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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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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 heterogeneous 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
initial 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 [ty,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 .

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 7.

In all cases, forecasting assessment of filling seems necessary to measure at different time points
T ={t,.... t;} 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, Wy, Wy ), 0w, <1, j=1,N,
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,:

)

rj(paq) = Wj xf(‘tpj _tq/'

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

E=8(8,8),8y)

- vector of threshold estimates by attributes, we explicitly define the distance function of the s, and object
s, using the following condition
0, ecnu [tpj - tq]-] > &

1i(p, @) ={

Wj,eCﬂM [tpj - tqj] < 8]

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

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

0<R(p,q)<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", 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 T}, 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', K2, ..., K9 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 heterogeneous 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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TOJTBIPBIM MATEPHAJIBIHBIH KATAIO
KJACCUO®UKANUSICHIH AHBIKTANTBIH MOJEJb

Annoranust. [laiinaner kaz0anapisiH OipkaTap KEH OpHBIH Hrepy OapbIChIHAA KOJAAHBUIATBIH TOJTBHIPHIM
Marepuall KyiiHiH KIachlH aHbIKTay MaHbI3/Ibl )KOHE ©3€KTi FhUIBIMH-TEXHUKAIIBIK MOcesie OOJIbII CaHalla/ibl, TOJThI-
PBIMHBIH OIEPAaTUBTI JANBIHIBIFBIH aHBIKTAY YIIIH XUMHSJIBIK-TEXHOJOTHSUIBIK KaTaloAbIH YAepic KYHiH Tanjgay
azicTepl MEH TOCUILAEPIH a3ipiey KaKeTTUIirt Ty apl. JKyMbIicTa MaTepuall KyHiHIH alJbIHFbI JaMy YIepICTepl Typajibl
aKnapar OoJiFaH JKaFJaia TONTBIPBIM Marepuall KYWiHIH JaMy TPaeKTOPHUSCHIHBIH KIacCHU(UKAIMACHIH aHBIKTAy
MOceJIeciH LISy IiH SaicTeMeci OepiyireH.

YChIHBUIFaH 9/licTeMe 0acKapy/IblH aBTOMATTaHABIPbUIFAH XKYHECiHe jKaTaJbl KOHE TEXHOJIOTHSUIIBIK YIepicTi
JIUCKPETTI yaKbITIIIA KapayFa jK0JI OepeTiH KypAesi o0beKTiiepai 6ackapy/a naiiananblIybl MyMKiH. OicTeMe Kypy
YIIiH OChI OOBEKT, JKaraai, KenesmeMIi TUHAMUKAIBIK (YaKbITIIa) Katapja YChIHBLUIATHIH YAEPICTEepIi TaHy JKOHE
KIKTey aficTepi KosjaHbupl. Kemmapamerpini avHaMuKaublk (yakbITIIa) KaTap peTiHAe KapacTblpyra 0OoJaThiH
TOJNTHIPHIM MAaTEPUAIBIHBIH KATal0 YIEPICIH XUMHUA-TEXHOJOTHSUIBIK TIPOLECC PETiHAe KapacThlpy op YakbITTa
OeTOenriHiH jkail-KyHiH )KIKTey Heri3iHJe TONTHIPHIM MaTepHal KYHiHiH JaMy KJIaChbIH aHBIKTayFa MYMKIHZIK Oepeni.
Y nepic Kyiii gamy mpoleci TpaeKTOpHUsUIapbIHBIH KJIachl Typajibl allpHOPIIBIK aKknapar OojMaraH arnaiaa OipHere
naiigansl Ka3da KeH OpBbIHAApbIH HMrepyle KOJJIAHBUIATBIH TOJITHIPHIM MaTepHaslapbIHBIH JKaW-KYHIH JaMbITy
TPAaeKTOPUACHIH XKIKTey MiHIeTiH (opManay ychiHbUIFaH. [IpoOnemanbl opManay Heri3iHIe yAepicTepAiH aamy
KYHiHIH OYpBIHFBI YIepIiC TPaeKTOPHUsUIApbIHBIH Oeirici Typaibl Kojaa Oap akmnapar OoiibiHIa OeTOelri MaTepuabl
Kal-KYHIHIH 1aMy TPaeKTOPHSUIAPbIH JKIKTEYAl aHbIKTay MIHJETIH LNy 9[iCTEMECIHIH CHIIaTTaMachl KENTIpLIreH.

