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PARALLEL ALGORITHMIC FORMS OF THE SOLVING OF
THE APPLIED TASKS

The features of construction of maximally parallel algorithms of thermal
conductivity equation’s solution with the method of direct tasks of Dirichlet
and Neumann are considered. Parallelization of the three-diagonal systems of
equations allows to construct absolutely steady algorithms, having a maximal
parallel form. It is achieved minimum time period of solving the applied tasks
on parallel computing devices.
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PROBLEM STATEMENT AND ANALYSIS OF THE LAST
ARCHIEMENTS IN THIS AREA

The parallel computation systems develop quickly. When
computer clusters came into service, parallel computations became
available for many people. Mass processors, standard net technologies
and free software are used as a rule to construct clusters. Let’s note
that the computer cluster is the set of processors united in the
framework of a certain network to solve one problem. A small computer
cluster with 6 processors may be used efficiently by small departments.
In this connection, the problem of efficient software development
becomes one of the central problems of parallel computations in the
whole now. Creation of parallel computation systems demanded the
mathematical conceptions development of ©parallel algorithm
construction, that is, the algorithms adapted to realization on similar
computation systems [1 — 7]. On the other hand the development of
mathematical modeling leads to the more complex descriptions of the
models. To understand them and to develop the analysis principles one
has to involve the newest achievements from quite different
mathematical fields. Problem discretization results in systems of linear
equations with a great number of unknowns. Former methods of their
solution are not always suitable from the point of view of accuracy,
rate, required memory, algorithm structure and the like. The new ideas

© Ivaschenko V.P., Shvachych G.G., Tkach M.A., 2014

ISSN 1562-9945 3



2 (91) 2014 «CucreMHBIE TeXHOJIOTHI »

in the field of computational mathematics arise and are realized. In the
final analysis, the new methods of numerical experiments realization are
created for more perfect mathematical models [8 — 13]. In this work the
efficacy of system of linear algebraic equations (SLAE) parallelization of
three-diagonal structure using the numerical-and-analytical method of
lines is shown in terms of the simplest heat conductivity problem
solution.

MATHEMATICAL PROBLEM STATEMENT
Let’s examine the Dirichlet boundary value problem solution for

a one-dimensional heat conduction equation
ay &y
—=a—-5, tU|t,T|, xO[ %, X
et L tofoT] X0t x] N

with the initial condition
Y|t=t0 = ﬂo’)
and the boundary condition

Y| 6=6, =YW(Y), Yx:XL =Y L9, (3)

Let’s juxtapose a net domain to a definitional domain of sought
function Y(t, x) in (1) — (3) problem
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Let’s introduce new independent variables to normalized units
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here we’ll get:
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Y . . . . . .
prext(€0:Ex) is sought piecewise-analytic function on spatial

where
variable.
MAIN PART OF RESEARCH
Discretization scheme by method of lines.The conception of (1) —
(3) problem discretization by method of lines lies in the following. After
the equation (6) finite-difference approximation on a temporary variable
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we’ll get the second-order system of ordinary differential equations
(SODE).

/] 1 1
Y p+ex,1(5x) _ZY pre x1(Ex) = ‘—AYO pre x1(€

YOp+exa(€x) is known initial function.

General solution of equation (7) defines in the final form:
Yp+£x’1(£x) = Y;+5x.1 (gx) + Cpcnﬂ(‘gx) + Dpsnﬂ(gx) '

(7)

where

(8)

where Cp: Dpare the constants of integration;

Y . . .
prex1(€x) _ specific solution of heterogeneous equation (7);

=]t
A eigen-values of characteristic equation
182 _1 =A
A (9)

With differentiating solution (8) on gX,, we get
Y e, (8) = Yo (£) + BIC,CHB(s,) + D, S1B(E,)

aY
pté
Y p+£x,2(£x) = D)G-Tmt—t
where “Jis an unknown gradient function.
Determine constants of integration in ratios (8), (10) from the

conditions when

(10)

ex = =1:
YP+gx,1(2) (gx)\exzﬂ = Ypil’l(Z)' (]— 1)
5 S7BA+ &) *
Yeie Wt —a == Y -Y *
Y rexa(€x) = o462 (52 18(2) [ Pt ml’l}
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(12)
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(SPe)ry ]

S76(2) 13)

Having put ex = 0, let’s transform solution (12), (13) to their
discrete analogues in the form of SLAE:
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Y Y Y o f
Cp{ p+u}_{ p1}+Dp{ pu}:{ p,l}
YP+12 YP,Z Yp—LZ fp,z (14)

where
c _SBY [ _ S8
p ! p
76(2) SB(2)
* * , = 1, 2m-1.
foa Yor11| o a Yoi P
=Cpq . ~Ypi2)* Dp
fo2 Y ! Y
p’ p+1,2 p,2 (15)

SLAEs (14) are invariant relative to net functions Yp,1 and Yp,2
and have three-diagonal structure where boundary elements YO,1,
Y2m,1 for the problem (1)—(3) are identical to the values of boundary
functions (3):

Yo1=YW(Y), Yy 1= WI(H) (16)

Identically, Y0,2, Y2m,2 elements on the domain boundary in
SLAE (14) take the following values:

_ oY
YO,Z - D)d.x& X:)b
tztoj
_ oY ’
Y2m,2 - D)d.x&tx_:txl_

: (17)
which in Neumann’s problems correspond to second-order boundary
data.

Thus, the mathematical model invariance in the form of SLAE
(14) relative to Yp, 1, Yp, 2 net functions apparently reflects deeper
group-theoretical features of input equation (1) relative to Coshi’s data
as well. In light of noted, the differential manifold and Dirichlet’s and
Neumann’s problems group classification being carried out on Coshi’s
data in SLAE permits to continue the analysis on the pattern of only one
group of decision variables Yp, 1 examination.

SWEEP METHOD ANALYSIS

Let’s describe a simple and ordinary solving method of SLAE (14)
named the sweep method. Let’s postulate the existence of such two vec-
tors E and G that for whatever

YIO;L (p=12m-1) the following equality is executed:
Yp1=EpYpr11+Gp (18)
Having reduced into (18) index p by a unit, we get

6 ISSN 1562-9945



2 (91) 2014 «CucreMHBIe TeXHOJOTHH »

Yp-11=Ep-1Yp1 +Gp (19)
After ratio (19) substitution to SLAE (14) we’ll find
C DG, f
— P p—p-1 pl
VeiTiTp g Vet T p g
p=p-1 p=p-l (20)
When comparing equations (18) and (20) and noting that both of

the equations being equitable for all the P =12m= 1) dices get the recur-

rent ratios:
C D.G,q—-f
— p G. = p~p-1 pl

Ep_l—D E. P 1-D.E
p=p-1 pEp-1

(21)
realizing the algorithm of direct sweep. In fact, the following goes from
the conditions on the left boundary (3):

Eo =0, Gy=Yp1=YW(}) (22)
Further Ep, Gp elements are calculated in all the points in incre-
p=12m-1

on the recurrent formulae (21). Then it goes
Y om1= YL(t))

ment direction

from the right boundary condition (3) that . This provides
for start of reverse sweep on the recurrent formula (19) in decrease p
from p=2m-1 up =1.

If a sweep algorithm on formulae (20), (18) has the right orienta-
tion, it is obvious that it is possible to organize a sweep algorithm of the
opposite left orientation as well. Let’s assume the existence of such E
and G vectors that for all the Yp,1 the following equality is executed:

Y17 EpY p11* Gy (22)

Having changed in (22) index p by increasing per a unit, we get

Yp+1,1:Ep+1Y p,1+Gp+l (23)

Then after elimination from SLAE (14) Yp+1, 1 variables by
substitution on formulae (23), it seems possible to develop the following
recurrent dependencies:

£, = Dp | p:CpGp+1— fp,1

1-CpEpn 1-CpEp

(24)
corresponding to the right sweep algorithm in index p from p=2m-1 up
p=1 decrease direction. Here the reverse sweep is realized on the recur-
rent ratios (22) in increment direction of p = 1.2m -1 index, which was
to be proved.

Let’s note that to calculate one using sweep method the system
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solution (14), consisting of (2m+1) equations, it’s necessary to carry
through arithmetical operations in the quantity being only by finite
number times bigger than unknown quantity. To solve equations with N
unknown quantities of arbitrary linear system N using method of exclu-

sion one usually has to use up arithmetic operations in N3 quantity.
They managed to attain such a reduction of arithmetic operations num-
ber when system (14) solving by sweep method while successfully using
the specific character of this system.
CONCLUSION

Three-diagonal SLAE parallelization based on numerical-and-
analytical method of lines allows to construct absolutely steady algo-
rithms, having a maximal parallel form and, thereby, to achieve mini-
mum time period of its implementation on parallel computing devices.
Noteworthy it is also the fact that input data computing errors sepa-
rated from round-off ones inherent in real personal electronic com-
puters. The algorithm is illustrated on the pattern of initial-boundary-
value Dirichlet problem solution for thermal conduction equation. How-
ever, it turns out to be an invariant one for class of problems of Neu-
mann. That’s why all the input functions are replaced by input data of

Y20 Y pre, 2(65) . .
Naumann’s proble = P2 pres2(Ex) in the solving of Dirichlet problem.

This fact obviously also reflects deeper group-theoretic properties of
parabolic type equations relatively to Coshi’s data.
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YIRK 621.3.076

B.U. Kysuenos, T.B. Hukutuna, M.O. Tarapueako, B.B. XomeHKO
MHOTOKPUTEPHAJBHBIN CHHTES3
MHOTOMACCOBBIX 9JIEKTPOMEXAHHUNYECKHUX CUCTEM
HA OCHOBE CTOXACTHYECKUX MYJIBTUATEHTHBIX
AJITOPATMOB OIITUMHUSAIINU POEM YACTUII

AHHOmayus. PaspabomaH mMemoO MHO20KpUMEPUAbHO20 CUHME3d aHU30m-
ponuiiHo2o pe2ynsmopa KOMOUHUPOBAHHO20 PO6ACMHO20 YNpasieHus MHO-
20Maccosoli 3/1eKmpomexaHudeckoli cucmemoli Ha OCHOBE CMOXACMUYeCKUX
MYJIbMUA2EHMHbIX G20pUMMOB onmumu3ayuu poem yvacmuy. [pusedeHsl
npumepsbl CpasHeHUs OUHAMUYECKUX XapaKmepucmuK MHO20MACCOBbIX cUCMeM
C CUHMe3UPOBAHHBIMU NPU MHO20KPUMEPUALHOM N0OX00e aHU30MpPONULiHbIX
pezynsimopos U ¢ MUnoBbIMU pe2ysmopamu.

Kntoyesbie cnosa: MHO20MACCOBASA 3NKMPOMEXAHUYECKAS CUCMeMQa, MHO20K-
pumepuasbHbil CuHmMes, MyabmuazeHmHsbil anzopumm onmumu3ayuu.

ITocTranoBKa MpoO0JeMbl, CBSA3b C HAYYHBIMHM M NMPAKTUYECKUMM 3a-
mayamu. Cos3maHue CHCTEM, CIIOCOOHBIX 00ecIeurBATh BBICOKYIO TOUHOCTD
yIIpaBJeHUA NPU WHTEHCUBHBIX 3aJaI0INX M BO3MYMIAIOINX BO3IEHCTBU-
SIX IITAPOKOTO CIEKTPa YacTOT, SIBJISAETCA IeHTPaJbHON HpoOJIeMO# coBpe-
MEHHOI TeopuHu U IMPAaKTUKHW aBTOMAaTUUYECKOTO ynpasjeHus [1].

AHamu3 moCJIeTHUX MOCTHKeHHuN u myOoaukamui. K mpoeKTupye-
MBIM AWHAMHUYECKHM CHUCTEMaM YIIPaBJIE€HUS NPEeIbSIBIAIOTCA pPasHOOOpas-
Hble TpeOOBaHUSA IIPU MX Pad0Te B Pa3JIUUYHBIX PeKUMaX: KauyecTBO Iiepe-
XOIHBIX IIPOIIECCOB 3aJaeTcsAd BpeMeHEeM IIEPBOrO COTJIaCOBaHUS, BpeMeHeM
peryJanpoBaHUsA, IepeperyJIupoBaHueM U T.O.: IIPU OTPAOOTKE CIOYUYaHHBIX
3aJal0INX, JU00 KOMIEHCAIMK CJAYYAWHBIX BO3MYIIAIONINX BO3IEHCTBUM
3aZlaeTcA AUCHEPCUA OMIMOKU cJexeHUus jubo crabunmsanuu [2]. daa ra-
KHX CHUCTEeM B OOJIBIIIMHCTBE IIPAKTUUYECKUX CJIIyUYaeB C ITOMOIILI0O THUIIOBBIX
IIN]] perynaTopoB He yaaeTcs BBIIOJIHUTH TEeXHWYECKUE TpedoBaHUs,
nmpeabABAsIeMble K CHCTEME, UYTO OO0ycjaaBJIMBaeT NOpUMeHeHue 0OoJjiee
CJO0KHBIX PEryJIiTOPOB I COBPEMEHHBIX METOIOB UX CHUHTE3a.

OnHUM U3 OCHOBHBIX TpPeOOBAHUM, NMPEAbABIIEMBIX K COBPEMEH-
HBIM CHCTEeMaM yIpaBJeHUs, ABJsAETCA TpeOoBaHMEe POOACTHOCTU CUHTE3U-

© Kysuenos B.U., Hukuruna T.B., Tarapueaxo M.O., Xomenxo B.B., 2014
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POBAHHOW CHUCTEMBI, T.€. CIOCOOHOCTH CHCTEMBI COXPaHATH NPeAbABJIAE-
Mble K Hel TexXHHUYeCKue TpeOOBaHWSA IIPU M3MEHEHUUW B OIIPeJesIeHHBIX
mpeaejgax mapaMeTpoB O0beKTa YIIPaBJE€HUS M BHEITHUX BO3aercTBuil [3-
4]. OgHUM 13 MHTEHCHMBHO Pa3BUBAIOMINXCA IIOAXOMIOB K CHHTE3y pobacT-
HBIX CHCTEM YIPABJCHUSA ABJAECTCA CHUHTE3 PEeryJsiToOpoB, MUHUMU3UPYIO-
X pa3JuuYHble HOPMBI BeKTOpa Iiesu ynpaBiaeHud [5-7]. Hia mosslire-
HUSA TOYHOCTU YHOPaBJIEHUS B POOACTHOI CHUCTEMe pean3dyeTcsi KOMOMHU-
poBaHHOE yIIpaBJIeHWE, B KOTOPOM COYETaeTcs yIpaBJieHHWe ¢ o0paTHOM
CBSA3BIO IO BBHIXOAY O0O'BbeKTa yIIpaBJIEeHUS U yOPaBJIeHNE IO PAa30MKHYTHIM
IIUKJIAaM KaK II0 3aJalolleMy, TaK U II0 BO3MYIIalollemMy BosaeiicTBuam [1,
8]. 9dbdexT KOMOMHUPOBAHHOTO YIPABJIEHUA ONpPEJEJIAeTCA TEeM, YTO MpPHU
CHUHTEe3e Po0aCTHOTO YIIpaBJIEHUS HCIIOJL3YeTCs BCA mMMelolnascsa HMHdop-
MaIusa O 3a1alolleM 1M Bo3MyIlamwilneM Boadaeiicteuu [9-10].

OmHaxo Ipu IIPOEKTHUPOBAHUU pPeaJbHBIX CHUCTEM YIIPDaBJIEHUS He
MIPEeIbABISIOTCA TPeOOBaHUS K HOpMaM BeKTOopa IeJid, la U CaM BEKTOp
1eJn poOacTHOTO yIIpaBJIeHWA He 3aJaH.

IMennio craThu ABIAAETCA pa3pabOTKa MeTOJa MHOTOKPHUTEPUAJBHO-
IO CHUHTEe3a KOMOMHMPOBAHHBIX MHOT'OMAaCCOBBIX 3JIEKTPOMEXaHNYECKUX
CHCTE€M CTOXaCTHUYECKOr0 PO0ACTHOTO YIIPaBJIEHUA, ¥ KOTOPBIX MCIIOJIb3Y-
eTcss mH(GOPMAIIUA O 3aJal0INeM M BO3MYIIAIOIIEM BO3IEHCTBUAX IJIA MU-
HUMHU3AINNU aHU30TPONNIHON HOPMBI CHCTEMbI HA OCHOBE CTOXACTHUUYECKIX
MYJbTHATeHTHBIX AJITOPUTMOB OINITUMU3ANIINYA POEM YaCTHUII.

3azaueil CTaTbM SBJSETCSI MHOTOKPHUTEPUAJNLHBIN CHUHTE3 U MCCJe-
JOBaHNE TUHAMHUYECKUX XapaKTEePUCTUK CTOXACTHUUYECKOII PoOacCTHOM CHC-
TeMbl YIIPaBJIEHUS JIBYXMAaCCOBOI 3JIEKTPOMEeXaHUUYEeCKOM CHUCTEMO.

Wsoxkenne MmaTepuaJja MCCIEIOBAHUA U IIOJYUYEHHBLIX PEe3yJIbTATOB.
PaccmoTpuM HMCXOOHYIO AUCKPETHYIO CHUCTEMY, MMEIOINYI0 N-MepPHBIN BeK-
TOP COCTOAHUS X, M-MEePHBIA BEKTOP BXOJA G W [P-MEPHBIN BEKTOP e

2, 3aJaHHYIO B IIPpOCTpaHCTBe cocTroaHmuil marpunamum A, B, C, D, rTak
YTOo
X+1 = A% +Bay .z =Cx + Doy, (1)

Cpenusasa aHM30TONUSA STOI CHCTeMbI paBHA

mr
TracdLPL +3))’

A(G)= —%In de (2)

X
rge matpuna POR™" ects rpamman ympasisgemoctu G, yIOBJIETBOPSIO-

muii ypasuenuio JlanyHosa, a MaTpunbl L ¥ 2 COOTBETCTBYIOT PEIIEHUIO
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R ypaBuenusa Puxkatum [6]. Pemmenue 3amaum cuHTe3a aHU30TPOIIUNHBIX
peryasTopoB BO BpeMeHHOU objgactu B Buae marpunm A, B, C, D peanu-
3aIlid, C MOMOINbI0O KOTOPBLIX MUHHUMUBUPYETCS CPeNHAA aHU30TPOIIUSA
cucteMbl (2), CBOAUTCA K BBIYMCJIEHHIO TPeX ajlreOpanyecKUX ypaBHEHUH
PukkaTtu, ypaBHeHudA JIammyHoBa 1M ypaBHEHUS CHEIMAJIBHOTO BUIA IJd
BBIUMCJIEHUSA YPOBHS aHU30TPOINU BXOMTHOrO curHaja [7].

Eciu BenmumHa aHM30TPONUU BXOMAHON MOUCKPETHOH IIOCJemoBa-

TEeJIBHOCTU CHCTEMbI HAaXOIATCs B guamasoHe 0<a<o, ToO 3HaueHUe aHU-

30TPOIIMNHON HOPMBI CHUCTEMBI H|W|Ha orpaHnM4YeHo 3HadeHusaMu H, m H,

HOpMaMm cucTeMbl. [Ipuuem, mmpu HYJIeBOUW cpeaHell aHM30TPOIIUMU CUHTE3
ONTUMAJBHOIO PEryJsiTopa, MUHUMU3UPYIOIIET0 aHU30TPONUNHYI0 HOPMY,
CBOAMTCSA K PeIIeHHNI0 ABYyX ypaBHeHUlI PuMKKaTu m TaKoUW ONTUMAJbHBINA
AHNBOTPONUMNHLIN PEryJATOP COOTBETCTBYET ONTHMAaJbHOMY CTOXacTHUYe-
CKOMY PeryjaAaTopy, MUHUMUISHUPYIOIEMY INCIEPCHI0 BLIXOJHOTO CHUTHAJIA
— H, mopmy. Ilpu GecKoHeuHO! cpefHell aHM30TPONUU BXOLHOI'O CUTHA-
Jia, COOTBETCTBYIOIIETO IIOJITHOCTHIO OIIPENIEJIEHHOMY IeTePMUHUPOBAHHOMY
CUTHAJIY, aHU3OTPONUNHBLINA PEryJIATOP ABJAETCA ONTUMAJbHBIM AeTEePMIU-
HUPOBAHHBLIM POOACTHBIM PEryJsiTOpOM, MUHUMUIUPYyHOIIEIM H, HOpMYy.
IIpu 3HaueHUAX cpeaHell aHMB3OTPOIMM BXOIHOIO CHUTHajJa B JHala3oHEe
O<a<o, aHU30TPONUMHLIA PEryJATOP 3aHUMAaEeT IIPOMEKYTOUHOE II0JIO-
JKeHHe MexJy peryiadaropaMu, MuHuUMusupyilommumu H, m H, BHOpM™MEI. B
HaCTOsAIlee BpeMsA IIPAaKTUUYECKU IIOJITHOCThIO paspaboTaHa Teopus AeTep-
MHUHUPOBAHHOTO PO0OACTHOTO VYIPAaBJIEeHMWA, OCHOBAHHASA HA PpPeEIIeHUIX
ypaBHeHUil PuKKaTu AJjis cCUHTE3a BO BPeMEHHOU o0JiacTu poOacTHOTO pe-
ryjsTopa m pobacTHoro Habamomareas. IIpu s3ToM MOMKHO CHUHTE3MPOBATH
peryasaTop, MUHUMHUBUPYIOIUN CMeEINaHHbIM KPUTEepuil, OCHOBAHHBIII Ha

MMWHHUMM3AIINN H2 n Hoo HOPM, B3ATBIX C OIIp€JeJIeHHBIMHN BE€COBBIMU

MHOMKHUTEJTIAMMU. HpI/I 9TOM, POJBb TAaKOI'O BECOBOT'O MHOMKHUTEJA (baRTI/I‘Ie-

CKM WTpPaeT IapaMeTp TOJEePAHTHOCTH .

Takxum o0pa3oM mMeeTCs B3aMMOCBSA3b PA3JUUYHBIX 3a/aU TEOPUU
CTOXACTUUYECKOTO PO0ACTHOTO yHOpaBJeHUS C 3aJaueil CUHTE3a aHU30TPO-

NUIHBIX PeryJATOPOB AJs JUHEWHBIX CHUCTEM, IIpUYeM Kjaaccuueckue H,
u H, peryaaropbl ABJAAKTCA IIPEIEJbHBIMU CJIYyYasIMU OIITUMAJJIBHOTO

AQHU30TPONMUHOTO PEryJiATopa, a ONTUMAJbHBIN aHU30TPOIUUHBIN pery-
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JATOP MUHUMHUIUDPYET (PYHKIHOHAJ H  -dHTPOIIMM 3aMKHYTOM CHCTEMBI
IJIs OIIpelleIEeHHOT'O 3HaUeHUA ero mapaMerpa ) .

YacTo K cucremMaM yIIpaBJeHUs, KpoMe TPeOOBAaHUN II0 TOYHOCTH
oTpaboTKu MO0 KOMMIEHCAIIUW CJYYAWHBIX BXOAHBLIX CUTHAJIOB, IIPEIbSB-
JIAIOTCSA ONpeJesieHHbIe TPeOOBAaHUA K KAadeCTBY IEPEXOMHBIX ITPOIECCOB —
BPEMEHM IIepPBOTO COTJIACOBAHWUS, BPEMEHW peryJupPOBaHUS, Iepeperyu-
poBanmua u T.n. Takum oOpasoM, KpoMe TpeOOBaHUU II0 paboTe CHUCTEMBI
IIPU CJIyYaWHBIX BXOOHBLIX CUTHAJIAX, NPEeIbABJIAIOTCA OIIpeaeJeHHbIe Tpe-
0oBaHMA II0 OTPAOOTKE CHCTEMOH [JeTePMHUHHPOBAHHBLIX BO3IEHCTBUU —
CTyIleHUYaThIX curHajgoM. Ilpmuem, 5T TpeOOBAHMSA MOTYT CYIIECTBEHHO
OTJINYATHLCA [OJISI HMEePEeXOMHBIX MPOIECCOB IIPM OTPAabOTKe CHUCTEeMOM «Ma-
JBIX» U «00JIBIMIUX» BO3aercTBui [2].

Kpome Toro, k¥ cucreme 4acTo IpeabABJSAIOTCA ONpPEIEJIeHHBbIE Tpe-
0oBaHUSA TO OTPAOOTKE TapMOHWYECKUX CHUTHAJIOB (PpMKCHUPOBAHHBLIX Yac-
TOT, J1OO 3aJaHHOTO aHalla30HA YacTOT, KOTOPbhIe TaKiKe ABJSIIOTCSA [e-
TePMUHUPOBAHHBIMHU CUTHAJaMu. EKECTEeCTBEHHO, UTO 3TH TpPeOOBAaHUA MO-
ryT OBLITH YIOBJETBOPEHBLI IIPU AeTEPMUHUPOBAHHOM MOAXOIEe CHUHTE3a
IIPOEKTUPYEMOM CHUCTEMBI.

EcTecTBeHHO, UTO IIpOEKTHUpPyeMas CHUCTeMa MOJIKHa OJHOBPEMEHHO
YIOBJIETBOPATH BCeM TPeOOBAaHUAM, IIPEAbABIAEMBIM K paboTe CHUCTEMBI B
Pa3JINUYHBIX pPeXMMaxX U IPU Pas3IMYHBIX BXOAHBIX CHUTHaAJIaX.

OcHOBHOM TOAXOMA K CHHTE3y Po0ACTHOrO yHpaBJeHHUSA BO BPEMEH-
HOI 00JIaCTHM OCHOBAH Ha pPeIeHWN 3aJaul ONTUMAJIbHOTO YIpPaBJIEHU.
OmHaxko, B OTJIMYME OT KJACCUYECKOrO MHOAXO0Ja K CHUHTE3y CHUCTeM OIITH-
MaJILHOT'O YIIPaBJEeHUS, IPU POOACTHOM yHpaBJIEHUMW B ypaBHEHUE COCTOS-
HUS MCXOTHOTO OOBbeKTa yIIpaBJIeHUs KPOMe BEeKTOpa YIPAaBJIEHUA BKJIIO-
yaeTcs TaKiKe BEKTOP BHEINHUX Bos3aelicTBuii. IIpmuemM BeKTOpP BHENIHUX
BO3/IeMICTBUII XapaKTepuayeT M3MeHeHUe COCTOAHMWA CUCTeMBbl 3a CUeT Iia-
paMeTpUUYeCKUX U CTPYKTYPHBIX H3MEHEHUHN Mojesun o0beKTa yIpaBJe-
HUA.

IlenTpanbHass uaed CHUHTE3a CHUCTEM POOACTHOTO YIIPABJIEHUA CBA-
3aHa C CHUHTE30M CHCTEeMBbI, MUHUMUIUPYIOIIEN KPUTEPUil KauecTBa IIO
HOpMe yIIpaBJeHUA, HO MaKCUMUBUDPYIOIIEN 5TOT:Ke KPUTEPUM IO HOpMe
BEeKTopa BHeNIHuUX Bo3aelictBuii. IIpu sTom, 3a cuer BBegeHUsSA B (PYHKITUIO
T'amusibTOHa HOPMBI BEeKTOpa BHEIMIHUX BO3JeHCTBHII CO 3HAKOM MHUHYC,
CUHTe3UpyeMas CHCTeMa MUHUMU3SUPYET YYBCTBUTEJBHOCTH CHCTEMBI K
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U3MeHSAEeMbIM IIapaMeTpaM O0BbeKTa yIpaBJIeHUs, a cJiefoBaTeJbHO, obec-
ImeynBaeT poOACTHOCTH CUCTEMBbI

Taxoil mogxoJ COOTBETCTBYET WMI'POBOMY MOAXOAY K 3ajaadue OIITHU-
MHu3allu, KOrAa IIePBBINM UIPOK «yIpaBJIeHNE» MUHUMHUBUPYET (PYHKITHUIO
IleJi1, a BTOPOII MI'POK «HeOoIIpele/IeHHLIEe IIapaMeTPhbl O0hLeKTa yIpaBJie-
HUA» MaKCUMU3UPYeET 3Ty Ke (pyHKIuio neau. IIlpuuem, Tak Kak HCXOI-
Had CHCTeMa OIIMChIBAeTCA CUCTeMOl auddepeHIUANTbHBIX ypPaBHEHUU —
MAaTPUUYHBIM YPaBHEHHEM COCTOSHUA, a 00a UTPOKa MCIOJL3YIOT OOHY U Ty
’Ke (PYHKIIUIO IeJH, TO TaKas uUrpa HasbIBaeTcsa au@depeHIInalbHOM WI-
PO ¢ HYJIEBOM CYMMOIA.

HUcxognas cucrema, 3aMKHYTas CHUHTE3WPOBAHHBLIM aHMU30TPOIIUI-
HBIM PeryJaAaToOpoM, 00JialaeT OIIpeJeIeHHBIMN NTUMHAMHUYECKUMM XapaKTe-
pUCTUKaMU, KOTOPbIe OIpeAeAlOTCA BeKTOpOM Ileau. Bo3MOKHOCTH pe-
HIeHNsA 3aJjaull MHOTOKPUTEPUAJbHOTO CUHTe3a aHU3OTPOIUUNHBIX PeryJisd-
TOPOB MHOTOMACCOBBIX 3JIEKTPOMEXaHWUYECKUX CHCTEM IIyTEM COOTBETCT-
BYIOIIIETO BBLIOOpaA BEKTOpa IleJM MOKa3aHa Ha OCHOBE KOHIENIuu (hyHK-
IMOHAJbHO MHOXKECTBEHHOM NPUWHAAJEKHOCTH BEKTOpPAa COCTOAHUA, UYTO
MMO3BOJISIET  YAOBJETBOPUTHL Pa3HOOOPa3HBIM TpPebOBaHUAM, KOTOPHIE
MIPEeIbABIAIOTCA K pPaboTe MHOTOMAaCCOBBIX 3JIEKTPOMEXaHUYECKUX CUCTEM
B Pa3JUUYHBIX pPeKMMax.

BBemeM BeKTOp HCKOMBIX IIapaMeTpOB )(:{C,D}, KOMITOHEHTaMMU

KOTOpOro ABJA0OTCA sjaeMeHThI Matpul, C m D umcxomuoit cucremsl (1), c
IIOMOIIBI0 KOTOPBIX (DOPMHUPYETCS BEKTOP IeJU Z CTOXAaCTHYECKOro pobda-
cTHOTO yupaBjeHuda (2). 3agaguM HavaJIbHOe 3HaueHUe BeKTopa Y, CUH-
TEe3UPYEM AHU3OTPOIUUHBINA PETyJATOP U OIPedeuM CJIeayIolnue IIoKasa-
TeJIM KauecTBa 3aMKHYTOUN CHCTEMBI B Pa3JIMUYHBIX pPeKHMax: BpeMs OTpa-

60TKHM 3aJaHHOrO yria paccorjacoBaHus — t,..; BpeMs pasroHa /0 HOMH-

HaJbHOM CKOPOCTH UM BpeMs TOPMOXKEHUS 0 IIOJTHOM OCTAaHOBKU — tpag,

omnOKy OTPa0OTKM TapMOHWYECKOTO CUTHajJa 3aJaHHOU aMILIUTYIbl U

YacTOTHI & OMIMOKY CcTabMIM3aIluy CJAYyYaliHOrO M3MEHeHMSA MOMEHTAa

eap ?
HAarpy3kK® €&,.,, MaKCUMAaJIbHYIO0 CKOPOCTb HABEIEHUS (ay, MAUHHMAJIBHYIO
CKOPOCTb HaBeJEeHUS (i, HEIJIABHOCTb HaBeJeHUs NPU MHUHUMAJIbHON
ckopoctu Ay, TepeMeHHble COCTOSHUA U yIIpaBJeHUdA, KOTOpble Tpedy-
eTcs orpaHM4uBaTh. IIpoHOpMHUpDyeM 5TH YacTHbIe KPDUTEPUU Y;, TAaK YTO-

O0b1 oHu Haxoxuiauch B auanaszoHe 0<y; <1. IIpubau:keHre HOPMUPOBaH-
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HOTO 3HAUYEHWUS |-T'0 YACTHOTO KPUTEpuA K eJUHUIEe COOTBETCTBYeT Ha-
MIPAKEHHON CUTyalluu, a ecjJu BeJWUYMHA HOPMHUPOBAHHOTO 3HAUEHUS dYa-
CTHOTO KpuUTepusa IpubiamKaeTca K HYJIIO, TO 9TO COOTBETCTBYET CIIOKOIi-
HOU curyanuu. I[[1d pemieHWsA 5TOW 3aJauyldl MHOTOKPUTEPUATBHOIN OIITH-
MHM3aI[UU BOCIIOJIb3yeMCA HEeJUHENHON cXeMOoil KOMIIpoMuccosB [2]
* ‘] —
¥ =argminyai[1-y (x)] . 3)
; i=1

rae Q; - BecoBble KOd((PUIIMEHTHI, XapaKTepuaylolue BaKHOCTb YaCTHBIX
KPUTEPUEB.

IIpu MHOrOKpHUTEPUAJIbHOM CHUHTE3€ B CHUCTEME YIIPaBJIEHUA KPOMe
JIOKAJbHBIX KPUTEPHEB HEOOXOAMMO YUYMTHIBATH OTPAaHUYEHUA Ha Iepe-
MEeHHBbI€ COCTOAHWSA W YIIpPaBJIeHUA, B3aJaHHble B (opMe HepaBeHCTB.
OObruHO OBIBAET CHUTYyalluWsi, KOTJa MCXOJHAs TOUYKA II0 HEKOTOPBIM Orpa-
HUYEHUSIM SABJAETCA HemoIrycTumoii. B uacTHocTu, 9TO Kacaercsa 3ajaH-
HBIX BHAUEHUN BpeMEHMW IIeEpBOT'O COTJIACOBAHUA, IepeperyJInupoBaHUs,
TOYHOCTH OTPAOOTKM M KOMIIEHCAIIUM CJAYyYalHbIX BHEIIIHUX BO3IEHCTBUN
M MHOTHX APYIrUX IIOKasaTeJed KadecTBa, IIPEeIbSIBISIEMBIX K CHUCTEMe.
Boiiee Toro, HeKoTOphIEe JOKAJbHBIE KPUTEPUU B pe3yJibTaTe MHOTOKpPUTE-
pUAJBLHOTO CHHTE3a MOI'YT OBITh BOOOINEe HEe BbIDOJHEHbI. OgHAKO, PAI
KpUTEPUEB, TAaKUX KaK BEJIUUYUHBI YIPABJAIOIIAX BO3AEUCTBUU U IIepe-
MEHHBIX COCTOAHUA ABJIAIOTCA AomycTuMbIMU. IloaTomMy, B HeJIWHEHHON
cxemMe KOMIIPOMMCCOB (3) MCIOJBb3yeTcsd KOMOMHAIIMS MeTOoAa INTPadHBIX
dyuxnuii [11-13] ¢ BHyTpeHHEN TOYKOM IJisl JIOKAJIBbHBIX KPUTEPUEB U OT-
PaHUYEeHUM, ABJIAIOINXCA OOIIYCTUMBIMU, 1 METOJa C BHEIIHEel TOUYKOI
IS JIOKAJbHBIX KPUTEPUEB U OTPAHUUYEHUU, SBISIOIIUXCSA HEIOIIyCTHU-
MBIMH, TAK UTO IejieBasA PyHKIIUA B (3) IpUMeT CIAeqyIOIUN BUJ

J
flx.ra)= 2a [1-yi () +s(r)L(2)+ p(A)T(x), (4)
1=
rme S(r) 14§ p()l) - BeCOBbIe (PYHKI[MHM, YUUTHIBAIOII[ME BJIUIHNE (DPYHKIIUU

m 1
mirTpada L(,Y,r)=r22 W IJIA MeToJa BHYTPEHHEM TOUKM M (PYHKIIUU
i=1 0

mrpada T(x)= gz—lr{min[O,gi ()((r))]}2 IJI MeTOJa BHeIIHeld Touku. [lia
i=1:

IIOJIYUEHHUA OIITHMMAJBHOTO pPeIlleHMnA M BBIIIOJIHEHUA OI‘paHI/IT—IeHI/Iﬁ Heo00-

XOAUMO, 4TOOBI ' - 0, a A - o,
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WUccnengoBanusa 1mesieBo (GyHKIIUU TOJydYeHHOU 3amauu (4) mokasa-
JIO, YTO OHA SBJIAETCS MHOTOSKCTPEMAaJbHON M MMeeT YYacTKHU TUIIA OBpa-
rOB U «IjaTo». 1A HaxXoKIeHus riIo0aJbHOr0 ONTUMYyMa TAaKOU IleJIeBOM
(yHKIIMM BHaUajie MCHOJb30BAaJICA METOJ IIOCJIEIOBATEIHHOTO KBaJpaTUU-
Horo mnporpammupoBanua (Sequential quadratic programming - SQP
method) co ciayuaiiHbIM 3amaHMeM TOYEK MYJbTHCTApPTa, IMOKPBLIBAIOIIIUX
o0J1acTh 3HAUEHMII MCKOMBIX IIapaMeTrpoB. OgHaKo B 00JacTAX MHOTOMeEp-
HBIX OBParoB M <«ILJIaTO», TaKOW MHOAXOJ oKasajica MajJod(p(heKTUBHBIM U
MIPUBOAUI K «OJYyKIAHUIO» IO AHY OBpara, MeIJIeHHOMY IIPOABUIKEHUIO K
rJI00aJIbHOMY OITHMYMY B OKPECTHOCTH ydYacTKa THHAa «IMJjaaTo». s mo-
BBIIIIEHUA CKOPOCTH HAXOXKJIEHUA TJIOOAJBHOTO OITHMYyMa WCIIOJb30BAaHBI
CTOXACTUUYEeCKHe MYJbTHATeHTHBLIE aJTOPUTMbI HA OCHOBE OIITUMU3AINU
poem uactur [14-15].

Pe3yabTaThl YKCHIEPUMEHTAJBHBIX MCCJIETOBAHMHM JIBYXMAaCCOBOM
dJIEeKTPOMEeXaHu4ecKoi cuctembl. Ha ocHOBaHUU 3KCIEpPUMEHTAJIbHBIX HC-
CJIeJOBAHUU ABYXMACCOBOI 3JIEKTPOMEXAHUUECKON CHCTEMbI YCTAaHOBJIEHO,
YTO NOPHMEHeHNe CHUHTe3MPOBAHHBLIX AHM30TPOIHUUHBIX PEryJasTOpPOB IIO
CPABHEHUIO C THUIIOBLIMHU PETyJISTOPAMHU IIO3BOJIMJIO COKPATUTHL BpPeMs IIep-
BOT'O COIJIACOBAHUA B IIATH Pas3, IIOBLICUTH IIJIABHOCTh IBUKEHUSA HA HUS3-
KX CKopocTax B 1.7 pasa, YMEHBIINTH AUCIEPCHUIO OMIMOKK OTPAOOTKU
CJYYAMHOTO 3aJalollero BO3AeiicTBUS B ueThipe pasa. CuHTe3upoBaHHAS
cucTeMa HMMeeT MEHBIIYI0 YYBCTBUTEJIBHOCTh K M3MEHEHHUIO IIapaMeTpPOB
0o0'beKTa yIpPaBJEHUA II0 CPABHEHUIO C CUCTEMOII C THUIIOBBIMHU PEryJATO-
pammu.

BeIBOABI U3 MPUBEIEHHOTO HMCCJIETOBAHUSA, NMEPCIHEKTUBBI 3TOT0 Ha-
npaBjgeHusa. PazpaboTaH MeTOJ MHOTOKPUTEPHUAILHOTO CHUHTE3a aHU30TPO-
MMAAHBIX PEryJsaTOPOB MHOTOMACCOBBIX JJIEKTPOMEXaHHUUYECKUX CUCTEM,
MMO3BOJISTIOIIUY YAOBJIETBOPUTH PasHOOOPAa3HLIM TPeOOBAaHMAM, KOTOPHIE
MPEeIbABIIIOTCA K PaboTe MHOTOMACCOBBIX 9JIEKTPOMEXaHUUYECKUX CHUCTEeM
B Pa3JIMUYHBIX peXKMMax. BO3MOMKHOCTH TAaKOrO MOJXOJa IOKa3aHa Ha OcC-
HOBe KOHIIEIINY (PYHKIIMOHAJIBHO MHOMKECTBEHHON NPUHAIJIECKHOCTU BEK-
Topa cocroanusa. O6ocHoBaH M paspaboTaH MeTOHa BbIOOpPa MaTpPHIl, C IIO-
MOIIBI0 KOTOPBIX (hopMUPYyeTCA BEKTOP I€JN CTOXAaCTUUYECKOTO0 PoOACTHOTO
VIpaBJIEHUA IIyTeM pPelleHusA 3aJaud HeJUHEeHHOTOo IPOorpaMMHUPOBaHUA.
Hna pemieHuMAa TaKoWl MHOTOSKCTpPeMaJbHON 3aJauud HEJIUWHEWHOro IIpo-
rpaMMUPOBAHUS, KCIOJb30BAHBI CTOXACTUYECKUE MYJbTHAreHTHBIE aJIro-

PUTMBI Ha OCHOB€ OITHMMM3allMM1 POE€M YaCTHII. CI/IHTGSI/IpOBaHHbIe CHuUCTe-
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MBI SABJSAIOTCS POOACTHBIMM IIO OTHOINEHMIO K HN3MEHEHMIO IIapaMeTpPOB

MojzeJieli 00bEeKTOB YIIPaBJIEHMS M BHEIIHUX BO3JAEHCTBUI 3a CUeT MUHIU-

MUu3aly aHU30TPONUMHON HOPMBI. lIpuBemeHBI pPe3yJbTaThl dKCIEPUMEH-

TaJbHBIX MCCJIeJOBAaHUI NBYXMAaCCOBOM 3JIEKTPOMEXaHNUYECKOM CHUCTEMBI.
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YIIK 620.179
A.N. ®PegopoBuu
NCCIEJOBAHUE HEITAPAMETPUYECKHUX KPUTEPHUEB
CABUTA B BAJJAYAX HEPASPYHIAIOIIETO KOHTPOJA

AnHomayus. lTposedeH cpasHUMesIbHbIU GHAU3 MOUWHOCMU Henapamempuye-
CKUX Kpumepues cpasHeHUs cOBU208 B BbIOOPKAX He3ABUCUMBbIX U ABMOKOppe-
JIUPOBAHHBIX CAY4YAUHbIX BEUYUH C pa3UYHbIMU 3GKOHAMU pacnpedeneHus
seposmHocmeli. MccnedosaHa pabomocnocobHoCMb Kpumepues 8 3a0a4ax
CPaBHeHUs BbIOOPOK C PA3/IUYHbIMU 3AKOHAMU pacnpedeseHus B8eposimHOC-
med.

Knwoyessie cnosa: s8bI60pKa umepeHull, MOWHOCMb Kpumepus, Henapamem-
pudeckue Kpumepuu, cosue.

ITocranoBKa 3amaum
B 3amauax yJabTpasBYKOBOTO HepaspyHIaloIlero KOHTPOJIA
00beKTOB MH(poOpMaIusa 00 MX COCTOAHHUU COJEep:KaTcA B BBIOOPKAX M3Me-
PEeHU#, cTaTUCTUYEeCKHe 3aKOHOMEPHOCTH KOTOPBIX, KaK MIPaBUJIO, HEUS3-
BeCTHBI. VI3MeHeHUe CTAaTHUCTUUYECKUX 3aKOHOMEPHOCTell ABJAETCA CBUeE-
TEJILCTBOM H3MEHEHMA COCTOAHUA O00BbeKTa. OlleHKa M3MEHEHHA MOKET
OBITH MCIIOJIb30BAaHA NPHU KOHTPOJE OJHOTUNHBIX O0OBEKTOB M HAaOJIIOAeHUU
3a UX COCTOAHMEM IIPU SKCILIyaTaluu, MOCJe NJINTEeJbHOTO XpaHEeHUs:d, Ie-
peBO3Ke, peMoHTe. 3ajaua O0OHAPYKEeHUA M3MEHEHUA COCTOSAHUSA O00HEKTOB
MOJKeT OBIThH pellleHa IIyTeM CpaBHEHUA ABYX BLIOOPOK M3MepeHUuil ¢ Heus-
BECTHBIMU 3aKOHAMU paclipefieieHUsI BeposATHocTel. Hale Bcero BbIOOPKU
OTJINYAIOTCA IEHTPOM TI'PYNNUPOBKU M3MePeHUN W BEJUUYMHOU paccesaHUsd
(caBurom m MaciiTaboM IO TEPMUHOJIOTUM HellapaMeTPUUYeCcKOI CTaTUCTH-
ku) [1]. B pa6ore [1] paccMoTpeHO IecATh METONOB UCIOJIb30BAaHUA HeIlla-
paMeTpUUYeCKUX KPUTEpPHEB CABUTa [JA CPaBHEHUA [IBYX BBIOOPOK CIy-
YyallHBIX BeJWYMH. ITO KpuTepum KeHys, paHroBblii, MawHa-YUTHU-
Bunxkokcona, Bam-mep-Bapaena, memmanubiii, Mocreiiepa, Posembayma,
Xaru, E-kpurepuii. Kpurepun Mocrennepa u Posembayma mMenT MaJo-

9(PeKTUBHEI U IIOITOMY HE paccMaTpUBAIOTCH.
IIpu cpaBHeHUU BBIOOPOK M3MEPEHMWII BO3MOIKHBI JBa OIIMOOUYHBIX
pelrreHus: 1) mpu paBeHCTBE CABUIOB BHIOOPOK CJIAYYaNHBIX BEJIUYUH MIPU-

© Pemoposuu A.M., 2014
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HUMAaeTcsd MNPOTHUBOIOJOMKHOE perreHre (OIMIMOKW TEepBOTO poaa); 2) IIpu
CpaBHEHHMHM [IBYX BBIOOPOK C HEPABHBIMHM CABUTAMHN NPUHUMAIOTCS OIIIH-
OouHbIe peleHuUA 00 MX paBeHCTBe (omubKu 2-oro pojga). IIpuBeméHHBIE
HellapaMeTpUUYeCKre KPUTEPUM CIABUTA MOTYT MCIIOJIB30BATHCA B 3ajaudax
HepaspyIIaloniero KOHTPOJA IJA PAacllO3HABAHUS 3JIEMEHTOB C HEM3BECT-
HBIMHM CJIYUYAaWHBIMU IIapaMeTpaMi, M3MepsaeMble C OMIMOKaAMHu U Pas3idd-
HBIMM 3aKOHAMHU pacIiipeleieHNs BePOATHOCTEN.

Ilesnb uccienqoBaHuA — OIEHKA BEPOATHOCTEI OIMMOOUYHBLIX PEIIeHU
W CPaBHUTEJbHBLIA aHaAJIW3 PabOTOCIOCOOHOCTH HellapaMeTPUUYeCKHX KPU-
TEepUeB CABUTa IJA Pa3JIMUYHBIX BUJOB 3aKOHOB pacIpelesieHUs BepPOATHO-
CTH M KOPPEJHWPOBAHHOCTH CJYUYANHBLIX BeJIMUYMH B 3aJauax HepaspyIIaio-
I1ero KOHTPOJIA.

BerunciaureabHbIE DKCIIEPUMEHTHI

B pabore paccMOTpeHBI KPUTEPHUU CABUra B KOHTEKCTE, UYTO CPAaB-
HUBaeMble BbIOOPKM CHYUYANHBLIX BEJUUYNH MMEIOT OQWHAKOBBIN MacITal.

Hccunenyorcsa BBIOOPKU CIAYyYaWHBIX BEJIWYUH C 3aKOHAMHU pacrpe-
eJIeHUs BEPOATHOCTEI: JIOTMCTUYEeCKCKUM, Jlamaaca, I'aycca. I koppesu-
poBaHHBIe HOPMAaJIbHBLIE CJIIyUallHbIe BeJWUYWHBI. [[JIMHA HCCIeayeMbIX BBI-
00poKk N=200, a KOJMYECTBO IPOBEIEHHBIX HE3aBUCHUMbIX SKCIEPUMEHTOB
k =10000. 9P PHeKTUBHOCTHI0O KPUTEPUA SABJAETCS €ro CIIOCOOHOCTHh PacIio-
3HaBaTh Pa3jNuYMe ME)KJy CABUTaMH WCCJIeNyeMbIX BBIOOPOK. Bbrrumcim-
TeJIbHbIE D9KCIEePUMEHTHI IIPOBOIUJINCH CJAEAYIONINM 00pa3oM:

1. IIBe BuIOOpPKU c Jorumctudueckum (JlammacoBcKuM, HOpMaAJIbHBIM)
pacipenejeHreM C OAUHAKOBBIMU IUCIIEPCUAMU, MaTeMaTUUYeCKOoe OXKHUa-
HIEe OJHOI BBIOOPKYW (DMKCHPOBAHO U PABHO HYJIIO, & BTOPON — M3MEHAETCS
OT HYJHA 0 eTuHuIIbI, ¢ marom B 0,1.

2. KoppeampoBaHHEBIE HOPMAaJIbHBIE caydaiiHbIe BeJIMYNHEI
(r=01,r=05,r=09), Tak:ke mpu OZHOM (PWKCHPOBAHHOM MaTeMaTHUe-
CKOM OKUJAHUU W USMEHAMIINMCA IPYTOM, C TEM Ke IIIaroM.

3. BriOOpKM C pasIMUYHBIMU 3aKOHAMH paclpefeeHns BepPOSTHO-
cTeil (JIOTMCTUYECKUI M HOPMAaJbHBIN; HOpMaJbHBIA u Jlamiaaca, poructude-
ckuii u Jlammaca) (pMKCHUPOBAHHBIM CIABUTOM OJHOM BBIOOPKM M M3MEHSIO-
HIUMCS — OPYTOIi.

AHaJu3 pe3ysbTaTOB BBIYMCIUTEIbHBIX JKCIEPUMEHTOB

B pesyibraTe mpoBeqeHUSA BBIUMCJINTEJIbHBIX dKCIEPUMEHTOB OBLIIN

IMOJIy4eHbI Tabaunbl BP(PEeKTUBHOCTH HeImapaMeTPUUYeCKUX KPUTEpUeB

casura. IIpumep Takoii TabJauIILI IPUBEAEH HUKE, IJA ABYX BBIOOPOK JIO-
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ructTuuecKkuM pacupeneiseHuem (ocl=c2=1,al=0). B rabiaume 1 npuBegeHo
3HaUYeHNEe BEePOATHOCTHU IPUHATUSA IIPABUJIBHOTO pelieHus (CABUTH OqWHA-
KOBBI) B 3aBUCHUMOCTH OT BEJIMYNHBLI OTKJOHEHUS CABUIra OJHOM BBIOOPKU
or caBura apyroii. Ilpm B3amaHHOW BepPOATHOCTH NPUHATUA PeIIeHUd
P=0.97.

Ta6aumna 1
N a2 |0 01 |02 [0, J04 [05 |06 |07 [08 [09 |1

Kpurepuit

Bunxoxcora | 0,956 | 0,942 | 0,927 | 0,848 | 0,8 0,71 | 0,596 | 0,503 | 0,383 | 0,293
Mepguarnsii | 0,927 | 0,916 | 0,88 | 0,831 | 0,773 | 0,722 | 0,612 | 0,505 | 0,434 | 0,336

ITo pesynbTaTaM TaOJIUIILI IOCTPOEHEI Ipaduru (PUCYHOK 1).

1 | Creiogenra | 0,963 | 0,837 | 0,482 | 0,135 | 0,018 | 0,003 | 0,001 | 0,001 | 0,001 | 0,001
2 | Panrossrit 0,944 | 0,936 | 0,908 | 0,853 | 0,792 | 0,708 | 0,607 | 0,473 | 0,384 | 0,283
3 | Xaru 0,971 | 0,974 | 0,964 | 0,951 | 0,943 | 0,901 | 0,89 | 0,858 | 0,833 | 0,811
4 | E 0,967 | 0,974 | 0,964 | 0,966 | 0,949 | 0,932 | 0,932 | 0,903 | 0,897 | 0,862
5 | Kenya 0,706 | 0,7 0,707 | 0,696 | 0,688 | 0,682 | 0,682 | 0,663 | 0,663 | 0,646
6 | B-1-B 0,959 | 0,931 | 0,91 | 0,865 | 0,787 | 0,701 | 0,608 | 0,496 | 0,382 | 0,284
7

8

# —g— PasroEmi
2-c-g-=-- JETH
-, e
Sy g — 4 Kemys
04 \ t}c&%\_i_ - h‘. ; —a— BE-&E
\ e o I  BemEoECOR

03 \ ‘i\ T
3 . ik — g - MameaEnem
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Pucynor 1 — 3aBUCHUMOCTH BepPOATHOCTU PACIO3HABAHUS HEePaBEHCTBA

¥

CIBUTOB OT BeJWYMHBI OTKJIOHEHUS mapameTrpa a2 ot al=0

B rabiuie 2 mpuBeméH mpuMep IokasaTeseil 9(hp(PeKTHBHOCTH HeIa-
paMeTpuUYeCKMX KPHUTEPHEB CABUTa IIPU CPaBHEHUUW BBIOOPOK C pasjmu-
HBIMU 3aKOHAMHU paclipefejieHusA BepoATHocTeii. Ilasa ciaydyasa cpaBHEHUS
BBIOOPOK C  HOPMAaJbHBIM U  JIAILIACOBCKMM  pacHpemeeHUuAMU
(0l=02=1,al=0). B Tabauie mpuBemeHO 3HaAUEHNE BEPOATHOCTH, C KOTO-
POl Ka'KIbIli M3 KPUTEPUEB OIIpelesisdeT BLIOOPKU KAaK MMeEIOIUe PasJind-

HbIe COABUI'N.
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Ta6aumna 2
a2 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
N Kpurepuit
1 CrpiofeHT 0,046 | 0,078 | 0,186 0,386 | 0,615 | 0,802 | 0,926 | 0,974 | 0,993 | 0,996 | 1
2 Paurossrit 0,088 | 0,083 | 0,156 0,281 | 0,425 | 0,589 | 0,705 | 0,825 | 0,907 | 0,958 | 0,982
3 Xarn 0,07 0,086 | 0,111 0,149 | 0,202 | 0,276 | 0,358 | 0,438 | 0,527 | 0,609 | 0,694
4 E 0,002 | 0,004 | 0,007 0,01 0,016 | 0,022 | 0,028 | 0,039 | 0,054 | 0,066 | 0,085
5 Kenys 0,691 | 0,694 | 0,6989 | 0,68 0,669 | 0,653 | 0,64 0,624 | 0,603 | 0,579 | 0,553
6 B-1-B 0,04 0,062 | 0,125 0,241 | 0,369 | 0,573 | 0,717 | 0,842 | 0,92 0,976 | 0,992
7 Buakokcon 0,039 | 0,065 | 0,135 0,272 | 0,429 | 0,603 | 0,766 | 0,877 | 0,949 | 0,978 | 0,995
8 MeuanubIit 0,082 | 0,099 | 0,173 0,311 | 0,492 | 0,632 | 0,761 | 0,849 | 0,915 | 0,962 | 0,98
B ciIiydyae KOppeJMpOBaHHBIX CJIY‘I&ﬁHBIX BeJIMYNH, IIOJIy4alOTCA

ciaenyioinre pesyabTaTbl. IIpuBesen ciayuaill MapKOBCKUX CJHyUYalHBIX Be-

anunH ¢ al=1u KoadpumueHToMm Koppeaanuu r =0.5. Pesyabrarsl JaHHO-

r'o SKCIIepUMeHTa 3aHEeCHHbl B TaOJIUILy 3.

Tad6auna 3
Ne a2 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
Kpurepuit
1 | Creiogent 0,247 | 0,538 | 0,886 | 0,987 | 1 1 1 1 1 1 1
2 | Paurossrit 0,254 | 0,33 0,513 | 0,718 | 0,866 | 0,942 | 0,984 | 0,996 | 1 1 1
3 | Xaru 0,108 | 0,152 | 0,304 | 0,484 | 0,669 | 0,833 | 0,92 0,971 | 1 1 1
4 | E 0,08 0,11 0,219 | 0,34 0,52 0,661 | 0,788 | 0,874 | 0,925 | 0,967 | 0,981
5 | Kenya 0 0 0 0 0 0 0 0 0 0 0
6 | B-z-B 0,275 | 0,335 | 0,504 | 0,704 | 0,866 | 0,958 | 0,983 | 0,997 | 1 1 1
7 | Buaxkoxcon 0,25 0,341 | 0,519 | 0,714 | 0,876 | 0,954 | 0,988 | 0,996 | 1 1 1
8 MepguaHHBIH 0,22 0,272 | 0,507 | 0,645 | 0,798 | 0,922 | 1 1 1 1 1

I'papuKm, mocTpoeHHBIE IO pe3yjabTaTaM TaOJIUIIBI 3

pucyHke 2.
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Pucynok 2 - 3aBUCHUMOCTb BEPOATHOCTH PACIIO3HABAHUA HEPaBEHCTBA

CIBUTOB OT BeJINUMHBI OTKJOHEHUA mapamerpa a2 or al=0,
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W3 rpadpukoB u TabauI] BUAHO, UTO KpuTepuii Kenys mamo adpdex-
TUBEH IJA JIOOBIX M3 paccMaTpWBAeMbIX CJIydaeB, U K IIPUMEHEHUIO He
pexkomMenayerca. MeauaHHBII KPUTEPUA KNMeeT HEBBICOKYIO 3(p(heKTus-
HOCTBH pacmo3HaBaHUsA pazamuma Mme:xkay caBuramu (0.7) mis a00bIX coue-
TaHUHN 3aKOHOB pacIpelejeHUs BBIOOPOK caydalHbIX BesquunH. HepaboTo-
CIIOCO0EeH IJis KOPPEeJHMPOBAHHBIX CIYUYAHWHBIX BeJWUYMH. E-Kpurepuii mme-
eT HUu3KYI0 3(p(eKTHBHOCThL pPACHO3HABAHUS MIPH HAJUUYNN HN3MEHEHUSA
CIBUTOB, HO MOXKEeT OBbITh HPUMEHEH IJA BLIOOPOK CIYYAWHBIX BEJUYUH C
Koa(hduiimenTo koppeadanuu g0 0.8. B aTtom cayuae KpuTepuii pasimndaeT
IBe BBIOOPKHU CJIYUYAWHBLIX BeJHWUYNH, KaK HMEIOINe pasudyHble CIBUTH, C
BeposTHOcThbIO 0.87. Kpurepuit Xaru He padoTocmocoO0eH IJIsi KOpPPearupo-
BaHHBIX BBIOOPOK. Ho, a(phpeKTHBHOCTL HEe CHMIKAETCH, €CJIU MCCIeTyeMbIe
BBIOOPKH CJIYYAWHBIX BEJIMUYMH MMEIOT Pa3IMYHbIe 3aKOHBI PacCIIpeleIeHU A
BepoATHOCTeil. PaHroOBLIN KpUTepuili He IPUMEHUM IJIA KOPPeJInpPOBaHHBIX
cayuaiiHbix BesuuuH. OgHako ero aggertuBHOCTEL (0.8-0.9) He cHMIKaerT-
cs, ecJIM HCcJiefyeMble BLIOOPKU MMEIOT pas3IMUYHbIe 3aKOHBI paclIipemeJie-
Husa BeposTHocTeili. Kpurepuit Bau-nep-Bapaena u BuakoxkcoHa uaeHTHU-
HbI II0 CBOMM CBO#cCTBaM. J(P(PEeKTHBHOCTh WX PACIO3HABAHUSA HAJIUUYUA
HepaBeHCTBAa CABUIOB ABYX BBIOOPOK CIYUAMHBIX BeJu4nH cocraBisgeT (.8-
0.9 nins BRIOOPOK € IMPOMB3BOJLHBIMHM M JasKe PasJIMYHBIMM BHUAAMU 3aKO-
HOB pacIlipefieJieHus1 BeposaTHocTeii. Ho He mpuMeHUMBI K BBIOOPKaAM KOp-
PEeJIUPOBAHHBIM.

