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FUNDAMENTAL CHARACTERISTICS OF RELIABILITY
IN TECHNOLOGICAL PROCESSES IN FERROUS METAL INDUSTRY

Abstract. Problems of reliability in the areas of metal industry are of the most immediate interest. The effi-
ciency of using the different technological schemes is closely connected with ensuring the required accuracy, pro-
ductivity and operational economy which are mostly defined by the degree of their reliability. The decisive influence
on the perfection of technological processes has the level of scientific support, because on the stage of scientific
rescarches the potential of innovations, which is materialized through design and construction work into production,
is laid. The purpose of this work — to develop mathematical and computational models for assessment the reliability
of fundamental characteristics in technological processes in the arcas of non-ferrous and ferrous metal industry with
the aim of achieving the required quality of output. The suggested strategy of quantitative and qualitative assessment
of reliability on the basis of fundamental conservation laws on maximum entropy will provide the prevention of
errors on the stage of scientific elaboration in order to avert the appearance of defect or remove it without bringing it
into a final stage of production, which is extremely important in the countries with market-oriented system of con-
trolling the technology level and quality. The application of ruggedness analysis technology in technological output
and processes offered in this work will lead to improved production method and considerable reduction in expen-
diture on production of this output, improvement in quality and competitive capability. The novelty of the thesis con-
sists in that for the forts time to the analysis of the technology of chemical-and-metallurgical processes and schemes
there will be applied objective and fundamental information criteria expressed in universal units, i.e. bits. Methods of
computer modeling have been developed for calculation of fundamental characteristics of production in a way of
refinement the cast iron technological schemes reliability. Methods of computer modeling have been developed for
calculation of fundamental characteristics of in production in a way of direct receiving iron technological schemes
reliability.

Key words: modeling, ruggedness, technological processes, qualitative and quantitative assessment, entropy,
information, hierarchical systems, technological products.

Introduction. Quantitative estimations of sense and value of the information can be made for the
information analysis of quality of technological products and processes of their reception only after the
preliminary agreement about what precisely in each concrete case has value and sense for the considered
phenomena [1-8]. Methods of calculation the information suggested by Shannon allow to reveal a ratio of
quantity of the predicted information and quantitiecs of the unexpected information which cannot be
predicted beforehand, and thus to enable to define a qualitative and quantitative estimation of the certain
technological circuit. As a probability of detection of the main element of technological system it is pos-
sible to accept its maintenance in a product, expressed in shares of unit. For example, let’s examine the
maintenance of a considered chemical element in products of technological repartition. Also for proba-
bility of detection it is possible to take the maintenance of suitable fraction (remnants, briquettes) in a
corresponding product. The same concermns the process of extraction of an element in this or that product,
as in this case a parameter of extraction is equal to a probability of transition of the given element from
one condition of system into another. These both parameters - the maintenance and extraction - can be
equally used for an estimation of quality of a product or technological repartitions.
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The formula allows to estimate the complex indeterminancy of a group of technological operations
undergoing analyses, as well as technological schemes as a whole, which will result in determining pre-
dictability and technological reliability of these operations [5, 9, 10]. The work suggests a formula for
estimating complex indeterminancy of a group of technological operations undergoing analyses before and
after their improvement, as well as technological schemes as a whole in the information units.

Methods. Technical and technological modemization of industry is closely connected with the deve-
lopment of new and improvement of known technologics, reduction of the energy expenses on production
of the product, increasing of production efficiency. The world industry, having concentrated in itself enor-
mous a great number of enterprise on mining of ore, melting and conversion of black and non-ferrous
metals, chemical and machine-building complexes, plants of precise mechanical engineering, appliance-
engineering and radio electronics must receive the further development. To study the regularities of the
processes of enrichment, extraction, reception, refining of metals, as well as processes, connected with the
change in contents, structure and characteristic of alloys and materials in metallurgy physic-chemical and
mathematical methods of the research are used. The Improvement of the technological processes with
considering of the raw materials complex in structure is impossible on the only base of traditional methods
of the opening the causal relationships in processes of the general technological scheme with analysis of
their material and heat balances. The additional analysis of these processes is necessary on base of
information entropy by Shannon; the reason for it is to integrate disembodied hitherto factors on extraction
of valuable components and their contents in final products on redistribution and on technological scheme
as a whole with the following use of this method for analysis and comparative estimation at chemist-
metallurgical production. In this connection using as a base the information entropy by Shannon we desig-
ned a method of integrating disembodied hitherto factors on extraction of valuable components and their
contents in final products on redistribution and on technological scheme as a whole with the following
using of this method for analysis and comparative estimation of chemist-metallurgical production. As
original data we used reference materials on contents and extraction of elements, published in brief guide
to metallurgy of the non-ferrous metals by the authors Gudima N. B., Shein I. P. [11] and the most recent
reference book under editing by M.E. Dritza [12] on the characteristics of elements in two volumes, where
all the latest data from foreign reference book, monograph and scientific articles are taken into account.
With the aim to conduct the comparative analysis of the competitive schemes or improving operations
taken apart on united generalized criterion of complex completeness, as well as uncertainty, we shall
consider usage of the formula by Shannon for determination of the information balance of the production
processes by means of factors of the extraction and contents of ferric. For entropy-information analysis of
any object the formula by Shannon for expression of the uncertainty of the system is broadly used [13]:

