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Modeling of unstable economic systems based on the distribution of the populatien engaged in
the economy of Tajikistan

Abstract

Object: The purpose of this study is to analyze and develop a mathematical model ef thes@istribution of the em-
ployed population in the economy of the Republic of Tajikistan, according to the typesqof econemiC activity using the
Sigma Plot program.

Methods: In the present study the mathematical and statistical modeling of the distribution of the population em-
ployed in the economy of the Republic of Tajikistan is used. Modern computer technglogies and programs create oppor-
tunities for developing and verification of new models and also help to improve model=based research methods, as well
as the methods for analysis and presentation of simulation results.

The narrowly professional use of modeling methods is giving wayte, the wide use of simulation models based on
modern computer programs. And there is an inevitable need to put theyissueyof development of modeling in the context
of real-life issues and interpretation of its fundamental concepts.

Findings: For the proposed models the mathematical“regression equations are obtained and the coefficients of
these equations are calculated using computer programs. By the propased mathematical and statistical models the ratio
of the employed population and the unused labour foregyin the Republic of Tajikistan is calculated. The results showed
that in order to accelerate the industrialization of the country and'ensure the sustainable development of industry, it is
necessary to take into account this ratio in the country.

Conclusions: The developed mathematical medel in the present work has been applied to show the dynamics of
changes in the employed and unemployed labeur force in the Republic of Tajikistan for the period 2006-2022. Conse-
quently, we showed the possibility of usingsthe unused labour force in order to solve one of the strategic goals of the
republic, that is, the accelerated industrialization,of the country.

Keywords: model, employment; econemi¢ systems, applied programs, schedule, regression, Labor resources.

Introduction

Mathematical models(serve as a means of knowing the patterns and properties ofthe behavior of the
original object by4ereating itsjimage (substitute object), expressed in mathematical form.

Mathematical medeling,is the process of establishing correspondence with a given real economic object
of its mathematicalymodel, studying the model by means of mathematics and interpreting the results in terms
of the originalgmathematics.

Afstochastigy(non-deterministic, probabilistic) model is a mathematical model for which the parameters,
opefatingconditions and characteristics of the state ofthe simulated object are represented by random varia-
bles and are connected by random dependencies.

Literature Review

Traditional problems of probability theory and mathematical statistics can be considered as the simplest
problems of stochastic modeling, since they involve the analysis (by means of mathematics) of processes and
phenomena of a random nature (Kucheryavy V.l., Milkov S.N., 2010; Kamenev G. K., Kamenev |. G. 2020;
Kotliaroval E.V. et al, 2021; Tleulesov A.K.. et al, 2021).
According to the annually Address ofthe President of Tajikistan, the Leader ofthe Nation “On the main di-
rections ofthe domestic and foreign policy ofthe republic” the implementation of one of the strategic goals -
the accelerated industrialization of the country will provide an opportunity to ensure the sustainable devel-
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opment of industry as a producer of high added value, resulting in the creation oftens ofthousands of new
jobs. Despite the provided benefits, there are still many unused opportunities and capacities for increasing
the pace of accelerated industrialization. For instance, sufficient reserves of domestic raw materials allow to
ensure the development of such industries as metallurgy, light industry, food and pharmaceuticals. The
achieved result allows to enhance the volume of production, which assists to decide the export and import of
substituting products. Thus, we will achieve an accelerated industrialization ofthe country through the com-
plete processing of minerals, including non-ferrous expensive metals, as well as through the processing of
agricultural products and medicinal herbs.

Therefore, all necessary measures should be taken to organize enterprises with modern technologies,
innovation and technology parks, information processing centers, create new jobs and establish the produc-
tion of final high quality products. Over the next 5 years, that is, within the framework ofthe “Years of In-
dustrial Development”, there is an opportunity to create new enterprises, restore existing capacities, \increase
the volume of mining and mineral processing, and it will be possible to start a number of largesenterprises for
the final processing of raw materials and the formation of thousands of new jobs (The*annually Address of
the President ofthe Republic of Tajikistan, Leader ofthe Nation, Respected Emomali Rahmen “Qftheimain
directions ofthe domestic and foreign policy ofthe republic”, December 21, 2021).

Methods

Based on the above-mentioned priorities, we have set the task to analyze and,develop computer-based
mathematical models for the distribution ofthe engaged population accordifng to the types of economic activ-
ity in the economy ofthe Republic of Tajikistan.

To solve this issue, we analyzed the distribution of the population\engaged according to the types of
economic activity in the economy of the Republic of Tajikistan, uSiAg,the statistical data of the Agency on
Statistics under the President ofthe Republic of Tajikistan for 20219(Annually statistical Journal).