ITockoabKy, camMa CTaTHUCTUKA KaKIOrO0 KPUTEPUSA SBJISIETCS CJIY-
YaHOW BEeJIMYMHOM, TO B JajJbHeHIIeM OyJeT MCCJIeJOBAHO BINSIHNIE BeJIHU-
YWHBI CABUTOB HA CTATHUCTUKY KaKJIOT0 KPUTEPU, C IeJbI0 OIpeIeeHU T
II0 €€ mapaMeTpaM, COCTOAHUSA 00beKTa II0CJe dKCIJIyaTallln.

BriBoabI

1. HemapameTpuuecKue KpUTEPUA CABUTa BO3MOXKHO HCIIOJH30BATh
JUIIbL B TeX CJAydasx, KOrJa 3apaHee M3BECTHO, UTO MCCJedyeMbie BLIOOP-
KM MMEIOT OQUHAKOBbIE AUCIEPCUMN.

2. PacmosHaBaHme pasjIuuyusag MeKIy CABUTaMU OBYX BBIOOPOK
CAYUYHBLIX BEJUUYMH He 3aBHCAT OT BHAA MX 3aKOHA pacupeneieHus Bepo-
arHocreii. Haumenee spdeKTuBHBIM saBadeTca Kpurepuii Kenys.

3. HeBo3MOXHO HOpHUMeHEHNE KPUTEPHUeB [IJd KOPPEeJHUPOBAHHBIX
CAy4YalHBIX BEeJIWYUH.
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YIK 629-78
IO.A. Xpamos
KOMIIBIOTEPHOE MOAEJIUPOBAHUWUE PASBEPTBIBAHHUA
BECOMOM HUTH C IOMOIIBI0O ®U3NYECKHUX JIBHKKOB

AHomauyis. ®i3uyHi 0BUMKU — O6i6IOMeKU KoMN'tomepHo20 MOOesBAHHSA
pyxy cucmem min, wjo 00380aal0mes 0odasamu i sudanamu mina 6es3nocepeod-
HbO B X001 PO3PAXYHKIB — ABAAOMb CO60I0 3pYYHUL THCMpYMeHm 018 00CI-
OXKeHHS QUHAMIKU cucmem, CMpyKmypa AKUX 3MIHIOEMbCA Nid 4ac pyxy. Y po-
6omi 3aNpoNOHOBAHO G/I20pUMM PO320PMAHHA BA2OMOU HUMKU, CKNAOeHOi 3
WAPHIPHO 38'A3aHUX MBepoux mij, Wo 000armsCA No Mipi po32opmaxHA. Mo-
0efll0BaHHA BUKOHAHO 3a donomozow 08uxkis Box2D i Bullet. lloka3aHo mox-
Jusocmi sepudpikayii pesysbmamis po3paxyHKis.

OpHoll M3 TEeHJIeHIIMI COBPEMEHHOW KOCMOHABTHUKHU SBJAETCS IHC-
II0JIb30BaHNEe Ha OpOUTe MPOTSKEeHHBIX cucteM. Tak, B 2007 r. co cmyr-
HuKa YES2 6b11 pasBepHYT 30-KHMJIOMETPOBBIN TPOC C 3aKpPEIJIEHHOW Ha
ero KOHIIe cIoyckaeMoii kKamcyJoii. Ilomo6Hble KOCMIUUYeCKHe TPOCOBhIE€ CHC-
TeMbI IIpeAIoJaraeTcs HCIOJL30BaTh IJA CO3NaHUS HHTEP(HEepoMeTpPOB C
00JbIIION 0a30i, COJTHEUHBIX 3JIEKTPOCTAHIIMI, a TaK:Ke CHCTeM YyBOjJa OT-
paboTaBIIMX KocMuUUYecKmX ammapartoB [1, 2]. B cBA3u ¢ saTuM akTyasibHA
3ajlaua MCCJIeJOBAaHUA NTMHAMUKU pasBepPThIBAHUSA TaKuX cucteM [3, 4].

Yuer BAMAHUA KOCMUUYECKOU Cpeabl Ha IBUKEHUE ITPOTAKEHHOTO
TeJia caM II0 cebe ABJSAETCA HOCTATOYHO CJOKHOU mpolOsiemoii. IlosaTomy Ha
HavaJbHOM 3Talle HCCJEeJOBAHUN IeIecO00Pa3HO YIIPOCTUTHh MCXOMHYIO IIO-
CTaHOBKY 3aJadyM, PacCMOTPeB IIOBedeHMWe CHCTeMBI B 00Jiee ITPOCTBIX
BHEIIIHUX YCJOBUIX, a MMEHHO — ICCJIeOBATh pPa3BepPTLIBAHNE BECOMOI
HUTHA C 3aKPeIJIeHHBIM KOHIIOM, HAaXOAAIIEHCS B IIOJIe IIOCTOAHHOIN CHUJIBI
TAXKECTH.

Tpoc MOKHO IIPEACTABUTH CHUCTEMOM CBSI3aHHBIX IPYT C APYTI'OM TO-
YeYHBIX MAacC WJIU TBEPABLIX Tes. MojaenmpoBaHUE IBUMKEHUSA TAKUX CHUC-
TeM C IIOMOIIbI0O COBPEMEHHBIX IIaKeTOB (PU3MUECKOTO0 MOOEJTMPOBAHUA
(mammpumep, SimMechanics nuau MapleSim) BbeITOJIHAETCA HOCTATOYHO HPO-
cto. CI0KHOCTH BO3HMKAIOT IIPU PEINeHUM 3aJad, B KOTOPBIX CTPYKTypa
CUCTEMBbI M3MEHseTcA B IIpoliecce ABMKeHUusA. [lobaBieHMe TesJ IO Mepe

© Xpawmos [.A., 2014
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pasBepTHIBAHUSA TPeOyeT OCTAHOBKHU pacueTa M BHECEHUSA KOPPEKTHUBOB B
CXeMy CHUCTEMHEI.

IlepcrieKTUBHBIM CPEACTBOM peIlleH’s IIOAOOHBIX 3ajau IIPeJCTaB-
Jg10TCsa (pusmuecKkue ABUKKU (physics engines) — OMOJIMOTEKN KOMIIBIO-
TEPHOTO MOJEJNPOBAHUA ABUKEHUS CUCTEM YacTHUIl U Tel [5], M03BOJIsSIO-
e n00aBJAATH WM YAAJATH Tejla HEeIOCPEeACTBEHHO B xoie pacuera. Ilos-
BUBIINCh B CBSA3W C PaA3BUTHEM WHAYCTPUU KOMNOBIOTEPHBIX urp u 3D-
MOJeJUPOBaHNs, 9TU OMOJMOTEKHN 3aTeM HAILIN MINPOKOe IIPUMeHeHIe B
cucTeMax BUPTYyaJibHOW peanbHOCTH [6] m poboroTexHmMKe. O0630p MoOme-
Jieil, YMCJIEHHBIX METOJOB M AaJI'OPUTMOB, MCIOJb3YyEeMBIX B (PU3NUECKUX
IBUKKaX, comepkutrcsa B [7]. Haubojsiee mOJHBIA COMCOK ITOZOOHBIX OMO-
JIMOTEeK IpuBeneH Ha caiTe [8].

Ilenbro paboThbl ABJISETCA 0030p OCHOBHBIX KOMIIOHEHTOB (usmuye-
CKUX OBUKKOB M CO3JaHME HAa MUX OCHOBE MOJIeJI Pa3BEePTLIBAHUSA BECOMOI
HUTHU.

IIpyHIMIBEI MOAEIUPOBAHUSA C MOMOILI0 (PUINUYECKUX TBHKKOB

B oriimume or mMaTeMaTHueCKHX OHMOJIMOTEK, PEaU3YIONIUX Te WU
WHBbI€ YKCJIEHHBIE METOAbI, (PpM3WUeCKUuil ABMIKOK KaK OMOJMOTEKa Jaer
BO3MOKHOCTDH IIOJI30BATEJII0O CO3JaBaTh TaKWe O0BEKTHI KaK «dYacTUIlla»,
«TeJI0», «CBSA3b» U YIPABJIATh UX XapaKTePUCTUKAMU.

MopgenupoBaHue ¢ IIOMOINbIO (PHU3UUYECKOTO ABMIKKA HAUMHAETCA C
CO3MaHUsI BUPTYAJILHOTO IIPOCTPAHCTBA — «MHPa», B KOTOPBIHA IIOMeIla-
IOTCA YacTUIBI 1 Teja. Tejia MOTyT OBITH TBEPALIMU MU « MATKUMU» (Soft
body), ¢ sagaHHBIMU XapaKTepUCTUKaAMHU ABUMKeHUA U Maccoii. Kpome To-
ro, Ka:KJIOMY TeJly IpucBamBaeTcsa onpeneneHHasa ¢opma (collision shape),
KOTOpadA IIOTOM HCHOJIb3YeTCA MPU aHAJN3e CTOJKHOBEHUM.

3arem 3amaloTcs MEMCTBYIOIME HA TeJjia CUJIBI M UMOYJIbChI, T00aB-
JISIIOTCS CBS3BW MEXKJY TeJlaMU UM BBIMOJIHSIETCA pacueT ABu:KeHuss. OCHOB-
HBIMHU 3aJadyaMyu (DU3WUYECKOTr0 MBUIKKA HA 9TOM dTalle ABJIAITCA OOHApPY-
JKeHMe CTOJKHOBEHUUM MeXKIy TeJlaMU UM pacueT Ha OCHOBE ATOM mMHMoOpMa-
MU COCTOSIHUS TeJI B CJeAYyIIuii MoMeHT BpemeHu. [losyueHnubie JaHHbBIE
O COCTOAHWU TeJ ImepefarTcA CPeACTBY oToOpakeHUus (peHOepepy).

ITo okOHUAHMM pPAcCUETOB BBIMIOJHAETCA «yOOpKa Mycopa»: ymaJis-
IOTCSI CO3JaHHBIE CBSA3U, TeJa U AP. 00bEeKTHI.

Paccmorpum mozapoOHee 1mar pacuera 1mo BpemeHu. IIpexme Bcero
BBITIOJIHAETCS OOHapy:KeHue cToJKHOBeHmuii TeJs (collision detection). Omo

COCTOUT M3 HMIMPOKOH m y3koil (pas (broadphase m narrowphase). Bo Bpema
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IMUPOKOH (has3bl AJTOPUTM OOHAPYKEHUS CTOJKHOBEHUII HAXOOUT Haphl
MIOTEHIINAJbHO B3aMMOIEHCTBYIONINX O0BEeKTOB. IIpum 3TOM HCIOJIL3yeTCs
VIOpOIIleHHas TeOMeTPUus CHUCTEeMblI, HaIpUMep, Teja 3aMeHSIOTCA BBIPOB-
HEHHBIMU II0 OCSIM OTPaHMUYMBAIOIUME IapaJuienenunegamu (axis aligned
bounding box). Iasiee HacTymaetr uepen y3KO#H (pa3bl, BO BpeMA KOTOPOM
IBUKOK MIOJI’KEH OIIPeNesINTh peaibHble TOUKM KOHTaKTa TeJ, HOpMaJau U
TJIYyOMHBI IIPOHUKHOBEHUA. Y3Kasd (pasda OOBIYHO 3HAUUTEJIBHO «IOPOKEe» B
BBIUKCJIUTEILHOM ILJIaHE, YeM MINPOKasd, M03TOMYy OT 3(h(GEeKTUBHOCTU BBI-
MIOJTHEHUS IIMUPOKOI (Pasdbl BO MHOTOM 3aBUCHUT IIPOM3BOAUTEIHLHOCTD
IBUKKA IPU OOJILIIIOM KOJIMYECTBE TeJI.

Yuerom oOHapy:KeHHBIX CTOJKHOBeHUU (resolve collisions) sawnu-
MaeTcs IMOACUCTeMa IBUMKKA, HasbiBaeMas «periareiaeM» (solver). B sana-
Yy pelrnaresisi BXOAUT BBIUKCJIEHUE CKOPOCTEH TeJs IIOCJie CTOJKHOBEHUA, U
KOPPEeKIINUs UX II0JOKeHU BO n3berkanre NIPOHUKHOBEHUA APYT B Apyra.

Ha saBepiaioremMm sraie IMPOUCXOIUT BBIUMCJIEHNE HOBBIX KOOPIU-
HAT M CKOpocTe#d TeJs. Il 3TOr0 MCIOJB3YIOTCA TPAAUIIMOHHBIE METOMbI
YHCJIEHHOTO PeIleHnsT OOBIKHOBEHHBIX Au@depeHInaIbHbIX YpaBHEHU, B
YaCTHOCTU, MeToAbl Jditiepa-Kpomepa, Bepyae u Pyure-KyTTshI.

Bosiee mogpoOHO BHYTpeHHEe YCTPONCTBO M MPUHIIUIIBI PAOOTHI (pu-
3WYECKUX ABUIKKOB omucansl B [9—11].

Cxema HUTH

IIycTh HUTHL COCTOUT M3 IMIAPHUPHO CBA3AHHBIX TBEePAbIX Tel. B
(pusMUecKnX ABUIKKAX HCIOJb3YIOTCS CJEIYIOINe TPU BUAA TBEPABIX TeJ:

 muHamunueckue teaa (dynamic rigidbodies) — oOGbIuHbIE TBepAbIe
TeJia, CIOCOOHBIe JBUTATLCSI U CTAJIKUBATHCA C IPYTUMU TeJaMu;

e cratuueckue rteiya (static rigidbodies) — HemoaBuiKHBIE Teja, C

KOTOPBIMM MOT'YT CTAJIKMBaATbCA OAPYyT'HUe TeJia,

 kmuHematuueckme Ttena (kinematic rigidbodies) — moaBu:KHBIE
TeJia, OBUMKEHMNE KOTOPBIX 3aJaeTcA II0Jb30BaTeJIeM U CTOJKHOBEHUE C
IPYTUMHU TeJaMU He MOYKEeT ero M3MEHUTh.

B mamem cayuae moHamobATCA AMHAMUUYECKHUE Tejaa, COCTABJIAIO-
Iye HUTh, U CTaTUYECKOe TeJI0, K KOTOPOMY HUTH OyAeT KPenuThCA.

Ina coeqmHeHUA TeJ IMoHamoouTca chepudueckuii mapuaup (revolute
joint) (puc. 1la), momyckaroimuii ogHy (B IIJIOCKOM cJiydyae) uau Tpu (B IPO-
CTPAHCTBEHHOM) BpalllaTeJbHbIe CTEeIIeHW CBOOOIbI, a TaK:Ke IIpuU3MaTHUye-
ckoe coenumueHue (prismatic maum sliding joint), mmeromiee ogHy mocTyIma-
TeJbHYIO CTeIeHb ¢cBOOOALI (puc. 10).
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a) 0)
Pucynoxk 1 — CoeguHEHUS MEXXKAY TeJaMU U UX YCJIOBHBIE 0003HAUEHM:

a) cpepumuecKkuii mapHUpP; 0) IpmaMaTUUYecKoe coenuHeHue [12]

Kpome Toro, B coemfMHEHUSAX MOYKHO 3agaTh MOTOPBI (joint motor),
TO €CTh CHJIBLI, PEryJIMPYIOIMe B3anUMHOEe ABUKEHINE COeIWHEHHBLIX TeJ, a
Tak:ke orpanmumtenu (joint limits) B3ammHOrO INepemerieHus/BpalleHU
Tea. Iasa mMomenrnpoBaHUA pPasBepPTHIBAHUSA HEOOXOAWMMO 3aJaTh MOTOP B
MIPU3MATUYECKOM COeIWHEHWNM, IIO3BOJISIOIINII pas3gBUraTh Tejia C 3aJaH-
HOM CKOPOCTHIO.

CxeMa pas3BepHYTOH HHUTHU IpeAcTaBJeHa Ha puc. 2.

D
:
:

Pucynok 2 — Cxema pasBepHYTOH HUTH
AaroputMm pasBepThIBAHUSA
AJropuTM pasBepTHIBAHUA HUTH COCTOUT M3 ABYX OCHOBHBIX dTa-

IIOB: mHUIuaaun3anuu (puc. 3) U mIara pacuera.

|Cozpmaem ¢MHp» M 3a0aeM CpaBUTalHD

CospaeM cTaTHYecKoe Teldo ground

CosfaeM IHHaMHYeCKOe Telo jointBody ® moMemaeM ero B TOYKY KpeIlleHHS HETH|
CoenueseM ground m jointBody chepHYecKHM WapHHpOM

-CosnaeM IuHaMH4YecKoe Telo transBody

CoepmEseM jointBedy ® transBody npusMaTHYecKHM MapHHpOM, 3allaeM MoTOp

Pucynork 3 — AJropuTM pas3BepTHIBAHWA: MHUNMAINIANNA (IICEBIOKO)
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ITo oxoHUaHUN MHUINAJIU3AIUYN CHUCTeMa IIpuodOperaeT BHUM, ITOKa-
3aHHBIA Ha puc. 4a. HuTh cocTouT M3 eJUHCTBEHHOTO 3Be€HAa, BKJIOUAIOIIe-
ro B ceba nBa Tesa (jointBody m transBody), coegmHeHHBIX ITpuU3MaTHYe-
CKUM IIIAPHUPOM.

B xome pasBepThIBAHUA 9TU TeJia Pa3JBUTAIOTCA C 3aJaHHOU CKOPO-
crhio. Korga paccrodHme MeXAy HUMHN MPEBBICUT HEKOTOPYIO (DUKCHUPO-
BaHHyl0 aauHy length (puc. 46), 3BeHO TpaHCHOPMUPYETCH: YAAIAETCS
CBA3BIBAIOIUI Teja ImapHUpP (puc. 4B) um cos3gaeTca HOBoe Tejo newBody
(puc. 4r). Ecau HUTH ele He pas3BepHYyTa Ha IOJHYIO IJIUHY, TO newBody
coeguHseTcsa ¢ jointBody mpuamaTmueckuMm ImapHupoM (puc. 44) M mOpo-
IIeCC pas3BepTLIBAHUSA IIPOAOJIKaeTcsa yiKe B 3BeHe jointBody—mewBody.
Tenepr newBody wurpaer poss transBody (puc. 4e). Eciu Xe HUTH pas-
BepHYyTa, TO newBody u jointBody coemuuAmTcA chepuuecKuM MIapHUPOM

1 CHCTeMa IpuoOpeTeT BHUM, IIOKa3aHHBIN Ha puc. 43.

JjointBody

transBody

: jointBody ;O jointBody ;Q _iL-i.m[;m]S |ull:|l[§nd\ jointBody :ﬁ JointBody :@ jml]llSud\

tranzBody [] newBody O newBaody transBody @ transBody

O transBody o transBody O transBody O transBody O O O
a) 0) B) r) 7) e) K) 3)

Pucynox 4 — Cxema pasBepThIBAHUS HUTU

IITar pacuera ajaropuTMa pasBepPTHIBAHUSA HUTU IIPEACTABJICH HAa
puc. 5.

BrrqucnseM INMHY 3BeHa
Ecnmu pnuaa seexa boneme length
yoandeM IpH3MaTHY9ecKWd NapHHP
cosfaeM NUHaMHYecKoe Telo newBody
Ecnmy HETE He pasBepHYTa HOMHOCTBE
coepuHaeM newBody u jointBody npEsMaTHYecKHMM WapHEpPOM
HHade
coepuHsaeM newBody u jointBody chepuyuecrKuM mapHHpOM
coeguHAaeM newBody u transBody cdeprdyeckuM WapHEpoM
transBody = newBody

Pucynox 5 — Anroputrm pasBepThIBaHUA: IIar pacuera (ICEBIOKOM)
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MoaeaupoBaHue pa3BepThIBAHUS

PaccmoTpuM peanmsalnuio aJropuTMa pasBEepPTLIBAHUSA Ha IpUMepe
IByX (puamuecKux ABMKKOB — Box2D [13] u Bullet [14]. IIporpamMmMHuBIit
KOJl peayin3anuy HaxXoAUTCA Ha caiiTe [15].

Box2

Box2D — cBOOGOmHBIII ABYMEPHBIHI (PU3MUYECKUI IBUKOK, paspado-
ranublii IpuHoM Karro (Erin Catto). IIpocroit B ocBoenuu, Box2D mupo-
KO MCIIOJIb3yeTCs B KOMIIbIOTEPHBIX urpax (B uacTHocTH, B Angry Birds) u
B YUEOHBIX ITPUJIOKEHUIX.

Box2D mnpemHasHaueH [IJs MOJEJHUPOBAHUSA AUHAMHUKN CHCTEM
TBEPABIX TesJ. Tesa MOryT OBITH CBA3AHBI IMAPHUPAMH Pa3JIUUYHBIX BUIOB
(Bcero mx OoJjiee mecsiTKa), CHAOKEHHBIMM MOTOPAMM M OTPAHUUYUTEIAMU,
IIOABEPraThbCs IEMCTBUIO PAa3HBIX CHJI, B YaCTHOCTH, CHJI T'PABUTAIUU,
TpeHus u ynapa. [IBHKOK MOKeT MOJAeJHPOBATHL CTOJKHOBEHUS TeJ, CO-
CTaBJIEHHBIX M3 BBINYKJLIX MHOTOYT'OJbHHKOB, OKPYXHOCTEH U JIMHUIA.
Pab6ora ¢ Box2D moapo6Ho onucana B [16].

Box2D manucam Ha C++ m MoKkeT paboraTh Ha JiI000# maatdopme,
Ha KoTopoii nmpucyrcrByeT KomnuaaTrop C++. Kpome Toro, oH mopTupoBaH
HA MHOTHWE A3bIKM MPOTPAaMMUPOBAHUSA U IIPOTPAMMHBIE CpPelbl, BKJIOUAS
Java, C#, Adobe Flash, JavaScript u Delphi.

PesysnbTaThl MOAEJIMPOBAHUSA Pas3BepPThIBaHUA IpPU oMol Box2D

ImpeacTaBJIeHbI Ha puc. 6.

d A

a) 6) B) r) hiy)
Pucynoxk 6 — Kazapbl anuManum pasBepThbIBaAHUA HUTH,
CMOJIeJINPOBAHHOIO npu momoinu Box2D

Bullet
Bullet — cBoGoaHEBIN TpexXMepPHBIN (PU3UUYECKUI ABUIKOK PeaJbHOTO
BpeMeHU, paspaboraHHbIT IpBuHOM Kymancom (Erwin Coumans). Ilomu-

MO TBEPABIX TeJI, ABUMOK IIO3BOJIAET MOAECJINPOBATH ABUMKEHNE MATKNX
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TeJ, peaju3yeT MeTOAbl T'MAPOAUHAMHUKH CIJIaKeHHBIX yacTuil (smoothed
particle hydrodynamics), moaggep:xuBaet Texuogoruu CUDA u OpenCL.

Bullet akTuBHO McHmoab3yercsa B KoMmnbioTepHEIX urpax (GTA 4, 5),
dunpmax (Shrek 4), mporpammax 3D-momenupoBanus (Blender).

Ha puc. 7 mpeacraBjeHbl pe3yabTaThl MOAEJINPOBAHUSA Pa3BEPThI-
BaHHNS HUTHU ¢ nmomoiibio Bullet.

BoamoskHOCTH BepuduKanuu pe3yIbTaToB

PaccmorpenHbie BbIIIe OMOJHMOTEKM SIBJISAIOTCSA CBOOOAHBIMH M pac-
IIPOCTPAHSAIOTCA C OTKPBITBIM MCXOAHBIM KOJOM, UTO IIO3BOJISAET CIeIua-
JIUCTY CAMOCTOSATEJbHO OIEHUTHL TO, KAaK PeaJrn30BaH TOT WJIU WHON KOM-
IIOHEeHT OMOJMOTeKU M, IPU HEOOXOIMMOCTH, MCIPABUTL OIMNOKU WMJIU JO-

0aBUTH HOBbIEe KOMIIOHEHTEI.

Rope Deployment -+ x Rope Deployment -+ Rope Deployment -+ Rope Deployment -+

a) 6) B) r)
Pucynor 7 — Kazapsl aHUManuy pasBepThIBaHUSA HUTH,
cMomenupoBaHHoro mpu momoinu Bullet

Kpome Toro, Mo;XHO CpPaBHUTHL MEXKJY CO0OI pe3yJabTaTbl, IIOJIY-
YeHHBI€ C TOMOINBIO PasHBIX ABUIKKOB. [lJI 3TOTO CYIIIECTBYIOT (hopmMar
COLLADA Physics u API Physics Abstraction Layer (PAL).

COLLADA [17] — »oTo craHmapTHbIil (opmar oOMeHa TaHHBIMU
Mexnay 3D-mpumaokenuamu, ocHoBaHHBIM Ha XML. Cramgapr COLLADA
COCTOUT M3 HECKOJBKUX uacTeii, ogua u3 KoTopbiXx — COLLADA Physics
— OTBeyaeT 3a Ilepefauy JaHHBIX O (usuueckux ob0beKTax. PDaina
COLLADA mpexacraBiaser co00ii MIHOBEHHBIM «CHHMOK» BHPTYaJbHOTO
IIPOCTPAHCTBA, CoAep:KalIuil JaHHBIe 000 BCeX HAXOAAIIUXCA B HEM TeJjax
U cBA3AX Mexxkay Humu. CraHmapT moajep:kuBaeTcsaA HamboJjee M3BECTHBHI-

MU (PU3NUYECKUMH IBHXKKaMu, B udacTHocTu, Bullet. 9To maer Bo3MOM«K-
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HOoCcTh, mMnoptupya ¢aia COLLADA, BLIIOJHUTH aHAJOTHYHYIO CHMYJIS-

U0 HA IPYIOM JIBUIKKE.

Wuoit mongxon kK odmMeHy mamubiMu mnpeaiaraerca B PAL [18]. PAL
IIpeicTaBasAeT co00it mHTep(deiic K abcTpaKTHOMY (DU3UUYECKOMY ABUIKKY, C
IIOMOIIbI0 KOTOPOTO Pa3pabOTUMK MOYKET MCIIOJIb30BATh OJHOBPEMEHHO He-
CKOJLKO IBUKKOB MJIM MEHSTHL UX MEyKIy co00ii, B TOM UHCJIe HEeIoCpe-
CTBEHHO B XOJle PacueTOB.

BriBoasl

WUcnonbp3oBanue (puamUeCKUX ABUKKOB II03BOJISIET Pas3spabOTUMKY
pacyeTHBIX HPOrPaMM OIIepHMPOBATh O0BEKTaMHu 0ojiee OJM3KHMMU K IIpes-
METHOM 00JiIacTM — OUHAMKWKE CHCTEeM TBepPALIX TeJ — II0 CPaBHEHHIO C
IIOJXO0/I0OM, OCHOBAHHBIM Ha HCIIOJIb30BAHUM SA3LIKOB NPOTPaMMUPOBAHUSA
0o0I1ero Ha3HaYeHUsI COBMECTHO C MaTeMaTUYeCKUMU OMOJIMOTEeKaMu.

dusznuecKkue ABUIKKM MO3BOJSIOT 0€3 3HAUUTEJILHBLIX YCHUJIUHA pas-
paboTaTh IIpOrpaMMy Pas3BePTHIBAHUSA HUTH U IIOJIyYaTh Pe3yJabTaThl pac-
yeTOB B peajibHOM BpeMmeHu. CiaegyeT OTMETHUTb, YTO OJA OOJILIINHCTBA

(pusmUeCKUX IBUKKOB CKOPOCTH BBLIIIOJIHEHUS PACUETOB BarKHee UX TOUHO-

ctu. IlosTomy, B yacTHOCTH, BO MHOTUX IBUKKaX MNCHOJb3YIOTCA METOIbI

YKMCJEHHOT0 MHTErPUPOBAHUA He BBIINIe 2-ro mopaaka. OmHaKo, OJs CBO-

OOMHBIX NBUYKKOB STOT HEIOCTATOK JIETKO HCIPABUTH MOIKJIIOUEHUEM [0-

MMOJTHUTEJbHBIX MaTeMaTUYeCKuX OmOJIMOTEK.

OrMeTuM, UTO PAL (PU3MUECKUX ABMIKKOB IIO3BOJISET PACCUHUTHIBATH
IMHAMUKY OeopMUPyeMbIX (MATKUX) TeJa. OgHaKO MeTOnbl, Ha KOTOPBIX
OCHOBBLIBAIOTCSA 3TH pacueThl, BeCbMa CKYIHO ONHCAHBLI B PYKOBOJACTBaX U
TPeOyIOT majibHelInero maydeHusA. IlosTomy B paboTe IIpeasOKeH aJiro-
PUTM MOJEJNPOBAHUSA Pa3sBepTHIBAHUA HUTHU, COCTABJIEHHOUN M3 MIAPHUPHO
CBsIBaHHBIX TBEPIBLIX TeJI.
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UDC 004.272.43.003.13
V.P. Ivaschenko, G.G. Shvachych, M.A. Tkach
PROSPECTS OF NETWORK INTERFACE INFINIPBAND IN
MULTIPROCESSOR COMPUTER SYSTEMS FOR SOLVING
TASKS OF CALCUALTIONS' AREA SPREADING

The article investigates the specific application InfiniBand network interface
in a multiprocessor computer system for tasks aimed at increasing the
computational domain. The main patterns regarding the computing time of a
task depending on changes in the field of computing in a multiprocessor
system. The carried out researches had the aim to determine the deceleration
rate calculations. The rate is connected with an increase in the computational
domain of multiprocessor system in comparison with a computer having the
unlimited field of computing.

Keywords: multi-processor computer system, computing nodes, calculations '
area for multiprocessor systems, computing platforms.

Introduction

The need to use high-performance computing in the whole world
belongs to the fundamentals of developing a strategic capacity and has
an important scientific, technical and economic importance. Nowadays
there are two main methods of improving productivity and performance
of computing systems:

— the use of increasingly complicated element base;

— parallel execution of computational operations.

The first method needs a very significant investment. Experience
of the Company CRAY which created supercomputer based on gallium
arsenide showed that the development of fundamentally new element
base for high performance computing systems is a daunting task even
for such a well-known corporation. The second method dominates after
the announcement of the U.S. government program: " Accelerated Stra-
tegic Computer Initiative » (ASCI). Taking the above in account we note
that in recent years the process of creating high-performance systems
developed mainly in the direction of combining many parallel processors

© Ivaschenko V.P., Shvachych G.G., Tkach M.A., 2014
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for the solution of a large and complex task [1 — 3]. In this regard now

we equate supercomputer and parallel (multi) computer system.

We note that the development of such systems is an actual prob-
lem. This is not only because of the fundamental limitations for the
maximal possible speed of conventional serial computers but also be-
cause of constant existence of computational tasks for which capacity of
existing computer equipment is insufficient. These tasks include, for
example, the numerical modeling of hydrodynamics and metallurgical
Thermo physics [4 — 5], the pattern recognition problem, optimization
problems with a large number of parameters, climate modeling, genetic
engineering calculations, design of integrated circuits, analysis of envi-
ronmental pollution [6] as well as solving a wide range of multi-
dimensional unsteady problems [7], etc.

However, there were not many researches devoted to the effec-
tiveness of computing parallelization. This can be explained by the fact
that this problem is extremely complex because the efficiency of paral-
lelization of calculations depends on many factors. Along with this, we
note that neglecting of these factors can negate the effect of increasing
the number of processors used. Taking into account the marks, this
work is aimed at disclosure the effectiveness of parallelization for a cer-
tain class of tasks solved by using multiprocessor computer systems.

Analysis of recent research and publications

Currently there appeared a unique opportunity to create inexpen-
sive installations network technologies of the supercomputer’'s type:
multiprocessor computer clusters. Until recently, there was doubt in the
prospect of such a direction. However, with all the "pros” and "contras”
the permanent residents in a list of Top500 : companies Cray, Sun, Hew-
lett-Packard and others had to make room passing forward a number of
cluster solutions. On the other hand, now the market is rapidly develop-
ing, and manufacturers of networking solutions based on cLAN, Myri-
net, ServerNet, SCI continue to improve their technologies, practically
enabling to construct their own version of a supercomputer without any
financial expenses. It is obvious today there are many different options
for building cluster computing systems. However, one of the major dif-
ferences in their design lies in the networking technology, the choice of
which is determined by the class of tasks. For example, solving the met-
allurgy tasks via the mathematical modeling of high-speed heat treat-
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ment of the long length objects. One of the main problems can be formu-

lated as follows: we have a differential grid of dimension M, the compu-
tation time of solving the task with using a single-processor system is
determined by t¢. This parameter is critical. It is necessary to reduce sig-
nificantly the computation time while preserving the value of M. Here
we consider the problem of reducing the computation time by increasing
the number of nodes in a cluster system. This approach is focused, for
example, on the development of new technological processes in which
the computation time is a critical value. In addition, similar problems
often have to be solved in the fields of medicine, military equipment,
etc.

Thus, the theme of designing cluster multiprocessor systems to-
day is relevant, interesting and experiencing a stage of rapid develop-
ment. It is clear that using high productive clusters (HPC) is an effec-
tive way to solve a wide range of topical problems. In our opinion, the
new qualitative stage of development of multiprocessor cluster system
lies in the use of new advanced network technologies. This is explained
as follows. Network computing cluster system is fundamentally differ-
ent from a network of workstations, although it demands to build clus-
ter conventional network cards and hubs/switches that are used in the
design of a network of workstations. However, in the case of a cluster
computing system, there is one fundamental feature. Cluster network is
primarily intended for computing processes, not for computers’ commu-
nication. In this regard, the higher is the throughput speed of a com-
puter network cluster, the faster will be solved users’ parallel tasks per-
formed at the cluster. Thus, the technical characteristics of computer
networks is of the utmost importance for multi-cluster systems.

By now the problem of choice and analysis of network technology
for modular multi-cluster systems was not well developed. In addition,
practically there are no works devoted to the study of influence of net-
work technologies on parallelization efficiency in modular multiproces-
sor cluster systems. In this regard studies, considered in this paper, are
directed on prospects for InfiniBand network technology application for
solving tasks with an expandable calculations’ area.

Statement of the Problem Research

In this paper we consider the following problem. There is a dif-

ferential grid having dimension M; the computation time for solving the
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task by using a single-processor system is determined by the value t.
This parameter is not determinative. The principal is increasing the size
of the net, and above the one which can be processed in a computer
memory. This procedure is critical for a more detailed account or get-
ting some new effects of the investigated processes. It is necessary to
investigate the features of the calculations under this class of tasks
based on the use of multiprocessor computer system having network in-
terface InfiniBand.
Purpose and objectives of research

The purpose of this work is to study the specific application In-
finiBand network interface in parallel computing for solving tasks re-
lated to the extension of the computational area.

First of all, it is necessary to:

1. Identify the basic regularity regarding the counting time for a
task depending on changes in the field of multiprocessor computing sys-
tem designed on the application of network interface InfiniBand. At the
same time it is important to carry out the main analytical interconnec-
tions defining the dependence of the solution of the problem on the basic
parameters of a multiprocessor system.

2. Explore the option of a hypothetical computer with unlimited
memory and to hold the comparative analysis with a real multiprocessor
system; compare features of formation computational area for this com-
puter with analytical interconnection; show the results of the compara-
tive analysis of the functioning of a real multiprocessor system and hy-
pothetical computer with unlimited memory to determine the main fac-
tors affecting the efficiency of parallelization of a real computer system.

3. Run the modeling phase of the main performance characteris-
tics of the problem being solved by the application of a multiprocessor
system designed on the application network interface InfiniBand.

4. To carry out the research aimed at determining the rate of de-
celeration the calculations associated with an increase of the area of
multiprocessor computing system, distributed over its nodes, in a com-
parison with a computer with an unlimited area of computing.

Derive analytical expressions for the rate of deceleration the cal-
culations. Studies are directed on further development of the approach
given below which was focused in [5 — 12]. The studies and developed to
a multiprocessor system [13].
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The main material of research

Thus, we consider the task of expanding the area of computing by
increasing the number of nodes in a cluster system. We assume that the
area is evenly distributed among computing nodes of a cluster system.
For the convenience of research we also assume that the area in which
the calculations are carried out has the shape of a circle. At the same
time each node of the multiprocessor system corresponds to one sector
of an isometric circle. Taking into account that each cluster node has
available RAM R (Gbit), the total area of computing for a multiproces-
sor system is represented as the ratio:

S= NLF, (1)
where N — number of nodes in a multiprocessor system.

In the conditions when the area of computing is maximally loaded
and evenly distributed among the nodes of a multiprocessor system, one
can define a formula to calculate the volume of the boundary data ex-
change (in Gbit). This formula is:

— mong) S
Eex_mDNq/; , (2)

The value of m may be equal to unity for a unilateral regime of
boundary data exchange or two for bilateral one. Note that at N = 1 it
is completely obvious that the value of the amount of data exchange
boundary (E,) vanishes.

Under such circumstances it is possible to determine — T_the

time of data exchange among the boundary nodes of the cluster c. Note
that the counting time iteration depends only on the power of the proc-
essor while the time of boundary data exchange is dictated by the size of
the differential grid, the number of nodes of the cluster system and
computer network capacity. Consequently, one can determine the value

T from ratio:

E
T, =—2. 3
ks 3)
In the expression (3) V — is the cluster network -capacity

(Gbit / s). In general a communication network throughput in a multi-
processor system can be determined on the relation:
V=kdy,, (4)
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where V, (Gbit /s) is the network capacity of a port, x — is a number of

computer network communication channels which operate simultane-
ously (the number of computer networks), d — half-duplex (d = 1) or du-
plex (d = 2) mode of a cluster computer network system. In this class of
tasks all calculations are made on the basis of the differential grid. In
addition, for the analysis of the effectiveness of a multiprocessor system
the most important parameter is the calculation time per iteration (T,).
To=T +T,, (5)
Here T"is the computing time for one iteration of a multiproces-
sor system (s):
Obviously, for the case where N = 1 we obtain that
T, =T.. (6)

where T! — is the counting time per iteration for a single-processor com-

puter system. For the case where N > 1 the total calculation time per
iteration will be determined as (7) regarding expression (2).

m[INQ/§
T =To (7)

For the considering type of tasks we will specify the first term in
(7). Wherein:
S
T =——, (8)
N [V,
V. — counting rate of one iteration of the task for this type of processor

and associated numerical methods which are determined experimentally.

Using (1), the expression (8) is presented as following:
N_R

Tc V. (9)

Analysis of (9) shows that T depends on the memory amount

used by the CPU and on the speed of computation for one iteration for

this node type multiprocessor system.Thus, we have all the prerequisites

for the determination of total computation time per iteration for a mul-

tiprocessor system:

T, =Ry U8 (10)
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Analysis of (10) shows that at the increase of the computational

area in N times the calculation time for the task grows as N®? with a
coefficient that depends on the amount of RAM node cluster network
capacity and the character of communication among nodes , i.e.:

T, = TN +N¥20F @m, R, V). (11)

Analysis of (11) shows the perspective of the modern communica-
tion technologies, e.g., InfiniBand application and also the use of multi-
core computing platforms.On the background of the conducted research
let us consider the case of hypothetical computer with unlimited mem-
ory. Thus, taking into account the relation (6), we obtain:

THe)= (12)

VC

In (12) the total area of the hypothetical computer calculations
represented in the form:

S=ilR, (13)
where i — coefficient that determines the change in the area of comput-
ing hypothetical computer. Analysis of the interconnections (12) and
(13) shows that the increase of the total amount of computation in N
times the calculation time increases linearly with some coefficient de-
pending on the computational capabilities of the processor.

In accordance with the derived computational interconnections’
the experiments for a computing platform equipped with a processor In-
tel EB400 3 GHz were conducted. Here features of the tasks of the
solved class and the ones of the cluster system were accepted as the ini-
tial characteristics. It is shown in Table.1.

Table 1
Initial data for calculating system performance using a computing plat-
form equipped with a processor Intel E8400 3 GHz

Vp 8 Gbit/s

T 100 s
14 10°

Ve bit/s

R 24 Gbit

m 2

d 2

k 1

The obtained simulation results are listed in Table 2 .
Under this system simulation results showed the following general
trend: in effect a significant impact of time for the boundary data ex-
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change by the total time for solving the problem, on the background of

expansion of area calculation time to solve the problem for real multi-
processor system will increase significantly compared with the ideal
computer.
Table 2
The results of calculating the basic characteristics of the system
equipped with a processor Intel E8400 3 GHz

Sn Eex Tex Te,n | Tit Tid

48,00 | 15,64 1,95 | 1,71 | 3,67 3,43
72,00 | 28,73 3,69 | 1,71 | 5,31 5,14
96,00 | 44,23 5,63 | 1,71 | 7,24 6,86
120,00 | 61,82 7,73 | 1,71 | 9,44 8,57
144,00 | 81,26 | 10,16 | 1,71 | 11,87 | 10,29
168,00 | 102,40 | 12,80 | 1,71 | 14,51 | 12,00
192,00 | 125,11 | 15,64 | 1,71 | 17,35 | 13,71
216,00 | 149,29 | 18,66 | 1,71 | 20,38 | 15,43
240,00 | 174,85 | 21,86 | 1,71 | 23,57 | 17,14
264,00 | 201,73 | 25,22 | 1,71 | 26,93 | 18,86
288,00 | 229,85 | 28,73 | 1,71 | 30,45 | 20,57
312,00 | 259,17 | 32,40 | 1,71 | 34,11 | 22,29
336,00 | 289,64 | 36,21 | 1,71 | 37,92 | 24,00
360,00 | 321,22 | 40,15 | 1,71 | 41,87 | 25,71
384,00 | 353,88 | 44,23 | 1,71 | 45,95 | 27,43
408,00 | 387,56 | 48,45 | 1,71 | 50,16 | 29,14
432,00 | 422,26 | 52,78 | 1,71 | 54,50 | 30,86
456,00 | 457,93 | 57,24 | 1,71 | 58,96 | 32,57
20 | 480,00 | 494,56 | 61,82 | 1,71 | 63,53 | 34,29

The obtained simulation results are displayed in the form of plots
(Fig. 1).
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Figure 1 - Curves of the calculation time of one iteration depending on
the size of the computational area for a multiprocessor system equipped
with an Intel Pentium 4 3 GHz
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As we can see in Fig. 1 counting time per iteration by increasing

the computational area of a multiprocessor system varies according to
the nonlinear dependence (curve 1, T.). This dependence shows that an

increase in the computational area in N times the calculation time of the
problem grows as N°/? with a coefficient that depends on the amount of
RAM for the node cluster network capacity and the nature of data ex-
change among the computing nodes. Counting time for one iteration of a
hypothetical computer with unlimited memory, as was expected, in-
creases linearly (Line 2, T;;). The angle of a line inclination is deter-
mined by the characteristics of the applied computing platform. Note
that the experiments were carried out for a multiprocessor system
shown in [13].

For the system described above simulation results showed the fol-
lowing general trend: significant impact time for the expensed area to
solve the task of boundary data exchange by the total time for solving
the task for real multiprocessor system will increase significantly com-
pared with the ideal computer.

Further studies are directed at determining the deceleration cal-
culations’ rate (K) associated with an increase of the multiprocessor
computing system area distributed over its nodes in comparison with
one computer with an unlimited computing area. Obviously, such a de-
celeration rate will be determined by the ratio.

N
K= o, (14)
Te(S)
Equation (14) shows that this factor is calculated and, simultane-

ously, one has to take into account the increase of the computing area of
a multiprocessor system distributed above the nodes. Using (5) we ob-
tain:
— TCN + TEX
T Tl
(9
In regarding (7 - 10), (12) and (13), the value of deceleration cal-
culations’ rate (K) can be represented in the form convenient for analy-

(15)

sis:

K = %(1+%). (16)

c
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Expression (16) can be represented in a form suitable for analy-

sis:
1
K= N(1+K1). (17)
In the expression (17) K; is defined as:
K= —ex. (18)
TC

This factor can be interpreted as the ratio of the active decelera-
tion due to the fact that this value mainly affects the deceleration rate
of calculations in general.

The features of the solved class of tasks and the ones of the clus-
ter system were accepted as the initial characteristics and shown in Ta-
ble.1. The simulation results are presented in the form of plots (Fig. 2).

K X

Kll'g __.; ,

KH:fi \ #f?{—f
1.2

03 N
05 X
04 S
0,2 —— 3
D T T T T T T T =
0 2 4 B 8 10 12 14 16 N
Figure 2. - Curves deceleration rate of the number of nodes in a multi-

processor system equipped with a processor Intel E8400 3 GHz

In Figure. 2 Line 1 shows the general trend of the deceleration of
calculations rate. Line 2 shows the effect of time of the boundary data
exchange on deceleration computing coefficient. At the same time line 3
shows the effect of the number of nodes in a multiprocessor system by
the value of deceleration calculations’ rate. These dependences have a
significant effect on computing time of the boundary data exchange de-
celeration coefficient. Last underlines the need to perform a procedure
matching the network interface and computational capabilities of the se-
lected computing platform. Furthermore, it becomes apparent that at
other equal conditions for a multiprocessor system we have a problem of
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optimal choice of the nodes’ number to minimize the deceleration rate

calculations.
Conclusions and prospects for further research

1. We revealed main patterns regarding the counting time for the
task depending on changes in the computing area for a multiprocessor
system. It is shown that at the increase of the total amount of computa-
tion in N times the calculation time increases in N *2.

2. We derived the main analytical interconnections determining
the dependence of the task solution on the basic parameters of a multi-
processor system. Such interconnections showed that the calculation
time for a task grows nonlinearly with a coefficient that depends on the
amount of a node memory, network capacity and the nature of the clus-
ter communication among computing nodes.

3. We considered an option of a hypothetical computer with
unlimited memory and held its comparative analysis with a real multi-
processor system and derived analytical expressions defining features of
the computational area for the formation of such a computer. To deter-
mine the main factors affecting the efficiency of parallelization of a real
computer system there were analyzed two processes: functioning of a
real multiprocessor system and functioning of a hypothetical one with
unlimited memory. Studies showed the relevance of the reconciliation
process components of the network interface and the processing capa-
bilities of the selected computing platforms.

4. The research was focused on determining the calculations’ de-
celeration rate associated with an increase in the area of multiprocessor
computing system distributed over its nodes; the rate coefficient was
compared with the one of a computer with an unlimited computing area.
We derived analytical expressions for the calculations’ deceleration rate.
The decisive role of time for the boundary data exchange on the value of
the calculations’ deceleration rate was shown.

5. In their subsequent studies the authors intend to highlight fea-
tures matching components of the network interface and the processing
capabilities of the selected computing platforms and provide solution for
the task of optimal choice of nodes in a multiprocessor system to mini-
mize the calculations’ deceleration rate.
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L. Skrupskaya, A. Oliinyk, M. Polyakov
THE METHOD OF FAILURE PREDICTION
IN THE HIGH VOLTAGE TRANSFORMER EQUIPMENT
BASED ON THE METRIC CLASSIFICATION
OF DIAGNOSTIC FEATURES' TRENDS

The process of diagnosing of high-voltage transformers has been analized. The
problem of measurements clustering of transformers' diagnostic features has
been solved. The method which is based on the metric classification and allows
predicting the residual life of the high-voltage transformer equipment has
been proposed. An experimental study of the proposed method which
confirmed its effectiveness in practice has been performed.

Classification, diagnostics, metric, prediction, transformer.

Introduction

Early identification of trends for faults in the high-voltage equip-
ment helps to prevent progressing of defects; to carry out repair right
in time; to reduce maintenance costs. Unlike the diagnosis "in fact”,
forecasting lets eventually predict the faults occurrence, even if there
were appeared no significant deviations of controlled parameters from
their certified values.

As the rule, the faults progress goes gradually and continuously
at standard modes and it is getting faster in case of the emergency mode
[1]. The current transformer residual life prediction methods are known,
e.g. [2]. Those methods do not provide early faults detection and they
cannot be used to predict the residual life for a long period of time.
Thereby the effectiveness of the faults progress preventing measures is
reduced. Therefore, it is actual and important to predict equipment fail-
ure according to diagnosis data at the earliest stages until the fault is
not turned into its critical state.

The failures prediction in the high voltage transformer equip-
ment is based on the mathematical model for the metric data classifica-
tion [3-6], that allows producing the learning systems. It enables to in-
crease the effectiveness of diagnosing the high-voltage equipment. This

© Skrupskaya L., Oliinyk A., Polyakov M., 2014
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paper proposes a method which is based on the calculations. It lets pre-

dict the failures in the high voltage transformer equipment basing on
the fact of a given number of diagnostic features.
1. Problem definition of forecasting faults
in high voltage transformer equipment

For diagnosing the database with the results of measurements
will be used. Measurements are provided for some analogue groups of
equipment. The state of this equipment is known according to the scale
"functional - refusal” at the time of measurement. Let the database has
a plethora of those sets (1):

D=(nt,xY), (1)

where n is object’'s number, n=1 N; tis relative discrete measurement

time, t=0,Ty ; X is measurement vector of results sizing |; Yy is object’s
state, y=0 is “refuse”, y=1 is “serviceable”; N is database objects

number. To convert discrete time to the analogue time the following
formula is used: t, =t,, +tA, where t,, — the time when the 1°* meas-

urement occurs for this object; A is range of time between two meas-
urements.

Then basing on the given multitude D (1) the model M =M (D)

should be constructed. It lets execute diagnosis (to specify the output
value y) of the HV equipment state according to the set of its character-
istics. For the equipment that is accepted as serviceable the model lets
specify the residual life service.

The task of the paper is to work out the method of faults fore-
casting for HV transformer equipment, that allows forecasting at the
earlier stages of faults progressing.

2. Method of faults prediction in the high voltage transformer
equipment on the basis of metric classification

To specify the transformer state Ty basing on the metric classifi-

cation [3] the model should be built M =M(D). It is a set of geometric

center points for the classes. In the D base there are specified the ob-
jects, that are accepted as refusal. Then their parameters should be
united in the moment T4to the kpclass. Objects measurements are united

to the k; classes, that are accepted as serviceable for t[J[0,Ty]. Parame-

ters for objects that were taken at the previous time should be united to
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the kpi, Kopars Ksar classes etc. These measurements were taken at the

moment of timeTy —1 for the ky; class, Ty —2 for the k,p class. Meaning

of i-th coordinate (i =ZL_I), that is the center of £Ek-th class Cik
(k=12..,K) should be specified according to the formula (2):

cf == >{x}, 2)
Ny is the number of measurement in the set D (1) that is related
to the kclass; X is the meaning of i-th parameter for j-th sample of the

object related to the kclass.
Having calculated the coordinates of classes centers set

ctc?,..ck, ck :{Clk,Cé< ,...,CKI } the relation of the samples T, to
some classes {12...,K} can be specified for any sample that is out of the

D (1) set, basing on the input meanings ixlq,xzq,...,xqu} in their near-

ness to centers Cl,C2 ,...,CK .

Different metrics could be used [5, 6]:
— Euclidean metric:

R(Tq’ck):\/Nzx(Xiq _Cik)z; (3)

i=1
— Hamming metric:

; (4)

— Maximum value of the distances of every coordinate:

R(Tq,Ck)=:\l§x,l‘xiq -ck

RIT ,Ck = max ‘x- —-Cck ; 5
(q ) i=12..N, iq i ( )
— Minimum value of the distances of every coordinate:
R(T,,C¥)=  min ‘x- —c-k‘. (6)
(q ) =12 N, 0

Depending on the distance R(Tq,Ck) then the relating of trans-

former occurs to the k class, that is situated at the least distance
R(Tq,Ck):

k(Tq): argmin R(Tq,Ck), (7
k=12...K
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where argmin is the function, that specifies the number of the k&
k=12...K

class according to the minimal distance R('I'q ,Ck).
There could be situations when the results for a transformer will
be situated at the same distance to different classes (e.g., Kjar & Kpat)-

In this case the following measures should be taken:

— in order to reduce the potential losses because of the wrong de-
cision ( to accept the sample as serviceable set in the case when it should
be accepted as refusal) the transformer T, should be relates to the Ky

class with geometric center Ck, that is closer to the Kkyclass
(Rcko,Cha J< Rk, chom ));

— to specify the sample Tq as a part of koat class, that contains
more numbers of samples in the set D (Npy=apnt > N pk=pat )-

As the result of making the choice whether the equipment should
belong to kg class (refusal) or k; class (serviceable). At the making deci-
sion K=Ky transformer is considered as the one, that his time to the

fault is not less aAt, where a is a value that is equal to the intervals
number At before transformer fault. If the value aAt is less than mini-
mum acceptable time of waiting t,,, (aAt <t ), the measures of trans-
former diagnosis should be provided [7—9].

There is depicted the graphical interpretation of the lot of sam-
ples, that corresponds to different Kg,Ka,Kopt »--Kant, Ky classes in the 2D

space of normalized X;,X, curves in the fig 1. There are shown classes,

where y=0, i.e. the fault equipment is fixed and y=1 equipment is

processed as serviceable with the different grade of serviceability.

On the fig.1 there is shown possible case for gradual transfer
from serviceable state (y=1; k=k;, k=Kkon, k=kp) to the fault
state(y =0; k =kp).

Thus, the proposed method of predicting failure in the high volt-
age transformer equipment on the basis of metric classification involves
the creation of a diagnostic model by splitting the original set (equip-

ment parameters) on classes depending on the time before the fault
event, as well as the calculation of the geometric center of each class.
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Calculating the coordinates distance for measured parameters of diag-

nosed transformer to the centers of model classes it is possible to deter-

mine the closest class and therefore, the residual life of the transformer.
X, A

1

F.
»

0 1 X

Figure 1 — Graphical interpretation of deviating X;,X, curves meanings

at the gradual transfer of samples (transformers) from serviceable state
(y=1) to the fault state (y=0)
3. Experiments and results

For the experiments the proposed method of predicting failure in
the high voltage transformer equipment on the basis of metric classifi-
cation program was implemented with the measuring current transform-
ers. On the basis of this method and software, the task of state diagnos-
ing of paper-oil insulation for measuring current transformers TOKH-
330 was solved. The transformers were in service of ITAO "ITOK Huen-
posHepro .

As the input parameters there were chosen the next parameters
in order to construct the diagnosis model M =M (D)[10]:

— dielectric loss tangent of basic insulation at the operating volt-

age’ X]_;
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— basic insulation capacitance deviation from the rated value, X5;
— the temperature of the ambient air, X3.

The part of the measurements results set D (1) is listed in the ta-
ble 1, where Y =1 is serviceable transformer state, Y =0 is fault (“re-
fusal”) state.

Table 1
The part of the transformer measurements results set using for the
diagnosis model M =M (D)

Meas- Trans- Parameters values
urement | former Y k class
number | number . X2 X
1 1 0,460 | 0,937 | 0,563 1 Kaat
10 3 0,440 | 0,644 | 0,781 1 Kaat
15 1 0,767 | 0,286 | 0,500 0 Ko
18 1 0,574 | 0,928 | 0,332 0 Ko
34 6 0,499 | 0,880 | 0,767 1 Kat
45 8 0,490 | 0,933 | 0,900 1 Kt
47 8 0,468 | 0,882 | 0,333 1 Kont
6 1 0,478 | 0,955 | 0,643 1 Kont
71 11 |0,407| 0,877 | 0,964 1 Ky
91 13 10,233| 0,962 | 0,435 1 Ky
183 15 |0,609| 1,0 1,0 0 Ko

The measurements of transformers were taken with the average
time of At =3 months. The task was to build the model M =M (D)that

will let specify the trends for faults appearance before tpog, =9 months

of their appearance and complete operation refusal of transformer.

Therefore the set of measurement D (columnsX;, Xy, X3, Y in the ta-

ble 1) was divided into the kg,k; classes corresponding to the time be-

t
= _Prodn :§:3for the class ( Kat,KoprsKang)s

fore fault event, and into C
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corresponding to the states of gradual transfers from serviceable state

to the refusal state.
After the classes splitting (transfer D - D') the next specifica-
tion of center classes have been specified according to the formula (2).
Results of centers splitting are listed in the table 2.
Table 2
Classes’ centers

Classes center coordinates meanings Cik
Class k
X X2 X3
Ko 0,5222 0,8551 0,5159
Knt 0,4880 0,8505 0,7462
Kot 0,4696 0,8491 0,7257
Kant 0,4595 0,8580 0,6268
Ky 0,4341 0,8661 0,7683

Then every measurement of transformer T; was corresponded to
the Kk =Kg,Kar,KopntsKane, Ky classes in accordance with input parameters xq,

Xy, X3 and their nearness R(Tj ,Ck) to the classes centers, using Euclid-

ean metric (3) and the formula (7). Error E of the constructed model
M =M (D)was calculated as a relation of wrong classified transformers

Ngr to their common number Np in the set D that are shown in the ta-
ble 1:

E=—0" =~ = 0p49. (8)

To check the model adequacy M =M (D) its usage for the Digg
data was executed. Those data do not belong to the D set. Wherein the
number of transformer measurements for Digset was Np =134 un.
Error Eiy of the model M =M (D)was calculated in the following way,
calculated for the D data.

E - Nerrtest 12
test — - 134
Drest

It is clear that error Ei.qfor the given Dy is a little bit greater

= 0089. (9)

than E, calculated for the data D. Both characteristics meanings E &
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Eiestare in the range of allowable error of 10%, that allows making deci-

sion that it is expedient to use the proposed method in practice. Fur-
thermore all cases of wrong classification have to do with the case of
processing serviceable transformers as the faulty ones. That is not so
significant than the case of processing the faulty transformer as ser-
viceable one.

Conclusion

In this paper the problem of forecasting the actual failures in
high voltage transformer equipment was solved.

Scientific novelty lies in the fact that there was developed a
method of predicting failures in high voltage transformer equipment on
the basis of metric classification, which involves splitting the original
set on classes of the characteristics of transformers depending on the
time before their failure, the calculation of the geometric center coordi-
nates for each of the classes in the space of normalized characteristics.
Belonging diagnosed transformer to one of these classes was determined
by the coordinates of its minimum deviation of the current characteris-
tics of the coordinates of the centers of classes. Transformer belonging
to a particular class of the proposed model was characterizes its residual
life, with an accuracy that depends on the characteristics of the meas-
urement interval used to construct the model. This allows you to iden-
tify faults occurring at the initial stages.

