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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. [eonoausi xoHe
MmexHUKarbIK fbifibiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apsiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MmexXHUKasbIK fbliibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexXHUKarbIK FblribiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bl 6irndipeodi.

HAH PK coobuwjaem, ymo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu u mexHu4eckux
Hayk» 6bln npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, ob6HosneHHol eepcuu Web
of Science. CodepxxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmpeHUs: KoMmrnaHuel
Clarivate Analytics Onisa danbHetiweezo npuHmus xypHana & 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, u3dameniell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCMpupyem Hawy rnpueepxeHHoCmb K Hauboriee akmyarnbHOMY U 8/USIMEsIbHOMY KOHMeHmMy
10 2e0/102UU U MeXHU4YeCcKUM Haykam Orisl Hauleeo coobwecmsa.
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DIGITIZATION OF THE MINING INDUSTRY.
CONCEPT AND MODERN GEOTECHNOLOGY

Abstract. The current state of digitalization in the mining industry is reflected in international and regional
regulations of all technically developed countries. In 2015, in the Russian Federation it was planned to create the first
industrial consortium to develop the concept of “smart quarry”. The general initiator of the project was the VIST
Group, as well as a number of mining companies in Russia and Kazakhstan. Belarus’s partner is BELAZ, which suc-
cessfully tested the first unmanned heavy dump truck in history. In the “Smart Quarry” project, an important techno-
logical direction is 3D modeling in resource extraction. Here is an interesting example of the Russian company
Vizerra, which creates a virtual reality model of a career and an automated control system for mountain transport
complexes based on the GLONASS satellite navigation technology and a robotized process control system for open-
pit mining. The concept of a “smart” (intellectual) career is also widely developed in other countries where the mi-
ning industry has a high value (Australia, Canada, Chile). The Smart Career project was included in the list of
AutoNet pilot projects of the National Technology Initiative. In the Republic of Kazakhstan, by the example of
processing waste from the Zhezkazgan copper-smelting production, a new geotechnology is being created that
assumes one hundred percent digitization of these processes. The combination of the results of experimental studies
and implemented developments allows us to predict the successful implementation of digitalization processes in the
mining and industrial sector of Kazakhstan. This paper reflects the following features of the digitalization of new
geotechnologies developed in the Republic of Kazakhstan.

Keywords: digitalization, geotechnology, leaching, ecology, waste, functional diagram, experiment.

The existing concept of digitalization in the mining industry has a number of significant differences
from the developed modern methods of automation of production, working from the industrial power grid.

Using the example of digitalization of the leaching process, it is shown that to implement this
concept, an integrated approach to the study and subsequent use of natural mass transfer processes using
an autonomous mode of operation is necessary.

A digitalization matrix is proposed for obtaining specified properties when implementing various
interaction mechanisms at the phase boundaries. It is shown that the existing system does not possess
sufficient knowledge-intensiveness and therefore the digitalization of the mining industry should be
carried out taking into account the development of new geotechnologies, providing for an autonomous
power supply.

Introduction. He relevance of the work is due to the need to replace unproductive labor with auto-
mated 3 D processes. Last year, a representative forum was held in the city of Minsk, which outlined the
main priorities in the digitalization of the mining industry. It was shown that the digitalization process is
already well underway in many enterprises, covering the logistic, economic and analytical areas [1, 2].
The software is carried out according to the fractal principle with a pyramidal complication depending on
the volume of operations performed. According to these conceptual features, particular tasks are solved
that do not require scientific content, i.e. It is based on existing technology. A number of processes that
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exclude the presence of a person are automated, the development of the information flow depends entirely
on the characteristics of the power supply system.

A common disadvantage of the achievements presented in the reports is the complete lack of solu-
tions to environmental problems and social problems associated with the release of a large number of
personnel. In addition, the existing restrictions related to the digitization of old technologies cannot pro-
vide a breakthrough to new solutions, to new geotechnologies.

