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METHODOLOGY FOR EVALUATING THE QUALITY OF THE
PREDICTIONS OF CONSUMER DEMAND AND VOLUMES
OF MINERAL-RAW MATERIAL RESOURCES PRODUCTION

Abstract. The aim of the article is to develop theoretical and methodological foundations for improving
consumer demand forecasting and the volume of mineral resources production rrByk modern conditions in order to
identify priority areas for the mining industry development. The paper reveals the role and importance of forecasting
for consumer demand and the volume of production of mineral resources and identifies deficiencies in forecasting,
reducing the forecasts quality. As recommendations for improving the forecasting of consumer demand and the
volume of mineral resources production, the multi-criteria economic and mathematical models developed by the
authors are proposed for forecasting the volume of mineral resources production, taking into account the consumer
demand.

The value of work for economic science is that the forecasting of demand and production volumes is considered
in its close relationship. The practical significance of the work lies in the possibility of applying a set of models for
economic forecasting of demand and production volumes of mineral resources under the modern conditions.

Keywords: forecasts, quality, consumer demand, demand, production volumes, mineral resources, quality
indicators, integral indicators.

Introduction

One of the main scientific and practical necessities of countries that got political and economic
independence is effective utilization of its mineral-raw resources. Taking a leading place in the world on
these resources reserves, Kazakhstan is able to enhance its production for exporting and satisfaction of the
national economy demands of the Republic.

At the present time, the mining industry experiences definite difficulties due to lack of perceptions on
perspectives of demand forming on mineral-raw resources [1]. Moreover, the developed practice of
forecasting does not ensure the obtaining of quite accurate data in the volume and structure of demand.

The forecasting of consumer demand and volumes of mineral-raw resources production provides an
opportunity for the mining branch to operate effectively and satisfy the necessities of the nation economy.
That is why it is necessary to solve issues on forecasting the consumer demand and volumes of mineral-
raw resources production in its interrelation. In this regard, it is necessary to determine the influence of
change of mining and geological conditions and production situations on technological, qualitative and
economic indicators of mining industry enterprises operation. It is necessary to investigate also the ways
to improve the methods on forecasting the volumes of mineral-raw resources production for bauxite and
iron-ore deposits as the rational determination of production parameters leads to its successful sale in the
market.

Basing on the advanced experience and scientific researches it is necessary to determine the
estimation criteria of short-term, mid-term, and long-term forecasting for the mining industry
development. Our researches must be based on the methods of interrelated economic forecasting of
consumer demand and volumes of mineral-raw resources production on the base of multi-criteria
economic and mathematical modeling allowing improving the forecasts quality.

— 90 ——
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The information stated above confirms that the improvement of the forecasting methods for consumer
demand and volumes of mineral-raw resources is a topical task.

The theoretical and methodological base of the research were the provisions and conclusions of the
advanced theories on forecasting of consumer demand and volumes of mineral-raw resources production,
and researches and significant conclusions of the national and foreign scientists-economists: A.A.
Alimbayev, U.B. Baymyuratov, L.Ya. Baranova, A.l. Burachas, J. Duesenberry, A.A. Golikov, V.A.
Gorelova, K. Kazhymurat, R.S. Karenov, N.D. Kondratyev, L. Marshall, M.G. Milgram, S.A. Sarkisyan,
E. Hansen, S.M. Yampolskiy, P.E. Basovskiy, L.I. Bushuyeva, N.Sh. Kremer, B.G. Mazmanov and other.

Methods.

To implement the work the methods of multi-criteria economic and mathematical modeling, multi-
criteria optimization, expert estimations, grouping, analysis of research-methodical literature, operational
experience, etc. were used.

Results.

The application of different semantic characteristics of the notion “quality of forecasts of consumer
demand and volumes of production” determines the requirements to the techniques of its quantitative
estimation. The critical point is the necessity to estimate integral indicators and availability of
corresponding differentiated single indicators for its measuring.

