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YK 62-5:620.9
B.Il1. CEBEPHH,E. H HUKYJIUHA, /]. A. 1YKHHOBA

HUMHUTAIMOHHOE MOJEJINPOBAHUE ITPOHECCOB B PEAKTOPE BBJP-1000 ITPH
PET'YJIMPOBAHUUN MOIIHOCTH IIOTJIOIMAIOIIINMHU CTEP KHAMU

Ipencrasieni matematnani moaeni peakropa BBEP-1000 cepii B-320 B BiZHOCHHX 3MiHHHX CTaHY, sIKi OINHCYIOTh HEUTPOHHY KiHETHKY, TEIUIOBI
IPOLECH, 3MiHA KOHIEHTpALil KCEHOHY HPH PETYIIOBAaHHI MOTYXHOCTI NOIIMHAIOTH CTPIDKHAMHM, 1 OOUYHCICHI 3HAYEHHS MapaMeTpiB MoJenei.
IpoBeneHo iMiTaliiiHe MOIEIIOBAHHS MPOLECIB, 110 MPOTiKaroTh B peaktopi BBEP-1000 mpu perymoBaHHI HOTYXXHOCTI peakTopa HOTIHHAIOYAMU
CTPIKHSIMH, 1 OTPHMaHI IepexiIHi MPOoLecH, 10 JO3BOLSIIOTH aHAII3yBaTH 3MiHM 3MIHHHX CTaHy aKTHBHOI 30HH peaKTopa.

Kuro4oBi ciioBa: siiepHHil peakTop, peryIrOBaHHs HOTY/KHOCTI, MAaTeMaTHYHA MO/IEITb, IMIiTAI[IiHE MOIEIIOBAHHS.

IpencraBiensl MaTtemaTHdeckue Mogpenu peakropa BBOP-1000 cepum B-320 B OTHOCHTENBHBIX HMEPEMEHHBIX COCTOSHHS, KOTOPHIE OMUCHIBAIOT
HEUTPOHHYIO KHHETHKY PEaKkTopa, TeIUIOBBIC MPOIECCHl, M3MEHEHHE KOHIEHTPAIMU KCEHOHA HPH PEryIHPOBAHHH MOIIHOCTU MOTJIOMIAOIIUMU
CTEpKHSIMH, M BBIYHMCIICHBI 3HAUCHMs HapaMeTpoB Mojelneil. IIpoBeIeHO MMMTALMOHHOE MOJEIMPOBAHUE IIPOLECCOB, IPOTEKAIONINX B PEaKTOpe
BBOP-1000 mpu perynupoBaHHHM MOIIHOCTH pPEAaKTOpa HOMIOMAOIIUMY CTEPXKHSAMHU, M IIOTy49eHHl IIePEXOJHBIE IPOLECCH, IT03BOJIIOIINE
aHaIN3UPOBATh H3MEHEHHUS NIEPEMEHHBIX COCTOSIHHS aKTHBHON 30HBI pEaKTOpa.

Kutro4eBble ci10Ba: sEpHBIH peakTop, peryIupoBaHie MOLUIHOCTH, MATEMAaTHYECKAasi MOJIEIIb, UMUTAL[IOHHOE MOZICINPOBAHHUE.

Mathematical models of WWER-1000 nuclear reactor of VV-320 series are presented in the form of systems of differential equations in relative state

variables. These models describe the neutron kinetics of the reactor with six groups of delayed neutrons, gradual heat release in fuel, changes in fuel

temperature, fuel element envelopes and coolant, change in xenon concentration when power is regulated by absorbing rods. The values of the model

parameters are calculated. Simulated modeling of the processes taking place in the WWER-1000 reactor was carried out while adjusting the reactor

power with absorbing rods. Transient processes are shown that allow one to analyze changes in the variables of the state of the reactor core.
Keywords: nuclear reactor, power control, mathematical model, simulation modeling.

Beenenne. ADC  VYkpamsel  Brmowaor 11 6
9Hepro6yIokoB ¢ peakropamu BBOP-1000 cepun B-320 dn/dt = (r —B) n/I* +zi:17“ici' 1
[1]. Jns Takux >Hepro6IOKOB aKTyadbHa Tpodrema oC, /dt =B, n/I" =1,C,, i =16 @)

o i/t =D; —AiLp =40,
MaHEeBpHPOBaHHS MOIMHOCTRIO [2, 3]. Pemenue 3toit
OpoOJIEMBl CBA3aHO C MMHTAIMOHHBIM MOJEIUPOBAHUEM

rae N — IUIOTHOCTh HEHTPOHOB, I — pPEAKTHBHOCTDH

nporieccoB B peaktope BBOP-1000 mpu perynupoBaHUN 6 .
MOIIHOCTH MOTJIOMIAIOIIUMHE CTEPKHIMU [4—6]. peakropa, f3 :ziﬂBi — cymmapras gons 3H, I" —
Ananus JUTEPATYPHBIX AQHHBIX. Ant cpenmee sdbexTHBHOE BpeMst KH3HH HEHTPOHOB, A; H C;

HCCIICIOBaHMs TporeccoB B peaktope BBDOP-1000
pa3paboTaHpl MOJAETH B TPOCTPAHCTBE COCTOSHHIA,
KOTOpBIE BKIIOYAIOT TU(QepeHInaTbHbIe YpaBHEHUS )
(1Y) HeHTpOHHOW KHHETHKH C 3ama3JblBaloIIuMu  CPCIHEC BPEMs KHU3HU AJIep-u3ydaresien | -Tol Tpynrsl

— IMOCTOAHHBIC PAAUOAKTUBHOI'O pacliaga U KOHICHTPpAllun

snep-manydareneit 3H, B; — momn 3H, A; =1/, I, —

Heiitponamu (3H), a Taxke cucremy aupdepennuansuprx  3H.  Konnenrtpamun  sgep-usmydatened  3H B
ypasrenuit (C/1Y) Tennossix npoueccos [7]. OTu mogenun  HOMHHAIBLHOM pekume HUMEIOT 3HAYEHHS
WCTIONIb30BAHBI  JUIsl  CHHTE3a ONTHMAIBHBIX ~CHCTEM  Cu = f;n, /(xi|*) , i=16. Hauambuele  ycinoBus

aBTOMAaTHYECKOTO yIpaBieHUs 2Heprodiaokos [4—6]. Hu B
OJTHOW M3 PaCCMOTPEHHBIX MOJENEH MPH PeryIupOoBaHUN o
MOIIHOCTH TOTJIONAIONINMHE  CTepXHAMH He yurensl C; =Cq, 1=16. B ypasuenusix (1) mnepeiinem k
PpOHECChl TOCTEIICHHOTO TEIJIOBBIJACIICHUSA, W3MCHCHUSA OTHOCUTEJIbHBIM IIEPEMEHHBIM :
KOHIIEHTPallUl KCEHOHA, KOTOPbIE CYLIECTBEHHO BIIUSIOT L
Ha AWHaMHKY peaktopa [2, 8, 9]. v=n/n,, p=r/B, & =C; /Cy , 1=16, T=th,,
Heas u 3amaum wucciaenoBanusi. llens cratbu
COCTOHUT B IPEACTABICHUU PE3YJIbTATOB MMHUTALMOHHOTO
MoJlenupoBanus mporeccoB B peakrope BBOP-1000 mpu  Cp; =Cp; — 06a30Bble 3HAYEHMs KOHLEHTpaUMi snep-
peryMpOBAHMN MOIIHOCTH HOTJIOMAIOIMMH CTEPKHAMH.  y3myqareneit 3H, t, =1c — 6a3oBoe 3HaUeHHE BPEMEHH.
Jns  naHHOW 1enu  MpEeACTaBiISIOTCS  MOJEIH . L
peaktopa BBDP-1000 cepum B-320 B OTHOCHTENBHBIX Onpesenum av:Btb/I oo =Aity, B =Ppi/B, 1=16.
NEPEMEHHBIX  COCTOSHMS,  BBUMCIAIOTCS  3HaueHus  llociie npeoOpa3oBaHuil MONYyYUM MOJIENb KHHETHKH:
mapaMeTpoB  MoJeNed, MPOBOIUTCA HMMHTAIIMOHHOE

HOMHHAJIBHOTO pekuma peakropa it CHAY (1) n=ny,

rge n, =n, — 0a3oBoe 3Hau€HUE IUIOTHOCTH HEUTPOHOB,

6
MOJIEIMPOBAHKE TPoLeccoB B peakrope BBOP-1000 npwu dv/dt=a,[(p-Dv+ Zi:l“iéi 1, @
PEryjamMpoBaHn MOLIHOCTH PEAKTOpa MNOIJIOIArIUMU dE“ /dT =0, (V _ gl) | — ﬁ
CTCPIKHAMU, MIPUBOJATCA MMpOo1ECChl HU3MCHCHUA
IEPEMEHHBIX COCTOSIHUS AKTHBHOH 30HBI peakrTopa. Hnsa atoit CIY HavanmbHbBIC YCIIOBUSI HOMMHAJILHOTO

YpaBHeHusI HEHTPOHHOI KHHETHKH pPeaKTopa.
HeliTpoHHasi KHHETHKA PEaKTOpa C y4eTOM IICCTH TPYII
3H onuceiBaercst ypaBHenusmu [7, 9]:

pexnma vy =1, &y =1, i=16, o, =304, 3HaueHus
OCTaJILHBIX TIApaMETPOB MPUBEACHBI B Ta0M. 1.

© B. II. CeBepun, E. H. Hukynuna, JI. A. Jlykunosa, 2017
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Tabmuma 1 — [Mapamerpsr C1Y 3H

i 1 2 3 4 5 6
K | 0.033|0.221 | 0.196 | 0.396 | 0.114 | 0.041
o; | 0.014 | 0.030 | 0.111 | 0.300 | 1.124 | 3.012
PeakTuBHOCTH peakTOpa MpeACTaBUM B  BHIE
r=ry+Ary +Ary, rae Iy — HagajbHOE 3HAYCHHE
PCaKTUBHOCTH, Afly — H3MECHEHHME PEaKTUBHOCTH

BCJIEJACTBHE TIEPEMELICHUs PETYIHUPYIOIIUX CTepXKHEH,
Ary =KyAQ — mpupalieHne peakTHBHOCTH BCIICACTBHC

AQ, K,

MOIITHOCTHOH KOX(QQHUINEHT peakTUBHOCTH. IIOCKOIBKY
MOIIHOCTh peakTopa Q TNPONOpHMOHANIbHA IIOTHOCTH
HEUTpOHOB N

HU3MCHCHMUA TEIIOBOM MOIIHOCTHU

, TIpeNCTaBHM H3MEHEHHE MOIIHOCTH
AQ=Qy(n—ng)/ny, T Q, — MOIIHOCTH pEaKTopa B
HOMHHaJIBHOM pexxkume. Torma

r=ry+Arg +K,Qo(n—ng)/ng .

ITepexoasi K OTHOCHUTEJBHBIM TIEPEMEHHBIM W 0003Hauast
Apy =Arg /B, aq =KQy /B, momydum Bblpaxkenne s

OTHOCHTEIIbHOM PEaKTHBHOCTH IPH 0L = —2.817

P=po+Apg +0q(V—vp).

IIponeccsl M3MEHEHUS NEPEMEHHBIX COCTOSHUS
HEWTPOHHONW KHHETHKHM NpEACTaBIeHs Ha pwuc. 1.
Helitponnas MOIIHOCTh u KOHILICHTPALUH

3ama3JpIBAIONINX HEWTPOHOB MOHOTOHHO YOBIBAIOT C
pPa3IUYHON CKOPOCTBIO OT HOMMHAIBHBIX /0 HYJEBBIX
3HAUEHUH 32 HECKOJIbKO MUHYT.
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Puc. 1 — IlepeMeHHbIE HEUTPOHHOM KUHETUKH

TemoBbiaenenne B TomamBe. Ilpu  sepHBIX
peaknusx s pacueTa TEIUIOBBLAEIECHUS B TOIUIMBE

rae ¢,

n=nmn; +n, +n3 [8]. IlepemMennsie 1, n,, Nz HAXOAAT
m COAYV:

Tidni/dt"'ni:Kin |:JT3,
rme T, u K, MOCTOSIHHBIE TapameTphl. [lo aTum
ypasuemusam mpu by, = Kit, /Ty, &, =t, /T;, i=13
noiyuena C/1Y B ¢popme Komn:

dni/d‘l::bivv—ain]’]i y I =l,3 (3)
Jns aroit CIY HavanbHBIE yClnoBHA Tg; = K;, i=13.

[Mapamerpsr CAY (3) mpuBeneHs! B Ta0I. 2.

Ta6nuna 2 — 3Ha4eHusI TapaMeTPOB TETUIOBBIICTICHHS

i Ki 8in biy

1 0.05 0.6 0.012

2 0.33 -1.999 0.01

3 0.62 -1.114 526x107%
HpOHeCCLI HN3MCHCHUA HepeMeHHbIX COCTOSIHUA

TMOCTCIEHHOI'0 TCIUIOBBIACICHUA TPEACTABJICHBI Ha PUC. 2.
HepeMeHHHe MOHOTOHHO Y6BIBaIOT OT HOMHWHAJIBHBIX

3HAaYEHUH [0 HYJEBBIX 3HAYEHUH C  pa3nuyHOU
CKOPOCTEIO.
0.6
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Puc. 2 — V3aMeHeHNe iepeMEeHHBIX TETUIOBBIICIEHUS

Mogeap TemioBbIx mpoueccoB. Juddepenimans-
Hble YpaBHEHHMsl TEIUIOBOro Oananca JUiss TOIUIMBA,
000JI0YKH ¥ TETIOHOCUTENS uMeroT Bup [7, 9]:

c M, dt, /dt=Q, —a,F, (t, —t,),
o\ dtz/dt =a,F, @, -t,)-aF(t, -t),
oM, dt, /dt =Q, +a,F,(t, ~t,)—c,G, (t, —t,),

(4)

u M, — yAelnbHas TEMJIOEMKOCTL M Macca
TOILIMBA, 1, ¥ t, — CpeIHHMEe TEeMIEpaTyphl MOBEPXHOCTHU

TOINIMBA U OOOJNOYKM TBIIA, o, — KodduuueHt

TEeIUIOOTIa4X OT TOIIMBa K 00onouke, F, — cymmapHas
npuMenseTcs  hopmyra QU :QO(SmV+8Pn)’ rae wiomaas 000y04eK, ¢, ¥ M, — yzaenbHas TEMI0EMKOCTb
ey =08% u &,=0078 — xomu wmreoBeHHoro u y CyMMapHas Macca 00OJOYeK BCeX TBIJIOB, o,
HOCTENIEHHOTO TEMIOBBIACICHUN, 1) — OTHOCHTENbHAs  KOY(PQUUUEHT  TemwIooTnaud  OT  O00OJIOUKHM K
MOIITHOCTh MTOCTETICHHOTO TEIUIOBbIACHEeHNs,  TCIUIOHOCUTEIO, & —  Cpelndas  TeMIIEparypa

TEMJIOHOCHUTENS B aKTUBHOM 30He, C, U M, — ynenbHas
4
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TEIJIOEMKOCTh M Macca TCIUIOHOCHUTEIISI B aKTUBHOU 30HEC,
Qr — TCIUIOBBIACICHUEC B TCIJIOHOCUTECIIC BCJIICACTBUC

3aMeJUIeHUs] HEUTpoHOB, G, — pacxo] TEMJIOHOCUTENS

r
gepe3 aKTHBHYIO 30HY, |, — TeMIepaTypa TEIIOHOCHTEIS
Ha BXO/IC B aKTHBHYIO 30HY.

TennoBsinenenne B TtemtoHocurene Q, =Que, v,
rae €, =0.026 — 1071 MIHOBEHHOTO TEILIOBBLACICHUS

NpH 3aMeaIeHnH HeiTponoB. O0o3HaunM ty,, ty,, ty, U

r
t0| — 3HAYCHHUA TEMIICPATYyp B HOMHUHAJIBHOM PCKUME U

HadasnbHble yciaoBus C/IY (4). Ilo n3BecTHBIM 3HaYEHUSAM
TEeMIlepaTyp B HOMHUHAJIBHOM pEXHME Ha BXoge ty H

BBIXOJE ty, AKTHBHOM

Temneparypy to, = (to +1ton)/2.
Beemem 6a3oBoe 3HAauYeHHE TEMIIEPATyphl

30HBI TOJYYHM CPEIHIOI0
T, u

nepeI‘/'I/:[eM K OTHOCHUTCJIbHBIM IICPEMCHHBIM:

Oy =ty/Ty, 0, =t; /Ty, O, =t /Ty, 6, =t /Ty

[IpeoOpa3yem ypaBHeHus (4) 1 BBeneM 0003HAUCHHUS IS
TOCTOAHHBIX MapaMETpPOB:

a __azetb _ O"zetb _ Qogmnbtb
uu M ’ uz — M ’ un _ﬁx
Cu u cu u Cu unO b
_ Qogply _o,Fpty _ (o, +a)Fty
u CuMuTb , “ CZMZ ' “ CzMz '
_o.Fty _ o Rt __a.F +¢G,
zr CzMz » Yz Cer ) rr Cer b
b — Gty _ Qo&rnpty
= =T o+

! ru '
M, c M ngTy,
Mopenb Tenno0TBOAa IPUMET BUJ!

do, /dr=a,,0, +a,,0, +by,v+b,m,
dez/d'C =a,0, +a,0, +a,0,, 5)
de, /dv=a,,0, +a, 0, +b,6, +b,v.

Havansubie yciaoBus HOMMHAJIBHOT'O pexKruMa

Bou =tou/To » B0z =toz/To» Bor =tor /To» Ot =to /Ty - B
Tabi1. 3 mpeacTaBiieHbl TapamMmeTpsl Moaeu (5).

Tab6mmra 3 — [MapameTpbl MOJICITH TEILIOOTBOIA

ITapametp | 3Hauenue | Ilapamerp 3HavyeHue
a,, -0.217 ay -1.937
a, 0.217 Buq 0.116
bun 1.338 by 0.0055
a,, 0.741 Ogu 10.32
a,, -13.814 09, 34
a,, 13.073 Oor 3.05
a, 0.538 O 2.9

Vurem BIUSHHE U3MEHEHUS CpCAHUX TEMIICPATyp
TOIUIMBA U TCIIJIOHOCUTEJISI HA PEAKTUBHOCTDH

r=ry+Arg +K, (tu _tOu)+ Kt(tr _tOr) )

rie K, # K, — ko3((hHLIUEHTH pPEaKTUBHOCTH IIO
TeMIlepaTypaM TOIUIMBAa M TeIuloHocuTels. Ilepexoas k

OTHOCHTENIBHBIM IIEPEMEHHBIM 1 0003Hadast o, = K, T, /B

, o, = KT, /B , BMECTO 3TOTO BBIPa)KCHHS HOIYIHM
P=po+Apg +0oy (0, —0g,) +0 (6, —6g,).

3nech o, =-0.313, o, =—1.565.

INpouiecchl M3MEHEHHST TeMIIepaTyp, BEIYHCIICHHBIC
mo wmoxemu (5), mokasanel Ha puc. 3. IlepemeHHBIE
TEeMIepaTyp TOIUIMBA, OOOJIOYKH M  TEIUIOHOCHTEIT
peakTopa MOHOTOHHO yOBIBAIOT OT HOMHHAJIBHBIX
3HAYCHUM A0 3HAYCHUA TEMIICpaTypbl TCIIJIOHOCUTCIIA Ha
BXOJIC€ B aKTUBHYIO 30HY.

10
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T

Puc. 3 — M3MeHeHue TemiepaTyp

HN3meHeHne KOHIEHTPaUuM KceHoHa. [IpencraBum
CIY uzMeHeHUs KOHLEHTpaluii oaa u kceHoHa [9]:

6
ANy /dt =y ZY D+ ANy —oX Ny ® —Ay Ny, (©)

rge N; u Ny — KOHUEHTpauuu siep Hoga U KCEHOHa,
Y; M Yy — yACIbHBIE BBIXOJBI iAEP HOJa U KCEHOHA MPH
peakiu JieNieHHs TOIUMBA, %5 — MaKPOCKOMHYECKOE
CCUCHHUE JIETICHUS TEIUNIOBBIMU HEHTPOHAMH aTOMOB ypaHa,
® =nv, — IJIOTHOCTh MOTOKA HEHTPOHOB, V, — CPEIHsA
CKOpPOCTb HEUTPOHOB OTHOCHUTENBHO SfEP, Aj; U Ay —
HOCTOSIHHBIE PaJMOaKTHBHOIO paclajia Hoaa 1 KCEHOHa.
O003HaYMM KOHIIEHTPALMX aTOMOB HOJa U KCEHOHa
B HoMHHaINbHOM pexkume Ngy; u Ngy . Ilepedimem k
vy =Ny /Noy
ypaBHeHHAX (6) ©

OTHOCHUTCIIbHBIM TIEPEMEHHBIM

vy =Ny /Ngx B BBEJIEM

O603HaquI/IH JJIs1 TIOCTOSAHHBIX HapaMCTpOB:
U
by, :szanVntb/NOJ Ay =gty
by =7y YNVt /N = Ayt
xv =Y x&tHoVnlp /Nox »  Axx =Axly,
X
ayy =AyNgsty /Nox ., Ay, =05 NoVply.

MO,Z[CJ'II) MU3MCHCHHS KOHUCHTPALMU KCCHOHA MPUMCET BUM:
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dVX /dT = bXVV —aXXVX + axJVJ _aXVVXV.
3nauenus napamerpoB CJ1Y (7) npuseneHs! B Tabm. 4.

Ta6m/1ua 4 - HapaMeTpLI MOJECJIN KOHIICHTPpAalIu KCEHOHA

[Tapamerp 3HadyeHue [Tapamerp 3HayeHue
by, 2.895%107° axx 2.12x107°
ay 2.895x107° axy 4.296x10°°
bxy 2.301x10°° Axy 2.406x107°

N3menenue PCAKTUBHOCTH OT OTPABJICHUA PCAKTOpa
KCEHOHOM OIIPCACIACTCA 3aBUCUMOCTBIO

X
G, 0
_ a n
Ary =-— (Nx —Nox),
sU
C
rae o)° — MHKPOCKOIMYECKOE CEYEHHE MOTJIONICHHS
TEIUIOBBIX ~ HEMTPOHOB aroMaMH KCEHOHa, O, —

KOA(UIMEHT HCIOIb30BaHUS TEIUIOBBIX HEHTPOHOB B
u

. -
CCUCHHE 3axBaTa HECUTPOHOB sApaMH YpaHa,

HEOTPABICHHOM PEAKTOPE, MaKpOCKOIINYECKOe
Nou —
KOHLICHTPALHSI aTOMOB YpaHa B HOMHHAJILHOM PEXHME.

Ora ¢dopMmyna nocsie npeodpa3zoBaHus ¢ 0003HAYCHUSMH

Px =Ty /B 1 ay =—c30,Noy /(Boy Noy) mpuver Bun

px =ox(Vx —vox)-

3nmeck oy =-2.255.

W3MeHeHHsT KOHLEHTpauuil Hoja U KCEHOHa,
nosydeHHele mTo wmojenu (7), TokazaHel Ha pwuc. 4.
KoHueHTpausi KceHOHa  CHayaja  BO3pacTaeT  OT

HOMHMHAIILHOTO 3HAYEHHS, @ 3aTeM YOBIBAET JI0 HYJIEBOTO
3HAYEHMS, KOHIEHTPAIKsS #0/a MOHOTOHHO YOBIBA€T OT
HOMMHAIIHOTO ~ 3HAY€HUs [0 HYJEBOTO 3HAYEHHSL.
[poreccyl  Ha  puc. 4  NPEACTABIAIT — H3MEHEHHE
IIEPEMEHHBIX COCTOSHMS B 3aBUCHMOCTH OT BPEMEHH B
gacax t, =1/3600 .

12
-
1f ™.

vy 08>
06— ~

Y ".
04 .t

02 o
0

™~

15 20 25 30

0 5 10
Ip
Puc. 4 — MI3MeHeHus: KOHIIGHTpalui ioa 1 KCeHOHa

BeiBoasl. [IpencraBieHbpl MaTeMaTHYecKue MOICITH
mporieccoe B peaktope BBDOP-1000 Ttuma B-320 B
OTHOCHTEIIbHBIX TIEPEMCHHBIX COCTOSIHUS, OMUCHIBAIOIINE
HEWTPOHHYI0 KHHETHKY peakTopa C HIECTBIO TPYIIIaMH
3ara3/bIBaIoIInX HEHTPOHOB, MOCTENeHHOE
TEIUIOBBIJICJICHHE, TEIUIOBBIE IIPOLIECCHl B  TOIUIMBE,

000JIOYKAaX TBEJIOB W  TEIUIOHOCHUTENe, W3MECHCHHUE
KOHIIGHTPAIlMd KCEHOHA IPU PEryJHPOBAHUH MOLIHOCTH
HOIJIONIAIOIIUMHI  CTCPXKHSAMH, BBIYHCICHBl 3HAYCHHS
napameTpoB  mozeneid.  IIpoBeneHO  MMUTAILMOHHOE
MO/ICTIMPOBAHUE IIPOLECCOB, NPOTEKAIOUIUX B PEAKTOpe
BBOP-1000 npu perynmpoBaHHM MOIIHOCTH pPEaKTopa
MOTJIOMIAIOIIUMH CTEPXKHSIMHU, M IIOJyYEHBI MEepeXO/HbIe
MPOLIECCHI, IO3BOJIIONINE AHAJIM3UPOBATh W3MEHEHHSA
MEepEeMEHHBIX COCTOSIHUS aKTHBHON 30HBI pEaKTOpa.
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A. 1O. BYKH, A. C. MASMAHHIIBH/IH

CTOXACTUYECKHW AHAJIN3 U3MEPEHUM NISATHIIIAPOBOT'O CIIEKTPOMETPA BOHHEPA

Ipoanani3zoBaHo faHi, sIKi OTpHMaHi IPX BHIPOOYBaHHI KyJIbOBOrO HEWTPOHHOIO CIEKTpoMeTpa BoHHepa akTHBALiHOIO THILY, IO CKJIANAETHCS 3
II'SITH TOJIeTHICHOBUX Kylb AiameTpoM Bix 90 MM 10 245 Mm. B sxocTi Martepiamy, IO aKTHBYEThCS, BUKOPHCTOBYBaBcs iHmiil. IIpencraBneni
pe3yabTaTH MaTeMaTHYHOi OOpOOKH IaHMX BHUMIpIOBaHb HaBeleHOI B iHAli pamioakTuBHOCTI. IloOynoBaHa Monenb, sika 3aCHOBaHAa Ha MiHiMi3aLii
(yHKIioHaNa SKOCTI 1 HENMHIMHUX perpeciiHuX pIBHAHHAX. 3a JONOMOTOI0 MOOYJOBAHOTO CTOXAaCTUYHOIO PEKypPEHTHOTO aarOpUTMYy BHPpIIICHA
3a/1a4a BiAHOBJICHHS CIIEKTpa HEHTPOHIB. JlIsi BUKOPHCTAHOI YOTHPHOXIIAPAMETPHYHOI MOZEI CIIEKTPa THITY PO3HO/iy MakcBemia OTprMaHi OLiHKH
HOro mapameTpiB, a TaKOX OLIHKHA MOXHUOOK OIHOK mapamerpiB. OTpumaHHil B poOOTi AOCBin Moxe OyTH BHKOPHCTAHMH s ONTHMIi3awil
KOHCTPYKIi{ HEHTPOHHOTIO CIIEKTPOMETA.

Kuro4oBi cj10Ba: CIeKTp MOTOKY HEHTpOHIB, criekTpomerp BoHHepa, MaTeMaTHYHE MOJEIIOBAHHS, CTOXACTHYHHII PEKYPEHTHHH AJIrOPHTM,
OLliHKA NapaMeTpiB CIIEKTPY, OL[IHKA IOXHOKHU OL[IHOK IapaMeTpiB CIIEKTPY.

ITpoaHanu3MpoBaHbl JaHHBIC, OTYy4YEHHbIC IPU UCIIBITAHUH IIAPOBOIO HEHTPOHHOIO CrieKTpoMeTpa boHHEepa akTUBALIMOHHOTO THIIA, COCTOSIIErO U3
MATH HOJUATUICHOBBIX MIApoB auMmerpoM oT 90 MM 10 245 Mm. B kadecTBe akTHBHpPYEMOro MaTepualia MCIOJb30Bajics MHAMHA. IlpencraBiieHbl
pe3yabTaThl MaTeMaTHYeCKOH o0paOOTKM NaHHBIX W3MEPeHWH HaBeAEHHOH B WHIMM pPajnoakTHBHOCTH. IlocTpoeHa MoJenb, OCHOBaHHAs Ha
MMHHMHU3AUUK (QYHKIMOHAIA Ka4ecTBa U HEJIMHEIHBIX PEerpecCHOHHBIX ypaBHEHHAX. C MOMOIIBIO HOCTPOSHHOTO CTOXaCTUYECKOTO PEKypPPEHTHOrO
IrOpUTMa pElIeHa 3ajaya BOCCTAHOBJICHUS CIEKTpa HEHTPOHOB. JIJIi WMCIOJIBb30BAaHHOM YETHIPEXIAPAMETPUYECKOH MOJAENU CHEKTpa THUIa
pacnpenenenns MakcBemia MOJIy9eHbl OLEHKU ero IIapaMeTpoB, a TaKXKe OLEHKH IOrpelrHocTell oreHoK napamerpos. [TomydeHHbIH B paboTe OIBIT
MOJKET OBITh UCIIOJIB30BaH /IS ONTUMU3ALMI KOHCTPYKIUH HEHTPOHHOTO CIEKTPOMETPa.

KuroueBble cjI0Ba: CIEKTp MOTOKAa HEUTPOHOB, CIEKTpPOMETp BOHHepa, MareMaTH4ecKOe MOJEIMPOBAHUE, CTOXACTUUECKUH PEKyppEHTHbBIH
aJITOPHUTM, OIIEHKA TIapaMEeTPOB CIIEKTPa, OIIEHKA MOTPEITHOCTH OIEHOK MapaMeTpoB CHEKTpa.

The data obtained in the testing of an activation type ball type neutron spectrometer consisting of five polyethylene balls with a diameter of 90 mm to
245 mm are analyzed. Indium was used as the activated material. The results of mathematical processing of measurement data of radioactivity induced
in India are presented. A model based on minimization of the quality functional and nonlinear regression equations is constructed. The practice of
minimizing functions with the help of programs based on the principle of gradient descent shows their frequent hanging or avovts arising when an
arbitrary choice of the initial values of the variable parameters. Using the constructed stochastic recurrent algorithm, the problem of reconstructing the
neutron spectrum is solved. For the four-parameter model of the Maxwell distribution type used, estimates of its parameters are obtained, as well as
estimates of errors in the estimates of the parameters. The experience gained in the work can be used to optimize the design of a neutron spectrometer.

Keywords: a neutron flux spectrum, a Bonner spectrometer, the mathematical modeling, a stochastic recurrent algorithm, an estimation of
spectrum parameters, an estimate of the error in estimating the spectral parameters.

Beenenue. B paboTe paccmarpuBaeTcsi IpUMEHEHNE
CTOXACTUYECKUX PAaCcdyeTOB JJII BOCCTAHOBIIEHHsS CIEKTpa
HEHUTPOHOB W3 M3MEPEHHH IIApOBOr0 CIEKTPOMETpa
bounepa [1]. Hcnonb3dyemble 9SKCIIEPUMEHTAJILHBIE
JAaHHBIE TIOTYYCHHI B paboTe [2] U1 MOTOKa HEUTPOHOB
U3 KOHBEpTOpa, Ha KOTOpbIA m3 yckopurens JIV3-300
X®TU nangan my4ok 3J1€KTpOHOB ¢ dHeprueir E=12 M»B.
B u3MepeHusx UCIoJIb30Bal MATULIAPOBOM HEUTPOHHBII
CHEKTPOMETpP aKTUBAIIMOHHOTO THUIIA.

1. DxcnepuMeHTAJbHAs1 YCTAHOBKA U METOJUKA
uccjaegopanui. Ilydok a/1eKTpoHOB, nonajgast B € —y—nN

KOHBEPTOp, TeHepupyeT u3inydeHue Heltponor (Puc. 1).
Ha pacctosHmum 1M OT KOHBEPTOpa pPacHOJIOKEHBI
MOJUATUIICHOBBIE APl AUaMeTpoM oT 90 MM 10 245 MM,
B LEHTPaxX KaXJOTo M3 KOTOPBIX HaXOJATCS TadJleTKa n3
nHAuA. B pesymbraTe 0OMydYeHHsS IIapoB HEHTPOHAMHU
aKTUBUPYETCSA COJEpXKAIuiics B TaOleTke OCHOBHOU

H30TOIl TMPUPOAHOTIO0 HHAWA 115In, KOTOpLIfI 3aTeM

pacnajzaercs ¢ nepuoAoM moaypacnana T, =54.2 MuH.

Ilocne ceanca oOmydeHHsT W3 [IAPOB H3BJIEKAIOTCS
TaOneTkn. BenuumHa axTHUBAIMU KaXKI0W TaOJIETKH
ONpeesaeTcs M0 UHTEHCUBHOCTH €€ raMMa-u3Iy4yeHUs C
sHeprueli E=416.9 MaB. [ns wu3MmepeHus ramma-
H3ITy4EHUs HCIIOJIb3YEeTCS TepMaHHUA-TUTHEBBIN
ramMma-clieKTpOMETp C SHEPreTUYECKUM pa3pelIeHUEM B
paiione 400 k3B, paBHbIM 2.5 K3B.

2. [Muddepenunanusi HEHTPOHOB MO 3JHEPrum
MPOUCXOTUT TPU TIPOXOXKIECHHH MMM TOIHITHICHOBBIX

mapoB. BHyTpu mapa HEHTpOHBI B pe3ynbTaTe paccestHus
Ha sApax 3aMeLLIIOTCS, a KOorja SHEeprus HeHTpoHa
JIOCTHTAeT TEIUIOBOH, TO BO3PAcTaeT BEPOSTHOCTH €To
TMIOTJIOIIEHHS BEIIECTBOM IIapa WJIM MHANEBOH TaOIEeTKOM.

R
i
D)

f\

Puc.1 — Cxema skcniepuMenTa. CIIONIHAS JIMHUS — ITYY0K
9IIEKTPOHOB; IIUTHHAD — KOHBEPTOP; TOUESUHbIE CTPEIKH —
HEMTPOHBI N3 KOHBEPTOPA, MOTA/AI0IIIE B MIApbl CIEKTPOMETPa
(0603HaUYEHHBIE KPY)KKaMH)

Hetitpons! Gospliel 3HEPIUH NPUXOJAT K HHANEBON
TaleTKe, HE yceBas 3aMeUINTHCS Ha CTOJBKO, YTOOBI

aKTHBHUPOBATh fpa HU30TOIA Yn. Ecim xe SHEprus
HEHTPOHOB MaJla, TO OHHU YCIEBAIOT OTEIUIATHCS, HE
JIOXOJIS 10 UHANEBOH TabmeTku. [IJis HEWTpOHa, CTaBIIETO
TEIJIOBBIM, BO3PAcTaeT BEPOSITHOCTH €0 MOTJIOMICHHUS Ha
MyTH K TabJlieTKe M, COOTBETCTBEHHO, YMEHBIIIAETCS
BEPOSATHOCTh aKTHUBAIMM 3TOH Tabnerku. (s i -ro mapa
3aBHCUMOCTh BEPOSTHOCTH AaKTHBAallMU TaOJETKH OT
SHEPIHU HEWTPOHA HA3BIBACTCS (PYHKIIUCH OTKITHKA

© A. 1O. byku, A. C. Ma3zmanuuBuim, 2017
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Ni(Ei) o

AED =R ey S )

rae  N;i(E;)/N;(E;j) BEPOATHOCTh AKTUBALUM | -i
Tabnetkn metirponom, N;(E;) YHCIIO HEWTPOHOB,
HAJETEBIINX Ha |- map ¢ HadaiabHOW sHeprueir E i
N; (E;)

SHEpruM axkTuBauuu E; U momamu B TablIeTKy, S

— YHCIIO HeﬁTpOHOB, KOTOPLIC 3aMCIJIUJINChL 110

IUIOIIA/b TONIEPEYHOTO CEUSHUS | -TO mapa.

KonnuecTBO aKTUBMPOBAHHBIX siiep B KaXJIOH W3
TabJIETOK IIApOB CIIEKTpOMETpa MpuBeAeHO B Tadm. 1. B
Hell ykaszaHo: | W D; — HOMEp M JWAMETp IIapa;
N; £ AN; — KONM4YeCTBO aKTHBHUPOBAHHBIX siaep B | -if
TabJeTKe.

Tabmuna 1 — AkTUBaIYA siep B MHIUEBBIX TaOJETKax MIapoB

i Di , MM N i ANI

1 90 79000 2000
2 120 89000 2200
3 152 115000 2600
4 200 93000 3200
5 245 68000 2600

Ha puc. 2 mokazansbl, paccunTanHsle B pabote [3],
(GYHKIMM OTKJIMKAa IIapoB, KOTOPHIE HCIIOIb30BAINCH B
skcriepuMeHnTe. Ilo ropu3OHTANIBHOM OCH  OTJIOXKEHA

SHEPrust HaJIEeTaoLUX HEUTPOHOB E; B

sorapu()MHYECKOM MaciiTade.

Puc. 2 — ®yHkuum oTkInKa R, j

3. IloaroroBka MAaHHBIX K MAaTeMaTH4YeCKOMY
MOJEJUPOBaHNIO. [l TONyYEeHHS SHEPreTHIEcKOTro
CHEeKTpa HEHUTPOHHOTO MOTOKa, HM3MEPEHHsT B KOTOPOM
MPOBEACHBl  ITOCPEICTBOM  IIAPOBOTO  CIIEKTPOMETpa
Bonnepa, HeoOxomumo 3amaTh (YHKIUIO CIOCOOHYIO
n300pasute 3TOT crekTp. Kak mokasaHo B pabote [2],
paboumii fnama3oH paccMaTpPUBAaEMOTrO CIIEKTPOMETpa
0.05-5 M»B. Ilpu 3THX HEprusix HEHTPOHHBIH MOTOK U3
CBUHIIOBOTO KOHBEPTOPA MMEET BUJI IHKA C MAKCHMYMOM
ipu 3HEepruu okoo 0.5 MaB (cwm. [4]). Dopma 3TOTO NMHUKa
MOXeET OBbITh OmucaHa (QYHKIHEH THUNa pachpeneseHUs
Makcgeiia [4, 5]

®(E,a) =a,E* exp(—a,E) +a—€ . #))

B (2) x dysxkunn MaxkcBeira 1oGaBieHO ciaraemoe,
OIMCHIBAIONIEE BKJIAJ B CHEKTP T€X HEHTPOHOB, SHEPTHSA
KOTOPBIX 3HAUNTENHFHO MeHbIne, yem 0.5 M»aB.

Ecmm Habop mapameTpoB @, TaKo, UTO 3a/1aBaeMBbIit
nmu BuA QyHKmH @®(E,a) OIHM30K K PealbHOMY CIIEKTPY

HEWTPOHOB, TO cBEPTKN pyHKINMU O(E,a) ¢ QpyHKOHAMH
orkimka F(E j) JOJDKHBI JIaTh HA0Op 4KCEll, KOTOPBIH ¢

TOYHOCTBIO JI0 OOLIEro MHOXUTENS IPONOPLUOHANEH
HabOpy W3 KOJMYECTBa AaKTHBHUPOBAaHHBIX sIep B
Ta0JIeTKaX IOJIYYEHHOTO B 3KCIEepUMEHTe. 1o ecThb, B
HauieM citydae, Habopy N; u3 ta6u. 1.

B paMkax Takoro monaxonga 3agada CBOIHUTCS K
NpoLeNype HAXOXKIEHHs OUeHKH A =(8;,8,,85,4,)
3Ha4YeHUui a=(ay,a,,a3,a,) ,
¢urypupyronux B (2).

V3 BBIIEU3NOKEHHOTO CleNyeT, 4TO Al BOCCTa-
HOBJICHHS CHEKTpa HEWTPOHOB HEOOXOAMMO MYTEM MOJA-
6opa mapametpoB a ¢yukuun ®(E,a) MUHEMH3HPOBATH

YeThIpex TMapaMeTpoB

Pa3HOCTH MCKAY BCEMHU OKCIICPUMCHTAJIbHBIMHU
3HAYCHUAMUA Ni U COOTBCTCTBYHOLIUX HM CBépTKaMI/I

dynxmmit F(E;) u O(E,a).

CylecTByeT HECKOJIbKO METOAMK BOCCTAHOBIICHHS
mapametpoB cmektpa (cMm. [5, 6]). B Hacrosmei pabote
MPUMEHSETCS CTOXaCTUYEeCKasi METO/IMKA, IPUMEHsAeMast B
3amadax oOpaboTku maHHBIX [6, 7]. OHa mpencTaBisieT
co0oif peanm3anuio TI00ambHOTO NHKIa momcka u3 N
mraroB. Ha kaxkaoM u3 HuX (GOPMHPYETCs MOIBBIOOPKA
oobeMoM K | B KOTOpPOI HIIETCSA JIOKATBHBIA MUHHUMYM
KputTepus KadecTBa. HalileHHBIN JIOKaNbHBIE MUHUMYM
HCTIONB3YyeTCsT HA OYEPEHOM Iare TI00ajbHOTO IMKIIA.
JMTensHOCTh TII00AFHOTO IHKIIA TIOUCKA PETYIHPYETCs
Tak, 9YTOOBI OCYIIECTBHTH BBIXOJ B NEepUPEPUIHYIO
00J1aCTh CTAITMOHAPHBIX 3HAYCHUN KPUTEPHUS.

B pamkax anropuTmMa 9UCIO HEHTPOHOB, aKTHBHPO-
BaBIIUX TAOJIETKY B | —M LIape, 3alUChIBACTCS B BU/IC

N =TFi(E)®(E,a)dE, 3)
0

HOCJIE YEro MHTETrpajbHOE NpescTaBieHue Anst N; 3ame-
HSIETCSl KOHEUHOM cyMMOi

J
H; =Y F ®(E;,a)AE;, 4
j=1
rae EJ— — mnabop smeprui (j=1...,J), AEJ- :Ej _EH’
F = F(E J-) . B pe3ynbrare npuxoaum x Habopy u3 | =5
YpaBHEHHI pEerpecCMOHHOTO THIIA
Ni:Hi’ i=1,...,|, (5)
CTaTHCTHYECKUH aHalIW3 KOTOPBIX JlaeT BO3MOXHOCTh
HalTH peIleHHe — HMCKOMble OLEHKH &= (&;,a,,45,4,)
napaMeTpoB a = (a;,d,,35,8,) pacnpeneneHus (2).

eNCcTBUI
OILICHOK

AHanornyHasi  I0CJEJOBATEIbHOCTD
OCYIIECTBILIETCS npu HaXO0XJICHUU
HNOTPEHIHOCTEN OLICHOK.
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4. MaremaTH4ecKkoe MoOJeIHPOBaHHE. AITOPUTM
HAaXOXJICHNS MCKOMBIX OIIGHOK MOJKHO ONHCATh B BHAE
CIIEAYIOMIEH TTOCIIEI0BATEIPHOCTH LIarOB.

1. Bpibop HavyanbHbIX 3HAYEHUH ay;,84,,893,804
apaMeTpoB &y,a,,83,8y -

2. Beibop mapameTpoB pacuera:

21. N — KONMYECTBO WTEPAIIOHHBIX IIaroB
I7100aJIBHOTO TIOMCKa;

2.2. K — KOJIMYECTBO IIAroB JIOKAILHOTO MOMCKA Ha

KaXJIOM 11are UTepalumy;
2.3.

TIOMCKa Ha IIarax riao0anbHON uTepanuu mo N .
2.4. ITocTpoeHne KpuTepus KauecTa

61,0,,03,0, OTHOCHTENBHBIE  PaInyCHI

2
J
N =] R j®(Ej a, m)AE;

|
j=1
X k= ' (6)
" 21: AN;

rae m=12 3,4 — uHAEKCH OIICHUBAEMBIX [TAPAMETPOB.
3. Chopmuposaths rnodanpueiil nukiamo N=1,...,N.

3.1. Ha kaxnom mare uukia mno N HOCTPOUTH
JIOKAIBHYIO MOJABBIOOPKY oObeMoM K , B KoTOpO# st

kaxzgoro u3 K 3Hauenuit kputepus mapamerpel a,

3a71aBaTh COTTIACHO (opMyIie

a, m =a, 1m0y (0.5+rd(1)), m=12,34, (7
¢ wucnoms3oBanneM ¢yakuuu rnd(l) — craEmapTHEI
JMaTYAK  PAaBHOMEPHO  paCOpeNeCHHBIX  CIYYaiHBIX

BenuuuH Ha (0;1) .

Takum oOpazom, Ha KaxaoM (n+1)-M mare rio-
OaJIbHOTO CYETYMKA CTOXACTHYECKHH IOHCK OCYIIECT-
BICTCS BHYTpH 4-KyOa, IIEHTp KOTOpOIO HMEeT
KOOPAMHATHL  (@,1,8, 7,8, 3,8,4), TPH ITOM pazMephbl
pébep 3T0r0 4-Ky6a COCTAaBIAOT &, Oy, M=1,2,3,4.

3.2. HaifTh B TOABBIOOpKE JOKATHHBI MHUHHUMYM
cpenu K 3Hauenwuii kpurepus (6).

o =min(x,i), K=1...K. (8)

3.3. B muxie mo N HalTu ri00aNbHBIA MUHUMYM
cpenu BeOOpku 13 N 3Hauenuii kpurepus (7):

xn =min(y,), n=1...,N. 9)
4. TIpucBOUTH 3HAUEHUS OIIEHOK MapaMeTPOB:
élzéN,lv ézzéN,z’ éBZéN,Sv é‘4:éN,4' (10)

[lonyyeHHble 3HaueHHS OLEHOK &, 8,, &3, &4

ABJIAIOTCA 110 CBOEHl Mpupojie CilydalHbIMHU BEJIUYMHAMU.
ITosToMy 1 MX aTTECTallMd HEOOXOJUMO IpPEeNbSIBUTH
OLEHKY MX MOrpemiHOCTH Ad = (Ad;,Ad,,Ad;,A4,). C

ATOM TENBI0 PACCMOTPUM BapHallnio ypaBHeHUH (5)

8N, =oH;, i=1...,I, (11)

rac

J 4 O0D(E;,a
SH; =D F Z¥5am AE;. (12)
j=1 m=1 m
B pesynprate mnpuxoaumm k Habopy u3z | =5
YpaBHEHHUI PErPECCHOHHOTO THIIA
AN; =AH;, i=1..1I, (13)
U TIOCTPOUM KPUTEPHUIl KauecTBa
2
J 4 O0D(E;,a
AN; =D F ZMAam AE;
_y! j=1 m=1 m 14
MNn .k Zi=1 AN, (14)
npu a, =4,, m=1234.
5. Omnupasce Ha HaliieHHble 3HAa4eHHA 4,

mM=1,2,3,4, BBITOTHATE HaZ KPUTEPHUEM 1), | HCHCTBHA,

OINMCaHHbIC B II. 3 aJrOpUTMa, U HaWTH INIOOATBHBIH MU-
HUMYM cpenu BeIOOpkH u3 N 3HadeHuit kputepus (14):

Ny =min(n,), n=1,...,N (15)

6. IlpucBouTh HaiileHHBIE 3HAYEHHUS OIEHOK
MOTPELIHOCTEN OLIEHKaM MapaMeTpPOB:

Aal = AaN 11 Aaz = AaN 21 (16)

A&y =Ady 5, A, = Ady .

5. Pe3yabTaThl BbIUMCIAeHMIT 1 UX 00cy:k1eHue. B
BeruncautenpHoi  cpeme  MathCAD  Geuto  co3mano
MPOTPaMMHOE  CPEJICTBO ISl HAXOXJCHHS HCKOMbIX
oneHoK. [Ipy MpOBEeIEHUH BBIYUCICHHN OKAa3a10Ch
JIOCTAaTOYHBIM BEIOpaTh: Tpanumnel nukiaoB N =1000,
K =100 u oTHOCHTENBHBIE PaJHyChl IOUCKA G;, G, , O3,

o, pasusle 0.6. Ha ctapre BhluuciaeHuil 6bU10 BHIOpaHO:
8y, =1800000; a;,=1.0; ay3=10; ay,=0.01.

KonnuecTBo TOYCK 1o SHCPFGTI/I‘ICCKOﬁ IKaJIe

BHIOUpANoch Ha JTare pacuera dpynkmmit otkmuka F(E;)

u cocraBuio J =33, 4TO BUJHO Ha pHC. 2.

Ha punc.3 moxa3aHa wuTepanyoHHas JUHAMHUKA
kpurepueB (6) u (14). Bugno, yto HaumHas ¢ n =200
3HaueHHe (YHKIHOHANA 7, OCTaeTCS HCM3MEHHBIM. JTO
JlaeT OCHOBAHHUE I0JaraTh OICHKH, ONpeessieMble 1ocie
N=200, nOCTaTOYHO CTAaTUCTUYECKH OOOCHOBAHHBIMH.
Yro kacaeTcs pealnsanuii 3HaueHWs (QyHKIMOHAmA m,,

TO oHM Takxe rnocie N=400 B 0CHOBHOM (MIyKTYHPYIOT
BOKPYT OJTHOTO CPEIHETO.

Ha puc. 4-7 noxa3aHsl JMHaAMHKa MCKOMBIX OLIEHOK
(YyKa3aHBl CIUIONTHOM JHHHWEH) W WX MOTrPEIIHOCTEH
(Yxa3aHbl MyHKTHUPHOM JIMHHUEN).

IMpumep 3BoIIOLUM OLEHKU TapaMeTpa &; U OLEHKH

HOTPEIIHOCTH OLIGHKH MapaMeTpa A&, IpuBeJeH Ha

puc. 4. BumHOo, dYTO B pe3yiabTaTe HTEPAITUOHHOTO
npolecca UCKOMbIE OLEHKH &, M A&, BBIIIIM Ha CBOM

CTallUOHAPHBIC 3HAYCHUS.
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150

100k
Mn

5

Puc. 3 — Jlunamuka MuHEMyMa (GyHKIMOHAJOB (6) u (14)

.
B L B e T et
a1 7l .
_— L=10 . ey 1A | L
ay 1+al i bttt e et e R, v e
. T a
—Mal i
BT s

1 n 1ooo
Puc. 4 — Jlunamuka oLeHOK & M A4

Ha puc. 5, puc. 6 n puc. 7 moka3aHbl aHaJIOTHIHBIE
3aBHCUMOCTH IJI OLIEHOK &,, Ad,, 45, A8y U 4,, A4,

COOTBCTCTBCHHO.

pr e

L Ve

1000
Puc. 5 — Jlunamuka oeHOK &, u A4,

2. -
RS i berin el AL

B 3 LA T S s T
o ztdad, b
Gy, 3~ A5y,
o 0.5
1 n 1000

Puc. 6 — JlunamuKa OLIEHOK d3 U Ady

W3 puc. 7 cnemyer, uro &4,=0. OTO MOXHO
O6B${CHHTB TEM, YTO Y HMCIIOJIB30BaBIIETOCA CIICKTPOMETpa

rpanuma pabodero aAWama3oHa €O CTOPOHBI MAJbIX
sHepruit mopsaka 107 MsB, a 3aMeTHsli  BKJIaj
THIEPOOIMUECKOTO WIEHA [OIDKCH MPOSBISITECS TIPH
Ooniee HU3KHX JHEPTUsIX, YTO W IIOKA3bIBAET PE3YJbTAT
pacuéra mporpamMmsl.

lxln—-i N N N N ]
1=107
4 11071
gt lad, gl
AR P Lk
—1
110
—2 i—-—-—-—-
110
1 n 1000

Puc. 7 — Jlunamuika oleHOK 8, U Ad,

Ha puc. 8 mpusenens ucxomusiii crmektp Q(E),
paccuMTaHHbBIA C MOMOLIBI HAYaJbHBIX 3HAUCHHUIl Mapa-
METPOB 8g1,8,,803 5894, U PE3YIBTUPYIOIIKI CIIEKTP
P(E), monmydeHHbIH Ha OCHOBE HAMJCHHBIX OLCHOK &,
&,, 83, 4,. U3 puc. 8 BUAHO, YTO MAKCUMyM CIIEKTpa
HEWTPOHOB NpuxoauTcs Ha sHepruto 0.5 M»aB.

