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MOLECULAR DOCKING STUDIES OF Cu(ll), Zn(11), Co(11), Ni(Il)
COMPLEXES WITH ABSCISIC ACID AND MONOETHANOLAMINE

Abstract: The protein-ligand binding studies of [Me(ABA)(MEA)] and [Me(ABA)2(MEA);] (here, Me= Cu(ll),
Zn(11), Co(ll), Ni(Il); ABA= abscisic acid; MEA= monoethanolamine) complexes with AtTIR1 protein (PDB ID:
2P10) have been carried out using CB-Dock?2 server. The binding energies of coordination compounds to the target
2P10 protein are significantly improved compared to the ABA or MEA molecule. Zinc and copper coordination
compounds with two ABA molecules and one MEA molecule interact with the protein more strongly than other
compounds, forming an H-bond with the following amino acid residues ARG9, TYR298, ARG344 and ARG403.
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Introduction importance of which is highlighted by its various roles

Phytohormones  regulate the  protective in development (such as seed dormancy, germination,
responses of plants against both biotic and abiotic and floral induction) and stress responses (such as
stresses by means of synergistic or antagonistic drought, salinity, and pathogen infection) [1-5]. The
actions referred to as signaling crosstalk. Plants adapt molecular structure of ABA consists of a cyclohexene
to or tolerate stress through production of specific ring with a monomethyl group, a dimethyl group, a
hormones that are produced at very low ketone group, a hydroxyl group and a hydrocarbon
concentrations. One of the classical and well-studied side chain conjugated to the carboxylic acid group
phytohormones is abscisic acid (ABA), the (Fig. 1).

Fig. 1. Structure of ABA
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Under stressful environmental conditions such
as water shortage, high salinity and temperature
extremes, the ABA content in plants rises

Environmental stress
(eg Drought, cold, salininty)

v

[ABA]

Stomata closure

significantly, stimulating stress-tolerance effects that
help plants adapt and survive under these adverse
conditions (Fig. 2.) [6].

Protein and membrane
stabilization

Seed germination arrest

Fig. 2. ABA-mediated abiotic stress response

Under drought or osmatic stress conditions,
ABA promotes stomatal closure, which prevents
water loss through transpiration, and the accumulation
of osmocompatible solutes to retain water [7,8]. The
role of ABA as a negative regulator of plant growth
has also been long established [9]. The activity of
ABA in the induction and maintenance of seed
dormancy is attributed to its potent effects on the
inhibition of seed germination [10]. The inhibitory
effects of ABA on germination and growth help plants
withstand these stressful conditions and germinate
only when the conditions are favorable for growth.

Moreover, ABA is not only involved in stress
response, but also in plant growth by regulating the
gene responsible for certain physiological processes
ranging from stomatal opening to storage of proteins
[11]. The receptors involved in ABA signaling were
first discovered in Arabidopsis and it involves three
major components- receptor PYR/PYL/RCAR (PYL-

Pyrabactin resistance 1) protein family, positive
regulator class Il SNF-1-related protein kinase 2
(SnRK2) and negative regulator type 2C protein
phosphatase (PP2C) [12]. PYR proteins are
responsible for carrying out proper ABA signal
transduction in Arabidopsis [13] and PP2Cs function
as negative regulators in ABA-dependent pathways
[14]. In this work, we theoretically studied the binding
energy of metal complexes based on ABA and
monoethanolamine (MEA) with proteins.

Materials and methods

The geometry of ABA, MEA, and hypothetical
coordination compounds was constructed using the
Avogado software package [15]. Molecular docking
studies have been carried out by CB-Dock2 server
[16]. The target protein of AtTIR1 (PDB ID: 2P10)
was downloaded from PDB database [17].
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Results and discussion

ABA is a plant hormone that regulates numerous
aspects of plant growth, development, and stress
responses. Molecular docking studies with the CB-
Dock2 server were carried out to find new plant
regulators. Hypothetical structures (Scheme 1) of
coordination compounds based on MEA, ABA and
metal ions (Cu(ll), zZn(Il), Co(ll), Ni(ll)) are
constructed taking into account the fact that
coordination compounds are more active than ligand
molecules.

The protein-ligand binding of
[Me(ABA)2(MEA)] and [Me(ABA)2(MEA);] (here,
Me= Cu(ll), Zn(I1), Co(ll), Ni(ll); ABA= abscisic

acid; MEA= monoethanolamine) complexes with
AtTIR1 protein (PDB ID: 2P10) was studied on the
CB-Dock server. The results obtained are presented in
table 1. It was found that the binding energy of ABA
molecule with 2R10 protein is -5.7 kcal/mol and it
forms H-bond only with GLU141 and ASP167 amino
acid residues (Fig. 3). It was found that significant
changes in binding energies occur in metal complexes.
For example, the binding energy of the
[Zn(ABA),(MEA)] complex with metallic zinc is -9.7
kcal/mol, and it was found that the resulting complex
has an H-bond with amino acid residues ARGS9,
TYR298 , ARG344 and ARG403 (Fig. 4).

CH, o M&—CHo o cpy
HC CHsg )\ | HoN - OH P
S o—Me—0" %
0” !
- CH; O HZ?_ﬁ:H?
3 H,N  OH
H3C )\ 2 \ /
N 0—Me—O
/ N\
o7 HO' NH,
H,C—— CH,

Scheme 1. The structure of hypothetic coordination compounds. Me — Cu(ll), Zn(lI1), Co(ll), Ni(ll).

Table 1. Binding energies of hypothetic structures to 2P10

Compounds Binding energy, Contact residues with H-bond
kcal/mol

[Cu(ABA)2(MEA)4] -7.5 ARG9, TYR11, ASP167
[Zn(ABA);(MEA),] -9.7 ARG9, TYR298, ARG344, ARG403
[Co(ABA)2(MEA)4] -9.3 ARG9, TYR298, ARG344
[Ni(ABA)>(MEA),] -9.7 ARG9, TYR298, ARG344, ARG403
[Cu(ABA)2(MEA):] -7.1 -
[Zn(ABA):(MEA)] -9.9 ARG9, ASP81, ARG344, ARG403
[Co(ABA)2(MEA):] -9.6 ARG9, ASN83, TYR298
[Ni(ABA)>(MEA);] -8.2 ARG9, ASN83

ABA -5.7 GLU141, ASP167

MEA -2.7 CYS140, GLU141
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Fig. 3. Contact residues in the active site of the protein in 2P10-ABA complex docked by CB-Dock?2 server
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Fig. 4. Contact residues in the active site of the protein in 2P10-Zn(ABA)2(MEA): complex docked by CB-
Dock2 server
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In addition, GLU165 is involved in the charge-
charge interaction, enhancing the compound-protein
interaction in the complex. A similar effect takes place
in the [Ni(ABA)(MEA)] coordination compound.
There are no drastic changes in the interaction of type
[Me(ABA)2(MEA),] compounds with proteins
compared to type [Me(ABA)2(MEA)] compounds.

Conclusion

As a result of theoretical studies, it was
established that the [Zn(ABA)(MEA)] and

References:

1. Zhu, J.K. (2002). Salt and drought stress signal
transduction in plants. Annu Rev Plant Biol
2002; 53: 247-73.

2. Mauch-Mani, B., & Mauch, F. (2005). The role
of abscisic acid in plant-pathogen interactions.
Curr. Opin. Plant Biol. 8, 409-414. doi:
10.1016/j.pbi.2005.05.015.

3. Wasilewska, A., Vlad, F., Sirichandra, C.,
Redko, Y., Jammes, F., Valon, C., et al. (2008).
An update on abscisic acid signaling in plants
and more. Mol. Plant 1, 198-217. doi:
10.1093/mp/ssm022.

4. Finkelstein, R. (2013). Abscisic acid synthesis
and response. Arabidopsis Book 11:€0166. doi:
10.1199/tab.0166.

5. Humplik, J. F., Bergougnoux, V. & Van
Volkenburgh, E. (2017). To stimulate or inhibit?
That is the question for the function of abscisic
acid. Trends Plant Sci. 22, 830-841. doi:
10.1016/j.tplants.2017.07.009.

6. Ng, L., Melcher, K., Teh, B., et al. (2014).
Abscisic acid perception and signaling:
structural mechanisms and applications. Acta
Pharmacol Sin 35, 567-584.
https://doi.org/10.1038/aps.2014.5

7. Cutler, S.R., Rodriguez, P.L., Finkelstein, R.R.,
& Abrams, S.R. (2010). Abscisic acid:
emergence of a core signaling network. Annu
Rev Plant Biol 2010; 61: 651-79.

8. Kim, T.H., Bohmer, M., Hu, H., Nishimura, N.,
& Schroeder, J.I. (2010). Guard cell signal
transduction network: advances in
understanding abscisic acid, CO2, and Ca2+
signaling. Annu Rev Plant Biol 2010; 61: 561-91.

9. Milborrow, B.V. (1974). The chemistry and

physiology of abscisic acid. Annu Rev Plant

Physiol 1974; 25: 259-307.

Lopez-Molina, L., Mongrand, S., & Chua, N.H.

(2001). A postgermination developmental arrest

checkpoint is mediated by abscisic acid and

10.

[Ni(ABA)2(MEA)] complexes can have higher
growth properties compared to the ABA compounds.
This work may encourage chemists to synthesize
coordination compounds [Zn(ABA),(MEA)] or
[Ni(ABA)2(MEA)] by reacting ABA with zinc or
nickel salts.

requires the ABI5 transcription factor in
Arabidopsis. Proc Natl Acad Sci U S A 2001; 98:
4782-4787.

Sah, S.K., Reddy, K.R., & Li, J. (2016). Abscisic
acid and abiatic stress tolerance in crop plants.
Front. Plant  Sci. 2016;7:571.  doi:
10.3389/fpls.2016.00571.

Duarte, K.E., de Souza, W.R., Santiago, T.R,,
Sampaio, B.L., Ribeiro, A.P., Cotta, M.G., da
Cunha, B.A.D.B., Marraccini, P.R.R,
Kobayashi A.K., & Molinari, H.B.C. (2019).
Identification and characterization of core
abscisic acid (ABA) signaling components and
their gene expression profile in response to
abiotic stresses in Setaria viridis. Sci. Rep.
2019;9(1):4028. doi:  10.1038/s41598-019-
40623-5. [PMC free article] [PubMed]
[CrossRef] [Google Scholar].

Ma, Y., Szostkiewicz, I., Korte, A., Moes, D.,
Yang, Y., Christmann, A., & Grill, E. (2009).
Regulators of PP2C phosphatase activity
function as abscisic acid sensors. Science. 2009;
324(5930): 1064-1068. doi:
10.1126/science.1172408. [PubMed] [CrossRef]
[Google Scholar].

Komatsu K., Nishikawa Y., Ohtsuka T., Taji T.,
Quatrano R.S., Tanaka S., Sakata Y. (2009).
Functional analyses of the ABI1-related protein
phosphatase type 2C reveal evolutionarily
conserved regulation of abscisic acid signaling
between  Arabidopsis and the  moss
Physcomitrella  patens. Plant Mol. Biol.
2009;70(3):327-340. doi: 10.1007/s11103-009-
9476-z. [PubMed] [CrossRef] [Google Scholar].
Hanwell, M.D., Curtis, D.E., Lonie, D.C.,
Vandermeersch, T., Zurek, E., & Hutchison,
G.R. (2012). Avogadro: an advanced semantic
chemical editor, visualization, and analysis
platform, J. Cheminform., 4: 17.

11.

12.

13.

14.

15.

Philadelphia, USA

605

2 Clarivate
Analytics oo


https://doi.org/10.1038/aps.2014.5

ISRA (India)  =6.317  SIS(USA)  =0.912 ICV (Poland)  =6.630

. ISl (Dubai, UAE) =1.582  PUHII (Russia) =3.939  PIF (India) =1.940
Impact Factor: g\ australia) =0564 ESJI(KZ)  =8771  IBI (India) = 4.260
JIF =1.500  SJIF (Morocco) = 7.184  OAJI (USA)  =0.350
16. Liu, Y., Grimm, M., Dai, Wt., et al. (2020). CB- Sin 41, 138-144. doi.org/10.1038/s41401-019-
Dock: a web server for cavity detection-guided 0228-6, http://cao.labshare.cn/cb-dock/
protein-ligand blind docking. Acta Pharmacol 17. (n.d.). Retrieved from

https://www.rcsb.org/structure/2P10.

o " 2 Clarivate
AnalytiCS indexed


http://cao.labshare.cn/cb-dock/
https://www.rcsb.org/structure/2P1O

ISRA (India)  =6.317 SIS(USA)  =0.912 ICV (Poland) =6.630

. ISI (Dubai, UAE) = 1.582 PUHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: g\ australia) =0564 ESJI(KZ)  =8771  IBI (India) = 4.260
JIF = 1500  SJIF (Morocco) = 7.184  OAJI (USA) = 0.350

Issue Avrticle

SOlI: 1.1/TAS DOI: 10.15863/TAS
International Scientific Journal

Theoretical & Applied Science

p-ISSN: 2308-4944 (print)  e-1SSN: 2409-0085 (online)

Year: 2023 Issue: 05  Volume: 121

Published: 30.05.2023  http://T-Science.org

Sanavbarkhon Sultonkhojaevna Askarova

KhSU State named after acad. B.Gafurov

senior lecturer of the department of world economy of the SEI
sanam85@mail.ru
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INDUSTRIAL DEVELOPMENT OF TAJIKISTAN REPUBLIC

Abstract: The article dwells on the issue of theoretical foundations of industrial system development of Tajikistan
Republic. It is noted that as a result of economic reformation of in the country's sectors, a number of organizations
and enterprises have undergone significant changes; the author’s definitions of the notion of industrial policy as
well. It is concluded that there are real prerequisites for innovative development of industry in Tajikistan Republic,
in addition, the existing industrial potential of the country possessing indicators for joint ventures creation taking
into account the attraction of foreign and home capital makes it possible to establish close relations with home
scientific institutions and to use their creative potential.
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AHAJIN3 COBPEMEHHOM CUTYALIUU U TEHJAEHIIMA PA3SBUTHA IPOMBIIIJIEHHOCTH
PECITYBJIMKHU TAIKUKHCTAH

Annomayusn’: B cmamve paccmampugaemcs 60npoc 0 Meopemuyeckux 0CHO8AX PA36umusi UHOYCMPUaiIbHOU
cucmemsvl Pecnyonuku Taoxcuxucmarn. OmmeyeHo, umo 8 pe3ynvmame peqhropmuposanis SKOHOMUKU 8 OMPACTIAX
CMpanvl pa0 opeaHu3ayuu U Npeonpusmull npemepneny 3HAYUMENIbHble USMEHEeHUs, maKdice agmopcKue
onpeoenenusi NOHAMUSL NPOMBIUIEHHOU NOAUMUKY. [lenaemcs 8bl800 O HAMUYUU DPEANbHbIX NPEONOCHLIOK Oilsl
UHHOBAYUOHHO2O  pazsumusi npomwviuLienHocmu Pecnyoauku  Taoowcukucman, Kpome mMo2o, UMEOuUcs
NPOMBLUUAEHHBIU NOMEHYUAT CIMPAHDbL, 001A0AIOWUL NOKA3AMETAMU CO30AHUSL COBMECHHBIX NPEONPUSIINULL C YHemoM
npusniedeHuss UHOCMPAHHO20 U OMEYeCMBEeHHO20 KANUMAnd, HNO360Jsdem HANA0Umb MmeCHble C6:3U C
OMmeuecmeeHHbIMU HAYUHBIMU YUPEHCOCHUSMU U UCNOTb308ATNb UX MEOPUECKUL NOMEHYUAL.

Knrwouegvle cnoea. Hayuonanvhas 9KOHOMUKA, NPOMBIUWICHHAS NOIUMUKA, KOHKYDEHMOCHOCOOHOCMb
NPOMBIUIEHHOU NPOOYKYULL, NPOMBIUULEHHAS CUCTEMA, UHBECMULUU.

Beenenne obuiero IIPOU3BOACTBA CTpaHsI J0JII0
YIK - 338.1 MIPOMBIIIICHHOHN MPOIYKITHH IpeAcTaBisuTy 293 Buaa

NPOJXYKIUH, KyJa B OCHOBHOM BXOAWIN J00bIYa

CouyanbHO-5KOHOMHYECKOe pa3BuTHE 3050Ta, cepebpa, CBHUHIA, AalIOMHUHUS,  YIUI,
PecnyOnmku TamKuKUCTaH TECHO CBS3aHO C YPOBHEM JParolieHHbIX METAUIOB, BbIPAlIMBAHUE XJIOMKA,
pPa3BUTHsI IPOMBIIUIEHHOW CHUCTEMBbl CTpaHbl U MPOM3BOJICTBO IIEMEHTa, Kupnuya, acoecta, mmudepa,
OOBEKTUBHO  OTpakKaeT  JOJI0  OTpacied B JeKapCTB, MSCHOW MNPONYKIMH M JAp. B mnenom,
obecrieueHue TIOBBILICHHUA IIPUMCHECHU COorjiaCHoO O(l)I/ILII/IaJ'l])HbIM JaHHBIM, 06"I>CM

WHHOBAIMOHHBIX TexHoJoruit. B 2020 r. B cTpyKTYype
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HeoOxoguMoO OTMETHTH, YTO B HAIId OHH B
CTpaHEe CO3MaHBl YCIOBHS I HWH(MOPMAIIMOHHOTO
obecrieyeHnss ONEHKH MPOMBIIIIEHHOW CHUCTEMBI, a

MIPOM3BOACTBA NPOMBIIUICHHOW MNPOIYKIUH IO
cpaBHeHu1o ¢ 2019 rogom ysennuuncs Ha 9,7%.
Jng  omeHKM TOTeHHWana MPOMBIIUICHHOM

CHCTEMBI PT HEo0X0aANMO MIPOBECTH TaKke Bce OKOHOMHKH. Tak, B  cucTeme
CONOCTaBUTENbHBIN PETHOHANIBHO-CTPYKTYPHBII HaroHanpHBIX cueToB (CHC) Hanaxen yder BBII u
aHAIM3 NPOMBILUIEHHBIX OTPAaciei, 4TO MO3BOJIUT BPII, YTO MI03BOJISIET OCYILIECTBUTD
OIIPEJIEIUTh TEHACHINU Pa3BUTHUS IPOMBIIUICHHOCTH COIIOCTABUTEIbHBI aHAM3 pPa3BUTUS IKOHOMHUKH
[1]. CTpaHBI ¥ OTPACIICH TIPOMBIIIITIEHHOCTH (Tabuuma 1).