In the modern mining industry there are a number of geotechnologies that do not require human pre-
sence in the underground space during the mining method of mining. The technologies associated with the
processes of cold nuclear fusion (CNF) and other, for example, information technologies are being
actively developed. Digitization of future geotechnologies requires a high level of professionalism for the
successful solution of the tasks. This paper gives an example of the creation of a new geotechnology for
leaching of enrichment wastes, TMT, poor ores and dumps [3, 4]. In this connection, there are problems of
studying all the natural processes that accompany this phenomenon. The results of physical modeling
showed the feasibility of such processes in real conditions without the use of expensive services of the
industrial power grid. In addition, special attention should be paid to the deep study of natural phenomena
in order to develop such geotechnologies, in which conditions are created for an autonomous mode of self-
feeding and regulation of productivity. In the presented work there is an opportunity to analyze the
difference between the concept (lat. — system of understanding) of digitalization, the reliability of which
depends on the state of the power unit and the concept of digitalization of the mining industry, which is
developed taking into account the influence of the complex interaction of natural factors.

Methods. To solve this problem, physical modeling methods have been used, for which the necessary
theoretical substantiations have been created in the form of digitalization matrices for the processes of
obtaining specified properties. The advantage of the modeling method created by us is an integrated
approach to all the natural phenomena of a real array.

The result of this work is the development of a new project for the restoration of disturbed lands,
which provides for the complete digitalization of all processes occurring in natural conditions. The draft
sketch being developed has an autonomous power supply, which allows to fully automate the following
processes:

- dissolution and sedimentation of minerals;

- their mass transfer depending on the position by countries of the world;

- tidal - tidal effects;

- capillary interactions.

Figure 1 shows the layout of processing nodes in such a project. A distinctive feature of the project is
the presence of a bypass channel, a constant water level in which is maintained automatically.

z

Figure 1 — Scheme of the location of mineral processing units for leaching of minerals:
1 — polygon array; 2 — collectors (4 pieces); 3 — gateway system elements (4-5 pieces);
4 — water treatment unit; 5 — well; 6 — polygon bypass channel; 7 — power converter unit (4 pieces)

— 122 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 4. 2019

Figure 2 — Functional diagram of the leaching process: 1 — main reactor; 2 — auxiliary reactor;
3 — ore to be processed; 4 — electrodes; 5 — converter; 6 — piping; 7 — productive solution

The functional diagram is shown in Figure 2, it implements the transverse interaction of the following
flows:

- concentration AC: AC=C1-C2, (1)

- capillary: FT = FH, (2)

where FT is the force of gravity; FH is the surface tension force;

- convection: AT =T1 -T2, (3)

- gravitational: P = mg - ma, (4)

where P is weight; m - Mass; a - Acceleration; g - Free fall acceleration.

Discussion. For each of the listed mass transfer streams, there are mechanisms developed to control
them in the automatic control mode of each process separately and in complex combinations [5]. Physical
modeling of these processes was carried out in the laboratory. Pilot — industrial tests were successfully
carried out in Zhezkazgan on copper smelting production wastes. The obtained results allow us to predict
the economically - beneficial implementation of the development on all types of dumps, poor ores and
industrial wastes of existing industries.

Here it should also be noted that according to the concept of M. V. Lomonosov [6] each field is an
autonomous reactor, continuously reproducing those obtained minerals, which are due to the geometrical
location of the reservoir massif. These problems also require research, although they are related to the
solution of problems of cold nuclear fusion (NSF). In this case, it is necessary to know the conditions for
focusing incoming external influences.

At the stage of carrying out laboratory work, it is possible to analyze the possibilities of the mecha-
nisms controlling the properties in the reactions taking place at the interface (see table 1).

Table 1 — Matrix of digitalization of the processes of obtaining specified properties
at the system output (interaction mechanisms at the interface) (3x3)

Levels of con- Frequency range, (Hz) ¢’

sideration,
m Films Liquid Films of organic Type
Electronic of liquid metals film compounds of controlled
102 10'2- 10" 102107 107-10° process
. 9 . . . . . .
Lattice > 10 Elastic and inelastic Tonization Radiation - chemical Tntraphase Uniformity

scattering (exoemission)

reactions

Structural > 107

Phototransformation

Surface - active

Structuring,

Concentration disequilibrium

processes oxidation, reduction

Control method Heat generation Sorptlop, Polymer.lzatlon ' Interphase disequilibrium
desorption (synthesis, destruction)

Levels of Change in contact Resonance Capacitive Method of kinetic correspondences

consideration, m

conditions of
heterogeneous phases

of reactions of actions and response
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This table shows the main mechanisms controlling the chemical and physical properties of the
processes occurring at the interface, depending on the spatial-temporal parameters of the «impact-response
system» [7, 8].