The practical value of these results is that the developed software
that implements the proposed method and solved the practical problem
of diagnosing the state for paper-oil insulation measuring current trans-
formers.
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VYVIIK 519.25
B.€. Baxpymun, 1.0. yako
BU3HAYEHHA KPUTHNUYHHUX SHAYEHBb KPUTEPIIO THUIIY
KOJIMOTOPOBA-CMUPHOBA OJid JEAKUX THUIIIB
PO3SIIOAIJY METOAOM MOHTE-KAPJO

AHomauyis. B cmammi po32150aembCs NUMAHHSA NPO OUYIHIOBAHHA KPUMUYHUX
3Ha4eHb Kpumepit muny Konmoeoposa-CmupHosa memooom MoHme-Kapno
0218 BUNAOKY KOJIU napamempu mModesi po3nooisy BU3HAYAOMb WAAXOM MIHI-
Mi3ayii po3paxyHKOB0O20 3HAYEHHS b020 Kpumepito.

Knwo4osi cnosa: ideHmugpikayia, yHkyia po3nodiny, kpumepit Konmozoposa-
CmupHosa, memoo MoHme-Kapo.

ITocranoBka mpooOaemu. Ha mpakTuili yacTo BUHMKAE HEOOXiTHIiCTh
imenTugikaiii momeaeir posmominy. Ilpu 1mpbomy HauacTillie CTaBJATH 3a-
BIAHHSA IIigiOpaTm Momesib i3 3aJaHOro KJjacy, aka 0 Halkpalle oIucyBaja
HaaBHI emmipuuHi gaHi. I{a mpomeaypa ckjaagaeTbesa 3 Tpbox eramis [1,2]:

1) popmyBanHsa rimoresu mpo 3aKOH (MOIesb) PO3MOALIY, IIO Iepe-
BipA€ThCH;

2) omiHIOBaHHA MapaMeTpiB oOpaHOi MomeJi;

3) mepeBipKa ameKBaTHOCTI MOJeJi 3a MOIIOMOTOI0 IIeBHUX CTATHUC-
TUUYHUX KPUTEPiiB.

Ha ocramHbOMYy eTami HayacTillle BUKOPHUCTOBYIOTh KPUTEPil TUIY
Koamoroposa-CmupHoOBa, oMmera-KBajpar, Xi-KBajpar Ta iH.

¥ [2] Oys0 moKasaHo, 10 MOAEJb PO3IOALNY MOKHA imeHTH(IKYyBa-
TN NLJIAXOM MiHiMmiszallil po3paxXyHKOBOI'O 3HAUEHHS CTATHUCTUYHOTO KpU-
Tepito 3roau. AJje icHye mpobsema BUOOPY KPUTHUYHMX 3HAUEHDb AJIA IPU-
MHATTA YW BiAXUJEHHS TilloTe3W IIPO aJileKBAaTHICTh MOjeJii HasgBHUM Ja-
HUM.

Amnani3z ocraHHix mociaimskenp i myoOaikaminn. X. Jliuriedopcom [3]
OyJo oOIliHeHO KPHUTHUUYHI B3HaueHHs Kpurepito tuny Koamoroposa-
CMupHOBa AJIs BHUIAAKY, KOJH IIapaMeTPH MOJeJIi HOPMAaJIbHOTO PO3MIOIi-
JIy OIIiHIOIOTH AK cepemHe apupMeTHUHEe Ta CTaHJZApPTHE BiAXWJIEHHS I0-
crimkyBanoi BuOipkm. B iioro pobori 06ysno mpociaimsxkeno mo 1000 a6o
Oinbire Bubipok obcsrom Bim 4 mo 30 emementiB. Ilismimie mi pesyJsbraTu

© Baxpymun B.€., Oyako 1.0., 2014
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oyam yrouneHi II. Mominom ta I'. AGxi [4] 3a momoMoroimo cydyacHUX KOM-
II JOTePHUX TEeXHOJIOTiM, IO AAJ0 3MOrY 30iIBIINTH KiJbKicTh mociimxe-
HuxX BuOipok mo 100000, a ix makcumanabHU obcAar — mo 50 emementis. B
000X BHIIaAKaX BUKOPHCTOBYBABCSA METOJ CTATHUCTUYHUX BHUIPOOYBaHb
MouTe-Kapaiio.

B [5] mamu Oys10 mOBeleHO HAsABHICTHL KOPEJAIlil Ta BUSHAYEHO PiB-
HAHHS 3B’ A3KY, IO JA€ 3MOT'y BCTAHOBUTU NPHUOJM3HY BiAIIOBiZHICTH MiK
KPUTUUYHNMEU 3HAUEHHIMMU [OJIS BUIAIKY, KOJU igeHTM(dikaIlizo mapamer-
PiB po3moAiny 3IiMCHIOIOTH IJIAXOM MiHiMmiszallil po3paxyHKOBOI'O 3HaUeH-
HA xpurepio tTuny KoamoropoBa — CMupHOBa Ta BiHOBiZHMMMN 3HaUEH-
HaMu Kpurtepiio Jlinaiedopca. B miii pob6oTi posradamaeTbCsa iHIIWN migxin
0 BU3HAYEHHS KPUTUYHUX B3HaAUeHb Kpurepito tumy Koamoroposa-
CMmupHOBa.

IlocranoBka 3aBmanusa. Merogom MonTte-Kapso BusHaUnMTH KPUTH-
yHi 3HaUeHHA Kpurepiio Tuny KoamoropoBa-CMupHOBa I8 HOPMAaJIBHOTO,
raMMa, eKCIIOHeHIIiaJbHOI0 PO3IIOAiliB, a TaKoXK posmoniny Beitboyiia.

Bukaan ocHoBHOTrO Martepiaay mociaimskeHHsa. Cepen HemapamMeTpu-
YHUX KPUTEPiiB HepeBipKM BIiAINOBIAHOCTI eMIIIpUYHUX PO3IOAIJIB TUM
uu immmm TeopermunuM Mmogzenasm {F(x;©), 606} Buokpemmo0OTH KpuTe-
pii Tunny KosmoropoBa-CmupHoBa [1]. BoHu BudHauaioTh CTyHiHb BiAIOBi-
MTHOCTiI 3a MaKCHMAaJIbHUM 3a a0COJIOTHOIO BEJMUYWHOKI BiIXMJIIEHHAM MO-
meai Bixg emmipmunoi (yHKIiI posmoxmimy. ToOTo, misa ImmepeBipKu IBOCTO-
poHHBOI HyabOBOI rimoresm Hg:F,(X) =F(X §;) pospaxoByoOTh MaKcHUMa-

JBHY Bimcramp Mik emunipmunoio F,(X) i Teopermunono F(X) pymrmiamun

posmoxiny: D, = Sup| F.(X) — F(x, 6)

X/ <00

. PospaxyHKoBe 3HaueHHs KpUTepiio

Koamoroposa — CMupHOBa BU3HAUAIOTH 3a (POPMYJIOIO:

A =nD,,(6), (1)
Ie n — obcAar Bubipku.

dopmyay (1) 3aCTOCOBYIOTH, SAKIIO 3HAUEHHA IIapaMeTpiB =6, Te-
opeTnuHOi (pyHKI[II posmominy Bimomi. Ajie Ha HmpaKTUIll 3a3BUYall Tpaill-
JA€ThCs, IO IIi ImapamMeTpu HeBimomi gocaimaumky. Tomy HeoOXimgHO BUKO-
PUCTOBYBATH BEKTODP BUOIPKOBUX OI[iHOK 6 . Po3paxyHKOBe 3HAaUYeHH:
KPUTEPilo B IIbOMY BHUIAAKY BU3HAYAIOTH 3a ()OPMYJIOIO:

A =nD,(¢") 2)

IIpu oMy 3MiHIOIOTHLCSA KPUTHUYHI 3HAUEHHS KPUTEPilo.
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B pesyibTaTi He0OXiZHO PO3B A3aTH OLHY 3 TAKMUX 3a7au:

— oninmtu BimmoBimHicTe momeni F,(X)=F(X,6) 3 Bimomumu mapa-
MeTpaMu HasgBHUM eMOipuuyHuMm gaHuM (Kpurtepii  Kosmoroposa-
CMmupHOBa);

— OIMIHMTH BIANOBIAHICT, HAABHUM EMIIIPpMYHUM AaHUM MOJeJi
Fn(X) = F (X, 9*) 3 IapaMeTpaMu, fAKi BU3HAYeHO 3a BUOIpKOBUMU MOMEH-
ramu (kpurepiii Jlinmiepopca);

— OIMiIHMTH BIAMOBIAHICT, HAABHUM EMIIIPMYHMM AaHUM MOJeJi
Fi (X) = Fyin (X, 6?*) 3 mapaMeTpaMu, IO BH3HAUYAIOThL 3 YMOBH MiHiMyMmy
IesTKOTO TOKa3HMKa SAKOCTI MOJeJi, HaIlpUKJIA[ PO3PaxyHKOBOTO 3HAYEH-
HA Kpurepiro Tuny Koamoroposa-CmupHOBa. 3ajaua Takoro TUIY PO3B -
3y€ETHCS B Iili POOOTI.

MeTonuka mocaimKeHHsS aHAJIOTiuYHA BUKOPHUCTaHi#T B poborax [3,
4] i rpyaTyBasach Ha metoni Moute-Kapiio. Bora moJsisirae y HacTymHOMY.
I'eHepyeTbcs BeJanMKa KiJbKicTh BMOIpOK i3 3aJjaHMM 3aKOHOM PO3IIOIiIY.
IOna xKo:kHOI BuMOIipKM BM3HAYAKOTHCA BUOIpKOBI mapamerpu (HaAIpuKJIAaI,
I HOPMAJIBHOT'O PO3mOiay — Iie BUOIpKOBi cepeaHe i cTaHmapTHe Bigxu-
JIEHHs) Ta POo3paxyHKOBe 3HAUEHHSA D:]. Haji, BUKOPHUCTOBYIOUM OTPUMAaHi

BUOIPKOBi mapaMeTpu sIK IMOYaTKOBe HAOJMMIKEHHSA, YTOUHIOEMO IIapaMeTpu

*

MoOJesi MIIAXOM MiHiMizamil pospaxyHKOBHX 3HaueHb D,, MeTozom

OararoBuMipHoi HediHitHOI ontumisamii. Ilorim Oyayemo emnOoipuuHy

. . * - . . .
(byHKIiIO pO3mOAlNTYy OTPUMAaHUX 3HaueHb D, (mln). KBauTuni BigmoBigHMX

piBHIB Iiel (yHKII posmominy ckJaamarTh TAOJIUII0 IMIYKAHUX 3HAUYEHb
cratuctTukmu tTuny Koamoroposa-CmMupHOBa.

B mposemenomy pociimsxkeHHiI cmouaTKy remepyBaaum mo 10000 Bu-
O0ipox obcssrom N Bim 6 mo 45 eleMeHTIB 3rigHO 3i cTaHZAPTHUM HOpPMA-

apErM N(0,1), ramma [(1,05), excrmomenmiansaum Exp(0.8) posmoximamu

Ta posmnogisom Beiibyiia W(ZL 2).

. P . . . * .
3 KBaHTUJIIB (bYHRIIII/I PO3IIOALIY B1AIIOBI1AHUX CTATHCTHRK Dn(mln)

ckjganu Tabauii. 3okpema, B Tabuaumi 1 umHaBemeno 3Hauenmusa 0,05-

KBAHTHUJIIB D, (min) AJIA AOCIiIKeHUX Mofesell posmofiny i pisHuxX obcAris

BUOipoK. TaKoK TyT HaBeIeHO IJA IMOPiBHAHHA aHAJOTIYHI 3SHAYEHHS IJIs

KpurepiiB Jlinaiedopca NL(,U, 02) [3] Ta KoamoropoBa - CmumpHOBa

NK_S(;,, 02) [4].
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Tabauma 1
0,05 KBaHTHJII PO3MOALLY D;(min)
O6csr Kpantumni D, (min) Kpantumni D,
pubipici, 21T Tk, 8) | Exdld) [ W(k, 1) 2 2
N | No?)| ko) ] Ex A | N o?) | Nisluo?)
6 0,226 0,245 | 0,291 | 0,313 0,319 0,324
7 0,212 0,230 | 0,275 | 0,290 0,300 0,304
8 0,202 0,218 | 0,265 | 0,272 0,285 0,288
9 0,192 0,203 | 0,253 | 0,263 0,271 0,274
10 0,183 0,193 | 0,242 | 0,248 0,258 0,262
11 0,175 0,183 | 0,234 | 0,236 0,249 0,251
12 0,169 0,175 | 0,227 | 0,228 0,242 0,243
13 0,163 0,169 | 0,217 | 0,219 0,234 0,234
14 0,157 0,162 | 0,212 | 0,214 0,227 0,226
15 0,152 0,157 | 0,205 | 0,205 0,220 0,220
16 0,149 0,153 | 0,200 | 0,200 0,213 0,213
17 0,144 0,148 | 0,193 | 0,194 0,206 0,207
18 0,140 0,145 | 0,189 | 0,187 0,200 0,202
19 0,137 0,140 | 0,182 | 0,183 0,195 0,197
20 0,134 0,137 | 0,180 | 0,179 0,190 0,192
25 0,120 0,122 | 0,161 | 0,161 0,180 0,173
30 0,111 0,112 | 0,147 | 0,148 0,161 0,159
35 0,103 0,105 | 0,139 | 0,136 0,150 0,155
40 0,096 0,097 | 0,129 | 0,129 0,140 0,148
41 0,096 0,096 | 0,128 | 0,126 0,138 0,139
42 0,094 0,095 | 0,126 | 0,126 0,137 0,135
43 0,093 0,095 | 0,125 | 0,123 0,135 0,134
44 0,092 0,093 | 0,123 | 0,123 0,134 0,132
45 0,091 0,093 | 0,121 | 0,122 0,132 0,131

Ha puc. 1 maBegeno rpagiku 3ajeXHOCTI 3HaUeHb BKa3saHUX KBaH-

TUJIB Bix obcAry BuOipKM AJA aHAJIiB0BAHUX PO3IOMiJIiB.

0,35

03 -\

0,25

O\
o .\\\ Exp(h)

, \ —W(k, )
0,15 T—— kO
0,1 ——N(u, 0"2)

s

0,05

0

5 15 25 35 45

Pucynox 1 - 3anexuicts 0,05 KBaHTHIIB PO3IOALNLY D, (min)

Big 00cAry BuOipKU

i BU3HAYEHHS TPAHUUYHUX OIIHOK KPUTHUUYHHUX 3HAUEHb KPUTe-
pito Tuny KosnmoropoBa-CmupaoBa rerHepysBaau mo 10000 BubGipok obcArom
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1000 eseMeHTiB 1 IIOBTOpPIOBAJIM 3a3HaueHy BUIlle IIpolenypy. Pe-

3yJIbTaTH HaBedeHO y Tabi. 2.

Tabaumnsa 2
KpanTuni posnozginy D, (min) masa n = 1000
Ksantumni D (min)
Mosipunit pisens, P 0,80 0,85 0,90 | 0,95 | 0,99
N(,u,az) 0,0171 | 0,0177 | 0,0184 | 0,0195 | 0,0216
r(k, 6) 0,0170 | 0,0178 | 0,0187 | 0,0199 | 0,0227
Exp(4) 0,0219 | 0,0227 | 0,0242 | 0,0259 | 0,0304
W(k, A) 0,0222 | 0,0233 | 0,0245 | 0,0263 | 0,0297

BukopuctroByiouu ¢dopmyay (2), oTpuMasu KPUTUUYHI 3HAYEHHS

/ﬁnin Kpurepito Tuny Kosmoroposa-Cmupuosa (Tabi. 3).

Tabaumnsa 3
Kputuuni sHauenHsA /]:nin Kpurepito Tuny Kosmoropoa-CMmupHOBa
KpI/ITI/ILIHi 3HAYEeHHA A:ﬂln

Tosipunit pisens, P | 0,80 | 0,85 | 0,90 | 0,95 | 0,99
Ny, o?) 0,5418 | 0,5605 | 0,5845 | 0,6171 | 0,6845

r(k, 6) 0,5407 | 0,5630 | 0,5930 | 0,6296 | 0,7180

Expl(A) 0,6925 | 0,7178 | 0,7652 | 0,8190 | 0,9613

Wik, 4) 0,7022 | 0,7382 | 0,7735 | 0,8311 | 0,9379

N, (w02 0,736 | 0,768 | 0,805 | 0,886 | 1.031

N sl o?) 0,775 | 0,819 | 0,895 | 0,955 | 1,035

BucHOBKM 3 mpoBeaeHOro mociaig:keHHsa. [lokazaHo MOMKJIMBICTH Ta
orineno metogom MonTe-Kapsao KpuTuuHi 3HaUEeHHA KPUTEPilO0 3rogud THU-
nmy KoamoropoBa — CmupHOBa A MeAKWX THUIIIB PO3MOAINIY y BHUIAAKY,
KOJIM IIapaMeTpUu MOJeJIi PO3MOALIY YTOUHIOIOTHh HIJAXOM MiHimisalii pos-
PaxyHKOBOT'O 3HAUEHHA I[HOTO KPUTEPio. ¥ IOAAJBIIIOMY HepeadadyaeThbCs
YTOUHHUTH [OOBipYi iHTepBajiu MIJIA OTPUMAaHMX OIIHOK 1 IIlepeBipuTH ix
MOJKJIMBY 3aJIe;KHICTDh Bif iHIIUX (haKTOpPiB.
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B. Epmakosa, T.B. CeaxuBepcToBa
HCCIEJOBAHHUE ®OHETUYECEKUX AJITOPUTMOB
C IOMOIIIBIO OTEHKHA JARO

AnHomayus. PaccmompeHsl 0CHOBHble (hoHemu4ecKue an2opummsl U ux 3¢-
(hekmuBHOCMb NpU BAPLUPOBAHUU BXOOHbIX napamempos. Paspabomara npo-
epamma, peanusyrowas anzopummsl  Soundex, Daitch-Mokotoff Soundex,
MetaPhoneRU u aHanu3upyrouas cxoxecms pe3ysbmamos C NoMowblo mem-
PUK noxoxecmu.

Kntouesbiecnosa: ®OHETUYECKUNAJITOPUTM, HEYETKUUTNONCK

IlocranoBka mpo6aemsl. Ilorck m ma3BJjaeueHUe MHPOPMAIIUU U3 CO-
BPEMEHHBIX MOIIHBIX 0a3 MJaHHBIX MOMKET YCJOKHATHCA II0 HNPUUYMHAM,
CBA3aHHBIM C HETOUYHOCTBHIO CTPOKM 3ampoca. Ilpm pabote ¢ damumiamamvu
MOJKHO BBIJEJISAIOT TPH OCHOBHBLIE NPUUYUHBI, II0 KOTOPLIM BO3HUKAaeT daH-
Has mpobOJsieMa: OMIMOKM IIpw IedaTu (B Oase MaHHBIX WMJN K€ B CTPOKEe
IIOMCKAa), HETOYHOCTH TPAHCJIUTEPAIIUN M OTCYTCTBHE YETKOIO MpeacTaB-
JIeHUSI O HaIUCAHUM (paMUJINU.

Ilns pemieHWsA 9TOM HPOOJieMBI WMCIIOJNB3YIOT HeueTKuii momck. OH
OXBaThIBaeT MHOJKECTBO o00JiacTeil, TaKMX KaK: IIpoBepKa opdorpaduu,
IIOMCK B TJIOOAJIBHBIX ITOMCKOBUKAX, C)KaTWe JaHHBLIX, pPAacIIO3HaBaHUE pe-
yn, kpunrorpadpusa. HeueTkuii momck B KOHTEKCTe (pOHETHMUECKUX aJiro-
PUTMOB JaeT TaKue BO3MOXKHOCTH, KaK: IIOMCK CJOBa II0 3BYUYaHUIO, IIOMCK
IMOMOOHBIX II0 HANHCAHWIO CJIOB, IIOMCK CJIOB C ONeYaTKaMU, IIOVUCK B
TPaHCJIUTEPOBAHHBIX CJIOBaxX. BasKHasd YacTh IIOMCKA IIO CJIOBAM — IIOMCK
mo amvmuauamM. IIpakTuuecKas IeHHOCTh PeIeHUSA STOH 3aJauud B HAIIe
BpeMs BBICOKA, TaK KaK CYIIeCTByeT MOBCEMECTHOe HCIIOJb30BaHUE 0a3
mauHbIX. IlosTOMYy aKTyaJIbHOM SABJSETCS IpaKTHUecKas 3ajada IIOMCKa
1mo (pamMuauu, IMPU OTCYTCTBUU YBEPEHHOCTH B IIPABUJILHOCTU €€ Halluca-
HUA.

ITocranoBka 3amauu. Ilenpo paboOThI ABJSETCA MCCJIEIOBAHUA Pe-
3yJbTAaTOB Pa0OTHI OCHOBHBIX AaJTOPUTMOB (DOHETHYECKOTO IIOMCKA:
Soundex, Daitch-Mokotoff Soundex, MetaPhone, myTem BbIUKCI€HUA

MeTpuKu Jaro.

© Epmaxosa B., CemuBepcrosa T.B., 2014
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HN3j0:keHne 0OCHOBHBIX MaTepHAJOB HcciaenoBaHua. CylecTByeTr He-
CKOJBKO OCHOBHBIX (POHETHUECKUX aJaroputMmoB: Soundex, Daitch-
Mokotoff Soundex, MetaPhone, MetaPhoneRU, Caverphone, NYSIIS.
Anaropurm Soundex HamboJjee yHHBepcajleH, OSHAKO, AaéT HamOOJbIlIee
YHCJIO COBIANEHUWI IIPU COMHUTEJNLHON (POHETHUECKOII CXOKecTH. AJro-
putMm Caverphone O6nl1 paspaboTaH ¢ YKJOHOM B HOBO3eJIaHACKHE (pamu-
auu. Anropurm NYSIIS — nna sxureneit Hoio-Mopxka [1].

Ilnss paboTHI CO CAABAHCKUMH (PaMUJIUAMU HamboJjiee I1eiecoo0pasHo
HWCIIOJB30BaTh CJIEAYIOIHe Tpu ajaropuTMma: Soundex (yHuUBepcayeH u
mpoct B ucnosHenun), Daitch-Mokotoff Soundex (amanTupoBan aBTOpamMu
nasa pycckux damuanuii) u MetaPhoneRU — mopab6oramuniii Soundex Iler-
pom KaHBKOBCKU IJIsI PyCCKOTO sA3BIKA [2].

PaccmoTpuM BBIOpaHHBIE aJITOPUTMBI 00JIee JeTabHO.

ITopamox geicTBuii B Soundex:

1. IIpeobpasyem (paMuanIio B BePXHUIN PETHUCTP
2 3amroMuHaeM IIEPBYIO OYKBY, yaajndeM ee u3 paboueil CTPOKU
3. 3aMeHsieM OCTAaBIIYIOCS CTPOKY 1o Taduawuiie 1.
4 IIpubGaBiasem OyKBY
Ta6auna 1
IIpeoOpasoBaHusa OYKB II0 aaroputTmMy Soundex
HMcxomuble CUMBOJIBI KoHeuHBII CIMBO.JI
AEEVNOYXBHIbOIOH
B II 1
T U 4
aT 6
B ® 2
3 5
JI 7
M H 8
P 9
KCIOI 3
IT I IIT @

ITopanmox geiictBuit B8 MetaPhoneRU:
1. IIpeoGpasyem (paMuINIOB BEPXHUU PETHCTP
2. 3amMmeHseM JaTHHCKINEe OYKBBI CXOXKEro HaIMCaHUS Ha PYCCKUeE

(manpumep, H/e1tf/ na H /a1/)
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3. IIpeoOpasyem (paMUJINIOB HUMKHUIA PETUCTP

4. DBykKBocoYeTaHUA «TC» U «JC» 3aMeHseM Ha «II».

5. IlpomcxomuT 3aMeHa OKOHUAHUIN mO Tabjauiie 2.

Ta6aumna 2

3aMeHa OKOHUAHUU

I/ICXOJIHI)IG OKOHUYaHUuA

KoHeuHBIII CHUMBO.JI

VK, -IOK

0

-NHA

-UK, -EK

—HRKO

—OB, —EB, [-IEB, -EEB]

-bIX, -UX

—-Add

-1, —bIU

-IH

—OBA, —EBA, [-UEBA, —
EEBA]

Q©| 00| 3] O O x| W[ DN =

—~OBCKUU

—EBCKUU

—OBCKAdA

©® # ®

—EBCRAA

%

6. VYnapansem moBTOPHI (HAIIpUMED, «HH» IIPEBPAIIlaeTCA B «H»).

7. OruaymaeMm corJiacHble B cjia0oil mosunuu (Tads. 3)

Tad6auna 3

3aMeHa COIJIaCHBIX

HNcexonuple ciMBOJIBI

KoHeuHbIll cuMBO.JI

I, B 11
C, 3 C
T, T
@, B D
K, T K

2

8. VYnmpanseMm mOBTOPBI

9. 3ameHa riaacHBIX Io Tabauie 4
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3aMeHa IJIaCHBIX

Tabaumna 4

I/ICXOJJ;HI)Ie CUMBOJIBI ROHeIIHI)IfI CHUMBOJI
O, BI, A, d A
10,V v
E, E 29 1 "

10. VYganeHUe «b», «b», «—».

ITopanmox geiictBuit B Daitch-MokotoffSoundex:

1. CioBo TpaHcIUTEpPyeTCs

2. ByxkBbI 3aMeHAIOTCS COTJIACHO TabJIHIle

Tabauma 5
IIpeoOpasoBanus 6ykB mo aaroputmy Daitch-MokotoffSoundex
HUcxomgable OyKBOCOUETAHUA B mHauase |3a riaacuoii|OcrajabHOE
Al, AJ, AY, EI, EY, EJ, OI, OdJ, 0 1
oY, Ul, UJ, UY
AU 0 7
1 2 3 4
1 2 3 4
IA, 1IE, IO, IU 1
EU 1 1
A, UE,E, 1,0, U, Y 0
J 1 1 1
SCHTSCH, SCHTSH, SCHTCH,
SHTCH, SHCH, SHTSH, STCH, 9 4 4
STSCH, STRZ, STRS, STSH, SZCZ,
SZCS
SHT, SCHT, SCHD, ST, SZT, SHD, 9 3 $
SZD, SD
CSZ, CZS, CS, CZ, DRZ, DRS, DSH,
DS, DZH, DZS, DZ, TRZ, TRS,
TRCH, TSH, TTSZ, TTZ, TZS, TSZ, |4 4 4
SZ, TTCH, TCH, TTSCH, ZSCH,
ZHSH, SCH, SH, TTS, TC, TS, TZ,

62
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ZH, ZS

SC 2 4 4
DT, D, TH, T 3 3 3
CHS, KS, X 5 % %
S, Z 4 4
CH, CK, C, G, KH, K, Q 5 5 5
MN, NM " "
M, N 6 6 6
FB, B, PH, PF, F, P, V, W 7 7 7
H 5 5

L 8 8 8
R 9 9 9

B mporecce wucciemoBaHus OBLT peayiM30BaH ITPOTPAMMHBIN ITPO-
nyKT «PhSA — PhoneticSearchAlgorithms», aBromaTusupyomuii geict-
BUS II0 CPAaBHEHUIO CTPOK M CHUCTEMaTH3UPOBAHUIO pe3ysbTaToB. I[1d cos-
MaHWA TPOrPaMMHOIO IIPOAYKTa OBLI MCHOJIb30BaH A3bIK CH m 6asa maH-
HBIX AccessDB. B ero cocraB Bxomut riasuas («PhSA») u Bcmomorarein-
Haa nporpamma («PhSAHelper»). 3agaua riiaBHOW IIporpaMMbl — IPOU3-
BOAUTH IOMCK B 0as3e JaHHBIX, paHee C(hOPMUPOBAHHOII BCIOMOTATEIbHOM
mporpamMmoii. BemmomorarenbHas mporpamMma cHab)keHa (QYHKIUAMHI: TO-
OaBJieHUA KJIOUell AJA OBICTPOrO MOMCKA IO KasKIOMy aJrOPUTMY, yaaje-
HUS CJHYyYalHBIX CHUMBOJIOB M IIPOOEJIOB IIepej 3allnchio, paboThl C IBOIi-
HbIMU (amMuanamMu. TakuM o0pasoM, IIPHU HCHOJIb30BAHUM BCIOMOTATEJb-
Hoii mporpamMmbl «PhSAHelper» cosmaércsa HoBasag 0asa MSaHHBIX, COIEp-
JKalasd MCXOOHBIN cTojber ¢ paMUJINAMU U elne 3 cToJ0Ila ¢ KJIIYaMu,
COOTBETCTBYIOIINMHI KaXKJAOMY aJTOPUTMY.

TectupoBanue padboTbl (POHETHUUYECKUX AJTOPUTMOB 00pabOTKM cJa-
BAHCKHUX (paMHUIMI TPOM3BOAMJIOCH HA AAHHBIX TeJaedOHHOW KHuru J[Hel-
POIIETPOBCKOM 00JIaCTH.

IOna wucciaenoBaHusa (POHETMUECKUX aAJTOPUTMOB C IIOMOIIBLIO IIPO-
rpaMMHOro mpoaykTa «PhSA» HeoOxommmo BBecTH (HhaMUJIUIO B CTPOKY
IIOMCKAa, MOCJIe Yero BLIOpaTh PeKUM IOMCKa II0 0ase KJiouel (B IIPOTUB-
HOM cJIiydae, TeHepalus KJpua OyaeT IPOMCXOAUTL «Ha JIeTy»), W, HeIlo-
CpeACcTBEeHHO, caM aJjropuTM. Ilocsie HamkaTusa Ha KHONKY «McKaTb!» oTo-

OpakaroTca pe3yJsabTaThl mmoucka (puc. 1). PazpaboTraHHBIN TporpaMMHBIA
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npoaykT «PhSA» comepXuUT cIpaBouHYI0 MHAPOPMAINIO 00 MCIIOJIb3yeMbIX

arropurmax (puc. 2).

B lp — Broksor =

sin Dpasva Oopuer Bay Cpaera
asl Mowck - B

weshos 1
Hacrpoiikn B Momowe M=t
------------------------- Usual done
TMowck (ammniia o Gase Boipats Gasy - [ _ o vachoez 0,49
[ Basa kniouei wezrne 0,889
Onucarme anropuios a0z 1

P S wechoe 0,952
) OBl nonck Sounidex | MetaPhoneRU | DM M = 8.9225
. 1.Mepesoncnosa B WokHMA perveTe | [l ] e Soundex done
() Soundex 2. ¥Yganenme rnacHen wecHoes 0,849
3. 3amenia CXIHEM N0 SEYHEHNID GYKE LAPRAMA g
_ 4. Mepesoa Croea B BEPXHIA perucTp wezrne 0,889
(®) Daitch-Mokotoff weaHos 1

Ml =] wazHoss 0,952

Epemenesa () MetaphoneRL M = 0.9225

[ I N DN done
Eperrosa

Epmaros wsaros 1

Epmakosa M =1

Bpawwesa L W done

Pucynork 3 — Texk-

Epmaakosa

Wekams!

PesynoTarsi:

Pucynox 1 — UuTepdeiic Pucyunox 2 — Uurep- .
. CTOBBIN TOKYMEHT,
«PhSA», c pesyapraramu  ¢eiic «PhSA», cupa- .
CO3IaHHBIA B pe-
IIOMCKa BOYHadA MH(popManua
3yJbTaTe MOUCKA

ITporpammubiii mpogykT «PhSA» mpemocTaBiaseT BO3MOXKHOCTH CO-
XpaHeHus pe3yJbTaTOB IIOWCKa, OINeHKu dJaro[4] m mMaTeMaTH4eCKOTO
OXKUIaHMWA OIeHKHW Jaro B (aiijy, (popMaTr 3anucu B KOTOPBIA IPUBeAEeH HaA
puc. 3.

C mesbio umccaenoBaHUA Pa0bOTHI (DOHETUUECKUX aAJTOPUTMOB OBLIO
IIPOBEIeHO MX TEeCTHpPOBaHMe Ha JIBYX rpynnax ¢pamwmiauin (tabamma 1).
I'pynma 1 — comep:xur paMuanu m3 coucka «25 o0mepyccKux (haMUJIIHA»
[3], rpynma 2 — peakume, guOO0 IpWHAAJIE)KAIUE APYTUM STHUYECKUM
rpynmam.

PesysnbraThl nmpuBeneHHbIe B Tabuuile 6 moaTBep:KIaioT 3(deKTuB-
HOCTh paboTsl amroputmoB Soundex u Daitch-Mokotoff Soundex mma pac-
MIPOCTPAHEHHBIX CJHaBAHCKUX (pamuauii. Tak ke M3 JaHHBIX NPUBEIEHHBIX
B Ttabauie 1 caexyer, uro amroputrm MetaPhoneRU «cKJaoHEH» OTBICKU-
BATh TOUYHLIE COBIAJEHUS U NIPEIOCTABJIIET MEHbIIee KOJIMYECTBO II0H00-
HBIX, C TOYKHW 3peHUA ajropurma, pamuiauii. Tak Ke IIPOBOAUJIOCH HCCJE-
noBaHue paboThl (POHETMUECKUX AaJITOPUTMOB HaA (PaMUIUAX U3 CJIaABAH-
CKOU TPpynmbl pasHo# AamHbl (Tabaumma 7). IlaHHBbIe IIpuBeAeHHBIE B Ta0-
auie 2 NeMOHCTPUPYIOT pasjuduus paboThl aJTOPUTMOB IIPU Pa3JIUUYHON
JIJIVHE 3aIIpoca M II03BOJISIOT CAeJaTh BBIBOJ O TOM, YTO KJIIOU IJA IJIWH-
HBIX (paMUJIUNA OKA3bIBaeTCS «YHUKAJIbLHBIM», T.€. €My HaXOIUTCA MeHb-
I1ee KOJIMUYECTBO COOTBETCTBUII B 0a3e MO CpaBHEHHUIO ¢ 0oJiee KOPOTKUMU

CTPOKaMH 3aImpoca.
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Ta6aumna 6

PesyabpTaT paboThl (hoHETUUECKUX AJTOPUTMOB IJId (DaMUJIUUA pas-

JIMUHBIX 9THUYECKHUX TI'PDYIIII (N— KOJIM49eCTBO (l)aMI/IJII/II';I COOTBETCTBYIOIIINX

KJIIOUYY, cC(hOPMUPOBAHHOMY KaKJIbIM M3 aJITOPUTMOB; J— MaTeMaTUUYeCKOe

OXKUIaHNe OIMeHKU Jaro)

T Anropurm
= :
E E 3ampoc Soundex Daitch-Mokotot! MetaPhoneRU
A c% Soundex
S N J N dJ N dJ
HBanos 4 0,922 4 0,922 1 1
1 BacuisneB | 16 0,632 12 0,679 |2 0,956
ITeTpoB 10 0,735 10 0,735 1 1
CmupHOB | 3 0,917 |3 0,917 |1 1
Osamnep 4 0,561 5 0,544 1 1
9 Mopos 5 0,698 |9 0,590 |1 1
Myxomop | 2 0,603 2 0,603 1 1
Copoxka 14 0,575 18 0,554 1 1
Ta6auma 7

PesyabTaT paboTh! (hoHETUUECKUX AJITOPUTMOB

nnd haMuanii pasHoOM AJIMHBI

Anroputm

2 . Daitch-

S = 3ampoc Soundex | Mokotoff | MetaPhoneRU

= g Soundex

= N[ J |[N| J | N J
o Iy6 5 10,817 19 {0,570 | 1 1
3-x Com 23 10,366 | 47 | 0,318 | 1 1
OYKB Yk 0,565 | 12 | 0,429 | 1 1
bife} EpmakoBa 0,924 | 7 |0,776 1 1
9-tu Bacusibes 16 | 0,632 | 12 | 0,679 | 2 0,956
OYKB CMupHOB 3 /0,917 3 |0,917 1 1
ooubirie | BockoOoitHIKOBA 2 10,988 | 2 |0,988 1 1
9-t;u KoucranTunonmoabckuii | 1 1 1 1 1 1
OYKB KocmonembsaHckasa 1 1 1 1 1 1
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BriBoasI
1. Ina  wucciemoBaHusa  paboThl  (POHETUUYECKUX  aJTOPUTMOB

Soundex, Daitch-Mokotoff Soundex, MetaPhone 6w paspabGoTan Impo-

rpaMMHEBIA TpoayKT «PhSA — PhoneticSearchAlgorithms», aBTomaTusu-

PYIOIIUY MTeNCTBUSA IO CPABHEHHUIO CTPOK M CHUCTEMATU3UPOBAHUIO PE3yJIb-

TaTOB.

2. UccaemoBanume paboThl (pOHETHUECKUX AJTOPUTMOB Ha (haMUJIH-

X Pal3JIMYHBLIX STHUUYECKUX T'PYII U CJHABAHCKUX (PAMUIUAX PASTUUHON

IJIUHBI IIOKasajau, uTo ajropuTmbl Soundex uDaitch-Mokotoff Soundex

IaloT CXOJKHe Pe3yJabTaThbl, HPU BBLICOKOHM BBLIUKWCINTEIHLHON3AaTPATHOCTHU

anroputma Daitch-Mokotoff Soundex mo cpaBHeHuio ¢ Soundex, a ajiro-

putm MetaPhoneRU renepupyer Takoii KJi04, Ha KOTOPBIi, YaIllle BCETO,

MIPUXOAUTCS OAUH BAapUAHT pe3yjabTaTa IIOMCKAa, W, KaK CJeJCTBUE, MMeEeT

BBICOKYIO OIIeHKY Jaro.

JUTEPATYPA

1. ®ouerunueckue aaroputrmsl // habrhabr.ru exxenn. nureprer-usg. 2011.
4 mapra. URL: http://habrahabr.ru/post/114947/

2.Kaapkoscku II. «Kax Bama gavmuausa», mau Pycckuit MetaPhone //
IIporpammuct. 2002. Ne8. C. 36-39.

3. Bbamanosckasa E. B., ComosbeBa II. C., BananoBckuii O. II. u ap. «Pa-
MUJIbHBbIE TOPTPEThI» HATHU PYCCKUX PeruoHoB // MemaumimHcKas reHe-
tuka. 2005.Ne 1. C. 2-10

4. EcolePolytechnique de Louvain, Universitrecatholique de Louvain,
Belgium «Mahalanobis distance, Jaro-Winkler distance and nDollar in
UsiGesture» URL:http://www.vinc.be/www-pdf/10-11_SINF2356-
Mahalanobis-JaroWinckler-nDollar.pdf

66 ISSN 1562-9945



2 (91) 2014 «CucreMHBIe TeXHOJOTHH »
YIOK 519.2:004.9

JI.O. Kupuuenko
CPABHUTEJBHBIN AHAJHU3 HHOOPMAIIMOHHON
CJOKHOCTH XAOTHYECKHUX U CTOXACTHYECEKHUX
BPEMEHHBIX PAJO0OB

AHHomayus. B pabome nposedeH cpasHumenbHbili pekyppeHmHbil u 3HmMpo-
NuliHbIl aHaNU3 peanu3ayul Xaomu4eckux u cmoxacmuyecKux npoyeccos, 06-
nadaowux pasnudHol KoppensyuoHHol cmpykmypod. [lonydeHs! 3a8ucumo-
cmu mep UHGOPMAYUOHHOU CN0XHOCMU BpeMeHHbIX pA0os8 om napamempos
npoyeccos. VlccnedosaHsl spemeHHble pAdbl, COOmMBemcmsyoujue pasaudHbiM
C/I0KHbIM OQUHAMUYECKUM CUCmeManm.

Kcnosa: spemeHHol psd, mepa cnoxHocmu, 3HMponus nodobus, pekyppeHm-
Has duazpamma, nces0oghazosoe npoCmpaHcmBeo, pa3mMepHOCMb BIOKEHUS.

BBemenue u 1mean

MaremMaTH4YeCKUMHU MOJEJSIMU CJO0KHBIX CHCTEM, HPOSABJISIONINX
HePeryJaAapHyI IUHAMUKY, SBJIAITCA KaK cJaydalHble, TaK U JeTePMUHU-
poBaHHBIE XaoTUUecKue mporecchl. OTHON M3 Ilejiell aHaan3a BPEeMEHHBIX
pPAOOB ABJAETCA WU3BJIeUeHWEe WHMOPMAINU W3 peaamsanuyd KOHEUHOU
IJUHBI U IIOJyUYeHNe BBIBOJA O CBOMCTBAX M MeXaHH3Me Ipollecca, KOTO-
phbIii TeHepupyeT PSAI.

CymiecTByeT MHOYKECTBO IIOAXOJOB K WCCJIEJOBAHUIO BpPEeMEHHBIX
pAmoB, 0Aa3uUPYOIUXCA KaK Ha TPAaIUIMOHHOM CTATHCTHUYECKOM AaHaJu3e,
TaK W Ha MeToJaX HeJUHEHMHON XaoTWUYeCKOoW AWHAMUKN. BoJabIIMHCTBO
METOJIOB XaOTUUYEeCKOM AMHAMWKM, OCHOBAaHbI Ha IIOCTPOEHUM IIceBAO(Pa30-
BOTO MPOCTPAHCTBA IO OJHOW peayiM3alluM ITPOIlecca ¢ MOMOIIBIO ITPOIeay-
pol Ilakkapnpa-Taxenca [1,2]. IlocTpoeHme mcemodas3oBOro IIpocTpaHCTBaA
IIO3BOJIAET BBIUMCJIATH PAa3MEPHOCTDH BJIOKEHUS, YTO ABJAETCS OCHOBHBIM
WHCTPYMEHTOM Pa3JINUYeHUA XaOTUUYECKUX U CIyUYalHBIX IIpolieccoB [1-3].
Takoil moaAxXoJ IO3BOJISIET XOPOIINO Pa3jiMuaTh XaOTHUYECKYI0 TUHAMUKY U
HEeKOPPEeJNPOBAHHBIN CIAyUYaWHBIN IITyM, OJHAKO, OH IIJIOXO paboTaeT mJis
peanmsanuii (PpaKTaAJIbHBIX CJYYaWHBIX IIPOIECCOB, O0JAZAIOIIUX HdOJTO-
CPOYHO¥ 3aBUCUMOCTBIO [4-6].

© Kupuuenko JI.O., 2014
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B mHacrodmiee BpeMs OCHOBHBIMHU XapaKTePUCTUKAMHU CJIOKHOCTHU
JIVHAMUKU CHUCTEM MOXKHO CUNTATh pPal3IMUHbIe THUIIBI SHTPONUU U MepbI
CJIOKHOCTU PEeKYPPEHTHBIX nuarpamMm [7]. PekyppeHTHBIII aHanus 6asupy-
eTcd Ha (pyHIZaMeHTAJIbHOM CBOMCTBE AVCCUNATUBHBIX TUHAMUYECKUX CUC-
TEM — PEKYPPEHTHOCTHU (IIOBTOPSAEMOCTHU cOCTOsHUI). [laHHBINI MeTond aHa-
Jin3a, OCHOBAHHBLIN Ha NIPEICTABJIEHUMN CBOWCTB ITPOIIECCOB B BUJE I'eOMET-
PUYECKUX CTPYKTYP, ABJSAETCA MHCTPYMEHTOM [AJA OOHAPYKEeHUA CKPBHI-
THIX 3aBUcuMocTeil B HaOsogaemMbix BP [7-9]. KonuuecTBeHHBIMU MepaMu
CJIOKHOCTU PEKYPPEHTHBIX AuarpaMM dABJAIOTCA Mepbl JeTepMUHU3MA,
PEKYPPEHTHOCTH, JIAMUHAPHOCTH, TpeHaa u T.n. [9,10]. XapakTepucTukoi
CJIOKHOCTU IIOBEIEHUA CHCTEMbI TPAAUIIMOHHO ABJIseTcA dHTponusa. Cy-
IIIeCTBYeT pasHble TUIIBI SHTPONUM: SHTPOIUA NMONO0UA, SHTPONUA I1adJIo-
HOB, MHOTroMAacIITa0Hasg JSHTPOIUs, BeWBJIeT-sHTponuA u Ap. Pacuer 5H-
TPONIUM U IIOCTPOEHUE PEKYPPEHTHBIX AuarpaMM OCHOBaHBI Ha MeTOAaX
HeJIMHEeMHON TuHaAMUKU, B YacTHocTHU, npoienype Ilakkapaa-Taxkenca, mo-
3BOJISIIOIIEl BOCCTAHOBUTHL (DA30BYI0 TPAeKTOPUIO CHCTEMBI IO OMHOI pea-
ausanun [4,7-9].

Ilenbro mpencTaBiieHHOW pPa0OTHI ABJISETCA IIPOBeJEeHNE CPaBHU-
TEJIbHOTO PEKYPPEHTHOT'0 M SHTPOIUMHOIO aHaM3a AeTePMUHUPOBAHHBIX
XAaOTUUYECKUX WM CIYUYAMHBIX CaAMOIOJOOHBIX peanmsaniuil AJid ompeaeeHUs
MeXaHu3Ma IIPoIlecca, KOTOPhIN reHepupyeT UCCJAeAYeMbIA PA/I.

MeTonsl ucciienoBaHUA

ITocTpoenue mnceBmodasoBoro mpocrpanctBa [1,2]. I'maBHaa unges
MIPUMEHEHUS METOJOB HEJIMHEeNHON NMHAMUKU K aHAJIU3y TPAeKTOPUU OU-
HaMUUYEeCKO! CHCTeMBI COCTOUT B TOM, UTO OCHOBHaA CTPYKTypa, COIEp-
sKamasa B cebe Bcio mH(pOpPMAIIUIO O CUCTeMe, & UMEHHO, aTTPaKTOp CUCTe-
MBI, MOYKeT OBITh BOCCTAHOBJIEHA Uepe3 M3MepeHUe TOJbKO OJHON KOMIIO-
HeHTBI dToM cucrteMmbl. Illmpoko wmcmonabsyemas mnpornenypa Ilakkapna-
TakeHca MMO3BOJIAET BOCCTAHOBUTHL (ha30BYI0 TPAEKTOPUIO AUHAMUUYECKOM
CHCTEMBI 110 OJHOII pean3aIun:

F@) =[x(t), X(t+7),..., x(t+ nT)], (1)
rae: F(t)— m-mepHOe 1ceBmodasoBoe IIPOCTPAHCTBO, X(t) — BpeMeHHad
peaynusanuA CUCTEMBI, I — IEePUOJ 3ala3abIBaHUAd.

Iloctpoenue pexyppeHnTHOM muarpammbl [7-10]. PexyppeHTHas
amarpaMMma ABJAETCS IIPOeKIell M- MepHOro IceBao(as3oBOTO IIPOCTPaH-

CTBa Ha IIJIOCKOCTb. HyCTB TOYKa X COOTBETCTBYET TOUKE (baSOBOfI TPpaeK-

Topuu X(t), OIMUCHIBAIOIIEN IWHAMHWUYECKYIO0 CHCTEMY B MmM-MEPHOM IIpO-
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CTpPaHCTBE B MOMEHT BpemeHu (=i, gma i = 1,..,N, Torga peKyppeHTHad
nuarpaMmma RP ecTh MaccuB TOUEK, I'Jle HEHYJIeBOII 3JIeMEHT C KOOpAMHA-

TaMu (i,]) COOTBETCTBYeT CJIy4aio, KOTZa PaCCTOAHWE MEXAY X, Hu X
MEHBbIIIEe ¢:

RR, =0(s-|[x-x ), x,xOR,iF1L.N (2)

rge & — pa3dMep OKPeCTHOCTHU TOYKHU X,

‘)ﬂ - X]- H — PpaCCTOAHHE MEXAY TOU-

kamu, O() — pyHKIIMA XsBUcaiga.

AHanua TOMmOJIOTUM AuUarpaMMbl II03BOJISAET KJacCU(pUIIMPOBATh Ha-
OJiromaeMble ITPOIIECCHI: OIIPeAeJATHh OJHOPOAHBIE IIPOIECChI C HE3aBUCHU-
MBIMHU CJIYYaWHBIMM 3HAUYEHUAMHN; IIPOIECCHI C MEIJEeHHO MEeHAIIUMU
rmapaMeTpaMu; IMepruogndYecKre MM OCIUJIJINPYIOINe IIPOIecChl, COOTBET-
CTBYIOIIHEe HEJWHEHHBIM CHUCTeMaM U T.J. UMCJIeHHBI!I aHAJIU3 PEKYPPEHT-
HBIX AWarpaMM II03BOJISIET BBIUUCJIATH MEPHI CJIOKHOCTU CTPYKTYDP PeKyp-
PEHTHBIX auarpaMM, TaKue KaK Mepa PeKyPPeHTHOCTU, Mepa HOeTepMU-
HU3MAa, Mepa dSHTponuu m 1ap. Mepa peKyppeHTHOCTH RR mOKas3bIBaer

1

2

N
> RP. Mepa gerepmunusma Det

i

IIJIOTHOCTb PEKYPPEHTHBIX TOUeK: RR=

SABJISETCS XapaKTepUCTHUKON IIpeAcKasyeMOCTH MOBeIeHUs IIpolecca u
paBHaA OTHOIINEHHUIO YMCJIa PEKYPPEHTHBIX TOUEK, COCTaBJAIOIIUX IAuaro-

HaJIbHbIe JIMHUM, K OOIIeMy KOJIMUeCTBY PEKYPPEHTHBIX TOUeK:

N N
Det=> P()/) RP, rme: || — pnumHa i-i JMATOHANBHOW JIMHUH,
1=l i

min .

P (I)={Ii,i =1,...N,} - 4aCTOTHOE paclipefiejieHHe [IJWH AUaroHAJbHBIX JIU-
HUI B fuarpamMme, N, - KOJIHMYECTBO JUArOHAJbHBIX JINHUI.

Beruucienue sHTponmu momodousa [4,7,11]. OHTpomusa momoOmsa

ApEn gBisieTcs CTATHUCTUKOUN PEryasApHOCTH BPEMEHHOTO pAna, UTO OIpe-
neaseT BO3MOJKHOCTH €ro IIpeAcKasaHus. PaccMOTpUM BPEMEHHOM psAL

{x}, i=l,..,N. Ilycte BekTOop P, (i) — moxmmocisiefoBaTeJbHOCTh 3HAYEHUI
pana {X, X.,.... X,,} AAuHOMK m. IIBa BexkTopa P, (i) u P.(j) 6ymyT momoOHBI-

MU, €CJIU BBIIOJHAETCH ‘)gﬂ( — X4 |<& 0 k< m.

Hna wraxgoro 3HaueHmd |=1,..N-m+1 BbIUHCIAETCA BeJUUYUHA
ni m (8)
N-m+1
durponusa momodbusa ApEn ompepeserca mo popmyJie

C.(&)= f, rme: n,(€)- 4uca0 BEKTOPOB, IIOLOOHBIX BeKTOpy P, (i).
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_ Cm(‘g) : 1 N-m+1
APET(mE) =N, Cu(e) == 3. Cin®) (3)

MopeabHble JaHHbBIE
Xaoruueckue peaausanuu [1,2]. Xaoc mpeacraBiiser co00M CIIOMK-
HYI0 (OpMYy IOBeJeHUA NeTePMUHUPOBAHHON CHUCTEMBI B YCTAHOBUBIIIEMCS
pe:xuMe. OCHOBHBIM CBOMCTBOM TaKHX CHUCTEM SABJIAETCA YYBCTBUTEJIbHASA
3aBHCHUMOCTh pekuMa (PpYHKIMOHUPOBAHUSA K CKOJb YTrOJHO MaJILIM H3Me-

HEHWAM HavalbHBIX ycioBui. Ecim d, — mepa HauajibHOro pacCcTOSHUS

MEeXJy JABYMSA TOUKaAMU, TO CIyCTA MaJioe BpeMdA ! pPacCToOAHUE MeXIy

TPAEKTOPUAMMU, BHIXOJAIIMMU U3 OTUX TOUEK, CTAHOBUTCSA PABHBLIM
- d.@t
d(t)=d,€e", rme Besmumna A siBasiercsa mokasaresneMm JlgnmyHoBa. 9TO 00-

CTOSITEJIbCTBO BeleT K IIOTepe JIeTePMUHHPOBAHHON IIPEACKA3YEeMOCTH U
XaoTU4YeCKoMy moBeAeHnio. OZHUMHN M3 CaMbIX IIPOCTBIX M HATJISTHBIX
MaTeMaTUUYeCKUX MOJeJieil, HeMOHCTPUPYIOIINX XaoTHUUecKoe II0BeeHue,

ABIAIOTCA HUTepupyemble orobpaskenuss Buma X, = f(C,X), rme C —
VIPaBIAIONINHE IapaMeTp.

Iy mIMpoOKOro KJjiacca HeJMHEeWHBIX (GyHKIuin f mociiegoBaTesnb-

ABJgeTCa XaoTuuecKou. Hambosiee mM3BeCTHBIM

00
HOCTb 3HAYeHHUN {Xn} o

MIPUMEPOM XaOTUUYECKHX OTOOpPaKeHUU SABJAeTCA JIOTHUCTUUYECKoe oTobpa-
JKeHne. 9TO OJHOMEPHOE KBaJpaTHUUHOEe OTOOpa’keHIe, OIpele/isieMoe Clie-
IYIOIIIM 00pasoM:

X0 = A% (1= X)), (4)
rone A — ynpasiastornuii nmapamerp, AU(0,4], a smavenusa X [J[0,1].

Peanmu3anmuu mpomecca aBroperpeccun [3]. B xauecTBe caydaiiHBIX
IIPOIIECCOB C KPATKOCPOUHOI 3aBUCHUMOCTBHIO B paboTe BHIOPAHBI ITPOIECCHI
aBToperpeccuu 1-ro mopAgka:

X(t) =@X(t-1)+ (1), (5)
rae &£(t) — HeKOpPpeJIMPOBAHHBIN O€JIBIA ITyM, @ — KO03(p(UIIMEeHT aBTOpPer-

num, . Ha4vYeHUu UITMEHT BT r nmn IIpenejadaeT
eccC <1. 3Haue € KO3 €HTa aBToperpecc orpeneJsisdae

CTeIleHb aBTOKOPPEJAIMOHHON 3aBUCUMOCTHU IIPOIlecca.
Croxactuueckue camomomgo0Hble peasqusanuu [3,12]. Croxacruue-

ckuil mporiecc X(t) sABISgETCA caMONOAOOHBIM C IIapaMeTPOM CaMOMIOI00MSA
H, ecau mpomecc a " X(at) onuceiBaercss TeMu Ke KOHEYHOMEDHBIMH 3a-

KOoHaMu pacupepnenenuii, uro u X(t). OgHoii m3 HamboJiee M3BECTHBIX U

70 ISSN 1562-9945



2 (91) 2014 «CucreMHBIe TeXHOJOTHH »

IIPOCTBIX MOJZIeJed CTOXaCTUUYECKON IWHAMHUKH, 00Jamalninx (paKTalb-
HBIMM CBOMCTBaMU, SABJIsAeTCcS (GpaKTaJabHOe OPOYHOBCKOE [IBUKEHUE
(PBH).

®dBJl ¢ mapamerpom H =0.5 coBmamaeT ¢ KJacCMYeCKUM OpPOYHOB-
ckuM paBu:keHumeM. Ilapamerp H, HaspIBaeMbIM ITOKasaTejgeM XepcTa,
IIpeACTaBJsIeT cOo0O¥ cTeleHb camolionobmsa Iporiecca. Hapany c¢ asTtum
CBOICTBOM, IIOKas3aTejlb H xapakTepusyer Mepy IOJIOCPOUYHON 3aBHUCHMO-
CTH CTOXACTHUYECKOTO IIPOIlecca, T.e. yObIBAaHWE KOPPEJISAIIMOHHOU (PYyHK-
IINH IIPOIlecca IIO0 CTeIIeHHOMY 3aKOHY.

PesyabsTaThl MCccaeq0oBaHUA

IIpoBenmeHHBIN B paboTe PEeKYPPEHTHBIN aHaJIW3 BBIIBUJ CUJIbHBIE
pasinuusd, KaK B BU3YaJbHOII TOHOJOTHUN, TAK WM B YHCJIEHHBIX XapaKTe-
PHUCTUKaX peain3alluil BBINIEONNCAHHBIX IIpoIleccoB. PaccmoTpuMm mpumep
a0COJIIOTHO PAa3JIMUYHBIX IO CJIOKHOCTU HPOIIECCOB: IIEPUOAUUYECKOTrO IBU-
JKeHUsA U HeKoppeampoBaHHOTO Oesioro mryma. OueBuaHO, UTO XapaKTepu-
CTUKHU BBINIEONNCAHHBIX XAaOTUUYECKUX M CJHIYUYAUHBIX IIPOIECCOB MTOJIXKHBI
HaXOAUTLCSA BHYTPU AUAalladOHa 3HAUEHUI XapaKTepPHCTUK, PAaCCUMTaHHBIX
IS TMIePUOANYECKUX W IIOJHOCTBIO CIydalHBIX TpaeKtopuii. B Ttabaume 1
MIpUBeAeHbl 3HAUEHUSA Mephbl PeKyppeHTHoCcTu RR, Mephbl AeTepMUHU3MA

Det u suTponuu momobus APEN, paccumTaHHBIE OJA peaau3anyuil IJIUHON

1000 3uauenuii.

Tabauma 1
YucioBnie XapaKTEPUCTUKHN CJIOXHOCTH CHMHYCOHNIBI U IITyMa
RR Det ApEn
Cunycoupga 0.18 0.998 0.03
HexoppesrpoBaHHBIN IITyM 0.0003 0.025 1.7

B Tabuuie 2 mpuBeleHbI cpefHHNE 3HAUEHHS Mep PeKYPPEHTHOCTH,
JTeTepMUHU3MA W JHTPONWHU MTOA00MA MJIs peanmsanuii oroOpaskeHus (4)
IIpU 3HAUEHMAX yHOpaBiadgomniero mapamerpa A=3.7, 3.9, 4 (cooTBeTcByIO-
Imue 3HaueHWA mnokazartensa Jlamyrosa paBubl A=0.37, 0.5, 0.69); naa
peanmsanuii aBToperpeccuu (5) mpm 3HaueHUAX Koapdummenra @=0.3,
0.6, 0.9; nna peanmsammit PBJIl mpm B3HaueHHMAX IapamMeTpa Xepcra
H=0.3, 0.6, 0.9. BoabIiiiee 3maueHune IIOKasaTeasa JIAIyHOBa COOTBETCTBY-
eT 0OJbIllell XaOTHUYHOCTU CHUCTEMBI. B KasKIoM cJiydyae BeanmumHBI RR u

Det, Kak Mepbl PeryJAapHOCTH, YMEHBIIIAIOTCSI, a BeJIUUYMHA SDHTPOIIUNU
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YBEJINYMBAETCA C POCTOM XAaOTHYHOCTU WJIU HEKOPPEJIMPOBAHHOCTH IIPO-

mmecca.
Tabauma 2
YiuciioBble XapaKTEPUCTUKM CJIOMKHOCTU peaim3alinii
Jloructuueckoe IIpomecc ®pakTanrbHOoe 6POYHOBCKOE
oTOoOpakeHUe aBTOperpeccuun IBUKeHIe

A | RR | Det |ApEn | ¢ | RR | Det |ApEn | H | RR | Det | ApEn

3.7 10.008 | 0.1 0.93 | 0.3 | 0.0003 | 0.08 | 1.72 | 0.3 | 0.02 | 0.55 | 0.47

3.9 |0.004 | 0.07| 1.2 | 0.6 | 0.0005 | 0.05| 1.65 | 0.6 | 0.02 | 0.87 | 0.21

4 0.002 | 0.05| 0.86 [0.9| 0.002 |0.13| 1.25 | 0.9 | 0.01 | 0.95 | 0.12

B pabore paccMoTpeHbl BpeMeHHBIE PsAbl, COOTBETCTBYVIOIINE pPas-
JUYHBIM CJIOKHBIM AUHAMHWUYECKMM CHCTeMaM. B uYacTHOCTH, IIpPOBeJeH
aHaJau3 PAIOB, IocTpoeHHBIX N0 RR-mHTepBamam. RR-umHTepBan mpen-
cTaBJsgeT co00Ii MPOMEKYTOK BPEMEHH MeXKAY COCeTHUMMU 3yOIlaMU 3JIeK-
TPOKAPAMOTPaMMbl M PaBEH IIPOAOJIKUTEILHOCTH CePAeYHOro IukKJaa. B
KauecTBe IIpuMepa (PMHAHCOBOIO BPEMEHHOI'0 PAJa pPaccMOTpeHa AUHaAMMU-
Ka usmeHenusa mHAekca S&P500 za 2004-2008 rr. KoaumuecTBeHHBIE pe-
KYPPEHTHLIE M SHTPOIUMHBIE XapaKTEePUCTHUKM, HOJYUYEHHBbIE II0 JaHHBIM
peMeHHBIM psAgaM, IpeicTaBJeHbI B Ta0J.3.

