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Abstract. In this article we describe the notion of PQI-operator used before in application role for
implementing extended finite state automatons within the subset construction; we give precise definition
of this operator and prove important complexity theorems according to the model provided and prior
work; the presented operation method can be used for the estimation of the overridden complexity as per
automatons constructed through modified subset construction which was well studied before. The
complexity, thus, can be of different type according to the classification which was presented earlier in
this research of the decidability of complex algorithms which are impractical due to the state explosion,
for example, in Rabin-Scott subset construction. These algorithms' complexity can be the type of factorial
also. We will show that there exists a PQI-operator followed from the approach presented in the cycle of
these works, thus, this work can be seen as the continuation of the study of the theory of automatons and
state complexity.

Keywords: computational complexity, operator, theoretical computer science, subset construction,
finite state automatons.

Introduction

To the present time the operators defined in theory of complexity weren't studied from the
point of view when this complexity is lower than the power-set and, at the same time, continues
to expand to the proper linear function. We introduce the new operator named as PQI for the
estimation of algorithms with artificial noise which lowers the upper bound of the given
consumptions like data and source function — this function is of combinatorial type and expands
very fast as exponential.

We give the notion to the algorithms of combinatorial complexity in big O-notation [1] —
this is a common and simple way of describing the number of operations for the given data size.

The power-set in this work is present due to the work of finite state automatons [2]. The
complexity itself can be computable P or not computable NP [3]. Within the subset construction
explosion property was observed before [4].

To our observations we note that the power-set explosion in subset construction follows
from the trivial cases which can be as rare and frequent at the same time.

We will further also show by the plotting the convergional difference of PQI-operator set
of functions to the set of combinatorial functions which are NP-complete and are, thus,
impractical as is, however, the different models and solutions to these problems were provided
before in recent research papers and the machine learning trend where neural network can result
in variable expectation with the stated problem of huge amount of input data to be trained — of
course, we know that this is a disputable question, at least, author of this work finds it as
impractical as the collected or obtained data are of practical point of view to get the qualified set
of data within the necessary level, so that the proposed neural network gives the expected and
adequate result.

As this is a conceptually latest author's work for the question of equality, inequality or
decidability of P and NP classes, we won't give the broad description of the theory of automata
from which the sought operator was devised — it can be well studied in [5].

In this section we give the plan of our seminal work: first we describe the PQI-operator
itself, then we give the notion for the model of operational calculus. The practical results are also
presented.
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PQI-operator. We define the PQI-operator from the observations presented in the prior
work [5], where the subset construction was overridden by the extension states in finite state
automatons.

This function according to the estimation of the subset construction for explosion of
number of states can be described as follows:

N
2"-2% 1)

as it naturally follows from (1) that the estimated complexity of subset construction [5]
is less than the common case, it's necessary to introduce the arbitrary function p(x) and reduce
the complexity class to the normal when it's growing faster than the linear function f(x) = x:

N
2 p(x)- linear

p(x)’ @)
The derivative of the expression (1) is defined in (3):
[In(2) 2°]- p* (x) 3)

whereas the derivative of the expression (2) is as follows:
(In(2) 2" p(ZX)- p'(x)2")
[P (X)] (4)

We define the limit for the expression (4) to be converged to infinity as the complexity is
measured from this range, thus we get the following with respect to the L'Hopital's rule:

lim, .. P(xy2"_ lim, . p'' (X} 2"+In(2) 2% p'(X) |

= p*(x) ) ~ 2 p(x) p'(x) ) )
The equation (5) is measured according to the O(n) complexity notation and equals to the

following result:

0(29 _ 0(29

im. QR (X)) 2+ 2% p'(x). = :
P(2 p(x)) O(p(x)) (6)

T 0@p(xypi(x)

pP()<P' ()=

Consequently, it follows that the relation (6) complies to the fact that the function p(x)
exists in the power-set space from complexity measure:
lim,_..O0(2%< lim,_. O(p(x)):3 p(x). )

We give the notion to the comparable complex functions like power-set of the variable
power value which is greater than one, thus giving us the increasing function:

N N
2°-18". (8)

For the set of combinatorial functions of NP nature we state that the derivative of these
functions is equal among complexity classes like P and NP:

f(x)="f'(x), f(x)={2*,x1}. )

The derivative of the discrete combinatorial function like factorial is defined as follows:
5
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(xD)'=(x=1r(x=1)!. (10)

From the facts (9) and (10) it follows that the derivatives of the combinatorial functions
like power-set and factorial are equal along the complexity and, thus, converge to the NP-class:

O(f(x)=0(f"(x): f(x)={2",x!}. (11)

For the PQIl-operator we define the class of functions when the complexity is less when
converging to the operational point like infinity — from this side it's possible to estimate the
exponential growth:

()t 250 (X))# O( (X)), X —sinfinity.
t (12)

Finally for the big O-notation we define the PQI operator as follows:

PQI (x)= ﬁ= zfg<x>= 2'°90= 2900 (p(x))< O (2"). )

The differential equations (10) and (11) prove the assumption (13).

Application of PQI-model. In [5] we have developed the overridden model for the
modified subset construction which is relevant to the reduced cost of computation, thus, giving
better results.

We have also developed the Java application package “Regex+” for the extended regular
expressions.

The PQI-model in this package is successfully implemented via overridden PQI-operator
and tagging rules giving the correct results for all the test cases provided within.

The implemented solution isn't, thus, recursive and combinatorially measured resulting to
the class of effective algorithms where NP-completeness is avoided — this fact conventionally
holds true for better evaluation, as we can represent the typical finite state machine as a neural
network for the type of graph structures.

However, this graph structure is specific and, as described before, has the different and
complex notation rather than typical finite state automatons — we will call these state of
automatons as PQI, or PQI-automata along the provided and evaluated empirical results.

The proof was given also in prior works for the extended operators in regular expression
and corresponding finite state automaton, as this proof is essential in giving the definition of PQI-
operator and, similarly, PQIl-model, which are different from the point of view of estimation and
measurement and vice-versa of the practical experience.

In turn, the product construction machines, which where studied in modern works, give not
quadratic, but exponential growth for the number of states in the resulting deterministic
automaton — however, with our introduction and concept of PQI-operator we obtain results which
are minimalistic which can be proven from the facts provided in the equlibria (1)—(14).

More facts about the evaluation of this empirical and proved model show our interest in
developing even mobile-aware applications which can be obtained from author of this work by
request.

For better discussion of the presented PQI-model we can state that P versus NP problem,
which is still an open question, can be reduced to the empirical PQI-model and give the linear
growth reduction of the exponentially growing complexity.

In-depth study. In this section the graphical plot of PQIl-operator for the variety of
combinatorial functions which are not limited to factorial and power-set.
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These graphical plots from the initial values show that, the PQI-operator still is less relevant
to the combinatorial function derivatives — thus, to be more proper, it's non-convergent and is
equally convergent along the size of input data when they are limited to infinity.

! ! I | 1
-50 -40 -30 -20 —]:U

Figure 1 — Graphical plot of PQI-functions

From figure (1) it's seen that PQI-operator is expanding slower than exponential function
and, thus, it's reducing to almost linear function O(n).

AD

Figure 2 — Graphical plot of PQI-function

The figure (2) gives the fact that the PQI-function is converging to zero and thus has
lower orders, rather than when we devise the power of exponential function itself.

Final result for the PQI-operator is derived from the following equlibria:

_ 2 _ 2 o) ogon T (X) .~ F(X)
e B T R TC LR 19
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Conclusion

We have proved that the derivatives of the combinatorial functions are equal with respect
to the complexity defined by the big O-notation. From this fact, it follows that there exists the
function or PQI-operator which slows down the rapid growth of factorial and power-set
functions.

The precise definition of PQI-operator is given by the equation (14). This gives the
assumption of the possible ways of reducing the NP-complete problems to the sub-tasks with
the slow growth converging to the linear or even logarithmic class of arbitrary degree.

It also follows that the subtraction operator cannot give the expected result of exponential
function growth — thus, we have to revert to the class of functions where the relevant changes
are made and the growth is reduced and is almost convergent to the linear bounds.

The main outcome from the past works by S. Cook state that NP-complete problems are
reducible to the fractions of P-complete problems by applying PQI-derivatives from (1) — (14).

We give more precise note that by introducing the PQI-operator, we are not giving the final
outcome for P-NP problem case, however, we are in the state of natural complexity which is,
first, proved to be existent in the set of combinatorial functions, then, it's obvious that the
Millennium Theorem is rather more disputable on this empirical result.
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ECENTEY KYPAEJILIIT'T TEOPUSICBI PQI OITIEPATOPBIHA KIPICIIE

Mpeip3axmeT ChI3IbIKOB
On-Qapabu areiHaarsel Kazak yiaTTeIK yHUBepcuTeTi, Anmarsl, Kazakcran
mspmail598@gmail.com
ORCID ID: https://orcid.org/0000-0002-8086-775X

Anparna. byn makanana 6i3 PQI onepaTopbl YFbIMBIH CHIIaTTaliMBbI3, 071 OYPBIH 1IIKI >KUBIHHBIH
Oeuiri peTiHe KEHEWTUITeH aKbIPJIbl aBTOMATTAP/IbI iICKE achIpy YIIiH KOCBIMINA PETIH/IE KOJIaHbITFaH;
013 oCBI OnIepaToOpIbIH HAKTHI AHBIKTAMACHIH OepeMi3 sKoHe OepiireH MOJIeTbIe )KoHE aJIbIHFbI )KYMBICKA
COlKec MaHBI3]Ibl KypIEIiK TeopeManapblH INIEI/IeMi3; YChIHBUFAH OTIepaIvs 9JiCiH KYPacThIPbUFaH
aBTOMAaTTap apKbUIbl KalTa aHBIKTaJFaH KYpPACIUIIKTI Oaranmay yIIiH OYpbIH >KaKChl 3€pTTENreH
MoIu(UKaLMAIAaHFaH 1K >KUBIH apKbUIbl MaigaimaHyra Oomansl. Ocbulaiimna, KypAETUTIK Ky
JKapBUIBICHIHA OaNIaHBICTBl NPAKTHKAIBIK €Mec KypJesi alrOpuTMIEp/iH MISHILUTYiH OChl 3epTTey/e
OypbIH YCHIHBUTFAaH KIIacCH(UKAIMAFa Coiikec MbIcanbl, PaOnH-CKOTT 1IIKi KUBIHBIH Kypy Ke3iHZIe dp
TYpi 00TyBI MYMKiH. byt anroputMaepAiH Kypaemiiiri pakTopuaiasH Oip Typl 00mysl MyMKiH. bi3 ocbl
JKYMBICTapbIH IUKIIIHJC YChIHBUIFAH TOCUIACH TybiHAAWThIH PQI omeparopbl 0ap ekeHiH KepceTeMmis,
ocputaiima OyJl >KYMBICTBI aBTOMATTap TEOPHSICHI MEH KYHJIepIiH KYpAENUIIriH 3epTTEyIiH >KaJFachl
peTiHae KapacTeIpyFa Ooapl.

Kinrrik ce3aep: ecenrey Kypaeminiri, oneparop, TEOPUIIBIK MHPOPMATHKA, 1LIKI XKUBIHAAPABI
KYPY, aKbIPFbl aBTOMATTap.
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BBEJEHUE PQI-OINIEPATOPA B TEOPHUIO BEIYMCJIUTEJIBHOM CJI0XKHOCTH

Mpeip3axmeTt ChI3IBIKOB
Kazaxckwuii HalMOHAIBHBIN YHUBEPCUTET UMeHU anb-Dapadu, Anmarsl, Kazaxcran
mspmail598 @gmail.com
ORCID ID: https://orcid.org/0000-0002-8086-775X

AnHoTanus. B 1ol crarbe Mbl onrckiBaeM nonsitue PQI-omeparopa, KoTopoe UCOIB30BaTIOCh
paHee B pOJIM MIPUIIOKEHUS IS pean3alii PacIMpEH HbIX KOHEYHBIX aBTOMATOB B paMKaX KOHCTPYKLMN
MOIMHOKECTBA; MBI J]aéM TOUYHOE OIpENeNieHne 3TOro OIeparopa M JI0Ka3blBaeéM Ba)KHBIE TEOPEMBI
CJIOKHOCTH B COOTBETCTBHHM C MPENOCTABIECHHON MOJENBIO U NpeAblyei paboroil; Ilpeactasnennpiii
METOJ1 OTIepaIliil MOKET OBITh UCTIOIB30BaH JIsI OLIEHKH MEpeoIpeIeIeHHON CII0KHOCTH 0 aBTOMATaM,
MOCTPOSHHBIM € MOMOIIBI0 MOAU(UIMPOBAHHON KOHCTPYKIMH ITOJMHOXECTBA, KOTOpasi OblIa XOPOIIO
u3ydyeHa panee. Takum 00pa3oM, CIOXKHOCTb MOXET OBbITb Pa3HOTO THIIA B COOTBETCTBHH C
KjIaccu(uKanmel, NPeICTaBICHHONW paHee B IaHHOM HCCIEIOBAHMM Pa3PEIIMMOCTH  CIOXKHBIX
aJIrOPUTMOB, HENMPAKTHUUHBIX H3-3a B3pbIBa COCTOSHUSA, HalpHUMep, MPH MOCTPOSHUHU IOJMHOKECTBA
Pabuna-Cxorra. CIIO)KHOCTH 3THX aJITOPUTMOB TaKXKe MOKET OBITh TUTIOM (akTopuaia. Mbl IOKaxeM,
yTto cymectByer PQI-oneparop, BeITEKarommii U3 MOAXOAa, MPEACTABICHHOTO B LIMKJE 3THX padoT,
TaKUM 00pa3oM, JaHHYI0 paboTy MOXKHO PacCMaTpHBATh KaK MPOJIOJKEHHE N3yYSHHUS TEOPUH aBTOMATOB
U CII0KHOCTH COCTOSTHUH.

KuoueBble cji0Ba: BBIMHCIUTENBbHAS CIOXKHOCTh, OIEpaTop, TeopeThdeckas HHpopMmarHka,
IIOCTPOEHUE [T0IMHOKECTBA, KOHEUHbIE aBTOMATBHI.
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H.O. Mekebaes, b.b. Haskenosa, E.B.Yaiiko

IKK 004.02

AKITAPATTBIK KAVIIICI3AIK ITOHIH OKBITY/IA BOJIAIIAK WHO®OPMATHKA
MYFAJIMIHIH KOCIBH KY3BIPETTLIITTH KAJBIIITACTBIPY

H.O. MelceﬁaeBl, b.b. Ha31ceﬂonal, E.B.Yaiiko’
1en-d)apa61/1 aTeIHIAFbl Ka3ak YITTHIK yHHBEPCUTETI, AnTMaThl K., Kazakcran
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Anpatna. Makanaga omicTeMenik JKyieHi jxolaiay »XoHE Kypy MaceleiepiH KapacThIpyFra
apHanFaH Oonaliak menarortapbl OKyLIbUIAPBIH aKMapaTThIK KayilCi3iriH KamTamachl3 eTyre
naiipiHaay. bonamak nHpopMaTHKa MoHI MyFamiMAEPiHIH aKapaTThIK Kayilci3miriH KaMTaMachl3 €Ty
CaJlaChIHAAFBl KY3BIPETTLIIrH KaJBINTACTBIPy, €rep o3ipjereH J>KOHE CHII3reH KY3bIPEeTTUIiKTepAl
KaIBINITACTBIPY ~ OMICTEMECiHIH  MOJeTli  HOPMATHBTIK-MaKCaTThl,  OMICTEMENIK, Ma3MYH]IbIK-
YHBIMIACTRIPYIIBUTBIK KOHE Oarajay/il KaMTUTHIH OoJica, THiMAipek Oomambl. bi3miH 3eprTeyimisne
oicTeMeiK JKyieHi jxobanay »oHe IaMbITY KY3bIPETTUTIK, MOIYJIBIIK, TYJIFara OarbITTAIFaH, KbI3MET
JKOHE JKYHEIiK TOCUIIEp/IiH epeskeNepine, conaaii-ak 0is1iM Oepyai aknapaTTaHAbIpy TYKbIpbIMIaMachlHa
HerizaenreH. KypbUIbIMIBIK KOMIIOHEHTTEPIIH 63apa OailIaHbIChIH Tajlay OKBITYIBIH Ma3MyHBIH, OF aH
KOJI KETKi3yZi KaMTaMachl3 €TETiH OKBITYy OicTepiH, Kypaimapsl MeH (opMalapblH TaHIay bl
aHBIKTAWTHIH MAaKCATTBIH KYHEIiK POJIiH aHBIKTayFa MYMKIH/IIK Oep/i. ¥ ChIHBUTFaH MOJICITb dJTICTEMETIK
JKYWEHIH KYPBUIBIMJIBIK JKOHE (YHKIIMOHAIBI KOMIIOHEHTTEPIH KOPCETe i, OHJIa OHBIH KOMITOH €HTTEpI
Oomamaxk Myramimiepai AaspiayblH KypbUIBIMABIK KOMIIOHEHTTEPIH Ma3MYHABIK TOJTHIPY TYpiHAE
OKBITYIBIH MaKcaTTapbl, Ma3MYHBI, 9JIiCTEpi, KYpaliaphl, opManapsl, HOTHKENEPi OOJBIT TaObITa b

Kinrrik ce3mep. Oimim Oepy, OKy YypJici, akmapaTTBIK Kayilci3gik, WHQOpMaTHKa IIoHI
MyFaTiMIEpiH Jaspiay, aknapaTThlK KayiTlCi3/MiK calachIHAarbl KY3bIPETTLUTIK, 9MiCTEMENIK MOIETb.

