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ECONOMIC EFFICIENCY OF APPLICATION
OF ADDITIVE TECHNOLOGIES (3D PRINTING)
IN THE MANUFACTURING INDUSTRY

Abstract: The aim of the study is that in the conditions of global development, additive technologies are able to
return some of the production of high-tech products, concentrating them in developed countries. The need for
technology development will cause a qualitative leap in conducting research of various kinds aimed at optimizing the
operating modes of equipment, expanding the range of materials used, expanding the technological capabilities of
installations. The use of technologies for additive manufacturing and additive technologies in Kazakhstan is obvious,
as it can help Kazakhstan enterprises to optimize their non-core activities, for example, metalworking and
electroplating plants and reduce storage costs.

Domestic science and industry will have to invest a lot of effort in order to make up for lost time and to meet the
needs of their own market with both the installations of additive production and the availability of raw materials.

The methodological basis of the article is a systematic approach to the study and description of the relationship
of the operational properties of the part with the technological conditions of three-dimensional printing.

Keywords: additive technologies; three-dimensional printing; technological innovation.

Introduction — The last few years in the world are increasingly saying that 3D printing will soon
enter all areas of our life. It will be possible to print everything on a printer - from food to details of
fighters and donor organs. Is this true, and how does this sphere develop in our country? 3D printers,
which were talked about only a few years ago and about whose device most people have a rather vague
idea, can in the near future completely transform the industrial production scheme on the planet.

The scientific novelty and practical significance of the study of additive technologies for Kazakhstan
are obvious. First of all, this is the creation of a new field of technological knowledge of industrial
production. In addition to the economic efficiency of the introduction of additive technologies in
production, there is a high social significance.

Additive technology is the process of combining material to create an object from data (model),
usually layer by layer, in contrast to “subtracting” production technologies. Under the subtractive
technology means the machining - removal ("subtraction") of the material from the array of the work
piece. In turn, 3D printing is a colloquial name for additive technologies that are part of a new type of
production [1].

Research background - According to Vdovin R.A. and Smelov V.G. in their publications, Additive
Fabrication (AF) or Additive Manufacturing (AM) means additive that is, obtained by adding. This
technology is based on a layer-by-layer extension of the model obtained by three-dimensional digital
modeling or scanning. In past years, the term rapid prototyping (Rapid Prototyping) or RP-technology was
used more often [2].

According to M. A. Zlenko, additive technologies today are a rapidly developing industry of industrial
production. The market of additive technologies (hereinafter referred to as AP) includes the
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implementation of AP installations, the production of models or parts to order or for their own needs,
after-sales service of installations, software development, training of specialists and operators, advertising
and consulting [3].

In accordance with the research of foreign accounting Attaran M., the domestic market of additive
technologies remains underdeveloped, but is gaining momentum. Experience in the development and
implementation of metal-printing technologies have individual domestic companies, educational centers.

Table 1 shows the industries that most fully mastered additive technologies [4].

Table - 1 Industries applying technology additive technologies

products. Reducing the mass of cars.
Cooling system for prototypes
operating in particularly difficult
conditions.

Industry Applications Benefits
Aerospace Prototyping. Production of Production of components for aircraft, launch vehicles
components for aircraft, launch and satellites. Weight reduction products.
vehicles and satellites. Weight Reducing the cost of production of complex functional
reduction products. products. Local production at the place of demand with
no restrictions on delivery. Reduced production time
leads to a reduction in the required stocks of raw
materials. Optimization of structures (weight reduction,
reduction in the number of modular elements).
Automotive Prototyping. Manufacture of Optimization of product design. Accelerating the entry

of new products into the market. Reduced repair costs.
Stock reduction. Improving the quality of products.

Traumatology  Surgery

Implant manufacturing (hearing aids,

Reduced time and cost of operations. Reducing the risks

Rehabilitation prostheses). Reconstruction of the of post-operative complications. Reduced production
bones. Hip joints. Skull implants. time. Optimization of implant design for anatomical
Maxillary implants. features.