N
H ==Y p,log, p, M

i=]

N
where pi - is a probability of the finding of any uniform system e¢lement in their multitude N, Z p, =1
i=1

p; 20, i =12 N,

As a characteristic of probability of finding the main system element it is possible to take its contents
expressed in fractions of the unit. For instance, this is the contents of extracted chemical element ferric in
corresponding products. The same is true for the process of the extraction of the element into one or ano-
ther product, since in this case factor of the extraction is identical to probability of the transition of the
given element from one state of the system into another. Both these factors - contents and extraction - can
be used at equal degree for estimation of the uncertainty in product quality or technological operation.
Then for the single controlled system element we use common mathematical calculations for expression of
the information uncertainty as follows.

If p - is a probability of finding of the controlled element in product or transition at extraction, then
uncertainty or unexpectedness of each of these events is a reciprocal from its determined identification
that is 1/p. In our variant of the estimation of uncertainty in the behavior of the only one system element
this uncertainty is expressed by following formula:
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Before the publication of K. Shannon's theory R Hartly has suggested to define quantity of the

information under the formula:

H (nax) =10g N, —log N} = k" log N, 3)

max)

where N, =N é‘n, n - number of levels, £ - length of a code of elements at each level of hierarchical

system.

Let N, - number of elements of n-level. I, - capacity of the information of a zero level of techno-
logical system. Then the capacity of the information of n-level counting upon one element is expressed by
the formula:

Results. In the technological circuit considered by us £ = 2 there is a sample of set of elements - an

clement and not an element (in our case of ferric and all other elements in aggregate) then the equation (3)
will become:

Hn(max) :2n IOgNO = 2n 10g2 2= 2n

Essentially important advantage of an information estimation of quality of products or technological
operations is that a suggested parameter H, , as well as any entropy-information sizes, can be added. The
given property of additive is immanently inherent to entropy and information and is a basis for expression
of the law of preservation of their sum. Hence, technological uncertainty of various operations within the
limits of the unified circuit can be expressed by a system parameter of uncertainty:

n n
H =N H. =2 Bitkel
D (max) Z_Z:(:) i Z_Z:(:) e

Information capacity of hierarchical system and #- level are defined by equality:

I = Zn: M =log Ny =0
2, 5 (i+1) Z@i+1)
- k, log N
Hn(max) _ ,:,I;I(:)
(4)

" (n+1) (n+1)!
where H,max) - greatest possible entropy of a system.
The system determined component [ ¥ (d) and the determined component of the information

1,(d) 1s defined by equality:

n y 1 )
]Zn (d) =ZZZ(:)2 |:1 - it 1)!:| Bit/el.,

\ 1 |
1,(d)=2 {1 T 1)!} Bit/el.

Having defined degrees of determination and ineradicable stochasticity at each level of technological

system under formulas [3]:
d = M h = ]n—(h) =1-d

H \(max) H

let's analyze the received results of the carried out calculations which are submitted in table 1.