Kipicne

JKanmer 6iim O6epyze, OKy MpOLECiHE dJIEYMETTIK, IIBIFAPMAIIbUIBIK, KOMMYHUKATUBTIK
KaOileTTepiH JaMbITy, OJapAblH JAaWBIHABIK JKOHE IKEKe epeKIIeNiKTepiHe CoiKec
MYMKIHAIKTEPIH ICKE acblpy YIIIH »arjgai »kacayael Tanan erefi. OcbiraH OalaaHBICTBI
MYFaJIMAEP/iH OKY-3€pTTeY KbI3METIH YHUBIMAACTBIPY, MIHAETTEPIH Ta0y *KoHE LIely, THII0Te3a
’Kacay, akmaparThl ©3 OeTiHIIE i37ey KoHEe TalJay HETi3iHae e3 OuTIMAEpPIH KYpy, 3epTTey
HOTIDKETIEpiH O0oJpKay JKOHE Taljay JAaFAbUIapblH KaJbIITACTHIPYFa BIKIAN €TETIH OKBITYIIbIH
Ma3MyHBIH, OoJicTepi MEH KypajJapblH TaHJayFa >oHe 3epTreyre OarbITTanysl Tuic [1].
Korappina aTtanraHn MIHAETTEpAl ICKe achlpy YIIIH CTYJIEHTTEPHAiH FBUIBIMA TaHBIMHBIH
3aMaHayu OJICTEPIHE KbI3bIFYIIBUIBIFBIH JaMbITYFa, OKYIIbLIAPIbIH TaHBIMIBIK 1C-OpPEKETIH
JapajaHablpyFa, T[IOH CalachIHAAFbl TEOPHSUIBIK JKOHE MparMaTHKaIbIK — OuriMaepal
MHTErpanusiayra, KOMMYHHUKAaTHUBTIK KaOUIETTEpiH JaMbITyFa, COHJIAi-aKk opTypJil IMOHJIK
cajajaparel OuTiMA1 OIpIKTIpyTe BIKITAJ €TETIH OKY-3€PTTEY dJIiCI YJIKEH QJICyEeTKE HE.

Herisri 66J1im

¥ChIHBUIFAH ~ MOJIENb  QMICTEMENIK  JKYMEeHIH  KYpbUIBIMIBIK-(YHKIHOHAIIBIK
KypaMIacTapblH KepceTelli, MyH/la MaKcaTTap, Ma3MyH, dIiCTep, Kypajaap, HbICAHIApP, OKBITY
HOTIDKETIEpl  aKMapaTThIK KayiNCIi3[IKTI KamMTamachl3 eTyre Oonamak MyFaliMIepai
JadbIHIAY IBIH KYPBUTBIMIIBIK Kypamaac OeIKTepiHiH Ma3MYHbI PETiHJIe alKbIH1a1aIbl.

XKOO-HBIH OKy yAepiciHIe aKmapaTThIK KayilCi3MiKTI KaMTaMachl3 €Ty YIIiH OoJamax
uH(popMaTHKa MyFalliMIEpiH aspiay KyiHeciH )KeTuiaipyai 3eptrey OapbuichiHma [2; 4; 5; 6; 7;
1.0.], 613 aKmapaTTBIK KaylNCI3[AIK calachlHAa CTYIEHTTEPIiH KY3BIPETTUIITIH KalbIITACTHIPY
OMICTEMECIH 931pJIey KaKETTUTITH aHBIKTA IbIK.

bonamak wHpOpMaTHKa MYFaTIMIHIH aKmaparTelK KayilCIi3OiKTI KamMTamachl3 €Ty
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AXIaparThIK KayiIrci3/iK MoHiH OKITY/Ia Ooaliak nHPOpMaTuKa MyFaIIMIHIH KOCIOM KY3bIPETTUTITIH KaJIbIITACTBIPY
H.O. Mekebaes, b.b. Haskenosa, E.B.Yaiiko

cajJlachIHIaFbl KY3bIPETTUIIr Oo¥bIHINA 013 aKMapaTThIK KayilCi3MiK calachlHIaFbl ©31H-631
JIaMBITYyFa MOTHUBTEpP MEH KYHJBUIBIKTAP >KUBIHTBIFBIMCH, aKIapaTThIK KayilCI3MiK Heri3epiH
OUTyMEH aHBIKTAJIAThIH KbI3METTIH aKIapaTThIK KayiICi3AiriHe KOMbIIATBIH TAJIANTAP/Ibl €CKEPe
OTBIPHIT, KICIOM >KOHE SJIEYMETTIK OEeJICEHIUTIKTI JKYy3ere achlpyFa MYMKIHIIK OepeTiH Keke
KacHeTTepJiH HWHTerpalusiaHFaH CHUIMAaTTaMachlH TYCiHeMi3; OiuTiM Oepy MeKeMeciHiH
aKMmaparThlKk WHOPAKYPBUIBIMBIH (KOCIOM MaHBI3ABl aKMapaTThl) COTTI KOpPFAy JAaFblUIaphl,
JIaFAbIIapbl MCH TOXKIpHUOECi, COHal-aK SMOIIMOHAIIBI-€PIKTIK TYPAKTBUIBIFBI )KOHE aKIaPaTThIK
Kayimnci3aik Katepiepine Kapcol Typy Kaoineri [3; 7].

3eprrey OappicbiHAa 013 akKMapaTThIK KayilCI3AIKTI KaMTaMachl3 €Ty CaJlaChbIHAaFrbl
Oonamak nHGopMaTHKa MyFaliMIEpiHiH KY3bIPETTUIITH KaJIbIITaCTBIPY 9ICTEMECIHIH YATICIH
KacaJbplK, OJ  apKbUIbl  0i3  HOPMATUBTIK-MAaKCATTHIK,  OJICTEMENIK, Ma3MYHJIbIK-
YHBIMIACTBIPYIIBUIBIK, OaFanaymbl-TuiM I 6J10kTap (1-cyperTi KapaHbI3).

Hornxe

HopmatuBTik-MakcaTThl HET13T1 MakcaTThl KepceTenl — Oojamak HH(OpMaTHKa
MYFTIMJICPIHIH aKNapaTThIK KayilCi3JiKTI KaMTaMachl3 €Ty CaJlaChIHIAFbl KY3BIPETTLIITH
KaJbINTacThIpy. by Mmakcar OuniM Oepy callachlHIaFbl aKIMapaTThIK KayiNCi3MiKTI KaMTaMachl3
eTyliH OaFaapiaMalibIK-TEXHUKAJIBIK MIHACTTEepi (aKmapaTThIK pecypcrapibl Kayilci3 cakray,
OHJICY OKOHE TMaialiaHy TEXHOJOTUSIAphl) peTiHAe Mmenryre KaOuIeTTi MaMaHIbI
KaJIBIITACTHIPYFa KOFaM MEH MEMJICKETTIH QJIEyMETTIK TalChIPBICBIHAH TYyBIHAAW/IBI; ©3apa ic-
KUMBbUI KYpaJ1apblH, FbUIBIMU-011IM Oepy aknapaTblH Oepy ’KoHE TapaTy KYpbUIFbLIapbIH KOPFay
J)KoHe T. 0.), COHAai-aKk TyYMaHHMTapJiblK MiHAeTTep (KahaHaaHy KarmgadblHIa MOJCHU-
aJaMreplIiIiK KYHABUIBIKTApIbl CaKTay >KOHE JaMBITy aKNapaTThIK pecypcTapibl MaiinaiaHy
Ke3IH/e JTUKAJbIK >KOHE aKaJeMUSUIBIK HOpMalapAbl CaKTay; aKT-KaHbIKKaH OpPTaHbIH
Kayinci3airin 0y3yJIbIH BIKTUMAaJ ToyeKenepin Oaranay; MHTepHeT kemiciHae aknapat tapaty
EPKIHJIITIH Tepic Maigananyra Kapchl iC-KUMBLT TpoOIeManapbiH 3epTTey xkoHe T.0.) [8].

OJIicTEMENTIK 3epTTeY MOCEJIECIH STy YIIH KOJIAAaHBUIATEIH TOCUIAEP MEH MPHUHITUIITED
0ap. aKkmapaTThIK Kayilci3AiKTI KAMTaMachl3 €Ty callaChIHIaFbl KY3bIPETTUTIKTI KAJIBIITACTHIPY
IPOLIECIHE aKCHOJIOTHSUIBIK (KYHBUIBIKTBI) Ko3Kapac OutiM Oepy YIIiH, OUIIM alyIIbIHbIH )KEKe
0achlH JaMBITy YIIIH OJIApJAbIH KYHABUIBIFBI TYPFBICHIHAH AKMApaTTHIK pecypcraplbl KOpray
MoceleNiepiH 3epAesieyAl JKOHE Kazipri akKMmapaTThIK KoramMaarbl OuLTIM Oepy MpOIECiHIH
cyOBeKTIepl YUIIH OChl KY3bIPETTUIIKTIH MaHBI3IBUIBIFBIH apTTHIPY KOJJApbIH alKbIHAAYIbI
ke3nenai. Ky3pIpeTTurik TypFbl Oosamiak MyFajJiMHIH OpPTYpJi mpoOJjeManiblK >KaFaaiinapnaa
OpeKeT eTy KabuleTi peTiHae Kociou OuliM OepyiH MakcaTTapbl MEH HOTHXKENIepiH Oaralnayra;
CTYJIEHTTEepAl KBa3W - JKOHE KOCIOM KbI3METTIH OpTYpJl TypJiepiHE KOCY >KardaijapblH
TYIBIPATHIH MEAArOTUKAIBIK TEXHOJIOTHSAIAP/bl iC-OpeKeTTIK Ma3MyH MEH MaiiiaiaHyra Ha3ap
aynapanbl. JKeke ic-opeKeT Toculi JKeKe epeKIIeTIKTepJli ecKepyre, Oonaliak MyFajaiMHIH
KY3BIPETTUIINH KaJBIITACTBIPY MPOIECIHIE alJaFbl 1C-OpPEKET MOJEIIHE HETI3JENTeH JKEeKe
KOe3KapacThl KYy3ere achlpyra MyYMKiHIIK Oepemi[9].

XKOO-nbIH OL11M Oepy npolieciHae aKapaTThIK KayilCi3IIKTI KaMTaMachl3 €Ty cajlachblH/a
KY3bIPETTUIIKTI KaJIbIITACTBIPY/Ibl FHUIBIMH KaMTaMachl3 €Ty YIIIH MbIHaJall KaruJaaTrap
alKbIHAJABL: OKBITYIbIH, TYJIFaJIbIK-0aFraapibsl OUTIM OepyiH JaMBITYIIbI KOHE TopOueney
CUTNIATBIHBIH KYHJBUIBIK OarIapiiapblH KaJBIITACTRIPY; AEpOECTIK, MpoOieManapipl MIelry
TOXKIPUOECIH KaJBINTACTBIPY, CTYACHTTEPJIIH JKEKE dapalIbIFbIH O3[ITHEH O3CKTCHIIPY JKOHE
JAMBITY; OLTIM amyIIbUIapAbIH Y3IIKCI3/ir, TYTACTBIFbI, CAHACHI MEH OEICeH/ILTIT1.

MopenbiiH Ma3MYH/IBIK-YHBIMIACTHIPYIIBUTIBIK OJIOTHI O0JaIaK MyFaTIMHIH aKMapaTThIK
KayilCi3AIKTI KaMTaMachl3 €Ty CallaChlHJAFbl KaJbIITaCKaH KY3BIPETIHIH Ma3MYHBIH,
KOMITOHEHTTEPIH, KEe3CHICPiH, YHBIMIACTHIPYIIBUIBIK-TIEAATOTUKAIBIK JKAFJaiapblH JKOHE
OuTiM Oepy MpoUECiH YHBIMAACTBIPYABIH HBICAHJAPBIH, SJICTEPl MEH KypalJapblH KaMTUTHIH
KaJIBIITaCTHIPBUIATHIH KY3BIPETTIH 9ICTEMEIIIK HET131€MECIH KaMTHIbI.

Kyprizinren 3eprrey HoTIKeciHAE Oonamak HHPOPMATHKAa MYFaliMIEPiHIH aKIMapaTThIK
Kayilci3AIKTI KamMTaMmachl3 €Ty KY3bIPETTLIIrH KajblITACThIpyFa BIKMAd €TETIH MbIHAJai
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YHBIMIACTHIPYIBUIBIK-TIEAAT OT UKAIBIK JKaFJaiiiap aHbIKTAJIIbI 5KOHE HeT13e/Ii:

a) nHpopMaTUKa MYFaIIIMiH KOCciOM dasipiiayIbIH OapiIbIK KE3eHIepiHae KHOCPKEHICTIKTET
JECTPYKTHBTI KYOBUIBICTAPFa KAPChl IC-KUMBUIFA OKY JKOHE TOpOME NpPOIIECiHIH Ma3MYHBIHBIH
OaFbITTBUIBIFBIH KAMTAMACKI3 €TY;

06) XOO-pgarel cabakrapma Oosamak uWHQOpMATHKAa MYFAIIMICPIHIH CyOBEKTUIIK
YCTaHBIMBIH TYPAKTHI JKOOQIBIK XoHE Pe(ICKCHBTI KBI3METKE KOCY apKbLUIBI KaJIBIITACTHIPY
(KaJbITaCTHIPY);

B) «ambIK OuTiM Oepy KyHeciHAeri akmaparThlK Kayilci3Iik» apHalbl KYpChIH 93ipiey
KOHE ICKe achlpy apKbUIbl CTyJAEHTTEpHAiH OuriM Oepy MeEKEMECiHiH aKmapaTThIK
WH(PPaKYPBUIBIMBIH aKIapaTTHIK dCEPIIePICH KOpFay TOKIPUOECiH KalIbINTaCThIPy.

Monenbain Oaranay-HOTHXKEIUTIK Oojamak nHpopMaTHKa MyFaliMIEpiHIH aKnapaTThIK
KAyIICIi3iKTI KamMTamachl3 €Ty KY3BIPETIHAETI KaJbIITacy oJjIeMaepi MEH JIeHTrehIepiH
Kamtuasl [10]. 2KKOO-HBIH OutiM Oepy NpoLEeCiHIE 931pJIEHICH JKQHE ICKE achIpblIFaH MOJEIb
Oonamak MHpOpPMATHKa MYFAIIMIEPIHIH AaKOapaTTbIK KAyINCI3MIKTI KaMTamachl3 €Ty
CaJaChIHaFbl KY3bIPETTUIINH KaJIBINTACTHIPYABIH TUIMAUITH apTThIpyFa bIKnan eremi [11].
JKYMBICTBIH TE€OPHUSIIBIK MaHbI3ABLIBIFBI HOTHKEJICPIiH YHUBEPCUTETTIH O11iM Oepy mpolecinie
MaMaHAApAel JaspiiayFa KaThICThl aKHapaTThIK KayilCi3giK MOICHHETIH KalbIITACThIPY
TEOPUSCHIH KacayFa bIKIaJl eTeTIHAITIHE.

