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Directions for increasing the effective use of regional hydropower sector
on the basis of the construction of small hydroelectric stations
(on the example of the East Kazakhstan region)

The article considered theoretical aspects of the substantiation of the hydroelectric stations construction in the
East Kazakhstan region. The important role of hydro-energetics in the economic and social sphere of any
country, which is one of the basic branches of the economy, is shown. It was noted that as a result of violation
of financial obligations of the population and enterprises, there were massive disconnections of them from
centralized power supply (in small settlements and farms located in the foothill zone, power transmission
lines of which were disconnected or even destroyed, which led to a sharp increase in the combustion of solid
carbon fuel, chaotic deforestation of forest plantations). The world experience of the maximum deployment
of the hydro-potential of a number of countries was studied, even in the presence of alternative energy re-
sources. The hydro-potential of the Republic of Kazakhstan has been identified. The specific features of a
particular region have been studied from the point of view of providing it with electricity. A sociological
study was conducted of the need to build a small hydroelectric station on the territory of the East Kazakhstan
region to solve the problems linked with supplying electricity of the hard-to-reach territories in the region, in-
cluding providing it to rural consumers and facilities of distant-pasture cattle rearing, mining and exploration
facilities, tourist complexes and other facilities. A choice of an alternative hydraulic structure was selected us-
ing the hierarchical analysis method to justify the construction of a small hydroelectric station on the
Yazovayriver and calculate its installed capacity. The economic substantiation of the innovation project is
given, the main types of risks associated with its implementation are identified.

Keywords: energy security, hydro-energetics, small hydroelectric stations, innovative project, efficiency, risk.

In the Message of the President of the Republic of Kazakhstan to the people of Kazakhstan «Strategy
«Kazakhstan-2050»: a new political course of the State» Nursultan Nazarbayev outlined ten global challeng-
es of the 21%century, including acute water shortage and global energy security [1].Today, all developed
countries increase investments in alternative and «green» energy technologies. And by 2050, their use will
generate up to 50 % of all energy consumed. It is clearly that the era of the hydrocarbon economy is gradual-
ly approaching its end and a new era is beginning in which human life activity will be based not so much on
oil and gas as on renewable energy sources.

Traditionally, Kazakhstan's energy sector is represented by two main sectors: thermal power engineer-
ing - 91 % and hydropower - 9 %. The potential of hydropower in Kazakhstan according to the assessment of
the European company Pure Nature Energy GmbH is 4 million kW. This is equivalent to the installed elec-
tric capacity of EkibastuzSDPP 1 [2].

At present, a stable economic situation in Kazakhstan allows and requires a clear definition of priorities
in the development of hydropower. The deficit of maneuverable generating capacity to cover peak loads, as-
sociated with a low proportion of hydroelectric power plants in the structure of the generating capacity of the
unified energy system (UES) of Kazakhstan, leads to the dependence of the country's energy sector on
neighboring countries. This is already becoming a matter of energy security.

Hydropower, being one of the basic branches, plays an important role in the economic and social sphere
of any state. Therefore, the electric power complex is defined as one of the priority sectors of the economy of
the Republic of Kazakhstan and is viewed as a dynamically balanced system «energy - economy - nature -
society» with sustainable development of the electric power industry based on new highly efficient technolo-
gies and constant reduction of the energy intensity of the country's gross domestic product.

The legal basis for the modern development of hydropower in Kazakhstan are the current laws of the
Republic of Kazakhstan «On Electricity» [3], «On Electricity Supply and Energy Efficiency Improve-
ment» [4], and the Concept for the Development of the Fuel and Energy Complex of the Republic of Ka-
zakhstan until 2030 [5].

