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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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SCIENTIFIC-TECHNICAL BASICS OF VISCOSITY REDUCTION
OF THE KAZAKHSTANI OILS, WHICH PROVIDE
A SIGNIFICANT INCREASE OF OIL RESERVOIRS

Abstract.

The aim of the work: Scientific-technical basics of viscosity reduction of the Kazakhstani oils, which provide
an essential increase of oil reservoirs.

In modern economic conditions, the oil and gas industry of Kazakhstan continues to remain in the area of active
growth, along with maintaining its high investment attractiveness.

The contrast of experimental results on the study of spectral responses to external pulse effects and theoretical
developments on the types of equilibrium for interplanetary cycles allows us to draw the following conclusions:

1. Obtaining information on changes in the state of the interface between phases by measuring spectral
responses provides the necessary potential for searching for cause-effect relationships in all ranges of external
influences.

2. The change in the quantitative relationships in the "impact-response" system is suggested to be estimated by
the formula of Smirnov A.P., which makes it possible to reflect three-stage processes in the whole variety of their
manifestations.

3. It is shown that the state of water (supplier of hydrogen and oxygen) at the interface between phases affects
the processes of synthesis and decomposition of hydrocarbons. The observed effect is of practical importance in the
development of geotechnology to reduce viscosity under natural underground conditions.

Keywords: oil recovery, impact-response, spectral composition, interface, property management, natural
occurrences.

One of the favorable factors for this is the development of the positive dynamics of the global oil and
gas industry, which determines the expanded opportunities for sales of products in foreign markets and the
liquidity availability, which is available for investment in exploration and extraction. Export volumes of
hydrocarbons are growing. At the same time, Kazakhstan has great prospects with the expansion of
production capacity of a number of existing fields; and the oil refining sector and the sale of petroleum
products in order to increase the added value of products and more complete provision of the domestic
market with petroleum products [1-3].

Nowadays the scale of oil and gas production has increased significantly and is being introduced into
the development of a field with complex geological-physical conditions, the most important problem of
increasing the completeness of oil extraction from the subsoil is being solved, since the average value of
the oil recovery coefficient is 0.3-0.4 [4-9].

Thus, the formulation of the objectives of the extraction completeness from oil reservoirs, that have
reached the economic limit of operation, becomes particularly relevant in the modern oil and gas industry.
However, it becomes economically unprofitable to solve such problems with the help of modern methods
of increasing oil recovery, since the scientific-technical basics of hydrocarbon synthesis (UW) in the
conditions of natural occurrence are insufficiently worked out. Therefore, in order to create a new geo-
technology it is necessary to change the scientific paradigm, which considers the oilfield as an unchanged
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statically natural formation conditioned by previous transformations, called the oilfield. This definition
(place of birth) much more fully reflects the essence of the dynamic approach to solving the problem of
increasing oil recovery, because it allows us to consider the conditions of occurrence as a functioning
long-term reactor operating at a certain speed of hydrocarbon synthesis (UW). By pumping lighter com-
ponents, certain conditions are created for the viscosity increase, which can be reduced by natural reactor
hydrogenation with hydrogen, which is present in excess in formation water. Therefore, the main attention
in our work is paid to the methods of water decomposition in reservoir conditions. If the conditions of
hydrogenation in a natural reactor are provided, it will work at a set speed and chemical composition [10].
Since any process begins and is initiated by the state of the phase separation boundary, in this work the
results of the experiments on the spectral composition studies of the responses to the external influence on
the phase separation boundary for Kazakhstan UW are shown.

Methods of work conduction. The well-known postulate "all processes start and proceed at the
interface of phases" was used in the physical modeling of the synthesis and decomposition of hydro-
carbons. For this purpose an experimental module, consisting of an acting device (pulse signal generator)
and a receiver in the form of a USB spectrometer in the kilohertz range, was created. In the natural reactor
of the formulated module there is water with an oil slick, information about the state of which is brought
to tungsten electrodes, which are located on the border of the “oil-water” phase. The electrodes are at a
distance of 1/4 and 3/4 of the length of the measuring unit. Impact on the interface is carried out at the
frequency of water decomposition (42.8 kHz).

| KaHan
reHepartop CriekKTpomMmeTp
42,8 o
O r3-54 PEAKTOP UsB MEYATS
KMy _ _
| | KaHan

