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Abstract: The one of the stages of the approach to the organization of computer decision
support to determine the trajectory of training of students in universities, namely the
synthesis of model student. For the synthesis of the student model used mathematical
apparatus of temporal logic. The form of a software implementation, the student model is
representation in the form of an intelligent agent. Further stages of developing a new
approach based on the development of the model of the student group as a community of
intelligent agents, and on the notion of the learning process of students in the form of multi-
agent system. A multi-agent system will be used to support decision-making by different
levels (deans, vice-rector for scientific and pedagogical work) in the event of disputes in the
learning process of individual students and student groups.

Keywords: student, student group, the trajectory of education, educational process, process
model, multi-agent systems, intelligent agents, temporal logic.

AHHOTAIMSA: U3TI0KEH OJUH U3 3TAllOB PealIM3alliyu MOJAX0Ja K OpraHu3aliy KOMIBIOTEPHON MOJAEPKKI
NPHUHATHSL PELICHUH MO ONpPEIENEHHIO0 TPAeKTOPUM OOydYeHHMsl CTyJIeHTOB B BY3ax, a MMeHHO cHHTE3
Mozenu oOydaemoro. Jlnsi cuHTEe3a MonenM o00y4aeMoro MCHOJIb30BaH MaTEMaTHYECKUH —armapat
TeMnopayibHOW Joruku. @Dopmoil mnporpaMMHON peaM3alMi  MOJEIN 00y4aeMoro SBISIETCS €ro
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NpeJCTaBjICHNE B BHJE WHTEJUIEKTYyaIbHOTO areHTa. JlanbHeliine sTambl pa3padaThIBAEMOro IMOAX07a
OCHOBaHBI Ha pa3pabOTKe MOJEIH CTYAEHUECKOH IPYMIbI KaKk cOOOIIecTBAa HHTEIIEKTyalbHBIX areHTOB, U
Ha TPEICTAaBICHUN Ipoliecca OOyUEeHHUsI CTYAEHTOB B ()OpMe MYJIBTHAreHTHOW cUcTeMbl. MynbTHareHTHas
cucTeMa OyZ[eT HMCIONb30BAThCA ISl TTOJACP)KKU TPHHSATHS PEIICHHH PYKOBOAUTEISIMH PAa3HBIX ypPOBHEH
(nexaHaMu, TPOPEKTOPAMHU 0 HAYTHO-TIEAATOTHIECKOI paboTe) IpH BOSHUKHOBEHNH CIIOPHBIX CUTYaIUi B
nporecce 00y4eHHUs KaK OTACIBHBIX CTYICHTOB, TaK M CTYACHUYECKUX TPYIIL

KaroueBble coBa: CTyOeHT, CTyAeHUYECKas TPYINIA, TPAaeKTOpHs oOydeHHs, 0Opa3oBaTeNLHBIN IIpoIecc,
MPOLIECCHAS] MOZIENb, MYJIbTHareHTHbIE CUCTEMBI, UHTEIUIEKTyallbHbIE aT€HThI, TEMIIOpaIbHAs JIOTHKA.

Introduction

Improving the process of training and effective use of the creative potential of the
teaching staff of the university, at the present stage involves the creation of integrated
computer systems, management of educational process. An important task is to provide a
formal means of representation of the educational process, and the establishment on this
basis of decision support systems administrators of different levels (issuing department,
dean's office of administration) in the event of various types of disputes. In these cases,
there is a high level of uncertainty, which is necessary to reduce the representation of large
amounts of information on precedents (cases that took place in the learning process). This
information should be presented in a fairly compact form, to ensure that an impartial
decision in a reasonable time.

Existing approaches to the automation of various aspects of the educational process
is mainly based on the use of classical methods, which use analytical models. However, in
practice it is very difficult to build such an analytical model that, with sufficient dimension
would be able to take into account the linguistic and fuzzy nature of the data. Thus, any
attempt to simplify the mathematical model result leads to inadequate results. Based on the
above considerations, the solution to the problem of modeling the trajectory of student
learning in higher education by conventional means is ineffective due to unstructured, large
dimension and fuzzy initial data [1].

Of particular relevance discussed task becomes to develop methodological tools to
support decision-making leaders of the upper level of the hierarchy - the rector and vice-
rector for scientific and pedagogical work

The aim of the article is to present an approach to modeling the trajectory of
training of students of the university on the basis of temporal logic.

Statement of the research problem

The initial data for the development of the approach to the computerization of the
process of determining the trajectories of training students in technical colleges are:
regulatory framework, mading up of a collection of documents of the object, sectoral and
national levels; data on the training levels "bachelor” and "master"; results of the evaluation
activities of the trainees.

The basic concepts for solving this problem are: "student" as an object of study, and
"educational process”, as a system of organization of educational activities. It is assumed
that the educational process is based on organic unity and the relationship of teaching and
learning.
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The solution of the problem should be formed learning paths of separate learners
and learning groups as a community of learners.

Formulation of requirements for model representation of time, taking into
account the specifics of the learning process at the university

Any formal description that is used to simulate the events, actions and processes
must address the relevant challenges and problems [2]:

- The frame problem - relates to the need to specify clearly all that
remains intact in the world, in the process of evolution;

- The qualification problem - the need to explicitly specify all possible
conditions for the appearance or perform some action, as well as the conditions that
it may cancel (falsify);

- The problem of representation of cause-effect relationships is the
main argument of the changes and includes the previous problem. It requires the use
of an explicit model of time for submission of complex cause-effect relationships;

- The problem of formalization of non-monotonic reasoning - the
ability to owverrule the findings of the performed activities and revise the
assumptions.

Almost all of the problems relevant to the simulation the learning process.

Time model should reflect our intuitive, natural understanding of time and be able
to present the change of truth statement over time. There are allegations discribing state of
the world (properties) and approval, which are incidents that occur in the world and can
change its state (events).

Tasks specific to dynamic domains include both continuous and discrete
parameters. This makes additional difficulties in constructing models of time.

Currently, the vast majority of cases to reflect the temporal dependencies in
computer systems use the right product, in which the time intervals shown, assigning the
appropriate rules. However, in the classical production systems do not contain information
on the application of the rules, i.e the knowledge of what products should be used to
achieve a given goal. Until recently, this circumstance is a serious obstacle to the effective
use of production systems, because the rules had activated search predicates view
antecedents of all the rules that make up the knowledge base (KB). In the development of
production system accommodates hundreds of thousands, and in some cases millions of
rules. Performance of modern computers eliminate this drawback, moreover, the use in the
process of inference RETE-algorithm [3] reduced time-to- knowledge.

Production base of knowledge provide an opportunity to adequately reflect the
causal relationships of domains, however, to describe other aspects of the existence of
objects in the real world (including temporal relations) with the rules of production requires
a disproportionate number of them.

This feature of classical production systems is a significant drawback preventing
their use as a model of knowledge production dynamic expert system. However, the
expansion of a production model of language that implements an explicit representation of
time, allow the build-sorted productional knowledge representation language that can be
used as a model for knowledge representation of the learning process at the university.

The logical model of knowledge representation have well-developed formal syntax
and semantics, and the proliferation of logic programming languages for logical addition to
inventories developed procedural denotational semantics. Application of evidence to answer
questions, check the semantic restrictions or search warrants correctness of management
decisions of the result with respect to the existing domain description.
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The above advantages of logical inventories suggest the theoretical possibility of
their use in modeling of learning processes in higher education. However, in the classical
form of logical inventories make it impossible to adequately represent time dependencies,
so they need modification to reflect temporary factors.