S0 o
_ 3 N A N Q(E)
23]
= &0
= Al
g saryf

2101 ‘

D 1 2 3
E, Me¥

Puc. 8 — Ucxoansiit Q(E) u BoccTaHoBieHHbINH P(E)
SHEPTEeTHYECKHE CIIEKTPHI IOTOKAa HEUTPOHOB

Urak, B pe3ynpTare pacyeToB IONYyYSHBI 3HAYCHUS
JUIS  OIICHOK HMCKOMBIX BCIIMYMH, IIPEJICTABJICHHBIC B
Tabn. 2. Kak BugHO M3 Tabjd. 2, MOACTAHOBKA HAMIEHHBIX
OIICHOK ITapaMeTPOB MIPUBOIUT K PACIPEICICHHUIO, 00Nt
BUJ U TIOJOKEHHE MaKCHUMyMa KOTOPOTO OKa3aliucCh
OIM3KUMU K 0XKHIaeMOMY.

Tabnuia 2 — Pe3ynmpTaThl CTOXaCTHYECKOTO OLICHHBAHUS
rapaMeTpoB HEUTPOHHOTO CIIEKTpa

41 9,2 4,3 80,4
1800000 1.0 1.0 0.010

A& A&, A4y A4,
10860000 + 1890000 | 2.889 +£0.202 | 1.579+0.102 | 0.000

[pakTuka MUHAMH3AUME (QYHKOUHA C TTOMOLIBIO
nporpamm, 0asUpYIOIUXCs Ha HPHHIMIC TPAIHESHTHOTO
CITyCKa, MOKa3bIBACT MX HEPEAKOE 3aBHCAHUE WIIH aBOCTBI,
BO3HUKAIOIHE TPH MPOM3BOIBHOM BBIOOpPE HAYAIBHBIX
3Ha4YCHHUH BaphHpyeMbix mapamerpos [8]. Kak Bumno u3
MOJNyIEHHBIX ~ PE3YNBTATOB, CTOXACTHYECKHHA  METOJ
JIMIIIEH 3TOTO HEJOCTATKa. JTO SIBUIOCH MPEUMYIIECTBOM
JUTS IPAKTHKH TIPUMEHEHHUS TAHHOTO METO/1a.

BeiBoabl. Ilpemmoxkera u 00OCHOBaHA MOIETh
MaTeMaTHYecKoi  0OpaOOTKM  HaHHBIX  H3MEPCHHH
HaBEJICHHON B MHAMH PaMOaKTHBHOCTH. Vcmosnp3oBaHa
MOJIeNib, OCHOBaHHAsi Ha MHUHHMMH3ALMH (YHKIHOHATA
KauecTBa M HEJIMHEWHBIX PErPECCHOHHBIX ypaBHeHUsX. C
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YIAK 519.2
A. C. MASMAHHIIIBHIIN, A. 0. CH/JOPEHKO

AJITOPUTM NOCTPOEHHUSA CTAHIMOHAPHOI'O HOPMAJIBHOI'O MAPKOBCKOTI'O 3D-110JIS:
AUHAMUYECKHUE YPABHEHUS IBKEHU A, CTATUCTHYECKHUE PACIIPENEJIEHMSI
BEPOATHOCTEWU, BU3YAJIN3ALUA

Po3riistHyTO TpUBMMIpHE IIOJ€, LIO BOJIOJi€ BJIACTUBOCTAMH CTalliOHAPHOCTi, HOPMAJbHOCTI Ta MapkoBocTi. Ha OCHOBI iepapxiuHoro mingxomy
[IPOBEACHO MMOBIPHICHMI aHAII3 BHUMAJKOBUX BEIMYMH, HPOLECIB Ta IMOJNIB, IO PO3rIsaroThest. [100yqoBaHO Ta CTATHCTHYHO OOIPYHTOBAHO
aNropUTM TeHepalii Takoro moist B mapaienemnineai. HaBeneHo wucenpHUil NpuKiag peanizalii 3amporoHOBaHOro aiaroputmy. IloOynoBaHo
TPUBHMIpHE HOPMaJIbHE MapKiBChKE MOJIE B 00’ €Mi.

Kuarouosi cioBa: TpuBuMipHe mosie B 00’€Mi, CTATHCTHYHI PO3IOALNY, CTAlliOHAPHICTh, HOPMAIIBHICTh, MApKOBICTh, JTOPUTM IeHeparil,
Bi3yauti3arisi, YUCeTbHUI MPUKIIAL.

PaccMoTpeHO TpexMepHoe Ioie, o0ajgalomiee CBOHCTBAMY CTAallMOHAPHOCTH, HOPMAaIbHOCTH M MapKOBOCTH. Ha ocHOBe mepapXH4eckoro Hmojaxozaa
MPOBEJICH BEPOSTHOCTHBIN aHAIM3 PACCMATPUBAEMBIX CIy4alHBIX BEJIWYMH, IPOLECCOB U mousieid. [1ocTpoeH U CTaTHCTHYECKH 0OOCHOBAaH ajlrOPUTM
TeHepaluy Takoro Iojsi B mapauiernenunene. [IpuBeneH YHCICHHBIH NPHUMep pealn3alliiy IPemIoKEeHHOro airoputMa. IIocTpoeHo TpexMepHoe
HOpPMaJIbHOE MapKOBCKOE T10JI€ B 00BEME.

KitioueBble ci10Ba: TpexMepHOE Mojie B 00bEME, CTATUCTHYECKHE PACIIPEACICHHUS, CTAMOHAPHOCTb, HOPMAILHOCTh, MAPKOBOCTb, JIFOPHTM
reHepanuy, BU3yalau3anus, YUCICHHBIH IpUMep.

A three-dimensional field with properties of stationary, normality and Markov process is considered. In the paper is considered a three-dimensional
field, which has the properties of stationarity, normality, and process of Markov. The analysis is based on the equation of motion of the amplitude of a
three-dimensional field with a generating three-dimensional field possessing the properties of three-dimensional white noise. For a random variable,
the amplitudes of a three-dimensional normal Markov field of the first order in the volume, transition conditional probability density densities are
obtained together with the unconditional probability distribution density. On their basis, an algorithm for generating such a field in a parallelepiped is
constructed and justified. A numerical example of the implementation of the proposed algorithm is given.

Keywords: three-dimensional field in volume, statistical distribution, stationary, normality, process of Markov, generation algorithm,
visualization, numerical example.

Beenenue. B npuknaaHeix (U3NUECKUX U TEXHUYE-
CKMX 3a1a4aX IUMPOKO MPUMEHACTCA HOPMAIbHBIi (i n VJ(i +”j[i +7»)h(x,y,z) = Uy (%, Y,2) (1)
MapkoBckuii  mpomecc  (HMII) [1].  TloapoOHoe dz
obocHoBanue cpoiictB HMII umeercss B KiaccH4eckoii
pabote [2]. CxeMa mepexosa OT ypaBHEHHMH [BIDKEHHS K  C HadaubHbBIM ycioBueM B BepmuaHOM Touke (0,0,0)

UX  HMHTETPAIbHBIM agajoraM M TIOCTPOEHHE
PEKYPPEHTHBIX aJITOPUTMOB YUCIIeHHOM reHepaunn HMII,
00ocHOBaHKE XapaKTepUCTHK, CHHTE3UPOBaHHOTO
anroputMa npuBeneHo B [3]. O0o0meHne 0HOMEPHOTO
HMII na ciuydail JBYMEPHOTO MAapKOBCKOTO —IOJIA
(IHMII) ommcano B [4] mpUMEHUTENHHO K 3aJadaM
IByMepHO# ¢uibTpanuu. Onncanue GU3NIECKUX CBOHCTB
oobekroB Tthna JHMII wusnoxeno B [5]. Anroputm
renepanuu JJTHMII Ha mtockocTu npusesieH B [6]. i +u|h(x,y,2) =uy(y), (3b)

B Hacrosmei#t paboTe MOCTPOEH  aJIrOpUTM dy
TeHepalluid TPEXMEPHOTO CTAIlMOHAPHOTO HOPMAaJILHOTO
MapKOBCKOTO TOJIS. (i+k)h(x, y,2) =Uy(2) (3¢)

JluHaMuM4YecKkne  ypaBHEHMSl  JABM:KeHHUS M dz
OCHOBHBIE CTATHCTHYECKHE COOTHOLICHHS.

PaCCMOTpI/IM rapajuieNenure, Ko'rop],n}'[ COBMECTUM a TaKXKe TPAaHUYHBIMH YCJIOBUSIMH HA I'PaHIX xOy , X0z u
C JeKapToBOM CHUCTEMOW KOOpAMHAT, W u3y4uM  y0z
HOpMaJIbHblE MapKOBCKHE (IyKTyauuu B HeM. B ocHOBY
paccMOTpPEHMsI MAPKOBCKMX HOPMAJILHBIX I10JIeH B 00beMe d
MOJIOKUM HEPapXUUeCKUil MPHUHIUIN. A HMEHHO, YXe [d_ J[
ITOCTPOCHHBIE TI0JIS HA OCH M Ha MJIOCKOCTH HCIIONB3YEM B
KayecTBE TPAHMYHBIX YCIOBHM IIpM CHHTE3¢ WO B ( d j(

h(0,0,0) =uy, 2)

C TPaHUYHBIMH yCIIOBUSIMHA Ha pebpax 0x, 0y u 0z Buma

7N

d
&+v)h(x, y,Z) =ux(X), (32)

+ “’Jh(xl y1 Z) = uXY (X, y) 1 (4&)

><
%IQ

%IQ

o0beme. M3ydeHHEe HOPMaJBHOTO MAapKOBCKOTO MOJIS q
(HM-mons) B oObeMe HayHeM C JUHAMHYECKOTO

><

+k]h(x, Y,Z) =Uxz(X,2), (4b)

ypaBHeHus aABuxeHus. s ammmutynst h(x,y) HM-nons d
H(X,y,z) ¢ nmapuuManbHBIMH AEKpEeMEHTaMH V, L H A (d_y J—+7v]h(x Y,2) =Uyz(y,2). (4c)
JUHAMUYECKOE ypaBHEHUE UMEET BH]

ypaBHeHHH (1) Uyyz(X,Y,Z) — Oenprid mym,

© A. C. Ma3manumsuiy, A. 0. Cunopenko, 2017
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peamm3yrommiiics B o0beMe ¥ HMEIOMHN  HYJEBOE
MATEMATHYECKOE OXKHAHNE U HHTCHCUBHOCTD Oy .

HawansHBIM ycnoBreM B BepminHe K ypaBHeHHIO (1)
CIly)KUT CllydailHas BeNMYUHA Uy, IOJYHHAIOLIASCS
HOPMaJbHOMY 3aKOHY

2
u
exp| ——2

1
fy (Ug)=—
Uy ( 0) \/EGUO 26[2_10
¢ aucrepcueit 060 .

B BbIpaskeHusx (3) uy (x) — Oenblif mrym, peanu3syro-
muiics Ha pebpe O0X, uy (y) — Oenblif mywm, peanusyro-
muiics Ha pebpe 0y u uz(z) — Germblif myM, peannsyro-
muiics Ha pedpe 0Z , COOTBETCTBEHHO. DTH LTyMbI HMEIOT
HyJIEBbIE MaTEMaTHYECKHE OXXKHAAHWS W WHTEHCHBHOCTH
Oy, Ou, U Oy, .

Peanuzanus myma uy (X) ocymiecTBisieTcs Ha pebpe

0x, TakuM o0Opa3oMm, MepBoe rpaHuyHOE ycioBue B (3)
CHpaBeUIMBO JUIsl JTIOOBIX 3HAYCHUI KOOpAMHAT y W 1.

AHaNOrMYHO, peann3anus myma Uy (y) OCyIecTBIsSeTCsS
Ha pebpe 0y, Takum 06pa3oM, BTOpoe IPaHUYHOE YCIIO-

Bue B (3) crpaBeIsIMBO JUIsl JIFOOBIX 3HAYCHUH KOOpHHA-
TeI X ®m z. Tak xe peammzanua Imyma U,(z)

ocymecTBisieTcss Ha pedpe 0z, TakuM 00pa3oM, TpEThe
IpaHUYHOE yCJIOBHE B (2) CIpaBemMBO Ul JOOBIX 3Ha-
YEHUU KOOpIUHAT X U Y .

B BolpaxeHUAX (4) Uyy (X, y) — Oeunblil mym™m, peanu-
sytomuiicss Ha rpaHu X0Y, Uyz(X,z) — Oemblid mIym,
peanusyrommiica Ha rpaHun X0z, u uy,(y,z) — Oemblii
IyM, peanusyromuiics Ha rpand Y0z . Peanuzanms myma
Uxy (X, Y) x0y,
o0pasom, mepBoe rpaHnyHOE yCiIoBue B (4) crpaBelIMBO

JUIg JTI0O0BIX 3HAYCHWH KOOPAWMHATHI Z . AHAJIOTHYHO,
peamusanya yMa Uxy (X,Z) OCYHIECTBIAETCA HAa TPaHU

OCYHLICCTBJIACTCA Ha TI'pPaHU TaKuM

X0z, TakuM 0Opa3omM, BTOpOE TPaHUIHOE YCIOBUE B (4)
CIpaBeJIUBO JUISI JIIOOBIX 3HAYEeHUH KoopauHatel Y . Tak

Ke peanusalMs IIymMa Uyy(Y,Z) OCYILECTBISIETCA Ha
rpanu Y0Z , Takum 00pa3oM, TPEThe TPAHUYHOE YCIOBHE

B (4) cipaBeyIMBO JUIsl JIIOOBIX 3HAYEHUH KOOPAWHATHI X .

CrpykTypa paccmMarpuBaeMoro 0Oenoro — Imyma
TaKoBa, 4YTO HA TpaHAX Oeible LIyMBl PEATU3yIOTCS
HE3aBHUCHMO,

Uxyz (X, Y, 2) = Uxy (X, V) Uxz (X, 2)Uyz (Y, 2), (6)
9TO MX CBOMCTBO OKa)KETCS BaXXHBIM B AanbHeumem. He-
3aBUCHMBIMU SIBJISIIOTCS TAK )K€ U IIIYMBI HA peOpax—ocsx:

Uxy (X, Y) =ux (X) uy (Y),
Uxz (X, 2) =ux (X)uz(2), ()
Uyz (Y, 2) =ty (Y)uz(2).

®dopmanbHOE penienue ypaBHeHus (1) ¢ ycnoBusMu
(2) — (4) cnenyromiee

h(x,y,z) =h(0,0,0)exp(—vx —py —Az) +

g+ 1y Hlp+ gy +xz + vz +1xyz,

8)
X
rae Iy = Iexp(—vx+vx’)ux(x’) ax’,
0
y
Iy = [exp(-py +ny)uy (y) dy',
0
z
I, = Iexp(—?»z +Az")u,(z")dz’,
0
X y
Iy = [ X' exp(=vx+vx') [ dy’ exp(—py + py") Uy (X, Y')
0 0
X 4
lyz = Idx’exp(—vx + vx’)J' dz'exp(—Ay + Az )uy, (X', 2") ,
0 0
y z
lyz = [ dy’exp(-uy +ny") [ dz'exp(-2z + A7)y, (v 2) |
0 0
y

dx’exp(—vx+ vx’)j dy' exp(—py +py") x
0

Ixyz =

x| dz'exp(-Az +Az")uyyz (X', Y, Z).

Ot N Oy <

PaccMOTpHM cTaTHCTHYECKHE CBOMCTBA ClTaraeMbIX B
pemennu (8). Kak BumHo w3 (8), permeHue Ams OIS
h(X,y,z) TuHENHHO 3aBUCUT OT MOPOK/IAIOIIETO Ipoliecca

u(x,y,z), oOJamaroIIero CBOHCTBAMH O€JIOro IIyMma.
IMosTomy ammmuTyna nopoxiaeHHoro mnons h(x,y,z)
OyzneT MONUUHATBCS HOpPMalbHOMY 3akoHy. [Ipm sToMm
6e3ycnoBHOe cpennee nosst h(X,y,z) Oyzaer paBHO HYIIIO,

o 2
a ero aucnepcusd GZH 6y;[eT CBsA34dHa C JUCIIEPCUCH GUO .

[lepBoe w3 ycnoBuii x ypaBHeHHio (1) cBs3aHO C
BEpIIMHHBIM HavyajbHBIM yciioBueM (2). Crnepyromye Tpu
ciaraeMelx Iy, |y, u |, o0ecrne4nBarOT BBINOJIHEHHE

TPaHWYHBIX YCIOBHH Ha pebpax mapajulienenunesna.
Hanpumep, ains |y 3To ycioBHe B MHTErpalbHON (opme

HUMECT BUJ

X
Iy = Iexp(—vx+vx')ux(x’)dx’ =
0

)
=h(x,y,2)-h(0,y, z) exp(—vx).

Ora pobGaBka B pemeHne (8) yIoOBIETBOpPSET

COOTHOILEHHUIO, CIIPaBEAJIUBOMY JUIsL HMII,

peanuzyromerocsi BAonb ocu 0X, mpu 3TOM, Kak OBUIO

OTMCUYCHO, CaMO 3TO COOTHOIICHHWEC BBINOJHACTCA I
TIFO0OBIX KOOpIMHAT y U Z.

Jns 1y 3To ycnoBue B MHTETpalibHOU (opMe umeer
BUJ
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Iy = [ exp(-ny + ny')uy (y) dy' =
= h(x,y,2) ~ h(x.0,2) exp(-py).

Ora nob6aBka B peuieHue (8) yaoBieTBOpSET
COOTHOLIEHUIO, CIIPaBEIIUBOMY It HMII,
peanusyromerocst Bross ocu 0y, caMo 5TO COOTHOLICHHE

(10)

BEITIOTHACTCS JUISL JIIOOBIX KOOPAWHAT X U Z.
Jns 1, 3T0 ycnoBUe B UHTErpainbHOU (opMe uMeeT

BUJL

I, = J'ozexp(—kz +Az2")uz(2")dz' =
=h(x,y,z)-h(x, y,0)exp(-Az).

(11)

Orta pnobGaBka B pemeHue (8) yAOBIETBOPSET
COOTHOUICHHUIO, CIIPAaBENJIMBOMY ISt HMII,
peanusyromierocs Baoib ocd 0Z , caMo 3TO COOTHOIIICHHE

BBITNOJIHAETCA I JIIOOBIX KOOPIHHAT X U Y .
Crnenyromue Tpu cnaraembiX lyy, lyy; B lyz
o0ecreunBarOT BBIIIOJIHEHWE TPAaHWYHBIX YCJIOBHH Ha

rpanHsx mnapauienenunena. Hampumep, ama  lyy 3T0

ycloBHE B HMHTETpasibHON  (dopMe  WMeeT  BHL,

CIpaBeUIUBBII ITPH JITOOOM Z

h(x,y,2)—h(0,0,0)exp(—vx—py) =

X y
= j eXP(—vX+ vX)uy (X)X’ + I exp(—py +uy")uy (y)dy'+ (12)
0 0

X y
+ j dx’exp(—vx + vx’)j dy"exp(—py + py") sy (X', ¥7).
0 0

Taxoxe, 11 |y, CIpaBeIMBO IPHU JTIOO0M Y :

h(x,y,z)—h(0,0,0)exp(-vx—Az) =

X z
= jexp(—vx +vxX)uy (X)) dx" + jexp(—kz +1z")u,(2")dz' + (13)
0 0
X z
+ _[ dx"exp(—vx+ vx’)J dz'exp(-Az + Az )uy, (X', 2").
0 0

Haxonen, mns |y, crnpaBeuinBO IpH T1000M X :

h(x,y,2)-n(0,0,0)exp(—py —1z) =

y z
= Iexp(—py +uy)uy (Y dy' +J.exp(—7Lz +A2')u,(2")dz' + (14)
0 0

y z
+[[dy'exp(-py +ny) [ dz'exp(-Az+12) uy (',2).
0 0

BeposiTHOCTHBIE cBolicTBa AMILIUTYABI
TPEXMEPHOr0 HOPMAJIBHOI'0 MAPKOBCKOI0 10JIs.

Tenepps mns ynobcrBa 3amicu OyneM CYHTATh, YTO
00BEMHOE TI0JI€ TIOKPBITO CETKOW W TepeiineM oT
HETPephIBHONH KOOpAMHATHI X K Habopy {xn}, oT
HETIPEPBIBHOM KOOpAWHATHL Y K Habopy {ym} U OT
HENpephIBHOM KOOpIUHATHI Z K Habopy {zk}, IIPU 3TOM

uHgekcel N, M u K orcumreBarorcs or Hyns. Torna,

nepeiineM B pemeHnd (8) K MHIEKCHON 3ammcu. C 3Toi
uenbto GyeM cduTath TOUKy ¢ koopaunatamu (0,0,0)

Toukoi ¢ unnexcamu (n—1,m-1,k —1), a Touxy (x,y,z) —
TouKoii ¢ unaekcamu (n,m, k).
O0603Ha9NM MTapIHaIbHBIE KOPPEISTOPHI 4epe3

p=€xp (_V(Xn - Xn—l))’
0 =exp(= (Y — Y1)
r=exp(-Mz, —2,4))

(15)

31€Ch U HIJKE MHIEKCHI Y NapIHalbHBIX KOPPEIATOPOB p ,
( U I' OIIYLIEHHI JJIs1 KPAaTKOCTH.

PaccmoTpuM ABe rpynmbl TOYEK U3 YETBIPEX TOYEK
KakIast: (X1, Ymea:Zkr)s (s Ymao Zka)s (Koot Vi Zeca)
(Xn—ll ym—l1zk) H (Xn—lv ymlzk)’ (Xn! ym—lvzk)7
(Xn_l, Y1 Zk ) , (xn Yo Zk ) . B «BEPXHEM»
MIPSIMOYTOJIBHUKE MaplUaIbHbIE BEPOATHOCTH IIOIATaHHS
B (PMHUIIHYIO TOYKY (xn, Yims zk) JafOT BKJaa TPU TOYKH
(Xn—ll Yo Zk) ' (Xn' Ym-1 Zk) ' (Xn—lf Ym-1 Zk) c
BEPOSATHOCTAMU P, U Pg cooTBeTrcTBeHHO. [Ipu 3TOM

YCIIOBHAsI BEPOSITHOCTH NONAJaHUS U3 3TUX TOYEK B TOUKY
(Xn, Yo Zk) COCTaBJISIET

Pr(Hn,m,k|hn—1,m,k ' hn,m—l,k ' hn—l,m—l,k): p+4-pq, (16)

34CCh 3HAK «—» COOTBCTCTBYCT KOMIICHCAIIUH yc.]'[OBHOﬁ
BEPOATHOCTHU MONAAaHUA U3 TOUKH (anl, Ym-1 Zk) B TOYKY

(Xni Ym» Zk ) '
B «HWKHEM MPSIMOYTOJIbHUKE YyCJIOBHAs
BCPOATHOCTD IIONAJAHUA B TOUYKY (Xn, ym,zk_l) N3 TOYECK

(Xn—li Ym-1» Zk—l)' (Xn’ Ym-1s Zk—l)' (Xn—l’ Ym> Zk—l) TaKxe
COCTABJISET C YYETOM YKa3aHHOM KOMIIEHCAIIUH

F)r(Hn,m,k—1|hn—l,m—1,k—l' hn,m—l,k—ll hn—l,m,k—l): p+qg-paq, (17)

TOTAAa YCJIOBHAs BEPOSTHOCTh TIOMAJaHUS B TOYKY
(xn Yo zkfl) yke w3 4  TOUeK  «HIKHETO»

MPpAMOYTOJIbHUKA COCTAaBUT

Pr(Hn,m,k—l|hn—l,m—l,k—l! hn,m—l,k—lv hn—l,m,k—lv hn—l,m—l,k ): (18)
=r—r(p+q-pq).
Takum 00pa3oM, yCIIOBHAsI BEPOSTHOCTD IIOTIAJaHUS

B (UHHUIIHYIO TOYKY (xn,ym,zk) U3 OCTAJIBHBIX CEMH

BEpUINH napajjiesaenumneia C HBOﬁHOﬁ

KOMIICHCAallU UMECT BU ]

y4eToM

I:’r(Hn,m,k|hn—1,m,k ’ hn,m—l,k ' hn—l,m—l,k ! hn—l,m—l,k—lvr'|n,m—1,k—17
Mo-smk-tsP-ameaic)= PG +T = PG pr—ar -+ par.

Jns  HaxoXIEeHHMs  JUCHEPCMM B YCIOBHOM
pacnpesieNieHuy  Cy4aiHOH BenmumHbl h, .\ BBEAEM

(19)

YCIIOBHYIO TIPOU3BOISAINYIO () YHKITHIO
G(©) = MexplicH, |3, (20)

B KOTOPOil
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S= phn—l,m,k +qhn,m—1,k + r.hn,m,k—l - pqhnfl,m—l,k -

(21)
—arhy ma k-1 — Py_g mker + POy mog ks
Torza
2
In+1,0,0 = PIn00 + V1= P Upiz00- (22)
Bouncnenne G(E) yno6Ho HauaTh ¢ TOYeEK,

NPHIETAOMIX K GUHHUIIHOI Touke N, |, TO eCTh TOUeK
hhaimk: Mamak ® Mymko1. Paccmarpusas rpamm, rie

OHHU PAaCIIOJIOKEHBI, u TMOJIb3YSCh
NEPEXOJHBIMU INIOTHOCTAMHU
BepOHTHOCTeﬁ, OoJIy4Ynum

JIBYMEPHBIMU
pacrpenencHui

G(&) = exp(—%ézci.WjM[exp(iaQ)], (23)

riae
W = pz(l—qZXI— r2)+
+ qz(l— p2X1— r2)+ r2<1— p2X1— qz)
Q=paHp 3 max + PrH 1 mkat+
+arHp k-1 —2PArHn 4 mog k-1
s CBOWCTB OCTaBUINXCS Tpex rpaHeit
nmapajieyenumena, Ha KOTOPBIX PACIIONOKEHBI TOYKH
Phimaks Mhamkar Pomak1, Ha#IeM, dYTO BTOpOI

MHOXHTEND B (23) COCTABIISeT
MIexpliE(PaH 1 11 + PPHo i +Hnm 11—
—2|quHn_1,m_1,k_1))]=exp{—%azcﬁ[|02<f(1—rz)+ (24)
+ p2r2fi-g2 el o2 IMlexplie parH, 0, )

[pumem, uro N=1, m=1 u Kk =1. IockonbKy Ha
OCHOBaHHUHM (2) B BEpIIMHHOHN TOuKe Ny, BHINONHAETCA

MHUIUATU3UPYIOIIEe YCIOBUE
g 1
Mlexplie parHo o0 )] = exp(—;ézcﬁ pzqzrzj , (25)

TO Tmociie OOBEOUHEHUS BCEX TpPeX COMHOXKHTENCH,
Bxoasammx B (24), moayanm npu N=1, m=1n k=1

G<<:>=exp{—§azca[1—(1— pz)(l—qz)(l—rz)]}. (26)

B cuny (8) H, i =S+ lxyz, mosromy

D[Hl,l,l]: D[S]+ D[IXYZ]' (27)
U3 (25) cnenyet
OS] 1-@- p)A-aD)A-r* )o@
B cBA3M C HOPMANBHOCTHIO lyy; IUIOTHOCTH
pactipesiesieHdss  CNyYalHBIX 3HAYECHUH |y, HMMeeT

rayccoB BHJ C HYJIEBBIM MaTEMAaTHYCCKAM OXXKUIAHUEM U
qucnepcuen

2
O
XYZ

X
= _[exp(— VX VX iy (X)X x

Xo

X Y1
x [exp(—vx-+ VX Juy (X")oX" [ exp(—py +py)uy (y') dy'x

Xo Yo

Y1 4 (29)
x [exp(—py +1y")uy (y") dy" [ exp(-Az-+ 12" u (2') dz'x

Yo 2

I
x j exp(-Az+Az")u,(z")dz" ).

Zy

B pesynprare pacuemneHust mo X-M, y-M U Z-M
(iryKTyanusiM, yCpetHeH!S! 1 HHTETPUPOBAHUS HaleM

2 1-exp(=2v(x - X))

Ixyz = 2y x

Xl—exp(— 2”(y1_ yO))>< (30)
2u

y 1—-exp(-2M(z - 7)) o

27\’ XYZ
Urak, HopManbHasi CIIydaiiHasi BeIMYHHA |y, HMeEET

TUCTIEPCHIO
I N A
2 _pad-r), o
XYz 8V“7\/ XYZ

Hockoneky H, =S+ 1yyz, TO crarucTnyeckue

CBOWCTBa CJIaTaeMBIX B STOM PaBEHCTBE JKBUBAJICHTHEI,
OTKyZa

o2 =- - p)-gA)a-rA)|o +

I N N A (32)
JCE T 1 IO
8vp Xvz
Jnst obecrieveHust crmayuoHapHoCmu TIPUMEM
2 _ 1
- , 33
OH 8viih OUyys (33)

DTO COOTHOLICHHE MOXHO pPaccMaTpUBaTh Kak
AHAJIOT COOTHOMICHHUsT DiHInTelHa [2], HO s ciydas
TPEXMEPHOT0 TOJIA B 00bEMeE.

Takum 00pa3om, IMOKa3aHO, YTO €CIIH CHPABEIHBO

M[(Ho,o,o)z] :ca, TO BBITOJIHAETCS M[(Hlylyl)z] :cyzH.

IIpomomxast 3TO paBEHCTBO HMHIYKTUBHO, MOIYYHMM JJIs
Toukd 3D-Tons ¢ mpon3BONEHEIM HAOOPOM MHIEKCOB

M[(Hn,m,k)z] = GZH .

TCHCPB, TaK €, KaK MW BBIIIC, JIA YCHOBHOﬁ

(34)

IUIOTHOCTH pacrpefelieHust BepositHocTed  fiy (hn’m]k|8)

ClIydyalfHOH  BEJIMYUHBI H aMIUIMTY b

n,m,k
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HOPMAaJIbHOTO MApKOBCKOTO IIOJISI IIEPBOTO IOPSIKA B
00BeMe — MOITyINM

1
fry (o mic[S) =
B o ey e e
[hn,m_v]2
204t-p?Ji-q? Ji-r?) )

(35)

xexp| —

rIe
V= phn—l,m,k +qhn,m—l,k + rhn,m,k—l - pqhnfl,m—l,k -
=0y motka = Py g e + PAM, g g g

Cyxenue IUOTHOCTH (35), Hampumep, Ha TIpaHb
(x,y,0) maer

1

fu (hn,m‘k‘hn—l,m—l‘k'hn—l,m—l,kﬂhn—l,m—l,k): > >
V2n1—p i]._q Oy

X

(36)
2
[hn,m,k _(phn—l,m.k + qhn,m—l,k - pqhn—l,m—l,k )]
XexXp| — 2 5 2 .
2041 0° oo’
AHaJOrM4YHO CTPOATCA NEPCXOAHBIC IIJIOTHOCTH

BEPOATHOCTEH fH(hn,m,k|hn—1,m,k—l!hn—l,m—l,k!hn—l,m,k—l) H

fH (hn,m,k |hn,m—1,k—1' hl,m—l,k—ll hn—l,m—l,k—l) :
JanbHeiimee cyxenue mioTHoctd (36), Hampumep,
Ha pedpo (x,0,0) maer

1
fH (hn,m,k |hn—l,m,k) =T X
ﬂZnil— p? icH

[hn,m,k - phn—l,m,k ]2
204 1- p?)

(37)

xexp| —

U aHAJIOTUYHO i Y -pebpa fH(hn,m,k|hn,m—1,k) u

Z -peGpa fH(hn,m,k|hn,m,k—1)- Temepp, B pesynbrare

Cy)KEHHS MO OCTaBIIEMYCs YKa3aHHOMY peOpy MpUXOIuM
K PaBHOBECHOH 6e3yCI0BHOMN MIOTHOCTH (5).

ITooToMy Ha ocHoBanuu (35) monydaem, dYTO
Oe3yciioBHas JUCTEPCHs aMIUIMTYAbl Ny o\ TIOCTOsAHHA

JUIs MIOOBIX 3HaYeHMH uHaekcoB N, M u K,

2
D[Hn,m,k] =0y. (38)

Takum  00pa3oM, TOCTpPOEHHOE
MapKOBCKOE OJIE — CTAIIMOHAPHO.

IIpu cuHTE3e HOpMAIBHOrO MapKOBcKoro 3D-mosist
H(x,y,z) B Touke (X,y,z) Oynmem omuparbcsi Ha
craructryeckuil Bec (35). Ota ycioBHas IJIOTHOCTH Be-
posiTHOCTH (TIpomaraTop) CBsi3piBaeT 3HaueHus h(X,Y,z)

HOpMaJIbHOC

h(x,y,z) cnyuaiinoro mons H(X,Y,Z) B BbOpanHHOl
Touke (X, Y, Z) CO 3HAYCHUSAMHU B IIPEABIIYIINX» TOYKAX
h(x,y,z), h(x,y,2), hx,y,z) u h(x,y2z),
h(x,y’,z"), h(x',y',z"). 11 HOpMaIbHOTO MapKOBCKOTO
3D-mosis 3TMX JaHHBIX JIOCTATOYHO, YTOOBI OIMHCATH

BEPOATHOCTHBIC CBOMCTBA amruiaTyasl mois h(X,Y,z) B
Touke (X, Y,z). HopmamsHOCTH 3D-m0IS COOTBETCTBYET
CBOICTBO ~ rayccOBOCTH  MEPEXOJHOW  IUIOTHOCTH
BepositHOcTeH  (35), BBEIpaXkaromeHcst € MOMOUIBIO
MapUUabHBIX KOPPEIATOPOB, KOTOPHIE TEHEePh HMEIOT
uni p=exp(-v(x—x)), qgq=exp(-u(y-y') wu
r=exp(-Mz—2')) c nekpemenTammu 3aryxaHus V, p u
A cooTrBeTcTBEeHHO 10 ocsim Ox, Oy u 0z .

AJITOPUTM reHepalid HOPMAJIbHBIX TPEXMEPHBIX
MapKOBCKHUX NoJiell B o0beme. AITOPUTMBI T€HEpaIl
TPEXMEPHBIX MAapKOBCKUX TIOJEH MPHUCIOCOOJICHBI IS
MPUMEHECHNSI B TapajUleNlenuIesie, CTOPOHBI KOTOPOTO
mapajuieNlbHBl IEKapTOBBIM OCSIM KOOpIWHAT B OOBEMeE.
Jamee paccMOTpeH CHHTE3 airopuTMa TeHeparuu
ciydaiiHoro oObekta  H(X,y,zZ) — HOpMaJIbHOTO
MapKOBCKOTO IT0JIsI, PEaTU3YIOIIETrocs B 00beMe.

OnpenensiionM ~ CBOMCTBOM — paccMaTpUBaeMOTro
HOPMaJIbHOTO MapKOBCKOTO IBYMEPHOTO TOJIS SIBISIETCS
€ro KOPPEISIUOHHBINA (hYHKIIHOHA

Kyvz =Kxyz (X, Y, 2| XY, 2') =

39
:<H(X1 Y, Z)H(X', yr,Zr)>: pquZH, ( )

rae h(x,y,z) — peanus3anuss rayccoBOrO JBYMEPHOIO
oJIst H(x,y,2) B MpsIMOYTroJbHOH  oOjactu
{xe€[0,a],y €[0,b],z €[0,c]} B obbeme;

02,_, :<H2(x, Y, z)> — MHTEHCHBHOCTH TpexmepHoro HM-

mnoJs,; Vv, nu A — JCKPEMCHTBI 3aTyXaHUA IO0JIA 1O OCHU

a6cuncc X, ocHu OpAvHAT Yy W OCH alIJIuKar Z

COOTBETCTBEHHO.

Pacrionoxum B 00beMe 1eKapTOBY CUCTEMY KOOPIH-
HaT C HayanoMm B Touke (0,0,0). JluHamMuky 3HadeHUit
h(x,y,z)  cayuaitnoro HM-nons  H(X,y,z) B
MPSIMOYTOJIbHUKE {xe[0,a],y €[0,b],z €[0O,c]} c
BepmmeOoi B (0,0,0) MOXHO ommCaTh C TIOMOIIBIO
ypaBHeHus (1), oGoOmiaromero ypaBHeHue Jlam)keBeHa
it mporecca OpHITeliHa — YieHOeKka Ha TPeXMEpPHBIN
ciryyaid. IlogpoOHO MeToamKa mepexona OT ypaBHEHHMS
JlankeBeHa W €ro peuieHUs B UHTErpajbHOW (QopMme K
PEKYPPEHTHBIM  TIOCJIEZOBATENFHOCTSIM  HM3JI0KEHa B
pabore [6] mis ciaydas OIHOMEPHOTO MAapKOBCKOIO
mporecca.

Ha ocHoBe pemenus (8) MOXHO IOCTPOUTH
YHUCJIOBOM alrOpUTM reHepauuu 3HadeHuil h(x,y,z) HM-

H(x,y,2).
reHepaluy 3HaueHUH B y3J1ax HOPMajabHOI'O0 MapKOBCKOI'O
TPEXMEPHOTO MOJISI B MPSIMOYTOJIFHON 00NAaCTH MIIOCKOCTH
yI00HO MPEACTaBUTh CIECTYIOIUMHE 4 Iaramu.
Ilae 1. I'eneparyist 3HaYCHNS B BEpIIHHE:

HoJst OTOT HepapXW4ecKHuil  alropuTMm

90,00 = Uo,0,0 - (40)

Hlaz2a. T'eHepanust 3Ha4eHHUs] Ipolecca BJOJb
X -rpanuipl napamienenumneaa N>0:

On+1,0,0 = PIno,0 +V1- pz Uni100-

(41a)
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Illaz 2b. TeHepammsi 3HAYCHHS TMpoIecca BIOJb
Y -TpaHHIBI Napamienenunena m>0:

Gom+10 =490mo +vV1- qz Up,m+1,0 -

Llaz2c. Tenepamms 3HA4YeHHWS IIpOIECCa BJOJb
Z -rpanuipl napawienenunena K >0

(41b)

/ 2
G0,0k+1 ="o0k +V1—T" Ugoqa- (41c)
1Laz 3a. IlocnenoBarenbpHOE 3aI0JIHEHUE

3HAYCHUSAMU BHYTPCHHHUX Y3JIOB xOy -OpsAMOYTOJIbHUKA
n>0 m>0:

Oniimerk = POnmerk T A9namk — PA9nmk +
5 > (42a)
+ \/(1_ p )(1—0] ) un+l,m+l,k'

1laz 3b. ITocnenoBarenpHOE 3aII0JIHEHHE
3HAYCHUSMH BHYTPEeHHHX Y370B X0Z -TipsMOyroibsHUKA
n>0,k>0:

Oniamk+r = P9nmk+r T M9nsamk = PrOnmk +

> > (42b)
+ V(l_ p )(1_ r ) un+1,m,k+1'
Illaz 3c. HOCHGHOB&TCHLHOC 3aIllI0JIHEHUEC

3HAUEHHUSAMH BHYTpEHHUX y370B Y0Z -psMOyroibHUKA
m>0,k>0:

gn,m+l,k+l = qgn,m,k+1 +rg n+lLm+1,k — qrg nmk T

5 5 (42c)
+ V(l_q )(1_ r ) un,m+1,k+1'
Hlaz 4. ITocnenmoBarenbpHOE 3aM0JIHEHUE

3HAYCHUSIMU BHYTPCHHHUX Y3JIOB XYZ -napajlicjiCnuneaa
n>0 m>0,k>0:

gn+l,m+l,k+1 = pg nmilksl T q9 nelmk+l T rg n+Lm+Lk —
- pqgn,m,k+1 _qrgn+1,m,k —prg n,m+1,k + pqrgn,m,k + (43)
- P2 Uyt e

Llae 5. Hopmuporka
n>0m=>0,k=>0:

AMIUIMTY bl IoJIA

hn,m,k =O0HTnmk - (44)

3anoyHEeHWEe Y3JI0B  BBIYKMCJICHHBIMH 3HAUYCHHSIMHU
BBIMOJIHAETCS, HAMPUMED, I odepeaHoro K -ro crios.
Ero, B cBOIO ouepenp, 3alONHAIOT B y3/Iax
NpSMOYTOJIBHUKA TaK, Kak 3TO BBIIIOJHSJIOCH B Cllydae
reHepallid MapKOBCKOTO IOJsI B HPsSMOYrosipHHKe. B
BepaxkeHHsIX  (40)-(44) obosnaueHO P =exp(—vA,),
g=exp(-pA,) u r=exp(-AA,), TaE V, B om A —
napuuasibHble IeKpeMeHTsl, Ay, Ay W A, — waru ysiuos
10 OCAM X, Y M Z COOTBETCTBEHHO. VIHTEHCHBHOCTh G,
aMIUIMTY bl MOPOXKACHHOTO mons H(X,Y,z) cBa3ana c
u(x,y)
cooTHomeHueM (44). OTMeTHM, 4TO A BEIOPAHHBIX A, ,

MHTCHCUBHOCTBIO OPOKAAOLICTO 110JIA

A, u A, (to ectp kommyecTBO maroB N, =alA,,

y
Ny =h/ Ay m N,=c/A, COOTBETCTBYIOLIMX 3aJaHHBIM

pasmepam napasuienenunena a, b u C), HHTEHCUBHOCTD B
YHICIOBOM aITOPUTME HEOOXOAUMO IEPEHOPMHUPOBATH
Tak, 9To0bI 3Heprust HM-nonst H(x, y, z) , npuxoasamascs
Ha eIUHMIy IUIOIIAAM, COBIAjaja C 3aJaHHOW A
aro6oro yucna maros. U3 (40)-(44) MOXHO HOTYYUTh IS
sHauenus hy .\ Bmobom (n, m,K)-ysmne

M[H k] =0, M[(Hnym’k)z}:cﬁ = const, (45)

€CJIA MOCJIEIOBATEIbHO MOHUXKATh 3HAUYEHUsA [ -UHAEKCA,

3ateM M -uHzaekca U K -MHIEKca W, HAKOHel, HAWTH Ge3-
YCIIOBHOE paBHOBecHOe cpenHee. Takum oOpaszom, ajiro-
put™ (40)-(44) renepanuu 3HAYCHUH CIy4allHOTO MOJIS B
MPSMOYTOJBHUKE Ha TNIOCKOCTH SBISIETCS CTAMOHAPHBIM.

B mporpaMMHBIX MaTEMaTHYECKUX Cpelax MOTYT OT-
CYTCTBOBaTh TpexXMepHbIe MaTpHusl. [losTomMy npuBenem
ITOPUTM TE€HEPALUH IBYX ABYMEPHBIX ITOJIEH, HI)KHETO —
a(x,y) u Bepxrero — h(X,y). IlocaenoBaTtensHO UTEpH-
pysl Takyi mapy JBYMEpPHBIX KOPPEIMPOBAaHHBIX MOJIEH,
MOJIYYUM II0JIe, KOTOPOE B COBOKYITHOCTH 00J1a1aeT CBOii-
crtBamu Tpexmeproro mosst h(X,Y,z) . A umenHo, Oyaem
CUNTATh,
JIATINKOB

4YTO C MOMOLIBK CTAHIAPTHBIX CHCTEMHBIX
(rnorm(1,0,1) ) BbImONHEHa  He3aBUCHMAs

WHUIHATU3AMs KaKI0T0 M3 JBYMEPHBIX MOJEH GebiM
[IYMOM €JMHUYHOM HHTEHCUBHOCTH N>0, m>0:

Vom =crmorm@,01),, U, =crmorm(L0,1),. (46)

Toraa nomyunm anropurM:
llae 1. Tenepanusi 3HAUYCHUI B BEpIIMHE HIDKHETO
npsimoyronbauka N=0,m=0:
g0 =Uo- (47)

llae2a. Tenepamust 3HAYEHUS TIpolecca BAOJb
X -rpaHMIBl HUXKHETO npssiMoyrojibHuka N>0,m=0:

2
an+l,0 = pan,O + Vl_ p un+l,0'

Hlaz2b. TeHepauust 3HAYeHWs] mpolecca BHOJb
Y -TpaHULBI HUKHETO npsMoyrojpHika N=0,m>0:

(48a)

2
8o,ms1 = 930,m +11—0" Ug s - (48b)
Ilaz 2c. ITocnenoBarensrHOE 3aM0JIHEHHUE
3HAYEHHUSIMU BHYTPCHHUX y3JI0B HHKHETO
npsimoyroneHuka N >0, m>0:
Qi me = Pap e t08nqm — PR, m +
(48c)

+ V(l_ p2)(1_q2) un+1,m+l'

Illaz 3. Tenepaiyst 3HaYSHUI B BEPILIMHE BEPXHErO
npsMoyronbarka N=0, m=0:

/ 2
b0,0 = raovo + 1_ r VO,O ,

(49)
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Llaz4a. Tenepamus 3HaYeHHUS Tporecca BAONb
X -rpaHHIIBI BepXHETo npamoyronsauka N>0,m=0:

bn+1,0 = pbn,O +ra, g —Prag 0ty (1_ p2 il_ r2 )Vn+1,0 . (50a)

Hlaz4b. Tenepanusi 3HAYeHHs Mpolecca BIOJb
Y -TpaHUIbl BEpXHEro npsmoyronsanka N=0,m>0:

bO,m+l =Qaymt+ rbO,m —gragma +

5 > (50b)
+ ,lil— q il— r ivovmﬂ.
1llaz 4c. ITocnenoBarenpHOE 3aII0JIHEHUE
3HAYECHUSIMH BHYTPECHHUX y3JI0B BEPXHETO
npsMoyroibHuka N>0, m>0:
bn+1,m+1 = pbn,m+l + qbn+l,m +lan g ma— qun,m -
_qraml,m - pran,m+l + pqran,m + (50C)

L I I Y oo LY
Ilaz 5. HopmupoBka amiumuty sl ot N1>0,m>0:

hn,m :Gan,m' (51)

B Boipaxkenusix (47)—(51) 0603HauCHBI KOPPEISITOPHI
p=exp(-vA,), q=exp(—pA,) u r=exp(-AA,), Tae
V, WL U A — NapuuaibHbe ICKPEeMEHThI, A,, Ay n A,
— mrard y310B 1o ocsiMm Ox, Oy u 0z COOTBETCTBEHHO.
VIHTEeHCHBHOCTb Gy, AaMIUIUTYAbl NOPOXKAEHHOTO IO
H(X,y,Z) cBsi3aHa ¢ MHTEHCHBHOCTBIO G|, MOPOXKAAIO-
mero monst u(x,y) coortHomenueM (33). C momonipo
amroput™a (47)—(51) MOXHO TONMyYaTh 3HAYEHHS HA 3a-
JIAHHOM TIOPO’KICHHOM CJIO€, ONMPAasiCh Ha paHee HalieH-
HBI€ 3HAYEHHS NPEIbIIYIIETr0 MOPOXKIAIOLIETO CII0s.

Busyaau3zanusi HOpMaJIBLHOTO MapKOBCKOT'O MOJIS.
I'papuueckoe mnpexncraBieHne TpexmepHoro HM-mos
3aTpyJHEHO M300pa3UTEIbHBIMH BO3MO>KHOCTSIMH.
Crenyromye pUCYHKH SIBJISETCSI WILTIOCTpanueil k padore
MIPOTPaMMHOTO CPEJCTBA, C TIOMOINBIO KOTOPOTO Ha
OCHOBE MIPEUI0KEHHOT O aNropuT™Ma (47)—(51)
BU3yanu3upyorcs paccuuranHele HM-mnons. B Hem
cllyyaiiHOe TPEeXMEpHOEe TI0Jie MOKa3aHO OrpaHUYEHHBIM
Ha0OPOM MOCIIE0BATENbHBIX ABYMEPHBIX CIIOCB-CEUCHHUI.

Ha puc. | npusenen npumep reneparuu h(X, Y, z)
cayyaitHoro monst H(X,y,z). Oror pucynok H(X,Y,2)
oOpazoBaH u3 3 TMOCIIENOBATENBHBIX PHCYHKOB MOJS
H(X ¥,20), H(X,¥,2;) u H(X,Y,2,), COBOKYIHOCTH
KOTOPBIX (X, Yo 20 )} » {h(xn, Yms 21)} u
{h(X,, Ym:Z,)} cocToMT W3 3HaYeHWH, HaiileHHBIX B

COOTBETCTBHH ¢ anroputmom (47) — (51).

[Tapamerpbl pacuera TPEXMEPHOTO MOJISA. MIard Mo

ocsim A, =1.0, Ay =10, A, =5.0; KOIHYECTBO LIArOB

N, =20, Ny =20, N,=2; HeKpeMeHTH 3aTyXaHUs
v=10, p=10, A=0.75.
ammwmatyael h(X,y,z) mons H(X,Y,z) Bbibpana paBHOI

HHTeHcHBHOCTE Gy

oy =0.5.Hapuc. 1 ocs 0z — BepruxanpHas.
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Puc. 1 — HopmaneHoe MapkoBckoe 3D-nione H (X, Y, z)

Ha
reHepaun

puc.2 TpHUBENCH aHAJIOTHYHBIM  mpuMeEp
h(x,y,z) cayuaiinoro mons H(X,y,2).
[TapameTpsl pacueta Te >ke, 4TO W Ha puc.l, Kpome:
JekpeMmenT 3aryxanusd A=1.0 u oy, =1.0.
A
" AV ‘..“‘"',‘y’"‘
LAY

-

Puc. 2 — HopmansHoe MapkoBckoe 3D-tioe H (X, Y, z)

M3 nmnpuBeAeHHBIX PHUCYHKOB MOXXHO  BHUJIETh
JIMHAMUKY 3aTyXaHusi 10 pa3HbIM HalpaBiICHUSM, B
gacTHOCTH 110 ocu 0z .

