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Creation of Alternative Solutions for Recovery
of Railway Objects in an Emergency Situation

PhD A. K. Chernykh

Saint Petersburg Military Order of Zhukov Institute
of the National Guard Troops
of the Russian Federation
Saint Petersburg, Russia
nataliachernykh@mail.ru

Abstract. The technology of forming alternative solutions for
the restoration of railway facilities, the destruction of which is pre-
dicted as a result of an emergency, using the mathematical appa-
ratus of cluster analysis is proposed. The estimation of the depend-
ence of the validity of this decision on the number of options for
these alternative solutions using the mathematical apparatus of
probability theory is proposed. The mathematical apparatus of an-
alytical geometry used in the implementation of the proposed tech-
nology makes it possible to form a fairly simple scheme for choos-
ing preferred solutions, in contrast to the more complex preference
schemes used in decision theory and in the theory of artificial in-
telligence. The validity of the solution is defined as the degree of
approximation of the developed solution to the optimal solution.

Keywords: emergency situation, decision to restore railway
facilities, alternative solutions, validity of the decision, cluster
analysis, probability theory.

INTRODUCTION

We describe the technology of forming and clustering al-
ternative solutions for the restoration of railway facilities,
the destruction of which is predicted as a result of an emer-
gency (in the following presentation — alternative solutions).

The organizational and technological decisions that
should be made in the framework of restoring destroyed ob-
jects can be considered: the distribution of the resource of
restoration materials between these objects; the choice of
routes along which it is necessary to deliver restoration ma-
terials to them; the order of delivery of restoration materials
to these objects, and others.

Note that as a result of an emergency, there may be re-
strictions on routes to destroyed objects, both in terms of
their number and their capacity.

The possibility of forecasting alternative processes of resto-
ration of destroyed objects based on the proposed universal ap-
proach will help to improve the efficiency of their restoration,
and, therefore, in our opinion, gives relevance to this article.
Within the framework of the proposed technology, we will
consider a conceptual scheme for forming alternative solu-
tions for the restoration of destroyed objects.

Figure 1 shows a conceptual scheme for the formation of al-
ternative solutions for the restoration of destroyed objects.

Note that all the blocks shown in figure 1 should be im-
plemented in the form of a software shell for an automated
workplace (APM) of an official who makes a decision to re-
store destroyed objects.

Let's give a conceptual description of the blocks shown
in figure 1.

PhD A. I. Dergachev, PhD S. A. Dergachev,
PhD O. N. Kuranova

Emperor Alexander I Petersburg State Transport University

Saint Petersburg, Russia

d_ader@mail.ru, deburg@mail.ru, olga kuranova@mail.ru

Interface organization block Hit control unit
with GIS, DB, BZ in the area of acceptable
solutions

Block II
interface
organizations <:::>
with ACDSee

Unit process control
the formation of the variants of alternative solutions

1l 1l

Block for creating Calculation and modeling
alternative solutions block

Fig. 1. Conceptual scheme for forming alternative solutions

In this scheme GIS — geographic information system,
DB — database, BZ — knowledge base, ACDSee is a system
for visualizing graphic documents.

Within the framework of the proposed technology, the
main block is the control unit for the technological process
of forming alternative solutions.

The specified unit shall be designed as a control proce-
dure that implements the functions: the organization of pro-
duction, control the admissibility and assessment of the ef-
fectiveness of the generated variants of alternative solutions;
the organization interface with GIS, databases, knowledge
bases and the application ACDSee (used for visualization of
graphical information) in order to obtain the characteristics
x (= 1,n) variants of alternative solutions (under charac-
teristics will be to understand the parameters (inputs) to pro-
duce solutions and indicators (outputs) characterizing the so-
lution) and formation of alternative solutions in the form of
electronic maps of GIS applications.

The latter means that we will also understand the alternative
solution as a map data.

In addition, the functions of the block are: saving an alterna-
tive solution for restoring a destroyed object in the form of an
electronic map in the geoinformation system; displaying all the
locations of one of the elements of alternative solutions on the
current electronic map and then deleting unnecessary options for
this element from the current electronic map; issuing the speci-
fied alternative solution option in the form of an electronic map
on the display of the official making the decision to restore de-
stroyed objects (LPR).

Humennekmyanvnovle mexnoaozuu na mpancnopme. 2020. Ne 4 5
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It is extremely important here that the use of the proposed
technology of an automated information and calculation sys-
tem included in the corresponding automated control system
will allow you to visualize the dynamic components of the de-
veloped options for alternative solutions on the display devices
of the relevant officials, as well as get a detailed display of the
real situation in the framework of creating a simulacrum sys-
tem (by simulacrum, we will understand software and hard-
ware that create the impression of reality, displaying part of
real phenomena and properties in a virtual environment).

Design and simulation block of the technology in question
implements the formation of the basic version of the solution
that is most probable for a given situation (algorithm and sim-
ulation calculations for the formation of a basic solution for
transport network is given in e. g. [1]).

The control block for getting into the range of acceptable
solutions is designed to implement the clustering problem [2]
of alternative solutions.

SETTING AND SOLVING THE PROBLEM

The verbal statement of this problem is formulated as fol-
lows. Given a set of K objects (variants of alternative solu-
tions) ¢ (K = {¢}), on this set there is a partition into a finite
number of subsets (classes) K; i = 1,2, K = UZ, K;, where
K; (K,) is the class of acceptable (invalid) solutions.

Objects ¢ are defined by the values of some characteristics
Xj, J = 1,7 (this set is always the same for all objects). Each
of the characteristics can take values from different sets of ac-
ceptable values — [aj, bj], where a; (b)) is the minimum (max-
imum) acceptable value of x;. You must distribute the gener-
ated ¢ objects into two disjoint classes.

In [3], it is postulated that a unified algorithm for dividing
objects into classes cannot be developed in principle. The pro-
posed division is based on cluster analysis, which allows clas-
sifying objects depending on the compactness of their represen-
tations in the feature space, taking into account the a priori es-
tablished measure of proximity — distance [4].

For the problem statement formulated in the article, classes
K; and K, are separated by a hyperplane that has the form

n
Zi:m;:s ci X x;+cdx,+d° =0, (D)

where Xx; is the characteristic corresponding to the output variable
«Directive deadline for completion of restoration work on a de-
stroyed railway object», and its value t)" must set the point of
orthogonal intersection of the Ox; axis with the plane (1), and
also satisfy the equation

tor = —%

cd”

The specified plane divides the set of alternatives into two
classes: the class of acceptable alternatives — K, located to
the left of the hyperplane (1), and the class of invalid alterna-
tives — K, located to the right of this hyperplane. The crite-
rion for getting an alternative solution in class K; is a positive
value of the criterion indicator:

n
Zi:l,i::s Cixxi"":g (xs—tp")

JZ?=1 Ci

@

al(xq, %9, ..., X)) =

In order to translate the values x; , x,,...,x, into a single
measurement scale, we will normalize them in accordance with
the formula

_min
Xj—Xj i

ax;nin v ] = 1,7’1,

Vi =

m

Xj

where x; and y; are the non-normalized and normalized values
of the j-th characteristic, the meter;

xjmi" and x;"** — minimum and maximum values of the j-th
characteristic, meter.

Then it is simple enough to determine the nearest options
for alternative solutions based on minimizing the distance be-
tween them. For example, you can use any of the following as
the distances between two alternative solutions (V;, and 1},,):

— Hamming distance [5] —

1
PV V) = =0y —3™;

— Euclidean distance —

1 k 2
ASE ;\/Z}Ll (0 =y™),

where y]-(k) and y]-(m) are normalized characteristics in the char-

acteristic space, and essentially in the parameter space.

It should be noted that not all options for alternative solu-
tions that fall into class K, should be excluded from considera-
tion some of them can be adjusted in one way or another, which
we do not stop here, and introduced into class K.

Thus, it can be stated that the mathematical apparatus of
analytical geometry used in the implementation of the pro-
posed technology makes it possible to form a fairly simple
scheme for choosing preferred solutions, in contrast to the
more complex preference schemes used in decision theory
and in the theory of artificial intelligence.

In this regard, we also note the ways of forming alternative
solutions proposed in [6, 7].

We present an approach to determining the effectiveness of
a decision to restore a railway facility, the destruction of which
is predicted as a result of an emergency (hereinafter referred to
as the decision), in terms of the validity of this decision.

We will determine the nature of the dependence of the va-
lidity of the developed solution on the number of alternative
solutions developed by the LPR even before their implementa-
tion. The validity of the solution is defined as the degree of
approximation of the developed solution to the optimal solu-
tion. Let's take a probabilistic approach to assessing this valid-
ity as a basis. It allows you to determine in a formalized form
the dependence of the validity of the specified decision on the
number of alternative solutions developed by the LPR. Accord-
ing to the proposed approach, the validity of a decision is de-
fined as the probability of choosing the optimal solution — P.

Then the validity of the decision to restore railway facilities,
the destruction of which is predicted as a result of an emergency,
when considering m options for alternative solutions has the form

axtﬂ
Ppo=1-(1-P)"=1—-e "t, 3)
where ¢, is the time spent by LPR to develop one alternative
solution for the restoration of railway facilities, the destruction
of which is predicted as a result of an emergency, hour;

Humennekmyanvnovle mexnoaozuu na mpancnopme. 2020. Ne 4 6
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t,, — the total time allocated to develop a solution for the resto-
ration of railway facilities, the destruction of which is predicted
as a result of an emergency, and the LPR spent on developing
m options for alternative solutions, hour;

a — equal to the expression n(1 — P;), number;

P; — the probability of choosing the optimal solution (in frac-
tions of units) when considering one alternative solution, deter-
mined by the formula

1 1 _E\"
Py=2xPy==x(1-e72), (4)

where P.; — the probability of choosing a solution that devi-
ates from the optimal one by an amount not exceeding A,
a fraction of units.

€ — the maximum deviation of the control parameter from its
optimal value, the meter;

A — the average square deviation of each control parameter
from its optimal value, the number;

n — is the number of optimized control parameters, the num-
ber.

Comment. Let's give some explanations on calculating the
probability P;:

— this formula is one of the terms of the total probability
formula P, = Z:Z 1 pig plp , in which pltg is the probability of
the hypothesis — the choice of the optimal solution will be car-
ried out when considering i options for alternative solutions,
plp is the probability of choosing the optimal solution when con-
sidering i options for alternative solutions;

— probability p?, it is advisable to calculate by the formula

e\ _&
(1—6_2) , and not by the formula l_[?zl(l—e Ai),

in which ¢; is the maximum deviation of the i-th control param-
eter from its optimal value, and 4; is the average square devia-
tion of the i-th control parameter from its optimal value, due to
the need to expand the search area for the optimal solution as
much as possible.

Calculations of the validity of the decision to restore railway
facilities, the destruction of which is predicted as a result of an
emergency when considering m options for alternative solu-
tions show an increase in this indicator, which can be illustrated
in figure 2.

AP
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07
06 064
05 0.57

047

07

04
03
029
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01

huil
»
L

0 1 2 3 4 5

Fig. 2. Dynamics of the decision validity indicator

Note that the degree of increasing the validity of the decision
can also be determined using the methods given in [8—10].

We emphasize that the fact of increasing the validity of the
decision made with an increase in the number of developed (pre-
pared and analyzed) LPR options for alternative solutions also
indicates the relevance of the article.

CONCLUSION

As a conclusion, we note that in the article:

- the article considers the actual method of forming and
clustering alternative solutions for improving the efficiency
of solutions for the restoration of railway facilities, the destruc-
tion of which is predicted as a result of an emergency;

- an effective scheme for choosing preferred options for al-
ternative solutions is proposed, in contrast to the more complex
preference schemes used in the theory of artificial intelligence
and in the theory of decision-making;

- given the approach to assessing the validity of decisions
on the restoration of rail facilities, the destruction of which is
projected by a disaster, based on which it is easy to develop
a computer program, for example, means presented in [11].
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Co31aHue aJIbTEPHATUBHBIX pellleHUi
10 BOCCTAHOBJICHUIO KeJIE3HOIOPOKHBIX 00bEKTOB,
pa3pylieHre KOTOPbIX IPOrHO3UPYeTCs
B pe3yJibTaTe Ype3BbIYaAHOM CUTYallUH

K.T.H. A. K. UepHbIx

Canxr-IlerepOyprckuii BoeHHBIH opaeHa XKykosa
MHCTUTYT BOMCK HALIMOHAJIILHOM I'BapANH
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Annomayusa. IlpeanoxeHa TexHoJ0rusi GOpMHUPOBAHHUA AJIb-
TePHATUBHBIX PpelIeHUil BOCCTAHOBJICHUS JKeJE3HOJOPOKHBIX
00bEeKTOB, pa3pyllleHHe KOTOPLIX MPOTrHO3UpYeTcsl B pe3yabTaTe
aBapuy, ¢ MCHOJb30BAHHEM MATeMATHYECKOIo ammapara KJia-
cTepHoro aHanusa. Ilpenno:keHa omeHka 3aBHCHMOCTH 00OCHO-
BAHHOCTH IAHHOT'0 PellieHHs 0T KOJH4eCTBA BADHAHTOB 3THX AJIb-
TePHATUBHBIX PelICHHH ¢ HCHOJIL30BAHHEM MATEeMATHYECKOrO
anmnapaTta TeopHH BeposiTHOcTell. MaremMaTHyeckuii anmapatr
AHAJIUTHYECKOl TeoMeTpPUH, HCIOJIb3yeMblil IIpH pealu3anuu
NpeJI0KeHHOIl TEXHOJIOTHH, M03BOJsieT cOPMHPOBATH J0CTA-
TOYHO NMPOCTYIO CXeMy BbIOOpPa NMpeaNOYTUTEIbHBIX pelleHHii, B
OTJIHYHE OT §oJiee CI0KHBIX CXeM NpeInoYTeHn i, HCIO0JAb3yeMbIX
B TeOPHH NPHHATHS PellIeHUH U B TEOPHH HCKYCCTBEHHOT0 HHTeI-
JeKTa. Jl0CTOBepHOCTD peleHNsI onpeeisieTcsl KaK cTereHb NpH-
OJIMKeHHMs] Pa3pa0oTAHHOIO pelieHHUs K ONTHMAJIBLHOMY pelle-
HHIO.

Knioueevie cnoga: upe3pblyaiiHasi CHTyallusi, pelieHHe 0 BOC-
CTAHOBJIEHHH 00BEKTOB 7KeJIe3HOI0OPOKHOI0 TPAHCIIOPTA, ATbTEp-
HATHBHbIE pelleHHs, 000CHOBAHHOCTh peIleHNs], KJIACTePHBIH
aHAaJIN3, TEOPHSI BePOSITHOCTEN.
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MeTtoauka pa3padoTku
HHTEJUIEKTYAJIbHBIX CPEACTB NMPOEKTHPOBAHUS
ABTOMATU3MPOBAHHBIX CHCTEM YyIIPaBJICHUSA
TE€XHOJIOTMYECKUMHU MPoueccamu

k.T.H. A. B. CamonoB
Boenno-kocmuueckas akagemus umenu A. @. Mosxkaiickoro
Camnkr-TlerepOypr, Poccus
a.samonov@mail.ru

Annomayus. CoBeplIEHCTBOBAHME TEXHOJIOIMii NpPOMBILI-
JIeHHOU pa3pa0oTKU aBTOMATU3HPOBAHHBIX CHCTEM YIIPABJICHUS
OPraHU3alHMOHHO-TEXHOJOTHYEeCKHMH IpoLeccaMd M TexXHH4Ye-
CKMMHM KOMILJIEKCAMH OCYILeCTBJIsIeTCSl B HANpaBJeHHH CO3/a-
HHUSl W MHCHOJb30BAHMS CHENHATM3UPOBAHHBIX NpPeAMETHO-
OPHEHTHPOBAHHBIX A3bIKOB H HHTEJVIEKTYAIbHBIX CPEICTB MOA-
JepP5KKH MPOLEecCOB Pa3padoTKH CHCTeM OMpeeeHHOro J0CTa-
TOYHO Y3KOro KJacca M KOHKPeTHOI mnpexMeTHOii o0JacT.
HamnbGonee Ba)kHBIMH U CJI0KHBIMH SIBJISIIOTCSA BONPOCHI OCTPOe-
HHUSl KOHUENTYAJAbHOW MoAeaHM INpeIMeTHOil o0jacTu U pa3pa-
00TKM aJeKBAaTHOI0 H ONTHMAJIBHOrO HaGopa cpeacTB ee op-
MaJILHOTO onucaHus. B craTbe mpeacTaBjeHbl METOAbI U Cpei-
CTBAa peIleHMsl 3THX BONPOCOB HAa OCHOBE 3aJa4YHO-
OPHCHTHPOBAHHOI OHTOJIOTHH, APXHTEKTYpbl 3axMaHa U
cpeacrB npoekta Eclipse Modeling Project. [Ipumenenne pa3pa-
00TaHHOI METOAMKH U CPeJCTB ee pealu3aliy MO3BOJIUT COKpa-
THTb CPOKH M NOBBLICHTh Ka4eCTBO Pa3padaTbIBaeMbIX CHCTEM.

Kniouegvie cnoea: aBTOMATH3HPOBaAHHbIE CHCTeMbI
ynpasjeHHus, BajJuJanus W BepuHKanus, MeTaMOIeJIHPO-
BaHHe, NPeIMETHO-OPHMEHTHPOBaHHbIe si3bikH, DSM-pemenne,
DSM-niatgopma.

BBEJIEHUE

OnHOM M3 NPUOPUTETHBIX 3ajad JOJrOCPOYHONH Mpo-
rpammbl  pa3Butus OAO «Poccuiickue jxene3Hble TOpOTH»
no 2025 ronga smiseTcs pa3paboTka M BHEIPEHUE HA CETH
xKene3nblx gopor Enunoit UarennexryansHoit CucTtemsl
VYrnpapneHuss W aBTOMAaTHU3aIUM TPOM3BOJCTBEHHBIX TMPO-
neccoB Ha JKenesnomopoxuom Tpaucmopre (MCYXT) [1].
Coznanne n mpumenenne MCYXXT mosBomur peaan3oBaTh
CKBO3HBIE IU(POBHIE TEXHOJOIMH OpTaHM3alUM Iepe-
Bo3ouHoro mpormecca («ludpoBas sxenesHas goporay) Ha
OCHOBE €AMHOTO WHGPOPMAIMOHHOTO TNPOCTpPAHCTBA JAJA
OpraHu3alMd U JIOTHCTUKU TPY30BBIX U MaCCaXXKUPCKHUX Ie-
PEBO30K, UTO MOJDKHO NPUBECTH K TMOBBIMLEHHIO 3(PPEKTUB-
HOCTH HCIOJB30BaHUS HH(PaCTPYKTyphl M KadecTBa Ke-
JIE3HOJOPO’KHBIX MepeBO30K. st pa3pabOTKH CUCTEM TaKO-
ro Macmrada U ypoBHS CII0)KHOCTH HEOOXOJHMMO HCHOJIB30-
BaTh TEXHOJIOTHH, METOJBI M CPEJCTBA CUCTEMHON WH)KCHE-
puM, OCHOBaHHOW Ha (OPMANBHBIX MOJEIAX U METoJax
moxenupoBaHus  (Model-based  systems  engineering,
MBSE). Haubonee W3BECTHBIMH CHCTEMaMH, IIOCTPOCHHBI-
MH Ha OCHOBE J3THX TEXHOJOTHH, KOTOpPBIE AKTHBHO H
YCIEIIHO MCHOJIB3YIOTCS B aBUAaLIMOHHOM M KOCMHYECKOM
oTpaciu, aBTOMOOMIIECTPOCHNUH, JKEJIE3HOIOPOIKHOM
TPAaHCIOPTE, DHEPTETUKE, B BOEHHO-NPOMBIIUICHHOM KOM-

miekce, spustorcs: IBM Rational Rhapsody Developer [2],
Sparx Enterprise Arhitect [3], MASIW [4].

[lpuMeHeHne 3TUX TEXHOJOIMH Ha NPaKTHUKE CIEP>KHBa-
eTCsl KaK CyOBEeKTUBHBIMU, TaK U OOBEKTHBHBIMH (pakTOpa-
MH, OOYCJIOBICHHBIMH WX YHHBEPCAJBHOCTBIO H BBICOKOU
CJIO’KHOCTBI0 OCBOECHMs. OIHUM M3 HAaINpaBIEHUH CHUDKEHUS
BIMSIHUSL 3THUX HETaTHUBHBIX (paKTOPOB SABISCTCS CO3IaHHE
CHETNAaN3UPOBAHHBIX IPEIMETHO-OPHEHTUPOBAHHBIX SI3BI-
KOB W CPEICTB WHCTPYMEHTAJIBbHOW TOIAECPKKH HPOIECCOB
CO3MaHMSI CHCTEM OIPEAENEHHOTO JOCTATOYHO Y3KOTO
KJacca W KOHKPETHOH mpeaMeTHoO obmactu. [IpeamerHo-
OPHMEHTHPOBAHHBIC S3bIKH 0O0Jee BBIPA3UTEIbHBI, HMOHSATHEI
n yAOOHBI [N NPHUMEHEHHS pPa3IHIHBIMH KaTETOPUSIMU
M0Jb30BaTeNed, MOCKOJBKY ONEPUPYIOT MNPUBBIYHON MJIsS
HUX TepMuHOJorued. OOecneueHHblE aJeKBaTHBIMH U
anpoOUPOBAaHHBIMU METOJUKAMH U PEKOMEHAalUsSIMH, KOp-
PEKTHO BHEJPEHHbIE B CYLIECTBYIOIIMH MM YCOBEpIIEH-
CTBOBaHHBII TIpoliecc pa3pabOTKH Takhe KOMIUIEKCHI, ITO-
ny4uBimme Has3Banme DSM-pemennii (Domain  Specific
Modeling), cymiecCTBEHHO TOBBHIMIAIOT 3(PYESKTUBHOCTh H
pPe3yNBTaTHBHOCTH PadOT IO CO3JAaHHMIO CIOXHBIX MPO-
rpaMMHO-TEXHHYeCKUX  cucteM. IIpumepamu  DSM-pe-
mennit sBisitorcsi: AUTOSAR [5], SIGNAL V4 [6].

B Hacrosmei craTtbe MpeAcTaBICHO OINKUCAaHUE METOJIH-
ku paspabotku DSM-pemenus, npenHa3HaAYCHHOTO s
pa3paboTKu MPOrpaMMHOTO OOeclmedeHuss aBTOMAaTU3UPO-
BaHHBIX CHUCTEM YIpPaBIECHUS NPOU3BOJICTBEHHBIMH MpOIEC-
caMH Ha Kele3HomopoxxHoM TpaHcmopre (IIO ACY
IIITDKT) Ha ocHOBe TexHoJIOTHMH U cpenacts npoekra Eclipse
Modeling Project (EMP). Ilocnenyromiue pasmeibl CTaTbhH
MOCTPOCHBI cleAymmuM obpa3oM. B mepBoM pasgene
MIpeACTaBIIEHbl PE3yJIbTaThl aHAJIM3a COBPEMEHHBIX METO/IOB
u cpenacts paspabotkm  DSM-penieHuii, omnpeneraeHs
HauboJiee MPEIIMOYTUTEIBHEIE HHCTPYMEHTH U TOPSIOK MX
mpuMeHeHus g paspabotkn DSM-pemenns, npenHasHa-
yenHoro s co3panus 110 ACY IITDKT. Bo Bropom pas-
JieJie TIpeCTaBICHBl OCHOBHBIE ITAIlbl METOJIUKH pa3palboT-
ku DSM-pemieHnss Ha OCHOBE TEXHOJIOTHMH M CPEACTB NpO-
exta EMP. B TperseMm paszgene maHO ONHCAaHHUE crerudu-
KaIlud KOHIENTyalbHOW MOAENM TMpeAMeTHOH obnactu
ACY IIIDKT. B uerBepTOM pa3sieine MpeacTaBiIeH MOPSIOK
pa3paboTKkM  MOAEIM U TIPpaMMAaTUKd  [PEAMETHO-
OPHEHTUPOBAHHOTO S3bIKa M HHCTPYMEHTAJIbHBIX CPEICTB
DSM-pemienus. B 3akiioyeHuM OTMEYEHBI OTJIIMYUTEIbHBIE
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0COOEHHOCTH PACCMOTPEHHOTO B CTaThe MOJXO0Ja K co3la-
Huto DSM-pemenusi, npeacTtaBieHbl OCHOBHBIE JOCTOHH-
CTBa M TOJOXHUTEIbHBIE J(P(PEKTH €ro NPUMEHEHUS I
paspabotku I1O ACY IIIDKT.

AHAJIM3 COBPEMEHHBIX MCCJIEJJOBAHUIA U PABOT
B OBJIACTU CO3JAHIS 1 TIPUMEHEHUA
CIIEHMAJIM3MPOBAHHBIX SA3bIKOB
1 CPEJACTB BU3VYAJIbBHOI'O MOJAEJIMPOBAHUSA

B aHMIOS3BIYHBIX HCTOYHMKAX INPEIMETHO-OPHEHTHU-
pOBaHHBIC S3BIKM M CpeACTBa PabOTHl C HUMHU IIOJYYHIH
HasBauuss Domain Specific Language (DSL) w DSL Tools
COOTBETCTBEHHO, a B KOMIUIEKCE CO Cpelod MOJAeInpoBa-
wust Domain Specific Modeling — DSM-pemenne. B obna-
ctu co3nanus DSM-pemiennii st BU3yaJIbHOTO MOJEIUPO-
BaHMA W  TPOCKTHPOBAHHUS  CJIOXKHBIX  IPOTPAaMMHO-
TeXHUYCCKUX CHCTEM B HACTOSIIEe BpeMs aKTUBHO pabo-
TAIOT HAayYHO-HCCIEI0BAaTEIbCKHE HMHCTHUTYTHI, KOMMepdUe-
CKME U HEKOMMEpYECKHMEe OpraHH3allld, OTHAENbHbIE KOJI-
JIEKTUBBI HccienoBaTened U nmporpaMMucToB. IlomydyeHHbie
B X0J€ 3TUX paboT pe3yabTaThl UCIOIB3YIOTCI B TAKUX 00-
JIaCTAX, KaK YyIpaBlIeHHE KOCMUYECKUMHM KOMIUIEKCAMH H
amnmapataMy, aBTOMOOWIBbHAS NPOMBINUICHHOCTD, KEJIE3HO-
JOPOXKHBIH TPAaHCIOPT, POOOTOTEXHHUKA, MPHOOPOCTPOCHHE,
MHKPO3JIEKTpOHHKa, oOecnedeHne WHGOPMaIMOHHONH Oe3-
OTIaCHOCTH, MEIHWIMHA, 37paBooXpaHeHue u ap. Kak moka-
3aJ1 TIPOBENEHHBII aHaln3, OCHOBHBIM CIIOCOOOM pa3palboT-
ku DSM-pemrennii sBiIsieTcss WX TeHepanus Ha 0Oase HEKO-
TOpoi Oojee yHHUBEpPCAJIBHOI CHCTEMBI, KOTOpasl Ha3bIBaET-
cs DSM-mnatdopmoit. B mHacrtosmee Bpems Hamboee
(YHKIMOHATBHBIME M AaKTUBHO HCIIOJIB3YEMBIMH SBIISIOTCS

PaspaboTka
rpaMMaTHKM A3bika
KonuentyansHas Xtext u Xbase
mogers | | T

e et
I
h 4

CoapaHue Paspabotka

rpacmyeckoro
npeacTaBneHns
GMF

npoekta DSML
(EMF, GMF, Xtext)

cienyromue DSM-mnatdopmel: MetaEdit + [7], MS DSL
Tools [8], MPS (Meta Programming System) [9], Eclipse
Modeling Project (EMP) [10]. DSM-mmatdopma IO3BOJISAET
CHEIU(PUIIIPOBATh MOJEIh M TPaMMATHKy NpPEIMETHO-
OPHEHTHPOBAHHOTO $3bIKAa, 3a/1aTh BHEIIHWN BHJ €ro Tpa-
(UgecKuX SIEMEHTOB, CI€HEpHUPOBATh MO ATHM CIEIHpH-
KalusiM BU3YaJIbHBIA penakTop, TeHepaTop Koaa, Bepudu-
KaTOp W IPYTHE UHCTPYMEHTHIL.

CrangapToMm ae-pakro B obsactu paspadborkn DSM-pe-
LICHUI SIBISIOTCS TEXHOJOIWH, METONbI M CpPEICTBa, CO-
3laHHBIE B paMKkax mnpoekra EMP. Hauboliee akTUBHO uc-
MOJIB3YIOTCSL  CICAYIOIHe OHONHOTEKH, HHCTPYMEHTH U
s3eiku:  EMF  (Eclipse  Modeling  Framework), GMF
(Graphical Modeling Framework), Xtext, QVT (Query-
View-Transformation), UML (Unified Modeling Language),
OCL (Object Constraint Language). Onucanue pa3spado-
TaHHBIX C TOMOIIBI0 3THX cpenctB DSM-pemenuit npen-
CTaBJICHO B IEJOM psAe HayIHO-NPAaKTHYECKUX OTUETOB U
crateii [11-21]. Hwwxke mnpencraBieH KpaTkuii 0030p
HauboJiee HHTEPECHBIX W3 HHUX.

B xuure Puuapaa I'pon6aka (Richard C. Gronback) [11]
JAHO ONHCaHHE COCTaBa M BO3MOYKHOCTEW MHCTPYMEHTOB U
cpeact8e EMP, HeoOxomuMeix s pa3pabotku DSM-pere-
Hus. [lpennmoxken cnenyrommil HOPANOK AEUCTBUH MO CO-
3naanio0 DSM-pemenust (puc. 1). Ha nepBom sTame pa3spa-
OaTbIBaeTCs KOHICNTyaJbHAas MOJIENTh HpPEeIMETHOH oO0xa-
ctu (IIpO), BKIrOUaromas OMMCaHHE OCHOBHBIX CYIIHOCTEH
mojaenu (cyOBeKTOB, OOBEKTOB, OTEpanuii, OTHOIICHHMA
mexny Humu). KoHnentyansHas Moelb pa3pabaThiBaeTcs B
penakrope nHcTpyMeHTa Xtext Ha EBNF-noqo0HOM s13bIKe.

eHepauun
mopenu DSML

PazpaboTka
MHCTPYMeHTapua

\ 4
Ty
PazpaboTka
-gmfgraf reHepartopa
Banupgaropa
leHepauua n
S— oTnagka f----- |
3 pepakTopa \ 4
gmftool editor

C

Puc. 1. IIpouecc pa3pabotku DSM-pemenust Ha 6a3e DSM-nmnatdopmsr EMP
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KoHuentyanbHas mogens MpO Ecore EMF mogens
DoaliMiodsk . ,| Entity. DomaiandeI
Entity:Object <] hame: String name : String
— * ?* ’ %
s s Reference Attribute Entity:Address
Entity:Subject Entity:Operation name : String name : String name : String
A
Y
AGCTPaKTHOE CUHTaKCU4eCKoe AepeBo FpammaTtuka A3bika mogenu
NodeAdapter Grammar |o—* AbstractMMDecl
1
*1 AbstractNode =Y AbstractRule
[ | I I
CompositeNode LeafNode ParserRule LexerRule

Puc. 2. Apredaxrsl nmporecca pa3paOoTKu METaMOIENH U TPpaMMa THKY si3bika DSM-penienns

Ha ee ocnoBe ¢ momomipio cpencts ¢gpeiimBopka EMF u
napcepa ANTL co3nmatorcst MetamMonens B Bujae abcTpakT-
HOTO cuHTakcuueckoro nepesa (ACJl), rpamMmaThka s3bIKa
I[IpO u penakrop nna pa3paboTku Mojeneld Ha ITOM S3bI-
ke (puc. 2). 3atem ¢ momouplo pegakropa u cpeacts GMF
ONpeneNsoTesl rpaduueckue KOHCTPYKIMU W CHMBOJIBI IS
BU3YaJbHOTO ONUCAHUS MOJeNel, ompenenseTcs U ITeHepu-
pyercss HA0Op MHCTPYMEHTOB JJISl MX HCIIOJNIB30BaHUS U pe-
JaKTHPOBa HUSL.

Ipomecc mTepaTHBEH, BCe M3MEHEHHWS, BHOCHMBIC B Me-
TaMOJeNb, TYT Xe NPUMEHSIOTCI K Moxenu. Ecin BHOcHMoe
B METaMOJENb WM3MEHEHHEe KOH(INKTYyeT C CyIIeCTBYIOIIH-
MH MOJENSMH, BBIIaeTCA mNpeaymnpexaeHue. [Ipomecc 3a-
Bepuiaerca coszgaHueM DSM-pemenus B cocTaBe TEKCTOBO-
ro U rpa¢u4eckoro perakTopoB, TeHepaTopa Koja U Ballu-
JaTopa pa3pabaThlBaeMbIX C MX MOMOIIBIO MOJENEH U mpo-
rpamMMm. MHOTO TmOJNEe3HOW HHPOpPMALUU O MNPAKTHUYECKHX
pe3ynbpTaTaXx INPUMEHEHHUS MOJENbHO-OPHEHTHUPOBAHHOTO
MOJAXO0Aa M MpPEeIMETHO-OPHEHTHPOBAHHBIX S3BIKOB ISl CO-
3JaHUS CIOKHBIX TNPOTPaMMHO-TEXHHYECKUX CHCTEM MOXK-
HO HaWTH Ha caiite Mapkyca donbpTepa (Markus Voelter).
OnHUM U3 HUX sBIgeTcsS oT4deT [12], B KOTOpoM 000CHOBa-
Ha IenecooOpa3HOCTh BKIIOUEHHUS B coctaB DSM-pemenHns
KOMITOHEHTHI, peaju3ylomedl pa3nudHOTO BHAA BBIYHCIE-
HUS: apU(QMETHYECKUX W JOTHYECKHX BBIpakeHWH, TaOmmd-
HBIX ¥ MaTEeMAaTHYECKHX (PyHKIHUH, CIHCKOB, IepeUYHCICHUN
U JOMEHHBIX CTPYKTyp HaHHBIX. J{ns pa3paboTKu Takoro
KOMIIOHEHTa B JJaHHOH paboTe mpeanaraercs UCHOIb30BAThH

S3BIK  (DYHKIMOHaNpHOTO mporpammupoBanus KemelF, xo-
TOPHIf B JMONOJHEHWE K TPaIUIMOHHBEIM THIIAM BBIYHCIIE-
HUM BKIIOYAeT CpencTBa st 0OpabOTKM M BepH(HKAIMU
MoOJene IMOBEACHHUS, ONMUCAHHBIX C TOMOIIBIO (hopMaTU3-
MOB MAaIlIMHBI COCTOSHUM, TOTOKOB JAaHHBIX, a TaKXKe B Tep-
MHHAaX HMIEPATHBHOTO M (YHKUIMOHAJIBHOTO MPOTpaMMH-
poBaHusl.

B pa6ore [13] u3noxensl (QyHIaMEHTAJIbHBIC SI3BIKOBBIC
napagurMbel DSL u ommcan mpouecc npoektupoBaHusi DSL
JUIS TAKUX TPEAMETHBIX o0JacTel, Kak 3IpaBOOXpaHECHUE H
MEIHWIMHA, CHCTEMBI CTPaXOBaHHs, JIOTHCTHKA, WH(popma-
IIMOHHAs 0e30MacHOCTh. {1 ONMMCaHUS aJTOPHTMOB pelle-
HUS TENeBBIX 3aj]ad, BKI0Yass TpeOOBaHMSA K XapaKTepH-
CTHKaM KadecTBa WX peaTu3aldy, IPEIJIOKEHBl METOIBl U
CpelcTBa TpeNCcTaBIeHU, XpaHeHUs U 00pabOTKM MaTema-
THYECKUX H JIOTWYeCKHX (opMyi, TaOuIHIl U AepeBbEB pe-
meHn. B kauecTBe MHCTPYMEHTOB OBUIM HCIIOJIB30BaHBIL:
Xtext, MPS, mbeddr, Spoofax, Yakindu State Chart Tools.
[lpuBenensl mpuMepbl NPUMEHEHHS JTHUX CPENCTB IS pas-
paboOTKH HPOTrpaMMHOTO OOECIeYeHUs] BCTPAUBAEMBIX CH-
CcTeM, KOTOpbIEe JOJIKHBI COOTBETCTBOBATH CTPOTUM Tpebo-
BaHHAM O€30MacHOCTH, H3JI0KECHHBIM B CTaHgaprax 0e3-
onacHoctH 1SO-26262, DO-178B, IEC-61508.