Figure 1 — Functional pattern of the experimental module. Experimental results

Akzhar. When applying impulses at a frequency of 42.8 kHz onto the oil slick of the Ak-zhar oilfield
it can be noted that the amplitude values of the first channel are 2-3 times larger than the values of the
second channel. At the same time, the spectral composition of the responses does not correspond to the
positions of the harmonic series of the acting frequency (see figure 2a). So the response of the supplied
frequency shifted to 1.3-1.5 kHz to the low frequencies for both channels. Proportional to the response
rate (41.6 kHz) there is a response with a maximum of 21 kHz - which is the first harmonic of the
response’s fundamental frequency. After it there should theoretically be present the responses on the 2nd
and 3rd harmonics of this frequency. They're not on the spectrogram. However, there are responses with
large amplitudes at frequencies 36.5 and 16 kHz. In the high-frequency region there are responses (at) near
47 kHz. This is the spectral composition of the responses at the interface of the oil-water phases in the
initial state.

At the same time, the harmonic series of the action supplied to the slick is easy to identify, since it
corresponds to frequent decomposition of water, i.e. for water the characteristic frequencies are 42.8; 21.4;
10.7; 5.3; 2.6 kHz. The other responses (36.5; 16, etc.) correspondingly reflect the structural components
of the oil slick.

After 8 hours of exposure the appearance of the spectrogram has changed significantly (see figu-
re 2b), indicating a change in the chemical composition of the interface. Firstly, the response at the
fundamental frequency Af = 42,8 — 41,8 = 1kHz shifted towards lower frequencies by 1 kHz, i.e. less than
in the original state, and secondly-there were new responses at frequencies 26; 26,5 and 5; 5,5, which have
a doublet structure. The appearance of doublets is a sign of uneven reactions progression along the length
of the experimental reactor.
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Figure 3 — The spectral composition of the “oil Karabulak — water” interface response
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The spectrogram of the responses, taken after 3 days of aging, gives an idea about the stability of new
structural components (see figure 2c). Here, the spectrogram has almost no displacement of the main
frequency of the action, but the amplitude response value is half less of the first harmonic (21.2 kHz),
which means that the response is dominated by larger elements of the structure that are no subject to any
changes (to aging). On the 2nd and 3rd harmonics their numbers are less, but they correspond to a number
of the fundamental frequency.

Thus, based on the obtained results, it can be concluded that under the influence of the water decom-
position frequency on the interface new structural elements appear both from the synthesis of larger struc-
tures, on the basis of water, and also from the decomposition of hydrocarbon, which acquire a high-
frequency response.

A similar study was given for a composition consisting of an oil slick from the Karabulak oilfield on
the surface of tap water mineralization. In the initial state (figure 3a.) the spectrogram is similar to the
response shown in figure 2. The main difference is the appearance of low-frequency responses near 22,
17, 14, 6 kHz, which can be considered as signs of the appearance of the structures of the main chemical
composition of the researched oil.

After processing the composition during the day (figure 3b) the type of response spectrogram has
changed significantly-the responses at low frequencies have disappeared. The response to 21 kHz has
amplitude twice the amplitude of the original signal, which is the main sign of changes in the chemical
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composition of the phase boundary components in the direction of larger regular structures. In the course
of aging (figure 3c.) these structures do not change their acquired peculiarities, i.e. the responses are stored
at frequencies 37, 32, 21, 10.5 kHz. The main feature of this spectrogram is the absence of displacement at
the frequency of exposure, which means full coverage of the acting signal of the entire volume of the
reactor.

To understand the reaction from the diurnal rotation, spectrograms of responses were taken at
different positions of the experimental modulus relative to the cardinal directions (see figure 4). In the
initial state, when the reactor is located along the East-West direction, the response spectrogram has the
same regularities that are inherent in the initial "oil-water" compositions for other oil fields, i.e. there are
responses of the harmonic series of the acting frequency (42,8; 21; 10; 5). These responses characterize
specific features of the formation of water structures, as they reflect the process of water decomposition
(42,8 Puharich frequency [11]). To assess the impact of the change in the state of the oil surface from the
Zhanatan field, one may consider frequencies of 37.5, 32, 16.5 kHz, the amplitudes of which are com-
mensurable with the magnitude of the acting signal. These are signs of a resonant response. The basis for
this assumption is the almost identical speed of propagation of mechanical (acoustic) waves in the water
and oil environments [12, 13].