In this regard, the special attention, in our opinion, deserves a work in which the development of a
technique for quantitative estimation of quality takes into account two options for measuring and
estimation of integral indicators: with no costs for its improving, and with such costs. These options are
substantiated by technical and economical nature of quality. In the first case the indicators are technical
and describe the technical level of things and phenomena; in the second, the integral indicators that reflect
economic requirements describe not only the level, but also the effectiveness of the integral indicators.
Sharing the mentioned approach, we will adapt it to the estimation of forecasts quality for consumer
demand and volumes of mineral-raw resources production [2].

The study of the existing procedures on determining the quality of forecast of consumer demand and
volumes of mineral resources production shows that the estimation of forecasts quality is currently
conducted on the base of the common methodical approach. In its behind is the differentiated method
based on separate subjective comparison of individual indicators of quality of the estimated forecast with
values of the corresponding criteria. The estimation is conducted without consideration of costs on
improving the methods on assessing the integral indicators of forecasts of consumer demand and volumes
of mineral resources [3,4,5].

In our opinion, due to one-sided approach of some researchers, the characteristics of integral
indicators of the forecast quality of consumer demand and volumes of production were formulated not
accurately [6,7,8].

The forecast quality described in those works actually represents the technical characteristics only as
all estimations are conducted without any costs on its improving [9,10].

Thus, the basis of the integral indicators estimation of the forecast quality of consumer demand and
volumes of mineral resources production is availability of two interconnected criteria: technical and
economical. The technical criterion of integral indicators, in our opinion, is the numerical value that
corresponds to the optimal level of the fixed or expected requirements regarding the forecasting
information on consumer demand and on the volume of mineral resources production. As the economic
criterion we consider minimum costs on improving the integral indicators of the forecasts quality of
consumer demand and volumes of mineral resources production.

The estimation of the forecast quality of consumer demand and volume of mineral resources
production by individual indicators on the base of technical criterion should be conducted using only
relative indicators of different properties. Only in this case the individual indicators of forecasts quality
expressed in the form of simple multiple ratio and having the same size will be comparable. And the
technical criterion values of the integral indicators should correspond to its most effective level.

In general view, the mathematical model of the forecast quality assessment of consumer demand and
volumes of mineral resources production by the individual indicators on the base of the technical criterion,
in our opinion, can be represented as follows:
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K=KiKj — Kij@W, e))

where K. — representing quality of the forecast of consumer demand and volumes of mineral resources
production; Ki, - actual value of i-th integral indicator used for the quality estimation of the consumer
demand forecast; Kj, - actual value of j-th integral indicator used for quality estimation of the production
volume forecast; Kij (u)- criterion of estimation (normative value) of the forecast quality regarding
individual indicator of i-th integral indicator of consumer demand and j-th integral indicator of production
volume.

For the numerical estimation of the representing quality of the forecast of consumer demand and
production volume it is proposed to calculate a range of individual indicators. All individual indicators
describing the quality of the forecasts of consumer demand and production volume, in our opinion, can be
divided in three groups: indicators of accuracy, reliability, and confidence. The indicators of reliability in
its turn can be divided into the following subgroups: deviation values of the reference forecast, indicators
of connection closure (Figure 1).

Indicators of forecast quality

T
Accuracy indicators Reliability

indicators Confidence indicators

- Absolute error

|
Additional probability
—  Average absolute error of forecast

Deviation values of
Mean-square error reference forecast Indicators of
connection closure

Relative error

Linear correlation
coefficient Correlation index

Average relative error

Figure 1 — Indicators of forecasts quality

Using the technique on assessing the forecasts quality for consumer demand and using the technique
on assessing the forecasts quality for production volumes we have calculated typical values of relative
error of the forecast for consumer demand and production volume. Its interpretation is shown in Tables 1 and 2.

