIIBPOOITHHLITBA 3 IHO3EMHUMH JiepkaBaMu (eBponeiichbki kpainu, HATO)
IUIsl TpUAOaHHS HOBITHBOTO BUIPOOYBAJIbHOrO OONaAHAHHA 3 IEPEBIPKH SKOCTI,
¢bi3uKo-XiMIYHUX 1 OANICTUYHUX XapaKTEPUCTUK OOEMpHUMACIB 3 JAOBIMH TepMiHAMU
30epiraHHs.

HeobxinHO crutaHyBaTH alnropuT™ BIPOBAKEHHS CYYaCHHUX METOJIB MPOBEICHHS
J1a00paTOpPHUX BHUIIPOOYBaHb IOPOXiB, BHOYXOBHX PEYOBHMH, TBEPJOr0 PaKETHOrO
MaJMBa IPH KOHTPOJI TEXHIYHOTO CTaHy pakeT Ta OOENpPHUIaciB 3 ypaxXyBaHHSIM BHMOT
cranaaptiB HATO i tum camum ctBoputd y 30poitHux Cunax YkpaiHu BiacHy
nepenoBy J1abopatopHy 0a3zy (KOMIUIEKC) HayKOBO-AOCHIAHHX Ta cepTH(iKaliitHux
BUNPOOYBaHb, SIKHH OyB OM OCHAIIEHWH CYYaCHUMH BUAaMH OOJaJHAHHS CBITOBOTO
PIBHS Ta aTecTOBaHMH 1 akpeAWTOBaHMI B cucTeMi akpeaurauii Ykpainu. OcoOiuBy
yBary HEOOXiJHO MPHIIATH MOOUIBHIA aBTOHOMHIM amapatrypi BHMIPIOBaHHS
0aNiCTUYHMX 1 TPAEKTOPHUX XapaKTEPHCTHK IIPU NPOBECHHI MONTIrOHHUX BUIIPOOYBaHb
PaKeTHO-apTUIIEPIHCHKOTr0 030pOEHHS.

CIHUCOK JITepaTypHHUX HKEpe
1. PTMA 5550-73. B/u 64176. PykoBojsummii TEXHMYECKHH MaTepHall.
XapakTepucTHKa YCIOBHI IKCIUTyaTallMi U YYeT WX MPH MCIBITAHHUAX CICLM3ICIUIA Ha
coxpansiemoctb. M.:Boennoe u3n. MO CCCP, 1974.-105 c.
2. TOCT B 15.702-83 Cucrema pa3pabOTKu U OCTAHOBKH Ha IIPOU3BOACTBO BOEHHOM
TeXHUKH. [TOpsIIOK yCTaHOBJIEHNUS U NIPOJUICHUs Ha3HAYEHHBIX Pecypca, CpoKa CiryxObl,
cpoka xpaHeHHs. OCHOBHBIC ITOJIOXKCHHSL.
3. Tamuu J.JI. IlporHo3upoBaHHE CpPOKOB CIY)XEOHOW MPUTOJHOCTH 3apsOB W3
MIOPOXOB M TBEPIbIX PAKETHBIX TOILIMB. YueOHoe nocobue // IlepMckuii roc. TexH.
yauBepcurert. — [lepmb, 2006. — 141 c.
4. Yenkos L.b., Jlanuupkuii C.B. IIpo6nemu po3BUTKY 3ac00iB ypaxxeHHs1, Ooenpunacis
i enemenriB cnerximii // Marepianmn Il MikHaponHoi HayKOBO-IPaKTHYHOL
koH(pepeHii «XiMiuHa TEXHOJIOTIsI: HayKa, EKOHOMiKa Ta BUpOOHUITBO», M. IllocTka.
27-29 mucromana 2014 p., c. 53-56.
5. PykoBoactBo mis apceHanoB, 0a3 W CKianoB pakeT u OoempumacoB. Y. 1. Usa.
1973r.-462 c.
6. MHCTpyKIMS 1O TEXHHYECKOMY OCMOTPY OO€mpuracoB Ha apceHanax.0a3ax u
OKPY)XKHBIX cksafax. — M.: Boenusaar, 1978, 56 c.

37



V MixHapo/iHa HayKOBO-IIPaKTHYHA KOH(EepeHIist
«XIMIYHA TEXHOJIOI'IA: HAYKA, EKOHOMIKA TA BUPOBHUIITBO»
20-22 xoBtHst 2021 poky, m. IllocTka

7. VHCTpyKIMS 1O KOHTPOJIO TEXHHYECKOro cocTosiHMs OoemnpumacoB n [ITYP Ha
apTUIUIEPUIICKMX apceHanax, 6a3ax, CKilaaax u B Boiickax. — M.: Boenusaart, 1984. — 56
c.

8. IHCcTpyKWii 3 KaTeropyBaHHs pPaKETHO-apTHICPIHCHKOrO 030pOEHHSI, 3aTBEpKCHA
Haka3zoM MO Vkpaiuu Bix 04.01.2019 Ned.

9. M. ®. bymnep, T. B. Pomanpko. «JKOIOTHYECKHE PUCKH UIUTEIHFHOTO XPAHEHUS
HMUPOKCHIIMHOBBIX NOPOXOBY// BicHuk KpemeHuyIbKOro HalioHaJIbHOTO yHiBepcHTEeTa
imeni Muxaiina Ocrporpancskoro. - 2014. - Ne4 (87).- ¢.134-139.

10. JlykamoB B.K. TexHosoriss BUpOOHHLITBA HITPATIB IIETIOJIO3M, HABY. MOCIOHHK
/B.K.Jlykawmos//Cymu: Cym/1Y, 2012.-229 c.

11. bymiep M.®., Illepbans B.B. «UyBcTBUTENBPHOCTh apTUILICPUHCKUX IMOPOXOB K
yaapy npu ux craperun» // BicHuk KpemeHuylbKOro HaliOHaJIbHOTO YHIBEpCHTETa
imMeni Muxaiina Octporpaacekoro.- Bermyck 6 (41). - Yactuna 1.- 2006. --c. 85-88.
12. Bynnep M.®., Mexesuu I'.B. IIpon3BoacTBO U HCClIeAOBaHMS MUPOKCHIMHOBBIX
mopoxoB. Xpomarorpadudeckue MeTo sl KoHTpons // XiM. mpom. Ykpainu. — 2011. —
Ne2.—C.48-51.

13. Mexesnu I'.B., Byminep M.®., Poboteko B.A., Pomansko T.B. O nsere oTaensHbIX
9JIEMEHTOB NMUPOKCHINHOBBIX TOPOXOB // APTHIUIEPUICKOE U CTPEIKOBOE BOOPYIKEHHUE.
—2012. —Ne 1. - C. 29-34.

14. PoGorsko B.A., Bymiep M.®., Mexesnu I'.B. CocrossHme Bompoca u
MePCHEKTHUBHBIC HANPABJICHUSI B HW3YYCHHUM IPOLECCOB CTapeHHs OaUTMCTUTHBIX
opoxoB ¥ TomuuB. // Marepianu 11 MixHaponHo! HayKkoBO-IpakTHYHOI KOH(epeHil
«XiMiYHa TEXHOJIOTIs: HayKa, eKOHOMiKa Ta BHUpOOHuITBO», M. llloctka. 27-29
sucromnana 2014 p., c. 31.

15. PobGotreko B.A., Meromuka BH3HAYCHHS MNPU3HAYCHUX TEPMIiHIB 30epiraHHs
METaIbHUX 3aps/iiB Ha OCHOBI OanicTUTHUX ckiaaiB. Juceprauis k.1.H., [llocTka.-2016,
140 c.

16. VBapo B.H., BbiOop MeTOAMKH OLIEHKH CPOKOB O€30IIaCHOM 3KCILTyaTaluu
3apsiqoB W3 OammuctutHOro torumuBa mociae 30 ser xpaneHus. // Martepianu |
MixHapo#HOT HayKkOBO-TeXHIUHOI KoH(pepeHwii «XiMiuHa TEXHOJIOTis: Hayka Ta
BUpOOHUIITBOY, M. LllocTka.: 7-9 mucromama 2012 p., c. 28.

17. Momkoseskuit M.C., Mociituyk C.f1., AGpamcon A.H., AHani3 BIUIMBY IpOLECIB
CTapiHHSI IIOPOXOBHX 3apsi/iiB Ha OCHOBI MiPOKCHJIIHOBHX i OaliCTUTHHX MOPOXiB Ha
CTaH JKMBYYOCTI Ta BHOYXOMOXKEKOOE3MeKHu apceHaniB, 0a3 Ta CKiIaiiB 30epiraHHs
paket 1 6oenpunacis / 36ipauk Haykosux npanpb LIH/AI OBT 3C VYkpaiuu.-umn.2 (61)-
K.; HHAI OBT 3C Ykpainu, 2016, c.168-186.

18. Momkoscbkuit M.C., Mociiuyk C.5., Uepnosyoenko O.B., Adpamcon A.H.,
3acTocyBaHHSI 3aKOHOMIPHOCTEl [eCTpyKIii MOMIMEpiB JUIs PO3TISILy MPOILECiB
CTapiHHS IOPOXOBMX 3apsi/liB Ha OCHOBI MIPOKCHJIIHOBHX 1 OaliCTUTHUX IOPOXiB/
Marepianmu  6-1 HaykoBO-TexHi4HOI KoH(pepenuii “TIpoOneMHi THTaHHS PO3BUTKY
030poeHHs Ta BilicbkoBol TexHiku 3C Ykpainu”15-18 rpynus 2015 poxy/LIHAI OBT
3C VYxkpainu, Kuis, 2015, 163-166 c.

19. Momkoserkuit M.C., Mociituyk C.51., Uepnosybenko O.B., A6pamcon A.H., decait
0.0. OOrpyHTyBaHHS HEOOXIIHOCTI PO3BUTKY BHUIpPOOYBalIbHOI 0a3M CTaHy paker,
Ooemnpuriacis, MOPOXiB MPH IX TOBFOCTPOKOBOMY 30epiranHi.//Marepianu Mi>KHapOAHOL
HayKOBO-TeXHIUHOT KoH(epeHUii “TlepcrniekTUBH pO3BUTKY 030pOEHHS Ta BiCHKOBOL
texHiku CyxomyTHUX Biiichk”. AkaneMis CyxomyTHHX Biiicbk iMeHi rerpMana Ilerpa
Caraiigaunoro. — JIeBiB, 2015. — 110-111 c.

38



V MixHapo/iHa HayKOBO-IIPaKTHYHA KOH(EepeHIist
«XIMIYHA TEXHOJIOI'IA: HAYKA, EKOHOMIKA TA BUPOBHUIITBO»
20-22 xoBtHst 2021 poky, m. IllocTka

20. Anunko O.b. Bepreneukunii B.®. «3MeHeHue (GH3MKO-XMMHUYECKHX CBOMCTB
MMOPOXOBOr0 3apsifia U HAYaIbHOW CKOPOCTH apTUIUICPHHUCKUX OOCMPHIIACOB MOPCKOM
HOMEHKJIaTypel  Kanubpos 25/80 wu  30/54» // InterpoBani TexHomorii Ta
enepro3oepexenns. - 2013. - Ne 2. —c. 74-80.

21. Anmnko O.b., baymun [1.C., buprokor N.IO. BiusHue AIUTENTBHOCTH XpaHEHHS
0oenpunacoB Ha OAUIMCTHYECKHE XapaKTEPUCTHKH CTPEIKOBOTO  Opyxus //
InterpoBani TexHomorii Ta eneprosoepexenns. X.: Uza-so HTY “XIII”, 2007. — Ne2,
C. 97-100.

22. Aminko O.b., Bycsx I0.M. BuyTpenHssi OaiincTHKa CTBOJBHHUX CHCTEM IIPH
[IPUMEHEHUH OOENpPHUIIACOB JUIMTENIBHBIX CPOKOB XpaHeHHs. / MoHorpadus. — X.:
Axanemus BB MB/l Ykpaunsr, 2010. — 129 c.

23. Aminko O.b., biptokos LIO., Baynim J.C., Bopo6ito B.I. OcobmuBocti
XapaKTEPUCTHK BHYTPIMIHBOI OaTiCTHKM TOPOXOBUX 3apsiB Ooempumacis, sKi
3HaXOAATHCS 33 MEXAaMM TIapaHTIHHMX CTpPOKiB 30epiranHs. HaBuanbHO-MeTOAMYHHUIA
nocioHuk. PexomennoBano HaykoBoro pajmoro BHyTpimHixX Bifickk MBC VYkpainu.
IIporok. Ne 2 Bix 20.08.2008 p. 40 c.

39



V MixHapo/iHa HayKOBO-IIPaKTHYHA KOH(EepeHIist
«XIMIYHA TEXHOJIOI'IA: HAYKA, EKOHOMIKA TA BUPOBHUIITBO»
20-22 xoBtHst 2021 poky, m. IllocTka

OCHOBHI TEHJEHIIIi PO3BUTKY MAJOYYTJHABUX BOEIIPUIIACIB
A.H. A6pamcon, C.5. Mociiiuyk, E.C. Ocranuyk
LlenTpanbHuil HAYKOBO-IOCTIHUM IHCTUTYT 030PO€EHHS Ta BifICbKOBOT TEXHIKH
36poiinux Cun Ykpainu
cndi_ovt@mil.gov.ua

Ha croromuinmxiii yac Goenpunacy, o 3HaXOIAThCS Ha 030poenHi 30poiiaux Crt
VYkpainu Buuepnanu, abo Maixe BUYepHanu CBiit pecypc 30epiraHHs, THM CaMHM iCHYe
HEOOXiJHICTh y CTBOPEHHI HOBHX OO€IpPHUIIACiB Ta MOZICpHI3aLil iCHyIOUHX.

Ilpu cTBOpeHHI HOBUX OO€EMPHIIACIB CITiJ KEpyBaTHCS HE JIHMIIE BHMOTaMHU MO0
MOryTHOCTI Ooempunaci, aje # BHMOraMu, WOAO 3a0e3leueHHs Oe3IeYHOro
30epiraHHs Ta 3aCTOCYBaHHs 3a MpU3HaueHHIM [1].

OJHUM 3 MEPCIEKTUBHUX CIIOCOOIB PO3B’s3aHHS I[LOTO 3aBJAaHHS € 3aCTOCYBaHHS
BUCOKOCHEPTeTHYHUX BUOYXOBUX pedoBHH. [Ipy IbOMY y Pi3HUX KpaiHaX NPHIIISEThCS
BEJIMKA yBara MiJBUIICHHIO CTIHKOCTI 3apsiB BHOYXOBHX JI0 3OBHIIIHIX BIUIMBIB
(TpoOUTTS OCKOJIKaMH, KyJISIMU Ta iH.), Ta IMOJIIIICHHIO HINiIO0Y01 31aTHOCTI, Y TOMY
yucni i npu GpyHKUioHyBaHHI Oins wimi [2].

Huxde posrisigaerbcs KOPOTKA XapaKTepPUCTHKA MAJIOYYyTJIMBUX BHOYXOBHX
PEYOBHH Ta HAMpPSIMKHU X BIPOBaKeHHs y 30poitnnx Cumax YkpaiHu 30Kpema [is
BUPOOHULITBA MOIYJIBHUX METAJIBHUX 3apsJIiB 0 Cy4aCHUX apTUIIEPIHCHKUX CUCTEM.

Opnwiero 3 mpobiem mij yac ekciuryarauii 0oenpunaciB € iX HeIoCTaTHill piBeHb
Oe3meku TMiJ 4Yac BIUIMBY BHCOKOI TEMIIEpaTypH, MAii KyMYJISTHBHOTO CTPYMEHS,
MONAaHHsI OCKOJIKIB Ta KyJb. AKTYaJIbHICTh BH3HAYEHOTO MHUTAHHS IiJTBEPIUKYETHCS
JIOCBIIOM 0araTboX Cyd4acHUX BifCbKOBHMX KOH(QUIIKTIB, KOJH 10 3arubeni 0coOOBOTo
CKJIaJly NMPU3BOAMIM JETOHAIlil OO€KOMIUIEKTY OOMOBMX MAlIMH 3 HAa3BaHUX INPHYUH,
200 HACITIZIKKM HA/I3BUYAIHUX MOJiH HA apceHasax, 0as3ax, CKiamaax 30epiraHHs paker Ta
6oenpunaciB 3C Ykpainu [3 - 4].

VY pi3HuX KpaiHax NPUALISIETHCS BENMKA yBara MiIBHIICHHIO CTIHKOCTI BUOYXOBHX
3aps/iB [0 30BHILIHIX BIUIMBIB (IIPOOUTTS OCKOJNKAMU, KYJISIMU Ta iH.) Ta MOMNIMIIEHHIO
iHII[FOFOYOI 3/1aTHOCTI, B TOMY 4YMCIi U mpu (YHKIIOHYBaHHS Oist wimi. B kpainax
HATO naOyBae nomMpeHHsST BUKOPUCTAHHS TEXHOJOTIH «HEYyTIMBHX» Ooe€rpunacis
(Inensitive Munitions) Ta BubyxoBux peuoBut (BP) 3i 3HmkeHow wyrmiuBicTio ( THIY
RS-RDX).

Heuytnusi Goenpunacy 3aBIssKd BUKOPHCTaHHIO ocoOimBHX BP Ta ix 3eprucrol
CTPYKTYPH, HE AETOHYIOTb IPH BIIYYCHI KyJb, OCKOJIKIB, TOIIO, [0 MAIOTh IIBHAKICTH
3iTKHEeHHs 5-7 kwm/c. BoHm ManouyrnuBi mpu 30epiraHHi 1o BIUIMBY HeOe3NeuHHX
(axTopiB (miaBHUILIEHA TEMIIEPATypa, BOJOTICTb, MOJIYM s, YAapH MPH MaiHHI).

Cnin 3a3Haunty, wo y 360poitnnx Cunax CILIA ceprudikoBaHo HOBY BHOYXOBY
PEYOBHHY, IO B MEPCHCKTHBI 3aMIHUTh y CHApsgax TPAAUIIWHHA TPUHITPOTOIYOI.
Hoea BP orpumana Ha3By IMX-101 (Insensitive Munitions Explosive 101, BP
Ooenpunack 3HWKeHOI BHOyxomoxexobesnekn 101). Ha mepumiomy erami pedoBHHa
Oyzae BUKOPHCTOBYBaTHCS y cHapsgax M795 kamiopa 155 mm. IIpu npomy mocraBku
aHAJIOTIYHUX HAa OCHOBI TPOTMJIA MOCTYNOBO 3aBepuiathes. Ilepexin na BP IMX-101 €
YaCTHMHOK  MaciitabHOI  MporpaMd  Mepexony Ha  OO€mpHIacd  3HIKCHOL
BUOYXOHEOE3MEeKH.

BBaxaerbcs, 10 K0 Mopy4 3 cHapsiaoM, ocHamieHnM IMX-101 Bubyxue 6om0a,
TO Kopmyc Ooenpuracy po3maneTbcsi Ha JeKiIbka YacTHH, a BHOYXOBa pEeYOBHHA
LIBUJIKO 3rOpUTh Oe3 aeToHarii. [5].
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YyTnuBiCTh € OAHIEI0 3 HAWBAXIMBIIINX XapaKTEPUCTHK BHUOYXOBOI PEUOBHHHU
(BP); BoHa Bu3HAayae MOXIHMBICTH 1 cdepy MNOPaKTHYHOTO BHKOPUCTAHHS AaHOI
peyoBHHH. 3aHAATO BelHMKa YYTJIUBICTH BHOYXOBOI pEYOBHHH pOOUTH ii Jyke
HEOE3MEeYHO0 1 HE3PYYHOO 3 YPaxyBaHHSIM MPH BUHUKHEHHI MPOOJIEMHHX MHUTaHb MIX
BUMOTaMH II0J0 3a0e3redyeHHs eQEeKTUBHOCTI 3acCTOCYBaHHS OO€NpHIIaciB  Ta
3abe3neueHHs Oe3MevHOI eKcIuTyaraiii 6oernpunacis (puc. 1).

e -y
I 3aBaaHHA \
X .

Yymnueicmb —
Xapakmepucmuka
BP, sika susHayae
MoXxnugicms i
cepepy
npakmu4yHo20
8UKOpPUCMAaHHS
OaHoi' peyosuHu

1 MopepHi3auis
CTBOpPEHHSA HOBUX icHylounX

et st 6oenpunacis

X Bumorun !
i !
i 3abe3neueHHs 3abe3neyeHHs !
X ed)eKTMBHOCTI 6e3neyHoi ) !
; 3acTocyBaHHA ekcnnyarauii i
; 6oenpunacis 6oenpunacis ,
" ;

IIpo6JieMHi MUTAHHS

PiweHHs:
> 3acTocyBaHHA BUCOKOoeHepreTuyHux BP 3
NiABULLEHOIO CTIMKICTIO A0 30BHIiLLHIX BNNUBIB

Puc. 1. CrpykTypa 0OrpyHTYBaHHS HEOoOXiTHOCTI 3aCTOCYBaHHS
BHCOKOCHepreTHuHUX BP 3 miBHIIEHOIO CTIHKICTIO 10 30BHIIIHIX BIIMBIB

3HM)KEHHS YyTJIMBOCTI BUOYXOBHX PEYOBUH MOXKE OyTH JOCSITHYTO 33 PaXyHOK:

— BBEACHHS Yy CKIa@ BEIHKOI KIJTBKOCTI CIEIiadbHUX IHAWBIAyalbHUX
BHOYXOBUX pEUOBHMH 3 HHU3BKOKO YYTIHUBICTIO a00 MOBHOI 3aMiHM HHUMH
3Bu4uaifHuX BP;

— BBEIEHHS Y CKJIAJl BEJIUKOI KUJIBKOCTI MOJIIMEPHMX 3B’S3yIOUMX Ta IHEPTHUX
MaTepiais;

— BBCJCHHS y CKJIaJ EHEPrOEMHOTO 3B’S3YIOYOTO, L0 ONTUMI3ye UYTIMBICTB i
notyxHicts BP;

— BBEICHHS Y CKII4J CICLIATbHUX J00ABOK, IIO IHTIOIPYFOTh JIAHIFOTOBI PagUKaIbHI
peaxiIii.
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Jns BupimeHHA JaHOi HpOONEeMH B IIEPENOBHX KpaiHaxX CBITY IIpOBeIeHi
JIOCITI/PKEHHS I1I0/I0 3HIDKCHHS YyTJIMBOCTI OPOXIB, 1[0 BXOATh A0 CKIaAy METabHUX
3apsfiiB  TAHKOBUX Ta apTHIEPIHCBKUX MOCTPLTIB. 3a pe3ynbTaTaMH AOCIHiIXKEHb
MPUKIAJOM PO3POOJICHUX MANOUYYTIMBHX IMOPOXIB MEPLIOrO MOKOJIHHS OYyJIH MpocTi
cymimi y cknaai Opu3aHTHOI BHOYXOBOI pEUOBMHHM T€KCOIeHY 1 IOJIMEPHOro
miactudikaropa (Taki MOpoXa 3aCTOCOBYBAIUCS TIOJIOBHMM YHHOM Y TaHKOBHX
noctpinax (mopox M-39)).

VY ManodymIMBUX IIOpOXax JApYroro HOKONIHHA KpiM IutacTudikaTopiB Oymu
3aCTOCOBAaHI CHEPrOEMHI 3B’s3yrOui, Taki SIK HiTpomoiimMep abo asuIoNoNiMep B
KinbkocTi 5-30% (BHKOPHCTAHHS OKCUTAQHOBHX €JIAaCTHYHHMX TEPMOILIACTIB, IO MAIOTh
a3uAOTPyIN). 3apsau i3 MOAIOHUX CyMilllelt BUKOHAHI Y BUTJIS/II ACKITBKOX MOPOXOBUX
mapiB 3 pi3HUMH CKJIAJIaMH 1 IIBUAKICTIO TopinHs. Lle 103BoNIMIIO JOBILIE MiATPUMYBATH
BUCOKHI THCK Y CTBOJI 1 3a0e3meynTH O1IbII BUCOKY LIBUJIKICTh IOJBOTY CHapsia pu
Till camiii KUIBKOCTI MOpOXy. Y SIKOCTI OKHCIIOBa4a JUIs TaKUX MOPOXOBUX CyMilueit
BUKOPHCTaHi OpU3aHTHI BUOYXOBi PEYOBHHH: IeKCOTeH, OKTOTeH Ta iHmi [2, 6].

BukopucranHs CyMIIICBUX KOMIIO3HUILINA A 3aMiHH O€3AMMHUX TOPOXiB Y
CTBOJIBHUX CHCTEMaX TAaKOXX Mae€ IICBHHH IHTepec 3 TOYKH 30py 3a0e3MCUeHHS
mifBUIIEHOT e(EeKTHUBHOCTI, TEXHOJOTIYHOCTI 1 pO3LIMPEHHS eKCIUTyaTaliiHuX
BiacTHBOCTed mopoxy. Kpim Toro, moamiOHi mopoxa OuIbII TEPMOCTiHKI 1 MaroTh
3HIDKEHY 3aJIe)KHICTh MIBUAKOCTI TOPIHHSA BiJ TeMIepaTypH Ha BiAMiHY BiJ 3BUYaiHUX
HITPOLEIIOJIO3HUX TOPOXiB. 3 IIi€f0 METOK OyNIM po3po0JeHi cHemialbHi CyMilleBi
apTUIepiiicbki HOPOXH Ha OCHOBI TEKCOreHy, INO CKpIILTIOETHCS HOJIMEPHOIO
marpuuero. Y CHIA nani mopoxa orpumanu abpepiatypy «LOVA» (Low Vulnerability
ammunition, IM a6o Insensitive Munition), 110 nepeBOANTHCS K HU3bKA yPa3JIMBICTh
OoemnpuraciB 800 HEUYTIMBE BIfICHKOBE CIIOPSKEHHSI.

Pe3ynbTaTd NpPOBEIEGHUX BUNPOOYBaHb TAaKOX HANAIOTh MOXIUBICTb NP
CTBOPEHHI HOBHMX OOEMPUIACIB JOTPUMYBATHCS BUMOI MEMOPAHIAYMY LIOJO OaniCTHKU
JBMOU (Joint Ballistics Memorandum of Understanding), B skoMy OfHi€I0 i3 BUMOT O
po3pobku HOBUX OoempumaciB (puc. 2) € BHKOPHCTAHHS HEYYTIMBUX BHOYXOBHX
PEUOBHH JI0 IETOHALIT Bij 3013Hi21}-11>01"0 BI;IJ-'II/IBy.

Puc. 2. AMepukaHCbKi OO€NpHIIacH, 0 OCHAIICHI BHOYXOBOI PEYOBHHOIO 3HHKEHOL
gytnusocti IMX-101
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B kpainax HATO nns ouiHkM ypasznumBOCTi OO€NMpUIAciB 3aCTOCOBYIOTb BUMOTU
cranaapra STANAG 4439 (kOMIUIEKC TECTIB, 1[0 TO3BOJISIIOTH BH3HAYUTH «CTYIIiHb
MaslouyTiauBocTi» BP crocoBHO KOHKpeTHOro Goenpumnaca).

Tectu BKIIOYAIOTH B cede :

— TeCT Ha IOBUIbHE HArpiBaHHS,

— TECT Ha LIBUJIKE HAIPiBaHHS;

— TECT Ha IIPOCTPLI KyJIelo;

— TeCT Ha MacoBY JICTOHALIO (3IATHICTH O JIETOHAILl, Ipyrux OOenpumnacis,
1110 3HAXO/IATHCS MOPYY 3 MiPUBAEMHUM aKTUBHUM OOENPUIIACOM);

— TeCT Ha JIi}0 KyMYJSATHBHOTO CTPYMEHIO;

— TECT Ha IIPOOUTTS yJIaMKaMH.

KpiMm HaBenenux peakuid BCi  ykaszaHi TeCcTH IependayvaroTh  IOBHY
HECHPUHHATIMBICT 0 YAapy 1 10 €IEeKTPOCTATHYHUX IMITYJIbCIB.

TlopiBasuust cranaapty STANAG 4439 uiono peakiii 6oenpumnacis i3 3HHKEHOO
YPA3IUBICTIO 3 IHIIUMU CTaHJapTaMH HajaHi y Tabu.1.

Tabmuust 1 - TlopiBasiaast Bumor cranaapty STANAG 4439 miomo peakmii
0o€enpuIaciB 3HWKEHOT Ypa3IMBOCTI 3 IHIIMMH CTaHAAPTaMU

STANAG Mil-Std-
Bruis 4439 210B/C/D Murat-1 Murat-2 Murat-3
HOB.IJ'ILHG v v I v v
HarpiBaHHs
[TBupce v v v v v
HarpiBaHHA
Ipoctpin kynero v v 111 111 v
Macosa | I 11 I v
JIETOHALIS
Kymynsrusimit 11 i I I il
CTPyMiHB
OCKOJIKOBHIT v v I I v
BIIJINB

Buau peaxuii:

I - neronamis (cnpaiboByBanHs BP y mrarHoMy pexuMi 3a paxyHOK IOLIMPEHHS
JNETOHAIIAHOT  XBHWII. XapaKTEPU3YEThCS  HAWOUIBIIMM  BpaXalO4UM  e(PEeKTOM.
Y TBOPIOETHCS 6€311IY yparkaro4uX OCKOJIKIB);

Il - gactkoBa neroHamis (YacTkoBe crpanboByBaHHs BP y pexumi meronarii,
YTBOPIOETHCS JIesiKa KiIbKICTh OCKOJIKIB);

II - BuOyx (Tasu, IO YTBOPIOBAIMCS, BUKIHMKAIOTh DPYHHYBaHHS OOOJNOHKH 3
YTBOpeHHIM OcKoJKiB. [lanatoui i HermpopearosaHi nmiMarku BP poszmitatrorscs);

IV - nedmnarpauis (pylHyBaHHS OO€NPUIACIB, YACTO 3 BUKUIOM I1aJIaI04O0r0 3apsy
BP);

V - ropiuns (BP Buropae, He pylinyrouu kopryc 6oenpunacis).
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IIpakTHYHO pe3yibTaTH PO3POOKH Ta 3aCTOCYBAHHS MAaJOUYYTIMBHX BHOYXOBHX
PEYOBHH BH3HAYAIOTHCS HA MPUKIAAI MOJAYIbHUX MeTaldbHUX 3apsaaiB (MM3) 1o HOBuX
apTuiepiiicbkux cucrem 52 kamiOpy. Ilpu upomy mepexin Ha MOAYyNbHI MeTallbHi
3apsii JO3BOJIMB MMOBHICTIO ABTOMATH3YBATH MPOLIEC 3apsKAHHS 1 JOCATHYTH OLIbIION
LIBUJIKOCTI CTPUILOM Ta B aBTOMATHYHOMY PEXHMi MiHSATH KiIbKICTb MOPOXOBHX
3apsiiB.

3a HasiBHOO iH(opMalti€ro (Tabi. 2) 3aCTOCOBYIOTHCS:

— 31999 poxy MM3 M231 u M232 st 155-mm camoxiauoi ray6uni «Kpyceiinep» (CLLIA);

— 3 1996 poxy MM3 DM82, DM72 u DM92 s 155-mm camoxinHoi rayOuri
PzH-2000 (xommanis «Hitpoxemik» (HiMelbke Ta MIBEWI[APChKE BIAIICHHS) i
«PeitameTany);

— 3 1999 poky MeranbHi 3apsau Ha OCHOBI MalOYyTIMBHX BHOYXOBUX PCYOBHH
DADNE (FOX-7) m GUDN (FOX-12) mns 155-Mm camoximHoi rayouri
«lle3app» (€Bponeiicbka eHepreTnuHa Kopmopauis «European Energetics
Corporationy);

— 32007 poky HOBi MozyibHi 3apsiau «tOHidexc-2 IM» Ha OCHOBI ManoO4YyTINBOT
BUOYX0Boi pedoBuHH, 1o € cymimmiro GUDN (FOX-12) u RDX, mo 155-mm
camoxinnoi rayouni FH-77BW «Apuep» (dpipma «Eypenko 6Godopc ABy,
IBerris).

Tabmuust 2 - CyyacHi MOLy/IbHI MeTaJIbHI 3apsiiu

Hasga (ingexc) MM3 Aprunepiiicbk Hasga (ingekc) nmopoxy
a cucremMa
M231(zenenui) i M232 155-mm CI' M46  Tekcoren —76%,
(6earcesuir) "Kpycetizep" | memmonosu anerar-Oyrupar
CIIOA 12%, mmactudikatop -
€BTEKTHKA 0ic-(2,2-

JMHUTPOIIPOITHIT)
anerans/popmans - 7.6%,
HII  (12.6%N)  -4.0%,
CTHJILIEHTPOJIIT -0.4%,
smuBatounit  areHT —0.5%
monax  100%. Temora
sropaHHs 820  KKaJ/KT.
Cnna —1070K/x/xr.
Temneparypa TOPiHHS
3065K. Po3pobnenmii B
nepmiii  monoBuHi  80-X
POKiB.

M-39 wmae aHagOTiYHHUI
cknag M46 ane 3amicTh
CHEePrOEMHOTO
actugikaropa
3aCTOCOBYETHCS
AETHITPUETHIILMTPAT
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DM72/82/92 155-mm CT MerTanpHi  pEYOBUHH  Ha

Kommanii "HiTpoxemik" PzH-2000, ocHoBi RDX

(HimenpKe i mBeiapceke Himewuanna KHP1680  T'ekcoren  —

Binainenusa) i “Peiinmeramn” 42,5%,  HiTporyaHinin -—
42,5%, KNO3 - 4%,
nonidyragien — 11%. Cuna
— 952 i/t

KHP264 Tekcoren — 76.8
%, TATH -8%, KNO; -4%,
%, momiOyramien — 11,2%.
KHP290, KHP300,
KHP301, KHP305,
KHP306, KHP307

Bi-MC 155-mm CT° MertanbHi  pedoBHHH Ha
€Bponelicpka €HepreTuYHa «de3apby, OCHOBI HU3KOUYTIHBHX BB,
KOpITOparis «European Opanris TaKuX SIK

Energetics Corporation» DADNE (FOX-7),

GUDN (FOX-12)

TaxkuM 4YMHOM, BIPOBAUKEHHS MAlOYyTIMBHX BHMOYXOBHX DEUYOBUH IIPH
BUPOOHHUITBI (eKcIUTyaTamii) OoenpumaciB mo3Boise 3abe3mednTd iX Oe3meKky Ta
CTIHKiCTh /10 BIUIMBY (pakTopiB 0010, a caMe BHUCOKOI TeMIIEpaTypH, il KyMYJISTHBHOTO
CTpPyMEHIO, IONaJaHHS OCKOJNKIB Ta Kydb. BpaxoBylouu 3a3HaueHe, BBaXKa€ThCS 3a
JIoLIbHE OOOPOHHMM MIANPUEMCTBAM YKpaiHH PO3pOOKY, MOJEPHI3AIlif0, 3aKyIiBIIO
32 KOPJOHOM OO€NpHUIaciB MPOBOAWTH 3 YpaxyBaHHSIM TEXHOJIOTIH BHPOOHHIITBA
IPHHLUIIOBO HOBUX €HEPreTHYHUX PEUYOBHH 3i 3HIKEHOIO YyTIMBICTIO, 5IKi 3a06e3meyarhb
X OesIleKy fK IIPH BUKOPHCTAHHI 3a IPU3HAYCHHAM TaK i IIpU 30epiraHHi Ha apceHanax,
6azax Ta ckiagax 36poiHux Cun YKpainu.

OpxHak, Ha IaHMH Yac iCHYIO4i MiJANpPUEMCTBA YKpaiHU HE CIPOMOXKHI BHPOOJISATU
cydacHi BHOYXOBI pedyoBMHH, siKi O 3amoBonmbHsuTH BuMOram crangapty HATO
STANAG 4439 mono Oe3neku, TOMy pOOOTH IO CTBOPEHHIO MalouyTiuBuX BP
HEOOXiZTHO NPOBOAUTH B YKpaiHi 3 3ally4eHHAM TEXHOIOTIH Ta JOCATHEHb THX KpaiH,
110 MalOTh MEPEJOBHUIA JOCBIJ] BIaCHOIO BUPOOHHIITBA MOPOXiB, BUOYXOBUX PEUOBHH i
MIIPOKO] HOMEHKIIATypH OO€NpUIIaciB.
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CYYACHI CIIOCOBHX PO3MIHYBAHHSA
0.L Boiitenko', B.B. Boiiko, Byrap Idpat oram Opy;mcm;3
1YKpa'l'I-Icr,KI/H?I JiepKaBHUI reooropo3BinyBallbHUM IHCTUTYT
Tacturyt rinpomexaniku HAH Vkpainn
3Pecrybika Asepbaiimkan
voytenkoui @ gmail.com

Beryn. [IIpoGiemMa po3MiHyBaHHS TEPUTOPIH  XapaKTEpH3YeThCSl  3arajibHO
IUIAHeTapHUM MacIiTaboM 1 aKTyaldbHa HE JHMIIEe II 30H MAiI0YMX KOHIIKTIB.
HaBenemo nesiki mani i3 po6otu [1], siki IpoLTIOCTPYIOTH Maciitad ryMaHITapHUX 1
MarepianbHux Brpat. Ha choronenns B Oinbii, Hixk 70 kpaiHax CBiTy 3anummiocs Oins
60 MutH. Ha3eMHHX MiH. BoHU 1I0opiuHO yOuBaroTh Oins 26 Tuc. moaei. Hanpuknan, B
Anroui i3 koxHUX 334 mojel y 0JHOrO aMIyTOBaHa KiHIIIBKa Micyist BUOYXy Ha3eMHOL
mian. B Kam6omki 25 Tuc. moaeilt 3 aMIyTOBaHUMH KiHI[IBKaMU. 3aldIIeH] Ha3eMHi
MIHM BIUIMBAlOTh Ha MOBCSKICHHE KUTTA OuTbll HiXK 22 MiH. mronei. [IpoGnema
Ha3eMHUX MiH BUKJIMKA€ CYTTEBI COLIaIbHO-€KOHOMIUHI Hacliaku. BoHa migpuBae mup
Ta cTabUIBHICTh B KpalHaxX 1 LIMHMX perioHax, NPU3BOJMTH [0 MEPEMIlICHHs JOACH i
MEepeIIKo/PKae BUKOPUCTAHHIO 3€MJl U clibcbkoro rocmogapcrsa. Ilpo e
0e3mocepeIHbO CBIUUTh CUTYaIlis Ha cxomai Ykpainu. OQHi€ro i3 OCHOBHHX 3a/1a4 ISt
BUpimeHHs wiel npobieMu € po3poOka TEXHIKM 1 TEXHOJIOTIH 3HEMIKOKeHHS
(6esmeyHoro miApuBaHHA, a00 PYHHYBaHHS) MiH, MICLSl PO3TAIIYBaHHS SIKUX, SIK
MIPaBUIIO, HEBIJIOMI.

3a3HauuMO, 110 OKPIM PO3POOKM TEXHIYHMX METOAIB i 3ac00iB pO3MiHyBaHHSI B
psai poOIT pPO3BHBAETHCS METOJOJIOTISI MOJETIOBaHHS MpOLECy po3MiHyBaHHS [2].
3ayBa)kMMO, 110 3TiJHO BifoMii Kiacudikamii MIHM yMOBHO MOXKHA PO3JIUIMTH Ha ABI
BEJIMKI TPYITH: IPOTHUITIXOTHI MAacor0 ~1-2 Kr i MPOTUTAHKOBI, MPOTUBEPTOIHOTHI TOIIO
Macoro ~3-6 i Oiblie K.

Merta podoru. Orisiz i aHai3 TEXHIYHUX PIlICHb [0/I0 MOIIYKY 1 3HEIIKOKEHHS
MiH.

Ilpu po3minyBaHHi B XO[i OOHOBHX [iif METOI € SIKOMOra OiIbIll OmepaTHBHA
ouncTka (NMiAPUBAHHS) CHJIOBMMHU METOAaMHU. IIpH LbOMYy HPHHHSATHHM BBaXKA€THCS
po3minyBanHs Ha 80-90 %. Po3pi3HsAIOT MexaHiuHi, BHOYXOBI Ta pyd4Hi METOIH
PO3MiHYBaHHS.

B Toii e yac po3MiHyBaHHSI B paMKax I'yMaHITapHHX OIepaliil € CrpaBoro OLIBII
Ba)KKOIO 1 HeOe3neyHor. BOHO BuMarae BHIOAJeHHS BCIX MiH 1 TTOBEpHEHHS
PO3MIHOBAaHUX MiHHUX IIOJIIB B HOpMaJbHE BUKOpUCTaHHS. ToMy 115 BUpIIICHHS 3a1a4d
MOLIYKY 1 3HEIIKOKEHHS 3aCTOCOBYIOTh OINBII YyTIMBI METOAM TOMIYKY 3
BUKOPUCTaHHAM CYYaCHMX JOCSATHEHb NpHKiIanHoi ¢isuku Ta XiMmil, 30Kkpema
BHUCOKOUYTIIMBI Pa/iOaKTHBHI 1 XiMiuHI METOAM BUSBICHHS MiH. PO3rissHeMO OCHOBHI
METO/M 1 TeXHIYHI PilIeHHS, 5K PONOHYIOTHCS 10 BUKOPUCTAHHS JUISl BUPIIICHHS LIUX
JIBOX 3a7ad.

3rigHo mareHty [3] mpHcTpiii 1 po3MiHYBaHHS MIHHHX TIIOJIB, IO MICTHTh
Ha3eMHUH TPaHCIOPTHUIA 3aci0, kUil OyB y BXKUTKY, 3 aBTOTPAHCHOPTHUM IPUYIIIOM 3
BEJIMKOI0 KUTBKICTIO KoOjiic, ab0 TyMOBHMX IIWH, NPH3HAUYEHHX I yTHJi3amii, 3
MOXIUBICTIO TX KOUEHHS 110 ONOpHii 3amMiHOBaHill noBepxHi. TpancropTHuii 3acié npu
BOMY PYXAETHCSI 10 MIHHOMY TOJIF0 6e3 ekimaxy. OnucaHuil IpUCTpiii Mae 0OMeKeHi
TEXHOJIOTIYHI MOJMJIMBOCTI 1 MOKke OyTH 3aCTOCOBaHWH JMIIE y pa3i pO3MiHYBaHHS
MIHHHX OB 3 JerkuMu MiHamu tury [IOM, IIM Tomo macoro He Oinbuie = 1 kr B
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TPOTHJIOBOMY €KBiBajieHTi. [Ipu migpuBaHHI BakKKMX MiH Macol 3-6 Kr OyIb-sika
KOJIICHA Ta IMOBIPHO I'yCEHHYHA TeXHiKa Oyje 3yruHeHa.

3rigHo [4] cyxomyTHi Bilicbka BennkoOpuTaHii BHKOPHUCTOBYIOTH CHCTEMY
po3minyBanust "[liToH", sKka BHKWAAE€ NUIAHT, HAYMHEHHH BUOYXIBKOK BEIHKOI
MTOTYXXHOCTI, Ha MiHHE I10JIe, Jie BiH BUOyXa€, BUKIMKAIOYM THM CAMUM JICTOHAIII0 MiH.
OueBHIHO, 1110 HEAOIIKOM JIAHOTO CIIOCO0Y PO3MiHYBAaHHS € BIICYTHICTh AETOHALIT MiH,
SIKi pO3TAIIOBaHI HA MEBHHIN BiJCTaHi Bij 3apsty uepe3 nocinabieHHs Aii yaapHoi XBUII
1 IPOZTYKTiB IeTOHAI].

B apmii Himeuunnu po3poOieHa cucTeMa MUCTAHLIHHOTO BHUSBICHHS Ta
3HEIKOKeHHs. MiHHUX mnoniB MMSR, mo o6;ennye B cebe 3acodu po3Binku Ta
nikBiAamii MiHHEX Oap’epiB [S]. 3aci6 po3MiHyBaHHS MPEICTABIISIE COOOK MUCTAHIIIHO
KEepOBaHMH MIiHHMH Tpan Macoro 8 T Ha creuiajibHiii 0a3si, 10 NEpeBO3UThCS Ha
rpy30BOMy aBTOMOOLm. MOro oGmajHaHHs MO3BONSAE iMITYBaTH MATHITHI, TEIUIOBi,
aKyCTHYHI Ta ceiicMiuHi mouist 00HOBMX OpOHBOBAaHMX MAalIWH JUIS iMiTawii migpuBy 3
HEKOHTaKTHUMH JI€TOHATOpaMH. MIiHM 3 JeTOHATOpaM{ HATUCKHOI Jil MiApUBArOTHCS
CHeLiaTbHUMU KPOKYIOUMMH TIPUCTPOSMHM, PO3TALLIOBAaHUMHM ronepeay Tpana. Cucrema
Ma€ CepeHIO 3J1aTHICTh €()eKTUBHO MPOKIACTH MIUPOKUH IPOXiA y MiHIMaIbHOMY HOJI
HIMPUHOK 70 2,8 M mpu MBUAKOCTI pyxy mo 7 km/ron. IlizpuB miH i xapaktep
MOLIKO/DKEHUX 3apsliB (IKCYIOThCSA BiJeOKaMepaMH, BCTAaHOBICHHMH Ha MallWHI
ynpasininns. Kpim Toro, y ®PI" po3pobiena manorabapuTHa pajiokepoBaHa ABOXOCHA
MaririHa po3MinyBanHs KMP-1 «KoOGpay 3 ganbHICTIO yIpaBIiHHS 10 2 KM.

IIpoBinHi TexHonoriuHo posBuHeHi kpainu (CILA, BenukoOpuranis, dpanuis,
Kurait, I3paine, [liBgenna Kopes) akTuBHO po3po0IIsiFOTE pOOOTOTEXHIUHI KOMILICKCH,
3[aTHi 3 BUCOKHM CTYII€HEM aBTOHOMHOCTI BecTu 00iioBi aii 63 yuacti oaunu. Tak, B
apmii CILIA mnanyerscst 1o 2030 p moBectu yacTky 6e3minoTHHX 3aco0iB 1m0 30% Bix
3araJlbHOro CKiajy OOHOBMX MamuH. 3a OLIHKAMU aMEpPUKaHCbKUX BIHCHKOBHX
¢axiBiiB, O0OHOBI MOXJIMBOCTI MiAPO3IUNIB, OCHAIICHUX POOOTOTEXHIYHUMHU
KOMIUIEKCaMH, 3pocTyTh B 2..2,5 pa3u [6]. PoGoToTexHiunmii 3aci6 mpopoOieHHS
MPOXO/iB B MiHHO-BHOYXOBHX 3arOpO/DKEHHSX - II€ KOHCTPYKTHBHO BiJIOKpEMJICHHI
OesekinaxHuil BUPIO BIHCBKOBOI TEXHIKH, NPU3HAYCHUH NI BUSBICHHA MiH |
BUOYXOHEOE3MeYHNX MPEAMETIB Ta X 3HUILCHHS BUOYXOBHM (MEXaHIYHHM) CIIOCOOOM
IpH aBTOHOMHOMY 200 JTHCTaHLIHOMY yIpaBIiHHI

AHari3 po3BUTKY poOOTOTEXHIKU B apMiix iHozeMmHux jepxas (CLLIA, Himeuunnu,
BennkoOpuTanii) mokasye, 10 B HUX aKTUBHO BEeIyThCsS POOOTH 31 CTBOPEHHS HOBHX
BUCOKOC()CKTHBHUX IPOTHMIHHUX CHCTEM, 3JIATHUX BHSBIATH 3arOPOJUKCHHS 1 3pa3y
MIPOBOJMTH PO3MiHYBaHHS.

3 mieto meroro B apMii CIIIA crBopeHi:

* cucrema po3minyBanus JAMC;

* aBialiiiHa cucreMa po3BiJKu NpoTuaecaHTHUX 3aropokeHb COBRA;

* aBiarfiiiHa cucreMa BUSIBJICHHS 1 po3Binku AMDAS;

« cucrema po3minyBanas DEMNS.

Inmmii  po3pobkoro € cucrema s po3MiHyBaHHs «MiHi-®neitny.  Tpan
PpO3pobaeHO st Jerkux (OpMyBaHb 1 MPU3HAYAETHCS IS 3HUIICHHS TMPOTUMIXOTHUX
MiH. MammHa BHKOHaHa Ha 0a3i KosicHOro HaBaHTaxyBaua «/bkxon Hip 375» i
OCHAIl[eHa OOEPTOBUM BaJIOM 3 JIAHIFOTAMH, YKPIIUICHHM Ha MiINPYXUHEHil pami.
VYrpaBniHHS MalIMHOK 3IHCHIOETHCS TUCTAHLIIHO ONEepaTopoM, PO3TAalIOBAHUM Ha
PYXOMOMY Ha JeIKOMY BimnaneHHi aBToMoOinmi. Jocminui 3pa3ku Tpanxa 6araTropasoBo
BUNPOOOBYBaMCS 1 yaockoHamroBanucs. JIBa 3paska 1996 p Oynu BiampaieHi B
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BocHiro a1 3acTocyBaHHs B peasbHii 06cTaHoBLI MupoTBopunMH cuiaamu CIIA (16-m
imxeHepHuM Oartanbitonom 130-1 imkeHepHoi Opuramn) [6].

BBaxaeTbcs, IO Haf0iIbIl IEpPCICKTHBHUM HANpsIMKOM PO3BHTKY 3aco0iB
[MO/I0OJTAHHS MiHHO-BHOYXOBHX 3arOpoO/XKEHb € CTBOPCHHS JUIS IHX IiJIel MOBITPSHOTrO
POGOTO-TEXHIYHOIO KOMIUICKCY, SIKHil, MOXKJIHNBO, JO3BOJUTH BUPILIUTH aKTyaJbHY Ha
CHOTOJIHIIIHIA JIeHh TPOOJEeMy TO/OJMAHHS BiliCBKAMH MIHHHX 3aropojukeHb. Ha
BIIMIHY BiJl Ha3€MHOTO, MOBITPSIHUH KOMIUIEKC MOXKE 3HAWTH CBO€ 3aCTOCYBAHHS IPH
BUpIIICHH] OLIBIIOCTI TAKTUYHUX 3aBJaHb. KpiM Toro, Mami rabaputa ApoHIB OymyTb
YCKJIaJHIOBaTH X ypaxkeHHs sk 3acobamu IO, Tak i crpijeuskoro 30poeto. Bucoka
LIBHJKICTH JIPOHIB 1 iX HE3aJIGKHICTH Bl YMOB MICLIEBOCTI 3a0€3NEUUTH iX HIBHIKE
NepeMilieHHs] 10 MiClsl BUKOHaHHs 3aBiaHHS. OKpiM BUKOHAHHS 3aBJIaHb BHSBIICHHS
Micllb pO3TallyBaHHS MiH i nepenadi iHpopmauii koxeH ApoH Moxe HecTH 3apsn BP 3
UCTAHI[ITHAM MTiIpUBaYEM.

3a MaTepiaaMH BIIKPUTHX JpKepel [6], 3aCTOCYBaHHs POIO APOHIB I BUPILIEHHS
BilICbKOBHX 3a/Ja4 aKTHBHO PO3BHBAETHCS B apMisX HAHOLIbII PO3BUHEHHX KpaiH CBITY.
Ha apiamiiiniit 6a3i 8 Kanidopsii (CILA) 25 xoBtHs 2016 poky HpOHILIM YCHilIHI
BUNPOOYBaHHs HaHOLIBIIOTO B CBITI POO JPOHIB, 1o ckiaxascs 3 103 anaparis Perdix,
HaapykoBanux Ha 3D npuntepi. Ha nymky BiticekoBoro kepiBauirsa CIIA, Taki rpymu
3 JICIIEeBUX OJIHOPA30BUX JPOHIB 371aTHI €(h)eKTUBHO BUKOHYBATH CKJIA/HI 3aBIaHHS, JUIs
SIKMX 3apa3 3acTOCOBYIOThbCS BEJHMKi, IOpOri amapaTd. Bijgbm Toro, y BiACyTHOCTI
JIIOIMHM piif i€ Habarato edeKTHBHIIIE, OCKUIBKU IMIBUALIC MPUHMAETHCS PIlICHHS 1
CIIiJi MUTTEBA peakllis Ha 30BHIIIHI (akTopu. Pesynbrati ekcriepuMeHTy Oyiau BU3HaHI
3aJ0BIJIbHUMH.

B Ykpaini po3pobieHo npucTpoi, BUOYXOBI PEUOBHHH Ta 3alPONOHOBAHO CIOCIO
MIPUTOTYBAHHS BOJOHAIIOBHEHOTO CIIIHEHOTO BHOYXOBOIO KOMIIO3UTY O€3MOCEPEaHBO
Ha Micli mpoBeleHHs poOiT.  3acTOCYyBaHHS [JAaHOTO CIIOCOOY MOMJIMBO IS
PO3MiHYBaHHSI MICLIEBOCTI I[UISXOM YOBHHKOBOTO IEPEMIlIEHHS IIHHOIO CTBOJA
y310BX (ppoHTY pobiT mpoTspkHicTIO 100 — 200 M 32 OIMH IMKI 3 HOKPUTTAM MIapy
miHocycreHsii 50 — 70 MM CMYXKH IPYHTY IHPUHOIO 5 — 10 M 1 MOJabIIuM MTiAPHUBOM
BUOYX0BOro Komno3utry Hutkoro JIIII. 3anpornoHoBaHO A1 pO3MiHYBAaHHS MepeciueHol
MICIIEBOCTI Ta i po3MiHyBaHHs MiHHUX moiiB [7]. He 3amepedyroun HOBH3HY i
OpMI'iHANBHICT [JAHOTO METOMYy,  BIAMITUMO psAI HEOOJNIKIB, $IKi BKa3ylOTb Ha
HEOOXIJHICTh JOONpALIOBAHHA METOAY B PEXHMI JOCTIJHO — KOHCTPYKTOPCBHKOT
pobotu:

e st (GopMyBaHHS IIapy OIHOPIZHOTO BHOYXOBOTO KOMIIO3MTY HEOOXiaHa
perenbHa MIATOTOBKA IOBepXHI TpyHTY (yOpaTu pOCIMHHE MOKPHUTTS, CTOPOHHI
ImpeaMeTH); Ul LbOr0 HEOOXiAHUH poOOTH30BaHMI NPHUCTPIH IS MiATOTOBKH
MOBEPXHi TpyHTY; abo Bu3HauuTH peuentypy BP, ska Oyae neroHyBaTH HaBiTh Ha
POCIMHHOMY IOKPHTTI;

® pO3poOHTH COCIO MepeMillieHHsI MIHHOTO CTBOJIA;

® po3pobuTH croci6 i 00IaqHaHHS TS 10/a4i 1 YKIa KU AETOHYIYOTro IIHypa B
cdopmoanuii map BP mo Bciii ioro goBxuHi a5 3a0e3nevdeH s cTabiIbHOT JeTOHAIliT;

® OLIHUTH HAAIMHICTH JEeTOHAIil MIHM uepe3 Iap IPYHTY Ta Jil0 MOBITPSHOI i
CefiCMIYHOT XBUJTb HA JOBKULIS 1 IOMYCTUMY Macy 3apsay.

BucnoBok. KopoTkuii oriis TeXHONOTIH po3MiHYBaHHS [IOKa3ye, 0 JUIS IOBHOTO
BUpILICHHS TpobieMu Oe3MeYHOr0 PO3MiHYBaHHS, OCOOIMBO B YACTHHI 3HEIIKOIKECHHS
BOKKHX MiH HeoOXiZHa mMojaibila po3poOKa METOMIB JUCTAHLIHOrO BH3HAYEHHS
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Micub iX po3TamlyBaHHA 3 IIOJAJbIIUM IHiJPHBAHHAM KOXHOI, ab0 TIpynoOBUM
IIiIpHBaHHAM HaKJIaJHUMH 3apAfaMH.
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OB SHEPI'UU KYMYJISITUBHBIX CTPYA U KOMIIAKTHBIX
3JEMEHTOB U IYTU YBEJUYEHUS UX YIAPHBIX CBOVCTB
10.H. Boiitenko’, P.B. 3alcycm102
lpraHHCKI/Iﬁ TOCYIapCTBEHHBIH Ie0I0TOpa3BeIOYHBIA HHCTUTYT
[ocTkuacKuii nHCTHTYT CYMCKOTO FOCYIapCTBEHHOTO YHHBEPCHTETA
voytenkoui @ gmail.com

BspeiBHBIE yCTpoOiicTBa KyMYJNSTHBHOTO JAEHCTBUS IIHUPOKO HCHONB3YIOTCS B
BOGHHOM JleJle B KauyeCTBE CPEICTB IIOPAKEHUS JIETKOOPOHUPOBAHHOH M TSDKEIOH
OpOHUPOBaHHOW TeXHUKH [ - 5]. B IpOMBINIIEHHOCTH UCTIONB3YIOT MPEUMYILECTBEHHO
kymynsTuBHbIE 3apsabl (K3) kamubpom 1o 100 MM 1 BecbMa peiko 3apsibl 00JbIIero
kajauOpa. M3BecTHO, 4TO riTyOWHA MPOHHUKAHUS U 00bEM KaBEpHBI MPOMOPIIHOHATBHBI
sHeprun kymynsatuBHoi ctpyn (KC) kak, Bpouem, SHEpPru JIpyrux yIapHHUKOB, a
BelMuMHa oOparHas o0beMy KpaTepa MpONOpPIMOHANbHA TBEPIOCTH MaTepuaia
nperpazpl [6]. ITo atomy ouenka sHeprun KC Ui pa3auuHbIX BUIOB KyMYJISTHBHBIX
YCTPOMCTB SIBISCTCSI MOJIC3HOW TPHU PELICHWH 3aJad Kak B TPHUKIAAHBIX, TAK U B
(GyHIaMEHTAIBHBIX UCCIIEOBAHUSAX.

Ipu cxinonbiBaHUKM KyMyJIATHBHBIX 00smnnoBok (KO) B hopme HH3KOChEpHUUecKux
cermeHTOB (hopmupyrotest yaapueie simpa (V51), B kotopeie mepexomut ~ 80 — 100%
Maccel 00nioBKH. CKOPOCTh YIApHOTO sijpa IpH 3TOM cocraBisieT ~ 1,5 — 3 km/c B
3aBHCHUMOCTHU OT CBOWCTB B3PBIBYAaTOr0 BEIIECTBA M INIOTHOCTH METAEMOr0 JlaiiHepa.

TIpu cxJI0nbIBAHUM KOHUYECKHX U OJM3KHUX K HUM 110 Gopme u koHpurypaunun KO
B KC nepexonut 10 — 20% maccel o0innoBkd. CKOPOCTH KYMYISTHUBHBIX CTPYH IpH
3TOM cocTaBisitoT ~ 5 — 10 km/c s KO u3 marepuanoB ¢ mioTHocteio  ~ (2,5 —
11)-10° kr/v’.

Ilpu cxnonsiBanun KO Gonee crnoxuO# (HOpMBI, YeM KOHYC wWin ChepHuecKuit
CerMEeHT, 00pa3yloTcsi BBICOKOCKOPOCTHBIE KOMIIakTHbIE 3neMeHThl (KD3), koTopble
JIBUTAIOTCSI B CBOOOTHOM TOJIETE CO CKOPOCTSIMHU, CPaBHUMBIMU co ckopoctsimu KC [5].
Oru KO mumenst nHegocratkoB KC, koropble npu (OpMHPOBAaHMH Ha OOJBIIHMX
pacCTOSHMSAX OT MHIICHH ITIPU JABWXKEHHUM B CBOOOJHOM IIOJIETE PACTATMBAIOTCH,
Pa3pyLIAIOTCs U PACHIBUIAIOTCS ¢ YMEHBIICHUEM INTyOHHBI KaHajIa B MUILCHU.

IIpakTuyueckuil HHTEpeC MPENCTaBIAeT CPABHUTENBHBIA aHANINU3 OTHOLICHHS
sHeprun KO Kk mpuBeneHHOH Macce 3apsna, KOTOPbIH XapakTepu3yeT cTeneHb oTOopa
sHepru B3peiBa KO min KC n ux ynapssie cBoiicTsa.

ITockonpky osHeprusi KC ompenensiercs Maccoil W CKOpPOCTBIO, TO Ui ee
orpezieNieHlss He0OX0AUMO 3HATh pacnpeneneHue ckopocrei Brosnb KC. Oto B cBolo
ouepesib TpeOyeT MPOBEACHUS CHEMATBHBIX OAUTHCTHYECKHUX IKCIIEPUMEHTOB.

Jnst umxenepHoit ouenkn sHeprun KC 6e3 mpoBefeHHs TakUX JKCIIEPUMEHTOB,
HCTIONB3YIOTCA TOJNBKO JAaHHbIE O ckopoctu TonoBHOM wactm KC. Jlnst storo
BOCIIOJIB3YEMCs IKCIICPUMEHTAJIbHBIMU U PAaCUCTHBIMH JAaHHBIMH, IOJYYCHHBIMU IJIsA
KO u3 nopomkoB Al, Cu-Pb n W-Cu-Pb [6]. KonnuecTBO KOMIIOHEHTOB B MCXOJHOU
cmecu 6bu10 90/10 1 70/20/10 (% macc). CkopocTb TooBHOM (Jinaupyoreit) yactu KC
— Menno-ceuHIOBOM KC cocransger 7...7,5 km/c, KC u3 xommnosura W-Cu-Pb —
6,4...6,6 km/c (3xcniepument) , Al u Cu-Al — 8-10 km/c (pacuer).

Jli1st YuCIeHHON OLIEHKHU MPUHSATHI CIEAYIOIINE JIOMYICHUS:

1. IInotaocts KC B MoOMeHT (HOPMUPOBAHUSI MPAKTHUECKH OCTACTCSl pPaBHOM
Ha4YaJbHOM IIJIOTHOCTH OOJIMIIOBKH.

2. Pacnpenenenue ckopoctu sneMenToB KC BOJb Hee ONMUCHIBACTCS JTMHEHHBIM
3aKOHOM.
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3. PamuanpHoe pacumpenue XxBocToBoii yact KC HaunHaeTcst Ha MO3AHEH cTagun
e¢ IBIKCHHS.

IlpiMeM 3aKOH pacrHpeleneHnsi CKOPOCTeH BIOJIb CTPYH B  CICAYIOLIEM
Oe3pa3MepHOM BHIE:

V =l+(n-1n=Vv, IV

jm !V jes

1=0..1.
Kunernyeckas sHeprusi CTpyd MIMHOM [, ¥ AMameTpoM d; NpH IOCTOSHCTBE

IIJIOTHOCTH BJ10JIb HEC ,D/ paBHa

T
Ey, :7d?pjlo[v/%n ViV +V:] ’ @

8 Jm= je

rae V,,, V,, - CKOpOCTH IrOJIOBHOI H XBOCTOBO# 4aCTH KC.

jm?
Jluametp cTpyH onpeaensuin o u3BectHoi (opmye [1]

1 20 P +p,

d, =Dy , )

J plpj
rae D,- BXOIHOW auaMeTp Kparepa (U3 9KCIIEPHMEHTa); O - MPEAEN CTaTHYECKH it
IIPpOYHOCTH MaTCpHajla MUIICHHU; PO, , pj - INIOTHOCTb MAaT€pHUajIoB MUIICHU U CTPYH; A

= 1 — [0S CIUIOMIHBIX CTPYH C HEBBICOKOW CKOPOCThIO; A= 2 — Ui pa3opBaHHBIX
BBICOKOCKOPOCTHBIX CTpy. B pacderax  HCIONB30BAINCH  3KCHEPHMEHTAJILHBIC
crpaBouHbIe JaHHBIE [1, 6]. Pacduer kuHeTwdeckoil sHeprum ymapHbIX sgep u KO
paccuuTHIBAJIM IO U3BECTHOW (opMmyIie.

PesynbTaThl pacyeToB NpuBeNCHBI B TabnuIe 1.

B Tabnuue npuseneHsl ciaenyroomue 0003HaueHus: d, - Kanmubp (Auamerp) 3apsa;

m,,,~ Macca B3pbiBuaroro semectsa (BB); Vi, - ckopocts KO nm KC; my, - macca
KOMIIAKTHOTO JJIEMEHTA; My, - Macca naitHepa; K, - sneprus KO.
AHainu3 pacyeTHbIX JAHHbIX, B Y4CTHOCTU Napamerpa Ey,/3/m,,, OKa3bIBaeT, 410

HeKoTopble (GopMbl JlaliHEpOB 0OecreunBaioT GOPMUPOBAHUE BHICOKOCKOPOCTHBIX KO,
XapaKTepU3YIOLUXcs 0oJjiee BHICOKOW dHEprueil npu JBHKEHUH B CBOOOIHOM IOJIETE,
yem knaccuueckue KC u ynapusie siapa (ctpouku NeNe 2, 3, 10).

XUMHUYECKOe BO3JCHCTBHE MEXIy KOMIIOHEHTaMH Komro3uta ynapHuka Cu-Al
BO3MOYKHO IIPH CKOPOCTH yzapa > 2-3 KM/C M NMOPUCTOCTH MaTepuaia CTpyH/yJapHUKa
> 29-30%. B ciiyyae yMmeHbIIEHHs MOPHCTOCTH B 2 pa3a CKOPOCTh ylapa JOJDKHA
COCTaBJIAThH HE MeHee 5...6 km/c [8].

BuiBobI

1. Ilpm mpoumx paBHBIX ycloBHAX (coctaB m Macca BB) mmerorcs nBa myTtu
HOBBILIEHHS] PHEPTHH, BBIAENAIONIECs B nperpane npu BzaumonercTeuu ¢ Heit KC u
Ko:

e pn3MeHeHHe POpPMBI OOIUIIOBKU U KOHCTPYKIHH 3apsijia;

e ucnonb3oBaHue Juist U3rotosiaeHuss KO mopucTeix KOMIO3UTOB, KOTOPbIE KPOME
MEXaHHYECKOTO JICHCTBUS B MpPErpaje, BHUICISIOT B HEH JOMOJIHUTENbHYIO SHEPIHIO B
pesynbrare ¢usndeckoro s¢ddexTa pazorpeBa M XMMHUYECKHX pEaKLUHd MEXIy
KOMIIOHEHTaMH KOMIIO3HTA.
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Tabmnuia 1 Pe3ynbTatsl pacyeToB

ﬁf d, | my, ]%3” Ve We | mgsr | myef  Exsy. | Egy/ NIISCT)H (D(I)fg & I':I:IL(:
n | MM Kr m/c Mo el 3 Mexp
1|30 | 0072 | TI- 2000- 129 | =05 20,2 48,5 | crams | momy- [1]
40, 3000 cepa
7600
HM 2200,- CTab,
2" 130 | 001 X 2050, ~10,0 | ~1,0 24,2 112,0 Cu, | HH3KO- [2]
~900 | 1360,3640 Ta, cdep.
0 , 2200 Al, Fe | cerment
0,01- | RDX 1800 20- 324... 150... Cu - 31
3 |40 | 0,03 | 8100 30 ~1,0 48,6 156
TT- 95,5
4 |50 |0314-| 50 1750- 43 ~1,0 69,7 102,5 Cu - [4]
04 | 8000 1780
8050
RDX 6000 20-40 | 0,12 360 318 |crams | cdepa- | [5]
5190 | 1,489 | 8000 8- LHITHHAD,
0,25 [(ein))]
6
6000- 10-15 | 0,06 | 210... 185... nonyan- | [5]
6" | - - 6500 4- 270 238 -~ | mumconn
0,09 BpALCHUS
6 _
LWUTHHAD
6000- 10-20 | 0,07- yeced. [5]
7| e - 8500 0,13 360 318 - ctepa-
LWUIHHAD
8" 7600 15-16 | 0,09 | 433... 382... - CL [5]
9" | - 10000 6 462 407 CII-1
0,10
7000- 0,1 127.8
10| 26 | 0,01 | RDX | 74000860 . 27,6.299| 2384 Cu, KOHYC [61
8100 | 0-9800 0,2 Al,
6400- W-
6600 Cu-Pb
11| 10 | 0,000 | KCIO4 3660 ~0,5| 6,7-10,2 | 23,8... Al noiy- [71
5-0,03 | +Mg 32,4 chepa
2100

=
Pacuer. OcranbHOE — HKCIIEPUMEHTANILHBIC JTAHHBIE

2. Jlnd pemieHHs HEKOTOPHIX INPUKIANHBIX 3amad Oojee IMpeanOYTHTEIbHBIMH
spistoTcss Takue ¢opmbl KO, koropble 00pasyloT BblcOKockopocTHble KO BmecTo
HU3KOCKOPOCTHBIX Y fl, TOCKOJIBKY BBICOKOCKOPOCTHOW PEXUM MPOHUKAHHS TTO3BOJIET
peann3oBath 3G HEKT BbIAETCHUS JOMOIHUTEILHON SHEPTUH B IIPErpase.
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*YKpaiHChKHil NepKaBHHUIT HAyKOBO-TOCTiAHMH iHCTHTYT “Pecypc
alekseytsapko @gmail.com

TekcTuiibHI BUPOOHM 3 HPHPOJHMX BOJIOKOH BCE YACTIlIE BUKOPUCTOBYIOTHCS B
pi3HUX TUMax OyniBeNbHUX KOHCTPYKLIH, SIK Y MOCTIHHUX, TaK i 30KpeMa B THMYACOBUX
criopynax. Ilig 4ac IpoXXUBaHHS 1 ONATIOBAHHS TAKUX CIIOPYX MOXJIUBE 3aiiMaHHS Ta
LIBUJIKE TOIIMPEHHS MOXEXKi, OCKUIbKM, TKAaHWHA YTBOPIOE 3HAuHE IOXKEXKHE
HAaBaHTAXCHHS. 3 ONIALY Ha Toif ¢akT, Mo caMe el Marepial YyTIMBUH N0 BIUIUBY
BHUCOKOI TeMIlepaTypd, IiJBHIIUTH pPIiBEHb MOXKEKHOI Oe3meku 00’€ekTiB, e
BUKOPUCTOBYIOThCS OY/iBEIbHI KOHCTPYKIT 3 TEKCTHIBHMX MaTepialliB, MOXIJIUBO 3a
JIOTIOMOT'OI0 1X BOTHE3aXHCHOT'0 00pOOIICHHSI.

JIns  KOMIUIEKCHOTO — 3aXMCTy TEKCTWJIBHHX — MarepialiB  BiJl  3aropsiHHS
3aIIpOIOHOBAHO BHKOPUCTOBYBAaTH CYyMIillli BOJAOPO3YMHHUX HEOPTraHIYHUX COIEH, ale
BOTHE3axHCHEe OOpOOJICHHS IMMH PEYOBHHAMH [UIsl TEKCTHJIBHHX MarepialiB He
IpUIaTHEe, TOMY IO Ha IIOBEPXHI CIIOCTEpIra€TbCs YTBOPEHHS BHCONIB, sKi
OCHMAIOTHCS, @ 3 YaCOM Marepiaj BTpadyae 3aXWCHI BIACTHBOCTI, IO MPUBOIMTH 10
3aiiMaHHs TOPIOYMX KOHCTPYKLi NIpH [ii BUCOKOTEMIIEPATyPHOTO MOJIYM s

HeoOxinHicTh BOTHE3aXHCTy aKTyalbHa sl 00’€KTiB MacoBOro mepedyBaHHS
JIIOJeH, sIKi BUTOTOBIICHI 3 TOpIOYMX TEKCTWIBHMX MarepianiB. Hwmkue HaBezneHi
MPUKJIAA TIOKEK XapaKTEePHHX [T HAMETOBUX MicTedok y 30poitaux Cunax YKpaiHu.

3okpema, 23 motoro 2017p. Ha Ilpuxapnarri (IBano-@pankiBcbka 00, M.
Konomust) cunbHa HoOXe)ka BHHHKIA B HAMETOBOMY MicTeuky 10-1 okpeMmol ripchko-
IITYpMOBOT Opurasy Ha TepuTopii BiicbkoBoi yacTunu (puc.1).

OnHiero 3 DOPUYMH IIBHAKOTO PO3BHTKY IOXeXi Oylza BiACYTHICTBH
MPOTHUIIOKEKHOTO 3aXHCTY MOAIOHMX BUPOOIB 3 TEKCTHIIBHUX MaTepialis.

B pesynbrati 3aropanHs 3HumieHi 15 50-MiCTHUX BENIMKHX MOJIBOBHX HAMETIB, 1€
Oifflli MPOXKKMBAIIM TOKH WIIIOB PEMOHT CTAlllOHAPHUX Ka3apM. 3 MPUYHUHK MPUIISTAHHI
JI0 IMMOBOI TpyOM KJlaraHa OTBOpY AJs i BcraHoBieHHs. [lix yac raciHHs moxexi 2
BIICHKOBOCITY0O0BIsT oTpuManu TpaBmu. [loxexero 3uuimeno 15 namerie YCB-56,
maiiHo cinyx6 PAO, KEC, 3B’3Ky, a TaK0X Pe40oBOi Ta MEAUYHOI CITYXKO.

30UTKH Bif TTOXKEXkKi CTaHOBIATH 8 MiIH. 113 THC. 679 rpH. lIIBHAKOMY HONIUPEHHIO
BOTHIO CIIPHSIB CUIILHUH BiTep.

Hesnauni TpaBMM (JIerki ONIKM PyK) HOpH pATYBaHHI MaiHa OTpUManu II'SITh
BIlICHKOBOCITY>KOOBIIIB, SIKi 3a0Mpain 0COOUCTI pedl 1 YacTHHY MaifHa Ta TEXHIKY.
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Puc. 1 Hacninku noxexi 23 mororo 2017 p 0 04.58 B Ilpuxapmarti (IBamo-
®pankiBcbka 0011 M. Konomust) y BifickkoBOMY MicTeuky Ha Teputopii B/4 3950 10-1
OKpeMOi IipchKO-INTYpMOBOI OpHrasu

Craructuka noxex y 30poiHux Cuinax VYkpaiHM CBiJUUTH PO Te, L0 HE
MIPUNUHSIOTECS TOXKEXI 3 NPUYMHU MOPYIICHHS MpaBul oOJiafHaHHS I eKcruryaramii
neyeid. 3 uiel npuunun y 2017 poky cranocs 15 % noxex.

Tak, 26 ciuHs cTamacs MoXexa B HaMeTl JUIsl PO3MIIIEHHSI 0COO0BOTO CKIaay B/4
A4279 (CB 3C VYkpaiun). B Hacniok moxexi oTpumaB oIiku 1 BiiCbKOBOCITYKOOBEIb.
30HUTKH BiJ MOXexi cTaHOBIATH 10 THC. 769 TpH.

18 nmroTOro 3 MPUYMHM 3aCTOCYBAaHHS JIETKO3aWMHCTHX PEUOBMH i Yac
po3NaTIOBaHHs Ieui crajnacs noxexa B HameTi YCB-56 mis posmilieHHs 0coO0BOro
CKJIaJy Ha TepuTopii HameToBoro micredka B/u A4590 (CB 3C Vkpaiuu). Ha noxexi
3aruHyaM 2 BilicbkoBOCTyxO00BLA Ta 1 BiliCBKOBOCIY)XOOBELb OTPUMAB  OITIKH.
IMoxexero 3HumeHo Hamer YCB-56 Ta iHme MaifHO pedoBOi Ta KBapTHPHO-
eKCIUTyaTaliifHoi ciyx06. 30MTKHU Bix mokeki cTaHoBIATh 338 THC. 777 TpH.

3 nmpu4nHT He0OEPEKHOTO MOBOPKEHHS 3 BOTHEM cranocs 12 % moxex.

Tak, 08 Gepesnst 2017 p. 3 wiei mpuunHKM cranmacs noxexa y Hameri YCT-56
MEIUYHOTO IYHKTY, PO3TAlIOBAHOTO HA TEPUTOPIii HaMeTOBOro Micreuka “Bombropd”
Mixxnapoanoro ueHtpy muporBopuocti Ta Oesneku (CB 3C Vkpainu). YV Hameri
po3millyBanucss  BiiCbKOBOCTYOOBILI ~ BilicbkoBoi uyactuHM A4520, sxi  Oymu
HAaIpaBJIeH] JO HAMETOBOTO MiCTeUKa JUlsl POBEACHHS caHiTapHOT 00poOku. Ha moxexi
TPaBMOBaHO 2 BiHCBKOBOCIYXO00BILI BiiicbkkoBol uactuHu A4520. [Toxexer 3HHUILEHO
HaMeT MeIu4HOTro IyHKTY Y CT-56. 306UTKH Bix IOXkexki CTAaHOBIATE 66 THC. 142 TpH.

BusueHnHs 00CTaBMH 3aru0eni el Ha MOoKeXaX CBIIYMTh, 110 OUIBLIICTh 3 HUX
3aTHHyJIa IiJ 4Yac HOXEXK Yy JKUTIOBUX OYIWHKAX, PO3TAIIOBAHMX Y BifICBKOBHX
Micreukax. [IporHo3yBaHHsS OCHOBHHUX IPUYMH BHHUKHEHHS MOXEX CBIAYUTH NPO TE,
IO TOJIOBHHMHM 3 HHX 3QJIHINAThCS: HEOOCPEIKHE NMOBOKCHHS 3 BOTHEM, HMOPYLICHHS
MPaBWI MOHT&XY Ta eKCIUIyaTallii eNeKTpoOOJaIHaHHS Ta eJIeKTPOnoOyTOBUX
npunaiB. OCHOBHUM 00’€KTOM BUHMKHEHHS MOXKEXK 3AIUIIUTHCS XKUTIOBHH CEKTOP.
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Kpim Toro, yepes npoBeieHHs O0HOBHX Hiif B 30HI KOHQIIKTY Ha cXoxi YkpaiHu,
3'BHJIACS] HOBA KATEroOpisl XapakTepHHUX MOXKEX y HAMETOBUX MICTEUKax, OB’ A3aHUX 13
3aCTOCYBaHHSIM IIIYHOTO OMNAJCHHS Yy 3UMOBHH IepioJ] Ta NOXEXI BUKINKaHI
3aCTOCYBAHHSM PI3HUX 3aMajiOBATbHUX CyMIllleid 3 BUKOpUCTaHHAM ymapaux BITJIA
(taGuuus 1).
Tabmuust 1 - Ilpukmamgu moxex B Ope3eHTOBHX HAaMeTax ISl PO3MILCHHS
BilicbkoBOCTY)00BIIB y 30poiiHux Cunax Ykpainu B 2019-2020 pp.

Ne . mosipHa .
TTomis Jlara, yac P Hacaigkn
3/m MIpUYKMHA
MOKEXKA MOPYILIEHHS
HaMeTi 19.01.2019, | npaBun sgumeno 2 Hamern YCT-56,
1 BiliCBKOBOT 09 rox. 45 | oOmagHaHHS ¥ | ocoOucCTi peui
YaCTHHU XB. eKcIuTyaTanii BiliCbKOBOCITYKOOBLIiB
A2802 reyeit
TOKEXKA MTOPYILICHHS
HaMeTi 24.03.2019, | npaBun 3HUIIEHO HaMeT VCT-56,
2 BiliCBKOBOT 01 rox. 43 | oOnagHaHHA Ta | 0OCOOUCTI peui
YaCTUHU XB. eKCIUTyaTaril BiIICBKOBOCITYKOOBIIIB
Al1872 rneuen
MOXKEXKA MIOPYILCHHS
HaMeTi 27.11.2019, | mpaBun 3HHUIIEHO HaMeT YCT-56,
3 BiliCEKOBOT 00 rox. 22 | obmagHaHHS Ta | 0OCOOMCTI peui
YaCTUHU XB. eKCILTyaTaril BiliCBKOBOCITYKOOBIIIB
Al1516 neuen
OTpUMAIIH OIKH 3
Tozkexa TIOpYLICHHA BilICBKOBOCITYKOOBIIS, 3HUIICHUN
HaMeTi 28.02.2020, | mpaBun T . .
. .. Hamer YCB-56, maitHo peuoBoi
4 BIMCHKOBOI 01 roxm. 45 | obmagHaHHS Ta N
ciyxbu Ta cioyxOu 3B’A3KY.
YaCTUHHU XB. eKCIUTyaTaril . .
. 30UTKH BiJ MOXEKI CTAHOBJIATH
A0139 rneuei
106 THC. 43 rpH.
MOXKeXKa MOpPYLIEHHS 3uumeHo Hamet [IMX, 2 Hameru
HaMeTi 08.03.2020, | mpaBma VCB-56, 3 wuamern YCT-56,
5 | BiiicekoBOT 12 rox. 30 | obnasHaHHS Ta | MAfHO TPOJOBOJIBYOI  CITYXKOH.
YacCTUHU XB. eKCIuTyaTarii 30UTKH Bij IOXKEXI CTAaHOBIATH
A3546 nevein 90 tuc. 872 rpH.
oTpUMaITH OTIKH pi3HoroO
CTYIIEHIO BaXKKOCTI 2
Tozkexa TIOpYLICHH BIMICBKOBOCIYKOOBILISI, 3HUILCHUHI
HaMeTi 04.04.2020, | mpaBun T L N
.y .. Hamer YCB-56, maiiHo peuoBoi
6 BIHCBKOBOI 00 rox. 30 | oOmagHaHHS Ta )
CIyxOu Ta cloyxOH 3B’A3KY.
YACTUHU XB. eKCILTyaTarii . .
. 30UTKH BiJ IMOXEKI CTAHOBJIATH
A0998 reyeit

30 tuc. 97 rpH.

3HauHa KUIBKICTh IOXEX Ta 3aropsHb Ha 00’ekrax 30poinux Cun Ykpainu
BUHUKA€ Y HIYHUH 4ac, IO CBiUUTH IPO HEZOCTATHIN KOHTPOJIb 32 0COOOBUM CKIIAJIOM
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3 00Ky mocaJoBHX 0Ci0 BIHCHKOBHMX YaCTMH Ta HM3bKY OpraHi3allilo cIy:kOu JoOOBHM
HapsIIOM.

Craructuka noxexx y 30poinux Cuilax YKpaiHM CBiI4MTb HPO HEOOXiOHICTh
(hopmyBaHHs e(eKTUBHOI CHCTeMHU 3a0e3mneueHHs JKHUBYYOCTI Ta
BUOYXOIMOXKEK00€3MeKH BICHKOBUX O00'€KTiB, 0COOMMBO MicClb 30epiraHHs 3amacis
Ooenpumnacis, NpUBECHHS ii 0 CTaHy, CIIPOMOXKHOTO 3a0e3Ne4YnTH HaiiHuil 3aXucT
0co6oBoro ckinany Ta 00'exriB 30poitHux Cun Ykpainu Bix noxex i BuOyxis [7].

Benuke 3HaueHHS JUI NOKpALEHHS CTaHY TEXHOIGHHOi Oe3neKH, >KUBYUOCTI,
BUOYXOIMOXKEK00€3eKH, 3a00iraHHs Ta CBOEYACHOrO i €(heKTHBHOIO pearyBaHHs Ha
TaKkoro pojay MOil, Mae MPOBEACHHS CHELIATBbHUX 3aXO/IB MO OXOPOHI 1 3aXUCTy
BilicbkOBUX 00’€kTiB B 30HI OOC, a Ha iHmIN TepuTopii OONAaTHAHHS CHELiaIbHUMH
CHCTEMaMH TEXHIYHHX 3aCO0IB OXOPOHH, OOOPOHH, 3aXMCTY, MOXKEKHOI CHTHAMI3aIll,
CHCTEMaMM PaHHBOTO BHSBIICHHS HA[A3BUYAaiHUX CHTYyalifl Ta ONOBILICHHS PO HHX
JIOJIeH, a TaKoXK MPOBEICHHS 3aXOiB MPO(MIIAKTUYHOrO CIPSMYBaHHS, HacamIepen
BOT'HE3aXMCHA 00pOOKa LIENI0I03HUX TOpHOYNX MaTepiaitis [8].

ToMy mOCHIZKEHHS, 10 HANpaBiIeHi Ha BH3HAYCHHS 3aKOHOMIPHOCTEH HUIAXIB
BOIHE3aXMCTy OpE3eHTOBUX TKAHWH, IO BHUKOPUCTOBYIOTHCS JUISi BHUIOTOBIECHHS
BIfiCbKOBUX HaMeTiB € akTyalrbHHM. OIHHUM 3 TaKHX HEPCIEKTUBHHX HAIpPSMIB €
BUBUEHHS YTBOPEHHs LIApy MIHOKOKCY NPHU BOTHE3aXHCTI TKAHWHHM KOMIIO3MIIIEI0 Ha
ocHOBI MozudikoBaHuX (GochopHO-aMOHIHHHX COEH.

AHaJi3 JiTepaTypHHUX JaHUX TA OCTAHOBKA NPo01eMHU

PoGora [1] 30cepemkeHa Ha NOBEAIHLI TEKCTUIIBHUX MEMOpPaH Ha PEaKLilo BOTHIO.
Knacudixariiini BunpoOGyBaHHs MPOBOAWINCH i3 TUIIOBUMH TEKCTHJIBHUMU BUPOOAMH.
ACOPTHMEHT NPOAyKIii OyB BUMPOOyBaHUi BOMa Pi3HUMH TECTAMH MAJIOTO TOIyM s,
Ha sIKI 4YMHHI WBeACchKi knacu¢ikauiiHi Tectu. Jleski mpomykte Oyau BUIpoOyBaHi
srizo 3 EN 13823 mo sBinse cepenHii MeTon BUIPOOYyBaHHS ISl BHU3HAUEHHS
LIBUJIKOCTI BHMAUICHHS TeIUla, YTBOPEHHS IMMY Ta PO3MOBCIOPKEHHs moiyMm’s. Kpim
TOro, Oyinu ImpoBeJeHi mupoKoMaciiTabHi BUIPOOyBaHHs, 00 OTpUMAaTH iH(OpMAaILiio
PO TIOBENIHKY BOTHIO B peajbHOMY 3aCTOCYBaHHI Ta BHKOPHCTOBYBAaTHChH SIK €TaJOH
npH ouiHui iHdopMmarlii, OTpMMaHOI B pe3ynbrari knacudikaniinux BunpoOysans. bBymu
Ppo3po0iieHi pi3Hi CleHapil TeCTyBaHHs, SIKi MOJICITIOBAJIN TTOBEIIHKY 3pa3KiB B OyIiBIIX
Ta 3aXWMCTy BiJ KJIIMaTHYHMX BIUIMBIB. MacmraObHi BUMNPOOyBaHHS —MOKa3aiu
BaXJIUBICTh BUMIPIOBAHHS IUMOYTBOPECHHS Ta BHHUKHCHHS IOIYyM SHUX Kpamenb y
knacudikaiiiHiin cxemi. Ane He HaBeJCHI BiAMOBIAHI (i3HUKO-XIMIYHI JaHi 11070 3MiHH
TKaHUHU B TIPOLIEC] eKCILTyaTallii.

Y crarri [2] pO3rIAAAaETbCS BUKOPUCTAHHS  BOJHO-CIIUPTOBOIO  PO3YHHY
TETPACTOKCUCHUIIaHY, BOJIHOTO pO3YMHY CHIIKAry Hatpito, (HocPOpOoBMICHUX
aHTI/Il'lipeHiB JJI1 HaJaHHsS BOTHE3aXHMCHHUX BJIACTMBOCTECH LECIOJIO3HUM TCKCTUJIIBHUM
Marepianam. JIOCTiKYIOTbCS MBHAKICTh TEIUIOBUALICHHS, Yac Ta MiKOBAa LIBUAKICTH
TEIUIOBUAIICHHSI, sIKI € HaHBaXIMBILIMMHU (aKTOpaMu TMPH MPOrHO3YBAaHHI IIBUIKOCTI
3pocraHHs moxexi. OJHAaK He BKa3aHO, SIK BUTPUMYIOTb JaHi KOMIIO3HLII 3MiHY
TEMIIEPaTyPHO-BOJIOTICHUAX BILTUBIB.

B pobori [3] mnokazaHo, DO CMOIM Ha OCHOBI MelaMiHy, IIHPOKO
BHUKOPHCTOBYIOThCS B TKAHWUHAX [UISl HAJaHHS BOTHE- 1 TEIUIOCTIHKOCTI. 3MO/IebOBaHi
€KCIIePHMEHTH 3 IIPAHHIM 3Pa3KiB IPUITYCKAIOTh, 110 38 OJUH LUKJI IIPaHHS BOJO0 76—
90% ™enaminy Oyino BHIAJICHO 3 OAAry. A TOMy HOCTae 3amada crabimisyBatH i
3adikcyBaTH aHTHUIIPEH Y MaTepiai.
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Po3knamaHHS BOTHECTIMKMX MaTepiamiB depe3 IIJBHIIEHY TeMmeparypy abo
KOHTaKT 3 IMOJIyM’SIM MPHU3BOAMTH 0 BUAUICHHS Py XIMIYHHX MPOAYKTIB, JIEsKi 3
SIKUX MOXYTb OYyTH JIOCHTh TOKCHYHHMH ISl JIIOAMHU [4]. Y MHHYJIOMY IIPOBOJIMIINCEH
HEBEIHKi 200 CTeH/I0BI BUMPOOYBaHHS MPOAYKTIB PO3KIAIAHHSI, e 3B/ BHHUKAIIH
[MUTaHHs [IOJ0 TOro, YW OyJAM BOHH PEMpPE3CHTATHMBHUMH JJIsi [MOBHOMACHITAOHUX
pe3ynbTariB  BUIpOOyBaHb Ha ropiHHA. 11l00 BH3HAUUTH, YM [OCTaTHHO IS
BUMIpDIOBaHHS MPOAYKTIB po3magy Ta YW OyIyTh pi3HI BOTHECTiHKI Marepiayu
YTBOpIOBAaTH “KiIacHuHuUi dipMoBHit” HabIp croNyK, OyIo NPOBEIEHO IIOBHOMACIITaOHEe
TectyBaHHA. OJHAaK MEXaHi3M CIYYeHHs IOKPHUTTS HpPH LIbOMY HE BKA3aHUH Ta He
BUSIBJICHI YMOBH €KCILTyaTamii MOKPUTTSL.

JlocnmipkeHo BIUTMB CTYICHsS OAHOPIAHOCTI 30im0 SiO, Ha TPHBANICTH MEPiOAY
iHAYKLii Ta sKICTh BOTHECTIMKMX IIOKPUTTIB Ha TEKCTWIBHUX MaTepiamax [5].
INepcnexktuBu BukopUcTaHHs [Y-CrieKTpocKoOmii sSIK EKCIpec-MeTOAy Ul BHBUYCHHS
(da3oBOro  ckiamy  TeNEBOrO  MOKPHUTTS,  CTYNEHS  3aBEpLICHHS  TiIpoJi3y
KPEMHIHOPraHiYHOro KOMIIOHEHTa Ta KOPUTYBaHHS MapaMerpiB s OTPUMAaHHS
BHCOKOSIKICHOTO BOTHECTIHKOro OIHAPHOTO MOKPHUTTS 30JIi MOKa3aHa Ha MpPUKIadi
cucremu antumnipeny SiO,. OHak He HaBeZeHI cepH 3aCTOCYBaHHI INX BUPOOIB.

TakuM YMHOM, 3 JITEPATypPHHX JHKEPES BCTAHOBIICHO, 10 BOTHE3aXHCHI MOKPUTTS 3IaTHI
3aXUIIATH TTIOBEPXHIO TEKCTHJILHOIO Marepiaiy BiJ| BIUIMBY BOTHIO IIPU €KCILTyarallil, ajne He
BH3HAYEHI TTapaMeTpH, sIKi 3a0€3Me4yIOTh CTIHKICTh 10 BTpaTy BOTHE3aXHCHUX BIACTUBOCTEH.
Henocrarnbo po3poOiieHO MaTeMaTHyHHX Mozieneill JUIl TOSCHEHHA 1 ommcy mporecy
BOTHE3aXVCTy TKAHHH, HEJOCTATHHO IIMPOKE 3aCTOCYBAHHS OPraHIYHMX PEYOBHH JUIL
YTBOPEHHS €IACTHYHUX TMOKPHUTTIB, MPU3BOAUTH JI0 3arOpaHHS KOHCTPYKLIH 3 JEpEeBUHH a
TaKOXK TEKCTWJIbHHX MarepiaiiB min Jieto momym’st [6-7]. Tomy BCTaHOBJIEHHsI IapameTpiB
3aXHMCTy TEKCTWIBHMX MarepiaiiB 1 BIUIMBY IIOKPHTTIB Ha II€d TpoOIeC, OOyMOBHIO
HEOOXIHICTb NMPOBECHHSI JIOCIII/PKEHb Y JAHOMY HAIPSIMKY.

Merta fociixkeHb

Metoto po0OTH € BBU3HAYEHHS BOrHE3aXHMCHOI €(EKTHBHOCTI 3pa3KiB €IEMEHTIB HAMETY,
BHTOTORIICHHUX 3 TApycHHOBOI (OpeseHTOBOI) TKaHuHU. lle /ae MOMUHBICTE OOIPYHTYBaTH
3aCTOCYBaHHSI BOTHE3aXHCHOTO TOKPHTTSI HAa HEOPraHIuHIi OCHOBI 3 JIOJABAHHSM IIOJIMEPHOIO
B’SDKYHYOr0 Ha 00’€KTax 3 3aCTOCYBaHHSIM TEKCTWIBHUX MATEPIIiB.

O0’ekT BUNPOOYBaHb: MOJENbHI 3pa3Kd €JIEMEHTIB HaMeTy, BHMIOTOBJICHHUX 3
napycuHoBoi (6pe3eHToBoi) TkaHUHH (puc. 2, 3), ski Oyi0 00pOOIEHO BOrHE3aXHCHHUMH
3aco0aMu:— HeOOPOOIICHNIT KOHTPOJIBHU (EKCIIEpUMEHTAIBHH 3pa3ok 2a);

— 00poOeHnit 3pa3ok BOTHE3aXHCHHM MOKPUTTSIM Ha HEOpPraHiyHii OCHOBI 3
JOZIaBaHHSM TOJIIMEPHOr0 B’sDKy4oro (eKcneprMMeHTanpHHN 3pa3ok 20). B skocti
MAJIBHOTO 1S BANPOOYBaHb BUKOPUCTOBYBAJIACh pijiKa 3alaiioBajibHa CyMilll (OeH3MH).

MeTtoauka BUBHAYEHHS MOKA3HUKIB BOTHE3aXHCTY eJIeMeHTa HaMeTy

Bu3HaueHHs1 BOTHE3aXxMCHOI €()eKTUBHOCTI NMPOBOAMIM 32 THMYACOBOK POOOYOI0
METOIUKOIO.

Merto/ eKCIEpUMEHTAILHOTO BU3HAYCHHS €(DEeKTUBHOCTI BOTHE3aXUCTY €IEMEHTIB
HaMeTy, BUTOTOBJICHUX 3 MAPYCHHOBOI TKAHHHH, SIKi 0YyJI0 00pOOIEHO BOrHE3aXHCHUMHU
3aco0aMu MMoJsirae 'y BIUTHBI Ha 3pa30K MOiyM’st OeH3uWHY (MOENbHA 3amalioBalibHa
peyOBHHA) 3 3aaHUMHU ITapaMETPaMU Ta PEECTPYBaHHI yacy 10 3aliMaHHS i BU3HAUCHHS
BTpaTH MacH 3pa3Ka Iiciisi BUIPOOyBaHHS.
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a 6
Puc. 2. MonenbHi 3pa3kyl €1€eMEHTIB HaMeTy, BUTOTOBJICHHX 3 TaPYCUHOBOT TKAHUHU:
a — HeoOpoOieHWH KOHTPOJBHUH; O — 3pa3ok sAkuii Oyno 00pobieHO

BOTHE3aXMCHUM 3acO00M Ha HEOpraHiuHiii OCHOBI 3 [O/aBaHHSIM IOJIMEPHOTO
B’SDKYUOTO.

3pa3oKk HaMeTy, 110 BHUTOTOBJICHMH 3 IAPyCHHOBOI TKAHMHM BCTAHOBJIIOBAIM Ha
migcraBky. [lix 3pa3ok ejgeMeHTa HAMETy BCTAHOBJIOBAIM €MHICTH giametpoM 40 MM i
BHCOTORO 30 MM, B SIKMiA HOMILIIANHY 3aajlioBaibHy cyMill y Kinbkocti 30 r ( Puc. 3).

[MigmamoBany HanbHE 1 3pa30K HAMETy BUTPUMYBAIH Yy IIONYyM’I MaabHOrO
MIPOTSATOM Yacy BUTOPSIHHS Ta J0 BiJICYTHOCTI CAMOCTIHOTO TOPiHHS 1 TJIHHS.

KpurepieM BH3HAueHHS €(EKTUBHOCTI BOTHE3aXHCTY 3pa3ka HaMETy € BiJCYTHICTh
3afiMaHHS Ta HOLIMPEHHS IOIyM’s HOBEPXHEIO, 3HAYCHHA MOKA3HHMKA BTPATH MAacH
3pas3Ka HaMeTy, sKa IOBUHHA CTaHOBUTH He Ounbie 10%.

Puc. 3. MopenbHHIT OcepeioK MoXKexi

Pe3yabTaT 10CTilZKeHHS NPOIecy BOTHE3aXHCTY eJ1eMeHTiB HaMeTy
Ha ©puc. 4 rmoka3aHO pe3ynbTaTd BOTHEBUX BHIPOOYBaHb  BHXIJHOTO
HEeoOpOOIEHOro 3pa3Kka eJIeMEHTIB HaMeTy, BUTOTOBJICHHUX 3 TMapyCHMHOBOI TKAHUHU; Ha
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puc. 5, 6 — 3paska eIEMEHTiB HaMeTy, BHTOTOBJICHHX 3 IapyCHHOBOI TKaHUHH,
00p06IEHOr0 HEOPraHIYHUM 3aC000M 3 JOAABAHHAM MOJIIMEPHOIO B’SHKY4OTO.

"

Pl €

Puc. 4. PesynapTarii BOTHEBHX BHIIPOOYBaHb HEOOPOOJICHOrO MOJIEIBHOIO 3pa3Ka
CIIEMEHTIB HAaMeETy, BUTOTOBJICHUX 3 IAPYCUHOBOI TKAHMHH: A — 3allIOBAHHSA MOJEIBHOTO
BOTHUINA; O — TOYATOK PO3KJIANY TKAHWHM; B — 3aiMaHH TKAHUHU;

I' — TOPIHHS TKAHWHW; J| —BOTHMILE IIiCIs TOPIHHS; € — IMOBHICTIO 3ropili 3aUIIKH
TKaHWHH Y BUTJISI TIOTIETY.
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B T

Puc. 5. Pe3ynpraTi BOrHeBUX BUIIPOOYBaHb BOTHE3AXUILEHOIO MOJIEIBHOIO 3pa3ka
€JIEMCHTIB HAMETy, BHTOTOBICHUX 3 IApyCHMHOBOI TKAHMHM: a — 3alallOBAHHI
MOJIEJIHOTO BOTHHMINA; O — II0YAaTOK PO3KJIaay HOKPUTTS; B — pyHHYBaHHS KOHCTPYKIIIi;
T — BOTHHIIIE TICIIsI TOPIHHS

B Tabmumi 2 mpuBeneHO pe3yIbTaTH BTPATH MacH Ta 4ac TOPIHHSA MOJEIBHOIO
BOTHUILA.
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Tabmuns 2 - PesynbraTd BOTHEBHX BUIPOOYBaHb MOJIEIBHOTO 3pa3sKa CIEMEHTIB
HAaMETy, BUTOTOBJIEHUX 3 IaPYCHHOBOI TKAHWHU

Monenbuuit Maca 3paska, Kr Yac Brpara CryuenHs,
3pa3oK  HaMeTy TOPIHHS ~ |MacH 3paska|MM
BUTOTOBJIEHOTO 3| 10 mics 3paska, ¢ | micis

apyCHHOBOT BUIPOOYBaHb | BUIIPOOYBaHb BANPOOYBaHb
TKaHWUHHU Am, %
HeoOpobOnenuit | 0,2140 0,002 114 100 -
O0pobneHuit

3ac000M na|0,374 0,345 576 7,75 3...5
HEOpraHiuHii (uac

OCHOBI 3 TTOBHOTO

JI0/laBaHHIM BUTOPSTHHS

HOJIIMEPHOTO IaJTbHOTO)

B’SKYYOr0

Puc. 6. Pe3yapTaTd BOTHEBHX BHIPOOYBaHb BOTHE3AXUILIECHOIO MOJEIBHOIO 3pa3Kka
CIICMEHTIB HAMETy, BHI'OTOBJICHHX 3 MapyCHHOBOI TKAaHWHU: YTBOPEHHS 3aXHCHOTO
CIYYEHOT'0 LIAPY KOKCY MPH il MOIyM’ st TIOKEKI

B pe3ynbrari npoBeieHUX BOTHEBHX BUIIPOOYBAaHb BCTAHOBIICHO:

— mpu gii momym’s Ha HeoOpoOJeHI MOZENBbHI 3pasKd EJICMEHTIB HaMeTy,
BUTOTOBJICHHX 3 IapyCHHOBOI TKaHWHHU NPU3BOIUTH A0 3aiiManHsi Ha 4045 c Ta
MOLIMPEHHSI MOJYM’sl MOBEPXHEI0, IO MPH3BOAUTH 1O HOro IIBHUAKOrO i MOBHOIO
sropanHs npoTaroM 105+120 ¢ 3 HOBHOI BTPaTOI0 MEXaHIYHOI LITICHOCTI 3pa3ka
TKAQHUHU;

— MOJICNIBHUI 3pa30K €JIEMEHTIB HaMeTy, BUTOTOBJICHHX 3 MapyCHHOBOI TKaHUHH,
00po0IEHOr0 HEOpraHiYHUM 3aC000M 3 IOJABAHHAM IOJNIMEPHOTO B’SKYYOrO, IPH
3amaoBaHHI PEYOBHHOK HA OCHOBI OCH3HMHY, HE 3aropiBcsi, MOIIUPEHHS MOIYyM’si HE
BinOynocs. IIpu 10My 3a(iKCOBaHO OCTATOYHE TOPIHHS IPOTATOM BCHOTO 3 C, 8 TAKOXK
CIIyYEHHS 3aXHCHOTO MOKPUTTS, L0 csrajo 3...5 MM TOBHIMHOIO Ta BinOysocs
0OBYTJICHHS MTOBEPXHI TKAaHWHM Ha 1uiomi 011u3bko 80 % 3 BHYTPIMIHBOI CTOpOHH, 03
3HAYHOI BTpaTH il MeXaHIuyHO LiJiCHOCTI.
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BucHoBkn

1. TIpoBeieHO HATYpHI BOTHEBI BHIIPOOYBAaHHS €JI€MEHTa HAMETY Ta BCTAHOBJICHO
MMOBHE 3rOpaHHs HEOOPOOIEHOTro 3pa3ka TKAaHWHH 32 KOPOTKHUN MPOMIXKOK dacy Bixg 40
no 120 cek., mo (akTHYHO YHEMOXIIMBIIIOE O€3IeUHy eBaKyalilo 0COO0BOro CKJaxy
0e3 pU3MKY 3arMHYTH Y TPaBMYBATHCS, OCOOJIMBO B HIYHHHI Yac ITiJl yac CHY.

2. HatoMicTh Uil BOTHE3aXHMIIEHOTO 3pa3ka BCTAHOBJICHO BIJICYTHICTh 3aropaHHs
Ta CTIHKOro MOIIMPEHHS MOJNyM’s INPOTATOM BChOrO Ipolecy miAnamoBaHHs (10
XBHJIMH), IO JIO3BOJIUTH 3/IHCHUTH CBO€YACHY €BaKyallilo 0COOOBOrO CKIagy Ta
31ilicHIOBaTH e()eKTHBHI 3aX0/1 LIOI0 MOXKEXKOTACIHHS Ta JIOKali3amii HOXKexi.

3. Iloka3aHo OCOONMBOCTI TalbMyBaHHS IIPOLIECY IepeJaBaHHS TeIa [0
Marepiany, mo oOpoOyieHHH KOMITO3MLIEI0 Ha OCHOBI MOIH]iKoBaHUX (HochopHO-
aMOHIMHUX 3’€[HaHb, SKi [OJSTalOTh B YTBOPEHHI Ha MOBEPXHI TKAHWHH
TEIUI03aXMCHOTO MIapy CIIHEHOTO KOKCY TOBIIMHOIO 3-5 MM.
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3MIHHU 14 CIIEKTPY KPOXMAJIIO
MPU MOT'O HITPYBAHHI A30THOIO KUCJIOTOIO
C.A. Tmuemcol, B.K. .J'Iylcamon2
ICyMCLKI/Iﬁ NP KaBHUIN YHIBEPCUTET
’[ocTKUHCHKHIA 1HCTHTYT CyMChKOro JIepKaBHOIO YHIBEPCHTETY
khtms @ishostka.sumdu.edu.ua

Kpoxmanb — ofMH 3 HaiiOlIb1I PO3MOBCIOKEHHX TOJicaXapH/IiB, XIMIYHUI CKIa]
SIKOTO aHAJIOTTYHUH [EITF0II031, Ta Ma€ TaKi MepeBard MOPIBHIHO 3 IHIIMMU TPUPOTHIUMHI
moJiMepamu:

- MIMPOKa CHPOBHHHA 0a3a HasBHA B 0ararbox KpaiHax.

- BIJHOCHA MpPOCTOTAa XIMIYHOI MoIUpikamil Ui HaJaHHA HOMY KOPHCHHX Y
MIPaKTHUILlI BIACTUBOCTEH.

- mBHUKa (IIOpiYHa) BiTHOBIIOBAHICTh CUPOBHHHU JUIS HOTO OJIepIKaHHS.

- MEHIIA ITOPIBHSIHO 3 LIEJII0JI03010 BAPTiCTh.

Peakiist kpoXmamio 3 a30THOIO KHCJIOTOIO INPU3BOAUTH JIO YTBOPEHHs HITpaTy
kpoxmamo. OcTaHHIfl BHKOPHCTOBYETHCSI B SIKOCTI BHOYXOBOI PEUYOBHHH abo s
BUTOTOBJICHHSI OE€3IMMHUX MOPOXIB Ta IHIIMX MOJIMEPHHX MarepialiB, B SIKMX MOXE
CIIyTryBaTH 3aMiHHHKOM HITpary 1eiroao3u [1].

Ha mpaktumi s HITpyBaHHS KPOXMAJF0 BHKOPHUCTOBYIOTH HITPYBaJbHY CYMIIl,
sKa CKJIAJa€Tbcsi 3 a30THOI Ta cipwyaHoi kucior [2-3]. OpgHak Taka TEXHOJOTiS
MIPU3BOJUTH 10 YTBOPEHHS CipYaHOKHCIUX e(ipiB B 0JEpKyBaHOMY HIiTpaTi KpPOXMAIO,
SKi 3HW)KYIOTh HOro XxiMmiuny criiikicte. L[ mpobiema Moxe OyTH BHpillleHA MpH
BUKOPHCTAaHHI B SKOCTi HITPYBAJIBHOTO cepeloBUINa oxHiel a3oTHOI kucimoTu. [l
CTBOPEHHS TaKOl TEXHOJIOTIT HEOOXITHO 3HATH 3aKOHOMIPHOCTI HITPYBaHHS KPOXMAITIO
TIJIBKHM a30THOIO KHCIJIOTOI0. B Tol ke wac iHpopMamis npo 3MiHy XiMIYHOTO CKJIQAy
KPOXMAJTIO, 1[0 HITPYETHCS, BiACYTHS. Taky 3MiHYy MOXIJIMBO BU3HAYUTHU 3 JAOTIOMOTOO
IY cniextpockormii.

MeTo0 1BOTO JOCTI/DKEHHS € BCTAHOBJEHHS Xapaktepy 3MiH [U cmekTpy
KPOXMAJIIO, SIKUH HITPYETHCS a30THOK KHCIIOTOK Ta 3B’S3KYy LMX 3MIH 3 XiMIYHUM
CKJIAJIOM MOJICKYJI OJIEP>KYBAHOT'O HITPaTy KpOXMallo.

ExcnepuMeHTaIbHA YACTHHA

B upoMy nocmimkeHHI BUKOPUCTOBYBaIHM Kpoxmaib kapTomisiauii TOB «Omimmy»
(M. XapkiB). Ilepen HITpyBaHHAM /Ul BUAAJICHHS NEKTHHOBHX Ta JXHPOBHX BKJIIOYCHB
KpoxMainb mnpomuBanu cnodatky 0.25 % COOOBMM pPO3YMHOM, MOTIM ABidi
JMCTWIILOBAHOIO BOAOI0 KIMHATHOI Temneparypu. IIpoMuTnii kpoxmainb CyMIWIH J10
rocTiiHoi Macu npu temrnepatypi <60°C.

3pa3Ki HITpaTy KpOXMAII OICPKYBAIM HULIXOM OOpPOOKH MiATOTOBICHOTO
KPOXMAJII0 HITPYBAIBHOK CYMIIINII0O a30THOI KHUCIOTH 3 BOJOK BHOpaHOL
KOHIIGHTpallii, ska 3a0e3meuyBaja 3agaHMil CTYMiHb 3aMilleHHS (BMICT a30Ty).
HaBakky KHCIOTH NOMILIaIM B TPbOXIOpJy KPYIJIOAOHHY KOJIOY, BCTaHOBIIIOBAJIH
TEpPMOMETpP 3 IPHUTEPTOI0 MPOOKOI0, TEPMOCTAaTyBalM JO BHOpaHOi TeMmIepaTypu Ta
3aBaHTAXKYBAIM HABAXKKY KPOXMAJIIO, BCTAHOBIIOBAIM MIIIAJKY i HITPYBaIM HPOTSAIOM
MEBHOr0 4Yacy IpU II€piOAMYHOMY MEpeMilllyBaHHI Ta HOCTIHHOMY KOHTpOI
Temmepatypu. [licns 3akiHYeHHsS MPOLECY HITPYBaHHS WPOAYKT BiJIUISIA  Bif
HITPYBaJIBHOI CyMillli IIUIIXOM BHCaJDKEHHSI HOro y BeJIMKHMI 00’€M BOAM KiMHATHOL
Temmnepatypu. Ocajl HITpaTy KpOXMAJIIO, 1110 YTBOPUBCS, TPOMHBAIIH CIIOYATKY Iapsdol0
(90-95 ©C) BoAOI TOTIM AWCTHIBOBAHOIO BOJOI KIMHATHOI TeMIIEpaTypH,
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¢binpTpyBaNM Ta CYIIMIN IO IOCTiifHOI MacH mpH Temieparypi 55°C B cymuibHil madi
3 BIIYMHEHOK [Beplieto. BUCyleHniT HITpaT KPOXMai0 aHali3yBald HA BMICT a30Ty
¢depocynbhaTHuM MeTo0M [4].

IU crexTpu BHUXIZHOTO KPOXMAIIIO Ta OJEP)KAHOTO IMICNs HITPYBaHHS HITpary
Kpoxmano peectpyBanu Ha ®Dyp’e crnexrpomerpi mozeni Cary 630 FTIR Agilent 3
MIPUCTABKOIO MOPYILIEHOTO MTOBHOTO BHYTpiurHboro Binburts (I[111BB) B ciekrpansHoMy
miamazoni 4000-700 cM~! 3 posminsHOO 3matHicTIO 8 cM~l. IligroToska 3paskiB mms
aHaNizy mossirana B X HOApiOHEHHI Ta MOJalbIIOMY BUCYIIYBaHHI 10 MOCTIHOI MacH.
[igroToneni 3pa3ku mnomimianu Ha Kpucran mnpuctaBku [I[IBB 3a gomomororo
MiIKpOIIIATEeNo, Ta MPIKAMAIN {X TOJOBKOIO IPECY IICISA YOro PO3IOYHHAIN aHAII3.
TpHBaTiCTh 3aIMCY OJJHOTO CIEKTPY CKIaIa€e NPHOIH3HO 1 XBHUIMHA.