Makanajga TONTHIPBIM MaTepPHAJIBIHBIH JKYMBICKA AaWbIHABIFBIH aHBIKTAYbIH OYPBIHFBI 9JIiCTEpi KENTipijireH.
Onap/pIH apTHIKUIBUIBIKTAphl MEH KeMIIUTIKTepl kepceriiared. Kasipri opicTepaiH Herisri KeMIIUIri — KYObUIBICTHI
TOJIBIK KOPCETIEUTIH KaTalo YJIEpICiHIH jKeKe cunarray OeNriiepiHiH OipiKaKThUIBIFBI. ¥ CHIHBUIFAH TOCUT KemeJ-
HmIeMl yaKbIT KaTapbl OepiuIreH TpaeKTOpHsuIap/Abl Kiacka 0eily MoceseciH WIeHIyAiH >KOJAapblH KepceTesi.
OjicTeMeH] KOJIaHYbIH NPUHLIMNTI MYMKIHIITIH Oenrinedai, Oys gopMaibabl epexenep OOMBIHIIA OHBIH JKaii-
KYHiHIH Typsi OenrilepiHiH >KUBIHTHIFBI OOWBIHIIA TPACKTOPUSIIAPIBIH JKIKTEIyiH Oenriai Oip yakelT Me3eTi
OO¥bIHINA aHBIKTAN/IbI )KOHE KIKTEYIl NYphIC aHbIKTayFa MYMKIHIK Oepei.

Kemneunmiemai auHaMuKkansIK (yakpITIIa) Katap TYPiHAE YChIHBUIFAH TEXHOJIOTHSUIBIK YEPICTI AUCKPETTI Kapay-
Fa MYMKIHZIK OepeTiH KenTereH KypAeii yIepicTep YIiH KOJIJaHy MYMKIHAIrHE HEeTi3/1eIreH 9liCTEMEeHIH KaMThLLy
AsICHIHBIH KEHJTIH aTan OTKeH >KOH. Y CBIHBUIFAH 9JIC KOCNa >KarjailblH Oarajay IpOLIeCiH OHTalIaHAbIpabl,
JIOIIKTI apTThipansl. TancelpManbl mienty oxicreMeci Oip-OipiHeH ajibic OuTiM cajajapblHlla KEHIpeK KOJJaHbIC
Tabael. JKyMBIC HOTHXKEIEP] KOCTaHbl OaKbUIAY IBIH TOCTYPII 9/1icTepi OOMbIHIIIA OipKaTap apTHIKIIBUIBIKKA UE )KOHE
Oacka Oi1iM canachlHbIH OKIIAEpP] YIIIH KbI3BIKTHI.

Tyiiin ce3mep: 6omkam, 6eTOeINTi MaTepUalTbl, KAayilci3aiK, TMHAMHUKAIBIK (YaKbITIA) KaTap, OCiiHEeHI TaHy.
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MOJEJIb OITPEJEJIEHUA KJIACCUOPUKAIIUA ITPOLECCOB
TBEPAEHMUS 3AKJIAJOYHOI'O MATEPHUAJIA

AnHoTanusa. OmpeneneHue Kiacca COCTOSHUHM 3aKIaZOYHOTO MaTepuaa, MPUMEHSEMOro INpH pa3paboTke
psima MECTOPOKACHUH TTOJIE3HBIX MCKOMAeMBbIX, SIBJISIETCSI BAXKHON M aKTyaJIbHON HAayYHO-TEXHHYECKOW MPOOIEMOi,
YTO BBI3BAJIIO MOTPEOHOCTH B MOCTPOSHHH CIIOCOOOB M METONOB AHAIM3a COCTOSHHHA XHMHKO-TEXHOJIOTHYECKOTO
mporiecca TBEPACHHS s OTIPEIeIICHIs IKCIUTyaTallMOHHOM TOTOBHOCTH 3aKIaAKu. B manHO paboTe mpeacraBiieHa
METOAMKA pEIIeHUs 3aJa4d OIpeAeTeHUs KiIacCH(UKAIMH TPACKTOPUN pAa3BUTUS COCTOSHHHN 3aKIaJOYHOTO
Marepuaa npy HajJuduy HHGOPMAIMK O TPOUICAIINX PaHee MPOLIECcax Pa3BUTHS COCTOSHUIN MaTepHana.