KopsbITbIHABI

3epTTeyaiH NPAKTUKAIBIK MaHBI3IBUIBIFBI-TEOPHSIIBIK €pexenep, TYKbIPbIMIAp MEH
YCBHIHBICTAp «AKMapaTThl KOPFayablH 9J1iCTepl MEH Kypaiaapbh», «biaiM Oepyaeri akmaparThiK
TEXHOJIOTUSUIapy, «AKHapaTThl OKBITYJBIH TEOpHUSACHl MeH onictemeci», «bigim Oepyneri
aKMmapaTThIK KAYIMCI3aik» *KoHe T.0. KypcTapAbl OKYy Ke3iHJIeé YHHUBEPCHUTETTIH MeaaroruKaibiK
MaMaHJIBIKTAPBIHBIH CTYJIEHTTEP1 JKOHE OLTIM Oepy KbI3METKEpJIepiH KociOW maspiay >KOoHe
OUTIKTUIITIH apTTHIPY JKYHECiHAEe KOJNJAaHBUTYbl MYMKiH. bonamak nHdopmaTika MyramiMiHiH
TCOPUSIIBIK ~ JKOHE TMPAKTHUKANBIK JAWBIHIBIFBI HWH(DOpPMATHKAHBI OKBITY IPOIIECiHJE
OKYIIBUIAPJABIH ~ OKY-3€pTT€y KBI3METIH YHWBIMAACTBIPYIBIH  TEOPHUSIIBIK-TEXHOIOTHSITBIK
Heri3zepi MEH epeKIIeNIKTepiH OUTyal koHe OKYHIbUIApABIH OKY-3€pTTey KbI3METIH THIM/II
yUBIMIACThIpyFa OaFbITTaJIFAH OJICTEMENIK JaFabuiap IKYHECiH MEHrepyli Ke3JeHmi.
MyfaniMHIH KociOM MalbIHABIFBIHBIH OyJ Typi KeOiHece OHBIH YHEMi TYBIHAANTHIH
JTUIAKTUKAIBIK MaceleNep Al MIbIFapMaIIbUIbIKIIEH IIelle OUTyiMeH CUIaTTaiaibl.
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‘ Koram MeH MeMJIeKeTTiH 3JIeyMeTTiK TANChIPbICHI

o . . . . . . .
= § E AKyapaﬁLIK Kayirnci3IiKTi KaMTaMachl3 €Ty callachlHJa KY3bIPETTiiri 6ap nHGpopMaTHKa
z g MYFaIIMJIEPIH Aaspiay

MakcaTnl: Oojaiiak nH(opMaTHKa MyFaTiMACPiHIH KoCiON TalbIHIBIK IMPOLIECIH/IE aKIapaTThIK
KAYIICI3IKTI KAMTaMachl3 €Ty CaIACBIHAAFbI Ky3bIPETTUIITH KabIITACTHIPY

Tacinaepi: Ipunnunrepi:
-E E KYHJIBUTBIK TYJFAITBIK-0aF 1apiibl OUTiM Oepy/TiH, OKBITY IBIH
) g JIaMBITYIIBUIBIK JKOHE TOPOUENIK CHITaThIHBIH KYHIBUIBIK
& OarapiapblH KATBIITACTRIPY
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KY3IpeTTiTiK 03 OeriHIe pobeMaapIb Menry TOKIpruOeciH
KaJIBINTACTHIPY, ©31H-031 TaHy JKOHE CTYACHTTEPIIH IapabiFbIH
JIAMBITY
TYJFJTBIK- OerceHIUTiK, cabaKTacThIK, TYTACTHIK, CAHA KOHE OKY OpEKeTi
OpEKEeTTIK

- JKannwutanraH apHaWbI KY3bIPETTIH Ma3MYHBI OoJIaIiak KociOu KbI3METTIH HETi3T1
OarbpITTaphIH/IA AKITAPATTHIK KAYIMCI3AIKTI XKOHE aKImapaTThl KOPFay bl KAMTAMAChI3 eTyre
KaOlIeTTl;

- Typni OiniM Oepy caTbUiapbIHAa aKHAPATTHIK KayiTci3ik Mocemnesnepi OOMbIHIIA
0a3aJbIK XKOHE JIEKTUBTI KypcTap OarnapiaMalapbiHbBIH OKY MOYJIBIEPIH d3ipiieyre
JKOHE ICKe achIpyFa KabijeTTi;

- AKmapaTThIK Kayilci3miK MpoOeMachIHbIH T'yMaHUTapIIbIK Kypamaac 0eJriri
OOMBIHIIA FRUTBIMH 3€PTTEYJIEP JKYPri3yTe jkoHe HaKThl OlniM Oepy MiHAETTEpIH LIenry
Ke31H/Ie FhUIBIMH 3€PTTEYJIEp HOTHKENEePiH KOJIlaHyFa KabineTTi;

- AKIaparThIK KayilCi3/iKTi OKBITY KoHE aKIMapaTThIK-011iM Oepy OpTachIHBIH
Kayilci3niriH KaMTaMachl3 €Ty 9JiicTeMeNepiH 931pJIeyTe JKoHe iCKe achlpyFa AaibiH

Ma3myHbI-
YHBIMAACTBIPY IIBLIBIK

Ky3bipeTTijlik koMnoHeHTTEpi: bosamak kociOn KbI3METTiH HETI3T1 calalapblHIa aKImapaTThIK
KayiNci3mMiKTi KaMTaMachl3 eTyre KaOreTTi

Mines- KyHapuibik- OMOLMOHAIIIBI-
MOTHBALHSITBIK TaHBIMTBIK KYJTBIK MaFbIHATBIK €pPiKTi KOMITOHEHT
KOMIIOHEHT KOMIIOHEHT KOMTIOHEHTI KOMIIOHEHT
Ky3bIpeTTiiKkTiH eMipJik mukmi
Karnpimracy ke3eHi ‘ XKerinaipy xe3eHi ‘ Komnnany ke3eHi

YiibIMIaCTBIPY-TIeIarOTHKAJBIK HIAPTTAPBI

HNudopmarikanbl KaciOu Jaspray/ibiH O0apibIK Ke3eHIepiHae KHOepPKEeHICTIKTer IeCTPYKTUBTI
KYOBUTBICTapFa KapChl iC-KMMBUIFa OKY MPOLIECIHIH Ma3MYHBIH OarbITTay (bl KAMTaMachl3 €Ty

KOO cabakTapbiHIa TYpaKThl )KOOAIBIK XKoHE peICKCHSUTBIK KbI3METKE €HI'13y apKbLIbI aKNapaTThIK
Kayinci3miKTi KaMTaMachl3 €Ty CaJIachlH 1a OoJamak MyFaTIMJICPAIH CYObEKTUTIK YCTaHBIMBIH
KaJIBINTACTHIPY (KAIbINTACThIPY)

«AwbIK 6171iM Gepy KyHeciHeri aknmapaTThIK KayilCi3aik» apHaibl KYpChIH 93ipIiey jKoHe ICKE achlpy
apKpUTHI OiliM Oepy MeKeMeciHiH aKnapaTThIK HH(QPaKypbUTLIMBIH MEKEMEHIH apHaibl KYPChIH d3ipiey
KOHE ICKe achIpy apKblJIbl aKIapaTTHIK 9Cep €Ty KayIiHeH KOpray TOXIpHOeCiH CTyIeHTTep e
KaJIbINTACTBIPY

Ky3bIpeTTiiKTi KaJbINTACTHIPYAbI JicTEMeNiK KAMTAMACHI3 eTy

®opmanap: oicTepi: Mozenbaey, Kypaanap: Gacra,
Hnapicrep, 3epTTey, KaFJai bl 3epPTTEY JKOHE KOPHEKIi, HHTEPHET-
3epTXaHaTBIK )KYMBIC, MPAKTUKATBIK TOXKIpHOe pecypcrap,
MIPAaKTUKAIBIK cadak, MYJTBTHME AU SUITBIK
OKy KOH(epeHIHsCHI, pecypcrap
FBUTBIMHU-3EPTTEY
KYMBICHI

Ky3bIpeTTiTiKTi KaJbIITACTBIPY KPpHTEpHiiJIepi:
MOTHBAISUTBIK, TAHBIMIBIK, MiHE3-KYJIBIK, SMOIIMOH AN JIBI-EPIKTI

Baranay

Ky3blIpeTTifikTin Kaaslnracy aeHreiijaepi

O3BIK
IlexTi neHrei Bbazanvik nenren JeHren

HoTuoke: OGonamak nHGpOpMaTHKa MyFaJTiMiHIH aKIapaTThIK KayilCi3AiKTi KaMTaMachl3 €Ty
CallaChIHAAFbI KY3bIPETTUTIKTI KAJIBIITACTBIPYIbIH JKOFaphl ACHTeHiHe Koyl

1 cyper. bonamak nHdopmaTuka MyFamiMAepiHiH Ky3bIPETTUIIMH KANBIITACTHIPY 9iCTEMECIHIH YaTici
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AnHoTanus. CTaThs NOCBSIMIEHA PACCMOTPEHHIO BOIPOCOB ITPOESKTUPOBAHMS U CO3/IaHU S METOIMYECKON
CHCTEMBI ITOATOTOBKA OYyLIMX IIeIaroroB K 00ecrnedeHn o HHPOPMAOHHON 0€301aCHOCTH yUaIuXCsl.
®dopmupoBaHKe KOMIIETEHIIMH Oyaymmx yuurened WHPOpMaTHKX B 00IacTd  oOecredeHUs
nHpopMaMoHHON Oe3omacHocTn Oyzer Oornee 3¢ (EKTHBHBIM, €CM pa3paboTaHHAas U BHEAPCHHAS
MOJIeTTb METOAMKHM  (OPMHPOBAHUS KOMIICTEHIMH OyAeT BKIIOYaThb HOPMATHBHO-LENIEBYIO,
METOJMUYECKYI0, COAEPKATEIbHO-OPraHU3alOHHYI0 M OLIEHOYHYyl0. B Hamem uccienoBaHuu
NPOEKTUPOBAaHWE M pa3paboTka  METOJMYECKOM CHUCTeMBbl  0a3upyercss Ha  IOJOXKEHUSX
KOMIIETEHTHOCTHOTO, MOAYJIBHOTO, JTMYHOCTHO-OPHUEHTHPOBAHHOTO, JAEATEIBHOCTHOIO M CHUCTEMHOI'O
MOJIXO/IOB, @ TaKKe KOHUENUUH WHpOpMaTH3aUuu 00pa30BaHMs. AHAIM3 B3aMMOCBSI3U CTPYKTYPHBIX
KOMITOHEHTOB TIO3BOJIWJI OMPENICIIUTh CUCTEMHYIO POJIb HETH, ONPEACIISIONIYIO co/lepKaHne 00ydeHus,
BBIOOp METOJOB, CPEACTB U (opM 0OyueHus, obecrneunBaromux ero aoctuxkenue. IlpencraBnennas
MOJIETh OTPaKaeT CTPYKTYPHO-(DYHKIIMOHAIBHBIE KOMIIOHEHTHI METOJUIECKON CHCTEMBI, B KOTOPOH ee
KOMIIOHEHTaMH SBJISIIOTCS LIENH, COJEpKaHhe, METOAbI, CpencTBa, (POpMbl, pe3ynbTaThl OOy4YeHHUsS B
(dopme comeprKaTenbHOTO HAIMOJIHEHHSI CTPYKTYPHBIX KOMIOHEHTOB ITOJTOTOBKU Oy IyIINX YUUTEICH.
KiioueBble cjioBa. oOpaszoBanue, yueOHBIH mporiecc, WHPOPMAMOHHAs 0€30MacHOCTh, MOATOTOBKA
yuuTenei nHhopMaTuKy, KOMIIETEHTHOCTb B 001aCTH HHPOPMAITHOHHON 06€30acCHOCTH, METOANYECKast
MOJIETb.

FORMATION OF PROFESSIONAL COMPETENCE OF A FUTURE COMPUTER
SCIENCE TEACHER IN TEACHING THE SUBJECT OF INFORMATION
SECURITY N.

Mekebayev', B. Nazkenova®, E. Chaico °
Al-Farabi Kazakh National University, Almaty, Kazakhstan
’Riga Technical University, Latvia, Riga
nurbapa@mail.ru, nazkenova_bayan@mail.ru, jelena.caiko@gmail.com
ORCID:0000-0002-9117-4369
ORCID: 0000-0002-6671-7835
ORCID: 0000-0002-1207-1418

Abstract. The article is devoted to the consideration of the issues of designing and creating a
methodological system for preparing future teachers to ensure the information security of students. The
formation of competencies of future computer science teachers in the field of information security will be
more effective if the developed and implemented model of the competence formation methodology
includes normative-target, methodological, content-organizational and evaluation. In our study, the design
and development of a methodological system is based on the provisions of competence-based, modular,
personality-oriented, activity-based and system approaches, as well as the concept of informatization of
education. The analysis of the relationship of structural components made it possible to determine the
systemic role of the goal, which determines the content of training, the choice of methods, means and
forms of training that ensure its achievement. The presented model reflects the structural and functional
components of the methodological system, in which its components are goals, content, methods, means,
forms, learning outcomes in the form of meaningful content of the structural components of the training
of future teachers.
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Abstract. The article presents an analysis of blockchain technology. Blockchain is the best tool of the
current decade. The possibility of using this innovative technology to ensure information security is
shown. Blockchain technology was created to store transaction data. However, the structure of block
chains using blockchain technology allows you to store various other metadata — catalogs, registries,
directories, metadata databases, etc. This makes it possible to use blockchain technology for backup,
information protection. The use of blockchain technology can provide complete decentralization of
domain names and distribution of content across a larger number of nodes, which will make it virtually
invulnerable to cyber attacks The article identifies the technological aspects of the introduction of
Blockchain technology, substantiates the main characteristics of this technology, and notes the accepted
typology of Blockchain varieties depending on the specifics of implementation and technological features.
There are varieties of algorithms for "consensus” agreements, both in the context of technologies.

Key words: blockchain technologies, private, public and consortium Blockchain, consensus matching
algorithm

Introduction

Blockchain technology has gained great popularity in various fields of human activity over
the past few years. This is largely due to the use of the principles of decentralized data exchange
in distributed systems, that is, the absence of an intermediary performing the functions of a center
confirming the authenticity of the exchange participants and the information transmitted by them
[1]. The popularity of blockchain is also largely due to the fact that it has been developed as a
secure technology: it uses both cryptographic methods of protecting information and other ways
to ensure the authenticity, confidentiality and integrity of information. Of course, blockchain also
has certain limitations compared to centralized exchange technologies. This article does not aim
to identify these positive and negative aspects; blockchain technology is considered from the
standpoint of information protection: the functioning of protection mechanisms and the
prevention of threats to information security. The paper presents a variant of the analysis of
information protection mechanisms implemented in blockchain systems, which was performed
using functional modeling IDEFO [2].

Main part

Based on the characteristics of the Blockchain, functional features, three types of networks
are distinguished: public, private and consortium [3].

A public Blockchain assumes that it is possible for any participant on the Internet to join
or exit the Blockchain network without the need to provide identification forms or request
permission [4].

A private blockchain assumes that all network participants are known and trustworthy;
belong to a controlled community. Subjects can be both individuals, such as employees and

17


mailto:uoa_olga@mail.ru
mailto:balia_79@mail.ru
https://orcid.org/0000-0002-5276-6118
https://orcid.org/0000-0002-0904-745X

Theoretical approaches to the definition of blockchain technologies
0.A. Ussatova, I. Sogukpinar, A.Sh. Barakova

customers, and organizations (companies or departments within companies). Users of a private
network can have certain types of access to write to the registry. Private Blockchain accounts for
the majority of corporate, industrial and government projects. Various other parties may have
different private read-only representations of the data (e.g. regulatory officials).

The consortium's blockchain combines elements of a public and private blockchain. An
authorized group functions as validators, the visibility of the network can be limited by
validators, authorized persons or have no restrictions. Based on the features of the Blockchain
typology, the following weak and strong characteristics of the corresponding network varieties
can be distinguished (Table 1).