OOroBopeHHs pe3y/IbTaTiB

U crnekTpu BHXIJHOTO KPOXMATI0 Ta HITPaTiB KPOXMAaJI IMPEACTaBIeHI Ha
pucyHkax 1-3.
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B IY cnextpi BuXifHOro kpoxmamo (puc. 1) Oyau BU3HAYEHI CMYTH MOTJIMHAHHS
KOJIMBAHHS TPYI aTOMIB, SIKI XapaKTEepHi Ul XIMIYHOTO CKJIAAy MOJCKYJT KPOXMAIO:
BaJICHTHI KOJIMBAHHS BOAHEBO 3B'SI3aHUX T1APOKCHIBHUX TPYII y Aiana3oHi yacToT 3650-
3000 cm™!, BanenTHi xonusamus rpyn C-H, 1m0 MaroTh MakcUMyM iHTEHCHBHOCTI 3
uactotoro 2928 cm~!, nedopmauiiini komusamms rpyn O-H B amcopGoBaHux
MoJleKyax BoAM y Aiamasoni wactor 1700-1500 cM™1, nedopmaniitni komupanus C-O-
H, CH,, C-H, C-0-0 y giamazoni 1500-1300 cm~1[5-7].

B Y cnekTpi HM3bKOA30THOTO HITpaTy KPOXMalko, OJECPKAHOTO MpH HITpyBaHHI
70% BOXHMM PO3UMHOM A30THOI KHCIOTH (PUC. 2) HNOPIBHAHO 3 BUXIJHUM KPOXMajeM
cMyra MOIIMHAHHSA y jianasoni yactor 3650-3000 cm™! crae MeHun iHTeHCHBHOIO, ale
HE 3HUKAE, L0 CBIAYMTH MPO HU3BKUH CTYIHb 3aMiIEHHS TiIPOKCHIBHUX rpym. Y
pe3ynbTaTi 3aMilleHHS TiJPOKCHIBHHUX TPy, 3’SBIAIOTBCA CMYTH IIOIIMHAHHA 3
MakCHMYMOM iHTEHCHBHOCTI 3 wacToToro 1633 cM™!, mo aHanoriuHo HiTpaTy
LEJI0I03H, BIANOBIA€ BaJEHTHUM KOJMBaHHAM Hitporpyn [8]. CMyra HoriuMHaHHS 3
MaKCHUMyMOM iHTEHCHUBHOCTI 3 4acToTor 1279 cM™1, sIKy MOXHO TNOB’sI3aTH 3
BQJICHTHUM CHMETPHYHHMM KOJIMBaHHSAM HITPAaTHHUX Tpym. CIEKTp HITPaTy KPOXMAIIIO
TaKOX XapaKTepPU3YeTbCA IHTGHCHBHOIO CMYrOI0 IIOIIMHAHHA 3 MAaKCHMYyMOM
iHTeHCHBHOCTI 3 uacToTol0 844 cM~ !, Ta CMyraMH CepeiHbol IHTEHCHUBHOCTI 3
yactoramu 758 cM~ 1, 709 cM~!, siki BigmoOBimalOTH Mo3a IUIOIMHHMM Ta IUIOMMHHUM
MasATHHKOBHM KOJIMBaHHSAM HITPATHUX TPYI [9].

B IY choexTpi BHCOKOAa30THOIO HITpaTy KpOXMalio, WI0 OylIO OJEepiKaHO
HITpyBaHHAM 98% BOIHMM pPO3YMHOM a30THOI KHUCIOTH (pHC. 3), MOBHICTIO 3HHKA€E
cMyra y BHCOKOYACTOTHiif 06IMacTi crmekTpy B Aiamasoni wactoT 3650-3000 cM~1, ska
XapaKTepHa I TiApOKCHIBHUX rpyn. CMyru NOTIMHAHHS y HU3bKOYAaCTOTHIH 00macTi
CIIEKTPY BHCOKOA30THOTO HITPATy KPOXMAJIO, SIKi XapaKTepu3yloTh HIiTpaTHI TPyIH, €
O111b IHTEHCUBHUMU HIXK y HU3bKOA30THOTO HITPAaTy KPOXMAJIIO, 10 BKa3ye HA BUCOKHM
CTYIIIHb 3aMIIIEHHsI BUCOKOA30THOTO HITpaTy Kpoxmamto. Bci BOHM 3a BHUKJIFOUCHHSIM
CMyTH 3 YacToToro 1279 cM™! femo 3MimeHi BiTHOCHO CMYT HH3bKOA30THOTO HiTpaTy
KpOXMaJTo (MaroTh MAaKCUMyMH IHTEHCUBHOCTI 3 4acToTamu 1640 cm~ 1, 829 em~1, 750
Ta 683 cm™1). 1le Moxe OyTH IOB’s3aHO i3 BUCOKHM BMICTOM BOAM B a30THiil KHCIOTI
Ta MHPOTIKAHHAM IOOIYHMX peakuill MiJ Yac oJepXKaHHS HH3bKOA30THOIO HITpaTy
KPOXMaio.
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BucnoBkn

B poboti O6ynu ozxepxxani Ta npoaHatizoBaHi [U cnekTpyu BUXIZHOTO KPOXMATIO i
HITpaTy KpOXMAIO 3 Pi3HHM BMICTOM a30Ty (CTyHEHEM 3aMillleHHs), OJEPKaHOTO IIPH
HITPYBaHHI KPOXMAaJIF0 a30THOK0 KHCIIOTOKW. BCTaHOBIEHO, 1O iHTEHCHBHICTH CMYTH
MOTJIMHAHHS, SKa XapaKTepHa IS BHXIAHOIO KPOXMAI0 Ta BiANOBINAE BAJICHTHUM
KOJIMBAHHSAM TiJPOKCHUIBHUX TPYIl y BHCOKOYACTOTHIN 0ONACTi CIEKTPY HITpaTy
KPOXMAI0 3MCHIIYEThCS Ta 3°ABISIETBCA PSR HOBUX CMYr IIOIJIMHAHHA B
HU3BKOYACTOTHIA 007acTi, sKi BIAMOBIJAIOTH KOJMBAHHSAM HITPATHUX Tpym. 3i
301IBLIEHHSIM CTYIEHIO 3aMILIEHHSI OJIEPIKYBAHOTO HITPATy KPOXMAIO IHTEHCHBHICTD
CMyr MOIJIMHAHHS HITPaTHUX TPy 3pOCTae, a CMyra IIOTJIHHAHHS KOJUBAHHS
TiIPOKCHIBHHUX TPYN Maike MOBHICTIO 3HMKAae. Hu3Kka CMyr MOMIMHAHHS KOJMBAHHS
HITPaTHUX TPYyH LbOIO HITPATy KPOXMAIIO JEHIO0 3MIIIeHi 3a 4YacTOTOI BiJHOCHO
AHAJIOTIYHUX CMYT HU3bKOa30THOTO HITPATy KPOXMAIIIO.
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OIIITHKA OBOPOHHO-ITPOMHCJIOBOI'O KOMILIEKCY YKPATHH, SIK
OCHOBH 3ABE3NEYEHHS BOEHHOI BE3NIEKU JIEPKABU Y BOEHHO-
TEXHOJIOI'TYHIA COEPI
LB. lIemcon;l, O.B. ,Il,'oncyllau;2
'LenTpanbHuit HAYKOBO-IOCIIAHHIA IHCTHTYT 030POEHHS Ta BillCHKOBOI TEXHIKH
36poiinux Cuin Ykpainu

2Yr[palanil-n-m Cb Vkpainu B Jlyrancekoi Ta JJoHenpkoi oonactsix
cndi_ovt@mil.gov.ua

O6oponHo-mpomucioBuit komruieke (OIIK) sk cekTop eKOHOMIKH, MpU3HAYCHUIT
JUIsl pO3poOIIeHHs 1 BUPOOHHMITBA MPOAYKLII BiliCbKOBOro NpHU3HA4YeHHs, (AKTHYHO €
(dhyHIaMEeHTOM BOEHHOI Oe3Mekn Ta 000pOHO3MATHOCTI KpaiHu. [linTpuMaHHs BHCOKOTO
piBHS HOro pO3BUTKY € OJHUM i3 HPIOPUTETHUX BOEHHO-EKOHOMIYHHMX 3aBJIaHb
MOJNITHKY HalliOHATBHOI Ta BOEHHOI Oe3lekd JepkaBu. He3Bakarounm Ha IIMPOKe
BUKOPHCTAHHS B 3aKOHOABUMX Ta HOPMATHUBHO-NPABOBHX aKTax TEpMiHy "OOOPOHHO-
IIPOMUCIIOBHI KOMILIEKC" (HanpHKIak, 3akoH Ykpainu Bix 16 yepBHs 2011 p. Ne3531 -
VI "TIpo ocobnuBoCTi ympaBiiHHS 00'€KTaMK JepKaBHOI BJIACHOCTI B OOOpPOHHO-
IIPOMUCIIOBOMY KOMILIEKCI" Ta IHIIL), caM TEPMIH J0 IbOTO 4acy HEe Ma€ 3aKOHOJAaBYOT0
BHU3HauYeHHs. Ha HOpMaTHBHO-IPaBOBOMY piBHI HOr0 BU3HAYCHHS HamaHO suie y 2015
p. y Boenniii noxrpuni Ykpainu, 3arBepukenoi Ykaszom I[lpesunenra Ykpainu Bin 24
Bepecust 2015 p. Ne 55/2015 (nani - Boenna noxrpuna-2015): o6oponno-npomuciosuit
KOMNJIeKc - CYKYIHICTb MIAPUEMCTB, YCTAHOB 1 OpraHi3alliif IPOMHUCIOBOCTI Ta HAyKH,
0 PO3POOIIAIOTE, BUPOOIIAIOTH, MOJEPHIZYIOTh 1 YTHIII3yIOTh IPOLYKIIiI0 BiHCHKOBOrO
NIPU3HAYEHHs, BUKOHYIOTH IIOCHYTM B iHTepecax OOOpOHM JUISI OCHAILICHHS Ta
MarepiajgbHOro 3al0esnedeHHs cuil Oesneku 1 OOOpPOHM, a TaKOXK 3AIHCHIOIOTH
[IOCTAYaHHsI TOBapiB BiiCHKOBOI0O MPU3HAUECHHS Ta MOJABIHHOTO BUKOPUCTAHHS, HaJaHHS
MOCIIYT BIHCHKOBOTO MPHU3HAYEHHS ITiJl Yac BUKOHAHHS 3aXOiB BiHCHKOBO-TEXHIYHOTO
chiBpoOiTHUITBa YKpaiHu 3 iHO3eMHUMH JepkaBamu. @DynkuionansHo OIIK
CKJIAJIa€ThCs 3 JIBOX YaCTHH: HAYKOBO-TEXHIYHOI (HAYKOBO-IOCITIJHOI) Ta BUPOOHHYOI.
Jlo BHpPOOHHYOi BIAHOCATHCS MPOMHUCIOBI  MIANPHEMCTBA, MIO 3alMAaKOThCS
BUPOOHHULTBOM TPOAYKIii BificbkoBOro mnpu3HaueHHs. Jlo HAyKOBO-TEXHIYHOI -
HAYKOBO-ZIOCHIZHI  IHCTHTYTH, KOHCTPYKTOPCHKI OIOpO Ta eKCIepHMEHTAIbHO-
BUNPOOYBanbHi HeHTpu (6a3u). CyyacHuit 000pOHHO-IPOMUCIOBUH KOMILIEKC Y KpaTHU
cTBOpeHHit Ha ocHOBI mignpuemctB OINTK xomumuboro Pansucpkoro Coro3y, mo Oyiu
posramoBani Ha Teputopii Ykpainu. B Ykpaini BupoOusocs nume 3% HeoOXimHUX
qust 3C KiHLEBHX 3pa3KiB 030pO€HHs Ta BifICBKOBOI TEXHIKH, B TOM 4ac sIK 3arajibHUH
o0csr npoxaykuii BificbkoBoro npusHadenns (I1BIT) cranoBuB 20% cymapHoro oocsry
BilicbkoBOro BHpoOHHMITBa KoiuuiHboro CPCP. Ane o6csar Bumycky OBT nHa 80%
3aJeaB BiJl 30BHIIIHIX MOCTABOK KOMIUICKTYFOUMX EIIEMEHTIB 3 IHIIHUX PeCHyOmik
konuuHboro PagsHcekoro Corosy. ToOTO KUIBKICTh 3aMKHEHUX IHKIIIB BUPOOHHUIITBA
CKIIaIHUX cucTeM 30poi B VYkpaiHi Oyma nmyxe HeBemmka. Posmam CPCP, mo
CYNpOBO/UKYBaBCS ~ PyHHYBaHHSIM  €JMHOIO  TOCHOJAPCBKOrO  MeXaHi3my i
TEXHOJIOTTYHHX JaHLIOXKKIB, CI1aJl0M €KOHOMIYHOIO BUPOOHHULITBA, a TAKOXK IIPUPOAHUM
BIIXOJIOM Ha JAPYTWil IUIaH MuTaHb 00OpoHO3maTHOCTI AepxkaBu B 90-1i p. XX cr.
MPUBENU [0 OCIa0JIeHHS BOEHHO-EKOHOMIYHOro MoTeHuiany Ykpainu. Ilparnenus
Vkpainu 3 HechOPMOBAHHM PUHKOBUM T'OCIIOAAPCHKUM KOMIUIEKCOM IHTErPYBaTHCS 10
€BPONEHCHKOro 1 CBITOBOr0 €KOHOMIYHOIO HMPOCTOPY HE 3HAHIUIO MIATPUMKH 3 OOKY
3aXiHUX KpaiH i TaKoX HETaTUBHO BiIOMIOCS HA BOEHHO-EKOHOMIYHOMY HOTEHIiali
kpainu. Crnajg eKOHOMIYHOTO BHPOOHHIITBA, PO3PUB KOOMEPALIHHMUX TEXHOJOTIYHHX
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3B'A3KIB IPU3BEIM JO CKOPOUYCHHS ITOCTABOK Ha 30BHINIHIA PHHOK TEXHOJOTIYHOL
npoaykiii. lle cepito3HuM 00pa3oM BIUTMHYJIO Ha PO3BUTOK 0OOPOHHO-TIPOMHUCIOBOTO
KOMIUIEKCY YKpaiHH, NpHBEJNO OO BTpaTH 0araTboX 3aKOpAOHHMX pPHHKIB. Llbomy
COpusiia TaKOK HECKOOPAWHOBAHA MONITHKA BHXOAY HA CBITOBHH PHHOK O030pPOEHHS
kpain CH/I i3 najumiukamu OBT pagsiHCbKOro BUPOOHHITBA, SIKI BUSIBUIIHCS B IXHBOMY
po3nopsyvKeHHi. Bee 11e mpuBeno 1o CKOpOYeHHsI OTPUMaHHS PECYpCiB 3-3a KOPJOHY, a 3
iHIIOro OOKY, - 1O CKOPOYEHHS SIK 00CATIB, TaK i cCaMMX [IMX BUPOOHHUUTB y KpaiHi. Ha
eil yac y 3araapHOMY 00Cs3i eKCIopTy YKpalHU CHPOBHHHHX PECYPCIB i HPOIYKIIi 3
PI3HHM CTyIIeHeM MepepoOKH, YacTKka BHCOKOTEXHOJIOTIYHOI MPOAYKIii CTAaHOBHUTh
menie 3%. Ilpu ubomy nonosuHa 3 mux 3% - €KCHOPT 030POEHHS 1 KOMILIEKTYIOUHX
0 CHCTEM BIHCHKOBOrO 1 TMOABiiiHOTO mpu3HaueHHs. OTXKe, eKCIOPT MPOAYKIIil
00OpOHHOI IPOMHCIIOBOCTI MEBHOIO Mipolo 3abe3neuye NPUCYTHICTh YKpaiHH Ha
BUCOKOTEXHOJIOTIYHHX pHHKax. Lle Bke He Kakyud mpo 3abe3neueHHs Oe3neKku
nepxasH. B ykpaiHcbkoMy MamnHOOYIyBaHHI, SIK 1 B IHIIMX Taly3sX MPOMHCIOBOCTI,
3HOIIYBAaHHS BUPOOHMYMX (OHIIB CTAaHOBUTH Ha OinbmocTi nianpuemcts 60 - 80 % [4].
Mopanbhe crapinas obnagHaHHs gocsirae S0 pokiB i Oumeme. Tak, Ha 3aBoAi iM.
Mannmesa B 2013 p. Bu3Hany, mo goBenerses crmcaty 11,5 tuc. 3 16,5 THC. HasBHUX
BEPCTATIB, OCKLIBKM BOHH BKe Hi 10 4Yoro He mpuaatHi. Ha ceoromni mepen OITK
JepxKaBH CTOITh Oararo npooieM. ExoHOMIYHMI CTaH MiINPUEMCTB XapaKTepU3yeThCs
He30aJIaHCOBaHICTIO CTPYKTYpU OOOPOHHUX BHPOOHHUIITB, BUCOKUM pPiBHEM 3HOIICHOCTI
OCHOBHUX ()OH[IIB, HU3bKOIO PEHTA0CIBHICTIO pOOOTH OUIBIIOCTI MiIPUEMCTB, HU3bKUM
pIBHEM 3aBaHTa)KEHHs BHUPOOHMUYMX MNOTYxkHOCTeH. KoedilieHT OHOBIEHHS OCHOBHHUX
BUPOOHMYMX (OHAIB AyXKe HHU3bKUH, CTaHOBUTH He Oinbiue 2,5% Ha pik [4], a ue
BU3HAYA€ HAPOCTAIOUe TEXHOJIOTTYHE BiJICTaBaHHS BITUM3HAHOI eKOHOMIKU. [IprunHamun
TaKOTO CTAHOBHII[A CTAIN: Pi3KEe CKOPOUYCHHS 0OOPOHHOTO OFOKETY Ta MaAiHHs 00CATiB
BUPOOHHLTBA TPOXYKUii BifiCBKOBOr0 MNpH3HAYEHHs, NE3IHTErpallis TEXHOJIOTiYHO
MOB'SI3aHUX BUPOOHHMITB Ta KOHCTPYKTOPCHKHX 1 HAYKOBO-AOCIIIHHX OpraHisaii,
MOTipUIEHHS SIKICHOTO CKJIaJy HAayKOBMX 1 BHUPOOHMYMX KaJpiB, BIACYTHICTb Yy
MiAMPUEMCTB MOTHBAIl 0 BUPOOHHIITBA BHCOKOTEXHOJOTIYHOI MpoayKmii Tomro. B
JaHuH 4yac YkpaiHa Mae po3rajgyKeHHH, HEpIBHOMIDHO PO3BHUHEHUH, HENOCTATHHO
ckoopaunoBaruii  OIIK. 3Hauyna KimpKicTe BHPOOHHMITB MTOTpebye MaciutabHOI
PEKOHCTPYKLIT 1 TexHiYHOro mnepeocHameHHs. bimbmicts nignpuemcrs OIIK Bee e
3HAXOAAThCA Y BIACHOCTI JepxkaBu: B opraHizamiifii crpykrypi OIIK VYkpainu
MIPEBAIOIOTH [Iep)KaBHI Ta Ka3eHHI MmiAnpueMcTBa. HanexkHicTh OUTBIIOCTI MiANPHEMCTB
OIIK no BiacHOCTI JiepxaBH, 3 OJHOrO OOKy, BM3Hayae Horo ocobmuBuil craryc i
TEOPETHYHO MOKIMBICTh mpedepeHiii, a, 3 IHIIOro, MNEepPeHIKO/MKAE IHTerparil
MPOBIAHMX HiJNPUEMCTB KOMIUIEKCY JIO MIDKHAPOJHMX HayKOBO-IIPOMHUCIOBHX
00'eqHAHb, PO3BUTKY MPOEKTHOTO MIKHAPOAHOTO CIHIBPOOITHHIITBA, BKIJIAQJAHHIO
inBectuniii. ®axkrnuHo cywacHuid BiTumsHsHUE OIIK € CyKymHICTIO CerMeHTIiB 3
MiANPUEMCTB, sIKI HalexaTb 10 c(pepH YIPaBIiHHSA Pi3HUX LEHTPAIBHUX OpraHiB
BUKOHaBYOi Biaau. Jlo Horo ckmaay BXOJATh i JepXKaBHI MOCEPEAHHMKH, SKUM HaJaHi
MTOBHOBAXKEHHS JUIsl 3[IHCHEHHSI €KCIIOPTY TOBApiB BiHCHKOBOIO MPH3HAUCHHSI, & TAKOXK
npuBatHi mianpueMcrsa. Bixnosigao mo Yka3sy I[pesumenta Ykpainu Big 09.12.2010
Ne 1085 «IIpo onTuMizaiilo CUCTEMH LEHTPAILHUX OpraHiB BUKOHABYOI BiaIu» Oyau
peopraHizoBaHi IEHTpajdbHI OpraHM BHKOHABYOI BIaAM, y TOMY YHCI Ti, IO
3a0e3rneuyBaqy BHPOOJICHHS Ta peanizallilo JepxaBHOI MOJITHKH Yy OOOpOHHO-
IIPOMUCIIOBOMY KOMILIEKCI, IIEPErNIAHyTO X (YHKIIi. Y CHCTeMi LEHTPAIbHUX OpTaHiB
BUKOHaBYOi Bnamu Ykazom [Ipesumentra Vikpaimm Big 31.05.2011 Ne 634
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MiHEKOHOMPO3BUTKY YKpaiHK OylIo BH3HAYEHO TOJOBHUM OpPraHoM 3 (OpMyBaHHS Ta
3a0e3neveH s peasi3ailii TPOMHCIOBOI MOJITUKK Ta PO3BUTKY BiHCHKOBO-TEXHIYHOTO
cniBpoOiTHuTBa.  OcHoBoro  OIIK  Vkpainm craB  JlepkaBHMH — KOHILEpH
«Yxpobopounpom» (mam - Konuepn) crBopenuii moctanoBoro Kabinery Minictpis
VYkpainu Bin 29 rpyaus 2010 p. Nel221 «IIpo yrBopenHs [lep:kaBHOTO KOHLEPHY
«YKkpoGopoHIpom» Ha BUKOHaHHS Yka3y [Ipesunenta Ykpainu Big 28 rpymus 2010 p.
Nel1245/2010 «IIpo 3axoau 1040 MiABUINEHHS €()EKTHBHOCTI IisNTBHOCTI 0OOPOHHO-
IIPOMHCIIOBOrO KOMILIeKCY YKpainum». Ha cboromni mo cknany «YkpoOGOpoHIIpoOMy»
Bx0oAaTh 137 mignpuemctB, 21 3 HUX 3HAXOJUTHCS HA HEIIAKOHTPOJIBHHUX TEPUTOPISLX
Kpumy i londacy. CrBopenHst KoHLepHy - nepiuuii BITUN3HAHUN 10CBi] LeHTpai3amii
YIpaBIiHHS OOOPOHHO-IIPOMHUCIIOBOIO c(eporo, TONIOBHA MeTa sKOI Toysrana B
KOpIHHOMY MoOJIinmeHHi podotn oboponHoi mnpomucioBocti Ykpainu. Haxkans, i
OUiKyBaHHsI HE BHUIIpaBJaaucs. Pe3ynbTaTu aHaii3y IUHAMIKH PO3BUTKY AEpPIKaBHUX
HiJNPUEMCTB, @ TAaKOXK iX (HIHAHCOBOTO CTaHy Ta PiBHS 3HOCY OCHOBHHMX BHPOOHHMYMX
GoHAIB CBimYaTh NP0 HENOCTATHIO €(EKTHBHICTH 3MIMCHIOBAHOTO JICPHKABOIO
YIPAaBJIiHHS MiAMPUEMCTBAMH Ta HEOOXiIHICTh 3MIHU OPIEHTHPIB PO3BUTKY 0OOPOHHO-
MIPOMHCIIOBOTO  KOMIUIEKCY IIUIIXOM  BIIPOBA/UKEHHSI  BEPTUKAIBbHO-IHTErPOBAHUX
BUPOOHHYMX CTPYKTYP, 3AIHCHEHHS HE3aJICKHOTO KOHTPOJIIIO 32 isUTBHICTIO AE€PKABHUX
MANPUEMCTB 0OOPOHHO-ITPOMHCIIOBOTO KOMILUIEKCY Ta HMEPEerysay YacTKU JepiaBHOIO
cekropy. ¥ 2020 p. Oyno NpUHHATO PsiJ ASpKaBHHUX DIllIeHb, SIKUMU Iependadanach
peasizaiisi 3aX0/iB I[0A0 3MIIHEHHS] 00OPOHO3aTHOCTI, 30KpeMa: 3 METOK PO3BHTKY
00OPOHHO-IIPOMHUCIIOBOTO  KOMILIEKCY —BHpILIEHO CTBOPHTH LEHTPAJlbHUHA OpraH
BHUKOHABYOI BIaJH, BIAMOBiZanbHUN 3a (QopMyBaHHS Ta 3a0e3medyeHHs peasi3allii
JepxaBHOI BifCHKOBO-IIPOMUCIIOBOI MONITHKU Ta (yHKUIH 3 ynpaBiiHHA 00'€eKTamu
JIp’KaBHOI BIACHOCTI B 0OOPOHHO-TIPOMHKCIIOBOMY KOMIUIEKCI; peopMyBaT KOHIEPH
«Yxpoboponmnpomy. ITocranosoto Kabinery MinictpiB Ykpaiuu Bix 22 ymumnnst 2020 p. Ne
624 6yno crBopeHO MIHICTEpCTBO 3 MHUTaHb CTPATETIYHHMX Taiay3eil MPOMHCIOBOCTI
VYxpainu (MiHcTparernpoM Ykpainu). MiHICTEpCTBO BU3HAY€HO I'OJIOBHUM OPraHOM Yy
CHCTEMi LEHTPAIbHUX OPTaHiB BHKOHABYOI BIajd, 1o 3abe3neuye (opMyBaHHS Ta
peanizye JepikaBHY IPOMHCIIOBY IIOJITHKY, JEp)KaBHY BilCbKOBO-IIPOMHUCIIOBY
MOJITHKY, AEPXKABHY MOJITHKY y cdepi AepKaBHOTO 00OPOHHOTO 3aMOBIEHHS, ¥ chepi
00OpPOHHO-TIPOMHUCIIOBOTO  KOMILJIEKCY, Yy JiTakoOymiBHIN ramy3i Ta 3abe3mnedye
(bopMyBaHHs 1 peai3alifo Jep)KaBHOI MOMTHKH y cepi KOCMIUHOI IisUTIBHOCTI.
IInanyersest, mo B 2021 poui gep:kaBHUN KOHIEPH «YKPOOOPOHIPOMY» MPUIHHUTH
CBO€ iCHYBaHHs, 3aMiCTb HbOI'O Oy/ie CTBOPEHO HOBI XOJIIMHIOBI KOMIIaHil, sIKi Oy1yTh
MpALOBaTH 3a TNPUHLMUIAMH KOPIOPATHBHOTO YNpPABIIHHS Ta Mpo30pocTi. 65
MiANPUEMCTB CHOPMYIOTh HOBUH XOJJUHI 3 pobouoi0 HazBoro OOOpOHHI cucTeMH
VYkpainu, BiH B CBOIO uepry Oyzae ckiamatucs 3 Imectd cyoxomnauuriB. Okpemo Oyme
copmoBaHHil AepOKOCMIUHUIT XOJIUHT, IKUH 00'€IHA€ TPH Tally3eBUX CyOXOJIIMHIH.
ABTOpH peOpMH CIIOAIBAIOTHCS, IO BOHA JO3BOJUTH BTUIIOBATH CHIIBHI HPOEKTH 3
MDKHapOJHHMH TapTHepaMu, 3abe3nedyBaTd Mpo30opuil TpaHcdep TEXHOJOrid, 1100
BUITYCKaTH sIKiCHE 030poeHHs, B nepury 4yepry, 1t 3C Ykpainu. Sk BiioMo, 0CHOBHUM
3aB/IaHHSM PO3BHTKY OOOPOHHO-TIIPOMHCIIOBOTO KOMIUIEKCY € 3a0e3nedeHHs Horo
e(eKTUBHOro (PYHKLIOHYBAHHS K BUCOKOTEXHOJIOITYHOTO 6araronpodijbHOro cekropa
€KOHOMIKH KpaiHH, 3J1aTHOTO 3a[0BOJbHUTH NOTpeOu 30poitHux Cuil Ta iHIIKX BIHCHK B
Cy4acHOMY 030pO€HHI, BifiCEKOBOI Ta CIeLiajbHOI TEXHIKH i 3a0€3MeYUTH CTpaTeriyHy
IPHUCYTHICTh YKpaiHH Ha CBITOBMX PUHKAaX BHCOKOTEXHOJOTIYHHUX IPOIYKILT i MOCIyT.
CripusiTH BHUPIIICHHIO [bOTO 3aBJAaHHS TMOBHHHE BHUKOHAHHS Jlep)kaBHOI IiJIbOBOL

71



V MixHapo/iHa HayKOBO-IIPaKTHYHA KOH(EepeHIist
«XIMIYHA TEXHOJIOI'IA: HAYKA, EKOHOMIKA TA BUPOBHUIITBO»
20-22 xoBtHst 2021 poky, m. IllocTka

000pOHHOI MPOrpaMK PO3BUTKY 030pOEHHS Ta BiHCbKOBOI TeXHikHM Ha mepion mo 2022
POKy, 3aTBep/pkeHoi mocraHoBor Kabinery Minictpie Ykpainu Bix 30 6epesns 2016
poky Ne 284-6 (B penaxuii-noctanosu Kabinery MinicTpiB Ykpainu Big 7 motoro 2018
poky Ne 66-1); Jlep:xaBHOI IiIBOBOI MPOrpamMu CTBOPEHHSI Ta OCBOEHHS BHPOOHHIITBA
0oenpunaciB Ta NPOLYKTIB crienianbHoi Ximii Ha mepiox 1o 2021 poky, 3aTBepaxeHol
nocranoBoto KaGinery MinictpiB Ykpainu Big 29 Oepesnst 2017 poxy Ne 197-3;
JeprxaBHOi LibOBOI Mporpamu peopMyBaHHS Ta PO3BUTKY OOOPOHHO-IIPOMHUCIOBOTO
KOMIUIeKCy Ha nepiox mo 2021 poky, 3aTBepmxkeHoi mocraHoBoto Kabinery MinicTpis
VYkpainu Bix 24 tpaBus 2017 poky Ne 366-6. V Bimnosianocti 10 Ykasy Ilpesunenta
VYxpainu Big 27 mororo 2020 poxy Ne 59/2020 «IIpo 0CHOBHI MOKa3HUKH JEPHKABHOTO
oboponnoro 3amosieHHs Ha 2020 pik Ta 2021, 2022 pokm» CTPOK BUKOHAHHS IHX
nporpam Oyzne nponomxenuit no 2024 poky. Ha cphoromHi 3aMKHEHHMX LHKIIB
BHUPOOHHIITBA O BCiif OCHOBHI HOMEHKIIATYPI 3pa3KiB 030POEHHS Ta BIfICBKOBOI TEXHIKH
(OBT) B VkpaiHi He icHye. A TOMY cepesl MOXKIMBUX LUIAXiB 3a0e3neueHHs 3C Ykpainu
notpiouum OBT cnix posrspaTu i Taki: po3poOka Ta BupoOHHLTBO 3paskiB OBT y
CHIBpOOITHUIITBI 3 IHIIMMH KpaiHaMu; JilEeH3iHHEe BUPOOHHIITBO CHUCTEM O30pOEHHS
iHO3eMHOr0 BUPOOHHULTBA 3 BUKOPHCTAHHAM MEXaHi3MiB JII3UHTY a00 O()CEeTHHX CXeM;
npuabanns 3pa3kie OBT B inmux kpainax. HaiinpueaOnusimmm muisxom € po3podka i
BUPOOHHULTBO HaiicknaaHimmx 3paskiB OBT y cniBpoOITHUUTBI 3 IHIIMMM KpaiHaMH.
Leii nuisix € NMpakTHYHO €MHOI0 MOXJIMBICTIO OpaTH akTHBHY y4acTh y po3poOi i
cepiiiHoMy BUpoOHHUITBI 3pa3kiB OBT, ix ckiafoBuX (KOMIUICKTYIOUHX €JIEMEHTIB),
BIUIMBATH Ha IXHI XApPAaKTCPHUCTHK, a TAKOXK BUKOPHUCTOBYBATH HOBITHI TEXHOIOTIi,
SIKUMH  BOJIOJIIOTh KpaiHU-ydacHUKH Kkoonepaiii. CmineHe BupoOHuirso OBT B
Koorepauii 3 iHIIMMH KpaiHaMu 3a0e3reuye, Ipy OJHO3HAYHOMY 3MEHIIEHH] BUTpPAT Ha
crBopennst OBT, 30epexeHHsT HAYKOBO-TEXHIYHOTO i BpoOHUUoro morexmianis OI'K,
HaJa€ MOMNJIMBICTh PO3BUBATM HOro 3a MpPIOPUTETHUMM HAmpsiMaMH, CIpHsE
MDKHapOHI# iHTerpaiii y cdepi BOEHHO-TEXHIYHOI MONITHKY Ta IPHUCKOPIOE a/IalTaIlii0
Jno cBiroBux yMmMoB 1 craHmapriB. Jlimemsiiine BupoOHmTBo OBT  monumsHO
BUKOPUCTOBYBATH MPH BiICYTHOCTI HAYKOBO-TEXHIYHOI, TEXHOJOTIYHOI 1 BUPOOHHYOL
0a3u 1 cTBOpeHHs moTpiOHoro st BiacHux 30podHux Cumin OBT. Bono nae
MOXITUBICTh OTPHMATH BIJICYTHI B KpaiHi TEXHOJOrii i, B MEPCHEKTHBI, MO Mipi
HAKOITMYEHHS BiJNOBIAHOTO JOCBiLy NMEpelTH K CTBOPEHHIO AaHoro Buny (tumy) OBT
BiracHUMHU cwiamd. Jlisuar OBT BHKOPHCTOBYBAaTH IOLWIBHO, SIK IPaBHIO, JUIS
OTPHMAaHHS 3aHAJATO JOPOroro 030pOEHHS, KOJIM HEMae HEOOXIMHMX KOLITIB AJs Horo
3akymniBii. [Ipun6anns 3paskie OBT 3a xopioHOM HOTPiOHO BHKOPHCTOBYBAaTH TO/,
KOJIM HEMAa€ MOXKJIMBOCTI CaMOCTiiHO abo B koormepaitii 3 Oyap-kum croproBati OBT,
a TaKoXX Ipu He3HauHill morpedi B naHomy 3pasky OBT. IlpoGiema pedopmyBaHHs
BITYM3HSHOI OOOPOHHOT MPOMHUCIIOBOCTI HE BTpaTWJIa CBOEI aKTyalbHOCTI, a HaBMaKH
cTaja MeplIoYeproBO0 HEOOXiJHICTIO, MpOOJIEeMO0 IpaHMYHOI 370001eHHOCTI. s
30epeKeHHsS] iICHYIOUOTO0 BHPOOHHYO-TEXHOJOTIYHOTO MOTEHLiany 1 3abe3rneueHHs
cTBOpeHHs BHcokoTexHomnorignoro nepcnekrusHoro OBT B OIIK Vkpainu HeoOXinHO
peaiizyBaTH KOMIUIEKC 3aXOJIB 32 TAKHMMH HaIpPsMaMH: CTBOPCHHS BEJIHKUX HAayKOBO-
BUPOOHHYMX IHTETPOBAaHUX CTPYKTYpP, OPIEHTOBAHMX HA BUIYCK BHCOKOTEXHOIOTIYHOL
MpOAYyKLii BIHCHKOBOrO, MOABIHOrO M LUBIIBHOIO NHPH3HAYEHHS; IHTEHCU]iKallis
IHHOBAIIIWHOI TiSUTBHOCTI 3 BIATBOPEHHSI BUCOKHMX TEXHOJIOTIH, 8 TAKOX MiATPUMKA i
PO3BUTOK 0a30BHX BOEHHHX 1 KPUTHYHHUX TEXHOJIOTIH, 10 nepenbdayaroTb po3poOKy i
peaiizanito iHHOBAIIHHUX IPOEKTIB 3 MalloBUM (piHAHCYBAHHSIM JICPXKABH, MiIPHEMCTB
i HeIep)KaBHMUX IHBECTOPIB; HAPOIIyBaHHS HAyKOBO-TEXHIYHOrO H BHUPOOHHUYO-
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TEXHOJIOTIYHOIO TMOTEHIiaJliB B IHTEpecaX CTBOPEHHS IIEPCIEKTHBHUX 3pa3KiB
030pOEHHS; TEXHIUYHE Mepeo30pOEHHS HAayKOBO-BUPOOHMYOI 0a3u, OpieHTOBaHE,
HacaMIIepe, Ha peali3amilo JAep>aBHOI IPOrpaMy pO3BUTKY 030pOEHHS Ta BIHCHKOBOI
TEXHIKH, PO3BUTOK CTEHIOBOI il BUMPOOYBaNIbHOI 0a3u; CTBOPEHHS W MPOCYBaHHs Ha
PHHKH IMIOPTO3aMILIYIOHYOH 1 €KCIIOPTOOPIEHTOBAHOT BUCOKOTEXHOJIOTTYHOT MPOLYKLIT
LUBLUIBHOTO IPU3HAYCHHS, IHTeHCH(DiKallisl B3aEMHOTI0 TpaHC(epy TEXHOJIOTIH 3 BOEHHOT
cdepH B LIMBIIBHY il HaBIaKH, 110 MOBUHHO CIPHATH MiIBUIICHHIO 000POHO3JaTHOCTI
3a paxyHOK po3poOku i BUpOOHHULTBA HOBUX 3pa3kiB OBT; mixBumieHHs KBamidikarii
KaJIpoBOTO  IIOTEHIlialy, M0 BKJIIOYA€ BJOCKOHAJIEHHS CUCTEMH IiJrOTOBKH
(mepemniaroToBKM) KaJipiB, CTUMYJIIOBAHHS 3aJIy4€HHS] BUCOKOKBalli(pikoBaHuX (haxiBLiB
1o OIIK.

CHucoK JiTepaTypHHX JUKepel

1. IIpo ocobnuBoCTi ymnpaBiiHHSA 00'€KTaMM AEPKaBHOI BJIACHOCTI B OOOPOHHO-
IIPOMHCIIOBOMY KoMmIulekci: 3akoH Ykpainu Bim 16.06.2011 p. Ne 3531 -VI [lara
onosienns: 05.08.2016. URL: https://zakon.rada.gov.ua/laws/card/3531-17
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Abstract

The common use of explosives to break rock for excavation leads to the constant
detonators development, that over past two decades significantly increased their
precision in order to improve effectiveness of the blasting works. The following article
presents key achievements and milestones of detonators development as well as the
directions of research aimed at improving their accuracy. The construction of detonators
that are currently used for civilian purposes is shown. The requirement that should be
followed during the development of time delay compositions are presented, as well as
the current trends in the research of gasless compositions, the burn rate of which is
independent of the pressure inside the detonator.

Introduction

A number of ground breaking solutions, which had a significant effect on the
development of blasting agents and technology, can be identified [1,2], i.e.: the
evolution of the architecture and elements of the detonator, the development of electric
detonator, the introduction of methane- and carbon-safe detonators in mines at risk of
methane or coal dust explosions, the development of the NONEL® shock tube and non-
electric detonators for initiating hole and surface charges with a broad range of
applications and, recently, the development of programmable electronic detonators
(such as i-kon® by Orica Mining Ltd, Daveytronic® by Davey Bickford Ltd or the
latest product of NITROERG S.A. which is ERGONIC-II). Despite these
accomplishments, in the span of those past decades, the greatest focus and,
consequently, effort was dedicated to the development of a variety of delay
compositions to be used in detonators for mining and in delay elements for military
applications. Due to the persistent and significant price advantage over modern
electronic delay elements, initiating agents based on chemical delay systems currently
constitute a large majority of the global market (approximately 95% of global
consumption).

Design of time-delay detonators

Modern detonators, both electric and non-electric, widely used in engineering and
mining industry are composed of a primer and an initiating element. A general scheme
of a detonator is presented in Fig. 1. Each detonator is encased in a metal shell that is
sealed on one end. In the case of rock detonators, the shell is made from aluminium
(Al), whereas in methane-/coal-safe (for use in areas at risk of methane/coal dust
explosions) detonators the shell is made of either copper or special brass alloys. Within
the shell, a number of layers are found; starting from the sealed end, they are:
e The main secondary explosive charge (typically 700800 mg of pressed
pentaerythritol tetranitrate (PETN), followed by 120200 mg bulk dose of PETN),
e The primary explosive charge (typically 100 mg of lead azide or of a mixture of lead
azide and lead styphnate) sensitive to thermal and mechanical stimuli and capable of
initiating the secondary charge,
e A bulk dose of a delay composition, ensuring the continuity of the charge in the
shell,
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e Cylindrical delay element pressed into the shell. This component consists of a zinc-
aluminium (Zn-Al) alloy (other alloys are also used, depending on the required heat and
electrical conductivities), encasing a set amount of a pressed delay composition, which
determines the length of the time delay,
o Initiating relay element capable of initiating the delay composition: — in a non-
electric detonator - NONEL® shock tube, — in an electric detonator - initiating head of
an initiating system, composed of resistance wire with a resistivity in the range of
0.1+0.7 Q-mm®m™, onto which a special initiating composition is deposited. This
composition includes both a thermally-sensitive initiating material (such as lead
styphnate, lead dinitro-ortho-cresolate or barium dinitroditetrazenephenolate) and
oxidising supplements,
e Rubber or synthetic plug, sealing the entire device and providing conditions for
initiating the delay composition.
‘ In terms of the parameters of the
delay composition, the existence of a
variety of delay element designs
should be noted. It provides space for
the burning of the pyrotechnic
composition and  protects the
& NONEL® components of the detonator from the
effects of the heat and chemicals
produced during the burning of the
crimping composition. It also significantly
reduces the amount of delay
composition in the detonator, which
improves the cost-efficiency of the
detonators. The material of the delay

rubber plug

I pyrotechnic delay element element shell should exhibit
!- delay composition layer ?PPTOPriately. IQW heat conductivity,

\ ) ) in order to limit the amount of heat
J- Pelmary sxplosive charge transferred from the burning delay
n__}_ secondary charge/ PETN secondary charge composition to the bulk of the delay
]

element and the shell of the detonator.

. sacll [AL. Cul . Early delay elements were made of
Figure 1 Scheme of a non-electric detonator  1..4" which has a heat conductivity of

for mining, equipped with a NONEL® shock 359  w.pl.k! relatively  low

tube specific heat capacity of 129 J-kg-K™,
a high density, beyond comparison with commonly used metals, therefore providing
very beneficial conditions for the burning of delay compositions. The above was
particularly important for delay compositions with low rates of burning, because such a
feature promotes transfer of the heat, generated during burning of the delay
composition, to the surrounding environment. This in turn may result in stopping the
burning reaction prematurely - before the entirety of the delay composition encased
within a delay element is consumed. The recent decades, due to increasingly restrictive
environmental law and the gradual retirement of lead from industrial application, have
brought about a need to find alternatives, such as metal alloys, for producing delay
elements. Currently, Zn-Al alloys, containing 3+7% Al, are the most commercially
prominent group of those alternative materials. The Zn-Al alloys are used in the
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production of delay elements and feature less beneficial properties than those of lead:
their heat conductivities are in the range of 116+130 W-m™-K™ and specific heat
capacities in the range of 390+430 J-kg™-K''. The presence of aluminium in the Zn-Al
alloy is used to improve the mechanical properties and resilience of the delay elements.
It is recommended, however, that alloys used for the production of delay elements
contain a limited amount of aluminium, below 5%, due to its undesirably high heat
conductivity and adverse effect on the burning rate of delay compositions. Due to the
possibility of inter-grain corrosion of Zn-Al alloys and in order to improve its
mechanical properties, the composition of the alloy is often supplemented with
0.1+0.3% magnesium (Mg) or silicon (Si). Often, the design of the delay element also
includes a space for a primary explosive, which is in contact with the delay
composition. Consequently, delay elements made from alloys containing copper are
prohibited from use, because copper can react with primary explosives, i.e. lead azide
and produce the extremely hazardous copper azide.

Requirements for time delay compositions

In regards to the cost-efficiency of the production of compositions, the choice of
fuels, oxidising agents and auxiliary substances is primarily a question of availability
and price. The choice of a component for producing a pyrotechnic composition and,
delay composition in particular, is based on its quality and availability. The availability
and purity of a component are two primary factors in terms of its price, therefore,
directly affecting the production profitability. The quality of a component is determined
by its purity, grain size and its distribution. The fineness and grain size distribution have
an indirect impact on the price of a given component, as the desired grain size
distribution can be achieved for many substances through simple unit operations
(crushing, milling). Whereas the use of a particular component, but of lesser purity (or
contaminated with another component), may appear beneficial due to reduced cost, it
often results in a final pyrotechnic compositions whose operating parameters are
significantly deteriorated (such as accelerated deactivation of the system) or, even
worse, reducing the chemical stability of the system, which results in increased
sensitivity to stimuli such as sparks, friction or impacts.

The existence of a relatively wide array of substances and compounds useable as
components is a characteristic feature of all pyrotechnic compositions, including
pyrotechnic delay compositions. This variety of substances, which fulfil or can fulfil the
role of fuels and oxidising agents in a pyrotechnic composition means that during
burning, some reagents will remain in the solid phase, others may melt or thermally
decompose, producing a liquid phase, and some can evaporate, forming gaseous
products. The kinetic mechanisms of the burning of pyrotechnic compositions, that
determine the stages of the reaction, i.e. mass diffusion and energy transfer within the
burning front, often involve reactions between the components of a pyrotechnic
composition that exist in various phases [3]. Initial assumptions, about the occurrence of
exothermic reactions, in pyrotechnic systems, only between reagents existing in the
solid state, have turned out to be imprecise. Typically, it is the stability of an oxidising
agent in the composition which determines the decomposition conditions and the
reactivity of the entire composition. Energy supplied to the system causes a strong
increase in the temperature of the reagents, resulting in: rapid melting, evaporation and
thermal decomposition of oxidising agents, leading to further reaction of the solid phase
(fuels) with the liquid and gaseous reagents (including oxygen released into the reaction
environment). The following schemes of reaction between the components of the
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composition are possible: solid phase/solid phase; solid phase/liquid phase; solid
phase/gas phase. These are accompanied by the likely consecutive reactions, occurring
in liquid phase/liquid phase and liquid phase/gas phase systems. The final products of
the reaction, dependent on the initial contents of the composition and conditions of the
reaction (temperature and pressure of the reaction environment, contact of the reagents)
are no less of an important issue. It should be noted that the formation of products at
temperatures of about 1000°C to 3000°C (in the case of thermite compositions) usually
are multi-stage and take place in multiple phases, rarely yielding the simple and most
stable forms of the expected products. Reactions taking place in ternary and
multicomponent systems usually yield various amounts of between several and several
dozen individual products of the reactions [4].

Among substances and inorganic compounds acting as fuels in delay compositions,
the following have found the widest use:

a) Metals and metal alloys: zinc, aluminium, magnesium, nickel, molybdenum,
manganese, strontium, iron, chromium, as well as expensive metals, such as titanium,
zirconium, beryllium and tungsten,

b) Metalloids and non-metals: antimony, boron, germanium, silicon and
phosphorus,

¢) Compounds:

e Simple, e.g. metal sulphides, such as Sb,S3, FeS,,

e Complex: Ti-C, Cu-C.

Among organic compounds, the following are particularly noteworthy:

a) Aliphatic (alkanes) and aromatic hydrocarbons,

b) Carbohydrates, such as cellulose, starch, lactose, sucrose and their derivatives,

c) Functional compounds, such as amines and carboxylic acids,

d) Metallorganic complexes, such as vanadium, iron or lead tannates.

Currently, metal alloys (such as Zr-Ni, Fe-Ni) and composite systems (Ti-C, Zr-C)
find wide use as fuels for delay compositions, due to providing the ability to control the
burning process through changing the composition of the alloy. Through changing the
ratios of the components of the alloy, sharply varying rates of alloy oxidation can be
achieved, without the need to alter its grain size distribution. The use of the Zr-Ni alloys
allows, provided an adequate grain size distribution, parameters, similar to those
obtained for compositions based on pure and expensive zirconium, to be achieved. This
feature of such alloys is invaluable, particularly when expensive fuel components
(zirconium, titanium) would otherwise need to be used. Table 1 presents the key
properties of fuels used in pyrotechnic compositions.

Table 1 Physicochemical properties of the most common fuels used in the
production of pyrotechnic delay compositions [5]

Fuel Molar mass Densitsy Melting point | Boiling point
[g/mole] [g/em’] [°C] [°C]
Zr 91.22 6.52 1530 2900
Ni 58.22 8.90 1455 3177
Mg 24.32 1.74 650 1102
Ti 47.90 4.50 1727 3000
w 183.90 19.32 3380 6000
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Fuel Molar mass Densigy Melting point | Boiling point
[g/mole] [g/em’] [°CI [°C]
B 10.82 1.73 2050 2550
Si 28.09 2.33 1440 2630
C 12.01 2.25 4350 -
S 32.06 2.07 112.8 444.6
P 30.97 22 590 (4.3MPa) -

Due to the need to fulfil the requirement for producing low volumes of gaseous
products during burning, mainly inorganic substances are used for the production of
delay compositions. The use of nitrates (V) and salts, containing the ammonium ion, in
delay compositions is not recommended because such oxidants produce increased
amounts of gases. The above is also the reason why organic substances find application,
but mostly as combustible supplements to compositions, typically present in small
amounts (up to 5% of the composition), most often acting as auxiliary fuels in the
composition. Among the substances and inorganic compounds acting as oxidising
agents in delay compositions, the following have found the widest application:

a) Salts:

Nitrates (V): NaNO3, KNOs, Ba(NO3),, Pb(NO3)2,
Chlorates (V): KCIO3, NaClO3,

Chlorates (VII): KC1O4, NaClOy,

Manganates (VII): Ca(MnOy),, KMnOy,

Chromates (VI): K;CrOy, K;Cr,07, BaCrQOy4, PbCrQOy,
Sulphates (VI) BaSOy, SrSOs,

b) Metal and non-metal oxides: Fe,O3, Pb;04, PbO,, CuO, Cu,0, MnO,,

¢) Inorganic peroxides, such as SrO,, BaO,, CaO,.

The decomposition temperature is a particularly important physicochemical
property of the oxidising agent. Temperature near or slightly above the decomposition
temperature induces their rapid decomposition. The decomposition temperature
provides some information about the oxidising agent as a chemical species, however, its
thermal decomposition in the presence of a reducing agent, constituting a pyrotechnic
composition typically occurs in significantly lower temperatures. Numerous works have
investigated the above and proven that the activity of oxidising agents increases upon
mixing them with combustible substances. In order to utilise the full heat yield of a
unitary mass of a pyrotechnic composition, oxidising agents featuring high oxygen
contents and relatively low decomposition temperatures should be used. Table 2
presents the key properties of oxidising agents used in the production of pyrotechnic
compositions.

Table 2 Physicochemical properties of oxidising agents most often used in the
production of pyrotechnic delay compositions [5]

Oxidising Molar mass Density Melting point | Boiling point
agent [g/mole] [g/cm3] [°C] [°C]
400
KNO; 101.11 2.11 339 (decomposition)
Ba(NOs), 261.38 3.24 592 -
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NaNOs3 85.00 2.25 312 -
610
KCIO4 138.65 2.52 (decomposition) -
BaO; 169.36 4.96 450 795
290
PbO, 239.21 9.37 (decomposition) -
500
Pb304 685.63 9.10 (decomposition) -
500
K>Cr,04 294.18 2.68 398 (decomposition)
PbCrO4 323.22 6.12 844 -

An important aspect of selecting the oxidising agent for a delay composition is to
match the oxidising agent and fuel in such a way that avoids producing significant
volumes of final gaseous products. This is important both in terms of the exothermicity
of the reaction and in terms of the burning parameters of the composition. A good
example of a composition featuring low gas emission is a composition devised by
Boberg and composed of boron and bismuth (III) oxide, which yields less than 8 ml of
gaseous products per 1g of the pyrotechnic composition [6]. An increased amount of
released gases, apart from oxygen, significantly limits the amount of released heat, due
to its consumption in the expansion and heating of the gaseous phase. Furthermore, the
gaseous phase forming during the decomposition of the oxidising agent hinders contact
between the oxygen and fuel components in the condensed state. This is important in
the case of oxidising agents which do not release a large amount of oxygen from a
unitary mass. In the case of most oxidising agents, this parameter is in the range of
10+50%. In the case of Pb3O4 and BaO,, the maximum amount of oxygen released
during decomposition is respectively 10% and 18%.

Development of time delay compositions

The development of pyrotechnic compositions, with the desired combustion profile,
should begin with the selection of components, based on their physicochemical and
thermochemical properties, followed by estimating their optimal shares, which will
allow the desired parameters to be achieved. The requirements for obtaining accurate
and reproducible delay times, high chemical stability of the pyrotechnic system, whose
performance after a given time is reliable, make designing an ideal delay composition
difficult. Boberg postulates that a defined, stable and accurately reproducible
combustion rate is a basic requirement for delay compositions, alongside with its
resistance to the influence of various external factors, which can deactivate the chemical
system [6].Nakahara, based on his numerous studies of delay composition systems,
notes that the combustion time of a composition is dependent on many external factors,
whose sources are found not only in the chemical properties of the system. The factors,
which influence the stability of the parameters of the system, are usually a complex
function of the constancy of the contents of the composition, which is dependent on the
purity, hygroscopicity and humidity of components, temperature, external pressure,
loading conditions and others. The types of components used in the composition and
their gradations have the largest influence on the nature and rate of combustion. The
type of fuels and oxidising agents directly decides the energetics of the combustion
reactions. The heat of the reaction, defined by the contents of the composition, largely
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influences the ability of this system to develop a reaction and has an indirect effect on
its rate [7]. The heat of the combustion reaction, depending on the requirements posed
to the system, should provide, in the given conditions, an appropriate surplus of energy,
allowing the combustion reaction to be self-sustaining and to maintain a stable
combustion rate, within the defined boundaries [8].

Patent descriptions, pertaining to the production of delay compositions, present
several ideas of compositions, for which the components are mixed in an aqueous
medium [6,9]. These systems often contain silicon, as a fuel, and oxidising agents that
are insoluble in water, such as: Bi,O3, MnO, SnO; or BaSO4. The systems proposed by
Boberg and Davitt do not contain any carcinogenic or toxic substances and, therefore,
fulfilling the basic work health and safety requirements. This is in line with the legal
regulations in this area, which tend to eliminate carcinogens and toxic
substances, i.e. lead and potassium chromates (VI) and lead oxides: PbO, PbO, and
Pb304, from delay compositions.

In the case of delay compositions, which are used in delay elements of detonators,
the type of products obtained after their combustion should be taken into consideration.
Due to the large influence of pressure and temperature on the combustion propagation
rate and profile of the composition along the length of a delay element, the addition of
modifying substances, which decompose into high-melting or high-boiling products and
do not release large amounts of gaseous products, should be considered [10,11].
Objectively, substances, whose melting point in the reaction phase is relatively low, but
whose boiling point is sufficiently high, are desired in the system. Some oxides are
readily fusible (Bi,O3, PbsO4) and even at mildly high temperatures, depending on the
fuel content in the composition, form complex alloys or slags with other products that
comprise the incipient solid phase. Moreover, it is favourable to include components,
which produce high-boiling metal oxides and more complex intermetallic compounds
with oxygen, in the system.

Low-melting oxides, which exhibit relatively low heats of formation (i.e. BiyOs3,
Sb,03, Pb304, Sn0,), are often included in compositions, because upon decomposition
they produce alloys and slags, which substantially increase contact between the
components of the composition in the reaction phase [8]. Their presence, even in small
amounts, intensifies mass exchange in the reaction zone, which may contribute to
accelerating the diffusion-limited reaction. Furthermore, a high content of slag-forming
compounds increases the viscosity of incipient alloys and helps "freeze" the gases,
which are released from the reaction medium, in the bulk of the products. Oxidation
products, which melt in temperatures that are not achieved by the chemical system
during the course of the reaction, play an important role in the increase of the viscosity
of the melt. These products (i.e. BaO, SrO, ZnO, ZrO,, TiO,, Cr,0O3) remain stable at
high temperatures. The mentioned oxides may be introduced as additives to
compositions or be formed during the oxidation of corresponding metallic fuels (Ti, Zr,
Cr), present in the delay composition. The course of the combustion reaction can be
controlled, through careful selection of high-energy fuels and oxidising agents, to yield
oxidation products not only in the form of oxides, but also other, high-melting
compounds, such as silicides, borides and nitrides [8].

Research continues on the use of alternative fuels, which provide a stable
combustion rate, when combined with various low-hazard oxidising agents. Earlier
patents have used an array of fuels, exhibiting various heats of combustion and having a
wide range of melting and oxidation temperatures, to control the combustion rates of

80



V MixHapo/iHa HayKOBO-IIPaKTHYHA KOH(EepeHIist
«XIMIYHA TEXHOJIOI'IA: HAYKA, EKOHOMIKA TA BUPOBHUIITBO»
20-22 xoBtHst 2021 poky, m. IllocTka

compositions. In the U.S. Patent No. 3,111,438, Ball uses an addition of silicon or Ti-Ni
alloy fuel, containing 50% titanium, in his Zn/KMnO, delay composition [12]. The
composition is highly stable; it is, however, highly prone to changes in rate, along the
length of the delay element. The varying combustion rate of the Zn/Ti-Ni/KMnO4
composition stems from the fact that the composition releases a large amount of gaseous
products during its combustion. Recently, the use of metallic iron and zinc in
pyrotechnic compositions, which exhibit a low combustion rate, was studied [13,14].
The use of zinc in delay compositions is of lesser importance, because of the specific
nature of this metal. Its melting point at 419°C is very low, effectively contributing to
increasing the degree of contact between the reagents in the liquid phase. On the other
hand, molten zinc exhibits relatively high viscosity, and due to significant tension
occurring at the zinc/oxidising agent interface, the contact between the two phases is
hindered [13]. Molten metallic zinc rather easily undergoes oxidation, only on its
surface, forming the stable zinc oxide, which effectively suppresses the chemical
reaction. Iron, in comparison with zinc, has a much higher melting point, but its rapid
oxidation occurs even at about 250°C. Conversely, the oxidation of zinc takes place
rapidly only above its melting point.

Compositions that contain iron can also be used as igniting or signalling
compositions. Compositions based on Teflon®, as an oxidising agent, and iron, silicon
or ferrosilicon, as a fuel, can be an example of the above [15]. The use of metallic iron
in the production of delay compositions appears to be more interesting in terms of
physicochemical properties.
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TEXHOJIOI'TYHI ACHEKTU KEPYBAHHSI KPAMOBUMM SIBUILIAMH B
YMOBAX MACOBOI'O BUBYXY
B.I.Kpasenp', A.M.I.Ilylcyposz, P.B.3a|cycn.1103, B.C.Carano’
"HaujonansHuii TexHiuHmil yHiBepeuTeT YKpaiHu
«KuiBchKuii nomiTexHiuHUH iHCTHTYT iMeHi Iropst CikopcbKkoro»
? MimicTepcTBO MPHPOIHHX pecypcis PecryGmiku Azepbaiimian
? WocTkupchKHi iHcTHTYT CyMCHKOTO AEpKaBHOTO YHIBEPCHTETY
kravets @geobud.kiev.ua

Anomayin. Texnonoziuni nepesazu  HUICHLO20  POIMIWYEHHA  NPOMINCHO20
iHiyiamopa 6 c6epoONoSUHHOMY 3apsdi HA YCMYRNI | 8 HAYKOBOMY, i 8 NPOMUCIOBOMY
ceHci IpyHmMosHo dosedeni. Ha 6iominy 6i0 npono3uyiti )jo0o MAaHinymo8aHHs Gopmoro
mopysi  3apady abo OOHHOI YACMUHU CBEPONOBUHU 6 PobOMi NPONOHYEMbCS
MEeXHON02IYHO GiNbUW npocme PileHHs. — 3aMIHUMU mpaouyiiHull YuiiHOpuyHutl abo
npusmMamuyHull O0UosUK 3apsadom 6 gopmi ycivenozo kowyca macorw 0,7 ke. Ilicns
6NPOBAOICEHHSL PO3POONEHUX peKoMeHOayill 00 €M 6UX00y He2abapumy CKOpOMuUBCs 0o
5 %.

BizoMi npuHLIUIM NPOEKTYBAaHHS Ta BHKOHAHHS MAacOBHX BHOYXiB OCHOBaHI Ha
TPpaaUIiHUX CXeMaX KOpOTKOcmoBinpHeHOTO BHcamkeHHs (KCB), komu psau 3apsiais,
a0o TpynH MiJpUBAIOTHCS B IEBHI MOCIiOBHOCTI. YeproBicTh Ta 4acoBHH iHTEpBal
MiIpUBaHHS TPYN BHUXOAUTH 3 YMOBH 3iTKHCHHS CyMDKHHX Mac Iopinl B
MiXKCBepAJIOBHHHOMY MpocTopi. Lle o3Hauae, mo B npaktuni nodynosu cxem KCB npu
BU3HAYEHHI N1€piojly CIOBiILHEHHS NPOIYCKAIOThCS MIBUIKI B Yaci YMHHUKH - YAapHi
XBHJII 1 XBHJII Hanpy:keHb. BoHU Ha 1MOYaTKOBHX eramax Ae(hOpMyBaHHS MACHBY JIHIIE
CTBOPIOIOTH KOPOTKOTPHBAJIE CUJIOBE IOJI€ Ta IHILIIOIOTH SBUINA HepeApyHHYBaHHs
MacHBY.

Tomy cmin Bxke Ha crafii iHILIIOBaHHS OKPEMOIo CBEPIJIOBUHHOIO 3apsmy
BTPy4YaTuch B Tmpolec (OpMyBaHHs 30HH pyiHyBaHHs. SIK mokazaHo B [l, 2], Bin
BUOYXYy CKJIaZHOTO 3a ()OPMOIO NPOMIXKHOIO iHiliaTopa — 00HOBHKA BHHHKAE CHIIOBE
moje, IHTEHCHUBHICTh 1 (opMa SKOTO 3ajexarh BiJ HOro macu i reomeTpii Ta
OJIHOYACHO MO3HAYAIOThCS HAa XapakTepi HACTYMHUX JedOopMallifHUX IPOLECIB, SKi
BiIOYBAIOTHCS 13 3HAYHO MEHIIIOO IIBUIKICTIO.

IIpoBinHOIO ine€r0 poOOTH € BUBYEHHS 1 PO3pOOKa METO/IB KOPUTYBaHHS KpaioBHUX
edekTiB, SKi 0COONMBO SICKPaBO MPOSBILSIIOTHCS B TEXHIIl 1 TEXHOJOTii BEJCHHS
MacoBHX BUOYXIiB B yMOBax pO3poOKH POIOBHII Ha TipChbKUX cxunax. L{i yMoBH CyTTEBO
00MEXYIOTb MOXJIMBOCTI NPU3HAYEHHS PalliOHAIBHUX MapaMeTpiB BUOYXOBHX pOOIT,
SIKI PEKOMEHIYIOThCSl TPAJULIHHUMHU Ta Cy4aCHUMH HAyKOBMMHM JOCIHIUKCHHSMH, a
TaKOX MPAKTUYHHUM JIOCBIJIOM NPOEKTYBAHHS 1 BEICHHS MacOBUX BUOYXiB Ha BIIKPUTHX
po6otax. OCHOBHMM YCKIaJHEHHSIM TaKUX POOIT € OOMEXKEHHs y MPU3HAYCHHI BUCOTH
ycTyny, sika He gocsirae 10 M, Ta sika TArHe 3a c00010 HU3KY IHIINX OOMEXEHb.

B mpakTHIi BiIKPUTHX TipHUYHX POOIT, OCOOIMBO MpPH PO3POOI TrOMOJAPCHKH
Ba)XJIMBOI cHpOBHHHM, BBP MaroTh 3a0e3neunT BUCOKY MPOIYKTHUBHICTH POOIT, SKa B
CBOIO Yepry IOB’s3aHa 31 3pOCTaHHIM 00’ €MiB KOXHOro MacoBoro BuOyxy. Ilpu manii
MOTY)KHOCTI YCTYIy KOPHUCHOI KONAJIMHM, SKAa YacOM MOXKE NOCATaTH HAaBiTh 3 M,
BHMOTH JI0 30UIBbIIEHHS 00’€My OKPEMOTr0 MacOBOrOo BHOYXY MOXKHA 3aJI0BOJIbHHUTH
JiIe 30UTBIICHHSM IUIONI BHCAKYBaHOTO OJIOKa, a OTXKe, - 30UIBIICHHAM YHClIa
CBEP/UIOBHH Ta 3arajibHoi HOTYXHOCTI BUOyXy. Lle B cBOIO uepry npusBOAUTH IO
BKJIIOYEHHS B cxeMy BBP cBepUIOBHH 3 BKa3aHUM MIMPOKHM DSJIOM JOBXKHHH
CBEpAJIOBHHHUX 3apsiiiB 0e3 3MiHH reoMeTpii Mepeixi iX po3rairyBaHHs.
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3po3yMiio, 1[0 B TAKUX YMOBaX SKICTb IOJAPIOHEHHS TipCbKOI MacH MOXHa
MOKPAIMTH 4Yepe3 3MEHILICHHS [iaMeTpa CBEp/UIOBHH Ta BIAMOBIAHO MapameTrpiB
Mepexi iX posramyBaHHsA. OmHaK TyT BCTyHAlOTh B [0 Taki OOMEXEHHS, SK
JCTOHAIIIWHI XapakTepucTuku mpomucioBoi BP (ii dyrimBicTe 10 iHINIOOYOrO
IMITyJIbCY, KPUTHYHHUIl JiaMeTp [eTOHallii), a TaKoXX EKOHOMiYHa JIOLUIBHICTh i1
3acrocyBaHHs. OCTaHHI YHHHUK TaKOXK 0OMEXye IPU3HAYCHHS JiaMeTpa CBEp/UIOBUH.
IIpn HaBeneHUX BHUCOTAX YCTYIIB 3 TOYKH 30py T€OAMHaMIiKu BHOYXy ix ciig Oyno 6
3aMiHUTH CHCTEMOIO IIIMYypiB, ajie IPOTH TAKOTO DIllleHHsS IOCTAalOTh OpraHi3auiiiHi Ta
€KOHOMIYHI OOMEXEHHS.

Hapeluri, 3MeHIIEHHS] BUCOTH YCTYIy — i€ 3MEHILIEHHS INIMOMHH CBEpIOBUHU Ta
JOBXKMHH 3apsijly, IO NMPU3BOAUTE J0 3POCTAHHS POJi HEraTMBHUX KpaioBUX edeKTiB
BHOYXy. B 1mmx ymoBax Oynp-siki 3axoau 3 ocnabieHHs abo 3arnoliraHHs KpaloBHX
e(eKTiB 37aTHI CYTTEBO MMOKPANIUTH TEXHIKO-EKOHOMIYHI TTOKa3HUKH TipHUYIOTO
HiJIIPUEMCTBA.

IIpu 3pocTaHHi KiBKOCTI 3aps/iiB B CUCTEMi MacCOBOIO BUOYXY 3a YMOB IipChKUX
CXUJTIB 3pOCTA€ 3HAYCHHsI OE3MEKOBOT0 YNHHMKA — CEHCMOCTIMKOCTI CXUITY, SIKY MOYXHA
3a0€3MeunTn MPU3HAUYEHHSIM HECTaHJAPTHUX 3arajlbHUX CXeM KOoMyTalii BHOYXOBOI
Mepexi, 00’€IHAHHSAM CBEpAJOBHHHUX 3dps[iB B TPyNd 3 MPU3HAYCHHSIM MEBHOL
MOCJIIIOBHOCTI 1X BHCA/PKEHHS 13 3aCTOCYBaHHSIM TaKOro NPUHOMY CEHCMO3axHCTy, SIK
KOHTYpHE MiJIPUBaHHS.

OTxe, po3poOka ab0 YIOCKOHAICHHS TEXHIKH MacOBOTO BHCA/KCHHs Ha TipCBKHUX
CXUJIax Mae nependayaTH KOMIUIEKCHHH MiXilx 10 po3poOKH e(eKTHBHHX MapaMeTpiB
Ta mpuiloMiB BeaeHHs BBP, B skux 1oMiHye yBara g0 KpaioBHUX €(eKTiB BHOYXY
OKpPEMHX CBEPIJIOBMHHUX 3apsiliB, a TAKOX JI0 MPOsBY LUX edekTiB B cucremi. ko
3a TPAaAMIiHAX BHCOT YCTymiB, mo mepeunlyiors 10...14 M, KkpaiioBi edekTn
CKJIaJIal0Th HE OCHOBHY IpoOJIeMy IIOAO SIKOCTI MOAPIOHEHHS TIpChbKOI Macu i He
NPU3BOAATE 1O IEPEBHUIIECHHS MNPUHHATHAX [OKA3HMKIB (HANpUKIAL, BHXOLY
HerabapuTHOi (pakuii), To B HOCHIIKYBaHMX yMOBax LEH IIOKa3HHK 3TiHO 3
npakTikoro BeneHHs bBP cknanae monan 8...10 %. Cnij BpaxoByBaTH, 10 HAKOLIBII
BIPOTiTHUM JDKEpEJIOM BHXOAY Herabapury € He Tak OiuHi HOXWI IIapu
BUCa/DKYBaHOTO OJIOKY, SIK OCOOJIMBO — HOrO MOBEPXHEBHH IIAp 3 MOTYXHICTIO, IO
cniBMipHa 3 BUCOTOIO HaOiiiku. Habilika i3 3MEHIIEHHSAM BHCOTH ycTymy a0 3-X i
MEHIIIE METPIB NPU HE3MIHHOMY MiHIMaJIbHO MPUITYyCTUMOMY JiaMerpi 3apsaiB 105 MM
st BP tumy ANFO He 3aBxan Moxe 6yt Menmior 2 M. Toxi npu Bucoti yeryny 3,0
M JIOBJKHMHA 3apsiy ckiane 0mm3bko 1,1 M, 3 skux 3rigHo 3 manumu qoxatky C cymapHa
JOBXKMHA TOPLEBHX 4YacTHH ckinaae He MmeHme 0,4 M. SIKmo He 3acTocyBaTé 3axou
100 KOMIEHcallii HeraTMBHOrO KpaiioBoro edekTy Ha 000X TopusX 3apsmy,
eHepreTH4Hi BTpaTu BHOYXY ckianyTh mnoHax 20 % eHeprii 3apsay, 3 HUX B 00iacTi
Habiiiku — nonaz 10 %, 1m0 He MOKe He O3HAYUTHUCH Ha SIKOCTI MOPIOHEHHS TOPOAH.

Buxozsuu 3 HaBeIEHUX MipKyBaHb, B pOOOTI BUKOHAHO KOMIUIEKC HOCITiIKEHb, 10
MAroTh 3a KiHI[EBY METY OOIPYHTYBaHHS TEXHOJIOTIYHHUX MapaMeTpiB KOHCTPYIOBaHHS Ta
po3TalllyBaHHs CBEPUIOBUHHUX 3apsi/liB B CHCTEMI MacoBOTro BUOYXY, a TAKOX PilLICHHS
METOAWYHMX ITHTaHb MPOEKTYBAHHS OCHOBHHMX Ta JOIIOMDKHMX €JIEMEHTIB BUOYXOBHX
pobiT B yMOBax 0OMEXEHOT BUCOTH YCTYIIB Ha ripcbKuX cxuiax. Lli yMoBH npuU3BOAATD
0 3pPOCTaHHS POJIi KpaioBux edekTiB BHOYXy CBEpIOBHHHHX 3apsjiB, TOOTO 0
HOMITHUX €HEePreTHM4YHHX BTpAaT BUOYXy Ta MOTIPLICHHS SKOCTI PyHHYBaHHS TipchKOT
MacH B KpaiOBUX IUISHKaX BHCAIKyBaHOro 00’eMy Oinoky. BinmosigHo morpiben
aKLEHTOBAaHMH MiJXiJ /[0 TMEBHUX TEXHOJIOTIYHMX EJIEMEHTIB, A€ KpaiioBi edekTu
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Ha0yBalOTh 3HauHOi Baru. lle B OCHOBHOMY MexaHiuHuH edekT BHOYXy Ha KiHLEBUX
JIISHKAaX CBEPUIOBUHHOIO 3apsily, B MOPOAHOMY MACHBI MiX [IMMH AUISHKAMH Ta MIX
3apsiaMy i IPUIIETIIMMU BUIBHUMH NTOBEPXHIMH BHCAP)KYBaHOT'O IIOPOJHOIO OJIOKY.

B 3anmexHOCTI BijJ TMOJIOXKEHHS B 3apsii IOCHIIKYBAaHOTO €JeMEHTa B AMHAMII
PO3BUTKY MeXaHIUYHOro edexry BHOYXy MOXKe NepeBakaTH OJHA i3 HACTYMHHUX (a3
BUOyXy 3a aHajorieo 3 [3]: BHUIPOMIHIOBaHHS 1 TOLIMPEHHS CHJIOBOTO (POHTY
(xBunboBa (haza), QopmyBaHHS BUOYXOBOi MOPOXKHHUHH (KamydierHa Qaza), MacoBi
3pYIICHHS CITiZIOM 32 XBIUICIO HAIPYXKeHb (KBasicTaTH4Ha (ha3a), B3a€MOJisl 3yCTPIUHUX
200 TOCIIIOBHUX PI3HOIIBH/IKICHUX MacOBHX MOTOKIB ((pa3a 3iTkHeHHs). Ha3paui ¢a3u
B JMHaMilll PO3BUTKY 3arajbHOro JedopmauiiiHoro mnpouecy HpUCYTHI Ha KOXHil
JUISHII 3apsify, alie X Bara B KOXKHOMY TEXHOJIOTIYHOMY €JIEMEHTI MOYKE 3MIHIOBATHCH.
3 HaOUIBII TMCKYCIHHUX 1 IPOOJIEMHUX JUISTHOK CBEPUIOBUHHOTO 3apsiy 00paHo iHoro
TOpLEBI AUISHKA 1 caMe Juli HUX BHKOHAaHO OCHOBHHH MAacuB JOCITiIKEeHb. B
HO/AJIbLIOMY PO3IJISHYTO QHAJIOTIYHI MUTAHHSA B YMOBAX B3a€MOJIi 3aps/iB B CHCTEMi.
BigmoBimHO MOXKHAa TPEICTAaBUTH OCHOBHI MOMEHTH, IO BiOOpaXkaloTh eTamlu
BIIPOBA/KEHHS Y BUPOOHHIITBO BUKOHAHMX PO3POOOK.

3 3arajgbHUX MapaMeTpiB MacOBOTO BUOYXY BUALISIOTHCS HACTYIIHI.

Ilpomucnosa BP. B cydyacuiii mupaxktuii BuHOyXOBHX poOIiT Ha Kap’epax
Aszep0aiixany HanOLIbI nomynsapHi BP — ne emysbciiini i tuny irmanity. Ha nam
norysa, obuparoun EBP i mpoMuCIOBOrO BUKOPHCTAHHS, MPOSKTAHTH 1 TEXHOJIOTH
3aJIMIIAIOTH 11032 YBArol0 OJWH BAXIIMBUI YMHHUK, MAJIO JOCHIIKEHHH HayKOBLSIMU,
ajie BiAMIUEHHUH NpakTHKOI0 BHOYXoBOi crpasu. Ciif B3sTH 10 yBaru 3patHicte EBP
VIIUTBHIOBATHCH M/ €0 CTHCKYIOUHX XBWJIb HANPY)KEHb 3 HACTYIHUM BiJIHOBICHHIM
i cTpykTypu Ha mpors3i mesHoro uacy. I'yctuHa Oyzab-sikoi BP € Bu3HauanbHuM
MOKAa3HUKOM, III0 BIUIMBAE Ha 1l AETOHAIIHY 31aTHICTh. B yMOBax mMacoBoro BHOyXy 3
BUKOPUCTaHHAM TEXHIKM KOPOTKHMX CIIOBUIbHEHb KOXXHA HACTYIIHA TIpyna 3apsiiB
CHOYaTKy  MHIiJA€TCS MEXaHIYHOMY BIUTMBOBI CHJIOBOTO TII0JISi, BHIIPOMIHEHOTO
MONEPeIHbO BUCAUKEHOI0 TPYNOI0, Ta YIIUIBHIOEThCS. TeopernmyHo Ha OCHOBI
BUKOPUCTAaHHS PILICHHS 3 JUHAMIKH TPUKOMIIOHEHTHOI Mozeni [4] 3 BUKOPHCTAHHSIM
piwenb B poborti [S] moBeneHo [6], mo rasoHanoBHeHa emyibciiHa BP B cucremi
3apsiaiB miamerpom 200 MM mpu BifctaHi MK HEUMH 5,0M 37aTHA YIJIBHUTHCH BiX
BUXiaHOTrO 3HaueHHs B 1200 Kr/m° 1o piBHs 1480 Kr/M°. 3TiZHO 3 JaHMMHU puc.1, Take
MEPEBUIICHHST PAHMYHOTO 3HAYCHHS IIUIBHOCTI PEabHO 3arpoXKy€ YacTKOBOK abo
MOBHO BTparoro 1ier0 EBP netoHaliifHiX BIacTHBOCTEH.
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BignosifHO 10 MpakTHKM MacoBHX BucamkeHb 3apsiaiB EBP [9] mis BigHOBIeHHS
iX BHXIJHOTO cTaHy HoTpiOHO Onu3bko 70 Mc. 3a meit yac razonanosHeHa BP min miero
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PO3IINPIOBAHOIO Ia30BOr0 KOMIOHEHTA Ta B SI3KOCTI €MYJIbCil YaCTKOBO HOBEPTAETHCS
1o BuxigHoro crany. Ha Bimminy Bix EBP Oynb-sika inma BP Ge3 ra3oBux BKIIHOUCHb
a00 He YIIUIBHIOEThCS 10 BKa3aHMX 3HaueHb, a00 HAOAraTo MIBUJIIE BiJHOBIIOETHCS
Opnak Hamaranus ctBoputi EBP 6e3 razorenepyrounx abo aepyrodnx JAOMILIOK Yepes3
CEHCHOITI3ALIiI0 CIYYEeHUM MEepIITOBUM IIiCKOM, CKJISHUMHU KyJbKaMu, Mikpochepamu
(B kinbKOCTI 10 4%) NOMITHO 30iM1bI1Yye ii rpaHuYHuUi Aiametp [7].

Buxoasun 3 BHUKIQAEHOTO, s BHIIPABICHHS CHUTYyallli MOXKHa IITH JBOMA
IUIAXaMH - 3aCTOCYBAaTH MHUTTEBE IiJPHUBAHHSA KITbKOX CYMDKHUX TpYII 3apsiiB,
00’eHaHUX y OUIblIy Tpymmy abo oOpatu mpoMucioBy BP, MiHIMalbHO CXHIIBHY 10
MONEPEHbOro yliabHEHHS. B po0OOTi 3arponoHoBaHo 1 BIPOBAIKEHO Y BUPOOHUIITBO
B MPOMHCIOBOMY Maciitabi MoeqHaHHS 000X MPOMO3ullid. MoXHa TMONepeaHbo
BiJJ3HAYMTH, 11O SKIIO BPaxyBaTH BUKJIA/ICHI BHIE BUMOTHU 10 eeKTHBHOCTI 1 6e3neku
MacoBHX BHOYXOBHX pOOIT Ta JOJaTH CKOHOMIYHI MIpKyBaHHS, HAWOLIBII
npuiHATHOO ciif BBakatH BP tumy ANFO, 0co6a1BO 3aBOJICBKOIO MPUTOTYBAHHS B
pyKaBax, SIK II€ IIMPOKO AOBEIEHO YyKpaiHCbkuM JocBimoM [10] Ha 3amizopymHHX
poloBHIax Ta Kap’epax 3 BUAOOYTKY Oy/iBeIbHOI CHPOBHHH B yMOBaX IiIBHILIEHOL
BOJIOTOCTI.

Dopma, cknad ma cnocio iniyiroeanus 0Ooiiosuka. TexHONOTIUHI mepeBaru
HIDKHBOTO PO3MILIEHHS IIPOMIXKHOTO iHIlliaTopa B CBEPUIOBUHHOMY 3apsi/ii Ha yCTYII i
B HAayKOBOMY, i B HPOMHCIOBOMY CEHCI TPYHTOBHO JIOBEJICHI, OJHAK IIOLIYKH
MiJICHIICHHST MEXaHIYHOro edeKTy Ha pIiBHI MiJIOUIBH YCTYIy HE 3aKiH4ylooThcsi. Ha
BiZIMIHY BiJl MPOIMO3MIIN OO0 MaHIMyTOBaHHS (HOPMOIO TOPIs 3apsxy abo NOHHOI
YaCTHHHU CBEP/UIOBUHH B POOOTI POMOHYETHCS TEXHOIOTIYHO OIIBII TPOCTE PIllICHHS —
3aMIHUTH TPAIUMLIHHKI LMITHAPUYHUN a0 npu3MaTHYHUKA GoioBUK 3apsaoM B (opmi
yciueHoro konyca macoro 0,7 Kr, BATOTOBJICHHM B 3aBOJCBKHX yMOBAX MPECYBaHHIM
TPOTHILY

BoiioBHMK 3 MOXMIOI0 GIYHOI0 MOBepxHE mix KyroMm 70° 10 LIMPOKOI OCHOBH,
Mi/BIIIYIOTh Ha JIETOHALIMHOMY XBHJIEBOAI CHIBBICHO 3 3apsiOM IIHPOKOIO OCHOBOIO
Bropy. Bubyx 6oiioBuka 3abe3mnedye po3BUTOK IPYIIONOAIOHOrO CHIOBOTO ToJisi. BoHO
CIPSIMOBYE 3HA4YHY YAaCTHHY IIOTOKY €HEpril NepeBaXKHO B PajlialIbHOMY HAINpsMKY B
KyToBy obOmacts mHa cBepmroBuru [11]. CrBoproBaHa mpu 1poMy aedopMoOBaHa
o0JlacTb B KyTOBIH 30HI JHa CBEP/IOBUHHU CIIYI'Ye 3apOJIKOM PajialibHOI TPIIUHY, SKa
PO3BHUBAEThCS HA PIBHI MIJOMIBH YCTYIY M 4ac BUOYXY OCHOBHOT'O CBEPIOBUHHOI'O
3apsiay. B skocTi eneMeHTa TeXHIKU MipUBaHHS B pOOOTi 3alI03UYEHO PIllIeHHS 3 mpaili
[12], B sKiif noBeneHO, IO 3aJIMIICHWH B JHI CBEp/UIOBHHHU IIap OypoBOTO HUIAMy
BUCOTOIO OJIM3BKO JliaMeTpa CBEPAJIOBHHHM IPALIOE SIK 3aXMCHA MPOKJIAAKa B OCHOBOMY
HaNpsMKy. YCHIIIHICTh 3aCTOCOBAHOTO METOJLY BEAEHHS MAacoBUX BHOYXiB 3
BUKOPHCTAHHSIM TEXHOJIOTIYHUX PE3yNbTaTiB AOCTIMKEHb B POOOTI MiATBEPIAKEHO
cepiero MPOMHUCIOBHX MAacOBUX BUOYXiB B PyJOHOCHHMX KBapIMTaX, 32 SKUX MOBHICTIO
JIKBiOBaHO MOTpeOy B mepedypi.

Ilapamempu mepesici ceéeponosunnux 3apsaodie. Y pO3IISHYTOMY B poOOTi
MeXaHi3Mi (JOpMyBaHHSI 30HH IPOOJIEHHsS Ha PiBHI BEPXHIX TOPLIB CYMIXHHUX 3apsiB
BpaxOBaHMU! TIMTBKH MEXaHi3M B3a€EMOJIl y MpoIleci BOPOHKOYTBOPEHHS B 00acTi
HaOiliku. BinnosigHo npusHayatoThest napamerpu bBP, siki 6 01HOYAaCHO 3a/10BOJNBHSIIN
BUMOTaM JI0 SIKOCTi JAPOOJICHHS MDKCBEPAJIOBMHHOIO IIOPOJHOTO MAcHMBY 1
3a0e3rnedyBaiy aHAIOTIYHUHM pe3ynbTaT Ha piBHI HaOifiku. [lpm ubOMy MOXIMBI
TEXHOJIOTIYHI pIilleHHS, $Ki, BUXOASYM 3 aKIEHTy Ha BHOip mnapamerpis BBP,
e(peKTUBHUX Ui OCHOBHOIO MAcHBY IOPOAM MIK CBEPJIOBHHAMH, NPU3BEIYTH 10O

86



V MixHapo/iHa HayKOBO-IIPaKTHYHA KOH(EepeHIist
«XIMIYHA TEXHOJIOI'IA: HAYKA, EKOHOMIKA TA BUPOBHUIITBO»
20-22 xoBtHst 2021 poky, m. IllocTka

HEBUTIZIHUX YMOB JpOOJEHHS MAacHBY Yy BEPXHbOMY IIapi Ha piBHI HaOiliku. IHmMMM
CJIOBaMU, MPH MPHU3HAYCHHI TEXHIYHO I EKOHOMIYHO PalliOHANBHHUX TapaMeTPiB MEPEexi
po3TalllyBaHHs CBEPJIOBHH, IKi BPaxOBYIOTb BCi 4 cTail B3aeMoJii 3apsiB, HEOOXiJHO
30eperT Takuii JKe MiIXiA Ui mapy Ha piBHI HaGiiiku. Y 3B'S3Ky 3 UM PO3TJSIHYTO
MposiBM KpaioBUX e(eKTiB B 00JIaCTI BEpXHIX TOPLIB CBEPAIOBUHHUX 3apsiB SK
pesynbrar aii (Gi3MYHMX TPOLECiB 1 SBHUIL, 3aKIAJCHUX Ha IIOYaTKOBiH cramii
IUIAaHYBaHHS MAacOBOTO BUOYXY.

Hanpukiaj, HpHHIMIOBAa 3MiHA yMOB TEGHEPYBAaHHS IHINIIOIOYOrO IyIbCy B
CBEpAJIOBUHHOMY 3apsi/i, HAIPSIMKKA PO3BUTKY JETOHAIIIHOTO MPOIECy, MOCTiOBHOCTI
MiAPUBAaHHA 3apsAfiB y CHCTEMI Ma€ OJHOYACHO 30araTHTH MOXIIMBOCTI TEXHOJOTIi
pyHHYBaHHS OPOJX B MiXKCBEP/UIOBUHHOMY MPOCTOPI 1 3a0e3meunTn HeoOXiHY AKICTh
MacoBoro BuOyxy Ha nepudepii MacuBy.

IlepeBara HMXKHBOTO IHIMIFOBAHHS CBEPUIOBHHHHUX 3apsjliB i3 3aCTOCYBAHHSIM
KOHIYHMX IPOMDKHUX JETOHATOPiB, KpiM OLIbII MOBHOIO BHKOPHCTAHHS EHepril
IIPOMHCIIOBOTO 3apsixy B obnacti mepeOypy i B3OBXK KOJNOHKH 3apsfmy, IIOIATae B
MOXITMBOCTI Opi€HTalii cuioBuX 1 aedopmaiiitHux QpoHTIB y BepTHKaIbHOMY
HAIpsMKY, TOOTO B HAIPSIMKY IIapy MOPOJH Ha piBHI HAOIHKN.

Po3riastHyTO MOXITHBI TMO3MTHBHI 1 HEraTWBHI CTOPOHH oOpieHTamii (GpOHTIB i
MOCIIIIOBHOCTI iX B3aemofii. Y 3BHUalHMX METOMMKAX pO3paxyHKy napamerpiB bBP
CTOCOBHO 10 MacoBHX BHOYXiB YMOBHO BB@XAa€ThCs, LIO CBEPUIOBUHHI 3apsiad B
CHUCTEMi B3a€EMOJIIOTh Y HAIlpPIMKy, HOPMaJBHOMY JO iX oOceil. AHanoridyHo i B
TEOPEeTUYHUX NOOyHOBaX 3aKJIAJEHO 1€ JOMYIIEHHs, TOOTO ISl CHPOILEHHS
MIPUAMAETHCSI, 10 3PS ACTOHYIOTh OJHOYACHO MO JOBXHMHI. Takuii miaxia 103BoIIsE
MaKCHMAJIbHO ~CIPOCTUTH  DIIIGHHS 3ajadi PO3MOALTY MOJII HANPYXKeHb Yy
MIXKCBEPJIOBHHHOMY MAaCHBI 1 B MEpPIIOMY HAOIMKEHHI OIL[IHUTH MEXaHIYHUH e(eKT
BUOYXY.

3aBasku crenu@ivHiil «rpymonoaioHo» (opmi BUIPOMIHIOBAHOTO KOHIYHUM
001 OBUKOM €HEepreTM4HOro moiyisi Horo BuMOyX Ha cTaiil iHILIIOBAaHHS OCHOBHOTO
(CBepNIOBMHHOTO) 3apsily HampaBiisie  BeKTOp (GPOHTY XBWJII HampyXeHb y Oik
BEpXHbOI BUIBHOI OBEPXHi, TOOTO B OiK MOBEPXHEBHX ILAPiB, PO3TAILIOBAHUX HA PiBHI
Habiliku. Ll obnmacTh He migmaeTbest Ge3nocepeIHbOMY BILIMBY CHCTEMH CTHUCKAIOUHX
palianbHMX 1 TaHreHLIaJbHUX HANpPYXXEeHb BiJl BUOYXy 3apsiy B cBepuioBuHi. OTxe,
3MiHa HaNpsSMKy PO3BHTKY CHIIOBOTO IOJISI B OiK BEepXHiX IIApiB MAcHBY Ma€ CIPHATH
OLITBIII SIKICHOMY TO/IPIOHEHHIO IIi€] YaCTUHU MAacCHBY.

Takum uMHOM, HaWOibIIOro edexTy BiA Takol HepeopieHTalil CHIOBOrO MOJS
MOYKHa JOCSTTH HIDKHIM IHILIOBAaHHSM CYMDKHHUX CBEpUIOBHHHHX 3apsiiiB, 32 YMOBH
X MPAKTUYHO OJHOYACHOTO iHilitoBaHHsA. OCKUIBKY BiJIIOBIHI 3apsiiu CYMDKHUX PSAIIB
OyayTh iHILIHOBaHI OMHOYACHO, (POHTH MONIB HAMPYKEHb 3yCTPIHYTHCS CTPOTO B
MDK3apSIHOMY TIPOCTOPi, @ CyMapHHH BEKTOP CHIIOBOIO IOJISl y pa3i Takoi B3aeMOAil
Oyze CipsIMOBaHHI 1O HOPMAJTi JI0 BUIBHOT HOBEPXHI OJIOKY.

BpaxoByroun, 110 TEXHIYHO Taki yMOBH 3a0€3MEUYHUTH [OCHUTh CKJIAIHO uepe3
BHCOKY MIBHJKICTh IMOIIUPEHHS XBHJIb HANPYXeHb 1 1i MEBHY 3MiHY MiJ BIUIMBOM
MOPOAHUX MOPYIICHb, OCOOIMBO y BUBITPEHOMY MAaCHBiI KBapIMTIB, OLTBII peanibHO
PpO3paxoByBaTH Ha BIIOMHMI MeXaHi3M B3aeMOJIl MOPOJHUX MAC, L0 MePeMilllyloThCs
Ha3ycTpiu i [JOAATKOBO PYHHYIOTHCSI aHAJIOTIYHO YMOBaM KOPOTKOYIOBLIBHEHOTO
HiJpUBaHHS 3a BPYOOBOIO CXEMOIO, TOOTO Ha MeXaHi3M B3a€MOAil Ha piBHI OLIBII
HOBIIBHOrO Ipolecy - 3ITKHEHHS Mac, CIPSAMOBAaHOrO B OiK BepXHbOI BiIbHOL
noBepxHi. OJHOYacHE HIDKHE IHILIIOBaHHS MOJOBXEHHUX 3apsiB B CYCIOHIX psaax
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MOPOJKYE 3YCTpiYHI HAaXWIIEHi 1O BUIBHOI MOBEpXHi ycrynmy ¢poHTH. DakTH4HO B
IbOMY BHUNAAKY IPOIOHYEThCI CXEMa BEPTUKATPHOIO  KIMHOBOTO  BpYOYy,
OpIEHTOBAHOI'0 3aMICTh BIJIbHOI OIYHOI IMOBEpXHi B OiK MOKpIiBII yCTymy, ska uepes ii
3HAYHI PO3MIpPH € JDKepEeIoM HerabapuTHOI (pakirii.

3po3ymiio, IO HaBeAEHAa HOBAa CXeMa B3aeMOAii Ipyn 3apsiiB CyHNepeduTh
TpaJUIi{HIM IpUHOMaM KOHCTPYIOBAHHS CXEMH KOPOTKOCIIOBLIBHEHOTO IiJpHBAHHS.
BoHa BUKIIIOYa€ MEXaHI3M FOPU30HTAILHOTO MOCIIJOBHOTO MEPEMILIIEHHSI OKPEMHUX Mac
ripChbKOr0 MACHBY 1 IIEPEOPIEHTOBYE PyX IHMX Mac BiJ TOPU30HTAIBHOIO 3CyBY Ha
BepTUKanbHU. OTHAK IPU IbOMY BOHA 30UIBIIYE PU3HUKHU 32 YNHHUKOM CEHCMIKH.

3 Mero0 00'€eqHaHHS LMX pPYXiB 1 BPAaXOBYIOUM 3HA4YHY MLIUIBHICTH Mepexi
cBepAIoBUH Majoro giamerpa (102 mm mpu mepexi 3m x 3m), B poOOTi i Ha MPaKTHUII
BUNPOOYBAHO 1 BIPOBA/KEHO KOMIIPOMICHY CXeMy KOMYTalii, ska Iojsrae B
OJJHOYACHOMY IIapajelIbHOMy BHCA/UKCHHI TPhOX CYMDKHHX PSIiB CBEpPIOBHHHUX
3aps/liB B KOCTI OZHI€T rpynu (pUcC. 2), 3 HACTYIIHUM KOPOTKOCHOBUIBHEHHUM BUOYXOM
CYMIXHOI TPUPAAHOI 'PyInu 3 nepiofoM croBiibHeHHs 100 Mc.

S 3 - - ——-——————
/-‘/-,r—- - - ‘

Puc. 2 KombiHoBana cxema KomyTallii BHOyx0BOi Mepexi

Peaizanist Takoi CXeMH J03BOJISIE BUKOPHUCTATH 1i IepeBard 3aBJSKU IOE€JHAHHIO
MEXaHi3MiB EPEMIIIEHHS] MaC Y BEPTUKAILHOMY HAMPSIMKY 3 TPAUL[IHAM 3iTKHEHHSIM
JIJSIHOK MacWBy B TOPU3OHTAIBLHOMY HampsMKy. IlepeBaru 3acTOCyBaHHS 3MillIaHOT
CXEeMH KOMYyTalil Mepexi NOBeIeHI HPOMUCIOBHMH BHIPOOYBaHHSIMH METOAY B
yMOBax, O€3Me4HHX 3a CeHCMIYHMM YMHHHKOM. 3riJHO 3 JaHUMH 1o YoBrapcbkomy
Kap’epy, 10 po3pobIIsie PyIOHOCHI KBApIUTHU i3 IPUPOAHO HMOPYIIEHOI CTPYKTYPOIO,
MpY MakCHMaJbHOMY po3Mipi HerabapuTHOI ¢pakiii 0,8 M (BU3HAYAETHCS 32 IIUPHHOIO
MPUHMaIbHOTO OTBOPY JpoOapku) BHXiA Herabapury B yMOBax IiIpUBAaHHS 3a
TpaauuiiHuMu  cxemamu cknagae 10 %. Ilicns  BmpoBamkeHHS  po3poOIeHHX
pexoMeHzaliit 00’eM BUX0ly HerabapuTy cKopoTuscs 10 5 %.

Cnig 3BepHYTH yBary Ha Te, IO IPONOHOBaHA CXEMa MiJAPUBAHHS THUILY
«BEPTUKAIBHUN KJIMHOBUI BpyO» BUSIBISIE CBOK €(EKTHBHICTH camMe B MeXax
BEPXHBOTO Iapy ycTymy Ha piBHI Habilku. Il{o crocyerbcs po3poOku pomoBHIN HA
CXMJIaX, CXeMma MOTpeOy€e BIOCKOHAICHHS TEXHIKM KOHTYPHOTO MiJPUBAHHS ILIIXOM
MOEHAHHS B KOHTYPHOMY pSiJi 3aXHCHOI TpIlIMHH, OTOYEHOI 30HOIO IIiJBHIICHOI
TPILMHYBATOCTI, PO3BUHYTOIO MEPEBAXKHO B OIK BHCAKyBaHOTO OIIOKY [6].

BucnoBku
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B ymoBax wMacoBux BHOYXiB Ha Kap’epaX i3 3acCTOCYBaHHSAM KOPOTKHX
CBEp/AIOBHHHUX 3apsiB HaOyBa€ BEIMKOrO 3HAUCHHs KePYBaHH KpaHOBUMHU epeKTaMH
rpu (opMyBaHHI CHIOBHUX 1 AedopManiiHuxX nosiB. OCHOBHI NMPONO3ULIT OAO TEXHIKK
1 TEXHOJIOT1l BUKOHAHHS OypOBHOYXOBUX POOIT HAa TPCHKUX CXUIIAX CIIPSIMOBaHI Ha:

- Opi€eHTALil0 (POHTY CUIIOBOTO I0JI1 BUOYXY CBEPUIOBHHHMX 3apsi/iB B HAMIPAMKY
MOKPIBJII YCTYITy LUISIXOM iX HHIKHBOTO 1HILIOBaHHS;

- JMiKBiAamio nepedypy HuIXoM OYpiHHS CBEPUIOBHH JI0 PIBHA MiJOIIBH YCTYIY Ta
BUKOPHCTAaHHS IIPOMDKHHX iHINiaTOpiB KOHIuHOI (opMHU I oOpieHTalii CHIOBOro
HOTOKY IpH BHOYXy 00if0BHKa B HAPAMKY KyTOBOI 30HH JTHA CBEp/UIOBHHH;

- OpraHizauilo B3a€MOJil CyMDKHUX CHJIOBUX IIOJIB Y BEPXHbOMY LIapi MAaCUBY Ha
piBHI HaOIiiKu A7t 3aM00IraHHs MiABUIIIEHOTO BUXOY HerabapuTHOI (paKiiii;

- BIPOBA/UKEHHS pAI[lOHAIBHUX I1apaMeTpiB pPO3TAallyBaHHS CBEPATOBUHHUX
3apsAgiB OOMEXKEHOI MTOBXKHHH B CHCTEMi MAacOBOTO BHOYXY 3 METOIO JOCATHEHHS
MiHIMaJIbHUX €HEPreTHYHUX BTPAT B TOPLIEBUX 30HAX 3apsiiB;

- po3poOKM KOMOIHOBaHOi CXEeMM IHiJPHBaHHS 3 TPYINyBaHHSAM KUIBKOX PpsJIiB
CBEpAJIOBUHHUX 3apsjiiB, L0 MiJPUBAIOTHCS B TPyMi OJHOYAcHO 3 (OPMyBaHHIM
MacoBOTO PyXy IOPOJIH 3a IPUHIUIIOM BEPTHKAILHOTO BP0y Ta 3 MiJIpUBAHHSAM IPYII B
PEKUMiI KOPOTKHX CIOBLIBHCHB;
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OTBOP INIPOb MATEPUAJIOB CIIEIXUMHUU BOEITPUIIACOB
TMOCJIE JJIMTEJBHOI'O XPAHEHUS B YKPAUHE U 3A PYBEXKOM
JI.H. Kupnuenko, B.H. YBapos
T'ocynapcTBeHHBIH Hay4HO-HMCCIIEN0BATEILCKUI HHCTUTYT XMMUYECKUX MPOJYKTOB
ndikhp @ukroboronprom.com

B mpouecce JUIMTENBHOrO XpaHEHHs U IKCILTyaTali OOCHPHUIIAcOB U3MEHSIOTCS B
TOH WM WHOM CTEIEHU HUX (1)H3VIKO-XI/IMPI‘{GCKVI6, GaJ'lJ'H/ICTPI‘{eCKVIe H MCXAaHHUYCCKUEC
XapaKTepUCTHKH, T. €. 60eBble KauecTBa. IIpu HEKOTOPBIX 0COOEHHO HEOIArONPHATHBIX
YCIOBUSIX XPaHEHWs W OKCIUIyaTallMd, a MHOTAA M BCIeACTBHE JeeKToB
IPOM3BOACTBEHHOTO MM KOHCTPYKTHBHOTO XapaKTepa STH U3MEHEHHS MOTYT IIPUBECTH
K HENpUroaHoCTH OoenpumacoB [uisi OOEBOTO HCIOJIb30BAHMSA MM CHEJIaTh HUX
OIACHBIMU IS XPaHCHHUSL.

Jlnst CBOGBPEMEHHOI0 YCTAaHOBJICHUS! U3MEHEHHUH, MPOUCHICAIINX B TEXHUYECKOM
COCTOSAHHUH 60enpnnac03, U BBIABJICHHUA HEIOAHBIX M ONACHBIX JIA GOeBOFO
HCIOJIb30BaHMs OTJCIBHBIX 3JIEMEHTOB U HOMEHKIATyp OOCHPHIIACOB, XPAHSIIUXCS B
3amacax, HEOOXOJMMO OCYLIECTBISATH MOCTOSHHBI KOHTPOJIb HX TEXHHYECKOrO
COCTOSIHHS B TCUCHUE BCETO CPOKA CITYXKOBI U IKCILTYaTALUH.

Haubonee »>Gh¢eKTHBHBIM KOHTPOJEM SIBISIFOTCS  J1a0OpaTOPHBIC HCIIBITAHUS
GOerpUIacoB, KOTOPHIC MO3BOJSIOT YCTAaHOBUTh Kak (akT OOCBOH HPHUIOAHOCTHH
0e30MacHOCTH B CIY)K€OHOM OOpAIlleHUH, TaK U CPOKH OYEPEIHBIX MEPEHUCTIBITAHUN U
CcpoKu 60EeBOM NPUTOAHOCTH OOCHPHUITACOB IPU MX DKCIUTYaTallid U XPAaHEHUH.

Jins m3y4eHus cocTosHHS OoelpHIaca HEoOXOIUMO €ro pa3obparb U 0TOOparh
npo0y Marepuana CIeNXUMUM Ha (DU3MKO-XUMUYECKUH aHalu3, YTO HpEJCTaBIeT
CEepHE3HYIO MPOOIEMY C TOYKU 3PEHUS 6E30MaCHOCTH.

Marepuanbsl CIEUNXMMHH — 3TO Pa3sHOOOpa3HbIe MOpOXa, B3PHIBYATHIC BEIIECTBA
(BB) 1 NMpOTEXHUYECKHE MaTepUaibl, KOTOPHIMU CHAPSKCHBI COCTABHBIC YaCTH PAaKeT
u O6omM0. Bce OHM XapaKTepU3YyIOTCS BBICOKOW KOHLICHTPAIMEH SHEPrHH B CIHHUIIC
o0beMa M CHOCOOHBI K OBICTPEIM IPEBPAIICHUAM C BBIICICHHEM 3HAYHTEIFHOIO
KOJIMYECTBA TeIUIa ¥ ra3000pa3HbIX MPOYKTOB.

Ilpu paspaboTKe MAaTEepUANOB CICLXMMHH K HUM IPEABSBILUINCH HOCTATOYHO
BBICOKHE JKCIUTyaTAallMOHHBIE TpeOOBaHMS M TpeOOBaHUS 10 OE30MacCHOCTH B
ciyxkeOHOM oOpaiueHud. Hampumep, OHM JOIDKHBI MMETh BBICOKYIO XHMHYECKYIO
CTOMKOCTh M (PU3HUYECKYIO0 CTaOMIBHOCTb, HUMETh HH3KYI0 UYYBCTBHTEIBHOCTH K
MEXaHUYECKHM, TEIUIOBBIM U NIPOYUM MMITy/IbcaM. VM Ha3HA4YaeTcst rapaHTUHHBIA CPOK
XpaHenus, oObHO 10-15 ner coxpaHeHHs CTaOMIBHBIX OaJUIMCTHYECKHX H
9KCIUTyaTAIlMOHHBIX XapaKTepUCTHK. HO TpHM IIMTETbHOM XpaHEHUHM HPOUCKOASAT
3aKOHOMEpPHBIC M3MEHEHUsS (DU3UKO-XMMHYCCKUX M OAJUIMCTHYECKUX XapaKTEPUCTHK.
Ilpn pabGote ¢ MarepuanamMu CHELUXUMHU JUIMTEIBHOTO XPAHCHUs HEOOXOIMMO
IIOMHHUTb, YTO OHH HAIIOJIHCHBI B3PBIBOIIOKAPOOMACHBIMU, YYBCTBUTCIIBHBIMH K
BO3JCHCTBHIO ONPEACICHHOTO KOJINYEeCTBa SHEPIUil:

- MEXaHU4ecKoH (yaap, HaKoJI, TPEHHE);

- TEIUIOBOI (MCKpa, IIaMsl, HArPEBaHHE);

- JIEKTPUYUECKO# (MCKPOBOIT pa3psili, CTATHUCCKUIT 3apsin);

- XUMHYECKOH (peaKI[U{ ¢ HHTCHCUBHBIM BBIICJICHUCM TEIUIA).

Bo Bpems mepBbIX paboT MO HPOICHHUIO CPOKOB CIYKObI OOEIpHUIAcOB 0TOOP
MaTepualoB CHELXUMHM HPOBOAWICS 3a3eMJICHHON pyuHOH apenbto. OnHako B
mpolecce AanpHeiieil paboThl NPHUILIIO TOHUMaHUEe HEOOXOAUMOCTH JUCTAHI[HOHHOTO
0oTOOpa, TaKk Kak CYIIECTBYIOT OOJbline OOEBbIC 4YacTH, HAMOJHEHHbBIC OMACHBIMH
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B3pBIBUATEIME cMecsMU. COCTOSIHHE WX IIOCIE MIUTENBHOTO XPAaHEHWsS HEH3BECTHO.
Macca 10 HECKOJIBKUX COTEH KHIorpamm, Hampumep, bomoa KAB-1500.

IlepBble oOpa3upl ycraHoBok orOopa mpo0 nosiBuinck B Hauasne 2000 roxa.
KoHnctpykTopa npopabaThiBajiyM pa3jinyHble TEXHUYECKHE PEIICHUS, NPOBEpPsUIM U
YTOUYHSUIH CKOPOCTh BpAIlCHUS M Nofa4yu cBepna. [lepBble YCTaHOBKH MMENH y3€l UL
OXJIOXKICHUsI cBeplia pH otOope npob. Ho kauecTBO 0TOOpaHHBIX 00pa3LoB IPH STOM
66110 TI0X0E. ITociie MHOTHX MPOBEPOK OTKA3AJIHCH OT OXJIAXKACHHUs CBEpia BOIOH,
OIpEENINIA ONTHMAIBHYI0 CKOPOCTh IOJa4d M BpameHuns cBepiaa. CamMo cBepio
W3rOTaBIMBAJIOCh W3 JIATYHH M HMEJIO 10 LEHTPY OTBEPCTHE: YMEHBIIHJIOCH
CONPOTHBIICHHE IIPH CBEPJICHHUH, @ B OTBEPCTHE CCHINAJICS MATEPHAIl CIICLXUMHU.

OrmpezienieHHbIe TPYAHOCTH OBUTH U B BEIOOPE JIEKTPUUECKOTO MOTOPA, OH JIOJDKEH
OBITH BO B3PHIBOOIACHOM HCIONHEHHH. K HeMy OBbLI CKOHCTPYHPOBAaH PEIyKTOD,
o0ecrneunBaroIHi ONITHMAIBHYIO CKOPOCTh BPALIGHHUS U MTOJA4H CBEpIIa.

TIpoBepka KOHCTPYKTOPCKHX DPELICHHH MPOBOIMIACH MPH MPOBEACHUH PpaboT MO
IPOJUICHUIO CPOKOB CIyxObl GoenpumacoB B T. Illoctka. Kimmatwueckue ycIoBHs
ropoza B OCHOBHOM YJIOBJETBOPSIIOT TPEOOBAHMAM HOPMATHUBHBIX JIOKYMEHTOB IIO
6€30I1aCHOCTH IPOBEJICHHS PabOT C B3pHIBUATEIMU MaTepHanaMu. OHAM U3 OCHOBHBIX
TpeOOBaHUIT — 3TO BJIAXHOCTh BO3JyXa NOJDKHA OBITH He MeHee 65%, TemmepaTypa
Bosxyxa He Gomee 30 °C. MHOrONETHsis OKCILUIyaTalds YCTAHOBKH OT60pa Mpod
0Ka3aja MpaBHIbHOCTh BBIOPAHHBIX PELICHHUIL.

B paMkax MexJyHapOJHOIO COTPYAHHYECTBA HECKOJIBKO K3EMIUIIPOB YCTAHOBKH
orbopa mpo® OBUIM HM3rOTOBICHBI U IIOCTABICHBI B CTPAaHBL, KIMMAT KOTOPBIX
3HAYUTEIBHO OTIMYAJICsS OT KiuMara YkpauHbel. J10 Bretnam (2010 u 2012 rogsr) ¢
BBICOKOH TeMIepaTypoii, HO U BLICOKOH BIaXHOCTbIO U Amkup (2021 rox) ¢ BbICOKUMHU
TEeMIepaTypaMH | BJIQXHOCTbIO MeHbIIe 65%. CpaBHHUTENbHBIE XapPaKTEPHCTHKH
YCTAHOBOK JUIsl 0TOOpa Mpo0, IPUMEHSEMbIX B YKpaHHE U IIOCTABICHHBIX BO BheTHaM,
npuBesieHbl Ha pucyHke 1. Bo BeeTHame ObUT peKOMEHAOBaH pexuM 0oTbopa mpob B
yTPEeHHHE Yackl IpH TEMIIEpaType HesHaunTebHo Bhime 30 °C. BuakHocTs Bozmyxa
6b11a He MeHee 65 °C. 3aMeuaHHii 10 ycTaHOBKe 0TG0pa Ipod He GUIO.

B mporecce HaKOIUICHUS OINBITAa MPOBEACHUS paboT B YKpanHe U BO BreTHame
MIPOUCXOMMIO JajbHElIlIee COBEPIICHCTBOBAHWE KOHCTPYKLMHM YCTAaHOBKH H e€e
TEXHUYECKUX XapPAKTePUCTHK B HANpPABJICHUM YHUBEPCAIbHOCTH (cramenst s
KpeIUIeHHs  OOCHPHIIACOB  PA3MMYHOM Macchl U JAWMAMETPOB), IylIbTa  JULL
JIICTAaHIMOHHOTO  yNpaBJICHHS M AUCTAHIMOHHOTO HAONIOAEHMS C ITIOMOIIBIO
BujeokaMepel. Taioke OBUIO IOKA3aHO, YTO YHCIO OOOPOTOB BBIXOJHOIO Bala M
CKOpOCTbH JIBWKEHHsI (pe3bl MOXKHO yBENW4uTh B 1,5-2 pasa 6e3 CHMKEHHS CTEMeHH
Oe3omacHOCTH paboT, 4TO ObLIO MOATBEPXKIEHO MHOTOKPaTHBIMH OTOOpamMu mpod B
KIMMAaTHYECKHX YCIOBHSAX YKPaUHBI.