B craThe [14] mpeacrapien npumep paspabdbotku DSM-pe-
IIEHUS IS CO3MaHHA TPOTPaMMHOTO OOECIeUYEeHHUS CHCTe-
MBI YIIpaBiIeHHS KOCMHYECKIMH allapaTaMH C ITOMOIIBIO
nactpymenta mbeddr. Jlannoe DSM-pemenune obecreuun-
BaeT wuHTerpammio cpeacts MPS (Meta Programming
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System), Ha ocHOBe KOTOpOro pa3paboran mbeddr, ¢ pacmm-
peHmneM s3pIka mporpaMmupoBaHus C, yUUTHIBaIoOIIee CHENH-
(¢UKy aITOPUTMOB PEIICHHS 3aJa¥ YNPaBICHHS MOJIETOM U
pa6oToit 60pTOBOTO 00OPYAOBAHUS KOCMUYECKHX alapaToB
B cooTBeTcTBUH co craHmaptamu ECSS (awen. European
Cooperation for Space Standardization — EBponelicka s koore-
pauus o cTaHIapTU3aLUH B 00J1a CTH KOCMUYECKO M TEXHUKH).

B cratee [15] mpeacraBieHO oONMUCaHWE TOrO, KaK HC-
MONB3YyIOTCA ~ TEXHOJNIOTMM M CPEACTBA  MOJENBHO-
OPHUEHTHPOBAHHOTO nojaxonaa u IpeIMETHO-
OPHEHTHPOBAHHBIX A3BIKOB [JIsl PEalu3allud CIOXHOIO U
MacmTaOHOTO TPOEKTa MO co3maHWio I'mraHtckoro Maren-
nmaHoBa Teneckonma (Giant Magellan Telescope, GMT) B
ob6cepBaTopun Jlac-Kamnmanac B Umnn, 3aBepimieHne CTPOU-
TEJIbCTBA KOTOpPOTo HaMedeHO Ha 2025 r. JlaHHBIA NMpPOEKT
BKIIOYaeT paboOTEl 1O CO3JAaHMIO IEJIOTO KOMIUIEKCa CH-
CTeM: CHCTEMBI YIpaBIeHHA oOcepBaTopueidl u ee uH(ppa-
CTPYKTYpOH, CHCTEMBl YTPaBIECHUS TEIECKONOM, IOJCH-
CTeMBbl YNPABICHHUS MHOTOYUCICHHBIMH ONTHYECKHMH U
3JIEKTPOMEXaHUUECKUMU ycTpoicTBamu. st opraHuzanuu
3(hpeKTUBHOTO yNpaBlIeHUs U 0OecledeHus KadeCTBEHHOMH
peanuzanuu npoekra GMT B COOTBETCTBHHM C MOJEIBHO-
OPHEHTHPOBAHHBIM ITOIXO0JOM ObLIN pa3paboTaHbl 3TAJOH-
Has apXHUTEKTypa BCEro IMpOeKTa, Ha0Op MpeIMETHO-
OPHMEHTHPOBAHHBIX S3BIKOB JUIS ONHMCAHMSA BXOJIAIMNX B He-
TO TIOJCHCTEM M yCTPOMCTB, (ppeiiMBOpk M Habop 0a30BEIX
KOMITOHEHTOB IS Pa3paOOTKH, MHTETPALMH W BaJIHIAIUN
MIPOTPAMMHBIX KOMIIJICKCOB U CHCTEM.

B CcTaThe [20] TpeAnaraeTcs NPEAMETHO-
OPHMEHTHPOBAHHBIN MOAXOA K MOJETHPOBAHUIO M BallUaa-
uuu ACY jKene3HOZOPOKHBIM TPAaHCIOPTOM, COYETaIOLIHi
napagurMy MOJAEIbHO-OPHEHTUPOBAHHOTO moaxoga U ¢op-
MaJbHBIH MeToja Bepudurkauuu Moxaeineu. Jns pazpaboTku
MoJenel  HCHoIb3yeTcd  MPeIMETHO-OPHEHTHUPOBAHHBIN
s3pik RailRoad DSL u wmHcTpymeHT Meeduse. IIpoBepka
KOPPEKTHOCTH MOJEIH B OTHOIICHWH €€ CBOWCTB Oe3omac-
HOCTH M COOTBeTCTBUA TpeboBaHMsIM crtanmapra CENELEC
EN 50128 ocymecrtBusieTcs mocpeacTBOM (opMaIbHON
Bepudukanum MeronoM B m Bammmanme#d ¢ momomplo CH-
MYJISIHH.

Hoxyment [21] conpepxutr UML npodwuns anst onmcaHUs
cHenu(UIHBIX IS CHCTEM YIPAaBICHHSA KEIE3HOJOPOXK-
HBIM TpaHcnopToM ynpaBnenus (RCSD) o6wexroB, mpo-
L[IECCOB M COCTOSIHMI, BKIIOYAasi CPEICTBA INpEICTaBICHUSA
MapHIpyTOB, JATUYHUKOB, CUTHAJIOB U MPUMHUTHUBBI AN MOJe-
JUPOBAaHUSA BPEMEHH.

Bonpimoe KonuyecTBO MyONHMKaIuii 00 ycmemmHo#l pea-
JIU3allMd MPOEKTOB MO CO3AaHHUIO CIOXKHBIX MPOrpaMMHO-
TEXHUYECKHX KOMIIIEKCOB M CHCTEM C IOMOILIBIO MOJENb-
HO-OPUEHTHUPOBaHHBIX TexHoJorud u DSM-pemennii yOGe-
JUTEIFHO CBHICTEIBCTBYET O IEIecO00pa3HOCTH IpHMe-
HEHUs JaHHOTO moaxona mpu paspabortke [10 ACY IIDKT.
Ilpn paspaborke DSM-pemeHuss HEOOXOIUMO YYHTHIBATH
CIeYIOINe PEKOMEHIAINH U (PaKTh:

— DSM-pemieHue [OMKHO COCTOSITh W3 JIMHEWKH IIpO-
OYKTOB, aJIeKBATHO M KOPPEKTHO OOECHEeYMBAIOIUX IIOJ-
JEPKKy BCEX OSTAlOB >KM3HEHHOTO IUKIA CHCTEM: OIpene-
neHue TpeOOBaHUH, MPOEKTUPOBAHME, PeaTU3aLUI0, UCIIBI-
TaHHA U COINPOBOXKACHNUE,

— nna paspabotku DSM-pemenust uenecooOpasHo wuc-
MO0JI30BaTh TEXHOJIOTMM M CpelcTBa, pa3pabaTbiBaeMble B
pamkax npoekra EMP;

— HauboJyiee Ba)XXHBIMA M CIIOKHBIMH SIBIISIFOTCS BOIIPO-
Chl, CBf3aHHBIE C OIpEIEIEeHUEM M KOHLENTYyaJu3anuen
npeaMeTHoll obmactn DSM-pemeHuss U BHIOOPOM aJIeKBaT-
HOTO W ONTHMAJIFHOTO Ha0opa CPeACTB M KOHCTPYKIHH
MIPEeIMETHO-OPHEHTHPOBAHHOTO SI3BIKA.

B cnenyromux pasgenax cTaTbu IPENCTaBIEHO ONHCA-
HHE METOIWKH W CpPeICTB paspaborku DSM-pemenus ams
npoexrupoBanus [10 ACY IIIDKT Ha ocHOBe TEXHOJOTH
u cpencts npoekra EMP.

OCHOBHBIE 3TAIIBI METOJJUKH PABPABOTKU
DSM-PELIEHMS, TPEJJHA3SHAUEHHOTI'O
JJId CO3IAHUA [TO ACY TITDKT

DSM-pemienue, mnpenHasHaueHHoe st cospanus 1O
ACY TIIDKT, momkHO BKIIOYATh B CBOH cOoCTaB 0a30BYIO
KOHIENTYaTbHYI0 MOJENh INPEAMETHOH 00IacTH, MAaKCH-
MaJjbHO MOJHO U TOYHO ONHUCHIBAIOIIYIO THUIIOBBIE MIPOLECCHI
U CYIIHOCTM AaBTOMAaTU3UPYEMOH YNpaBICHYECKOH Jes-
TENBbHOCTH, M KOMIUIEKC HH(POPMALMOHHBIX U NPOTPaMM-
HBIX CPEICTB, obecrievnBa IMuX IIpOrpaMMHO-
yIpaBisieMblil mpoiiecc pa3pabOTKH Ha e€e OCHOBE aBTOMa-
TU3UPOBAHHBIX CHCTEM YIIPaBICHHUS KOHKPETHBIMU OOBEK-
TaMu U cpenctBaMu. OCHOBHBIMU 3TalaMH Ipoliecca pas-
pabotkn DSM-pemienus, npegHa3HauYe€HHOTO JJIS CO3IaHHA
MO ACY IIDKT sensrotcs (puc. 3):

— ompeneNncHue M pa3paboTKa KOHIENTYaJIbHON MoIenn
npeametnoit obmactu ACY IITDKT;

— pa3paboTrka Ha s3eike Eclipse Xtext rpammaTuku
IIPEIMETHO-OPUEHTHPOBAHHOTO S3BIKA JUISI OMMCAHHSA TIPO-
I[ECCOB, COOBITHI M CymIHOCTEeH mpenmMeTHOH obmactu ACY
MIDKT;

— mocTpoeHne Mojnenu s3pika DSM-pemienus B Qopme
abcTtpakTHOTO ceMaHTHUeckoro aepesa (AC);

— reHepauus Mozenu s3bika ¢ nomompio EMF, Xtext u
Xbase;

— pa3paboTKa MHCTPYMEHTAIBHBIX cpencTB DSM-pemte-
HUS: peJakTopa, FeHepaTopa KojAa, BaJIHUAAaTOpa, CPeIsl UC-
MOJIHEHHUS U MOJENHPOBAaHUS,

— pa3paboTka W aganrtaimsa Irpa@uueckux KOMIIOHEHTOB
u cpencts DSM-pemenust ¢ nomompio GMF.

Ha xa>xaom 3 3THX 3TamoB OCYLIECTBISIETCS BaJlMAa M
U BepU(UKaLUsA CO3IaHHBIX apTedakToB. B cimydae oOHa-
pyXeHus aedeKToB, MPOU3BOAMUTCA HEOOXOAMMAs I HUX
ycTpaHeHHus AopaboTKa KOHLENTYaJbHOW MOJENH, CPENCTB
€€ ONMCaHMS U MCIOJIb30BaHUS.

Kpome cTaHIapTHBIX TEKCTOBBIX M Tpaduueckux (opm
npenacrapieHus naHHbIXx DSM-pemenue nns cosnanus [10
ACY TIIDKT nonxHO UMETh B CBOEM COCTAaBE CPEJCTBA JJIS
OTMCaHMA, XpaHEeHHs, 0OpaOOTKH M BEIYHCICHUS apudme-
THYECKUX W JIOTHYCCKUX BBIPAXKCHUH, TaONMIHBIX M MaTe-
MaTHYEeCKHX (QYHKUUH H ApYTUX COeHUPUIECKUX JIA
IpeIMEeTHON 00JIaCTH CTPYKTyp M THIOB HaHHBIX. Ommca-
HHEe TOpsAAKa M CHOCOOOB pEeHIeHHs 3aJay Ha OCHOBHBIX
JTamax pealu3alud JaHHOW METOAMKH NpPEICTaBIEHO B
CIEAYIOIUX pa3aesax CTaThbH.
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?

OnpepneneHve u pa3paboTka KOHLEeNTyanLHOM
Mozenu npegMeTHO obnacTu
ACY

v

C')OPME aﬁCTpaKTHOTO CHUHTaAKCU4eCKOro fepeBa cpegcteamm
napcepa ANTLR

¢ nomoubio Eclipse EMF, Xtext u Xbase

v

( leHepaunsa ecore mogenu DSM peweHuns )

PazpaboTka rpaMMaTHKK NpeaMeTHO-OpPUeHTUPOBAHHOTO A3blKa
DSM pewenns gna ACY Ha asbike Xtext

( MocTtpoeHune hopmansHoON mogenu fA3sbika DSM-peweHus B )

HabopoB, reHepaTopa koga

; ( MeHepaumns nHcTpymeHnToB DSM peweHun: penaktopa, BanugaTtopa u TECTOBI:-IX)

v

Bepudmkayuna u sanuaauus
DSM pelueHUs U CPeacTB ero MCnofib30BaHusA

OedeKTbl cpeacts ?

AedeKTbl rpammaTtUKm ?

AedeKTbl KoHU. mogenu ?

Y

Paspabotka n agantauus rpachmyecknx KOMNOHEHTOB W CpefcTB
DSM pelueHus (QuarpamMmm M MHCTPYMEHTOB UX 06padoTKK)

)._

!

CBepncbuxauuﬂ W Banugauua rpacgmuy4eckmx KOMNOHEHTOB 0

CpeqcTs DSM peweHUA U cpencTsB ero MICNoNbL3oBaHUA

DedekTbl rpad. komn.?

OedeKTbl KOHY. mogenn.?

Puc. 3. Dransr MeToguku paspaboTki DSM-pemenus
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PA3PABOTKA KOHLIEIITY AJIbHOM MOJIEJIA

TIPEJIMETHOI OBJIACTH 11 ACY ITIDKT
ACY IIDKT ¢yHKIIHOHUPYET B COOTBETCTBHHU C OTpEHe-
JICHHBIM [UKJIOM YIIPaBIEHHS, KOTOPHIH ABISETCS HEIPEPHIB-
HBIM M pealiu3yeTrcs B COOTBETCTBHU C YCTaHOBJICHHBIM ITO-
PsAKOM U mpaBwiaMi. TUIIOBO# LMK yIpaBICHUS COCTOUT M3
ciaeayromux (yHKUMHA: MOHMTOPUHT M cOOp umHPOpManuu o
coctrosiHuM oObekTa ymnpasieHus (O0Y), aHAIU3 COCTOSIHHS
00V, pa3paboTka penieHus 0 HEOOXOIUMOCTH U CITOCO0E BO3-
neiicteus Ha OO0V, peanuzanus yIpaBISFOIIETO BO3ACHCTBASA
B COOTBETCTBHH C NMPHUHATHIM pemenneM. Llensio ynpasineHns
SBIISICTCS MOJJIepKaHue ynpasisieMoro oonsekra (O0Y) B pa-
60TOCTIOCOOHOM COCTOSIHWH, BBIITOJTHEHHE MM OTIPEIeIIeHHBIX
(GyHKIMH, TOCTIXEHNE ONpeNeNeHHbIX pe3ynsTaToB. B omu-
CaHMA LEeNH U QYHKIUH yIpaBIEHUS JOJDKHBI OBITH BKIIOYE-
HBI TpeOOBaHUS K KaUECTBY pEIICHUS IeNIeBBIX 3aJa4: omepa-
THBHOCTH, HAJEXKHOCTH, TOYHOCTH, 3AMMIIEHHOCTH U JIp.
IIpu paspaborke TpeOoBaHUI K (QyHKIHMOHAIBHBIM BO3MOXK-
HOCTSIM U DKCILTyaTaI[HOHHO-TEX HUYECKUM Xa PaKTEPUCTUKAM

ACY IIDKT nenecoodpa3HO HCIOIH30BATH MOJIETh Ka4eCTBa
CHCTEM, IPEJCTaBICHHYIO B [22].

B kauecTBe 6a30BOTO (KOPHEBOTO) MOHATHUS KOHIIETITYa b~
HOM MOJENH MpeIMEeTHOH 00J1aCTH I1e7Ieco00pa3HO HCIOIB30-
BaTh «DyHKHMio ympasiaeHms» (DY), atpubyramu KoTopoi
SIBIAIOTCS chenytomue cymuoctu: uenpb (L), anroputrm (A),
opran ympasienus (OpVY), obsext ympasnenus (O0Y), me-
cro (M), nata u Bpems (T). Takum o6pa3om, MOCTPOEHHAS B
COOTBETCTBUM C MOJIENIbIO aPXUTEKTYphl 3aXMaHa KOHLENTY-
anpHas mojenb npeametHol obnactu ACY TIIDKT npencras-
nseT co00i MepapXU4ecKd OpraHU30BaHHYIO CHCTEMYy (yHK-
Ui, aTpUOYTH KOTOPHIX COAEPKAT OTBETHI Ha CIEAYIOLIHE
BOTIPOCHI: KTO SBISIETCS OPTaHOM YIPABICHHUSA, KeM (deM)
YIpaBIsAeT OpraH YIpaBieHHUs, C KaKOH IETBI0 OCYIIECTBI-
eTCsl yrpaBIleHHe, KaK OCYIIEeCTBISIETCA yIpaBIeHHe, KOTaa u
rae peanusyercsa naHHas QyHknusa. CocTaB M CTPYKTypa oOc-
HOBHBIX MOHATUH KoHUentyanpbHod Moxenu ACY IIDKT
IpeCTaBICHBI HA PUCYHKE 4.

KonuyentyanbHasa mogens

ACY

OpraHbl
ynpaBneHus

ynpaenexys

QyHKUHK
ACY

Lenu

Koa0a?

[laa, AnropuTmbl
BpemA

Puc. 4. CocraBu crpykrypa koHuenryaibHoi Mogean ACY TITDKT

Jis onucaHMs Ka)JI0To MOHATHS KOHIENTyallbHOM Moze-
au ACY TIIDKT paspabaTeBaroTcs COOTBETCTBYIOUIHE €My
mabyoH Ha s3bIke Xtext W rpadudeckast KOHCTPYKIHSA HIN
cumBon cpexcrBamu GMF. Kaxnas ¢ysxmus ACY IITDKT
peasn3yeTcsi B COOTBETCTBHH C OTIPEACICHHBIM aJITOPUTMOM.
Jng onmcaHUA aNTOPUTMOB peaau3anuyl (yHKIHH MOTYT HC-
MOJIB30BaThCA TaOMMUHBIE (OPMBI, ACPEBbS PEIICHUH, aHa-
rpamMmbl noBefgeHud. @opma u crmocod OMHMCAaHMA alITOPUTMA
3aBHUCAT OT XapaKTepa M METOA0B PELIeHUs 3a1aYu.

Hanpumep, 1715 OIHCaHUS aITOPUTMOB pellieHns UHpop Ma-
IHOHHO-PaCYETHBIX 33124 L[EJIeco00pa3Ho HCIONb30BaTh JUa-
rpaMMBbl JeATENIbHOCTH U 1epEBbs pelieHnit. JJjist anropuTMos,
ONHMCHIBAIOMNX (YHKIMOHUPOBAHUE CHCTEM, YIIPABISIEMbIX
BHEITHUMH BO3JCHCTBHUAMH, — JHAaTPaMMBI COCTOSHHN 1 Ta0-
JIUIBI COCTOSHMHA. [l anTOPUTMOB, OITHCHIBAIOIIHUX (DYHKINO-
HUPOBaHHAE CHCTEM, 0OMEHUBAOIIIX CS COOOIICHISIMI 1 CUTHA -
JIaMH, — JUaTPaMMBI 0 CIETOBATEIFHOCTH M KOMMY HUKA [THH.

Jns peanmsanuu IporpaMMHO-yHpaBIsSeMOTO IpoIecca
MIOCTPOCHHMS AJITOPUTMOB PEUICHUS THUIIOBBIX 3a7a4 yIIpaBie-
HUs B cocTaB DSM-pemeHus OJIKHBI OBITh BKIIOYEHBI TEK-
CTOBBIE, TaOINYHBIE U Ipaduueckue MmabIoHbl, a TAKKE COOT-
BETCTBYIOIIUI HA00OP MHCTPYMEHTOB, 00ECIEeYUBAOIINN pa3-
paboOTKy AMarpaMMm MOBEAEHUS, OMUcCaHue U 00pabOTKy MO-
JENbHBIX JaHHBIX, MPEACTABICHHBIX B TaOIUYHOM U Gop-
MYyJBHOM BHJE, B popMe apu(METHIECKUX U JTOTHYECKUX BbI-

paskeHuit. st co3naHus TaKUX CPEACTB LeIeco00pa3Ho Hc-
nonbs3oBaTh s3biki FUML, OCL u KemelF. Ha pucynke 5
IIPEJCTaBIEHBl COCTaB M CTPYKTypa WH(OPMAaIMOHHOW CO-
crapistomeit DSM-pemenns, mocTpoeHHas Ha 6a3e paccMoT-
pEHHOH BEIIIe KOHIENTYAJIBHO MOEIH.

[Iporpammubie kKOMIOHEHTHI DSM-perienust mocTpoeHsl
Ha OCHOBe MHCTpyMeHTOB npoekra EMP (EMF, GEF, Xtext),
HCTONB3YIOT 0a3bl JAaHHBIX C ONUCAHUSAMH aJITOPUTMOB BEI-
MIOJIHGHHUA THUNOBBIX (yHKnuit ynpasnenus (DB algorithms:
monitoring, analysis, solution, realization), 6a3bl TaHHBIX C
onucaHusmu xapakrepuctuk OpY (DB Subjects) u O6Y (DB
Objects). lla6nonsr gus onucanus OpY u O0Y BKIOUAIOT
CleyIoue OCHOBHBIE aTPUOYTHI U XapaKTepUCTHKU: Ha3Ba-
HU€, Ha3Ha4YeHHE U pelllaeMble 3a1a Y, COCTOSIHUE, MECTOpac-
MOJIOKEHUE, BBIMIECTOSIIMNA OpraH, NEpCcoHasl, TEXHUYECKHE
cpeacTBa, KOMIUIEKCHI cpeacTBa aBromaTuizauuu (KCA —
S&W), cuctemsl u cpencta cBsa3u (CCC — Mean _comm).
Jns ommcaHWS W MOIENHPOBAaHHMS BPEMEHHBIX AaCIIEKTOB U
OTPaHUYEHUH IIPOIECCOB YIPaBICHUS IeNecooOpa3HO ¥Wc-
I0JIB30BaTh nporpamMMHusiil mraruH Temporal OCL Plugin for
Eclipse, B koTOpOM peaH30BaH MaTeMaTHYSCKHH ammapart
noruku Bersamerocs Bpemenn — CTL (Computation Tree
Logic) [23]. I'pamMaTrKa s3bIKa IUIsSE (POPMAJIBHOTO OTIMCA HUS
BPEMEHHBIX aCIIEKTOB U OTPaHUYEHHUIH IPOIECCOB yIpaBICHUS
MpeACTaBlieHa Ha PUCYHKeE 6.
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DB subjects ASModel Target
Name_model State
dislocation Staff_structure || states Type_AS functions
tasks Reliability
tasks Mean_comm S&W perfo_rmence
4 Setting()
Getting()
* S Function
ubjec Why?
| NameSubject Name_function Y
_Sub ho? Super_function How?
Type_subject wi = ow: ;
I taks —_— Algorithm
L — —pp| Staff_structure
S&W when? [Name_alg
M :
° ﬁ:.:‘"“. ean-comm Data&Time Type_alg
omssassnraamomes ||| | (| B | | Setting() Mai
== Getting() data ain()
s, time Alter()
fromet o —— -
Object
] s J Whom?| Setting() I
= omwamm Name_object Getting() ]
Type_object |
tak /‘_——' .
satafe DB algorithms \/
| S&wW
Mean_comm — - luti lizati
[ dislocation monitoring analysis solution realization
I Setting() E | ‘ E | ‘ §|—4 §
| Getting() ; E i :
e ——— e y ?equenceDmg: lifelines = Lifeline+ msgs =
It =teevscteaneo, | Message ] PV
DB objects =2 :‘/Iesmge;gfg order = (Message;
Lifeline : name = LifelineHead :
Pr—= - activations = Activation* ; isStatic : Boolean
art_structure T S e ifelineHead : [object name : String ];
tasks Staff_struct states 1o o LlflineHiead : fob String ]
F‘ e ;4[31;:1;{011 start = Event  finish =
Cvent others Event™;
H H Event : lifeline = Lifelir ctor : Activation ;
dislocations S&W Mean_comm » “\”e ” !.f'le D};eender’f:e ;;7»64111(;(]’ (}l‘ec‘eicvréra:(;;{vel1l]
msgi = Message: ,
‘/
Puc. 5. CoctaBu cTpykTypa nHGOpMaITMOHHOH cocTaBistonieit DSM-pemeHust
TempOCL = temp (name)? ‘:*> TempSpec
TempSpec = Quantif? Parrent Scope
Quantif = let Variable (:> Variable)* in
Pattern = always OclExpression
| never Event
| eventually Event ((at least | at most) ? integer times)?
| EventChain precedes (directly | strictly)? EventChain
| EventChain responds (directly | strictly)? EventChain
Scope B globally
| before Event (‘[{ |}<")?
| after ¢[{ [F)? Event
| between (‘'] |} 1)? last? Event and Event (‘'] |} ])?
[ after (‘[ |} 1)? last? Event until Event (‘[ |} )?
| when OclExpression
Event = CallEvent (‘|’Event)?
| ChangeEvent (‘|’Event)?
EventChain ::= Event (°,’Event)*
| Event (*;’Event)*
CallEvent = isCalled ‘(’ (anyOp | op : Operation) (‘,” pre : OclExpression) ?
(“, post : OclExpression)? )’
ChangeEvent ::= becomesTrue ‘(’ OclExpression ‘)’
Puc. 6. 'pammaTiKa si3p1Ka 111 JOPMATIBHOTO OINKCA HUSI BDEMEHHBIX aCIEKTOB
Y OTpaHUYEHUH NMPOLIECCOB yIIpaBICHUS
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PA3PABOTKA MOJIEJIU U TPAMMATUKU
MMPEJAMETHO-OPUEHTHUPOBAHHOI'O A3bIKA
UVHCTPYMEHTAJIbHBIX CPEJCTB DSM-PEIIEHU S

Mopens u rpaMMa THKa TP e AMETHO-O PUEHTHPOBAHHOTO SI3BI -
ka 7151 DSM-permenust pa3pabaTeIBaercsi c IOMOIIBIO CPEJCTB
EMF, Xtext u Xbase Ha 0CHOBE NPECTABICHHON HA pUCYHKE 5
pacumpenHoit konuentyansHol Mmonenu ACY IIITDKT. Pucynok 7
WLTIOCTPUPYET Mpoliecc pa3pabotkr ASModel B cpene Xtext.

grammar org_eclipse. xtext. asmedelds|. ASMede|DSL  with
7 Undo Typing #Z
Revert File
Save

org.eclipse
generate asmods

import "hti base"

= ObjectClass: n¢
structure = [SH
|

state = StateSubject

Rename Element <8R ation] superObject = [ObjectClass];

= Algerithm: name Validate ader main =Main alter += Alter;
Quick Fix a1
= Main: dactivity  Source p 2| dsequence = Sequence;
|

5 Alter: dactiviby  Find References 0HG .| dsequence = Sequence;

(] 1 Generate Xtext Artifacts
Debug As >
Team > External Tools Configurations...
Compare With >
Replace With >

Preferences...

Puc. 7. Pa3pa6otka ASModel B cpene Xtext

ASMedel: edS = :
functions +1  Quick Outline %0
Function: name Open Declaration F3 Class] ebject = [ObjectClass];
datatime = Show In NTarw » superfunction = [Function] ;
SubjectClass: r  Cut e state = [StateSubject]
strueture = | Gopy islocation] superSubject = [SubjectClass];
Paste BV

Jns ommcaHMsA Ka’kAOTO HMOHATHS KOHIENTYaJIbHONH MOAETH
ACY IIIDKT pa3pabaTeIBaloTCA COOTBETCTBYIOUIHE €My
mabyoH Ha s3bIKe Xtext m rpaduueckast KOHCTPYKIHSA HIN
cumBon cpeacrBamu GMF. Kaxnas ¢ysxkmus ACY IITDKT
peain3yeTcss B COOTBETCTBHM C OIpPENEICHHBIM aJTOPHT-
MOM.

B nuctunre 1 mpencraBieH gparMeHT rpaMMaTHKUd Ha
s3pIKE cpencTBa Xtext, colepikalivuil KOHCTPYKUMH M Ipa-
BWJa Ui ONUCAHUS HOHATHH BEPXHEr0 YPOBHS MOJENU:
(GyHKIMH, LeNel, aJrOpUTMOB, OPTAHOB M OOBEKTOB yIIpaB-
JIGHUs, BpeMeHU M MecTa. Tpu BEpXHHME CTPOUKH COJAEpKaT
KOMaHIbI-MHCTPYKUMK st Xtext: grammar, generate W
import. Jlanee cleqyloT MpaBWiIa TPaMMAaTHKH, B JIEBOU
9aCcTH KOTOPBIX IPEICTaBICHB HETEPMHUHAJFHBIE CHMBOIIBL,
a B MPaBOW — HUX OMpEJEICHNE C MOMOIIBI0 TEPMHHAIBHBIX
CHMBOJIOB W HETEPMHMHAJIBHBIX BbIpaxeHnii. Kirouesoe
CIIOBO With B WHCTPYKUWH grammar yKa3blBaeT, 4TO IpHU
TeHepaluy MOJENH s3bIKa OyJeT HCIOJIb30BaHA IpaMMaTH-
ka Xbase, KoTopasi, B CBOIO ouepenb, Oa3upyercs Ha al-
crpaktHoM cuHTtakcuce EMF Ecore. bnarogaps stomy co-
3naBaeMasi MOJENb HCHOJb3yeT NPOTrpaMMHO peasiu30BaH-
ueie B Ecore momenu xnmaccudukatopsl (classifier), xnac-
col (class), atpubyTwl (attribute), omepauuu (operation),
TUNBl NaHHBIX (data type), a Takke MPOTPAaMMHBEIC KOMIIO-
HEHTHI (module).

superSubject = [SubjectClass];

superObject = [ObjectClass];

DActivity: ActiveNode+ ActiveEdge+ Region®;

Active: Action | Decision | Loop ;

ObjectsDiag: class_object += ObjectClass +

DataTime: data = Data time = Time;

grammar org.eclipse.xtext.asmodeldsl.ASModelDSL with org.eclipse.xtext.xbase.Xbase
generate asmodel http://www.xtext.org/asmodeldls
import "http://www.eclipse.org/xtext/xbase/Xbase"
ASModel: functions += Function + (cdS = SubjectsDiag) ( cdO = ObjectsDiag);
Function: name = ControlID|ID subject = [SubjectClass] object = [ObjectClass];

target = [Target] datatime = [DataTime] algorithm = [Algorithm] superfunction = [Function];
SubjectClass: name = SubjectClassiD type = Type state = [StateSubject]

structure = [StructureSubject] dislocation = [Dislocation]

ObjectClass: name = ObjectClassID type = Type state = StateSubject
structure = [StructureObject] dislocation = [Dislocation]

Algorithm: name = (AlgorithmiD | ID) header = Header main =Main alter += Alter;
Main: dactivity = DActivity| dstate = StateMachine| dsequence = Sequence
Alter: dactivity = DActivity| dstate = StateMachine| dsequence = Sequence

ActiveNode: Activelnvoccation | ActiveControl | ActiveObject
Activelnvoccation: ("ycaosue: ! Guard®) activites += Active+;

SubjectsDiag: class_subject += SubjectClass + rel_subjects += RelationSubject +;
rel_Objects += RelationObject +;
RelationSubject: generalization | aggregation | composition | location | state;
RelationObject: generalization | aggregation | composition | location | state;

Jluctunr 1. dparMeHT rpaMMaTHKHU, COEPIKa IUH KOHCTPY KUK
JUTSL OTTMCaHUS OHATUH BepxHero ypoBHs Mojenu [10 ACY IIITEDKT
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B mpencraBmenHoM BbIme JucTHHTEe 1 (parmeHra
TpaMMaTHKA S3bIKAa JJIS OTMMCAHMS aJITOPUTMAa HCIOJIB3yeT-
¢ pmarpaMma akTuBHOCTeH (DActivity). B nucturre 2
IpeIcTaBlIeH (parMeHT IpaMMATHKU A3bIKA IS OIHCAHHUSA

aJTOPUTMOB, OIHUCHIBAEMBIX TOCPEICTBOM JTHATPAMMBI I0-
ciuenoBaTenbHOCTEN (SequenceDiag) W nuarpaMMbl COCTOSI-
Hull (Statemachine).

SequenceDiag: lifelines = Lifeline+ msgs = Message+
msg order = (Message; Message)*;
Lifeline : name = LifelineHead ; activations = Activation® ; isStatic : Boolean
LifelineHead : [object name: String J; ': % ¢ : Class ;
Activation: start =Event finish = Event others Event®;
Event : lifeline = Lifeline actor : Activation;
Message : [sender = Event ] [receiver = Event ] msgID = MessagelD ;
[sig = Signature ] [kind = MessageKind [;
[sort = MessageSort | ;
MessagelD : [attr = Property '=']; name = String;
['("; args = Argument*; *)']; [': '; returnValue = Value ] ;
Argument ::= [paramName = String ; * = ']; value = Value |
attr = Property; ' ='; outParamName = Parameter ;
[':% value = Value] | "-';
MessageKind : 'complete ' | 'lost ' | 'found ' | 'unknown ';
MessageSort: 'synchCall ' | 'asynchCall ' | 'asynchSignal ' |
'createMessage ' | “deleteMessage ' | 'reply ';
Statemachine:
{Statemachine}
'events' (events+=Event)* 'end'
'resetEvents’ (resetEvents+=[Event])* 'end’
'‘commands' (commands+=Command)* 'end'
(states+=State)*;
Event: name=ID code=ID;
Command: name=ID code=ID;
State: 'state'name=ID (‘actions'{' (actions+=[Command])+'}')?
(transitions+=Transition)* 'end;
Transition: event=[Event] '=>' state=[State];

JIuctunr 2. ®parMeHT rpaMMaTHKU sI3bIKa IS ONTUCAHUS AJITOPUTMOB
NIOCPEACTBOM AMarpaMMm II0CJIE10BaTEIbHOCTEH U 1MarpaMM COCTOSIHUIN

B pesynbraTe BeimonHenus B penakrope EMF kxomanasl
«l Generate Xtext Artefacts» («['eHepupoBaTh Xtext apTe-
(dakTe») OyIyT pa3paboTaHbl:

— MOJEJIb U IpaMMaTHKa MPEAMETHO-OPUEHTHPOBAHHOIO
SI3BIKA ;

— rpaduueckre KOMIIOHEHTHI sI3bIKa, a TaKKe CPeICTBA UX
HCTIOTB30BAHUS M peaKTUPOBaHAS;

— MHCTpYMEHTaJbHble cpeicTBa DSM-pelieHus: TEKCTo-
BB W TpauIecKuii pegaKToOpPHl, TCHEPaTOp KOJa, BaIHIATOP
1 BepH(HUKATOP MOCTPOCHHBIX apTedakToB (KOMIUIEKcA Tpe-
0OoBaHMIA, MPOEKTHBIX PEIICHUH, IPOTPaMMHOM peaTn3a um).

BanunaTtops! u Bepudukatopsl DSM-mratdopmMsl mo3Bo-
JSAI0T 00HAPYKUBATH HEMOTHOTY, HEKOPPEKTHOCTH, IIPOTHBO-
pednBoCTh U ApyrHe nedexrsl DSM-pemenus. B ciywae 06-
HapyxeHus nedexroB cpeacrsa DSM-miathopmel hopmupy-
IOT ¥ BBIJAIOT COOTBETCTBYIOLIME AUATHOCTUYECKUE COOOIIIe-
Husi. Pazpaborunk DSM-perienus aHaJlu3upyeT UX, omnpeze-
JIeT UCTOYHUK U NPUYUHY, TPOU3BOAUT AOPaOOTKY KOHIIETI-
TyaJIBHOI MOJENN W/WIIH CPECTB ee onucaHus. B pesynaprarte
YCIIEUIHOT'O 3a BEPLICHH JJa HHOTO IIpoliecca co3aaeTcs epBast
Bepcus Tpebyemoro DSM-penienus, koTopast J0JDKHA TPOUTH

OTBITHYIO IKCILTya Ta {0 MOCPEACTBOM pa3pa00TKH KOHKp € T-
HeIXx ACY. Ilo pesynbraTaM OMBITHOW SKCIUTyaTalUH MOYKET
OBITH TIpOBesicHa aopaboTka DSM-pemieHus Ans MOTy4eHUS
0oJice aIeKBATHOM U yTOOHOW BEPCHH.

