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MODEL FOR DETERMINING CLASSIFICATION
OF FILLING MATERIALS HARDENING

Abstract. This paper presents the model for solving the problem of classification of trajectories of development
of states of filling material in the presence of a priori information on the trajectories of processes that have already
passed the development of states of the processes. Consideration of the hardening process of stowage material as a
chemical-technological process, which can be considered as a multi-parameter dynamic (time) series, allows us to
determine the development class of the state of the material based on the classification of the state of the stowage.
The proposed approach has established the fundamental possibility of using the proposed methodology to solve the
problem of dividing given trajectories represented by time series into classes. It allows us to obtain a model that,
according to formal rules, determines the classification of trajectories by sets of heterogencous features of its state at
certain time and improves the reliability of the classification.

Key words: forecasting, filling material, safety, dynamic (time) series, object recognition.

Introduction. Pattern recognition, or object classification (observations, phenomena, signals,
situations, possesses) is one of the most dynamically developing spheres of applied mathematics and
cybernetics which is caused by the constant demands of practice as it often faces rather complicated
processes and phenomena. An excessive desire for accuracy has begun to exert an influence that negates
control theory and system theory, since it leads to the fact that research in this area focuses on those and
only those problems that can be precisely solved. Many classes of important problems in which data,
goals, and constraints are too complex or poorly defined to allow accurate mathematical analysis,
remained and remain aloof only because they cannot be mathematically interpreted [1,2]. The constructed
mathematical models were either complex or too simple, which did not allow obtaining acceptable results.
Therefore, in some cases, mathematical modeling is an art, and the quality of models largely depends on
the intuition, skill and creativity of their developers. One approach to solving this kind of mathematical
modeling problem is building recognition systems based on accumulated [3].

In connection with the expansion of the range of practical tasks, the set of heuristic (incorrect)
recognition algorithms, the information for which is poorly formalized, is constantly growing. The idea of
constructing a unified mathematical theory of incorrect recognition algorithms belongs to Yu. I. Zhuravlev
and was developed in his works [4], one of which is “On the algebraic approach to solving recognition or
classification problems”. These works give a description of the algorithms for computing estimates and
present an algebraic approach to the construction of models of recognition algorithms.

In the framework of estimation calculation algorithms, an approach to solving the problems of
determining the states of complex systems in the presence of a priori information about classes is
proposed. The paper presents well-grounded algorithms for optimal object recognition.
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Given the existence of a priori information about classes, this approach allowed solving a number of
problems from a variety of poorly formalizable. But when solving practical problems, it’s either
impossible to obtain accurate a priori information about classes, or this requires large expenditures of
resources, including computational. As a result, the task is to classify objects or observations that do not
have the appropriate mathematical apparatus. The forecasting task posed in such a form, which determines
the future state of the observed process of the object’s functioning on the basis of taking into account
information about past states of processes and its current data, belongs to the class of poorly informative
dynamic problems.

In this paper, we consider a method with which to solve the problem of constructing a classification
of states of dynamic objects in the absence of information about classes.

The aim of this work is to develop and study methods for classifying dynamic objects and
determining the states of complex systems, in the absence of a priori information about classes that allow
us to determine computational algorithms for optimal classification and forecasting that ensure stability
and the required quality of recognition processes.

Since the '80s there have been undertaken attempts of joint image recognition and correlation -
regressive analysis consideration for solving problems of various contents [5-11]. It was proposed that for
various homogeneous groups the same signs influence on objective function on benchmark figure in
varying degrees. Therefore, before appliance of regressive - correlation apparatus analysis it needs on
mnitial stage to divide data on uniform classes and solve objective problem separately for each of the
following classes. These attempts where productive due to appliance of image classification methods and
they were found implementation in practical tasks - this is problem of classification as needed preliminary
stage of statistical processing multidimensional data, it is classification in the tasks of optimal regulation
and planning, it's task of classification in problems of forecasting economic - sociological situations or
selected indicators and etc.

Successful appliance of image recognition methods in forecasting socio- economical situations
problems and separate indicators gave basis to distribute that approach on other areas of knowledge with
inclusion of their specific. For that, it was proposed to consider distribution on classes in other moments of
time of processes development.

The paper proposes the formalization of the task of classifying the trajectories of development of
states of filling materials used in the development of a number of mineral deposits in the presence of a
priori information about the trajectories of processes that have already passed the development of states of
processes.