Results
Table shows the number of employed and unemployed, population of the Republic of Tajikistan in
2006-2021 (Annually statistical Journal, Tajikistan - 20217126-238).

Table. Employed and unemployed population of the Republic®#Tajikistan 2006 - 2021

Unused labor force in the

Labor resources of Labor forgg, employed popu- economy of the Republic Including students

Years the RT lationin RT o *
(N*1000 people) (N*2000 people) (Nifl-ggjc;lgzga;;e) (N*1000 people)
2006 4047 2137 1862 506
2007 4172 2150 1971 518
2008 4310 2168 2093 524
2009 4435 2219 2171 534
2010 4530 2233 2250 557
2011 4664 2249 2361 529
2012 4796 2291 2449 541
2013 4859 2307 2497 554
2014 4933 2325 2601 592
2015 5111 2380 2674 602
2016 5224 2384 2786 615
2017 5326 2407 2866 632
2018 5427 2426 2949 638
2019 5521 2463 3007 647
2020 5625 2506 3068 670
2021 5734 2639 3098 681

Note - compiled by the author

Using Table and the Sigma Plot program, we analyzed the distribution of the labor force, the employed
population in the economy ofthe Republic of Tajikistan according to the types of economic activity.

Sigma Plot is an excellent tool for scientific plotting and statistical analysis. The program is used in var-
ious scientific fields and offers analysts more than 100 types of charts, a wide range of graphic templates and
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tools, as well as a full set of functions for accurate and fast data analysis and visualization. It allows you to
quickly create complex graphs and charts. Integration with Microsoft Office provides access to Excel file
data and its presentation in Microsoft PowerPoint. The program offers numerous options for modeling and
graphical display of data and allows you to present any object in the form of Sigma Plot that is most suitable
for scientific applications, which has all the necessary tools for statistical analysis and allows you to save a
large amount of data. Using the Sigma Plot Regression Wizard, an equation is selected that matches the orig-
inal data and a model is built for the data, taking into account the obtained results. Sigma Plot offers efficient
data management and performing the necessary operations with them (Sigma Plot program. Instructions for
use).

For several years, we have been using the Sigma Plot program in our work to analyze the results of ex-
perimental studies, for statistical processing of materials and for correlation analysis of data (Akramov M.B.
etal, 2021, 9-13; Akramov M.B., 2021, 18-28; Akramov M. B. 2019, 41-45).

Analyzing the statistical data (Table), we determined the dependence of labor resources.dn thegRepublic
of Tajikistan for the period 2006-2020.

Figure 1 shows the chronogram of the labor force in the Republic of Tajikistan forithe period«2006-
2021.

In order to accelerate the industrialization of the country and ensure the sustainablepdew@lopment of industry,
it is necessary to take into account the ratio ofthe employed population and the dgaused lab@r force in the Re-
public of Tajikistan.

Based on the obtained static values and using the Sigma Plot program, we havefdeweloped models of these
dependencies. Figure 2 shows the dependence of labor resources on timé& forithese/two categories of labor in
the Republic of Tajikistan for the period 2006-2021.

2014 2016

Years
Figure 1. The chronogram ofthe labor force in the Republic of Tajikistan for the period 2006-2020
Note - compiled by the author
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Figure 2. Dependence of labor resources for two categories of Iabor%& epublic of Tajikistan for the period
ed

X Qo0 gEnyjjo ¢

2006 - 2020 1 - employed population, 2 - force
Note - compiled by the author

According to the graph, the share of unused labor force
lines show theoretical calculations, according to
The model ofthe chronology of the dependence o
be represented as a linear equation of the type

increased gradually. On the graph, solid
models.
ed population in the Republic of Tajikistan can

N = y0+a*x+b*x,

where N - labor resources.
Taking into account the regres CG ents, the equation can be rewritten as
=- 4125417, 9 + 4015,1 1)

The model ofthe €hronelog e dependence ofthe unused labor force in RT can be represented as a par-
abolic fiction ofthe

(2)

Regression R == 0,9963.

The calculation and other regression and variation parameters are given below.
Nonlinear Regression.