Taoauna 1. U3meHnenue npousBoacTBeHHoi cTpykTypbl BBII PT u noast BPII B Heil

2010 2012 2014 2016 2018 2019 2020 2020/ 2010, %

I | 24707,1 | 36163,1 | 45606,6 | 54790,3 | 71059,2 | 79109,8 82543,0 3,3 map.

I 106,5 107,5 106,7 106,93 107,6 107,4 104,5 -
Il | 32858 | 4579,2 | 5523,7 | 6336,3 | 7870,2 | 8580,1 8788,9 2,6 map.
IV | 7504 961,5 1119,3 808,7 860,0 900,3 851,5 113,5

V | 22308,9 | 32784,7 | 40836,2 | 49921,1 | 61368,4 | 68691,3 73870,5 3,3 map.
VI 90,3 90,7 89,5 91,6 89,1 88,8 89,5 -
[Mpumeuanue: | — BBII B neficTByrOIUX IIeHaX COOTBETCTBYIONIMX JeT, MiIH coMoHH; |l — Temmbr pocta BBII B
MPOIICHTaX MO CpaBHEHUIO ¢ mpouutbiM rogom; |11 — BBII na nymy nacenenwust, comonu; IV — B nommapax CIHIA;
V — Banosoii pernonansHslil mponykt; VI — lonst BPII B o6mem o6peme BBI, B %.

Cocmaeneno aemopom no ucmoynuxy: Taoocuxucman: 30 1em 20CyOapCmEeHHOU  He3A8UCUMOCTILL.
Cmamucmuueckuii coOopruk. — J[ywmanbe: Aeenmemeo no cmamucmuxe npu Ilpesuoenme PT, 2021. — C. 335.

B nocnegHue roxel TeMIBI pocTa OCHOBHBIX
JKOHOMMYECKMX ToKaszarenei B PT 3HauuTensHO
yckopsifoTes. Kak BHOHO W3 maHHBIX Tabmuusl 1, B
paccmaTpuBaemslii mepuos BBII pecriy6nuku (B 2020
r.) yBemmumics B 3,3 pasza mo cpaBHernuto ¢ 2010 r.
OpnnoBpemenno noist BPIT 8 BBII Troxxe yBenuumiach
B 3,3 paza. OHaKO TEMITBI POCTa MO CPAaBHEHHIO C
MPOIIIBIM TOAOM CHU3WIMCE Ha 2,4%. B 2010 roxy
nonss BBIT ma mymy HacenmeHust coctaBmia 3285,8
comond, B 2020 Tromy JaHHBII mOKa3aTeNnb
yBenuuwics B 2,6 paza. Heo0XoauMo OTMETUTS, UTO,
xoTs1 yBenuueHue BBII B uHOcTpaHHOW BamoTe

(mommaper  CIIIA) B  aHanM3MpyeMBId  IEpHOA
cocraBmio 13,5%, temmsl pocra B 2020 romy
cHU3WINCH N0 cpaBHeHuto ¢ 2019 u 2018 rr., uro
SBJSIETCSL  CJICACTBHEM TIOBBIIICHNUST OaHKOBCKOT'O
Kypca uHocTpanHo# BamoTel. B 2010 r. nons BPII B
obmem ooweme BBIT cocrasuna 90,3%, B 2020 romy
3TOT moKa3arens ymeHbinwics Ha 0,8% u cocraBun
89,5%.

Heob6xoaumo ooiiee rIy0OKO
MPOAHATM3UPOBATh JIONIO TPOMBIIUICHHOCTH Kak
KJIFOYEeBOI oOTpaciau B (OPMHUPOBAHUHM OCHOBHBIX
MoKazaTesel 3KOHOMHUKH CTPAHBI.

Ta6auna 2. Jojas BIII (%) B 00beme BBII u BPII B PT (B neficTBYIOIIMX I[eHAX COOTBETCTBYIOIINX JIET,
MJIH COMOHH)

IToka3arean 2010 2015 2016 2018 2019 2020 2020 / 2010, %
BBII 24707,1 | 50977,8 | 54790,3 | 71059,2 | 79109,8 82543 3,3 map.
BIIIT 11344 12196 15090 23894 27613 30890 2,7 map
Joasn BIIII B
oomem oobeme BIIII, % 4591 23,92 27,54 33,63 34,90 37,42 81,5
BPII 22308,9 | 43745,9 | 49921,1 | 61368,4 | 68691,3 73870,5 3,3 map.
Joasn BIIII B
oouem ooneme BPII, % 50,8 27,9 30,2 38,9 40,2 41,8 82,2

Paccuumano aemopom no ucmounuxkam: Taooxcuxkucman: 30 nem 2ocyoapcmeennou Hezagucumocmu //
Cmamucmuueckuii cooprux. — Jywanbe: Acenmcmeo no cmamucmuxe npu Ilpesuoenme PT, 2021. — C.335, 354-
405, Ipomviunennocmo  Pecnyonuxu  Taoocuxucman: 30  nem  eocydapcmeeHHol — Hezasucumocmu — //
Cmamucmuyeckuii coopuux. — J{ywanbe: Aeenmcmeo no cmamucmuxe npu Ilpezudenme PT, 2021. —C.9.

(hopMHUpOBaHMHM OCHOBHBIX MMOKA3aTeNeil COIMANIbHO-
sKoHOMHUYecKoro pocta. B 2020 r. ero momnst B o6beme
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Kak BuaHO M3 JaHHBIX Ta0. 2, 3HAYUTEIbHA 10
BaJIOBOTO  IPOMBILIJIEHHOTO MNpOOyKTa B
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BBII cocrasuna 37,42%, a B 00beme BPIT — 41,8%.
XOTs B pOCTE AAHHOT'O MOKa3aress ¥ ero 1oiau B 2020
r. o cpaBHeHuto ¢ 2010 r. HabmoIaeTCsl CHUKEHUE B
oobeme BBII nHa 18,5%, a B 066eme BPIT — 17,8%,
onHako HaunHag ¢ 2015 r. HaOmoaeTcs yBeIndYeHue,
koropoe coctaBmio B 2020 1. 13,9%. Oro
CBUJICTEILCTBYET O CHIDKEHHH MPOU3BOJCTBA B
OTJENBHBIX PErHOHaX CTPaHbl U O HedPPEKTUBHOM

MPUMEHEHUU CYILIECTBYIOLIUX 3aKOHOB.
OnHOBPEMEHHO 3TO CBHJICTENILCTBYET 0
HEOOXOAMMOCTH DPEKOHCTPYKIMH  CYIIECTBYIOLINX

MEXaHU3MOB IMOOMIPEHHUU U MOAACPIKKU PasBUTHUA
[IPOMBIIIJIEHHBIX OTPAciIell BCEX PETUOHOB CTPaHbl, a
TaKke O HEOOXOJMMOCTH TPOBEACHHUS pPeOpMBI
rOCyAapCTBEHHOTO YIpaBJICHUS c LEIbI0
HaJTa)XWBaHUS 00Jiee TAPMOHINYHOTO B3aMOACHCTBHS
MECXKAY HEHTPOM U PETUOHAMU.

[IpombInuTeHHasT MOMUTHKA 3aHAMAEeT 0co0o0e
MECTO B SKOHOMUYECKOW IOJIUTHKE pecnyOnuku. B
COBPEMEHHBI  NEPUOJ]  pa3BUTHA  OKOHOMMKH
obecrieueHne pPa3BUTHUS NPOMBIIUICHHONW CHCTEMBI
SIBJISIETCS OJHOW W3 BaxkHeHmux mpooOimeM. Kak
oTMevaercss B HaluoHanbHOM CTpaTeruu pa3BUTHA

PT na mepmonm mo 2030 r., B CBS3M C Mepamu
SKOHOMHYECKOTO pa3BUTHSL u CIIeHapueM
WHIYyCTPHAJIFHOTO PAa3BUTHS, «HA TAKOM YPOBHE JOJIS
MpoMBIIIIEHHOCTH B cTpykType BBII 10 konuna
IpeaycMaTpuBaeMoro Imepuoia yBenuuurcs B 1,8
paza (B mepuox 2021-2025 rogos — o 16%, u B 2026-
2030 romax — g0 20-20,5%). [To naHHOMY ClieHapHUIO
00bEM  TIPOMBIIIJIEHHOTO  TNPOM3BOACTBA IO
cpaBHeHHo ¢ 2015 rongom yBenuuutes B 5,1 pasa, B
TOM YHCJIE B JOOBIBAIOIIEH MPOMBIIIUIEHHOCTH — B 6,4
pa3a, B mepepabaThIBalOIIEH MPOMBIIUICHHOCTH — B
5,5 pasa, B IPOU3BOACTBE M PpaCIPEIECICHUU
AIEKTPO’HEPTUH, Ta3a U BOAI — B 2,2 paza» [4, c.19-
20].

Kak Ob110 ot™Medeno, BIIIT siBisieTcss ogauM u3
noKasaTenel, BIMAIONIMX Ha  OKOHOMHYECKOE
pasBuTHe. BanoBoi IPOMBIILIEHHBIN NPOLYKT — 3TO
4acTh OOLIECTBEHHON MPOJIYKIUH, NOKA3bIBAIOIINI B
JICHEKHOM BBIPKECHUH oOmwmii  pe3ynpTar
JEeATENTFHOCTH TPOMBIIIJIEHHOTO TIPON3BOJCTBA BCEX
NPOMBIIUICHHBIX ~ HPENNPUATHI B OIpeaeIeHHbIH
nepuoj BpeMenu (tabnuma 3).

Tabauua 3. lunamuka o0bema npombiiieHHo npoaykuuu B PT u B ee pernonax (B nenax
COOTBETCTBYIOUIUX JI€T, MJIH COMOHU)

Toawr 2015 2016 2017 2018 2019 2020 | 2020 /2015, map.
Pecnyoauka Tapxukucran | 12196 | 15090 20029 23894 27613 30890 2,5
JHouns B o0mem oobeme, % 100 100 100 100 100 100 -
I'GAO 111,8 128,8 193,4 238,3 249,3 228,8 2,04
JHouns B o0mem oobeme, % 0,9 0,9 1,0 1,0 0,9 0,7 -
Coraniickast 001aCTh 4894,2 | 7078,5 | 10066,4 | 11498,4 | 13053,6 | 15573,2 3,1
JHouns B o0mem oobeme, % 40,1 46,9 50,3 48,1 47,3 50,4 -
XaTt0HCcKAas 00,1aCTh 4621,2 | 5047,7 | 6753,1 7294 | 8661,1 | 8998,3 1,9
JHouns B o0mem oobeme, % 37,9 33,5 33,7 30,5 31,4 29,1 -
r. lymanoe 1350,7 | 1461,8 1659 | 2664,9 | 2753,4 | 2800,6 2,07
Jons B oOmiem oobeme, % 11,1 9,7 8,3 11,2 10,0 9,1 -
PPII 1218,1 | 1373,2 | 1357,1 | 21985 | 28956 | 32894 2,7
Jons B o0mem oobemMe, % 10,0 9,1 6,8 9,2 10,5 10,6 -

Paccuumano asmopom no ucmounuxy: Ilpomviuinennocme Pecnyonuxu Tadscukucman: 30 1em eocyoapcmeentot
nesasucumocmu // Cmamucmuueckuii coopnux. — [ywanode: Aeenmcmso no cmamucmuxe npu llpesudenme PT,

2021. - C.9.

Jamnpie Tab. 3 CBUAETENBCTBYIOT, YTO
NPOMBIIICHHOCTH B PT MMeeT TeHJeHIHIo K pOCTy U
B nemoM pocT B 2020 romy mo cpaBHenmio ¢ 2015
roJIoM coctaBmi 2,5 pa3a. HeoOXoguMo OTMETHTS,
gro B 2015-2020 rr. B peruoHaNbHOM IUIAHE
TEHJICHIIUS K POCTY MPOMBIIIIIEHHOCTH OOJBIIE BCErO
Habmronaercs B Coruiickoit obnactu (3,1 paza). ITo
naHHoMy nokasatento PPII 3aHumaroT BTOpoe mecto
(2,7 paza). Temns! pocra BIIII B r. [lymante u B
I'BAO cocraBunm Oonee dYem B JBa pasa. B
XaTNmoHCKOI 00J1aCTH TEMITBI POCTa COCTABHIIN MTOYTH
JBa pasa [1, ¢.9].

Hns PecnyOmmkn TaKWKHCTaH XapaKTEpPHO
HEpaBHOMEPHOE Teorpauyeckoe pPaclioyIoKEeHUE

MPOMBILIJIEHHBIX oTpacieil. Tak, 10 mpoBeAcHUS
COLIUAJIBHO-I)KOHOMHYECKHX pedopm
AIIEKTPOHEPreTHYeCcKass  IPOMBIIIJICHHOCTh IO
GoutbIeit yactu ObLTa pacroyioxkeHa B pernonax PPII
u r. Jlyman6e, onpesesieHHast 4acTb — B XaTJIOHCKOM
n Corauiickoi 00IacTIx, ¥ MUHUMAaIbHAsE 9acTh — B
I'BAO. B mnepexonsslil 1 SKOHOMHKH MEpUOJ,
mocye BXokaeHus T. Hypeka B XaTinoHCKyro 001acTh,
B OTpacieBOM PAaCHOJ0KEHUU MPOMBIIUIEHHOCTH
OpOM30LIUIM  W3MEHeHHsa. Takke Heo0X0oauMo
OTMETHTh, YTO B pecnyomuke mo 2016 roma, u
ocoberHo B T. JlymanOe, wu3-3a OTCYTCTBHS
MPUPOJHOTO Ta3a W TOIUIMBA OBLJIO TIPEKPAIICHO
MIPOU3BOJICTBO TEIUIOBOM U AJIEKTPOIHEPTUu [5, ¢.73].
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Onnaxo, HE3aBHCHMO OT  3TOTO, Ha M Ha OTOH OCHOBE IIOCIIE 2015-2016 rr.
COBPEMCHHOM JTarne B MIPOU3BOJICTBE YBEJIIMYMBACTCS ~ IPOU3BOJACTBO  JJIEKTPOIHEPTUH,
npoMblIluIeHHOM nponykuun B PT Habmomaercs pocr, BOJIBI, Ta3a U TEIJIOBOM Hepruu (Tabmn.4).
Tabauna 4. lunamuka 06beMa NPOU3BOACTBA NMPOMbILLIeHHON npoaykuuu B PT (B nenax
COOTBETCTBYIOIIMX JIeT, MJIH COMOHHM)
Toxet 2015 | 2016 | 2017 | 2018 | 2019 | 2020 2020/2015,
MapoTnoa
BCsI IPOMBIIIIJICHHOCTb: 12196 | 15090 | 20029 | 23894 | 27613 | 30890 2,5
[TpousBoacTBO u pacnipenenenue | 2549 | 2718 | 3729 | 5688 | 6808 | 7527 2,9
AJIEKTPOIHEPTHH, BOJIBI, Ta3a U TeIa
JloOBIBaIONIast MPOMEBIIIJICHHOCTh 1641 3004 | 4524 | 4686 | 4853 4309 2,6
B tom uncne: 203 222 298 331 377 429 2,1
Jlo6bI4a S HEPreTHUECKNX MaTepHaJIoB
J1oObIYa HEIHEPreTUYCCKUX MaTEPHUAIOB 1438 | 2782 | 4226 | 4355 | 4476 | 3880 2,6
O0pabarpIBaroIas IPOMBIILJICHHOCTh 8006 | 9368 | 11776 | 13520 | 15952 | 19054 2,3
B Tom uucie: 3482 | 3690 | 4304 | 4900 | 5399 | 7089 2,03
[Ipou3BOACTBO MUINEBBIX MPOAYKTOB,
BKJIFOYAsl HAITUTKU U Tabaka
TekcTuIpbHOE U IMBEHHOE MPOU3BOACTBO 1292 | 1520 | 2354 | 2479 | 2636 | 2870 2,2
ITpou3BOACTBO KOXKH, U3ACTHI U3 KOXKH U 41 49 57 63 71 91 2,2
[IPOM3BOICTBO 00YBH
O0paboTka ApPEeBECHHBI U MPOU3BOJICTBO 77 103 119 138 148 142 1,8
W3eIHi U3 1epeBa
[emnrono3Ho-0ymMakHOEe MPOU3BOACTBO, | 143 115 142 241 260 182 1,2
u3garenbckas ~ u  monurpaduyueckas
JICSITEIIbHOCTD
[Tpou3BoACTBO HEPTEIIPOILYKTOB 52 62 79 105 127 87 1,6
XUMHUECKOE MPOU3BOACTBO 86 95 107 147 154 182 2,1
IIpousBoacTBO PE3UHOBBIX u 61 85 157 200 265 291 4,7
IIJJACTMACCOBBIX U3JEJINUN
ITpousBoacTBO npounx Hemerawnyeckux | 1201 1655 | 2091 | 2298 | 2593 | 2713 2,2
MHUHEPAITBHBIX POYKTOB
Meranmyprudeckoe  mpousBoactBo u | 1450 | 1850 | 2187 | 2708 | 3874 | 4978 3,4
[IPOU3BOACTBO TOTOBBIX METAITMYECKUX
U3EIIUN
MamuHOCTpOCHHE; 93 114 142 203 308 291 3,1
[Ipouwre oTpacian SKOHOMHUKH 28 30 37 38 117 138 4,9

Paccuumano asemopom no ucmovHuxkam: TaZ[)KI/IKI/ICTaHZ

30 nmer rocymapcTBEHHOW HE3aBUCHUMOCTH //

Craructuueckuii cOopuuk. — Jlyman6e: ArenrcrBo mno craructuke npu [Ipesupenre PT, 2021.C.-393-397;
[pomsimrennocts PT: 30 ner rocymapctBenHoi HezaBucuMocTH // Cratuctwdeckwit cOopHmMK. — JyrmanOe:
ArentctBo no cratuctuke nipu Ipesunenrte PT, 2021. — C.18-19.