World experience shows us the global tendency of maximum development of hydro potential, even if
there are alternative energy resources. A striking example is Norway, which has large reserves of natural gas,
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whose energy is 100 % based on hydroelectric power stations (HPPs). At present, the hydro potential is mas-
tered: in Germany - by 95 %; in the UK - 90 %; in Japan - 84 %; in the United States - 82 %; in Russia it is
20 %. According to the estimates of the Kazakhstan Government, the hydro potential of the republic is about
170 billion kWh per year, while 62 billion kWh are technologically possible for use, 27 billion kWh are eco-
nomically economical, of which over 8.8 billion kWh per year (14 % of the technically possible). The poten-
tial resources of all rivers of Eastern Kazakhstan, the most promising for the construction of hydroelectric
power stations, are 42.7 billion kWh, of which technically possible - 20 billion kWh, and economically fea-
sible for practical use - 17 billion kWh, of which only about 5.0 billion kWh.

The using of energy from small watercourses with the help of small hydroelectric power plants is one of
the most effective areas for the future development of alternative energy that will reduce the shortages of
electricity and capacity, improve the reliability of energy supply to consumers of the unified energy system
of Kazakhstan for a certain category of people in remote areas.

Such hydropower plants usually produce less than 100 kW of energy, for comparison, a large house or
small farm usually consumes about 10 kW. This is much cheaper and more profitable than the construction
of power lines or the operation of diesel installations.

The following domestic and foreign scientists and practitioners were engaged in analysis of the current
state and prospects for the development of small hydropower in Kazakhstan and CIS countries, non-
traditional renewable energy sources, methods and means of energy and resource saving: A.V.Belosliudov
[6,7], T.T.Sarsembekov [8], L.M.Cetoshnikova [9], V.V.Stafievskaya [10], A.M.Velenteenko [10],
G.Zh.Kasymbekov [11] et al.These authors have studied various aspects of the further development of hy-
dropower. However, in our opinion, our regional problems of the energy consumption have not been ade-
quately studied taking into account the needs of the population and the water resources of specific regions
that have hydro potential.

Nevertheless, the further development of hydropower in the republic is associated, mainly, with the
construction of small hydropower plants in the South Kazakhstan and East Kazakhstan regions (EKO),
where problems remain unavoidable due to the unavoidability of using the richest hydro and energy potential
of rivers. We have also a need to attract investments in the modernization of the exploited and the construc-
tion of new small HPPs, taking into account the interests of the Unified Energy System of Kazakhstan.

At present, we have only three small hydropower stations operate in the East Kazakhstan region with a
total installed capacity of 13.78 thousand kW and one micro hydro power plant at the Malo-Ulba Reservoir.
On the territory of the East Kazakhstan region on the first stage of the development of hydropower resources
of small rivers, there is the possibility of broad construction of new small HPPs and the addition of small
HPPs to existing reservoirs with a total capacity of about 350,000 kW and generating clean electricity in the
amount of 1 billion 750 million kWh. in year.In addition, it is possible to install a large number of micro hy-
dro power plants in the EKO with a capacity of 10 to 100 kW with a total installed capacity of 1 thousand
100 kW and produce more than 9 million kWh. ina year. In this way, the small hydropower industry will be
an integral part of the developing energy system of the EK region and will prove to be non-alternative.

The hydropower potential of small rivers in the East Kazakhstan area was studied in 1935, 1940, 1952,
1962, and also in the early 90s. However, due to the powerful development of heat power engineering, the
construction of large hydroelectric power stations and widespread electricity supply from the power system
of «Altaienergo», the interest in small hydro power plants was lost.But already at the beginning of the 90s,
on the instructions of JSC «Altaienergo», the «Almaty hydroproject» institute fulfilled the «Scheme for plac-
ing small hydropower stations on the rivers of the East Kazakhstan region». After the transfer of energy ob-
jects into private ownership, energy monopolies emerged, dictating tariffs for electricity and heat.

As a result of violation of financial obligations of the population and enterprises, massive disconnec-
tions of them from centralized power supply occurred. This led to a sharp increase in the combustion of solid
carbon fuels and chaotic felling of forest plantations.