Data Source: Data 20.07.2022 1in Notebook 2

Equation: Polynomial; Quadratic

f=y0+a*x+h*xA2

R Rsqr  AdjRsqr Standard Error of Estimate
0,9963 0,9925 0,9913 10,8548
Coefficient Std. Error t P VIF
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y0 362072,4925 684653,6494 0,5288 0,6066 59675073750,6092<
a -383,3413 680,2345 -0,5635 0,5834 238703033337,0485<
b 0,1016 0,1690 0,6016 0,5586 59677101262,5263<
Analysis of Variance:
Uncorrected for the mean ofthe observations:
DF SS MS
Regression 3 80206271,0912 26735423,6971
Residual 12 1413,9088 117,8257
Total 15 80207685,0000 5347179,0000
Corrected for the mean ofthe observations:

DF SS MS F P
Regression 2 187869,4245  93934,7123 797,2343 <0,0001
Residual 12 1413,9088 117,8257

Total 14 189283,3333  13520,2381
Statistical Tests:

PRESS 2322,4514

Durbin-Watson Statistic 2,3010 Failed
Normality Test Passed (P = 0,9458)
K-S Statistic = 0,1305 Significance Level = 0,9458
Constant Variance Test Passed (P =0,7728)

Power of performed test with alpha = <0,0001: 0,0000

The power of the performed test (0,0000) is below the desired pewesof 0;8000.
You should interpret the negative findings cautiously.

Regression Diagnostics:

Row  Std. Res. Stud. Res. Stud. Del. Res.
1 0,5113 0, 6990 0,6833
2 - 0,5554 - 0,6489 20,6325
3 -1,1802 -1,2921 -13333
4 1,2165 1,3008 1,34388
5 0,1857 0, 1981 0,1900
6 -0,6795 -0,7297 -0,7147
7 0,8318 0, 9003 0,8927
8 -0,0709 -040769 -0,0737
9 -0,8080 -0,8745 -0,8653
10 1,8447 1 9812 2,3124<
1 -0,2196 -0,2343 -0,2249
12 -0,5523 10,5906 -0,5739
13 -142723 -1,3929 -1,4566
14 -0,3527 -0,4122 -0,3975

15 1,1009 1,5046 1,5993
Influence Diagnostics:

Row 4 Cook's Dist Leverage DFFITS

1 0,1415 0, 4649 0,6369
2 0,0513 0, 2675 -0,3823
3 0,1105 0, 1657 -0,5942
4 0,08100, 1255 0,5091
5 0,0018 0, 1211 0,0705
6 0,0272 0, 1329 -0,2798

7 0,0464 0,1464 0,3698
8 0,0004 0, 1511 -0,0311

9 0,0437 0, 1464 -0,3583
10 0,2008 0, 1330 0,9058
1 0,0025 0,1215-0, 0836
12 0,0167 0,1255 -0, 2174
13 0,1285 0,1657 -0, 6492
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14 0,0207 0,2680 -0, 2405

15 0,6549 0,4646 1, 4899

95% Confidence:

Row  Predicted 95% Conf-L  95% Conf-U  95% Pred-L 95% Pred-U

1 2131,4501 2115,3239 2147,5764 2102,8249 2160,0753
2 2156,0287 2143,7959 2168,2614 2129,4019 2182,6554
3 2180,8105 2171,1828 2190,4382 2155,2755 2206,3455
4 2205,7957 2197,4166 2214,1747 2180,7047 2230,8866
5 2230,9841 2222,7545 2239,2137 2205,9427 2256,0255
6 2256,3758 2247,7547 2264,9969 2231,2031 2281,5486
7 2281,9709 2272,9202 2291,0215 2256,6478 2307,2940
8 2307,7692 2298,5754 2316,9630 2282,3946 2333,1438
9 2333,7708 2324,7229 2342,8188 2308,4487 2359,0930
10 2359,9758 2351,3494 2368,6021 2334,8012 2385,1504
1 2386,3840 2378,1393 2394,6288 2361,3376 2411,4304
12 2412,9956 2404,6180 2421,3731 2387,9052 2438,0860
13 2439,8104 2430,1826 2449,4382 2414,2753 246558455
14 2466,8285 2454,5859 2479,0712 2440,1972 2493,4599
15 2494,0500 2477,9289 2510,1710 2465,4277 2522,6722
Fit Equation Description:

[Variables]

x = col(10)

y = col(11)

reciprocal_y = 1/abs(y)

reciprocal_ysquare = 1/yA2

‘Automatic Initial Parameter Estimate Functions
F(a)=ape(x;y;2;0;1)

[Parameters]

y0 = F(0)[1] "Auto {{previous: 362072}}

a = F(0)[2] "Auto {{previous: -383,341}}

b = F(0)[3] "Auto {{previous: 0,10165}}
[Equation]

f=y0+a*x+b*xA2

fitftoy

"fit f to y with weight reciprocal”y.