After an impact on the Puharich frequency during 24 hours (figure 4), with the orthogonally (N-S)
changed orientation of the ditch, a unique spectrogram of the response was obtained in which the entire
harmonic series for water and oil has doublet responses shifted 1- 2 kHz relative to the main signal. It
should be noted that almost all responses have amplitude values commensurate with the response of the
impact frequency. This experimental fact means that in the entire volume of the reactor, the processes of
formation of both small (47 kHz) and larger structures occur in the most boundary composition. At the
same time, a regular structured film becomes the master of specific formations, the state of which it can
control. The observed effect of the occurrence of regularity of responses makes it possible to predict the
results of external action on the change in the rate of HC synthesis under natural conditions.

Scope of application of results. For a comparative analysis of the qualitative features of the change
in the state of the phase boundary during the course of the action, a table of the spectral composition of the
responses for three oil fields was compiled: Akzhar, Zhanatan, Karabulak.

Spectral composition of responses for water and oil harmonics of the interface (Akzhar, Zhanatan, Karabulak)

Amplitude of spectral response, B
Conditions of the experiment Frequencies of the harmonic Frequencies of the harmonic series of
(oil field) series of water, KHz oil, KHz
41,6 | 20,5 10,5 5 37 32 25 16 8
Ak-Zhar, initial condition of oil 0,22 | 0,15 - 0,02 0,1 0,02 | 0,08 | 0,1 -
Ak-Zhar, 8 hours of treatment 0,25 0,15 - 0,025 0,1 0,01 0,05 0,1 -
Ak-Zhar, aging 72 hours 0,02 0,15 0,04 0,01 0,02 0,04 - 0,1 -
Karabulak, initial condition of oil - 0,05 0,03 - - - - 0,03 | 0,07
Karabulak, 24 hours of treatment 0,1 0,15 - - <0,05 - - - -
Karabulak, aging 48 hours 0,09 0,15 0,03 - 0,03 - 0,03 | 0,03 -
Zhanatan, initial condition of oil East-West 0,2 0,03 | 0,045 | 0,055 0,15 0,045 | 0,04 | 0,15 -
Zhanatan, 24 hours of treatment North-South 0,22 0,15 0,12 0,05 0,18 0,15 0,09 | 0,17 -

Tabular data indicate that during the treatment the amplitude of the responses varies, both for the
components of the harmonics of the water series, and for the special frequencies of the oil film. In this
case, the response of each oil field has specific features. Therefore, when developing software for proper-
ties management, it is necessary to take into account the individual characteristics of the oil field [14, 15].

In dynamical systems, whose potential for external influences exceeds the possibilities for the
material to return to the previous type of equilibrium - the processes of melting, dissolution, chemical
reactions, plastic deformation, etc., the transition to a new state takes place in stages, accompanied first by
the destruction of weaker bonds, then by intermediate and most energy-intensive bonds.
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The quantitative relations in the multistage process of the phase transition fit well in the equation of
Smirnov A. P. [17]:

1.n/(1-n)-1;ni/(1-n:3)=&i((D-D;)/D;)" .

This relationship establishes the link of the energy necessary for the transition to another state of the
multiparticle system in the condition of a change in the fraction of particles in the excited state from n; to m
(the left side of the equation). The right-hand side of the equation of equilibrium characterizes the energy
of the change in the measure of action on the system from Di to D (D can be temperature, magnetic field,
pressure, frequency, density, velocity and other parameters changing under the action of external forces).

Analysis of the systemic bonds [17] in a solid, carried out for four levels of consideration, showed
that the value of &; can be equal to 1, 10, 100, 1000 depending on the type of energy conversion during the
interaction process. For example, in the process of decomposition of water by energy storage substances,
three types of resonance interactions were identified, in which g; has values of 10, 100, 1000.

Thus, this equation can characterize several types of equilibrium in which the quantitative relations
between the excited and unexcited elements of the structure are balanced by changing the physical
properties of the substance. If this relationship has the force of law, then in already existing types of equi-
librium, inter phase and intra-phase - these relationships must be satisfied. The left side of the equation
gives a quantitative representation of the changes in the reacting system, and the right reflects all the
varieties of responses to the external action mathematically described by the value of the power-law
dependence of n. The physical meaning of this indicator reflects the change in properties in the A, 2D, 3D
dimensions.

Experimentally observed values of the degree n:

n=1; n=1/2; n=23/2.

An exponent n = 1 is characterized by changes in properties, which are described by linear relation-
ships, for example, frequency, refractive index, diffusion, and others. We used this relation with n = 1 to
determine the interaction frequency for environments moving with different velocities. The well-known
formula of Krasilnikov V.A. [12] is a particular case of this law. In the matrices of systemic relationships
that we have developed, the exponent equal to one is used for processes and states of level 1 of conside-
ration.