Frame-based representation model allows you to display the diversity of knowledge
about the world, using different types of frames. However, the principal drawback of frame
inventories is their static nature, which is manifested in the complexity of organizing the
process of withdrawal of knowledge. Even if all aspects of the subject area are counted in
the network frames, displayed time and causal relationships, the activation of the network
frames must be made using the attached procedures, as a set of production rules.

Synthesis of frame and production system generates a framing-productions
inventories, improved output in terms of knowledge. In conventional frame-oriented expert
systems used output mechanism, based on predicate logic.

Semantic network is a directed graph in which the vertices are assigned to specific
objects and arcs, their binding - semantic relationships between these objects. The main
difficulty in modeling a semantic network is the knowledge that the engineer in each case is
free to determine the set of relevant domain objects and relations between them, on the
basis of which the effectiveness of the developed system to a large extent depends on the
"art" of the developer. With the advent of ontological systems semantic networks have
received a new impetus to the development, as the taxonomy (part of the ontology) is
essentially a semantic network.

A significant drawback of inventories is the complexity of the procedure of finding
a solution to the semantic web, which is to find a fragment of the network corresponding to
a certain subnet, reflecting a request delivered to the decision support system.

The inventories are based on classical logic, there is no restriction on the domain of
the bound and free variables; variables and constants logical formulas take the values of one
and the same set-universe U. However, in describing the real domain, there is no quantifiers
are not limited to any domain. The universe highlights some subsets (classes) that
correspond to the concepts of the subject area: student, student group, the deanery, rector,
etc. Thus, in contrast to the classical logic that monosort, applied calculus, describing the
subject area - polysort. Thus, it is advisable for the adequate representation of the learning
process within a computer system designed specifically with the logic of the time, which
will describe the dynamic properties of the modified domain, by introducing a new variety

[4].

Summary of temporal logic in the application to the problem of modeling activity
of the student at the university

Based on the discrete nature of the educational process at the university, it is
advisable to introduce the process in question from the standpoint of event approach that
calls for a process in an ordered sequence of events, linked to appropriate conditions.

Determination 1. The events in the learning process are the following milestones
trajectory of trainees: the beginning of the discipline, the end of the discipline, the passage
of the control of knowledge (preparation laboratory workshop, the module, exam, defense
of the course project, get credit, protect qualifying work).

Determination 2. Conditions for the realization of events are the following facts:
the totality of the relevant control tasks put, the need to implement an alternative training
options in the event of deviations from the curriculum.
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Specificity of training at university leads to asynchronous and parallel occurrence of
the event, so the business model the student at the university may be represented by a seven
objects:

AT =(P,S,1,0,V,Q,M,), (1)
where P - a non-empty finite set of elements (products) network, which, in turn,
consists of the following sets: P? — P - a variety of conditions that occur when the

control tasks are trained in terms caused by the curriculum (normal mode); P° cP-the
set of conditions that determine the need to implement alternative solutions caused by

abnormalities (delay) when the learner control tasks, while P2 N\ P° =&;
Bc P BNP? N P° = - the set of conditions that correspond to the current

state of implementation of the curriculum, B = {CI)“ ud” uCDr}‘ and where @" - tasks

that have not yet been issued, ®" - tasks that are performed, and d" - tasks that have been

handed over, ®" "®" N ®" =J;

R - set of critical positions that are knowledge representation in the form of
production rules that allow, depending on the problem situation at a certain time (the delay
in the delivery of control tasks for up causing conflict) to choose the options to solve it
graphically portrayed hexagons;

S - set of elements (transitions) network modeling events that take place in the
learning process, where G S - set of transitions of Petri net-activated without the time

(the job); - EcS set of transitions containing scheduled times (tp') and actual (t‘j’)
changes the state of the elements of the curriculum (the beginning of the implementation,
the end of the implementation), and characterized by calculating a function of delay in
delivery of control tasks; Fc S - set of transitions with adjacent input decisive positions,
and related events perform control tasks, are interpreted as the process of making the
resolution of conflicts arising in the performance of students with the curriculum. Thus S =

{GUEUF}LGNENF=J;

| :S — P - Input function - Display of the transitions to the set position;

O:S — P - Input function - Display of the transitions to the set position;

V = {A, L} - set of variables, where A is interpreted as a set of delays putting
control tasks with respect to the curriculum, and L - lots of places assignments (the
corresponding departments and faculties of the university);

Q - set of procedures to calculate the amount of delay in the delivery of control
tasks, the total predicted late learner of the delay in the implementation of certain elements
of the curriculum (form a set of variables V). Procedures related to the transfer from E,
perform the formation of the facts of delays in carrying out control tasks on the basis of
causal-temporal rules. The set Q can be extended, if necessary, other procedures, in
accordance with the interpretation of places and transitions;

Mo - initial marking vector network AT, is defined

asMy =(My(py),----Mo(pPy)) where N :‘P‘ .
With this definition of the arc in the network will be presented and value pairs
(p;,sj) el(s;) xS (s;, p;) € SxO(s;), ie. consist of contiguous positions and

transitions, and then 1(S)WO(S) < P there is no point in the network and without
transition arcs.
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Proposition 1. For an adequate representation of the process of monitoring the
current state of implementation of the curriculum of any university trainees, necessary and
sufficient network model similar to the following:

MN =(B,E,1MY,0™" V"N Q"N M,)

)

Proposition 2. For the adequate representation of the formation of decisions on the
implementation of the curriculum the student group, there is necessary and sufficient
network model like this:

DN :(Pa,PO,R,G, F. DN’ODN,VDN’QDN)

3)

Proof of claims 1 and 2 is the immediate consequence of the interpretation of the
elements of the network model. These statements suggest that the distribution network of
the AT can be built by combining certain types of network MN and DN.

Elements (positions and transitions) of network MN (Figure 1, a) have the following

n w
interpretation: bﬁl - control task has not yet been issued, bﬁz - control task in the work,

r
bf)+3- the control job is completed and delivered, e¢; - the beginning of implementation of

ej ej+ ph
0
®" oV ol P
bk bk +1 bk+2 a
) ps+1
a

the control task, ej+1 - end of the execution of the control task where j,K € QrT

Fig.1. Fragments of the monitoring network of the learning process (a) and the
formation of a network of decisions to change the trajectory of training (b)

Network DN displays the performance of students with the curriculum and ensures
the formation of decisions on the basis of the monitoring data of the delay in the delivery of
control tasks, and knowledge about options for changing the trajectory of learning. Fig. 1

(b) positions have such an interpretation: { ..., ps, Py} - subject to completion of

control tasks, {pﬁ,K , p,o}e P° - the implementation of an alternative embodiment of the

terms of the curriculum in case of deviations.
Interpretation of the network elements suggests that for each network MN there is

always a position bi € B that has no output arcs. However, for the network type DN there
is always a position p? e P? that does not have input arcs.

Based on the specifics of the implementation of the educational process at the
university, for the network type DN there is at least one network type MN, for which the

fair: 3b, B‘ 1(s;) =0A0O(s;) =1 at the same time
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prePa‘ 1(s)=1A0(s,) =0 ,where i, j,keQ"", Q" - the set of indices of

the generalized network AT.
Definition 3. A generalized network AT is a composition of all types of networks
MN and set type DN, by combining the positions of the respective output

b, e B 1(s;) =0 O(s;) =1 and input products 3Ip? € P*| I(s,) =12 0(s,) =0.