"fit fto y with weight reciprocalhysquare
[Constraints]

[Options]

tolerance=1e-10

step size=1

Iterations=20Q

Numberoflterations/Performed = 3
Thismodel'includes random variables to produce many different results under different conditions.
The proposed model can also be applied in the theory of employment of the non-labor force in the Republic
of Tajikistant

Discussions and conclusions

Using statistical data, the employment of the population of the Republic of Tajikistan for the period
2006-2021 was analyzed.

The possibilities of using the Sigma Plot program in dynamic systems are shown.

A computer-mathematical model has been developed and applied to determine the dynamics of changes
in the employed and unemployed labor force in the Republic of Tajikistan for the period of 2006-2020.

The possibility of using the unused labor force to solve one of the strategic goals of the Republic, i.e.
accelerated industrialization of the country.
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M.b. Akpamos, A.H. H*panu3oaa, ¥.M. Boxugos, H.H. H"panu3oga

T3XXKCTaH 3KOHOMMKACbIHAA XYMbICKTEATIL XanblKTbl 6eny Hen3wae
TBAAKCbI3 3KOHOM M Kanbl K XXYWenepai mogensaey

AugaTna

MaucaTbl: 3epTTeyauw, Makcatbl SigmayPlot 6argapnamacbiH naiganaHa OTbIpbin, 3KOHOMMKa/bLL, KbI3MET TYpre-
pi 60libiHLWIA TaxoKcTaH Pecny6imnkacbiHbIH AKOHOMMKACHIHAA XX MbICMEH KaMTbIAraH XanblKTbl 6enyaly MaTeMaTuka-
NbIK MOAENL Tasigay X3He 33ipney.

ddicmepi: Ocbl 3epTTeyge TaxokcTaH®PecnybmKacbiHbIH 3KOHOMMKACHIHAA X MbICMEH KaMTbIITaH XasblKTbIH
TapayblH aHblKTayra MaTemMagikalbIK Yafe CTaTUCTUKA/IbIK MOAe/beY KondaHbinraH. K ipri KOMMbHOTEP/K TEXHO-
norvsnap meH bargapnavanap xaHadY nrinepai azipney >xaHe Tekcepy YLiH MYMKIHAIKTEP Xacainfpbl, COHbIMEH KaTap
MoJenbaep HerisiHgeri 3épTTey 34taTepLu, CoHAan-ak MOAe/bey HITVXKENepLU Tanjay X3He ~CblHYy 3410TepL XeTL-
nipyre kemekrteceg”

Mogenbgey agtoTeplu Tap kaabu TYPae kongaHy 3amaHayn KOMNboTepsww 6arjapnamanap HerisiHge uMmuraums-
NbIK MofJenbAepai KeHiHeHKongaHyra o 6epw otblp. ANl MOfenbieyfi faMbITy M3CeNeciH HaKTbl M3cesefiep MeH
OHbIH ipEel " rbIMAAPbIHNTY CIHAIPY KOHTEKCTIHE KOKOAbIH Ce3Ci3 KKETTININ TyblH4ANab!.

KppbI T T AbI¥CEIHbIITaH Moenbep YLWiH MaTeMaTUKa/IbIK Perpeccus TeHAeYNepi a/bIHraH XX3He oCbl TeHAeY-
Nepaw, Koa(UUMeHTTEPI KOMMNbIOTEPNIK barfapnamasapMeH ecenTe/reH. ¥CblHbIIraH MaTeMaTuKasblK X3He CTaTuc-
TUKanbIK MogeabAepaLL, KemeriMeH TaxiKcTaH Pecny6nmnkacbiHAa X MbICNEH KaMTblaraH XablK MeH nainganaHblima-
raH X mMblCIKYLLIHIH apakaTblHacbl ecenteni. HatTuxenep engi MHAYCTPUANAHALIPY bl XeAeNnaeTy aHe eHepKacCinTiH
TepaKTbl AaMyblH KamTaMacbI3 eTy YLiH engen 61 6aiinaHbICTbl ECKepY KaXKET eKEHLU KepCeTTi.

Ty>KblpbIMZama: b™n  MbICTa 33ipfeHreH MateMaTukabik Mogenb 2006-2022 xbingap apabirbiHaarbl TaxoK-
cTaH Pecnyb6nuKkacbiHAarbl X "MbICMEH KaMTbIIraH X3He X MbICCbI3 X MbIC KYLUiHIH e3repy AMHAMUKACbIH KepceTy
YWiH KongaHbinabl. [emek, naiganaHbiAMainTbiH X MbIC KYLLUIH pecny6nKaHbiH CTpaTerusiblK MakcaTTapbIHbIH Gipi,
ArHun engi Yaemeni nHAYCTpUsnaHabIpyabl LWellyre nainganaHy MYMKIHAIN KepcenreH.