MoOXXHO TpeUIOKUTh LIUPOKUHA Kpyr 3ajad, B
KOTOpBIX HAaWIyT NPUMEHEHHE TPEeXMEpPHbIe HOPMaJIbHbIE
MapkoBckue mods. Ilpexzae Bcero, 5TO paclIUpeHHE
TPaJAMLMOHHBIX 3a/lad C T[PUMEHEHUEM CIy4yailHbIX
OJIHOMEPHBIX NPOILECCOB M JABYMEpHBIX mojied [2—5] Ha
ciayJai Tpex MIEPEMECHHBIX. [IpencraBnsieTcst
NEPCIEKTUBHBIM IpuMeHeHue TpexmepHeix HMII B
3a/J1a4yaX  paccesHus  OJIEKTPOMAarHUTHBIX  BOJH B
BO3MYIICHHBIX  Cpelax, BHEmHeH OauluCTUKH B
TypOyneHTHOW aTMmocdepe, paccessHHS —3apsIKESHHBIX
gacTull B  aMOp(HBIX  cpelax, paclpOCTPAHCHHUS
aKyCTHYECKHX KoJicOaHWil B TBEpAOM Teie. Bo3aMokHOCTH
BBIYHMCIIUTENLHBIX CPEJICTB JAIOT OCHOBAHUE HAAEITHCS Ha
ycnemHoe npumeHeHue TtpexmepHeix HMII B 3agaudax
YUCJIEHHOTO MOJAENUpOBaHusl. [lepCreKTUBHBIM SIBIISIETCA
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A. A. BOEBA

HNCCJIEJOBAHUE JIBUKEHUA MATHUTOTA3OJJUHAMUNYECKUX YIAPHBIX BOJIH B
HEOJHOPO/THOM IJIASMEHHOM CPEJE METOJ0OM YU3EMA

Posrisigaetbesi PO3MOBCIOKEHHS IUIOCKOI MAarHiTOra30MHAMIYHOI yZapHOI XBHJII B HEOJHOPIJHOMY ILIa3MOBOMY cepemoBuili. JlociimKeHHs
[IPOBOJMIIOCS METOZOM Yi3ema, sikuil OyB 3aCTOCOBAHMiII Ha BHMAJOK IOMEPEYHOro MarHiTHOro mossi. OTpuMaHo audepeHiianbHe PiBHAHHS IS
3HAXO/DKEHHs MIBUAKOCTI (POHTY yaapHoi XBwii. B pe3ynpTaTi 4HCENbHOrO pIillleHHS 3HAWACHO 3aJIOKHICTh LIBHAKOCTI yAApHOI XBHII, L0
PO3IOBCIOKYEThCS B aiabaTnyHiil aTMocdepi, MpU Pi3HUX 3HAYCHHSAX MArHiTHOro mapamerpy. Ha mijgcraBi chiBBiZHOIICHb HA PO3PHBI 3HAiIeHi
3aJISKHOCTI MIBUKOCTI (PPOHTY yIapHOI XBHUIIL, XapaKTEPUCTUKH 30ypeHoro ra3y (IIBUIKICTb, TUCK, IIUIBHICTH) 32 ()POHTOM BiJ] KOOPAUHATH B3IOBXK
TPacH PO3MOBCIODKCHHSI.

Kuarouosi ci1oBa: razoquHaMika, MarHiTHE 0Jie, yAapHa XBIJIsL, PiBHSHHS XapaKTePUCTHK, METOA Yi3eMa, CIiBBIAHOIICHHS HA PO3PHBI.

PaccmatpuBaercst pacrpocTpaHeHHE IUIOCKOW MarHMTOra3oJJMHAMHUYECKOH YJapHOW BOJHBI B HEOJHOPOAHOW IUa3MeHHo#l cpene. VccienoBanue
MIPOBOJMIIOCH METOIOM YH3eMa, KOTOPBIH OBLI MCIOIb30BaH UL CITydasi IOIepevHoro MaruuTHoro nostst. I[lomydeno nuddepeHnnansaoe ypaBHeHHE
JUIL HaXOXKICHUsI CKOPOCTH ()pOHTa yHapHOH BOJNHBL B pe3ynbraTe YHCICHHOTO pEIICHUS HaiileHa 3aBHCHMOCTb CKOPOCTH YIAapHOH BOJIHBI,
pacrpocTpaHsoLeiics B aquadaTuyeckoi atmocdepe, py pa3InyHbIX 3HAUYSHUSX MAarHUTHOTO napamerpa. Ha ocHOBaHMM COOTHOLIEHHH Ha pa3phiBe
HalIeHbl 3aBUCUMOCTH CKOPOCTU ()POHTA yIapHOH BOJHBI, XapaKTePUCTHKU BO3MYILIEHHOTO ra3a (CKOpOCTb, JaBJICHHE, INIOTHOCTE) 32 ()POHTOM OT
KOOPZMHATHI BJOJIb TPACCHI PAaCIPOCTPAHCHUS.

Kuio4eBble ci10Ba: ra3oAMHaMKKa, MArHUTHOE T10JIE, yAapHAst BOJIHA, yPAaBHEHHUE XapaKTEPUCTHK, METO/l YH3eMa, COOTHOIICHHS Ha pa3phIBeE.

The propagation of a plane magnetohydrodynamical shock wave in non-homogeneous plasma medium is considered. The investigation is based on
Whitham method which was used for the case of transverse magnetic field. The differential equation for the shock wave velocity front as a function of
the coordinate along the propagation path was derived. The numerical solution was obtained in the case of the wave propagating in adiabatic
atmosphere. On the basis of jump relations the characteristics (velocity, preassure, density) behind the wave were obtained at arbitrary magnetic field
and initial Mach number. It is shown that a magnetohydrodynamical shock wave accelerates in comparison with an ordinary one at small values of
magnetic parameter 3. At large values of B the influence of magnetic parameter on the wave velocity and gas characteristics behind the wave is
insignificant.
Keywords: hydrodynamics, magnetic field, shock wave, characteristic equation, Whitham method, jump relations.

Beenenne. B paborte paccmaTpuBaeTcs IBIKCHHUE

MAaramuTorasoJuHaMHu4CCKUX YAapHbIX BOJIH -
HOBerHOCTeﬁ, Ha  KOTOpPBIX  HCIBITBIBAIOT  CKAa4YOK
napaMeTpbl rasa (CKOpOCTL, JaBJICHHUEC, IIJIOTHOCTD,

BEJIMYMHA MAarHUTHOTO IOJis1). Teopws pacmpocTpaHeHUs
MI'l ynapHBIX BOJIH HEOOXOMMa MPHU W3YYEHUH MHOTHX
KOCMHYECKHX SBIEHHH, Takux Kak, CBepxXHOBbIE U
coJTHEeuHbIN BeTep [1], TeueHue ra3a B 000JI0UKAX 3BE3[ U
comHeuHor xpomocdepe [1, 2, 3, 4], B3aumomeiicTBHe
ocTaTkoB CBEPXHOBBIX C MOJEKYISIPHBIMUA OOJIaKaMu JIp.
Bo Bcex 3TuX SBICHMAX BIMAHHE HEOTHOPOIHOCTH
MEX3BE3THOM Cpelpl, a TakKe MarHWTHOE IIOJe
CYIIECTBEHHO BIMSAIOT HA PacCMaTPHBAaEeMbIC IPOIIECCHI.
Kpome Ttoro, teopusst MI'Jl yaapHbeIX BOJIH HYyKHa HpH
W3YYCHUH [BIDKCHUS YIOApHBIX BOJH B Ja0OpaTOPHBIX
yaapHbIX TpyOax [5].

AHAIU3 OCHOBHBIX JOCTH:KCHMI M JIHTEpPaTypPhI.
Teopus  pacmpocTpaHeHHS YAapHBIX BOJTH B
HEOJHOPOAHBIX Cpelax JJOCTaTOYHO XOPOIIO H3y4eHa,
9TOMY BOMPOCY B pa3HOE BpeMsl OBUIM ITOCBSIICHO
Gonbimoe unciio pabor. A. C. Kommaneernr B 1960 r. [6]
paccMoTper 3a/1a4y 0 TOYEYHOM B3pBIBE B HEOJTHOPOIHON
atMocepe W TONYyYWS ypaBHEHHE, OIMCHIBAOIICEe
JBIKEHHE (POHTAa ynapHOH BOJHEL JTO YypaBHEHHE
CBITPaj0 BaXXHYIO POJIb B JAajbHEHIIEM HCCIEeN0BaHUU
JBIDKEHUSI yNApHbIX BOJH M TONYy4WMIO HAa3BaHUE
ypaBHeHus A. C. Kommnaneiina. B mocnenyromux padotax
C.A.Cummua wu II U. ®omuna, 1982r. [7, 8]
paccMarpuBaeTcs 3ajgada O TOYEYHOM B3phIBE B
9KCHOHEHIMAIBHON aTMocdepe ¢ HeHylIeBOW aCHMITOTOMH
U HaxoAuTcsl ero TouHoe pemenue. B. M. Konroposuu u
C. ®. ITumeHOB, 1998 r. [91, HCCIICAOBAIN

pacmpocTpaHeHHe yaapHOro (poHTa B HEOJHOPOTHOM
Cpese CO CTEeNEHHBIM 3aKOHOM HM3MEHEHUS IUIOTHOCTH B
npubmmkernu A. C. KommaHeiia U mOTyduiIu mMpocToe
TouHOoe pemieHue. B pabore A. B. Kapraymenko, 2012 T.

[10] HajizeHo aHaNUTHYECKOE pEIICHHE YpPaBHEHUS
A. C. Komnaneiina B IUIOCKO-CTPaTU(HUIMPOBAHHOMN
cpele ¢ IUIOTHOCTBIO, M3MEHSIONIEHCS IO 3aKOHY

TUNepOOIMUECKOro TaHTeHCa, MOAETHPYIONIee TIPaHHILY
MOJIEKYJISIPHOTO oO0Jlaka ¢ MeX3Be3qHOi cpenoil. B
MeHbuIel creneHu usydeHsl MI'J[ ynapHbie BOJIHBI, 4TO
CBSI3aHO C OOJIBIIEH CJI0)KHOCTBIO CHCTEMbI ypaBHEHHI
MarHUTHOH ra3oJUHaMUKH.

CyuecTByonue MeTOAbl pelleHusi NOJ00HBIX
3agav. [{ns uzyuyenust pacupocrpanenus MI'J ynapHbix
BOJIH NPHMEHSJINCh KaK YHCIEHHble MeToabl [1], Tak u
npuOIKeHHbIe MeTonel. B pabote [11] mnms m3ydeHus
JIBUDKEHUS. yJApHOW BOJIHBI MCHOJB30BANCS  METOJ
Bpunknn-KupkByzna ¢ y4eToM BIMSIHHAS MarHUTHOTO IIOJIS,
paccMaTpuBaNIuCh JMOO CHIIBHBIE yJapHBIE BOJHBI C
M (M >>1),

OTHOCUTCJIPHO MaJIblI€ MAr"duTHBIC I10JIs (MaFHI/ITHOC

naenerne P, =H?/(8n)

termoseiv P 1 H? / (87P) <<1).

Hean paGorel. B  panHoif  pabore  Oyzmer
HCCIIEIOBAThCS TIOTIEpeYHasi MarHHUTOTa30AHHAMHYECKas
yaapHas BOJIHA IIpU IPOU3BOJIBLHOM 3HAYEHUHM YHCIIA
Maxa wu pa3jaInIHOM COOTHOHMIEHWUW MArHUTHOIO H
TETJIOBOTO JJaBJICHUH.

ITocranoBka 3anaum. PaccMOTpuUM IUIa3MEHHYIO

Cpely ¢ TOCTOSHHOM TeMIepatypoil T, HaXOJISILYIOCs B

OompIIMMM  uMciamMu  Maxa a TaKXe

MaJO 110 CpaBHCHUIO C

© A. A. Boesa, 2017
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PaBHOBECHMHM MOJ  JEHCTBHEM CHIBl  TSDKECTH U
MEPHECHANKYISIPHOTO K HEH MAarHUTHOro mnois. bynem
CYNTATh, YTO IUIOTHOCTH P M 3HAYEHHE MATHUTHOTO MOJIA

HO paCCManPIBaeMOﬁ Cpe]_'[I)I B Ha‘IaJ’ILHLIﬁ MOMCHT
CBs3aHBI COOTHOIILICHHUECM
Ho
Po

=b = const 1)

BeiOepem ocb Z HampaBICHHOH B CTOpOHY,
MIPOTUBOIIOJIOXKHYIO cuiie TshkecTH. [lonaras B ypaBHEHHH
JIBIDKCHUSI CKOPOCTh V= 0, momyuum 111 paBHOBECHBIX
mapameTpoB cpepl ypaBHenwue [12]:

d H?
@ F6+g +pg=0. )
3mece § — yCKOpeHHe CHilbl TsDkecTH; Py, po—

JIaBJICHNE 1 TFIOTHOCTh PAaBHOBECHOH CPEIbI.
[IpounTerpupyeM naHHOE YypaBHEHHE,

cpenet Fog, Poos
HEKOTOPOH HaYalbHOM TOUKe ¢ KoopauHaroit Z =0

BBOIS B

paccMOTpeHHE TapaMeTphI Hy B

InPo g P01 :—%, @3)

Poo Poo

rne h=RT, /g — npusenennas Boicora armocdepsr;

2
H? by o
B= =——— — MarHuTHBIA [apaMmerp, Mo
8nR, 8nRT,
CMBICITY paBHLIﬁ OTHOLICHUK MAarHuTHOI'O M TCIUIOBOI'O
JIaBJICHUH.
Taxxe MOYHO paccMoTpeTh ciyvai
ananabaTuueckoil atMocephbl ¢ ypaBHEHHEM COCTOSIHHUS
— AnY
Fo=Apg, (4)
Cp
rne Y= '/~ -~ TOKa3aTelb N3EHTPOMILL;
\2
Cp u Cv —  COOTBETCTBEHHO  YIEJILHBIE

TCIJIOEMKOCTHU MPH MOCTOAHHBIX JABJICHUN U o0beMe.
Monens anunabaTHaecKod aTMOC(Epsl HCIOIB3YeTCs
IIpY PACCMOTPEHUU YIApHOM BOJHBI, IBUXKYLIEHCS 3a
JIpyroi ynapHoidl BosiHOH. PacnpeneneHue HauyalbHOU
IUIOTHOCTH TaKO# aTMoc(ephl 33/1aeTCsl ypaBHEHUEM:

y-1
z
Po o yopy-p| 2o1|=1-2 ()
Poo Poo h

aooz
rne h=—"— — npusenennas BricoTa aTMOCHEPHI;

dgg — CKOPOCTh 3BYKA.

Pemenne 3TOTO ypaBHEHUS, 3ajaroniee
pacrpezienieHle IJIOTHOCTH B aTMoc(epe IMpeacTaBlIeHO
OpU Pa3AMYHbIX [3 MITPUXOBBIMU JHHHSIMH. COrjacHo
cootHomeHuto (1) pacmpeneneHue MarHUTHOTO —ITOJIS
OyzeT mpOoIOPIIMOHAIIFHO PABHOBECHON TNIOTHOCTH.

[Iycts Temeps B cpene BOONb OcH Z U3 Toukd Z =0
B OJHOM W3 JIByX HAaNpaBICHUA pPaCHpOCTPAHSIETCS
wiockas monepeuynas MIJ[-Boana. CoriacHo [12, 13]

H_y
p
«BMOPOYKEHHOCTH» MAarHUTHOTO TIOJISI B BEMIECTBO CPEIbI,
OymeT BBIMOJHATHCS BO BCEe BpeMs IBIDKeHHS. [lycTh
3aja4a COCTOMT B HAXOKICHUH 3aKOHOB HM3MEPCHUS
ckopocTH BONHBI U , BEIMYMHBI CKaYKOB MAPaMETPOB Ha
ee (pOoHTE BIOJb ITYTH PACIIPOCTPAHCHHSL.

Mertoa uccaeaoBaHusi. Jlus »ToM menu  ObLT
HCIIONB30BaH aHAJIMTHYECKHH MeTon VYusema [14] ¢
YYETOM BIHMSHHSA TTOTIEPEIHOTO MarHUTHOTO ToJtst. Cremyst
METOAy IUISl OIpENENICHNSI 3aBHCHMOCTH I1apaMeTpOB
BOJIHBI OT KOOPAWHATHI Z WCIOJNB30BAIOCH YpaBHEHHUE

COOTHOLICHUC HU3BCCTHOC Kak ycj0oBUe

xapakrepuctukd C,, TmepeHocsiieli BO3MYIICHHE OT

YacTHLBI Tra3a BIEpe] MO IMOTOKY Ha (POHT yAapHOU
BOJIHBIL:

du dP” gpC
C—+—-— =0 Bnoms C_, 6
P dz dz u+C i (©)
d_2 +@Uu+C) 0
rme —=— — — TpouW3BOJHAs  BJOJb
dz ot 674 P
xapakrepuctuku C, ;
. 0?b?
P =P+ rea CyMMa MarHUTHOTO M TEIUIOBOTO
T
JTaBJICHUM;

C=(a? +v,f)% :
2 _H?2 .
e Va© = %‘rnp)’

a = (5%p) — KBapaT 0OBIYHON CKOPOCTH 3BYKA.
S

Bce mapaMeTpbl B ypaBHEHHH XapaKTepUCTHKH (6)
OTHOCSTCSl K MOTOKY ras3a 3a yaapHod BosHOH. B Touke

nepeceuenus xapakrepuctuku C, ¢ (poHTOM ynapHOit
BOJIHBI TApAMETPHI ra3a B ypaBHeHuu (6) OyayT CBSI3aHBI C

mapamMeTpaMd  HEOJHOPOJHOTO Ta3a TIepel  BOJHOU
COOTHOIICHHAMH Ha (QpoHTe BOJIHBI [12]:
-2 * * 1 1
i"=(P -R)I/| ===| Upg=U-u)p,
Po P
~ o« PPHR(1 1
g —gg+——2| =—— =0, @
2 P Po
rae j — IUIOTHOCTh IIOTOKA ra3a uepe3 IOBEPXHOCTh
BOJIHBI;

U — CKOpOCTh pacrpoCTpaHEeHUs yIapHOH BOJIHEI,
P, p, U — mapamerpsl ra3a 3a yiapHOW BOJIHOM;
Py, po, Up — mapamerpsl rasa mepex yaapHOU
BOJTHOW;
« P
(y-Dp

—2
Jns U MOKHO MONTYy4YHTH CIIEAYIOIEE YPABHEHHE:

JPE-2)
po(v-1)
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- - 2P, 2vBp
(y+DU%m2 - U2(y—1)+—°2+—y'3§0 o+
PoVlo 0
2(y-2
+("/—2)BPO=0, (8)
Mg
- U _
TIe U ==, Pozi, 50:p_0, Mozﬁ
U Poo Poo oo

3mecs Uy, By, pgo, My — mapamerpsl rasa B

HadaJIbHBIH MOMEHT BPEMEHH.
ITapameTpbl raza 3a BOJHOM MOXXHO HaWTH IO
bopmynam:

u=@1-m)0u,, p:&—o,
0

P =U2U2p,(1-T)+P; . (9)

[Tonyunum YpaBHEHUE TS OIIpeEIICHUSA

OoTHOCHTENbHOM ckopocT U ynapHOW BOJHBI:

d—U(l—U){E+ZU}—d—u $+U2 +
dz ] dz| ©

-i—dﬁ_i Uz(l—lT)‘l‘%_Bzﬁz +dﬁ_—12—
Po Mo dz peyMg

E dpy 1 2B dp,
- — +——|=0,
[A-T)U +E]| dz pyyMZ M2 dz

Mg Po My
Cucrema ypaBHEHHWH JOCTATOYHO TPOMO3JKA, M
MIO3TOMY HCCleoBajack 4ucieHHo. Ha puc. 1 mokazaHsl
3aBHCHMOCTH CKOPOCTH YAApHOI BOJHBI OT KOOPIHHATHI
BJIOJTb ITYTH PACTIPOCTPAHCHHUSI TIPU PA3THYHBIX 3HAYCHUAX
marautHoro mapamerpa B:1—mpu B=0,2 —npu f=1,
3—mnpu B=5.

_ T
rie E= Usz(l—U)+L2—O+BL2(yU—%+§).
u

U/Uo

- — N W

4 2 0 2 4 z/h

Puc. 1 — Cxopocts ynapHoii Boaust: 1 —npu f=0;
2-mpu B=1;3-mpu =5

PesyabTarel  ucciegoBanus. Kak BugHo U3
pucyHka (puc. 1), CKOpOoCTh OOBIYHOM yHapHOIT BOITHEI 03
ydaeTa BIIMSIHUS MarHUTHOT'O OIS (xpuBasi,

COOTBETCTBYIOIIAs 3HaUeHHIo rapameTpa 3 =0) yObiBaeT
IpH e¢ PacIpOCTpaHeHUH B Oojee IIOTHYIO Cpeay IpH

z
H <0. Dror peE3yJbTAT COIrIaCcyeTcsa € MNOJYyYCHHbBIMH B

paborax [7, 8, 9, 10] must oGBUHBIX ymapHBIX BOJH. C
HOSIBJICHUEM MAarHUTHOTO OIS (xpuBbIe,
COOTBETCTBYIOIIIE 3HAUCHUSIM mapametpa f=1u f=5)
CKOPOCTh MarHUTOIa30JMHAMUYECKONH YAApHOU BOJIHBI
TaKKe yObIBaeT, HO Ooliee IIABHO C POCTOM BEIMYUHBI
MarsuTHoro mosst H .

Ha puc. 2 mnokasaHbl 3aBHCHMOCTH MEpenaaoB
IIJIOTHOCTH, MAarHuTHOT'O IIOJIA, CKOPOCTU Ta3a MU YuUCJa
Maxa Ha (QpOHTE YHapHOH BOJHBI B 3aBUCHMOCTUA OT
pa3NMuHbIX 3HaueHUH napamerpa 3 : 1 — cKOpoCTH BOJIHEI

%0 , 2 — IaBIEHUSA PZOOPOO , 3 — IUIOTHOCTH % o

. u
4 — mepenana cKOpocTei ra3a Ha (POHTE BOITHEI % .
1
N

24

Puc. 2 — 3aBucrMOCTH mepenanos napamMeTpoB Ha GPpoHTe

q_U _P P _ U
BOJIHBL 1 AO , 2 %Oopoo .3 40 4 A

Ckauku mapametpoB mpu [3=0 COOTBETCTBYIOT nX

3HAYECHUsAM Uil OObIYHOH ynmapHod BomHBI [12]. Dt
3aBUCHMOCTH OTpaXxaroT OTJINYHE
MarHMTOra30IMHAMUYECKOH  yIapHOH  BOJNHBI MO
CpaBHEHHUIO ¢ OOBIYHOW yJnapHOH BOJNHOH. DTO OTIMYHE
CBSI3aHO, BO-TIEPBBIX, C TEM, 4YTO MAarHUTHOE IOJe
nopoxxaaer cuiy JlopeHna, KoTtopast yckopsieT (poHT
BOJIHBI:

rr 2
F:ijz+5[rotH,H]dz:i< He s P o gy
4y 2 8n Poo

BO'BTOPBIX, MarHuTHOC I10JIC€ NPUBOAUT K H3MCHE-
HUKO MNPOTHUBOAABIICHHUA HEBO3MYILICHHOI'O ra3a, KOTOpPOC
TAKIKE BJIMACT Ha CKOPOCTH BOJIHBI:

2
B = Ry(p)+ P20 2 p).

Poo

(12)
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Cuwa JlopeHIa W NPOTHBOAABICHHE 3aBUCAT OT
napametpa [ . [Ipu manbix 3HaueHusx B cuia Jlopenna u

MPpOTUBOJAABICHUE BO3pPACTAalOT C pPOCTOM B, npu

OonpInMX [ mepenaj IUIOTHOCTEW YK€ HE 3aBUCHT OT J3,

a cuna JlopeHna M pa3HOCTh NPOTHBOJABICHMI
MPaKTHYECKN KOMIICHCUPYIOT JPYT ApYyTa, U B pe3yibTaTe

CKOpOCTb yHapHOi BoiHBl U TOYTH HE 3aBHCUT OT f3.

CKopocTh  ylapHOW BOJHBI ONpeAesieT M JpyrHe
rapaMeTpbl Ha IOBEPXHOCTH Pa3phIiBa.

B kauecTBe mpuMepa caeiaeM OLEHKH IS yAapHON
BOJIHBI, MHyLIUPYEMOM BCIBIIIKON B COJHEYHON KOPOHE.
C romepeyHBIMH  yIapHBIMH ~ BOJIHAMH  CBSI3BIBAIOT
MOsIBIICHHE pajuoBcIuieckoB 2-ro tuma [3, 15, 16]. Ipu
HaOMIOZECHUSX OBIO yCTAaHOBJICHO, YTO TPAcKTOPHH
YIApHBIX BOJH, BO30YXIAIOIIMX BCIUIECKHM 2-TO THIIA,
OTIMYAIOTC OT IPSAMOJHMHEHHBIX, YTO YyKa3bIBacT Ha
BIMSHHE HEOIHOPOIHOCTH HEBO3MYIICHHOW  CpPEmbl.
CKOpOCTH YIapHBIX BOJH NIpU 3TOM cocTaBsitoT 200—
2000 xm/c, YTO TIPEBBHIMIACT CKOPOCTH 3BYKOBBIX U
anb(BEHOBCKMX BOJH W OHU  XapakTepH3YIOTCs
JOCTaTOYHO OonmpmmM  pa3bpocoM umcen Maxa ¥
MarHuTHOro napamerpa [3. YclioBue «BMOPOXKEHHOCTH)

MarHUTHOTO TMOJIl TaKXKe LIMPOKO HCIOIb3yeTCs B
pa3NUYHBIX 3a/lauaX AaCTPOHOMHH H  acTpPO(U3UKH.
OOpaszoBanne MarHutocdepbl 3eMild, B KOTOPYH He
MPOHMKAET IU1a3Ma COJHEYHOIO BeTpa, OOBACHSIETCS
YCIOBHEM «BMOPOKEHHOCTHY»; OJHUM W3 apryMEHTOB B
MOJb3y CHOHUPANbHBIX CTPYKTYp TANaKTHK SIBISETCS
YCIIOBHE  «BMOPOXXEHHOCTH»  MArHUTHOTO TOJSA B
Me)I(3Be3[[HI)II‘/’I ra3; J3THM K€ YCIOBUEM 06'I)HCH$[IOT
SIBJICHUEC «BBITSATUBAHUA» CO6CTBeHHOI‘O MAarHuTHOI'O ITIOJIA
n3 ComHIIa COTHEYHBIM BeTpoM [13].

U3 puc. 2 BHIHO, YTO, PACIPOCTPAHSISICH B CTOPOHY
YMEHBIICHU A IIJIOTHOCTH, MAarHuTora3oJuHaMHU4YCCKUe
yJlapHbIE BOJHBI MOTYT OCTaBaThCs HEYYBCTBUTEIbHBIMH
K M3MCHEHHIO mapaMeTpa [}, CBSI3aHHOTO C HEOIHOPO.I-

HOCTBI0 MAarHHTHOTO TOJII M IUIOTHOCTBIO. DTOT (hakT
COTJIaCYE€TCd C JaHHBIMH CITYTHHUKOBBIX Ha6HIOI[eHHI>’1
PaJMOBCIIIIECKOB 2-TO THIA.
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uUDC 004.9
M. D. GODLEVSKYI, A. A. GOLOSKOKOVA, O. S. BIELOUS

INFORMATION TECHNOLOGY OF A STATIC MODEL SOLVING FOR QUALITY IMPROVEMENT
OF THE SOFTWARE DEVELOPMENT PROCESS BASED ON THE CMMI MODEL

Ipononyetses iHdopMaLiiiHa TEXHONOTIS AJIS BUPILICHHS 3agadi KOPOTKOCTPOKOBOTO IUTaHYBaHHS (CTaTHYHA MOCTAHOBKA 3ajadi) MOKpALICHHS
SIKOCTI TIpOLieCy pOo3poOKH MporpamMHOro 3abesnedeHHs Ha ocHOBI Mozeni CMMI, mo npezcraeisie cob0or Mozens 3pijocti. Bukopucrano Mozens
3a/1a4i KOPOTKOCTPOKOBOT'O IUIAHYBAHHS MOJIMIIEHHS SIKOCTI MPOIIECY PO3POOKH MpOrpamMHOro 3abesnedyeHHs. PilleHHs JAaHOTO 3aBJaHHs BH3HAYae
uinpoBUil mpodaiin, skuil yrouHtoe mpodaili, OTPUMAaHUI B pe3yibTaTi BHUpILICHHS AMHAMIYHOI 3a4avi Ta € Uil Hei BXiZHOW iH(popMalieo Iis
[OJ@JIBIIOT0 BUKOPUCTAHHSI.

KurouoBi ciioBa: indopmarniiiHa TeXHOJIOTIsI, KOPOTKOCTPOKOBE IUIaHyBaHHsI, SKICTh MPOLIECY PO3pOOKH HporpaMuoro 3abesmeuenns, CMMI,
MOJIENb 3PITOCTi.

Ipeanaraercss MHPOPMALIMOHHAS TEXHOJIOTHS, JUIS PEIICHHS 3aa4l KPaTKOCPOYHOIO ITAHUPOBAHMS (CTATUYECKAs TIOCTAHOBKA 3a/1auH) YIIy4LICHUs
KadecTBa Iporiecca pa3paboTKU IporpaMMHOro obecredeHust Ha ocHoBe Mogenu CMMI, npencrasmsiomeli coboit Monens 3penoctu. Vcrons3oBaHa
MOJIeNb 33a4i KPaTKOCPOYHOTO INIAHMPOBAHHUS YIIYYIISHNs KauecTBa Ipolecca pa3paboTKH porpaMMHOro obecrieueHus. Perenne nanHol 3anaun
orpeeNseT eneBoi mpodaili, KOTOpbIi YyTo4YHsAeT Mpodaiil, MONTyICHHBIH B pe3yIbTaTe PELICHHs] THHAMHYECKOH MOCTAHOBKH 3a1aYH H SBISIETCS
JUIsL Hee BXOJHOU nH(opMarueil 11 JanbHelHIIero Heoiab30BaHus.

KnaioueBble coBa: WHGOPMAIMOHHAs TEXHOJIOTHS, KPaTKOCPOYHOE IUIAHHPOBAHME, KadeCcTBO Ipolecca pa3pabOTKH HPOTrpaMMHOTO
obecrieuenusi, CMMI, Mozenb 3penoctu.

Information technology that is proposed to solve the problem of a short term planning (static problem statement) for quality improvement of the
software development process based on the CMMI model, which is a maturity model. The model of the short-term planning for quality improvement
of the software development process is used. Three statements of static tasks for this model are proposed. The solution to this task determines the
target profile, which specifies the profile that is obtained as a result of the dynamic task solving and the target profile is in itself the input information

for dynamic task that can be used in further work.

Keywords: information technology, short-term planning, quality of the software development process, CMMI, maturity model

Introduction. Nowadays, the software development
process (SF DP) has reached a high level of complexity. It
consists of a large number of sub-processes, each of which
has a great complexity in itself. Therefore, there is a
problem of support and improvement of the development
process quality. It was invented a lot of ways to make the
SF DP modular, which were designed to reduce its
complexity and provide an opportunity to assess its
current state. A striking example of this approach is the
CMMI [1, 2].

CMMI is the technology of maturity models that
provides a description of how the SF DP should look, but
does not answer the question: "How to achieve a specified
maturity level?" Unfortunately, currently this area of
knowledge does not have appropriate level of
formalization. One of the problems that needs to be solved
for improving the quality of SF DP within the context of
CMMI is to get the optimal trajectory for improving the
quality of SF DP. The presence of such a trajectory makes
it wise for a company to invest resources. To date, there
are different approaches for determining the quality of SF
DP, such as the standard 1SO 9001, ISO / IEC 15504 TR
(Software  Process Improvement and Capability
Determination (SPICE)), CMMI, and others. They allow
only verbal level to assess the maturity (quality) of SF DP.
Therefore, scientific works aimed at formalizing these
models are relevant.

Problem statement. In the dynamic formulation of
the problem [3] the trajectory of the SF DP is solved. But
the dynamic model is simplified and does not allow the
manager of the organization to determine accurately the
direction of the resource contribution. Therefore, in [4], a
static model was proposed that more exactly solves the
problem in the first planning sub-period in the dynamic

formulation of the first
approximation).

When setting the static task based on the initial state
of the SF DP, target profile and resource constraints, the
optimal variant of the company promotion to the set goal
is determined or a compromise decision is found between
the degree of achievement of the goal and the necessary
resources. The quality is characterized by alternative
options for moving SF DP to a higher level of maturity in
the work.

The aim of the research is to develop information
technology of planning for improving the quality of the SF
DP based on a static model.

Short-term planning model for static problem
statement. From the point of view of decision making
theory, each alternative quality improvement option is
determined by three generalized indicators: the degree of
the goal achievement, the resources needed to achieve the
goal and the time necessary for the task the solution.

Usually, in the decision-making theory, a static task
statement that does not include time is analyzed. This
approach is justified for consideration in the near future.
According to the structure of the CMMI model [5], which
is presented in the form of a hierarchy of concepts, the
practice is characterized by the level of opportunity at the
lowest level. A set of practices forms a goal. A set of
goals is formed into a focus area. Each focus area
contributes to reaching the maturity level of the SF DP.
All focus areas are categorized, which, in turn, are
distributed according to the maturity levels of the SF DP.

There are two types of resources described in the
paper: financial costs and time. The first criterion is based
on two components: the necessary expenses for additional
technical, informational, program and methodical support

problem (used as the
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and financial expenses for company employees’ payment.

The second criterion is actually linked to the second
component of the first criterion and is determined by the
time that the company employee needs to spend, during
which the employee will not be engaged in the main
activity related to the software development.

Since the more resources are invested, the more
extent of the goals can be achieved and vice versa. So the
task of defining a rational (compromise) solution arises.
Three statements of static tasks are used in this paper.

1. It is necessary to find a compromise solution for
different categories of CMMI modules and two groups of
utility functions.

2. It is necessary to find a compromise solution
regarding the utility function groups V; and V, (the target
profile achievement degree and the integrated resources).

3. To find the optimal value of the linear convolution
of all individual utility functions.

Geometric interpretation of the second problem
statement is shown on the fig.1 as the domain of
admissible solutions Q in the space of the target utility
functions without taking into account the constraints of

financial resources. Curves BCD and BCD are received,
respectively, by maximizing and minimizing the V;
function for actions for V,: 0.25; 0.5; 0.75. The vector p
determines the weighting factors of the importance of the
target functions V; and V,. The results of solving test cases
for the third task statement are given below.

V2
1 E
D
0,75 ¢
D
C
0,5 - _
C o) > P
0,25 A B
AV- /B \
21| ~\a

O Bmin Emin Emin Dmax Cmax Bmax 1 Vl

Fig. 1 — The admissible values solutions domain in the utility
function space

Information system development. The process
description of forming the set of optimal strategies was
formed based on requirements presented as diagram
IDEFO (fig. 2). As described on the diagram, the solution
process consists of three stages: the formation of the
model (based on the data obtained in the first sub-period
of the dynamic problem solution), the solution of the static
task (based on the model obtained in the first stage) and
changes of the task conditions. The last two stages form a
cycle, the result of which is the multiplication of
admissible solutions of the static problem.

Non-functional requirements were defined for the
developed software component.

CMMI
verbal
model
———nitial state————m= Math model
——Resources——— creation s
—— Goal profile——
| Task
‘ ? Strategy cMMl  conditions
Making detection h
dogicion Statjic model 3 verbal ~ Change
algorithm el rules
person '
Static task solving ) Changing of task  [—>5et cf solutions—
— F—Optimal strategy-ie- conditions
| -
—{Goal profile—me
Jt Forming  Making
| decision  decision
person person

Carrected model

Fig. 2 — The process of forming a set of optimal strategies

1. Convenience of the user interface. The interface
should be ergonomic, intuitive and easy to use.

2. The program code should contain comments
explaining its structure.

3. The component should be designed in such a way
that it would be possible to expand its capabilities without
any noticeable effect on the systems that will use it.

4. There must be documentation for the construction
of the code.

Deployment diagram is a model of the physical
architecture of the system. It reflects the hardware
configuration of the information system (fig. 3).

As can be seen from the diagram, the system has a
three-tier architecture. The first level is the DBMS (MS
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SQL Server), which is required for centralized data
storage. There is the web server at the second level
(WebServer), which is responsible for the processing and
validation of data, as well as for the implementation of the
model and algorithm for solving the static problem [6, 7].

There is a client application at the third level (Client),
which purpose is to present the data and the results of the
task solution to the end user, and also provides an
opportunity for the user to enter easily the initial data of
the task.

)
Microsoft. SolverFoundation
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:::IModef_Mapping

_'_'_I
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{ IJ
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g Hogi T MS SQL S
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| S
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Fig. 3 — Deployment diagram of the programm system components

An example of system work on test data. The test
case from IT company N was taken. The data that was
obtained during the solution of the dynamic task statement
in the first period was considered. The data of the current
state of this period is given in table 1, which shows the

practice of focusing areas. The objective is to obtain the
results of solving a static problem with different resource
constraints.

25 000 USD were allocated for the first period in the
dynamic task.

Table 1 — Initial state of the SW DP of company “N”

Maturity level 2
Category Project management
Focus area SAM — Supplier Agreement Management
Goals SAM1 SAM?2
Practices 1 6
Initial state 0 0
Goal state 2 2
Resources 1000/ 2200 1000/ 2200
Coefficients 0.5 0.5
Focus area CM — Configuration Management
Goals CM3
Practices 7
Initial state 1
Goal state 2
Resources 2200
Coefficients 1
Focus area PPQA — Process and Product Quality Assurance
Goals PPAQ1 PPQA2
Practices 2 3 4
Initial state 2 2 2
Goal state 3 3 3
Resources 4300 4300 4300
Coefficients 0.5 0.3 0.2
Focus area MA — Measurement and Analysis
Goals MA1 MA2
Practices 1 2 6 7 8
Initial state 0 0 0 0 0
Goal state 2 2 2 2 2
Resources 1000/ 2200 1000/ 2200 1000/2200 | 1000 /2200 1000 / 2200
Coefficients 0.25 0.75 0.3 0.3 0.4
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Following results were obtained based on the initial
data. With a resource limit of up to 25 000 USD, we have
the following result, that is shown in fig. 4. Target
function is 1.

With a resource limit of up to 20 000 USD, we have
the following result, that is shown in fig. 5. Target

M Initial state = Result

23

L&

Maturity level
"

function is 0.93.

As can be seen from the results of the program, with
various resource constraints, the increase in practice is
attributed to those practices that have larger coefficients of
importance, and as a result give greater importance to the
function of the profile.

m Target profile

) il wl Inl M h‘ ||‘ iI wl uI hl wl

SAM 1.1 SAM 26 CM 37 PPQA 1 2PPQA 2 3PPOA 24 MA 11

MA 12 MA26 MA27 MA2S

Fig. 4 — Calculation results (restrictions: 25 000 USD)

M Initial State

3a

(=]

Maturity level
i

@ Result ® Target profile

Andld 11

SAM_ 1.1 SAM_2 6 CM_ 37 PPQA 1 2 PPQA 2 2 PPOA_2 4 MA 11

MA 12 MA2Z6 MA27 WMA2S

Fig. 5 — Calculation results (restrictions: 20 000 USD)

The obtained results confirm that the information
system works correctly, giving the expected result, taking
into account the factors of importance and the constraints
on resources.

Conclusions. The software component was designed
and implemented, which allows to calculate the optimal
trajectory of improving the quality of SW DP in the short-
term planning period, based on the incoming state,
financial constraints, and the factors of the importance of
particular practices, focus areas, etc.

Also, information technology has been tested for
compliance with the declared functional and non-
functional requirements and IT company data.

In the future it is planned to investigate the work of
information technology on data volumes, which are close
to the actual data conditions of the task data for
determining the maximum amount of data on which the
information system can find a solution.

Also, in the further development of this topic it is
planned to design and develop informational technology,
which automates the interaction of the considered

software system with a system that solves the dynamic
formulation of the planning task.
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YK 519.876.2:336
T. B. HECKOPO/JEBA

IMPABHUJIA 1 COCTABHBIE YACTU METOJUKHN OBOBIIEHHO-MHOKECTBEHHOI'O
OTOBPAKEHUSI THOPOPMAIIMNU B IIOJCUCTEME AHAJIMTUYECKOI'O YUYETA CIIIIP
AYJIUTA HA BEPXHEM YPOBHE

Busnauena iHdopMaris aHaIITHYHOTO OOJIIKY, KA XapaKTepHu3ye CTaH 1 pe3yJbTaTH AISUIbHOCTI MiANPHEMCTBA 32 MEepioj MepeBipKU Ha BEPXHHOMY
piBHI. BeraHoBIIEHO B3a€MO3B'I3KH aHAMITHYHOTO OOJNIKY 1 XapaKTEpHCTHK MiJIpHEMCTBA K 00'ekTa ynpasmiHHsA. DopmanizoBaHi (YHKI[IOHAIBHI
3aJIeKHOCTI, 10 XapakTepusyoTh B3aemomito 3miHHUX CIIIIP ayauty. BusHaueHo mpaBmia i BIACTHMBOCTI BIATIOBIZHOCTI BifOOpakeHb MHOKHH
YHCENBHUX 3HAYCHb 3MIHHHUX SIK IMOIEPEeIHIN eTan MiATOTOBKM JaHHUX Uil ayauty. Ha migcTaBi oTpumaHuX pe3yabTatiB cHOpMyIbOBaHa CYTHICTH
METO/IUKH y3aralbHeHO-MHOXXHHHOTO BifoOpaskenHs iHpopmanii B CIIIIP ayauTy.

KarouoBi cioBa: anamituunuii o6mik, inpopmauiitna Texuonoris, CIIIIP ayauty, Meroamka y3arajJbHEHO-MHOXXHHHOIO BimoOpakeHHs
iHdopmarii.

OmnpefeneHa HHPOPMALNS AHATMTHYECKOTO ydeTa XapaKTepu3yIolasi COCTOSIHIE U Pe3yJIbTaThl ACATEIbHOCTH HPEAIPUATHS 3a IEPHO IPOBEPKH HA
BEpXHEM YpPOBHE. YCTaHOBJICHBI B3aHMOCBSI3M aHAJIUTHYECKOTO y4eTa W XapaKTepPHUCTHK IPEANpHATHS Kak oObekTa ynpasieHus. dopmaan3oBaHbI
(yHKIMOHAIBHBIC 3aBUCUMOCTH, XapaKkTepusyronye B3anmozeiicteue nepeMeHHbIx CIITIP aynuta. OnpeneneHs! paBuia ¥ CBOHCTBAa COOTBETCTBUS
0TOOpaXKeHHH MHOXECTB YHCIICHHBIX 3HAYCHHH MEPEeMEHHBIX KaK IIPeBAPHTEIbHBIA 3Tal MOArOTOBKM [AaHHBIX Ui ayaurta. Ha ocHOBaHuH
MIOJTy9EHHBIX PE3yJIbTaTOB C(OPMYIUPOBaAHA CYITHOCTH METOAUKH 0000IIEHHO-MHOXKECTBEHHOT0 0ToOparkeHust nHdopmanyu B CIIIIP ayauTa.

KnaioueBnle ci0Ba: aHanmuTHYeCKHi yder, HH(popMmanuonHas TtexHonorus, CIIIIP aymura, Meromuka o000OIIEHHO-MHOXXECTBEHHOTO
0TOOpaKeHUsT MH(POPMALIUH.

The information of the analytical account which characterizing a state and enterprise activity results for the check period on the top level is defined.
The relationship between the analytical accounting and the characteristics of the enterprise as an object of management is established. Functional
dependencies which characterizing the interaction of the DSS audit variables are formalized. The rules and properties of sets mappings correspondence
of numerical values of variables are defined as a preliminary stage of data preparation for audit. Based on the obtained results, the essence of the
generalized-multiple information mapping technique in the DSS of the audit is formulated. The application of this technique will allow: to reduce the
volume of analyzed multidimensional data or actual verification at lower levels by allocating equivalent subsets at the upper levels; use the results of a
polyalternative analysis on a set of characteristics of data sets for preparing decision-making with polyalternative criteria for assessing the equivalence
of sets in IT multi-level DSS audit; determine the reason for the lack of data equivalence, through the definition of functional relationships, the
implementation of which does not correspond to the properties of mappings.
Keywords: analytical accounting, information technology, DSS of audit, methodology of generalized-multiple mapping of information.

BBegenne. B Hacrosimiee Bpems  aKTyalbHOH
HAyYHO-TEXHHYECKOH  TpoOiIeMoil  WH(POPMAIIMOHHBIX

ero mojacucteM, ¢ WT KoHTpoussi, ydera, ymnpaBIeHUs,
BeleHUsT OW3Heca, ¢ APYIMMH CHCTEMaMH B CTPYKType

TEXHOJIOTHH (PHHAHCOBO-IKOHOMHYECKON CEephI SIBISETCS
aBTOMAaTH3alWs aHAJM3a OOJBITUX 00BEMOB NaHHBEIX (-
HAHCOBO-YKOHOMHUUECKOI MH(popManuu npeanpustuii [1]
XPaHAIIMXCS ¥ MOCTYNAIONIMX B PEKUME OHJIAaHH B 0a3bl
JMAHHBIX JIOKABHBIX M TJ00aJbHBIX KOMIBIOTEPHBIX
CHUCTEM C LIENbI0 (OPMUPOBAHHUS PEKOMEHJAIMH MPHHS-
THSI pELICHUN [IPU ayIUTe.

CymiectBytoiue Ha cerofusmHui neas UT aynuta
MO3BOJISIIOT ~ aBTOMAaTU3UPOBATH  TOJBKO  OTAEJIbHBIC
NpoLEeNyphl aHah3a WIM [POBECTH AaHAIUTHUYECKUE
Npoueaypsl B CHEIUalbHBIX ciydasx [2,3]. I'pynna
METO/I0B OOHapyXEHHUsI MOIICHHUYECTBA, OCHOBAaHHAs Ha
MPUMEHCHUH MOJIeIed HEHWPOHHBIX (BEPOSTHOCTHBIX)
CeTel, JIOTUCTUYECKUX DPErpeccui, NepeBbsAX pELICHUH,
mpeacraBieHa B paborax [4-6]. T.e. cymectByeT
po6JIeMa MOMHOTHI, YHUBEPCANBHOCTH U KOMIUIEKCHOCTH
UT ananusa. Taxxke cymectsyromue WT xapaxrepu-
3YIOTCSL CIIEAYIOIIMMH TpoOieMaMH: aBTOMATH3ALUU
B3aMMOCBSI3aHHOTO (TT0 MHOKECTBAM M 33jJa4aM) aHaIN3a,
oOpaTHOW CBS3MW O €ro  pe3ylbTaTUBHOCTH H
3¢ (GEKTUBHOCTH, ONTHMHU3AIUN aHAIN3a B COOTBETCTBUU
C LesIMU U orpaHudeHusiMu, 3agaHHbiMu JIIIP, a Taxoke
nuanora ¢ JITIP Ha s3bIke mpeIMETHOI 00acTy Ha 3Tamax
3a/laHusl 3aJ]a4d U UHTEPIIPETalluy pe3yIbTaTOB aHAIM3A.

[pennpusitie, Kak 00BEKT ayIUTa, XapaKTepU3yeTCs
r7100abHOW MHOTOYPOBHEBOW HEPAPXUIHON CTPYKTYPOI
Pa3HOPOAHBIX, MHOTO(AKTOPHBIX, MHOTOQYHKIIHOHAIE-
HBIX CBS3€H, B3aMMO3aBHCHMOCTEH M B3aWMOACHCTBHUI

HallMOHAIILHOM 3KOHOMHMKH. COBpEMEHHash METO/O0JIOTHS
MPUKJIAJTHOTO CHCTEMHOTO aHaJli3a HE COOTBETCTBYET
JMaHHbIM TpeboBanusiM [7]. CreaoBaTenbHO, CYIIECTBYET
npoGyiieMa pa3pabOTKH METOJOJOTUIECKHUX OCHOB MPOEK-
tupoBanusa UT aynura.

[lpumMeHeHHe COBpPEMEHHBIX CHCTEM y4yeTra |
YIpaBJCHUs, HA MPEANPUATHHA KOTOPbIE HHTEIPUPOBAHBI B
rno0asbHBIE, MHOTOYPOBHEBBIE CHCTEMBI HH(pOpMa-
IIMOHHBIX KOMIIBIOTEPHBIX CETeH JaeT IMOTeHIUaIbHbIC
BO3MOXKHOCTH OO0pabOTKH OONBOIMX OOBEMOB TaHHEIX,
KOTOpBIE HCIOJIB3YIOTCA He B mnojHOW Mepe [7]. B [8]
NPE/ICTaBICHA apXWUTEKTypa IIOJICHCTEM BHEIIHETO W
BHyTpeHHero aymura cuctembl Audit 4.0, BHempeHue u
(YHKIIMOHUPOBAaHUE KOTOPBIX CTAJIKMBAETCS C MPOoOIeMoit
00paboTkn OompmuX O00BEMOB JaHHBIX. Takke Ha
CerOJHAIIHUI JIeHb B MNPakTHYECKUX M  HAay4dHBIX
WCTOYHMKAX, H3YYAlOUIMX MPOOJIeMbl M TEPCHEKTHUBBI
pasBUTHsI ~ aymuTa  pacCMaTpUBAETCS  BO3MOXKHOCTD
NPUHATHUS 3aKOHOJAATENbHBIX aKTOB, KOTOPBIE MO3BOJISIT
UCIIONIb30BaTh ~ AHAINTHYECKUWE  J0Ka3aTenbcTBa (B
YaCTHOCTH NMPOTHBOPEUNBOCTH JAAHHBIX) MOJIYUYEHHbIE ITPU
aHanMu3e OOJIBIIMX 0OBEMOB JAaHHBIX B KauecTBE 0OOCHO-
BaHMs CyAEOHBIX pelIeHUH 0e3 JOKyMEHTaJILHOI'0 Hccie-
JIOBAHUS MIEPBUYHBIX JOKYMEHTOB [9].

B pa6ore [10] mpeacraBnena Metouka 0000IEHHO-
MHOXECTBEHHOTO  OTOOpakeHHsT ~ HHpOpMamuu B
MOZCUCTEME JKCIIPEecc-ay[uTa Ha BEPXHEM YPOBHE.
[TokazaTenn, KOTOpBIE AaHAIM3UPYIOTCS HAa BEPXHEM
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YPOBHE  ONpENENAIOTCS HAa  OCHOBAaHMM  3HAYCHHMU
MoKa3aTesIed CPeTHETO YPOBHA, KOTOPBIE B CBOIO OYEPE]b
OMpENENAIOTCS Ha OCHOBAaHUM IIOKas3aTeled HUKHETrO
ypoBHs. B ciydae BBISIBICHHS HEOKBHBAJIEHTHBIX ITOJIMHO-
JKECTB JaHHBIX CUHTETHYECKOIO y4eTa CUCTEMA MEPEKIII0-
gaercss (uepe3 JIIIP) Ha mopcucTeMy aHaIHMTUYECKOTO
yuera. Taxke JIIIP MoOeT caMOCTOSATENBHO OIPENEIUTD
MHOXKECTBA aHalu3a aHaJIUTHYECKOro ydera. B moncuc-
TeMe paccMaTpuBaeTcs 3 ypoBHsS (pOpMHUPOBAHHUS JAHHBIX:
BEPXHHUM, CpeJHMN, HIDKHUM, KOTOpBIE COOTBETCTBYIOT
IBIDKCHUIO WHpOpManuu O (OPMHUPOBAHHUU PACXOAOB U
poxonoB. Ha  BepxHeM  ypoBHE — J€TaIU3UpYyeETCsS
nHpopManus CHHTETHYECKOTO YydeTa IO CIIEAYIOLINM
JJIeMEHTaM:  MOJABUAAaM  ONepaluid W HOABHIAM
XO3AMCTBEHHBIX CPEACTB U HICTOYHUKOB BEPXHETO YPOBHH,
[0 eIUHMIAM H3MEpEHUs (B IICHEXKHBIX M HATYpPaIbHBIX
eIMHUIIAX).