Table 1- Interpretation of relative errors of forecasts for mineral resources production volumes

Short-term forecast, % Mid-term forecast, % Long-term forecast, % Interpretation
1,5-2,5 <10 <20 High accuracy
2,5-5 10-20 20-30 Good accuracy
5-15 21-30 31-50 Satisfactory accuracy
> 10 >30) >50 Unsatisfactory accuracy

— 92 ——
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Table 2 — Interpretation of relative errors of forecasts for consumer demand on mineral resources

Short-term forecast, % Mid-term forecast, % Long-term forecast, % Interpretation
<5 <10 <15 High accuracy
5-10 10-20 15-30 Good accuracy
11-25 21-50 31-75 Satisfactory accuracy
>25 >50 >75 Unsatisfactory accuracy

It should be noted that the criteria values of the forecast relative error are subjective [11,12,13].

This approach to estimation of the forecast quality is possible only under the condition that the
advance period has already finished and there are actual data on consumer demand and volume of mineral
resources production, and under the retrospective forecasting. In the latter case, the available information
is divided into two parts, one of which covers previous data on consumer demand and on the volume of
mineral resources production, and another — later data.

The first group data allow assessing the parameters of multi-criteria economic and mathematical
model of the forecast, and the second group data are considered as actual data of the forecasted indicator.
The forecast error obtained prospectively characterizes the a priori quality of the forecast for the consumer
demand and production volume (Figure 2).

The group quality of the forecast for consumer demand and production volumes npousBozcTsa

Integral HI

indicators

I

Deviations
of integral
indicators

accuracy

reliability

confidence

Accuracy error of the
consumer demand

Reliability error of the
consumer demand

Confidence error of the
consumer demand

l

Accuracy error of

Reliability error of

Confidence error of

production volume production volume production volume
forecast forecast forecast
.................................................................... g
Group error

Note - I—I D entered partially and completely

Figure 2 — The scheme of interconnection of integral indicators and errors of the group quality of the forecast for consumer
demand and production volumes of mineral resources.
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Thus, the determination of the forecast quality for consumer demand and mineral resources
production volume under the conditions of uneven dynamics of the mining manufacture cannot be based
on the estimation of its technical level only. For the complete characteristics of integral indicators of the
forecast for consumer demand and mineral resources production volumes (especially to reveal the reserves
for the growth of efficiency by quality enhancement) the technical level only is not enough. It is also
necessary to determine the level of effectiveness, calculated by the indicators of actual and reference
effectiveness, to the corresponding indicators of properties while making the forecast for the production
volume, and for the consumer demand forecast. The level of effectiveness corresponding to representing
quality of the forecast can be calculated using the following equations [14]:

L. = Ej(n)/E;, 2)

L4m =E i(n)/Ei 3)
where, Ej(n) — effectiveness of the reference forecast that corresponds to the reference (normative) value
of j-th integral indicator during the production volume forecast; E i(n)- effectiveness of the reference
forecast that corresponds to the reference (normative) value of i-th integral indicator during the consumer
demand forecast; E i — effectiveness of the estimated forecast that corresponds to actual value of i-th
integral indicator during the consumer demand forecast; Ej- effectiveness of the estimated forecast that
corresponds to actual value of j-th integral indicator during the production volume forecast.

The effectiveness corresponding to the integral indicators can be determined differentially by one of
the costs elements using a group method — by combination of elements, and in its entirety — by all
elements of costs [15].

Therefore, in very general view, the representing quality can be corresponded by the levels of
effectiveness in differentiated, group, and integral expressions:

Lci: Eci(N)/Eci; Lcn = Ecn(N)/Ecn; Lcm = Ecm (N)/Ecm (4)
Lcj: Ecj(N)/Ecj; Lg = Ecl(N)/Ecl; L= E ck(N)/Eck )

where, i- one of the cost elements used for estimation of integral indicator effectiveness of consumer
demand forecast quality; j — one of the costs elements used for estimation of integral indicator
effectiveness of production volume forecast quality; k- whole assembly of elements of production volume
costs; 1- a group of elements of production volume costs; m- whole assembly of elements of consumer
demand costs; n- a group of elements of consumer demand costs.