This situation was especially acute in small settlements and farms located in the foothill zone, the power
transmission lines of which are switched off or even destroyed. In the conditions of revival of the village and
support of the processing industry of agricultural producers, a stable power supply is required.

In this regard, the return to the use of small rivers is quite timely and right. Small hydropower plants are
the closest to the consumer, require small-scale distribution networks and, accordingly, with small losses in
networks.

Hydraulic engineering structures of small hydropower plants are created by the simplified schemes with
minimal alienation of land. The cost of 1 kW of installed capacity of small hydropower plants is in the range
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of 2-7,5 thousand US dollars, and in each case it is formed individually. For instance, in the case of the addi-
tion of a small hydro power station to existing reservoirs, its cost will be minimal.

As a pilot variant, an innovative project «Design and construction of the Yazovskaya small hydropower
plant on the river. Yazovaya» was proposed. At present, the diesel and petrol-electric units are mainly used
for power supply of small dispersed consumers in the village, which have significant short comings - pollu-
tion of the environment by exhaust gases and fuel, the difficulty of delivering fuel over long distances, the
need for constant maintenance, and high noise.

To determine the necessity and feasibility of building hydroelectric power stations on the territory of the
East Kazakhstan area, the Katon-Karagai district, the village of Yazovoye, the Yazovaya River (length
22 km), which flows from Lake Karakol (Yazevoye) height 1685 meters above sea level, a sociological
study was conducted, the sample of which amounted to 98 people. The results of the questionnaire survey of
local residents to identify the need for electricity are as follows:

1. The question «Do you know about the existence of a small hydropower plant»: 35 % of the respond-
ents answered «Yes», and «No» - 65 % (Fig. 1).

M Yes

4 No

Figure 1. View Poll Results — the question «Do you know
about the existence of a small hydropower plant?»

2. The question «What kind of power units did you use?» The following results of the answers present-
ed in Figure 2 were obtained.

@ Diesel
B Benzo-electric

@ Others

Figure 2. View Poll Results — the question
«What kind of power units did you use?»

3. The main disadvantages in using these aggregates, established in order of importance, are shown in
Figure 3.
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Figure 3. View Poll Results — the question «What major drawbacks
do you see inusing process of these aggregates?»

4. Of the total number of respondents, 54 % consider the construction of a small HPP is useful, and only
13 % answered «No», while a significant number of respondents (almost a 1/3) answered that they did not
know-33 %.

5. On the question of whether they need this kind of construction, 65 % of the respondents answered
«yes», «noy» - 10 % and «I do not know» - 25 % (Fig. 4).

25%

% Yes

10% H No

65%

EDon't
know

Figure 4. View Poll Results — the question «Do you need a construction of this type?»

Thus, as a result of the survey as a whole, the bulk of respondents noted positively the need for the con-
struction of small hydropower stations on the territory of the East Kazakhstan area. Therefore, further, we
proceed to justify the construction of these hydraulic structures in the region.

Before proceeding to the justification of the construction of a small hydropower station in the EK re-
gion, it is necessary to submit their classification. So, the small hydropower stations are divided into the fol-
lowing types: low-pressure H <20 m; medium-pressure H = (20-100) m; high-pressure H> 100 m.

In this work, the authors used the hierarchy analysis method (HAM) proposed by T.Saati [12] to select
the construction type of a small HPP on the Yazovaya River, which is a systematic procedure for the hierar-
chical representation of the elements that determine the essence of the problem.

Table 1 shows the matrix of pairwise comparison of the choice of the small HPP type by head.

From the analysis of the calculation results presented in Table 1, it can be clearly seen that low-pressure
small HPPs (43.3 %) are on the first place, the second one is high-pressure hydropower stations (41.5 %), in
the third place - medium-pressure hydropower stations (15.2 %). Consequently, a small HPP type was suc-
cessfully chosen - low pressure.