This has become possible thanks to the successful use of pattern recognition methods, and the task of
dividing trajectories into classes was used in the practical task of classifying dynamic processes as a
necessary step in the processing of statistical information from multidimensional data.

Formulation of the problem. In a number of mineral deposits development, systems with stowing
are used [12-14].

In mining stowing is defined as filling the goaf with stowing material, which is formed in the entrails
of the earth as a result of mineral extraction. Stowing materials can be crushed rock formation, and
production wastes. Stowing is solid if all the goaf is filled, and partial when certain parts (as tapes or
layers) of it are filled. Depending on the way of transportation and stowage hydraulic, pneumatic, hydro-
pneumatic, mechanical, self-flowing and manual are distinguished.

The use of stowing on mining enterprises caused by the process safety of the performance of mining
operations, preservation of buildings on the surface of the earth, safety and the environment control, etc.
For this purpose, goof is filled with stowing material, which is after reaching a certain state of the material
should serve as supporting pillars.

The goals of the use of stowing material depend on the purpose. Stowing is used to control rock
pressure, to reduce losses and dilution of extracted minerals in mining, to prevent mine fires, to reduce
surface deformations of the earth and to protect the objects on the earth surface from damage, to improve
the safety of mining operations, for improving the ventilation of underground workings, to reduce
transport costs.

Requirements for filling properties can be different and depend on its purpose. Thus, the requirements
for filling used to prevent subsidence of the earth surface and thus the protection of buildings and
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structures is much higher and it is especially important to forecast its states of stowing, than in cases when
for example, stowing serves as the filler of voids and prevention of ore dilution and loss.

Depending on the purpose and field development systems dry, hydraulic, hardening and other
stowing are used. It is reasonable that properties and methods of their creation are different. At hardening
stowing binder component is added, that significantly increases the cost of stowing due to the high cost of
binding material. This type of stowing greatly exceeds the cost of others and is used in strictly defined
cases and only under condition of full recoupment of materials and works on the stowing. This is one of
the reasons for considering this type of stowing.

There is a problem of definition of readiness of the state of hardening filling to perform intended
functions [12-14].

Based on the above propositions, it can be stated that the determination of the state of the filling is an
important and urgent problem, therefore there is a need to develop new ways and methods for determining
the states of the technological process [12].

The usual practice of controlling the state of stowing is radiometric monitoring, local destruction
methods, impact methods, an acoustic method, a method for measuring material temperature, etc.

The core element of the abovementioned methods is that they require creating individual gradation
dependencies based on the results of studies of standard sample cubes made of concrete of the same
composition and age as the object under study, the structure, in our case, filling. This directly measures
some indirect physical characteristic related to the strength by correlation dependence. To establish this
dependence, and, accordingly, to establish the strength of the structure, it is firstly necessary to establish a
grading characteristic between strength and some indirect characteristic — temperature, humidity,
conductivity, etc.

For that reason bringing durability dependence P array from its indirect characteristics, varying by
time, - on basement of methods of least squares constructing dependence of chosen characteristics
(temperature, humidity, acoustic parameter, electrical conduction and etc.) in discrete moments of time t;.
on time interval [to,ty] with corresponding calculation of statistical parameters - dispersion, correlation
coefficient, coefficient of determination and etc.

The values (characteristics) at the moment of time /, are taken as the parameters of the dynamic state
of the filling at the moment of time 7.

It should be noted that each characteristic separately determines the state of the filling not completely,
but only one side of it, and cannot be an overall assessment of the dynamic state of the process.

Thus, the object of study has a set of the object characteristics, varying in time .

In all cases, forecasting assessment of filling seems necessary to measure at different time points
T ={t,,....17} filling parameters characterizing the static state and the dynamics [2].

Below we give a possible way to create an apparatus for processing attributes of any type, and ways
to apply this apparatus to the problems of classifying trajectories represented by time series based on the
possibility of introducing a distance between different types of vectors.

Formalization of the problem statement. Accepting the approach and denotations from the works
of Zhuravlev Yu. 1., we give a description of the method for solving the problem of constructing a
classification of objects of the same type with different types of variables.

Let R be the set of all real numbers.

We discredit the attribute space R, using the approach proposed in [4], and to characterize the
proximity of similarity of vectors R we introduce the following evaluations.