Ienp crarbu: co3JaHUE METOJUKUA IIPUMEHEHUS
CHELHUaJbHOTO MaTEMaTHYecKOro ¥ HH(GOPMAIOHHOTO
obecrieueHus MoJCUCTEMbl aHanuTHdeckoro yuera CIIIIP
ayluTa BEPXHErO0 YPOBHsA, Kak OJHAa M3 I0J3a1ad
npoektupoBanust CIIIIP  aynura. [nsg  AOCTHXKEHHA
JAHHOH LEeNU COIJIACHO IpaBHIaM CHCTEMHOTO aHalu3a
NpeAnpusATHs Kak O0O0BeKTa yNpaBICHUS HEOOXOANMO
ONpPENEIUTh COCTAaBHBIE YacTH METOJUKU HPOEKTHPO-

BaHMA NOJCUCTEMBI 3Kcmpecc ayaurta. [as sToro
HEOOXOIUMO PEUINTh CICAYIOINE 3aTaUH:
e OmpeneauTh HUHPOPMAIUIO  AHATUTHYCCKOIO

ydeTa XapakTEpU3YIOLYH COCTOSHUE U Pe3Yilb-
TaThl JEATENBHOCTH MNPEINpUSATHS 33 MEepuoj
MIPOBEPKH HAa BEPXHEM YPOBHE.

e  YCTaHOBUTH B3aMMOCBSI3M aHAIUTHYECKOTO y4yeTa
M XapaKTePUCTHK NPEANpUATHS KaK OOBeKTa
YIpaBJICHUS.

e BbHINOJHUTh  KJIACCU(HKAIMIO  NEPEeMEHHBIX,
XapakTepU3YIOIUX COCTOSIHUE W  PE3yJbTaThl
JIeITeIIbHOCTH KaK 00beKTa yIpaBIIeHUs..

e (QopmanmzoBath  (QyHKIMOHAIBHBIE  3aBHCH-
MOCTH, XapaKTepU3yIOIIHe B3aUMOCHUCTBHUE
nepemenHsix CIIIIP aynuTa.

® ONpeneNuTh MpaBuia 0000IEHHO-MHOXKECTBEH-
HOTO OTOOpaXeHMS MHOXECTB  YHCIEHHBIX
3HAYEHUHN [IEPEMEHHBIX.

® OIpEeNeNnuTh CBOMCTBA COOTBETCTBHA OTOOpa-
JKEHMH MHOXKECTB UUCIICHHBIX 3HAUEHUIl mepe-
MEHHBIX KaK NpPeABAPUTEIbHBII 3Tal MOArOTOB-
KU JIaHHBIX JUI ayJUTa.

Ha Bropom »rane pa3paboOTKH CIIEIHAIBHOIO
MaTEMaTUYECKOTO obecrieueHus MOJICUCTEMBI
AHAJINTHYECKOTO ydeTra Ha BepxHeM yposHe CIIITP
ayauTa HEO0OXOAMMO OIPENeNuTh JaHHBIE aHaJIUTH-
YECKOI0  ydeTa XapaKTEpPU3YIOIIYI0 COCTOSIHHUE U
pe3yIbTAaThl EATENBHOCTH TPEANPHUATHS 32 MEpUoJ
MIPOBEPKH.

1. Hudopmanuss  aHAJIMTHYECKOro  ydyeTa
XapaKTepU3yIiass  COCTOSIHHE W Pe3yJbTaThl
JAeITeIbHOCTH NMPeINpHUATHS 32 nepuoj nposepku. Ha
BEpPXHEM YPOBHE ayJHTa aHAIUTHYECKOTO ydeTa paccMmar-
pUBaeTCs  JEATENbHOCTh MPENNpUATHS 32 HEpUoj

HpPOBEpKH | ¥ COCTOSIHME Ha MOMeHT Bpemenu [y+T ,

KOTOPBIE ACTATU3UPYIOT HAHHBIE aHAJIUTUYECCKOro ydera
I10 DJIEMEHTAaM, YKa3aHHBIM BBIIIE!

L — — N
Q*M =1, (to +T),O6|ds(f),06:<s U))’UUSII;(T)’

Is=1 1,=11,=1

L,

S

Lg
UUS M)seM (1) Al €G* L ()

I,=11,=1

= —d —k
C, =(C,.V,,), 061, =(06] V\"), 061, =(06 V),

Sit =SV 87 =),

rne Q% MHOXKECTBO TMOKa3aTejell aHATUTUYECKOTro
y4era Ha BEpXHEM YPOBHE,

ty, m T — Hauano mepuoma M IepUOA ydeTa
COOTBETCTBEHHO,

| u L — HOMEp M KONMHYECTBO CyOCUETOB,
S,€,J — HOMepa CUETOB,

M — MHOXeCTBO CUETOB, IPUMEHSIEMBIX B yUeTe,
C — ocrarok Ha cyeTy Ha MOMEHT BPEMEHH,

V — 00beM B HaTYpaJbHBIX €ANHHLIAX,

d u k — neber u KpequT cyeTa COOTBETCTBEHHO,

06?s u O6E — 000poOTH 3a Tepuox 1Mo nedery u
kpeauty cybeuera |y coorsercTBeHHO,

(Is,1¢) m (Ig,l5) — xoppecnomnnennus onepamii 1o
nebGery u kpenuty cybedera | coorercTBeHHO,

I
SlIe ¥ S° — CyMMBI YaCTHYHBIX 00OPOTOB 3a MEPH-
S 9

on ¢ xoppecnonnenmueii (Ig,lg) u (Ig,l5) mo neGery u
kpeauty cybcuera | coorBercTBeHHO,

G? — rpad KoppecnoHIeHIMIi TOBUIOB ONEpaLHii
JIeATEJIbHOCTH MIPEATPUSITHSL.

CorymacHO TpaBWJIaM CHCTEMHOTO aHalin3a JIKOHO-
MUKO-TIPOU3BOJCTBEHHON  JESITETbHOCTH  HEO00X0IUMO
OIpe/eNIUTh B3aMMOCBSI3M IOKa3zaTesiel aHaJUTUYECKOIO
ydera MHOXecTBa (1), XapaKTepu3yIOUIHMX OCOOCHHOCTH
MpENpUATHSI KaKk 00bekTa yrnpasieHus. s 3Toro HeoO-
XOJIIMO BBITIOJIHUATH WX Kiaccudpukanuo. [Ipu 3ToM Hano
YYeCTbh, YTO KaK OOBEKT YIPABICHUS MPEINPUATHE XapaK-
Tepusyercs:

®  COCTOSIHUEM Ha MOMEHT BPEMEHHU;

® [IEPEMEHHBIMH, XapaKTEePU3YIOIIMMH JIeATelb-

HOCTb MIPEATIPUSTHS.

Kax nmpenBapuTenbHBI dTanm  KIACCHU(PUKAIUN
MIEPEMEHHBIX, OINpEeeIUM B3aUMOCBSI3U IOKa3aTelen
AHAJIMTUYECKOTO YUeTa C IAaHHBIMU XapaKTEPUCTUKAMM.

2. B3anMocCBSI3b JaHHBIX AHAJIUTHYECKOr0 Yy4yeTa
¢ XapakTepUCTHMKAMHU NPeANPHATHA Kak o00beKTa
ynpasJjienusi. CorjacHO 3aKOHOJATENIbHBIM HOpMam
[Inana cueroB m MeTonuvyecKuXx peKOMEHAAlMi MO ero
IIPUMEHEHHIO COOTBETCTBUE MEXKy IEPEMEHHBIMU aHAJIH-
Tr4yeckoro yuera (1) u xapakTepuCTUKaMH MPEANpPUSITHS,
KaKk OOBEKTa VMPaBICHHUS OMpPENeIsieTCS CIeTyIOIIM
o6pasom (tadi. 1).
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Ha BepxHeM ypoBHE B MOJCHCTEME aHAIUTHIECKOTO
paccMaTpuBaroTCs
XapaKTEPU3YIOIINE COCTOSHHUE IPEIIPHUITHS:

Homep cueta S — koA XO3SIICTBEHHOIO CpEICTBa
npennpuaATH A WM UCTOYHHKA XO3IHCTBEHHBIX CPEACTB

ydeTa

CIICIYIOIIIHE

1, KoTOpBIM BrAZIEET IPEIPHUSITHE.

Howmep cybcuera |S — KOJI ITOJIBUA XO3SIMCTBEHHOTO

CpCACTBa MNPCANIPUATUA A WIM HCTOYHUKA XO3SHCT-
BCHHBIX CPCICTB 11 , KOTOPBIM BJIAaJACCT NPECAINPUATHC.

KOJIM4YCCTBO IIOJABHUIOB

L —

S

CpCACTBa WJIM HCTOYHHUKA XO3SIHCTBEHHBIX CpCACTB E|S y

XO03SMCTBEHHOT'O

NIepEeMEHHBIE,

Ha MOMEHT BPEMEHU COOTBETCTBEHHO.

ydeTa

JCHCXKHBIX

kpeaury cyb6euera |
€MHULAX

cieayromue

COOTBETCTBEHHO —
npeoOpa3oBaHus

HNCTOYHUKOB E|S B JICHCKHBIX U HATYpaJbHBIX CAWHULAX

DKOHOMHUYECKHI CMBICI TEPEMEHHBIX aHAIUTHU-
YEeCKOTro y4eTa U MX B3aMMOCBSI3H [IPUBE/ICHBI B TA0OIHUIIE.

Ha BepxHEM ypoOBHE B MOJCHCTEME aHATUTHYECKOTO
paccMaTpHUBarOTCSI
XapaKTEPU3YIOIINE eI TEILHOCTD TPEIIPHUITHSL.

NEPEMCHHBIC,

OGopoTsI O6,dS " O6t 3a Teproa 1o nebery u

OLCHKH B
noaBuga

XO3SIICTBEHHOTO  CPEACTBa HIJIM HCTOYHHUKA B
KOTOPBIM BJIAJIEET NPEAIPUATHE.
Ocratkn C, u V| Ha cy6cuere — oreHkH octaTkop I AHPABICHIH YBEIMICHHA " YMCHBIICHHA
s s COOTBETCTBEHHO.
MIOJBUJIOB XO35MCTBEHHBIX CPEACTB NPEANPUATHS WIH UX
Tabauua 1 - B3anMoCBsI31 IepeMEHHBIX aHATUTHYECKOTO yUeTa ¢ XapaKTePHCTUKAMHU MPEAIPUATHS Kak 00BEKTa YIIpaBICHHS
0O0603Ha- IIepemennas XapakTepucTHKa NpearnpusTus dopmanuzaius B3auMOCBA3H
YeHue AQHAJIMTHYECKOTO y4eTa
S u |S Homep cuera m cyOcuera | Bun u momBua Xo3sICTBEHHOTO A, ,S — aKTMBHBIii cUeT,
COOTBETCTBEHHO cpenctea A wm wucroummka | E| =7 ° N
. s I, ,S — maccHBHBIN cueT
X03sMCTBeHHBIX cpencT 11 s
L MHOXecTBO cybcueroB | MHOXKECTBO [O/IBH/IOB L,
cuyera S, NPUMCHACMEIX B | XO3sMcTBeHHOro cpeactsa mwmi | Eg = UE|
o S
yaere HCTOYHHKA XO3SIHCTBEHHBIX 1,=1
cpelcTB E,S , KOTOpBHIM BJajiceT
HpENpHUsITHE
C, Ocratok cy6euera | s | Kommuectso nopsuaa | C, :m(E|S ).
CHEKHBIX 1 HATVDATLHELX XO3SIHCTBEHHOTO  CPEACTBA  HJIM
Vi A yp HCTOYHHKA xossiicreennnx | V). =V (E )
s €JIMHUIIaX COOTBETCTBEHHO s s
cpencts B B gemexmpx n
HATypaJbHBIX  COWHMIAX  HA
MOMEHT BPEMEHH COOTBETCTBEHHO
K TIOHICHIIHSI i SeT MOJABHI OIl uu I + =F
(|S,|e) OPPECTIOHEHI] Ompenense OABHUJ OIEpanuu, ong =0n(E| 1E|+)vE| GUES!
omepaimi 1o jaebery | Kotopas [PUBOJIUT K s s’ le s
cy6euera | npeoOpa3oBaHHI0 MOZBUIIOB | E ¢ U E. .
XO34HCTBEHHBIX  CPEICTB WU ¢
lg + ¥
(I.ls) | Koppecnomerx ucrounnkos npenpustns £y un on; = 0I’1(E|gS E| )E € U E,,
omepalud M0  KPeIuTy E|e B HAMPAB/ICHUN YBEMMYEHUS | E, ¢ UE
cy6euera | . 9 9
XO3SHCTBEHHOTO CpenacTBa
TPEINPHUSTHS E|s 1701171
YMEHBIICHUSA HCTOYHHKA
XO3SIHCTBEHHBIX CPEJICTB E,s
SIE Cymma yacTH4HbIX | OlIEHKa B JACHEKHOM H3MEpPEHHHU SIe _ ,u(Onle)
| I, — |
) obopotos  mo - Ae6ETY | \yoxecrs  omepawnii On:e c : )
(Sl'g ) cybcuera |s c s
7 | |
s . KOppeCOHACHIIMEH I, 9 _ g
xoppecrionnenmmeit (I, 1,) | (Is.1e) (S’lS /U(On|s )
g .
(o kpenuty cybeuera lg ¢ (On|s ¢ KOPPCCHOHNCHIMCH
KOPPECHOHICHIIHEH (|g,|5) (|g,|s))
d O060pOoTEI o neber OLeHKY B JEHEKHBIX €IMHHIIAX d _ +
o5 P y 06 = u(On(E))),
cy6euera | npeobpa3oBaHus HO/IBH/IA
(oBopotsi Mo KpeuTy XO3SIMCTBEHHOTO  CPEACTBA  HJIM
k k —
(06y,) uctounuka E; B manpasnenun | (06 = 1(On(E;))))
s cybeuera | ) s s s
yBeIn4eHHs (yMEHBIICHUS)
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Koppecnonnenuust  onepaunn  (Ig,l,) mo neGery

cy6cqua IS OIMpCAciiAe€T NoABUJ OICpalru, KOTOpas

MPUBOJAUT K npeoGpa3OBaH1/Ho MOJABUAOB XO3SHCTBEHHBIX
CpCACTB HJIM HCTOYHUKOB HNPCATIPUATHA E|s u Ele B

HaNpaBICHUN YBEIWYCHUS XO3AHCTBEHHOTO CpEACTBA
npepnpustus B, i yMmeHblleHMs — MCTO4HMKaA

XO03IMCTBEHHBIX CpCaCTB E|s .

[
CyMMBI YaCTHYHBIX 000POTOB SI'E u S° mo nebery
s S

U KpemuTy cyOcuera | COOTBETCTBEHHO — OLECHKH B
JIEHEKHOM M3MEPEHUH MHOYKECTB OIEPalUii ¢ KOPPECHOH-
nenumeit (Ig,1.) n (Ig,ls) COOTBETCTBEHHO.

I'padp  koppecmoHmeHimm omeparmii G®  —
MHOXKECTBO TIO/IBU/IOB ONEpaluii, KOTOpbIE OCYIIECTBIISET
NIpEANpUATHE.

B3anmocBsi3u nepeMeHHbIX aHAJMTHYECKOTO y4eTa C
XapaKTepUCTUKAMHU MPEATIPUATHS Kak o0bekTa
ymnpasieHuss (Taby. 1) ompenensroT UX CBOMCTBA H
B3aHMOCBSI3M W SIBIITIOTCS OCHOBaHHEM  [UIA
KIaccH(UKAITUH ITePeMEHHBIX.

Jns xnmaccupukanmuy TepeMEHHBIX JesTeIbHOCTH,
COTJIACHO TpaBHWJIaM CHCTEMHOTO aHaiu3a HYXXHO
OTIpENICITATH B3aMMO/ICHCTBHE MHOJKECTB,
XapaKTCpU3yrommnx JCATCIBbHOCTD npeanpuAaTs Ha
BEpXHEM YpPOBHE M  CTPYKTYpy HX  B3aUMHOIO
COOTHOUICHHS, OIpPENENICHHYI0 CcorjacHo IlomoxeHusM
(cranmapram) O6yxranatrepckoro yuera (I1(c)bY). CornacHo
9TOMY, CTPYKTYPY  B3aUMHOTO  COOTHOIIEHHS H
B3aUMOJICHCTBUSI MHOXKECTB ~ Olepauuii 1o  jaedery
cy0cueTtoB | cornacHo npaBuiam aHaJIUTHYECKOTO ydeTa

MOXXHO TIPEICTaBUTH B
MMOIMHOXKECTB  OIIEpaIuii,

kpeauToM cy6eueros |

BU/IE€  HENEPEeCceKaIOMUXCs
KOPPECTIOHUPYIOINX €

P I 12
On(E;)=JOny, OngNOn¢ =@, I;=1L, (2)
le=1

rae Omn— MHOXECTBO OIepariui,
(5 1e)
cybeuera .
CTpyKTYypy COOTHONICHHSI ¥  B3aUMOJECHCTBUS
MHOXECTB onepaum‘/'l ACATCIBHOCTH NPEANIPUATHA 110
KpEINUTy
AHAIMTHYECKOTO y4eTa MOXHO TMPEICTaBUTh B BHIE
HeTepeceKaomuxcs TIOJIMHO>KECTB orepanui,
KOPPECTIOHMPYIOIIKX ¢ febeToM cybeueTos g :

— KOppECHOH/ICHIIUS Olepauuii no aedery

cyocueroB  |g  cormacho  mpaBuiam

Lg 1 2 —_—
On(E}) = UOH:j, onlg non:g -2, 1, =1L, ,(3)
lo=1
rane  On — MHOXKECTBO OIepaIHid,
(Ig,ls) — KOPPECHOH/ICHIIMS OTEPAIMi 10 KPEIUTY
cybcuera .

JleTam3upoBaHHYIO (o
CHHTETUYCCKOMY YYEeTy Ha BEPXHEM YpOBHE,

OTHOIICHUIO K

[10])

CTPYKTYPY B3aMMHOTO COOTHOLICHHUS M B3aMMOJICHCTBHS

MHOKECTBA onepanuit pacxomoB eI TEILHOCTH
TIPEAIPUATHS MOKHO MIPEICTaBUTh B BHUJIE
HETIePECEeKAONMMXCS ~ MOAMHOXKECTB 0  TOIBHIAM

omepanuil pacxoJOB U JOXOJIOB C COOTBETCTBYIOIIEU
KOpPPECIIOHICHIINEHM:

L L L
Ongiy = U UyUon;: ng Ony:, vid <Vid, (4)

(Isvle)/\(lsvlg)EG;(vid) IS:ﬂe:l Ig=l

Ls LQ Le
Oy = U UJUJong | Jon}:, vid eVid, (5)
U A0o 1 )eGh i =g =L 1=

rae  Om— MHOKECTBO oreparui,

vid u Vid — Bua ¥ MHOXECTBO BUIOB JAEATEILHOCTH
TPEPUATHS,

(Is,1¢) m (Ig,15) — xoppecnonnenmms onepamii 1o

nebGery u kpenuty cybedera | coorercTBeHHO,

Gs(\,id) rpad) KOPPECIOHICHIMHA ITOIBUIOB
onepaiuil pacxomos,

Gf[‘(\,id) rpad KOPPECIOHICHIMHA ITOIBUIOB
onepanuil 10X010B.

Cornacio  ompenenennoir  crpykrype  (2)—(5)
B3aHMMHOI'O COOTHOLICHHUA U BSaHMOﬂeﬁCTBHﬂ MHO>XECTB
XapaKTCpU3YyHOIHX ACATCIBbHOCTD npeanpuATs Ha
BEPXHEM YpPOBHE aHANMTUYCCKOTO YyYeTa, BEIIOJIHAM
KIaccu(hUKaIIio MepEeMEHHBIX HSKOHOMHKO-

MPOMU3BOJICTBEHHOH JEATEIILHOCTH MPEITIPHUSATHSL.

3. Kaaccuduxauuss mnepeMeHHbIX 3KOHOMHUKO-
NMPOM3BOJACTBEHHOH [1esiTeIbHOCTH mpeanpusaTus. B
COOTBETCTBHH C IpaBUJIaMu (pOPMHUPOBAHMS ITEPEMEHHBIX
Ha BepxHeM ypoBHe (Tabi. 1), ompeaenéHHON CTPYKType
B3auMoJieiicTBus omneparuii (2)—(5) u cormacHo TOro, 4To
CiIb yrnpaBJI€HUA JACATCIbHOCTBIO npeanpuiaTua  —
MoJyueHre MpUObUI (Bce TOJBUIBI ONEPAIMA PacX0JI0B

Ol 1o KaxJIoMy BHJY J€ATEIBHOCTH OCYIIECTRISIOTCS

TOJBKO € ILENbI0  MOJy4eHHS  JIOXOJOB 11O
COOTBETCTBYIOLIEMY  BHAYy  JestensHOCTH — Ongyy )
BBITIOJIHUM Kiaccu UKL HEPEMEHHBIX

AHAJIUTUICCKOTO y4eTa. Ha ocHoBanuu BBIIICCKA3aHHOTO,
OIIPEACIIAEM, qTO TICPEMEHHBIC CyMM YaCTUYHBIX
000pOTOB B HATYpalbHBIX M JEHEXKHBIX CIUHHUIIAX TIO0
MOJABUAAaM  OIEpalMid  pPacxXoJOB  KaKIOr0  BHIA
JISSITETIFHOCTH Ha BEPXHEM YpOBHE (TIpH aHATUTHYECKOM
ydere) o0pa3yloT COBOKYITHOCTh BXOJHBIX IMEPEMEHHBIX
Xvid »
HATypaJbHBIX M JCHEXKHBIX CIUHHUIAX MO TOIBHIAM
orepanuil JTOXOJOB — COBOKYITHOCTh BBIXOJHBIX IIEpe-

MNEPEMEHHBIE CYMM YaCTHUYHBIX O60pOTOB B

MCHHBIX COOTBETCTBYIOLICTO BHUJa ACATCIbHOCTU Yv?d .

X :(S_'Ilse’s_llgs’(lsJe)’\(lg’ls)EGivid) (©)
s aontect) o

S_II: = (SI: ’\/|le) ’ S_|IgS = (Sllgs |VII;) )
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rme X — BEKTOpP BXOIHBIX NEPEMEHHBIX IESTETLHOCTH
MIPEATIPUATHS,

Y — BEKTOp BBIXOJHBIX MEPEMEHHBIX JEATENHHOCTH
OPEINMPHUSTHS,

S — cymma omepartuii 3a nepuo,

S,€,J — HOMepa CUeTOB,

(Is,1¢) m (Ig,15) — xoppecnonnenums oneparii 1o
nebery u kpeauty cybeuera | cootBeTcTBEHHO,

Gy — rpad KoppecHoHICHINN IOABUAOB ONepaluil
pacxomos,

Gy — rpa¢d KOppecHoHICHIMH TOJBUIOB OIeparuii

JIOXOJIOB.

OcyIiecTBlIeHHE AEATENBHOCTH HNPEANPHITUS IO
BugaM MHOxecTBa Vid  ocymiecTBisieTcss 3a  CUeT
npeoOpa3oBaHusl IMOJBHUAOB  XO3SIHCTBEHHBIX CPEJICTB

NPSMNPUATHS M HMX MCTOYHHKOB Ej (Ise{]_,Ls}),

MOPTOMY TIEPEMEHHBIC BHIOB JICATCIBHOCTH SBIISFOTCS
BXOJHBIMH JJIS CHUCTEMBI YIPaBICHHS XO3SHCTBEHHBIMH
CpeICTBAaMH W WX HCTOYHUKAMH, a BBEIXOJHBIC IIepe-
MEHHbIE — 00BEMBI MX NPEOOpa3oBaHMs B HAINPaBJICHUH
YBEJIMYEHUs] W yMeHblleHus (00opoTsl Mo nebery u
KpPEAUTY) U OCTAaTKH (CaJIBI0):

K¢ =[Sk, (,1,) €6, v GE,, vid eVid )

v =(osi )1, efi L) ®)
X =[S0 01g.15) <G, v G, vid eVid )

v =lost i, <L) ©

)zas 2(0_6?5'0_6'2 )’VES Z(E's)ls E{]"_Ls} (10)

e X,‘: u X,t — BEKTOpa BXOJHBIX IIEPEMEHHBIX

npeoOpa3oBaHus IMOJBHAA XO3SAWCTBEHHOIO CpPEICTBA

OPEANpUsTHS WIM MCTOYHMKAa E; B HampaBieHHH
S

YBECJIIMYCHUA UK YMECHBIICHHUA COOTBETCTBEHHO,

Y,sd u Y,sk — BEKTOpa BBIXOJHBIX MEPEMEHHBIX
npeoOpa3oBaHds IMOJBHAA XO3AWCTBEHHOIO CpPEICTBA
npeanpuATaA WJIKW HNCTOYHHKA E| B HaIlpaBJICHUU

S
YBEIIMYEHHUsSI MM YMEHBIIEHUS COOTBETCTBEHHO,
Xg, u Yg  — BEKTOpa BXOIHBIX M BBIXOJHBIX
S S
TIEPEMEHHBIX COCTOsSIHUSA ImoaBuaa XO3SIUCTBEHHOTO
CpEeICTBA NPEANPUATHS UK UCTOYHUKA E| |
S

S — cymMma omepauui,

S,€, g — HOMEpa CYETOB,

M — MHOXECTBO CYETOB, IPHUMEHSIEMBIX B YUETE,

(Is,1¢) m (Ig,15) — xoppecrnonnenums oneparwii 1o
nebery u kpeauty cybedera | cootBeTcTBEHHO,

Gy - rpad KOppecHOHICHINN TOABUAOB ONEePaLHil
pacxo/ioB,

Gy — rpad KoppecrnoHAeHINN OABUIOB OHepaluit
JIOXOJIOB,

vid uw Vid — BHUJ U MHO>ECTBO BHAOB JICATECIIb-
HOCTH IIPEANIPHATHS,
C - ocrarok Ha cuery,

O6,dS u O6t — 000pOTHl TO nebeTy W KpeauTy

cybeuera | cooTBeTCTBEHHO.

Taxk xax cornacHo nmpasunaM II(c)bY Ha ocHOBaHUM
3HAYCHUH TMEePEMEHHBIX aHamuTHdeckoro yuera (6)—(10)
OTIPEeNIENIAIOTCS. 3HAYCHHUA NEPEMEHHBIX CHHTETHYECKOTO
yaera Ha BepxHem ypoBHe [10], TO peammzamms
B3aMMOCBSI3€ MEXIy HHMH 3aBHCHUT OT pealn3alui
B3aMMOCBSI3€H MEXIy NEPEMEHHBIMU aHAJIHTHYECKOTO
yaera (6)—(10), xoTopsie HEOOXOOMMO HCCICIOBATH IS
CO3JIaHUs CNELHAIBHOTO0 MaTeMaTH4YecKoro obOecrieueHus
CIIIIP ayauta BepXHEro ypoBHS.

4. Onmnpenenenne (YHKUMOHAJIBHBIX 3aBHCH-
MocTeil XapaKTepu3yuIux B3auMo/IelicTBHe
nepeMeHHbIX aHajuTH4yeckoro ydera CIIIIP aynura.
Mexny BXOOHBIMH M BBIXOJHBIMH  I€PEMECHHBIMH
MOJCUCTEMBl  aHAIMTHYECKOTO  ydeTa TI0  BHIAM
NESTeTTPHOCTH, OIpeneNeHHBIME B (6)—(10) cymecTByroT
MHOXKECTBAa B3aHMOCBSI3€H, KOTOPBIE XapaKTEePH3YIOT
0COOCHHOCTH JeATeIHHOCTH (TIpe0Opa3oBaHHe PacXoI0B B
JIOXOJBI), TpaBWiIa W HOPMATHBBl YYETHOW MOJHTHKU
NpPEANpUSITHS HAa BEPXHEM YPOBHE aHAINTHYECKOTO ydueTa

N2 :

DY ()z\a/lid Yot Nt ) vid eVid , (11)

rme X — BEKTOp BXOJIHBIX MEPEMEHHBIX JEATETbHOCTH
HpeANPUITHS,

Y — BeKTOp BBIXOMHBIX MEPEMEHHBIX JEATENHHOCTH
HpeANpUITHS,

N — BEKTOp HOPMATHBHBIX NaHHBIX ICATEILHOCTH
TpeANpUsTHS,

vid m Vid — BHg ¥ MHOXECTBO
JIeSITEJIbHOCTHU TPEIIPHUSATHS,

a — MHJIEKC BEPXHEr0 YPOBHS,

@ — MHOXECTBO B3aHMMOCBSI3€Eil.

[anee, yuutsiBasi, CTpyKTypy MHOKECTB OIlepaluil
(2)—(5), MHOXeCTBO KOPPECTIOHACHIINI BCEX OMeparuii
NpPE/ICTABUM B BHJE OOBEAMHEHHUS HENepeceKarolnxcs
MHOYECTB OIEpalyi 1o BHIaM ICSITEIbHOCTH, PAacX0I0B
u goxomoB. CremoBaTelbHO, B3aUMOCBS3H  MEXKAY
rpadaMy KOpPECIIOH/ICHIIUH Ollepaliii JaHHBIX MHOXKECTB
MOXHO MPE/ICTaBUTH CIEAYIOIIMM 00pa3oM:

Ga = UGivid UG;i(vid’
videVid

BHUIOB

(12)

rme G? — rpad KoppecroHIeHIHH TOIBUIOB ONeparyii
MPEIPUITHSA,

G% — rpad KOppECIOHACHIMH TIOABUIOB ONEpPALHii
pacxomos,

Gy — rpad) KOppeCOHIEHIMHU MOIBHIOB OIEpALHii
JIOXOJIOB,
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vid um Vid — BHI W MHOXECTBO
JEATETBHOCTH MPEANPHSTHS.

Mekay TepeMEHHBIMU YIIPABICHUS XO3SMCTBEH-
HBIMH  CPEICTBAMH W  UCTOYHHKAMM, CYIIECTBYIOT
MHOXKECTBA B3aMMOCBS3€M, KOTOPBIE XapaKTEPH3YIOT HX
npeoOpa3oBaHue B PE3YJIbTATE AEATENbHOCTH:

BHI0OB

—k  —k(Zl a
O6|5—<D|S[S|g,(lg,ls)eG ),SEM, I, e L }(13)

08! =4[5} (s 1) <G |iseM, 1 e L a)

C, =q_>i(<76i,<73lks),seM el @)

rie ®© — BeKTOP-QYHKIHS.

B3anMmocBs3u (13)—(15) COTJIACHO I[I(c)BY
OTIpENICIICHBI B SIBHOM BHJC M MX Peaj3alus 3a MepHOJ
MIPOBEPKH MOXET OBITH NpPOBEpEHa B aBTOMATHICCKOM
pexnMme (HampuMmep, IyTEeM TECTHPOBAHUS CHCTEMBI
ydera).

B3anMocBsa3un Mexmy TNepeMEHHBIMH ACSTEIbHOCTH
(6), (7) sABIISAIOTCS KOMITO3UITMEN B3aMMOCBSI3EH MEpeMeH-
HBIX HIDKHUX YPOBHEU U MEXIy ypoBHAMU. Tak kak pas-
MEpPHOCTb, O0BEMBI JITaHHBIX U B3aHMMOCBSI3E€H Ha HIDKEM
YPOBHE PE3KO BO3PACTaIOT, TO UX HEMOCPEICTBEHHAs MPO-
BepKa TpeOyeT 3HAYMTENIbHBIX BBIYHCIHMTEIBHBIX pecyp-
coB. [y co3maHus METOUKH NPUMEHEHHs CIIEIHaIbHOTO
MaTeMaTHIECKOro o0ecmeueHns] WX IPOBEPKH HEOOXO-
IUMO pPacCMOTpEeTh MpaBuia (OPMHUPOBAHUS OTOOpake-
HUM UX YUCIICHHBIX 3HAUCHUU.

5. IIpaBuaa 000011I€HHO-MHOKeCTBEHHOI'0
0TOOpa’keHHs] JAHHBIX  AHAJUTHYECKOIO0  y4era
npeanpusTUsT HAa BepxXHeM YpoBHe. MHOXecTBa

(GYHKIMOHANBHBIX B3aHMMOCBSI3EH MEXAy BXOIHBIMHU H
BBIXOJHBIMU TI€PEMEHHBIMHU JEATEIIFHOCTH, ONpEAeIICH-
Hele B (11) mopoxmaroT OTOOpa)XeHHE IOAMHOXKECTB
JAHHBIX AHAJIUTHYECKOTO y4eTa BXOIHBIX HMEPEMEHHBIX
(6) B mOIMHOXKECTBA JAHHBIX BBIXOJHBIX MepeMeHHBIX (7)
3a mepuof T :

X5 (M —Eo v (1), (16)

e X (M) MMOJIMHOKECTBO 3HAUYEHHUH BXOJHBIX
MePEMEHHBIX aHATUTUIECKOTO yUeTa,

Y& (T) — MOAMHOKECTBO 3HAYEHWH BBIXOIHBIX
MePEMEHHBIX aHATUTUIECKOTO yUeTa,

fi — oroOpakeHHe TOAMHOXECTBA 3HAYCHMIT

BXOJHBIX MNMEPEMCHHBIX 3a IEPUOI T B IIOJMHOXECCTBA
3HAYCHHH BBIXOJHBIX TEPEMCHHBIX AHAJIUTHUYCCKOTO
yueTa ACATCIbHOCTU.

v} a
IlpaBuna u mapamerpsl oroOpaxenuit  f

OTIPENEISIOTCS CBOMCTBaMHU u napaMeTpamu

(yHKIMOHATBHBIX B3aUMOCBSI3€el (11) MEXAY

COOTBETCTBYIOIIIUMU TNICPEMEHHBIMU. ﬂﬂﬂ UX TMPOBEPKU
HE0OXOIMMO ONIPEJISIIUTh X CBOWCTBA.

6. CaoiicTBa 0TOOpaKeHUit MHOKeCTB
YHCJIEHHbIX 3HAYEHWIl MepeMEeHHBIX AHAJIUTHIECKOTO
yyeTa KaK TPEABAPUTENBHBI 3Talm MOATOTOBKH
JAHHBIX UIST ayadTa. PexkoMeHayemble pCEIICHUS B

chucTeMe  ayauWTta IUlaHupyercst  (OpMHUpOBaTh  Ha
OCHOBaHHMM  COIOCTaBJCHUs  (PAaKTUUECKHX  CBOMCTB
oToOpakeHM OOOOIIEHHBIX XapaKTePHCTHK MHOXKECTB
JAHHBIX ¥ HOPMATHUBHBIX (KOTOPBIE COOTBETCTBYIOT
HOPMaTHBHBIM B3aUMOCBsI3sIM). PaccmarprBaeMble xapak-
TEPUCTUKU MHOKECTB JAHHBIX 3aBUCST OT B3aMMOCBS3EH
MEPEeMEHHBIX €  XapaKTepUCTUKaMH  HPEANIPUSTHS
(tabun. 1). Tak npu oToOpaxkenuu (16) MHOKECTBA JTAHHBIX
XapaKkTepu3ylOT MHOXECTBA OIEpaldii pacXomoB W
JIOXOJIOB:

X(T) = (@ (M), BO: (1) 05, 1) A 1) <G ). (17)

72 (1) = @on (1), 5O (1) 0,.1) A (. 1,) <G ) (18)

Ie 4 — OLIEHKAa MHOXECTB OIlepaluil B ACHEXKHBIX U

HATYpaJIbHBIX CIUHHIIAX.

Ha ocHOBaHWMM TeopHH MHOXECTB pPaCCMOTPUM
CIIEIYIOIINE BHIBl XapaKTCPHCTUK MHOXECTB ITaHHBIX
MOIBUIOB omepanuii, ompeneneHHbix B (17) u (18),
COOTBETCTBHE MEXIy OIIEHKaMH, KOTOPBIX HEOOXOIMMO
MPOBEPUTHh, W ONPEHCTNM WX SKOHOMHKO-TIPOM3BOJCT-
BCHHBIN CMBICIT:

1) MOIIHOCTh — CBOWCTBO MHOECTB JaHHBIX BEPX-
HEr0 YPOBHS aHAJIUTHYECKOrO ydera, KOTOPOE
XapakTepU3yloT pa3zHooOpasue  (KOJIMYECTBO
MOJIBUJIOB OMCpAIfif, 3amacoB, MOCTABIIUKOB,
MOKymarejaed u T.1.) U MaclTad IesiTeabHOCTH
MPEIIPUATHS: KOJIWIECTBO OIIEPANNI 110 TTOIBH-
JaM, KOJHMYECTBO XO3SHCTBEHHBIX CPEICTB U
HMCTOYHHKOB TIO MTOJIBUIaM; Pa3MEpPHOCTh — CBOW-
CTBO MHOXECTB, KOTOPOE OIpPEIeNsIeT KOJ4e-
CTBO XapaKTEPUCTHK ACATEIEHOCTH MpPeIIpHsi-
TUS: OIEpaluif, XO3IUCTBCHHBIX CpPEACTB U
HUCTOYHHUKOB 10 MOJBUJIaM — MHOXXECTBO Xapak-
TEPUCTHUK Xl;

2) 3aMKHYTOCTb, OTKPBITOCTb, IPEAETbHBIE TOUKH —
CBOWCTBA MHOXECTB JAHHBIX BEPXHETO YPOBHS
AHATUTHYECKOTO y4YeTa, KOTOPHIE XapakKTepH-
3YIOT SKOHOMHKO-TIPOH3BOJCTBEHHYIO IESATENb-
HOCTBH TIPEINPUATHS C TOYKUA 3PSHHS TOCTIHKE-
HUS TIPENEeNbHBIX 3HAYCHHH 10 3a TEepHOJ
OTYETHOCTH MO IIOABHIAM OIEPAUil — MHO-

JKECTBO 3aKOHOMEPHOCTEM xz ;

3) IUIOTHOCTH, M30JUPOBAHHBIC, TOUYKH CTYIICHUS —
CBOMCTBAa CTPYKTYpbl MHOXECTB JaHHBIX BEpX-
HEr0 YpOBHS yue€Ta, KOTOPbIE XapaKTEpU3YIOT
HEIPEPBIBHOCTh U PaBHOMEPHOCTh HKOHOMHUKO-
MIPOU3BOJICTBEHHOM €ATENILHOCTU NPEANPHUSITHUS,
HallpyuMep, II0 BPEMEHH, WM JAPYTUM IOKa-
3aTeNsAM MHOXECTB IOABHJIOB ONEpanuil WIN UX

KOM6I/IHaL[I/I$IM — MHOXKCCTBO 3aKOHOMepHOCTCI71

o

4) B3aUMOCBS3M DIEMCHTOB MHOXECTB — CBOICTBa
MHOXECTB JaHHBIX BEPXHEr0 YpPOBHA aHAJIWTH-
YEeCKOr0 y4yeTa, KOTOPhIE XapaKTEepU3yIOT 0CO-
OCHHOCTH OCYILECTBJICHUSI MHOXECTB M MOJ-
MHOXECTB TMOJBUIOB OIEPALMi — MHOXKECTBO

3aKOHOMEPHOCTEMN x4 .
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B crmencrBue ortoOpaxkenus (16) W cooTHOIIEHWI
(17) m (18), cymecTByeT OTOOpaK€HHE XapaKTEPHUCTHK
COOTBETCTBYIOIIIX MHOXKECTB JaHHBIX:

Z(Ony (1),0m: (1), (15, 1e) A (1. 1) €GF ) ——
——>Z(0m: (), 0n (1), (. 1) A (1. 1) €GY)  (19)

rae ) — HabOp XapaKTEepUCTUK MHOKECTB JAHHBIX MOJI-

BHJIOB OIEPALM.
BekTop XapakTepHCTUK,
HMMEET CIEAYIOUIYIO CTPYKTYPY:

ompezneneHuslii B (19)

7=bh 2 %), (20)
rue xk , k=14
OHpeHCHCHHLIe BBIIIIC.
CyIIHOCTE METOAUKH 000OIIEHHO-MHOKECTBEHHOTO
0T06pa)1<eHI/I$I I/IH(I)OpMaLH/H/I 3aKJII04YACTCA B CJ'ICZ[yIOH.[CM.
Ha OCHOBAHUHU HpaBI/IJ'[ 0TO6pa)K€HI/Iﬂ MHO>XCCTB Or[pe,Z[e'
JISIKOTCA B3aMUMHO-OJHO3HAYHbIC COOTBECTCTBHUA nux
00OOIIIEHHBIX XapaKTepUCTHK. Ha OCHOBaHWMHU TPOBEPKH
peaHH3aHI/IH B3aUMHO-OJHO3HAYHOI'O COOTBCTCTBUA

XapaKTCPpUCTUKHN MHOKECCTBA,

00OOIIEHHBIX XapaKTEPUCTUK ) BBIICISIOTCS JKBHBA-

JICHTHBIC IIOJMHOKCCTBA. HOZ[MHO)KGCTBEI, MCXKAY KOTO-
PbIMHU HCT B3aMMHO-0JJHO3HAYHOI'O COOTBETCTBHUA

00O0OIIEHHBIX XaPAKTEPHCTHK ) ONPENEISIOTCS KakK He

SKBHBAJICHTHBIC M MOCTYHAIOT B IOACUCTEMY aHAJIUTHYE-
CKOTO CpEIHEro YpOBHS (MM TEPBHYHOTO) ydeTa Mjsd
yriIyOJIEHHOTO aHajim3a. Tarke IenaroTcsi BBIBOABI IO
COOTBETCTBUIO OTOOpaKeHUH (YHKIHMOHAIBHBIM B3aUMO-
CBA3SIM, @ HA MX OCHOBAHWHU BBIBOJBI O peajHM3allid JaH-
HBIX B3aHMOCBSI3€H.
Bo3moskHOCTH " npenuMyllecTBa JAHHOH
MeToauKH. [IpuMeHenne JaHHOM METOAUKH MO3BOJIHT:
® YMEHBIINTh 00BEM aHAJIM3UPYEMbIX MHOTOMEp-
HBIX JIaHHBIX WM (PAaKTHUECKOH NPOBEPKH Ha
HIDKHUX YPOBHSIX 3a CYET BBIIEICHHS IKBUBA-
JICHTHBIX ITOJIMHOXECTB Ha BEPXHUX YPOBHSX;
® JCIONB30BATh  PE3yNbTaThl  IOJHAIbTEpHA-
TUBHOTO aHajlW3a II0 HAboOpy XapaKTepHUCTHK
MHOXECTB JAHHBIX JUIS IMOJTOTOBKH IMPHUHATHS
pemIeHnH ¢ TONHaTbTePHATUBHBIME KPUTEPUIMHU
OLICHUBAHMSI SKBUBAJIEHTHOCTH MHOeCTB B UT
MHoroyposHeoil CIIIP ayaura;
e OmpelensaTh  HOPUYUHY  HEIKBUBAIEHTHOCTH
JaHHBIX, 32 CYET omnpeaesneHus (QyHKINOHAIb-
HBIX B3aMMOCBSI3€H, peanu3anus KOTOPbIX He
COOTBETCTBYET CBOMCTBAM OTOOPaKEHHH.
BeiBoabl. IlpencraBieHHble pe3yJbTaThl SBISIOTCS
COCTABIIAIONIMMI METOAWKH IPUMEHEHHUS CIIEIHaIHbHOTO
MaTeMaTHYecKoro ¥ HH(POPMAIIMOHHOTO OOecredeHus
IIPU TPOCKTHPOBAHUM MOJCHCTEMBI ayAHWTa BEPXHETO
ypoBHs aHanuTHueckoro yueta CIIIP aymwura.
JlanpHeWnre nccieaoBaHus MpeanoiaraoT GopMHu-
pOBaHUE METOAMKH CO3[aHMs CIELUAJIBHOrO MaTeMaTH-
YecKoro M HMH(OPMALMOHHOTO 00ecnedeHusl Npu Ipo-
EKTHPOBAHUH MOJCUCTEM YIIIyOJIEHHOTO ayauTa Ha Cpej-
HEM U HIDKHEM YPOBHE U B3aUMOCBS3€H MEXAy HUMU.

10.

Cnucok JIMTepaTyphl

Xinli Hu. Effectiveness of information technology in reducing
corruption in China / Xinli, Hu // Electronic Library, 2015 — Vol. 33.
— Issue 1. — P. 52-64.

Anopenxo E. A. Meronyka  aTpuOYTHBHOIO  BBIOOPOYHOTO
uccnenosanus B aymure / E. A. Anopenxo, C. M. Mopoosyes I/
Busnec Undopm, 2013. — Ne 2. — C. 200-203.

Hsaxnenxos C. B. VHbOpMalMOHHBIE TEXHOJIOTHH ayAuTa |
BHYTPUXO3SHCTBEHHOI'O  KOHTPOJI B  KOHTEKCTE  MHUPOBOM
uHTerpauu: MoHorpadus / C. B. Heaxnenkoe — JKurommp:

UIT «Pyta», 2010. — 432 c.

Jarrod West. Intelligent Financial Fraud Detection Practices: a
comprehensive review / West Jarrod, M Bhattacharya and R Islam //
Computers & Security, 2016. — Vol. 57. — P. 47-66.

Chi-Chen Lin. Detecting the financial statement fraud: The analysis
of the differences between data mining techniques and experts’
judgments / Lin Chi-Chen, Chiu An-An, Yan Huang Shaio,
C. Yen. David // Knowledge-Based Systems, 2015. — Ne 89. —
P. 459-470.

Mohiuddin Ahmeda. A survey of anomaly detection techniques in
financial domain / A Mohiuddin, N Mahmooda Abdun, Md Rafiqul
Islam // Future Generation Computer Systems, 2016. — Ne 55. —
p. 278-288.

3eyposcoruii M. 3. «Cuctemuuii anani3: Meromosnoris. [IpoGremu.
ITpunoxkenus». MoHorpadis 2-¢ BHIAaHHA, IepepolieHe Ta
nonoBHene / M. 3. 3eyposceruii, H. J]. [lankpamosa — Kuis, Bua-Bo
«HaykoBa mymka», 2016. — 726 c.

DaiJ, Vasarhelyi M. A. Imagineering Audit 4.0 / J.Dai,
M. A. Vasarhelyi. // Journal of Emerging Technologies in
Accounting, 2016 — Ne 13 (1). — P. 1-15.

Kirkos E. Data mining techniques for the detection of fraudulent
financial statement / E. Kirkos, C. Spathis, Y. Manolopoulos //
Expert Syst. Appl., 2007 — Vol. 32 Issue 4. - P. 995-1003.9.
Heckopooesa, T. B. TlpaBuiia ¥ COCTaBHbIE YacTH METOIUKH
0000IIEHHO-MHO)KECTBEHHOTO ~ OTOOpakeHHsT  MHGOpMAIMH B
noxcucreme dkcnpecc-ananusza CIIIP aynura / T. B. Heckopooesa
/I Bicuuk HTY «XIII». Cepis: CucTeMHHI aHali3, yIpaBliHHS Ta
iHpopmauiiiai TexHounorii. — XapkiB : HTY «XIIl», 2017. — Ne 51
(1272). - C. 58-64.

References (transliterated)

Xinli Hu. Effectiveness of information technology in reducing
corruption in Chin. Electronic Library. 2015. vol. 33, issue 1,
pp. 52-64.

Andrenko E. A.  Mordovtsev S. M.  Metodika  atributivnogo
vyborochnogo issledovaniya v audite [Methods of attributive
sampling research in audit]. Biznes Inform. 2013, no. 2, pp. 200—
203.

Ivakhnenkov S. V.  Informatsionnye  tekhnologii  audita i
vnutrikhozyaystvennogo kontrolya v kontekste mirovoy integratsii :
monografiya [Information technology of the audit and internal
control in the context of world integration : monograph]. Zhitomir.
ChP "Ruta" Publ., 2010. 432 p.

Jarrod West, Bhattacharya M., Islam R. Intelligent Financial Fraud
Detection Practices: a comprehensive review. Computers &
Security. 2016. vol. 57, pp. 47-66.

Chi-Chen Lin, Chiu An-An, Shaio Yan Huang, David C. Yen.
Detecting the financial statement fraud: The analysis of the
differences between data mining techniques and experts' judgments.
Knowledge-Based Systems. 2015, no. 89, pp. 459-470.

Mohiuddin Ahmeda. Mahmooda Abdun N, Rafiqul Islam Md. A
survey of anomaly detection techniques in financial domain. //
Future Generation Computer Systems. 2016, Ne 55, pp. 278-288.
Zhurovs'’kyy M. Z., Pankratova N. D. Systemnyy analiz:
Metodolohiya. Problemy. Prylozhenyya. Monohrafiya 2-e vydannya,
pereroblene ta dopovnene [System Analysis: Methodology.
Problems Applications. Monograph 2nd edition, revised and
supplemented] Kyyiv, Naukova dumka Publ., 2016. 726 p.

DaiJ, Vasarhelyi M. A. Imagineering Audit 4.0 / J. Dai,
M. A. Vasarhelyi. // Journal of Emerging Technologies in
Accounting. 2016 - Ne 13(1), pp. 1-15.

Kirkos E. Data mining techniques for the detection of fraudulent
financial statement / E. Kirkos, C. Spathis, Y. Manolopoulos //
Expert Syst. Appl. — 2007- vol. 32 Issue 4, pp. 995-1003.9.

Bicnux HTY «XIII». 2015. Ne 58 (1167)

37



ISSN 2079-0023 (print)

Cucmemnuil ananis, ynpaguiHHa ma iHQopmayiiHi mexHoi02i ISSN 2410-2857 (online)
10. Neskorodeva T.V. Pravila i sostavnyie chasti  metodiki NTU «HPIy. Serija: Systemnyj analiz, upravlinnja ta informacijni
obobschenno-mnozhestvennogo  otobrazheniya  informatsii v tehnologii'. Harkiv : NTU "HPI" Publ., 2017, no. 51 (1272), pp. 58—
podsisteme ekspress-analiza SPPR audita [Rules and components of 64.
a generalized-multiple display method of information in the express
analysis subsystem of the audit decision support system]. Visnyk THocmynuna (received) 01.12.2017

Bionioepagiuni onucu / bubnuoepagpuueckue onucanus | Bibliographic descriptions

IIpaBuiaa i ckJag0Bi YaCTHHH METOAMKH Yy3arajlbHeHO-MHOKMHHOIO BinoOpaxkeHHs indopmanii B
nixcucremi anagirnanoro oduaiky CIIIIP aynuty Bepxunoro piBusi/ T. B. HeckoponeBa // Bicauk HanionansHoro
texHiuHOro yHiBepcurety «XIII». Cepis: CucremHuil aHaii3, ynpasiiHHsA Ta iHpopmaniiHi Texnosorii. — X. : HTY
«XTIII», 2017. — Ne 55 (1276). — C. 31-38. — Bibmiorp.: 10 Ha3s. — ISSN 2079-0023.