HPPs of small hydropower, depending on the method of use of water energy, are divided into: dam,
derivational, dam-derivational and free flow.
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Table 1
Matrix of pairwise comparison of the small HPP type’schoice
0] = -
2 o 2 ERG = 5 ey
Type £ & 2 S 2 E 2 5
Q —
of small HPP ; g o o2 S 2 £
3 E = 2 2
— < T = =
Low-pressure 1 5 1/4 2,083 0,433 1
Medium-pressure 1/5 1 0,733 0,152
High-pressure 1 2,000 0,415 2
Total 4,816

It should be noted that each species has certain features:

— dam HPP: high cost of hydraulic structures, flooding and removal of large areas of economic activity,
significant environmental damage;

— derivation hydropower plants take their share of the river's expenditure, by derivation;

— free-flow HPPs are located directly in the river in submerged position and they use the kinetic energy
of the water flow. These facilities are environment ally friendly sources of electricity.

Table 2 shows the choice of the type of small HPP, depending on the way water is used.From the analy-
sis of the results of the calculation, it was found that the choice is preferred for the derivational small HPP
(35.6 %), in second place - dam-derivational (25.9 %), the third - free-flow (20.1 %) and in fourth place -
dams (18.4 %). In this way, it is proposed to build a derivational small HPP on the Yazovaya River.

Table 2
The choice of the small HPP type, depending on the way water it used
< 9 =
E g S 8
N — o >\
Type of small HPP, depending g '% ,g é? g % g % g
on the way water it used A % _0?9 ﬂé g2 S 2 E
=~ O o
A £ = =
=) = ol
The dam 3 1/6 1 1,290 0,184 4
Free-flow 1/3 1 4 1/3 1,415 0,201 3
Dam-derivational 6 1/4 1 1/5 1,823 0,259 2
Derivational 1 5 1 2,500 0,356 1
Total 7,028

Thus, if the head is H = 16 m with an average water flow Q = 2.2 m’ s, then the power (P) of the
Yazovskaya small HPP can be calculated as follows:

P =9,81-Q-Hn = 9,81-2,216:0,80=276 kW. (1)

The average annual output may be about 1.84 million kWh in a year.

To implement this innovative project, the following costs are required:

1. The investment construction cost of a small HPP on the Yazovaya River, including construction costs
- 118.6 million KZT.

2. Annual costs for operation and maintenance of small hydro power plants (fixed and variable) - 11.43
million KZT.

The construction period - 8§ months, and the economic life is 25 years.

The technical and economic indicators of the efficiency of the Yazovskaya small HPP are presented in
Table 3.
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Table 3
Technical and economic performance indicators of Yazovskaya SHPP
No Name of indicators Consumption
Measure Q=22
1 | Power generation mlns of kW*h 1,84
2 | Investmentsin SHPP mlins of KZT 118,6
3 | Annual costs (5 % of capital investments) mlns of KZT 5,93
4 | Tariff of the first level for 1 kW*h. electricity (including VAT - 12 %) price/kW*h 11,45
5 | Revenues from electricitysales mlins of KZT 21,068
6 | Income mlins of KZT 9,47
7 | Payback period years 5,6

If this innovative project is implemented, risks of a different nature may occur (Table 4). Assessment
of the probability of occurrence was given by the expert son the 5 point system (1 — the small estprobability,
5 — the highest probability). Analysis of the data presented in Table 4 shows that the most dangerous types of

risks are:

— lack or inadequacy of funding (2,9);

— the fragility of HPP (2,5);

— possible increase in prices for purchased equipment (2,1).

In this way, as a result of the construction of this small hydroelectric power station, it is possible to sup-
ply electricity to such settlements as: Yazevoye village, Yazovaya complex, the national park, Berel village,
where the open-air museum «Valley of the Kings» is planned.

Despite the fact that this region is already provided with electricity, taking into account the fact that its
population is increasing, new facilities are being built, the introduction of new sources of electricity is rele-

vant at the moment.