Pucynok 1. YcranoBka or6opa npo6: a- Ykpauna, 6 - Beernam 2012 rog
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Ykpanna Brernam 2012 rog

ITpuson - MOTODP-PENYKTOD IIpuson - MOTOP-PELYKTOD
M24-63M-630-2.4-51- M24-63M-630-2.4-51-1-
1-30-V1 30-V1
JJIEKTPOBUTATEIH JJIEKTPOJBUTATEIb
4BP63 A4 4BP63 A4

Hcnomxenue - B3pbIBOOe3omacHoe | VicrionHeHue - B3pBIBOOE30IIacHOE

Uwucno Ywucno

BpaleHUi -2,2 BpalleHui -2,2

HMHCTPYMEHTA, HMHCTPYMEHTA,

00/MHH. 00/MuH.

Ilogaua ITogaua

HHCTpyMeHTa, - 1,3 WHCTPYMEHTA, -1,3

MM/00. MM/00.

T"abapursr: Tabapurtsr:

- JUINHA, MM - 1100 (max) - JUTUHA, MM - 2100 (max)

- mupuHa, MM - 700 - IIMPHUHA, MM - 700

- BBICOTA, MM - 590 - BBICOTA, MM - 600

C  y4eroM  HAaKOIUICHHOrO  ombiTa B AJpkMp  Oblla  OCTaBJEHa

YCOBEpIICHCTBOBAaHHAs YCTaHOBKA OTOOpa IMpPOO €O CIEAYIONIMMH TEXHHYECKHMH
XapaKTePUCTHKAMH:

- 3IEKTPUYECKUN MOTOP-PELYKTOP R47/112GDEDRS71S4/3GD/KCC/AL;

- MOIIIHOCTb 250 Br;

- CKOpOCTb NEPEMEIICHUs BBIXOAHOTO Bala 5,6 MM/MHH;

¢ HacaJKaMH

- IIIyOMHA CBEpPIICHUS 125 mMm.

- 4KCJI0 000POTOB BBIXOJHOTO Basa, 00/MuH 7,9

- POJl TOKa NepeMeHHBbIH, Tpexda3Hblit

- gactoTa, ['11 50

- HarpspbkeHue, B 380
I'aGaputsl (110 BBICTYNAIOIUM YACTAM):

- JUTMHA, MM 3987
- LIUPUHA, MM 846

- BBICOTa, MM

1355

Macca ycTaHOBKH, KI' 1332

YcranoBka numeet cramnens Ne 1 s creikoBku BY KAB 1500 u cramens Ne 2 (Ne 3)
U XOMYTHI JUIsl mpoBefeHus aeMoHTaxa kpbimek BbY u PATT pasHeix auameTpoB u
CTHIKOBKM HMX C YCTaHOBKOW. YCOBEpIICHCTBOBAaHHAs YCTAaHOBKa Ui oTOOpa mpoo,
MOCTaBJICHHAs B AJDKUD, IPUBE/ICHA HAa PUCYHKE 2.

st oT60pa Ipod NPUMEHSIOT CIICHHABHBIC CBEpJia Pa3HOW JUIMHBI M AWaMETpa:
50x30mM, 60x40mMM, 70x50MM, pe3pOOBasi 4aCTh KOTOPBIX M3TOTOBJICHA U3 LBETHOTO
MeTajia.

B Amxupe B Mecre mpoBeneHus orbopa mpoO TeMmeparypa B JHEBHOE BpeMs
Becernaa Obuta Beie 30 0C, a BnaxxHOCTB omyckanach 10 10 %. Jlaxke Bo Bpems JOXas
BII&XXHOCTB HE MoJHUMaiack 10 65 %. VI3BecTHO, 4TO B Cilydae BEICOKOM TeMIIepaTypsbl
W HH3KOW BIAQXHOCTH (CyXOW BO3[yX) IIOBBIIIAETCS BEPOSTHOCTh O0Opa30BaHUs
CTaTUYECKOTO JJIeKTpuyecTBa. /[ mnpoBeaeHWs padOT B TaKUX KIMMAaTHYECKHUX
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YCIOBUSX OBIIO TPHHATO PEUICHUS BBEACHHS MONOJHHUTEIBHBIX MEp IO TEXHHKE
0e30MacHOCTH U JIaHbl PEKOMEHIALI1H:

- 00 yBEIMYEHHH BJIAXHOCTH B IOMELICHUH, TJe MpPOBOAWICS OTOOp mpoOd, ¢
TTOMOIIIBIO BOJIBI, PA3JIUTOI 10 TOITY;

- HEIONYIIEHWU YBEJIMYCHUS Macchl OTOOpaHHOW NHpOOBI, T.e. HECKOJBKO pa3
OCTaHaBJINBATh YCTAHOBKY OTOOpa Mpo0 U youpaTh 00pasell ¢ JIATYHHOT'O JIOTKA,;

- Tiepez; 0TOOPOM TIPOBEPSTH 3a3eMIICHHE JATYHHOTO CBEpJIa, TaK KaK OHO ChbEMHOE
1 MOXET OBbITh HE 3a3eMJICHO M3-3a 3arpsi3HEHUS] XBOCTOBOH YaCTH.

Pucynox 2 YcoBepiieHCTBOBaHHAs YCTaHOBKa JJIsl 0TOOpa 1npod

Pesynbrathl pador B Aikupe mo oréopy Hpod ¢ JOMOJHUTENBHBIMH Mepamu
6€30IT1aCHOCTH MOATBEPIHIN IPABHIFHOCTh KOHCTPYKTOPCKUX PEIICHUH.

BrIBoBI:

1 IlonoxutenbHble pe3yibTaThl padOT B KIMMATHYECKUX YCIOBUSAX BbeTHama u
Amkrpa MOKa3aau MPaBHIBHOCTh TEXHHYECKHX DELICHHH NMPH YCOBEPLICHCTBOBAHUH
YCTaHOBKH 0TOOpa mpo0o.

2 YBenu4eHHE CKOPOCTH IOJAYH CBEpJia YCTAHOBKHU IIO3BOJIAET HCIIONIB30BATh €€
HE TOJILKO IpU 0TOOpe Mpol, HO W NpU YTHIM3aLMH OOenpHIlacoB (AUCTAHIIMOHHOE
BBICBEPIIMBAHNE MaTepHalla CICIXUMUH).

CHucoK JIMTEepaTypHBIX HCTOYHUKOB

1. Koucrpykropckast noxkymenrtanust 194.12.000.060.0. VYcraHoBka s Bizoopy
po0 3 KOMIUIEKTOM CHELIHCTPYMEHTY

2. PykoBOACTBO MO OKCIUTyaralMd. YCTaHOBKa oTOOpa mmpo0 B3pPBHIBYATOrO
BELIECTBA ¢ KOMIUIeKTOM HHCTpyMeHTa KO-1-60MK P3O, 2010

3. PykoBOZCTBO 10 3KCILTyaTaluy. Y CTaHOBKA M pa30opku 1 oT6opa mpod KO-
1-25M PO, 2012

4. PyKOBOACTBO MO 3KCIUTyaTal[MH. YCTaHOBKA Ui 0TOOpa Mpo0 MaTephaioB
crerxumun 194.12.000.060.0, 2021

94



V MixHapo/iHa HayKOBO-IIPaKTHYHA KOH(EepeHIist
«XIMIYHA TEXHOJIOI'IA: HAYKA, EKOHOMIKA TA BUPOBHUIITBO»
20-22 xoBtHst 2021 poky, m. IllocTka

3ACTOCYBAHHS PO3PAXYHKOBHUX METOJIB B JOCJIA)KEHHAX
I IPOEKTYBAHHI BUCOKOEHEPTEMYHUX KOMITO3U LI
K.€. Bapaan, O.C. Kocinnna, I.€. lllaTtuio
JIHinpoBchKuil HalioHANBHIN yHiBepcuTeT iMeni Onecst ['onuapa
konstvarlan@meta.ua

JlocimipkeHHs, po3poOKa Ta 3acTOCYBaHHS BHCOKOCHEPIeTHYHHX MarepianiB
(BEM), 30KkpeMa pakeTHHX TBEpAMX IaJIUB, CTHKAIOTBCS 3 HU3KOI 00 €KTHBHHX
cknagHomiB. Ilepen ycim, BoHM moB’si3aHi 3 HeGesmeunicTio BEM, mo morpelye
CYBOPOTO JIOTPMMAaHHS IPABHJ MOBOKEHHS 3 HHUMH Ta IOB’S3aHUX 3 MM 3HAYHUX
MarepianbHUX BUTpaT. ToMy 3aBIaHHs 100 3MEHIICHHS PH3HKIB, SKi MAIOTh MicIie Ha
Bcix cramisx o6iry BEM, moumHarowi 3 eKCIepUMEHTaJIbHUX JOCHI[DKEHb, € 0e3
CYyMHIBY akTyaabHHM. J[0 mnpo0sieMm, MOB’sI3aHMX 3 BAarOMHMH TEXHIYHHUMH Ta
€KOHOMIYHUMH BHTpAaTaMH, [OB’I3aHUMH i3 3a0€3MeUeHHSIM HAJICKHOTO MOBODKECHHS 3
BEM, nopmana mie ojHa, aKTyaJbHICTh BHPIIICHHS $KOI IOMITHO 3arOCTPIOETHCS
OCTaHHIM 4acoM. 3arajJbHOBHU3HAHUM € (paKT HEraTHMBHOTO BIUIMBY CY4acHOI pakeTHOI
TEXHIKM Ha JIOBKL/UIS, OCOOIMBO PAaKETHUX JBUTYHIB Ha CyMIIIEBOMY TBEpAOMY MajKBi
(PATII), sixi 3acTOCOBYIOTH, 30KpeMa, B cucremax Minotaur I, Minotaur IV, Minotaur
C, Pegasus, Antares (II crymins), Yanwken-11, Kyaitwkoy, Encinon, lasit (RSA-3),
Vega (I-1II cryneni). 36inblIeHHS KITBKOCTI KOMEPIUIHHHUX 3allyCKiB 3 BUKOPUCTAHHIM
PITII cynpoBOmKy€eThCSI IOMITHUM HOTIpIISHHSIM eKostoriuHoi cutyanii y Caiti [1].

I3 BHIIEHABECHOTO MOKHA 3pOOUTH BHUCHOBOK, IO iHTEHCH(IKAIs isTIBHOCTI i3
ocBoeHHsI KocMocy, a Takox 301UIbIIEHHS 00CATiB BUPOOHUIITBA BUCOKOCHEPTETHYHNX
Martepialis, OB ’s3aHe 3 HepeOyBaHHAM YKpaiHH B YMOBaX BIIOWTTS Ta CTPHUMYBaHHS
30BHIIIHBOI arpecii, CyNpOBOKYIOTbCS aKTyali3alli€lo MpoOJIeMH i3 €KOJOTiuHOIO,
€KOHOMIUHOI0 Ta TEXHIUHOK CKJIaJOBHMH. i ycyHeHHs a6o Xoua O 4YacTKOBE
HiBEJIIOBaHHsI, HA IEPEKOHAHHS aBTOPIB, NOTPeOye KOMIUIEKCHOTO MifX0.Ly, HOUHHAIOYH
3 JIOCITI/KEHB B Ii# ranysi. 3 orsiy Ha 1e, cepel 3aBAaHb, 1110 NOTPEOYIOTh BUPILICHHS
B paMKax TaKUX JOCITIPKCHb, OyJIN BU3HAUCHI:

- po3pobKa Ta 3aCTOCYBaHHs [OCHIAHUIBKUX METOAUK, SKi JI03BOJISIOTH
MiHiMi3yBaTH Oe31ocepe/Hill KOHTAKT 3 HeOe3eUHUMH PEUYOBHHAMM;

- MOUIYK Ta OOIPYHTYBAHHS JOLIIBHOCTI BUKOPHCTAHHS €KOJOTIYHO HMPHHHATHUX
kommoHeHTiB BEM, 30kpema OKHCHIOBadiB, 1110 HE MICTSTh aTOMIB XJIOpY.

BupimeHHs nux 3aBiaHb MOXIIMBO 4Yepe3 3aCTOCYBAHHS PO3PaxyHKOBUX METOJIB
BHU3HAYCHHSI OCHOBHHUX €HEPreTUYHUX XapakTepucTHK BEM Ta ix okpeMux CkiiaJoBUX.
Takuii migxig [JO3BOJSIE 3BY3UTH KOJIO JIOCHIAHMX O0O0’€KTiB 0 HaiOLIBII
MEPCIeKTUBHUX Ta CHOPOTHO3YBaTH [OLUIBHI UUISXM 1 il IIOHO peryJIroBaHHS
BiacTuBocteli BEM.

Po3paxyHKH BHKOHYBAJIMCSI i3 3aCTOCOBYBaHHSM MOIHM(IKOBAaHMX METOAMK, 3a
OCHOBY SIKMX B3STI BIZIOMi METOAM pO3PaXyHKIB EHEPreTUYHUX XapaKTEePHUCTHK
BHOYXOBUX pedoBHH, 30kpeMa metonu BIA, [2], Mamspa-Jle-lllatense Ta BpuHkii-
Binbcona [3, 4].

3 MeTol BHM3HAUCHHS INPUHHATHOCTI  3allpOIIOHOBAHOI  METOAMKH IS
MPOTHO3yBaHHA eHepreTuyHux BiacTuBocteid (EB) OamictuTHHX mOpOXiB  Ta
OamictutHux paketHux namus (BIIP) pospaxyHku 3a Hewo 3aificHeHi s
EKCIIEPUMEHTAIIBHUAX CKJIa/IiB, B IKUX BapilOBAIM BMICT HITPOECTEPIB — HITPOTIIEPHHY
(HI') Ta/abo wuirpomuraikomo (HJ), nubyrundranary (AbD) Ta/abo nuHiTpoTOIyOIy
(OIHT), uenrpamity-1 (II1). [ OWIHKK aJeKBATHOCTI OTPHMYBaHUX pE3yIbTaTiB
BIAMOBIIHI pO3paxyHKH BHWKOHaHI Ui OadiCTUTHHX TOpPOXiB 3  BIIOMHUMH
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€HepreTHYHHMH Xapakrepuctukamu, 3okpema mapox HAT, AT, AI'T ta HAL [4]. ¥V
SIKOCTI LIYKAHMUX XapaKTePHCTHK BH3HAUYEHI: MUTOMA 130XOpHA TEIUIOTa 3TOPSIHHS 3a
YMOBH DIJIKOTO CTaHy BOM Y MPOAYKTax 3ropstHHs Qv (KIpKr'); MakcuMmambHa
TeMIepaTypa MpoAyKTiB ropiHHs B MomeHT ix yrBopenHs 1) (K); muromuit 06’em
npoxyKTiB 3ropsEHs Wi (MPKr'); muTOMa poGOTa POSMIMPEHHS TPOLYKTIB 3rOPSHHS
IO JOCATHEHHS HUMH HOPMAlbHHX TEPMOJIWHAMIUYHUX IIapaMeTpiB (T. 3B. «CHIA
nopoxy»)f(lcllmkr’]).

AJITOpUTM PO3paxyHKIB IependadaB HACTYIHI KPOKHU:

- CKJIaJaHHs yMOBHOI OpyTTo-(hopmynu 1 kr BITP;

- CKJIaJaHHA piBHAHHA neperBopeHHs BIIP Ha npomykTu 3ropsHHs 3a YMOBHO
IOPUIHATOI TeMIepaTypy, TOOTO BH3HA4eHHA CKIAmy KIHIEBHX INPOMYKTIB 3TOPSHHS
BIIP;

- po3paxyHOK TeruioTy 3ropsHas 1 xr BIIP;

- po3paxyHok Temmeparypu ropinas BPII, To0To TemmepaTypu KiHLEBHX IPOIYKTiB
TOpIHHS B MOMEHT iX yTBOPEHHs BIANOBIZHO JO CKIAJIEHOTO  PIBHSIHHSA
neperBopeHHst BIIP;

- KOpUT'YBaHHS (32 HOTpeOu) piBHAHHS neperBopenHs bIIP;

- PO3paxyHOK MUTOMOr0 00’eMy mpoayKTiB 3ropsiaast 1 kr BIIM;

- PO3PaxXyHOK «CHJIU ITOPOXYH..

VYmoBHa dopmyna 1 kr BIIP y 3aransHomy Bunaaky mae Burisig C,HpN.Oy, y sxiit
iHAeKCH a, b, ¢, d JOPIBHIOIOTH KUIBKOCTI TIpaM-aTOMIB BiJIOBIHOTO XIMi4YHOTO
enemeHty B 1 kr BEM.

PiBusnHs neperBopenHs BIIP ckinamany, BUXOIS4YH i3 IPHITYIICHb:

- Ipouec TopiHHs BigOyBaeTbCsl B ajiadaTHYHMX YMOBAaX Ta 3a YMOBH IOBHOIO
MEPETBOPEHHS Ha ra30- Ta MaponoAiOHI IPOIYKTH;

- Ha KIHUEBUH CKJIaJ TNPOJYKTIB 3rOpsIHHA BIUIMBAIOTh PIBHOB&XKHI peakiii Mik
IOPOAYKTAMH  OKHCHIOBAIBHOTO  NpOLECy, IHepeayciM peakuii BOJAHOTO Ta
reHepaTOPHOrO rasiB;

- kinneBi mpoayktu 3ropsiats BITP mictsats muie CO, CO,, Ha, HyO, Ny,

VY 1bOMy BHUNAJKy INpPOLEC TOPiHHA KOMIO3MLIN MOXXHa HAaBECTH HACTYIHOIO
y3araibHEHO XIMIYHO PEaKIIE0:

c
CqHpN.04 = xCO + yCO, + zH, + uH,0 + ENZ'

CHiBBiJIHOIIEHHS TEPIINX YOTHPbOX cronyk y I1I" BU3Ha4Yae KOHCTaHTa piBHOBAaru

peakiiii BOASHOTO ra3y 3a yMOBHO NPHUIHSATOT TEMITEpaTypH:
K X u
B.T y-z .

Temnory 3ropsiaast BIIP po3paxoByBanu BiamoBifHO 10 3akoHy ['ecca sk pi3HHUIO
MDK CTaHIAPTHUMH CHTAIBIIISMHM YTBOPEHHS IPOJYKTIB 3rOpPSHHS AH]?(FB) ta BPII
AH]?(BPH) 3 BpaXyBaHHSM BHECKY POOOTH PO3IIMPEHHS 3a CTaHAApPTHOI TeMIepaTypH
(298 K) npoctux ra3onofiOHUX pedoBuH, 1o ckiagaoTs BPII ta npoxykT ropinHs:

Quey = —(AHP(q3) — AHfgp)) — 0,5(b + ¢ + d)RT,

ne b, ¢, d — innexcu B yMoBHii OpyrTo-opmyni BIIP;
R — yHiBepcanpHa ra3oBa craia, kJbk-Momb K
T — cranpapTHa Temneparypa, K.
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Temreparypy ropiHHs 3 ypaxXyBaHHIM KiHIIEBOI'O CKJIAly IPOIYKTiB 3ropsits BITP
BH3HAYAIH 33 (OPMYIIO0

-
> m;Cy,
ne Cy, — cepeaHs 130X0pHa MOJIbHA TEILIOEMHICTD i-TO KOMIIOHEHTY B KiHIIEBOMY CKJIaJ
npoaykris 3ropsiaast BPT B intepsani remneparyp 71+ T
m; — KUIbKICTb MOJIb i-'O KOMIIOHEHTa (X, Y, Z, 4) B KIHIIEBUX IPOIYKTaxX 3ropsHHS 1
xr BPT.

SIKmo po3paxyHKoBe 3HAuUeHHS 77 HE BIAPI3HAIOCA BiJ YMOBHO IPUHHSATOI
Temmepatypu Ounbin HiK Ha 50 K, To ioro npuiimanu 3a KiHueBuil pesynbrar. B
iHIIOMY BHIAJAKy pO3paXyHKH 3AiMCHIOBaNM Juis iHIIOI, HaOmwkeHoli 1o T
TEMIIEPaTypH.

[Tutomuit 00’eM MPOAYKTIB 3ropsiHHS — 00’€M Ta3o- i MaponomiOHUX MPOIYKTIB
sropsHHs | kr BITP 3a HOpMalnbHHX TEpPMOAMHAMIYHUX YMOB, MOXKHA PO3PAaXyBaTH 3a
(hopmymoro

T, +T,

w; =0,02241 -Zmi ,M3Kkr~ L,

e m; — KUIBKICTh MOJIb i- ra30- Ta HapoIogiOHOI CHOIYKH B IPOAYKTAX 3ropsHHS | Kr
BEM.

BennunHy f MOXHA po3paxyBaTH 3a GOpMYJIO0

f_Po'W1'T1 2.
- 273 15)
ze f — cu1a KOMITO3HL(i, KIDKKr '
po— atMocepHUil TUCK, K[]a.
Anpobaris Meroauku Ha perentypax BIIP, nana pesynbratu, HaBeneHi y Taom. 1.

Tabnuist 1 — JIoBiIKOBI Ta po3paxoBaHi TEIIOTH 3rOPsIHHS OaTICTUTHUX MOPOXiB
3Ha4YeHHS TeIIOT TOPIHHAQY (), KJK/KT, IOPOXIB MapOK
Ovem) HAT-2 | HAT-3 | HAT-4 | Ar-2 | J0-3 | Ar-4 | ACT-3 | HAD-5 | HAT-6
BIJIITOBITHO /10

[4] 2970 | 3200 | 3430 | 2970 | 3200 | 3430 | 3200 | 3680 | 3870
pospaxoBaHa | 2952 | 3118 | 3303 | 2895 | 3133 | 3399 | 3072 | 3629 | 3888

BMXH%GHH"’ 0,61 | 2,56 | 3,70 | 2,52 | 2,09 | 0,90 | 4,00 | 1,38 | 0,46

BigxuiieHHS pO3paxyHKOBUX 3HAUCHb BiJ CKCICPUMEHTAJIbHHX Yy MeXax
(0,03+4,00)% cnix BBa)KaTH LIIKOM NPHUHHATHUMH, OCOOJMBO SIKIIO Ii 3HAYECHHS €
BUXIHUMH  JUIsl  NOJANBIIMX  MPAKTHYHUX  JOCTI/DKEHb Ta  BHUIPOOYBaHb.
CrioctepiraeTbest 3arajibHa TEHACHIIS OO0 HE3HAYHOTO 3aHMKEHHS PO3PaXyHKOBHX
3HaYeHb TEIUIOTH 3rOPSIHHA BIJHOCHO JOBinkoBuX. Lle Moxke Oyt 00yMOBIEHO
HAsBHICTIO B peanpHHX ckiagax BEM nomimiok 3 OinbInoro, HiX Yy BiAMOBIAHOTO
KOMIIOHEHTa, EHTAIbIIEI0 YTBOPEHHS, 30kpema Ttpuditporosnyony (THT) 'y
muHiTporonyori (JAHT) (tporuiaoBomy macii). Po3paxyHku mokasaiiu, 1m0 30LIbIIeHHS
Bmicty THT 8 IHT mo 30% cnpuste minumeHHto Qv B mopoci HAT-3 Ha 2,4%.

Jlnst BU3HA4YeHHS OCOONMBOCTEH BIUIMBY HPHPOAU Ta BMICTYy HITPOECTEpIB 1
HeBHOYXOBHUX IUIacTu(ikaTopiB Ha eHepretuuHi BuactuBocti BIIP  3mificheni
po3paxyHku EB excriepuMEeHTANbHHUX CyMilllei, B SIKHX BapiloBallk CITiBBiAHOIICHHS
kosokemniny (12,2% N) ta HiTpoecTepiB 3a HE3MIHHOTrO BMicTy ix cymiun 85%, Ta
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cniBBingHomenHs JIb®:/IHT. Ilokasano, mo 30inemenns Bmicty HI' B BIIP cnpusie
migBumeHHio Qv Ta 7). CyTTeBOo BIUIMBAE Ha MiABHINCHHA EHEPreTUYHUX
XapakTepucTHk 30inbimenHs Bmicty JJHT 3a He3aminHOT cymapHOT o miactidikaTopis
(puc.1):

2750

3200
T,K
Qv o1
KiDK/Kr
3000 2550 o,
A 3
2800
I 2350 © 4
2600
2400 T T r r 2150
1,8 2,0 2,2 2,4 2,6 2,8

HWHL,
Puc. 1 3anexHicts Qv (1, 2) Ta Ty (3, 4) Bin cniBBignomenHs HI:HI
(Bmict HL+HI 85%): 1, 3 — 3a Bmicty AB® 12% 6e3 IHT; 2, 4 — 3a BmicTy
JAb®+IHT 12% i ciiBBigHOMmEHHS 5:6

Sx BupHo, s BUOpaHMX iHTepBaliB BapiloBaHHA Qv 30UIBLIYEThCA HA
(9,5+11,2)%, a T\ — na (7,5+9,4)%. Po3paxyHku mokazaau TakoX 30iIbIICHHS f Ha
(5,8+7,4)%, ta HecyrTeBe 3meHtieHus W, Ha 1,6%.

Amnanoriuni po3paxynku st bPII Ha ocnosi HJI i3 He3minHuM BMicTom JIB® Tta
JHT nokazanu HecyrTeBuit BmumB criBBigHomenHs HILHJA wa EB: Qv
30unbiryeThes Ha 1,44%, T —Ha 0,93%, W) Ha 0,36%, f—Ha 1,32%.

OCTaHHIM YacOM TOMITHO aKTHBI3YIOTHCSI MOCHIKCHHS, CIPSIMOBaHI Ha TONIYK
HOBUX CKOJIOTIYHMX OKHCHIOBAuiB JUId CyMILIEBHX TBEpAMX pakeTHuX naiaus. Cepen
MEPCIIEKTUBHUX PO3TIISIAI0Th HITPOTEHBMICHI CIIOJNYKH, 30KpeMa TUHITPAMIJ] aMOHI0
(ADN), nitpodopmiar rigpasuny (HNF), rexcanitporekcaaszoizoBropuutan (HNIW,
CL-20), neski moxigHi TpHa3oIliB, TETPa3olliB, Mipa3olis, nodinirpoaszonu [5-7]. Cepen
IHIINX MepCreKTUBHUX iHrpeaieHTiB BEM po3risgaoTs eHeproHacHyeHi 3B s13yBallbHi,
30kpema Tiinuamiasuaosi momaiMepu(GAP) [8], momi-3-HiTpaToMeTHII-3-MEeTHIIOKCETaH
(polyNIMMO) [9] tomio. Jlns mporuHosyBanHs BiactuBocteii BEM Ha ocHOBI
MEPCIIEKTHBHUX OKUCHIOBAYiB Ta NaJMBHO-3B’S3YBAIBHUX YacTO BJAIOTHCS [0
TEOPETUYHUX PO3paxyHKiB. J[yisi bOro CTBOpEHi uMcleHH] mporpamu, 30kpeMa BKW,
TIGER, PANDA, JCZS [10], NASA CEA, TERRA, ISPBKW [11], CHEETAH,
Explo5 [12].

Binbuiicte i3 HaBeAeHUX IporpaM HOTpeOdye BUKOPUCTAHHS BEJIUKMX MAacCHUBIB
BUXIIHMX JaHUX Ta Mae OOMEXKEHHH JOCTYyNn Ha KOMepIiiHili ocHOBi. Tomy wminkom
JOLIIBHUM € BH3HAYEHHS MOXJIMBOCTI 3aCTOCYBaHHS BIIOMMX METOJAMK, IO
BUKOPUCTOBYIOTh  JUIsl PO3PAaXyHKIB TEIUIOTH Ta TEMIIEPaTypH BHOYXOBOTO
MEPETBOPEHHS, TUTOMOTO IMITyJbCY TArH Toio [11-16], ans nporno3ysanns EB BEM
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Ha OCHOBI Tepen0dadyBaHHWX CKOJOTIYHUX KOMIIOHEHTIB. 3 II€F0 METOI0 MpPOBEICHI
po3paxyuku EB ekcriepiMeHTaIbHUX CyMillieH JesIKUX HITPOr€HBMICHHX OKHCHIOBAYiB:
HNIW, ADN, HNF, Ta nanuBHO-3B’513yBaIbHUX: BIIOMOTO PiAKOTO JIEHOBOTO Kay4yKy
3 kinneBumu rigpokcmisHuMu rpynama (HTPB), GAP ta Poly(NIMMO). [ns
CKJIQJIAaHHsI pPeaKilii MepeTBOPEeHHs] BHKOpHcTaHi mpasuia KicTsakoBcbkoro-Binbcona,
Kamuera-SIko6ca, Cnpinrana-Pobeprca ta moaudikosanoro npasmia KictsikoBcbkoro-
Binbcona [17, 18]. Buxiani 1aHi 11 BUKOHAHHS pO3paxyHKIB HaBeJeHi y Tao. 2
Tabmui 1 — Jleski BIacTUBOCTI 0OpaHHX KOMIIOHCHTIB

Pestosura Dopmyra Monspua AHP Kucueswuii
Maca, T/MOJTb kJIK/MOJIB 6ananc, OB, %
ADN NH;N(NO,), 124,05 Mminyc 150,6 26
+
HNF [%gvggj]]' 183,07 Minyc 72 13
HNIW (CL-20) CcHeO12N 12 438,19 454 11
HTPB C204483H309_3202 2800 MiHyC 51 ,9 320,9
GAP C73H131027N66 2423 117.2 MlHyC128,3
Poly(NIMMO) C70H128057N14 2078 MiHyc 335 Minycl 14

Po3paxyHKH HpOBeNCHI 11 JABOKOMIOHCHTHHX CHCTEM HaIUBHO-3B’S3yBajbHE :
okucHUK Bix 20 : 80 mo 50 : 50.PesynbraT po3paxyHKIiB MOKa3alu, IO JOCHiIKEHI
CyMilli MalOTh JOCTaTHBO BUCOKI 3HAYEHHS IIMTOMOTO iMIyibCy Tsru — 10 2780 H-c/kr
(cucrema HNF-polyNIMMO), teruotu neperBopentst — g0 6000 x/x/kr Ta Bumie
(cucremu ADN-polyNIMMO, HNF-GAP, HNF-polyNIMMO, HNIW-GAP, HNIW-
polyNIMMO) ta temnepatypu — 1o 4000 K ta Bume (cuctema HNIW-polyNIMMO).
Jns  ycix koMOiHauiii  cnocrepiraerbcs 30UIbLIGHHS BEIMYMHU EHEPreTUYHUX
XapaKTePUCTHK 13 30UIbLIICHHSAM BMICTY OKHUCHHKY. PO3paxoBaHi BENTHYMHH ITHTOMOTO
iMoynecy Tiru nanuB ADN-GAP, HNF-GAP, HNF-HTPB wmatote rapHy 3001KHICTB
JIiTepaTypHUMH JIaHUMHU.

3 HaBEICHOTO0 MO)KHA 3pOOMTH BHCHOBOK MO MPUIHSATHICTH Ta JOLIBHICTH
3aCTOCYBAHHS PO3PAXyHKOBUX METOJIB IJIsi BU3HAUCHHs i NMPOTHO3YBAHHS OCHOBHMX
XapaKTePUCTHK BUCOKOCHEPIeTUYHHUX MaTepialiB.
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AKTyaJlbHUM IIMTaHHSIM B YyMOBax BeJEHHS OoioBux nill 3 okymauitHUMHU
Biticekamu 36poitaux Cun Pociiicekoi ®enepariii € 3HaYHE MiABUIIEHHS HWMOBIPHOCTI
3arpo3 3acTOCyBaHHsS 30pOi MacOBOTO YpPaKEHHs SIK BiHCBKOBOTO, TEPOPUCTUYHOTO,
KPHUMIHaAJIbHOTO, TEXHOI€HHOIO0 Ta IHIIOro Xapakrepy. PosBinkoro pazniauniiinoro,
ximigHoro, Oionoriunoro (mami — PXDB) 3apaxenns y 30poitHux Cunax Ykpainu
3aiimMaroTbes miapo3ainy Bifickk PXb 3axucry Ha 030po€HHI SKUX € crieniaabHi MalluHU
PXDB po3Bigku Ha pi3HMX MIACi B 3aJIE)KHOCTI BiJi BUKOHAHHS MMOCTABJICHHX OOMOBHX
3aB/laHb 3arajJbHOBIHCHKOBUX Migpo3nainiB. s BenenHs PXB po3Bigku B migposainax
MOPCBKOI MiX0TH Ha 030poeHHI nepedyBarots MamuHu PXbB po3Biaku Ha 6a3i BPIM ta
BTP, siki 3a0e311euyoTh MOXKIIUBICTh BHCAIKH MOPCHKOT'O JIECAHTY 3 MOpsI Ha CyIy, aje
BOHHM po3pobieni 3a yaciB CPCP i BuUMoOr Toro uacy, 3 MOpajlbHO Ta TE€XHOJIOIIYHO
3actapinumu npuwiaaamu PXb possigku Ta 38’s3ky. Tak Bci mMammuu PXB possiaku
noTpedyIoTh MOZiepHi3allii a0 3aMiHM Ha HOBI 3pa3KH, SKi BiIOBIAATUMYTh HOPMaM Ta
crangapram 6;1oky HATO i cydacuHocti. B HaitGnmk4nii 4ac nponoHyeTbes 30poiHIM
CunaM YkpalHu NpUHHATH Ha 030pO€HHS HOBHH 3pa3ok Mamuuu PXB posBinku Ha
mraci «Kazak-2M1» sikuit Moxke nonatu Opif rimmOuHO Timbku 1m0 1,2 m. [1], mo He
3a0e3redye MOXIIMBICTh BHCAJKM MOPCBKOTO JIECAHTY 3 MOpsSl Ha CyHIy, a TaKoX
JIOJTaHHS OLTbII TTMOOKMX BOAHUX TEPEIIKOI.

CepeJ; cydacHUX BITUM3HSHHUX PO3pOOOK OpOHETpaHCIOPTEepiB sKi BiJNOBINAIOTH
BUMOTaM 3aCTOCYBaHHS ITiPO3/ILIIB MOPCHKOI MIXOTH 3aMICTh TEXHIYHO Ta MOPAIBHO
3acrapinux 3paskis BP/IM Ta BTP e 6ponerpancroprep «Oraman 6x6» [2] (nani — BT
«Oraman-PXBb 6x6»). Tak npy TOyKOMIUICKTYBaHHI 3a3HAYCHOTO 3pasKy IIiJi BUMOTH
Bifickk PXDB 3axucry y Bapiant Oponerpancnoprep «Otaman-PXb 6x6» 3a10BiTbHUTH
moTpedn MiIpOo3aLTiB MOPCHKOi MiXoTH, o 3abesmeunts PXB po3Bigky mig bac
Bucagku Mopcekoro gecanty. BT «Oraman-PXBb 6x6» € crmemianizoBaHOO
OpOHBOBAHOI0 MAILMHOIO IMPU3HAUEHOIO Ul opraHizauii i BegeHHs PXB posBigkw,
MOHITOPUHTY Ta KOHTPOJIO TEPUTOPiii 1 00'€KTiB, 00pOOKH, 30epeKeHHS (apXiByBaHHS)
Ta rnepejayi JaHUX Ha KOMaHIHHUH ITyHKT.

Tun 3pa3ka — KOJICHUH, TPhOXBICHUH (6X6), TOBHOIPHBIIHUM, 3 HE3AICKHOIO
MiZBICKOIO, aBiaTpaHcrmopTabenbHuii Ha jitakax tuny Ln-76, An-70, C-17, C-130,
oOnagHAaHWH TPOTHKYJIBHMM 1 NPOTHMIHHAM 3aXHCTOM OpOHETpaHCIopTep, IO
3a0e3neuye 3aXMCT eKimaxy, J/AecaHTy (CreliaqbHOI TpyIH), OCHOBHHUX BY3JIB 1
arperatiB, Mae BHMCOKi AWHAMIYHI XapaKTEPUCTUKH, IiJBUILEHY NPOXiAHICTb i
[UTaBHICTh XOJY, 3MaTHUM 3 BHCOKOK CEPEIHBOIO IIBHIKICTIO JOJIATH 3HAYHI BiJCTaHi
Ta 0e3 MiArOTOBKU JOJIATH BOJSHY INEPEIIKONY, Opil 3 TBEPAUM JHOM, IIIMOMHOI HE
menme 0,85 M., MiHHHI npoxix 1 M. 3IiHCHIOBaTH MOJONAHHS BOJHOI MEPELIKOIH
xBHJIeH0 2-3 Oanu [2].
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BT «Oraman-PXb 6x6» noBruHeH 3a0e31euyBaTH BUKOHAHHS HACTYITHUX 3aBJIaHb:

npoBeaeHHst PXB po3Bigku MicieBocTi Ta 00'€KTiB Mmif Yac pyXy Ta Ha Micui 3
MIPUB’SI3KOI0 JI0 MICLEBOCTI 3@ JJOIIOMOT'OF0 CYITYTHUKOBOI HaBiramiifHOT CHCTEMH;

BE/ICHHS MTOCTITHOTO MOHITOPUHTY pajiamiiiHol 00CTAaHOBKH 1 aHOMAJIbHO BHCOKHX
PIBHIB pajiarii Ha MiCIIEBOCTI MiJl 4ac pyXy B PeXKHMi peabHOTrO 4acy;

BinOip mpo6 PXDB peuoBHH Ui MONEpPEeAHBOrO aHamizy Ta iX KOPOTKOYacHE
30epiraHHs it JocTaBKa B CTalliOHapHI JJabopaTopii AJIs MoJasbIIOro aHamtizy;

30ip, 30epiraHHs Ta apxiByBaHHS JaHUX KOHTpOM0 PXB 00CTaHOBKH, OCHOBHUX
METEOPOJIOTIUHKX MapaMeTPiB Ta Mepeady ix Ha KOMaHIHHI IYHKT 110 pajioKaHaiy;

HaHeceHHs faHuX PXbB po3Binku, MeTeoposIoriyHoi Ta onepaTuBHOI 0OCTaHOBKU Ha
€JIEKTPOHHY KapTorpagiuHy OCHOBY;

Bi3yaji3zauis oTpuMaHol iHpopMmauii Ha aBTOMaTru3oBaHe pobode Micue (mami —
APM) oneparopa Ta MOHITOpP KOMaHIUPa,

nporHo3yBanHs 3MiH PXB 00cTaHOBKH 3 ypaxyBaHHSM METEOPOJIOTIYHUX JaHHX;

TOJIOCOBHI Pajlio3B's130K y MicCIi IPOBEJEHHS POOIT Ta MiJ] Yac pyxy;

Beaenns PXb possiaku mo3a mexamu BT «Oraman-PXb 6x6» y 3amanomy paiioHi
CIIOCTEPEXKEHHSI 3a JI0NOMOroo MobuIbHuX 3aco0iB PXb po3Bigku, iHpopmanis 3 sKkux
MOBHHHA TepenaBaTtucs Ha APM oneparopa.

Takox miji 9yac BUKOHAHHS OCHOBHMX OOWOBHX Ta IHIIMX 3aBAaHb EKilaX 3JaTHUI
BUKOHYBaTH 3aBmaHHs PXB posBinku, 3a ymoB 30BHimHbOro PXB 3apaxeHHs
(3a0pynHeHHs1), mepeOyBa4u BCEepeAMHI TpaHCHOpTHOro 3acoly. lle mocsraerbes
BUCOKHM CTYIEHEM aBTOMaTU3aLil poLecy BUABIEHH Ta ineHTudikauii PXb peuosun,
SIK y TOBITpi, TaKk 1 Ha IPyHTi. 3a0e3leuyeTbcsl 3aXHUILICHICTh EKiMaxy MalIdHH B
eKCTpeMaJIbHUX YMOBaX.

Exinax, 3a HEOOXi1IHOCTi, Mae MOXJIHMBICTh BUKOHYBaTH 3aBaanHs PXDB po3Bigku
noza Mmexamu BT «Oraman-PXB 6x6» y 3amaHoMy paioHI CIIOCTEpEXKEHHS 3a
JIONIOMOTO0  MOOITBHUX 3aco0iB  po3Binku. IHdopmamiss 3 MoOUTBHHX 3aco0iB
PO3BiIKM TepeaeTbcst Ha 3acobu o0poOkm iHQopmawmii, IO BCTAaHOBJIEHI Ha
BT «Oraman-PXb 6x6».

[MixBuimeni MoxJMBOCTI cucTeMH N0 BefaeHHIO PXB po3Bigku JocsraroThes
e(exTuBHOIO iHTerpatieo obnagnanus BT «Oraman-PXb 6x6».

OinbrpoBeHTHIALIHHA ycTaHoBKa (PBY) 3a0e3nedye cTBOpEHHsI HaJIMIIKOBOIO
TUCKY y BIIJIUICHHSX EKiMaxy Ta JecaHTy (ClewiajJbHOI TpyIH), HE MEHIIe 5 MM
BOJ. CT. nipH noaadvi nositpss ®BY B 06'emi He mente 100 M>/ro.

3ab6ip nosiTps HarHiTaueM ®BY 31ilicHIOETECS Ha PiBHI HE HIDKYE 1aXy KOPIIYCY.

Ilix wac po3rmsagy OOPTOBOrO  CIEMiadbHOrO  OOJATHAHHS  PO3TIISTHYTO
KOMIUIEKTYBAHHSIM HACTYITHHUMH ITPUJIQJIaMH 3 BUMOTaMHU, SIK HHXK4Ye BKA3aHO:

1. Kommuexkr GoproBoro cremiansHoro obmagnanas PXB po3Bigku MOHTYeEThCS
CTAalliOHApHO Ha HeCy4l KOHCTpyKWii Kopmycy Ta 3abesneuye Oe3nepepBHE
BuMiptoBanHs napameTpiB PXB 3apakeHHs, mepenady pe3yibTaTiB BUMIPIOBaHHS Ha
cucrtemy 300py Ta 0OpoOku naHuX, (GoOpMyBaHHS 3BYKOBHX 1 Bi3yaJbHHX CHIHAIIB
MONEPEeKEHHS 1po HeOe3neKy Ta 1oJavyy KOMaH] KepyBaHHsS CHCTEMOIO 3a0e3NeyeHHs
JKATTEISUIBHOCTI.

2. OcHOBHI TaKTHKO-TeXHiYHI XapaktepucTuku (mami — TTX) ©OoproBoro
cneniansHOro obsaaHands PXB po3Bigky MOBUHHI BiIOBIIaTH HACTYITHUM BUMOTAM:

IIBU/IKICTh BEACHHS pajialliiHOI PO3BiKH, KM/TOJ, HE MEHILIE - 40;

LIBUJIKICTH BEJICHHSI XIMIYHOT PO3BIIKH, KM/TOJI, HE MEHIIIE - 25;
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Ppo3BinyBabHA IUIOIIA IIPH pajialiiHii po3Biawi 3a 1 roquny,

KM®, HE MEHIIIE - 100;
Ppo3BinyBabHA IUIOIIA IIPH XIMiYHIH po3Binui 3a 1 roauny,
KM®, HE MEHIIIE - 60.
3. Tpunax panianiiiHoi posBizku Ttumy JIPT-T [3] 3abesmnedye OesmepepBHE
BUMIPIOBaHHS  IOTYXHOCTI  eKCmo3uuiiHoi mo3u  (mami — IIE/]) ramma-

BUIIPOMIHIOBAaHHS, Tepeiady pe3ysbTaTiB BUMIPIOBaHHS HAa cUCTEMY 300py Ta 00poOKH
JaHUX, HoJady 3BYKOBOI i CBITJIOBOI CHrHami3amii mpo HeOe3Ne4yHWil piBCeHb ramMMma-
BUIPOMIHIOBAHHS Ta MOAa4y KOMaH/ Ha YBIMKHECHHsS BUKOHABUMX MEXaHi3MiB 3ac00iB
3aXHCTY.

Ocuoeni TTX npunaay BiAMOBIaI0Th HACTYITHUM BUMOTaM:

niamazoH BuMiproBanb [1E]] ramma-sunipominennsi, P/rox Big 1-10-5 mo
1000;

Jliara3oH eHepriii raMMa-BUIIPOMIHEHHS, 1110 peecTpyeTbesi, MeB  Big 0,66 1o
1,25;

rPaHHUI JOMYCTUMOI BiJHOCHOT OCHOBHOI moxuOKH mpu BuMmiproBauHi [1E]] ramma-
BunpoMiHeHHs (3a 137Cs) 3 noBipuoro iimMoBipHicTIO 0,95%, He Oinbme  +20;

JKUBIICHHS TIPUIIALY Bi OOpTOBOI Mepexi
nocTiitHoro cTpyMy Hanpyroio Bix 9,0 1o 28,5 B;

pobounit Temneparypuuii nianasos, °C Bix -40 mo +60;

yac Oe3rnepepBHOI poOOTH, TOII., HE MEHILIE 48;

00MiH iH(popMaIIiero 3 60PTOBEM KOMII IOTEPOM inrepdeiic RS-485 [6];

Maca Mpujajiy, Kr., He Oiiblie 4

rabapuTy rmpuiany, MM, He OlTbIe 160x160x110.

4. BuMiproBad HampsiMy Ha JDKEpeso PaioakKTHBHOTO BHIIPOMIHEHHs 3a0e3rneuye
BHU3HAUCHHS 3 TOYHICTIO +22,5° HampsiMy Ha JDKEpeso BUIIPOMIHEHHS, mHepenady
pe3ynbTaTiB BUMIPIOBaHHS Ha cUcTeMy 300py Ta 00poOKM [aHUX, [OJady CUTHAIy Ha
BKJIIOYEHHS 3BYKOBOi 1 CBITJIOBOi curHami3auii npo HeOGe3neuHuil piBeHb LBOIO
BUIMPOMIHCHHSI.

5. IlnasmoBmii cnekrpomerp moaym’ss tumy AP4AC-VB [4] 3abe3neuye
Oe3nepepBHU ABTOMATHYHUH KOHTPOJIb HABKOJMIIHBOTO HOBITPS 3 METOIO BHSIBICHHS
B HbOMY OOHOBUX OTpyHHMX pedoBHH (nami — BOP), Binomux OionoriyHux areHTiB
(mam — BA) Ta TOKCHYHUX HPOMHCIOBHX MarepianiB (mami — TIIM), BuzHaveHHS iX
TUMNIB Ta KOHLEHTpALil, nepenady iHdopmallii Ha cuctemy 300py Ta 0OpOOKH AaHHX,
BUJIauy CBITJIOBOrO Ta 3ByKOBOI'O CHTHAIIB.

[punax 3abe3neuye:

BUSIBIGHHS BCiXx BigoMux BOP HepBOBO-mapasiTUYHOI, MIKiPHO-HAPHUBHOI,
3arajJbHO-OTPYHHOI i, OKpeMHX OTPYHHHMX pPE4OoBHMH 3aayuuinBoi mii (tuny BZ), a
TaKOXX CHIBHOAIIOUMX OTpyHHMX peuoBuH (nanmi — CIOP), mo mictare S (cipky), As
(Mumr’six), P (docdop) abo HNO (amiak, cipkoBoJeHb, apy a30THOI KHCIOTH, TOIIO) Y
MOBITPI;

BUSBJICHHS HACTYIHHX BA:

Oakrepii - cubipchka BUpasKa,

- gyma;

- TyJISIpeMist;

- OpyLenbo3;

- curnHuit THo;
- Xonepa;
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- ca;
Bipycu - Bicma;
- reMoJtoriyHa siuxomanka (E6omna, MapOypr);
- apenasipyc (JIacca, Mauymo);
- BipycHUii eHuedanir;
TOKCHHH - OOTYIIi3M;
- PULIMHOBHH TOKCHH;
- cTa(iJIOKOKOBHUI €HTEPOTOKCHH.
[punax 3abe3nedye npane3aTHICT B YMOBaX 3alHJICHOCTI, aTMOChEpHHX OMaiB,
BIUTHBY €JIEKTPOMArHITHOTO IMITYJIBCY.
Ocuosuni TTX npunaay BiAMOBIaI0Th HACTYITHUM BUMOTaM:
BusiiieHHss BOP Ta CJIOP, M/’ Yy MeXax He BHUIIIEe:

(octhopoprauiusi OTpyitHI peUOBUHI 10-2;
inpur 10-1;
JIFOI3UT 10-2;
3arajgbHOSIOBUTI OTPYiHHI PEYOBHHU 10-2;
LIBHKO/IS Ta30CUTHAJII3aTopa, ¢, He OlibIre 60;
JKUBIICHHS BiJl 60pPTOBOT Mepexi

niarazoH pobounx Temmneparyp, °C -32 ++50;
rabaputHi po3Mipu, MM, He OijbIie 335x185x355;
4ac HelepepuBHOi poOOTH, TOJI., HE MEHIIIE 24;
PO3MipH BUABIISIEMHX Oi0JIOrTYHUX 3aC00iB, MKM 2-10;
Maca, Kr., He OiIbIie 20.

6. bnok ympasninHs, curHanmizanii, inaukanii Ta komyrauii BYCK-01 [5] (mami —
OJIOK ympaBiiHHS) MNpU3HAYCHWI it 300py, 00poOkm, Bizyamizamii iHdopmarii,
oTpuMaHoi Bixl KoMmIuiekTy 6oprosux npunanis PXb po3sigku. Bin 3a0e3neuye 3ByKoBy
Ta CBITJIOBY CHMTHAII3allii, a TaKOX BHUAA4y KOMaHI y OJIOK YIpaBiIiHHS BHUKOHABYUMH
MexaHi3Mamu 3aco0iB 3axucry BT «Oraman-PXb 6x6».

OcuoBni TTX 650Ky yrpaBmiHHs BiANOBIJaI0Th HACTYITHIM BHMOTaM:

XKUBJICHHsST OJIOKY YNpaBJIiHHS 3MiMCHIOETbCS B OOpTOBOI Mepexi HocTiiiHOro
cTpymy Hampyroro Bix 12 mo 28 B 3 mapamerpamu 3riguo 3 TOCT B 21999;

CTPYM CIIO)KMBAHHS OJIOKY YNpaBIIiHHS IPU HOMIHAJbHIA Hanpysi >kuBieHHs 24B
He nepeBumIye 1,5A;

yac OesmepepBHOi poOoTH 24 roj., 3 HACTYIHMM BHUMKHEHHSM HE MEHIIE SK
Ha 2 TOJI.;

0ok ympaBiiHHS 3a0e3neuye oOMiH iH(oOpMaIi€r0 3 OOPTOBUMH MpUIaIaMHi
PXB po3Bigku Ta OOpPTOBMM  CIIeLiali30oBaHUM KOMII'IOTEpOM depe3 iHTepdeiic
Ty RS-485 [6];

pobouuii TeMIiepaTypHui 1iana3oH Bij -40 no +50 °C;
CTYHiHb 3aXUCTY 000IOHKH 60Ky ynpaBiinHs IP56 3rigao 3 TOCT 14254;
rabapuTtHi po3mipH OJIOKY yIpaBiiHHs He Oibliie 200x190x70 mm;
Maca 010Ky yIpaBiliHHs He Olble 4 kr.

Bumoru 10 koMIutekTy neperocHux npuiaais PXb po3Biaku

1. Tlpunapg imentudikamii pagiOHyKJIiIiB Ta BH3HAYEHHS IHTEHCHBHOCTI
HEHTPOHHOTO BUIIPOMIHIOBAHHA [7] HOBHHEH 3a0€3IIE€YUTH BUBICHHS, JIOKANI3aLil0 Ta
ineHTUdiKauio (3 BU3HAUCHHAM KaTeropii, 10 sIKOi BOHM HaJleXkaTb) PaJiOaKTUBHHUX Ta
SIepHUX MaTepiaiiB 3a ix raMMa Ta HEHTPOHHHM BHIPOMIHIOBAHHSM.
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Bin moBuHEH 3a0e3MEUUTH HAKONUYCHHs, 30Epe)KEHHS B CHEPrOHE3AICKHIN
mam sTi Ta igentudikamiro He meHme 100 aMIUTITYHUX raMMa-CIEeKTpPiB, BU3HAYCHHS
IHTEHCHBHOCTI ~ HEHTPOHHOTO  BHIPOMIHIOBAaHHS, JPOTOBMH Ta  ©e3IpOTOBHI
iH(popmariiauii 0oMiH 3 APM.

Ocnosui TTX npunany:

YyTJIUBICTH 10 HEHTPOHHOTO BUIPOMiHIOBAHHSI:

JUIS IIBUJIKUX HEHTPOHIB, HE MEHIIIE - 0,120+0,012 imn.*cM?/HEWTpOH;
JUTS TETUTOBUX HEWTPOHIB, HE MEHIIIE - 1,240,12 iMn.*cM*/ HeUTpOH;
niana3oH iHAMKALI] IBUAKOCTI

BiJUTIKIB HEHTPOHHOTO BUITPOMiHIOBaHHS - 0,01 -9999,00 imm./c;

Jliarma3oH eHeprii (OTOHHOTO 10HI3yIYOr0

BUIIPOMIHIOBAHHS, 1[0 PEECTPYETHCS - 0,033 - 3,000 MeB;

Jiarma3oH eHepriil HeNTPOHHOTO BUMpoMiHIOBaHHS 110 14,00 MeB;
KUIBKICTh KaHAIIIB aMIUTITYJHOT'O raMMa-CIIeKTpa He MeH1ue - 1024 xananu;
4ac yCTaHOBJIEHHs pOOOYOro pexxuMy Ipuiaiy, He Oinbiie - 1 XB.;

yac KaaiOpyBaHHsI O PiBHIO raMMma-(oHy - 2-60c.;

yac Oe3nepepBHOi poOOTH NpHIany IPU KUBICHHI Bijl 3apAIKEHUX aKyMYJsSTOpiB
3a yMOB ramMMa-(hoHy He OibIie - 0,5 mk3B/roa, e mexmie 30 ro.;

Jiara3oH pobOYHX TeMIeparyp Bif - -20 o + 50 °C;

rabapuTHI po3MipH npuiaay, He OibIIe - 110x40x90 mm;

Maca KoMmIuiekty npunany (6e3 tapu ta 31I1), e Oinbmre - 1,5 kr.

2. No3umerp-paniomerp yHiBepcanbuuil Tury MKC-Y (MKC-YM) [8] 3a6e3neuye
pumiproBanHsi [IEJ[ ramMma Ta pEHTTCHIBCHKOrO BHIIPOMIHIOBAHHS, BHMipPHOBaHHS
MOBEPXHEBOI IIIIBHOCTI IOTOKY OeTa-4aCTHMHOK, BUMIPIOBaHHsS €KBIBaJIEHTHOI 03U
raMMa Ta PEHTIeHIBCHKOIO BHIIPOMIHIOBAHHS, BHUMIPIOBAHHS Yacy HaKONUYECHHS
€KBIBaJICHTHOI 1031 raMMa Ta PeHTI€HiBCbKOIO BUIIPOMiHIOBAHHSI.

OcuoBni TTX npunaay BiAMOBIJaIOTh HACTYITHUM BUMOTaM:

niama3oH BuMiproBaHb [1E/] 3a 1011oMOro0 BHHOCHOTO AETEKTOpa, 3B/TON -

10-7....10
Jliara3oH BUMIipPIOBaHb €KBIBAJICHTHOT 1031
3a JIONOMOTOI0 BOYJIOBaHOT'O B IJIBT AETEKTOpaA, M3B - 0,001....9999
Jiana3oH BUMIpIOBaHb
IIOBEPXHEBOT ITBHOCTI TTOTOKY GeTa-JacTHHOK, 1/(XB.*cM?) 10....200000
Jliarma3oH BUMIPIOBaHb YaCy HaKOMUYEHHS €KBIBaJCHTHOI H03H - 1 x8...100 rox.
JIOITyCTHMI BiJTHOCHI OCHOBHI IIOXHOKH BUMIipIOBaHHs, %, He Olnbie - + 15
4acoBi IHTEPBaAIM BUMIPIOBaHb, C., HE OiIbIIe - 2-50
yac Oe3nepepBHOI poOOTH IPHU JKUBJICHHI
BiJl aKyMyJISITOPHOT Oarapei, To/I., He MEHIIIE - 100
niarnazoH pobounx Temneparyp °C - -40..+50
Maca KOMIUICKTY B YIIaKOBIIi, KT., He OiJbIe - 8,0

3. Jo3umerp ramMma-BHIPOMiHIOBaHHS mepcoHanpHuii Tuny JKI-21m [9]
3a0e3redye  BUMIPIOBAaHHS  IHAWBIAYyalbHOTO  €KBIBaJEHTa J03M raMma Ta
PEHTIEeHIBCHKOTO BHUIIPOMIHIOBAHHS, BHMIDIOBAaHHS IOTYXXHOCTI 1H/IMBIIyalsHOTO
€KBIBAJICHTA JIO3M T'aMMa Ta PEHTTCHIBCHKOIO BHUIPOMIHEHHS, I10/1a4y CBITJIOBOIO Ta
3BYKOBOTO CHTHAJIB MMPU HepeBulleHHi 3anporpamoBanux pisHiB [1EJ] un EJl ramma-
BUIIPOMIHEHHS, MOXJIMBICTb BEJICHHS aBTOMATH30BaHOI 0a3d JaHUX JJO30BOTO
HABaHTWKCHHsS Ha CKiaX Yy CKJIaJi aBTOMATH30BaHOI CHCTEMHU IHJIHMBIZyalbHOTO
JO3UMETPUYHOTO KOHTPOJIIO.
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Jlo3uMeTp npu3HaYCHHMIT 171 BAKOPUCTAHHS SIK AaBTOHOMHUI TPHITaI.
Ocuosuni TTX npunaay BiAMOBIaI0Th HACTYITHUM BUMOTaM:
Jiara3oH BUMIPIOBaHb MOTY)KHOCTI 1HJMBIJyaJIbHOTO €KBIBAJICHTY JIO3M r'aMMa Ta

PEHTIEeHIBCHKOTO BHUIIPOMiHEHHS, MK3B/TOJ - 0,1 no 1-106;

qiarma3oH  BHMIPIOBAaHb  IHAMBIIyaJlbHOTO  CKBIB&JIEGHTY JO3M TaMMma Ta
PEHTTEHIBCHKOTO BUITPOMIHEHHSI, M3B/TO - 0,001 mo 9999;

Jiana3oH €Heprii raMma Ta PEHTIeHIBCHKOIO BHIIPOMIHEHHS, IO PEECTPYETHCS,
MeB - Bix 0,05 1o 6,0;

JKUBJICHHSI IPUIIALTY - nitieBuii enemeHt Tuny CR2450;

yac Oe3nepepBHOi PoOOTH NHpH KUBJIEHHI BiJ akyMyisTopHoi Oarapei, rox., He
MEHIIIE - 1400;

niarazoH pobounx Temneparyp, °C - -20..+50;

Maca, KT., He OibIe - 0,15;

rabapuTH, MM, He OlTbIIe - 56x96x16.

4. Isgukatopumii xommiekr Tumy BIIXP (BKXP) [10] npusnauenmit s
BUSIBJIICHHS B MOBITPi Ta HAa MICLIEBOCTI 3apuHy, 30MaHy, VX-ra3is, impury, ¢ocreny,
CHHHUJIBHOI KMCIIOTH, XJIOpILiaHy Towo. B sikocTi iHIMKAaTOpHUX 3ac00iB BUCTYIAIOTh
IHAWKATOPHI TPyOKH Ta IHANKATOPHUI MATip.

Maca npunany — He Oinbiie 2,3 Kr., 4ymIuBicTh 10 (ocdopopraniynux OP — 1o 5-
10-6 mr/n, mo ¢ocreHy, CHHHIBHOT KUCIOTH Ta Xjopuiany — 10 5-10-3 mr/xa, impury -
10 2-10-3 mr/n. diana3oH po6ounx temmeparyp Bix -40 no +40°C. Ilpunazn 3abe3neuye
BUSBIICHHS OTPYHHHX PEYOBHH B YMOBAX 3aIUMIICHHS.

Hudposa mereocraHiis HOBHHHA 3a0e3medyBaTd Oe3lepepBHE BUMiPIOBAHHS
HapaMeTpiB METCOPOJIOTiYHOr0 CTaHy HABKOIHUIIHBOTO CEPEIOBHUINA: TEMIEPaTypH i
BOJIOTOCTI TOBITPS, MIBUAKOCTI 1 HampsMy BiTpy, aTMOC(hEepHOr0 THCKY Ta BHIAYy
pe3yibTaTiB BUMIpIOBaHHS Ha cUcTeMy 300py Ta 0OpOOKH JaHUX.

TexHiuHI XapaKTEPUCTHKH METEOCTaHIli IOBMHHI BIAMOBIAATH HACTYIMHHM
BUMOTaM:

Jiarma3oH BUMipPIOBaHb - JIOMTyCTHMA MOXHUOKa;
TeMneparypa nosirps, °C - -40..455 +0,7;
aTMOC()epHHIA THCK, MM PT. CT. - 400 - 800 +3;
IIBUKICTB BITPY, M/C - 1-25 +(0,3+0,04Vi);
HAIpsM BITpY, © - 0-360+9.

Cucrema 360py Ta 00po0ku qanux (aani — APM) noBuHHa 3a0e3mneqyBaTu:

opranizanito 300py, 00poOku, 36epiraHHs, apxXiByBaHHs Ta MiJArOTOBKH 10 Nepenadi
naunx PXB po3BiIKM Ta METEOCHOCTEPEKEHHS, MOHITOPHHTY Ta KOHTpOIIIO,
OJIepKyBaHUX BiJl CTalliOHApPHHUX Ta IEPEHOCHUX MPHUIIAJIIB;

YIpaBIiHHS MPUIAaMH Ta OONaIHAHHSM PO3BIJKH, MOHITOPHHTY i KOHTpOIIO, a
TaKoX JIOMIOMDKHUM OOJIQJHAHHSAM JUIsi 3a0€3MEYCHHS JKUTTEAUIBHOCTI CKiMaxy
maumau PXB posBinku (depe3 6ok BYCK-01);

Bisyanizauito faHux Bing npunagie PXB po3Bigku, HaBiraiidHOi CHCTEMH Ta
METEOCTaHIIIT,

MIATOTOBKY Ta (opMyBaHHS 3BITHHX [aHHX [po Mereopoioriuny, PXB
00CTaHOBKY, Ul Tepeiadi Ha KOMaHIHHMH ITyHKT (4epe3 amapaTypy BHYTPIIIHBOTO
3B 3Ky T4 KOMYyTallii);

iH(pOpMYyBaHHS PO HECHPABHOCTI GOPTOBOTO 0013 AHAHHS;

BEJICHHSI aBTOMATH30BaHOI 0a3u [aHHX J030BOr0 HABAaHTAXKEHHS Ha eKimax
BT «Oraman-PXb 6x6».
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BoproBmii cnenianizoBaHuil KoMmIr'rorep (HOYTOYK) € LEHTPaJbHUM IIPHCTPOEM
BT «Otaman-PXb 6x6», sikuii TOBHHEH 3a0€3Me4nTH POOOTY 3 BUKOPUCTAHHSIM €JHHUX
MIPOTOKONIB OOMiHY JaHMMH Ta BIQNOBIiZAaTH €AuHIN imeonorii po6oTH B Mepexi 3
inmmmu MammHaMd PXB po3BigKM Ta MyHKTaMH yOpPAaBIiHHS BCIX PIBHIB HAa OCHOBI
nudpoBux 3aco0iB 3B’s13Ky Ha TexHoJorii IP.

Bin noBuHeH 3a0e3ne4nTy:

00po0OKy naHMX Ta BUBIJ Ha auciuiel iHdopmauii npo icaytouy PXbB obcTaHoBKY;

NPUHOM KOMaH/ Ta MiATOTOBKY JAHUX VIS BiTOOpaKEHHS HAa MOHITOpPI KOMaHINPA;

dopmyBanHs iHbOpPMALIHHUX MAKETIB Ul Mepeaavi Ha KOMaHHI MYHKTH Ta iHII
mamnan PXb po3Binky;

apxiByBaHHS pe3ynbTaTiB aHami3y crany PXb o0cTaHOBKH.

BoproBuii  crenianizoBaHuii KOMIT'IOTEp IIOBUHEH HAJaBaTH  MOXIMBICTh
OJIOKYBaHHS JJOCTYITY, EKCTPEHOTO CTUPAHHsI a00 3HHUIICHHS iHpOopMaIIii.

3arajpHi TEXHIYHI BUMOTH JI0 OOPTOBOIO CIIENiali30BaHOT0 KOMIT IoTepa:

€KpaH - He MeHme 17" 3 po3AUIBHOI0 3IaTHICTIO HE MEHILE
1366%768, anTHOIIKOBHIA;
poLecop - He ripue Intel Core 15 3 TakTOBOIO yacToTor0 2,6 I'T1;

omepariiitna cucrema -  He ripme Windows 10 (64 bit) 3 MOXIHBICTIO OHOBICHHS
Ha HOBI Bepcii;
orepaTHBHA Iam’sTh - He MeHie 8 ['6;

YKOPCTKHUM JTUCK - tuny SSD 3 06’eMom He MeHre 256 I'6;
BiZleoKapTa - nvidia geforce gt 1060;
inTepdeiicu - Ethernet 10/100/1000 Mbit/c

RS-232 x1, RS-485 x1, RJ-45, HDMI x1, USB 2.0 x3;

6e3mporosi Texuounorii - Wi-Fi cranmapry IEEE 802;

Bluetooth, 3 Bepcieto He MeH1e - 4.0.

BopToBwmii crienianizoBaHuii KOMIT IOTEp MOBHHEH MaTH KJiac 3aXHCTy He ripuie [P-
54 3rigno MIL STD — 810G. Bin noBuHeH A0MyCKAaTH €KCILIyaTallilo 3a TeMIIEpaTypu
Bix -20 o +40 °C ta Bosorocti 6e3 yTBOpeHHs KOHAeHcaTy Bin 5 mo 90%.

boproBuii creriani3oBaHuii KOMII'IOTEp MOBHHEH KOMIUIEKTYBAaTHCS IIPUCTPOEM
IUTSl YCTAHOBKH B aBTOMOOLITH 3 OJIOKOM KUBJICHHSI BiJi OOPTOBOI MEpEexi.

TakTHYHUH IUIAHIIET KOMaHIMpa IOBMHEH 3a0e3ledvyBaTH BifoOpaXkeHHs
HeoOxinHoT iHpopmanii mpo PXB 00cTaHOBKY Bif OOPTOBUX Ta HEPEHOCHHX HPHIIANIiB
PXB po3Binku, curHanbHoi iHpopMmarii npo Hebesneky PXb ypaxenus, iHpopmarii 1o
HaJIXOAUTh 3 KOMaHIHOIo IMyHKTYy Ta iHmux MamuH PXbB po3Bigku, indopmanii mpo
JI030BE HABAHTAXXCHHs UWICHIB EKIMaXy, pe3y/lbTaTiB AIarHOCTHKH TEXHIYHOTO CTaHY
CreniagbHOro 001aHaHHS MalIuHU.

TakTUUHMH IUTAHIIET TOBHHEH HAJaBaTH MOXIUBICTh OJOKYBaHHA IOCTYILY,
EKCTPEHOro CTHpaHHs abo 3HUILEHHS iH(popMalLii.

3araspHi TeXHIYHI BUMOTHY JI0 TAKTUYHOT'O IUIAHIIETY KOMaHIUpa:

€KpaH - 10" - 12" 3 po3ainbHOIO 37aTHICTIO He MeHIe 1366x768;

poLecop - He ripue Intel Core 15 8500;

omepariiiiia cucrema -  He ripme Windows 8 Tablet PC;

orepaTHBHA IaM’sITh -  He MeH1ue § ['0;

JKOPCTKHUI JUCK - 3 06’emoM nam’ati He MeHie 128 I'b;

Biteoananrep - Snpo — 100-900 MI'n, yHniBepcanbHi npouecopu — 24,
DirectX 11.2. ITam’sitb — 64/128-bit.

inTepdeiicu - Ethernet10/100/1000 Mbit/c, RJ-45, HDMIx1, USB2.0x3;
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6e3xporosi Texnonorii Wi-Fi crannapry IEEE 802, Bluetooth.

TakTUYHUI TUIAHIIET MOBMHEH MaTu Kiac 3axucty He ripme IP-54 3rigno MIL
STD — 810G. Bin noBuHeH IomycKaTH eKCILIyaTalliio 3a temieparypu Bix -20 mo +40
°C ta Bomorocti 6e3 yTBopeHHs KoHaeHcaTy Bif 5 10 90%.

TaKTHYHUH IUTaHIIET KOMAHAWpA IOBMHEH KOMIUICKTYBATHCS JITili — 1OHHOIO
Garapeeto 3 emuictio He Meniie 4000 mA*h Ta agantepom KUBICHHS.

KoMIUTeKT cremianbHOro MporpaMHOro 3a0e3ledeHHs ITOBUHEH aBTOMATHYHO
¢dopmyBatu nonecenHs mpo PXb oGcranoBky mo dopmam, npuitHatuM B CucTeMi
BUsIBIICHHS 1 onoBimeHHs npo PXb 3apaxenHns y MinicrepcTBi 00opoHr YKpaiHu Ta
36poitnux Cunax Yxpainu [11].

Bumoru 1o cuctemu Bigbopy Ta 30epiranss mpob:

1. Cucrema Binbopy nmpo0 NMOBHHHA, IO MOXJIMBOCTI, 3a0€31eUyBaTH MOXXJIMBICTb
Bi0OOpY MpoO TOBITPSI, IPYHTY, BOAM O€3 BUXOY EKIMaXy 3 MAIIHHU.

2. Ipouec Bigdopy npob MoBHHEH OyTH MEXaHi30BaHUM, KEPOBAaHUM EKillaKeM 3
cepelMHM MamuHU. Bindip npo6 IrpyHTy MoxKe MpPOBOJAMTHCH 3a JOHOMOTOIO KOJIC 3
CHITIKOHOBUM TIOKPUTTSM 200 3 BUKOPHCTAHHSIM TEJIECKOMIYHOI mTaHTu. Bindip mpob
BOJM Ta IOBITPS MOXKEe OyTH 3/iHCHEHMH IUIIXOM 3aCMOKTYBAHHS HAcOCOM depe3
crienianbHui 3a0ipHUIA pyKaB.

3. Tlpu HeMOXJIMBOCTI peaiizalii aBTOMaTHYHOrO BigOOpy mpoO, HEoOXiTHO
nepen0dayuTH B 3alHiil YaCTHHI CaJOHY TepPMETHYHHH BiJCIK Ul BHXOIY Ha 30BHI
XiMiKa-po3BiJHUKA (OllepaTopa) uist 300py Npod BpyUHY.

4. 3 metoro 36epiranns Binibpanux npod, BT «Oraman-PXb 6x6» noBuneH matu
Miciie Ut 00J1aTHaHHS MOPO3MIBHOK KaMeporo 3 EMHICTIO He MeHre 101.

Bumoru z10 crienianbHOro 061aaHaHHs JUIsS BCTAHOBIIGHHS MapKepiB:

1. CrieniansHe obsiafiHAHHS [UIsS BCTAHOBIICHHS MapKEpiB MOBHHHE 3a0e3medyBaTu
MOK/IUBICTh MapKyBaHHS 3apa’keHOT MICLIEBOCTI 0€3 BUXOJLy eKiMaxy 3 MalllUHH.

2. Tlporec BCTaHOBJEHHsS MapKepiB MOBHHEH OyTH MeXaHi30BaHUM, KEPOBaHUM
eKilaxxeM 3 CepeJHHN MaIlIiHH.

BT «Otaman-PXb 6x6» NOBHHEH OCHAIIyBAaTUCS CHCTEMOIO IIYCKy IUMOBHX
rpaHar y KiJIbKOCTI HE MeHIIe 6 IMYCKOBUX YCTAHOBOK Ta IyJbTOM YIPABIIIHHS HUMH.
JlanpHICTh TOCTAHOBKH AUMOBO 3aBicH MmoBHHHA OyTH He MeHie 400 M., MIUpPHHA 1O
¢pouTy — He MeH1e 80 M. YHpaBiliHHS IOBUHHE 311HCHIOBATUCS 3 MICLIsl KOMaHMPA.

BT «Otaman-PXb 6x6» Moxe MaTH 3ac00H O0HOBOTO yIPaBIIiHHS, IO iHTErPOBaHi
y €IMHY CHUCTEMY YIpaBIIiHHS MOpPCHKOi mixot BiiicbkkoBo-Mopcbkux Cun 30poiHHX
Cuint YkpaiHu Ta y HEepCIeKTHBI — B €IMHY aBTOMaTH30BaHy CUCTEMY YIPaBIiHHS, sSKa
YTBOPIOEThCS B MeXax KoHuemniii crBoperHs €xunoi ACY Biiicek 30poitHux Cuin
Ykpainu.

BucuoBok.

Buxonsun 3 BkazaHux Bumor BT «Otaman-PXDB 6x6» HmOBHHEH BHKOHYBaTH BCi
3aBnanHs PXB posBinku moknazeHi Ha migposnimi PXB 3axucTy MOpPCBHKOI MiXOTH,
3a0e3ne4yBaTH FOTOBHICTh /10 OCA/IKU, TPAHCIIOPTYBAHHS Ta JIECAHTYBaHHs 0COOOBOTO
CKJIay MiIpo3AiIiB 1 yacTMH MOpchKoi mixoTu BilickkoBo-Mopebkux Cuin 30poiHux
Cun YkpaiHu, a TakoX 3aJ0BOJIBHATH B LIJIOMY MOTPEOM MiAPO3/LUTIB iHIIMX POIIB
Bilicbk 30poitnux Cun Ykpainu.

BT «Otaman» 31aTeH 3a0e3MeYUTH MOXKIIMBICTD 3MIMCHEHHS Mapury B OyIb-sKHUi
yac 100H, y OyIIb-IKMX METEOPOJIOTIYHUX 1 (hi3uKo-reorpadiyHiX yMOBax, aBiallifHUM i
3ai3HUYHUM TPAHCIIOPTOM, HEPEBE3CHHSI MOPEM CyAHAaMH TUILY (CepelHiil JecaHTHH
kopabens 0. Onedipenko).
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CHHCOK JiTepaTypHHX JKepel:

1. Kozak-2m [Enexrponnmii pecypc] : Ilpaktuka. Hay4dno-mpousBoacTBeHHOE
obbseauHenue: IIpoayKIus BOCHHOTO U CIELUAIBHOrO HasHa4YeHus [IHTepHeT-mopTa].
— EnexrponHi naui. pexxum moctyma: https:/practika.ua/ru/kozak-2m-2

2. bponerpancnoprepu  [Enexrponnuit  pecypc] :  Ilpaktuka. Hayuno-
IIPOU3BOACTBEHHOE 00BbearHeHHe: [IpoayKIs BOGHHOTO U CHEHAILHOI0 Ha3HaYeHHs
[InTepuer-noprain]. - EnexrponHi JaHi. pexum JIOCTyMa:

https://practika.ua/ru/bronetrasportery

3. lpnan paniauiitnoi pospigku [Enextponnuii pecypce] : Exorect [InTepher-
ropran. - Enextponsi JlaHi. pexuM JocTymna:
https://www.youtube.com/watch?v=uCPRtwaRzyY &t=181s

4. Ha JlbBiBmuHi po3pobisitors HOBy MammHy PXbB posBinku Ha 0asi
o6poneaBromobinst  Jlozop-b, Bmamucna Xpuctodopos [Enextponumii pecypce]
IIpomucnosuit nopran [IHrepHer-mopTan]. — EnekTpoHHI [AaHi. pexuM JocTymna:
https://uprom.info/news/vpk/na-lvivshhini-rozroblyayut-novu-mashinu-rhb-rozvidki-na-
bazi-broneavtomobilya-dozor-b

5. https://uk.wikipedia.org/wiki/RS-485

6. http://ecotest.ua/

7. http://ecotest.ua/products/mks-um/

8. http://ecotest.ua/products/dkg-21m/

9. CyuvacHuii cTaH i TEHICHIIT pO3BUTKY 3ac00iB iJeHTH(]iKaIil 00HOBUX OTPYHHUX
peyoBHH B YKpaiHi: IIUIIXH rapMoOHi3auii y BifnoinHocti go crangapris €C i HATO.
[Enextponnuii pecype] / JILA. Ycrinosa, B.A. bapkesuy, H.B. Kypains, P.M. llIseus,
B.L. Cario, O.A. €BTO/IbEB Pexxum JIOCTYITY o
pecypey:.http://protox.medved.kiev.ua/index.php/ua/issues/2019/3/item/616-current-
state-and-trends-in-the-development-of-the-identification-tools-for-chemical-warfare-
agents-in-ukraine-ways-of-harmonization-in-accordance-with-eu-and-nato-standards-
part-ii

10. Hakaz Minictpa o6oponn  VYkpaimm Ne702  Big  22.12.2016
(http://catalog.nuou.org.ua/index.php?option=com_sobipro&pid=128&sid=329435:nak
az-mou-702-vid-22-12-2016-pro-zatverdzhennya-instruktsiji-z-funktsionuvannya-
sistemi-viyavlennya-i-opovishchennya-pro-radiatsijne-khimichne-biologichne-
zarazhennya-u-ministerstvi-oboroni-ukrajini-ta-zbrojnikh-silakh-ukrajini&Itemid=0)
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CEKILIIA 2
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SECTION 2
General chemical technology, ecology
and recycling problems
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APPLICATION OF HIGH-ENERGY COORDINATION COMPOUND AS NEW
"GREEN" ENERGETIC MATERIALS
K. Pawlus, T. Jarosz
Silesian University of Technology
klaudia.pawlus @polsl.pl, tomasz.jarosz@polsl.pl

Despite the important factors promoting the development, implementation into
industrial scale production and application of new high-energy materials, the progress in
this field is limited, due to safety at work and environmental aspect. Nevertheless, there
is a group of compounds that can potentially exhibit high-energy properties, being
coordination compounds, while not being harmful to the environment. Despite more
than two decades of work on these substances and their advantage over classical high-
energy materials resulting from more favorable performance and safety parameters,
these materials have not found broader practical application.

Coordination energetic materials (CEMs), like other coordination compounds,
consist of a central atom (or central atoms in the case of multicore compounds and also
the so-called coordination polymers), organic ligands, and counter-ions (anions of acidic
residues). By changing one of the building blocks, new compounds with different
physicochemical and energetic properties can be obtained. One of the groups that are
still being studied are compounds derived from transition metal nitrates(V) and
chlorates(VII) due to their high availability and non-toxicity. Unlike most coordination
compounds, the counter-ions that build the KMW molecules are most often in the
nature of oxidants, e.g. NOj3', ClO,4 . Oxidizing anions provide a complementary ion for
complex cations and allow the release of large amounts of active oxygen. At the same
time, organic ligands present in CEMs molecules should be characterized by a high
content of nitrogen atoms, as is the case for many classical energetic materials (EMs).
In addition, the selection of appropriate organic ligands with high nitrogen content
enables the synthesis of coordination compounds having similar energetic parameters
with regard to lead azide.

When selecting the ligands necessary for the fabrication of CEMs, attention should
be given to the nitrogen content of the molecule. Many authors mention the dependence
of nitrogen content on the performance of materials, but for a small group of
compounds [1]. From the point of view of "green chemistry", high nitrogen content is
favorable because it allows increasing the ratio of gaseous nitrogen to carbon dioxide in
decomposition products. In addition, as the density [2] and heat of formation of CEMs
increases, the performance of the detonation process is improved [3]. Literature reports
on the use of high-energy organic ligands indicate the use of hydrazine, aliphatic
amines, heterocyclic compounds or compounds with mixed functionality, as shown in
the following table (Table 1).

One of the commonly used ligands with high nitrogen content is hydrazine, which
contains 87.42% nitrogen atoms in the molecule. CEMs containing hydrazine in their
structure, exhibit a high tendency to decompose by detonation and have comparable
sensitivity to mechanical stimuli to that of initiating explosives [8]. Ligands containing
triaminoguanidine derivatives with a nitrogen content of 83.97% are also noteworthy,
due to their low sensitivity to mechanical stimuli, high density, good thermal stability,
and detonation velocity ranging from 5 to 9 km/s [5].
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Table 1 Selected organic ligands used to produce CEMs, ordered by weight
nitrogen content (Hz — hydrazine; OXTANQ - oxidized triaminoguanidine;
bisTetrAzM — bis(2-tetrazolyl)methane; 4A124TrAz - 4-amino-1,2,4-triazole;
1A123TrAz — 1-amino,1,2,3-triazole; bisTrAz — 4,4’-bi-1,2 4-triazole).

Chemical structure Nitrogen content [ %] Name Ref.
abbreviation
HyN—NH, 87,42 Hz [4]
N;””: 83,97 OxTANQ [5]
N/L\N
Il Il
NH NH
A 73,66 bisTetrAzM [6]
N
wW=N W=y,
— 66,64 4A124TrAz [6]
| N—NH,
Nﬁﬂx 66,64 1A123TrAz [71
L/N—NH,
e
N, =N 61,74 bisTrAz [6]
| N—N |
Ne/ A=W

The synthesis of high-energy complexes compounds is associated with the use of
transition metal compounds belonging to the fourth period of the periodic table of
elements. These elements form small ions with high charge and are mostly
characterized by low toxicity and environmental harmfulness. In many cases, desirable
compounds of these metals occur in nature as minerals. Moreover, their characteristic
feature is an unfilled d-sublayer, allowing them to occur at different oxidation levels.
Among the CEMs reported in the literature, the most frequently mentioned compounds
are those in which cations such as Cr’*, Mn?*, Fe**, Co*, Ni?*, Cu®* and Zn>" , act as
the central atom. The coordination number of these cations is 6, except for the copper
cation, which has a coordination number of 4. Compounds of some of these elements,
e.g., copper and cobalt, cannot be considered fully "green" because they may exhibit
some toxicity, but they are nonetheless much more desirable than lead compounds.

Literature sources report the successful receipt and properties of a vast number of
CEMs. These substances are often referred to as "green" EMs, which meet sustainability
requirements and which can provide alternatives to lead-containing EMs such as
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lead(I) azide, or lead styphnate. Lead(Il) azide is one of the most widely used classical
EMs. Its advantages include rapid transition from deflagration to detonation, reliability,
and simple synthesis at low cost. On the other hand, it has many drawbacks, as it
decomposes under ambient conditions with the release of hydrazolic acid, and both it
and the substrates for its production are characterized by extremely high toxicity and
environmental harm. In spite of the significant drawbacks of lead azide(Il), to this day
lead azide(II) has not been displaced from its current applications.

Coordination energetic materials are obtained by a quantitative complexation
reaction between a transition metal compound and an organic ligand, typically of
aliphatic or aromatic amine nature (Figure 1). An additional advantage of CEMs
syntheses is the use of such a reaction medium, which will constitute a solvent for the
substrates used for instance water. It is worth noting that these compounds can be
modified by replacing the counterion that is part of the CEMs molecule [11] , or by
obtaining their salts by reaction with acids [12].

HN
Fe(NO,), + 3 R === [Fe(H;NRNH,}:]{NO5);
quf

Figure 1 CEM synthesis reaction example using iron(IIl) nitrate(V) and an
alkylenediamine

Production and use of many high-energy materials is associated with release into
the environment (soil, surface and ground water, atmosphere) of substances that
adversely affect humans and the environment. Environmental harm and significant
toxicity have been among the main reasons for the withdrawal of many high-energy
materials (e.g. mercury salts) from industrial use. On the other hand, efforts to
discontinue the industrial use of high-energy materials with significant environmental
harm or toxicity have been effective only to a limited extent. Therefore, the important
thing is to strive for materials that do not pose a threat to the environment.
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DETECTION OF PICRIC ACID IN SOLUTIONS
Magdalena Fabin
Silesian University of Technology
magdalena.fabin97 @ gmail.com
1. Intorduction
2,4,6-trinitrophenol, also known as picric acid (PA), was a widely used explosive,

including during the Boer War [1] and World War I [2]. In the interwar period, the
military use of PA began to be abandoned and began to replace it with 2,4,6-
trinitrotoluene (TNT). Despite lower sensitivity and difficult access to its substrates in

the

interwar period, TNT provided much greater safety of use compared to the

substrates used to produce PA [3]. In addition to the high sensitivity of PA, the danger
of its use was its high toxicity compared to other commonly used explosives.

Table 1 Summary of selected parameters of commonly used explosives [4]

Density Detonation | Lead block | Impact Friction
( g/cm3) velocity test sensitivity sensitivity
(m/s) (cm*/10gPb) | (Nm) N)

PA 1.77 7350 315 74 353
Lead Azide 4.8 4500 110 25-4 0.1-1
RDX 1.82 8700 480 7.5 120
HMX 1.87 9100 480 7.4 120
TNT 1.47 6900 300 15 353
PENT 1.76 8400 523 3 60

The toxicity of PA, is described as higher than that of nitro derivatives of toluene,

xylene or naphthalene, but it is much lower compared to the toxicity of nitro derivatives
of benzene, as proven by animal studies.

Table 2. Summary of IDLH values for selected nitro aromatic derivatives [5].

Warto$é IDLH (1994) [mg/m”]
Nitrobenzene 1006
Dinitrobenzene 50
Dinitrotoluene 50
2,4,6-trinitrotoluene 500
2,4,6-trinitrophenol 75

Due to the toxicity of PA, which poses a threat especially to the aquatic

environment, massive research has begun to be conducted in recent years to develop
effective detection methods for PA, which may help to reduce the environmental
damage caused by this compound.
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2. Metal—-organic frameworks sensor

Over the past decades, there has been a rapid development of metal-organic
frameworks (MOFs) due to their potential use as multifunctional materials in catalysis
[6], magnetism [7], adsorption and separation [8]. MOFs are a broad class of organic-
inorganic materials with homogeneous crystalline coordination networks. These
materials consist of metal ions or clusters and organic ligands [9, 10]. Coordination
bonds occur between the metal atoms and the ligands. Ligands in MOFs are usually di-,
tri-, or tetradentate organic compounds[9, 11], such as carboxylases, phosphonate
compounds, sulfonate compounds, or heterocyclic compounds [12]. Due to ligands rich
in m-conjugated bonds, MOFs possess strong luminescent properties. Besides ligand
luminescence, charge transfer processes (inter-ligand charge transfer, metal-ligand
charge transfer, ligand-metal charge transfer, etc.) involving aromatic organic linkers
have also been observed. Due to such properties, MOFs have shown great potential as
components for the production of sensory materials [13-15]. Other properties of MOFs
favoring their use as sensors are their ultra-high porosity, up to 90% free volume, and
huge internal surface areas, exceeding 6000 m2/g [16].

2.1 D-block MOF

Among the MOFs whose luminescence properties are studied for PA detection,
structures based on d-block metals have become particularly popular. The most studied
MOFs contain Zn [17-21] due to their properties such as high PA detection sensitivity,
stability, and low detection limit, which are related to the possibility of strong emission
properties [17], and most importantly, low toxicity [18]. The selectivity of PA detection
has also been confirmed for some MOFs containing Cd [19, 22] Cu [23] or Zr [24]
atoms.

Table.3 Summary of Ksv PA detection constant values by selected D-block MOFs

Lp | MOFs Structure Solvent | Detectio | The Referenc
n limit | quenchi |e
M] ng
effect
constant
(Ke)[M”
1
]
1 [Zn,(3,3'-(thiophene 2D layered | DMA 2.5x10° | 2.40x10 [17]
4

2,5-diyl)dibenzoic),
(1,4-  di(pyridin-4-yl)

benzene)]

2 | [Zn(3,3'-(thiophene 3D DMA |2.5x10° | 2.46x10 |[17]
2,5- Framework 4
diyl)dibenzoic)4,4'-

di(1H-imidazol-1-yl)-
1,1'-biphenyl)]-(H20),

3 | Zny(OH),(H,TCPP)] 3D Ethanol | not 6.95x10 | [18]
(D MF); Framework applicable | 4
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4 | [Zn(naphtalenedi 3D porous | H,O 1x10° [ 6x10* | [19]
carboxtlate)H,O)]n

5 | [Zny(DMF)(urotropin) 3D porous H,0 1.63 10.83x1 | [20]
2 ppm o
(2,6- naphtalen
edicarboxylic)s]n

6 | Zny(2,6- naphthalen 3D ethanol | not 4.22x10 | [21]
edicarboxylic acid), framework applicable| *

(4,4 - bipyridine)] -Gx

7 | [Cd(naphtalen 3D porous H,0 4x10°® 2,385%x1 [ [19]
edicarboxtlate)(H,0)] o*
n

8 | {[Cda([1,1":3",1"- 3D ethanol | 1.98 3.84  x|[22]
terphenyl]-4,4',4",6'- interpenetrat ppm 10*
tetracarboxylic),(2- ed
amino-4,4'-
bipyridine);

(H,0),]-8DMF-8H,0
}

9 | Cuy(4,6-Tri-(pyridin- 3D network | H,O 2,71x10" | 1.36x10 | [23]
4-y)-1,3,5-triazin), 7 5

(,5-thiophen

edicarboxylic),]-H,O

10 | [ZrsO4(OH)4(4,4'- 3D porous methan | 1.63x10° | 2.49 x| [24]
(benzol[c][1,2,5]thiadi ol 6 10
azole-4,7-
diyl)dibenzoic

aCid)(,] . 8H20'6DMF

2.2 Ln-MOF

Luminescent structures, especially those based on lanthanide metals [25], have been
used as sensors to detect cations and anions, small molecules, gases, pH values,
temperature, and ionizing radiation [26]. In recent years, the use of f-block elements
has attracted the interest of researchers due to the high color purity of Ln-MOFs, long
luminescence lifetimes, and large Stokes shifts that come from f-f transitions through
the so-called antenna effect [27].

The detection of chemical compound molecules is mainly related to the process of
luminescence extinction. It is usually triggered by collapse of the sensor backbone, ion
exchange between the central metal ion of the sensor and the compound under analysis,
or
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competitive absorption of light of the same wavelength between the sensor and the
molecule [28-31]. Studies have been conducted for different types of MOFs in the
context of their potential ability to detect aromatic nitrocompounds, with particular
emphasis on PA. Positive results of selectivity of the luminescence quenching process
with respect to PA were obtained for most of the studied Ln-MOFs. In most cases, this
process was much higher for PA than for nitroaromatic explosives such as
nitrobenzene, 4-nitrobenzene, 2,4,6,-trinitotoluene, or 2,4- dinitrotoluene.

Table 4. Summary of the values of Ksv PA detection constant by selected Ln-MOF

Lp [ MOFs Structure Solven | Detectio | The Refere
t n  limit [ quenchin | nce
M] g effect
constant
(Ke)IM
1
]
1 | [Eu4.4'- 3D porous | DMF | 5x10° 2912 [32]

(carbonylbis(azanediyl)
)bis(2-methoxybenzoic

acid);(DMF)(H,0);]-
x(solvent)
2 | {[Euy(4,4’- 2D layered/ | DMF 1x10 1359 [33]
[carbonylbis(azanediyl) | 3D
]dibenzoic Framework
acid),(DMF)(H,0)3(n.3-
0)]'H,O}n
3 {[Tby(4.,4’- 2D layered/ | DMF 5%10° 4995 [34]
[carbonylbis(azanediyl) | 3D
]dibenzoic framework
acid),(DMF)(H,0)3(u3
-0)]'H201}a
4 | {[Dy(u- 2D layered | H,O 1x10° 8550 [34]

FCDCA) 1 5(MCOH)(H2
0)]-0.5H,0},

5 {[Eua(5,5’- (carbonyl 3D porous DMF | 1x10? 2001 [35]
bis(azanediyl)
)diisophthalic acid); s
(H,0),EtOH]D MF}n

6 | (Co:HgNH,),[Thyo(ptptc), | 2D layered | metha | 1x 10° 38910 [36]

(DMF)(H,0)]-DMF-6H | /3D nol
20 framework

7 | Eu(naphthalenedicarbo | not H,0O 1.64x10° | 3220 [37]
xylic acid) applicable 7
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8 | [Tb(tftba); s(phen)(H,O | 3D H,O 1.02x10" [ 5890 [38]
a polyhedron 7
9 Eu-MOF microporous | DMF | not 1500 [39]
applicabl
e
10 | [Tb(1,3,5- nanowire ethano | 8.1x10°® | 3410 [40]
benzenetricarboxylate)] 1
3. C-dots

Carbon dots (C-dots) belong to a relatively new class of carbon nanomaterials that
are less than 10nm in size [41]. They were first obtained during purification of single-
walled carbon nanotubes using preparative electrophoresis [41]. Later, they were also
obtained by laser ablation of graphite powder and cement [42]. C-dots are usually
characterized by strong absorption properties of electromagnetic waves especially in
the UV range, and depending on the method to obtain them, this range can be extended
to the visible light length [43-46]. Due to their fluorescent properties and low toxicity
[47, 48], C-dots have shown potential for fluorescence bioimaging [49, 50], multimodal
bioimaging of cells or tissues [51], among others. C-dots can also be used as biosensors
e.g. for visual monitoring of elemental content in cells [52, 53], glucose levels [54] or
pH values [55]. Nanomaterials of this kind are optically sensitive to compounds that are
chromophores. Because of this, they have attracted interest as potential sensors for PA
and other nitroaromatic compounds.

Table 5. Summary of PA detection characteristic parameters for selected c-dots

Material | Main subtrates Solvent | quantu | Linear Detection | Refe
s m yield | range limit rence
of C-|(uM) (nM)
dots
[%]
1 Grapes, Water 18.67* 0.06-79.4 | 10 [56]
rhodamine6G
2 2-aminoterephthalic | Water 67%* not 18 [57]
acid,  polyethylene applicabl
glycol, e
orthophosphoric acid
3 Sucrose, boric acid, | Water 14.2*%* [ 0.1-100 28 [58]
urea
4 citric acid anhy drous,| Water 29.01* | 1-10 10 [59]
ethylenediamine
5 malonic acid, urea Water 12.6* 0.05-0.4 | 350 [60]
6 L-Lysine, thiourea water 53.19* | 1-10 240 [61]
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7 Betel leave Water 4.21% 03-33 110 [62]
8 Gelatine, aniline water 17%* 0.37— 56 [63]
1.42
9 Chloroform, Polar 13.2%* | not 2000 [64]
ophenylenediamine | solvent applicabl
e
10 Sucrose, phosphoric | not 21.8% 0.2-17.0 | 16.9 [65]
acid applicabl
e

*fluorescencje quantum yield
** photorescence quantum yield

4. Conclusions

According to the studies conducted at this point, it can be concluded that MOFs and
c-dost are a promising group of materials suitable for the detection of PA in different
types of solvents. For both types of materials, their main advantages are simple
synthesis and high sensitivity

for PA detection. In the case of MOFs, an important aspect is that they also provide
high selectivity for PA detection against other nitroaromatic compounds. With the
continuously developing methods for synthesizing and testing the properties of sensing
materials for the detection of hazardous nitroaromatic materials, effective and simple
methods can be developed for the detection and elimination of these compounds, thus
minimizing their negative impact on the environment.
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PHOTODEGRADATION OF CONGO RED USING ZINC (II) OXIDE
IN CIRCULATING CONDITIONS
K. Hutsul, I. Ivanenko, G. Krymets, T. Puzatko
National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute",
37 Peremohy ave., 03056, Kyiv, Ukraine
x_gucul1997 @ukr.net, irinaivanenko @hotmail.com

With the development of industry, a large amount of industrial wastewater appears,
which can be discharged into reservoirs without proper treatment. Such wastewater
contains toxic organic substances in various quantities and can cause great harm to
human health and the environment. Among water pollutants, dyes have become an acute
cause of environmental problems. The largest amount of wastewater with a wide range
of pollutants is discharged by textile plants. Treatment of these wastewaters before their
discharge is desirable and provided by law. Another problem is the small number of
technologies for wastewater treatment from dyes at municipal treatment plants. One of
the effective processes of removing organic matter from water is photocatalysis [1].

The most common and widely described photocatalysts are transition metal oxides
and semiconductors: TiO,, ZnO, SnO, ta CeO,, etc. [2-5]. Semiconductor metal oxide
photocatalytic materials, such as zinc (II) oxide, are attractive materials due to their
unique properties. These are high chemical stability, high coefficient of electrochemical
bond, high refractive index, high thermal conductivity, antibacterial and UV-protective
properties [6-7]. Due to these properties, ZnO is added to plastics, rubber, ceramics,
paints, glass, cement, sealants, concrete, food, batteries, etc [8-10].

In the presented study, a comparison of the degradation efficiency of a common
organic dye with zinc (II) oxide was performed. Two samples were used as a
photocatalyst. The first ZnO sample was pre-synthesized by the method of precipitation
from the precursor zinc (II) acetate, which is described in [7-8,11-12]. The second ZnO
sample was a powder produced by industry. Congo red dye with an initial concentration
of Cop=25.0 mg/L was used as a model pollutant. The degree of its photocatalytic
degradation in the presence of the above-described samples of photocatalysts was
studied in a model laboratory installation in circulating conditions.

A suspension of the photocatalyst in a small volume of the dye solution was first
sonicated for 5 minutes. The resulting suspension was quantitatively transferred to a 5
dm3 vessel to a stock dye solution with a total volume of 3 dm3. After that, the pump
was switched on to circulate the solution, and after 20 minutes, a 24-watt UV lamp was
additionally turned on. Samples of the test solution were taken every 5 minutes for half
an hour. Each suspension sample was filtered through a syringe membrane filter to
separate the photocatalyst powder and the residual dye concentration was determined by
the photometric method. Then calculated the degree of photocatalytic degradation
(a,%). The results of this study are shown in Fig.1.
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Figure 1 - The degree of photocatalytic decomposition of Congo red, in the presence of:
a) synthesized ZnO, b) industrial ZnO.

As can be seen in Fig.1.a, a solution of Congo red dye with the initial concentration
of 25 mg/L in the presence of synthesized zinc (II) oxide was subjected to discoloration
by 95% after 15 minutes of ultraviolet irradiation under circulating conditions. The
average degree of the dye photodegradation for 30 min of ultraviolet radiation consisted
93%. In the presence of an industrial sample of the photocatalyst, it was not possible to
achieve similar high degrees of photodegradation, the highest of which did not exceed
70%.

To explain such difference in the catalytic activity of the same chemically identical
samples and to find out the reasons for this, a study of the chemical composition of the
surface of both photocatalysts was performed. In this experiment, we studied the
distribution of surface centers by the degree of acidity by the method of Hammett using
thirteen indicators with different pK, values: in the range from +0.80 to +12.8.

Figure 2 shows the graphs of the distribution of surface centers by the degree of
acidity for synthesized in the laboratory and industrial samples of zinc (II) oxide. With
the help of these graphs, it is easy to compare the chemical composition of the surface
of both applied photocatalysts.

For the synthesized sample of zinc (II) oxide, the surface properties were
determined by the presence of intense peaks in the neutral (pK,=6.4-7.15) and main
(pK,=8.80-9.45) areas of Bronsted. That is, it was characterized by electron-acceptor
properties. But, due to the presence of peaks in the neutral region, it is possible to shift
the established equilibrium towards the manifestation of the surface centers of proton-
donor or proton-acceptor properties.

The surface centers at pK,=7.15, which are present in the synthesized sample in the
largest amount, are completely absent in the industrial sample of zinc (II) oxide. That is,
its surface does not have multi-functional properties, and its surface centers cannot
change the charge. This difference in the nature of the surfaces is the explanation for the
different photocatalytic activity of the studied samples of photocatalysts, in our opinion.
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Figure 2 - Distribution of the surface centers by degree of acidity on:
a) synthesized ZnO, b) industrial ZnO.

Thus, the zinc (II) oxide synthesized by deposition in the laboratory experimentally
confirmed its high activity in the process of photocatalytic decomposition of Congo red
dye under circulating conditions, and its catalytic activity exceeds that of industrial zinc
(II) oxide. It is due not only to their crystalline structure, but also surface chemistry, in
particular due to the presence of acid-base centers of different strength, in our opinion.
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TEXHOJIOI'Ti YTHJIIBAII BIIXO/IIB HA®TOI'A3OBHUIOFYBAHHS 3
MOJAJIBIIIAM BUKOPUCTAHHSAM iX PECYPCHOI'O IIOTEHIIAJTY
B.C Kosajienko
CyMchKHii epxaBHuii yHiBepcuteT, M. Cymu, Ykpaina
vladislavkovalenko34 @ gmail.com

[Ipu 3xilficHEHHI TEXHOJIOTIYHUX MPOLECIB i3 BUIOOYTKY Ta MOJANbIIIH MiArOTOBLI
HadTH Ta rasy, npu iX nepepoOlli Ta TPAHCIIOPTYBaHHI YTBOPIOETHCS 3HAYHA KUTBKICTh
Ha(TOBMICHUX BiJXO/IB, SIKi SIBJISIOTH COOO0 LIHHUM CUPOBUHHHHI pecypc.

HadroBMicHi BIIXOIM NPENCTaBISAIOTH COOOK CyMIII BiANpanboOBaHUX OYypOBHX
PO34MHIB, BOAM TIPCBKUX TIIOpiJ, IJIMHH, LEMEHTy, Ha(TH Ta Ha(TONPOAYKTIB.
OCHOBHMMH ~ 3a0pYy[HIOIOYMMH  PEYOBMHAMM, 11O HECYThb 3HA4YHY  3arposy
HABKOJIMIIHBOMY CEpPEJOBHILY Ta BXOJATH JI0 CKJIaay HaTOBMICHHUX BiAXOJiB, € HadTa
Ta HaQTONPOAYKTH, XIMIYHI pPEareHTH pPIi3HOTO TOXOMKEHHS (JIYTH, KHCIIOTH,
cunternuni ITAP, momimepu, cnomyku 3aiiza, 0apilo, XpoMmy, OpraHiuHi pEeYOBHHH,
BYIJIEBOJHI, (PeHONU, KAPOOHOBI KUCIOTH).

Cepen mxepen yTBOPEHHS HA)TOBMICHHX BiJXO/(iB, MOKJIMBO BHIUINTH HACTYIIHI:

— OypiHHSA CBepUIOBHH (OypOBi PO3UHHH);

— OUMCHI CIIOPY/IH;

— pe3epByapu 30epiraHHsS Ha(TH (TOHHI 3aIUIIKH, IO MICTATh B CBOEMY CKJIai
napadinu, acanbTeHN Ta MEXaHIYHI JOMIIIKH);

— EMHOCTI, W0 3HAXOAAThCS TiI THUCKOM (B’SI3Ki OCaid, W0 CKIIAJAIOTHCS 3
eMyJIbCil Ta YaCTHHOK TJIMHH, iCKY, KPUCTAIIIB COJIi);

— CBEpUIOBMHHM 13 BHJIO0YTKY Ha(TH Ta razy (IpuU IOTOYHOMY PEMOHTI
YTBOPIOIOTHCS BIIXO/H, 1[0 CKIIAJAOTHCS i3 nmapadiHiB, acdanbTeHiB Ta 3aMa3y4eHOro
TPYHTY);

— TEXHOJIOTi4YHI 00’€KTH (HAQTONPOBOIM), IPU aBapisiX Ha SKUX € PO3IHB Ha(TH
[1].

KommoneHTHH ckiIag Ta (i3MKO-XiMiuHI BIACTUBOCTI Ha()TOBMICHUX BiIXOMIB €
BUpIIIATBHUMH (DAKTOPaMH, 10 BU3HAYAIOTh 3a0pyAHIOIOU] BJIaCTUBOCTI BIIXOMIB Ta iX
MOJATTBIIMH HAMPSMOK YTHITi3aIlii.

Binxonu HadrorazoBu100yBaHHs SBISIOTH COOOI0 aHOMAJILHO CTiHKI eMyJbCii, sKi
MOCTIHO 3MIHIOIOTHCS MiJ Ii€f0 arMOC(epHUX SBHUI Ta MpPOLECiB, W0 B HUX
npotikatTh. CkiaagHicTh e(eKTHBHOI yTWii3alii BigXoAaiB HadTOra3zoBUI0OyBaHHS
mojsirae y ix XiMmidyHOMy ckiami. HaBite B OZHOMY IITaMOBOMY am0api MOXYTb
3HAXOAUTHUCS 30BCIM HE CXOJKI LIJIAMHU, 1[0 CWJIBHO YCKJIAJIHIOE 3aBAaHHS 31 CTOBOPEHHS
«yHIBEpCAIBHOI» TEXHOJOTII yTHIi3allii, TaKoi, [I10 MOria O MiIXOMUTH IS YTHIi3aril
Halpi3HOMAHITHIIIMX  HapTOBMICHMX  BigxomiB. B cepenubomy,  Bigxoau
HadTorazoBHIOOyBaHHS  MICTATh B  CBOeMy ckiami (3a wMacow) 10-56%
nadronponykris, 30-85% Boau, 13-46% TBepaux yacTUHOK. CIiBBIJHOLICHHS TaHHUX
KOMIIOHEHTIB 3aJIeKUTh BiJl JOKepela YTBOPEHHs, YMOB Ta TepMiHy 30epiraHHs
BIXO/IiB.

Ipu 36epiranHi HadTOBUX IUIAMiB B IIIaAMOHAKONMYYyBauyax, i3 IUIMHOM 4acy,
BiZIOYBA€ThCS MOCTYNOBE BHUPIBHIOBaHHS (DI3UKO-XIMIYHHMX XapaKTEPUCTHK HA()TOBHX
[UIaMIB 13 PIXHUX JDKEpes M0 MPUYUHI Mepepo3noiiay (a3 KOMIIOHEHTIB IuIaMy Ta
crabinizanii ckiaay ByrJIeBOAHEBOI YacTHHH [2].

129


mailto:vladislavkovalenko34@gmail.com

V MixHapo/iHa HayKOBO-IIPaKTHYHA KOH(EepeHIist
«XIMIYHA TEXHOJIOI'IA: HAYKA, EKOHOMIKA TA BUPOBHUIITBO»
20-22 xoBtHst 2021 poky, m. IllocTka

Ha¢ToBi nuiamu B ambapax-HakoONMH4YyBayax MOXKHA PO3IUTUTH Ha TPH LIAPH:

— BEpXHIH — eMyJbCis «IIpsMOro» Ta «3BOPOTHBOIO» THILY, sika cTabinizoBaHa
MEXaHIYHUMH JIOMIIIKaMu;

— cepemHiii — BiAcTOsIHA Boga, 10 3a0pyaHeHa HAQTONPOAYKTAMH Ta
MEXaHIYHUMH JOMillIKaMH;

— HIKHIH — 0CajIoK, B SKOMY BMICT HaAQTONPOAYKTIB, MEPEBaXHO, MOCTIHHUIA, a
BMICT MEXaHIYHHUX JOMIIIOK 301IBIIYETHCS 13 TTHOMHOO.

Iupoxuit npiama3oH sSKOCTI Ta CKiIagy HA(TOBUX IUIAMIB, a TaKOX BelIHKa
KUIBKICT iX BHJIB BKa3ylOTh Ha CKIAIHICTh IX MEpepoOKH Ta MOJAJbIIOl yTHIIi3aLii.
Bupittennst miei mpo0ieMu MOXIIMBO 32 paXyHOK BUKOPHCTAHHS TEXHOJIOTIH B ramysi
yTHii3anii Ta nepepoOku HaQTOBUX 1IUIAMIB i3 ypaXyBaHHAM KOMIUIEKCHOTO MiAXOLY.

Haxonmuennst ta 30epirands HaQTOBMICHHX BiAXO[iB BiAOYBA€ThCS Y BIIKPUTHX
3eMISIHUX ~ pe3epByapax — HadronulamoBux ambapax, pi3HOI  KOHCTpPYKILI.
HadronuamoBi ambapy 3miHCHIOIOTH 3HAYHUM HEraTUBHUI BIUIMB HA HABKOJMIIHE
cepelloBHUIlle — IMOBITPS, IPYHT, BOJIY, POCIMHHHMI Ta TBapUHHHUII CBIT. B 3B’s3Ky 3i
3pOCTAlOYMMH BHMOTaMH [0 OXOPOHH HAaBKOJMIIHBOTO CEpeloBHIIa mpobieMa
yTuizanii BigxoaiB HadhTorazoBua00yBaHHs Ta JIKBIAALI]l IUTaMOBUX ambapiB BUMarae
3HAYHOI yBaru.

Becp mpomec mepepoOku Ta yrumizamil Ha)TOBMICHHX BIAXOMAIB, MOXHA
[IPEJICTABUTH Y HACTYITHOMY BHIJISI:

— 30ip HadTOBUX BiIXO/IB i3 pe3epByapy, ambapy abo 3i cTaBKa-BiJCTIiHUKA,

— TpaHCHOPTYBaHHS HAa()TOBUX BIAXOMIB IO YCTAHOBOK i3 IIArOTOBKH Ta
niepepoOku abo IS mepepoOKH Ta yTHITi3aLlii;

— IomepezaHs MiroToBKa HaTOBMICHHUX BiIXOIB 10 IepepoOKH Ta yTHIli3amii;

— 37iliCHEHHS TIepepoOKH Ta yTUIII3allil, 3a MOMepeIHhO OOPAHINM METOIOM.

Ha cporomHimHiii JeHb, NEPCICKTUBHUMH € TEXHOJOTI, IO I03BOJSIOTH
e(eKTUBHO 3HEUIKO)KYBaTH HAa()TOBMICHI BiIXOAM 3 MiHIMaJbHUM BIUIMBOM Ha
HAaBKOJIMIIHE CEPEIOBUILE, TP [[LOMY SIKi Jal0Th 3MOT'Y OTPUMYBATH 3 BIJXOJIB LiHHI
CHUPOBHHHI PECYPCH, TIPH MiHIMAJIbHUX KaMiTAIBHUX 3aTpaTax.

Texnoutorii 3 mepepoOKH BiIxo1iB Ha)TOra30BHI00YBaHH MOXIIMBO PO3AUIUTH Ha
HacTymHi metoau [3]:

— TEpMiYHI, OCHOBaHI Ha CHAJIOBaHHI B II€4YaxX, BIAKPUTUX aM0Oapax, a TaKoX
OTPUMAHHS 3aIUILKIB, Ha OCHOBI OiTyMy. /o TepMi4HHX, TAKOXK, BIHOCATHCS MipoJi3
Ta ra3udikaris BiX0MiB;

— MexaHiuHi, OCHOBaHi Ha (i3UYHOMY PO3MOALNI HAPTOBUX ILIAMIB, BKIIOYHO i3
MepeMillyBaHHSIM;

— XiMi4Hi, SIKi BKIFOYaIOTh B ce0€ eKCTparyBaHHs 3 BUKOPUCTAHHSAM PO3YHHHHUKIB,
3aTBEp/AIBaHHS 13 3aCTOCYBaHHIM Pi3HUX 100aBOK;

— (i3uKO-XiMi4HI, B SKHX 3aCTOCOBYIOThCS CIEI[iaJiIbHO MifiOpaHi peareHTH, II0
JAf0Th 3MOTY 3MIiHIOBAaTH (Pi3MKO-XiMiYHI BIACTHBOCTI, 3 MOAAIBIIO OOpPOOKOIO Ha
cneniaibHOMY 00J1aIHaHHI;

— OloJIOTiYHI BKIIOYAOTh B cebe OioNoriyHe pO3KIAJaHHS i3 3aCTOCYBaHHSIM
MIKpOOpPraHi3MiB.

