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Bin penakmiitaoi koerii

[Mpouec mMMUPOKOrO BHKOPUCTAaHHS iHQOpMALIHHUX TEXHOJIOTIH y pi3HHX chepax
JIOACHKOI TiSTIBHOCTI, IO PO3MOYAaBCS B OCTAHHI JECATHPIYYS JIBAALSATOTO CTONITTS,
JIOBI'HIA 4ac He TOpKaBcs 0cBiTH. OCTaHHI IECITh POKIB XapaKTEPU3YIOThCS TOIIYKaMU
NMUIIXiB e(DEKTUBHOTO BUKOPUCTAHHS iHGOpMaMiHHUX TeXHONOTIH y chepi ocpiTu. Lli
MONITYKH OXOILTIOIOTH NIMPOKHUH CIEKTP JOCIIKEHb, CEpe/I SIKUX 1 IpOoOIeMH BUKOPH-
CTaHHA OOYHUCITIOBAILHOI TEXHIKM B OpTaHi3allii HaBYaJILHOTO TPOIIECY, 1 3’sICyBaHHS
(hopM BHUKOPHICTaHHS Cy4YaCHUX MYJIbTUMEHIHHMX 3aco0iB B mporeci (hopMyBaHHS
3HaHb, BMiHb Ta HABMYOK, 1 CTBOPCHHS BIPTYaJIbHHMX HiSUIbHOCHUX CEPEHOBHII IS
MOCUJICHHS KPEaTHBHOT KOMIIOHCHTH HABYAaHHS TOIIO.

B Toit ke Yac BaXIMBMM HAIPsIMOM BHWKOPHCTAaHHS CyYacHUX 1H(POpPMAIliHHUX
TEXHOJIOT1H B OCBITi € CTBOPEHHS aBTOMAaTU30BaHUX CHCTEM YIPaBJIiHHS BHIIMMHU Ha-
BUYAILHUMH 3aKJIaJaMH, 3a0e3MeYeHHs e(PEeKTHBHOTO OOMiHY YIPaBIiHCHKOI iHGOP-
MAIli€f0 MiX YHIBEpCUTETaMH Ta JepKaBHUMH OpTaHAMH yIPaBIiHHS, 30KpeMa MiHic-
TEPCTBOM OCBITH 1 HAyKH YKpaiHU. AKTYyallbHICTh IILOTO HAMPSIMY 3HAYHO ITOCHIIHIIA-
csl y 3B’SI3KY NPHEIHAHHIM YKpaiHH Y TPpaBHi IIbOTO POKY 10 BonoHcbkoro mporecy.
Hogi BuMoru 1o sIKOCTI ynpaBIiHHS OCBITOO, IO CTAJIM HACHIIKOM ITi€l IO, HE MO-
KyTh OyTH peanizoBaHi B paMKax TPaTUIliHHOI MarnepoBol TEXHOJIOTII 0OMiHy iHGOp-
Marriero. Bee 11e mpu3BOIUTh 0 HEOOXITHOCTI MOZCPHI3allii CHCTEM YIPaBIIiHHS YHi-
BEPCHUTETaMH 1 Taly33I0 B IIUJIOMY, CIIUPAIOYNCh Ha MOXKIIUBOCTI, SIKI HaJIAalOTh CydJacHi
iH(hopMaIiiiHi 1 TeIeKOMyHIKaIliiiHI TEXHOIOT1].

Came Ha BHpILICHHS IIi€i MPOOJIEMH CHPSIMOBaHUI MIKHAPOIHUHA TPOEKT ,,JHpop-
MaliiHi TeXHOJIOTIl B yNpaBiiHHI OCBITOIO YKpaiHu”, SIKUH MiATpUMaHUH €BpOTEHCH-
koo nporpamoro TEMPUS TACIS sk npoext MP JEP 23010-2003. 3Hayna yacTuHa
JOCITIKCHB, PE3YIbTATH SIKUX MyONKYIOTHCS y IBOMY BHUITYCKY OyJia BHKOHAaHA 3a
HiITPUMKHU B paMKax IIbOTO MTPOEKTY .

Kpim Toro, penakuiiiHa Koserist BBakaia 3a motpiOHe 00’€HATH CTATTi, MO Oyiu
OTpHMaHi HEIO Ta CTOCYBAJIMCS MpoOJIeM aBTOMaTH3allii yIpaBIiHHA Ta 00MiHy iH(O-
pMari€ro, B oiMH BUNyCK BicHnka XapKiBCHKOTO HAI[IOHAILHOTO YHIBEPCHTETY iMEHI
B. H. Kapasina cepii «MaTtemaTnune MozentoBaHHs. [HpopmauiiiHi TexHonorii. As-
TOMaTU30BaHi CUCTEMH YIPABIIHHS.

PenmakmiitHa KoJeris BAsI9HA TaKoX Kojieram npodecopam JI. Anpiani, @. Jloipy 3
yuiBepcutery Hinuu — Codii Antinomic (@panuis) Ta npodecopam b. Xeitni ta E.
I'peto 3 yniBepcutery Kanenonis B ['masro (Benuka bpuranis), siki 1106’ 13H0 3roan-
JIACS IPUIHATH y4acTh y PELEH3yBaHHI CTaTe! IIbOTO BUITYCKY.



4 From Editorial Board

From Editorial Board

For a long time education has been out of information technology sphere. The last
decade is characterized by intensive search of ways to use information technology in
education. These search activities cover the wide spectrum of research including the
problems of using computers in educational process organization, defining the ways of
using multimedia tools in training of learning skills and development of virtual activ-
ity environments to enforce the creative component of education.

At the same time the problem of creating the automatic university management
system and providing effective business information interchange between universities
and government organizations such as Ministry of Education and Science of Ukraine
is of great importance in the field of using information technology in education. The
urgency of this problem has increased with joining the Ukraine to Bologna process in
May 2005. The new requirements to the quality of educational management which
stem from this event could not be satisfied within the traditional “paper” technology of
information interchange. All this leads to the necessity of reengineering the current
university management systems and the field in whole on the base of modern informa-
tion and telecommunication technology.

The international project “Information technology in university management in
Ukraine” supported by European TEMPUS TACIS program as MP JEP 23010-2003
project is directed on solving exactly this problem. The main part of research the re-
sults of which are published in this bulletin was done within this project.

Besides the editorial board considers to be expedient to include all the papers con-
cerning with the problems of university management automatization and information
interchange into one issue of Bulletin of V. Karazin Kharkov National University,
series “Mathematical Modelling. Information Technology. Automated Control Sys-
tems”.

The editorial board is grateful to colleagues professors L. Adriani, F. Louir from
the university of Nice-Antipolice (France) and professors B Hainey and E. Grey from
the Caledonian Glasgow university ( UK) for their agreement to review the papers of
this issue.
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Nmutanmonnoe MmoaenupoBanue MIIC, mocTpoeHHBIX
HA OCHOBAaHHH apXUTEKTYPHI KIIMEHT/CEpPBEP

Axmen Amn (A6nens Kapum) Ansmxepar
Xapvrosckuti Hayuonanenvlil ynugepcumem um. B. H. Kapasuna, Ykpauna

Simulating models for retrieval system with homogeneous and heterogeneous query
flows are built at the article. Model experiments were showed that models qualitative
behavior corresponded with qualitative behavior of real system.

1. Beegenue

HNudopmarnmonno-nounckoBbie cuctembl (MIIC) mpencTaBiasioT BaKHBIA KIacc
MPOrpaMMHOTO  OOecTiedeHHs, TIPEAHA3HAUYSCHHOTO IS TOMJEPKKH IPOIECCOB
npuHATHS pemennid. OCOOEHHOCTBIO JTOr0 Kjacca HWH(HOPMAIMOHHBIX CHCTEM
SIBIIICTCSI OTHOCUTENIbHAsT CTaTMYHOCTh 0a3bl naHHbIX (B/l) mpu HEeoOxomumocTu
00pabOTKM WHTEHCHBHOTO TIIOTOKAa 3allpOCOB PA3IMYHOTO THIA. KpUTHYHBIMU
xapakrepuctukamu pacupenencaaoil MIIC ¢ apXuTekTypoii KIIMEHT/cepBep SBISIOTCS
BEPOSTHOCTh MMOTEPH 3aIpoca U CpeHee BpeMsl OXKHIIAHHS OTBETa Ha 3ampoc. B aroi
CUTyallud MpH TNPOEKTUPOBAHUH CHCTEMBl HEOOXOIUMO OLCHHUTH BO3MOXKHBIC
3HAYEHUS IS ITHX XapaKTepUCTHK, YTO TO3BOJSAET IaTh OOOCHOBAaHHBIH OTBET Ha
BOMPOC O LENecOOOpPa3sHOCTH pealu3allid  apXUTEKTyphl KJIHMEHT/cepBep  Uis
npoektupyemoi UIIC.

BeposTHOCTHBIE CBOWCTBa TOTOKOB 3asBOK Ha OOCITYy)KHBAaHWE SBISIFOTCS
MPEeIMETOM W3yYCeHHUS TEOpHMH MaccoBoro ooOcmyxuBanus [1]. IlpumeHerwme
pe3yIbTaTOB ITOM TEOPUH K IMPOSKTHPOBAHHIO KOMITBIOTEPHBIX CETEW JIOCTATOYHO
moJipoOHO ocBemleHo B [2]. OmHako cnenuduka MOTOKOB 3asSBOK Ha OOCITY)XKHBaHUE,
COOTBETCTBYIOMINX NOoTOKaM 3ampocoB B UIIC, mocTpoeHHBIX Ha OCHOBE apXHUTEKTYPbI
KHI/IeHT/CepBep, HC Halllla OTPaXC€HUA B MOJCIIAX, PAaCCMOTPEHHBIX W M3YYCHHLBIX B
JUTEpaType.

Lenpro HacTosmiei paOOTHI sBIsIeTCS pa3paboTKa WMMHUTAIMOHHBIX MOJETeH
0o0cImy’)KUBaHUS OJHOPOMHBIX ¥ HEOTHOPOMHBIX TMOTOKOB 3ampocoB B MUIIC,
MOCTPOEHHON Ha OCHOBaHUH aPXUTEKTYPHI KIUEHT/CepBep.

2. U3n0:xeHHe pe3yibTATOB

HAnsa wuccnemoBanus moTokoB 3ampocoB Kk MIIC B pabGoTre mOCTpOEHBI
MMHTAIMOHHBIE MOZEH, OMHCaHHe KOTOphIX Ha s3blke cuctemel GPSS World
(orpaHudeHHas BepcHs CHCTEMbl M JOKYMEHTalUsl K HEH [OCTyllHa Ha caiite
http://www.minutemansoftware.com) npuBeJIcHO HUXE.

[nga Monmenu OAHOPOAHOIO MOTOKAa 3asiBOK HcHoib3yercs MoTok Ilyaccona c
WHTEHCHBHOCTBIO A :
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k

o (M)
P(g =k)=e™ 2, k=0,1,.. (1)

k!
Jns MojenupoBaHusT HEOJHOPOJHOIO IMOTOKA 3asBOK, COJIEPXKAIIEro 3asiBKU 7
Pa3iIMYHbIX THUIIOB C HWHTCHCUBHOCTAMH 7"1""’}“;1 COOTBCTCTBEHHO HCIIOJIB3YECTCA

MOTOK €O CleAyIomel pyHKIIel pacipeneneH st BEpOsSTHOCTEH:
P =0)=e™

e ) o) 2)
P(ét =(i1,i2,...,ik)):e’m HTJ % k=12,...

Jj=1
B popmynax (2) A ompenensercs kak cymma A i A =X +...+A,.
B ofenx wMomensx Tmpenaronaraercs, 9To BpeMs 0O0pabOTKH pacrpeaciieHO

G‘L’
paBHOMEpPHO Ha WHTepBale [T— AT, T+ At] Tak, 4T0OBI OTHOIICHHE & = — OBLIO
T

paeHo 0,01. Takum 06pazom, BemurHa AT onpegensercs mo Gopmyre At = & - /3.

B Tekcte omucaHus MOJIENU C OJHOPOIHBIM MOTOKOM HCIOJb3YIOTCS CICIYIOIIHE
OOBEKTHI.

KoHcTaHThI:
Delta — 0, Ip¥ MOJIEIIMPOBAHNY IPUHUMAeETCs 3HaueHue 1%;
MaxTime — oOmiee Bpemsi HaOJIOACHHUS, NPU MOJCITMPOBAHUU MPHHUMACTCS

snauenne 10000 ¢ (OKOIO CYyTOK).
Bapreupyemblie hakTopsI:

CRate — HHTEHCHBHOCTH NoToka 3ampocoB k UIIC, mpu monenupoBanuun
Bapbupyercs B nuamnazode ot 0,01 o 10 1/c;

BLen — JumHa Oydepa, Ipu MOAEIMPOBAHUH BapbupyeTcs 00brdHO OT 0 10
100;

HTMean — cpemHee Bpems o00paOOTKM 3ampoca, TpH MOAETHPOBAHUH

Bapeupyercs B nuamnasone ot 0,01 go 10 c.

I/ISV‘-IaCMBIC XAPAKTCPUCTUKH .

RFreq — BEPOATHOCTEH IIOTEPH 3aIIpOCa;

WTime — Cpe€aHee BpEMs OXKUAAaHW BBITIOJIHCHUS 3aIIpoca.
R R R o T R R e R e R R R R e R R R R R R R R R e
; Model constants:
Delta EQU 0.01 ; handling time relative error
MaxTime EQU 10000

R S S R R AR AR I A S R o S L R R S S S S R S A S S S R R AR

; Model factors and their default values:

CRate EQU 1 ; calling rate
BLen EQU 50 ; buffer length
HTMean EQU 1 ; handling time mean

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAXAAXAAAXAXAXAXAXAXAXAXAXAAXAXAXAAXAXXXKX

; Initialization section

R R o R R R R R AR R e R e e S S e S e S e L R AR T A e e e e

GENERATE , ,0,1,10
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; Initialization of studying parameters:
SAVEVALUE RFreq,O ; rejecting frequency
SAVEVALUE WTime,O ; wailting time

; Working variables:
; set half of handling time range
SAVEVALUE HTRange, (Delta#X$HTMean#Sqr(3))

SAVEVALUEQGen, 0 ; quantity of generated

; queries
SAVEVALUEQHandled,0 ; quantity of handled

; queries
SAVEVALUEQLost,0 ; quantity of lost queries

TERMINATE

*Xx*k

; Model section
AEAAXAXAAAAAAXAAAAAAAAAAAAAXAAAXAAAAXAXAAXAAAAXAAAXAAAAAAAXAAAAAAAXAAAXAAKX
GENERATE (Exponential(1,0,1/CRate)) ; queries flow
; generator
SAVEVALUE QGen+,1
TEST LE (Q$Accepted) ,BLen,Rejected ; test buffer
; overflow
QUEUE Accepted ; start handling
SEIZE Server
ADVANCE HTMean , X$HTRange
RELEASE Server
DEPART Accepted ; end handling
; begin of WTime calculating
SAVEVALUE QHandled+,1
SAVEVALUE OldWTime,X$WTime
SAVEVALUE WTime+, ((M1-X$O01dWT ime)/X$QHandled)
; end of WTime calculating
TRANSFER ,Destroy
; begin of RFreq calculating
Rejected SAVEVALUE QLost+,1
SAVEVALUE RFreq, (X$QLost/X$QGen)
; end of RFreq calculating
Destroy TERMINATE

AEAAAAAAAAAAAAAAAAAXAAAAAAAXAAAXAAAAXAAAXAAAAXAAAXAAAAAAAXAAAAAAAAAAAhh*X

, Timer section
AAIXAEAAAAAAAITAAITAAAAAAAAAAITAXAAXAAAAAAXAAXAIAXAIAAXAAAAAAXAIAAIAXAIAAXAAIAAAdA*

GENERATE MaxTime, , ,1 ; Halting time = MaxTime s
TERMINATE 1
R R o o R R R e R S S R R R e e S S e S R R R S R R R R R R R R R o e R S R R R R
Kak BUIHO M3 MCXOAHOrO TEKCTAa MOJAEIb COCTOUT U3 TPEX CETMEHTOB: CETMEHTA
WHULIMAIN3al1K, CETMEHTA OCHOBHOW MOJIENIM U CerMeHTa TaiiMmepa. Takast cTpyKTypa
JIeTIaeT MOJENb YCTOWYHUBOM MO OTHOLIEHUIO K U3BMEHEHUAM YCIIOBUM 3KCIIEPUMEHTOB.
C 1menpl0 KayeCTBEHHOW NPOBEPKH TOBEASHHS MOIENH OBUI TIOCTAaBICH pPsif
3KCIIEPUMEHTOB.
1. BeIsICHEHHE 3aBUCMOCTH BEPOSTHOCTHU MOTEPH 3ampoca OT JIHHBI Oydepa mpu
pa3HBIX MHTEHCHBHOCTSIX IMOTOKOB 3ampocoB (CR) m (UKCHpOBaHHOM (Ha YpOBHE
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1,0 ¢) cpenHem BpeMeHH 00paboTKH. Pe3yibrar sKCIepuMEHTa TMPEACTABICH Ha
puc. 1.

2. BrlsicHeHWe 3aBHCHMOCTH BEPOATHOCTH TOTEPH 3arpoca OT JUIHHBI Oydepa mpu
pasHbIX BpeMmeHax o0paboTku 3ampocoB (HTime) npu (UKCUPOBaHHON (HA ypOBHE
1,0 1/c) MHTEHCHBHOCTH MOTOKAa 3asBOK. Pe3ynpTaT sKCIepHMEHTa MpEeACTaBiIeH Ha
puc. 2.

1.0
L0 o m e e e e
0.8
0.7 4
0.6

2.5

Bepoamuochie ROMepLL Sanpoce

a i 20 30 40 30 o0 70 &0 7] 100
Pasmep tygepa

— CR=0.] —— CR=0.3 ---- CR=1.0 —-—CR=30 —-- - CR=I0.0

Puc. 1. 3asucumocmo seposmuocmu nomepu 3anpoca om O1uHwl 6ygep
npu pasHvlx UHMEHCUBHOCMAX NOMOKOE6 3anpocoe6

U3 rpaduxos Ha puc. 1, puc. 2 BHIHO, YTO C POCTOM WHTEHCHBHOCTH IIOTOKA
3alpoCOB TpH (PUKCHPOBAHHOM BpEeMEHHM O0OpabOTKH 3ampoca, 00 BpeMEHHU
00paboTkK 3ampoca Npu (HUKCHPOBAHHON HHTEHCHUBHOCTH IOTOKA 3alpoCoB,
MIPOUCXOJUT YBEIMUEHUE BEPOATHOCTU TOTepu 3ampoca. Kpome TOro, BHIHO, 4YTO
yBennyeHne Oydepa yMeHbBIIAaeT BEPOATHOCTh MOTEpH 3ampoca. MHbIMEH cioBamw,
PE3YJIbTAThI OKCIICPUMCHTOB Ha I/IMHT&HI/IOHHOﬁ MOACIN COTJIaCYIOTCA C OXKUAACMbIM
KauecTBeHHBIM noBeacuueM UIIC.

B Tekcre omumcanms Monmenw ¢ HEOJHOPOIAHBIM TIOTOKOM TMapaMeTpbl MOJASIH
YUTAOTCA W3 BHEIIHero (aiira, coaepkallero WHTEHCHBHOCTH IIOTOKOB 3asBOK
KaXJI0T0 THNA U cpeanee Bpemst ux o0padotku UIIC. Tekct camoit Mozenu npuBeicH
HUDKE.

R R R o R R R R R R R R R e R R R R R R R R R e
; Model constants:

Delta EQU 0.01 ; handling time relative error
MaxTime EQU 10000

R R R o T R R e R e e R R e e e R R
; Model factors and their default values:

CRate EQU 1 calling rate

BLen EQU 50 buffer length
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HTMean EQU 1 ; handling time mean
L0
I R R R LR L
< 08 1
g
gt A ———— —————. e
5 —_
2 06
o, 7
%
g 05
S04
% g
o (7 q
5, |
402 1
) L .
0,0 T I"I_ T -I-.II‘-'I- I'.‘I‘. I,-'I"I.I‘I\--I ql -‘I T I“l T =
0 o 20 k0 40 30 60 70 &0 90 100
Faszmep Gydepa
—— HBme=0] ——HTme=0.3 ---- Hhwme=L0
— - —HBme=3.0 —-- Hhme=I10.0
Puc. 2. 3asucumocmo sepoamnocmu nomepu 3anpoca om 01uHwl 6ygepa
npuU pasHsix 8pemMeHax oopabomxu 3anpocos
R R R o R B e R e R R R e R R R R R R e R e R R R R R e
* Input section:
* Quantity of query types(TypeQTY) and
* correspondent calling rates (matrix Queries) are
* got at the section
AAAXAAXAXTAAAAAXAXAAAAAAXAXTAAAAAXAAXTAAXAAAXAAAXAAXAAAXAAAXAAXAAAXK
* TypeQTY: quantity of query types
* Queries: queries characteristics TypeQTY x 2 - matrix
* Queries[i,1] - 1-th query calling rate
* Queries[i,2] - 1-th query handling time
* SumRate:
*

storage for the sum of query calling rates

AR R o R R R R AR AR AR R R R R R R AR AR S o e R S o R R R R R R R AR R R o

Queries MATRIX ,100,2

R o o S R SR AT AR A R o A S R AR A S S o S A A S L S R A L AR AR R R o o

Input GENERATE ,,0,1,10 ; Section priority = 10
OPEN ('params.txt'),1,FO_Error
SAVEVALUE TypeQTY,O0

RdLoop READ RBuff,1,EOF
SAVEVALUE TypeQTY+,1
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MSAVEVALUE Queries,X$TypeQTY,1, (Word(P$RBuff,1))
MSAVEVALUE Queries,X$TypeQTY,2, (Word(P$RBuff,2))
SAVEVALUE SumRate+, (Word(P$RBuff,1))
TRANSFER ,RdLoop
EOF CLOSE ,1,FC_Error
TEST E X$TypeQTY,0,FR_Error
SAVEVALUE ErrMsg,''No errors'
SAVEVALUE Counter,0
SAVEVALUE RFreq,0 ; rejecting frequency
SAVEVALUE WTime,0 ; waiting time
SAVEVALUE HTRange, (Delta#X$HTMean#Sqr(3))
SAVEVALUE QGen,O ; quantity of generated
; queries
SAVEVALUE QHandled,0; quantity of handled
; queries
SAVEVALUE QLost,0 ; quantity of lost queries
TERMINATE
FO_Error SAVEVALUE ErrMsg,"File opening error™
TERMINATE
FR_Error SAVEVALUE ErrMsg,”Input file is not correct”
TERMINATE
FC_Error SAVEVALUE ErrMsg,"File closing error"
TERMINATE
B R R o T R B R R R R R R R R R R R R R R R e R e
* Model section:
GENERATE (Delay(1))
SAVEVALUE QGen+,1
TEST LE (Q%Accepted) ,BLen,Rejected ; test buffer
QUEUE Accepted ; start handling
ASSIGN Type, (GetType(2))
SEIZE Server
ADVANCE (ServiceTime(3))
RELEASE Server
DEPART Accepted ; end handling
; begin of WTime calculating
SAVEVALUE QHandled+,1
SAVEVALUE OldWTime,X$WTime
SAVEVALUE  WTime+, ((M1-X$01dWTime)/X$QHandled)
; end of WTime calculating
TRANSFER ,Destroy
; begin of RFreq calculating
Rejected SAVEVALUE QLost+,1
SAVEVALUE  RFreq, (X$QLost/X$QGen)

Destroy

; end of RFreq calculating

TERMINATE
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*kh*k*x

: Timer section

AAEXAEAAAAAAAAITAIAAAAAAAAAAAAITAIAAAAAAAAXAAXAIAXAIAAXAAAAAAXAAAIAAIAAIAAIAAAdd*k
GENERATE MaxTime, , ,1 ; Halting time = MaxTime s
TERMINATE 1

* GetType function:
AEAXAXXAAAAAAAXAAAAAAAAARAAAAAXAAXAAAAAXAAXAXAAAXAAAXAXAAAXAAAXAXAAXAAAAXAAA XX )K
PROCEDURE GetType(RND) BEGIN
TEMPORARY pSum,type,tval;
tval=Uniform(RND, 0, X$SumRate);
type=1;
pSum=Queries[type,1];
WHILE(tval > pSum)DO BEGIN
type=type+l;
pSum=pSum+Queries[type,1];
END;
RETURN type;
END;

AEAAAAAAAAAAAAAAAAAAAAAAAAXAAAAAAAXAAAXAAAAXAAAXAAAAAAAXAAAAAAAAAAdhh*k

* Delay function:

PROCEDURE Delay(RND) BEGIN
TEMPORARY scale;
scale=X$SumRate;
IF(scale>0)THEN RETURN Exponential (RND,0,scale);
ELSE RETURN 1;
END;

EEAEXEAAEXEXAXAKAAAEAAXAA AKX A AXAA AKX AAXAAAXAAAXAAAXAAAXAAAXAAAXAAAXAAAXAAAXAAAXAAXAx*k

* Service function:

PROCEDURE ServiceTime(RND) BEGIN
TEMPORARY tmp;
tmp=Queries[P$Type,2];

RETURN Uniform(RND,O.9#tmp,1.1#tmp);

END;

FTEAEXEAAXAAXTAAXAXAAXAXAAXAXAAXAAAXAAAXAAAXAAIAXAAITXAAITXAAITXAAITXAITXAITXAdTdxAiddhiidhiik

3. BeiBoaBI

Takum o0Opa3oMm, B CTarbe TMOCTPOCHBI WMHUTAIMOHHBIE MOJEIH  JUIS
UHPOPMAI[HOHHO-TIONCKOBBIX CHCTEM, MOCTPOCHHBIX HAa OCHOBAHUM APXUTEKTYPHI
KJIMEHT/CepBep /sl OJJHOPOJHBIX ¥ HEOTHOPOJHBIX TOTOKOB 3ampocoB. ITocTaBieHbI
YHCJICHHBIC SKCIICPUMCHTEI U IPUBEACHBI UX PE3YJIbTAaThl, KOTOPLIC ITOKA3bIBAIOT, YTO
Ka4eCTBCHHOE MOBEJICHHE MMOCTPOCHHBIX MOJIENEH COOTBETCTBYET OXKH/IAEMOMY .

B nanmpHeiinieM IIaHUpyeTCs TPOBEICHWE HA 3TUX MOJECNIAX HCCICIOBAaHHHA ¢
HEIbIO:

1. BbIACHeHHs XapakTepa 3aBUCHMOCTH BEPOSITHOCTH TIOTEPH 3alpoca U CPETHETO
BPEMCHM OXKUIAHUS pEaKIHH CUCTEMbl OT OCHOBHBIX (DaKTOPOB —
WHTEHCHBHOCTH IOTOKA 3asBOK, CPEJHEr0 BpeMeHH Oo0paboTKu U pa3mepa
Oydepa st CUCTEMBI ¢ OJTHOPOIHBIMHE 3aIPOCaAMHU.
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Axmen Anmu (A6aens Kapum) Anbmxepat

BoisicHeHHsT XapakTepa 3aBUCHMOCTH BEPOSITHOCTH MTOTEPH 3aIlpoca M CPETHETO
BpPEMEHU OKHIAHUS PEAKIIUH CHCTEMbI OT OCHOBHBIX (haKTOPOB — CyMMAapHOM
WHTCHCUBHOCTH TIOTOKA 3asBOK, CPEIHEr0 CPEIHUX BpeMEH O00pabOTKH H
pa3mepa Oydepa Ui CUCTEMBI ¢ HEOTHOPOIHBIMU 3aITPOCAMH.

PaspaboTtku METOUKU oTpeIeNICHUs OCHOBHBIX XapaKTePUCTHK
HUH()OPMAITHOHHO-TIOMCKOBBIX CUCTEM ITPU MX MIPOECKTHPOBAHUH.
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BicHuk XapKiBChKOIr0 HaIlIOHAJIBHOTO YHIBEPCUTETY
Cepist «MaremarnyHe MozeIoBaHHs. [HpopMaliiiHi TexHoJOTii. ABTOMaTH30BaHi CHCTEMH
YIPaBITiHHSD)
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MaremMatu4eckoe MOACIUPOBAHUE AEATEIILHOCTA DKOHOMUYECKOIO
KJIACTEpa U B3aUMOJCHUCTBUS C By3aMu

Amm Haiid Xamun AnsXokyx, [1. A. VBamenko

Xapvkosckuil Hayuonanvuwiii ynusepcumem umenu B.H. Kapaszuna, Ykpauna

In the article the regional aspect of activity of economic clusters is considered and the
attempt of construction of economic-mathematical model of a cluster of a regional
level is done(made). The problem of interaction of firms of a cluster with high schools
is researched with the purpose of support by frames. As the concrete object of research
the project of the Poltava economic cluster is taken.

1. IToctanoBKa MpoOJieMbI B 00111eM BHAe H eé CBSA3b ¢ BaKHBIMH HAYYHBIMH
WM MPAKTHYECKHMH 3a1a4aMHu

Knacreprast Teopusi SKOHOMHYECKOTO pa3BUTHS HACUMUTHIBAET Ooyee Uem
JIBaIATUIISTHIIETHIOW HcToputo. OcHoBaTeneM 3Tol Teopuu cumrtaercss M. Iloprep
[1]. T'myOGokuii 1 BCECTOPOHHHMM aHAIN3 MPOM3BOJCTBEHHBIX CHCTEM TJI00ATH3aIldN
npuBeneH B kamutanbHOW MoHOrpadum C.H. Coxonenko [3]. TeppurtopuanbHO-
NPOM3BOACTBEHHBI YPOBEHb (PUMHAHCOBOW WHTErpallMd Ha HpUMepe KOHKPETHOTO
pernoHa oTpaxkeH B MoHorpadguu [9]. DneMeHTH KJIacTepHOH Teopuu
SKOHOMHYECKOTO Pa3BUTHSA OCBEMICHBI B cTatbe [15]. Bo Bcex yIOMSHYTHIX
nyOJIMKAIMAX OMMCAHUE KJIACTEPOB BBHIIIOJIHEHO Ha KadeCTBEHHOM YpoBHe. MMeercs
3HAYUTEJIBHBIA OMNBIT 3KOHOMHKO-MAaTEMaTH4eCKOr0 MOJICINPOBAHUS (HUHAHCOBO-
MIPOMBITIUICHHBIX CTPYKTYp (cM. [4, 5, 8]). OHU MO CBOEH OpraHU3allMOHHON TIPUPOIC
SBISIFOTCSL HamOosee ONM3KUMH K SKOHOMHYECKMM Kiactepam. OmHako mpobiiema
9KOHOMHMKO-MaTEMaTHUECKOTO  MOJCIMPOBAHUS  JEATEIBHOCTH  3KOHOMHYECKOTO
KJlacTepa, UCCIIC0BAHUS CBONCTB MOJIeIIel pacKpbITa HEAOCTATOYHO.

3amaya  COCTOMT B  TIOCTPOCHMH  3KOHOMMKO-MAaTeMaTH4YeCKOH  MOJEIH
3KOHOMHUYECKOT'0 KJacTepa.

B [2, c. 64] npennaraerca cienyrolas TPaKTOBKAa TEPMHUHA «KJIAacTepy. DTO —
«TEeppPUTOpHAIIBHO-OTpacieBast (opma acconuanuy CyOBEKTOB XO3SHCTBOBAHMS,
BKJIIOYAIOIIAsl B CBOW COCTaB PAcIoOJIOKEHHBIE B pErroHe, 00JaJaioNue OTpacieBoi
TEXHOJIOTMYECKOH OOLIHOCTBIO MPEANpHUsITHS W OpraHu3auud  (IOCTAaBIIUKH,
OCHOBHBIC TIPOW3BOAMUTENN, IMMOKYIATEIN), & TaKKe OOCITYKHUBAIOIMNE WX OOBEKTHI
(MHAHCOBOI CHCTEMBI, TIPOU3BOJICTBEHHOW, HAyYHO-TEXHUYECKOW, PBHIHOYHOM,
MHQOPMAIIMOHHOM, COLMaNnbHOW HMHQPACTPYKTYpbl peruoHa». M3 ompeneneHus
CIIEAYET, YTO B KJIACTEpP BXOISIT OJHOPOIHBIC IO OTPACIECBOMY IPHU3HAKY CYOBEKTHI
XO3AHCTBOBAHUS U PA3HOPOAHBIE C TOUKHU 3pECHUSI HHPPACTPYKTYPHI.
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Mooenuposanue npoyeccog 83auMoOeliceuUss 6 IKOHOMUYECKOM Kilacmepe
(maxpoypogeny)

DKOHOMHYECKHHA KjacTep Kak OOBEKT MOJEIMPOBAHUS TIPEIACTABIAET COOO
CHUCTEMY, CJIOXHOCTb KOTOpPOH OmpenenseTcss KOIUYECTBOM BXOIAINIUX B HeEe
3JIeMEHTOB (NPEANPUATHI, OpraHU3alHl, CYOBEKTOB COIUAIbHO-3KOHOMUYECKOTO,
HAYYHO-TEXHUYECKOTO HAa3HAYeHHWS U [p.), CBA3SIMH MEXIy HHUMH, a TaKxKe
B3aMMOOTHOILICHUSAMHU C BHEIIHEH cpeloil. AccouuaTUBHAs WHTErpalys 3JI€MEHTOB B
KJIacTep MperosaracT Hajuuue oOIMX Ieneld W uHTepecoB. [Ipu 3TOM 3JEMEHTHI
KJIacTepa UMEI0T COOCTBEHHBIE IIETTH U CTPEMSATCS MX JOCTUTHYTh.