OTIUYATENBHEIMA OCOOCHHOCTSIMH TIPEICTaBICHHBIX B
JTAHHO CTAaThE PEIICHUH SABISIOTCS:

— CTPYKTYypHO-HH(POPMAIIMOHHASI KOHIENTyaIbHAs cXeMa
DSM-pewenus, npeanasHayensHoro ausa coszganus 110 ACY
IIDKT, npu pa3paboTke KOTOpOIl OBIIH HMCIIONB30BAHBI 3a-
JIaYHO-OPHEHTHPOBa HHBIH OHTOJIOTHIECKUH TOAX O TPOEKT M -
pOBaHUS KOHIETITyaJIbHBIX MOJENEH W apXHUTEKTypHEIE I1a 0-
JIOHBI 3aXMaHa;

— rpaMMaTHKa TEKCTOBOTO $3bIKa, TpadHUIecKue KOH-
CTPYKIUH U HaOOpHI ma0I0HOB 11t HOPMATBHOTO ONHCAHUS
CYIIHOCTEH MpeAMeTHON 00JaCTH U MPOIECCOB a BTOMAaTHU3H-
pyemoil ymnpaBIE€HYECKOW IeATEbHOCTH, NOCTPOEHHBbIE Ha
OCHOBE SI3bIKOB W CpPEICTB BHU3yaJbHOIO MOJCIUPOBAHUS
UML, OCL, KemelF, EMF, Xtext, Xbase, GMF;

— JeTalu3UpOBaHHAS METOAMKA pa3paboTku DSM-pemre-
HUs, TipeaHa3HayeHnoro mis cosnanus 110 ACY IITDKT, mo-
CTPOCHHAas Ha OCHOBE CTPYKTYypPHO-WH()OPMAIMOHHON KOH-
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nenTyajlbHOM cxeMbl DSM-pemienus, ucnonab3yromas KOH-
CTPYKIHUH U cpencTBa (OPMAaTBHOTO ONMHCAHUA CYIIHOCTEH 1
IIPOLIECCOB aBTOMAaTU3UPYEMOH yIpPaBIE€HUECKON AEITEIBHO-
CTH U 00ecreunBaiomas CKBO3HOH KOHTPOJIb KauecTBa paspa-
0aThIBaeMBIX MOJI€JIeH U POrpaMMHBIX CPEJCTB.

3AKJIIOYEHUE

Co3nanune DSM-perenus, npegHa3HaueHHOTO ISl paspa-
6otku [10 ACY TIIDKT, n01KHO HAYUHATHCS C ONpEeIeHUs
1 pa3pabOTKH KOHIENTYaJbHOW MOJENH NpeIMeTHOH oOna-
CTH, BKII0Yas yCTAHOBIEHHUE U OMMCAHHUE y4aCTHUKOB U MPO-
I[ECCOB YIPAaBICHYECKON IEeATCIBHOCTH, aBTOMAaTH3HPYEMBIX
¢byHKIMH, cr1oco00B M ycloBHH HX peanu3anuu. Ha ocHoBe
9TOW MHPOPMAIMH ONPEAEIAIOTCS TPEOOBAHUS K COCTaBY U
BO3MOXHOCTSIM Tpebyemoro DSM-pemenns, ocyImecTBiIsieTcs
BEIOOp HamboJiee aICKBATHOTO M3 CYNIECTBYIOMHMX. B ciryuae
OTCYTCTBUS TAKOBOTO NPUHHUMA ETCS PEIICHHE 0 HE0OX 0 J1MO-
CTH pa3pabOTKu HOBOTO, B TIOTHON Mepe yIOBIETBOPSIOLIETO
3agaHHBIM TpeOoBaHMAM. KoHIENTyalbHYI0 MOJAENb Npea-
METHOH 00NacTu 1eixecooOpa3Ho MpeACTaBUTH B BUIE HEpap-
XUUYECKH YMOpPSANOYEeHHOTO Habopa QyHKUUH ynpaBieHus,
OCYILIECTBISAEMbIX OpPTaHAMM yIpPaBIEHUS B OTHOLIEHUH 00b-
€KTOB yNpaBJIEHUs AN AOCTU)KEHHs yCTAaHOBIEHHBIX LeNei
0 OTIPEENIEHHBIM aJITOPUTMaM B COOTBETCTBHH C 33 1a HHBIMU
BPEMEHHBIMH, PECYpCHBIMH W JAPYTUMH OTPaHUYCHUSIMH.
DSM-pemenne mins paspabotkun [I0 ACY IIIDKT moskxHO
006s1a1aTh CJIe Ty IOIINMH BO3MOSKHO CTSMH:

— obecrreunBaTh MHGOPMAIIMOHHYIO U IIPOTPAMMHYIO ITOJI-
JePKKy TPOIecCcOB pa3paboTku TpeOoBaHMUI, MPOESKTHBIX pe-
IEHUH YU IPOTPaMMHOM pean3aluu;

— AMETh CPEJICTBA NOCTPOCHHS, MOACIUPOBAHUI U BEPH-
¢uKamMu CTPYKTYPHBIX W TIOBEACHUYCCKHX AacCIEKTOB U
cBoiicTB Mozenu ¢yskimonupoBanus ACY IITDKT;

— XpaHUTb, NPEACTaBIATH M 00pabaThBaTH IaHHBIE,
IpeICTaBICHHBIE B TEKCTOBOM, Irpa(HUIecKOM, TaOIHIHOM
Buzie, B (opMe MaTeMaTHYECKUX U JIOTHUECKHUX BBIpake-
HUH, CTPYKTYp HJaHHBIX, CHEUUGUYHBIX AN TNpeAMETHOH
obmnactu ACY TIIDKT.

[Ipumenenne DSM-pemenuid nMeeT cileayroliue Ipe-
HUMyIIECTBa Mepes UCNONIb30BaHUEM yHUBEPCAIbHBIX CPEICTB
pa3paboTKu:

— Gnarofaps UCIONB30BAHHIO CIELUATU3UPOBAHHBIX UH-
CTPYMEHTAIBHBIX CPEACTB aHalln3a, MIPOEKTUPOBAHUA U pas-
pabOTKH, MAaKCHMaJIBHO ITOJIHO M TOYHO YYHUTHIBAIOIINX 0CO-
OCHHOCTH TIpeIMETHOI o0iacTh, obecreunBaeTrcs O6ojee co-
IJTaCOBaHHOE B3aMMOJEHCTBHE W B3aMMOINOHHMAaHHE BCEX
Y9aCTHHKOB TIPOIIecCa M JOCTHTAETCst 00ee TOYHOE COOTBET-
CTBHE BO3MOXXHOCTEH CHCTEM OXHIAHUAM U MOTPEOHOCTIM
KOHEYHOTO TI0JIh30BaTEIIS,;

— IOJIyYCHHBIE B pe3yabTaTe OpMaIbHEIE MOAEIH TPebo-
BaHMUH M MPOEKTHBIX PEIICHUH MIPOXOAST CTPOTHE MPOIEAYPHI
BaJIUAALIMU U BepU(DHUKA LN, YTO TIO3BOJIAET 00ECIEIUTH KOP-
PEKTHYIO0 aBTOMAaTU3HPOBAHHYIO T€HEpPaIUI0 H TECTUPOBaHUE
IIPOrpaMMHOTIO KOJa;

— obecreynBaeTcsl CKBO3HOM KOHTPOJIb Ka4ecTBa BCEX ap-
Te(haKTOB >KU3HCHHOTO IMKJIA CHCTEMBI, BKIIOUYAs JTall dKC-
IUTyaTalluy ¥ COMIPOBOXKICHHS.
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Methodology tor Developing Intellectual Design
Tools for Automated Process Control Systems
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Abstract. Improving technologies for industrial development
of automated systems for managing organizational and techno-
logical processes and technical complexes is carried out in the
direction of creating and using domain-specific languages and
intellectual means to support the development of systems of a
certain rather narrow class and a specific subject area. The most
important and complex issues are the construction of a conceptu-
al model of the subject area and the development of an adequate
and optimal set of tools for its formal description. The article
presents methods and tools for solving these issues based on the
task-oriented ontology, Zachman architecture, and tools of the
Eclipse Modeling Project. Application of the developed method-
ology and means of its implementation will reduce the time and
improve the quality of developed automated systems for special
purposes.

Keywords: automated control systems, validation and verifica-
tion, metamodeling, domain-specific languages, DSM-solution,
DSM-platform.
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CoBpeMeHHbIe (PPEeHMBOPKH A1 pa3padoOTKH
web-npuiiokeHu

A. A. BaiinpioexoB, k.oeH.H. P. I'. 'unbBanoB, maructp U. A. Monoakun

[erepOyprckuii rocy1apcTBEHHBI YHUBEPCUTET
nyTtei coobmenus Mmmneparopa Anekcanzpa |
Cankr-IlerepOypr, Poccust
baydibekov98@gmail.com, gilvanov1950@mail.ru, molodkin@pgups.ru

Annomayus. B Hacrosimiee BpeMsi aKTHBHO Pa3BHUBAIOTCH
TeXHOJIOruH web-nporpaMmvmupoBanus. B craTbe BbINOJIHEH 00-
30p nomy.JsApHbIX ¢peiiMmBopkoB, TexHoJoruii (MVC) u uHcTpy-
MEHTOB, IPeJHA3HAYEHHBIX A1 Pa3padoTku web-npuioxeHuii ¢
Y4eTOM COBPEMEHHBIX CTaHJapToB. JlaHa XapakTepucTHKA apXu-
TeKTYpel W THNBI ¢peiiMBopkoB. PaccMoTpeHbl momyJsipHble
cepsepHble (Django, Python, Zend, PHP, JavaScript) u kiueHt-
ckue (Angular, React, Vue, Spring) ¢ppeliMBOpKH U SI3BIKH NPO-
rpaMMHpPOBAHHUS, ¢ KOTOPBIMH OHH PaGoTalOT. YKa3aHbI A0CTO-
HHCTBA M HEJOCTATKH KAKI0T0 M3 PAacCMOTPEHHBIX HHCTPYMeH-
TAJBHBIX CPEACTB.

Knruesvie cnosa: web-rexnojiorum, ¢ppeiiMBOpK, pazpadoTka
web-npunoxkennii, framework, MVC, Django, Python, Zend,
PHP, Javascript, Angular, React, Vue, Spring.

BBEJIEHME

B coBpeMeHHOM MHpe CIIOKHO MPEJICTaBUTh KPYIHYIO KOM-
MIAHUIO ¥ OpraHM3alvio 0e3 COOCTBEHHOro Wweb-IpHIIoKEHUS
wm caiita. BMecre ¢ nHTEpecoM opraHm3anuii pacTer Kojaude-
CTBO OMONMOTEK U (PPEHMBOPKOB, HAICICHHBIX Ha OOJICTICHHE
pa3paboTKK BBICOKOKAUECTBEHHBIX Web-nprnoxeHnii. Opeiim-
BOPKH CHJIBHO H3MEHWIM MHP IPOTPaMMHUPOBAHUS M CTaIH
HEOTHEeMJIEMOH YacThi0 Web-pa3paboTky, Tak Kak CTaHIAPTHI
TPUIOKEHHI TOCTOSTHHO MOAN(DHITUPYIOTCS U, KaK CJICICTBHUE,
pacTeT CIIOKHOCTh TEXHOJOTrWu. cronbp3oBaHHE TOTOBBIX
UHCTPYMEHTOB M OMOJIMOTEK, 0J100pEHHBIX ThICSYaMU paspa-
OOTUMKOB II0 BCEMY MHpY, SIBISIETCS Pa3syMHBIM IOAXOJ0M
JUISL CO3aHMsg MHOTO(YHKIMOHAIBHBIX M WHTEPAKTHBHBIX
web-nipuioxenuii. Beibop dpeiimBopka — 3amauya He camas
CJIOKHas, HO TPH BBIOOpE CIEQyeT YYUTHIBATH MX JOCTOHMH-
CTBa M HEJOCTAaTKH.

APXUTEKTYPA U TUITbI ®DPEIMBOPKOB

OpeitmBOpK (aHTH. Framework — «KapKacy, «CTPYKTY-
pa») — 3TO OTUHAMUYECKH MOIOJHsIeMas OnONMoTeKa s3bIKa
MIPOrpaMMHPOBAHUS, B KOTOPOI COOpaHBI €ro 0a30BBIE MOJY-
. OpeiiMBOPKU CO3AI0TCS AJIsl YIIPOLUEHUS MIPOLIECCOB pas3-
PabOTKH MPUJIOKECHUH, CaliTOB, cepBUCOB. UTOOBI HE THCATh
MOJIyJb B MPHJIOKEHHUHU C HYJISI, FOPa3o Mpole 00paTuThes K
TOTOBBIM MIabJ0HAM (PPEHMBOPKOB, KOTOpbIE U (HOPMHUPYIOT
pabouyro cpeny pa3paboTIrKa.

ApXHUTEKTypa TOUYTH BceX (peiiMBOPKOB OCHOBaHA Ha Jie-
KOMIIO3HIIMU HECKOJIBKUX OTHCIBHBIX CIIOCB (TIPUIIOKEHHUS,
MOJYJIH U T. JI.) IPOEKTa. DTO O3HAYAET, YTO MOXHO paclIu-
pATh (PyHKIMOHAIBLHOCTH MPHIIOKEHUSI UCXOAS W3 MOTPEOHO-
CTeH W WCIIONB30BaTh M3MEHEHHYIO BEPCHIO BMECTE C KOIOM
(¢peliMBOpKa WM 3aAeHCTBOBATH CTOPOHHHE IPIIOKEHHS.
Takast THOKOCTB SIBIISICTCS ONHUM W3 ONHUM H3 KIFOYEBBIX
MIPEUMYIIECTB UCIOIb30BaHus ppeiimBopkos [1].

MVC (aarn. Model-View-Controller — «Mopeinb-
IMpexacraBnenne-KoHTpouiep») — KOHIEHIHS TPOrPaAMMHPO-
BaHMs, Pa3Jelsionas KIacchl Ha TPHU TPYIIIbI, MIHUPOKO MpPH-
MEHSIIOUIASCS M TIPH KCIOJb30BaHuu (peiiMBopkoB. CTPyKTY-
pa KOHILIEMIIMH MPEeICTaBlIeHa Ha pUCYHKeE 1.

Updates Manipulates

Controller

Puc. 1. Konnermmms MVC

Mogenb COREepKUT BCce JaHHBIE U YPOBHU OM3HEC-TOTHKH,
ee mpaswiia U GyHKINH.

[IpeacraBnenue oTBeYaeT 3a BU3yalbHOE OTOOpaXKEHHUE
JIAaHHBIX, HAIpUMEp: JrUarpaMMbl, TpadMKH U T. [1.

Konrpomep mpocro TpaHcopMHUpYyeT IaHHBIE AJsI KO-
MaH/ IPeAbIIYLIIUX JBYX COCTaBISOMMX [2].

VY ¢hpelitMBOpKOB ecTh 1B OCHOBHbIE (DYHKIMU: paboTa Ha
CepBepHOU CTOpoHE (03K-3HM) U paboTa Ha KIUCHTCKOM CTO-
pore ((pponT-3HI). KimeHTckas 9acTb — STO B OCHOBHOM
HTML, CSS u JavaScript 1 paccMaTpuBaeTcsi OHa Kak crocoo
npeacTaBieHuss MH(QOpManuu rmoib3oBaTersiM.  CepBepHast
4acTh, KaK MPAaBWIO, ABJIIETCS HAHOOJIEE CIOKHON M OMHCHI-
BaeT BCIO OM3HEC-JIOTHKY IpuiIokeHus. BebG-pa3paboTky cep-
BEPHOH Y4acTH MOXKHO BBIIOJIHUTH HA MHOTHX SI3BIKaX, TAKHX
kak Java, Python, PHP u 1. 1.

CEPBEPHBIE ®PEIMBOPKH

[IpaBwia u apxuTekTypa Takux (HpeiMBOPKOB HE JarOT
BO3MOXKHOCTH CO37aTh BEO-IPHIIOXKEHHE C OOraThIM HHTEp-
¢eiicom. OHM orpaHHYeHBl B CBOEH (YHKIMOHAIBHOCTH, OJ-
HAaKO BCE PaBHO MOYKHO CO3/IaBaTh NPOCTHIC CTPAHUIBI U pa3-
Hble (opmbl. Tarke OHM MOTYT (OPMHPOBATH BBIXOJHBIC
JaHHBIC M OTBEYaTh 3a 0E30MAcHOCTh B Cliydae aTtak. Bce aTo
OTIPEIETICHHO MOXKET YIPOCTHUTH Ipoliecc paszpadorku. Cep-
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BepHbIE (PPEMBOPKM B OCHOBHOM OTBEYAIOT 3a OT/AENBHbIE,
HO KPHUTHYECKH Ba)KHBIE YacTH MPWIOKCHHUS, 0e3 KOTOPHIX
OHO HE CMOXKET HOpMaJIbHO paboTarb. BOT HECKOJIBKO CaMBbIX
TIOITYJISIPHBIX ()PEHMBOPKOB M SI3BIKH, C KOTOPHIMH OHHU pabo-
tatoT: Django — Python, Zend — PHP.

DJANGO

BricokoypoBHEBEIIT (PpEHMBOPK, KOTOPBIA SIBISETCS HE
TONBKO OBICTPHIM peIIeHHeM B BeO-pa3paboTke, BKIIIOYAIO-
MM BCE HEOOXOAMMOE Ul KaueCTBEHHOIO KOJa M Mpo3pad-
HOTO HamNFCaHUs, HO TaKXKe W OTIMYHOH TaTGopmoil s
paboThI C KIIMEHTYPOIi TOro WM HHOTO Ou3Heca. Bmecte ¢ Tem
OH y100€H [T pa3paboTUHKOB.

B Django peamuzoBan npunuun DRY — Don’t Repeat
Yourself (pyc. e nosmopsiics). To ecTh Ipu UCTIONBE30BAHUH
Django He Hy)XHO HECKOJIbKO pa3 NEepenuchiBaTh OJUH U TOT
ke Koa. OpeiMBOpPK MO3BOJISIET CO3/aBaTh CaWT M3 KOMIO-
HeHToB. braromapst sToMy cokpamiaercs BpeMsi CO3JaHusl cai-
TOB.

DpeitMBOPK CTIPABIIAETCS ¢ OOJNBIIMM KOTHIESCTBOM 33734
1 TIOBBIIIEHHBIMH Harpys3kamu. Ero mpumensror mms cospa-
HUS:

e CRM-cucrem (Customer Relationship Management) —
CHCTEM YIIPABJIECHHs OTHOIICHUAMH C KINEHTaMH);

e CMS-cuctem (Content Management System) — cuctem
yIpaBJIeHUs CONEP)KUMBIM (KOHTEHTOM) [3];

® KOMMYHHKAIMOHHBIX IJ1aTHOPM;

® CCPBUCOB OPOHUPOBAHUS HOMEPOB;

e miathopM yIpaBieHHs JOKyMeHTooOopoToM [4].

Taxke Django moaxoauT A CO3AaHUs aIrOPUTMHYECKUX
TeHEPATOPOB, TIAT(GOPM IS INMEKTPOHHBIX PACCBHUIOK, CHCTEM
BepuUKanuy, cucTeM QUIBTPANUKN C JUHAMHYECKHMH IIpa-
BIJIAMH M CIIOKHBIMH ITapaMeTpamH, IuaTdopM A aHamu3a
JAHHBIX U CIIOKHBIX BBIYMCIICHNH, MAIIMHHOTO 00y4YeHUSI.

Peamm3oBano 00BeKTHO-peAIIOHHOE 0ToOpakerune (Object-
Relational Mapping, ORM), xoTopoe obecrieunBaeT B3anMO-
neiictBue npunoxkeHus ¢ 6azamu ganHeix (B/). ORM asTo-
MaTu4ecku rnepenaer nanueie u3 bJl, Hanpumep PostgreSQL
nn MySQL, B 00bEKThI, KOTOPBIC UCIIONB3YIOTCS B KOJIE TIPH-
JIO)KEHHUS. BKIIIOYAET MEXaHW3MbI MNPENOTBPALICHHs pPacIpo-
cTpaHeHHbIX aTak Bpoae SQL-unbexmmit (XSS, anri. Cross-
Site Scripting — «MEXCalTOBBIA CKPUNTHUHT») U TOJJIEIKH
MmexkcaiitoBeix 3armpocoB (CSRF, wim XSRF, anrn. Cross-Site
Request Forgery) [4].

Django REST Framework, KoTopBlil yacTo COKpamaoT a0
DRF, siBnsiercst OMOIMOTEKOM /17151 IOCTPOCHUS IPOTPAMMHOTO
unrepgeiica npunoxenus, APl (Application Programming
Interface). OH UMeeT MOYIBHYIO U HACTPAUBACMYIO apXUTEK-
TYpY, KOTOpast XOpoIo paboTaeT JyuIs cO3/1aHMsl KaK MPOCTHIX,
tak u ciaoxHeix API. B DRF nommtukn ayreHtnduxanmu u
pa3spemeHnii JOCTyIHBl «u3 KOpoOKm». OH IMOCTaBIsIETCS C
6azoBeiMu Kkiaccamu it CRUD-omeparmuii m BCTpoeHHOU
YTHIUTOH IS TECTUPOBaHU pa3padarbiBaemoro API [5].

ITmrocst:

e Macca OMOJHMOTEK, YTO TO3BOJISIET HE MHCATh 0a30BYIO
(YHKIIMOHATIBHOCTD, @ TOJIBKO JIMIIh HMIIOPTHPOBATH HEOOXO-
JIMOE;

e 110/IpoOHasi JIOKyMEHTALsl M JpyxKearoOHoe coolie-
CTBO, MOJTOMY BCEr/la TOpa3io IpOoIle HAWTH YK€ TOTOBBIC
PELIeHNUS WIK TOJTyYUTh TIOMOIIb OT COOOIECTBA;

e Django mo3BoJsieT HauyaTh C MAJIOTO M MacIliTabUpOBaTh-
Cs1 [0 Mepe HEOOXOIUMOCTH.

Munycsl:

e Django He momnepxkuBaer WebSockets, mostomy oH
IUIOXO MOAXOMUT JUTs paboThI B pealbHOM BPEMEHH;

® TOTOBBIE OMOIMOTEKH YacTO CHMXKAIOT TMOKOCTh, Django
SBJISACTCSA OONBLIIMM W MOHOJHUTHBIM (DpeiiMBOPKOM, M €ro
KOMITOHEHTHI Pa3BEPTHIBAIOTCS COBMECTHO.

ZEND

Zend Framework — 3TO0 00BEKTHO-OPHEHTHPOBAHHAS
cpeaa BeO-IPWIIOKEHUI C OTKPBITBIM HCXOJHBIM KOJIOM,
MPECTABISIONIAs o000 HA0Op MPOQPECCHOHANBHBIX MAKETOB
Ha ocHoBe PHP, paszpaGorannast um mopJiepkuBaeMasi KOMIIa-
Hueir Zend. Oto Habop KiaccoB, OOJBUIIMHCTBO KOTOPBIX HE
TIPUBSI3aHBI K JPYT APYTY, @ 3HAYMT, UX MOXKHO HCIIOJIb30BaTh
Kak I10 3aIm4acTsiM B JPYTHX IPOEKTax, Tak U MOJHOCThIO. B
JTAHHOM KapKace ecTh BCE, YTO HY>KHO B COBPEMEHHOM web-
npoekre. JlaHHBIA (peiMBOpK, KaK NMPaBWIO, OOJBIIE BCETO
UCTIONB3YIOT TPH Pa3pabOTKE KPYIHBIX KOMMEPYECKHX IIpO-
extoB. Takme xommanum, kak Google, Microsoft n Strikelron,
coTpynHHYAT ¢ Zend, mpemoctaBisis nHTEpHEHCH s BeO-
CEpBHUCOB U JIPYTUX TEXHOJIOTHi, KOTOPbIE OHU XOTAT C/AENATh
MOCTyNMHbIMU pa3padoTunkam Zend. Kommanusi yuactByer B
paspabotke sipa si3bika nmporpammupoBanust PHP [6].

@peiiMBOPK HCIIONIB3YET Pa3iIMYHbIC MAaKEThl, HCIIOJb3YS
Composer Kak 4acTh CBOMX MEHE/DKEPOB 3aBHCUMOCTEH Iake-
ToB. Hekoropeie n3 Hux: PHPUnit aist tectupoBaHust Bcex
nakeroB, Travis Cl mnst cimyx0 HempephIBHOW WHTErpamu.
Zend Framework mpemocTaBisieT MoJIb30BaTeNsIM HOAIEPIKKY
MVC B coueranuu ¢ pemerneM Front Controller. Zend Frame-
work crenyer cranmaptam PHP-FIG u BrirtogaeT peanuzaruro
PSR-7 mna warepgeiico HTTP-coobmenmii. [lonnepixkka He-
CKOJIBKMX CHCTeM 0a3 JaHHBIX M MMOCTABIIMKOB, BKIIOYass Mari-
aDB, MySQL, Oracle, IBM DB2, Microsoft SQL Server, Post-
greSQL, SQLite u Informix Dynamic Server [7].

C momomiplo ciy>x0 yaaneHHOTo BbI30Ba npoueayp (Remote
Procedure Call, RPC) u REST (anrn. Representational State
Transfer — «nepepada COCTOSIHMSI IIpe/CTaBiieHUs») Zend
Apigility momoraer pa3paboTanKaM cO31aBaTh ¥ TOKYMEHTHPO-
Bath APL

Zend Server o0ecreunBaeT yJIydIIEHHYIO IIPON3BOIUTEIb-
Hocth it PHP, u ocobenno mpunoxernit Zend Framework,
3a CYET YCKOPEHHMs KOZa OTEPALi U HECKOIBKHX BO3MOKHO-
CTEH KIIIMPOBAHMS, & TAKXKE BKIIIOYAET CPEJCTBA MOHUTOPHH-
ra U JUarHoCTHKH npuioxennii. Zend Studio siistercst uHTE-
IpUpOBaHHOI cpenoi pa3paborku mnpuioxenuit (Integrated
Development Environment, IDE), kotopast Bkitouaer ¢GyHK-
LMK, CHIENUAFHO MpeHa3HaueHHbIE Ul YIPOIIEHHUs PaOOThI
¢ Zend Framework. Ona obecnieunBaect MV C-nipeicraBieHue,
reHepanuio koga MVC nHa ocnoBe Zend Tool (kommoHeHT
Zend Framework), mpemocraBisier cpencrBa QopmaTrupoBa-
HUSI, aHaJIM3a ¥ UCTIPABJICHUS KO/Ia, TOMOIIb 10 TIapaMeTpaM 1
MHoroe apyroe [8].

JocTouncrna:

® OTJINYHO TIOJXOJUT ISl pa3pabOTKH KOMMEPUYECKHX BEO-
IPWIOKEHUH;

® 00BEKTHO-OPUEHTHPOBAHHBIH ITOAX0] K pa3paboTKe;

® HECBSI3aHHBIE KOMIIOHEHTHI AJISI TIOBTOPHOTO HCIOJNB30-
BaHHS B MPOEKTAX.
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HenocraTtku:

® TSKEJIOBECHBINH U PECYpPCOEMKHUM, TaK KaK MPeI0CTaBIsIeT
pa3paboTYrKy Maccy BO3MOKHOCTEH U (DYHKIIUH;

® HE MMOJIXOIMT JJIs OBICTPOI pa3pabOTKU MPOCKTOB;

® HETOCTATOYHO MATEPUAIOB U PYCCKOS3BIYHOTO Cer-
MEHTa pa3pabdOTINKOB.

KJIMEHTCKUE ®PENMBOPKU

B omimune ot cepBepHBIX KIMEHTCKHE PPEHMBOPKH HUKAK
HE CBS3aHbI C JIOTUKOH IPHIOKEHU. DTOT THI (PpelMBOPKOB
paboraer B Opaysepe. C UX MOMOIIBI0 MOXHO YIYYIIUTh H
BHEJ[PUTh HOBBIE IMOJb30BaTENbCKUE HHTEpdenchl. DPpoHT-
9HII-PPEHMBOPKH MO3BOJISIIOT CO3/1aBaTh pa3Hble aHUMAIMH U
OJTHOCTpaHUYHBIE NPUIIOKEHUs. Bece knmenTckue gppeiMBop-
KM OTJIMYAlOTCSA 10 (PyHKIMOHAIBHOCTH W HCIOJIB30BaHUIO.
PaccMoTpuM 1OAPOOHO HEKOTOpBIE M3 HUX, UCIOJIB3YIOIINE
s136IK JavaScript.

ANGULAR

Angular — ¢peliMBOpK € OTKPBITBIM HCXOIHBIM KOIIOM,
paspaborannblii U nojanepxuBaembiii Google. MHCTpyMeHT
JlaeT BCce HEOOXOIUMOE TS CO3/1aHHs M YIPaBICHUS IUHAMU-
yeckumu front-end crpaHumamMm UL BeO-IPUITOKEHUS.
B Angular umeercs ciyx6a $http, xotopas obecmeumnBaet
B3auMozeiicteue ¢ ynaineHHeiMu HTTP-cepBepamu ¢ mnomo-
mpro XMLHttpRequest wiu JSONP [9]. Tlpu nepenade 00b-
ekrta JavaScript Ha cepBep OH OyZeT aBTOMaTHYECKH IpPeoo-
pasoBan B ctpoky JSON. Ilocie momydeHus oTBeTa cCiryxOa
TaK)Ke IMOIBITAETCS NPeoOpa3oBaTh IOJIYYEHHYIO CTPOKY
JSON B JavaScript. Ucnone3ys ciyx0y $http MoxkHO co3nath
COOCTBEHHYIO CITY’KOY C TIOJHBIM KOHTPOJIEM HaJa 00paboTKOMH
URL m naHHBIX.

Angular co3maH A YIPOIIEHHS CIOKHBIX MPOIIECCOB CO-
3MaHus U ynpasieHus JS-mpunoxkernsamu. bubmmoreka ocHo-
BaHa Ha oObryHOM JS u HTML, moatomy Angular aBromaru-
yecku 3a00TuTcs 0 MaHUMyAnuAx ¢ DOM (aurn. Document
Object Model — ob6vexTHast Moznens AokymeHTta) u AJAX-
3ampocax, KOTOpble B TPOTUBHOM cliydae pa3paboTduKam
MPUILIOCh OBl MUCAaTh caMUM. MHCTPYMEHT IpeloCTaBisieT
MOJIyJIbHBIE CTPOUTEbHBIE OJIOKH Koja JS, KOTOpble MOXHO
coBMemaTh M tectuposark. Angular]JS moxHO ObIcTpo m00a-
BUTH Ha J00yt0o HTML-cTpanuily ¢ moMomnplo IpocToro Tera.
Bbraronapst mognepskke TypeScript Angular siBisieTcs Xopommm
BapHaHTOM JUIS Pa3padOTKH TPOMO3AKUX BeO-Tiprtoxkeruit [10].

B Angular mpumeHsieTcss AByCTOpOHHEE CBSI3BIBAHHE: JIIO-
Oble M3MEHEHHSI B TMOJIBb30BATEILCKOM HMHTepdelice cpasy ke
OTpaKaloTCsl Ha 00BEKTAX MPIIIOKEHUS U Ha000poT. Ppeiim-
BOPK CaM CIIEINUT 3a COOBITHAMHU Opay3epa, N3MEHEHUSIMH MO-
JIENN U IEHCTBUAMH TIOJIB30BATENS HA CTPAHMIIE, YTOOBI cpazy
OOHOBIIATH HY)KHBIC madaoHbL. [Ipu 3TOM B KOje JavaScript
He TpeOyeTcss XpaHuTh CChUIKM Ha DOM-3jIeMEHTBI U SIBHO
UMM MaHUITYJIUPOBaTh: IPOCTO OINKCHIBACTCS HEOOXOANMBIi
pe3ysbTaT B TEPMHHAX COCTOSHHS MOJIENU U HET HaJOOHOCTH
UCIIOJIb30BAaTh HU3KOYPOBHEBBIE KOHCTPYKIIHH.

Angular BXOgUT B IakeT cepBepHOro MpOrpaMMHOro obec-
neyenus (I10) MEAN, kotopslif Takke Bkiodaer MongoDB,
Express.js 1 Node.js [11]. [ToaToMy OH 1O3BOJSIET YHPaBIATh
front-end u back-end mpoekra ¢ momorsio JavaScript. B kaue-
CTBe anbTepHaTHBBI [yt back-end MOXHO WCHOJIB30BATH
¢peiimBopk Ruby on Rails (RoR), nHamucaHHBII Ha s3bIKE
nporpamMmmupoBanust Ruby.

OpeliMBOPK MPHUMEHSACTCS B pa3pabOTKe MOOWIBHBIX U
BeO-NIPUIIOXKEHUH. B jomoIHEHNE K CTaHAapTHOMY HCIIOJIb30-
BaHHMIO OJHOCTPAHWUYHOTO IPHJIOKEHHS C COOTBETCTBYIOIIECH
OuONMMOTEeKOM, Takoi kak, Hampumep, Universal, Bo3MOXKHO
CO3/IaHNe MHOTOCTPAaHWYHOH Bepcuu. UTo Kacaercs MOOWIb-
HON paspabotku, Google mpenocTaBmil MONB30BATENSAM CIIe-
IUajgbHy0 IU1atdopMy lonic, HameneHHyI0 Ha CO3JaHHE H
nmonaepkky Native- n Progressive-npriioskeHuiA.

Angular]JS moctpoen mo texuuke «functionality-first», mo-
TOMY (peliMBOPK OOJBIIE BCETO MOAXOIHUT UL pa3padOTKU
cBepXy BHM3. MonynbHas koHuenuus Angular]S mo3Bonser
YIPOCTHUTH paszziesieHne paboThl HA pa3Hble KOMaH/bl B KPYII-
HBIX IIpOeKTax. B mpuopurere MHHUMaIbHOE KOJIMYIECTBO KO-
Jia, ModTOMY npritokenust AngularJS, kak npaBuiIo, KOMIaKT-
HBI 1 JIETKH B PEIaKTHPOBAHHH.

OcHoBHBIE TIpeuMylecTBa (peiiMBopka Angular, moBbI-
IAIOIINE CKOPOCTh U IPONU3BOIUTENBEHOCTD, — TO CHHTAKCHUC
mabnona u nHTepdeiic komanaHoH cTpokn (Command Line
Interface, CLI) anst OICTpOTO CO3AaHUS MPOTOTHIIOB. Angular
Jyd4Ile BCETO TOAXOAWT Il HAMHMCAHMSA OJHOCTPAHWYIHBIX
MIPUWJIOKEHNH, HO €ro TakKe HCIONB3YIOT M IS Pa3pabOTKH
KPYTHBIX KOPIIOPATUBHBIX BEO-TIpuiIoxkeHuit [12].

ITmrocst:

® OTPOMHBIN WH(POPMAIMOHHBIA PECcypc MO HM3YUYCHHIO H
o0IupHOe COOOIIECTBO, MPENIOCTABIISIONINE IPOrPaMMHUCTaM
MIOMOIIb NIPU NTPOEKTUPOBAHUH U pa3paboTKe;

e JIeKJIapaTUBHAS TapajurMa IporpaMMHUpPOBaHHs oOecrie-
YHMBAeT JIETKOBECHOCTh KOJA, 4YTO OOJIEr4aeT ero 4reHue |
TOJIIEPKKY;

® B3aMMO3aBHCUMOCTh (DYHKIIM, BBHIY UX CBS3aHHOCTH C
KOMITOHEHTAaMH ¥ MOJYJISIMU;

e pa30MBKa Ha MOJIYJIM IIO3BOJISIET 3arpyaTb TOJBKO
HY)KHBIE CITYXOBI ¥ 3()()eKTHBHO BBITIONHATH ABTOMATHYECKOE
TECTUPOBAHUE.