Table 1. Theoretical approaches to the definition of Blockchain technologies

Charact Type of Blockchain
eristic pr p conso
ivate ublic rtium
Strengths 1. Unification 1. Using the 1. A high degree
of the verified power of the of possible
participants crowd changes to the
underone around the network.
umbrella with world and 2.Higher
greater control aligning with scalability and
and proof of a  common greater
authority. value. confidentiality of
2. The ability 2. The ability transactions
to cancel to have 3. It is most
Transactions if immutable advantageous in
necessary. data by conditions  when
3. A smaller distributing several
pool of trusted agreed organizations
individuals to algorithms on work in the same
negotiate a larger scale industry
software 4.Reducingtransac
changes tional outages and
(consensus data redundancy,
Weaknesses 1.The agreed 1. At the 1. Narrow scope of
rules can be mercy of effective
changeable, potentially application
threatening the unknown
immutability participants.
of data where 2. Changes in
the number of the consensus
participants are not
is small possible
depending on
the
architecture of
the system

An important innovation of the Blockchain protocol is the consensus consensus algorithm,
which allows you to build an open distributed network where all parties can come to an agreement
[3]. This mechanism is designed to ensure the achievement of overall reliability in a distributed
network of registers. It is assumed that 51% coordinates the content stored in the register network
[5].

In the public Blockchain, the algorithms of "Proof of Work™ (Proof of Work (PoW) and
"Proof of Ownership™ (Proof of Stake (PoS) are the most common and popular consensus
algorithms.

The Proof-of-Work (PoW) algorithm is designed in such a way that it requires all nodes in
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the network to be supervised for a fee when adding a block of records to the end of the chain.
This competition involves finding a one-time number by simply using computing power [1]. This
creates a model of stimulation, according to which the winning node, which adds a block to the
block chain, receives a reward with digital tokens — a bit of us. To hack the network, an attacker
is forced not only to fight for the right to add a block, but also to compete for the creation of the
longest chain. This undermines the economic incentives of attacks, making them financially
costly (the type of attack is Sybil attack).

The Proof of Stake (PoS) algorithm [1] assumes that the miner or validator who creates a
new block is selected in a deterministic manner depending on his wealth or share [15]. The
concept of this protocol assumes an increase in the probability of a node's success in creating
new digital tokens in proportion to the number of digital tokens already owned by the node. The
rationale is that the more digital tokens a node owns, the greater the node's interest in protecting
the network

The matching algorithm protects the network without using computing power as a means
of protection against attacks and reduces the entry barrier, eliminating the advantages associated
with the use of specialized equipment [6]. Thus, PoS is a cheaper and more environmentally
friendly distributed form of a consistent algorithm. This protocol was first implemented for the
Peercoin cryptocurrency [1]

The Delegated Proof of Stake (DPoS) algorithm [7] serves to stimulate interested parties
and encourage them to participate in the network by delegating or transferring their coins to larger
interested parties [8].

In a private Blockchain, a common consensus algorithm is the "Byzantine Fault Tolerance
Problem™ (PBFT), which provides consensus regardless of malicious behavior on the part of
some participating nodes [7]. Within the framework of this agreement protocol, all nodes are
connected to each other, and legitimate nodes reach a system agreement based on the majority
rule. The consensus assumes that the number of malicious nodes cannot be equal to or greater
than 33% of all nodes in the network. The consensus protocol requires all clients on the network
to authenticate and log in to send transactions to validators [1].

The Proof of Elapsed Time (PoET) algorithm is a private consistent mechanism of the
block chain, which requires all participating nodes to identify themselves before they participate
in the network [9]. POET is based on a fair lottery system based on Intel Guard Guard technology
, Where each participant has an equal opportunity to be a winner among all network participants.
The fault-tolerant consensus algorithm "Raft" follows the "leader-follower" model, when the
leader is elected to make decisions about the general states of the network and transfers changes
to the follower nodes. The selection process, based on random timeout settings, occurs when the
leader is absent or unresponsive for a predetermined period of time.

The Ripple matching algorithm (RPCA), developed in 2014 [9], is another well-established
protocol based on tokens without the use of mining. Ripple's goal is to provide secure, instant,
cheap international financial transactions of any size of non-refundable payments. In addition to
the main developed protocols, some less popular ones can be added [10].

The Proof of Activity (PoA) algorithm combines components from PoS and PoW. This
hybrid protocol ensures the functioning of the network at a lower cost of electricity.

The Proof of Vote (PoV) algorithm is based on the Bitcoin platform. The mechanism is
aimed at "establishing other identification information without danger to network participants so
that the decision on the submission and verification of blocks is made by a vote of agencies,
regardless of the intermediary activity of a third party or uncontrolled public awareness.”
Compared to the main protocols, PoV aims to provide more controlled security and low latency
during the time required to verify a transaction.

The Proof of Importance (Pol) algorithm uses the importance indicator to select block
generators based on ownership of a share of a common crypto currency and interaction with other
nodes in order to stimulate the distribution and transit of its own tokens [10]. The consensus
mechanism is presented in the NEM blockchain. The "Zero-Knowledge Proof" algorithm allows
the certifying party to prove to the verifier that the statement is true without revealing any other
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information. A comparison of the various characteristics of the consensus is given in Table 2.

Table 2. Comparison of the basic characteristics of different types of consensus Blockchain
technologies

Specifica 0 PoS PoE PB DPO Ripp
tions W T FT S le
Transacti H High Aver Lo Aver Low
on cost ig age w age

h
Electricit H Aver - Lo Aver Low
y ig age w age
consump
tion
Scalabilit H High High Lo Low Low
y ig w

h
Required H High High Hi Aver Aver
amount ig gh age age
of data h
storage
Conclusion

The introduction of Blockchain technology creates opportunities both at the level of the
state, industries, and commercial organizations to use advanced innovations to increase the
efficiency of production and business processes, reduce costs, etc. The existing IT potential of
our country and the developed digital infrastructure in the conditions of state support create a
solid foundation for the effective solution of this problem.
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Anpatna. Makanana Blockchain TexHonorusicoin Tanaay ycelHbUIFaH. biiok4eiH -0yi1 OHXbUIABIKTbIH
€H KaKChl KYpaJibl. AKIapaTThIK KAYilCi3/IiKTi KAMTaMAaChI3 €Ty YIIIiH O0Chl ”HHOBAIIUSUTBIK TEXHOJIOTUSHBI
naiipanany MyMkiagiri kepcerinred. Blockchain texnonorusicel TpaH3akuus AepeKTepiH cakray YIIiH
JKacayel. Ajaiia, OJIOKYEHH TEXHOJOTHSICHIH KOJITAHATHIH OJIOKYEHWH Ti30eriHiH KyphUIBIMBI Oacka
MeTaJiepeKTep/Ii — KaTalorTap/Ibl, Ti3UTIMIEP/l, aHBIKTaMaJIbIKTap/Ibl, METaIepeKTep 0a3achlH KoHE T.O.
cakTayfa MYMKIiHAIK Oepemi. BOKYeiiH TEXHONOTHSACHIH KOJNJaHy JOMEHMIK aTayjaapIbl TOJBIK
OPTAIIBIKCHI3IAaHIBIPYIBI KOHE Ma3MYH/IbI KOIITETeH TYHiHepTe 0oy i KaMTaMachl3 eTe anajbl, Oy OHbI
kubepmabysriaapra ic JKy3iHIe KON CYFhUIMaiThIiH eremi. Makamaga Blockchain texnomorusicein
SHTI3Y/IH TEXHOJOTHSUIBIK AaCIeKTinepl aHBIKTalaabl KoHE OCBl  TEXHOJIOTHUSHBIH  HETi3ri
cumnaTTaMalapbiH Heri3ek Il skoHe OJOKYCHHHIH KaObUIIaHFaH THIIOJOTUSICH aran eTine/l. TexXHoIorus
KOHTEKCTIHAeTIIeH "KOHCEHCYC " KeTICIMICPIHIH opTY Il allrOpUTMICpiHE TaIayiap skacaaaibl.

Kinrrik ce3aep: Blockchain TeXHOJIOTHSCHL, KeKe, KOFaMIBIK OHE KOHCOPIUYM OJOKYEHH,
KOHCEHCYC aJlTOPUTMi.
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AnHoTanus. B craThe peCcTaBiIeH aHATN3 TEXHOJIIOTUU OJIOKYCHH. BIIOKYEHH - MydImii ”HCTPYMEHT
TeKy1uero aecsruierus. [lokazaHa BO3MOXKHOCTb UCIIOJIb30BaHUs 3TOH MHHOBALIMOHHON TEXHOJIOI MU IS
obecniedenust nHGOpPMATMOHHON Oe3omacHocTu. TexHonorust 6mokueiiH Oblia co3gaHa Uisl XpaHEeHUs
JAHHBIX O TpaH3aKKAX. OIHAKO CTPYKTypa LEMOYEK OJIOKOB € HCIIOIb30BAHNEM TEXHOIOTUH OJIOKIEHH
MO3BOJISICT XPAHUTh Pa3IMYHbIE APYTUE METATaHHbIE — KaTaJOTH, PEECTPhI, CIIPAaBOYHUKH, 0a3bl TAHHBIX
METaJaHHbIX M T.N. OTO JaeT BO3MOXKHOCTH HUCIIOJB30BaTh TEXHOJOTHIO ONOKYEWH AJs Pe3epBHOTO
KOIIMPOBAHMS, 3alMTHl HWHpOpManuu. Vcmonb30BaHHE TEXHOIOTUH OJOKYEHH MOKET O00ECHeYHTh
MOJIHYIO JIEHEHTPAIN3alMIO TOMEHHBIX UMEH U paclpe/elieHne KOHTEHTa 10 OOJbIIeMY YHCITy Y3IIOB,
YTO CHENaeT ero MPaKTHIECKH HEYSI3BUMBIM JUId KnOepaTak B craTbe ompeseneHbl TeXHOIOTHYECKHE
ACTIEKTHI BHEJIPEHUS TEXHOJIIOTUH OJIOKYEHH, 000CHOBaHBI OCHOBHBIE XapaKTEPUCTUKH 3TOM TEXHOJIOTHU
W OTMeYeHa MPUHSITAs THIIOJIOT S OJI0KYeHHA Pa3HOBUIHOCTH B 3aBUCHMOCTH OT CHeN (DMK pean3alin
U TEXHOJOrM4ecKux ocobeHHocTed. CyIIeCcTBYIOT paszIWyHble AITOPUTMBI IJisl "KOHCEHCYCHBIX'
COTJIallICHUHM, KaK B KOHTEKCTE TEXHOJIOTHH.

KuroueBble ciioBa: OlIOK4YECHH-TEXHOJIOTHU, YACTHBIN, MyOIMYHbBIA 1 KOHCOPLIMYMHBIA OJOKYElH,
aJIrOPUTM COTJIaCOBAHHUS KOHCEHCYcCa.
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Abstract The article is devoted to the development of a system for biometric identification of a
person by face, fingerprints and voice. As informative signs of biometric identification of a person by
face, two-dimensional and three-dimensional characteristics of a person's face were used, taking into
account the area and volume. A sophisticated identification algorithm has been developed to take into
account such phenomena as portrait shift, different photo scales and the tilt of the identified person.

For biometric identification of a person by fingerprints, an FPM10A scanner and an Arduino
microcontroller were used. ldentification signs are based on the analysis of the structure of papillary
patterns on the finger: type and type of papillary pattern; direction and steepness of streams of papillary
lines; the structure of the central pattern of the pattern; delta structure; the number of papillary lines
between the center and the delta and many other signs.

Each print can contain up to 70 or more minutes. For biometric identification of a person by voice,
the MFCC and PLP algorithms are used for digital processing and analysis of audio recordings. Various
algorithms are used for acoustic analysis of speech: hidden Markov models, a model of a mixture of
Gaussian distributions. The result of determining the tone of speech and the content of speech for the
purposes of identification by voice is obtained. The “Multiparameter automated system of biometric
identification of a person” has been developed on the Visual FoxPro DBMS.

Keywords: information security, two-dimensional and three-dimensional image, identification,
papillary patterns, voice characteristics, human speech, acoustic modeling.

Introduction

The problem of information protection and information security is one of the most
important aspects of the development of modern society. Currently, the solution to this problem
in the field of development and operation of information systems for various purposes is
associated with the development of various requirements to ensure their security and the creation
of software and hardware against unauthorized access [1-3].

Automatic human recognition for identification has many applications in various fields.
Problems of public security, the need for remote authentication, the development of human-
machine interfaces arouse increased interest in this technology [4-5].

Biometric identification methods are increasingly being used in access control systems for
workplaces, mobile devices, local and global information resources. Since the implementation of
the systems does not require specialized equipment, and the biometric feature cannot be lost,
forgotten, or transferred, the most promising are systems whose principle of operation is based
on human face recognition [6].

Authentication methods based on the measurement of a person's biometric parameters
provide 100% identification. Now, the following biometric characteristics are successfully used
in biometric systems for user authentication: iris, fingerprint, palm print, vascular patterns, facial
geometry, voice imprint, signature, DNA comparison [7-8].

Currently, there are no biometric parameters that combine all these properties at the same
time, especially if acceptability is considered. Therefore, the use of multiparametric biometric
authentication becomes relevant.
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Materials and methods

As mentioned above, the task of biometric identification of a person by face, fingerprints
and voice belong to one of the tasks solved using data processing algorithms.

Discussion. Visual FoxPro DBMS was selected for the software implementation of the AS
"Biometric Information Security System".

The interface part is implemented based on the Visual FoxPro 9 DBMS, which includes
the following modes: 1) biological characteristics, 2) parameters of characteristics, 3) source
databases, 4) database setup, 5) simple identification, 6) complex identification, 7) classification.

Now, the "video image of the face", "fingerprint" and "voice" are included as biological
characteristics.

The mode is "source databases". Portraits in the following graphic formats can be used as
source data for images: bmp, gif, jpeg, tiff and png. For the "face video image" mode, the main
information is a three-dimensional 3d model presented as a regular height matrix.

In the IsxDan.dbf table, the fields have the following assignments:

Kodxar — code of biometric characteristics;

koddan—the code of the original face image;

namdan—the name of the file containing the face image;

kla — the number of the class to which the image belongs (calculated in the “classification™
mode)

The following types are introduced for the parameters of the characteristics:

1 - the coordinate of the point; 2 - distance (number); 3 - area; 4 - volume.

"Video image of a face™

To characterize the "video image of a face", several parameters have been defined, which
are:

1) point - the coordinates of the pupils of the eyes, the bridge of the nose, the tip of the
nose,

2) distance — between the eyes, between the bridge of the nose and the tip of the nose, the
base of the nose,

3) perimeter - triangle (pupils of the eyes and the tip of the nose), triangle (bridge of the
nose and the base of the nose),

4) area — eye socket isolines, nose isolines,

5) volume — eye sockets, nose.

A three-dimensional 3d model presented as a regular height matrix is used as the initial
data for the "face video image" [9-10].

The algorithm for constructing the height matrix is based on the method of interpolation of
surfaces. In it, unevenly distributed points in three-dimensional space are interpolated by a
continuous function of two independent variables. To build a regular height matrix, the following
steps are performed: the formation of reference nodes, the calculation of the matrix of nearest
points and the distance matrix, the interpolation of nodes, the correction of the height matrix.

"Fingerprint™

Systems based on fingerprinting compare the received memory fingerprint with other
fingerprints that are stored in the system databases or with the fingerprint of a specific person,
the method of comparison also depends on the scope of this technology [11-12].

The FPM10A module with the Adafruit Arduino library was used to create a block of a
biometric fingerprint identification system [13].

The unit for taking a snapshot and identifying fingerprints is implemented based on the
Arduino UNO controller.

The optical fingerprint scanner is a module that can be used in conjunction with Arduino
and other microcontrollers. It can store fingerprints (1000 fingerprints) in memory with their
further identification.

There are two main steps when using a fingerprint sensor. First, data is recorded in the
sensor memory, that is, a unique ID is assigned to each fingerprint, which will be used for
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comparison in the future. After recording the data, you can proceed to the "search", comparing
the current image of the fingerprint with those recorded in the sensor memory.