Criocobu yTuimizarii BixoaiB HahTOra3oBuI00yBaHHs MalOTh Pi3HY €KOJIOTIUHY Ta
€KOHOMi4uHY edeKTHBHICTb. HalOinbl mnommpeHHMMH crnocobamu  yTHi3amii  e:
TEepMIUHUIA MeTo, GinmbTpyBaHHS Ta BiACTOOBaHHA. B mporeci mepepodku HaGTOBHUX
[JIaMiB, MOXJIMBE 1X PO3JIUICHHS Ha (paKiii.
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Jlo HeoMiKIB ClIANIOBAaHHS BiAX0MiB Ha(TOra30BU00YBAaHHS CIiJl BiJHECTH, T€, IO
pearizaiisi TpoleCy 3AIHCHIOETBCS HA YCTAHOBKAX 31 CKIQJHUM amapaTHUM
3a0e3MeueHHsIM Ta 3a BHCOKUX TEMIIepaTyp, 110, B CBOIO 4epry, BHMAara€ BHCOKUX
KamTaJbHUX Ta EKCIUTyaTaliiHUX 3arpaT. [CHYIOTh OOMEXEHHsS 10 3acTOCYBaHHS
JAHOTO METONy 3a CcKiajoM HadToBMX IuIamiB. PasoM i3 mpoxyktamu peakuii
BUHOCHUTBCS YaCTHHA €HEprii y BUIVLIAL Tema, L0 3HAYHO 3HIDKYE EHEepreTHYHY
edexTuBHICTb. B nepeBakHiil OLIBIIOCT] BUNAJIKIB, CIIOCTEPIracThesl HOBE 3a0pyXHEHHS
aTMOoc(epHOro HOBITPS MPOAYKTAMHU CIIAIIOBAaHHS HA()TOBUX IILIAMIB.

HenmonikamMu GioNOTiYHOrO METOAY YTHIII3alil BiAXOIiB HadTOra3oBHI00YBaHHSI
SBIIIOTBCS BHCOKI CHEPreTHYHI 3aTpaTH 3a[ii ioro 3MiliCHEHHS, CKIAJHICTh Ta
baraTocTaiifHICTh TPOIECy, B TOMY YHCIi, HAsBHICTh TaKol CTajil, SK BHIIICHHS,
HApOIYBaHHA 1 BHECEHHs OakTepii-iecTpyKTopiB Ui po3Kiany 3a0pyIHIOBadiB y
Marepiaii SKuit 00pOOIAETHCS.

Henockonamumu € ¢iznuni Ta (izuko-xiMiuHi MeToau yTuiizauii HaQTOBMICHUX
BigxoniB. Hu3pka eeKkTuBHICTH (i3MUHHX METOMIB PO3JIUICHHS, 3Ha4YHAa TPHBANIICTb
mpoiecy Ta oOMexeHa 00JacTb 3aCTOCYBaHHS, TAaKOX HE J03BOJSIOTH BiJHECTH IIi
METO/U JI0 NMePCHEKTUBHUX Ta CyYaCHUX.

BB Ha Bimxomu HadTOra3oBHIO0YBaHHS 3a JOMOMOTOK XIMIYHHX PEYOBHH,
MPU3BOMUTE JO 3HAYHOTO 3pPOCTaHHA COOIBApTOCTI KIHIEBOTO IPOAYKTY, [0
HEOoOXIZIHOCTI  3aCTOCYBAaHHs CIELIabHOrO OOJAJIHAHHSA Ta BHUTpaT Ha HOro
00CITyroByBaHHS Ta € CKJIAJHO PEryJIbOBaHUM IPOLIECOM.

Ipo6aema yruizauii BigxoaiB HaTOra30BUI00yBaHH € aKTyaJIbHOIO 3aJa4el0, K
3 TOYKM 30py OXOPOHM HABKOJHMIIHBOTO CEPElOBHINA, TaK 1 BUKOPUCTaHHSA
Ha(TOBMICHUX BIJIXOAIB B SIKOCTI BTOPHHHUX CUPOBUHHHX PECypPCIB.

B CIIA po3pobiena mMobinbHa cucTeMa OOpPOOKH Ta OYMCTKH MAacCIOHA(QTOBHX
BinxoniB MTU 530. B pesynbrari uentpudyrysaHus Harpiroro HadToBoro muiamy,
yCTaHOBKa pO3Aiasie ioro Ha pi3Hi ¢asu: HadTa, BoAa, TBepAl uacTUHKUA. Bopa
BUKOPHCTOBYEThCS UL IOAANBINOI 6iONOTiYHOI OYMCTKY, HadTa 3aCTOCOBYETHCS B

TEXHIYHUX [UIAX, a 3HEBOJHCHHI 3alMIIOK — TMIPU BHUPOOHHUTBI OYmiBENBHHUX
Marepianis.
B Himeuunni 3aMpoNOHOBAHA TEXHOJIOT1sI PO3IiTeHHS BigxomiB

HaTorazoBunoOyBaHHs Ha (a3d 3 MOJANbLIMM CIAITIOBAHHAM LUIaMy. YCTaHOBKa
CKJIQIA€THCSI 3 TIPUCTPOIO st 3a00opy HadTOBOrO IuIaMy, BiOpocHTa, M BifiICHHS
TBEPJHMX YaCTHHOK, TphoX(ha3Hol HeHTpudyru, cemapaTopa, JUis JOOYHCTKH (GyraTy 3
HeHTpUdYry Ta Iedi. Aye TaHUH METOJ HEMOXIIMBO 3aCTOCOBYBATH IIPH HAasBHOCTI
¢docdopy, cipkd Ta IHIIUX TOKCHYHMX PEUYOBHH Y BiIXOJax, OCKUIBKHA TpH iX
CIAIOBAHHI YTBOPIOIOTHCS HEOE3IEUHI POYKTH peaKiii.

Po3rmsiHyTi  TexHoumorii 3 yTmmizamii He JO03BOJIIIOTH IMEPEepOOIIOBATH BEJHKI
0o0’emn  BigxoaiB HadrorasoBunoOyBanua. KomrulekcHa ycTaHOBKa, po3po0ieHa
xomnaniero Alfa Loval Oil Field Ltd, no3Boinsie nepepobiroBaTn BCi BUANM HaTOBHX
LUIaMiB B LiHHI TOBapHi NpoayKTH. TexHoorist ocHOBaHa Ha (iIbTpyBaHHI HAQTOBOrO
LI1aMy, 3 METOIO BUJAJIEHHs KPYIIHUX Ta JpiOHMX 4aCTHHO Ta cemnapauilo B I1BOX(a3Hii
ueHtpudysi. VYcraHoBKa BKIHOYae B cebe: IUIAMOHAKOIMYYIOUUH  HPHCTPIH,
TEeII000MIHHHMKH, CUPOBUHHI pe3epByapu, cenaparop. Ipu excrutyaranuii ycTaHOBKH Ta
3abe3nedyeHHi 11  HapTOBUM IUIAMOM 3  HOMIHQJIBHOIO  XapaKTEPUCTHKOIO,
3a0e31euyeTbCss OTPUMAHHS HACTYITHHMX IpPOJYKTiB mepepoOku: HadroBa ¢aza i3
BMiCTOM BoId He Oimpire 1% Ta MexaHiyHuMX HoMimok He Oinmbrre 0,05%, ouwniieHa
BOoJa Ta IUIaM. 3MiHA MapaMeTpiB HOMIHaNbHOI CHPOBHMHM Oyzae BigoOpakaTucs Ha
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e(EeKTHBHOCTI PO3JUIEHHS CENapylouyol YCTAHOBKOIO Ta MOXE IPU3BOAUTH JO
3HMKEHHS 11 e(heKTUBHOCTI.

B pobGori [4] 3 ypaxyBaHHSM pi3HHMX HOCHiXKeHb B cdepi yrumizauii HadTOBUX
[JIaMiB, 3a[IPOMIOHOBAHA CXE€Ma CTBOPEHHS IOCIIAHO-IIPOMHUCIIOBOI JIiHIT 13 mepepooKu
BiZX0MiB Ha(h)TOra30BUA00YBAHHS Ta BUTOTOBJICHHS Ha Hill OyAiBeIbHHX MaTepialiB Ta
MaJMBHUX eJeMeHTiB. Taka JiHis, B 3aralbHOMY BHIJIAII, BKIIOYa€E B cebe HACTYMHI
TEXHOJIOTIYHI ~ BY37IM: By30d1 30MpaHHS Ta TNepeMilllyBaHHS BIJXOMIB; BY30I
BUIIAPIOBAHHSA BOJM Ta JIETKUX (ppakuiii BYIIeBOIHIB, By301 pereHepanii mapis
JIETKOKHIUTTYMX (pakiiii HapTH UUIIXOM iX KOHJAEHcAllii; BYy30J J03yBaHHS Ta
3MilllyBaHHA Ha(TOBMX IIIAMIB i3 IIUXTOI0 OOpaHOro THIy ab0 3 TOPIOYUMH
KOMIIOHEHTaMH; BY30JI IIPUTOTYBAaHHS LUIIKEPY; BY30JI IONEPEIHBOI MPUPOAHBOI abo
TEXHOJIOTYHOI CYMIKU cyMilllel (IPUIOTyBaHHS CyXUX IOPOILKIB); BY30J IPECyBaHHS
muXTH ab0 BY30JI PO3JIMBAaHHS IUTiKepa 1o Qopmam; BY301 CYIIKH (GOpMOBAHHUX
BUPOOIB a00 MaauBHUX OpUKETIB. B 3a1ekHOCTI Bil KOHKpETHOT 3a/aui yruiizauii 0yab
SIKUH 13 By3JiB MOXke OyTH a00 IMOBHICTIO BUKIIIOUEHHM 13 TEXHOJIOTIYHOTO JIAHIIOXKKA
a00 3aMiHEeHUH Ha IHIIIH.

Ha ocHOBi aHnami3y OLIBIIOCTI BIJOMHX TEXHOJIOTIH Ta cCrocoOiB yTwimizarmii
BiX0/iB HATOra30BUI00YBAHHS, MOXKIIMBO 3POOUTH BUCHOBOK, II[0 IEPCIICKTUBHUM Ta
CYy4acHHM € caMe KOMIUIEKCHHH MiJXiJ] y BHUKOPHCTAaHHI DI3HMX MeETOHiB 0OpoOKH
HadTOBMX 1UIAMiB, TpPH SIKMX BYIJICBOIHI, BOJa Ta MeXaHiuHI JIOMILIKH
nepepoOIIIOIOTEC Ta MOBEPTAIOTHCS [0 TEXHOJOTIYHOTO PELUKIY, 32 HPHHIUIIOM
6€3BiAX0IHOT TEXHOJIOTI.

B 3anexxHOCTi BiJ ckiaay Ta (i3MKO-XiMIYHHX BIaCTHBOCTeW Ha()TOBUX BIIXOJIB,
CIIiZl 3aCTOCOBYBAaTM pi3HI TEXHOJOriuHi cxemMu st ix yrwmisauii. IIpu BuGopi
TEXHOJIOTIi ¢ Opat 10 yBaru ii (iHAHCOBY MOCTYIHICTH, @ TAKOX MOLUIBHICTD IS
crnoxuBaya. J[1s KOHKpETHOI rajy3i IPOMHCIOBOCTI HEOOXiJJHa TEXHOJIOTis MMOBHHHA
BIPOBA/PKYBATHCS i3 BPaXyBaHHSIM €KOHOMIYHO Ta TEXHOJOIIYHO HOCTYIHHX YMOB.
BaxnuBrM acnieKToOM IpH YTHITI3ALI] BiIX0IIB HAQTOra30BUA00yBaHHS € KOMILICKCHHIH
3aXMCT HAaBKOJMIIHBOTO CEpelOBHIa, TOOTO MPH 3aCTOCYBaHHI TEXHOJOTIH 3i
3HELIKOKEHHS BIZIXO/IiB HE IOBUHHO BiZI0YBAaTHCS 1€ O1IbIIOro 3a0pyJHEHHSI.

[IpiopiTeTHUMHU HaNpSMKaMH TIPH TTOBODKEHHI 3 BIIXOJaMH € 1X BUKOPUCTAHHS B
SIKOCTI BTOPUHHHUX CUPOBHHHHX pecypciB. Lle 103Bouisie HE TibKU 3HU3UTH €KOJIOTiUHE
HABaHTA)XCHHs Ha HABKOJIMILIHE CEPENOBHUILE, aie i 3a0e3nednTH OinbLl pamioHanbHe
BHUKOPHCTAaHHS IIPUPOIHIX pecypciB.

OCHOBHI HpPUHIMOM y BHOOpI TEXHONOTii IS 3HENIKOKEHHS Ta YTHII3awii
BiXO0/iB HATOra30BU100yBAHHS MMOJSITAIOTH Y HACTYITHOMY:

— BH3HAYEHHA CKJIAy, KUIBKOCTI Ta BIACTHBOCTEH BiAXOIB, IO YTHIII3YIOTHCS,
TakoX (pakTOpiB, 10 BILUIMBAIOTH Ha iX 3MiHY;

— BUOIp TeXHOJIOTii, M0 3aBJae  MiHIMaJbHUX  EKOJOTIYHUX  30HMTKIB
HaBKOJIMIIHBOMY CEpeNOBHUILYy Ta OJHOYACHO MAa€ HU3bKI KalliTaldbHI 3aTparH,
JIO3BOJISTIOYH OTPUMYBATH IPUOYTOK;

— BuOip 001acTi 3acTOCyBaHHS BIJXOAIB B SKOCTI BTOPHMHHHUX MaTepiallbHUX
pecypciB  3aJeXHTh BiJ CKJIaAy BIIXOMAIB eKCIUTyaTallidiHUX, TEXHOJOIIYHUX Ta
CaHITapHO-TIri€HIYHUX BUMOT 10 CHPOBHMHHU Ta MPOAYKILiI, 1[0 BUTOTOBIISETHCS.

Exosoriyna MomepHi3aiis NPHHIMIIB yTHIi3alii BIAXOAIB Mependavae HE JIUIIE
B3a€EMOJIII0 TPAAULIMHUX CIIOCOOIB KepyBaHHS BiIXOJaMH Ta 3axOfiB IIOAO IX
CKOpOYCHHSI, BTOPUHHOI MepepoOKH Ta yTHIIi3allii, a 1ie i OIIHKY eKOJIOTi4HO1 Oe3neku
BIZIXOIB Ta NPOMYKTIB yTHIIi3allii.
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KINDS OF SORBENTS BASED ON CARBON AND THEIR PROPERTIES
S.E. Svirska, I.M. Ivanenko, Yu.M. Fedenko
HarnionansHuii TexXHiuHMH yHIBepcuTeT YKpaiHu
«KuiBchKuii monitexHigauit iHCTUTYT iMeHi [ropst CikopchKOro»
fedenkoyura@ukr.net

Most of industrial adsorption processes are based on selective absorption of specific
components of the gas-vapor mixture flow. During the absorption of gas or vapor,
adsorption capacity depends on the type of sorbent, its porous structure, the nature of
the substance absorbed is its partial pressure and temperature [1].

In real process of the purification and separation of gases, influence of adsorption
of bulk gas and other impurities, and kinetic factors may cause the need to make
adjustments in calculation of the adsorption capacity, which was initially determined by
isotherms of pure components. However, in all real adsorption process, curve of
thermodynamic equilibrium is the main comparative characteristics of different types of
adsorbents and it determines the choice of optimal operating conditions of the process.

Simultaneously, the adsorption isotherm is a source of information about the
structure of the adsorbent, adsorption heat and several other physic-chemical and
technological characteristics.

C. Brunauer [1] highlighted five main types of adsorption isotherms, which are
presented in Pic. 1. In the case of technical adsorbents, type I can be characterized as
microporous adsorbents that contain virtually no transient pores. Initial bulging area of
type II and IV isotherms indicate presence of macro pores with more or less substantial
amount of micro pores in conjunction. Less steep initial ascent isotherm curves can be
explained by mono- and multimolecular adsorption only for adsorbents with transitional
porous type. Initial curved section isotherms types III and V, which are rarely found, are
common for adsorbent-adsorbate systems, when interaction of molecules of adsorbate
with an adsorbent much less than intermolecular interaction between adsorbate
molecules, for example, caused by a presence of hydrogen bonds.

The first fundamental equation of adsorption isotherm was Langmuir’s equation. It
is based on the assumption that the adsorption localized and occurs at active centers
with the equal energy. They situated relatively rarely on the surface of the adsorbent.
Consequently, the interaction between adsorbed molecules is absent. Each active center
can adsorb only one molecule. According to this theory, with increasing of pressure, the
part of solid surface, which is covered with molecules of adsorbate, increase. After
reaching saturation pressure throughout the surface a monolayer of adsorbate
is formed [2,3].

The equation of Langmuir, and hence the method for determining the surface area
can be applied to systems in which the process is not complicated by multimolecular
adsorption, adsorption in micro pores and capillary condensation. To such systems can
be attributed the case of adsorption of gases at temperatures above the critical on non-
porous or adsorbents with large pores. Despite this limitation, the equation of Langmuir
commonly used in technical adsorption.

Brunauer, Emett and Teller [4,5] in justifying theory multimolecular adsorption
accepted that, despite the change in the total process model, the behavior of each
adsorbed layer separately consistent with the concept Langmuir, adsorption localized
and occur in the absence of interaction between the molecules of adsorbate. Each
adsorbed layer generally obeys the Langmuir’s equation. To create the equation of
multimolecular adsorption, the authors started from the point that the rate of
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condensation of molecules on a clean surface is equal to the evaporation rate on the first
layer. Similar assumptions made when comparing the rate of condensation in each of
the previous and the evaporation rate in each subsequent layer.

The principal difference between adsorption phenomena occurring in the micro
pores or on the surface of transient pores in non-porous adsorbents requires different
theoretical approaches to their description and interpretation. All theories of physical
adsorption, despite their apparent physical differences, come from the same physical
pattern. This physical pattern is concerned about the concept of geometric surface of
phase interaction, at which the adsorption occurs with formation of one or more
successive
adsorption layers [8,9].

The idea of micropores as a region of space in solids, which size is comparable with
the size of adsorbed molecules, suggests that in any kind of adsorption interactions
(independently whether it is dispersion, electrostatic or other forces) that cause physical
adsorption, in the whole space of micro pores the adsorption field appears. Limited
adsorption space of micro pores leads to the fact that adsorbed in micro pores molecules
do not form adsorption layers. Adsorption in micro pores is characterized volume filling
of adsorption space. Therefore, the main geometric parameter that characterize
microporous adsorbent is the volume of micro pores, not their «surface».

Usually, the initial experimental adsorption isotherms determined for the
temperature not to exceed the normal boiling point of adsorbate and includes a range of
relative equilibrium pressures of up to decimal, in which almost completed filling of
micro pores occur. Therefore, the previous value of the threshold adsorption can be
obtained from the graph of isotherm by interpolation of adsorption values a0 in the
range of the high equilibrium relative pressures p/p_s >0,3, where adsorption is almost
constant or slightly increases with pressure. This vapor adsorption isotherm is changed
for adsorption that occurs on the surface of transient pores.

The main parameters of transient pores of activated carbon is the value of the
volume of pores, specific surface and function of the distribution of equivalent radius.
Volume of transient pores in conventional samples of activated carbon is within the
range
0,02-0,10 cm*/g. In this case, the specific surface of transient pores is in the range of 20
to 70 m*/g. The effective range of transient pores for up distribution curves are usually
stacked in the range of 4 to 20 nm. Pores of highly porous silica gel, alum gel and alum-
silicate catalysts also belong to the transition type.

Volume of transient pores usually calculated from the equation:

Vp =Ws — Ve, (])
where WS — threshold volume of sorption space, which, in turn, is equal to:
Ws =aS - Vm, (2)

where V., — molar volume of adsorbed material (adsorbate); aS — threshold
absorption, which is corresponds to p/ps=1. (Defined by desiccator method in conditions
of full saturation of adsorbent sample by adsorbate vapour at p/ps=1.)

Most of industrial adsorption processes are based on selective absorption of specific
components of the gas-vapor mixture flow. During the absorption of gas or vapor,
adsorption capacity depends on the type of sorbent, its porous structure, the nature of
the substance absorbed is its partial pressure and temperature [1].

Parameters of porous structure of major industrial brands of carbon adsorbents for
adsorption of gases and vapors are given in Table 1 and Table 2.
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Table 1
Parameters of porous structure of activated carbon [2]
Volume of common pores types, W W
Brand cm’/g cmgll,g cm%j:g X, nm | X3, nm
Vmi Vmez Vmac

SCT 0,40-0,48 | 0,18-0,19 | 0,26-0,28 | 0,40-0,48 — 0,54-0,57 —
SCT-1A | 0,45-0,55 | 0,14-0,15 | 0,18-0,24 | 0,46-0,57 — 0,60-0,62 —
SCT-1B | 0,42-0,50 | 0,15-0,17 | 0,18-0,22 | 0,43-0,59 — 0,61-0,64 —
SCT-2A | 0,37-0,42 | 0,18-0,22 | 0,20-0,22 | 0,38-0,45 — 0,50-0,52 —
SCT-2B | 0,35-0,40 | 0,17-0,20 | 0,12-0,18 | 0,37-0,42 — 0,54-0,55 —
SCT-3 0,37-0,46 | 0,06-0,09 | 0,25-0,32 | 0,37-0,46 — 0,47-0,55 —
SCT-3C | 0,35-0,45 | 0,06-0,08 | 0,15-0,20 | 0,43-0,55 — 0,50-0,55 —
SCT-3U | 0,37-0,42 | 0,24-0,28 | 0,21-0,24 | 0,39-0,43 — 0,70-0,75 —
SCT-4 0,40-0,42 | 0,15-0,20 | 0,12-0,20 | 0,42-0,46 — 0,59-0,60 —
SCT-6A | 0,57-0,60 | 0,15-0,25 | 0,15-0,25 | 0,59-0,62 — 0,70-0,73 —
SCT-6B | 0,55-0,61 | 0,17-0,28 | 0,15-0,30 | 0,57-0,60 — 0,66-0,69 —
SCT-7A | 0,47-0,50 | 0,20-0,22 | 0,15-0,20 | 0,48-0,53 — 0,64-0,70 —
SCT-7B | 0,48-0,52 | 0,21-0,23 | 0,16-0,17 | 0,49-0,55 — 0,66-0,72 —
SCT-7C | 0,44-0,49 | 0,15-0,17 | 0,11-0,25 | 0,45-0,53 — 0,62-0,66 —
SCT-10 | 0,40-0,42 | 0,20-0,21 | 0,21-0,27 | 0,43-0,44 — 0,59-0,65 —
APT-1 0,43-0,45 | 0,15-0,20 | 0,12-0,30 | 0,44-0,47 — 0,60-0,67 —
APT-2 0,45-0,48 | 0,10-0,20 | 0,19-0,32 | 0,45-0,50 — 0,54-0,56 —

AG-PR | 0,30-0,35 | 0,10-0,12 | 0,40-0,49 | 0,20-0,32 %’1102' 0,70-0,80 ]1’,02(())-
AG-OC | 0,45-0,47 | 0,05-0,15 | 0,10-0,20 | 0,47-0,52 — 0,70-0,72 —

There are the following main brands of activated carbon of this type: SCT, SCT-1,
SCT-2, SCT-3, SCT-3C, SCT-3U, SCT-4, SCT-6, SCT-7, SCT-10, SCPTC, APT, AG-
PR, AG-OC, which are used for separation from air vapors of organic compounds and
for the removal of gas emissions.

The specific geometric surface of micro pores

Brand of carbon S, m*/g
SCT 1200-1500
ACB 1000-1200
AG-0C 900-1000
PAU-1 2000-2500

Table 2

Activated carbon of this type is characterized by: high adsorption and holding
capacity; sufficiently high mechanical strength; high activity (coal for recovery of
organic solvents vapor, gasoline, ethanol, ethyl acetate, dichloroethane, etc.).

Depending on the design of the absorber (stationary, «boiling» or non-stationary
layer) different requirements for fractional composition of coal are imposed.
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Comparative evaluation of adsorption and strength of active carbon gas type
(Table 3) shows almost complete identity of its adsorption characteristics by the bulk
density, the volume of micro pores and the values of the time of protective action for
substances that are badly and well absorbed. Domestic gas coal inferior to foreign
models by strength.

Table 3
Parameters of industrial gas type activated carbon [3]

Apparent Mechanical The volume Duratioq of pr?tective
Brand density, of micro- action, min
kg/dm’® strength, % pores, cm’/g| chloroethyl benzene
AG-2 0,58 75 0,32 45 50
SCT-2 0,49 74 0,45 70 60
SCT-6 0,42 73 0,58 65 75
PK 0,52 - 0,30 57 55
PB 0,50 93 0,46 55 76
PC 0,56 93 0,26 52 45
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BILJIMB PEXKAMIB OFPOBEKH BOJIA HA ii BIACTHUBOCTI B
3AMKHEHHUX OBOPOTHUX CUCTEMAX
H.A. Binoycosa, I.B. Kocorina, C.O. Kupiii, /1.0. Heuunopyk, C.I. JIinb
HauionansHuii TeXHIYHUI yHIBEpcUTET YKpaiHu
«KuiBchKuii nomiTexHiuHUH iHCTUTYT iMeHi Iropst CikopcbKoro»
kosogina@xtf kpi.ua

Oca/uKeHHSI HAaKuIy Ta arperamis KapOOHATy Kalbllil0 Yy HPOMUCIOBOMY
TEIUIOOOMIHHOMY OOJIaJHaHHI HOPsJ 3 KOPO3ifHMMH HpoLEecaMH € CKIAJHUMH JUIL
BUpILIEHHs Mpo0ieMaMu y 0araTboX Taly3sX NPOMHCIOBOCTI, TaKHX, 30Kpema, SK
BUPOOHHULTBO XiMIYHUX HOOpHB, marepy abo LyKpy, Y 3aMKHEHHUX BOJOOOOPOTHHX
cucTeMax a TakokK y HadToBumoOyBanHi. OKpiM [HMX MpoOOJIEM OCTAaHHIM YacoM
3arOCTPIOETHCS TaKoXK 1 mpobiema BonosabesmeuenHs [1, 2]. Tomy mnoBTopHe
BUKOPHCTAHHS OOYHINEHOI CTiYHOI BOAM 3 CyY4aCHUMH crabimizamiiiHuMu Ta
AQHTUKOPO3IfHUMHM peareHTaMd B 3aMKHYTHX LHUPKYJSLIHHUX CHCTEMax JOIOMOXKe
BUpINIyBATH IHTAaHHS BOJO3a0E3ICUCHHS Yy BHINE3TaJaHUX Taly3iX MOPOMHUCIOBOCTI.
OCHOBHUMH CTpATerisiMH 3amo0iraHHs HAKHUIIOBIJKIAJCHHS B CHCTEMax HarpiBy-
OXOJIO/DKCHHS € 3aCTOCYBaHHsS XIMIYHUX pEarcHTIB Ta YNbTpa3BykoBa oOpoOka (Y3).
um mpobnemaM mpucBsyeHO umMmano pobit [3 - 6].  VYisTpasBykoBa 00poOka
CepellOBHILA HE TUIBKU IEPEIIKO/KAE YTBOPCHHIO HAKWITY, a il BUKJIHKAE aKTHBALIIO
MIPOLIECIB OKUCHEHHs 3a0pyJHIOBAYiB, YKPYIHEHHS KOJOIMIB, a TaKOX MOJEKYJSPHI
MIEPETBOPEHHSI OPraHIYHUX PEYOBHH, TOOTO CIpHSE OUYHIIeHHIO Bomu [7,8]. SBumia
HAKUIOYTBOPEHHsI 1 KOpo3ii 00JagHaHHS MailoTh B3aeMHuil BrumB. [llap nHakumy
3axMIIa€ METal Bijl KOpO3ii, aje, 3 iHIIOoro 00Ky, MOXe CIIPUYMHUTH JIOKAIbHY KOPO3ito.
IIpoxykTy KOpo3ii MOXKYTh BKJIFOYATHCS B IAp OCajiB, 301IBIIyIOYM HOTO TOBLIHHY i,
THM CaMHM, MOTIPIIYIOTh Term1oo0Min. He3Baxxarouu Ha YMCIICHHI OMuMcaHi B JIiTepaTypi
poGoTH, HebaraTo 3 HUX IPUCBSYCHI CHCTEMATHYHOMY MIOCIIDKEHHIO KUIBKICHOTO
BIUIMBY YaCTOTH Ta IHTEHCHBHOCTI yJIbTPa3ByKy Ha HOr0 aHTHCKAJAHTHY e(eKTHBHICTD
Ta IBMUAKICT KOpo3ii merany. Ilpudyomy, Taki poOOTH MICTATH II€BHI CYIEPeuHOCTI
I0/I0 BIUTMBY YJBTPa3BYKy Ha peakilii MpUCKOpeHHs ab0 YHMOBUIBHEHHS KpHCTami3amii
kapOoHaTy Kaublioo [6]. ﬁMOBipHo, IO CyNEepewInBI BHCHOBKM CTOCOBHO Jii
YIABTPa3BYKy TIOSICHIOIOTBCS PIi3HUMH EKCIEPUMEHTAIbHUMU yMOBAMH, HaIlpUKIa]
BUKOPHCTAHHSAM Pi3HHX cHOCO0IB po3MmilieHHs Y3-BUnpoMmiHioBadiB [6, 9], a Takox
Pi3HOIO iHTEHCHBHICTIO Y3 Ta TeMIIEPaTypHUMU YyMOBAMHU.

ToMy BaXIMBMM HamNpsIMKOM € JOCHI/UKEHHS CyMICHOI [ii peareHTHOi Ta
YIBTPa3BYKOBOI 0OpOOKH BOAM y TemnooOMiHHOMY oOiyagHaHHi. CaMe KOMIUIEKCHOIO
M€ [MX METOJIB MOXHA JOCATTH YTBOPEHHS PIBHOMIPHOTo (ha30BOr0 MiKpoIIapy 3
MPOTUKOPO3IHHUMY BIACTUBOCTSIMU i PEryIIOBATH HOTrO TOBILHHY.

Mertoro poboTH € OIiHKa BIUIMBY Y3 ONPOMIHEHHS 3 PI3HOK YacTOTOK ¥y
JokasitaniiHomy (27,5 kI'm) Ta kaBitamiiHomy (48 k') pexuMax Ha HPOLIECH
KOpO3ii Ta HAKUIIOYTBOPEHHS Y 010JI0TiuHO ouHiIeHil GinbTpoBaniii Boai boprHuIbKOT
cranuii aepauii (BCA) mpu 3acTocyBaHHI peareHTy KOMIUIEKCHOT [1ii — «AkBaToHy -10».

JocnipkeHHs IpoBOAMIM Ha  OlosioriyHo ouMmieHi  (QinrbTpoBaHiii  BoAi
Bopraunbkoi craHuii acpauii (BCA) HaCTYIHOrO CKIamy: TBEpmicTb, MMomp/mm® -
5,35; saranbHuil comesmict, Mr/am’ — 452.0; XJIOPHIH, mr/mvm® — 101,0; cynbary,
mr/mn° — 123,8; mitparu, Mr/mm° — 66,0; tdocdaru, mr/mm° — 12,8; 3ami30 3aranbHe,
Mr/om’ — 0,13; 3aranbHuit coneBMict — 452; ximiyna notpeba kucHio XITK, mr Oo/mn° -
67.7; myTHicTb, Mr/am® — 0,14; komipricts, rpax — 51,6. Iokasank pH — 7,02.
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OxpiM HasBHOCTI BHCOKHX KOHLEHTpAlLiil aKTUBYIOUMX KOpO3il0 XJIOpUA- |
cyb(daT-ioHIB, 3araibHOI TBEPAOCTI Ta JYXKHOCTI Ha KOpPO3iifHYy arpecMBHICTH BOIH
BIUIMBAE OKMCHIOBAHICTh, KA XapaKTepU3y€e BMICT 3JaTHUX OKHUCIIOBATHUCh OPraHiuHHUX
i HEOPraHIYHUX PEYOBHH (30KpeMa TyMiHOBHX Ta ()yJIbBO-KHCIIOT Ta IX COJCi, ®KHUPIB
PI3HOTO MOXOKEHHS, OLIKIB, OKPEMHX JIOMIIIOK IIPOMHUCIIOBOTO MOXODKEHHS Ta 1H.)

Jlist peareHTHOT 0OPOOKH BUKOPHUCTOBYBAIHM peareHT «AkBaToH-10» - 30% BoxHMIA
po34nH OIOLMAHOrO ModiMepy MoJireKkcaMeTHIIeH-TryaHiliny rigpoxsuopuny (III'MIT
I'X). Konuentpamiss AkBaToHa B eKCIEpUMEHTax craHoBwia 5 Ta 16 MI‘/IIM3,
BIANIOBIIHY KUIBKICTB peareHTy Opamu 3 1% pobouyoro po3unHy AKBaTOHA.

JlocnipKeHHsT HAKUIIOYTBOPEHHS Ta MIBUJKOCTI KOPO3ii cTaji B yMOBaX CHiJIbHOI
nii peareHTy «AKBaTOH-10» Ta yNbTpa3BYKOBOTO BIUIMBY Ha KOpPO3iifHE cepefoBHIIE
MIPOBOJMIIM Ha J1abOpaTopHii ycTaHoBLI. B mpoueci yrBopeHHs 3axucHOro (ha3oBOro
MiKpoIIapy BUKOPUCTOBYBAIIM OJIHI Ti 5K 3pa3Ku 3 MaJOByTJIeneBol crami 08 K, Ha SIKHX
BU3HAYaJIM IIBUIKOCTI KOPO3ii i HAKUIIOYTBOPEHHS.

HarpiB 10 kumiHHS BOAM HPOBOAMIM Y BOJSHIN OaHi; Temreparypa KOpo3iiHOro
cepenouia cranoBwiaa (95 + 2°C). VabpTpa3BykoBy 00poOKy mouunanu uepe3 30
XBHWJIMH IiCJIsI TOYaTKy KAMIHHS BOIM 1 IPOBOIMIIHM ii poTsiroM 3 roauH. Bincrans Mix
HIOKHIMH KpasiMd METaJeBUX 3pa3KiB 0 Y3-BHIIPOMIHIOBaYa CTAHOBHUIIA MPUOIH3HO 6
cM. B oMy BUIagKy yibTpa3ByKOBi KOJMBAHHS IepeaBalMCh 10 MOBEPXHI MeTalry
4yepe3 Kopo3iiiHe cepeoBHILe.

IIBUIKICTD KOPO3ii METaIEBHUX 3pa3KiB ¢,y BU3HAYANH ENIEKTPOXIMIYHUM METOZOM
nonspusaniinoro omnopy (Rp). TpuBamicte pa3oBoi excnosuuii Kopo3iiHuX
BUNpOOYBaHb i (opMyBaHHs ocafiB ckiagana 4-5 roxus. [Tokasnuku Rp Ta Ileor
Bu3Hauasnu 3a temmneparypu 70 °C no KumiHHS, IOTIM BUTpuMyBaiH ix mpu 95°C
nporsirom 3,5 - 4 TOAMH i, IPUIIMHUBIIN HArpiBaHHs;, 3HOBY BHMIpPIOBAJIHM MOKA3HUKH
3a rtemneparypu 70 °C. Iloromy enekTpoau BHIIManM 3 pPO3YMHY, BUCYLIYBAIU |
3BaXKyBaJlk Iicisi 30epiraHHs B EKCHKATOpi 3 XJIOPHIOM KaJIbIi0 HPOTArOM J00H.
3arajibHa TPUBAIICTh EKCIIEPUMEHTY cKiajana 30 roauH.

OOCTe)KEHHST yTBOPEHUX IIOBEPXHEBHUX IIApiB IMPOBOJWIM 33 JOINOMOIOIO
onTu4HOro mikpockorry MBC-9.

JlocmimKeHHs 3aKOHOMIPHOCTEH (JOpPMYBaHHS 3aXMCHUX MIAPiB HA MOBEPXHI cTall y
¢inbrpoBaniit HarpiTii Boxi BCA npu cninbHifi cnpsiMoBaHiil Iii yabTpasByKy Ta
pearenty «AxBaroH 10» 3 KoHueHTpaumieo 5 Ta 16 MI‘/,I[M3 BHMSIBIIIO, IO IIBHAKICTH
HAKUIIOYTBOPEHHS B PE)KMMI KOMOIHOBaHOI 0OpOOKH 3HAYHO 3HMXKYEThCS (PHUCYHOK 1,
KpuBi 2,3).

Criz 3ayBaXkuTH, 1110 MOKa3HUK pH Boau BHACHIJOK mepebiry Kopo3iitHuX mporecis
3 mudy3iitHuM BigHOBIeHHSIM KucHIo: O, + 2H,O + 4e = 40OH™ npotsrom oxHopazoBoi
ekcro3utlii 30ineuryBascs Bix 7,0 — 7,5 no 8,2 — 8,5. ToOTo0, ByrJIeKUCIOTHA piBHOBAra
3cyBaiach B Oik yTBOpeHHs KapOoHaTiB. ONpOMiHEHHs YJIBTPa3ByKOM BIPOJOBXK TPHOX
TOIMH BHUIIPOOYBaHb MPH KHUITIHHI BOAW CHPHSIO CYTTEBOMY 3HIIKCHHIO 3arayibHOi i
kapOOHATHOI TBEpPAOCTi BoaM: Bif 5,35 MMOJ’Ib/LlM3 o 2,8-3,0 MMonb/;lM3, a TaKoX
KoaryJsuii i0HiB 3ai3a, AK€ 0CaIKyBaloCh y BUIIIAI KoaryinboBaHux 4acTok Fe(OH);
Ha AHi crakaHy. OCKiIbKH TBEPIICTh BOIHM 3HIDKYETHCS Yy IBa pasH, L€ MiATBEPAKYE
JiTepatypHi maHi [6] mpo Te, Mo arperaris i ocaJkeHHs KapOOHATiB BinOyBaeThCs
O1ITBIIIO0 MipOIO B 00’ €Mi BOJIH.

30inbuieHHst Y3 yactotu 10 48 k11 cipHsiio CyTTEBOMY 3HMIKEHHIO TOBEPXHEBOTO
HAKUIOYTBOPEHHs - Maibke y 70 pasiB, Ipo INO CBiUMTH 3MiHA HaxmiIy rpadiky
3aJIeKHOCTI MUTOMOI IIBHIKOCTI 3pocTaHHst Macu Hakumy G B vaci: Big 5 107! o5 107
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N .
r/mrox (puc. 2, kp.3). IIpote, MBUAKICTH KOPO3ii IIPH LBOMY CYTTEBO 3pOCTaia (IUB.
HW)K4YE), a MOKa3HUK KapOOHATHOI TBEPIOCTI BOAM MiCisl EKCIEPUMEHTY Maike He
3MIHIOBaBCS, SIK 1 IPU BUKOpUCTaHHI yacToTu 27,5 k',

18
G

S
mg/cm? 16 1 y=0,0512x
14 |

12 |
1
08 | y=0,0353x
06 |
04
02 |

3

y = 0,0005x+0,0429
— ——

o 5 10 15 20 25 30 35
t, hour

1-16 Mr/am’ 6e3 V¥3-00pobku; 2 - 16 Mr/am’ 3 V3-06pobkoro 27,5 kI
35 Mr/am’ 3 V3-06pobkoro 48 k['11 +5mr 6e3 V3
Pucynoxk 1 — Ilutoma mBHAKICTH 3pOCTAHHS MAaCH HAKHITYy Y BOJI 3 pEareHTOM
AxBaton-10

Crin 3a3HauuTH, 1O NMpH BUKOpHcTaHHi Y3 wactotu 48 k[ B AOCHiIKyBaHOMY
CEepEIOBHUILI CIIOCTEPIrajJoch yTBOPEHHs KaBiTaliftHUX Oy/Ib0alloK, sIKi MiAHIMAIHCh 10
MMOBEPXHI 1 3HUKAJM MICIIsl BUKITFOUCHHS OMPOMiHEHHS. 3acTocyBaHHs yactotu 27,5 k't
HE MPUBOAWIO N0 BUIUMHX KOJMBAaHb MOBEpXHi BoAW. Llelf BHCHOBOK CyNEpedHTh
JaHUM, HaBeACHUM y [6], e BKa3yeThCs, IO NPH BUKOPUCTAHHI caMe TaKOi 4acTOTH
CrocTepiraBcs HaiMEHIUWH MPUPICT HAKUITY TA BHMHMKHEHHS IHTEHCHUBHHX OpHMXK Ha
noBepxHi Boau. OfHAK 3a3HAYAETHCS, IO PO3MOALT MEXaHIYHOI eHeprii BiOparii Moxe
OyTH pI3HHM IIpH PI3HUX PIBHSAX BOAM B yJIbTPa3BYKOBiil BaHHI, 3MIHIOKOYH IIBUIKICTb
MIPUCKOPEHHS YaCTUHOK Ta 11 3MillleHHS.

YTBOpeHHs ($a30BOro Mikpomiapy i HOro mpoTHKOPO3iliHI BIACTUBOCTI B yMOBax
MepioMYHOr0 HArpiBy—OXOJIO/KEHHS Boau 0e3 Y3 o0poOku Ta IpH 3acTOCYBaHHI
VIBTPa3BYKy MOXHA MPOAHATI3yBaTH 33 JAHUMH 3MiHU IIBHIKOCTI KOPO3ii CTami, sKi
HoKa3aHi Ha piarpamax — pUCYHOK 2. Jlo BUTPUMKH 3pa3KiB B yMOBax KHIiHHS
[OKA3HUKH IIBHKOCTI KOPO3ii CTalli B OUHMILEHiH cTiuHiil Boai 3 peareHToM AkBaToH-10
mpu 70 °C 3HaxomsaTbes B Mexxax 0,6 £+ 0,2 MM/pik sik 3 Y3-00poOKoI0 cepeoBHIa, TaK
i 6e3 Hei. OnHak, micis BUTPUMKM 3pa3KiB B yMOBaxX KUIIIHHA BOJXM Y OLIbLIOCTI
BUMA/KIB HIBUIKICTh KOPO3ii HIKYA, HIK 10 BUTPUMKH TIPH KHITiHHI, MpuuoMy 6e3 Y3
00pobku (pucyHok 2 a) Ieor 32 30 romun sHmxyersest no 0,1 mm/pik. IIpu npomy
KOHIeHTpalis AkBaroHy - 10 Mae 3HaAYHO MEHIIMH BIUIMB Ha IIBUJKICTH KOpPO3ii,
MOPIBHSHO 3 BIUIMBOM YacTOTH YJIbTPa3ByKOBOI 0OPOOKH.

Sxmo 3a nepui 20 roguH BUIPoOyBaHb IIBUAKICTH KOPO3ii y BoAi 3 iHriGiropom
(mpu Y3-00pobui cepenosumia 3 yactororo 48 kI, pucyHok 2 B) Oyna Bumiow y 1,3
pazu, 10 3a 30 roguH BUIPOOYBaHb Yy KOMOIHOBAaHOMY pE€XHMMi BOHA 30LIbIIMIACH
Maibke y 6 pasiB MOpIBHIHO 3 BUKOpHCTaHHsIM uactotu 27,5 k[ (pucynok.2 6). Y3
00poOKa NPU3BOJUTH J10 301IBIIEHHS MIBUIKOCTI KOPO3ii, 0COONINBO IPH BUKOPHCTAHHI
yacrotu 48 k' (pucynok 2 B). IIpu wacroti 48 kI'1 moripuryBanuch NpoOTUKOPO3iiHi
BJIACTHUBOCTI (pa30BOTr0 MiKpOIIapy, OCKIJIBKH CTBOPIOBAIUCH YMOBH 3HAYHOI KaBiTaLlil 1
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BiOyBaloCh 4YacTKOBE ioro pyiHyBaHHs. BrumiB KaBiTalii NpU3BOAUB 11O
MepeMilllyBaHHs BOAM 1 30UIbIICHHS IOCTaBKH JCTIOISIPH3aTOPa — PO3YMHEHOTO KHCHIO
JI0 TIOBEPXHi METaIly, 110 CIPHUsE 30UIBIISHHIO IBUAKOCTI KOPO3ii.
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B
a-16 Mr/am’ npu 70 °C no i micns kunines 6e3 Y3 00poOku; 6 - HIBUAKICTH
Kopo3ii crani 3 AkBaroHoMm 16 mr/n nipu 70 °C mo i micist kumiaHS 3 Y3 00poOKoro
27,5 kI’ (nokaBiTaliHU{ PEXHUM); B - MIBHIKICTH KOPO3ii cTalli 3 AKBaTOHOM 5 MI/I
rpu 70 °C mo i micns kuminst 3 Y3 00pookoro 48 k't (kaBiTauiitHuil pexum)
Pucynok 3 - llIBuakicTs kopo3ii craini 3 AkBaroHoM 10 3 pi3HUMU pexxuMamMu
00poOKH BOMIH.

Ilpu xomOiHOBaHii 00poOui cepenoBuma 3 Y3 wacrororo 27,5 k[l mIBHAKICTH
KOpO3il CroyaTKy TaKoX MiABHIINYBanach, aje 3a 20 roauH oOpoOku I, 3HU3MIACH i
gocsarna piBHsg 0,1 MM/pik, IO CBIIYMTH NPO MEHIIMI BIUIMB Takoi 4YacTOTH Ha
LIUTBHICTH 3aXMCHOT0 (pa30BOTo MiKpoIIapy BHACTIJOK 3MEHIIICHHS PO3MIpIB KPUCTAIB
Hakumy. SIK MOKa3aHoO Yy NMPOBEACHUX JOCITIIKECHHAX 1 BiJOMO 3 JiTepaTypHHUX JaHHX,
PO3MipH KPHCTATIB KAIbIUTY HA MOBEPXHI CYTTEBO 3MEHIIYIOThCS - 10 2-10 Mmkwm [10,
111].

Bigomo, 110 OCHOBHMMH MeXaHi3MaMM [Iii aHTHUCKAIaHTIB € iX aacopOmis Ha
MOBEPXHI 3apOJKiB KpuCTaliB abo iX BOYIOBYBaHHS y KPHCTAJIiuHYy TIpaTKy
HoBoyTtBopeHoi (dasu. I{o crocyerbess [I'MIT I'X, To 3aBIsSKH HasBHOCTI BTOPHHHOL
aMIHOTPpYyNIM y  TYaHiIJHHOBOMY YIPYyIyBaHHI amcopOrlisi Moxe BigOyBaTucs 3
YTBOPEHHSIM JOCTaTHBO CTIHKOTO a7copOLiifHOro mapy.

OTmxe, mpu KOpo3iitHUX BUIpoOyBaHHsAX crami 08KO y JOOYHINCHIN CTiuHii BOi
BCA 3 NiABHIICHOM TBEPAICTIO 5,35 MMonb/M® B yMOBax Harpiey 10 70 — 95 °C mpu
BIKOPHCTAHHI GIOLUIHOTO peareHTy AKBaToH -10 y KoHmeHTpamisx 5 - 16 mr/mv’
BCTAaHOBJICHI KOe(IllieHTH ranbMyBaHHs Koposii Y = 2,8 Ta BH3HAueHa IIBUIKICTbH
Hakuroyrsopenss G = 0,5 r/(M>Tox).
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BcranoBneHo, 1110 npH yabTpa3ByKoBiit 00pobui Boau 3 yactorToro 27,5 Ta 48 xI'11 B
MIPUCYTHOCTI peareHTy AKBaToH -10 Bi1OyBa€ThCs CIIOBUIBHEHHSI HAKUTIOYTBOPEHHS y 2
-7 pa3iB, 10 NPU3BOAUTH A0 JESKOro 30UIBIICHHS MIBUAKOCTI KOPO3ii, ajle B ymMoBax
30LbIICHHST TepMiHy (hopMyBaHHS (a30BOro 3aXMCHOTO MIKPOIIAPy BOHA 3HAXOIUTHCS
y normyctumux mMexax 0,1 - 0,2 Mmm/pik.

Jlns  po3poOKM  METORy yNbTPa3sBYKOBOIO Ta PEareHTHOIO —TalbMyBaHHS
HAKHUIIOYTBOPEHHS 1 KOPO3ii MPH OJTHOYACHOMY iX 3aCTOCYBaHHI 3 METOO IiJIBUILCHHS
e(eKTUBHOCT]I TeIonepesadi Ta IPOTHKOPO3IfHOrO 3aXMCTy IpH BHKOPUCTAHHI
OUHILEHNX CTIYHMX BOJ B TEIUIOCHEPreTHII B 3aJIEKHOCTI BiJ CKJIaAy BOJHOTO
cepefoBuIla  HEeoOXinHO mimibparu TPUBATICTb  YJIbTPa3ByKoBoi 0OpoOku Ta
MEPiOIMYHO KOHTPOJFOBATH HAKMUIIOYTBOPCHHS 1 IIBUIKICTH KOPO3ii.

CHHCOK JTepaTypHHX JKepel
1. Axone3un ILA. TlpenynpexneHue KOppo3uH OOOPYNOBaHHUS TEXHUYECKOTO
BOJIO- ¥ TeIIocHaOeHns. M.: Metamnyprus, 1988. (3ammura METasioB OT KOPPO3HH).
96¢.
2. Donde, Oscar Omondi, and Bangding Xiao. Understanding Wastewater
Treatment Mechanisms: a Review on Detection, Removal, and Purification Efficiencies
of Faecal Bacteria Indicators across Constructed Wetlands // Environmental Reviews. —
2017.—25, Ne 4. — P. 444-451. doi:10.1139/er-2017-0017.
3. Hu. Aijun, Jie Zheng, Taigiu Qiu, Industrial experiments application of
ultrasound on scale control in the Chinese sugar industry// Ultrasonics Sonochemistry
13 (2006) 329-333.
4. Huxomaescknit  H. H.  VYibTpasBykoBod  MeTOx  NpeNOTBpaIlEHHs
nakuneobpasosanust / H. H. Hukomaesckwuii. / HoBoctu temnocuabxkenuns. — 2002. —
Nel0. - C. 44-45.
S. Amnue A.®. TlpenorBpaiieHue HakuneoOpa3oBaHHs B OOOPOTHBIX CHCTEMaXx
TEXHUYECKOr'0 BOJOCHA0KEHUS ITPU UCTIONb30BaHUH BOJI MOBBIIIEHHONH MUHEpaIU3allui
/ Amnes A.®. // Temnosuepreruka. — 2006. — Ne 8. — C.55-58.
6. Xiaoli Li, Jianguo Zhang,. Daoyong Yang. Determination of Antiscaling
Efficiency and Dissolution Capacity for Calcium Carbonate with Ultrasonic Irradiation
// Ind. Eng. Chem. Res. 2012, 51, 9266—9274. x.doi.org/10.1021/ie300575v

7. K.S. Suslick, G.J. Price, Application of ultrasound to materials chemistry,
Annual Review Material Science 29 (1999) 295-326.
8. Teopernueckne OCHOBBI U TEXHOJIOIHMs KOHAMLMOHMPOBaHUS Boxbl /Kynbckuit

JI.LA.— 3-e m3x., nepepab. u non.— Kues: Hayk, nymka, 1980.—564 c.

9. Waleed N., Al Nassera, Kate Pitt , Michael J. Hounslow , Agba D. Salman .
Monitoring of aggregation and scaling of calcium carbonate in the presence of
ultrasound irradiation using focused beam reflectance measurement //  Powder
Technology 238 (2013) 151-160

10. Gerasymenko Yu. S., Vasylieva S. M., and Novosad A. A. The influence of
ultrasound on anti-corrosion properties of carbonate scale during its thermal formation
//®izuko-ximMiuHa MexaHika Matepianis, 2018. — T.54., Ned. —c. 137 — 143.

11. N.A. Bilousova, Yu.S. Herasymenko, R.M. Red’ko, H.S. Vasyl’ev, V.L
Vorobiova. Inhibitor Protection of Steel Against Corrosion and Scaling Under the
Influence of Ultrasound // Materials Science, 2020. 55(6), pp. 831-839. DOI
10.1007/s11003-020-00376-3.

142



V MixHapo/iHa HayKOBO-IIPaKTHYHA KOH(EepeHIist
«XIMIYHA TEXHOJIOI'IA: HAYKA, EKOHOMIKA TA BUPOBHUIITBO»
20-22 xoBtHst 2021 poky, m. IllocTka

OLIHIOBAHHS EKOJIOI'O-EKOHOMIYHOI'O PIBHSA
TEXHOJIOT'TYHUX ITPOLECIB
0.0. 3axapkin, B.JI. AkyJjeHko
CyMChKHIi IepKaBHHUI YHIBEPCUTET
octkuncbkuii iHcTUTYT CYyMCBKOTO Iep)KaBHOTO YHIBEPCUTETY
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3rifHO CTaTUCTMYHHUX JaHWUX, B YKpaiHi B pI3HUX Tally3siX IPOMHCIIOBOCTI,
IIOpiYHO BIPOBA/UKYyeTbes Ot 1400 — 1500 HOBHX TEXHOJNOIIYHHX IIPOLECIB,
OCBOIO€ThCS MOPsIIKY 15 — 16 THc. HaliMeHyBaHb Mpoaykuii. OfHAK, TiIBKA KOXKHHMA
TpeTili 13 TEXHOJIOTIYHUX HPOLECIB, W0 3aCTOCOBYIOTHCS € PECYpPCOOLIAIIMBUM 1
ekonoriyno GesnmeunuM [1]. Tomy ocoOnuBY akTyanbHICTh HaOyBalOTH MpoOIEMH
€KOJIOT1YHOI Ta €KOJIOr0-€KOHOMIYHOI OI[IHKH TEXHOJIOTIYHUX pillleHb [2-5].

Sk Oynmo BUSIBICHO B XOMi JOCIHI/DKEHHs eKojoridnuii piens Texuomorii (EPT)
3HaXOAUTHCA B 3aJIKHOCTI BiJl KpUTEpiiB il pecypcoeMHOCTI, CTyHmeHs 3a0pyIHEHHs
HABKOJIMIIHBOTO CEPENOBHUILA Ta €KOJOTTYHHUX MapaMeTpiB NPOAYKIIii, o BUpoOJIeHa 3
BHUKOPHCTAHHSIM PO3TJISIHYTOI TEXHOJIOT .

EPT :f(erc, K?aﬁp: Knpn()) (1)

e Kpec— KpHTEDIT pECYpPCOEMHOCTI TEXHOIOTIT;

Ka5p — KpUTEpii NUTOMOTO 3a0py/JHIOIOUOTO BIUIMBY LIKiJAIMBUX BHKHIIB (CKHAIB),
10 repeboadeHi TeXHOJIOTIE;

Kiypoo — €KoJIOT1YHI KpUTepii BUPOOIEHOT IPOTYKILi;

V CBOIO uepry 4acTKOBi IMOKa3HHKH, 10 (OPMYIOTh KPUTEpiil pecypcOEMHOCTI, Ha
HaIlly AYMKY MOXXHAQ TPEICTABUTH TpbOMa Koe(illieHTaMu, IO BPAaxOBYIOTh TPH
OCHOBHI HAlpsSIMKH BUKOPHCTAHHS PECYPCiB:

1) KoedilieHT CIOKMBaHHS BUPOOHNYUX TIPHPOAHUX PECYPCIB;

2) xoe(illieHT CIOKUBAaHHS €HEPreTUYHHX IIPUPOJHUX PECYPCIB;

3) koedili€HT CIOKUBAHHS AOTIOMIXHUX TIPHUPOAHUX PECYPCIB.

V sikocTi 6a3u NpHBEICHHS MOXKHA BUKOPUCTOBYBATH MTOKA3HUK 00CATY TPOIYKIIii,
o BumyckaeThes. [Ipu npoMy Koe(illieHTH pO3TIISHYTI BHIIE, Y 3aralbHOMY BHIJISII,
MOKHa PO3paxyBaTH 3a JOIMOMOrol0 BinoBinHux ¢opmyin. Hampuxian, xoediuieHt
CIIO)KMBAHHS BUPOOHHYHMX INPUPOIHHX PECYPCIB Ha HAIIy JYMKY MOYKHA BH3HAYHUTH
HACTYITHUM CIIOCOOOM:

P - P
_ ZQ' l ZQ! Tosm™ i (2)

supoGupec N

ne Q; — 00cAry CHOXKUBAHHS i-TO BUPOOHUYOTO MPUPOJHOTO Pecypcy 3a 3BITHHM
niepiof (pik, MicsiIp);

Qifloen — OOCATH IOBTOPHOIO BHUKOPUCTAHHI i-r0 BUPOOHUYOrO HPHPOJHOTO
pecypey;

P; — oliHKa OJJMHMUIII {-TO0 BUPOOHUYOTO MPUPOIHOTO pecypcey, y banax;

N — ob6csr BupoOIeHOT MPOAyKLiT 3a 3BITHUIA IIepiof], B HATYPaIbHOMY BUPa)KEHHI.

Kpurepiii nuTomoro 3a0pyAHIOIOHMOrO BIUIMBY, Ha Hall IOMVISJ, IOBHHEH

BPaxOBYBAaTH II'ATh THIIIB 3a0pyHEHHS. Y MpPOIECi HOCITIKEHHS 0yI0 BU3HAUYCHO, 1[0
JUst  OUTBIIOCTI  Cy4acHMX BHPOOHMITB B OCHOBHOMY BIACTUBI 3a0pyIHEHHs
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MOBITPSIHOTO CepeJOBHIIA, BOJHOTO OaceliHy, pO3MilleHHs TBEPAUX BIIXOMIB y IPYHTI,
a TaKoX, TEIJIOBe 1 HIyMOBe 3a0pyaHeHHs. Y sKocTi 0a3u MpUBENEHHS TYT TaKOX
HPONOHYETHCSA HNPHITHATH OJMHULIO HAMEHYBaHHS BHPOOJICHOI 3a JJOIOMOTOK JTaHOL
TexHojorii npoaykuii. [Tpumipom, KoedimieHT 3a0pyIHEHHS MOBITPSHOTO CEPEIOBHIIA
MO>KHA BU3HAYUTH HACTYITHUM CIIOCOOOM:

K —LLI]\}'A" 3)

sabpnos

ne U; — Maca BUKHJIB i-T0i peuOBHHH-3a0pyIHIOBa4Ya B HABKOJIMIIIHE CEPEIOBHIIE,
Y HaTypaJlbHOMY BHpa3i;

A; — TIOKa3HMK BIJHOCHOI arpecHBHOCTI PEYOBHHH-3a0py/AHIOBauYa, IO
BHUKUIAETHCS;

N — 06csr npoayKIIii, 110 BUMYCKAETHCS, Y HATYPaIbHOMY BHPaXXCHHI.

Brue TexHonOrii Ha €KOJIOTiYHI mapaMeTpu BHPOOJICHOI MPOIYKIT MOXHA
OLIIHUTH IUIIXOM BHU3HA4YEHHS KoedilieHTa eKoJoriyHoi Oe3meku mnponxykmii. Y
3araJlbHOMy BHIJISIII KOC(ILi€HT eKOJOTiuHOI Oe3MeKH BH3HAYAEThCS 110 KOXKHOMY 3
BUJIIB TPOAYKIii 1 OyayeTbcss Ha BiJHOIICHHI KOHIEHTpALifl 3HA4YeHb EKOJOTIYHO
HeOe3MeYHNX 1 IIKIUIMBUX PEYOBHH B OJHUHHMIN Macu a00 00'eMy MPOAYKIIi 10 po3Mipy
IPaHUYHO MPUIYCTUMHX KOHIIEHTpALill JaHUX PEYOBHH.

IIpu 1poMy, JIs IPUBEACHHS y HMOPIBHSHHI Psi, POSIVISHYTHX BHUIIE YaCTKOBHX
MMOKA3HHUKIB, Y SIKOCTI 0231 MOPIBHSHHS MOBUHHA OyTH MPUIHSTA €TAIOHHA TEXHOJIOTIS.
JlyMKH pi3HMX aBTOpIB i3 NpHBOLY BHOOpY Takoi 0a3u MOPiBHSAHHS po3xonsThes. OnHi
BB@KAIOTh, WO JUI €TaJOHAa HEOOXiJHO BHKOPHCTOBYBAaTH OO'€KTH, IO MAalOTh
HaliKpalli MOKa3HUKH cepef 00'eKTiB naHOi cnpsiMoBaHOCTI. IHII B posi eranoHa
OavaTh Taki 00'€KTH, 3HAUCHHs IIOKA3HHKIB SKUX pIBHI CepenHiM apu(METHIYHUM
3HaYEHHSM MMOKa3HHUKIB Y JOCIIKYBaHill CyKYITHOCTI a00 HOpMaTHBHUM [6].

Ha nam morusn, y AaHOMy BHUNAAKy B SIKOCTI €TalloHa [UIsl IIOKa3HMKIB
PECYPCOEMHOCTI 3a eTaloHHI HeOoOXiAHO OpaTh TexHOJOrii, mo 3abe3neyyrTh
MiHIMaNbHI OOCATHM CIOXXHMBAHHS NMPUPOJIHHMX PECYpCiB HAa OJMHHMINO HPOIYKIIi, a B
SIKOCTI €TAJOHHHMX MO IOKAa3HMKaX 3a0pyJIHEHHs Ta EKOJOriYHOi Oe3HeKd MpoIyKIii
HOBMHHI OyTH NPUHHATI TEXHOJOTIYHI PIIIEHHS, WO JO3BOJSAIOTH JOCSITH PiBHS
BIAIIOBITHOCT] CTaHIapTaM Ha 3a0pyAHEHHS HABKOIMIIHBOIrO cepexoBuma. Exonoro-
€KOHOMIYHI TTOKa3HUKH TaKUX TEXHOJIOTIH 1 HeOOXiIHO MpuitMaTH 3a 6a30Bi.

VY Hauwiii curyanii, Ha MiACTaBi NpUBEAECHUX BUIE GOPMYI PO3PAXYHKY YACTKOBUX
MMOKA3HUKIB, y SKOCTI ETAaJOHHHUX TMPHHMAIOThCS TEXHOJOTii B SKAH 3HAYCHHS
yrcenbHUKa = Min. Toxi Ui JKOBUIBHOI TEXHOJIOTI], MOKHA BH3HAYUTH KOEQIiLieHT
€KOJIOTTYHOTO PiBHS 32 (POPMYJIOF0:

n K
EPT = z W, i.eman (4)
K
i=1 i
e Kieman — TOKA3HUKHM €TAJOHHOI TEXHOJOrIi, IO BIiAIOBiNalOTE YaCTKOBHM

Koe(iLieHTaM PeCypCOEMHOCTI 1 TUTOMOTO 3a0pyIHEHHS, SIKi PO3IJISAAINCS BUILE;
K; — 3Ha4eHHs BiJMOBIIHOIO MOKA3HMUKA 1 — TOI TEXHOJIONII;
W; — 3HAYUMICTh BIJIIOBIJHOIO MOKA3HUKA TEXHOJIOTII.
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Cnig 3a3HauuTH, WO B 3alpPONOHOBAHOMY IHCTpyMeHTapii Bu3HaueHHs EPT
MarOThCSl Ha YBa3i TEXHOJOTii B YHCTOMY BHJI, TOOTO iX BIUIHB Ha HABKOJHUIIHE
CEepEIOBUILE PO3IIISAIAEThC 0€3 BpaXyBaHHS 3aCTOCYBaHHsS JIOAATKOBUX OUYHMCHUX
CIIOpY/I, IPOBEICHHS IPUPOJOOXOPOHHHX 3aXO/IB.

Hamu Gynu pospaxosani 3naueHHss EPT juist TexHomnoriit mMBapHOro BUpOOHMIITBA,
IO € HaHOUIbII eKOJIOTIYHO HeOEe3MeUyHNM cepel] YCiX BUPOOHHUYMX MalIMHOOYHiBHHX
BUPOOHMITB. Y pe3ysbTaTi aHajiizy Oyjo BUSBIEHO, IO CTYIiHb BIUIMBY JHMBApPHOTO
BUPOOHHLTBA HA HABKOJMIIHE CEPEIOBHUILE 3aI€XKUTh Bijl CIOCOOY IIABICHHS METaly.
VY tabauui 1 npuBeaeHi pi3Hi TEXHOJIOTT IUIABICHHS METaJy B JMBapHOMY BUPOOHHIITBI
1 BIXNOBIAHI IM 3HaYEHHS €KOJIOTTYHOTO PiBHSI.

Ta6muus | - Exonorivuxuii piBeHb JIHBAPHUX TEXHOJIOTIH

HaiiMeHyBaHHs TeXHOJIOTii EPT
1. JInTBO i3 NJIaBJIEHHSIM Y KOKCOBHX BiIKDUTHX BarpaHKax 0,43
2. JIuTBO i3 IJIaBJICHHSIM Y KOKCOBHX HAIliB3aKPUTHX BarpaHKax 0,79
3. JIuTBO i3 MJIABJICHHSIM Y KOKCOBHUX 3aKPUTHX BarpaHkax 0,92
4. JINTBO i3 IUTaBIEHHSM Y KOKCOTa30BHX BarpaHKax 0,62
5. JInTBO i3 IUIABJICHHSIM y Ta30BHX BarpaHkax 0,85
6. JIUTBO i3 IJIABJNCHHSIM B IHAYKIIHHUX Meyax 0,99
7. JINTBO i3 MIABJICHHSM Y €IEKTPOAYTOBHX IIedax 1,17
8. llltammyBaHHs PiAKKX CILJIaBiB 0,81

3nauenns EPT menme | o3Hauae, 1mo TexHoioris B "uucromy Buai" TOOTO 0663
3aCTOCYBAaHHs JOJATKOBHX MPHPOJOOXOPOHHHX 3aXOMiB HE 3aJ0BOJBHSE BHMOTaM
3aXKMCTY HaBKOJIMIIHBOTO cepefoBuina, a 3HadeHHs EPT Oimpmie 1 o3Hawae 1o
TEXHOJIOTisl Ma€ 3a1ac eKOJIOriuHoi MILIHOCTI, TOOTO Ma€ MiHiMalIbHi PiBHI CIIOKMBaHHS
MIPUPOIHHUX PECYpPCIB 1 3a0pyJHIOE HABKOJHUIIHE CEPEAOBHIIEC MEHIIE MPHUITYCTHMHUX
HOPMATHBIB.

O11iHKa TEXHOJIOT1H NUIAXOM BU3HAYCHHSI iX €KOJOTIYHOTO PIBHS, € TIBKU OJHUM —
exonoriunuM "OokoM Mmepnani". IHmmi Oik — eKOHOMIUHHUI sIBIS€ COOOI0 PO3pPaXyHOK
E€KOHOMIYHHUX BUTPAT, Oe3M0cepeHb0 a00 MOOIYHO MOB'I3aHUX i3 JOCSITHEHHSIM IaHOTO
€KOJIOT1YHOT'0 PiBHS TEXHOJIOTII.

CyyacHa HayKa IpO HPHPOJOKOPHCTYBAHHS Ma€ y CBOEMY PO3HOPSKEHHI
3HAYHUI apceHal EKOHOMIYHHX IHCTPYMEHTIB 1 CIOcOOiB BIUIMBY Ha CYO'€KTiB
rOCIOAAPIOBAaHHS, IO CHPSIMOBAaHI Ha CTUMYJIIOBaHHS MPUPOJIOOXOPOHHOI MisUIBHOCTI.
AHammi3yroun Bech CIEKTP 3aCTOCOBYBaHHMX (PiIHAHCOBO-EKOHOMIYHHX IHCTPYMEHTIB
[IPUPOAOKOPHCTYBAHHS MOYKHA BUIUIATH JIBi OCHOBHI IPYIIH:

a) IHCTPYMEHTH, ILIO MPUMYIIYIOTh JO JOTPUMAHHS HPHPOJOOXOPOHHHUX
cTaHAapTiB. Jlo HUX BIHOCATHCS €KOJIOTIUHI MOJATKH, TUIATEXi 1 300pH 3a 3a0pyJHEHHS
HaBKOJIMIIHBOTO CEepeNOBHUIIa, ITpady, iHII (icKaIbHi 3aX0/H;

0) IHCTPYMEHTH, L0 CTUMYIIOIOTh HPHPOIOOXOPOHHY MiSUTBHICTH ITiIPHEMCTB.
Crogu MO)KHa BIJHECTH MOJATKOBI IJBIM 1 3HWKKH, IOJATKOBI KPEIWTH, MiJIIOBI
0aHKIBCHKI KPEIUTH, Pi3HI BUAN CKOJIOTIUYHUX CYOCH/ii, BUILIATH 3 IPUPOTOOXOPOHHUX
¢onzais, ToLIO.

3acTocyBaHHS iHCTpYMEHTIB Iepmioi i Apyroi rpym nepenbadae pyx (iHaHCOBHX
KOIIUTIB, TOOTO BMHHKHEHHS [OJaTKOBHX TPOIIOBHX MOTOKIB MDK IMiJIPHEMCTBOM i
JepxaBolo a0 IHIMMU MiANPUEMCTBAMH, SIKI HEOOXITHO BpaXOBYBaTH B IIpoOLECi
MIPOBE/ICHHS EKOHOMIYHOTO OOTPYHTYBAHHS TEXHOJOTIYHUX PIIICHb.

ToMy, Ha Hauly IyMKY, IOBHY OIL[HKY TEXHOJIOTIYHHM PIIICHHSIM MOXXHA JaTh
BU3HAYUB iX €KOJ0ro-ekoHOMiuHui pisers (EEPT).
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Ha BigMiHy BijJ 3ampoNOHOBAaHMX HAMH paHillle METOAMYHMX MiIXOMiB MO
BusHaueHHio EPT, mio Bupaxaerscst y Burisiai iHterpanbHoro koedimienta, EEPT
MOBUHEH SIBJIITH COOOI0 3arajlbHy CyMy €KOJIOTIYHHX BMTpAT iHBECTOpa, IO
BUMIPIOETHCST B TpoiioBux oxuHuipsix. Jns Busnauennss EEPT, neoOximHo Opatu 10
yBaru HaCTYIHI HOTEHLIHHO MOXJIMBI BUTPATH IHBECTOpA:

1) BuTparn Ha npuAOaHHS NMPUPOAHHX PECYPCIB 10 SKUX, HANPUKIAL, MOXYThb
BXOJIMTH IIJIATEXi 3a CIIO)KUBAHHS BOJH, KMCHIO, IJIATa 32 3€MJIIO 1 T.J1.;

2) IpeBEHTHUBHI BUTpATH Ha 3AIHCHEHHS HOPHPOJOOXOPOHHUX 3aXOXIB 3 METOIO
JOCSITHEHHSI TIPUUHATHOTO PIBHS BHKHIIB LIKIJAJIMBUAX PEYOBHH, YTBOPEHHX B MpOLECi
eKCIUTyaTallii pi3HUX TeXHOJIOTiH;

3) moTOYHI BHIUIATH MOB'3aHi i3 3a0pYAHEHHSM HABKOIHIIHBOTO CEpPEIOBHUIIA
(mnarexi 3a 3a0pyIHEHHs), PO3MIPH SKHX BHU3HAYAKOTHCS B 3aJIGKHOCTI Bifl JIIOYMX
HOPMATHBIB IUIATH 334 BUKUIW, CKHUH, PO3MIIICHHS B SKOCTI BiIXOMIB MO KOKHOMY 3
PeUOBHH-3a0pYAHIOBAYIB;

4) NpeBeHTHBHI BUTpPATH Ha MPOBEJECHHA 3aXOMiB i3 MeTol 3a0e3NnedyeHHs
€KOJIOT1YHOT Oe3MeKH BUPOOICHOT MPOIYKILii;

5) Burulata mrpadiB, KOMIICHCAIId 3amofissHOro 30MTKy, IHIN IUIaTexi sK y
OFO/KETH PI3HUX PIBHIB, M03a0rOMKEeTHI (OHAM, TaKk 1 Cy0'eKTaM MiAIPHEMHHIBKOI
JIAJIBHOCTI, HACENEHHIO, IO MOCTPaKAaJo Bif 3a0pyIHEHHS HaBKOJIUIIHBOTO
CepeIoBHILA, BHACIIIOK 3aCTOCYBAHHS Ha MIANPHEMCTBI TEXHOJIOTII 110 PO3TIISIAETHCSL.

Crnin 3a3HauWTH, W0 B JaHOMY BHIAAKy 10 JOAATKOBUX IHBECTHIIHHHX
(xamiTaIbHUX) €KOJIOTIYHUX BUTpAT OyAyTh BIIHOCUTUCS IIPEBEHTHUBHI (TIOIEPEKYI0Ui)
BUTPATH Ha IIPOBEICHHS HPHPOTOOXOPOHHUX 3aX0/IiB (npundaHHs
MIPUPOJOOXOPOHHOI'O YCTaTKyBaHHs, OYNIBHULTBO MJOJATKOBHX OYHCHHMX CHOPYI,
CTBOPEHHS JOAATKOBUX €KOJOTTYHUX MIAPO3ALTIB i T.14.). [HIN TUIK BUTpAT PO3TIISHYTI
BHIIIC MOYKHA BiJTHECTHU 10 IIOTOYHUX EKOJIOTIYHUX BHTPAT.

Posmip EEPT 6yne 3anexaru Bim po3mipy EPT. Texuouorii, mo MaroTh Oinbin
BUCOKHMII €KOJIOTIUHUI PiBEHb, 1 OT)KE B MEHILIOMY CTYIIEHI BIUIMBAIOTh Ha 3a0pyIHEHHS
HABKOJIMIIHBOTO CEPeJOBHINA, MOTPeOYIOTh 1 MEHIIMX OOCATIB BHIEPO3TISTHYTHX
BuTpar. ToMy, Julsl MiABUILEHHS €(EKTHUBHOCTI NPOLEAYPU aIbTEPHATUBHOTO BigOOpPY
TEXHOJIOTIYHUX pIllIeHb Yy paMKax CTPaTeridyHOro JOBrOCTPOKOBOTO IUIAHYBAHHS, 3
BpaxyBaHHSM €KOJIOTIYHMX YWHHMKIB, HEOOXIIHO CTBOpeHHs 0a3 HaHMX, LIO0
BKJIIOYAIOTh y ceOe GyHKIioHanpHi 3anexnocti BenunauH EEPT Bix Benmuuun EPT. Yum
OinbIa KiJBKICTh i3 HASBHOTO HAa CHOTOJHIIIHIN JIEHb CIIEKTPY TEXHOJOTiil BBiiijie B
Taki 6a3M maHuX, TUM OinbIl edexTUBHUM Oyne MpoLec MPUHHATTS TEXHOIOTIYHHX
pillieHb, TOMY IO TPH LFOMY MaKCHMAIbHO OyIyTh BpPaxOBaHI MOIIMBI €KOJOTi14YHI
BUTpATH.

Ha wam normsin, 3amexuicte EEPT Bim EPT Ha skicHOMy piBHI MOXHa
HpeJCTaBUTH y BUIIISAL HacTynHoro rpacdika (pucynok 1). Ha nanomy rpadiky mMoxHa
BUAUTUTH KinbKa crenudiduux 30H. Tak, TEXHONOTiYHI MNPOLECH, eKOJIOTiuHi
XapaKTEPUCTUKHU SKHUX HE BIAMOBIIAIOTh MIHIMAIbHO MPHUIYCTHMIiil BelnW4uHi OyIyTh
HOTPAIUIATH B 30HY | o po3ramoBaHa 37iBa Bin BepTHkambHOI oci CD. Ilpu mpomy
Butpatu, mo ¢opmyots EEPT mns wHux OyayTe CKiIafaTHcs 3 IUIaTeXIiB 3a
MIPUPOJOKOPUCTYBAHHS B paMKax JIIMITIB (Ha rpadiky BinnosizaioTs Biapizky 0B Ha
BEPTHUKAIIbHIN OCi), @ TAKOXX BUTPAT, MMOB'SI3aHUX 3 IJIATSIKAMH 3a TIEPEBHUILCHHS JIMITIB,
3[1HCHEHHSM I0AaTKOBHUX NPUPOJOOXOPOHHHX 3aXO/IB 1 T.I1.

146



V MixHapo/iHa HayKOBO-IIPaKTHYHA KOH(EepeHIist
«XIMIYHA TEXHOJIOI'IA: HAYKA, EKOHOMIKA TA BUPOBHUIITBO»
20-22 xoBtHst 2021 poky, m. IllocTka

EEPT A
(rp.oa.) D
1 11
B A
o
0 ! EPT

Pucynox 1 — I'padik 3anexnocti EEPT Big EPT (Ha sikicHOMy piBHI)

VY 3oni Il OyayTe 3HaXOMUTHCS TEXHOJOTi, JUI SKUX EKOJIOTiYHI MapaMeTpu
nepeBepuyoTh (Y MO3UTUBHUI OiK) MIHIMAJILHO MPUIYCTUMI KpuTepii. st HUX po3Mip
IUIATEXIB 332  NPUPOJOKOPHCTYBaHHA Oyle 3HAYHO MeEHIIE 1  JOJAaTKOBI
MIPUPOIOOXOPOHHI BUTPATH MPAKTUYHO BiAcyTHi. HeoOXiqHO MigKpeciuTH, 0 KpUBa
3aJIEXKHOCT] TUIBKH aCHMITOTHYHO HaOmmkaeTbes 10 oci EPT. Ile MosCHIOEThCS THM,
[0 CyYacCHi TEXHIYHI MOXIIMBOCTI He A03BOJISAIOTH Aocsart 100% BiACYTHOCTI BUKU/IIB
IIKI/UIMBUX PEYOBUH, JO TOTO X 0€3 3aCTOCYBAaHHS NOJATKOBHX IPUPOIOOXOPOHHHX
3aXO0/iB.

TIpakTHuHe 3acTOCYBaHHS PO3MISHYTHX HaMH HAayKOBO-METOJMYHMX IMiIXOJIB
CBIYUTH, L0 BOHU SIK €KOJOIO-SKOHOMIYHHH IHCTPYMEHT MOXYTh OyTH YCIHILIHO
BUKOPHCTaHI 3 METOK Cy4acHOI OIIHKM Pi3HUX TEXHOJOTIYHHX pilieHb. [leprra
anpoOalist MiATBEPIXKYE MOXIIUBICTH HACTYITHOIO iX 3aCTOCYBAHHS B PI3HUX Taiy3sx
C€KOHOMIKM [ICp)KaBH, HAMpPUKIAJ, TaKUX SK XIMiYHa, MepepoOHa MPOMHCIOBICTS,
MeTaJyprisi, MaIIMHOOYIyBaHHs, CUILCbKE IOCIHOAAPCTBO 1 T.J., 10 O0e3cyMHiBHO Oyne
CIPHATH MiJBHILICHHIO €KoJori3auil BHUPOOHHYOro mpouecy B JaHHX Taly3sx Ta
peanizauii NPUHIMITY CTAIOr0 PO3BUTKY B YKpaiHi B LIJIOMY.
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DZIALANIE ULTRADZWIEKU NA MIKROORGANIZMY W SRODOWISKU
WODNYM
L.Z. Koval, D.O. Lokhanova
Politechnika Lwowska
irynazk @ gmail.com

Ogolnym trendem praktyki $wiatowej ostatnich dziesigcioleci jest narastajacy
intensywny wptyw skfadnika technogenicznego na stopien zanieczyszczenia $ciekow i
nierozerwalnie zwiazana z nim jako$¢ wod naturalnych. To wlasnie ten wplyw sktania
do konieczno$ci opracowania nowych energooszczgdnych i1 zasobooszczednych
technologii uzdatniania wody, ktore zapewniaja nie tylko skuteczne, ale i ekonomicznie
uzasadnione skuteczne usuwanie ztozonych zanieczyszczen z naturalnych zrodet
zaopatrzenia wody.

Takie najnowsze technologie uzdatniania wody obejmuja kawitacyjne metody
uzdatniania cieczy. Tak wigc wielu autorow, badajac wpltyw ultradzwickow (US) na
wode, wskazuja na jej wysoka skuteczno$¢ w oczyszczaniu wody z zanieczyszczen
chemicznych [1-5] i niektorych obiektow biologicznych: mikroorganizmow (MO)
saprofitycznych i chorobotworczych, wiruséw, pierwotniakow [6-9] itd. Jednoczesnie
naukowcy zauwazajg, ze ultradzwigki to skuteczna, pozbawiona odczynnikéw,
wysokosrodowiskowa metoda oczyszczania wody ze sktadnikow organicznych i
mikrobiologicznych. Natomiast w [9] zauwazono, ze catkowite zniszczenie flory
chorobotworczej uzyskuje si¢ poprzez zastosowanie obrobki ultradzwigkowej dopiero
po dlugotrwalym sondowaniu lub poprzez zwigkszenie mocy generatorow
ultradzwickowych.

Celem pracy jest zbadanie procesu uzdatniania ré6znych wod przy krotkotrwatym
dziataniu kawitacji akustycznej oraz ustalenie celowo$ci rownoczesnego barbotazu
réznych gazow w medium reakcyjnym i kawitacji.

MATERIAL I WYNIKI BADAN

Przeprowadzili$my zestaw badan mikrobiologicznych naturalnej wody z jeziora w
obwodzie lwowskim. W wodzie tej znaleziono bakterie réznych rodzajow Diplococcus,
Pseudomonas fluorescens, Bacillus cereus, Sarcina lutea. Bakterie Bacillus cereus byty
obecne w przewazajacej liczbie, wige bakterie te poshuzyly do stworzenia Srodowiska
modelowego. Podstawa identyfikacji byta nie tylko mikroskopia preparatow
“zmiazdzona kropla”, preparaty utrwalonych komorek w celu zbadania ich kryteriow
morfologicznych, w tym barwienia metoda Grama, ale takze badanie wiasciwosci
kulturowych i fizjologicznych (reakcja tlenowa) MO wystepujacego w badanej wodzie.

Oznaczanie catkowitej ilosci MO w wodzie na potrzeby badan bakteriologicznych z
zastosowaniem uniwersalnej pozywki - agar migsno-peptonowy. MO hodowano w
termostacie w statej temperaturze (37 °C) przez 48 godzin.

W celu zbadania wptywu rodzaju gazu na skuteczno$¢ kawitacyjnego uzdatniania
wody przeprowadzono eksperymenty w atmosferach argonu, helu, tlenu, dwutlenku
wegla w polu ultradzwigkowym przy cisnieniu atmosferycznym, temperaturze 298K,
czestotliwosei ultradzwigkowej - 22kHz. Czas przetwarzania 1-120 minut Drgania
ultradzwigkowe o czgstotliwosci 22 kHz z generatora niskiej czgstotliwos$ci UZDN - 2T
(moc 90 W) transmitowano za pomocg emitera magnetostrykcyjnego zanurzonego w
objetosci badanej wody o znanej poczatkowej wartosci liczby mikroorganizméw (LM).
Poczatkowe wartosci LM probek uzdatniania wody miescily si¢ w zakresach LM, = 820
~2090 CFU/em’.
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Dalsze badania maja na celu zbadanie roéwnoczesnego dziatania gazu i
ultradzwigkow na bakterie z rodzaju Bacillus cereus z rodziny Bacillaceae z niewielkim
zanieczyszczeniem mikrobiologicznym wody (LM, = 8 * 10 CFU/cm®). Podczas
krotkotrwatego dziatania pola akustycznego w atmosferach argonu, tlenu, helu i
dwutlenku wegla (tgagus = 60 + 180s) zaobserwowano gwattowny wzrost LM (etap I).
Obecno$é jednoczesnego dziatania dwutlenku wegla i ultradzwigkow spowodowata
wzrost Pucharu Swiata o rzad wielkosci (2.4 * 10° CFU/em®) w pierwszych trzech
minutach eksperymentu. Dalsze potaczone dzialania gaz/ultradzwigki we wszystkich
przypadkach przyczynity si¢ do gwattownej redukcji LM w catym procesie dziatania.

W celu zbadania tego zjawiska wykonano mikroskopi¢ probek wody przed i po
zgodnym dziataniu gazu/ultradzwigku. W kontrolnych probkach wody wykryto znaczng
liczbg agregatow MO, natomiast po t = 180s w ukladzie dominowaly gtéwnie MO
izolowane. W zwigzku z tym mozna argumentowaé, ze akumulacja MO na etapie [
procesu jest spowodowana procesami dezagregacji. Oczywiscie wzrost wartosci LM
jest wprost proporcjonalny do liczby MO w agregatach wykrytych w oryginalnych
probkach wody i prawdopodobnie na proces dezagregacji ma wplyw charakter
pecherzykéw gazu. Wzrost LM w obecnosci dwutlenku wegla o 1600 CFU/cm?®, w
przeciwienstwie do wzrostu w obecnosci argonu tylko o 100 CFU/cm?®, moze mieé
wplyw na koncowa warto§¢ LM.

Tak wigc przy przetwarzaniu w polu ultradzwickowym wody, w ktorej znajduja si¢
agregaty mikrobiologiczne, dominujagcym procesem jest dezagregacja w obecnosci
gazow babelkowych, co z kolei ma decydujacy wptyw na ogblng skuteczno$¢ procesu
dezynfekcji wody. Dlatego w celu zbadania procesu dezagregacji wskazane byto
przeprowadzenie tego procesu bez dziatania gazow, tylko w warunkach akustycznych.

Do badania procesu dezagregacji wybrano prawdziwg naturalng wode z jeziora,
wyselekcjonowang w obwodzie Iwowskim. Probki wody pobrano w okresie letnim
(czerwiec i lipiec), co wynika z najwigkszego ocieplenia i najnizszego poziomu wody,
kiedy wahania LM s3 maksymalne.

Hos¢ MO wahata sic od 820 + 2090 CFU/cm®, co jest uzaleznione od wielu
czynnikéw fizykochemicznych: rezimu temperaturowego zbiornika, ktory wptywa na
rozwdj MO, stgzenia tlenu rozpuszczonego w wodzie, pH wody oraz potencjatu redox,
jak temperatura otoczenia, opady, rezim hydrodynamiczny zbiornika itp.

Badanie lacznego dziatania gazu/ultradzwigku na przykladzie bakterii Bacillus
cereus przy LM = 800 CFU/cm® oraz wplywu kawitacji akustycznej na naturalng wode
z jeziora o wysokiej zawarto$ci bakterii Bacillus cereus przy LMy, = 820 CFU/cm® i
LMy, = 2090 CFU/cm® na wzrost LM w pierwszym etapie procesu kawitacji
akustycznej. Roznica dotyczyta jedynie czasu sondowania, w ktérym zaobserwowano
maksymalne wartosci LM.

Gwaltowny wzrost LM zaobserwowano podczas krotkotrwatego dzialania pola
akustycznego na bakteri¢ Bacillus cereus w atmosferze dwutlenku wegla w ciagu
pierwszych 60 + 180 sekund eksperymentu. Przy potaczonym dziataniu ultradzwigkow i
argonu lub helu, chociaz w poczatkowym momencie eksperymentu zaobserwowano
wzrost LM, ale ze znacznie nizszymi maksimami niz przy polaczonym dziataniu
dwutlenku wegla i ultradzwickow. Wyjatkiem byto dziatanie tlenu, gdzie w ogdle nie
zaobserwowano wzrostu LM.

Podczas sondowania wody w jeziorze, LM osigga swoja maksymalng wartos¢ po
1800s eksperymentu w przypadku nieobecno$ci gazéw. Badania mikroskopowe tej
wody wykazaly nagromadzenie agregatow MO roznych rodzajow, a liczba
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pojedynczych MO byta nieznaczna. Energia kawitacji akustycznej na tym etapie zostala
zuzyta glownie na rozbijanie skupisk tych agregatow na pojedyncze MO, a ich
zniszczenie nastgpuje wolniej niz dezagregacja. Podobny wzoér zaobserwowano pod
dziataniem kawitacji akustycznej na skupiskach wykrytych agregatow bakterii Bacillus
cereus w atmosferach argonu, tlenu, helu i dwutlenku wegla. Skrocenie czasu rozbijania
nagromadzen tych jednostek w $rodowisku wodnym wynika najprawdopodobniej z
nasycenia gazu, poniewaz w przypadku ich nieobecnosci w roztworach wodnych
znajduje si¢ tylko tlen rozpuszczony.

Roztwory wodne sa nie tylko sprzyjajacym s$rodowiskiem do powstawania
kawitacji, ale takze medium zapewniajacym mozliwo$¢ elektronicznego przebicia
wneki kawitacyjnej. Jest to kompleks ztozonych zjawisk, polegajacych na tworzeniu
czasteczek z nadmiarem energii i przekazywaniu tej energii innym czasteczkom lub
atomom w wyniku wzajemnych zderzen lub promieniowania. Z chemicznego punktu
widzenia proces wzbudzania czasteczek wody, szybkos$¢ ich dysocjacji jest w duzej
mierze regulowana obecnos$ciag we wnece kawitacyjnej niektorych gazéw znajdujacych
si¢ w stanie wzbudzonym. Gazy aktywne chemicznie rozpuszczone w roztworze, ktory
ma by¢ dzwigczny, wptywaja na reakcje chemiczne na dwa sposoby. Po pierwsze,
atomy tlenu i wodoru biora udziat w przemianie rodnikow, a po drugie, chemicznie
aktywne gazy podczas penetracji wngki kawitacyjnej biorg udzial w przenoszeniu
elektronowej energii wzbudzenia na czasteczki wody, a takze ewentualnie w procesach
fadowania.

Wykazano, ze doplyw gazu w ciagu pierwszych trzech minut procesu przyspiesza
10-krotnie rozbijanie klastrow jednostek w $rodowisku wodnym w warunkach
akustycznych w poréwnaniu z procesem przy braku doptywu gazu, gdzie podobny
proces zachodzi po 30 minutach.

WNIOSEK

Ustalono, ze proces oczyszczania wody sktada si¢ z dwoch proceséw: akumulacji
liczby MO spowodowanej zniszczeniem agregatow mikrobiologicznych oraz
zmniejszenia LM spowodowanego zniszczeniem itosci MO. Takie etapy przejawiaja si¢
zarowno w obrobce akustycznej wody mikrobiologicznej powstatej na bazie wody
destylowanej, jak i naturalnej. Wykazano eksperymentalnie, ze zastosowanie gazow
babelkowych przyspiesza proces dezagregacji prawie 10-krotnie. Zaproponowana
metoda uzdatniania réznych wod krotkotrwalym napromieniowaniem pozwolita na
wykrycie procesu dezagregacji MO z po6zniejszym ich zniszczeniem w $rodowisku
wodnym oraz na osiggniecie wysokiego stopnia dezynfekcji wody. Ta praca naukowa
proponuje zastosowanie gazow o réoznym charakterze w medium reakcyjnym do
dezynfekcji wody pod wptywem kawitacji. Udowodniono, ze doprowadzenie gazu w
ciggu pierwszych trzech minut procesu przyspiesza destrukcje jednostek w srodowisku
wodnym w warunkach akustycznych, co wiaze si¢ z powstawaniem dodatkowych
rdzeni kawitacyjnych, w poréwnaniu z procesem przy braku doptywu gazu.
Stwierdzono, ze w poczatkowym momencie reakcji energia kawitacji zostata zuzyta na
rozszczepianie skupisk agregatow bakteryjnych na pojedyncze jednostki, a niszczenie
nastepuje wolniej niz dezagregacja.
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METOJUKA ONPEJAEJEHUSA COAEPKAHUS TPOTUJIA U TEKCOI'EHA
B CMECEBBIX FPU3AHTHBIX B3PBIBUATBIX BEILIECTBAX
B.A.P060Tbxol, M.(I).Bymlepz, C.H.Hpmaﬂosal
! Jlep>kaBHUI HAYKOBO-ZOCIiAHHIA {HCTHTYT XIMIYHHX IPOLYKTIiB
ndikhp @ukroboronprom.com
? [LlocTruucKHit iHCTHTYT CYMCBKOTO AEPABHOTO YHIBEPCHTETY
ishostka@sumdu.edu.ua

B nacrosimee Bpems ecTh MOTPEOHOCTb, CBS3aHHAS C MPOJUICHUEM TapaHTHUIHBIX
cpokoB xpaneHus (I'CX) OGoempuiiacoB, CHapsDKEHHBIX CMECEBBIMH OpHU3aHTHBIMH
B3pbIBYaThIMU BemecTBaM (CBBB) Ha ocHOBE TpOTHIIa M F€KCOTeHa, B ONPEEIeHUH UX
(U3MKO-XMMHYECKHX XapaKTePUCTHK Ha COOTBETCTBHE TPEOOBAHMSM HOPMATHUBHOU
JokymeHtauud. OIHMM M3 OCHOBHBIX (M3HKO-XxMMHYeckuX nokasateneii CBBB,
BIMSIONIMX Ha BO3MOXHOCTh mpomienus ['CX, sBisiercs conep)kaHHe OCHOBHBIX
KoMroHeHToB. CaMbIMH pactpocTpaHeHHbIMH siBisitorcss CBBB Ha ocHOBe TpoTHia u
reKCOoreHa.

CoracHO CyHUIECTBYOIICH HOPMATHBHOHM JIOKyMEHTAlMH, KOTOpas pa3dpaboTaHa
eme B 60-x rogax XX Beka, cojepikanue rexcoreHa u tporuna B CbBB onpenensior
METOZIOM IIOILIArOBOTO PACTBOPEHHS KOMIIOHEHTOB CMECH B PA3lIMYHBIX MO MPUPOJIC
pactBoputensax [1]. JlaHHBIH MeTOA SBISiETCS O4YEHb TPYAOEMKHM M 3aTPATHBIM M3-3a
BBICOKOTO PAacxojia pacTBOPHUTENEH, a TakkKe HMEET BBICOKYIO IPOJOJKUTEIBLHOCTD
onpesieNneHus.

Ha mam B3mran, Hambosnee mpueMIIEMBIM METOAOM OIIPEAEIECHHS KOMIIOHEHTOB
CBBB  sBnsiercs  Boicokod(dexTrBHast xuakocTHas xpomatorpadus (BDXKX).
M3BeCTHBI METOAMKM aHalW3a CJIENOBBIX KOJIMYECTB TPOTHIA M TIeKCcOoreHa ¢
MPUMEHEHHEM JAHHOTO METO/a B MEUIIMHCKUX U 3KOIormdeckux neisix (puc. 1) [2,3].
B naHHbBI MOMEHT OTCYTCTBYIOT METOJMKU OIpeJe]IeHHs JaHHBIX KOMIIOHEHTOB B
CBBB, coneprkanue KOTOpBIX MpeBbIlIaeT 5 % ot Macchl o0pasua Merogom BOXKX.
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Pucynok 1 — XpomaTtorpaMma cMecH B3pbIBUATHIX BeLIECTB (cBepXy A = 210 HM,
cHu3y A = 254 um) [4]:

1 — OKTOTeH; 2 — TeKCOTeH; 3 — HUTPOTJIHNLEPHH; 4 — HUTPOOSH301; 5 — 4-aMUHO-
2,6-TUHUTPOTONYON; 6 — 3,5-IMHUTPOAHUINH; 7 — 2-HUTPOTOIYOII; 8 — 2-aMHHO-2,6-
JUHUTPOTONYON; 9 — 3-HUTpOTOITyon; 10 — TepraHuTpOneHTaspUTpHT; 11 —4-
HuTpoTonyon; 12 — 1,3-quanTpoben3on; 13 — 2,6-nuauTporonyon; 14 — rerpur; 15 —
2,4-muautporonyor; 16 —1,3,5-tpunurpodenson; 17 —2,4,6-TpUHUTPOTOITYOI
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Jins pemeHus JaHHOH mpoOieMsl Obula pa3paboTaHa METOAMKA OIPEACICHUSL
TpOTWJIa B [uama3oHe KoHumeHTpauuid ot 5% no 80% wu rekcoreHa B Auama3oHe
koHueHTpanuit or 20% no 98% meronom BOXKX ¢ npumeHeHHeM JUOIHO-MAaTPUYHOTO
JIETEKTOpa, KOTOpast ONMCAHa HUKE.

OTpaboTKy IapaMeTpoB XpOMaTOTpaUuEecKOro pas/ielicHHus aHaJIM3UPYEMBIX
KOMIIOHEHTOB ITPOBOJMJIN Ha YKUIKOCTHOM Xxpomarorpade Agilent 1260 Infinity II ¢
JMOJJHO-MaTpUYHBIM JeTekTopoM B Y®-o0nactu Ha xononke Poroshell 120 EC C-18
2,1x50 MM ¢ pa3MepoM 4acTHL COPOEHTa 2,7 MKM.

O6pasust CBBB, koTopeie Obiim 0TOOpaHel M3 0OOeBOM wacTu Ooempumnaca,
N3MENbYAIOT, TIIATEIBHBIM 00pa3oM MEPeMEIINBAIOT H OTOMPAIOT HEOOXOAUMYIO UL
aHanm3a Maccy.

IIpoBeneHHble HCCIENOBaHMSA 10 OTPabOTKE YCIOBUII NpOBEJEHHS aHalM3a
MOKA3aJIM, YTO ONTHMAJIBHBIMU SBIISIOTCS CISIYIOLINE YCIOBHS:

*  pacxoj MOJABIXKHOH (ha3bl, MKJII/MHH 200
* COCTaB ITOJBIDKHON (a3bl, % 00.
— aIleTOHUTPUI 45
— METaHOII 5
— BOJA 50
* 00bBeM aHAINU3UPYEMOIl TPOOBI, MKJI 2
* JUIMHA BOJIHBI JIETEKTOpa, HM 250-255
* yacrora cOopa JaHHBIX AeTeKTopa, 11 40
*  JUIMTEIBHOCTH OJHOTO BBOJA, MHH
— MIPH OMPE/ICICHUH TPOTUIIA M TeKCOTreHa (TpoTuIIa) 2,7
— IIPH OIpeJIeJIEHHU F'eKCOreHa 1,6

KommoneHTsl TOABMKHON (a3bl (METaHOJ, AllEeTOHUTPWI, BOAa OWIAUCTHILIAT)
JOJDKHBI OBITH TNPOQUIBTPOBAHBI TOJA BaKyyMOM 4Yepe3 MeMOpaHHBIH (QHIbTp H3
MOaUTETPadTOPITUIICHA M PEreHEPHUPOBAHHON LIEIUTIOI03bI ¢ pazmepoM nop 0,2 wuiu
0,45 MKM.

CocTaB MOABWXHOM a3kl MOXKHO HM3MEHATh ULl JOCTH)KEHUS ONTUMAIIBHOTO
paszieneHys MMKOB aHATM3UPYEMBIX KOMIOHEHTOB.

JInst KOMMYECTBEHHOTO pacyeTa CO/ep)KaHUsl TPOTHIA M IeKCOreHa HMCIOIb30BaIU
METOJl BHYTPEHHEro cTaHjapra. B kayecTBe BHYTPEHHEro CTaHiapTa Obl1 BbIOpaH
alleTaHWINA, KOTOPbI MHEPTEH 10 OTHOLICHHI0 K KOMIIOHEHTaM aHaJM3UPOBAHHOTO
CBbBB u wuMeeT BBICOKYIO CTENEHb pa3felieHHs 10 OTHOIICHHI0 K JPyruM
komroHeHTaMm. /[l pactBopenmsi obOpasma CBBB  onTtumansHO —HCmonb30BaTh
quMeTHiIcyab(okeu nnu qumeruiadopmamun [S].

[IpuroroBneHne STAaJOHHBIX pAcTBOPOB [UI KOJMYECTBEHHOIO OINPEICICHUS
KOMIOHEHTOB ITPOBOJMIIN COTJIACHO CICAYIOIIEMY allrOPUTMY.

B konnueckyto xondy nomemator 0,4 r rporuna u 0,6 T rekcoreHa, B3BeIICHHbIE ¢
TOYHOCTBIO JI0 YETBEPTOTO JASCATHYHOIO 3HaKa. B aBe Ipyrue KOHHYECKHE KOJIObI
nomemaT 0,24 r u 0,95 r rekcoreHa COOTBETCTBEHHO. B KOJIOBI JONMBAIOT MEPHBIM
mwmHIpoM 10 oM’ quMeTwiIcyabdokcnaa u numeTkoi 20 oM’ pacTBOpa BHYTPEHHETO
cTaHmapra — pacTBop aneraHwimzaa. Ilocie momHoro pactBopeHus oOpasia U3 Koy
MTUIET-J03aTOPOM WM MHUKpPOLITIPUIIOM OTOHMpaioT B BHaibl 10 MK MOJNy4eHHBIX
PacTBOPOBR M AOGABIAOT K KaXIOMy | CM® MeTaHONa, TINATETHHEIM 0Gpa3oM
HepeMeIINBaIOT U XpOMaTorpadupyor.

JleficTBUTENBHYI0O MacCOBYIO JIOJNIO TPOTHJIA WM rekcorena (X;) B STalIOHHOM
pactBope, %, BBIYUCIIAIOT 1O hopmyIe:
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X.=Af’ -100

i

rae M;— neicTBUTENIbHAS MAacCa HABECKH KOMITOHEHTA, T
1 — pacuerHas mMacca oOpasua, T.

OTaNOHHBII PacTBOP TOTOBST HE MEHBIIIE OJHOTO pa3a B TPH MecsIIa.

[Ipn mocrpoeHun KanuOpPOBOYHOTO TpaduKa Uil T'EKCOreHa aHajiM3 pacTBopa
Ka)XI0W KOHLEHTPALMU NPOBOAAT TPH pasza. [1o JaHHBIM TpeX W3MEPeHUH BBIYMCISIOT
CPEIHIO apH(METHYECKYIO BEIMYMHY, IO KOTOPOH CTPOST Tpad¥K, OTKIAABIBAIOT 110
ocH abCLUCC MAaccoBbBIE JIOJNM I'eKCOTreHa, % Macc., a Ha OCH OpPAMHAT — OTHOIICHUS
l'lJ'lOlILa)leﬁ ITMKOB I'€KCOI'CHa K IJI0IIaAsAM ITMKOB allCTaHUIIMA.

Kosdpduumentsr  kanubpoBoyHoro rpauka HEOOXOAUMO  paCCUUTHIBATD,
HUTHOPHPYS BO BPeMsi 3TOro TOUKy ¢ koopaunnaramu (0;0).

KamnOpoBo4HEIA rpaduk MpoBEpsIOT HE MEHBIIE OJHOTO pa3a B Mecdl. [ aToro
AQHANU3UPYIOT OJIMH M3 ATAJOHHBIX PacTBOPOB. Eciu nomyueHHoe o KaanOpoBOUHOMY
rpaduKy 3Ha4YeHHE OTIIMYAETCS OT JEHCTBUTEIBHONH MAaccOBOW JOJIM TEKCOreHa B
JAHHOM 3TaJIOHHOM pacTBope Oosbiie yeM Ha 0,3 %, cTpOSAT HOBBIH KaTHMOPOBOYHBIH
rpadux.

Taxoke nomyckaercs naenaTb KalnOpPOBKY TIEKCOreHa IO OJHOM TOYKE, eCIli
(akTHyecKoe 3HaYEHHE COJEPXKaHMSI IFeKcoreHa B oOpaslie He OTIIMYAeTCs OT TOYKH
KanuOpoBKYU Oosblie ueM Ha 5 %.

Jns mpoBenenust uccienoBanus oepyr (1,0 = 0,1) r m3mensuennoro CBHBB,
B3BELIEHHOIO C TOYHOCTBIO JIO YETBEPTOro JECATUYHOTO 3HAaKa, MOMEIAI0T B
KOHHMYECKYI0 KONOy. 3ammBaloT B KomOy MepHbIM mummEapoM 10 oM’
nuMetwicyiabdokenaa u o 20 oM’ IHIIETKOMH pacTBOpa BHYTPEHHErO CTaHzapra,
3aKpBIBAIOT €€ MPOOKOH W B30aNTHIBAIOT Ha NPUOOpE UIsl BCTPSIXMBAHUS KOJIO H
npoOupok B TedeHue 30 MHUH WIIM [0 TOJHOTO pacTBOpeHHs: oOpasia. IlomydeHHsbIi
pactBOop (pUIBTPYIOT dYepe3 MIMPUIEBOW (UIBTP WM HEHTPUPYTHPYIOT B TEUCHHE
30 MUH TIpH CKOpOCTH BpamieHus poropa ueHtpudyru 3500-4000 o6/mun. Iluner-
JI03aTOPOM MJIM MHUKPOLIIIPUIIOM OTOMpAIOT B BHany 10 MKJI MOJy4EeHHOIO pacTBOpa U
pobapmsor 1 oM’ MeraHona, TI@TENbHBIM  00pa’oM  IEpEMENIMBAIOT
XpoMaTorpapupyoT.

BBINONHAIOT 1O TPU MapajuIeNIbHBIX XPOMATOrpaMpoBaHusl KaKk Ul STAIOHHOTO
pacTBOpa Tak M Ul aHAIU3UPYEMOTO pacTBOpa.

Ha xpomartorpaMme IHKM KOMIIOHEHTOB BBIXOJAT B CICAYIOIIEM MOpPSAKE:
anetaHuIn (BHYTPEHHHH CTaHIAPT), TEKCOTeH, TPOTHII (pHC. 2).

IMocne 3aBepiieHust XpomaTorpagUpoBaHUs C HOMOLIBIO  KOMITBIOTEPHON
MIPOrpaMMbl  BBITMOJHSAIOT MEPBUYHYIO MAaTeMaTHYecKyl0 OOpabOTKy MJaHHBIX —
paccUMTHIBAIOT IUIOIIAAM ITMKOB AHAIM3UPYEMBIX KOMIIOHGHTOB M BHYTPCHHETO
CTaHJapra.

Maccogyto nomto tpotuna B CEBB, X, %, Beraucisiior mmo ¢popmysie:

X, -Gyl
' C,-m
rac X,' — MaccoBasi 10Jis1 TPOTUJIa B 3TAJIOHHOM pacTBOpE, %7
C|; — OTHOLIEHHE IUIOMAMM IMHMKa TPOTHIA K IUIOMAM IHKA alleTaHWInAa B
9TAJIOHHOM pacTBOPE;
C,; — OTHOLIEHHWE IUIOMIAMM MHMKa TPOTHIA K IUIOMAAM IIHKA alleTaHWINAa B

AHAJIM3UPOBAHHOM PaCcTBOPE;
1- pacu€THad Macca HaBECKU 06pa311a, T
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m — (haKTHYEcKast Macca HaBeCKH 00pasna, T.
MaccoByto 01110 rekcorena B oopasie, Xz, %, pacCUUTHIBAIOT 110 KaTHOPOBOYHOMY

rpauky.
[

DAD1 A, Sg=250.4 Rafeoff, 7 (TGITG 2018-10-21 10-32-0217EST_0000001.0)

] g

858
it
o

2208 T

2] Calibration Table
Enter | Ocleic | Insert. Pt | ok | Heb |
3 RT Signal Compound i Am%) Arca_RspFactor Ref 1STD _# LT R DT
1 | osatloria [5m 1 1.000[ 5617100 1.7151e-4] No | Yes | 1 Pt Ty
2 1000 5720500 L7104
5 .00 5689.100] 1757864
] 1.000] 5697.000] L6o5ees
5 10005797300 172964
2 | 1.165|pAD14 [ceksOGEN 5 20,100 IR 1.0%0e2] Mo | o | 1
El .910] 5083900 1.2941e2
2 s9.6%0 | as0.500] 1299502
1 o0.050] 6217.600] 1287062
— ] 94.6%0] 70,100 1272062
3 | 22%|pAbiA [T 1 20.010] 2954.800] 6.7718e3] Mo | Mo | 1
1 2 0.060] _57o0.600] 6518163 L= . : . Gorsteicn: 1 00010
1 5 65.20]  0555.700] 682523 20 2 £ 80 ot Ratio

Pucynok 2 - Xpomarorpamma o6pasiia CbBB, KoTopblii coaepKUT TPOTHII U T€KCOTEH ¢
KanuOPOBOYHBIM TPpadhUKOM

ITo pesynprataM JBYX mapaiieibHBIX OINpPENeTICHUH PACCUNUTHIBAIOT CpefHee
apu(pMeTHUeCKOe 3HAUCHUE, KOTOPOE OKPYIJISIETCSI 710 IECATHIX YacTei MpOoLeHTa.

PacxokneHne Mexay pe3yibTaTaMH MapajliejbHbIX HW3MEPeHHH He JOJDKHO
npesbimats 0,5 %.

Pa3paboTanHas MeTOAMKa aTTeCTOBaHA B COOTBETCTBUH ¢ TpeboBanmsmu ICTY
7392:2013, 'OCT 8.010-99.

ATTecTarys IpoBeieHa Mo pe3ysibTaTaM METPOJIOTHYECKON 3KCIIEPTU3BI.

Ha ocHOBaHMM pe3yJbTaTOB METPOJIOTHYECKOH OSKCIEPTH3bl YCTAHOBIECHO, 4YTO
JaHHass METOAMWKA OTBEYACT Tpe6OBaHl/lﬂM K METOAHWKAaM BBIIIOJITHCHHUA M3MepeHM]}’l H
HMEET TaKHe OCHOBHBIE METPOJIOTHYECKHE XapaKTEPUCTHKU:

— JAMana3oH u3MepeHHit MaccoBoil gonu Tpotuna ot 5 % 1o 80 % npu 3HauUCHUHU
HMHTEpBaa OTHOCUTEIBHOHN ITOTPEITHOCTH pe3ynbTaToB u3mepeHui + 0,46 %;

— JUWama3oH H3MepeHuil MaccoBoil momu rekcoreHa ot 20 % mo 99 % mnpum
3HAaYE€HUY MHTEPBala OTHOCUTEIBHON IOTPEIIHOCTH pe3ysbTaToB u3mepeHui + 0,66 %.
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REMOVAL OF COPPER IONS FROM AQUEOUS SOLUTIONS
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National Technical University of Ukraine
«Igor Sikorsky Kyiv Polytechnic Institute»
ti01963 @gmail.com

Introduction. Increasing the amount of polluted water and lack of clean water is
already one of the urgent problems today. One of the most important environmental
tasks is the treatment of wastewater from enterprises in various industries. Heavy metals
(Me) are among the most biologically dangerous pollutants. The main sources of heavy
metal pollution are metallurgical, metalworking and chemical plants. The toxicity of the
metal is due to its effect on the metabolism of living organisms and human health. Most
heavy metal ions have carcinogenic, mutagenic properties and have a cumulative effect
[1].

Given the modern methods of removing heavy metal ions from wastewater, it is
advisable to develop innovative technologies for wastewater treatment from heavy
metal ions. The quality of treated wastewater must meet the needs until its return for
industrial and technical needs of the enterprise, or before discharge into the city sewer
system. Solvent sublation is such a perspective method. This method is based on a
combination of flotation and extraction methods, based on the passage of gas bubbles
through the aqueous phase and the removal of the pollutant substance (sublate) in the
organic phase. The organic phase should be lighter than the aqueous, and not dissolve in
it. In the process of solvent sublation, surfactants are used, which play the role of
collectors, binding to heavy metal ions in water-insoluble hydrophobic sublates, which
due to their hydrophobic properties, adhesion forces bind to the bubbles and are
removed from the aqueous phase in organic.

The purpose of this work is to develop a technology of solvent sublation of
wastewater from heavy metals on the example of copper (II) ions.

To achieve this goal it is necessary to: theoretically justify the choice of method of
effective wastewater treatment from heavy metal ions; to study the physico-chemical
laws of the process of solvent sublation as a method of removal of copper ions, to
propose a method of recovery of the extractant and the basic scheme of purification.

Solvent sublation technology was first proposed as a type of ion flotation in cases
where the formation of foam having the required properties for ion flotation is
impossible or it is necessary to quantitatively separate the foam for further analysis [2].
A characteristic feature of this flotation process is the method of separating the floated
substance (sublate) by concentrating it in a layer of organic liquid on the surface of the
aqueous phase.