The exponent n = 1/2 (square root) can be used for the second level of consideration (2D processes),
where changes in states associated with the transformation of electromagnetic energy into mechanical one
and vice versa prevail. In our case, these are processes and states of the second level of consideration
(exponent relations).

Responses for 3D levels of consideration include processes associated with the impact of the dynamic
effect of daily rotation of the planet, where the space-time parameters are determined by Kepler's third law
[18-21].

Comparison of experimental results on the study of spectral responses to external impulse actions and
theoretical developments based on the types of equilibrium for intraplanetary cycles allows us to draw the
following conclusions:

1. Obtaining information on changes in the state of the interface between phases by measuring
spectral responses provides the necessary potential for searching for cause-effect relationships in all ranges
of external influences.

2. The change in the quantitative relationships in the "impact-response” system is suggested to be
estimated by the formula of Smirnov A.P., which makes it possible to reflect three-stage processes in the
whole variety of their manifestations.

3. It is shown that the state of water (supplier of hydrogen and oxygen) at the interface between
phases affects the processes of synthesis and decomposition of hydrocarbons. The observed effect is of
practical importance in the development of technology to reduce viscosity under natural underground
conditions.

The results of the work were obtained during the implementation of the topic AP05130483 "Scien-
tific and technical basis for reducing the viscosity of Kazakhstani oils, which provide a significant increase
in oil recovery from oil fields" (2018-2020).
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I'. 7K. Moana6aeBa, I'. I1. Merakca, K. H. AnnieBa
K. U. Carnaes at. Ka3¥T3Y, Anmarsl, Kazakcran

KABATTBIH MYHA BEPTTIITITTH AUTAPJBIKTAN APTTBIPY MAKCATBIHJIA
KA3AKCTAH/IBIK MYHA TYTKBIPJIBIFBIH TOMEHJETY ITH
FBLIBIMU-TEXHUKAJIBIK HETI3JIEPI

AHHOTALMSA.

JKymvicmoly maxcamoi: MyHail KaOaTTapblHBIH MyHall OepyTrilUTIriH alTapibIKTall apTTHIPY MaKcaTbhIHAA
Ka3aKCTaHAbIK MYHAMIBIH TYTKBIPJIBIFBIH a3aMTy YIIIH FHUIBIMU-TEXHUKAIIBIK HET131371e KYpY.

Kazipri skoHOMUKabIK *arnaii 6apeicbiHga KazakcTaHHBIH MyHalira3 cajachl OHBIH YKOFapbl HHBECTHLIUSIIBIK
TapTHIMIIBIIBIFBIH CaKTal OTHIPHII, OSJICEH 1 6cy aliMarbIHa OOy bl JKAJIFACTHIPY/Ia.

CBIpTKBI IMITYJIBCTIK 9CEp eTYire CHeKTPIIIK jKayar (KaHFBIPHIK))KOHE TEOPHSUIBIK d3ipiemMerep Typiepi O0bIH-
II1a SKCIEPUMEHTTIK HOTIKEIEePiHCATIBICTRIPY OaphICHIHIA TEMe-TEHAIK YIIiH IUTaHeTa IIIUTK 3epieney OoMbIHIIa
UK MBIHATal KOPHITBIHIABLIAP JKacayFa MYMKIHIIK Oepeti:

1. KazakcTaHIpIK MYHaHIBIH TYTKBIPJIBIFBIH a3aliTy HPOLECIHIIPOrpaMMabIK KaMTaMachl3 €Ty MiHAeTi Gapbl-
CBIH/Ia, Op KEHOPHBIH/A OPTYPIi OONIFaHABIKTAaH, aHBIKTAJIFaH dCep €TYIH KayaObIHbIH (JKaHFBIPBIKTBIH) CIEKTPIIIK
KYpaMbIH 3epTTey YIIH (GU3UKAJIBIK YITUIeY KYPri3y Kepek OOJIIbL.
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2. CrhexTpiik jXayanThl eIIIey >KOJNbIMEH (pa3aHbIH OelliHy MIeKapachIHBIH ©3repyi JKaliibl akmapaTr aixy —
0apIbIK CBIPTKBI dCEep €Ty AHAaNa30HAAPbIHBIH ceOen-calapiblK e3apa OalTaHbICHIHBIH KAKETTI KyaTblH H3[CY
OOJIBII TAaOBIIAEL.