I[To obpasmomy BeIpakeHuto C.M. CoOKOJIEHKO KIacTephl — OTO JCTHIIE
3aBHCHMOCTH «TJ100aTu3amus-Iokaau3anus» [3, c. 61].

CocTaB 3JICMEHTOB KJacTepa, CHOCOOBI WX acCCOIUATHBHOTO OOBECIUHCHHUS U
OTHOIIIEHUSI MEXIy HUMH OIPEACISIOT CTPYKTYypy Kiactepa Kak 3KOHOMHYECKOM
cucrembl. [lpormecc QyHKIMOHMpPOBaHMA KacTepa MOXKET OBITh IpEeACTaBIeH
MPOTCKAIONIMMA B HEM  MaTCpUAIBHO-BEIICCTBCHHBIMY,  (DMHAHCOBBIMU U
WH(POPMAIIIOHHBIMU TTOTOKAMH.

Ilonxonq K MOAETMPOBAHHWIO TMPOIECCOB B3aWMOJEHCTBUS  DJIEMEHTOB B
SKOHOMMYECKOM KJlacTepe, MpeljaraéMblii B HACTOSIIEH cTaTbe, COCTOUT B
cienyroeM. BMecTo neTaqpHOrO OMHUCAaHUA MOJENEH KaKIIOTro 3JIEMEHTa KiacTepa
mpeuiaraeTcs  pa3paboTka YKPYNHEHHOW HKOHOMHKO-MAaTEMAaTHYeCKOW MOJEIH
SKOHOMHUYECKOTO KiacTepa. ABTOpPHI NalOT ce0e OTYET, YTO TaKoe IIPEICTaBICHUE
BechMa ycJI0BHO. Hampumep, 0ObEKThl peruoHabHOM HHGPACTPYKTYPHI MOTYT OBIThH
ONHOBpEMEHHO W  MOTpeOWUTeNnsIMH TNPOAYKIMH  KiacTepa. llpeamaraemsrii
MakKpoOITOXO0J] MMEET CBOEH IeNIbI0 BBIABICHHE ¥ MOJEIHUPOBAaHHE OCHOBHBIX
3aKOHOMepHOCTEeH (DYHKIIMOHUPOBAHUS 3KOHOMHYECKOTO KJacTepa, KOTOPBIH JOKEH
JloKa3aTh ero Jku3HecnocoOHocTh. [Ipencramisiercs, dYTO  aHATU3UPYEMBIH
9KOHOMHUYECKHUH KacTep 00JI1agacT KOPIOPaTHBHBIMA cBoMicTBaMH. [IpuMepoM MOXKET
CIYXXUTh TO, YTO €r0o JJIEMEHTHl MOTPEOJSIIOT 3JECKTPOIHEPTHIO, MPOU3BOAUMYIO
BHYTpPHU KJIaCTE€pa, €CTECTBCHHO MO IICHAM HWXE PHIHOYHBIX. BO3MOXXHBI U Apyrue
MIPUMEPHI KOPITOPATHBHOTO B3aNMOICHCTBHSI.

ITommeITaeMcs pcain3oBatb OJWUH M3 OCHOBHBIX MCTOJOJIOTMYCCKUX IMPUHIUIIOB
CUCTEMHOT0 aHaliu3a, COCTOSIIUN B BO3MOXKHO OoJiee aJeKBATHOM ONPEIACICHUM U
OIHMCaHUM BXOJHBIX JEUCTBUH HA CUCTEMY (SKOHOMUYECKHH KIIACTEP), €€ BBIXOIHBIX
XapaKTEepPUCTUK, COCTOSIHWNA Tporecca (pyHKIMOHHPOBAaHWSA, a TaKXKe OIpelelIeHuH
MEXaHHU3Ma ®YHKHHOHHPOB3HHH JJIEMCHTOB CUCTEMBI.

OKOHOMHYECKHUH KIIacTep TMpeajaraeTcss paccMaTpUBaTh KaK HEKOTOPYIO
YOPaBISEMYI0 TUHAMHYECKYIO CUCTEMY, COCTOSIHHE KOTOPOH X(?) B MOMEHT BPEMEHU

{MOXeT OBITh HM3MEHEHO IIOJ] BO3JCHCTBHEM YNPABIIOIIMX IapaMeTpoB u(?),

KOTOpbIE Ha3bIBaIOT ynpapieHusimu [10, c. 45].
B cunmy mpezncraBneHus kiactepa HEOOJBIIUM COCTaBOM JIEMEHTOB Pa3MEPHOCTH
BEKTOpa x(t) Taxke Oyner HeOosbioil. To e camoe MOXKHO CKa3aTb M O BEKTOpE

ut).

V3MeHeHHEe COCTOSIHHSI CHCTEMbI, KOTOPYIO MPEACTABISICT 3KOHOMUYECKHIMA
KJ1acTep, B 00IIEeM Cllydae MOXKHO OMHCaTh CUCTeMO# TuddepeHInanbHbIX YpaBHEHHI
BHIA
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%=f(x(t),u(t>,z), (1)

T7e YIPaBJICHU (1) BHIOUPAIOTCS W3 YCIOBHS TOCTIKEHHS HEKOTOPHIX meneil. Omaa

U3 BO3MOXHBIX JOMYCTUMBIX IIOCTAHOBOK 3alay ONTHMH3ALUU JNEATEIbHOCTH
SKOHOMHUYECKOI0 KJIacTepa KakK YIpPaBiIseMOW JTUHAMHUYECKON CHCTEMBI MOXKET OBITh
chopMmynupoBana ciegyoumM obpasom. TpeOyercss 3a OTpe30K BpeMEHHU

AtHK = tK - tH NEepEMECTUTh CUCTEMY U3 HAYAJIbHOIO0 COCTOSHUS x(tH) =Xy B

KOHCYHOC X(IK) =Xk - HpI/I O9TOM [OOJKCH [JOCTUIaTbCd MAKCUMYM KpPUTCPUL

3((HEeKTUBHOCTH CUCTEMBI

g
J = [ ®(x,u,t)dt— max . )
'y u(t)eU

B npuBeneHHBIX COOTHOLIEHUAX 0003HAYEHUSI UMEIOT CIIEIYIOLIUNA CMbICI:
fyy — BpPEMsA Hayajga Ipouecca; f, — BpeMA €ro OKOH4YaHus; D(x,u,t) —

(yHKIMOHAN,  XapaKTepU3yIoIIWii  MTHOBEHHYI0  3(Q(EKTUBHOCTH  CHUCTEMBI;
yrpaBieHue u(f) — oTpakaeT GpopMaaH3aIldio Crocoda TOCTIKEHHUS e, KOTopast

JOJDKHa HaxOOUThcs B Ipejenax IUIaHOBBIX YCTAHOBOK; U — MHOXECTBO
JNOMYCTUMBIX ~yIpaBleHWi; Xx(?) — Qa3oBas KoopauHATa, TPUHAICKAIIAS

MHOYECTBY JIOITYCTUMBIX COCTOSHUI CUCTEMBI X .

HNudopmarus o BHyTpeHHEH CTPYKTYype SKOHOMHUYECKOTO KIIaCTepa, B3aUMOCBSI3AX
MEXIY €ro 3JeMEHTaMH, B3aNMOJICHCTBUSX, OTpaXKeHa B BeKTop-pyHKIMU f(X, u, t) 1
(dynkuonane d(x,u,t).

HeoOxoaumMo OTMETHUTh, YTO TPUBEJCHHAS BBIINIC IMOCTAHOBKA  3aJa4
onTUMHU3aUU (QYHKIIMOHUPOBAHUS SKOHOMHUYECKOTO KJIacTepa HOCUT aOCTPaKTHBIN
xapakrep. UToOBl 00ecreunTh MaKCHMAIBHYIO aJeKBAaTHOCTh M COJEPKATeIbHOCTh
omucaHusi Mojeei (DYHKIMOHUPOBAHUS SKOHOMHYECKOrO KjacTepa HEoO0XOIMMO,
UCTOJIb3YS UMEIOIIUICS OIBIT 3KOHOMHKO-MaTEeMaTHYECKOT0 MOICTHpOBaHus (CM. [4,
6, 8, 11]), neramusupoBath Moaenb (1)-(2), TOTOTHUB €€ ONMMCAaHWEM MEXaHH3MOB
B3aUMOJICHCTBHS YYACTHUKOB KJacTepa.

[IpencraBisercs O4EBUIHBIM, YTO (YHKIIHOHUPOBAHUE 3KOHOMHUYECKOTO KiacTepa
XapaKTepu3yercsi NEHCTBHAMH €ro YYacTHUKOB. JTO O3HAYaeT, YTO OIHCAHHBIN
Moxensto (1)-(2) AWHAMHYECKHI TIpoIlecC W3MEHEHHUS COCTOSHHSI BCEH CHCTEMBI
3aBUCHT OT TIOBEJCHMSI €r0 YYaCTHHKOB, B PACHOPSHKCHUH KOTOPBIX HaXOMATCS

COOCTBEHHBIE yMNpaBistoIMe Bo3aeHcTBui u,(?),i = 1,2, ...,n. C yuerom
CIICITAaHHOTO 3aMedaHus cuctema (1) MoxkeT OBITh IpeIcTaBIcHa B BUIE:

dx

E=f(x(t)au1 (t)a---a”n (t)at) . (3)

I[Tpu 5TOM ympaBieHue u,(¢) KaKAbIH YIaCTHUK BHIOUPAET, PyKOBOACTBYSCH CBOMM
KputepueM J; , OTpakarollluM COOCTBEHHbIE UHTEepechl. TakuM 00pa3oM, IPUXOAUM K
eme OJHOM mpoOieMe — OTBICKaHUS pa3yMHBIX YCJIOBHHA KOMIIPOMHKCCA MEXIY
YYaCTHUKAMH MIPU HAJIMYUH OOIINX HHTEPECOB.

Opmna u3 1eneil acConUUPOBAaHHOTO OOBEIMHEHUS CYOBEKTOB XO3SMCTBOBAHHS B
KJIaCTeP COCTOMT B KOHCOJIMIAIMK (DMHAHCOBBIX KallMTAJIOB, OPUEHTHUPOBAHHON Ha
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peaM3anrio  COBMECTHBIX IPOEKTOB. boiee 4YacTHBIMM 1O CPaBHEHUIO C
SKOHOMUYECKHMH KJIacTepaMH CTPYKTYpamH SIBISIOTCS MPOMBINUICHHO-(PHUHAHCOBBIE
rpynnsl, Kopropanuu (B Poccnn oHM HazbBaroTcs (YWHAHCOBO-TIPOMBINIICHHBIMH).
Jiist HUX XapakTepHbl CHUTyallud OObEIMHEHUs] BOKPYT OaHKa-WHBECTOpa, KOTOPHIA B
COCTOSIHMM (PMHAHCHPOBATh COBMECTHBIE MPOEKTHl. DKOHOMHYECKUH KIIacTep MOXKET
UMeTh JApyrue (GOopMBl B3aMMOJICHCTBUS UJIEHOB (MAPTHEPCTBO, aCCOIHAITHS,
BEpPTUKAJIbHAS WHTETpanus, XONAuHT © 1p.). llockombky 0OBEKTOM HamIero
UCCTIEIOBAHUSl SIBJISIETCSl TPOEKT HEe(TEera3oBOro KiacTepa, HMEIOIIEro eAnHYIo
TEXHOJIOTHYECKYIO IETOYKY, Hac OyIyT HMHTEPEeCOBaTh MEXaHU3MBbI BEPTHUKAIbHOMN
WHTETPalH, KOTOPBIM TOCBSAIIEHO OCTATOYHOE KOJIMYECTBO ITyOIMKAIMi (CM.
cceiku B [4, 7]). llpuBnexaTenbHOCTh BEPTUKAJIBHONW MHTErpaIllill yYaCTHHKOB
KJlacTepa 3aKJIIoyaeTcd B TOM, YTO B 3TOM CiIydae JUIsl HUX BO3MOXHO COKpalleHHe
MPSIMBIX TIPOW3BOJICTBEHHBIX H3JEPKEK, CHIDKEHHE IIeH Ha TOBaphl, YMEHbBIIICHHUE
KPEIUTHBIX CTABOK (TIPOSIBIISIETCS] CHHEPTeTUIECKUH AP PEKT).

PazHooOpasue cocraBa Yy4YacTHHKOB KJIaCTepa MOXKET CO3[aTh CUTYALHIO,
XapaKTepH3YIOIIYIOCsl ~ HAJIMYMEeM  TIPOTHBOPEUYMBBIX  WHTepecoB.  Hampumep,
MOCTaBIIMKK ISl YBENWYEHHWS CBOEH MPHOBUTM 3aMHTEPECOBAHBI B CHIDKEHUH
U3ZEepKEK MpH Ao0bde ChIpbs (HepTH W Taza W Jp.), TOBBINIGHUH IEH Ha
NOCTaBIsieMOe ChIpbe. [Ipon3BOANTENHN, €CTECTBEHHO, HA00OPOT, 3aMHTEPECOBAHbI B
CHIDKEHHH JTHX IeH M YBEIWYEeHWH 3a CYeT 3TOro cBoed mpuOputu. Ecimm 6aHK
BJaleeT AaKIUSAMH W TIOCTABUIMKOB, W TPOU3BOAUTENEH, TO €My MpPHUXOIUTCS
«pa3phIBaThCA»  MEXKIY MPOTHBOIOJIOKHBIMH ~ WHTEPECAMH  TOCTaBIIMKOB U
MIPOU3BOIUTENEH.

Opna w3 3amad, TakuM OOpa3OM, 3aKIFOYaeTCd B OIPENEICHWU YCIOBHH, NPH
KOTOPBIX YYaCTHHKH (lake MMesl MPOTHUBOIIOJIOKHBIE MHTEPECHI) aCCOLMUPYIOTCS B
knacrep. [lpy 3TOM HEOOXOIMMO OTHICKATh 3HAYEHHS I1apaMeTpPOB CHCTEMBI
(kmacTepa), KOTOpBIE YCTpPamBalOT BCEX yYaCTHHUKOB. OYEeBHAHO, YTO TaKOW TIOHMCK
cleqyeT HayuHaTh, pacCMaTpuBas CHayalla CMEKHBbIE Iaphl Y4YaCTHHUKOB, 3aTeM
Tpoliku u T.1. B.E. JIleMeHThEBBIM JOKa3aHa Uil CTaTHYECKOrO0 BapUaHTa
BO3MOXHOCTh ~HANWYUS PAaBHOBECHS] [UISI TPOEK YYACTHUKOB  (ITOCTABIIHK,
MIPOU3BOANTEND, 0aHK) [13].

Hamra 3amaua — paspaboTath WHCTPYMEHTApHii, IO3BOJISIFOIIUN OIEHUBATh
3¢ (GeKTUBHOCTh (PYHKIMOHHPOBAHUS IMap, TPOSK M T.J. YYaCTHHKOB KIlacTepa Ha
HEKOTOPOM MHTEpBaJIe BpeMEHH (HaIpuMep, HECKOJIBKO JIET).

Ecnmn B kadectBe KpuTepusi DPQPEKTUBHOCTH IKOHOMHYECKOTO KIacTepa
paccMarpuBaeTcs CyMMapHasi TUCKOHTHAas MPHOBLTL YYACTHUKOB (32 MCKIIOYEHHUEM
HEeMPUOBUIBHBIX OpPTaHU3alMi) K MOMEHTY BPEMEHU t; > TO CyTb pENICHUS 3a1aqH

COCTOUT B BBIOOpE TAKMX 3HAYCHUN NapaMeTPOB, XapaKTEPU3YIOLINX B3aUMOACHCTBHE
YYacCTHUKOB KJIacTepa, KOTOPbIE 00ECIeYMBaIOT MAKCHMAJIbHBIE 3HAYEHUS NPHOBLIN
JUIL  KaXAOTO  YYacTHHMKA, SBJSIOIIETOcs NPHOBUIGHOM — OpraHM3auued
COOTBETCTBYIOIIME 3HAUYEHHS U OCTAJIbHBIX y4yacTHUKOB. Ecii 3TOT mokasarens s
Ka)XXJIOTO W3 YYaCTHUKOB BBIIIE COOTBETCTBYIOILETO 3HAUEHMs IIOKa3aTess NpH HX
HE3aBUCHUMOH JIPYT OT Jpyra AesATeNbHOCTH, TO TaKylo rpynmy (mapy, Tpoiky) Oyaem
Ha3bIBaTh yCTOMYMBOM Ha INIAHUPYEMOM MHTEPBAJE [ £y, ].

OcHOBHast  1IEJIb MOZACIIMPOBAHUA  IIpoHEecCa B3aMMOICHCTBHS Y4aCTHUKOB
OKOHOMHYECKOI'0  Kjlact€épa COCTOUT B  OIIPEACICHHUHU  €TO 3KOHOMHYIECKOMN
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3} ()EeKTUBHOCTH, a TaKXe YCJIOBHM, HEOOXOMUMBIX [UIS €€ IOBBIIICHUS.
[Ipenmonaraem, uto kiaacrep (QYHKIMOHUPYET B YCIOBHSX CTA0MILHOW PBHIHOYHON
9KOHOMUKH.

B monstHe «3koHOMHYECKas 3(P(EKTUBHOCTH» Mbl OYJEM BKIIaJbIBATh CMBIC],
OTBEUAIOIIMI XapaKTepPy DKOHOMHUKH, B KOTOPOH (YHKIIMOHHPYET MOJCIHPYEMBIit
OOBEKT, TIIeNsAIM  HWCCIEJOBAHWS W  HAa3HAYCHHWIO  HCCIEAYeMOW  CHCTEMBI.
DKOHOMHYECKUH KacTep MOXKHO OTHECTH K KJIacCy ME309KOHOMHYECKHX OOBEKTOB.
[IpumenuTenbHO K TakuM oObekTaM: «I[loHsTHE 3KOHOMHYECKOW 3(PPEKTUBHOCTH
OlHpaeTcs Ha y4eT IUIaTeKECHOCOOHOTO CIpOoca, MPEIbSIBISIEMOr0 TEM WM HHBIM
PBIHKOM B COOTBETCTBHH C TIOJIE3HOCTBIO pEe3yibTara AESTEIHHOCTH (IIPOIYKIIHH)
JTAHHOM CHUCTEMBI, U CBSA3aHHBIC C 3TUM CIIPOCOM PaBHOBECHBIE (PBIHOYHBIC) IICHBD»
[14, c. 114]

B kauectBe ocHOBHOTO moKasarens S(dekTuBHOCTH OyJaeM paccMaTpuBaTh
MPUOBLIL, KOTOPAsk PACCUUTHIBACTCS C UCIIOJIb30BAHUEM PABHOBECHBIX PHIHOYHBIX IICH.
ITokazaTenb 3KOHOMHYECKOH AS((EKTUBHOCTH 3aBUCHUT OT O0BEMa HCIIOJIB3YEMBIX
pecypcoB (MaTepHaIbHBIX W HEMaTepUANbHBIX), IIeH Ha HHUX, Ha mpoaykuuio. OHa
JIOJDKHA OMMPATHCS Ha TIPEJCTaBlIeHHe crioco0a (PyHKITMOHNPOBAHUS KiacTepa B BHIIE
[EMOYKH: 3aTpaThl —> pe3yibTaThl —> Iend. JKU3HEHHOCTh TaKOTO IOAXOAa
obOecrieunBaeTCs BO3MOXKHOCTSMU HM3MEPEHMsI WM OIICHUBAHUS Pa3MEpoOB 3arpaT U
pe3yIbTaTOB, ONPEEICHNS CTETIEH! JOCTIKEHHS 1IETIH.

Hwxke mnpemmaraercs HSKOHOMHKO-MATEMATHUECKOE OINHMCAHUE YKPYITHEHHON
MOJIEIM  SKOHOMHYECKOro  kiacrepa.  UToObI  CKOHCTPYHMpOBaTh  MOJEHb
skoHOMHU4Yeckoro kimacrepa (OK), HeoOX0auMO CPOPMYIHPOBATh U YUECTh CHUCTEMY
MPEINOCHUTOK, OMPENENAIONINX CONepKaHHe W TPHHIHUIBI MOCTPOSHUS MOJEIH,
omucarhb MapaMeTpbl MOJETH, pa3leluB UX Ha IMOCTOSHHBIE U TEPEMEHHBIE.
[IpenrmochuUIKN TOMKHBI ONMUPATHCS HAa OCHOBHBIE XapaKTEPUCTUKH JEeSTEILHOCTH
y4JacTHHKOB DK 1 B3auMOIeHCTBHS MEKIYy HAMH.

[Mpon3BoauTenn A OCYWIECTBISIOT NOOBIYY He(TEra3onpoAyKTOB (TPOIYKIIHS).
IIpu sToM oOHU O0O0NATAIOT TPOU3BOJICTBEHHBIMU MOIIHOCTSMH, NPUOOPETAIOT
HeoOXoanMble pecypcbl. [Ipom3BoACTBEHHBIE BO3MOXXHOCTH A ONPENEIsIFOTCS
OCOOCHHOCTSIMUA TEXHOJIOTMU JOOBIYM U TPAaHCHOPTHPOBKH. DTO 0O3HAYAET HAIUYHE
3aBUCUMOCTH MEXAy 3aTpaTaMH pPECYpPCOB U BBINYCKOM MPOAYKIHH, KOTOPYIO
HEOOXOANMO CKOHCTPYHUPOBATh.

UTo0bI OTpa3uTh XapakTepHBIE OCOOEHHOCTH MAEATEIbHOCTH NPEANPUATHH |
oTpacieil, KOTOpPhIe HANMPSMYIO CBSI3aHBI C JAOOBIUEH MPUPOIHBIX PECYPCOB, MOMXKHO
BOCTIOJIB30BAaThCS THUIIOBOW HEOIHOPOJHOW HENWHEWHOH (yHKIWeld yObIBatoIIei
3¢ PeKTHBHOCTH 3aTpaT B

V(y)=pxyT+P. 4)
[Tpu 5TOM BBITIOITHEHO YCIIOBHE

2
V..
dy2
B ¢ynkimu (4): nepBoe ciaraemoe UTpaeTr poJib IEPEMEHHBIX U3AEPIKEK, BTOPOE —
NOCTOSIHHBIX. B 1eloM OHa XapakTepu3yeT oOlue H3IEpKKH IPH MPOU3BOJCTBE
HPOLYKIHH.
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Janee BpeMeHHO, TMOKa HE OyZeT OroBOpeHO oOpaTHOe, MpenarnojaracM, 4YTo
napameTpsl ¢, P,77 TIOCTOSIHHBL, a 77>0 .

OOBIYHO K TEepPEeMEHHBIM 3aTparaM OTHOCST 3aTpaThl Ha CBIPbE, MaTepUAIbL,
TOIUTMBO, JHEPTHIO, TPAHCIOPTHBIE PACXOMBI, 3apaboTHyI Iutaty. B mocTosHHBIE
pacxoibl BKJIIOYAIOT PAcXOAbl Ha COJCpPKAHHE MPOM3BOJCTBEHHBIX IMOMEIICHHIA,
MaluH, 00OpYJOBaHUs, PEHTHBIC IIATE)KH, CTPAXOBbIC B3HOCHI M JPYrdUe CTaTbU
(HampuMep, U3IEPIKKU, HE 3aBHUCSIIUE OT O00BEMOB MPOM3BOACTBA). OTHOCHUTEIILHO
MaTeMaTHIeCKUX CBOWCTB GyHKIMK (4) mpenamomaraeM, 9to V' (y) HOCTAaTOYHO

rmaakas (QyHKuus, objajaromasi HE MEHee 4YeM IBYMs IEpPBBIMH INPOU3BOIHBIMHU.
Taxkue TpeOOBaHMS XapaKTEpHBI U1 YCIOBHUH JOOBIUM, KOIZa Uil yBEIMUYCHHSA
00BEMOB MEPEXOIAT K IKCILTyaTaluu 0ojiee CI0KHBIX MECTOPOXKACHUH, HallpuMep, ¢
YBEIMYEHUEM TIJIyOMHBI 3aJleraHdsl TIIOJIE3HOTO MCKOIAaeMoro, WM OOeaHEHHS
COJIep)KaHMsI JOOBIBAEMbIX KOMIIOHEHTOB.

Jns panpHeimero aHanmu3a mnotpedyeTcs mepexoll K (QYyHKIUAM YISNbHBIX H
npeAebHbIX 3aTpar. MIX MOKHO BBECTH CICAYIOLIMM 00pa3oM. Y JeNnbHbBIE 3aTpaThl —
9TO 3aTpaTbl, OTHECEHHbIE K EIUHUIEC IPOAYKIHUH, BBIPAXKECHHBIE B JI€HEKHBIX
eauHuIax. X MO>KHO ONpeNeNnuTh TaK:

)

v Ry
c(n=" =gyt 1 2
y y

Beenewm ympomiaromee o6o3Hadenne f=n—1.

[[larom, cBs3bIBarOmUM (DMHAHCOBEIE PECYPCHI C TPOU3BOJCTBEHHBIMH, OyIeT
PacCMOTPEHHE CUTYyalluW, KOTJa CHUIKCHHE 3aTpaT Ha IPOM3BOJCTBO MPOAYKIIUU
obecrieunBaeTCs pa3MepoM BKIIAIBIBAEMOTO (GUMHAHCOBOTO pecypca x. Torma (4)
pUOOpETAET CICAYIONIUI BUI:

v(x,3)=p(x)yT+P, )
2y(x,y)

TZie BHOBb 672>0. K ¢pyHKmmm ¢(x) npenbsBuM ClIeayronie TpeOOBaHNUS:
oy
a) OHa SIBJISICTCS HENPEPBHIBHOM, YOBIBAOIIEH M OrPaHUYSHHON CHU3Y (YHKIUEH;
6) (0)=pp, lim O(x)=0x;
X—>00
B) @(x) mBaxnsl auddepeHupyemMa 1 Ipu 3TOM

do(x)_, d*o(x)_,
dx T2

y)ICJ'IBHLIC 3anaTLI OKa)KYTCH paBHLIMI/II
P
c(x,)=p(x)yP + 0<p<1. (6)

Bo BBeaeHHBIX 0003HAYCHHSAX M OTPaHUUYCHHUSIX Ha GopMy (YHKIAN v(x, y)

HpeesbHbBIE 3aTPaThl Ha TIPOM3BOJICTBO MPOAYKIMHU B pazMepe y OyayT paBHBIMU
ov(x,
d(w)Z(ay (14 pyp()y” . )

OueBunHo, uto d(x,y)>0. B pamkax Hamero noaxoxa mapameTpel S u P
BBICTYIIAIOT BHEIIHUMH (33/1aHHBIMH U3BHE).
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Uto0sl moHEE OTpasuTh XapakTep 3aBucumocter (5)-(7), paccMOTpUM IMpHUMED.
Ilpexxme Bcero KoHKpeTm3upyem Bun Gyakomm  @(x). ITlokakem, dTO

TpexmapameTpuueckas QyHKIUsS Buga @(x)=A(x+x( )_B +C, rtne A4,B,C>0,

YIOBIETBOPSET BCEM MPEIbSIBICHHBIM K Hell TpeOoBaHUsM. BHauane BOCHONb3yeMcs
TPaHUYHBIMH YCIOBUAME (TpeOoBanume 0)). meem

P(0)=pp=dxg B +C

P(0)=p0=C".
Otkyna A=(¢)—9¢w )xg . Takum 0Opazom, morydaem

B
(p(x):<¢o—¢oo)x§(x+xo)‘3+¢oo=(coo—<ooo)[xfjco] )

Jlanee
Px=—B(pn-pe0)xl (x+x0) B <0,

Prx =B(B+D(P0 00 )3 (x+x0) B 7250,

Hwmwxe nam momamobutcs oOpatHas K ¢(x) ¢Gyskmms. Haiimem ee. I[lomoxum
z=@(x) . Torna nocse BBIOJIHCHUS [IEOYKH peoOpa3oBaHuii BUaa

B
z=<¢o—¢oo)(’“)] )=
x+XxQ

B
Z= P00 :[ X0 J —
P)~Po \ X+XQ

1

(Z_%o )B= X0 -
P0 —Poo x+x0
X0
1

( Z—P0 ]B

PO ~Poo

[0JIy4aeM OKOHYATEIbHBII BUJ BHIPAKCHUS x:go_l (2)
1

x= [Z_%OJ B—l xQ - )
P0 ~Po

X+x0=

JpoOp B KpyrawsIx CKOOKaxXx W BBIpaKEHHUE B KBaIpaTHBHIX B (9) MOKHBI OBITH
MOJIOKUTEIIbHBIMUA, JTO 03HAYACT BBHIMOJHEHUE TBOMHOTO HEPABESHCTBA
Do <z <(DO N
YTO OYEBUAHBIM 00Pa30OM CIIEAyET U3 Coco0a 3aaanust yHKIHH @(x) .
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B [4, c. 52] yTBepxknaercs, 4To yBenn4YeHHE (UHAHCOBOTO pecypca X, KOTOPBIi
BKJIQ/IbIBA€TCS B CHIDKCHME 3aTpaT, ONPaBJaHO JIMIIb 10 HEKOTOPOIo INpenesa X .
Brime Hero BiokeHUs! OKasbiBaroTcsi HedDhekTHBHBIMH. OTHOCHTENLHO CHIDKCHHUS
YAENBHBIX 3aTpaT Ha EAMHUILY BIOKEHHOTO KaluTajla X Npu GUKCHPOBAHHOM O0BEeMe
OPOLYKIMHA ) HEOOXOOUMO OTMETHUTH cieaylomee. J(opkHa CyiecTBOBaTh HOpMa

Xp, A KOTOpOﬁ a0COJIFOTHAS BEIUYHHA MMPEACIBHOTO IO X 3HA4YCHUA YIACIIbHBIX

3aTpar OyJeT He MEHBIICH HEKOTOPOW BETMYNHEI Acmin. 10.B. Kocaues npenaraer
dc(x,y)

HOPMY X ONpENENATh UCXOMAs U3 YCIOBUS .

=Acmin [4, c. 52]. B npunnumne c

TaKUM TPEATIOKCHAEM MOXKHO cOrmacuThes. OJHAKO B AaHATTMTUYCCKUX M YHCICHHBIX
pacuerax ¢ (QyHKIEEH Momyis paborarh HeymoOHO. IloaToMy MBI mpesiaracm

CHCI[yIOLI_II/Iﬁ noaxon, HOBBOJ’ISIIO].LII/II\/'I B psAC CIIydacB HOJIydaTh OLCHKY HOPMBI X B

SIBHOH (hopMe.
U3 (6) noxyuaem

Oc(x, ,
M:(p (x)yﬂ‘ (10)
Ox
Ho c y4eroM yclOBHs B) M TPEXNapaMeTPUUYECKOH KOHKPETH3alUH (yHKIHH
@(X) TONydaeMm, 4YTO ypaBHEHHE ac(ax’y)‘zAcmin SKBHMBAJIEHTHO CJIEMYIONIEMY
x
A .
YPaBHEHHUIO (/)'(x)z—ciﬂm , KOTOPOE MOKHO Pa3spelluTh OTHOCHUTEIBHO X B SBHOM
y
BHJIE ITyTEM UHTEIPUPOBAHHUS. BBIOIHUM 5Ty NPOLENYPY
AT Aciin T
[ @'(x)dx = —% [ dx =
0 y 0
Acmi
P(x) = p(0) == —gxp =
Y
Acmin

(D(XF) =% _Txr-
y

Tak xak
B
X0
xp) = )
p(xp) = (9 — 9,) 0 Py
TO

B A

X0 __ SCmin
(P9 = 95)| ixg) TP =% B xp (11)

win ¢ yuetom (9)
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ACmi
coo—(poo—%w B
X = Y -1 Xp - (12)
r 0 —Poo

N (11) u (12) sBasroTCS HENMHEHHBIMUA YpaBHEHHUSIMH OTHOCHUTENBHO X,. Pemas ogHO
U3 HUX, TIOJy4aeM NCKOMOE 3HAUCHHUE X;.

PaccmotpumM ycnoBHBIN 4dncieHHbIH mpumep. [lonoxnMm ¢g=10, ¢=5, B=l,5,
Acmin =1000, »=100000, F=1,5, xp=1000000. Torma pemenueMm ypaBHeHus (12)

Ooymer x=131852,6. IIpu sToM

B
X0
= - + =9,2.
p(xp) = (9 (poo)(xﬁxoj Pos

[ToBenenue reBoii 1 paBoi dactei ypaBHeHUs (12) moka3aHo Ha puc. 1.