Dentistry Dentures and crowns, orthodontic Reduced production time
appliances Anatomical optimization of products

Note - compiled by authors according to the source [4]

In the context of global development, additive technologies are able to return some of the production
of high-tech products, concentrating them in developed countries.

Publishing his scientific articles about the possibilities of the development of additive technologies
Yurasev N.I. notes about the need to develop technologies in this area, which will cause a qualitative leap
in conducting research of various kinds, aimed at optimizing the operating modes of the equipment,
expanding the range of materials used, expanding the technological capabilities of the facilities. The
motivations of countries to develop new production technologies, however, are different:

- for the USA, it is the need to maintain world leadership;

- for the countries of Western Europe, this is the preservation of leadership positions in a number of
segments in high-tech markets in the conditions of active development of production technologies in the
USA, China and Japan.

- for China, this is the development of a new industry with account of its reliance on its own strength
[5].

Thus, an important factor contributing to the process of updating the industrialization of developed
economies is the development of new production technologies, allowing them to switch to new business
models based on product customization.

For Kazakhstan's science and industry, it will be necessary to invest a lot of effort in order to make up
for lost time and to meet the needs of its own market both with the installations of additive production and
with the availability of the raw material base.

Results of research — The analysis shows that the global market for additive technologies has grown
tenfold from 2012 to 2017. 3D printing technologies, although they appeared in the 1980s, turned out to be
in demand only in recent years. According to the data of The Boston Consulting Group (BCG) published
in 2018, in 2015 the volume of the global 3D printing market was estimated at $ 5 billion, and by 2021 the
market promises to grow more than threefold. If, by 2035, 3D printing is introduced at only 1.5% of
production capacity, the market volume will already exceed $ 350 billion, while about half of the entire
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market will fall on just three sectors: the automotive and aerospace industries, as well as health care, in
particular, dentistry [6].

The report of Wohlers Report (2012) states an expert: “The AM-industry market still contains a huge
untapped potential, especially in the production of consumer goods and products with rapidly changing
designs. Companies spend 5-10% on design testing in prototypes, while the remaining 90-95% spend on
the main production of goods. It is for this reason that so many companies want to occupy this market
segment. Real money is not in design and not in prototypes, real money is in production. Therefore,
manufacturers of AM-systems and service firms are increasingly offering solutions for the production of
final products. However, this market is rather complicated for AM technologies in comparison with the
market of models and prototypes [1].

Plans for the introduction of 3D printing are developed in Kazakhstan. The development of additive
manufacturing technology is indicated by one of the elements of the “Industry 4.0” concept, the need for
which has been repeatedly pointed out by the head of state. In addition, as noted in the state Program of
Industrial Innovation Development of Kazakhstan for 2015-2019, “within the framework of the
autonomous cluster fund Park of Innovative Technologies, until 2019, it is planned to create five centers
for the development of technologies (competencies) in the areas of Smart Industry Mining and
Metallurgical Complex, “New materials and additive technologies”, “Smart environment”, “Financial
technologies”, “New energy and clean technologies”.

An urgent task for Kazakhstan is to find its niche in this market in the coming years and integrate
itself into the global chain of suppliers of innovative materials.

The competitive environment is quite conducive to such ambitions, given the country's security with
all kinds of necessary raw materials: titanium, aluminum, vanadium, etc. [7]. Breakthrough technology
centers in key sectors of the economy are created by the national class fund with the support of the
Government in the framework of the 63rd step of the Nation Plan [8]. The partners of the centers are the
leading transnational corporations, which as investments compensate the centers for their creation at least
50% of all costs.