So, three types of economic indicators of effectiveness can correspond to one technical indicator of
the forecast of consumer demand and production volumes.

Another critical point of the quality estimation of the forecast of consumer demand and mineral
resources production volumes is an opportunity of direct utilization of individual indicators of the group
and integral quality [16,17].

Due to incompatibility of absolute individual indicators, the group and integrated forecasts of
consumer volumes of mineral resources production should be calculated on the base of relative individual
indicators. The general base of relative indicators calculation allows its joining into one expression and
determining the group and integrated quality.

The group coefficient of quality (Gc) of the forecast of consumer demand and mineral resources
production volumes can be expressed by the following target function [18]:

B err;;x ai Ki . Z]_n=—1x bj Kj

m-=x

Ki : —
j=1 al Zjn=1xb]

v

min (6)

where Ki — actual value of i-th integral indicator used for the demand forecast quality assessment; Kj -
actual value of j-th integral indicator used for the production volume forecast quality assessment; bj- a
parameter characterizing the significance of j-th integral indicator used for the production volume forecast
quality assessment; a;- a parameter describing the significance of the 1-st integral indicator used for the
demand forecast quality assessment; n — assembly of all known integral indicators used for quality
assessment of production volume forecast; m —assembly of all known integral indicators used for quality
assessment of consumer demand forecast; x- integral indicators not taken for the calculation.

— g4 ——
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The technical indicator of the group forecast quality for consumer demand and mineral resources
production volumes, the same as for the assessment of integral indicators can be corresponded by
individual, group, and integral values of effectiveness levels:

Li= Eri(N)/Eri; Lim = Errn(N)/Ern; Lim = Em (N)/Erm ™
Lrj: Erj(N)/Erj; Ly = Erl(N)/Erl; L= Erk(N)/ETk ®)

The integral quality should be estimated by the values of the whole assembly of integral indicators.
The integral quality coefficient (Qc) of the forecast for consumer demand and production volumes can be
represented as follows:

_ % aiki . Yjt1bjKj
ergl ai Z]n=1bj

Kk —» min )

The levels of effectiveness corresponding to the technical indicator of the integrated quality are
determined by the following expressions:

Lii= Ewin/Exi s Lin = Exn/Eky; Lim = Exm v)/Exm (10)

L= Exom/Eyi; Ly = Exuo/Ews L= E w/E (11)

The considered methods and indicators system are based on individual estimations and allow
determining the interconnection of the levels of individual properties, conceptual characteristics of
forecasts quality of consumer demand, production volumes, and effectiveness. Table 3 shows the

indicators classification.

Table 3 — Classification of indicators of quality and effectiveness of forecasts
of consumer demand and mineral resources production volumes

Conceptual Indicators of quality and effectiveness
characteristics of quality individual group integrated

Representing K.=Ki Kj—>Kij (y La = Eam/Ec Ln = Eem /Eem

Lci: Ei(N)/Ei Lce = Ece(N)/Ece Lck: Eck(N)/Eck

Li= Bim/E;
Group Lri: Eri(N) /Eri; X e er = Erm (N) /E m
Ki=Yai Ki/ Yai *Ybj Kj/ >bj
L= Ejo/E; i=1 i=1 i=1 Lu= E won/Ex

L m E m (N) /E m
Lre: Ere(N)/Ere
Integrated Lki = Eki(N) /Eki 5 L kn — E kn (N) /Ek ns m m
Kk=Yai Ki/ Yai *
L= En/Eg L = Exeqy/Eke i=1 i=1

n

*Ybj Kj / Ybi
i=1 =1

—Pp min

Lkm: Ekm(N)/Ekm

L= Ewmn/Ew

As mentioned above, under the conditions of uneven dynamics of the mining industry, the technique
on determining the forecast quality of consumer demand and mineral resources production volumes
should be oriented on the group quality and meet the following requirements [19,20,21]:
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- be suitable for assessment of a posterior and a prior quality of forecasts;