Table

Types of risks and the main measures for their neutralization during
the construction process of a small HPP

4

2
Ne Type of risk Factors/Causes Effects/Aftermath § Risk reduction activities
£
1 2 3 4 5 6
1 | Rise in prices for Inflation, changing In creasingin 1. To assess vendor
purchased equipment | political and econom- | project cost 21 reliability
ic situation ’ 2. To set fixed prices in
supply contracts
2 | Absence / Prolonged financing. | The beginning of Timely and qualitative
Insufficientfinancing | Shortage or lack of the project is 2,9 | expenditure planning
funds postponed
3 | Disruption of the de- | The irregularity of the | Delay in the 1. To assess the reliabil-
livery time of prefab- | work of manufactur- | commissioning ity of the contractor.
ricated buildings and | ing plants, equipment, | of the facility 16 2. To provide all penal-
equipment materials and ’ ties for the failure of de-
transport infrastruc- livery dates in contracts
ture
4 | The problem of at- Limited number of Slow down in 1. Justification for the
tracting specialists specialists project develop- discovery of a new spe-
ment 1,5 | cialty.
2. Industrial practice for
young professionals.
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Continuation of Table 4

1 2 3 4 5 6
5 | Decreased solvency Growth of tariffs on Theft of elec- Development, creation
of the population the wholesale elec- tricity, not only and wide application of
tricity market, lack of | in the municipal, the automated systems of
control and errors in | but also in the 1 | the control and the ac-
billing customers us- | industrial sector count of the electric
ing special tariffs power (ASCAE)
6 | Thefragilityof HPP Dilapidated buildings | The destruction 1. Modeling of
of hydroelectric hydrological processes
power stations using real-time models
)5 and regimes.

’ 2. Automation of the
process of monitoring
the state of dams, dams,
etc.

During the implementation process of the pilot project, the following results are expected to be
achieved:

1. Creation of the special infrastructure for the development of small hydropower in the East Kazakh-
stan region.

2. In addition to increasing the regulating power of commissioning a new HPP on the territory of the
EK region, it also would allow the region to receive cheaper electricity than received through interconnection
links from the Pavlodar region, developed at thermal power plants.

3. The low-cost electric power of the hydropower plant contributes to the development of existing and
deployment of new energy-intensive industries.

4. High maneuverability of the HPP allows us to assign to them not only the work at the peak of the
schedule, but also maintaining frequency, carrying out an emergency reserve.

5. Reducing environmental pollution by reducing the consumption of carbon fuels, greenhouse gas
emissions.

6. Formation process of institutional and organizational conditions for the development of small hydro-
power.

7. Creating a favorable climate for more investment in the development of small hydropower in the re-
gion.

8. Development of infrastructure in the areas of development of hydroelectric resources of small rivers,
creation of favorable conditions for the processing industry in the countryside, creation of additional jobs.

9. Improving the quality of life, expressed in the life-saving function of the HPP (generating 1 billion
of kW of electric power at HPPs instead of TPPs leads to a reduction in the death rate of the population by
100 to 226 people per year).
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E.A. Konoc, O.K. lenucona, 3.C. ManusipoBa, P.Ctedancku

Hlarpin 'IC KypbLIBICHIHA HETI3/Me/IIreH AaiMAKThIH THAPOIHEPTreTHKA
caJIaChIH THIM/I MalIaJaHyAbl APTTHIPY KOJAAPbI
(I0birbic KazakcTaH 00/1bICHI MBICAJIBIH/IA)