Ecnun 0003HauuTh yepe3 p( PpHIHOYHYIO IEHY Ha MNPOAYKIHIO ), KOTOPYIO
BBITYCKAIOT Mpou3BoauTeIn A, ToO e¢ 00beM B CTOMMOCTHOM HCYHCICHHH OyneT
paBHBIM p(y . Ilpu 3TOM nOXox npousBoauteneil 4 OT peann3aluM INPOLYKLUU Ha

PBIHKE — 3TO Pa3HOCTb MEKAY BBIPYUKOH p()y WM OOIIMMHU 3aTpaTaMu c(x,y)y :
A (x,y)=(po—c(x,y))y . (13)

250000 +
200000

100000

50000
0\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
\) \) \) \} O \) \) N\ O \)
S P o0 o P G o o 5T
OGO EC I I

Puc. 1. I[losedenue nesoti u npagou uacmeil ypasvernus (12).

MaxkcuMyM TPUOBLTH TTOTYYaeTCs U3 YPaBHEHHS

(74 () y =[(po—c(x.3) 7]y =0. (14)
C yderom (5) ypaBHernue (14) mpumer Bua
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[(po—0(x)yP —Iy’)y]'y —po-(B+De(x)1P=0.

1

Po__ B
(1+B)o(x)

Hcnonp3yss maHHbIe IpUMeEpa, MOJNIy4aeM, 4YTO MaKCHMallbHas IPUOBLIL
nA(xr,y ) = 7852557 n.en. nus Yopt = 3786 en.

Otkyna y=

0pl

3aBepiiasgs  OMHCAHME MPOU3BOACTBEHHOWU MESATEIBHOCTH MPOU3BOIUTENCH A,
HEOOXOAMMO OTMETUTh, YTO OCHOBHBIM HWCTOYHHKOM YBEJIHYEHHUS JOXOJIOB
MPOU3BOJIUTENICH A SIBIISIETCS CHIDKEHHE 3aTpaT Ha MPOU3BOJAMMYIO mpoaykiuio. Ha
o0ecrnieueHre CHI)KEHUS 3aTpaT TpeOyIOTCs] MHBECTHIIMH, KOTOPhIE IPOM3BOANUTENN A
MOTYT TIOJTIy9aTh B BUe O0aHKOBCKOTo KpemuTa K(¢) moa GaHKOBCKYIO MPOIEHTHYIO

CTaBKy 7T(f) WM UCHOJB3ys COOCTBEHHBIE cpeiacTBa S(¢) (Hanmpumep, B BHIC
oTunciaeHuit ot upubbumm). Kpome TOro cumraem, YTO PBHIHOYHAS CTOMMOCTH
npousBoaMTeNell A B MOMEHT BpeMeHH ! paBHa (J,(¢), a 6ank b mmeer B cBoeM

nmoptdene HEKOTOPYIO OO COOCTBEHHOCTH MPEANPHATHNH-TIPOU3BOIUTENCH A,
KOTOpYyI0 0003HaYMM Kak «A . OTcroa cTOUMOCTh 3TOH JOJU B MOMEHT BPEMEHH !

paBHa a, 0, ().

[lepeiinem Kk MaTeMaTUYECKOMY OIMCAHUIO B3aUMOJEHUCTBUS MPEANPUITHI
KJlactepa ¢ KaJIpoBOW COCTaBISONIEH HMHMPACTPyKTyphbl kiactepa. Ilpeacrasnsiercs
pa3yMHBIM OIHUCHIBATH B3aUMOACHCTBHE BY30B, TEXHHKYMOB H TIpodeccCHOHaTbHO-
TEXHHYECKUX YUYWIUII C HOPEANPUATHSIMH KiacTepa B JIOIMCTHYECKHX TEPMHHAX
3amacoB M MOTOKOB. IIpumem, 4TO B TEKynIMiI MOMEHT BPEMEHM ¢ KaJapoBas
COCTaBJIAIOIIAs NPENNPUATUI KiacTepa mpeAcTaBieHa HabopoM {N,(1),i = 1, ..., I}
(sanacwi), rne N,(t) — KonIU4eCTBO PaOOTHUKOB i -H Mpodeccur B MOMEHT BPEMEHHU [
(I — aucno npodeccuii). OOBEMBI 3aITacOB MOTYT MEHSITHCS HempepbiBHO. OMHAKO B
HallleM CiTydae pe30HHO CUUTaTh, YTO HAWOOJNBIIEE YHUCIO U3MEHEHUH MPOUCXOIUT B
NepuoJ]] OKOHYAaHUS OOYYECHHS B COOTBETCTBYIOIIEM Y4eOHOM 3aBeldeHHH. Toraa
yI00HO U3MEPSATH BEIMYMHY ! B aKaJeMHUYECKHUX roJax.

W3menenne o0BEMOB 3amacoB MPOMCXOAWT B CHIIy HCWCTBHS BHEIIHUX H
BHYTpeHHHUX (akTopoB. CuuTas COBOKYNHOCTh NPENIPUSATHH KjacTepa CHCTEMOil,
MOXXHO BBIJACIMTH JIBa IIPOTUBOIIOJIOKXHBIX TIOTOKA: IMOTOK YBOJBHAIOUIINXCA
(mokuparomuX CUCTEMY) W TOTOK MNpHOBIBAIOIIMX (HaliM paOOTHHKOB H3BHE
cucrembl). Kpome TOro, BO3MOXHBI IEpEeMELICHUS BHYTPH CHCTEMBI (CMEHa
npodeccun, mepeMelieHre Mo KapbepHOW JiecTHHWIE M T.m.). Torma oOwem 3amaca
paboTHUKOB i-# mpodeccnm K MOMEHTY BpeMeHH ¢+ 1 ompenmenseM Kak o0beM
3amaca i-d mpodeccMHm K MOMEHTY BpPEMEHHM [ IUIIOC BHOBb NpHOBIBIIME (UX
KOJIMYECTBO 0003HauaeM Kak N;(?)) IIOC CMeHMBIIME npodeccHro j Ha

npodeccuro i (ob6ozHayaeM kak X N, (f) mo BceM j#i IHAEKC CyMMHPOBaHHA
OIlyCKaeM) MHUHYC MoKujaromue (oOo3HauaeM kak X N, ., (). Hmeem, Takum

06p330M, 0alaHCOBOE COOTHOIICHHE:
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Nt+1) = N,@ + Ny(t) + EN, ()~EN, (1) (14)

LI+1

Tpu mocneHUX cllaraeMbIX B MIPABOM 4acTH COOTHOIICHUs (14) Ha3bIBaeM nomokamu.
[ToTOKM BBI3BIBAIOT U3MEHEHUS B 3aracax, M03TOMY HEOOXOMMO BBECTH JIOMYICHHS
OTHOCHUTCIIbHO MEXaHHU3MOB HepeMemeHHﬁ.

B ycnoBusx ppIHOYHOM 3KOHOMHKH MIPEIIPUATHUS KllacTepa GopMHUPYIOT Cipoc Ha
pabouyto cmiry (oOo3sHauaeM kak C;(?)), oOpa3oBatenbHas HHQPPACTPYKTypa —

npeioxkenue (o6o3Hagaem kak I1,(¢)). Takum oO6pa3om, 06beM 3aIacoB HA MOMEHT

BpeMeHH [+ 1 3aBUCHT OT 3HA4YEHHWU CIIPpOCa W MPEIOKEHUS B TEKYIIUH MOMEHT
BPEMEHH ¢ :
N (t+1)=G(N; (), No; (1), 2N, ; (), ZN, 1,,(8), C; (), 11, (7)) . (15)

B Hame#ll curyanuu cnpoc M HPEAJIOKEHHE MOTYT BBICTYIATh YIPABISIOLIUMU
BO3/ICHCTBUSAMH, KOTOpbIE (HampuMmep, 4Yepe3 LECHTPHl 3aHATOCTH) M OMNPEHENSIOT
MEXaHW3M  B3aUMOJEHCTBUS  NpPEANPHUIATHH  KjiacTepa C  00pa3oBaTeNbHON

HHDPACTPYKTYPOH.

Pe3yabpTaTamMu pOBEACHHOTO HCCIIEIOBAHUS SBIISIOTCS:

1. ITocTpoeHne 3KOHOMUKO-MaTeMaTHIECKON MOJIETH TTOCTaBIIUKOB
SKOHOMHUYECKOTO KJIacTepa;

2. UccnenoBanue ee xapakTepHBIX OCOOCHHOCTEH;

3. ®opMupoBaHre MeXaHU3Ma B3aUMOJICHCTBYS MPEATIPHUATHN KacTepa ¢
00pazoBaTenLHON HHPPACTPYKTYPOi.

IepcnekTUBHBIMH ISl JaJbHEWIINX HWCCIECNOBAHUN CUHATAEM WCCIIEIOBaHUE
KOHKPETHBIX ~ MEXaHMW3MOB  B3aWMOJEHCTBHS  TPEANPHUATHA  KiIacTepa  C
oOpa3oBarebHONH HHGPACTPYKTYpOH NPUMEHUTEIbHO K mpoekty IlomTaBckoro
He)Tera3oBOro Kiacrepa.
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BicHuk XapKiBChKOIr0 HaIlIOHAJIBHOTO YHIBEPCUTETY
Cepist «MaremarnyHe MozeIoBaHHs. [HpopMaliiiHi TexHoJOTii. ABTOMaTH30BaHi CHCTEMH
YIPaBITiHHSD)

YK 517.968.519.6 Ne 703, 2005, ¢.25-35

Maremarudeckast MoJzielib Ha 6aze MO MHOTO3JIEMEHTHOM
MOJIOCKOBOM aHTEHHBI
Ha 3KPaHUPOBAHHOMW JTUBIICKTPUUECKOM MOJJI0KKE

A. B. ArTOoHEL

Xapvxosckuii Hayuonanvhulil ynusepcumem um. B.H. Kapasuna, Ykpauna

In this paper, we present new method for the modeling of printed strip gratings. Our
general approach for finite perfectly electric conducting (PEC) strip gratings printed
on a dielectric substrate with a PEC ground plane is based on the parametric
representations of the integral and pseudo-differential operators and Method of
Discrete Singularities (MDS). Diffraction problem is first reduced to hypersingular
integral equation. Then this equation is solved using the MDS. Finite-order Cantorian
set strip grating is investigated numerically. Some of obtained results are presented.

1. BBegenne

3amaue aU@PAKIUN DIEKTPOMArHUTHBEIX BOiMH (OMB) Ha OeCKOHEYHO TOHKHX
JICHTOYHBIX PEIIETKaX IMOCBAIIEHO OO0JbIIOe KOJIMYECTBO pPabOT, B YaCTHOCTH
moHorpaduu [1,2], rme umeercs mnoapoOHas OubOmuorpadus. B maHHOU craThe
UCTIOJB3YETCs METOJ MUCKPETHBIX ocobenHocrelt (M/10), mpuinokeHne KOToporo st
3ama4  AUQPaKIUM DJICKTPOMArHUTHBIX BOJIH Ha TIUIOCKMX pEIIeTKaX, a TaKxkKe
3aMKHYTBIX WJIM OTKPBITHIX MWIMHAPUICCKUX TTOBEPXHOCTSX TINATEILHO MPOpaboTaHo
u obocHoBaHO [3-5]. OcHoBHBIe uaen MJIO noapoOHO M3MOXKEHBI B [6]. DTOT MeToxq
COCTONT B CBEIEHHMM KpaeBOW 3agadd K CHCTEME CHHTYJSIPHBIX  WJIH
TUIICPCUHTYJIAPHBIX HMHTETPANBbHBIX YPaBHEHUH M TOCICAYIOIIEMY YHCICHHOMY
PEIICHUIO €€ C TIOMOIIBI0 KBaIPATyPHBIX (JOPMYJ MHTEPIIONISAIUOHHOTO TUMA. TakuMm
o0pa3oM, METOJ TO3BOJSET MONy4YaTh pPE3yJbTaThl C BBICOKOW TOYHOCTBHIO TIPH
OTHOCUTEIHFHO HEOONBINNX 3aTpaTax Ha BRUKCICHUS. B manHoit pabore MJIO
UCHOJB3yeTCSs  Hapsny C  TEXHUKOW  [MapaMeTPUUYECKOr0  MPEACTaBICHHS
niceBaoAnQPpepeHIMaTbHBIX U HHTETPANBHBIX OMEepaTopoB [7,8] A pelreHus 3a1aqn
madpaknnn OMB Ha uaeanbHO MPOBOIAMIEH TpendpakTaabHONH MHOTOJIEMEHTHOM
pelieTke, HAHECEHHOW Ha JUAJICKTPUYCCKYIO IMOMJIOKKY C HACATBHO MPOBOISIINAM
skpaHoM. Creayer Takke OTMETUTh, YTO JaHHas paboTa SBISETCS MEePBBIM IIaroM B
npumenennrt M/1O nis aranm3a TUIOCKUX JISHTOYHBIX PEIIETOK B CIOWUCTBIX Cpefax.
Maremarndeckass wMonxens Ha ©0Oaze MJIO B 3amadue gudpakiuud  IOCKOM
MOHOXPOMAaTHYECKOH BOJHBI Ha MPEAKAHTOPOBOM PEIIETKEe U3JI0KeHa B padote [9], a
Ha TIPEIKAHTOPOBOW pEIIeTKe, PACIIONIOKEHHOW Tepel] HIeallbHO MPOBOISIINM
3KpaHoM (0e3 TUAIEKTPUUECKOM MOJI0XKKH), MPOBOIMIICSA aBTOPOM U OBLT H3JI0KEH
B [10].
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2. ITocTanoBKa 3axa4n

PaccmarpuBaercs  3amaua  Au@paknMud  IUIOCKOW  MOHOXPOMATHYECKOM
H-monsipr3oBanHON BONMHBI HAa KOHEYHOW pEIIETKE, COCTOSIIEH W3 OECKOHEYHO
TOHKHUX HACAJIBHO IPOBOAAIIMUX JICHT, PacCIlOJOXKXCHHBIX Ha )Z[I/IBJIGKTPPI‘IGCKOfI

MOJJIOXKKE C MACAJILHO MNPOBOASAIIUM 3KpaHOM. 3aBUCHMOCTh BEIMYHMH OT BPEMCHU

3amaeTcs MHOkuTedeM e . Ha puc. 1 NpuBENeHO CeueHHe paccMaTpHBAEMOMN

CTPYKTYPBI TUIOCKOCTBIO, TEPHEHIUKYIAPHONW HANpaBIAOMUM pemeTkd. CedeHue
peuietkn 00pa3yeT MPEeIKaHTOPOBO MHOXKECTBO KOHEYHOTO TOpPSIKa Ha OTPE3Ke

[—l,l ] . JlambHelIee W3JI0KEHUE TPOBOIUTCS IS TMPOM3BOJBHOIO Habopa JIEHT
m
L:qul(aq,bq) , —0o<a <b<..<a,<b, <+x.

x k z

=it

Puc.1.I'eomempus 3a0auu

Ilommoxka wMeeT TOMMWHY A W OTHOCHTENBHYIO  JUDJIEKTPHYECKYTO
OPOHULAEMOCTs & .  OTHOCHUTEIBHYIO  JAMIJCKTPUYECKYIO0  MPOHHUIAEMOCTD

CBOOOJHOTO  TIPOCTPaHCTBA o0o3HaunM & (5+ =1), a BOJHOBOE YHCIIO

k= (gu, )1/2 :

BBenem 0603HaueHHs i OOIAacTel MOMIOKKHA M CBOOOIHOTO MPOCTPAHCTBA:
Q ={yeR,—-h<z<0} u Q" ={yeR,z>0} coorBercrBenHo. B paccmarpuBacm
cITydae NeKTPUUECK il 1 MArHUTHBIA BEKTODHI TIPEICTABUMEI B BHJIE

E=(0,E,.E.); H=(H,,0,0)

EnuHCTBEHHYIO OTIMYHYIO OT HyJISI KOMIIOHEHTY BekTopa H 0003HaYuM u( y,z) ,

TOraa

1 ou. E. - 1 oOu (y,2) e .

E =- —
iwg,e~ Oy

iweye” oz’
OyHKIMA U ( ¥, z) JIOJDKHA ~ YJIOBJIETBOPATh ypaBHEHUsIM ['enbpMronsia B

COOTBCTCTBYHOIIINUX HO,I[OGJ‘IaCTHXZ

Au+eku=0, (y,z)eQ’; (1)

YCIIOBUSAM COIIPSIKCHHUSA Ha I'paHULC CB060,Z[H06 HpOCTpaHCTBO/I[I/IBJ'IeKTpI/IK, KOTOpPBIC
MBI IIOJIy4acM M3 yCJ'IOBI/Iﬁ HCIIPEPBIBHOCTH TAaHICHIHUAJIBHBIX COCTAaBJIAIOIINX
QJICKTPUYCCKOI'0 1 MAaruHuTHOro MOJICH:

u(y,z)|z¢0=u(y,z)|zm, yeR\L, (2)
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1 0 1 0
——u(y,z =——1ul(y, , eR\L; 3
‘9+ aZ (y )zl«O & aZ (y )ZTO y ( )
IPaHUYHBIM YCIOBHSAM HA UICATHLHO MPOBOASIINX MOBEPXHOCTAX (JIEHTAX U 3KpaHe):
1 0 1 0
——ul(y,z =——u(y,z =0, yel, 4
et o0z (y )z¢o & Oz (y )zTo Y @
iu—O z=-h,yeR; (5)
0Oz

ycrnoBri0 MalikcHepa KOHEYHOCTH SHEPrMHM B OKPECTHOCTH pebep pelieToK H
YCIIOBHIO M3TydeHuss 3oMMepdenhaa Ha 0ECKOHETHOCTH.

3. BbIBOJ rHNEPCHHTYISIPHOTO0 HHTETPATbHOT0 YPABHEHHSA
Bynem uckath QyHKIHIO u# B BUIE

uy(y,z)+u*(y,z), z>0,
u(r,7) = 0(3:2) _( ) ©
uo(y,z)+u (y,z), —-h<z<0,
rae uo( y,z) — pelleHHe 3aJa4d JUPPAKIUK IUIOCKOW 3JIEKTpOMarHuTHOM H-

MOJIIPU30BAHHON BOJIHBI HAa DKPAaHUPOBAHHOHN TIOIOKKE 03 pemIeTKH. DTO pPEIIcHIe
JIETKO HAWTU aHAJIUTUYECKH.

®ynkuun u” v - GyneM uckath B Buje Oypbe MOI00HBIX MPEACTABIEHHIA:

j Ct(2)e™ 7 Mgy, (7)

S ch[y-(/z)(zm)]
% ch| 7~ (2)4]
e y° (/I)z A —&*k? , a BeTBb paaMKana BHIOMPAaeTCS TAKMM OOPAa3oOM, HTO

Rey >0,Imy" <0.
TaxumM BEIOOPOM BHJIA pEIICHHS MBI yIOBIETBOpWIN ypaBHeHHIO [ enbmronbua (1),

rpaHuyHOMY YycioBuio (5), a Takke YCIOBHIO H3IydeHus 3omMepdenbaa.
Ocrasmmecs yciosus (2)-(4) HpI/IBO)Z[}IT K CHUCTEME IapHBIX UHTETPAJIBHBIX YPaBHEHUI

—I(—y ) (2) "}d4=—jy (A)C ()t (A)n]e*da=1(y).

da, (8)

)
yel,
il _ - il
—j( (2))C* (4)e™da= —jy )C(A)th] 7 (A)h]e™da, (10)
yeR\L,
[cr(a)e™da=[C (4)e™dA,  yeR\L (11)
10
rue f(y)Z—E—a—uo (y, ) y — u3BecTHast (PyHKIHS.
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BBeneM B pacCMOTPEHHE HOBYIO HEU3BECTHYIO (DYHKITUIO
+00

F(y)=[(C*(2)-C (4))e”di,  yeR..
N3 ycnosus (11) momygaem: F(y) =0,yeR\L.
U3 ycmoswii (9) u (10) BeITEKAET, YTO

(= (D)c* ()= ()C ()] (2)1].

U, CJICAOBATEIBHO,

Torna,
ety (A)+eyt (/L)cth[;/_ (xl)h]

F(y)=]

o &7 (4)
0O6Go3Haunm F (/1) — npeobpaszoBanne Oypbe GpyHKIUN F ( y) :

Ct(A)e™da,

1

I:“(ﬁ) F(y)e_mydﬁ.

:E%
U3 paBenctra (13) momydaem, 9410 [ ]
o ey (A)sh| ¥~ (A)h 5
)= 'y (A)sh[y~ (2)h]+& 7" (A)eh[y (2)h] ()
CrienoBaresbHO, ypaBHeHHE (9) MOKHO TIEPENUCATD B BUJIE:

f 7" (2)y (A)sh] 7~ (A)h]
&y (A)shy (A)h ]+ &7 (A)eh[y (4)h]
[IpeoOpa3yem BeIpaKeHHE: [ ]

_ 7" (A)y (A)sh| ¥~ (A)h

D(4): gty (i)sh[;f ()L)h] +eyt (i)ch[}f (l)h}

BBIJACJIUB TJIaBHBIC YJICHBI ACUMIITOTUKHU ITPU |ﬂ| —> 0, HOHy‘lI/IMZ

D(2)=—— |3+ —~ )2[(”) A7) J+Q(i)’

& +e 2(5++5’ y(4) 7 (4)

F(/i)emydxl =f(y), yel.

b

rae Q(/i)z(_)(|/1|73) mpu A —>oo (i1 QyHKIHK Q(/i) MeeTCs

AHAITNTHYECKOE BBIPAKEHHE).

(12)

(13)

(14)

(15)

(16)

(17)

SABHOC

BOCHOHB?:yeMCfI nmapaMeTpudCeCKUMu IMPEACTABJICHUAMU IJId HUHTErpaJIbHBIX

-1
.
ONepaTopoB ¢ cuMBONaMu —|A| n (7/‘ (/1)) COOTBETCTBEHHO:
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I e
F(&)=— [ F(A)e™dA
(€)=>, ] (4)e™da,
Le FE) o F 0 a1
—|—=25dé= | (-|A])F(2)e*da, (18)
4 { (&-y) _Iw
rae I/IHTerpaJI B f[eBOﬁ YaCTHU IMIOHUMACTCA B CMBICJIC KOHetIHOP'I gacTu 110 A,Z[aMapy, n
l-+® " +00 N . ;
EJ HY (\/8_‘k|§ —y|)F(.§)d§ - j (r*(2)) F(2)e™da. (19)

Taxkum 00pazoM, TIEpPBBIA WieH pa3inoxeHus (17) — THIIepCUHTYIISPHBIN HHTETpaI,
BTOPOH — MHTETPA C JOrapu(pMUIecKOil OCOOCHHOCTBIO B SIAPE, a TPETUI — HHTErpal
C TTaIKUM SIIPOM

K (lg-)= I O(2)cos(A[¢ - y])d2
CrenoBaTelbHO, ypaBHeHHE (16) MOXHO TTepenucaTh B BUIE

R G .
€*+8”£(§—y)2d§ 2o et +e) JF nlle - (20)

+%IK(I§—y|)F(5)d§=f(y), yelL,
e Uist Tnaakoro sapa K (é’ ) HMeeM BBIPOKCHUE
+ 2k2 . -\ 2
Pl K N PR G . (rk;)
1)

2(5 +¢& )
Pemenne runepcunryisspaoro ypaBaenus (20) OymeM nckaTh B Kinacce QyHKITAN
F (§ ), ¢ € L, cy)xeHue KOTOPhIX Ha OTPE3KH (aq,bq) UMeeT BUJ

F(§) zefay by =7, (98) (f—aq)(bq —f), g=1...m, (22)

rae Vq(f),fe[aq,bq] — wHenpepeiBHass 1o [empaepy ¢ynkumsa. [lpu sTom

BBITIOJTHAIOTCS yCIIOBUS MaiikcHepa Ha peOpe. Takum 00pa3om, THIIEPCHHTYISPHOE
ypaBHeHue (20) Ha cHCTeME OTPE3KOB CBOJIUTCA K CHCTEME THUIIEPCHUHTYIISTHBIX
ypaBHEHUI
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b

RN R
8++5_;j(§—y)

g

[ +7)e

2(5+ +57)2 z

(£-a,)(b,—£)dé+

£, (£)in(12 1) (F=ay ) 2 + )

+§1%pr,¢1 (f,y)Vq@) (é:_a‘f)(b‘i _g)dngq(y)’ ye(aq’bq)’ qg=1,m,

e f,(v)=7(»)
OTpe3Kax (aq,bq) Y UMECIOT BH/I:
K(e-5).  p=4q
Ko=) 1 0 (@)
Fa () e e )

ye(ag by)’ asgpa K, (5, y) SIBIISIFOTCS TTIQJAKUMU (QYHKIUSIMHA Ha

In(|& - y[)+K(jg -y

), P#q.

4. luckpeTHasi MaTeMaTH4YecKas MoJeIb
JluckperHas mMaremMaTHdecKash MOAENb 3aJadudl MOJydyUM W3 CHUCTEMBbl YpaBHEHHM
(23) ¢ moMomIBI0 KBaAPAaTypHBIX (POPMYJI HHTEPHOISALMOHHOTO Tuma. s sTtoro Ha

OTpE3Kax (aq ,bq ) BBOJATCA Y3JIOBBIC TOUKH

n n n ] . . .
Qq;’ =g, (zjq), tjq :cOSn—ﬂ', J=l..,n,-Lg=1...,m;
rae
b, — b, +
g, (L) (a,.b,):t> g (1) =2 2as {42 2as.

Bynem nckath dynkimn V, (£) B Buze monmHOMOB YeGbimesa BTOPOro poja mo

y371aM 0;]7,j=1,...,nq—1. I'magkoe smpo K, (f,y) TaKKe 3aMEHUM €ro

UHTEPIIONISIIMOHHBIM MTOJTMHOMOM YeObllieBa BTOPOro pojia MO0 TOW K€ CHCTEMe
y3noB.  Torma, mTpuMeHMB K  HWHTErpajaM  KBajpaTypHbie  (OPMYJIbI
UHTEPIONAIMOHHOTO THma [4], MBI CBEIEM CHCTEMYy THIEPCHHTYJISIPHBIX
WHTETPaIbHBIX ypaBHEHUH (23) K cHUCTeMe JWHEHHBIX anreOpandecKuX ypaBHEHHIA

OTHOCUTEIIBHO HEU3BECTHBIX 3HAYeHWH QyHkumii V, (5) B y3/aX HMHTEPHOJIALUH.

Pemast marnayto CJIAY, MBI ToTyYnM TpHOIMKEHABIE 3HAYCHUS UCKOMOU (YYHKIINH B
y3lmax wuHTepnoyiauuu. Hcmonb3ys 3aTeM MOCTPOCHHBIE IO JTHUM 3HAYCHUSIM
WHTEPIOJSIUOHHBIE TIOJMHOMBL, MOXHO TIONYYHTh NPUOIMKCHHbIE 3HAYCHHS
(hm3UUIeCcKNX XapaKTEPUCTHUK aHTEHHBI.
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5. Pe3yJbTaThbl YUCJIEHHOT0 IKCIIEPUMEHTA

Ilpy mnpoBeneHMM  YUCIEHHOTO  3KCIEPUMEHTa  CTPOWJIMCH  JHarpaMMbl
HaIpaBJICHHOCTH paccMaTpUBaeMOM IIOJIOCKOBOM aHTeHHBbI. Mcmonb3yss MeTox
cTauuoHapHol ¢asbl, u3 BoipakeHuit (7) u (13) momydaem cieayromiee BbIpaKEHHE
JUISL IUarpaMMbl HAMIPaBJICHHOCTH MOJIA B JalbHEH 30HE:

N
Ve'k W(\/g_+ksingo)cosgo J.F(f)e_"\/g—ksmwdf, —% <p< %, (24)
L

CI)(q)) = \/ﬁ
rae = ¢'r (4)
(4) ey (A)+ey" (ﬂ)cth[;/_(i)h} '

3amenss B (24) dyskuio F (§ ) WHTEPIOJSIIUOHHBIM TIOJHHOMOM, ITOCTPOSHHBIM

M0 3HA4YCHHS, MOJyuYeHHbIM mpu perieHuu CJIAY, Mbl mony4aeM NpUOJIMKCHHEIC
3HAYEHWSI [Tl TUarpaMMbl HaIlPaBIIEHHOCTH.

Ha pwc.2-7 n3o0pakeHbl TUarpaMMbl HAPaBICHHOCTH IS PEIISTKH, B CEUCHUH
npeAcTaBIsIonIel cO00H MPeIKaHTOPOBO MHOXKECTBO 4T0 mopsiaka. s Bcex ciydyaeB
0a30BBIll pasMep Ui MHOXECTBa paBeH 10 MM, TOJNIIWHA JUAIIEKTPUYSCKOM
MOJJIOKKH — 5 MM, a €€ OTHOCHTEIbHas NUIJICKTpPHYecKas MpoHHUIaeMocTh — 2.1
enUHUITBL. YacToTa U yroJ maieHus BOJHBI YKA3aHbI IS KaXKI0W TUarpaMMEl.

a 5 a

VAN

aY |
_f{/, \f} \/ ‘\\ _

=

OTHOCHMTENEHAA MOWHICTE Nona, 46
8
|
T

wron

Puc.2.9Yacmoma 30 I'Ty, yeon nadenus 0 °
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OTHOCKMTENEHRA MOWHOCTE NONA

OTHOCHMTENEHEA MOWHOCTE Nona, 46
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=40 Eill =3 1] 30 1] a0
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Puc.3. Yacmoma 30 I'Ty, yeon naoenus 45 °.
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-40 |

-6 — -
-an -60 -an 0 30 5] a0
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Puc.4. Yacmoma 40 I'Ty, yeon nadenus 0°
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OTHOCMTERNEHAA MOWHOCTE Nond, a6
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Puc.5. Yacmoma 40 I'Ty, yeon nadenus 45 °
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CIVWHHNIBI 3HAYCHUAX & TOJe CTPEMUTCA K HYJIO IpU YIJIC, CTPEMALICMCA K 90°

OTHOCMTENEHEA MOWHOCTE Nona, 46

Ha puc.8 wuzobpaxkeHo mnoBeneHue
HaNpaBJICHUS BIIONb TOJUIOKKH IPH 3HAYEHHUSIX OTHOCHTEIBHON IHANEKTPUIECKOM
oTpunareabHOCTH 6mu3kux K 1. Kak BUAHO M3 pECyHKa, IPYA Majo OTINYAIOIINXCA OT

3HAYUTCIBbHO

OTHOCHMTENEHSA MOWHOCTE Nona, ab

-40 4

MCEIJICHHEC,

-100

4em
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6. BbIBO/IbI U JajIbHelIIIee pa3BUTHE METO/AA

B nanHOll paboTe METOA IUCKPETHBIX OCOOGHHOCTEH OBLT MPHUMEHEH Ui
IIOCTPOEGHUSI ~ MaTeMaTH4ecKOW  Mozesu  3afauu  JUGpPakuuu  IJIOCKUX
MOHOXPOMAaTHYECKUX BOJIH HAa UJCAIBHO IPOBOASAIIECH NMPEIKAHTOPOBOM IOJIOCKOBOM
aHTEHHE, HAHECEHHOM Ha SKpaHMPOBAHHYIO TUAJIEKTPUUECKYIO MOUI0KKY. ITokaszaHo,
yro Meron d3(p¢dexTHBeH uid MomoOHOro poJa 3azady M IO3BOJSET I0JIydYaTh
pe3yibTaThl € JOCTaTOYHO TOYHOCTHIO IPH MCIIOJIb30BAHMM HEOOJBIIOrO 4YHCIA
YpaBHEHUH 1 BpEMEHHU BBIYMCIICHUNA. B Oivokaiiiem OyayiieM IJIaHUpyeTcs pa3BUThH
W3II0KEHHBIN TOAXOA Ul MOAEIHPOBAHMS MHOTOCIIOMHBIX PEIIETOYHBIX CTPYKTYD B
CIIONCTOH cpefe, a Takke A MOAENMPOBaHUS AUGPAaKUUU HA HEUAEAIbHO
MIPOBOJALINX PeUIeTKaxX U3 PE3UCTUBHBIX AMAICKTPUUECKUX M UMITEJAHCHBIX JICHT.
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On representation of a probabilistic finite-state automaton
as a composition of a Markov chain and a deterministic
finite-state automaton

S. M. Bogomolov, G. M. Zholtkevych
V. N. Karazin Kharkiv National University, Ukraine

Probabilistic finite-state machines such as probabilistic finite-state automata, Markov
chains and probabilistic suffix trees are used today in a wide amount of fields in
pattern recognition, or in fields to which pattern recognition is linked: computational
linguistics, bioinformatics and machine translation. In the present paper we formulate
a criterion for determining when a probabilistic finite-state automaton can be
represented as a composition of a Markov chain and a deterministic finite-state
automaton.