The development of theoretical aspects of the digitalization of the mining industry requires systemic
knowledge of the properties of substances for different levels of consideration.

In systematization of knowledge about solid materials, the most significant are the size of their
structural elements (spatial characteristic) and the period of their oscillations around the equilibrium
position (temporary characteristic). Then, according to the level of significance, the space-time parameters
of the influencing medium follow, since the state of the material under external influence depends on the
relaxation time. The effect of external power is more dependent on the boundary conditions for the
interaction of direct and reverse processes [9-15].

To identify causal relationships when exposed to external sources of variable fields with a solid
substance, spatial-temporal parameters affecting the mass transfer, state and boundary conditions of the
interacting phases are selected. At the same time, the following distance scales for any level of structures
were selected for systematization by spatial attribute:

- macroscopic — near the scale of zero degree, 10° M - 1 u;

- polycrystalline, 10~ m;

- monocrystalline, 10 m;

- lattice, 10® m;

- electronic, 107" m.

Each model, changing through three orders of distance [7], has a specific leading element of the
structure, its own group of relations of the physical model, its own group of mathematical realizations.
Each group corresponds to a specific range of vibrations of the elements of the structure, which differs
from each other by three orders of magnitude [16-20]. The analysis of causal relationships is performed
according to the scheme (table 2) of the dialectical-logical approach to any problem under consideration,
i.e. taking into account the categories of single, common and universal for each spatial level
(B.A. Koyshibaev).

This scheme contains information for the analysis of cause and effect, taking into account the large-
scale (spatial) signs in combination with the time (frequency spectrum) possibilities of manifestation. If
the vertical columns arrange the levels of consideration by the scale of the distances, and the horizontal -
the vibration frequencies (temporal sign) of the corresponding elements of the structure for each level,
then you can systematize all types of mass transfer for solids [21-26]. In addition, for the mathematical
implementation it is necessary to take into account the capacitive capabilities in the absorption of a certain
type of radiation, which is entirely determined by the state of the material at the moment of radiation.
Therefore, there is a need to systematize according to the same signs of solid states (table 3). During the
analysis, the dialectical principles developed by BA Koyshibaev were used.

Table 2 — Matrix of system interconnections for the processes of accumulation and discharge of voltages
for a solid substance, taking into account the space-time features

Private ran%lez, Oscillation Oscillation Oscillation Oscillation spectrum
spectrum spectrum spectrum of other
Levels of electrons, of point defects, of linear defects, discontinuities
I 10"°-10" 1010 10°-10° 10°-10°
of consideration, m
Electronic, 102 Contact potential Self diffusion Polarization Electroacoustic
difference emission
Lattice, 10° ThermoEMF Diffusion Polymorphic Martensitic
(thermal conductivity) | (concentration transfer) | transformations transformations
Structural, 10 Thermo Magnetism Intragranular Grain boundary Twinning
deformation deformation
Real sample scale, 107 Thermoelectro Newtonian current Non-newtonian flow | Superplasticity
Resilience
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Table 3 — The matrix of solid states by space-time basis

Private range, Oscillation Oscillation Oscillation Oscillation spectrum
Hz spectrum spectrum spectrum of other
of electrons, of point defects, of linear defects, discontinuities
Levels 10°-10" 10"-10° 10°-10° 10°-10°
of consideration, m
Electronic, 1072 Conductive state Tonized Ordered Scale effects
Lattice, 10 Monocrystalline Polycrystalline state of | Polymorphism Magnetostriction
state solid solutions (transformation) Electrostriction
Structural, 10 Amorphous state Polycrystalline state of | State of phase Shape memory effect,
mechanical mixes boundaries piezo effect
Real sample scale, 10 Elastic state Plastic condition Hardened, weakened Superplasticity,
state fragility

Thus, the combination of the obtained results of experimental studies and the developed theoretical
background for digitalization in the mining industry allows us to draw the following conclusions:

1. The existing concept of digitalization in the mining industry has a number of significant
differences from the developed modern methods of automation of production, working from the industrial
power grid.