>

n(max)
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Table 1 — Settlement information-entropy characteristics of technological repartitions in hierarchical system for k= 2, Ny =2

n 1,(d) H i) g, Iy @) By a5
{ (n+ D! % {1 (n+l)!} 22 {1 (i+1)!} 2(;2 T
i=0
0 0 1,0 0 0 1,0 0
1 1,0000 2.0 0,5000 1,0000 3,0 0,3333
2 3,3333 4.0 0,8333 4,3333 7,0 0,6190
3 7,6667 8,0 0,9583 12,0000 15,0 0,8000
4 15,8667 16,0 0,9917 27,8667 31,0 0,8989
5 31,9556 32,0 0,9986 59,8222 63,0 0,9496
6 63,9873 64,0 0,9998 123,8095 127.0 0,9749
7 127,9968 128.0 1,0 251,8063 255.0 0,9875
8 255,9993 256,0 1,0 507,8056 511,0 0,9937
9 511,9999 5120 1,0 1019,8055 1023.0 0,9969
10 1024,0000 10240 1,0 2043,8055 20470 0,9984
11 2048,0000 2048.,0 1,0 4091,8055 4095,0 0,9992
12 4096,0000 4096,0 1,0 8187,8055 8191,0 0,9996
13 8192,0000 8192.0 1,0 16379,8055 16383,0 0,9998
14 16384,0000 16384.0 1,0 32763,8055 327670 0,9999
15 32768,0000 327680 1,0 65531,8055 65535,0 1,0

Let's define the quality of technological redistribution and distributed products on the grounds of
comparing analysis of the competitive schemes on united generalized criterion of complex uncertainty and
completeness of the technological scheme of steel production by domain process and direct reception
ferric. Since the extraction of any component is pro rata to its contents in source material and back pro rata
to its contents in product then in the first approximation extraction of ferric from terrestrial cortex in ore

resources is possible to estimate on correlation:

ﬂ ~ a, ..
0 o

ap.M.

where 3, - a factor of the extraction at zero level of technological scheme, ¢, - a factor of the

-100% (%)

contents in terrestrial cortex, Xy -2 factor of the contents in ore resources.

Since for ferric
H,=YH, (6)
i=0

on the grounds of information formula by Shannon (2) we shall conduct entropy-information analysis of
cach technological redistribution for calculating the complex uncertainty and completeness of the
technological scheme as a whole on example of steel production. Having received characteristic of
complex uncertainty of the technological scheme it is possible by means of turned formula

DPr = eXp(— H,ln 2) =27 the parts of the unit (p.u.). @)

find corresponding to it characteristics of complex certainty of the technological scheme [14] steel pro-
duction.
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The Results of comparative calculations on redistributions and on technological scheme of steel
production by domain process as a whole are presented in table 2, by direct reception of ferric in table 3.

Table 2 — Information estimation on extraction and contents of technological redistribution at steel production
by domain process

Technological Factors of the contents Factors of extraction I

redistributions o H , bit yéj H ,bit aff Pop
Mining 0,5000 1,0000 0,1020 32934 4,2934 0,0510
Enrichment 0,6550 0,6104 0,8700 0,2009 08113 0,5696
Domain melting 0,8830 0,1795 0,9910 0,0130 0,1925 0,8751
The Smelting 0,9550 0,0664 0,9980 0,0029 0,0693 0,9531
Re-melting 0,9950 0,0072 0,9990 0,0014 0,0086 0,9940
Refining 0,9999 0,0001 0,9999 0,0001 0,0002 0,9998
H,bit - 1,8636 - 3,5117 53753 -
p,pu 0,2748 = 0,0877 - = 2,4087-107*

Table 3 — Information estimation on extraction and contents of technological redistribution of steel production
by direct reception of ferric

Technological Factors of the contents Factors of extraction I

redistributions o H , vit yéj H , bit af Pop
Mining 0,5000 1,0000 0,1020 3,2934 4,2934 0,0510
Enrichment 0,7140 0,4860 0,8920 0,1649 0,6509 0,6368
Plating 0,9800 0,0291 0,9950 0,0072 0,0363 0,9751
The Smelting 0,9910 0,0130 0,9980 0,0029 0,0159 0,9890
Re-melting 0,9950 0,0072 0,9990 0,0014 0,0086 0,9940
Refining 0,9999 0,0001 0,9999 0,0001 0,0002 0,9998
H,bit - 1,5354 - 3,4699 5,0053 -
p.pu 0,3449 - 0,0902 - - 3,1131-107