We introduce N - dimensional vector of weights of variables

w=w(w,w,,.,Ww,),0 <w, <1, j=LN,

so w; - is weight of variable ;.
Let s, and s, be two arbitrary points from space R". Based on fairly general considerations for the
measure of proximity of these two points on j - coordinate it’s convenient to take some function of the

modulus of the difference in the values of this objects’ coordinate s, u s,

)

r](paq):w] Xf(‘tp] _Zq]

where 1,; and #,; - J point coordinates s, and s,.
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We define this object distance function s, to object s, on coordinate ;.
Following the description of the estimation calculation algorithms, we introduce a numerical
N - dimensional vector

g =2(8,65,.,Ey)

- vector of threshold estimates by attributes, we explicitly define the distance function of the s, and object
s, using the following condition
0, eciu [th - th] > 8]

(D, q) ={

Wj, eciu [th - th] < 8]

Distance R (p, q) between points s, and s, we now define as follows:
1 N
R(p,q)=—> r(p.q)
N3

Which implies that for any s, u s, € R ¥there is an inequality

O0<R(p,g) <1

Let us consider the implementation of the trajectory classification method, which is further used by
the software module to solve the trajectory classification problem.

Having replaced the objects with descriptions in the form of coordinates by time trajectories, we
consider the construction of the question of constructing a classification of trajectories at a given time
interval.

Let there be a multitude K" trajectory at a given time interval.

The idea of the method to construct the desired classification. The threshold value of the distance
between the trajectories is set. Then a graph is constructed, the vertices of which are all given trajectories,
the vertices are connected by edges, the distances between which do not exceed the threshold value. At a
certain threshold value, the graph is divided into separate classes.

Let us consider the implementation of the method for solving the problem of classification of
trajectories.

1. The choice of a certain value of p as a threshold distance for assessing the proximity of the
trajectories to each other;

2. Fixing an arbitrary trajectory T,€ K'F, where K™ — is initially given set of classified trajectories;

3. Find all trajectories that are no more than p from the selected trajectory Tr. We get a subset of the
trajectories. Let us call it a class K.

4. Then, in turn, for each of the trajectories included in the class K; with root Ty, using the same rule,
we will find neighboring trajectories, we receive the completion of the class K.

5. The procedure continues until such a subset of the trajectories K" is distinguished that none of the
trajectories of the class K' has close to K\ K' trajectories.

6. We accept the formed set of trajectories as a class K;.

7. We fix a new trajectory from K"\ K' and in the same way we form a class of trajectories K*

8. We take the generated set of trajectories as the class of trajectories K*.

9. We fix a new trajectory from K"\ K' \ K* and in the same way we form a class of trajectories K, etc.

10.Let q classes of trajectories K', K*, ..., K be found. If the combination of the selected classes
coincided with the original set of K" trajectories, then the classification process is completed, otherwise a
new class K,+ 1 is constructed from the trajectories of the K"\ K' \K* ...\ K,

The resulting classification of the trajectories is declared as required.

The above approach allows setting the classification problem for completely arbitrary objects, the
descriptions of which contain signs of a mixed type - quantitative and qualitative.

The proposed classification algorithm can work with information along trajectories represented by
heterogeneous signs - of a quality and discrete type.

Conclusions. The proposed approach has established the principal possibility to use the proposed
methodology to solve the problem of dividing given trajectories represented by time series into classes. It
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allows obtaining a model that, according to formal rules, determines the classification of trajectories by
sets of heterogencous features of its state at certain points in time and improves the reliability of
determining the classification.

This research was financially supported by the Ministry of Education and Science of the Republic of
Kazakhstan and was carried out within the framework of the scientific project, which is being
implemented at the Institute of Information and Computer Technologies.
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TOJITEIPEIM MATEPHAJILIHBIH KATATO
KJIACCHO®HKATMACEIH AHEIKTAMTEIH MOJEJID

Annortamust. [laiimaner Kaz0amapapiH Oipkarap KEH OPHBIH HIepy OapbIChIHIA KONAAHBIIATHIH TOITHIPHIM
MaTepuan KyHiHiH KJIaChIH aHBIKTAy MAHBI3IBI )KOHE ©3€KTi FHUIBIMH-TCXHHUKAIBIK MACEJC OOJIBIN CAHANAAbL, TOIThI-
PBIMHBIH OIICPATUBTI JANHBIHABIFBIH AHBIKTAY YINIH XUMISUIBIK-TEXHOJIOTHSIIBIK KATAIOJBIH YACpic KYHIH Tammay
dmicTepl MEH TOCLIAEPIH d3ipaey KaKEeTTUIr TyApl. KyMbICTa Marepuan KyHiHIH aaIbsIHFRI JaMy YACPICTEPI Typaibl
aKmapar OOJIFaH KarJalaa TONTHIPHIM MATEpHaN KYHIHIH JaMy TpPAcKTOPHSCHIHBIH KIACCH()HKAIMACHIH AHBIKTAY
MOCEJIECIH MICIIY IiH daicTeMeci OepinreH.