- be based on generalized assessment of the most important set of properties of the mineral resources
quality;

- be based on quantitative estimation of error value of the forecast for consumer demand and mineral
resources production volumes;

- eliminate the measuring scale of the levels of consumer demand and production volumes;

- include indicators that take into account the cyclic nature of consumer demand change;

- take into account the indicators allowing making comparisons of the considered forecasts with the
reference forecasts of a definite type;

- the indicators taken for the estimation should not correlated between each other;

- the selected indicators should be estimated by its significance and confidence;

- the final estimation should be expressed in the form of a simple multiple relation and
represent a target function minimizing the group error of the consumer demand and mineral
resources production volumes;

- a technique should be easy and applicable for the mining enterprises.

The calculation of the group quality coefficient is reasonable to be conducted if there is positive
correlation between the forecasted and actual indicators of consumer demand and production volumes
(R>0) as negative correlation (R <0) and its absence (R-0) is a satisfactory basis for empirical refutation of
the forecast.

While developing the methodical provisions for the group assessment of the forecast quality the issue
on interpreting the coefficient proposed by us is of the special significance.

Taking into account a model of the forecast group quality of consumer demand and production
volumes under the conditions of uneven dynamics of the mining enterprise, and considering that the
forecast errors represent a deviation value of i-th integral indicators of quality from its reference values,
the interconnection of the integral indicators and forecast errors of consumer demand and mineral
resources production volumes can be represented as follows.

Every i- th integral indicator that forms the group quality of the consumer demand is corresponded by
i-th special error, and every j-th integral indicator that forms the group quality of the production volume
forecast is corresponded by j-th special error. The i-th and j-th special errors taken for the assessment, in
its entirety determine the group error of the forecast for consumer demand and mineral resources
production volumes.

Discussion.

Thus, the intent of the group quality coefficient is that it represents a group error of the forecast of
consumer demand and mineral resources production tending to minimum. And the integrated coefficient
of quality reflects the integrated error of the forecast of consumer demand and mineral resources
production volumes tending to minimum, and an individual coefficient of quality describes a special error
used in the calculation to assess the forecast quality of consumer demand and production volumes, and
tending to its normative (reference) value on consumer demand and volume of mineral resources
production.

The group coefficient of quality should be used for characteristics of the group level of the forecast
quality of consumer demand and volumes of mineral resources production.

The suggested typical values of the group coefficient and its interpretation are shown in Table 4.

Table 4 — Interpretation of the group coefficient
of the forecast quality for consumer demand and production volumes

Gce
Short-term forecast Mid-term forecast Long-term forecast Interpretation
<0,11 <0,10 <0,27 High quality
0,11-0,19 0,19-0,31 0,27-0,42 Good quality
0,20-0,31 0,32-0,52 0,43-0,76 Satisfactory quality
>0,31 >0,52 >0,76 Unsatisfactory quality
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Conclusion.

Developed by the authors the multi-criteria economic and mathematical model of the forecasting for
mineral resources production volumes considering the consumer demand assumes the measurement of the
group quality of the forecast of consumer demand and production volumes under the conditions of uneven
dynamics of the mining industry. For the successful measurement of the group level of the forecast quality
for consumer demand and mineral resources production volumes, the estimation of the quality group
coefficient under uneven dynamics of the mining industry development should be conducted at the stages
of elaboration, adoption, and correction of forecasts.

At the stage of elaboration the group coefficient of quality should be used for the selection of forecast
methods of the consumer demand and production volumes, for estimation of a priori quality of
information and forecasting models, selection of models with suitable statistical characteristics and
forecast expertise. At the stage of adoption the group coefficient of the forecast quality for production
volumes should be applied to reveal a moment of consumer demand transition into the development mode
of alternative option of the forecast, and to estimate the correspondence of the conditions of consumer
demand forming to the forecasted conditions. At the stage of correction it is recommended to determine
the trends on improving the selected techniques and forecasting methods of consumer demand and mineral
resources production volumes using the group coefficient of the quality.