The Comparing of calculating data on new model (2), (7) with practical data (the tables 2, 3) let's illu-
strate graphically in coordinates in accordance with (figure).
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Dependency of the information estimation of the factors on extraction and contents from level
of the technological scheme of steel production:
a) Domain process; b) direct reception of ferric
n - number of level, d - determination,
1 - System determination, 2 - level determination, points - practical data
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At comparison of reference data on extraction and contents of the target component of technological
organization of steel production by domain process (the table 2) with new model (2), (7) we revealed
adequate correlation (R = 0,847942, 1z = 6,035314 > 2) for system determination, much higher for level
determination (R = 0,991408, 1z = 115,8812 > 2). At comparison of reference data on extraction and
contents of the target component of technological organization of steel production by direct reception
of ferric (the table 3) with new model (2), (7) we revealed identical correlation (R = 0,733544, t; =
=3,176112 > 2) for system determination and (R =0,96213, 1z = 25,89641 > 2) for level determination.

Discussion. Calculations offered by us for information analysis of steel quality and metallurgical
redistribution of the conversion of ferric already in the first approximation correlate with dynamics of
raise of deterministic constituting in abstract hierarchical system. Thereby, intercoupling is set between
technological factors on extraction and contents of ferric with probability of its transition and finding on
every level and on technological scheme as a whole at steel production by domain process and by direct
reception of ferric on the grounds of analysis of entropy-information characteristics.

With the aim to improve steel-melting production specialists from many leading metallurgical
companies of the world continue to investigate ecological safe and cheaper technology of steel melting.
Last years in the world steel branch they have been actively searching for profitable technology, capable
to substitute the traditional process of steel production by means of domain stoves and oxygen convertor.
But, as we predict the domain process of steel production will prevail on any other process of steel
reception.

Such is information estimation of certainty at realization of the technological schemes which can be
used for comparison of their state before and after the improvement alongside with base characteristics of
the complex uncertainty.

Conclusion. Use of the measure of certainty and uncertainty of the information allows to analyze the
general mechanisms of entropy-information laws of the technological repartitions being a fundamental
basis of all spontancously proceeding processes of accumulation of the information which result in self-
organizing technological processes, namely, to hierarchical systems. For multilevel hierarchical system of
technological repartition it is important to describe the subordinate level as interaction of the intercon-
nected subsystems, each of which possesses the information properties. Therefore at reception of an
information estimation main attention is inverted on into-level and intra-level interactions. The considered
approach, in our opinion, fully complies with the basic requirements of the system entropy-information
analysis as while modeling hierarchical system of technological processes it provides integrity of its
consideration due to the general-theoretical and methodical concepts allowing to keep in sight the system
as a whole entirely for the solution of a task at all levels of hierarchical system.

C. IIL Kaxukenora', JI. BejioMecTHpIii’

KaparanauHCKuii rocy 1apCTBCHHBIN TEXHHUCCKUH yHUBEpcHTET, Kaparanga, Kaszaxcran,
Yuusepcurer [lyicOypr-Occena, [yicoypr, [ epmanmsa