As A.N. Chemodurov notes in his scientific publications, of course, the advantages of additive
technologies are as follows:

1) elimination of the conflict of the design technologist, since both functions can be performed by one
specialist;

2) the possibility of manufacturing products of complex geometric configuration, incl. with internal
channels and cavities, with a large surface area, small volume;

3) no need to manufacture tooling equipment and molds;

4) minimizing the loss of material and industrial waste;

5) reducing the time of supply of raw materials, reducing the volume of the warehouse;

6) expediency in individual or small-scale production;

7) reduction of component parts of the created units and assemblies;

8) reducing the number of technological operations, automating the process, reducing labor intensity
and production time [9].

In general, in the world of science there are two groups of additive technologies: Bed Deposition and
Direct Deposition, which are used by different companies. The strongest position is taken by 3D Systems
(more than 1,000 patents), which over the past few years has bought more than 20 firms working in the
field of the production of 3D printers, software products, materials, and also in the provision of services
[10]. Other leading manufacturers of 3D equipment are Stratasys (506 patents), Z Corp (bought by 3D
Systems, 175 patents), Voxeljet (106 patents) [11].

Key companies in the AM industry: 3D Systems Corporation (U. S.), 3T RPD (U. K.), Arcam AB
(Sweden), Biomedical Modeling, Inc. (U. S.), Envisiontec GmbH (Germany), EOS GmbH Electro Optical
Systems (Germany), Fcubic AB (Sweden), GPI Prototype and Manufacturing Services, Inc. (U. S.),
Greatbatch, Inc. (U. S.), Layerwise NV (Belgium), Limacorporate SPA (Italy), Materialise NV (Belgium),
Medical Modeling, Inc. (U. S.).

According to a survey of 1000 global industrial companies conducted by Sculpteo, more than 40% of
companies already use 3D printing for manufacturing products in 2018 (compared to 22% in 2017), while
in the aerospace sector, the greatest use (more than 60% of companies use AP in production) (Table 2) [12].
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Table 2 — Purposes of application of 3D printing of industrial companies in the world, comparison of 2017 and 2018

Purposes of application 2017 2018
Prototyping 34% 55%
Production 22% 43%
Concept confirmation 23% 41%
Marketing samples 10% 18%
Art 8% 16%
Education 7% 16%
Hobby 5% 10%
Note - compiled by authors according to source [12]

The pioneers of the market were the USA, Japan, the countries of Western Europe, including
Germany, Great Britain, France and a number of other countries. Each of them has its own established
leaders - manufacturers of 3D printers. South Korea, Israel and China, which, with its speed of mastering
new technologies, is a source of concern for the traditional leader of high technology trends in the world -
the United States - are showing significant activity.

More than 600 patents issued in the field of 3D printing since 1996, more than 50 methods
(processes) of printing have been patented by manufacturers of 3D printers, more than 100 patents are
issued per year to companies in different industries (industrial leaders patent their own solutions and
developments) (Table 3) [12].

Table 3 — The number of patents granted in the field of 3D printing for the period from 2011-2017

Years 2011 2012 2013 2014 2015 2016 2017
Total patents granted (cumulative) 227 247 273 318 336 545 646
Including by year: 40 20 26 45 18 209 101
Printers \ technology 2 1 1 1 0 10 6
Materials 2 1 1 1 1 4 3
Software 2 2 2 3 1 10 5
Aviation 6 2 4 7 3 23 12
Architecture 4 3 2 5 2 21 9
Electronics manufacturing 6 2 2 5 2 29 17
Industry, equipment 4 3 4 4 2 23 10
manufacturing
Medicine / Dentistry 6 4 5 10 4 6 16
Automotive industry 4 2 3 6 2 23 12
Others 4 1 3 3 1 19 10
Note - compiled by authors according to source [12]

The choice of technology - material - a 3D printer is a typical engineering problem in terms of the
lack of an unambiguously correct solution. Each individual print order requires detailed consideration
(determination of feasibility, possible improvement of characteristics, economic effect). Therefore, it is
possible to designate some selection criteria, but it is difficult to unambiguously determine the correct
sequence without having your own (or partner) system with the developed selection algorithms, since each
case is unique and requires taking into account nuances (matching printing parameters with the required
part properties).