2. Using the example of digitalization of the leaching process, it is shown that to implement this
concept, an integrated approach to the study and subsequent use of natural mass transfer processes using
an autonomous mode of operation is necessary.

3. A digitalization matrix has been proposed for obtaining given properties when implementing
various interaction mechanisms at phase boundaries.

A.E. BopoﬁbeB', I'. II. Merakca®, E. M. Bostenos?, A. C. Meraxca®, K. H. Aanmesa’

'"Poccuiickuii yHHBEpCHTET APYXKObI Hapo10B, Mocksa, Poccus,
1. A KynaeB atbinnarsl Tay-keH ici MHCTUTYTbI, Anmatel, Ka3axcran

TAY-KEH OHEPKOCIBIH IU®PMEH KAMTAMACBI3 ETY.
TYXBIPBIMJIAMA KOHE KA3IPI'I 3AMAHYBI TEOTEXHOJIOT' U

Annotanusi. Tay-keH eHepKkaciOiHeri HU(pIaHIbIPyIbIH aFbIMAAFBI )KaFJalbl OapIIbIK TEXHUKAIBIK JaMbIFaH
eNJIePIiH XaIbIKapabIK KOHE OHIPIIK epexenepinae kopinic Tanthl. 2015 sxbutel Peceit @eaepanusachiHIa «aKbLIIBI
Kapbep» TY)KBIPBIMIaMachIH d3ipJiey YIIIH alfallKsl @HEPKICINTIK KOHCOPIUYM Kypy *ocrapianraH. JKobaHbIH 6ac
nmemeymrici VIST Group, conpaii-ak Peceit men Ka3akcranHbIH OipkaTap Tay-KeH KOMIaHHUIAphl 60iasl. bemopyc-
cusHbIH cepikTeci BEJIA3 GombIm Ta0BUTaqBI, O TAPUXTAFEI OipiHIII YIIKBIIICH3 ayBIP CAMOCBAN TaOBICTHI CHIHANIBL.
«Smart Quarry» >x00ackIHIa MaHBI3Bl TEXHOJOTHSUIIBIK OaFbIT pecypcThIK eHAipicte 3D Momennmey Ooubim TaOBI-
nmanel. Peceitnik xommanusa Vizerra - MaHCANTHIH BHPTyanasl HAKTHUIBIK MozemiH xkoHe [JIOHACC cmyTHHKTIK
HABUTAIMSIBIK TEXHOJIOTHSFA HET13/IereH Tay-KeH KOiK KemleHepiH OacKapyAblH aBTOMATTaHABIPBUIFaH KXYHECiH
JKacalpl JKOHE ambIK KaphepAi OHIIpyre apHaiFaH poOOTTaimFaH yAepicTi 0ackapy >KyHeciH KBI3BIKTHIPAbL.
"AKpUIIB" (BUATKEPIIIK) MaHcal TY>KbIPbIMJaMachl OHAIPYILI @HEPKACII KOFapbl MOHre e Oacka enjepiae Ae KeH
namyna (ABcrpanus, Kanana, Unnm). "Axpiiasl MaHcan" »xo0achkl ¥JITTHIK TEXHOJOTHSIIBIK OactamaHbiH "AutoNet"
MUWIOTTHIK JKoOanmapbiHbiH Tiz0ecine eHmi. KP-ma JKeskasran MbIc OaNKbITY OHMIPICIHIH KaJIbIKTAPBIH OHJCY
MBICAJIBIH/IA OCHI POLIECTEPl KY3 Maifbl3 TH(PIaHABIPY 16l OOKAMTBIH YKaHA T€OTEXHOJIOTH Kypbutyaa. Taxipu-
Oerik 3epTTeynep MEH eHri3UIreH a3ipieMenepliH ansiHFaH HoTwmkenepiHiH >KUBIHTBIFBI Ka3akcTaHHBIH Tay-KeH-
OHEPKACIN callachiHarsl HU(GPIaHABIPY MPOLECTEPiHiH TaOBICTHI iCKE achIpBUIYBIH OOJDKayFa MYMKIHIIK Oepei.
By xymeicta KP-na 93ipiieHeTiH aHa Te0TeXHOIOTHsIIapAbl TU(PIaHABPYABIH MBIHAIAH €peKIIeTIKTepi Kepce-
TIATEH:

- Tay-KEH CallaChIHAAFBI IIU(PIAHIBIPY TYKBIPHIMIAMACEIHBIH OHEPKICINTIK 3JEKTP JKETICIHEH )KYMBIC ICTeHTIH
OHJIIpicTep Il aBTOMATTAaHABIPYIBIH Ka3ipri 3aMaHFbI TOCUIAEpiHEH OipKaTap eneyii albIpManIbUIBIFE 0ap.