OYHAAMEHTAJBHBIE XAPAKTEPUCTHKHN HAJAEKHOCTH
TEXHOJIOTHYECKHUX MPOIECCOB B UEPHOI METAJLTYPTHA

Annortamust. [IpobreMbr obecnieucHUsI HANEKHOCTH B O0JACTH METAIUIYPIHH SIBLTIOTCS UPE3BBIMANHO aK-
TyanbHBIMH. OQ(PEKTUBHOCTH HCHOIB30BAHHS PA3IMIHBIX TEXHOJIOTHYECKHX CXEM CBj3aHA C OOECIeUYCHHEM
TpeOyeMOil TOYHOCTH, MPOU3BOJUTEIFHOCTH W SKOHOMIYHOCTH, KOTOPBIC B 3HAYUTCILHOW CTCIICHU OTIPEICILIFOTCS
VPOBHEM HX HAAC)KHOCTH. Pemraromee BIMAHIE HA COBEPIICHCTBO TEXHOIOTHMICCKUX IIPOLIECCOB OKA3BIBACT YPOBCHD
HAy4HOTO OOCCIICUEHM, TAK KAK MMCHHO HA 3Talc HAYYHBIX MCCICAOBAHMI 3aKIAABIBACTCS IOTEHIMAT HOBOBBC-
JCHHH, KOTOPBIH Yepe3 MPOCKTHO-KOHCTPYKTOPCKHE PAObOTHI MATEPHATIM3YCETCS B MPOU3BOACTBO. L{emb mpoBOANMBIX
HAMH HCCIICIOBAHUH — Pa3pad0TaTh MATEMATHHUECKUC M KOMITBIOTEPHBIC MOJCTH I pacdeTa (hyHIAMECHTAIBHBIX
XAPAKTEPUCTUK HAZCKHOCTH TEXHOJOTHYECKHX MPOIECCOB B OOJIACTH IBETHOW M YEPHOW METAJUIYPTHH C LEIBIO
JOCTIDKCHHUS TPeOYEMOTO KavecTBa MpoayKIun. [IpeamaracMplil arOpuT™M KAUCCTBCHHON H KOTMMCCTBCHHOM OICH-
KH HAJCKHOCTH HA OCHOBE (PYHIAMEHTAJIBHOTO 3aKOHA COXPAHCHUS MAKCHMYMa JHTPOIMH TO3BOJUT IIPEAOT-
BpalicHUE ONMOOK HMEHHO HA CTAAMM HAYUIHBIX MPOPAOOTOK, YTOOBI IMPEJIOTBPATHTS BO3HUKHOBEHHE NC()EKTA HIH
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YCTPaHHTb €ro, He AOBOJA IO OKOHYATCIbHOM CTaJHU IPOHM3BOJACTBA M3ACIHA, UYTO OCOOCHHO BAKHO B CTPAHAX C
PBIHOYHOH 3KOHOMHMKOH CHCTEMBI YIPABICHHA TEXHUYCCKUM YPOBHEM M KauecTBOM. IIpHMEHEHNE MPEAT0KEHHON
HAMH TEXHOJIOTHUH AHAIN3a HAAC)KHOCTH TEXHOJIOTHYECKON MPOAYKUMH H MPOLECCOB MPHUBEACT K PALHOHATH3ALUI
MPOLECCOB U 3HAYUTEIBHOMY CHIDKCHHIO 3aTPAT HA M3TOTOBJICHHE JAHHOM MPOAYKIUH, MOBBIIICHUIO €€ KAUECTBA 1
KOHKYPEHTOCTIOCOOHOCTH. Hay'unas HOBH3HA PabOTHI COCTOMT B TOM, UTO BIEPBbIC K AHAIH3Y TEXHOJIOTHH XUMHUKO-
METAJUIy PrHYECKUX TPOIIECCOB M CXEM IPOM3BOACTBA IBETHBIX W UCPHBIX METAIOB NMPUMCHCHBI OOBEKTHBHBIC H
(yHIaMECHTATbHBIC HHPOPMALMOHHBIC KPUTCPHH, BHIPA)KCHHBIC B YHUBEPCATIBHBIX SIMHUIAX HH(OPMAIMy — OUTax.
INepcniekTuBa HCCIEAOBAHKA PACIPOCTPAHACTCA HA MFOOBIC METAILTY PrHUCCKHE H XUMHYECKHE MPOM3BOACTBA. Pa3pa-
60TaHBI METOABI KOMITBIOTCPHOTO MOJCITHPOBAHMA U pacyeTa ()YHIAMCHTANBHBIX XapPAaKTCPHCTHK HAICKHOCTH
TEXHOJIOTHYECKOH CXEMBI IPOM3BOICTBA CTAlIW IyTeM paduHHpoBaHMSI UyryHA. Pa3paboraHbl METOABI KOMITHIO-
TEPHOTO MOJCIUPOBAHUS I PaciyeTa ()YHIAMECHTAIBHBIX XAPAKTEPUCTHK HAJCKHOCTH TEXHOJIOTHUCCKOH CXEMBI
MPOM3BOACTBA CTATIH MPAMBIM HOTYUYCHHEM JKEIe3a.

K/roueBble cji0Ba: MOACIMPOBAHUE, HAJECKHOCTb, TEXHOJIOTHYECKUE MPOLECCHI, KAUECTBEHHAS U KOJIHYECT-
BCHHASI OLICHKA, SHTPOIHS, HHPOPMALHS, HEPAPXIMUCCKAEC CHCTEMBI, TEXHOJOTHUCCKAH MPOIYKT.