Kazakhstan and foreign experts characterize the current development of the Kazakhstan market of
additive technologies as a stage of formation in comparison with the world and generally matured to a low
level.

So, in September 2017, joining Astana in the framework of the XI Eurasian Forum KAZENERGY, it
was noted that, for example, a number of projects on digitalization and robotization of production are
being implemented in Kazatomprom. “A digital mine is the very basis that will serve for the introduction
of a variety of systems in our production, which, in essence, are Industry 4.0. These are additive
technologies, augmented reality, big data and much more. The project has already passed the first pilot
stage in the Kazatomprom SaUran enterprise. From the beginning of the implementation of the Digital
Mine project, a number of effects have been obtained, in particular:
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- the time of equipment diagnosis was reduced from 14 days to two;

- the time of reduced well productivity decreased threefold, in addition, the potential for reducing
electricity consumption by 10% was revealed;

- reduced time for reporting.

According to Rustem Sundetov, director of 3D Lab, at least two domestic construction companies in
Kazakhstan have 3D printers whose capacity is enough to print a small bath (for comparison, we note that
the devices available to the two construction companies from Russia per day can print an apartment with
an area of 39 "squares"). Speaking of 3D technologies as the third industrial revolution, the Kazakh expert
notes, we should not forget that these developments, with all their progressiveness, can significantly
reduce the cost of the process, but they cannot replace serial production on the conveyor.

The most sophisticated and modern 3D printers of German production are in service with the
Kazakhstan Garysh Sapary company. “One of the manufacturers of ice cream using 3D-printing produced
a form for the production of sweet ice in the form of the hotel“ Kazakhstan ”. The technique of 3D
printing by photopolymers is actively used by jewelers and dentists. ” Kazakhstani doctors generally
successfully master the new technology, thereby confirming global forecasts that healthcare will become
one of the leading sectors in the development of 3D. Before surgeries on complex fractures, young
surgeons print fragments of bone on a 3D printer, guided by x-ray data, and before reopening, they
rehearse options that are less traumatic for the patient.

The whole process of additive manufacturing consists of the following steps:

- a 3D model of the part is being developed using volumetric modeling software;

- the volume computer model is converted into the standard STL format, loaded into the memory of
the AP installation;

- before installation, the installation software cuts a virtual model into layers of the required thickness
(each manufacturer’s cutting algorithms are based on their own software algorithms and patented);

- then a layer-by-layer process of growing products based on the data takes place (the “hard” sections
of the section are processed).

According to the research of additive technologies in the industrial production of new products in
Kazakhstan, according to R. Muhamadeeva and Sharipova A.M., can be held on the basis of the results of
3D Print Conference, held in Kazakhstan. All ongoing activities are focused on businessmen and
entrepreneurs of Kazakhstan [13]. 3D printing and scanning are recognized as one of the most promising
technology directions. Observations of speeches at conferences, comparison of statistical data on the
results of sales of three-dimensional equipment, led to the conclusion that for the introduction and
development of new technology requires competence, knowledge, skills and abilities [14].

Thus, the development of additive manufacturing systems can significantly reduce the cost and time
of manufacture of complex products, and the expansion of the range of alloys ensures the production of
parts with improved characteristics. The use of additive manufacturing technologies would help
Kazakhstani enterprises to optimize non-core activities in metalworking and electroplating workshops, and
reduce storage costs. The availability of 3D printing services is very important, given that many mining
and manufacturing assets are far from settlements. After all, 3D printers capable of printing spare parts,
components for equipment and even residential premises are already working today.

Conclusions - New technologies are traditionally introduced into high-tech production areas at low
rates, which lead to a strong gap between the demand for an inexpensive, fast product supply and the
supply chain characteristic of expensive products with a long life cycle. The experience of Western
countries shows that manufacturers of high-tech products will experience increasing pressure from state
and private customers in the area of compliance with the concept of e-commerce for product sales. The
development of additive production systems can significantly reduce the cost and time of manufacture of
complex products, and the expansion of the range of alloys provides for the production of parts with
improved characteristics. As a result, some manufacturers began to actively implement these technologies
in existing production lines. This behavior is evidence of a high innovation culture. For the rest of the
areas of AT need to justify their use, the development of recognition of production processes, changes in
design principles.