Tabaumna 3
YuciioBble XapaKTEPUCTUKU CJIOKHOCTHU PAIOB
RR Det ApEn
RR-unTepBaIBI 0.18 0. 84 1,87
S&P 500 0.06 0.91 2.1

Ha ocHOBaHMU pe3yJIbTATOB aHaAJM3a MOXKHO IIPEIJIOKUTH IJISA MO-
JenupoBaHuda peanusdanuii RR-uHTepBasoB JeTepMUHUPOBAHHBIE XaoTHUUe-
CKMe CHCTEeMBLI, Torjga KaK MaTeMaTudueckoe MOJeJHUpPOBaHUE pdALa
S&P 500 gomxkHO 0asmpoBaThCA Ha CAMOIIOZOOHBIX CTOXACTHUYECKUX IIPO-
meccax. Ijgsa ameKBaTHOTO BbIOOpPa MOIeNIM B IIEPBOM CJydyae HeOOXOIUM
pacueT TaKUX XapaKTepHUCTHUK, KaK IMoKasaTejb JIANyHOBa, MHBapuaHTHAad
Mepa paclipefieJieHUusA U IpP., a BO BTOPOM — pacueT (ppaKTaJbHBIX Xapak-
TEPUCTUK.
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BreiBoasl

B pabore mpoBeneH CpPaBHUTEJLHBIN PEKYPPEHTHBIA M SHTPOIIMII-
HBIM aHaJIU3 peaju3aluii XaoOTHYEeCKHX M CTOXACTHUECKUX IIPOIleccoB, 00-
JAAOINX PAa3JIMUYHONM KOPPEJAAIMOHHON CTPYKTYpOi: HEeKOppeanpoBaH-
HBIX IIIYMOB, IIPOIIECCOB aBTOPErPEeCcCUM ¢ KPATKOCPOUYHOI 3aBUCHUMOCTBIO I
(bpaxTaJdbHBIX IIPOIECCOB C JOJTOCPOYHOM HaMAThbI0. IloJlyueHBI 3aBHCHU-
MOCTH Mep MH(POPMAI[MOHHON CJIOMKHOCTH BPEMEHHBIX PSAJOB, TAKUX Kak
Mepa PeKYPPEHTHOCTH, Mepa JeTepMHUHU3MAa, SHTPONUA IOA00MS OT Iapa-
METPOB IIPOIlecCcOB: OMPYPKAIIMOHHOIO IapaMeTrpa, IIOKasaTeJasd XepcrTa,
Koa(duIiimenTa aBroperpeccur. B paboTe paccMOTpeHbI BpeMeHHBIE PALbI
RR-unTepsanos u nuaexca S&P500, Ha ocHoBaHUM pes3yabTaTOB aHaJJIM3a
MIPeJIOMKEeHbl MaTeMaTHUYeCKue MOJeJM, VUNTBLIBAIOINe KOPPEeaAlNOHHYIO
1 PEKYPPEHTHYIO CTPYKTYPY BPEeMEHHOT'0 PALa.
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YVIIK 622.647.2
P. B. Kupua, T. ®. Mumenko, 0. B. Babeunko
MATEMATHUYECKHUE MOJAEJU ®YHKIINOHUPOBAHHUA
CHUCTEM KOHBEHUEPHOI'O TPAHCIIOPTA
YTOJBHBIX IMMAXT

AnHomayua. Ha ocHosaHuu memoOa OUHAMUKU CpeOHUX 018 MAPKOBCKUX
npoyeccos paspabomaHa mamemMamuyeckas mooesnb (YHKUUOHUPOBAHUSA CU-
cmeM KoHBeliepH020 mpaHcnopma ¢ nocnedo8amesibHbIM U NApanesbHbiM
coeOuHeHuem KoHsellepos u byHKepos, @ makxe ¢ OpeBoBUOHOU seepHOl U
camonodobHoli cmpykmypamu. B pesynbmame 015 smux cucmem KoHseliepHo-
20 mMpaHcnopma nosy4yeH peKyppeHmHsil aneopumm onpedesieHus ux nponyc-
KHOU CNnocobHOCMU npu pasiuyHbIX COOMHOWEHUAX NOCMYyNnaKwux u3 sas
2py30nomoKos u npousgodumesnsHocmed numamened. [lonyyeHbl oyeHKU mMu-
HUMQJIbHbIX U MAKCUMQJIbHbIX 3HAYeHUl nponyckHol cnocobHocmu paccmom-
PeHHbIX cucmemM KOHBeliepH020 mpaHcnopma, npusedeH npumep pacdema.

Knioyessie cnosa: cucmemsl KoHBeliepHo20 mpaHcnopma, 6yHKep, MapKOBCKAS
moOenb, (YHKUUOHUPOBAHUE, NPONycKHAs CNOCOBGHOCMb, CamMonodobHas

cmpykmypa.

CucremMbl KOHBEHEPHOTO TPAHCIIOPTA YTOJBHBIX IMIAXT MUMEIOT CJIOMK-
HYI0 PasBeTBJIEHHYIO CTPYKTYPY, COCTOSAIIYIO M3 KOHBENEepOoB U OYHKEPOB,
CBSIBaHHBIX MEXKJY CO0OII C IMOMOIIbIO IIMTaTeJiel, Ieperpyskarejieili u Ie-
perpy304HbIX y3J0B. OTKa3bl KOHBEMEPOB YAaCTO IIPUBOAAT K IPOCTOAM JIaB
W, KaK CJIeJICTBUE, K CHUKEHUIO MPOU3BOAUTEILHOCTH CHUCTEMbl KOHBeMep-
HOT'O TPAaHCIIOPTA.

IInAg TOBBIMIEHUSA NIPOIYCKHON CIOCOOHOCTHM CHCTEM IIOA3€MHOIO
KOHBEIepHOTO0 TPAHCIOPTa YrOJBbHBIX INAXT M3-3a OTPAHUYEHHOCTH IIPO-
CTpaHCTBa MINPOKOE IPUMEHEHWEe IOJYUYHJIN aKKyMYyJUPYIOINue OYHKEPHI
(BpemenHoe pesepBupoBanue) [1, 2]. OgHako 3ddeKTHBHOEe IIpUMeHEHUEe
AaKKYMYJUPYIOIUX OYHKEPOB OTrpaHUUYMBAETCA OTCYTCTBHUEM MaTeMaTuye-
CKOTO U MPOTPaMMHOT0 o0eclieyeHUsd, IT03BOJIAIOIIETO0 OITHMU3UPOBATH
IIpoIlecCchl PYHKIIMOHUPOBAHUSA CHUCTEM KOHBEHEPHOT0 TPaHCIOPTA.

B HacTosImee BpemA paspaboTaHbI MaTeMaTUUYeCKUEe MOJeau (PpyHK-
IIMOHUPOBAHUS CHUCTEM KOHBEHEepHOro TpaHcIopTa 0e3 OyHKepoB, IpHUMe-
HSEeMbIM, B OCHOBHOM, Ha OTKPBITHIX paspabOTKax II0JIE3HOTO MCKOIaeMo-
ro [3, 4].

Bompocamu momenupoBaHUS (DYHKIIMOHMPOBAHUS CHCTEM KOHBeep-
HOTO TpaHCIoOpTa ¢ OyHKepaMMu 3aHUMAaJINCh MHOTHE uccaenoBarenu [1, 5-7].
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IIpu sTOM mOJyuYeHHBIE MaTeMaTHUUYeCKue MoAeau (PpyHKIMOHMPOBA-
HUSA CHUCTEeMbI KOHBEepHOTO0 TPAHCIIOPTa, B OCHOBHOM, KacCaJIMCh CHCTEMBI
C IIPOCTOM CTPYKTYPOH «KOHBeliep — OyHKep — KOHBeliep».

Iloiss cumcTeM KOHBEWMEePHOTO TPaHCIIOPTa ¢ 0oJiee CJI0MKHOU CTPYKTY-
poil ObLIM MOJYYEeHbl UMUTAIIMOHHBIE Mojeau. B pabore [8] monyueHbr Ma-
TeMaTU4YecKue MOJeJN HAaIeXKHOCTU CJOMKHBIX MHOTO(GOYHKIITMOHAJIBHBIX
aBTOMATHYECKUX CHCTEM C OyHKepaMl’, KOTOpble HENOCPEICTBEeHHO He-
BO3MOJKHO HCIIOJIb30BATh MJIA OIpPeAeJeHUs ITPONYCKHON CIIOCOOHOCTH pas-
BETBJICHHOI CHUCTEMBbI KOHBEHEePHOI0 TPAHCIIOPTA ¢ OYHKepaMu.

B crarhe paspaboTaHbl MaTeMaTUYeCKHE MOAEIN (PYHKIIMOHUPOBA-
HUA CHUCTEM IIOJ3€MHOTO0 KOHBEMEPHOTO TPaHCIOpPTa C IIOCJeNoBaTEIbHBIM
U MapajjieibHBIM COeIWHEHHeM OYHKepOB, a TaKyKe caMOIIOZO0HOI IpeBo-
BUIHON CTPYKTYPHI.

B ocHoBe MmaTeMaTnuecKoOl MOJeJN II0JIOKEeH MeTOJ TUHAMHUKU cpej-
HUX [IJI MapKOBCKUX mporieccoB [9], B KOTOpo#l sjaeMeHTapHas CHUCTeMa
«KOHBeliep — OyHKep — KOHBeliep» 3aMeHAeTCS 9JIeMeHTOM (KOHBeiiepoM) C
9KBUBAJIEHTHBIMU IapaMeTpPaMU IIOTOKOB OTKAa30B M BOCCTAHOBJIEHUH.

AHanus3 cucteM KOHBEHEpHOTO TpPaHCIIOPTa YrOJbHBIX IMIaXT ITOKAa-
3aJI, YTO B OCHOBHOM OHHM MMEIOT CaMOMNOJ00HYIO IPEBOBUIHYIO CTPYKTYPY.
HpyruMu cjoBaMU, CTPYKTYPHYIO CXeMy KOHBEHEepHOIro TPAHCIIOPTa MOXK-
HO pas0uTh Ha MepapxmuecKue ypoBHU. IIpm sTOM KaKIbIi ypPOBEHB IIO-
BTOpPsAEeT oAWMH u TOT »Ke rpad. Takme reomerpmueckue CTPYKTYPbI, CO-
rsiacHo [10], HaswIBaroTCs APEBOBUIHBLIMU (DpaKTaIaMU.

Ha puc. 1 moxasaHbl TUIIUYHBLIE CXE€MBbI IIOJA3€MHOI0 KOHBEHNEPHOTO
TPaHCOOPTA YTOJbHBIX IIAXT C IOCJEAOBATEeIbHBIM W IIapajljIeIbHBIM CO-
efuHeHWEM OYHKEpPOB, a TaK’Ke CHUCTeMbl KOHBEHEpPHOro TpPaHCIOpTa C
OyHKepaMu APEeBOBUIHOU CTPYKTYPHI.

I peBOBUAHYIO CTPYKTYPY IIOA3€MHOTO0 KOHBENEpHOTO TpaHCIopTa
VIOJBHBIX IMIAXT MOXKHO OOBACHUTH ITUKJIUYHOCTHIO TEXHOJOTUU JOOBIUU
yIJI: IpOoXoAKa — mo0blda — MIPOXoAKa. B pesyabTare KasKIbIA HOBBIN
Yy4aCTOK KOHBENMEPHOro TpaHCHOpPTa IOACOENMHSAETCA K YiKe CYIIeCTBYIO-
Iel cucrteMe, oOpPasOBAaHHOW B pe3yJabTaTe MHOMKECTBA ITUKJIOB IT0O0OBIUM
yrJisi. JTOT IIPOIleCC MOYKHO CPaBHUTBL C IIPOIECCOM pOCTa OepeBa, Te
IIUKJIOM SBJISIETCA BEeCHA — JIETO — OCEHb.

ITosTomy mMaTemaTmueckoe MOJeJInMpOBaHue OyaeT KacaTbCA MMEHHO
TaKUX TUIIOB CUCTEeM KOHBENEepHOIro TpaHCIIOPTA.
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Kak ObL1O0 TTOKasaHo B paborax [3, 11], omHUM M3 OCHOBHBIX ITOKA-
3aTeyiell PYHKIIMOHUPOBAHNS CHCTEM KOHBEHEPHOIo TPAHCIOPTA SBJISIOT-

cAd cpemHUe 3HAYEHWSA ITPONYCKHOM CIIOCOOHOCTH M., OIIpeJessieMble II0
dopmyie

me. = ) PG, (1)
i=0

rae P; — BeposATHOCTH TOT'0, UTO CHCTEMA KOHBEHNEPHOT'O TpPaHCIOPTa
HAXOJIUTCA B i-OM COCTOSHUU; ; — IIPOU3BOAUTEILHOCTh CHUCTEMbl KOHBEI-
€pPHOT0 TpaHCIOPTa, HaXOAAIIENCA B i-OM COCTOSAHUU; S — KOJIMUYECTBO BO3-
MOXKHBIX COCTOSIHMI CHCTEMBI KOHBEHepHOIro TpaHCIIOpPTa IIPU OCTAHOBKAX
WU OTKa3aX KOHBelepoB.

1) IIocisengoBaTeJIbHOE COeaAMHEHNEe ROHBeerpOB

]

2) mapaJiienbHOE COeIUHEHVEe KOHBENEepOB

3) npeBoBUAHAA CTPYKTypa (BeepHas)

4) npeBOoBUAHAS CTPYKTYypa (camMomomoOHasd)

Pucynox 1 - CTpyKTypHBIE CXE€MBI IIOJA3€MHOT0 KOHBEMEPHOTO TPaHCIIOPTa

YTOJIBHBIX MIAXT ¢ OYyHKepaMu

Kak Buguo u3 opmynst (1), a1aa ompeneneHus 3HaUYEHUSA M. HEOO-
XOAMMO 3HATH CTPYKTYPY CHCTEMLI KOHBEMEPHOT'O TPAHCIOPTa, M3 KOTO-

pOfI orrpegesdeTcd KOJIMYEeCTBO BO3MOMHBIX COCTOSIHUM CUCTEMBI S U BepoO-
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ATHOCTU Pi HaXOoXOJeHnUA CHCTEeMBbI TPAHCIIOPTa B KaXJIO0M i-OM COCTOSAHUU
G = 1,s).
PaCCMOTpI/IM CHa4YaJla IIoCcJjgeaoBaTeJIbHOE COeAMHEHIEe 6YHKepOB

: i ) : Y3 Y Vil m,
Mo ——" VA AV | oeee ] A
: Qn[ : QnZ le

Pucynoxk 2 - PacueTHasa cxeMma II0CJe0BATEJIHLHOTO COeTUHEHUA OYHKEpPOB

s monydyeHUsS MaTeMaTHYeCKUX Mojeaeldl (GyHKIIMOHUPOBAHUSA
CHUCTEM KOHBEHEpHOT'0 TpaHCIOpTa ¢ OyHKepaMu BOCIIOJb3yeMCS CBOMCT-
BOM CaMOIIOA00MSA CTPYKTYPhI MOCJIEIOBATEILHOTO COeTUHEHNA OYHKEPOB.

Brigenaum B 3TOI cxeMe C JIEBOTO Kpas IIPOCTEHMIIYIO CUCTEMY «KOH-
Beliep — OyHKep — KOHBeliep», 00BeIeHHYI0 IYHKTUPHOI JuHuen (puc. 2).

Coryacuo pabore [12], cpeaHIO0 IIPOIYCKHYIO CIIOCOOHOCTH 3TOM

IIPOCTEMINEN CHUCTEMblI MOYKHO OIPEIEJUTDL 110 (DOpMYy.JIe:
npu mq > @y,

M1 m

Mey = A1 m, @ni> (2)

yl (le - in)
roe meg — IIPOU3BOOAUTEJIBHOCTDH Haﬂ;6YHKepHOI‘O KOHBef/'Iepa; in — IIPOM3BO-

IUTEJbHOCTb MUTaTeJNA; V7 — 00beM IuTaTesisd; Y — yAeJbHBIN Bec I'pysa;

mo —(1+ V) o m — Q A
Allzul['Q — y‘l_ nl] 5 le =9 5 in :A; ylz_l;
(mg - @, J@n, 1+y 1+y, ™
_ Ay .
Yo = =23 V1, Yo — KOOQ@UIMEHTH aBaPUITHOCTA HAZOYHKEPHOTO U MOAGYH-
2

KEPHOTO0 KOHBeWepoB; Ay, [; U A, U — IIapamMeTphbl IMOTOKOB OTKA30B U
BOCCTAHOBJICHUN HaAOYHKEPHOT0 U IOAOYHKEPHOTO KOHBEHepoB COOTBET-

CTBEHHO;
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IpU Mg < @y,

B T
me, = (in - mQ1) _ le ’ (3)
1+ yzeA21VV1 + (6_2”1 —@m) (1 - eAZIVVI)
(in a le ) i

sig, (L + v2) - @
rae Agq = _1( i jll
me, in me,

PaCCMOTpI/IM Tellepb CHUCTEeMYy IIOCJIenOoBaTeJIbHOI'O CO€IMHEHMNA ABYX

MEePBLIX OYHKEPOB CXEMbI IIOCJIeJOBATEJILHOTO COeIUHEeHUA OYyHKepOB
(puc. 3).

m Vi &) Vs m,
WA WA —

Q nl QnZ

PI/ICYHOK 3 - Cucrema IIociaeaqoBaTeJIbHOI'O COeEJMMHEeHN A

JIBYX IIePBBIX OYHKEPOB

3aMeHUM 3Ty CXeMy HPOCTEHINell d9KBUBAJEHTHON CXeMOIl «0OyHKep
— KomHBeiiep — OyHKep», yV KOTOPOH Ha BXOJ HaJAOYHKEPHOIo KOHBeliepa

IOCTyHaeT I'py3 cpefHell NPOU3BOAUTENIBHOCTBIO Mg (puc. 4).

mg Va2 V3 m,,

— A
0.,

PucyHok 4 - OxBuBajJieHTHAdA cxeMa «OyHKep — KOHBeliep — OyHKep»

KosppuiinentT aBapuiitHOCTH HaAOYHKEPHOT'O KOHBeliepa paBeH He-
KOTOPOMY SKBHUBAJEHTHOMY 3HAUEHUIO Y,». CpenHee 3sHaueHume MPOIMYCKHOI
CIIOCOOHOCTH M,.p; HA BBIXOJE M3 9TON SKBUBAJEHTHOM CHCTEMBI, COTJIACHO
[12], ompenensercs mo opmysiam:

IpU Mg > @y,

+ (_ WQZQ ) (eAIZVVZ _ 1)
m - _
m, =|—1% Q ~ *n @0, » (4)
2 eA12VV2 mQ A 2
1+ + 2 (e 12YV2 _1)
y32 (mQ2 - an)

eA12YV2
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mgo —(1+Y, )@, _ Q
rme Ao = IJ1[ Q ( _ y‘gz_)an] ; mq, = o ; an =_—"2;
(mQ - an )Qng 1+ y32 1+ Y3
m A
yazz—Q—]_; y3:_3’
mcl I'l3
npu mq < @y,
i @n, = Q) f; _ pacars) |
m,, = (@n, = g, ) 7, (5)
= (@n, ~ Qny) “
1+ y3eA22VV2 B B (1 AszVz)
i (an - sz ) i
Ha[mg, (1 +V3) - Q _ — Q
rae Agg = 2[ @ : s mq, =Me 5 @y, = N

ng (an - ng )
HpOﬂOJDKaH 9TOT IIpomecc n pas (n — KOJINYeCTBO 6YHRepOB B CuUc-

TeMe), IPUXOAUM K PEKYPPEHTHBIM (hOpMyJiaM:

npu mq > @,

AW m,
et + = ina ) (eAliyVi _ 1)
Y,. meap. — ) _
e, = Zliyvi & m, - Qni ’ (6)
1 + e + — Qi_ (eAliyVi — 1)
L yai (in _Qni) |
mg -(1+Y,)Q, m — Qn
rae A].l = IJ'C[ ,Q (_ y‘3l_) nL] : le — Q = mCi_l; Qni — n; ;
(mQ - Qni )Qni 1+ yai 1+ Yi+1
_ Mg _Ai L _ Mg
= -1, y,=—";@G=1,n; m, = 5 He = HW)s
Yo, Me, . Yi i ( 1+ Vi H ;)
npu meg < @,
1+ ((g”‘_g’”))(l - eAZin/i)
=g, N
m,, = n; (QQL o ; g, » (7
14y etV 4 20 s (1 - eAZiVVi)
L (Q’h - in) i
mg (1 +V;41) — @y — Q,.
rae Ap; = el EL(( ylﬂ)_ in] ; Mg, =M 5 Q@ = N (o= 1,n;
mgq, Q’li - in) 1+Vin
mq

mCO 1 + yl ; p'C = I'li)'
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IIpu sTOM HpOIyCKHAs CIIOCOOHOCTH BCEH CHCTEMBLI KOHBEHEepPHOIO

TPaHCIOPTA C MOCJeNOBATEJbHBIM COeIWHEHNEeM OYHKEepOB OIIpelesseTcCs
Ha n-ou urepanuu o gopmyJie:

me =me , (8)
rIe n — KOJUUYeCTBO OYHKEPOB B CHCTEME.

PaccmoTpuM cucTeMy KOHBeHEpPHOT'O TPAHCIIOPTA C HapajjielbHBIM
coenuHeHEeM OYHKepOB (puc. ).

Ilnss aTOM cuCTeMBI, TaK Ke, KaK W B IPEIBLIAYINeM cjydae, HC-
IMOJIL3YA caMomomo01e ee CTPYKTYPhI, HOJYUYUM PEKYPPEHTHBIE COOTHOIIIe-

HudA

npu meq > Qni

Al.yV. —
e ", in_ (eAliyVi _1)

m, = Yi (in _Qn) am', 9)

mo -1 +V,)Q, Mo _ Q, .
e Ali:”c[(@ Gy ] o me o @ N
in_Q~)Q- 1+Yi 1+yO

npu mq. < @

1+ (g’% ~ @) (1 _ eA2iyVi)

m, = (@, — Mg, )_ B o, (10)
1+ Yy, eA2iWi 4 (gnl Q) (1 - eAZiyVi)
‘ (in - mQL )

_p'c[_in(ll"'in)_Q\ni] e _&. 6_ in-

roe Ao = ; Mg, = ; @y = ;1= 1,n;
Y Y ULy 1ty
Me = Hi-

nl y()z

QnZ

yn y()n
Qll}’l

Pucynok 5 - PacueTHasa cxema ¢ mapaJijieIbHBIM COeTUHEHNEeM OYHKepOB

my

n
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IIpu sTOM HpPOIIyCKHAS CIIOCOOHOCTH BCEH CHCTEMbI KOHBEHepHOTO
TpaHCOOPTa C IIapajlIeJIbHBIM COeAWHEHWEeM OYHKepOB OIIpeJessaieTCs II0

dopmy.e:

n
Me = ) Mg, (11)
i=1

rJle n — KOJUUYECTBO OYHKEPOB B CHCTEME.

IJ1si IpeBOBUIHOM BEepPHOI CTPYKTYPHI coeIMHeHUs OyHKepoB (puc.
6) cpemHee 3HaueHUE IPOIYCKHON CIIOCOOHOCTH CHUCTEMBI KOHBENEPHOTO
TpaHcmopra ompeneadercsa mo teM ke Gopmyaam (9) m (10), B KOTOPBIX

3HaUeHUsA KO03((HUIIMeHTOB aBapUUHOCTU Yo, HaJAOYHKEPHBIX KOHBEHEepOB
3aMeHseTcA 3HaueHHeM Kod(h(uUIleHTa aBapUMHOCTH Y, COOPHOTO KOH-

Beiiepa (Yo, = Yo, i = 1,n).

0,

n

T e =
an

Pucynor 6 - PacueTHas cxemMa BeepHOM CTPYKTYPhI COeIUHEHNs OYHKEepPOB

Paccmorpum cucreMy KOHBEHMEPHOIO TPaHCIOPTa CaMOIIOZOOHOI
IPEBOBUIHOMN CTPYKTYPHBI ¢ OyHKepamu (puc. 7).

G ) G 6 © © © ©
Vi V11 Qn” Vi2 Vz V2 Vn Vn I
mQ] LN ) LN ) G:—»
(3) (3) () (c) (c)
yZ] VZ] sz Q nl Q nn
Q (3)
n2l
00 00000000000 OCOCEOONONOINONONONONONONONONONONONONONONONONOSNOSIODS
() V (3) (3)
nl nl n2
e i S e R
(3)
an]

Pucynork 7 - PacueTHasa cxema caMOIIOZOOHOM APEeBOBUIHOM

CTPYKTYPHI coeqnHeHsI OYHKEPOB

Ilist aTOM cuCTEeMBbI, NCIOJb3yA TaK Ke, KaK M B IPeAbIAYIINUX CIy-
yagx, camMomomo0me CTPYKTYpPhI, IMOJYUYUM PEeKYPPEHTHBIE COOTHOIIIEHUA,

OIIpeesIAIoNIe CPeIHIO MPOIYCKHYI0 CIIOCOOHOCTH CHUCTEMbI:
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npu mq. > Q@

(O
eAllyVl N mL(S) ( AliyVL.(c) _ 1)
(©) ) _ g ©
Ys, (m;” - Q") _
me, = "L — R, (12)
i Alin/vi(C) (S) © n;
1+° + ™ (eA”yVi = 1)
v -Q)
i
= m
Ao uc[n}i(s)(l +y¥)-a +v;j’)Q,§f’] o kZ::l “
S @O +yO) - @@l T T p® ’
14 3i ni ni 14
©
—_ le raY —_ Qni — .
m® =m,,_| o i = e M= 05 He W5 0= L
Y, Yi+1

l(c) — K09(PUIIMEeHThl aBapUIHOCTH CTBOJIOBBIX IIyTell ¢ OyHKepaMu; ygc
14

— BKBUBAJIEHTHBIE KO3(D(UIIMEHTHI aBapPUMHOCTU CTBOJIOBBIX NyTeil ¢ OyH-

KepaMu; y(:
15

— SKBUBAJIEHTHBIE KO3(h(UIMEHThl aBapUUHOCTH 3a00MHBIX

nyTeii ¢ OyHKepaMu;

npu mq. < @

m, = L— m®, (13)

i (© _ o)
(c) @7 -Q, ) ()
1+ ygi)leAziVVi 4+ n (1 _ pAuWi )

bty
m\@y) - m?)

31ech a(ddeKTuBHLIE KO3((PUIIMEHTLE aBapHUHHOCTH 3a00MHBIX IIY-

rae Ay = » (Me = W5 1= 1,n).

Tell ¢ OyHKepaMu OIpeaeATcsa o ¢hopMyJiam:

) = MQ _
y9i m(3
¢

L (v =yD, i=1,n), (14)

rme mf) — CpemgHHe IIPOITYCKHBIE CIIOCOOHOCTHU i-TO 3a00ITHOTO IIYyTH CHC-
i

TeMbl KOHBEepHOro TpaHCIIOpTa ¢ OYHKepaMu, olpeaejseMble aHAJOTHUY-

HO 1o Gopmyaam (6) u (7).
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CpenHue IpPONyCKHBIE CIIOCOOHOCTU 3a00MHBIX IIYTEH m® on ene-
c.
14

asgoTea 1o (¢opmysnam (6)—(8) mas mociaemoBaTebHOTO COeIWHEHUSA 3a-

OOMHBIX KOHBEIEPOB ¢ OyHKepaMu.

I[JIH ommpengeseHnd MHHMMAJbHOTO WM MaKCHMaJIBHOI'O 3HAUEHUU

IIPONYCKHOM CIIOCOOHOCTH PACCMOTPEHHBIX BBIIIIE CHCTEM KOHBEHEepHOTO

TPpaHCIIOpTa C 6yHKepaMI/I IIOJIOKHMM B BBIIII€ ITIOJIYUEHHBIX PEKYPPEHTHBIX

dopmynax sHauenuss V; = 0 m V; - o COOTBETCTBEHHO IJd MUHUMAJIbLHOTO

1 MaKCUMAaJIbHOTO 3HaueHui. B pe3yJjabTarTre IIOJy4YMrM:

TYypPOi

— IJIS TIOCJIeIOBATEJBHOIO CoeANHeHNA OYHKEepOB:
npu mg > Qni
in [an [...[an Q,

2 <m,<-—"m (15)

mg - ]+,

npu mq < @y

m m
% —<m,<—2;  (16)

1
[Jas+w o

— IJIA TapaJijieIbHOTO COefUHEeHUA OYHKepOB

npu mg, > @,

2 : Z ; (17)

i= 1(1+y1)(1+YO )

npu me, < in-

> ‘ <m, < J (18)
i=1 (1 + yl)(]- + YOZ) i=1 1+ yi
— JIJISI BeepHOI'0 COeINHEHNsI OYHKEepPOB
npu me, > Qni

1 & Q

—=sm ; 19
1+y0i§1+yi e 1+yOZQ” (19)
npu mq. < Q@
omg, nom,
1 Z Q; <m, < e . (20)

— IJIs C&MOI‘IOJIOﬁHOI‘O coeuHEeHNsI OYHKEePOB C APEBOBUIHOI CTPYK-
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npu mq. > Q@

Q

m® <m, < RN (21)
1+ ync+1

npu mq. < Q@
nom

m® <m, < Z%, (22)
i=1 1+ yil

rae mgo) — CpemHss IIPOIMYCKHASA CIOCOOHOCTH CHCTEMBLI KOHBEHEepHOTO

TPaHCIOPTAa APEBOBUAHOII CaMONOMO0OHON CTPYKTYpPhI HIpPU Vi(c) =0, u

Vi§3) =0; mff)— IIPOIIYCKHAsSI CIIOCOOHOCTH CHCTEMBLI KOHBEHEpPHOIo TPaHC-
IIOpTa ¢ APEBOBUIHON CaMOIIOAOOHOM CTPYKTYpPO#l 6e3 OyHKepoB [3].

IIpomyckHasA cIOCOOHOCTH m,(f), corjacHo pabore [3], onpenensercsa

110 PeKYPPEHTHBIM (DOopMyJiaM:
()

m® = M1 (23)
1+ ¥k
(?) m (t) m
m m
roe mflt-)1 - Mn-2 @n . {t) - 0 Qo

1+y© 1+ ygi) 1+ y(2"') 1+ y(az)

m® = &
0 (3)°
1+ Ys,
31ecn mi(t) — CpenHss MPOIYCKHAA CIIOCOOHOCTH CHCTEMBI KOHBeIi-

€PHOTO TPAHCIIOPTA C APEBOBUIHOM CaMOIIOMOOHONH CTPYKTYypOil 6e3 OyHKe-

POB mocJe i-ii uTepalnn; yfj) — DKBUBAJIEHTHBLIN KO3((PUIIMEHT aBapuiiHO-
1

cTu 3a00WHBIX IyTell 0e3 OYHKEpOB, ompenesseMblii mo dopmysnam (14)

mpu Vig.s) =0 (i=1,n; j=1,k;, k; — KosmuuecTBO OYHKEPOB B i-OM 3a00WHOM
IyTH).

Ha ocHOBaHHHM IOJYYEHHBIX AaHAJUTHUUYECKUX BBhIPAKEHUN ObBLIN
IIPOBEAEHbl pPacueThl IIPONYCKHOM CIIOCOOHOCTH CHCTEM KOHBEMepHOTIo
TPaHCIOPTA CAMOIIOJO0HOM JIPEeBOBUAHON CTPYKTYPhI C OyHKepaMu (CM.
puc. 7).

ITpu sTOoM MCXOAHBIE HAaHHBIE W PE3yJIbTATHI pacuyeTa IIPeACTaBJIECHBI
B Tabaumax 1 u 2.
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B Tabiaumax

1 um 2 moxkasaHbl pe3yJabTaThl pacueTa IPOIIYCKHOM

cunocobHocTu no ¢opmyaam (13) u (14) gua mg, > Qni U mq < Qni COOT-

BETCTBEHHO.

W3 Tabaunm 1 u 2 BUAHO, UTO IIPHU mg, < Qn,- IIPOITYCKHAaA CII0CO0-

HOCTh CHCTEM KOHBeﬁepHOPO TpaHCIIOpTa B IIATH pPa3 BbBIIIIE, YeM IIPpu

in >

Qni .

PacueTsl Ha oOcCHOBe IIOJIYUEHHBIX 3aBUCUMOCTEN IIOKa3ajinn, 4TO C

yBeJnUeHneM 00beMOB aKKYMYJHUPYIONINX OYHKEPOB IIPOIIYCKHAS CIIOCO0-

HOCTh CHUCTE€M KOHBEHEPHOTI'0 TPAHCIOPTAa JIIOOOH CTPYKTYPhI YBEJINUNBAET-

csd, a IpHU 3HAUEHHAX 00HeMOB OYHKEpPOB Vi(c) > 500 M° u Vi(g) > 500 m°

IIPOITYCKHAadA CIIOCOOHOCTDH IIPAKTHNYECKHN HEe M3MEeHAEeTCHA.

B cayuae mg > @, (n=5; k; = 5)

Tabauma 1
HMcxonubie JaHHBIE M PE3YyJIbTATHI PACUETa IIPOMYCKHOI CIIOCOOHOCTU

mq, » Q,(lf ’ Q,(lf ’ (c) y® Hi, Vi(c)a Vig‘g)’ mi(s)’ Me,
T/MUH | v/MuH | T/MUH : Y L/mmm |3 T/MUH | T/MUH T/MUH
5,6 5,0 5,0 (0,037 0,193 | 0,054 | 300,0 | 100,0 | 3,14
5,6 5,0 5,0 (0,037 0,193 | 0,054 | 300,0 | 100,0 | 4,56
5,6 5,0 5,0 |0,037 0,193 | 0,054 | 300,0 | 100,0 | 4,57 4,42
5,6 5,0 5,0 |0,037 0,193 | 0,054 | 300,0 | 100,0 | 4,48
5,6 5,0 5,0 (0,037 0,193 | 0,054 | 300,0 | 100,0 | 4,42
Tab6auma 2
HNcxonHble maHHBIE M PE3yJAbTAThl pacueTa MPOITYCKHOM CIIOCOOHOCTU
B cIydae Mg < in- (n=5; k; = 5)
mg, | @0, | @Y | o |y | we | VO VP m, | m
T/MUH | v/MUH | T/MUH ' Y 1/mmm |3 T/MUH | T/MHH T/MUH
5,6 6,0 6,0 | 0,037 0,193 | 0,054 | 300,0 | 100,0 | 4,28
5,6 6,0 6,0 | 0,037 0,193 | 0,054 | 300,0 | 100,0 | 8,53
5,6 6,0 6,0 | 0,037 0,193 | 0,054 | 300,0 | 100,0 | 12,61 | 20,69
5,6 6,0 6,0 | 0,037]|0,193 | 0,054 | 300,0 | 100,0 | 16,75
5,6 6,0 6,0 | 0,037 ]|0,193 | 0,054 | 300,0 | 100,0 | 20,69

Kpome Toro, pacuersl IIpefebHBLIX OIEHOK HPOIIYCKHOII CIIOCOOHO-

CTH 3aJaHHON CHCTEeMbl KOHBEHEPHOI'0 TPAHCIIOPTA CAMOIIOZOOHOI ApeBo-

BUJHOU CTPYKTYPBI
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Qni = 5 T/MUH (in >Qni) MIPONYCKHAsA CIIOCOOHOCTH IPUHMMAET MUHU-

MaJTbHOE 3HAUEHUe M, = M= 0,25 v/mum mpu V9 = Vi§3) =0 u MakK-

CHMAJTBHOE BHAUEHHUE M, .y = 4,82 T/Mun mpu V¢ = Vés) =00,

IIpu mg, =5,6 T/MUH u Qn,- = 6 T/MUH (in <Qni) MIPONyCKHAadA
CIIOCOOHOCTH  NPUHUMAET MUHUMAaJbHOEe 3HAUeHUe M, ip= m(gt) =

8,72 v/MUH  1pHU Vi(c) = Vi§3) =0 ¥  MaKCHUMaJIbHOe  3HAUYeHUe

Memax = 23,47 T/MUH Ipu Vi(c) - Vi§'3) — o,

BeiBogbsl. Ha ocHOBe MeToma IMHAMUKU CPEIHUX OJIS MAaPKOBCKUX
IIPOIIECCOB IIOJIYUEeHbI MaTeMaTUdYecKue Mojeau (GYHKIMOHWPOBAHUS CHC-
TeMbl KOHBEHEePHOT0 TPAHCIOPTa C IIOCJIEAOBATEJLHLIM M IIapaJjieIbHbIM
coeqHeHEeM OYHKEpOB, a TaKiKe C JAPEBOBUIHON BEEepHOM M CaMOII000-
HOM CTPYKTYPOH, ITO3BOJIAIOIINE OIIPEIEJUTh NPOMYCKHYIO CIIOCOOHOCTBH
CHUCTeMbl KOHBEHEePHOr0 TPAHCIOPTAa YrOJbHBIX IMaXT.

IIpu sTOM yCTAaHOBJIEHO, YTO €CJIU CPeIHNEe HTPOM3BOAUTEIHLHOCTU

IOCTYNAIOIUX H3 JaB IPYBOIIOTOKOB Mg 00JIBIIIE TPOM3BOAUTEIHHOCTHU
nuTaTeJgen Qni (in ZQni ), TO IMPOIIYCKHAsA CIIOCOOHOCTH CHUCTEeMbl KOHBEI-

€PHOr0 TPAHCIOPTa HAMHOI'O MEHBIIIe IIPOIIYCKHOM CIOCOOHOCTH B CJydae
eciu meq < Q -

Kpome Toro, ¢ yBeandenueM o0beMOB aKKYMYJINPYIOMINX OYHKEPOB
JI0 OIIpeleIeHHOTO 3HAUeHUsA IIPOMYCKHAs CIOCOOHOCTHL CHCTEM KOHBeHep-

HOTO TPAHCIIOPTA YBEJIUYMUBAETCA, a IIPU 3HAUEHUAX 00BHeMOB OyHKepa

CBBIIIIE€ 9TOI'O 3HAUYEHUA — IIPAaKTHUYECKN HE M3MEeHAETCHd.

86 ISSN 1562-9945



2 (91) 2014 «CucreMHBIe TeXHOJOTHH »
JUTEPATYPA
1. CucTeMbl MOA3€MHOTO TPAHCHOPTA Ha yroJbHBIX IaxTtax / B. A. IlomomapeH-
ko, E. JI. Kpeiimep, I'. A. IIyuaeB [u ap.]. — M.: Hegpa, 1975. — 309 c.
2. Uepkeco I'. H. HageXHOCTh TeXHUYECKUX CHUCTEM C BPEMEHHOM M30BITOYHO-

creio / I'. H. YepkecoB. — M.: CoBerckoe paguo, 1974. — 296 c.

3. Kupua P. B. Ilpumenenue (paKTalioB K OIpeaeeHHIO0 IIPOIYCKHON CI0CO00-
HOCTU CHCTeM KOHBEHMEPHOTO TpaHcIopTa ropHbIx npeanpusatuii / P. B. Ku-
pus // CucremHi TexHoJorii: Perionanbuuii MiskBy3iBChbKHiT 30ipHUK HAyKO-
BUX Ipamnb. — [uinpomerpoBcbk, 2010. — Bunyck 2(67). — C. 167-174.

4. CouBaxkoBckuii A.O. KaprepHusblii KoHBeliepHBIT TpaHcuopT / A.O. CnuBaKoB-
ckuii, M.I'. IToranos, I'.B. IIpucenckuii. — M.: Hegpa, 1979. — 264 c.

5. Amorurn JI. M. MogenupoBanue W pacueT TPAHCIOPTHBIX CHCTEM TOPHBIX
npennpuatuin / JI. M. Anormu, II. B. CremanoB. — Auma-Ara: Hayka,
KasCCP, 1979. — 214 c.

6. CremanoB II. B. Hagme:XHOCTh MHOTOOYHKEPHBIX KOHBEWEPHBIX JUHUNA /
II. B. Crenauos, JI. M. Anorun // UsB. BY3oB. I'opubIiii :KypHam. — 1978, —
Nel. — C. 94-99.

7. KnumoB B. I'. Onenka sdeKTUBHOCTH (QYHKIIMOHMPOBAHUSA IIaXTHBIX TPaHC-
nopTHBIX cucteMm ¢ OyHKkepamu / B. I'. Kiumos, B. fI. Borycnasckmuit // U3B.
BVY3oB. I'opabrit :xkypHagI. — 1976. — Ne 5. — C. 93-96.

8. Ko B. {I. MogenupoBaHre aBTOMAaTU3WPOBAHHBLIX IIPOU3BOJICTBEHHBIX CHC-
tem / B. {I. Konmr. — CeBacromoas: CesHTVY, 2012. — 700 c.

9. 9. Beurneap E.C. Teopusa cayuaiilHBIX IPOIECCOB U €€ HMHIKeHEepHLIe IIPUJIO-
JKeHUs: yueOHoe mocoOme. 5—e usn. / E.C. Benrmens, JI.A. OBuapoB. — M.:
KHOPVYC, 2011. — 448 c.

10.1IIpenep H. Ppaxranbl, Xaoc, cTeneHHbIe 3aKOHBI. MUHUATIOPBI U3 0ECKO-
"Heunoro pas / H. Illpexep. — NxkeBck: HUII, 2005. — 528 c.

11.Kupua P. B. ApmanTuBHOe ymOpaB/ieHWEe KOHBEHEPHBIMU JIMHUSAMU TOPHBIX
npennpuaTtuii / P. B. Kupua, B. ®. Monacteipckuii, B. 0. Makcorenko //
®opym ripaukis—2011: Marepianu mikHapon. Koud., 12—15 »xostHa 2011 p.
— HuempomnerpoBck: HarioHanbHU# ripumuwmii yuiBepcurer, 2011. — C. 87—
95.

12.Kupus P. B. PaspabGoTka OBICTPOrO aJIropuTMa OIPeHeJeHHA IPOIYCKHON
CIIOCOOHOCTH CHCTEeMBI «KOHBeliep — OyHKep — KoHBeiiep» / P. B. Kupwusa,
T. ®. Mwummenko, 0. B. Babeanko // CumcremHui texnoJiorii: PerionHambuuii
Mi)KBy3iBCbKUII 30ipHMK HayKOBUX Ipanb. — JHimpomerpoBchbk, 2013. — Bu-
myck 1. — C. 146—158.

ISSN 1562-9945 87



2 (91) 2014 «CucreMHBIE TeXHOJIOTHI »

YIK 681.88.4

H.B. Muxaiaosckuii, C.B. Beitnyu
NCCJIEJOBAHUE YYBCTBUTEJBHOCTH MOIAEJHU
TEIIJIOBOTO COCTOAHUA CUCTEMBI «PACIIJIAB—KOBIII »

AHHOmauus. PaspabomaHa mamemamuyeckas Modenb HecmayuoHapHo20
menjionepeHoca Yepes MHO20C/0UHYI0 (hymeposKy, a Makxe 3a cyem u3syye-
HUsA C nosepxHocmu pacnaasa. Ha ocHose aHanU3a BAUSHUS KOHCMPYKMUB-
HbIX U Menjiogpu3uyecKux akmopos 8 Kadecmse 0CHOBHbIX NAPaMempos 0Jis
udeHmuegurayuu mMooenu BbI6PaHbI NPUBEOeHHbIE 3HAYEHUs BHYMpeHHe20
ouamempa ¢hymeposKU KOBLIA U CMeneHu Y4epHomsl N0BEPXHOCMU pacnaasa.
Knto4essble cnosa: modenuposaxue, cmanepasausoyHbil KOs, menaosoe co-
CMOsHUe, HeCMAaYUOHAPHbIL menonepexoc.

ITocTranoBKa MPOOIEMBI

OrpaHuueHHbIE BO3MOYKHOCTH PETYJUPOBAHUA (PUIUUYECKUX U (DU-
BUKO-XMMUYECKUX YCJIOBUU NPOTEKAHUSA IIPOIECCOB IJIABJIEHUA Keje3a B
TPAAUIIMOHHBIX arperatax IPUBEJU K CO3JAHUIO HOBBIX CTAJEIJIaBUJIbHBIX
mpoieccoB. B Tex caydasix, KOrJa TEeXHOJOTMUYeCKue olepaluu, KOTOpbIe
obecrieunBaIOT MOJIyUYeHUE MeTajlla HeoOXOAUMOIro KadyecTBa HEIIOCPEHCT-
BEHHO B CaMOM arperare, IPUBOAAT K MOTEPAM IPOU3BOAUTEIBHOCTH IIPO-
Iecca, WX BBIMOJHAIT BO BCIOMOTraTeJbHON €MKOCTH. B coBpeMeHHOM
TEeXHOJIOTUUYECKOM IIpoIlecce BHEINEUHON o00paboTKu cTajiepa3auBOYHBIN
KOBIII IIpeBpaliaeTcsa M3 Cyry00 TPAHCIIOPTHOTO COCyJa B MeTaJIyprudye-
ckuil peakTop. COOTBETCTBEHHO BO3PACTAIOT U TPeOOBaHUA K HEMY.

OcHOBHBIM (AaKTOPOM, KOTOPBHII OTPAHUYMBAET IIPOJOJIIKUTEb-
HOCTBH TEXHOJIOTMUECKUX OIepaluil ¢ pacrijiaBoOM, HAXOAAIIUMCSA B KOBIIIE,
ABJAETCA TeMIlepaTypa KUAKON cranu. Ee CHUXeHUe CBA3aHO C TeILJIO-
BBIMU ITOTEPSAMHU Ha HarpeB ()yTepOBKHU KOBIIIA, TeIlJIonepemaveil uepe3 Hee
U UBJIyUYeHUEM C MOBEPXHOCTM pacIlljaBa.

© Muxaiinosckuii H.B., Beiir; C.B., 2014
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IIpu mepemade KoOBIIIa Ha pPasJIUBKY HEOOXOAMMO OOECIEUUnTH
JTOBOJILHO y3KUHN JuamasoH TemIlepaTypbl craau. IlocKoabKy B
IIPOM3BOACTBEHHBIX YCJOBUSIX PEAM30BATH OIEPATUBHLIA KOHTPOJL 3TOTO
Ba)KHOTO IlapaMeTpa ¢ TpeOyeMO#l TOYHOCTBIO He IIPEJCTABJISAETCS
BO3MOJKHBIM, IJIS YIPaBJeHUSA MIPOIECCOM BHENEUHOUM O00pabdOTKM CcTajau
M3MeHeHNe TeMIIepaTyphl HYKHO IPOTrHO3UPOBATh.

AHanau3 myOoauMKamui Mo TeMe MCCJIeIOBAHUSA

WNccnaeqoBaHWIO TEMJIOBOTO COCTOSHUSA CHCTEMBI «PaCIJIaB—KOBIII—
OKpYy:KaloIlasd cpema» IIPU BHEIEUHOII 00padoTKe CTaJM yaeJsieTcs MHOTO
BHUMaHusA. B wacTtHOCTH, B pabdore [1] mpemyoskeHa TeXHOJIOTHS aBTOMa-
TUUYECKOI0 OIIpeleseHUA TeIJIOCOAeP:KaHus CcTajiepasanBOUYHOro kKosiia. C
MCIIOJIL30BAHEM MaTeMaTHYeCKOH MOJeji HeCTAaIlMOHAPHOIO TeIljaolepe-
HOca B cTaThbe [2] paccMOTpeHO BIMAHWE TOJIIUHBI (DyTEPOBKH CTaJiepas-
JIMBOYHOTO KOBIIIA HA TEILJIOBBLIE IIOTepHU paciniaBa. B crarwke [3] mpexacras-
JIeHBI Pe3yJIbTaThl MCCJIEIOBAHUA TEIJIOBOTO COCTOSAHUS CTAJIEPA3JUBOYHO-
r'o KOBIIIa IIPU MepeMeHHO# TeIlsioBoil Harpyske. B pabore [4] ucciemoBaHo
M3MeHeHNe TeMIepaTyphl paclijaBa B 3aBHCHMOCTH OT BPeMEHUN TeXHOJO-
I'HYeCKMX olepalnuii KOBIIEBOM 00pPabOTKM.

®opmMyIaUpPOBKA 1eJIed CTaThH

OOBIYHO IIPW MOAEJNHMPOBAHUU TeILJIOPH3NUECKHEe XapaKTEePUCTUKU
paciaBa WU OTHEYIOPHBIX MaTepuaoB (PyTEPOBKU, KO3(P(PUIIMEeHThI KOH-
BEKTUBHON M JIYYHCTON TEIJIOOTAAYN HEe M3MEPSIOTCA, a NPUHUMAIOTCA B
COOTBETCTBUU CO CIIPABOUYHBLIMHU JAHHBIMH. B Ka'KIOM KOHKPETHOM CJydae
HaJIMBa paclJjaBa B KOBII M3MePAOTCS TOJBKO Macca pacmJjaBa, ero Ha-
yaJibHAsA TeMIIepaTypa, a TaK:ke HauajJbHas TeMIepaTypa BHYTPEHHEH II0-
BEPXHOCTU (DYyTEPOBKU KOBIIIA IIOCJE €r0 TePMUYECKOH IIOATOTOBKM. TeMm-
rmepaTrypa OKpysKaloleil cpeabl OOBIYHO IPHWHUMAETCSA PaBHOI CTaHIapT-
HOM TeMIIepaType HPOM3BOJACTBEHHLIX IOMeIleHul. B pesyabTaTe, peajb-
Hble 3HAUYEHUS MapaMeTpPOB MOJeJell MOTYT OTJIMYAThCA OT IIPUHATHIX B
IpeaeiaXx HECKOJbKUX ITPOIIEHTOB.

ITosToMy HeEoO0XOAMMO MCCJIeAOBATh BJIMAHNE BapuUaTHBHOCTH 3HA-
YeHUHA IIapaMeTPOB TEIJIOBOTO COCTOSHHUS CTAJepasMBOYHOTO KOBIIIA Ha
pes3yabTaThl MOJAEJNPOBAHUA OXJIAXKICHUSA paclljiaBa.

OcHOoBHAA 4acTh

Ilist MomeIMpPOBaHUS CTaJIepa3jIMBOUYHBIN KOBII TPeACTaBJIEH B BU-
e MUJINHAPA C IJIOCKUM nHuIneM. B maremartuueckoit momeinu [2] yUUTHI-
BAIOTCS TEIMJIOBLIE IOTEPU Uepes3 MHOTOCJIOMHBbIE CTEHKY M THUINE KOBIIA,
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a Tak:Ke M3JyuyeHMeM C MOBEepPXHOCTH PAaCIJaBa, KOTOpas YAaCTUUYHO WJIU
IIOJIHOCTBIO IIOKPBITA CJ0EM IIJIaKa.

IIna pacuera mpoliecca HECTAIIMOHAPHOTO TeIlJIooOOMeHa IIPW OXJia-
JKIeHUs pacljaBa B CTaJIepa3JMBOYHOM KOBIIIe B KaueCTBEe MCXOMHBLIX JaH-
HBIX HCIIOJB3YIOTCA CJIeAYIOIHe IMIapaMeTphl: I'eOMeTPUUYEeCKHe pPasMephl
BaHHBI U MAacca paciljlaBa; HauajJbHas TeMIepaTypa pacijaBa U BHYTPEH-
Hell ITOBEePXHOCTH (DYTEPOBKM KOBIIIA, a TaK:Ke TeMIepaTypa OKpysKaloleii
cpenbl; TOJIWHA W YKCJIO CJI0eB (DYTEPOBKU; TEIJIOPU3NUECKHe CBOMCTBA
paciiaBa m MaTepuajoB (hyTEepOBKU.

HauvanbHoe moJjie TeMmepaTyp B CTeHKe M OHUINE CTajJepasInBOY-
HBIX KOBIIEIl PACCUMTHLIBAETCSA II0 3aJaHHBIM I'PAHUYHBLIMHU YCJIOBUAMH I-T0
pola — MOCTOSHHBIM 3HAUEHUSAM TeMIlepaTypbl BHYTPEHHEH IIOBEPXHOCTU
(byTepoBKHU KOBIIIa 1 BHEIIIHEH ITOBEPXHOCTU OPOHU, IPUHATHLIM B COOTBET-
CTBUU C JAHHBIMU IIPOMBIIILJIEHHBIX HAOJIOJEHUIA.

s uccaemoBaHusA B3ATa mMoaeab 120-TOHHOTO cTajepasuBOYHOTO
KOBIIIa ¢ BHEIIHUM auameTpoM 3,6 M u BbicoTO# 4,3 M. CTpyKTypa (yTe-
POBKH KOBIIIa, a TaK:Ke Telao(pusndecKlre CBOMCTBA ee MAaTEePUAJIOB B3ATHI
u3 [5]. HauasmbHaa TemMmepaTypa paciJjaBa B KOBIIIE IIOCJI€ BBIITyCKa, CO-
rJIacHO HAIIMM [JaHHBIM, cocTaBigeT B cpemHeMm 1620°C, a HauajbHadA
TeMIepaTypa BHYTPeHHEH TMOBEPXHOCTH (PYTEePOBKH IIOATOTOBJIEHHOTO
koBmia — 1100°C. TeMmmeparypa OKpy:Kaioleil cpeibl AJA pacueToB IIPU-
Hara pasHoii 30°C. VciaoBHS MOAENIMPOBAHUS COOTBETCTBOBAIU CJIYUAIO
BBIIEP’KKU KoBIIa B Teuenue 30 MUHYT.

IIna pacuera mpoliecca HECTAIlMOHAPHOTO TeIlJIoOOMeHa IIPW OXJia-
JKIeHUM paciljlaBa B KOBIIIE HCIIOJNb3YIOTCS CJIEAVIONIME HOMUHAJbHBIE
3HaUYeHUA IIapaMeTpoB Momenau: macca pacmiaaBa 120000 Kr; mJI0THOCTB
pacmiasa 7000 kr/m°; ero remroemiocts 825 Ik /(kr-K); KoshdUIueHTs
TeILJIO0Taur KOHBEKIMeH: oT pacijiaBa K creHke Kosma 5800 Br/(m*K);
C MOBEPXHOCTU pacilylaBa M OT HAPYKHOW CTEHKHM KOBIIIa B OKPY’KAIOIIYIO
cpeny — coorBeTcTBeHHO, 27 u 12 Br/(M*K).

Kosdpdunuents! Baugaua K, mapamMeTpoB MOJeNIN OIpeLealn KaK

(Pmax B I:)min)/ P
(Atmax_Atmin)/Atn ’

rae Pyaxs Pmins Py — cooTBeTcTBEHHO, MaKcHUMajlbHOE, MUHHMAaJbHOE U

Ke = (1)

HOMHUHAJIbHOE 3HaUeHHA ucciaenyemoro napamerpa; Aa, Atgin, At, —

COOTBETCTBYIOIII€Ee CHMUMEHME TeMIIepaTypPhbl pacCIiljiaBa.
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Ananua pes3yJabTaTOB MOIEJMPOBAHUA OXJAKIEHUS pacIliaBa TPU
BApMATUBHOCTU IIapaMETPOB TEIJIOBOTO COCTOSHUSA CTaJepPasIMBOYHOTO
KOBIIIa ITOKAa3aJi, YTO HamOoJiee 3SHAUYMMBIMU ABJIAIOTCA: TEIJIOPU3NUYEeCKUe
CBOMCTBA KUAKOI cTaiu (IIJIOTHOCTHh W TEILNIOEMKOCTBL) — KO03(h(OPUIIMEHTHI

BausaHusa K, paBHsl MuHyc 0,89; HauanbHad TeMmIlepaTypa BHYTPeHHeH
noBepxHOocTu (QyTepoBku (K.= — 0,66); BHyTpeHHHUII AuMaMeTp KOBIIa
(Ke= 1+ 0,74); creneHb 4epHOTHI IOBepxHocTu pacmiasa (Kg= + 0,39).

MeHnee BIUAIOT HA TOYHOCTD MOgeJI Bapualnm TeHJIO(l)I/ISI/IT—IeCKI/IX CBOICTB

U TOJIIMHBI BHyTpeHHero ciaosa ¢yrepoBku (0,2 > K, > 0,05). Heonpegne-

JIEHHOCThIO 3HAUEHUH OCTAJBHBIX ITapaMETPOB CHCTEMBI «PAaCILIaB—KOBIII»
MOJKHO IIpeHeOpeyUs.
BbIBOABI U MEPCIEKTUBHI JAJIbHEHIINX HCCJIeTOBAHUM

YuureiBasgs HaIEKHOCTh JaHHBIX O TeILIOpU3WUYECKUX CBOHCTBAX
pacmjiaBa M KOPYHZA, a TaKKe O HavaJlbHOM TeMmIieparype (PyTepOoBKU
KOBIIIA OCHOBHBIMM MapaMeTpaMu IJd aJalTalliy MOJAeJN TEeIJOBOT'O CO-
CTOAHUS KOBIMA CJeIyeT CUNTATh HPUBEJeHHbIe 3HAUEHUS ero BHYTPEHHe-
ro AuaMeTpa U CTelleHU UePHOTHI IIOBEPXHOCTH pacIiljaBa.