YCBIHBUWAH d7icTeME OACKApyAbIH ABTOMATTAHIBIPHLUIFAH JKYHECIHE KATAIbl JKOHE TEXHOJOTHSUIBIK YACPICTL
JUCKPCTTI YaKBITIIA KapayFa sKOJI OCPETiH KYpACi 00bekTinepai 6ackapyaa maiaa aHbLIy bl MYMKiH. OmIiCTEME KYpy
YIIH OCHI OOBCKT, JKAFmal, KemeMmIeMIl THHAMHKAIBIK (YAKBITIIA) KaTapJa YCHIHBUIATHIH VACPICTCPAl TAHY KOHC
JKIKTEY oaicTepi KOMAAaHBLIABL KemmapaMerprii AWHAMHKANBIK (YakbITIIA) KaTap PETIHAE KAapacThIpyFa OOJIATHIH
TONTHIPBIM MATCPHATBIHBIH KATA0 YJCPICIH XHUMMA-TEXHOJOTHSUIBIK IPOLECC PETIHAE KAPACTBHIPY 9P VaKbITTa
OeTOeTTiHIH JKal-KYHiH )KIKTEY HETI3IHe TONTHIPHIM MaTepHal KYHiHIH JaMy KJIACHIH aHBIKTAYFa MYMKIHIIK Oepei.
Yaepic KyHi AaMy IpOLECi TPACKTOPHSIAPBIHBIH KIIACHI TYPAJIbl aPHOPIIBIK aKmapaT O0JIMAFaH skaraakna OGipHemne
maiigamsl Ka30a KEH OPBIHAAPBIH HMIepyJc KOJJAHBUIATHIH TOJTHIPHIM MATCPHANJAPBIHBIH >KAH-KYHIH AaMBITY
TPACKTOPIIACHIH KIKTEY MiHAETiH (popmanay ycemHbUFaH. [Ipobmemansl (opManay HeETi3iHAE YACPICTEpAiH Jamy
KYHiHIH OYPBIHFBI YACPIC TPACKTOPHIAPBIHBIH OCTICl Typassl Koya 0ap akmapaT OofibiHIma OeTOenTi MaTepratbl
JKaW-KYHIHIH JaMy TPacKTOPHSIAPBIH XKIKTEY Il AHBIKTAY MIHACTIH INEIy 9JICTEMECIHIH CHIIATTaMAChI KETIPireH.

Maxkanaza TOIATHIPHIM MATEPHAIBIHBIH JKYMbICKA JAWBIHABIFBIH AHBIKTAYIbIH OYPHIHFBI OMICTEPlI KENTIPLITeH.
OmapapIH apTHIKIIBUIBIKTAPEI MCH KEMIILTIKTEPl KepceTiareH. Kas3ipri omicTepaiH HEeri3ri KEMIUITri — KyOBUIBICTHI
TOIIBIK KOPCETIEHTIH KATar0 YACPICIHIH JKEKE CHIATTAy OCNTIICPiHiH Olp>KAKTHUIBIFBL. ¥ CHIHBUIFAH TCIT KOI6I-
IIEMAI YaKbIT KaTapbl OCpIAreH TPACKTOPHIAPABI KIAcka Oeily MOCEIECiH INCIIyAiH >KOJIAPBIH KOpPCETEI.
OmicTeMeHI KOJIAHYAbIH NMPUHIHINTI MYMKIHIITIH Oenrinedai, Oy gopManbapl epekernep OOMbIHIIA OHBIH JKaii-
KYHIHIH Typai OCIriNepiHIH >KHBIHTHIFEI OOHBIHINA TPACKTOPHSUIAPIABIH >KIKTEIyiH Oenrim Oip VakeIT Me3eTi
OOMBIHINA AHBIKTAMIBI KOHE KIKTCY Ii AYPHIC AHBIKTAYFa MYMKIHIIK Oepeni.