The introduction of additive technologies and production in the domestic industry, as noted [.Smurov,
is in its infancy. Today, Kazakhstan is actively working on the development of additive technologies —
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competence centers are being formed and national standards for the segment are being prepared [15]. For
companies that want to test the capabilities of 3D-printing in the regions of Kazakhstan, several
Competence Centers for additive technologies and prototyping have been created. Such organizations
provide their additive equipment for use. The service is suitable for those who need to carry out research
and development, produce a unique product, check the capabilities of their technological prototype.

An analysis by J’son & Partners Consulting consultants showed that:

- The 3D printing market is at the very beginning of the rise, printing experiments in various
industries, various product ranges, product redesign;

- software, materials, equipment, processes are being intensively improved.

3D printing confidently takes its place in almost all sectors of the real sector of the economy, put into
commercial operation, companies continue to expand the range of printed products.

The use of additive technologies in production, marketing, design, visualization for customers and
company management is expanding every year. World industrial leaders and experts predict that:

- 2/3 of industrial leaders are already using AP in production processes;

- by 2030, 2/3 of all manufactured products in the world will be produced with printed components;

- by 2030-2050 In a number of manufacturing industries, 3D printing will allow printing of fully
finished products [16].

Although prototyping remains a large segment of AP (as historically established first use of AP), the
demand for AP in other segments, including the production of functional parts, is growing at the highest
rates.

Therefore, the key to control, understanding and leadership in all industry technologies of the future is
the accumulation of knowledge about materials, processes and equipment at their own experimental
facilities, with maximum computer automation, inter-sectoral coordination and maximum involvement of
state support.

Rapid prototyping allows you to make a preliminary assessment of ergonomics, collection and correct
layout solutions without the use of expensive tooling. 3D printing of prototypes for R & D, as a rule,
shortens the period of each iteration of prototyping from several weeks to several days, so 3D printing
gives:

- the ability to significantly ease the weight of parts in production;

- geometric freedom of design allows to achieve the same functional properties of the part, as in
traditional production, but at lower costs of the material;

- saving material and facilitating the weight of the product is provided by topological optimization of
the product design (when the consumption of raw materials is optimal with given technical characteristics)
and the use of lattice, mesh, honeycomb structures instead of a single body;

- reduced the number of production processes and data processing systems.

- allow you to produce complex products autonomously, which is very valuable for the mining
industry, aerospace projects and defense.

In their publications Shekhovtsov A.A. about additive technologies as a way to implement the
concept of lean manufacturing, notes that the possibility of high-quality development and introduction into
production, and most importantly, in the educational process of new additive technologies will help speed
up the industrial-innovative development of Kazakhstan and allow young professionals to feel more
confident on the international market [17].

The main advantages of additive technology:

- reducing the duration of the technical preparation of the production of new products by 2-4 times;

- reducing the cost of production, especially in small-scale or single production by 2-3 times;

- a significant increase in production flexibility;

- increase the competitiveness of production;

- through the use of computer technology, integration with computer-aided design systems;

- automated quality control of the products obtained;

- visualization of new products and the use of prototypes in the educational process [18].

Investment activity is an important condition for the economic growth of any state in the modern
world. Kazakhstan constitute no exception; therefore, its investment attractiveness expansion is one of the
main priorities for development. In light of the crisis phenomena in the global economy, competition
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between the countries has intensified to attract the investment. Therefore, to ensure the structural
transformation of the economy and in terms of limited domestic sources of funds, the development and
implementation of new investment policy oriented to the high rates of economic growth and economy
efficiency improvement is of prime importance [19].