Introduction

Probabilistic finite-state machines such as probabilistic finite-state machines such
as probabilistic finite-state automata, hidden Markov models, Markov chains,
probabilistic suffix trees are used today in a wide amount of fields in pattern
recognition, or in fields to which pattern recognition is linked: computational
linguistics, bioinformatics and machine translation [1-4].

One of the most interesting and perspective research objects is a probabilistic
finite-state automaton (PFA). The characteristics of a finite-state deterministic
automaton (DFA) and a Markov chain (MC) are quite well studied. That’s why it
makes sense to try to reduce the investigation of a PFA to the investigation of the
behavior of these machines.

In the present paper we formulate a criterion for determining when a PFA can be
represented as a composition of a MC and a DFA.

Initial concepts

Let’s introduce a few definitions.

Definition 1

Probabilistic finite-state automaton (PFA) is a 5-tuple

M:(QMﬂzM’P’qOM’FM) (D
0,, — a finite set of states;

>, — a finite alphabet;

P — a mapping defining the transition probability function
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P:0Q,xZ,, x0,, >R"
R"={xeR|x>0}

(V(q',a) € QXZ)[ Z P(q.a,q")= 1)

q'Q
qoy — an initial state;

F,,— a set of admissive states.

Definition 2
Deterministic finite-state automaton (DFA) is a 5-tuple

D:(QD’ED’T’qOD’FD) )
O, — a finite set of states;
2 ,— a finite alphabet;

T — a mapping defining the transition function. For convenience we may consider
that T represents a transition graph between states.

T:0pxXp >0

qop — an initial state,

F,,— a set of admissive states.

So the main difference between a DFA and a PFA is their transition function.

Definition 3

Markov chain (MC) p is defined by a transition matrix:
Pu P - P

p= P:21 Py - p?m 3)
pml me o pmm

where p; is a probability of a transition from state g; to state g,
We may notice that defining matrix p means defining a function
p:0,x0, > R",p(4,,9,)=p;

O, — a finite set of states.

(v 20, ¥ #laa)- |

q"€0,

Definition 4
Let

(ql,al)z(qz,az),when (VCIEQ)(P(‘Ipal,Q):P(‘Iza%:‘l))-
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This relation is an equivalence relation. Hence, it breaks set U = {(q, a)eQx 2}
i=k
into equivalence classes U = U U, where
=1

U, = {(qi:ai ) eOxX| (V{(q’,a'),(q”,a”)} c Ui)((q',a') ~ (q,,,a,,))}

Definition 5
In order to consider a composition of automata we need that

(ZM =2 ZZ)A(QM =0p, =0, :Q)/\(FM =Fp :F)~
PFA (1) can be represented as a composition of DFA (2) and a MC (3) if such
functions T and 7 exist that (V (¢'a,q4") e OxEx Q)(P(q',a,q") = ﬂ(T(q’,a),q”)).

Main part

Lemma
If PFA M is a composition of MC 7 and DFA D, then for T the following

relationship holds true:
(v{(qlaal)a(qzaaz)c OxX,(q,a)# (anaz)})

(T(ql,al)=T(q2,a2):(q1,al)z(qz,az))
O
Assume the contrary:

(3{(q1,@):(42.0,) € Ox Z.(gy.4) #(9,,4,)})
(7(q2)=T (22,0 ) A (g1,4) = (4, 4))

Let T(q.a,)=T(qg,.a,)=¢".

(9,,a)) = (q,,a,) = (Elq" S Q)(P(ql,al,q") # P(qz,az,q”)) *)

P’ =P(q1,a1,q")=7r(T(q1,al),q”) =7(q'.q")

P”=P(Qz»azvq’,)zﬂ(T(‘lz’az)’qﬂ) =7z'(q’,q")
We obtain that P’ = P". However, according to (*) P'= P".

We have a contradiction.
[ ]

Let’s consider the following bipartite graph G =<V, E >: 4
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=U
o
X

uY
{(x,y eXxY}

&SN
Il

Theorem (criterion for determining when a PFA can be represented as a
composition of a MC and a DFA)
A PFA (1) may be represented as a composition of a DFA (2) and a MC (3) if and

only if a matching of the graph (4) exists which contains |X | edges.
O

1. (Necessity)
By hypothesis PFA M is represented as a composition of DFA D and MC 7.

Let Wz{(Ui,T(q,a)) U, € U,(q,a)eUi}.

Then W is a desired matching,
since

DW= X
2) (Vg€ Q)((3U, U :(U,,q) e W)= (3WU, €U |(U,,q) e W)).
Let us assume the contrary.

Then  (Jge Q)(HU,. eUA3U, eU|U,=U,(U,.q)eW,(U,.q)e W).

J
From the definition of W we may conclude that
(El(q',a') eU,,3(q".a") e U, )(T(q',a') =gAT(q"a")= q) .
Using Lemma we obtain that (¢',a") = (g",a") but U, # U, .

We reach a contradiction.

2. (Sufficiency)
Let W = {(U i qi')}lzllx‘ be a matching which consists of |X | edges.

i=

U, ={(g0)<0x2|(v{(¢"a").(¢"a")} U, )((g".a") = (".a"))]
Let (Vie[1,|X|])(V(q,a)eU,.)(T(q,a)zq'),
IZ'(q' ,,):{”(T(qi’ai)’q"):P(qi’ai’q")lf(zl(Ui’q,)eW’(qi’ai)EUi)

b

0 otherwise

14

Therefore, from the construction follows P (q’, a, q”) =1 (T (q’, a) ,q ) .
[ |
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Corollary

A PFA (1) may be represented as a composition of a DFA (2) and a MC (3) if and
only if |U| S|Q|.

|

It is obvious that the matching of the graph (4) which consists of |X | edges exists
if and only if |U| < |Q|

|

It is also interesting to consider a question: how many ways are there to represent a
PFA as a composition of a DFA and a MC?
Theorem

If a PFA (1) may be represented as a composition of a DFA (2) and a MC (3) then
there are 48‘ ways to do this.

|

From the construction of the graph (4) one can easily see that there are 4‘5“

matchings.
|

Now examine an example.
Let us consider a PFA shown in Fig. 1. In this case |U | =4,

0|=5.So |0|>|U]

and we may conclude that this PFA can be represented as a composition of a DFA and

a MC.
States af DFA
e c, 1.0

N

«—o——

b, 0.6
State 0,
. symbol b » State 0
a, 1.0
a, 1.0 State 1,
E symbol ‘&’
> State 2,
I a, 1.0 symbol ‘2’ > State 1
2 P 4 State 3,
o 4 symbol 'a’
7, State 4,
Fig. 1 Example of a PFA
Other states > State 3
State 4

Fig. 2 Correspondence between équivalence
classes U and states of a DFA
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Let us find 7 and 7. In order to do this we need to set up a correspondence
between equivalence classes U and states of a DFA. The example of such a
correspondence is shown in Fig. 2.

Table 1. Matrix T

nput symbol
State d a b ¢
0 3 0 3
1 1 3 3
2 1 3 3
3 1 3 3
4 3 3 2
Table 2. Matrix &
State
State 0 1 2 3 4
0 0 0 0 0 0.4
1 0 0 0 0 1.0
2 0 0 0 0 1.0
3 0 0.6 0 0 0
4 0 0 0 0 0

Using a few examples let us examine if the found values of functions 7 and
7 satisfy definition 5:

P(%,b,‘h):P(T(‘Iosb)s‘h):P(‘Io’q4):0-4
P(%ab’%)zP(T(%vb)’ql)ZP(‘13=‘11)=O'6
P(qlaa’q4):P(T(ql,a)’CI4):P(CI1’q4)=1‘0

Summary
The theorem proved in this paper gives a desired criterion for determining when a
PFA can be represented as a composition of a MC and a DFA
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[IpencraBiienre 0ObEKTOB M 3HAHUH B HH(POPMAITMOHHOM cpejie
«Cucrtema ananmsza GopM OTIYECTHOCTH

C. H. boromomnos, Axman Mopaxuwm, [1. A. Bamenko
Xapvxosckuii Hayuonanvhwlil ynusepcumem um. B.H. Kapasuna, Ykpauna

The algorithm of performance of the arbitrary form of the reporting by the way
systems of trees is offered. Is considered frames performance of the making forms of
the reporting. The algorithm of creation of the production rules in to the «System of
the analysis of the forms of the reportingy is given.

1. BBenenne

Co3panue u dKcIutyatanus (opM OTYETHOCTH, aleKBaTHO M IOJIHO OTPasKaroIlnX
COLIMAJIbHO-3KOHOMHUECKYIO0 AEHCTBUTEIBHOCTh, — 3TO IpoOsieMa, KOTOpas BCerzaa
ABIISETCSl AKTyaJIbHOW HJIsl TPEANpUATHH, ydupekIeHHH 000l cTpaHbl. DopMbl
oryetHOCTH (PO) MOCTOSHHO COBEPIICHCTBYIOTCS, MPUOIIIKASICH K MEXKIyHAPOAHBIM
crarnaprtam [1, 2]. Ilpobrema 3axnrodaeTcsi B 00€CIIEYeHUH BO3MOKHOCTH BBISIBIICHHS
HarpaBlieHHH 1MOJ00HOTO coBeplieHCTBOBaHMs. OHO M3 HANpaBleHUH ee pelieHHs
COCTOUT B MOCTPOEHUHU U HCIIOJIB30BAaHUHM COOTBETCTBYIOLIETO MHCTpyMeHTapus. [lo
HalleMy MHEHHIO, OH JOJDKEH BKJIIOYaTh B CeOsl:

AQHAJIMTUYECKYI0 COCTaBJIIOLIYI0, Ha3sHAYEHUE KOTOPOH — OOECIEUHTh aHaIW3
aJIeKBaTHOCTH U MOJTHOTHI OTpakeHUs1 HHpopMarmu, npeacrasieHHol B OO;

MHPOPMAOHHO-MaTEMAaTHUECKYIO0 COCTABIISIONIYIO, KOTOPasl TIO3BOJISIET CUCTEMY
ucIoyb3yeMbrx B @O mokasareneii MpeacTaBuTh B BUIE MH(OOPMAITHOHHEBIX ((ppeiiMb)
U MaTeMaTHYeCKHX OOBEKTOB (JIeC NIEPeBBEB), XpPaHUMBIX Ha (H3MYECKOM YpPOBHE
CITHCKOM;

rpadudeckyro  cocTaBisiomyro  (pemaktop  rpadoB),  00ecnednBarolyro
BH3YyaJTN3aINI0 MHGOPMAIMOHHBIX TipencraBieHuit @O.

B 1memom Takoil WHCTpyMEHTapui MOXET XapaKTepHU30BaThCs KaK CHCTEMa
nonaepkku  npuHsaTus pemenndd  (CIIIIP), opueHTMpOBaHHasT Ha aHaNMU3 W
npoexkTupoBaHue (opm ordeTHocTH. B cTaree paccmarpuBaeTcs MOAXOA K
agroputMmm3anuu  npenactarieHnsi OO B BUAEC CIOHCKOB, a Takke (HPEeHMOBBII
MHCTpYMeHTapuii, oOecrieunBaomuii OpMUPOBAHHE TPABUII BBIBOA.

2. AHaaM3 JOCTHKEHUNl W NyOJUKAIMA 1O TeMe MCCJAeJ0BAHMSA JTaHHOI
npooJieMbl.

DO comepkaT CONUATHHO-DKOHOMHUYECKYI0 HMH(OPMAILIO, OPraHU30BaHHYIO
CIIeITHaIbHBIM 00pa3oM. B HHX KOJWYECTBEHHO OTpakeHa ¢oTorpadus cyObekra
XO3SUCTBCHHON ACSITEILHOCTH 3a OMpeNeieHHbIN mepuoa. OT KadecTBa M MOTHOTHI
WHGOPMAIIMOHHOTO TIPEJICTABIICHHS 3aBUCHUT MPABWIIBHOCTh BOCTIPUSTHS U Ka4eCTBO
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BBIBOJIOB M MPUHUMACMBIX PEIICHHIA BBIIMICCTOAIMMYE OpraHaMy yrpamieHus |[1,
c.184; 2, c. 27].

Anamutndeckas cocrapisromas CIITIP — 3To HaumeHee GpopMann30BaHHBIA OJIOK,
UCHOJB3YIOIMUNA  MH(OOPMAIMOHHBIE  NPEACTAaBICHUS W3  MHPOPMAIMOHHO-
MaTemaTtuiyeckoro Oioka. PaccMoTpuMm moapoOHee CyIIeCTBYIOIIUE MOIXOIBI K
rpadOBBIM MPEICTABICHUSM HHPOPMAIIHY.

[Toxg rpadomoil BU3yanm3amuell IMOHUMAIOT TaKoe TMPEACTABICHUE CIIOKHOMN
CTPYKTYpPBI, KOTOpO€ HU300pa)kacTcsi, HampuMmep, B BHUIE Habopa ToudeK (BEpIIUH
rpada) ®W CHCTEMBI CBS3el MeXIy HHMH (Iyr-OpHEHTUPOBAaHHBIX pedep).
ABTOMAaTH3aIMs CUCTEM BH3yaTM3aIMH TPOUCXOIUT B IBYX HaNpaBIICHUAX [5, c.414].
[TepBoe HampaBcHHE CBA3aHO CO CICIHMATH3AIMCH, OPUSHTUPOBAHHOM Ha rpad)oBbIC
MOJICIM C ONpEJCIICHHOW CEeMaHTHKOW U Tomoyiorueli. BTopoe mpencraBieHo
YHUBEPCATBHBIME cHUCTeMaMHu 00paboTku TpadoBbix Mopeneit. [Ipumepamu moryT
CIyXuTh Tnporpammel Graph, VIZ u z[p.l. Jns Hamumx 1eneil BaXXHbIM IIpHU
M300paKCHUU HMepapXU4ecKoil rpadoBOil MOJETU NPEACTABISCTCS BO3MOKHOCTD
HATJISTHOTO TIPEICTaBIEHUS CBOWCTB, KOTOPBIE MOTYT OBITh CBSI3aHBI C IBOMCTBEHHOM
poibio  (pparmMeHTa (CBOMCTBA THIA «4YacTb-IieJoe»). MHade TOBOpS, B OIHOM
CUTyaIuu (PparMeHT MOXET OBITh Tpad)oM, B IPYTOi — BEPIIUHOM.

[pencrasnsercs aKTyallbHOU pa3paboTka aJICKBaTHBIX METO/IOB
HH()OPMAITIOHHOTO MOJCITMPOBAHUS MPEAMETHON 00JIACTH CHCTEMBI aHanm3a (HopMm
OTYETHOCTH C TIOMOIIBIO TEOPUH (PpeiiMOB.

Hecmorpst Ha Hanmu4ume OOJIBIIOrO KOJNWYECTBA MPUIOKCHUN KOHIICTIUU QpeiiMOoB
K peIIeHHI0 3a7lad HMCKYCCTBEHHOTO WHTEIIEKTa W, B YACTHOCTH, K DKCIIEPTHBIM
cuctemMaM, (popMabHOTO ompeaesieHus dpeiimMa He cymecTByer [6, ¢. 113]. B ocHOBY
KOKJIOH M3 CHUCTEM UCKYCCTBEHHOTO WHTEIUICKTa 3aKJIaJBIBAIOT COOCTBEHHYIO
WHGOPMAIIMOHHYI0  CTPYKTYpy [UIsl peanu3anuu  0a30oBeIX KoHIemuii. OHa
Oasupyercs Ha MPEACTABICHWH 3HAHWHA C TOMOIIBIO (periMoBoit mMomemn. OmHAKO
MOAXOMBI, CXONMHBIE C (PEHMOBON MOJENbIO, pa3BUBAlOTCA. Ecin OO0OBEIWMHHUTH
KOHIICMIIMI0 (PEHMOB C YKa3aHHBIMH MOIXOJaMH, TO MOXHO pPa3paboTaTh
3aKOHYEHHYIO TEOPHIO MOCTPOeHHs] WH()OPMAITMOHHBIX MOJENEl, COOTBETCTBYIOIIIX
MPEeIMETHOMN 00J1acTH cucTeMbl aHanu3a ¢popm otuetHocTd (CADO).

TpyAHOCTBIO TPEACTABICHUS 3HAHWUN W s3bIKa (PPEHMOB SBISIETCS OTCYTCTBHUE
(opManpHON ceMaHTHKH. JTO 3aTPyAHSET CpaBHEHHE CBOWCTB IIPEACTABICHHS
3HAaHWN pa3IMYHBIX S3BIKOB (PpeiiMOB, a TakKe IONHOE JIOTHYECKOEe OOBSICHEHWE
a3bIKa (hpeiiMoB.

Llenpro HACTOSIIEH CTATBbU SBISIETCS MCCIIETOBAHIE BO3MOXKHOCTU TPEACTABICHHS
at06oti GopMBI  OTUETHOCTH (HOKYMEHTa) (QpPEHMOBBIMH KOHCTPYKIHUSAMH  JUIS
nojiydeHus: MHQOPMAIMU O KavecTBE, KaKk camMod (OpMBI OTYCTHOCTH, TaK H O
TOYHOCTH (0€30IMUO0YHOCTH) e 3aNOTHCHHUS.

Hns momenu npenctaBnenuss 3HaHud B CA®O mnpennaraeTcsi HCHOJIB30BAThH
pOXyKIIMOHHO-(hperiMoBEIi (popMmanusm [6, c. 235-269; 7, c. 324-330; §, c. 68-75].
BriGop u paspaboTka Takoil THOPUIHOW MOJEIM TPEACTABICHHS 3HAHWA ObLTH
OCYIIECTBJICHBI B pe3yjbTaTe UCCIeA0BaHUS 00BheKTa ((POPMBI OTYETHOCTH), aHAIH3A

http://www.math.nsc.ru/LBRT/k3/Graph/Instruc.html
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COCTaBa W Xapakrepa 3alad OLEHKH >(PQPEKTHBHOCTH (MHPOPMATHBHOCTH) (GopM
otuetHocTH (DO) [3, 4].

3. ITocTanoBka 3aga4u
3ajaya COCTOMT, BO-NIEPBBIX, B TIOCTPOGHHH aJTrOPUTMa, PpEaATU3YIOLIETO
npeobpazoBanue npencrapiaeHuss @O Kak 4acTy 3JIEKTPOHHON TaOJIUIIBI C aAPECOM
<azpec_HayaabHOIO CTOJIOIA ajpec HadaabHOM CTPOKH :
aJipec_TOCIeTHer0_CTOJIONa aJpec MocleIHe CTPOK™>
B Buie Habopa cnouckoB. KaXnplii 31eMEHT chnucka — 3TO BETBb JEpeBa,
accollMMpOBaHHAs ¢ IOKa3aTeneM. [lokasarereM B IaHHOW CHUTyallMd BBICTYHAeT
uHGOpMAIIMOHHAS €IUHHIIA, COCTOSAIIAs U3 Habopa PEKBU3UTOB-NPU3HAKOB M OJIHOTO
PEKBU3UTA-OCHOBaHMs. Bo-BTOphIX, B pa3zpaboTke (peliMoBBIX KoHcTpykuuin PO,
OPHECHTHPOBAHHBIX HA TONydeHHe nHpopMauu o KadecTBe kak camoit ®O, Tak u o
TOYHOCTH (0€30MHMO0YHOCTH) €€ 3aI0THEHHS.

3. OcHOBHOI1 MaTepua

®dopMa OTYECTHOCTH TPEACTABISICT COOOW ITOKYMEHT, COIEp)Kalluii 3arojioBOK,
teno (tabmuiy) @O U 3aKITIOUUTENBHYIO YacTh, KOTOpasl MpEACTaBiIeHa aTpuOyTaMH
PYKOBOJMTENS W JIMIA, OTBEYaroIiero 3a mnoAarotroBky @®O (rnmaBHBIA Oyxranrep,
HaYJaJIbHUK TJIaHOBO-(DMHAHCOBOTO OTAeNa U T.I1.). @O MOKeT OBITh NMPEACTaBICHA Ha
OyMa)KHOM HOCHUTEJIEC U B 3JIEKTPOHHOM BHU/IE (B DJIEKTPOHHOU TaOIHUIIE).

Kak o0bekT asmextponHOW Tabmuiel @O mpencraBiseT co00M COBOKYITHOCTb
sueek. HekoTopeie n3 HUX 00BETMHEHBI.

[TockombpKy TIpenronaraeTcss aHamu3mpoBaTh JoOyio DO (W3  cocrama
JICHCTBYIOIINX ), TO CYUTAEM, YTO CTPYKTypa MOJyIexkariero (BKIYasi Yucio CTPOK) U
CTPYKTypa CKa3zyemoro (BKJIFOYash YHCIIO CTOJOIIOB) 3apaHee HeW3BeCTHHL. Hammume
0JI0Ka 00BbETMHEHHBIX STUCEK YIUTHIBACTCS aPECOM €T0 JICBOW BEpXHEH STUCHKH.

Paccmotrpum  ¢opMaTel M CTPYKTYpPHl  JAHHBIX, HCIONB3YEMBIX  IpPHU
AITOPUTMH3AIMHA U MPOrPAMMUPOBAHUY 33Ja4d TIOCTPOCHHS Jieca JIEPEeBbEB (HOPMBI
OTYETHOCTH.

[To comepxanmio PO ee aHanMM3 MOXKET OBITH BEHINIOJHEH KaK IO OTACIBHBIM
siuefikaM, TaK M 110 COBOKYITHOCTSIM CBSI3aHHBIX sUeeK. [Ipy 3TOM MOTYT YYHUTHIBATHCS
HE TOJIBKO CTPOKH M CTOJOIIBI, HO M UX YaCTH.

Hapsiny co cranmapTasiM HabopoM (opMaToB sdeek, MPeayCMOTPEHHBIX B Excel,
JAHHBIA TMOAX0J TPeOyeT HCIIOJIb30BaHUS HECKOJBKHX (OpPMATOB MOJIB30BATENS,
KOTOPBIE YYUTHIBAIN OBl TAKWE OCOOCHHOCTH KaK HE3aIlOHAEMOCTD, ITyCTOTa SYeeK U
np.

[Tonydaronuecs B pe3ysbTaTe NPUMEHEHHUS aJTOPUTMA CBSI3bIBAHUS SIUEEK CIUCKHU
€CTECTBEHHBIM O00pa3oM MOTYT OBITh OOBEIUHEHBI B TPYIIBl IO CMBICIOBBIM
kpuTepusiM. COBOKYITHOCTh CIIUCKOB OJTHO3HAYHO XapaKTEPU3YeT JIeC IePEBhEB.

Chopmymupyem jgeTambHee TpeOOBaHWS K aIroOpuTMaM ¥ IPOrPAMMHOMY
obecneuenuto (I10), ucronbzyembiM aiis anamuza ©O.

I1O momxHO 0OecnieunBaTh CIEAYIONINE BOSMOKHOCTH:

JIOOABIIATH CBA3H MEXAY ABYMS SUeHKaMH (B HAIIEH TEPMHHOJIOTHHN: BEPITUHAMH);

pelaKTHPOBATh aTPUOYTHI (ITOIB30BATENLCKUE (POPMATHI) STUCEK;

MPOCMATPUBATh CIIUCOK MyTEH, HAUMHAIONIUXCS B JIAHHOW BEPIIUHE.
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JoGaBieHre BepIInH: Mocie ABYX MOCIeI0BATEeIbHBIX IIETYKOB M0 ABYM S4YeiKam
JOJDKHA JOOABISATHCS CBSI3b MEXKIy BEPIIMHAMH, COOTBETCTBYIOIINM 3THUM STYEHKaM.

Pe3ympraToM Takmx IEeHCTBUN JOHKHO OBITH JIEPEBO, MOKA3BIBAIOIIECEe OTHOMICHUS
MEX]Ty BepIIMHAMHU.

PenaktupoBanue atpuOyTOB siueeK: U KKIOH sueiiku HeoOxoaumo, uto0sl 110
MO3BOJISUIO  M3MEHSTh  aTpUOYThl BEPIIMHBI  (HampuMmep, BEpIIMHA  MOXKET
COOTBETCTBOBATH ITyCTOM sTueiike, sUciike, comepkameil YICIo WA TEKCT).

IMpocMoTp crmcka myTei: HEOOXOAWMO, YTOOBI MPOTrpaMMa MOTJa TEepPEeYHCISITh
My TH, HAYWHAIOIIKeECs B TpeOyeMol suelike (T.e, COOCTBEHHO, CTPOUTH JIEPEBO MyTeH ).

ABTOpamu paspaboTaHa HajacTpoWka Ham Excel, peamm3yromas yka3aHHBIC
TpeOOBaHMS.

Pemenue BTOpo# o3a1a4l COCTOUT B CIEAYIOILIEM.

AHanornyHo [8] mpeanaraercs TpeXypoBHEBas CTPYKTYpa MOZIEIH MPEICTaBICHUS
3Hanuii (MII3). IlepBbiM (HmkHUM) ypoBHeM MII3 BeicTymaer moaens mupa CADO,
B KOTOPOM OTpaXEHBl JEKIapaTUBHBIC, DKCTCHCHOHAJbHBIE W (PAKTONOTHYECKHE
3HaHWS OTHOCHTENBHO TMpoOieMHOW oOnacth (ams0oM  (OpM  OTYETHOCTH),
MTOJIB30BATEIIAX CUCTEMBI (paOOTHUKAX OyXTralTepuil, INIAHOBO-(GHUHAHCOBBIX OTIIEIIOB
U IPYTUX CIYKO MPEeANpUsATHA, OpraHu3aiuid, GupM). Bo3aMOKHOCT UCTIONBE30BaHMUS
¢pelimoBoro Qopmanu3mMa B TpeACTaBICHWH 3HaHMKH B Monxenn wmupa CADO
BEIpO)KEHA B TOM, YTO BepOanbHBIC 3HAHUS TPYII MpodeccrHoHaIoB (IKCIEPTOB) O
CTPYKType ¥ CTPOEGHHUH TIPEAMETHOM 00JacTH JIOMyCKalOT HepapXUUecKoe,
B3aUMOCBSI3aHHOE, BJIO)KEHHOE oncanue (mpumep OyIeT pacCMOTpPEH HUXKE).

Bropoii (cpemnmii) yposenr MII3 mpencraBnen 6azoii mpaBun (BII), B xotopoit
OTpaXeHBl 3HAHWA TPOLEAYPATFHOTO W HMHTEHCHOHAIBHOTO XapakTepa (METOAHMKH
3anmonHenust PO, xapakrepHsle omMOKK U Ap. nHPopmanus). baza mpasun nomwkHa
OBITH CTPYKTYPHpPOBaHA B OJHO3HAYHOM COOTBETCTBHH C COCTaBOM NpPEIMETHOM
obmactu (pasaenoB ®O) u momycKaeT MPeACTaBIeHNE B BUIE COBOKYITHOCTH ITaKETOB
TIPaBUJI, ABJISIONIUXCSA HE3aBUCUMBIMHU MPOAYKIIMOHHBIMHA CHCTEMAaMHU.

Haxonen, tperuii (Bepxuuii) ypoBenb MII3 coxmepxkutr wmerazHanus. OHH
OTpaXkaloT COOCTBEHHO Xapakrep H CTpykTypy 3Hanmii CADO. Merampasmia
MO3BOJISIIOT OCYIIECTBIATh KOOPAMHALIMIO paboThl C¢ makeramu mpasun B bBIL
MetazHaHHs O3BOJISAIOT 00JEr4arh MPOLECChl CO3IaHMs, OTJIAAKH U MOANCPKaHHS B
aKkTyainsHOM coctostHuH 0a3wl 3HaHu# (b3) mist nmpenmerHoit obmactu CADO.

[Ipennaraercs onpenenuts MII3 geTBepKoit

B=<F,RM,I>,
rne F — wmomens wmmpa CADO, mnpencTaBieHHas MHOXKECTBOM (peiiMoB
(F={f,1i=1.,2})

R — 6a3a npaBu;

M — COBOKYNHOCTb METa3HAHUN;

I — MexaHU3M BBIBOJA.

Kaxxpprit peiim £, onpenensercs kak napa:

1
fi = <N/, 8>,
rne N/ — nms ppeiiva f; ;

S/ — cnoter dpeiiva f; .
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Cnotel dpeiiMa f; npeacTaBleHbl MHOKECTBOM
fo_ fiy 7 —
S =408, =1 ..,J}.

Kaxnprit cnot — 310 Tpoiika:
Sl =<tli v/, Ul >,
rae Lf , — MM CJIOTa S/fl ;
ij" , — 3Ha4YeHUE cliota S 'jf" ;

Ujfl — BCJIMYUHA JOCTOBEPHOCTH 3HAYCHUA CJIOTA Sfl .
baza MMpaBuWJI MPEACTABJICHA MHOKECTBOM IMAKECTOB IMPABUJI
R=@) k=1 .,K.

Kaxnoe IIpaBUIO 7; — 3TO IITCPKa
r r r r r
1, =<Ng, A4,K, , W, E >,

rae N, — UM IpaBuna 7 ;
A, — aHTeLeJeHT NpaBuia 7 ;
K| — KOHCEKBEHT MpaBuia 7 ;

W, — Bec mpaBuia 7 ;

E; — TpakToBKa (MHTEpIpeTalys, 00bICHCHUE) IIPABHJIA 7} .
AHTELEAEHT NPaBUiIa ¥, — 3TO YNOPAAOUEHHOE MHOXKECTBO
r 1y
L ={(4F),m=1,., M},

rae A* — ycIOBHBII QIEMEHT aHTCLICHICHTA.
KoncekBeHT IpaBuia 7; — 3TO YHOPAAOYCHHOC MHOXKECTBO

Kp = {(Kf),n =1, ... N},

T o o
rae Knk — ACUCTBUA B IIPABOU YaCTH IIpaBUJIa.

Merta3HaHus — 3TO rnapa
M = <Dm, P" >,
rac Dm — ACKJIApAaTUBHBIC MCTA3HAHUS

P™ — mponemypanbHbIC METa3HAHWS.
JlexnapaTHBHbBIC METa3HAHUS — 3TO MHOXKECTBO
m m
D" = {(Fp ), p=1.., P},

rIe Fp'" — Metadpeiim.
IpomuenypaabHbIe METa3HAHMS — 9TO MHOKECTBO
P" ={(P"),s =1,..S},

rae P — MerampaBuio.
MexaHu3M BBIBOJIa — 3TO MHOKECTBO CIIOCOOOB PacCy KIeHHIT
I={,)r=1.,R},
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rae I, —cnocob paccyskaeHU.

TpexypoBueBasi ctpykrypa CADPO moxer OwbTh mpencraBieHa puc. 1 (cp. ¢
puc.11.2 m3 [8, c. 327]).

Ha puc. 1 npusenen ¢parment b3 u3z CA®DO. IlepBbiii ypoBeHb, KaK OTMEYEHO

BBIIIIE, COACPKUT 3HaHuUs O cTpykrype CA®DO, wuHAMBUAyaAbHBIE MOJACIH
MOJIb30BaTeNel, COBOKYITHOCTh peIIaeMbIX 3a7ad © JAPYyrylo HH(OpMAIHIO.
O6bektamu  Momemn Mupa CADO saBmAOTCS (POPMBI  OTUETHOCTH, JTOKYMEHTBI
TaOJMYHOTO THIA, KOTOPbIE NpPEICTAaBIeHbI B BHIE BIOXKEHHBIX (peiimMoB. B mux
cioTax copepkurcss uHGopManus GakTorpadhudeckoro u MpoIeypHOTO XapakTepa,
OTMHCHIBarOIIasi 00bEeKThI. OOBIYHO HECKOJIHKO HAYANBHBIX CJIOTOB (a MHOTNA W BCE)
HUMEIOT KECTKO 3aKPEMJIeHHYI0 CeMaHTHKY. C MOMOIIBI0O HEKOTOPHIX CIOTOB MOKHO
IPHUJIAThH KOHKPETHYIO CMBICIIOBYIO XapaKTePUCTUKY (MHTEpIpEeTALHIO)
cocTaBIsIOMuX TMpeametrHoit obnactu. s @O — 310, B OCHOBHOM, APECBOBHIIHEIC,
uepapxuyecKkre, poJOBUIOBBIE OTHOIICHHS MEXIY 00bEKTaMH.
PaccMoTpuM KOHKpeTHBIH mpuMep cTpyKTypbl 0a3bl 3HaHui CAPO OTHOCHTENBEHO
neiictytomieit @O «byxranrepcknii 6amanc (Popma otueTHocTH Ne 1)». [Tockonbky
CTpyKTypa aHammsupyemord @O sBIIeTCS THUIOBOW, HOCTATOYHO PACCMOTPETH JIUIIH
HEKOTOPBIE €€ pa3/iebl.