Mumnycsl:

® CIIOXKHBIA SI3BIK TPOrPAaMMHPOBAHHSA, HECMOTPSl Ha TO,
yto Angular ucnons3yer Typescript 2.4;

® JIMIICH THUOKOCTH NMPU MPOEKTUPOBAHHUHM, TaK KaK OUCHb
«YTPSIMBIi» U HaBA3bIBAET CBOIO CTPYKTYpPY pa3paboTynkam;

® TIOCKOJIBKY Angular coiepXUT MHTEpaKTHBHBIE JIEMEH-
ThI BCTPOSHHBIX CTPAHHMI], CTPAHUIBI MOTYT OBITh MEIJICHHBI-
MU;

® MHTETPalliOHHbIE OIIMOKH, KOTOPblE MOTYT BO3HHUKAaTh
IIPH TIEPEX0JIe OT CTApOil BEpCHH K HOBOH.

REACT

React]S — ato 6ubnmoteka JavaScript, co3nannas Face-
book B 2013 romy, oHa IPEBOCXOAHO MOJIXOMUT JJIS CO3IAHUS
MacITaOHBIX BEO-TPHIIOKEHHUMH, I/1¢ JAHHBIE MOTYT MEHSTBCS
Ha peryJIIpHOI OCHOBE.

React mpencraBmnm KoHIENIHIO BHpTyansHOro DOM,
MIPEACTaBIAIOMMHA co00i BeO-cTpaHHIBI B Opaysepe. React
obOnamaer COOCTBEHHBIM BHUPTyaldbHEIM DOM, KOTOpHIA
ynpasisier (aktngeckum DOM Opays3epa W, Tak Kak OH
HamHoOro OpicTpee, yem DOM Opay3epa, 3HAYUTEIHHO HOBEI-
maetr mpomsBoguTensbHOCT. DOM React MoxxeT cosnaBath
6omnee 200 000 y370B B CEKyH/y, YTO NPEBBIIACT CPEAHUI
MoKasatenb y3J0B JUisl OONBIIMHCTBA caiiToB. Takxke OH Mo-
KET BOCCO3/IaBaTh W3MEHEHHs Oyaromapsi HCIIOJIb30BaHHIO
anroputMa Diffing, koTopsIii crlocoOeH COKpaTHTh BBIYHCIIE-
HHUe pa3HocTH OT cioxHoctd O(n3) no O(n). DOM no3Bonsier
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oobenuusTh HTML-, XHTML- mnu XML-10KyMEHTBI 1O
OIIpEJICTICHHBIM KPHUTEPUSIM, Yallle BCEro B JEPEBO, MO3TOMY
React ortnmmuHO moxxoauT aist BeO-Opay3epoB mpH aHan3e
Ppa3HoOOpa3HbIX 3JIEMEHTOB BeO-TpriiokeHui [13].

OnHolt U3 3amMedaTeNnbHBIX ocoOeHHOCTEH React sBisercs
BeeaeHne JSX  (pacmmpeHHs — NPOTPaMMHOTO  SI3bIKa
JavaScript). Heobxoanmo nonumats: JSX — 3to He HTML n
He JavaScript. [Ipemects JSX 3aximogaercss B TOM, 9TO OH II0-
MoraeT pa3pabOTUMKy BH3yaJIM3HPOBAaTh COAEPKHMOE CTpa-
HUII, HA HEM TOpPa3o MPOIIE MHUCaTh, YeM Ha TPaJUIHOHHOM
JavaScript [12].

C ToukM 3peHHs YpPOBHS CIOXHOCTH, React sBisercs of-
HUM M3 CaMbIX NPOCTHIX B OCBOeHHMH. OH OCHOBBIBAaETCS Ha
JIETKUX SI3bIKax IPOrPaMMHpPOBAHUSI — JOCTATOYHO BCIIOM-
HUTH, Kak pabortact HTML. He HyxHO Ti1yOOKO H3y4arth
TypeScript, kak B Angular, XBaTaeT MOBEPXHOCTHBIX 3HAHMH.
React nmpnobpen u3BecTHOCTH Onaronapsi apXUTEKType Ha oc-
HOBE KOMIIOHEHTOB, KOTOpYIO Jpyrue Imar(opMbl Hadald
HCIIOJIb30BATh ropa3io no3aHee. Takoi CTPYKTYPHBIA MOAXOA
MIO3BOJISIET CPaBHHUTENBHO OBICTPO M TPOCTO CO3/aBaTh WH-
tepdeiic. CTOUT OTMETUTH, YTO OMOIMOTEKa HAIpaBlieHa He
TOJIBKO Ha CO3aHME I0JIB30BATENbCKOro MHTepdeiica oxHO-
cTpann4Horo BeO-npuiioxkenust (Single Page Application,
SPA), HO 1 Ha MOOHIIBHYIO pa3paboTKy.

ITnardopma React Native — 310 (hpeliMBOpK, HallCICHHBIN
Ha pa3paboTKy KpoccruiaT(hOPMEHHBIX BBICOKOKAYECTBEHHBIX
npunoxennit 1t i0S u Android. [IpenmyniecTBaMu JaHHOTO
WHCTPYMEHTa SIBJISIIOTCSI pa3HOOOpa3ue COBMECTHMBIX MOJY-
neit (Browserify, RequireJS, ECMAScript 6 u npyrue), ycra-
HOBJICHHBIE KOMIIOHEHTHI, OJIHOHAIIpaBJIEHHBIH IOTOK KOJa,
oubmnoreka Redux [14].

ITmrocer:

e jieTkuii Bec 0a3bl JaHHBIX; MIPOIECCHI, MPOUCXOAAIINE CO
CTOPOHBI MOJIB30BATENS, MOTYT OBITh JIETKO 337CHCTBOBAHBI Ha
cepBepe;

® CBSI3BIBAHME MEXIYy CO0OIl NaHHBIX rapaHTHPYeT HEH3-
MEHHOCTb POJUTENbCKUX IAHHBIX, JHOUEPHHE 3JIEMEHTHI HE
MOTYT U3MEHATH LIETIOUKY JaHHbIX;

® OTKpbITasi OMOJIMOTEKA NAHHBIX E€KEJIHEBHO COBEPIICH-
CTByeTCs Oarosiapsi OTKPhITOMY UCXOZAHOM KOJY;

® BLICOKHI ypOBEHb I'MOKOCTH U MaKCUMaJbHasl OT3bIBUH-
BOCTb.

Munycsl:

® OTCYTCTBHE YIOPSJAOUYCHHOW IOKYMEHTAIMH, CBEPX-
ObICTpBI 00MeH pemeHnsiMH B React]S He ocTaBiser mecrta
JUISL yTIOPSIIOYECHUS] TOKYMEHTAlUH, JOKYMEHTHI pa3MeIIeHBI
HEMHOTO Xa0THYHO;

® CIIMIIKOM OTPOMHBIN BBIOOp NEHCTBWI ISl peIIeHUs
OTIPENENCHHBIX MPOOJIEM — KOJIMYECTBO 3THX PELICHUH MO-
&KeT COUTBH C TOJIKY;

® 1I0Xast KpoccOpay3epHast OJJIePIKKa.

VUE

ITo 3asBieHHIO Pa3pabOTINKOB, Vue — MPOTPECCHBHBIN
JavaScript-dpeiiMBOpk ijisi pa3pabOTKH T10JIb30BATEIBCKOTO
naTepdeiica. OTITMUUTENHHON YepToi Vue OT MOHCTPYO3HBIX
(hpeliMBOPKOB SIBJISIETCS BBICOKAs CTEMEHb ananTuBHOCTA. OHa
3aKJIF0YAeTCsl B OPUSHTUPOBAHHOCTH HAa YPOBEHb IpEJICTaBIIC-
Hus (View) 1 IpoCTOTe MHTErpalyy APYrux OMOINOTEK UM B
CYILIECTBYIOIIME MPOEKTHI [15].

Vue no3BoJisieT pa3pabarbiBaTh CIOXKHBIE OJHOCTPAHUYHbBIE
npunoxenust (SPA) 3a cuer pacumpennss HTML-arpubyToB
TaK Ha3bIBaEMBIMH JupeKTHBaMH. CyIIeCTBYIOT KaKk BCTPOCH-
HBIE TUPEKTHBBI, TAK U OIpeeIsieMble IPOrPaMMHICTOM.

Vue u paccMoTpeHHBIH panee React ouens moxoxu. Cko-
pocTtb paboTel 0Oenx (HpPeiMBOPKOB OYEHb BBICOKA, OJIHAKO
CYLIECTBYIOT HEKOTOpBIC HIOAHCHI (YHKIIMOHHPOBaHUSI Vue,
Ha KOTOpBIE CTOUT O0OPaTHTh BHUMAHHE.

B ornuumne ot React, B KOTOPOM HM3MEHEHHE COCTOSHHS
KOMITOHEHTa BEJET K IEPEPUCOBKE BCEro MOJJEpeBa 3TOTO
KOMIIOHCHTA, Vue aBTOMaTHUECKH OTCJICKMBACT 3aBUCHUMOCTH
KOMIIOHEHTOB. Takoil ©OIX0J IO3BOJIIET CUCTEME TOYHO
3HAaTb, KaKHUC KOMIIOHCHTBI HGO6XOJII/IMO MEPEPUCOBLIBATD.
OT0 ycTpaHseT He0OXOAUMOCTb IIEJI0T0 KJIacca ONTUMH3ALIUH.

B React Bce moctpoeno Ha JavaScript, Vue e oXxBaThiBaeT
KJIaCCHUYECKHE BEO-TEXHOIOTUH U OCHOBBIBAETCS HA HUX.

React oTimuaeTcst CI0KHOCTBIO U3YUYEHUS, TIOCKOJIBKY JUIS
MIPUMEHEHHS 3TOro (ppeMBOpKa HEOOXOANMO BIIaJETh 3HAHU-
ssmu 0 JSX u ES2015+ u cuctemax c6opku. Bee aTv 3HaHUS He
SIBJISTFOTCSI 00sI3aTeNIbHBIMU TS Hadala pa3paboTku Ha Vue [16].

[To cpaBuenuto ¢ Angular, Vue umeer cierka OONBIIYVIO
MIPOU3BOIUTENBHOCTH [17].

Kak y>xe ObLI0 cka3aHo panee, 1uist paboTel ¢ Angular Tpe-
Oyercs 3nanme TypeScript. Ilpumenenue TypeScript nmeer
CBOU IPEUMYILECTBA, TaKHUE, KaK MPOBEpPKA CTATHYECKUX TH-
OB, OAHAKO OTO BEACT K YBCIIMYCHUIO HAKIIAIHBIX pacxoJ0B.
Vue mnpenocraBisier o(QUIMANbHbIE NEKJIApallMd THIOB U
oQUIMATIBHBIA EKOPATOp Ul T€X, KTO XOYET MCIIOJIb30BaTh
TypeScript Bmecte ¢ Vue.

API Angular cogepKUT MHOXECTBO 3JIEMEHTOB M KOHIIETI-
Ui, 9TO TpeOyeT OOIBIIOro BpeMeHH Ailst n3ydenus. Bee, 4ro
HeoOxoauMo 3HaTh i padoTel ¢ Vue — HTML u cranmapt-
HBIH JavaScript.

Pasmep momHodyHKIIMOHANEHOTO TIpoekTa ¢ Vue (Vue
Router + Vuex) 3HaunTensHo Menbmie, dem ¢ Angular (~30 kb
npotus 65 kb).

B otmmume ot Angular Vue mo3BoisieT HCIIOIB30BaTh pas-
JUYHBIE CHCTEMBI COOPKHM, HE OTpaHUYMBas pa3pabOTUMKOB B
TOM, KaKylo CTPYKTYpY UCIIOJIb30BaTh JJIsl IPUIIOKEHUSI.

Paspabotka ¢peiiMBopka Hauanace B mrone 2013 roma u
AKTHBHO MPOJ0JDKAETCS 710 CUX TI0P.

SPRING

OnmHuMM U3 caMbIX NMOMYJSpHBIX (peiiMBOpkoB mng Java
Enterprise Edition sBnsiercs Spring, KOTOPBII MO3BOJSAET pas-
pabaTbIBaTh HaJIEKHBIE M BBICOKOKAYECTBEHHBIC MPUIIOKEHUS
JUIsl pa3n4HBIX cep npumeneHus [18].

OpeiimBopk  Spring paspaboran Pomom J[)xoHCOHOM B
2003 romy xak oTBeT Ha cioxHyto cnenndukanuio J2EE u
BKJIFOUMIJI B ce0s1 CIieyIomye crennprKaim:

— Servlet API (JSR 340);

— WebSocket API (JSR 356);

— Concurrency Utilities (JSR 236);

— JSON Binding API (JSR 367);

— Bean Validation (JSR 303);

— JPA (JSR 338);

— JMS (JSR 914).

Spring Takxke nojiep>kuBaeT BHeapeHue 3apucumocteii (De-
pendency injections) u o6mue annoranuu (Common annota-
tions), KOTOpbIe MOTYT OBITh IPUMEHEHbI BMECTO XapakTep-
HBIX 1151 pperiMBOpKa MexaHu3MoB [19].
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I pabotel ¢ (peiimBopkoM Bepcuu 5.1 TpeOyercs
JDK8+. Nnrerpuposana noyiepxka JDK11 LTS, yro obec-
TICYMBAET TOJHYI0 COBMECTHMOCTh C TaKHMMHU IIPOrpaMMaMH,
kak Tomcat 8 u 9, WebSphere 9 u T. 1.

CymiecTBYIOT pa3iIM4HbIC CLIEHAPHW INPHUMEHEHHsA Spring
Kak B OOJIBIIMX CEPBEPHBIX NMPOEKTaX, TaK W aBTOHOMHBIX
TIPUIOKEHUAX, KOTOPBIE HEe TPeOyIOT HAIW4Hs 00JIaKa.

OTKpPBITOCTh HCXOJHOTO KOJa ITO3BOJIMIIA MPHUBIEYb K Pa3-
paboTke peiiMBOpKa OONBIIOE COOOIIECTBO, KOTOPOE HEmpe-
PBIBHO COBEPLICHCTBYET €T0 BO3MOXHOCTH M YBEIUYHBAET
cepy nprUMeHeHUs..

OpeliMBOPK paszeneH npuMepHo Ha 20 moxmyneH, crpyi-
NUPOBAHHBIX M0 Ha3HaueHHto (puc. 2). [Ipu pazpaboTke npu-
JIOXEHUH Heo0X0oIuMo BEIOpaTh TpeOyemble Moaysn. OCHOBY
COCTaBJISIIOT MoOIyiHu KoHTelHepoB sinpa (Core Container),
KOTOpbIE BKIIIOUAIOT KOH(HIYPAaMOHHYIO MOJAENb M MeXa-
HU3M BHeApeHHs 3aBucuMoctei. [lomumo atoro, Spring
MIPEOCTABISET MOJNEPKKY Pa3NUYHBIX APXUTEKTYp HPHIIO-
JKeHHUH, BKIIIOYas MecCeHKephl n BeO. Takke cymiecTByet
OCHOBAHHBI Ha TEXHOJOTHH CEpBJIETOB (PpedMBOpK Spring
MVC WEB [20].

rS,l:u'in';;' Framework Runtime
Data Access/Integration Web

(MVC / Remoting)
JDBC

s
ﬂmr =nes

[ Ll ] ( Aspects ] [ Instrumentation ]
Core Container

[ Beans } { Core } { Context } ﬁ_x:r::z:]goe“

[ Test ]

Puc. 2. Monynu Spring

I'pynna moxmyneit noctymna k gaHHBIM U uHTerpammu (Data
Access/Integration) mpusBaHa oOyerduts paboTy C pas3iuy-
ueiMu BJ[ m APIL. Tak, nampumep, moayns JDBC (Java
DataBase Connectivity) u30aBisieT 0T HEOOXOIMMOCTH pY-
THHHOTO HAaNHMCaHWA KoAa Juid paboTel ¢ 0azaMM IaHHBIX
1 00paboTKH crienuuIHBIX 1 KOHKpeTHO# B/ ommobok,
a moxyns JMS (Java Messaging Service) COmep>KHT HHCTpY-
MEHTBI AJIs CO3JaHUS U TOJTyYSHUS COOOIICHUH.

Mogynmun Web npenocTaBisiioT pa3iInYHbIE HHCTPYMEHTHI
Ut paboThl ¢ BeO. OAHOMMEHHBIN MOZYJIb MTO3BOJISIET OpraHu-
30BaTh 0a30BbIe BEO-BO3MOXKHOCTH, TaKHe Kak 3arpyska Qai-
JIOB TIO YacTsIM, WHUIUAJIHM3ALUsI 3aBUCMOCTEH B TIPOCIIYIIH-
BaTeJsIX CEPBJIETOB M OPUCHTHPOBAHHBIM Ha BeO0 KOHTEKCT
NpUIOKeHNH. MOAyJb CEpBIETOB COJEPIKUT PpeaTH3aLHIo
BeO-npuiioxkeHuit nmo mabmony MVC, 4To HO3BOJISIeT WHTe-
TPUPOBATH BCE B paMKax OIHOTO (peiiMBOpKa.

Monnepxka ¢peiiMmBopkoB mius TectupoBanus JUnit u
TestNG obecnieunBaetcs Mmoyiaem Test.

Spring mpomomKaeT pa3BUBaThCA W Pa3paOOTUHKH BHE.-
PSIIOT B HETO HOBBIE BO3MOXXHOCTH. [TomMumo camoro ¢peiim-

BOpKa Spring CyIIecTBYIOT M ApyrHe HpoeKTHl: Spring Boot,
Spring Security, Spring Data, Spring Cloud, Spring Batch.
310 co3aaer eyt akocucteMy Juisi ddpdextrBHoit pa3pabor-
ku I10.
3AK/IIOYEHUE

OpeiMBOpKH 11 BeO-pa3pabOTKH BO MHOTOM ITOXOXKH,
JTa’kKe €CIIM PealTM30BaHbl Ha Pa3HbIX A3bIKax MPOrpaMMHUpPOBa-
Hus. TeM He MeHee KaKABI M3 MEPEYUCICHHBIX (QpeiiMBOp-
KOB MHAMBUAYaJeH. Y HUX pa3HbIC MMOJXO0/IbI, METOBI U MTOBE-
neHne B paszpaborke. Hemb3st BBIOpaTh syummid (peiiMBoOpK
Cpear MMEOIIHUXCS, BCE 3aBUCUT OT TOTO, C YeM TUIAHUPYETCsI
paborats [21-23]. ®peliMBOPKH HMEIOT MacCy pa3lIudHBIX
MPEUMYILECTB M HEJIO0CTATKOB. MOXKHO CpaBHHTH Bce (yHK-
UMM U TEXHOJIOTHMH, TEPEYHCIIEHHbIE B 3TOW CTaThe, YTOOBI
OBUIO JIerde NOHsITh, KaKOH N3 PpeHMBOPKOB JIyUIlle TOIXOIUT
Ui OM3Heca WIIM NOTPeOHOCTEH KOHKPETHOTO IPOEKTa, U
cienaTh NpaBWIBHBIN BbIOOp, HaOmonas B WTOre, KakK BBI-
OpaHHBIC HHCTPYMEHTHI U OMOIMOTEKN OKa3bIBAIOT OTPOMHYIO
ITOMOIIb B padoTe.

JINTEPATYPA

1. Be6-ppeiliMmBopku:  BBeNEHHE I  HOBHYKOB. —
02.08.2018 / Ilep. ¢ anru. // Tproger —TUNHUYHBIA pOrpam-
muct. URL: http://tproger.ru/translations/web-frameworks-
how-to-get-started (nara oopamenus: 03.08.2020).

2. ®poiin, b. HTMLS u CSS3. Pa3pabotka caiiToB s
TM00BIX Opay3epoB U ycTpoicTB. Bropoe nznanue = Respon-
sive Web Desigh with HTMLS5 and CSS3. Second Edition /
ITep. ¢ aurn. H. Bunsunnckoro. — Cankr-IlerepOypr: Ilutep,
2017. — 272 ¢. — (bubnmoTeka mporpaMMHuCTa).

3. Hanmxy, . [Tyte Python. YepHsrii mosic mo pa3paboTke,
MacIITabupoOBaHHUIO, TECTHPOBAHUIO W Pa3BEPTHIBAHUIO = Se-
rious Python. Black-Belt Advice on Deployment, Scalability,

Testing, and More / Ilep. ¢ anmrm. II. KoBanésa. — Cankt-
[MerepOypr: IMurep, 2020. — 256 c. — (bubnmoreka mpo-
IpaMMICTA).

4. ®opcee, JI. Django. Pa3paboTka BeO-NPHIOKEHHIA Ha
Python / JI. ®opcse, I1. buccekc, Y. Yan; nep. ¢ anri. A. Kuce-
nea. — Cankt-IlerepOypr: CumBon-ioc, 2009. — 456 ¢. —
(Cepus «High techy).

5. Django: The Web framework for perfectionists with
deadlines. URL: http://www.djangoproject.com (mata oOpa-
menus: 01.08.2020).

6. Zend Framework 3 // Zend Framework — Documenta-
tion. URL: http://framework.zend.com/learn (mara oOparmie-
nust: 28.07.2020).

7. 3annctpa, M. PHP: 00bekThl, mabaoHBl ¥ METOIMKH
nporpammupoBanus. [Iaroe m3manme = PHP Objects, Patterns,
and Practice / I1ep. ¢ anrn. U. B. bepurreiina; non pen. C. I'. Tpu-
ry0. — Cankr-IlerepOypr: nanekruka, 2019. — 736 c.

8. BacBanu, B. Zend Framework. Pa3spabotka BeO-
npunoxennit Ha PHP = Zend Framework: A Beginner's Guide /
Ilep. ¢ amrn. P. Terepuna. — Cankt-IlerepOypr: Ilurep,
2012. — 432 ¢c. — (bubnmoTeka mporpaMMuCTa).

9. Peiicur, JI. JavaScript. IIpodeccroHanbHbie TpPUEMBI
nporpammupoBanusi = Pro JavaScript™ Techniques / Ilep.
¢ aurn. H. Bumpumbckoro. — Cankr-IletepOypr: Ilurep,
2008. — 352 ¢. — (bubnuroTeka mporpaMMucTa).

10. Angular. JavaScript-¢petimBopk // Habr.
URL: http://habr.com/ru/hub/angular  (mara
04.08.2020).

obparieHus:

Humennekmyanvnovle mexnoaocuu na mpancnopme. 2020. Ne 4 27



Intellectual Technologies on Transport. 2020. No 4

11. Angular. URL: http://angular.io (mata oOpaiieHus:
04.08.2020).

12. ®aiin, 5. Angular u TypeScript. Caiitoctpoenue s
npodeccronanoB = Angular 2 Development with TypeScript /
S. @aiin, A. Mowucees; niep. ¢ aarit. H. Bumpunnackoro, E. 3a-
3H0061. — Cankr-IlerepOypr: Iutep, 2018. — 464 c. —
(bubnmoTeka mporpaMMucTa).

13. React. JavaScript-6ubnmoreka i CO3IaHUS IIOJB30-
Barenbckux wuHTepderico. URL: http://ru.reactjs.org (mata
obpamenns: 03.08.2020).

14. Credanos, C. React.js. Beictpsiii ctapt = React: Up &
Running / Ilep. ¢ amrn. H. Buisumuckoro. — CaHKT-
ITerepOypr: ITutep, 2017. — 304 c. — (Cepus «becTcennaepbt
O'Reilly»).

15. Vue.js — Introduction // Vue.js.

URL: http://vuejs.org/v2/guide/index.html (mara oGparie-
Hus: 08.12.2020).

16. Vue.js — Comparison with Other Frameworks //
Vue.js. URL: http://vuejs.org/v2/guide/comparison.html (mata
obpamenns: 08.12.2020).

17. Results for js web frameworks benchmark — round 4.
Table Report — 12.09.2016 // Stefan_Krause.blog().

URL:  http://stefankrause.net/js-frameworks-benchmark4/
webdriver-ts/table.html (nara odpamenus: 08.12.2020).

18. Spring Framework Overview. Version 5.3.2.

URL: http://docs.spring.io/spring-framework/docs/current/
reference/html/overview.html (nara oopamenus: 08.12.2020).

19. Spring 5 nns mpodeccuonanoB. Ilstoe n3nanue =
Spring 5. Fifth Edition / FO. Ko3muna, P. Xappom, K. [ledep,
K. Xo; nmep. ¢ aurn. u pea. M. B. bepmreiina. — Cankr-
[MerepOypr: Auanektuka, 2019. — 1120 c.

20. Introduction to Spring Framework.

URL: http://docs.spring.io/spring-framework/docs/3.0.x/
spring-framework-reference/html/overview.html (mara oGpa-
menust: 08.12.2020).

21. Memepsikos, E. B. IlyOnukanust 06a3 JaHHBIX B HHTEpHE-
te: [paktiueckoe pykoBonctso / E. B. Memepsikos, A. 1. Xo-
moneHko. — Cankr-IlerepOypr: BXB-Ilerepoypr, 2001. —
552 ¢. — (Cepus «Mactepy).

22. Xomonenko, A. JI. PazpaboTka web-mpuaoxKeHui s
paboThI ¢ Oazamu naHHBIX: YueOHOoe mocobue / A. JI. Xomo-
HeHko, B. B. Poranbuyk, A. B. Teipa. — Cankr-IletepOypr:
MIryric, 2012. — 87 c.

23. PazpaboTtka mnpwioxkenunii ¢ Web-unrepdeiicom mis
paboTsl ¢ 6a3aMu AaHHBIX: MeToauuecKne yKa3aHus Ul CTy-
JCHTOB, 00y4aloluxcs 10 HanpasieHusM «HpopmaTHka u
BBIYHCIIMTEIIbHAS TeXHUKa» U «HPOpMaOHHBIE CUCTEMBI U
texnonorum» / Coct. B. B. Poramsuyk, A. JI. XoMOHEHKO. —
Canxkr-IlerepOypr: III'YIIC, 2017. — 24 c.

Humennekmyanvnovle mexnoaocuu na mpancnopme. 2020. Ne 4 28



Intellectual Technologies on Transport. 2020. No 4

Modern Frameworks for Web Development

A. A. Baidybekov, PhD R. G. Gilvanov, Master of Science I. A. Molodkin
Emperor Alexander I Petersburg State Transport University
Saint Petersburg, Russia
baydibekov98@gmail.com, gilvanov1950@mail.ru, molodkin@pgups.ru

Abstract. Currently, web programming technologies are ac-
tively developing. The article provides an overview of popular
frameworks, technologies (MVC) and tools designed for develop-
ing web applications taking into account modern standards.
Characteristics of architecture and types of frameworks are giv-
en. Popular server-side (Django, Python, Zend, PHP, Javascript)
and client-side (Angular, React, Vue, Spring) frameworks and
programming languages with which they work are considered.
The advantages and disadvantages of each considered tool are
indicated.
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MoaepHu3anus KBaAaHTOBOI0 MPOTOKOJIA
reHepanuu KJIYed B LeJIAX YCTPAaHeHUus
MPo0JIeMbl OTKPBITON YaCTH KaHAJIA

n.1.H. E. I'. BopoOrés, /I. E. BopoObéBa
Cankr-IlerepOyprekuii rocy1apcTBeHHbIN 31eKTpoTexHnueckuil yausepcutetr «JI9TU» um. B. . YubsHosa (JIeHuHa)
Cankr-IlerepOypr, Poccust
vrbyug@mail.ru

Annomayusa. Ilpepiaraercs MeTo[ CHHTe3a KBAaHTOBBIX IIPO-
TOK0JIOB Ha OCHOBE YIIPaBJIsieMbIX COCTOSIHUI moispu3anuu. Bos3-
MOZKHO CO3/JaHHEe KBAHTOBBIX MPOTOKOJIOB, B KOTOPBIX He HCNOJIb-
3yeTcsl OTKPBITBIN MOAKAHAJ CBSI3U /151 pean3aluu COrjacoBa-
Husl. BMematelbCTBO 3/0yMBIIVIEHHUKA B TAKOH OTKPBITHIMA
MOIKAHAJ MOKeT NMPUBECTH K HepadoTOCNOCOOHOCTH BCEro mpo-
TOK0JIA B HeJoM. B mpenyaraemoM Merone mepegaBaeMblii KOJ
CTATHCTHYCCKHU NPUOIMIKAETCH K CIy4aiiHOMY, KAK B KBAHTOBOM
noakana’e. Ileabio cuHTE3a 10/1KeH ObITH CHTHAJI B KaHAJIE Nepe-
Ja4M, 171 KOTOPOro BbinoaHseTcs: kputepuii lllenHona nis teo-
peTHYecKH HeBCKpbIBaeMoro mmgpa — BeposiTHOcTh 0,5 nois
NPaBHWJIBLHOIO PACNO3HABAHUS COCTOSIHHSA HWH(OPMAIIHOHHOIO
OuTa. AHaJIu3 nepeaaBaeMoii HHQOPMANMH CTAHOBHUTCSI HEBO3-
MOZKHBIM, TAK KaK HyJH U eJUHHUIbI B Nepefade He HH(OpMAIH-
OHHbIE, OHH 03HAYAIOT JIHIIb COBNAJeHHEe HJIH HecOBNaJeHUe Co-
cTosiHMA OuTa mepegaBaeMoil mHGpoOpMaNUU M YNPaBJAIOLIETO
npouecca. Ilocrapiena u pemena 3aja4a CHHTe3a aJroOpuTMa OII-
THMAJILHOI'0 IPHEMAa ABYX OPTOrOHAJIbHO NOJISIPU30BAHHBIX CUT-
HAJIOB HA OJIHOIi YacToTe €O CMELIIAHHBIMHM MTHOBEHHBIMH COCTO-
SIHUSIMH TOJSIPH3aLlHOHHBIX NApaMeTPOB HA OCHOBE YPaBHEHHs
OLICHKH JHCKPETHOI0 MapaMerpa.

Kniouegvie cnosa: xBantoBasi kpunrorpagusi, ynpasisemasi
NoJIsIpU3aNusi, nceBaoOCHyYaliHbIe MOCJIe/10BATEJIbHOCTH,
KBAaHTOBBIi NPOTOKOJI, epegaya HH(popManuu.

BBEJIEHUE

[NosiBrieHHe KBaHTOBOW KpHNTOrpaduu 03HAMEHOBAJIO CO-
00ii Iepexo]] K 3aIlMIICHHBIM TEXHOIOTHAM Iiepefaun HHPOop-
Malll{ Ha OCHOBE MCIIOJIb30BaHMS YIPaBIIIEMOH MOJIIpU3alvy,
KOTJla KXKIBIH OUT (hOpMHUPYETCs 3a CUET Pa3HBIX COCTOSIHUMN
NOJIIPU3aLUOHHBIX [1aPaMETPOB CBETOBOM BOJIHBI.

Breapsiemble ceiiuac 3a pyOexom mnpoTtokonsl BB84,
B92 [1] moctpoens! Ha npuHIHIE GOpMUPOBAHHS Ha IEepeaa-
follel CTOpOHE CilydaiiHOro Habopa IMOJSIpH3alMOHHO-MOJTY-
JMPOBAHHBIX ONTOB M (PKCHPOBAHHBIX HACTPOEK IOJISIPU3AIIN-
OHHBIX (PUIIBTPOB HA IPHUEMHON CTOpPOHE, YTO TpeOyeT Nallb-
HEeHIIero o0CyXICHHs 110 OTKPHITOMY KaHAIy C IEbIO BBLIE-
neHns npaBwibHOW mH(popMarm. [Iporokon Dxepta [1] mc-
MOJIb3YET B3aMMOJECHCTBHE IBYX OMHAPHBIX MPOIIECCOB Ha IIe-
penaromeil 1 NpUueMHON CTOPOHE 3a CUET CO3JIaHUSl «CBS3aH-
HBIX» YaCTHIl Ha d)I/I3I/I‘-IeCKOM YPOBHE, 4TO TEXHOJOTHYCCKU
TPYIHO pearn3yemo.

Tem He MeHee, BO3MOXKHO CO3/JaHUE OT€UECTBEHHbBIX KBAHTO-
BBIX [IPOTOKOJIOB CBOOOHBIX OT HEJJOCTATKOB 3aIaHbIX MOIX0-
noB. Llenbro cuHTE3a JOMDKEeH OBITh CHTHAJ B KaHaJle Mepeady,
Ul KOTOPOro BblnoHsAeTcs kpurepuid IllenHona nis teoperu-
YEeCKH HEBCKPHIBAEMOro mmgpa — BeposTHocTh 0,5 mis mpa-
BWJIHOTO Paclio3HABaHUs COCTOSIHHS HH(OPMAIMOHHOTO OHTAa.

Juist aTOoro gocratouHo (OpMUpPOBATH Ha MPUEMHOM CTO-
POHE odrcudaemoe COCTOSIHUE MOJIPU3ALMY Ha KaXbIH mepe-
HaBaeMLIﬁ 6I/IT, Toraa g nepeaadyd CAUHUIbI 3TO COCTOAHUE
JIOJDKHO OBITH c(hOPMHUPOBAHO HA MEPEAAIONIEH CTOPOHE, a st
nepenadn HyJisi — TMPOTHBOMNOJIOXHOE. OHO HE BBIJEISETCS
(UIIBTPOM, MOJKITIOYEHHBIM B 9TOT MOMEHT Ha NPUEMHOI CTO-
POHE, HO HOCHUT XapakTep €XUHHUIIBI IS TF000T0 3710y MBIIUICH-
HUKa, IPOCITYIINBAIONIETO KaHAI.

B mpocretiitem ciyuae s OnHapHON epepadn HHPopMa-
MM JAOCTATOYHO MMETh JBa (pribTpa, MepeKimovaeMbIX MO
ynpasieHneM 000 crenepupoBannoit mo 'OCT 34.12-2018
JIBOMYHOH MOCJIeJOBAaTEIbHOCTH, U3BECTHOI TaKKe Ha repesa-
IOIIeH cTOpoHe.

Ananu3 nepenaBaeMoii MH(pOpMALUKU 370YMBIIIIICHHUKOM
CTaHOBHUTCS HEBO3MOJKEH, TaK KaK HYJIM M €IMHUIIBI B TIepeiaye
He MH(pOPMAIMOHHBIC, OHU O3HAYAIOT JIMIIb COBIAJICHHUE HIIH
HECOBIaJICHUE COCTOSIHMS OUTa nepenaBaeMoi HHOPMaIu 1
YIPaBIISIONIETO Ipolecca.

VYrpapnsiemMass NONSAPU3ALMS PEIIAeT MPOOIeMy 3allUThI
TEXHHYECKOTO KaHajla YTEYKH C ONTHYECKUX JIMHUH CBSI3U U
CHIXAET PUCK NMPUMEHEHMs JHHeHHoro n nuddepeHnnans-
HOTO KPUITOAHAJIH3A.

OCOBEHHOCTH CUHTE3A AJITOPUTMOB
OIITUMAJIBHOI'O ITPUEMA OPTOI'OHAJIBHO
TIOJISIPU30OBAHHBIX CUTHAJIOB

ITo anamorum ¢ mateMatnueckoii moaeiabpro OM-IICII cur-
Hauna [2, 3] B HACTOSIICH CTaThe MPeIaracTcsi MOIENb IOJISIPH-
3aIMOHHO-MOTyTUPOBAHHBIX C IICEBAOCITyYaifHOHN MOCIeaoBa-
tenbHOCThI0 (IIM-IICII) mmpoKomoNoCHBIX CHUTHANIOB. Mo-
nenb [IM-IICII curnana Ha wHTEpBasie ACHCTBHUS k-il HHOP-
MAIOHHOHM MOCBUTKU C YYE€TOM JIBYX IOJIIPH3AIMOHHO-MaHH-
MYJUPYEMbIX TO3MIUH MOXET OBITh MPEICTaBJICHA BBIPAXKE-
HHUEM

sk() = (—ut — 2)E + xKEY ADcos(at + ), (1)

rae 4t — %) — TICII co 3HauenusMu £1 u ¢ 3amepKKoii 7 0T-
HOCHTEJIBHO OTCYETA HAYAILHOTO COCTOSHHSA TOJISAPH3ALIMHT &5
A(t), éf — COOTBETCTBEHHO ClTy4aliHble aMIUIMTY/a U 3Hade-
HHE MapaMeTpa NOJIIPU3ALUH, ONPEACTIeMOe CICIUATbHON
dyukuueit; x* = +1 — undopmanmonnsii cumson. IICII, B
OTJIMYHE OT CYLICCTBYIOIIUX CHCTEM, TUHAMUYCCKH M3MEHSIET
TEKyIIee COCTOSIHUE TOJIIPU3AIIY B KaHAJIE.