Introduction of the proposed method of the forecast quality estimation of consumer demand and
mineral resources production volumes into the forecasting activity, in our opinion, will enhance the
reliability, accuracy, and confidence of the developed forecasts that will result in more effective influence
of forecasts on the level of accepting management decisions in industry and sale of the extracted mineral
resources.

A.X. I'ainera’, A.H. Tokcanopa ', I'.C. Yky6acosa ', A.IIl. AGuabauna ', M.T. KyayGekos

'Kasak EKoHOMHKa, KapyKbl JKOHE XaJBIKAPAIIbIK Cay/a YHHBEPCHTETI;
M. JlynaroB atbisnarsl KocTaHaii nikeHepitik- EKOHOMUKAITBIK YHHBEPCHTETI

MUHEPAJIABI-INUKI3AT PECYPCTAPBIHBIH OHAIPIC KOJIEMI MEH TY¥TBIHYIIBIJIBIK
CYPAHBICBIHA KATBICTBI BOJIZKAMJAP/IbIH CAITACBIH BAFAJIAY 9AICTEMECI

AHHoOTanusi. MakaliaHblH MaKcaThl Tay-KE€H OHEPKOCIOIH TaMBITYAbIH OachiM OarbITTapbIH AHBIKTAY YIIiH
Kazipri Ke3Jeri MHHepaibl NIMKI3aTThl OHAIPY KeJieMi MEH TYTBIHYMIBUIBIK CYPAHBICHIH OOJDKay/Abl >KETIIIpyNiH
TEOPUSUIBIK JKOHE SIIiCTEeMENIK HerizfepiH a3ipyey Oousbin TaObutagbl. JKYMBICTa TYTBIHYIIBUIBIK CYPaHBIC TIEH
naiaansl Ka30anapasl eHIIpy KesleMiH 0oJpKayAblH pelli MeH MaHBI3bl KOpCeTiin, OoJnKaMaap bl caracklH TOMEH-
JeTeTiH OoipKayIarsl KeMIIUTIKTEp aHBIKTaIFaH. MUHepalIpl-IIUKI3aT OHIIPICIHIH KeJeMi MEH TYTBIHYIIBUIBIK
CYpaHBICTHI OOJKAYIBI JKETUTAipy OOHBIHIIA peKOMEHIOANMSIIAP PETiHAEC aBTOPIAPMEH J3ipIIEHTEH TYTHIHYIIBLIBIK
CYPAHBICTHI €CETIKE aJTaThIH MUHEPAIABI-IIIUKI3aT OHIIPICiHIH KoJieMiH O0KalThIH KOIl KpUTepuiiiai EKOHOMUKaJIBIK-
MaTeMaTHKaJIbIK MOJIEJb YCHIHBUIBL.

JKymbicTbiH EKOHOMHMKAIBIK FHUIBIM YIIH KYHIBUIBIFBI OHJAFBl CYPAHBIC TIEH OHIIPIC KoJeMiHiH OokamMaapsl
OJIap/bIH THIFBI3 KapbIM-KaThIHACTAPBIHIA KapacThIPbUIATHIHIBIFBIHIA JKATBIP. JKYMBICTBIH TOXKIPHOETIK MaHbI3bI
3aMaHayu JKarjaiiiapZia MHUHepalAbI-IIMKI3aT pecypcrapbl OHIIPICIHIH KejeMi MeH CypaHbIChIH EKOHOMHKAJBIK
0oJpKay YIIH YITIep KeUIeHIH KOJIAaHy MYMKIHIITIH/E KaThIp.

Tyiiin ce3aep: Gomkamaap, cana, TYTHIHYIIBUIBIK CYPaHBIC, CYpaHbIC, OHIpIC Kenemaepi, naigans! kasbanap,
carra KepceTKIlTepi, HHTErpalIbIK KOPCETKIITEp.