W3 nanHBIX Tabn.4 ciemyer, 4To TEMITbl pOCTa
o0beMa MPOMBIIITICHHON MPOAYKIIMK B TOOBIBAIOIIEH
otpacnu B nepuop 2015-2020 rr. B e10M COCTaBUIH
2,6 pa3a, B TOM YHUCJI€ B JOOBIYE DHEPreTHUICCKHUX
MaTepHuagoB B 2,1 paza, B 100OBIYe
HE’HEPreTHYEeCKUX MaTepuaioB — B 2,6 pa3a. OnHako
HEOOXOAMMO  OTMETHTh, 4TO IIOKa3aTesib  II0
sHeprerudeckuM Matepuanam B 2020 romy 1o
cpaBHeHuto ¢ 2019 rogom camsmics Ha 11,2%, a mo
JI00bIUe HEIHEPreTHIeCKUX MarepuaioB — Ha 13,3%.
B oOpabaTtbIiBaromiell MPOMBIIUICHHOCTH MTOKa3aTesH
2015-2020 rr. moKa3eIBalOT TEHACHIUIO K pocTy. B
paccMaTpuBaeMblil MEPUOA ITPOM3BOACTBO MHIIEBBIX
MNPOAYKTOB, TEKCTUJIBHBIX W3JENUM, HU3JEIUNA U3

KOXXKH, TPOAYKIUU XHMHYECKOTO MPOH3BOJCTBA
yBeIuuuiIoch Oonee dyeM B 2 pasa. [Ipom3BoacTBO
HEMETaTHIECKUX MUHEPATBHBIX MIPOAYKTOB,
W3ETUH  METaUIypru4eckoro IMPOU3BOJACTBA |
TOTOBBIX METAIUIMYCCKUX W3NS W TPOIYKIUH
MaIIMHOCTPOCHUS YBEIMYMIIOCH OoIbllle 4YeM B 3
paza. B 2015-2020 rr. mpon3BOACTBO PE3MHOBBIX U
MJIaCTMACCOBBIX M3JeNuil yBenuuuiaock B 4,7 pasa.
Temner pocta mo cpaBHenuto ¢ 2019 romom
cocraBmi 9,8%. B 2,3 pa3za yBennuuiacs 00paboTka
JIPEBECHHBI M TPON3BOJICTBO U3 U3 iepeBa. ITo
MpPEeX/e BCEro CBS3aHO C BBOAOM B DKCILIyaTallHIO
OpeanpusTHii 1Mo  o0pabOTKe IUIacTMAacChl B
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Coramiickoit obmactu u B T. [yman6e B mociemHue
TpH roja.

B Pecniy0Onuke TapKkuKicTaH MPOMBIIIIIIEHHOCTh
B IeJOM CKJIafgplBacTCs W3 JOOBIBAafOIICH W
obOpabatsIBarolieil MpoOMBIIUIEHHOCTH, TPOU3BO/ICTBA
JIIEKTPO’HEPTHH, Ta3a © Boabl. JloOwBaromias

TPOMBINUICHHOCTh CBSI3aHa C MOOBIYEH MHUHEPAIIOB,
yIJsl,  DHEPreTHYeCKUX W HEIHEPreTUUECKHX
MaTepuanoB. OOpabaThIBaroIas MPOMBIIUICHHOCTD
BKJIFOYAET CEKTOp TepepabOTKH M TPOU3BOJCTBA
HOBO# mpoaykuuu (Tad.s).

Taéauua 5. JluHaMuka CTYKTYpbI oTpacieii npombinuienHoctH PT (B mepuon 2015-2020 rr, %)

2020/
Toan! 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2015, %
BCsl IPOMBIIIIJICHHOCTh 100 100 100 100 100 100 100,0
IIpousBoacTBO U pacmpeneneHue 116,7
AIIEKTPOIHEPTHH, BOJFI, Ta3a U TeIa 20,9 18 18,8 23,8 24,6 24,4
JloOBIBaIoMIast MPOMBIIIJICHHOCTh 13,5 19,9 22,6 19,6 17,6 13,9 103,0
Jo0bIva SHEPreTHYECKIX MaTepHalioB 1,7 1,5 1,5 1,4 1,4 1,4 82,4
JloObIYa HEeIHEPreTHYECKUX MaTEPHAIOB 11,8 18,4 21,1 18,2 16,2 12,5 105,9
OopabaTpiBaoniasi NPOMbIILJIEHHOCTh 65,6 62,1 58,6 56,6 57,8 61,7 94,1
ITpon3BoACTBO MUILEBBIX NPOAYKTOB, 80,4
BKJIIOYAsT HAIIMTKU U TaOaka 28,5 24,4 21,4 20,5 19,6 22,9
TeKCTHIBHOE M NIBEHHOE MTPOM3BOICTBO 10,6 10,1 11,8 10,4 9,5 9,3 87,7
[Ipou3BOACTBO KOXKHU, H3ACTHIA U3 100,0
KO>KH ¥ TIPOU3BOZCTBO 00YBH 0,3 0,3 0,3 0,3 0,3 0,3
O0paboTKka JpeBECHHEI H IPOU3BOJCTBO 83,3
U3 U3 JiepeBa 0,6 0,7 0,6 0,6 0,5 0,5
[ennroi03H0-0yMaKHOE IPOU3BOJICTBO 1,2 0,8 0,7 1 0,9 0,6 50,0
[Tpou3BoaCTBO HEDTEIPOIYKTOB 0,4 0,4 0,4 0,4 0,5 0,3 75,0
XUMHUYECKOE IPOU3BOJICTBO 0,7 0,6 0,5 0,6 0,6 0,6 85,7
[Tpou3BOACTBO PE3NHOBBIX U 200,0
IUTACTMACCOBBIX M3 0,5 0,6 0,8 0,8 1 1
[Ipou3BoACTBO MpOUNX 89,8
HEMETAJUIMYECKHX MUHEPAIIbHBIX ITPOIYKTOB 9,8 11 10,4 9,6 9,4 8,8
Merauryprudeckoe npou3BOJICTBO 135,3
U TIPOU3BOJICTBO I'OTOBBIX
METAUTMYECKUX U3ICTUH 11,9 12,3 10,9 11,3 14 16,1
MamuHocTpoeHue 0,8 0,8 0,7 0,9 1,1 0,9 112,5
[Ipouue oTpaciu IKOHOMUKH. 0,2 0,2 0,2 0,2 0,4 0,4 200,0

Cocmaeneno asmopom no ucmounuky. IlpombinuieHHocTs PT: 30 meT rocynapCTBEHHOH HE3aBUCHUMOCTH //
Craructudeckuii coopauk. — Jlymian6e: ArenrctBo no cratuctuke npu [Ipesuaenrte PT, 2021. — c. 20-21

ITo gaHHBIM TAOIHUIBI 5 MOXHO T'OBOPUTH 00
OTHOCHTENIBHOM  yBEJIMYEHUH IPOU3BOJACTBA B
MIPOMBIIIICHHBIX OTpacaax B nepuoxa 2015-2020 rr.
OpnHako 371eCh yBEPEHHOE IMEPBEHCTBO COXPAHSIETCS
3a NMPOU3BOACTBOM U PACHPEIEICHHEM TEIUIOBOM U
JIIEKTPOSHEPTUU.

B 4acTu YBEIUYCHUS YHCICHHOCTH
MPOMBIIICHHBIX TPEANPUSITHH CTPAHBI HEOOXOMMO
OTMETHUTb, YTO OHA €lle He JOoCTUria ypoBHsS 1991
roga. OmHako Temnbl pocta B mepuon 2012-2020
TOJIOB CBUJICTCIHCTBYIOT 00 YBEPEHHOM YBCIMYCHUH

KOJIMYECTBA NPOMBIIIUICHHBIX TPEIIPUsITHIT (Tabnuia
6).

Ta6auna 6. KonuvecTBo npoMbllieHHbIX npeanpusituii B PT no oTpacjasiM npoMbIlIeHHOCTH, € JUHUIL]

Mepuoasi 2012 | 2014 | 2015 | 2017 | 2019 | 2020 | 2020/2012,
%
BCsl IPOMBILLIEHHOCTh 1586 | 2164 | 2310 | 1999 | 2164 | 2283 143,9
B Tom yucie: 109 154 214 229 250 264 2,4
Jo0bIBalonIasi NPOMBIILIECHHOCTh pas
ITo oTHOMIEHUH K 001IEMY, Yo 6,9 7,1 93| 115 116 | 11,6 | -
Oo0padaThiBaoniasi NPOMBIILIEHHOCTh 1448 | 1980 | 2071 | 1732 | 1746 | 1846 127,5
Ilo oTHOmMIEHNH K 001IEMY, Yo 91,3| 915| 89,7| 866 | 80,7 | 809 | -
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IIpoussoacreo " pacnpeneienne 29 28 30 38 168 173 59

3JIEKTPO3HEPIHH, BOJIbI, ra32 U Teia pas
Ilo oTHOIEeHNHU K 001IeMy, %o 1,8 1,3 1,3 1,9 7,8 76 | -

Cocmasneno asmopom

no ucmounukam: Tamxukucran: 30 5eT rocymapCTBEHHON HE3aBHUCHMOCTH //

Cratucrtuueckuit cOopuuk. — JlymranOe: ArenTctBo mo craructuke mpu Ilpesmnente PT, 2021.-C.397;
[Mpombinuiennocts PT: 30 ner rocymapcTBeHHO# HezaBucumocTu // Crartuctuueckuid cOopuuk. — JlyrranoOe:
ArentcTBo o craructuke npu [Ipesunente PT, 2021. — c. 24-25

Kak BugHO 13 Tabmums! 6, 3a mepuon 2012-2020
rOJIOB KOJIMYECTBO IPOMBILIUICHHBIX NEPAIPUITUH B
eJIoM yBenn4riioch Ha 43,9%, B ToM uncie B 2,4 pasza

YBEITUYUIIOCH KOJIUYECTBO MPEeANPUATHI
OOBIBAIONIEH MIPOMBIIIIJIEHHOCTH, KOTOpBIE
coctaBiusaoT  11,6% ot  oOmero  KoJW4yecTBa
npeqnpustuid. B 2012-2020 romax KoOJIMYECTBO

MpeIIpusATHiA 00padaTHIBAOIICH MPOMBIIUIEHHOCTH
yBenuuuiiocb Ha 27,5% u cocraBuwio 80,9% ot
00IIero KONWYecTBa TPENNPUATHIH. YBeTUYeHHE
NPEANpUSTHH,  3aHATBIX ~ IPOU3BOJCTBOM U
pacmpesieieHHeM TEIUIOBOM U 3IEKTPO3HEPIHH,
cocraBuio 5,9 pasa. B 2020 r. onn cocraBunu 7,6%
oT o0rero KOJINYeCTBA MIPOMBILIEHHBIX
MPEANPUATHI CTpaHBI.

B wmenoMm, mno pgaHHeIM  MuHucTepcTBa
MIPOMBIIIIJIEHHOCTH ¥ HOBBIX TexHoJoruit PT, B 2020
roly B CTIpaH€ BBEIEHBbl B OJKCIUTyaTaluioo 83
MPOMBIIIICHHBIX MPEANPHUATHSA, B TOM dncie 34 — B
Corauiickoii oomactu, 21 — B XaTJIOHCKOH 00nacTH,
13 nmpennpusaruit — B PPII, 13 mpennpustuii — B T.
Hyman6e, u 2 npeanpustus — B [BAO. Ha stux
npeAnpusTHsX co3naHo 1,1 teic. pabounx mect. M3 83
npeqnpusaTaid 29 (QYHKIHOHHPYIOT B IHIIEBOH
MPOMBIIIICHHOCTH, 17 — B IETKOH MPOMBIIIIEHHOCTH,
13 — B MamumHOCTpOeHMH, 17 NPOU3BOAAT
CTpOUTEIBHBIE MaTepHais [6].

Heo0x01uM0o OTMETHTB, YTO TOJBKO 3a SHBaph-
cents0pp 2021 r. B PT cmansr B skcmuryararmro 229
HOBBIX IpENIpUATHH U LexoB. B wmeinom stu
MPEANPUATHS IPOU3BENN NPOAYKIHMIO Ooiee ueM Ha
363 miuH comoHH. Ilo cTaTucTHUECKHM JaHHBIM
MuHHCTEpCTBAa ~ MPOMBIIUIEHHOCTH ¥ HOBBIX
texHosoruét PT, B 2021 roxy Hama crpaHa 3aHsuia
nepoe Mecto cpenu crpan CHI' mo yBennueHuro
YUCJIEHHOCTH MPEANPUSATUN NPOMBIIUIEHHOCTU. B
2021 r. Beimyck NPOMBINUIEHHOH HPOAYKIHH
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Kak BuAHO W3 TpHBEAEHHBIX MHUHUCTEPCTBOM
maHHBIX: “... B 2021 romy B pecmyOimke 0oO0BeM
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Takum o0pazom, B PT cymiecTByIOT peanbHBIC
MPENOChUIKH  JUI  WHHOBAI[MOHHOTO — pa3BUTHSA
MPOMBIIIICHHOCTH, KPOME TOTO, CYyIIECTBYIOIINI
MIPOMBIIIJICHHBII MOTEHIMA CTPaHbl, 00JIaAaloNINH
MOKa3zaTesIMU AL CO3JaHUs COBMECTHBIX
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OTE€YECTBEHHOT'O KalWTajla, MJaeT BO3MOXKHOCTD
HaJlaUTh TECHYIO CBS3b C  OTECYECTBEHHBIMH
HayYHBIMH MHCTUTYTaMH M  HCIOJIB30BaTh UX
TBOPYECKUN TOTEHLMAI.
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IKOJIOI'O-OKOHOMMNYECKAS BAJTAHCOBASI MOJEJIb JIEOHTBEBA B CUCTEME
KOMITBIOTEPHO MATEMATHUKHA

Annomayusn. B nociednee Oecsimuiiemue YCnexu 6bIYUCTUMENbHOU MEXHUKU NO360MSIOM  U3YYAmb
9KONI02UYECKUE CUCEMBL C MHONCECMBOM 8UA08, 83AUMOOCUCMBYIOUUX OpYe C OPY2OM CAMBIM PA3TUYHBIM 0OPAZOM.
Ipunumas 6o eHumanue, pazeumue CO8PEMeHHO20 HANPABLeHUs. 8 MAMEeMAMUKe — KOMIbIOMEPHOU MAMEMAmuKy
NOBLLUUACHICS  BO3MOICHOCTL  UCCTIe008AHUL  IKOCUCHEM HA Oojlee  KauyecmeeHHOM Ypoehe. B cmamwve
pacemampusaemcsi Mooenuposanue banancosou moodenu Jleommvesa 6 cucmeme Maple, umo cozdaem
603MOICHOCHb NPOBOOUMb UCCLe008AHUSL, U3De2dst PyMUHHbIe 8bIKIAOKU, CIONICHOCHU BbIYUCLEHUS, U COKpawaem
BpeMeHHbLe 3AMPAambl.

Knrouesvie cnosa: xonuuecmso npooyKyuu, Mmampuya, 0bvem sampam, 00bem 3a2pAsHAIOUUX 6eUieCE, MOOCIb
Jleonmuesa.

Brenenne 3) NpUHATHS YIPABIEHUYECKUX PELICHUN.

IMpn pemrennn mpoOiieM  B3aMMOJCHCTBHUS I'maBHON mnenpio (pemieHHeM) 3TOH MOAETH
TIpUPOJIBI M 00IIecTBa Hanbosiee pacpoCTpaHEHHOH ABISIETCSL  YCTpaHEHWE MPOOJIIEMHBIX CHTYalWH,
MO/IETIBIO SIBIISIETCS IKOJIOTO-KOHOMUYECKast MOJICIIH. CBSI3aHHBIX C NPHHSATHEM pelIeHUH, SP(PEKTUBHBIX C
ITocTpoenne moznenell OCHOBAaHO Ha HMCIHONb30BAHUH TOYKM 3pPCHMS  CErOAHSIIHErO [JHS, HO HE
METOJIOB  JIMHEHHOW  anreOpsl M CHCTEM, 3¢ dexTuBHBIX a1 Oyaymiero. Mojenu 3TOro THra
OIUChIBaeMBIX I depeHIaATBHEIMU yPaBHEHHAMH. 00J1alaloT  IOCTaTOYHOM  CIOXKHOCThIO. Mogjenu
MHoroypoBHeBast MOJIETIb B3aUMO/ICHCTBHS MOTYT COCTOSITh, Kak W3 CHCTEM JIMHEIHBIX
SKOJIOTUYECKUX U SKOHOMUYECKHX CUCTEM BKJIFOUAET anrebpanyeckux ypaBHeHudt (CJIAY) , Tak w
6noku: BKJIIOYaTh CHCTEMBl ypaBHEHWH B HMHTETPAIBHON H

1) MeskoTpaciieBoro OanaHca; T hepeHIInATBHOM dopme.