ITonyuyeHHBIE PE3yJaAbTATBI MOTYT OBITH MCIIOJB30BAHBLI MIJIS CO3A-
HUSA HAIEeXKHOI CHCTEeMBLI IIPOTHO3UPOBAHUA M3MEHEHHS TeMIepaTyphl
pacmjaBa B X0oJe BHEIIeUHOiI 00pabOTKU CTaJIu.
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YIIK 681.3.06
E.IO. Ocrposckas, I[.A. Konbyu

HEYETKAAd MOJAEJIb OHEHRKHN
KOOOPPOPUIINEHTA CHEIIJEHUA «ABTOMOBHUJb-TOPOT A»

AHomayia. Po3ansaHymo 3a0ayy OUiHKU Koe@iyieHma 34enieHHsa KoJic asmo-
MO06iNIA 3 DOPOXKHIM NOKPUMMSAM, KA BUHUKAE Y 38'A3KY 3 NPOBEOEHHAM as-
MOMexHIYHOT eKcnepmu3u npu po3ciidyBaHHT O0POXHbO-MPAHCNOPMHUX NpuU-
200. Bid moyHocmi BusHa4yeHHs KoeiyieHma 3yenneHHs 3aaexums 06'ekmu-
BHICMb NpUliHAMMSA PilUEHHSA NPO BUHHICMb A60 HEBUHHICMb B0OIA, AKUL CKO-
ig ATI. IcHytoya memoOuKa 003B80/IA€ BU3HAYUMU MINbKU 01GNA30H MOXIUBUX
3HayYeHb Koe@iyieHma 34ensneHHA B8 3a/exHocmi 810 psady ¢akmopis, wo
8nAUBAOMb.

Knto4osi cnosa: ideHmugikauyis, koegiyieHm, 0iana3oH, NiH2BICMUYHA 3MIHHA,
mMemoou, npozpama, yHKYis NnpuHasexHocmi, 6asa npasuJ.

Beenenue. BoicoKme TeMnObl aBTOMOOMIM3AIMM B Y KpauHE CIIOCO0-
CTBYIOT IIOBBINIEHNIO BHUMAHUA K CTPOUTEJIHLCTBY ABTOMOOHJILHBIX MAarMU-
cTpajieil, IpegHAa3HAUEHHBIX OJA HMHTEHCHUBHBLIX IIaCCAXKUPCKUX U T'PYy30-
BbIX IIEPEBO30K C BBICOKMMM CKOPOCTSIMM IBUKEHUS M 3HAUUTEJIbHBIMU
TPeOOBAHUSIMU K €ro 0e30IIacCHOCTH.

ObGecneueHue 0e30IIACHOCTU ABUMKEHHUS C OOJBIIMMUN CKOPOCTSIMU
BBIJBUTaeT clenuduueckue TpeOOBAaHUA K XapaKTEePUCTHUKAM YCJIOBUH
IBUKEHUS W TPAHCIOPTHOT'O IOTOKA, B TOM YHCJE K CIENHBIM KauecTBaM
1 IIEePOXOBATOCTH MOPOIKHOIO HMOKPBITHSA. OZHON M3 BaKHEHMIIINX Xapak-
TEPUCTUK IIOKPBITUSA IIPOE3Kell YacTU SBJISIETCS CIIOCOOHOCTH €e COIIPO-
TUBJSATHCA CKOJb)KEHII0 aBTOMOOMJILHEBIX INMHH. B TO )Xe Bpemsd, Ha CIIell-
JleHle BJIMAIOT He TOJbKO XapPaKTepPHMCTHUKM IIOKPBITHSA, HO M CBOICTBa
IIMNH, KOHCTPYKIINS aBTOMOOUJIA U TEKYIue IIOToaHbIe yeaoBus [1].

WN3BecTHO, UTO KO3((PUIIMEHT CIEIJIEHNsS IIIMH aBTOMOOMJA C HO-
POKHBIM IIOKPBITHEM MeEHSETCs, IpekIe BCero, B 3aBHCHUMOCTH OT THIIA,
IIIEPOXOBATOCTA M COCTOSHUSA HMOKPBITUA [1]. 9TO mM3BMeHeHMe pacIpocTpa-
HAETCs IIO0 IIOBEPXHOCTHU IIPOe3’Kell YacTHu LOPOru, KOTOPYIO MOXKHO CMO-
JIeJUpPOBaTh B ABYXKOOPAWHATHON KPUBOJMHEMHOM cuCTeMe, OJHA KOOp-

AMHaTa IIOACUUMTBIBAETCA B IIOIIEPEYHOM C€UeHHHM JOPOoIru BTOpad - B IIPO-

© OctpoBckaa E.IO., Koa6oyu I1.A., 2014
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noJibHOM. [OMMOTHUTENBHO B KaKJOM TOUKe KPUBOJMHEMHOU ITOBEPXHOCTU
K03((pUIIMEeHT CIleNJeHUsA WN3MeHseTCS M0 BpeMeHU. B 3aBUCHMOCTH OT
MacIilTaba BpeMeHN MOKHO OTCJIeKMBATh M3MEHEHHs UacoBLIe, CYTOUHBIE,
MecAYHBbIe, TOAOBBIE MW II0 TomaM. B pamkax 0e30IIaCHOCTU AOPOIKHOTO
IBIKeHUS HamboJjee BA)KHBIM ABJAETCA M3MeHeHINe YacoBasd M CyTOUYHAad,
KOTOpLIE OUEHBb CJOMKHO OTCJIEAUTH Ha IPaKTHKe M IPeAynpesuTh 00 5THUX
N3MEHEeHUSIX BOAUNTEJIell aBTOMOOMJIEH.

C Toukm 3peHUs 0e30MACHOCTH [TOPOYKHOIO IBUKEHUs Hambosee
aKTyaJbHBIM ITPOI[ECCOM M3MeHeHUS Kod((pUIlmeHTa CIEeNJeHUA ABJIAETCS
IIpoIecc U3MeHEeHUA B YCJIOBUAX MarucTPaJbHOTO ABUYKEHUS, I'le IIPU BHI-
COKUX CKOpPOCTAX TpedyeTcsa 3HAUUTEJIbHOE TOPMO3HOE yCUJIUe IJA 3@-
(beKTuBHOM OCTAHOBKMN aBTOMOOMJISA, HO 9TO yCcuJaue oOpaTHO C yBEJIUUYEHU-
€M CKOPOCTH 3HAUUTEJbHO YMEHBIIIAeTCSA B CBA3M C YMEHBIIIEeHUEeM K03(-
(hurimeHTa CIENJeHUA, YTO IIPU NPOUYUX PABHBIX YCJIOBUAX YBEJINUNBAET
CJIOKHOCTh TOPMOYKEHUA M PEe3KO CHHUKAeT 0€30IMaCHOCTDb ABUKEHUA.

B cHmxeHum Koah@uIlmeHTa CIEIJIEHWSA TJIaBHOW IIPo0JieMoil SAB-
JsieTcsa HeOKUIaHHasS BOAUTEJIEM IIOTEPS YCTOMYMBOCTH aBTOMOOWJIIO, IIO-
ABJIsIeTCs OOBLIYHO B MOMEHTAX C HMHTEHCHUBHBIM MaHEBPUPOBAHMEM, TO
€CTh B CJOKHBIX YCJIIOBUAX OBUKEHUA, U CTAHOBUTCS IIPUUYMHON BO3HUK-
HoBeHusa [ITII. B paccmarpuBaeMbIX yCJOBUAX BBIJAIONIUMCA XapaKTepu-
CTUKOU ABJAEeTCA TEKYIMUuil 3amac 1o Kod(p@UIIMEeHTy CIelJeHusa IJd Ka-
JKJIOTO aBTOMOOMJIA TPAHCIOPTHOTO IIOTOKA, HEIIOCPEACTBEHHO PACKPBLIBAET
MMEIOIINICA YPOBeHb 0€30IIaCHOCTH ABUKEHU.

IlocranoBka 3amaum. 3amadya OIEHKN KO3((PUIIMEHTa CIIEIJIEHUA
KOJIeC aBTOMOOMJISA C JOPOYKHBIM IIOKPBHITHEM BO3HHKAET B CBSA3U C IIPOBe-
JeHleM aBTOTEeXHUUYECKON SKCHEepTU3bl IIPU pPaccjeqOBaHUU IJOPOIKHO-
TpaucnopTHbIX mpouctiectBuil (ITII). Or TouHOCTHM oOmpemeseHWS KO3(-
(huimeHTa CIlleIJIeHUA 3aBUCUT O0OBeKTHUBHOCTL IPUHATUSA PeIleHUs O BU-
HOBHOCTU WJIM HEBUWHOBHOCTU BOAUWTEJA, KOoTOpblii coBepmmua HTII (ma-
mpuMep, Hae3n Ha memiexoga). CylmecTBylolad MeTOAWKA II03BOJIAET OII-
penesnuTh TOJBKO AMAaIla30oH BO3MOMKHBIX 3HaueHHI Koah@uIiimeHTa CIIel-
JIeHUsI B 3aBUCHMOCTH OT pPsAfa BIAUAKIUX (PakTopoB. IlosTomy, oKOHUA-
TeJbHas ero OIeHKa OIIPeJesIIeTCs aBTOTeXHUYECKUM JKCIIEPTOM CYO'heK-
THUBHO, C YYeTOM MJOIIOJHUTEJBHBIX (PaKTOPOB M YCJOBUM, KOTOpPhIe He
BXOIAT B METOAUKY.

IlpunaTue penieHus O IPUYNHE aBapUM OYEHb UYYBCTBUTEJBHO K

3HAUEHUI0 Koa((uIimeHTa CIENJeHUA: CYOHbeKTHUBHBIN BBIOOP HUMKHETO
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WJIW BEPXHEro 3HAaUeHusd Koa((uimeHTa MOMKET PEelInuTh CyAb0y y4acTHU-
KOB IIPOVCIIIECTBUS.

MeTtonuka ugeHtuduramuu. Mogeab olleHKU K03(h@PUIlMeHTa CIiell-
JeHUs paspabaTbiBajiach Ha OCHOBE MAEHTU(DUKAIINY HEeJWHENHBIX 00BheK-
TOB HeUYeTKMMHU Oaszammu 3HaHuii. IlocTpoeHue Mojesin IIPOM3BOAUJIOCH B
JIBa 9Tama: MEePBBIN - CTPYKTYpPHAdA UIEHTU(PUKAIINUA; BTOPOHN - ITapaMeTpu-
yeckasa uaeHTuduranua [3]. Ha mepBom srTame cTpomsach CTPYKTypa 3a-
BUCUMOCTU KO3(D(pUIlMeHTa CIENJeHUs OT BIAUAIMIUX (PAKTOPOB C IIpUMe-
HeHmeM sKcmepTHbIX npasua <ECJIM-TO>. Ha BTOopomM sTame HIPOBOIN-
Jach HAaCTpPOWKa MOJeJM MIyTeM MOoA0Opa TaKuX mIapaMeTpoB (OPMBbI
(GyHKIIUNA TPUHAAJIEKHOCTH HEUETKHX TepMOB u BecoB mpasus <ECJIU-
TO>, KoTOopble 00eCIeUYMBAIOT MUHUMAJBbHOE PACXOXKIEHWE MOIEJIbHBIX U
DKCIIEPUMEHTAJIbHBIX PE3yJIbTaTOB.

Ha pucymke 1 mpepacraB/ieHa cxeMa CTPYKTYPHOM HAEHTHUMUKAIINN
B BHIEe JepeBa, BUCAUYMMU BepPIIMHAMU KOTOPOTO ABJAIOTCSI (PAKTOPHI,
BJIUAIOININE HA Koa(dumumeHT crerieHusa. OcoOeHHOCTh MOJEJU 3aKJIoua-
eTcsi B TOM, UTO OHA YUYUTHIBAeT KaK TPAAUIITMOHHBIE IJI M3BECTHOM METO-
IUKNA (PaKTOPbI, KOTOPEIE O0OOIIeHLl MHTEeIPAJLHBEIM IOKaszaTeaeM @, Tax
U [OIIOJHUTEeJbHO BBejeHHBIe (paxTopel: S, H, P, N, V. Bce Bausomue
(haxkTOpPBI, paccMaTpPUBAIOTCS KaK JHUHTBHUCTUYECKUE IIepeMeHHbIe, 3ajlaH-
HbIe Ha COOTBETCTBYIOIINX YHUBEPCAJbHBIX MHOYKECTBaX U OIEHUBAIOTCSH
HeueTKMMHu TepMaMu. VIHTerpajabHBIA IIOKasaTeab Q, B CBOIO ouepeib, 3a-
BUCHUT OT (PAaKTOpPOB: D; - TUI MOPOKHOTO IMOKPBITUSA; Dy - cocTosaHUe m0-
POKHOTO HMOKPBITUA; T - TUI IMIMH. ITO IMOKAa3aHO HA APEBOBUIHON CTPYK-

Type Momesn Koapduinuenra cremaeHud (puc. 1) [4].

0 01 02 03 04 U.S/f‘ 06 07 08
: | i | i | i i

I 1 1 | s 1 | 1

[q; QSHPNV

S

H P N V¥V

Pucynork 1 — CrpykTypHas ugeHTUGUKAIUA
llepeBo BaAMANINX (PAKTOPOB
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IIporpamvuasa peaausanusd. I[1d moCcTpoeHUA CHUCTEMBI HEYETKOTO
BbIBOJAa MCIIOJIb30oBajachk nporpamma FuzzyTECH, Koropas siBisgercs ciie-
IMUaJN3NPOBAHHLIM CPEACTBOM, KOTOPOE IIO3BOJIIET paspadaThIBaTh U MC-
ciaemoBaTh paspaboTaHHBIE HEUETKHE MOIesn B rpa)miuecKoOM peKume, a
TaKKe IpeodpasoBBIBATh MX B HPOTPAMMHBIN KOJ Ha OJHOM U3 SA3LIKOB
IIPOrpaMMHUPOBAHUSA C BO3MOXXHOCTBIO IIOCJIEAYIONIEN peanusaliuid B IIPO-
rpaMMHUPyeMbIX MUKPOKOHTPOJIJIEPaX.

OcHoBHBIME Inaramu paspaborku nporpamm Ha FuzzyTECH aBasa-
IOTCA:

1. dopmanusanus MOCTABJICHHON 3aJadul - OIpelesieHue JIMHI'BIC-
TUUYECKUX IIePeMeHHLIX, COIIOCTaBJIEHNEe TePMOB C KOHKPETHBIMHU (huamue-
CKUMU 3HAUYEHUSIMU,

2. Paszpaborka 6as3bl mpaBuUJ, ONpPeAeJAoINell CTpaTeTuio yIIpaBJe-
HUA - 3ajaHue MeTona AedassupUKanuy BbIXOIHBIX TaHHBIX;

3. OnTumusanus paspadboranHoi cucteMbl B peskume off-line - un-
TePAKTUBHLIA AaHaJMW3 IIOBeAeHUSA CHCTEeMbl C HCIOJb30BaHUEM 3apamee
IMOATOTOBJIEHHBIX MAaHHBIX NPU IIOMONIIM NPOrPaMMHOM Momesn oO0beKTa
yIIpaBJIeHUd;

4. OnTuMusanus B peXuMe on-line - DOAKJIOUeHNEe CO3JaHHON
CHUCTEeMbI YIIPABJIEHUS K peaJbHOMY OOBEKTY UM ONTHUMMUIAIUSA PA3JIUUHBIX
KOMIIOHEHTOB CHCTEMBLI B PeaJIbHBIX YCJOBHUAX; T.K. B MOJeJH OO0BEeKTa
yIIpaBJIeHUSA HEBO3MOYKHO yYeCTb BCe TOHKOCTH IIpOIlecca, TO JAaHHBIN pe-
JKMM OTJIaAKM BeChbMa Ba)KeH IPU CO3TAHUU CHCTEM YIPAaBJICHUT;

5. Peamusaiiusa - Ha 9TOM 9Talle BLIOMpaeTCs BapHUaHT TeHepHupye-
MOTO KOJa B 3aBHCHMOCTH OT IIoTpebHocTeii. IlosyueHHBIA KOJ IJId MUK-
POKOHTpPOJIJIepa MOKET OBITHL CBA3aH C OCHOBHOI IIpOTpaMMOIii OO 3allu-
cau B II3Y cucremsl ynpaBieHus [5].

IIpomecc paspaboTKH cuHCTeMBI HEUYETKOro BBIBOJA B cpene
fuzzyTECH cocTouT B BBINIOJHEHUU CJIEAYIOIUX IIOCJEI0BATEJbHBIX Ieii-
CTBUI:

1. Co3maTh HOBYIO CHCTEMY HEUETKOT'O BLIBOJA;

2. B oxkHe MacTepa co3gaHMA HOBOW MOJEJM 3aJaTh KOJMNYECTBO
BXOJIHBIX JIMHTBUCTUYECKUX NEePEMEHHBIX, BBIXOAHBLIX JIMHIBUCTUYECKUX
IIepeMeHHBIX U OJIOK IIPaBUJI;

3. IIpucBouTh HazdBaHUe BCEX JIMHIBUCTHUYECKUX MEPEMEHHBIX WM UX
IUalas30oH 3HAUeHUH;
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4. OnpemenuTthb csBoiictBa mnporpammbl fuzzyTECH: wmetonm pmeda-
sudppuranuu — meaTp maxkcumyma (Middle of Maxima = MOM) sBuza
(1);

[ oy

G
Yo J'ay
G, (1)

rue G . IIOJMHOKECTBO 3JIeMEHTOB, KOTOPLIE MaKCI/IM1/131/1py10'rCZ s Yo -

mepeMeHHasA BbIXOJA.

B merTome 1eHTpa MaKCMMyMOB HaxXOJUTCS CpeaHee apudmeruye-
CKOe 3JIEMEeHTOB YHUBEPCAJbHOTO MHOMKECTBA, MMEIOIUX MaKCHUMAaJbHBIE
CTeleHU IIPUHAAJIEeKHOCTEH.

5. Coenmuurkanus TepMOB U X (PYHKIIUN OPUHAAIEIKHOCTU IJIA
BXOJHBIX U BBIXOJHBIX JIMHIBUCTUYECKUX TePEMEHHBIX;

6. BpiOop dopmbl M 3HaUeHHN (PYHKINNA HIPUHALJIEKHOCTU BXOI-
HBIX JIMHTBUCTUYECKUX TIePEMEHHbBIX;

7. Buibop (dopMbl 1 3HAUEHUN (PYHKIIUN IPUHALICIKHOCTH BBIXOI-
HBIX JIMHIBUCTHUYECKUX IEepPEeMeHHbBIX;

8. OmnpenmenuTh 60a3bl IPaBUJ AJIA paspadaTbIBaeMOM MOIEJN.

Ha pucynke 2 mpexacraBjieH BUJI I'padMuecKOro pegakTopa IIpoeKTa
IJIsI HeUeTKOM MOJEJIN.

DO H
e N& RET
H
BCC PP & o—g =)
5
XY AV Vi
e v}/
D1 i
RE1
01 o
Lo 0f— o DEADE 2
]\ £

Pucynok 2 — I'pahuueckoe OKHO pefaKTopa IPOEKTa AJIA CUCTeMBI
HEUETKOr'0 BLIBOJA IMPUHATUSA PeIleHnid
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Hu:xe mnpuBemeH ¢parMeHT OPOrpaMMHOIO Koja paspadoTaHHON

HEUYeTKO! MOJeJIN:

MODEL {
VARI ABLE_SECTI ON {
LVAR {
NANMVE = H
BASEVAR = Units;
LVRANGE = M N(0.0), MAX(100.0),
M NDEF(0), MAXDEF(65535),
DEFAULT_OUTPUT(50. 0) ;
RESCLUTI ON = XGRI D(10.0), YGRID(0.1),
SHOWGRI D (ON), SNAPTOGRI D( OFF) ;
COLOR = RED (0), GREEN (128), BLUE (0);
| NPUT = CMBF;
PGS = -185, -45;
TERM {
TERVWVNAVE = | ow,
PO NTS = (0.0, 0.0),
(24.998, 1.0),
(50.0, 0.0),
(100.0, 0.0);
SHAPE = LI NEAR;
COLOR = RED (255), GREEN (0), BLUE (0);
}
TERM {
TERWNANMVE = nedi um
PO NTS = (0.0, 0.0),
(24.998, 0.0),
(50.0, 1.0),
(75.0, 0.0),
(100.0, 0.0);
SHAPE = LI NEAR;
COLOR = RED (0), GREEN (128), BLUE (0);
} M.T.O.

BeiBoaswl. TouHOCTH ompeneieHUA Kod((PUIlIeHTa CIEIJIEHUS 3aBU-
CUT OT CIIPaBEAJINBOCTU PeNIeHUsA O BUHE WJIM HEBUHOBHOCTHU BOAUTEJA,
koTopbiil coBeprui J[TII.

MeTtonuka IO3BOJIAET OINPEAENIUTh TOJBKO AMAIla30H BO3MOMKHBIX
3HaAUeHUU Koa(P(UIlMeHTa CIeIlJIeHNS B 3aBUCUMOCTH OT HECKOJbKUX (PaK-
TopoB. IlosTOMy, OKOHUATeJbHas OI€HKa OIpeleseTcsa CYyOheKTHBHO
SKCIIEPTOM — aBTO-T€XHUKOM, IIPUHATH B CUET AONOJHUTEJNbHBbIE (DAKTOPHI
1 YCJIOBUS, KOTOPbIE HE ABJIAIOTCS YAaCThIO METOMOJIOTUN.
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VIIK 681.518
A.B. Pynaxosa, O.B. ITlonmuBoga
OIITUMHUSAIIUA ITIOACUCTEM MOHHUTOPUHTA
PACIIPEAEJEHHBIX OBBEKTOB
METOJAMMU CIIEKTPAJIBHOTI'O AHAJIUSA

AHHomayus. [pednoxeH memod onmumu3ayuu napamempos yHKUUOHUPO-
BaHUA nodcucmembl MOHUMOPUH2A MepPpPUMOpPUAnbHO pacnpedeneHHol cuc-
meMbl HA OCHOBe NpuMeHeHUs Memo0o8 0OHOMEPHO20 U 0BYMEPHO20 Cnexkm-
pasibHO20 aHanu3a. [axHbili Memoo no3gosnsem u3bexams UHGHOPMAYUOHHOU
u36bIMOYHOCMU U yNnpocmume mexHUYecKylo peanusayuio KoHmypa udeHmu-
ukayuu cocmosiHus pacnpedesneHHo20 06bekma, 3ppexmusHocms pabomel
Komopozo obycrasausaem 3ggekmusHocms pabomsl  UHGOPMAYUOHHO-
ynpasasowel cucmemsl.

Kntoyesblie cnosa: meppumopuansHo pacnpedeneHHas cucmema, noocucmema
MOHUMOPUH2a, CNeKMpabHbIl aHANU3, KOPPeNAYUOHHAA YHKYUS, onmumu-
3ayus cxembl pazmeleHus 0amyuKos.

ITocTranoBKa MPOOJIEMBI

CoBpeMeHHBIE ITPOU3BOJICTBEHHBIE KOMILJIEKCHI IIPEJCTaBIAAIOT cO00it
CJIOJKHBIE TEPPUTOPUAJIbHO-PACIpPeneeHHbIe O0BEeKThI, A yIIPaBJIeHUS
KOTOPBIMM HCIOJIB3YIOTCA WHTEeIrPUPOBaHHBIE aBTOMATHU3VPOBAHHBIE CHC-
Tembl yupaBiaenua (MACY) [1]. PyHKHmoHMpPoOBaHUE WHHOOPMAIMOHHO
YIIPaBJAIOINIUX CUCTEM CYIIeCTBEHHO 3aBHUCHUT OT CJaKeHHOCTU U dPdek-
TUBHOCTU PabOTHI BCEX €ro IOACUCTEM, B OCOOEHHOCTHU IOJACUCTEMbI MOHU-
TopuHra. IloBwlmenue 3s(pGHEeKTUBHOCTH (GYHKIIMOHUPOBAHUA IIOACUCTEM
MOHUTOPUMHTA B 3HAUMTEJbHOI Mepe CBA3aHO C COBEPIIEHCTBOBAHUEM Me-
TOJOB U CPEACTB cOopa U aHaIM3a JaHHBIX.

OnTuMusanus IOACUCTEM MOHUTOPUHIA PacIpeesIeHHBIX 00beKTOB
3aKJIIOUAeTCA B OIpeJeJeHNU ONTUMAaJbHON CXeMbl pasMeIlleHusd JaTdl-
KOB, UX HEOOXOIMMOTO M TOCTATOUYHOT'O KOJUUYECTBA, MEPUOSUUYHOCTU UX
oIrpoca C IeJIbI0 YMEHbINeHUA WH(MOPMAIMOHHON M30BITOYHOCTH H3Mepe-
HUHU U, KaK CJeJCTBUE, YMeHbIIIeHusA o0beMa MHPOpMAaIuU, HpegHa3Ha-
YeHHOU IJId XpPaHeHHsS M 00pabOTKM, CHHKEHHS TPeOOBAHUI K BBIUMCJIIU-

TE€JIBHBIM CpeacTBaM M TE€JIEKOMMYHHKAIIMOHHBIM KaHajJiaM CBA3HU.

© Pynmaxosa A.B., ITorusoza O.B., 2014
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AHanau3 myOauMKamui 1Mo TeMe MCCJIeIOBAHUSA

OnepaTuBHOe yIIpaBJieHWe Ha NPOTSIKEHUU BCEro cpoka (pyHKITHO-
HUPOBAHUA O0BEKTa, COCTOUT U3 CJEAYIONINX NEePUOANYECKU IIOBTOPSAIO-
IITUXCS STAIIOB: OIEHKA TEKYIIero COCTOSAHMA 00heKTa yIpaBJeHUS; OmIpe-
nejieHe OTKJIOHeHUSA ABM)KEHHA o0beKTa OT 3aJaHHON TPaeKTOpUH; pe-
IIIeHNe 3aJauld HaXO0KAeHUS ONTHMAJLHOrO ymnpaBjeHus (hopMHUpOBaHIE
VIPaBJAAIOIIUX BO3AEMCTBUI) Ha MIPENCTOAINUN IIEPUOM; Peans3aliud
yupaBiaeHuA (KOPPEKTUPOBKA COCTOSHUSA CHUCTEMbl — BO3BpAallleHWe ee Ha
3aJlaHHYIO TpaeKkTopum) [2].

B cBsA3u ¢ HaIMumeM HEOIIPEeJIeHHOCTEH OTHOCUTEIbHO COCTOSHUSA
00beKTa, OOYCJIOBJIEHHBIX CTOXACTHYECKUM W3MEHeHMeM BHEIIHUX U
BHYTPEHHUX YCJOBUNA (PYHKIIMOHHUPOBAHMNS CHCTEMbI, OCHOBHOI 3amaueil
IIOJICCTEMbI MOHWTOPHUHTA SABJISETCS CBOEBpPEeMeHHAs UAEHTHU(MUKAIUSI CO-
cToAHUS 00BeKTa, Ha ocHoBe Koropoii B MMACY dopmupyerca ympasie-
HUE.

Pacuer onTmMaJIbHOTO yIpaBJIeHHS KaK IIPABUJIO OCYIIECTBJIAETCS
B APM pucmeruepa, ¢ MOMOINBIO CHCTEMBI IIOAAEPIKKHN HIPUHATHUS pelle-

aut (CIIIIP) [2], cTpyKTypa KOoTOpO# mpuBeaeHa Ha puc.l.

A
Basbl paHHbIX > IToacuctema MoaenupoBaHus il

VcioBHO-
TMOCTOSTHHAsA Y

uHpopmanus IToacucrema perienus 3aiay
A

A

OnepaTuBHas \
Hpopmarus /

\%/ Juanoroas moacucTeMa —

[Toacucrema o6paboTKM
NepBUYHOM MHpOpMaLIUK

L _ A ol
Y
| Cucrema nepeaavyy JaHHbIX | JITIP (ﬂHC]‘[equp)
[} Y
| IMoacucTeMa MOHUTOPUHTA COCTOSIHUSI OOBEKTA YIPaBJICHHUS |<— UCnoMHUTEBHOE
A A A A 060pyI0BaHHE CHCTEMBI
| PacnipeienieHHbIN OOBEKT yrpaBiieH s |<— yIpaBJieH sl

Pucynor 1 — Crpykrypa CIIIIP
IJIsT yOPaBJIeHUsI pacipeneeHHbBIM 00beKTOM
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B wunHTerpuposaHHO!I aBTOMATHU3MPOBAHHOM CHUCTeMe YIIPaBJIeHUS
pacmupeeeHHbIM O0BEKTOM HEO0XOAMMO HaJIWMYWe COOTBETCTBYIOMIIUX MO-
JeJell m IIporpaMm [AJisi MPOrHO3a AMHAMUKHN COCTOAHHUA U IIJaHUPOBAHUSA
pacmpeneJeHUus PecypcoB, CHCTEeMbl MOHUTOPUHTA OJA OI[eHKM KadyecTBa
yIIpaBJeHUA, ydyacTue YIIpaBJIAIOIIEro IiepcoHajia B IIPOIlecce CcorJiacoBa-
HUSA IPUHATHIX PEIIeHn.

Ilogcucrema MOHMTOPHWHTA [OOJIXKHA OCYIECTBJATH CHCTEeMaTHYe-
CKOe M3MepeHNre BCeX TeKYIUX IIapaMeTPoB (PYHKIIMOHNPOBAHUSI 00BEKTA,
ImapaMeTPOB OKPYsKalolllell cpeabl, IOIIOJHeHume 0a3 JaHHBIX HOBOM WMH-
dopmaneir 1 PUKCUPOBATH M3MEHEHHUS IIapaMEeTPOB CHCTEeMbI IJII BO3-
MOXKHOCTU OaJIbHEHIIero mporuosa. Taxum oOpasom, IeJIbl0 (PYHKIIMOHI-
POBaHHUSA MOACHUCTEMBI MOHUTOPHMHTA sABJsgeTca obecreueHue CIIIIP omepa-
TUBHOII MHMOpPMAIMEl O COCTOAHHNU O0BbEeKTa, a TaKKe wmHoOpMaIuein o
pexumMe paboThl MCIOJHUTEIbHOTO 000PYIOBaAHMISA.

ITogcucrema 00pabOTKU IIEPBUYHON WH(MOPMAIIMM BBLIIIOJHSIET aHAa-
JIN3 BHENIHEeN BXOAHOW uMH(opMaium, o0padoTKy mHGpOPMAIUMN, HOJydae-
MOU OT oIlepaTopa, oToOpakeHHe MNAaHHBLIX B BUJEe YAOOHOM MIJIS IIOCJIe-
nymoImieir oopaboTKu U mepegauy nHGopMaIuy B 0a3y JaHHBIX.

Ilogcucrema momenupoBaHuUA (GOPMUPYET MOIENbh MTUHAMHUKU CO-
CTOAHUSA pacupeneeHHOT0 O00beKTa Ha OCHOBE YCJIOBHO-TIOCTOAHHOU U
omnepatuBHOU wWH(popManuu u3 0asbl JaHHBIX. [JId yOpoIllmeHUA aHaaImsa
pacmupeneJeHHOTO 00beKTa MOYKHO MCIIOJIb30BaTh HEIIPEPLIBHYIO MOIeJb B
BHUJEe IIOBEPXHOCTHU C MCIOJL30BAHHEM AaNNPOKCUMHUPYOIINX 000J0YeK,
KOTopasi JaeT BO3MOJYKHOCTH IIPOTHO3WPOBATL COCTOSAHMNE B JIIOOOHM TOYKE
TEPPUTOPUATBbHO-PACHPefeJeHHO cucTeMbl [3].

B moacucreme pemieHusa 3azady (QOPMUPYIOTCSI PEKUMBI PabOTHI 000-
pyZOBaHUA Ha MPEACTOANINUA IIEePUOJ C YyYeTOM MIPOrHOo3a AWHAMUKU CO-
croaHusa obbekTa [4].

Cucrema mepemaum BaHHBIX, cBasdbiBaioiasa CIIIIP ¢ obopymoBamu-
€M CHCTeMbl U TOACHUCTEeMON MOHHTOPUHIA, MOXKET OBLITH peaim30BaHa Ha
0ase 0eCIPOBOAHBLIX TEJEKOMMYHUKAIIMOHHLIX TEXHOJIOTHMIA.

g noBbiieHUA 3(pPeKTUBHOCTH (PYHKIIMOHUPOBAHUA TEPPUTOPHU-
aJIbHO pacIpelesIeHHOU CHUCTEeMbl HEOOXOAMMBLIM YCJIOBUEM SBJISETCS 3)-
(bekTUBHaAA paboTa moAcCHUCTEMBI MOHHTOPHHTAa. B mepByio ouepenb HeoO-
xonmMo wm30eraTb MH(POPMAIIMOHHON M30LITOYHOCTH HM3MEPEHUN W YIpo-
CTUTh TEeXHHUYECKYIO peaJn3alnio KOHTypa HAeHTU(PUKAIIUU COCTOSHUSI

pacipeneeHHOT0 00beKTa.
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IIocTranoBKa 3amaum

Iiss moCTHMIXKEeHUs IIOCTABJIEHHOM IleJm Heo0XOoaumMo paspadoTaTrhb
MEeTOJ OIITUMM3AINNU ITapaMeTpPoB (DYHKIIMOHUPOBAHUSA ITOACUCTEMbI MOHU-
TOPUHTA TEePPUTOPUAIBHO PACIPEIeJeHHOTO O00bEeKTa, KOTOPBIA ITO3BOJIUAT
OIpeneJuTh CXeMy pa3MeIleHus MaTUYNKOB U IIePUOAMYHOCTHL MX OIIpoca,
Ha OCHOBE NPUMEHEHWSA METOAOB OJHOMEPHOTO M JBYMEPHOTO CHEKTPAaJIb-
HOT'O aHaJ13a.

OcHOoBHAA 4YacTh

Ha ocHoBe m3BecTHOU AuMHAMHUUYECKON MoAesn (PYHKIIMOHWPOBAHUS
TEPPUTOPHATBLHO paclpefesieHHOTo o0beKTa Z(X,Y,t), IOCTPOEHHON B BU-
e amnmnpoKcuMupymwlmneii obosouku [3], B KasKI0il NTPOM3BOJIBHOM TOYKE
(x,y) UQ MOKHO ompenesnTh KOPPEJAAIUOHHYI0 (GPYHKIIUIO, KOTOpasd Xa-

PaKTepus3yeT CKOPOCTh MPOTeKAaHUA IIPOIECCOB B cUCTeMe, 0 (hopMyJie

TO o
lIZ(x,y,t)@(x,y,t+T)dt’

1
TO DZ(x9y) ( )

rZ(x’y’T) =

roe Z(x,y,t)=Z(x,y,t)—myz(x,y) — NEeHTPUPOBAHHOE 3HAa4YE€HNUE KOHTPOJIU-

pyemoro mapaMeTpa B TOUKE c KOOpAWHATAMU (x,1);
17
my(x,y) = T [Z(x,y,t)dt — maTemMaTn4yecKOe OKULAHUE;
0

T
Dy (x,y) = % j[Z(x, Yy,t)—my, (x,r)]2 dt — pucmepcus 3HaAUYeHHI IIa-
0

pametpa; Z(x,y,t) — KOHKpeTHas peaju3alusd CJIydalHOTO IIpollecca, Ko-
TOpas MOXKEeT OBITh IIOJIyueHa Ha OCHOBE CTATHCTHUYECKON MH(MOPMAIIUUN O
GYHKIIMOHNPOBAHNN O0OBEKTa 3a IIPOJOJIKHTEJbHBIA HNHTEPBAJI BpeMe-
Hu T .

s yuporeHuss TpaKTUUYeCKHX pacueToB Koppeiasaruu (1) MoXKHO
BOCIIOJIB30BATHCSA JOUCKPETHU3UPOBAHHBIMHU (POpMyJaMU OIS HAXOMKICHUA
aBTOKOPPEJAIIMOHHON (pyHKIIUU B Buae [5H]

1 N_in_l Z(x’y’ti) m(x’y’ti +mAt0)
N-m = Dy (x,y)

roe At; =T /N — BpeMeHHO! MHTepPBaJ MeXXKIY COCeJHUMHN OTMEPEHHbLIMU
F)

, (2)

rZ(x’y’T) =

3HAUEHUSAMM HapaMeTpoB; N — KOJHYECTBO PACUETHBIX TOUEK (IOCTATOUHO

Ooubiioe); 7 = mlAt; — KoppenAnuoHHbI uHTepBan m =0,1,...,N .
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Ona omnpeneneHuss MaTeMaTHYECKOTO OMKHIAHUA U AUCIEPCUU
MOJKHO HCIIOJIb30BaTh CJeAYIOIle BhIpasKeHU
1 N-1 1 N-1 o 2
mz(%,y) =— 2. Z(x,4,t;), Dz(x,y)=—— 2| Z(%y,1;)| . (3)
CrnekTpaJsibHBIN aHAJNNU3 II03BOJIAET OIEHUTH MaKCHUMaJbHbIe YaCTO-
THI CIIEKTpa CJIy4YaliHOTO IIpollecca, Ha OCHOBE KOTOPBIX MOJKHO OIIpeje-
JIUTh MIar TUCKpPeTus3aIum corjacHo Teopeme KorenbHMKOBa Kak [9]

A< L (4)

Wy

rome &, — MakKCUMaJbHad 4YacToTa CIIEKTpa OrPaHMYEHHOI'0 CUTHaJjia B TOY-

Ke C 3aJJaHHBIMU KoopamHatamu (X,Y), IJA HaXO0KJeHWs KOTOPOI Tpamu-

IIMOHHO MCIIOJIL3YIOT paBeHCTBO IlapceBassa

1% 2 T 2
= [[S(@Pdw=" [[s@)]dw, (5)
T Ty

rme /) — Koa(pPUIMEeHT, XapaKTepU3yIOIUi TOYHOCTL BOCIPOU3BEICHUS,

n=0,95; S(a) — cumekTpasbHasg IJOTHOCTb AMILJIUTYH CJHyYallHOTO IIPO-

1mecca, KoTopas MOMKeT ObITh HalJeHa ¢ IIOMOIIbI0 mpeobpasoBaHusa Pypowe
KOPPEeJAIMOHHON (HYHKIUN

Sy(e) = %Trz(r) cos wrd . (6)
0

Ilepuoabl ommpoca HATYMKOB IO BCEHl TEPPUTOPUU PaCIIpPeresIeHHOTO
o0beKTa Q MOYKHO OMpemeJUTh KaK (PYHKIMIO B 3aBUCHUMOCTH OT KOOPIHU-
HAT

At(x,y) < — T 7
(>, y) @ (0) (7

WJIW, YTO palmoHaJbHEe M3 yA00CTBa IIPAKTUUYECKOU peam3aluiy IIOJICHC-

TeMbl MOHUTOPHNHI'a, KarK

At = min At(x,y). (8)
(,y)0Q

MopgenupoBaHue IIPOBOAMJIOCH MOJA IIOACHUCTEMBI MOHUTOPHUHIa
BJIQKHOCTHU IIOUBBI CEJbCKOXO3ANCTBEHHBIX yroauii. [uHamMmKa uaMeHe-
HUSA BJIAJKHOCTH B OTIEJbHBIX TOUYKAX TEPPUTOPUM NPU PA3JIUUYHBIX pe-
JKuMax (YHKIIMOHMPOBAHUA IMOJUBHBIX CHCTEM, THUIIaX TI'PYHTa U BbIpa-
IMUBAeMbIX KYJBTYP C YUYETOM OCAJKOB Ha MHPOTSIXKEHUWU BCErO BereTaru-
OHHOT'O IIepuoja, IMOJIlydeHHAass Ha OCHOBe MOJEeJUW M3J0KeHHOU B [6], mpu-

BeleHa Ha puc. 2.
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Pucynok 2 — Pe3yabTaThl MOAEINPOBAHUSA BJIAKHOCTHU ITOUBBI

ABTOKOPPENAIINOHHBIE 3aBUCUMOCTH [IJI HPUBEIEHHBIX IIPOIECCOB,

paccumTanHble corgacHo (2) u (3) mokasaHbl Ha puc. 3.
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Pucynor 3 — KoppeaanunonHble 3aBUCUMOCTH

1 ) 1T r(n)

0.5

‘40

(—— — pacueTHBIe 3HaUEHUA; --- — AlIIPOKCUMUPOBaHHbIe 3HAUEHU )

g HaXO0MKIEHUSA CHeKTPAJNbHON MJIOTHOCTU IIPOIECCOB M3MEHEHUS
BJIAKHOCTH S(G) KOPPENAIIMOHHBIE 3aBUCUMOCTU IOJKHBI OBITH ITPEI-
CTaBJIEHBI B AHAJUTHUYECKOH (hopmMe, KOTOpbIe MOXKHO IIOJYYUTh W3 Ipa-
(buKOB c IOMOINBIO MeTOMAa HaMMEHBIIUX KBaapaToB [7]. B pesyibrare

AIIIIPOKCUMAaIlNM IIOJIYYEHBI CJeAYIOIe 3aBUCHMMOCTHI .

10 _ 0.8
n(r)=-018 0% (1)1 cosle Eﬂo’i” 95)) 1 0,65 - (ij :

ot n 52
() = 0,4 0 ( 1)+ coslnH0.8TT=96)) o o 9)
n=1 n2
10 _ 0.6
_ 0110y (- 1) cos(r 0,245 -9.3)) , _( T j .
r3(r)=-0.1105.(-1) n +0.8-| ¢

B pesynbTaTe moACTaHOBKU aHAJUTUUYECKUX KOPPEIANNOHHBIX 3a-
BucuMocTteit (9) B ypaBHeHusa (5) u (6) ObLIM MOJIyUYEeHBI YaCTOTHI CPE30B

w. =0,324 cyr 1, w.o =0,738 cyr 1, w.3 =0,475 cyr !, u omeHkm maros
nuckperusanum corsacHo (7) At <9,7cyr, Aty <4,25cyr, At3<6,6cyrT.
B kauecTBe mepmojma ompoca AAaTUYMKOB MOXKHO BBIOpPaTh MUHUMAJbHOE
sHauenune At <4,25cyr nas Bcex TOUEK (x, y) TEePPUTOPUATIBHO pacipeme-

JIEHHOM MPPUTAIIMOHHOM CHCTEMHBI.
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IIByMepHBIN CIIeKTPaJIbHBINA aHaJIU3 IIOBEPXHOCTHON MOIENU TeppH-
TOPHUAJIBHO PAacCIIpPeleJeHHOTO0 O00BbeKTa [JTaeT BO3MOYKHOCTH OIIPEeIeIUTh

CXeMYy PacCIIOJOKEeHNAd NAaTUMKOB IIOACHCTEMBI MOHUTOPHMHI'A HA IIJIOCKOCTHU
(x,y)0Q.

Cremens 3aBHUCHUMOCTH 3HAUYEHMII paclIpelejJeHHOTo IapaMerpa
Z(x, y,t) B HAIIPABJEHWU PAa3JUYHBIX KOOPAMHAT OJS JIOO0T0 (PHUKCHPO-
BAHHOT'O MOMEHTa BpPeMeHUu tD(O,T) MOYKHO OIIEHUTH C IIOMOII[bIO IBYX-

MEPHOM aBTOKOPPEJAIIMOHHON (PYHKIU BUIA

1 N1‘m1‘1N2‘mz‘lg(xi,yj)%(xi+Z’x,yj+Ty)

1-my)(Ny-mg) = =0 Dy
rae Ny u Ng— KOJIMYeCTBO OTCUETOB II0 KOOPAMHATAM X U Y,

,(10)

o)y

T, =miAx, T, =mylAy — HHTepBaJIbl OTCTOSHUA TOUYEK IIpOIlecca;

y

0
Z(xi R yj) = Z(xi »Yj ) —my, — LeHTPUPOBaHHBIE 3HAUEHU: IIpoliecca Z(x, y);

1 le—lsz—IZ( ) b 1 Ni—lNi—l g( )2
mZ = x.’y- I/I Z:— x.,y. —_ Ma_
NiNy ;=0 j=o '’ NiIN2-1 i j=0 o

TeMaThn4YeCKOe OKXKnJaHne N JUCIIEePCud CJIY‘I&ﬁHOI‘O IIpoimecca Z(x, y)

IIpu amanmse ABYXMEPHOTO CIEKTpPa MOYKHO OIIEHUTH MaKCHUMAaJIb-
Hble YaCTOThI CIIEKTpa pacupeneseHHOro CJAydYaillHOTO IIpollecca, Ha OCHOBE
KOTOPOTO0 MOXKHO ONIpPeAeJUTh MIar AUCKPETH3alluy I0 KOoOpAMHATAM X U

Y CorJiaCHO TeopeMe KorenpHUKOBA:

Ayis L ’ ijs ’ i:O’NZ_]" j:O’Nl_]" (11)

cx; cy;

rme a)cxi n C(.cyj — MaKCHMaJIBHBbIE€ YaCTOTHBI CIIEKTpPa AJAd KaKIOor0o CedeHUdA

KOPPEJAINOHHON (GYHKIIMU IO KOOPAWMHATAM X U Y COOTBETCTBEHHO.

IlepecueT K peaJbHBIM KOOPAMHATAM MOYKHO OCYIIIECTBUTHL C yue-
TOM MACIITA0MPYIOIIero Kosduiinenra k, 3aBUCAIIEr0 OT BUIA U paguy-
ca JeficTBUA MCIIOJIHUTEJNIbHOTO 00opyaoBanusa Kak Ax = k[Ax , Ay =Ek[Ay .

PacueTsl MaKCHMAaJIBHBIX YaCTOT CIEKTPA (., U (e, TPOBOAATCS

KaK W IJIS OJHOMEPHOIrO cJyiydasd IO cooTHolmeHuio IlapceBans (5), rme
CIeKTpaJibHbIe IJIOTHOCTH AMILIATYJ CJIYydYaiHOTO IIPOIlecca OIIpelessaeTCs
IIPU IIOMOIIY IpeobpasoBaHusa Pypbe 0 KOPpeaanuonuoi GyHKnuu (6).
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IITar paccTaHOBKM SAaTUMKOB IIO0 BCEHl TEPPUTOPUU pPacIpeeeHHO-
ro o0’beKTa MPUHUMAaETCSI KakK

Ax =min(Ax;) 1 Ay =min(Ay;). (12)

MogenupoBaHue NIPeNJOKEHHOIO MeTOHa OIpelesieHUs OINTHMAJb-
HOU CXeMbl PACCTaHOBKHU JAaTUMKOB IIPOBOAUJIOCH B I'PAHUIIAX TEPPUTOPUU
OTAEeJILHOIO XO03sAlcTBa. Buj mmoBepXHOCTHOM MOeJIX BJIAXKHOCTH IIOUBHI B
OTHOCHUTEJBbHBIX KOoOpAMHATAX B MOMeHT Bpemenu t =20 CyTOK OT HauaJa
BereTaIIOHHOTO Iepuoja IIpeacTasiied Ha puc. 4a. I'padpuKk paccuuTanHON

KOpPeIAnuoOHHON QyHKIMuU r,(7,,7,) MOKas3aH Ha puc. 40.

W(x,y) 1 o2

‘ rZ(Tx,Ty)

P m”m i Bllros ""

. i ’” ”m Al \v 7 ,lllll

i Ilm'm!m\i‘im‘m < . S
\ T 0
a) 6)

Pucynok 4 — Mogenu xapaKTEPHBIX IIapaMeTPOB:

a) — BJArocofiep:KaHus IMOUYBBI; 0) — KOPPEJIAIMOHHON PyHKIINHT

AnmpoxkcuManusa CeYeHUN KOPPEeIANMOHHON (PYHKIIUH II0 ABYM OCSIM
OCYIIEeCTBJIAJACH METOAOM HAaMMEHBIINX KBaapaToB. HeKoTophle IIOJIyUYeH-
HbIe 3aBUCHUMOCTHU IPUBEIEHbI HA puUc. 5, puc. 6.

1 \rz(‘tx,O) rZ(TX1N_1)
0.51
0 =5 Iio =15 Ty io ";'1'5":[')(' Iﬁ(
a) — nna i =0 (Ax<22]12k) 6) — masa i =Ny—1 (Ax<4k)

Pucynok 5 — AnmpoxkcuMalua ceUYeHUN KOppeaAaIlluoOHHON GyHKIUU

II0O OCHu X
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T rZ(N'laTy)

iy

o
2]

0 5 =10 =15 Ty =20
a) — g j=0 (Ay<67k) 6)— masa j=N;-1 (Ay<7,24k)
Pucysox 6 — AnnpokcumManus cedeHU KOPPEeSANNOHHON (QYHKIINU
II0 OCHU Y
AHanuTryecKue BBIPAKEHUS MIJd I'PAHUYHBIX (IIpedesIbHBIX) ceue-
HUHM KOPPEJIANNOHHBIX QYHKIUN IO IBYM OCAM IIOJIyYeHBI B BUIE
ry (2,0) = e85y _ 0,066 +0,004x2)
ry(x,N -1)= e‘°’875xf(0,338 +0,273x + 0,0006x2)
rz(0,5) = e %1 - 0,027y +0,011y2)

r,(N-1,y)= e_0’76yE(0,681 +0,37y + 0,23y2)
Ha ocHoBe mosiyueHHBIX aHaJUTHUYeCKMX 3aBucumoctein (13), (14)

(13)

(14)

ObLIM ompenesieHbl MAKCHUMAJBbHBIA M MUHHUMAJBHBIN IIar o OCHM X M IIO
OCH y COOTBETCTBEHHO. IIpum ompemesieHnu Iara pPacloJOMKEHUS TaTUYNKOB
BJIQYKHOCTHU U3 cooTHoIeHu# (12) momyuuaocs, uto Ax <4k, a Ay <7,24k.
BriBoasl

IIpuMeHeHHMEe IMHAMHYECKOII IIOBEPXHOCTHOM MOJEJIN II03BOJISIET
ONTUMM3NPOBATH CXEMYy pasMeIleHUs JaTUNKOB II0 TepPUTOPHUAILHO-
pacmpeneJeHHOMY 00BLeKTy. PaspaboranHas MeTOAUWKAa OIIPeIesIeHHs CXe-
MBI ONTHMAJBLHOIO PasMeNIeHHs MAaTUMKOB M HEePHUOAUYHOCTH HMX OIpoca
Ha OCHOBE METOJOB OJHOMEPHOTO M ABYMEPHOT'O CIEKTPAJbHOTO aHaJIM3a
II03BOJIgeT 130eKaTh MH(POPMAIMOHHON M30BITOYHOCTH M YIPOCTUTL TeX-
HUUYECKYIO peaJln3aliio KOHTypa HAeHTU(MUKAIIMK COCTOSHUS pacrupene-

JIEHHOT'O O00'beKTa.
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UDK 624.04

Eduard Bondarenko
MODERN PARALLEL PROGRAMMING TOOLS FOR
SOLVING SYSTEM OF THE LINEAR EQUATIONS BY
CONJUGATE GRADIENT METHODS

Annotation. The work is devoted to comparison the performance of programs
which are executed on the CPU and GPU with shared memory space. OpenMP
technology was used for increasing performance by parallelizing the code on
the CPU. CUBLAS and OpenACC technologies were used for computing on the
GPU. For performance tests several conjugate gradient methods for solving
system of linear equations with the dense matrix were implemented. Within
OpenMP technology, this paper contains a performance comparison of
programs which were compiled using two compilers: PGCC and GCC. Also is
viewed the performance boost through the use of the accelerator and various
types of technologies for program acceleration. The primary purpose of this
paper is to show the distinct advantages of using GPU-accelerator and make
the conclusions associated with the use of various parallelization approaches.
Keywords: Accelerators; GPU; OpenACC; OpenMP; CUBLAS.

Introduction

In the development process of computer technology the idea of
increasing the productivity of computer systems by increasing the num-
ber of processors was implemented more than one times. No exaggera-
tion to say, that all history of the development of highly productive sys-
tems this history of implementations the ideas of parallel processing at a
particular stage in the development of computer technology, of course,
coupled with the increasing frequency of electronic circuits.

Today there are several approaches to increase the speed of data
processing. They are classified by the type of devices, on which parallel
computing are held.

The most common approach is to perform parts of code simulta-
neously on the multiple CPUs. OpenMP is the one of the most popular
means of programming parallel applications for computers with shared
memory. A sequential program is taken for basis, and for creating her

© Bondarenko Eduard, 2014
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parallel version the user is given a set of directives, functions and envi-

ronment variables. OpenMP technology is aimed at the opportunity to
have one version of the program for parallel and sequential execution.
Also an important advantage of this technology is the ability to incre-
mental programming. Thus, not parallel part of the program is gradu-
ally decreased. That approach significantly facilitates the adaptation
process of sequential programs for parallel computing as well as debug-
ging and optimization.

But, restrictions on power consumption, heat release and fast ap-
proaching the physical limit of the transistor size are forcing research-
ers and manufacturers to seek a solution elsewhere.

Appearance on the market GPU with the programmable conveyor
attracted the attention of many researchers to the possibility of using
graphic devices not only for image rendering using OpenGL and
DirectX. Because speed of performance of the arithmetic operations on
the GPU was very high, results of the first experiments had predicted a
bright future for GPU-computations. But the need to work within strict
constraints on resources and programming methods was too serious ob-
stacle to widespread acceptance of the technology.

Only with the advent of graphic devices from NVIDIA, which
were built on the CUDA architecture and CUDA C compiler, program-
ming on the GPU for the general purpose computing become much more
affordable and accessible and thus covers the maximum number of de-
velopers.

This method of paralleling programs is less comfortable than
OpenMP technology, but allows you to get a big performance boost by
executing code on the video adapter. In this approach programmer needs
to support both single-threaded and multithreaded versions of the codes.

OpenACC standard is a logical sequel of the development of het-
erogeneous software. Like OpenMP, he is based on the directive pro-
gramming and therefore requires much less structural changes in the
code, than low-level programming model on the display adapters
(CUDA). In this approach, a developer can quickly determine the bene-
fits of using the accelerator.

Today standard OpenACC has support in such commercial compil-
ers as: PGI Accelerator C/C++ and Fortran [13], Cray CCE compilers for
Cray systems [14], CAPS compilers [15]. There is a free version of the
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OpenACC compiler — accULL [16]. Unfortunately the latter is not fully
support standard OpenACC 1.0 [9], therefore not considered in this pa-

per.
Problem Definition

Currently, parallelism is the main trend of the development of
computer technology: any modern computer consists of several cores on
the central processors and several hundred cores on the graphics proces-
sors. Development of the technologies is determines the development of
numerical algorithms: more time is devoted to parallel numerical meth-
ods. Now, any algorithm is viewed through the prism of his ability to
parallelization.

Partial differential equations is a widely used mathematical appa-
ratus in different areas of science and technology. Unfortunately, the
explicit solution of these equations in analytical form is only possible in
special simple cases. Thus the possibility to analyze the mathematical
models which are based on a large number of differential equations is
provided by means of approximate numerical methods. The volume of
the computation in this area of computational mathematics usually is
very significant so the traditional approach in this case is to use high
performance parallel computer systems.

Conjugate gradient methods are among the most efficient meth-
ods for solving the linear systems. The aim of this work is a considera-
tion of several types of gradient methods for solving SLAE and consid-
eration the range of issues, related to their parallelization on the CPU
and GPU with usage of two compilers.

During the development of a parallel version of the conjugate
gradient method for solving SLAE keep in mind, that the execution of
the iterations performed sequentially, therefore, the most appropriate
approach is to parallelize computations, implemented in the course of
iterations.

Main Results

Common Details

Three conjugate gradient methods for solving SLAE with 10 000
double-precision variables were used for getting results in this work:

. Conjugate Gradient [2]
. Conjugate Gradient Squared [3]
. Generalized Product Bi-Conjugate Gradient [4]
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The values presented in the matrix were generated symmetrically
in range from 0 to 1. During computing two criteria were used for stop-

ping: by accuracy (1) with parameter E = 10 ° and by count of itera-
tions.
Hx(s) _ >((S—l) H < E (1)

The second criterion is determined by the maximum number of
iterations N, to which the researcher is ready to go. If the number of it-
eration, which must be performed, is greater than N, iteration will not
be executed, method finishes the work, vector X(N) is interpreted as an
approximate solution of the system.

Calculations were performed using infrastructure which is speci-
fied in Table I.

The simple Conjugate Gradient method requires 13 iterations for
solving system of the linear equations. Stabilized Conjugate Gradient
method requires 8 iterations. Generalized Product Bi-Conjugate Gradi-
ent method is more efficient than other methods, thus requires only 7
iterations.

Results of experiments are given in Table II, Table III, Table IV,
Table V (running time of the algorithms is presented in seconds).

Table I
Infrastructure of the computer
Processor Intel i5-3350P CPU @ 3.10GHz
RAM 8Gb
Graphic adapter NVIDIA GeForce GTX 650 Ti
1Gb
Operating system Windows 7
Compiler, debugger cuda compilation tools 5.5
pgec 13.10-0 64-bit
gce version 4.8.1
Math library CUBLAS

Several compilers have been used at the work for completeness of
the tests.

Comparison of PGCC and GCC Compilers

At the time of writing article, GCC was not support OpenACC
standard, so it was used for comparing with PGCC compiler exclusively
within the OpenMP technology.

From the data, specified in the Table II, Table III, we can con-
clude that the PGCC compiler much better optimizes the code of the
program, which compiled without optimization, thereby increasing his
productivity.
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Using the PGCC compiler by developer, allows up to three times

increasing the speed of the program, without optimization.
Table IV and Table V show that PGCC compiler optimizes the
code two times better, than GCC in case of using optimization.

Table II
PGCC Compiler Without Optimization (seconds)
Method 1 2 3 4 5
CG 1.9562 1.0139 | 0.7051 | 0.6645 4.5490
CGS 2.4788 1.3258 | 1.0261 | 0.9558 4.5873
GPBiCG 2.2527 1.1407 | 0.7958 | 0.7053 6.0232
Table III
GCC Compiler Without Optimization (seconds)
Meth 1 2 3 4 5
od
CG 5.7391 3.2139 | 2.3024 | 1.8460 | 1.8702
CGS 7.2587 3.9506 | 2.6844 | 2.1637 | 2.2199
GPBi 6.3615 3.4349 | 2.3929 | 1.9034 | 1.9436
CG
Table IV
PGCC Compiler High Level Speed Optimization (seconds)
Method 1 2 3 4 5
CG 0.9439 0.6086 | 0.5702 | 0.5748 1.1577
CGS 1.1968 0.7517 | 0.7148 | 0.7263 1.3382
GPBiCG 1.0511 0.6751 | 0.6387 | 0.6453 1.4470
Table V
GCC Compiler High Level Speed Optimization (seconds)
Method 1 2 3 4 5
CG 1.6130 | 1.1045 | 0.9156 0.8798 0.8971
CGS 1.9874 | 1.2199 | 0.9593 0.9469 0.9813
GPBiCG 1.7658 | 1.0856 | 0.8765 0.8767 0.8766

Working time of program which uses five threads is increased.
This explained by the insufficient computational load, which falls on
each processor. It's disadvantageous to use more than four threads for
this task on quad-core processor.

Despite the fact that PGCC compiler is generating faster code,
execution of the program which was compiled by this compiler, on the
five threads takes more time, than execution of program which was
compiled using GCC. Perhaps, PGCC adapts the code to the physical
number of processors in the system, thereby increasing speed of his
work.