KbIT cB3aep: Mogenb, » MbICMeH KaMTy, SKOHOMUKabIK XYVlenep, KongaHbansl 6arfapnamanap, Kecte, perpec-
cus, eHBeK pecypcTapsbl.
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MogenuposaHue HeCcTabUNbHbIX 3KOHOMUYECKNX CUCTEM Ha OCHOBE pacnpeneneHna HaceneHud,
3aHATOrO B 3KOHOMMUKe TajXuMKnUcrtaHa

AHHOTaAUMsA

Llenb: Llenbto faHHOro MccnefoBaHUsA ABASETCA aHaM3 1 pa3paboTka MaTeMaTUyecKoin Mogenu pacnpegeneHuns
38HATOrO HaceneHus B IKOHOMYKe Pecny6inkn TampKnKUCTaH no BMUAaM SKOHOMWUYECKON AeATeIbHOCTM C UCNO/b30Ba-
Hviem nporpammel Sigma Plot.

MeTogbl: B HacTosLlem nccnefoBaHUM UCMONb3YETC MAaTEMATUYECKOe 1 CTaTUCTUYECKOE MOAENNPOBaHUE pac-
npesfeneHns HaceneHusi, 3aHATOro B 3KOHOMUKe Pecny6iunkm TamkukuctaH. CoBpeMeHHbIE KOMMbOTEPHbIEATEXHONMO-
rMM 1 NPOrpamMmmbl CO3[at0T BOSMOXKHOCTM ANsA pa3paboTKy v BepUUKaLMU HOBbIX MOJENel, a Takke NoOMOEalT Co-
BEPLLEHCTBOBATb METO/b! UCC/EL0BaHNSA HA OCHOBE MOZEfel, a TakxKe MeTOfbl aHanM3a U NPeLCcTaBAeHARPE3YAIbTATOB
MOAENMPOBaHNS.

Y3KonpogecCnoHaIbHOE MCMOMb30BaHWe METOLOB MOZENVMPOBAHUSA YCTYNaeT MECTO LUMPOKAMY MERO/Ib30BaHIO
VMWTaLMOHHBIX MOZeNei, 0CHOBaHHbIX Ha COBPEMEHHbIX KOMMbIOTEPHbIX mporpamMmax. W cyilecTByeT HensbexHas
HeobX0AMMOCTb NOCTaBUTbL BOMPOC O PasBUTUM MOAEMPOBaHWS B KOHTEKCTE peasibHbIX MP06aemMy WHTEpNpeTaLmm
ero (yHgamMeHTa/lbHbIX KOHLLENLIIA.

PesynbTaTbl: [/15 Npes/ioXKeHHbIX MOAeNeli NonyyYeHbl MaTeMaTUYecKme ypaBHeHUs perpeeeny n koadguuyveH-
Tbl 3TUX YpaBHEHWIA paccymTaHbl C MOMOLLBIO KOMMNbIOTEPHBIX NporpaMm. C noMoulsio. MPEAI0XEHHbIX MaTemaTuye-
CKMX U CTATUCTUYECKMX MOJENel pacCuMTaHO COOTHOLLUEHME 3aHATOr0 HaceneHus U HEMCAOIb3yeMoin paboyein cunbl B
Pecny6nmke TamkukucTaH. PesynbTaTbl NOKasaim, YTO 1 YCKOPeHUS MHAYCTPUaNM3almmn cTpaHbl 1 obecneyeHus
YCTOWYMBOrO PasBUTUSA NMPOMbILLIEHHOCTW HEOOXO0AVMMO YUNTbIBATL 3TO COOTHOLEHWE B CTpaHe.

BbiBogbl: PaspaboTaHHas mMaTemaTieckas Mofe/b B HaCTOsALLEN paboTeybblia NpUMeHeHa /15 0TObpadkeHUs -
HaMMKN M3MEHEHUIA B 3aHATON 1 6e3paboTHOI paboueii cune B Pecnybnike TampkukucTaH 3a nepuog 2006-2022 rr.
CnepoBaTtenbHO, Mbl NMOKa3aay BO3MOXHOCTb UCMO/b30BaHUA HEMEMOAB3YEMBI paboyeil Cusbl AN PELLIEHUA O4HON U3
CTpaTernyeckumx Lenei pecnybavku, To eCTb YCKOPEHHOW UALyCTRMaIM3alym CTpaHbl.

KntoueBble cnoBa: MOAESb, 3aHATOCTb, 3KOHOMYUECKME CUETEMBI, MPUKaAHbLIE MPOrpaMmbl, Fpadivik, perpeccus,
TPY/0Bble PECYPChbI.
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