TRE—— | Pl yposere — |

s Merasmanma ! METATIPEEITA, i
; i meTadpefiver |

: VT Maypoem— b

i =  BasampaEmm M| TIAKETEL |
: b e T |

i I — tpeit

1| Mogems npapa CATO - i Tl i

Puc. 1. Cmpyxmypa 6aswer snanuii CADPO

®parment peanuzanuu b3 CAPO npencrasneH Ha puc. 2. Ha Hem mpezacraBieH
pazmen «AxtuB» «byxrantepckoro OamaHca» W 4YacTh pazjiena  «AKTUB» —
«HeobopoTHble akTuBB. C LENpI0 KOHKpeTH3anuu 0a3bl mpaBmil B «HeoOopoTHBIX
aKTWBax» mperacTaBileHsl «OCHOBHBIE CpEACTBa», cocrosimue u3 «OcTaTodHoi
crouMocTny, «HauansHo#l crouMoctu» u «M3Hoca». Bee 3anucu oTHOCATCS K Havainy
OTUYETHOTO IEePUoAa.

Omuoit n3 3amady CADPO sBisieTcsl HHTSIICKTyIBHBIH KOHTPOJIL TMPABMIIBHOCTH
(xoppektrocTn) 3anonuenus @O. Ero cyTh, Hanmpumep, MOKET COCTOSTh B CUCTEMHOM
MPOBEPKe MpaBWIbHOCTH 3armonHeHuss @O u pacueroB. B Hamem ciaydae TpeOyercs
MIPOBEPUTH BHIIOJHEHUE COOTHOILICHHUS:

OcraTtounas croumoctb = HauansHas croumocts — U3HOC. (D
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MMogems
MHpE
CADOD
B Il
e ) %3 TIPAEL ETASHANHA
AKTHE ;’* ;
;‘ : [Tparsmno 1 ki EE.]'JHl
L Heofio- | | 7 /F 8 e ke ﬁﬁz
poteete | |f 7 B | | Mpassmo
aTHER | [ F g | | mPORyRIM 2 g™
! = 0
i il ey
I 3 i [Ipaerno b peftcreme 1)
2 | | meoRmm: L I e cTEse 2
OB | | O | | Appecaee Wi neftereme A
CREACTER: | [ CCBLTKH . | | ABTOD 2HAMMA
Ccra- "k\ LN ] L LN ]
TOMHAA
CTOH-
MOCTE
Hasmmne-
Had CTOH-
MOCTE
Hamoc

Puc. 2. ®paemenm peanuzayuu 53 CADPO

HHTENNeKTyalbHOCT KOHTPOJs IpaBwibHOCTH 3amoiHeHuss PO cocrout B
npenocraBieHnd CADQO BO3MOXXHBIX NMPUYMH HEBBINOIHEHHS COOTHomIeHus (1) u
BbIlaye pexKoMeHianuit o HCIIPABJICHUIO. CoBOKYITHOCTB TIPaBUII
MHTEJUIEKTYJIBHOTO KOHTPOJISI MOXET BBIIVIAETH CIEAYIOIUM 00pa3oM (B JaHHOM

ciIydae TpesmnoiiaraeM eTMHCTBEeHHOCTS (1) B @O):

Ecnu cootnomenue (1) uctuaHO, octaHoBUThCS. MHadve:

1. IlpoBeputs mpaBmibHOCTE Qopmynsl (1). Ecnu ona BepHa, mepeiitn k m. 2.
MHave pekoMeHJ0BaTh €€ UCTIPABUTh U 3aTeM NepelTH K 1. 1.

2. TpoBeputh npaBUIBHOCTH (opMHpOBaHUs 3amucu «HauambHas CTOMMOCTBY
(Hebetr cuera 10). Ecnm 3ammch BepHa, mepeiitn k 1m.3. MHaue pexoMeHIOBaTh
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MOJIb30BATENI0 BBHIMOIHUTE HEOOXOIUMbIE UcmpaBieHus. [locie KOppeKTHPOBKH
NEepenTH K 11.2.

3. IlpoBeputh mpaBHUIBHOCTH (GopMupoBaHus 3amucu «M3Hoc» (Kpemut cuera
131). Ecnu 3anuch BepHa, mepeitu K m.4. MHaue pekoMeHIOBaTh IOJIb30BATEINIO
BBIITOJTHUTH HEOOXOAMMBIE HcIipaBieHus. [locie KOppeKTUPOBKY MEPENTH K 11.3.

4. Brigath 3aKioueHNe O BHITTOJHEHHBIX N3MEHEHUSIX U OCTAaHOBUTHCS.

3amMeTHM, 9TO MHOTOKpaTHas IpoBepka B M. 1-3 HeoOxXomuma IS 3allUTHI OT
MOBTOPHBIX OLIHOOK.

Wneonorus paccMOTPEHHOTO alTOPUTMa MOXKET OBITh JIETKO paclpoCTpaHEeHa Ha
Bcto @O «byxranrepckuii 6ananc (Gpopma oraeTrHOCTH Ne 1),

Ha ocHoBe anroputMa BBOAATCA NPEAUKATHI, COCTOSHUSIM U JEHCTBUIM
KOHTPOJIUPYIOIIETO  QJIrOpUTMa,  (QOPMYJIHPYIOTCS ~ TpaBWia  BbIBOAA U
CTaHIApTU3YIOTCSA. B pesymbraTte o0Opa3yercs MeXaHHW3M JIOTHYECKOTO BBIBOJA,
KOTOPBIA MOXeET ObITh MCHojb30BaH B CADO B KauecTBE MHCTPYMEHTApHs ayauTa
@O.

5. BbIBOAbI 1O [JAAaHHOMY HCCJEJOBAHUI0 U MEPCHEKTUBBI JAJbHeHIIUX
HuccjIeJ0BaAHU B JAHHOM HANPABJIEHUM.

[IpoBenenHoe HcciaeaOBaHME MOKAa3ajd0 BO3MOXKHOCTH aBTOMATH3ALMHU TPOLEAYP
ayauta GopM OTYETHOCTH B JIBYX HANPABICHUSAX: ayAUT MPABHILHOCTH 3aITOJTHCHHS U
KoppektHocTH ToctpoeHus @®O. [lanpHeiue Imard HMCCACIOBaHHS MOTYT OBITh
BBITIOJIHEHBI B HANIPABICHUU CO3JaHUS MPOLIETYP UHTEIUICKTYaIbHOI'O PACIIO3HABAHUS
DO Kax Mo COAEPKAHUIO, TAK U 110 O)OPMIICHHIO.
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BicHuk XapKiBCbKOT0 HaIlIOHAJIBHOTO YHIBEPCUTETY

Cepist «MaremariuHe MozeIoBaHHs. [HpopManiiiHi TexHoJOTii. ABTOMaTH30BaHi CHCTEMH
YIPaBITiHHSD
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CoBmMmecTHOE IMPUMCHCHHC MCTOJa MAJIOTO IIapaM<CTpa U
MCTO/la I'PAHUYHBIX 3JICMCHTOB IJIAA YUCJIICHHOT'O PCIICHUS
SJUIMIITUYICCKUX 3aaa4 ¢ MaJIbIMHU BO3MYIICHUAMHA

1O. B. bpazanyxk, JI. B. EBnokumos, H. B. [Tonsikos

JInenponempo6ckuil HayUoOHANbHYILL YHUGEpCUmen, YKpauna

Most of numerical methods are not applicable for analysis of disturbances less, than
discretization parameters. In the present paper the solutions of such problems are
searched as a series with respect to small parameter, which is the reference scale of the
disturbance. The following solutions of relevant elliptical boundary-value problems
are made by boundary element method. Small domain shape disturbances, boundary
condition disturbances and fundamental solution disturbances are considered. Due to
high accuracy of the boundary element method the proposed approach is enough
effective, what was proved by numerical experiments

1. O01masi MOCTAHOBKA 321a4M M €€ aKTYaJIbHOCTh

B Hacrosiiiee BpeMs HHTEHCUBHOE Pa3BUTHE MUKPOIJICKTPOHUKH, MUKPOMEXaHUKH
¥ OMOTEXHOJOTUH [elaeT BechbMa aKkTyaJbHOH IMpoOiieMy MalbIX BO3MYLICHHH, TO
ecTb npoOieMy ompeneneHus BIUsHUSA 3Q(eKToB, KOTOPBIMU paHbIle MpeHeOperanu
U3-3a2 MaJOCTH UX XapaKTEpPHBIX MapaMeTpOB WM MajocTH obiactu neiictBusi. He
OCTaHABIMBAACh MOAPOOHO HA (U3UUECKUX AaCIEKTax MOAOOHBIX 3a1ad, OTMETHM
TOJIBKO, 4YTO B MEXaHMKE CIUIOIIHOW cpeabl M TEOpHH TerjIoMaccooOMeHa
chopMHpOBaIIOCH  OTAETIBHOE  HampaBlIeHHE, Ha3BaHHOE «MHOTrOMAacIITaOHbIC
SBJICHUS» (TEPMHH SIBIIICTCS TIPSIMBIM IIEPEBOAOM C aHTIHickoro «multiscale
phenomena» u, MoxerT OBITh, HE COBCEM yJladeH). TpaJullMOHHO B MeEXaHHKE
MHOTO(a3HbIX CpeA MOJb30BANKCH Pa3HOTO poja MpHEeMaMH OCpeJHEHHs, 0030p
KOTOPBIX MOXHO HaiTH, Hampumep, B MoHorpaduu [1]. OgHako B mocieaHee BpeMs
BCE dalle CTaIM MpHOeraTh K MPIMOMY MOJEITHPOBAHHIO MaJBIX 3((PEeKTOB H
pa3paboTKe COOTBETCTBYIOLIMX YUCICHHBIX METOIOB Ha OCHOBE JIarPaHKeBBIX [2, 3] 1
itnepoBhIX [4] moaxonoB. DTa ke uaes ObUIa paclpoCTpaHeHa Ha METOM TPAaHHIHBIX
JJIEMEHTOB [5] W, €CTECTBEHHO, CTUMYJHMPOBala HHTEPEC K BO3MOXKHOCTH ydeTa
MaJIbIX BO3MYIICHUH B METO/I€ TPAHUYHBIX 3JICMEHTOB.

2. UcToxn ucciieoBaHusi aBTOPOB

B Teopun 4YHCIEHHBIX METOAOB CYIIECTBYET YCTOSBIIAasCS TOYKA 3pEHHUS Ha
npoOiieMy MajblX BO3MYILEHHH, KOTOpas CBOAWTCS K TOMY, YTO TaK Ha3bIBacMbIe
nojceroynble  3¢p¢eKTsl B paMKax UHCIEHHOIO MeToJa HE MOryT ObITh
IPOAHAIN3UPOBAHBL. JTOT TE3UC SIBHO M OYEBUIHO CHOPMYJIUPOBAH AJIS SHIECPOBBIX,
MIPEUMYIIECTBEHHO CETOYHBIX IMOIXOJ0B M HESBHO, C TPYAOM IPOCIECKUBACTCS UL
JIarpaH)KeBbIX, MPEUMYLIECTBEHHO OECCETOYHBIX MOAXOMO0B (TOCHEeRHSS TPYIHOCTDH
CKOpee TEPMHHOJOTMYECKas — CETKH HET, a MOJCETOYHbIC I(PQPEKThl €cTh, B 3TOM
cllydae TpaBWibHEee ObUIO Obl Ha3bIBaTh Takhe d(PQPEKTH MEITKOMACIITAOHBIMH).
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Yka3zaHHBII Te3UC MPUBOJUT K OUYEBUIHOMY BBIBOJAY: YeM MEHBIINH dPQPEKT ciemyer
UCCIIeIOBATh, TeM OoJiee MOAPOOHYIO JUCKPETHU3AUIO CielyeT BBECTU. Takoi moaxo.n
OpUBEJI AaXe K Pa3sBUTUIO CIIELUAIbHOIO HAIIPABICHUS B UHUCICHHBIX METOJAaX —
MHOTOCETOYHBIX METOJIOB.

XoTs uzaes MCIONb30BAaTh METOABl TCOPUM BO3MYIICHMH M aCHMIITOTHYECKHE
Pa3IoKEHUS IPU [MOCTPOCHUH YHCICHHBIX AITOPUTMOB, BOOOIE TOBOPS, 1OCTATOUHO
OYEBHJIHA U YIIOMHUHAJAach BO MHOTUX KHuUrax [6-8], oHa He mosryumiia 10CTaTOYHOTO
pa3BUTHS, TO-BHAMMOMY, WH3-3a TPYIOHOCTEH C [JOKa3aTelIbCTBOM CXOJUMOCTH
ACUMITOTHYECKUX PAa3JIOXKEHUH M H3-32 TOro, 4ro (aKTHYECKH CBOAWIA
chOpMyJINPOBaHHYIO KPaeBYyIO 33/1ady K IIOCJIEI0BATENbHOCTH IPYyTUX KPaeBbIX 3a/1ad,
yTo siBHO ManodddektuBHO. B pesynbrate, OBICTPHII MpoOrpecc YUCICHHBIX METOJ0B
OCTaBWJI JaHHYIO HJEI0 HeBocTpeOoBaHHOH. He ocrtaHaBimBasch moApoOHO Ha
UCTOPUH M TEHACHUMSIX DPAa3BUTUS UHMCICHHBIX METOIOB, MOCKOJBKY 3TO Tpebyer
OTJICIBHOTO aHajiM3a, OTMETUM TOJBKO, YTO B HACTOAIIEE BpeMs IOSBUIINCH
BBICOKOTOYHBIE YUCIICHHBIE METOBI, CPEIU KOTOPBIX CIEIyeT BHIACIUTH YUCICHHBIC
METOABl TEOpUH NOTCHLHUANA, HANpUMEp, METOJ TPaHUYHBIX 3JIEMEHTOB, METO.
MUCKPETHBIX BUXPEH W pa3HOTO poma mx Mmomudukamuu [2, 3, 9, 10]. CnenmansHbIe
AITOPUTMBl METOJa TPAaHWYHBIX JJIEMEHTOB MOTYT OOECHEYUTh HCKIIOYHTEIHLHO
BBICOKYIO TOYHOCTh PEIIECHUs JIMHEHHBIX dJTMNTHYecKuX 3anay [11, 12].

3. Hepemenubie mpo6jeMbl U eI padoThl
Lenbro HacTosIIeH pabOTHI ABISACTCS MPUMEHEHNE ACUMITOTHUCCKUX PA3JIOKEHUI
M0 MaJIOMy TIapaMeTpy COBMECTHO C YHCICHHBIM METOJIOM, B JaHHOM Cclydae
METOJIOM TIPaHUYHBIX JIEMEHTOB, IS aHAIHN3a MAJIBIX BO3MYIIEHUNA B SJUTUIITHYECKUX
3amayax. OCHOBHAs WJies NaHHOTO TOJXO0Ja JOCTATOYHO OYCBUIHA M OCHOBBIBACTCS
Ha XOpOIIO W3BECTHOM (aKTe — JUII MEeToJla BBICOKOTO TOPSAKAa TOYHOCTH
MOTPENTHOCTh PEe3yJIbTaTOB IPHUMEHEHUS METOAa OKa3bIBaeTCS MHOTO MEHBIIEH,
HEKEIM TOTPEUTHOCTH HCXOAHBIX allpoOKCUMAIuil. DTOT (aKT YCTaHOBJEH Kak
TeopeTuyecku [7], Tak u ’KcrepuMeHTanbHo [11, 12] ans psana 4ucieHHBIX METOJIOB.
[lyctp B mapaMeTpsl, onpeaessionne KpaeBylo 3a1ady (B HACTOSIIEH CTaThe IMEETCs
B BHJy 3JUIMIITHUECKAs KpaeBas 3ajava, HO JTaHHBIN MOJIX0]] MOXET ObITh MPUMEHEH K
KpaeBoW 3amaue JIO0OT0 THIA), BHECEHO BO3MYIICHHHA & (x), Tae & — Mamas
BennunHa, f ~1 — Hekoropas QyHKOHMsS OT KoopauHat x (B oOmeM ciydae OT
HE3aBUCUMBIX MEPEMEHHBIX, B KOTOPBIX 3ajaya OmpezelicHa, Kak HEMOCPEICTBEHHO,
TaK U B BUJIC HeMIMHEHHOCTH). Torma OyieM OTBICKHBATh PELICHUE KPASBO 33a]a4t U B
BUJIE CIIeYIONIEeTO psijia
U=y +eau + 87U, +... (3.1)
TpaguuuoHHO B aCUMNTOTHYECKUX MeTodaxX (YHKIMU U, OIpeJelsuluCh
aHanutudecku. Kak cka3aHO BEIIIE, WAES HACTOAIICH paOOThI 3aKIIOYACTCS B TOM,
YTOOBl ONPEAETNTh ; IPU MOMOIIM YUCICHHOTO METOJa, B YacTHOCTH, METOJa
TPaHUYHBIX 3JIEMEHTOB, KOTOPBIH CUHTAETCS HamOoJiee TOYHBIM UIS DIUTHNTHYECKIX
3ajad4, 3/1eCh pacCMaTpUBaeMbIX. B KJIaCCHYeCKUX YUCICHHBIX METOJaX JUIsl PEIICHUSI
JTAHHOW BO3MYIIEHHOW 3a7adu TpeOOBaIIOCh OBl MPOU3BECTH NUCKPETH3AIMIO TAKUM
o0pa3oM, 4YTOOBI TMOTPEIIHOCTh JUCKPETHU3ALUU O<E, a IKENATENIbHO O<<E.

O003HaYMM MOTPEIIHOCTh YUCICHHOTO oOIpeneneHus (GYHKUUM u, uyepe3 A (Kak
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6y):[eT IMMOKa3aHO HUIKE, KaK IIpaBUJIo, BCC (byHK]_II/II/I U; YAOBJICTBOPAIOT aHAJIOTMYHBIM

KpaeBbIM 3ajadyaM, ITIO3TOMY CIEAyeT OXHIaTh, YTO BCe JTH (QYyHKIUU OyayT
OTIpeJIeICHBl TIPUMEPHO C TOW K€ CaMOW MOTpemrHOCThI0 A ). J[Is COBpeMEHHBIX
YHUCIIEHHBIX METOJIOB, TI0 MEHbIIeH Mepe, A <O, a kak mpaBuio, A << . llomaras
(GYHKIMIO U, OTPAaHUYEHHOW M JOMOIHUTENBHO IojIarast Ul POCTOTHI U, ~ u, (4To,

BOOOIIE TOBOpS, HEOOs3aTENbHO), MONYyYUM, YTO TpUMeHeHHe pasznoxenus (3.1)
MO3BOJISIET CHU3UTHh TPEOOBaHHS K TMapamMeTpaM JUCKPETH3alvu a0 O >&>A, To
€CTb, BECbMa CYILIECTBEHHO.

3ameuanne. (OOOCHOBaHMEM MPEJIOKEHHOTO TOAXOJAa MOXET  CIIY>KUTb
JloKa3aTenbCcTBO cxoauMoctu psna (3.1), omHako, Kak W Uil  OOJBIIMHCTBA
ACHUMIITOTHYCCKUX pa3HO)KeHHﬁ, J0OKa3aThb 3TOT (1)aKT OYCHb CJIOXKHO U, ITO-BUAUMOMY,
B 00WIEM BUAE HEBO3MOXKHO, [O3TOMY MpPHUMEM B KauecTBe OOOCHOBaHHS METOAa
pe3yNbTaThl YMCIEHHBIX DKCIIEPUMEHTOB Ha TECTOBBIX 3ajladyaX, 4TO, KOHEYHO, He
MOJKET CUHUTAThCS CTPOTMM 00OCHOBAaHHEM.

[MocraBneHHas BbIle 3afada BIUIOTHYIO TPUMBIKAET K HW3BECTHOW mpolbiieme
YYBCTBHUTEIBHOCTH YMCIEHHOTO METOJAa K MajbiM BO3MYIIEHUsIM. UyBCTBUTEILHOCTh
3/IeCh TOHMMAETCS KaK HM3MEHEHHE pPe3yJbTaTOB BBIYHCIEHHWHA IIOCIE€ BHECEHHS B
3aady MalbIX BOSMymeHHﬁ. I/IHOI‘Z[a moJg 4YyBCTBUTCIBHOCTHIO I[MOHHUMAIOT
MIPOU3BOAHYIO MU3MEHEHHUS PELIeHHs MO BO3MYIIEHMIO, HO, TIOCKOJIBKY B HACTOALIEH
paboTe OCHOBHOI HMHTEpeC MPEACTaBIsIeT MOPOTOBasi YyBCTBUTEIHHOCTh, TO €CTh,
MpEeAENbHBIN ClTydail, Korjja onpe/eieHue Takoi Nporu3BOAHON 3aTPyIHUTENBHO, TO U
UCIOJIb30BAHHUE OIPEJCIICHUS] YyBCTBUTEIBHOCTH KaK MPOU3BOJHON MpEeACTaBISAETCS
HerenecooOpa3HeiM. Jlanee B HacTosmieidr pabore OyaeT MPOBENEHO HCCIeIOBaHUE
MOPOTOBON TYBCTBUTEIHFHOCTH METO/a TPAaHUYHBIX AIIEMEHTOB, XOTSI TTOJHBIA aHAIN3
YYBCTBHUTEIIBHOCTH METOJIa TPEOyeT OTACIBHOrO HCCICAOBAaHUS M B LEIM JAaHHON
paboThl He BXOMUT (NEPBBIC IMOMBITKH TAKOTO HCCICIOBAHMS OBLIM MPEIIPUHSATHI B
pabore [13]). Hua mcciemoBaHUs UyBCTBUTCIBLHOCTH M aHAIM3a BIIASHHUS MAaJbIX
B03MymeHI/II>'I IMPUHOUIINAIBHOC 3HAYCHUC UMECT METOAMKA TECTUPOBAHUSA IIPOIrpaMmM
U aJITOPUTMOB.

4. MeToanka TeCTHPOBAHUSI TPAHUYHOIJIEMEHTHBIX MPOTrPaMM

Meromuka  TECTHPOBaHUS  MPOTPAMMHOTO  OOECIIEYeHHs  TPEACTaBISETCS
WCKJIFOUYUATENFHO BaYKHBIM MOMEHTOM pa3pa0OTKH, Ha KOTOPBIA, KaK IMpaBWIO, HE
oOpamaioT AoKkHOTOo BHHMaHWA. OJHAaKO, TpaBUJIbHAS METOAWKA TECTHPOBAHHS
MOXET BCKPBITH psii CBOMCTB airoputMa, KOTOpble BOOOIIE HE H3y4alnch B
TEOpPETUUECKUX HccienoBaHusx. OOmue BOMPOCH TECTUPOBAHUS MPOrPaAMMHOTO
obecrniedeHus: pacCMOTPEHBI B KHUTE [14].

TectupoBanue nporpamm, MpeAHA3HAYEHHBIX Ui YHCICHHOTO pEIICHHs 3alad
TEOpHUHU TMOTEHIMANA, OTINYAETCS PSIOM CIIEHU(PHYECKUX aCHEKTOB, MOCKOJIBKY CaMH
ANTOPUTMBI UMEIOT BeChMa CIeMU(UIECKHe OCOOSHHOCTH, HAIMPHUMEp, IOJHOCTHIO
3aIOTHEHHBIE MATPHIBI CHCTEM JIMHEHHBIX anreOpanveckux ypaBHEHUWH, CHIIbHAS
3aBHCHUMOCTD MOTPEITHOCTH METO/1a 0T (hOPMbI 00JIACTH.

PaccmoTpuM MeTOMWKYy TECTHPOBaHHS METOJla TPAaHWYHBIX dJeMeHToB. Kak
mokazano B pabore [11], OCHOBHOW BKJNam B TOTPENIHOCTH METOAA BHOCHT
anmpoOKCUMAIIXs TPAHUIBI 00TACTH PEIICHHsI, OJJHAKO ATy MOTPEIIHOCTD JIETKO MOXKHO
UCKJIIOYHUTh, PAaBHO KaK W TOTPEIIHOCTb, BHI3BAHHYIO allllpOKCHMAalued (yHKUUi,
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W3BECTHBIX M3 TPAHUYHBIX yciioBuid. O0beAMHUM 002 3TH BUAA TIOTPEITHOCTH OJHUM
TEPMUHOM — yCTpaHuMas norpeHocTh. (ITockonbky MHTErpal no peajbHOM rpaHuie
HPUXOIUTHCA ONPENEISATh YHCICHHO, OIpEJeTeHHAs IOTPeIIHOCTh BBIYHUCICHUS
MHTETpaJIOB, BKIIOYAOIMX (YHKIIMK, U3BECTHBIC U3 TPAHUYHBIX YCIOBHUI, BCE-TaKH
ocraercsi, HO Onarogapsi COBpeMEHHBIM BO3MOXKHOCTSIM YHCJIEHHOT'O HHTETPUPOBAHUS
HOTPELIHOCTh 3Ty MOXKHO YMEHBUIMTh JIO0 JOCTaTOYHO MajlO BEIWYMHEIL.)
CoopMmynupyeM TmiepBoe MpPABHIO TECTHPOBAHHS, OTHOCAIIEECS K YCTPaHHMMOU
norpemHocTy. Jns aHanmM3a YCTpaHMMOHM MOTPENIHOCTH HEO0OXOAWMO CpaBHHTH
pe3yJIbTaThl pacueTa Ha pa3InYHbIX TPAHUYHOIIEMEHTHBIX ceTkax. Hampumep, oueHb
yIOOHO YMEHBIINTH B [BAa pa3a pa3Mep I'pPaHUYHOTO uieMeHTa. Ecim morpemHocTs
anmpoKCUMAIMK TPAHMIBl HCKIIOYEHa, W3MENbYCHHE CETKH MOXKHO 3aMEHUTH
NPUMEHEHUEM HHTETPUPOBAHUS BBIPRKEHHH, COJCp)KAIIMX H3BECTHBIE TPaHUYHBIC
¢byHKIMY, 110 00JIee TOYHBIM KBaJIpaTypHBIM (GopMmynaMm. OTMETHM TakkKe, 4TO B psijie
CllydaeB, B TOM 4YHCJIe M B Cly4ae HCKIIOYEHHUS IMOTPEHIHOCTH aIlllpOKCHMAIH
rpaHuibl, KO3()GUIMEHTH TP  HEU3BECTHHIX MPOM3BOJAX, BXOIAIIUX B
aIIpOKCHMALMI0 HEM3BECTHBIX T'PAaHUYHBIX (QYHKIHMH, TPUXOTUTCS ONPEEIATh
YHCJICHHO, TO €CTh, BHOCHTCSI ONpeeNieHHas HOTPENIHOCTb, KOTopas 1o (opme
BJIMSIHUS Ha OOLIYIO MOTPEIIHOCTh OJM3Ka K MOTPEITHOCTH alPOKCHUMAIH TPaHHIIbI,
HO, Kak NpaBWIO, MHOIO MeHblIe ee. [l ucciemoBaHusi pPoJiM  yKa3aHHOU
HOTPEIIHOCTH  TaKke€ MOXHO TPEIIOKHTh Kak IIepecuyeT Ha  yJBOCHHOU
IPaHUYHORIIEMEHTHON CEeTKe, TaKk M MpUMEHEeHHe Oojiee TOYHBIX KBaJAPaTypHBIX
¢dopmyi. K coxanenunio, Bce Tpu yKa3aHHBIX BHJIA MOTPEIIHOCTH BXOAAT B UTOTOBYIO
HOTPELIHOCTh METOAa HE HampsMyl, a I[OCJIe pEIICHHsS CUCTEMbI JIMHEHHBIX
anreOpanvecKnx ypaBHEHWH, a TPH YBEJIWUCHWH YHCIIAa TPAHUYHBIX SJIEMEHTOB
CcOOCTBEHHass TOTPEIIHOCTh pEHICHUS CUCTEMBbl JIMHEHHBIX — alreOpandecKux
YpaBHEHHMH pacTeT, TO €CTh, HEIOCPEICTBEHHBIN BKJIQJ PAaCCMAaTPHBAEMBIX BHUIIOB
HOTPEIIHOCTH MOXKHO OICHUTh TOJIBKO KAaueCTBEHHO Ha OCHOBE TEHICHIMI
U3MEHEHUs (€CNM MpPU peIleHHH CHCTEMBl JMHEHHBIX alreOpanyuecKux ypaBHEHHN
OTpefeNsieTcss YUCIO0 OOYCIOBIEHHOCTH, TO B TMEPBOM MPHUOIMKEHHH POCT
HOTPEIIHOCTH, CBS3aHHOW C pENIEHHEM CHCTeMBl JIMHEHHBIX aireOpandecKux
YpaBHEHUH TpU YBEIUYEHWH YHUCIA TPAHUYHBIX JJIEMEHTOB, MOXXHO OLEHHUTH MO
OTHOULICHHUIO YMCel 00yCIOBICHHOCTH MaTpHI).

3ameuanue. B Hacrosmiee BpeMsi MIMPOKOE PACIPOCTPAHEHUE MOIYYMIN CHCTEMBI
AQHAINTHYECKOTO IPOrPAMMHPOBAHUS, KOTOPHIE MO3BOJSIOT MPOU3BOIANUTH OINEPALIUN
T depeHIUPOBaHNS 1 UHTETPUPOBAHUS aHATUTHYECKH, TO €CTh, 03 MOTPEIIHOCTH.
Ecnu anroput™ MeTosa rpaHUYHBIX JIEMEHTOB PEaln30BaH B MOJOOHOW CHUCTEME, TO
TPU BBIIIEHA3BAHHBIX BH/A MOTPEIIHOCTH (TTOTPEIIHOCTH ANNPOKCHMANNH T'PAHUIIBL,
NOTPEITHOCTh BBIYMCIEHHSI HMHTETPANIOB, COJACPXKAIIUX HW3BECTHbIE W3 TPaHMYHBIX
ycIoBUH  (DYHKIMH, TOTPEIIHOCTh BBIYMCICHHS MHTETPANIOB, BXOAALIMX B
KOO(UIIMEHTHl CHCTEMBI JIMHEHHBIX anreOpanveckux ypaBHEHWI) MOTYT OBIThH
UCKJIFOYECHBI TIOJIHOCTBIO, TO €CTh, B CUCTEMaX aHAIUTHYECKOTO MPOrpaMMUPOBAHHS
BCE OTH TPH BHAA TOTPEIIHOCTH MJOJDKHBI OBITh OTHECEHBI K YCTpaHUMOU
HOTPEIIHOCTH.

HawnGonee cl10KHBIM MOMEHTOM TECTHPOBAHMS TPAHHIHOIIEMEHTHBIX KOMITIIEKCOB
SBIISIETCSL  OMpeJielieHre BKJIAJa TIOTPEUIHOCTH, CBS3aHHOW C  ampoKCHUMAaIen
Hen3BeCTHBIX (yHKUuMH. [loBbIIIeHHEe MOpsiIKa amMpOKCHUMAIMHA «IOPTUT» CBOHCTBa
MaTpUIbl CHCTEMBI, BIUIOTh 10 HapyIIEHHs NMPUHINIA JAArOHAJIBHOTO MPeodiaiaHns
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B MaTpHie cucTeMbl. YTOOBI OTAEIHUTH HEMOCPEICTBEHHBIH dPQEKT armpoKCHMAIN
HEHM3BECTHBIX (YHKLUHUI OT CyMMapHOH NOTPEIIHOCTH, BO3HUKAIOMICH MPU peIleHUH
MOJTHOW 3a7]auy, BBEJEM TMOHSATHE BHYTPEHHEW morpemHoctu Mmertoja. Ilycte u —
HEKOTOpast (YHKLMs, YAOBIETBOpAOLIas paccMaTpuBaeMoMy AuddepeHnramb-HOMY
YPaBHEHUIO, HCIIONb3yeM (QYHKLHMIO ¢ KaK TECTOBOE PEILEeHHE, TOTa JIETKO MOIyYUTh
HEOOXOAMMOE TPaHWYHOE BBIpaKeHHe A (DYHKIUH %, COOTBETCTBYIOIIEE THITY
TPAHMYHBIX  yCJIOBUM  akTyanbHOM 3ajmauu. IloacraBumM B HMHTErpajlbHOE
npeacTaBieHue i GYHKIMHA # BMECTO HEHW3BECTHBIX (10 TPAaHWYHBIM YCIIOBHUSIM
aKTyaJbHOW 3a/1a4n) (QYHKIUH anmpoKCUMAaNnu dTUX (GYHKIUH A1 u, TOJy4YeHHEIE
COTJIACHO MPHWMEHSEMOTO alropuTMa, (Ipyrrue HWCTOYHWKH OINMOKHM METOna, B
YaCTHOCTH, yCTPaHUMas MOTPEIIHOCTh TaKKe BKIIOYAIOTCS B PACCMOTPEHHE COTIIACHO
MPUMEHSAEMOTO anropuTMa). Pa3HOCTh MeXIy aHaJTUTHYECKUM peIIeHHneM u |
MOJTyYeHHBIM YKa3aHHBIM 00pa3oM MPUOIIKEHHBIM 3HAYeHHEeM U B 3a/JIaHHOM
Habope TOUYEK HAa3bIBaeTCS BHYTPEHHEW IOTpenTHOCThI0 MeTona. ChopMympyem
BTOpOE MPAaBHJIO TeCTUpOBaHUs. UTOOBI OLIEHUTH MOTPEIIHOCTh, BHOCUMYIO Ha JTare
peIIeHus] CHUCTEMBl JIMHEHHBIX anreOpandecKkux YpaBHEHWH, CleIyeT CpaBHUTh
MOTPEIIHOCTh METO/IA C BHYTPEHHEW MOTpEIIHOCTHI0O METOAa JJISl OJIHOW M TOM Ke
TECTOBOM 3a/1a4H B OTHOM M TOM e Habope TOUeK.