- cinTicizgeHaipy mpomeciH MU(pIaHABIPY MBICATBIHAA OCHl TYXKBIPBIMIAMAaHBI iCKe achIpy YIIiH Maigana-
HYJIBIH aBTOHOM/IbI PEXHMMIH KOJIZaHA OTBHIPBII, MacCONEPEHOCTHIH TAOUFH MPOLIECTEPIH 3EPTTEYTe KOHE KEHIHHEH
naijananyra KeleH/1i TaCT KaKeT eKeH T KOpCeTLUIreH.
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- (pazamapapl Oermy mIeKapachHIA ©3apa OPEKETTECYAiH dPTYPIIi MEXaHU3MIIEPiH iCKe achIpy Ke3iHze OepinreH
KacHeTTepli any VIIH nudplaHablpy MaTpUIAcHl YCHIHBUFaH. KoJTaHBICTaFbl KYWEHIH JKETKUTIKTI FBUIBIMIBI
Ka)XeT CIHETIH/Ir XKOK eKSHIIIT1 KOPCETUITeH, COHIBIKTAH Tay-KeH CaJlaChIH NN PIAHIBIPY aBTOHOM/IBI YHEPTUIMEH
KaOIBIKTay Il KO3IEHUTIH jKaHa FeOTEXHOJIOTUIIap Ikl JaMBITY/IBI €CKEPE OTBIPBII XKY3€Tre achIPbLIYHI THIC.

Tyiiin ce3mep: mudpiay, reoTeXHOJOrHA, IIaiMaiay, SKOJIOTHS, KalIbIKTap, (yHKIMOHAIABIK AHarpamma,
9KCIICPUMEHT.

A.E. BopoﬁbeB', I'. II. Merakca®, E. M. Bostenos?, A. C. Meraxca®, K. H. Aanmesa’

'Poccuiickuii YHUBEpPCHUTET ApYkObl Hapo1oB, Mocksa, Poccus,
*UncruryT roproro aena um. JI. A. Kynaesa, Anmarer, Kazaxcran