C. III. Ka:xukenona', JI, BesiomMecTHbIIT

1KapafaH;:[m MCMIICKCTTIK TCXHUKABIK YHEBEpcHTETi, Kaparanmer, KazakcTan,
*y#cOypr-Docen yamBepenteti, JyicOypr, I'epmanus

KAPA METAJLTYPTHUA CAJTACBIHJA TEXHOJIOI'UAJIBIK ITPOLIECTEP
CEHIMALNI'THIH ®YHAAMEHTAJIb/JblI CHITATTAMAJIAPBI

AnHoTanua, MeTayprus CanachIHAAFBI CCHIMALTIKTI KAMTAMACHI3 €TY MPoOIeMaIapsl 6T¢ MAHBI3IBI OOJIBIIT
TabBLIATBL. Op TYPI TEXHOJIOTHAIBIK CYI0anapabl maliiaiany THIMIITITI Talan CTIICTIH ASAIKTI, OHIMALTIKTI JKOHC
YHEMTITIKTI KAMTAMAChI3 ETYMCH OaMIaHBICTHI, CYI0a1ap Saoyip JOPEHKEAC OTAPABIH CCHIMALTITI ACHTCHIMCH aHBIK-
Tanaapl. TEXHOMOTHAIBIK IPOLECTEPIIH >KETINTCHIITIHE FRUTBIMA KAMTAMAChI3 €Ty JCHTeHI MIENIyImi acep eTeni,
ccOe0i aTanm alTKAHTA FRUIBIMEH 3CPTTCYIC) KC3CHIHAC CHTI3LITCH YKAHANBIKTAP OICYCT1 CATBIHAIBL, OJI YKOOAJIBIK-
KOHCTPYKTOPIBIK KYMBICTAP APKBUIBI OHIIPICKE iCKE achIpbuiagbl. KyYMBICTHIH MAKCATHl — OHIMHIH TaJal CTieTiH
camachIHa KOJI )KETKI3y MAKCATBIHIA TYCTI JKOHE Kapa METAJUIY Prisl CalachIHAAFHI TEXHOJOTHAIIBIK IPOLIECTEP CEHIM-
JITTiHIH MaHBI3ABl CHOATTAMANAPBIH CCENTEY YIIIH MATCMATHKAJBIK YKOHEC KOMIBIOTCPIIIK MOJCTBACPAL d3IpJicy.
DHTPOIHA MAaKCHMYMBIH CAKTaybIH ()yHIAMECHTAJBIBI 3aHbl HETI3IHAC CEHIMILUTIKTI CANaNbIK >KOHE CAHABIK Oara-
Ty IbIH YCHIHBUIATHIH AITOPHTMI, aKayABIH Ak a O0TyBIH OONIBIPMAyY YIIIiH YKOHE OHBI OYHBIMIBI OHIIPY IiH COHFBI
CATBICHIHA JCHIH KCTKI30CH KO0 YIIiH, aram aHTKAHTA FRUIBIMH 3CPTTCYICP CATBICBIHAA KATelepAi OoasipMayFa
MYMKIHIIK Oepei, Oy ocipece TCXHUKABIK ACHICH MCH CamaHBI 0acKapy JKYHCCiHIH HAPBIKTHIK SKOHOMHKACHI 0ap
eNaepac MaHBBABL. ¥ CHIHBUIFAH TCXHOJIOTHAIBIK 6HIM MCH MPOLUCCTSPAIH CCHIMILUTITIH TaIAay bl KOTAAHY TPOIeC-
TepAl PAlHOHAIIAYFA JKOHC OCPLITCH OHIMII KacayFa KYMCATAThIH IMBIFBIHAAPABI CA0Yip a3aUTyFa, OHBIH CAmachl
MeH 0ocekere KabIIeTTUITIH apTThIPYFa SKeneAl. TaKpIPhITHIH KAHATIBLUIIBFBI — XHMHUSI-METAJLULY PTHAJIBIK MPOLEC-
TEP MCH CyJI0anap TEXHOJOTWACHIH TamaayFa amOeOan akmapar OipiikTepi — OUTTEPMEH OPHEKTEITCH, O0BEKTHBTI
JKOHE MAHBI3IBI AKIAPATTHIK KPUTCPHHIICD aJFANI PET KOJIJAHBIIATHIH OOIaIbl.

TyiiH ce3aep: MOICTBACY, CCHIMALTIK, TCXHOIOTHAIBIK MPOLCCTEP, CATAJIBIK JKOHE CAHABIK OaFamay, SHTPOIHS,
AKMapar, TCXHOJOTHSJIBIK OHIMICP.
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