HazoBem TpuBHanbHOM TECTOBOM 3ajadeld TECTOBYIO 3ajady, Mg KOTOPOH
anmpoKCUMHUpYIoe (GYHKIIMA METOAA COBIAJAIOT IO BHUIY C MCKOMOW (YHKIIHEH,
HampuMep, UiA ypaBHeHHWs Jlammaca B KadecTBE TECTOBOW BhIOpaHa JIMHEHHAS
(yHKIUSA, TOTJAa TPU aNMPOKCHUMAIMM HEU3BECTHOW (YHKIMM Ha TPaHUYHOM
JJIEMEHTe JIMHEWHOW, KBaJpaTUYHON (YHKIMEH WU IOJIHMHOMOM OoJiee BBICOKOTO
MopsiKa Takas TecToBas 3afada OyneT TpuBHainbHOW. CdopMmynnpyem TpeThbe
MpaBuUjIoO TecTupoBaHus. Haubonee sIBHO MOTpEIIHOCTh, BHOCHMAs Ha 3Tale peleHHs
CHCTEMBl JIMHEHHBIX anreOpanvyeckux YypaBHEHHH, HaOMIomaeTcs MpHU CpaBHEHUH
MOTPEIIHOCTH METOJAa C BHYTPEHHEH IMOrPEIIHOCTBE) METOJA Uil TPUBUAIBHOU
TECTOBOM 3amaud. JIEHCTBUTENBHO B 3TOM CIydae IMOIPEIIHOCTh AIIPOKCUMALUU
HEM3BECTHBIX (yHKUMH Oylner MUHMManbHa (COOCTBEHHO TIOTPEIIHOCTh OyZAer
OTCYTCTBOBaTh, @ €€ POJIb CHIIPAET IOTPEIIHOCTh BBIUKCICHUS COOTBETCTBYIOLIUX
UHTErpajoB, KOTOPYK) MOYKHO YMEHBIIATh, IOBBIAS TOYHOCTh KBaApaTypHOM
(hopMyIBI), TOITOMY pEUICHWE TPUBUAILHOW TECTOBOW 3aJa4d MOKHO CHUHTATh
pemeHueM 0Oe3 TMOTPEIIHOCTH ANNpPOKCUMAIMKM Hen3BeCcTHHIX (GyHKIui. C npyroi
CTOPOHBL, JUIsl JAHHOIO BapHAHTA aJITOPUTMA, Ui TOTIO K€ THUIIA TPAHUYHBIX YCIOBH,
B TOM e 00J1aCTH TPUBHAIBHAS TECTOBAs 3ajjaua NMEET Ty JK€ MAaTPHILy, YTO U JIF00ast
akTyanpHas 3agada. OJJHaKo, HEBO3MOXKHO CENIaTh MOJIHOE 3aKIII0YEHHE O XapaKTepe
MOTPEIIHOCTH METOJ1a, OCHOBBIBASICh TOJIBKO HA TPUBUAJIBHBIX TECTOBBIX 3a/1ayax.

ITorpenrHocTs METOAA IPAHUYHBIX JIEMEHTOB CYIIECTBEHHBIM 00pa30M 3aBUCHT OT
BbIOOpa Habopa TOYEK, B KOTOPHIX OHa ompexensercs. OOmas 3aKOHOMEPHOCTh B
3TOM BOIIPOCE TaKOBa — 4YeM OJIFbKe TPaHuIa, TeM OOJIbIIe MOTPEeITHOCTh, HA TPaHUIIE
MOTPEIIHOCTh  MAaKCHMaJlbHa, 3Ta 3aKOHOMEPHOCTb  SIBISIETCSI  €CTECTBEHHBIM
CIIEICTBHEM TMPHUHIMIIA MAaKCUMyMa, HO HMEET MECTO Takke W i 3adad, Ijsl
KOTOPBIX HE BHITIOIHAETCS TPUHIUT MakcumyMa. ChopMyITHUpyeM Y4eTBEPTOE MPABILIIO
TecTHpoBaHMs. BriOOp Habopa TOdUeK, B KOTOPBIX AaHAJIM3UPYETCA IOTPEITHOCTS,
OTIpeeNsieTC MHOXKECTBOM TOYEK, B KOTOPBIX JOJDKHO OBITh TONYYEHO pelleHHe
aKTyaJIbHOU 3a/1a4yu.
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OTtmeTnM, 9YTO BBIOOpP (OPMBI OICGHKH TOTPEHIHOCTH TaKXKe OINpeaeseTcs
TpeOOBaHUAMHU AaKTyaJbHOH 3aJayd, HO B METOJAE TPaHUYHBIX DIIEMEHTOB KpOMeE
TPaJINIIMOHHBIX CPETHEKBAAPATHYHBIX M MaKCUMAJIBHBIX HOPM IOTPEIIHOCTH, MOXKET
OBITh BBEJICHA €Ille MHTErpaJIbHAsI HOpMa MOTPEHIHOCTH

6] = [ PG @ =iy, (4.1)

IJIe ¥ — TOYHOE PelICHHe, U — NpUOJIMKEHHOE, P(X) — BecoBas PyHKIIUS.

BBenenne HOpMBI (4.1) BO3MOXHO, MOCKOJNBKY (OpMaNbHO © — (QYHKIWHS,
3aJaHHas B aHAJUTUYECKOM BHJIe. BapbupoBaHue (yHKIMM o TO3BOJsieT Oojee

TOYHO YJIOBJIETBOPUTH KPUTEPUSM aKTyallbHOM 3a1a4yu (HO, KaK NPaBUJIO, BEIOUPAETCs
p=1).

[TorpenrHocTs, BHOCHMAs Ha JTAlle PEIICHUs] CUCTEMBI JIMHEHHBIX anreOpamdecKux
ypaBHEHUI, B 3HAYMTEIBHONH Mepe 3aBHCUT OT (OpPMBI O0JACTH PELICHUS U
TPaHUYHORJIEMEHTHON CEeTKHU. B 3aBUCMMOCTH OT BBINYKJIOCTH 00JIacTH, a B Cllydae
HEBBITYKJIOW OOIACTH B 3aBUCUMOCTH OT OTHOIICHUS «IIMPUHBI Y3KHUX MECT» K
XapaKTEPHOMY pa3Mepy 00JIaCTH, TOTPEIIHOCTh MOXET HM3MEHSATHCS B JOCTATOYHO
IIMPOKOM JUama3oHe (MOXET M3MEHSATHCS JaXe MOPSAIOK morperrHoctu). Ilostomy
chopMyIupyeM TSATOE TPaBUIIO TecTHpoBaHWA. [loHOE TecTHpoBaHHE aiaropuTMa
0053aTeIbHO TOJDKHO BKITIOYATh TECTOBBIE PACUETHI B HEBBIMYKIBIX H MHOTOCBSI3HBIX
o0iacTsx.

[IpoGnema 3aBuCcHMOCTH OOIICH MOTPEITHOCTA METOJIa TPAHUYHBIX JJIEMEHTOB OT
dopMmbl  00JaCTH  pemIeHHWs] TECHO CBs3aHa C TMPOOJEMOH  ONTUMHU3AINH
TPAaHUYHORJIEMEHTHON CETKU. B MIIOCKOM ciiydae MOCTPOEHUE TPaHWYHOIIIEMEHTHOMN
CEeTKHU C Hamepe] 3aJaHHBIMU CBOMCTBaMU TPYIHOCTEH He BhI3bIBaeT. Ompenenus
00IIyI0 JUIMHY y9acTKa TPaHUIIBI

IN
L = j h(t)dt, (4.2)
fo
rae h(t) — dynkiusa Gopmbsl KpUBOH, ¢ — 0000IIEeHHAsT KOOpANHATA. MOXKHO JIFOOBIM

o0pa3oM 3ajaTh NPaBUIO IOCTPOCHUS IMOCJCIOBATCIBHOCTH JUIMH TPAHHUYHBIX
aneMeHToB S, ,k =1, N, Takux, 4To

N
ZSk =L, (4.3)
k=1

u S, yHOBIETBOpAET HEKOTOpOMY IpaBWily, Hampumep, S,,/S, =/ wm
St =S, +0, . Torna, ecnu onpezeneHa «BEpXHss» I'PaHUIA IEMEHTa S, , TO A
ompeznenenus koHna (k+1)-ro snementa S, CIIEAyeT YHCICHHO PELIUTh

TpaHCHeHI[eHTHOG ypaBHeHI/Ie
t
[h(tyde =5,.,. (4.4)
I

B mpoctpaHcTBEeHHOM cilydae 1eii0 OOCTOWT HAMHOTO CIIOKHEE M HEOOXOAMMBI
CIICIHAIbHBIC QITOPUTMBI CTYIIEHUS CeTKu. Ho maxe B IJIOCKOM cCiydae,
OCHOBBIBasiCb Ha ypaBHeHHH (4.4), ONTUMH3UPOBATH CETKY BECbMa CJIOXHO,
MOCKOJIBKY pedYb HIET O MHHHMH3AIUU TOTPEIIHOCTH PEIIeHHUs TeCTOBOW 3ajavd,
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OIIpEe/IeNIEHHON Ha 3aJaHHOM HaOope TOYeK U 3aBHCALlEH OT N MepeMeHHbIX S, .
3ajaya MUHHMH3ALUH Takoro (QyHKOMOHajla HE MPEICTaBIsAeT NPUHUUIHATIBHBIX
TPYAHOCTEH, HO UCKIIIOUYNUTENBHO TPy A0eMKa. ONTUMaIBHOCTD K€ IOCTPOEHHON CETKH
JUISL aKTYaJIbHOW 33/1a9M MOYKHO 00OCHOBATh JIMIIb SBPHUCTHUECKUMH COOOPaKEHUSIMH,
XOTS MUHUMH3ALUS NOTPEUTHOCTH, BHOCUMOW TNpPH PEUIEHMH CHUCTEMBl JHMHEWHBIX
anreOpandecKux ypaBHEHHUH, B 3TOM cilydae, 0e3yClIOBHO, OyIET HJOCTUTHYTA.

5. IIpo0aemMa norpemrHocTH (pyHAAMEHTAJLHOTO peleHns

[TpoGnemMa MOTpenIHOCTH, BHOCUMON B OOIIYIO IMOTPEITHOCT METOJa I'PaHUYHBIX
SJIEMEHTOB  BCIEICTBUE HCIOJB30BAHUS  NPHONMDKEHHOTO  (DyHIAMEHTAIbHOTO
pemenns (pynkuun [puHa), O4eHb Majo M3ydeHa B HacTosInee BpeMs. Bo3aMOKHBI
TpU BUJA BO3MYILEHHS QyHAaMeHTaIbHOro peuenus (GyHkuuu ['puna):

1) perymspHOE BO3MYyIIEHHE, TO €CTh BMECTO HCTHHHOTO ()yHIaMEHTAJIbHOTO
pellleHnss ¢ WCIONB3yeTcs (yHIAMEHTATbHOE PElICHHE @ , KOTOPOE CBSA3aHO C

peHICHUEM @ COOTHOILICHUEM

*
o =p+af,, 5.1
rae @ — Manblii mapamerp, f, — peryjspHas orpaHH4YeHHas (yHKIHS;
2) CHHTYJIIPHOE BO3MYIIIEHHE TOTO YK€ THIIA, TO €CTh

¢ =p(l+af.), (5:2)
r7e o — Malblid mapametp, f, — peryJsipHasi orpaHuueHHast GyHKLUS;
B) CHHI'YJIIDHOE BO3MYILEHHE JPYrOro TUIA, TO €CTh

o =p+af,, (5.3)
rIe o — Maiblil mapamerp, f, — CHHTYJsIpHas (YHKIHS, OTIHYAIOMascs OT ¢ IO

BUJly CHUHTYJISIPHOCTH.

Xotemocb OBl  OTMETHUTh, 4YTO B CJly4Yae YHCTO TPAHUYHOW PETyJSpPHOMN
(OpPMYITHPOBKY CHHTYJISPHBIC BO3MYIICHUS PETYISPUUPYIOTCS U CBOJAATCS K BHIY
(5.1). K coxainenuto, B peajbHbIX 3a7jauaX U3BECTCH TOJBKO MapaMeTp « (a Hepeako
TOJIBKO €TO0 MOPSNIOK), a GYHKIMK f,, f, HEH3BECTHBI; IOTOMY NpeacTaBieHus (5.1)-

(5.3) HEBO3MOXKHO HCTIOIL30BATh JJIS aHAIN3a MorpenHocTei. OTHaKO MOKHO TTONTH
WHBIM TIYTEM, U UCCIICAOBATh MOBEJACHUE PEUICHHS, TIPEIBAPUTEIBHO 3a/1aB (DYHKIIUN
f.»f,, TOoraa i a0l TeCTOBON 3aJauyl IMyTeM YMCIEHHOTO 3KCIEPUMEHTa MOXKHO

HOJIY4YHUTh BIMSHHE IOTPELIHOCTH (QyHAAMEHTAIBHOrO pemeHus. s peanbHON
3a7a4i, B KOTOPOW HCHONB3yeTCs NpPUONIDKEHHOe (yHIaMEHTAILHOE pelIeHUE,
NOJYYEeHHBI TakuM 00pa3oM pe3ysbTaT YKaKeT JHIIb BO3MOMHBIE IPEeIbl
HOIPEIIHOCTH, BBI3BAHHOW HETOYHOCTHIO (DYHAAMEHTAJIBHOIO pELIeHus, a s
MOJIENBHBIX  3a/ad  YKa3aHHbI TpHEeM  SBIIETCS  MOIIHBIM  CPEICTBOM
3KCIIEPUMEHTAIIBHOTO HMCCIENOBaHUs CBOWCTB anroputma. Ecim ke oOLeHKH
HOrPEIIHOCTH (YHIAMEHTANBHOTO PEIleHHUs HE IOJIyueHbl BOOOIIE, TO, BBIOMpas
pasHble QYHKIMM f, WIM f,, MOXHO OINpPEAENUTb OOlMEe TEHACHLUH U3MEHEHHs

MOrpe€IIHOCTU METOAA B 3aBUCUMOCTHU OT BOSMYIIICHUA (I)YH,I[aMCHTaJ'IBHOFO peUIiCHUs.
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[Ipencrasnenus (5.1)-(5.3) npu 3agaHHBIX QYHKUUAX f,, f, MO3BOJSIOT IPOBECTU

U TEOpPETHUYECKOe HCcleoBaHue morpemHocty. Cuenyss METOAy Maloro mapaMmerpa,
OyzieM OTHICKHBATh PEIICHUE B BUC

u=uy +ou, +a’u, +..., (5.4
Torna s npeacraBnenus (5.1)
c(xo)uy +oat, + o’u, +...) =

O(uy + o, +a’u, +...)
s

— - (5.5)

=[(p+af,)

—J'(u0 +ou, +a’u, +...)st,
n

r

B cuny npousBoNBHOCTH MNapamMeTpa « Uil BBIIOJHEHHS paBeHcTBa (5.5),
HEOOXOJMMO MPHUPABHATH KOA(P(GUIMEHTHI IPH OIMHAKOBBIX CTETIEHSX ¢

ou,, op
= o—2ds — |u, —ds, 5.6
c(xo )ug _l(P on S l“o on S (5.6)
ou Ou 0 of,
c(xy)u, :1'[(¢8_nl+ . 6_710st —l(ul a—f+u1 é;jds, (5.7
ou ou 0 of.
c(xg)u, =1J:£goa—nz+ p a—nljds—l(uza—erul%]ds, (5.8)
Ou Ouy_ op of,
c(xgu, = ((p—k + f, ¢jds - (uk — 4 U — jds, (5.9)
'r[ on on 'l on on

O‘IGBI/IILHO, 49TO0 U, — TOYHOC PCHICHHC, U MOXCT OBITh Hafl[[eHO KaK pCIICHUC

ypaBHeHUus (5.6), KOTOpoe HMEEeT Ty XK€ CTPYKTYpy, 4TO W ypaBHeHHe (5.7), Bce
NOCNEAYIONINE YpPaBHEHUS WMEIOT AaHAJIOTUYHYIO CTPYKTYpy. Takum oOpazom,
cootHomienus (5.4) u ypaBHeHus (5.6)-(5.7) maroT OIEHKY IMOTPEIIHOCTH PEIICHUS,
BBI3BaHHOW BO3MYyIleHHEM (pyHIaMeHTalbpHOTO pemeHus. 3amenus (5.1) Ha

¢ =p(+af,) (5.10)

U BHECS COOTBETCTBYyIoIHe W3MeHeHHS B (5.5)-(5.9), MOXHO MOIY4YUTH OICHKY
MOTPEITHOCTH MO MOCTPOSHHOMY NPHOIMKCHHOMY PEUICHUIO W 3aJaHHON (QyHKIMH

1.
Amnamornyso s (5.2) momyanm aHajor (5.9)
c(xo)(uy +cat, + a’u, +...) =
O(uy +au, +a’u, +...)ds_
on
oa+ae o
on

=[1+aof,)p (5.11)
r

2
—J‘(u0 +ou +a‘u, +...)
r
u3 (5.11) mo aHaIOTHYHBIM COOOPAKEHUSIM UMEEM
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ou op
= [p—2ds - [u, —=ds, 5.12
c(xg )y _!(P on S l_[“o on S (5.12)
Ou

c(xo)uy = (P_+f(0 ds ”1 (5.13)

1'[ on I an

ou 0
c(xg)u, —I (pa—+f nl ds — I U, (;0 (5.14)

0 0 0
c(xy)uy —I uk +f.0 Mt ds—J. u, — 9@ + Uy f ds, (5.15)
on v on
OTIUYHsT CUCTEMBI ypaBHeHI/Iﬁ (5.12)~(5.15) ot cucremsr (5 .6)—(5 .9) MUHUMAJIBHBI.
AmnamornyHoii OyJer ®W CcHCTeMa IIOCTPOSHWsS Ui TpencraBieHus (5.3), 3a
MCKITIOYSHHUEM BOIIPOCca 00 MHTETPUPYEMOCTH (QYHKIMHU f .

6. TecrupoBaHue 4YYBCTBUTEJIbHOCTH AJITOPUTMA

TecTupoBaHWE MOXKET pa3pelIUTh BOMPOC 00 YCTOWYHMBOCTH alTOpPUTMa U €ro
YYBCTBUTEIILHOCTA K BO3MYIICHUsAM. Bo3mymieHus (yHAaMEHTAIIEHOTO peIIeHus,
KOTOPBIE TIPEACTABIIAIOT COOOM OTHEIBHYIO MpoOJeMy, OBITM PAacCCMOTPEHBI BHIIIIE,
OCTaJIbHBIC BUJbI BOSMYIIIGHI/Iﬁ MOHO pas3fcJuTb Ha J[JBa OCHOBHBIX THIIA!
rIo0anbHBIE M JIOKaIbHBIE. KpoMe TOro BO3MYINEHUSI MOTYT OBITh BHECCHBI B
TrpaHWYHbIE ¥ HadalbHBIE (€CIM TaKOBBIE MMEIOTCS) YCIOBHS, B (hOpMy OOJIACTH U B
HMCTOYHHUKOBBIE YIICHBI. Bosmymenus, BHOCHMBIE B KOX(HUIHEHTHI
TG GEepeHIIMAIBHOTO OIepaTopa, OTHOCATCS K BO3MYIICHUSM (PYHIAMEHTAIBHOTO
pemeHus. B mpuHIMNE, BO3MYIIEHHS MOTYT OBITh KaK CHHTYJSIPHBIE, TaK |
peryispHbe, HO OTPaHWYNM JaHHOE PACCMOTpPEHHE MPAKTHUECKH BAKHBIM CIIydaeM
MaJIbIX BO3My1HCHPII>i. OHpeILCJ'H/IM IMOPOroByr0 4YyBCTBUTCIIBHOCTb METOAA K
BO3MYIICHUIO KaK BEIMYMHY BO3MYIICHHS, NpPU KOTOPOW HAYMHACT MEHSATHCS
CyMMapHasi TIOTPEIIHOCTh PElIeHHns TeCTOBOW 3amauu. [IoHATHO, 4TO ompereneHHe
BCJIMYUHBI HOpOI‘OBOﬁ YYBCTBUTCIIBHOCTH ME€TOJa 3aBUCUT HE TOJBLKO OT CBOMCTB
METO/a, HO W OT crocoba ompeelieHHs MOTPEIHOCTH, TO eCcTh Habopa TOYeK, B
KOTOPBIX  TIOTPEUIHOCTh  OMpEAeNseTcs, ¢  HCIOJB30BaHUS  MaKCHMaJbHOH,
CpPEHEKBAJpaTUYHOM WM MHTETpajJbHOM HOpMBI morpemHoctd. IloporoBas
YYBCTBUTCJIBHOCTb MOXKET CYIICCTBCHHO OTJIMYATLCA 110 BEJIMYUHE B 3aBUCUMOCTU OT
TECTOBOM 3ajgadd, Ui TOTO, YTOOBl YMEHBIIUTH pPa3dpoc 3HAYEHUH MOPOTOBON
YyBCTBHTEIBHOCTH, KeJaTebHO NCIOIB30BaTh HOPMHUPOBAHHBIE HEKOTOPBIM 00pa3oM
peuieHuss TecTOBHIX 3anad. CremyerT pa3iuyarh MOPOTOBYIO YYBCTBHUTEIBHOCTH K
JIOKAJILHBIM U TJIO0ATBHBIM BO3MYIICHHSIM. YeM MEHBIIE 0 MOJIYJII0 BEIUYMHA
MOPOTOBOM YYBCTBUTENLHOCTH, TEM JYYIIUM CIEAyeT cuuTarh aiaroputMm. llpum
aHanm3e 3(()EeKTHBHOCTH METO/IA CIEIyEeT COOTHOCHUTH IOPOTOBYIO YyBCTBHTEIHHOCTD
c oOmel morpemHOCTEI0 MeToAa. [loporoBas UyBCTBUTENBHOCTH ONpEAEsieT
HEOOXOAMMYIO JUIS TIOJyYEeHHS ITaHHON TOYHOCTH pEIIeHWsS TOYHOCTh 3aJlaHus
BXOJHBIX JIaHHBIX 33J[a9H, TO3TOMY Oosiee 3 (EeKTUBHBIM CIIeIyeT CYUTATD aJTOPUTM,
KOTOpBIP'I npu AJ0CTaTO4YHO OOJBIIMX 3HAYEHUIX HOpOFOBOfI YYBCTBUTCJIHLHOCTHU
oOecrieunBaeT OoJiee BBICOKYIO TOYHOCTH (37€Ch HMEETCSl pacXOXIEHHE B
OTIpEICIICHAH JIy4IeTo, B CMBICIE Oojiee YyBCTBHUTENBHOTO, WU 3(PGHEKTHBHOTO
anroputMma). Kpome Toro, moporoBas UyBCTBHTEIBHOCTH IIO OMIpEIETIEHHOMY
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BO3MYILEHUIO OIPAaHUYMBACT BEJIUYMHY OIIMOKH, OMYCTUMOHN MPH alPOKCUMAIUH
COOTBETCTBYIOIICH (yHKIMH. Ecou moporoBas 4YyBCTBUTEIBHOCTh MEHbINE, YEM
omuOKa ammpoOKCUMAaIlMH, TO TaKOil alTOpPUTM CJexyeT CYMTAaTh HeyNadHbIM. Ecim
IpU OMNpEAeTeHUH JIOKAJIbHOH WM TJI00AJbHOW TOPOrOBOM UYBCTBUTEIHHOCTH
MajoMy BO3MYILIEHHUIO COOTBETCTBYET KOHEUYHOE H3MEHEHHE IMOTPEUIHOCTH, TO
ANTOPUTM SIBIISIETCS HEYCTOWYMBBIM (3TO JOBOIBHO PeaKoe siBJeHHne). MOXKHO BBECTH
KOJIMYECTBEHHBIH KPHUTEPHA UyBCTBHUTEIHHOCTH (COOTBETCTBEHHO YCTOWYMBOCTH)
aITOpPUTMA, KaK YHUCJICHHO OIMPEICIICHHYIO MPOU3BOIHYI0O CYMMAapHON MOTPEITHOCTH
o BoaMyIeHuto. ChopMyITupyeM MIECTOe MPaBUIIO TeCTUPOBaHUS. [|JI1 HECKOIBKUX
TECTOBBIX 3a/1a4 TOJDKHA OBITH OIpe/elieHa TOPOroBas YyBCTBUTEIHHOCTh AJITOPUTMA,
KaK U JUI CYMMapHOHW MOTPEITHOCTH METOMAA, TaK W JJI BHYTPEHHEH MOTPEITHOCTH
METOJIa, JUIS MaJbIX JIOKAJIBHBIX M TJIOO0ATBHBIX BO3MYIICHUH T'PAHUYHBIX YCJIOBUH,
(hopMBbI  00JIACTH, WCTOYHUKOBBIX UJICHOB W HAYaNbHBIX YCJIOBUH, IOJy4YCHHEIE
pe3ysibTaThl HEOOXOAMMO CPAaBHUTH C OIIMOKAMH, BHOCUMBIMH COOTBETCTBYHOIIMMHU
anmpokcuManusMu. Eciu MeToj IpaHWYHBIX ASJIEMEHTOB MCIONB3YETCS KaK YacThb
BBIYHCIIUTENBHOTO MPOLIECCa, TO MapaMETpPhl MIATOB BHEIIHErO BBIYUCIUTEIBHOTO
mporecca MOJDKHBI MOAOWPaThCA TakK, YTOOBI M3MEHEHHs BXOAHBIX ITaHHBIX METOoa
FPaHUYHBIX DJIEMEHTOB XOTS Obl B HECKOJBKO pa3 MPEBBIIIAIN I[OPOrOBYIO
YyBCTBUTEJIBHOCT, METOJA TPAHUYHBIX DIIEMEHTOB IO COOTBETCTBYIOILIEMY
BO3MYLLIEHUIO.

Nuorga npu ucciaegoBaHWM CBOMCTB YHMCJIEHHOIO METOAAa MOMHMO IOPOTOBOM
YyBCTBUTEIILHOCTA  I[€JIECOO0OpPa3HO  BBOJUTH  TaKXKe  IOHSITHE  IOPOTOBOM
KOPPEKTHOCTU. [IeHCTBUTENBHO MOPOroBasi YYBCTBUTEIBHOCTb OTPAKAET TOJBKO
W3MEHEHHE CYMMAapHOW IOTPEIIHOCTH, HO HE TapaHTUPYET, YTO TAKOE W3MECHECHHE
MpaBWIbHO, TOCKOJIBKY Majio€ BO3MYIICHHE, B3aMMOJICHCTBYS C pa3HOro poja
HMCTOYHHUKAMH MOTPEIIHOCTH METO/1a, MOXKET IPUBECTH K HEKOPPEKTHOMY U3MEHEHUIO
yucieHHoro pemeHus. OmpemenuM  TOPOTOBYIO  KOPPEKTHOCTh  METoAa K
BO3MYIIICHUIO KaK BEIWYUMHY BO3MYIIEHUS, MPU KOTOPOH CyMMapHas MOTPEITHOCTh
peluIeHusT TeCTOBOM 3ajaud HAUYWHAET MEHSTHCS B COOTBETCTBUU C AHATUTHYECKUM
pemenueM. OdYeBHIHO, YTO OMpEIEIIEHHE MOPOTOBOW KOPPEKTHOCTH HAMHOTO
CJIO)KHEE, YeM OIpECIICHUE MOPOTOBON UyBCTBUTEIHLHOCTH, TIOITOMY HCIIOJIB3YETCS
OHO HAMHOTO PEXe, OJHAKO HCIOJB30BAHHME €T0 B JAHHOW CTAaThE IMPEACTABIACTCA
EJIeCO00Pa3HBIM.

Hakoner, paccmorpum Bomnpoc 00 3(hPEeKTHBHOCTH METOMa, TO €CTh O 3aTparax
pecypcoB OBM, B mepByro o4yepe/lb, MAIIMHHOTO BPEMEHH, IS TIOTYUYSHUS PEIICHUS
TECTOBOHM 3a/laudl ¢ HYXHOHW TOYHOCTBIO. CliemayeT OTMETHUTh, YTO I(PPEKTUBHOCTH
aJITOPUTMA TIOMHMO CBOWCTB COOCTBEHHO aJITOPHUTMA 3aBUCHT eIe U oT Tumna OBM,
HCITIOJIb3YEMOT0 MMPOTPAMMHOTO OOECIICUCHHSI M CTHIISL TIporpaMMupoBanus. HecMoTpst
Ha OYEBHUJHBIA MPUHIUI: MaKCUMAaJIbHYIO TOYHOCTh 332 MHHHMMAIBbHOE BpEMs, B
onpeneneHny (P(HEKTUBHOCTH MHOTO CYOBEKTHBHOTO, MPEX/E BCETO B TOM, KaKOe
YBEIUYCHHUE 3aTpaT pecypcoB OBM mpuemsieMo ISl JOCTIOKCHHS 3aJaHHOTO
yBenuueHuss TOYHOCTH. [loaTomy mist ompenencHus 3()(QEKTHBHOCTH HEBO3MOXKHO
chopMyITUpOBaTh KaKOe-TMOO CTPOTOE MPABUIIO, U CIIEAYET UCXOIUTh U3 TpeOOBaHNUH,
KOTOpBIE C(hOPMYNIMPOBAHBI SIBHO WM HESBHO NPY IOCTAHOBKE aKTyalbHOH 3ajaud,
HampuMmep,  JTOMYCTUMBIE  3aTpaThl  MAIIMHHOTO  BPEMEHH,  BO3MOXHOCTH
MCIIOJIb30BaHMS ONEPATUBHOM MaMsITH U IUCKOBOIO mpocTpanctBa DBM u tak nanee,
a ¢ Ipyroil CTOpOHBI TPeOOBaHMI K TOYHOCTH MCKOMOTO pemieHus. Hamo oTMeTHTs,
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YTO B KOHKPETHBIX 00JIACTSX BBIYMCIUTEIHHON MEXaHUKHU ¥ MPHUKIAJAHON MaTeMaTHKH
B 1enoM chopMHpOBANIKMCH Ooyiee  ycToHuuBBIE KpuTepud 3((eKTUBHOCTH
QJITOPUTMOB, OCHOBaHHBIC HAa OCOOCHHOCTSX peIaeMblx 3amad. He BraBasch B
noJpOOHOCTH, OTMETHM, YTO METOJ TI'PaHHYHBIX 3JEMEHTOB BHICOKO 3(h(eKTHBEH
NPaKTHYECKH Ul BCEX JIMHEHHBIX JUIMNTHYECKUX 3a7ad. YTIOMSHYTBIE TPYAHOCTH B
omnpezneneHud S(P(GEKTUBHOCTH HE CHHUMAIOTCS IPH TEOPETHYECKOM OIPEACICHHN
5Q(QEeKTUBHOCTH, = OCHOBAaHHOM  Ha  TEOPETHYECKOH  OIEHKE  KOJINYecTBa
apu(MEeTHYEeCKUX OIepaluii, HeOOXOAMMBIX U BBITOJHEHUS] pacuera. XOTS TaKHe
OLICHKH HE 3aBUCAT OT KOHKPETHOW MPOrpaMMHOI peann3alyy, 3a4acTyl0 OHH BeCbMa
JaJeKl OT Pe3yJbTAaTOB PEaJbHBIX PAcYEeTOB BCIICICTBHE HCHONB30BAHUS OYCHb
rpyObIx orieHoK. TeM He MeHee, JUIsl TOTHOTHI TECTUPOBAHUS AITOPUTMa 003aTEIIbHO
HaJI0 BKJIIOUYUTH HEKOTOPYIO OLEHKY €ro 3QEeKTUBHOCTH Ha Pa3IMYHBIX CETKax, WIN
XOTs OBl yKa3aTh 3aTpaThl MAIIMHHOTO BPEMEHH.

B 3aknroueHme eme pa3 XOTeNOCh OBl  MOJYEPKHYTh, UYTO Pe3yJbTaThI
TECTUPOBAHMS HE Jal0T JOKA3aHHBIX OLEHOK TOYHOCTH M HE MOTYT rapaHTHPOBAaTh
TOYHOCTh pEUICHHs aKTyaJbHOM 3ajadyd, HO TECTHPOBAHME Ha IPABHIBHO
MOJT0OpaHHOM HA0Ope TECTOBBIX 3aJad MOXKET CIY>KHTh OCHOBOU JUISI BBIPAOOTKH
NPaKTHYECKUX PEKOMEHIAIMI U TIOBBIIIAET JJOCTOBEPHOCTh PE3YJIBTATOB YHCICHHOTO
peLICHHs aKTyaIbHOU 3a/1a4H.