Advantages and disadvantages of solvent sublation:

- no foam; - the ability to work with large volumes of water bodies, the
concentration of which may exceed a ratio of 100: 1, this gives the solvent sublation a
great potential in the analysis of elements that are in the water in micro- and nano-
quantities;

- the active substance is carried out by gas bubbles and enters the upper layer of the
hydrophobic liquid without mixing the phases; - the degree of removal in the process of
solvent sublation does not depend on the ratio of the volumes of aqueous and organic
phases; - in many cases, the substance to be recovered is concentrated in the organic
phase, which greatly facilitates its further processing.
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Traditionally, the main disadvantages include low, compared to flotation,
productivity due to low gas consumption, which does not destroy the upper layer of
organic liquid in the distribution apparatus [3-4].

All solvent sublation systems consist of the following elements [5-6]:

- gas source (it can be both a conventional compressor and a gas cylinder, the most
common gases are air, argon and nitrogen);

- gas flow rate and pressure control systems; - rotameter (used to measure gas
flow);

- column (usually used glass or plastic columns, at the bottom of which is a
partition with the required porosity).

Experimental. To study the solvent sublation process, a cylindrical glass column
with a diameter of 35 mm was used. Air was supplied by a compressor to the bottom of
the column, flow was controlled by a rotameter. Air dispersion was carried out through
a Schott filter. The concentration of cobalt ions in model solutions was 20 mg/dm”. The
volume of the solution is 200 cm’, the volume of the extractant (isoamyl alcohol) is 10
cm®. The experimental installation is shown in Fig. 1. The solvent sublation process was
carried out to establish a constant residual concentration of copper ions, which was
determined by the photometric method on a Portlab 501 single beam scanning
spectrophotometer (United Kingdom). The pH adjustment was carried out with
solutions of NaOH and HCI with a concentration of 0.1 mol/dm® (pH of aqueous
solutions was measured using a pH-meter pH-150MI (Russia)). The efficiency of the
solvent sublation process was evaluated by the extraction degree of copper ions.

A model solution of Cu®>* was prepared with Cu(NO3),-3H,0. Standard solution: 1
g / dm®. Working concentration: 20 mg / dm’. The following collectors were used:
sodium caprylate C;H;sCOONa and sodium laurate C;;H,3COONa.

Organic phase

Aqueous phase

1 - cylinder, 2 - rotameter, 3 - solvent sublation column, 4 - Schott filter.
Fig. 1. Experimental installation.

The model solution in the required amount was transferred to a volumetric flask,
made the calculated amount of surfactant to achieve the desired ratio of Me: surfactant.
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The solution was quantitatively transferred to a solvent sublation column and 10 cm® of
organic phase (isoamyl alcohol) were added. Turned on the gas supply, which was
controlled by a flow meter and bubbled the gas through the solution to a constant
residual concentration of copper, which determined by standard photometric methods
[7].

The main characteristic of the system is the degree of removal X - the ratio of the
difference between the initial and residual concentrations to its initial concentration,
expressed as a percentage:

(CM.U - CM.res)

M.,0

where Xy - the degree of removal of the test ion, Cy, res - the residual concentration
of the ion in the test solution, Cy, ¢ - the initial concentration of the ion.

Research results and discussion. The efficiency of the solvent sublation is
influenced by number of factors. Process parameters such as the acidity of the medium,
the duration of the process, the choice of extractant, the number of reagents are
determined by the properties of the complexing agent and the metal and should be
studied on a case-by-case basis. The determining factor in choosing the pH of the
solution is the stability of the complex compound. Collectors are added to the system in
order to increase the hydrophobicity of the formed complexes.

Selection of extractant. Of great importance in solvent sublation is the selection of
the extractant. The removal process with butanol, isobutanol, pentanol, isopentanol,
undecyl alcohol, octanol, hexanol, isooctanol was investigated. It has been investigated
that the best extractant is isoamyl alcohol, which has a branched structure and, as a
consequence, a better ability to retain sublates. Comparative characteristics of the
extractants by the degree of removal are shown in Fig. 2. The volume of the organic
phase is 10 cm’.

X, = -100% ,

100 @ Butanol
B Isobutanol
2 80
- @ Pentanol
2
g 60 Olsopentanol
.,g B Undecyl alcohol
E 40 @ Octanol
& |
a 39 OHexano
Dlsooctanol
0

Fig. 2. Comparative characteristics of extractants by the degree of removal of Cu? *
ions.

Dependence of the degree of removal of Cu? * ions on the ratio of Cu’*: surfactant
(Surf). The graph (Fig. 3) shows the results of experiments with the following ratios of
Cu**: Surf = 1: 0.5; 1: 1; 1:1.5; 1: 2; 1: 2.5. It was investigated that the ratio of Cu?:
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Surf=1: 1,5 is the most optimal and the degree of removal is 99.9% for C;;H»3COONa
and 99% for C;H;sCOONa.

100

98
X
E 9
H
Z o4
Y
[=]
8 92
g 2
A
%0
88
0 0,5 1 L3 2 23 3

Ratio Surfactant: Cu**

Fig. 3. Dependence of the degree of removal of copper (II) ions on the molar ratio
of Cu: Surf (red C;;H23COONa, blue C7H;5COONa).

The decrease in the degree with a further increase in the ratio can be explained by
the appearance of excess surfactants in the aqueous phase. As a result, it is difficult to
transfer the substance from the aqueous to the organic phase and its accumulation on the
interface of the water-organic layer.

Dependence of the degree of removal of Cu’* on the pH of the solution. The pH of
the test solution was varied in the range of 2-9. The effect of pH on the degree of
removal, the duration of the process - 20 min, the molar ratio of Cu**: Surf= 1: 1,5, the
volume of the aqueous and organic phases (isoamyl alcohol) - 200 cm® and 10 cm’
respectively. According to the obtained data (Fig. 4), the best removal of copper (II)
takes place at pH 5-6. Therefore, the obtained data indicate that the molar ratio is an
important factor in the process of solvent sublation. However, only the right pH will
achieve the maximum degree of removal.
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Fig. 4. Dependence of the degree of removal of copper (II) ions on pH (red
C1 |H23COON€1, blue C7H]5COON&).

The dependence of the degree of removal of Cu** on the duration of the solvent
sublation. The solvent sublation was performed for 30 minutes. The sample was taken
for analysis every 5 minutes. As can be seen from Fig. 5, the optimal duration of the
process was 15 minutes with 98,6 % removal of copper for C;;H3COONa and 97,3 %
for C7H;5COONa at a ratio of Cu: Surf = 1: 1,5. When the process lasts longer than 15
minutes, there is a decrease in the degree of removal, which can be explained by the
partial transition of the substrate from the organic to the aqueous phase.
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Fig. 5. Dependence of the degree of removal of copper (II) ions on the duration of
the process (red C;H23COONa, blue C;H;sCOONa).

Dependence of the degree of removal of copper ions on the initial concentration of
the working solution. Initial concentrations of the working solution studied: 20-250 mg /
cm’. The process time is 20 minutes.
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Fig. 6. Dependence of the degree of removal at different initial concentration (red
C] |H23COON&, blue C7H]5COON&).

It was obtained that the highest degree of removal — 93,9% for C;H;sCOONa and
96,4% for C;H,3COONa is achieved at an initial metal concentration of 200 mg / cm®.
That is, with increasing concentration of the initial working solution, the degree of
removal increases (Fig. 6). This can be explained by the fact that the coagulation
process takes place in the system, even the intensive formation of aggregates was
visually noticeable. The decrease in the degree of removal with decreasing
concentration can be explained by a decrease in the probability of convergence of
particles and, accordingly, the ability to coagulate.

Conclusions. An urgent problem today is the protection of the environment from
pollution by toxic industrial waste. Paying attention to the ecological situation on the
planet, technologies that use closed cycles with minimal waste generation are becoming
competitive. The imperfection of the existing technologies of wastewater treatment
contaminated with heavy metal ions necessitates the search for such methods that allow
to treat wastewater to the maximum allowable concentration and to carry out the
regeneration of valuable components. The solvent sublation method satisfies the
following requirements. One of the characteristic features of this method is the
possibility of repeated concentration of metal ions in small volumes of organic solvent.
It is established that the process of sublaton is influenced by a number of factors: pH of
the solution, molar ratio of Me: surfactant, initial concentration of extracted metal ions,
duration of the process. The regularities of solvent sublation of Cu®* ions from aqueous
solutions are investigated and the following rational conditions of the purification
process are revealed: surfactant — sodium laurate C;;H,3COONa; pH 5-6; the molar
ratio of Cu” *: surfactant = 1: 1,5; process duration — 15 min, organic phase — isoamyl
alcohol; volume of organic phase — 10 cm?; the volume of the aqueous phase is 200
cm’. For these conditions, the degree of withdrawal is 97-99%.
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EKOJIOTTYHO-BE3IMEYHI TEXHOJIOTTi KOMBIHAILI MPOIECIB
AHAEPOBHOT' O 3BPO’KYBAHHJI 3 ®I3UKO-XIMIYHOIO OBPOBKOIO
BIIXOIIB
A.B. IaeBa, €.10. YepHum
CyMCBbKHii Iep>)KaBHUN YHIBEPCUTET
anastasiya901 @ukr.net

AHTpPONIOréHHUH BIUIMB Ha HAaBKOJMIIHE CEPEJOBMINE, BiJCYTHICTb HAaJIEXHOT
OLIHKH BIUIMBY Ha HAaBKOJNUIIHE CEPENOBHINE Ta iHMI ()aKTOpH MpPUBENH 1O
BUHHKHEHHS €KOJIOTIYHHX 3arpo3 B pi3HUX 00JacTsX. 3TiAHO 31 CTpATETIEr0 epKaBHOI
eKxosoriuyHoi nonituku Ykpainu 10 2020 poky, IOBOLKEHHS 3 BIIXOAaMHU € CEPHO3HOI0
€KOJIOT1YHO0 mpobiemoro [1].

IlepcriekTMBHUM METOJOM HeWTpaiizalii opraHiuHMX BiIXOAIB € aHaepoOHe
30pOKYBaHHSI, SIKE J03BOJISIE BUPOOISITH Oioras Ta 6iomo0puBa i ycyBae OakTepiasbHe,
XiMiuHe 3a0py/HeHHs TPYHTY, BOJM 1 MOBITPS, 1110 BUHUKAE NPH 30epiraHHi BiAXOJIB.

B nanmii yac nmonax 50 MuIbSpAIB TOHH BiIXOZIB €HEPreTHYHOIO, IIPOMUCIIOBOTO,
CLIIBCHKOTOCTIOAPCHKOTO 1 KOMYHAJIBHOTO CEKTOpiB, B TOMy umcii moHax 150
MUIBHOHIB TOHH mpomucioBux mignpuemcts i 100 000 ximiuHux pedoBun [2, 3],
MOTPAILISAIOTE B aTMocdepy, BOAOWMH i TPYHT 3a pik [2, 3].

3araybHa KUIBKICTh BIXOAIB y CBiTi cTaHOBUTH NoHan 300 MUIbHOHIB TOHH, a
3arajbHa KUIBKICTh TBEPAUX BiAXOMiB B YKpaiHi ctanoBuTh 10-11 MinbitoHIB TOHH Ha
pik. 3Banumia 3aiimatorb 2600 ra 3emii. 3a OL[IHKaMH, MicTa BUPOOJISIOTH B CEPEAHEOMY
0J1M3bKO 1 TOHHU Ha JIIOAUHY B PiK [4].

Jocnimpkenus [5] nokasyloTh, 1o Onu3bko 66% MICBKHX BIIXOIIB MalOTh
OioyIoriuHe  IOXOMKEHHS: CUIbCHKOTOCIONAPChKI  BiAXOAM (HANPHKIAA, ITyNbIa
IYKPOBOTO oOuepeTy, cTebiaa KyKypyA3H, DHCOBAa COIOMa 1 JyNINHMHHS, IOpixoBa
LIKapajyna), JAepeBHi BiAXOQW, TalepoBi BiAXOMM, EHEPreTHYHi KYJIbTYpH,
LIBUIKOPOCII JiepeBa, HAPUKIIAM , TOMOoJs abo BepOa), a TAKOXK TBEPi BiAXOH, MiChKi
OYHCHI CIIOPY/IH.

Ha w4actky o00poOHuX BupoOHUNUTB goBoauthest 4,7% Bimxomi. Cepenne
BUKOPUCTaHHA OpPraHiYHUX 3aIUIIKIB CTaHOBUTH Onu3bko 26%. Y xpainax €C
nepepobisierbest  Onm3bko  60%  mpOMHCIOBHX — BigxomiB i Omu3bko  95%
cinbcbKorocnogapebkux BinxoniB [6]. Illopiuno B VYkpaini 30upatore moHax 50
MUIBHOHIB TOHH 3€pHOBHX. PiYHHMI TEXHIYHO NOCSHKHHH CHEPreTHYHMIl IOTEeHIliaN
TBepAoi Oiomacu B VYkpaini cranoButh 18 wMinbiioHiB TonH AD. (HadtoBwmii
€KBIBaJIEHT), a HOro BHKOPHCTAaHHS [O3BOJISIE €KOHOMHUTH OJHM3bKO 22 MIiJbsApHiB
KyOOMETpiB HpPUPOJHOTO razy B pik. B maHuii yac yactka OiomMacH y BalOBOMY
KiHIIEBOMY CIOXKMBaHHI eHeprii ctaHoBUTb 1,78% [7]. OOpoOka opraHiuHuX BiIXOAiB
Ha 010ra30BMX YCTAHOBKAX 3HAYHO BHPILUINTH CHEPreTHUYHI mpobiemu (hepMepchKux
rocrojiapcTs B YKpaiHi.

IToku roctpo CTOiITh MUTaHHS yTHIi3awil opraHiyHuX BimxoxiB. [Ipu moxoBaHHi
BIIXO/IB Ha 3BAIMINAX BIAXOAM MOYMHAIOTH BHIUIATH METaH i Byriekucnuii ras. Llei
IIPOLEC NMPU3BOAUTH O MapHUKOBOro edexry [8]. Pe3ynbraroM HakoONUUEHHs BEJHKOL
KUTBKOCTI OpraHiYHMX BIAXOIB € HETaTHBHHH BIUIMB HAa HABKOIMIIHE CEpPEIOBHIIE.
OCHOBHHMH BIUTMBAIOTH (DaKTOpaMH €:

* BUKHU] Fa3y;
* 3a0py/JHEHHS Mi[3eMHUX BOJ;
* IOLIMPEHHS MATOTCHHUX MIKPOOPTaHi3MiB.
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[IpoGnema HakomM4eHHS OYAb-SAKUX BiIXOIIB IMOJIATA€E B HEOOXiMHOCTI IX MIBUAKOI
HeiTpamizaiii 3 HaMEHIIMMH EKOHOMIYHHMU Ta EHEPreTHYHHMH 3aTpaTaMu i
HaMEHIIMM BIUIMBOM Ha HaBKOJIMIIHE cepeloBHINE. MeTaH Cepio3HO 3MIHIOE CTaH
atmoctepu 3emui. Y mpoMy mporeci MetaH Hamae B 21 pasiB Oinblie HEraTHBHOTO
BIUIMBY, HIXK BYTJIEKHCIIUH ra3. TakuM 4MHOM, BUPOOHMIITBO Oiorasy Ta Horo rnojaisiie
BUKOPHCTAHHS Ul BUPOOHMIITBA TEIIa Ta EJIEKTPOCHEprii - e crmocid 60porsdu 3
riao0anbHUM MOTEIUTiHHAM. biomaca, 1o 3anuimiacs micis nepepoOKy BigxoaiB, MOxke
BUKOPHUCTOBYBAaTHCS B CLIBCBKOMY TOCIONApCTBI fK a00puBO. bBimbm Toro, Taki
nobpuBa Habarato Kpaiie i epeKTHBHillle BIUIMBAIOTh HAa TPYHT, PO3BUTOK POCIHUH i
IPYHTOBI BOJH, Ha BiIMiHY BiJ IITY4HUX 10OpHB [9].

Opraniuni BigXo[M, HIO MIcTATH a30T, (ocdop 1 iHIII MOXKHMBHI PEUOBHHH,
MOTPAILISIOYM B BOAY, POOJATH 11 HENPUAATHOIO JUIS IUTHOTO BOJONOCTAYaHHS,
3aB/IAIOTh IIKOAM BOJHHUM €KOCHCTeMaM. 30KpeMa, NepeHACHYEHHS BOAU IOKHBHUMHU
peyoBHHAMM BHKIMKAE eBTpodikalito. B pe3ysbrari BinOyBaeTbCs MacoBe BiATBOPEHHS
¢iromrankTony [10].

Bunukina HeoOXifHICTP B po3poOili METOAIB yTHII3alil Ta pallioHaIbHOTO
BUKOPUCTaHHS OPraHidHUX BifXoJIiB. AHaepoOHe 30pO/KyBaHHS OpPraHiYHMX BiJIXOHiB
3HU3HUTH PU3UK 3a0pyJHEHHS TPYHTY 1 BOAM, CKOPOTHUTH BUKHIM i 3MEHIINTD BIUIUB Ha
3MiHy KiimMatry. Pusuk 3a0pynHeHHs IpyHTY 1 Boau azotoM, ¢ochopom i iHmMMHU
MO)KUBHUMH PEYOBUHAMH 1, SIK HACHIZOK, PU3HK JUISl IUTHOTO BOAOMOCTAYaHHSI i BOJHO-
OOJIOTHUX YTiJb 3HAYHO 3HMXKYEThcs. OOpoOKa aHAaepOOHUX BIAXOMIB IEpECiigye TPH
OCHOBHI LIiJli:

* PO3KJIaJaHHs OPraHiYHMX | HEOPTaHIYHUX TOKCUYHUX BiIXO/IB;
* BiJIHOBJIEHHSI pecypciB kpyroobiry peuosut C, N, P, S;
* OTPUMAaHHS LIHHUX BU/IIB BUKOITHOTO ITaJINBa.

TakuM YUHOM, BUKOPHCTAHHS AirecTara 3HIXKYE HETaTHBHHUIT BIUIUB HONEPEAHBOTO
LMKJIY HA HABKOJIMILIHE CEPEIOBHUILE SIK 3 TOUKU 30pY BUKHJIIB MAPHUKOBMX Ta3iB, TakK i 3
TOYKH 30pY BHKOPUCTaHHSA KOpHCHHX KonainwH [10]. SIkmo BiTpstHI 1 COHs4HI
€JIEKTPOCTAHIII] € TACHBHO YUCTUMH, 010ra30B1 YCTAHOBKH aKTHBHO OYHILAIOTHCS, TOMY
10 BOHHU YCYBalOTh HEOE3MeKy /Ul HaBKOJIUIIHBOIO CEPEeJOBMILA BiJ TUX HPOLYKTIB,
SIKI BUKOPHCTOBYIOTBCS B SIKOCTI JKEPEIa CHEprii..

CupoBuHa 171 BUpoOHULITBA Oiorasy:
® pi3Ha pociarHHa 6ioMaca, HEICTIBHI YaCTHHU CLITECHKOTOCIIOAAPCHKUX POCIIHH,
® BiJIXO/IU JJ€PEBHHH - CHPOBUHH 3 BUCOKHM BMICTOM LEJTIOTIO3H, 110 BAXKKO MiAJA€ThCA
MeToJaM nepepoOku, ase eheKTUBHO 30pOIKY€EThCs 1 TpaHCHOPMYETHCS B Oioras;
® BiIX0H MepepOOHOT MPOMHUCIOBOCTI;

e CrielianbHO BUPOILEHI KyIbTYPH, TaKi K BOASHUI rialuHT, Oypi BOAOPOCTI;
® piJIKi BIIXO/U CITBCHKOTOCTIOAPCHKHX (epM;

® IPOMHMCIIOBI Ta MOOYTOBI CTOKH i MYJI OYUCHUX CIIOPY/I;

® CMITTS MiCHKHX 3BAJIHMILL.

B anaepoOHiii TexHosorii npu mnepepoOui 6ioJOridHOI MacH BHKOPHCTOBYIOTHCS
pi3Hi Tpymu OakTepiif, SKi MOTUIAIOTH MaKpPOMOJIEKYJSPHI OpTaHidHi CIIONYKH Ha
JOCUTb TIPOCTI KiHLIEBI MPOAYKTH - METaH Ta BYIJEKUCIMil raz. Meromu nepepoOku
Oiomacu TBapHH 3aJIeKaTh Bijl BIACTUBOCTEH Ta CKJIaJy CHUPOBHHH, a TAKOX BiJ Liei
nepepoOKH Ta BUIY KiHIIEBOI MPOAYKIii. 3 METO 301bIICHHS KOHIIEHTPALil aKTUBHOI
6iomacu B peak1iiiHii 30HI BAKOPHCTOBYIOTHCS TaKi TEXHOJIOTI:
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1. AmnaepoOHuil koHTakT. 30pomkeHa Oiomaca 31 3BHYaliHOro 0e3MEpEepBHOrO
OiopeakTopa BHBaHTaXy€TbCs B BIACTIHHMK abo BimueHTpoBuit cemapatop. Ocan 3
BiJCTiifHNKa 200 (yraro 4acTKOBO IOBEpTAETHCS B OGiopeaktop [11].

2. AmnaepoOumit oummryBad. [lig wac BUOpOOyBaHb BHCXiJHHX PEAKTOPIB APYroro
MOKOJTiHHS OyJ10 BUSIBIEHO, 110 METAHOYTBOPIOIOYI MIKpOOPraHi3MH, 3aTHI arperyBaTu
3 pOCTOM-IIUIBHI TpaHynu naiamerpoM 1-3 MM, sierko ocimarotb. Lli rpanyau B
OCHOBHOMY CKJIa[Ial0ThCS 3 METAHOTEHIB, SIKi yTBOPIOIOTH MIUIbHY T1I0YKY 1 MOAIOHI 10
KIyOKiB CTpyKTypH. Lle cCIOCTepe:keHHS CTalo OCHOBOIO UL PO3POOKU PEaKTopiB
HOBOTO MOKOJIHHS, SKi oTpuMaiu Ha3By peaktopie UASB (anaepoOHe BuajaHHS
ocany).

3. AnaepoOuuit (inbTp. AHaepoOHHI (QIIBTP - L€ PEaKTOp, 3AMOBHEHHH TOCTATHHO
BEIMKUMH IHEPTHHMH €JEMEHTaMH O0ioMacH, TaKMMU SK TpaBiii a00 IUIacTHKOBI
Bigxomu. biomaca 3akpimuieHa Ha ix moBepxHi. bioras, 1m0 BHAUISEThCS TMiX Yac
OpoziHHS, MiAHIMAE LI IUIACTIBLI, aje Tilna yTPUMYIOThb iX i He 3MHBalOTh. MeTox
MPU3HAYCHUHN U OYHUIICHHS CTIYHHX BOJ 3 HU3BKOIO KOHIIEHTPAI€I0 3a0pyTHIOIOUHX
peuosuH [11]. Cuctemu anaepoOHOTO MEpeTPaBICHHsI BUKOPUCTOBYIOTHCS Ha Oararbox
OUYMCHUX CHOpyZHax Juls HeHTpami3auii aKTUBOBAaHOTO MYyJy, a TaKOX IS OYUILEHHS
MIPOMHCIIOBUX Ta XapUYOBUX CTIYHUX BOJI.

XimiuHui ckiaan OGioMac pi3HUTBCA 3alexHo Bix 1 tumy. Pociunu Mictsats 25%
nirHiy 1 75% ByrneBoniB. JIirHIH CKIafaeTbCcs 3 MOJNEKYH, SIKi HE MICTATH IYKpY.
Baxanunit pH s MeraHoreHesy ONM3BKMII 10 HEHTpanbHOrO, XO04a Ha crauil
MiAKUCIICHHS CIIOCTEPIraeThesl ITOMITHE MiAKHUCICHHsA cepenosuma. [Ipm pH 4,3
(depMeHTalLlisT MeTaHy NPHIUHIETHCS BHACTIJOK OTPYEHHS MIiKPOGIOPH TOKCHUYHUMHU
HEJIHUCOLIHOBaHUMH JIETIOUMMH >kUpHUMH kuciotamu (VFA). Meranorenni Gakrepii
YYTIOMBI O BMICTY COJIEH BaXXKHX METAliB y CepemoBHILi. PO3BUTOK METaHOTEHHHX
MIKpOOPraHi3MiB BH3HA4Ya€TbCs CKJIAAOM CepeloBULI. MeraHoreHHe OpomiHHA
mpocrime Aas MoHO- Ta S50-oyirocaxapuiiB, a TaKOX Ui JIETKO OIYKPIOBaHHX
rojicaxapuiiB (Kpoxmamb, reminenmiono3d, nektuHu) [12]. Crifika 10 Tigpomisy
LEN0NI03a TOTaHO (DepMEHTYeE, JITHOIETI0I03a-0CO0MMBO BaKKUI ISl 3aCBOEHHS
cyOcTpar, skuii nepen (PepMEHTALIEI0 PEeKOMEHIYEThCSI PO3KIACTH TifPOTEPMOIIiZoM
mpu 350 ° C i tucky 240 6ap [12].

IcHytoTh 1 iHImI MeroauM momepenHboi OOPOOKM BaXKOMOCTYIMHHMX HOXKHBHUX
PEUYOBHH: yIBTPa3BYK pi3HOI YACTOTH Ta IHTEHCHBHOCTI, JIY)HHH TiZpodIi3;
(epMEeHTaTHBHUI TiAPONI3 LENIONI03H 3 HWKYMMHU rpubamu poxy Neocallimasti, a
Takox Oaxrepisimu 3 pony Fibrobacter. Ctumyioiody Aif0 Ha HOIYJIALII0 METAHOTEHY
3a0e3neuyoTh JO0AaBKM a30Ty: BBEICHHS B CepeloBHIle Cyinbhary amoHiro abo
¢docoary, ceuoBuHun abo D, L-aminokucnor. Cepex 3ayMIIKIB Ta BiAXOAIB
CLIIBCHKOTOCIIOAPCHKOTO  BUPOOHHIITBA € €KCKPEMEHTH TBapWH, HEOOXimHi uis
¢depmenTanii MeraHy. Xo4ya BOHM CHJIBHO BIJDPI3HSIOTBCS 32 3MICTOM OKPEMHX
KOMIIOHEHTIB, a TAKOX 32 XIMIYHUM CKJIAJIOM, 3aJIe)KHO BiJl TOTO, PO SKHX TBapHH HIe
MOBa 1 SIKUMH TNPOJYKTaMM XapyyBaHHS L[ TBApUHU XapuylOThCs. SIKIIO BHUXiZHUH
cyOcTpar, skuil (EepMEHTYETbCsS, OKpiM capaiB, IHIIMX POCIMHHUX BIAXOXIB, CIifJ
3BEpPHYTH yBary Ha iioro ckmaa. [Ipu mpomy, mepi 3a Bce, CITiJi BpaXOBYBAaTH BHUCOKHIA
BMICT JITHIHY, XapaKTepHHil Ul NEBHUX YMOB, SKHH IPaKTUYHO HE pYHHYeETHCS
MIKpOOpraHi3MaMu i, sIK HaCJiJOK, He Oepe ydacTi y mpoieci ra3oyTBOpeHHs. 3 wiel
NPUYMHY BUBUIBHEHHS a3y 3 €KCKPEMEHTaMH TBapHH 3 XOBUIO, IO NMOTPedye BEIUKOT
KIIBKOCTI CHpOi KIIITKOBHHH, 3HAYHO MEHIIE, HDK 3 (peKaliiMH KypKH Ta CBHHI.
3aBasikK MexaHi4HiHM, XiMiuHIi a00 TepMidHii [il JITHIHY KOMIUIEKCH MOYKHA 3pOOUTH
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JOCTYIHUMHU Uit OGioximidHoi aerpapaumii. Jns crabinmizauii mporeciB aHaepoOHOTo
MepeTpaBiieHHs] OPraHivYHUX BIIXOMIB Ta akTHBi3alil poOOTH (epMeHTALiiHUX Kamep
HeoOXinHO 3a0e31eunTu:

* TONepenHs MiAroTOBKA LUIaMy, L0 MOJISITa€ y BHUAAICHHI KPYMHOIMCIIEPCHUX
BKJIIOUEHb ((pinbTpawist ocany) Ta MOKpAIEHHI pOOOTH MiCKOYJIOBIIIOBAYiB 3 METOIO
3MEHILCHHSI BMICTY OCaJI0BHX MiHEpaliB y pe3epByapax HepBUHHOTO OCaKCHHS;

* Oe3nepepBHE 3aBaHTAXKEHHS Ta PO3BAHTAXKEHHS OIaiB;

* IepeMilllyBaHHS OCaly B pe3epByapax (epMEHTAUiifHOI KaMepH 3 ONTUMAIbHOIO
iHTEHCHBHICTIO;

* MiJTPUMAaHHS ONTUMAIBHOI TeMIepaTypu pexxuMy OpoaiHHs (Me3odinbHa 32-35 © C,
TepmodinbHa 52-55 © C);

* 30MpaHHS MONEPeHbO HArPITOro MyiLy;

* HarpiBaHHS 3aBaHTA)KEHOTO MYJTy HailKpalle MPOBOJUTH B TEIUIOOOMIHHHUKAX.

B nanuit wac ans HajaHHA Oiomaci OJHOpPITHOT 1 TOMOreHHOI KOHCHCTEHIIT
BUKOPUCTOBYIOTbCS YJIbTPa3BYKOBI Ta TiIpOAMHAMIYHI KaBiTaliiHI AECTPYKTOPH.
Bukopucranus Oiomacu, B CKJIaAi sSKOI BMICT JKHPIB [EpEeBaka€ HaJ BMICTOM
BYINIEBO/IB, € edekTuBHIIMM Ha 58%. ToOro mimepoM y BupoOHMITBI Oioraszy €
Biax0/u Bij 00itHI Xym00u.

TexXHOJOTiYHO Mpolec IPOXOAWTh HACTYIIHUM YHHOM: OpraHiuHi BiIXomu
HaJIXOAATH 10 MEpLIOro METAaHTEHKY M Hepuroi cTajii 30po[pKyBaHHS, MICHs 4Oro
4acTHHY 0iOMacH HaJIXOIUTh Ha BY30JI aKTHBAIllii, Je MiIAal0Th Je3iHTerpaiii, a iHIa
YacTHHA HAIXOAUTh 1O IPYroro MeTaHTeHKy. Ilicis npyroi craxil 30poirkyBaHHS
oTpuMaeMo 30po/KeHy Oiomacy, sika HaIXOAUTh 10 OcafolpHiiMaya sl CKIIalyBaHHS
Ta MOXIIMBOIO BUKOPUCTaHHA y SIKOCTI 100puB Ta Oioras, sKMil HagXOAUTH MO
rasroiplepa JUisi 30MpaHHS Ta IOAANBIIOrO0 BHUKOPUCTaHHS [UIsl BHUPOOHMITBA
BTOPUHHOI eHeprii TerioBoi abo enekTpuuHoi. TakuM UYHHOM 3aIpPONOHOBaHA
TEXHOJIOTiSl JI03BOJISIE 3HEIIKOJMTH OpraHiuHI BiJXOJH, YHHKHYTH 3a0pyJHEHHS
JOBKULIS BiJl MOTEHLiHHOI eMicii 3a0pyJHIOIOUMX PEUOBHH IIPU IX CKJIAJyBaHHI Ta
oTpUMaTU AOJATKOBHU eHepropecypc (6ioras). Lle m03BONUTH MiABHINUTH pIBEHD
€KOJIOTYHOT O€3IeKH Ta eHePreTHYHOI He3aIeKHOCT] JepikKaBH.
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B cywdacHMX yMOBax 3HAYHOrO AHTPONOIEHHOTO BIUIMBY HA HAaBKOJIUILIHE
CepeIOBHUINE Ha Yaci NOIIYK HAOLIbII e()eKTUBHHUX 1 EKOHOMIYHUX METOJIB OYHIICHHS
MIPOMHUCIIOBUX BUKH/IB. METOAM OYHMIIEHHS 1 amaparypa, 1o po3poOIsIFOTECS MOBUHHI
BpPaXOBYBaTH MOXUIMBICTH POOOTH B IIMPOKOMY Jiamna3oHi podouux ymoB. s
3HIDKCHHSI CHEPrOBUTpPAT B CHCTEMaX YJIOBIIOBAHHS IIKIUIMBHUX 1 TOKCHYHHX PEUOBUH
HeoOXi/HO 3a0e3neuyBaTH 3HMKEHHS TiAPaBIIYHOTO OMOPY HpH 30epeKeHHi BHCOKOT
e(eKTHBHOCTI OUYMIICHHS Ta30BUX IOTOKIB. 3 OMIAAY Ha CYNEpPEwWINBI BHMOTH [0
oOnafHaHHS 1 HE3Ba)XKAalUM Ha BEIMKY KUIBKICTh BXKE HAsBHHUX amapaTiB uis
MIPOBEJICHHS] MaCOOOMIHHUX MPOILIECIB, pO3pOOKa HOBOT'O IHTEHCHBHOT'O Ta €()EKTUBHOTO
oONafHAHHS CTAHOBUTH 3HAYHWI IHTEpEC MAJsl MPHUPOJAOOXOPOHHMX TEXHOJOTIH B
0araThoX rajy3six IpOMHCIOBOCTI. [lomMpeHNM METOIOM OYMIICHHS I'a30BHX MOTOKIB
€ abcopOriiftHi MeTOmM TOIJMHAHHS [IKI[UIMBHX KOMIIOHCHTIB 3 BiJBEICHUX
npomuciioBux rasiB. [Ipu npomy abo BinOyBaeThcs mpolec ¢izuuHoi abcopOiii, ado
abcopOeHT BCTymae B XiMIYHY B3a€MOJIIO 3 LITbOBUM KOMITOHEHTOM.

OpHUM 3 MEpPCIEeKTHBHUX HAMPSAMKIB iHTEeHCH(]IKaLii mporecy MacooOMiHy €
po3pobka amapaTiB 3 BHUKOPHUCTAHHSIM MIHHOTO PEXHMH B3a€EMOJII Ta30piAWHHUX
MMOTOKIB y TOMY YHCIi B miapi pyxomux Tit. JlocmimkeHi paHiie amapaté 3 MHHHM
[IApOM BHKOPHCTOBYBAJIHCS IIEPEBAKHO B TEXHOJOTTYHUX [HKJIAaX IPUH 3HAYHHX
MUTOMHX HABaHTAKEHHSAX M0 rasy 1 pIIUHH, WO MPU3BOAMIO 10 BHCOKHX
eHeproBuTpar. Y TOH JK€ Yac B CHCTEeMaxX OYHIICHHS HPOMHCIOBHX Ta3iB Bij
HIKIUTMBUX KOMIIOHEHTIB, MPUCYTHIX, SK TMPaBUIO, B HHU3bKHX KOHICHTpAIIiSX,
HEeoOXiHO 3a0e3MeUNTH BHCOKHUIA CTYIiHb OYHMIICHHS ra3y MpH MiHIMAIBHUX BHTpaTax
o piguHA. MeToro pobOoTH € aHai3 3aKOHOMIPHOCTEH mporiecy adbcopOiil mpu 06po6Ii
ra3OpilMHHUX CHUCTEeM Yy MIHHOMY IIapi, a TaKOX IHTepIpeTauis OTPUMaHUX
EKCIIePUMEHTAIBHUX JIaHHX.

Jlns 3a3HaueHnx wineil Oynaa po3pobiieHa KOHCTPYKIsl cTabini3aTtopa i3 BETHKAM
BibHUM o0Ocsirom [1]. IlepeBaroro 3amponoHOBaHOI KOHCTPYKLIi € mepexil B Yy
CTPYKTYpPOBAaHHMH MIHHUI PEXUM POOOTH NMPU MOPIBHSAHO HU3BKUX LIBUIKOCTSX rasy, a
TaKO)X PO3BHHCHA IIOBEPXHS KOHTAKTY (a3. YapyHKOBa CTPYKTYpa, 3 SIKOi BUTOTOBJICHO
cTabinizaTop, A03BOJISE MOCATTH MiABHUIICHUX 3HAYEeHb KOEQIli€HTIB Macomepeaadi 3a
paxyHOK e(eKTy YTBOPEHHs IUIIBKM B ocepelkax Maynoro posmipy. Koncrpykuis mae
BUCOKY MOPO3HICTh | HU3BKHUIl TiApaBIiyHUN Omop. 3aleXHO Bix miabopy marepiany
KOHCTpPYKIIiSi MOXE MaTd pi3Hy 3ModyBaHicTh. HOBI KOHCTPYKIIi mpocTi i MaroThb
MOPIBHSHO HU3BKY BapTICTh, IO JJO3BOJISE IX €(EKTUBHO 3aCTOCOBYBATH B IIpoIecax
OUMIICHHS Ta3iB, IIO BIAXOAATH Yy PI3HUX BHPOOHUNTBAX, B TPATUPHIX CHCTEM
000pOTHOr0 BOJOIOCTAYaHHS, B s/l IHIIMX MPOLIECAaX TEIUIO- Ta MacOOOMIHY y TOMY
YHCITI MUIIXOM MOJIEPHI3aIlil BXKe IIF04YNX YCTAHOBOK.

Hns  nocmimkeHHs MacoBijulaui B rasosil Qasi g B skocti abcopOyemoro

KOMIIOHEHTY Oyino o0OpaHO amiak, B SKOCTI TNoOIIMHaya oOpaHa Boxa. [loiTps
po3risipanocs SK IHEPTHHH Tra3, 1[0 HE po34yMHSAEThCs y Bomi. JlocmimkeHHs
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IIPOBOJMIINCH Ha J1aOOpaTOpHIii yCTaHOBII sika 300paxkeHa Ha puc. 1.

las las Piduna

Piduna

Pucynox 1 — Cxema 1ab0paTOpHOi YCTaHOBKHM IS JOCTIKEHHS MacoBigiadi B
razopiii ¢asi. 1 — koinoHa; 2 — OJOK KOMOIHOBAaHOIO KOHTaKTHOIO €JIEMEeHTY; 3 —
PO3MOIUIBHUK piiuHK; 4 — PO3MOAUIBHUK Ta3dy; 5 — ra3oayBKa; 6 — BHUMiprOBajbHA
Tpy0a; 7 — TpybOka Ilito; 8 — poramerp; 9 — Bentuni; 10 — nudmanomerpu; 11 —
po6oBinOipHuKY; 12 — Gajon 3 amiakom, 13 — Hacoc

Bceepenuni kononu 1 posramoBaHuil KOMOIHOBaHMH KOHTAKTHUM Onok 2. 3HU3Y
KOJIOHH I0JaBajiacsi MOBITPSHO-aMiuHAa CyMIlI, sSKy OJCpXKyBalud MPH 3MilllyBaHHI
amiaky i3 6anoHy 12 3 MOBITpsIM, 1[0 HarHiTaIOCs ra3oAyBKOI0 5. 3pollyBajbHa BOJA
Moj1aBajacs Ha BEpX KOJIOHH i3 BOAOIPOBIAHOI CHCTEMH Yepe3 PO3MOAUIBHUK PiIUHU.
AwmiayHa Bozia cnaboi KOHIEHTpallii, 0 YTBOpWIIacs B pe3yJbTaTi abcopOiii ckupanacs
B KaHai3amilo, a MOBITpS BHBOJWIOCS B atMocdepy. BuTpatm Boam Ta amiaky
peryiroBainucs BEHTHISIMU 9 1 3amipsutics BiAMOBigHO poTrameTpamu 8. Bmict amiaky
BU3HAYAIIM BiOOPOM Ipo0 i3 HACTYIHUM TUTPYBaHHAM. Butpary pigunu cxilaganu Bix
1 mo15 M3/M2TOL[, LIBHAKICTH rasy Bif 2-4 m/c.

ITopsinok IpoBeAeHHs BinOOpy Hpo6 NPOBOAWIM HACTYIHHM YMHOM: BiIKpPUBAIH
BEHTWIb MOJa4i BOAM 1 3amaBanu moTpiOHI BuTpatu. [loTiM 3amyckamu ra3ofyBKy i
BCTAHOBJIOBAJM BUTPATH TMOBITPs, L0 BIANOBIZAIM MIHHOMY peXHMY (Bi3yalbHO).
BinkpuBanu BeHTHIb 9 [UIsl MoJavi amiaky i BCTAHOBJIOBaIM Horo BuTpatH. Yepes 5
XBHJIMH BiAOMpaiy npoOu ra3y BHHU3Y i B BEPXY KOJOHHM i NpoOY piAMHHI BHU3Y KOJIOHH.
Temmeparypa cepenosuia ckiagana 20 °C.

TTotim 3HOBY moBTOproBaiu Bindip mpob. [1o 3akiH4YeHHIO BUMIPIOBaHb, 3aKPHUBAIIU
rojiauy amiaky, BUKJIIOYAIU ra30[yBKy i IepeKpuBanu Bony. BmicT amiaky B mpo0i
BU3HAYAIIM 33 JOMOMOrow (enoadraneiny, po3unHy CipuaHOi KHUCIOTH Ta PO3UHHY
ripookcuny Hatpito. Butpatm 1 KinbkicTh abcopOOBaHOroO amiaky BH3HAYAIHCH
MarepianbHiM OanancoM abcopbuii [2-3].

EdexrtuBHa pobGoTra MacooOMIHHOI amapaTypw JOCSTa€TbCs IPH KOHKPETHOMY
MO€THAHHI 3HAaUeHb KoedinieHTy Maconepenadi K Ta koedirieHTy KOpucHOT Iii 77, sxuit
xapakTepu3sye eeKTUBHICTh MPOTIKAHHS POIIECY.
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Mix 7 Ta K'y [4] OyJlo BKa3aHO Takuii 3B’430K SIK:
n=—2Ks (1
© 20,+ K
Macosignaua B ra3oBiii (asi gocmimkyBaiack Ha cTeHAi 3 komoHowo 0,24 M B
yMoBax abcop0uii amiaky Bonoro. AGCopOIiii0 amiaky NPOBOAMIH NPU MIBUIKOCTI rasy
o, = 2-4 M/C i3 BUKOPHCTAHHSM CTalblli3aTopy MHHOIO [Iapy BU3HAYEHUX N1apameTpiB.

Crabini3aTop BCTaHOBIIOBAIM HaJ MOJOTHOM Aip4yacToi Tapuiku Ha BucoTi Big 0,1 -
0,12 m.

B pesynbraTi mOCTIIKEHHS BHSBISUIMCS 3aKOHOMIPHOCTI IMOTJIMHAHHS aMmiaky y
3aJIEKHOCT] BiJl OCHOBHHX IapaMeTpiB E€KCIEPUMEHTY: IIBMIKOCTI rasy B mepepisi
KOJIOHH, KOHIIEHTpAIlil amiaky, BIIBHOTO TEPETHHY KOMOIHOBAaHOTO KOHTaKTHOTO
€JIEMEHTY Ta HaBaHTa)KCHb 110 P1JIUHI.

Ilpu BUBUYCHHI MOTIMHAHHS aMiaky (pUC. 2) BUSBIICHO, IO KOE(Ili€HT KOPUCHOT il
amapary Jelo 3ajJeXHUTh BiJ 3MiHH IIBHAKOCTI rasy. OHaK, MOXKHA CIIOCTEpIraTH, 110
koe(illieHT KOpUCHOI Aii i3 3acTocyBaHHAM craOulizaTopy Oinbluui HiK 6e3 HBOTO i
MOMITHO OUIbLIMI MPH 3aCTOCYBaHHI cTabili3aTopy i3 TapilKoOK 3 MEHIIUM BiIbHHM
nepernHoM Ta 3 orBopaMu d. = 0,012 m. lle MOXXHa MOSICHUTH THM, IO TAPUIKH i3
OIMBIINM BUTPHUM TMEPETHHOM CIPHUSIOTH OUTBIIOMY MPOBANy DiAMHHU, @ JIOCTATHBO
KPYIHI OTBOPH, Ta MOMIPHO HU3bKMI BIIBHMI NEPETHH CTBOPIOIOTH OLIbIIY BHCOTY
MIHHOTO IIapy, i TaKUM YHHOM IiJBHINYEThCS IMOBEpXHS MacooOMiHy. el ¢axr
MIATBEPAKYETHCS 3POCTAHHIM IHTEHCHBHOCTI Mporiecy adbcopOmii i Takoi KoMOiHaIii
€JIEMEHTIB KOHTAaKTHOTO OJIOKY.

IIpoananizyBaBIM OTpHMaHi EKCIIEPUMEHTANbHI aHi, MpPEICTaBIeHI Ha puc. 3.
MOKHA CKa3aTH, 110 301IbIICHHS IUIOLII BIIBHOTO MEPETHHY PH3BOJHUTH J0 3MEHILICHHS
e(eKTUBHOCTI pPOOOTH KOHTAKTHOTO eleMEHTy. 3 puc 4. BHAHO, [0 MUIUIBHICT
3pOIICHHS B KOMOIHOBAaHOMY KOHTAaKTHOMY €JIEMEHTI Ma€ BIUIMB Ha abCcopOlIito Jiniie
1o 8-10 M3/M2FOL[, Jauti 11 BIUTUB CcTa0lTi3yeThCs T € HE3HAUHKM.

TIpu 3acTocyBaHHI cTabiii3aTopa CroCTEPiragocs HOMITHE 3pOCTaHHS KOEe(DIIiEHTY
KOpPHUCHOI i B KOMOIHOBAaHOMY KOHTaKTHOMY €JIEMEHTI B 3JIE)KHOCTI BiJ| KOHIIEHTpamii
amiaky y MOpIBHSHHI i3 eKCreprMMeHTOM Oe3 3acTocyBaHHs crabimizatopy (puc 5).
EdexTuBHICTE poOOTH KOMOIHOBAHOIO KOHTAaKTHOIO €JIeMEHTy 3pocrae Ha 15 - 17
BIJICOTKIB 3@ IHIIMX PIBHUX YMOB MPHU 3aCTOCYBaHHi CTa01Ti3aTOPy i3 MEHIIMM BiIbHUM
MEPEeTHHOM Jip4acTux Tapijok. Lle y3romkyerbes i3 [4], M0 103BOJISIE KOPUCTYBATHCS
BIZIOMHMH METOJAMU PO3PaxyHKy MHOTPiOHOI KUIBKOCTI CTYNEHIB Uil JOCSTHEHHS
3aJaHo0i e)EeKTUBHOCTI MPOLIECY.

Otmxe, NpoaHai3yBaBIIM pUC. 6 MOXKHA CKa3aTH, IO 30UIbLICHHS 3POLICHHS
piavHOIO 30inmbinye KoedimieHT Macomepenadi. [Ipum 30inbiIeHHI IUIOHI BUTBHOTO
NepeTuHy AipyacToi Tapiinku (puc. 7) CHocTepiraaocs 3MEHIICHHS NOTJIMHAHHS aMiaKy.
Lle HOSCHIOETBCS 3MEHIIEHHSM KIUIbKOCTI PIAMHM B KOMOIHOBaHOMY KOHTaKTHOMY
€JIEMEHTI, NPOBAJIOM i Ha HMXKYi CTYIEHI KOHTAKTy, HeCTaOUIbHUM MiHHUM LIApOM Ta
3MEHIIICHHSIM MOBEepPXHi KOHTAKTy (ha3. [Ipu 30inpmieHHi miamerpy oTtBopiB (puc. 8) B
Tapiiami BigOyBalocs TaKoX 3HIKEHHs KoedillieHTy Macomepenadi, 00yMOBiIeHE
nepepaxoBanumu Buie (akropamu. Ha koedilieHT Macorepenadi CyTTEBO BILIMBA€E
LIBHJKICTB rasy, 10 BUAHO i3 pe3y/bTariB, MPEACTABICHUX Ha pHC. 9.

169



V MixHapo/iHa HayKOBO-IIPaKTHYHA KOH(EepeHIist
«XIMIYHA TEXHOJIOI'IA: HAYKA, EKOHOMIKA TA BUPOBHUIITBO»
20-22 xoBtHst 2021 poky, m. IllocTka

85 -
80 | —
——
Bt ——a
—a—
. —e] 1
= -2
< 65 e\\ —3
60 \
55 M~
—~
50
2 25 3 35 4
Wr,mc

85 ~

NN

. N
o \’\

0,0954

0,1375 02178

S0, M2/m2

0244 0,383

Puc. 2. 3anexHicTh KoedillieHTy
KOPHUCHOI Aii 715 CHCTEMH aMiak — BoJia y
KOMOIHOBAHOMY KOHTAKTHOMY €JIEMEHTI
BiJ IIBUAKOCTI razy: Lo =5 M3/M2~1“011; 1-
de = 0,02 M, So= 0,383 M*/M* — Ge3
crabinizaropy; 2 —d. = 0,015 m, Sp=
0,217 MM — i3 crabinizaropom; 3 —d, =
0,012 M, Sp= 0,137 M*/m* — i3

Puc. 3. BanexHicth KoedillieHTY KOPUCHOT
Iii B cucTeMi amiak — Bojia y
KOMOIHOBAaHOMY KOHTAaKTHOMY €JIEMEHTI
BiJl BUIBHOTO TIEPETUHY Aip4acToi TapiIKu:
Lo =5 M /M*rom; W, = 2,5wm/c, Cxuz = 2%

crabimizaTopom
w w
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Puc. 4. 3anexHicts koediuieHTy
KOPHCHOT Jii U1l CHCTEMH aMiak — BoJia y
KOMOIHOBaHOMY KOHTaKTHOMY €JIeMEHTI
BiJl miiIbHOCTI 3porieHHs: Wy = 2,5 m/c,
Cnus = 2%: 1 —d. = 0,02 M, Sp= 0,383
M2/M? — Ges craGinisaropy; 2 — de = 0,015
M, So= 0,217 M*/M° — i3 crabimizaropom; 3
~d. =0,012 M, So= 0,137 M*/™" — i3
cTabinizaTopom

Puc. 5. 3anexHictb koedilieHTy KOPUCHOT
IUT ISl CUCTEMH aMiak — BOJa Y
KOMOIHOBaHOMY KOHTaKTHOMY €JIeMEHTI
BiJ] TOYAaTKOBOI KOHIEHTpaIii amiaky: Wy =
2,5 m/c, Lo =5 M/m>rom: 1 —de = 0,02 M,
Sp=0,383 M2/ — 6e3 crabimizaropy; 2 —
de = 0,015 M, So= 0,217 M*/M* — i3
crabimizatopom; 3 —d, = 0,012 m, Sp=
0,137 M*/m* — i3 crabinizaropom

Sk BUAHO 13 prc. 9 MBUIKICTH a3y Ma€e iCTOTHHUI BIUIMB Ha BUCOTY ra30piMHHOTO
mapy Ta koe(ilieHT Maconepenaui B KoOMOIHOBaHOMY KOHTAKTHOMY €JIEMEHTI.
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Puc. 6. 3anexuicts koedinieHTy
Macorepeaadi Bi/IHECEHOTo J0 IO
TapiIKK BiJl MIITBHOCTI 3POLLIEHHS.
Cucrema amiak — Boza: d. = 0,012 m,
So=10,137 MM — i3 crabinizaropom, Wy
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Puc. 7. 3anexHictb koedilieHTy
Macorepeiadi Bi;IHECEHOro J0 IO
TapiIKK BiJl BUIbHOIO NEPETHHY JipuacTol
tapinku. Cucrema aMmiak — Boja:
Lo=5 M3/M2~I‘OL[, W:=2,5wm/c.

=2,5M/c.
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Puc. 8. 3anexnicts koedilieHTy
Macorepeaadi BiIHECEHOTo 10
IUIOII TAPUIKH Bijl liaMeTpy OTBOpIB
tapinku. Cucrema amiak — Boga: Lo=5
M3/M2-1"0£[, W.=2,5wm/c.

Puc. 9. 3anexnicts koediLieHTa
Macorepeiadi KoMOiHOBaHOTO
KOHTAKTHOT'O €IIEMEHTY BiJl IIBHKOCTI
ra3y. Cucrema amiak — Boga: Lo =5
v/t ron; 1—de =0,02 M, So= 0,383
M2/M° — Ges crabinisaropy; 2 — de = 0,015
M, So=10,217 MM — i3 crabinizaropom; 3
—de =0,012 M, So=10,137 M/M* — i3
cTabinizaTopom

ITicnst 0OpoOKM eKCIIepUMEHTANBHIX JaHUX OYJI0 OTPUMAHO eMITIPUYHI 3aIeKHOCTI
JUIsl po3paxyHKy koedilieHTy Maconepajadi B ra3osiit ¢asi, m/rox:
3 15 70,17 7038 @-0,77
K, =13-10°W.°127d"*S; 2

Ta npu Bu3HauenHi KK/, % :

7=0170-10°W, " L*d **s,** 3
IMToxubka po3paxyHKiB 3a piBHSHHAMU (2-3) He nepeBuimiIa 15 %.
Tlpu BuBeneHHI PO3PaxXyHKOBHX KPHTEpIANbHUX PIBHSIHB MpHU abcopOIii amiaky
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sanexuicts K, = f(H) supaxaiors onsouienom [4-6]:
K, =n(H)" C))

B pe3ynbrati 00poOKH eKCliepUMEHTAIBHUX JaHUX OyJ0 OTPHUMAHO PIBHSHHS IS
BH3HAuYCHHS KoedillieHTa Macomnepenadi B ra3oBii ¢asi K, m/rox:

K, =11145W.H"" (%)

BiaxuiieHHs eKCIIepUMEHTAIBHUX JaHHX BiJl pO3paxyHKOBHX 3a PiBHSHHAM (5) He
nepeBuuIyBaio + 15%.

Orxe, eeKTHBHICTH MaCOOOMIHY B KOMOIHOBaHOMY KOHTAKTHOMY €JIEMEHTI SKHit
mpaiioe B CTabUIbHOMY MIHHOMY pPEXHMI MiATBEPMKYeE, 10 OOpaHa KOHCTPYKIIis
€JIEMEHTIB CIIPUYUHIOE IHTEHCUBHE IepEeMilllyBaHHs B3a€MOIIIOUMX (a3, CTPUMYBaHHS
ra3oBMICTy y MEBHOMY [iama3oHi Ta 3pOCTAaHHS BEIMYMHM MOBEPXHI KOHTAKTy (a3 i
LIBHJKICTIO 1X OHOBJIEHHA. Ha mpomec MacooOMiHy B ra3oBiii ¢a3i iCTOTHHI BIUIMB
poONATh TiAPOJMHAMIUHI MHapaMeTpy — IIBHAKICTH Ta3y B amapari i MUTOME
HABAaHTaXECHHS IO PIIUHH, SKI OINOCEPEKOBAHO BIUIMBAIOTH, HA BUCOTY LIAPy PiAMHM
Ha Tapiili 1 ra3oBMIiCT MIHHOrO MLIapy, a TaKOX HE HOCHiIKeH! (i3uKo-XiMiuHi
BJIACTHUBOCTI B3a€EMOJIIOUNX CUCTEM.

Just nopansioi inTeHcudikanii abcopOLiiHUX anapartiB MOXIMBO BUKOPHCTAHHS
3aMpOMOHOBAHOI KOHCTPYKIIi 13 BHKOPHUCTaHHAM TpU(a3HOTO MIHHOTO Iapy i3
3B)XKEHOIO Haca/kolo. PaHime Oyio0 BHCIIOBJICHO NPHUIYLIEHHS NPO NEPCIEKTUBHICTh
BUKOPUCTAHHS CITYaCTUX MaTepiasliB Ul BUTOTOBJICHHS HACAJKOBHX Til, TO CIiX
MiAKPECTUTH OCOOIUBICTS pOOOTH anaparis 3 MOAIOHUMHU HacagKaMu [6].

IIpomucioBa peamizamis abcopOLiMHMX mpoleciB y MiHHOMY Imapi Ta
BUKOPHCTaHHS METOJy cTabimi3alii ra3opiIMHHOrO MIapy 3HAYHO pO3LIUPIOE chepy
3aCTOCYBaHHS IIHHMX anapariB 1 BiIKpMBa€ HOBI MOXJIMBOCTI iHTeHcU]ikamii
TEXHOJIOTTYHMX TPOIECIB 3 OJHOYACHUM CTBOPSHHSIM MAJOBIIXOJHHUX TEXHOJOTiH. A
BUKOPUCTaHHS Cy4aCHHUX KOHCTPYKLIH peryspHUX HacaJloK Yy sKOCTi crabimi3aTopiB
JI03BOJISIE MOJICPHI3YBaTH Ai104i abcopOwLiiiHi anapaTy.
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Mycotoxins are a large group of various structural compounds and biological
exposures, and they are made by various groups of fungi. Mycotoxins are considered a
global health, agriculture, and economical threat. Most mycotoxins are chemically
stable, they survive storage and processing, and could even remain in processed food.
Mycotoxins are metabolized by liver and/or kidney and depending on their type and
their metabolized products are excreted. Wastewater based epidemiology (WBE) is a
novel biomonitoring approach for tracking human exposure to mycotoxins based on the
analysis of wastewater (WW) samples. For WBE applications sensitive, and selective
WW sample preparation and instrumental methods were developed by several authors
[1].

Within the current study the main parameters of the analysis were optimized for the
determination of mycotoxins which occur in WW samples — deoxynivalenol (DON),
beauvericin (BEA), enniatin A (ENNA), enniatin A1 (ENNA1), enniatin B (ENNB) and
enniatin B1 (ENNB1).

13 analytical columns were compared by intensity, peak shape, sorption coefficient
and number of theoretical plates (see Table I).

2

Table 1
List of analytical col used in the study
Nr. Column Size, mm Sorptign Number of theoretical
coefficient plates
1. Luna C18 3 pm 150 x 4,6 - -
2. Kinetex C18 1.7 pm 50x3,0 7,6 411
3. Hypercarb 5 pm (used) 100 x 2,1 18 905
4. Kinetex C18 1.7 pm 100 x 3,0 7,3 2004
5. Synergi Polar-RP 4 um 150 x 3,0 7.8 1080
6. Kinetex PFP 1,7 pm with UHPLC filter 100 x 3,0 4.4 4774
7. Omega Polar C18 1.6 um 100 x 1,0 18 1947
8. Omega Polar C18 3 pm 100x 3,0 8.8 1838
9. Kinetex Phenyl-Hexyl 2.6 um 100 x 2,1 6,7 958
10. Synergi Hydro-RP 4 ym 150x 3,0 12 1171
11. Synergi Max-RP 4 um 150x 3,0 14 633
12. Hypercarb 5 pm (used) 100 x 2,1 14 58
13. Hypercarb 5 pm (new) 100x 2,1 45 804

Hypercarb 5 um column was selected to develop the method for the determination
of DON, as it showed very good sorption
coefficient, and Kinetex PFP 1.7 pm column was 12000
applied for separation of BEA, ENNA, ENNA1,  !oo0 e scctonile
ENNB and ENNBI1 due to optimal resolution and 8000 5 mM ammonium acetate
the number of theoretical plates. 6000

For the detection of mycotoxins, it is 4000 Mater and acetond
necessary to use acidified phases with the addition 2000 ‘
of salts, because the additive increases the ’ 2 25 3 35 4
ionization of mycotoxins. Time, min

It was observed that no analyte peaks were  Figure 1. DON chromatogram in different
observed in the samples using deionized water ~Phases using Kinetex PFP column

Intensity, cps
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and acetonitrile. Using water and acetonitrile supplemented with 0.1% formic acid, the
adducts were unstable and the samples showed poor repeatability. The phase system
that solved the sensitivity and fragment stability problems was deionized water and
methanol to which 0.2% acetic acid and ammonium acetate additives because the
intensity and shape of the peak was satisfactory (see Figure 1).

DON concentration, ppb

SPE columns were used to clean-up and concentrate the samples. The SPE columns
Strata C18-E, Strata X, Oasis HLB, Strata Basic Screen and Strata ABW were
compared. Using the Strata ABW and Basic Screen columns, it was found that they
were not suitable for DON determination
because DON was not found.

100 mL of artificially contaminated — z .
deionized water was used for the method 150
development experiment. The sample was 100
applied in portions to the columns, one 50 .
fraction of each 20 mL of sample was L 0 o % 100
collected to observe analyte losses. Sample volume passed through, mL (20 mL fraction)
Fractions were analysed and it was found . ) o
that using Strata CI8-E columns, DON Figure 2. DON elution profile using Strata
leaches from the sorbent due to the CISEcolumns
addition of large sample volumes, DON
losses are 53% (see Figure 2).

The absolute SPE recovery for Strata C18-E, Strata X and Oasis HLB columns was
compared. 3 replicates were performed for each point, with the standard additive
concentration of 5 ng/L for BEA and ENN and the standard additive concentration of 25
ng/L for DON (see Table 2).

Table 2

Absolute SPE recovery of mycotoxins at Milli-Q water standard addition concentration of 5 ng/L
for ENN group and BEA, 25 ng/L for DON

Strata C18-E, % Strata X, % Oasis HLB, %

DON 9,0 94 94
BEA 59 90 75
ENNA 67 104 92
ENNALI 71 103 82
ENNB 72 106 76
ENNB1 72 106 78
Average: PFP method 68 102 81

Hypercarb methode 9,0 94 94

The absolute recovery of DON using Strata C18-E column was found to be 9.0%.
In the case of BEA and ENN, the recovery of the column was in the range of 59 - 72%.
The absolute recovery of the Strata-X column with all compounds was excellent, in the
range of 94 - 106%. The absolute recovery of Oasis HLB columns was similar to Strata-
X columns.

The composition of different samples of WW is very variable and varied, so it was
necessary to make sure that the chosen extraction is suitable for the analysis of this
complex matrix. The extraction efficiency for Stata-X columns was tested by
concentrating 500 mL WW sample. Tap water was used as a control (see Table 3).
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Table 3
Strata-X column extraction efficiency
Tap water Watewater Watewater ‘Watewater
Nr 1 Nr2 Nr3

DON 97% 98% 96% 98%
BEA 56% 187%* 84% 92%
ENNA 69% 166%* 84% 97%
ENNAI 74% 104% 88% 98%
ENNB 72% 101% 89% 109%
ENNBI 82% 103% 96% 95%

* Coarse error by Dixon criterion

It was observed that in the case of Strata-X column DON with tap water is 97%,
with WW matrix is 96-98%. In the case of BEA and ENN, the results with the Strata-X
column are also satisfactory - the extraction efficiency was in the range of 84 - 109%.

Table 2 and Table 3 show extraction efficiencies and absolute recoveries greater
than 100%, which could be explained by the presence of exogenous substances from
external sources during sample preparation, such as residues released from SPE
cartridges [2].

Strata-X columns were chosen for further sample preparation. Oasis HLB columns
are good alternative for DON, BEA and ENN detection, but the column price is higher
than Strata-X columns.

Different sample volumes were compared in our study. The larger the sample
volume, the higher the signal intensity in the case of DON. 666 mL and 1000 mL were
selected for comparison of BEA and ENN. It was observed that with 666 mL of sample
volume, the signals were more intense than with 1000 mL, except for ENNA1. The
results obtained are contrary to expectations, which could be explained by the capacity
of SPE columns. An increased sample volume theoretically provides higher
concentration of analytes after concentration, there are losses and larger matrix effects
rather than increases in intensity. Increasing the sample volume to 1000 mL increases
the signal intensity for DON and ENNAI, but decreases for BEA, ENNA, ENNB and
ENNBI due to matrix effects. For the DON analysis, the optimal volume was 500 mL
of sample. Volume greater than 1000 mL strongly affected the chromatographic
determination, increased the load on the SPE columns, increased the matrix effect,
increased the sample preparation time.

The stability of the sample was tested by testing artificially contaminated samples
after a certain time, which is stored at different temperatures. 5 L wastewater sample
was used, which was initially analysed in series with a blank sample and sample with
standard additive concentration of 5 ng/L. After analysis of the sample, standard
addition of mycotoxins at concentration of 5 ng/L was added to the residue. The 4L
sample was aliquoted into 2L and stored at -20 °Cand + 4 °C, respectively. The sample
was retested after | week and after 2 weeks. During the experiment, it was shown that
compounds in the sample are stable for 2 weeks when stored both in the freezer and in
the refrigerator, so the analysis of the samples should be performed within 2 weeks.

The selectivity of the method was demonstrated by preparing blank matrix sample
and comparing it with an analogous matrix sample supplemented with the mycotoxin
standard additive at the level of the limit of quantification (LOQ). The method shows
good selectivity, however, signal of natural contamination is observed in the case of
DON and ENNB. During the development of the analytical procedure, natural
contamination of DON and ENNB at all levels was always detected in all analysed
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samples, therefore it had to be considered when continuing the development of
validation.

The linearity of the method was checked by constructing calibration lines from standard
solutions in the case of DON, as it is possible to use the internal standard method and
matrix calibration in the case of BEA and ENN prepared according to the standard
additive calibration method. In the case of the BEA and ENN groups, the concentration
of mycotoxins in the samples was determined by calibrating one point for each sample
(for screening purposes), which can be used because the linearity of the compounds in
different matrices was demonstrated. If the concentration was determined above the first
calibration point, the analysis was repeated by 5-level calibration with the standard
addition method. In the case of BEA and ENN, it is not possible to use calibration with
standard solutions for quantification because of the large matrix effect and the need for
an internal standard to reduce it. Therefore, calibration of the standard additive method
on each sample was used to reduce matrix effect errors.

The limit of quantification (LOD) was defined as the concentration in the sample
with a signal-to-noise ratio > 3 and was assessed by repeated analysis of blank samples
with different concentrations of standard additives.

The limit of quantification (LOQ) was defined as the concentration in the sample
with a signal-to-noise ratio > 10 and was assessed by repeated analysis of blank samples
with different concentrations of standard additives.

Data on instrumental detection limits (IDL), LOD and LOQ were collected (see
Table 4).

Table 4
Instrumental detection limits, LOQ and LOD
Compound IDL, ng/L LOD, ng/L LOQ, ng/L

Deoxynivalenol 0,18 1,9 6,4
Beauvericin 0,0025 0,039 0,13
Enniatin A 0,010 0,12 0,40
Enniatin Al 0,0089 0,14 0,47
Enniatin B 0,0055 0,044 0,15
Enniatin B1 0,017 0,13 0,43

It was concluded that the developed method is suitable for the determination of
mycotoxins of the DON, BEA and ENN groups, the lowest and optimal LODs for their
detection were achieved.

The relative recovery of the method was defined as the ratio of the measured area
of the standard additive and the internal standard added before extraction divided by the
ratio of the net measured additive to the internal standard [2]. The relative recovery was
applied to the DON compound using the internal standard. The absolute recovery of the
method was defined as the ratio of the concentration of the measured sample with the
standard additive to the corresponding concentration of the measured standard solution
[2]. The absolute recovery was applied to all combinations.

The relative recoveries of the method DON were shown in the table (see Table 5).

Table 5
Relative recovery of the method DON
Compound Average relative recovery, % Min. — max. relative recovery, %
Deoxynivalenol 102 92110

176



V MixHapo/iHa HayKOBO-IIPaKTHYHA KOH(EepeHIist
«XIMIYHA TEXHOJIOI'IA: HAYKA, EKOHOMIKA TA BUPOBHUIITBO»
20-22 xoBtHst 2021 poky, m. IllocTka

It was demonstrated that the relative recovery of DON is in the range of 92 - 110%,
on average 102%. The absolute recoveries of the method were shown in the table (see
Table 6).

Table 6
Absolute recovery of the method

Compounds Average absolute recovery, %  Min. — max. absolute recovery, %
Deoxynivalenol 105 84 118

Beauvericin 91 66— 115

Enniatin A 94 63 - 126

Enniatin A, 104 82-131

Enniatin B 89 59-113

Enniatin B, 89 64 —109

The experiment showed that the absolute recovery was in the range of 59 - 131%
(DON 84-118%, BEA 66-115%, ENNA 63-126%, ENNA1 82-131%, ENNB 59-113%
and ENNB1 64-109%).

The matrix effect (ME) was evaluated as the difference between the slope of the
calibration graph performed on the matrix and the slope of the calibration graph
performed on the standard solutions. 3 different wastewater samples of unknown origin
were used in the experiment (see Table 7).

Table 7
Matrix effect for wastewater samples
Wastewater Nr 1 Wastewater Nr 2 Wastewater Nr 3 Average value

DON 8% - - 8%
BEA -96% -718% -91% -88%
ENNA -40% -24% -51% -38%
ENNA1 -15% -51% -56% -61%
ENNB -65% -49% -70% -61%
ENNBI -67% -38% -64% -56 %

It was concluded that for all compounds in almost all samples a negative matrix
effect is observed - during ionization the suppression of the ion of the compound takes
place. For the DON experiment, one average sample was tested (sample obtained by
combining different effluents in an average sample to obtain a representative effluent
sample) and quantification was performed with standard solutions using an internal
standard. The level of matrix effect varies between samples, which means that it is not
correct to use matrix calibration on a single sample basis. At least one point calibration
per sample must be performed to perform a correct quantification without an internal
standard. If uniform samples (obtained from the same site of similar composition) are
expected, it will be possible to use matrix calibration from one sample with the standard
additive before performing the experiment.

The expanded measurement uncertainty (at 95% confidence interval) was assessed
by repeated measurements of samples with the standard additive near the limit of
quantification (quality control samples) and by calculating the relative standard
deviation from the recovery of the measurement results. Expansion factor k = 2.

The estimated preliminary uncertainties for all detectable compounds ranged from
17% to 44%. To calculate the uncertainty, the quality control data were accumulated
and summarized in a table (see Table 8).
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Table 8
Uncertainty of the method
Compounds U, %
Deoxynivalenol 17
Beauvericin 44
Enniatin A 43
Enniatin A1l 36
Enniatin B 44
Enniatin B1 42
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The chemical and petrochemical sector is of vital economic importance. Global
production amounted to 5.7 trillion United States dollars (USD) in 2017, including
pharmaceuticals. Production is projected to quadruple by 2060 [1]. The sector’s reliance
on fossil fuels and fossil feedstocks results in the emissions of carbon dioxide (CO2)
during the production, use and end-of-life phases. As a result, the chemical and
petrochemical sector is a major contributor to global industrial CO2 emissions, ranking
third behind iron and steel-making and cement production. Total direct emissions from
production, product use and waste handling amounted to 1.6 gigatonnes (Gt) of CO2 per
year, while indirect emissions related to electricity supply accounted for 0.6 Gt of CO2
per year. Production of chemicals results in around 1.1 Gt of energy and processing
CO2 emissions annually, accounting for about half of the full life cycle carbon footprint
(estimated based on Ref. [2]).

Solar process heating systems can replace fossil fuels for process heat generation
[3,4].

Design developments of an effective original method for converting solar radiation
by gyroscopic solar power satellite with a new thermal conversion algorithm, rather
than previously developed, will not leave designers and developers without attention to
the concept of poor development of space energy. Their implementation will lead to
partial replacement of irreplaceable natural Earth energy resources. The peculiarity of
the proposed projects reveals the fact of the discovery of the combination of
multifunctional processes with the same components of the design of gyroscopic solar
power satellite (GSPS) in converting the energy of the full spectrum of solar radiation
into mechanical and electrical in the necessary ratios and is justified by the following
provisions.

This is the leading idea of projects, as a combination of processes, belongs to the
algorithm for the continuous conversion of solar energy by performing useful work by
the working fluid in the sunflower region and in shading, even when the heat is released
into space. It is substantiated by the architecture of the GSPS structure, which looks
like a single technical structure made of a circular parabolic solar concentrator with
heat-converting modules. They are placed in a heat trap of the focal region of
concentrated radiation along the perimeter of one of the two concentric bearing trusses.
On the farms in the center or at the periphery of the shadow area, depending on the
version of the GSPS design, the components of the superconducting electric generator
are located. The trusses have the possibility of opposite rotation around the axis oriented
to the sun through interaction through the kinematic coupling nodes from the modules
(Fig.1).
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a
Fig.1. The schemes of the GSPS with concentrators.

A feature of the created project of a gyroscopic space solar power station (GSPS)
with a new thermal conversion system (TCS) and a superconducting generator is a
fundamentally different approach for converting the energy of the full spectrum of solar
radiation into mechanical and electrical in the necessary ratios than were previously
developed in the field of space energy [5].

The argumentation of the key feature of a heat trap, in the traditional terminology
of a radiation heat receiver, is its constructive solution of a circular tunnel cavity made
of a transparent film with low-emission magnetron sputtering. An enlarged
concentrator in front of the entrance of thermal modules from the heat-emitting (cold)
region to the heat trap compensates for the losses due to reflection of that incident part
of the infrared radiation spectrum on the film that did not pass through it. This makes it
possible to make a correction for the calculated value of the energy supplied to the heat
trap at the stage of rapid heating of the working fluid in the heat-converting modules.
Radiation transmitted with a small wavelength is "transformed" into radiation energy
from heated modules with a working fluid into radiation with a longer wavelength,
which do not pass outside, but are used to perform useful work on rotating farms with a
component of a superconducting generator on them, which is always in the shadow low
temperature areas.

In another version of the GSPS design, the heat trap has a rigid torus shape made of
heat-resistant durable heat-insulating material with a mirror-like inner surface. In this
case, the leading idea of the elemental compatibility of multifunctional transformation
processes remains the same, so in the variants of the basic structures of the GSPS in the
sunflower region along the surface of the heat trap, the width of the focal spot,
concentrated radiation passes the opening into the heat trap. This ensures that the
modules with the working fluid absorb the energy of the full spectrum of solar radiation
that has passed through the opening. The rods from the modules pass through the side
cut as rotation drives of the bearing trusses. The stage of transferring all the stored
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thermal energy by the module and the working fluid in it, if necessary, to work in the
absence of a concentrator and an opening in a heat trap does not contradict the laws of
thermodynamics. Thus, heat-converting modules moving in the circular cavities of heat
traps and outside acquire the purpose of a heat receiver, a refrigerator-emitter, a
gyroscopic guidance system with rotating trusses in the sun, drives for rotating the
shafts of electric generators and a slight gravity necessary for the crew and
technological processes (Fig.2).

b

Fig.2.The GSPS and the compound film concentrator of solar radiation above the
heat receiver (a), the power plant cross-sectional view (b).

The design solution of the GSPS in the solar energy conversion algorithm
eliminates the most important problem of resonating mechanical effects in zero gravity
from moving units due to the smoothly varying loading action of the rods from the
modules on the rotation of the bearing trusses. The angular speed of rotation of the
trusses relative to a fixed frame of reference (the Sun) with a fixed area of the
concentrator, in turn, varies by the moment of inertia (the placement of production
equipment on the trusses in radial directions).
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It will be more convenient to solve the tasks of putting the GSPS into orbit by
testing with a preliminary study of the model installation in a pressure chamber. The
GSPS under test is assembled in terrestrial conditions with the central part of a
superconducting electric generator (or with neodymium magnets) placed in a launch
vehicle. The rest of the components, as in the project, are placed on the trusses outside
on the perimeter of the carrier rocket body with a fairing over the heat trap to reduce
atmospheric resistance. In another version of the tested GSPS, the heat trap is made of a
durable material with low thermal conductivity and located above it, under the fairing of
a folded concentrator with the possibility of automated deployment in orbit. In the
conceptual plan, in addition to the main purpose of the GSPS, as an option, it is
envisaged the production of ultrapure materials for the accumulation of charge with
subsequent sending to the Earth to create energy storage systems. For more details see
here: https://maryinskykh.ishostka.sumdu.edu.ua.
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CHUHTE3 ®EPPOHEHMOJJUPUIIUPOBAHHOI'O KACTOPOBOI'O MACJIA
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Ota pabora nocesiieHa pa3pabOTKe HOBBIX KaTalM3aTOPOB TOPEHMS TBEPAOTO
pPAaKeTHOro  TOIUIMBA €  IUIACTHQUUUPYIONIMMH  CBOWCTBAMHM  HAa  OCHOBE
MO (UIIMPOBAHHOTO KACTOPOBOT'O Maciia M MPOU3BOIHBIX (heppolieHa.

B Hacrosmee BpeMsi OrpOMHOE KOJIMYECTBO (hePPOLIEHCOAEPKALIMX OPraHUUECKUX
COCJIMHEHUH: QJIKeHOB, CIMPTOB, IPOCTHIX M CJIOXHBIX O3(HPOB, DIOKCHIOB,
rajoreHajJkaHoB W T. J. IPOLUIM MCHBITaHUS B COCTAaBaX CMECEBOIO TBEPAOrO
pakerHoro TtorumBa (CTPII) [1-4]. OpnHako, WX TEHAGHIUS K MHUIPalid U
YyBCTBUTEIBHOCTb K OKHCJICHUIO OFPAHHYMBAIOT BO3MOXKHOCTb MX MCIOIb30BaHUs. s
noyy4deHus: Oojiee BBICOKMX CKOPOCTEH TOpPEHHs paKeTHOTO TOIUIMBA Tpedyercs
IpUMEHEHHE TIOBBIIIEHHBIX  KOHIEHTpalUil  KaTaiu3zaTopa, YTO B  ciydae
anKmwiheppoLeHOB TPYAHO PEealM30BaTh M3-3a UX BBICOKOI Jerydectd. IlosTomy Uit
obecrieueHus! CTaOMIBHOCTH CBOMCTB TOIUIMBA B MPOLIECCE XPAHEHHsI U OKCIUTyaTalluH,
colepKaHue O KUJIKUX (epPpPOLICHOBBIX COSJUHEHHH B COCTaBe, Kak IIPaBUIO, He
npesbimiaer 1 %, TeM caMbIM OTPAaHUYMBACTCSl BO3MOXKHOCTBH ITIOBBILICHHSI CKOPOCTH
TOPEHUsI TOIUIMBHBIX KOMIO3ULMHI. [TonbITKH pefoTBpaTUTh AU QY3110 IPOU3BOIHBIX
(beppolieHa Ha MOBEPXHOCTb TOIUIMBA CBS3BIBAINCH C YBEIMYCHHEM KOJIHYECTBA
(GepponeHOBbIX  (parMEHTOB B MOJICKYJIS, YBEIMUYEHHEM pa3MEpPOB  MOJICKYI,
cozepkalMx (eppolLeH, YTo He NMpPUBENO K IOJOXKHMTEIbHBIM pe3yinbTaTaMm. Jpyrue
MONBITKH  NPENOTBPATUTh AU(G Y30 HAa MOBEPXHOCTH TOIUIMBA IPOU3BOIHBIX
(eppolieHa CBA3aHbl C MCIOJIb30BAHUEM COIOJIMMEpPOB, COAEpPXKALMX (heppOLIEHOBLII
(GparMeHT BMecTe ¢ OpYruMu (YHKIHOHAIBHBIMU Tpynnamu. JlaHHbIE COMOJIMMEpHI
MO’KHO HCIIONB30BaTh B KauyeCTBE OTBEPAUTENEH YIJIEBOLOPOJHOIO CBS3YIOLIETO,
OJIHAKO, 3/1€Ch BO3HHMKAeT NPOOIEeMa CHHTETHYECKOM CIOXKHOCTH HMX IOJIYYCHUS H
JOCTATOYHO BBICOKOM LEHBI, YTO NPHBOJUT K YIOpOXKaHHIO KaTanu3saropa.[5-7] Taxoke
OHH YYBCTBUTENIbHBI K OKHCICHHIO M OOBIYHO HE OONANalOT OYeHb XOPOLIMMH
JIACTUYHBIMU CBOHCTBAMM, OCOOCHHO IIPH HU3KHUX TeMIeparypax. B kauecTse skuaKoro
(beppoleHcoaepKaIero Karaau3aTopa co CBOMCTBaMM IutacTH(HUKAaTOpa HaMH OBLIN
HOJIy4€HO COCIMHEHHWE Ha OCHOBE XHMHUYECKH MOAMU(UIMPOBAHHOIO KacTOPOBOIO
Macna ®  (eppoueHKapOOHOBOH KHCIOTBI, KOTOpBIA siBisiercs  3((EKTHBHBIM
KaTalInu3aTOPOM CKOPOCTH TOPEHMs HEpXJOPAaTHBIX TOIUIMB M II03BOJSIET HM30eXkaTh
Ipo0JIEMBI OTIMCaHHBIC BHIIIE, a TAKXKE SKOHOMHYECKH BHITOZIEH [8].

CHHTe3 NPOYKTOB IVIMLEPOJIH3a KACTOPOBOI0 Macja

OCHOBHBIM ~ KOMIIOHEHTOM  KacTOPOBOTO  Macia  SBISIETCS  TPUINIULIEPUJ
PHULIMHONEBON KHUCIOTHI, COAepxaHue Kotopoi Bappupyercs or 80 mo 94 % (I'OCT
6757-96).

IlonuonpHbIE KOMIIOHEHTHI Ha 0a3e KacTOpPOBOIO Macia MONyYald IIyTeM ero
HarpeBaHusi ¢ U30BITKOM INIMLEPHHA C 00pa30BaHUEM M3 TPHUIIMLEPHIA PHLHHOIEBOM
KHCIIOTHI TIPOLYKTOB Iiuueponusa kacropooro macna (II'KM) no cxeme Ha puc.l.
OCHOBHBIM TPOAYKTOM TJHIEPOIH3a 1O JAHHBIM [9] SIBISIOTCS MOHOTJIHAIEPUIBI
punuHOBOM kucnotel (1,2), aurmuunepunasl (3,4) conepxkarcs B BHIE INpHUMeceil.
I'muueponus KacTOpoBOro Macia HMPOBOAWIIM IPH NEPEeMENIMBaHHUM B TOKE a30Ta M
narpesainu  (200-210°C) B mpucyrcTBum Karamusatopa PbO, ¢ mocnemyromiei
MIPOMBIBKO# OT IJIMIEPHUHA BOJHBIM PACTBOPOM allETOHA M BBICYLIMBAHHEM CMECH HaJl
6e3BoaubiM NapSO4. st uzbaenenust ot ocratkoB Biaaru k [ITKM nobGasisiin cyxoit
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OCH30JI M 3aTe€M NPOBOIIIN A3COTPONHYIO OTIOHKY BOJHO-OCH30JIBHOM CMecH Ha
POTOPHOM HCIIapHTele B TedeHue 3-4 4. 1oJ] yMEHbIICHHBIM JaBICHHEM.
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Pucynok 1.- Cxema riumeposn3a TpUIIUIEPUIa PULTUHOIEBOH KHCIOTHI

Beenenne ¢eppouenmnsroro ¢parmenta B III'PO mpoBogunum myrem ero
AIMIMPOBAHUsL 10J JeiicTBHEM XJIOpaHrHApuaa (eporeHKapOOHOBOW —KHCIIOTBHI,
KOTOPYI0 IOJy4YaJdd TIpH B3aUMOACHCTBMH  (EepOLCHKApOOHOBOM KHCIOTHl ¢
nenTaxiaopugoM (Qocdopa. Peakius mnpoxoaunaa B pacTBOpe CyXoro OeH3oua.
Xnopanruapun (GeporeHKapOOHOBOI KHUCIOTHI TMONy4Yadd IO CXeMe Ha puc.2 u
HCTIOJIB30BaNN O€3 BBIJICNICHNUS, OTAECNSS IIEPEroHKoi oz BakyyMmoM Oenson u POCl;.

(o]
Il
CeHs CE
+ PCIs —_—

i _

Pucynok 2.- Cxema cunTe3a xjopanruapuaa GpeporeHkapOoHOBOH KHCIOTHI,

K TemHO-KpacHOMY OCTaTKy XJIOpaHryapuaa (epporeHKapOOHOBOH KHCIOTHI
n00aBsIM cyxoi OeH30i, ¢unbTpoBam M B aTMmochepe azora mobasmsuin [1TPO,
KOJIMYECTBO KOTOPOIO PACCUUTBHIBAIM HUCXOJS U3 aHAIM3a HA COACPIKaHHE
THUAPOKCUIIBHBIX TPYMIL. PeakiimoHHyto cMech nepemMennBaiy npu Harpesannu 50-60°C

+ HCI + POCl
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B TeueHHE 2-3 4 B MPUCYTCTBHU KaTAIUTHYECKOTO KOJMYECTBA TPUAITHIAMHHA.
Ionydennslii  mpoaykT, cMmech  (eppoueHownraunepunpuiunoieatos  (OIP),
HPEICTABIICT cO00i TEMHO-KpPAaCHOE Macyio, KOTOPOe NMPOMBIBAIOT JVCT.BOJOM, CymIaT
1 OTTOHSIOT GEH30JI MOJ BaKyyMOM. XapaKTEePHCTHKA MCXOJHBIX BEIIECTB M KOHCYHBIX
[IPOJYKTOB MpUBe/eHbI B Tabnuiel.

Tabmuua 1. OU3MKO-XMMHYECKHE XapaKTEPUCTUKH MPOU3BOJHBIX KacTOPOBOTO
macia

Bemectso | Kapbok- | Coneprkanue | AuerunsHoe | Fe, Dochop INokazaTens
cuabHOe | OH-rpynm, | umcno o6y, | o6, % mpesnomie-
4ucio, % % HUA,
mr KOH 20°C)

KM 1,15 9,46-10,49 329,32 - - 1,4731

II'KM 1,21 14,68-22 ,42 | 308,75 - - 1,4760

orp 741 3.3-884 291,84 27-30 | 0,39-0,47 | 1,4848

Hamu Obuta orpaboTaHa MeTOAWMKa CHHTe3a (eppolCHKapOOHOBOW KHCIOTHI C
LEebl0 BBIPAOOTKM JIOCTATOYHOTO KOJMYECTBA ATOr0 MHPOAYKTa. 3a OCHOBY B3fTa
METOAMKa, MO KOTOpOM CHHTE3 (eppolieHKapOOHOBOH KHCIOTHI IMPOBOAAT IIyTeM
npomyckanusi razoodpasnoro CO, uepe3 pacTBop (eppoleHa B cCyxoM OeH30ie B
MIPUCYTCTBUH M30BITKA OE3BOTHOTO XJIOPHA ATFOMUAHHS.

be110 onpenienieno, 4To BhIXOJ] MPOAYKTA YBEITMUMBACTCS, €CITH:

- CHavaja IpoITycKaTh 4epe3 CyXxoi OeH301 ¢ 0€3BOJHBIM XJIOPHIOM aTFOMUHHUS I'a3
CO; B Teuenune 30 MUH. st 00pa30BaHUS PEAKIIHOHHOTO KOMILIEKCa;

- 3arpy3Ky KpUCTaJUIM4ecKoro (eppoleHa HPOBOAUTH IIOITANHO, HEOOIbIIUMU
TTOPIHSAMU;

- 3aMCHUTHb BBIJCICHUE (EPPOLICHKAPOOHOBOW KHUCIOTHI Yepe3 OKCTPAKLHUIO0
OpPraHMYECKUMH DPACTBOPHUTENISIMH M3 PEAKIOHHOW MacChl, OCaXJCHHEM €€ B BHIC
TBEPAOTO OCaJKa C TMOCHeAyloIuM ee pacTBopeHueM B 10% -HOH ménoun u
BBIJICJICHUEM TIPH MTOJIKHCIICHHH.

Beeznenue mimacTU(UKaTOPOB B HAMOJIHEHHYIO ToOnuMepHyto kommnosuimoo CTPT
MIPUBOJUT K COXPAHCHHUIO AJIACTUYHOCTH MaTepHalla npu Oosiee HU3KHX TeMIeparypax,
TO €CTh K HOBBIIIEHHUIO €r0 MOPO30CTONKOCTH U CHIIKEHHIO XPYIKOCTH, YTO MO3BOJISIET
COXPAaHUTb HEU3MEHHBIMU (1)1/13I/IKO-XI/IMVIHCCKVIC U DHEPIreTUYCCKUE XapaKTCPHUCTUKU
npu Temmeparypax mumyc 70 — minyc 80°C. Ha puc. 3 mpHBEICHBI TepMOrpaMMbI,
MOJIy4eHHbIE ¢ MoMoLIbl0 nuddepeHiuansHoil ckanupyoeit kanopumerpun (JCK),
Ha KOTOPBIX BHJCH (pa30BEIN Iepexo/l, CBSI3aHHBIM C MPOIECCOM CTEKIIOBAaHMS KaydyKa
CKH-10 KTP, a taxxe ero cmeceii: kayayk CKH-10-KTP+ I1I'PO (7%); kayuyk CKH-
10-KTP+@I'P (7%).

Tepmorpammer JICK monydanu na npubope METTLER STARe SW9.30; nanubie
WCCIICJOBAaHUH TpPUBEACHBI B Tabn.2, W3 KOTOPBIX BHJAHO, uTO BBeneHue OI'P
mpaktiaeckn Ha 20°C  CHIDKAeT TeMIIEpaTypy CTEKNOBAHHS M TAKHM 0GDazoM
MOBBIIIAET MOPO30CTOWKOCTh KaydyKa. DTO CBHIETEIBCTBYET O IUIACTH(HLHUPYIOINX
cBoifctBax nosydenHoit komnosuuun ®I'P. HyxHo ormeruts, uro Benenue I1I'PO
TAKOKe TPUBOJMT K TIACTU(GUKALMN KaydyKa U YCHICHHIO €0 MOPO30CTOHKOCTH.
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Tabmuna 2 - Bansgaue miacTuUKaTOpoB Ha TEMIIEPATypy CTEKIOBAaHUS KaydyKa

CKH-10 KTP
[Mapamerpu ¢aszoBoro nepexoxna
No C BTOPOTr0 pojia (CTEKIOBaHHUE) ACI}’ « | ATOC
obpasua ocras TgC TSC TgC sz r ’
Hayaja | OKOHYAHUS | CPeIHss pan
1 Kayayk CKH-10-
KTP -51,88 |-57,62 -54,22 046 |-
2 Kayayk CKH-10-
KTP+ [ITPO (7%) |~ 68,55 |-71,84 -70,78 0,26 | 16,67
3 Kayuyk CKH-10-
KTP+®IP (7%) -71,59 | -77,99 - 74,39 0,48 | 19,71

06]333113)( HCIIONBb30BalIcs KaTnoHat K-7.

Jnst monrBepkieHust dGGEKTHBHOCTH KaTATUTUUECKOTO JEHCTBUS MOJIYyYEHHOTO
mnactuukaropa OI'P Obun uzrortosieHs! ombiTHele 00pasusl CTPIT (Nel u Ne2 .
Tab071.3) C MCHOJIB30BAHMEM B KaueCTBE OKHCIMTENS CMECH JABYX PA3IMYHBIX (DpaKI(uid
nepxiopata ammonust (ITXA), kayayka CKH-10 KTP u snokcuanoit cmoinst EJI- 20 kak
ropro4e - CBS3YIOIIETO, METaJUIMYECKOro roprodyero - amomuHus Mapku ACJ/I-4,
IHOKTHIICeOalMHaTa B KauecTBe mactudukaropa B cmecu Nel u @I'P kak akTHBHOTO
riactudukatopa B cMecu Ne2. B kauecTBe MOBEPXHOCTHO aKTHBHOMH J100aBKH B 000uX

Tabnuna 3 - Penentypa onbTHeIX 00pa3ioB Nel u Ne2

O06pasis
HanMeHoBaHHE KOMIIOHEHTOB Nel No2
Copeprxanmne,% Copeprxanne,%
TIXA 60/40 70,0 70,0
CKH-10KTP 9,0 9,0
ACJI-4 11,5 11,5
911-20 2,5 2,5
J10C 7,0
OI'P 7,0
kxatuonat K-7, ceepx 100% 0,2 0,2

Pe3yapTaTel HCIIBITAHUH 1O OMPEIENEHHI0 CKOPOCTH TOPEHHS MOJEIBHBIX TOIUINB
npu armocdeprom nasiaeHun (Carm., MM / cex) npuBelieHs! B Ta01.4.

Tabauna 4 — OnpeneneHue CKOPOCTH FTOPEHUs! OMBITHBIX 00pa3LoB

O6pas JlnuHa KOHTD. Bpems Cames Joex Cany.,MM
e, No y4acTKa, MM TOPEHHSI, CEK. MM/ceK ’
cpeiHee
1.1 98,30 90,38 1,087 1.09
1.2 101,15 92,09 1,098 ’
2.1 100,05 65,13 1,536 1.54
2.2 102,60 66,71 1,538 ’

MOBBIIIEHHIO CKOPOCTH ropeHus Ha 50%.

13 npuBeneHHBIX IAaHHBIX BHJHO, YTO BBEACHHE B COCTaB OIBITHOTO oOpasna
CTPII axtuBHOTO (epporeHcoaepxkaiiero riactudpukaropa @OI'P  mpuomur «
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KOCMIYHA COHSIYHA EJEKTPOCTAHLIS TEIIJIOBOI'O
KOMBIHOBAHOI'O CIIOCOBY NEPETBOPEHHSI COHSIYHOI EHEPITi
10.M. Map’incsknx, A.JI. Baranwok
IHoctkunchkuii [HcTUTYT CyMCBKOTO JEP:KaBHOTO YHIBEPCUTETY
mymih44 @gmail.com

Ha Tenepimniii yac eHepreTrka 3aiiMae 0COOIMBO MICIIE B MMOEJHAHHI 3 €KOHOMIKOIO
Ta ekonoriero. CydacHWI eTam pO3BUTKY HAIOl [MBLTI3ALIl  XapaKTepU3YeETHC
IHTCHCHBHUM 3pOCTaHHSAM CHEPIOCIIOKHBAHHA 1 OCOOIMBO TAKMMH €HEPrOEMHHMH
ramy3smMd, sK XiMiYyHa, MeTalypriiHa, MammHOOyAiBHA. TakoMy 3pOCTaHHIO
CHEProCIOXHUBAHHS CIpUsE B KiHIEBOMY HiICYMKy KoMdopTHicTs xurrs. HampsiMox
HAYKOBO-TEXHIYHOTO TPOTPECy KOXKHIHM i3 KpaiH y3TODKEHHH 3 CHHXPOHHHUM PIlICHHSIM
CIIEKTpa 3aBJaHb, IIOB’SI3aHMX IIEBHOIO MIpOl0 3 eHeprozabesnedeHHsM. MorkHa
CTBEPIKYBATH, 1[0 OCHOBHHM (haKTOPOM PO3BUTKY SKOHOMIKH i CTBOPEHHSI MaTepialibHOT
KYJIbTYPH HE TUIbKH JUIsl €KOHOMIYHO PO3BUHEHHX KpaiH, a i Julst Oyab-KOro CYCHIbCTBA,
€ EHepreTHKa, N0 SIKOI BHCYBAIOTbCS OUIBII BHCOKI KpHTepil OLIHKM Ha mpeaMer ii
e(eKTHBHOCTI OTPUMAHHS, BapTOCTi, EKOJIOTIYHOCTI Ta CTYIEHS YHUCTOTH BIAXOMIB Bif
nepepoOKH CHPOBHHH B KiHLIEBUI eHepreTuUHuiA mpoaykT. EHepreruka 3xilicHioe Baromuit
BIUIMB HA HAaBKOIMIIHE CEPEIOBHUINE, eKocucTemy i Oiochepy B mimomy. Haiiroctpimi
EKOJIOTiYHI T1poOieMu (3MiHA KJIiMaTy, KHUCIOTHI OmNaau, 3aralbHe 3a0pyJHEHHS
CepeIoBHIA Ta iHIN) MPSIMO ab0 OMOCEPEKOBAHO IOB’s3aHi i3 BHUPOOHMIITBOM abo 3
BUKOPHCTAHHIM eHeprii. EHepreTuili Hale)KUTh NEpUIICTh HE TUTHKK B XIMIYHOMY, a il B
IHIMX ~ BUJAxX 3a0pyNHCHHS: TEIUIOBOMY, aepO30JIBHOMY,  CICKTPOMArHITHOMY,
pamioakTuBHOMY. Bin BHpINICHHS EHEPreTHYHUX TMPOOJIeM 3aJIeKUTh MOMKIIHBICTH
BUPIIIEHHS OCHOBHHUX €KOJIOTIYHUX MPOOIEM.

BupoOHHUIITBO Ta CHOXUBAHHS CHEprii 30UIBLIYETBCS HE TUIBKM B CyMapHOMY
BUPa)XEHHI, ane W y po3paxyHKy Ha JAyury HaceneHHs. Tak y 3BiTi IIOZO BHU3HAUEHHS
JPYroro HalliOHaJbHOTO BU3HAYCHOTO BHECKY YKpaiHM /10 MapHU3bKOI KIIMATHYHOI yroIu
3a ONTUMICTUYHUM CLiEHapieM BUKHIB MapHUKOBHX rasiB y 2019 Ta 2030 poxax, % - 1uB.
puc.1.

Il Evepretvka I Bigxoam
[ NpommcnosicTs

I CinkChbKe rocnogapoTen

I FeunaKnpRCTYRSHHR

Puc.1 OntumicTrusuii cieHapii BUKKIIB MAPHUKOBHX ra3iB Ykpainu y 2019 ta 2030
pokax, %
3a KOHCEPBAaTHBHHM CIIEHapieM, IO CYIMPOBOIKYETHCS MOJATKOBUMH IHBECTHIIISIMU
15,2 mupa. epo 10 2030 poky - quB. puc.2.
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B3aTe 30b08'AzaHHA
wono oBcAry ankMgiE ¥ HEB 1: 60% 45% 41,5%" 45% 57% 45%

2030 y % ao 1990 poxy .
22% po
HBB 2: 34,8% 2035

DEcarv euuMaie y 1590
peoui, Man. ToHH CO2 8866 1243 600 463 6300 5 650

EREBIBANSHTY

Bukngn Ha ocoby 1530
poky, TouH CO2 15,59 19,92 10,49 12,27 35,18 8,4

EHEBIBANEHTY

O6car emumgis y 2030 HBB 2015: 515,56
PO, MAH TOHH Mingoesinns 2021
ereisaneHTy CO2 3085

LER Basoswi: 351,93
LIER OnTumicTHHHMA:

3193 562,05 243 21105 3591 25425

Puc.2 IopiBHsiHHS cLeHapiiB YKpaiHu 3 iHIIMMHU KpaiHamMu CBITY

3a ONTUMICTHYHHMMH Ii[paXyHKaMM 3arajibHa KUIBKICTh BUKHIIB CKJIaJac 3HAUHY
yacTky. ToMy, A TOMOJNAHHS LMX HACHiAKIB NPUCBAYEHAa podoTa Mo pPo3poodii
IPOEKTY NEPETBOPEHHS IMOBHOTO CIIEKTpa COHSAYHOI pajiamii KOCMIYHOIO COHSYHOIO
€JIEKTPOCTAHLIIEI0 JJIsl OTPUMAaHHSI €KOJIOTI4HO-4YHUCTOT eHeprii.

1. KocMiuHa COHSYHA ENEKTPOCTAHIIS TEIUIOBOI CUCTEMH IIEPETBOPCHHS

Ilo BigHOWIEHHIO [0 BCIX ICHYIOUMX COHSYHA CHEPreTHKa, SIK HisKa IHIIA,
33/10BOJIbHSIE KPUTEPiM HPAKTUYHOI HEBMYEPIHOCTI, YHIBEpPCAIbHOCTI CIOCOOIB ii
[EPETBOPEHHS B 1HIII BHIM CHEPTii 1 MIMPOKOK MOXKJIHMBICTIO PO3MIIIEHHS COHSYHUX
HepeTBOPIOBayiB Ha 3eMili B HABKOJIO3EMHOMY KOCMIYHOMY HPOCTOpI, Ha TIPUPOJHOMY
cymyTHUKY Micsni, Ha iHmuX miaHerax. [Ipy CTBOpEHHI COHSYHMX IEPETBOPIOBAUIB
pi3HOrO Oa3yBaHHS BHHHUKAE PsJ| TEXHIYHHX TPYAHOLIIB, TOB’S3aHUX 3 IPHCTPOEM
YCTaHOBOK, €()eKTHBHICTIO IX POOOTH, a TaKOX EKOJOTIYHOI0 HOIiIbHicTIO. Tak, Bci
Ha3eMHI COHSYHI MIEPETBOPIOBAYI CXHIIbHI 10 CE30HHOTO MOTOIHOTO i J000BOTO BILIHBY,
y SKUX OOMexeHHH pecypc (GYHKLIOHYBaHHS (DOTONEPETBOPIOIOUUX EJIEMEHTIB.
[To36yTHCs Bif TaKMX HEraTHBHUX (DAKTOPIB MOXJIMBO, SIKIIO TIEPETBOPIOBAYI COHSIYHOI
eHeprii, 00’eHaHI B €IMHY KOCMiuHYy coHsuHY enekrpoctauito (KCEC) posmictuti
Ha 3eMHii opbiri abo Ha BHCOYMHAX NOMIOCIB MicsI 32 YMOBOIO HAasBHOCTI
MOCTIHOTO MOTOKY COHSYHOI pajianii He3anexHo Bix ii mperecii. 3 Touku 30py KK/ i
pecypcy HaiiOutbil e(eKTHBHI TEIUIOBI IepeTBOproBadi MOPIBHAHO 3  (HOTO
MEPETBOPIOIOYUMHU COHSIMHUMHE OaTapesiMu, [UTsl sIKUX HAWTOJIOBHIIIA TpobiemMa moJsirae
B THCKY COHSYHOIO BUIIPOMIHIOBAHHS, Ha II0 MOTPiOHA OKpeMa CHCTeMa HaBEICHH: Ha
coHle. BoHa moBuHHa OyTH aKTHBHOIO, 1 HACNIiZIKOM LBOr0 BHHHMKae morpeda B
MacHMBHHX arperatax /s CHAIIOBaHHSA poOO4Yoro Tila 3 MeTow crabimizamii Ha
reocrarioHapHii op6iTi. Ha iboMy He 3aKiHUYIOTBCS MPOOIEMH: BHHUKAIOTH TPYIHOII
B CHCTeMI Iepejadi eHeprii Ha 3eMJIr0 MO MPHYKMHI 3MIiHU TpaIi€HTa TPaBiTALliHOTO
moyisi, TOMY BHHHKA€ HEOOXIAHICTH PO3IMVISHYTH IHIIY CTPATEril0 MHepeTBOPEHHS
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COHSIYHOI eHeprii, CTBOPHBIIM HOBHUH THUII €NEKTPOCTAHIINH KOCMIYHOro 0Oa3yBaHHS
TEII0OBOI CUCTEMHU.

2. [IpoGuiemu npu peasizauii TaKMX THIIB eIEKTPOCTAHIIH

Jus temnoBoi KCEC icHye ocHOBHa mpoOsiema CTBOpPEHHS ii KOHCTPYKIi, sKa
e(eKTUBHUM CIOCOOOM HEepeTBOpIOBaJla OM COHSUHY E€HEprilo B eNeKTPUYHY, a TaKOX
nepeaBaiga octaHHio Ha 3emutro. st mepeadi eHepril € BiIoMi KOHIIEMIIT SIK IepIIoro
tak 1 HactynHux npoektiB KCEC, ski nepenfauaioTb NepeTBOPEHHS OTPUMAHOL
enexrpoeHeprii 8 CBY BumpomiHIOBaHHS, a00 HEPETBOPCHHS B JIA3CPHUN CUTHAI 3
HACTYITHUM NPUHOMOM TAaKUX €IEKTPOMArHITHUX BHIPOMIiHIOBaHb Ha 3emii. Ha upomy
eTaIi BUHHMKA€E PsJl TEXHIYHUX TPYJHOLIIB B KOHCTPYKTHBHOMY BiIHOLIEHHI 1 JO3BLI iX
MOYITBO 32 YMOBH, 110 Oy/ie TIOBHOI MipOI0 BHpillieHa OCHOBHA MPO0IeMa CTBOPEHHS
edexTuBHOI i notyxHoi TeruoBoi KCEC.

VY 1upoMy 3B’SI3Ky B SKOCTI HepHIMX po3po0OK Ha 6a3i ra3o - i mapoTypOiHHHX
HepeTBOPIOBAUIB 3aMKHYTOTO THUIly OYyJIM 3alpOIOHOBaHI MPOEKTH, L0 MPALIOIOThH 3a
nuknamu bpaditona i1 Penkinma i3 BHyrpimmiM KKJ[ mo 40%. Hamami 3 meroro
3MEHIICHHS ~ Macora0apuTHHX  XapaKTepPUCTUK  aMepUKaHChbKUMH  (pipmamu
BrockoHamoroTecsi poekt KCEC rtemmoBoi cuctemu [1]. Y xoni mocnmimkeHp Ha
npeamer peanizamii npoekTie KCEC TemaoBoro mepeTBOpPEeHHsS BCTAHOBJICHO, IO
HEeoOXiZIHO 3MEHIITYBaTH Macy BEIMKOraO0apUTHOI IOBEPXHI COHSYHOIO KOHLEHTPATOPa,
o0 HebaXaHo, TaK SIK 1€ NPH3BOJHUTH 10 3HIDKECHHS TeMIIEpaTypu HarpiBy pobo4oro
Tija, a 3HWKEHHS MacH XOJOAWIbHHKA-BUIIPOMiHIOBauYa, sKui craHoButh 30-40%
3aragbHOl MAacH TEIUIOBOI CHCTEMH €JIEKTPOCTaHIIl Mpu3BoauTh 10 3MeHmeHHs KK]I.
3’SBISETBCS Psii TEXHIYHMX TPYAHOLNB NpH (YHKI[IOHYBaHHI CHCTEM HaBEACHHS:
(akropu, 0 BUHHMKAIOTh IPU HASBHOCTI MAaCHMBHHX OOEPTOBHMX arperariB He TiIbKU
YTPYAHIOIOTh HABEJCHHS KOHIIEHTPATOPIB HA TEIUIONpHUMadi i He 3a0e3MevyroTh
pecypc HaniiHOro (GYHKI[OHYBaHHS TeHEpaTopa, a i CIPUSAIOTH BHHUKHECHHIO
MEXaHIYHHUX PE30HYHOYHX e(EeKTiB, sIKi MOBUHHI OysM O IeTalbHUM YHHOM PO3IIISHYTI B
MPOEKTAX, SIK pealbHi INEepPIIONPHYMHM MEXaHIUYHMX pyHHyBaHb. Maca wuIiCHOI
koHcTpykiii Takoi KCEC CTaHOBUTH JAECATKH THCSY TOHH, W0 YHEMOXIIHBIIOE
nojaHHs i OKPEMHMMHU EHEPreTHYHUMH MOMYJISIMH, 4Yepe3 IO IPOLEC BUBCICHHS Ha
opbiTy cTae IpoOIeMHIM.

3. Koncrpykuist KOMOIHOBaHOT CHCTEMH COHSIYHOTO NE€PETBOPEHHS

IIpOEKTOM KOCMIYHHX COHSYHHX CHEPreTHYHHX CUCTeM OyB po3poOieHHit
KOMOIHOBaHOI MEepeTBOPIOBAaY MOBHOTO CIIEKTPY COHSYHOI pafiauii TemaoBoi i ¢oto-
MEPETBOPIOBAIILHOI CUCTEM, a [0 LIbOIO BiKE aBTOpOM Oyiu po3poOiieHi BiANOBiIHI
mpoektd [2,3]. OcHOBHa MeTa MPOEKTy TMOJsiraia B TOMY, 00 KOMOiHOBaHHA
[IEPETBOPIOBAY [IOBHOT'O CIIEKTPY COHSIYHOI pajialii BiANOBigaB HACTYIIHUM BHMOraM:

- KOHCTPYKLisl HepeTBopioBaua IIOBUHHA OYTH JIETKOIO 3  MOXIIMBICTIO
aBTOMAaTH30BAHOI'O PO3TOPTAaHHS Ha reocTallioHapHii opOiti;

- e(dexkTHBHOI B MEPETBOPEHHI COHSAYHOI €Heprii B MEXaHI4Hy 3 HACTYIHUM
HEePETBOPCHHAM B CJICKTPHYHY IPH BUKOPHCTaHHI HAAIPOBITHOTO TEHEPAaToOpy B
TiHBOBIH (BHIIPOMIHIOBAJIBHIN) 001aCTI;

- HE BUKOPHCTOBYBAaTH OKPEMY CHCTEMY HaBEJCHHS Ha COHIIC;

Apxitexrypa koHcTpykuil kombiHoBaHOI KCEC € TeXHIUHOI CHOpYIOI0 Yy
HACTYMHOMY BUTJIsi (prc.3) 1 CKIIaAaeThesi B OCHOBHOMY 3 TPhOX 4acTuH. J[o mepiioi
BIJIHOCUTBCS ~ KOHIIGHTPOBAaHA CHCTEMa y  BUNIAAL  [apaOoNONMIIHAPUYHUX
KOHIIEHTPATOPIB 3 TEIJIOBUMHU IAaCTKaMH, BUKOHAHUMH 3 HHU3bKO-EMICIHHOI IUTIBKH i
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I1iBKOBUX (poToneperBoproBaviB [4]. CkiagoBi Ii€l YacTUHU 3’€[HAHI >KOPCTKUM
3B’13KOM 1 PO3TAlIOBaHI HA OJHIN OCi B MapajieabHUX TOPH30HTAIBHHX IUIOMKHAX. J[0
Jpyroi YacTHHH BIXHOCSATBCS TEIUIOCIPUHMAIBHI MOMYII, IO NEPETBOPIOIOTH IIOBHY
€HEpPTil0 CIEKTPY COHSYHOrO BHIIPOMIHIOBAHHS B MEXaHIYHY MOCTYMAIBHOTO DPYyXY
€JIEMEHTIB I OOepTaHHs CKJIAJOBUX HAJIIPOBIAHOIO TEHEPaTOpy 3a JONOMOIOI0
KiHEMATHYHOTO BY3Ia TpeThol dYacTHHH. YacTHHM MAalOTh 3MOTY IIPOTHJIEKHOTO
HE3aJISKHOr0 00epTaHHs HABKOJIO OAHIET OCi, a KOPIYCH LUIIHIPIB BUKOHAHI 3 JIETKUX
KAPOCTIHKUX KapOOHOBHX KOHCTPYKIIHHHUX MaTepiais.

Puc.3 3aranbuuit Burisg kombinoBanuii enepretuyoi cucremu (KEC) kocMiunoro
NpHU3HAYCHHS

IMpunuun poborn KCEC mnonsrae B 6araroyHKI[IOHAIBHOCTI  ITPOLECIB
MEPETBOPEHHST COHAYHOI EHeprii OJHOYaCHO OJHUMH 1 THUMH K YaCTUHAMHU
(emeMeHTaMH) KOHCTPYKIIM 1 Ui 1bOro 3a0e3NeyYeHUil HayKOBO-TEXHIYHUMH
BUHAXITHUMH PilICHHSIMU.
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EKOJIOI'TYHUI ITACIIOPT SIK CHELM®IYHUI IHCTPYMEHT
EKOJIOTTYHOI'O AYJUTY
1.O.Ilpurapa, F0.M.Manyiiiosuy I.B.Bapennk
IHoctkunchKHit iHCTHTYT CYyMCBKOTO IEP)KaBHOTO YHIBEPCHTETY
Lugina_irina@ukr.net

Exonoriunuii aymur MOXe pO3IIAAAaTHCS SK ONUH 13 HOBHX CYYacHHX
YIPaBIIHCBKUX IHCTPYMEHTIB, IO J03BOJsIE €()EKTUBHO PEryJIIOBaTH EKOJIOTro-
CKOHOMIYHI BITHOCHHHM 3 JOTpPUMaHHS BHMOI EKOJOTIYHOI Oe3IeKH Cy0’eKTOM
€KOHOMIYHOI [isSUIBHOCTI B YMOBax, KOJHM TEXHOJIOTIYHHMH Ipolec Tmepeabayae
3aCTOCYBaHHS TPHPOIAHUX pecypciB abo MOB’s3aHMK 31 crenu@ikow TipHUYOTO
BHUPOOHHIITBA Ta HEOE3MEUHICTIO YKUTTEMISUIBHOCTI HA PiBHI MTaHAmMA(Ty Ta y MiJ3eMHUX
YMOBax, a TaKOX 13 TOYKM 30py BHUKOPUCTAHHsS EKOJOTIYHOTO ayauTy TEpUTOpii
perioHiB, MicT, paliOHIB Y SKOCTI iIHCTPYMEHTY €KOJIOT14HOT moiTuku [1].