Kenemmiemai tTHHAMHKABIK (YAKBITIIA) KATAP TYPIHAC YCHIHBLIIFAH TCXHOJIOTHAJIBIK YACPICTI AUCKPETTI Kapay -
Fa MYMKIHAIK OEpETiH KONTETCH KYPAC YACpiCTEp YIIiH KOJAAHY MYMKIHAITIHE HET13ACITEH 9IICTEMCHIH KAMTBIIY
AICHIHBIH KCHIITIH aTam 6TKEH >XOH. Y CHIHBUFAH OJIC KOCIA >KaFmaiibiH Oaranay IIPOLECIH OHTAWIAHIBIPAIBL,
JOIIKTI apTThIpaxsl. TamcelpMaHbl memy oxicreMeci Oip-OipiHEH aibic OLTIM camanmapbhlHAA KEHIPEK KOJJAHbIC
Tabaxpl. JKyMbIC HOTHKENIEP! KOCHAHBI OAKbLIAY ABIH IOCTYPI dICTEpi O0ibIHINA OipKaTap apTHIKIIBLIBIKKA HE JKOHE
6acka Oi1iM caachIHBIH OKIIAEP] YIMiH KbI3BIKTHL

Tyiiin ce3aep: 0omkam, OSTOCITI MaTSpHANBI, KAYINCI3AIK, THHAMHUKAIBIK (VaKbITIIA) KaTap, OCHHCHI TaHY.
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MOJAEJBb OINIPEAEJEHUA KIACCHOPUKAIIMH TPOLNECCOB
TBEPJAEHUA 3AKJTATOUYHOI'O MATEPHAJIA

Annortamust. OnpeacicHNe Kiacca COCTOSHHH 3aKIaZOYHOTO MATEpHana, IMPUMCEHACMOTO IPH pPa3paboTKe
pAna MECTOPOKICHHUHN ITOJIC3HBIX MCKOTAEMBIX, SIBJSICTCA BAKHOM M aKTyaJ bHOH HAYUHO-TEXHHYCCKOM MpPOOIEeMOH,
YTO BBI3BAJO MOTPEOHOCTH B TOCTPOCHHH CHOCOOOB M METOJOB AHAIN3A COCTOSHUH XHMHKO-TEXHOJOTHUCCKOTO
npouecca TBEPACHHUS I ONPEACIICHUS SKCILTy aTAlMOHHON TOTOBHOCTH 3aKIagki. B naHHOM paboTe mpeacraBicHa
METOJMKA PEIICHUS 33Ja4Yd ONpPEICICHHSI KIACCH(MKANWH TPACKTOPHUH PAa3BHTHS COCTOSHHH 3aKJIAI0YHOTO
MaTepuana npyu HaaumIuy HH(POPMALHH O MPONICAIIIX PAHEE MPOIECCAX PA3BUTH COCTOSHUN MaTepHaa.