IIpaBuiia U cocTaBHbIe YACTH METOAUKH O0000IIEHHO-MHOKECTBEHHOr0 oTo0pa:keHust MHpopMauuu B
noacucreme aHamutudeckoro yuera CIIIIP ayauta Bepxuero yposusi/ T.B.HeckopoaeBa // Bicuuk
HamionamsHoro texuiuaoro yHiBepcutery «XI1I». Cepis: CucteMHuil aHami3, ynpaBiIiHHA Ta iHpOpMaIiiiHi TeXHOIOTII.
— Xapkis : HTY «XII», 2017. — Ne 55 (1276). — C. 31-38. — Bubsmorp.: 10 ua3s. — ISSN 2079-0023.

Rules and components of generalized-multiple display methodology of information in the analytical
accounting subsystem DSS of the upper-level audit / T. V. Neskorodieva // Bulletin of National Technical University
"KhPI". Series: System analysis, control and information technology. — Kharkov : NTU "KhPI", 2017. — No. 55 (1276).
—P. 31-38. — Bibliogr.: 10. — ISSN 2079-0023.

Bioomocmi npo asmopis / Ceedenust 06 asmopax / About the Authors

Heckopooesa Temana Bacuniena — xaHauaT TeXHIYHUX HAYK, JOUCHT, JloHENbKHUI HAI[lOHAJIBHUI YHIBEPCUTET
iMmeni Bacmns Cryca, BinHuis, poueHT kadenpu MaTeMaTHKM 1 MaTeMaTHMYHHX METOJIB B EKOHOMII[; Tell.:
(050) 137-75-20; e-mail: t.neskorodieva@donnu.edu.ua.

Heckopooesa Tamvana Bacunvesna — KaHIWOAT TEXHUUYECKUX HAyK, IOLEHT, J(OHEIKMH HalMOHAJIbHBII
yHuBepcuteT uMeHH Bacpurs Ctyca, BuHHmMIA, momeHT Kadeapbl MaTeMaTHKH W MaTeMaTHYECKHX METONIOB B
skoHOoMHKe; TelL.: (050) 137-75-20; e-mail: t.neskorodieva@donnu.edu.ua.

Neskorodieva Tatiana Vasilevna — Candidate of Technical Sciences (Ph. D.), Docent, Donetsk national University
named Vasyl Stus, Associate Professor at the Department of mathematics and mathematical methods in Economics; tel.:
(050) 137-75-20; e-mail: t.neskorodieva@donnu.edu.ua.

38 Bicnux HTY «XIII». 2015. Ne 58 (1167)


mailto:t.neskorodieva@i
mailto:t.neskorodieva@i
mailto:t.neskorodieva@donnu.edu.ua

ISSN 2079-0023 (print)

ISSN 2410-2857 (online) CucmemHuil ananiz, ynpagiinHs ma iHghopmMayiiini mexHono2il

UDC 504.7.064.3:614
T. KOZULIA, M. KOZULIA

INTEGRATED INFORMATION SYSTEM ASSESSMENT OF COMPLEX OBJECTS SAFETY LEVEL

HangaHo TeopeTHYHO-IPAKTHYHI OCHOBH iH(OPMAIIHHO-CHCTEMHOTO IiAXOAYy 3 KOMIUIEKCHOI ONIHKM SIKOCTI CKJIAJHUX 00’ekTiB. Po3pobieHo
iH(popManiiiHo-IporpaMue 3abe3nedeHHs 0OpOOKH NAaHUX JOCTIIKEHb 3 3aCTOCYBaHHSIM TeOpii CHCTEMHOTO aHaji3y i CyJacHHX 3aco0iB HaJaHHS
3HaHb. Ilpane3natHicts chopMoBaHOro iHGOPMALIHHO-METOAUIHOrO 3a0e3MeyYeHHs] Ul KOMIUIEKCHOTO MOCHTIIKEHHS CKIAJHUX O00’€KTiB Ha
eHTpomiiHO-iH(opMaLiiiHii OCHOBI MOKa3aHa Ha MPHKIA/AI OMIHKM BiNIOBITHOCTI CTaHy i PO3BUTKY KOHKPETHHX IPHPOJHO-TEXHOTCHHUX, €KOJIOTO-
€KOHOMIYHHX CHCTEM, IPOBEIECHHI ONIEPaTHBHOTO KOHTPOJIIO SKOCTI Ta Oe3MeKH TeXHOJIOTIYHHUX IIPOIIECIB.

KorouoBi cioBa: exomoriuna Oe3meka, METOAM CHCTEMHOrO aHaiily, MaTeMaTHYHi METOAM MOJENMIOBaHHs, iH(opMmaliiiHa cucrema
MOHITOPHUHTY, ifeHTH(IKAIis cTaHy Oe3NeKkH, eKOJOriuHi 3HAHHS-OPiCHTOBaHI CHCTeMH, iH(OpMamiifHO-IporpaMHe 3a0e3Ne4eHHs OLIHKH SKOCTI
CHCTEM.

IIpenocraBaeHO TEOPETHUKO-NPAKTHYECKHE OCHOBBI MH()OPMAIOHHO-CHCTEMHOTO IMOAXOJAa KOMIUIEKCHOM OLICHKH KadecTBa CIIOXKHBIX OOBEKTOB.
PazpaboTano uH(OpMaLHOHHO-TIPOrpaMMHOe obecriedeHne 0OpabOTKM JIAHHBIX HCCIICAOBAHMS C MCIOJIb30BAHME TEOPHU CHCTEMHOTO aHalIu3a M
COBPEMEHHBIX CHOCOOOB IpEIOCTaBleHUs] 3HaHUH. PaboToCrocoOHOCTH CHOPMHUPOBAHHOIO HH(GOPMALMOHHO-METOIUYECKOr0 OOeCHeyeHus Uis
KOMILJIEKCHOT'O UCCJICIOBAHHS CIIOXKHBIX 00BEKTOB Ha SHTPOIMHHO-MH(POPMAIIMOHHOI OCHOBE ITOKa3aHa Ha IIPUMEpE OLIEHKH COOTBETCTBHS COCTOSHHS
U Pa3BUTUS KOHKPETHBIX IPHPOAHO-TEXHOTCHHBIX, IKOJIOr0-9KOHOMHYECKHX CUCTEM, IPOBEICHUH OIEPATHBHOTO KOHTPOJIS KaueCTBa M O€30M1aCHOCTH
TEXHOJIOTHYECKHUX IIPOLIECCOB.

KuroueBble c10Ba: dKoIornyeckas 0e30I1acHOCTb, METO/BI CHCTEMHOTO aHAIN3a MaTEMATHIECKHE METO/IbI MOAEIUPOBAHHS, HHPOPMAIIHOHHAS
CHCTEMa MOHHMTOPHHIA, HICHTH(UKALMSA COCTOSHMS OE30IaCHOCTH, 3KOJOTMYECKHE 3HAHHE-OPUCHTHPOBAHHBIC CHUCTEMbI, HMH(OPMALMOHHO-
[POrpaMMHOE 00€CIICUCHHE OLIEHKH Ka4eCTBa CHCTEM.

The complex methodological approaches for solving problem tasks objects quality assessment are determined on the basis of system analysis means
combination and of the information and software complex development of research data processing with use of modern mean knowledge providing.
Methodological support is based on theoretical knowledge in field of information entropy theory, synergetic, knowledge-oriented databases
development; information space of integrating entities unity principles. The scientific and practical foundations of methodological and informational
support for the determination of complex systems state assessment and their functional capabilities, safety level of the investigated objects, using of
knowledge-oriented information systems for obtaining knowledge on the research objects results at level “state (system —environment) — change —
process — system state”. The generalized algorithmic approach from complex system object analysis as integrity having its microstructure to which it is
proposed to attribute not only component components and elements, but also processes of its functioning is developed. Practical implementation of the
proposed informational and methodological approaches for complex systems study analysis on the entropy-information basis is shown on the results of
quality and safety functioning assessment of natural-technological, ecological-economic systems, providing operational control and safety
management of technological processes.

Keywords: environmental safety, methods of system analysis, mathematic modeling methods, information monitoring systems, safety state
identification, environmental knowledge-oriented systems, information program of systems quality assessment.

Introduction. Modern system theory presupposes
the existence of systemic entities in the form of socio-
economic, socio-ecological, ecological and economic
objects of natural and man-made content, which relate to
complex systems, and, in accordance with sustainable
development provisions, they are united in socio-
ecological and economic research objects [1, 2]. A special
component for such systems is an information component
that takes into account the qualitative characteristics of
both individual elements and their relationships. The
unstable systems state leads to crises that are
conventionally equated with qualitative transformations in
them. Thus, the study of modern complex systems is
becoming relevant in the processing of information data in
accordance with the standard system approach and the
latest methods of information theory.

Decision-making is an analogue of information
exchange and is the basis of activity, including
management. The decision is determined by the
achievement of the goal in choosing the best (more
acceptable, optimal) alternative from possible variety of
options for the purpose.

Under the research object study or development in
accordance with the general definition of J. Clare [1] is
understood part of the world, which for a given period of
time is a unit that reflects the natural (ecological),
economic and social aspects of life. The object interacts

with environment, which is central to the investigated
integrity (as opposed to existing approaches in solving
complex system problems, because it is the basis of the
functionality of the object).

The study goal and tasks. The works goal consist
comprehensive methodological approaches in solving
problem environmental safety tasks of complex objects
quality assurance based on the information and software
data research development using the system analysis
theory and modern knowledge provision. According to the
goal is necessary:

1) grounded evaluation methods system compliance

to state, features natural and industrial systems
environmental quality requirements in  economic
conditions maintaining the necessary environment

environmental safety level, sustainable system objects
stability development under uncertainty and risk by
reaching environmental safety state;

2) identified information and methodological support
composition of complex objects comprehensive study
constituted system analysis methodology provision;

3) realized practical application of systematic
methodological support for the complex study of complex
objects on the basis of a sequential analysis.

At research tasks setting and justifying, allocating
domains, checking the models adequacy used knowledge
of general systems theory, mathematical logic, including
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comparator identification method, information theory and
synergy. For creating the researched system object model
and tool justification in solving complex systems quality
assessment problems applied theoretical knowledge in
environmental safety, synergy, information analysis,
knowledge-oriented  databases  development,  unity
information integrable entities space principles fields.
Scientific results. According to research tasks
defines the main ways models and methodological
approaches improving complex systems safety level
evaluation by analyses “state (system — environment) —
changes — process — system state”. Defined methods
characteristics state investigation “system — environment”
according to the methodological approaches analysis in
the environmental, ecological and economic analysis
fields to environmental safety assess. The methods system
information  data  disparate  objects  monitoring
comprehensive assessment, entropy and knowledge base
processing methods, analysis and environmental and
socio-economic information evaluation is offered.

probabilistic-entropy  approach  implementation  to
determine the state by information amount &, which is

contained in obtained previous stage results of the
problem solution or is established relatively to the system
characteristics 1. The research object general condition is

determined by such dependencies of the information
function [3-5]

1{gn)=5(¢)-Ms(gn):

L

where I(<§|n) —amount of information in & relatively n;

M

I(n|é’;) —amount of information in n relatively & ;

S(&) — state entropy & ;

MS(<“;|n) — conditional entropy expected value at
variable & ;

pi; — compatible probability distribution.

;I Environmental state

U

To assess ecological safety level “system -—
environment” proposes an algorithm (fig. 1) for
CBegin
v
Object state: system of any complexity and
formation

External and internal change factors
— destabilization processes

v

Uncertainty assessment
by local information
entropy (IE) by changing
it local component
0...0,38

A 4

Consistency assessment to nature

properties and certain systems
quality with p =0,95, o = 0,05

System state stability level assessment:

AS<10"({

lim  AS;,AS,,AS; —>0] st-80 >0
Ax=0xeX N

v

Final state by structure entropy function (level and degree
equilibrium)

Removing uncertainty, integral IE assessment

|

A

stability criterion

Inconsistency level assessment by AS : p>0,99 for system

Characteristic of risk factor probability

v

manifestation, general system state assessment

assessment

Inconsistency causes analyze: functionality system factors, validity

Entropy assessment of deviation
factors by probability p
manifestation: AS >>+

¢ A

Risk neutralization |

Estimation p manifestation:
AS >>—, final entropy

T

Stabilization due to restructuring; self-organization

Probability estimation of positive changes by factors

N

due to environment

Figure 1 — Probabilistic-entropy assessment of system state and risk factors:
p — probability of matching the natural properties; o — estimation error; AS , AS;, AS,, AS; — estimation of general changes,

probabilistic, stochastic, random processes respectively
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As & and n determine the same ratio: the amount of
information in n relatively & and amount of information

in & relatively n, then 1(ng)=S(&).

Found that organizational and technical systems
related to fuzzy conditions system of their operation,
requiring appropriate phenomenological framework usage
of experience, knowledge, based on knowledge-based
information systems. Applied only thermodynamic nature
as a bhasis for object systems modeling, which permitted
entropy method consistent reduction and uncertainties
solution designed for comprehensive methodological
support of the entropy-comparator conformity quality
system objects assessment of any nature safety
requirements (fig. 2).

Logical transformation core is given by relations
graph of the component state criteria for & and n (fig. 2)

[6, 71.

Figure 2 — Graphic scheme core linear logical transformation
K(xy)

Providing environmental and economic analysis of
the system object & due to its complexity and multiple

ties with environment gets into the uncertainty situation
by the evaluation criteria: economic development level (a
— economical system), socio-economic index society well-
being (b — socio-economic system), environmental level (¢
— ecological system), population health assessment (d —
social system). Available informational inaccuracies,
absence proposed to supplement by the relationship
function, for example, existing general information on
economic (1), social (2) and environmental (3) quality
indicators (see fig. 2). For getting data about & introduced

linear-logical transformation core by providing a general
quality assessment for &, which takes into account all

evaluation criteria, that is, have a connection and the final
result taking into account the information by n:

K (x, y)=(xa v xc)ylv xdy3:

X

=3xefa,b,c,d ((xa v x°)y1 v x¢ y3)/\
/\(xavxbvxcvxd)): yivyl,

As  Ky(xy) Ky(y,z) K(x,z) are rectangular

matrices, then the conjunction of predicates is considered
as a product of matrices:

K(x 2)=K;(x y) Kz(y,2)= v (Kix y)A Ko(y,2))-

=V
yeN

Proposed a number of information technology for
integrated complex systems safety analysis, designated
improvement areas in case of information and
methodological support formation for natural and man-
made objects comprehensive quality assessment.

Established scientific and practical principles
methodological, informational support complex systems
state measurement and their functionality, investigated
objects safety level based on usage of knowledge-based
information systems obtaining knowledge by the study
object results at “state (system — environment) — changes —
process — system state”.

Developed algorithmic  approach for  object
comprehensive analysis in whole, with its microstructure,
which proposed to refer not only components and object
system and operation processes. In systematic analysis
introduced unique continuous real objects variables
display for which the entropy is infinite, via information
function (see. fig. 1).

According to provided methodological support
information entropy function is introduced to establish the
information uncertainty degree, ie the lack about system
and its dynamics state information.

Proposed to avoid uncertainty in solving system
socio-ecological-economic content objects environmental
safety level assessment due to using mathematical logic
structural models, combining state analysis and processes
in systems, interacting with the environment: entropy state
assessment and processes, quality level comparator
identification (safety, environmental).

In a detailed system objects study based on their
hierarchical structure resulting entropy function is
perceived as uncertain behavior not well-ordered system
of any dimension. To assess natural territorial complexes
state applied thermodynamics, physical, informational
entropy to determine environmental quality level for
complex objects by only inconsistency measure
environmental safety boundaries disparate systems and
processes in them: maximum entropy production for one
conditions group (&) compatible with its minimum for

other (n):

S(§|n=y,-):—z Pi;log, Pijj (2
MS(&In)=—ZP(n=yj)Z piijlog, ;. (3)
j i

S(éln) — conditional entropy n at £=X;
MS(§|n) — mathematical expectation of conditional
entropy with variable & [8].

Adopted entropy adherence function for investigated
system objects and determines deviation state level object
component and its overall from equilibrium, homeostasis
“system — environment”, which presented information
about danger on any grounds.

The information space concept, system analysis
related with conceptual study object model definition
under scenario and target approach in order to create
knowledge-based systems to it safety situation assess and
sustainable development. The information and software

where
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develop approaches for solving complex tasks in complex
heterogeneous objects assessment for their operation
compliance with the environmental safety requirements
was analyzed.

Developed the informational-software for practical
application ecological safety level integrated assessment
methods which based on entropy and information
approaches by awareness monitoring data.

Information part formed for system formation state
assessment in knowledge-based systems form. Within

information and methodological support developed
knowledge base on existing data basis about the system,
additional information obtained as a result of uncertainty
removal provided complex system low level investigation.
New data obtained as a final result consistent uncertainties
decrease at detailed scheme study “state; — process —
state,” applying state system formation “object —
environment”, with phased complex methodological and
information support implementation in complex systems
quality assessment (fig. 3).

User interface Knowledge-oriented system Knowledge base

[ ™ Enter data about > rl_ Processing _i | Receiving |
system _! I 2 —_———————
— System destabilization calculation (N ———————=
I based on probabilistic analysis le I Learnina _!

________ !______risk______! '___1___
| Visualizing | | e ¥ r——ot———
| processed data |« } Processing result formation | L _ _sSaving |

Figure 3 — General scheme of knowledge-oriented information system

In practice, the proposed information and software
implemented for the comprehensive analysis results on the
entropy-information based complex objects study, given
the practical environmental safety evaluation results for

natural and industrial objects (Zmiev district, heat station),
environmental and economic systems (Zmiev district —
population health system) and operative safety control
man-made objects based on Android (fig. 4) [9].

| Entering the initial data |

v

Assessment selection depending on object:
1. Systems state assessment of their safety level on the monitored data.
2. Influence degree analyze of dangerous factors on studied systems.

L N e

v

Calculation of the mean square deviation
from the stable state oo(X)

A
Deviations probability from the established

regulatory limits PP(X)
|

\ 4
Monitoring system compliance
assessment of the violations to the

minimum set level o{X)

A
Dangerous violations probability from
the minimum fixed level P(X)
|

Calculation of risk exposure Risk and
information entropy S

Comparator
equals 1
[

+

Szvg; Risk zvpi

Comparator
equals 0
|

| Safety status and impact assessment |

| Result submission |

Figure 4 — Algorithmic provision of information-system assessment of environmental
safety level by complex methodological support

Introduced comprehensive complex objects safety
evaluation system is realized in practice in natural and
man-made complex safety analyzing in Zmiev district
landfill monitoring studies, whose territory is affected by
industrial and energy differs significant accumulation of
heavy metals (HM) in soils and appropriate level health
(fig. 5) [6, 10].

At the micro level of complex system analysis to
ensure proposed methodological approaches
implementation to assess object level safety which is
considered at example of factors restoration estimation
attainable children with cerebral palsy state capacity
(fig. 6) [9, 11, 12].
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Figure 5 — Ecological safety level assessment of the soil and
population health state
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Figure 6 — Program evaluation of stabilization state factor of
children cerebral palsy patients:
PVI — periventricular ischemia; VGK1, VGK2, VGK3, VGK4 —

intragastric hemorrhages (1, I1, 111, IV stages); PVL1, PVL2,
PVL3 — periventricular leukomalacia (1, I1, 111 stages)
The mobile devices oriented software that

functioning on operating system Android, for continuous
security processes monitoring on the example selecting
effective treating sludge water means at coal-concentrated
industries (fig. 7) [13].

W] S5SAAnda0.3 = =

ARSI G AR

Figure 7 — Deposition process state determination according to
the experimental data

Conclusion. 1. The information and methodological
support comprehensive analysis of the environmental
safety of objects based on entropy and information
awareness approaches of monitoring data. Algorithmic
implementation of methodological support software for
quality evaluation of complex systems-level research
“state (system — environment) — process — system state” is
proposed.

2. Analyzed approaches in developing information
and software support for solving complex tasks of
heterogeneous complex objects accordance assessment to
their environmental sustainable development operation
and environmental safety requirements.

3. The software was developed for continuous
environmental  safety monitoring in terms of
anthropogenic impact areas, the unstable system state,
management and selection of effective production
processes according to the provided comprehensive
analysis and assessment of diverse complex systems and
dangerous situations.
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V. V. MOSKALENKGQO, Y. S. BEREZENKO

THE CONCEPT OF AN ARCHITECTURAL SOLUTION FOR THE SERVICE INTENDED TO BUILD
AN ENTERPRISE STRATEGY MAP

[ponionyeTbcst apXiTEKTypHE PILIEHHS MPOrpaMHOro 3abe3neveHHs Uil 3aadi moOyZOBU CTpaTeriyHOi KapTh IMiJPUEMCTBA, HABEACHO MPOIEC
OOYIOBH CTpATeriqHOl KapTH Ta METO/M, L0 BUKOPHMCTOBYIOTHCS NPH PO3B’s3aHHI 3a7ad Ha eramax Lporo mpouecy. HaBeneno crucimii orisin
icHyrounx Ha IT-pHHKY TpOrpaMHHX MPOIYKTIB, SIKi BHKOPUCTOBYIOTHCS Y CTPATEridyHOMY YHpaBiiHHI. 3pOOJICHO BHCHOBKU IMPO AOLIIBHICTH
BUKOPHCTOBYBAaTH CEPBIC-OPIEHTOBAHY apXiTEKTypy I MPOrPaMHOi peai3alil OKPeMHX MOAYIIB CHCTEMH CTPATEri4HOrO YIpPABIiHHI Ta
MIKpOCEpPBICHOI apXiTeKTYpH Al MOTYJIS CTpariyHoi KapTH MiAIPHEMTCBA.

KurouoBi ciioBa: craTuctidHi JaHi, 00poOka, kiac, kiacuikarlis, COLi0I0riYHe ONUTYBAHHS, AJITOPHTM.

Ipennaraercst apXUTEKTypHOE pEHICHHE MPOTrPAMMHOTO OOECIeUeHUs IS 3afadd IIOCTPOEHMS CTPAaTerHYeCKOH KapThl MPEeIIpUATHs, HNPHBEICH
HPOLIECC TIOCTPOCHUS CTPATErHYeCKOi KapThl M METOJbI, UCIOJIb3yeMble IIPH PELICHNH 3a/ia4 Ha 3Talax 3Toro npouecca. [IpuBeneH kpaTkuii 0630p
cymecTByomux Ha IT-peIHKE MPOrpaMMHEIX NPOJIYKTOB, MCIOIb3YEMbIX B CTpaTeTHYeCKOM ynpapieHHH. CHenaHsl BHIBOABI O ILEIeCO00pa3sHOCTH
HCTIONB30BaTh CEPBHUC-OPUEHTHPOBAHHYIO apXUTEKTYPY JUIS IIPOrPaMMHON pealn3alii OTIEIbHBIX MOIYJeH CHCTEeMBI CTPATErHYEeCKOTO yIpaBIeHHs
U MUKPOCEPBUCHYIO apXHTEKTYpPY IS MOYIS CTPATErH4ECKOi KapThl MPEAIPHATHS.

KuiaroueBble c10Ba: CTpaTermyeckoe IUIAaHUPOBAHHE, KOPIOpAaTUBHAas MH(OpPMAIMOHHAs CHCTEMA, apXUTEKTYypHOE pPEIleHHe, MHKPOCEPBHC,
cTpaTernyeckas kapTa, KIFOUeBbIe IOKa3aTeN AEsTeIBHOCTH.

The article examines an architectural solution of a software application for building an enterprise strategy map. It gives a short review of existing
software products at the IT-market, which is used in strategic enterprise performance management. Much attention is dedicated to the separate stage of
the development program formation, i.e. strategy map building. For building such a map it is proposed to formulate general enterprise strategic goals
on the basis of an analysis of the development direction priorities and then check them for their feasibility. Next, the selected goals are decomposed
into goals by the perspectives in accordance with the balanced storecard. The goals are analyzed for the impact of key success factors. Based on the
success factors, bunch of strategic key performance indicators are formed. The paper examines problems that need to be solved at each stage of the
map building, and proposes mathematical methods for their solving such as the analytic hierarchy process, the trajectory approach in conjunction with
the system optimization and the cognitive analysis. The author suggests using service-oriented architecture for EPM-system implementation and
microservice architecture for the implementation of the strategic map application. As result the study identifies four services that implement the
following business functions: an identification of priority directions for the enterprise development and general strategic goals; a verification of the
feasibility of common strategic goals and planned targets formation; a definition of the goals by the perspectives, KSF definition and building of the
strategy map; a definition of KPI by the perspectives. The structure of the software application is presented as a component diagram.
Keywords: strategic planning, corporate information system, architectural solution, microservice, strategy map, key performance indicators.

Introduction. Strategic management practice shows
that all the difficulties of decision-making at this level are
usually related to the gathering and processing of a large
amount of diverse information as well as the solving of
complex poorly formalized tasks. It increases the risks of
the enterprise activity in the long-term and complicates
the process of strategic plans formation for the enterprise
development [1]. Thus, enterprise management systems
increasingly include corporate information systems with
strategic management modules, which implement methods
for solving strategic level problems. In rapidly changing
competitive environment, it is necessary to use different
methods of enterprise management for successful
functioning of any modern enterprise. This is especially
related to the level of a strategic management. Therefore,
the problem of developing adequate methods for
enterprise  management and corresponding software
products, which informationally, analytically and
algorithmically support the processes of making strategic
decisions within these modern management methods,
remains relevant.

Problem analysis. In recent years, modern
enterprises have increasingly started to use Balanced
Scorecard (BSC) in strategic management [2, 3]. Such a
system provides the opportunity to analyze the enterprise
activity and to make planning for both short-term and
long-term periods, taking into account the interests of all
stakeholders. Usually in these cases, Key Performance
Indicators, which are formed by built strategy map, are

considered as a system of indications [4]. The strategy
map covers the main strategic goals of the stakeholders
and reflects their interaction. It means that a strategy map
is a system of interrelated strategic goals, on the basis of
which KPI system is formed. These KPIs are the basis for
building long-term plans of the enterprise activity.
Building a strategy map relates to systems intended to
support strategic management. In order to build such a
map it is necessary to analyze a lot of information, carry
out forecasting and evaluation of different sides of the
enterprise activity. This map should be the basis for the
system of enterprise plans for the strategic period.

For solving individual tasks or complexes of
strategic management tasks, usually companies use special
software systems for informational and analytical support
to the strategic planning process. The first name of such
systems BPM (Business Performance Management, BPM)
was proposed by the international analytical company
IDC. Later The Gartner Group offered an alternate
acronym CPM (Corporate Performance Management). In
addition, it should be mentioned another popular acronym
EPM (Enterprise Performance Management) [5].
However, all these systems are used within decision
support at the top management level.

The business efficiency management system (BPM,
CPM, EPM) is an enterprise management concept based
on a set of information technologies that automate the
base management processes: forecasting, planning,
budgeting, monitoring and analysis. It provides an
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opportunity for a comprehensive analysis of the enterprise
performance and trends in their changes, integrates
various components for local strategic management tasks.
Also, the task of such a system is to provide management
with up-to-date and reliable information for decision-
making at all levels of organization management with
minimal cost.

The market of such systems is considered broad
enough: it includes large corporate products such as
Oracle EPM, Oracle Hyperion Planning, IBM Cognos
Disclosure Management, SAP EPM, IBM Cognos FPM,
IBM Cognos TM1, SAS Strategy Management, as well as
small open-source projects: Host Analytics, Infor,
Longview Solutions and etc.

The corporate performance management (CPM)
application suite market is mature and composed of
vendors offering solutions that are widely adopted by both
large and midsize organizations (midsize can roughly be
defined as having annual revenue of $100 million to $1
billion). Given the range of solutions available, CPM
suites are also accessible to smaller organizations (those
with $10 million to $100 million in annual revenue). CPM
initiatives aim to either improve processes within the
office of finance (OOF) or support performance
management (PM) throughout the organization. CPM
deployments can typically be categorized as one of two
types: OOF CPM and strategic CPM. OOF CPM largely
involves the improvement of financial processes, while
strategic CPM supports organizationwide transformation
and growth [6].

The general shortcomings of existing EPM-systems
include the following:

e they do not take into account the evolution of the

indicators and the connection between them;

e most of the known systems usually use only
financial indicators, although there is a tendency
to develop indicators that take into account
various factors [4];

e do not allow to define and formalize the strategy,
the strategy is always formed by a person, there
is no methodology for determining its feasibility;

e the problem with reconciliation of strategic goals
has not been solved.

The existence of separate strategic goals and their
strategies, which are developed by various decision
makers, can lead to a violation of the integrity and
strategic management connectedness in general. As result,
there can be an inconsistency and condractions in
enterprise activity at the tactical and operational levels of
the management [4].

Therefore, it is proposed to consider the process of
strategic plans formation as a set of stages intended to
develop strategic annual plans and budgets of the
enterprise. This process is the basis for building EPM-
system.

Problem statement. The papers [7, 8] show the
general structure of the EPM-system, which is introduced
in the strategic enterprise management systems.

Based on the analysis of architectural decisions
regarding EPM software packages, the following
conclusions were made.

Firstly, software products that implement all the
components for strategic management, such as Oracle
EPM, SAP EPM and others, are thought quite
cumbersome. Usually they have a high cost and require
installation of big platfroms, without which their work is
impossible. The introduction of such products may result
in lack of return, their loss-making or low operating
efficiency. All this is an obstacle to their implementation
for many businesses.

Secondly, small open-source products have a poor
functionality and very often do not provide a mechanism
for integrating with other corporate systems at all.

That is why the main task is to choose such
architectural ~ decisions  regarding the  software
implementation of the strategic management system,
which will allow the decision maker quickly and
efficiently to solve individual tasks, to analyze various
aspects of the enterprise activity and to combine solutions
of strategic management tasks in different combinations.

Since one of the key missions in strategic
management is the definition of long-term goals, it is
proposed to consider the autonomous task of strategy map
building. The goal is to develop architectural concept for
software solution that implements building of this map.
The software solution should allow the decision maker to
model the goal creation process, to take into account
different information for the goal formation, to check the
feasibility of all the considered goals, and also to be able
to use the results of the strategy map building for the
further formation of the enterprise development program.

The process of building an enterprise strategy
map. The main stages of the process of a strategic
program formation for the development of the enterprise
were proposed in the paper [9]. Let's take a look at the
more detailed process of strategy map building.

1. Determine the priorities of the enterprise
development directions. Guided by the fact that the main
goal of any enterprise is to get profits, which is always
achieved in a market economy by improving the
enterprise competitiveness, it is proposed to consider the
following areas of competitiveness as the development
directions: production, finance, marketing and personnel.
An analysis of these areas will allow us to formulate
general strategic goals of the enterprise. The choice of
these areas is also explained by the fact that in order to
develop a system of performance indicators of the
enterprise within the strategic development program it is
proposed to choose BSC methodology. The BSC is based
on a strategy map, which is a set of goals by the four
perspectives: financial, customer, internal business
processes, learning and growth. Since the strategy map
goals must be consistent with the strategic goals, the
following is proposed. Firstly, formulate general strategic
goals based on the analysis of possible development
directions and evaluate their feasibility. Based on the
analysis of general strategic goals feasibility, choose that
goals which are considered to be planned. Then
decompose them into the goals by perspectives.

To determine the priorities of development directions
(production, finance, marketing, and personnel), it is
proposed to use the analytic hierarchy process. Hierarchy
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direct process is built in the following way. Either a
problem focus, which is an integrated enterprise
development, or the purpose of the development, i.e.
improvement of the enterprise competitivenes, is placed at
the top level. At the next levels, actors as interested parties
in the directions development are presented. Development
strategies in these areas will form a generalized
development scenario which is the lower level of the
hierarchy. Based on the built hierarchy of direct and
reverse processes, during all HP procedures factors, which
influence the directions development, goals and policy of
the stakeholders in the enterprise development, is
reviewed. As a result of calculations, the importance ratio
values, which characterize the degree of influence of a
separate direction on the enterprise development success
and indicate which directions need to be developed in the
first place, are determined. Thus, on the basis of these
ratios the priority directions of enterprise development are
determined.

2. For the development of each direction, taking
into account their importance ratios, formulate expertly
possible general strategic goals. These goals can be
represented as the following set

Z* =7XYZEYZEYZE, where 22,22, 25,2y -
set of all general strategic goals related to the development
directions: production, finance, marketing and personnel.

3. Identify general enterprise strategic goasl from all
possible goals Z* . Let’s consider that Z© is a set of

general strategic goals Z® — Z* . At the same time, it
should be mentioned that a separate general strategic goal
covers all development strategies.

4. Verify the feasibility of each general strategic

goal from the set Z° . For this, it is necessary:

4.1 1dentify possible strategies for achieving each
common strategic goal. Can be considered the following
two strategies for achieving the goal: a maximum effort
strategy and a minimum effort strategy (eg, strategy of
taking market over and strategy of market presence for the
strategic goal "diversification™);

4.2 Build production trajectories for all strategies.
Each trajectory is based on the criterion of maximizing
total returns at all the period intervals. For trajectory
building it is proposed to use the system optimization
methodology;

4.3 Analyze a possibility of the enterprise to
implement chosen strategies and ensure delivering the
production with correct volumes. The output trajectory
determines the necessary resources and investments
volumes to adjust the resource base of the enterprise. As a
result, for each strategy a development trajectory is
formed as a set of values: output volumes; production
resources volumes; investments, i.e funds for the
necessary resources. Then for each goal, a set of effective
trajectories is formed based on the solution of the two-
criteria problem: maximizing the total profit from
production and minimizing investment costs for
development in accordance with strategies;

4.4Choose a strategy for achieving a general
strategic goal based on the analysis of development
trajectories. A particlar trajectory, which is more in line
with the enterprise capabilities, is being chosen. If it turns
out that the enterprise is not able to implement at least one
trajectory, it will mean that this general strategic goal
cannot be achieved during the foreseeable course of
business success and selected strategies. Consequently, it
may be reasonable to reject the strategies for achieving
this general strategic goal. Thus, building of development
trajectories for each strategy gives owners, management
and senior management an ability to analyze market
opportunities of the enterprise, reconsider strategies for
achieving a general strategic goal and make the right
choice of the goal itself.

5. Choose the planned strategic goals that form the

set ZF, where ZE:{ZJ-E},jeNT, where ZjE — j-th

planned strategic goal for the period 7, N — set of
indexes of planned strategic goals for the period T,
ZF < Z®. For each planned strategic goal, the strategy for
its achievement will be choosen. Also the planned output
values for assortment groups, necessary production
resources and investments will be defined.

It should be noted that all obtained values of output
volumes, resources and investments have value-laden
nature. Since the long-term period is considered, then all
values for computational procedures are predicted or
determined expertly.

6. Form enterprise strategic goals by the
perspectives: ~ finance, clients, business processes,
personnel. The planned strategic goals are transformed by
the perspectives. This means that the general goals

A ={Z JE} are aligned with the set of goals by perspectives
ZH =ZHFYzHK YzHBP YzHP ’ Where
2" ={z;"},9eG™, 2™ ={2;*},geG™,
ZHBF’={ZgBF’}lg€GHBF’7 ZHPZ{Z;P},QEGHP o goa|S
by perspectives: finance, clients, business processes,
personnel,  QF :\GHF\, Q" :\GHK\, QBz\G“BP\,
Q":\G“P\, G™, G, G"™, G"™ _ set of goal

indexes by perspectives: finance, clients, business
processes, personnel, and their capacity is equal

respectively QF, Q" , Q%, Q°.
Then an enterprise strategic map can be imagined as
a set of terms: SM" =<z, z" Cz" >, where CZ" —a

set of adjacency matrixs.
7. Perform a cognitive analysis of a strategy map

SM™ o determine the ‘power of influence' of goals by
perspectives to planned strategic goals and their
interdependence. As a result of a cognitive map building
and its analysis, less meaningful or duplicate goals by
perspectives and weak links between them will be

removed. As a result, new strateguy map SM" is being
built.
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8. Build extended version of strategy map.

8.1 Identify key success factors (KSF) that affect the
feasibility of the relevant strategic goals by the
perspectives. The achieving of goals by perspectives is
associated with a set of key success factors.

8.2 Build a cognitive map for analyzing the tightness
of KSF relations to strategic goals. This process should
remove connection duplications between the goals and the
KSFs as well as non-essential KSFs. It must significantly
reduce the number of KPIs in the next steps. As a result, a
set of KSFs and their impact on strategic goals by the
perspectives is formed.

8.3Based on KSF, form a set of key perdormance
indicators (KPI) by the perspectives: finance, customers,
business processes, and personnel. As a result, an
extended version of enterprise strategy will be formed:

SM[' =<ZF%,z",cz" ,KSF",SF",s" >,

which consists of the map SM"™ | key success factors
KSF", strategic KPI
ST ={S" ;SX;S"™"; S 1 py the perspectives

and connections between KSF and goals SF" .

Using microservice architecture for a software
application intended to build a strategy map. The entire
process of formulating an enterprise development
program, which is suggested in [9], can be implemented as
only one application. Nevertheless, in this case the logical
solution is to present separate stages of this process as a
set of several small applications. This is because each step
of the process involves solving many problems. It requires
a lot of data from different sources of information.
Moreover, these data usually have a different scope.
Therefore, it is proposed to consider each stage as a
separate  application that will be implemented
programmatically.

For example, the process of building a strategy map
can be considered as a separate management task. It need
to be resolved at the stage of the program development as
well as at the stages of the analysis of the strategic plan
execution. The solution of this task may also be required
in reviwing and evaluating the enterprise future by its
owners in order to assess the future of development
directions and to form new prospective ones in the
enterprise activity. Hence, it is suggested implementing
EPM-system as a software product with a service-oriented
architecture (SOA) [10].

SOA is a set of architectural principles that are
independent of technology and products. Splitting the
system into services will allow easily extending and
replacing functionality without affecting the entire
information system of strategic management — the EPM
system. SOA facilitates using of data and logic in the next
generation of this system, i.e with its reengineering.

Despite the fact that it was decided to choose
service-oriented architecture for the EPM-system, it is
proposed to implement application for building a strategy
map as a micro-service application, that is, as some kind
of subapplication that has its own business responsibility
[11, 12].

The microservices represent an architectural style in
which complex applications are created as a set of small,
lightweight, self-contained, independent, not strongly
connected services, each of which is responsible for a
particular process. The main advantage of the choice is the
ability to horizontally scale overloaded microservices, in
particular those that use mathematical alghorithms for data
computation [15-17]. The micro-services provide
alternative means for creating applications, providing
flexibility, scalability and fault tolerance. However, the
development and support of applications with the micro-
service architecture also has several difficulties related to
the distribution, data inconsistency and so forth. [11, 14].

Figure 1 shows a component diagram for a service
intended to build an enterprise strategy map using a
micro-service architecture. It is suggested to create a set of
microservices by the following bounded contexts.

1. Strategic Goal. It is responsible for defining the
priority directions of the enterprise development and
forming general strategic goals.

2. Goal Validation. It is responsible for verifying
the feasibility of the general strategic goals of the
enterprise and the formulation of planned strategic goals.

3. Strategic Map. It is responsible for defining goals
by perspectives and relevant KSFs as well as for building
a strategy map.

4, KPIL. It is responsible for
performance indicators by the perspectives.

In addition, APl Gateway pattern should be also
noted. Briefly, it’s a single entry point for all clients. The
API gateway handles requests in one of two ways. Some
requests are simply proxied/routed to the appropriate
service. It handles other requests by fanning out to
multiple services. Rather than provide a one-size-fits-all
style API, the API gateway can expose a different API for
each client [16].

Using an API gateway has the following benefits:

e insulates the clients from how the application is

partitioned into microservices;

o provides the optimal API for each client;

o reduces the number of requests/roundtrips.

However, there are also some drawbacks:

e increased complexity since the API gateway is
yet another moving part that must be developed,
deployed and managed,;

e increased response time due to the additional
network hop through the API gateway.

The API gateway might also implement security, e.g.
verify that the client is authorized to perform the request
[16].

Conclusions. The work have examined the process
of building an enterprise strategy map, which software
implementation was suggested to perform with using
microservice architecture. Given arguments for choosen
architecture type and the description to each microservice.
In future works it is necessary to solve the problems of
choosing (developing) the API Gateway, data integration,
communication with third parties and other issues related
to software implementation of the solution for building a
strategy map.

defining key
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UDC 519.2
Y. A. KLYUCHKA, O. Y. CHEREDNICHENKO, A. V. VASYLENKO, O. V. YAKOVLEVA

FORECASTING THE RESULTS OF FOOTBALL MATCHES ON THE INTERNET BASED
INFORMATION

CrarTs npUCBsYEHa MOZEII IPOTHO3yBaHHS pe3y/bTaTiB (yTOOJIFHUX MAT4iB, sIKa HepeBeplIye maHcu OykmekepiB. CTATHCTUYHI MiAXOIM MOKA3aIn

CKJIaZHI 1 HU3bKI PE3yJbTAaTH [POTHO3YBAaHHS. [HCTPYMEHTH IHTENEKTYaJ bHOrO aHai3y JaHHWX 3 HEJOCTATHIMHM MOJKIMBOCTSMH, TAKOXK JadH HHU3BKI

HIPOTHO3H. 3alpOIIOHOBAaHA MOJEIb BHKOPHCTOBYe iH(OpMAaLi0 MpPO IOHEpe[Hi pe3ynbTaTH KoMaHIu. [IporHo3 3acHOBaHHMI Ha NPOTHO3YIOUMX

(axropax. Xo4ya Ba)KKO BpaxyBaTu BCi YMHHHKH, IO BIUTMBAIOTh HA Pe3yJIbTaTH MaT4iB, POOUTHCS ClipoOa 3HAWTH HAWOLIBII 3HAYYIII YHHHHKH.
KurouoBi c10Ba: mporHo3yBaHHs pe3yIbTaTiB (yTOONBHIX MATUiB, CTATHYHI ITiIXOAN, YUHHUKH IPOTHO3YBaHHSL.

CraThs IOCBSIIEHAa MOJENHU IPOTHO3HPOBAHUS PE3yNIbTAaTOB (YTOOIBHBIX MaTdei, IPeBOCXOAIas MaHChl OykMekepoB. CTaTHCTHYECKUE TOJXOABI
MOKa3aJdd CIOXHBIE M HHU3KHE PpE3yIbTaThl HPOTHO3HPOBAaHMS. IHCTPYMEHTH HHTEIUIEKTYyabHOTO aHalM3a [AaHHBIX C HEJOCTaTOYHBIMU
BO3MOXKHOCTSIMH, TAK’Ke JIald HU3KHE MPOrHOo3bl. [Ipe/uioskeHHas MOZIeb UCIIONb3YeT HH(POPMALIUIO O MPEebIIyIIUX pe3yIbTaTax KoMaHabl. [IporHos
OCHOBAaH Ha IIPOTHO3HPYIOIINX (hakTopax. XOTs TPYAHO Y4eCTh Bce (haKTOPHI, BIMSIOIINE HA Pe3yIbTaThl MaT4ell, AeslaeTcsl MONbITKa HallTH Hanbolee
3HaYUMBIE (aKTOPEIL.

KaroueBble cj10Ba: IPOrHO3UPOBaHUS PE3y/IbTaTOB (YTOONIBHBIX MATUEH, CTATUCTUYECKUE MTOAXOb], (PaKTOPBI IPOTHO3UPOBAHHSI.

The purpose of the article is making a model of results forecasting for football matches, which works better than bookmakers organizations. Lately the
popularity of football forecasting has been increased. The existing statistic approaches show difficult and low prediction. The developed model for
predicting the results of football matches uses information about the previous results of the teams. The forecast is based on forecasting factors.
Although it is difficult to consider all the factors that influence the results of matches the model makes an attempt to find the most important ones. The
described model of forecasting takes into consideration such characteristics as: place in the tournament table; total points; goal difference; total number
of players, skipping the match; points home / away; home match; “defence strength”; “attack strength”; team form. Testing shows that forecasting and
actual results of football matches coincide. The offered model could be used in commercial computer programs for forecasting results of football

matches in bookmakers organizations.

Keywords: forecasting the results of football matches, forecasting factors, “defence strength”, “attack strength”.

Introduction. Recently, football attracts an
increasing number of people, accumulates significant
financial, material and intellectual resources, and is
gradually becoming an important element of the economy.
Forecasting the results of football matches in itself is an
important task, which is the basis of the bookmaker
business. Modern technological tools for tracking football
players create a large amount of data that experts use to
analyze matches and player performance. For example,
football statistics fill the Internet from time to time. The
English Premier League, in particular, produces a lot of
data, because it is so popular.

Models and computer programs predicting the results
of sports games have been developed over the years. Most
of them use stochastic methods of describing uncertainty:
regressive and autoregressive analysis, the Bayesian
method in combination with Markov chains and the
Monte Carlo method. The peculiarities of such models
are: sufficiently high complexity, a large number of
assumptions, the need for a large array of statistical data.
In addition, these models are not always easy to interpret.
There are also models that use neural networks to predict
the results of a football match. They can be considered as
universal approximants of nonlinear dependences, tested
on experimental data. They also need to have arrays of
statistical data, and the physical significance of weights
between neurons after training can not be determined.

In this study, the weighted sum of indicators, the
Poisson distribution and the forecasting rules are used to
increase the accuracy of predicting the results of football
matches by identifying the winning team based on data
obtained from the results of matches of the previous
championship and the relevant factors. Despite the fact
that it is difficult to take into account all factors

influencing the results of matches, an attempt is made to
find the most important factors that are not confidential
information and can be easily determined before the start
of the football match.

Review of the Literature. The analysis shows that
different authors offer different ways to solve the problem
of predicting the results of football matches.

In their first study, Serhiy Shtovba, predicted the
results of football matches based on fuzzy rules. The
method is based on the formalization of expert linguistic
statements - rules in the form of an unclear knowledge
base with subsequent tuning on experimental data. The
proposed approach can be used to predict the results of
other sports tournaments [1].

Serhiy Shtovba at al. foretold the results of football
matches using the machine support vectors [2]. They
modified the initial task of predicting the winners of a
football match with three possible solution classes (the
winning of the home team, the draw and the win of the
away team) into a typical regression problem for which
the SVM algorithm was used to minimize the mean square
error. The transition from a continuous output value of a
model to a discrete one is carried out according to the
following rules:

e If the value of the predicted indicator is not

negative, then the result of the match will be
“away team will not win”;

o If the value of the predicted indicator is negative,
then the result of the match will be “home team
will win”.

That is, the result of a football match is predicted by

the positive or negative sign of the output.

In 2009, Zavolodko at al., in their article,
“Forecasting the results of football matches based on
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fuzzy multi-criteria analysis” used fuzzy multi-criteria
analysis [3]. The method of fuzzy multi-criteria analysis in
choosing the best option based on fuzzy logical inference
which uses the basis of linguistic rules of production type,
allows you to predict the future games of football
matches. The described structure of influencing factors
and linguistic term sets allows to take into account the
features of statistical data.

Douwe Buursma developed a system with the
intention of “breaking” the inequality of bookmakers on
football [4]. He used seven algorithms of machine
learning, such as: MultiClassClassifier, RotationForest,
LogitbooST, BayesNet, Naive Bayes and Home Wins.
The forecast accuracy is 55%. He admitted that in the end
his system did not meet the goal of “beating” bookmakers.
The limitation in this study is that the prediction accuracy
was relatively low.

Albina Yezus used data set from two sources to
predict the football match outcome. The objective of this
paper was to achieve maximum accuracy [5]. She used
machine learning methods, such as the Nearest-Neighbor
method and Random Forest. The accuracy obtained from
these two methods was 63.4% and 55.8%, respectively.
Albina suggested that other methods such as SVM and
logistic regression should be used to achieve high
accuracy.

Ben Ulmer and Matthew Fernandez predicted the
soccer match results in English Premier League [6]. They
used some methods of machine learning, namely the
method of gradient descent, Naive Bayes, hidden Markov
model, Support Vector Machine and Random forest. They
suggested not to predict the first few matches because of
the lack of data on the form of the team. They compared
all methods, of which SVM showed the best result with an
accuracy of 69%.

Focusing more towards complex data set, Igiri
Nwachukwu developed a more complete system with
improved prediction accuracy, using factors that directly
affect the result of a football match [7]. They used such
methods as artificial neural network (ANN) and logistic
regression (LR). The prediction accuracy is 85% and 93%
for the ANN and LR methods, respectively [9].

Jongho Shin and Robert Gasparyan forecasted the
result of the match using data from virtual games such as
FIFA. They used ARI (overall player rating) of each
player of the team to predict the results of the match in
real time. The accuracy of predicting the match in real
time is 75%, and in the virtual — 80% [8, 9].

In his article, Andrei Skorohod, predicted the results
of football matches using a neural network [10]. He
developed two multilayered neural networks of direct
propagation with three and four hidden layers of neurons,
respectively, which were used to predict the result of a
football match and the number of goals scored in the
match. The accuracy of this approach was 71.5%.

The main sources providing information for
forecasting are the sites Soccerway, MyScore [11, 12].
This site provides: information about players who are not
included in the starting lineup of the team; the expanded
tournament table of the current championship,
highlighting games played at home and away (showing

the number of goals scored at home / away, conceded at
home / away, etc.). Also on the sites are the results of the
last 5 games played by the home team and away team.
Information on the teams of the Ukrainian Championship
is provided by the Transfermarkt site [13].

Methods. In this article, to predict the results of
football matches, we use the following methods - method
based on the weighted sum of indicators, method based on
Poisson distribution and method based on forecasting
rules.

Method based on the weighted sum of indicators.
First of all, you need to choose the indicators that form the
rating of the football team. It is advisable to choose such
parameters for evaluation which the collection of
statistical information would not be difficult. At the same
time, these indicators should have a high degree of
importance for the team rating. When choosing indicators,
it is necessary to take into account that there are
indicators: incentives and disincentives. Incentives are
indicators which increase leads to an increase in the team's
rating, and disincentives are those which decrease leads to
an increase in the rating of the football club.

Each of the indicators can affect the rating of the
team in different ways to a certain extent, and this degree
is different. In order to reflect this difference in the model,
we introduce weight coefficients [14].

Having determined with the indicators and weighting
factors, the team rating is calculated. To do this, you must
perform a number of actions.

Calculate the relative weight of the indicator for each
team (formula 1 for incentives indices, formula 2 for
indices — disincentives):

B..
— . @)
-1 Bii

where  B;; — initial value of the i-th indicator, j-th

ij
team;
Brel;; — relative weight of the i-th indicator, j-th

team, i:L_n.

i =l @

Calculate the team rating by the formula:
Ra; = Mrel| xW, ®)

where W — the matrix of weight coefficients;

MreljT — the matrix containing the relative weight
of the indicators for each j -th team;
Raj —the j-th team rating.

For the convenience of comparison, we can
normalize the rating of teams by one according to the
formula:

Ra;
Rrel; = ————, 4)

2
j=1 Raj
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where  Ra; —absolute rating of the j -th team;

Rrel ; — the rating of the team, normalized to one.