B kadectBe mMomenu MH()OPMAIMOHHOTO CUTHANA TMPUMEM
OOBIYHBIN TenerpadHbIi CUTHAT C [UTUTEIBHOCTHIO MOCHUTKH T’
158 (’pI/IKCI/IpOBaHHHMI/I MOMEHTaMM nepexona: ty, Iy, ..., tk ..., TAC
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th=1t,t kT, k=20, 1,2, .... Bynem cuuTath TaKxe, 4TO MOCIC-
JOBaTeILHOCTh 3HAYEHUI JUCKPETHOTO IapaMeTpa x* oopasyer
OJIHOPOJIHYIO Telb MapkoBa. B stom cnyqae IUTSL JIBYX OPTOTO-
HAJILHO MOJISPU30BAHHBIX CUTHANOB SX (t) 1 5§ (t), sBnsromumxcs
KOMIIOHeHTaMK BekTopa s (t), B coorBercTBuu ¢ (1), cipaBes-
JIMBO NPECTABJIEHHE:

ki — k kzk
s1(1) = (=i (t = )01 + %1 $17) A1 () cos(wt + ),
k k kzk )
s3(0) = (= (t — 120)802 + %2 §21) Az (E) cos(wt + o).
JlBe OHOpPO/IHBIE MAPKOBCKUE LIEMH X; U X2 C H3BECTHBIMH
1 COBMAJAIONUMH MOMEHTAMH Mepexo/a ¢ ABYMs 3HaYeHUAMU

3aMEHHM OJTHOI OJJTHOPOJHOI MapKOBCKOM Lienblo J(2) = i ¢ ue-
TBHIPbMS COCTOSTHUSMH:

i=1=00) o xf=-1,xk=-1;

i=3=60(t) ©xfF=-1,xF=+1; (3)
i=2=001) e xF=+1,xk=-1;

i=4=0(t) ©xf=+1,xk=+1.

[TockosIbKy MOMEHTBI H3MEHEHUSI COCTOSIHUS AUCKPETHOTO
MapKOBCKOTO ITpoIiecca x* puxcuposans (t; = t, + kT, k=0, I,
2, ...), TO BEpOATHOCTH Iepexoa

T
b+, t) = {9t+r . 4
p(iit+s (t+D) =57
B HETIPEPHIBHOM BpEMEHU MPUHUMAET 3HAUYCHUS:
Oi,ecnuty < t,t+71 < typ,q,
pjc+ie)=foemiesh @
ij-

3nech J;;

Bropoii citydaii BO3HMKAET, €ciid ¢ U ¢ + 7 OpUHAJJIe)KaAT
pa3nuuHBIM UHTEpBasaM. B Toukax ¢ = 4, k = 0, 1, 2, ... Bepo-
SITHOCTB Tiepexo/ia p(*) TEPIHT pa3phIB:

— cumBoa KpoHnekepa.

lim p(j,tk +f_,tk —s) =1, €>0,
&£-0 t

i,j =14 — mar-

Bynem cuutars 3aganusiMu Il = {T[i j},

pully Tepexojia us i-ro B j-e cocrosuue u p = {p;}, i = 1,4 —
BEKTOP BEPOATHOCTEN HAYAILHOTO COCTOSHUS.

Ha cornacoBaHHBIX HArpys3kax JByX OPTOTOHAJLHO MOJIs-
PU30BAHHBIX TPUEMHBIX AHTEHH MPU aHU3OTPOIHBIX KaHANAX
CBSI3U ypaBHEHHS HAOIIO/ICHNS:

VE(®) = agysF(8) + agps¥(0) +vf () = sF@ +vf (), (%)
VE(®) = ayysf(8) + agosh () +v5 (1) = sf () +v5(©),  (6)

rae H = {ai j} — MaTpuIla HaONIOJICHHS ¢ HeJAHaroHAILHBIMU
AIEMEHTAMU A2, 2/, XAPAKTEPU3YIOIIMMHU HATUYHAE KPOCC-TI0-
JIIPU30BAHHBIX MEPEXOIHBIX TIOMEX B OPTOTOHAIBHO MOJISPHU-
30BaHHBIX KaHAJIAX [IPHEMa;

vy (t
vE(t) = (é{gg) — BEKTOp IIYMOB HAOIIOAEHUS C HYJIEBBIM

MaTeMaTHIECKUM OKHaHHEM U KOPPEISIIMOHHON MaTpUIeh
) ()
Nyy™ Ny
(7
N(U) N(v)
21 22
ym Habmoaenus v(t) B cooTBeTCTBUH C (7) MOXET OBITH
YaCTUYHO MOJISAPU30BaHHBIM.

(v(®)vT(t)) = N,6(t + 1), N, = (

Takum 00pa3om, IpueM 3aKJIFYaeTCs B MOJYYEHHH COOT-
BETCTBYIOIIMX ONEHOK JUCKPETHBIX MapaMeTpoB XX m 2§ mo
HaOmoaeausM (5), (6). Jmg sToro Bocmoibp3yeMcs pe3yibTa-
TaMH MapKOBCKOH TEOpHWH HETMHEHHOW (UIBTpaliu IUC-
KPETHO-HENPEPBIBHBIX IPOLIECCOB.

Bripazum npuHIMaeMble CUTHAITH (2) Yepe3 KBapaTypHbIe

COCTaBJIAIOIIHUC:

fﬂ0=%ma—
s3(t) = x5y (t =

TR (t) coswt + A (t) sinw t]

X[ () coswt + A5(t) sinw t] ®)

rIe
A1) = (o1 + &AL cos( o), 5(8) = (Soz + 1) Ax(t) cos( o),
B5(t) = Cor + EDAL) sin( 9), Ai(1) = (o + E32)Ax(t) sin( po) —

KBaJIpaTypHbIE KOMIIOHEHTHI, TIPECTABIISIIOIINE COOOH KOMITO-
HEHTBI NOJIAPU3ALHOHHOTO YeTHIPEXMEPHOro Bekropa. Kpome
YeThIpeX CIYYailHbIX HENPephIBHBIX KOMIIOHEHTOB, BXOSIINX
B (8), MMeeTcs emme JBa: Tf, U TX,, KOTOpPblE COOTBETCTBEHHO
o6o3Haunm AL (t) u AL(t). O6wenuuss Bce mepemennsie A;(t)
B OJIMH BEKTOp A;, mojy4yaeM croxactuueckoe nuddhepeHiu-
QJIbHOE YPaBHEHUE COCTOSHMS:

dA,/dt = F(A,,t) + G(O(L) . )

Jna BOJIC MOXHO HOJ0XHTE paclpeielieHHe BEpOsITHO-
CTeil orubaroIeil CUrHajioB, paclpeneieHHON Mo 0000IIeH-
HOMY pAJICEBCKOMY 3aKOHY [4, 5]. B aTOM ciiyyae BekTop-(hyHK-
st

f(At' t) = - Aot) L= R (10)

rzie Ajt, Ag¢ — COOTBETCTBEHHO CIIy4aiiHbIE U PErYJISIPHBIE KOM-
MMOHEHTHI BeKTopa ;.

Croxactuyeckue audQepeHiaibHble ypaBHEHHs OLICHKH
HEMPEPHIBHBIX MAPAMETPOB A;; IPUHUMAIOT BUJI:

—a; (A

dfllt 3(F(Att))

_fz(/lt,t)+21 1 (t) (11)
6 a
dK;;(t) " |9fi(Aet) afi(A.t)
et ; [Tvaj(t) +— oh, Ky (0| +
FGTN,G + 2oy Dt K (D 5722, (12)
rae (F(/it' t)) = 4=1 F; (At: t)p(t' l/At) (yHkumrona,

BKJIFOUAIOLIHI B ce0sl MPOM3BOAHYIO 110 BPEMEHH HaOJIIOACHHS
ot norapudma QyHkmuK npasrononodus F;(A,, t) u ycioBHOM
anocrepropHoit Bepositioctn p(t, i/A,), i = 1,4 [6].

J1s1 ycnnoBHOM arocTepuopHO BEPOSITHOCTH, B MPEATIONO-
JKCHUH MEJICHHBIX 110 CPAaBHEHMIO C JUTUTEIbHOCTHIO 3IEMEH-
TapHO MHPOPMAITMOHHON IMOCEUTKA 1 M3MEHEHUH HENpephIB-
HBIX TTapaMeTpoB (7, >> T), 4TO CHpaBeUIUBO VIS CITy THUKO-
BBIX U JIPyTHX PacCMaTpPUBAEMbIX KAHAJIOB CBSI3H, IOJIyYEHO
ypaBHEHUE

. p(tg+0,i/A¢) exp{f: Fi(Ay, ‘r)d‘r}
p(tl l/At)

Tt p(t+0,i/Ap) exp{f Fi(Ay T)dT}

(13)

rac

t € (b tysn); P(ty + 0,1/4,) = 17T11P(tk 0,j/4.). (14)
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Jnist paccMaTpruBaeMbIX YETHIPEX COCTOSHUN (QYHKIIMS
Fy(de,t) = F(4y,1,8) = F(4, 0(t) = i,t) = Yoy oy Fap(dest) (15)
rae
Fiap = (Ng Dap{25(0)3i0(0) + 31 (315D }, (16)

Si(ap) () = saﬁ(/it,e(t) =i,t) — OIICHKa NPUHUMAEMOTO
CUTHala, Bxoasmero B (5), (6).

Honyunm Beipasenue s (F(Ag, t)). Jas GonpiuHCcTBA
E(POBBIX CHCTEM CBSI3U HA MPAKTHKE BBIIOJIHACTCS YCIOBHE
PaBHOBEPOSITHOTO IIOSIBICHHUS HMH()OPMAMOHHBIX CHMBOJIOB,

no3ToMy npumMem 1t;; = 1/4, i,j = 1,4. C yuerom (14) Ha kax-
JIOM UHTEpBaJIe MOIy4IUM

p(te +0,i/A) = ¥t myp(ti — 0,j/4) = 1/4. (17)

Iym HaGmoaenus v (t), BXOISIIUIA B ypaBHEHHE HAOIIO/1e-
HEst (7), MOXKHO CUMTATh HEMOJIPH30BAHHBIM, YTO MO3BOJISIET

OITyCTHUTh HEAWArOHAJBHBIC WICHBI MaTPHUIIBI Ni(jv). Torma (15)
MIPUMET BUJT
Fiap = Fiy1 (A, ) + Fipa (4, 0). (18)
C momomstio oactanoBkH (16) B (18) momywsaem

- 2
Fi(At' t) = N—{x1ﬂ1 [N (a5 + az1¥5) + Ap(aq1y7 + azy3)] +

v
+xo02[A3(a12¥f + az¥5) + A4(ar2yi + azys)] —
—(af; +az) (A + 23) — (af, + a5) (A5 + 23) —
—(a11a12 + Az1025) (A4 A3 + A A4) X101 12}, (19)

e yi, = y{‘,z coswt;yi, = yfz sinwt.
VYuutsiBas 3HaueHus x;, i=1, 2 u3 (3) u ucnons3ys: (13), (17)
u (19), momyuaem:

R 2 o a N
(F(Ap ) = 3~ [(afy + azy) (A1 + 42) + (afy + az2) (A5 +43)] +
v

Y, [th fi nde+ o [} ledt] -1, [th J;: Vit [} Vipdr i || det]
+ t t t -
1-th ftk Y, dath ftk Y,drth ftk Y, dt

t t t
M [en [g, Yaath fj, Ypdv—th [, Y1pdr|

(20)

1-th ffk Yadrth ffk Yadtth ffk Yizdt

2 N
— k
Y, = N_Ml(t — )[4 (@i + azys) +
v
5 +4;(a11Y1 + a2193)],
— kN3
Y, = N K (t — 20)[As(arzyf + az;y3) +
v
5 +A4(a12y1 + a2293)],
— k NS
Y3 = v A (t — Tidu2(t — T1) (A Az +
v
+A244)(a11012 + A21027).
[IyTeM B3SITHSI COOTBETCTBYIOIIUX YACTHBIX MPOU3BOIHBIX
ot (20) mo (11), (12) mMoryT OBITh HaWJCHBI HEOOXOJUMBIC
OIIGHKH HETPEepBIBHBIX mapaMeTpoB A,. IlomydeHnsriii anro-
PHMTM OLIEHKH JTHCKPETHO-HEIPEPHIBHBIX TAPAMETPOB A, MoXkeT
paccmarpuBaThCsl Kak 00OOLIeHHE 3a/jaud NOIIPUMETPUU Ha
ciydvail CMEIIMBaHUS MTHOBCHHBIX COCTOSIHUM MOJIAPU3AIIHOH-
HBIX TIapaMeTpOB.

IIJ'IH OKOHYATCJIbHOTO PCIICHU MOCTaBJICHHOM 3aJ]auM CHH-
T€3a aJlrOpUuT™Ma ONTHUMAJIBHOTO IMpUEMa ABYX OPTOrOHAJILHO
MOJIAPU30BAHHBIX CUTHAJIOB Ha OHHOﬁ 4aCToTC CO CMCHIAH-
HbBIMU MTI'HOBCHHBIMU COCTOSHUAMU IMOJAPU3ALNNOHHBIX Iapa-
MCTPOB HGO6XO,I[I/IMO BOCIIOJIb30BATHCA YPABHCHHUEM OLCHKH
JAUCKPETHOTO ITapaMeTpa

6(k) = 0(t = t) = max " {p;(tr+1 — 0)} , (21

rae max~H{® (i)} — dynkuus, obparnas max{®(i)}.

B npennosnoxeHuM BBICOKOH amnoCTEPUOPHON TOYHOCTH
duasTpanuu HenpepsiBHOTO Mapametpa A (11) 1 MOHOTOHHO-
CTH DKCIIOHEHIMAIbHOM (QyHKIMHK (21) MPUBOJUTCS K BULY:

6 = max~ [t Ry(Ag, T)dT + I (5 + 0, i/}, @2)

rae Fi(.) u p(.) onpenensitorcst u3 peutenus (19) u (13).

BakHBIM JJOCTOMHCTBOM 3TOr0 METOZA CHUHTE3a SBIISIETCS
TO, YTO 3TO PELICHUE HE TPUBOJIUT K BHIPOKAEHHOCTH IPH IIPO-
THBOIIOJIOXKHBIX CHT'HAlaX, KaK 3TO ObUIO OBl C MCMOJIB30Ba-
HHEM aIrloCTEPHOPHOH IIIOTHOCTH BEPOSITHOCTEH

pi(t) = Xi=1p;(0)Q;i (D) - (23)

B pesynpTare B 00paTHOM MOJIYKOJIbLIE IIPOTOKOJIA F'eHEpa-
UM KITFOYeH, KOTOPBIN celdyac peannsyeTcs BCeMH pa3padoT-
YUKaMH KaK OTKPBITBIH U, Yalle BCET0, Ha TEXHOJIOTHUH HE3Kpa-
HUPOBAHHON «BUTOM Hapsl», IPH 3aMEHE Ha KaHaJ C yIpaBs-
€MOil nosigspu3anuel, IeUCTBYIOIIMNA N0 IpenIaraéMomMy Me-
TOJy, BOHUKAET KOJ, KOTOPbIA UMEET NPAKTUYECKU TAKYIO XKe
CTAaTHCTHUKY, KaK ¥ KBAHTOBBIH, TO €CTh OJMM3KUM K CTaTHCTHKE
CIIy4aiHbIX IIPOLIECCOB.

OLIEHKA KPUIITOYCTOWUYMBOCTH MHOOPMAILMU
B CUCTEMAX C TOJIIPU30BAHHBIMU KAHAJIAMU

JIro0oit mwhp, B IPHHIIUIIE, MOKET OBITH PACKPHIT IepeOOpOM.
Kpurrrorpaduueckast cToiKocTb 3am(ppoBaHHOTO COOOIICHHS Xa-
pakTepu3yercsi TpyJOEMKOCThIO mepebopa (TouHee, SHTpOIHeH
MHOXKECTBa KJFouei). KpureprueM ycrnexa npu repedope CIy>KuT
TIOSIBJICHHE CMBICTA (UTO (POPMATEHO 03HAYACT MPUPOCT ATIOCTEPH-
OPHOH BEPOSATHOCTH COOOIIICHUS TP JAHHOH KprrrTorpamme) [7].

HempepbIBHBIM COOOIIEHUSAM TIPUCYIIE CBOMCTBO, KOTOPOE
MOJKHO Ha3BaTh «CEMAHTHYECKUM IIOPOTOM»: OTPE30K Koieha-
HUS X(?) HauMHAeT NpHOOpeTaTh CEMaHTHUYECKYI0 OKPacKy
(cMBbICIT) ATt TTOJTyYaTelist JIMIIb MOCIE TOro, KaK ero JJIUTellb-
HOCTb IPEBBICUT HEKOTOPYIO KPUTHUECKYIO BETMUUHY Typ (KaK
MPaBUJIO, HA MTOPSIIKK ITPEBOCXO/IAIIYI0 HHTEPBAII IMCKPETH3a-
un Af). C y4eToM cKa3aHHOTO BOCCTaHOBIICHHE 0e3 Kirroda Te-
PEMEIIaHHOTO HENPEPHIBHOIO COOOILIEHUSI MBICIMMO B BHJIE
CIIeIyIoIel Iponenypbl. 3allOMHEHHAs! 110CJIE0BaTEIbHOCTD
pa3buBaetcsi Ha cepuu 1o MmN 0TCUeTOB B Kaxknoit (m = T,/ T);
BHYTpPH CEPHH ITPOM3BOANUTCS pa3OreHNE Ha OJIOKH 110 N OTCUETOB.

3aMeTHM, 94TO HH caM CITOCO0 3alUThl, HU €r0 apaMeTphl,
COTJIACHO COBPEMEHHBIM BO33PEHHSAM, HE MOTYT OBITH U HE
JOJDKHBI OBITh CEKpeTHBIMH [8]. EQMHCTBEHHBIM CEKPETOM,
00eCTIeYNBAIOIINM 3aLIUTY, SBISIETCS KIIOY, HCIIOIB3yEeMbIH B
JTAaHHOM ceaHce cBsi3u. K kaxxomy 050Ky BHYTPH CEpHH TIOOYe-
penHo npuMeHsercs oqHa u3 N/ mepecTaHOBOK, IOCJE 4ero
CUHTE3UPYETCS PAJ JUIS M MOAPS]] UIYUTUX CETMEHTOB (TO €CTh
CEepHH OTCUETOB), U ITOJIy4eHHOE KOJIeOaHuUE Yy 7(?) TECTUPYETCS
Ha «OCMBICJIEHHOCTBY. [Iepebop nepecTaHOBOK JUIsl TaHHOM ce-
pHUM 3aKaHUMBAETCS, €CIM OYepeIHas TIONBITKA IPUBENa K yBe-
PEHHOMY OTOXIECTBIICHHIO pe3yJbTaTa CHHTE3a C OJHUM W3
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«OCMBICJICHHBIX» coo0meHuid. OOriee Yuciio mepedopoB
BHYTpPH CEpUH KOHEYHO U paBHO (N/)". Kaskias HonbITKa OTOX-
JIECTBIICHHS TIpEJIIIoNaraeT CUHTE3 psija B peaJbHOM BPEMEHHU
(VHaue BO3HMKAIOT IMPOOJIEMBI C KPUTEPHEM «OCMBICIEHHO-
CTHY»), TO3TOMY 9ncio K = (N!/)" ecth K03(h(DHUIIUEHT pacTske-
HHUS BPEMEHHOM OCH: COOOIICHHE TUTEILHOCTRIO T, CEKYH]I C
BEPOSATHOCTHIO | MOXeT OBITH BOCCTAHOBIICHO 0€3 KITF0Ya JINIIIb
ciyctsi Bpems K7e.

Ve npu Manbix 7 yucio K ouens Benuko. [lycTs, Hanpu-
Mep, CooOIIeHne auckpeTusupyercs ¢ dvacrotod 10 kI,
U MepeMelINBaHHIO ToABepratoTcs 0JIoku U3 N =5 OTCUETOB.
IIpeanonoxum, T, = 0,1 ¢ (3T0 GIM3KO K CPEAHEN ATUTENBHO-
cru Qouem), Torma K> 10, Tlepebuparh nepecTaHOBKH Ha
KaXJIOM cerMeHTe 7 HpHuIeTcs JULIb JUISl TOJHOCTBIO CITydai-
HOM I10CIIe10BAaTEIBHOCTH MOJCTAaHOBOK, KOT'Ja HTPOIINS 3TOH
TI0CIIEI0BATENFHOCTH PAcTeT JHMHEHHO ¢ ee umHoi. Ecnnm ke
MTOCIIEIOBATEIHHOCTD MOJICTAHOBOK IICEBIOCTyYaifHa, TO Iepe-
OmpaTh HaJO HE OT/ENbHBIC IIEPECTAHOBKH, a CPpa3y MX IOCIe-
JOBATENBHOCTH UL 11 TOAPAA UAYIHX cerMeHToB. O0BeM Ie-
pebopa Ipu STOM Pe3KO MaiaeT (Ha COTHU MOPSIAKOB) U IMTOJTHO-
CTBIO OTIPENEIIETCS UCIOIB3YEMBIM METOIOM MMHTAIIH CITy-
YaMHOCTH B KOHEYHBIX MOJISX.

st curHanoB, KOJUPOBAaHHBIX IIpU IoMoluu M-nocneno-
BarenbHOCTed npu N > 5, n > 16 MOLTHOCTh MHOXECTBA C JH-
tpomnueii 80 6uT (N X 1) TakoBa, 4TO JJIs1 TIOJIHOTO ero repedopa
npolieccopy ¢ OBICTpoJeHiCTBHEM MUIIHApA Olepaluil B ce-
KyH1y notpebyercs Gonee 3 x 107 ner. Jlns cucrem, paboraro-
IIMX Ha aITOPUTMaX CMEIINBAHUS ITOJIIPU3AIIMOHHBIX COCTOS-
HUM, DHTPONHMS KIIOUeHl paccumThiBaeTcss 1o (opmylie
H{Z}=(K x L x N % n)), TOraa BpeMs paciiiu(ppoBbIBAHUS JIJIs
STHX CHCTEM o > 3 % 10% meT (mpm ckopocta 06paboTKu
Vosp = 10° om./c), rme K — KONMYECTBO BAPHAHTOB TaOIIMIIBI
COBMAJICHNUS, L — KOIWYECTBO MOJIIPU30BAHHBIX KAHAIOB, YTO
Ha TIOPAIOK BEIIIE.

Ha pucynke 1 npuBeneH pacuer BpeMeHH, TpeOyeMoro Ha
KpHNTOAHAJIN3 [TIEPEXBAYEHHBIX KOJIOB IIPH Pa3IMYHLIX aJITOPUT-
Max 3amuthl. [{udpamu 0603HaueHbI: | — OHOKAHAIBHBIC CH-
CTeMbI ¢ mH(panner CUrHana Mpy MOMOIIH TICEBIOCITYYaiHbIX
CHUT'HAJIOB; 2 — JIByXKaHAIBHBIE CUCTEMBI C OPTOrOHAJIBHOM ITOJIs-
pu3alpel 1 aCHHXPOHHBIM METOJJOM KOMMYTAIlMH KaHAJIOB; 3 —
TpeXKaHAIBHBIE CHCTEMBI C MACKHPYIOIIUM KaHaJIOM, OpTOTO-
HaJIBHOW TOJISIpU3aiied MH(MOPMAIMOHHBIX KAHAIOB M CHH-
XPOHHBIM METOJIOM KOMMYTAlNH; 4 — TpeXKaHATbHBIE CHCTEMBI
C HEOPTOTOHAITLHOM MOJIsIpU3anreit HHPOPMAIIMOHHBIX KaHAJIOB
Y ACHHXPOHHBIM METOZIOM KOMMYTAIIHH.
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oo 41
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Puc. 1. CtpykTypHas CKpBITHOCTB KOJa

3AKJIIOYEHUE

Taxum 00pazom, npearaeMblii KBaHTOBBIH TPOTOKOJ 1103~
BOJIIET MOJIyUYUTh MAaCKUPOBKY «HYyJEH» MepeaaBaeMoro Kojaa
¥ HeMH(OPMAIOHHOE 3HAYCHUE «EIMHUID», KOTOpas MOXET
TIO3BOJIUTH CKPBITH Bee mapameTpsl Moaenu OSI mpu nepenade
uH(pOpMaNH ¥ TEM CaMbIM 3aMEHHUTH TPAAUIIMOHHBIE TIOAX OB
K 3alUTe OT CETEBBIX aTakK.

Kpome Toro, MOXKHO MOJy4UTh CMEIIMBAHKE MOJIIPU3ALIHN-
OHHBIX MApaMETPOB, NPHUBOAAILICE K IOBBIICHUIO OOIIEH
CKPBITHOCTH II€pefadll M PEUICHUIO HACYIIHBIX IPoOieM 3a-
HINTHBI I/IH(I)OpMaLII/II/I B BBIYMCIUTEIBHBIX ceTsax. K TOMY XK€ CO-
CTOSIHME JIMHEWHOH INOJISIPU3aLMY IIPU OTKa3e OT MCIIOIb30Ba-
HUS OPTOTrOHAJIBHBIX 3HAYCHHUI U NepeEXoi€ K NpsAMOMY HU3MCE-
PEHHIO TEKYIIEro COCTOSIHUA (HAIpaBJIEHUS B MPOCTPAHCTBE)
[IO3BOJIIET UCIIONIB30BATh KOJBI C IIPOU3BOJIbHBIM OCHOBAHUEM
WY yBEJIMYMBATh IPOITYCKHYIO CIIOCOOHOCTB 33 CYET KBaHTO-
BBIX METOJOB CXKATHS.
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Upgrading the Quantum Key-Generating Protocol
to Eliminate the Problem of Open Semi-Ring

Grand PhD E. G. Vorobiev, D. E. Vorobieva
Saint Petersburg Electrotechnical University
Saint Petersburg, Russia
vrbyug@mail.ru

Abstract. The method of synthesis of quantum protocols based
on controlled states of polarization is proposed. It is possible to
create domestic quantum protocols, which do not use an open com-
munication sub-channel for the implementation of the agreement.
The intrusion of an attacker into this open sub-channel can lead to
the inoperability of the entire protocol. In the proposed method,
the transmitted code is statistically approaching random, as in a
quantum sub channel. The purpose of the synthesis should be a
signal in the transmission channel, for which the Shannon crite-
rion for theoretically undisclosed cipher performed - a probability
of 0.5 for correct recognition of the state of the information bit.
Analysis of the transmitted information becomes impossible, as ze-
ros and units in the transmission are not informational; they only
mean a coincidence or mismatch of the state of the bit of transmit-
ted information and the control process. The task of synthesis of
the algorithm of optimal reception of two orthogonally polarized
signals at the same frequency with mixed instant states of polariz-
ing parameters based on the equation of the evaluation of discrete
parameter has been set and solved.

Keywords: quantum cryptography, controlled polarization,
pseudo-case, quantum protocol, information transfer.
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AHAJIU3 OTHOPOJIHOCTH MOKAa3arTejeun
YCKOPEHHbIX UCHbITAHUU

k.T.H. B. B. 'ap6apyk

[eTepOyprckuii rocyapCTBEHHBIN YHUBEPCUTET
nyTeil coobmenust Umnepatopa Anekcanapa I,
Camnkr-IletepOypr, Poccus
vvgarbaruk@mail.ru

Annomayus. be3 cokpaueHusi BpeMeHH Ha0J1101eHusi 3a pado-
TOW HaJeKHOH NPOAYKIMH BBICOKHX TEXHOJIOIHH He BO3MOKEH
aHAJIN3 UX KadyecTBa. PaccMoTpeHo BaskHOe HampaBJieHHe 00pa-
00TKH pe3yJbTAaTOB YCKOPEHHBIX MCIBITAHMIi: MPOBEpKa IMUII0-
Te3bl HATUYHUS CTATHCTHYECKHX Pa3JHUMil ABYX yCeUeHHBIX BbI-
oopok. Ilpeanonaraiores uenbiTaHusg N OAHOTUNHBIX M3JeNHIA,
KOTOpbIe, B 1eJIsIX COKPaIlleHHs] BpeMeHH Ha0.Il0eHHus, TIPOI0JI-
JKAI0TCSl B TeUyeHHe 3a[JaHHOI0 BpeMeHHU t WM 10 MOJIyYeHus 3a-
JAHHOTO Yucj1a 0TKa30B n. IIpogo/zkuTeIbHOCTD 0€30TKA3HOI pa-
00THI Kaxka0ro npudopa pukcupyerca. Orkazapiue u3geans He
BoccTaHaBuBalTcs. [lokazano npumeneHune kpurtepus Cmup-
HOBa [JIsl CPAaBHEHMsl SMIMPHYecKUX QYHKUUHA pacnpeneaeHus
JABYX OrpaHNYeHHBIX BbIOopok. [IpuBenen mpumep pacdera, Je-
MOHCTPHPYIOIIMI COKpalleHHe BpeMeHHM IoJydyeHus HHGopMma-
HHH 0 HA/IEXKHOCTH HCIBITBIBAEMOil NPOIyKIMH.

Kniouegvie cnoea: yckopeHHble MCHBITAHHSI, BpeMeHHbIE
PsiAbl, OTHOPOJHOCTh CTATHCTHYECKOr0 MaTepHasia, KpPUTepHi
CMupHoOBa.

BBEJEHUE

CreHzmoBbIe U 1aOOpaTOPHBIEC UCTIBITA HUS Ha IEXKHBIX H 10-
POTOCTOSIMNX U3IENHI MUPOKO MPUMEHSIOT IS OTIPEACTICHHS
nokaszaTeyei ux HajgexHoctu [1, 2]. Ananu3 0e30TKa3HOCTH
CXO0X C 3aJjayaMH IPeACcKa3aHUs PO JOJKUTEILHOCTH JKH3HH,
KOTOPbIE PACCMAaTPUBAIOTCS HE TOJIBKO B HAYKE ¥ TEXHHUKE, HO
U B MeJMLMHE, ONOJIOTHH U T. 1. B MequuuHe, HanpuMep, npo-
THO3 BPEMEHHM JKM3HU MaLHEHTOB ONpeaesieT He00X0JMMOCTh
OTIepaTUBHOTO BMEIIA TEJIbCTBA. J{0ITOBEYHOCTH COBPEMEHHBIX
IpUOOPOB MOXKET AOCTHIATh COTEH THICAY YaCOB, HCIBITAHUS
UX HaJIe)KHOCTH IPEKpamaroTcs 10 HCTeYSHUH BPEMEHH, J1aIe-
KOTO OT MaKCHMaJIbHOH HapaOOTKH.

[IpoBeneHne WCIBITAHUN Ha HAaIEKHOCTDH (AKTUBHBIX WU
IIaCCHUBHBIX ) CBA3aHO CO 3HAYMTEIBHBIMHU 3aTPaTaMH BPEMECHU
U cpeAcTB. B TeXHUKe MOTyYMITH pa3BUTHE yCKOPEHHbIE UCTIBI-
TaHUS Ha HAaJEKHOCTh, B KOTOPBIX COKPAIIAI0TCS CPOKHU HOTY-
YeHUs KOPPEeKTHOU nHpopMauu 0 0€30TKa3HOCTH MPOAYKINUN
[3, 4]. YacTo yckopeHHBIE UCTIBITAHUSI IPOBOIAT B hopcupo-
BaHHOM PEXHMMe, CyIIECTBCHHO IOBbIIIAs, HATIPUMED, TEMIIe-
paTypy, TO €CTh U3MEHSIS yCIIOBHS DKCIUTyaTaluu 000pya0Ba-
Hus. [Ipr 5TOM 0OCHOBHOE BHUMaHHUE yIesseTcs pa3paboTKe He-
IIapaMeTPUYECKUX METO/IOB aHallu3a, KOTOpble He IPeArnoa-
raloT 3Ha HUS 3 KOHOB pacIpeiesIeHNs HapaOoTOK 0 0TKa 3a U3-
nenuii [5, 6].

HccnenoBaHUIO BPEMEHHBIX PSIOB, XapaKTEepPHU3YIOMMX
BpeMs 0e30Tka3HOH padoTHI Ha IEKHBIX IPHOOPOB, TTOCBSIIICHBI
MHOTHE cTaThi [7, 8]. B maHHO# paboTe paccMaTpuBaIOTCs UC-
IBITaHUA N O THOTHITHBIX H3/ICNIHI, KOTOPBIE, B IEJISX COKpaIIe-
HUSI BpEMEHHU HaOII0JeHNs, IPOIOIKAIOTCS B TEUCHUE 3aJaH-
HOTO BPEMEHH { MJIH O NOJy4EHNUS 32 JaHHOTO YUCIIa OTKA30B 7.

H. B.I'py3nes
000 «Casa3pCrpoitCepsucy

Caunxkr-IletepOypr, Poccus
Nik gru@mail.ru

[pogomKHUTeNBHOCTS ¢ 0€30TKa 3HOI paboTHI Ka’kI0ro mprodopa
¢uxcupyercs. OTka3a BIIME H3IEIHI HE BOCCTA Ha BITUBAIOTCS.
B pesynbpraTe momydaercs BBIOOpKa 3HaUYEeHUH 00beMa n

t;<t, < .. < t,,n<N

KOTOpas XapaKTepusyeT AIUTENBHOCTh 0€30TKa3HOH paboTs
JIAHHOTO TUIIa M3/IeIIHSL.

OrMeTuM, 4TO HMEepeMEeHHas ! MOXKET 03Ha4aTh HE TOJBKO
MPOAOJDKUTEIBHOCTE pA0OTHI 10 0TKa3a UCIIBITHIBAEMOTO MTPH-
6opa, BeIpaskaeMoii Buacax paboThl, HO U KaJ€HAapHOE BpeMs,
KOJIMYECTBO pab0YMX IUKIOBH T. II.

TIOCTAHOBKA 3ATAUN

Ha ocHOBaHMM yce4eHHOI CBEpXy BEIOOPKH Ha 0 OLICHUTH
[I0Ka3aTeJIM HaIe)KHOCTH Npubopa, HaIpuMep, cpeiHee BpeMs
HapaOOTKM HA OTKA3 JaHHOUW mapThH NMpuOOpoB. DTa 3ajava,
Ha3bplBaeMasi B MAaTEMAaTHYECKOW CTATHCTHKE OIEHKOH mapa-
METPOB 3aKOHA pacCIpEeeIICHNUS IT0 YCEUSHHO BEIOOpKE, NMeeT
xopoto pa3pabotannyio Teopuio [9, 10]. bonee cnoxHoit 3a-
Jadeit ABISETCA NMPOBEpKa THUIOTE3 IO HEMOJHOH BBEIOOpPKE.
PaccMoTpuMm 3amauy HIpOBEpKH OJHOPOTHOCTH CTaTHCTHYE-
CKOTO MaTepHaa, TO eCTh IPOBEPKY TUIIOTE3bl O MPUHA IJICK-
HOCTH OJHOM TeHepabHO COBOKYITHOCTHU JIBYX HE3a BUCUMBIX
BbIOOpOK. [lycThb MMEIOTCS ABa yCEUEHHBIX BapHallMOHHBIX
psiaa pa3MepoB x1 <x2 <...<x " y1 <y2 <... <ymu 00BEMOM 1
U m COOTBETCTBEHHO, IOJyYEHHBIX IPU OTPa HUIEHUH BPEMEHU
[IPOBEPKH HAJECKHOCTH. [[1s ompeneseHHOCTH NMPUMEM, YTO
n < m. IlogoOHBIE BEIOOPKH MOTYT COOTBETCTBOBATH, HATIPHU-
Mep, IBYM pa3THIHBIM CITI0CO0aM IIPOU3BOICTBA OTHOTO U TOTO
xe u3nenus. TpedyeTcs mpoBepHTh HyJIeByo THIIOTe3y Ho, co-
[J1aCHO KOTOPO# pa3HUIIBI MEXKITY JIBYMsI CITOC00a MU P OU3BO/I-
CTBa HET, 9TO MaTEMaTHIECKH COOTBETCTBYET PaBEHCTBY (DyHK-
WA pacrpeneneHust ABYX CIydaiHbIX BEIMINH, KOTOPBIM CO-
OTBETCTBYIOT paCCMaTPHBAEMbIE BEIOOPKH.