2) IMHaMUKHU PUPOTHBIX PECYPCOB; PaccmoTpuM  CTpYyKTYpy W MeETOOBI  OyioKa

~ .
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MexxoTpacieBoro  Oamanca  (MOB),  KkoTopsrii Hns aHanmm3a COCTaBIIACTCS Tabmuma
IIPE/ICTaBIIEH MHOI'0OTPACIICBON Moienblo JIeoHTheBa MexoTpaciieBoro ©Oanmanca. Ywucna B CTpOKax
B Buze CJIAV[1]. TaONMHUIBI, TOKa3bIBAIOT, KaK  paclpeeseTcs
MexoTpacineBoil OamaHC — METOA aHaIM3a NPOM3BEJCHHA MNPOAYKIUS KaKIOrO  CEKTopa.
B3aMMOCBSI3€d MEXIY pPa3JuyHbIMM CEKTOpaMu [Tocnemuuii 3MEMEHT CTPOKU MPEIACTABISCT O0BEM
SKOHOMHYECKOH CHCTEMBI. JTO O3Ha4yaeT, dYTo MPOU3BEICHHOW CEKTOPOM TPOAYKIWU  (0oOmmid
KaXIbI ~ CEKTOp  BBICTYNAaeT  OJHOBPEMEHHO BBINYCK). JlaHHBIE B CTOJIOLAX [TOKa3bIBAIOT, KAKYIO
mpou3BoauTeneM U notpedurenem. Kpome monessoro MPOJIYKIUIO MTOTPEOIIAET KX bl CEKTOP B MpOIIEcce
NPOJIYKTa 10 KaXJAOMY CEKTOpYy OKOHOMHKH npousBozcTBa. IlocnenHee 4ncino B CTONOLE — 3TO
MIPOUCXOJTUT oOpa3zoBaHue u BBIOPOCHI CyMMapHble 3aTparbl cekropa. Ecnm o0beMm 3arpar

3arpsA3HSIONIMX BEIIECTB B OKPYKAIOIIYIO CPEady.
KOHI/I‘{CCTBO 3arpsA3HAONIMX  BCIICCTB MOXHO
MPE/ICTABUTH Yepe3 Y/eIbHbIC BEIIMYUHBI, HAIPUMED,
MPUXOJSIIIUECS HA CIUHUITY BHITYCKAa KaXJIOTO BUIA
MPOIYKIIUH.

[lens OGamaHCOBOTO aHaIM3a: OIpEACICHHE
KOJIMYeCTBa IMPOAYKIINUH, HpOI/IBBelleHHOf/'I KaXXAbIM
CeKTOpOM ISl TOTO, 4YTOOBI YAOBICTBOPUTH BCE
MOTPEOHOCTH IKOHOMUYECKOH CHCTEMBI B  €ro
OPOAYKIUK H, TPH  ITOM, HE HAPYIIUTh
YCTaHOBJICHHBIX HOPM BBIOPOCOB 3arps3HSOLIMX
BEIIECTB B OKPYKaIoIIyto cpexy[2].

KaXJIOr0 CeKTopa (CymMMa »JIIEMEHTOB B CTOJOIE
TabnuIBl) paBeH 00beMy MPOU3BEICHHON MPOAYKINT
(cymma 21eMeHTOB B COOTBETCTBYIOIIEH CTpPOKE), TO
MOJENb  SIBIIAETCS 3amkuytoit [1]-[3]. Hus
JIETaTHLHOTO paccMOTpeHus, paccMoTpuM
VOPOIICHHYI0 MOJETh MEXKOTpPAacIeBOro OaaHca.
[lycTh naHHask MOJIENb COCTOUT M3 3 -X CEKTOPOB —
CEIILCKOTO  XO3SAHCTBAa,  NPOMBINUICHHOCTH |
JOMAaIIHEro Xo3sIMcTB. B kauecTBe  e€QUHUIIBLI
U3MEpeHnus: O0BEMOB TOBAapOB M YCIYT KaXZOTO
CeKTopa BbIOEpeM UX CTOMMOCTb.

Tab6auna 1.1 Tadauua Me:koTpacjeBoro 6ananca s MpocTeiieil IK0I0ro-3K0HOMUYECKOi Mogean

pernona
Cenpckoe IIpoMBIIUTEHHOCTD Jomarmrane OOmTHii BEIITYCK
XO3HCTBO XO035MCTBA
Cenbckoe X03sIHCTBO n
b11 b12 b13 b
1j
j=L
[IpomsbinuieHHOCTH n
P b21 b22 b23 b
2]
j=
OMaIllHHUE n
- . b31 b32 b33 b
X03s1icTBa 3j
j=
3arpatsl n n n
2.b, 2.b 2.bs
i=1 i=1 i=1
TaOmuus! MEXOTPACIEBOro Gananca e bkj - KOJIMHYECTBO ToBapOB H yeiyr K -ro

OIMUCBIBAIOT TIOTOKH TOBAPOB U YCIAYT MEXKIY
CEKTOpPaMH SKOHOMHUKH B TE€UYCHHE (PUKCHPOBAHHOTO
NPOMEXYTKa BPEMEHH, HalpuMep B TeYCHHE
KBapTana, IOIYroaus Wid rofga. Takue IaHHEBIE,
coXpaHseMbIe B Ta0JINIaX, €CTECTBEHHO ONMUCHIBATh U
aHaJM3MPOBATh B TEPMUHAX MAaTPUYHON alreOphl.
s 3aMKHYTOH SKOHOMMYECKOH CHCTEMBI
OayaHc Mexay OOLIMM BBITYCKOM W 3aTpaTamu
Ka)KIOT'0 CEKTOpa MOKHO OIHCATh PABEHCTBAMH:

Dby = by, (1)
i1 =

CEKTOpa SKOHOMUKH, TOTPEOIIeMOro B | -M CEKTOpE;
b jc-  KOIMYECTBO TOBapoB M ycuyr |-ro cexropa

SKOHOMHKH, moTpebnsemoro B K-M  cekrope.
Marpuiieli MexoTpacieBoro OanaHca (MaTpuIlcH
JleoHThEBA) HA3BIBACTCA MaTpPHUIlA BUA:

b, by, by,
B = b21 b22 bZn (2)
bml bn2 bnn
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Ha npaxTrke 3KOHOMHKA PETHOHA ITPEACTABIISET
c000i1 OTKPHITYIO CHCTEMY MEXOTPACIIEBBIX CBSI3EH, B
KOTOpOi1 BCsl NIPOU3BEICHHAs NPOAYKLMS
(COBOKYMHBIN ITPOMYKT) pa3JeisieTCs] Ha ABE YacTH:
OJlHa YacCTh MPOTYKIHHU (TIPOMEXYTOUHBIN MPOIYKT)
UJAET Ha NMOTpeOJICHNE B MPOU3BOIAIINX CEKTOPAX, a
Jpyrast ee 4acThb (KOHEUHBIH MPOJIYKT) MOTPEOIIseTCs
BHE c(epbl MaTepHanbHOrO INPOU3BOJICTBA — B
ceKTope KoHedHoro cnpoca. [Ipu aTom norpebienue
B CEKTOpPE KOHEYHOTO CIpoca MOXKET MEHAThes. J{iis
OTKPBITOM CHCTEMBI MEXOTpacieBoi OanaHc Oynmer
UMETh BHI;

x,:Zn;bij+yi:Zaijxi+yI . i=1 ©)
[El [El
i
&—i@m:mjzfﬂ 4
i1
CJIAY (4) 3anuiieM B MaTPUYHOM BUJIE:
X-(E-A)=Y, )

B Pa3BEPHYTOM BHUJIE:

(1_a11)x1 Xy A X, =Yy

—ayX, + (1_ azz)xz Ty, =Y,

(6)

B (5) E - enuanunas marpuma, X = X; - 06BbeM

BEIMycKa |-ro cekropa(obbeM TOBAapoOB W YCIYT,
IMPOU3BCIACHHBIX B OJHOM U3 n IMPOU3BOAAIINX

cextopoB), i =1n ; Y =Y, - KOHeuHbIif IPOAYKT I -
ro cexropa(o0beM HPOAYKIHH |-ro  cekropa,
—da —a
11 12
1-a,>0, >0,....,
—ay l-ay

ITo ycmoBusm (8) BCe MHHOPHI JIETEpPMHUHAHTA
MaTpPHIIbI CHCTEMBI (6) JIOJDKHEI OBITh
HOJOKUTENbHBIME. OG03HaunM Z -06umit 06beM
3arpsIBHAIONIETO BemecTsa. J{iis pacuera 3arps3HeHus
OKpY’Karomieil cpeabl KakIbIM CEKTOPOM W BCEMH

1-a,

—dy

—ay

moTpedisieMoil B CEKTOpe KOHEYHOro CcIpoca) ;

b.. ;
A=a = _li - xonmuecTBO Mpoxykuuu | -ro cexropa,
X,
j
KOTOpPOE PacXoJyeTcsi MPH NMPOU3BOACTBE €AMHHIIBI
nponyKuuu | -ro cextopa(kodpuIreHTsl npsMbIX

3arpar); bij - 00bEM TOBAapOB M YCIYyT i-r0 CEKTOpa,

MOTPEOISIEMBIX B | -M CEKTOpE.

Cucrema (6) ommchIBacT CTPYKTypy CBs3ed U
O3HAyYaeT, 4YTO B CEKTOpP KOHEYHOro Crpoca oOT
Ka)KJIOr0 ITPOM3BOJICTBEHHOI'O CEKTOpa MOCTYMaeT Ta
YacThb MPOM3BEACHHON NPOIYKINH, KOTOPask OCTaeTcs
mocie  TOro, Kak oOecrieueHbl  MOTPEOHOCTH
MIPOU3BOISIINX CEKTOPOB[4].

[Mpeanonoxum, 4YTO B TEUEHHE HEKOTOPOIO
MPOMEXYTKa BpeMEHH KO3(P(PUIIHEHTHI TPAMBIX

q;
CIpOC H3MEHseTCA. DTO O3HAdaeT, YTO CYIIECTBYET
JUHEWHas CBSA3b MEXIy BBITYCKOM W 3aTpaTaMu U
W3MCHCHHE BBITYCKAa XOTsI OBl B OJHOM CEKTOpPE
OKOHOMHKH BIJIEYeT 3a CO0OH NpOINOPLHUOHAIBHOE
W3MEHEHHE 3aTpaT BCeX IPOU3BOMIAIINX CEKTOPOB.
Koaddunmenramu nponopriioHanIsHOCTH 3TOH CBSA3H
SIBIISTFOTCS QJIEMEHTHI CTPYKTYPHOM MaTpubl. To ecTh
B JIMHEHHOW MOJAENU  «3aTpaThl BBIITYCK»
COOTHOIIICHUS Gamanca OTIMCHIBAIOT CBSI3b
HEU3BECTHOT'O BBIMYCKA C 3aJaHHBIM CIIPOCOM. OTH
COOTHOIIIGHUSI  TO3BOJISIOT  ONPEACTUTh, KAKUM
JOJDKEH OBITh COBOKYITHBIM BBEITYCK B  KaKIOM
CCKTOpE, lITO6I)I YAOBJIIETBOPUTL HU3MCHHUBIINECCS
notrpedHOCTH obmiecTBalS].

B cucteme ¢ 3a1aHHOM CTPYKTYypHOI MaTpulien
A cmpoc Y Bcerma ynoBmeTBopsercs, eciu
CYIIIECTBYET BEKTOP BBIMyCKa

3arpar OCTAarTCA IOCTOAHHBIMH, a KOHCYHBIN

-1
X =(E-A"Y )
BCE€ KOMIIOHEHTBI KOTOPOIO HEOTPHUIIATCIbHBI. I[JI;I
3TOr0 HEOOXOMMO BBITIOJTHEHUE YCIIOBUN XayKUHCa-
Caiimona[4]:

—dyp —a,
1-a,, a,, ) ®)
- an2 1- ann

OJHOBPEMEHHO HEOOXOANMO IOTOJIHUTh CHCTEMY
ypaBHeHUii (6) erie ogHNM 0aNaHCOBBIM YPAaBHCHUEM:

Z =CX +CX, +... +C X, , 9)
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rac Ci “HOPMBbI BBI6pOCOB 3arpA3HUTCIIA HA CAMHUILY

nponykiuu X; [6].

PaccmoTrpum

3aMKHYTYIO MOJECJIb 3KOJIOTO-

SKOHOMHYECKON CHCTEMBI paliOHA, €CIH 3ajaHbl
TabJIMIIa MEKOTPACICBOro OajaHca:

Cenbckoe IIpomsimnennocts | Tpancnopr Jomarinee

XO3SIHCTBO XO3SICTBO
A 20 16 120 60
B 30 10 180 100
C 15 14 140 80

KOHEYHEBIN CITPOC Ha MPOAYKIUIO:

Y 100
150
120

BBIOPOCHI 3arpsI3HSIONICIO BEIICCTBA HA COHHHUILY
MIPOLYKLMM KaXKJI0TO CEKTOpa:

0,04
0,26
0,34

CocTtaBHUM MaTpHIly MEXOTpPAaciIeBoTro OanaHca,
JJIEMEHTaMU KOTOPOH SBISIFOTCSI YMCIIOBBIC JTaHHBIC
OJTHOMMEHHO TaOJIUIIbI:

z

50 16 120 60
B=(30 10 180 100|.
15 14 140 80

0,04

BrruuciinM oOmIuii BRITYCK KaXXI0U MPOIYKIIUH,
CJIO’KMB AJIEMEHTBI KaXK/10M CTPOKHU:

3
> by, =50+16+120+ 60 = 246;
j=1

w

b, =30+10+180+100= 320;
j=L
3

Db, =15+14+140+80 = 249.
j=1

IlonyuyeHHbIE
CTPOYHON MAaTpPHLIBIL:

X =(246 320 249).

JaHHBIC, 3aluMumieM B  BHIAC

OO0111ee KOJIMYECTBO BHIOPOCOB 3arps3HSIONINX
BewecTs Z, [OJy4UM, yMHOXHB Matpuiy X Ha

Marpuny, JJIEMEHTaMHU KOTOpOM
YHCIJICHHBIE JAHHbBIE BEIOPOCOB BEIIIECTB :

SABJIAKOTCA

Z,=X-Z=(246 320 249)-| 0,26 |=246-0,04+320-0,26+249-0,34=177,70.

0,34
Berancnum CTPYKTYPHYIO MaTpuIy
k03 PHIMEeHTOB 3aTpaT, 0603HauuB ee A . [ 3Toro
COCTaBUM MAaTpUIy TPOU3BOJCTBEHHBIX CEKTOPOB

X1, snemenramun KOTOPOH SBIITIOTCS 3HAYCHUS
MaTpHIBl MEXKOTpacieBoro OamaHca 0e3 croydma
3HAUYCHHUH TOMAITHETO XO3JMCTBA:

50 16 120
X1={30 10 180|.
15 14 140

CocTaBUM MATpHIly YJAeTbHOTO BHIycka X 2,
KOTOpas SBIAETCS IUArOHAJIBHOW, a dJIEMEHTHI

TJIABHOH JIMarOHalM PaBHbI 3HAYCHHIM ) = — 1,
i
1]

J =13 cTpouHoit MaTpuIel X

1
246
1
X2={ 0 — O
320
1
249
CTpykTypHyt0O  MaTpuily  Ko3(h(HUIHECHTOB

TIPSMBIX 3aTpart, MoJTyJaeM, yMHoxKas Matpuiry X1
Ha marpuiy X 2:
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109 ) 2 1 40
50 16 120) | 246 123 20 83
A=X1-X2=/30 10 180|-| O i 0 |= i i @
320 41 32 83
15 14 140 0 0 1 5 7 140
249) |82 160 249
Ilnss Toro, 4roObl OCYLIECTBHTH PAcyeT BBITYCKA HEOOXOIMMO MPOBEPUTH  YCIIOBUS XayKkuHca-

NpoAyKIunu it 3aaHHOTO KOHEYHOro CIrpoca,

Caiimona (8). Jlns sToro cocraum Matpuny E—A:

2 1 403 (98 1 40
123 20 83 123 20 83
E_A_ |5 1 60} 5 31 60
41 32 83 41 32 83|
5 7 10 ) 5 7 109
82 160 249 82 160 249
3aTEM BbIYMCIIUM JUAroHaJbHbIC MUHOPBI
OIPEACIIUTEIIA MaTPpULIbI E - AZ
9% 1 40
98 1 123 20 83
98 123 20| 1507 5 31 60| 135625
M,=— M, = = M, =-— = =
123 5 31 1968 41 32 83| 490032
41 32 o 7 109
82 160 249
KaK BUJHO, BCC JAUaroHaJbHbIC MHHOPBI OGLeM BBIITYCKAa JId 3aaHHOT'O KOHCYHOI'O CIIpoca
CTPYKTYPHOH MAaTpULbl KOI(PQHIHCHTOB MPSIMBIX Y , xoropslii HaxoauTcs o popmyne (7):
3aTpaT MOJIOKUTCIIbHBI, YTO TOBOPUT O BLINTOJIHCHUU
yenosuit (8). CreoBaTenbHO, MOKHO OIPEICTUTD
384621 105288 246492 10393746
271250 678125 135625 | (100 27125
Ov=(E—A)' .Y 9552 156512 62208 | | . |_| 2623104 |
27125 135625 27125 5425
126423 92877 375243| \120) |10194309
542500 678125 135625 27125
Jis  BBIYMCIEHUS MaTpPHIBI Ov HYXXHO Boruucnum juis storo oosema OV CyMMapHoOe

NpEeABapUTEIbHO BBIYUCINTH OOpPATHYIO MAaTpHILy

(E-A".