Using the SFGDemo and ArduinolDE program, new fingerprints are loaded, assigning
each of them a new ID #. All uploaded fingerprint images are encrypted.

Several types of descriptors were used in this study: SIFT, SURF and ORB [14]. Based on
the results of the analysis of the effectiveness and speed of methods and algorithms for biometric
identification of persons, the following conclusions can be drawn.

Using the approach based on the allocation of key points in the image for biometric
identification by fingerprints, allows you to create a software system based on it for rapid
fingerprint recognition and subsequent search.

SURF/SIFT algorithms have the best classifying abilities when solving everyday search
problems on textured images. Both algorithms are more demanding on the hardware and are more
suitable for other computer vision tasks, also both algorithms are patented and have a ban on
commercial use, without the consent of the copyright holder. For fingerprint identification tasks,
they have "excess capacity".

The ORB algorithm has a higher speed of operation in comparison with the above
algorithms by SIFT/SURF techniques and is more suitable for the tasks of biometric
identification by fingerprints. The descriptors of the ORB algorithm are binary descriptors and a
match check for such descriptors, this is the sum of the Hamming distances for each byte of the
descriptor. The use of this algorithm is more suitable for the tasks of searching for an incomplete
fingerprint.

"The Voice™

One of the parameters of biometric identification of a person is the voice, but a person's
voice may vary depending on age, emotional state, health, or other factors, which makes the
identification process more difficult to implement. Voice identification technology is used in
various fields of information security, access control systems, criminology, and other fields.

Since the human voice is the sum of many individual frequencies created by the vocal
cords, it is possible to identify several features that can be observed and analyzed in the speech
of each person:

* Vocality of speech (volume, tempo, stability — physical components);

» Tonality of speech (intonation — psychological components);

* The content of speech (vocabulary of a particular person).

Loudness is a subjective measure of sensation associated with the impact of sound
vibrations on the hearing organs and depends on the amplitude and frequency of these vibrations.

The pace of speech is a subjective measure related to the speed of pronunciation of certain
segments of speech in time. The tempo may be related to the content, usually the most important
words are pronounced slower. The volume and tempo of speech are individual for each person.

The difference in the timbres of different voices is described by different frequency spectra.
The mathematical apparatus for analyzing the frequency spectrum is the Fourier transform, to
describe a complex sound wave with a spectrogram.

| consider the peculiarities of human hearing, namely its nonlinear nature in relation to the
perception of sound frequencies. For this task, the conversion from the Hertz scale to the mel
scale is used (mel is a psychophysical unit of pitch) below is the formula for the transition
between frequency (Hz) and pitch in mel

m = 1127 = In(1 + f/700) (1)

a set of M mel scale filters is superimposed on the calculated spectrum, usually M = 20 or
M=24, usually the more filters, the higher the accuracy, while the filters are shifted to those
frequencies in which there is most in the audio recording:
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xi = Zioo Xkl * Hi(f), i = 1..M 2)

A variety of algorithms are also used for acoustic speech analysis, the most common are
hidden Markov models (SMM or HMM in the English version), as well as a model of a mixture
of Gaussian distributions (SGR or GMM in the English version), neural networks have been
actively used in recent years [15].

The mode is "identification™. In this mode, for the input data about a person (an image of
a face, a finger, or an audio file) that needs to be identified, the degree of its correspondence with
each of the data entered in the IsxDan.dbf table is calculated.

Conclusion

ARM "Biometric information security System" has been developed. The structures of the
database tables and their relationship are defined.

For the first time, the human recognition algorithm considers such parameters as the
volume of the nose, the volume of the eye socket, and other three-dimensional characteristics.
To speed up identification, all data in the source database is pre-classified.

A complex identification algorithm has been developed to consider such phenomena as
portrait shifting, different photo scales and the tilt of the identified person. Numerical studies
carried out on the model problem have shown the effectiveness of human recognition when
zooming in on a photo.

Based on the Arduino microcontroller and the FPM10A scanner, a recognition system has
been developed for storing data, further processing it, identifying, and displaying fingerprint
images. The structure of the structure of papillary patterns on the fingers was chosen as
identification features. The result of matching fingerprints with different rotation through the
scanner was obtained. A promising area is the search for an incomplete fingerprint, since often
in practice there is only a part of the fingerprint to search for matches.

The system has worked out three algorithms for analyzing audio recordings to solve the
problem of biometric identification by voice.
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TYJIFAHBI KOII TAPAMETPJII BUOMETPUSJIBIK COUKECTEH/IIPY

M.C. B.]macxapl’z, AT. Ma3aK0Bal'2, T. K. Ma3alc031‘2, I.C. BaﬁpﬁeKOBaz, M.T. Opl,mﬁal?i2
1KP BFM FK AknaparThiK jkoHE €CenTeyill TEXHOIOTHIIap HHCTUTYThI, Ammatsl, KazakcraH,
2On-Dapabu aremare Kasak yITThIK yHHBepcuTeTi, AnMatsl, Kazakcran
ORCID: 0000-0002-3013-6617
87071160626 @mail.ru

AnnpaTna. Makana agaMHBIH OeT-oNIieTi, caycak i37epi jkoHe MaybIChl OOMBIHIIIA OMOMETPHUSITBIK
COMKecTeHNIpy KyHeciH JaMbITyFa apHajFad. AjaMabl TyJira OOWBIHIIA  OHOMETPHSIIBIK
COMKeCTeHIIPY/IIH aKmapaTThIK OeNriliepi peTiHIe aylJaHbl MEH KeJIEMiH €CKEpeTiH ajaM OeTiHiH €Ki
OIIIIIeM/Ti JKOHE YIII eNIIeMIi chiarTamaiapbl KoiaaHbputanpl. [lopTperTiH aybIcysl, (OTOCYpeTTepaiH
OpTYpIIi MacITalObl JkoHE COHKECTEHIIPIIETIH TYJIFAHBIH KelOeyl CHSKThI KYOBUILICTAp/Ibl eCerKe aty
YIIiH KYpAETi CoKeCTeHIIpy ajJrOpuUTMi Kacasbl.

Caycak i3mepi apKbUIbl aJamibl OHOMETPHSUIBIK colikecTeHmipy yurin fpmlOa ckanepi xoHe
Arduino mukpokoHTposuiepi KoJmaHbuiamsl. ColikecTeHaipy Oenrinepi caycakTarbl MNalUUIAPIIBIK
OpHEKTEP/IiH KYPBUIBIMBIH TaJlIayFa HET13/AeNTeH  NaUISIPIIBIK OPHEKTIH TYP1 MEH TYp1; HAITHIUTSPIIBIK
CBI3BIKTAp aFbIHJAPBIHBIH OaFbIThI MEH KeJNiOeyi; OpHEKTIH OPTAIbIK YITICIHIH KypbUIbIMBI, Jlensra
KYPBUIBIMBI, OpPTAIbIK NeH Jlenmpra apachHAarbl MAaNMIUIAPIBIK CBHI3BIKTAP/BIH CaHBI KoHE Oacka 1a
KOMTeTeH Oenrinep.

Anamibl 1aybICTICH OMOMETPHSIIBIK COMKECTSHIIPY YIIIH ayIu0 yKa30auap bl CaHIbIK OHCY JKOHE
tangay ymin MFCC sxone PLP amroputMmaepi xonmmanbutaael. Ceiiyieyai aKyCTHKAIBIK Tajlgay YIIiH
apTypiii AJroputMep KOJIIaHbLIa bl )KacklpblH MapkoB Mojenbaepi, ['ayce yaecTipiMaepiHiH KOCTIACHI
Mmozeni. JlaybICThl COMKeCTeHIIpy MaKCaThIHAA COMICY TOHAIIBUIBIFBI MEH COWHIeY Ma3MYHBIH aHBIKTAY
motkeci ambiaabl. Visual FOXPro JIKBXK-ae "xeke TyaraHbl OHOMETPHSUIBIK COMKECTEHIIPYIiH KOIl
napameTpJii aBTOMaTTaHABIPbUIFaH XKyiieci” a3ipiaeHai.

Kinrrik ce3aep: akmapaTTbl KOpray, €Ki eJIIeMJIi oHE YILI eJIeMl CypeT, COMKEeCTeHIIpY,
HaNWUIPIBIK 6PHEKTED, AaybIC CUIIATTaMAachl, alaMHBIH COWMIIEYl, aKy CTUKAIBIK MOJICIIBACY .

MHOTI'OHTAPAMETPHYECKASA BUOMETPUYECKASA UWAEHTU®UKALIUA
JUYHOCTHU

M.C. 9mmackap*?, A.T. Ma3zakosa'?, T.JK. Ma3zakos'?, I.C. BaiipGexosa’, M.T. Opbin6aii’
"NucTuTyT HHPOPMALIMOHHBIX 1 BRMUCIUTENbHBIX TexHonoruit KH MOH PK, Anmarsi,
Kazaxcran,
?KazaxcKuil HAIIMOHATLHBIH YHUBEPCUTET UMeHH alb-Dapabu, Anmarsl, Kazaxcran
ORCID: 0000-0002-3013-6617
87071160626 @mail.ru.

AnHoTanusi. CraTtbs mNOCBALIEHA pPa3pabOTKE CHUCTEMBbI OHOMETPHYECKON HIASHTU(HUKALUN
4yelioBeKa MO JWIly, OTHeYaTKaM Manblla W Troiocy. B KadecTBe HWHQOPMATHBHBIX MPU3HAKOB
OMoOMeTpHYecKoil HICHTH(UKAIMN YelToBeKa II0 JIMIYy HCIIOJIb30BAaHBI JBYMEPHBIE M TPEXMEpHBIC
XapaKTEPUCTUKH JIMIAa YESJIOBEKA, YUMTBHIBAIOIIME ILIONIAAb U 00beM. J[s yueTa Takux sIBICHUH, Kak
CABHUI TIOPTpETa, pa3Hbli MacmTad ¢ororpaduil ¥ HAKIOH HIESHTHU(UIMPYEMOro jiuua, pazpadoTaH
CJIOKHBIN aJITOPUTM UACHTH(PUKAIHH.

s OroMeTpuueckoil uIEHTU(PUKALIMH YETOBEKa 10 OTIIEYaTKaM IMalbLEB HCIOJIb30BaH CKaHEp
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FPM10A wu muxpoxonTpoiuiep Arduino. MneHTHdHKaNMOHHBIE NPU3HAKK OCHOBAaHBI Ha aHAJM3e
CTPOEHUS NaNWIISPHBIX Y30pOB Ha Hajblie: TUI U BUJ HAWUIIPHOTO y30Pa; HallpaBJieHUe U KpyTH3HA
MIOTOKOB NANWUISIPHBIX JIMHUIL; CTPOEHHE LEHTPATIBHOIO PUCYHKA y30pa; CTPOSHUE J1E€JIbTh; KOIUYECTBO
NANWUIIPHBIX TUHANA MEXKIy HEHTPOM U JIeTbTOH U MHOYKECTBO IPYTUX MPU3HAKOB.

Jlnis GnoMeTpuieckoi UASHTH(GHUKAITUY YeJIOBEKa TI0 TOJIOCY HCTONb30BaHbl anroputMbl MFCC n
PLP ans nudpoBoii 00paboTku 1 aHann3a ayauo3anuceid. Jiis aky CTHUECKOTo aHalli3a peur IPUMEHEHBI
pazIuYHbIe AJITOPUTMBL CKPBITHIE MApKOBCKHE MOJENH, MOJEIb CMECH I'ayCCOBCKHX pacHpeleieHUH.
[lonmy4yeH pe3ynabTaT OMNpEAETCHUS TOHAIBHOCTH PEYM M COJEPKATEIBHOCTH pevd JUlsl IIeJier
unentnpukamuu no roiocy. Ha CVYBJl Visual FoxPro paspaborana «MuoronapaMerpuieckas
ABTOMAaTU3HMpPOBaHHAA CUCTEMA 6HOMeTpH‘IeCKOﬁ I/IIIeHTI/I(bI/IKaHI/II/I JIMYHOCTHN).

KaroueBble cioBa: 3ammra uHGOpPMAlMM, JBYXMEpHOE M TpeXMEpHOe H300pa)eHue,
WACHTU(PUKALNUS, TalWUSIPHBIE Y30pPbl, XapaKTepUCTUKA TOJI0ca, YEIOBEUeCKasi pedb, aKyCTHYECKOE
MOJIEJIMPOBAHUE.
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AnnoTtanus: C 1osiBlIeHHEM HOBBIX TPeOOBAaHHI BPEMEHU K Ka4eCTBY 00Opa30BaTeNIbHBIX YCIYT,
Ha KOTOpOE€ BIHSIET ynpaBlieHHE B (DYHKIMOHMPYIONMX OM3HEC-TpoIleccax — M3yYaluch MMEIOLIMECs
HCCJIC/IOBAHUS B 00JIACTH pacIpeIeieHHs] PECypCcoB IPU YIPABICHHH CIOKHBIME Ipoueccamu. Crenan
0030p OCHOBHBIX MOHSTHH, PUBECHA KIacCU(HUKAIHS 3a/1a4 PACIPEICNICHUs] PECYPCOB H METOOB MX
pemenus. [lo myOnuKamusiM MOXHO CKa3aTh, YTO HA MPOTSHKEHUHM OOJBIIOTO BPEMEHH aKTyaJIbHBIMU
OCTAIOTCSl BOIPOCHI YIPABJICHHS B OpPraHU3alUsIX Ha OCHOBE 3()(EKTHBHOTO paclpe/IeieHns] PeCypCoB.
[IpuMeHsITUCh MHOTO TOJIXOJIOB M METOIOB Ul PEIICHHs 3ahad B 3Toi oOmactu. B maHHOW craThe
HPOBEJCH aHAJIM3 OMyOJIMKOBAHHBIX CTAaTed MO MPOOJIIEMHBIM BOIPOCAM PACIPEACIEHHs PECYpCOB B
opranm3anusix. OnpeneneHa GoOpMyIHPOBKAa 3alaud YIPaBICHHS paclpeelleHHEM pecypcoB IIpU
opraHuzaliy y4eOHOro mporecca, TpeOyromas pa3pabOoTKh HOBBIX IOJXOJOB W METOJIOB —
TUIAHUPOBAHUE ONITHMAIIBHOM y4eOHOM HAarpy3KH MpernoiaBaTess NPy 3aJaHHbIX OTPAaHUYCHUSX.

KaroueBble cji0Ba: pacrpeneneHue pecypcoB, CIOXKHBIE IPOLECCHl, METOJbl ONTHMH3AIHH,
yIpaBlieHHE, IUIAHAPOBAHUE, IPUHSTHE PSLICHHUH.

BBenenue

B n1060if opraHuzanuy OAHONM M3 aKTyaJbHBIX M CJOXKHBIX MpoOIeM SBISETCS
pacnpenenenue pecypcoB. HecMoTpsi Ha KauecTBEHHBIM CKa4OK B MH(pOpMATHU3allMH BY30B U
nepexosia Ha HOBBIE METOJABI YIpaBJieHUs, AN MEHEeIKMEHTa 3Ta mpobiemMa ocTaercs
aKTyaJbHOM, TaK KaK KacaeTcs NPHUHATHS PEIICHHUs, IJIaHUPOBAHUS M ydeTa PECypcoB B
pa3IUYHBIX OM3HEC-Tporieccax, GyHKIMOHUPYIONNX B OPTaHH3AIIHH.

[Tox cinoBoM «pecypcy» MPUHATO MOHUMATh MPOJOIKUTEIHLHOCTD UCTIOIB30BAHMS KaKOTO -
TO 00BbEKTa UM 00BEM PabOTHI, BHIIOJIHEHHON 00BEKTOM O MOMEHTA JOCTH)KEHUS. UM HEKOTO
MpeeIbHOT0 COCTOSIHUS, MPU KOTOPOM JalibHEelIee UCIOIb30BaHuEe 00BEKTa HEXKeNaTeIbHO
Wi HeBO3MOKHO [1]. CylIecTBYIOT NPUHATHIE TMOJOXKEHHUS MO Pa3leJICHHI0 PECYPCOB IO
CBOMCTBaM U KJIacCU(UKALMSIM: TI0 PeaIbHOCTH CYILECTBOBAHNUS; 10 BO3MOKHOCTH PACIIUPEHUS
CBOMCTB (ITOCTPOEHMSI HEKOTOPOTO BHUPTYaJIBHOIO pecypca); MO CTEHNEHH AaKTUBHOCTH; I10
BPEMEHHU CYIIECTBOBAHMS (OTHOCUTEJIBHO IPOLECCOB, HUX HCHOJB3YIOMIMX); IO CTEHEHU
BKHOCTH; 110 (PYHKIIMOHATBHOU U30BITOYHOCTH (TIPU paclpeIeIeHUN PECYPCOB); IO CTPYKTYPE;
10 BOCCTAaHABIMBAEMOCTH; 110 XapaKTepy HCIOIb30BaHUS; 10 opMe peann3aluu.