To interpret the obtained team rating, it is necessary
to enter the so-called linguistic interval scale.

In this model, a five-level linguistic scale shown in
Table 1 will be used.

Table 1 — Five-level linguistic scale

Matrch result Team rating
Win X>75%

Win or draw 55%<X<=75%
Draw 45%<=X<55%
Lose or draw 25<=X<45%
Lose X<25%

Method based on Poisson distribution. The Poisson
distribution is a mathematical concept for translating the
mean statistical values into the probability relative to the
variable results. Before using Poisson's formula to
calculate the likely outcome of a match it is necessary to
calculate the average number of goals that each team is
likely to score in this match. This number can be
calculated by determining the “attack strength” and
“defense strength” of each team and comparing these
indicators.

The choice of the data range is extremely important
in calculating the “attack strength” and “defense strength”.
If the range is too extended, then the data will not match
the current strength of the teams. However, if the range is
too narrow, this can lead to data corruption due to the
frequent occurrence of the results that differ sharply from
other values in the available data set [14-17].

Step — 1: Calculation “attack strength” and “defences
strength”.

Step — 1.1: The first step in calculating “attack
strength” based upon last season’s results is to determine
the average number of goals scored per team, per home
game, and per away game.

Calculate this by taking the total number of goals
scored last season and dividing it by the number of games
played.

X

X_ ’
X2

(%)
where X —average number of goals scored at home;
X, —season total goals scored at home;

X, — total number of home games (in season).

_h

Y_ ’
Y2

(6)

where Y —average number of goals scored away;
Y; — season total goals scored away;

Y, — total number of away games (in season).

Step — 1.2: Also need the average humber of goals an
average that team concedes. This is simply the inverse of
the above numbers (since the number of goals a home
team scores will be equal to the same number that an away
team concedes).

Step — 2: Predicting the number of goals of home
team.

Step — 2.1: Calculate “attack strength” of the home
team.

Step — 2.1.1: Take the number of goals scored at
home last season by the home team and divide by the
number of home games.

Step — 2.1.2: Divide this value by the season’s
average home goals scored per game to get an “attack
Sstrength”.

X

Attack,, = % , (M

where  Attack;, — “attack strength” of the home team;

X, — the number of goals scored at home last season

by the home team;

X —the number of home games.

Step — 2.2: Calculate “defence strength” of the away
team.

Step — 2.2.1: Take the number of goals conceded
away from home last season by the away team and divide
by the number of away games.

Step — 2.2.2: Divide this by the season’s average
goals conceded by an away team per game to get a
“defence strength”.

Y1
Defence, = -~ (8)
a Y r !

where  Defence, — “defence strength” of the away team;

Y' — the average number of goals conceded in away
match;
y, — the number of goals conceded in away matches

last season by the away team;
y —the number of away games.

Now it is possible to use the following formula to
calculate the likely number of goals that the home team
can score.

Goal,, = Attack,, x Defence, x X 9)

Step — 3: Predicting the number of goals of the away
team.

Step — 3.1: Calculate “attack strength” of the away
team.

Step — 3.1.1: Take the number of goals scored away
from home last season by the away team and divide by the
number of away games.

Step — 3.1.2: Divide this by the season’s average
goals scored by an away team per game to get an “attack
strength”.

Attack, = -, (10)

< |< \,‘5\

where  Attack, — “attack strength” of the away team;
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y; — the number of goals scored away from home

last season by the away team;
y —the number of away games.

Step — 3.2: Calculate “defence strength” of the home
team.

Step — 3.2.1: Take the number of goals conceded at
home last season by the home team and divide by the
number of home games.

Step — 3.2.2: Divide this by the season’s average
goals conceded by the home team per game to get a
“defence strength”.

X
Defence, = X, (11)
X
where  Defence, — “defence strength” of the home
team;

X' —the average number of goals conceded at home
games;

X; — the number of goals conceded in home matches
last season by the home team,

X — the number of home games.

Now it is possible to use the following formula to
calculate the likely number of goals that away team can
score.

Goal, = Attack, x Defence,, xY (12)

Poisson Distribution allows to use these figure (
Goaly,,Goal, ) to distribute 100% of probability across a
range of goal outcomes for each team [18].

-b a
P(a;b) = )0 , (13)
al
where @ —random variable;

e =2,7182818285;

b — the likely number of goals that one of the teams
can score.

Method based on forecasting rules. As factors
which influence the result of the match were chosen: the
loss of key players; team form; the level of the team;
home factor; goals scored and conceded. The influencing
variables are the differences of each of the factors for a
pair of teams.

The difference of the losses of key players:

=0 —Cy,

where ¢, — the number of traumatized and disqualified
players in the home team;
C, — the number of traumatized and disqualified

players in the away team.
The difference in the team's form:

2, =0,-05,

(14)

(15)

g, — points scored by the away team in the last five

games.
The difference in the level of teams:

where |; — tournament position of the home team in the
current championship;
I, — tournament position of the away team in the

current championship.
Field factor:

=P — P2, (17)

where  p; — the number of points scored by the home
team in home games in the last five matches;
p, — the number of points scored by the away team

in away games in the last five matches.
The difference of scored and conceded goals:

Zg=m—my,

where  m; — the difference of scored and conceded goals
of the home team;
m, — the difference of scored and conceded goals of

the away team.
The term-sets shown in Table 2, are used for the
linguistic assessment of the input and output variables.

(18)

Table 2 — Term-sets

Variable Term-sets Interval
2] Large bench (LB) [-6; -2]
Equal bench (EB) [-1; 1]
Short bench (SB) [2; 6]
Z Many losses (ML) [-15; -13]
Few losses (FL) [-12; -6]
Equal games (EG) [-5; 5]
Few wins (FW) [6; 12]
Many wins (MW) [13; 15]
2 Leader (L) [-n; -11]
Top — score (TS) [-10; -6]
Middle (M) [-5; 5]
Bottom team (BT) [6; 10]
Outsider (O) [11; n]
2, Absolute failure (AF) [-n; -7]
Failure (F) [-6; -4]
Equality (E) [-3; 3]
Advantage (A) [4; 6]
Absolute advantage (AA) [7;n]
Zc Shameful meeting (ShM) [-n; -11]
Equal meeting (EM) [-10; 10]
Crushing meeting (CrM) [11; n]
r Loss (L)
Match result Draw (D)
Win (W)
Expert  linguistic  statements  reflecting the

relationship between the factors (z; —zs) and the result of

where g, — points scored by the home team in the last @ football match (r) are presented in Table 3.
five games;
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Table 3 — Rules base

Ne 2] Z, Z3 Z, Z5 r
1 LB EG TS E EM W
2 EB FW L E CrM W
3 LB FW TS A CrM W
4 SB EG M AA P W
5 LB EG L A CrM W
6 EB MW TS A EM W
7 SB EG TS E CrM D
8 LB FL M AA EM D
9 SB EG M E EM D
10 EB FW BT AF ShM D
11 EB EG M A EM D
12 SB FL 0 F ShM L
13 EB FL BT E EM L
14 LB FL M E EM L
15 EB FL BT AF ShM L
16 SB EG BT E ShM L
17 LB ML M E EM L

Each string in this table corresponds to one «IF-TO»
rule, for example, the first string equals to rule:

IF z; is «large bench» and Z, is «equal games» and

Z3 is «top — score» and 1, is «equality» and zg is «equal
meeting», TO r is «win».

To determine which method is the best there is a
need to compare them. The comparison of methods by
several criteria is presented in Table 4.

Table 4 — Comparison of methods

Criteria Number of | Forecasting Forecasting | Situational
forecasting factors | result match score | factors are

Methods considered
Method based on the weighted n % no no
sum of indicators
Method based on Poisson 2 % yes no
distribution
Method based on forecasting n term no no
rules

Each method has its advantages and disadvantages,
as can be seen in Table 4. Therefore, these methods need
to be used together, since the method based on the
weighted sum of indicators and the method based on
forecasting rules use a large number of factors that lead to
an increased forecast accuracy. On the other hand, using
the method based on Poisson distribution it is possible to
predict the score of a football match. However, each
method does not account for situational factors. In this
case, these methods do not take into account the arrival of
a new coach / player on the result of the team. The
potential fatigue of the team associated with the
performance of the team in other football tournaments
(Champions League, Europa League, etc.) is also not
taken into account.

Results. In the introduction, we indicated various
techniques used for prediction of a winner. These methods
involve a combination of different parameters which can
give various accuracy. We have presented a comparative
study of these methods. To test the methods the match of
the English Premier League season 2016 — 2017 between

Manchester United and Tottenham Hotspur, which was
held on October 28, 2017 was taken.

Method based on the weighted sum of indicators.
The following parameters were selected for the formation
of a football team rankings:

o Place in the tournament table;
Total points *;
Goal difference;
Total number of players skipping the match;
Points home/away *;
Home match (1 — yes, 0 — no)

* — the index is calculated as the sum of the values
for the last 5 matches.

It should be specified that among the selected
parameters disincentives are the following:

o Place in the tournament table;

e Goal difference;

o Total number of players skipping the match.

Other indicators are incentives.

Table 5 presents the main indicators that form the
ranking of football teams, the value of the indicators of
each team and weight (i.e. importance) of each indicator.
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Table 5 — Data for the forecast

Ne Indicator Manchester United | Tottenham Hotspur | Weight coefficient
1 | Place in the tournament 2 3 6
table
2 | Total points 20 20 9
3 | Goal difference 18 13 7
4 | Total of players skipping the 5 2 5
match
5 | Points home/away 15 13 9
6 | Home match 1 0 7
Using data from a Table 5 it is possible to calculate rotal Home Away
the relative weight of the index for every team. #1 Team MPW D L FAMPW D L F AMPW D LH
In a table 6 the relative weight of index is presented =~ @ TreTamt. 82 e 49T 2 047 ¢ 9 v +5° "
for every team. y Y.
Table 6 _ Relative WEIght Of the indeX ﬂ Manchester ... 3518 15 5 54 29 8 10 1-19 10 5 4 28 17 +25 69
No Indicator Manchester Tottenham ;I L ; 1
United Hotspur
1 Place in the 0,6 0,4 Figure 1 — Tournament table of the teams of the season 2016 —
tournament table 2017
2| Total points 05 05 The results of calculating the attack strength and the
i $§;‘I ?,T;Leer;cgf 8"21; 8’3? defense strength of the teams Manchester United and
I : ' Tottenham Hotspur are presented in Table 8.
players skipping the
match Table 8 — Defence strength and attack strength
5 Points home/away 0,54 0,46
6 Home match 1 0 Season total goals scored at home 607
Total number of home/away games (in season). 380
Knowing relative weight of indexes of each team it | Average number of goals scored at home 1,597
is possible to calculate rating of teams. Season total goals scored away 457
In Table 7 the rating of teams is presented. Average number of goals scored away 1,202
Average number of goals conceded at home 1,202
Table 7 — Team ranking Average number of goals conceded away from 1,597
__Team Manchester Tottenham e Team | Manchester | Tottenham
Team rankin United Hotspur Indicator United Hotspur
Team ranking 24,29 18,71 Number of goals scored at 26 -
Team rating, 0,56 0,44 home last season by the home
normalized per unit team
Rating in% (X) 56,48% 43,52% Number of goals conceded - 39
Match result Win or draw Lose or draw away from home last season by
(55%<X<:75%) (25<:X<45%) the away team
Number of home matches 19 —
From Table 7 it follows that the Manchester United Number of away matches _ 19
team will win or play in a draw with the team of Number of goals conceded in 12 -
Tottenham Hotspur. home matches last season by
Method based on Poisson distribution. The first step the home team
in calculating “attack strength” based upon last season’s | Number of goals conceded in - 17
results is to determine the average number of goals scored | away matches last season by the
per team, per home game, and per away game: to calculate | -2Way team
this by taking the total number of goals scored last season Attack strength 0,857 1,707
and dividing it by the number of games played. In 2016 — Defence strength 0,525 0,560
’ Number of goals 0,766 1,078

2017 English Premier League season, these values were
607/380 for home games and 457/380 for away games.
This means that on average in one home match the teams

were scored 1.597 goals (X =Y'=1597)

match — 1.202 goals (Y = X'=1,202).
The data for calculating the “attack strength” and the

“defense strength” of the teams Manchester United and

Tottenham Hotspur are taken from the Soccerway website
and are presented in Figure 1

and in the away

It is definite that, no game ends 0,766 vs. 1,078 —
this is simply the average. Poisson Distribution, a formula
created by French mathematician Simeon Denis Poisson,
allows us to use these figures to distribute 100%
probability across a range of goal outcomes for each team.

The distribution of Poisson for our match is
presented in the Table 9.
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Table 9 — Poisson distribution for our match

Goals 0 1 2 3 4 5
Teams
Manchester United 46,46% | 35,61% | 13,65% | 3,49% 0,67% 0,10%
Tottenham Hotspur 34,03% | 36,68% | 19,77% | 7,10% 1,91% 0,41%

This example shows that there is a 46,46% chance
that Manchester United will fail to score, but a 35.61%
chance they will score a single goal and a 13.65% chance
they’ll score two. Tottenham Hotspur, on the other hand,

is has 34.03% not to score, 36.68% — to score one and
19.77% — to score two.

Method based on forecasting rules. The result of a
football match by the rules of forecasting is presented in
Table 10.

Table 10 — The result of a football match based on the rules of forecasting

Team Manchester Tottenham Forecast
Variable United Hotspur
7, 5 people 2 people 3SB
Z, 10 points 10 points 0EG
Z 2 2 1M
Z 15 points 13 points 2E
Zg +19 +12 7EM
r Draw D
Match result 1 | 0

According to this method, the match between
Manchester United and Tottenham Hotspur was supposed
to end in a draw, but Manchester United won with the
minimum account 1 — 0.

Compare the results of the methods to determine
which of the methods accurately predicted the result of the
match.

The results of the methods are presented in Table 11.

Table 11 — Comparison of results

Result Lose Draw Win
Methods
Weighted sum - + +
method of
indicators
Poisson — + _
distribution
Forecasting rules — + —

All the methods indicated that the match Manchester
United — Tottenham Hotspur is to end in a draw. This is
due to the fact (The reason is) that both teams are equal in
strength and they are on the 2nd and 3rd places of the
standings, respectively. Also, the home team had a big
loss of players (5 traumatized people) and low
performance on the home field in the 2016 — 2017 season.
However, the weighted sum method of indicators also
indicated that the match could end in victory for
Manchester United.

Discussion. It can be seen from the literature review
that different models has a different set of factors which
affect the forecast of a football match. Thus, the accuracy
of the system will depend on the choice and calculation of
factors. To achieve better accuracy than previous models,
it was decided to choose 5-6 main factors that

significantly affect the outcome of the match. The
proposed model uses 3 methods for predicting a football
match results. Testing these methods shows that low
prediction accuracy is at the method based on forecasting
rules. The method based on the weighted sum of
indicators and the method based on Poisson distribution
have accuracy that is not worse than the methods
considered in the literature review have.

The method based on the weighted sum of indicators
uses 6 indicators, which affect the rating of the team to a
certain extent. The influence of indicators was displayed
in the form of weight coefficients. These weights increase
the accuracy of predicting a football match results.
However it should be kept in mind that this approach
involves adjusting of the model parameters by an analyst
immediately before each match. After analyzing the
statistical indicators of teams and guided by their own
experience, an analyst should choose the weight
coefficients, and may exclude some indicators from the
calculation.

In the distribution of Poisson's two main aspects of
the football game are the attack and defense. Thus,
comparing these two factors between two teams gives us
intuition about the best team, both attacking and
protecting. However Poisson Distribution is a simple
predictive model that doesn’t consider numerous factors.
Situational factors — such as club circumstances, game
status etc. — and subjective evaluation of the change of
each team during the transfer window are completely
ignored. Correlations are also ignored; such as the widely
recognized pitch effect that shows certain matches have a
tendency to be either high or low scoring.

The method based on rules of forecasting predicts
the results of football matches based on the conditions
“IF-TO” rule base. Testing the model shows that the
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received forecasts are in good agreement with the actual
outcomes of football matches. The described base of rules
in the article allows us to predict the outcome of a football
match based on available information about the current
state of teams and the results of previous fights.
Conclusion. Comparative research  helps to
determine which method is best of all. The method based
on the weighted sum of indicators predicts a result of a
football match with an accuracy of more than 77,6%. The
method based on Poisson distribution uses another set of
prediction factors and predicts the match result with an
accuracy of 83,5%. As for the method based on rules of
forecasting, they predict the result of the match with an
accuracy of 70,4%. Thus, we can conclude that the
accuracy of the system will depend on the choice of
forecasting factors: the accuracy of the calculation of
parameters and the choice of the best forecasting method.
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VIIK 330.46
C. B. IVBEHEII, E. II. TABJIEHKO, E. H. XAPITHI

MMPOTHO3UPOBAHME PE3YJIbTATOB ®UHAHCOBBIX MHBECTHUIIAM

ITponoHyIOTECSI METOAN BH3HAYEHHS LIHOBUX PiBHIB (ikcanii mpuOyTKy y IPOTHO3yBaHHS pe3ybTaTiB IHBECTHIIIH Ha CBITOBHX (PIHAHCOBUX PHHKAX.
Jlani MeToM KO3BOJSIOTH BUKOHYBATH aJ€KBAaTHY OIIHKY PsTy MOKa3HUKIB CHIH 1 SIKOCTi IIIHOBUX 30H MONHUTY/IPOMO3HII] A MONIyKy HailOimbII
IMOBIPHUX MOXKJIMBOCTEH 11 IPUOYTKOBOTO 1HBECTYBAHHS, MIPOTHO3YBATH PO3MIp MOTEHUIHHOr0 NPUOYTKY B KOXKHiil OKpeMiil iHBeCTHIIil, a TakoxK
BU3HAYATH CEPeIHbOCTATUCTHYHY NPUOYTKOBICTH TOPrOBO-iHBECTHILIHOI AisIbHOCTI B HinoMy. Po3pobmeHo pexomeHAarii IOAO NPaKTUIHOTO
3aCTOCYBAaHHSIM BKa3aHHX METOIB 3 ypaxyBaHHSIM IIOTOYHOI PUHKOBOI CUTYyaIlii.

Kai04oBi c10Ba: TOproBo-iHBECTHIIHHA AiSUbHICTD, TPOrHO3YBaHHS, (DiHAHCOBI IHBECTHULIT, (HiIHAHCOBI PUHKH, LIHOBUI Psifl, MPUOYTOK.

Ipeanararorcss METOABI ONPEAEICHUS LEHOBBIX YPOBHEH (MKcauuy NPUOBUIM B IIPOTHOSMPOBAHMS PE3yJIbTATOB MHBECTULMH HAa MHPOBBIX
(MHAHCOBBIX pBIHKAaX. J[aHHBIC METOZAB! IIO3BOJISIOT BBINOJNHATH AJCKBATHYIO OLEHKY pslia IOKa3aTeleld CWIbl M KauecTBa LICHOBBIX 30H
CIpPOCa/TIPeUTOKEHNsT Ul MOHCKa Hambolee BEPOATHBIX BO3MOXKHOCTEH M IPUOBUIBHOTO WHBECTHPOBAHHS, IIPOTHO3UPOBATH pa3Mep
HOTCHIUANBHOI NPUOBLUIN B KaXI0i OTAEIbHOH MHBECTULIMH, @ TAKXKE ONPEACIATh CPEJHECTATUCTUUECKYIO TOXOIHOCTh TOPrOBO-MHBECTULHOHHOM
JIEATEIPHOCTH B LieJoM. Pa3zpaboTaHbl PeKOMEHJALMM 10 NPAaKTHYECKOMY NPUMEHEHHEM yKa3aHHBIX METOMOB C YYETOM TEKYIIEH PHIHOYHOM
CHUTYallUH.

KiioueBble cjI0Ba: TOProBO-MHBECTHIIMOHHAS ACATEIBHOCTD, IPOrHO3UPOBAaHKE, (DMHAHCOBBIC MHBECTHINH, (DUHAHCOBBIC PHIHKHU, LICHOBOW
psA, npuObUIb.

Methods are offered for determining the price levels for fixing profits in forecasting the results of investments in world financial markets, based on the
analysis of price time series taking into account current financial indicators and the market situation. These methods allow an adequate assessment of a
number of indicators of strength and quality of the price zones of the supply/demand in order to find the most probable opportunities for profitable
investment, it is highly probable to forecast the size of the potential profit in each individual investment, and also to determine the average yield of
trade and investment activities in general, taking into account a variety of investment transactions for a long time distance. Recommendations are
developed on the practical application of the methods considered taking into account the current market situation. The ways of further researches of the
mentioned problems are outlined taking into account the mentioned problem moments.
Keywords: trade and investment activities, forecasting, financial investments, financial markets, price range, profit.

Beenenne. B CBsI3U c pa3BUTHEM
aBTOMAaTU3UPOBAHHBIX TOPIOBBIX CHCTEM U UHIMPOKOM
HOILYJISIPHOCTBIO aBTOMAaTU3UPOBAaHHOU

TOpFOBO-I/IHBeCTI/IHI/IOHHOﬁ JACATCIIBHOCTH Ha (bHHaHCOBI:IX
pPBIHKax, B HAacTOSIIEE BpPEMs AaKTyaJbHBIMHU SIBISIOTCS
BOIIPOCHI BBICOKOBEPOSITHOTO TIPOTHO3UPOBAHUS
pe3ynbTaToB (PUHAHCOBBIX MHBECTUIMH HA STHX PBIHKAX.
Ilppy >TOoM  oOmHMM W3  KIIOYEBBIX  (HaKTOPOB,
OTIPEETISIONINX BEPOSITHOCTD MIPOTHO3UPOBAHUS,
SBISIETCST  CITOCOOHOCTh  (DMHAHCOBBIX ~AHAINTHKOB U
HWHBECTOPOB Ha OCHOBE IICHOBBIX BPEMCHHBLIX PAIOB
OTpeneNiaTh OnmKaiie HHBECTHUIIMOHHBIE (TOPTOBBIE)
e (PMHAHCOBBIX BIIOYKCHUI.

IMocranoBka mnpoGaembl. M3BectHo [1, 2], uto
OJHUM us3 HaunboJee Ba>XXHbIX KOMIIOHCHTOB
3¢ PEKTUBHOTO MHBECTUPOBAHUS Ha (PUHAHCOBBIX PHIHKAX
SBISIETCST TIOMCK, ITTOCTPOGHHE Ha IIEHOBOM TrpaduKe H
OLICHMBaHHWE CIICIHMANBHBIX 30H CIPOCA/TIPEIT0KEHHS
(6a3), xapakTepH3yIOUIMXCS HAJIWMYMEM B HHUX CHIBHOTO
JrcOananca Mexay CIpoCcOM M MPEAI0OKEHHEM.

B kauecTBe mokaszareneil cuibl qucOaiaHca B 30HaX
CHpOC&/HpeHHO)KeHI/ISI MOT'YT BBICTYIIATh TaK HAa3bIBaACMbIC
yewnutenn aucbananca [3]. K TakuM  OCHOBHBIM
YCHJIUTENSIM OTHOCSITCSl CIEAYIOIIUE IIECTh YCHIIMTENEH:
«Cuna (Strength)», «Bpems u yposenp (Time@Level)»,
«Bosnarpaxxneane n Puck (Reward/Risk)», «Kacanus
(Retracement)», «Ilogxom x 3ome (Arrival)y, «OOmas
kaptuna (Big Picture)»

OnHako pu OIpeaeIeHNN HEKOTOPBIX
YCWINTENBHBIX MOKa3zaTeJded 30H CHpoca/peyioKeHUs
cymiecTByeT psin npoGiem. B yacTHoCTH, OJTHA M3 TakhX
npoOsieM cBsi3aHa C HEOJHO3HAYHOCTHIO B IIOJX0/aX K

«Bosuarpaxnenue u Puck (Reward/Risk)» [4]. A aro, B
CBOI0O Ouepe]b, SBISETCA CIEACTBHEM MpPOOJIeMBl C
OIpesielIeHHeM I[EHOBOTO YPOBHA MepBoH (OmmxaiIieit)
Hend JUIs  IUTAHUPYeMOW  (MHAHCOBON HMHBECTHIIUU
(TetikmpoduTa), Ha KOTOPOM MIPOUCXOIUT
ABTOMATHUYECKOE 3aKPhITHE TEKYILIEH TOPrOBON CHENKH C
(ukcanmeld npuObLH. JleficTBUTENFHO, BeIh UMEHHO Ha
ocHoBe mapamerpa «llemsl» (TP1) m paccumThIBaroTCs
0aJuTBI 110 YKa3aHHOMY YCHITHTEIIIO:
Bosnazepasicoenue/Puck=Lenv1/Cmonnocc

WIH
Reward/Risk=TP1/SL,

rne «Cmonaoccy (SL) — 9TO T1I€HOBOH YpPOBEHB

OrpaHuYeHUs  (UHAHCOBBIX IMOTEPb, HA  KOTOPOM

MPOUCXOJUT AaBTOMATUYECKOE MpPEPhIBAHHE TEKYIIeH

TOProBO# CHENKH ¢ (UKcalel MOJIy4YeHHbIX YOBITKOB B
cilyqyae  HEOJAaronmpusTHOTO  Pa3BUTHS  PBIHOYHOU
CUTyallud W JBWXEHHHM II€Hbl B  HaNpaBICHUHU,
MPOTUBOMNOI0KHOM 0KUIAEMOMY.

AHAaMH3  cOCTOSSHMSI MNPo0JieMbl. Y CUINTEND
«Bo3narpaxaenue u Puck» orpaxaer COOTHOIIEHUE
MOTEHIIMAJIBHOTO  pa3Mepa  OXHIAaeMOH  IpHOBLTH
IUTAaHUpyeMoll (MHAHCOBOH WHBECTHLIMH K pasMepy
MOTEHIMATBHOTO pHcKa. Kak M3BECTHO, 3TO KPUTHUECKU
B&XHO Ui OOECHEUeHHsT  CPEAHECTATHCTHYECKOU
MPHUOBUTBHOCTH TOPTOBO-MHBECTUIIMOHHON AEATEIEHOCTH
B IIEJIOM, 33 PE3yNbTaTaMH AOCTATOYHO OOJIBIIOrO YHCIHA
TOPrOBBIX CAEJOK HA ATUTENBHOM BpEMEHHON AUCTaHIUN.

[pu pacuere ycunurens «Bo3narpaxnenue/Puck», a
TaKKe MPU NMPOTHOZUPOBAHUH PE3yJIbTATOB (PUHAHCOBBIX
UHBECTUIUI Ha OCHOBE aHalIM3a L[EHOBOTO BPEMEHHOIO
psifa, B HACTOsIIEe BpeMsl IPUMEHSIOTCS CIEIYIOUINX IBa

pacyéry  OIHOTO u3 KIIOYEBBIX  yCHIWTeNneil  Merona onpeneseHus nmapamerpa «Lensl» (puc. 1):
© C. B. Jlyoenen, E. I1. [TaBnenko, E. H. Xapuwuii, 2017
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- B KauyecTBe MPOTHO3HOTO pasmepa
MOTCHIMAIBHOW MPHOBUIN HCIOJIB3YETCS MAaKCUMAaJIbHOE
paccTosiHre, Ha KOTOpOe I[eHa YIIUTa OT 0a3bl, MPEXK/Ie YeM
BepHYThca K Hell cHoBa («Cmocob 1»). Takoit momxon
MIPEJUIOKEHO OMPECIIATh, KaK IparMaTHYHbBIN TOIXO0/;

- B KauecTBe HPOTHO3HOTO pasmepa

MOTEHIMAIbHOW NPUOBIIN HCTIONB3YETCS PACCTOSHUE 10
Ommkaiimero K 0a3e IMPOTHBOIOJIOXHOTO IIEHOBOTO
YpOBHS TOro TaiM¢peliMa, Ha KOTOPOM BBIITOTHICTCS
BXO0J1 B prIHOK («Crnoco6 2»). Takoi moaxoxa MpeanoxeHo
OTIPEIENATh, KaK HECCHMUCTUYHBIN MOJIXO.
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Puc. 1 — Cnoco6s1 onpenenenus «Llexnl» ToproBolt HHBECTUIIHH

Takum  oOpa3oMm, TOJNydaeM  CYyIIECTBYIOIIYIO
HEOJHO3HAYHOCTh B METO/aX, a C Hedl u mpobiemy
a/IeKBaTHOTO TEKyIleH pHIHOYHON cuTyanuu BbeIOOpa
OIHOTO M3 O3THUX METOJOB IpPH NPOTHO3HPOBAHUU U
aHaJM3e Pe3yNbTaToB (PMHAHCOBBIX MHBeCTUIMHA. K Tomy
K€ B HACTOsIee BpeMs MPAKTHYECKH OTCYTCTBYIOT
KOHKpETHBIE W JIeTaJbHBIE  PEKOMEHJAIMH  I10
IIPUMEHEHHIO NIPUBEIEHHBIX BBIIIE METOJOB ONpEAEICHUS
«emml».

Meron pewmeHusi npodJjemsl. B nepByto ouepens,
YUUTHIBas peanu (GYHKIHOHHPOBAHUS (PUHAHCOBBIX
PBIHKOB U IIPOLIECCOB MHBECTUPOBAHMS HA HHUX, aBTOPAMU
MIPEUIOKEH AJIsl IPUMEHEHUS €llle OJUH — TPETUIl METOx
(«Cmoco6 3») & ompenenenuto mapamerpa «llenbly,
KOTOPBIi peKoMeHayeTcs 0003HAYNTH KaK
ONTUMUCTUYHBIN mojxon. [Ipu 3TOM MeTone B KauecTBe
IIPOTHO3HOTO pa3Mepa MOTEHIINATBLHON MPUOBLTH CIeayeT
WCIIONIb30BaTh PACCTOSTHUE N0 ONMMOKaWIeid emeé cBexei,
T.€. paHee He TEeCTHUPYEeMOH IIEHOW, MPOTHUBOIOJIOKHOMN
BCTPEYHOH 30HBI CHPOCA/TPEIUIOKEHUST TPEIBLIYIIETO
Tperaa (cM. puc. 1).

Kpome Toro, yuureiBasg IpPHUBEJEHHOE BBIIIE
pasHooOpa3ue MeTtonoB ompeaenenus «Llemuly, Obun
pa3paboTaHbl clenyomnye pEeKOMEeHAaIUH u
MPEUIOKEHUST 10 WX HCIOJIB30BAaHUIO B  TIPAKTHKE
(hMHAHCOBOTO MHBECTUPOBAHNSI.

Vcxons M3 JOTHKHM PHIHOYHBIX IIEHOBBIX JBHKCHUH
nparMatuaHblii  «Crocob 1» ciemyer NpUMEHSATh HpU
JBI)KEHUH LIEHBI B IIECHOBOM KOPHIOPE, a TAKXKE B CIIydae
OTKPBITUSL TOPTOBBIX CHEIOK B HAIIPABICHHWU JIBUXKCHUS
LeHbl Ha o0mel KapTuHe (UHAHCOBOTO pBIHKA, T.€. B
HanpaBJeHUM TpeHAa Ha OounbiieM Taiimdpeiive. 3To

BBI3BAHO TEM, YTO NPH MOJOOHOM Pa3BUTHUH PHIHOYHOM
CUTyaluu Ham6onee BEPOATHBIM ABJIACTCSA }IaﬂbHeﬁIHee
JBMKCHUE LC€HbBI B HAMNpPaBJICHUMW JaHHOTO TpEHIAa, U
CYIIECTBYET BBICOKAas BEPOATHOCTH TOI'O, YTO ILEHA Kak
MUHUMYM IIOBTOPHO NPOUJET IPOTHO3HOE PACCTOSHUE.

[Teccumuctrunsliit «Crioco6 2» JTOTHYHO NMPUMEHSATh
IIPU TOPrOBJi€ MPOTHB OONBIIETO TpPEHAAa Ha CTapIleM
TaiimdpeiiMe, TOCKONBKY B JTaHHOM clydae HambOolee
BEPOSTHBIN SBISETCS CHTyalWs, KOTJa IIeHa CMOXET
chenatb TOJNBKO OTCKOK OT ©0a3pl 10 Omrpkaifmero
MPOTHBOMOJIOXHOTO ypOBHsA pabouero TaiiM@peiiMa,
ocye 4ero MpOAOJDKUTE CBOE NBIDKCHHE B HAIPABICHUU
OCHOBHOTO OO0NbImOro TpeHaa. V3BecTHO, 4TO B TaKoOi
cuTyaluu (MHAHCOBYIO NMPHUOBUIL ClenyeT (UKCHPOBATh
OBICTPO, HA OIIDKANIIIEM K IIEHE IIEHOBOM YPOBHE.

Torna w3 NpPUBEAEHHBIX PEKOMEHJAIMH MOXKHO
OpUMTH K  BBIBOAY, UYTO IPOTHO3HBIH  pasmep
MOTEHIIMAJILHOW MPHUOBUIA C OMpeNeIeHreM OrmKanIe
toproBoii  «lemul», a Takke pacu€T yCWIHTENS
«BosHarpaxnenue/Prucky», TOIDKHBI 3aBUCETh OT 3HAYCHUS
emé OJHOrO KIYeBoro ycwimtenss «OOmas KapThHa
(Big Picture)». Ilpm sToM mpemiaraercsi CieayrONIHA
ITOPUTM CBSI3BIBAHUS 3TUX YCHJIUTEICH MEXKIY COOOI:

— ecmu «bonpmias kapTuHay=2 Oayura (TOPTOBIIA 3a
TpeHaoM), To aus ompexnenenus «llemnl» u oreHKH
YCUITUTENS «Boznarpaxnenue/Puck» cleayer
nucnoiip3oBaTh «Crocod 1»;

— ecmu «bompmas kaptuHay=1 wimm 0 OGamioB
(TOproBIs TNPOTHUB TpPEHJA), TO JJs  ONpEIeICHHS
«llemul» u ouenkm ycunurens «BosHarpaxnenue/Puck»
cilelyeT ucnonb3oBath «Crnocob 2».
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OntumuctryHbii  «Crocob 3»  Takke — ciemyer
ucnone308aTh NpH «bopiias kaptuHan=2 6amia. OqHAKO
3TO CIIEAYyeT IellaTh C y4eTOM HE TOJBKO HalpaBlCHHS
TeKyIero TPeHAa, HO W ero CTaAuu: HPUMCEHATbH
«Croco0 3» TOJMBKO B TOM CIIy4ae, €CH TOT TPCHI emé
npeObIBaeT B CTaIUU «MOJOAOCTH». W XOTs TOHATHE

«MOJIOZIOCTHY» TPEH/a JOBOJBHO PACIUIBIBYATOC, TEM HE
MEHEee ero MOXKHO OLCHUTh KonmdecTBeHHO. Hampumep,
TEKYUIMHA TPEHJ MOXKHO CUYHMTATh «MOJIOJBIMY», €CIIH OH
emeé He moctur 50-70 % OT MIUTETHFHOCTH NPEIBIAYIIEro
Oonbmiero Tpeuaa (puc. 2). B aTtom ciyuae 6oiee Bhicoka
BEPOSATHOCTb MPOJAOJDKCHUS TEKYIIETO TPEHIA.

| ~ GBRUSD,Daily 1.
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Puc. 1 — Craguu Texymniero TpeH1a Ha IEHOBOM Tpaduke

OfHAaKO MOXHO TIPEAJIOKHTh M JAPYryro, Oojee
KOPPEKTHYIO TPAKTOBKY «MOJIOJOCTH» TEKYIETo TpeHaa:
€ro CJIeJIyeT CUUTATh «MOJIOJBIMY, €CIIH OH eIllé HE TOCTHUT
Haubonee CHIILHOM 30HBI clpoca/mpeioxenus (6a3bl)
npeapiayero Tpeuaa (cMm. puc. 2). B mpoTUBHOM ciydae
TaKOW TPEHJ CIeQyeT CUUTATh «CTapeiM» U «Crmocod 3»
HE IPUMEHSTb.

Hakonen, mnpu mnporHoO3UpOBaHUU  PE3YIbTATOB
(DMHAHCOBBIX WHBECTHIIMI C ONpeACICHUEM OrKaimei
TOProBOM LEIM MOXHO HPEJIOKUTh HCHOJIb30BaTh
OJTHOBPEMEHHO BCE TPH PACCMOTPEHHBIC BBHINIE criocoba
onpenenenus «llemul», He 3aBUCUMO OT TEKYIIETO
KOHTEKCTa pbIHKA. [lpu 3TOM WHBeCcTOpy B Tpolecce
COTIPOBOXKJICHUSI WHBECTHUIIMH CIIEAYET IOCIIEI0BATEIHLHO
(UKCUPOBATh HAa COOTBETCTBYIOIIMX I[CHOBBIX YPOBHSX
OTPEEIEHHYIO IO TOTYYCHHON (PHHAHCOBOM MPUOBLITH
Mo Mepe JBIKEHHS I[EeHbBl B  IOJIOKHUTEIHLHOM
HaIpaBJICHUH, ITyTEM 3aKPbITUSI TOJIBKO HEKOTOPOM yacTu
aKTUBHOW TOProBOW caenku. T.e. 4acTh cHenKd (WId
jmor 1)  3aKpeITh C  HEKOTOPOW  HPHUOBUIBIO  HA
neccumucTHaHOM «Lemul», npyryro vacte (JioT 2) — Ha
nparmatuuHod «Uenul», ¥ HakoHel, TPEThIO YacTb
caenku (10T 3) — Ha onTuMUCTHUHON «[lemu».

Crnenayer 3aMeTHTh, YTO VYUYUTBHIBAIO TCHUXOJIOTHIO
WHBECTHIIMOHHBIX  mpolieccoB  [5],  mpemioxeHHast
KOMOHMHAIWsI METOJIOB ¢ (hrKcanuel mepBor MpHOBLTH Ha
NIECCUMUCTUYHOU «emmnl» pUAACT HWHBECTOPY
YBEPEHHOCTh B CBOWX JICHCTBHAX U CMOXKET yOepedb ero
OT U3JMITHETO0 OECIIOKOWCTBA, OT JECTPYKTHBHBIX U
pazpylialomMx  SMOLMOHAJBHBIX  AEUCTBMIA  mpu
JalbHEMIEM COMPOBOXACHUU OCTaBIIUXCA OTKPBITHIX
JIOTOB MHBECTULIMOHHOM CIIENKH.

BeiBogsl. B pabote
ompeneineHusT  (PUHAHCOBBIX

PaCKpBITBI
Hejaen

METOJbI
TUIAHUPYEMBIX

TOPTOBBIX CICIIOK. Nx MMPUMECHCHUEC IIO3BOJIACT
MPOTHO3UPOBATh pa3Mep IMOTCHIUAIBHOW TPUOBUIA B
KaXIOM OTHOENbHO B3SATOM MHBECTHUIMH, a TaKxXe
OTIPEJIENIATh  CPEJHECTATUCTUYECKYI0O  MPUOBUTLHOCTD
TOpFOBO-I/IHBeCTI/IHI/IOHHOﬁ JACATCIIBHOCTH B LICJIOM.

[IpemnoskeHO pacIIUPUTh CYMIECTBYIOIIAE METOIBI
OIICHKY IPOTHO3HOTO 3HAYCHMUSI TOTEHITNATHHON IPUOBLITH
TaK HA3bIBAEMBIM ONTAMHUCTHIHBIM MOJTXOJIOM,
MPUMEHEHHE KOTOPOTO MOXET CYIICCTBCHHO ITOBBICHUTH
pe3ynbTaThl (PUHAHCOBBIX WHBECTHIIHUI.

OpmHako paccMaTpHBaeMble  BOIPOCHL  TPEOYIOT
}IaﬂbHeﬁHIeFO HCCJIEAOBAaHN, BbI3BAHHOTIO NMPUMECHCHUEM
B TIPaKTHKE WHBECTUPOBAHUSA OTJIOXKEHHOTO CIocoba
YCTaHOBKHM TOPTOBBIX opjaepoB. [Ipobraema 31ech COCTOUT
B TOM, YTO Ha MOMEHT YCTaHOBKH OTJIO)KEHHOTO OpJiepa
WHBECTOP HE BUAUT Xapakrepa MNOAXO0Ja IEHBI K
TeCTUpyeMoOi 0a3e, a Takke He MOXeT HaOI01aTh, KaKue
LECHOBBIC (DOPMAIIMH IIPH 3TOM ITOAX0IE 00Pa30BBIBAIUCE.
[To cyTu 3TO MPUBOJIUT K TOMY, YTO HHBECTOPHI HE UMEIOT
BO3MOXXHOCTH a/IEKBaTHO OIPENENSITh LIEHOBbIE YPOBHH
Ui OmKaluX (UHAHCOBBIX I[EJIEH, YTO HCKIIOYaeT
BO3MOXXHOCTh ~ BBICOKOBEPOSITHOIO  MPOTHO3UPOBAHUS
(hMHAHCOBBIX PE3YIHTATOB HHBCCTHUIIUI.

CHnucok JinTeparypbl

1. Jlhybeneys C. B. AHami3 4YacoBHX psAiB Yy IPOTHO3YBaHHI
¢inancoBux inBectuuiit / C. B. Jly6eneys // Bicank XapkiBcbKoro
HarjioHansHOTO  yHiBepcutery  imeni B. H. Kapasina.  Cep.
«Exonomiunay. — Xapkis : XHY im. B. H. Kapazina — 2013. —
Ne 1068, urr. Ne 86. — C. 124-128.

2. Jlybeney C. B. Ilpobnembl onpeneneHus 30H crpoca (TPeuIoKeHIs)
B CWIbHBIX LEeHOBBIX TpeHnax / C. B. Jlybeney, E. Il Ilasnenxo,
E. H. Xapyuii I Bicank HTY «XIIl». Cepist : CucteMHuii aHauis,
yrpaBiiHHs Ta iHpopmauiiiai Texuomoril. — X. : HTY «XIIl», 2015.
— Ne 58 (1167). — C. 57-61.

62

Bicnux HTY «XIII». 2015. Ne 58 (1167)



ISSN 2079-0023 (print)

ISSN 2410-2857 (online) CucmemHuil auanis, ynpasninHs ma iHghopmayiini mexHonozil
3. Omenka yposaeit Cnpoca (Ilommepxkn) wu Ilpemnoxenms 2. Lubenec S. V., Pavlenko E. P., Harcij E. N. Problemy opredelenija
(Comporusiienus). - Pexum JoCTyma : zon sprosa (predlozhenija) v sil'nyh cenovyh trendah. [The problems
http://www.myforextrading.ru/2012/03/1.html. — Jlata oGparenus : of determining the zones of demand (supply) in strong price trends].
02 mexabpst 2017. Visny'’k NTU «XPly. Seriya: Sy'stemny’j analiz, upravlinnya ta
4. AnHaToMMS LEHOBBIX 30H, WJIM aHTHycwiurtenu 6a3. Yacts 2. — informacijni texnologiyi. Xarkiv: NTU «XPI», 2015, no 58 (1167),
Pexum JocTyra : pp. 57-61.
http://trader2014.blogspot.com/2017/10/2_22.html. - Jlara 3. Ocenka urovnej Sprosa  (Podderzhki) i  Predlozhenija
o6pauenust : 02 nexabpst 2017. (Sopraotivlenija). Available at:
5. Jhbeneyw C. B. TlpoOnemu (GopMyBaHHs IICHXOJIOTIYHUX SAKOCTEH http://lwww.myforextrading.ru/2012/03/1.html. (accessed
¢daxiBuiB y cdepi ¢inancosux imBectuuii / C. B. /Iybeney, 02.12.2017)
O. M. Xapyii, I'. B. Apenuenxo // Bicuuk XJIAK : 30. nayk. npaus / 4. Anatomija cenovyh zon, ili antiusiliteli baz. Chast' 2. Available at:
M-Bo kynbrypu Ykpainu, XJTAK. — Xapkis, 2014. — Bum. 45. — http://trader2014.blogspot.com/2017/10/2_22.html. (accessed
C. 275-282. 02.12.2017)
5. Lubenecz' S.V, XarcijO. M., Afenchenko G.V. Problemy’
References (transliterated) formuvannya psy xologichny x yakostej faxivciv u sferi finansovyx

investy'cij. [Problems of formation of psychological qualities of

L L_ubenecz‘\ S. V. Apa_l_iz chasoyy‘x r_yadiv u prognozuva_nni specialists in the field of financial investments]. Visny'k XDAK: zb.
finansovy'x investy'cij. [Analysis of time series in forecasting nauk. pracz / M vo kul'tury’ Ukrayiny’, XDAK. Xarkiv, 2014,
financial investments]. Visny'k Xarkivs'kogo nacional'nogo no 45, pp. 275-282.

universy'tetu imeni V. N. Karazina. Ser. «Ekonomichnay. Xarkiv:
XNU im. V. N. Karazina, 2013, no 1068.86, pp. 124-128. ITocmynuna (received) 05.12.2017

Bionioepagiuni onucu | bubnuoepagpuueckue onucanus | Bibliographic descriptions

IMporuozyBanus pe3yiabrariB QinancoBux inBecruniii / C. B. Jly6eneusn, €. I1. llaBnenko, O. M. Xapuiii //
Bicank HamionamsHOTo TexHiuHOTO yHiBepcuTeTy «XIII». Cepis: CucteMHHWI aHami3, yOpaBiIiHHA Ta iHpOpMAmiiHi
texHosorii. — X. : HTY «XIIIy», 2017. — Ne 55 (1276). — C. 60-63. — Bi6miorp.: 5 Ha3s. — ISSN 2079-0023.

IMporuo3upoBanue pe3yabraToB puHancoBbix uuBecTunmii / C. B. Jlyoenen, E. I1. ITasiaenxo, E. H. Xapumii
/I Bicuuk HarionaneHoro Texuiunoro yuiBepcutety «XIID». Cepis: CucteMHu# aHai3, ynpaBiiHHS Ta iHGopMaIiiHi
TexHomorii. — Xapkis : HTY «XIII», 2017. — Ne 55 (1276). — C. 60—63. — bu6nuorp.: 5 na3e. — ISSN 2079-0023.

Forecasting the results of financial investments / S. V. Lubenec, E. P. Pavlenko, E. N. Harcij // Bulletin of
National Technical University "KhPI". Series: System analysis, control and information technology. — Kharkov : NTU
"KhPI", 2017. — No. 55 (1276). — P. 60-63. — Bibliogr.: 5. — ISSN 2079-0023.

Bioomocmi npo asmopis / Ceedenusi 06 asmopax | About the Authors

Jybeneup Cepeiii Bacunvoeuy — XxaHIAOAT TEXHIYHIX HAYK, JOIECHT, XapKiBChKa JIepKaBHA aKaJeMis KyIbTYpH,
Jo1eHT Kadenpu xypHamictuku, M. Xapkis; tei.: (097) 361-55-09; e-mail: S.Lubenec@ukr.net.

Jlyoeney Cepzeit Bacunvesuu — xanauaT TEXHUUECKUX HAYK, TOLEHT, XapbKOBCKasi TOCYyJapCTBEHHAS aKaIeMHs
KYJIBTYPBI, TOLEHT Kadeapsl )KypHATUCTHKH, T. Xapbkos; Ten.: (097) 361-55-09; e-mail: S.Lubenec@ukr.net.

Lubenec Sergej Vasil'evich — Candidate of Technical Sciences (Ph. D.), Docent, Kharkiv State Academy of
Culture, Associate  Professor at the Department of Journalism, Kharkov; tel.: (097) 361-55-09;
e-mail: S.Lubenec@ukr.net.

ITagnenxo €ezen Ilempoeuu — KaHIUIAT TEXHIYHUX HAyK, JOLEHT, XapKIBCbKUW HalllOHAIBHUI YHIBEPCUTET
pamioeNeKTPOHiKH, MOHEeHT Kadeapu iHGOpPMALidHUX yIpaBisiounx cucteM, M. Xapkis;, Ten.: (050) 303-33-56;
e-mail: evgenijpavlenko821@gmail.com.

Ilagnenko Eezenuin Ilempoeuy — KaHIUJAT TEXHUYECKUX HAYK, JOLICHT, XapbKOBCKUI HAallMOHAJIBHBII
YHHUBEPCUTET PAAMOIEKTPOHUKH, MJOLEHT Kadeapbl HHGOPMAIMOHHBIX YIPABIAIONIMX CHCTEM, T. XapbKOB;
ten.: (050) 303-33-56; e-mail: evgenijpavlenko821@gmail.com.

Pavlenko Evgenij Petrovich — Candidate of Technical Sciences (Ph. D.), Docent, Kharkiv National University of
Radioelectronics, Associate Professor at the Department of the Information Control Systems, Kharkov;
tel.: (050) 303-33-56; e-mail: evgenijpavlienko821@gmail.com.

Xapuyini Onena Mukonaiéna — KaHIUAAT TICUXOJIOTIYHMX HAyK, JOIEHT, XapKiBChKa [epXKaBHA aKaaeMis
KyJIbTYpPH, IOLEHT KadeapH corlianbHoi meuxomorii, M. Xapkis; ten.: (066) 372-20-13; e-mail: harley_99@ukr.net.

Xapuyuii Enena Hukonaeena — XaHAUIAT IICUXOJOTMYECKUX HAYyK, JOLIEHT, XapbKOBCKas TOCYAapCTBEHHas
aKaJeMHsi  KyJbTYpbl, JIOHEHT Kadeapsl  CONMANBHON  mcuxoyorud, r. Xapekos; Tei.: (066) 372-20-13;
e-mail: harley_99@ukr.net.

Harcij Elena Nikolaevna — Candidate of Psychological Sciences (Ph. D.), Docent, Kharkiv State Academy of
Culture, Associate Professor at the Department of Social Psychology, Kharkov; tel.: (066) 372-20-13;
e-mail: harley_99@ukr.net.

Bicnux HTY «XIII». 2015. Ne 58 (1167) 63


mailto:S.Lubenec@ukr.
mailto:S.Lubenec@ukr.
mailto:S.Lubenec@ukr.net
mailto:harley_99@ukr.
mailto:harley_99@ukr.
mailto:harley_99@ukr.

ISSN 2079-0023 (print)
ISSN 2410-2857 (online)

Cucmemnuil ananis, ynpasiinms ma ingopmayitini mexnonozii

UDK 004.827
D. E. DVUKHGLAVOV, V. E. KULYNYCH

DEVELOPMENT OF SOFTWARE SOLUTION FOR BUILDING ROUTE OF A ORDERS GROUP
DELIVERY IN PRESENCE OF TIME CONSTRAINTS

The problem of determining route of visiting several points is considered. The task differs from known ones that time for arrival at each point is
specified. The tasks of these class are solved in courier delivery services of various goods types. Basis of proposed algorithm for determining delivery
route is algorithm for forming the route tree used matrix, which specify distances between delivery points, which is supplemented by checking
conditions for possibility of visiting points, according to defined delivery time vector. Various criteria for selecting vertices for inclusion in route are
considered. During developing software that implements proposed algorithm, used parallel computation methods that allow to obtain a solution for
problem of sufficiently large dimension at acceptable time.

Keywords: route planning in presence of time constraints, Hamiltonian contour, parallel computing.