10393746 2623104 10194309

KOJIMYCCTBO BBI6POCOB 3arpsA3HAOIICTO BCIICCTBA ZZ’

OV na

Matpuily Z - MaTpuily BBIOPOCOB 3arps3HAIOMIMX
BEILIECTB:

YMHOXXHB TPaHCHOHHPOBAHHYIO MAaTpPHILY

zz=«wf-2=[

27125 5425

-1 0,26 | =268,823.
27125

0,34
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Kak BUIUM, KOJIMYECCTBO 3arpsA3HAIONINX

BENIECTB TIpH 3aiaHHOM crpoceY Ha MPOAYKIHUIO
YBEIAIHIICS.

-1
DjieMeHThl 2 -T0 CTOJIOLA MaTpHIIbI (E - A)

YKa3bIBAIOT Ha N3MEHEHUS BHIITyCKa B IPON3BOISIINX
CEeKTOpax MpH YBEIWYEHHH MOTpeOHOCTEH B
MIPOMBIIIJICHHBIX TOBapax Ha €AMHMILYy MOTPEOICHUS
IPOMBIIIICHHON mpoayKuuu[7]. VYuurteBas 3T0,
MIPOU3BEIEM JIOTIOJTHUTENbHBIC BBIYHCIICHHS.
Hanpumep, BBIUMCINM MaTepHalbHBIE 3aTPaThl TPH
YBEIMUYCHNU BBITyCKa IMPOAYKIUHU (TIPOM3BOANMOI
MpOMBIIUTIEHHOCTBI0) HA 4,5% . JIjist 9TOr0, yMHOKHM

_(105288 156512 92877

YBenmuuenue KOJINYECTBA BEIOPOCOB
3arps3HSIONIUX BEIIECTB COCTABUT IIPH ITOM:

SJIEMEHT, CTOAIMHMKA BO BTOPOH CTPOKE CTOJIOIa

o 45
MaTpULbI Ha 4YUCJIO —_—.
prt 100

d = 2623104 4 45 91758,

5425

CrnenoBarenbHO, YBEIUYUTCS BBITYCK TOBApOB
" yCIyT: 3TO BBIUHCIIACTCS, YMHOXHB

TPaHCTIOHUPOBAHHBIA 2 -if  cTo;nGen  MaTpHIbI

(E - A)_l Ha BCJINYUHY d

-21,758=(3,3782 251093 2,9800).
678125 135625 678125

0,04

Z,=(33728 251093 2,9800)-| 0,26 |=7,6767.

ITpoBenem HCCIIeIOBaHUE MOJEIU
MeXoTpacieBoro Oamarmca B cucreme Maple.
[MoaxmounM crieluaTn3upoBanHbii naket Linalg:

restart;
with(linalg);

CocraBisieM MaTpUILy

Gananca B, BBOmMM naHHBIE MaTpuIIbI BHIGPOCOB

MEKOTPACIECBOI'O

3arpA3HAOMMX BemecTs Z

B:=matrix(3,4,[50,16,120,60,30,10,180,100,15,14,140,80]);

Z:=matrix(3,1,[0.04,0.26,0.34]);

0,34

50 16 120 60
B:=|30 10 180 100
15 14 140 80

0.04

Z:=|0.26

Jns BerumMcieHuss OOIIEro BBITYyCKa KaXTOi
NPOJXYKIUK COCTaBHM BEKTOp oOIiero Bblmycka[8]-

[10]:

multiply(B,Matrix(4,1,[1$4]));
X:=convert(%,vector);

0.34
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246
320
249
X = [246, 320, 249 ]
KOHI/IquTBO BI)I6pOCOB 3arpA3HAOIINX KOTOpOﬁ SABJIAKOTCA YMCIICHHBIC OAaHHBIC BI)I6pOCOB

BCIICCTB Zl Ipyu 3aJaHHBIX MJaHHBIX IIOJIy4Ya€Mm,

YMHOXHB MaTpuily X Ha MaTpuily, SJIeMeHTaMu

Z1:=multiply(X,2);

BEIIECTB, MCIIONB3Ys KoMary multiply :

Z1 = [177.70 ]
ITpousBeneM pacyeThl KOJUYECTBA BBHIOPOCOB MaTpully Kod(Q(QHUIMEHTOB 3arpar, Kak OnucaHa
3arpsA3HAIOMKX Belects Z, IPH 3aJaHHBIX JaHHBIX BBIIIC -
crpoca Ha mpoAyKiuio Y . BIUHCINM CTPYKTYPHYIO
X1:=submatrix(B,1..3,1..3);
X2:=diag(seq(1/X[i],i=1..3));
A:=multiply(X1,X2);
50 16 120
X1:={30 10 180
15 14 140
-1 -
246 0 0
- 1
X2:=| 0 320 0
1
i 0 0 m_
25 1 407
123 20 83
15 1 60
ATl 32 83
5> 7 140
| 82 160 249 |

Iposepum ycnous Xaykunca-Caiimona (1.8),

JUISL 4€TO COCTaBUM MaTpHILy E-A [9]:

EA:=evalm(diag(1$3)-A);

M:=seq(det(submatrix(EA,1..i,1..i)),i=1..3);

if M[1]>0 and M[2]>0 and M[3]>0 then
else print (_Ysloviya_ne_vipolnimi_);

fi;

98 1507 135625

M:= 123’1968’ 490032

_Ysloviya_vipolnimi_

print

(_Ysloviya_vipolnimi_);

Philadelphia, USA 620

2 Clarivate
Analytics "



ISRA (India)  =6.317  SIS(USA)  =0.912 ICV (Poland) =6.630
. ISl (Dubai, UAE) =1.582  PUHII (Russia) =3.939  PIF (India) =1.940
Impact Factor: g\ australia) =0564 ESJI(KZ)  =8771  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 7.184  OAJI (USA)  =0.350
O0beM BBIIyCKa M 33JaHHOTO KOHEYHOTO
crpoca Y BEIYHCIIIEM, HCIIONB3YS HOopMyITy (7):
Y:=matrix(3,1,[100,150,120]);
Xx:=multiply(1/EA)Y);
100
Y:=|150
120
10393746
27125
2623104
XX = ———
5425
10194309
| 27125 |
HpI/I HaX0XXIACHUU MaTpulbl XX N 6BIJ'Ia BEIIECCTBA Z 2 BBIYUCIISICTCS npu YMHOKCHUU
BBIUNCICHA ~ OOpaTHas  MaTpHia (E — A)_l_ TPaHCIIOHUPOBAHHON MaTpUllbl XX Ha MaTpHIy Z

CyMMapHoe KOJIMYCCTBO BI)I6p000B 3arpA3HAIOUICTO

Z2:=multiply(transpose (Xx),Z);

Z2 = [268.8239668 ]

I[J'IH BBIYUCJICHUA
3arpA3HAIOIINX BCIICCTB

KOJIMYeCTBa
pu

BBEIOPOCOB
YBEIHMYCHUH

d:=Xx[2,1]*0.045;
Xn:=scalarmul(col(1/EA,2),d);
Z3:=multiply(Xn,Z);

- MaTpHIly BEIOPOCOB 3arpsI3HSIOLINX BEIIECTB:

notpebHOCTEH B

MMPOMBINIUICHHBIX

TOBApOB,

Hanpumep Ha 4,5%, ucrnonb3yem KOMaHbI:

d = 21.75846636
Xn = [3.378293686 , 25.10939050 , 2.980071639 ]
73 = [7.676797634 ]

Tak Kkak BBIYMCIEHHS BO3MOXHBI  IpHU
BBINONHEHNHY ycinoBuil XaykuHca-CaiiMoHa 3anuiemM
WX BHYTPH LUKJA:

if M[1]>0and M[2]>0 and M[3]>0 then print (_Ysloviya_vipolnimi_);

Y:=matrix(3,1,[100,150,120]);
Xx:=multiply(1/EA,Y);
Z2:=multiply(transpose (Xx),Z);
map(evalf,%,5);
d:=Xx[2,1]*0.045;
Xn:=scalarmul(col(1/EA,2),d);
Z3:=multiply(Xn,Z2);
else print (_Ysloviya_ne_vipolnimi_);
fi;

Jus ABTOMAaTHU3MPOBAHHON MIPOTPaMMBbI
BBOJISTCS YHCIIOBBIC JaHHBIE B Ha4aje MPOrpaMMBbI:

b11:=50:h12:=16:b13:=120:b14:=60:b21:=30:b22:=10:b23:=180:b24:=100:
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b31:=15:h32:=14:b33:=140:b34:=80:
z11:=0.04:2z21:=0.26:231:=0.34:
y11:=100:y21:=150:y31:=120:
B:=matrix(3,4,[b11,b12,b13,b14,b21,b22,b23,b24,b31,b32,b33,b34]);
Z:=matrix(3,1,[z11,z21,z31]);
Y:=matrix(3,1,[y11,y21,y31]);

Hanee, nporpamma uaentuyna. Tenepb u3MeHss

JIaHHBIE, TIporpaMma OyJeT BBIYHCIATH C HOBBIMHU
JIAHHBIMM IIPY 3TOM U3MEHEHUS BHYTPH IPOrpamMMbl
HE BHOCSTCSL.
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Introduction developed during the time of Khwaja Ahmed

Among the Sufism teachings formed in Central Yassawi, while the conceptual ideas were developed
Asia, the Yassawiya sect founded by Khwaja Ahmed to a certain extent by later Yassawi sheikhs.
Yassavi is known and famous and is considered one Review of literature on the subject. The
of the first sects that emerged in the region. In our scientific-enlightenment heritage of Khoja Ahmad
country, 1993 was declared as the "Year of Ahmad Yassavi and the teaching of Yassaviism were also
Yassavi" [1:7] as a high respect for the scientific and studied in Uzbekistan, and we can see the scientific
educational heritage of Khoja Ahmad Yassavi, and the research works of our mature scientists A. Fitrat, A.
same year was also announced as the "Year of Sa'diy, E. Rustamov, B. Qasimov, |. Hakkulov, N.
Yassavi" by the decision of UNESCO. Also, in 2016, Hasanov. In particular, "Ahmed Yassavi" prepared for
the decision of the General Conference of UNESCO publication by I. Hakkulov in 1991. "Wisdoms" book,
to celebrate the 850th anniversary of Ahmed Yassavi's "Ahmed Yassavi" prepared for publication in 1992 by
death was announced. It is stated in many historical A. Abdushukurov. Devoni hikmat" book, A. Fitrat's 2-
sources that Alloma Khoja Ahmed Yassavi lived volume "Ahmad Yassavi. The book "Selected works"
between 1105-1166/67. After receiving his initial was published by B. Dostqgoraev in 1994, and A.
education in Turkestan, Yassavi came to Bukhara and Sa'di's "Who was Ahmad Yassavi?" book and I.
received education from Khwaja Yusuf Hamadani, Hagkulov's book "Life of Ahmad Yassavi and the way
and for some time he was engaged in irshad (education of creativity" in 2001 [5:1].
and training) in Bukhara. Later, he moved to
Turkestan and founded the Yassavi order and wrote Analysis and results.
poems - "Khikmat" in Turkish. Yassawi sect, like The heritage and teachings of Khoja Ahmed
other schools of tarigats, has gone through its own Yassavi have been studied by eastern and western
stages of formation and development. The scholars, and since this study is not within the scope
fundamental foundations of the tarigat were
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of the research object of our article, we did not dwell
on it.

The development of Yassavi studies in
Uzbekistan mainly coincided with the years of
independence, and during this period, many
innovations related to the educational heritage of
Khoja Ahmed Yassavi were introduced into science
by Yassavi studies. Among them, Yassavi scholars
discovered new manuscripts of a number of works
written by Khoja Ahmad Yassavi, and wrote
analytical texts. Among them are "Divoni hikmat",
"Risola dar odobi tarigat”, "Faqrnama", "Daftari
avval", "Hikoyati me'raj”, "Munojotnama”, "Qissai
No'man ibn Sabit", "Qiyamatnama", "Najotu-z-
zakirin",  "Tanbehu-z-zollin", "Tanzilu-s-salihin"
works were also studied [3:322-328].

METHODS

Historicity, comparative analysis, gradualism,
complex approach, and classification methods were
used in the coverage of the article.

MAIN PART

According to some sources, the Yassavi sect
spread among the nomads and Turkic peoples. But if
we pay attention to the analysis of historical data, we
can see that the Yasavi sect spread among the Persian-
Tajik-speaking population in Central Asia, Turkey,
the Caucasus and the Balkans. The services of the
famous disciples of Khoja Ahmed Yassavi and his
successors in later centuries are considered great in
these campaigns. Among them, Mansur Ata, Said Ata,
Suleiman Bakirghani (Hakim Ata), Sadr Ata, Sufi
Mohammad Donishmand Zarnugi, Baba Mochin,
Zangi Ata, Amir Ali Hakim, Lugman Parranda, Imam
Margazi, Hasan Bulgari Abdumalik Ata, Haji
Bektash Vali, Taj Khoj, Uzun Hasan Ata, Sayyid Ata,
Ismail Ata, Ishaq Khoja, Ayman Baba, Sheikh Ali
Ata, Mawdud Baba, Badr Ata, Khalil Ata, Qusam
Sheikh, Sheikh Khudoidad Vali [2:17] further
improvement of Yassawiya sect, Central Asia and it is
necessary to highlight the scientific and educational
activities that are spreading around the world.

At this point, the book "Devoni Hikmat" played
a big role in the spread of Yassaviism throughout the
world, and our people have been reverently reading
this book dedicated to wisdom for many centuries. In
the book "Devoni Hikmat" we can see the idea of
divine love, the true essence of Islamic Sharia, the
Sunnah of our Prophet Muhammad, and through
"Hikmat" we can see moral and educational appeals
against the ignorance and ignorance of the people of
Turkestan. Today, more than 20 identified copies of
"Hikmat" are stored in the manuscript fund of the
Oriental Studies Institute of the Russian Federation
FA. In 2006, a book describing the manuscripts of
"Devoni Hikmat" was published, in 2008, samples of
the comparative text of Yassavi's Hikmat were

published. In 2006, a manuscript catalog of Ahmad
Yassavi's wisdom was also published [4:328].

Also, during the years of independence, the
public was presented with the scientific news of the
candidacy and doctor's dissertations on Yassawi
doctrine. For example, 1. Hagkulov's doctoral
dissertation on the topic "Formation and development
of Uzbek mystical poetry (ideology, followership,
world of images)" [6:282] is devoted to the study of
mystical sects and the development of Uzbek mystical
poetry in Turkestan, as well as the leading characters
and main poetic symbols of mystical poetry. Also, the
term, concepts and essence of Sufism, the emergence
of sects and Uzbek Sufism poetry, the heritage of
Khoja Ahmad Yassavi and the language, meaning and
image characteristics in "Devoni Hikmat", the
tradition of followership in sects and poetry, the study
of Sufism meaning and principles in Alisher Navoi's
lyrics is a priority earned. This dissertation work is the
first research work devoted to the philological
research of the heritage of Khoja Ahmad Yassavi
during the years of independence, and this scientific
research of I. Hagkulov became a new stage in the
direction of Yassavi studies during this period.

Unfortunately, during the communist regime,
there was resistance to studying and researching the
life and intellectual legacy of Khwaja Ahmed Yassavi.
Research into Flatness in the 1970s also stalled as a
result of the constraints of the authoritarian era.
Publication of works was not allowed. After we
gained independence, opportunities were given to
literally study Yassavi's life and scientific and
educational activities. In particular, "Hikmat", a
masterpiece of the heritage of Khoja Ahmed Yassavi,
began to be published in periodicals, and editions of
"Devoni Hikmat" were presented to our people. In
connection with the 1993 Yassavi year, various
conferences, events and collections dedicated to the
legacy of the scholar were published. Various articles
on the life, work and religious-educational heritage of
Khoja Ahmed Yassavi were presented to our people
in mass media. The novel "The Last Journey of
Yassavi" by Sa'dulla Siyoev was published in 1994. In
the sister Republic of Kazakhstan, a university named
after Yassavi was launched [7: 1].

Also, E.E. Karimov's "Sufiyskie tarikaty v
Tsentralnoy Azii XII-XV vv." 07.00.02 on the topic
[8:156] in his doctoral dissertation in historical
sciences, which he defended in 1998, specializing in
"Otechestvannaya istoriya”, in conjunction with a
comprehensive study of the emergence, formation and
development stages of Central Asian Sufi orders, the
Yassaviya order in Sufi teachings in the peoples of
Central Asia scientifically studies its place. In
M.M.Ismailov's  dissertation  entitled  "Sheikh
Khudoidad's "Bahr al-Ulum™ is an important source
for the history of Sufism in Central Asia (second half
of the 18th century)™ [9:157], the socio-political and
cultural-spiritual life of Central Asia in the second half
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of the 18th century process analysis is given. Also, the
representative of the Yassawiya sect, Sheikh
Khudoidad Vali, conducts research on the work "Bahr
al-Ulum™ and its sources, provides analyzes on the
general content of the work, and presents the news of
the Yassawiya sect from the point of view of source
studies.

Researcher R. T. Shodiev's doctoral dissertation
on the subject "Sufizm v dukhovnoy jizni narodov
Sredney Azii (IX-XII vv.)" [10:2] in the history of
philosophy, within the framework of Sufism, was the
first to be successfully defended in the history of
philosophy during the years of independence. is a
research work. In the dissertation work, scientific
research was conducted on the introduction and spread
of Sufi teachings in Central Asia, the formation and
development of Khojagan, Yassaviya, Kubroviya
sects. Also, in the scientific work of J. O. Nematova,
who conducted research in the field of philosophy,
"Yassaviism and its place in the development of socio-
philosophical thought" [11:133], the socio-historical
reasons and spiritual foundations of the emergence of
the Yassawism order, the spread of Sufism in the
Turkestan region , the religious-philosophical content
of the teaching, the rise of moral problems and the
further development of the Yassaviite order and its
influence on the spiritual life of the society are
researched.