Such a composition of the network reflects the transition of students who have
received qualifying levels "bachelor”, the next stage of the educational process.

Dynamics of the process in the model AT set as follows. Marking positions network
MN is due subsystem monitoring, and the appearance of the markers in positions is a result
of activation of the corresponding transitions at certain times. Operation of the network
associated with the real time implementation of the educational process, and labeling
products, and enhancing the crucial position in the network DN by means of a variety of

procedures QMN that calculate the delay in the implementation of the curriculum by

comparing targets to actual changes in the implementation of the curriculum. Crossing of
fneF network DN is activated and performed by the general rules of network output in
the event of markers in all input positions. Depending on the availability of delays in the

delivery of control tasks and the lack of marker in certain positions of the input p? e P?
activates the decisive position ryeR and allows the implementation of the transition f,

which provides positioning pf e P? for the token using the appropriate procedures, based
on logical rules related 3 ry,.

Conclusions

1. In this paper there is the synthesis technology student model which represents one of the
stages of the organization of computer decision support to determine the trajectory of
training students in the universities.

2. It is shown that the mathematical apparatus of temporal logic is a rational basis for the
synthesis of the student model, a form of the program realization of the student model may
be its representation in the form of an intelligent agent.

4. At the next stage the approach involves the development of multi-agent system to support
decision-making by different levels (deans, vice-rector for scientific and pedagogical work)
in the event of disputes in the learning process of individual students and student groups.
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B. H. TABJIEHKO, IO. M. TKAYEHKO
Hayuonanwvnwtit aspoxocmuueckuii ynugepcumem um. H. E. Kykoeckozo «XAH»,

Ykpauna
TEMIIOPAJIBHO- JTOTUYECKASA MOJAEJIb JAEATEJBHOCTH
OBYYAEMOTI' O B BY3E

AHHOTAIMSA: U3JI0KEH OJUH U3 3TAllOB peasIu3alliy MOJX0a K OpraHU3alui KOMIBIOTEPHON MOJIEPKKI
NPUHATHSL PELICHUH MO ONpPEIENEHUI0 TPAeKTOPUM OOYydYeHHMsl CTyJIeHTOB B BY3ax, a MMeHHO cHHTE3
Mozmenu oOydaemoro. Jlns cuHTE3a MoOAenM O0O0y4aeMoro MCHOJIB30BaH MAaTEMAaTHUECKHH —armapaT
TeMITopanbHOil Jorukn. POpMOH TPOrpaMMHON peanu3aldid MOIETH 00ydaeMoro SBISICTCS €ro
NpENCTaBICHNE B BHJE WHTEIUICKTYyaJbHOTO areHTa. JlanmpHeWImme 3Tambl pa3padaThIBAEMOTO IMOAXOMA
OCHOBAaHBI Ha pa3pabOTKe MOJENIH CTYICHUECKONW IPYMIBI KaK COOOIIECTBAa MHTEIUICKTyalbHBIX arCHTOB, U
Ha TIPEICTAaBICHUN Tpoliecca OOy4YEeHHUs CTYACHTOB B (hOpMe MYJIBTHAareHTHOW cucTeMbl. MynbTHareHTHas
cucrteMa OyAeT MCTIONB30BaThCA IS MOAJEPIKKHU NMPUHATHSA PELISHUH PYKOBOAMTENSIMH Pa3sHbIX ypOBHEH
(mexaHamu, IPOPEKTOPAMH TI0 HAyYHO-TIEIarOTHUECKOl paboTe) IpH BO3ZHUKHOBEHUH CIIOPHBIX CUTyalUil B
nporecce 00yueHHs KaK OTJENbHBIX CTYJCHTOB, TaK U CTYJCHYECKUX TPYIIL

KitioueBbie CJI0Ba: CTYZCHT, CTyICHYCCKAsl IPyIMa, TPaeKTopusi oOydeHus, oOpa3oBaTeNbHBIN Mporece,
MnpoueccHasd MOAECIIb, MYJIbTUAr CHTHBIC CUCTEMbI, UHTCJUICKTYAJIbHBIC ar€HThI, TEMITIOPaJIbHAA JIOTUKA.

1. BBeaenune

CoBepIIIEHCTBOBaHUE IMpOIlecCa TMOATOTOBKH CICIHATHCTOB ©U 3(PPEKTHBHOEC HCIOJIb30BAHUC
TBOPYECKOTO MOTEHIMANa MPo(eccoOpCKO-TIPEroaaBaTeNIbckoro coctaBa BY3a, Ha coBpeMEeHHOM 3Tare
TpeIoiaraeT co3IaHNe HHTETPUPOBAHHBIX KOMIBIOTEPHBIX CHCTEM YIPABJICHUS yICOHBIM IIPOIIECCOM.
Baxxnoil 3amadeii mpu 5TOM siBIsieTcsl pa3paboTka (opMalbHBIX CPEACTB MPEACTaBICHUS Y4eOHOTO
nporiecca, ¥ CO3JaHHe Ha 3TOW OCHOBE CHCTEM IMOJICPKKH MPHHATHS PEHICHUA aIMHUHHCTPATOpaMU
pa3IMYHBIX YpOBHEH (BBIMycKaromeil kadeaprl, JekaHaTa, peKTopaTa) MpH BO3HUKHOBEHUH PAa3IMIHOTO
polla CIIOPHBIX CHUTyaIllid. B 3THX ciIy4asx BO3HHKaeT BBICOKHH YpPOBEHb HEONPEACICHHOCTH, IS
CHUXKXCHHUSA KOTOPOTO HCO6XO)II/IMO MpEACTABJICHNUC 3HAYUTCIIBHBIX O6'I)eMOB I/IHq)OpMaHI/II/I O MpeueaAcHTax
(curyanusx, IMEBIIUX MECTO B Mporecce o0y4eHus). DTa uHpopManus JODKHA OBITH MPEICTaBICHA B
JIOCTATOYHO KOMITAKTHOM BHJIE, YTOOBI OOECIICUHTh MPHHATHE OOBEKTHBHOTO PEIICHUS B MPHEMIICMEIC
CPOKH.

CyIJ_[eCTByIOH_[I/Ie MOAXOJbI K aBTOMATU3alluu PA3JIMIHBIX aCIIEKTOB yqe6H0r0 mnmponecca B OCHOBHOM
Oa3mpyercss Ha HWCIOJNB30BAHUHM KIACCHYECKUX METOJOB, B KOTOPBIX HCIIOJNB3YIOTCS aHATUTHYCCKHE
momenu. OfHAKO, Ha TPAKTHKE BeChbMa 3aTPYAHUTEIBHO MOCTPOUTHh TAKYI0 AHATMTHYCCKYIO MOJCb,
KOTOpasi pH JJOCTaTOYHOW pa3MepHOCTH ObLTa ObI CIIOCOOHA YUUTHIBATH JIMHTBUCTUYECKUN U HEUETKHUI
XapakTep MaHHBIX. TakuM 00pa3oM, JIFOOBIE MOTMBITKH YIIPOIICHUS MAaTEMaTHUECKOW MOAETH IPUBOIAT K
MOJYYCHHUIO HeaIeKBaTHOTO pe3yibTara. MIcXo/s U3 MPUBECHHBIX BBIIIE COOOPaKEHU, PEIICHUE 3a1a9n
MOJICTUPOBAHUSl TPACKTOPUU OOY4YeHHsI CTyIeHTOB B BY3e c mMOMOIIBI0 TpagWIMOHHBIX CPEICTB
OKa3bpIBacTCs HEd(PPEKTHBHBIM, BCICACTBAC HECTPYKTYPHPOBAHHOCTH, OONBIION pa3MEpPHOCTH W
HEYETKOCTH MCXOHBIX JaHHBIX [1].