Pacnpenenenne pecypcoB Mpu yIpaBIE€HUU OPraHU3aMENd — 3TO ONPEEICHHBIA METO/I
MJIAaHUPOBAHUS ~ OM3HEC-TIPOLIECCOB, MOApasyMeBaromuid  3(PpPEeKTUBHOE  HMCIOJIB30BAHUE
MaTepUaJbHBIX LIEHHOCTEH, KaipoB U (pUHAHCOBBIX cpeacTB. OCHOBHAs 3ajjaua 3aKiI04yaeTcs B
MaKCHMaJbHO DPAaBHOMEPHOM paCHpENICIEeHUH PEecypcoB Ha MPOTSHKEHHHM KaxJaoro OusHec-
mpoliecca, YToObl UCTIOJIb30BaHNE PECypCOB OBUIO MaKCUMAIIBHBIM 03 OOJBIINX MepernaioB B
MHTEHCUBHOCTH UX UCIIOJIb30BAHUSI.

Pacnipenenenue pecypcoB cuuTaeTcs OAHOM M3 CaMbIX CJOXKHBIX M TOBCEIHEBHBIX
npo0iieM IpU YIpaBJIEHUU OpraHU3aluedl W B OOJBIIMHCTBE CIydaeB MpEACTaBIseT cOOOi
couetaHue MpoONeM IUTAHUPOBaHUS U TPUHATUS pemeHui. OcOOEHHOCTh MpeCTaBISIET
JIOCTaTOYHO CJIOXHAs U TUHAMHYHAS CpeJa MPUHSITUS PELICHUM, a TakKe HaJu4Khe pa3IndHbIX
OTPaHUYHUTEIBHBIX TapaMeTpoB (Mo cdepe NeaTeTbHOCTH OpraHu3allii, BPeMEHHbIE MEePUOIbI

29


https://orcid.org/XXXX-XXXX-XXXX-XXXX
https://orcid.org/XXXX-XXXX-XXXX-XXXX

O HEKOTOPBIX BOMPOCAX PACIIPENETICHHS PECYPCOB TIPH YIIPABICHHH CJIOKHBIMHU TIPOIIECCAMHU
M.Arici, XK. Takenosa

NESITeIbHOCTH, MAaTepHUajbHBIX, COLUANBHBIX M  (PUHAHCOBBIX), BO3HHUKAIOIIUX IPH
byHKIIMOHUpOBaHUM Ou3Hec-mpoueccoB. Heo6XxonuMo MoguepKHyTh, YTO 3TO OTHOCHUTCS KO
BCEM OpraHM3alMsIM HE3aBUCUMO OT UX MOIIHOCTH U ypoBHs pa3BuTus. Cdepa nesarenbHOCTH,
CTaTyC, MOIIHOCTM W IOJUTHKA OpraHu3aluu OyIyT BIUSATb Ha METOJbl paclpeieaeHus
pecypcoB.

ITocTaHoBKa M peleHNe 3a7a4 pacipeeeHHs pECypCOB SIBISIOTCS OJHUMHU U3 TPYAHBIX
BOIIPOCOB B 00JIACTH MPUKIAJHON MAaTEMATUKH.

3aiauu pacnpeeieHnus PeCypcoB OTHOCST K ONITUMHU3AIIMOHHOMY TUITY M PACCMaTpHUBAIOT
JUISL Pa3NMYHBIX TUIOB MPOBOAMMBIX pPaboT. M3BecTHO, Ype3BbUAHO OOIBIIOE YHCIIO
pa3HOOOpa3HBIX MOCTAHOBOK JAaHHBIX 3a/lay, KOTOpPhle MOXHO Kiaccu(uuupoBaTth, pa3dus Ha
TPU OCHOBHBIE IPYMIBI B 3aBUCUMOCTH OT IPUHUMAEMOT0 KPUTEpHUs ONTHUMAJIBHOCTH U BHJA
orpaHuyeHui [2]:

- 3aJayd paclpesesieHUs] pecypcoB, NpU KOTOPOM 0OOecreynuBaeTcs MHMHMMM3ALMS
BPEMEHHU OCYIIECTBJICHUS NMPOBOJUMBIX pabOT NP BHINOTHEHUM 3a/laHHBIX OIpaHUYEHUI Ha
UCIIOJIb3yEMbIE PECYPCHI;

- 33/1a4¥ paclpeieleHns peCcypcoB, IPU KOTOPOM YIOBJIETBOPSIETCS HAMITydlllee 3HaUeHUe
HEKOTOpPOro IIOKa3aTessi KadecTBa HCIOJIb30BAaHMSI PECYpPCOB INPU  3aJaHHBIX CPOKax
BBIMIOJIHEHUSI NPOBOAMMBIX padoT, dYalle BCEro B JaHHOW IIOCTAHOBKE IMPOU3BOIUTCS
MUHUMH3ALUS MAaKCUMaJIbHBIX 3HAU€HUH NOTPEOIIIEMbIX PECYPCOB;

- 331a4d pacHpeleNeHus] PeCypcoB B CMELIAHHBIX MOCTAHOBKAaX, I€, Hampumep, it
HEKOTOPBIX OM3HEC-TIPOIECCOB MUHUMU3UPYETCS] BpeMsl BBIIIOJHEHUS TPOBOAUMBIX paboT MpH
3aJJaHHBIX YPOBHSX MCIIOJB3yEMbIX PECYpCOB, a A JAPYTMX — MHUHUMH3UPYIOTCS YPOBHH
noTpebIIeHNs PECYPCOB IIPU 3aJIaHHBIX CPOKAX BBIIOJHEHHS padoT.

MeTtoasb! pemieHust

[TpunsTas K1accupuUKaIUs METOIOB PEUICHHs 3a7a4 paclpeaeTeHus: pecypcoB. MeToIbl
peuieHusl pa3fessioT Ha METOJIbl MaTeMaTH4YeCKOro MpOorpaMMHUpPOBAHUS, dBPUCTUUYECKUE U
KOMOWHHPOBaHHBIC.

MeTtonpl MaTeMaTH4YeCKOro  NPOTpaMMHUPOBAHHUSI  PEIIAIOTCS C  MPUMEHCHHEM
[EJIOYUCIIEHHOTO ~ JIMHEWHOro,  HEIMHEHHOro, JAMHAMUYECKOr0 W CTaTHCTUYECKOTO
nporpamMMupoBanus [3]. B ocHOBe 3BpUCTHYECKHUX METOJIOB JIEKAT IBPUCTHUYECKUE MpPaBUIIA,
TakhMe Kak METOJ  IIOCJIEIOBAaTEIbHOTO  (POHTATBLHOTO  pACHPEACIICHUS,  METOH
MOCJIEI0BATENBHOTO PACTSDKEHHS, METOJI TOCJIeI0OBATEIbHON KOPPEKTUPOBKU IUIaHA ©U T. .
KoMOuHMpOBaHHBIE METOJBI PEIICHUs 3aJay pacIpeiesieHHs PeCypCcoB OCHOBBIBAIOTCS Ha
COYETAHUHU METOJJ0B MATEMATUUECKOTO MPOTPAMMUPOBAHHUS U SBPUCTUYECKUX METOJIOB U MOTYT
OBITh YCJIIOBHO pa3/iefieHbl Ha CIAEAYIONIUE TPYIIIIbL:

- METOJbl, UCIOJIB3YIOLIME PEe3yJbTaT PEUICHHUS 3aJaud 3BPUCTHUECKUMU METOJAMH B
KayecTBE MCXOAHBIX JaHHBIX JUIS JajdbHEHIIEro peuleHHs C ITOMOIIbI0 METOJOB
MaTEeMaTUYECKOTO MPOrPaMMHUPOBAHNS;

- METO[bl, OCYIIECTBISIOUIME IPEABApPUTEIbHOE 3BPUCTHUECKOE pa30HMeHHE OCHOBHOM
3a/lauyd Ha YacTHbBIE 33JlayH, pelIaeMble METOJaMU MaTEMaTUYECKOr0 MPOrpaMMUPOBAHNUS;

- METO/IbI, HCTIOJIB3YIOIIHNE IBPUCTUUECCKHUE MTPaBUIIa IpH (GOPMHUPOBAHHUH YCIOBUI 3a1a4H,
penraemMoil MeToJjaMyu MaTeEMaTUYECKOTI0 MPOrpaMMUPOBAHUS;

- YCEUEHHBIE METO/Ibl MATEMAaTUYECKOTO TIPOrPaAMMHUPOBAHHUSI.

MeToapl pacnpefieieHusT PEeCcypcoB TaKKe MOMKHO pas3lesiuTh B 3aBUCUMOCTH OT
WHTEHCUBHOCTH TOTpeONIeHUsT pecypcoB. MeToIbl pacipeieieHus PeCypcoB ¢ MEPEMEHHOM
WHTCHCHUBHOCTBIO  TIOTPEONICHUS PECypCOB  MPEAINONIaraloT BO3MOXXHOCTh  HM3MEHEHHS
MHTEHCHUBHOCTHU MOTPEOJICHHS pecypca B TeUSHHE BBITIOTHEHUS TI0001 paboThl, 4TO MPUBOIUT B
KOHEYHOM HUTOTEe K COKPAIICHUIO MPOJOJIKUTEILHOCTH BBIMOIHEHUS! pa0OThl M K YBEJINY CHUIO
Kod(pHIMeHTa UCIOIb30BaHUus pecypca. B pesynbraTe pemieHUs JaHHBIX 3a]ad MOJIydaeTcs
3aBHCHMOCTh ONTUMAJIBHOTO 3HAUYEHUS MOTPEOHOTO pecypca OT MPOIOJIKUTEIHLHOCTH KaX10H
paboTHI B MOJICIIH.
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MeToasl pacnpefeneHuss PecypcoB C IOCTOSSHHOW WMHTEHCUBHOCTBIO MOTPEOIeHUs
pecypcoB, UCHOIb3yEMbIX Ha paboTax, MOXKHO pa3/eIuTh Ha JBE OOJIbIINE TPYMIbI: METOMBI C
(UKCHUPOBAHHONW WHTEHCHBHOCTBHIO MOTPEOJEHUS PECYypCcOB W METOABl C (PUKCHUPOBAHHBIM
JMana3oHOM BO3MO>KHBIX 3HaUYE€HUN HHTEHCUBHOCTEN NOTPEOIEHHS PECYPCOB.

[Ipn wucnonp30BaHUM METOJNOB C (PUKCUPOBAHHOW WHTEHCHUBHOCTHIO IOTPEOICHUS
pPECYpCOB 3apaHee 3aJ1aeTCsi HHTEHCUBHOCTh MOTPEOIICHUSI PECYPCOB U OCYIIECTBIISIETCS IOUCK
ONTUMAJBHBIX CPOKOB Hauajga U OKOHYAHUS padoT.

[Ipn ucnonb30BaHUM METOAOB C (PMKCHPOBAHHBIM JMANA30HOM BO3MOXKHBIX 3HAUCHHN
MHTCHCUBHOCTEH  TOTPeOJeHHUS  pPEecypcoB  OCYLIECTBISIETCS  MOUCK  ONTHUMAaJIbHBIX
MHTEHCUBHOCTEH MOTPeOJeHUsI pPecypcoB BHYTPU 3a/laHHBIX TUANAa30HOB, a TaKXKe CPOKOB
HayaJla ¥ OKOHYaHUsI pabOThI.

OOnacte NpUMEHEHHS 3aJady pPACHpEleNICHHs] PEeCypcOB OXBAaThIBA€T BCE CQepsl
JKU3HEACSITEIbHOCTH YeJIOBEKA U MIMPOKO PACIPOCTPAHEHA Ha MpaKTUKe. B mpukiagHoM miane
9TH 33741 OCBEIIEHBI U Y MHOTUX aBTOPOB. AKTUBHO pa3paldaThIBalvCh 331a4H pacpeieNeHus
pecypcoB B Poccun ¢ 1970-x To0B myTeM MOCTAaHOBKHU MPOCTHIX MO (GOPMYITHPOBKE 3a1ay U
MOJIETTUPOBAHUS IPOBEPKU PA3TUYHBIX MEXaHU3MOB.

OpraHu3anuy MOTYT HOBBICUTH 3PPEKTUBHOCTH BBIITOJIHEHUS OU3HEC-TIPOLIECCOB 3a CUET
IPaBUWJIBHOTO DACIPEAEICHUSI PECypcoB, a TaKKe OTO I03BOJSET YBEJIHWYUTH JOXOJ
OpraHU3aly, JOSUIbHOCTb PAOOTHUKOB, NOBBICUTh YJIOBIETBOPEHHOCTh KIMEHTOB. OAHUM M3
XOPOILIO UCCIIEIOBAHHBIX HANPaBIEHUI SBISETCS ONTUMAIBLHOE paclpeaeseHHE YeT0BEYECKUX
pPECYpCOB B OpraHU3alMd U UCIOJb30BAHME HX JIMYHBIX  HABBIKOB ISl 3(PQPEKTUBHOTO
BBITIOJTHEHUS] OPraHU3alMOHHBIX 0053aHHOCTEH.

B uccnenoBanuu [4] npeanoxkeHo MOACIMPOBAHUE PEAbHBIX YCIOBUH B OPraHU3aIMsX
Ha OCHOBE HEYETKOM Teopuu wurp. Mojaenb HCHOAb3yeT MHOTOAreHTHYI CHCTEMY,
NPUMEHSIONIYI0O COBMECTHYIO MWIPY MEXKIY MOAPA3IENCHUSIMU OpPraHMu3allii, C IEJIbI0
ONTHUMAJIBHOTO paclpeeNeHUs YeJIOBEUECKUX pecypcoB. B wurpe kaxxjaoe monapasaeiaeHue
MPEAOCTABISET MPEII0KEHHE MO MPOBUKEHHUIO CBOCH U APYTUX €AUHUI] TPOU3BOAUTEIBHOCTH.

Pazpaborana MOJIETIb, KOTOpas UCIIOJNIb3YeT
daz3udukaiuio s 00Jer1eHus UTPOBOTO Mporecca u YBEITUYCHHUS BEPOSTHOCTH
JIOCTHIKCHUS COTJIANICHUST B UTpe. Pe3ynbTarsl HCCe0BaHUN TMOKa3alu, 4TO 3(PPEKTUBHOE
yIpaBlIeHUE BITUSICT Ha MOBBIIICHHE MPOU3BOIUTEILHOCTH pacmtpeneeHui

YEJI0BEYECKUX PECYPCOB.