10.01.03 - Candidate's dissertation of N.D.
Hasanov on the topic "Sultan Ahmad Hazini's
"Javahirul Abror min Amvojil Bihar" and its scientific
and historical value in Yassavi Studies" [12:154] -
History of National Literature (History of Uzbek
Literature) Life of Khoja Ahmad Yassavi and
creativity, the emergence of Yassavit sect, the sources
of Yassavit are analyzed. The harmony of Sultan
Ahmed Hazini and Yassavi, the author of "Javahirul
Abror min Amvojil Bihar" was studied. Also, the
works "Devoni Hikmat" and "Javahirul Abror" and
the illumination of mystical issues, shariat, tarigat,
enlightenment and truth, guardianship, ageism,
poverty, adab, zikr, khilavat, love, etc., are analyzed
in them.

In 2017, the researcher continued his studies on
Yassavism in a fundamental way and successfully
defended his doctorate (DcS) thesis on the topic of
"Sources on Yassavism and "Devoni Hikmat"
[13:271]. In this scientific research, the state of legal
studies in Uzbekistan, the research of legal studies in
the East and the West is analyzed. Sources of
Yassaviism, the historical period in which Khwaja
Ahmad Yassavi lived, his biography and education,
the emergence of the order, wisdom and wisdom and
the continuation of this tradition, the idea and effects
of Yassaviism, the idea of "Devoni Hikmat": content
and language issues are researched.

Also, N. Hasanov on Yassaviism in "Yassavi
studies in Turkey: a collection of interviews with
Turkish scientists and Yassavi scholars on the topic of

the life, work and sect of Kul Khoja Ahmed Yassavi"
[14:56] Turkish professor Mahmud As'ad Joshon,
Hasan Kamil Yilmaz, Najdat Yilmaz, Mustafa Uzun,
Muhammad Sarhind Tayshiy, Mustafa Kara,
Sulaymon Ulutog', Mustafa Tahrali publishes his
scientific conversations with researchers-scientists in
the form of a collection (pamphlet). gave a positive
assessment. We can see the scientific results of N.
Hasanov in Yassavi studies in the following
monographs, pamphlets and collections.

In particular, "Khoja Ahmed Yassavi. "Divoni
Hikmat" (newly discovered wisdom)" (preparer for
publication) [15:176], "Sources on Yassawi and
"Divoni Hikmat" (author)" [16:304], "Kul Khoja
Ahmed Yassavi. He researched the heritage of Khoja
Ahmad Yassavi as a preparer for publication in a
collection of articles [17:536], and in scientific
cooperation with his teachers, Yassavi scholar
Hagkulov Ibrahim Chorievich, "Khoja Ahmad
Yassavi. "Devoni hikmat" (preparer for publication)"
[18:360] was published several times. "Khoja Ahmed
Yassavi. "Umrung eldek otaro" (preparer for
publication)™" [19:400], "Khoja Ahmed Yassavi. He
also publishes pamphlets such as "Don't tell others
about your truth..." (wisdoms)™" (publisher) [20:408].
Also "Khoja Ahmed Yassavi: life, work and
traditions. (a collection of articles)", (preparer for
publication) [21:334], co-authors: 1.Ch. Hakkulov,
A.A. Bektoshev, etc., were prepared in cooperation
with philological scientists.

Yassavi scholar N.D. Hasanov presents articles,
books, pamphlets and various materials in many
foreign and local magazines dedicated to Ahmad
Yassavi's life and activities to the general public.

CONCLUSION

In conclusion to our article, we must say that
legal science was studied and researched in our
country during the years of independence, and this
process is still ongoing. However, the Yassawiya sect
is a doctrine that has been formed and developed for a
thousand years, and the scientific research conducted
by a group of research scientists does not provide an
opportunity to study the sect in detail. In this regard,
if we focus on Yassavi Studies in Turkey, we can see
that Turkish researchers have achieved many
achievements. This opinion is confirmed by the large
number of cases of referring to the sources of Turkish
scientists in the research conducted by our local
researchers.

Based on the results of the research, we can make
the following suggestions regarding the perspective of
Yassavishnosti in our country:

o It is necessary to establish a separate
department or to announce grant projects in the
Institutes of Language and Literature, History of the
Academy of Sciences of the Republic of Uzbekistan
in the field of legal studies;
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 Translation into Uzbek of the results of the
scientific research conducted by foreign researchers in
the field of Orthopedics;

* Establishment of a department or center for
researching the Yassavite order under the authority of
the Office of Muslims of Uzbekistan;

* Organization of various contests, intellectual
competitions and poetry evenings in order to promote
Alloma’s heritage;

¢ Introduction of the state scholarship named
after Khoja Ahmed Yassavi;

» Establishment of Khoja Ahmed Yassavi
international fund;

¢ Introduction of the state award named after
Khoja Ahmed Yassavi;
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Introduction Within the scope of philosophy, researchers and

In the process of restoration of our history and scientists R. Shodiev, M. Jakbarov, F. Isomiddinov, J.
national values, a number of reforms were carried out Ne'matova, O. Sharipova, G. Navruzova, N. Safarova,
in the direction of studying and conveying the heritage S. Ismoilov, O. Safarboev, B. Namozov, A. .Samadov,
of Sufism to our people. Scientific research plays an N. Zaynobidinova, Kh. Rakhmatova, Kh. Samatov,
important role in studying the heritage of Sufism, and M. Mamatov, Q. Rozmatzoda, J. Kholmo'minov, M.
scientific research, in turn, provides reliable Norova, B. Namozov, Z. Isakov studied and presented
information to the public. In this regard, it is necessary their scientific conclusions to our people.
to emphasize the scientific research works carried out We can evaluate the main focus on researching
in the fields of Islamic studies, history, philosophy, the importance of ethical, mystical ideas and theories
philology, pedagogy. According to our analysis of the in scientific research works as an achievement of
study of Sufism in the years of independence, the dissertations defended in the field of philosophy.
scientific research conducted in the field of Also, we can see that in the dissertations, the study of
philosophy is considered the most compared to other the concept of "perfect person”, analysis and
fields of science. We can explain the greatness of the conclusions, development of suggestions and
contribution of the science of philosophy to the study recommendations became a priority.
of Sufism by the philosophical laws, the experience of Doctoral dissertation on the subject of "Sufism v
the representatives of the field in using scientific dukhovnoy jizni narodov Sredney Azii (IX-XII vv.)"
research methods in the study of various ideologies, [1:39] is the first research work successfully defended
ideas and teachings, the breadth of rational and in this specialty within the framework of Sufism. R.
irrational thinking possibilities within the science, T. Shodiev conducted research on the introduction and
which gives the science of philosophy the opportunity spread of Sufi teachings in Central Asia, the
to study Sufism on a large scale. formation, development and mystical teachings of

Khojagon, Yassaviya, Kubroviya sects. In the study of
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M. Jakbarov, who prioritized the study of the concept
of "perfect man"” on the topic "Social ideal and the
problem of the perfect man in the philosophical
thought of Movarounahr of the 9th-12th centuries™
[2:277], the spiritual and educational legacy left by
scholars on human perfection a thousand years ago
was analyzed. . In the research work of J. O.
Ne'matova on the topic "Yassaviism and its role in the
development of socio-philosophical thought" [3:133],
the socio-historical reasons and spiritual foundations
of the emergence of the Yassawism order, the spread
of Sufism in the Turkestan region, the religious-
philosophical content of the doctrine, moral problems
the rise and further development of the Yassavaite
order and its influence on the spiritual life of the
society are researched.

The socio-economic and spiritual situation in
Bukhara in the XI1I-XI111 centuries, the life and work of
Abdukholiq Gijduvani, the sect of Khojagons and the
development of spiritual-theoretical and mystical
thoughts in this period, ideas of man and humanity,
the concept of science and faith, spiritual-moral purity
and the idea of a perfect person. issues are covered in
O. Sharipova's candidate's dissertation on "Ethical
views in the mystical teachings of Khwaja
Abdukholig G'ijduvani” [4:160]. G. Navruzova, who
is one of the leading scholars who has researched
Sufism in the direction of philosophy, on the topic of
"Nagshbandi Sufi Teachings and Perfect Human
Education” [5:291], discusses the concept and essence
of Sufism, the system of sects and Nagshbandi,
Bahauddin Nagshband's life and Sufism. It has a great
scientific value due to the research of its mystical
views, views of existence in Nagshbandiyya doctrine,
man and his levels of perfection, self-cultivation, the
path of vigilance-harmony, "Khilvat" and "anjuman".
In the research work of N. Safarova on the topic "The
issue of spiritual and moral values in Khojagon's
mystical teaching” [6:135], the conditions for the
emergence of Khojagon's mystical teaching, its
founder and major manifestations, as well as the
mystical and philosophical worldview, attitude to
science and enlightenment, ethics views are studied
scientifically and analytically.

In his candidacy thesis on the topic "The role of
Nagshbandi sect in the development of Sufism"
[7:28], S.T. Ismailov studied the development of
Sufism until the Nagshbandi period, the main sects in
Turkestan, the spiritual-mystical roots and religious-
philosophical foundations of Nagshbandi sect. Also,
the life, religious-mystical heritage and sect of
Bakhouddin Nagshband are highlighted, and the
results of research on "Rashhas™ and "Zikri Hafiya" in
the Nagshbandi sect are presented. The practice of
Nagshbandi and the way of harmonizing Sharia and
Sufism, the impact on the socio-philosophical,
religious-mystical and political life of the peoples of
the region are also analyzed. At this point, it is
necessary to emphasize that Ismailov Sobirjon

Torabekovich's professional activity of combining
scientific and practical life in the field of mystical
ethics is also reflected in his pedagogic-teaching and
mentoring activities at Gulistan State University. [8:1]

In the research work of O. Safarboev on the topic
"Ideas of humanity and patriotism in the Sufi
teachings of Najmuddin Kubro" [9:172], the
theoretical and methodological problems of the study
of the time, life, creativity and heritage of Sheikh
Najmuddin Kubro are studied, in which the socio-
political and social-political and spiritual-educational
factors, philosophical analysis of the works of
scholars, illumination of the human problem in his
mystical views, analysis of the issue of human
perfection in his works are given. Also, a number of
issues such as the harmony of futuvvat and mystical
ideas, the importance of humanitarian and patriotic
ideas in raising a mature generation are studied in the
teaching of Allama.

In the candidate thesis of B. Namozov on the
topic "Philosophical foundations of the mystical views
of Abu Bakr Kalabadi" [10:26], the life and mystical
heritage of Abu Bakr Kalabadi, including the creation
of the universe, existence, views on the Creator and
man, thoughts on mystical knowledge, spiritual
perfection and about the soul, the interpretation of
divine love, the question of human will and religious
tolerance, cultural and spiritual life in Movarounahr in
the 9th-10th centuries are given priority in the
research. A. Samadov [11:27] in his candidate's
dissertation on the topic "Social-philosophical essence
of the moral ideal and its importance in raising a
mature generation" wrote the theoretical and
methodological foundations of the moral ideal and its
socio-philosophical system, Sufism philosophy and
Eastern thinkers' views on the moral ideal, a mature
generation carried out research on the principles of the
formation and development of the moral ideal.

N. Zaynobidinova in her research work on "The
issue of human spiritual perfection in Jalaluddin
Rumi's mystical teachings" [12:29] sheds light on
Jalaluddin  Rumi's mystical views on spiritual
existence and divine love. Also, the dialectic of
contradictions between the body and the soul, love for
man and being is one of the factors leading to
perfection, and the way to curb it is also notable for
the analysis of the philosophical and religious basis of
views on human spiritual maturity. The main object of
Kh. Rakhmatova's scientific research work on the
topic "Social-philosophical views of Khoja Ahror
Vali" [13:154] is the study of spiritual, moral, mystical
ideas and theories of human development using many
methods such as comparative, analytical, dialectic,
and based on such comparative analyzes we can
evaluate the carried out scientific research work as the
achievement of dissertations defended in the field of
philosophy.

The historical conditions and ideological
conditions of the formation of the mystic worldview
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in the candidate's thesis of H. Samatov on the topic
"Spiritual heritage of Makhdumi Azam Kosani and its
place in youth education™" [14:125], dedicated to the
study of the spiritual heritage of Makhdumi Azam
Kosani and the social and moral place of this heritage
in the process of globalization -the main principles of
the ideological roots, scientific and spiritual heritage
and worldview are explained. In the teachings of
mystics, the question of existence, the views of
scholars on knowing the universe and man are studied.
Also, the mystic's ideas that the family is the spiritual
and spiritual basis of the stability of the society, his
ideas about spiritual alertness and responsibility, the
perfect person and his upbringing are given. One of
the scientific studies aimed at studying the historical-
philosophical essence of Sufism is M. Mamatov's
doctoral dissertation on the topic "Historical-
philosophical essence of Sufism"” [15:217]. also, the
essence, characteristics of the foundations of the Sufi
worldview, the classification of Sufism sects are
highlighted. At the same time, the Sufis of Central
Asia spoke about the renewal of Sufi teachings, their
place in their development, and the need to use them
in the current period. The relations and views of
Central Asian thinkers to Sufism, the analysis of the
dynamics of development of pantheism in Sufism are
given. Modern sects and sharia, the idea of religious
tolerance in Sufism and its place and role in the life of
society, guarantees of freedom of conscience in
Uzbekistan and issues of Sufism are also separately
researched.

The biography and genealogy, creative activity
and heritage of Khojamnazar Huvaido were studied in
the doctor's thesis of Q. Rozmatzada on the topic
"Ontological and epistemological concept in the
mystical views of Khojamnazar Huvaido™ [16:298]. In
particular, the socio-philosophical essence of
Nagshbandiyya ideas, the influence of Boborahim
Mashrab's Sufi teachings and Huvaido's worldview,
commonalities, differences and specific aspects in the
Sufi views of Sufi Allahor and Khojamnazar Huvaido,
Sufi views of Khojamnazar Huvaido and its important
features, ontological and epistemological aspects of
the Sufi and poet's Sufi views. The issue of concept,
the followers of Khojamnazar Huvaido and the
present period are also given relevant conclusions.

J. Kholmo'minov's candidate's dissertation on
the topic "Mystical-mystical views of Maulana
Abdurrahman Jami (based on the work "Sharhi
Rubaiyot™)" [17:153], the place of the work "Sharhi
Rubaiyot" in Jami's philosophical-mystical heritage is
separately researched. In particular, in clarifying the
classification of Jami's mystical-mystical works,
attention is paid to philosophical-mystical
commentaries, works related to philosophical-
mystical or mystical theory, works related to sect
ethics or practical mysticism, works related to the
history of Sufism, and to the research of manuscript
copies of the work "Sharhi Rubaiyot" in Uzbekistan.

In the philosophical-mystical analysis of the work
"Sharhi Rubaiyot", the teachings of Jami and Ibn al-
Arabi, the interpretation of the theory of wahdat ul-
wujud, the enlightenment of God, and the
transformation are covered in "Sharhi Rubaiyot". In
the work "Sharhi Rubaiyot" the interpretation of
Nagshbandi teachings, the position of Maulana Jami
in the Nagshbandi order, the Nagshbandi
interpretation of Ibn al-Arabi's views, and the mystical
interpretation of the rules of the Nagshbandi walk are
researched.

Also, J. Kholmo'minov's doctoral dissertation on
the topic "Philosophy of Wahdat ul-Wujud and its
influence on Nagshbandi doctrine (based on the views
of lbn-al-Arabi, Muhammad Porso and Abdurrahman
Jami)" [18:64] Ibn al-Arabi's "Philosophy of Wahdat
ul-Wujud" and pays special attention to the study of
its place in the development of Islamic philosophical
thought, and also presents its scientific conclusions by
studying the attitude of the representatives of the
Khojagon-Nagshbandiyya doctrine to the philosophy
of Wahdat ul-Wujud. In the scientific work, Maulana
Abdurrahman Jami's position as a theoretician of
Nagshbandiyya doctrine is also revealed, and the
combination of Nagshbandiyya doctrine and Wahdat
ul-Wujud philosophy in Jami's views is also analyzed.