Oco0yro akTyaJIbHOCTh 0OCykIaemasi 3aj1ada mpruodpeTaeT nmpu pa3paboTke METOINIECKUX CPECTB
NOAJEPKKU NIPUHATHS PELUECHUI PYKOBOAUTENEH BEPXHETO YPOBHS UEPAPXUU — PEKTOpPA U IPOPEKTOPOB
M0 HAYYHO-TIEAATOTHYECON IEeATSITBHOCTH.

Ilenvto cmambu sSBISETCS W3IOKEHHE TOIXO0Ja K MOJCTUPOBAHUIO TPACKTOPHH  OOYUYEHWHs
ctyneHToB BY3a Ha 0CHOBE TeMITOpaIbHON JIOTHKH.

2. [TocTaHoBKa 337241 HCCJIETOBAHUS
HUcxoonuvimu dannvimu A pa3pabOTKX MOAX0/a K KOMITBIOTEPHU3AIUHU TIPOIecca OnpeaeIeHus

TpaeKTOpuil 00y4eHNs CTYACHTOB B TeXHWYeCKHX BY3ax sBmgrorcs: HOpMmaTuBHas 6aza, cocTaBIeHHAS
U3 KOJUIGKIMH JOKYMEHTOB OOBEKTOBOTO, OTPACIEBOrO M HAIMOHAJIBHOI'O YPOBHEH; JaHHBIE 00
00y4aeMbIX YPOBHEH «OaKaJlaBp» U «MaruCTp»; Pe3yJIbTaThl OLCHUBAHUS JESTEILHOCTH 00y4aeMblIX.
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bazoBbIMM TOHATHSMHU IPU PpEIICHUH AAaHHOM 3amaum sBIstOTCs: «OOydaeMmblil», Kak OOBEKT
o0yueHUs, U «Y4eOHbIA mporeccy, Kak CUCTeMa OpPraHU3aliK y4eOHO-BOCIIUTATEILHOW AEATEIHLHOCTH.
IIpu >TOM mpexmnonaraeTcs, 4YTo B OCHOBY y4eOHOro Ipolecca IMOJOKEHO OPraHMYecKoe eIUHCTBO M
B3aUMOCBSI3b NIPETIO/IaBaHUs M YUCHUS, HAIIPaBJICHHOE Ha JOCTHKCHUE 1eJied 00y4eHHsT U BOCTTUTaHHS.

B pesynemame pewienua 3amadd NOIDKHBL OBITH CGHOPMHPOBAHBI TPACKTOPUH OOYYEHHS Kak
OTAETHHBIX 00y9aeMBbIX, TaK M YI€OHBIX TPYIII, KaK COOOIIECTB 00yIaeMBIX.

3. ®opMyIMpPOBKa TPeOOBaAHMIT K MOJeJU NMPeACTABJEHHSI BpeMeHH, YYUThHIBAIOLIei
crnennduky npouecca odydenust B BY3e

Jlroboe QopmanpHOE OMUCAHWE, HCIOIB3YEMOE I MOJEIHPOBAHUS COOBITHH, JCHCTBHHA U
IPOLIECCOB, OMKHO 00ECIIeYNBaTh PEIICHHE BOSHUKAIOIINX NP 3TOM IpobiieM 1 3axad [2]:

— Ilpobnema rpanmn (frame problem) — cBsi3aHa ¢ HEOOXOAMMOCTBIO YKa3bIBaTh SIBHO BCE, YTO
0CTaeTCsl HEM3MEHHBIM B MUpE, B IIPOIIECCE €T YBOMIOINY;
— IIpobnema kBamudukamuu (qualification problem) — HE0OXOAMMOCTh SBHOTO YKa3aHHsI BCEX

BO3MOXKHBIX YCJIOBUII BOBHUKHOBEHHUSI WJIM BBINIOJHEHHS HEKOTOPOI'O JACHCTBUS, a TAaKXKe YCIOBHIA,
KOTOpBIE €r0 MOTYT OTMEHHTH ((asibCH(UIIUPOBATS);

— IIpobnema mpezncraBieHHs TPUIMHHO-CIICACTBEHHBIX 3aBUCUMOCTEH — TJIaBHAS NPH PACCYXKICHUU
00 n3MEHEHMAX W BKIIOUaromas B ce0s mpeaplrymue npobiemsl. TpeGyeTess HCIONb30BaHUE SIBHOH
MOJIETIM BPEMEHH ISl TIPECTABICHHS CIIOXKHBIX MPUIMHHO-CIIEICTBEHHBIX 3aBUCHMOCTEH;

— IIpobnema Qopmanu3anny HEMOHOTOHHBIX pAacCyXICHHH — YMEHHE OTMEHATh IIOJNyYCHHBIC
BBIBOJIBI O BBITIOJTHACMBIX JICHCTBHUAX U IIEPECMATPUBATh CIICJIAHHBIC IPEIIIOJIOKECHNUS.

[MpakThyeckn Bce TNEpedYHCIICHHbIE 3aJadll aKTyaJbHBl Ui MOJCIMPOBAHMS BO BpPEMEHHU
nporiecca 00y4eHusI.

Mopenb BpeMeHH JOJDKHA OTpaXkaTh Hallle MHTYUTUBHOE, €CTECTBEHHOE ITOHMMaHHe BPEMEHH 1
OBITh CrIOCOOHA TPENCTABIATh U3MEHEHHE UCTUHHOCTH YTBEPIXKIEHUH C TEUeHHEeM BpeMeHH. Pasmuuaror
YTBEPKICHHS, ONMMCHIBAIONINE COCTOSHHE MHUpPa (CBOMCTBA) M YTBEPXKACHUS, MPeACTaBIAONIME cOo00M
MHIU/ICHTBI, KOTOPbIE IPOUCXO/ST B MUPE M MOTYT U3MEHSTh €r0 COCTOSHUS (COOBITHS).

3agaun, cnenudUUHBIE U1 JUHAMHYECKHMX IIPEAMETHBIX o0jacTeil BKIIOYAIOT B ce0s U
HETIpephIBHBIE, W AUCKPETHBIE ITapaMeTpbl. JTO OOYCIOBIMBAET JONOJHHUTENIBHBIE CIOKHOCTH TIPH
MOCTPOSHHUHU MOJIeNIeH BpeMEHH.