7. Apyrue Buabl BO3MylleHU I

HauGonpmmii wHTEpeC mNpH pelleHHH MPUKIaIHBIX 3a1ad  BbBI3BIBAIOT HE
BO3MYIIEeHUS (hyHIaMEHTAIbHBIX PEUISeHH, a BO3MYIICHUS ()OPMBI TPAHUIIBI OOJIACTH
pemeHuss W TPaHWYHBIX yCIoBUH. B TpagummoHHBIX  OuddepeHInanTbHbIX
MOCTAaHOBKAaX aHAJIN3 MaJbIX BO3MYIICHUN IPAaHUYHBIX YCIOBHI B JIMHEHHBIX 3ajadax
HE COCTaBJIIET OCOOOTO TPyZa M CBOAMTCSA K MPOCTOMY PA3JIOKEHUIO BO3MYIIEHUS
TPaHUYHOTO YCIIOBHS B PA MO MalIOMy IapameTpy C MOCIEIyIOINM MPUMEHEHUEM
OOBIYHOW Tpouenypsl METOJa Majoro mnapamerpa. 10 €cThb, pas3iudus MeEeXIy
NPUMEHEHHEM AacHMITOTHYECKHX METOAOB Ul aHalu3a MajblX BO3MYILEHHN
TPAaHWYHBIX YCIOBHA B au(GEepeHINATbHON W WHTETPATbHOW (POpMyIHpOBKax
HeBenuku. B To ke Bpems, B auddepeHnmanbHO (HOPMYIMPOBKE KpaliHe
3aTPyAHUTENHHO AHATU3UPOBATH BO3MYyIIeHHE (OpMBI 00JacTH peuieHus, a B
WHTETpabHON (POpPMYIHPOBKE, KaKk OyAET MMOKa3aHO HIKE, TAKOW aHAIN3 HEMHOTHUM
CIIO)KHEE aHaJIN3a BO3MYIIEHHS TPAHUIHBIX YCIIOBHH.

Ilyctp 3amaHbl HEBO3MYIIEHHOE, B CMbICIIE BO3MYyIIEHHUS TpaHumpsl (7.1) u
BO3MyIIeHHOE (7.2) TpaHUYHbIE MHTETPATbHBIE YPABHEHUS

oulx,
g5 yo Julxos v )= I%% (2, x93, 7 Js(x, ) =
r

a b b 2
_ _[u(x,y) (Po(x ;‘2 Y yO)ds(x,y),
r

(7.1)
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ou” (x,
clxg, yo Ju" (x9,30)=| ua}(;y 0 (5,05 v, 3 s (x, ) -
o0 7 ) (7.2)
—Iu*(X,y) PolX,X9,)5 Vo ds*(x,y).

"
. on

Ilenbro B IaHHOM 3a/a4e sIBJSIETCS YCTAHOBJICHUE CBSI3M MEKY dTUMH YPaBHEHHSIMH,

€CJIM BO3MYIIEHHE U3BECTHO U MOJKET OBITH IPEJCTABIIEHO B BUIIE

ef (x’ y ) ’
I7ie & — HEKOTOPBI Mablid mapamerp, f — HEKOTOpas, [0 MEHbILEH Mepe, KyCOYHO-
HenpepbiBHAs GyHKIHs opsaka O(1) .
Bo3mymieHust rpaHunbl 00JacTH PEIICHHS M TPAaHUYHBIX YCIOBHH MOTYT OBITH

BKJIIOUCHBI B ypaBHeHHE (7.2). Torma mpeactaBuM (QYHKITHIO (GOPMBI BO3MYIIIEHHOMN
TPaHUIBI B BUJE CIICIYIOIIETO PA3JIOKEHUS B PAJI

* *0 * * *
R ()=h" (t)+ &h™ (¢)+ & h* () + -+ e h™*(t)+--, (7.3)
rae ¢ — BHYTPEHHHMH NapaMeTp KpHUBOH (B MpOCTEHIEM ciydae OH COBMAJACT C
JUIMHOW KPHUBOH § ). AHAJOTHMYHBIM OOpa3oM IMPEICTaBUM W TPaHUYHBIC 3HAYCHHUS

UCKOMOW (YHKUIMH W €€ HOPMAaNbHOW MPOU3BOAHON (BO3MYILEHHE KOTOPBIX MOXKET
OBITH CJIEACTBUEM BO3MYLICHUS IPAHHULIBI WM UMETh HHYIO, OTJAEIbHYIO IPHUHHY)

u*(t)zu*o(t)+w*l(t)+£2u*2(t)+ refut o)+ (7.4)
* %0 #] *2 *k
ou (t) _ ou (t)+g ou (t)+£2 ou (t)+...+gk ou (t)+m' (7.5)
on on on on on

ITocne noxcranoBku npexacrasnenuit (7.3)-(7.5) B ypaBuenue (7.2) noiyuum
c(x()’yo )(u*o(xo’yo)+ &J*l(xo,yo)+ gzu*z (xo’y0)+ .. ) —
~ J. {a(u*O (r,y)+ eu™ (x, p)+ &2u™ (x, y) +--)
B on

Wo(xaxmy,)’o)x

14

x (B (x,y)+ &h™ (x,y)+ &'h* (x,y) + - )}ds(x, y) - (7.6)

a(ﬂo(x»xmy»J’o)X
on

- [ ey) e ar )+ e (e y) 4o
4
x (B (x, )+ &h™ (x, )+ &"h* (x, y) + - - ) }ds(x, ).
Kak u paHee, MOCKOJBKY Mapamerp &, BOOOIE TOBOPS, MPOU3BOJBHBIN, TO YTOOBI
ypaBHeHHE (7.6) BBIMOTHAIOCH TPH JIOOOM 3HAYCHHWM TIapaMeTrpa &, CIemyeT
notpeboBaTh paBeHCTBA KOI(Q@HIMEHTOB TPU KaXIOW CTEMEHU Mapamerpa &, B
pe3yibTaTe HyJeBoe npn6nn>1<eHHe uMeeT BUJT
w0 “(x,p)
e(xg. 70" (xg-70) = | a—mx X0 92 Yo ) (. y)ds(x, ) -
09, (x, xo,J’ayo), *0
on

(7.7)

~[u” )

r

(x, y)ds(x, y).
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WuTerpupoBanue B ypaBHeHUH (7.7) BBIIOJHIETCA BIOJIb HEBO3MYIIEHHON T'PaHHUIIBI

3k, v (v
[, mockonmeky % ° coBmagaer ¢ (yHkuueil (GopMbl HEBO3MYIIEHHOH T'DAHMIIBL.
OrMerM, dro HyJeBoe mnpuOmmkenue (7.7) (akTUYeCKH COBIIATaeT C
HEBO3MYIIEHHBIM ypaBHeHueM (7.1). [lepBoe npubnmxenne umeet BUJ

C(XOsyo)”*l(anJ’o) =

(X, ) + ————h""(x, ) o (x,Xq, ¥, yo)ds(x, y) — (7.8)

:J‘ 6u*0(x,y)h*l au*l(X,)’)
2 on on

T ey )+ G ) () 20 — ) s x, ).
n
7

TyT cieyeT TPOBECTH pa3uyusi MEXIy BO3MYILIEHHOW y W HeBO3MYyIleHHOW I

KpuBbIMU. [lociie moacTaHOBKM B WHTErpai PyHKIMK (OPMBI YKa3aHHWE 3TUX KPHUBBIX
O3HA4YaeT JWIIh W3MEHCHUE IIPEACIIOB WHTETPUPOBAHMS, U, €CIH OTHU MPEACIBI
COBIIQJAIOT, a 3TO JUIIb BOMNPOC TEXHUKU OMHCAHUS KPUBOW, TO BO3MYLICHHAs M
HEBO3MYIIICHHAs KPHUBas B 3TOM CMBICJIE YK€ HEpa3IMYMMbl. YMHOKUB U Pa3JICIIHB

%0
HOJBIHTEIPAIbHBIE BBIPAKEHUA HAa /A UM CIPYNIIMPOBAB COMHOXKUTENIH, MOXKHO
(hopManbHO MEepEeTH K HHTETPUPOBAHUIO TI0 HEBO3MYLIICHHOW KpUBOM [ .
*|
Ecin 1 W3BECTHO, MyCTh Jae MPUOIMKEHHO, U3 pemenus ypapaenus (7.7), To

cooTHomieHne (7.8) MOXKHO paccMaTpuBaTh KaK HMHTErPajbHOE ypaBHEHHE

ou™! ou™!
M3BECTHO W3 TPAaHWUYHBIX YCIIOBUI) WIJIH . (ecrmn
n

.
OTHOCHTENBHO u ' (eciu 5
n

* (v}
u' W3BECTHO W3 rpaHMYHBIX ycioBuii). TakuMm oOpaszoM, ypaBHeHme (7.8) Takke

no1o0HO ypaBHeHUIO (7.1) (32 UCKITIOYEHUEM HEOHOPOIHOTO YJICHA).
Haxkownern, chopmynupyem m -oe ypaBHEHUE:

C(xoa)’o)”*m(xo,yo) =

o (30)
=[] RS ) oy s () (79)
7 \ k=0 h

m
[ S e ey [ B2 20 gy,
% \k=0 on

Bce 3akmroueHusi, clienaHHbIe U MPAaHUYHBIX HHTETPAIbHBIX ypaBHeHUil (7.7) u
(7.8) cripaBeIMBEI TSI TPAHUYIHOTO WHTETpaIbHOTO ypaBHEeHUS (7.9).

Od4eBHIHO, YTO Cily4dall MaJbIX BO3MYLICHMH TPAaHUYHBIX YCIIOBHH SBISETCS
YaCTHBIM CIIy4aeM BO3MYIICHUS I'paHUIlbl. JlelCTBUTEILHO, €CIIH TPaHuIla 001acTH HE
Oblma BO3MYyINEHA, TO B pasnokeHue (7.3) Bce WICHBI, HAYMHAS C WICHAa IIEPBOTO
nopsizika, paBHsl 0, ¥ 9TO pa3jIoKEHUE BBIPOKAACTCS B MPOCTOE TOXKAECTBO. OIHAKO
paznoxenust (7.4) u (7.5) popMabHO HUKAaK HE CBSI3aHBI C BO3MYIIEHHUEM T'PAHUIIBI,
MO3TOMY B HHX MOXET OBITh YYTCHO BO3MYIICHHE TPAaHHYHBIX YCIOBHI.
CooTBeTCTBYIONIAS IOCIIEIOBATEILHOCTh TPAHWYHBIX WHTETPAIBHBIX YPaBHEHHH
MOXXET OBITh TMOJIydeHa U3 mocienoBatenbHocTh (7.7)-(7.9) 3aHyleHHuEM claraeMplx,
CBSI3aHHBIX C BO3MYIICHUEM IPaHMIIbI 00ACTH PEIICHUS.
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8. AHATU3 MOJTyYeHHBIX pPe3yJIbTaToB

OCHOBBIBaSICh Ha ONMCAHHOH BBIIIE METOAMKE TECTUPOBAHUS IPOrpaMM, ObLIM
NPOM3BENICHB TECTOBbIE pacyeThl. B KkadecTBe TecToBOW ObUla BhIOpaHa 3ajada
Jupuxne nus ypasHeHus Jlanmnaca

Au =0, (8.1)
ul,. = g(x, ). (8.2)
B KauecTBe TECTOBBIX OBUIH BHIOPAHBI CIIEAYIOIIME TAPMOHUYECKHE (DYHKIIMN
u(x,y) = (x+)/2, (8.3)
uy(x,3)=x* = 2, (8.4)
us(x,y)=e"" cos y, (8.5)

onpenenennble B kBaapate (0<x<1;0<y<1) uiam kpyre eIMHUYHOTO pajuyca C
LUEHTPOM B HayaJie KOOPJHHAT.

OueBUAHO, YTO TIONHOE WCCICAOBAaHHE pPACCMATPUBACMBIX aJTOPUTMOB IO
OINMCAHHOW BBILIE CXEME JOCTATOYHO TPYIOEMKO M HE MOXET OBITh BBIIOJHEHO B
OrpaHMUYCHHBIX paMKax HacTosieil paborel. Hampumep, pu ucnons30BaHul METOAA
TPAaHUYHBIX DJIEMEHTOB HYJIEBOTO TMOPSAAKA TOYHOCTH (TO €CTh, AallpPOKCHMAIMH
M3BECTHBIX M HEHM3BECTHBIX BEIMYMH HAa TPAHUYHOM DJJIEMEHTE IIOCTOSIHHBIMU
BEITMYMHAMHM), KOTOPBHIH TPUMEHSJICS B JaHHOM paboTe, HU [UII OJHOW U3
NPUBEACHHBIX TECTOBBIX (PYHKIMH HENB3sl CHOPMYINPOBATh TPUBHAILHYIO TECTOBYIO
3agauy. OnpezaeneHue BHYTPEHHEH MOTPEIIHOCTH METOAa TAaKKe He HpeACTaBIIseTCS
HEOOXOOUMBIM, XOTS JUIS ONPEACICHHBIX CIy4aeB IJOOAJbHBIX BO3MYLICHUH OHO
MO>KET OBITH BBITIOJIHEHO O€3 Tpyaa.

CuTyanyst OCIIOKHSETCSl TEM, YTO, €CJIM AJIS TI00aJbHOT0 BO3MYILCHHS TECTOBAS
(hyHKIM TOgOMpaeTcs AMEMEHTAPHO IS J1t000i (HhOpMBI 00J1aCTH, HAIPUMED, B BUJIE

u(x,y)=u; +eu;, (8.6)

rae GyHkoum B TIpaBoi gacTw (8.6) onpeneneHsl cootHomeHusMHA (8.3)-(8.5), To mst
JIOKaJIBHOTO BO3MYIICHHUSI TPAHUYHBIX YCJIOBHI TECTOBYIO 3a/lady MOXKHO MOCTPOUTH
TOJBKO B 001acTH, i1 KOTOPOW W3BECTHHI JOCTATOYHO MPOCTHIE BBIPAKEHHS
¢yuakmmii I'pmHa, TO €CTh, Kpyra, IIOJOCHI, MONYMHOJIOCH. YTO e Kacaercs
BO3MYIIEHUs GPOpMBI 001aCTH, TO OJOOpPATh B 3TOM Cllydae KOPPEKTHYIO TECTOBYIO
3aJady JOCTATOYHO CIIOKHO H3-32 HEOOXOAWMOCTH OIpPENeNsITh M BO3MYIICHHS
TPaHUYHBIX yCIIOBHH.

Bce, nmpuBeneHHbIe HIDKE, pacdeThl OBUIH BBIIOJHEHBI B €IMHUYHOM KBaJparTe C
ucnoibp3oBareM ceTku 50 x 50 TpaHMYHBIX AIIEMEHTOB HYJIEBOTO MOPSAKA, IPH 3TOM
MakCHMalbHas TMOTPENIHOCTh METOAa JUIA OCHOBHOW TECTOBOM  (yHKIWH,
ornpeneneHHoi (8.5), paBHOMEPHO DPACHONOKEHHBIX y3JlaX CETKH BHYTPH OOJIACTH
coctasmia 0.68023800E-05, a cpennexkBaapaTtuunas norpewtHocts 0.23669210E-07.

B Tabmume 1 mpuBeneHBI pe3yibTaThl PacueTOB IMPH MOMOIIHM IPEIOKEHHOTO
MeToja TecToBou 3amaum Jupuxie mis yskuumu (8.6) B ciydyae T100aJIbHOTO
BO3MYIICHUs TPAaHUYHBIX YCJIOBHHA. B 3TOM ciy4ae OTKIMK Ha BO3MYIIEHHE MOXKET
OBITh ompeneneH aHanuTUdecku. OUYEBUIHO, YTO NMPHUBEACHHBIC BEITUYHWHBI OMIMOOK
OTKJIMKA COOTBETCTBYIOT TEOPETHUYECKH OXHIaeMbIM 3HadeHUsM. Kak TOJbKO
BEJIMYMHA BO3MYILEHHS OKa3blBACTCS CPaBHUMOM C TMOTPEHIHOCTBIO METoxAa
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TpPaHUYHBIX 3JICMCHTOB,

HCIIOJIB30BAaBIICTOCA i1 PCIICHUA KPACBBIX

OTHOCHUTEIbHAS OLINOKA OMpeACJICHUA OTKIHNKAa HAYUHACT PE3KO BO3pPaACTaTh. B

Tabmmmax 2 W 3 TpUBENEHB pPe3yIbTaThl PACUETOB JIOKATBHBIX BO3MYIICHHI
TpaHUYHBIX YCJ'IOBI/Iﬁ I KIIACCHUYCCKOro METoAa TI'pPaHUYHBIX DJJIEMCHTOB U

AJIropruT™Ma, MPEAJIOKEHHOTO B I[aHHOI‘/'I CTaThC. O‘-IeBI/I,[[HO, 4qTo Hpe}.‘[J'IO)KeHHBIf/i
AJITOPUTM OKa3aJICd HYBCTBUTCIIBHEC K BO3MYILICHUSM.

Tabn.1.I'nobanvroe go3myujeHue epanudnbix ycioguil. Pacuem npouzeéeden KOMOUHUPOBAHHBIM
MemoOoM MAI020 napamempa (yuem nepeoco npubIUNCeHUs) U 2PaHUIHbIX IN1EMEHMO8.

Bosmyienue

Makcumym
OTKJINKA

Cpennexna-
JIpaTUYHBII
OTKJIMK

MakcumyMm
OIMOKHN
OTKJIMKA

Cpennexna-
JpaTHYHAS
omuoka
OTKJIMKA

.100000E-01

.2662778E-01

.3169073E-03

.1472421E-05

.7365684E-08

.999999E-03

.2662659E-02

.3169046E-04

.1393026E-05

.7268259E-08

.999999E-04

.2665520E-03

.3169177E-05

.1502704E-05

.7467075E-08

.999999E-05

.2694130E-04

.3172049E-06

.1623745E-05

.7217615E-08

.999999E-06

.3337860E-05

.3232388E-07

.1187220E-05

.5772337E-08

.999999E-07

.1072884E-05

.5991153E-08

.9698707E-06

4077066E-08

.999999E-08

.9536743E-06

4546245E-08

.9397531E-06

4327189E-08

Tabn.2. Jlokanvroe 603myiyenue epanudnbix ycaosuti. Pacuem npousseden memooom
2PAHUYHBIX DTIEMEHINO8.

Ta6n.3. Jlokanvroe 6o3myujenue epanuinbix ycaoeuii. Pacuem npouszseden KoMOUHUPOBAHHBIM
MeMOOOM MAN02o napamempa (yuem nepeo2o npubIUNCeHus) U 2paHuIHbIX I1eMeHMO8.

3a1a4,

BosmyeHue

MakcumyMm
OTKJIMKA

CpennekBajpa-
THYHBIA OTKIINK

.10000000E-01

.25033280E-02

.22570830E-05

.99999990E-03

.25025760E-03

.22577660E-06

.99999990E-04

.24951990E-04

.23158120E-07

.99999990E-05

.24735930E-05

.56874050E-08

.99999990E-06

.95367430E-06

49376350E-08

.99999990E-07

.83446500E-06

.44488610E-08

.99999990E-09

.00000000

.00000000

Bo3myuienue

Maxkcumym
OTKJIMKA

CpennexBaspa-
TUYHBINA OTKJIUK

.10000000E-01

.25033360E-02

.22570510E-05

.99999990E-03

.25033370E-03

22570500E-06

.99999990E-05

.25033360E-05

.22570480E-08

.99999990E-06

.28370880E-06

.29762680E-09

.99999990E-07

.25033370E-07

.22570560E-10

.99999990E-08

.25033380E-08

.22570530E-11
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Tabmuupl 4 1 5 colepaT aHAIOTHYHBIE PE3YNbTaThl JJS Clydas BO3MYILEHHS
rpaHuubl obnactu pemenus. Kak u paHee, NMpeJIOKEHHBIH alrOPUTM OKazajcs
YyBCTBUTENBHEE K BO3MYILICHHUSM.

Tabn.4. Jlokanvnoe 6o3mywenue epanuysvl. Pacuem npousseden memooom epaHuumbix

JJIeMEHRMO086.

Bo3smyienue

Makcumym
OTKJIMKA

CpennexBapa-
TUYHBIA OTKIIMK

.10000000E-01

.78861560E-02

.78465500E-05

.99999990E-03

.29973690E-03

.29012160E-06

.99999990E-04

.23178760E-04

.33003970E-07

.99999990E-05

.70855020E-05

.23870020E-07

.99999990E-06

.68880620E-05

.23678410E-07

.99999990E-07

.68284570E-05

.23644730E-07

Tabn.5. Jlokanvroe 6o3mywenue epanuybl. Pacuem npousseden KOMOUHUPOBAHHBIM MEMOOOM

Majinoco napamempa (yltem nepeoco npu6ﬂu9fceyuﬂ) U CPAHUYHBIX D1EMEHMOE.

Bo3smyienue

Makcumym
OTKJIMKA

CpennexBapa-
TUYHBIA OTKIIMK

.10000000E-01

.71920044E-02

.72663500E-05

.99999990E-03

.28376910E-03

.28333180E-06

.99999990E-04

.23447680E-04

.33310090E-07

.99999990E-05

.69143420E-05

.13956750E-07

.99999990E-06

.11147700E-05

.78645340E-08

.99999990E-07

.68145870E-06

.69585622E-08

9. BriBoabI

B nacrosmieit pabote npeatokeH KOMOMHUPOBAHHBIA aJTOPUTM METOIOB MaJloToO
napaMeTpa U rPaHUYHBIX 3JIEMEHTOB. Brime nokazana 3pQeKTHBHOCTh MPUMEHEHHUS
MPEUIOKEHHOTO TOJAXOAa I aHalnu3a MajblX Bo3MmymieHui. [lokazaHo, dro
TOYHOCTb, JOCTHUTaeMasi MPH TOMOIIN TPEIOKEHHOTO alTroOpuTMa HAMHOTO BEHIIIIE,
HEXXEJTH TOYHOCTHh KJIACCHYECKOI0 METOJIa TPAaHUUYHBIX AJIEMEHTOB U JOCTATOYHA IS
MHOTHX NpaKTHYecKuX neiel. Takum oOpazom, naHHas paboTa UMEeT METOIUIECKOe
3Ha4YEHHE JUTA TPOBEACHNS WHXEHEPHBIX PacueTOB.

Hayunas HOBH3Ha JaHHON pabOTHl 3aKiIIOYaeTcsd B TMPEAJIOKEHHOM MOIXOAE K
YHUCIIEHHOMY MCCIIEIOBaHUIO MaJIbIX BO3MYIIECHHH U IPYTUX MaIbIX 3((EKTOB.

[lepcriekTBEI pa3BUTHS JAaHHON pa0OTHI, KAK ¥ BO3MOXXHOCTH HCITOJIb30BaHUS €
pe3yIbTaTOB, JOCTATOYHO OYEBHIHBI, M 3aKITI0YAIOTCS B TPUMEHEHHUH MPEII0KEHHOTO
noaxona JUis MOCTPOeHUS 3(P(PEeKTUBHBIX pACUETHBIX CXEM C HX JaJIbHEHIINM
MpUMEHEHHEM B pa3lMYHBIX OONACTAX HAYKHM W TEXHWKH. B mepBylo odepenp
pe3yIbTaThl HACTOAIIEH pabOTHI MPEACTABISAIOT WHTEPEC IS MOCTPOSHHS YHNCICHHBIX
AITOPUTMOB TUAPOJUHAMUKA M TeIUloMaccooOMeHa B MHOTO(a3HBIX cCpenax,
MEXaHUKA KOMIIO3UTHBIX MAaTepUajoB, MHUKPORJIEKTPOHUKU, OJIHAKO, YUYUTHIBAS
YHUBEPCAIBHBIN XapaKTep MPeUI0KeHHOTO TT0X0a, OH MOXET ObITh UCIIONB30BaH U B
JIPYTUX 00JIACTAX, HAIPHUMEDP, MUKPOOHOJIOTHU.
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K Bompocy o cTpaternyeckoM MIaHUPOBAHUH
KauecTBa 00pa30BaHUs

M. B. Bnagumuposa, A. B. CniuBakoBckuit
Xepconckuii 20cyoapcmeenbill yHUsepcumem

The purpose of the article is the analysis of the data for determining problems and the
methods of the modelling of the university activities strategic planning mechanism in
order to improve the quality of education. The general formulation of the problem of
the quality control of bachelors and masters training at University, the current state of
the object University and determining impact for changing the state of the object has
been considered.

BBenenne

CoBpeMeHHas JKOHOMHKA TpeOyeT OT JIF000Tr0 MPEANpUsATHS, B TOM YHCIE U OT
y4eOHBIX 3aBEICHUI, CBOCBPEMEHHON peakilny Ha W3MCHCHHE BHEITHEH cpennl. bes
UCIOJIb30BaHUS HH(MOPMAIIMOHHBIX TEXHOJOTHM HEBO3MOXHO OBICTPO BBIABIIATH
HeoOXoauMyro uHGpOpManuio U o0pabdaThiBaTh €€ IS MPABHILHOTO TPUHSATHS
pelIeHU.

KpaeyronbHbili kaMeHb cyliecTBOBaHus jr000ro BY3a - coderanue ydeOHBIX U
HAYYHBIX IIeNied. A TliaBHas y4eOHas Ielb  TOCTOSIHHOE YCOBEPIICHCTBOBaHUE
KadecTBa OOYYEHHUs MPH 3aaHHBIX pecypcax. s ZOCTIKEHUS TOCTaBICHHOW ILIEIH
HE00X0ANMO pa3paboTaTh U COBEPIICHCTBOBATH JIBE IIaBHBIE COCTABIISIONINE:

- OmpeleieHue 3a1ady U METOJOB MOJCIUPOBAHUS MEXAaHU3MOB CTPATETUYECKOTO
TUTAHUPOBaHUs JiesTenbHOCTH BY3a 1o ynydmeHnio kauecTBa 00ydeHus;

- TIOCTPOCHHE MOJEN YTpaBlIeHUs AesSTedbHOCThI0O BY3a B cooTBeTcTBHH C
pa3pabOTaHHBIM IIJIAHOM.

YuuteiBas r7100a1bHOCTh MOCTABICHHBIX 3aJ1ay, B JIAHHOW CTAaThe OCTAHOBUMCS
TOJIBKO Ha HEKOTOPBIX BOIIPOCAX CTPATETUUECKOrO IIIAHUPOBAHUS.

Crpaterus €CTh OIPEEICHIE OCHOBHBIX TOJITOCPOYHBIX IIeNIeH U 3a7a4, IPUHSATHE
Kypca JCHCTBHI W paclpeielicHHe pEeCcypcoB, HEOOXOIMMBIX JUISl BBITOJHEHUS
MOCTAaBIECHHBIX Uened. CrpaTernueckas anbTEpHATUBA OINpEAENAeTCS IMyTeEM
CONOCTABJICHUSI BOBMOXHOCTEN U PECYPCOB C YUETOM IIPUEMIIEMOIO YPOBHS PUCKA.

Takum 00pa3omM, B pe3ysbTare CTPATETHUYECKOTO IUIAHWPOBAHUS JOJDKHBI OBITH
pELICHBI CIENYIOUIUE 3a0aun:

BEIOOp TPHOPHUTETHBIX HANPABICHUNA NEATEIBHOCTH, KOTOPBIE HYKHO DPa3BUBATh
JUTSL TOCTHOKEHUSI B OyAyIIIeM OCHOBHOM 1IN,

METOJIbI, C TOMOIIBI0 KOTOPBIX MOXXHO Hambonee 3(P(EKTUBHO NPUHTH K
JKeJTaeMbIM Pe3yNbTaTaM [0 KaXA0OMY U3 HaIlPABJICHHUIA;

MIPOTHO3UPOBAHME 3aTPAT MO KKIOMY U3 HAPABICHUH;

MIPOTHO3UpPYyEMas OTAaua M0 HAMPaBICHUSIM;

MPOTHO3WPOBAaHUE PUCKOB M pa3paboTKa CTPATErny M0 UX MUHUMU3AIUH;

MOCTPOEHUE MOJAEIH OpTraHu3aIiK yIeOHOTO pollecca B YyHHBEPCUTETaX;
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BBIABJIICHUC O6’beKTOB BHeHIHeﬁ CpeI[I)I nu HOCTpOCHI/Ie I/IMHTElLII/IOHHOﬁ MOaeIn
B3aUMOJICHCTBUS Y HUBEPCUTETA C 3TUMH OOBEKTaMHU.

ITocTanoBKa 3a1auM B 001eM BHJIE

Ilycth X, cOCTOSIHUE OOBEKTA B 3aJJaHHBII MOMEHT BPEMCHH;

U; - YIIPABJICHHUEC, BO3HUKAIOIICC HA NUHTCPBAJIC [tk 5 tk+1 ] .

Torma sBoIONUS 00BEKTA YIPABICHUS OTIHCHIBACTCS
Xer1=X (X, Ups I, St,.9q s (1

rae X(+) — HeKOTOPEIH orepaTop;

Iy— BBISBIICHHBIC TIOMEXHW HA MOMEHT BPEMEHU ty;

S¢ — IOMEXH, HEyUYTECHHBIE B MOJECTISX;

J - TapaMeTphl 0OBEKTA.

OueBUIHO, YTO UISI TOTO, YTOOBI COCTOSHHUE OBBEKTa B MOMEHT BpeMeHu t+1
MIPUHSIIO 3HAYCHHE Xi+ HEOOXOMMO K MOMEHTY ty OIPEENIUTh, KAKUE TIOMEXH Iy U S
OymyT HeWCcTBOBATh HA OOBEKT HA HWHTEPBAJC [tk ,t,,1| ¥ Kxakue ynpasisronue

BO3JICHCTBUA HE OOXOIMMO MPEIINpPUHATh, 4YTOOBI OOBEKT IOCTUT TpeOyeMBIX
MapaMeTpoB, OMHUCHIBAIOIINX €ro (YyHKIMOHHpPOBaHWE. 3amadcii IIaHUPOBAHUS HA
JTUCKPETHUX HHTEpBaJiaX BPEMEHH SIBISETCS MOCTPOCHHE IMJIAHOBOM TpPaeKTOPUHU Ha

TIEPHUOJT [tk ,tk“] B COOTBETCTBHH C 33JJAHHBIMH IIETISIMHU, C YIETOM PECYPCOB U TTOMEX

CO CTOpOHBI BHemIHeH cpenbl. HeoOxoamMo, 4TOOBI cHMCTeMa IUTAaHWPOBaHUS Oblia
cHaOXeHa  CHUCTeMaMH ydYeTa, aHaim3a W  TnporHo3upoBaHms.  IIpormecc
IIPOTrHO3UPOBAHUA B 06H1€M BUC OIMUCBIBACTCA CCHCOPHBIM YPABHCHUCM!
Yi= Y (X, Xer1, U, T+, St,)7

I'me Y() — omepaTop, oTpakaroImmii padoTy 3a1ad MPOTHO3UPOBAHHUS.

B pesynwsTaTe paboTs! oneparopa Y(-) popmupyercs miaaHoBas TpaekTopus Ha k+1
nepuos  (QyHKIMOHUPOBaHUs. PacdeT IUTAHOBOW TPAaGKTOPHH, OCYIICCTBISICMBII
CUCTEMOH1 IIIaHNPOBAHHUS, 337]a€TCS yPABHEHHEM:

_ * n
X[+1 - P(Yk’ G s Wk+1 ),
rae P(-) — onmeparop pacdera mIaHOBOW TPAaCKTOPHU;

Yy — IaHHbBIe, MOJIy4eHHBIE B pe3yjibTare pabOThl CHCTEMBI ydeTa, aHajau3a Hu
IIPOTHO3UPOBAHUS;

Wy, - TapaMeTphl MOJEIH IUIAHUPOBAHHS;

* v
G - Habop mokazaresel, XapakTepU3yIOIIKX IIIaH.

Monenns B3auMoAelcTBHSI 00bEKTOB BHeHIHeld cpeabl ¢ 00beKTOM
YHuBepcUTET HA HACTOSIIUI MOMEHT

PaccmoTrpum ofHY U3 33134, pelIaeMbIX B paMKax CTPATeTHIeCKOTO TUNIAHUPOBAHUS
- BBISIBJICHHE OOBEKTOB BHEIITHEH Cpellbl M IOCTPOCHIE MOJICIIH B3auMOAeHCTBUS By3a
C 3TUMU OOBEKTAMU.

Urak, X - cocrossHue o0bekTa (YHUBEpCUTETa) B MOMEHT BpeMeHH t. [lycTh t=t,,
rae ty — HacTosmuid MoMeHT. IlycTh 7z, - 0OBEKTHI BHeHmIHEH cpembl. Burmemnm
CIEIYIOIINE OOBEKTHI:

z;— MOHY;

Z, — roc. WHCTHTYTH (LleHTphl 3aHATOCTH yIpaBiieHHS OOpa3oBaHUS W HayKH,
00JaMUHUCTpAIHS);
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Z3 — PBIHOK TPYyJa;

Z4— HE3aBHCHMBbIE areHCTBA;

Zs — CpeaHNe yueOHbIe 3aBECHNU.

[Nepeuncium OCHOBHBIE POJIEBbIC (YHKIIUU KKIOTO OOBEKTA.