Posrisinaethbes 3a1aua BU3HAYEHHST MapLIPYTY BiABIAyBaHHs ACKIIBKOX ITyHKTIB 3a HAsBHOCTI 33/laHOTO 4Yacy MpUOYTTS B KOXKHHUH MYHKT. OCHOBOIO
ITOPUTMY DIIICHHS, 1[0 IPOIIOHYETHCS, CKIIAJa€ alropuT™ (opMyBaHHS AepeBa MapIIpyTiB Ha OCHOBI BU3HAYEHOI MAaTpPHILI Yacy MEepeMillleHHs MK
ITyHKTaM¥, SIKHii OYB JIOTIOBHEHHH ITEPEBIPKOI0 YMOB MOXKJIMBOCTI BifIBiXyBaHHS ITyHKTIB. [IpH IIbOMy IIPOIIOHYIOTBCS Pi3HI KpHTEpii BHOOPY BEPIINH
U BKJTIOYEHHsT B MapuipyT. Ilig dac po3poOku mporpamHOro 3abes3medeHHs, SKe peanidye 3ampOlNOHOBAaHHI alrOpPUTM, BUKOPHCTAHI METOIH
IapajesIbHuX 00UHCIICHb.

KurouoBi ci10Ba: ruianyBaHHS MapIIpyTy 3a HassBHOCTI OOMEXKEHb 3a 4acoM, I aMiJIbTOHIB KOHTYp, NTapajielbHi 00UHCICHHS.

PaccmaTpuBaercs 3aa4a ONpeeNieHUs] MapIIpyTa MOCEIEHHsT HECKOJIBKHUX ITYHKTOB IPH HAaJWYUH 33JlaHHOTO BPEMEHH NPUOBITUS B KaXKIbIH IyHKT.
OCHOBOIO IIPe/UIaraeMoro aJrOpUTMa PeIleHHUs COCTAaBIAET aaropuT™M (GOPMHUPOBAHUS JepeBa MapIIPyTOB HA OCHOBE 3aJaHHOW MAaTPHUIIbl BPEMEHHU
MepeMEILEeHHs MeXIy IyHKTaMU, KOTOPBI JIOMOIHEH NIPOBEPKOIl yCI0BUM BO3MOKHOCTH HOCEIIeHHs yHKTOB. [IpH 9TOM IpeasiaraloTcst pa3auuHble
KpHUTEpUH BBIOOpa BEpIIMH UL BKIIOYEHHS B MapumipyT. [Ipu pa3zpaGoTke MporpaMMHOrO 0OeCIeUeHNs, Pealn3yIoIero INpeaoKeHHbIH aIropuTy,
HCTIONB30BAHbl METOIBI MAapaJUIeIbHbIX BHIYHCICHUH.

KuroueBble ¢/10Ba: IUIaHUPOBAHHE MapLIPyTa IPH HAJIMYMU BPEMEHHBIX OrpaHUYeHUH, ['aMUIbTOHOB KOHTYp, Hapalle/bHble BBIUHCICHUS.

Introduction. Especially popular now are services
"delivered to door". Now to buy something, it's enough to
call phone, make your choice to manager, and receive
your order after some time through from hands of delivery
service employee. The same can be done if you go to
website of an online store or delivery service. The list of
items that can be ordered today includes mail and parcels,
food and water, clothing and equipment. In any case, it is
modern, it is convenient, it does not require time and
effort.

In turn, in the context of an increasing flow of such
orders, there is question about quality of delivery service.
The quality should be understood as the absence of
damage and delivery timeliness. It is really difficult to
keep packaging due to randomness of influencing factors.
But ensuring delivery at right time is important task for
this service segment.

Timeless delivery is impossible without careful
planning, which, in turn, should be ensured by high-
quality information provision. Currently, route planning
systems are powerful systems that receive data from
geographic information services such as Google Maps and
GIS2, which provide information about location of
infrastructure and roads, and routing directions (or
multiple) from one point to other. An example of such
systems is "4logist" [1], "ABMcloud" [2], "Anthill
Logistics" [3], and others.

Meanwhile, algorithmic provision of such systems
can be improved. In general case, delivery manager must
make delivery route plan which will be minimal. Such
task in scientific world was called "The Traveling
Salesman Problem". Solutions and algorithms for solving
this problem are known too. Meanwhile, in a number of
delivery spheres planning should take into account an
extra mandatory condition — delivery of orders at specified

time. Such task often arises when delivering a group of
"food" orders (pizza or sushi). And in such arrangement of
implemented solutions in known software products there
etc.

The purpose of article. Direction of improvement
of known forming routes methods is account of specified
delivery deadlines. This article presents method of solving
problem in formulated initial conditions and results of
software implementation development of this method.

Problem formulation and formalization. In
general case, there is a source from which goods or
services are delivered by customers. Depending on
product which will be delivered, it may be a wholesale
warehouse, a production shop, a bakery or a kitchen shop,
a postal terminal. Future in this article such point will be
called "Logistics Center" (LC).

The meaningful resolution of this problem looks like
this. There are orders in LC, each of which must be
delivered to their destination. For each order there is a
deadline — time not later than order must be delivered.
Time required to transfer from LC to destination points
and times required to transfer between points is calculated
and stored in memory at stage of system prepare. It is
necessary to find orders delivery sequence where number
of orders with violated time term will be minimal.

For formalized statement of task, following notation
and variables must be entered.

Let n — the number of orders. Then designate the
delivery time for a point i as follows tiD, where i=1n.
Matrix {t; }b.j=o
which is the time to move from point i to point j . An

example of distance matrix for three points and LC is
presented in Table 1.

will consist of the elements t;
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Table 1 - Example of displacement matrix
for 3 points and LC

LC 1 2 3
LC 0 tor t tos
1 b 0 by ty3
2 too ty 0 t)s
3 tso ty ts, 0

The path matrix has following properties:

— each element of main diagonal contains zeros since
path from point to itself is zero;

— path matrix is symmetric matrix, since travel time
from point i to point j equals time of moving from

point j to point i.
Following restrictions determine the conditions for
constructing route. Let X; be the order number executed

by i-th account, where i=1,_n. Next condition is
imposed on these variables:

x; €{l2,....n}i=1n 1)
Xj #Xj,0#]. (2)

This restriction ensures that all points are bypassed,
and in this case, none of items can be visited more than
once. Such conditions correspond to known travel
salesman problem (The Traveling Salesman Problem) [4],
in which it is necessary to bypass all points from a definite
list exactly once and return to start point (in our case —
to LC).

The criterion of optimality of this task should ensure
that timely delivery of order is taken into account. Let

y(i,x) be number that x; will be executed, where i=1n.

Then denote by z — time at which order will be

y(ix)
delivered to point i. Formula for calculating z ) is
presented as expression (3):
y(i.x)
Zy(ix =t0x1 + ztxjxj+1 : @)
j=1

Finally, let denote by w, , a binary value equal to

y(@i
0 if directive time of order is not violated and 1 in

otherwise. The formula for calculating wy ,) is presented
as expression (4):

0,if 2,4, <t2 0 —
Wy(i.x)z{l AT =l @)

Using introduced notation, it is possible to formulate
an optimality criterion for the problem. This criterion is as
follows (expression (5)):

iwi —>min . (5)
i=1

Thus, problem for solve consists in minimizing
target function represented by expression (5) under
conditions (1) and (2).

Solution of this problem is to find Hamiltonian
cycles on a graph, that is closed paths that bypass all
vertices in a graph exactly once. Methods for solving such
problem without accounting time criterion are known (for
example [5]). Most popular of them is method of branches
and boundaries and method of successive improvement of
solution. Meanwhile, they are not fully suited to solution
of this task.

Algorithm for determining delivery route with
account time constraints. Proposed approach is to
consider all possible simple paths that begin at arbitrarily
selected starting point, until a Hamiltonian cycle is found
or all possible paths will not be explored. Such scheme of
operations became basis of algorithm for determining
delivery route in presence of certain delivery deadlines,
idea of which is presented in [6]. Consider steps of
algorithm.

Each of branch tree vertices will be represented in
V= (0q,0,...,01 ), where k is vertex level, path length in
branch tree from root to given vertex (i.e. sequence of

distance from LC to items starting with a; and ending
with a, ). When k=0, it is necessary to designate vertex
as v=(). Also denote by B(v) and H(v)

corresponding upper and lower bounds of v; by V -
vertices v .

Sequence of algorithm actions is next.

Step 1. Initialize branch tree V ={(1),(2),...,(n)}
and go to step 2.

Step 2 (stop condition). At this step stop check is
performed like (6):

V|=1 and B(v) = H(v). (6)

If this condition is met, then solution is found.
Optimal path is path v .
Step 3 (branching). Define v=Branching(V).

Define the set f={12....,n}\v. Next define new set

V=V\{}ruf{vgti=1n-k (i.e. excludes vertexV
and add its descendants). Go to step 4.

Step 4 (clipping). For each pair of vertices
vV VeV V=V verify condition (7):
B(V)<H(V). ©)

When the condition is fulfilled, perform following
operation (see (8)):

V=V\{'}. (8)

Then go to step 2.

The Branching(V) function allows to find among
the options best vertex for fastest way to get decision
result.

The Branching(V) function can be implemented in

several ways. During work, there are three options of
branching that differ in inclusion vertices rules in ways
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tree may considered. In this case, in all options, sections
of way that lead to vertices that are already included in
way are not included.

The search strategy "Breadth".

Branching(V)=v  such  that

In this variant
V=(0q,09,...,04) ,
V'=(a\ay,...,00') €V and condition k<K' is satisfied,

i.e. choose vertex whose last element index is smallest.
Optimistic strategy. In this variant Branching(V)=v

such that v=(ay,05,...,0¢), V' =(a7,a...,,') €V and

condition H(V)<H(V) Iis satisfied, i.e. choose vertex

whose high estimate of delivery time is better.
Realistic strategy. In this variant Branching(V)=v

such that v=(oy,05,...,0y), V' =(g,05...,a;/) €V and

the condition B(v) < B(V') is satisfied, i.e. choose vertex

whose below estimate of delivery time is better.
Function B(v) determines upper estimate of

optimality criterion for route v. Algorithm for
determining value B(v) contains following steps.

Step 1. Put x; =oci,i=l,_k, if k=n, go to step 3;
otherwise put j=0 and go to step 2.

Step 2. Mark  B={12,...,n}\{X, X 00\ Xy j 3 -

Delivery time for this way will be denoted by z . Formula
for calculation is represented by expression (9):

Kk
Z=1toy + thixi+1 . 9)

i=2

Next calculate values of wg  in according (10):

D D.
W = {txkﬂ'ﬁi —(z+ th+jBi ) ‘Z + th+jBi < tBi ’

+ 00,
i=ln—(k+]). (10)

Next determine value of h inaccording (11):
h=argmin_wj (11)

i=Ln—(k+])

Then put j=j+1, X ;=By. If K+ j=n, goto

step 3, otherwise - to step 2.
Step 3. Determine delivery time for each point of
vertex v as follows (see (12)) and then go to step 4:

) =gy, ; (12)

Zi =zig+t, . 1=2,n.

Step 4. For each z; , make comparison with directive
time and write 0, if directive is not violated, and 1,
otherwise (see (13)):
D.
Wi ={0‘Zi <txi !

1.

(13)

Then go to step 5.
Step 5. The

(expression (14)):

estimate of B(v) will be

B(v) = Zn:wi .

i=1

(14)

Function H(v) determines upper estimate of

optimality criterion for route v .

Algorithm for determining value H(v) contains
following sequence of actions.

Step 1. Put X; =ai,i=1,_k. If k=n, go to step 5,
otherwise — go to step 2.

Step 2. Mark B ={12,...,n}\{X,X; ..., X, j}. Go to
step 3.

Step 3. Determine delivery time for each point of v
according to expression (15), then go to step 4:

k-1

Zj =Tlg, + ztajaj+1 =1k (15)
=1

k=1
Zi = tog, + X taja; Flap 1= K+1N.
=

Step 4. For each z; make comparison with directive
time (look expression (10)), then go to step 5:

Step 5. Estimate H(v) will take as follow
(expression (16)):
n
HW)=>w . (16)
i=1

This problem belongs to class of NP-difficult
problems [4]. Thus, there is probability that with increase
in number of delivery points, time for solving problem
will not be tolerable. Therefore, to reduce running time of
program implementing presented algorithm proposed to
apply parallel computing.

Using parallel computations. Parallel computations
are calculations that can be implemented on
multiprocessor systems with possibility of simultaneous
execution of many actions generated by decision process
one or many tasks of one project [7].

Partitioning input data into groups can be done in
different ways [8]. The first variant of data partitioning is
to divide input data array into p parts, and executing on

each of processors processing on data from corresponding
segment. This approach take name “segment algorithm”.
The other strategy involves executing on each of
processors processing on data from input data array,
which placed on p position apart. This approach takes
name “step algorithm”.

Presented algorithm was make parallel. For reduce
time of solving problem of determining delivery route,
proposed to distribute initial set V to several subsets

V. s ::L_p , depending on number of cluster processors or
kernel of computer p. Thus, p sets of nodes will be
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obtained, which will be initial for constructing delivery

E—‘
elements. Thus, subsets of following composition will be

routes. Each subset (segment) will consist of k=[
p
formed:

Vi ={D)2),...(k)};
V, ={(k +1),(k +2),..(2- K)};

Ve ={(5s-1)-k+D,(s-1-k+2),.(s-K)};

Vo ={((p-D-k+D((p-1-k+2),...(n)}.

It should be noted that last set may be less than other
cases in which number of elements does not divide whole
on p. Now for each subset you need to find best way to

deliver orders. After finding best paths it is necessary to

compare decision results of each task. Index of best
solution can has defined from expression (17):

S_opt =argmin w; . a7
s=Lp
Thus, v o Will be best way to deliver orders.
Developed algorithms became the basis for
developing software implementation.
Developing  software  implementation  of

algorithm. Program development is carried out according
to modern approaches to software design [9].

At initial stages, some UML diagrams were
developed, use of which allowed to significantly
accelerate development process [10]. The most interesting
of them is a classes diagram of, which is presented
in Fig. 1.

In development of this diagram were thought-out
classes that allow to search solution using different
branching strategy and different variants of calculations
organization.

UsWay
F
%‘%L <<Interfaco>> s S -ways - List<\Way>
HimeOr S F
: X b PointsData | gefWay(i :int) :
~mathxdMoving Time : ntfi{ 5 +aiPomnts() ; lnle(;ofﬂ : zyo :\!)) -
_aliPoints : Integar] e FindBestWay Parallel SV . oy
.;?;(m:::o(‘s“';\:;! int RO "emv:((;;:)Way)
. Lint): - .t :
ParscFromFile +movingTime( : int,j 1 int) - int| C@etSubBetiaetta : List<integer) +addAl(ways : ListeW..
-scanner . Scanner +5ize)
SPAISring : String R s seoam()
-coumOrders - int ~ Abstractiothod +paraielStream()
_orderTmes - intf] -pointsData : PointsData . v
.matixMiong Time : -strategy | AbstraciBaanching Strategy
JistWays : ListWays
-iteration | int
+AbstractMethod{paintsData. strategy, EstWays)
; sfndWay) s Y
kv seacUpperRating(betta © List<integer>, way - Way) Way
<cimerface>> (¥ calcl owerRating{betta : List<integer>, way - Way) MM
Parse ‘2g0iBotta(way : Way) : List<Integer> B nt
+parsel) - void #fet IniialRating() w1 It
+getOrderTimes() : inlf] Bfnd ZandWV(way . Way) Lz -t
+geiMatrxMovingTme) : nt{} Fstop() : boolean <way - List<integer>
7 smwwor/\\() ! “gett)
) 3 '\? +selH(H) : void
: <<linterface>> +getB()
Abst ranch Y
o M TR e o B <
Siviaing) ) Rl +getBranchingName () - String +setWiw} : void
A A +getComparator) : Comparafor<Way> +gotZ()
SN i x +5012{2) : void
SequentiaiCalculating P ; T ] +getWay()
-branchingSirategy - AbstraciBranching Strategy 18 ’ 3 ssetWayiway) : void
-pointsData : PoinisData b ;| ReslisticBranch *gelFirstPonty : it
+ SequentaiCalculating{points Data, strategy) it : ‘9":(‘;5‘?"“ )it
o \ ssize()
ParalieiCalculating b BreadthBranchin
-ranges - intf) ! B e e Uooes
-pointsData : PoinisOata " _Inl._
-branchingStategy © AbstactBranching Strategy : e
+PanalieiCalculating(count Executors, pontsData, strategy) 4
-indRanges{countExecuioes  int) !
' Result
ParatlellocalCalculating -iteration  int Lo
.bestiVay - Way

-points Data : PointsData

-branchingStategy : AbstactBranching Strategy

+sgetiteration]): nt

+PamiieLocalCalcuiating(countExa cutors, pointsData. stralegy)

+getBestWay() - Way

Fig. 1 — Classes diagram
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This approach to structuring the program meets the
best techniques for realizing principles of object-oriented
design. The advantage of this variant of building program
structure is in getting possibility of increasing number of
methods of branching implementing and number of
approach to organization of calculations without changing
the basic algorithm for determining the route delivery
orders. For this purpose it serve abstract classes
AbstractBranchingStrategy and Calculating. Also on fig. 1
you can see class HybridBranching which in future will
allowed realize hybrid strategy of branching.

To study algorithm  properties,  software
implementation of algorithm was developed that
represents console application in Java programming
language created in integrated InteliJ Idea environment.

Research of time characteristics of program
implementation. For testing files with several delivery
examples with different number of items were created
(based on examples from [6]). Research of program
implementation carried out in two directions:

an

SEC

Time,

m Ereadth
Optim stic
W Reslistic

— research dependence time of program executing
from strategy of branching in defining route process;

— research dependence time of program executing
from approach to organization of computations.

The results were obtained for the three different
branching strategies proposed above: breadth, optimistic
or realistic.

Also various technologies of computing organization
consider has been investigated:

— sequential calculation;

— parallel calculations with use 2 threads;

— parallel calculations with use 4 threads.

For program testing used computer, which has next
configuration: processor — Intel Core i5-4440, 3.1GHz;
number of kernels — 4; RAM — 8Gb. This configuration
can be considered as “average modern computer*, which
can be used for automating in planning of delivery orders.

Times to receive delivery routes by use developing
program for different output options (different delivery
points) are presented on fig. 2—4.

15 20 50
0,266 12,282 71,251
0,125 11,969 71,282
0,026 1,859 7,922

Mumber of points

Fig. 2 — Processing time for different branching strategy when using sequential calculations

SEC
I
[

Tirme,

5 10
mEBreadth 0,015 0,031
Optimistic 0,003 0,009
H Realigtic 0,016 0,007

[’y

o Wi
W Ra | oA
J

ey
-
oW
[}

Number of points

Fig. 3 — Processing time for different branching strategy when using parallel calculations (2 threads)
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SEC
(=]
un

Time,
X
L]

5 10
m Breadth 0,015 0,016
0,015

0,016

Optimistic
HReslistic 0,009

15
0,156
0,109

0,016

Number of points

Fig. 4 — Processing time for different branching strategy when using parallel calculations (4 threads)

If make conclusions only from data presented in
tables then it can be argued that software implementation
allows you to get a solution for 15 delivery points in less
than 1 sec for any approach to computations. But
implementation time grows factorially with growth of
problem dimension and this thesis has been confirmed.
Also in according to results best results shows using
realistic strategy. When use realistic strategy of branching
maximal time was near 20 sec. It can consider as good
result.

On Fig. 4-6 results are presented in depends of
method of calculations organization.

This representation should provide an idea of
expediency of using parallel computing. Two variants of
parallel computations are considered — using 2 or 4
threads. These are typical variants for modern computers.
More computers are a dual core. In addition, in operating
system Windows which installed on more computers there
can create two virtual kernels.

SBC

Time,

Breadth Breadth
5 10
m Paralkel 2 0,015 0,031
Paraliel 4 0,015 0,016
W Sequertia 0,005 0,016

Such representation once again confirms that
solution for route is no more than 15 delivery points will
be received in less than 1 sec without dependence of usage
approach to computations. But such review of results did
not give clear answer on expediency of parallel
computing.

If look at results for 20 delivery points, then for
breadth strategy results are approximately equal. But for
other two strategies, the worst result was for case of using
4 threads, i.e. parallel computations slowed output almost
twofold. Using 2 threads allowed to get result not much
faster than sequential calculations.

When planning delivery for 50 cases, use of
parallelism is more advisable. But in this case use of two
threads gives results much faster. However, for a realistic
strategy, it turned out to be more efficient to use 4 threads
to parallelize computations.

Obtained results give a possible make some
conclusions on work.

50
30
20
§ I I

Breadth Breadth Breadth
15 20 50
0,265 12,859 58,141
0,156 12,031 38,875
0,266 12,282 71,251

Mumber of point

Fig. 5 — Processing time for different type of calculation when using branching strategy «Breadthy»
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SEC

i &0
[-1)
E 50
=
30
20
10
© | Dptimtic ‘Optimistic
5 10
m Paralkel 2 0,003 0,009
Paralkel 4 0,016 0,015
W Sequentia 0,016 0,016

D_ptmsE Optimistic Optimistic
15 20 50
0,141 5,032 62,751
0,109 4766 42,017
0,125 11,969 71,282

Mumber of point

Fig. 6 — Processing time for different type of calculation using branching strategy «Optimistic»

25

SEC

)
= 15
10
c
© | Reslistic " Remlistic
5 10
m Paraliel 2 0,016 0,007
Paraliel 4 0,009 0,016
W Sequentia 0,003 0,007

. - e
Reslistic Reslistic Remlistic
15 20 50
0,016 1,172 19,362
0,016 0,781 B,375
0,026 1,859 7,922

Number of point

Fig. 7 — Processing time for different type of calculation when using branching strategy «Realistic»

Conclusions. Presented results testify to practical
significance of presented work, which consists in
possibility of using this algorithm for forming of route in
delivery planning systems in case of presence of defined
delivery deadlines. Main strategy for branching should be
considered a realistic branching strategy, which is based
on worst forecast of timely delivery of orders. Concerning
use of parallel computations, there is no unambiguous
conclusion. For small number of delivery points, a
solution at acceptable time can be obtained with
traditional sequential processing. For large number of
delivery points, the use of parallel computations requires a
study on more examples.
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UDK 338.2
I. M. GODLEVSKYI, D. O. HIIEVSKYI

TECHNOLOGY OF MULTIPLE-CRITERIA SYNTHESIS AND CHOICE OF DISTRIBUTED
ORGANIZATIONAL MANAGEMENT STRUCTURE OF DISTRIBUTION LOGISTICS SYSTEM

VY pobori 3amponoHoBaHa TEXHOJOTISI (OPMyBaHHs OpraHi3aLiifHOI CTPYKTYpH YHPABIiHHS JOTICTHYHOI CHCTEMH AMCTPUOYIIi, sKa CKIATa€ThCs 3

HACTYIIHHX eTaliB: CHHTe3 KOHGQIrypamii IOricTHuHoi cHCTeMH; (GOpPMyBaHHS BapiaHTiB: BefeHHS Oi3HeCy, BHKOHABI[B Oi3Hec-TpoILeciB,

OpraHi3awiifHoOl CTPYKTYpH yIpaBJIiHHs; OLHKA BapiaHTiB i BUOip Oe3iiui e(heKTHBHUX; MPUHHATTS PillIeHHs 32 BUOOPOM OpraHi3aLiifHOI CTPYKTYpPH.
KurouoBi ciioBa: oprasizauiiiHa CTpyKTypa, JIOTiCTHYHA CUCTeMa, TUCTPUOYLis, Oi3HeC-poLec, NPUHHATTS PillieHb.

B pabore mpensoxeHa TeXHONOTUS (OPMHUPOBAHMS OPraHM3ALMOHHOI CTPYKTYPbHI YIPABICHUS JIOTHCTUYECKON CHCTEMbI AMCTPUOYLHH, KOTOpas
COCTOUT M3 CIEAYIOIIUX JTAIloOB. CHHTE3 KOH(UIypaluH JIOTUCTHYECKOH CHUCTeMBbI; (JOPMHPOBAHHE BAPHAHTOB: BEACHUS OM3HECA, UCIIONHHUTENCH
OM3HeC-NPOIIECCOB, OPTaHU3AMOHHON CTPYKTYpHI YIPaBICHHS; OLEHKAa BAPUAHTOB U BHIOOp MHOXKECTBAa 3()(EKTHBHBIX; MPHUHATHE PEIICHHS II0
BbIOOPY OPraHU3alIMOHHOM CTPYKTYPBI.

KuroueBble c/10Ba: opraHu3alMoOHHAs CTPYKTYpa, JIOTHCTHIECKas! CHCTEMa, AUCTPHOYLHs, OM3HEC-POLIeCC, IPHHSITHE PEIICHNUS.

Technology of the creation of distributed organizational management structure of logistics distribution system is proposed in this study and consists of
the following stages: synthesis of logistics system configuration, elicitation of the alternatives in following aspects: business management, business-
process executors, organizational management structure; the alternatives estimation and choice of effective ones; decision-making in the aspect of
choosing rational organizational structure. The developed approach is a modification of the technology described in [4]. New criterion is added to
implement stability issues on the stage of logistics system configuration. AHP method is used to choose rationally effective executors for the business-

processes and supply chains.

Keywords: organizational structure, logistics system, distribution, business-process, decision-making.

Introduction. In the nowadays marketing conditions
the orientation of manufacturers is directed towards the
interests and requests of the end-consumers of goods and
services. Maximization of net income under the situation
of uncertain demand became a main economic interest of
the manufacturers. Logistics approach implementation
may allow company to reduce operational costs, increase
shipments quality and, thus, achieve competitive advance
on the market [1, 2].

It is necessary to consider logistics systems
management in the context of governing company as a
whole. Logistics strategy should be regarded as an integral
component of corporate strategy which consists of sub-
strategies in the next fields: marketing, logistics,
production etc.

It is possible to say about mapping between several
control loops and components of corporate strategy. For
instance, logistics control loop consists of several
components which correspond to the areas of system
analysis. Strategic requirements elicitation matches with
goal analysis procedure. Logistics network configuration
corresponds to structural and functional analysis. Design
of logistics system (LS) organizational management
structure (OMS) coincides with organizational-procedural,
technical-economic and social-economic analysis.

Strategical program of actions in logistics area is
created after development of the logistics strategy,
detailed and implemented under operational control.
Special attention in logistics is paid to strategic planning,
end-product of which is OMS which manages distributed
LS. This paper focuses on the one of its components —
distribution system [3]. The aim of study is further
development of technology for creation of geographically
distributed OMS [4] of distribution LS, which is discussed
in [5].

This paper focuses on creation of dynamic model of
company organizational activity synthesis based on

inter-functional and inter-organizational coordination of
separate LS components as well as vertical and horizontal
coordination of the whole system.

Literature review. The issues of formation of
distributed OMS of LS were discussed in [5]. Authors
created the basis for the solution of this problem and
described it within the main stages which are presented on
the fig. 1. They propose the way of creating the
configuration of LS with the usage of transportation
theory and inventory management topics. Furthermore,
the idea of the hierarchical OMS of LS is discussed and
the insight of distributed LS optimization via inter-
functional and inter-organizational coordination is
provided. To the best of our knowledge, the described
technology and the ways of its stages implementation is a
strong point of this paper but it is not supported by
mathematical formalization. Hence, this is an area which
this paper attempts to cover.

Problem definition. The main stages of technology
describing the formation of distributed organizational
structure for distribution logistics system are defined in
[5]. As it was earlier mentioned the aim of this study is the
improvement of presented in [5] technology, therefore,
it’s necessary to define the main areas of its correction.

In addition to the first stage (LS configuration) an
additional criterion is proposed, which defines the stability
of certain configuration to the external disturbances.
Further, the best decisions which satisfy additional
criterion are chosen from the set of effective configuration
which is created according to [5]. Supply chain members’
assigning is proposed to conduct in two sub-stages:

e Selection of the outsourcing alternatives from the
set of existing ones for separate business process
or group of processes;

e Assignment of executors to chosen processes.

Then modification of earlier mentioned technology is
proposed.

© L. M. Godlevskyi, D. O. Hiievskyi, 2017
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The idea is that on the third stage experts and
persons that generate decisions propose different variants
of OMS and make their complex estimations according to
indicators which characterize certain logistics operators.
As a result, the most satisfactory OMS alternatives are
gathered. Then the optimization task of OMS occurs from
the point of satisfying defined KPIs because created OMS
of LS with assigned members exists at the finite interval
of time (plan period). Thus, dynamic task of inter-
functional and inter-organizational coordination of
separate two-layered subsystems is solved, and both
horizontal and vertical coordination of system as a whole
are reached.

Technology of distribution LS OMS synthesis.
Technology consists of six stages (fig. 1), each of which
allows returning to the previous ones. As it was mentioned
earlier the aim of paper is further development and
enhancement of technology mentioned in [5]. The step-
by-step illustration of remastered approach is provided
onwards.

J/ Logistics strategy

1 LS configuration
multiple-criteria
optimization

2 | Formation of business
management
alternatives

3 Formation of
alternatives of OMS
of distribution LS

4 | Formation of business
processes executors’
alternatives

!

5 Alternatives

evaluation and choice

of the most effective
ones

Making decision of
OMS choice

\l/ Rational OMS variant

Fig. 1 — Technology of multiple-criteria synthesis and choice of
distributed organizational management structure of logistics
distribution system

The first stage occurs similarly to the earlier
proposed one. During this stage the strategic logistic
network is designed as a basis for the realization of
logistics operations. The foundation of this stage is
transportation theory approach [6]. S — summarized costs
of production storage and transportation, and C — level of
customer service, are chosen as the criteria for the
network configuration. The set of task solution
alternatives is created due to varying of control parameters
such as the amount of intermediate warehouses, the
inventory value, and the duration of product sales cycle.
Then from this set Pareto-effective alternatives are chosen
(B — Pareto set). Narrowing of the Pareto set occurs on
account of adjusting the boundary values of weighting
factors of importance vector p (fig. 2).

p=(Ps.Pc)u p=(ps,pPc)

Pc:Ps 20,ps +pc =L ps <ps <Ps,pc <pPc <Pc
As a result, the set BB . It consists of N

configurations of logistics system.

B={B.,B,,B;..By}

Considering that this task refers to strategic
management it’s important to investigate the factor of
stability of formulated alternatives to emergencies such as
failure of intermediate warehouses, incomplete production
delivery, transport malfunction etc. Set of such adverse
situations can be built with the usage of experts’
estimations.

A={A, A A Ay

It’s assumed that the likelihood of such events is
equal and each of them brings on occurrence the negative
payoff U;; in terms of criteria S and C.

5T BY

o
o
©

O
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Fig. 2 — Formation of LS configuration alternatives

Let’s focus on the formulation of aggregate indicator
“negative payoff” from the combination of criteria S
and C.
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Due to the difference in scales all criteria should be
normalized according to approach proposed in [7].
Preliminarily, it’s necessary to define maximum and
minimum of these criteria:

(B, A)=({BLi=LN}|.{A; i=1M})=

={(cj.57).i=1N;j=1 M}

where Sj; and Cj; - the costs and the level of service for

I variant of LS configuration at j variant of emergency.
Then:

*,
Crox = m?x m?x Cij; C

= minmin C
i

min u;

Smax = Maxmax Sii; Sy, = minmin S;;.
i j [ J
From the other side:
where §; and C; - the costs and the level of service under

the condition of extreme event absence. Therefore,
“negative payoff” of extreme events Uj; (table 1) can be

defined as:
Wy = pt " (Cj )+ 5 "o (S5 );
W, = pof (C)+ s (Si);
Crax —Ci S; -S
*a)ﬁ (C;} ) _ max ij : *a)j (S:JF ) _ " min :
Cmax _Cmin Smax - Smin

a)lc (Ci): Cmax _Ci : *a)IS (Si): S| _Smin

Cmax - Cmin Smax - Smin
Apparently, weighting factors of importance

{pé, Pl i=1LN } corresponds to the alternatives from the

setB.
Because the task of strategic planning is considered,
minimax criterion of choosing the preferable alternative

%

U™ is proposed:

This is the criterion of maximum awareness. Such choice
of alternative eliminates risk because decision-maker
won’t get the result that is worse than anticipated one.
Therefore, it’s possible to say that in the context of
strategic planning this criterion is fundamental; although,
in some situations risk elimination may cause sufficient
losses.

The second stage which is dedicated to formulation
of business management alternatives, in fact, is a basis for
the creation of the organizational management structure
carcass because on this step logistics providers are
assigned to the business-processes and supply chains [8].

Table 1 — Types of negative payoffs

Configurations Types of negative payoffs from the
of logistics emergencies occurrence
system A A, . Ay
Bl Ul,l Ul,Z Ul,M
BZ U 21 u 2,2 U 2,M
BN u N,1 u N,1 u N,M

In the study [9] the formal approach for choosing
business management alternatives was formulated. It is
based on the SWOT-analysis matrix and aggregation of
different criteria. Now the new approach to formalization
of SWOT-analysis matrix is proposed which is based on
analytic hierarchy process (AHP). This method describes
a process of aggregating the point of experts’ views on
different criteria and bringing them to the unified form
with the checking of solution consistency. Created
hierarchical structure of decision-making process is shown
at the fig. 3.

On the third stage, the experts take into account the
finite number of LS configuration alternatives, and the set
of chosen business management variants. Then they
generate the alternatives of distribution LS organizational
management structure. This stage is poorly exposed to
formalization and based on the experts’ experience. It can
be named as structural synthesis. Similarly, the stage
where concrete executors are assigned to business
processes is called parametric synthesis. Only after
parametric synthesis the preliminary evaluation of LS
organizational management structure can be done.

After conducting structural synthesis of OMS
alternatives on the third stage the task of assigning
specific executors to separate business-processes and
supply chains is initiated. On the first step of third stage
the weakest candidates are detected and discarded with the
usage of the complex criterion. It consists of the set of
indicators such as service reliability, skill base, economic
indicators, quality of service, management skills, human
policy etc. Further the set of OMS variants is built. Their
preliminary estimation (stage 5) is conducted on the basis
of three complex criteria; summarized logistics costs,
level of customers’ service, and stability to emergencies.
Although, this process is similar to the first stage,
nevertheless, on this stage it is based upon specific
business-processes  executors  and  organizational
management structure.

On the six stage the dynamic task of rational OMS
variant choosing is solved with the usage of horizontal
and vertical coordination of three-layered (usually) OMS,
which is based on two-layered models of inter-functional
and inter-organizational coordination.

Conclusions. The modified technology of multiple-
criteria synthesis and choice of distributional LS
organizational management structure differs from
proposed one in [5] on the following points:

e On the stage of LS configuration the stability

criterion is used;
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The focus of issue

Parts of | |
SWOT-analysis Strengths Opportunities Weaknesses Threats
matrix
Kiq K31 K3 Ky
Criteria by parts of
SWOT-analysis
matrix Ki» Ky, K3, Ky
Ky, Ky, K, Ky,
Set of alternatives Alternative 1 Alternative 2 . Alternative L

Fig. 3 — Appling AHP approach to SWOT-analysis

e Strategy of maximum awareness is used to
eliminate risk of choosing worse alternative than
anticipated one;

e AHP is implemented to solve the task of
business management variants identification;

e Structural synthesis of OMS variants is
conducted on the basis of business management
variants and then the parametrical synthesis is
done by choosing specific business-processes
executors;

e Decision-making of OMS choice is based on the
usage of dynamic models of its development
with the satisfaction of specified KPlIs.

Further research will be dedicated to the
development of dynamic model of logistical system
organizational management structure development and
elaboration of information technology which covers all
stages of OMS synthesis.
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B. M. JTEBHKIH, O. B. Y4JIA

MIIXIA IO BUSHAYEHHSI AHOMAJIBHOI IOBEJITHKHU ITPOIIECIB B CHCTEMAX
IMPOLHECHOTI'O YITPABJIIHHSA HA OCHOBI AHAJII3Y JIOI'IB

B po6oTi 3anporoHoBaHO MiAXi/J A0 BHSBICHHS aHOMAiH MOBEIIHKH 3HAHHI-€MHHX Oi3HEC-NPOLIECiB HAa OCHOBI MOPIBHUIBHOTO aHAII3Y Tpac y CKiIaai
XKypHaIiB peectpaii moxii. Ilinxix BpaxoBye TeMIopaabHOMY i 00’€KTHHI acIIeKTH BUKOHAHHS Oi3Hec-Tiponecy. TemmopansHHUil aclieKT BU3HAYa€
HOCTIIOBHICTh MOAIH, 10 BifoOpa)atoTh BUKOHAHHS il Oi3Hec-mporecy. OOeKTHHI BHU3HA4Yae XapaKTEPHCTUKU 00 €KTIB, 110 BUKOPUCTOBYIOTh
6i3Hec-mpoLecoM NpH BUKOHAHHI 1uX Aii. [Ip nouryky aHoMaabHUX (parMeHTiB OOUHCIIOETHCS BiICTAHb MiXK TPACAMH Y TIPOCTOPI aTpHOYTIB MO,
B sKOCTi O3HAaK MMOYATKy Ta 3aKiHYECHHsS aHOMAJBHOrO ()parMeHTy BHKOPHCTOBYETHCS KyT BiIXWMIICHHS MK Tpacamu. IliIXig BH3Hauae MHOXHHY
aTpuOyTiB 00’€KTIiB, MOB’S3aHUX 3 BHKOHAHHAM aHOMAIbHOTO (pParMEeHTy, a TAKOXX 3HAYCHb LHUX aTpHOYTIB, IO B MOJAIBLIOMY MOXE OYyTH
BUKOPHCTAHO ISl YIOCKOHAICHHsI Oi3Hec-poriecy.
KurouoBsi cioBa: anomaris, 6a3a 3HaHb, IHTENEKTyaIbHUH aHaNi3 IPOLECiB, IPOIECHE YIPABIiHHSA, KOHTEKCT.

B pabote npemiokeH moaxo/] K BBISBICHUIO aHOMAIMH TTOBEICHUS 3HAHUSA-EMKHX OM3HEC-NIPOLIECCOB HA OCHOBE CPaBHHUTEIILHOTO aHaIW3a TPacC B
COCTaBE JKYypPHAJIOB PErHCTpalUM COOBITHIA. I[IOIXOJ YYUTHIBaCT TEMIOpPAIbHOM M OOBEKTHBIM AaCIEKTHl BBIMOJIHEHHS OM3HEeC-Tpolecca.
TeMnopanbHblil aCMeKT ONpPEIENseT MOCIEI0BATENbHOCT COOBITUI, OTPasKAIOLMX BHIOJIHEHHE IEUCTBUI OM3Hec-Tipouecca. OOBEKTHBIH Onpeaenser
XapaKTEPUCTHUKH OOBEKTOB, HCIIOIBb3YEMBIX OW3HEC-TIPOLIECCOM MU BBIMOJHEHUH I3THX JeUCTBUil. [Ipy TOMCKE aHOMAIBbHBIX (DParMeHTOB
BBIUKMCIIACTCS PACCTOSIHUE MEXIY TpacCaMH B IMPOCTPAHCTBE aTpuOyTOB COObITHI. B KayecTBe NMPH3HAKOB Havala W OKOHYAHHS aHOMAJILHOTO
(hparMeHTa HUCMONB3YETCS Yrod OTKIOHEHHS MEXAy Tpaccamu. [10Axo[ ompemensieT MHOXKECTBO aTpUOYTOB OOBEKTOB, CBSI3aHHBIX C BBIIIOIHEHHEM
aHOMaJIbHOTO ()parMeHTa, a TaK)Ke 3HAUCHHUIl ATHUX aTpUOYTOB, YTO B JAJbHEHIIEM MOXET OBITh HCIIOJIH30BAHO JJIs COBEPIICHCTBOBAHUS OM3HEC-
mporecca.
KuroueBbie ciioBa: aHoManus, 6a3a 3HaAHUH, MHTEIUIEKTYaJIbHBIH aHAJIM3 MPOLIECCOB, IPOLIECCHOE YIIPABICHHE, KOHTEKCT.

The paper proposes an approach to the detection of abnormalities in the behavior of knowledge-capacity business processes on the basis of
comparative analysis of tracks in the log of events logging. The approach takes into account the temporal and object aspects of the implementation of
the business process. The temporal aspect defines the sequence of events that reflect the execution of the business process. Object defines the
characteristics of objects that use the business process when performing these actions. When searching for abnormal fragments, the distance between
paths in the attribute event space is calculated. As an indicator of the beginning and end of an abnormal fragment, the angle of deviation between the
tracks is used. The approach defines the set of attributes of objects associated with the execution of an anomalous fragment, as well as the values of
these attributes, which can then be used to improve the business process.
Keywords: anomaly, knowledge base, intelligent process analysis, process control, context.

Beryn. Biznec-niporiecu (BIT) 3anatots hopmanbHuit
ONHUC JiSUTBHOCTI MIANPUEMCTBA y BHIJISIAI MHOXHHH
MOCIIZOBHOCTEH pOOIT Ta BUKOPUCTOBYIOTHCSI B CHCTEMaX
nponecHoro ympasininas (CITY). Hukn dyHKionyBaHHS
CHCTEM TIPOLIECHOTO YIPABIIHHA MICTUTh y co0i eramu
mo0OyIoBH Mojieseld Oi3Hec-TIpoLeciB, IX KOHPITypyBaHHS,
BkoHaHHA bIl, anamizy pe3ynbraTiB BUKOHAHHS Ta
MOJANTBIIIOTO  YAOCKOHANeHHs Takux mporecis. CITY
3a0e3MeuyroTh  peali3amifo  MPOIECHOTO  YIIPaBIiHHS
HiANPUEMCTBOM 4epe3 yNpaBiiHHS Oi3Hec-Tpoliecamu 3
BUKOPHCTAaHHIM iX Mozeseld. Y BiINOBIIHOCTI JO Mojeni
Oi3Hec-mpolieCy Ta MOTOYHOIO CTaHy IiJIPHEMCTBA
peani3yeThCsi OJHA 3 ampiOpHO 3aJaHUX B MOJEII
MOCITIIOBHOCTEHN pOOIT, IO JAI0Th MOXKIIMBICTh OTPUMATH
KiHneBui pe3ynsrat BIT.

OpHak B yMOBaX JMHAMIYHHX 3MiH BUMOT JI0 Oi3Hec-
MIPOIIECIB BHACIIIOK €BOJIOIIT MisIIBHOCTI MiIPUEMCTBA,
Ta 3MiH pecypciB, o BuKopucToBye bIl, BUHHKae
norpeda y TOCTIHHOMY YIOCKOH&JIEHHI IIPOLECHO]
Mojeni. Take yHOCKOHAJIEHHS BHMKOHYETHCS IUISTXOM
nomoBHeHHsT Mozeni BII HoBuMH, e(pEeKTUBHUMH B
KOHKPETHUX YMOBAaxX MOCIiOBHOCTSMH poOiT. Amanraris
MOJIeNi BHWKOHYETChS TICIS 3aBEpIICHHS BUKOHAHHS
ITOTOYHOT'0 IpUMipHHUKa Oi3HEC-TIpoLecy.

IIpoBeneHHs MOCTIHHOT aganTarii MOAeNi AJis Kiacy
3HaHHS-eMHUX Oi3Hec-mporieciB (3BI1) moB’s3ane 3 psaom
TPYIHOIIB, OCKUIBKM TaKi MPOLECH MOXYTh 3MiHIOBATH
3aJaHy B MOJEINi IOCTIJOBHICTH Jiii Ha OCHOBI pillICHb
sukoHaBuie (knowledge workers). IIpu oOrpyHTyBaHHI Ta

peamizariii piiieHs mpo aaanTaiiro BukoHaHHs 3BI1 y
BIJIMOBITHOCTI [0 MOTOYHOIO CTaHy MiAPO3AlTy abo
MiANPHEMCTBA B iIOMY BMKOHABIII, KpiM
3araJbHOJIOCTYITHUX SIBHUX 3HaHb, MOXYTb
BHPOCTOBYBAaTH IIEPCOHANBHI 3HAaHHSA i mocBia. OcraHHI
3a3BUYail MaroTh BWIVIA HEJIOKYMEHTOBAHHX IPaBHII
(1ab10HIB) BUKOHAHHS Hiif. BOHM HEe BXOAATH 0 CKIamy
npouecHoi mozeni. ToMy 3MiHa Xomy Mpolecy Ha OCHOBI
pillleHb BUKOHABLIB 3 BHUKOPHCTaHHSIM IEPCOHAIBHUX
3HaHb MPU3BOJUTH JIO BHUHHUKHEHHS aHOMAJbHOI, He
BimoOpaxenoi B Moxeni, moseminku 3BII. Peamizaris
HETHUIIOBOI ITOCJIIOBHOCTI Jiif MPHU3BOAUTD JI0 3HUKEHHS
CTYNEHIO aJIeKBaTHOCTI IPOLECHOI MOJeNi, 10 He Jae
MOJKJIMBOCTI pearnizyBatu e(eKTHBHE IIPOLIECHE
ynpasmiaas B CITY.

Takum 4YMHOM, TIpH YNpPaBIiHHI 3HAHHSI-EMHHMH
Oi3Hec-TipoliecaMn BHMHHKae MpoOjeMa BHSBICHHS Ta
(dopmarizarii anomaniit y moseminmi BIT.

Hns  BupimieHHs npaHoi mpoOieMu  HEOoOXigHO
NPE/ACTaBUTH 3HAHHSA IPO TOCIIOBHICTH Jii Oi3Hec-
MpoIeCy Ta YMOBH i OOMEXEHHS Ha BUKOHAHHSA A Yy
Burmsaai 6asm 3HaHb (B3), okpemo Bix foro TpamurmiiHO1
Mozeni. BusBneni Ta mpencraBieHi y (opMalbHOMY
BUTJISIAI aHOMaITI{ TaKOX MOXYTh OyTH po3MimieHi y b3 i B
MOJAJBLUIOMY BHKOPUCTaHI JUisi JIOTIOBHEHHS MOJENi

Oi3Hec-mporecy Ta 1i KOH(}IrypyBaHHS Yy cHCTeMI
MPOLIECHOTO YIPABJIiHHS.
AHaJ3 ocTaHHIX JochilkeHb 1 myOJikamii.

MoO>KIIMBOCTI BHSBIIEHHS aHOMaiii BuxoHaHHs 3BII

© B. M. JleBukin, O. B. Yana, 2017
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0a3yIO0ThCSI Ha BUKOPHCTAHHI MapagirMH iHTEIEKTYallb-
HOTO aHaJl3y TMpoleciB, MmO mepexdadae MOOYIOBY
MPOIICCHUX MOJEJCeH Ha OCHOBI aHalli3y 3allUCiB TpO
MOCITIIOBHICTh TX BUKOHAHH:A [1].

IcHyrowl mimxomu 10 BHSBIEHHS aHOMANild Yy
TEMIIOPAJIbHUX JITaHWX OpPIEHTOBAaHI B IEpIIy Yepry Ha
MOUIYK BIIXWJICHB IIPH MEPEMILICHH] 00 €KTIB y MPOCTOPi.
Taki miOXoAW BUKOPUCTOBYKOTH CETMCHTAIlI0 JaHUX,
OOYHCITIOIOTh CXOXKICTh TPAEKTOPiH, BHKOPHUCTOBYIOTH
CHUMBOJIIYHE TPEJCTABIICHHS TPAEKTOPIH 3 MOAAIBLINM
BUKOPUCTAHHSAM METOMIB KIJIACTEPH3allii, BPaxOBYIOTh
3MiHH B TpaekTopisx [2]. Hdms OOYHCIEHHS CXOXKOCTI
TPAEKTOPii  BHUKOPHCTOBYIOTH posmomin  mauux [3],
TYCTHHY JHaHux [4,5], TakoX BIAXWICHHS JaHHX
(Bizcradp Mix nanumu) [6-8].

OpHak Taki MiIXOIN MAlOTh PsAA HEAONIKIB IpU BU-
SIBJICHHI aHOMaJii y MOBEIIHLI JUCKPETHHX MYJbTiBapi-
AQHTHUX MPOIECIB, MPEACTABICHUX Yy BHUIJISAI MHOXUHU
nocnigoBHocteil niit. Ilo-mepine, BUSBICHHS aHOMaii
BUKOHYETBCS JUTS LIUTHX Tpac abo iX ¢parMeHris, 6e3 ypa-
XYBaHHs NPUYMH IX BUHHUHEHHS. B TOH ke uac, MeTor
MIOITYKY aHOMAaJNii y TOBEHiHII Oi3HEC-TPOLECIB € BHAB-
JICHHS. 3aJIe)KHOCTEH, M0 XapaKTepH3yITh HETHIIOBY
moBeniHKy OizHec-mporiecy. Ilo-mpyre, posrisimaeTbes
MIPOCTOPOBE TepeMilleHHsT 00’ €KTiB, TOMI K A Oi3Hec-
MpOIIeCiB HEOOXIMHO BPaxOBYBaTH MHOKUHY aTpUOYTIB,
10 XapaKTEePU3YIOTh OKpeMi Iil.

TakuM 4YHMHOM, NHUTaHHS BHSBJICHHS aHOMANIH Yy
noseainii 3bI1 noTpeOyoTh MoJANBIIOrO BUPIICHHS.

Mertorw mi€i crarTi € po3pobka miaXxomy [0
BUSBJICHHS aHOMAJIbHOI TOBEMIHKH Oi3HEC-TIPOIECIB 3
UM, 1100 3a0e3MeYuTy MoAajblly (QOopMami3aliio yMOB
BUHHMHEHHS TaKUX BIJXWJIEHb Ta BKJIIOYCHHS OTPUMaHUX
3aJeKHOCTEH 0 0a3M 3HaHb CHUCTEMH MPOLECHOTO
YOpaBIiHHS.

AHoMmaJrii BHKOHAHHSA OizHec-npoueciB B
cucTeMax MPOLEeCHOr0 YNPABJIiHHS.

Anomarii (anomalies, outlier) XapakTepH3yIOTHCS
PI3KMMH  BIOXWICHHSAMH Bil 3Ha4e€Hb  OLUIBIIOCTI
nanux [9] : «ie crnocTepekeHHs, SIKe TyXKe BiIXUIAETHCS
BiJl IHIITUX CIIOCTEPEIKEHb, 3 TUM 1100 BUKJIUKATH ITi103PH,
110 11e OyJI0 3reHepoBaHo iHIMM MexaHi3Mom» [10].

AHomanii sk pi3Ki BIAXMJICHHS BiJi HOPMaJbHOI'O
XOAy BHKOHAHHSA MOJIH (iKCyIoThCa B Jorax (KypHajax
peectpanii mopmiit) OizHec-mpouecy. Jloru ¢dopmyroThCcs
MiICHCTEMOIO  MOHITOpUHTY iH(opManiiiHoi cucTemu
NPOLIECHOTO  YNPaBJIiHHA Ta MICTATh 3alMCH, IO
BiJOOpaXatOTh BHKOHAHHSA KOXXHOTO Oi3HEC-TIPOILECY.
Jlorn cxmapatoteess 3 Tpac. Tpaca Bkioyae B cebe
MOCHIZIOBHICTh TMOJIHM, $Ki BimOOpakaloTh BHKOHAHHS
omHOro mpuMipHUKa Oi3Hec-mporecy. KokHa momis
ONHCy€e BUKOHAHHS BiJNOBITHOI Jii Tporecy, HAPUKIAMI:

OUiKyBaHHS  pecypciB;  Oe3mocepenHe  BHKOHAHHS,
OUiKyBaHHS peaKiii KOpucTyBaya i T. .
Hecrannaprae BUKOHAHHS pouecy, pi3ki

BIIXWJIEHHS B TPAIUIiAHIA TOCTIOBHOCTI HOTO i
BiZIOOpaXalOThCS B PEECTPALliHHOMY JKypHATi y BHIJISAIL
HETUIIOBUX 3HaY€Hb aTpUOYTiB MOAIH.