B Hacrosmiee Bpems B mpeoOuiafaromeM OONBIIMHCTBE CIy4aeB A OTPAKECHUS BPEMEHHBIX
3aBUCHMOCTEH B KOMIIBIOTEPHBIX CHCTEMax HCIIOIB3YIOT MpaBMiIa HPOIYKIMH, B KOTOPBIX BpeMs
NPE/ICTaBICHO UHTEpBAJIaMH, OTHECEHHBIMH K COOTBETCTBYIOLIMM INpaBmwiaM. OHAKO, B KIACCHYECKUX
NPOJYKIUOHHBIX CHCTEMaxX HE COJEPXKUTCS CBEJCHUI O NMPUMEHEHHH NPaBWI, TO €CTh 3HAHUH O TOM,
Kakue MPOAYKIUH HEOOXOIMMO HCIIONB30BaTh IS JOCTHXKEHHS 3aJaHHOM menu. [lo mocnenHero
BPEMEHHU 3TO OOCTOSTENLCTBO CIYXKMIO CEPbE3HBIM MPEISTCTBHEM Al 3()()EKTHBHOIO HCIIOIb30BAHUS
NPOJYKUHOHHBIX CHCTEM, IIOCKOJbKY JJIsi TIOMCKAa aKTHBU3UPOBAHHOTO MpaBWiia IPHUXOAMIOCH
TPOCMATPHUBATh MPEIUKATH AHTEHENCHTOB BCEX MpPAaBIUI, BXOMAIIMX B cocrtaB 0a3 3uamwmit (B3) B
Pa3BUTBHIX CHCTEMax IpPOJYKIMOHHAs CHUCTEMa BMEIIACT COTHM THICSY, a B OTICIBHBIX ClIydasx H
MWUIMOHBI NpaBWi. [IpOM3BOAMTENLHOCTE COBPEMEHHBIX KOMIIBIOTEPOB YCTpaHWJIAa YKa3aHHBIN
HEJIOCTaTOK, KpOMe TOro, HCIOJIb30BaHHWE B mpolecce Joruueckoro BeiBoga RETE-amropurma [3]
3HAYUTEIBLHO COKPATHIIO BPEMSI BEIBO/IA HA 3HAHUSX.

[MponykumoHHble ©0a3pl 3HAHMHW JAIOT BO3MOXHOCTh QJICKBATHO OTPA3UTh IPHUYMHHO-
CJIC/ICTBEHHBIE CBSI3M TPEIMETHOM 007acTH, BMecTe C TEeM Ui ONWCAHUs JPyTMX acleKTOB
CYIIECTBOBAHUSI OOBEKTOB B pEaJbHOM MHUpe (B TOM YHCJI€ W BPEMEHHBIX OTHOILICHHI) C MOMOUIBIO
MpaBIJI MIPOIYKIIMHU TPEOYETCs] HEONPaBJIaHHO OOJBIIOE UX KOJIUYECTBO.

VYka3aHHass OCOOCHHOCTh KJIACCHMYECKUX TMPOAYKIIMOHHBIX CHCTEM SIBISIETCSI CYIIECTBEHHBIM
HEJIOCTATKOM, MPENsSTCTBYIOUIMM HX HCIIOJIb30BAaHMIO B KauecTBE MOJEIM 3HAHWN NMPOU3BOJCTBEHHOU
JMHAMHYECKOW OSKcHepTHOW cucteMbl. OJIHAKO, pPAaCIIUpEHHE MPOIYKIMOHHOTO $3bIKa MOJEIbIO,
peanusyoiiell sIBHOE MPEICTaBICHHE BPEMEHH, MO3BOJUT MOCTPOUTH MHOTOCOPTHBIN ITPOITYKIIMOHHBIH
S3bIK TPE/ICTABICHUS 3HAHWH, KOTOPBIH MOXKET OBITh HCIIOJIB30BaH B KayecTBE MOJEIHM 3HAHMH IS
npencTaBiIeHus porecca odydenus B BY3e.

Jlornueckue Mopenu mpeiactaBieHus 3HaHuit (MII3) o6mamaloT XOpowo pa3padoTaHHBIM
CHHTAaKCHCOM M ()OpMarIbHONW CEMaHTHKOH, IPUYEM B CBA3U C PACIPOCTPAHCHUEM SI3BIKOB JIOTHUECKOTO
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mporpaMMUpoBaHus Ans joruueckux MII3 noMumo neHoTanMoHHON pa3paboTaHa NpoLeAypHas
cemaHTuKka. [IpuMeHeHHe METONOB Jl0Ka3aTeldbCcTBA NN IMOJyYeHHs OTBETOB Ha 3alpocChl, IMPOBEPKU
CEMAHTUYECKUX OrPaHUYEHUH WM TMOKMCKAa YNPaBILIIONIMX PEIICHUI TapaHTHPYET KOPPEKTHOCTH
MOy4EHHOTO Pe3yIbTaTa OTHOCHTEIHHO NMEIOLIETOCS ONMCAHUS MIPEAMETHON 00IacTH.

Vka3zaHHple BBINIE JOCTOMHCTBA Jiormdecknx MII3  1O3BOJSIIOT caenaTrh BBIBOL O
NPUHIUIHAIEHONH BO3MOXKHOCTH MX NPUMEHEHHS NPH MOJEIHPOBAaHMHU IponeccoB oOydeHus B BY3e.
OnHako B KiaccHdeckoM BHie jormdeckue MII3 He 1aloT BO3MOXKHOCTH aJC€KBAaTHO IPEACTaBIATH
BPEMCHHBIC 3aBHCHMOCTH, IIO3TOMY HeoOXoammMa WX MOAMGHKALUS U1 OTPAKCHUS BPEMEHHOTO
(axropa.

®peiimoBasi MOJIeIb TIPEICTABICHHS TT03BOJISIET 0TOOPA3UTh Bce MHOrooOpasue 3HaHUil 0 MHUDE,
C TIOMOIIBIO Pa3JIMYHBIX TUIOB (peiiMoB. OaHAKO, MPUHIMIHATEHEIM HelocTaTkoM ¢periMoBbix MII3
SIBIIICTCA UX CTaTUYHOCTb, MPOSBIAIONIAs’CS B CIOXKHOCTH OpraHM3allMy Ipoliecca BBHIBOJA HA 3HAHUSIX.
To ectb, maxe ecnu B ceTd (peliMOB y4TEHBI BCE acHEKThl NPEIMETHOH 001acTH, OTOOpa’KeHBI
BPEMCHHBIC ¥ TPUYMHHO-CICICTBCHHBIE 3aBHUCHMOCTH, AaKTHBH3aIMs CEeTH (peiiMOB  JOIDKHA
MPOU3BOIUTECS C TIOMOINBIO NPHUCOEAWHEHHBIX IPOLENyp, HPEICTABIAIOMNX CO00M HabOpHI MpaBMil
OPOAYKIHH.

Cunre3 (peliMOBBEIX M TNPOAYKIMOHHBIX MOAENEH TMPENCTaBICHHUS 3HAHUA MOPOXKIaeT
¢peiimoBo-iponykmonHsle MII3, Gomee coBepIiieHHBIE B IUIaHE BBIBOJA HAa 3HAHHMAX. B HM3BECTHBIX
(peiiM-OpHEHTHPOBAHHBIX 3KCIEPTHBIX CHCTEMAaX HCIIOJIb3yeTCs MEXaHU3M BBIBOJIAa, OCHOBAaHHBIA Ha
JIOTHKE MPEIUKATOB.

CeMaHTHYECKHE CETH MPEICTaBIISIOT cOOOW OpHUEHTHPOBAHHBIH Ipad), B KOTOPOM BEpIIMHAM
CTaBiATCA B COOTBETCTBHE KOHKPETHBIE OOBEKTBI, a IyraM, HX CBS3BIBAIOIIUM, — CEMaHTHYECKHE
OTHOIIEHHSI MEXIy 3TUMH 00bekTamMu. OCHOBHasi TPYIHOCTh MOZEIMPOBAHUS B BUJE CEMaHTHYECKOM
CeTH COCTOUT B TOM, YTO HHXKCHEpP 3HaHMH B KakJOM CJIyyae BOJEH CaM OIIpPeJeNsiTh MHOXKECTBO
peNeBaHTHBIX OOBEKTOB MPEIMETHON 00JIACTH M XapaKTep OTHOIICHHH MEXIy HHUMH, MCXOJS U3 Yero
3¢ PEeKTUBHOCTh pa3pabOTaHHOW CHCTEMBI B OOJBIIONH Mepe 3aBHCHT OT «HCKycCTBa» paspaborumka. C
MOSBICHUEM OHTOJOIMUYECKUX CHUCTEM CEMAHTHUYECKHUE CETH MOTYYHJIM HOBBIM TOMYOK K Pa3BUTHIO,
MOCKOJIBKY TAaKCOHOMHMS (BXOJMIIasi B COCTaB OHTOJOTHMH) IO CYTH Jelia TpeNCTaBiIsieT coOon
CEMAaHTUYECKYIO CETh.