KPUTEPUII CMHMPHOBA
B cny4ae nonHBIX BHIOOPOK IpoOieMa MpOBEPKU THIIOTE3bI
OJIHOPOJITHOCTH HMMEET OKOHYATENbHOE PeLICHHE IMOYTH IJIs
BCEX MHTEPECYIIIMX NpakTuKy ciyvaes |11, 12]. Ing yceueH-
HBIX BBIOOPOK B HEKOTOPBIX CIIy4asX MOXKET ObITh MPUMEHEH
kpurepuii CmupHoBa [13, 14], mo koTopoMy IpH 3aa HHBIX M-
MUPUYECKUX (PYHKIMAX pacHpeneieHus AByX BBIOOpOK F,' u
G, M yCTaHaBIUBAETCS CIIPABEIJIHUBOCTD TMIIOTE3bl O TOXKIC-
CTBEHHOCTH 32 KOHOB PaCIIpeIeTICHHH, TO €CTh IPOBEPSIETCS HY -
nesasirunoresa Ho: F; = G,. ATbTepHaTHBHOHI (KOHKYPHPYIO-
wieit) runore3oit Hi BeioepeM F,” # G,,. 3a Mepy pacxoxKIeHus

byuxuuii E, u G, TpUHAMAETCs BeJTHIUHA

Dy = mtaX|Fn* -G,
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KOTOpasi ONpPEHeNseTcss HEIMOCPEICTBCHHBIM BBIUUCICHUEM
pasHOCTeH X; U yi WK rpapUIECKH 10 rpahuKaM CTyHEHUATHIX
obyuxuuii E; u G,. JokazaHo [15], uro

. n-m
71132( ’n+m- Dnlm|H0 < z) =K(z),

rae K(z) — ¢ynxuus Konmoroposa.
IIycts npu BEIOpaHHOM yPOBHE 3HAYMMOCTH O M3BECTHO

KPUTHIECKOE 3HAUCHHE Ayp. ECiIM BeTumHA

n-m

A

SELY S nm

n+m

JIOCTHTAET 3HAYCHUS Ayp MU IPEBOCXOINT €TO, TO CYIIECTBYET
3HAYNMOE PaCXOXkKIEHHE MEXIy (QyHKIMIMH pacIpeseaeHHs
E u G;. Torna runoreza Hy OTKIOHAETCSA C BEPOATHOCTHIO
OIIHOKH OL.

IMpumeHnM HDaHHBIA KPUTEPHUH ST YCEYCHHBIX BBIOOPOK.
[omoxum fo = min(xx, ym). BO3MOXHOCTb UCTIONIB30BaHUS KPU-
Tepust CMHPHOBAa OCHOBAaHA Ha TOM, 9TO BETHYUHA Awa6n , PaC-
CYMTaHHAs 10 HAaUOOJIbILIEH PA3HOCTH MEKLY IMITUPUYECKHUMU
¢byukuusmu pacupenenenus F; u G, MOXET IPEBBICUTh KpHU-
THYECKOE 3HAUEHHE Ay PAHBLIE JOCTHKEHHUS 0. B 3TOM cityyae

n+m
Dy, = max|E; — G| = max|E; — G| = * Mp-
n,m p; n m t=to n m nm Kp

Hynesas runotesa F, = G,, OTKIOHAETCSA BHE 3aBHCHMO-
CTH OT HEU3BECTHBIX U3-32 yCEUEHHOCTH BBIOOPKU 3HAUYCHU,
KOTOpBIC MOJIy4YaIOTCIATIpU £ > fo.

[IPUMEP TPOBEPKH OJHOPOJHOCTH

B xauecTBe mpuMepa cpaBHHUM J[BE yCCUCHHBIC BEIOOPKH, B
KaX10H U3 KOTOPBIX 1a Hbl MOMEHTHI BBIXO/J1a U3 CTPOS ABYX TH-
moB pene [16]. TlepBas Beibopka o6beMoM 110 perne HCIBITHI-
BanachBTeueHnu 10 000 9., mpu 3TOM U3 CTPOS BHILIUTH 6 pee.
BropasBeibopka o6semom 120 pere HCITBITEIBA A Ch B TEYSHUN
16 000 4., mpu 3ToM U3 cTpos BelLIo 41 pene. Ecnu Hynesas
THIOTE3a O MPWHAJIC)KHOCTH JaHHBIX BEIOOPOK OJHOW TeHe-
paBHOIT COBOKYITHOCTH BEpHA, TO BPEMs BO3MOXKHOTO OTKa3a
HE 3aBUCHT OT THIIA peJIe.

B nmansom mpumepe fo=min(10000,16000) = 10 000 u.
Pazo6sem npomexyTok [0, 10000]Ha 5 yacreii (Tadu. 1).

Tabnuna 1
Cpasnenue dpyukuuii F,' u G,
HNuTepBaibl 0- 2000- | 4000- | 6 000— | 8000-
BpeMeHH, 4 2000 | 4000 6 000 8000 10 000
Yuciao 0TKa3oB 1 0 0 3 2
Hakomennoe 1 1 1 4 6
YHUCIIO OTKAa30B
Omocurembuas | o 509 | 0009 | 0,009 | 0,036 | 0,055
JacToTa
Yucno oTka3zoB 1 6 9 17 8
Hakomennoe 1 7 16 33 41
YHUCJIO OTKAa30B
Ommocurenshas | o g0 | 0059 | 0,134 | 0277 | 0345
yacToTa
|F; — G, 0,001 | 0,050 | 0,125 | 0241 | 0,290

Bropas, TpeTbsa U ueTBepTas CTPOKU OTHOCSTCS K IEPBOU
BeIOOpKE. Bo BTOpOii cTpOKE 3ammcaHO KOTHMIECTBO pelie, OTKa-
3aBIIUX B JaHHOM BPEMEHHOM HHTEpBaje; B TPEThEH CTPOKE —
ob1ee 4uCI0 0TKa30B K MOMEHTY OKOHYaHHUS COOTBETCTBYIO-
IIer0 MHTEpBalla; B YeTBEPTOH CTPOKE — OTHOCHUTENIbHAS Ya-
CTOTa 0TKa30B. [|11st BTOpoil BBIOOPKM aHATOTHYHO 32 TOJTHEHBI
nATas, HecTast U celbMas CTpOKU. B mociennel cTpoke 3anu-
CaHbl PAa3HOCTH MEKly IMIMPUUECKUMH (yHKIHUIMH paclpe-
nenenns |E — G| manGonbmas us xotopsix pasna 0,29. B
Tabnune 2 NpUBEACHBI KpUTHYECKUE 3HAUEHHS Awp IS Pa3ITHY-
HBIX YpOBHe# 3HaunMoctu o [17].

Ta6muna 2
Kpurndeckue 3Ha4eHUS Mg
o 0,1 0,05 0,01
A 1,224 1,358 1,628

BuaHo, 4TO npH BCeX yKa3aHHBIX 3HAYCHHUSIX O BBIIOJIHS-
€TCSI HEPABEHCTBO Ama6n > Axp. [ UTIOTE3a O PaBEHCTBE 3 KOHOB
pacnpeneneHunii AByX BBIOOPOK OTBEpraercs.

3AKIIOYEHME
Pasznuyue Mexxay BHIOOpKAMHU OKa3aJI0Ch 3HA YHMBIM YK 0
MoMeHTa BpemeHH, paBHoro 10 000 yacos. Eciiu Gb1 Hac uHTe-
pecoBai TOJNBKO 3TOT BOIPOC, TO JAajbHEHIINE HCIBITAHHS
MO>KHO OBLITO OBl MPEKpaTUTh. B pe3ynbraTe ObUTH OBl YMEHB-
NIEHBI KaK PECYPCHI, TAK ¥ BPEMsI MMOJIyUYEHHS HHPOPMAIMH O
Ha JIE)KHOCTH UCTIBITHIBA €MO TIP Oy KITHH.

JIUTEPATYPA

1. Nelson, W. B. Accelerated Testing Statistical Models,
Test Plans and Data Analysis. — New Jersey: Wiley-Inter-
science, 2004. — 624 p. — (Wiley Series in Probability and
Statistics).

2. Mexonommun, B. C. HageXHOCTh TEXHUYECKHX CUCTEM U
TEXHOTEHHBIN pUCK: YueOHOe mocoOue 1151 KypCcaHTOB U CTy-
nenroB ®EDO cnenmanuzanuu 330502 / B. C. MexoHomuH,
M-Bo TpancnopTta PO, YipaHOBCKOE BBICII. aBHUAILl. yUUIIUILE
rpaka. aBuanuu. — YnbsiHOBCK: YBAY I'A, 2005. —90 c.

3. Tep6un, A. U. Hcnonbp3oBaHHE YCKOPEHHBIX METOJIOB
OLIEHKM MoKa3zaTeneil HaaexxHocTu uznenuit OKb oreuecten-
HOTO TIPOU3BOJICTBA — OJHH U3 Iy TeH MOBBIIICHHS MX KOMMEp-
yeckoit mpusnekatenbsHoctn // DJIEKTPOHUKA: Hayxka, Tex-
Hoyorus, busnec. 2019. Ne 9 (190). C. 136-140.

DOI: 10.22184/1992-4178.2019.190.9.136.140.

4. Huxynur, M. C. O pa3BUTHN B BHEAPEHUH METO0B CTa-
THCTUKU yCKOPEHHBIX UCIIBITAHUH 7151 aHATN3a 0e301a CHOCTH,
HaJeKHOCTU U KadecTBa MPOIYKIUH BHICOKUX TEXHOJIOTHH /
M. C. Hukynunr, M. B. CuisaukoB, K. A. [yb6apenko //
Hayuno-rexunueckue Bemomoctu Cankr-IlerepOyprckoro
rOCy/IapCTBEHHOTO MOJUTEXHUYECKOTO yHUBepcurera. 2014.
Ne 1 (190). C.217-223.

5. Tumonun, B. M. CpaBHeHHE NPOTPECCUBHO LIEH3YPHUPO-
BaHHBIX BEIOOPOK— YHCIICHHBIC METO I Ta0yIMPOBa HUS pac-
MpeneleHui CTaTUCTHK OJHOPOJHOCTH W  HCCIIEeIOBaHHE
OIIGHKH IIapaMeTPOB CBSA3M HX pacCHpEIeNIeHHHl MeTOJ0M
Mounte-Kapno/ B. . Tumonun, H. JI. Taaaukosa // MaTtema-
TUYECKOE MOJEIUPOBAHUE U YUCIIEHHbIE MeTObL. 2015. Ne 3.
C. 89-100.DOI: 10.18698/2309-3684-2015-3-89100.

6. UnmutoBa, E. B. Hemapamerpuueckue KpUTepuu coria-
cusl B 3a/layaX MPOBEPKH aI€KBaTHOCTU MOJIENell Ha 1eKHOCTH
1o ueH3ypupoBaHHbIM faHHBIM / E. B. UnmuroBa, M. A. Be-

Humennexmyanpnole mexuonozuu va mparncnopme. 2020. Ne 4 36



Intellectual Technologies on Transport. 2020. No 4

nepuukosa, H. C. 'ananosa // Bectauk Tomckoro rocynap-
CTBECHHOTO yHHBEPCHUTETA. YIIPpaBICHHE, BEIYUCIUTEIIBHA S TEX-
Huka 1 nHpopMmaTtuka. 2013. Ne 4 (25). C. 115-124.

7. KoBanbuyk, B. B. Onenka noka3aTtenei Ha 1€KHOCTH UC-
MBITaHUHM IPU SKCIIOHEHINATBHOM 3aKOHE paclipeeseHus OT-
ka30B / B. B. KoBanbuyk, M. C. Byp3yn // UccnenoBaHus Mo-
noasix yueHslX: matepuansl XII MexayHapoaHoit Hay4HOU
xoH(pepennnu (Kasanp, utonp 2020 r.). — Kazaue: Moo noi
yuensiii, 2020. — C. 15-18.

8. Pycun, A. 10. Cratmdeckue oOpabOTKH pe3yIbTAaTOB
HaOJIOCHN TIPH TPOBEICHNH YCKOPCHHBIX HCIBITAHHUA Ha
HaexHOCTh/ A. 0. Pycun, M. A. H. A6nynxamen // Momnonoi
yuensrit, Ne 18 (77). 2014.C. 274-279.

9. E¢umos, A. H. IlopsakoBsle CTa TUCTHKN — HX CBOHCTBA
u npunoxxeHus. — Mocksa: 3Hanue, 1980.— 64 c. — (Hosoe
B JKU3HU, HAYKE, TEXHUKE).

10. David, H. A. Order statistics. Second Edition. — New
York: Wiley-Interscience, 1981. — 384 p. — (Wiley Series in
Probability and Statistics).

11. Statistical Methods in Experimental Physics/ W. T. Eadie,
D. Drijard, F. E. James, [et al.]. — Amsterdam: North-Holland
Publishing Company, 1971.— 308 p.

12. CmupHaos, H. B. Kypc teopuu BeposiTHOCTEH M MaTe-
MaTHYECKOH CTATHCTUKH ISl TEXHWYECKUX TPIIOXKECHHH /
H. B.CmupHos, U. B. [lynun-bapkosckuii. — 3-e usg., crep. —
Mocksa: Hayka, 1969.—511 c.

13. AaToHoB, A. B. Cratucruueckue MOJeIu B TEOpPUH
HaJIeKHOCTHU: YueOHOe TocoOue TSl CTYI€HTOB BBICIINX YUe0-
HBIX 3aBeJIcHUIl, 00yuatomuxcs no HanpasieHuto «MHpopma-
THKAa ¥ BBIYHCIUTEIbHAS TEXHUKA)» CIEIHATbHOCTH «ABTOMA -
THU3UPOBaHHBIE CUCTEMBI 00paOOTKH HHPOPMALIUU U YIIpaBIIe-
Hus» / A. B. Aaronos, M. C. Hukynun. — Mocksa: AGpuc:
Bricmasg mkona, 2012.— 390 c.

14. bopoBkoB A. A. MaTemaTnyeckas craTucTuka. Jlono-
HHUTEJIBHBIC TIIaBbl: YUueOHOe mocoOue i By30B. — Mockga:
Hayxa. ['maBHas pegakuns (GU3HKO-MaTeMaTHYCCKON JHTEpa-
Typsl, 1984.— 144 c.

15. bonsmes, JI. H. TaOnuusl MaTeMaTUYECKOH CTaTHU-
cruku / JI. H. Bonpmes, H. B. CmupHoB. — 3-¢ m3m. —
Mocksa: Hayxka. ['maBHas pegakuns Gu3nKo-MaTeMa THIECKOH
nurepaTypsl, 1983.—416¢.

16.Tap6apyk, B. B. [IpoBepka 0 JHOPOTHOCTH CTATUCTHYIE-
CKOTO MaTepualla 1o pe3yJbTaTaM yCKOPEHHBIX UCTIBITAHUIT /
B.B.Tapbapyk, M. A. IlupoxxkoB // I epMeTu3npoBa HHbIE MaT-
HUTOYTIpaBIsieMble KOHTAKTHI (TepKOHBI): MeXBy3. ¢0. HaY4UH.
Tp./ Psa3an. paguorexH. uH-T; [Penkon.: A. C. ApedoeBu ap.].—
Ps3ann: PPTH, 1982. — C. 136-141.

17. 3ansokubix, B. B. CTaTHCcTHYECKUE pacUeTh IIPH 1A HY-
poBaHUH U 00pabOTKe pe3yIbTaTOB UCTIBITAHUM: YueOHoe 1mo-
coowne / B. B. 3amspkxubix; CeBepHbIil (ApKTHUIecKHil) deme-
panbHbIi yHEBepcuTeT MMeHn M. B. JlomoHocoBa. — ApxaH-
rensck: CADY, 2014.— 83 c.

Humennexmyanpnole mexuonozuu va mparncnopme. 2020. Ne 4 37



Intellectual Technologies on Transport. 2020. Ne4

Analysis of the Uniformity
of Accelerated Testing Indicators

PhD V. V. Garbaruk
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Abstract. Without reducing the time for monitoring the opera-
tion of reliable high-tech products, it is not possible to analyze their
quality. An important area of processing the results of accelerated
tests is considered: testing the hypothesis of statistical differences
between two truncated samples. An important direction of pro-
cessing theresults of accelerated tests is considered: testing the hy-
pothesis of the presence of statistical differences between two trun-
cated samples. Tests of N similar products are assumed, which, in
order to reduce the observation time, continue for a given time t
or until a given number of failures n is obtained. The uptime of
each device is recorded. Products that have failed will not be re-
stored. The application of the Smirnov criterion to compare the
empirical distribution functions of two bounded samples is shown.
An example of calculation is given that demonstrates a reduction
in the time for obtaining information about the reliability of the
tested products.

Keywords: accelerated testing, time series, statistical

homogeneity of the material, the Smirnov criterion.
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AHaJn3 MO/ eJIed 1 HOBBIX IOAX0/10B
K OIICHKE KadecCTrBa 06p33OBaHI/IH

C. B. Kupromkux

[TerepOyprckuii rocyJapcTBEHHBIH YHUBEPCUTET
nyTei coobmienus Ummneparopa Anexcanapa |
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Annomayus. B crarbe paccMOTpeHbI MO/ieJIM OLEHKHU Kayde-
cTBa o0pa3oBaHusi, npumensiemble B Poccun, Espone u CIIIA.
IIpuBoauTCs aHAIU3 HOBBIX NEPCHEKTHBHBIX MOJX0J0B K OLlCHKe
KavyecTBa o0pa3oBanus. TexHonorns moxeaupoBanns o6pa3oBa-
TEJBbHOTO TMpOLEcca HCNOJNb3yeT 3IBPHCTHYECKHE, O0aILHO-
peliTHHroBbIe W HMMHMTAIMOHHbIe MoJeau. HoBble moaxoabl Kk
OleHKe KadecTBa 00pa30BaHWs BKJIYAKT MeTOAbl KOTHUTHB-
HOr'0 MO/IeJIMPOBAHHS.

Knrouegvle cnosa: kauecTBo oﬁpasonaﬂnﬂ, MoO/ae/1d, KOTHUTUB-
HO€e MoJe/IMpoBaHue.

BBEJIEHUME

[Ipo6iiema oOreHKM KadecTBa BBICHIETO O0pa30BaHMS MPH-
oOperaeT ocoboe 3HaAUYECHHE B YCIOBHUIX IMaHACMUN KOPOHABH-
pyca (COVID-19).

Ha nosa6pp 2020 roga manaemueit COVID-19 3aTpoHyTHI
Ooriee mMONyTOpa MHUTHApIOB oOyuaromuxcs B 191 crpane
mupa [1], uto cocranser 6onee 90 % Bcex ydalmmxcsi B MHUpe.

OnHolf M3 MEepPBOCTENEHHBIX 3a/ad B cdepe oOpa3oBaHMs
CTaHOBUTCS CBOEBPEMEHHBIH aHAJIM3 aKTyaJbHOW CHUTyalluH,
MIpUHATHE HanOoee aeKBaTHBIX Mep, yUUTHIBAIOIINX CIICIH-
(MKy KOHKPETHOM CTpaHBbl, U MOJ/IEPKKa BCEX yUaCTHUKOB 00-
pa30BaTEIbHON CHCTEMBbI: YYAIMXCs, UX POAMTEINCH, meaaro-
TOB ¥ aIMHHUCTPALIMH Ha BCEX YPOBHSAX.

HccnenoBanne MexayHapoIHOTO HHCTUTYTa 00pa30BaHUs
BBISIBUJIO ONPECIICHHBIE TPEHBI Pa3BUTHUS BBICIIETO 00pa30-
BaHHWA B ICPUOJ MaHIAECMUU. B cBs3u ¢ KpHU3uCOM MHOTHE CTy-
JEHTBl UCIBITHIBAIOT CIEAYIOIIUE CIOKHOCTU: o0muil cTpece,
CBSI3aHHBIH ¢ TaHIeMuel; (uHaHCOBBIE 3aTPyJHEHHMS; COLH-
IBHYIO U30JISIIMIO; OTCYTCTBHE BO3MOKHOCTH KOMMYHHKALIUH
C OJJHOKYPCHUKAaMH; OTCYTCTBUE HaJEKHOTO WHTEPHET-COE/IU-
HCHHST;, OTCYTCTBHE 000PYI0BaHUs, HEOOXOJMMOT'O JJIsl OHJIAIH
00y4eHUs; o/Iep)KaHue PEXUMa JTHS.

Jist npeosioneHust HOBBIX MPoOJIeM B CUCTEME BBICIIETro 00-
paszoBanus IOHECKO pexkoMeHIyeT NpHUHATH CIEAYHOIUE
MEpBI: TPOJOIDKHUTh Pa3paboTKy 3(PQEKTUBHBIX METOAOB OH-
TaiH-00yueHns 11t o0ecrieueHnsl KauecTBa M PaBEHCTBA B 00-
pa3oBaHMU; pa3padoTaTh TPEHUHTH JUIS CTYJICHTOB U IPENoa-
BaTeJIeH 110 UCTI0JIb30BAHUIO IU(POBEIX HHCTPYMEHTOB 00ytde-
HUSI; 33JOKyMEHTHPOBATh BCE N3MEHEHHS B OPraHU3aIlH IIPO-
necca OOydYeHHs, MPOM3OIIEAIINE B MEPUOJ] MaHAEMHUH; HC-
TNI0JIB30BATh OIBIT M OLIMOKH MPH OpraHW3alliy OHJIaiH-00pa-
30BaHUs; IEPECMOTPETh U OOHOBUTH CHCTEMY O0YYCHUS U Tpe-
noaaBanus [2].

AHAJIN3 MOJIEJIEM KAYECTBA OBPA3OBAHUS
Tocyoapcmeennasn oyenka (aKKpemuTanus) — 3TO ycTa-
HOBJICHHE WJIM MTOATBEPKACHHE TOCYIapCTBEHHOTO CTaTyca 00-
pa3oBaTeNbHOTO YUPESKACHUS IO TUMy (BBICIIEE ydeOHOE

3aBe/ICHNE) W 1O BUAY (MHCTHUTYT, aKaJeMusi, yHUBEPCHUTET),
YPOBHSI pealn3yeMbIX O0pa30BaTEIbHBIX MNPOTpaMM U HX
HAINpaBJIEHHOCTH, a TAKXKE COOTBETCTBHS COJCPIKAHUS U Kade-
CTBa TIOATOTOBKH BBIITYCKHHUKOB OOpa30BaTENbHBIX YUpeEKe-
HUA (QenepanbHBIM TOCYJapCTBEHHBIM 00pa30BaTENbHBIM
cTanzapram wid QeaepajibHbIM TOCYAapCTBEHHBIM TpeOoBa-
HUAM.

MuHHCTEpCTBO HAYKHU M BBICIIEro oopa3zoBanus PO mposo-
JIIT TIOCTOSTHHBIII MOHUTOPUHI' CUCTEMBI 00pa3oBaHus (OLEHKY
3¢ (GEKTUBHOCTH BY30B) JUTS IPECTABICHUS OpraHaM rocyaap-
CTBEHHOH BNacTu W rpaxaanam Poccuiickoii @enepannu 00b-
EKTHBHOW MH(OPMALIMK O COCTOSTHUN CHCTEMBI 00pa30BaHUs 1
€XeroJHo mpeacrasiser otueT B IlpaButensctBo Poccuiickoit
®enepanuu [3—5]. OTUETHI O COCTOSIHUU PETHOHAIBHBIX H MY-
HULOUTIAIBHBIX CHCTEM 00pa30BaHMs MyONIHKyIOTcs B ceTu MH-
TEpHET ¥ HaXOJSTCS B CBOOOAHOM JIOCTYIIE [UIS TPaXkJaH.

HeszaBucumasi oneHka KadecTBa 0O0pa30OBaHUS INPEICTaB-
nseT co00i OLEHOYHYIO NMPOLEAYpY Ha OCHOBE CBEIEHHH 00
00pa3oBaTeNbHON IESTETFHOCTH OPTaHU3AIHIA, OCYIIIECTBIISIO-
mUX 00pa3oBaTebHYIO JAesTeIbHOCTh. He3aBucumas oneHka
KavyecTBa 00pa30BaHUsI [IPEACTaBlIeHa BHEUIHEH U BHYTPEHHE
OLICHKOM.

Brewnss oyenxa mpoBOauTCS OOIIECTBEHHBIMH JKCIIEp-
TamH (0OIIECTBEHHAsI aKKpEAUTALHS, B TOM YHcie npodeccro-
HaJIbHO-00IIECTBEHHAsI 1 MEXKTyHapOIHASI AKKPEIUTAIINS ).

Brympennss oyenka npoBOIUTCS HETIOCPEICTBEHHO CaMUM
BYy30M, NIPHYEM KaxJast 00pa3oBaTenbHasi OpraHu3anus HMeeT
CBOIO BHYTPCHHIOIO CHCTEMY KauecTBa 00pa3oBaHusI.

3amaun BHYTpPEHHEH HE3aBUCUMON OICHKH:

® COBEPIIECHCTBOBAHNUE CTPYKTYPHI U aKTyaJIM3alus COAep-
JKaHUA 00pa30BaTEIBHBIX MPOTPAMM, peai3yeMbIX B 00pa3o-
BaTeJIbHOW OpraHu3aluy;

® COBEPIIEHCTBOBAHUE PECYPCHOro obecredeHus: odpaso-
BaTEJILHOTO MPOIIecca;

® [MOBBLIIICHUEC KOMIIETCHTHOCTHU U YPOBH:A KBaﬂl/Iq)I/IKaHI/II/I
MeIarorMYecKuX PaOOTHHUKOB, YYacTBYIOIIMX B peasi3aluu
00pa3oBaTeNbHBIX MPOTPAMM;

® TIOBBIIICHHE MOTHBALUKM OOyYarOUIMXCS K YCIEHIHOMY
OCBOCHHIO 00pa30BaTENILHBIX MPOIPaMM;

® YCHJICHHE B3aWMOJCHCTBHSI 00pa30BaTENbHON OpraHu3a-
MM C CONNAIFHBIMA ApTHEPAMH-PAO0TOIATEIIAMH 10 BOIIPO-
caM COBEpIIIEHCTBOBAHUSI OJTOTOBKH 00YYaIOIINXCS;

® TIPOTHBO/CHCTBUE KOPPYIIMY B XO/J€ pealu3anuy oopa-
30BaTEIBHOTO MPOIIECCa.

Beicime yueOHbIE 3aBEICHNST BCTPAUBAIOT JICMEHTHI «HE-
3aBHCHMOCTH» B CYLIECTBYIOIIHE (OPMBI U MPOLEAYpPBl KOH-
TPOJISE KAa4eCTBa 00pa30BaHUs. SHAYMMBIM 3JICMEHTOM CHCTEMBI
BHYTPEHHEH HE3aBHCUMOM OLICHKM KauecTBa 00pa3oBaHUs
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ABJACTCA YAOBJICTBOPEHHOCTDH 06yqa}01unxca 1 UX HECHOCPECI-
CTBEHHOE yYacTHe B OLICHKE KauecTBa 0Opa3oBaHusI.

B MupoBO# ITpakTHKe NPUMEHSIOTCS Pa3IMYHbIEC TTOIXO0/bI
K OIICHKE KadecTBa paboThl By30B [6—8]. UcTopuuecku cdop-
MHPOBAIHCH «aHIJIMHCKAas MOJIENb, B OCHOBE KOTOPOH JICKUT
BHYTPEHHSS CaMOOIIEHKa BY30BCKOTO aKaJEMHIECKOTO CO00-
IIECTBA, U «(PpaHIly3CKasD, WM KOHTHHEHTAIbHAS MOJIENb, OC-
HOBaHHAsl Ha BHEIIHEW OIIEHKE By3a C TOYKH 3PEHUS €r0 OTBET-
CTBEHHOCTH TIepes 00IECTBOM M TOCYAapPCTBOM.

B ocHOBe «aHIMICKOW» MOAEIH JIEKUT BHYTPEHHSSI CaMO-
OLIEHKa BY30BCKOTO akajieMudeckoro coodiectsa. OHa GyHK-
nuonupyet B BenukoOpuranuu, 'epmannu, CLIA.

«®Dpaniry3ckas» MoJelb OCHOBaHA Ha BHEIIHEW OICHKE
By3a C TOYKHM 3pPEHUsI €T0 OTBETCTBEHHOCTH IE€pe] 00LIECTBOM
Y TOCY/IapCTBOM IIOCPE/ICTBOM aTTeCTalluH, aKKPEIUTALIUH, HH-
cnekuu. CaMOOLIEHKE By3a NMpHIaeTCs HOMUHAJIBHOE 3Haue-
HHE, TaK KaK OCHOBHOE BHIMAHHE YJEISIETCS TPOBEJICHNIO He-
3aBUCHMOW BHEIIHEH OIEHKH. Pe3ysbTaThl YHHBEPCHUTETCKHUX
MIPOBEPOK M OIEHOK IIHPOKO IMyOIMKYIOTCS M JAIOT BO3MOX-
HOCTb HE TOJIKO TOCYIapCTBY, HO M OOIIECTBY CyIUTh 00 aKa-
JIEMUYECKOM yPOBHE TOTO HJIM HHOTO BBICILIETO Y4€OHOTO 3aBe-
neHusi. «DpaHIry3cKas» MOJENb HCIONb3yeTCsl B CKaHIWHAB-
CKUX cTpaHax, Yexuw, JlaTBun, DCTOHMU U APYTHX CTpaHax,
IZle TOCYJapCTBEHHbIE OpraHbl (JOPMYIHPYIOT LIENH OLEHKH,
OIIPEJICTISIIOT HanboJiee BayKHbIC acleKThI OLIGHKH, TPUHIUMAIOT
pelIeHus] B OpraHu3alii 00pa3oBaTeIbHOTo Npolecca.

Cuctema camoonenku yHuBepcutetoB CIIA Haubomee
pas3BuTa. JTO CBSI3aHO C TE€M, 4YTO, B OTJIMYHUE OT CTPaH, I'1ie 00-
pa3oBaHME PETYIHNPYIOT TOCYIapCTBEHHBIE OpPraHbl, aMEepUKaH-
CKO€ BBICIIee 00Opa3oBaHWE KOHTPOJIUPYETCS IpenMylle-
CTBEHHO CaMHMH Y4eOHBIMU 3aBeJieHUsIMH. [Iponienypa akkpe-
JUTAIMN YHUBEPCUTETOB OCYIIECTBIISIETCSI pETHOHAIBHBIMH ac-
COIMALIMSIMU YHUBEPCUTETOB U KoJutekel. Harmpumep, ocHOB-
HBIMH TPEOOBAHUSMH K Ka4ECTBY ITOATOTOBKH CIEIIHATIICTOB B
00J1aCTH TEXHUKH U TEXHOJIOTHI B COOTBETCTBHUH C €€ KPUTEPH-
SIMU SIBIISIFOTCS CIEIYIOIINE:

® 3HaHHE U IIOHMMAaHHUE COBPEMEHHBIX HAayYHO-TEXHHYE-
CKHX, OOIIECTBEHHBIX U IOJUTHYECKHUX IPOOIIeM;

® YMEHHUE NPUMEHATh €CTECTBEHHOHAYYHbIE, MaTeMaTHye-
CKHE€ U MH)KEHEPHbIE 3HaHUS Ha ITPAKTHUKE;

® YMCHUC NPUMCHATH HABbIKU U U3YyYCHHBIC MCTO/IbI B UH-
KEHEPHOH MPAKTHKE;

® CII0COOHOCTH MPOEKTUPOBATH MPOLIECCH MM CUCTEMBI B
COOTBETCTBHUH C ITOCTaBJICHHBIMH 33[a4aMH;

® CIIOCOOHOCTh IUTAaHWPOBAaTh M HMPOBOAUTH IKCIIEPUMEHT,
(UKCHPOBaTh M HHTEPIIPETHPOBATD JaHHBIE;

® CrI0COOHOCTH paboTaTh B KOJJIEKTUBE IO MEKANCIIHILIHN-
HapHOU TEMAaTHKE;

® crioco0HOCTH 3P PEKTUBHO B3aUMOICHCTBOBATH B KOJIICK-
THUBE;

e npoheccroHaNIbHAS M ATHYECKAs! OTBETCTBEHHOCTH;

® [MUpOKaA SpyAuluAa, JOCTaTOYHad JJid IMOHUMaHUA TJIO0-
0aJIbHBIX COLMANIBLHBIX MOCICICTBUI MHKEHEPHBIX PELICHHH;

® TIOHUMaHKEe HEOOXOJMMOCTH U CIIOCOOHOCTh YUUTHCS T10-
CTOSIHHO.

B cucreme Boiciiero odpaszoBanus Poccun Gonee pasButa
BHEIITHSIS OLIEHKa KauecTBa, OPUCHTUPOBAHHASI HA CTAHJAPThI U
mokazareny 3PPeKTHBHOCTH. OCHOBHBIMHU 3JIEMEHTAMHU 3TOU
CHCTEMBI SIBJISTFOTCS CTAaHAAPTH3ALMS ¥ TPOIEYPhI JIMLIEH3HPO-
BaHMA, aTTECTAllMM W aKKPEAWTAlWH, a TaKKe KOMIUIEKCHOE

OlLICHMBaHHE 00pPa30BATENBHBIX YUYPESKACHHH B LIEJIOM U OT-
JETBHBIX CIENNATbHOCTE HA OCHOBE PEHTHHIOBOW CHCTEMBI.
Bce 3T ponieayps! BKIIIOYAIOT IIPOBEICHUE BHY TPEHHEH TIPO-
BepkH. OCHOBOW 00BEKTUBHOM OIIEHKH KadecTBa 0Opa3oBaHUS
ABIISIIOTCST (pefiepaibHbIe TOCYAapPCTBEHHBIE 00pa30BaTEIbHbIE
CTaH/AapThl U (eaepanbHble TOCYAapCTBEHHBIE TPEOOBaHMS, a
TaKKe 00pa30BaTEIbHBIE CTAHAAPTHI, YCTAHABIMBAEMbIC YHH-
BEPCUTETAMHU.

B 2015 romy Oblu onpeneneHbl 0COOCHHOCTH HE3aBUCH-
Moii cuctems! orieHkH kadecTBa (HCOK), HopMaTHBHBIM OCHO-
BaHHUEM JUIsl KOTOPOH cTasiu MojoxeHus cT. 95 deaepanbHOro
3akoHa «O0 oOpazoBanuu B Poccuiickoit ®enepaunm» oT
29.12.2012 Ne 273-3.

Crenyer orMeTuTh, uTo B MuHHCTEpCTBE 00pazoBanust PO
pa3pabaTeIBaeTCsl KOHLETIHUS EHTPOB CepTH(UKALIMN U TIPO-
(eccnoHaTbHON KBaTM(pUKAIMN, TPHHUMAIOLINX COBMECTHO C
paboTonaressiMi 5K3aMEHBI Y CTYJCHTOB KOJUICIKEH M BY30B
y’Ke MOCJIe MOTy4YEHHS TUIIoMa B 00pa30BaTeIbHOM yUpPEexXIe-
HUY C IeTBI0 HE3aBUCUMOI1 OIIEHKH TPO(ECCHOHAITEHON KBAH-
¢ukarn BeITycKHUKOB. OTIeHKa OyAeT IpOoXoIuTh B hopmare
9K3aMEHA U BKIIIOYATh B ce0s MPOBEPKY MPAKTUICCKUX HABBI-
KOB, IMOJIYUYCHHBIX BO BpEMA o6yqu1/1;1.

HOBBIE MOAXO/bI K OLIEHKE KAYECTBA OBPA30OBAHIS

[Tpukazom Pocobpuaazopa Ne 590, Munnpocsemienusi PO
Ne 219 01 06.05.2019 yTBepkaeHbI «MeETOA0I0T U U KPUTEPUT
OIICHKH KadecTBa 00IIero o0pa3oBaHus B 00IE00pa30BaTeIIb-
HBIX OPraHU3aIUsIX Ha OCHOBE MPAKTUKU MEXYHAPOIHBIX HC-
CJICZIOBAHUIT Ka4eCTBA MOATOTOBKH O0YUYArOIIIXCSD).