[IpeanoxeHHass METOJMKAa OTHOCHTCSI K aBTOMATH3MPOBAHHBIM CHCTEMaM YIPABJICHUS W MOXET ObITh
WCTIOJB30BaHA MPH YIPABICHUH CIOXHBIMH OOBEKTaMH, IOIMYCKAMONIMX IUCKPETHO BPEMEHHOE PAacCMOTPEHHE
TEXHOJIOTMYECKOro mpoiiecca. [ljisi mocTpoeHus: METOIUKH ObUTH MCIIOJIb30BaHBI METOMBI PACIIO3HABAHUS U KIIACCH-
(huKaIuM JaHHBIX OOBEKTOB, CHUTYAIMH, MPOIECCOB, MPEACTABISIEMbIX MHOTOMEPHBIMH TUHAMHYECKUMH (BPEMEH-
HBIMH) psipgaMu. PaccMoTpeHue mporiecca TBEpACHHS 3aKJIaJI0YHOIO MaTepHaja KaK XHMHKO-TEXHOJIOTHYECKOTO
mporecca, KOTOPbIA MOKHO pacCMaTpUBaTh Kak MHOTOINAPAMETPUIECKUN TUHAMUYECKUH (BPEMEHHOM) psij TO3BO-
JISET OMNpPENeNUTh KIACC PAa3BHTUS COCTOSHHS 3aKJIaJ0YHOTO MaTepHaia Ha OCHOBE KJIACCH(UKAIIMHM COCTOSHUS
3aKJIAJIKU B KK/l MOMEHT BpeMeHHU. B pabote npemioxkena Gopmanusanus 3a1a4n KiiacCU(PUKALUN TPACKTOPHIA
Pa3BUTHUSI COCTOSIHUI 3aKJIaIOYHBIX MaTepUaliOB, PUMEHIEMBIX MPH pa3paboTKe psifia MECTOPOXKICHUI MOJIE3HBIX
MCKOIAEMBbIX, MPU OTCYTCTBHHM anpUOPHOW WH(OpMALMU O Kiaccax TPACKTOPHH yiKe MPOIIEAIINX IPOLECCOB
pa3BUTHS COCTOSHHN mporieccoB. Ha ocHoBe mpoBeaeHHOW (opManu3aiui NpOoOJIEeMBl MPHUBEICHO OIMUCAHUE
METOJIUKH pEIleHUs 3a7a4i ONpeeSieHUs] KiacCu(DUKAIIMU TPACKTOPHIA Pa3BUTHUSI COCTOSIHUI 3aKIJIa[IOYHOTO MaTe-
puaia mo uMmeroneicss HHGoOpMaLuK O NPU3HAKAX TPACKTOPHUN yiKe MPOILIEAINX MPOLECCOB PA3BUTHS COCTOSHHIA
mporieccoB. B craThe IpHBENeHBI paHee MPEIIOKEHHBIE METONBI ONPEAEICHUS MOMEHTa JKCIUTyaTallHOHHON
TOTOBHOCTH 3aKJIQJI0YHOr0 Mareprana. Iloka3aHbl MX MpeHMyNIecTBa W HEAOCTaTKH. OCHOBHBIM HEIOCTATKOM
CYIIECTBYIOIINX METOJOB SIBISETCS OJHOCTOPOHHOCTH MPU3HAKOB OIMMCAHUS MpOIecca TBEPACHUS B OTAEIBHOCTH,
YTO HE OTPaXKaeT MOJHYIO KapTHHY HPOUCXOISINETO SIBICHIS U SBISAETCS HEIOIYCTUMBIM.

[IpenmaraeMprii MOIX0A YCTaHOBHJ NMPUHIMIHAIBHYIO BO3MOXKHOCTH NPHUMEHEHHS IMpeIIaraeMoil METOIUKH
JUIS peIleHHs 3aa4u pa30ueHus 3aJaHHBIX TPACKTOPHH, MPEICTABICHHBIX MHOTOMEPHBIMH BPEMEHHBIMH PSAIAMU,
Ha KJIACChl, YTO MO3BOJISET MOJYYUTh MOJEJb, KOTOpas 1o (OpMaIbHBIM MPaBUIIAM OMNPEENseT Kiaccu(pUKaLUIo
TpaeKTOpui 1Mo HabopaM Pa3HOTHITHBIX MPH3HAKOB €r0 COCTOSIHUSI B ONPE/e/ICHHbIE MOMEHTBI BPEMEHH U TI03BOJISIET
MOBBICUTh JIOCTOBEPHOCTD OmpenesieHns: Kiaccudukarmu. XodeTcss OTMETUTh IIUPOTY OXBaTa METOAMKH, KOTOpas
3aKJII0YaeTCS B BO3MOXKHOCTH €€ IPUMEHEHHUS A OOJIBIIIOr0 MHOXKECTBA CIIOXKHBIX IPOIECCOB, ITO3BOJISIOIINX
JUCKPETHOE PAaCCMOTPEHHE TEXHOJOTHYECKOTO MpoIlecca, MPEICTaBICHHBIX B BHIE€ MHOTOMEPHBIX ITWHAMHYECKHIX
(BpemeHHbIX) psifoB. [IpemioxkeHHblit ctocod ONTUMU3UPYET MPOLECC MOJTYUEHHs OLIEHKH COCTOSIHUSI CMECH, MOBBI-
[1aeT TOYHOCTb.

MeTtoauka pemeHus 3a1a9l MOKET HAWTH OOIIMPHYIO 00JIaCTh MPUMEHEHHS B TOCTATOYHO AAJICKHX APYT OT
Ipyra oOmacTsx 3HaHWHA. Pesymprartel paboTHl MMEIOT DA TMPEUMYIIESCTB TEpen TPAaAWLIHOHHBIMHA METOJaMHU
KOHTPOJISI K MHTEPECHBI IS APYTHX 00JIacTel 3HAaHUH.

KuiroueBble cj10Ba: TPOTHO3, 3aKIaO4YHBIA MaTepuaj, 0e30ImacHOCTh, NWHAMUYECKHE (BpEMEHHBIC) DSIIbI,
pacmo3HaBaHHe 00Pa30B.
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