CylecTBeHHBIM HEJOCTAaTKOM yKazaHHOW MII3 sBisieTcs Cl0KHOCTh OpraHU3alyU MPOLEAYPHI
MOKCKA pEIICHUS HAa CEMaHTHYECKOW CeTH, KOTopas COCTOMT B MoucKe (parMeHra CeTw,
COOTBETCTBYIOIIIETO HEKOTOPOIl MOJCETH, OTPaXKArOUIEH MOCTABICHHBIA 3alPOC K CHUCTEME IOIICPIKKH
IIPUHSTHS PELLICHUN.

B MII3, ocHOBaHHBIX Ha KJIACCHYECKOW JIOTHKE, HET OTrpaHHYEHHH Ha 00JacTh ONpeleneHus
CBSI3aHHBIX M CBOOOJHBIX NEPEMEHHBIX; IEPEMEHHBIE M KOHCTAHTHI JIOTHYECKUX (HOPMYJT MPUHUMAIOT
3Ha4YeHHUs M3 OJHOTO0 M TOro jXe MHOXecTBa-yHMBepcymMa U. OnHako NpH ONHMCAaHUM peaNbHOU
NpesMETHOW 00JacTH, HE CYNIECTBYeT KBAaHTOPOB, HE OrPaHMYCHHBIX KakoW-IMO0 001acThio
ornpezeneHus. B yHnBepcyMe BBIACIAIOTCS HEKOTOPHIE TOJIMHOXKECTBA (COpPTa), KOTOPbIE COOTBETCTBYIOT
MOHATUSAM TIPEAMETHOW O00JIaCTH: CTYIEHT, CTyJAeH4YecKas TpyIia, AeKaHaT, peKropar W T.A. Takum
0o0pa3oM, B OTJIMYHE OT KJIACCHYECKOH JIOTHKH, KOTOpas OJHOCOPTHA, NPHKIAJHOE HCUUCIICHUE,
OIMCHIBAIONIEE TPEIMETHYIO 00J1acTh — MHOTOCOPTHO. TakuM 00pa3zoM, 1enecoodpasHo I aIeKBaTHOTO
NPE/ICTaBICHUs Tpoliecca O0y4YEeHUsl B paMKaX KOMIIBIOTEPHOH CHCTEMBI, pa3padoTaTh CIEHHAIBHYIO
JIOTHKY CO BpPEMEHEM, KOTOpas MO3BOJMT ONMCHIBATh TUHAMWIECKH U3MEHSIEMbIE CBOWCTBA MPEIMETHOM
obmacTw, myTeM BBeICHUS HOBOTO copra [4].

4. OcHOBHBIE MOJIOKEHHUS TEMIOPAIbHOI JIOTHKH B MPHJIOKEHUH K 3a/1a4e
MOIeJTUPOBAHUS AeATeILHOCTH 00yyaemoro B BY3e

Hcxons n3 puckpeTHOH mpupos! yueOHoro mpouecca B BY3e, nenecooOpa3Ho mpeacTaBUTh
paccMarpuBaeMbIii  IIPOLIECC C TO3UHOMI COOBITUHHOTO IOJXOJa, KOTOPBIA MpeaycMaTpHBaeT
NPE/ICTaBICHUE Ipolecca B BUJE YNOPSJOUYEHHOM IOCIE0BAaTENbHOCTH COOBITHH, CBA3aHHBIX MEXKIY
€000 COOTBETCTBYIOIIMMH YCIIOBUSIMH.

Onpenenenue 1. CoOBITHAMH B y4eOHOM INPOIECCE CUUTAIOTCS CIEIYIOIINE BEXU TPACKTOPHU
o0yJaeMbIX: HAa4alo H3y4YeHHS JUCLUMIUIMHBI, OKOHYaHHE W3Y4YEHHs IUCLUIUIMHBIL, IIPOXOXKACHUE
KOHTPOJIS 3HaHUH (cAada Ja0opaTOPHOrO MPAKTUKYMa, MOIYJIS, 9K3aMeHa, 3allluTa KypCOBOTO IIPOEKTa,
MOJTydeHHUe 3a4eTa, 3aliuTa KBATH(QUKAIIMOHHOW paboThI).
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Omnpenesienne 2. YCIOBUSMH pealn3alliid COOBITUH SBISIOTCSA Takue (pakThl: COBOKYIHOCTh
COOTBETCTBYIOIIMX KOHTPOJIBHBIX 3allaHuil CJaHa, HEOOXOAMMOCTb BBIMOJHEHUS ANbTEPHATHBHOTO
BapHaHTa 00y4eHHUs B CIIy4ae BOSHUKHOBEHHS OTKJIOHEHHH OT y4eOHOTO IUIaHa.

Crnemndrka obydennss B BY3e oOycioBmmBaeT acHHXpOHHOE M TapajUieNIbHOE BO3HHKHOBCHHUE
COOBITHIA, TIOSTOMY MOJENb JesTeNnsHOoCcTH oOywaemoro B BY3e Moker OBITH mpencraBiieHa CEMEpKOM
00BEKTOB:

AT=(P,S,1,0,V,Q,M,),

rne P — KOHeYHOe HeIyCTOe MHOXECTBO 3JIEMEHTOB (TIO3UIHIT) CETH, KOTOpasi, B CBOIO OYepe/lb, COCTOUT W3

a .
CIEIYIOMNX MHOXKECTB! P*cP - wmoxectso YCIIOBUH, WMEIONIMX MECTO TPH BBINOIHEHUN
KOHTPOJIBHBIX 33JaHWi OOydaeMbIM B CPOKH, OOYCIIOBJICHHBIE y4eOHBIM IUTAHOM (LUTaTHBIA PEXKM);

(o] o o
P (= P — MHOXECTBO YCJIOBHUH, OIPCACIIAIOIINX H606X0,HI/IMOCTI> peam3al aJIbTCPHATUBHBIX PCIICHNH,
BBI3BAHHBIX OTKJIOHCHUAMMU (OHO3Z[aHI/IHMI/I) TpHU BBINTOJHEHUN 06yqaeM1)1M KOHTPOJIbHBIX 3a;[aH1/1171, Ipu 3TOM

P P° =;
BcP, Bn P2 NP° = & — MHOKecTBO YCIIOBHI, KOTOPBIE COOTBETCTBYIOT TEKYILIEMY

n w r n
COCTOSTHHIO BBITIOJTHEHHS y4EOHOTO TUIaHa, MpUYeM B= {(I) VD" UD (,rae O —zananus,

KOTOpI)Ie CIIIC HC BI)I,Z[aH])I, @W— 3aﬂaHI/Iﬂ, KOTOpLIe BBIIIOJIHAKOTCA U @ r — 33[[3HI/IH, KOTOpre 6I)IHI/I C}laHI)I,
O"NO"ND' =:

R — MHO>XECTBO peIHaIOH_[I/IX HO3I/IHI/II>II, KOTOpLIe SABIIAIOTCA 3HaHI/IﬂMI/I, Hpe,[[CTaBJ'IeHHbIMI/I B BUIC
HpOZ[yKL[I/IOHHBIX HpaBI/IJ'I, IO3BOJIOINMMH, B 3aBUCHUMOCTH OT HpO6J'ICMHOI>i CI/ITyaL[I/H/I, B OHpeI[eJ'ICHHLIﬁ
MOMCHT BpeMeHI/I (OHOSI[aHI/Ie B c1aye KOHTpOJ'ILHBIX 3aI[aHHﬁ Ha CpOK, BbI3BIBafOIHPII>i KOH(i)J'II/IKT) BLI6I/IpaTb
BO3MOXHBIC BapI/IaHTLI cec peIHeHI/Iﬂ, l"pa(bI/I‘IeCKI/I I/I306pa)KaIOTC$[ ]HeCTHerHBHI/IKaMI/I;

S — MHO>KCCTBO DJICMCHTOB (HepeXOZ[OB) CCTH, MO,HeHPIpy}OH.[I/IX CO6LITI/I$I, KOTOpLIC HNMCHOT MECTO B
nporiecce o0ydeHwst, rae G C S — MHOKeCTBO TiepexooB ceTH [lerpu, cpabaTpBarommX Oe3 ydera BpeMeHH

|
(BeImoHEHMS 3amanHus); E C S — MHOXKECTBO Mepex0I0B, COAEPIKAIIMX MOMEHTHI BPEMEHHU TUIAHOBBIX (t P )

1 (aKTHIECKUX (tqb ) MI3MEHEHUH COCTOSIHUS 3JIEMEHTOB Y4eOHOTO IIaHa (HAayajo BBINOJIHEHHS, OKOHYaHHE
BBITIOJIHEHUS), ¥ XapaKTePHU3YIOMMXCs (PyHKIMEH BBIYHCIICHHS ONO3aHNH B Cllade KOHTPOJIBHBIX 3a/laHHH;
F C S — MHOXeCTBO Mepex0/10B, IMEIOIINX CMEXHBIE IT0 BXO/y PEIIAIOIINE ITO3UINH, M COOTBETCTBYIOLINX
COOBITHSIM BBINOHEHHS! KOHTPOJIBHBIX 331aHUH, HHTEPIPETUPYIOTCS KaK MPOLecchl ()OPMHUPOBAHUS PEIICHHI
TIPH pa3pelIeHNH KOJUTN3HH, BO3HUKAIOIINX B XOZE BBINOIHEHHs! 00ydaeMbIM yueOHoro maHa. [Ipn atom S =

{GUEUF}LGNENF=U;
|:S—>P- BXO/IHAs (PYHKIIUS — OTOOpaKEHUE U3 TIEPEXO0JI0B HA MHOXKECTBO MO3HIIHIA;

O:S — P —sxomnas (hyHKIMS — 0TOOpaKeHHE U3 TIEPEX0/I0B HA MHOYKECTBO MO3UIINIA;

V = {A, L} — MHOXXECTBO MepeMEeHHBIX, T/ie A HHTEPIPETUPYETCS KaK MHOYKECTBO OTO3IAHUH CIaun
KOHTPOJBHBIX 3aJaHU OTHOCHTEIHFHO y4eOHOTO IUIaHa, a L — MHOXXECTBO MECT BBINONHECHUS 3afaHui (
COOTBETCTBYIOMIHNE Kadeaps! U GakyabTeTs: BY3a);

Q — MHOXECTBO MpOIIEAyp, KOTOPbIC BBIYHCISIOT BEIMYMHY OIO3/IAHUS B CZaue KOHTPOJIBHBIX
3a/1aHui, o0IIee IPOTHO3HOE ONO3/JaHNE 00YJaeMOT0 MO OMO3/AHHSAM B BBIIIOJIHEHUH OTAENIBHBIX 3JIEMEHTOB
ydeOHoro miaHa ((popMUpYIOT MHOXecTBO mnepeMeHHbIX V). Ilporemypbl, cBsi3aHHBIE C HEpexoiaMu U3
MHOXeCTBa E, BBINIONHSIOT (popMHUpoBaHHe (HaKTOB OINO3/IaHUK B BBHIOJIHEHHH KOHTPOJIBHBIX 33/IaHWH HA
OCHOBE Kay3aJIbHO-TEMITOPAJIbHBIX MpaBwil. MHOXecTBO Q MOXeT OBITh pacHIMpeHO NpU HEOOXOAUMOCTH
JpYTUMH IIPOLIEAYypaMH, COTJIACHO C MHTEpIpETalUel MO3UIMI U IEPEXOIO0B;

- BEKTOP HAYyaJgbHOIO MapKHPOBaHUs ceTu AT, 3a7aeTcs Kak

Mo = (Mo (Py)s---Mo(Py ). e N =[]

Ilpy TakoM ONpeNENeHUM JOyI'M B CETH OyAyT IIPEACTAaBIEHbl IAapaMH 3HAYEHHUi
(pi,Sj)E |(Sj)><S u (Sj, pl) ESXO(SJ-), TO €CThb COCTOATh M3 CMEXHBIX IMO3HMIHUH U

nepexozios, npuuem | (S) ) O(S) C P, 10 ects B cern ner nosuumit u nepexosios 6e3 ayr.
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YrBep:kaenne 1. J1s anekBaTHOrO NpeCTaBICHUS MPOIECCa MOHUTOPUHIA TEKYILETO COCTOSHUS
BBITIOJIHEHUSI Y4EOHOTo IUIaHa JitoObIM M3 o0ydaeMblx BY3a, HEOOX0IMMO M JIOCTATOYHO CETEBOM MOJENU
CIIETYIOIIIETO BHAA:

MN =(B,E, I, 0"V VM Q"N M) @

YrBepiknenue 2. J[n1 anexBaTHOTO TIPEACTABICHHS IIPOIECCOB (OPMHUPOBAHUS PELICHHUN I10
BBITIOJIHCHUIO YYEOHOTO IUIaHA CTYAEHYECKOH IPYIIOi, HEOOXOIMMO U OCTATOYHO CETEBOH MOJIETN TAKOTO
BHUJA:

DN =(P?,P°,R,G,F,1°V,0% v°N Q) o)

JlokazatenbCTBO yTBEpKACHUH 1. M 2. HENOCPEJCTBEHHO BBITEKAET M3 MHTEPIPETALMU JJIEMEHTOB
CEeTEeBOM MOJIENM. JTH YTBEPIKICHUS IO3BOJIAIOT CIENaTh BHIBOA, YTO 000OmIeHHas ceTh AT MOoXeT ObITh
MOCTPOEHa ITyTeM 00beJuHeHHs oTneNbHbIX ceteit TuoB MN u DN.