In the scientific work of M. Norova on the topic
"The place of Sayfiddin Boharzi in the history of
Sufism" [19:47], the great role of Sayfiddin Boharzi
in the development of Kubroviya sect was studied. In
particular, the place of Sufi views of Sayfiddin
Boharzi in the development of mystical-philosophical
thinking was studied separately. Also, the place and
role of Saifiddin Boharzi in the development of
philosophical views about the idea of the Perfect Man
- one of the biggest topics in the Eastern nations - is
revealed. B. Namozov's doctoral dissertation on the
topic "Philosophical foundations of Muhammad
Porso's mystical teaching™ [20:67] describes the
socio-political situation in Movarounahr (XIV-XV
centuries), the peculiarities of the cultural and spiritual
environment of this period, and the conditions that
influenced the formation of Muhammad Porso's
mystical teaching and Research work was carried out
on the doctrine of Nagshbandiyya, which people
followed. The ontological issues of Muhammad
Porso's mystical views are analyzed, and a number of
conclusions on this issue are presented. Together with
the analysis of ontological issues, the epistemological
nature of Muhammad Porso is scientifically studied,
and the issues of achieving perfection are discussed
separately. In the dissertation, we studied the spiritual
and moral significance of Muhammad Porso's
mystical views, the difference between self-
righteousness and  self-righteousness,  perfect
personality education and purity of heart, religious
tolerance, and the role of moral ideas in the life of the
society.
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In Z. Isaqova's doctoral dissertation on the topic
"Irfan and its place in the development of Eastern
philosophical thought (10th-13th centuries)" [21:72],
the unique aspects of the development of the science
of irfan in the Muslim East of the 13th century were
studied, and the essence of the concept of irfan was
revealed in the research. Also, in the theory of
knowledge of medieval Muslim eastern philosophy,
the rational and irrational methods of knowing about
the essence of gnosis were comparatively studied, the
analysis of scientific-philosophical and religious-
mystical concepts in the Muslim eastern philosophy
was scientifically studied, and attention was paid to
the scientific justification of the dialectic of
prophethood and guardianship. In his research on
Sufism and Human Psyche: Succession and Trend of
Modernity, the researcher also analyzed the gradual
development of mysticism and human psyche.
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Introduction In the manufacture of gratings, an area with a periodic

UDC 681.7 change in the refractive index is created inside the

core, and this area is directly called the VBR. A fiber

One of the most commonly used fiber-optic Bragg lattice is a section of an optical fiber in the core

sensors are sensors based on fiber-Bragg gratings. The of which the refractive index periodically changes in

gratings reflect a light signal, the spectral the longitudinal direction], which is shown in Figure
characteristic of which (wavelength) shifts along with 111].

the change in the measured parameter (temperature).

Figure 1. Fiber-bragg lattice where:
1- is the core, 2 - is the cloak,
A - is the lattice period

The reflection spectrum of the fiber bragg
lattice, depending on the wavelength, is shown in
figure 2.
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Figure 2. The reflection spectrum

Straight homogeneous gratings are a distributed
bragg reflector formed in the light-carrying core of
an optical fiber. straight homogeneous gratings have

NepHoR petenat

3

‘_.

a narrow reflection spectrum, are used in fiber lasers,
fiber-optic sensors, to stabilize and change the
wavelength of lasers and laser diodes, etc. (fig.3).
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Figure 3. Structure of a straight homogeneous lattice

A chirped bragg lattice is called a bragg lattice,
which has a period dependence along the direction of
light propagation (chirp). Different wavelengths are
reflected from the bbr at different depths having the
corresponding period. the most common chirped
bragg gratings with linear chirp. Thirped gratings are
mainly used to compensate for dispersion [2]. The
production of chirped bragg gratings (cbr) consists
of the narrowing and bending of the optical fiber

during recording and the linear stretching of the
phase mask obtained when it is heated. phase masks
with variable pitch are also used in the production of
chirped bragg gratings. in lattices, chirp denotes an
increase or decrease in the lattice period, and this
change in the length of the period is most often
linear. The cross-section of the structure formed on
the fiber core is shown in figure 4.
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Figure 4. The structure of the chirped bragg lattice (cbr):
a) chirping of the bragg lattice,
b) cascade chirped lattice

The lattices shown in figure 4 can be obtained
using fixed changes in the lattice period A or by
changing the refractive index in the core. Such a
lattice can be used for different wavelengths. In
chirped lattices, the frequency resonance is a linear

function symmetric along the lattice [3]. Individual
frequencies are reflected in different places of the
grid. This results in different delay times. a
temporary extension of the pulse is possible (figure
5).
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Figure 5. Characteristics of a typical bbr grating
a) transmission reflection profile,
b) apodized and non-apodized group delay

Lattices with a long period are a special type of
bragg lattices with a period of microns. they combine
the main mode with the upper layer modes
propagating in the same direction.
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Figure 6. Characteristics of a lattice with a long period:
a) long-term transmission spectrum of the lattice,
b) the effect of deformation of two different gratings

In addition, fiber-optic amplifiers with light
pumps are used in telecommunication systems [4].
They reduce the performance of the entire system by
increasing the noise level by using wavelengths that
have not been absorbed. This can be avoided by
using chirped gratings that reject unoccupied
wavelengths and leave only those that are really
needed. this reduces the noise level. Such gratings
can be used in the design of erbium optical amplifiers
[5]. Chirped gratings are increasingly used as
elements in telecommunication systems.

The technology of creating distributed fiber-
optic phase interferometric sensors based on Bragg
gratings requires recording arrays of gratings with
specified reflection coefficients and spectrum width at
half-height during the extraction of a fiber fiber [6].

It is known that type | Bragg fiber gratings can be
recorded with almost any reflection coefficient and
spectrum width at half-height, however, this requires
the use of recording methods with a long exposure (10-
20 min) [7], which cannot be done during the extraction
of optical fiber. The use of type Il gratings makes it
possible to implement the technology of single-pulse
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recording of Bragg gratings with reflection coefficients
up to 100% and the width of the reflection peak at half-
height up to 1 nm [4]. However, type Il gratings are
characterized by a sharp dependence of the induced
modulation of the refractive index in an optical fiber on
the energy density in a laser pulse. This feature
complicates obtaining a grating with the desired
reflection coefficient, in addition, recording a type Il
grating into a fiber reduces the mechanical strength of
the fiber fiber [8].

Therefore, in order to create a sensitive element of
a fiber-optic FEED with the required ratio of the
reflection coefficients of lattice pairs and a sufficient
spectrum width at half-height, a method for obtaining
chirped fiber Bragg gratings with a discretely varying
period during optical fiber extraction was proposed and
tested [4]. The main purpose of the work was to test the
applicability of such gratings in distributed fiber-optic
phase interferometric sensors. In order to achieve the
goal of the work, experimental studies of the influence
of wvarious external influences on the spectral
characteristics of Bragg gratings were carried out.

[
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Figure 7. The spectrum of a fiber Bragg lattice with a discretely varying period
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The effect of longitudinal mechanical stress.
Using a device that creates a tension corresponding to
a given value of the applied force and an optical
spectrum analyzer, the effect of fiber tension on the
displacement of the central wavelength was checked.
The experiment was carried out at applied force values
from 4 to 20 N. The limit values are determined by the
technical characteristics and capabilities of the device.
A step of 1 N is enough to determine the dependence.
The light source and the spectroanalyzer were
connected through a splitter to a grid, which, in turn,
was located in the area of the light guide, to which a
mechanical longitudinal voltage was applied using a
specialized apparatus. Based on the results, graphs
were constructed, dependencies were obtained.

The effect of temperature exposure. It is known
that a noticeable degradation of gratings, the
formation of which is due to the electrostriction
mechanism, is observed already at 200-300 °C [4]. In
addition, a change in temperature leads to a change in
the wavelength of the Bragg resonance, which may
interfere with the correct operation of interferometric
sensors. Thus, the task of this experiment was to
obtain the dependence of the shift of the Bragg

resonance with an increase in temperature, as well as
to determine the maximum operating temperatures of
the sensor based on type | VBR with a discretely
varying period.

To conduct the experiment, a circuit was
assembled that included, in addition to a radiation
source and a spectroanalyzer, a thermal chamber
controlled by a thermostat and an optical power meter.
VBR was heated in a thermal chamber to 370 °C, its
spectrum was continuously monitored on an optical
spectroanalyzer. Figure 2 clearly demonstrates the
shift of the spectrum to the long-wavelength region
with increasing temperature, as well as a strong
decrease in the reflection coefficient at a temperature
of the thermal chamber of more than 140 ° C. At a
temperature of 280 °C, the spectrum of the grating
practically became indistinguishable against the
background of the noise of the optical circuit. A
number of tests were carried out to determine the
thermal stability of the grid. Several samples were
successively kept in a thermal chamber for 3 hours and
20 minutes. at different temperatures. Degradation of
the gratings was not observed at 100 and 120 °C.
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Figure 8. Dependence of the spectrum on temperature

The effect of winding. To study the effect of
winding a fiber section with an induced lattice, rigging
with different circles was used. The fiber section with
the VBR was sequentially wound on diameters from
50 to 5 mm. The spectrogram was taken after winding
on each dimeter. The flow of radiation energy between
the axes of the birefringent light guide was recorded.
At the same time, the spectral distance between the
reflection peaks did not change, there were no
displacements up to the winding of the light guide to
diameters less than 10 mm. After conducting the
experiment on relatively large circles, winding on
smaller ones occurred with a small effort necessary to

overcome the elastic properties of the optical fiber, as
a result, a uniform 0.2 nm displacement was observed
on the spectrogram, when winding on the smallest
diameter, the displacement was 0.4 nm. The change in
the localization of the peaks was associated with the
applied tensile force, as a result of which the quartz
glass was stretched and the displacement
characteristic of mechanical stretching occurred. The
experiment allowed us to establish that for fiber
gratings with a length of 100 mm, winding even on
small diameters does not significantly affect the
reflection spectrum of the lattice.

Dependence on the state of the introduced

Philadelphia, USA

636

2 Clarivate

Ana lytics indexed



ISRA (India)  =6.317 SIS (USA) =0912 ICV (Poland)  =6.630
. ISI (Dubai, UAE) = 1.582 PUHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: g\ australia) =0564 ESJI(KZ)  =8771  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) = 7.184  OAJI (USA)  =0.350
polarization. The dependence of the reflection resonance on the applied tensile force is obtained.

coefficient of chirped fiber Bragg gratings with a
discretely varying period on the state of polarization
introduced into a birefringent light guide was
investigated. To test this dependence, a scheme was
assembled, the key elements of which are a
polarization controller and an extinction meter. 5 test
samples were alternately included in the scheme. The
difference in reflected energy from different
polarization states did not exceed 2 percent. The
results obtained allow us to judge the independence of
the VBR with a discretely varying period from the
state of the introduced polarization.

In the course of the work, various factors
influencing the spectral characteristics of chirped fiber
Bragg gratings with a discretely varying period were
investigated. The number of sections of a chirped
VBR with a discretely varying period is theoretically
calculated to obtain a quasi-continuous lattice
reflection spectrum.

Experiments with the creation of longitudinal
mechanical stress have been carried out. The
dependence of the displacement of the Bragg
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Introduction defined, do not guarantee the optimality of the obtained

Currently, the most relevant is the solution of the solution and do not correspond to the constraints
optimal control problem, which is performed taking imposed on the process.
into account the uncertainty of the initial information. During the years of independence in our republic,
Uncertainty can be due to various reasons, including special attention is paid to the automation and control
the inaccuracy of mathematical models. When solving of chemical-technological processes and industries. In
problems of optimal operational control, one should this aspect, the creation of control systems for the
also take into account possible deviations from the ammonia synthesis process under conditions of
nominal values of a number of parameters that affect parametric uncertainty, including perturbations in the
the process, but at the same time cannot be measured. composition of the feedstock, developed on the basis

Systematic analysis of technical objects is of the indicators of the technological process by
complicated by the presence of uncertainties in building a dynamic model, developing algorithms and
physical, chemical, economic and technological programs that implement automatic control systems for
information. Taking into account the uncertainty of the modes of the ammonia synthesis column, as well as
information requires new approaches to methods of modernization and development of existing production
analysis, optimization and management of such facilities is one of the main tasks.
systems. Modeling methods focused on the average The development of control systems for
values of the parameters, including those not fully technological processes of ammonia synthesis is a

*
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rather difficult task, which can be found in the works and “University of California”, ‘“Massachusetts
of scientists [1-7]. This work continues research in this Institute  of Technology” (USA), “Siemens”

direction.

The analysis of the scientific and technical
literature of recent years concerning research on the
development of methods for the parametric
identification and synthesis of control systems for
technological objects indicates the achievement of
significant theoretical and practical results in this field.
There are and are developing various ways of building
control systems that operate under conditions of a
priori parametric uncertainty [8].

At the same time, the possibilities of interval
methods in the problems of synthesis of mathematical
models and control systems are not sufficiently
appreciated in the literature [9]. This is due to the fact
that so far no concepts and a constructive methodology
have been developed for constructing models and
process control systems under the conditions of
interval-parametric ~ uncertainty.  Methods and
algorithms ~ for  formalizing and  synthesizing
mathematical models of control objects, estimating
parameters of technological control objects, and
analyzing the stability of controlled systems under
interval uncertainty have been insufficiently
developed. Adaptive-interval methods and algorithms
for the synthesis of control systems of technological
objects with complete and simplified models of control
objects also require their development. These
circumstances are the reason for the difference between
the theoretical and practically obtained characteristics
of the estimates. Sometimes these differences become
significant and are of fundamental importance for
deciding whether to use the results of the work of
interval estimation algorithms.

Thus, at present, the level of detail, the trade-off
side between the complexity, accuracy and feasibility
of mathematical models of technological processes and
control systems, as well as the consideration of
uncertainties, are mostly expressed by heuristic
considerations of the designer based on experimental
data, if any. Under these conditions, it is rather
problematic to talk about how effective one or another
interval method is used and whether the best options
for the synthesis of models and control systems are
selected. In connection with the aforementioned, the
development of effective interval methods for
parametric identification and synthesis of control
systems for technological objects in conditions of
uncertainty cannot yet be considered complete.

Within the framework of global research on the
development of highly efficient systems for monitoring
and control of technological processes of ammonia
synthesis, a significant contribution was made by the
leading research centers and higher educational
institutions of the world: Osaka University and Tokyo
Institute of Technology (Japan) Honeywell, Imperial
College London (Great Britain), “SIMSCI-Simulation”

(Germany), “Korea Advanced Institute of Science and
Technology” (South Korea), Russian Chemical
Technological University, Moscow Institute of Fine
Chemical Technology, Kazan National Research
University of Chemical Technology, St. Petersburg
State Technological Institute (Russia), as well as such
foreign scientists as B.D. Yudina, Yu.M. Ermolyeva,
A. Charnes, W.W. Cooper, G. Symonds, I. Grossmann,
L. Biegler, E. Pistikopoulos, B. Liu, G.L. Degtyareva,
T.K. Sirazetdinova, G.M. Ostrovsky, N.N. Ziyatdinov,
T.V., Lapteva, A.F. Egorov, S.I. Dvoretsky, D.S.
Dvoretsky, V.A. Kholodnov, V.I. Elizarov, V.V.
Kafarov and other researchers.

A significant contribution to the solution of
scientific problems, modeling, analysis and control of
the ammonia synthesis process under conditions of
uncertainty in Uzbekistan was made by such scientists
as academicians N.R. Yusupbekov, T.F.Bekmuradov,
professors Sh.M. Gulyamov, D.P. Mukhitdinov, M. A.
Ismailov, Sh.N. Nuritdinov, U. V. Mannanov and
others.

However, in recent years, separation processes
have become significantly more complicated, requiring
the creation of control and optimization systems. At the
same time, due attention is not paid to the creation of
highly efficient control systems based on complete
dynamic models of technological processes that fully
describe the relationship between the process variables.

Considerable attention is currently being paid to
the problems of setting analysis, optimization and
control problems for various applied areas, as well as
the development of methods for their solution.
However, the existing solution methods either require
large computational costs or are developed for a narrow
class of problems.

In Uzbekistan and abroad, in the design, modeling
and analysis of chemical technological systems (CTS),
specialized software is widely used - simulation
programs, such as: Aspen Plus, Aspen Dynamics,
Aspen HYSYS, Honeywell UniSim, ChemCAD etc.
These software products allow you to create CTS
models with a high-fidelity, however, in a number of
cases, their functionality limits their areas of
application, in particular, there are no opportunities for
solving optimization problems under uncertainty. Also,
there are no standard tools for describing kinetic
dependencies of a special kind when simulating
reaction processes.

Methodology

In the practice of designing systems for automatic
and automated control of technological objects, quite
often a situation occurs when the real values of
individual parameters of control objects are unknown
and there are no statistical descriptions of them.
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Uncertainties in the parameters may appear due to
various reasons:

e using simplified models that approximate a
real physical process;

e incomplete estimation and identification of
unknown variables;

o the presence of non-stationary coefficients in
the equations of the mathematical model of
the object.

In addition, the accuracy of the description of
control objects can be affected, for example, by such
technological factors as equipment defects, vibrations,
uneven running, changes in operating modes, errors in
measuring instruments, inaccuracy of  scales.
Operational features, such as aging and wear of
equipment items, fluctuations in temperature,
humidity, pressure and other external influences, can
also lead to a deviation of real characteristics from
nominal values. In all the cases listed above, the nature
of the variations of the unknown parameters of the
control systems can be considered undefined, since
their changes are subject only to a priori restrictions.
To solve problems of managing objects with uncertain
parameters, they usually involve minimax methods,
methods of stochastic control, fuzzy logic, invariance,
and adaptive control. The use of a particular approach
depends on the type of uncertainties and requirements
for the structure and quality of management systems.

In the practice of designing systems for automatic
and automated control of technological objects, quite
often a situation occurs when the real values of
individual parameters of control objects are unknown
and there are no statistical descriptions of them.
Uncertainties in the parameters may appear due to
various reasons:

e using simplified models that approximate a real
physical process;

e incomplete estimation and identification of
unknown variables;

e the presence of non-stationary coefficients in
the equations of the mathematical model of the
object.

In addition, the accuracy of the description of
control objects can be affected, for example, by such
technological factors as equipment defects, vibrations,
uneven running, changes in operating modes, errors in
measuring instruments, inaccuracy of scales.
Operational features, such as aging and wear of
equipment items, fluctuations in temperature,
humidity, pressure and other external influences, can
also lead to a deviation of real characteristics from
nominal values. In all the cases listed above, the nature
of the variations of the unknown parameters of the
control systems can be considered undefined, since
their changes are subject only to a priori restrictions.
To solve problems of managing objects with uncertain
parameters, they usually involve minimax methods,

methods of stochastic control, fuzzy logic, invariance,
and adaptive control. The use of a particular approach
depends on the type of uncertainties and requirements
for the structure and quality of control systems.