CoBpeMeHHBIEC OpraHu3alul  00JagaoT THOKUM U 3(PPEKTUBHBIM pearupoBaHUEM
Ha HEOXKUJaHHbIE cOObITHS. PaccMmarpuBas Takol KpPUTMUECKMH cCiyyaid, Kak BHE3allHOE
OTCYTCTBHUE YEJIOBEUYECKUX PECYPCOB, KOTOPOE HE OBbLIO YUYTEHO CYILECTBYIOIIMMU MOAX0aMH
K PAcIpeleNIEHUI0 PECYPCOB,  HMCCIEAOBAaTENM  IPELIararT MOAX0J, KOTOPBIM  IOBBICUT
3(p(PEeKTUBHOCTh TMHAMHUYECKOTO paclpeeIeHHs YeI0BEUECKHX PECYpCOB B UCKIIOUNTEIbHON
curyauun [5]. Ilpemiaraercs cUCTEMAaTHYECKUI MOIXOM, KOTOPBIA aHAIM3UPYET KYPHAIbI
cOObITUH /Ui BbIOOpa  HOAXOMALIMX  KaHAMJATYp Ha  3aMEHy, €CIM  HMEIoLIecs

YCJIIOBCUCCKUC PECYPChI CTAHOBATCA HCOOCTYIIHBIMU. OT0T noaxon HCIIOJIB3YECT
I/IHTCJIHCKTyaHBHbII\;I aHaJIM3 IMpOouCcCCOB U aHAJIM3 COLMAJIbHBIX cereit JJIA TIOJTYUYCHUS MCTPHUKH,
Ha3bIBAEMOM CTEIICHbBIO 3aMCIICHUA, KOTOpas HU3MEPAICT, HAaCKOJBKO OIIBIT

paboThI YETOBEYECKUX PECYPCOB MEPECEKAETCs], ¢ JBYX TOUEK 3PEHHS: BBHIIOJHEHHUE 3a1ad U
nepenavya pabotel. Hapsay ¢ MeTpuKoO#l TakkKe ONMPEAeISIFOTCS MOIXOASIINE KaHAUIaTypbl Ha
3ameHy. lMccrnenoBaHue moka3ano, 4YTO TakKOM MMOAXOM K MOJEIUPOBAHUIO ONpeaessieT
MOAXOJAIINE KaHIUAATYphl Ha 3amMeHy Oosee 3(pQPEeKTHBHO M TOYHO, YE€M CYIIEC TBYIOIIHE
METO/Ibl pacpeesIeHus, TaKue KaK pacrpeielieHue Ha OCHOBE pounei WIH
Clly4allHOE pacIpeleeHue.

UccnenoBanue [6] paccmarpuBaeT 3aaady paclpelelieHHs pecypcoB B Ou3HeC-
mporeccax, CouYeTalIUid B cede MpOIECCHbIM MaWHUHT, CTAaTUCTUYECKHE METOABl H
METa’BPUCTUYECCKHUE aAITOPUTMBI ONTUMHU3ANMU. B 1MaHHOW paboTe Mg MOJETUPOBAHUS
UCIIOJIB3YIOT aHaNW3 IMpollecca HMHTEIVIEKTYalbHOTO aHaiu3a WU CTAaTHUCTUYECKUE METObI
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MOCTPOCHUSI MMUTAMOHHOM MOJEAM MJisi TMOJYyYEHUs JOCTOBEPHBIX pe3ynbTaTtoB. [lis
HAXOXJCHUS ONTHMAJIBHOTO paclpefesieHusi 4YeJIOBEUEeCKUX pPecypcoB B OM3HEcC-IIpoleccax
UCIOJIb3YETCSl  YJIYUYUIEHHbI anroput™ auddepeHnuanbHOl  3BOMIOLMU € afanTanuei
nomyJsuuu. Anpo6anust MoJieau Obula IpoBeeHa Ha TPEeX pa3IndyHbIX HAa0Opax TaHHBIX, YTOOBI
POJAEMOHCTPUPOBATH OOIHOCTH MOJIX0/Ia, U IPOBECHO CPABHEHUE C PaHE e CYIIECTBOBABIINMU
CTaH/IapTHBIMU MOJX0JaMHU.

Muoroo0pa3ue memneit u 3a7a4 opraHu3aIii MPUBOAUT K TOMY, UTO JJIsl yIPABICHUS HX
(GYHKIIMOHUPOBAHUEM U pa3BUTHEM TPeOYyIOTCS ClielMajIbHble 3HAaHUS U UCKYCCTBO, METOIbI U
npuembl. B Hamie BpeMs akTyalbHOCTb MOJYYMIIM BOMPOCHI pacIpelesieHUus pecypcoB IpH
YOpPaBIEHUU CJIOXHBIMU OH3HEC-TIpOlLleCCaMU B OpraHU3alusix J1I000ro ypoBHA. CIOXHBIN
IIpOLECC NPEACTaBIsIeTC Kak OOBEKT, B KOTOPOM MOKHO BBIIEIUTh COCTaBIISIONINE,
COTJIaCOBAHHBIE U CBSA3aHHBIE MEXKIY COOOH 3aJaHHBIMH COOTHOIIEHUSMH, OOBEIUHEHHBIE B
€MHOE 1IeJI0€ 110 ONpPeIeIeHHbIM 3aKoHaM. CIlI0KHbIE MPOLIECCHl HENPEPHIBHO U3MEHSIIOTCS 1101
BO3JeiicTBUE WHGOpPMALMK, TMOTy4YyaeMOW W3 BHEIIHEH Cpeabl, HaXOAATCS B IOCTOSHHOM
Pa3BUTHU U TPEOYIOT 3P HEKTUBHOTO YIIPABICHHUS.

CrosxHbIe IpoIecchl MX PYHKIIMOHUPOBAHNE CTAHOBATCS BCe Oosiee pacpocTpaHEeHHbIM
00BEKTOM HCCIIEI0BaHUS B 00JacTU TEXHUKU M MH(POpMATHKU. B mccienoBaHusxX KOHEYHOMN
3ajayeil CTaHOBUTCS pa3paboTKa MOJENM aJeKBaTHOM wucciegyemomy mnporeccy. Ilox
aJIeKBaTHOCTbIO IOHHMMAlOT BEPHOE BOCIPOU3BEACHHE B MOJENU CBS3€H M OTHOIIECHUM
UCCIeyeMoro mnpouecca. MojeaupoBaHUEe UCCIEAyEeMOTO Ipoliecca IO3BOJAET YETKO
MOCTaBUTh 3aJauy SKCIEPUMEHTa M CHOCOOCTBYET aHajau3y ero pesyinbratoB. CpaBHEHHE
AKCIIEPUMEHTAJIbHBIX U MOJIETIbHBIX JIaHHBIX YCTAHABJIMBAET BIUSHUE HA PE3yJIbTaThl IIpoliecca
HOBBIX (JaKTOPOB WJIM POJIb PaHEE HE YUUTHIBAEMbIX SBJICHUH.

PaccmaTpuBas mpobiieMy pacrmpeaeiaeHusi pecypcoB, KOTOpas OOBIYHO BO3HHKAaeT B
OpraHm3alnusax C L[EeHTPAJIU30BAaHHOM CpEeNoM NPHUHATHS pELICHUN, HanmpuMep, B CETAX
CynmepMapKeToB, 0aHKax W yHHBepcHUTeTaX, B pabote [/] pa3paboTaH HWHTEPaKTHBHBIM
dbopManbHBI MOAXOMA, OCHOBaHHBIA Ha aHanm3e oOonouku AaHHbIX (DEA) m MHOTOIEIeBOM
nuHeitHoM mporpammupoBannu (MOLP), mis moucka Hambosee MpeamoYTUTENIFHOTO IJIaHa
pacnpenenenus. [Ipeanonaraercs, 4To pyKOBOACTBO 3aMHTEPECOBAHO B MAKCUMH3AI[UH 00IIEro
o0beMa MPOAYKIUH, NPOU3BOIUMON OTAETbHBIMU EIUHUIIAMH, IyTEeM BBIICICHUS UM
UMEIOLXCA pecypcoB. EmuHUIBI cMOTYT MOIuUIUPOBATh CBOE IPOU3BOJCTBO B
COOTBETCTBMU C TEKYIIEH NPOU3BOJCTBEHHOW BO3MOKHOCTBIK, YCTAaHOBIEHHOW B paMKax
ONpENENEHHbIX  MpeAnonoxeHuil.  PaccMmarpuBaroTcst — pasnuuHble  MPEIION0KEHUS
OTHOCHUTENIBHO OTJa4d OT Macmrada M CHOCOOHOCTU KaKIOW €IMHUIBl HU3MEHSTh CBOM
IIPOU3BOJICTBEHHBIN IUIaH. J|J1s1 WITIOCTpaMy MOAX0/1a UCIIOIb3YIOTCS YUCICHHBIE TPUMEPBI.

[loctpoena MaremaTtnueckass MOJENIb ONTHUMHU3ALMHM PACHPENEICHUs PEeCypcoB JUIs
COKpAILlEHUSI BPEMEHU MPUHATHS YNPABICHUYECKUX PEIICHUN M alrOpuTMOB pelieHHs oOiieit
3amaun  pacmpesenacHus pecypcoB B [8]. 3amaua  sIBISETCS  CIIOKHOW —TPEXypPOBHEBOM
KOMOMHATOPHOH 3ajaueil. B xoze penieHns paccMaTpUBAaeTCs HECKOJIBKO KOHKPETHBIX 3a/1ay:
OLICHKA JJIMTEJIbHOCTH BBINOJHEHHUS Ka)kKIOro JEHCTBHS B 3aBUCUMOCTH OT KOJIMYECTBA
UCIIOJIHUTENIe BHYTPH TPYTIBI, BHIIOTHSIONICH JaHHOE NEHCTBHUE; OIlEHKa OOIIET0 BpEMEHHU
BBIIIOJIHEHUSI BCEX JCHCTBUH B 3aBUCHMOCTH OT KOJIMYECTBEHHOIO COCTaBa TpYyIIl
UCIIOJHUTEIIEH; MOUCK TAKOro paclpellesieHUsl CyHIECTBYIOUIUX PECYpCOB HUCIOJHUTEIEH IO
rpyImnam, 4YTo0bl MUHUMHU3UPOBATh 001iee BpeMs BBIIIOJIHEHUS BCEX JEHCTBUMA.

JluHamuueckoe BBIJEIEHHE Hauboiee MOAXOJAIIEr0 pecypca JUisl  BBIIOJHEHUS
pa3NUYHBIX JCUCTBHI Ou3Hec-mpoiecca paccmarpuBaercss B [9]. st pemieHus: mpoOaeMsl
Hea(pHheKTUBHOTO pacnpeieieHHsT, KOTOPOE MOXKET IPUBECTHU K HEaAeKBAaTHOMY HCIIOJIb30BaHUIO
pecypcoB, Ooisiee BBICOKMM 3aTpaTaM WJIM HHM3KOH IPOU3BOJUTENIBHOCTH IpOILECCa,
MCIIOJIb30BAJIUCh PA3IMUHbIE TOAXOAbl: METOJbl HWHTEIJIEKTYaJbHOTO aHajlu3a JdaHHBIX,
BEpPOSITHOCTHOE paclpeiesieHHe WM Jaxe pydyHoe pacrpezaeneHue. MccnenoBarenu
pazpaboTanu MeTo 1, MOAIEPKUBAIOIINI pacpe/ieieHne PECypcoB Ha OCHOBE MHOTO(aKTOPHBIX
KputepueB. bbuta mpemiokeHa CTpyKTypa JUIsi peKOMEHAAIMK paclpe/esieHnus pecypcoB Ha
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ocHoBe Process Mining, kotopas BHIIOJIHAET PEKOMECH/IAIIMIO HA YPOBHE MOAIPOIIEcca, a He Ha
ypOBHE jaeicTBHil. Mojaens — 310 KyO mporecca pecypcoB, KOTOPBIH MPEI0CTaBiIseT THOKUI,
pacmmMpsieMblid ¥ JCTAJbHBIA MEXaHU3M sl aOCTparupoBaHUS HMEIOLIEHCS WHPOPMALUH O
MPOILIBIX BBITOJTHEHHBIX MpoIeccax. BoIYMCIAETCS HECKOIBKO METPUK C YUETOM Pa3TUUHBIX
KpUTEPUEB VISl TOJyYEHHUS] OKOHYATEIBbHOTO PEKOMEHIATENbHOIO PaHXUPOBAHUS Ha OCHOBE
anroputma BPA.

B 3akmrouenne 0630pa NpuUBOAMM HCCIIEIOBAaHNUs, IPOBEJACHHBIE B 00JIACTH YIIPABICHUS B
OopraHu3anusax 00pa3oBaHUS, I/I€ PEATU3YIOTCS CIIOXKHBbIE OW3HEC-NPOLECChl, KaK OJHOM W3
aKTyaJbHBIX TEM, pACCMAaTPUBAEMBIX HACTOSIIIEE BPEMSI.

HccnenoBanue KUTaNCKUX YYEHBIX B pabote [10] pu
OIIEHKE paclpeiefieHHsi pecypcoB B cuctemMe oOpa3oBanusi B [lekuHe cpenud  BBICHIMX
npodeccroHaNbHBIX KOJUIEIKeW NPUBENO K pa3paboTke M BHEAPEHUIO B CTpyKTypy TOPSIS
(Technique for Order Preference by Similarity to an Ideal Solution) metoaa suTponnu. Meton
ompenenseT Beca IOKaszaTeneill pacmpeneneHus oOpa3oBaTeNbHBIX pecypcoB. PesynbTaThbl
BBISIBWIM, YTO MOXET OBITh JIOCTUTHYTO HEPaBEHCTBO B pacIpelieIeHHH PECypCcoB Ha
oOpa3zoBanue B 00MacTd NpopecCHOHAIBHON MOATOTOBKH MEXKIY Pa3NIUYHBIMU BBICIIMMHU
npodecCuOHANBHBIMUA KOJUTe[KaMu B [lekuHe W pe3ynbTaTbl MOTYT OBITH HCIOJIB30BAaHBI B
KaueCcTBE OPUEHTHUpPA ISl yIYUIICHUS PacClpeIesiCHUs PECYPCOB U YBEIUUYCHUSI WHBECTHUIINI B
obOpa3zoBanue B 061acTH Mpo(PecCHOHATBHOMN MOATOTOBKH.

B HUCCJIEIOBAHUH [11] OCHOBHOMH LHEBI0 cTajia
ONTUMU3ALIMS pACTIPE/ICTICHUS YETOBEYECKHUX pecypcoB B XOpBaTCKOM
CHCTEME BBICHIETO 00pa30BaHUsl B COOTBETCTBUM C HECKOJBKUMHU LIEJISIMHU, CBSI3aHHBIMU
¢ paboueii Harpy3Koil HMX MPEernojaBaTeIbCKOr0 M HCCIEI0BATEILCKOIO MEepCoHala, CBOJAA K
MUHUMYMY OTKJIOHEHHWE OT IIOCTaBJICHHBIX II€JICH, OMPEJCIICHHBIX B COOTBETCTBUU C
XOPBAaTCKUMH TIpaBWJIaMH BBICIIETO oOOpa3oBaHus. [ls pemieHus: TOCTaBJICHHOW 3amadu
NpeUIaraeTcsi UCMOIb30BaHUE LETOUYHUCICHHON 1eJIeBOM MOIEIU MPOrPaAMMHUPOBAHUS C LEIIbIO
Hax0>KJIeHUS ONITUMAJIbHOTO pelieHus, MpEACTaBIECHHOTO C y4eTOM KOJMYECTBa
nmpernojaBaTeNieldl M HcclefoBaTelell B mpeaenax Kaxaoi kadeapsl BEIOpaHHOTO (aKyibTeTa.
Monenb npuMeHeHa K onpeaeaeHHOMY (GaKyabTeTy, HO MOXET ObITh PUMEHUMA K JIIOOOMY
JIpyroMy xopBaTtckomy (akynbreTy. [IpenctaBieHbl CpaBHEHHUS pa3IUYHBIX MOJENeH
ONTHUMAITBHBIX PENICHUH, TOJIYYeHHBIC JJIs PA3HOT'0 KOJIMYECTBA pPAacCCMaTPUBAEMBIX IIEJICH.
[IpennoxeHHass MoOAENb, MO MHEHHUIO MCCIE€NOBaTeNeld, 00ECIeYUT ONTUMAJIbHBIN YPOBEHb
MpenoJAaBaHus U UCCIEI0OBATENBCKUX MO3UIINI, YUUTHIBAsS MHOYKECTBEHHBIE 1€, C aKIIEHTOM
Ha HBOJIIOLIMIO U TIPOTPECCUI0 HA HHAMBUIYATbHOM YpPOBHE, OJHOBPEMEHHO obOecrneunBas
HaWTyyYlllee KaueCTBO JJIs CTYIEHTOB, a TAK)K€ KOHKYPEHTHYIO U IPUOBLIBHYIO paboTy y4eOHOro
3aBEJICHUS.