Maxanaza Ilbirsic Ka3akcTan 00JIbICBIHBIH ayMarbIHAAFb! WarblH [ DC KYPbUIBICHIH HETi3[eyAiH TCOPHSIbIK
KBIPJIaphl KapacThIpbUIFaH. DKOHOMUKAHBIH HEri3ri Oip canachkl 0OJIbIN TaOBUIATBIH, KE3 KEJIreH MEMJICKETTIH
QNIEyMETTIK JKOHE SKOHOMHKAJIBIK CAJIACBIH/AFbl THIPOIHEPIeTHKA CAIACBIHBIH MaHBI3/bl POJIi KOPCETUIreH.
ATan eTiIreH/ e, XalbIKThIH jKoHE KOCIMOPBIHAAPIbIH Kap)KbUIBIK MiHISTTEMeNepiHiH Oy3buUly HOTHKECIH/e
OJIapAbl JKallllail OpTaJbIKTAHIBIPBUIFAH SJICKTPMEH JKaOIBIKTay aXbIpaThULIbl (Tay OeKTepi aiMarbIHAa
OpHAJIACKaH LIAFbIH ayblIIapa jkoHe GepMepllik apyalibuIbIKTapAa, SJIeKTp Oepy JKewiiepi aKbIpaThUFaH
HeMece MYJIIEM Typajall KaJFaHIBIKTaH, OJI, 63 Ke3eriH/e, KaTThl KOMIPTEK OTHIH/BI JKaFy/blH TE3 OCyiHe,
OpMaH eKnesepiHig OelibepekeT KecimyiHe okeni). bamamaisl sHeprus pecypcTapbHEIH OOIYBIH eCKepYMEH,
Oipkatap enepAiH THAPOJICYETIH MaKCHMalgbl Urepyaeri TaxipuOenepi Kapactoippuirad. Kasakcran
PecryOiiKachbIHBIH THAPOICYeTi aHbIKTainFaH. HakTbl aliMakKThl 3JEKTP 3HEPrHACBIMEH KaMTaMachl3 €Ty
TYPFBICHIHAH aiiMaKTBIH €pPEKeLIeNiKTepi 3epTTeNIreH. ANMAaKThIH LIAJIFail ayaHJapblH JIEKTP SHEPTUACHIMEH
KaOAbIKTayMeH OalIaHBICTBI MOceseNiep/li, COHbIMEH Karap JKepPriulKTi aybll TYpFaHIApblH JKOHE
LIaJIFaiIaFel MaJl [IapYallblIbIFbIH, Tay-KeH KOHE Ie0JIOTHSIIBIK Oapiiay 00bEKTiIepiH, TYPHUCTIK KeIICHACPiH
9NIEKTP IHEPIrUsICBIMEH KamTaMachi3 ery Mocenenepid mwenty yuriH [bsirsic Kasakcran oOnbIChl ayMarbiHIa
LIAFBIH Cy HJIEKTPCTAHIMACHIH CalTy KaKETTUIITiHEe dJISyMETTIK 3epTTey XKYpri3iired. SI30B e3eHiH/e MIaFbIH
I'DC cany yuwiH vepapxusUIbIK Taljay OMiCiH KOJJaHa OTBIPBIN, OalaMalbl THIPOTEXHHUKAIBIK YilMepeTke
Tanzay kacairaH sxoHe ['DC-ThIH KyaThl ecenTereH. FHHOBAMAIBIK )KOO0aHbIH SKOHOMHUKAJIBIK Herizaemeci
KOPCETIIIreH jKoHE K00aHbI XKy3ere achlpyAarbl HETi3ri ToyeKenaepi aHbIKTaFaH.

Kinm  coe30ep: DHepreTHKalblK KayilCi3mik, THUIPOIHEPreTHKa, IIAFbIH T'HAPO3JICKTPCTAaHIUSIIAPDI,
MHHOBALMSUIBIK K004, THIMALTIK, TOYyeKell.