3. «Ocep ery-kayan any» KyHeciHIe CaHbIK KaTbIHACTAPAbIH ©3repyiH YII CTaIHANIbIK HPOLECTIH KONTYPIIiK
naiiga 6osybIH kepceryre MyMKiHik OepeTin A.IT.CMUpHOBTBIH GopMysiacsiMeH Oaranay YChIHBUIIBI.

Tyiiin ce3aep: MyHail OeprimrTik, ocepre »ayan Oepy, CHEKTPIIK Kypam, OejiHy Iiekapachl, KacHeTTepi
Oackapy, Tay JKbIHBICTAPBIHBIH TAOUFH OPHBI.

I'. 7K. Moana6aeBa, I'. I1. Merakca, K. H. AnnieBa
KasHUTY um. K. 1. Carnaea, Anmarsl, Kazaxcran

HAYYHO-TEXHUYECKHUE OCHOBBI CHUKEHUSA BA3KOCTU KASAXCTAHCKUX HE®TEN,
OBECIHHEYUMBAIOIUX CYIMECTBEHHOE INOBBIINEHUE HE®GTEOTIAYU ITIJIACTOB

AHHOTALMSA.

Lenv pabomwi: Pa3zpaboTka Hay4YHO-TEXHHMYECKHX OCHOB CHIDKCHUS BSI3KOCTH Ka3aXCTaHCKUX HedrTel, obec-
TNMEYUBAIOIHNX CYHICCTBEHHOC IMOBLIIICHUEC He(l)TeOTHa‘lI/l I1J1aCTOB.

B coBpeMeHHBIX SKOHOMUYECKHX YCJIOBHSIX HedrerazoBas orpacib KazaxcraHa NMpoJo/DKaeT HaXOJMThCS B
30HE aKTHBHOT'O POCTa, HAapsAy ¢ COXPAHEHHEM €€ BEICOKOH HHBECTHLIMOHHO MPUBIIEKATEIbHOCTH.

CormocraBiieHHE HKCIIEPUMEHTAIBHBIX PE3yJbTaTOB 10 M3YYEHHIO CHEKTPAJIbHBIX OTKIMKOB HA BHEIIHHE M-
MyJIbCHBIE BO3JEHCTBUS ¥ TEOPETHUECKHUX Pa3pabOTOK 110 BHaM PaBHOBECHS JUIsl BHYTPHUILIAHETHBIX IIUKJIOB T103BO-
JISIET CACTATh CIEAYIOINE BEIBOIBI:

1. [Momyuenne nHGOPMAINH 00 M3MEHEHUSIX XMMHYECKOTO COCTaBa TPAaHUIIBI pasnena (a3 myTeM U3MEepeHHs
CHEKTPATBHBIX OTKIUKOB 00eCIIeYnBaeT HEOOXOIUMBIN TTOTEHIINAN TTOMCKA IPUYNHHO-CIICICTBEHHBIX B3aMMOCBSI3CH
BO BCEX JUAIa30HAX BHEIIHUX BO3ACHCTBUM.

2. lI3MeHeHne KONMWYECTBEHHBIX COOTHOIICHUN B CHCTEME «BO3ACHCTBHE-OTKIIMK) MPEATIOKEHO OIICHUBATH 10
thopmyne CmuproBa A.Il., naromeii BO3MOXXHOCTh OTpaXKaTh TPEXCTaAUIHBIE MIPOIIECCH BO BCEM MHOTOO0pa3nu UX
MIPOSIBJICHUH.

3. Iloka3zaHo, 4TO cOCTOsIHME BOJBI (IIOCTABIIMKA BOJOPOAA M KHCIOpOJa) Ha IpaHMLe paszeia (a3 BIuseT Ha
MPOLIECCHI CHHTE3a U Pa3JIOkKEHUs yriieBoAopoaoB. OOHapyKeHHBbIH 3((HEeKT UMeeT NPaKTHYECKOe 3HAYCHUE NpPHU
pa3paboTKe TEXHOJIOTUHU CHIDKEHUS BSI3KOCTH B YCIIOBUSIX TIPUPOJTHOTO 3aJIeT aHMS.

KitroueBble ciioBa: HereoTiaua, BO3A€HCTBUE-OTKIIMK, CIIEKTPAJILHBII COCTaB, TPaHUIa pasjesa, yIpaBiIeHHe
CBOWCTBaMH, IPUPOIHBIE 3AJICTAHMSI.
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