In general, it can be noted that government support for small and medium-sized enterprises in the
Republic of Kazakhstan is multilevel: government support programs for various areas of SMEs activity
are being implemented; measures are being taken to reduce the tax burden; legalization of property and
assets is conducted; a set of measures to facilitate access to credit resources is being implemented;
administrative procedures and permits are simplified; regional centers for supporting small and
mediumsized enterprises are organized in both cities and rural areas [20].

According to strategic consultants J'son & Partners Consulting, for Kazakhstan the development of its
competencies 3D printing solves a whole range of actual strategic tasks - this is the development of high-
tech competencies, import substitution, the development of domestic products, the "landing" of value
added in Kazakhstan and increasing labor productivity in various industries.

Thus, we would like to note that the main task of introducing additive production is to increase its
economic efficiency indicators and eliminate the shortcomings of traditional production methods,
expressed in overproduction and losses due to the presence of excess stocks, time spent on equipment
downtime, the presence of extra long production chains, high transport costs.

YK 334.7
JI.B. Kanbiexosa ', T.H. Cpannosa’, I'.T. Kynypky.ibxaesa

lXaJH,IKapaJH,IK busnec YHuBepcuteTiHiH, AMaThH K., KazakcraH ;
2Ka3T¥TLIHyOI[aFBI Kaparanbl 5KOHOMUKAIBIK YHUBEpCHUTETI, Kaparaunes K., Ka3zakcras;
3}K¥6aHOB aThIHIaFel AKTO0E MEMIIEKETTIK OHIpIIK YHUBepcUTeT, AKTo0e, Kazakctan

OHJIEY OHEPKOCIBIHJIE AJJUTUBTI TEXHOJOT USLTIAPABI KOJJIAHY JIbIH
YKOHOMUKAJBIK TUIMJILIITT (3D - BACIIA)

AHHOTanusi. 3epTTeyAiH MaKcaThl xkahaHAbIK AaMy KarFIaiblHIa aJIMTUBTI TEXHOJIOTHsIAP JKOFaphl TEXHOJIO-
THSUIBIK OHIMHIH KeiOip OHAIpiCTepiH NaMbIFaH eNjiepre MOFbIPIaH/AbIPbIIN, KaiiTapyra kabuterti. TexHomaorusiap st
JIAMBITY Ka)XKETTLIIr] »KaOAbIKThIH )KYMBIC PEXKUMIH OHTAHIAHIIBIPYFa, KOJAaHBUIATHIH MaTepUalIAapIblH HOMEHKIIa-
TypachlH KeHelTyre, KoHIbIpFbUIapIbIH TEXHOIOTHSUIBIK MYMKIHAIKTEPIH KEHEHTyre OaFbITTAIFaH TYpIli 3epTTeyliep
KYPprisyze canaibl ceKipyai Tyasipaabl. Kazakcranna aauTuBTi ©HAIpiC TEXHOJIOTUIIAPEl MEH aJIMTUBTI TEXHOJIO-
TUSUIAP.IBI KOJIAHY aiiKbIH, OMTKEeHI OYJ1 Ka3aKCTaH/BIK KOCITOPBIHAAPFA ©31HIH OCHiHCI3 KBI3METIH OHTAMIaHABIPYFa,
MBICAJIBI, METAJUT OHJICY JKOHE TAIbBAHUKANIBIK IIEXTAap MEH KOWMA IIBIFBIHAAPBIH KBICKAPTyFa KOMEKTECE aIaIbl.

OTaHIBIK FRUTBIM MEH OHEPKICIITIKE KiOEpireH yaKbITThI apTTHIPHIN, 63 HAPBIFBIHBIH KaXKCTTUIICH alIUTUBTI
OHIIIpic KOHABIPFBUTAPBIMEH JIe, IINKi3aT 0a3aChIHBIH OOJMYBIMEH Ji¢ KAaMTaMachl3 €Ty YIIIH KOl KYII JKyMcayFa Typa
KeJemi.