Theoretical and practical approaches to the
formalization and use of high-quality information
under conditions of uncertainty are being developed to
select optimal management solutions for complex
systems. For dynamic systems in conditions of
uncertainty, specialized estimation methods are also
developed in the problems of identification and
filtering. At the same time, both already developed
methods of game theory and new methods related to
information processing and interval analysis are also
widely used.

Each of the above mathematical methods is
focused on certain classes of mathematical models:

e probabilistic models;

e  range;

e linguistic;

e models allowing to obtain ellipsoidal estimates
of the reachability regions of phase coordinates;
multimode models of dynamic control systems;

e interval models; mathematical models that

combine both interval parameters and
probabilistic characteristics.

For a more complete description of the properties
of control objects in mathematical models of dynamic
systems and quality criteria for the operation of closed
circuits, it is also advisable to take into account the
uncertainty contained in the model parameters. In
addition, the adequacy of the description of the
mathematical model of a dynamic system in some
cases is achieved only by taking into account uncertain
parameters. Often, uncertainty is an integral part of a
formalized mathematical model of a controlled
dynamic system.

In this paper, we will stick to the point of view
that if the exact numerical value of a certain parameter
is unknown (for example, measured or specified with
an error), then such parameters will be considered as
belonging to certain numerical intervals with known
boundaries. The numerical value of this parameter will
be determined by the interval - a bounded set on the
number line. We will speak of a mathematical model
containing indefinite parameters as an interval-
indefinite model or as a mathematical model that is
under conditions of interval uncertainty. The presence
of interval-indeterminate  parameters  (interval
numbers) in a mathematical model makes it difficult to
apply the known methods of analysis and synthesis of
control systems for dynamic objects. Therefore, the
further development of interval versions of the
methods for analyzing and synthesizing dynamic
systems with interval uncertainty seems very relevant.

In practice, the solution of the control problem is
sought according to a certain mathematical model, the

Philadelphia, USA

640

2 Clarivate
Analytics oo



ISRA (India) =6.317
ISI (Dubai, UAE) = 1.582
GIF (Australia) =0.564
JIF = 1.500

Impact Factor:

SIS (USA) =0.912 ICV (Poland) =6.630
PUHII (Russia) = 3.939 PIF (India) =1.940
ESJI (KZ) =8.771 1Bl (India) =4.260
SJIF (Morocco) =7.184  OAJI (USA) =0.350

accuracy of which is conditional. Various models can
describe uncertainty in the values of the parameters:

1. Probabilistic (stochastic) model. It is used when
an uncertainty factor can be attributed to a
probabilistic, random nature. Random factors are
described as probabilistic if probability density is
given.

2. Statistical model. It is used when an object model
is determined from the results of selective
experiments under conditions of random noise
and errors. In the statistical description of
uncertainty factors, instead of the true moments,
only estimates are obtained, the accuracy of
which is determined by the experimental design,
the number of experiments, interference
dispersion, estimation method, etc. Thus, it is
obvious that all the difficulties associated with
operating with estimates of random parameters,
stand up here in full.

3. Fuzzy (blurred) model. To describe the
uncertainty factor in this situation, use the
methods of the theory of fuzzy sets, the main
provisions of which and decision-making
methods are set forth. Currently, methods for
solving such problems are poorly developed.

4. Interval model. Used when the range of possible
parameter values is known. Interval analysis is
used as a mathematical tool for solving a problem,
the use of which for solving control problems
became especially noticeable in the last century
[10].

Experimental results.

The creation of a modern automated control
system using industrial controllers allows not only
increasing the economic efficiency of the enterprise,
but also makes it possible to reach a new level of
production process management.

In some cases, the modernization of the control
system using the latest digital computer technology is,
unfortunately, limited only to replacing obsolete
automation tools, while not all the features and
functions that modern microprocessor technology has
are realized. In addition, in most cases, the control
methods and methods remain the same as they were
before the modernization, which ultimately cannot lead
to the best management of complex technological

objects, characterized, for example, by the mutual
influence between adjustable parameters, the presence
of  disturbances, unsteadiness of  dynamic
characteristics objects, etc.

The paper discusses the problems of developing a
system for advanced process control of ammonia
synthesis. In our country and neighboring countries,
there are more than thirty enterprises using the same
type of ammonia synthesis reactor. This reactor is
interesting, first, because it is a multidimensional
control object, which is characterized by four inputs,
four outputs and a significant number of disturbing
influences. This, in turn, causes a number of difficulties
in creating a control system and at the same time allows
us to identify new ways to solve these problems.

One of the technological stages of ammonia
production is the catalytic synthesis of ammonia in the
column. The most important adjustable parameter is
the temperature in the catalyst zone [11]. Temperature
control is quite a difficult task, since the existing
mathematical models are difficult to implement due to
the complexity of the physicochemical dependencies.
In addition, all parameters of the ammonia synthesis
column vary over time.

As a research object, this work initially
considered a typical chemical-technological system for
the ammonia synthesis section. This chemical-
technological system (CTS) was considered both
separately and together with the section for the release
of ammonia from purge gas. The process of producing
anhydrous liquefied ammonia consists of the following
stages:

e purification of the converted gas from carbon
monoxide with liquid nitrogen - production of
nitric mixture;

e compression of a mixture of nitric;

e synthesis of ammonia followed by cooling and
condensation of ammonia gas to produce liquid
ammonia;

e compression of process nitrogen;

e compression of carbon monoxide fraction and
ammonia gas.

The technological scheme of the synthesis section
is shown in fig. 1.
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Fig. 1. Technological scheme of ammonia synthesis section.

According to the technological regulations [12],
the nitrogen-hydrogen mixture (NGM) necessary for
the ammonia synthesis process is obtained by cleaning
the converted gas from carbon monoxide, argon,
methane with liquid nitrogen.

Compressed gas compressors (pos. 710) up to a
pressure of not more than 325 kg f/sm? (31.88 MPa)
and nitrogen-hydrogen mixture is supplied to the units
of synthesis of ammonia.

The process of ammonia synthesis from hydrogen
and nitrogen takes place in the synthesis columns of
units Ne 7, 8, 9 (pos. 704) on an iron catalyst at a
temperature not exceeding 540 °C and a pressure not
exceeding 325 kg f/sm?.

In order to achieve the maximum performance of
the reaction volume of the synthesis column, it is
necessary to condense ammonia (pos. 705) most fully
and separate (pos. 703,706) it from the gas mixture.
NGM is cooled.

In this case, part of the ammonia goes into a liquid
state and is removed from the system, the remaining
gas returns to the cycle and joins the fresh gas (pos.
707,708).

The lower the temperature of NGM, the more
ammonia from it condenses, and accordingly less
remains in the gas. The residual volume fraction of
ammonia in the gas mixture (circulating gas) at a
pressure of 300 kgf/cm2, depending on temperature.

The maximum possible decrease in the
temperature of the gas mixture and the improvement of
the liquid ammonia separation conditions allows
reducing the ammonia content at the synthesis column
inlet and increasing the productivity of the column. The
amount of ammonia formed corresponds to the
difference of its content in the gas leaving the column
and entering the column [13].

In this study, an advanced process control system
for ammonia synthesis was developed and the
following results were obtained (Table 1).

Table 1. Comparison table of technological indicators for the option of modernization with an advanced
control system.

Parameters (technological Before Traditional Modernization with
indicators) modernization modernization advanced control system
Production, tons per day 1350 1800 1890
Primary reforming

The tempt_aratuge of the mixture of 510 537 438
raw materials, °C

Outlet temperature, °C 820 810 706
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Steam / Carbon | 35 | 3.0 | 2.7
Secondary Reform
T air, °C 468 480 453
Methane yield, mol % 0.32 0.27 1.72
T at the exit, °C 1002 972 885
Synthesis circuit
CHy in feed gas, mol % 0.83 0.97 not
Inertness in gas, mol % 1.15 1.27 0.19
- —— 5
Pressure in the circuit, kg/cm 210 181 178
(excess.)
Conclusion e increases the productivity of the reforming

To achieve this goal the following tasks were
Ived:
analysis of approaches to solving problems of
building models and process control systems in
conditions of uncertainty;
formalization of the tasks of analysis and optimal
control of the object under study in the context of
parametric uncertainty of the initial information.
development of the concept and methodology for
constructing models and process control systems
in the conditions of interval-parametric
uncertainty;
development of methods and algorithms for
estimating the parameters and state of
technological control objects;
development and practical implementation of
software and algorithmic support systems for
solving problems of identification and synthesis
of control actions under the conditions of interval
uncertainty of the initial information;
practical testing of the developed methods and
computational schemes for the synthesis of
process control systems based on the developed
algorithms and software [10].
The main conclusions from the results of testing

and trial operation of advanced process control systems
are as follows [14].

Thanks to the control of the installation using

advanced process control systems, it was possible to:

1.

2.
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constructive methods,

system by 25-30%;

more optimal use of high potential heat;

with parallel execution, the pressure drop is
reduced;

can be used to increase productivity, with an
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Introduction necropolis begins is considered to be the imaginary
Samarkand is one of the most ancient cities in grave of the cousin of the Prophet Muhammad —
Central Asia and the world as a whole. According to Kusama ibn-Abbas. He was called “Shakhi-Zinda”.
archaeological excavations, the history of Samarkand He was one of the believers who preached Islam in
dates back to the VIII century BC. The name of the this province, and later this complex became an
city is of Turkic origin and means "a large rich important pilgrimage site, revered among the people
settlement”. For many years, Samarkand has been the as a shrine. According to a legend, he came with a
largest center of cultural, commercial, and political sermon to Samarkand in 610, where he spent 13 years
life in Asia. and he was beheaded by Zoroastrians during prayer.
The ensemble of mausoleums of the Samarkand Kusama ibn-Abbas’s burial is a purpose of the
nobility Shahi Zinda is an architectural monument of visit to Samarkand for many adherents of religious or
the Middle Ages. The best medieval masters of India, spiritual tourism
Khorezm, Iran erected a unique necropolis. The decoration of the tombstone is made of tiled
On the slope of the settlement of Afrosiab there colored marble slabs, quotes from the Koran are
is an ancient necropolis consisting of 20 structures. It inscribed in golden script. Fourteen mausoleums have
is an architectural and historical ensemble that survived to this day, the oldest of them is the tomb of
embodies the 25th century history of Samarkand. The Qusam ibn Abbas. However, the last structure erected
basis of the memorial complex of Shihi Zadeh is the in 1435 by Ulugbek was the portal, which serves as
tomb of Kussama ibn Sama, one of the first righteous the central entrance to the necropolis. Also among all
men of Islam, popularly called the "living king".[10, the buildings you can see one of the most magnificent
p.77] mausoleums. It was built by one of Sahibkiran's
Shakhi-Zinda is the place of burial of royal sisters, Turkan What, for her daughter. Decorated with

nobility. However, the main mausoleum where the
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unique ganch carvings, with a majolica-covered portal
and decorated with vines, it was built in 1372. [2, p.7]

A necklace of masterpieces can rightfully be
called the amazingly picturesque Shahi Zinda
memorial complex, among the early monuments of
which, running up to the fortress wall of Afrasiab,
there are related to the history of pre-Mongolian
Samarkand. But the main bright inflorescence, full of
light and harmony, is the "fruits of the architects" of
the era of Amir Timur and his grandson Ulugbek. The
ensemble got its name "Shahi-Zinda" - "The Living
King" - from the burial complex in which the cousin
of the Prophet Qusam ibn Abbas, who died in battles
with infidels, was buried.

This is the oldest architectural monument in
Samarkand, its appearance dates back to the middle of
the XI century, over the grave of the cousin of the
Prophet Muhammad, Kusam ibn Abbas mausoleum,
served as the core of the ensemble - the necropolis of
Shahi-Zinda. It was a large urban religious and cult
center not only for medieval Samarkand, but also for
the whole of Central Asia, the pilgrimage to which at
one time replaced the Hajj to Mecca. The area of the
ensemble is 200x40m. As the excavations in the IX-X
centuries have shown, this southern part of the
territory of Afrasiab was inhabited and built up with
residential mud houses. A fragment of a unique carved
wooden frieze has been preserved from the mosque
located among them (located on the territory of the
modern Qusam ibn Abbas complex).

In the XIV - XV centuries, the popular "shrine"
was turned into a country family necropolis of the
Timurids. In the XVI - XIX centuries, with the change
of the ruling dynasty and the transfer of the capital to
Bukhara, no more ceremonial tombs were built in the
ensemble. The buildings that appeared in these
centuries did not significantly change its artistic
appearance. [11, p.45]

A brilliant page in the history of architecture of
Samarkand and Shakhi-Zinda are mausoleums built
during the reign of Amir Temur, Mirzo Ulugbek and
other Temurids. Shahi-Zinda today is one of the best
architectural ensembles of Central Asia, a monument
of great historical, cultural and artistic value. This
memorial complex, the necropolis, is called by art
critics "picturesque”, "frozen music", "full of harmony
and light", a genuine hymn to human labor.

The ensemble was studied by famous scientists -
V.V. Bartold, V.L. Vyatkin, M.E. Masson, V.A.
Shishkin, calligrapher Abu Said Makhdoom, artist
G.N. Nikitin, art historian I.F. Borodina and many
others. The contribution of folk restorers Akram
Umarov, Mirhamid Yunusov, Shafi Isakov, Anar
Kuliyev and others who revived the creation of
architects of ancient eras is noble. [1, p.29]

The oldest core of the ensemble is the Qusam Ibn
Abbas Complex, which was rebuilt many times, was
recreated under Amir Temur and supplemented with
new elements, until the X1X century. The door leading

to the complex was made by master Yusuf Shirazi in
1404-1405. This is a beautiful work of art of carvings
on elm with non-preserved ivory inlay. Above the
entrance is a large mosaic quadrangular panel with the
inscription: "The Prophet said ... "Al-Qusam-ibn-al-
Abbas most of all people look like me in appearance
and character.” Behind the door is a minaret of the XI
century. The lining of the base of the minaret is made
with a set of shaped polished bricks typical of that
period.

The complex consists of several rooms: a
ziarathana (intended for performing a ziyarat - a rite
of worship), a gurkhon (tomb), a chillahon (for
holding a 40-day fast), a tugkhon (for storing cult
equipment). Behind a wooden lattice in Gurkhon there
is a tombstone - evidence of the high art of Central
Asian ceramists. The dome of ziarathana was re -
erected in 1334-1335 . In the same century, the walls
were painted, the lower part of which was lined with
hexagonal ceramic tiles. [6, p.81]

Next to the complex of Qusam ibn Abbas,
passing through the upper chartak, there is a
"Northern" Courtyard. In the first half of the XIV
century, when the ensemble consisted mainly of
surviving buildings of the XI-XII centuries, chartak
and two mausoleums were built, which greatly
determined the further development of the ensemble's
composition; the Mausoleum of Khoja Ahmad, built
in the 40s of the XIV century, which bounded the
necropolis from the north; An unknown Mausoleum
of 1361 (with east).

More than six centuries separate these structures
from our time. Each of them gives an idea of the art of
the masters of the middle of the XIV century. Both
mausoleums are portal-domed buildings. The portals
are decorated with a solid cover of tiles. Many details
are distinguished by virtuoso execution (eight-pointed
rosettes on the portal of the mausoleum of 1361 or a
geometric ornament of seven- and octahedrons on the
portal of the mausoleum of Khoja Ahmad). The facing
of the mausoleums is made of carved watered
terracotta. Along with this, painted majolica is also
used in the decoration of the facade of the mausoleum
of Khoja Ahmad. The name of the Samarkand master
Fakhri Ali has been preserved on the entrance portal.
As a result of the restoration work in 1962 under the
guidance of the renowned master restorer Mirhamid
Yunusov, the portal was re-laid with the strengthening
of the preserved cladding. [3, p.18]

On the western side, the "northern courtyard"
closes the Tuman-Aka - Temur's wife Complex, built
in the late XIV - early XV centuries (completed in
1405), the architecture and decor of which differed
significantly from previous mausoleums. The portal
facing is dominated by a carved set mosaic. The name
of the master calligrapher from Tabriz, Sheikh
Mohammed ibn Haji Bandgir at-Tugrai Tabrizi, has
been preserved on the portal. Unlike the mausoleums
of the blue style (1361 and Khoja Ahmad), the
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Tuman-aka mausoleum has a much wider color
palette: blue, light blue, black, yellow, white, purple.
The multicolored facade is contrasted with the design
of the mausoleum inside. The artistic idea based on the
contrast of the bright mosaic panel and wall paintings
in the interior of the mausoleum is remarkable. In
some panels, small landscapes were introduced - trees,
shrubs, flowers with murmuring streams, in a word,
the untouched silence of paradise. And the cup of the
dome resembles the firmament in the form of golden
stars scattered on a blue background. The tuman-aka
mausoleum is distinguished by its extraordinary
slimness. Its room is almost two times smaller than in
all previous mausoleums, and the height is one and a
half times more.

If you look at the southern path of the ensemble,
then a narrow street of a medieval city comes to mind.
This impression is not accidental, since the ensemble
appeared within the boundaries of a residential,
densely built-up urban quarter. Therefore, there is a
reflection of the historically established topography of
the area. The composition of the ensemble is designed
to continuously change impressions as you move from
the entrance portal to the Qusam ibn Abbas complex
and back. First, awide panorama of the entrance group
opens, then a deep perspective of the road in the
middle part and, finally, the isolated space of the
courtyard. [1, p.34]

The historical, cultural and artistic value of the
ensemble lies in the fact that Shahi-Zinda gives an
idea of the development of architecture and
monumental structures, monumental and decorative
art over several centuries. The ensemble was a
creative laboratory for the search for new designs of
architectural composition, decor. It captures the
stylistic features of local architectural schools before
the Timur era and the school that developed under
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contributing to the study of the history of our country
remains relevant. Using the example of the Shahi
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