BrIxo/1 Ha HOBBIN Ka4eCTBEHHBIN YPOBEHb HEBO3MOXKEH 0e3
MOBBIIICHUST 3()(DEKTUBHOCTH PEIICHUS TAKUX «TPaJUIIMOH-
HBIX» 3a/1a4 00pa30BaHUsl, KaK PEryJsipHOe 0OHOBJICHHE U MO-
JepHu3anus (eaepanabHbIX rOCYJapCTBEHHBIX 00pa3oBaTeib-
HBIX CTaHIAapPTOB, o0OecreueHne COOTBETCTBHS YPOBHS OArO-
TOBKHM OOYyYaroIuxcsi ACHCTBYIOUIMM CTaHIAapTaM, pa3BUTHE
TajlaHTa OOYYaOLIUXCs, O0eCrneueHHe OCTYIHOCTH Kaue-
CTBEHHOT0 00pa30BaHusl, MPEOA0JICHHUE JIFOOBIX (HOPM HEPaBEH-
CTBa, OOYCJOBJIEHHBIX COLUAIBHO-IKOHOMUUYECKUMH, 3THO-
KyJIbTYPHBIMH U JPyTUMU (PAKTOPAMHU.

B nacrosiuee Bpemst B Poccuiickoit @enepanuu cioxuiach
cHUCTeMa OIIEHKM KadecTBa oOpa3oBaHUs Ha (eneparbHOM
YPOBHE, BKJIFOUAOIIAs [eIIbIi KOMIUIEKC MPOIEAYP OLCHKHU Ka-
4gecTBa 00pa3OBaHMs M IOCYJApCTBEHHON HMTOrOBOM aTTecTa-
1ud. JJaHHBIA KOMIUIEKC MTPOLIEAYP HAIPaBeH, B IEPBYIO O4e-
pellb, Ha CUCTEMATHYECKYIO AUArHOCTHKY COCTOSIHHUSI CUCTEMbI
o0iero oOpazoBaHus Jyisl TIPUHATHS CBOEBPEMEHHBIX MeEp I10
YCTPAHECHHUIO BBISABICHHBIX MPOOJIEM U MOCICAYIOIICH OICHKH
3G PEKTUBHOCTH MPUHSATHIX MEP VIS TOJIHOLEHHOTO Pa3BHTHS
CUCTEMBI 00pa30BaHUs.

AHau3 uccie0BaHui, MPOBOJUMBIX 110 HAMTPABJICHHIO HH-
(hopmaTu3anMu CHCTEMbI OOpa30BaHUS IMOKAa3al, 4YTO COBpeE-
MEHHBIE TEXHUYECKHE CPEJICTBAa O0yYeHHS U WH(POPMAIIUOH-
HBIE TEXHOJIOTMU TPEOYIOT HOBBIX MOJXOJOB K OICHKE Kaue-
CTBa MOATOTOBKH CIIEIIUAIUCTOB.

B 0CHOBe 3THX MOXO/OB JIKHUT TEXHOJOTUSI MOJIEIUPOBa-
HUsI 00pa30BaTEIBHOTO MPOIECCa, CPEAH KOTOPBIX MPUMEHs-
IOTCSI MOJENM Pa3IMYHOTrO THUIA: 3BPHUCTHYECKHE, OalUIbHO-
pPEHTHHTOBBIE, UMUTAIIMOHHBIE [9].

Depucmuueckue METONIBI OLEHKU KadyecTBa 00pa3oBaHUs
OCHOBaHbBI Ha PETPECCHOHHOM aHAJIM3€ JaHHBIX O JCSITEIbHO-
cTH By3a. 11 MOCTPOCHUS MATEMATHIECKOW MOJICIH U3 BCETO

Humennekmyanvnovle mexnoiozuu na mpancnopme. 2020. Ne 4 41



Intellectual Technologies on Transport. 2020. No 4

MHOeCTBa ()aKTOPOB, ONPEACIIAIOIINX MPOIecC 00pa30BaHMUs,
(bopMupyeTcs cucTeMa 3HAYUMBIX Toka3zaTteseldl. K oCHOBHBIM
TaKMM II0Ka3aTelsiM MOXKHO OTHECTH Yy4eOHyH paboTy,
yueOHO-MaTepHaIbHYI0 0a3y, yueOHyIO IUTEpaTypy, KBUTUDH-
KaIio MpohecCoPCKO-MpernoaaBaTeIbCKOro COCTaBa u pyrue.
Mozenp kKadecTBa 00pa30BaHUS B OOIIEM BUAE MOXET ObITh
Mpe/ICTaBlicHa B BUJIC YPABHEHUS TIMHEHHOMN perpeccum.

Bannvho-pelimuneoeas MOAENb yIpaBJIeHHs KA4eCTBOM 00-
pa3oBaTeNbHOrO Mpoliecca NPeICTaBIsIeT CO00H OMKrcaHue Ch-
CTEMBI C TOMOII[BI0 HA0OPa KOJIMYECTBEHHBIX MMOKA3aTelNeH X/,
X2, ..., Xn, KOTOPBIC JAIOT MPEJICTaBICHUE 00 00BEKTE B JaHHBIN
MOMeHT BpeMeHH. OOIuil peHTHHT 00BEKTa BBIYUCIISETCS 110
bopmyie:

R =a¢pxy +ayxy + -+ ap_1%,,

rae R — 3Hauenue pedturra; a,, a,, d,_; — BECOBBIC KO3(-
(DUIMEHTHI KaXKI0TO TOKa3aTelisl, ONPEAETIEMbIC HKCTIEPTHBIM
myTeM. JIocTOMHCTBOM 3TOW MOZENH SBJIAETCS MPOCTOTa U MH-
BapHaHTHOCTb 110 OTHOIICHHIO K MPEIMETHOH 00JacTH U M03-
BOJIIET PACCUUTATh PEUTHHT KaXXI0H KOMITOHEHTH 00pa3oBa-
TEJIBHOTO IIPOIIecca.

Hopmamueno-pelimuneoéasi MOAenb yIpaBICHUSA Kade-
CTBOM JIeSIT€IBHOCTH By3a IPUMEHSETCS B CIydae, €Clii OIpe-
JIeJIeHa CUCTeMa HOPM H/WJIM ONpeJieNieH TaIOHHBIH YPOBEHb
Ka)XJI0T'0 MOKa3aTessl, XapaKTepU3yoILIero cucremy oopa3oa-
HUS. DTOT BUJ MOJIENH IIO3BOJISET PeIlaTh 3a/1a41 YIIPaBICHUS
KauecTBOM IMOJrOTOBKM CIIELUAIIMCTOB HAa YPOBHE By3a M Ha
YPOBHE BBIIIECTOANIEH OpraHu3anuy. JJocTOMHCTBOM 3TOH MO-
JIENU SBISIETCS BO3MOYKHOCTh TEHEPHPOBATh MHOXKECTBO CTpa-
Ternii W BHIOMpaTh HamOOJee ONTHUMANBHYIO IO 33AaHHOMY
KPHUTEPHUIO Ka4eCTBa.

Mampuya 0enogoii oyenxu CIEUATICTOB — 3TO METOJ CO-
3/IaHUsI CUCTEMBI YIIPaBJIECHHUs KadecTBOM 0Opa30BaHuUs, B OC-
HOBE KOTOPOTO JIeXaT METOAbI (hOpMaJbHOr0 M HehopMalb-
HOTO MojenupoBaHusi. sl MOCTPOEHHUs MaTpHLbl AEIOBOM
OLIEHKU CTPOUTCS «ITAJIOHHAsD MOJIENb BBIITYCKHUKA BY3a, €r0
HpO(I)eCCI/IOHaﬂ])HLIX, COIMAJIBHBIX 1 KOMMYHUKAaTUBHBIX KOM-
HeTeHLlIdﬁ, KOTOpas I0JKHaA OTpaXaTb YPOBCHDb IMOJATOTOBKU U
TpeOOBaHMSI K KayecTBY NMOATOTOBKU CIICIMAINCTA JUIS BCEX
YYaCTHHKOB 00pa30BaTeIbHOrO Mpolecca.

[lepcnieKTUBHBIM ISl OLIEHKH BY30B SIBJISICTCS aHAIN3 00-
IIIECTBEHHOTO MHEHUS B COLMAIBHBIX CeTAX. AHamm3 (akro-
POB, BIHSIOIMX Ha OONIECTBEHHOE MHEHHE, MO3BOJISIET BBI-
SIBUTh 00JIaCTH HAaNOOJIbIIIEH 00ECTIOKOEHHOCTH CTYICHTOB, M0-
Ka3aTelH, ONpPEeAeIsIoNne BIOOp abuTypueHTaM1 YHUBEPCH-
TeTa, MOBBICUTH Ka4eCTBO MPEOCTaBIsIeMbIX yciyT [10].

BrisiBnieHne 00mEeCTBEHHOTO MHEHHS BKITIOYAET B ce0s1 CIte-
JYIOIIME STalbl: BHIOOPKA IaHHBIX, OYMCTKA IaHHBIX, 00pa-
00TKa MaHHBIX, IPUHATUE PEIICHUS O PYKOBOJSILEM BO3JICH-
ctBuM. [Ipyn aHaNM3€ MOTyUEHHBIX JaHHBIX PEIIAIOTCS CIEeTYI0-
1€ 3aJa4uu:

® BLISIBJIICHHE CMBICIIOBOI OJIN30CTH JOKYMEHTOB;

® BLISIBJIEHHE MalIMHHO-C(HOPMHUPOBAHHBIX TEKCTOB;

® xaccu(UKanys TEKCTOBBIX ()PAarMEHTOB IO TOHAIBHO-
CTH;

® YACTOTHBII aHAJIN3 KJIACTEPOB.

HoBbIM MO1X0/10M K OIIEHKE KadecTBa 0Opa30BaHUSA SIBIIS-
€TCs MCIOIb30BaHNE TEXHOJIOTUH KOTHUTHBHOTO MOJIEITPOBA-
HUSI, TI03BOJISIFOICH aNpHOpPHO TPENCKa3bIBaTh pPE3yIbTaThl
BO3MOXKHBIX YNPABICHYECKUX pEIICHUH M OCYIIECTBIATh

BEIOOp Hambonee dPPEKTHBHOTO BapuaHTa WX perieHus. Ko-
THUTHUBHBIA aHAIW3 W MOJCIHPOBAHUE SBILIOTCS HMPUHIIUITH-
AIBHO HOBBIMH 3JIEMEHTAMH B CTPYKTYpPE METOJOJIOTHI HCCe-
JIOBaHUSA cI1ab0CTPYKTYpHUPOBAHHBIX CUCTEM, K KOTOPBIM OTHO-
cuTcs cucteMa oopasoBanus [11-13].

B o6mem ciryyae MeToJ0JI0rUsl KOTHUTUBHOTO MOJEITHPO-
BaHMsI COCTOMT M3 CIEAYIOLIMX JTAIOB:

1. Be16op (akTopoB, BIMSIONIMX Ha MPOIECC 0Opa30oBaHuUs
1 OTIpeJIelICHNE LIEJIEBOTO U YIPABIISIOMINX (haKTOPOB.

2. OmnpefienieHue XxapakTepa BIUsSHHS (haKTOPOB.

3. BeuaBiieHue cBs3eil MexIy (pakTopaMu U OIpeeIIeHUC
CWJIBI BIVISIHUS ¥ B3aMMOBIIUSHUS (DaKTOPOB HA OCHOBE MEXa-
HU3Ma SKCIIEPTHBIX OICHOK;

4. ITocTpoeHne KOTHUTUBHON KapThI;

5. [Ipomecc OMHAMUYECKOTO MOMEITHPOBAHUSA. 3alaroTCs
HadaJbHBIC TapaMeTPHI (PaKTOPOB U OIICHUBACTCS PAcIpoOCTpa-
HEHHEe BO3MYIICHUH, a TaKoKe 3HAUEHHE IEJIEBOT0 MapaMeTpa.

KorantuBHast KapTa MOXKET IPUMEHATHCS IS PEIICHHUS KaK
NpsSIMOM 3a/1a4M (OLIEHKH PEaKIK BBIXOAa Ha W3MEeHeHHs (ak-
TOPOB), TaK U OOPATHOH (OmpeeieHus] HeOOXOAUMBIX H3MEHE-
HU#l PaKTOPOB [T TOCTIDKEHHUS KEJIAeMOT'0 pe3yJibTara).

B OonpIIMHCTBE CHCTEM MOJCTHPOBAHUS JIETCPMUHHUPO-
BaHHBIX KOTHUTHBHBIX KapT IMPUMEHSIOTCS JIBA PAa3HBIX METOA
MOJTyYCHHS MTPOTHO3a TTOBEACHUS MOJICITH: C CyMMHPOBaHHUEM
TIpUpaIeHAH 3Ha9eHUH (HakTOpOB U O6€3 CyMMHUPOBAHHUS.

[IpuMeHeHHe TPOrPpaMMHBIX KOMIUIEKCOB JUISI CCIIE0BA-
HUS KOTHATHUBHBIX MOJICIICH yTIpaBIIeHHsI KA4eCTBOM 00pa3oBa-
HUS TI03BOJISIET TMOBBICUTH 3(PQPEKTHBHOCTD TPUHATHS OITH-
MaJbHBIX CTpaTerui. Jlyig aHanu3a KOTHUTUBHBIX MOJENEH uc-
MONIB3YETCS P KOMMEpUYecKnx cucteM: «Curyarsy, «Kom-
nacy, «Kansay, «Kypey, «rmay [14—18].

3AKJIIOYEHUE

[IpoBeneHHBIN aHaJIM3 NTOKa3aj, YTO B HACTOALLEE BpEMS B
Poccun cymiecTByeT HECKONBKO MOAXOJO0B K BHEIAPEHUIO CH-
CTEM OIICHKM KayecTBa 00pa3oBaHMs Ha PErMOHAIBLHOM U (e-
JlepallbHOM ypoBHsX. it unterpauuu PO B mexyHaponHoe
Hay4HO-00pa30BaTeIbHOE MPOCTPAHCTBO pELICHHE IaHHOTO
BOIIPOCA JOJKHO OBITH CHCTEMHBIM.

Cr0>XHBIE U CTa00CTPYKTYPHUPOBAaHHBIE 331241, K KOTOPBIM
OTHOCHTCS 33/1a4a YIIPaBJICHHUs KadyecTBOM 00pa3oBaHMSA, MO-
ryT OBITh (pOPMAIT30BAHbI ITyTEM NPUMEHEHHS METO0JIOTUU
KOTHUTHUBHOTO MOJEIMPOBAHUS AJSI TIPUHATHA ONTUMAaIbHBIX
CTpaTeruil.

[Ipobnema BbIOOpa (hakTOPOB, BIHSAIONINX HA MPOIIECC 00-
pa3oBaHuAg U ONPCACIICHUA XapaKTEpa BIUAHUA MEXKIY HUMU,
0CTaeTCs CIIOKHOM U CTIOPHOM C TOUKH 3pEHUS Pa3THYHBIX TO-
xo70B. KosmgecTBo BEIOpaHHBIX (haKTOPOB B Pa3ITUUHBIX MOJE-
nsx Moxet gocturath 60. Hapumep, B padote [19] paccmoT-
PEHBI TP CLIEHapHsi U3MEHEHHsI BEIXOJHOTO mapamerpa R (ka-
yecTBa 00y4eHUst) sl TpuHaAuaT GakTopoB X, ..., X3 IpH
ceMH pa3HbIX Habopax KO3(QPHUINCHTOB CHIIBI BIUASHUS.

OpHako B ciryyae BbIOOpa (pakTOpoB, KOTOpEIE HE OKa3bl-
BAIOT CYIIECTBEHHOI'O BIMSHHS Ha TOBEJCHHE MOCTPOCHHOM
MOJIETIM TIONydEHHE OOOCHOBAHHBIX PELICHHH MOXET OBITH
OIITNOOYHBIM.

Bepu¢ukanus KOTHUTUBHON KapThl (IIPOBEPKA THIIOTE3bI O
(DYHKIMOHAJILHOM CTPYKTYpE) 3aKJIIOYaeTcsi B MOJyYSHUH Ha
[IOCTPOCHHOM KOTHUTUBHOM MOJENIN IIPOrHO3a Pa3BUTHS MIOBE-
JACHUSA MOACIN U 06OCHOBaHI/I$[ IMMOJYYCHHBIX PE3YyJIbTAaTOB C
y4eToM (haKTHYECKUX AaHHBIX.
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Pemenne mnpoGiiembl BbIOOpa (DaKTOPOB, BIHSIIOLIMX Ha
rporecc 00pa3oBaHMs, U OOOCHOBaHHE CBSI3M MEXTYy HHMH
cuuTaeTcs HauboJee CI0XKHON U SIBIISIETCS LETIbIO JaTbHEHIINX
HCCIIEOBAaHHM.
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Abstract. The article examines the models for assessing the
quality of education, used in Russia, Europe and the United States,
provides an analysis of new promising approaches to assessing the
quality of education. The technology of modeling the educational
process uses heuristic, point-rating and simulation models. New
approaches to assessing the quality of education include methods
of cognitive modeling.
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00 oagHOoM cnoco0e moaaBJeHua 00KOBLIX
JIENEeCTKOB QPYHKIIUHU ABTOKOPPEISILUA

n.7.H. B. A. XomakoBckuii

[TerepOyprekuii rocy1apcTBEHHBIH YHUBEPCUTET
myTeit coobmenus Mmmeparopa Anekcarzpa |
Canxkr-IlerepOypr, Poccus
hval1l04@mail.ru

Annomayus. PaccmaTpuBaeTcsi BO3MOMHOCTH YJIyYIIEHUS
OTK/IMKA KOPPEJIATOpPa 3a CYeT HCIO0JIb30BAHUA KOMILICKCHOM
cBepTku. PaccMOTpeHbI OCHOBHbIC NOHATHA, MOJEJIMPOBAHHE
LHIHPOKOIOJIOCHOT0 cUrHajIa. B kauecTBe HcceleyeMOro cCMrHagia
HCIOJIB3YyeTCs MaTeMaTH4ecKasi Mo/esIb CHTHa/la ¢ JIMHeiiHoW
yacToTHOH Moayasuueii (JIYM) — curHana ¢ KBagpaTHYHbIM
3aKOHOM H3MeHeHHs1 ¢a3bl. PaccMoTpeH Bonpoc 0 KOMILIEKCHOM
cBepTKe U npeodpazoBanuu ['mabdepra. [IpuBeneHsl nporpaMmma
BBIYHCJIEHUS KBaJAPATYPHOH KOMIIOHEHTBHI CHTHAJa, a TaKikKe
NporpaMMsbl BblYHC/JIeHUS cBepTkH. IlokaszaHo, 4TO B OTKIIMKe
KOPPeJISITOPa MOKHO CYLIeCTBEHHO IOAABHTHL 0OKOBbIE BCILIEC-
KH, YTO NOBBIIIAECT BO3MOKHOCTH NPH PelleHHH 3a1a4 o0Hapy-
“KeHUS CUTHAJIA B IIIyMaX, PACIIO3HABAHUS U300pakeHui U T. 1.

Knrwuessle cnosa: cBepTKa, KOppeJsinusi, aBTOKOPPeJIAINOH-
HbI€ CBOICTBA.

BBEJIEHME

[Tpu pereHr MHOIMX TEXHUYECKUX 3a1a4 TpeOyeTcsl Bbl-
YHUCIICHHE CBEPTKH (PYHKIUI M WX Kpocc Koppelsnuu. B pa-
JMUOTEXHUYCCKUX 3a/ayax OOHAPYKCHHS CHUTHANa B IIyMax
TPaIUIIMOHHO WCIIOJB3YIOTCS CHTHAIBI, 00JaaroIue IIrupo-
KAM CIIEKTPOM, K KOTOPBIM OTHOCSATCS mM-TIOCIEIOBATEIb-
HOCTH, Ko1bI bapkepa u T. 1.

Bwmecre ¢ Tem komoB bapkepa ¢ umcioM cHMBOJIOB Oosee
13, Kak M3BECTHO, HE CYIIECTBYET, a aBTOKOPPEIALHNOHHBIC
CBOMCTBa M-NOCIAEA0BATENBHOCTEN HE IO3BOJISAIOT I10JY4aTh
YpOBEHb OOKOBBIX BCILICCKOB MEHEE 1/+V/N, rne N — uucio
CHMBOJIOB B II0OCJIEIOBATEIHHOCTH.

B ykazannoil cBsi3u Hapsly ¢ HOUCKOM CHUTHAJIOB C HJie-
aJbHBIMU aBTOKOPPEJSILIMOHHBIMU CBOMCTBAMM aKTyaJIbHOM
MIPEICTABIACTCS 3a/1a4a TIOUCKA CIIOCO00B, KOTOPBIE MTO3BOJIAT
OTIMYUTHh CHUTHAN OT €ro MHBEPCHOM KOMHMH. 371eCh IO MH-
BEPCHOH KOIMEH MOHMMAaeTCs IOCIEeIOBATEIBHOCTD, B KOTO-
pOii MOPSAIOK CIeAOBAaHMS CHMBOJIOB SIBISIETCS OOpAaTHBIM K
HCXOAHOMY HOPSIKY CIEIOBAHUS.

OCHOBHBIE ITOHATHUA
C TOYKM 3peHHs MaTeMaTHYeCKOM CTaTHUCTUKU KOBapHa-
UOHHAS (PYyHKLMS JBYX CIIy4ailHBIX BEJIMUUH OIPEIeIsieTCs
KaK BTOPOU CMEIIAHHBII MOMEHT

Cov(X,¥) = [ [7 (X = X)x (¥ = V) x p(X, V)dxdy , (1)

rae p(X,Y) — nBymepHas MJIOTHOCTh BEpPOSTHOCTEH pacrpe-
nejaeHus BeJInunH X u Y.

3Has KOBapHAMOHHYI0 QYHKIUIO (1), KOppeIsIHOHHYIO
(GYHKIMIO MOXKHO TONYYHTh MyTeM HOpMmupoBanus (1) Ha
MIPOM3BEJICHUE CPEHHUX KBAJPATHYCCKUX OTKIOHECHHWIl BEJH-
yuH X 1 V-

n.t.H. C. A. JIo6oB

Cankr-IlerepOyprckuii rocyJapcTBEHHbI YHUBEPCUTET
a3POKOCMHUUECKOT0 IPUOOPOCTPOCHHUS
Cankr-IlerepOypr, Poccus

R(X,Y) = ——

T L L& =X x (¥ =) xp(X,V)dxdy. (2)

Ecnu cirydaiinble BenuuuHbl X U Y HOPMUPOBaHbI 10 Ma-
TEMaTHYECKOMY 0XKHUAAHUIO, TO BhIpakeHHe (2) yIpOCTHTCS:

1

RX.Y) = oo

[oe]
L5 X xY xp(X,V)dxdy. (3)

Ecnu cnyuaiinele BenuuuHbl X 1 Y paBHBI APYT APYTYy, TO
10/ MHTETPAJIOM TIOJyYHM MaTeMaTHUECKOe OXKHIaHHWE KBaJl-
parta ciy4aifHOH BEIMYMHBI, KOTOPOE JEIUTCS Ha Ty K€ JIUC-
MEPCHIO, TO €CTh MOIYyYUM EAUHHUILY.

B BrIpaxennu (3) mepeMeHHBIE MHTETPHUPOBAHHA Mpobe-
raloT BCEe 3HAYCHUs] B OECKOHEYHOM HHTEpBAJE U B COOTBET-
CTBHH CO 3HAYCHUSIMHU JIByMEPHOU INIOTHOCTH HHTETPUPYIOTCS
npousBeieHus BenuduH X u Y. OueBHIHO, YTO B BHIPQKEHHIX
(1-3) nomxHO oOecrmeyMBaTHCS YCIOBHE HOPMHUPOBKH JIBY-
MEpHOH IUIOTHOCTH

J.:o fjooo p(X,YV)dxdy = 1. 4)

Hnst spropuyeckux ciaydyailHbIX rpoueccoB X u Y nBymep-
Hasl TUIOTHOCTh PACHpENENICHHS MOKEeT OBITh 3aMEHEHa Ha
OJTHOMEPHYI0, KOTOpasi yUUTHIBAET TOJBKO CABHI IPOILIECCOB
OTHOCHUTENBHO JAPYT ApYra, TOT/a BBIpaKEHHWE U1 KOBapHa-
UM CIy4YaiiHBIX IPOLECCOB C HYJEBBIM MaTEeMaTHYECKUM
OKHJIAaHHEM MOXKET OBITh ONPEAENEHO KaK CBEPTKAa JaHHBIX
IPOLIECCOB BO BPEMEHHOH 001acTu:

Cov(r,X,Y) = [7 X(&) »Y(t — ) * p(t)dt , (%)

WJIN, JUIS CITy4asi TUCKPETHBIX IIPOLIECCOB,
Cov; = Y21 X YewiH, (6)
rae H; — BEKTOp, SIBJIAIOIIMNCSA JUCKPETHBIM AaHaJIOrOM

IUIOTHOCTH BEPOSTHOCTEN IpoueccoB X u Y.
31ech HEOOXOAUMO OTMETUTh, YTO B TEXHHYECKUX CHCTE-
Max aHaJIOT IUIOTHOCTH OOBIYHO OIYCKAalOT, Mperoaras, 4ro
9TOT BEKTOp HE W3BECTCH M TOrZA CBEPTKY BBIYHCISIOT MO
dopmyie
Cov; = XRZ1 Xy Ve - (7

MOJIETMPOBAHUE IIMPOKOTIOJIOCHOTO CUTHAJIA
PaccMoTpuM, Kak BIMSET ydeT BeKTopa H IpH BBIYHCIIE-
HHUM CBEPTKU pealbHBIX Iporeccos. [lycTs 3amaH mpomecc ¢
KBaZ[paTU4HBIM HM3MeHeHueM ¢assl (ananor JIYM-curnana)

sin(£), 0<t<o,
0, [e]  >0o.

() = (®)
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Chopmupyem u3 (8) mrckpeTHbIi nporiece u3 N = 64 0TCYeToB.

Ha pucynke 1 npusenen nponecc (7) u €ro AUCKpETHBIH
aHaJIOT, a Ha PUCYHKE 2 — HOPMHPOBaHHAsl aBTOKOPPEIISIH-
onHas ¢pyukuus (AK®D), Beraucnennas no popmyse (7).

1

Puc. 2. HopmupoBauHas aBTOKOPPESAIHOHHAS (HyHKITHS
curnana JIYM

AHanu3upys pUCYHOK 2, MOXXHO 3aMETHUTb, UTO IIEHTPAJb-
Hbli UK AK® cuIbHO BBIpa)XKeH, HO OTHOLICHUE aMILIHTY/IbI
HEHTPAILHOTO NHKA K MaKCUMaJlbHOMY OOKOBOMY COCTaBIISIET
Bcero 3,2, a B JlorapuMUUECKOH Mepe 1Mo KBaJIpaTy aMILIH-
TYJbI (TO €CTh O MOIIHOCTH) 3T0 cooTBeTcTBYyeT 10,1 1B, uTo
COBCEM HE MHOTO.

B pazmoTexHHYECKMX CHUCTEMax OYEHb YacTo TpeOyercs
0OHapyXMBaTh CUTHAJI, MOIIHOCTh KOTOPOTO I10 CPAaBHEHHIO C
QUIUTUBHBIM IIYMOM paBHA WIIM Aa)Ke 3HAYNTEIHHO MEHbIIE
MOIITHOCTH BXOJHOTO INyMa, IOITOMY HEOOXOIMMO CyIIIe-
CTBEHHO TOBBICHTH Pa3pEIIAIOILYI0 CIIOCOOHOCTh KOPPETSIIH-
OHHOTO TIpreMa CUTHAJOB [1—4].

Tem Goiiee 4TO y’Ke ceifyac M3BECTHBHI MOCIIEAOBATEIBHO-
CTH, oOOJafaloIue HICATBHBIMH  aBTOKOPPEISIIMOHHBIMU
CBOMCTBaMH, KOTJIa OTHOIICHHE IeHTpambHOro mnuka AK®
MOCIIEI0OBATENFHOCTH K MaKCHMAaJIbHOMY €€ OOKOBOMY IHKY
cocraryser 40 n1b u 6omnee [5-9], HO 3TO OTHOCHUTCS K IIHUPO-
KOTIOJIOCHBIM ~ TIOCJICIOBATENILHOCTSIM C  BBICOKHUM  ITHK-
(axTOpOM, a IIIaBHOE, K TI0CIIE/I0BATEIHLHOCTSIM, CPEJHEE 3Ha-
YeHHe KOTOPBIX He paBHO HyI0. Kak m3BecTHO, Hanm4uue mo-
CTOSTHHOW COCTaBJISIIOIIEH HE 00eCnedrBacT BO3MOXKHOCTH
HETIOCPEICTBEHHOH (€3 MCIIOIb30BaHM METOIOB MOIYJISIINN)
Nepefady TaKUX ITOCIENOBATENFHOCTEH IO paJuoKaHATy, a
MPUMEHEHHE METOJO0B MOIYJISIIMHM CBOJUT HA HET HACAIbHBIC
KOPPEJSILMOHHBIE CBOMCTBA JAHHOM MTOCIIE0BATENBHOCTH.

O KOMITJIEKCHOM CBEPTKE U ITPEOBPA3OBAHUN [ MJIbBEPTA

Jig yiydineHus: KOppesUOHHBIX CBOMICTB IMOCIENOBa-
TEJILHOCTH HEOOXOANMO, YTOOB! HadaJIbHBIE 3JIEMEHTHI 1T0CiIe-
JIOBaTEIbHOCTH (OT Hayaja M BIUIOTh JI0 CEPEIMHBI) HE KOppe-
JIMPOBAIN C KOHEYHBIMHU 3JIEMEHTaMH (TIPaKTHYECKH OT cepe-
JVHBI U JIO €€ KOHIIA), ¥ TOJBKO KOT/Ia HayaJslo TMepBOH mocie-
JIOBAaTEIbHOCTH COBMAJAcT C HAayaJOM BTOPOH BO3HHMKAET
CHJIbHAS KOPPEISIIuSI.

C TOYKM 3peHHS CTaTHCTHUYECKOH CBA3M MOCIIEAOBATEINb-
HOCTEH CHJIbHAsI KOPPEIALUS 03HAYAET, YTO MPH KOHKPETHOM

CIBUTE OJHOW IOCIIENOBATEIBHOCTH OTHOCHUTEIBHO IPYron
IpU BO3PACTAaHUU 3HAUEHUI AJIIEMEHTOB NEPBOM MOCIIENO0BaA-
TEJBHOCTU 3JEMEHTHl BTOPOW TaKKe BO3pAacTaloT, U HA000-
poT, Ipu yOBIBAHWUU DJIEMEHTOB IEPBOW 3JIEMEHTHI BTOPOH
TaKXe JI0JDKHBI YOBIBaTh, TOTJa IIPH HYJIEBOM CABHIC BO3HH-
KaeT cyMMa KBaJpaTOB BCEX 3JIEMEHTOB I1OCIIEI0BaTEIbHO-
CTH, a CyMMa KBaJpaTOB — 3TO AUCIEPCHUs, TO €CTh MOUI-
HOCTb CUTHasa.

3Ha4NT, CBEPTKA NPH HYJCBOM C/ABUTE JOJDKHA B Heale
JIaBaTh MOIIHOCTh CHTHAJA, €CIIM CHUT'HAI KOPPEIUpYeT ¢ cede
NOROOHBIM, U HA00OPOT, CBEPTKA JOJDKHA JJaBaTh MHHHMAllb-
HBII OTKIINK, €CIIM CUTHAJIbI HE KOPPEIUPOBAHBI.

Bosspatumcst k curnany JIUM (puc. 1) O6patum BHHMa-
HHUE Ha TO, YTO HA4yaJl0 MOCJIE€A0BAaTEIbHOCTH SIBISETCS HU3KO-
YaCTOTHBIM CHTHAJlOM, a KOHel, Hao0OpOT, BBICOKOYACTOT-
HBIM, TO €CTh HAyaJI0 U KOHEIl He JOJDKHBI J1aBaTh BBICOKOM
koppemsuun. U neiicrBurensHo, anannz AK® (2) nokassiBa-
€T, 4TO JIeBbIA W mpaBblii KoHIEI AK® naror cnabyro B3auM-
HYIO KOpPpEIINIo, a MpHu NpuOmmkeHun K cepeamne AKD
aMIUINTyJa BCIUIECKOB BO3pacTaeT, MEpexojs B LEHTpPE K
TJIABHOMY JICTIECTKY .

MHorue nccnenoBaTeny JaBHO 00paTHIM BHIMaHKE Ha TO,
YTO WHTETpaibHas cBepTka (popmynsl 1-3) — 370, WO CyTH,
CyMMa CKaIpHBIX NPOU3BEICHWH BCEX MIHOBEHHBIX BEKTO-
POB, KOTOpBIE ONMCHIBAIOT CUTHAJ. A CKaJsipHOE IpOM3BEle-
HHUE €CTh MPOEKIUSI OJHOTO BEKTOpa Ha HaIPaBJICHUE BTOPOTO,
TO €CTh INPOU3BEICHHE BEKTOPOB C yUETOM KOCHHycCa yria
MEXAy BEKTOpaMH. 3HAuUT, HAM HEOOXOAWMO Ui BCEX MO-
MEHTOB CIBUTa HalTH KOCHHYC YIJla MEXIy BEKTOpaMH, OIH-
CBHIBAIOLIMMHU HAIllU TTOCJIEA0BATEIbHOCTH.

Hcxonda w3 STHX NO3ULUH, MepedaeM K KOMILIEKCHOMY
npezacTaBiaeHuto curHana (8). st 3Toro Hy»XHO HaWTH CHT-
HaJl, KOMIUIEKCHO-CONpsbKeHHbI ¢ curHanom JIUYM. 3pecs
€CTh HECKOJIBKO BAPHAHTOB: JINOO K CHUTHANY (8) MpUMEHHUTH
npeobOpa3oBanue [ minpbepra, MO0 WCIONB30BaTh MPSIMOE
npeobpazoBanne Oypre curHana (8), 3aTeM MOMEHATh MeCTa-
MH JICHICTBUTENBHYI0O U MHUMYIO YacTh B €r0 CIIEKTPE U BBI-
MOJTHUTH 00paTHOE IpeodpazoBanne Dypoe.

Jleno B TOM, 4TO cME€HA MECT JAEHCTBUTEIBHONM U MHUMOM
YacTH B CHEKTpPe — 3TO, 10 CyTH, MOBOPOT (a3 BCEX rapmo-
HUK B criekTpe curHaia Ha 90 rpamycos, a mpeoOpa3oBaHHe
I'unpOepra memaer mmeHHo 3To. Ha pucyHke 3 mpuBencHa
nporpamma 1uisi cpensl Mathcad, mo3Bossitomias HaiTH KBal-
paTypHyIO KOMIIOHEHTY cUrHaina. B nanHoil mporpamme kpome
MepeMEeHbl MECT JCHCTBUTEIBHBIX M MHUMBIX YacTeH CIIEKTpa
BBITIOJTHEHB! TAKXKE JIBE MPOIENYPHI: BBIICICHNUS M3 CHUTHAla
nocsie obdpaTHoro npeodpasoBanust Pypbe TOIBKO AEHCTBH-
TEJIBHBIX KOMIOHEHT M OOpaTHOW COPTHPOBKH IOJyYEHHOTO
BEKTODA.

Hilb(X) := |n « rows(X)
Sp « fft(X)
Sq « ifft(Im(Sp) + i-Re(Sp))
for ie0.n-1

Sui<_[ RE(Sqian Sqi]zj-(sin(arg(Sq.l]] + cos( arg(Sqy)))

reverse( Su)

Puc. 3. I[Iporpamma BeIYUCIIEHNSI KBaIPAaTypHON KOMIIOHEHTBI
CUTHaNa
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Jlg cpaBHEHUsI Ha pUCYHKE 4 MIPUBEJEH UCXOAHBIA CUTHAI
W ero KBajpaTypHas KOMIoHeHTa. M3 rpadukoB BuaHO, 4TO
KOI'Jla OCHOBHOW CHTHAJl JOCTUTAaeT MaKCUMyMa, TO €ro KBaj-
parypHas KOMIIOHEHTa MMEET Ieperud W HaoOOpoT, YTO Kak

pa3 u ABJIACTCA pE3yJIbTaTOM CJABUTA (1)2[31)1 CHUTrHaJia.