OnemenTs! (ozunun 1 nepexoxasl) cetd MN (prc.1, a) UMEIOT CIIeAYIONIYI0 HHTEPIPETALHIO: bk 1

(Dr
— KOHTPOJIBHOC 3aJlaHuEC €1I€ HC BbIIaHO, bk +2 KOHTPOJIbHOC 3aJIaHNC B pa60Te, bk +3 = KOHTPOJIbHOE

3aJJaHUC 3aBCPIICHO M CIAaHO, €j — Ha4aJI0 BBIIOJHCHMUSA KOHTPOJIPHOI'O 3adaHUsd, €j+1 — KOHCI BBIIIOJIHCHUS

KOHTPOJIBHOI'O 3aJIaHus, T'1€ j y k (S QAT .
N f
Iq <:>—> _m,O pﬁ
@ﬂ M%[H) O
bCD k+1 k+2

) psaO_’ _O ps+l
a

Puc.1. ®parmMeHThl ceTH MOHHTOPHHTA TIpoliecca 00y4eHus (a) U ceTH (HOPMUPOBAHUS pemeHI/Iﬁ 00
W3MEHCHUH TpaeKTopruu 00y4eHws (0)

Cetb DN otoOpakaeT BbINOJIHEHHE 00ydaeMbIM y4eOHOro IUiaHa U obecrieurBaeT (hOpMHUPOBaHUE
pELLIeHuid 110 pe3yJIbTaTaM MOHUTOPHHIA Ha OCHOBE JIAHHBIX 00 OIO3/IaHUSX B C1au€ KOHTPOJIBHBIX 3a/IlaHUH 1
3HaHUI 0 BO3MOKHBIX BapHaHTaX M3MEHEHHUs TpaekTopun obyuenus. Ha puc. 1, (0) mo3uIiK UMEIOT TaKyIo

a a a .
unrepnperammio: { P; ..., Ps . Py} € P — ycnosus saBepumiennocti KoHTpOMbHBIX 3amammii,

0 0 0
{ph K, P }E P - abTEpHATHBHBIC YCIOBHS pEeaIM3alli BAPHAHTOB BBIOJHEHHS Y4eOHOTo IUIaHa B

CITy4ae BOSHUKHOBEHHS OTKJIOHCHHI.
WuTtepnperanus 3MEMEHTOB CETH IMO3BOJSIET YTBEPXKAATh, UTO U1 Kaxmoi cetm MN Bcerma

CYHICCTBYCT TaKas IMO3ULIUA bl S B , KOTOpast HE UMECT BbIXOJAHBIX OYT. Bwmecte ¢ TEM, IJId CETH THUIIA DN

a a
BCEr/1a CyIIeCTBYeT TaKasi nosuuus [ j € P*®, kotopast He mmeer BXOIHBIX yT.
Hcxons co crienmpukn peannsaimu yaeOHoro nporiecca B BY3e, mis cetn tunma DN cymectByer
xorsi Obl omHa cetb Tuma MN, Uit KOTOpOW cripaBeuINBO: Hbi eB ‘ | (Sj) =0A O(Sj) =1,

BMECTE C TEM Hpia e P? ‘ I(Sk) =1A O(Sk) =0, rze I, j, k EQAT, QM. moweetso

HHIEKCOB 00001menHon cetu AT,
Onpenenenne 3. O600menHas ceth A7 sBisercs kommo3uiweil Beex cereit Trma MN u cet Trma
DN, myTeM 00BbeTUHEHHIT COOTBETCTBYIOIINX BBIXOJIHBIX TIO3UIUI

Hb S B‘ |(S ) 0/\0(3 ) 1 n BXOZHBIX TTO3MLIUI
Ip? e P?| 1(s) =1A0(s,) =0.

Takas koMmo3umus ceTteld  OTOOpaXKaeT TMepexo] 4YacTh  O0YyYacMbIX,  MOJYyYHBIIHX
KBaTM()MKAIIMOHHBIA YPOBEHb «OaKaiaBpy, Ha CIISIYIONIHI dTar y4eOHOTo Tporiecca.
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Junamuka mpornecca B moaenu AT 3amaHa ciemyromuM oOpasoMm. MapkupoBanue mozuimit cetn MN
MPOKMCXOAUT BCIIEICTBHE PAbOTHI MOJCUCTEMBI MOHUTOPHHTA, U IOSBJICHHE MapKEPOB B TO3UIMSX SIBISIETCS
PEe3yNIbTaTOM AaKTUBH3ALMH COOTBETCTBYIOIIMX IEPEXONOB B OIpPENCICHHBIC MOMEHTHI BpeMeHH. Takum
oOpazoM, (HYyHKIIMOHHPOBAHHE CETH CBS3aHO C PEATBHBIM TEUCHHEM BPEMEHH pealn3aliy yaeOHOTO
nporecca, ¥ MapKHpOBaHHUE MMO3HMLMI, M aKTHBH3ALMS PEIIAFOIINX Mo3uimi B cetd DN ocymectsisiercs ¢

MN
TMOMOIIBIO TIpOUEAYP W3 MHOKCCTBA Q , KOTOPBIC BBIYUC/EAIOT OINO3JaHHE B BBINIOJTHCHUU yqe6Hor0

IUIaHa ITYTEM CPaBHECHHSA INIAHOBBIX ITOKa3aTeyeit ¢ (t)aKTI/I'-IGCKI/IMI/I HU3MCHCHUSMU B BBIIIOJTHCHUH lee6H0r0
IJ1aHa. Hepexoz[ fm € F cetu DN AKTUBUPYETCA U OCYHICCTBIIACTCA 10 06IIII/IM TpaBujaM CETEBOI'0 BbIBOJA B
CJIyda€ HaJIM4yusl MapKEpoB BO BCEX BXOJHBIX IMO3UIIHAX. B 3aBucuMocTH OT HaJM4Ms OMO3JaHUI B crade

. a a
KOHTPOJIBHBIX 3aJJaHUH U OTCYTCTBHS MapKepa B HEKOTOPBIX BXOJHBIX MO3HIAX [J i € P, aKTHUBUPYETCS
permaroras mo3uuys Iy € R 1 nosponseT BeImon#enne nepexona f, , KoTopslii ocymecTsisteT BEIOOp MO3UIMN

(0] 0]
pr S P UL nepeaadyu Mapkepa € NOMOMIbIO COOTBETCTBYIOINUX MPOLCAYP HA OCHOBC JIOTUYCCKUX

TPaBUJI, CBA3aHHBIX 3 Iy,
5. BeiBobI

1. B craThe H3JI0XKEHA TEXHOJIOTHS CHHTE3a MOJAEIH 00y4aeMOro KOTOpasl NMpEeACTaBiIseT CoOOi OnuH M3
3TallOB OpPraHU3allMM KOMIBIOTEPHON MNOANEPKKU NPHHATHA PEIICHUH I0 OMNpPEeAENEeHHI0 TPacKTOpHH
o0ydeHus cTyneHToB B BY3ax.

2. ITokazaHo, 4TO MaTeMaTHYECKUH amnmapar TEMIIOPATIGHOM JIOTUKH MPEACTABISET cO00H paliOHAIBHYTO
OCHOBY [UIsl CHHTE3a Mojenu o0ydaemoro, GpopMoii ke MporpaMMHON peann3aliy MOJEIH 00ydaeMoro
MOJXKET SIBIISITBCS €T0 NIPEACTABICHNE B BUAE HHTEIUIEKTYaJIbHOTO arcHTa.

4. Ha nocnenyromux 3Tamax pa3padaTbBaeMOro MOAXOJa MPEroaracTcsi pa3paboTka MyJIbTHATEHTHON
CHCTEMBl JUI1 TOANEPXKKH NPUHATHSA PpEIICHHH pPYKOBOAMTEISAMH pPa3HBIX YpOBHEH (nexaHamwy,
MPOPEKTOPaMU TI0 HAay4IHO-TIEArOruueckoii paboTe) NpH BO3HUKHOBEHHH CIIOPHBIX CUTYAIWii B IIpoliecce
00yueHHsI KaK OT/IEIbHBIX CTY/ICHTOB, TAK ¥ CTYJCHYECKUX TPYIIIL.
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