Comparison of OpenMP and OpenACC Technologies

The diagram Fig. 1 shows the work of the programs that are run-
ning on the CPU with usage several cores and the work of program that
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is running on the graphic adapter. The diagram clearly shows, how pro-

gram, written by using OpenACC is working faster, than her analogues,
which are running on the central processor. Transferred into hardware
thread scheduler, faster memory and more homogeneous processor pro-
vide an opportunity to get a big performance boost by using such type
of accelerator. The bottleneck in this approach is the copying the data
for processing to the device and back into memory. Thus, to get the
maximum performance necessary to reduce the number of copy opera-
tion.

In the program, the results of which are shown above at the dia-
gram, copying data occurs two times, at the beginning of work, to
download initial data and upon completion, to obtain the result.

Unfortunately, memory of graphic adapter allows carrying out
calculations only with 10 000 double-precision variables. When solving
linear algebraic equations with more number of unknowns, increment of
productivity in computations on the accelerator will be more explicit.

07s

Method CG -
Method CG5
Method GPBICG I

07

065 |
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IPU 4CPT OpendCC

Figure 1 - Comparison of the computation time on the CPUs and
GPU with usage OpenMP and OpenACC technologies

Comparison of OpenACC and CUBLAS Technologies

Testing several approaches of the programming on the graphic
cards is concluded in comparing the performance of the program written
using the mathematical library CUBLAS with the program, which uses
standard OpenACC.

The results are shown in the diagram Fig. 2.
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Figure 2. - Comparison of the computation time on the GPU
with usage OpenACC and CUBLAS technologies

As expected, the work time of programs is approximately the
same. Slight increase in operating time when using OpenACC is that the
program is adapted for implementation in single-threaded mode on the
CPU, and for multithreaded execution on the graphics card. In the lat-
ter case, the memory for working on the CPU will be allocated even if
you use the version of the program, which running on the accelerator. If
desired, the code of memory allocation can be enclosed in preprocessor
directives, thereby to leave from unclaimed calls of allocator.

Using CUBLAS technology is time-consuming to change the code
and to debug the application, therefore less justified than usage a high-
level directive-based approach OpenACC.

CONCLUSIONS

The results of the study were shown that by count of iterations
the generalized product bi-conjugate gradient method is the most effec-
tive method of solving the system of linear equations with dense matrix.
But, by performance time, the usual method of conjugate gradients
proved to be the fastest. Despite the fact that he is solving SLAE, using
more number of iterations, than other methods, unlike them he is sim-
pler and contains fewer operations with matrices and vectors. This leads
to better optimization and increases the speed of work. In this paper was
observed that the application of OpenMP for parallelization of computa-
tion allows not only create and support parallel versions of programs,
with great convenience, but also allows increasing their performance. In
this case, the performance boost was 40 percent. Modification of the ex-
isting program on OpenACC technology required minimum cost and gave
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30 percent increase in productivity in comparison with the program on

OpenMP.
Usage of OpenACC allows getting away from low-level API,

thereby focusing developer's attention on the program's logic and saving

time at debugging. In addition, the programmer receives the adapted

program for various accelerators, whose support is included in the stan-
dard.

Importantly note that the use of various types of accelerators
gives a performance boost only in case, if the work with the data takes
much longer than copying them from the host to the device.
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VK 519.8
C.A. ¥Yc, O.1. CranuHa
AJITOPUTM PENIEHUA IBYXOTAIIHOHU 3ATAYHN
PASMEINIEHUA ITPOU3BOACTBA C IIPEAIIOYTEHUAMUA

AHHOmayus. B cmambse paccMompeHa 0ByXamanHas 3a0a4a pasmeljeHus
npoussodcmsa ¢ npednoymeHuamu. CopmyauposaHa Mamemamuyeckas mo-
Oesib. [lpednoxeH anzopumm peleHus, OCHOBAHHbIL HA 2eHemuyecKoM aa20-
pumme u Mmemode nomeHyuanos. [lpedcmasneHHbil anzopumm anpobuposaH
Ha modesibHOU 3a0aye.

Kniwoyessie cnosa: 3a0a4u pasmeljeHus-pacnpedesieHus, MHO203manHsle 3a-
oaqu pasmelyeHus, eeHemuyecKuli a12opumm, onmuMmu3ayus, 3a0aqyu pasme-
WeHUs ¢ npednoymeHuaMuU.

BBenenue

3amaum OITUMAJBLHOTO pas3MeIeHUs NPEeAIIPUATHNA Ha 3aJaHHOU
TEPPUTOPUU MCCJEAYIOTCA yKe Oojiee cTa JieT, OCTaBasCh B IleHTe BHHMA-
HUSA MHOTHX HCCJIeIOBaTeJel, YTO MOATBEPKIAEeTCA OOJBIIUM KOJIMUECT-
BOM IyOJmKAaIuii, MOCBAMIEHHBIX 3Toir mpobOisieme [1]. Takme 3amaum BO3-
HUKAIOT IIPU CTPATEeTMUYeCKOM IIJIAaHMPOBAHMMN Pa3BUTHUA PeruoHa, IIpe-
CTaBJIAIOT MHTEPEC IJd KOMMepuecKux (pasMeIieHne CKJIaJoB, Mara3mHoOB,
TOUEK OOCJYKXMBAHUS M IIP.) U TOCYJapCTBEHHBLIX (IIIKOJBI, OOJBHUIIHI,
IMOKapHbIe CTAHIIMK M IIP.) KOMIIAHMN M IOTOMY IIPEJCTABJISIOT IIPaKTH-
yecKHil mHTepec. B obiieM ciaydae 3amauy pasMemnieHHUs MOYKHO OIIMCATh
cJaeqyOIIIM 00pas3oM: HeoOXOAMMO OMIPeAeHUTL OITHMAaJbHOE, COTJIaCHO
HEKOTOPOMY KPHUTEPUIO KauecTBa, PACIOJOKeHHe O0BeKTOB, YIOBJIETBO-
PAOINUX TPeOOBaHUS KJIHNEHTOB, M 00ECHEeUYHTL BBINOJHEHNE 3aJaHHBIX
orpaHnuyeHuii. CoOTBETCTBYIOIME MaTeMaTHUYeCKHe MOJAeJN MOTYT ObITh
ONMCcaHbl KaK B JUCKPETHO! TaK WM B HEIIPePBLIBHOU mocTaHOBKe [1, 2].

B mamnoit paboTe paccMoTpeHa AByXdTallHas 3aJada pPasMeIleHUsd
npegnpuaTuii. Ciaeayer 3aMeTUTh, UTO CYIIECTBYET IIeJLIA pAx obJacTei,
rae BOBHMKAIOT 3aJlauyM TaKOro BUIA, IIOCKOJBbKY OHM OTOOpaKaioT IToCJIie-
JoBaTeJbHBIE IPOIECChl BBLIIIYCKA OJHOIO BHUIA IMPOAYKIIMH, JOCTABKH €ro
B IIPOMEXKYTOUHBIe ITYHKTHLI 1, 3aTe€M, JOCTABKN ee KOHEUHBLIM II0OTpedmTe-

aam. B cambix IIPOCTBHIX IMIOCTAHOBKAX TaKHX 3aJad paCCMaTpPpHMBAIOTCA ABa
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IPOAyKTa — “ChIpbe” M “TOTOBBIA IPOAYKT’, HO BO3MOYKHO M OOJIbIIIee
YHKCJIO HaWMMeHOBaHUM: “chIipbe”, “moaydadpurar”’, “roTOBBIN IIPOAYKT .
OmHMM M3 IPHUMEPOB ABYXYPOBHEBOI'O IIPOM3BOACTBEHHOTO IIpoIllecca SB-
JsgeTca Jo0bIua M 00paboTKa IIPUPOJHOIO CHIPhA — HeMTH, PYABI WM T. II.
MuorosramHbple 3aJaud pPas3MeIeH’s IPOM3BOACTBA pPacCMaTPUBAJINCH
B [1,3,4,5].
dopmyaupoBKa 3agadu

Copmep:raTesIbHYI0O IOCTAHOBKY MHOTO3STAIIHON 3aJauyd pasMeIleHUsd
ITPOU3BOACTBA MOYKHO C(OPMYJIHPOBATH CJIEAYIOIINM 00pa3oM: Heo0XOIu-
MO PasMeCTHUTh IIPOM3BOACTBO, BKJIIOUAIOIee B ceba mpennpuaTua I srama
u npepupuarud Il srama B obsacTu, TaKMM 00pasoM, YTOObBI CyMMapHBIE
3aTpaThl Ha JOCTABKY CHIPbS M HNPOAYKINU OBLINM MUHHUMAJbLHBI. IIpexamo-
JaraeTrcs, 4UTO MeCTa BO3MOMKHOI'O pacmnoJiokeHusa nupeanpuatuii I u II
ATAIlOB, a TAK}KEe MeCTa PaCIIOJIOMKEeHUs IMoTpeduTesieil 3apaHee U3BECTHBI.

Iloisi mmocTpoeHUsA MaTeMaTH4YecKOd MOoAesr BBEeIEeM CJIeAYIOIue
obozHaueHus: ) — 00JIacThb, B KOTOPOI pasMeIraioTcsa IpeanpudaTtus; N —
HeoOXoamMoe KoJimdecTBO mpexnpuaTuii I srama; M; , M 5 — MHOKECTBO
BO3MOJKHBIX MeCT pasmelleHus npeanpuatuil I srama u II sTama coorBer-

o,
cTBeHHO; K — MHOXKeCTBO IIOTpeOuTeseii; Cj — CTOMMOCTb HOCTABKH €LU-

HUIBI CBHIPbA OT i-ro nmpennpuAtTud I srana kK j-my npeanpudaruio II sra-

[ .
na; Cj — CTOMMOCTb JNOCTaBKM OT j-TO IPeJIPUATUA II srana K k-my mo-

Tpeburenio; B, — cupoc k-ro morpeburesnsi; A" — 3arparsl Ha yCTAHOBKY i-I'O
| . o .
NPEeANPUATUA r- IO dTana; V; — 00bEM NPOAYKIVY AOCTABIIEMOI OT OT i-

. . ] .
ro npegupuaTua 1 orama K j-My npepmpusruio II srama; Vi, — 00BEM

MPOAYKIIUM AOCTaBjadgeMoil oT j-ro npexnpuaTtuda II srama K k-my moTpe-

ouTeJIo.
Ilomoxum
_ | 1,ecnu B myHkTe | pasMeraercs npeanpusaTre |-ro srama,
5 0, nHaue.
1 = 1, ecnu B myHKTE | pasmeraercs npeanpustue Il-ro srarma,

J 0, unaue.
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Torma maTemaTnuecKas MOIeJb MOJYKET ObITh 3aIIrcaHa B BHJE:

MunuMusupoBaTh

IR RO T EDIDIAEDIPN (1)
itM Y itM1jIM , jM kN

IIPDN OTrpaHUYEHUAX

M

dviAd =h,i=12,.N, (2)
i=1

N | ] :

dvi=h', j=12..M. (3)
i=1

M

D Vi =h, k=1,2,..K, (4)
j=1

vilj >0, vljlk >0, i=12,.N, j=1.2.M, k=12,.K, (5)
X D{O;]};)lj D{O;:}, (6)

31ech orpannueHusa (2) 03HAUAIOT, YTO KOJMUYECTBO HNPOAYKTA, BhI-
BE€3EHHOIO U3 i-ro mpeanpusaTusa [ srama TOJKHO COOTBETCTBOBATH IIPO-
M3BOJACTBEHHOU MOIITHOCTH 3TOTO NPEANpPUATUS, orpaHmueHus (3), (4) —
obecrieunBalOT yJOBJIETBOpPeHUEe cupoca npexunpusatuii II sTtama wm morpe-
ouresei.

ITomoOHasa 3amaua B AMCKPETHOM MOCTAHOBKE IIPU HAJUYUU IBYX
ATAIlOB HAa IeIIM paccMarpuBajach B [4], MeTOAbI pelleHUs CXOMHBIX IIO
IIOCTaHOBKAM 3ajau ObLIM TaK:Ke paccmoTrpeHbI B [1]. B paGore [3], ObLI
MPeIJIOMKEeH IIOAXOM [IJIs PeIleHus 3aJauld ONTUMAaJIbHOTO pas3MeIeHus,
OCHOBAHHBIA Ha mocJiefoBaTesibHOM pemtenun 3agauu OPM [2] u 3amauu B
(1) — (6). OgHaxko, mpm 3TOM OBLIO BBIABJIEHO, UTO AJISI PAa3MEIIeHUs ITpe/I-
npuAaTuil 1 srama BeIOMpaioTcA OJMIKANIINE IO PACCTOIHUIO (CTOMMOCTH)
BO3MOKHBIE MeCTa pAaCIIOJIO}KEHUSA MO0 OTHOMIeHWI0 K mpegnpuatuAam 1l
aTama 0e3 ydyeTa «KadecTBa» 3TUX MecT (pumc. 1). ITOT pesyabTaT OIIpaB-
JlaH, ecJn BCe BO3MOJKHBIE IIYHKTHI pasdMelleHnsa PaBHOIIEHHBI, OJTHAKO €ecC-
JU UX «KadeCTBO» PA3JIUUYHO, TO HMOJYUYEHHBIN pe3yJbTaT HeJb3s CUUTATh
nmpuemyeMbIM. TakuM o00pa3oM, BO3HHKAaeT HEOOXOAMMOCTh YUYHTHIBATH
pasanuymA MeXKAYy BO3MOMKHBIMU MecTaMu pasMmelrieHusaA. OamH u3 IIOAXO-
OB K pPeIINeHUI0 JTOUN 3aJauli, OCHOBAHHBIN Ha HCIOJb30BAHUU TEOPUU
urp, oLt npensokeH BepecueBwim B.JI. B pabore [6].
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Pucynor 1 — Pasmemnienue o00raTuTeJIbHOTO IIPOM3BOICTBA

OcHoBHAA 4acTh
B pmammoii pabore mpenasgaraeTcsa BBECTH KO3(PPUIIMEHTHI «KauecT-

Ba» [ BOBMOXKHBIX MECT pasMeIleHWs s ydeTa IIPeJIOYTEeHHIH MecT

pasmereHusa npeanpuaruii. W pemars 3amauy Buja:

MuHUMHI3UPOBATH
PILERDIVRDIDI L EDIDIN S 2 (7)
iOM itM 5 iM1jM , jIM XN

npu orpanmueHuax (2) — (6).

s perieHus 3ToM 3amaum IpeiJjaraeTcda ajJropuTM, OCHOBaHHBIN
Ha TeHEeTUYEeCKOM aJITOPUTMe U MeTOojle IOTEeHIINAJIOB.

Anropurm

1. Bribop HAYaJIbHOM IOIIYJAIIUM COCTOSAINEH M3 MAacCUBOB C BO3-
MOJKHBIM HadyaJIbHBIM pasMmelienueM npeanpusaruii I u II sTamos.

2. Pacuet paccroaHuit ot npennpuAatuii I srama go npepnpuaTuin 11
aramna u ot npexnpuaTtuii Il arama no morpedbuTeseii.

3. Pemnrenue TpaHCIOPTHOH 3aJayul METOJOM IIOTEHIIMAJIOB IJIs BBI-
OpaHHBIX MecT pasmernienus npegupuaruii I u II sTamos.

4. PacueT 3HaueHUA IieJeBO PyHKIIUMU 110 (hopmyie (7).
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5. CoxpameHne B MAaCCHUB IIaMATH JIYUYIIEero 3HaUEHHE I[eJIeBOTO
(pyHKIIMOHATIA U COOTBETCTBYIOIIINX HOMEPOB MPEAIIPUATHMA.

6. Bei0op «poauTesieii», KpOCCOBEP, a TAKiKe MyTalllis HOBBIX BO3-
MOJKHBIX BapHMaHTOB pasMeIleHusd.

7. IloBTOpeHne MyHKTOB 2 — 4 A8 HOBOTO PEIleHMUs.

8. [MobaBiaeHMEe B MAcCHUB IIaMATH HOBOTO PEIIeHUS W yAaJIeHue —
XYIIIEro.

9. IIpoBepKa KpuTepusa OKOHUAHHUA: €CJIU «JIa» — IIepexol K clie-
IyIOIeMy NYHKTY, B IIPOTUBHOM CJiydyae BO3BpPaAT K IIYHKTY 6.

10. BreiBox syuiliero pesyiabTaTa 1 rpadukxa.

Anroputm omucas.

IIpenno:keHHBIA aJTOPUTM OBLI UYMCJIEHHO peasin30BaH U ampobu-
pOBaH Ha cJenylolleil MogeJbHON 3amaue:

IIycth moTpebuTes b HEKOTOPOH IPOAYKIIMH HaXOAWTCSI B o0JacTu

={(X, y)‘OS x< 30, 10 y< 3@). KoopauHaTsel pacmoodKeHus MTOTPeOH-

TeJel m3BecTHBI. IIpOoM3BOACTBO NPOAYKIINU OCYIIECTBJISIETCS B IBa dTalla.

JKCIepTaMu OIpeJieseHbl BO3MOMKHBIE MECTa PasMeIleHUuA IPeAupuaTuin I
Y ! [0 !
u II sramnos: I\/Il—{Tl,TZ,...,TZO}, I\/IZ—{Z'1 T ,...,T'ZO} 1 OIleHEHO KadecTBO

BO3MOXKHBIX MECT pasMelleHus npegupuatuii I srama mo 10-6anbHOoIi
mkase: o ={4,8,1,8,3,3,8,1,7,9,3,8,6, 2,3, 3,8,10,4, 9}, rune 1
— HauMeHee MPeAIIOUTHTEeJIbHOe MecTo pasMmelnenud, 10 — mamboJiee mpen-
IMOUTUTEJbHOE. V3BeCTHBI TaKiKe MOIIHOCTU MNPEJIPUATHHA KayKIoro sra-

ma: b' ={50,150,150,100,50,10( u b" ={100,200,250,50 u cmpoc moTpe-
ouremeir b ={100;100;100;150;50;10(. Heo6xomumo pasmecTuTh 6 mpe-

npuatuii I srana u 4 npexgnpuarusa II srama ¢ yderoMm pacmojioskeHus 6
ImoTpedmuTesiell M OIIPEeNeIUTh 00beMbl MEPEBO30K HPOAYKIIMU Ha KayKIOM
M3 3TAllOB TaKUM 00pasoM, UTOOLI MHHHMMKU3UPOBATL (PYHKIIMOHAJT CYM-
MapHBIX 3aTpaT Ha IIPOM3BOACTBO HPOAYKIIMU M JTOCTABKY ee II0TpeduTe-
JIAM:

2

iz Ae' vwzzC W

i=1 j=1 k=1j=1

mpu ycaoBuax (6) — (8).
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s pemteHusa chopMyJUPOBAHHON 3amauu OBLI IIPUMEHEH aJro-
PUTM, ONMCAHHBLINA BbINIEe. B KauecTBe KPUTEPUSA OCTAHOBKMU OBLIO BhIOpA-
HO BpeMs paborsl mporpamMmbl T = 30 cek.

B Tabn. 1 u Ha puc. 2 mpeacTaBJieHbI Pe3yJbTaThl PabOThI AJIro-
puTtMa. 3Be3JoUKaMu 0003HAUEHBI BO3MOKHBIE MeECTa Pa3MEeIleHUs IIpej-
npusatuii 1 srana (r;) © COOTBETCTBYIOIIIE MM OIEHKM 0;, KpyramMm — BO3-
MOXKHBIe MecTa pasMelleHus npegnpuatuii II stama (f;), kKBagparamm —
MecTa PacHoJIoOXKeHuA Imorpebureseit (p;). BeiOpaHHBIE MecTa pas3MeIleHUsd
MIPEeIIIPUATUI BbIJIEJI€HBI.

ITonyuenHbIle pe3yJabTaThl IIOKAa3aJd, UTO peIleHUe ABYXITAaIHON
3alauM pPasMeIleHusA [TaeT MOCTATOUYHO KaueCTBeHHOEe pPeIlleHWe W TaKou’
MEeTOJ PelleHnsi B JaJbHEeHIeM MOKeT ObITh ITPUMEeHEeH.

Tabauma 1
YuciieHHBIE Pe3yabTaThl BEIUYMCJIEHUNA C IIOMOIIBI0 ajroputma 1

IpU HAJIW4UYUU KO3(pPpuieHTa «KadecTBa»

IIpegnpustusa I stana IIpegnpustusa II srama ITorpebuTenu
Koopauna- O0beMm Koopauna- O0BeMm Koopauna-
ThI TOUKHU mepeBo- | Mol | TBI TOUKHU IepeBo- Morrg TBI Crpoc
pasmerrie- 30K I HOCTh | pasmelre- 30K II HOCTh | TOUKM pas- p
HUSA sTamna HUA aTama MeIleHnA
(6, 23) 50 50 (9, 13) 100 100 (9, 10) 100
(26, 20) 100 150 (23, 11) 50 250 (25, 10) 100
(26, 20) 50 150 (26, 11) 50 50 (25, 10) 100
(21, 25) 150 150 (17, 12) 150 200 (19, 17) 150
(27, 23) 50 100 (17, 12) 50 200 (16, 10) 50
(27, 23) 50 100 (23, 11) 100 250 (24, 1) 100
(13, 25) 50 50 (9, 13) 100 100 (9, 10) 100
(29, 21) 100 100 (23, 11) 100 250 (14, 2) 100
IleseBass GyHKIIUA 10815,2
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IpU HAJIW4YUU KOd3(pPpuieHTa «KkadecTBa»

5

25

30

Pucynork 2 — PesyabTaT pemieHnsa MOJEJbHOU 3aJaun

Ilnsa cpaBHEeHUs, 9Ta 3a7ava ObLIa pelleHa 0e3 yueTa KaduecTBa BO3-

MOJKHBIX MECT pasMellleHus npennpuatuii 1 srama. B Tabsn. 2 u Ha puc. 3

IIpeICTaBJIeHbl Pe3yJabTaThl PA0OOTHI aJrOpHUTMa MIPH YCJIOBUM PaBHO3HAU-

HOCTH BO3MOMHBIX MECT padMeIlleHNnA HpeI[HpI/IHTI/Iﬁ IIepBOI'O 9TaIlia.

Tabauma 2

YucieHHBIE pe3yJabTaThl BBLIUMCJIEHUH C IIOMOIIIBIO aJITOPpHUTMa 1 IIpu

OTCYTCTBUU KOIPPUIIMEHTA «KauecTBa»

Ilpennmpustusa I srTama Ilpennpusarua II srana IToTpebuTenu
KoopauaaTts: 0O0BeM KoopauaaTts: 0O0BeM Koopauaars:
Morg Morg
TOUKM Pa3- | MEPeBO3OK | . Toukm pa3- | mepeBO30OK soerr | TOTKH Pas- Cmpoc
MeIeHusa I srana MeIeHusa II srama MeIeHusa
(10, 25) 50 50 (9, 13) 100 200 (9, 10) 100
(6, 23) 150 150 (9, 13) 100 200 (14, 2) 100
(26, 20) 150 150 (24, 16) 100 250 (25, 10) 100
(29,21) 50 100 (24, 16) 50 250 (24, 1) 100
(29,21) 50 100 (28, 16) 50 50 (24, 1) 100
(23, 22) 50 50 (24, 16) 100 250 (19, 7) 150
(17, 23) 100 100 (17, 12) 50 100 (19, 7) 150
(17, 23) 100 100 (17, 12) 50 100 (16, 10) 50
IleneBass QyHKIUA 9905

122
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Pucynox 3 - PeayabTaThl BEIYUCIEHUNA

C IIOMOIIIBIO Oe3 ydyeTra «KadecTBa» MECT pasMeIlleHUd

Kax BuaHO M3 pes3yabTaTOB UMCJIEHHBIX 9KCIEPUMEHTOB, HCIOJIb30-
BaHMEe KO3(h(PUIMEHTOB KauecTBa, II03BOJIAET YUYUTHIBATH IIPEeANOUYTEHUS
IIPU pasMeNUIeHUU IIPEAIIPUATUH].

BriBoabI

IIByxaTamrHble 3aJauy pasMeNleHWsA NPeNUIPUATUN ABJIAETCA aKTy-
aJIbHBIMU, MOCKOJIbKY OTKPBIBAIOT BO3MOYKHOCTD MIJIS PA3BUTHUA HOBBIX Me-
TOJOB MOJEJMPOBAHUSA, MHHOBAIIMOHHBIX AaJITOPUTMOB pPEIIeHUN U HNHTEe-
PecHBIX IIPMJIOKeHuH. B mammoil pabore chopmyampoBaHa MaTeMaTHUe-
CcKasdg MOJeJb ABYXATAITHON 3aJaull pasMelleHUd-paclipelelieHUs ¢ IIpes-
IMMOUTEHUAMU U NPEIJOKeH aJI'OPUTM ee PelleHUsdA, OCHOBAHHBINI Ha IeHe-
TUYECKOM aJITOPUTME M MeToAe moTeHImajaoB. IIpoBemeHHBIE UMCIIEHHBIE
9KCIIEPUMEHTHI TO3BOJISIOT T'OBOPUTHL O BO3MOXKHOCTH IIPUMEHEHUS IIpej-

JIOJKEHHOI'O aJITOpHuTMa.
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YIK 004.032.26
E.B. Bogsuckuii, E.A. Bunoxkyposa, II.II. Myiueca, 1.T'. IlepoBa

TUATHOCTHPYIOIIASI HEMPO-®A33U-CHCTEMA
N EE AJAIITUBHOE OBYYEHHUE
B BATAYAX MHTEJJEKTYAJBHON OBPABOTKH JAHHBIX
MEIUKO-BUOJIOTUYEKHUX HUCCJIETOBAHUMN

AHHOmayus. HmenneKkmyanbHbll aHAAU3 OGHHBIX ABJIACMCA MOWHbIM UHCM-
pyMeHmapuem npu pewieHuu WupoKo2o cnekmpa 3aoay, u npexoe sce2o oua-
2HOCMUPOBAHUSA, KAAccugukayuu, pacnosHagaHus obpasos u m.n. B cmamee
npeodnoxeHa duazHocmupyruwas Helipo-gpaszsu cucmema 014 cumyayud, Ko20a
pa3MepHOCMb BXOOHbIX CU2HANI0B UMeem 00UH Nops0oK ¢ obbemoM 06y4aro-
well BbI6OPKU, @ camu OaHHble NOCMynaKm Ha Bxo0 cucmeMbl 8 NOC1e008a-
mesibHoM on-line pexume.

Knioyesble cnosa: Helipo-¢assu-cucmema, adanmugHoe obyyeHue, uHmesnne-
KmyanbHas 06pabomka 0aHHbIxX, MeOUKo-b6uo02uYecKas OuazHOCMUKa

Beenenue

A pemieHUsA MIMPOKOrO Kpyra 3alady WHTEJJIEKTyaJlbHOTO aHAJIM-
da maHHbBIX (Data Mining), cBsBaHHBIX MPEXKIE BCETr0, ¢ AMATHOCTUKOM,
KJaccuuKamnuei, pacmosHaBaHueM 00pas3oB U T.II., BCe UAIle HCIIOJIb3Y-
eTca UcKyccTBeHHbIe HelipoHHBIe ceTu (ANN) [1], 61aromapa mx yHUBep-
CAJbHBIM ANMNPOKCUMUPYIOITNM BO3MOYKHOCTAM U CIIOCOOHOCTU OOYUYeHUSA
II0 MMEIOINMCS SKCIEePUMEHTAJNbHBIM JaHHBIM. VI XOTa OJIs pelleHus IIo-
MOOHBIX B3ajau HAMWOOJIbIIIEe PAaCIPOCTPAHEHMWE IIOJYyUYUJ KJIACCUUECKUN
MHoOrocJonubI 1mmepcentpoH (MLP), Henb3dsas He OTMETHTH TaKHe €ro oc-
HOBHBIE HEJOCTAaTKM, KaK JOCTATOUHO OOJBIIION 00BheM Oo0yduarolieil BbI-
0OpKM, HUBKAA CKOPOCTh CXOAMMOCTHU Mpollecca oOpaTHOTO pacIpocTpaHe-
HHUA OINMNOOK, HeOOXOOMMOCTEL MCIOJB30BAHUA OOJIBIIION0 KOJIHMUYECTBA SII0X
ooyuenusa. M ecam cyry0o BBIUKMCJIHTEJbHBIE IIPOOJEMBI MOMKHO OOOHTH,
HEeOOXOAMMOCTh HAJWUMNSA Pelpe3eHTaTHBHOU o0yuaroIleil BHIOOPKH CYIIe-
CTBEHHO OCJIOKHSAET HCIIOJb30BaHUE 3TON HEUPOHHOUW ceTu IPU PpelleHUuU
MHOTHX IpakTHuecKux 3azad. OcoO0eHHO ocTpo 3Ta mpobjieMa BO3HUKAET B
MeINKO-OMOJIOTTYECKUX HCCJIeTOBAHUAX, T'le BLIOOPKA MAaHHBIX KOPOTKAsd

© Bomauckuit E.B., BunokypoBa E.A., Myxaeca II.II., Ileposa 1.T'., 2014
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U IIPU BTOM OOBEKT OIIMCHIBAETCS MHOXKECTBOM Pa3HOIJIAHOBBIX XapaKTe-
puctuk [2, 3].

B mamboii curyamum 6oJjiee IPeIIOUYTUTEILHBIMU IPENCTaBJISIOTCSA
pagnanbHO-0a3ucHbie HelipouHbIe ceTu (RBFN) [1], ueii BRIXOAHOM CUTHAJ
JMHENHO 3aBUCHUT OT HACTPAMBAEMbIX CHHAIITHYECKUX BECOB. JTO 00CTOSA-
TEJbCTBO IIO3BOJIAET HCIOJIB30BAaTh OJA OOYyUEHHS STHUX CeTeH IIMUPOKUHA
apceHaJl XOPOIII0 M3BECTHBIX IIOAXOAO0B, OT CTaHAAPTHOTO MeToJa Hamu-
MEHBIIINX KBaJPaTOB 0 IONYJAPHBIX aJTOPUTMOB JUHEMHON agallTUBHOM
uneaTuuranuu [4]. M xora cmenupmka 3amady  IUATHOCTUKU-
KJaccu(pUKaIuyu OTPAaHUUYMBAET BO3MOXKHOCTU MCHIOJbB30BAHUSA TPaIUI-
OHHOT'O0 KBaJPAaTUUYHOTO KPUTEPUS O0YUeHUs, IIPUMEHEeHIe CIeINaJIn31upPO-
BaHHOTO Kpurepus k. [lluaka [5], opmeHTUPOBAHHOTO Ha 3aJadyl PacCIIO-
3HaBaHUA 00Pa30B C ABOMUYHBIM OOYUAIOIIIMM CUTHAJIOM, IIO3BOJIMJIO CHHTE-
3UPOBATh JIOCTATOUYHO IIPOCTYI0O M 3(P(PEeKTUBHYIO AMArHOCTUPYIOIIYIO pa-
IAJIbHO-0a31CHYI0 HEMPOHHYIO ceTh [6, 7].

HecmoTrpsa Ha Bce cBOM AOCTOMHCTBA, PaAulaIbHO-0a3MCHEIE CETH BCE
JKe He ABJAIOTCS IIaHAlleell, IMMOCKOJIbKY WX BO3MOYKHOCTU OTPAaHWYMBAIOT-
cd, TaK Ha3bIBAEMBLIM, «IPOKJATHEM Pa3MEPHOCTH», BEAYIIEMY K DKCIIO-
HEeHIIMAJIBbHOMY POCTY 4YMCJIa HacTpamBaeMbIX CHUHANITHYECKUX BECOB B 3a-
BHCHUMOCTHU OT Pa3MEPHOCTH IITPOCTPAHCTBA BXOJHBIX CUTHAJIOB-00Pa30B.

IIna mpeogoseHUs: 3TOU MPOOJEeMBI Yallle BCEro HCIIOJIb3YEeTCSA ITPO-
meaypa OpeABapUTeJbHONM YCTAHOBKMW IIEHTPOB pPaauaIbHO-0a3MCHBIX
(GyHKIIU#T ¢ TOMOINBIO TOrO WJM HMHOTO MeToAa KJacTepusanuu. Takum
o0pa3oM, KOHTpPOJMPyeMoe O0yuyeHUe CeTH MIOIIOJHAETCA caMooOydeHueM
ee IIeHTPOB, UTO JejlaeT TaKoe oO0yueHUe M3JuIlHe rpoMo3akmum. B [8] naa
perieHus 3amau o0pabOTKM TEKCTOBBIX JOKYMEHTOB B paMKaxX IPO0JieMbI
Text Mining, xapakTepuayiolleiicsd BBICOKOM PpPa3MepPHOCTbI0O BXOJHBIX
CUTHAJIOB, ObLlIa BBeJeHAa MepapXuuecKas paanaibHO-0as3McHAsI HEeMPOHHAA
ceTb C MHOTOCJOWHOU apXUTEeKTypou, B Ka)KIOM Yy3Jie HCIOJb3YIOIasa
oosruayio RNFN, Ha BX0oJ KOTOpPO#l IIOZaeTcs TOJBKO HEKOTOopas 4YacTh
IIPUBHAKOB, UTO II03BOJIUJIO IIPEOJIOJETH IIPOOJIEMY «IIPOKJIATUSA Pa3MepPHO-
ctu». I'maBHOE, UTO yAaioch JOOUTHCA B JAaHHOM CHUTYAI[MU — 3TO BO3MOK-
HOCTBH pPabOTHI B YCJIOBUAX, KOTJa Pa3MEPHOCTH BXOMHBIX 00pPasoB comaMe-
puMbI ¢ o0'beMOM oOOydarIeil BLIOOPKU. BmecTe ¢ Tem, HeJb3sA HE OTMe-
TUTHh T'POMO3IKOCTH DTOM CHUCTEMBI, HEBO3SMOYKHOCTh PabOTHI B IIOCJIEI0Ba-

TeJIbHOM On-line pe:xmMme, BBICOKUII YPOBEHb CyO'beKTHMBU3MAa IIpU pasdue-
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HUW BXOJHOTO 0o0pasa Ha MHOKECTBO HOJABEKTOPOB-BXOIOB IJA KaKIOTO
y3Jia CeTu.

Tak mam mHaue, mpobseMa oOPaOOTKU MAHHBIX C BBICOKOI pasmep-
HOCTBHI0O BEKTOpa NPH3HAKOB B YCJOBUAX, KOrga 00beM 00ydarolneil BbI-
OOpKM COM3MEPUM C BTOH pPasMepPHOCTBhIO, MPEJCTABIAET HECOMHEHHBIN
WHTEpPEC U OCOOEHHO IJIs 3a1ad KJacCU(UKAIIUU U TUATHOCTUKM s Text
Mining, Web Mining, MeguKO0-01M0JIOTHUYECKUX IIPUIOMKEHIA.

Becbma 1mepcneKTMBHBIM 37eCh IIPEACTaBJIAETCA WCIIOJb30BAHUE
Helipo-(pazsu-cucteMm (NFS) [9], koTophle HApALY ¢ alIPOKCUMUPYIOITUMHT
BO3MOKHOCTAMM U CIIOCOOHOCTHIO M OOYYEeHHIO, II03BOJISIET O0ECIIEUUTH
JIMHTBUCTUYECKYIO MHTepHpeTanunio pesyabraToB. Henb3s Tak:Ke He oTMe-
TUTh W WX YKBUBAJEHTHOCTHL C TOUKHU 3PEHUA II0JyUaeMBbIX PpPe3yJIbTAaTOB
paanasbHO-0a3MCHBLIM HelpoHHBIM ceTAM [10], 4TO MO3BOJISET MCIIOJIB30-
BaTh JJs UX o0yueHudA Te Ke ajaropuTmbl, uTo 1 B RBFN. Cunresy Takoi
JIUarHOCTHUPYIOINIeil Helipo-(has3u cucTeMbl IJIA CUTyalluii, Korga pasmep-
HOCTh BXOJHBIX CHUTHAJOB MMeEET OAWH IOPAJOK C 00beMOM OOyuarolei
BBIOOPKHU, a caMHU JaHHBIE IIOCTYIIAIOT HA BXOJ CHCTEMBI B IIOCJIeOBaTEeIhb-
HOM on-line pekmuMme, IOCBSAINEHAa HACTOAIIAA CTAThA.

ApxuTeKTypa IHArHOCTUPYIOIIEH Heillpo-da33um cuCTeMbI

Apxurextypa paccmarpuBaemoinn NFS mpusBemena Ha puc. 1 m co-
CTOUT U3 IMEeCTH IIOCJedOBaTEeIbHO COeAMHEHHBIX cyioeB. Ha Bxommoil (HY-

JeBoit, perentopubIii) ciaoit NFS momaercs (NX1)-mMepHBIH BEKTOP BXO/I-
HbIX curHasoB-o6pasoB X(K) =(x(K), %(R,... %( B)T, rme k=1,2...,N - mo-

Mep HaOJIoJeHNA B MCXOJHOM MAacCHUBe JaHHBIX. IIpu sToM mpenmoJsaraer-

cfd, YTO BCe KOMIIOHEHTHI X (K) mpemBapuTesbHO IpeoOpasoBaHbI TaK, UTO
O<x(k)<1,0i=12,.. n

a IBOUUYHBbIE BXOJHbIe IPU3HAKU NMpUHUMAIOT 3HaueHusa 0 uam 1.

IlepBBIii CKPBITHIN CJIOIM cOmep:kKuUT Nh GQYHKINIT IPUHAAIEIKHOCTH
i (% (K), 1=1,2...n; 1=12,...h u BemosHAeT (passuduUKANUIO0 BXOAHBIX
IIepeMeHHbIX, IIPU 9TOM ueM OoJibIillee uucjio h, TeM Jydine amIpoOKCUMMU-
pyioiue cBoiictBa NFS, xXoTsa mad JIBOMYHBIX IIPU3HAKOB JOCTATOYHO

uMetb 1 h=2.
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Bropoit CKpBITHEIN CJIOW IIPOM3BOAUT arperupoBaHNe YPOBHEU IIpU-
HAAJEKHOCTH, BBLIYMCJICHHBIE B IIEPBOM CJIO€, M COCTOUT U3 h OJIOKOB yM-

HOXeHuda [1.

X O > p (%)
H/’le (xz) yl
>[4, (X,) :': —>
—>! /4, (xX,) ! .
: [Zwunﬂh(xi)}
=1 i=1
>y (X,)
Hﬂzz(xl) U, Y,
X, O > Ly (X,) :': —>
/"L2n('xn h a
[szznﬂh(x }
=1 i=1
> L (%) n
H/U’hi(xi u, Y
> 4, () — @_’ :': B
xnC > Iuhn(xn 2
Zwml 1 (x;)
=1 i=1
h n
ZHM/,'(XI-)
=1 i=1
Pucynork 1 — JlmarHoctupymoIas Helipo-(hassu cucrema
Tperuit CKpPBITBIA CJOM — BTO CUHAIITUUYECKUX BeCOB
Wi, ] =12,.. m, momje:xaiux oOy4YeHUIO B IIpoliecce oOyuenusa. Paccmar-

puBaemasa NFS cozep:xur mh HacTpamBaeMBIX BeCOB, I'Ze M-KOJINYECTBO

BO3MOKHBIX KJIACCOB-AMArHO30B, II0 OJHOMY Ha KaKJIBIA BBIXOJ CHCTEMHBI.

ousitHo, uto Mh<< &', T.e. KosmuecTBo BecoB NFS CYIIIeCTBEHHO MEHb-
m1e yucia BecoB RBFN.
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YeTBepThIA CKPBITBIN CJIOM oOpasoBan M+1 cymmaropaMu 2, BBI-
YUCAAIOINX CYMMbI CUT'HAJIOB Ha BBIXOJAaX BTOPOTO M TPETHEr0 CKPBITHIX
CJIOEeB.

B maToM cKpheITOM cJjioe, oOpasoBaHHOM M OJOKaMu JeJeHHUs -/-,

IIPOM3BOAUTCS HOPMAJIM3AINSA BBIXOAHBIX CUTHAJIOB YETBEPTOI'O CJOS.

W, HaKoHeIl, BbIXOAHOM (IIIECTOI) CJOI COAEPKUT M HeJIMHEeHHBIX
AKTUBAIIMOHHBIX (PYHKI[MII, IPH 3TOM B 3aJadax AUATHOCTHUKHU IIeJIecoo0-
pPa3sHO WMCHOJbL30BAHME TMIPOCTEUMINX CUTHYM-(PYHKIUNA, TPUHUMAIOIIUX
3HaueHne +1 B ciayudae IPaBUJIBHOIO AMAarHosa . —1 - B IPOTHBHOM CJIY-

uae. Takum oOpasom BbIXOAHBIE curHanbl cucremsl Y;(K) moryr mpuu-

MaTh TOJBKO [Ba 3HaueHusa *l.

TakuMm ob6pasom, mpu momade Ha Bxog NFS BexkTOpHOro curmajaa
X(K), »syJeMeHTBI IIEpPBOTO CJIOSA BBLIUKUCIAIOT YPOBHU IIPUHAAJIEIKHOCTHU
Hi (% (K)), mpu aToM OOBIUHO B KauecTBe (DYHKIMH NPUHAAIEKHOCTU HC-
IMOJIB3YIOTCA KOJOKOJ000pasHbie (AmepHble) KOHCTPYKIIUM C HECTPOTro JO-
KaJbHBIM PEIeNTOPHBIM II0JIeM, YTO IO3BOJIAEeT M30eKaTh BO3SHUKHOBEHUE
«IbIp» B (pazs3upuimpoBanHoM mnpoctpaHcTsBe [11]. Hare Bcero — aTo Tpa-

AUIINOHHBIE I'ayCCHaHBbI

(k) = G )2
44 (% (K) = exg —(‘(2)—2“") , (1)
Oi
rge G - mapaMerp IleHTpa (B mpocTeiiiiieM cjydae I€HTPHI PaBHOMEDHO

pasMmeriatorcsas Ha uHTepBaje [0,1] ¢ marom (h—l)_l), g; - mapaMmeTp IIu-

PUHBI, BLIOMPAEMbINl SMIIMPUYECKN WM HACTPAWBAEMBINl C IIOMOIIBIO 00-
patHOTO pacupoctpaHeHua ommOoK [12]. Ha puc. 2 mokasaH Bua TaKUX
(GbyHKIUH TpUHALIEKHOCTH.

HOHHTHO, YTO OJid ABOMYHBIX II€PEMEHHBIX Xl(k) AJOCTaTOYHO BCEro

IBYX TPEYTOJbHBIX (DYHKIIUU NPUHAAJIEKHOCTU

#ai (% (K)) =1-x(k),

_ (2)
i (% (K)) = x (K,

IIPUBEJEHHDBIX Ha PUC. 3.
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A py; (x; (k)

Ch,i ch,izl xi(k)
Pucynor 2 — Kosokoysoo0pasHble PYHKIIUYU IPHUHAIIEHKHOCTI

A 11 (K))

>
¢; =0 x, (k) l=c¢,

PI/ICYHOK 3 — qDYHKU;I/II/I IIPMHAOJEKHOCTHU OJId NBOMYHBIX II€PEMEHHBIX

3aMeTUM TaKiKe, UTO (PYHKIIUU IPUHAILIEKHOCTH (2) B psme CIy-
YyaeB C YCIEXOM MOTYT OBITh HMCIIOJIb30OBAHBI U [AJA IPU3HAKOB, IIPUHMU-
MaIOIUX ITPOM3BOJIbPHOE KOJMYECTBO 3HAaUeHmWi (cM. puc. 3), a YMCJIO Ha-
CTPaMBAEMbIX CHHAITUYECKUX BECOB IIPUHMMAET MUHHMAJbHO BO3MOYKHOE
3HauUeHMe 2M.
Ha BBIXOmax BTOPOTO CKPBITOTO CJIOS MOSABJIAIOTCA arperupoBaHHBIE
n
sHaueHuA [ 44;i(% (K)), Ipu sTOM HECTOXHO 3aMeTUTb, YTO, €CJIH Iapa-
i=1

METPHBI MINPUHBL J; OAUHAKOBBI [JId BCe€X IIPU3HAKOB, T.e. J; =0, TO
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A n - (K) - G Y — o 12
[ 44i (% (K) =1 exp(—(x'(z)—zq')j = ex{—w],
i=1 i=1 ag

20.2

(8meck G =(G .G, ... ¢ ), T.e. peammsyercs HenmHeiiHOe Ipeo6pasoBaHue

agagornudoe RBFN.

BI:IXOJIaMI/I TpeTI:el"O CKDPBITOT'O CJIOA ABJIIAIOTCA CUTHAJBI

Wi I'IM. (x(K), uersepToro ZWH I'IM. (x(K) = Z I'I,Un (% (K) , maroro

1=1i=1

Swia M) . 4 KR

b (K =12 1= =3 wy =L -
Zlﬂlm.(x(k)) =LA )

h
= 2wyl («(K) = W #(xB)

I=1i=

-1
(mecy @ (x(K)) = I'IM. (X(k))(Z 4 (X( |<))j ,

= (Wi, W 2o W )T BOX(K)) = (1K), 820X R),- B (X B))

HaKOHeEIl, IIIeCTOoIr'o
yj (k) =signy; (k).

HecnoxxkHO Bumetrhb, uTo paccmarpuBaeMmas NFS ects moaupuranusa
cuctembl JI.Banra-I[:x. Meugensa [13, 14], opueHTHpPOBaHHAA Ha PeIIeHUA
3ajau on-line AmarHoCTUKU-KJIacCUPUKAIIUN.

OOyuyeHHe TUATHOCTUPYIOLIEH Hellpo-(a33u CHCTEMBI

Hna obyueHUsA CHUHAITUYECKUX BECOB BBEJEHHOU cHUCTeMbl Oyaem
HUCI0JIB30BaTh METOJ O0y4YeHUs, OCHOBAHHBIM Ha CIenuaJIu3upPOBAHHOM
KpuTepuu [5], KOTOPHIN IpegHAa3HAUEH IJis PelleHuA 3ajau paclo3HaBa-
HUA 00pas3oB, KjaaccupuKamuu, JUarHoCTUKYU U T.II.

BBenem B paccMoTpeHre M ommuOOK O00yUeHUA

e (K= (K- y(R= ¢d(k-sign pu(h
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n M KpurepueB, OCHOBAHHBIX Ha 3TUX oIImoKax

Ej(=8(Ry(B= d( Kk u( k-| U k=

(3)
= (dj (k) - signw! ¢ (x(k))) O ¢ (X(K),

rge d;(k)U{-11} - obyuaromuii cursasi, IpUHUMAIOIINY 3HaYeHU: 1, ecan

BxoaHOI BeKTOp X(K) oTHOCcuUTCA K |— My AmMarHody, u —1 B IIPOTHUBHOM
ciayudae.
IJisi HAaCTPOMKM CHUHAITUYECKHUX BECOB HCIIOJb3yeM CTAHIAPTHYIO

rPagveHTHYI0 NPOIenypy MuHUMu3anuu Kpurepusd (3)

E;(K)

0
wj (k+1)=wy (K -7(K F™

il

(3mecy (k) - mapamerp Itara o0ydYeHHs), KOTOpasi B BEKTOPHOU (opme

MOXKeT OBITH IrepenrncaHa B BUe

wj(k+1)=w (K +7(K ¢(RA( X k)=

=w; (K)+7(K) d (B —sign v (K (X B)) B ( X B), (4)
j=1,2,...m.

BBoga masee oOmimii KpuTepuil AJIsI BCeX BBIXOHOB CHUCTEMBI

J

E(k)=§1Ej(k)=§1q(M( X
J: =

MOMHO 3aIluCcaThb aJIropmTM O6yIIeHI/IH BCeX CHHAIITUYECKUX BECOB
CHUCTEMBI B B €

W(k+1)=W(R+7(R( d B-sign W B ( & QB ( &R, (5)

rae sign@y ), U (K)... .4y, (K)] = (signy (k),signy (),. .signy &),
d(k) = (d(K, &(R,..., ¢, (R,
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W (K)
ws (K)

W(K) = —(mx h) - marpuila HacTpamBaeMbIX CUHAITUYECKUX

Wiy (K)

BECOB.
WN3BecTHO, UTO rpagueHTHBLIE aaropuTMbl Tumna (3)-(5) obecmeumBa-
IOT CXOAWMOCTH B JOCTATOUHO IIMTUPOKOM AualiasoHe BapbUPOBaHUA Ilapa-

merpa mara /](K) [15], ogHakKo mpu 3TOM CKOPOCTH CXOAMMOCTH MOXKET

OKas3aThCA HEIOCTATOYHOM. ¥YBEJIUUYUTH 3Ty CKOPOCTHb MOXKHO, BOCIIOJIB30-
BaBIINCh KBAa3WHBIOTOHOBCKMMU IIpolieaypamMu ooyuenus [16], Hanpumep,

wy (kD)= w (W + (BRI (AW +7 ) g W( &R, (6)

rae /7 >0 - peryaapusymwoinuii mapamerp, | —(hxh) - eguauunas marpuia.
Bocmonb3oBaBIInCh Aajiee JIEeMMOUM OOpallleHus MaTPUIl, HEeCJIOMKHO

IMOKa3aThb, 4To [7]

pxK)
n+|px(R)|?

(08T (xR 17 1) B(X B) =

u nepenucath (6) KoMIIaKTHO#M (hopme

L Ei(KA(X k))2 o
n+[e(x()|

w; (k+1) = w; (K

nJjin

W(k+1) = w( R+ = SO BICRR) 7 ) (8)
7 +]o(x()|

uTO IIp| /) =0 aBasercs MHOT'OMEPHBIM BapHMaHTOM OIITHMAaJIBHOI'O IIO ObI-

CTPOZIEMICTBUIO aJropuTMa o0yuyeHmus, BBemeHHOTro B [17].
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VIIK 669.168
I'.JI. EBrymieako, A.C. Borwoes, A.O. I'pagoBckuii,
H.A. I'paues, B.I'. Maxkapos, 10.C. IllTedpau
PASPABOTKA BEB-IIPUJOJKEHHUSA
«CUCTEMA HNOAJAEPKKHN NPUHATHUSA PENIEHUN
NOOTRON 3.0»

AuHomauyus. Paspabamsisaemca mpemuli penu3 seb-npunoxexus «CIIP
NooTron» no memodonozuu Scrum, ¢ UCnoib308aHUEM COBPEMEHHbIX UHCMPY-
meHmos paspabomku. OcHOBHAS 3a0aya mpembe2o penu3a — paspabomka
pexuma docmyna 3ape2ucmpupo8aHHO20 N0Jb308AMENA (XpaHeHue npoek-
mos 3aday, 2eHepayus omyemos). Imo no3BOAUM pewiams KOMNJIEKCHble
MHO20KpUMepuaabHbie 3a0a4u makue, KAK MHO20KpUMmMepuaabHas onmumu3a-
Yus mexHoM02Uu4ecKUX NPoueccos, MHO20KpUMepPUAIbHOe PaHXUPOoBaHue 60-
JIbWO020 Ko/luyecmsa 06bekmos u m.n.

Kntoqessie cnosa: CIT1P, MKA, Scrum, MVC.

BBenenue

PaspaboTka cucTeMbl MOAAEPKKU MPUHATUS PEINeHUN I MHOIO-
KPUTEPHUAJIBHOTO aHAJNM3a W ONTUMHUIAIUU TEXHOJOTMYECKHX, OpraHm3a-
IIMOHHBIX CUCTEM ABJSIETCA IEPCIEKTUBHBLIM HampaBjeHHeM paboThl Ka-
denpsl mHGOPMAIIMOHHLIX TexHoJyioruii u cuctem HMeTtAY. B mpomecce
IUILJIOMUPOBAHUA Ha Kadeape COBMeCTHO ¢ ImpeanpusatueM Exigen
Services B pamkax mporpamMmbl «Exigen Agile Practice» yike BuImyIeHo
IBa penusda BeO-mpuyoKeHuA «CucremMa IMOOIEP:KKN NPUHATHSA PeIIeHuH
NooTron», KOTOpoe HaXOJUTCA B CBOOOTHOM IIOCTYIIE
(http://nootron.net.ua) [1].

PaspaboranHaa cuctema moaaep:kku npuHaTus pernenuisn (CIIIIP)

NooTron comep:kuT O0MOJINOTEKY METOAOB, B KOTOPYIO BOIILJIA KaK M3BECT-
Hble MeTOJbl, TaK U OPUTUHAJbHbIe NHTErPUPOBAHHBIE METOAbI MHOTOKPU-
TEPUAJbHOTO aHaJIM3a, CHUCTEMAa COAEPYKUT IOAPOOHYIO CIPABOYHYIO WH-
dopmanuio.

© Esrymenxo I'.JI., Bowoer A.C., I'pagosckuit A.O., I'pauer H.A.,
Maxapos B.T'., IlItedpan 10.C., 2014
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Beo6-npunoxkenne «CIIIIP NooTron» mcmosb3yercs B yu4eOHOM IIPO-
mecce B HMeTAY npu npoxokaeHuu kKypca «CucreMHBII aHanus». Takxke
CIIIIP NooTron nmpumMmenseTcs:

1) ngna pemmeHusa pAma MTPUKJATHBIX 3a7ad, TaAaKMX KaK MHOTO-
KpUTepuajbHbIl aHanu3 d(hGEeKTUBHOCTU COTOBBIX 3amoJsiHuTesenr [2],
CPaBHUTEJbHBIN aHaJAN3 3(PPEeKTUBHOCTH TEXHOJOTUI MCIIOJIb30BAHUSA BTO-
PUYHBLIX 9HEPTEeTUUYECKUX PEeCcypcoB;

2) 1[nd mpoBedeHMSA KOMIIBIOTEPHBIX SKCIIEPMMEHTOB IIPpH paspa-
00TKe MexaHuU3Ma (opMHUPOBAHUSI KOMAaHAbI HAYYHOT'O NHPOEKTA BBICIIIETO
yueOHOTO 3aBeJleHUsI Ha OCHOBE MeTOJa B3BeIIeHHBIX cyMMm [3], mpu pas-
paboTKe MOAeJM COCTABJIEHWA PENTHUHTa IoapasaeeHuil Bysa [4].

B pesyiabrare BbImONIHeHHA Tperbero pesamsa B CIIIIP NooTron
MOJKHO OyZeT pelllaTh TaKHe KOMILJIEKCHBIE 3aJauul, KaK MHOTOKDPUTEPU-
aJIbHAsI ONTHUMUBAIIUA TeXHOJIOTUYECKUX MPOIECCOB, MHOTOKPUTEPUATIBHOE
paHXHUpPOBaHME 0OJBIIIOT0 KOJIMUYECTBA 00beKTOB, pacupeaeiieHrue PecypcoB
ITPOM3BOJICTBA, OIleHKAa 3(P(PeKTUBHOCTU IPOEKTOB U T.II.

OcHOBHAA 4acTh

Cucrema moamep:kKu npuaaTusa perienuii NooTron — sto mHOD-
MaI[MOHHO-aHAJIUTHUUYECKasA cucTeMa Ha 0ase METOJOB MHOTOKPUTEPUAID-
Horo amanmi3a (MKA). K HacrodmiemMy BpeMeHH B OMOJIMOTEKY METOOB
cucteMbl Bomwiu ciaenyiomime metonbl MKA: meron amanmsa wmepapxuid,
MEeTOJ B3BEIIIeHHBIX CYMM, METOJ MAaTPUIIbI PeIleHuii, MeTOJ aHajui3a ce-
Tell, mHTerpumpoBaHHBI wMeTon MAWM+MMP, wumHTErpMpoBaHHBIA METOL
MBC+MAMW, meTon pacumosHaBaunus oopasos, meromzogorud BOCR, MAU B
a0COJIIOTHBIX M3MEPEeHUIX, MEeTOJ PaHXMPOBAHHBLIX BECOB KpuTepues [5].

Beo6-npunoskenne «CIIIIP NooTron» mo3BojisieT B peKHMe HOCTYyIIa
«'ocTb» 0O3HAKOMHUTLCA C MeTOZAaMM MHOTOKPHTEPHAJNLHOTO AaHaJIM3a,
cchopmysmpoBaTh Npo0JEeMy, PEIINTh JIIOOLIM M3 BCTPOEHHBIX B OMOJImOTE-
KY METOJOB JOCTATOUYHO OOBEMHYIO 3aJauy M IIOJYUYUTH PEe3yJIbTAT pellle-
HUA 3aJadyd B BUAe TaOJUIl M HATJIAAHBIX auarpaMm. OrpanmueHue pe-
sKkmMma gocrtyna «I'ocTb» — BBOJ JAHHBIX BPYUYHYIO.

B tperbem penuse BebO-npuiioikeHua «CIIIIP NooTron» mmanupy-
eTcs:

. paspaboraTh MOAYJIb PEruCTpPaIlu¥M IMI0Jb30BaTesieil, KOTOphIe
CMOTYT Ha JIOOOM IIlare pelleHus 3aJadul COXPaHATHL B CBOeIl yUeTHOI 3a-
IIICU TPOEKTHI PAacueTOB, T€HEPUPOBATHL M COXPAHATH OTUETHI II0 PEIIeHUI0

3amaun;
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. paspaboTaTh aHIJIOA3SBIUHYIO M YKPAMHCKYIO BEPCUM cCaliTa;
. YIYUYIIUTh AU3aMH cauTa;
. IIPOBOAUTL KOHTPOJL KauecTBa Pa3padOTKU IPUJIOKEHU;

. paspaboTaTh TECTOBYIO MNOKYMEHTAIWIO, CIeNuHuKaIiui Tpe-
OoBaHUII OJIA peJsmsa.

IIpoexT «CIIIIP NooTron» mpecyienyeT HECKOJIBKO IIeJIei:

1) paspaboTka cucTeMbl, KOTOPAs IIO3BOJIUT HPOBOAUTH MOIEJIV-
poBaHUe, MOAIEPKKY IMPUHATUA PEIIeHUA U MHOTOKPUTEPUAIBHYIO OITHU-
MHU3AIUI0 TeXHOJIOTUYEeCKUX (HampuMep, HUCIOJb30BaHWE BTOPUUYHBIX
DHEPreTUYECKUX PECYPCOB B METAJLIYPTUUECKOIN ITPOMBIIIJIEHHOCTHU) U Op-
raHMB3aIlMOHHBIX CHUCTEM (pacIiipejeljieHlie PEecypcoOB IPOM3BOJICTBA, OIleHKA
9 (HEeKTUBHOCTU ITPOEKTOB).

2) wucmosb30BaHMWE B yUeOHOM IMpoIlecce: M3yUYeHUE METOAO0B MHO-
FOKPUTEPUAIIBHOTO aHaJNN3a, IpruodpeTeHre CTydeHTaMu (IUIJIOMHUKAMK)
MMPAaKTUUYECKUX HaBLIKOB pa3pabOTKM COBPEeMEHHBIX WH(HOPMAIIMOHHBIX
CHUCTEM.

s mpoBegeHUA pPaspabOTKU TPEThHETo pein3a BeO-IPUJIOKEHUA
«CIITIP NooTron» mpemycMOTPeHBI TaKWe MEPOIIPUATU:

1. Orbop cTymeHTOB mJisi ydJacTusa B IIpoeKTe ((hopMuUpoBaHHE
Scrum-KoMaHIbI) COBMECTHO ¢ KoMmiaHueinn Exigen Services B paMKax
nporpaMmbl «Exigen Agile Practice».