-1

0 20 40 60
Puc. 4. Curnan JIUM (crtoniHas JTUHUS)
U €To KBaJpaTypHas KOMIIOHEHTA (IIyHKTHD)

YCI0BHO OCHOBHOI CHIH&J MOXXHO Ha3BaTb KOCUHYCHOH
KOMIIOHEHTOH, a, COOTBETCTBEHHO, CUHYCHOM — €ro KBajpa-
Typy. Torma tekymmid (a3oBbId YroJ CHTHajda MOXET OBITh
OIIpeziesieH KaK 0OpaTHBII TAaHT€HC OT OTHOIICHHS CHHYCHOU U
KOCHHYCHOH KOMIIOHEHT curHaia. Ha pucyHke 5 mpuBemeH
rpaduk n3MeHeHHs (a3bl CUTHANIA U €€ KOCHHYCa.

Puc. 5. 3akon n3meHenust (a3pl CUrHaNA (CHHSIST KpUBast)
U ee KOCHHyca (KpacHasi KpuBasi)

W3 ananusa pucyHka 5 ciaenyer, 4to ¢a3a cursaia Bo3pac-
TaeT M0 KBaJpaTHUYHOMY 3aKOHY, COBEpILasl CKAaYKW B MOMEH-
TBHI TIEPEX0/ia CUTHAJIA 4Yepe3 HOJb, IPH 3TOM KOCHHYC KOM-
TUIEKCHOH (ha3bl CHUTHaja IOJIOKUTENEH, KOTJla CUT'HAJN TIepe-
XOAWT HOJIb C MHHYCA Ha IUTIOC U HA00OpOT, IPUYEM B 3TOT
MOMEHT (pa3a COBepIIaeT CKadOoK B 00paTHOM HaIlpaBIICHHUH.

MOJEJIMPOBAHME KOMIUIEKCHOM CBEPTKH
Tenepb, uMesi yron MeXIy CBOPAauHMBAEMBIMH BEKTOPaMH
MOYKHO BBIYHCIIUTH CBEPTKY 10 opmyiie (6). Ha pucynkax 6 u
7 TpHUBEJCHBI IBE MpoLeAypsl s cpensl Mathcad, mossossiro-
II{€ BBIYUCIUTH CBEPTKY MPH Pa3HBIX BECOBBIX (DYHKITHSIX.

zeor(X,y) = |n < rows(x)

s <« Hilb(x)

Ys « Hilb(y)

H « atan2(Xs,x)

forie0.n -1
n—i—1

pie Z (’ic'f"k+i'°°5[:at"’n2(Y5’F'Ji:];!)

k=0

R

Puc. 6. [IporpamMma 1 BeIYMCIIEHUS! CBEPTKH

zcorr(x,y) i=|n « rows(x)

Xs « Hilb(x)

¥s <« Hilb(y)

H « atan2(Xs,x)

forie0.n-1
n—i-1

Re D (}ic'?'kﬁ' e COS(H")SHJ
k=0
R

Puc. 7. IIporpaMma 2 BBIYHCIICHUS CBEPTKH

B mepBom BapmanTe mponenypbl (puc. 6) BBYHCICHHS
CBEPTKH B KauecTBE BECOBOW (DYHKIIMM HCIIOJIb30BAaH KBaJpaT
KOCHHyCa TEKymero (a3oBoro yria, BO BTOPOM BapHaHTE
(puc. 7) ncronp3oBaHa «000CTPEHHAS HKCIIOHEHTA.

Ha pucynke 8 npuBeneH npumep BBIYHCICHHS CBEPTKH C
HCII0JIb30BAHUEM IEpBOM Ipouenyprl. B kadecTtBe BecoBoil

(yHKIIMM WCTIONB30BaH KBaJgpaT KOCHHyca TeKymeH ¢asbl
KOMIUIEKCHOTO CHUTHAJIA.

0 20 40 60

Puc. 8. Pe3ynbrar BeruMcneHus cBepTku Juid curnana JIUM
6e3 BecoBOH (QyHKINH (ITYHKTHD)
U C €¢ IPUMCHEHUEM (CIUTONTHAS JTHHU )

Ha pucynke 9 npuBeneH npumep BBIYHCICHHUS CBEPTKH C
HCIIOJIb30BAHUEM BTOPOM mIpoueaypbl. B kauecTBe BecoBoil
(yHKIMM HCIIONIB30BAaHA AKCIIOHEHTA OT CHELHUAIBHO MOJO-
OpaHHOM (QYHKITHH.

20

-
.
"

Puc. 9. Pe3ynbraT BeIUKCIIEHUS CBEPTKH Ui curHana JIYM
6e3 BecoBOl (PYHKIUH (ITYHKTHUD)
1 C ee IpUMECHEHUEM (CIUTONTHAS JTMHUS ).

3AKJIIOYEHUE
AHanu3 pUCYHKOB 8 U 9 MO3BOJSET 3aKIIOYUTh, YTO JI0-

OaBJieHHE BECOBOI (DYHKIIMU B BHIE KOCHHYCA TEKyIlei (a3bl
JIaeT BO3MOXXHOCTh HECKOJIBKO IOJIaBUTh OOKOBBIE JICTIECTKH
AK®, a wucrmonp30BaHHE BTOPOW MPOIEIYPHI CHOCOOCTBYET
MPaKTHYECKH TMOJHOMY TIIOJIaBJICHHIO OOKOBBIX BCIIJIECKOB
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AK®, ocraBiisis HEM3MEHHBIM LIEHTPAIbHBINA MUK, YTO obecIe-
YUBaeT IOJy4eHHE JorapupmMa OTHOLICHHUS YpPOBHS I€H-
TPaJIbHOTO NMHKAa K MaKCUMaJIbHOMY OOKOBOMY Ha YpOBHE HE
xyxe 30 nb.
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On One Method of Suppressing Lateral Sets
of the Autocorrelation Function

Grand PhD V. A. Khodakovsky

Emperor Alexander I Petersburg State Transport University
Saint Petersburg, Russia
hval104@mail.ru

Abstract. The possibility of improving the response of the cor-
relator by using complex convolution is considered. Basic con-
cepts, modeling of a broadband signal are considered. As the
signal under study, a mathematical model of a signal with linear
frequency modulation (LFM) is used - a signal with a square-law
phase change. The question of complex convolution and Hilbert
transform is considered. The program for calculating the quadra-
ture component of the signal, as well as the program for calculat-
ing the convolution is presented. It is shown that in the correlator
response it is possible to significantly suppress lateral bursts,
which increases the possibilities for solving problems of signal
detection in noise, image recognition, etc.

Keywords: correlator, convolution, mathematical model, sig-
nal detection in noise.
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Analysis of the Application of the New Bitumen
Method for Railway Construction

V. A. Ksenofontova
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Abstract. Bitumen is a major component of asphalt. It, like
other viscous petroleum products, is characterized by loss of fluid-
ity during transport at low ambient temperatures. The paper pro-
poses a new method for transporting road bitumen as a saturated
cargo in the form of a pellet with a protective cover preventing
moulding and forming a component of asphalt concrete. The pro-
cess of transport of viscous petroleum products is discussed in de-
tail. A system of mathematical models of the process of transport
of viscous petroleum products was constructed, followed by simu-
lation and functional-cost analysis.

Keywords: bitumen, railway services, mathematical model,
simulation model, viscous petroleum products, business process,
Petri net.

INTRODUCTION

The road system of the Russian Federation dates back to the
Russian Empire and continues to develop to this day. The
Government of the Russian Federation has approved a number
of regulatory documents which justify the country’s transport
strategy up to 2030.

The expected results of this development are:

e creating conditions for economic growth;

e improving the competitiveness of the national economy
and the quality of life of the population;

o ensuring access to safe and quality transport services;

e turning Russia’s geographical features into its competitive
advantage for the transit of goods from Europe to South-East
Asian countries.

The objective of improving the quality, efficiency and
staffing of the Russian transport sector is achieved by:

e development of the network and improvement of the
quality of federal roads;

e the commissioning of new roads of federal importance
after construction and reconstruction;

e improving the level of integrated settlement in rural areas
by public roads. (In particular, roads leading from the public
road network to the nearest sites of public interest, as well as
agricultural production and processing facilities, should be
paved);

e improving the efficiency and security of the transport
system through the development of a sectoral education system
and increasing the level of personnel support for transport
activities.

On the basis of the above-mentioned plans for the
construction and reconstruction of existing roads in Russia, it
can be said that their implementation will require large volumes
of bitumen transport for road construction and repair. This
paper addresses issues aimed at reducing road bitumen delivery
costs. It is one of the most important components of asphalt

concrete, which is used as a hard pavement for roads, access
roads and unloading areas.

BITUMEN. PROPOSAL OF A NEW DELIVERY MODEL

The considerable difficulties of rail transport of dark viscous
petroleum products (oil, tar, bytums etc.) in the Russian
Federation are due to the long distances and cold climate of the
country. During the cold season, which in some regions extends
up to 8-9 months per year, the cargo is cooled during transport,
resulting in a sharp increase in its viscosity, up to a hardened
state [1-3]. Consequently, the problem of unloading the oil
delivered by the consignee immediately arises.

The standard solution to this problem is heating of the oil
cargo to restore its fluidity before discharge and the use of tank-
wagons with heat-insulating boiler casings. These thermosis
tanks shall, to varying degrees, slow down the cooling of the oil
cargo during its carriage [4—7].

The main types of wagons for the transport of oil-bitumen,
oil and coal-fired pecks are bunker-type wagons and thermos
tanks with electric and steam heating.

The structure of the bunker wagon makes it possible to load
the bitumen in liquid form at temperatures close to 200 °C, and
the wagon is unloaded when the bunkers roll over on one side
of the track. The double lining of the wagon framework makes
it possible to pour steam into the internal space between the
shells in order to heat the bitumen before unloading, thus
ensuring its guaranteed unloading during the cold season [8—10].

What is proposed below is a new, radically different way of
delivering high-viscous solidifying oil products, the bulk of
which are road-building bitumen in terms of transport volumes.

The essence of the method is that, in order to reduce the cost
of all bitumen transport operations involving their loading in
railway wagons, transport, unloading, trans-shipment to road or
water transport and, Finally, the bitumen is initially prepared in
the form of a pellet by storage in warehouses or on sites.

Pellets are considered to be solid cylinders prepared in
factory conditions at refineries and having a protective envelope
to prevent them from being fused together and placed on the
walls of a transport or storage container, for example, a wagon
or container.

Bitumen is a component of asphalt concrete, which is paved
on roads. The amount of bitumen is about 12-14 % by weight
of all ingredients forming asphalt concrete. Other components
of asphalt concrete are sand, fine granite crumbs, lime,
surfactants.

The composition of the asphalt concrete is determined by such
factors as the characteristics of the moisture content of the ground
beneath the road surface, the intensity of the road operation, its
cost, the time of its self-sustainability and many others.
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Asphalt concrete ingredients such as fine sand and lime can
themselves be used as a pellet shield. The possibility of
preparing, transporting and directly using the pellet DSNB is
due to the fact that the bitumen:

e have a high softening temperature close to plus 60 °C;

o the rigidity and elasticity suitable for the transport
objectives;

e does not interact with water and snow;

¢ have low thermal conductivity.

The main advantages of preparing bitumen in the form of a
pellet are that during the cold season it can be delivered and
processed as bulk rather than bulk cargo. For this purpose, it is
possible to use platforms-pipes, semi-cars, containers, and from
floating means — open barges.

During transport operations, it is not necessary to heat the
delivered oil product in order to restore fluidity during
unloading, it is not necessary to use a specialized rolling stock
having a very large (up to 50 %) return empty mileage,
conditions of storage in warehouses and on site are simplified.

In the new mode of transport and the use of bitumen, the
question arises of the cross-linking of pellets between them
under external heat and under static loads.

For the study, consider the pellets loaded in the container (as
an option in the wagon for bulk cargoes).

Consider a container with pellets as a certain body
containing a heterogeneous (in our case, two-component)
medium consisting of a pellet shaped as a cylinder, between
which the contact passes along a thin line and the space between
which is filled with air. The pellets are connected to each other
by gravity and mutual friction. The transfer of mechanical loads
and heat from one cylinder to the other is carried out along the
contact lines between the parallel cylinders. In addition, heat is
transferred through the air in the gaps between the cylinders due
to the molecular heat conductivity.

In the case of an embankment in a semi-car, the cylindrical
pellets are arranged in the body of the semi-wagon in a random
manner, and the pellets can be arranged in an orderly fashion in
parallel layers, as shown in figure 1. This kind of heterogeneous
environment in construction mechanics is commonly called
«grainy media».

Fig. 1. A scheme of pressure distribution in a grainy medium
of ideal cylinders

The granular medium is understood as a system of
disconnected bodies interacting with each other through point
contacts.

The apparatus of the mechanics of grainy media was
developed by Prof. 1. I. Kandaurov [8]. He suggested that the
distribution of stresses in an environment should be seen as a
random process of transferring loads from the upper layers to

the lower layers. Granular environments are generally divided
into uncontested environments where lateral stresses are not
distributed and spacers for which the spacing coefficient k can
be introduced (fig. 1).

The pellets loaded into the body of the wagon by the mound
can be considered as a quiet environment, and those placed in
an orderly manner into the container can be considered as an
empty environment.

The grain medium model of Kandaurov I. 1. [8] introduces
the assumption that the average number of contacts that has one
spherical particle in a nondisputed medium in the spatial three-
dimensional problem is 8, and in the flat problem is 4. This
provision has been introduced, Based on the most likely particle
package to ensure the statistical stability of their ensemble.

This has been confirmed and experimentally demonstrated
in tests with grainy media such as sand, gravel and fine granite
crumbs [8].

When the pellet is loaded into the body of the wagon by
means of an embankment and arranged on the side walls of the
wagon body by means of layers, the forces of emptying
respectively saturated and rolled goods act.

The static pressure of the base load assembly per unit of the
body wall area shall in general be calculated by the formula:

Do = (1+K)ygy sin(a+¢)
.=
sinz(a—d)[1+\/—%
where a is the angle of the body to the horizon, B is the angle of
the surface of the cargo to the horizon. For the vertical walls of
the body of a semi-car loaded «without a cap» o.=90° and = 0.
In the case of bitumen transport in the body of a doomcara
platform, the two values have different values depending both
on the type of the car model and its occupancy level;

0 is the friction angle of the cargo against the metal walls of
the body (set according to special normative tables);

¢ is the angle of natural discharge formed by the surface of
freely saturated cargo relative to the horizontal, rada;

g is the acceleration of gravity, m/s%

y is the distance from the surface of the bulk cargo to the
point where the pressure is determined, m;

v is the calculated saturation density of the cargo (taken as a
quotient of the division of the carrying capacity of the wagon
by the volume of the bodywork), rad;

k is the coefficient of vertical dynamics. In uniform motion,
take k=0,1. For calculated acceleration or impact modes,
normative tables are given.

For the vertical walls of a semi-car (a. = 0), when loading
«without a cap» (B = 0) and without taking into account the
friction of the cargo against the wall of the body (6 = 0), the
latter formula is simplified and takes the form of:

P = (1+ K)ygyte? (5-1) .

4

2>

Let us make the last simplistic assumption that the pellet
is loaded into the semi-car so that its upper surface is
horizontal (¢ = 0 rad). The tangent is equal to one. Note that the
bulk weight of the oil cargo carried as a pellet y = 800 kg/m’.
Then the test pressure on the sides of the wagon at a height
of y=1,5m (cd =0,1) will be:

p,=11x800x%x98x1,5=12 936 .
a m2
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This low pressure of the bulk bitumen is not likely to create
any dangerous situations for a cargo semi-car with a metal
body.

Let’s stop now at the equivalent thermal conductivity of the
transported oil cargo. The bulk pellet in a container or in a semi-
car can be considered as a two-phase system where one of the
phases (air) is distributed continuously and the other (the
bitumen cylinders themselves) is discretely in the form of
separate parallel layers having linear contact with each other.
Figure 2 provides a design cell of tightly packed cylinders. This
figure shows that, when packed tightly, each cylinder is
surrounded by six adjacent cylinders and has six points of
contact with them.

C D
0
B E
A_A )
2R

Fig. 2. A two-phase system for uniformly distributed
spherical particles

Connect the cents of the ABCDEG cylinders, the same
radius R, which are in contact with the central cylinder O. As
we can see, the calculated cell has the shape of a regular
hexagon with a side equal to 2R. We consider that all cylinders
have unit length and therefore their volumes are numerically
equal to the end area.

The area of a regular hexagon with a side of 2R is equal

Seen = 6V3R? = 10,2R?.

Inside the cell is one central cylinder with a base area S and
six cylinder segments with an area S/3 each. Therefore, the total
area of the solid phase (in figure 2 of the shaded area) is equal to

Ssolidphase = 37TR2 = 9,42R2 .
Area of cell per gas phase (air)

S = Scell - Ssolid phase = (6\/§ - 3”)R2 = 0’9R2 .

gas phase

Then the relative volume occupied by the gaseous
phase (taking into account that the length of the cylinders is
conditionally assumed to be equal to one) will be:

Sgas ph 9,4
Vrelative = b = = 0'923 .
Ssolid phase 10,2

The heat flow is considered to be directed perpendicular to
the plane of the layers, wherein the Maxwell-Eichen formula is
used to determine the equivalent heat conductivity of a two-
phase system comprising air and bitumen in the form of a pellet.

Under these conditions, the medium-volume thermal
conductivity of the medium will be:
142p/%0lid phase 142.0,95 vt
— relative — ’ ~
Req = Agas ittt = 0,024 X 1200 % 0,0756 ——,

relative

where 444 = 0,024 W/m °C is the coefficient of thermal
conductivity of air in thin interlayers. The numerator contains

the volumetric fraction of the solid phase (i. e. occupied by
pellets) and the denominator contains the volumetric fraction of
the gas phase.

As we can see, the equivalent heat conductivity of the
bitumen in the form of a pellet is almost twice as small as that
of monolithic bitumen.

MATHEMATICAL MODEL FOR THE CARRIAGE
OF BITUMEN BY RAIL

Modern mathematical models are distinguished by the com-
plexity of the models associated with the complexity of the ob-
jects being modelled.

The process of constructing any mathematical model is bro-
ken down into several steps:

1. Description of the existing model.

2. Mathematical Problem Statement.

3. Model correctness and problem solving (in our case with
simulation).

4. Model adequacy check (comparison of simulation results
and real data).

5. Analysis of the results.

Description of the transport process model. The process of
transport of viscous petroleum products to the final consumer
consists of the following steps:

1. The composition shall be cleaned of the residues of the
viscous petroleum products (at the washing and cleaning sta-
tion).

2. Inspection of the convoy commercially with a view to the
suitability of the tank for loading the specific cargo.

3. If no malfunction has been detected and the convoy is
ready for loading, the station officer on duty shall be informed.

4. The viscous petroleum products shall be heated and
sealed in the railway tank, the wagon shall be closed and sealed.

5. The railway tanks are sent to the adjoining station to form
a convoy.

6. The train shall be inspected and sent to the final station of
the consignee. The consignee shall be informed in writing of
the consignment. If a railway tank is found to be defective in
route, either it is repaired and the cargo continues on its way, or
the cargo is pumped into another tank and a decision is made to
proceed.

7. Upon the arrival of the cargo at the final station, the cargo
is heated, unloaded and dispatched for cleaning and flushing of
the remaining cargo.

The most costly operations are the processes of clearing the
wagon of residual cargo and unloading.

Mathematical model construction. The transport process
model described above is a system of related procedures, that
is, a business process that is described graphically using the Pe-
tri networks [11-13].

When analyzing the processes that accompany the transport
of viscous petroleum products, it can be seen that some of the
processes run in parallel. In the terminology of Petri networks,
this means that several active transitions claim one mark of
some position. So, the Petri network in question is conflicting.

To simplify further analysis, divide the original transport
process into sub-processes, that is, decompose it. The Petri net-
work in this case will be divided into subnets. The top-level net-
work is built on figure 3.
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Fig. 3. Petri Network of Transport Process
from refinery to end-user

Similarly, we shall describe with the help of the Petri net-
works the processes that are the most expensive, namely the
cleaning processes (fig. 4) and the landings.

Fig. 4. Processes accompanying the purification
of the boiler of the tank-wagon from the remnants
of viscous petroleum products

The most labour-intensive process of cleaning the tank
wagon of the residues of viscous petroleum products is dis-
cussed in more detail below (fig. 5 and 6).

Fig. 5. Cleaning the boiler tank-wagon against residues
viscous petroleum products

Cleaning the
wagon of residual
viscous petroleum
products

Withdrawal of the
wagon from the
overpass

Warming up
viscous petroleum
products

Unloading
viscous petroleum
products

Fig. 6. Most energy-intensive sub-processes
of the purification process

Further analysis of the transport process shows that the ex-
ecution of operations takes time, which is determined empiri-
cally and is subject to the normal law of distribution or to the
Poisson that is connected to it. From this we get that the con-
structed Petri network is a stochastic Petri time network [14].

Formalization of processes. In Petrie’s time stochastic net-
work, markers enter one of the free transfer channels and re-
main there for a time equal to the time delay of that transition.
For decomposed processes, this time is equal to the duration of
the sub-process. As a result, we have a sequence of moments of
time T4, Ty, - - ., T, With no events occurring between Ti_q and Tj.

Petri time network is defined as set

N ={P,T,F,W,M,, 03},

where T € @: T — R, is the function of the response time that
compares its response time to each transition, which is the ran-
dom value for the given model;
R, is the set of non-negative rational numbers;
P ={p;},i =1,...,n — finite set of positions;
T = {tj},j = 1,...m — the finite set of transitions;
F € (P X T) VU (T X P) is the finite set of arcs;
W:F — N — arc multiplicity;
My: P - Z, — initial marking (condition) of the network;
Z, is a set of positive integers.

At each time 1, the state of Petri’s time network is described
by the state of its positions and transitions.

The dynamics of the Petri time network will be considered
in discrete time intervals. Let’s call them a step (by analogy
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with a simulation step). Define the state of the time network in
T steps as

5@ = (§P(@),S" (™),

where SP(7) — the state of the network positions;
ST (1) — the state of the network transitions.
The position of the items can be uniquely defined by marking

SP(1) = {M,(1): M,(v) € Z,,p € P},

which specifies the distribution of the markers by network po-
sitions.

Imagine the transition state as the history of their start over
a period of time which does not exceed the maximum transition
duration

ST() ={u,(t—0):0 € [0,d, — 1],t € T},

where u,(t) — the number of transition channels t € T started

in step t;

d, — the number of steps after starting the transition. [15, 16].
Denote through

D+(T):ST(Tn—1) X SP(Tn—l) - ST(Tn) X SP(Tn)

the state of the Petri network, which is calculated by the output
of the markers from the transition.
Denote in

D_(T):ST(Tn) X SP(Tn) - ST(Tn) X SP(Tn)

the transformation of the state of the Petri network, which is
synchronized with the input of markers into the transitions.

Because of the fact that the Petri network transitions are
multi-channel, it is possible to m-fold the input of markers into
the Petri network transitions. Furthermore, m is determined by
the achievement of a state of the Petri network in which for none
of its transitions the condition for the entry of markers into the
transition is met:

(D)™(S(t,)): VZ(T, t,)

for many transitions T.

Here is a Z(T, t,,) — predicate that defines the execution of
the condition for the token to enter T at time ¢,,.

The operation of the Petri stochastic time network shall then
be described by the following system [15]:

tn =minTr(tpq )ty =ty
S(to) = (DT)™(S(t0))
S(t) = @)™ (D*(S(tn-1)))m = 1.2, .

The lower level process is linear. It is easily formalized us-
ing a mass-service system. However, it is convenient to de-
scribe it as a Petri network because the time of each stage is a
random amount. Thus, the system of differential equations de-
scribing the mass service system would have to be rewritten
constantly.

The described stochastic model of the Petrie network is true
for any number of positions and transitions. Therefore, it can
describe upper and lower level models.

SIMULATION OF BITUMEN TRANSPORT
For simulation, the Business Studio platform [17-20]
was used as a tool, allowing for functional and cost analysis.
BPMN and EPC notations were used in the simulation.

The basic requirements for the carriage of bitumen coincide
with the requirements for the carriage of viscous petroleum
products. We will ask for it for our task.

The current bitumen production process (fig. 7) is divided
into sub-processes.

Extraction of Bitumen
Q—» bitumen from [—»| storage in the —»Q
oil tank
Delivery of raw
materials to refirety

Bitumen ready
for loading

Fig. 7. Production process

The first is the cracking process of oil processing (fig. 8),
where the residue is bitumen. It will be treated as a finished
product that is stored before loading. During the winter season,
the main volumes of refined bitumen are stored at refineries in
special storage facilities.

: Development ; :
Oil supply to Fractionation
> refined —> .
refinery of oil
petroleum
Final product
recived

Supplying raw
materials

Fig.8. Bitumen

On average, bitumen accumulation and storage lasts six
winter months from September to March.

The second process is the direct export of bitumen from the
manufacturer and its delivery to the consumer (fig. 9). The
transport process includes sub-processes: Heating bitumen
Loading into the wagon — Carriage in the heating wagon be-
fore unloading in the tank wagon (or bunker wagon) — Un-
loading of the bitumen — Transfer to the asphalt factory ware-
house.

: : : Heating u 5
Cleaning Heating up Loading S P Draining
X . > . > —>{ before draining —>| .
carriages bitumen bitumen . bitumen
bitumen

Fig. 9. Bitumen transport process (base model)

The bitumen in the bunker is heated to restore fluidity before
loading into the wagon by means of special heating devices for
petroleum products with a single capacity of 90 kW for 25 hours
in summer and more than 2 days in winter.

The bulk loading of bitumen into bunker-type wagons con-
sists in supplying the wagon to the oil-refining plant’s access
routes (to the loading point), having previously heated the bitu-
men, and in delivering the wagon to the dispersion station in
order to form a route. During the loading of the bunker-wagons,
the bunkers are filled with Bitumen 250 mm slow to the upper
edges of the sides. The temperature of the poured bitumen shall
not exceed 150 °C.

The bitumen delivery in the bunker-type wagon according
to the basic variant is carried out by attaching the wagon to the
assembled train station where it is included in the transit
train (route), and is delivered to the destination station, where
the train is disbanded along the tracks.

The bitumen in the wagon is heated before unloading using
steam-heaters. To heat the cargo, steam is fed into the space be-
tween the walls of the bunker. The readiness of the bunkers for
unloading and the moment when the heating stops shall be de-
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termined by the beginning of the slide of the bitumen adhering
to the upper edges of the inner walls of the bunker. Longer heat-
ing makes unloading difficult, while heating bitumen until it is
fully melted leads to excessive thermal energy consumption and
causes long-term standoff of bunker wagons because they are
not designed to unload liquid cargo.

The bulk unloading of bitumen from a bunker-type wagon
involves disconnecting the wagon from the train, feeding the
wagon to the access roads, feeding the bitumen to the heating
point (drain), heating the bitumen and unloading the discharge
into a bunker of 1-3 thousand tons. The empty wagon is then
returned to the loading station and washed of the residual oil
product.

When the bitumen is transported in the form of a pellet, the
whole process of its manufacture and delivery changes substan-
tially. The difference is in the amount of bitumen heated, energy
requirements, time and total costs.

When the DSNB delivery pattern changes, the following op-
erations are changed:

¢ Bitumen production (fig. 10);

¢ Bitumen transport process (fig. 11);

e Asphalt concrete preparation.

Extraction of : Bitumen
: Prodicing
bitumen from —>| —> storage asa
K pellets
oil pellets
Delivery of raw
materials to refirery

Bitumen ready
for loading

Fig. 10. Bitumen production model in pellets

Loading
pellets

Bitumen Bitumen
delivered

Dilivering Unloading
bitumen pellets

Fig. 11. The process of transporting bitumen in pellets

Perform a functional cost analysis of the transport process.
To do so, make the following assumptions:

e average transport distance of 1,647 km;

e average transportation speed of 550 km/day;

¢ 5 wagons for loading;

o for unloading 3 wagons;

e simulation time is 182 days (October, 01-March, 31);

erevenue rate from petroleum product in 2019
784.8 pp/10t. km;

e one route consists of 45 wagons.

The duration of the transport phases is shown in table 1.

The bulk of the transport of bitumen occurs during the
summer months due to its physical characteristics. For the car-
riage of bitumen in granules, restrictions can be removed.
Therefore, for simulation simulations, consider the period Oc-
tober, 01-March, 31.

The results of the simulation are given in table 2 and table 3.
As can be seen, other things being equal, the volume of
transport in the test period is doubled by the reduction of the
discharge process of the oil product.

Table 2
Linear List of Operations for the Bitumen Transport Process
(Basic Method)
Number of Process Average Total
implementations duration total time
12 A2:4 Bitumen 32850 394 200
loading
12 A2:5 Bitumen |55 g5 3273 600
delivery
12 A2.7 Bitumen 753 050 9036 600
unloading
A2.8 Return
1 oftrainto the 15703775727 | 3020 400
dispatching
station
Table 3

Linear List of Operations for the Bitumen Granule Transport
Process (new)

Number of Process Average Total
implementations duration total time
24 AZ.1 Pellets 32 850 788 400
loading
23 A22Bitumen | 553556 087 | 5850 600
delivery
23 A23 Pellets | 159 460 5652 | 2977 800
unloading
A2.4 Return
23 of rainto the | )¢\ 655174 | 6094200
dispatching
station

Adequacy of the model. To this end, we shall compare the
number of revolutions of wagons according to the new

Table 1
Duration of transport phases
Basic mode New mode
of transport of transport
One-way 72 hours 72 hours
transport of cargo
Loading 9 hours 9 hours
Unloading 210 hours 36 hours

Specifies the properties of the processes with the data of

their table 1 as random values.

@) N ; :
Niunover and the basic N 1. e Variants according to the for-
mula:
@ @
Nturnover _ Tturnover
m )
Nturnover Tturnover
So:
1
N® =ND Tiurnover
turnover ~ “‘turnover ..(2) >
turnover
1 o, . .
where Ttslr)nover — existing time per wagon on the base variant,
days;
@ . . .
Turnover — €stimated time of a new version of the wagon, days.
So

N©

turnover ~— .(i)
turnover

T

E
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where T = 182,5 — number of days in six months (for Central
and Southern Territory of European Russia); T =227,5 — two
hundred and twenty-seven and a half days (North, Siberia and
Far East).

7@ =7®

turnover turnover ATturnover

_ 7@

turnover

— 10 (hours),

where AT,5 = 10 hours — reduction in one turnover due to re-
duction in slotting times.

Turnover time of one route determined by components
=219 + TP + 1Y

Tturnover st »

where Tt(ri) — freight time at one end (for European part of
Russia); Tc(a) — loading time of one train wagon; Ts(tl) — time
of unloading of a wagon of one train.
The last two parameters are defined by the formulas:
1® = (Bw) 7

cn >
Ncn

T = ()7,
where N;, — number of wagons simultaneously supplied for
loading; N, — number of wagons being unloaded simultane-
ously; Tc(tl) — corresponding loading time of the product in one
wagon, days.

According to assumptions N, = 5 wagons u N = 3 wag-
ons.

Given the extra surgeries, we can put that: Tc(f) =1 hour =
= 0,042 day; then T:= 14 hour = 0,583 day and T4= 4 hour =
=0,167 day.

The loading time of the wagon according to the basic and
new versions is the same and is 0,378 day.

Time of unloading of one route, base and new options:

e base variant:
45

TS =2 %0583 = 8,75 days;

e new variant:

TP =2 x 0,167 = 1,5 days.

The difference in unloading time between the basic and the
new variant is equal:

TV — 7@ = 8,75 — 1,5 = 7,25 days.

Find the time to turn one train.
e base variant:

T, ver = 2 X 3+ 0,378 + 8,75 = 15,128 days;
e new variant:
TD o =2 X3 40,378 + 1,5 = 7.878 days.

Then reducing the turnaround time of one route of 45 wag-
ons is

Nn Ny 45
ATrmover = (N—t) x (T80 - 1?) x X ATy X5 10 = 348 days

Based on the above, we find that the turnover of one route
of 45 wagons per six months per year is:

. 1 182,5 .
e base variant: Nt(ur)nover = o158 = 12,06 ~ 13 rotations;
1825

® new variant: Nt(jr)nover = 0s = 23,16 = 24 rotations.

The results are fully consistent with the simulation results,
indicating the adequacy of the model constructed.

Assessment of the economic impact. In the six months fol-
lowing the cold season in Russia, one route of 45 wagons will
carry bitumen according to basic and new options:

e base variant:

QW = Q57 X Ny x Ng)

turnover

=60 %X 45 x 12,06 = 32 562 tons;
e new variant:

Q® = Qi x Ny x Negy

turnover

= 66 X 45 X 23,16 = 68 785,2 tons,

where Q(® — 6 months of bitumen transport per ton per route

per base and new option; Qr(f) — volume of goods per wagon
according to base and new variant; N,, — number of wagons;
Nt(li)mover — number of route revolutions per test period accord-
ing to base and new variant.

Average (unit) income per unit of petroleum product
transport (profit rate di) is 784,8 penny per 10 000 km. It is de-
fined as the ratio of the carriage board to the net freight turno-
ver, which is defined as the product of the quantity of the goods
carried (t) and the distance (km). Calculate tray C! for base and
new for test period

C! = 32562 x 1647 x 0,07848 = 4 208 852,106,
C? = 68785,2 X 1647 x 0,07848 = 8 890 938,33 .

It is not difficult to see that the difference of the freight
charges between the basic mode of transport and the new one
per year will be in the order of 9 million rubles.

CONCLUSION

1. A new model for the carriage of bitumen is proposed,
which makes it possible to exclude empty wagon runs and al-
lows for the possibility of multimodal transport (containerized
transport).

2. A system of mathematical models of the process of
transport and discharge of viscous petroleum products has been
constructed. This was the first use of the Russian Business Stu-
dio, previously used to model production business processes.

3. A functional cost analysis is carried out, which makes it
possible to assess the economic effect of the proposed new ways
of transporting viscous petroleum products. The difference be-
tween the bitumen charge for the basic mode of transport and
the new one per year will be of the order of 9 million rubles per
train (loading train).
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AHaJIU3 NPUMEHEHHU HOBOTO CIIOC00a NMepPeBO3KH
HedTeOUMTYMA IJIS JOPOKHO-CTPOUTEIBHbIX PadoT
0 KeJIe3HOU A0pore

B. A. Kcenogonrona
[eTepOyprekuii rocyIapCTBEHHBIN YHUBEPCUTET IyTel coobiienus Mimnepatopa Asekcanzpa |
Cankr-IlerepOypr, Poccust
koc-vera@yandex.ru

Annomayusa. HegreGuryMm siBJjisieTcsl OAHUM M3 OCHOBHBIX CO-
CTABJISAIOIMX KOMIIOHEHTOB achanbTa. [I1s Hero, KaKk u AJs ApY-
TUX BSI3KHX He()TENMPOAYKTOB, XaPAKTEPHBI MOTePs] TeKy4ecTH B
npouecce TPAHCIOPTHPOBKHU NIPU HU3KHX TeMIIEPaTypax OKpy:Ka-
ou1ei cpeabl. B padoTe npeasioskeH HOBBI CIOCO0 MEePEBO3KH /10-
POkHOro HehTeOUTYMA KAK HACBLIITHOI'O rPy3a B BUJIe IeJlIeT ¢ 3a-
IMUTHOI 000/104KOIi, MpeJoTBpaLalOLIeil CIMNaHue, U SBJSIO-
meiics cocTaBHOil yacThio acdaabTodeTona. IlogpodHo pacemor-
peH npouecc TPAHCHOPTHPOBKU BA3KMX Hedrenpoaykros. Ilo-
cTpOeHa cHCTeMa MaTeMaTHYeCKHX MojleJieif mponecca TpaHCHop-
THPOBKH BA3KHX He(PTENPOAYKTOB ¢ NOCJIEAYIOLIUM IPOBeIeHUEM
HMHTAIHOHHOTO MOJEJNPOBAHUA U (YHKIMOHAILHO-CTOMMOCT-
HOI'0 aHAJIM3A.

Kniouesvie cnoea: HedTeOUTYM, 3Kele3HONOPOKHBbIE TIepe-
BO3KH, MaTeMaTH4YecKasi MOJeJIb, IMHTALIHOHHASI MO/Ie]1b, BAI3KHe
He(TenpoayKThI, 6M3Hec-Ipouece, ceTh Ilerpu.
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