[U®POBU3ALIMA TOPHOM OTPACJIA. KOHIENIMA U COBPEMEHHBIE TEOTEXHOJIOT MA

AnHoTtanusi. COBpeMEHHOE COCTOSIHME IM(POBH3ALUKM B TOPHOW OTPAciId OTPaKEHO B MEXIYHApPOIHBIX H
pErvMoHaNbHBIX MOCTAHOBICHUSX BCEX TEXHUYECKM pa3BUTHIX cTpaH. B 2015 rony B P® mnanupoBanoch co3aathb
MIEPBBIN MPOMBINIICHHBII KOHCOPIUYM JJIsl pa3paO0TKH KOHIENINU «yMHBIN Kapbep». ['eHepaqbHbIM HHUINATOPOM
npoekrta BeicTynanu ['pynma BUCT, a taxke psig ropHomoObiBatonux kommnanuii Poccun u Kazaxcrana. Co cro-
pousl benapycu maptHepom BeicTymaeT kommanusi BEJIA3, xotopas ycmemHo mpoBeia UCHBITaHUS MEPBOTO B HC-
TOpHH OECMIIOTHOTO OOJIBLIETPY3HOTO KaphepHOro camocBaia. B mpoekre «YMHBIH Kapbep) BaKHBIM TEXHOJIOTH-
YeCKMM HampaBjicHueM siBjsieTcs: 3D-MoaenupoBaHue B 100bIUE PECypCcoOB. 31€Ch MHTEPECEH MPUMEDP POCCHICKOM
KOMITaHUU Vizerra, KOTopasi CO3/1aeT MOJAENb BUPTYAIbHOM peaJbHOCTH Kapbepa U aBTOMATU3UPOBAHHON CHUCTEMBI
YIPaBJIEHUS TOPHO-TPAHCIIOPTHBIMU KOMIUIEKCAMH Ha OCHOBE TexHosoruil cnytHukoBoi Hasuranuu I'JIOHACC un
PpOOOTH3MPOBaHHON CHCTEMBI YIPABJICHHUSI TEXHOJIOTHYECKHMH TIPOLECCAMH OTKPBITHIX TOPHBIX pador. KoHuenmms
«yYMHOTO» (MHTEIUIEKTYaIbHOI0) Kaphepa IIMPOKO pa3BHBAETCA W B JAPYTMX CTpaHax, rye JOOBIBAIOINAs MPOMBIII-
JICHHOCTh UMeeT BBICOKoe 3HaueHme (ABcrpanus, Kanama, Ummm). IIpoekt «YMHBIN Kapsepy» BOIIEN B TepeUeHb
MIIOTHBIX MPOeKTOB «AutoNet» HarmonansHoM TexHONMornueckoi nannuaTieel. B PK Ha mpuMepe o6paboTku oT-
XOZI0OB MEJIEIIaBUIIBHOTO TPOM3BOJCTBA JKe3KasraHa co3maeTcs HOBas T'€OTEXHOJIOTHS MPEAIoararonas CToIpo-
LEHTHYI0 IU(POBHU3ALMIO ITUX IponeccoB. COBOKYIMHOCTh MOIYYEHHBIX PE3yIbTaTOB SKCHEPHMEHTAIBHBIX HCCIIE-
JOBAaHWH M BHEAPEHHBIX Pa3pabOTOK IMO3BOJIET MPOTHOZUPOBATH YCIEHIHYIO PEATH3aIMI0 MIPOIECCOB IHU(POBH-
3alMu B TOPHO-TIPOMBIIUIEHHOW oTpaciu Kaszaxcrana. B mannHO# paboTe OTpaXKeHBI CIEXyIOIINE OCOOCHHOCTH
U QpOBU3aAIMY HOBBIX T€OTEXHOJIOTHH, pa3padaTriBaeMbix B PK:

- CyILIECTBYIOIIAsi KOHIUENIHS H(POBU3ALMU B TOPHOW OTPACIId MMEET PsiJl CyLIECTBEHHBIX OTIIMYHMN OT pas-
pabaTbiBaeMbIX COBPEMEHHBIX CIIOCOOOB aBTOMATH3alMK MPOM3BOJCTB, paOOTAIOIIMX OT IMPOMBIIUICHHOW 3JIeK-
TPOCETH.

- Ha mpuMepe UQPOBU3AIMM TIPOIecca BhIIIETaYMBaHMs MOKA3aHO, YTO Ui pealn3alliy 3TOW KOHIIETIIMN
HEOOX0AMM KOMIUIEKCHBIH MOAX0J] K M3YYEHHIO M MOCIIEAYIONEMY UCTIOIb30BAaHHIO TIPUPOAHBIX MPOLIECCOB Macco-
MepeHoca ¢ MPUMEHEHHEM aBTOHOMHOTO PEXXHUMa SKCIUTYaTal|H.

- TIpeUTIOKeHa MaTpHIia NU(GPOBU3AINH IS TIOJTyYSHHUS 3a/laHHBIX CBOIMCTB IPH peai3alliy pa3iIndHbIX MeXa-
HHU3MOB B3aMMOJCHCTBHS Ha TrpaHHLax pasaena ¢a3. [TokasaHo, 4ro cymiecTByromias cucreMa He o0nagaeTr moc-
TaTOYHOH HAYKOEMKOCTBIO U ITOITOMY IH(POBH3ALHS TOPHOH OTpaciy JODKHA OCYIIECTBIATHCS C yUETOM Pa3BUTHUS
HOBBIX T€OTEXHOJIOTHH, MPEAyCMaTPHBAIOIINX aBTOHOMHOE SHEPTOCHA0KEHHE.

KaroueBsbie cioBa: 1udpoBu3anus, re0TEXHOIOTHS, BBIILEIAYUBAHNE, SKOJIOTHS, OTXOAbI, (yHKINOHAIbHAS
CXeMa, SKCIIePUMEHT.
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