KommuiekcHi eKkosioriuHi BUMOTH 332 KOXKHMM CYO’€KTOM E€KOHOMIYHOi IisTIBHOCTI
OIUCYIOTHCSI Ta KOHKPETU3YIOThCS Y HOr0 €KOJIOriYHOMY MacIopTi, TOOTO HOPMAaTUBHO-
TEXHIYHOMY JOKYMEHTI, SIKUi BMIIILy€e [JaHi 3 BAKOPUCTAHHS MPUPOJHUX Ta BTOPUHHUX
pecypciB 1 JaHi 3 BU3HA4YEHHs BIUIMBY HOro BUPOOHHITBA HAa HABKOJIMUILIHE IPUPOJHE
CepeIoBHILE.

Exonoriunuii macnopt po3poOJIEThCS  Cy0’€KTOM EKOHOMIYHOI JisTIBHOCTI,
Y3TOMKYETBCSI 3 TEPUTOPIAIbHUMHM OpraHaMd 1 BMIlIye OCHOBHI NOKa3HUKH
BUPOOHHIITBA, & caMe: OOCSr TPOMHCIOBOTO BHUPOOHMITBA, TEXHOJIOTIYHHN IMPOIEC
BUPOOHHLTBA, BUTPATH CUPOBHHH Ta MaTepialliB 32 BHIAMH  IPOAYKIIi,
XapaKTEePUCTUKY TOTOBOI mpoaykiii. KpiM Toro, B €KOJOriYHOMY MacropTi MOBHUHHI
Oyru BigoOpakeHi IPOEKTH pO3PaxyHKIiB IONYCTUMHUX BHKMMIB, JO3BUI Ha
[IPUPOJOKOPUCTYBAHHS, IIaCIIOPT Ta30- Ta BOJOOYUCHHUX CIOPYA 1 YCTQHOBOK 3
yTHIi3alii Ta BUKOPHCTAHHS BiIXOJiB, (OPMM JepxaBHOI CTATHCTMYHOI 3BITHOCTI
3riAHO 3 AiFOYMM 3aKOHOJABCTBOM.

BinznaunMo, 110 3HAYHOIO MPOOIEMOIO CY4aCHOT'O €KOJIOr0-€KOHOMIYHOIO ayJUTy
B YKpaiHi € HeZOCTaTHS PO3pOOJIEHICTh EKOJOTiYHMX KPUTEPIiB OIIHKH AiSUIBHOCTI
MANPUEMCTB Ta BinoOpaxkeHHs iH(popMalii B €KOJIOriYHNX MacopTax.

Came eKoJIOTiYHa MACIOPTH3AIisA € CHelu(iYHAM IHCTPYMEHTOM EKOJIOTi4HOTO
oOJIIKY Ta KOHTPOJIO IHAMBIIYaJbHUX XapaKTEPUCTUK PI3HUX CyO’€KTiB €KOHOMIYHOL
JUSTTBHOCTI JUISL MiJATOTOBJICHHS YIPaBIIHCHKUX pilleHb. SIKIo 00K NPUPOIHHX
pecypciB HaOupae po3BHHEHHX (OPM y BUIJISIII KaZacTpiB NPUPOJHUX PECYpPCIB, TO
00JIK eKOJIOTTYHUX XapaKTePUCTUK Cy0’€KTIB TOCIOJapIOBaHHs HOTpedye aJeKBaTHOTO
iH(popMarliiifHoro 3abe3redeHHs A MOBHOL[IHHOTO BpaxyBaHHS iX BIUIUBY Ha Taki
npuponHi  pecypcu. OCHOBOIO  €KOJIOTiYHOro OONiIKy Ta ayauTy CyO’eKTiB
rOCIIOIaPIOBAHHS IOBUHEH CTaTH €KOJIOTIYHMI MACTIOPT mignpueMcTsa [2].

Jopeuno 3ragary, mo e y 1990 p. Oyino npuiinsro nepxkasuuit crangapt CPCP
T'OCT 17.0.0.04-90 i po3po6sieHO0 METOIMYHI BKa3iBKH II0J0 3alOBHEHHS Ta BEJCHHS
€KOJIOTIYHOT0 MAacropTa MPOMHUCIOBOrO IiJIPHEMCTBA. 3TiAHO 3 LUM JOKYMEHTOM

€KOJIOTIYHMH IacropT MiJNpHEMCTBA — JOKYMEHT, IO BEIEThCSI CyO €KTOM
rOCIIO/IAPIOBAHHS, ISUTbHICTh SKOTO OB sI3aHAa 3 BUKOPUCTAHHSAM IPUPOIHUX PECYPCiB
a00 HEraTMBHUM BIUIMBOM Ha JOBKULIS, 1 MICTHTh KOMIUIEKC BiJIOMOCTEH IIpO

pALliOHAJIBHICTh BUKOPUCTaHHS HUM HPUPOJHUX PECypCiB, CTYIiHb BIUIMBY Ha
HaBKOJIMIIHE cepeloBuile (i3 3a3HA4YCHHSM HOPM BIUIMBY Ta PO3MIpy IUIaTeXIB 3a
3a0pyQHEHHS HABKOJIMIIHBOTO IIPHPOIHOTO CEPEAOBHIIA).
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HeoOxinHO BiI3HAUUTH, IO CHOTOAHI ypAaoM YKpaiHM 31iHCHEHO NEBHi KPOKU Y
HaANpsIMKY ~ BOPOBa/DKCHHS — Hacmoptusaimii  Cy0’€KTiB  rocmoiaproBaHHs (32
exonoriyuHuMu  xapakrepucrukamu). Tak, Ilocranooro KaGinery MinicTpiB Ykpainu
«IIpo ctBopenHs VYpsmoBoi iH(OpMaIiiiHO-aHATITHYHOI CHCTEMH 3 [HTaHb
HaJI3BUYAMHUX cuTyauii» Oyno 3arBepmxeHo [loJokeHHS NPO MacOPTH3ALI0
noteHiitHo Hebesneunnx 06’ extiB Bix 18.12.2000 p. Ne 338. Ile [TomoxeHHs Bu3Hayae
3arajbpHi 3acajy MacHmopTH3alii MOTEHIIHHO HeOe3NeuyHHX O0’€KTIB /ISl CTBOPEHHS
3araJbHOJCPKABHOTO PEECTPY IX TEXHOIGHHOTO Ta IIPUPOJHOTO XapaKTepy sK
CKJIaZIOBOi 4YacTWHM €JMHOI AEp)KaBHOI CHCTEMH 3amoliraHHs 1 pearyBaHHsS Ha
HaJ3BUYaiiHI CUTYyallii TEXHOTeHHOTO Ta MPHPOIHOTO Xapakrepy [2].

3a 3MICTOM EKOJOTiYHy MACMOPTH3AaIlii0 00 €KTIB MOXXHA BHU3HAYUTH SIK
3[iliCHIOBaHE CY0’€KTOM TOCHOJApIOBAaHHS 30MpaHHs Yy3araJbHEHHX 3a CIeLialbHO
BCTAQHOBJICHOIO METOAMKOIO JTAHUX IIPO EKOJIOTIYHI KpHUTepii Ta MOKa3HUKU IisIBHOCTI
00’€KTa, BUKOPUCTAHHS HHUM INPUPOAHHUX PECYpCiB, CTYMiHb NMOTEHLIHHOI HeOe3nekn
JUIsl HABKOJIMIITHBOTO IPHUPOIHOTO cepeoBuma [3].

Iimi exonoriuHOi MacnopTU3aii B KOHTEKCTI PO3BUTKY €KOJIOTTYHOTO ayauTy:

— BHM3HAUEHHA Ta (iKCyBaHHS AKICHUX Ta KUIbKICHUX XapaKTEePHCTUK AiSNIBHOCTI B
chepi TpUPOIOKOPHCTYBaHHS (BUKOPHUCTAHHS €HEpril, ManuBa, CHPOBHHH), a TaKOX
SKICHMX Ta KIIBKICHHX XapaKTepUCTHK 3a0pyIHEHHS HABKOJUIIHBOTO IMPUPOTHOTO
CepeoBHUILA BUKHAAMHU, CTOKaMH, BIIXOAMH, BUIIPOMiHIOBaHHSM Ta iH.;

— oJlep)KaHHS JaHHX Ta MOKA3HUKIB MiIPUEMCTBA B chepi NPUPOJOKOPHCTYBAHHS
1 3a0pynHEeHHs JOBKULIA, SKi JO3BOJAIOTH  aHANi3yBaTH  BHUKOPUCTOBYBAaHI
MiANPUEMCTBOM TEXHOJIOTIi Ta OOJIaJIHAHHS MOPIBHSAHO 3 KpAIlMMH BITYU3HSIHUMH i
3apyODKHUMH 3pa3KaMH, a TakKOX BIIOMOCTI TpO MIKOAY, IO 3aBJAETHCA
M ATPAEMCTBOM.

BianoBizHO 10 MDKHapoOAHHMX CTaHAAPTIB Cy4acHUH €KOJOriYHMI macrnopr
MIPHUPOIOKOPUCTYBAYa MOBUHEH MICTHTH TaKi MPUHIMIIOBI MOMEHTH:

1) mepexix BiJ BHBYEHHS HACHAKIB (TOOTO IIOTOYHOTO pEajJbHOTO CTaHy
HABKOJIMIIHBOTO CEPEIOBHINA) M0 JACTANbHOrO Au(epeHIiHoBaHOTO aHANi3y MPHYHH
(cuTtyauii 010 KOXKHOTO MiANPUEMCTBA OKPEMO Ta 3a TPyHaMH IiJIPUEMCTB);

2) mepexia Bia 3’sACYBaHHS 3arajbHOTO OOCSATY BHUKHJIB IO MUTOMHUX MTOKA3HUKIB,
10 HaJIeKaTh J0 OMUHHUII BHPOOJIEHOI MPOAYKLIi 1 CHIBBIAHOCATBCSA 3 HaMKpalluMu
JOCATHYTHMH TTOKa3HUKAMH Yy Ii{ raiysi.

Bynb-sike  exkoayaUTOPCbKE JIOCHI/DKEHHS CTaHy IIANPHEMCTBA  JOLIIBHO
PO3MOYMHATH 3 aHaji3y HPaBUIBHOCTI 3alOBHEHHS Ta BEICHHS HOTr0 EKOJOTIYHOTO
MacropTa, OCKIIBKH caMe eKOJOTIYHHII MacmopT € HOPMAaTUBHO-EKOHOMIYHUM
JOKYMEHTOM, SIKMH MICTUTB YCi HEOOXiJHI apamMeTpH, 110 AONOMAraloTh KepiBHULTBY
MiAMPUEMCTBA PAI[iOHATBHO BHUKOPHCTOBYBAaTH NPUPOAHI ab0 BTOPHWHHI pecypcH,
OLIIHIOBATH BIUIMB BUPOOHUIITBA HA HABKOJIMIIHE CEPEJOBUILIE.

3a pe3ysabTaTaMi SKOJIOTIYHOI MacropTH3allii MiANPHEMCTB CIEHIAiCTH TOBHHHI
OIIIHIOBaTH BIUIMB BiJXOJIB 3a0pyIHIOBAaJbHUX PEUOBHUH Ha HABKOJHIIHE IMPUPOJHE
CepeloBHIE Ta 3MOPOB’S  HACENCHHS, a TAaKOX BU3HA4YaTH IUIaTy 3a
MIPUPOTOKOPUCTYBAHHS 1 TUIATy 3a 3a0pyAHCHHS AOBKULIL. Pe3ynpraTd eKOIOridyHOro
ayaAuTy IOBUHHI OyTH 3aHeceHi B OKpeMi pPO3JIUIM €KOJOriuyHOro mnacropra Juis
(bopMyBaHHS ICTOPUYHOT TOBIZIKM IIPO CTaH OXOPOHHM HABKOJIMIIHBOTO CEPEIOBHUILA Ta
BEJICHHS TOCHOAAPCHKOI AisUTBHOCTI BIATIOBIHO JI0 €KOJIOT1YHOTO 3aKOHO/IaBCTBA.
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3anikasJeHi ocodu:
KEpiBHHITBO PeTiony,

OopraHu MiCHeBOFO CaMOBpsITyBaHHS,
Cl'leLIiaJ'IBHO yl'lOBHOBa)KCHi OpTaHu 3 OXOPOHH
HaBKOJIMIIIHBOTO CEpeAOBUILIA
MOTEHLIHHI iHBECTOPH,
Pi3Hi BEpCTBH CyCIIIBCTBA

Tpunnunu
eKoJIoTiYHOi
Oe3nexu

«nepeadayaTu
i 3amodiraTn»

«BHSIBJISTH
i BUnpaBasaTH»

ExoJioriunuii macnopT niinpuemMcrsa

ImrutemenTartist
npouenyp
€KOJIOTIYHOTO ayIUTy

CTHMYITIOBaHHS
PO3BUTKY PHHKY

; Exonociunuil
€KOJIOTIYHOrO ayuTy

ayoum

Dynkyii

L £
iH(opMaTHBHA: aHaTITHYHA:
—  piBeHb JOCTYIy 10 €KOJIOTi4HO{, COLianbHOI Ta — ¢opmu 3BITHOCTI 11 Oyab-SKOTO piBHS
EeKOHOMIYHOT iH(popMarii; YIPaBIiHHSL;
—  BpaxyBaHHS €KOJIOIIYHOr0 YMHHHMKA B 3arajibHii —  aHaii3 TeHACHUIN PO3BUTKY MiANPHEMCTBA;
CTPYKTYpPi €KOHOMIKH ITi/[IIPHEMCTBA; —  BHUpPOOJICHHS NPOMO3HULIH K 000B'SI3KOBHX
— (OpMyBaHHS CHCTEMH EKOJOI0-eKOHOMIYHHX Ul BHKOHAHHSI, TaK 1 PEKOMEHIAUiiHOro
TIOKA3HUKIB AisSUIBHOCTI. XapakxTepy.
inenTudikaniiina: OpraHi3aliifHo-eKOHOMIYHa:
—  dopmyBanHs 6a3su JaHMX MiANPHEMCTB, sKi —  aHami3 3aCTOCYBaHHS EKOHOMiUHHX
TIPOHILLIH CKOAY IUT; METOAIB YIpaBITiHHS €KOJIOTiYHOI0
— 0aHK JaHMX 3 MPUPOJOOXOPOHHUX Ta vy JSUTBHICTIO;
pecypco3bepiratounx TEXHOIOTIH; — eKOHOMiYHa e()EKTUBHICTb EKOJOTi4HOro
— BISIBJICHHS IIAIPHEMCTB, SIKi IOCTIHHO ayauTy.
MOPYLIYIOTh €KOJIOTI4HI HOPMATHBH.

Puc. 1. .Ponb exosorigyHoro nacnopTa miJnpueMCTBA B CUCTEMi €KOJIOTIYHOIO ayUTy
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Exoyoriynuii macrnopT IOBHHEH CIPHUATH BHKOHAHHIO NPHHIVUINB EKOJOTiYHOL
Oe3meky, BIPOBA[KYBATH B JKUTTA Te3y «mepeabadatd i 3amobiratu». Y pasi
MOPYLIEHHS!  €KOJOTiYHOr0 3aKOHOJABCTBA ICTOpisl MOpYIIEHb IIOBUHHA OyTH
3aikcoBaHa B CKOJIOTIYHOMY MACIOPTI 3 THM, MO0 «BUSBISATH Ta BHIIPABISITH
CHUTYyalilo, sIka cKianacs. IMIIeMeHTallis Npouexyp eKOJOTiYHOro ayIuTy Ha OCHOBI
€KOJIOTIYHOT0 MAcIopTa 3aTHA CHPHATH PO3BUTKY PHUHKY eKoJoriuHoro ayauty. Came
B €KOJIOTIYHOMY IACIOPTi 3alliKaBjiIeHi 0COOM MOXYTh 3HaWTH HEOOXiHY iH(OpMaIito
OO0 CTaHy OXOPOHHM JIOBKULIA (KepiBHHULTBO  PETiOHY,0pTaHH  MiCLIEBOIO
CaMOBPSyBaHHS, CHELIaIbHO YIOBHOBKEHI OpraHM 3 OXOPOHH HABKOJIMIIHBOTO
CepeloBHUILA, TOTEHIIIHHI iHBECTOPH, Pi3HI BEPCTBU CYCIIIbCTBA).

Takox eKOJOTIYHI MACHOPTH TO3BOJISIIOTH YCTAHOBIIOBATH TPAHUYHO OMYCTHUMI
JUISL TIANPUEMCTBA HOPMH BHKHIIB, BiIXOJIB 3a0pyJHIOBAIGHUX PEUYOBHH, IJIAHYBATH
MPUPOTOOXOPOHHI 3aXO0JU Ta OIMIHIOBATU 1X €(EeKTUBHICTH; 3IIMCHIOBATH EKCIIEPTH3Y
NPOEKTIB PEKOHCTPYKMLIi MIANPUEMCTB; KOHTPOJIIOBaTH Ta OLIHIOBATH pIBEHb
JNOTPUMAaHHS IiJIPHEMCTBAMH 3aKOHOJABCTBA, HOPM Ta IPABHII Y Tally3i OXOPOHHU
MPUPOJH; pEani3oByBaTH 3aXO[H IIOA0 IMiJBHIICHHS €()EKTHBHOCTI BHUKOPHUCTAHHS
MIPUPOAHHX PECypCiB, EHEepril Ta BTOPHHHUX pecypciB [4].

3 orisiy Ha BHIIE3a3HAUYeHE MOYKHA CTBEPIKYBATH, 1110 €KOJIOTIYHHI MacropT, 10
BizioOparkae pe3ysbTaTH eKOJIOTIYHOTO ayJUTY, BUKOHYE TaKi (yHKIIIT:

iHpopmaTuBHYy (3a0e3medye piBeHb JOCTYIY O €KOJIOTiYHOI, COLIaJbHOI Ta
€KOHOMIYHOI iH(opMallil, BpaxyBaHHS €KOJOTIYHOIO YMHHHKA B 3arajbHill CTPYKTYpi
€KOHOMIKH MiANPUEMCTBA, (POPMYBAHHS CHCTEMH EKOJIOTO-€KOHOMIUYHHMX IOKa3HHKIB
JSUTBHOCTI);

inentudikauiiiny (3abesneuye GopmyBaHHs 0a3M JaHMX MiJNPUEMCTB, SIKi
NPOHIUIM  eKoayauT, (opMyBaHHS OaHKa JaHUX 3 HPHUPOJOOXOPOHHHX Ta
pecypco3depiralouux TeXHOJIOTiH, BUSABJICHHS MiJNPUEMCTB, SIKI MOCTIHHO MOPYLIYIOTH
€KOJIOT1YHI HOPMATHBH);

aHAJIITUYHY (MOXKE J0JAaTKOBO A0 iHIHUX (GopM OyTu (HopMOIO 3BITHOCTI Uit OyIb-
SIKOTO PIBHS YIIPABIIiHHS, MOXE CIIPHSTH aHAJi3y TEHICHIIH PO3BUTKY MIANPUEMCTBA Ta
BUPOOJIEHHS MPOMO3ULIH K 000B'AI3KOBUX JUISi BUKOHAHHS, TaK i PEeKOMEHIALIHHOro
XapakTepy);

oprasizauiiiHO-eKOHOMI4HY (3a0e3neuye aHali3 3acTOCyBaHHS CKOHOMIYHHX
METOMIB YHPABIiHHS EKOJIOTIYHOI MisUIBHICTIO, JO3BOJISIE BU3HAYUTH EKOHOMIYHY
e(eKTUBHICTh EKOJIOTTYHOTO ayAUTY).

Ha cporoani oco611Boi akTyanbHOCTI HaOyBae mpodiaeMa po3poOIeHHs METOJUKU
ayJquTy eKOJIOTIYHOr0 TMaclopra MPUPOJOKOpUCTyBada (Cy0’€KTa EKOHOMIYHOL
JISUTBHOCTI), OCKUIBKHM PE3YJBTaTH €KOJOr0-€KOHOMIYHOIO JOCIIJDKEHHS €KOJIOTTYHUX
MacropTiB CTalOTh BCE OLMbII HEOOXITHUMH Ul YYACHHUKIB CKOHOMIUHHX BiIHOCHH
(Hacamnepes Ipu MIXXHAPOJHOMY CHIBPOOITHUIITBI).

V 1iJ0My €KOJIOTIUHHI ayIHT SK eIeMEHT 3a0e3[eUeHHs paBa BIACHOCTI € JTyKe
BOKJIUBUM JUI EKOHOMIKM TOMY, LIO JO3BOJSIE 3MEHIIUTH KOMEpLiHHUH Ta
inopmaniiinuii pusuku, Ge3rmocepenHbO IOB’SI3aHI 3 NPUHHATTAM YHPaBIiHCHKOIO
pillleHHST KEepiBHUI[TBOM, BIIACHUKAMH, IHBECTOpaMH. BiH € [JOUINBHUM TpH
JOCII/PKeHHI JTOTPMMaHHS IOAATKOBOIO 3aKOHOJIABCTBA 31 300piB 3a 3a0pyIaHEHHs
HABKOJIMIIHBOTO HPHUPOJHOIO CEPEIOBHIIA Ta IIIATEXKIB [0 OIODKETY, IIPH NPHUHATTI
pillleHHs NPO HaJaHHA OaHKaMHM Ta CTPAXOBUMH KOMIAHISIMU KPEIHUTIB, MO3MK abo
CTPaxoBOro IMOJCy, HPH NpUBATH3alii, NPOJaXi, 3NMUTTI Ta IHIMMX Omepamifx i3
KOMITaHisIMH, @ TaKOX JJIsl LiJied JOCTOBIPHOI OLIHKH aKTHUBIB Cy0’€KTa €KOHOMIYHOL
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IUSUTBHOCTI  (OCOONMMBO THX, SKI 3aiMarOThbCs BUAAMHU JISUIBHOCTI 3 ITiIBUIICHUM
€KOJIOTTYHUM PH3UKOM).
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MAKPOEKOHOMIYHE PAXIBHUITBO ¥ COEPI TOCIIOJAPCBKOI'O

MEXAHI3MY KPATHHU: TPOBJIEMH TA IIJIAXU iX BUPIIIEHHSI

L.B. Bapenuk, FO.M. Manyiiiosu4
IHoctkunchKHit iHCTHTYT CYyMCBKOTO IEP)KaBHOTO YHIBEPCHTETY
manuilovich8§6 @gmail.com

ITocranoBka npoOiemu. Ilepexin VYkpaiHM Ha PHHKOBI BIHOCHHHM HOTpeOye
JIOKOPiHHOI 1epeOyoBH OOJIKY Ta CTaTHCTHKU. AJjie 3pOOUTH i€ MHTTEBO IIPOCTO
HeMmoxmBo. lleif mpomec Mae TpuBanmil eBorowiiHmi Xapaktep. s Toro mo6
MPUCKOPUTH HOr0, HE TMOPYUIYIOYH BHYTPILIHBOI CYTHOCTI, HEOOXIJHO 3aCBOITH
NPaKTHYHUHA JOCBiJ, HAKONWYECHMH KpailHAMH 3 pO3BHHYTOIO CKOHOMIKOIO, Ta
3aMpoBaUTH MDKHAPOAHI CTAaHAAPTH OOJIKY 1 CTATHCTHKH, 3 YpaXyBaHHIM
MO3UTUBHOTO HAL[IOHAIILHOTO JOCBIY.

OCHOBHUMH 3aBJAaHHSMH Y BHpIIICHHI JaHOI mMpoOJieMH €: BHUSBICHHS Ha il
OocHOBI HUIsAXiB yaockoHanenHs CHP; 3scyBaHHI Opi€eHTHDIB, SIKMX NOBHHEH AOCSATTH
HaIllOHATBHUHA MaKpOEKOHOMIYHUH OONIK 3TiZHO CBITOBMX BHMOT Ta BHPOOJCHHI Ta
3a0e3nedeHHi peanizallii MpiopUTETHUX HAMpPSMKIB mopansiioro 3acrocyBanus CHP y
cdepi rocroapcbKOro MexaHizmy.

Amnami3z ocraHHIX [OCHi/DKeHb 1 myOmikamiii. TeopeTHuHy OCHOBY HAyKOBOTO
aHaJi3y MpoOJieMH CKJIQJAoTh IIpalli BYCHUX, SKI JOCHIKYBAJIM 3arajbHi MUTAHHS
CHP ta BucBiTiroBanu mpobieMu ii craHOBICHHS B YKpaiHi, a came mpami B.JI.
Basunesuua, JI.O. Banactpuka, C.Bynaroscekoi, P.M.Motopuna, b.T. PsOyuikina Ta
OaraTbOX IHIIMX BYEHHUX 1 cremiaiictiB. Pasom 3 TuM mpomecu,mo BinOyBarOThCS B
OCTaHHI POKHM B €KOHOMIIll B3araimi Ta y cepi MaKpOEKOHOMIUHOTO OOJIKY 30KpeMa,a
TAaKOXK  OpieHTalis  YKpailHM Ha  €KOHOMIYHY  IHTerpauilo y  CBIiTOBHIl
MPOCTIP,MOTPEOYIOTh TOAANBIIOTO JOCHTIKeHHsT mepcrnektus po3sutky CHP ra ii
3aCTOCYBaHHA y cepi rocrolapcbKoro MexaHi3my.

Buknan ocHoBHOro marepiany mociipkeHHs.. KommiiekcHuid aHami3 cy4acHOro
crany 3actocyBanHs CHP,npoBencHHII HaMH Ha OCHOBI JaHHX J[ep:KaBHOTO KOMITETY
CTaTUCTUKH YKpaiHM 3a OCTaHHI POKH CBIAYMTH MPO TE,I0 MEXaHI3M 3aCTOCYBaHHS
CucreMy HaLliOHAJIBHOTO PaXiBHULTBA MOTPeOye YHAOCKOHAJIEHHS BUXOISMUYM 3 TaKUX
HEOOXIiTHOCTEM:

CHCTEMHOTO MOHITOPHHIY, aHali3y Ta PEryJIOBaHHS E€KOHOMIYHOIO Kpyrooodiry
IHCTHTYLIHHOT cCeKTOpY (OAMHMIII), 30KpeMa HauioHaIbHOI (Beiel) exoHOMiKH;

CHCTEMHOTO MOHITOPUHTY Ta aHalidy JAWHAMIKA Ta CTPYKTYpH OOJDKETIB
IHCTUTYLIHHUX CEKTOpiB (OAMHHUIIB), CUCTEMU Ta AWHAMIKUM TOBapHHMX i (hiHAHCOBHX
MOTOKIB, YTBOPIOBAHUX BAJIOBUX Ta YUCTHUX JTOXOJIB TOILIO;

CHCTEMHOI0 aHaJli3y COLialbHO-eKOHOMIYHOI €()eKTHBHOCTI CHCTEMM TOBapHO-
(hiHAHCOBHX MOTOKIB;

JIOCII/DKEHHsI OKPEMHX acCHeKTIiB BiITBOPEHHS raiy3eil Ta IHCTUTYLiIHHNX CEeKTOpIiB
(B paMKax TOTO YH iHIIOTO MaKpOSKOHOMIYHOTO arperary);

LIIECTIPSIMOBAHOT KOOPJAMHALIT €KOHOMIYHOTO KPYyroo0iry, miATPUMKH piBHOBAaru
Ta SKICHUX XapaKTePUCTHK BIITBOPEHHS B paMKaX Pi3HUX IHCTpyMEHTapiiB Ta iHIle.

OHOYAaCHO BHSIBJICHO,IO JETali30BaHUI MOHITOPHHT Ta aHalli3 EKOHOMIYHOTO
Kpyroo0iry, B3a€Moii iIHCTUTYLIIHHUX CEKTOPIB HalliOHAIbHOI €KOHOMIKH MOXJIMBHH 3a
PaxyHOK JOCKOHAJ01 ()OPMH MPECTaBICHHS eKOHOMIUHOI iH(opMarlii iHCTHTYIITHIX
CEeKTOpIB Ta BiAMOBiIHOI cucTeMu (DiHAHCOBUX NMOTOKIB. BBakaeMo NOCHUTH Ba)JIHMBO
BUBYATH OCOOIMBOCTI BiNTBOPEHHS IHCTHTYLIHHUX CEKTOpPIB Ta CHCTEMY (piHAHCOBUX
MOTOKIB MK HHMH B paMKaX pIYHMX LHKIiB, MOBEIIHKY YYacHHKIB pHHKY,
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e(eKTHBHICTh €Tally BUPOOHULTBA B PI3HMX IHCTHTYLIHHHX CEKTOpax, JUHAMIKy Ta
CTPYKTYpy BupoOHHITBA TOI10. Cyma BIAMOBIJHUX arperatiB MOKa3HUKIB (hiHAHCOBUX
MOTOKIB  IHCTUTYIIHUX CEKTOpIB HaliOHAIFHOI €KOHOMIKH J03BOJIIE C(OPMYBATH
MMOKA3HUKH HAI[IOHATBHOTO PIBHS, i TAKMM YMHOM BHMBYATH CKOHOMIYHHI KpPyroooir
IHCTUTYLIHHUX CEKTOpIB B KOHTEKCTI EKOHOMIUHOIO Kpyroooiry HauioHaJbHOT
C€KOHOMIKH, JHHAMIKy MAaKpOSKOHOMIYHHMX arperaTiB iHCTUTYLIHHHX CEKTOpIiB B
CTPYKTYpi TOTO YM IHIIOrO MaKpPOEKOHOMIYHOIO arperaty HallilOHaJIbHOi €KOHOMIKH.
Oco01UBO IIe CTOCYETHCS CYKYITHOTO IIOMHUTY 1 CyKYITHOI IIPONO3HIi TOBapiB i mociyr,
BHUPOOHHIITBA, JOPMYBAHHS BaJOBUX Ta YUCTHX JOXOJIB .

Pe3ynbTaTél €KOHOMIYHHX MOCIIKEHb CBINYATh,II0 CKOHOMIUHE 3POCTAHHSI €
HACTIIKOM  IOMEPEeTHbOTO  BIJHOBICHHS pIBHOBardW, 3MilHEHHS 11  SKICHHUX
XapaKTEePUCTHK,a OTXKE eKOHOMIYHE 3pOCTaHHs B YKpaiHi Cilijfl po3risaaTu He Juie B
KOHTEKCTi IMO3UTHUBHOI AWHAMIKM MaKpOeKOHOMiYHMX mokasHukiB CHP, a me 3a
JIOTIOMOT'OI0  pillleHb, SKi JO3BOJISATH PO3IIMPUTH BHYTPILIHIH CIOXKUBUMH IMOMMT Ta
3a0€3MeUUTH BHUCOKI TEMIM pOCTY Yy BIANOBIAHMX Traly3sXx eKoHOMikd. Tomy
BBa)KAEMO,II0 3MEHIICHHsI OapTepHHUX OMepaiiil Ta 3pOCTaHHS TPOIIOBUX IUIATEXKIB B
MaJIMBO-EHEPIreTHYHOMY CEKTOPI, J03BOJIUTH 3MEHIIUTH YaCTKy TIHbOBOI €KOHOMIKH Ta
30ULIBIINTH HAAXOMKEHHS 0 OromkeTy.. BBaskaemo, 110 Takuii mijixig 103BOJISE TIOPSA 3
TpaguUiiiHnMu HarnpaioBaHHsIMu Merozosorii CHP Ta nirouoro KoHrerniiero po3BuTky
i 3acrocyBannss CHP , opraniuHo jomoBHIOBaTH ii HOBiTHIMH po3poOkamu (B chepi
TypU3My, C€KOJIOTiYHI paxyHKH, paxyHKH pPO3BHTKY TOIIO), PO3LIMPIOBATH
METOO0JIOTiUHY 6a3y HalllOHAJILHUX PAaXyHKIB.

Ile mo3BOJIsIE BIAMOBIAHO PO3MIMPIOBATH CHUCTEMY MOHITOPHUHTY Ta aHali3y
€KOHOMIYHOTO KpYroo0iry, OpraHiuHo iHTerpyBaTW ii Yy CBITOBHI €KOHOMIiYHHUIH
mpoctip. AHaii3 npoieciB BiaTBOpeHHs 3a paxyHok meroauku CHP crmiz 3aiiicuHioBarny,
AHAJTI3yI04H TEMIIM POCTY IIEBHUX MaKPOCKOHOMIYHUX arperaris, CTPYKTYpy AOXOIB Ta
BUTpAT BIIMOBIIHUX PaxyHKIB, TEMIH iX pocTy (Craay) LMIOAO MOMEPEIHbOTO Hepioay.
SIKiCHI 3MIHM TaKOX XapaKTepH3YIOTHCS JHHAMIKOIO BAIOBHX Ta YHCTHX JIOXOMIB, iX
MIPOTIOPIISIMHU, CTPYKTYpHUMH 3MiHamu y BBIL.

HeoOXiHO yZOCKOHAIUTH 1 HMOCWINTH AaKTYyalbHICTh aHali3y Ta MOHITOPHHIY
€KOHOMIYHOTO Kpyroobiry B pamkax CHP B 1iisx mpoekTyBaHHsS pPiBHOBaru
BIATBOPEHHS IHCTUTYLIHHMX CEKTOpIiB (IJICEKTOpIiB, OIMHHIb), HAaNAroIXKEHHs
PO3HOALIBYHX Ta MEPEPO3HOAUIBHUX ONepaliil MiX IHCTUTYLIITHUMU CEKTOpaMH .

TIpoTsrom ocraHHIX POKIB B 3apyOiXHili €KOHOMIUHIH JiTepaTypi IOCHUTh 4acTo
3yCTpIYA€ThCSI KPUTHUKA TPAJULIHUX MOHETApPHHX IIOKA3HHKIB, JDKEPEIOM SIKHX €
CHCTEMa TMEepPBICHOTO OyXraaTepcbkoro OOMiKy, $SK OCHOBH [UIsi MPUHHSATTS
YHpPaBIiHCBKMX  pilleHb Ha MakpopiBHi. Ll KpuTHKa CHpSMOBYETbCS  Ha
PETPOCTIEKTHBHUI XapakTep [MOKA3HUKIB MEPBICHOrO OOMIKY, 10 3HAYHO 3MEHIIYE
IXHIO LIHHICTb JUI NPUHHATTS CTPATEriuyHUX YNPABIiHCBKUX pillleHb B HPOLECi
rocnogapioBanHs. Brmpomosx  1980-90-x  pokiB mpo me mumcamn K.Mepuanr,
b.C.Yakpasapri, [x.[deapaen, P.C.Kamnan, J[.I1.Hopron. Kpim Toro, mokasHuku, ski
(OpMYIOTECST B CEPEHOBHII TPAAUIIHHOTO IMEPBICHOTO OOJIKY, NMPOTATOM OCTaHHIX
POKIB 3HAYHOIO MIPOO BTPATUIIU IIHHICTH /ISl MCHEXKMEHTY Ta 30BHIIIHIX IHBECTOPIB.
Hanpuxnan, Oyxrantepchkuii 6anaHc 3 TOUKH 30py 1HBECTOPIB € KOPUCHUM [DKEPEIOM
iHpopmariii Tomi, KoM OagaHCOBa BApTICTh aKTHUBIB Xoua O MPUOIM3HO KOPEIIOE 3
pHHKOBOIO BapricTio. HacmpaBii 1i MOKa3HMKM JOCHTb CYTTE€BO He 30iraiorbcs,
MOSICHIOETCSL  1I€  3POCTaHHSAM  pOJi  HeMarepialbHUX  aKTHBIB, TaKMX K
IHTEJIeKTyallbHUI KalliTaj, peryTailis, He3aBepIIeHI HayKOBO-IOCHIAHUIBKI PO3POOKH
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Tomo. BBaxkaeMo, BIACYTHICTH METOIOJOIIYHOI OLIHKM HeMaTepialbHHX AaKTHBIB,
HEMPHCTOCOBAHICTh CTAaHAAPTIB OONIKY [0 pO3B'si3aHHS MPOOJIEMH BiZoOpaKeHHs
HeMarepialbHHUX aKTUBIB y OanaHci - OHa 3 FOJIOBHUX IPUYMH ITOLIYKY HOBHUX 3ac00iB i
MMOKA3HUKIB OLIHKK €(EeKTUBHOCTI TiSUTBHOCTI OKPEMOro CyO'€KTy TrOCIOJapIOBaHHS,
SKHI Ma€ NPSMUii BIUIMB Ha 3arajibHy eKOHOMIYHY e(peKTUBHICTD KpAiHU.

Mikpo- Ta MakpoekoHOMIuHa iH(opMaltis, sIK 1 OyIb-sKa eKOHOMIYHA iH(pOpMAIIis,
SK TPaBWIO, MOAAIOThCA y (opmi Tabmuip. Tabnuune npencrtaBieHHs iHpopmanii
J03BOJIIE  CTPYKTYpyBaTH 1If, BH3HAUUTH B3a€MO3B'SI3KM Ta CHiBBiJHOIICHHS,
aHaJi3yBaTH Bif MIKpo- A0 MakpopiBHs. Hampukiaa, MakpoekoHOMIYHa iH(popMaris
JI03BOJISIE HE JIMIIE aHANIi3yBaTH BiJTBOPIOBAlbHI IPOLECH HA MIKPOPIBHI, 30Kpema,
BU3HAYUTH €PEKTUBHICTH TOCIOAAPIOBAHHS IHCTUTYLINHHOT OJMHHUII, ajic i € OCHOBOIO
st (opMyBaHHS MaKpOEKOHOMIUHMX arperariB, B T.4. BBII, innuBigyansHOoro Ta
KOJICKTHBHOTO CIIO)KMBAaHHS, IHBECTHILIH, 3a011a/UKEHB TOIIo. byxrantepchkuii 00ik Ta
CHP o00'eqnye Takox 1 4MCTO METOROJOTiYHA cTOpoHA. Lle mposBiseThCst B aHANOTIT
peecTpanii TOCIOAapCHKUX ONepaliil - BUKOPHCTaHHI MPHHIUITY HOJBIHHOrO 3amucy,
KOpPECTIOHICHIIT PaxyHKIB 1 NPUHUMIIB M0OymoBH Oyxrantepcbkoro Oamancy. Ha
JYMKY OJHOTO i3 BiIOMHX Cy4acHHX CHELIaTiCTiB 3 HaliOHAJBHOIO PaXiBHULTBA, «I1€
HE TUIBKM TeXHIUHHMII MPUHOM, ajie 1 Ta BaXJIMBA CXOAMHKA, KA MPUBENA CTATHCTUKY
HALliOHAJIBHOTO JOXOAY [0 CHCTEMH HAILlOHAIBHUX paxyHkiB» [159]. MixHapoaHi
CTaHIApTH MIKpO- 1 MaKpOCKOHOMIYHOro OOJIiIKy TIPYHTYIOTbCS Ha €QUHIH
METO/IOJIOTIYHIH OCHOBI, IO JIO3BOJISIE CKOHOMIYHMH NPUHLUN (YHKIIOHYBaHHS
IHCTUTYLIHOT OJMHULI NOIIMPUTH HA IHCTUTYLIT PUHKOBOI EKOHOMIKHM — IHCTHTYLIiHHI
CEKTOPH, Taly3i eKOHOMIKH, PETi0HH, HAIlIOHAIbHY €KOHOMIKY B IILIOMY

Sk BXke BiAMIYanocs, MeTa HALIOHAJBHOTO paxiBHUITBA — YHOPSIKYBaHHS
iH(hopMaIii Tpo pi3Hi aCIEKTH SKOHOMIYHOTO JKUTTS, 1100 BUSBHUTH 3arajibHy KapTUHY
Ta TOJIOBHI HACIIJKM €KOHOMIYHOIO IIpOLECY, a TAaKOX CTPYKTYpu exoHoMmiku. Lle
nocsiraethest 3a gonomororo  kinacudikauii CHP. Bpak indopmarii momo HU3KH
MTOKA3HUKIB 1 TPyI, TOCIIOJAPCHKAX OIWHHIG, ICTOTHI BIAMIHHOCTI B HaI[lOHAJBHUX
CTaHAapTax OyXralaTepchbkoro 00Ky Ta Kiacu(iKalisix CTBOPIOIOTH TPYIHOLI Yy
no6yri CHP, sika 6 nmoBHICTIO BiJnoBifana npe’ sBICHUM BUMOTaM.

3Bakar0ud Ha TICHI aHAIITHYHI 3B’SI3KH MIDXK MEPBICHUM OyXTalTepChbKUM O0IIIKOM
rocroJjapCbKUX  Omeparii  Ta rojoBHuMHu  1okasHukamu CHP, HeoOxigHO
CHCTEMaTHYHO MPALIOBATH HaJ HUMH ,3a0e3I1euyBaTH B3a€MO3B’ 30K Ta JOCTOBIPHICTh
iHpopMaliiHiX JoKepen iX ¢GopMmyBaHHA. Po3poOmstoun — HaliOHaJbHI paxXyHKH,

JOLITBHO BHKOPUCTOBYBATH 3apyODKHUM JOCBi Ta NPUAUIATH yBary ix
inpopmartiiiHomy 3abesneuennto. Jns inpopmaiiinoro 3abe3neyendss CHP HeoOxinHO
MIPOBECTH KOMIUIEKCHMH PO3IVIS] METOAOJOril , NPHUHLUIIB HOOYZOBU Ta

(yHKI[IOHYBaHHS HAIlIOHAIBHOI €KOHOMIYHOI iH(popMarii,saka hopmye CHP.

LlinecnpsiMoBaHa MiATPUMKA HPONOPLIH COLIAJbHO-EKOHOMIYHOIO PO3BUTKY
rOCIOAAPCHKOTO MEXaHi3My, YIOCKOHAJIEHHS CHCTEMH MDKOIOKETHUX BiJIHOCHUH
notpedye BiANOBIAHOTO TOCITIPKEHHS! MAaKPOCKOHOMIYHUX MPOMOPLIiH, IPYHTYIOUHChH Ha
MeTofooriuHux 3acanax ¢yHkuionysanHs CHP sk HagiliHOro iHcTpymeHTa 00Ky
HAIlIOHATBHHUX TOCIOIAPCHKHUX OTEPALIii .

V3arajgpHeHHs KOHIETIIii HalliOHAJTFHOTO PaxiBHULITBA B CHCTEMi rOCIIOAAPCHKOTO
MEXaHi3My Ma€ MiIBUIMTH e()EeKTHBHICTh CEKOHOMIYHOTO OOJIIKY BIAMOBITHO [0
MIDKHApPOJHUX PEKOMEHIALIH.

@dopMmyBaHHS  IHCTHTYLiHHOI iH(QPACTPYKTypH 3yMOBIIOE TpaHc(hOpMAILiio
€KOHOMIYHOTO TIUTaHYBaHHS — BiJ KOMaHIHO-aJMIHICTPaTHBHOIO 10 OFOKETHO-
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¢biHaHCOBOrO Ha piBHI IHCTUTYHIHHHX CEKTOpIiB Ta oauHHUIb. CrabiIbHICTH
HaLiOHAIBHOI BaIIOTH, 30BHIIHLOEKOHOMIYHMX MOTOKIB BU3HAYAIOTH I'OJIOBHI YNHHUKHU
CTabIBHOCTI HAI[IOHAILHOI EKOHOMIKM B LIOMYy. BiicyTHicTb wLilecnpsMOBaHUX
crabimizamiiHux O 0KeTHO-(IHAHCOBHX 3aXOiB Ha modarky 90-x poOKiB Ta cucremu
E€KOHOMIYHMX pe(opM BiJHECIM HAa TpPUBAJIMH TEPMiH BBEJCHHS HAIlOHAJIBHOL
IPOLIOBOI OJMHMIN Ta CIPUSUIA BHCOKAM TeMIlaM I1HQISMIi, Momanslmiii aerpamamii
TOBapOBHPOOHHUITBA Ta  cepu  MHOCHYyr,  OKKETHO-(IHAHCOBOI  IMOJITHKH
IHCTUTYLIHHUX OMHUIIb, IPAKTHYHIH JIIKBiJallil CHCTEMHU COL[IaIbHOTO 3aXUCTY.

Peanizaris  moniTkM B rany3i iHpopmaru3alii HaI[iOHaJBHOTO pPAaxiBHHUIITBA
MOBUHHA 3JIHCHIOBATHCS LUIIXOM 3aCTOCYBaHHS €AWHOI iHTerpoBaHoi iHpopmarii)
Vkpainu Ta ynpaBiiHHA IpolecaMd B HboMy. Ha ocobnmBy yBary 3aciyroBye
JiSIbHICTD CY0’€KTiB iH(GOpMaLiIHOrO MPOCTOPY LI0J10 TeHepallii, PO3IOBCIOPKEHHS Ta
BUKOPHCTAHHS 1HQOPMAIIHAX pecypciB 3 METOK IMiIBHIICHHS ¢(pEKTHBHOCTI Pi3HUX
BUJIB EKOHOMIYHOi JisibHOCTi. BakiuBoro 3Ha4yeHHs B IbOMY HaOyBa€ SKiCTb,
MOBHOTA 1 BipOTifiHiCTh ofiepKyBaHoi iHdopMalil, HaailiHiCcTb 1i Kepen.

CyuacHuil CTaH CEKOHOMKH YKpalHH XapaKTEepU3YEThCS SK TPHUBAIUIl mepiof
pecTpyKTypu3auii i € HEecTalliloHapHUM eTaroM I PO3BHTKY 3 YacTHMH 3MiHaMH
CcTpyKTypu 1 (yHKIiii OpraHiB Aep»aBHOTO yNpaBiiHHsA. Take CTAHOBWIIE BHMAarae
peopranizauii cuctemu iHpopmMauiifHoro 3abe3neueHHs OpraiB ynpaBJliHHs B JepkaBi
3 3aCTOCYBaHHSM YCIX MOXIHMBHX  peCypCiB iHTerpauiiHoro iH¢opmariiHoro
3a0e31e4eHHs.

ITlincymoByto4n BiIMITUMO, 10 pe3yabTaTH gociimxeHHs aitoduoi CHP nokazamm:

1) Cxmam, 3MicT 1 Komu paxyHKiB mnomaBamucs 3rizHo 3 CHP-93 ta
BpaxyBaHHIM 0COOJIMBOCTEN HALliOHAIBLHOTO paXiBHULTBA YKpaiHH.

2) HaBemeHo MeTOJONOTIYHI TOSICHEHHS, [OBIJIKOBI Ta aHAMITHYHI TaOMHIIi,
PaxyHKH y NOPIBHSUIBHUX LliHAX, EPETiK 3MiH 1 JOMOBHEHb 10 MOKAa3HHKIB.

3) Yci po3paxyHku 3pobiieHo Ha 0a3i odiuiitHol iHpopMaLlil, B IESKHX BUMAAKAX -
3 BHKOPHCTAHHAM CKCIICPTHHX OIIHOK, OCKUIBKH OpaKkyBalo YacTHHU MaHUX IIPO
30BHIIIHEOCKOHOMIYHY JisUTBHICTD T 1HIIHUX JaHUX.

4) BHeceHO NHONpaBKH A0 PO3PAXYHKIB JUIS YCYHEHHs iHQUIALIHHOrO BIUIMBY Ha
MMOKA3HUKH HAIlIOHAIGHUX PAXYHKIB.

5) BHeceHO nonpaBKH 00 YAOCKOHATICHHSI EKOHOMIYHHX Kiacudikaii.
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Abstract.

Innovative potential is a basis for ensuring a stable development and successful
functioning of both a separate enterprise and the economy as a whole. The
consequences of the global financial crisis, the problems of socio-economic character in
the economy of Ukraine for the functioning of industrial enterprises, the attention of
scientists and specialists to the issues of increasing the efficiency of their economic
activity, one of the components of which is the formation of potential, in particular
innovative, and its effective implementation.

Keywords.

Innovative potential, competitiveness, innovative activity, intellectual potential,
intellectual property.

The purpose of the article. Eurointegration vector of country’s development puts
the task to find out the main problems of the innovation process in Ukraine, to identify
the reasons for the slowdown in the development of the competitiveness of domestic
enterprises, to substantiate the importance of directing the market economy of Ukraine
towards scientific and technical progress and development of innovation activity,
consider the directions of achieving the objectives of Ukraine's economic development.

The main material of the article.

The process of European integration became a starting point in the development of
the economy, which was intended to facilitate the establishment of close cooperation
with other leading countries of the world, to increase the competitiveness of domestic
enterprises, the issue of new competitive products, exchange of technologies and
overcoming technological backwardness of certain industries, and, as a consequence,
improving the life level of the population, socio-economic stabilization and
modernization of the country's economy as a whole.

But the XXI century does not cease to surprise new challenges that constantly make
it possible to look for new ways to maintain its market positions as micro-level
(maintaining competitive advantages in a certain niche) and macro level - preservation
and multiplication of national competitiveness.

The competitiveness of the economy of any country depends on the ability to
introduce innovation, and inadequate natural resource potential can become a prompting
factor in the development of high-tech industries in the economies of countries with
limited resources.

Search and introduction of ways to increase the level of national competitiveness is
one of the most important factors on the path to equal partnership between Ukraine
among the members of the European Community.

At the end of the last century M. Porter, a specialist in the field of studying
economic competition, in particular competition in international markets, competition
between countries and regions, in his theory of competitive advantages emphasized that
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the availability of natural resources is not always a prerequisite for obtaining stable
competitive advantages.

The main reasons for lagging Ukraine in a competitive environment were and
remain, in the first place, insufficient funding of research and development, inadequate
level of investment in the development of high-tech industries, low efficiency of
economic reforms, as well as physical and moral demolition of basic production funds,
the growth of unemployment, outflow of highly skilled personnel abroad, instability of
the national currency as a result of the exacerbation of the economic crisis, reducing the
consumer purchasing power, low quality produced products, exacerbation of
competition in the world market.

In the evaluation of economic growth, attention is drawn to a number of factors,
namely:

innovative activity, scientific and technical potential of the country;

attraction of external and domestic investments for sustainable development and
economic growth of the country;

the presence of raw material and material base, that is, the provision of the country
with natural, labor, production and other factors.

Thus, activity aimed at achieving high economic growth rates, raising the level of
competitiveness of enterprises and countries as a whole, it is necessary to carry out
precisely in the direction of improving these structural factors.

In 2020, according to the competitiveness index, Ukraine occupied 55th place
among 63 countries (data of the International Development Management Institute).

Indicators of Ukraine in the ranking of the world's innovative economies that
analyze such criteria as expenses for development and experiments, production
capacities and concentration of high-tech enterprises are also disappointing - Ukraine
according to these indicators is 56 places with 60.

At the same time, according to the index of human development, Ukraine attributed
to countries with a high level of human development (74th place among 189
participants). [6].

An important factor in the intellectual potential of the country is the human factor
and access to knowledge. It accumulates similar to material and financial capital, by
attracting investments in the development of education, science and technology.
However, such investments in the long run are fully justified. The growth of the
innovative potential of the economy is directly related to the well-established
cooperation of education and business. The source of innovation is knowledge that is
embodied in such forms as: patents, innovations, inventions, author's certificates - they
are competitive advantages. Innovative activity aims to use and commercialize the
results of scientific research and development, leads to the release of new competitive
products in the market.

Ukraine is inherent in a variety of natural resource potential, but in world
experience there are many examples of rapid economic growth of countries by
increasing the innovation activity for which factors of production are only a means of
achieving scientific and technical development of the country, and not their main
competitive advantage.

The first steps made in the direction of integration into the world economic space
were complicated by new obstacles that brought the economic crisis caused by the
coronavirus pandemic. In such circumstances, it is extremely important to find new and
effective ways to maintain and ensure the proper level of competitiveness of products
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that could compete with similar products of foreign commodity producers. The presence
of a sufficient number of natural and human resources is leveled by the lack of high-
tech enterprises that would change the raw material-semi-finished focus of Ukraine's
exports. In these conditions, the best way out of the situation is to overcome the causes
of chronic lagging behind Ukraine, by attracting investments into innovation
development of enterprises, stimulating the production of high-tech products,
compliance with quality standards and the reorientation of Ukraine's economy to an
innovative model of socio-economic development of the state.

Currently, Ukraine purposefully operates its economic activity in the direction of
innovation development. The proof of this is the order of the Cabinet of Ministers of
Ukraine dated July 10, 2019 No. 526-p.

The basis of a long-term strategy for economic development, the principles of
enhancement of technological, efficiency of existing production, growth of
competitiveness, development of high-tech productions are laid down.

At various stages of the innovation process, such problems are identified to be
solved by means of state policy instruments.

At the stage of creating innovations:

lack of funding, in particular the state one;

lack of information about the market prospects of the proposed idea and knowledge
and advisory support of the project from the idea to the phase of commercialization;

insufficient use by scientists and small and medium-sized business opportunities for
participation in international programs;

lack of established communications between scientists and business representatives
interested in the development of innovations, both business needs in innovation and data
on new and improved technological solutions that can be used in production;

insufficient promotion and dissemination of information about positive examples of
the transformation of an idea to an innovative product;

lack of reliable forecasting of trends and research on the influence of instruments of
state regulation of innovative economic development.

At the stage of innovation transfer:

lack of funding due to unpredictability of commercial results of innovations;

discrepancies in relation to the settlement of intellectual property relations between
the Civil Code of Ukraine and acts of special legislation of Ukraine regulating the
indicated relation sphere;

limited financial and material resources to create innovation infrastructure;

lack of specialists in the field of innovation management, intellectual property
management, marketing, legal protection, financial advisers, technology transfer experts
and business planning;

insufficient knowledge of scientists and employees of units responsible for
commercialization in higher education institutions and scientific institutions, with
regard to assessing the level of readiness of scientific and technical (experimental)
development, further market effect from transferred (commercialized) technologies,
developing a strategy for commercial development, technology transfer strategy,
technology transfer scenarios, which are in different stages of readiness;

lack of information about information partners;

the absence of a mechanism for the transfer of technologies created or acquired for
budget funds abroad;
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low level of interest in higher education institutions in the proceedings of
innovation;

restrictions on contributions in the form of intangible assets for higher education
institutions and scientific institutions during the formation of authorized capital,
creation of legal entities for the introduction of scientific and technical results;

complexity of assessing the value of objects of intellectual property rights and
shortages of specialists for its implementation;

at the stage of introduction of innovations by creating a specialized small
innovation enterprise — startup;

burdensome regulation, in particular, complicated access to the labor market of
foreigners and excessively complicated the process of eliminating an enterprise, which
is extremely relevant for startups, since innovative activity is a highly ranking business
and part of the startups turns out to be unsuccessful;

a high level of taxes (primarily on the remuneration and profit of enterprises);

insufficiency of the necessary knowledge and skills for conducting entrepreneurial
activity;

large expenses for a newly formed enterprise for leasing premises and equipment,
payment of third-party services (primarily accounting);

inadequate development of venture financing in Ukraine and the problems of legal
protection of ownership of foreign investors;

the absence or limited effectiveness of innovative infrastructure, which should
facilitate the development of innovative entrepreneurship.

At the stage of introducing innovations in an existing enterprise, exit to serial
production:

inadequate level of economic entities in implementing the results of domestic
scientific research and scientific and technical (experimental) developments that require
additional time and financial resources for their full application;

insufficient awareness of the possibilities of small and medium-sized enterprises in
the field of innovations, high transactional costs for searching and access to databases,
lack of effective channel transmission of information on the demand of enterprises to
the science and education sector;

insufficiency of an independent assessment of the technological level of scientific
and technical (experimental) development and the ability to implement it technically;

lack of innovators (persons who create new or improve existing competitive
technologies), presentation skills products, skills to assess the amount of funds they can
receive from the company, which bears the main risks during the implementation of
innovation;

lack of "joint language" of business and science representatives;

low level of awareness of innovators in the field of legal protection and protection
of intellectual property.

There are also a number of problems that relate to all stages of transformation of
ideas into innovation products, in particular the problem of departure abroad of skilled
personnel, scientists, inventors, entrepreneurs. The main reasons of them are:

the best opportunities for implementing ideas abroad (first of all access to
financing, legal protection, proximity to market markets, smaller business
management);

higher standard of living (safety and rule of law, education and health care, social
protection, in case of need, infrastructure, ecology, etc.);
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creative and entrepreneurial environment created in the best world centers of
innovation. [8]

Conclusions.

Ukraine, as a state that has a great intellectual potential, has to solve these problems
to build a competitive economy with developed entrepreneurship, innovation and high
production productivity. It is necessary to take into account the interests of all
participants in the innovation process and promote innovation at all stages of creation
and withdrawal of innovative product to the market.

This problem can be solved by creating a favorable legal framework for business
entities that provide innovation activities, as well as the development of innovative
infrastructure, expanding the links of domestic scientists and inventors with foreign
enterprises, increasing innovation culture.

An important direction for increasing the competitiveness of the economy is to
increase funding for scientific research, viewing the priority areas of development of
science and technology in order to approach the directions defined in developed
countries of the world, improving the quality of education by approximating it to the
needs of the global market and specialists' needs capable of creating, adapting. and use
technological innovations, support for the introduction of educational disciplines from
entrepreneurship, financial literacy and intellectual property protection.

The state policy should provide for the following directions of achieving the
objectives of Ukraine's economic development:

improving the quality of education in accordance with the needs of the global
market;

creation of conditions for the development of technoparks, business incubators,
high-tech offices;

state support for science-intensive production;

directions of development of innovation activity;

increase in the level of science intensity of production;

provision of a favorable investment and regulatory climate;

reduction of technological import dependence of the country;

increasing the level of innovation culture.
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Tennenuii po3BUTKY e-IeMokpaTii B YKpalHi [JOLWJIBHO OLiHIOBaTH i3
BUKOPHCTAHHSAM HM3KH BCECBITHbO BH3HAHMX IHAEKCIB, 110 BUOKPEMIIIOIOTH BaXKJIUBI
YMHHUKKM BIUIMBY Ha po3BUTOK IT-cdepu. Cepen Takux iHAEKCIB BapTO BiIMITHTH
HacTymHi: [umekc po3BuTky iHpoOpMamiiHO-KoMyHiKamiiiaux TtexHonoriit (ICT
Development Index), Ingexc po3sutky iHdopmauiiinoro cycninscra (Information
Society Index), Immekc w™epexkeBoi rortoBHocti (Networked Readiness Index),
I'mobGaneuuit inHoBaniHuii iHAeke (Global Innovation Index), Immekc rino6ambHOT
koHKyperTocnpomoxuocti (Global Competitiveness Index) Ta ismi.

PiBeHb pPO3BUTKY IHHOBAUiHHUX TEXHOJOTIH, IIO YHHATH CYTTEBUI BIUIMB Ha
pO3BHUTOK  iH(OpMaLiiHO-KOMYHIKAI[IHHIX TEXHOJIOTiH, OIIHIOEThCs [IobampHUM
inHoBauiHuM iHgekcom (GII). Jlanuii iHOEKC BH3HAYAETHCS IUIAXOM BH3HAYCHHS
CEpeHbO3BAKCHNX BEIMYMHM 3 IHJEKCIB, IO BH3HAYalOTh pIBEHb PO3BHUTKY
iH(PACTPYKTYpH, JTIOACHKOrO KamiTany, OCBITH, IHBECTHI[H, EKOJOTIYHY CTaliCTh,
BIUIMB Ta CTBOPCHHS 3HaHb TOLIO. 32 IMO3UI[IOHYBaHHSIM KpaiH IO LBOMY IHJEKCY €
MOXIUBICTh CYAWTH TPO TIOTEHI[an KpaiHW [0 BIPOBADKCHHS Ta IOMIMPEHHS
iH(pOpMaIifHO-KOMYHIKallifHUX TEXHOJIOTIH B COLliaJIbHO-eKOHOMIYHIl cdepi, 30KpemMa
1 B eIeKTpOHHOMY ypsiyBaHHi. Okpemi 3HaueHHs innekcy GII HaBeneHo y Tabauui 1.

Tabmuus 1 — TI'moGanbhHuit  iHHOBALiMHMH 1HAEKC MO JESIKMX KpaiHax

eBporeiicbkoro periony 3a 2016-2020 poku
.. 2020 2019 2018 2017 2016
Kpaina = = = v =
pedTuHT |0an  |pedTHHT [0an  |pedTHHr |0an  |pedTHHT |0an  |pedTHHT |6at

IBeiirapist 1 166,08 1 6724 1 6840 1 [67,69] 1 166,28
[IBewist 2 6247 2 63,65 3  |63,08] 2 [63,82] 2 [63,57
Hinepnanmu 5 |5876] 4 6144 2 16332 3 16336 9 [5829
Janist 6 |57,53] 7 |5844| 8 5839 6 |58,70] 8 [5845
Himeuunna 9 56,55 9 |5819] 9 |58,03] 9 |58,39] 10 [57,94
IMonbma 38 13995| 39 |41,31] 39 |41,67| 38 |41,99] 39 (4022
VYkpaina 45 |36,32| 47 |3740] 43 |38,52] 50 |37,62] 56 |35,71
Typeuduna 51 13490, 49 [36,95] 50 |37.42] 43 |3890] 42 (39,03

* - CKJIaJIeHO aBTOpaMH Ha OCHOBI [1-5].

3a paHuMu Tabnuui 1 6e3yMOBHUMHM JliiepaMH Y IOLIMPEHHI iHHOBAWii B ycix
chepax ekoHOMIKH Ta cycrinberBa € [IBefimapis, mo 3 2016 poky yTpuMye Jigupyrodi
no3uuii 3a ingexcom GII. 3a piBHeM po3BUTKY iHHOBamii ciigom 3a IlIBeiinapieto
cmigyrore LllBemis sika 3aiimae apyre micue, Himepmangm, sika mepemictiinack 3 9
nosutii y 2016 poui Ha 5 y 2020. B npomy peiiTunry Ykpaina nepemictuiace 3 56
Micus y 2016 poui Ha 45 y 2020 ta o6iiinuia 3a nuM nokazHukoM Typeuyunny y 2018
poui. OTxe MOXHa CKa3aT, M0 B YKpaiHi OCTAHHIMU POKaMH BifOYJIHCS MO3UTHUBHI
3pyLIEHHs y BUKOPHCTaHHI IHHOBallif B COLIaJbHO-€KOHOMIuHIN cdepi, 30kpema
iH(bOpMAaIIHHO-KOMYHIKaLIHHAX TEXHOJIOTIH.

binpmr 3MICTOBHUM € iHJIEKC TJ00anbHOi KoHKypeHToctnpoMoxHocti (GCI), mo
JI03BOJISIE  KOMIUIGKCHO OI[HUTH MOXJIMBOCTI MMEBHOI KpaiHM [0 JIMHAMIYHOTO
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COIiaIbHO-eKOHOMIYHOTO ~ PO3BUTKY Ta OCHOBHI €KOHOMI4YHi mepeBarn (B
€KOHOMIYHOMY, TEXHIYHOMY, iHHOBaliiiHOMy po3Butky). Ingekc GCI Hanae
KOMIUIEKCHY 1H(OpMAIil0 PO piBeHb PO3BUTKY IHHOBaLIHHOrO, iH(OpMaLiiiHO-
TEXHIYHOTO, EKOHOMIYHOrO Ta COLIaJbHOTO MOTEHIiANy KpaiHu Ta pIiBEHb IOro
BUKOPUCTAHHS.

Jlanuii iHIEKC CTPYKTYpHO cKiazaeTbest i3 Oumbmr Hik 100 iHgekciB ta 12
KOHTPOJIbHUX MOKA3HUKIB, 110 00’ €JHAHI y TPH IpymnH cyOiHneKciB: «OCHOBHI BUMOTH»
(nepxaBHi iHcTHTYWIi, iHGPACTPYKTypa, MAaKpOSKOHOMi4Ha CTaOLIbHICTh, OXOpOHA
3I0POB’S Ta IOYaTKOBAa OCBiTa), IO € BAKIUBUMH Ui (HaKTOPHO-OPIEHTOBAHHUX
exoHoMiK; «[lincumoBaui eeKTUBHOCTI» (BMILA OCBiTa Ta MpodeciiiHa MmiAroroBka,
e(eKTUBHICTh PUHKY TOBapiB, e(EeKTHBHICTh pPHUHKY TMpalli, piBeHb PO3BUTKY
(iHAHCOBOTO PHMHKY, OCHAICHHS HOBITHIMH TEXHOJIOTISIMH, PO3Mip PHHKY), L0 €
KPUTHYHIMH JJIsI EKOHOMIK, [I0 OPi€HTOBaHI Ha e(eKTUBHICTh; «DaKTOPH PO3BUTKY Ta
IHHOBAILIHHOrO MOTeHIiany» (piBeHb PO3BUTKY Oi3Hecy, IHHOBALii), MalOTb BAXIINBE
3HA4YeHHS JUIS IHHOBALIIfHO-OPIEHTOBAHMX EKOHOMIK, SIKi aKTHBHO BHKOPHCTOBYIOTH
iH(pOpMAaIIHHO-KOMYHIKALIfHI TEXHOJIOTII sl JOCSTHEHHsI eKOHOMIYHOI Ta COLianbHOL
epekTHBHOCTI KpaiHu. PeHTHHr neskumX KpaiH CBITYy 3a LM iHJEKCOM HaBEJICHO Y
Tabumni 2.

Tabmuus 2 — Ilo3unionyBaHHs IeIKUX KpaiH €BPOIEHCHKOrO PErioHy 3a iHIeKCoM
rJ100aIbHOT KOHKYpEHTOCIPOMOXKHOCTI 3 2016 110 2020 pik.

Hosmui 2016-2017 2017-2018 2018-2019 2019-2020
JEsIKUX KpaiH

CBITY 3a . " o o
imexcom GCI Oan |peiitunr| Oanm |peiituHr| Oan |pedTuHr| Oan | peHTUHT
VYkpaina 4,00 85 4,11 81 57,0 83 57,0 85
Typeuunna 4,39 55 4,42 53 61,6 61 62,1 61
[onbima 4,56 36 4,59 39 68,2 37 68,9 37

Himeuunna 5,57 5 5,65 5 82,8 3 81,8 7

1IBetinapis 5,81 1 5,86 1 82,6 2 82,3 5
* CKJIaJICHO aBTOpaMH Ha OCHOBI [6-9].

3a uuMm iHgekcoM Ykpaina y 2019 poui 3aiinsiia 85 wmicue. 3a oCTaHHI POKH
CYTTEBO 3HU3MINCS 1i KOHKYPEHTHI IIepeBard, LIO0 IOB’S3aHO i3 E€KOHOMIYHOIO Ta
MOJITHYHOK HecTabINpHICTIO Ha CXOAi KpaiHW. 3a JaHUM iHIEKCOM YKpaiHa
BIHOCHTBCSL IO KpaiH, L0 3HAXOIAThcsl Ha 2 cTaiii PO3BUTKY Ta € KpaiHOo
OpIEHTOBAaHOIO  Ha  e(eKTUBHICTh.  PiBeHb  BUKOpHCTaHHS  iH(opmaIiitHo-
KOMYHIKAllifHUX TEXHOJIOTIH 3HAaXOQUTbCS HA HU3BKOMY piBHI, a IX NPOHUKHEHHS
HOCHUTb XaOTHYHHI XapakTep, aJpKe Il PO3BUTKY KpaiHH KPUTHYHUM € 3a0e3MeUeHHs
eexTrBHOrO (YHKIIOHYBaHHs ()iHAHCOBOTO, TOBAPHOTO PUHKIB Ta PHHKY IpaLli, 110 €
OCHOBOIO UL CKOHOMIYHOTO 3pocraHHs. TypeuuumHa, Ilompma B IbOMy pEHTHHTY
3aliMalOTh BHUIII MO3WIIT HIK YKpaiHH, JOPEYHO BIAMITHUTH, LIO I[i EKOHOMIKH CBITY,
3rilHO iHIEKCY I100aJbHOI KOHKYPEHTOCIIPOMOXHOCTI, 3HAXOIAThCA Ha IepexiaHii
cTafil /70 EKOHOMIK Opi€HTOBaHMX Ha iHHOBauii (3 cramgis po3BUTKY). B Takux
€KOHOMIKaX poib IHHOBaUii Ta iH(OpMaLiiiHO-KOMYyHIKAIMHUX TEXHOJOrIH ays
3a0e3neueHHs eKOHOMIYHOTO PO3BUTKY CYTTEBO 3pPOCTAE.

Bapro Hamatu yBary iHIEKCY PO3BUTKY CJIGKTPOHHOro ypsny. aHuil iHpexc
po3paxoByerbcsi OOH oamH pa3 Ha [gBa POKH 1 IOKa3ye 3aralbHUA pPO3BHTOK
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€JIEKTPOHHOI JEeMOKpaTii B KpaiHi Ta il TOTOBHICTh O peanizallii i BUKOPUCTAHHS
IHCTPYMEHTIB e-JeMOKpartii. [HIeKC pO3BUTKY EIEKTPOHHOTO YpPSAY BH3HAYAETHCS 3a
takumu  cknanoBuMu: IKT-iHdpacTpykTypH, IIOACBKME Kamitan Ta OH-JaifHOBI
JIepKaBHI MOCIYrH. 3HAYCHHS 1HICKCY BU3HAYAETHCS SIK CEPEIHE apU(PMETHIHE TPHOX
Horo ckianoBux. Koxkna ckianoBa iHaekcy (GopMyeTbcs Ha OCHOBI HOpMani3oBaHHUX
3Ha4eHb IIOKA3HHUKIB, IO BXOIATh 1O ioro ckmangy. IIpomenypa Hopmanisamii
po3po0iieHa TAKUM YHHOM, 11100 MaKCUMAJILHO MOXKJIMBE 3HAYEHHS MiAiHaekcy (i, oTxke,
IHTErpaJIbHOTO 1HIEKCY) JOPiBHIOBAO 1, @ MiHIMATEHO MOKIIHBE - HYIIIO.

Tabmuus 3 — Ingexc po3BuTKy enekrponHoro ypsny (E-Government Development
Index, EGDI) o okpemux kpainax eBporencbkoro periony 3a 2014-2020 poku

. 2020 2018 2016 2014
Kpaina v = = =
pEeHTHHT 0an  |pedituHr| Oanm |pedTHHr| Oan |pedTHwHr| Oan
LIBeiiuapist 16 0,8907 15 ]0,8520| 28 |0,7525| 30 [0,7267
LlBernis 6 0,9365 5 0,8882 6 0,8704| 14 ]0,8225
Hinepnanan 10 0,9228 13 10,8757 7 0,8659 5 0,8897
Hawuis 1 0,9758 1 0,9150 9 0,8510 16 10,8162
Himeuunna 25 0,8524 12 0,8765 15 0,8210 21 0,7864
IMonbma 24 0,8531 33 10,7926 36 |0,7211| 42 10,6482
Typeuunna 53 0,7718 53 10,7112] 68 [0,5900| 71 0,5443
Ykpaina 69 0,7119 82 ]0,6165| 62 ]0,6076| 87 ]0,5032

* CKIIaJIcHO aBTOpaMU Ha OCHOBI JIaHWX IHTEPaKTHBHOI 6a3u 3HAHD E€IEKTPOHHOTO
ypsny Opranizauii O6’exnannx Hamiit [10]

Amnani3z maHux Tabmumi 3 mokasye, mo Oe3yMOBHHM JIJEPOM y BIPOBAKEHHI
METOJIiB eJIEKTPOHHOro ypsnyBaHHs € [anis sika 3 2014 poky no 2020 pik migHsiace y
peiitunrax 3 16 micis Ha 1. Taki kpainn €C sk Beituapis, [sewuis, [Toneima 3 2014
no 2020 pokH CYTTEBO MOKPALIMIM CBOI IOKa3HWKW Ta MOJIIIIMIM SKICTh HaJaHHS
CIICKTPOHHHX YPSIOBUX MOCIYT.

AHani3 nokasHHUKIiB Mo YKpaiHi MOKa3ye, 10 CYyTTEBE 3POCTaHHS AaHOTO iHIEKCY
BinOynocs nume y 2016 poui nopisusHo 3 2014. Cranom Ha 2020 pik YkpaiHa 3aiimae
69 micue cepen 193 kpain cBity.

JleTanbHuil aHAI3 CKJIAZOBUX IHJIEKCY PO3BUTKY CICKTPOHHOIO ypsiny (IuB.
pucyHoOk 1-2) moka3sye, 10 CyTTeBE 3pOCTAHHS MOKa3HMKA Bi0yBanocs B OCHOBHOMY 3a
paxyHok mnokpamanua iHgekcy IKT-indpactpykTypu Ta iHZEKCy OHJIAHHOBHX
JePHKABHUX TTOCIIYT.

Bapro BiZMITUTH CyTT€Be BiJICTaBaHHS PO3BUTKY YKpaiHM MO BCiX TNIOOATBHUX
IHJeKcax, IO BKa3ye Ha HEOOXIAHICTh y 3MiHI Kypcy PO3BUTKY KpaiHM B NHTaHHIX
MOLIMPEHHS Ta BHUKOPHCTaHHS 1H(OPMAIIHO-KOMYHIKAIIHHUX TEXHOJOTIH, sKi
BHUCTYHAIOTh OCHOBHUX JPAi{BOM JUIsl €KOHOMIYHOTO 3pDOCTAHHSL.
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Pucynox 2 - CknamoBi iHaekcy po3BHTKY eidektporHoro ypsay (EGDI) mo
OKpEMHX KpaiHax €BpOIEHCHKOro periony (CkiajgeHo aBTopamu Ha ocHOBI [10]).

ne, OSI — iHaekc OHIAHOBUX JAEPKABHUX MOCIYT;

TII - ingexc IKT-indpactpykrypu;

HCI — inexc ar0AChKOro KamiTany.

3 HaBEICHUX CTATHCTUYHMX JAHUX IPOCTEXYEThCS OCHOBHA 3aKOHOMIPHICTH —
KpaiHH, 110 MAlOTh HAWBHUII PEUTHHTH Yy PO3BUTKY iH(OpPMAIiHHO-KOMYyHIKAI[IHHIX
TEXHOJIOTi# € KpaiHamu €Bporneiicbkoro Coro3y.

3abe3neueHHs] MIBUAKUX TEMITIB COLIAIFHO-EKOHOMIYHOTO PO3BUTKY MOXJIHMBE Ha
6a3i mommpenHs iH)OPMAIIHHO-KOMYHIKAIHHUX TEXHOJIOTIH B yci chepr eKOHOMIKH
KpaiHu. 30KpeMa, BaXJIMBUM BOA4a€EMO PO3BHUTOK EJICKTPOHHOTO YPSAYBaHHS, SIK
OCHOBH (hopMyBaHHS iHpOpMaLIHOTO cycninbcTBa Ha npuHIunax €C.
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BILJINB U PPOBI3AIIIL HA EKOHOMIKY YKPATHA
}0.M. ManyiijoBuy, 1.B. Bapenux
[IocTkuHCEKHIT iIHCTUTYT CyMCBKOTO Jep>KaBHOTO YHIBEPCUTETY
manuilovich86 @ gmail.com

IlocranoBka mpo6iaemu. IluppoBi TexHOmOrii JaBHO CTauM JBUTYHAMH
PEBONIOLIHHUX 3MiH B OaraTbox KpaiHax cBity. Temmu iX immuiemenrauii B yci chepu
€KOHOMIKM Ta CYCINIBCTBA HE MepecTaroTh 3pocratd. Llndposisaiis BinkpuBae HOBI
MOTY)KHI MOMJIMBOCTI JUISi TPOMaJsiH, CycliibcTBa Ta AepxkaBu. OpHak, mporec ii
iHTerpailii B eKOHOMIKY YKpaiHH IPOXOAUTH AyXKe MOBUIBHO, IO IPU3BOIUTH HE TUIBKH
IO BTpPaTH KOHKYPEHTOCIIPOMOXXHOCTI KpalHH Ha CBITOBOMY pHHKY, a # [0
HE/IOCTATHBOTO PO3KPUTTS ii moTeHmiany y cdepi iHbopMamiiHO-IHPOBUX
TEXHOJIOTIH.

BpaxoByrooun Cy4acHHil CTaH SKOHOMIKH YKpaiHM Ta CBITOBI TeHIEHIHI y cdepi
upoBoi Tpancdopmanii, 1upoBizalLis BCiX raiay3ell €KOHOMIKH ITOBUHHA CTaTH
MPIOPUTETHUM HAIPSIMKOM JUlsi JiepkaBu. [Hakime, YkpaiHa Tak i He 3IiHCHUTH
«un¢poBuil cTpUOOK» 1 HA3aBKAM 3AIUIIUTHCS [JAJeKO IM03aay Bil MPOBIIHUX
€KOHOMIK CBITY.

AHami3 ocTaHHiX JgochimkeHb i my6aikamiii. [Ipobnemu Tpancdopmarii
MiANPUEMCTB B YMOBaX LM(POBOI €KOHOMIKH, IO BifOYBaIOThCI B EKOHOMIUYHOMY
pocTopi mix ii BIJIMBOM € HAyKOBI Hpalli Ta MPAaKTHYHI JOCHI/UKEHHS BITYM3HSHUX 1
3apyOikHuX BueHuX. [lormsimu Ha nmdpoBy TpaHcdopmallito Takux aBTopiB B.
AubnakoBa, C. Bepertok, B. JIsmenko, JI. ®ponosa, C. EpMak BUpakatoThcsl y 3MiHaX
30BHIIIHBOTO Ta BHYTPILIHROTO CEpelOBHUINA MiINMpHEMCTBA Yepe3 Hablp (yHKIi Bix
aBTOMATHU3allii 3aKyIiBeNb O NMPOJaXiB, MAPKETHHIY Ta BUKOPHUCTaHHS MOTEHIaIy
uupOBUX TEXHOJOTiH y po3BUTKy miampuemctBa. Haykosmi I'. Umepyk, B. Kpaiy,
Joun Tanckort, H. Herpomnonre, T. MecenOypr poOisTh akLEHT Ha 3MiHI MHCIIEHHS,
MPUAHATTI pillleHb Ta Ai0BOi KynbTypu. Taka TpanchopMmallis BKIOYAE 3MIHA B
CTWJISIX MHCICHHS, CTHIAX KEPIBHUITBA Ta NPHHHATTI HOBHUX Oi3Hec-MoJenei st
MiJABUIICHHS €(EKTUBHOCTI POOOTH MiANPUEMTCBA, HOTO KIIIEHTIB, MOCTAYaIbHUKIB Ta
MapTHEpIB.

Bukiax oOCHOBHOro Mmarepiajiy jaociijkeHHs. Po3Butok iHdopmariitHux
TEXHOJIOTiH JOKOPIHHO 3MIHIOE CEpPeNOBUILE Ta CIOCIO *KUTTS MoAuHU. BinOyBaeTbes
mudposizanis (BIpoBaLKeHHsSI HUPPOBUX TEXHOJOTIH) ycix chep ii xurrs. [epxasa,
Oi3HeC Ta HACeJCHHS CTalTh AKTUBHUMH CHOXXHMBavyaMd LU(PPOBUX TEXHOJOTIH
(Inrepuer peueid, poboru3ais Ta KibepcucTeMH, IUTYYHUH IHTENEKT, BEIMKI JaHi,
Oe3manepoBi TexHouorii, amuTuBHI TexHojorii (3D-apyk), XMmapHi Ta TymaHHI
oOunciieHHs, OE3MUIOTHI Ta MOOLIBHI TEXHOJIOTI], OIOMETPHYHI, KBAHTOBI TEXHOJIOTII,
TEXHOJIOTII iteHTudikarrii, 6JI0KIEHH TOIIO).

CrporogHi nM@poBi3alisi BUCTyNae OJHUM I3 TOJOBHHUX YWHHHUKIB 3pPOCTAaHHS
CBITOBOI €KOHOMIKH, OCKUIBKH 3aBISIKU 1l HE TIIBKU IMiJBHILYETHCS MPOAYKTHBHICTH
npaui (mpsiva rnepesara), a i Bi0yBaeTbCsl EKOHOMIsl 4acy, CTBOPIOIOTHCSI HOBHH TOMUT
Ha HOBI TOBAapH i MOCIYTH, HOBA SIKICTh Ta LIHHICTb (HempsiMa repesara) Toro. Ilpu
LOMY BHKOPUCTaHHS LH(}- POBUX JaHUX SIK PECYpCy AT BUPOOHHITBA 3yMOBIIOE
nepexiJ BiA TpajULiHHOI PHHKOBOI EKOHOMIKM 10 LHU(POBOI EKOHOMIKH, SKOIO
[IPOHM3YBAaTUMYThCS ~ BCI  CEKTOpW: JAEPKAaBHUI Ta NPHUBAaTHUN, pealbHUIl,
HeBUpOOHHYHiT 1 GpiHaHCOBUMI, BUIOOYBHUH, 0OPOOHMI Ta CEKTOP MOCIYT.

Tax, 3rizHO 3 OIIHKAMU eKCHepTiB, 4acTka IudpoBoi exoHoMmikun y BBII
HaWOinbINX KpaiH cBity 10 2030 p. cranoButume 50-60%. LlikaBo, 1o B YkpaiHi uei
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MOKa3HUK MO)ke OyTH ILe BHINMM Ta JOCATHYTH piBHA 65% BBII (3a peanizauii
(dopcoBaHoro creHapiro (3a TpU-II’SITh POKIB) PO3BUTKY LU(PPOBOI €KOHO- MIKH B
VYxpaini) [1].

Crig 3a3HaYWTH, LIO TAKOTO PIiBHS MOXKHA Oyle HOCSITHYTH, SIKIO B YKpaii
peaizoByBaTUMEThCSI KOMIUIEKC 3aXOJiB LIOM0 PO3BUTKY LM(poBOi iHdpacTpykTypH,
mudposizanii peanbHOro cekTopy (30Kpema, yepe3 po3BHTOK iH(pacTpykTypu «IHay-
ctpig 4.0», «amppoBoro podouoro Micusm», «cMapT- Gpadpukuy»), nndposizawii 0a3oBHUX
chep xurreni- subHOcTi (po3Butok STEM-ocBith, 3ampoBamkenHs cHealth ta e-
Oe3rmeku, po30y0Ba «PO3YMHUX MICT»), PO3BUTKY IM(POBOT IPaMOTHOCTI HACEICHHSI.

CraHoMm Ha cepeauny 2019 p. xio4oBUMH LM(PO- BUMH TPEHIaMH (HAmpsMu
PO3BUTKY HU(PPOBUX TEX- HOJOTIH), SKAMH BHU3HAYATUMEThCS PO3BUTOK IHM(pPO- BOI
€KOHOMIKH K B YKpaiHi, TaK i B L{IIOMY CBITi €:

- JIaHi, sIKi CTalOTh TOJIOBHUM JUKEPEIIOM KOHKY- PEHTOCTIPOMOYKHOCTI;

- InTepuer peueit (Internet of things, IoT);

- nudpoBi TpaHCHOpMaii K OKpeMHX Oi3HECIB, TaK 1 LITNX CEKTOPIB;

- eKOHOMIKa CITIILHOTO KOpHCTyBaHHs (sharing economy);

- Bipryanizauis ¢iznunux iHppactpykTypHux IT-cucrem;

- WITYYHUH IHTEICKT;

CydacHa YkpaiHa BiICTa€ y PO3BUTKY Ta SIKOCTI iH(opMauiiiHO-KOMyHiKaliiHUX
Mmepex. Ha choromni iHpopmauiiHO-1i(poBi TEXHOJOTIT CTAIOTh MOTY)XHOIO PYLIiIHO0
CWJIOI0 B pI3HHMX Tranys3siX, Taki SK TOPriBis, cdepa MOCIyr, BUPOOHHILTBO, cdepa
OXOPOHHM 3710poB’s, ocBitmu Ta iH. [IIpoBimHi CBITOBI KOMMaHIii PpO3IJIAAAIOTH
BIIPOBAJKEHHST [U(PPOBUX TEXHOJIOTIH SIK OJMH 3 TOJOBHHUX (DaKTOPIB iHHOBALIHHOTO
PO3BUTKY Ta IiJBUILEHHS KOHKYPEHTOCIPOMOXKHOCTI. YKpaiHa Mae BEIMKUH MOTeHLian
muist po3kputTst u po3Butky IKT, BoHa nuiie po3pobiisie ctpaTerii CTBOPEHHSI BIACHOTO
mudposoro puHKy. 3 ofHOro GOKY, 3MiHH, 110 BiIOYBAIOTHCS y CBITOBill €KOHOMILI €
CepHO3HUMHU BHUKJIHMKaMH. TOMy BHBYEHHS DI3HHX CTOPiH HU(POBOiI EKOHOMIKH Ta
npouecis if GpopMyBaHHS B YKpaiHi € akTyaJIbHIM HayKOBO- IIPAKTHYHUM 3aBJAHHIM.

BaxnuBoro ckiaqoBoro TpaHchopMarllii miAnpueMcTBa B YKpaiHi € BUKOPHCTAHHS
MOYKJIMBOCTEH Cy4acHUX iHdopmauiiino- komyHikauiiinux rtexnonoriii (IKT) mns
TOro0, 100 CTBOPIOBATH Ta BUPOOJIATH TOBapH, HAaBaTU MOCIYTH, CIPHSIIOUH CTaJIOMY
PO3BUTKY KpaiHH.

Io manmm JlepxaBHOI ciyxOu cTaTUCTHKH YKpaiHu y 2019 poky Mt aHamizy
pukopucranHs IKT Oyno oxomneno 44532 miampuemcts [2]. Jani cBimuaTh, 110
IIiIIPUEMCTBa, SKI MaJlM JJOCTYI 10 IHTepHeT, HafOinbIle BUKOPUCTOBYBAIIM HOTO JULL
HAJICWJIAHHS YM OTPHMAaHHS IIOBIJOMJIEHb EJIEKTPOHHOIO IOIITOK , a TaKOX JUlsl
31ificHeHHs1 0aHKIBCBKUX OIEpariil.

Y xoxmi gocmikeHHs Oyio BHSBIEHO, IO MIANPHEMCTBA HEIOCTATHBHO
BUKOPHCTOBYIOTh [HTepHer, mMeHme Hix 50 %, y Takux HampsMKax, sK 30iHCHEHHS
TeneOHHMX I3BIHKIB 3a nomomororo Iurepuer/VolP-3B'13ky abo Bineo-koH(pepeHiit
Ta IOCTYI 70 iHIHKX (hiHAHCOBHX MOCIIYT.

Cnig 3a3HaYMTH, IO MiJNPHEMHHUIBKI CTPYKTYPH HE € JIiiepaMH B 3aCTOCYBaHHI
IKT, mio € HeraTMBHMM MOMEHTOM JUIS PO3BHUTKY B yMOBaX IHM(POBOI €KOHOMIKH.
KinbkicTp MiANpHEMCTB, 1O OTPUMYBAJIM 3aMOBJICHHS uepe3 Mepexy IHTepHer Ha
[pOJa@X TOBapiB abo MOCHYr (3a BHUHATKOM 3aMOBICHb, OTPUMAHUX EIEKTPOHHOIO
HOILITO0), Y % 10 3arajbHOi KUIbKOCTI mignpueMcts — 6,1% [2]. I1pu iboMy po3BHTOK
BIIHOCHH 3 KIi€HTAMU 1 IIOCTaYaJbHUKAMH 32 JIOIIOMOIOI0 IM(POBUX KaHAIIB
BBa)Ka€THCsI HAMBaXKJIMBILIIOK 03HAKOKO 1(POBOI TpaHCchopMmalii.
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3i 3Biry IT Ukraine Association BHecok IT-chepu B BBII Ykpainu B 2019 poui
cknaB 4 % (B 2012 poui BHecok OyB 0,8%). MinicrepcTBoM Ta KoMiTeTOM HH(POBOL
TpaHcdopmariii Oyna nocrasnena uinb 3anydaru IT y BBII no 10% no 2024 poky.

VY ciroBomy peittuary IMD uundposoi koukypentocnpomokHocti World Digital
Competitiveness Ranking 2019 (ony0nikoBaHuit Ha caiTi MiXXHapOIHOI Oi3HEC-IIKOIN
IMD, mo 6a3yerbcst B JIozanni) Ykpaina 3aiimae 58-y mosuuito 3 63. Y nopiBHsHHI 3
MMHYJIMM DPOKOM BOHA MiJHsANAcid Ha JBa pPAAKU. Y LUGPOBOMY PEHTHHTY KpaiHU
OLIHIOIOTBCS 32 TPHOMA KaTEropisiMu — «3HaHHSI» (SKICTh HABYAHHS, OCBITH i HayKH),
«TexHomorii» (34aTHICT BIPOBAKYyBaTH Ta JOCTIKYBaTH IH(POBI TEXHOJOTII,
¢binancyBanns B IT ramy3i) i «MaiiOyTHS TrOTOBHICTBY» (PiBEHb TI'OTOBHOCTI
BUKOPHCTOBYBaTH  H(poBy TpaHchopmariro). YkpaiHa 3aiiMae HU3bKI MO3HUIII B
KaTeropisx «3HaHHs» 38, B IBOX IHIIMX CIpaBH Iue ripie — B «TexHomnorisx» BoHa 59-
Ta, B «MaiiOyTHiit roTOBHOCTI» 61-a. Ase € mo3UTHBHA TEH/IEHIIIs B OpiBHAHHI 3 2018
poxom VYkpaiHa migHsiach Ha 2 mo3uLil B Kareropisix «3HaHHsI» Ta «TexHoorii»
Cnabki Micns YKpaiHu — B 3aKOHOZIaBCTBI PO HAYKOBI JOCIIJDKEHHSI 1 3aXMUCTY IIPaB Ha
IHTEJIeKTyalbHy BJIACHICTh, HU3bKIil pIBEHb BHHAXIJHUIIBKOI aKTHBHOCTI Ta BHCOKI
IHBECTHIIIHI PU3UKH, a TAKOX KibepOesreka i miparcTso [2].

B naykoBiii siTeparypi € 6arato 3araJbHONPHUAHATHX TAPAMETPIB, 3a JOMOMOTOI0
SKUX BHM3HAYaIOTh LU(POBUI pPiBEHb EKOHOMIKM KpaiHHM, HaHOULIBII MOLIMPEHUMHU
BB@KAIOTHCSl BUKOPUCTAHHS [HTEpHETYy, 4acTKy eNeKTPOHHOI KoMeplii B po3apiOHii
TOPTiBJi, COIaJbHY YaCTKy 3 HU(PPOBUMU MOXKIHMBOCTSIMH Ta iHTepHET-mociyrd. s
BU3HAYEHHS PiBHA PO3BUTKY HU(POBOI eKOHOMIKH Ta PEHTHHTY KpalH BUKOPHCTOBYIOTH
BCECBITHI 1HAEKCH, IO PO3PaXOBYIOTHCS OpraHi3allisiMA 3a PI3HUMH METOJHKaMH.

Haiibinpmr Bimomi — wme: iHAEKC MEpeXeBOoi TIOTOBHOCTI Ta IHIEGKC PO3BUTKY
iH(bOpMAIIHHO-KOMYHIKaI[IHHAX TEXHOJIOTH.
Innekc wmepexeBoi roroBHocTi (NetworkedReadinessIndex) — komruiekcHumit

MMOKA3HUK PO3PaxOBYETHCS MOPIYHO criibHO CBiTOBUM ekoHOMiuHUM (opymoM (WEF)
ta CBiroBuM OankoMm (WB) i sikuii xapakrepusye piBeHb PO3BUTKY iH(pOpMaliiiHO-
KOMYHIKAI[ITHUX TEXHOJIOTii B KpaiHaX CBITY i BuMiproe piBenb po3Butky IKT mo 53
rapamerpam, 00'eIHAaHHM B TPH OCHOBHI I'pyIH:

Ilo-niepmie, NRI namae indopmariito mpo HasiBHICTE yMOB it po3BuTky IKT —
3araJIbHUi CTaH BeAEHHS Oi3Hecy Ta 3akOHOAaBUOl 6a3u 3 Touku 30py IKT

Jlpyra rpyna — Iie TOTOBHICTh YCiX YYacHHKIB AIIOBOI cepeqy N0 BUKOPUCTAHHS
IKT; no3urist kpaiHu MO0 PO3BUTKY iH)OPMALIITHUX TEXHOJOriH, BUTPATH YpsAAy Ha
pO3poOKy cTpaterii pO3BHTKY Taly3i, IOCTYIHICTH [UIi HAceJICHHs, BapTiCTh
KOPUCTYBaHHS MOOLITEHUM 3B’s13KOM Ta Mepexero [HTeprer. PiBens Bukopucranus [KT
cepesl IpOMaJICBKOro HaceJICHHs, B KOMEPLIHHOMY 1 Iep>KaBHOMY CEKTOpax.

VYkpaina 3a uum peiituarom mociza y 2016 poky 64 micue cepen 164 kpainu 3
noka3sHukoM 4,2, BiacrarouM BiA Takux iHopmauiiHux ndigepiB sk CiHramyp,
Oinnsugis i enis. ¥ 2019 poui NRI mae noniniieHy cTpykTypy, fiKka BKIIOYAe B
cebe kinbka (GyHKIIH, ki He Oynu BrutoueHi y 2016 poui. Tomy pe3ynbTaTé 1bOTO
POKy HE 30BCiM CIIIBCTaBHi 3 peHTHHramu mnomepenHix pokis. Y 2019 poui Ykpaina
mocina 67 micie (mocmimxeHHs oxortoe 121 kpainy) 3 nokasaukom 48,92.

IopiBusno 3 2016 poxom VYkpaiHa moripmmna cBoi nosuuii Ha 3 myHkTa [6].
[IpryrHOIO TOCHTH HU3BKHUX IMO3ULIH Y PEUTHHIY € HU3bKUH PiBEHb OCBOEHHS HOBUX
TexHouoriil Oi3HecoM. YkpaiHa nepeOyBae y craHi aktuBHoro cranosienHs IKT, ane
BOHa TaK 1 HE 3MOINIa CKOPOTUTH BiJCTABaHHSA BiJ] PO3BUHEHUX KpaiH B piBHI
iH(opMaTH3aLil i CYCITiNbCTBA.
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IincymoByroun BinMmiTHMO, 0 YKpaiHa 3aiiMae cepenHi mosuimii B peidTmHrax
uudposizarii ekoHOMiKH KpaiHu. OCHOBHI MEPEeIIKOAN Ha HIISIXY PO3BUTKY LU(PPOBUX
MepeTBOPEeHb OB s3aHi 3 BIJICYTHICTIO cTpaTerii. IlignpuemMcTBa 1no-pizHOMY pearyoThb
Ha 1unuppoBy TpaHchopMaIlifo: JAesKi aKTHBHO BIPOBAKYIOTh HU(DPOBI TEXHOJOTII,
JesKi BiUyBalOTb IOTpPeOy, ajle MOKU TINBKM HAMaraloThCsl peali3yBaTH OKpeMi
MPOCKTH, a IHII MPOTUCTOATh NHU(POBUM TIEPETBOPEHHSIM B PO3BUTKY Oi3Hec-
CepeloBUINA, 10 POOMUTH PO3BUTOK IMOBUIBHUM Ta HEKOHKYPEHTOCIIPOMOXKHHM.
CTBOpEHHS JIePKaBOIO 30BHINIHBOTO KIIIMATy, OPI€HTOBAaHOrO Ha IH(POBi3alLilo
MIATPUEMCTB, IUIIXOM (HOPMYBaHHS HOPMATHBHO-TIPABOBOI 0a3u, a TaKOX MPUPOJIHI
npouecu 1MppoBizanii cycmiibcTBa 3ade3neyars B HAWOMIDKYMM YacoM JIIKBiZaIiio
MiAMPAEMCTB, IO BHPOOJSIOTh HHU3BKOSKICHY TPOAYKIIO, HE 3allikaBieHi B
IiIBUILIEHHI KOHKYPEHTOCIIPOMOXHOCTI BUPOOHHULITBA.

Cnmcok JiTepaTypHHUX JKepe:

1. Vxpaima 2030E — kpafHa 3 po3BHHYyTOIO IH(poBoI0 ekoHOMikoo. URL:
https://strategy.uifuture.org/ kraina-z-rozvinutoyu-cifrovoyu-ekonomikoyu.html

2. Craructuunuii  OronereHb «BukopucraHHs iH(opMauiliHO-KOMYHIKaliHHUX
TEXHOJIOTiH Ha miAmpueMcTBax Ykpainu» / JlepaBHa ciyx0a CTATHCTHKH YKpaiHH. —
2019-2020 pp.

3. Ianmexc wmepexeBoi roroBHocti. IAA ILleHTp rymaHIiTapHHX TEXHOJOTIH:
iHpopMartiiiHo-aHamiTHYHUIT mopTan. [Enextponuii pecypc] — Pexum pocrymy:
http://gtmarket.ru/ratings/networkedreadiness-index/networked-readiness-index-info.

4. ®pomnosa JI.B. Tpanchopmariist miAMPUEMHUIITBA B YMOBax HU(BPOBOT EKOHOMIKU
/ J1. B. ®ponosa, I. M. Boiiko // Exonomika: peanii yacy. HaykoBuii xypnan. — 2021. —
Ne 2 (54). - C. 47-56. - Pexum IOCTyIly 110 JKYpH.:
https://economics.net.ua/files/archive/2021/No2/47.pdf.
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CHUCTEMA IEHCIAHOI'O 3ABE3IEYEHHS B YKPAIHI:
CYYACHHUI CTAH TA TEHJAEHIIIi PEOOPMYBAHHS
1.B. HoBukoBa, H. MeaBeakoBa
HocTtkuaCchKHi iHCTUTYT CYMCBKOTO IEPKABHOTO YHIBEPCUTETY
nadezhda.medvedkoval @gmail.com

[leHcist € oaHUM 3 TOJIOBHUX (DAKTOPIB COLIANTBHOrO 3a0e3MeUeHHs IPOMASHUHA Y
Oyap-sKii JepkaBi 1 U Hempaie3IaTHUX TEHCIOHEpiB ColLialibHI BUIUIATH (HaKTUYHO
CTalOTh OCHOBHHM JDKEPEIOM iCHyBaHHS. «[lepeTBOpeHHS IIeHCIHHOT0 3a0e3IIeueHH Ha
HOpPMY JKHTTS, MiAKPIMJICHY COIL[ajdbHO BiAIOBIIAIBHUM Oi3HECOM, MHparHEHHs [0
JIETAIbHUX BIJHOCHMH Ha pUHKY Ipaui, — Le  UMBUI3auiiinuii BuOip Hamoro
CYCIIIbCTBa», — HAroJocuB npem’ep-Minictp Ykpainu [I. [lImurans.

IMpoGnema npuHHATTA  ePEKTUBHMX YHNpPAaBIIHCHKUX pillleHb Yy  Mpoleci
pedopMyBaHHS Jep)KaBHOI IOJITUKM CHCTEMHU NEHCIHHOro 3a0e3leueHHs A Harioi
Jep)KaBH JIaBHO € HE TUIbKM aKTyaJbHOI aie 1 KoHYe HeoOXximHow. Bmepuie
cnpoOyBanu pedopMyBaTH CTapy paisSHCbKY HEHCIHY CHCTEMY «COJiJapHOCTI
MOKOJTIHBY Iie Hanpukinmi 90-x pOKiB MHHYJIOrO CTOMTTSA. Aje # J0ci B ILbOMY
HAIpPSAMKY 3po0JICHO Jyxe MaJIo. | KOXKHOro poKy 3 Aep:KaBHOTO OI0/KETY BUALIAIOTHCS
BEIMYE3HI KOIITH Ha MOKPUTTSA nedinury meHciiinoro ¢oHmy. Ame 3 MOMEHTY
OTpPHMaHHS HE3aJIeXHOCTI B YKpaiHi )oJ/iHa INeHciiiHa pedopma He Oyia goBeJeHa J10
KIHLISL.

Taki pe3ynpTat HeedekTHBHOIL AisibHOCTI [leHciiiHoro ®oHIy CipUYHHEH] PIOM
(bakTopis:

1) demorpacdiuna kpu3za. st Ykpainy, sk i Juit 611bINOCTI KpaiH CBiTY, TOJIOBHOIO
neMorpadiyHOI0 TEHACHIIEID TTOTOYHOTO CTOJITTS € MPOLIEC CTapiHHS HACENEHHS, 1[0
HPOSIBISIETBCSL Y 3POCTAHHI 4YacTKM OCi0 MOXWIOro BiKy.  3pOCTaHHsS CepelHbol
TPUBAJIOCTI XKUTTA (IO € MO3UTHBHAM MOMEHTOM), TAKOXK € HETATUBHUM (DaKTOPOM JUIS
MICHCIHHOT CHCTEMH.

Tabauist 1 — BikoBa cTpyKTypa HaceleHHs

Hpaue;uaTHoro [enciitHoro Biky .
BIKY . Tpusanicts
. (60+pokiB), HaBanTaxeHHs
(15-59 poxkiB), Mt . JKUTTS
oci6 MIIH 0Ci0
2016 19,910 9,417 2,11 71,68
2017 19,466 9,545 2,04 71,98
2018 19,040 9,679 1,97 71,76
2019 18,641 9,827 1,90 72,01
2020 18,346 10,121 1,81 71,90

CKI1aJIeHo Ta PO3pax0BaHO aBTOPAMH 33 CTATUCTUYIHUM Iiopiuankom 2016-2020 p.p.

PosrmsHyBmM Tabnumio, MH 0a4MMO HETaTHBHY TCHACHINIO CKOPOYCHHS
YHCENBbHOCTI HACENICHHS MPale3aTHOrO BiKy Ta 30UIbIICHHS YMCEIBHOCTI MMEHCIHHOTO
BiKy. 3a Takux OOCTaBMH BiJOyBAae€TbCsl i 30LNBIICHHS HABAHTAXEHHS HAa KOXXHOTO
nparrorodoro. IIpn mpoMy MM He MOXEMO BpaxyBaTH TOH (akT, IO AESKi JIIOAU
MEHCIHHOTO BiKy 3aJMIIAIOTBCS HAa POOOTI i MPaIlOIOTh, ajle BOHU BCE PIBHO MOBHHHI
OTPHMYBATH CBOIO Bike 3apo0JIeHy IEHCIIo.

HeratuBHOO TeHIeHI€0 s YKpaiHH € 3pOCTaHHsS KUIBKOCTI HACENEHHs, sKi
IIYKalOTh Kpamjoi moii abo 3apoOiTKy 3a KOpPIOHOM. 3apo0iTdaHH, SIKi IPaLIOIOTH B
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IHIMX KpaiHax 1 MepepaxoByIOTh KOLITH CBOIM CiM’M, HE pOOJIATH BigpaxyBaHb BiJ
oTpUMaHoi 3apo0iTHOI TIaTH B meHciitauil poux Ykpainu. ToOTO, BOHH pO3paxoBYIOThH
Ha OTPUMAHHS MEHCIi Bifl JepxaBH NpU JOCATHEHHI NEHCIHHOro BiKy, ane BiJpaxyBaHb
B NeHCIiHU# (houa YKpaiHu Bij iX 3apo0ITKy HE MOCTYIA€e MPOTITOM JCKIIBKOX POKIB.

AHaii3yloun HaBeleHY TaOJMIIO, MOXXHA IIOMITUTH 1 HEBEIMKHH ITO3WTHBHUM
MOMEHT — 30UIbIICHHS CepefHbol TpUBANOCTi XKUTT. Tak, e po0pe, ajie 1e CTBOPIoE
JI0/IaTKOBE HABAHTA)KCHHs Ha NeHCilHui ¢oHn nepxkaBu. Po3p’sa3anHs wiel mpodiaemu
MOXJIMBO Yepe3 MiJBHIICHHS TEHCIHOro BiKy, ane KOXHHUH yps He Xxoue Opard Ha
ce0e HeraTuB, SKUH BUHHKAE B CYCIIJIbCTBI IPU OOTOBOPEHHI [{LOTO MUTAHHSI.

YoMy € Taka 3aleKHICTb MDK IpaLllOouMMH Ta neHcionepamu? lle Bce uepes
3aCTOCYBAHHS BHKIIIOYHO COJIJApHOI CHCTEMH IEHCIHHOro 3a0e3redeHHs. 3a M€
CHCTEMOIO iCHYE 3aJISKHICTh MK KUIBKICTIO Mpale3JaTHUM HpalOl0YUM HaCEJICHHIM
Ta KUTBKICTIO MEHCIOHEPIB. AHAII3y04Yn TaOIUII0, MH 0AaY4MMO CKOPOYEHHSI KiTbKOCTI
Ipale3 jaTHOro HaceleHHs. 3a coiiapHoi (OpPMH JIIOJMHA CIUIa4ye BHECOK [0
MeHCIHHOTO (hOHIY 3a0e3MeuyIouH MeHCII0 ChOTOJHIIIHIM NEHCIOHepaM, CHOIiBal0YNCh
Ha Te, 10 B MailOyTHbOMY Ha iXHIO KOPHCTh IUIATUTUMYTh HACTYITHI IOKOJiHHS.
VYpaxoByroun pi3HOMaHiTHI aemorpadiuHi uMHHMKH y 2025 poli HaBaHTaKEHHsS Ha
OJIHOTO TmpaIoouoro Oyrae Bxe 3 meHcioHepu. Ha sikumit ke po3mip meHcii moxe
po3paxoByBaTH OJMH neHcionep? IInTaHHs puTOpHUHE.

Tak, Taka cHCTeMa TpalLioe y Pi3HUX JepXkKaBax, HaBiTh, y LlIBelinapii, ane 30kpema
COJITapHOI CHCTEMH TaM Ill¢ 3acTOCOBYEThCS 1 TPYIOBE 1 OCOOHCTE TIICHCIHHE
3abe3reueHHs. [HakIIe Kay4u, TPUPiBHEBA CHCTEMa IIEHCIHOTO rapaHTyBaHHSI.

2) BiarepMiHyBaHHs BHpILICHHS IbOTO INHUTAHHS TATHE 3a COOOIO 3POCTAHHS
nedinuTy meHciiHOro (GOHIY, IO MOCKITIOE 3aJICKHICTh Bijl HATIOBHEHOCTI JIEPKaBHOTO
OrO/IKETY.

Tabmnuust 2 - Bincotkose Ta rpuBHeBe criBBigHouieHHs aedimuty [1d no BBII kpainun

Pik Pinancysanns [1P 3 GropKeTy, MIpA rpH % BBII
2016 142.6 6,0
2017 1349 4,5
2018 150,1 4,2
2019 193,1 4,9
2020 202 5,1

([Ixepeno:https://feao.org.ua/wp-content/uploads/2015/11/2019-05-16.pfu-2015-
2018.pdf )

AHamizyroud 1o TaONUI0, MH MOXeMO mnoMmitutd, mo aedimur [1d gyxe
BEJIMKUI, a TIOKPUBAETHCS BiH 3a gornoMororo BBIIL, 1i rpomi Moriu 6 mitu Ha cucreMy
OXOpOHH 370pOB’sl, HA OCBITY Ta HayKY, TOLIO.

3) OcranHiM (akTOpOM, II[0 HETaTWBHO BIUIUBAaE Ha (popMyBaHHS OKKETy €
TiHi3auis 3apobiTHOi matu rpomansH. [Tocunarounce Ha nani HanionaneHoro banky
YKpaiHu, MOXEMO CTBEp[XKyBaTH, IO TiHbOBA €KOHOMiKa ckimamae 23,8% Bix
3aranpHOro o6csry BBII (e 846 miupa rpuBeHs).
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Puc.2 — INopiusiaas BBII ta TiHBOBOT €KOHOMIKH

[pyurHOIO TmOSBM Takoi cHUTyauii € T[oraHe aaMIiHICTpyBaHHS IOAATKIB,
OIOpOKpAaTUYHHI THCK, BUCOKI MOAaTKH (0COOIMBO Ha (pOHI TOrO, IO MU OTPUMYEMO
BiJl Iep>KaBM), IMKa KOPYIILis Ta po3BalleHi JepiKaBHi IHCTUTYLII.

OpHuM 3 pillieHs Ii€l mpoOIeMu € BIPOBAKEHHs 0€3roTiBKOBOI (hOPMU ILIATEXKY,
Ha [[bOMY TaKoX CTaBUThH akueHT Jmurpo Comnory0, 3actynuuk 'onosu HBY: «40doce
6e320MigKOBI KOWIMU 3ANUAMUMYMbCSL 8 eKOHOMIYI, a omaice, 6yOymb npayiogamu Ha
it possumok. 3oKkpema, 0nOCEPeOKOBAHO Ye CHPUSMUME 3HUICEHHIO B8aAPMOCMI
KpeoumyeanHsi Hacenents ma OizHecy, nooaibuoMy npospecy 6anomnoi nibepanizayii.
Bio nposopozo eedenns 6Oiznecy 3pocmamume maxodic 6aza onoOamkyeaHHs, moomo
8106y0embCsl 3pOCMAnHA HA0X00XHCEHb 00 0epHcasHo20 0100xcemy» [4]

Tak, pe3ynbrar BBEJCHHS Takoi (GopMH po3paxyHKy Oyle MmaTh Mmainuii edexT,
3MeHIeHHs TiHboBoro BBII na 0,6-3,7%, npu npomy H0Xif AepkaBHOTO OOJDKETY
36inbumThest e Ha 0,1%-0,8% Bin 3aransaoro BBII kpainu, 3rigHO 3 MpOrHO3aMu
HBY. Ane, MOXXHa CHOJIBAaTHCS, IO L€ JacTh ITOIITOBX ITOJAJBIIOIO BHUBEICHHS
6i3necy 3 Tini [1].

Hapasi MiHcounonituku xo4e pedopMyBaTé NMEHCIHHY CHCTEMY, BIIPOBAIMBIIH
JpYTUii 000B’SI3KOBHI PiBEHb COLIAJIBHOIO CTPaXyBaHHsS, a caMe: HAKOIMHYyBAIbHY
cUcTeMy 3a0e3MeueHHs.

T'onoBHa inest meHCiiHOI pedopMH - 3aLIKABUTH KOXXHOIO IPOMAJSHUHA JyMaTH
PO PO3MIp TMEHCIl, SIKY BiH OTPUMYBaTHME B MAHOYTHBOMY.

TonoBHa MeTta pedopmu:

- 3a0€3MeYNTH CIIPABEAINBY CHCTEMY PO3IIOALTY IIEHCIHHUX KOIITIB;

- CTBOPHUTH JUIS JIFOACH MOXJIMBICTh HAKOMMYYBAaTH MaKCHMaJbHUI PO3Mip MeEHCII,
BHUXOJSYH 13 BJIACHUX JIOXO/IIB;

- crabuni3yBaTH TIEHCIiHY CHCTeMy Ta TapaHTyBaTH BMIUIATH II€HCIH Ha
JIOBFOCTPOKOBY HEPCIEKTHBY;

- crabinizyBatu ()iHAHCOBHIA CTaH Jiep:KaBHOTO Ot0pKeTy [2].

Tabmuust 3 — IlopiBHsuIbHA TaONUIS CEpPeAHbOI 3apIUIaTH, MEHCIl Ta MPOXKUTKOBOTO

MiHIMyMY.
Pik [poxxutkoBuit Cepennst Cepenns HapanTaxeHHs
MiHIMYM, TpPH 3apmjara, IpH MIEHCIs1, TPH

2016 1544 5337 1767,5 33,11%
2017 1700 7360 1902,7 25,85%
2018 1853 9141 2681,2 29,33%
2019 2027 10783 3019,62 28%
2020 2189 11579 3866 33,34%
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CxJlaJieHO aBTOpaMU 32 JaHUMH CTaTHCTUYHOI 3BiTHOCTI [1® Ta Mindiny 3a 2016-
2020 p.p.