2. BrniOop BapmaHTa TECTOBOT'O cepBepa OJsd Pas3padoTKU IIPHJIO-
JKeHUA U ero KOH(UTypalusA, COIJIacHO BBLIOPAHHBIM HHMOPMAIMOHHBIM
TeXHOJIOTUAM.

3. PaspaboTka KOHIIENIINU pPejin3a IIPOAYKTa.

4. PaspaboTka (pyHKIIMOHAJBHBLIX TPeOOBAaHUU IPOAYKTa IO Me-
TOAOJIOTHUU Scrum.

5. OpraHusanusa UTePaTUBHOIO MIpollecca paspaboOTKU U TECTUPO-
BaHUA IPOAYKTA.

6. JlemoHcTpamnusa TOTOBOM (bYHKIIMOHAJIBHOCTH BeO-
MIPUJIOKEHU .

7. Pasmemienue Tperhero peamsda BeO -mpuioxkenus «CIIIIP
NooTron» Bo Bcemupnoii cetu Internet.

IIporpammubie cpencrBa pasdpadorku web-nmpumaosxkenus CIIIIP NooTron

Metogosorusi Scrum, IO KOTOpPOil BeneéTcsa paspaboTka BeO-
npuaoxkenus «CIIIIP NooTron», ocHOBHOUM ymop [nejiaeT Ha yIpPaBJIeHUU
IIPOEKTaM1 ¥ He 3aJaeT HUKAKMUX TeXHUYECKHX IIPAKTUK (TEeXHOJIOTUHA U
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MHCTPYMeHTOB). TexHHMUecKoe obeclieueHre BhBIOMpPaeT KOMaHIa, ONUPAasCh
Ha CBOI OIBIT M HaBBIKKM. B pamkKax mporpammbl Exigen Agile Practice
AKCIIEPTaMHU OT IPEANPUATUA ObLIN IPEAJIOKEHBI CIeqyIoIue NHCTPYMEH-
Thl pa3spabOTKU.

1. Redmine — oTKpbITOE cepBEPHOE BeO-TMIPUJIOKEHUE IJs YIIPaB-
JIEHUSA TPOEKTaMMW W OTCJEeKMBaHMEM OIMUOOK. JTa cucremMa Oblja JOMOJI-
Hena maarnHoM Redmine Backlogs, KoTOpBIii TO3BOJINJ HMCIOJIL30BATEH 3TY
cucTeMy IIpu pa3paboTKe B KauecTBe MHCTPYMEHTA METOAOJIOTUM Scrum.

2. IntelliJ IDEA - wunTerpupoBaHHas cpeja pas3spabOTKH IIPO-
rPaMMHOT0 o0ecHeueHns Ha MHOTHX fA3LIKAX IIPOTPAMMMHPOBAHMNS, B YaCT-
HocTu Java, JavaScript u gp., paspaborannas Kommnauuein JetBrains.

3. PostgreSQL — cBoOogHass 00BEKTHO-PENSAIIMOHHAsS CHCTeMa
yupasieHusa 6aszamu gaHHbIX (CYBIl). PostgreSQL 6asupyercs Ha s3bIKe
SQL m mommep:kmMBaeT MHOTHE M3 BO3MOMKHOCTell craHmapra SQL:2003
(ISO/IEC 9075).

4. Spring Framework — Jgerkmii OTKPBITHIN (PeliMBOPK, KOTO-
pBIii yIpoiraerT paspaboTrky kKoprmopaTuBHBIX (J2EE) mpuioskeHuii m Ha-
IeJIeH Ha MCIIOJIb30BaHME IIPOCTHIX JavaBean o0bEKTOB.

5. Hibernate — OubaumoTeka mJsa A3LIKA OIPOrpaMMUPOBAHUS
Java, mpenHasHaueHHasdA Js peIIeHUSA 3a7ad O0BEKTHO-PeIANNOHHOTO
oroOpakenus. OHa IpeacTaBJisgeT co00il cBOOOAHOEe HporpamMMHOe obecie-
YyeHNEe C OTKPBITBIM MCXOOHBIM KomoM (open source). lanHasa OmbOamoTeKa
IIPEeAOCTaBJSET JIETKUU B KCIIOJb30BaHUU Kapkac ((ppeiMBOpPK) AJIs OTO-
OpakeHns 00beKTHO-OPUEHTHUPOBAHHON MOJAEIN HAHHBIX B TPAAUIIMOHHLIE
peISIMOHHbIe 0a3bl JaHHBIX.

6. Subversion (SVN) — cBoOoxgmas IleHTpaJM30BaHHAs CHCTEMAa
yIpaBJeHUus BepcusaAMU, BouinymieHHas xkommnaHueil CollabNet Inc. SVN —
IIporpaMMHOe obeciieueHue nOJaA 00JieryeHus paboOThl ¢ M3MEHAEMON WH-
dopmariueii. Cucrema yIpaBIeHUs BEPCUIMHU II03BOJIIET XPAHUTH He-
CKOJIbKO BepCHIl OJHOTO M TOTO XKe JHOKyMeHTa (IIpoeKTa), Ipm HeoO0XOoau-
MOCTHU BO3BpaIlllaThbCcsa K 0oJiee paHHUM BEPCUAM, ONpPENeJIATh, KTO U KOraa
clIeJsiajl TO WU MHOEe M3MeHeHle, 1 MHOT0e Apyroe.

7. Tomcat (B craprsix Bepcusax — Catalina) — KouTeiiHep ceps.Je-
TOB C OTKPBITBIM HMCXOAHBIM KOJIOM, paspabarwiBaemblii Apache Software
Foundation. Peanusyer cunenmudpuxaiuioo CepBJETOB U CHeIU@UKAIIII0
JavaServer Pages (JSP). Hanmucan ma aswike Java. Tomcat mosBosser 3a-
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IIyCKaTh BeO-IIPUJIOKEHUS, COAEPKUT PAN HPOrpaMM I CaMOKOHQMUTY-
PUPOBAHUS.

8. Apache Maven — (peliMBOPK MAJsA aBTOMATHU3AIIUU COOPKU
MIPOEKTOB, crnenuurupoBaHublx Ha XML-aswike POM (Project Object
Model). Maven obecrieunBaeT meKJapaTUBHYIO cOOpKY mpoekTa. To ecTh, B
(aitiax mpoexTa pom.xml comep:KHTCA ero meKJIapaTUBHOE OIIMCaHWe, a
He oTaeJbHble KOoMaHALI. Bce 3azaum 1mo obpaborke QaitiaoB Maven BbI-
IIOJIHSIET Yepes3 IIJIarnuHbI.

9. Sonar — 3TO MHCTPYMEHT CTAaTHMYECKOrO aHaJn3a Koja, KOTO-
PBIl CYIIIECTBEHHO YIIPOIIaeT Haxo:KIeHue OommnboK B Kojme, W, CJeIoBa-
TeJIbHO, Ka4ecTBO KoJa obecreumBaTh HAMHOIO Jierde. Sonar BoOpas B ce-
0s1 Bce M3BECTHBbIE MHCTPYMEHTHI IJISI CTATUYECKOT0 aHa/IM3a U OTUYETHOCTU
M0 Komay. ITO open source MHCTPYMEHT C OTJUYHBLIM II0JIb30BATEJIbCKUM
UHTep(deiicoM, MHOYKECTBOM IIOJI€3HBIX OTUYETOB, BO3MOKHOCTBLIO IIPOBO-
IUTHh JeTaJbHBLIN aHaJIU3 KOJA.

10. Jenkins — MHCTPYMEHT HeIIPEPBLIBHOI MHTErpaiuu, HaAINCAH-
HBIM Ha Java. B Hamiem mpoekTe, rje HajJ Pas3HbBIMM YaCTAMU CHUCTEMBI
paspaboTumMKU TPYASATCS HE3aBUCUMO, CTAAWA HHTErpaluu ABJISETCA 3a-
KJIOUNTEeJIbLHON M OHA MOMKET 3aJepsKaTh oKoHuaHue pabor. Ilepexon K
HeIIPepPBLIBHOM MHTETrpaIluy C IMOMOINbI0 Jenkins mo3BosnI CHU3UTL TPYIO-
eMKOCTb MHTEerpanuu u crejaTh ee 0oJjiee mpeacKasyeMoil 3a cueT HaumOo-
Jiee PaHHETO BBIABJIEHUSA W YCTPaHEHUS OIMMOOK U IIPOTHUBOPEUUIA.

Tak:ke BO BpeMs pa3pabOTKM KOMaHAa MOMKET MpeajaraTh K HC-
IIOJIb30BAHUIO APYrue TeXHoJorum u (peiMBopKu. Tak, Hampumep, Opu
peanus3anuy OJIOKA PerucTpaliuy IoJb3oBaTeseil B npuaoxkenun NooTron
I BaJauganuy OaHHBIX Ha CTOPOHE cepBepa ObLI IIPeaodKeH Spring
Security Framework, KoTopsnlii obeciieunBaeT 0€30IIaCHOCTh IIPUJIOMKEHUNA
Ha ocHoBe Spring Framework [6]. Spring Security Framework peanusyer
BO3MOJKHOCTH ayTEeHTU(PUKAIIMN ¥ aBTOPU3AINN, KaKk Ha YPOBHE 3aIPOCOB,
Tak 1 Ha YPOBHE BHI30OBOB METOIOB.

Apxurexrypa Beo-nmpusiokenus «CIIIIP NooTron»

Be6-npunoxxkerue «CIIIIP NooTron» moctpoeno Ha 6aze MVC-
MOJIeJI: 9TO MOAPAa3yMeBaeT MCIIOJb30BAaHNE TPEeX OTAENbHBLIX KOMIOHEH-
TOB, KOTOPhIE IIOCTPOEHBI II0 HIPUHIUNY MHUHUMAJBLHOTO BO3AEHCTBUS APYT
Ha apyra.

Model-view-controller (MVC, «MOJIeJIb-TIPeiCTaBJIeHIe-

KOHTpOJIJIGp») — 9TO cXeMa MCIIOJIb30BAHUSA HECKOJbKUX ITabJOHOB IIPOEK-
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TUPOBAHUSA, C MOMOIIBI0O KOTOPBIX MOJIEJ b MAaHHBIX NPUJIOKEHUA, MOJIb30-
BaTeJbCKUN MHTep@elc U B3auMOIelCTBHE C II0Jb30BaTeJeM pasleieHbl
Ha TPHU OTHEJNbHBIX KOMIIOHEHTA TaKMM 00pasoM, YTOObI MOAU(MUKAIMI
OMHOTO 13 KOMIOHEHTOB OKas3blBajla MHWHUMAJIbHOE BO3JeicTBHUE Ha OcC-
TajabHble (pucyHOK 1). JlaHHaAsA cXxeMa HPOEKTUPOBAHUS YACTO MCIOJIb3yeT-
cAd IJIA IIOCTPOEHUS apXUTEKTYPHOTO KapKaca, Korja IepeXondAT OT Teo-
puUM K peanns3anuy B KOHKPETHOU ITpeaMeTHOI oOJsactm [7].

[MPEJICTABJIEHHE

: 4, DGHoBNeHWE NPEOCTABNEHHA
1. DedcTone

'
KOHTPOININEP

2, Moguduiayma \ 1 3. OnoseweHWe o6 WIMEHEHMAX

MOIOEID

Pucynoxk 1 — Baaumogeiictsue moaysieir MVC momenn

OcHoBHaAA IeJb IPUMEHEHHNS 3TOM KOHIENIMM COCTOUT B pasieJe-
HUYU PabOThl BeO-IPUJIOKEHNA Ha TPU OTAEJIbHbIe (PYHKIIMOHAJIbHBIE POJIM:

1. Mogens (aura. Model). Mogenp mpemocTaBisieT 3HAHUSA: OAH-
Hble 1 MeTOAbl PadOTHI C 3TUMU AAHHBIMI, pearupyeTr Ha 3alpochl, M3Me-
HAA cBo€ cocTtosdgHne. He comep:kur mHpopmanuu, KaKk 9TU 3HAHUA MOXKHO
BU3YaJIN3UPOBATE.

2. IIpencrasinenue, Bup (amry. View). OrBeuaer 3a oToOpaKeHue
nHpopmManum (Busyaamsanuio). JacTo B KauecTBe NPEACTABIEHUSA BBICTY-
maeT popMa (OKHO) ¢ rpa)MUeCKUMHU dJIEeMEHTAMMU.

3. Kourposnep (aumrs. Controller). OGecmeunBaeT CBS3b MEMKIY
II0JIL30BAaTEJEeM M CHCTEMOIi: KOHTPOJHPYET BBOJ JaHHBIX II0JIL30BaTeJIeM,
MCIIOJIL3YET MOJeJIb U IIpelcTaBJeHHe IJs pealudanuy HeoOXOZUMOI pe-
aKITNMN.

Taxum oOpasoM, M3MeHEHHUs, BHECEHHbIE B OAUH KOMIIOHEHT, MU-
HUMAaJbHO BJIUSAIOT Ha APYyrue KOMIIOHEHTEI.

B mamiem mpoexkTe Mozesb IIpeJcTaBjieHa OJOKOM persist, mpen-
cTaBJeHHe OJIOKOM View, a KOHTpoJiep 0JoKoM service. B Tperbem peu-
3e OymeT 3HAUUTEJIbLHO HamoJHEH O0J0K persist (Oymer peanms3oBaHa pabora
c 0as3oll mMaHHBIX: YUETHBIE 3aIllCH II0JIb30BaTeJieil, XpaHeHre IIPOEeKTOB U
T.II.), & TaK K€ JOIIOJIHEeHBI OJIOKU Service m view.
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IIpoexkTupoBaHue U pa3padoTKa KJIMEHTCKON YaCTH

OxHoll M3 3aJau TPETLEro pejin3a IIPOoeKTa SABJIAETCS YJIYUIleHIe
Iu3aiH caiiTa. B oToil 3amaue paspabaThiBaeTcAd OOHOBJIEHIE BHEIITHETO
BHJA CTPaHUI[, a TaK:ke OJIOK BBLIBOJA IIOJCKA30K IIOJL30BATEJII0 IIPH pa-
oore ¢ mpuao:keHueMm. IIpum sTOM OyAyT HCIIOJNB30BATHCA TaKHE CPEICTBA
paspaborku: JSP, JavaScript (ocobemno, mabpaBIiasg HOIYJAIPHOCTH 0m1O-
amoreka jQuery), CSS, HTML. Takke naa Busyaamsanuu JaHHBIX OymaeM
HMCIIOJIb30BATh 9JIeMeHThI mH(porpapuKku (pucyHok 2).

NooTron P reuns sagasy 0 cacnens

HoOTpoH Teneps kaxkeTcs Bam MpauHkiM? He
BONHyiiTeCh, A cKpaLLy Bally rpycTsl

C HaMM NPMHMMATE PEMEHMS HOPOCTo!

NooTron - 370 cuctema nogaepKkm npuxaTua petnenuii (CMMP), npegHasHayeHHasn, Kak
ANA CTYAHTOB, U3YYAIOLMX METO/bI MHOTOKPUTEPUA/IbHOTO aHa/n3a, Tak U 4/1A UCCaeaoBa-
Te/lell B pasanuHbIX 06/1acTAX HayKu M NPaKTUKHK, TpeGyHolMX NpoBegeHUA CPaBHUTE/NbHOTO
aHa/nn3a U NPUHATUA peLleHnid.

Pucynok 2 — MaxkeTt moab3oBaTeabcKoro nuarepdeiica aias NooTron 3.0

KonTpoas KauecTBa pa3zpadoTKHM IMPUIIOKEHUT

TecTupoBaHMe — 3TO OJHA M3 OCHOBHBLIX TEeXHHK KOHTPOJSA KadecT-
Ba mporpamMmHoro obOecmeuenusa (II0), mHa Kortopyio oH ommpaercs. IIpo-
CTBIMM CJIOBAMH — 9TO IIPOIECC, ITO3BOJISIOININNA IPOBEPUTH COOTBETCTBUE
MEXKIY peabHBIM M OKHAaeMbIM pesyiabTaToMm paborsl IIO, KoTophIlil Oa-
3UpyeTcs Ha TeCTOBOII NOKyMeHTaluu (TecT-IJIaHaxX, TecT-Keicax, TecTo-
BBIX clleHapuAx). TecTupoBaHue ABJIsAETCA 00s3aTeJIbHBIM IPOIECCOM, CO-
IIPOBOKIAIOIUM pPas3spabOTKy M BHeIPeHNEe HOBBIX (PYHKIMOHAJILHOCTEH
IIO, Tak Kak BBIABJSAET BCe ONIMOKM M HeZopabOTKM B IpoIliecce padOThI
HaJ MPOEKTOM, a He IocJie peausa [8].

Ienrio TectupoBanmsa mpoekTa NooTron 3.0 ABasAeTCA BLIABIEHUE
KaK MOKHO OOJBIIIero umcja ero 0aroB (HECOOTBETCTBUE TPEeOOBaAHUAM,

omInOKM) IO peJsmsa, COTJIACHO BhIpabOOTaHHOM TecToBoii cTpareruu. Crpa-
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TerusA NToApasyMeBaeT pas3dueHNe TEeCTHPOBAHUS Ha TaKWe 9Tallbl: WHU-
IINUPOBaHNe, MJIaHUPOBaHNUEe, Pa3pabOTKa TecT-KeMCOB M aBTOTECTOB, BHI-
IIOJITHEHNE TEeCTOB, aHaJIW3 Pe3yJbTAaTOB, HANKWCAHWE OTUETOB WM 3aBeplie-
HUE.

B mportecce TecTupoBaHus OyAyT 3aJeMCTBOBAHBI TaKWe THUIILI TEC-
TUPOBAHUA, KaK:

. (yHKIIMOHAJIbHOE TecTUpoBaHUe (TeCTHpPOBaHUE B3aMMOIEMCT-
BUsI, 0E€30IIaCHOCTN);

. He(DYHKIIMOHAJIBbHOE TecTUpoBaHUe (TeCTHPOBaHUWE ITPOU3BOIU-
TeJbHOCTHU, YCTAaHOBKMU, yA0OCTBA MHOJIB30BAHUA, KOH(MPUIYypaAIMOHHOE Tec-
TUPOBaHUE);

. perpeccuoHHOEe TecTupoBaHUe (perpeccus 0aros, cTapbiXx 0aros
1 perpeccus mobouHoro agderra).

B KauecTBe MHCTPYMEHTOB IJiA TecTupoBaHus mnpoekTa NooTron
3.0 6n11u BeIOpaHBI BebG-cepBep FitNesse um Selenium Server C momoiibio
9TUX MHCTPYMEHTOB OYAYT BBIIOJHSATHLCSA aBTOTECTHI (ABTOMATH3MPOBAHHOE
TeCTUPOBaHME), KOTOPOE II03BOJIAET COKPATUTHh BpeMsd, 3aTpauymBaeMoe Ha
TeCTHUPOBAHMNE peajin30BaHHLIX paHee (PDYHKIIMOHAJBHOCTEHl M pPerpeccuoH-
HO€e TeCTUpPOBaHUeE.

IlJ1si KOHTPOJIA 3a IIPOILeCCOM TECTUPOBAHUA OYAYT MCIIOJIb30BAHBI
METPHUKI, KaK KOJHNYEeCTBEHHbIE MEpPhI, II03BOJIAIONIASA IIOJYUYUTh UYMNCJICH-
HOe 3HaueHUe KauecTBa TectupoBanusa 110.

BriBoabI

B mpomecce muniaomMupoBaHMA Ha Kadeape COBMECTHO C HPeAIIpH-
aruem Exigen Services B pamkax mporpammbl «Exigen Agile Practice»
y:Ke BBINYIIIEHO aBa pesin3a Bed-mpumiaokeHusa «CucremMa moAgep:KKU IIPU-
Hatus pemnteanin NooTron» (http://nootron.net.ua). Cucrema mosBoJisieT B

pexxuMe moctymna «I'ocTb» 03HAKOMHUTBLCA C METOAAMU MHOTOKPUTEPUAJIb-
HOTO aHaJu3a, cpopMyJaumpoBaTh IIPOOJEeMy, BLIOpATh METOA M IIOJIYUUTH
pes3yJbTaT pelieHus 3aJauu B BuAe TaOJIUI[ M HATJIAAHBIX guarpaMm. Or-
paHUUYeHne pekuMa aocTyia «['ocThb» - BBOJA JaHHBIX BPYUYHYVIO.

B pamkax Tperbero penmsa BeO-mpusokeHus «Cucrema Imomaep:k-
Ku npuHaTua perneHuii NooTron» paspadarbiBaeTcs cJhaenyioiasd (PyHK-
IINOHAJBLHOCTh: PEXKHUM JIOCTyIla <«HCCJIeAoBaTelby (pPerucrpamnus II0JIb30-
BaTeJIsI), YIIpaBJieHWEe MNPOeKTaMM MHOTOKPHTEpPUAaJbHBIX 3aJady Ha cTpa-
HUIe II0JIb30BaTeJIsI, TeHepallud OTYEeTOB, pas3paboTKa AaHIJIOA3BIYHOU U
YVKPanHCKO! Bepcuu caira, yjayullleHUe Au3aiiHa.
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PaspabaTriBaeMasa cucTeMa HMeeT CJeAVIOIIMe HaIlpaBJIeHUS WC-
IMOJIbBOBAHUA:

1. CpaBHUTEJIbHBIN aHAIN3 U OIeHKa d3(P(PEeKTUBHOCTHA IPOEKTOB.

2. Ilogmep:KKa MPUHATHUSA PEIIeHU.

3. MHOTOKpUTEepHAJbHAS ONTUMM3AIIUSA TEXHOJOTMYECKHUX IIPOIlec-

COB.

4.Pa3BuTue UHTETPUPOBAHHBIX METOJOB MHOTOKPUTEPUAJIBHOIO

aHaJIM3a U MOJEeJIMPOBAHUA.

5.PasBuTre MeTO[O0B MHOTOKDPUTEPHUAJIBLHOTO PAHIKUPOBAHUA A

COCTaBJIEHUS PEUTUHTOB.

Paspaborka BeO-mpusokenuss «CIIIIP NooTron» mnpoBoauTcsa 1o
MEeTOJOJIOTUU Scrum, C HKCIO0Jb30BaHMEM COBPEMEHHBIX WHCTPYMEHTOB
paspaborku: Redmine, IntelliJ IDEA, Spring Framework, Tomcat,
Apache Maven, Sonar, Jenkins u ap. Mcnonb3oBanne TaKUX TEXHOJOTUMN
obecrieurBaeT He TOJBHKO KadeCTBO paspabOTKU NPUJIOKEHUA, HO U IIOJY-
yeHHe AUILIOMHUKaMu (Scrum-kKoMaHmoi) onbiTa padborsl B IT-KomMmnanmax
B peaJIbHBIX IPOU3BOJICTBEHHBIX YCIOBUAX.
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YIIK 004.032.26
A.A. Jleitneko, +K.B. Ileitneko, A.Il. Typyra, E.B. Bogauckuii
AJTANITHUBHBIN METOJA KOMBUHHUPOBAHHOTO
OBYYEHHUA-CAMOOBYYEHUA HENPO-®A33U CUCTEM

AHHomayus. [pednoxeH nodxo0 K KOMOUHUPOBAHHOMY 06YyYeHuo cuHanmu-
YecKux 8ecos U UeHmpos GyHKYULU npuHadnexHocmu Helipo-¢azsu cucmenm,
OCHOBAHHBIL HA UCNO/L30BAHUU KAK npasus obyyeHus ¢ yJumenem, maK u ca-
MOOOYYeHUs.

IMonyyeHHble pe3ynsmamsl Mo2ym 6bimb UCNONL30BAHBI NPU peLeHuu Wupo-
K020 Knacca 3aday, Bo3Hukatowux 8 Dynamic Data Mining.

Beenenue. B macroslee BpeMs MCKYCCTBEHHbIC HEHPOHHBIE CETHU
(ANN) monyumiau IIMPOKOE PacCHPOCTPaHEHUEe IJId PelIeHus Pas3IMUHBIX
dagau Data Mining, mHTeJJIeKTyaJbHOTO yIpaBJeHNSA, IIPOTHO3NPOBAHU,
UIeHTU(PUKAINY U SMYJISIIUY W T. II. B YCJIOBUSAX HEOIpPeneIeHHOCTU, He-
JIUHEHHOCTH, CTOXACTUYHOCTU U XAOTUYHOCTU, PABJIUUYHOTO POJa BO3MY-
IMMeHUN U IIoMeX, Ojarogapsi CBOMM YHUBEPCAJBbHBIM AlIIPOKCUMUPYIOIINM
BO3MOJKHOCTSAM M CIIOCOOHOCTH O0ydYaThCA HA OCHOBAHMM HAaHHBIX, Xapak-
TepU3yIIMuX (PYHKIIMOHNPOBAHIE HCCJIeAYeMOro SIBJIeHUs Uan oobeKTa. B
caydyae HeoOXoAMMOCTH 00paboTKm mHGOPMAIMK B MOCJIEeI0BATEJIHLHOM ON-
line pesxuMme Ha IEpPBBIA IMJAH BBIXOAUT BOMIPOC CKOPOCTH CXOANMOCTHU
mporecca oOyueHMs, CYINECTBEHHO orpanmumBampomiuii kiaacc ANN, mnpu-
TOOHBIX IJISI PAabOTHI B 3TUX ycJa0BUAX. C TOUKU 3peHUS OITUMU3AIUU IIO
CKOpOCTU mporecca obyueHus BecbMa 3(pdeKTuBHBIMU ABIA0OTCT ANN,
HMCIOJIB3YIOIe sAepHble (paanaabHO-0a3MCHBIE, KOJIOKOJ00OpasHble, IIO-
TeHIINAJbHBIE) (PYHKINM aKTUBaIUKU. 3Aech HambOJbIllee pacIpocTpaHe-
HUe IOJYYUJIN pagmaabHo-0asucHbie HelipoHHBIe ceTu (RBFN), BhIxXOmHOM
CHUTHAJI KOTOPBLIX JIMHEMHO 3aBUCHUT OT CHHAITHUUYECKHX BECOB, UTO II03BO-
JISIeT MWCIIOJIb30BATh MIJIA UX OOYUeHUS aJTOPUTMbI aJalTUBHOU UIeHTU(U-
Kaluy TaKue, KaK PEeKYPPEeHTHBLIA MeTOJ HanmMEHBLIINX KBaApaTOB, aJiro-
putm Kaumarxa (Yunpoy-Xodda) u t.u.. Bmecte ¢ Tem RBFN moasep:ke-
HbI, TAK HA3bBIBAEMOMY, «IIPOKJIATHIO PAa3sMePHOCTU», MOPOKIAEMOMY IKC-
IMMOHEeHIINAJbLHLEIM POCTOM KOJIMUECTBA HACTPAMBAEMbIX IIapaMeTpoB (BecoB)

C YBeJIMUEHWEM Pa3MEePHOCTU MPOCTPAHCTBA BXOIOB.

© Henitmeko A.A., Heitnexo #K.B., Typyra A.Il., Boganckuii E.B., 2014
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B cpaBHeHUU ¢ HEHUPOHHBIMHU CETAMU OOJBIIIUMN BO3MOXKHOCTSIMU
obsamatoT Heilipo-passu cuteMbl (NFS) [1-4], o0beguHAONIIE B cebe BO3-
MOXKHOCTU OOyUYeHHs, AINIpPOKCHUMAINK M JHUHIBUCTHUYECKON HHTepIIpeTa-
IUM TOJy4YaeMbIX pe3yJbTaToB. HawmbosbIllee pacmpocTpaHeHWE Cpeau
NFS moanyumau ANFIS m TSK-cucteMbl, BBIXOZHOM CHUIHAJ KOTOPBIX
TaK’Ke 3aBHCUT JHUHENHO OT CUHAITHYECKUX BECOB, UTO IIO3BOJIAT MCIIOJb-
30BaTh MJISI WX OOYyYEeHUS MHOXKECTBO OIITHMAJIbHBIX aJallTUBHBIX aJiro-
PUTMOB JHUHEHHON uaeHTU(UKanuu. Bmecre ¢ Tem, aaa m3bexKaHUS BO3-
HUKHOBEHUS «IbIP» B IPOCTPAHCTBE BXOIOB, IIOPOXKIAEMOT0 pacCeaHHBIM
pasouenueM (scatter partitioning) [5], mcmoarsyembim B ANFIS m TSK-
cucTeMax, IIPOUB3BOAUTCA HACTPOMKAa HapaMeTpoB (GYHKIUHA IPUHALIEHK-
HOCTH B 1epBOM CKpPbITOM cjoe NFS. st 8TOro mMCHob3yeTcsa aJropuTM
00paTHOTO pacIpOCTPaHEHUWA OIIMOOK, peayn3yeMblili Ha MHOYKECTBE 3II0X
[6] Tak, uTO TrOBOPUTH 00 OOyUeHMU B pPeaibHOM BpeMEHH! B JAHHOM CJIY-
yae He IPUXOIUTCH.

IIna yupaBiieHUA HapaMeTpaMy AaKTUBAIIMOHHBIX (GYHKIIUHA (IeH-
TPOB 1 MaTpull pernenTopHbix moJieir) RBFN B pe:xxmme peaibHOTo BpeMe-
HU B [7-9] ObLI0 IIPEAJIOXKEHO MCIOJb30BATh CAMOOPTaHUIYIOIIYIOCA KapTy
T. Koxonena [10], obecrmeumBaiomniyo B IIPOIlECCE CBOEr0 CaMOOOyUYeHUs B
on-line pesxuMe HACTPOWKY STHUX IIapaMeTpPOB.

IIpencraBisaercsa I1eiecooOpPasHBIM pPACIPOCTPAHUTH 3TOT IIOAXOJT
IJIA amallTUBHOM HACTPOUWKM MapaMeTpoB QMYHKIUN IIPUHAIJIEKHOCTH
Helpo-(pas33u cucTeM.

1. ApxurekTtypa Heiipo-(pa33u cHUCTEeMbl M OOy4YeHHe IIapaMeTpoB
BBIXOTHOTO CJOA. APXUTEeKTypa paccMaTpuUBaeMO¥ CHUCTEeMbI, IPUBeIeHHAA
Ha puc. 1, COCTOUT U3 IIATHU IIOCTEIOBATEIHFHO COeINHEHHBIX CJIOEB.

Ha BxogHOi#l (HyneBoii) caoii NFS mogmaercss (nx1)-MepHBIH BeKTOp

k=12,..—-

BXOAHBIX cUrHAIOB-06pa3oB X(k) =(Xx(K), %(R,..., x(K) (3mecn Te-

Kylllee OUCKPETHOe BpeMs), Mmoajeskamiux o0padorke. IlepBbIil CKPBITHINA
caoir comep:kuT nh (mo h Ha KaAbIN BXOA) (PYHKIIUN NPUHAIIEKHOCTHU

1=12,.n: 1=12,..0 y pumonmser dassmburanmo BXOIHOTO MpPO-

Hy (X)
cTpaHCTBa. BTOPOIl CKPBITHIA CJIOH oOeceunBaeT arperupoBaHMe YPOBHEH
MIPUHALJIEKHOCTH, PACCUNTAHHBLIX B IIEPBOM CJIO€, X COCTOUT U3 h OJIO0KOB
YMHOMKeHUsA. TpeTuili CKPBITBIN CJOM — 39TO CJIONW CHMHANTHYECKUX BECOB,
Mo IeKaIllX OIIpeleJIeHUI0 B IIporiecce o0yueHusa. YeTBepThIil cyoii oOpa-

30BaH [ABYMA CyMMAaATOpaMM ¥ BBIUYMCJAAET CYMMBI BBIXOJHBIX CHI'HAJIOB
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BTOPOTO U TpeThero cjoeB. VI, HaKOHeI], B TATOM (BBIXOJHOM) CJIO€ IIPOU3-
BOJIUTCSA HOPMAaJIM3AIWsd, B Pe3yJibTaTe KOTOPOM BBIYMCIISIETCS BBIXOIHOM

CUTHaJI CUCTEMBI Y.

r
— .. [ -
: M\ % : 1;[,“1,»(3()
|
—Pp ;
|
|
|
_P

thy (x,) '_Ib_

Il ng‘w]j[ﬂ,, (x)
r=—————=——= I
% I R,
o P /121(xl) u
I [ [ (x)
X, | i-1 A NF
o () p{( TT P2 @ °
|

|
b | ”
: : l;[#;,,-(x)
__IP Hyp (xz) H : ! W
= I
| * |
|
(3 —

I. ________ 1 = IJ luli (Y)

Pucynox 1 — ApxurekTypa Heipo-(as3u cCuCTeMbI

TaxkuMm oOpasom, eciau Ha Bxon NFS momam BeKTOPHBINI CHUTHAJ
x(Kk), @JeMEHTBI [IEPBOrO CKPBITOTO CJIOS BHIYUCJIAIOT YPOBHU IPUHA/JIEK-
Hoctn O< /1 (x(k))sl, IpKM 5TOM B KadecTBe (DYHKIMH NIPUHALIEKHOCTH
yale BCEro MCIOJb3YIOTCA TPASUIIMOHHBIE TayCCHAHBI

(x(W)-g)

20?2 ’

14, (% (k) =ex
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rjge G, 0, — IlapaMeTphl IIeHTPOB U IUPUHBI COOTBETCTBEHHO.

Bo BTOPOM CHKPBITOM CJiO€ BBIUMCJIAIOTCA arpermpoBaHHBIE 3HauUe-

n
HUA rj U ()g (k)) , IIPM 9TOM [JIS TayCCUAHOB C OJMMHAKOBLIMHU IIapaMeTpaMu
1=

IINPUHBI O

500 o -5 - P

.
(8meck ¢ =(G,,6,,...,¢, ) ), T.e. CHTHANBI HA BBIXOAAX OJIOKOB YMHOXKEHHS

BTOPOT'O CKPBLITOTO CJIOA aHaJIOTMYHBI CHUI'HaJaM Ha BBbIXOJaX HeﬁpOHOB

IIePBOT'O CKPBITOT'O CJIOA PaaraibHO-0a3MCHBIX HEMPOHHBIX CETEel.

n
BeIxogamMu TpeTbero CKpBITOrO CJIOA €CTh 3HaYeHus W I_II Hi ()g ( k))

(Bmecyr w, |=12,...h— cuHanTHUUeCKUe Beca, IIOJJIeKalljue OIpelesIeHUIO),
h n

YEeTBEPTOro — ZW I_II ,u|I u ZI—J H; ()q (k)) 1, HaKOHeI[, Ha BBIXO-
| =1 1=

JIe CCTEeMBI (HHTOI‘O CJI0S) TMOABJIAETCA CUTHAT

|_1|M. _h M
( I - hln
. z ) i(.())

=1 i= =1 i=

=Y wdh ()= e ( { B).

rue

|']u..
Z w4 ( ( ))

=1 1=

w= (W, W, W)

HecmokHO BamMeTuTh, UTO paccMaTpuBaeMas CHCTEMa peayn3yeT
HeJWHeTHOe OToOpasKeHue BXOJHOTO ITPOCTPAHCTBA B CKAJIAPHBIA BBIXO-
HOU cur"ayg mnomobHo HopmaamsoBaHHou RBFN [11], a mo apxurekType
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coBmazaer ¢ cucremoi Takaru-Cyreno-Kaura HyseBoro mopsmka, T.e. ap-
xurekTypoi JI. Baura — II;x. Meugemnsa [3].

Kak y:xe ormeuasioch, sl HACTPOUKHU cUHANTHYEeCKUX BecoB NFS
MOTYT OBITh HMCIOJIb30BaHbI M3BECTHBLIE aNalTUBHBIE AJITOPUTMBI HUAEHTU-
burkanuu-obyuenua  TaKue, KakK, HaIpuUMep, 9KCIOHEHIIUAJIHHO-
B3BEIIIEHHBINI PEKYPPEHTHBIN METOJ HAaUMEHBIITUX KBaJApPaTOB

R ke co N
e Pl )(()@(k)) .

=w(k-1) B+¢" (x(K) P(k-1)4( X @)¢( (K)).
P(k):%(P(k—l) (ﬁ+¢ (( ;)P(Tk()(@)(zg_)l , 0<B<1,

(8mech y(k)— BHENIHUI O00ydJaloliuii curHay, [- mnapaMeTp 3a0bIBaHUA

ycrapeBIiein mH(pOPMAINKN), ONTUMAJLHBLIA MO OBICTPOAEHMCTBUIO TI'pPaIu-

€HTHBII oxHomIaroBbeiii anrroputM Kaumaska-Yugpoy-Xodda:
y(k)-w (k-1)¢( X K) (2)
w(k) = w(k-1)+ 7 (%K),
Jo (x(0)]

aJITOPpUTM O6Y‘I€‘HI/IH, 06J1ap;a10m;1/1ﬁ KaK CcilaemgdIllnMMt, TaK N CIJIasKK’Balo-

muMu cBoricTBamu [12,13]

w(K=w{k-D+ (Y0 )= (e o( € K)ol ). @)
p(K)=8p( k—1)+H¢( X k))H2 0<f<1,

1 TOMY II0JJO0HBIE€ IPOIeayPHI.
HNHTepecHO OTMETUTH, UTO mpolieaypa (3) cBsazaHa C aJrOPUTMOM
(1) cooTHOIIEHEM

p(k)=Tr P(K),
a mpu B =0- mpuobperaer Gopmy amropurma (2).
2. Camoo0yueHne (pyHKIUN NPUMHATJIEKHOCTH IIEPBOTO CKPHITOTO

ciaosa. IIpomecc HacTpoliku (GyHKIIUN IMPUHAAJIEKHOCTH IIEPBOTO CKPBITOTO

cI0s TPOMJIIOCTPAPYeM Ha IpUMepe /[JBYMEPHOI'O BeKTOpa BXOJOB
x(k) = ( x(K), %( k))T u IATH PYyHKIUIHA IPUHALICKHOCTA
(% (K)), 1=1,2,3,4,5 i= 1, Ha KaxzoM us BXofoB. B sroM ciyuae NFS

comep:kuT nhh=10 ¢QyHKIIUNE TpuHaALIeKHOCTH. HauvasbHBIE ITOJOKEHUSA
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1eHTpoB G (0) paBHOMEPHO pacupemeseHsl 10 KOOPAMHATHBIM OCIM X, X,

a pacCTodHHNE MeXAy HMMHU OIIpegesideTCca COOTHOIIIEeHEeM

imax__ ‘Y min — 2 —
A(0)= e —fen === 05

ana —1<sx <1.
HlanHas cUTyanus UIJIIOCTPUPyeTCcA Puc. 2.

1 TX%

52 (0
i v _____ x(1)
(8 (1)

czz (0)

|
|
|
|
|
A(O) — :C4| (l) +1
€, (0) CZI\(O) 031(0)\’ Ch (0) x (1)

&= )

—

c1(0)

1

Ci» (O)
T

Pucynox 2 — CamooOyueHre QyHKIINN MPUHAAJIEKHOCTY Ha IIEPBOM IIIare

B ciyuae muoromepsoro Bexrtopa BxozoB X(k)OR', memtpsr ¢ (0)

pacIpesesAaoTCsa PABHOMEDPHO 110 ocAM rumepky6a [-1,1]".

IIycts Ha BXOJ cuUCTeMBI IOJaH IIepBHIMl BeKTOp-00pas X (Ha puc. 2

- x(l)—(xl(l),xz(Z))T). Ianee Ha KaXAOH M3 Ocell HAXOLATCA IEHTPHI-

«mobenurenn» G (0) 6umxaiimue k X (1) B cMbIcIe pacCTOAHUA

dli :‘X(l)_(ﬁ (O)

’

G (0)=argmir{d, d; ...4} .
3aMeTuM, UTO AaHHAS IPOIEeAypa II0 CYTU SABJIJETCA peausalmeit
mporiecca KoukypeHnuu no T. Koxoueny [10] ¢ To#t juinb pasHUlleir, 4To
«II00eIUTEeIN» II0 KaXKIOH M3 OCeH MOTIyT IPUHALJIEKATbh (PDYHKIIUAM IIPHU-
HaJIJIXKHOCTH C pasJIudYHbIMM mHAekcamu |. Ha puc. 2 Takumm «mobenu-

TexsiMu» oKasanuch C,,(0) u c,(0).
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Hajee aTu «II00eAUTEIN» MOATATUBAIOTCA K KOMIOHEHTAM BXOIHO-

ro cursana X (1) corsmacHo mpasmay camoobyuenus T. Koxomema «IloGe-

nutenb moaydaer Bce» (WTA), KoTopoe nadA cUTyanmum HA PUC. 2 MOKET

OBLITH 3alIIMICAHO B BHUIE
(1)= c (0)+; (1)(),( ()-¢ (O)) —ons nobeoumens | = 4,
! (o (0) —ona ecex ocmanvuvix, | =1,2,3,5;
a oJsd 0611191"0 cgay4dasd.
C,*i (k—1)+/7Ii (k)( ),(( k)— FF( k—l))—dﬂ;l nobeoumensa 1 =1,2,..h :i= 1,2,..n
G (k)=
G (k—l) — 0151 6Cex OCMANbHBIX.

IIpu sTOM B KauecTBe 3HAUEHUS IIapaMeTpa Imara oOyueHHs B IIPOCTEH-

oIeM cjydae MOJKeT OBITH IIPDUHATO 3HAYEHUE

mik):ﬁ:,

rme k, — umcso pas, Koraa G (k) 6bLr «moGesuTeseM», YTO COOTBETCTBYET
IOIIyIAPHOMY MeTOAY KjacTepusanuu K-cpennux.

B OoJiee obmieM ciyuae MOKeT OBITh MCIIOJB30BaHa OIeHKAa, IIpej-

JIO}KeHHasa s cragapTHoit kapTel T. Koxonena, Bumga [14]:
{mi (k)=n",
p (K)=8np (k-1)+ ¥, 0spB<1.
Kak MoxHO 3aMeTUTh, IIpeAJlaraeMblii MOAXOM ABJAETCA MOAUMU-

Kanuen npasuya camooOyuenusa T. KoxoHeHa ¢ Toii pas3HuIei, 4To CTaH-

IapTHOe caMooOyuyeHUe peajim3yeTcs Ha TumIepIiape Hx(k)”zl, a B HaIlleM

cayuae — Ha runepky6e [-1,1".

Ha puc. 3 mpuBegeHa CTpyKTypHas cxeMa KOMOMHUPOBAHHOTO O0Y-

YeHUSI-CAMOOOYyUeHUSI HeHpPo-(Pas33u CUCTEMBEI.

Y

Learning
w(k) v
x(k)

o (k)

Self-

learning

A

Y

Pucynoxk 3 — KomOuHMpOoBanHoe oO0yueHrne — caMooOyUeHre
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IIpomecc (hyHKIIMOHMPOBAHUSA TOU CHUCTEMBI ITPOUCXOAUT CJEHYIO-

M obpasom. Ilpu mocrymieHun Ha BXOJ BeKTopa-o6pasa X(k) cHauana B

6JI0Ke caMOOOydYeHHUA MPOUCXOJUT KOPPEKIUA (DYHKIUN TPUHAJISKHOCTH
# (% (K)), T.e. paccumrsiBatorcs mentpel ¢ (k). [azee Ha OocHOBaHUH
YTOUHEHHBIX (QYHKIUI TPUHALIEKHOCTH

4 (% (K)) =exp(_(x s (k))zJ

20

M paHee PacCCUMTAHHOTO BEKTOPA CUHAIITHYECKHX BECOB W(k—l) ¢ IIOMO-

b0 aJropuTMoB obOyueHusa ¢ yumresneM ((1) miau (2), nam (3)) mpomcxo-

AUT pacueT BecoB BbIxoxHoro ciaod NFS w(k).

BeiBogni. Ilpemyo)keH moaxon K KOMOMHMPOBAHHOMY OOYUYEHIIO
CUHANTUYECKNX BECOB U II€EHTPOB (QYHKIUU IIPUHAAJIEKHOCTU HENUpOo-
(has3u cucTeM, OCHOBAHHLIA HA MCIOJbL30BAHUU KaK IPaBUJI OOyUYEHHUS C
yuuTeyieM, Tak W caMooOydeHusi. OCHOBHBIM IIPEMMYIIIECTBOM pa3BUBae-
MOT'O IIOAXOJA SBJIAETCS BO3MOKHOCTH €r0 MCIIOJb30BaHUS B on-line pe-
JKuMe, Korga oOydarolnas BbIOOPKA Ha BXOJ CHCTEMBI IIOJAEeTCs IIOCJIEO0-
BaTeJbHO, a ee 00beM 3apaHee He (puKcupoBaH. IlomydyeHHBIE PE3yJabTATHI
MOT'YT OBITH MCIIOJL30BAHLI IIPH PeEIIeHUM IIMPOKOro KJacca 3ajgaud, BO3-
Hukatomux B Dynamic Data Mining.
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UDC 681.876.2

A.l. Guda, A.I. Mikhalyov
INFLUENCE OF INPUT AND MEASUREMENT NOISE
TO LORENZ SYSTEM ADAPTIVE-SEARCHING
IDENTIFICATION

Abstract. In this article the influence of input and measurement errors to the
process of adaptive-searching identification is researched. Ranges of
workability are investigated.

Keywords: Lorenz chaotic system, adaptive-searching identification,
simulation.

Introduction

Identification of the chaotic dynamic system [1] is a wvaluable
challenge in real-time identification system synthesis. Adaptive-
searching identification methods proved own ability to deal with such
systems. In case of chaotic systems, correct choose of identification cri-
terion is required. Set of articles [2—5] was devoted to creation and jus-
tification of different criterions to many chaotic systems. Namely, in [2]
was proposed a criterion for Lorenz system. But all simulations were
limited to one level of measurement error. Moreover, influence of addi-
tional noise on system input was neglected. In real chaotic systems,
small disturbance on input will lead to essential changes in output. So,
the question of identification system workability is important and ac-
tual.

Model and identification system
Let's consider Lorenz system with additional disturbance:

=0 (y=x)+ w(D;

y=x(r-z)-v , (1)

Z=Xxy- bz
where x, y, z —system state variables, o, b, r — parameters, w,(t) —
Gaussian noise on “x” channel with parameters o, and r,,,. One of out-
put signals, namely “x”, is measured with measurement error w,(t) —

Gaussian noise too, with parameters o, and 7.

© Guda A.I., Mikhalyov A.I., 2014
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We consider task as identification of “r” parameter, with deter-

mines dynamics of considered system. In [2] identification criterion was
proposed as:

d 1
9= 2 (- Q). (@)
dt 7,
where Iq — filter time constant. Generators variable frequency defined
as:
_ 2
F(Q) =exp ~{ %= m) 3)
Ay
w=a, (1+Fky) (4)

Identification process simulation
Simulation of if dynamic system (1) adaptive-searching identifi-
cation was conducted by the means of developed computer simulation
program “qmo2x” [2—5]. The view of the system simulation is shown in
fig. 1.

File Edit Element ©Out Graph Model Run ‘iew Window Help
BlH 4+ BRERETABDE B XTEH kB ETE £ >

[or i range weap]

dor_o —lor e —?2 =3 0 C

b U g
i,

dor_r —*012 r T,

e o e BT

4
| o [Good [[0:0] 18

Figure 1 — Identification of system (1) in “qmo2x” program

ISSN 1562-9945 155



2 (91) 2014 «CucreMHBIE TeXHOJIOTHI »

There are 2 noise generators in this model: one (with label “wx”
for input, and one (“wo”) — for measurement error. The values of 7, and

T, was given as equal: 7, =7,=0.05, and values of o, and 0, was vari-
able. Parameters of identification system itself was chosen: Iy =50,
q, =20, ah =0.1, k, =1, k =0.3, A=1[3].

In fig. 2 shown an example on identification process simulation
with different values of o0,. Value of parameter r in model was fixed at
value ry =40. This figure demonstrates, that initial phase of identifica-

tion seems similar, but in case of stringer input noise, searching process
stops far from model’s value.

r 50

48

46

44

42

40

S SN SUUUE UUUUE UUUE UUUR JUUDE SUUUE SUUUE ST SO I
0 100 200 300 400 500 600 700 800 900 1000

Figure 2 — Identification process simulation

To explore applicability of adaptive-searching identification sys-
tem with different levels and sources of noise, a series of experiments
was conducted. At first, a value of o, or g, was selected. Than, with

fixed stating point rg =40 model value of parameter was iterated in

quite wide range. Final values of coefficient “r” was stored and ana-
lyzed.
The results of first experiment series is shown in fig. 3. In this

€6,

case the level of input noise was zero, and 0, was iterated. On “y” axes

the value of identification error € =¢ — , is presented. We can see
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“plateau”, where identification process works. And at relatively large

values of 0, we receive an essential systematic identification error.

e, 15

Figure 3 —Dependence € (Iy,0,)

Fig. 4 represents the similar results, but in case of 0,=0 , and
o, varies. We can see similar results with the same “plateau”, but the

values of 0y, is mush smaller, then 0, in previous plot.

e, 20
15 g
10 f

Figure 4 — Dependence € (,,0¢)
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This phenomena can be grounded by the fact, that strong filter-

ing properties both criterion filter and generators can suppress even
large measurement noise, but noise in Lorenz system itself change the
system dynamic.
Conclusions
Results of identification process simulation allow us to make
some conclusions:

* identification system able to acquire correct values of parame-
ter r in wide range of noise power;

 system is much vulnerable to input noise, than measurement
one;
* expanding of identification system adaptive prosperities is re-
quired.
REFERENCES

1. Moon F. Chaotic vibrations: An introduction for applied scientists and en-
gineers. — M.: Mir, 1990. — 312 p (in russian).

2. A.I. Guda, A.I. Mikhalyov. Physical principles on adaptive-search identifi-
cation criterion synthesis for Lorentz dynamic system // System technolo-
gies Ne 2(79). - Dnepropetrovsk, 2012. - p. 13—10 (in russian).

3. Adaptive-search system identification adjusting in application to chaotic ob-
jects / Guda A.I., Mikhalyov A.I. // Adaptive systems of automatic control.
- 2013. — Ne 22(42). — P. 134-139. (in russian)

4. Mikhalyov A.I., Guda A.I. The choice of criterion for adaptive-search iden-
tification of a Van der Pol dynamic system // Adaptive systems of auto-
matic control. — 2010. — Ne 16(36). — P. 154-160 (in russian).

5. Mikhalyov A.I., Guda A.I., Novikova K.Yu. Synthesis of criterion of
nonlinear dynamic systems identification on physical principles // Adaptive
systems of automatic control. — 2007. — Ne 11(31). — P. 136-142 (in rus-
sian).

6. Magnitskii N.A. Sidorov S.V. New methods if chaotic dynamic
M.: Edutorial URSS, 2004 — 320 p (in russian).

158 ISSN 1562-9945



2 (91) 2014 «CucreMHBIe TeXHOJOTHH »

YVIIK 528.8:004
B.B. I'marymenkxo, O.0. Kasai, }0.0. KioykeBuu
AJITOPATM INIABUIIEHHA TH®OPMATHUBHOCTI
MUPPOBUX SOBPAJKEHD MIKPOCTPYKTYPH CTAJI

AHomauis. Poboma npucssdeHa po3pobuyi aneopummy niosuLeHHS SKOCMI
yugposux omozpammempuyHux 306paxeHb MIiKpocmpykmypu cmani. 3a-
CMOCYBAHHA 3ANPONOHOBAHO20 An20pUMMY O03B0IAE NidBULWUMU THOpMa-
MUBHICMb BUXIOHO20 KOJIbOPOBO20 306PAXEHHA MIKpOCMpPYKMypu Cmani.
[TposedeHo Bi3yanbHUli Ma YucenbHUl aHA3 AKOCMI 306paxeHb MiKpOCmpy-
Kkmypu dynsekcHoi 08ogasHoi cmauni.

Knioyosi cnosa: yugpose 306paxeHHs, pomozpammempis, K0JbOPOBA MOOE/b
HSV, selisnem — nepemsopeHHs, eHmponis, 1HOEKC CMpPYKMypHOi cxoxocmi
SSIM.

ITocranoBka mpoodaeMu

Cyuacuuii mertasorpagiunuii aHanais 06asyeTbcsi Ha BUBUEHHI MaK-
POCTPYKTYPU i MIKPOCTPYKTYPH MeETaJIiB, DOCJHIMMKEHHA 3aKOHOMipPHOCTI
YTBOPEHHSA CTPYKTYpPM 1 3aJIedKHOCTeM BIIJIMBY CTPYKTYPH Ha MexaHiuHIi,
¢isuko - MexaHiuyHi, eJeKTpPUUHI Ta iHIII BjgacTuBOCTI MeTasay. B cBoro
yepry MiKPOCKOIIIUHMI aHaJIi3 MeTaJIiB II0JATra€e B JOCJiMKEeHHI IX CTPYK-
TYypU 3a OOIOMOTOI0 ONTHUYHOrO ab0 eJIeKTPOHHOTO MiKPOCKOIiB abo 3a
nuppoBUMH 300pa’KEeHHAMU Ha CIeiaJbHO IIiATOTOBJIEHUX 3pasKax. 3a
JIOTIOMOT0I0 MEeTO/IiB MiKpoaHaJ i3y BHM3HAUaTh ()OPMYy 1 po3Mipu Kpucra-
JIIYHWX 3epeH Ta iHIr BamkamBi mokasHukwu [1, 2].

Aricuuii aHajlida MIKPOCTPYKTYPH MeTaJliB Ha IIPAMY 3aJeKUTh Bif
AKOCTi 300pakeHb, OTPUMAHMUX 3a AOIOMOTIO0 MiKpockomiB. Came Tomy
CLOTOJHI aKTyaJIbHOIO € 3aJaua IIiABUINEHHS AKOCTI BUXiZHMX 300paKeHb
MiKpoCcTPpyKTypu MeTadiB. OgHuMM 3 e(peKTHBHMX IIifIXOAiB HiABUINEHHS
inopMaTUBHOCTI JaHMX € METOAU iX 00 €THAHHI.

Cooroaui icuyiorh pisHoManiTHI MeToau 06 €IHAHHSA (GOoTOrpaMMeT-
pUUYHUX 300pakeHb, IO JO03BOJSIOTH IIiABUITUTH IX iH(pOpPMATHBHICTH.
Taxki mMeTonu MOBUHHI 3aJ0BOJBHATU AeAKUM KDPUTEPiAM, B IIEpPIIy Uepry
Ile HigBUINEeHHA iH(opMaTHBHOCTI 300paskKeHHs Ta BiJCYTHICTh KOJipHUX
cuoTBOpeHb [3, 4]. OcKiJbKM icHyHOUM MeTOAM y Tii um iHHIi# Mipi He B

© TI'marymenko B.B., Kasamr 0.0., Kioyxesuu 10.0., 2014
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IIOBHOMY 00CA3i BiZIIOBiZaOThL 3a3HAaUEHUM KPHUTEPisiM, BUHMKAE HEOOXis-
HiCTh PO3POOKHK HOBOT'O AJTOPUTMY IiABUIIEHHS iH(QOPMaTHUBHOCTI Iudpo-
BUX 300pakeHb MiKPOCTPYKTYPH MeTaly.
AHaJgi3 ocTaHHIX TOCIiIKEeHb

BukopucranHa KoOJbOpPYy IpM MeTajJorpaiuyHUX MIOCIIIKEHHAX €
OIHUM i3 HaNOIJBII Ba)KJIMBUX ACHEKTiB, IO HAIIPAMY IIOB’sA3aHi 3 00po0-
Koio 300pakeHHA. Kogip MoKXHA BUKOPHCTOBYBATH He TiJIBKHU IJs BiJo-
OpasKeHHA, aJje i oasa BUJIYyUYeHHsA HeoOximHOol imdopmairii. IIpu ommci cso-
ro COPUUHATTA KOJLOPOBOTO 300pa’KeHHs 3a3BHUYaAll BUKOPHCTOBYIOTLCS
TaKi HOHATTS AK «iHTEHCHBHICTL», «TOH» 1 «HacuueHicTh». Came ToMmy
BuXimHi 11BiToBi KommoHenT RGB kKopucHO mepeTBopoBaTH y KOMIIOHEH-
TH, IO BiAIOBiZalOThL TOHY, HacmueHocTi Ta imTeHcuBHocTi (HSV abo
HSI).

OcHOoBHA yacTHHA

T'osoBHA imess po3po0JIeHOTO AJTOPUTMY IMIOJATa€ Yy BUKOPHUCTAHHI
KoJabopoBoi mozesi HSV Ta BeiiBieT—mnepeTBOpeHHS 3 METOIO HiJABUINEHHS
iH(hopMaTUBHOCTI 300parKeHH.

Ha pucynry 1 mpeacraBiieHi HepBUHHI 300pasKeHHsS MiKPOCTPYK-
TYyp AYyILIeKCHOI (aycTeHiTHO - (pepuTHOI) nBodasuoi craam UNS S31803.

i
%*gi;
== e

PncyHOR 1 — 3o0pakeHHsa MiKPOCTPYKTYP AYILIEKCHOL

(aycreHiTHO -(heputHoi) nBodasuoi craau UNS S31803:
a) 300paskeHHs B rpajarmiax ciporo, 0) KOJIbOPOBe 300paKeHHA

3a BidyaJbHMM aHAJi30M IMEPBUHHUX BUXITHUX 300pasKeHb, MOXKHA
3po0OMTH BUCHOBOK, IO IIEPBUHHE KOJHOPOBE 300pa’KeHHS He BiApPi3HAETH-
cA UiTKicTioO Ha BigMiHy Bijm 300paskeHHA y rpagaiisax ciporo. OTiKe CyTb
3aJaui IoJifArae y 3acTOCYyBaHHI aJITOPUTMY 3 METOIO MiABUIIEeHHS iHG)OP-
MAaTHUBHOCTI KOJBOPOBOTO 300paKeHHA.
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IlepmiuM KPOKOM aJITOPUTMY € IlepeBelleHHA KOJbOPOBUX KOMIIO-
HeHT RGB y HSV (ToH, HacuueHictbh, iHTeHCcuBHicTh). HacTynHUM KpOKOM
aJIrOPUTMy € 00 €THAHHSA 300pakeHb. I[JIs1 TOro 100 OTpHUMATH PE3yJIbTAT
00'eqHAHHA OBOX 300paskeHb, BXiNHI 300paskeHHS PO3KJIALAIOTHLCA Ha IO-
PU30HTAJIbHY, BEPTUKAJIbHY, AiarOHAJbHY i allpoKcuMyiouy ckJanoBi. laa
IILOT'0 3aCTOCOBYETHCSA BelBJET — IepeTBOpeHHs [5]. OCHOBHOIO 0COOJIUBIiC-
TIO JaHUX METOJIB € 3aCTOCYBaHHA OO0 BUXIAZHUX 300parkeHHAX IUCKpPET-
HOTO BeUBJIET-IIEPETBOPEHH:A, IOJaJIbIlla 3aMiHa OTpMMAaHUX Koe(illieHTiB
i BukoHaHHs 3BopoTHOro meperBopeHHA (IDWT, inverse DWT). Pesyub-
TaTOM € CHHTEe30BaHe 300paKeHHA 3 OiJIbIII BHCOKOI iH(OpMATHMBHICTIO.
Herasi mporecy TakKoro 3JUTTA, BUOip BUAY BeUBJIET - IIEPETBOPEHHS i pi-
BHS NeKOMIIO3MIIil 3ajiekaTh BiJg KOHKperTHOoro metony [5]. Ha pucynky 2
HaBeJeHO rpadiuHe IIOJaHHA aJTOPUTMY MOiABUIIEHHA iHMOPMATUBHOCTI

Mu@POBUX 300paKeHb.