Taki BIIXWICHHS BUKOHaHHS Oi3HEC-TPOLIECY MO-
XKyTb OyTM BUKIMKaHI OaraTbMa NpUYMHAMH, 30KpeMa
BTPY4YaHHSIM BHKOHaBLIB. OCTaHHE MOXe OYTH IIOB’SI3aHO

SIK 3 HEJOCTATHHOIO KOMIIETEHIIIEI0 BHKOHABIHA, TakK 1 31
cnpobaMi  TPALiBHUKIB  BIOCKOHAJIWTH TIPOLEC B
KOHKPETHHX YMOBaxXx Ha OCHOBI CBOiX MEpPCOHAIBHUX
JIAaHUX Ta 3HaHb.

TumoBa moBeniHKa Oi3HEC-NPOIECY 3aTA€ThCA 3a
Jornomororo Tpanumiiiauii workflow — mopmeni, Tomi sk
aHOMaJIis BiJIOBiIa€ HETPAAULIHHIM MOBEIIHII Yy BUTIISI
HetunoBoi Tpacu. OcTaHHS BimoOpakae HETPAAULIHHY
MOCJITOBHICTh POOIT, II0 HE BXOAMTH JO CKJIAAY MOJICII.
KoskHa Taka mociiIoBHICTh poOIT PiKCyeThCs B KypHaIi y
BUTJISIII TIOCHIZOBHOCTI TMOJiH, IO JO3BOJISIE B MIPHHITUIIL
ineHTUdIKyBaTH BIiNMOBiMHY aHOMaiifo. IlocmigoBHICTH
nofiit popmye matepH aHOMAUTII.

B 3amagax mporecHOro yIpaBNiHHS OKpeMi Momii
HEIOIUIFPHO  PO3MIIAOaTH  SK  aHOMalii, OCKUIbKH
B)XJIMBUMH € HE OKPEMi CTaHH IIPOLIECY, a ITOCIiIOBHICTb
BUKOHaHHS #oro poOit y uaci. B Toil xe 4ac okpemi
HETUIIOBI CTaHM TMpoOIeCy Ha Tpaci JIOTY MOXYTh
BUHMKHYTH B pe3ynbrari 300iB y po0OoTi mijcucreMu
MOHITOpUHTY. Hampukiax, BHACHIJOK TOro, IO MOMIil
mepes 3alyucoM Yy OJKypHal CTaBITBCS B 4epry, y
PO3MOAINICHIH CHUCTEMi OKpeMi TMoAii MOXYyTb OyTh
3amMcaHi 3 XHOHMMH MiTKaMH dacy. Taki HeTodHi
3HAQUCHHS Yacy BWIVIANAIOTH SK aHOMaJbHAa IIOBEIIHKA
poIiecy, NOPYIIEHHS MOCTiAOBHOCTI moif. OfHAK SKIIO
PO3TIISHYTE BIIXWICHHS HE NMPHU3BOMUTH IO ITOAANIBIIOTO
HECTaHJAPTHOTO JIAHIIO)KKA TOAIH, TO HOTO HEeIOLiTBHO
PO3IIISIIATH K aHOMAJTIFO.

Ha puc. 1 mokasaHo, 110 BIAMIHHOCTI MK JaHUMHU
npo HOpMalbHUI Xin BukoHaHHs bIl, 3amucamu 3
MOMHJIKOBUMH JaHHUMH Ta aHOMAIsIMM 3alieXaTb Bij
CyMapHOTO BiJIXWJICHHS 3HAa4€Hb AaTpUOYTIB MHOXUHU
MO MOTOYHOI Tpacw Tpolecy BiJ 3HaueHb aTpUOYTIB
JUTSL TUTIOBOT TTOCJIITOBHOCTI IO,

Hani 3
HETOYHUMHU Ta
AHoMaJIil K
. HECBOEYACHUMU
Jani nmpo pe3ysbTar
.. 3HAYCHHSAMU
THUIIOBHUH XiJ . BUKoHaHHsA Ad
(BHAcIiTOK .
BUKOHAHHS . hoc mporecis,
. HEKOPEKTHOI
0i3Hec-Tporiecy YIOCKOHAICHHS
poboTu
. BII, Tomro.
i CUCTEMHU
MOHITOPHHTY)

»
>

BinxunenHs 3HaueHb aTpHOYTIB MOIii

Puc. 1 — BigmiHHOCTI aHOMATiit BUKOHAHHS Oi3HEC-TIPOIIECiB

Jos aHoMaJIin BUKOHAHHS
XapaKkTepHi Taki 0COOIMBOCTI.

[To-mepmie, B xypHasi peectpamii Mol 3a3BHuait
30epiraeTbcsl Maja KUIBKICTH Tpac, M0 BiANOBiAAIOTH
aHoMauisM. [IpuurHa 11i€1 BIAMIHHOCTI IOJIATa€ B HACTY-
mHOMY. AHOMalii BHHHKAIOTH BHACIIJIOK pEakIlil BHKO-
HaBI[IB Ha HemepenOayeHi (HEYacTi) 30BHIIIHI BIUIUBH.
[IpuknamoM Takui BIUTMBIB € 3MiHa BUMOT KJi€HTa 0i3-
Hec-Tiporiecy. BHKOHABIN Ha OCHOBI CBOiX 3HaHB yIIOCKO-
HAITIOIOTH OI3HEC-TPOLIEC 1 TOMY HOTO MOBEIIHKA Y HOBHX
yMOBaxX BIJIPI3HSETHCS BiJA THIIOBOI, 3a7aHOi B MOJEII.
BignosigHo, OuTBIIICTE Tpac JOTy Oi3HEC-TIPoIecy Mic-
TUTH y c001 3aIHCcH TIPO BiZIOMY THITOBY MOBeAiHKY BII.

GizHec-mporecy
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[lo-npyre, aHOMamii 3a3BH4aifi € pE3yIBTATOM
BUKOPHCTAHHS TIEPCOHATIOM CBOIX 3HaHb Ta JOCBIAY B
npeaMeTHiit oomacti. ToMy soru 6i3HEC-TIpoIIeciB MOXKYTh
MICTHTH aHOMaJIi1 Pi3HUX THUIIIB:

— HOB’s13aHi 31 3MIHOIO HOCIIAOBHOCTI niit4

— BU3BaHi 3MiHOIO 00’€KTIB, 3 SKUMH OIEPYE MPOIICC,
0e3 3MIHU TOPSIIKY JTi.

[o-Tpere, Tpacu, 1o 3adikcyBaau aHOMalii, MOXXYTh
MICTUTH TOCIIOBHOCTI MOJiH, aHAJOTi4Hi 3005IM B Yy
MiJICHCTEMI MOHITOPUHTY.

Y3aranpHEHI BIACTHBOCTI BXITHHX JaHUX Y 3amadi
aHaJIi3y aHOMaJii MOBEAiHKHU Oi3HEC-TIPOIIECiB HABEICHO B
Taou. 1.

Tabmu 1 — BrnacTuBOCTI BXiIHUX JaHUX Y 3a]a4i aHANII3y
aHOMaJIiif moBeiHKH Oi3HEC-TIPOIIECiB

Biactusocrti Micre3HaxomKeHHs
Tpaca Kypnan | Kypnanu
xypHainy | BII JIEKUTBKOX
bI1
YnopsiakoBaHicTh
y 4aci + + -
Bararo-
BUMIpHICTh — + +

ATpuOyTH JaHuMX OKypHaly peecTpauii moaid
MOXYTh OYTH YHCIOBUMH (HANPHUKIAL, 9aC BUHUKHCHHS
mofii), CHUMBOJFHUMHE (TIPi3BHINAa BHWKOHABIB, Ha3BU
MiAPO3AITIB), Ta KaTeropialbHUMH (KaTeropil MpomyKIii,
TOIIIO).

Kputepii ans Bu3HaueHHS aHOMAIil y 3amucax mpo
xin BukoHaHHS BIl BH3HA4YarOThCS OCOOIMBOCTSIMH JIOTY
nojiii. 3amyc Nmpo  KOXHY MOJII0  MICTHTh  SIK
TeMIOpalbHy, Tak 1 o00’ekTHy ckiamoBy. Ilepiia
3a[Ia€THCSl MapKepaMy 4acy BUHHKHCHHS IMOJIH, a Ipyra —
aTpuOyTaMu apTedakrTiB, 3 IKUMHU Oonepye Oi3Hec-ITpoliec.
BinnoBigHo, 3araibHi KpUTEpil DOMUIBHO KiIaCH(iKyBaTH
Ha TEMIOpPaJIbHi Ta 00’ €KTHI.

TemmopanbHi KpUTEpil BU3HAYAIOTH HEBIAMOBITHICT
MOCTITOBHOCTI MO aHOMaNbHOI Tpacw MpoIecy
MOPSAKY Ailf HOPMATHHOTO X0y MPOIIECy.

OO0’exTHI KpuTepii 3agarOTh BIAMIHHICTH YMOB
BUHUKHECHHS il TIPW TUIOBiIi CXeMi BHKOHAHHA Oi3Hec-
mporecy. Taki yMOBH BH3HAUalOTHCSA 4Yepe3 HETHUIOBI
aTpubytn noxiit tpacu BII.

B mepmomy Bumagky B OKypHaNmi  monii
3apeECTPOBAHO HETHUIIOBY TIOCIIZOBHICTh il MpoIiecy,
TOOTO aHOMAJIis XapakTepu3ye HECTaHIAPTHUH 3B 30K
MK BepmmHamu y workflow — rpadi 6i3Hec-mporecy.
Bepumnn nanoro rpady BimoOpaxaroTh il mpouecy, a
JYTH 33JJAF0Th MOKJIMBI TTOCIITIOBHOCTI Jii.

Y npyroMy BHNAAKy aHOMaNii TOB’s3aHI 3
KOHTEKCTOM BHUKOHAHHs il TPOLECy, NpPeACTaBICHUM
atpuOyramMu mofiil yory. TumoBa MOCTIIOBHICTH i
BHKOHYETBCS Y HETHIIOBOMY KOHTEKCTi. Hampuknan, npu
3MiHI BHMKOHABI[B JJUII THIIOBOI IIOCIIJZOBHOCTI i
atpubytn (imM’s, mocana, BN, TOIO) IUX Aid OyAyTh
BimoOpakeHi SK aTpuUOYyTH BiANOBIAHUX TMOMIH JIOTY
Oi3Hec-mporiecy.

IIpencraBneni B JIorax MOCTiAOBHOCTI MO MiCTATh
TEMITOPaJIbHI Ta KOHTEKCTHI aTpUOYTH.

TemmopanbHi aTpuOyTH BiZOOpPakalOTh ITOCIIIOB-
HICTh BUKOHAHHSA Jiil y KOHKPETHOMY IIPUMIipHHUKY Oi3HEC-
IpoIiecy 3 TPHUB’SI3KOI0 0 KOHKPETHUX MOMEHTIB dacy.
KonTtekcTHi aTpuOyTH XapakTepu3yloTh 00’ €KTH, SIKi BH-
KopHUcTOBYe Oi3Hec-mponec (apredakTtn). B minomy kom-
OiHaLlisl TEMIOPATbHUX Ta KOHTCKCTHUX aTpHOYTIB 3a/a€
00’ €KTHO-TEMITOpaJIbHI JIaHi, M0 XapaKTepU3ylOTh BHKO-
nanas BII. To6To koxkHa Tpaektopis BIl xapakTepusy-
€ThCS 3MIHOKO aTpPUOYTIB KOHTEKCTY 3 4acoMm. Jlo Takux
aTpuOyTIB 3a3BMYail BiAHOCATH Ha3By Ta CTaH MOTOYHOI
nii 6i3Hec-mporecy, iM’S Ta MOPO3MiNI BUKOHABISA, KO,
HaliMCHYBAaHHS Ta XapaKTEPUCTUKU TPOAYKTY, 3 SKHM
omepye Oi3Hec-TIpoIiec, TOIIO.

OpienroBanuii Ha  TpaekTopii minxin 1o
BU3HAYEHHS] AHOMAJIbHOI NOBEAiHKH 3HAHHM-€MHHUX
OizHec-mpoueciB. 3anporOHOBaHUN IMiIXi[ HATPABICHUMN
Ha BUSBJICHHS HETUHOBUX ()OPM TPAEKTOPiil BUKOHAHHS
BIl y mpocropi arpuOyTiB moxiii 3 ypaxyBaHHSM SK
KOHTEKCTHOI, TaK 1 TEeMIIOpaJIbHOT CKJIaJOBOT iX OIHCY.

Iligxing mnependayae BU3HAYCHHS BIiACTaHI MiX
IPYNOI0 THIIOBUX Ta aHOMAIIbHOIO TPAEKTOPIEIO, & TAKOXK
VTIIB BIAXHAICHD MK IUMH TPAEKTOPISIMH.

[inxin 6a3yeThCst HA HACTYITHUX TOJOKECHHSX.

1. Bigcranp BH3Ha4aeThCA UIA Tap MAii MpoIiecy,
MPEACTABICHUX B XYPHaJIl ITapaMH MOIMH.

JlaHHEe TTOJIOKEHHSI T03BOJISIE BPAaXyBaTH TEMIIOPAIIb-
HUH acriekT nponecy. KokHa 1ist Ha TpaekTopii BHKO-
HaHHS TpPOLIECY BUHHMKAE NPHU 3aBEpIICHHI MONEPEHbOT
Jil, TOMY TPOTSDKHICTH Hii y 4Yaci BH3HAYa€ThCS 4Yepes3
PI3HHMIIIO 3HAYE€Hb TEMIIOPAJILHUX MITOK LIUX TOIH.

2.B 00’ekTHOMY acCmekTi BifICTaHb MK IIIMH BH-
3HAYA€THCSI SIK HOPMOBAHA BiJICTAHb MIX 3HAYCHHSM Bij-
MOBIAHUX aTpHOyTiB 00’ €KTIB, OB’ SI3aHUX 3 LIMMH JiSIMHU.

JlaHHe TIOJIOXKEHHSI BPaxOBYE BIAXHWIICHHS Hpolecy
TIpH 3MiHi 00 €KTIB.

3. MomeHTn BUHUKHEHHS Ta  3aBEepIICHHA
aHoMaJibHOTO (hparMeHTty moseninku BI1 BpaxoByThes 3a
YIJIOM BIOXWICHHS MDK aHOMajlbHOIO Ta THIIOBOIO
TPAEKTOPIIMHU.

Jlane mONOXEHHsI NO3BOJISIE IOEJAHATH OLIHKY 3a
TEMIOpPAJIBHUM Ta  O0’€KTHHUM  acleKTaMH.  YTol
BIIXMJICHHS 3aJa€ MO0, B SIKiil BiAOYBaeThCS mHepexif
Bil THUMOBOI JO aHOMaJbHOI TpaekTopii mo N=>1
aTpuOyTiB 00 €KTIB.

4. TaTerpanbpHa OIliIHKA aHOMAIBLHOTO (pParMeHTy €
3BRKEHOIO0 CYMOIO BiJICTAHEW BiIXWJIEHB ISl Jil mporecy
3 ypaxyBaHHSM BYTJIa BIIXHUJICHb.

Jane T1OJIOXKEHHS  JO3BOJISIE  BpaxyBaTh  SIK
BIIMIHHOCTI y TIPOTSKHOCTI [iif mporiecy (TeMropanbHuit
aCIeKT), Tak 1 BIIMIHHOCTI y HisfX (Ha3Ba Ta CTaH Jii), a
TaKOX YMOBaxX BUHUKHEHHS, BUKOHAHHS 1 3aBEpLICHHST
Ii¥t (iHIIi aTpuOyTH TOIT).

3aranpHa cXeMa MiIXOAy A0 BUSBICHHS aHOMAiN
MOJIATA€E B HACTYITHOMY.

B sikocTi BXiTHMX TaHUX BUKOPHCTOBYETHCS:

— MHOXHHa TPaeKTOpii Oi3Hec-Tpolecy, 10 BHECEHA
no 6a3u 3HaHb CIIY; mi TpaekTopil pO3TIAmarOThCA 5K
pe3ysbTaT TUIOBOTO GyHKITioHyBaHH: BIT.

— TPAEKTOPis-KaHIUJAT Ha BUSBICHHS aHOMAJIii.

Ilpuknax BXiZHUX MJaHUX — (parMeHT TpacH-
KaHIUJaTy Ha BHSBICHHS aHOMalii HaBeAEHO Ha
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puc. 2. B nmaHoMy mpuKIami TEMHOPATbHUHA  AacIeKT
3aa€ThCS MITKOIO dacy 3aKiHYeHHS IMOfil, a TaKoX
Ha3zBoro nmii "le consult poliklinisch" Ta 1 cranom
"complete". OO€eKTHWII aCHEKT 3aJa€ThCS  HA3BOIO
BiJUILJICHHS, JI¢ BUKOHY€eThCs nist: "Radiotherapy".

<trace>

kevent>

<string key="org:group" value=
"Radiotherapy"/>

<string key="concept:iname" wvalue=
"le consult poliklinisch"/>

<date key="time:timestamp" wvalue=
"2005-01-03T00:00:00.000+01:00"/>

<string key=
"lifecycle:transition" wvalue="complete"/>

</event>

</trace>

Puc. 2 — ®parMeHT BXiTHUX JaHUX

[TocnigoBHICTD BUSABIECHHS aHOMATii MICTUTB y cO01
Taki 6a30Bi eTamy.

1. OOumcaeHHS CyMapHOi IHTErpajbHOi OIIHKH
BIIXWICHb JJIsI TIOBHOI TpaekTopii — KaHAWgaTa Ha
aHOMaJIbHY MOBEJiHKY. Ha maHoMy eTari BH3HAYa€THCS
cepelHE BIIXWICHHS TPaekTopii — KaHauara Bii ycix
TUIIOBHX Tpac 3a IHTCTPAJbHOI OIlHKOW. SIKII0
3HAUEHHS BiIXWJICHHS MEPEBUIIYE 3aJaHHii MOpir, TO 11e
CBIIUNTh TPO HASIBHICTH aHOMANii y Tpaci-KaHAWOATI.
BukoHyeThCsl TepexiJ 10 HACTYIHOrO eTamy. B iHmomy
BHUIIAJIKY TIPOIEC BUSIBICHHS aHOMAJTiil 3aBepIIy€EThCS.

2.BupganenHs 3 Tpacm — KaHgumaTta Jii 3
MiHIMAJIbHUM 3HAYCHHSM BIJIXHICHHS B TEMIIOPAJIbHOMY
acriekti. MeTa gmaHoro eramy — 3HaWTtH Aif, sKi
BIJINIOBIat0Th HOpMaubHIM moBemini BII. Taki «THUIOBI»
Il MOXYTh CBIIYMTH NP0 HE3HA4YHy, OIEPATUBHY
KOPEKI[if0 HOPMAaJbHOrO Xonay Ipouecy. Hanpukman:
3MIHMJIOCH MPI3BHUINE BUKOHABI Ti€ei *k [ii, 0e3 3MiHU
nocnigoBHocTi Aii y ¢parmenti BI1. HoBuii BukoHaBeub
MOXXH TIpAaIfOBaTH OUITBII TMOBUTBHO, OI0 MpPHU3BENE O
JIESIKOTO  BIXHIICHHSI [0 TEMIIOPAJIBHOMY KPUTEPIIO.
OpHak Ha3Ba il 3aIMIIMIACH HE3MIHHOIO.

3. BunaneHHs 3 THITOBHUX Tpac Takoi K Mii, mo Oyia
BUJIAJIEHA 3 TpacU-KaHAWuAaTa. BUIANCHHS BHKOHYETHCS

IS Toro, mo0 HE BpaxoBYBaTH BIAXWJICHHS 3a
AHAJIOTIYHOIO I€TO.
4. JIng  KOXHOT 3B A3HOT  MOCTIJOBHOCTI  JIii

OOYHNCITIOETECS CyMapHa iHTETpaJIbHA OIlIHKA BiIXWIICHD
¢parmeHTy 6i3HEC-TIpoIIeCy.
5. ®parmMeHTH, ans SKUX IHTErpajbHa OIlIHKA HE

MEPEeBUIlyE IOPOTOBOrO 3HAYEHHS, BUAAISIOTHCA 3
MOJAJIBIIOTO aHAJII3Y.

6. Erantm  2-5 TIOBTOpIOIOTBCA  [UII  OKPEMHX
(parMeHTiB Tpacu.

PesynpraToM  HaBeleHHMX €TalliB € MHOXXHHA

(parMeHTiB, 0 MICTATH aHOMAJIii 110 TEMIIOPAILHOMY Ta
00’€KTHOMY KPHTEPIsM.

7.Jlns  pe3ynpTariB  BUKOHaHHS  eramiB  1-6,
BH3HAUYAETHCS MHOXHWHA aTpUOyTIB, IO TOB’s3aHa 3
BUHUKHEHHSM aHOMAaJIbHHX TIIaTepHIB. Buminsiorscs
arpu0OyTH, IO XapaKTepHi Ui TOMIH aHOMAaJLHOTO
MaTepHy, Ta HE € XapaKTePHUMHU IS aHAJOTIYHUX ITOJiH

TUIIOBOTO TaTepHy. MHOXWHA INX aTpUOYTIB BH3HAYaE
HeoOXimHi ymMoBH (abo OOMEXeHHS) IUIi BUKOHAHHSI
MaTepHy aHOMAJIbHOI TIOBE[IHKH.

8. BuainsaroThcs 3HAaYCHHS aTPUOYTIB, IO 3aJaI0Th
BUKOHAHHS OKPEMHX Jii sl KOXHOTO aHOMajbHOTO
narepHy BukoHanHs bIl. 3HauyeHHs atpuOyTiB BH3Ha-
YarTh JOCTATHI YMOBH JIJIsl aHOMAJIbHOT oBeaiHku BIT.

Cunip 3a3HauUTH, M0 OOMEXEHHS 3aIpPONOHOBAHOTO
MmiAXoay O  BHABJGHHS  aHOMalid  BU3HAYaeThCs
MOBHOTOIO iH(opManii mpo Xig mpouecy B IKypHaui
peecrpanii moxiid. O4YeBUAHO, IO HEMOBHWH JIOT, SKHUN
MicTuTe He Bci arpubOyru mnoxii BII, He mo3Bomse
BHU3HAYHTH TIOBHUH Ha0Op HEOOXiTHIX Ta TOCTaTHIX YMOB
aHOMAJBHOTO (h)parMeHTy Hiil.

[opmanpmmii aHami3 3Ha4eHb AaTPHOYTIB BUAUICHUX
TPa€eKTOPiil Ja€ MOXJIMBICTh BH3HAYUTH 3aJIC)KHOCTI MiXK
aTpubyTaMu, iX 3HAYEHHSMHM Ta XissMH Tpouecy. Taki
3aJICKHOCTI BiZIOOPaXYIOTh 3HAHHSI BUKOHABIIIB, 1110 0YJI0
BUKOPHCTAHO JJIsl BUKOHAHHSI HECTPaHJapTHOI'O BapiaHTy
Oi3nec-mipouiecy. [lopiBHSHHS HOBUX 3aJIeKHOCTEH 3
TPaAMUIHUMHM TIaTepHAMH BHUKOHAHHs Oi3HEC-NpoLeciB
nmae moxiusicte OIIP BHOCKOHAIWTH MOTOYHHI Oi3HEC-

TmpoIiec.
BizHec-mporiec  BIOCKOHATIOETBCA 32 JABOMA
HaTpsSMKaMU:
— BOPOBADKCHHS  OTPUMAHHUX  3alIKHOCTEH Yy

MOTOYHMH (II0 BUKOHYETHCH) Oi3HEC-TIPOIeC y BHUTIISAII
KOH(]IrypariiifHuX  mpaBWwi, [0 Ja€  MOXIIHUBICTb
MIABUIIUTA aaeKBaTHICTh mMozeni BII B peampHOMY yaci,
O Mipi 3aCTOCYBaHHs BHUKOHABIIIMU CBOIX 3HAHb 1, THM
camu, OOMEKHMTH Hee(EeKTHUBHI BUTpATH pecypciB Ipu
BUKOHaHHI MPOIIECY;

— ajanTauis IPOLECHOI MOJENI MiCisi 3aBepIIeHHS
(DYHKIIOHYBaHHS  TMOTOYHOTO  EK3eMIULIpy  Oi3Hec-
IpoLecy, MO J3a€ MOXIHMBICTh YIOCKOHAIHTH MOJEINb 3
ypaxyBaHHAM He(OpMaJbHUX 3HaHb BUKOHABIB 1 THUM
CaMHM TIJIBUIIATH €(PEKTHBHICTE POOOTH CHCTEMH
MPOLIECHOTO YIPABJIiHHS.

BucHOBKH. 3anpornoHOBAaHO MiAXiA 10 BHSBICHHSI
aHOMAaJTil MOBEIIHKU 3HAHHS-€MHHUX Oi3HEC-TIPOIECIB Ha
OCHOBI TMOPIBHSUILHOTO aHAJi3y Tpac y CKJIaji JIOTiB, IO
(IKCYIOTh BUKOHAHHS IIUX HPOLIECIB.

IMiaxig mnepeabavae momyk (parMeHTiB TpacH 3
AQHOMAJTIIMHU 110 TEMIOPATIBFHOMY i 00’ €KTHOMY acIeKTaM.
TemmopadpHUI acleKT BH3HAYa€ IOCIIIOBHICTH MOIIH,
0 BigoOpakaroTh BHKOHAHHS i Oi3Hec-Tpolecy Ta
TPHUBAJICTh BIAMOBIMHUX Ai. OOEKTHUH acCICKT BU3HAYAE
XapaKTEePUCTUKU 00 €KTIB, 110 BUKOPHCTOBYIOThsI Oi3HEC-
IpoLecoM NpH BUKOHaHHI mux Aid. Ilpm nomryky
AQHOMAJIBHUX (ParMeHTiB OOYMCIIIOETHCS BIJCTAaHb MiX
nisMu. B sKocTi o3HaKM mMOYaTKy Ta 3aKiHYCHHS aHO-
MaJIbHOTO (pparMeHTy BUKOPUCTOBYETHCS KYT BiJXUIICHHS
MIDX JisIMH B IpOCTOpi aTprOyTiB MOAi# JIOTYy.

B mpakTruHOMY TaHi HiAXix [a€ MOMXIIMBICTH HE
JUIIe 3HAWTH aHOMaJbHI ()parMeHTH, aje W BH3HAYUTH
MHOXXHUHY aTpHOyTiB 00’ €KTiB, OB’ I3aHUX 3 BUKOHAHHIM
HETHITOBUX JIill, 2 TAKOX 3HAYCHb [UX aTPUOYTIB.

CyKynHICTb 1i#, aTpuOyTiB Ta iX 3HAYECHb aHOMAJIb-
HOTO (parMeHTy Moxe OyTH IpeicTaBiieHa y BHIJIII
eJleMeHTy 0a3u 3HaHb 1 B MMOJAJIBIIOMY BUKOPHCTaHA JUIs
YIOCKOHAJICHHS Oi3HEC-TIPOLIECY.
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UDC 519.2
A. E. GOLOSKOKOV, T. 4. DRACH, S. E. SHAPOVAL

FUZZY IDENTIFICATION OF THE STATE OF IT CORPORATION

IIpoananizoBaHo MeToxW Ta MIAXOAW [0 BUPINIEHHS 3ajadi YOPaBIiHHSA KOpHopami€lo. PO3MISHYTO €KOHOMIiYHI, COIialbHO-ICHXOJIOTIUHI,
aJMIHICTpaTHUBHI METOJH YIpPAaBIHHS KOpIHOpamicio. PO3MIIHYTO CHUTyalifHWI, CHCTEMHHUM, CHTyalliHHMH HEUITKHMH IiAXOAM 1O YIPABIiHHI
Koproparielo. BuHeceHO PpillleHHS 3aCTOCOBYBaTH CHUTYAIl[iHHMHM HEYITKMH MiAXig [0 BHpIMICHHA 3aJadi JOCHI/UKCHHS. 3alpOHOHOBAHO
BHKOPHCTOBYBATH aITOPUTM KJiacTepu3awii K-cepeaHix it Toro, o0 po3noAlIHTH HEYiTKi CUTyawii o Kiacam. BupiiieHo 3amaqy Kiactepu3arii.
BupimeHo 3anauay inentudikanii crany 1T-koprnopariii.

Kuro4osi ciioBa: ynpasitiHHs KOPHOPALi€0, HEUIiTKI CUTYalil, CHTyaliliHe HeiTKe ynpaBiliHH, i1eHTUdIKALisA CTaHy KOpHOpaLlii.

IMpoaHanu3upoBaHbl METOAbI M MOAXOAbI K pELICHHIO 3aJayd yOpaBjieHus Kopropamueid. PaccMOTpeHbl SKOHOMUUYECKHE, COLHAIbHO-
NICUXOJIOTMYECKUE, aAMHHUCTPATUBHBIE METOJbI YIpaBJIeHHs Kopropaiuell. PaccMOTpeHbl CUTyallMOHHBIH, CHCTEMHBIH, CUTYyallHOHHBIH HEUEeTKHI
MOAXOAbI K YIpPaBICHHIO Koproparued. [IpHHATO pelieHue NMPUMEHSATh CUTYallMOHHBIH HEYETKHH MOAXOJ K PEIICHUIO 3aJadd HCCIICJOBAHHS.
IIpenyioxKeHo HCIOJIB30BaTh AITOPUTM KiacTepu3alii K-CpefHuX Ui TOro, 4TOOBI PaclpeienuTh HeYeTKHe CUTYAlllu o KiaccaM. Peruena 3azada
kiacrepuzanuu. Pemena 3agaya unentudukaunu cocrosiuust UT koprnopauuu.

KaroueBble c10Ba: ynpaBiIeHUsl KOpIOpaluel, HEYeTKHEe CHUTYallid, CHTYalliOHHOe HEYeTKOe YIPAaBJICHHE, MACHTH(HKAIUSA COCTOSHHS
KOPIIOpALUH.

The methods and approaches to solving the problem of corporate governance are analyzed. Economic, social-psychological, administrative methods of
corporate management are considered. Situational, systemic, situational fuzzy approaches to corporate management are considered. It was decided to
apply a situational fuzzy approach to solving the research problem. It is proposed to use the k-means clustering algorithm in order to distribute fuzzy
situations by classes. Clustering problem is solved. The task of identifying the state of IT corporation. An example has been calculated with which you
can conduct a comprehensive study of the state of the object, which allows you to get a full understanding of the estimated IT corporation not only at
the time of the assessment, but also in the retrospective and forecast periods.

Keywords: corporate governance, fuzzy situations, situational fuzzy management, identification of the state of the corporation.

Introduction. Currently, the evolution of the
community is largely dependent on IT technology. The IT
industry is one of the four priority sectors for Ukraine's
export strategy. In recent years, there has been an increase
in the number of IT corporations in Ukraine, which are
rapidly expanding. The creation of an effective IT-
technology requires the creation of an optimal IT-
corporation management system. Thus, the task of
managing the IT corporation becomes urgent.

The modern concept of "management” means the
process of coordination of various activities taking into
account their goals, conditions of implementation, stages
of implementation.

Considering the management process as an element
of the organization, it is necessary to determine what tasks
the management of a specific organization performs as it
does, that is, to understand which sectors are the subject of
coordination and regulation and in what way this
coordination is carried out.

The Corporation has the following characteristic
features: nonstationarity of the process occurring in the
system, a large amount of information, the impossibility
of constructing a mathematical model from the standpoint
of the classical control theory. The solution of the
management task stipulates the following tasks:
aggregation of information, identification of the state of
the system and solution of the management task.

The present work is devoted to aggregating
information and solving the task of identifying the state of
IT-corporations. It is proposed to use the elements of
situational control and the mathematical apparatus of the
theory of fuzzy sets.

Since a large amount of information complicates the
construction of the situational management model, it is
proposed to aggregate it using cluster analysis.

Analysis of the research problem. The quality of
IT-corporation management is largely determined by the
effectiveness of decisions taken by leaders of different
levels - the higher, middle and lower levels. To make such
decisions, managers need to have reliable, timely and
regular information about the state of affairs [1].

Particularly acute problems of reliability, timeliness
and regularity of management information face large IT
corporations. Information systems are the only way to
collect, process and present data in a form that is
convenient for making managerial decisions.

It can be concluded that in modern conditions IT-
corporations need a tool that allows using the available
resources as efficiently and economically as possible. The
use of foreign experience, concepts and technologies can
be of great use only if it is really a progressive experience
and if it is used taking into account the specific conditions
in which a particular IT corporation is located.
Management systems  (methodologies, approaches,
computer programs) should be flexible enough so that
they can be adapted as needed, with various changes in the
"external environment".

Thus, it is timely to introduce into the IT-corporation
a management system that could make its work more
efficient and, as a result, lead to an increase in profits.

Description of the research object. In the work as
an object of research is considered an IT corporation,
which represents the domestic software industry in the
world market.

At the head of the IT corporation is the General
Director. He represents it in all institutions and state
organizations, concludes contracts, issues orders for the
corporation, opens accounts in banks and performs many
other functions.
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Directly subordinate to the director of the IT
corporation are three deputies: marketing, economics and
personnel, as well as the chief accountant and legal
counselor.

IT-corporation has a linear-functional (combined)
management structure, because it is based on a close
combination of linear and functional connections in the
management apparatus. It provides such a division of
labor, in which the linear links make decisions and
manage, and the functional — consult, inform, coordinate
and plan economic activities. The basis of the organization
of functional actions is based on a linear principle. This is
illustrated by Figure 1.

marketing department finance HR transport
department of orders department Department department

Chiefs of Operations Divisions

Figure 1 — Linear-functional control structure

The linear-functional structure is also characterized
by weak horizontal connections between functional divi-
sions. Therefore, quite often some similar control func-
tions are not coordinated enough. The constant need to
harmonize decisions at the level due to the variety of hori-
zontal links causes a significant slowdown in the timing of
the implementation of the goals, a decrease in the quality
of decisions made, an increase in management costs.

It should be noted that the main criteria for the
effectiveness of the IT corporation can be its indicators:
the profit that the corporation receives for one quarter
(hryvnia), the number of timely completed orders (pcs per
quarter), costs, per order (man-hours).

All indicators of IT-corporation activity tend to
grow, and the growth rate of profit from sales of products
and services exceeds the growth rate of sales proceeds,
which in turn exceeds the growth rates of prime cost by a
favorable trend.

To solve the management problem, it is proposed to
use an unclear situational approach. Since the IT
corporation has an established, mature production: a large-
scale, mass. The goals here are clear and rarely change.
The main thing is to be able to exit in the best way from
the unfavorable situations that are created, to avoid
failures in the production process.

The management decision always consists in the
choice of certain quantities, which are called
"management”. They, in turn, determine the values of
other quantities - the phase coordinates.

To solve the research problem, the following phase
coordinates:

X — number of departments in the IT company (pcs);

X, — number of technologies for creating software
products (pcs);

X5; — number of employees who own a certain

technology (person), i=1n;
Xy — amount of funds allocated for a particular

project (computers), | =1n;

Xsm — number of reserve frames (people), m=1,n.

Thus, the vector of phase coordinates describing the
state of the control object has the following form:

X ={X1, Xz, Xi» Xa1+ X5m 1 -

Due to the large amount of information, it is
necessary to aggregate it using fuzzy logic [2]. Each
attribute is formalized by a linguistic variable. Next, we
set the base set for the characteristic. So, every sign
X (ied={,2K, p}) is described by the corresponding
linguistic ~ variable T, =
={T/,T,,K, T} — term-set of a linguistic variable x; (or
a set of linguistic values of the trait; m — number of
characteristic values); D; — basic feature set x; .

To formalize fuzzy situations of the IT-corporation
management process, the vector of phase coordinates:
X, —number of departments in IT-corporations.

<"Number of departments in IT-corporations”, T,
D, >;

T, = {"few", "enough”, "much"}; D, = {5; 20}.

X, — number of technologies for creating software
products.

<"Number of technologies for creating software
products.”, T,, D, >;

T, = {"few", "enough", "much"}; D, ={10; 30}.

X5 — number of employees who own a certain

<X, T;, D, >, where

technology, where, i=1n.

<"Number of employees who own a certain
technology”, T, D3>;

T, = {"few", "enough”, "much"}; D,;={15; 50}.

X4 — number of reserve personnel who own a cer-

tain technology, where i is the project, | =1n.
<"Number of reserve personnel who own a certain
technology”, T,, D, >;
T, ={"few", "enough”, "much"}; D, = {10; 20}.
Xsm — amount of funds allocated for a particular

project, mzl,_n.

<"Amount of funds allocated for a particular
project”, Tg, Dg>;

T; = {"few", "enough”, "much"}; Ds; = {30 000;
100 000}.

Next, we form the control vector. For the considered

domain, it has the form:

u; — number of employees in IT-corporations (IT-
specialists);

<"Number of employees in IT-corporations", T,
D, >;
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T, = {"few", "enough”, "much"}; D, = {100; 1000}.

u, —volume of investments (in UAH);

<"Volume of investments”, T,, D, >;

T,= {"few", “enough", "much"};
= {100000; 300000}.

u; — technical support (computers);

<"Technical support”, Ty, D;>;

T, = {"few", "enough”, "much"}; D;={100; 1000}.

u, — number of orders of IT solutions (pcs per
quarter);

<"Number of orders of IT solutions", T,, D, >;

T, = {"few", "enough”, "much"}; D, = {10; 100}.

The criteria for assessing the functioning of the

corporation are as follows:
K, — profit that the corporation receives for one

quarter (in UAH);
<"Profit that the corporation receives for one quarter”, T, ,
D, >;
T, = {'few",
= {20000; 100000}.
K, — number of timely executed orders (units per
quarter);
<"Number of timely executed orders”, T,, D, >;
T, = {"few", "enough”, "much"}; D, ={3; 15}.
K4 — costs, for the performance of one order (man

D2:

"enough”, "much"}; D;=

hours), i=1n;
<"Costs, for the performance of one order", T;, D;>;

T, = {"few", "enough"”, "much"}; D;= {1000; 8000}.

The process of functioning of the system reflects the
behavior of the system in time and can be represented as a
successive change of its states. If the system changes one
of its states to another state, then it is customary to say
that the system goes from one state to another.

Statement of the research problem and the choice
of the method of its solution. The paper considers the IT-
corporation, which has a linear-functional management
structure. In modern development this organization is one
of the leaders in software development. IT-corporation has
established, fulfilled and large-scale production. Effective
activity of the corporation is satisfactory, however
management believes that the IT corporation has a great
potential for organization.

Thus, to solve the problem of managing an IT
corporation, first of all, it is necessary to solve the
problem of identifying the state of the corporation and to
develop measures to ensure its further effective
development.

So, the IT-corporation's need to redefine target
targets and their implementation can be met by creating
flexible tool-and-methodical support, including two main
processes: information aggregation, IT-corporation status
identification.

Thus, the first stage is reduced to the transformation
of the detailed information into "packages"” (aggregates) of
data that allows to analyze the IT corporation in terms of a

small number of relevant aggregate variables that include
profit, costs, orders (intermediate and final), the number of
employees in the corporation, the amount of investment,
the amount of technical support, etc., under conditions for
which the initial data are known with varying degrees of
detail.

The second stage is the identification of the state of
the IT corporation. It consists in determining from the
input and output values of such a situation from a
particular class of situations, in which the real system
under investigation is equivalent.. In accordance with this,
it is necessary to define a class of situations models,
among which the most suitable (current) model of the
situation will be chosen. That is, it is necessary to conduct
a comprehensive study of the state of the object, which
allows to get a full understanding of the estimated IT
corporation not only at the time of the assessment, but also
in the retrospective and forecast periods [2].

The management of the corporation should be able to
implement its proposed management in any period (once a
week, once a month, once a quarter). Then compare the
results that were before the introduction and the results
were obtained after the innovations. Thus, the IT
corporation for 2 years should reach an entirely new level
of management, which would lead the corporation to
achieve its main goal.

Economic,  social-psychological, administrative
methods of corporate management are considered.
Situational, systemic, situational fuzzy approaches to the
management of the IT corporation.

It is revealed that the application of the above
methods, as well as the situational approach, is ineffective
for our research task. So there are many signs that are
quite difficult to describe the situation in the IT
corporation. All this is a complex mathematical model.
The authors decided to switch to fuzziness. Namely, it was
decided to apply a situational fuzzy approach to solving
the research problem.

The task of clustering. There are data on the
situation describing the state of the corporation. In cluster
analysis this is called observation. Each situation is
described by signs, for example, the number of
technologies for creating software products, the number of
funds allocated for a particular project, the number of
reserve personnel, the number of employees who own
certain technology and the number of departments in the
corporation. They form a vector representing the situation.
This vector has the form of a list of numbers that can be
interpreted as coordinates of a multidimensional space [3].

In order to distinguish classes of situations using the
fuzzy k-mean method, we use the MatLab application
package for numerical analysis.

In the Statistics Toolbox section, there is a standard
function kmeans(), access to which allows to obtain
clustering results for the sample. The input data for it are
sampling (value k), as well as numerous parameters and
settings.

Authors were given the following data for the
calculation of the test case: k=3, k — a set of
characteristics that adequately reflect the properties of the
research object (Table 1).
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Table 1 — Initial data for the clustering process

An The parameters that characterize IT corporation
object X1 X2 X3 Xay X5m
IT |{5;20} |{10;30} |{15;50} [{10;20} |{30000;
corpo- 100000}
ration

The data given in table 1 form 3 classes (“few",
"enough”, "much") to describe each of the pranks
characterizing the corporation. These vectors are
represented in the form of a list of numbers in Table 2.
Next they will be interpreted as coordinates of the
multidimensional space for the MatLab.

The set of situations formed by the authors is
partially given in Table 2.

Table 2 — Developed situations

Situation Values
So { few; few}
S1 { few; enough }
Sg { much; enough }
Sq { much; much }
The initial data are heterogeneous, and their

estimates by parameters are not consistent, which
corresponds to the real situation.

We determine the value of the proximity measure for
each criterion. Let us write the obtained values for

characteristic x; in Table 3.

Table 3 — Normalization of the heterogeneity of values

Normalized values

0 [o1]o02]03]04]05]06[07]08]09] 1

few enough much

We calculate the distance between the centers of the
parameter clusters. The results are shown in Table 4.

Table 4 — The distance between the centers of the clusters

Distance between signs The value obtained
X and Xop 0,234521
Xo and Xgiy 0,158114
Xgik and xgpx 0,424264
Xak and Xg 0,455522
X and Xy 0,357071
Xy and Xgi 0,331662
Xy and Xgpp 0,223607
Xop and Xg 0,308221
Xok and Xspy 0,150000
Xsik @Nd Xgmk 0,165831

As you can see, the smallest value between the
second (the number of technologies for creating software
products) and the fifth (the amount of funds allocated to a
particular project). And the greatest between the third and

fourth signs, as well as between the fourth and fifth.

Next, a pair of numbers is formed, which consists of
the value of the characteristic and the value of the
membership function. Then we get the formed situations.

Let's test the test case. Let the current situation S, 6
will be formulated as follows: IT-corporation has 4
technologies used to write IT solutions and 3 employees
with a certain technology, that is, the total number of
developers is 12 people. Also now, the IT corporation is
developing a low-budget project (40 000 hryvnia).

The initial data are heterogeneous, and their
estimates by parameters are not consistent, which
corresponds to the real situation.

We determine the value of the proximity measure for
each criterion and write the results in Table 3.

Next, a pair of numbers is formed, which consists of
the value of the characteristic and the value of the
membership function. Then we get the formed situations.

Let's test the test case. Let the current situation S,
will be formulated as follows: IT-corporation has 4
technologies used to write IT solutions and 4 employees
with a certain technology, that is, the total number of
developers is 12 people. Also now, the IT corporation is
developing a low-budget project (40 000 thousand
hryvnia).

Let's write the current situation S, cas follows: there
is a small number of technologies for creating software
products, a large number of employees who possess
certain technology and a small amount of funds allocated
for a particular project. Situation S, characterized by signs
X, — number of technologies for creating software

products, xg3 — the number of employees who possess
certain technology, x, —amount of funds allocated for a

particular project. Thus, we determine that the
characteristic X, belongs to the class of situations {few},

Xs; belongs to the class of situations {much}, x,, belongs

to the class of situations {few}.
We have the situation S, is formed as follows:

Sy = {<0,25/"few”>, <0,9/enough”>, <0,35/"few”>}.

Further it is necessary to identify the current
situation.

The main advantage of the algorithm is its
simplicity. Simplicity usually means high execution speed
and efficiency compared to other algorithms, especially
when working with large data sets [3].

The two main disadvantages of the method in the
medium are invested in the sensitivity to explosions and
the initial choice of centers of gravity.

The task of identification. To identify the state of
the IT corporation, it is necessary to consider the situation
in which it is at the moment. It is necessary to compare the
input fuzzy situation S, with every fuzzy situation

S ={S;,K,S,}. As a measure to determine the degree of
proximity of the fuzzy situation of a fuzzy situation S,

the degree of fuzzy inclusion of a fuzzy situation will be
used S, in an unclear situation S;. Enabling the fuzzy

Bicnux Hayionanvrozo mexuiunozo ynieepcumemy «XIly. 2017. Ne 55 (1276) 85



Cucmemnuil ananis, ynpaguiHHa ma iHQopmayiiHi mexHoI02i

ISSN 2079-0023 (print)
ISSN 2410-2857 (online)

situation S, in an unclear situation S; The definition of
the degree of inclusion of situations, based on determining
the degree of inclusion of fuzzy sets. Degree of inclusion
of the situation S; in the situation S; is given by:

V(Si, Sj) = &v(us, (¥).us, (V).

Value v(usg, (y),uSj (y)) is the degree of inclusion of
a fuzzy set pg, (y) in afuzzy set Hs, ().

For a test render, let's use the example described
above. The authors identified 22 reference situations. All
reference situations are assigned to three levels of the
hierarchy. Using the formula, we will determine the
degree of inclusion of the current situation in each of the
available. To do this, let us take the part formulated by the
authors, earlier situations [4].

To the type of fuzzy situations S’ include situations
that characterize the state of performance of the functional
responsibilities of the corporation.

Situations S’ are determined by the following set of
characteristics (factors):

X, — number of technologies for creating software

products (pcs);

X5 — number of employees who have a certain

technology (person);

X4 — amount of funds allocated for a particular

project (computers).

Situations S" are determined by the following set of
characteristics (factors):

X, — number of departments in the IT corporation

(pcs);

Xsm — number of reserve frames (people).

Situations S; includes fuzzy situations that
characterize the quality of management in a corporation,
and also depend on the profit of an IT corporation for one
quarter. Fuzzy situations S; three characteristics, namely:

Xz 1 Xgis Xgp -

Situations S, characterizes the degree of personnel
training in new technologies. Fuzzy situations S5 two
characteristics, namely: X, , Xg;.

Situations  S{ ={S{1,515,5{3}, S;={S5,S5} we
will present in Table 4.

Table 4 — Part generated by the authors, situations

Situation Values The signs
0,25/ few | 0,45/ enough | 0,9/ much Xo
S{ 0,20/ few | 0,60/ enough | 0,9/ much X3i
0,10/ few | 0,20/ enough | 0,8/ much X41
s, 0,25/ few | 0,45/enough | 0,9/ much X
0,25/ few | 0,45/ enough | 0,9/ much X3

So, the situation S;; xcharacterizes the small profit
of the IT corporation for the quarter. Situation Sj,
characterizes the sufficient profit of the IT corporation for

the quarter. Situation S;; characterizes the big profit of
the IT corporation for the quarter. Situation Sj; reflects

an insignificant degree of training in new technologies.
Situation S;, reflects a significant degree of learning new

technologies.

For the test miscalculation, a stack of situations is
necessary that belong to the situation S’ , because it is
characterized by signs x, , Xsi, Xa .

It was determined that the test situation S, belongs
to the class of situations S’, because situations S’ are
determined by the following set of characteristics
(factors): Xy, Xsi, Xg -

Further, it is necessary to determine the degree of
inclusion S, in each of the situations S;. As S,
characterized by all but two signs X, , Xs;, then it does not

suit us.
Determine the degree of inclusion of the current
situation S, in the situation Sj;:

V(S,S}1) = (0,25 — 0,25) & (0,9 — 0,2) & (0,35 — 0,1) .

Determine the degree of inclusion of the current
situation S, in the situation Sj,:

V(Sy, i) = (0,25 —> 0,45) & (0,9 —> 0,6) & (0,1 0,2) .

Determine the degree of inclusion of the current
situation S, in the situation S;;:

V(Sg,S{5) = (0,25 —0,9) & (0,9 — 0,9) & (01— 0,8) .

We come to the conclusion that the situation S, is
closest to the reference fuzzy situation S;,, which

indicates a large increase in the number of personnel in
the corporation and a sufficient profit for the quarter.

Let us now calculate the degree of fuzzy equality of
situations. The degree of equality of two fuzzy subsets

,&, B setof X is defined as:

H(A, B) = &(ua(x) > pg(x).

If M('E\, I§) >0,5, then the sets are fuzzy equally, if

u(,&, I§) <0,5, then the sets are mutually indifferent.
Based on the foregoing, it is necessary to determine
the degree of fuzzy equality of the situation S, in each of

the situations S; according to the formula 2.

Taking into account the above calculations, we
determine the degree of fuzzy equality of the situation S,

with the situation S;, .

1(So, S{,) = (0,25 <> 0,45) & (0,9 <> 0,6) & (0,35 <> 0,2) =
-035&08&0,25=08.

Hence we have that pu(Sy, S;,) =0,5. And this means
that the situation S, and the situation S;, fuzzy equally.
So, based on the received calculations, namely, the
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calculation of the degree of fuzzy inclusion and
calculation of the degree of fuzzy equality of situations, it
can be concluded that at the moment the corporation has a
large increase in the number of personnel and sufficient
profit for one quarter [5].

Thus, it is possible to identify the situation in the IT
corporation, which can occur at any time and will be
considered current. With the help of this identification, the
management of the IT corporation at any time can receive
reports on the state of affairs in the corporation, as well as
obtain the necessary management decision to achieve its
specific objectives.

Conclusions. It has been established that the most
effective approach to the management of an IT
corporation that has an established, established large-scale
production is a situational fuzzy approach.

Since it is necessary to process a large amount of
information, it is suggested to use the k-means clustering
algorithm in order to distribute fuzzy situations.

Data aggregation is performed. Namely, information
was converted into data aggregates, which allowed the IT
corporation to be analyzed in terms of a small nhumber of
relevant aggregate variables.

The state of the IT corporation was identified.
Namely, it is determined by the input and output values of
such situations from a certain class of situations, in which
the real system under investigation is equivalent. An
example has been calculated with which you can conduct
a comprehensive study of the state of the object, which
allows you to get a full understanding of the estimated IT
corporation not only at the time of the assessment, but also
in the retrospective and forecast periods.

Then, using the results obtained, we propose the
solution of the control problem.
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