IcHye nyxe BenMKuil po3puB MiX BUILIATAMH, MH MOXEMO IIOMITHTH, IO CEPEaHs
[EHCIST 3HAXOMUTHCS HA Maike TAaKOMy JK PIiBHI, SK 1 MPOXUTKOBUI MIHIMyM.
3araJlbHONPUHHATHM MOKAa3HUKOM pIBHS IEHCIH € koedilieHT 3amilueHHs , TOOTO
BIJJHOILICHHST CEPEHBOI MEHCIi 10 cepelHboi 3apobiTHOI miatu. BimmosigHo 10 HOpM
MixxHapoaHOT opraHi3auil mpari BiH Ma€ CTAaHOBUTH He MeHIIe sk 55%, y Toil xe Jac, B
Vkpaini ne npubmusHo 33,34% (3a 2020 pix), T06TO MH BiICTaEMO BiJ HOPMH Maibxe
Ha HOJIOBUHY.

B Hawiii gepxaBi HAil0Th Helep)KaBHI IEHCiHI (oHIM, ane BOHU HE JyXe
momyssipHi. Kinekicte y4yacHukiB y 2018 pori ckiagana 848 tuc. ocib, a BapTicTh
akTuBiB 2,651 Mupn rpuseHs, ue 7,5% Big AepkO0OKeTy MeHCiitHOro (oHAY TOro X
POKy.

Tabaust 5 — IlopiBHSIHHSA Iep>KaBHOT'O Ta HeJlepyKaBHUX NeHCiHHuX (onais 3a 2018 pik

Cepenni EKTZISETL Ei?lliililgfb H.p b i”@*‘ﬂ
BUILIATH, TPH TUIATHAKIB ALAIBHOCTL
(Mnpa rpH) (THC. OCiG) bouny

JepxaBHuit

NeHCiHni 2 645,66 353,628 1011,21 -4,2%

¢doug

HeneprxaBuuit

TEHCIHHMI 9672 2,651 848, 38 +7,6%

¢doug

Mu moxxemo 6auntn npupict HII® nHa 7,6% Ta ckopouenus [lepxaBHoro ®oHny Ha
4,2%. Take ckopodeHHs BifOynOoCsS dYepe3 3MCEHIICHHS OTaliil 10 OKETy Ta
3a0€e31eUeH s Moro 3 KasHu. Takox, BUXOASYM 3 Li€i TaOJUIl, MU MOXXEMO HAaOYHO
00a4YUTH NEPCHEKTHBHICTD Ta JOLIbHICTh HAKOMUYIYBAJILHOT CHCTEMHU.

JlepxaBa HaM MPOIIOHY€E BBOAUTH HAKONUYYBaJIbHY CUCTEMY 3a0e3NeUeHHs eHC I,
3a KOTpoi Bce Oyje MOBHICTIO BH3HAYaTHCS CaMOK0 JIIOJMHOIO, a He JeMorpadicio
kpainu. Ilencist Oyme po3paxoByBaTHCS BIAMOBIAHO [0: 3apoOITHOI MIaTH O0COOH;
CepesiHbOl 3apIuIaTH B YKpaiHi; TPUBAJIOCTI CTPAaXOBOrO CTaXKy; BapTOCTi CTPAXOBOI'O
craxy. Bimg miei pedopmu 0diKyrOThCS MO3UTHUBHI 3MiHM y TEHCiHHIA cucTemi. Sk
CTBEpXKYE YPALOBUIA IOpTal BilOyAeThCA:

e JIOCATHEHHs BUTpAaT Ha TMeHCiliHe 3a0e3nedeHHs Ha piBHI 12% BajgoBOrO
BHYTPILIHBOTO ~HPOAYKTY Ta 3a0e3MeueHHs MiHIMQJIbHOrO piBHS IEHCIHHOTO
3abe3neueHHs Ha piBHi 40% Bix OTPUMYBAaHOTO 3apo0iTKY;

® [[OPiYHUI MepepaxyHOK MeHcii 11 MIIH. HeHCiOHepiB;

e 3anmydeHHs 132 THC. NPALiBHUKIB 10 HAKOMHYYBAJIbHOI CUCTEMH 00OB’SI3KOBOTO
npodeciiiHOro MeHCiiHOro 3a0e3MneueHHs;

® JIOCATHEHHs BUTpAT Ha IEHCIiHe 3a0e3nedeH s Ha piBHi 12 BiICOTKIB BaJOBOTO
BHYTPIIIHBOTO HPOAYKTY Ta 3a0e3MeueHHs MiHIMaIbHOrO pIiBHSA IEHCIHHOTo
3abe3neueHHs Ha piBHI 40 BiCOTKIB Bifl OTPUMYBAHOTO 3apO0iTKY;

® IOPIYHUI epepaxyHoK NeHcii 11 MIIH. NeHCiOHepiB;

e 3anydeHHs 132 THC. MPaIiBHUKIB JO HAKOMMYYBAJIBLHOI CHCTEMH 00OB’SI3KOBOTO
npodeciiiHOro neHciiHOro 3abe3neueHHs;
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e po3pobienHs Ta mnonaHHs KabGineroBi MIiHICTpiB 3aKOHOMPOEKTY  HIOMIO
3alpoBaKEHHs HAKOIUYYyBaJIbHOI NpodeciitHoi neHciiinoi cucremu;

e 3iliCHeHHs aHaNi3y peaiizalii JAepXKaBHOI MONITHKH y cdepl aaMiHICTpyBaHHS
€IMHOTO BHECKYy Ha 3arajJbHOOOOB’SI3KOBE JAEpXKaBHE COLIAJbHE CTPAaXyBaHHS.
[liaroToBKa NPONO3MULIH 100 MMiBUIICHHS SKOCTI aMiHICTPYBaHHS €JMHOTO BHECKY 3
ypaxyBaHHSIM HEOOXIZHOCTI TMOMONAHHS HETATUBHUX EKOHOMIYHHMX  HACHIJKIB,
CIPUYMHEHHX TaHjeMielo KopoHa-Bipycy, COVID-19;

® yIOCKOHAIICHHS MEXaHi3My iHjeKcarlii meHcii [6].

TakuM 4MHOM, MEHCIHA cucTeMa YKpaiHH € B LIOMY Hee()EKTHBHOIO SIK y CYTO
€KOHOMIYHOMY acCIIeKTI (JIsirae HeMOMIPHUM TATapeM Ha JiepKaBHUN OrpKeT YKpaiHu),
TaK 1 3 MOy COLIAIBHOI CIIPAaBEUIMBOCTI (HEJOAEPKaHHS CTPAXOBHUX NMPUHLUIIB —
HAsBHICTh 3HAYHUX MIJBT Y IEHCIHHOMY 3a0e3MeueHH] OKpeMUX KaTeropiil npaiiBHUKIB
IIPU OJJHAKOBOMY PO3MIpi BiJipaxyBaHb; HU3bKUI PiBEHb MEHCIH OUIBIIOCTI NEHCIOHEePIiB

HeoOxinHicTh pedopMyBaHHS TEHCIIHOI CHCTEMH MOXIIMBO Yepe3 YBEACHHS
HAKOMUYYBAJIbHOI CHCTEMH a00 pO3BUTOK CHCTEMH JOOPOBUIBHOTO IEHCIHHOTO
3a0e3neuenHs. [Touarok Takux pedopm OyB moxnagenuit y 2017 poxy npuiHATTIM
3aKOHOIPOEKTY PO BIIPOBAIKEHHS HAKONINYYBaJIbHOI IEHCIHHOT CHCTEMH.

Le#t mporpec cBiAYMTH PO HAJIAITOBAHICTh YPSAY OO ITOJIIIICHHS TEHCIHHOTO
rapaHTyBaHHs, BBEJCHHS HAKOMMYYBAJIBHOI CHUCTEMH 3a0€3MEYEHHS, 3HIKCHHS
nedinury [enciitnoro Gonay Ykpainu Ta 3MEHIICHHS BUIATKIB OIOJDKETY Ha MOKPUTTS

Gbouny.

CHHCOK JTepaTypHUX JKepe:
1. Tpomri-2021: mro 3amucand B OMOMKET HAa HOBUH pIK 1 SIK 16 BHUKOHATH
[Enexrponnuii pecypc] / €sren CononuHa— PexuMm gocrynmy 10 pecypey:
https://www.radiosvoboda.org/a/byudzhet-2021/31002601.html
2. Crarucruuna inpopmanis [Enexrponnuii pecypc] / lepskaBHa ciryx0a CTaTUCTUKH
Ykpaian— Pexum JIOCTYITY o pecypcey:
http://www.ukrstat.gov.ua/operativ/operativ2007/rp/ean/ean_u/arh_osp_rik_u.htm
3. https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=http://uk
rstat.gov.ua/druk/publicat/kat_u/2019/zb/08/zb_tabl_nar_2018.pdf&amp;ved=2ahUKE
wilLx6uQmZLzAhWw_rsIHV-
UCc8QFnoECD0oQAQ&amp;usg=AO0vVaw2SwuC3JSPSBSVILTE3hn6c
4. UYucenvHictb HacenenHs Ykpainu B 2021 p. Enexrponnuit pecypc] / MIHOIH —
Pexxum noctymy no pecypey:https://index.minfin.com.ua/ua/reference/people/
5. Crarucrnuna indopmauis [Enexrponnuit pecypc] / lepxaBHa ciayx0a CTaTHCTHUKH
VYkpainn— Pexum JIOCTYILy pice} pecypcey:
http://www.ukrstat.gov.ua/operativ/operativ2007/sz/sz_u/srp_07rik_u.html
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CEKLIA 5
[HdhopMariiiini TEXHOJIOTTI,
MOIETFOBAHHS Ta aBTOMAaTH3alI[d

SECTION 5
Information technology,
modeling and automation
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TEPMOJUHAMIYHUI PO3PAXYHOK I'ASU®IKALL (KOHBEPCIT)
BYTJIEBOJHIB
AL Konnenoii, C.A. KonueBoii
HauionaneHuii TeXHIYHUI yHIBepcUTET YKpaiHu
«KuiBchKHi nomiTeXHIYHUI iHCTHTYT iMeHi Iropst CikopcbKoro»
kontsev157 @gmail.com

IMix BrutMBOM (DaKTOPIB EKOHOMIYHOTO, EKOJIOTIYHOTO, COI[aJbHOIO XapakTepy
mepen HPOMHCIOBICTIO YKpalHH IOocTaza rocTpa IpobieMa CHpPOBHHHOI Ta
EHEepreTH4HOl Kpu3H. Y 3B’S3Ky 3 TNPH3YyNMHEHHSAM OymiBHHLTBA aTOMHHUX
€JIEKTPOCTAHIIIH, NediTOM ra30moiOHOro MajuBa BUXOJIO0M MOXE CTaTH IYCK HOBHX
C€HEPreTUYHUX 1 CHPOBHHHHX OO0’ €KTIB MiJBHIICHOI E€KOHOMIYHOI e(eKTHBHOCTI Ta
€KOJIOTYHOT YMCTOTH Ha OCHOBI KOMIUIEKCHOTO BUKOPUCTAHHS BITUM3HSHOI'O TBEPAOrO
Ta PiJIKOTO MAaINBa.

B pmanmii yac Bci XiMIYHI CHHTE3M amiaky, METaHOJY, BOJHIO 3aCHOBaHi Ha
BUKOPHUCTaHHI IpHpojgHoro rasy. Ilpouecy rasudikanii pinkux mnamus B 20 cTOMNITTI
OyJio MpUALICHO B JiTepaTypi JOCTaTHBO yBard, Hanpukiaa [1 — 6]. B 21 cromitri
BIZIHOBUBCS iHTepec J10 razudikanii piIKUX ManuB B 3B 53Ky 3 Pi3KUM MOAOPOKUYAHHIM
MIPUPOAHOTO ra3y. B SKocTi anbTepHATUBHOI CHPOBHHH JUIS 3a0€3MeUeHHsT CHPOBHHHOL
HE3aJIeKHOCTI Ma€ CEHC POo3po0iIATH rasu(ikalio Ma3yTy, SKHH € IPOyKTOM HEIOBHOI
neperoHkd HadrTH. YKpalHcbki HadTomepepoOHI 3aBoAM JAIOTh BHXIA MasyTy
npubmu3no 30% Bing BuxigHol HadrTu. BukopucraHHs Masyry B SKOCTI XiMiuHOT
CHPOBMHH OUIBII palioHanbHO, HDX Horo cnamosanHs Ha TELl. Benukuit pecypc
PIAKMX BYIJICBOIHIB MPEICTABICHO y BHIJIAAI Ta30BOTO KOHIEHCATy — IMOOIYHOTO
MIPOAYKTY MpH 100yBaHHI IPUPOIHOIO Ta3y.

lasudikauis pigkux manus siBisie cOOOK0 CKIAHUIN MPOIEC HEMOBHOIO OKHCHEHHS
BYIVIEBOAHIB, 10 mpotikae mpu Temneparypi 1200-1500 °C. B skocti OkuCHIOBaYiB
(mytTs) mnsa rasubikauii piIKHX MaluB 3aCTOCOBYIOTh MOBITPS, BOASHY MHapy, mapo-
MOBITPSIHY cyMill i3 30araueHHsAM i Oe3 30araueHHs] KUCHEM, BYTJIEKHCIIHH Ta3, mapo-
kucHeBy cymim. Hemomik moBimkoBux manux [1, 3, 4] mossirae B HEOOXiAHOCTI
MONEPeIHIX IHTePHOSALIHUX PO3paxyHKIiB 1P KOPUCTYBaHHI HUMU. 3aIIpOINOHOBAHUH
anroput™ 3 Horo peanizaimiero B MathCAD 103Bosisie OTpUMATH PIBHOBaKHHN CKIIAL
razy rasudikauii (koHBepcil) ByIJIeBOAHIB, (GopMysa SKUX BiIOMa, pI3HUMHU
OKHCHUKAMH Ta 1X CyMillIaMH.

lasuoikaiis BYrJICBOAHIB KHCHEM 1 BOJSHOIO MapOI0 OMHCYETHCS B 3arajbHOMY
BUTJISII PIBHSAHHIMU:

C.Hg + (4n + q)/40, =nCO, +q/2H,0+Q; (1)
CiHg+1/20; =nCO + q/2H,+ Q ; 2)
C,Hy +nH,O=nCO + (2n +q)/2H;-Q; 3)
C:Hy=nC +q2H,-Q . 4)

Iporiec rasudikarii napo-KMCHEBOIO cyMilio 10 okcuay Byriemo (II) i
BOJIHIO MOX€ OyTH BUPa)KECHHI PEaKIi€ro:
3C,Hy + nH;0 +n0, =3nCO + (3 q+ 2 n)/2H, . 5)
AHANOTiYHO MOXKHA ONHUCATH Mpolec Ta3udikaiii BYIJIEBOIHIO MapO-KHCHEBO-
MOBITPSIHOIO CYMIIIILIO:
3CyHq + nH20 + nO3 + nN» = 3nCO + (3 q + 2 n)/2H, + nN; . (6)
Kpim peakuiii B3aeMofii ByrieBOAHEBOI YAaCTHHH PIIKMX HaIUB 3 KHUCHEM i
BOZSHOIO IApoIo, y mHponeci rasudikamii nepebirarots peaxiii, 3a AKUMHU map i OKCHJ
syrueno (II) pearytoTs 3 Byrienem, 1110 BUIUIIETHCS MO peakiii (4):
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H,O0+C=CO +H,- 118,9 x/Ix, )
CO,+C=2C0O-162,5 x/Ix . ®)
TTpakTHYHO MOMITHY pOJib Li peakiii MaroTh NpH Temneparypax suume 1000 °C. 3
MTOHM)KEHHSM TeMIIePaTypH NPOTIKAIOTh PeaKIlii:
2H,0 + C=COy + 2H, - 75,3 x/Ix ; ©9)
2H, + C = CH4 + 76,4 x/1x. (10)
KinneBuil ckiaj ra3sy 3HaxXOAWThCS B OJNM3BKIH BIIMOBIAHOCTI 0 CKJIAAy, IO
BIZINIOBI1a€ PIBHOBA31 peaxuiii:

CO; + H, = CO + Hy0 - 41,06 x/Ix. (11)
MO3>KJIHBI TaKOXK 1HIII TOMOT€HHI peaKLii, HalpUuKIaL:

CO + 3H, = H,O + CH,4 + 206,6 xJ1x; (12)

2CO + 2H; = CO; + CHy4 + 248,5 x/Ix. (13)

KinbKiCHOIO XapaKTepUCTHKOIO CKJIady CHPOBHHH € BIJHOLICHHS BOJHIO JIO
BYIJICLIO, SIKE MOYKHA BHUPA3UTH y BUIIAI HAHIpOCTioi «(hopMyiIu ByrieBOIHEBOT
cuposuHn» — CHyz, ne z — BOAHEBMH NOKa3HMK KOHBEPTOBAHHX BYIJIEBOJHIB, IO
BU3HAYa€ThCs 3a hopmynamu, HaBeJeHUMHU B Tabnui 1 [4].

Peakuiro konBepcii CHz 3 nexiibkoMa OKHCHIOBaYaMH (BOJSTHOIO ITapOr0, KHCHEM,
okcuzoM Byrueiro (IV)) B mpHCyTHOCTI IHEPTHOTO a30Ty MOKHA MPEICTABUTH SIK ICSIKY
YMOBHY peaklilo (cepei peareHTiB MOXYTh 3HaxoauTucsi okcuy Byriemo (II) i
BOJICHB):

CHZ + aHonZO + a0202 + aco2C02 + aCOCO + aHsz + aNzNQ =
= b]CHm + bQHQO + anaN» (14)
amo=Amo/n; a0z = Ao2/n; acox=Aco2/n; any =An/ n; 15)
aco = Aco/n; am = Am/n,

J€ ag20, 402, AC02, ACO, AH2, an2 — IIATOM1 BUTPATHU BOAAHOL ITapu, KMCHIO,
JIBOOKCHJY Ta OKCUJLy BYIJIELIO, BOJHIO 1 30Ty, BilMOBIZHO (YUCIIO MOJIb peareHTy Ha 1
BYIJICLICBUIT aTOM KOHBEPTOBAHHX BYTJICBO/IHIB);

Ao, Aoz, Acoz, Aco, Anz, ANz — BUTPATH BiJIIIOBITHMX KOMITOHEHTIB, MOJIb Ha |
MOJIb BYTJICBOAHIO (MOJISIPHI CITiBBIHONICHHS! BIAMOBIJHUX KOMIOHEHTIB i
BYIJICBO/IHIO) BU3HAYAFOTHCS BUXITHUMH JIAaHHMH;

by, b, — urcino monb CHyy, 1 BOASHOT mapw, 1110 yTBOPIOKOThCS 3a peakirieto (14);

Z — BOJIHEBHI MOKa3HUK KOHBEPTOBAHUX BYTJICBO/IHIB;

m — yMOBHUH BOJHEBHUI OKA3HUK, PO3paxoBYeThes 3a (opMyioro (20) abo (20a).

Tabmuust 1 — @opMyinu i po3paxyHKY BOJHEBOIO MOKA3HHKA Z

Ne | ByrneBoznHeBa Monekynsapaa Bonnesnit IMpumiTka
/0 | CHpOBHHA dopmyna MTOKa3HUK
1 Metan CH, z=4
IanuBinyansHi N-YKCII0 BYI'JIIELIEBUX
2 | madreHoBi i onedinosi CoHonso z=(2n+2)/n | aToMmiB B MOJIEKYIT
BYTJICBOJHI BYTJIEBOJHIO
CyMilni ByriieBOAHIB q=qiCi+q 2C2+
OZIHOTO a00 KiTBKOX CuHq z=1/n N= NiCi+NCo+..........

3 KJIaciB q1sq2,-.. 1 Ny, —
BiZNIOBIZTHO YHMCIIO
aTOMIB BOJHIO 1 BYTJICIIO
B MOJIEKYIi
IHIUBITyJIbHUX
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BYTJICBOHIB; Cj, Cp,...-
MOJISIPHI 9aCTKH
BYIJICBOJIHIB B CyMillIax

Cymilii ByrjieBoiHIB

4 | HEBU3HAYEHOTO - Apn, Ac — BMICT BOIHIO i
IH/IMBIIyaIbHOTO 7z=12-Ap/Ac | Byraeuio B
CKIIaIy HaTOIPOIYKTi, YoMac.
(HadTONPOAYKTH Ta
iH.)

Ha ocnoBi piBHsHHS (14) MOJKHA CKJIaCTH PIBHAHHS MaTepiaabHOro OaJlaHCy Mo
BYIJIELIIO, BOJHIO 1 a30TY:

by =1+ aco2 + aco; (16)
mb1+2b2=z+2aH20+2aH2; (17)

by = amzo + 202 + 2acoz + aco; (18)
a2 =anz (19)

CIibHE BUPIMICHHS SKUX JO3BOJISE [UIS BiioMux by, b, oTpuMaru HacTymHi (hopmysu
PO3paxyHKYy:

— z—4ap2—4aco2—2'aco+2:aHz (20)
1+acoz+aco ’
o= bz _ @H2012:a02%2:aco2tdco @1
by 1+acoz+aco ’

Jie 0 — yMOBHA BHTpara BOJSHOI mapu (YMCJIO MOJIb BOASHOI mapu Ha 1 Moib
ByraeBogaio CHy,).

B nactynHux pospaxyHkax npuiiMaerscs, mo CO i Hy BifcyTHi y BuxigHomy rasi,
mio crpourye popmyn (20) 1 (21):

zZ—4-ag,—4a
m= 02 coz (20a)
1+aco2
_ AH20+2'002+2Aco2 (21a)
1+acoz :

TakuM 4YHMHOM, YMOBHHMH BOJHEBHIl TOKAa3HUKH m € (YHKIIEI BOJAHEBOrO
MOKa3HUKa 7z 1 CKiaay BuXigHoOi cymimi — peareHTiB O,, CO; i momimok CO, H,. B
OCHOBY 3arajibHOMPHUHATHX PO3PAXYHKIB PIBHOBArH BYIJIEBOIHEBOI CHPOBHHH JICKUTh
MOJIOXKEHHS MPO Te, L0 BYIJICBOJIHI 3 YMCIOM BYIJICLIEBHX aTOMIB OiibILIE OJMHUII
HEOOOPOTHO KOHBEPTYIOThCS Y BOJICHb, METaH, OKCUJL 1 IBOOKCH/] BYTJICLI0, MK SIKUMH
BCTaHOBJIFOEThCS PIBHOBAra.

Jlnst  BCTAQHOBJIGHHSI KINBKICHOTO 3B’SI3Ky MDK BHXIJHAMH BYIJICBOJHAMH 1
ra3onofiOHMMH  MPOAYKTAaMH KOHBEpPCil BHKOPHCTOBYIOTH HACTYIHI  peakIil:
1) neriapyBaHHs BYTJICBOJIHIB 10 METaHY:

CH,= CHs+ (m—4)2H; . (22)

2) mapoBa KOHBEpCist ByIJIeBOAHIB JI0 BOJHIO Ta okcuay Byriero (II):
CHy,+ HO=CO+ (m+2)/2H, . (23)

3) mapoBa KOHBEpCis BYrJIEBOAHIB 10 MeTaHy i okcuny Byriero (IV):
CHp + (4 -m)/4 H,O =(4 +m)/8 CHy + (4 - m)/8 CO; . (24)

Bubip TOro 4 iHIIOro HULIXY HE MAa€ MPHHIUIIOBOTO 3HAYEHHS, OCKITBKH BCI BOHH
MPUBOATH JI0 OJHAKOBHUX PE3YJIBTATIB B HACTYIIHUX PiBHOBOXHUX pO3paxyHKax. TUM
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CcaMHM pO3paxyHOK KOHBepCii Oyap SKOTO BYIJICBOAHIO 3BOJMUTHCS 0 PO3PAXYHKY
KOHBepcii MeTaHy 3a piBHSIHHIM (25) i piBHsHHAM (26) Ta yMOB, 1110 BHUKJIA/ICHI HIDKYE.

Meroauka po3paxyHKy pIBHOBaXHOTO CKJIaay Tra3y KOHBEpCii BYIJIEBOIHIB
3aCHOBaHA Ha HE3AISKHUX PEaKIIisX:

CH4 +CO,=2CO +2H; ; (25)
CO+H,0=CO,+H, . (26)
Bupasu KOHCTaHT piBHOBAru JUIsl IIMX peaKiiii:
P pi,
K,y=— , 27)
Pen, Pco,
Pco, " P
K, =D P 28)
pCOPH2O

PiBHOBa)xHMI CKJIaj ra3oBoi cymilli Ta MapiiajgbHOrO THCKY il KOMIIOHEHTIB Y
3arajJbHOMY BHUIJISIAI HaBEIEHO B Tabnuii 2, A€ X — KiUJIbKICTh MOJb METaHy, IO
BCTyNWiIa B peakuito (25) — nexuts B Mexax Bijg 0 10 1; y — KUIbKICTh MOJIb OKCHJIY
Byraero (II), mo Berynuna B peakiiito (26) — 1exuTh B Mexax Big 0 10 2;

P — aOcomtotHui THCK, aTM. PO3MIpHICTh THCKY B aTM MOSCHIOETBCS THM, IO
Hk4eHaBeneHi piBHAHHEA (31) 1 (32) e nepenbadaroTs.

Tabmuust 2 — PiBHSHHS pIBHOBa)KHOTO CKIJIa/ly ra30BOI CyMillli i mapuiaJbHUX
THCKIB 1l KOMIOHEHTIB 3a peakuismu (25) 1 (26)

Ne Komrmonent Kinbkicts Yucno Moib
n/n MOJIb KiHLIEBE IMapuianbHuit THCK
BHXiTHA (piBHOBaXKHE)
1 2 3 4 5
4+ m)/ -
1 CH, (4 +m)/8 (4+m)/8-x 8
P
a+™y+2-x+ap,
_@-my
2 H,0 a-G-my/4  |a-@-myd-y “ fa=y
P
a+™y+2-x+ap,
(4-m)
—x+
3 Co, (4-m)8 4-m)8-x+y fg=x+y
P
a+™y+2-x+ap,
2:x—y p
4 CO - 2x -y a+™My+2-x+ap,
2'x+y p
5 H - 2x+y a+™M/, +2 x+ay,
an? .p
6 N, anp aN2 a+m/4+2-x+aN2
> o+m/4 o +tm/4+2x+an; P
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[Micns mizcTaHOBKM NapuianbHUX TUCKIB 3 Tabmumi 2 y Bupasu (27) 1 (28)
OTPUMYEMO CHCTEMY ABOX PiBHSHB:
(4-x2—y2)2-P2

Kp, = )

P1 (“Tm—x)-(‘l_Tm—aﬁy)-(zx+%+2-x+a,v2)2 29
(ﬂ—x+y)-(2-x+y)

Kpy = S 30

P27 @a-y)y@-E2y) (30)

3HaueHHs KOHCTAHT piBHOBaru Kp; i Kp, BU3Ha4at0ThCS 3a hopMynamu:

g Kpi= -13579/T + 14,865 (31)

g Kpp = 22175 +0,297-1gT +0,3525-107-T —0,0508-107° -7 - 3,26 32)

Cucremy piBHsHb (29) i (30) noTpiOHO BUPIIIMTH A1 PO3PAaXyHKY PIBHOBAXKHOTO
CKJIaJly Ta3iB, OJlepiKaHuX OyIb-KHUM CIIOcOOOM razudikaii (KOHBepcii) ByriIeBOAHEBOT
CHUPOBHHH, IO BIIPI3HAIOTBCSA TPHUPOJIOI0 OKUCHIOBada (BOJSHA TMapa, IBOOKCHI
BYTJIELI0, KUCEHb 1 IX cyMimamu). MeToro po3paxyHKy € 3HaXOJDKSHHS X 1.

3aysasicenns 1. Yacmiwe 6 mepmoOUHaAMivHUX po3paxyHkax samicme peaxyii (25)
suxopucmosgyrome peaxyiro CHy + HO = CO + 3H,, AKy 6 Oanomy 6unaoxy
ompumyioms 5K cymy peaxyiti (25) i (26). Pe3yiomamu po3paxymKy pi6HOBAICHO20
cKnady 3a 0boma nioxooamu Cnienadaroms.

Hasonnmo OpHKIAJ ~— peamizamii  anroputMy  3acobamu MathCAD.

Buxioni oani [ 4]
Tabnuus 3 — Po3paxyHok mapoBoi konsepcii erany (P =20 arm., t =927 °C)

AH20: HQO/C2H6 = 6; m= 3‘, a=3

KomrmonenT Cknan cyxoro razy, %
CO 17,96
CO, 8,13
CH,4 1,09
H, 72,82

Anzopumm po3paxynky

[IpoBectn po3paxyHok 3a piBusHHAMEH (15), (18, 19, 20a, 21a). IlopiBHATH
pO3paxyHOK o Ta m 3 JaHMMU Tabnuui 3. PospaxyBaTu Temieparypy B Ipagycax
KenbBina i koHctanTu piBHOBaru 3a piBHsHHsAMHU (31), (32), micns doro po3s’sizatu
cucremy (29) — (30), npu 1bOMY BBECTH MOYATKOBI HaOIMkeHHs, Hanpukiag x=0,8 Ta
y=0,9. Slkmo cucrema He BUPILTY€eThCS, 3MIHUTH (TMiAi0paTH) HOYaTKOBI HAOIIVKEHHSI.

3ayeasicenns 2. Hum 6Oinvuie KoHyeHmpayis KUCHIO 1/abo muck npoyecy, mum
Menwie 3uavenns x. Yum Oinvwe memnepamypa, mum Oinvuwie 3uavenns X i MeHute
3HAYEHHSL Y.

ITicnst 3HAXOMKCHHA X Ta y PO3PaxyBaTH 3HAYCHHsS PIBHOBAXXHUX KOHLCHTpALiit
KOMIOHEHTIB, %00. [lns 1poro BukopucratdH (OpMyaH CTOBMYMKa 5 Tabmumi 2 i3
3aMiHOl0 THCKy P Ha MHOXHHK 100. Ilpy 1nbOMY OTPHUMYIOTH CKJIaJ BOJIOTOTO
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reHepaTopHOro (KOHBepTOBaHOro) rasy. IlepepaxyBaru ckiaj Ha cyxuif ras. Pesynbrar

OCTaHHBOTO PO3PAXYHKY MOPIBHATH 3 AOBIIKOBUMH JaHHUMH — TaOnuIs 3.

I[J'IH TIOJICTIICHHS aZ[aHTaHilll AJIrOPUTMY HaBOAUMO TEKCT IMPOrpaMu.
z:=3 m:=3 n:=2

P:=2C t:=927 PM :=¢ a:=3
AN2 :=(C ACO:=(

AH20:=€  AO2:=C( ACO2:=C
AH20 AO2 ACO2 AN2 ACO
aH20 = a02 = aCoO2 .= = aCO:=
n n n n n
aH20 =3 202=0 CO2=0 aN2=0 20=0
bl := 1+ aCO2+ &CC bl =1
b2 := aH20 + 2:202 + 2:aC02 + aCC b2 =3
7 - 4202 — 4aC02 - 2.4C0+ 2-aH2
m:= m=3
L 1+ aCO2+ aCO
b2
o= — a=3
M1
3
Ti=273+1 T=12x 10
13579
1gKpl == + 14.86. lgKpl = 3.549
Kpl := 108KP Kpl = 3.541x 10°
2217,5 ) )
IgK,, = +0,297-1gT +0,3525-10 3.7 —0,0508-10°-T*-3,26
22175 _ _
lgKp2 := +0.29710g(T) + 0.352510° T - 0.050810” -T2 = 3.
1gKp2 = 0. 148

Kp2 = 102KP" Kp2 =0.712

x:=0.¢ y :=0.¢

Giver
2 2 2 2
(4-x -y ) P

2
[m —)ﬂiu - X+ y:|~(a+ El+ 2:x+ aNZJ
8 8 4

Kpl:

|:(4+8m) - X+ y](2~x+ y)

Kp2:
(4 -m
(2'X—Y)'[& i —y:|
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Z :=Find(x,y)
=% =2
x =0.835 y =1.013

cknag sonororo rasy, % ob cknag cyxoro ragy, % ob

|:(4+m) } |:(4+m) }
s s
CH4y:= ——————10( CH4S:=ﬂ-1(X
a+%n+2»x+aN2 Y e
CH4v=0.73 CH4s = 1.074
e~
H20v ::;JO(
m
o+ Z + 2:x+ aN2
H20v =32.038
4 —
[( ™ s yj| |:(47m) }
8 —X+y
COZV.:m—~1()( CO2s = )
a+X+2»x+aN2 1+y+2x+aN2
CO2s =8.219
CO2v=15.586
(2x-y)
(2x-y) COs:=———— 1
COvi= — —————1 1+7y+2x+aN2
o+ — + 2:x+ aN2
4 COs =17.85
COv=12131
(2x+y) H2s = — 28
S = -
H2y = — ————— 1 1+y+2x+aN2
o+ — + 2:x+ aN2
4 H2s =72.857
H2v =49.515
aN2
aN2 N2s = ————10(
N2v := - 100 1+y+2x+aN2
o+ Z + 2:x+ aN2
N2s =0
N2v =0
2v = CH4v+ H20v + CO2v+ COv+ H2v + N2v s = CH4s + CO2s + COs + H2s + N2s
v =100 s =100

OTpHMaHO HAaCTYIHHUII PIBHOBaXHHII CKJIaz cyxoro rasy, %: CO —17,85;
CO,-8,219; CH4-1,074; H,-72,857.
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INopiBHAHHSA PO3paxyHKOBUX 1 JAOBiAKOBUX (Tabauus 3) JaHUX CBiJUUTH IPO
IIIKOBUTY ~MOXJIMBICT 3aCTOCYBAHHS 3allpOIIOHOBAHOTO METOIY BH3HAYCHHS
PIBHOBa)KHOTO cKiay rasudikarii (koHBepcii) ByriaeBoaHiB BitoMoi Gopmyiu.
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OCHOBHI MOXJIUBOCTI TA IEPCIHEKTUBU BUKOPUCTAHHS MOB
BEB-ITIPOT'PAMYBAHHS 1J151 PO3POBKW ABTOMATHU30BAHUX
CUCTEM YIIPABJIIHHSL
I1.C. ITata, MLII. Tpy0in, O.C. Tepemenko
Ioctkuncbkuii axosuit koaemx imeni Iana Koxxeny6a
CyMCBKOTO I€pKaBHOTO YHIBEPCUTETY
Paulosergei4 @ gmail.com

ABTOMaTH3aLis NPOLECIB Ta CHCTEMU aBTOMAaTH30BAaHOIO YIPABIIIHHS CTAlOTh
MOBHOLIHHUM «TPEHJOM» HAIIOro 4acy, Ta MPOJOBKYIOTh PO3IIMPEHHSI CBOTO BILIUBY
MPAaKTUYHO Yy BCIX cdepax MisIbHOCTI: IOYMHAIOYM 3 CUIBCBKOIO TOCIONApCTBA i
3aKIHIYIOUH «PO3yMHHMH OyAWHKAMK» ab0 MITYYHUM IHTEIEKTOM.

IMonepenui nocnimkenus [1] mokasanu, 1o Uit MOOYLyBaHHS CHCTEM KepyBaHHS
Ta aBTOMaTH3allii Pi3HOMaHITHHX MPOIECIB MOXJIMBO 3a JOIMOMOTOI0 MOB BHCOKOTO
PiBHS, TOMY I JOCIIPKeHHs Oysio 00paHO came MOBM BeO-pOrpamyBaHHs Ta BeO-
TEXHOJIOTIi.

Jlns BHBYEHHS I[OTO MUTAHHS OyJI0 BU3HAYCHO JACKINbKa Cy4acHHX BeO-TIPOIECiB
Ta TEXHOJIOTiH, 10 3abe3neyaTh HOBHUIT IIUKII CTBOPEHHS CHCTEMH YIIPaBIiHHS.

BaxiBor0 CKIaq0BOI0 Oyab-sSKOrO mpoliecy — € iHdopmaris, aii 3 SIKOK MOXHA
PO3IUINTH Ha YOTHPH HANpsIMKU: 30ip, 30epiraHHs, oOpoOka Ta rnepejiaya Ha BiJICTaHb.

36epiranns iHpopmalii B BeG-crcTeMax BinOyBaeThesi B 0a3ax JaHUX, 32 CBOEIO
cyTTIO 0a3a JaHuX MOBUHHA BiIIOBIAATH JICKIJIBKOM KPUTEPIisM, L€ MIBHIKOIIs, TOCTYII
3 pobouMX MicCllb, HaJIHHICTh Ta 3axuileHicTb. [IpoBiBIIN aHani3 icHyrouMXx 0a3 gaHuUX
MOXKHa BHIUIUTH JIMINE JEKiIbKa [0 TMiAXOJsITh HammM Kpurtepism: MySQL,
PostgreSQL, MongoDB, Firebase.

MySQL - BinbHa pendiiiiHa cucTteMa ympaBiiHHS 0azamu nanux. Po3poOka Ta
nigrpumka MySQL 3xificHioe kopriopauist Oracle, 6a3a 1aHUX € HAKIOIMPEHIIION JUIs
Be0-10/1aTKiB, ajie HOTpeOye PO3rOPHEHHS BIACHOTO CEpeIOBHUILA Il pOOOTH 3 HEIO.

PostgreSQL - BinbHa 00'ekTHO-persiLiiiHa cucTeMa yIpaBliHHA 0a3aMH IaHHX.
Icuye B peamizarisx mis 6e3miui UNIX-noaibuux miaatdopm, Brmodaroun AIX, pizHi
BSD-cucremu, HP-UX, IRIX, Linux, macOS, Solaris / OpenSolaris, Tru64, QNX, a
Takox st Microsoft Windows.

MongoDB — nokyMeHTOpi€eHTOBaHa CHCTEMa YIpaBliHHsA 0a3aMy JaHHX, sIKa HE
noTpedye ONucy cXeMH TabJHib. BBaXKaeThest OMHUM 3 KIacHYHUX npuknaniB NoSQL-
cucrem, BukopuctoBye JSON-moniOHI JOKyMEHTH i cxeMy 0a3u maHux. Hamucana nHa
moBi C ++

Firebase - wne mmardpopma po3poOKH MOOITBHUX HOAATKIB 3 BEIHYE3HUM
¢byskuionanom. IlounHanacs BOHa sIK cTapTan, a CbOrOJHI ii BUKOPHCTOBYIOTH IIPH
po3pobui kpammx kpoccriardpopmernanx goxatkiB. Ile i cepmep, i 0asza maHux, i
XOCTHHT, 1 ayreHTudikauis B oauiit mardopmi. Tak, Firebase Realtime Database nanae
po3pobuukam API, sikuii CHHXpOHI3ye HaHi HOJATKH MiX KIi€HTaMH i 30epirae ix B
xMapHoMy cxoBuii. JlofaTok mifkimodaeTsest A0 6a3u gaHux depes WebSocket, skuit
BIJIIOBI/Ia€ 32 CHHXPOHI3aIlil0 JaHUX IPOTATOM yChOTO ceaHcy [2].

Jlns BupitneHHsT mpoOieM B3a€MOJIl BEMHKOI KUIBKOCTI MPHUCTPOIB 1 mpobiem
00'eHaHHS NPHUCTPOIB B OAHY Mepexy Oyina cTBOpeHa KoHuemuis [HTepHery peueit
(anru. Internet of Things, [0T) - ne kou NpUCTPOT 00'€HYIOTHCS MO SIKOMYCh 03HAKOIO
B OJIHY MEpexy, IOTIiM BXe KijbKa MOAIOHUX Mepex O00'€IHYIOTbCS B IHIIY BEJIHKY
MEpexy 1 Tak Jai.
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IpucTpoi B Takux Mepekax B3a€MOMIIOTH OIMH 3 OJHUM 3@ PAaXyHOK DI3HHX
iHTepdeiciB 1 MPOTOKOMIB mepenayi JaHWX. Tak SK MU TOBOPHMO IPO MPOMHCIIOBE
3acrocyBanHs KoHuenuii IoT, B sKkili MOBMHHI BHKOPHCTOBYBATHCS IIPOMHCIIOBE
o0nagHaHHS 31 CBOIMH MPOTOKOJIAMH 1 amapaTHUMHU 3aco0aMu, TO MU TIEPEXOAUMO 10
konuenuii [IoT (IIpomucnoBoro Intepuery peueii) [3].

[pomucnosuii InTepuer peued (anru. Industrial Internet of Things, 1IoT) - ne
KOHIIENILS, NPH SKif pi3HI MPOMHCIIOBI HPUCTPOT, TaKi K AATYMKU abo 0ONajHaHHSA,
o0'eHAHI B Mepexy 3a JONOMOIOI0 BHKOpUCTaHHS Mepexi IHreprer. Came Taki
MPOLIECH iACANBPHO MiAXOJATh JUIS SHEPreTHYHOI raiysi, TPaHCIOPTY, MPOMHCIOBOL
aBTOMATH3AIlil, & TAKOXX 0araTboX IHINUX JOJATKIB.

B yMoBax cy4acHOTrO, MOCTIf{HO MIHJIMBOTO 1 HECTIHKOTO PHHKY, BIPOBAIKCHHSI
texHouorii IloT pomomorae mnpuiiMaTH UpaBWIBHI pIMIEHHS Ui MiABUILICHHS
peHTabensHOCTI BUPOOHHIITBA, 1 B TOM K€ 9ac MIHIMI3yBaTH PU3HKH, a SK HACIIJIOK,
301IBLINTH TOXOIHM 1 CIIPUSTUME PO3LIMPEHHIO BUPOOHMIITBA.

IMpomucnosuii Intepuer peueit 3MiHIO€ 3BUUHI YSBIEHHS IIPO B3a€MOJII0 o€ i
MAIlIFH, TOETHYIOUH 30ip JaHMX yepe3 IHTEpPHET 1 aHANITHKY, IO3BOJISIE MO-HOBOMY
MOTJIAHYTH Ha METO/H ITi/IBUILEHHS e()eKTUBHOCTI Ta ONTUMIi3aLii Gi3Hec-IPoLeCiB.

Jlns  B3aemomii MK CO0OOKO MPUCTPOi BHUKOPHUCTOBYIOTH PIi3HI MPOMHCIIOBI
MIPOTOKOJIU, OAHUM 3 HOIYJIAPHUX MPOTOKOMIB s i€l metn € MQTT.

MQTT a6o Message Queue Telemetry Transport - me Jjerkuif, KOMIAKTHHH i
BIJJKPUTHI NPOTOKOJ OOMIHY JaHUMHU CTBOPEHHUIl JUIs Hepeadi JaHuX Ha BiIJaJICHUX
JIOKaLisAX, € MOTPIOHO HEBENMKHMH pPO3MIp KOy i € OOMEXKEHHs MO MpOIYCKHii
3maTHOCTI KaHaiy. IlepepaxoBaHi BHIE TiJHOCTI JO3BOJSIOTH 3aCTOCOBYBATH HOTO B
cucremax M2M (Mamunno-Mamunne B3aemopmisi) i IloT (IIpomucnosuit Inrepner
peueit).

Taxox icuHye Bepcis npotokoiny MQTT-SN (MQTT for Sensor Networks), panime
Bigoma ssik MQTT-S, sika mpusHaueHa ajst BOyZOBaHHX O€3APOTOBHX MPHUCTPOIB 0Oe3
nigrpumiu TCP / IP mepex, Hanpuknax, Zigbee [4].

OcHoBHi ocobnuBocTi mpoTokoay MQTT:

- ACHHXPOHHUH MPOTOKOI

- KOMIAKTHI TTOBiTOMIJICHHS

- poboTa B yMOBax HecTaOLIBHOIO 3B'I3Ky Ha JIiHIT epegayl JaHux
- MiATPUMKA JEKIJIBKOX PiBHIB sIKOCTI 00ciyroByBanHs (QoS)

- JierKa iHTerpallis HOBUX IPUCTPOIB

Iporokon MQTT mpamroe Ha mnpukiagHoMmy piBai moepx TCP / IP i
BUKOPUCTOBYE 3a 3amoBuyBaHHAM 1883 mopr (8883 mpu mimkmouenHi uepe3 SSL)

(pucyHok 1).

MQTT

1500081

TCP

150081
Layer I P
a

Pucynok 1 — Cxema pieniB npotokonis MQTT ta TCP/IP.
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Tomy nepenava iHdopmarii BinOyBaeTcs IUIIXOM MEpexi IHTEpHET, IO POoOUTH
CHCTEMH KepyBaHHsI po3p00JIeHi 3a JOMOMOTOO I[i€i TEXHOJIOTIi YHIBepCcaIbHIMH.

Jyxe ckmagHo ysBUTH cucrteMy kepyBaHHs 0e3 SCADA nonarky, B sKoMy
(dopmyeTbest mporec 00poOku  iH(MOPMAILIT, CTBOPIOETHCS aBTOMATH30BaHE poOOUE
Miclie oreparopa, BiiOyBa€eThCs aHalli3 Ta MiATOTOBKA JAHMX N0 0a3 JaHUX Ta IHIINX
cepsiciB. Came U1t HoOyIOBH aBTOMAaTH30BaHUX CHCTEM YIIPABIIiHHS IPOLECAMH € IBA
nuUIsixu (popMyBaHHs BeO-I0AaTKy skuii Oyzne anamorom SCADA-cucremu, nepruuii
nux — ne HanmcanHs BiacHOi SCADA-cucreMy, IO 3a0€3NCUHTH IIOBHUH CIICKTp
BHUMOT, IO Ipex SBIAIOTECS A0 CHCTeMH. MOBH IpOrpaMyBaHHSA, IO MiTIHAYTH s
wLiei 3aa4i 3 HALIOI TOUKHU 30pY MOXKYTb OyTH HACTYIIHI:

PHP-ckpunToBa MOBa 3arajipbHOrO MPH3HAYCHHS, IHTEHCUBHO 3aCTOCOBYETHCS ISt
po3poOku BeO-noAaTKiB. B nanuii yac niaTpuMyeThcs OLIbIIICT XOCTUHI-IIPOBaKAEpiB
i € OJIHUM 3 JTiIEpiB Cepel MOB, 1[0 3aCTOCOBYIOTHCS JJIsl CTBOPCHHS JMHAMIYHUX BeO-
CcaiTiB.

Python - BHCOKOe(EKTHBHA MOBa IIPOrpaMyBaHHA IIPOIpaM  3arajlbHOro
MPHU3HAYEHHA 3 JUHAMIYHOI0 CYBOPOIO THIIOJOTi3alli€l0 Ta aBTOMATUYHUM KepyBaHHIM
MaM'sATTIO, OpPIEHTOBAaHMM HA IiJBUILEHHS IPOMYKTUBHOCTI PO3POOHUKIB, UMTAHHS
KOJIiB Ta HOTO SIKOCTI, a TaKOX 3a0e3MeyYeHHsI TIePEHOCY MepelaHnX, HAIMCAHNX Ha Hii
nporpami.

JavaScript - MynbTHIapagurMeHHa MOBa IporpamyBaHHs. [liaTpuMye 00'eKTHO-
OpIEHTOBaHMH, IMIIEPaTHBHUIT Ta PYHKLIIOHAIBHUIN cTHIIL. € peanizalieto crenudikarii
ECMAScript. JavaScript 3a3Buuaii BHUKOPUCTOBYEThCS SK BOyZOBaHa MoBa JUls
MIPOTrPaMHOTO JOCTYITY /10 00'€KTIB B Be0-/10/]aTKaX.

Jlpyruif HUIIX — BHKOPHUCTAaTH ICHYIOYI CHCTEMH B3a€EMOJIl «XapIBEpHOro»
obnagHaHHs 3 BeO-cucTeMOr0 00poOku iHhopmariii. [IpoBiBiIM aHai3 TAKHX CHCTEM MU
BUJIUTHIIH TaKy, IO BiJIOBIJIa€ BUMOTraM 0 aBTOMATH30BAHUX CUCTEM YIPABJIiHHSI.

Node-RED-1ie iHCTpyMeHT mporpamMyBaHHs /jist 00'€JHaHHS anapaTHUX MPHUCTPOIB,
API Ta oHnalfH-cepBiCiB HOBMMH Ta LiKaBUMHU crocobamu. BiH Hajgae penakrop Ha
OCHOBI Opay3epa, SKHI TMOJETIIye 3'€MHAHHS TIOTOKIB 3a JOMOMOIOK IIHPOKOTO
Jiana3oHy BY3JiB y MNaJNTPi, SKI MOXHA pO3rOPHYTH IMiJi 4Yac BHKOHAHHS OJHE
HATHCKAHHS KHOIKH.

Node-RED mno3umionyerscsi [5], sk sikach cHcTeMa, MOKIMKaHa o00'€IHyBaTH
PO3pi3HEeHi anmapaTHi i mporpamHi cucteMd. B OCHOBI pOoOOTH CHCTEMH JISKHTH OIS,
sIKa TeHepYeThCs a0 30BHILIHIM JDKepenoM, abo TaiiMepoM (IpoLecoM) BCepenuHi
Node-RED. Ilozis 1e He mpocTO IMIYJIbC, O JA€ MOIUTOBX IO SKOro-HEOyIb il
Ionist e Hece MEBHE CMUCIIOBE HABAHTAKCHHS 1 MOXE MICTUTH 0Oe€31id KOPUCHOL
indopmauii, amke moxuis B Node-RED € 3Buuaiinuii o6'ext MoBu JavaScript. Lleit
00'eKT, MICTUTh CTAQHOAPTHUH HaOIp TMOMIB, ame MOXE PpO3LIMPIOBATHCS 1
MonudikyBaThcs (MOXKHA MIHSATH CTPYKTYpY 1 3HA4€HHS) 3a JIOIOMOTrO0 0O0poOKH
Bcepequui Node-RED. Hy a rtam, ne € JavaScript, TaM € HeiiMOBipHa T'HYYKIiCTH i
cBoOona B po3pobui. MoBa, mio 3'sBHBCS sSK 3acid aBTOMaTH3alil Ha CTOPOHI
KOpHUCTyBada Opay3epa, 3aBASKH CBOIM MPOCTOTI I THYYKOCTI, BUPBAaBCS HA IIMPOKUI
MPOCTIp 1 3aCTOCOBYETHCS BCe YacTiMIe i OiblIire.

ToMmy mpOBIBIIM aHali3 MOXJIMBOCTI PO3POOKH CHCTEM aBTOMaTH30BAaHOTO
yIrpaBiiHHs ra 6a3i BeO-101aTKiB, MOXHA BIIEBHCHO 3asBUTH, IO 1€ [[LIIKOM MOXKJIHBO i
Hazani 0yaeMo NPOBOAUTH MOLIYKOBY POOOTY B LIbOMY HAINPSIMKY, & TAKOXK PO3IJITHEMO
MOJKJIMBICTh CTBOPEHHS TaKOi CHCTeMH. Takoxk BHBUCHHS JNAHOTO IUTaHHS HAIITOBXYeE
Ha igei BUKOPHCTAaHHS MOB BeO-pOrpaMyBaHHS Ta BeO TEXHOJOTIH Ui pO3pOOKH
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CHCTEMH aBTOMAaTH30BaHOTO OOJIKY TOCATHEHb CTYJCHTIB, OCHOBHI IPUHIIAIIH SKOI BXKe
3axmazgeno y Jou 1YY [6].
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3AJAYA BJIOYHOI'O CUHTE3Y CUCTEM YIIPABJIIHHS
MIATOTOBKOIO TA TYCKOM PAKET (CYIIT) PAKETHUX
KOMILJIEKCIB
I.B.3Bepmx03cumﬁl, C.B. Jlanmnupkuii’, O.A. Mal‘iﬂpel—mo2
')HI «JlepkaBHe KHIBCbKE KOHCTPYKTOPChKE 010po «JIyu»
2HeHTpaﬂLHI/Iﬁ HAYKOBO-JIOCTIJHUH IHCTUTYT 030pO€EHHS Ta BiCHKOBOT TEXHIKH
36poitnnx Cun Ykpainu

Ilepen VYkpaiHowo Jyxe TOCTPO CTOITh mpobiieMa IMIIOPTO3aMIIleHHS 3
BUPOOHHIITBA €JIEMEHTIB Ta BHCOKOC(EKTHBHMX pAKETHHX KOMIUIEKCIB B ILJIOMY
(cucremna po3po0Oka 3a yaciB CPCP pakeTHHX, 3€HITHO-paKeTHHUX, IPOTH KOPaOeIbHUX
KOMIUIeKCiB Bemacs B Pociiicekiit Dexmepartii). Po3poOka Takoro o030poeHHS Ha
[ONEPEAHBOMY €Talli BKIIOYAE IPOBENCHHS KOMIUICKCHHX HAyKOBHX MOCIIDKCHb 3
[UTaHb INPHHLUIIB MOOYZOBH W (YHKIIOHYBaHHS iX OCHOBHHX €JIEMEHTIB, a caMe:
OOIPYHTYBaHHS JITOPUTMIB POOOTH IyCKOBOTrO OOJIAJHAHHS, B MEPIIy Yepry, CUCTEM
ynpaBiiHHA miaroroBkoro 1 myckom (CVIIII) pakeTHHX KOMIUIEKCIB, CHCTEM
yrpasiiHHs Ta Hagiramii came paker. CYIIII 3abe3neuye neHTpati3oBaHe ynpaBiiHHS
OKpPEeMHMH eJIeMEeHTaMH OOJaiHaHHS IyckoBoi ycraHoBku (IIY) Ta koopaunye ix
CrinbHY poboTy.

OCHOBHMMHU TpyAHOLIaMH HaykoBux Jjociimkens CVYIIII e: mumpora Ta
OaratorpanHicth 3amaui, 1o Bupimyerscs; CYIIIl - cknagHa JoriyHa cucTeMa
VIOpaBIiHHS 1 KOHTPOJIO Ta Ma€ Yy CBOEMY CKJIaji 0arato B3a€MOIIOB’SI3aHUX
B33aEMOJIIIOYMX MK c00010 eneMeHTiB. KoxeH pakeTHHIT KOMIUIEKC 3 TOUKH 30py HOro
TEXHIYHOTO BHKOHAHHS SIBIISIE COOOK0 JESKY MHOXHHY OOJIa[HAHHS PIi3HOTO CTYICHS
CKJIAHOCTI, ()YHKLIOHAIBHO MOB'SI3aHOT0 MiXK COOOIO Ta MPU3HAYESHOTO [UIsl BUPIILIEHHS
3a7a4i 111010 3HUILEHHS L.

1% 3ama4a po3nagaeThes Ha Ps MPUBATHUX 3aBAaHb. OCHOBHHUMH 3 HHX €: IIOLIYK,
yIi3HAHHS 1 CTEeXKEHHsS 3a LU0, BH3HAYCHHS KOOPAMHAT I(ili, pIMICHHSA 3aaadi
3ycTpiui; HiIrOTOBKA CTapTOBOIO CHUCTEMH, KOHTPONIb i IIyCK PaKEeTH; YIPaBIiHHA
pakeroro Ha Tpaektopii. KoxHe i3 3a3HaueHHMX MNPUBATHHUX 3aBIaHb BHUPILIYETHCS
KOHKPETHOIO CHCTEMOIO, 110 MPEJICTaBIIsA€ NEBHUIN eJIEeMEHT 00J1aJHAHHS KOMILIEKCY.

PakerHi koMIuiekcH OyAylOThCS 3 (YHKIIOHAIBHO OJHOTHUITHOTO OOJIaJHAHHS.
OpHak, 3a CBOIM KOHCTPYKTMBHMM BHKOHAHHSIM (DYHKI[IOHAJIBHO pIBHO3HAuHE
o0IanHAHHSA KOMIUIEKCIB icTOTHO BinmpisHsAeTbca. Cepen yciX €NeMEHTIB PaKeTHOIO
komriekcy (PK) icroTHe Micie BiJBOAMUTBHCS CTapTOBOMY OOJIQJIHAHHIO, SIKE
nmpu3HaueHe Juisi  30epiraHHs 3aBJaHb TPAHCIOPTYBAHHS pPaKeT, pPO3TOPTaHHS
apTuiepiiicbkol yacTMHU abo 11 HABEJCHHS B MEBHY TOYKY MPOCTOPY 3 HEOOXITHHM
CTyIEHEM TOYHOCTI, IIArOTOBKH 10 CTapTy, 3/iHCHEHHs MEepeICTapTOBOrO KOHTPOJIIO,
3IiHCHEHHS MYCKY, a TAKOX JUIS PIllIeHHs Py JOJATKOBUX MEPECTAPTOBHUX 3aB/IaHb.

OCHOBHUM €JIEMEHTOM CTapTOBOro oOnajnHaHHs € myckoBa ycranoBka (ITY) abo
myckoBHi TpuCTpiii. Bee obnamuanus ITY po3minsersbcss Ha HACTYNHI KijbKa TPYIL:
MexaHiyHa 4acThHa (0a3a Ta apTuiepiiicbka 4acTHHA); CTAPTOBI CUCTEMH YIPABIiHHS i
KOHTPOJIO (CTapTOBa aBTOMATHKA); CUCTEMa CJICKTPOXKUBJICHHS; CHCTEMa KOMAaHJHO-
CHUTHANBHOTO 3B'I3Ky (ab0 pamionokaiiiiiHa cuctemMa B pasi il moexnanus 3 [1Y);
JIONIOMDKHI CHCTEMH (TIPOTHATOMHOTO 3aXUCTY, 3B'A3KY, IIPOTHIIOKEKHOT aBTOMATHKH 1
T.1.).

Jlo MexaHi4HOI YaCTHHU CJiJ| BITHECTH 1 3apsi/PKaIbHUN HPUCTPIH, SIKIO OCTaHHIN
KOHCTPYKTHBHO criotydeHuid 3 I1Y. Jlo cTapTOBHX CHCTEM YIpPAaBIiHHS i KOHTPOJIO
BIJJHOCATBCS: CHCTEMa pO3rOpTaHHsS ab0 HaBeICHHsS apTuiepiichkoi uyactuau I1Y;
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cuctema ympasiinHs craproM (CYC); amaparypa 1epeIcTapToBOIO KOHTPOIIO PAKET.
OcranHi ABa BuAM OOJagHAHHS O0'€IHYIOTBCS TMiJ 3aralbHOI HA3BOK CHCTEMa
ympaBiiHHs nigroroskoro Tta myckoMm (CVYIII), (B geskux BUIagkax - amapaTtypa
MepeICTapTOBOI MATOTOBKH, KOHTPOIEO Ta mycky (ATTKIT).

Ionsrra "cucrema AIIKIT" mupine noHaTTs "cucreMa ynpasiliHHS cTapToM", TOMY
mo Bkitoyae B cedbe kpim CYC - amaparypy mepenctapToBOro KOHTPOIIO pakeT, a B
3araJbHOMY BHIAJKy 1 amapatypy aBTOMaTHYHOTO KOHTpOJIO oOnamHaHHS [1VY.
Amnaparypa aBTOMaTH4HOro KoHTpomo B ckiaai ATIKII Bupinrye 3aBiaHHs: KOHTPOIIO
CHPABHOCTI KOMYTAlliiHUX JIQHIJIOTIB 1 BUXIJAHOTO CTaHy OOPTOBHX CHCTEM Ta CHCTEM
ITY; KkOHTpoNIIO BMXIIHHX IIapaMeTpiB OKpeMHX OJIOKiB OopToBOi amaparypu i
anaparypu I1Y 3a mpuniunoM "mpuaaTHuil-HenpuaatHuil" abo "HWKYE - B HOPMI -
Bue".

IlyckoBa ycTaHOBKa B LIJIOMY SIBIISIE COOOI0 CHCTEMY, IO CKJIANAEThCs 3 Oarathbox
(YHKIIOHAJIBHO CAMOCTIMHUX €JIEMEHTIB, 10 B3a€MOAIOTH MiXk coOoro. L B3aemonis
MOB's3aHa 3 MEepepoOKOI0 MEBHOrO o0cAry iHpopMamii mpo craH i pobOTy KOXKHOTO
€JIEMEHTa 3 METOI0 3a0e3MeUYCHHS] BUKOHAHHS CUCTEMOIO MOKJIaeHNX Ha Hel QyHKIIH.
[Ipu Ginpmomy o6csi3i iHpopMaii Ta 0OMexxeHOMY Yacy Ha ii OCMHCIEHHS, IepepoOKy
1 IPUIHATTS PIllICHHS OMEpaTop HE B 3MO3i 3aJI0BUILHO BIIOPATHUCS 3 LM 3aBIAHHSM.
Towmy 11 BUKOHaHHS noknanaeTbest Ha cucremy CYIIIT.

Cucrema CVIIII, B 3aranbHOMY BHMAJAKYy, € CKIAHOI JIOTIYHOK CHCTEMOIO
yhnpaBiiHHS 1 KOHTpoioo. OCHOBHI MNHTaHHSA aHami3y 1 CHHTE3y 1€l CHUCTeMH
BIZHOCATBCA [0 0OnacTi KOMIETeHMLIi Teopii penedHHuX MHpPUCTPOIB Ta KiHLEBUX
aBToMmariB. Pa3zom 3 Tum, i3 3aranbHoi Teopii cuctem crocoBHo CVYIIII myxke mumigHO
Moxke OyTH BHMKOPHCTaHA ifiest iepapXiuHoi opraHizauii ckiagHux cucreM. B Teopii
peneHNX MPUCTPOIB 1 KIHIIEBMX aBTOMATIB Iisl i/ies] 3HAXOAUTH CBOE BIIOOpaXECHHS B
3aBiaHHi OmouHoro cuHredy. Ilomanua cucremu CVIIIl y Burmani iepapxiynoi
CTPYKTYpH B3a€EMOJIIOYMX aBTOMATIB [03BOJISIE CIIPOCTUTH 33/a4y MOOYAOBU L€l
CKJIQJHOI CHCTEMH Ta 3BeCTH ii 0 MOOYHOBH CTPYKTYPH OKPEMHX OLIbII MPOCTUX
aBTOMATIB 1 BCTAHOBJICHHIO 3B'SI3KiB MK HUMH. ABTOMATH, L0 BXOISITh B CTPYKTYPY
cucremn CVYIIIl HanmexxaTb 1O Kilacy CHHXPOHHMX aBTOMATIB 1 B 3aJIeKHOCTI Bij
KOHKPETHOTO 3aBJaHHS, PO3B'I3yBaHOI HUMH, MOXYTh OyTH aBTOMaTraMu 3 IaM'sTTIO
a0o 0e3 mam'sri.

B nanmii yac Teopis peneiiHUX HPHCTPOIB, sSKa B TPAKTyBaHHI OXOIUIIOE BCi
MUTaHHS, 1[0 PO3TJISIAIOTHCS B TEOPii KiHIEBHX aBTOMATIB Ta B Teopil HEWPOHHUX i
JIOTIYHUX MepeX, JOMOIJIacs B CBOEMY DO3BUTKY 3HAUHMX YCHIXiB i NpoJoBkye
LIBHIKO po3BHBaTHCs. HatOlbI CKIIaIHMM 3aBAaHHSM B TEOPii peleiHUX MPUCTPOIB €
3aBJIaHHS CHHTE3Y.

IIpouec cuHTE3y pENeHHOro HPHCTPOIO 3IIHCHIOETHCS B KUIbKA MOCTIZOBHUX
eTaniB. B SKOCTI OCHOBHMX €TamiB CHHTE3Y PEIEHHOro MPUCTPOIO MPUHHATO BBAXKATU
HACTYIHI: eran OJOYHOr0 CHHTE3y; eram abCTPaKTHOrO CHHTE3Y; eTall CTPYKTYPHOTO
CHHTe3Yy; eTal KOMOIHALIHOTO CHHTE3Y; eTall HaAiiHICHOrO CUHTE3Y; eTall 1HKeHEPHOI
peanizanii Ta MozpemoBaHHs. [IpuitHATHIN MOALN, BNOPSAKOBYIOUM IIPOLEC CUHTE3Y,
JIO3BOJISIE TIOJIETIIIMTH BUPIIICHHS 3a/1a4i CHHTE3Y peJIeifHOro NpUCcTpoIo.

Ha nepiiomy erami cuHTe3y 3[iHCHIOETbCS BUPOOJEHHS 1 (opMynoBaHHA yMOB
po6OTH peneitHOro MPHUCTPOI. SIKIIO CTBOPIOBAHHIA PENICHHUIT NPUCTPIl SIBISIE COOOFO
CKJIaJIHy CHUCTEMY, TO BiH HOAUISAEThCS HAa OKpeMi MicucTeMH abo OJIOKH, KOXKEH 3
SIKMX, B CBOIO 4Yepry IMpU HEOOXIMHOCTI TeX MOXe po3riisgatucs, sik cucrema. [lo
BiJJHOILICHHIO /10 KOXKHOTO OJIOKY ()OPMYJTFOIOTECSI YMOBH HOTO (DYHKIIIOHYBaHHS, TOOTO
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BU3HAYAIOThCS BCI HOTO BXOJM i BUXOMH ¥ BCTAHOBIIIOETHCS 3arajbHa 3alIeXKHICTh MiX
KOMOIHAI[ISIMHA CHTHAIB, SIKi 3'SIBISIOTHCS Ha HUX. KpiM TOro, (OpMYIIOIOTECS YMOBH
B3a€EMOJIii OKpeMHX OJIOKIB OJWH 3 OJHHMM 1 3 00'€KTaMH, 3 SKHMH IIOB'SI3aHUH
CTBOPIOBaHMH pelneiiHuii mpuctpiid. Ha 1pomMy erami CMHTE3y OCHOBHY POJib, Ha XKaJlb,
rparoTh 1HTYITMBHI NPHUHOMH, MHUCTELTBO i JIOCBIJ MPOEKTYBaJbHUKA, X04Ya OCTAHHIM
YacoM Uil OMHCY YMOB POOOTH peJeiiHUX MNpPUCTPOIB Bce OiNble 3alydaroThest
¢dopmanbeHi Meroau. biouHa moOymoBa peraeiHOro MpPHCTPOI0 MOXeE IependavyaTcs B
3B'SI3Ky 3 HEOOXINHICTIO OTpHMaHHsA pi3HHX MoAudikamiii abo x y 3BS3BKY 3
TEPUTOPIANBHOI0 PO3'€AHAHICTIO OKpeMuX O10KiB. [Ipu 11bOMY, B OCTAaHHBOMY BHIIAJIKY,
JIOIIYCKAETHCS ACSAKUHA 3CYB MOHATTS LIOAO OJOYHOIO MOJAHHS CTPYKTYPU PEleHHOro
MIPUCTPOIO 3 HOr0 KOHCTPYKTHBHOI OJIOKOBOIO peanisaiiiero B amaparypi. Koxxen 610k
B CTPYKTYpi pENeHHOro NpUCTPOIO0 MpaLIOE 3riJHO 3 BU3HAYEHMMM YMOBAaMH, SIKi
BU3HAYAIOTh AJITOPUTM IepeTBOpeHHs iHpopmanii num Omoxom. Lls obGcraBuHa
BUKJIMKA€ HEOOXiHICTh MoOYNOBH Pi3HUX (opMasi3oBaHMX MOB, 32 JIONOMOTOIO SKUX
OJIHO3HAYHO IIPEJICTABILIOTBCS AITOPUTMH (YHKIIOHYBAaHHS peleHHHX NPHCTpoiB. B
SIKOCTI TaKMX MOB BHKOPHCTOBYIOTBCS: MOBa PEryJsipHUX Mofid, po3pobnena C.K.
Kuini 1 Bgockonanena B.M. I'mymkoBuM, MOBa YMCIICHHS NIPeIUKATIB, MOBa TaOIULb
BKIIFOUCHHSI, MOBa TaOJWIlb MEPEXO[iB, a TaKOX psA IHmUX MOB. llepexim 1o
BUKOPUCTaHHS 3a3HaYeHUX MOB 3JiMCHIOETbCS BXE Ha JAPYroMy eTami CHHTE3y.
KiHleBUM pe3ynbTaTOM IbOTO €Tally € 3aBAaHHS PEeNeHHOro NPHCTPOI0 OJHHM 3
MPUAHATHX CIOCOOIB, J0 SIKMX BIIHOCATHCSA TAONHUII MEpexoiB i BHXOJIB, TaOIHIi
Nepexo/IiB, MaTPHUIll NEPEXOiB, TAOIHIII BKIIOYEHb.

Ha erami abcTpakTHOrO CHHTE3y BU3HAUYAETHCS 3arajbHE YHCIIO MOXKJIUBUX CTaHIB,
B SKUX MOXYTb 3HAXOMUTHCS BXOJM i BUXOMHM PEICHHOr0 IPUCTPOIO, YUCIO HOro
PI3HHX BHYTpIIIHIX CTaHIB, BCTAHOBIIOETHCS 3aJEKHICTH MIX 3MIHOK BHYTPIIIHIX
CTaHIB PEJIEHHOr0 MPUCTPOIO I CTAHAMHU HOTo BHXO/IB IIPU PI3HUX CTaHaX HOro BXOIB.
Ha erarmi abcTpakTHOTO CHHTE3Y B 3aJIe)KHOCTI BiJl MPUITHATOrO CHOCOOY MOYaTKOBOTO
YABJICHHS aITOPHTMY POOOTH PpEIEHHOro IPUCTPOIO 3IIHCHIOEThCS OaraTopa3oBHil
mepexij Bifl OJJHi€] MOBHU Ha 1HIILY.

Tak, mig uyac 3amucy ymMOB poOOTH Ha MOBI PEryisipHUX IMOJIH 3a JONOMOIrOIo
CHeIiaNnbHOl PeryiIsipHOl TMPOUEAYPH 3HIHCHIOETBCS MepexiA a0 MOBH TaOIuIb
HEepPEXOiB 1 BUXOMIB.

Ha mepuwiit cramii agpyroro eramy CHHTE3y 3IIHCHIOETBCS —Iepexiy Bix
(dbopMynrOBaHHS yMOB MPUPOJHOK MOBOKW /0 iX (OpMyJrOBaHHS Ha sKiiich
¢dopmanbHiit MoBi. Bubip (opmanbHOI MOBH 3aleXHTh BiJ XapakTepy IIOCTaBICHOIO
3aBiaHHs. MoBa TaONUIb BKIIIOUEHb NPUAATHA 1711 KOHKPETHHX MOCIIIOBHOCTEH, KOJIK
KUIBKICTh iX HEBeNMKa, MOBa TaONWIb IEpPEeXOoAiB € OUIbII 3arajbHO0, TOOTO
MPUJATHOIO SIK Uil KOHKPETHHMX IIOCITIZOBHOCTEH, Tak 1 JUIsl IIOCHiZIOBHOCTEH
3arajbHOrO THITY, aje 15l MOBA Ma€ TOI HENOJIIK, 110 MOYaTKOBHUH eTal iX MoOy/I0BH, 1110
MoJIsAirac 'y BH3HAYCHHI HEOOXIJHOTO 4YWCia CTIMKUX CTaHiB BHYTPILIHIX €JIEMEHTIB
PENeHOr0 MPHUCTPOIO Ul KOXKHOTO 3 MOXIIHMBHUX CTaHIB BXOJIB, € IHTYITHBHHM.
HeckiHyeHHI MOCIHiZOBHOCTI OMMCYIOTBCS Ha MOBI peryisipHux nogii. Ille Oinbiu
IIMPOKOI0 € MOBa JIOTIKM mpenukariB. HaiOijpmr mpoctumu, a TOMY i HalOiibIn
LIMPOKO BUKOPUCTOBYBAHUMH B IHXKGHEPHil NMPAKTHI € MOBA TaOIMIb BKIIOYEHHS i
MOBa Ta0JHIlb MEPEXO/iB, IX BIHOCHA MPOCTOTA CIOKYTYE BIacTUBi iM Hemomiku. Ha
OJIHIH 31 cTaJii BUKOHAHHS JPYroro erary CHHTe3y BHPILIYEThCS 3aBAaHHS MiHIMizawii
4ycia BHYTpIIIHIX CTaHIB peleidHoro mpucrporo. PimenHam 3amagi MiHiMi3awii gucia
BHYTPIIIHIX CTaHIB PEIeHHOr0 NPUCTPOIO 1 3aKIHYYETHCS APYTUI €Tall CUHTE3Y.
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Tperiit eram, 3BaHMH eTalmoM CTPYKTYpHOTO CHHTE3y, BKIIOYae B cebe psx
MOCITIJIOBHUX KPOKIB, sIKi 3a0€3Me4yl0Th OTPUMAHHS KaHOHIYHUX piBHsHb. HailOinbIu
CYITEBUM 3aBJlaHHSIM Ha JaHOMY €Talli CHUHTEe3y € 3aBJaHHA pO3MillleHHs abo
KOJyBaHHsI CTaHiB, TOOTO 3ICTAaBJICHHS KOXXHOMY 3 CTaHIB TaOJHII MEPEXOMIiB MEBHOI
KOMOIHAIiT CTaHIB BHYTPIIIHIX €JIEMEHTIB. Y pa3si, SKIIO pe3yJIbTaTOM JPYroro eramy
CHHTE3Y CTaJl0 OTPUMaHHs TabJIMIb EPEXO/IiB i BUXO/IiB, TO KOJYBaHHIO Iepeiye BUOIp
€JIEMEeHTIB MaM'aTi (eJIeMEHTapHHUX aBTOMATiB).

IIpu BuKkoHaHb CHHTE3Y 3a MeToJoM XadMaHa 3aBJJaHHs BUOOPY €JIEMEHTIB IaM'sTi
He BuHMKae. CKiagHille BHPIMIYEThCS TMHTAHHS KOAYBaHHS BHYTPIIIHIX CTaHiB
peneiinoro npuctpoto. LI cknagHicTs 00yMOBICHA THM, IO 3 OXHOTO OOKY KOJYBAaHHS
Mae 3a0e3MeYnTH OTPUMAHHS HAWOIIBII MPOCTOI CTPYKTYpH, a 3 IHIIOrO OOKy -
BHKJIIOUMTH MOXIMBICTh BUHHUKHCHHsI KPUTHYHMX cTaHiB. ITicis BUKOHAHHs omneparii
KOJIyBaHHsI TaOJNHUI[l TEPEeXOMiB IEePETBOPIOIOThCS MO CyTi B TabiMIl CTaHiB, SKi
3a3BHYail CTPOSITHCS Ul CHHTE3y aBToMariB Oe3 mam'sti. Ha mincrai umx Tabmuip
JIETKO BUXOAATH KaHOHI4HI piBHsHHA. Lli piBHAHHA € abo OyneBumm yHKuismMu ado
MOTEHLIHO IMIYJIBCHUMH (POPMaMHU, IO 3aJI€KHUTh BiJl TUITY aBTOMATA.

YerBepTuil eram, eran koMOiHauiiiHOro cunredy. Ha mpomy erami Bupilryerbcs
MUTAaHHS HA SKUX EJIEMEHTax Oyle peati30BaHHi aBTOMAT, BUOMPAETHCS OCTATOYHO
Horo crpykrypa i Oyayerbes Horo nmpuHuunosa cxema. Etan komOiHaniiiHOro cunTe3y
HaOUTbII po3BuHEHUH. PO3p0obieHO MeTOIM peati3allii aBTOMATIB K Ha KOHTAKTHUX,
Tak 1 Ha OE3KOHTAKTHHX eleMeHTax. Ha 1poMmy eTami Haa3BHYailHO BEJHMKE MicIe
3aiiMalOTh NUTAHHS MiHiMi3anil OyneBuX QyHKIIH.

Hapermri, n'sTuii etar, sKuil Ha3BaHUN €TAIlOM HAIIHICHOTO CHHTE3y mepeadadae
HPOBEACHHS IIEPETBOPEHHS 1 JOMOBHEHHS CXEM, OTPUMaHHX Ha IONEPEIHbEOMY eTalli, 3
METOr 3abe3leueHHs] HaAIHHOCTI 1X (QyHKI[iOHYBaHHS. 30KpeMa pillleHHs i€l 3amadi
JIOCSITAETHCSL 3@ PAXyHOK BBEICHHS CTPYKTYPHOI HA/UIMIIKOBOCTI. BuIineHHs eramy
Ha/IAHICHOTO CHHTE3y B SKOCTI CaMOCTIHHOTO MiJKPECIOE BENHUKY BaXKJIHMBICTh
po6aeMH HafitHOCTI peeHUX MPUCTPOIB.

OcraHHIH eTanm CHHTE3y, Ha3BaHWH YyMOBHO €TaloOM IHXEHEpPHOI peai3allii
nepenbayae MPOBEICHHS ENCKTPUYHHX Ta IHIIMX PO3PAXyHKIB EJIEMEHTIB CXEMH, a
TAKOXX MPOBEICHHS MOJICITIOBAHHS 11 3 METOIO MePEeBIPKH MPare31aTHOCTI.

Ilomin npouecy CUHTe3y Ha €TamM, IMOJIETIIYIOYH MHpOLeC MOOYIOBH peleiHuX
MIPUCTPOIB, MOXKE B PsIi BUMAJKIB IPUBOAUTHU JI0 YCKJIAJHEHHS IX CTPYKTYpPH, TOMY 3
METOI0 3MEHILICHHS LBOr0 HEIONIKYy Ha KOKHOMY 3 eTaliB CHHTEe3Yy IparHyTh
BpaxoByBaTu Horo BIUIMB Ha HacTymHi eranu. Ockinmpku CVYIIII € cucremoro, sika
B3a€EMO/II€ 3 JIFOJJMHOIO - OIIEPaTOPOM, TO CTaH mpobiemu i moOyaoBH HE 0OMEXKYEThCS
TUIBKH MHUTAHHSAMH CHHTE3Y CTPYKTYpPH, Tak SIK cama Lisi CTPYKTypa 3aJIe)KHTh Bij
xapakrtepy 11 3B's3kiB 3 omeparopom. lle o3Hauae, 10 B 3araqbHOMY IUIaHi OJHIET 3i
cTOpiH pimeHHs 3a1a4i noOynoBu cuctemu CVYIII € po3risy nuTaHb CriBBIAHOLICHHS
JIFOJIMHY 1 MAIIIMHK B CHCTEMI.
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n1axoAu 10 PEI'YJIIOBAHHS TEXHOJIOTTYHUX TIAPAMETPIB ¥
BUPOBHUILBI KOMIIOHEHTIB JETOHYIOUOI'O CKJIALY
T.M. lleBuoBa, A.A. [lertsp, B.I. Cepena
IHocrkunckuit iHCTUTYT CYMCBKOTO AE€PIKABHOTO YHIBEPCHUTET
t.shevtsova@ishostka.sumdu.edu.ua

B nanuii yac BUPOOHHMITBO IETOHYIOUUX CKIIA[IIB € BaXJIMBOIO Tally33i0 000POHHOT
MPOMHUCIIOBOCTI. JleTOHyrouMii CKjiall — IOPOMIKONOAIOHA MeXaHiuyHa CyMill, M0
CKJIAZIA€ThCA 3 IEPEKPICTaTi30BaHOr0 OKTOIeHA Ta AIMIOMIHIEBOI ITyAPHU, 3aCTOCOBYETHCS
y BHUTOTOBJICHHI HECJCKTPUYHUX CHUCTEM IHILIIOBAaHHS, JUI XBHJICBOIIB CHCTEMHU
«Immynse».

OkKTOreH - moTyxHa BHOYXOBa pevyoBHHA. BOJOMAiI0YM BHCOKOI MIUTBHICTIO Ta
KpAILIOI0 TEPMIYHOIO CTIMKICTIO B MOPIBHSHHI 3 TeKCOr€HOM, OKTOT€H B JaHMI yac Bce
OinTbIIe 3aCTOCYBAHHS 3HAXOIUThH Y BUTOTOBIICHHI TEPMOCTIHKHX OOENPUIIACIB.

Binomo kijbka METOIIB OTPUMAaHHs OKTOreHa. B naHMi Yac OKTOTEH OTPUMYIOTh
YKCYCHO-aHT1IpHIHUM CHOCOOOM IIUIIXOM HITPOJdi3y YPOTPOMIHY 3 HOAAIbLIINM
OYHILEHHSIM OKTOTCHA-CHUPIIIO BiJl JOMIIIOK 1 MEPEKPUCTANTIZAIEI0 3 aAl[ETOHY.

3a yMOBH HITpOIi3a YpOTPOIIHY HOPSA 3 OKTOI€HOM, T'€KCOT'€HOM YTBOPIOIOTHCS 1
HECTIHKI MOOiYHI JOMIIKK (Psi JTIHIHHUX HITPaMIHIB 3 PI3HO0 JOBKHHOO JIAHIIOTa Ta
3 pI3HUMU KiHLEBUMHU eipHUMH Irpynamu, AesKi LUKIIIUHI Ta OIUMKIIYHI HITpaMiHU Ta
iH.), 10 3HAYHO MOJOBXKYIOTb 1 YCKIIAHIOIOTh BEACHHS TEXHOJOTI] OTPUMAaHHS YHCTOTO
okTOoreHa. HemomikoM BKa3aHOTO CIioco0y OTPHMaHHSI OKTOr€Ha € 0araTocTaaiiiHOCTh,
TPUBATICTh, TPYAOMICTKICTh ONEpalii, a OTXkKe, HU3bKa HNPOAYKTHBHICTH HPOILECY i
BHCOKa COOiBapTicTh TpoAykTy. Tomy B mgaHiii poboTi OymemMo pO3IIsAaTH METO
OTPUMAHHS OKTOr€HY IepPEeKPUCTAIIi3aL€I0 3 aLleTOHY.

Kpim TOrO, CyuyacHuil pMHOK BHMAara€ BJOCKOHAJICHHS TEXHOJIOTIYHOTO HPOLECY
BUTOTOBJICHHS JETOHYIOUOTrO CKJIaJy Ta HOro 3/EIIeBIEHHs, 110, B CBOIO 4epry,
JI03BOJIUTH 3HU3UTH BUTPATH HAa BUTOTOBJICHHS Pi3HUX BHIIB BHOYXoBOi mpoxykiii. Lle
MOYKJIUBO JIMIIE 32 YMOBH KOMIUIEKCHOTO MiJXOAy J0 aBTOMAaTu3alii BUPOOHHUIITBA Ta
MO/JICpHi3allil pOOOYUX MICIIb.

Jnst peanizanii 1bOro 3aBJaHHS IPOBEIEMO YJOCKOHAJICHHS BUPOOHULITBA B
HampsIMKY 30UIbLICHHS KUTBKOCTI aBTOMATH30BaHUX €TalliB BHUPOOHULTBA Ta
301IBIICHHS] TOYHOCTI PEryJIFOBaHHs Ba)XXJIMBUX TEXHOJIOTIYHUX MapaMeTpiB 3a paxyHOK
BIPOBA/PKEHHS IIPOMUCIOBHX POOOTIB MaHIIyJISATOPIB i MOOYIOBH CHCTEMH YIIPaBIIiHHS
Ha OCHOBI IIPOrPaMOBAHOT0 JIOTIYHOTO KOHTPOJIEpa.

JUIs noMinIIeHHsT SKOCTI MPOAYKIIi, 110 BHUITYCKAETHCS, HEOOXiIHO MiIBUIICHHS
TOYHOCTI PETy/IIOBaHHS TEXHOJOTIYHUX mapameTpiB. OCHOBHHM TOKa3HHKOM, IO
BIJNOBia€ 3a SKICTh NPOAYKTY, € Temmeparypa B Oaui-kpucranmizatopi. s
MiZBUIIECHHS TOYHOCTI PEryIIOBaHHS HEOOXiJHO OTPUMATH MAaTeMAaTHYHHI OIHC
o0'ekTa ympaBiiHHSA (EKCIEPUMEHTAIbHUM METOJOM) 1 pO3paxyBaTH YCTAHOBKH
perynsitopa (MeTonoM Hesaryxatouux konuBab (L{urnepa-Hikonca), merogom JIAUX
(CononoBHikoBa)).

IMepexpucranizaris NpogyKTy NPOXOAUTH B Oalli-KpUCTaIi3aTopi, 10 MPEeICTaBIIse
cO000I0 3aKPUTY EMHICTh 3 COPOYKOI JUIss OOIrpiBy Ta OCHAIICHHH JIOMATEBOIO
MIIIaKo0, 1o 3xaiicHioe 200 - 250 06 / XB.

IligirpiB po3unHy Ta miATPUMKA TemIieparypu B Oaili Ha piBHi 25-45 ° C B mporieci
nepekpucTanizaiii 3iHCHIOEThCS Mapor0, sSKa HAAXOAWTh B COPOUYKY Ui OOIrpiBy.
Tewmmeparypa napu Ha BXO/Ii B anapar MOBUHHA 3HaXOUTHCh B Mexax Bix 50 1o 90 ° C.
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Pucynok 1 - KoHTyp peryiioBaHHs TeMnepaTypu B Oalli-KpucTaiizaTopi.

B pesynbraTi mpoBeneHHS CHHTE3y HEOOXiAHO OTPUMATH IMEPEeXiJHUH Hporec 3
TaKUMH TIOKa3HUKAMHU:
- Yac mepexigHoro mporiecy - tp < 20 xB;
- mepeperyioBaHHs - 6 < 25%.
MaremaTryHa MozeNnb 00'€KTa YIpaBIIiHHS y BUTIISII KPUBOI PO3TOHY IpE/CTaBlICHA
Ha PUCYHKY 2.

1L
/

20 o -
1 2 3 4 5 6 7 3 B 1 1 12 13 14 15 1 17 18 19 20 21

@ cnepemenTanbiO

Pucynok 2 - KprBa po3rony 00'ekTa yrnpaBiiHHsS

OTtpumaeMo mepeaaBanbHy (QYHKIII0 00'€KTa yIpaBIiHHSI Ha OCHOBI alpoOKCHMAIIil
"KpuBOi po3roHy" 3 BUKopucTaHHSIM Merony Cimoro. B xoni mpoBeneHHX po3paxyHKiB
BUBeJICHa (DYHKIIisI HACTYITHOTO BUIY:

W(s) = 14,1
14,4625 +20,153s” +8,21s +1

IMepexinna xapakTepuCTUKa MOOYI0OBaHA 32 YMOBH BHKOPUCTAHHS IepeaBanbHOL

(byHKIIT Ta HOpMOBaHa KpHBa PO3TOHY 300paXkeHa Ha PHCYHKY 3.
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Pucynok 3 — 3icTaBieHHs mepexifHOI XapaKTepUCTUKH, MOOYyIOBaHA 32 YMOBHU
BHUKOPHCTAHHS MepeiaBaibHOl (PYHKIIIT, TA HOPMOBAHOT KPHBOT PO3TOHY

3 pucyHKa 3 BHIHO, 10 KPHBI PO3TOHY OTPUMaHa €KCIEPHMEHTAIBHO 1 aHAJIITHYHO
30iraroThCs, iX MOXKHA BBaXKaTH OJHAKOBUMHM.

BusHauuMo mapaMeTpd THIIOBOTO pPEryjsTopa 3a METOJOM He3aTyXaluhx
kommBanb (Llurnepa-Hikonca). [IpoBeneMo po3paxyHOK MapamerpiB peryistopa, o
3a0e3Me4yloTh ONTHMAIIbHE, 32 OYIb-IKUM KPUTEPIEM SKOCTI, MPOTIKAHHS MEPEXiJHOrO
MIPOLIECY B CHCTEMI.

CTpykTypHa cxema MojentoBaHHs B cepenouini MatLab (Simulink) cucremu
ynpasninas 3 [ll-perynstopoM, HACTPOEHHM METOJOM HE3aTyXalouhX KOJIUBAaHb
(Lurnepa-Hikosnca) npencraBieHa Ha pUCYHKY 2.

Pucynok 2 - [lepexinHuii mpolec 3a YMOBH pO3paxyHKOBHX HalallTyBaHb
AHani3yo4u mepexiHui Mpolec, 0JIepKyeEMO TaKi IIOKa3HUKU:
- 9ac mepexigHoro mporecy: tp = 30 xB;
- TepeperymnoBaHHsA: ¢ = 21%.
OCKIJIbKH Yac TMEpexiJIHOTO MpOIeCy HE BIAMOBINAE 3aJaHUM KPUTEPIsAM SKOCTL
TEXHOJIOTIYHOTO TMPOIECY, B MOXEKO-BUOYXOHEOE3[NeYHOMY BHPOOHHUIITBI MOXKE
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MIPU3BECTH IO BUHWKHEHHS aBapiliHOI cuTyamii. Po3paxyemo perymsrop meromom
Cono10BHIKOBA.

BukopucroBytoun BHpa3 nepeaBanbHOi  (yHKHii OakaHoi (CKOPHroBaHOI)
PO3IMKHYTOT CUCTEMH, OTPUMYEMO TIEPEXiHY XapaKTePUCTHKY 3aMKHYTOI CHCTEMH, sIKa
IpeJIcTaBIeHa Ha PUCYHKY 3.

.

o

] 3 5 2
' |

Pucynok 3 - Ilepexiguuii mpoiiec B CKOPUTOBaHiil ciucTeMi
AHai3yl04n IepexiJHui polec, 0JepKyeMO TaKi ITOKa3HUKH SKOCTI:
- Yac mepexigHoro mnpoiecy: tp = 12 xs;
- IIepeperyioBaHss: ¢ = 15%.

Tabauust 1 - ITopiBHSUIbHI XapaKTePUCTHKHU MOKA3HUKIB SIKOCTi CHCTEMH

Merton cunTesy Tloka3HuKM IKOCTI OnuHuLs Yucnosi
BUMIpY 3HAYCHHS
CononoBHIKOBa TIepeperyarOBaHHs G, % 15
4ac MEPEXiIHOro NMpouecy | t, , XB 12
HesaTyxarounx nepeperyoBaHHs o, % 21
KOJIMBaHb 9ac MEPEXiTHOro MpoLeEcy | t, , XB 30

IopiBHSBIIN XapaKTEPUCTUKU MOKA3HHUKIB SKOCTI, HaBeACHHX y Tabmumi |
MOKHa 3pOOHMTH BHCHOBOK, IO [apaMeTpd pEeryJsaropa po3paxoBaHi MeETOJO0M
Cout010BHIKOBa, Ha BIAMIHY BiJl PO3paXyHKY METOJOM HE3aTyXalO4YWX KOJIUBAHb MA€
MOKA3HUKH, SKi 3aJ0BOJIBHSIOTH SIKICTh IE€pexifHoro mpouecy. ToMy B SKOCTI
perymsitopa BubGepeMo MepenaBalbHy (YHKI[HIO peryistopa OTPHMaHy METOIOM
JlorapumiuHO-aMILTITy1a-4aCTOTHUX XapaKTEPUCTHUK.

CITUCOK JTepaTypHHUX JKEpelt:

1. Texnonoruyeckuit pernameHT «Jleronupytomero cocrasa». Illoctka - IHK3
«mmymee» 2003r.

2. Kimoes A.C., T'nmazoB bB.B. IlpoektupoBaHne cHCTEM aBTOMAaTH3aLUH
TexHoJorn4eckux mponeccos: CrpaBounHoe mocobme. Ilox. pen.A.C.Kimoes. - M.:
Oueproaromusaar, 1990.-464 c.
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POLARIZATION CONVERSION DEVICE
BASED ON A WAVEGUIDE WITH PINS
A.V. Bulashenko', S.I. Piltyay’, V.Y.Dmytrenko', O.V. Bulashenko®
lIgor Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine
“Ivan Kozhedub Shostka Professional College of Sumy State University
a.bulashenko @kpi.ua, crosspolar @ukr.net, dmitrenkovitalinab @ gmail.com,
ol_bulashenko @ukr.net
Today, one of the key elements of antenna systems engaged in polarization signal
processing are polarization devices. These devices are used to convert the types of
polarization. The following designs of polarizers in the form of waveguide structures
with posts [1-3], irises [4-8], ridged structures [9], polarizers with thin metal septum
[10-13] are known. The designs of polarizing devices in the form of slots [14-16] are
complex in design. Phase shifters and filters also had such constructions [17-20]. In
addition, polarizers are built directly into antennas [21-23].

Figure. 1. 3-D model of the polarization conversion device

The design of the waveguide polarizer is shown in Fig. 2. The structure contains
two posts of height /; and diameter d, one post of height 4, and diameter d, the distance
between the posts is I. Moreover, the height of the central post /i, is greater than the
height of the other posts A;.

Figure. 2. Polarizer design based on a waveguide with three posts
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The presence of a cylindrical post allows you to adjust the characteristics of the
device by changing the length of the post.

The characteristics of the polarizer are as follows: phase, matching and polarization
[24-26]. Phase and matching are the differential phase shift and the voltage stand wave
ratio (VSWR). The polarizing characteristics of a polarizer are the axial ratio and the
crosspolar discrimination (XPD).

We form general wave matrices on the basis of the theory of microwave, having
broken the circuit of the polarizer into smaller circuits

Sz Sz | 1 | Tey IT|
[5:]-| [ 0]

SZZI 5222 _Tzu
Ty T
[TZ]:[Tl]'[Tz]~[T3]-[T4]~[T5]:[ sl 212}’
Iyo Tsm
e 0
[TZ]:[TA]: 0 ¢
2+7Y, -Y
A
2 —Yp1 2_Yp]
[T]:l 2+
3 2 —sz 2_Yp2 >

where Y f is the conductivity of the post, € is electric line length.
Differential phase shift is determined by the expression
Ap=psiy. =Bl

VSWR is determined by the formula

VSWR =[1+]S,,[]/[1-|Sy,[].
The axial ratio is determined
A2+ B?+ A  + B* +24°B” cos(Ag)
A2+ B? —\A* + B* + 24°B” cos(Ag)

r=10lg

where A=1, B =|521|.
XPD is calculated by the formula
XPD = 201g[(10°~°5’ +1)/(10%95" — 1)].

Fig. 3 shows the matching characteristics of the mathematical model, and Fig. 4
shows the polarization characteristics of this model.
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Figure 3. Matching characteristics of the mathematical model
Fig. 3a demonstrates that the maximum deviation of the differential phase shift
from 90° is 4.5°. Fig. 3 b shows that the maximum value of VSWR is 1.28.
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Figure 4. Polarization characteristics of the mathematical model
Fig. 4 a contains the dependence of the axial ratio on the frequency, and Fig. 4 b
contains the dependence of the XPD on the frequency. From fig. 4 we see that at a
frequency of 8.5 GHz the axial ratio acquires its maximum value of 0.71 dB. Also at
this frequency, the XPD acquires a maximum value of 29 dB.
Fig. 5 shows the matching characteristics of the polarizer. Fig. 5 a contains the
dependence of the differential phase shift on the frequency, and Fig. 5 b contains the

dependence of VSWR on the frequency in the operating frequency range from 8.0 GHz
to 8.5 GHz of the studied prototype.
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Figure 5. Matching characteristics of the prototype

Fig. 5a demonstrates that the maximum deviation of the differential phase shift
from 90° is 4.2°. Fig. 5 b shows that the maximum value of VSWR is 1.26.

Fig. 6 shows the polarization characteristics of the device in the operating
frequency range from 8.0 GHz to 8.5 GHz. Fig. 6 a contains the dependence of the axial
ratio on the frequency, and Fig. 6 b contains the dependence of the XPD on the
frequency. The figure shows that at a frequency of 8.0 GHz, the axial ratio acquires its
maximum value of 0.55 dB. Also at this frequency, the XPD acquires a maximum value
of 31 dB.
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Figure 5. Polarization characteristics of the prototype

Frequency, GHz

Such characteristics provide the optimal design of the polarizer, which are
presented in table 1.

Table 1. Optimal characteristics of the polarizer
a, mm I, mm hy,mm | hyymm | d, mm

30.0 2.92 2.0 4.28 2.0

As you can see, the matching and polarization characteristics of the mathematical
model and prototype simulated in CST Microwave Studio coincide with the
corresponding accuracy.

Thus, the developed waveguide polarizer with three posts has the following
characteristics. The range of change of the differential phase shift is 90°+4.2°. The
polarizer provides VSWR less than 1.26. Axial ratio is less than 0.55 dB. XPD is higher
than 31 dB.
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Every year the need for the use of polarizing devices in modern
telecommunications systems increases. Polarization signal processing used in satellite
and telecommunication information processing systems is also becoming widespread
[1-25]. Such devices are polarizers that have different designs, but they have one
common function - the transformation of the types of polarization. The simplest and
most popular are rectangular waveguides containing diaphragms and pins as reactive
inhomogeneities [26-51], which are widely used in the Ku range, ie for satellite
communication. In general, the Ku band can be divided into three subbands: 10.7-11.7
GHz; 11.7-12.5 GHz; 12.5-12.8 GHz, but in this paper the results for the whole band
will be presented, without division into subbands. The polarizer contains reactive
elements - diaphragms, which act as a reflective element for further coordination [52-
66]. However, if the disadvantage of a polarizer with diaphragms only is that there is no
further adjustment of the characteristics depending on the needs before use, ie the
characteristics are static after manufacture, this is why we should still use the pins that
help us with this dilemma.

The aim of the work is to study the main characteristics of the device for converting
the polarization of the FSS range with the possibility of adjustment.

TpuBuMipHa MOAENs Ta BHYTPILIHS KOHCTPYKIliS XBHJIEBIHOTO MHPUCTPOIO
HEepeTBOPEHHS MOJApHU3alii i3 yoTHpMa AiadparMaMu Ta ABOMa IITUPSIMH CYMAapHO, 110
2 niadparmu Ta 1 mTHPIO, 1110 PO3TALIOBAHI CUMETPUYHO, 300pakeHi HIK4e. (puc. 1 Ta
puc. 2). Bucora aBox amiadparm piBHa A, Ta TOBLIMHA W, JBa IITHPS BHCOTOIO /ip Ta
niaMeTpy d, BiZicTaHb MiX JiadyparMoro Ta MITHPEM CTAaHOBHTH .

) O ", hw! i
d

O
a w Ll w
Fig. 1. Three-dimensional model and Fig. 2. The internal design of the polarizer

design of the polarizer

This design provides the basic polarization characteristics. The cylindrical pin
provides adjustment of characteristics due to change of height hp
Before proceeding to the matching characteristics, it should be noted that we used
the method of wave matrices to obtain the basic parameters of the wave matrix
scattering:
S S
[S ] — [ 11X 12.%
Sa1x Sazs
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So it is worth moving on to defining the characteristics. Let's start with the
differential phase shift:

Ap = @a1351 — P2135¢
VSWR horizontal and vertical polarization is determined by the formula:

VSWR =[1+|S,,[]/[1-S,[]-
The coefficient of ellipticity r, which should be prematurely transferred to a linear
scale:
_ A2+B2+,[A*+B*+242B? cos(2A@)
r=10lg A2+B2—\[A*+B*+242B? cos(2Ap)
The cross-polarization isolation (CPI) is determined by the formula:
CPI (dB) =20 Ig (’“).

r—1
Below are the results of the study, namely the dependence of the characteristics on
the frequency for our frequency range 10.7 GHz - 11.5 GHz, which were obtained in a
specialized program using computer simulation.
In Fig. 3 presents the graphical dependence of the VSWR of the developed
polarizer for horizontal and vertical polarization. As can be seen, the maximum level of
VSWR for both linear polarizations is 2.0 and is reached at a frequency of 11.5 GHz.
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Fig. 3. Dependence of VSWR on Fig. 4. Dependence of differential phase
frequency for both polarizations shift on frequency

In fig. 4 shows the dependence of the differential phase shift of the polarizer in the
frequency range 10.7-11.5 GHz. As can be seen, the differential phase shift is equal to
90 ° at a frequency of 11.02 GHz. In the operating range, the differential phase shift of
the polarizer varies from 87.1 ° to 93.9 °. The maximum deviation from 90 ° is 3.9 ° and
is observed at 11.5 GHz.

The dependence of the ellipticity coefficient and CPI of the polarizer on the
frequency in the operating frequency range can be seen in Fig. 5 and fig. 6 respectively.
In fig. 5 you can see that the maximum value is 1.10 dB.
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coefficient on frequency

From fig. 6 we see that the maximum value of CPI is 31 dB. It should be noted that

in the range of 10.7-11.5 GHz CPI takes values of 29.6 dB and 24 dB, respectively

Therefore, the study designed a polarization conversion device with diaphragms

and pins for satellite systems in the range of 10.7-11.5 GHz, which showed the
performance characteristics: VSWR, differential phase shift, elipticity coefficient and
CPI, which actually meet the requirements of modern satellite systems.
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POLARIZATION TRANSFORMER WITH COMBINATION OF
DIAPHRAGMS AND PINS
S.I Piltyay, A.V. Bulashenko, A.P. Saranchuk
Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine
crosspolar @ukr.net, a.bulashenko@kpi.ua, annasaranchuk01 @ gmail.com
Recently, polarization signal processing has become widespread. It is used in
satellite information and telecommunication information processing systems. One of the
key elements of such systems are polarization conversion devices. The basic function of
such devices is to transform the types of polarization. There are different designs of
polarizers. The most common are polarizers in the form of ridged structures [1-2],
polarizers with thin metal septum [3-4], polarizers based on irises in the waveguide [5-
10] and polarizers based on waveguides with posts [11-12]. There are also designs of
polarizers with irises in the form of thin slots [13]. But such constructions are complex.
The most broadband and simple design is a waveguide polarizer based on irises.
The 3-D model of the polarizer device is present in Fig. 1.

Figure 1. 3-D model

The design of the waveguide polarizer is shown in Fig. 2. The design contains two
irises of height / and thickness w, two posts of height /, and diameter d, the distance
between the iris and the post is /.

4

Figure 2. Polarizer design
The presented design provides the main polarization characteristics. Cylindrical
post provides tuning and matching characteristics by changing the length of the post in
the waveguide [14-18].
The matching characteristics of the polarizer are the differential phase shift and
the voltage stand wave ratio (VSWR). The polarization characteristics of the polarizer
are the axial ratio and the crosspolar discrimination (XPD).
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Based on the theory of microwave circuits [19-25], we write the wave matrices of
scattering and transmission of our model, breaking it into smaller circuits

| Ssin Ssi2 _ 1 Ty |T|
[5:]-| oz 0]

Sya1 Sy _Tzn Ty
= _ Tle Tzu
[ ]=[R) () () ) )= 2
>21 fx22
Ut e 0 112+Y, -Y
[Tl]z[TS]=|:T” Tl2:|; [T2]=[T4]= o ’[T3]=E B p 2_p ’
21 1 0 e/ Y, Y,

where Yp is the conductivity of the post, & is electric line length.
Differential phase shift is determined by the expression

AP=@yoiL~Pxaic
VSWR is determined by the formula

VSWR=[1+|S,,[]/[1-]S,[]-
The axial ratio is determined
A2 4 B? 4+ A* + B* + 2478 cos(Ag)
A2+ B2 —\[A*+ B* 1 24%B cos(Ap) |

r=101g

where A=[Sy ;1| B=|Sy ¢l
XPD is calculated by the formula

0.05r
XPD = 201g£10 “]

10005 _1 |

Below are the graphs in accordance with the given mathematical model of the
polarization device [26-31]. Fig. 3 shows the matching characteristics of the
mathematical model, and Fig. 4 shows the polarization characteristics of this model.

92 1.5
; vertical polarization
For / L4} /p_
| / horizontal polarization
290 7 13—
£ pd
= 89 1.2
P
88 1.1
i d _
87 1.0
7.7 18 8.0 8.2 84 85 7.7 78 8.0 82 84 85
Frequency, GHz Frequency, GHz
a) 0)

Figure 3. Matching characteristics of the mathematical model
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Figure 4. Polarization characteristics of the mathematical model

Axial ratio, dB.

Fig. 3 a demonstrates that the maximum deviation of the differential phase shift
from 90° is 2.2°. Fig. 3 b shows that the maximum value of VSWR for both
polarizations is 1.41. Fig. 4 a contains the dependence of the axial ratio on the
frequency, and Fig. 4 b contains the dependence of the XPD on the frequency. From
Fig. 4 we see that at a frequency of 8.5 GHz the axial ratio acquires its maximum value
of 0.45 dB. Also at this frequency, the XPD acquires a maximum value of 29 dB.

We will apply software to simulate and optimize the electrodynamic
characteristics of the polarizing device [32-37]. Fig. 5 shows the matching
characteristics of the polarizer. Fig. 5 a contains the dependence of the differential phase
shift on the frequency, and Fig. 5 b contains the dependence of VSWR on the frequency
in the operating frequency range from 7.7 GHz to 8.5 GHz of the test prototype.

Differential phase shi
o
g

77 7.8 7.9 80 8.1 82 83 84 8.5
Frequency, GHz

a)

VSWR
b

1.10

1.00

7.8 7.9 8.0 8.1 82 83 84 85

7.7
Frequency, GHz
b)

Figure 5. Matching characteristics of the prototype
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Fig. 5a demonstrates that the maximum deviation of the differential phase shift
from 90° is 2.2°. Fig. 5 b shows that the maximum value of VSWR for both
polarizations is 1.29.

Fig. 6 shows the polarization characteristics of the device in the operating
frequency range from 7.7 GHz to 8.5 GHz. Fig. 6 a contains the dependence of the axial
ratio on the frequency, and Fig. 6 b contains the dependence of the XPD on the
frequency. The figure shows that at a frequency of 8.45 GHz, the axial ratio acquires its
maximum value of 0.4 dB. Also at this frequency, the XPD acquires a maximum value
of 29 dB.

047

Axial ratio. dB.

7.7 7.8 7.9 80 81 82 83 8.4 8.5
Frequency, GHz

a)

XPD, GHz

T 78 79 £0 &1 82 83 54 85
Frequency. GHz

b)

Figure 6. Polarization characteristics of the prototype

Such characteristics provide the optimal design of the polarizer, which are
presented in table 1.
Table 1. Optimal characteristics of the polarizer
a, mm w, mm I, mm h, mm hp, mm | d, mm
28.9 3.1 53 2.60 2.65 24

As you can see, the matching and polarization characteristics of the mathematical
model and prototype simulated in CST Microwave Studio coincide with the
corresponding accuracy.

Thus, the developed device has the following matching and polarization
characteristics. The range of change of the differential phase shift is 90°+2.2°. The
polarizer provides VSWR less than 1.29. Axial ratio is less than 0.4 dB. XPD is higher
than 29 dB.
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Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine
Ivan Kozhedub Shostka Professional College of Sumy State University
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Modern antenna systems with polarization signal processing are used to improve
the information parameters of the signals processed in them [1-5]. The basic elements of
such systems are waveguide filters, phase shifters and polarizers [6-8]. Phase shifters
provide the required phase values at the output. Polarizers provide a differential phase
shift at the output of 90° [9-11]. The most common structures of waveguide polarizers
are structures with diaphragms [12-15], pins [16-18], combined with pins and
diaphragms [19-23], and coaxial and ribbed structures [24-26]. Differential phase shifter
is used in the development of phased array antennas, in the formation of the beam in
modern antenna systems and for power supply systems of modern antennas [27-30].
Modern 90° phase shifters [31, 32] have advanced functionality, simple compact
geometric shape, resistant to amplitude imbalance, the ability to maintain a stable phase
with multibeam propagation. In addition, such devices are sometimes used in 5G
systems [33-40].

The aim of the work is to study the main characteristics of a phase shifter based on
a square waveguide with diaphragms in the operating frequency range of 7-10 GHz.

KonctpyktiBHO (ha3o3cyBaya Ha OCHOBI KBaJpaTHOTO XBHJIEBOLY i3 TphOMa
niapparMamy, IO pPO3MIIIEHI CHMETPUYHO BIJIHOCHO LEHTpalbHOI adiadparmu,
300paxxenuii Ha puc. 1. Bucora nBox kpaitnix miadparm piBHa /i, a BHCOTa CEpPEeAHBOL
BHIIA 3a KpaiHi /p, TOBIIMHA BCiX miadparmM w, Ta BiAcTaHb MiX AiadpparMamu €
OJIHAKOBA 1 CTAHOBUTH [.

The created design of the phase shifting device provides the main phase and
matching characteristics. Design optimization is carried out in a suitable commercial
software environment by changing the geometric dimensions of the device design [41-
43]

Fig. 1. Phase shifter design based on a square waveguide with three diaphragm
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Using the method of wave matrices [44, 45] and equivalent circuits [46, 47], the
basic parameters of the wave matrix of phase scattering device were obtained
S S
5= [ 113 12.2]_
S:1=ls,s Sas
Thus, through the elements of the obtained scattering matrix of the bulges

determined the differential phase shift of the device according to the formula
Ap = @a151 — P213¢

The constant voltage wave coefficient (VSWR) was also determined according to
the analytical expression
148y,
1-18y]

The frequency dependences of a phase shifter based on a square waveguide with
three diaphragms in the operating frequency range 7-9 GHz for the given method and
two known electrodynamic methods FDTD and FEM, respectively, are presented below
[48, 49].

Fig. 2 contains the dependence of the differential phase shift of the waveguide
phase shifter in the frequency range 7-10 GHz. As can be seen, the differential phase
shift of the device is 90° + 5° for the given method, 90° + 4° for the FDTD method and
90° + 6° for the FEM method

VSWR =

0.
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Fig. 2. Dependence of differential Fig. 3. The dependence of the reflection
phase shift on frequency coefficient on the frequency for both
polarizations

In Fig. 3 presents a graphical dependence of the reflection coefficient of the
developed phase shift device for horizontal and vertical polarization for the given
method, FDTD method, FEM method. The solid line shows the vertical polarization,
and the dot represents the horizontal polarization. As you can see, the maximum level of
the reflection coefficient is 0.6 for the given method, 0.52 for the FDTD method and
0.63 for the FEM method

Therefore, the results of device design by the given method and known
electrodynamic methods correlate well with each other [50-58].

Thus, in the course of scientific research, a phase-shifting device based on a square
waveguide with three diaphragms in the operating range of 7-10 GHz was developed.
The proposed device supports a differential phase shift of 90° = 5°. The peak value of
the reflection coefficient for vertical and horizontal polarizations is 0.52 at a frequency
of 7 GHz. Therefore, the proposed device can be used in modern phased array antennas.
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IIUPOKOCMYTI'OBHI1 OPTOMOJOBUI IEPETBOPIOBAY
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OcTaHHIM YacoM IIMPOKO PO3BHBAIOTHCA HOBI TeleKOMyHikamiitHi Mepexi 5G [1,
2]. Le BinOyBaeThcs 3aBISKH PO3BUTKY HOBHX TEXHOJOTIH, 110 BUKOPHCTOBYE Iei
cranaapt. Jlo HUX MOXKHa BITHECTH TEXHOJIOTII B3aemMozii Mk nmpuctposimu D2D [3-6],
TEXHOJIOri B3aemosii Mk MammHamu M2M [7, 8], TexHomorii i3 OpTOrOHAIEHUME
yactoramu OFDM [9-13], texHounorii 10T [14] Ta inmmx. Ilopsix 3 HuMu Bce Oinblie
BUKOPHCTOBYIOThCS ~ TEXHOJIOTIl  moJsipu3ariifiHoro  posuecenust [15, 16], 1o
BUKOPHCTOBYIOTbCSl Y aHTEHHUX CHCTEMax 3 HOJIIpH3aliiiHoI0 00poOKoto curHamis [17,
18]. B HUX BUKOPHCTOBYIOTHCS Pi3HOMAHITHI IOJApH3aNiiiHi npucTpoi, GpinpTpyrodi Ta
¢azo3cyBHi mpuctpoi [19-21]. BoHu KOHCTPYIOIOTBCS Ha OCHOBI wTHpPIB [22-24],
niadpparm [25-32], ix komOinauiit [33-38], peOpucTux Ta KoakciallbHUX CTPYKTypax [39-
42] Ta miacTMHYATHMX TEpeTBOproBadiB mossipusaiii [43-46]. Taki mpucTpoi HIMPOKO
BUKOPUCTOBYIOTBCSL B PI3HOMAHITHHX TEJICKOMYHIKaliifHUX iHpopMaLiliHUX chcTeMax.
Kpim Toro, icHye 6arato METOIiB PO3paxyHKy TaKHX OPHCTPOIB [47-56].