IlepBunHe 3o0paxxkeHHst
KOJbOpOBe B rpajauii
300pakeHHsA ciporo

¢ IMoennanus ¢
3a JOIOMOTI0I0

BelBJIET - IePeTBOPEHb

—>{ HSV >RGB
L 2

CuHTe30BaHe 300paKeHHS

Pucyumork 2 — Cxema anropurmy

IIpu mepesemenHi 3 HSV B koabopoBy mozeabr RGB mpomoryemo
o0paTu KOMIIOHEHTY V IIicJisi BeHBJieT — IIepeTBOPeHHs. PeayiabTaToM po-
00TH aJITOPUTMY € CHHTEe30BaHe KOJIbOPOBe 300pasKeHHS 3 0iJIbII BHCOKOIO
irpopmaruBHicTIO. Ha puHcyHKY 38 HaBeJeHO CHHTE30BaHe 300paKeHHH,
OTpUMaHe 3a Pe3yJbTaToOM POOOTH AJITOPUTMY.

ITpu pobori 3 BisyanbHOIO iH(popMAaIli€el0 3aBKIM TOBOAUTHLCA 3aja-
BATHCA MUTAHHAM PO I AKicTh. IKicTh TaKOro cKIagHOro 00 €KTa SAK 30-
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OpaskeHHA € JysKe BaKJIMBUM, ajie BOAHOYAC i AOCUTH HEUYITKHUM IIOHSAT-
TAM. BOHO OIiHIOETHCS Pi3HUMU cIIoco0aMM y 3B 3Ky 3 Pi3HMMM 3aBIaH-
HaAMU. ¥ JTaHill poOOTi MPOIOHYETHCA BUKOPUCTOBYBATH €HTPOMi0, ITIIO Xa-
paKTepus3ye cepeqHIo KiJabKicTh iH(popmailrii, BTpaueHoi mpu oOpoOiIri, T0O-
TO B HAIIOMY BUIAAKY CTYHOiHb 3IJaJKyBaHHA KOHTYPHOTO MAaJIIOHKa i
CTPYKTYPHUX HAeTasieli Ha 300pakeHHi. DopmyJia s O0OUMCIIEHHS €HTPO-
mil Mae HaCTYIIHUM BUTJIAM:

e= Y (P(i,j)log,P(,j))/log, m), (1)
(.0
e P(i,j):w, H(L(i,])) - smauemHsa ricrorpaMu OJsd eJeMeHTa 3

3HaueHHAM sickpaBocTi L(i,]), NXm - po3mipHicTB.

—

-

Pucynox 3 — CunresoBaHe 300pakeHHA
3a JI0OIIOMOTOI0 PO3POOJIEHOTO AJITOPUTMY

Y pobori mpoBezmeHO aHaJi3 300paskeHb MiKPOCTPYKTYPH AYILIEKC-
HOi (aycreHiTHO -(epuTHOi) nBodasuoi cramum UNS S31803, orpumano
3HAUeHHs EHTPOIIil Ta MIoBeJeHO, IO Ha eTalll BeliBJeT—IepeTBOPEHHSIA
Harie()eKTUBHIIIINM € 3acTOCyBaHHsA BeilBjiera [obemu. I3 momepemHix mo-
caimxeHpb [5], 3pobieHO BUCHOBOK, IO HNpU 00’€THAHHI 300paskeHb Halie-
(bexTuBHiNMIMM € BuUKOpHCcTaHHA BeliBjera [lo0elru mopAgKOM BUINEe ABa-
pigaroro. OTpuMani pe3yabTaTH CBifuaTh HNPO 30iJbINIeHHS 3HAUEHHS €HT-
porii 3 7.375 mo 7.801 (i BimmoBigmHO iH(pOpMaATHMBHOCTI IIEPBUHHOTO KO-
JIbOPOBOTO 300paKeHHsA) IMPU 3aCTOCYBAHHI 3aIIPOIIOHOBAHOIO AJTOPUTMY.
BinmoBigHi 3HaueHHA eHTPOIil IIpeacTaBieHi Ha PUCYHKY 4.

IIle omHMM TOKAa3HMKOM AKiCHOTO aHaJIidy 300paKeHHSA € iHIeKcC
cTpyKTypHOI cxoskocTi (SSIM). Imesa smaxomxenns SSIM mosadrae y Ha-
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crynsHomy [6]. Hexait € nBa curmanu oxuiel posmiprocti X =(X,...,X ) Ta

Y =(Y,-.-,Y,). Toni SSIM-innexc Bu3HAYAETHCS 38 BEPABOM:

2%y DZJ g,

2

SSIM= Wit Ty (2)

X°+y® o;+o; 00,

Jle TUCIIlepcid Ta KoBapialliag MOpiBHIOIOTh, BiAIIOBiITHO

1
Xy _m;(Xi X)( ¥ y)’

n 1 n
_ -\ 2 2 _ 22
2R op== ) (%)
i=1 i=1
X, Y — cepenHi 3HaUueHHA iHTEHCUBHOCTeH X, Y BiAmoBigHO.

Y poboTi 3HaUeHHS iHAEKCY CTPYKTYPHOI CXOXKOCTi O0UMCJIIOBAJINCS
CTOCOBHO IIAHXPOMHOIO 3 OJHOTO OOKYy Ta MEePBHUHHOTO i CHUHTE30BAHOTO

300pakeHb 3 iHmoro. OrpuMmaHi maHi HaBeneHi y Tabaui 1.

3HaveHHs SHTPOTIIT
9 7375 7.801
8 |
7 -
6 6.094 |
5 -
4 -
3 -
2 |
1 -
0 ‘
300pakeHHs Koubopose 300pazkennsi ~ CuHTe30BaHe 300paskeHHs
MiKPOCTPYKTYPH B rpajauii MiKpOCTPYKTYpH MiKpOCTPYKTYpH
ciporo

Pucynok 4 — I'padiune mpencTaBieHHS 3HaUYeHb €HTPOIIil

Tabaumsa 1
3uauennsa SSIM
IToxkazuuk/Kaunanu R G B
SSIM
IIePBUHHOI'O 0.7268 0.7395 0.7612
300paKeHHA
SSIM
CHUHTE30BaHOI'O 0.9311 0.8415 0.8873
300pasKeHHA
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BucHoBkH
IIpoBeneHi mocaim:keHHSA HiATBepAuJIU e(PeKTUBHICTHL 3aCTOCYBaHHS

HOBOTO aJITOPUTMYy 3 METOI0 IiABUINMEHHA HAKOCTI Iu@pPoBUX 300pakeHb

MiKpPOCTPYKTYypH MeTajiB. 3a pe3yjabTaTaMU Bi3yaJIbHOTO Ta YHCEJIHHOTO

aHaJi3y BUB3HAUYE€HO, IO 3aCTOCYBaHHA HOBOTO aJTOPUTMY IPUBOAUTH OO0

OiaBUINEHHA iH(QOPMATUBHOCTI IEPBUHHUX KOJbBOPOBUX MaHUX.
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YOK 681.3.012:621.1

IBaweHko B.M. 0c06MMBOCTi KOHCTPUIOBAHHA MAaKCMMaNbHO NapanefbHUX Napaneb-
HbIX aNropuTMiyHMx opm po3B’A3yBaHHA NpuknagHux 3apay / B.[. IsaweHko, I.T. WBa-
yny, M.0. Tkay // CuctemHi TexHonorii. PerioHanbHWNA MiXBY30BCbKMiII 30ipHUK HAyKOBUX
npaub. — Bunyck 2(91). — AHinponeTtpoBcbK, 2014. — C. 03 — 09.

Po3rnapatoTtbcs 0cobnnBocTi No6YA0BM MAaKCUMANbHO NapanefnbHix anropuTMis po3psasy-
BaHHA PiBHAHb TENNONPOBIAHOCTI MeToAOM NpsaMux 3apnad [ipuxne Ta Heiimana. Po3napanento-
BaHHA TPbOXAiarOHaNbHUX CUCTEM PiBHAHb JO3BOJIAE KOHCTPYOBATWM abCONIOTHO CTiliKi anro-
PUTMU, AKI MAKOTb MAaKCUMANbHO MapanesnbHy CTPYKTYpY. [LOCAraeTbCs MiHiMaNbHO MOXIWBIN
yac po3Bsi3aHHA NPUKNALHMX 3afay HA NapaneNbHUX 004MCNIOBANbHUX CUCTEMAX.

bi6n. 13.

YIK 621.3.076

Ky3sHeuos b.I., HikitiHa T.B., Tatapuenko M.0., XomeHko B.B. baraTtokpurtepianbHui
CUHTE3 6araToMaccoBMX eNeKTPOMeXaHiYHMX CUCTeM HAa OCHOBi  CTOXaCTUYHMX
MyNbTiareHTHUX aNropuTMiB onTuMizauii poem uyactok // CuctemHi TexHonorii.
PerioHanbHMil MiXBY30BCbKMIt 30I1pHUK HayKoBUX npaub. — Bunyck 2(91). — lHinponeTpoBChbK,
2014. - C. 10 - 17.

Po3pobneHo meTop 6araTokpuTepianbHOro CUHTE3Y aHi30TpoONiNHMX perynsaTopis 6arato-
MacoBUX eNeKTPOMEXaHiYHUX CUCTEM, O AO3BONSE 3a[0BONIbHUTY Pi3HOMAHITHUM BUMOraM, sKi
npen'aBnAoTLCA [0 Po6OTM 6AraTOMAacOBUX €NeKTPOMEXaHiYHUX CUCTEM B Pi3HUX PEXUMaX.
06r'pyHTOBaHMI i po3p06AEHU MeTOL BUOOPY MATpHLb, 32 AONOMOroi0 AKUX HOPMYETLCA BEK-
TOP METU CTOXAaCTUYHOrO pOoOACTHOrO yNpaBNiHHA WAAXOM BUPilEHH:A 3afayi HeniHiliHoro npo-
rpamMyBaHHA Ha OCHOBi CTOXAaCTUYHUX MYAbTiareHTHWUX ANrOPUTMiB ONTUMi3aLii POEM YaCTOK.
MiHimi3auis aHi30TPONiiHOT HOPMM CTOXACTUYHOT CUCTEMU AO3BONISIE OTPUMATU MiHIMANbHY Yy-
TAWBICTb CMHTE30BaHOT CUCTEMM A0 3MiHM NapamMeTpiB Mofenen 06'eKTiB KepyBaHHSA i 30BHiLIHIX
BNNMBiB. Pe3ynbTatn ekcnepMMeHTanbHUX AOCNILKEHb JBOMACOBOT €/IeKTPOMEXaHiuHOi cucTe-
MU NOKa3anu, WO 3acTOCYBaHHA CUHTE30BAHMX aHI30TPONiHUX peryasaTopiB NOPiBHAHO 3 TUMNO-
BUMU perynsaTopamu [03BONUNO CKOPOTUTW Yac NepLIoro Y3roAXeHHs, MiABULWWTU NNABHICTb
PYXy Ha HU3bKWX LWBMAKOCTAX, 3MEHIIUTU JUCNEPCilo NOMUAKK BiAnpauloBaHHA BUMAAKOBOrO
3aJalyoro BnaAuBY.

bi6n. 15.

YOK 620.179

Oepnoposuy A.I. JlocnigykeHHA HenapameTpU4YHUX KpuTepiiB 3CyBYy B 3apauax
HepyWHiBHOro KoHTposto // CuctemHi TexHonorii. PerioHanbHUi MiXBY30BCbKWIA 36ipHUMK
HayKoBux npaub. — Bunyck 2(91). — AHinponetposcbk, 2014. — C. 18 - 22.

Po3rnsHyTa 3ajaya BMABNEHHS 3MiH  CTAaTUCTUYHWUX 3aKOHOMipHOCTeit BMOIpoOK
BUMipioBaHb, Ki MicTATb iHDOpPMaLilo NPoO CTaH TeXHIYHMX 00’EKTIB, 33 [LONOMOrOl KpUTEpPiiB
HenapameTpuyHoOi CTaTUCTMKM 3cyBy. LLUnsxom npoBeaeHHs 06YMCIOBANbHUX €KCMEPUMEHTIB
AOCNiIKEHHT WMOBIPHOCTI XapaKTePUCTUKU BUABNEHHA LMX 3MiH, Ta OTPUMaHHI AaHHI Ans
NOPiBHAHHSA Pi3HUX KPUTEPiiB. A TaKOX /1A BUNAAKiB, KONM AOCNIAXKEHH] BUOTPKM MAIOTb Pi3HM
3aKOHM po3noginy Ta Kopenauio.

bnbn.2,in.2.
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YIK 629-78

Xpamos [1.0. Komn'lotepHe moaentoBaHHA PO3ropTaHHA Baromoi HUTKM 3a JONOMOroOI0
(hizuyHux aBMKKiB // CuctemHi TexHonorii. PerioHanbHMiA MiXBY30BCbKMUI 301PHUK HAYKOBUX
npaub. — Bunyck 2(91). - AxinponetpoBcbk, 2014. — C. 23 - 31.

Di3nyHi LBMKKM — 6IONTOTEKM KOMN'IOTEPHOTO MOAENIOBAHHA PYXYy CUCTEM Tifl, WO A03-
BONAOTb JOAABATW i BUAANATU Tina 6e3nocepefiHbo B Xofi po3paxyHKiB — ABNAOTb C060K0
3pYYHUN THCTPYMEHT A8 AOCNIAXKEHHA AMHAMIKW CUCTEM, CTPYKTYpPa SKMX 3MIHIOETLCA Mif Yac
pyxy. Y po60Ti 3aNponoHOBAaHO airopMTM PO3rOpTaHHSA BAaroMol HUTKW, CKNAjeHoT 3 WapHipHO
3B'A3aHWX TBEPAMX Tif, WO JOAAIOTLCA NO Mipi po3ropTaHHA. MogenioBaHHA BMKOHAHO 3a AONO-
moroto aBuxKiB Box2D i Bullet. Moka3aHo MmoxnueocTi Bepudikauii pe3ynbTaTiB po3paxyHKis.

bi6n.18.

YK 004.272.43.003.13

NBaweHko B.M. MepcneKkTuBbl npuMeHeHus ceteBoro uHtepgeica InfiniBand B MHo-
ronpoueccopHbIX BbIYUCAUTENbHBIX CUCTEMAX NPU peleHUU 3aAa4 C paclumpsaemon obna-
ctbio Bbluucnenun / B.M. Weawenko, I.I. WBauny, M.A. Tkay // CuctemHi TexHonorii.
PerioHanbHUI MiXBY30BCbKMit 30ipHUK HayKoBKX npaub. — Bunyck 2(91). — [HinponeTpoBCbK,
2014. - C. 32 - 43.

CraTbf nocBslleHa McCnefoBaHWI0 0COOEHHOCTEN NMPUMEHEHWUs CEeTeBOro WHTepdeiica
InfiniBand B MHOronpoueccopHbiX BbIYUCAUTENbHBIX CUCTEM MPU PELIEHUU 3a[aY, HanpaBieH-
HbIX HAa paclupeHue 06NacTU BblYUCNEHUI. BbisiBNeHbl OCHOBHble 3aKOHOMEPHOCTU OTHOCU-
TeNbHO BPEMEHU CYyeTa 3afayu B 3aBUCUMOCTU OT U3MeHEeHUA 06/1acTH BbIYUCTIEHUIA MHOTONPO-
LLeCCOpPHOI cucTeMbl. BbinonHeHbl CCNef0BaHUsA, HanpaBneHHbIe HA onpeaeneHune Kodhhuum-
€HTa 3aMefIeHNUs BbIYUCIEHNI, CBA3AHHOIO C YBENUYEHUEM 061acTh BbIYUCIEHUIA MHOTONpPO-
LLeCCOPHOM CMCTEMbI, N0 CPABHEHWUID C BAPUAHTOM KOMMNbIOTEPA C HEOrPaHWYEHHOW 06aaCTbIO
BbYMCIIEHUN.

bubn. 13, un. 2, 1abn. 2.

YK 621.3.048.1: 004.93

Ckpyncoka J1.C., OniitHuk A.O., NMonsikos M.0. MeToa NporHo3yBaHHA BiAMOB Y BUCOKO-
BOJIbTHOMY TpaHcopMaToOpHOMY 06J1aiHaHHi Ha 0CHOBi MeTpUYHOi Knacudikauii TpeHais
AiarHOCTUYHMX 03HAK // CucTemHi TexHonorii. PerioHanbHUI MiXBY30BCbKMIt 30ipHUK HayKO-
BMX npaub. — Bunyck 2(91). — lHinponeTpoBcbK, 2014. — C. 44 — 52.

MpoaHanizoBaHo NpoLec AiarHoCTyBaHHA BUCOKOBONLTHOIO TpaHCchOpMaTopHOro obnaa-
HaHHA.  Po3p'A3aHa  3ajavya  Kknactepu3auii  BMMiplOBaHb  [iarHOCTUYHMX  O3HAK
TpaHchopmaTopiB. 3anponoHOBAHO METOA, AKUIN HA OCHOBI MeTPUYHOT Knacudikauii fo3sonse
NPOrHO3yBaTh 3aJMWKOBUIA pecypc BUCOKOBONLTHOrO TpaHCHOpPMATOpPHOro obnafHaHHA. Bu-
KOHaHO eKCnepuMeHTanbHe LOCNiAXKEeHHA 3anponoHOBAHOrO MeTody, fike MiATBEPAWUNO WOro
e(heKTUBHICTb 3aCTOCYBAHHA HA MPaKTULi.

bi6n. 70, in. 1, Tabn. 2.

YOK 519.25

baxpywwuH B.E., lyako N.A. OnpepeneHne KpUTMYECKMX 3HAYEHUW KpuUTepua Tuna
KonmoropoBa — CMMpHOBa ANA HEKOTOPbIX TUNOB pacnpepeneHua meropom MonTte-Kapno
// CuctemHi TexHonorii. PerioHanbHMil MiXBY30BCbKWII 30ipHUK HayKOBMX npaub. — Bunyck
2(91). — OHinponeTpoBcbk, 2014. — C. 53 — 58.

B cTaTbe paccMoTpeH BONpoC 06 OLEHUBAHWUU KPUTUYECKUX 3HAYeHUit kputepus Konmo-
ropoBa-CmupHoBa metopom MoHTe-Kapno ans cnyyas, Koraa napameTpbl MOAenu pacnpegene-
HUA PacCYUTLIBAIOTCA NyTEM MUHUMMU3ALMN PACUETHOrO 3HAYEHUSA 3TOTO KpUTEpusa.

bubn. 5, un. 1, Tabn. 2.
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YOK 004.424.62/43

€pmakosa B.0. locnigkeHHA (hOHETMYHUX anrOpUTMiB 33 JONOMOrOI0 OLiHKKM Jaro //
CuctemHi TexHonorii. PerioHanbHMit MiXBY30BCbKUI 30ipHUK HayKOBKX Npaub. — Bunyck 2(91).
— OHinponetpoBcbk, 2014. — C. 59 — 66.

JocnipxyloTbca iCHyI04T GOHETUYHT anropuTMK NOLWYKY 3a Npi3BULLAMM, afanToBaHi Ans
pociiicbkoi MoBW. CTBOPEHO nNporpaMmHWMin NpOAYKT, WO [O03BONSE aHanizyBatu poboTty
anroputmis: Daitch - Mokotoff Soundex, Soundex, MetaPhoneRU, a Takox npoaykT ans cTBo-
pEHHs 6a3un JaHuX, Ka MiCTUTb CTOBMNELb 3 BUXiHUMM JAaHUMM 1 KNIOYi, O A03BONAIOCH POOUTH
WBMALWMIA NOWYK 33 KOXXHWUM aNrOpUTMOM.

Ins ouiHKM edeKTMBHOCTI anropuTMiB 3a [OMOMOrol MeTpuku Jaro Oynu B3ATI [Bi
KaTeropii npi3Buw: pigkicHi i 6inbw 3aranbHi. OKpemMo NopiBHIOBaNMCA Npi3BMLA Pi3HOT AOB-
XUHU. [oKa3aHi pe3ynbTaTu poboTH Nporpam Ais KOXHOT KaTeropii.

bi6n. 4,in. 3, Tabn. 7.

YK 519.2:004.9

KipiueHko J1.0. MopiBHANbHMIA aHani3 iH¢opMaLinHOT CKNAAHOCTI XaOTUYHUX i CTO-
XaCTUYHUX YacoBUx pAARiIB // CuctemHi TexHonorii. PerioHanbHWUn MiXBY30BCbKUI 36ipHUK
HayKoBMx npaub. — Bunyck 2(91). — AHinponetposcbk, 2014. - C. 67 - 73.

Y poboTi npoBeseHO NOPiBHANbHMIA PEKYPEHTHMII Ta EHTPONiNHWIA aHani3 peanisauiit
XaOTUYHUX i CTOXAaCTUYHMX MPOLECiB, AKi MalTb Pi3Hy KopensauiiHy cTpykTypy. OTpuMaHo
3aNeXHOCTi Mip iH(OpMALiiHOT CKNagHOCTI 4acoBuMx psAAiB BifA napaMmeTpiB Npouecis.
JocnigeHo YacoBi pAAM, AKI BifNOBIJAIOTL PI3HUM CKNAAHUM AUHAMIYHUM CUCTEMAM.

bi6n.12, Tabn.3.

YIK 622.647.2

Kupis P. B. MatematuuHi mopeni yHKLiOHYBAaHHA CUCTEM KOHBEEPHOIO TPAHCNOPTY
ByrinbHux waxr / P.B. Kupis, T.®. Miwenko, 1. B. babeHko // CuctemHi TexHonorii.
PerioHanbHUI MiXBY30BCbKMWIA 30ipHUK HAayKOBMX npaub. — Bunyck 2(91). — HinponeTpoBCbK,
2014. - C. 74 - 87.

Ha nigcTaBi meToay AMHAMiKM cepeaHix ans MapKiBCbKKUX NpoueciB po3pobieHo maTema-
TUYHY Mofenb (YHKLIOHYBAHHA CUCTEM KOHBEEPHOrO TPAHCMOPTY 3 MOCNiJOBHUM i napanenb-
HUM 3'€lHAHHAM KOHBEEPiB i OYHKEpiB, a TaKOX 3 AEPEBOBMAHOI0 BisN0BOK i caMonoaibHo
CTPYyKTypamu. B pesynbtati ans umx cUCTEM KOHBEEPHOrO TPAHCMOPTY OTPUMAHO PEKYPEHTHUM
aNropuTM BM3HAYEHHA X MPONYCKHOT CNPOMOXHOCTI NPM Pi3HUX CNiBBIAHOWEHHAX BAHTAX0OMO-
TOKiB, O NOCTYNAlTb 3 N1aB, 1 NPOAYKTUBHOCTI XUBUAbHUKIB. OTPMMAHO OLTHKM MiHIMaNbHMX i
MaKCUMaNnbHMX 3HAYEHb NPONYCKHOT CMPOMOXHOCTI PO3rNAHYTUX CUCTEM KOHBEEPHOrO TPaHC-
nopTy, NPUBEAEHO NPUKNALA PO3PAXYHKY.

bi6n. 12,1in. 7, Tabn. 2.

YK 681.88.4

Muxainoscbkuin M.B., beriuyH C.B. locnigKeHHA YyTAUBOCTI MoAeNi TeNJI0BOro CTaHy
cuctemu«posnnas-KiBw» // CuctemHi TexHonorii. PerioHanbHMit MiXBY30BCbKWI1 36ipHUK
HayKoBUx npaub. — Bunyck 2(91). — AHinponetposcbk, 2014. — C. 88 — 91.

Po3pobneHo MaTeMaTUyHy MOJeNb HECTALiOHApPHOro TenaonepeHocy yepes baratowapo-
BY (hyTEPOBKY, @ TAKOX 33 PaxyHOK BUNPOMiHIOBAHHSA 3 NOBEPXHi po3nnasy. Ha ocHOBi aHanisy
BMIMBY KOHCTPYKTMBHUX Ta Tennodi3nyHux akTopiB SAK OCHOBHMX napameTpiB pans
ineHTudikauii mogeni o6paHi HaBeaeHi 3HaYeHHs BHYTPilWHbLOrO fiaMeTpa ¢yTepoBKM KoBLWA i
CTyNeHs YOPHOTW NOBEPXHi po3niasy.

bi6n. 5.
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YK 681.3.06

Octposcbka K.1H0., KonbyH [.0. Heuwitka mopenb ouiHku koedpiuieHTa 3uenneHus
«aBToMO6inb-gopora» // CuctemHi TexHonorii. PerioHanbHWiA MiXBY30BCbKMiA 30ipHUK Hay-
KoBux npaub. — Bunyck 2(91). — AHinponetposcbk, 2014. - C. 92 - 97.

Po3rnsHyTo 3ajayy ouiHKM KoedilieHTa 34enneHHA Konic aBToMobinsA 3 JOPOXHIM no-
KPUTTH, KA BUHWUKAE Yy 3B'A3KY 3 NPOBELEHHAM aBTOTEXHIYHOT €KCNEepTU3N NPW PO3C/ifyBaHHi
AOPOXHbO-TPAHCMOPTHUX NPUTOL,

IcHyloya MeTOAMKA [03BONAE BU3HAYUTM TinbKWM [iana3oH MOXAWBICTb 3HayeHb
KoedilieHTa 34eneHHA B 3aN€XHOCTI Bif pasy GakTopis, Wo BNAUBAIOTS.

bi6n. 4.

YK 681.518

Pynakosa I.B., Monueoga 0.B. OnTumiszauia nigcuctem MOHITOpPUHrYy po3nopineHux
00’eKTiB MeTOoAaMu cneKkTpasbHOro aHaniszy // CuctemHi TexHonorii. PerioHanbHuit
MiXBY30BCbKMI 36ipHMK HayKoBMX npaub. — Bunyck 2(91). — [Hinponetposcbk, 2014. — C. 98
- 107.

3anponoHoBaHO MeToj ONTUMi3auii  napameTpiB  (YHKLIOHYBaHHA  MigcucTeMu
MOHITOPMHTY TepuTOpianbHO PO3MNOLINEHOT CUCTEMM HAa OCHOBI 3aCTOCYBaHHA MeETOAIB
OfiHOBMMipHOro i ABOBMMiPHOTO CMEKTPanbHOro aHanisy. [laHuit MeTop [03BONAE YHUKHYTU
iHpOpMaLiNHOT HAAMIPHOCTI 1 CMPOCTUTM TeXHIYHY peani3auilo KOHTYpy iAeHTUdiKauii cTaHy
po3nogineHoro 06'ekTy, edeKTUBHICTb PobGOTU AKOrO 3yMOBMIOE e(hEeKTUBHICTb pobOTH
iHpOpMaLiNHO-KepyYOoi CUCTEMN.

bi6n. 7,in. 6.

YIOK 624.04

bonpaperko E.M. CyyacHi 3aco6u napanenbHOro NnporpamMyBaHHA ANA BUpPilLeHHA CK-
cTeM niHiMHUX piBHAHL MeTofaMM cnoJsiyyeHux rpapieHTiB // CuctemHi TexHonorii.
PerioHanbHUI MiXBY30BCbKMit 30IpHUK HayKoBKX npaLb. — Bunyck 2(91). — [HinponeTpoBCbK,
2014. - C. 108 - 115.

[laHa po6oTa npucBsyeHa NOPiBHAHHIO NPOLYKTUBHOCTI NMpOrpam fKi BUKOHYIOTbCA Ha
CPU i GPU i3 3aranbHoto mam'aTTio. [Ins npoBefeHHs NOPiBHANbHUX TECTiB Oyn0 peanizoBaHo
KinbKa MeTOAiB cnosyyeHux rpagieHtie ans supiweHHs CJIAP 3 winbHoto matpuueto. Y pobori
PO3rNAfAETLCA NPUPICT NPOLYKTUBHOCTI 33 PaxyHOK BWUKOPUCTAHHA akcenepaTtopa i pi3HUX
BWUAIB TEXHONOri ANA NiABULLEHHA NPOAYKTUBHOCTI nporpam. OCHOBHa MeTa fjaHoi poboTy no-
Ka3aTu sABHi nepeBaru BukopuctaHHs GPU-akcenepaTopa i 3poOUTM BUCHOBKM NOB'A3aHi 3 BU-
KOPUCTaHHAM Pi3HMX NigX0AiB napanenizauii.

Jlit. 16, in. 2, Tabn. 5.

YK 519.8

Yc C.A., CraHuHa 0.[l. AnropuTm pilueHHA ABOETANHOro 3aBAaHHA PO3MillleHHA BMPO-
OHuuTBa 3 nepeBararamu // CuctemHi TexHonorii. PerioHanbHUI MiXBY30BCbKWIA 30ipHUK
HayKoBMX npaub. — Bunyck 2(91). — OHinponeTpoBcobk, 2014. — C. 116 — 124.

Y crtatTi po3rnsHyTa [BOeTanHa 3aBfaHHA PO3MilleHHs BMPOOHMUTBA 3 NepeBaramu.
ChopmynboBaHa MaTeMaTMYHA MO-AeNb. 3aNpPONOHOBAHO aNrOPUTM pilleHHs, 3aCHOBAHWUW HA
FeHEeTMYHOMY anro-puTMmi i meTodi noteHuianis. MpeacTaBneHnin anroputm anpoboBaHo Ha Mo-
AeNnbHiii 3apayi.

bi6n. 6.

YK 004.032.26

bopsHcbkuit €.B., BuHokyposa 0.A., Myneca .M., Neposa I.[. liarHocTyloua Heupo-
thas3i-cuctema Ta ii afanTUBHe HAaBYAHHA Y 3afja4yax iHTeNeKTyanbHOi 06pOOKN AaHUX Me-
AUYHO-6ionoriuHnx pocnigkeHb // CuctemHi TexHonorii. PerioHanbHWii MiXBY30BCbKMiA
36ipHUK HayKOBMX npaub. — Bunyck 2(91). — [HinponeTpoBcbk, 2014. — C. 125 - 135.
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IHTeneKTyanbHWUIM aHani3 faHUX € NOTYXKHUM 3aC060M Npu po3B’A3aHi WMUPOKOTO CNEKTPY
3ajay, i Hacamnepepn AiarHOCTYBaHHS, Knacudikalii, po3ni3HaBaHHA 06pasiB Towo. Y crarmi
3anponoHOBAHO AiAarHOCTUYHY Henpo-ha33i cuctemy oA CUTyaLii, KON PO3MIpHICTb BXiAHMX
CUTHaNiB Ma€ ofMH NOPALOK 3 00CATOM HaBYanbHOI BMOIPKM, @ caMi AaHi HAAXOAATb Ha BXif
cucTemu y nocnigosHomy on-line pexumi.

bi6n.: 15, Puc.: 3.

YK 669.168

€styweHko [.J1., Bowes 0.C., Ipagoscbkuit 0.0., payos M.A., Makapos B.[., Llite-
taH H0.C. Po3pobka Be6-pgoaatky «Cucrema nigTpMMKu npuinHATTA piweHb NooTron 3.0»
// CuctemHi TexHonorii. PerioHanbHMUin MiXBY30BCbKWII 30ipHUK HayKoBUX npalb. — Bunyck
2(91). — OHinponeTpoBcbk, 2014. — C. 136 — 144.

Po3rnsapaetbcs npouec po3pobku Tpetboro penisy Beb-gogatka «CMNMP NooTron»
(http://nootron.net.ua) 3a metogonorieo Scrum, 3 BUKOPUCTAHHAM CyY4aCHUX THCTPYMEHTIB
po3po6ku. OCHOBHE 3aBAaHHA TPETbOro penisy — po3pobKa pexumy LOCTyny 3apeecTPOBaHOro
KopucTyBaya (36epiraHHa nNpoekTiB 3aaay, reHepauis 3BiTie). Lle [03BOANTL BUPilLYBaTH KOM-
NNEKCHi baraTokputepianbHi 3afayi Taki, AK 6araTokpuTepianbHa oNTUMi3aLisf TEXHONOMIYHMX
npouecis, 6araTokpuTepiasbHe paHKyBaHHA BEMKOT KiNbKOCTi 06'€KTiB TOLO.

bi6n. 8, in. 2

YK 004.032.26

[eiiHeko A.A., leitneko X.B., TypyTa A.ll., boasHcbkuii €.B. ARanTUBHUI MeTOA KOMOi-
HOBAaHOr0 HAaBYaHHA-CAMOHABYAaHHA HeWpo-asi cuctem // CuctemHi TexHonorii.
PerioHanbHUil MiXBY30BCbKMIt 30I1pHUK HayKoBUX npaub. — Bunyck 2(91). — lHinponeTpoBChbK,
2014. - C. 145 - 153.

3anponoHoBaHO MiaxiJ A0 KOMOIHOBAHOTrO HaBYAHHA CMHANTUYHMX Bar i LeHTPiB QYHKLiN
NPUHANEXHOCTI Helpo-ha33i cucTeM, 3aCHOBAHWUI Ha BUKOPWUCTAHHI IK NPaBMA HABYAHHA 3
yuutenem, Tak i CaMOHaBYaHHS.

bi6n. 14.

YK 681.876.2

lyna A.W. Bnaue BXigHOro wymy Ta Wymy BUMiplOBaHHA NPU aAanTUHO-NOLWYKOBO1
ipeHTudikauii cucremun Jlopedca / Muxanbos 0.U. // CuctemHi TexHonorii. PerioHanbHMiA
MiXBY30BCbKU 36IpHMUK HAyKOBMX npaub. — Bunyck 2(91). — OHinponeTpoBcbk, 2014. — C. 154
- 158.

Y cTaTtTi po3rnagaETbcs BNAMB BXiAHOIO WyMy Ta WyMy BUMipIOBAHHA Ha mpolecc ajan-
TUHO-NOLWYKOBOT iAeHTUdiKaLii. Bu3HavaloTbca fiana3oHun NpuaaTHOCTI METOAa, WO po3rnsapa-
ETbCA.

bi6n: 6. inn: 4.

YK 528.8:004

MHaTyweHko B.B. Anroputm noBbiweHns WHGOPMATUBHOCTU LUUGPOBbIX U300paxe-
HUA MUKPOCTPYKTYpbI cTanu / B.B. MHatyweHko, A.A. Kasau, 10.0. Knbykesuy // Cuctemni
TexHonorii. PerioHanbHMii MiXBYy30BCbKMI 30ipHMK HaykoBux npaub. — Bunyck 2(91). -
[HinponeTpoBcbk, 2014. — C. 159 — 164.

Cratba nocssieHa pa3paboTKe HOBOrO anropuMTMa MOBbIWEHWA BM3yaNbHOrO KayecTBa
undpoBLIX (POTOrpaMMETPUYECKUX M300paXKeHUn MUKPOCTPYKTYpbl cTanu. o pesynbratam
NPOBELEHHOr0 aHanM3a ONpPefeNeHo, YTO NPUMEHEHWE HOBOMO aNropuTMa NpPUBOLUT K MOBbI-
WeHMo MHHOPMATUBHOCTU U306PAKEHNIT MUKPOCTPYKTYPbI CTaNu.

bu6n. 6, puc. 4, Tabn. 1.
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UDC 681.3.012:621.1
Ivaschenko V.P. Specifics of constructing of maximally parallel algorithmic forms of

the solving of the applied tasks / V.P. Ivaschenko, G.G. Shvachych, M.A. Tkach // System
technologies. N 2(91) - Dnipropetrovsk, 2014.- P.3 - 09.

The features of construction of maximally parallel algorithms of thermal conductivity
equation’s solution with the method of direct tasks of Dirichlet and Neumann are considered.
Parallelization of the three-diagonal systems of equations allows to construct absolutely
steady algorithms, having a maximal parallel form. It is achieved minimum time period of
solving the applied tasks on parallel computing devices.

Bibl. 13.

UDC621.3.076

Kuznetsov B.I., Nikitina T.B., Tatarchenko M.0., Khomenko V.V. Multicriterion synthe-
sis of multimass electromechanical systems based on stochastic multiagents optimiza-
tion algorithms by particle swarm // System technologies. N 2(91) - Dnipropetrovsk, 2014.-
P.10 - 17.

A method of multicriterion anisotropic regulators synthesis by multimass electrome-
chanical systems that can satisfy various requirements that apply to the work of multimass
electromechanical systems in different modes is developed. Proved and developed a method
of selecting the matrices with which formed the target vector stochastic robust control by
solving a nonlinear programming problem based on stochastic multiagents optimization algo-
rithms by particle swarm. Minimizing the anisotropic norm of a stochastic system provides a
minimum sensitivity of the synthesized system to modify the plant models and external influ-
ences. The results of experimental studies of two-mass electromechanical system showed that
the use of synthesized anisotropic regulators compared with standard controls has reduced
the time of the first agreement, to increase the smoothness of motion at low speeds, to reduce
the variance of the random errors mining master control.

Ref. 15.

uDC 620.179

Fedorovich A.I. Study nonparametric shift in problems NDT // System technologies.
N 2(91) - Dnipropetrovsk, 2014.- P.18 - 22.

The problem of detecting a change in the statistical regularities of measurement sam-
ples, containing information about the state of technical objects, using the criteria of non-
parametric statistics shifts. By conducting computational experiments investigated the prob-
abilistic characteristics of detecting these changes and new data to compare different crite-
ria. And also for the cases when the initial sample of random variables have different laws of
probability distributions and correlation.

Bibl. 2,ill. 2.
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UDC 629-78

Khramov D. A. Computer simulation of heavy rope's deployment with use of physics
engines // System technologies. N 2(91) - Dnipropetrovsk, 2014.- P.23 - 31.

Physical engines are the computer libraries for simulation of multibody systems motion,
which can add or remove the body directly in the calculations runtime. They are a useful tool
for studying the dynamics of systems whose structure changes during movement. An algo-
rithm of heavy rope's deployment composed of pivotally connected rigid bodies that adds in
deployment sequence has been proposed. Simulations were performed using the Box2D and
Bullet engines. The possibilities of verifying the results were demonstrated.

Bibl. 18.

UDC 004.272.43.003.13

Ivaschenko V.P. Prospects of network interface infinipband in multiprocessor com-
puter systems for solving tasks of calcualtions' area spreading / V.P. Ivaschenko,
G.G. Shvachych, M.A. Tkach // System technologies. N 2(91) - Dnipropetrovsk, 2014.- P.32 -
43.

The article investigates the specific application InfiniBand network interface in a mul-
tiprocessor computer system for tasks aimed at increasing the computational domain. The
main patterns regarding the computing time of a task depending on changes in the field of
computing in a multiprocessor system. The carried out researches had the aim to determine
the deceleration rate calculations. The rate is connected with an increase in the computa-
tional domain of multiprocessor system in comparison with a computer having the unlimited
field of computing.

Bibl. 13,ill. 2, tabl. 2.

UDC 621.3.048.1 : 004.93

Skrupskaya L.S., Oliinyk A.A., Polyakov M.A. The Method of failure prediction in the
high voltage transformer equipment based on the metric classification of diagnostic fea-
tures' trends // System technologies. N 2(91) - Dnipropetrovsk, 2014.- P.44 - 52.

The process of diagnosing of high-voltage transformers has been analized. The problem
of measurements clustering of transformers' diagnostic features has been solved. The method
which is based on the metric classification and allows predicting the residual life of the high-
voltage transformer equipment has been proposed. An experimental study of the proposed
method which confirmed its effectiveness in practice has been performed.

Bibl. 7,il. 1, tabl. 2.

UDC519.25

Bakhrushin V.E., Dudko I.0. Determination of critical values of the Kolmogorov -
Smirnov type criterion for some types of distribution by the Monte-Carlo method // Sys-
tem technologies. N 2(91) - Dnipropetrovsk, 2014.- P.53 - 58.

In the article it is considered the problem of the critical values estimating for the Kol-
mogorov — Smirnov type criterion by Monte Carlo method in the case when the parameters of
distribution models are obtained by minimizing the calculated values of this criterion.

Bibl. 5, figs. 1, tabl. 2.
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UDC 004.424.62/43
Yermakova V.0. Selivyorstova T.V. Study of Phonetic Search Algorithmes // System
technologies. N 2(91) - Dnipropetrovsk, 2014.- P.59 - 66.
Existing phonetic search algorithms by surnames, adapted for Russian languageare in-

vestigated in the article. Software that allows to analyze the work of: Daitch-Mokotoff Soun-
dex, Soundex, MetaPhoneRU algorithms, as well as a product which creates a database con-
taining a column with the original data having keys corresponding to the above mentioned
algorithmsare created.

To evaluate the efficiency of algorithms using the Jaro distancetwo categories of
names: rare and more commonare taken. Surames of different lengthswere compared. The
work results for each categoryare shown.

Bibl.: 4,im.3, tab. 7.

UDC 519.2:004.9

Kirichenko L.0. Comparative analysis of the complexity of chaotic and stochastic
time series // System technologies. N 2(91) - Dnipropetrovsk, 2014.- P.67 - 73.

The comparative analysis of the statistical properties of realizations of chaotic and
stochastic processes having different correlation structure. Depending on complexity meas-
ures of time series of process parameters were obtained. The time series corresponding to a
variety of complex dynamical systems were investigated.

Bibl. 12, tab.3.

UDK 622.647.2

Kiriya R. Mathematical models of coal mines conveyer transport systems function-
ing / R. Kiriya, T. Mishenko, Yu. Babenko // System technologies. N 2(91) - Dnipropetrovsk,
2014.- P.74 - 87.

Based on dynamics of average method for Markov processes we developed mathemati-
cal model of functioning of conveyer transport systems with serial and parallel connection of
conveyer and hoppers, and also with dendritic harp and self-similar structures. As result for
these conveyer transport systems we obtained recursive algorithm to determine their carrying
capacity at various ratios of incoming cargo traffic from lavas and productivity of batcher. We
obtained minimum and maximum values of carrying capacity of mentioned above conveyer
transport systems, also was given example of calculations.

Bibl. 12,ill. 7, tabl. 2.

UDK 681.88.4

Mikhajlovskiy N.V., Beitsoun S.V. Sensitivity analysis model of the thermal state of
the system "melt-ladle" // System technologies. N 2(91) - Dnipropetrovsk, 2014.- P.88 - 91.

A mathematical model of unsteady heat transfer through a multilayer lining, as well as
due to the radiation from the surface of the melt. On the basis of analysis of the impact of
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structural and thermal factors as the main parameters for identifying the model selected

values given inner diameter ladle lining and the emissivity of the surface of the melt.

Bibl. 5.

UDC 681.3.06

Ostrovsky K., Kolbun D. Fuzzy estimation model of clutch coefficient «car - road» //
System technologies. N 2(91) - Dnipropetrovsk, 2014.- P.92 - 97.

Task of evaluating the coefficient of vehicle traction with the road surface arises in
connection with the autotechnical expertise in investigating traffic accidents.

The current method allows you to specify only the range of possible values of the
friction coefficient depending on a number of influencing factors.

Bibl. 4.

uUDC 681.518

Rudakova G.V., Polivoda 0.V. Optimization of monitoring subsystems of the
distributed objects by methods of the spectral analysis // System technologies. N 2(91) -
Dnipropetrovsk, 2014.- P.98 - 107.

The method of functioning parameters optimization subsystem of territorially
distributed monitoring system which basis on application of spectral analysis methods (one-
dimensional and bidimentional) is offered. The given method allows to avoid information
redundancy and to simplify technical realization of state identification contour of the dis-
tributed object which efficiency causes an information-control system efficiency.

Bibl. 7,il. 6.

UDC 624.04

Bondarenko E. Modern Parallel Programming Tools for Solving System of the Linear
Equations by Conjugate Gradient Methods // System technologies. N 2(91) - Dnipropet-
rovsk, 2014.- P.108 - 115.

The work is devoted to comparison the performance of programs which are executed
on the CPU and GPU with shared memory space. For performance tests several conjugate
gradient methods for solving system of linear equations with the dense matrix were
implemented. At the work is viewed the performance boost through the use of the accelerator
and various types of technologies for program acceleration. The primary purpose of this paper
is to show the distinct advantages of using GPU-accelerator and make the conclusions
associated with the use of various parallelization approaches.

Bibl. 16, fig. 2, tab. 5.
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ubC519.8

Us S.A., Stanina 0.D. Algorithm for solving two-step problem of Llocating
production with preferences // System technologies. N 2(91) - Dnipropetrovsk, 2014.-
P.116 - 124.

The article describes a two-step task of locating production with preferences. The
mathematical model. Proposed solution algorithm based on genetic algorithm and the
method of potentials. The algorithm is tested on a model problem.

Bibl. 6.

UDC 004.032.26

Bodyanskiy Ye.V., Vynokurova 0.A., Mulesa P.P., Perova I.G. JinarHoctupyiouias
neuro-fuzzy system and its adaptive learning algorithm in the medical and biological
Data Mining tasks // System technologies. N 2(91) - Dnipropetrovsk, 2014.- P.125 - 135.

Data Mining is powerful tools for solving a wide range of applications, primarily for
diagnosis, classification, pattern recognition, etc. Diagnosing neuro-fuzzy-system for case,
when input signals dimensionality size has the same order as learning set one, and signals are
fed in system input in on-line mode.

Item: 15, Fig.: 3.

UDC 669.168

Evtushenko G.L., Voyuev A.S., Gradovskiy A.O., Grachev N.A., Makarov V.G., Shtefan J.S.
The development of the web-application «Decision Support System NooTron 3.0» // Sys-
tem technologies. N 2(91) - Dnipropetrovsk, 2014.- P.136 - 144.

The development process of the third release of the web-application «DSS NooTron»
(http://nootron.net.ua) with methodology Scrum and using modern development tools is
considered. The main task of the third release is the developing of the logged on user mode
(for projects tasks saving, reports generating). It will allow solving complex multi-criteria
problems such as multi-criteria optimization of technological processes, multi-criteria ranking
of a large number of objects and etc.

Refs. 8,ill. 2

UDC 004.032.26

Deyneko A.A. Deyneko J.V., Turuta A.P., Bodyanskiy E.V. Adaptive method combined
learning self-learning neuro-fuzzy systems // System technologies. N 2(91) - Dnipropet-
rovsk, 2014.- P.145- 153.

An approach to the combined training synaptic weights and centers of membership
functions of the neuro-fuzzy systems based on the use of rules as supervised learning, and
self.

Bibl. 14.
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UDC 681.876.2

Guda A.IL. Influence of input and measurement noise to Lorenz system adaptive-

searching identification / Mikhalyov A.I. // System technologies. N 2(91) - Dnipropetrovsk,
2014.- P.154- 158.

In this article the influence of input and measurement errors to the process of
adaptive-searching identification is researched. Ranges of workability are investigated.

Bibl: 6. ill: 4.

UDC 528.8:004

Hnatushenko V.V. Algorithm to improve the informativeness of photogrammetric
images of the steel microstructure / V.V. Hnatushenko, A.A Kavats, I.0. Kibukevych // Sys-
tem technologies. N 2(91) - Dnipropetrovsk, 2014.- P.159- 164.

Article is devoted to improve of quality of digital photogrammetric images of the steel
microstructure. According to the results of visual and numerical analysis determined that the
application of the new algorithm leads to more informative images of the steel microstruc-
ture.

Bibl. 6, Fig. 4, Tabl. 1.
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ABTOPBI BBIITYCKA

IBamenko Bamepiii IlerpoBuy - 1.7.H., mpod., nepmuii mpopexktop HMeTAY.
IIBaunuy I'ernaniin I'puropoBuu- a.7.H., mpod., HMeTAY.

Trau Makcum Omnexcanaposuu - HMeTAY.

Kysnenmos Bopuc HUBanoBMY - 14.T.H., Tpod., 3aBeAyOIHI OTAEeJIOM HIpobIeM
yIpaBJieHUs MarHUTHBIM ITojeM VHCTUTYTa TeXHUYECKUX ITPO0JIeM MarHeTHu3Ma.
Huxutuna Tarsana BopucoBHa - n.T7.H., mpodeccop Kadeapbl CUCTEMHOTO aHa-
Jau3a m ynpaBieHuA HanmnoHaJIbHOrO TeXHWUYECKOTO yHUBepcuTera «XapbKOBC-
KUHA DOJUTEXHUUYECKUUA WHCTUTYTS .

Tarapuenko Makcum OueroBuu - acumpaHT Kadeapbl CHUCTEMHOTO aHaJIW3a U
yrnpaBieHusa HanmmoHaJIbHOIO TeXHHYECKOIO0 YHUBEpPCUTETa «XapbKOBCKUM IIO-
JUTEXHUYECKUN WHCTUTYT» .

XomeHko BukTop BuraaseBuu - acnupaHT Kadeapbl CHUCTEMHOTO aHajlu3a U
yrnpapieHusa HanmmoHaJIbHOTO TeXHHMYECKOIO0 YHUBEpPCcUTEeTa «XapbKOBCKUM IIO-
JUTEXHUYECKUN WHCTUTYT» .

®demoposunu AnnHa IropiBaa - JlHimpomeTpoBChKMI HAI[IOHAJIBHiIN yHiBepcuTer
im. Oxneca I'onuapa, BukJamzau kKadenapu PamioereKTpoHHOI aBTOMATUKM, (Didm-
KO-TeXHIYHOTO (paKyJIbTETY.

XpamoB /Ivmutpuii AjJeKCaHIPOBUY - CTApPIINil HAYYHBIN COTPYAHUK, K.T.H.,
Nucturyr texamueckoir mexanmku HAH Vikpaumabsr u HKA VYxkpawnsr, Ormen
CHCTEMHOI'0 aHaJin3a U MpobJieM yIIpaBJIeHUA.

Crkpynckaa Jlronmuna CremaHOBHA - acIMPAHT, aCCUCTEHT KadeApbl dJIeKTpuye-
CKUX U 3JIEKTPOHHBIX alllapaToB 3allOpOKCKOTO HAIIMOHAJBHOTO TEXHUUYECKOTO
YHUBEPCUTETA.

Oneiinuk AHapen AJeKcaHAPOBHY — K.T.H., OOIEHT Kadeapbl IIPOrpaMMHBIX
cpeacTB 3aIOPOKCKOr0 HAITMOHAJIBHOTO TEXHUYECKOTO YHUBEPCUTETA.

IHonaxkoB Muxamna AnexkceeBMY4 — K.T.H., JOIIEHT KadeAphbl dJeKTPUUYECKUX U
AJIEKTPOHHBIX aIlllapaToOB 3alOPOKCKOr0 HAIIMOHAJBLHOTO TEeXHUUECKOTO YHUBEP-
cureTa.

Baxpymma Bomomuvup €BrenoBmu - axazemik AH Bumioi mkosu YKpainw,
n.¢is.-mar.H., mpodecop, Knacuunuit mpuBaTHUH yHiBepCUTET, M. 3alOPiKKA.
Hynko IBan OuexcaHApoBMY - aciripaHT, KiacuuyHWiI IPUBATHUU YHiBEPCUTET,
M. 3aIopPisKIKA.

EpmakoBa B.0. — cryzeHTka 4-oro Kypca HammoHaibHOW MeTaJIyprudecKoi
akamemuu ¥YKpauHbl, Kadpenpa MHGOPMAIITMOHHBIX T€XHOJOTUMN U CHUCTEM.
CemusepcroBa T.B. — x.T.H, momeHT HammnoHaibHON MeTaJIyprudyecKoil akxaje-
mMuu YKpaunbl, Kadheapa NHGOPMAITMOHHBIX TEXHOJOTUMN U CHCTEM.

Kupuuenko Jiogmmumiaa OmaeroBHa — A.T.H., mpodeccop Kadeapbl IPUKJIATHON
MaTeMaTUKU XapbKOBCKOI'0O HAIIMOHAJBHOT'O YHUBEPCUTETA PAAUOIIEKTPOHUKH.
Kupusa Pycaan BuccapuonoBuu - K.T.H., cT. HayuyH. Corpyauuk, UHCTUTYT Teo-
rexHudyeckoit Mmexauuku uM. H.C. Ilonakosa HAH Yxkpaunsl.
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Mumenko Tamapa ®enopoBHa - Benyuiuii nHKeHep, MHCTUTYT reoTeXHUUECKOM
mexanuku uMm. H.C. ITonaxoa HAH VkpauHBbI.
Ba6enko IOmua BacunbeBHa — acnupaHTKa, HammoHaibHAs MeTaJLIypruyecKas
akKameMus Y KpawmHBbI.
Beiinnyn Cepreii BukTopoBuu - K.T.H., JOIeHT KadeApbl aBTOMATU3AINYU IIPOU3-
BOJICTBEHHBIX ITporieccoB HMeTAY.
Muxaitnosckunii Hukonan BaagumMupoBuu - K.T.H., JOIEHT Kadeapbl aBTOMAaTH-
3aIuy IPOM3BOACTBEHHBIX mpolleccoB HMeTAY.
OctpoBckas Erxarepuna IOpereBHa — K.T.H., momeHT Kadeapsl MHDopMamioH-
HBIX TexHoJioruil m cucrem, HMeTAY.
Koan6yn [AmMutpuii AjJleKcaHAPOBUY — CTYIEeHT 5-Kypca Kadenpbl Muabopmariu-
OHHEBIX TeXHoJoruu u cucrem, HMeTAY.
Pymakosa I'amna BomomumupiBHa — K.T.H., OoueHT Kadenpu «Texriuma ribep-
HeTUKa», XePCOHChKUU HaIliOHAJbHUIN TEeXHIUHUUN yHiBEpCUTET.
ITomuBoma Oxcana BagepiiBHa - acucrenT Kadeapu «Texmiuna kibepHeTukrar,
XepcoHCHKUM HaIliOHAJBHUU TeXHIUYHUMN yHIBEepCUTET.
Bounapenko Inyapn HukosmaeBuu — O6axaJsiaBp, [HempomeTpoBCKUYM HaAIMOHAJb-
HbI1 yHUBepcuTeT nMeHu Oueca ['oHuapa.
Cramina Oasra [ImurpiBHa - acmipant Kad. CAiY, IBH3 «HamionaapHU# Tip-
HUYUN YHIBEePCUTET».
Bonsucerkuii €Breniit BorogumupoBuy — 1.7.H., mpodecop, HAYKOBUII KePiBHUK
IIpo6aemuoi HaykoBo-mocigaoi ysadoparopii ACY, mpodecop kKadeapu IITYyUHO-
ro iHTesnexkTy, XapKiBCbKUH HaIliOHAJbHUU YHiBEPCUTET pPamioeIeKpPOHiKHU.
BunokypoBa Omena AnartoJaiiBHa — [I.T.H., IPOBiAHUI HAYKOBUM CIiBPOOITHUK
IIpo6aemuoi HaykoBo-mocaiguol sadopaTopii ACY, mpodeccop radenpu O6esmnexu
iHopMaIifHUX TeXHOJOTi, XapKiBChbKUI HAIliOHAJLHUU YHiBEepCUTET pamio-
€JIEKPOHIKH.
Myaeca IlaBaxo IlaBaoBuu — BuKJIagau Kadeapu KibepHeTHKU i IPUKJIATHOI Ma-
rematTuku, [IBH3 «Y:KropoacbKuil Hal[iOHAJBLHUN YHiBEPCUTET» .
IlepoBa Ipuna I'emnagiiBHa — K.T.H., CTapIIUi BUKJamad Kadeapu 6ioMeguyuHOI
iHxeHepii, XapKiBCbKNI HaIliOHAJBLHUM YHIBEPCUTET PalioeIeKPOHIKH.
EBrymenko I'anmuna JIbBoBHA - acnupaHT Kadeapbl MHOPOPMAIITMOHHBIX TEXHOJIO-
ruii u cucrem HMeTAY.
Boroes Anerxcanap CepreeBuu - cTyneHT Kadeapbl MHPOPMAIIMOHHBIX TEXHOJIO-
ruii u cucrem HMeTAY.
I'pamoBckuii Anexcanap OiseroBuu - cTygeHT Kadeapbl MHGOOPMAIMOHHBIX TeX-
"Hoytoruit u cuctem HMeTAY.

I'paues Hukogaaii AHaToJBeBUY - CTYyAeHT Kadenpbl MHGOPMAIIMOHHBIX TEXHO-
goruit u cucrem HMeTAY.

Maxkapos Baagumup I'emHagseBu4 - cTyneHT Kadeapbl MHOOPMAIIMOHHBIX TeX-
HoJsoru#l u cuctrem HMeTAY.

IItedpan I0aua CepreeBHa - cTyaeHT KadeApbl MHGPOPMAIMOHHBIX TEXHOJOTUHA
u cuctrem HMeTAY.
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HeiitHeko AHacTacusa AJeKCaHIPOBHA - acIUpaHTKa Kadeapbl MCKYCCTBEHHOTO
WHTeJLJIeKTa, XapbKOBCKUI HAITMOHAJIBbHBIN YHUBEPCUTET PAANO3JIEKTPOHUKU.
Heiitnexko sKanna BajeHTHHOBHA - OOIEHT Kadeapbl MeIUaCHUCTEM W TeXHOJIO-
ruii, XapbKOBCKUM HAIIMOHAJBbHBIH YHUBEPCUTET PAANOIJIEKTPOHUKU.
Typyra Anexceit IlerpoBuu - momeHT Kadeapbl MPOrpaMMHON WHiKeHepuu, Xa-
PBKOBCKUI HAIIMOHAJBHBIN YHUBEPCUTET PAAUOIJIEKTPOHUKH.
I'yvma Anton Iroposuu — K.T.H, momeHT xKadeapu ITC HMeTAY.
MuxaasoB Oaxexcanap lunxiu — g.17.1, mpodecop, 3aB. kKadpeapu ITC HMeTAY.
I'narymenko Bomogumup BoaxomumupoBuu - 1.T7.H., mpodecop, 3aBigzyBau Kade-
IpU aBTOMAaTHU30BaHUX cucTeM 00poOKu iHdopmarii [[HimpomeTpoBCHKOTO HAIiO-
HaJbHOTO yHiBepcurery imeni Osecs I'omuapa.
KaBan Anena AJjekcaHapoBHaA - OomeHT Kadeapbl «WMHpOPMAIIMOHHBIX TEXHO-
Joruii u cucreM», HamuonanpHad MeTaiypruyeckas akageMusa Y KpawHbI.
Kubykesnu IOmusa OxaeroBHa - acnumpanT Kadenpbl «AHGOPMAIIMOHHBIX TEXHO-
Joruii u cucreM», HamuonanpbHad MeTayiypruyeckas akageMusa Y KpawHbBI.
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