A.X. I'asnera’, A.H. Tokcanosa ', I'.C. Yky6acosa ', A.IIl. AGuabauna ', M.T. KyayGekos >

'Kasaxckuii yanpepcuter EKOHOMUKH, DUHAHCOB M MEX/TyHAPOIHON TOProBIIL;
’KocTaHaiicKuii HEKeHEpHO- EKoHOMITdecKit yHuBepcureT uM. M. Jlynarosa

METOJUKA OIIEHKHN KAYECTBA IMTPOI'HO30B NOTPEBUTEJIbLCKOI'O CITPOCA 1 OFBbEMOB
MMPOU3BOJCTBA MUHEPAJIBHO-CBIPBEBBIX PECYPCOB

AHHOTaIIHH. Llem)}o CTaTbu ABJIACTCA pa3pa60TKa TCOPECTUUCCKUX U MCTOJUYCCKHNX OCHOB COBEPLICHCTBOBA-
HUSL OPOTrHO3UPOBAHUA HOTpe6I/ITeJ'ILCKOFO CIipoca u 00BEMOB MMPOU3BOACTBA MUHEPAJIBLHO-CBIPLEBLIX PECYPCOB B
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COBPEMEHHBIX YCIOBHSX JJIS BBISBJICHHS MPUOPUTETHBIX HAIPABICHUI Pa3sBUTHS TOPHOIOOBIBAIOIIEH MPOMBIILICH-
HOCTH. B pabore packpbITHI pOJIb M 3HAYCHHE MPOTHO3UPOBAHMS TOTPEOUTENHCKOTO CIPOca W 0OBEMOB ITPOU3-
BOJICTBA MHHEPATBHO-CHIPHEBBIX PECYPCOB M BBIABICHBI HEIOCTATKH IPOTHO3MPOBAHMS, CHIKAIONINE KadeCTBO
MPOTHO30B. B KauecTBe peKOMEHMAIMii 0 COBEPUICHCTBOBAHUIO MPOTHO3UPOBAHMS MOTPEOHTEIBCKOIO CIpPOCa H
00BEMOB TIPOM3BOJICTBA MHHEPAIBHO-CHIPHEBBIX PECYPCOB TMPEIIOKEHA MHOTOKPHTEPHATBHAS KOHOMUKO-MATe-
MaTH4YeCKas MOJENb MPOTHO3UPOBAHUS OOBEMOB TPOM3BOICTBA MHHEPATbHO-CHIPHEBBIX PECYPCOB C YYETOM
MOTPEOUTEIBCKOTO CIpOca, pa3paboTaHHas aBTOPAMH CTAaThH.

3HaueHure paboThl ISl SKOHOMUYECKOW HAayKH 3aKI04YaeTcss B TOM, YTO B HEW MPOrHO3MPOBAHME CIIPOCa U
00bEMOB MPOM3BOACTBA PACCMATPUBAETCS B MX TECHOM B3aMMOCBs3H. IIpakTHyecKas 3HAYUMOCTh PabOTHI 3aKIIHO-
YaeTcs B BO3MOXKHOCTH MPUMEHEHHUS KOMIUIEKCAa MOJeIel i SKOHOMHYECKOrO MPOTHO3HUPOBAHHS CIpOCa U
00bEMOB TIPOU3BOJICTBA MUHEPATLHO-CHIPHEBBIX PECYPCOB B COBPEMEHHBIX YCIOBHSIX.

KiioueBble ¢J0Ba: TPOTHO3bI, KAYEeCTBO, MOTPEOUTENBCKHUI CIIPOC, MOTPEOHOCTh, OOBEMBI MPOU3BOJCTBA,
MUHEPaIBHO-CHIPHEBBIE PECYPCHI, TIOKA3aTENN Ka4eCTBa, HHTErPaIbHBIC TOKA3aATEIH.
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