MakanaHblH oJiCHAMAJIBIK HETi3i Yyl esmemai OachaHblH TEXHOJOTHSIBIK JKaFaaiaapbIMeH OOJIeKTiH
naiinanaHy KaCHETTEpiHiH e3apa OaillaHBICHIH 3epTTeY MEH CHITaTTaYABIH XKYHei TociIi OOJBI TaObIIa IbI.

TyiiiH ce3aep: aAIUTUBTI TEXHOJOTHIIAD; YIII OJIIIEMIl 0acma; TEXHOJOTHSIIBIK HHHOBAITUSIIAP.
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3 AKTIOOHHCKHMIT perroHaTbHbIi rocy1apcTBeH b yHuBepentet uM. K. XKy6anosa, Axrobe, Kasaxcran

IKOHOMUYECKAA SOPEKTUBHOCTD IIPUMEHEHUA AJIZIMTUBHBIX TEXHOJIOI! 11/
(3D - IEYATH) B OBPABATBIBAIOIIEU TPOMBIIIVIEHHOCTH

AHHOTaIIHﬂ. I_le.l'lb}O HCCIICAOBaHUA SABJISICTCA TO, YTO B YCJIIOBHAX r100aILHOTO pa3BuTHd, AAAUTUBHBIC
TEXHOJIOTUU CIIOCOOHBI BCPHYTb HEKOTOPBIC IMPOU3BOACTBA BBICOKOTEXHOJIOTMIHOM MNpOAYKIHHU, CKOHIICHTPUPOBAB
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X B Pa3BUTHIX CcTpaHax. HeoOXOOMMOCTh pa3sBUTHS TEXHOJOTHII BBI30BET KAYECTBEHHBIN CKA4OK B NPOBEICHHU
WCCIIENOBAaHUN PA3IMYHOTO POJa, HANPaBICHHBIX HA ONTHMHU3ALMIO PEKHUMOB pab0Thl 000pYIOBaHMS, PACIIMPEHUIO
HOMCHKJIATYpPBl ~NPUMEHAEMBIX MaTEpPHANIOB, PpACIIMPEHUIO TEXHOJOTHYECKHX BO3MOXKHOCTEH yCTaHOBOK.
ITpuMmeHeHne TEXHOIOTUH aJANTHBHOTO MPOM3BOACTBA M aJWTHUBHBIX TexHOMOrui B KazaxcTaHe Oo4eBHIHBI, Tak
KaK 3TO MOXXET IIOMOYb Ka3aXCTAHCKHM IpPEANPHATHAM ONTHMH3HPOBATh CBOIO HENPOQHIBHYIO NEATEIbHOCTS,
HalpuMep, MeTalI000pabaThIBAIONIIE U FAJIbBAHMUECKHE [1€Xa M COKPAIIATh CKIaCKHE PACXOIbI.

OTeuecTBEHHON k€ HayKe U NMPOMBIIUIEHHOCTH HMPUAETCS BIOXKHUTh HEMaNO YCHIMH IS TOTO, YTO HaBEpPCTaTh
VIYIIEHHOE BpeMsi M O00ecne4YuTh IMOTPeOHOCTH COOCTBEHHOIO pBHIHKAa KaK YCTAHOBKaMH aJIMTHBHOTO
MIPOU3BOJICTBA, TAK ¥ HAJIMYHEM CBIPbEBO Oa3bl.

MeTon0n0ru4eckoil OCHOBON CTaTbU SIBISIETCS CUCTEMHBIN MOAXOJ] K M3YYCHHIO U OMNUCAHHUIO B3aUMOCBA3EH
9KCIUTyaTal[HIOHHBIX CBOMCTB A€TAJIU C TEXHOJOTUUYECKUMU YCIOBUSAMU TPEXMEPHOM MEUaTH.

KitoueBble cj10Ba: aJIUTUBHBIE TEXHOJIOTUH; TPEXMEPHAs [1€4aTh; TEXHOJIOTNYECKHE HHHOBALIHUU.
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