[IpenmoskeHHAsT METOJMKA OTHOCHUTCA K AaBTOMATH3HPOBAHHBIM CHCTEMAM VIIPABJICHHI H MOXKET OBITH
HCIIOJIb30BAHA TIPH YIPABJICHUH CJIOKHBIMH OOBCKTAMH, JOIYCKAFOIMX JWCKPETHO BPEMEHHOE PACCMOTPECHHC
TEXHOJOTHYECKOTO Tporecca. il moCTpOSHHS METOUKH OBLTH HCTIOIB30BAHBI METOBI PACTIO3HABAHMS M KIACCH-
(puKanuM TAHHBIX OOBEKTOB, CHUTYALHH, IMPOIECCOB, MPEACTABISIEMBIX MHOTOMEPHBIMH AMHAMUYCCKUMHA (BPEMCH-
HBIMH) psAAaMu. PaccMOTpeHHe mpomecca TBEPACHHA 3aKIQJ0YHOTO MATEPHANa KAK XUMHKO-TEXHOJIOTHYECKOTO
TPOLIECCa, KOTOPBIM MOKHO PACCMATPHBATh KAK MHOTONAPAMETPUYECKUI TUHAMUYCCKUN (BPEMECHHOM) psia MO3BO-
JSIET ONMPEACIMTh KIACC PA3BUTH COCTOSHMS 3aKIAJOYHOTO MATEpHaja HA OCHOBE KIACCH()MKALUHN COCTOSHHS
3aKJIAIKU B KOKIBIH MOMEHT BpeMcHH. B pabote mpeqmoxkena (hopMaam3ais 3a1a4n KIACCH(PHUKAIMK TPACKTOPHH
Pa3sBUTHS COCTOSIHUH 3aKIAJOYHBIX MATEPHANIOB, IPUMEHICMBIX TPH Pa3padOTKE psAAa MECTOPOKIACHUI MOJC3HBIX
HCKOTIAEMBIX, IPH OTCYTCTBHHM ANPHOPHOW WH(POPMAIMH O KJIACCAX TPACKTOPHH Y’k IMPOINECHIIHX IPOLECCOB
pasBuTHS COCTOAHHMH mponeccoB. Ha ocHOBe mpoBencHHOH (hopMarmm3anuu IHpOOIEMBI TPHBEICHO OIHCAHHC
METOJUKH PEIICHUS 3344l ONPEICICHIS KIACCH()UKAIMH TPACKTOPHHA PA3BUTHS COCTOSHUH 3aKJIAJOYHOTO MaTe-
pHana mo MMEIOMEHCsT HH(POPMAIUH O MPU3HAKAX TPACKTOPHH VKE MPOIICIIINX MPOLECCOB PA3BUTHSI COCTOSHHH
mpoueccoB. B cTathe IpHBEACHBI paHee HPSANIOKCHHBIE METOABI OMNPEACICHHSA MOMEHTA JKCILTYaTALMOHHOM
TOTOBHOCTH 3aKJIQIOYHOTO Marepuanma. IIokazaHbl MX IPEHMYINECTBA M HEAOCTAaTKH. OCHOBHBIM HEZOCTATKOM
CYIIECTBYIOIMX METOJAOB SBIACTCA OJHOCTOPOHHOCTh MPH3HAKOB OIMHUCAHUA IMPOLECCA TBEPACHHA B OTACIBHOCTH,
YTO HE OTPAYKACT MOTHYIO KAPTHHY MPOHCXOAAIIETO SABICHUS H ABIACTCA HEAOMY CTUMBIM.

IIpennaracMelil MOAXOA YCTAHOBHJ NPHUHIMIHAIBHYIO BO3MOKHOCTh HMPHMECHCHHUS MPEAIAracMON METOIUKH
JUTA PEHICHHS 3a7a4i Pa3OnCHUS 3aIaHHBIX TPACKTOPHH, IMPEICTABICHHBIX MHOTOMEPHBIMH BPEMEHHBIMH PSIAMH,
HA KJACCHI, YTO TO3BOJLIET MOJYUHTh MOJACIH, KOTOPas MO (POPMATBHBIM IPABHIIAM OIPEICIBIET KIACCH(DUKAIIHIO
TpacKTOpHil 0 HA0OPaM PA3HOTHITHBIX MPH3HAKOB €TI0 COCTOSHUS B OTPECJICHHBIC MOMEHTHI BPEMCHH M TIO3BOJISICT
TIOBBICHTH JTOCTOBEPHOCTH ONpPEACICHHUS KiacCH(Purammu. X0oUeTCs OTMETUTh INHPOTY OXBATa METOIUKH, KOTOPAs
3aKIFOYACTCS B BO3MOXKHOCTH €€ MPHUMCHEHHA LT OOJBINOTO MHOKECTBA CJOKHBIX ITPOIIECCOB, IMO3BOJLIFOIIIX
JUCKPETHOE PACCMOTPEHHE TEXHOIOTHYECCKOTO MPOLECCa, MPEACTABICHHBIX B BHAC MHOTOMEPHBIX IUHAMHYCCKHX
(BpeMeHHBIX) psAnoB. [Ipeano:KeHHbIH CIOCO0 ONTHMH3HPYET IMPOIIECC MOTYUCHHS OLEHKH COCTOSHHS CMECH, TIOBBI-
IIAET TOYHOCTb.

Meroanka pemeHms1 3a1a491 MOKET HAHTH OOIMMPHYI0 00JACTh MPUMEHCHHS B JOCTATOYHO AAJCKHX APYT OT
apyra oOnactax 3HaHWH. Pesymbrarsl pabOTBI HMMEIOT PsI IPEHMYLIECTB IEpel TPATUNHOHHBIMH METOJAMH
KOHTPOJII M HHTEPECHBI A1 APYTHX 00IACTEH 3HAHMH.

KimoueBbie ¢/10Ba: MPOTHO3, 3aKJIAJOYHBIA Marepuan, OC30MACHOCTh, JUHAMHYCCKHE (BPEMCHHBIC) PSIbI,
pacmo3HaBaHuE 00Pa30B.
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