E.A. Konoc, O.K. lenucosa, 2.C. Manusposa, P.Credancku

HanpagJienusi noBbimenns 3¢ pekTHBHOrO UCNOJIb30BAHUS PETHOHAIBHOTO
THPOIHEPIreTHYECKOI0 CEKTOPAa HA OCHOBE CTPOUTEIbCTBA MasIbIX I'DC
(na npumepe Bocrouno-Kazaxcranckoii od1acTn)

B crarbe paccMOTpeHBI TeOpeTHUECKHE aCTIeKThl 000CHOBaHUs cTpouTenscTBa Manoit '9C Ha Tepputopnn
Bocrouno-Ka3zaxcranckoit obmactu. Ilokasana BakHas pOJIb THAPOIHEPTETHKA B SKOHOMHYECKON
M conuabHOH cepe Ioboro rocyaapcTsa, KOTOpast sIBISIETCS OJHOH U3 0a30BBIX oTpaciel skoHoMuku. OT-
MEUEHO, UTO B pe3yJibTaTe HApyIICHUs (PMHAHCOBEIX 0053aTENILCTB HACETIEHHS M MPEANPUSITHH IPOU3OIIIN
MAacCCOBBIC OTKJIIOUEHHS MX OT LEHTPAIM30BAHHOIO JIEKTPOCHAOKEHHs (B MaibIX Hocénkax M Gepmepckux
X03s1CTBaX, PACHONIOKEHHBIX B MPEATOPHOH 30He, TMHUU 3JIEKTPOINepeiad KOTOPhIX OTKIIOUYEHbI HIIH BOOO-
IIe pa3pyIIeHbl), YTO MPUBEIO K PE3KOMY YBEINUEHHIO CKUIaHHS TBEPAOTO YIJIEPOIHOTO TOIINBA, XA0THIE-
CKOW BBIpYOKe JIECHBIX HacaxIeHuil. M3yueH MUPOBOH ONBIT MAaKCUMAJILHOI'O OCBOEHHS THAPONOTEHIMAIa
psina cTpaH, Jaxke NpH HAJIMYMU aJbTepPHATHBHBIX SHEPropecypcoB. BruiBien rugponoTteHnuan PecryOanku
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Kazaxcran. MccnenoBanel 0COOEHHOCTH KOHKPETHOTO PErHOHA C TOYKH 3pEHHs 00ECIEUeHUs ero 3MeKTpo-
sHeprueil. s pemenus npobneM, CBSI3aHHBIX CO CHA0XKEHHEM 3JIEKTPOIHEPTHEH TPYJHOIOCTYIHBIX TEPPH-
TOpHIl B PETHOHE, B TOM YHCIIE C 00ECIEUeHNEM CENbCKUX MOTpeObuTeel 1 00bEKTOB OTTOHHOTO KUBOTHO-
BOJICTBA, TOPHOJIOOBIBAIONINX M T'€0JIOT0Pa3BEeNOYHBIX 0OBEKTOB, TYPHCTCKUX KOMIUIEKCOB U IPYTHX 00BEK-
TOB, MPOBEACHO COIMOJOTUYECKOE HCCIEIOBaHHE HEOOXOAMMOCTH CTPOMTENHCTBA MAJIOW THAPOAIIEKTPO-
CTaHIUM Ha Tepputopun Bocrouno-Kazaxcranckoit obnactu. Crena BEIOOp allbTepHATHBHOTO TUAPOTEXHH-
YECKOTO COOPYXKEHHS ¢ IPHMCHEHHEM METO/la aHaJIH3a HepapXHi ¢ IeNbl0 000OCHOBAHHUS CTPOHUTEIHCTBA Ma-
noit ['OC Ha peke SI30Basg u paccunuTaHa ee yCTaHOBJIECHHAs MOIIHOCTh. JJaHO 3KOHOMHYECKOe 0OOCHOBaHKE
MHHOBAIIMOHHOTO MPOEKTA, BBISIBIICHBI OCHOBHBIE BUJIbI PUCKOB, CBS3aHHBIE C €T0 pealn3aluei.

Kniouesvie cnosa: sHepreTuueckasi 6€30MacHOCTb, TUAPOIHEPTETUKA, MaJIble TMAPOIIEKTPOCTAHINN, HHHO-
BaLMOHHBIN POEKT, 3 (HEKTUBHOCTD, PUCK.
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