B cdepe oOpasoBanus B Hacrosimiee Bpemsi HaOmrogaercs Oonbllas KOHKYPEHIHS, U
MEHE/DKMEHT HAMNpaBJICH Ha MAKCHMH3AlWI0 PE3yJbTAaTOB IMPOU3BOIUTEIBHOCTA U JPyTHe
MOJIOKUTENbHBIE A(PQEKThI, TOJYYEHHBIE OT HX Ba)XXHEHIIETO pecypca MpodheccopcKo-
MPEnoAaBaTeIbCKUX KaJpOB, U B TO K€ BPEMsI MUHUMHU3HPOBATH MPOU3BOICTBEHHBIE 3aTPaThl U
npyrue norepu. OCHOBHbBIE pacCMaTpUBAEMBbIE 3a/1aUuld — 3TO MOCTAHOBKA LIENIEd U Pa3IudHbIX
OrpaHMYEHUN TIPU ONTUMHU3ALMHU TPENOJAABATEILCKON W HCCIEIOBATEIbCKOW HArpy3Ku
npodeccopcko-mpenoaaBaTeaIbCkoro  cocraBa.  Uro  BHOJHE  JIOTHYHO, TaK  Kak
YeJI0BEYECKUE PECYPChI IPEACTABIAIOT CO00I BaKHEHIIMH pecypc M KamurTaia Ui ycrexa
m000W OpraHMU3aIfK, TTOCKOJIBKY OHHM TEHEPUPYIOT 3HAHWs, HABBIKH, CITIOCOOHOCTH U OIIBIT,
KOTOPBIE OTINYAIOT OPTaHU3AIUHU U MOTYEPKUBAIOT NX KOHKYPEHTHOE MPEUMYIIIECTBO.

AHanu3upys ucciaefgoBanus [12] momydaem B3IJIsiT Ha CUCTEMY MEHEKMEHTa KayecTBa
MpeIOCTaBlIeHUs 00pa30BaTeNbHBIX YCIyT, B KOTOPOW Ipeaaraercsi TOOUThCS 3aKperieHUs
MPUHIIMIIA IPUHATUS PELICHUH, 0a3upYIOLIETOCsS Ha aHAIN3€e TAHHBIX U MH(QOopMalluu, UCKITI0Yast
BOJIIOHTApU3M U aBTOPUTApPHOCTh. B maHHON paboTe pemaeTcst 3ajada MPUHATHS PEHICHUS O
pacmpeeNieHny Harpy3Ku MeIy MpernojaBaTesiMu B cleayrouleil moctaHoBke. Mccnemyerces
opranmzarusi ydeObHoro mpomecca B BVY3e. IlpemonmaBatenu mnpenonaroT IUCIHUILUIHHBI
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cryneHtam. [1o KakI0i TUCHUILIUHE CTYICHTBI JOJDKHBI IPOUTH KypC, Ha KOTOPBIH B Y4eOHOM
IJIAaHE OTBOJMTCS HEKOTOPOE KOJHMYECTBO YAaCOB. DTH y4eOHBIC YaChl COCTABIISIOT HATrPy3Ky
npenogaBatencii. Jlomyckaercs, 4yto Ha Kadeape pabOTarOT HECKOIBKO IIPEIojaBaTelici,
HEKOTOPBIC U3 HUX MOTYT BECTH HECKOJIBKO MPEAMETOB, HEKOTOPHIE - TOJIBKO OAuH. TpedyeTcs
pacnpenennTh Harpy3ky MEXAy MNpenojaBaTelisiMd ONTUMAIbHBIM B HEKOTOPOM CMBICIE
obpazom. [lnst pemieHus 3aadud MOCTPOCHA MOMAENb: CHOPMHUPOBAH DPA3yMHBIA KpHUTEPUil
KauecTBa pachpeAelicHUus Harpy3Kd; BBIOpaH METOJ NPHHITUA pEIIeHHs. 3a KpUTepuit
pacnpenesieHdsl Harpy3Kud TMPUHUMAETCS KOMIETEHTHOCTh MpenojaBaresis B KOHKPETHOM
mucuummie - Gy, KOMIIETEHTHOCTh  TPEJCTABIAETCS  KOMIUIEKCHBIM — KPHTEPHEM,
YYUTBHIBAIOIIMUM Psii  (PaKTOPOB, KOTOPBIC MOJAAIOTCS HEMOCPEICTBEHHOMY BBIYHCIICHHIO.
BBomsiTcst  orpaHuYeHuUs: Harpy3ka JIOJDKHa OBITh pPaBHOMEPHO pachlpeneficeHa MEexIy
MpernoiaBaTesIsIMU, WMEETCS OrpaHMYECHHE Ha MAKCUMAJIbHYI0O W MHHUMAJbHYI0 Harpys3Ky
Mpero1aBaTeNsl B CEMECTpe; NMpenogaBaTelib He TOJHKEH BECTH OOJIbINEe OJHOW JNUCIUTLIAHBI Y
OJHOM TpyIIbl OJHOBPEMEHHO. PelieHue 3agauv ONTUMAIBHOTO pPACIpENesieHUs Harpy3Ku
CBOJIMTCS K PELIEHUIO 3a/1a4l O PACIPEACICHUH PECYPCOB IIPHU 3aJaHHBIX OrPAHUYEHUSX

L:Zi Z] Cij*Xij — max, (1)

rJie Xij — KOJIMYECTBO YaCOB, OTBECHHBIX HA I-yI0 TUCHHUILIHHY.

Eme oauH mnoaxon K pelIeHUIO 3aJauyd  paclpeieleHUuss Harpy3kd MExKIy
npenojaBaTensaMu ucnonbdyercs B [13]. Moaens 6a3upyercs Ha IpenCcTaBICHUU BCEX TUIIOB
pabor kadeapbl B KauyecTBE AUCKPETHOTO MHOXKECTBA PECypCOB, KOTOpbIE HEOOXOIUMO
pacmpenenuTh MeXIy MpenojaBaTesssMu Kadeapsl B COOTBETCTBUU C MPHUHATHIME B BY3e
JONYIIEHUSIMU U OTpaHUYEHUsAMU. B KauecTBe peuieHus npeanokeHa MoJAeb pacipeaeraeHus
OTPaHUUYEHHBIX PECYpPCOB MEXJy OOBEKTaMU CHUCTEMbl Ha OCHOBE MATpPHUIl MEPCOHAIBHBIX
BECOBBIX KOX(PPUIIMEHTOB KaXJ0ro H3 OO0BEKTOB C 3aJaHHBIMU OrpaHuueHusMu. Jlns
ONTHMAJIFHOTO paclpe/iesieHusl 4acoB Kadeapsl MOJACIUPYIOTCS pa3IMyHble BapUAHTHI, Yepe3
M3MEHEHUs HUCXOAHBIX JaHHBIX. 3ajada: Bapbupys paclpeleleHHEM IUIAHUPYEMBIX 4YacoB
Harpy3ku kadeapbl MexIy ee npodeccopcko-npenoaaBaTeIbCKUM COCTAaBOM IO CEMECTPaM,
HEoOX0IUMO TakuM 00pa3oM CIUIaHMpOBaTh Y4eOHBIM mpouecc, 4YTOObl HauOoblIee
KOJIMYECTBO YacOB IO MPHUOPUTETHBIM THMaM paboT Ha3zHayaloch Hanboyiee KOMIETEHTHBIM
IpernojaBaTesisM C Y4YeTOM pPaBHOMEPHOCTHM HX 3arpy3ku B ydeOHOM rony. Hckmouas
OBPUCTUYECKUNA METOJ JJIsl pElIeHHs MOCTaBICHHOW 3aJadyM MpeJuiaracTcs MaTeMaTHdecKas
MoJienb A1 (popMann3aluy NpoLeayp COCTaBICHUsI BApUAHTOB paclpeieleH s Harpy3Ku, Kak
U1l oTHenbHbIX Kadenp, Tak u BY3a B nienom. BBoasitcss orpanunuenus: 1) nepenaBaemasi Ha
Kadeapy Harpyska paccMaTpUBaeTCs KaKk COBOKYITHOCTb aOCTPaKTHBIX BUJIOB padoT, KaXAbIi U3
BUJIOB pabOT CONEP>KUT KOHKPETHBII HaOOp THIOB paboOT C COOTBETCTBYIOIIMMHU OOBEMaMH
4acoB; 2) M0 KaXXI0OMy U3 TUIIOB paboT IS KakI0TO M3 MpernojiaBareiei kadeapsl 3a0ar0Tcs
MEPCOHANbHBIE BECOBbIE KOIDOUIIMEHTH, YyYUTHIBatOMmKE 3(PPEKTUBHOCTh BBITOJIHEHUS
KOHKPETHBIM MPENoaaBaTesieM 3TOTr0 TUIa paboT; 3) KOJIMYECTBO BbIIaHHBIX Ha Kadeapy yacoB
JOJKHO OBITh pPaBHO KOJMYECTBY 4YacOB, pACHPENEICHHBIX MEXIy HpodeccopcKo-
IpernoaBaTesIbcKUM cocTaBoM Kadeapsl: X = R; 4) o0beM ayIUTOPHBIX 4acOB Y HEKOTOPBIX
npenogaBaTeneil (Harpumep, mpodeccopoB) He TOKEH MPeBbImaTh N% OT 00IIero KOJIn4ecTBa
Ha3HAYEHHBIX eMy 4acOB: Xupop, ayn < Xoow * N * 0,01; 5) o6beM yacoB mpenogaBaTens Ha
y4eOHBII ro/1 HEe TOJDKEH MPEBBIIIATh CPEAHUI 00hEM T'0OJI0BOM MHAWBHAYAIbHON HArpy3KH IO
BY3y Gonee uem Ha n%, X =L=2;;Y; Cjj*xj; = max, < Xogm * N * 0,01; 6) xematensuo

o0ecrieunTh paBHOE pacrpejiejicHne o0beMa YacoB IS I-T0 MperojaBaTelis B OCCHHEM H
BECEHHEM ceMeCTpax Xigecennnit = Xi,ocennuii /) JIEKIIUU 110 KOHKPETHON AUCIUIUIHHE HA KaXKIOM
MOTOKE JOJDKEH YUTaTh OJIMH MpernojaBaTeib; 8) yachl MO B3aMMOCBSI3aHHBIM THMaM padoT
Ka)XI0ro M3 BUIOB pabOT OJKHBI OTAABaTbCsd OJHOMY IpernojaBareiio; 9) HeoOxoanmo
CTPEMUTHCSI K MAKCUMAJIbHOHN OJTHOPOJTHOCTH PACTIPEICTICHUS YacOB, T.€. YTOOBI HAa KaXKI0TO U3
npernojaBaTesiell MPUXOAUIOCHh KaK MOXKHO OOJbIlIe YacOB OJHOrO THMa. J{is pemeHus 3anauu
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ONTUMAJIBHOTO paclpeieIeHUs YaCOB MO KayKIOMY U3 TUIIOB paboT JUIsl KayKJ0T0 MPenoiaBaTesis
IpeUIaraeTcsi HCIOJb30BaTh alapaT TEOPUH UTP M CBECTH K PEHICHUIO MOJIU(MHUIIM POBAHHON
3aJja4M pacIpeeseHs pecypcoB, KOT1a paboThl (4ackl 10 TUITY paboT) pacpeAestoTC MEXay
HECKOJIbKUMHU MPEIOIaBaTeIIsIMH, 8 B KAYECTBE XapaKTEPHUCTHK, OTPAYKAIOIINX UX JIEATSIBHOCTD,
OyZyT HUCHOJB30BATHCS MEPCOHAIBHBIE BECOBble KO3((HUIMEHTH. B KkauecTBe OCHOBHOM
1eJIeBOM (DYHKIIMM TpeJyIaraercsl MpUHATh MAaKCHMHU3AIUIO TTOKa3aTelis B3BELICHHON OICHKU
IUTaHUPYyeMOro o0beMa paboT Kadeapsl B 11€JIOM 3a CYET ONTUMAIIBHOTO paclpeeIeHus YacoB
MEXy BCEMH IperoiaBaTessiMu. [IpenogaBaTeneil ynopsiiouuBaoT B OPsAKEe yObIBaHUS MX
NEPCOHATBHBIX KOAPPHUIIMEHTOB I KaXI0TO U3 TUIIOB pabOT M MOCIEA0BATEIFHO HA3HAYAIOT
UM MaKCHMaJIBHO BO3MOYKHOE KOJIMYECTBO YACOB JI0 TEX MOP, TIOKa He OyIeT pacrpeieieH Bech
00BeM pador.
3akiaoueHue

PaccmoTpeHHble 3amauM, M HpeiJlaraéMble MOAXOJbl NMPUMEHHUMBl HAa HPAKTUKE JUIS
ONTUMAJIBHOTO pacHpeesIeHUs Harpy3Ku Mex 1y npenoaBaTeiasiMu. Ficxoas U3 npakTHYECKOro
ONbITa CJeayeT OTMETUTh, YTO HE pPACCMOTPEHa Takas IIOCTAHOBKA 3aJayd, KOTAa IpH
pacmpeneieHuy Harpy3Kd MEXAy IperoAaBaTeNIIMi YYUTBIBACTCS pPACIpeAe]IeHne TaKoTo
KOJINYECTBA YacOB, KOTOPOE YAOOHO /JIsi COCTaBICHUS pacnucanus 3ausatuii. Hampumep, BBeas
HOPMATHUBHI 10 KAXKIOH TUCIHILINHE, YIUTHIBAIONIEE y100CTBA JUIsl COCTABICHHUS PACIIUCAHUS
3aHATUHA — 00BEM ay IUTOPHOIO (OHJA U KOJIMYECTBO MpenojaBaresiell no aucuumiuge. Takxe,
YUUTBIBasE COBPEMEHHBIE TPEHIbl INPHU OIpPEICICHUH KauecTBa OOpa30BaHUs, AaKTyallbHO
paccMOTpeTh HOBBIC MOJIENH OIPEIENIEHUs IEPCOHATBHOIO Beca Ka)10ro MperoaaBaTess JUls
KaXJI0W MPEIoIaBaeMOM TUCIUILIINHBL.
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Annotation: With the emergence of new requirements of the time for the quality of educational
services, which is influenced by management in functioning business processes, existing studies in the
field of the resources allocation in the management of complex processes were studied. An overview of
the basic concepts is complete, and classification of the resources allocation problems and methods for
their solution is present. According to publications seems, that for a long time the issues of management
in organizations based on the effective resources allocation have remained relevant. Many approaches
and methods have been applied to solve problems in this area. This article analyzes published articles on
problematic issues of the resources allocation in organizations. The formulation of the task of managing
the resources allocation in the organization of the educational process, which requires the development of
new approaches and methods - planning the optimal teaching load of the teacher with given restrictions,
has been determined.

Keywords: resource allocation, complex processes, optimization methods, management, planning,
decision-making.
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Anparna: XXymbic >kacaldiTeiH Ou3Hec-TipouiecTepai Oackapy eTeTiH OutiM Oepy KbI3METTEpiHiH
camachlHa jKaHa YaKbIT TallalTapblHBIH Maiijga OOJNybIMEH KypJelli TporlecTepli Oackapy Ke3iHJe
pecypcrapabl Oeny callachlHAAFbl Kazipri 3epTreyiiep kepceriaeni. Herisri yFeiMmapra Moy jkacaliibl,
pecypcrapapl 0ery MiHAETTEpI MEH OJIap/bl My SAiCTepiHiH KikTemyi kenTipinai. XKapusmanemmmap
OOMBIHIIA Y3aK YaKbIT OOIBI pecypcTapibl THIMIL 06y HeTi3iHae YWbIMaapaarsl Oackapy Macenenepi
e3ekTi Ooibin Kanma Oepexai nen aiftyra Oonazapl. Ocbl canagarbl MiHIETTEpl LIENIy YILIIH KONTEreH
Tocinaep MeH dficTep KongaHbuAbl. byn mMakanana yiieiMaapaa pecypcrapisl 0emyniH mpoOieMalbik
Mocesenepi OOWBIHINA >KapHsUIaHFaH Makajanapra Taniay >Kyprisiiai. OKy mOpoleciH YHBIMIACTHIPY
Ke3iHJe pecypcTapapl Oemyni 6ackapy MiHACTIHIH JKaHa TOCULAEP MEH dicTepai - OepuIreH meKTeynep
Ke31HJIe OKBITYIILIHBIH OHTAWIBI OKYy JKYKTEMECIH Kocmapiayabl o3ipieyi Tajal eTeTiH TY KbIPhIMBbI
AWKBIHIAIIEL
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