CyuacHi paJioacTpOHOMIYHI TNpuiMadi MICTSATh OPTOMOJIOBI IEPETBOPIOBAYI.
CpOrojHi OpTOMOIOBUII IEpETBOPIOBAY € MACHMBHUM HPHCTPiH, 10 37iHCHIOE
PO3IiICHHST 1BA OPTOTOHAJBHO JIHIMHO MONISPU30BaHUX CHTHANIB B MEXax TOrO XK
Y4aCTOTHOTO Aiana3oHy. KOHCTpYKIIist PUCTPOIO MICTUTH TP MOPTH Ta Ma€ BJIACTUBOCTI
OPUCTPOIO 13 YOTHpPMA TONOcaMu. SIK MpaBWiio, BXIAHUA MOPT € XBHJIEBIA 13
KBaJIpaTHUM a00 KpYIJIMM IEpeTHHOM 3ade3ledye JaBa ENEeKTPUYHUX IOPTH, IO
BIJMOBIIAIOTh HE3aICKHUM MoJsipu3oBaHuM. Lleli mpucTpiit 3abe3neuye BUCOKHIA
piBeHb MoJApU3aLiifHOl i30/1A1ii MDK OpPTOrOHaJbHUMHU CUTHAlIaMM, HU3BKHI piBEHb
BHECEHHX BTPAT Ta J100pe Y3TrOKEHHS BCIX €ICKTPUYHHUX ITOPTIB 13 BiJTHOCHOIO CMYTOIO
nporyckanHss 30% Ta Bume. KpiMm Toro, icHyroTh KOHCTPYKLil OpPTOMOZOBUX
MIepEeTBOPIOBAYIB, 110 3a0€3MeUyI0Th CMYTU mpomyckanus menue 30% [57-59]. 1lobu
YCYHYTH 30YIDKEHHS XBHJIb OUIBII BHCOKOTO MOPSJIKY, HEOOXiJHO BHUIOTOBIISTH
BHUCOKOCHMETPHYHI CTPYKTYPH Ta JOCATTH IIMPOKOi CMYyrH mpomyckanus, no 40% ta
Oinb1e.

IIpoayKTHBHICTH OPTOMOZOBOTO HEPETBOPIOBAUA MOXKHA MOKPAIIUTH 33 PaXyHOK
3MEHIICHHS JOBXKUHU BXIZHOI CeKILil KBaJpaTHOTO XBHJEBOAYy mpuctporo. Ha puc. 1
IpeJIcTaBlIeHa KOHCTPYKILisi OPTOMO/IOBOTO MEPETBOPIOBAYA 13 MAKCUMAaJILHO KOPOTKOT
JOBXXWHH BXiJJHOTO XBWJICBOAY. Y KOHCTPYKII1 (hi3udHA NOBXKMHA XBHUIIEBOIHOTO KOJIa
HPHUCTPOIO NpHHMae 3HaueHHs Bin 6,5 MM 10 20 MM. BukopucToByeThCst MiHi-(aaHL
JUISL OBAJILHOTO BHUXOJY XBHJICBOJY, IO JA€ MOJMKIIMBICTH JOAABATH A0 OJOKY IIIHOOKO
MMOCa/DKEHI KapMaHu Juis JBOX iHImMX ¢uiaHuiB. Takuil miaxix 3BOAWTH 0 MIHIMyMY
JOBKHMHY BXOAYy Ta BHMXOXY KBajpaTHOro xsumieBoiy. Kpim Toro, kiHLeBUH po3Mip
MiHi-(h1aHIy BUMarae 30epexeHHs 10JaTKOBI JOBKHUHU XBUIICBOAY, 110 cKiaaae 11 mm,
MiHiMyM 5,5 MM Ta Mmicue Juis KpiruieHHs. binbir toro, Oyna 30iiblieHa NOBXKHHA
MPSIMOKYTHOT JUISTHKM XBHJICBOLY MK HOJISIPH3AL[IHHUX YaCTOTHUM JETEKTOPOM 13
JIBOMA CXOJIaMH Ta OBAJILHUM XBUJIEBOJOM. LleHTpanbHi ITU(TH Ta OTBOPH il TBUHTH
MiHi-QIaHIly 3HaXO#ATbCA Ha Komi a1 OonriB 11 MM, Cymarop HOTYXHOCTI Ta
JIO/IaTKOBI CKPYTKH XBHJIEBOAY Y OIYHHMX pyKaBaxX BUKOPUCTOBYIOTHCS AJsS yCYHEHHS
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MEXaHIYHHX 3aBaj MiK wmTH(TaMH MiHi-QJIaHIAa Ta TBUHTAMH 13 XBHJICBiJHUM
koHTYypoM. Ockinbku MiHi-(hraHen Maibke MOBHICTIO OTOYYE XBWIICBIIHE KOJO, TO
JI0/1aTKOBa Iapa I'BUHTIB 1-72, 110 BUKOPUCTOBYEThCS B MEpeXifHiil koHCcTpyKii, Oyia
BuaaneHa a. Jlerani kpiruieHHs (1aHIly BUKOPHCTOBYIOTHCS ISl TOJJaBaHHS 0AaTKOBOL
CHJIY 3aTHCKaHHS TI0JIOBUHH OJIOKY pPO3’€MHY TOPSI i3 KOHTYPOM.

Puc. 1. KoHcTpyKIis OpTOMOZOBOTO IEpeTBOpIOBaYa

Ha puc. 2 Ta puc. 3 mpeicraBieHi pe3yabTaTH MOJCTIOBAHHS XapaKTEPHCTHK
OpPTOMOJIOBOTO IepeTBOpIoBaya. bynu rnpoanaiizoBaHi 1Ba BUIIAJAKU JJIsI OPTOMOIOBOTO
nepeTBoproBaya mpu o =2 MM, & = 5 Mmxm. OTpuMaHi pe3ynbTaTi CBi4arh, 10 BXiIHI
BIJOMTTS c1a0Ko 3aiexats BiJ O Ta Hiok4e -17 nb y niamasoni 40-100 I'T'o.

Ha puc. 2 HaBemeHa 3alieKHICTH 130JSMii BiJ 4acTOTH. MOXXHA 3a3HAYUTH, IO
130t puiiMae 3HavyeHHs nopsaky -35 b ta -42 ab qns 8 = 2 MKM Ta 5 MKM
BigmoBinHO. OTXe, NMpH 3MEHIICHHI JOBXKUHM KBAJpPAaTHOTO XBHJIEBOLY HA BHXOJI
MPUCTPOIO 3 2 MM 10 Hyis (iicaibHUN BHIANOK), TO PIBEHb KPOCHOISAPHU3ALIHHOL
i30/14Wii i3 MonepeyHUM MEepPeTHMHOM & = 5 MKM MiX MOJIOBUHKM OJIOKa 3MEHIIAThCS
npubausuo 10 -30 1b.
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Ha puc. 3 nomana 3ajexXHICTh PiBHS KPOCHOJSPHU3ALIiHOT 13011 BiJ 4acTOTH Y

niamasoni wacror 40-100 I'T'n. 3Bixcu BHAOHO, IO PIBEHb NEPEXpecHOl Mospu3amii
3MeHIyeThest 10 -30 ab 3 6 =2 MKM.

OTtxe, OyB pO3IJISIHYTHIH OPTOMOJOBHUII meperBoproBad y aianasoni 40-100 I'Tw.

Breceni Brpatu ckianu 2 1b, BigoutTst crano mexmie -10 ab, i3omstiis Oyna Mene -25
1b, a piBenb kpocnossipuzaii menmte -10 b s 060x kaHaiiB nossipu3arii.
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ELECTRONIC CIRCUIT SIMULATION
D. V. Riabchuk
Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine
dmytro.r.v@gmail.com

Electronic circuit simulation uses mathematical models to replicate the behavior of
an actual electronic device or circuit. Simulation programs or simulation software
allows for developing a circuit and discovering its properties without actually making a
physical one. Today such softwares are widely used for different purposes. They took a
perfect place in the education process. Many colleges and universities use this type of
software for the teaching of electronics technician and electronics engineering
programs. Electronic circuit simulator is a perfect choice for testing your knowledge in
the real world. They help to understand the meaning of physical formulas.

As it was said before, simulating electronic circuits has a great amount of
advantages. First of all, when talking about simulation software, should be mentioned
the lack of need in realisation the device for more detailed research. It is also useful for
students. With simulators students have an opportunity to explore the processes in the
circuits by themselves.

At the same time, the simulators can twist the imaging of the real world as the
mathematical modeling doesn’t take into consideration a lot of factors that can affect the
result in the physical world.

ADVANTAGES DISADVANTAGES
. discovering the circuit without . receiving results from ideal
assembling the physical one; environment;
. easy way to practise the skills

after learning the theory;

. visualization of theoretical laws
and formulas;

Now it is time to move from overall view to more specific information. One of the
most widely used simulator is a product by National Instruments Electronics
Workbench Group called Multisim.

NI Multisim is an electronic schematic capture and simulation program which is
part of a suite of circuit design programs, along with NI Ultiboard.

Multisim was originally created by Electronics Workbench Group, which is now a
division of National Instruments Corporation. Multisim can support the custom libraries
as well as preinstalled libraries by developers. This fact makes Multisim one of the most
flexible simulator on the market. Multisim is widely used in academia and industry for
circuits education and electronic schematic design.

Multisim has a simple interface and that is one more reason why it is so common in
different universities. In the majority of cases the user will not need any guides and
manuals.

The program meets the user with the designing table (fig. 1), on which all of the
circuits are usually built. The default view settings contains the Design Toolbox on the
left, the spreadsheet at the bottom and status bar. The view can be easily changed at any
time.
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Figure 1. Starting screen of the program

The program has a wide choice of components. Any of them can be easily found as
they are sorted by the types and libraries (fig. 2).

For example, in the group “Basic” can be found resistors, capacitors and inductors.
Their types and properties can be chosen in the same window. More complicated
components such as sources or transistors are located in separate groups. Custom
components can also be found there.

How it was already mentioned before, the user assembles all of the circuits on the
Design Table. The process of assembling is easy and intuitive. The leads of components
are connected with wires. On any section of the wire the junction can be placed. The
properties of the wires and junctions can be changed. Also on the Design Table can be

added the text labels.
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Figure 2. Component window and default groups
The values from the circuit can be received from the probes. There are some basic
probes, which don’t have specified properties and can be customized for different types
of current (direct current or alternating current). On the other hand the user can pick
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more complex probes. In such probes user can customize even the resistance of the
probe. Such customizing will give more accurate results.

The Multisim also contains different types of scopes, generators and analyzers such
as Function generator, Word generator, Bode Plotter, Oscilloscope, Spectrum analyzer,
Distortion analyzer, Logic analyzer, etc. Some of them are shown in Fig. 3.

. XscCl

XFGl
Oscilléscope E“Eg oL
— ARSI Fynctip
ik e

d

s generator

A
1
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S~ THD Distortion
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= ==
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3 |l =%
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— Spectrum analyzer
e
carT
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Figure 3. Examples of analyzers and generators
In Fig. 4 there is an example of a circuit which was made by me and some of my
groupmates in university. We started using Multisim during learning the frequency
filters in the second semester of our first year of education.

Bode Plotter-XBP1
XBP1

IN out
I -

L

32.041 Hz 3.039d8

a) b)
Figure 4. a - circuit of the low-pass filter; b - Frequency response of filter
The passive part of the circuit contains two resistors and capacitors. Combination
such this is able to pass only signals with a frequency lower than a selected. That
frequency is called cutoff frequency. The scheme attenuates signals with the frequencies
higher than the cutoff frequency.
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Cutoff frequency can be found in an analytical way (by using the formula) or by
using the graph such as in the example. From the graph it is clear that the cutoff
frequency is approximately 32 Hz.

Today me and my groupmates also work with Multisim. It is quite helpful during
learning the components of circuits. We have already learned the properties of Zener
diode as a task for the subject. The properties of component were firstly modulated and
then tested in the laboratory.

In Fig 5. there are parts of my own work and some results. The value of voltage in
column “U” is almost constant (Fig 5, b). After receiving results the user can form a full
picture of how the Zener diode works.

13
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o o o o o . o 0 0
DC 1¢-0090hm| 1 0741 1.99
i 1.25 0774 3.66
15 0,801 538
R1: 1,75 0,825 7.113
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.Z1V . -y - 5 . 3 0934 5
ot 50000 : R i : 325 0,954 18
TH 35 0,974 19
4938 DC. 10MOhm, 3.75 0,994 21
4 1014 23
U4 X2 X3 4,25 1,034 25
45 1.053 27
475 1073 28
DC 16MOhm 5 1092 30
525 1411 32
55 113 34
5.75 1,149 35
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6,25 1,187 39
65 1,206 7

a) b)

Figure 5. a - general scheme for researching the Zener diode; b - some results
from Multisim

And now it is time to conclude everything said before. It is clear which outlook has
electronic circuit softwares. They have been already commonly used all around the
world as a professional tool for technicians and engineers. And today such softwares is
gaining more and more relevance because of the conditions of the world. Today, when
students don’t have an opportunity to visit colleges and universities, modulating
software becomes a perfect solution.

Sources:
1. MopnenupoBaHue 3IEKTPOHHBIX cxeM [EnekrpoHHuit pecypc] / Marepuan u3
Bukunenqun — cBoOOJHON SHUMKIONEAWH  — PexuM Joctymy 10 pecypey:
https://en.wikipedia.org/wiki/Electronic_circuit_simulation
2. NI Multisim [Enexrponnnii pecypc] / Marepuan u3 Buxunmenuum — Pexum
Joctymy 10 pecypey: https://en.wikipedia.org/wiki/NI_Multisim
3. “Getting Started with NI Circuit Design Suite (Bilingual)” - National
Instruments
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JECOPHBIIA BOAM 3 I'LIPOT'EJIIB
HA OCHOBI IIBC TA KPOXMAJIIO
1.0. JIsamok, O.B. Imenko, B.I1. IlnaBan, /1. Muxaiiok
KuiBchkuii Hal[iOHATBHUI YHIBEPCUTET TEXHOJOTIH Ta JU3aliHY
liashok77 @gmail.com

IonimMepHi rigporeni MarTh MIKPOKE Ta Pi3HOMaHITHE 3aCTOCYBAHHS, YOMY CIIPHSIE
iX yHIKaJIbHAa TIOPUCTAa CTPYKTypa Y HOEJHAHHI 3 TPHUCYTHICTIO TiapodiabHUX
¢yrkuiitaux rpyn. Ile 3abe3nedye 31aTHICTS HAOPSAKATH y BOAI Ta IHIINX IOISAPHHX
PO3UMHHHKaxX Ta OOyMOBIIOE BHCOKY iX HPOHHKHICTH JUIi  PO3YMHEHHX
HU3bKOMOJIEKYNIsIpHUX ~ peyoBuH [1]. Tigporenasm BiacTHBa €JIACTHYHICTh  Ta
cTabinbHICTh (OPMHU Y BOJHOMY CEPEAOBHILI, 3JaTHICTh MOTJMHATH Ta YTPUMYBaTH
BOJIOTY, 010CYMICHICTb, 4epe3 110 BOHH LIMPOKO BHKOPHCTOBYIOTbCS y OiomeanuHii
ranysi sk IMIUTaHTH, MaTepiaii sl KOHTAKTHUX JIiH3, PI3HOT0 POy IMOB’SI30K JUIS paH
Ta OMIKIB, KOHTPOJIbOBAHOTO BUBLILHEHHS JIIKAPCHKUX TpenapaTiB Towo [2].

IonimepHi rigporeni MoXHa PO3AUIMTH Ha JBi TPYIH, B 3aJIeKHOCTI Bil MpUpoau
YTBOPEHHSI B3a€MO MPOHUKHOI CiTKM, Ha XimiuHi Ta ¢izuuni. [igporemni, yTBopeHi
BHACJIIIOK (pi3MYHMX B3a€MOJiH Ha3UBAIOTh 3BOPOTHIMH, ab0 ¢izmunumu. IlepeBaroio
(hi3MYHEX TIAPOTENiB € BIACYTHICTH HEOOXIAHOCTI BUKOPHUCTAHHS 3MIMBAIOYMX arcHTIB
11t X orpuManHs. Cepel; METOIB OJICp)KaHHS TAKUX T'elliB BiZloMa 3IIMBKA 33 PaXyHOK
10HHUX B33a€EMOJIi, HAWBIMOMIIIUM TPHKIAIOM € albliHAT, KU MPEACTaBIsE COOO0
roJricaxapu, 110 3/IaTHUI /10 3UIMBKU B IPUCYTHOCTI 10HIB KanbIito[3], mpu KiMHATHIi
TeMmepatypi i ¢isionoriunux 3HaueHHsIX pH. Sk Hacninok anbriHaTHi reii Qyxe 4acTo
BHUKOPHCTOBYIOThCS SIK OiocyMicHI MaTepiainu [4].

IMpuknagoM MOJIKATIOHHMX MOJIIMEpIB, $KI MOXYTb OyTH XeIbOBaHUMH
JIOZIaBaHHSIM [10 X PO3YHMHY BIAMOBIHUX aHIOHIB, € XiTO3aH — Oionomimep. ['igporerni Ha
OCHOBI XiTO3aHy MOXKYTb OYTH OTpHUMaHi, HAIPHUKIIAJ, B3a€MOII€I0 PO3UHHY TIOJIMEpY 3
HaTpiii riminepondocharom [S]. B npucyTHOCTI wi€l cosi, PO3YMHM XiTO3aHY
3aJIMINAIOTEC PIIKAMH IIPH TEMIIEpaTypi HIDKYEe KIMHATHOI, aje JOCHTH MIBHJIKO
JKEITFOFOTHCSI TTpU HarpiBanHi. Taki rifporeni eQeKTHBHI B IKOCTI TPaHCIIOPTEPIB OLIKIB,
SIKi CTUMYJIIOIOTH 3DOCTaHHS XPSILLIB i KICTKOBOI TKAHHUHU B OpraHisM [6].

3MUBaHHA 3a PaXyHOK KpUCTAli3alii € e 0MHUM METOIOM OIEP>KaHHSA IiJpOTreiB.
THIOBMM NPUKIAJAOM € TOJIBIHIJIOBUH CIHUPT, Tixporeni skoro (GopMyroTbes 3a
paxyHOK (GOpMyBaHHS KPHCTAIIYHUX JOMEHIB IIPH HOTO 3aMOPOXKYBAHHI 1 HACTYITHOMY
BiTaBaHHI. YTBOpEHI reii XapaKTepPU3YIOThCS BHCOKOK MEXaHIYHOK MIIHICTIO i
enacTH4HICTIO [7]. BinacTuBoCTI TakMX rigporesiei MoKyTb peryioBaTHCs J0JaBaHHIM
JI0 PO3YUHY JESIKHUX MOJIMEpiB, HANPHKIIA/, albliHATY, 0 3aMOPOXYBaHHS. 3 POCTOM
KOHIIEHTpaLii anbriHaTy IUIbHICTb 3IIMBaHHSA Tigporemo pocre [8]. ®i3uuHi rixporeni
MOXKHa OTPUMATH Ha OCHOBI amdidinbHUX OJIOK- 1 MPHUIIETUICHUX KOMOIIMEpiB, sKi
3[aTHI 10 caMoOpraHizamii y BoAi 3 YTBOPEHHSM IOJIMEPHUX MiLlell i rigporeinto, 3a
paxyHok arperatii rizipodoOHux cermentiB [9]. ®Di3uyHO 3MMTI Tigporesi Ha OCHOBI
amQidinbHUX ONOK- 1 MPHUIIEIUIEHNX KOMOJIMEpPiB, SK IMPaBUIO, OTPUMYIOTH 3
MYJIBTUONIOKKONONIMEPIB 200  NpHIIEIUIeHUX  KomojiMepiB. OcTaHHI  MOXYTb
CKJIaJIaTHCS 3 OCHOBHOTO BOJOPO3YMHHOTO TOJIMEpY, OO0 SKOrO TMpHEAHAHI OidHi
rigpooOHi 610KkH, 200 riapodoOHi JIAHIIOTH, 10 MICTATb TiAPOQIIbHI IPyNH.

Ille omHMM MeTOAOM oOfepxkaHHS (I3UYHHX TiOPOTeNiB € CTPYKTYpYBaHHS 3a
JIOTIOMOTOI0  BOJIHEBUX 3B'SI3KiB, sike BinOyBaeTbcst npu rinpodoOHii B3aemonil
noyikucaor. BoxHeBi 3B'SI3KM  yTBOPIOIOTBCSA —JIHMIIE B pa3i IIPOTOHYBAHHS
KapOOKCUIIBHHX TIPyH KHCIOTH. Lle mpusBoauTh 10 TOTro, M0 HaOyXaHHA TAKUX TeliB
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CHJIbHO 3anexuThb Bia 3HayeHHs pH [10]. Takox BigoMuii MeTOs 3MIMBAHHS 3a PaXyHOK
O1TOK-O1JIKOBUX B3a€MOJIIH, 1[0 TO3BOJISIE PETyJFOBATH IOCIIIOBHICTh MENTHIB Ta iX
BJIACTHUBOCTI 3a JIOIIOMOI'O0 3MiHH B MOCiI0BHOCTI cuHTeTnyHOi JIHK [11].

3a [OMOMOror TeHHOI imkeHepil Oyau OTpuMaHi OIOKKOMONIMEpH, M0
CKJIQNAIOThCSL 3 IIIOBKOMOMIOHMX 1 eJacTomoAiOHUX OJIOKIB, B SKHX HasSBHICTh
BOJOHEPO3YMHHUX IIOBKONOAIOHMX cerMeHTiB [12] mOpH3BOOUTH [0 YTBOPEHHS
HE3BOPOTHIX TiaporeniB mnpu (i3iodoriyHuX yMmMoBax BHACHIZOK KpHcTaiizaii
IIOBKOMOIOHUX TOMEHIB. Jleski mpUpo/Hi OLIKH yTBOPIOIOTH, TAK 3BaHI cylepcripai,
IO TIPH TiIBHUICHHI TeMIieparypH i 30iibuieHHi pH Oinblire 8, mepexoasiTe y po34uH.

IIpaktnyno Bci (Bi3UYHI NpPOLIECH TeNEeYyTBOPEHHS MOXYTh BigOyBaTHCh B
KpiOyMOBaX BHACIIIOK KPUCTaNi3alil HU3bKOMOICKYISIPHOI piinHU. YTBOpeHHs (a3u
MOJIIMEPHOTO T'eJIF0 MOXKE BiOYBaTHCS SK Ha CTaisiX 3aMep3aHHS BUXITHOI CHCTEMH
(Hampuknan, KOJOIMHI Auciepcii KISHCTEPH30BAHOTO KPOXMAI0), Tak 1 IIpH
BUTPUMYBAHHI CUCTEMH B 3aMOPOKEHOMY CTaHi (B OCHOBHOMY, ()OpMYBaHHS XiMi4HO
3muTUX Kpioremed [13], a Takok mix dYac BigTaBaHHA (HANpUKIAA, TIpH
HEKOBAJIICHTHOMY TelIeyTBOPEHHI y BoaHuX po3uunax [1BC [14]).

B nmaniit po0oTi IpoBEIEHO IOCHIKEHHsS BIACTHBOCTEH TiJpOreiiB Ha OCHOBI
KOMITO3HIIi#l MOJIBIHIZIOBOrO CIOUPTY Ta KPOXMato. [yt IbOro roTyBainyu KOMITO3HUIIO
10%-ro pozunny IIBC mapku 16/1, macoBa uacTka amleTaTHUX TIpyn He Oinblue
0,9-1,7 %, ta 10 % po3unH KapTOIITHOro KpoxManto. OOuaBa PO3UMHM TOTYBAIH IPH
HarpiBaHHI Ha BOJsIHiN OaHi IPH NOCTIHHOMY IEPEMILyBaHHI IPOTATOM 45 XBHJIHH.

Kommnozuwii crBoproBamu y croiBignomenHsx [IBC/Kpoxmans Bix 1/9 no 10/0
ITicns uporo nHPOBOAMIM PO3IMB CyMillell Ha IUIACKY TIJIaJKy IIOBEpXHIO, Ta
3aMOpoKyBaHHs mpu Temmeparypi -15 °C mporsrom 12 roauH. Po3MopoxyBaHHS
3MIHICHIOBAJIM [TOCTYIIOBO MPH KIMHATHIN TEMITEpaTypi.

Takum unnom y komnosuuii [IBC/Kpoxmains npu 3aMopoKyBaHHI KPUCTaITI3yeThCs
KpOoXMalib, a ipu po3mopoxysanHi — [IBC (puc. 1).

TlouaTkoBa cHcTeMa 3aMopoKeHa CHCTeMa Po3mopo:keHa cicremMa

Te - & To-"e |&-9F
== e | P

® =1 1808 Y=

Pucynok 1 — 3aranbna cxema reneyrBopents kommnosuuii [IBC/Kpoxmais B
kpioymoBax. 1 —rino6ynu monexyn IIBC; 2 — po3unHHUK; 3 — MOJIEKY/IH KPOXMao; 4 —
He3aMep3ia pifka Mikpodasa; 5 — moJiKpUCTaIU 3aMep3JI0ro PO3UNHHHUKA; 6 —
nosiMepHa citka rigporeinto Ha ocHosi IIBC ta kpoxmaio; 7 — Makpornopu

0

0

Binomo, mo IIBC-rizporeni 3a paxyHOK CHCTEMH PO3BHHEHUX IIOp 3[aTHI
IOTJINHATH Ta YTPHMYBATU 3HA4YHY KiNbKICTh PiMHHM, IIO JO3BOJIIE BUKOPHCTOBYBATH
iX B SIKOCTi 3BOJIOKYBAJILHOTO MajOTPaBMaTHYHOTO MOKPUTTS AJs paH. [igporeni Ha
ocHoBi [IBC abcopOyroTh paHeBHil €KCYaT, CTHMYIIOIOTh PICT IPaHyJSLIHHUX TKaHUH
Ta emiTenito Mo BCbOMy 00’eMy moBepxHi paHu. Tomy B poOOTI JOCTIIKYBaIl
IpaBiMETPUYHEM METOOM BIUIHB Ckiamy kommosuuil IIBC Ta kpoxMamio Ha Iporec
BHCYIIIYBaHHSI T1POTEIiB.
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JlecopOriifHi BIacTHBOCTI OLIHIOBAJIH 3a 3MIHOIO BMICTYy Boau y cucreMi X (%) Ta
po3paxoByBaiu 3a (HOPMYJIIOH:
m, —m
X =—"2""1.100%
ml

)
Jie m; — Maca 3pa3ka B IeBHUH MOMEHT 4acy, I'; Mj — Maca CyXoro 3paska, T.
Ha puc.2 HaBeneHo 3anmexHicTh AecopOuii Boxu rimporeniB Ha ocHoBi IIBC Ta
Kpoxmaiio Bijj 4acy BUCHXaHHSI.
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PucyHnok 3 — 3anexHicts gecopOuii Boau 3 rigporeniB Ha ocHoBi [IBC/Kpoxmais Bix
Bmicty [1BC Tta yacy BucymryBanHs

Jns 3paskiB i3 BMicroM IIBC 70-100 % BTpaTa BOJIOTH BinOyBa€ThCs IIOCTYIIOBO, i
3a 5,5 rogun ckmagae mo 30 %. Jns rigporemiB i3 Bmictom I[IBC 30-60 %
CIIOCTEPIraeThCs 3arajbHe NPUIIBHILIEHHS JecopOLil BoaM, sKe 3a 5,5 rOAUH CKIIaJae
10 50 %. Ha puc. 3 HaBenmeHa 3anexHICTh aecopOuii Bogu Bix Bmicty [IBC ta yacy
BucymryBanss. [t konnentpaii [IBC 20 % xapakrepHa Haiipi3kilia BTpaTa BOJIOTH —
1m0 60 % Bix 3aramsHOi Macu rigporens. [Ipum Bmicti B kpiorigporeni 10 % IIBC
necopOuist cknanae nopsaka S0 %, npakruuno Ha piBHi 30 % Bmicty [IBC. Moxnuso
1€ TI0B’3aHO 3 0COOIMBOCTSMH BIaCTHBOCTEH KPOXMAaIbHOI KOMIIOHEHTH T'iIPOTelIio.
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OTxe, KpoXMaib, y cKiafi Kpiorigporento Ha ocHoBi IIBC migBuiye mBUAKICTH
MpolleCy BHUCHXAHHS MpU BMICTi B kommo3uuii Oumeme 20 %, a IIBC cmpusie
BTPHMYBAHHIO BOJIOTH Yy CTPYKTYpi TiporeniB HOCHIIKyBaHHX Komrosuuiil. Takum
YMHOM MoJiMepHi Kommo3uiii Ha ocHoBi [IBC 16/1 Ta kpoxmaiio y CIiBBiAHOLICHHI
20:80 MOXHa pPEKOMEHAYBaTH MJIs OJEpXKaHHA KPIOTiAporeniB 3 MiABUIICHUMH
COpOLIHUMHU BIIACTUBOCTSIMH.
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THUIIOBI CXEMHA OYUILIEHHSA
BUKUJIHUX BOJJ PAPMALHEBTUYHUX BUPOBHUIITB
0.B. Ba6axos!, I'.B. Kpumens', A.B. Jlanincekuii', O.B. IlaBiaenko’,
K.O. HOJ]OBal, M.C. Moramnua'

'Hauionansuii TexHiunmii yaisepcuter Ykpainm
«KuiBchKuii omiTexHiYHU IHCTUTYT iMeHi Iropst CiKopchKOTro»
[locTkuHchKuii iHCTHTYT CyMCHKOTO IepKaBHOTO YHIBEPCHTETY
krimets @xtf.kpi.ua

OpHUM 3 HampsMIB PO3BUTKY XIMIYHMX TEXHOJIOTI B Cy4acHOMY CBITI €
MaKCHUMaJIbHO MOXUIMBA yHiikauis BUPOOHMUTB SIK Ha PiBHI oONaJHaHHSA, Tak i Ha
piBHI TO€IHAHHS TAaKOrO OONaAHAHHA B TEXHOJOTIYHI JAHIOTH. YHidikaris
oOJlaJHaHHSI CYTTEBO CIIPOLIYe PEMOHTHI poOOTHM 1 COOIBapTICTh NPOMYKLIi, sKa
BUPOOJISETHCS 32 JOMOMOTOK TaKOro OOJagHaHHS. YHI(IKaIlisl TEXHOJOTIYHUX CXEeM
CIPOILY€E eKCILTyaTallilo BUPOOHHUITB B LIJIOMY, a TAKOXK MiAroTOBKY KajpiB. Kpim Toro,
yHidikamis 103Bojse€ MacmTaOyBaTH XiMiuHI BUPOOHHLTBAa y Oik MiHiaTIOpU3awii.
TakuM YMHOM HA PUHOK MOTPAIUISIFOTH MPUITAN, TOBAPH 1 MOCIYTH, SIKi paHiiie He Oysu
JOCTYIIHI IIUPOKUM BEPCTBAM HACEIEHHS, a BBAXKAJIMCS IIPEpOraTUBOLo juile (axisuiB
3 XIMIYHHX TEXHOJIOTi# a0 criopigHenux mpodeciii. [Ipuknagom MoxyTs OyTH CydacHi
MoOYTOBI YCTaHOBKM JUIS (DIHIIIHOTO OYMILNEHHS BOJAW, B SKHUX BHUKOPHCTOBYIOTHCS
3BOPOTHBOOCMOTHYHI MTPUHIAITH.

B pasi TexHONOrI# O4YMIEHHS BOJH, OCOOJHMBO, CTIYHMX BOJ| BHPOOHUIITB, Mae
MiCIIe TIraHTChKE PI3HOMAHITTS TAKHX CTOKIB. 3p0o3yMino, IO YHi(iKyBaTH HpPOLECH
OUHILEHHS ISl BCIX CTIYHMX BOJ Hapas3i HEMOXKJIHMBO, NMPOTE Ha PiBHI Xoda O MEBHOI
raimys3i Taki IIXOAM BXKE CBOTOJHI CIif 3alpoBaLKyBaTH, OUIBII TOro, came Ha
yHi(ikamiro B cdepi MPOMHUCIOBOrO BOJOOYMIICHHS CJiJ 3BEpTaTH yBary I 4ac
MiArOTOBKM  MalOyTHiX  (axiBLIB-TEXHONOriB B  NPOQIIBHUX  yHIBEpCHTETax.
IIponemoHCcTpy€EMO, SIKi MIIXOAU MOXKYTh OyTH 3aCTOCOBaHI Ha MPHKJIAIl CTIYHHX BOJ
(apMaLeBTHUHUX BUPOOHULITB.

CyuacHi (hapMaieBTH4HI MANPUEMCTBA B YKpaiHi B OUIBIIOCTI CBOTH MPAIOIOTH 3
BUKOPUCTaHHAM BXKE€ TIOTOBMX CyOCTaHLiH, sAKi ab0 3aKyHmOBYIOTbCS Ha IHIINX
BITUM3HSIHUX BUPOOHHUIITBAX, 200 IMIIOPTYIOTHCS /TS BIIaCHUX NOTPe6. DakTHUHO, MOBa
file mpo Tak 3BaHI «CyMIIIEBI TEXHOJIOrii», a He Mpo moBHUH 1MKiI. Takuil migxin
NCeBHHM YMHOM BIUIMHYB Ha SKICHHM Ta KUIBKICHMH CKJIaJ CTIYHHX BOJ, IO
TeHEepPYIThCs (papMalleBTHYHUME BHPOOHUITBaMH. TOMY Ha 4aci OHOBUTH MiJAXOIH 10
METOIO0JIOTiT BOJOOUHUIIEHHS B chepi papMarieBTUIHOI TPOMHCIIOBOCTI HAILOT KpaiHH.

3po3ymino, mo 3a (a3oBO-TUCIIEPCHUM, SKICHUM Ta KUIbKICHUM CKJIaI0M
PI3HOMAHITHICTh CTIYHMX BOJ HE IIOMEHIUMIACh, 4, CKOpIlle, B yMOBaX pPHUHKOBOI
€KOHOMIKH, HaBiTh, 30iMbINUIACS dYepe3 TEK, [0 AaCOPTUMEHT TOTOBOI Cy4acHOI
HPOAYKLII CYTTEBO OHOBHMBCS 1 NPOAOBXKYe OHOBIOBatucs. Ilpore ueit ¢akr ne
000B’3K0BO TATHE 3a COOO0IO IOAATKOBI CKJIAAHOLLI B METOIOJIOTII BOJOOUYUILECHHS.

Ilepur 3a Bce, BOIOOYHMILEHHS HE MOB’sA3aHe OE3M0CEPEHBO 3 MPOLIECOM CHHTE3Y
HOBOI PEYOBHMHH, MOBA iiJic BUKIIOYHO IPO TEXHOJOTIl BiTOKPEMIICHHS BiJl OCHOBHOL
pedoBuHH  (MaKpOKINTBKOCTI) THX, 4YHM IHIIMX JOMIIIOK (HamiBMakpo- abo
MiKpoKinbKkocTi). OfHaK cama BOMO CBIiM XiMiuHMH, ce0TO eIeMEHTHHH CKiaJ He
3MiHIOE. bBimbm  TOro, cydYacHi TEXHOJOrii MiArOTOBKA BOAM sl 1OTPed
(hapMaLeBTHYHUX MiJNPUEMCTB MPAKTUYHO OJHAKOBI, 1€ yIbTpadIbTpaLlis, 3BOPOTHIH
ocMoc, AUCTHIISILISE (0Z1HO- abo OararokpaTHa). BkaszaHi TeXHOJIOTIT BOJOMIArOTOBKH HE
30BCiM 0€3peareHTHUMH TOMY TAaKOX € NEePBHHHUMH, B TEXHOJIOTIYHOMY JAHLIOTY
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BCHOTO BHPOOHUIITBA JDKEpENIaMU CTIYHUX BOJ. BommiaroroBka reHepye BiacHi CTiYHI
Boau. Lli TexHOmOril BiZOKPEMIIOIOTH BiJ BOIAM MPHPOAHI TOMIIIKKA 200 JOMIIIKH,
MIpUTaMaHHI BOJOTiHHIH Bozi. ®akTH4YHO, MOBa iJle PO KOHLEHTPYBAaHHS JAOMILIOK,
BIIACHE iX SKICHHH CKJIaJ] HE MOTEpIae 3MiH, TOMY 3arajlbHUI MiIXi/] MMOJSIrae B TOMY,
IO CErMEHT CTIYHMX BOJ, IOB’SI3aHUX 3 BOJOMIATOTBKOI [UIS BJIACHUX IOTPEO
(apManeBTUYHUX BHUPOOHHULTB HAKONMYYETHCS 1 Jali MPOCTO CKHUAAETHCA [0
KaHaji3amii, abo 3MIIIyeTbCs 3 JIIBHEBMMH CTIYHHMH BOJAaMH 1 JIOMPABISETHCS [0
KaHai3alii miciisi TAKOro 3MIlTyBaHHSI.

CerMeHT CTIYHUX BOA (hapMaleBTUYHUX BHPOOHUIITB, MOB'I3aHUN OE3MOCEPEAHBO
3 BUPOOHHULITBOM JKapChbKMX IIPENapariB Mae 3HaYHO Oinblie 3a0pyJHEHb i MOBHHEH
000B’513k0BO OyTH 200 3HEMIKOHKEHUM, 200 THM, M IHIIMM YHHOM YTHIi30BaHuM. Taki
CTIYHI BOJM YTBOPIOIOTbCS IIPHM MPOMMBAHHI OOJaiHAaHHA, OCOOMMBO B pasi
BUKOPHCTAHHS MEPIOJMYHUAX XIMIKO-TEXHOJIOTTYHUX mporeciB. Kpim Toro, mkepenamu
CTIYHHMX BOJ MOXYTb OYTH OyJb-sIKi TEXHOJOTI4HI CTajil, Bil HaJlaHHS OJHOPIJHOCTI B
3MminryBagyax, abo roMoreHizaropax 1o (pOpMyBaHHS i IaKyBaHHS TOTOBHX JIIKapCHKHX
¢dopmy y Tapy. Bcei mi criuni Bogu B Hall yac YCHINIHO MiAAAlOThCS MOPIBHSHO
HEBEJIUKIH KUIBKOCTI TEXHOJIOTIUYHUX BapiaHTIB BOJOOUHIIEeHHs. HeBenka KiJbKiCTb €
HACJIIKOM TOTO, 1[0 Cy4acHi TEXHOJIOTII 1 TEeXHOJOTiuHe 00IaHAHHSI IS iX pearizamii
HE BUMarae B OLIBIIOCTI BHIAJKIB BHKOPHCTaHHS IMIXOMAIB, sKi 0a3ylThcs Ha
3HEIIKO/HKEHHI OKPEMHX CTOKIB.

Jlo TpagMIifiHUX METOMIB OYHMILIEHHS CTIYHOI BOIM Bif JIIKAPCHKHX MpErapaTiB
BIJHOCAThCS: Oi0JOTi4HI npomecH, (iabTparmis i Koaryisiis, aacopOuiiiHi, OKHCHI 1
MeMOpaHHI Hpollecy TOIo. B mporecax koaryinsmii i ocaJKeHHS BHKOPHCTOBYIOTH
XiMi4HI PEYOBUHH, 100 MiIBHIUUTU CTYNiHb YTBOPEHHS TBEPAMX CIIOIYK, ILIACTIBLIB,
KOJIOITHUX YTBOPEHb, SIKi OCifarTh. Lli MeTomu BHMAararoTh MoJaabiioi OOPOOKH s
BUJIAJICHHS 3a0pyJIHIOIOUMX PEYOBHH 13 CTIYHMX BOJ. 3a OCTaHHI [JECSATh POKIB
TpaguLiiiHi METOAM TMeperysiiaroThest Uil OUlbll  epEeKTHBHOrO  BHIAJCHHS
(bapmaneBTHUHNX 3a0pyaHIOBauiB 3i criuHux Boj [1]. Binbm edexruBHi € mMeromu
GiomoriuHoi Ta OKHUCHOI 0OpoOKH cTiuHOi Boau. Ilim OGiOXIMIYHUM PO3KIAAOM
PO3YMIIOTh BHJAJICHHS OpPraHIYHMX CIIOJYK 3a pPaxyHOK OJHOYACHO IPOTIKAOYHX
mporeciB aucuMinamii 1 acuminsii. JucuMinsis mpeacTaBise COO0K CYKYIHICTBH
€H3MMAaTHYHUX MPOLECiB, B pe3yiabTaTi SKUX OpraHiyHa pPEYOBHHA IOCIIJOBHO
MePETBOPIOETHCS. B OUIBII TPOCTY OpraHidHy CIOJNYKY, IPUIOMY KiHIECBHMH
MPOJIYKTaMHU SIBJISIOTHCS BYIJICKUCIHMIA ra3, BOAA, aMiak, CONi a30THOI 1 Cyib(aTHOI
KHCIIOTH 1 iHINI HEOpraHiyHi KOMIOHEHTH BHXigHOi pedyoBuHH. Ilin acuminsmiero
PO3YMIIOTh CYKYIHICTD PEakKiliif, B pe3yJbTaTi SKHX OpraHiuHa pPEeYOBHHA BUSBISETHCS
nepepoOsieHor0 B Oiomacy. OpraHidHi pPEHYOBMHH pO3KJIAaJalOThCS B pe3yJbTari
0IOXIMIYHUX MPOLECIB 3 PI3HUMH MEXaHi3MaMH, 10 BH3HAYAIOTHCSA iX CKIAZOM i
cTpykTyporo. Ilporecu OiOXIMIYHOrO poO3KJany 3ayiexaTbh Bif (i3UKO-XIMIUHHX,
OiosoriyHuX 1 XiMiYHUX (akTopiB. JI0 ronoBHUX (Hi3UKO-XIMIUYHHX (DAKTOPIB HAIEKATH
TeMIepaTypa, PO3YMHHICT, PEYOBHHHU B CTiuHii Boxi, pH Boau, a Takox (y BUOAgKy
aepoOHOro po3KJagy) KOHLEHTpAllis KUCHIO, 110 PO3UMHEHUH B cTiuHii Bomi. [o
rOJIOBHUX 0i050T1YHKX (DAaKTOPIB CIIiJ BiIHECTH BUOpaHHI KOMILIEKC MIKPOOPTaHi3MiB i
xapakTep ix apganTauii 10 cnenu@iuHMX ~ PEYOBUH,  CIHIBBIJAHOIIGHHS  MiX
KOHIICHTPAIIEIO0 TAHOT PEYOBMHHU 1 KOHIICHTPAIIEI0 CYXOi YaCTHHM 6iOMacH, a TaKoX
AKTUBHICTb MIKPOOPraHi3MiB, SIKa BU3HAYAETHCS MEPLI 3a BCe BIKOM KynbTypH. ITo Mipi
CTapiHHSI aKTHBHOT'O MYJTy 3MEHIIYETBHCS JO0JS aCHMiIbOBAaHHX OpPraHiYHMX PEYOBHH I
3pOCTa€ KUIBKICTh HPOAYKTIB pO3KiIagy. I3 XiMi4HHUX (aKTOpiB BHPILIYIOUUMH

289



V MixHapo/iHa HayKOBO-IIPaKTHYHA KOH(EepeHIist
«XIMIYHA TEXHOJIOI'IA: HAYKA, EKOHOMIKA TA BUPOBHUIITBO»
20-22 xoBtHst 2021 poky, m. IllocTka

SIBJISIIOTBCSL CKJIAA 1 CTPYKTypa JOCIHiUKYBAaHOI CHOJIYKH, NMPUCYTHICTh PEYOBHH, IO
JIETKO Mial0Thes OI0XIMIYHOMY po3Kiaay i OioreHHux enemeHTiB [2]. OxucHioBaul
3aCTOCOBYIOTh B MPAKTHIII ITiJTOTOBKH IIUTHOI BOAH [UISl 3HE3APAKSHHSI 1 TTOJIIMIICHHS i
OpraHOJIENTHYHUX MOKa3HUKIB. OfHAK B OCTAaHHI POKHM B 3B'I3KYy 3 IPOrPECYIOUHM
3a0pyJIHEHHSM CTIYHUX BOJ XIMIYHMMH Ta OPraHiYHUMH CIIOJIYKaMH aHTPOIOT€HHOTO
MOXO/DKCHHSI 3HAYEHHS OKHCHIOBAYiB B IMPAKTUII OYMIIEHHS CTIYHHX BOJ iCTOTHO
3pocina, Tak siK 0arato 3a0pyJHIOIOYHMX PEUOBHH, IO MPUCYTHI y BOJI, PYHHYIOThCS B
Tiff 4K iHmMiA Mipi mix Ai€l0 OKHCHIOBaduiB. YTBOpPEHI NMPORYKTH MOXKYTh 3HAYHO
BIJPI3HATHCS BiJ] BHXIIHHX PCUOBHH 3a0pYAHIOBAYIB HE TUIBKH 33 CBOEI XIMIYHOIO
CTPYKTYpPOIO 1 (Di3UKO-XIMIUHUMHU BIACTUBOCTSIMHU, aJ€ 1 32 TOKCHYHICTIO.

JIOCBil TOKCHKOJOrO-Tiri€HIYHOI Ta TEXHOJOTIYHOI OWIHKH e(EeKTUBHOCTI
BHUKOPHMCTaHHS OKHCHIOBAUiB IOKAa3ye, 1[0 HAMOUIBII BaKJIMBUM € BHOIp OKHCHIOBaYa
JUTSL OYHMINEHHS CTIYHOI BOAM BiJ XIMIYHHX 1 OpPraHiuHHUX 3a0pyIHEHb.

Ilpu nboMy HEOOXiZHO BPAaXOBYBAaTH HE TINBKH BEJIMYMHY OKHCHO-BiIHOBHOI'O
HOTEHIially KO)KHOTO OKUCHIOBAYa, ajle TAKOX 1 iHII (h)akTopH, IO POOIATH iCTOTHHI
BIUIMB Ha €()eKTUBHICTh OUYHILEHHS BOAM: i CKJIaj; CTYIIHb I XapakTep 3a0pyqHEHHS;
HasBHICTb NMPUPOAHHMX CHOJIYK, TaKMX SIK T'yMiHOBI KHCJIOTH 1 CKiajaHi (eHomH, 1o
3[aTHI OKHUCHIOBaTHCS; BenuunHy pH Boxu Tormmo. I1py 1iboMy MOBHHHA BPaXOBYBAaTHCS
3/IATHICTh JIESIKMX OKHCHIOBAaYiB JI0 peaKlil 3aMillleHHs 13 BKJIIOYECHHSIM MOJIEKYII
OKHCHIOBa4Ya B YTBOPCHHI XIMIYHMX PEYOBHH, B PE3yJIbTaTi YOTO y BOII MOXYTh
3'sBUTHCS HeOaxaH1 1 HaBiTh HeOe3MeyHi crnonyku. Tak, mpu 00poOLIi XJIOPOM BOJIH, 110
MIiCTHTh ()EHONH, MOXYTh YTBOPIOBATHCS XJIOP(EHONHM, IO JIOAAIOTh il pi3Kuii
HENPUEMHHUH 3amax. Y NpakTHIL BOJOOYMILIEHHS B OCHOBHOMY 3aCTOCOBYIOTH TaKi
OKMCHIOBaYi: O030H, IIepMaHraHaT Kaiito, xjop 1 Horo mnoximui [3]. Ilpu wnpomy
TPaaMIiiiHI METOQM OYMIICHHS CTIYHUX BOJA HE 3aBXAu ©(PEeKTHUBHI BiJHOCHO
(apManeBTHUHUX Tpenapatis [4].

OAHO 3 MOXKJIMBHUX CTaiil /Uil MOJEpHi3allil OUHMILEHHS TUTHOI Ta CTIYHOI BOJH
Ha CTaHIISX OYMIIEHHS € 3aCTOCYBaHHS PO3IMIMPEHHMX OKHCHHX mporeciB (Advanced
oxidation processes) [5-7].

Advanced oxidation process (AOPs) € okHCHIOBaJIbBHUMH METOJaMH, III0 3aCHOBaHI
Ha TeHepalii MPOMDKHUX TiAPOKCHIBHUX PAAMKAIIB, [0 MAIOTh OUIBLIY peakimiiHy
30aTHICTb i MEHILY CENEKTMBHICTb, HDK iHI OKI/ICHlOBa‘{l (HampuKIaz, XJI0p, 030H
TOIIIO). Horo CTaHJIAPTHHI OKHCITIOBATBHUI MOTEHIIA E'= = 2,8 B, 1m0 € OLIbIIMM, HixK
B 3BHYAHHUX OKHCHIOBauax, ¢ POOUTH TX HaA3BUYalHO €()eKTUBHUMHU B OKUCHIOBAHHI
PI3HOMAHITHUX OPraHIYHUX CIOIYK. Y TaKMX IpOLEcax, OYiKyeTbCsl, IO OpraHiuHi
CHONYKH OKHCHIOIOTBCS J0 MEHII TOKCHYHHX, sKi 34aTHI 10 Oiomerpamarii abo
MiHepaiisytotbes 1o CO; 1 H,O [6].

VHIBepCcaNbHICTh PO3UIMPEHUX OKUCHUX MPOIECIB BiZOOPaXAEThCS B PI3HUX
BapiaHTax TIeHEepyBaHHS TiJPOKCWIBHUX pajuKaniB. BoHu XxapakrepusyloTbes
PI3HOMAHITHICTIO peaKiiif, MPOTIKaHHS SKUX BKJIIOYAE KOMOIHAIIO XIMIYHUX PEUOBUH
(HanpuKIaa, 030H, IEPOKCH] BOJHIO, IEPEXiHI METaIH, OKCUAX TOIIO) 1 JOMOMIXXHOTO
okepena eHeprii (Hampuknazn, Y®-BUIPOMIHIOBAHHS, EINEKTPUYHUM CTpyM, Y-
BUIIPOMIHIOBAHHS, YJIBTPA3BYK TOLIO). [HIIMMHU MpPUKIAZaMH PO3LIMPEHUX OKHCHUX
npoueciB € kombiHoBana nisi HyO, — Y®; cucrema ®enrtoHa (HzOz/F62+); ¢doro- i
eneKTpo-DEeHTOH CHCTEMH; XEMOYTBOPIOIOYI PEUYOBHHH, IO CIPUSIOTH IMPOTIKAHHIO
¢oro-DeHTOH TpoleciB; TeTeporeHHe (OTOOKUCHEHHS 3 BUKOPHUCTAHHIM JiOKHIY
tutany (TiO,); y-panmioni3 i coHomi3. I'iIpOKCHIBHI pajUKany IPEACTaBIAIOTH COOO0I0
HAQ/3BUYAHO pEaKIiHHO 34aTHI YaCTHHKM 3 KOHCTAaHTAMH IIBMAKOCTI peakiii 3
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GinburicTio opraniunux mosexyx mopsuiky 10° — 10° 1/Mc. Bincyrsicts cenexruHoCTI
B3a€EMOJIii LUX PAAMKAaNiB 3 PEUYOBHHOIO, 1 B AyKe 3a0pyIHEHHUX BOJAX BBAKAETHCS
epeBarolo.

3rifHO0 3 AOCTIMKEHHSIMH HAWOIIbII ePEKTHBHUMH € TPOIECH OKHCHEHHS
OpraHiyHUX CIHOJIYK MEPOKCHIOM BOAHIO B IPUCYTHOCTI 10HIB METaJliB 3MIHHOI
panertHocti (Fe**, Mn®*, Co®, Cr**, Ag"). Jlo edeKTHBHEX MpOLECiB OKHCHEHHS
BifHOCATHCs Takoxk cuctemu Denrona (Hy02 / Fe2+) i Padda (H202 / Fe3+).

TonoBHa mnepeBara MpoLECiB (OTOKATANITUYHOTO OKHCICHHS IPYHTYETHCS Ha
MPOTIKAHHI PEaKIii OKUCIEHHS TMpH KIMHATHIH TeMmmepaTypi 1 MOMIIHUBOCTI
e(EeKTUBHOIO BUKOPHCTAHHS €JIEKTPOMArHITHOIO BMIPOMIHIOBAHHS B BHIMMIHA abo
yabTpadioneToBill YaCTHHU CIIEKTPA, SIKI MOXKYTh MPUBECTH 0 3HAYHUX CKOHOMIUHHX
3a011a/UKEHb JUIS BETMKOMACIITAOHUX OUYMCHUX MPOLEIYD.
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41100, m. llocTka, By. IHcTHTyTCBKA, 1
bulitkole @ gmail.com

Cepen ri00anpHIX Liei CTaJo0ro po3BUTKY LIk 12 — BiANOBIAaIbHE CIIOKHUBAHHS,
sKEe BKIIOYa€ e(EKTHBHE YIPaBIiHHS NPHUPOIHMMH pecypcaMd Ta YTHII3aLiio
TOKCHYHUX BIAXOMIB 1 PEYOBHH, IO 3a0pYyAHIOOTH JOBKUUISA. A 3a0XOUYCHHS Taiysei,
MIATPUEMCTB 1 CIIOKMBAYiB IO 3pOCTaHHS LIJIbOBUX ITOKA3HUKIB Li€] METH 3 TOYKH 30pY
Iporpamu po3sutky OOH € HacTinbKM K BaXJIMBUM, SK 1 MiATPUMKA KpaiH, IO
po3zBuBatoThca. OTKe, colliaibHa BiANOBIJaIbHICTh BUPOOHHKIB Oy/i€ MOJISAraTH B TOMY,
1100 CIPHUSATH BIAMOBIIAIBHOMY CIIOKHBAHHIO.

B roii e camuii yac B pi3HMX YaCTHHAX CBITYy, B TOMY 4ucii 1 B YKpaiHi, 3pocTae
MONMUT HACEJICHHs Ha €KOJIOTIYHO YUCTy MPOAYKIi0 Ta nociayrd. O6upatu Oinbn
Oe3mevHi MPOAYKTH XapuyBaHHs, 3acoOM MmoOyTOBOI Ximil, OymiBenbHI Marepiaiu,
3€JICHUH TYpU3M CTaJI0 BCECBITHIM €KOJIOTIYHUM TPEeHAOM. Jl0CTiPKeHHS, TPOBEICHI Ha
3amoBieHHs €Bpokomicii y 2016 porti Hafanu OIiHKY CBITOBOMY PHHKY €KOIIPOAYKIIi Y
4200 mupa. eBpo 3 yactkor €C — 21%. 3 2010 poky Leil puHOK IOPIYHO 3pOCTaE Ha
4% , Mae HaWOIIBIIMIA TIOTEHIIIAN IO 3POCTAHHS T4 BUMArae BiMOBIIHOTO CTABJICHHS JI0
BefieHHs Oi3Hecy. IloenHaT MONMT Ta MPOMO3MIII0 MOXE EKOJOTIYHMII MapKETHHT,
MeTa SKOro — iH(pOpMyBaTH MOTEHLIMHMUX CIIOXKMBAYiB PO IepeBard i 0coOIMBOCTI
€KOTIPO/TYKIIi.

[HCTHTYTH IpPOMaJSIHCBKOTO CYCIIIIBCTBA TAKOXX MOXKYTh BillirpaBaTU CBOIO PONb y
(opMyBaHHI MMOMUTY Ha MPOAYKI[II Ta MOCIYrd 3 MOKPALICHUMH EKOJIOTIYHUMHU
XapaKTePUCTHKAaMHU 32 PaXyHOK €KOJIOTIYHOrO BUXOBAHHS Ta OCBITH, NOMYJISIPU3YBAHHS
€KOJIOTi3allii CIOXKUBAHHS, MOBEPHEHHs 10 Tpaauuiil Tomo. Tak, 3 MeTorw HaOyTTs
HEeoOXiZIHMX K/IIOYOBUX KOMIIETEHTHOCTeH y 3100yBauiB ocBitu MOH npononye min
4yac BHUBYCHHS TUCUHUILIIH BIPOBAKYyBAaTH HACKpi3HY IiHif0 «Ekomoriuna Oe3meka Ta
CTaJIUN PO3BUTOKY.

CTBep/KEHHSI PO TIOKPAIEHI EKOJIOTiYHI XapaKTepUCTHKH Mae OyTH He
rOJIOCTIBHUM, a OOrpyHTOBaHMM. IliITBEp/UKEHHSIM EKOJOTIYHMX IepeBar THX YU
IHIIMX TOBapiB Y TOCIYT CIY)KHTh JOOPOBiIbHA eKocepTH(IKaLlis, 110 HAJA€E MPaBO
HAHOCHTH Ha TOBAp €KOMApKyBaHHSI.

Exonoriune mapkyBanHs (environmental label, ecolabel — anri.) TBepiukeHHS, y
SIKOMY 3a3Ha4eHi EKOJIOTIYHI acmeKTH IEeBHOTO MPOAYKTY, 3acoly, Mmarepiany d9u
BUpoOy (Hamami ToBapy), mnociyru abo o0’exkra OyniBHUITBAa. MOXYTh
3aCTOCOBYBATUCS y BHUIISIA (Gpa3, CHUMBONY dYd 300pakeHHS Ha CTHKETIi abo
[IAKOBAHHI, y TEXHIYHI} JOKyMEHTali{, peKJIaMHUX MaTepianax TOLIO.

IlepmiM exoMapKyBaHHSIM B CBITI CTana HiMeIlbke MapKyBaHHs «bBiakuTHUi
aHren», 1o Oyno 3acHoBaHO B 1978 poui 3a iHiniaTuBor0 denepaabHOrO areHTCTBA 3
HaBKOJIMIIHBOrO cepenoBuiia HiMmeuunnu, sike po3poOiisie €KOJOTriuHi Kpurepii st
ceprudikarii.

B 1994 poui Oyna 3acHoBaHa HeypsiioBa [J06anbHa Mepexka EKOJIOTIYHOro
mapkyBanHs (anri. Global Ekolabelling Network (GEN)). Ha cporoanimsiii genp 1s
MDKHapoiHa HEKOMepliiHa opraHizauis o0'eaHye 27 mporpam €KOJOTiYHOTrO
MmapkyBaHHs | Tumy 3rimao ISO 14024 «ExornoriyHi MapkoBaHHS Ta JeKiapanii —
Exonoriune mapkyBanHs tumy | — [IpuHumnm ta meroamy», mo Airote B 60 kpaiHax
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cBity. Kpaiau-unenn GEN BH3HAIOTh €KOMapKyBaHHS OJUH OXHOTO. Take MapKyBaHHS
€ OpIEHTHPOM MU CIOXKMBaua, 3aMOBHHKA, IIOCTa4YaJbHHKA YH pHTeiiepa
Opi€HTOBAaHOro Ha OuIbII Oe3NeuHy MNPOAYKLII0 3 IIOJIMIIEHUMH €KOJOTIYHUMHU
XapaKTepPUCTHKAMHU.

Toninmeni €KOJIOTi4H1 XapaKTEPUCTUKU - HOKpalleHi BiZIHOCHO
3araJibHOO0OB’I3KOBUX JICP)KAaBHUX HOPM IIOKAa3HHMKH, IO XapaKTEpH3YIOTh BIUIUBU
NPOAYKII TEeBHOI KaTeropii Ha CTaH JOBKULIS Ta 3[0POB’S JIIOJMHHU TMPOTSroM il
KUTTEBOTO LUKITY.

B Vkpaini opraHom ekojoriunoi cepTudikailii, 1o I03BOJISE BIPOBAKYBATH
€KOMapKyBaHHsI, 3T1IHO 3 MikHapogHuM cranaaptoM ISO 14024, e Llentp exonorignoi
ceprudikarii Ta MapKyBaHHs (OpraH 3 OIIHKH BiJIIOBIIHOCTI), II0 Mae€ MiXHAPOAHY
akpenuranito GEN. 3HakoM yKkpaiHCBKOT0O eKOMapKyBaHHs € "3eJIeHUH jKypaBiIuK".
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Puc. 1. 3nak "3enenuit xypaBnuk", M0 € EIEMEHTOM MapKyBaHHs yKpaiHCHKOTO
«entpy exomnoriynoi cepTudikaliii Ta MapKyBaHHS.

Take eKOMapKyBaHHsS Ha HaIIOMy DHUHKY BK€ MaiOTh OyaiBenbHI Marepiaiu,
TEKCTHJIbHI BHUpPOOW, aJKOTOJBHI Ta OE3aJKOTOJIbHI HAMoi, MPOAYKTH XapdyBaHHSI,
KOCMETHKa, MUiTHI 3acobu, nakodapOoBi Marepianu, 1oopuBa, MeOIli, BUpOOH 3 marnepy
i mmactuky, moOyToBi Hpumagu, a Takox odicHi nmpumimenHsa. Tak, B M. Illoctka
MiANPUEMCTBO, IO BUTOTOBJISIE 3aCO0M MOOYTOBOI XiMii, 3MOIJIO OpraHi3yBaTH CBO€
BUPOOHHULTBO TAaKMM YMHOM, 1100 OTpUMAaTH eKocepTU(IKaT Ha CBOIO MPOAYKIIIO Iij
T™ «Alles GUT!», mo cBig4uTh Mpo TMOMIMIICHI €KOJOTIYHI XapaKTepHCTHKUA LUX
3aco0iB B IMOPIBHSAHHI 3 aHAJIOTIYHUMU TOBapaMHu.

Hanmpukman, 3a  exonmoriynmmu  kpurepismu  3rimio 3 COY  OEM
08.002.12.065:2016 "3acobu mwuiiHi Ta 3acobu ajis yMiieHHsA. Exosoriuni kputepii
OLHIOBAaHHS JXUTTEBOIO LUKITY" HpaibHi HOPONIKU 3 EKOCEPTU(IKATOM He MOBUHHI
MICTHTH:

e IIiHIHHWUX alKiNOCH3eHCYIb(OHATIB,
e  anKin(eHONETOKCHIIATIB,
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e EJITA (Tpunon b),

o JITIIA,

®  HITPWIOTPUOLTOBY KUCIOTY,

e cnonyk docdopy, B Tomy umcii docdaris,

e TINOXJIOPHTIB Ta iHIIUX XJIOPAKTHBHUX i XJIOPOPTaHIYHUX CIIONYK,
® HAHOYACTHUHOK TOLIO.

A TakoX MOXYTh MaTH OOMEKEHHI BMICT IEOJNITIB, apOMaTH3aTOPiB, OiOUMIB,
MOXKYTb BUKOPHCTOBYBATHCS TUIbKU Xap4oBi OapBHUKH. Ha BUpOOHMLTBI MaloTh OyTH
BIIPOBA/KEHI 3aX0M €HEPro30epeKeHHs, PO3ITbHIIN 301p BIAXOMIB Ui 1X MOAANBIIOL
yTHIti3anii, € 0OMeXeHHs] Ha BUKOPHCTaHHs MaTepialiB MaKOBaHHS, a TAKO)XX BUMOTH JI0
KOHIICHTPOBAHOCTI 3aC00iB Ta X ONTHMAaJILHOTO TPAHCIOPTYBaHHSI.

BupoOHnuurBa, sKi CTaBIsATh 3a METYy IPOWTH eKocepTH(]IKallilo, CTBOPIOIOTh
COL{iaNbHUI eeKT, [0 BUPAXKAETHCS B HACTYITHUX YNHHHKAX:

- EKOHOMIYHHIA — €eKOHOMIsI PECypCiB, IHBECTHIIIi Y BAPOOHHUIITBO, CTUMYJTFOBAHHS
CIOXXMBAYiB 10 CIUIAYCHHS CIPAaBEMIMBOI IIIHM 3a MPOIYKLiIO 3 OLIBIION
c00iBapTICTIO;

- eKOJOTiYHMI — BiAMOBa BiJl TOKCHYHHX CKJIaJHHKIB, HaIpHKIAJ,
HEeOIOPO3KIaAHNX TOBEPXHEBO-aKTUBHUX PEYOBUH B MHHHHX 3aco0ax,
NPHU3BOJUTH 10 MOMJIMBOCTI BiJJHOBJIEHHSI BOJHMX EKOCHCTEM, ONTHUMAIIbHI
MMaKOBaHHS Ta JIOTICTHKA 3HWKYIOTh BYIJICLEBUI CITi L,

- couwianbHHit — 30epexeHHs poOOYMX MiCUb Ha MIANPUEMCTBAX, IO
BUTOTOBJISIIOTH IPOYKIIIO 3 KOHKYPEHTHHMH TI€peBaraMH.

Taki epeKkTd WiIKOM BiMOBIJAIOTh KOHIEMINi CTAIOrO PO3BHUTKY MO0 OLIBIIT
paLioHaNbHUX MoOJe]el CIIOKMBaHHS Ta Iepexomy a0 Okl pecypcoedexTuBHOL
E€KOHOMIKH.

CTUMYIIOBaHHS IIEPEXO0/y 10 EKOBUPOOHMIITBA 3 OOKY JIep)KaBH IOJIsIrae B HaJaHHI
nepeBar €KONPOAYKIii B cHUCTeMi IYyONIYHUX 3aKyNiBelIb Ta BpPOBAJUKEHHI HOPM
3aKOHO/IaBCTBA, 1110 3aXUINAIOTh Bi/l HEAOOPOCOBICHOI KOHKYPEHIII.

Otxe, BUPOOHHULTBO, KYIIBIs Ta BUKOPUCTaHHA €KOCEpPTH(IKOBAHUX TOBapiB
JIONIOMArarTh Jocsiratu miieit cragoro po3sutky OOH, a came 12-0i — BignosigansHe
CIIOKMBAaHHA.

Cnucok BUKOPUCTaHUX JDKEPET

1. T'mo6anpHi uini cranoro po3BuTKy [Enekrponnuii pecypc] — Pexxum poctymy o
pecypcy:.https://www.ua.undp.org/content/ukraine/uk/home/sustainable-
development-goals/ —

2. Cucrema exosoriunoi ceprucdikanii Ta MapkyBaHHs [EnexTponnuii pecype] —
Pexxum gocrymy no pecypcey: https://www.ecolabel.org.ua/

3. HackpizHi 3MicToBi niHii [Enekrponnuii pecype] / MiHicTepCTBO OCBITH 1 HayKn
Vkpainu — Pexum poctynmy 1o pecypey:.https://mon.gov.ua/ua/osvita/zagalna-
serednya-osvita/navchalni-programi/naskrizni-zmistovi-liniyi —

4. H.B. 3inoBuyk, A.B. Pamenko. Exonoriynmii wmapkerunr: HapuanbHuit
mocionuk. — XXuromup: Bugasaumreo XKV im. 1. @panka, 2015. - 190 c.

5. H.IL Homak. ComianbHi acneKTH pPO3BUTKY OpPraHIYHOrO BHPOOHUIITBA//
ExoHOMiKa Ta ynpaBIiHHA nignpueMcrBamu. Bumyck 12. 2016.

6. COY OEM 08.002.12.065:2016 3acobu MuiiHi Ta 3aco0M A YHIICHHS.
Exouorivni kpuTepii OLiHIOBaHHS XKUTTEBOTO LIUKITY.
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3AIPOBAIXKEHHSI IHHOBALIIMHUX METO/JIUMK TA TEXHOJIOI'TI B
HABYAJIbHO-BUPOBHUY U MPOLIEC LIJISIXOM CTBOPEHHSI
MOJEJBbHOI'O HABYAJIBHO-ITIPAKTUYHOI'O HEHTPY JIETUYHOI'O
XAPUYYBAHHSA: HAYKOBO-IIPAKTUYHMI ACIIEKT
C.B. KopTtyH, H.1O. Bananiok
JITITH3 IllocTkuHChKe Bulile nmpodeciiiHe yuanuiie
b.n.y@ukr.net

MopepHizanis npogeciiiHO-TeXHIYHOI OCBITH B YMOBaX CbOTOJICHHS CTa€e
CIpaBKHIM BUIIPOOYBAHHAM ULl KpAaiHM 3 TOUKH 30pY BXOJUKEHHS JI0 €BPOINEHCHKOrO
OCBITHBOTO HPOCTOPY, IO, Y CBOIO YE€Pry, CYNpPOBODKYETbCS ICTOTHUMHU 3MiHAMH B
[eIarorivHii Teopii i MpaKTHIli HABYaJIbHO-BUXOBHOIO MPOIIECY 13 3aPOBAKEHHIM Ta
BUKOPUCTAHHSAM HOBITHIX e()eKTUBHHUX IHHOBALIHO-TEXHOJIOTIYHUX 3aC00IB.

Xorinock O0M BHOKPEMHUTH HaWaKTyasbHINIy MPOOJIEeMy: 3a yMOB CTPIMKOTO
CBITOBOIO HayKOBO-TEXHOJIOTIYHOTO MpPOrpecy B paMKax ICTOTHOrO IiJABUILIEHHS
HAyYKOBO-TEXHIYHOTO PiBHS KpaiHH Ha)kallb BITUM3HSHI mpodeciiiHo-TeXHIuHI 3aKnagu
HE CIIPOMOXKHI BIAMOBIAaTH MOTpedaM BUPOOHHIITBA. 32 OTHOYACHUX YMOB CTa01IbHOTO
nonuty 3 OoKy poboromaBLiB Ha mpodecii BUCOKOro piBHs Kaidikamii: Kyxap,
koHmuTep, odimiant, GapmeH, Oapucta — poOOOTOAABIIB HE 3aJ0BOJIBHSIE SKICTH
MiArOTOBKY 1 KBami(iKkallisi BUITYCKHUKIB NPpodeciiiHO-TeXHIYHOI IKOJIH, K HACIIJIOK —
cepen MOJIOAI BHINE3a3Ha4YeHi nmpodecii He KOPUCTYIOThCS MOMUTOM y BiAIOBIJHOMY
o0cs3i.

B cBoro uepry Ykpaina muigHO criBmpaigioe 3 €sponeiicekuMm @onzmom OcBité B
acCIeKTi MOJIepHi3allii HalllOHATBHOI CUCTeMH MPO(deciiHO-TEeXHIYHOI OCBITH BiIMOBIAHO
JI0 €BPONEHCHKUX CTaHAapTiB. PymiifiHOIO CHIIOIO cTa€ MparHeHHs 10 OHOBIEHHS Ta
BXOJ/DKCHHS y 3arajlbHOEBPOICHCHKUI OCBITHIN NPOCTIp, TOMY IHHOBALIHHI IPOEKTH €
HEBiJl’€MHOIO YaCTHHOIO XKUTTS HABYAJILHOTO 3aK/Iay.

ToMy Ha ChOTOJHIIIHIN JICHb aKTyaJbHUM [10CTA€ MUTaHHS (Ha JePKaBHOMY DiBHI)
HeoOXiHOCTI BUPOOIIEHHS IUISXIiB MOJEpHi3alil npodeciitHO-TeXHIYHOI OCBiTH (Hai —
IITO), wo 3a miACyMKOM Y IepKaBHUX MaciuTabax 3a0e3meunTh JUHAMIYHAH PO3BUTOK
W MIBMIIEHHS HOKa3HUKIB (YHKIIOHYBaHHS SK OKPEMHUX pHHKOBHX CYO’€KTiB
rOCIIOIAPIOBAHHS, TAaK 1 €KOHOMIYHOI CHCTEeMH 3aranoM. Ha jokaibHOMY X piBHI —
OCHOBOIO  MOJZIEpHI3allifHMX  TpoleciB  NPodeciHHO-TeXHIYHOI  OCBITH  cTaHe
CTPYKTYpHO-(pYHKI[IOHAJIbHE ~ IEPETBOPEHHSI  OCBITHHOTO  CEPENOBHUINA  LUIIXOM
3alpoBa/PKCHHST 1HHOBALIITHUX TEXHOJOTI Ta MeToiB mpodeciiHOro HaBYaHHS i3
3aCTOCYBAHHAM Cy4aCHUX BUPOOHHMYHX IOTY>KHOCTEH, CTBOPEHHSI YMOB i MOXKIMBOCTEH
BceOIuHOI peamizalii OCBITHBOrO MOTEHIiAy Ta MOBHOTO BHKOPHCTaHHS PeCypciB
PO3BUTKY BUPOOHUUOTO MEPCOHAIY.

3riguo oronomresoro MOH konkypcy AIITH3 «llloctkuncekum BITY» y 6epesni
micsaui 2021 poky Oyno copMOBaHO Ta HaJiCIaHO 3asBKY 3 METON 3alpOBaJKCHHS
HAYKOBO-NIPAaKTHYHOTO LEHTPY Hi€THUHOro xapuyBaHHs (mami — HIILJIX) B sikocti
crpykryproro miaposainy AINTH3 «llloctkuncbkum BITY» i3 aprymeHTOBaHMM
MepeKOHaHHAM (DaxiBISIMU Ta HayKOBISIMH 3aKjaly II0J0 HEoOXiTHOCTI MoJepHi3amii
OCBITHBOTO CepeoBHIlla B mpoieci mnpodeciiHoi MiArOTOBKM 3a TEXHOJIOTIYHO
CKJIAIHUMHU TIpodecismu.

Bignosigno mo Haka3y MinictepctBa ocBitu 1 Hayku Ne 846, sikumit 27 numHs
ony0IiKOBaHO Ha CalTi BIZOMCTBA, KOHKypcHOo komicieto MOH Binibpano 62
3akigany npodeciifHoi ocBitH, ski g0 KiHNZ 2021 poKy OTPHMArOTh KOIITH Ha
o0JlalTyBaHHs HOBHX a00 JOOCHAIIEHHS PaHille CTBOPEHHMX HaBYaJIbHO-TNPAKTHYHHX
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neHTpis. Y maHomy nepeniky 3Haxonsatees JIITH3 «llloctkuuceke BITY» («kyxap»,
«KOHAUTEPY, «odirtianTy) [1].

BigmosinHo no nocrasieHoi Metu JAIITH3 «llloctkunceke BIIYy, xepyrouncs y
cBoiil pisutbHOCTI Hakazom MOH 3a Ne 694 Bin 14.06.2012 poky «IIpo 3aTBepmxeHHs
[lonoxxeHHS NpPO HABYAIBHO-NIPAKTHYHMH LEHTP (32 Tally3eBUM CIIPSIMyBaHHSM)
npodeciiiHO-TEXHIYHOTO HAYaIbHOTO 3aKiany, a TaKOX BHYTPILIHIM HOPMATHBHO-
IPaBOBUM aKTOM — [loJIOKEHHSIM PO MOJENbHHM HaBYaIbHO-NPAKTUYHUHA LEHTP
niermyHoro xapuysanHs JIITH3 «llloctkunceke BITY», 3arBepmxeHoro Haxazom
JIITH3 «loctkunceke BITY» 3a Ne 01-02 Bixm 17.09.2018 poky, po3modaTo Ha
BlacHii 0a3l 3akiagy poOOTY Haj IIOCTYIIOBUM 3allpOBaUKEHHSM MOJEIBHOIO
HABYAIIbHO-TIPAKTHYHOTO HEHTPY AleTu4HOro XapuyBanus (mami — HITH/IX) [2].

OTxe, cepen nepesar 3anposapkeHHs HITLIJIX Ha 6a3i mpodeciiiHO-TeXHIYHOTO
HABYAJIBHOTO 3aKJa1y BOAUaeMO HACTYITHI:

1. MOXJIMBICTh MiJNPUEMCTBY MO€AHATH AIBTEPHATHBHI MOJENi BUPOOHMIITBA Ta
HaBUYaHHS Ha 0a3i BHPOOHHIITBA.

2. Bucoka iIMOBiIpHICTh OTPUMATH KOHKYPEHTHI MepeBaru, Cepe AKuxX:

— MOHOIIOJI3Allisl PUHKY CBOTO TPOAYKTY;

— TIJBUIICHHS BJIACHOTO HABYAIBPHOTO Ta BHPOOHMYOrO MOTEHIIANy —
BJIOCKOHAJICHHS TPAKTHYHOI MiATOTOBKY Y4YHIB, CIIyXadiB;

— migBHIICHHS KBamiQikamii rmeJaroriyHux MpaiiBHUKIB, (axiBILiB IMTiAMPUEMCTB,
oprasisaiiii, yCTaHOB TOLIIO.

3 MeTOI0 BHPINICHHS IIOCTAaBICHOTO 3aBIAaHHS HEOOXINHO 3MIHCHUTH aKIEHT Ha
HACTYIHHX IEpLIOYEeProBUX HANPsIMKaX, a came:

— aJanTyBaHHS YCTaHOBH JI0 HOBITHIX YMOB T'OCIIOJJAPIOBAHHS;

— YacTKOBa 3MiHa HOro BHYTPIIIHBOI CTPYKTYpH (MOIEIOBaHHS HOBHX (GOpM i
METOJIB B YHpaBIIiHHI SIK MOTOYHUMH BHPOOHHYMMH IPOLIECAMH, TaK 1 IHpOLEcaMH
BITBOPIOBAJILHOTO XapakTepy, Oe3MOCepeHbO IOB’SI3aHUMH i3  BIPOBAKCHHIM
HAyKOBO-TEXHIYHHX JOCSTHEHB);

— 3/1iliCHEHHS CMIBPOOITHUITBA 3 BUPOOHHYMMH MiAMPUEMCTBAMH, OpraHi3allisiMH,
yCTaHOBaMH, HaBYAJbHUMH 3aKJIaJaMH, LIEHTpaMU 3aiHSATOCTI, MICIIEBUMU OpraHaMH
BUKOHABYOi BJAIM Ta OpraHaMH MiCIIEBOTO CaMOBPSIYBaHHs, ACPKABHUMHU i
IPOMAJCbKUMU  OpraHi3allisiM{, IHIIUMH  32iHTEPECOBAHMMM OpraHaMu  IIOJO
BIPOBA/DKCHHs IHHOBALIfHUX MIIXO/IB MO 3AiHCHEHHS CHCTEMHOTO KOMILIEKCHOTO,
OpIEHTOBAHOTO Ha MPAKTHUKY OCBITHHO-BUPOOHUYOTO HPOLIECY;

— po0oTa HajJ CTBOPEHHSIM LUIICHOI CHCTEMM HOBITHIX METOAMK HpOodeciiHOro
HABYaHHS Ha OCHOBI BHBYEHHsI, arpoOailii Kpamoro JOCBify Ta HOro BIIPOBAKCHHS B
IHIIMX HAaBYAJIBHUX 3aKJIaax i yCTaHOBAXx;

— MOCTYIOBE BIPOBA/UKCHHS Yy HABYAIbHO-BUPOOHHYMII TpOLEC iHHOBAILIMHHX
TEXHOJIOTiIl Ta MeroiB npodecifHOro HaB4YaHHSA 13 3aCTOCYBaHHSIM Cy4acHHX
BUPOOHMYMX TEXHOJIOTIH, TEXHIKH, 0018 JHAHHSI, IHCTPYMEHTIB 1 Marepiainis [3].

OCHOBHUMH KPHUTEPIsIMH OLIIHIOBAHHSI PE3YJIbTATIB 3alPOBA/KCHHS iIHHOBALIHHUX
METOJIUK Ta TEXHOJIOTIH B HAIIOMY BUIIAJKy CTaHYTh!

— aKTyalbHICTh — pO3POOJCHHS HABYAIBHO-METOJUYHOrO, I1H(OpMAIiiHOTO
CyNpoBO/Y, CHpPSMOBAHOTO, B IEpLIy 4Yepry, Ha HiJBHILEHHS SKOCTI IpodeciiiHol
i IFOTOBKH;

— IPaKTUYHICTh — OpraHizalis CTa)KyBaHHS Ta MiJBUILEHHs KBaidikauii kaapis Ha
6a3i mianpueMcTBa;

— 3HAYyICTh — HAJAHHSA MPAKTUYHOI Ta METOJMYHOI JONOMOTH 3 IHUTaHb
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BIPOBAKEHHs Y HaBYaJIbHO-BUPOOHUYMI IIPOLIEC HOBITHIX TEXHOJIOTIH 1 MaTepianiB

— 0araToacnekTHICTh — HaJaHHA KOHCYJIbTAaTHBHOI, iH(pOpMAIiiiHOi Ta
MOCEePeIHUIBKOI JOMOMOTH 3 IHTaHb BHKOPHCTAHHS IHHOBALIffHUX MaTepialiB i
TEXHOJIOTH;

—  MAaHEBPEHICTb — HaJaHHA TPEHIHIOBHX, MAapKeTHHIOBHX, iH(OpMaLiiHuX,
BUPOOHUYHX TOCIIYT 3 METOIO BHPILICHHS TOTOYHUX 1 MPOrPaMHUX 3aB/IaHb.

Hanpsimku pisierocTi HITIAX:

1. CniBpOOITHHIITBO 3:

— BHUPOOHHYMMH TEXHOJIOTISIMU;

— HaBYAJIIbHUMH 3aKJIaJIaMHU;

— MICLIeBUMH OpraHaMH BUKOHABYO]I BIIa/H;

— OpraHaMH MiCLIEBOIO CaMOBPSIIyBaHHS;

— JIep’KaBHUMH 1 TPOMaJICEKUMHU OpraHi3allisiMu.

2. BuBueHHs Ta BIPOBAIKEHHS MEPEAOBOro IOCBiAYy iHIINX HABYAIBHUX 3aKJIAiB
Ta yCTaHOB,

3. Himxwuramnizauis nporecy npoeciiiHoro HaByaHHs,

4. BripoBajukeHHsI Yy HAaBYAIbHO-BUPOOHMYMI MpOILEC Cy4yaCHUX METOAUK
npodeciiiHOro HaBYaHHS 13 3aCTOCYBAaHHSIM HOBITHIX IMENAroriYHMX Ta BUPOOHHYIHMX
TEXHOJIOTIH.

Bapro HaronmocuTH, 10 Ha JQHOMY e€Tami 3ampoBajukeHHs Ta po3BuTky HITLIX
BOayaeThcsi TOCTPHH AeIUUT y HAYKOBUX JOCHI/DKEHHSX Ta PO3poOKax, uepe3 sKi
BiZIOyBaTHMEThCS IOETAIHE YAOCKOHAIEHHS MpOlecy TpaHC()OpPMYyBaHHS HAayKOBUX
ieil B IPaKTUKY POOOTH 3aKiaay BUIIOL MPOQeciitHO-TeXHIYHOT OCBITH, MOIIYK HUISXiB
ITiIBUIIEHHS SKOCTI O€311epepBHOr0 HABYAHHS HAYKOBO-IIEIArOTYHUX KaJpiB, PO3BUTOK
iX mpodeciiiHOl MaiicTepHOCTi, (OpPMyBaHHS HABHYOK HAYKOBO-IOCHIAHOI Ta
EKCIIEPUMEHTAIIbHOT pOOOTH Ta IHHOBALIHHOI OCBITHBOI HisIbHOCTI. OTXKE, OKpeMHM
JIOZIATKOBUM HampsiMKOM BOadaeMo ctBopeHHs Ha 6a3i HITI/IX HaykoBO-pakTHYHOTO
Binainy. HaykoBo-ekcriepuMenTanbHa podoTa 3aKiagy npodecitHo-TeXHIYHOI OCBITH B
MaiOyTHbOMY HaJIacTh 3MOTY BHM3HAYMTH IEPCHEKTHBH PO3BUTKY YMHHHKIB
MOZEpHI3alifHUX TpoleciB, ane JaHa mpobiemMa OOYMOBUTb TEMaTHKy HAIIOl
HACTYITHOI KOHKYPCHOI pOOOTH.

Otrxe, CydacHi €KOHOMIUHI yMOBM BHMaraloTh 3Ha4HOI yBaru BiJ oprasizamii
iHHOBalifiHOi  nisbHOCTI, 3a0e3meyeHHs 11 pe3yNbTATUBHOCTI,  ITiABHIICHHS
e(heKTUBHOCTI pOOOTH BCIX YYacCHHKIB iHHOBaliHOTO mpouecy. Yum Oisblie
MIpaIiBHUKIB OpTraHi3allii JoIydJaeThcs 10 IHHOBAIHHOI MiSUIBHOCTI, THM THYYKIIIOHO i
MOOITBHIIIIO BOHA CTa€, THM BAaroMIIIOIO € Bijia4a BiJ peai3ailii iHHOBAIH 3aBIsSIKH
CKOPOYEHHIO TEePMiHIB iX BIIpoBajKeHHS [4].

Tlpomec 3anpoBamKeHHsS IHHOBALIMHAX METOAWK Ta TEXHOJOTIH Ha MPaKTHIll, HA
Hallly JlyMKY, Ma€ BpaxoBYBaTU NMOTEHIIHHI MOXIMBOCTI iHHOBaLH y GpopMyBaHHI came
KOHKYPEHTHHMX IIepeBar, a 3 IHIIOr0 — BPAaxOBYBaTH MOXJIMBOCTI KaJpOBOTrO,
HABYAJIbHO-METOIUYHOI0, BUPOOHHMYOr0, a, TOJIOBHE, IHBECTHUIIHHOrO MOTEHILIAITy
nignpueMcts. e norpedye eKOHOMIYHOTO OOIPYHTYBAHHS JOLUIBHOCTI BIPOBAIMKEHHS
KOXKHOI, HaBiTh, HA MEPUIMHA TOTNISAA, MEPCHEKTUBHOI HOBallii, [0 JacTh 3MOTY
KEpiBHULTBY MPUAMATH MO3UTHBHE PIIICHHS JIMIIE IOAO Ti€i HOBUHKH, SIKa CTBOPUTH
JUISl yCTAaHOBU «MOHOIIOJIBHI) IIEpeBary i 3a0e3MeYnTh HAICKHY eKOHOMIUHY Bifgadqy.

IIpakTuuni pe3ynbraTn (BUCHOBKM). 3 OISy Ha TEOPETHYHMH I NpaKTHYHHUIH
acleKTd POOOTH MOXKEMO IMiJICYMyBaTH HACTyNHE: JOMIHYIOUYHMH 3aBIaHHSMHU
(pexoMeHpaIisiMu),  AOTPUMAHHS  SIKMX  Mae€  3a0e3MEeYUTH  Pe3yJbTATHBHICTD
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3alpOBA/PKCHHS IHHOBAL[IMHUX METOJMK Ta TEXHOJIOTIH B HAaBYAILHO-BHPOOHHYMIA
MPOLEC LIIAXOM CTBOPEHHS MOJENBHOTO HABYAIBHO-NPAKTHYHOIO LEHTPY, MOXKHA
BBaXKATH:

— po3pobieHHss 0a3u JaHWX TMEAArOTIYHUX IHHOBAWid 1 pe3y’abTaTiB  Ix
BIPOBA/PKEHH Ta Ha ii ocHOBI cTBopenHs HITLJIX;

— CTBOPEHHS €JMHOI IHHOBaUifHOI cHCTeMH NPOQECiHHOr0 HaBYaHHS Y4YHIB,
a/IalITOBAHOI JIO0 TMHAMIKH PO3BUTKY CY4acHOTO BUPOOHHUIITBA;

— MoJepHi3alisi IHHOBAlifHUX TEXHOJOTIH HaBYaHHS Ta IX BIPOBA/UKCHHS B
HABYAIbHO-BUPOOHHYHH TIPOIiec MPOoGeciiHO-TEXHIYHUX 3aKITaIiB;

— CTBOPEHHS coliajbHO-apTHepchKkoi Mepexki 3akianiB I[ITO Ha perioHanbHOMY,
HAIIOHATEHOMY Ta MIXXHAPOJHOMY PiBHSX IS MIJBUIICHHS 1X MPECTHXKY;

— KOOpJHHAIIis PO3BUTKY COILIaJbHOTO TapTHEPCTBA;

— MiATPUMKA CIiBPOOITHUIITBA Mi’K POOOTOAABIISIMH 1 OCBITHIM 3aKJIaIOM;

— IpoBeleHHs NpodopieHTaliiiHOi Ta MapKeTHMHroBOi POOOTH Ul CTBOPEHHS
MTO3UTHBHOTO IMIJKY 3aKJIazy;

— BUBYCHHS Ta BIPOBA/KCHHS MEPEIOBOrO JOCBiAYy 3 mpodeciiiHOl miaroToBKu
PpOOITHUKIB;

— e(heKTHBHE BUKOPUCTAHHS MaTepiaibHO-TEXHIYHOT 1 HaBYaIbHOI 06a3u;

— CBO€YAaCHE OHOBJCHHSI 3MIiCTy Hpo(deciHHOrO HaBYaHHS BIANOBIIHO [0
3MIHEHHX YMOB BHPOOHHMIITBA;

— HOKpAIIEHHS MiITOTOBKH Ta IiJBHUIICHHS KBami(ikalii MaicTpiB BUPOOHHUYOTO
HaBYaHHS Ta BUKJIAJaiB.

3a pesynpTatamu noctynoBoro 3amnposBamxers HITLJIX B sikocTi cTpyKTypHOTrO
nigposainy JAITH3 «lloctkuncbke BITY» mnaHyeTbcss OTpUMAaTH MOHOMOJIBHI
[epeBaru cepe/] HaB4AIbHO-TIPAKTHYHOTO CepeIoBHUIla YKpainu B obmacti mpodeciiiHo-
TEXHIYHOI OCBITH BIIMOBIJHO i3 3aCTOCYBaHHs IHHOBALlIHHUX METOJMK Ta TEXHOJOTIH,
110 B HOAAIBIIOMY OTPUMAE CIPSIMYBaHHS Ha CTBOPCHHs 1 3aJy4€HHS i3 30BHILIHBOTO
CEepelloBUIIa  TaKUX IHHOBAIIIH, K1 0 CIPUSIIH M ABUIIEHHIO Horo
KOHKYPEHTOCIIPOMOXHOCTI, ~ 3MII[HEHHIO  PUHKOBHX  MO3WILH, 3abe3medyBanu
MEPCIICKTHBY PO3BUTKY.

JlomaTkoBoO pe3ynbTatd poOOTH MOKYTh OYTH BUKOPHCTAHI y OCBITHBOMY IPOIIECi
3akjgagaMu HauioHanbHOI cuctemu [1TO momo mMozepHi3alii OCBITHBOTO cepeIOBHINA
Ha IpHKIai 1ocBiny cydacHoro 3aknany AITH3 «loctkunceke BITY».

CHHCOK JiTepaTypHUX JKepe:

1. TlomokeHHS MPO MOICIbHHUN HABYAIBHO-NPAKTUYHUNA [EHTP IIETHYHOTO
xapuyBanns JAIITH3 «llloctkunceke BIIY», 3arBepmxene Hakazom JIITH3
«IIoctkuucbke BITY» Bixg 17.09.2018 Ne01-02.

2. Ilpo 3aTBep/yKeHHs HepeliKy 3akianiB npodeciiHol (npodeciiHo-TexHIYHOT
ocBiTH), Ha 0a3i sxux y 2021 poui OymyTh CTBOpEHI HaBUYAJIbHO-NPAKTHYHI LEHTPH
cydacHoi mpodeciiiHOi  (mpodeciiiHO-TeXHIYHOi) OCBITH 3a paxyHOK KOIUTIB
nepxasHoro Orokery : Haka3 Minicrepersa ocBitH i Hayku Bin 26.07.2021 poky 3a Ne
846 // Binomocti Bepxosroi Pagu (BBP), 2021, Ne 15.

3. [enarorika: iHHoBawii B ocBiti [ EnexTponHuii pecypc].— Pexxum nocrymy :http://
readbookz.com/book/172/5545 html.

4. Charles W.L., Hill Strategic Management Theory. An integrated approach /
Charles W.L., Hill, Gareth R. Jones. — New York.: Hoyghton Mifflin company, 2004. —
P. 89-90.
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COLIAJIbHO-EKOHOMIYHMI ACIIEKT MITPALIAHUAX ITPOLIECIB (HA
JOCBIJI YKPATHA — IOJIBIIIA)
O.I1. Ocunenko
JITITH3 IlloctkunchKe Bulie npodeciiiHe yanuiie
0.0.p@ukr.net

MacoBe miJCHIICHHsS Cy4aCHHX CBITOBHMX IJIOOali3allifHUX MPOLECIB MPU3BOIUTH
JI0 3HaYHOTO 3POCTAHHS MIrpaiii HacelIeHHs, sKi BiANOBiAHO (HOPMYIOTh HEBiL’€MHY
CKJIAZIOBY CYYacHOIO DHHKY Ipami. 3TifHO IIOKa3HUKIB MiXHAPOJIHOTO PIiBHS MIONO
CYTTEBOT'O 3pOCTaHHS MacIITabiB Mi>XHAPOIHOI Mirpaiii BoayaemMo mpobdiaeMy y rocTpii
norpebi oOmiky H CTaTUCTKM BHILEBKa3aHUX IpoueciB. Ha HamioHambHOMY Ta
perioHaTbHOMY PIBHIX BUHHKAE MOTpeda B IHCTUTYIIITHOMY CYIIPOBO/I 3MiH, IPUUIOMY
B KOHTEKCTI TpaHc(opMaLlii pUHKOBOT €KOHOMIKH.

BumeszazHauene (popMye HacTYMHHH BHCHOBOK: BIUIMB MIrpallifHUX HpOILECIB Ha
(GopMyBaHHS EKOHOMIYHMX IIOKA3HHKIB SBISETbCSA IPSIMOINPONOPLIHHUM, a OTXKe
IpoIleC BIOCKOHANICHHS MEXaHi3My pPETyIIOBaHHS Mirpamil HAcelIeHHS B YMOBax
TpaHcdopmarlii perioHabHUX PUHKIB mpaili 0e3 MIKOAX EKOHOMIUHINA ramysi € Jyxe
aKTyaJIbHHUM.

Pi3Hi acriekTH €KOHOMIYHHMX MPOOJIEM pEryiToBaHHS Mirpamii M YKpaiHOw Ta
cyciguporo [lombmiero pocmimpkyBanmu BueHi B.II. Anrtoniox, B.fI. Bimak, H.C.
Bunacenko, B.M. I'eeup, B.J1. Jlaryrin, E.M. Jlibanosa, LI. Jlykinos, B.O. MaunuOypa,
O.®. HosikoBa, B.M. Hogikos, B.B. Ouikienko, C.I. [Tupoxkos, 1.5I. Caxans, B.K.
Yepnsik, A.A. Uyxno, }0.0. Iknapcekuil Ta iHmi. Mirpaniiiny ckiagoBy BUOIISAIN
npu 1pomy Taki ykpainceki BueHi: H.I1. boptauk, O.I1. Bonomun, E.M. Jli6aHoBa,
0O.A. ManunoBcbka, O.P. OpumnnamkoBa, B.B. Omikienko, O.P. IT’stkoBcbka, C.I
Iupoxxkos, O.B. Ilosusk, M. IlpubutkoBa, M.J]. Pomantok, V.5. Camosa, C.I.
Crenenko, B.C. Cremenko, O.Y. Xompa, M.O. Ulynera, 5.M. FOcbkiB Ta iHmi.

HesBakaroun Ha ducieHHi myOuikaiii, ki 3°sBISIOTHCS 13 POKY B piK, MU HaXKajb
HE BHUOKPEMHIIM [i€BHX MEXaHi3MiB pEryllloBaHHs TPYIOBOI Mirpamii, a ocoOiuBo B
nepio; Tpancdopmarii puHKIB mpaii Mk YkpaiHowo Ta [lonbmiero. OOMexeHy yBary
MPUAICHO JOCIHIDKCHHIO TOJITUKO-CKOHOMIYHOMY arapaTy OL[HKM Ta aHaji3y
Mirpaiiii, 1l perioHanpHOI crienudiku Ta MIrpaliifHUX YCTaHOBOK, BiJICYTHE KOMIUIEKCHE
BUBYEHHS MiJIXOJIB 10 MEXaHI3My PEryJIIOBaHHS MIrpalifHUX MPOLECiB Ta HOro BIUIUBY
Ha eKOHOMIYHI OKa3HUKH KpaiHK TOLIO.

Cchopmyemo BuzHaueHHs aediHimii «wmirparis». Omxe, Mirpamis y IIHPOKOMY
3HQYCHHI ClIOBa — II€ TEPUTOPIaJbHHUN PyX HACENCHHS MK HACEICHUMHU ITYHKTaMH.
BiamoBinHo, ocobu, siki 3AIMCHIOIOTH 1i TEPUTOpIaibHI MEPEMIllCeHHs, HA3HBAIOTHCS
MirpaHram.

OCKIITBKH MITpallist € CKJIQJAHUM 1 6araTorpaHHUM TIPOIECOM, HEOOXiTHO PO3yMITH
i Buau 1 Qopmu. Knacudikauis BinOyBaeTbcs 3a PI3HOMAHITHUMHM O3HAKaMU.
Buninstore Taki BUAM Mirparii: nepecenenHsi (0e3M0BOpOTHA, CTalliOHApHA Mirparis),
MasITHUKOBA, CE30HHa, emi3oanyHa [1].

3anexHO BiJ XapakTepy MexX, sKi MepPEeTUHAIOTH MIIPaHTH, BUIUIAIOTH ABA THUIH
Mirparii: BHYTpimHs i 30BHimH. [lo BiIHOIIEHHIO O KOHKPETHOI KpaiHH 30BHIIIHIO
Mirpauito HOAUIAIOTH HA: eMirpauito (BUI3A i3 oJHi€l KpaiHu B iHINY Ha MOCTiHHE MicLe
MIPOKUBAHHS), IMMITpalito (B’13/ B KpaiHy iHO3EMHHX TPOMAJISIH 3 METOIO HOCTIHHOTO B
Hii TNpPOXKMBAHHA YW TPHUBAJIOro nepedyBaHHsA) Ta peemirpauito (zoOpoBiIbHE
caMocCTiiiHe IOBEPHEHHS eMIrpaHTiB Ha 0aThKiBIIMHY) [1].

3ajeXHO BiJ NPUYUH, BYCHI BHOKPEMIIIOIOTH HACTYNHI BHAM Mirpauii [2]:
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peniriifHa, eKOIOTriYHa, KyJIbTYPHO-030POBYA, OCBITHS, IIONITHYHA, CKOHOMIYHA.

ExonomiuHa Mirpaiisi — nepeMilieHHs HACENCHHS MK HACENCHUMH MYHKTaMH B
Mexax KpalHH YM 4Yepe3 MDKHApOAHI KOPHOHM 3 METOI BEJICHHSA CKOHOMIYHOI,
iHBECTHUIIIHHOI, TOPrOBENbHOI IisTIBHOCTI Ta COPSMOBAaHA HA IMiBUINEHHS IXHBOTO
JKUTTEBOTO piBHA. OCHOBY €KOHOMIYHOI CKJIaZa€ TPyJAOBa Mirpauis — TepUTOpialbHe
MepeMillleHHsT eKOHOMIYHO aKTHBHOTO HACENICHHs, IIOB’S3aHe 13 3alHATICTIO 4M
HOIIYKOM poOoTH. THX MIrpaHTiB, KOTpi NMEepeTHHAIOTh KOPAOHH Y NOLIyKaX poOOTH,
a0 3 METOI0 KYMIBII/IPOaX<y TOBApiB UM HAIaHHS MOCIYT, BITHOCATH IO TPYHOBHX
MirpanTiB. [IpuposiHo, 1110 came Ha OCTaHHBOMY BHJI Mirpailii c)oOKyCcOBaHO HayKOBHIA
iHTepec eKOHOMICTIB — JJOCIIJHUKIB Mirpauiiinoi npobnemaruxu [2].

CrpaTeriuHuii XapakTep MOJITHKH CTHMYIIOBaHHS MITpaliiifHoi aKTHBHOCTI
ykpaiHuiB 10 Ilosnbiui 3a0e3meunB IOpiYHE 3pPOCTAHHS KUIBKOCTI 3asB, IMOAAHUX
YKpaiHCBKUMU TPOMaJsIHAMH JUIi OTPUMaHHS J03BOJNY Ha mepeGyBanHs y [Tombimi.
Tak, y 2018 p. 6yno nomano 140,3 Tuc. 3asB Ha NpaBO TUMYACOBOIrO IepeOyBaHHS,
mo Ha 27,4 tuc. 3a1B (Ha 24,3%) Oumsme, HiX y 2017 p. [1]. 3a 2013-2018 pp.
4HCeNbHICTh 3as1B 30unbimnace Ha 129,8 on. (y 13,4 pasu). 3ayBaxkumo, mo y 2018 p.
YKpaiHCbKUMH I'POMaIsHaMH J10JaTKOBO OyIo nojano e 9,1 ta 1,4 Tuc. 3asB Ha 1paBo
MOCTIHOTO MPOXKMBAaHHS Ta MpaBO MepeOyBaHHS JOBroCTpOKOBOro pesuaeHta €C
BiamoBiaHoO [3].

Bracnifok nux TEHIACHIIH Ta 3aBIIKU aKTHUBHINA MirpariiHiii momituri [Tombmr
KUIBKICTh YKpAlHIIB, sIKi ChOrOJHI mepedyBaioTh Ha Tepuropii Ilobini, CTAHOBUTH
omm3pko 1,3 MuH. oci6 (mo ckmamae O6nu3bko 3,5% wHacenenns Ilompmi Ta €
CYTTEBUM 3HAYCHHSIM.

Binbicts ykpainuis npautoe B ITobii 3a Tak 3BaHOI0 CHPOILEHOIO IPOLIELYPOIO
(3a mexmaparisimu a0o 3asiBKaMu poOOTOaBIiB, TOOTO o$wiadczenia), sika mae 3Mory
nparoBaty 0e3 103BOJIy Ha pOOOTY YIIPOJOBIK IIECTH MICALIB MPOTSATOM HACTYyNMHHUX 12
MicCsILiB 3a yMOBU (DiKCyBaHHs Takoi JAekiapallii y moBiTroBomy Bimmgini mpami. [lpu
LbOMY HaiOinbIIa 3aifHATICTH yKpaiHuiB (puc. 1) Ha mowarky 2021 p. mpunagana Ha
Hainpocrimi npodecii (29,8%), onepaTopiB Ta MOHT2)XKHHMKIB MAIMH 1 IPUCTPOIB
(22,8%), npoMucIIOBUX NpaliBHUKIB Ta (epmepis (34,5%).

= [IpomMM1CNOBI NpaLiBHUKK = OnepaTopu Ta MOHTAXKHUKKN
MpeacTaBHWKK opraHis Bnaan = CneujanicTu By3bKoro npodinto

= CinbcbKorocnoAapcbki npaLiBHKU

Puc. 1 CtpykTypa 3aifHATOCTI YKpaiHCbKUX IpauiBHUKIB y ITonbmi, 110 MaloTh
JTO3BOJTM HA Mpalio (3a rpyrnaMu Benukux Kinacuikarii mpodeciii i creriaapHOCTel)
Ha royarok 2021 p.

Lorcepeno: cknadeno 3a oxcepenamu [3;4]
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VYkpainni nparorors y [Tonbmi TakoXk Ha OCHOBI J03BOJy HAa CE30HHY poOOTYy
(zezwolenie na prace sezonows, Tun “S”), BBeneHoro Ha nmouatky 2018 p. Lleit mo3Bin
JIa€ MOXJIMBICTh IM BUKOHYBAaTH poOOTY MPOTATOM Iepiofy He Oiiblie AeB’ T MicsLiB
y cdepi CiTbCHKOTO TOCHOAAPCTBA, Ca[iBHUIITBA, TYPU3MY Ta IHIIMX BUAAX iSUTBHOCTI,
3a3HauyeHux y Ilonoxenni MinictepcTBa ciM’i, mpati Ta couiansHoi nmosmituku Ilonbmi
Bix 8 rpyans 2017 p. BimnoBiguo mo Ilombebkoi kinacudikarii BHAIB  AiSUIBHOCTI.
3a3HayeHe € CBIAYEHHSM TOro, 110 3HAYHA YaCTHUHA YKPATHCHKUX TPYIOBUX MIrpaHTIB

3IIHCHIOE TPYHOBY MisUTBHICTH (pHC. 2).

250
184 182,5
200 +8% 2 : OBl 177,8
150 159 +5L,6. A
4383 127 158
100 113,7 98,7 104,2 111,7 5 é
115,1 g
50
0
2016 p. 2017 p. 2018 p. 2019 p. 2020 p.

==@==Ki/IbKiCTb AeKNapaLiii

BIfJCOTOK AeKnapaLiit (yKpaiHLiB) WoA0 Halimy iHo3emMLiB B

rpyni

Ki/IbKiCTb 103BONIB Ha po6OTH, BUAAHUX iHO3EMUAMMU

Puc. 2 — Po3nonin 103B0IiB Ha JOBrOTEpMiHOBY poboty B [loibili, BuaaHuX
iHO3eMIsIM (30KpeMa, ykpaiism) y 2016-2020 pp
Lrcepeno: cknadeno sa oxcepenamu [3;4]

Tabauns 1 OcobnuBocti Ta npodieMHi acniekTu Mirpauii 3 Ykpainu B [Tonbury

OxpeMi XapaKTepUCTHKU

[IpoGnemHi actiekTn

IMincraBamu 3aiydyeHHs YKpaiHCbKUX
TPYAOBHUX MITPAHTIB, IO MPEBATIOIOTH,
€ JieKiapaiis (3asiBa) poOOTOAABILS;
-KJIFOYOBUMH creniamizamisamMu
YKpaiHCBKMX TPYIOBUX MIrpaHTiB €
30MpaHHs  BpOXaro,  JONIAA  3a
pOCIMHAMH, JOIJIJ 3a TBapHHAMH,
EKCILTyaTallist CUIbTOCHTEXHIKH;
-COpPTYBaHHS, TPUOUPAHHS;
TEPUTOPIEI0 IOXO/DKECHHS TPYNOBHX

MITpaHTIB €  CUIBChKI  TepuTOpii
VYkpainu;

-COLiaJbHUHA  MakeT  YKpaiHCbKUX
TPYZOBHX  MIIPaHTIB  HEPEBaXHO
nepeabavae MpoXKUBaHH, JOMOMOTY B
odopmIteHHI (opmanbHOCTEH,

Xap4yBaHHs, JOPOTY [0 MicLs Ipalii;
-BIiKOBa CTPYKTypa CE30HHUX TPYIOBHX
MIrpaHTiB 10CTAaTHBO 30a1aHCOBaHA

3HayHA YacTKa TPAHCAKUIHHUX Ta
TpaHcopMalifHUX BUTpPAT Mia 4Yac
JOCTYILY 110 IIOJIBCHKOTO PUHKY Iparti
-HasBHICTh PHU3HWKIB, TOB’SI3aHUX 3
TIHI3aLI€I0 CEKTOPY MOCEPEIHULIBKUX
MOCHYr Wi 4ac  TepeMilleHHs
KOpJOHY Ta 0pOpMIICHHS 3aiHATOCTI;
-ICHyBaHHA TNpaKTHK Ta MpOSBIB
HEHOPMOBAHOTO poboYOro wacy i
3QHATOCTI;

-OTPUMaHHA  JOCTyNy JIMIIE  JO
HAWNPOCTIIIMX BHIIB 3alHATOCTI Ta
IHCTUTYLIMHI TPYIHOLII Kap’€pHOro
3pOCTaHHS;

-00MEXEeHICTh/BIAICYTHICT,  IIPOTrpam
MIATPUMKH ~ CTBOPEHHS  BJIACHOTO
Oi3Hecy,

-npuIOaHHs/Oy/1IBHUIITBA JKHATIIA

TpyaoBUMHU Mirpantamu y ITombuii
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Ha nanomy etani kio4oBi mpo6iaeMH COLiadbHO-eKOHOMIYHHUX IHTEpeciB YKpaiHu
Ta [lompiii B cucCTeMi YKpaiHO-MOJBCHKOI TEPUTOPiaIbHOI MIrpaIliiHOI CHCTEMH
3aJIMIIAIOTHCS BIIKPUTUMH, OcKinbku Ilonbma Bxe Ha mowatky 2021 poky moyana
HEI0OTPUMYBaTH KBali(hikoBaHOI poOOYOT criin B 00Cs31, JOCTATHHOMY ISl 3aMiIIICHHS
poOouMX MiClb BJIACHHX EMIrpaHTiB, a TakoX s (OpMyBaHHS TPYLOPECYPCHHX
HepeyMOB CTAJIOT0 €KOHOMIYHOTO PO3BHUTKY

HatomicTs BOawaemo i iHIy HE MEHII aKTyajbHY npoOiiemy: YKpaiHa IHIOpOKY
movaja BTpadaTH 3Ha4Hi 0OCATH iHTENEKTyallbHO-KaJIpOBOTO HOTEHIIANY, a Mirpamiiini
TEH/ICHIIIT 3alMIIAIOTECS NPAKTHYHO HE KEPOBAHHUMH, IO JecTalili3ye BHYTPIIIHE
CEepEeIOBUILE PO3BUTKY. 332 JaHMMH HaLiOHAIBHOro caifty cratuctuku 10 IMombui Ta
npyrux kpain €C momHs mirpye (He TUIbKH Ha 3apOOITKH CE30HHO, ane i Bke Ha
IIMX!) mo 15 Tuc. ykpaiHuiB. 3 OISy Ha BHABIICHI OOCTaBHHH aKTyalli3yeThCs
3aBJaHHS HANpPAIIOBAHHS CIIIbHUX IPAKTHK i HOPMATUBHO-METOAMYHHX IIOTOXKEHb
MirpamiifHoi NoMiTHKH 000X JIepKaB.

3 MOJBCHKOI CTOPOHM BHMCOKMM MOTEHLIaJOM IpakTUYHOI ampobamii Ta
e(eKTUBHOCTI XapaKTepPU3YEThCs BIPOBAKCHHS IHHOBAI[IMHUX 1HCTPYMEHTIB, IO
MalOTh 30CEPEIKYBATUCS Ha:

— MOKPAIICHHsI JOCTYITHOCTI OLIbII MpecTIKHUX 1 paxoBux mpodeciit (a pasom 3
TUM HaJaBaTu U BiANOBIAHY (axoBy OCBITY YyKpaiHIAM 3a OUIBII JOCTYNHHMH
YMOBaMHu);

— pO3po0JIEHHs Ta peaizalliio CreliaJbHIX MporpaM MiATPUMKH 3al04aTKyBaHHS
YKpaiHIAMH BJIacHOro Oi3Hecy;

— npuadaHHs Yu OyAiBHUIITBA kKA B [Tonbri;

— CTUMYJIOBaHHS JIUBepCU(IKOBAHOI CIMEHHOI/KOJNEKTHBHOI 3aiHATOCTI 3
MOJANBIIIOK TPYIIOBOK) aJaNTaIli€l0  YKPAaiHCBKUX  TPYAOBHX  MIIPAHTIB [0
[PO>KMBAHHS Ta YTBepKeHHs B [TombIi.

CHHCOK JiTepaTypHHX JKepe:

1. Jenucenxko M. b. Murpauunonorus / M. b. Jlenucenko, B. A. Honnes, b. C.
Xopes. — M. : U3x-8o MI'Y, 1989. - C. 7.

2. Omuna T. H. Mwurpamus: cioBapb OCHOBHBIX TEpPMHHOB: Yueb.mocobOue
[Enexrponnmnii pecype] / T. H. FOnuna. — M: Uz-Bo PI'CY; Axanemuueckuit IIpoexr,
2007. — 472 c. — Pexxum moctymy: http://voluntary.ru/dictionary/949/word/klasifikacija-
migracii.

3. Nowinski A. To ucina spekulacje. W koncu udalo si¢ policzy¢, ilu
doktadnie jest Ukraincow w Polsce. URL: https://natemat.pl/266145,ilu-ukraincow-
mieszka-w-polsce-nowa-metoda-liczenia-podala-dokladna-liczbe (matra  3BepHEHHS:
10.12.2019).

4. Ministerstwo Rodziny, Pracy I Polityki Spotecznej: Rzeczpospolita Polska.
Analizy i Raporty. 2019. URL: https://www.gov.pl/web/rodzina/analizy-rynek-pracy
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