MOHY. ®opmupoBaHue TOCYAapCTBEHHOTO  3akasza, ()MHAHCHUPOBAHUE,
pETyJINpOBaHUE, KOHTPOJIb, AaKKPEAWTAlWs, JUIECH3UPOBAaHHE  JEATEIBbHOCTH
YHUBEPCUTETOB, MI€YaTh TUILIOMA.

l'ocynapcTBeHHBIE WHCTUTYTHL TpyIOYyCTPOWCTBO, KOHTPOJH 3a COOIIOIEHUEM
3aKOHHOCTH, (OPMHPOBAHME TIPYyNI Uil HEPENOATOTOBKM M IIOBBILICHUS
KBTH(DUKAITHH.

Peirok Tpyna. I[Ipon3BoACTBO BBHICOKOTEXHOJOTHYECKUX MPOAYKTOB, B CTPYKTYpe
KOTOPBIX MPeobafatoT HU3Kas ce0eCTOMMOCTh MaTepUANIbHBIX PECYPCOB;

HezaBucumele arenctBa. PelTunr, mnyOiukanus, He3aBUCHMas  OLEHKA
JIESITeTIbHOCTH YHUBEPCUTETOB, TPYAOYCTPONHCTRBO.

VYuuBepcutetsl. CouuanbHas, MOCTYIUIGHHE, OOYy4YCHHE, OLICHHUBAaHWE, Bbllaya
IUIJIOMOB, paclpelesieHHe, MEepernoAroToBKa U MOBBIMICHHE KBaJU(QHUKaLUH,
CEJICKIIHS.

[MpeacraBuM KaXkabplii U3 OOBEKTOB KaK BEpIIUHY rpada, pedpa - B3auMoAelCTBIE
Mexay oObekramu. [lockoibKy B HACTOSIIMH MOMEHT B3aMMOJCHCTBHE OOBEKTOB
HEpaBHO3HAYHO, BBIZCIMM TPU THIIA CBA3EH— ciadble, cpeaHue, cuibHble. [lomyyaem
OpHCHTHpOBaHHBIA Tpad c Becamu pebep H={h; , i=1..3}. Ha pucynke 1
MIPEICTABIIEHBl OCHOBHBIE UTPOKH BHEIIHEHN Cpefbl {x, ,Z,,k=1.5 } U CBA3U MEXIY

HHUMU.

4

Puc.1 Bzaumooeticmsue 06vekmos sHewrell cpedvi ¢ 00bekmom Yrusepcumem

IMepBuuHBI aHATHW3 MPEACTABICHHOrO Ha puc. | rpada, a UMEHHO: HATHYHE
H30JIMPOBAHHBIX BEPITUH, OOJIBIION pa3phiB MEXKITy BeCaMU U3 i-OU B j-yI0 BEPIIHHY U
U3 j-0oif B i-yio, TpeOyeT NpoBeicHHs OoJiee ICTaIbHOIO aHalIHM3a B3aUMOJICHCTBHSI
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00BEKTOB M TMO3BOJIICT BBISIBUTh U IIOMEXH T H napaMeTpbl YIHIPaBJICHUA Uy,
BO3HHUKAONICC Ha HWHTCPBAJIC [tk’tk+l]’ CBsA3aHHBIC C B3aHMOH6ﬁCTBHCM 00BeKTa

YHUBEPCUTET C BHEIIHEH CPENOM.

PaccmoTpuM HECKOIIBKO TIPUMEPOB.

IMpumep 1.

Cnabass obparnast (1) u cunbHas npsmas (3) cessu MOHY u YHuBepcureros
TOBOPHUT O (PAaKTHYECKOM OTCYTCTBHHM aBTOHOMHH YHHBEPCHTETAa M BMECTE C TEM
BO3MO’KHOCTBIO PEKTOpa €AMHOIIMYHO YIIPABIATH YUpEKIEHUEM 0e3 0c000# OTsiaKu
Ha MHeHUE YdeHoro Cosera. Takas cuTyarus Ha CETOMHAIIHUNA MOMEHT YCTpPaWBacT
snuty MOHY u YHHBEpCUTETOB, MOCKONBKY PEKTOP PEATbHO 3aBUCUT TOJIBKO OT
MHeHusi Munuctpa. Ilpum Takoit cxeme B3aUMOJACHCTBUS, CMEHA «XO3AMHA»
YHUBEPCUTETa MPOUCXOAUT TOrJa M TOJIBKO TOT[a, KOTJla BOJIOHTapU3M
MPUHUMAEMBIX JIMYHBIX pEHIEHHH pPyKOBOJUTENS CTAHOBHUTCA TIOHATHBIM BCEM,
BKITFOYasi MUHUCTEPCKAX YHHOBHUKOB

Ipumep 2.

IIpoBeaem aHamM3 OTCYTCTBHS HAa MOMEHT BPEMEHH t; CBsI3eH MEXIy BEpPIIMHOMN
74 («He3aBucumble areHTCTBa») M IPYrUMH OO0bekTaMu. OYEBHIIHO, YTO XOTSA OBI
Mexny zZ4u z; (MOHY), z, u X (YHUBEpCHUTET) CBA3b JOKHA CYIIECTBOBATD.

Ha ceromHsAmHMii MOMEHT OTCYTCTBHE CBS3H MOXeET OBITh O0OYCIIOBIEHO
HECKOJBKUMU NpuunHamu. OnHa U3 MpUYMH (IOMEX), Ha Halll B3IVIA[, 3aKJII0YaeTCs B
toM, uT0 MOHY Ha ceromHsIIHAN JAEHb HE TOPOIUTCS NEIETHPOBATH YACTh CBOMX,
c(OPMHUPOBAHHBIX €llIe B COBETCKOE BPEMsI, TIOJTHOMOYHH MyOIMYHBIM CTPYKTYpaM, a
YHHBEPCUTETHI HE XOTAT MOJBEPraThCcs MpOoLeaypaM OTKPBITOH, YeCTHOU, MyONnYHOM
OKCHEPTU3bl CBOEH JAeATelbHOCTH. M 3TO ecTh mpobOiemMa KadecTBa MOITrOTOBKH
CTYIEHTOB. A 3Has MPHUYWHY, MOKHO OIPENeNITh YIPaBIAIONIee BO3IEHCTBHUE IS
MUHUMM3AIMM BBIABJIEHHON moMexu. [lepBble ympaBmsromue BO3AECHCTBUSA CO
cropousl MOHY Hawanu mnposiBustbes. Bo-mepBbIX, depe3 HaMepeHue Co3AaTh
HaOII0aTeIbHBIE COBETH IPU By3aX. A BO-BTOPBIX, Y€pe3 CO3JaHHE HAIIMOHAIEHOTO
areHTCTBAa 10 TECTUPOBAHUIO JKEJAIOIINX MOCTYTUTh B YHUBEPCUTETHI.

Ho BeIABUTH ympaBisiomMe BO3ACHCTBUS HEAOCTATOYHO, HEOOXOOUMO H
OTIPENICINTh METOABI ero peanm3anuu. B Hacrtosmuit momerr MOHY merTaercs
U3MEHHUTH COCTOSIHUE O00BEKTa YHHUBEPCHUTET, TIOCPEACTBOM JOOABICHUS €Ile OJHOM
(YHKIMOHANBHOCTH  3TOTO e O0o0beKkTa. A  HWMEHHO, €ClId TOCMOTPETh
cooTBeTCTBYyIOmIee penreHne kowiernd MOHY mo mepBomy Bompocy, BBIIIOJHEHHE
HAONIOZICHNE 3a JIEATENbHOCTHIO PEKTOpa HE [OJDKHA BBIIOJNHATH CTPYKTYpa,
Ha3zHa4yaeMasi ITUM K€ PEKTOPOM.

Od4eBHIHO, YTO YHOpaBIAIONIee BO3ACWCTBHE, KOTOPOE JMJOJDKHO HW3MEHUTh
MOBEJIEHNE CaMOT0 O0BEKTa JOJDKHO OBITH HAIlpaBlIEeHO W3BHE W HAM BUAMTCS, UTO
HEOOXOJMMO Ha 3aKOHOAATENILHOM YpOBHE, BKIIOYHTH B CHCTEMY O0Opa3oBaHHs
He3zaBucuMele areHTCTBa B KaueCTBE OCHOBHOI'O 00BEKTa, 00ECIEUNBAIOIIETO OanaHc
B Ka4eCTBE MOJITOTOBKHU CTYACHTOB, MTEPeaB MM YacTh MMOJTHOMOYHH.

CBs13p MeX1y OOBEKTaMH MOKET MOABHUTHCA M 32 CUET M3MEHEHUs (JoOaBiieHus)
()YHKIHNOHANBHOCTH JBYX CBS3BIBAEMBIX OOBEKTOB.

PaccmorpuM Takyro (pyHKIMOHAIBHOCTH, KaK JIMIICH3UPOBAHUSA ACATEIHHOCTH
obpazoBarenbHBIX yupexaeHuii MOHY. JlefictBurensHO, 3TO poiyieBas (QYHKIIHS
JIoibkHa octathes 328 MOHY ¢ akiieHTOM Ha MCClle[JOBaHHE PECypcoB yHHBEpPCHUTETA
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(MaTepHambHO-TEXHUYECKUX, KaJpPOBBIX, OPraHW3alMOHHBIX M T.A.). Ho ocTaBisATH
9TOT HampaBjieHue 0e3 0OpaTHOM CBS3H, TaK KaK 3TO MPOUCXOIUT ceifuac, 03HaYaeT He
TOJBKO yTpaTy KOHTPOJS KadecTBa, HO M PEaJbHOM CBSA3U C MNOTPEOHOCTIMHU
obmecra. IlodTOMy, Ha Haml B3TJIsI, OYEHb BAXKHO JICIETUPOBATH OOBEKTY
locynapcTBeHHblE HWHCTUTYTBHl (DYHKOUIO JHIEH3UPOBAaHUS MPOQECCHOHANBHON
JESITeNbHOCTH BBITYCKHUKOB. TakuMm 00pa3oM, HaJIMUME AMIUIOMA JOJDKHO SIBISTHCS
TOJBKO HEOOXOOMMBIM YCIOBHEM [UIi  OCYILIECTBIEHHUS MNPO(dECcCCHOHANBHON
JeSITENbHOCTH. BBITYCKHUKY By3a HEOOXOIUMO OyIeT Mojydarh €Ille W JHLEH3HIO.
st ee momydeHHs BBITYCKHUKY Halo OyAeT IPOXOAUTh TECTUPOBAHUE B CIELUAIBEHO
CO3JIaHHBIX TOCYIApCTBOM KOMHCCHSX. M ecnnm cucrema TECTHPOBAHUS BBISBISET
OTIpe/IeTICHHOE KOJIMYECTBO, HAIPUMEP S5, peKiiaMaiiil Mo JaHHOM CHEeIUaIbHOCTH U3
JanHoro By3a, To MOHY o00s3aH0 aHHYnIHpOBaTh akKpEAMTAIMIO ATOTO By3a Ha
MOATOTOBKY CIIEHUAIMCTOB MO AAaHHOM cHelManbHOCTH. TakuM oOpa3zoM, cuctema
yIpaBlieHHS KAYeCTBOM 3aMBIKACTCsl B paMKax KOHTPOJIS KOMIIETEHIIMI OakaiaBpoB H
MarucTpoB HE3aBUCHUMBIMU 00BEKTaMH. AHAIOTHYHO MOYKHO NPUHUMATh pEKIaMalin
OT TpEeANpUATHH N0 CIeNUajJucTaM, TIJe JHMLEH3UPOBaHUS IMPOGECCHOHANBHON
JESITeNbHOCTH HELEeIeco00pasHo.

Ipumep 3.

OOpaTtuM BHUMaHHE Ha CUIIBHYIO CBSI3b MeXIy oObekToM llIkona m YHuBepcuTeT
U OTCYTCTBHUEM OOPAaTHOM CBS3H.

Cucrema BbICIIEr0 00pa30OBaHUs, TIOMHUMO 0O0pa3oBaTeNbHOW (YHKIWHU, HIPAET
CYUIECTBEHHYIO COLMANBbHYIO pOJb. JTO Oydep Mexay BBITYCKHHKAMH LIKOJ H
pBIHKOM TpyzAa. He MoxeT pealbHbIl PHIHOK TpYyJa OAHOMOMEHTHO mepeBapuTh 486
TBICSY BBIITYCKHUKOB ILIKOJI, UMEIOIIUX MPUOIN3UTENIHHO PaBHbIE NPO(ECCHOHATIbHbIE
KomreTeHUuH. HeoOxomumo mpoBectu cenekuuio. HeoOXoanMo «pacTBOPHUTHY
HanboJjee TAAaHTIMBYIO YacTh BBIITYCKHUKOB B CHCTEME BbICIIEro oOpa3oBaHus. [lats
UM [IaHC peajgu30BaTh CBOM TBOpuYeckue amOuumu. M B KOHEYHOM HTOre
chOpMHPOBATh DIIUTY OOIIECTBA, PealbHO BOCTPEOOBAHHYIO PHIHKOM TpyJAa uepes
BBICOKYIO 3apmiary. Hampumep, B ynuBepcutere I'masro (Kamemonws) daxtuyecku
o0yueHne Ha 1-Kypce IOCBSIIEHO BBIPABHHMBAHMIO, ajanTalud U OTOOpY Tex
CTYJICHTOB, KOTOPbIC CMOTYT MOJY4YHTh KBaTH(PHUKAIMIO OaKanaBpa Ha MOCICIYFOIINX
Kypcax. DTOT YHUBEPCUTET TOpAUTCS TeM, 4To 3a nocieaHue 20 JeT KOHTHHTEHT
CYIIECTBEHHO BBHIPOC, ¢ 36 10 52 MpOLEHTOB BBITYCKHUKOB WIKOJ. Jla, mpu 3TOM
BO3HMKJIA IIpOOIeMa HEOAHOPOJHOCTH KOHTHHICHTA NEPBOro Kypca. OmHaKo, cienas
aKLEHT Ha COLMAIBbHON COCTaBJIAIOMIEH JUISI CTYACHTOB 1-ro Kypca, alMHUHHCTpAIHS
pemaer npoOiIeMbl HE TOJBKO AJaNTallH, BHIPABHUBAHUS W CENCKLHUH, 00ECIICUHB
COOTBETCTBYIOIINE YCJIOBHS U BKIIOUUB B 3TOT IPOLECC 3HAYUTEIBHOE YUCIIO JIYUIIUX
yuuTened IIKoN, HO HU (GOpMHpPYs YCTONYMBYIO MOTHBAIMIO 00pa3oBaTeIbHOMN
JESITeTbHOCTH CBOMX HEPBOKYPCHUKOB. MMeHHO Takod moaxon oOecrednBaeTt
BO3MOXXHOCTh TIOCTPOEHHMSI OCO3HAHHOW COOCTBEHHOH TpaeKTOpHUM OOY4YECHHUS Ha
crapumx Kypcax. Kpome KueBo — MormnsHckoi AkajgemMuu, KOTopas pean3yeT
TaKo# MMOAX0J TOJBKO B IIEPBOM CEMECTpE, 51 HE 3HAI0 HU OJHOTO YKPaWHCKOTO BY3a,
LeJICHAIIPABIICHHO PEAN3YIOIIEr0 CBOIO COLIMANIBHYIO CEJIEKTUBHBIE POJIH.
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Ipennaraemass Mojedb B3aMMOJECTBUSA O00bEKTOB BHeLIHeH cpeabl ¢
00beKTOM YHHBEpPCHTET

Hna  Toro 4WroObl TPHWHATH TPaBWIHHOE  peEIIeHHE, HEO00XOIMMO
MPOaHATU3UPOBATh (PYHKIIMOHAILHOCTH KaXKIIOTO OOBEKTa C YUYETOM €r0 COCTOSHHS
Ha TEKYIIUA MOMEHT BPEMEHH, IOCTPOUTh UMUTAIIMOHHYIO MOJENb B3aUMOJICHCTBUS
O0OBEKTOB M MOJEIh W3MEHEHHUS COCTOSIHHS CaMOro OOBEKTa U JTOCTHKCHHS
MTOCTABJICHHOH TIeiM. B maHHOW cTaThe MBI CHENald OOIIYIO ITOCTAHOBKY 3aIaqd H
YKa3ajii BO3MOJXHBIC IYyTH aHalin3a U HU3MCHCHUSA TeKYHIeﬁ CUTyaluu. Ho YxKe
MpeIBApUTEIbHBIA aHAINU3 MO3BOJSET MPEAJIOKUTh APYTYI0 CXEMY B3aUMOJEUCTBUSI,
KOTOpas Ha Hall B3[VIAJA, IO3BOJIMT HE TOJBKO YIYYIIUTh CUCTEMY YIIPaBICHHS
KaueCTBOM ITOJATOTOBKH CTYJACHTOB, HO ¥ MPHUOIU3UTh YKPAUHCKYIO 00pa30BaTEIbHYIO
CHUCTEMY K €BPONENCKON WIIM aMEPUKAHCKOM.

B pesynbTaTte npoBeACHHOTO aHAIN3a MPEAaratoTcs CIeayIOIIe U3MEHEHUSI.

[lepBBIii THM W3MEHEHHWU KacaeTcs B3aMMOJCHCTBUS OOBEKTOB: B Tpade
OTCYTCTBYIOT M30JIUPOBAHHBIC BEPIIMHEI, MOSBUINCHL HOBBIC peOpa. BiousHue omHOro
o0BeKTa Ha JApPYroil mMeeT OOpaTHYIO CBSA3b M 3Ta CBA3b HMMEET TO K€ BECOBOE
3HaueHne. Ha pucyHke 2 mpencraBiieH HEOPHEHTHPOBAHHBIA Tpad, OTpaKaroIIHi

JKeJIaTeNIbHOE B3aUMOJIeCTBHE OOBEKTOB BHEITHEW CPEIBI.

Zy

Z4

Puc.2. Cxema 83aumodeticmsus 06vexmos npeonoaazaemotl 00pa308amenbHol CUCmembsl
Yrpaunw.
Bropoii it n3MeHeHNH KacaeTcss M3MEHEHUH POJIEBBIX (YHKIIUN yIaCTHUKOB.
[Mepeuncium npeparaeMbie poseBble QyHKIMK y4acTHUKOB. JKUPHBIM mpu(pTOB
BBIJICJICHBI HOBBIE POJIH, POJIM KOTOPBIE MEPEXOAAT APYTHM 00BEKTaM 3a4ePKHYTHI.
MOHY. ®opmupoBaHHe  TOCYJapCTBEHHOTO  3aka3a, (UHAHCHPOBaHUE,
peryaupoBaHue, KOHTPOJb, AaKKpEeIWTaluus, JULECH3UPOBAaHUE  ACSITEIBHOCTH

YHUBCPCUTCTOB, Hetatb-AHHAOMa.

l'ocynapcTBeHHBIE WHCTHTYTHL. TpPYyIOyCTPOMCTBO, KOHTPOIH 3a COOJIOACHHUEM
3aKOHHOCTH, q)OpMI/IPOBaHI/Ie Tpyni JIISL MEPENOAroTOBKHU )41 ITIOBBIIICHUS
KBaTU(UKAIMK, BbIJaYa JHWNOEH3WH Ha OoCylmecTBIeHHe NPOodecCHOHAILHOM
JeATeJIbHOCTH, pekjamaunu B MOHY.
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PerHoK Tpyna. IIpon3BOACTBO BBHICOKOTEXHOJOTHYECKHUX MPOAYKTOB, B CTPYKTYpE
KOTOPBIX  TpeoONafaloT HHU3Kasg Cce0CCTOMMOCTh  MaTepHANbHBIX  PECYpPCOB,
pexiaamauuu B MOHY.

HesaBucumeie  areHctBa. PedTuHr, myOnmukamusi, He3aBUCHUMAas  OIICHKA
JEATEIbHOCTH  YHHUBEPCUTETOB, TPYIOYCTPOHCTBO, BbIAaya JIMIEH3UWH Ha
ocyuiecTB/IeHUe MPO(eCCUOHAIbHOI 1eATeJIbHOCTH.

YuupepcuteTsl. ConmanbHas, IOCTYIDICHHE, OOydYeHWE, OIICHWBAHHE, NeYaTh
JMILUIOMOB, BBIaua JUIUIOMOB, MNOMOIIL B HaXO0KIeHUH padoyero mecra,
MIEPEToIrOTOBKA U MOBBIIICHHE KBATU(UKAIIUH, CETSKIHSL.

3akiouenne

Heo0xoauMo TMOHATH, YTO CPOYHO TPEOYETCS CePhE3HBIN, KAMUTAILHBIA PEMOHT
BCEr0 3/IaHUsl CUCTEMBI 00pa3oBaHusa YKPauHBI M TIEPEX0]] K COBPEMEHHBIM MOJIEIISIM,
O6eCHeqHBaIOHIHM HaJIn4ue aI[eKBaTHOfI CHCTCEMBI YHpaBJICHUA Ka4eCTBOM
MOJITOTOBKU OYyIyIIero Hamiei crpaHbl. M genath 3TO HE HYXKHO HE 3MU30HYECKH,
natas TPOPEXH, a, HWCIONB3ysS CHCTEMHBIH TIOAXON, YYHTHIBasS  BHYTPEHHIOIO
CTPYKTYPY BBICIIEH IIKOJIBI Ha JIaHHBIA MOMEHT, B3aUMOJEHCTBHUE €€ C BHEIHEH
Cpemol, oOompeAenuTh 3aJadyd W METONbl  MOJCTUPOBAHHUSA  MEXaHHU3MOB
CTpaTeTMYeCKOro IUTAHMPOBaHUs jearenbHocTH BY3a, paspaboraB Momenu
yHIpaBJIeHHus OesTeNbHOCTRI0 BY3a B cOOTBETCTBHH € pa3paOOTaHHBIM TIAHOM.
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LCG Middleware at the KIPT CMS Linux Cluster

M. V. Voronko, S. S. Zub, L. G. Levchuk, D. V. Soroka
NSC Kharkov Institute of Physics and Technology, Ukraine

Problems associated with storage, processing and analysis of huge data samples
expected in experiments planned at the Large Hadron Collider (LHC) are discussed.
Current status of the KIPT CMS Linux Cluster (KCLC), which is a part of the
Moscow distributed regional center for the LHC data analysis, is outlined.
Configuration of the LHC computing Grid middleware at the KCLC is described.
Participation of the KCLC in the CMS Monte-Carlo event production is outlined.

1. Introduction

The revolutionary development of computing facilities and networks that the
society has witnessed for the last decade opens new opportunities for solving long-
standing problems in science. This progress has already boosted [1] research activities
in molecular biology (molecular modeling for drug design), neuroscience (brain
activity analysis), geosciences (earthquake simulations and predictions), theoretical
physics (non-perturbative treatment of strong interactions based on the lattice quantum
chromodynamics (QCD)), and other fields on frontiers of the contemporary science.
The complexity of these problems predetermines the needs of huge computing
resources to be involved in the investigations and calls for a broad cooperation of
scientists on an international or even global scale. Furthermore, such cooperation
implies not only joint intellectual efforts aimed at solution of a scientific problem
itself, but also establishment of principally new concepts of computation with
possibility to allocate world-widely distributed resources to an application job. The
latter aspect is addressed by the Grid technology, which was put forward in late
ninetiess (see, e.g., Ref. [2] and references therein) and emerges in the beginning of
the new century as a novel universal computational environment enabling integration
of processors and storage elements of systems belonging to diverse organizations in
widespread locations.

One of the major challenges that promote fast development and implementation of
the Grid infrastructures comes from the high-energy physics (HEP), where
experimentalists encounter exorbitant amounts of data which have to be securely
stored, quickly processed and thoroughly analyzed. Nowadays, the bulk of HEP data
is provided by experiments performed on particle accelerators at FNAL, SLAC and
BNL (USA), DESY (Germany), and KEK (Japan). However, the situation is going to
be dramatically harder in case of experiments to be carried on at the Large Hadron
Collider (LHC), world’s largest accelerator, which will be put into operation at CERN
(Switzerland) in 2007.

The LHC nominal luminosity of 10**cm™s™ corresponds to 10° proton-proton
collisions per second. Four detectors installed at the beam crossing points will register
particles produced in these interactions. In case of the Compact Muon Solenoid
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(CMS) detector [3], about 107 of the total event flow will be selected by a multi-level
trigger for the off-line event processing and analysis. Thus, the data should be
archived in a high performance storage system (SS) with the rate of ~100 Hz. Since
the size of one CMS event written to the SS is supposed to be ~1 Mbyte, about 100
Mbyte of the information per second (or more than 1 Pbyte annually) has to be
transferred to the SS.

The CMS physics program includes search for the Higgs boson, supersymmetry
partners to known elementary particles and rare decays of B-mesons. A discovery of
signals manifesting an evidence for such “new physics” requires an immense amount
of data to be processed and thoroughly analyzed. Typically, the integral luminosity of
~10° pb" is needed in order to separate those manifestations against a huge
background (see, e.g., Ref. [3]). It means that 10° CMS events (or 10"° bytes of
information) have to be processed and analyzed. All this sets hard requirements upon
data acquisition and storage systems, terms of computing and networking.

Furthermore, in preparation of the experiment, a lot of computational work is
needed in order to optimize the trigger system and provide its physical contents, i.e.,
justify selection of given data samples and rejection of others. This activity implies
“complete” simulation of the experiment starting from event generators (Monte-Carlo
tools realizing existing theoretical models for description of high-energy particle
interactions), through detailed simulation of the detector response, to the final stage
which is event reconstruction and analysis. Certainly, to accomplish this work,
considerable computing power is required.

Major challenges for the scientific community involved in the LHC experiments
are supposed to be met via communication and collaboration at a distance, network-
distributed computing and software development, remote data resource management
and physics analysis. It suggests development of a Grid infrastructure, which would
take into account mentioned above peculiarities and purposes of these experiments.
The work on this project known as LHC Computing Grid (LCG) [4] is currently under
way. Within this project, a complex multi-tier architecture of regional centers (RC’s)
is created [5] for data storage, processing and analysis (see Fig. 1). Interaction of
processes running in different RC’s is supposed to occur through the network, what is
provided by a sort of connectivity software called middleware. Installation and proper
configuration of the LCG middleware at a RC is not a trivial task, since this software
is a prototype version subjected to permanent modification, rather than a completed
product. Then, there are no universal recipes of tuning the Grid services, which would
take into account the variety of system environments. Instead, one has to go on in the
configuration process step by step, in order to avoid possible system conflicts.
Moreover, participation of remote systems is needed to assure that the LCG
middleware is correctly installed and configured at a given RC.

In this paper, we outline the procedure of LCG middleware configuration at the
KIPT CMS Linux Cluster (KCLC). The KCLC is a specialized PC farm devised for
conducting activities on Monte-Carlo simulations within the CMS physics program
and CMS data analysis. The first stage of the KCLC (see Ref. [6]), which now enters
the Moscow distributed RC (see Fig. 1), was constructed in 2001. Information about
its current performances is given in the next section. Configuration of the LCG
middleware elements at the KCLC is described in Sect. 3. Some use of these elements
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is concerned in Sect. 4, where our CMS simulation activity is briefly described. Sect. 5
contains concluding remarks.
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Fig.1. Hierarchy of Grid structures for LHC experiments.

2. KIPT CMS Linux Cluster

The KCLC (see Fig. 2) is a specialized PC farm for computing within the CMS
physics program. Eleven dual nodes, viz., 4x800 MHz, 4x1000 MHz, 10x1400 MHz
Pentium III, 2x2.0 GHz Xeon and 2x2.4 GHz Xeon processors are allocated for
interactive or batch jobs providing the total PC farm CPU power of ~38 Gflops. The
overall hard disk drive (HDD) storage is 2.5 Tbyte including two (0.4 Tbyte and 0.9
Tbyte) RAID arrays. System RAM is 9 Gbyte.

The nodes run Linux as the operation system (OS) and the Portable Batch System
(PBS) (see, e.g., Ref. [7]) as a batch system. Other important components of our
cluster are the network file system (NFS) and network information service (NIS).
They provide the joint access to such resources as CERNLIB (including PYTHIA and
GEANT), ROOT, PYTHIA, GEANT and LHC++ and to specific CMS software such
as CMSIM (a GEANT-based package for simulation of the CMS detector response),
ORCA (an object oriented tool for CMS event reconstruction). Versions of the
programs are permanently refreshed according to CMS collaboration current demands.

The PBS is used as the cluster batch job and system resource management package.
It accepts (see details in Ref. [7]) a batch job (a shell script with some control
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attributes) preserves and protects the job until running, runs the job and delivers output
to the submitter. The PBS allows one to administer flexibly the system resources while
carrying on the computing and may be configured to support jobs run on a single
system, or many systems grouped together. It can load processors of the cluster nodes
in an optimal way (in accordance with an administrator policy) and select, e.g., the
highest-priority execution jobs.
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Fig.2. KCLC layout: 1 — server and nodes; 2 — two ethernet
switches; 3 — terminal; 4 — kvm switch.
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The configuration of the PBS at the NSC KIPT CMS Linux cluster is presented in
Fig. 3.
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Fig.3. Use of PBS at the KCLC.
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The batch system consists (see Ref. [7]) of a command shell and three daemons:
the job server, the job scheduler and the job executor, with the latter being activated
on every host allocated for execution. The commands are used to submit, monitor,
modify and delete jobs and are available at each of the 11 nodes of the cluster. They
communicate through the network with the job server. The server main function is to
provide proper processing of the “events”, i.e., such services as receiving/creating a
batch job, modifying the job, protecting the job against system crashes and placing the
job into execution. The job scheduler is a daemon, which contains a “policy”
controlling which job has to be chosen for execution, and where and when it has to be
submitted. The scheduler communicates with the server to get information about the
availability of jobs to execute. To learn about the state of system resources, it
addresses the job executors. (The daemon-to-daemon interface occurs via the
network.) The job executor is the daemon, which actually places the job into
execution. It also takes the responsibility for returning the job output to the user. Once
a new job to be executed is found by the scheduler, and free resources are available in
the system, the job is submitted to an execution host least loaded at the moment as
estimated by the batch system. At present, the maximum number of non-parallel jobs
executed on the cluster simultaneously is 22. The dual Intel Pentium III 800 MHz
computer, performs the server tasks and does not participate in batch executions by
default, though can be allocated to a batch job by a special request. If there are no free
nodes (i.e., all 22 execution processors are busy), new submitted jobs are put
(depending on computing resources requested) into one of 5 queues. When a free
processor becomes available, it is immediately allocated to a job from the queue
corresponding to the least amount of requested resources.

3. Grid Middleware at the KCLC

As mentioned above, the LCG middleware closely interacts with the system
environment. For that reason, to avoid possible system conflicts, we performed a
manual (step-by-step) LCG software deployment. Such a procedure helped us to
provide a proper interface between LCG services and packages needed for CMS
computational tasks such as, e.g., CMS Monte-Carlo event production (see Sect. 4).
On the other hand, it allowed us to overcome difficulties associated with low external
network bandwidth.

Of course, any Grid middleware is assumed to perform a variety of functions, and,
in general, there is no single completed set of packages that would provide all these
tools. This is typical of systems subjected to fast development and modification.
However, there exist a number of common packages, which are included in the
majority of Grid-based software. The LCG middleware discussed here uses the Globus
tool kit [8] and the most part of the services developed within the European Data Grid
(EDG) project [9].

These packages provide the work of main services, viz., GridFTP, GateKeeper,
Globus Job Manager, monitoring and discovery service (MDS), locallogger, Broker,
MyProxy, etc. The main set of packages is supplemented by software, which is
specific for a given collaboration (CMS, ATLAS, ALICE or LHCb) participating in
the LCG project.

Generally speaking, Grid components can be either single computers or clusters.
Cluster option is supported by the LCG, in particular, via inclusion of the LCG-
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specific interface to the Open PBS [7] called lcgpbs in the middleware. Accordingly,
earlier PBS configuration described in Ref. [6] has been altered at the KCLC by the
Icgpbs wrapper in order to provide a due operation of the LCG services.

Furthermore, a system in the LCG may include nodes having different functions. In
case of the KCLC, we have nodes of the Computing Element (CE), Worker Node
(WN), Storage Element (SE), and User Interface (UI) types.

The CE is based on 5 main services supported by the Globus package [8]. At the
top level, the Globus provides services for organization of metacomputer
infrastructure: Adaptive Wide Area Resource Environment (AWARE), version
MPICH of the Message Passing Interface (MPI), Constructing Virtual Environment
(CAVE), Common Object Request Broker Architecture (CORBA), etc. Principles and
libraries of earlier systems, such as the Parallel Virtual Machine (PVM), the “plane”
MPI, Condor, and their expansions, have been put into the basis of the package. The
detailed description of the concept and realization of parallel programming with
MPICH methods is outlined in the package documentation and in Ref. [10].

The Globus service that provides access to a CE from the Grid is called gatekeeper.
It is the “frontend” of the CE. Usually, Gatekeeper is installed on a computer with a
real IP address. It is this node that accepts jobs from an LCG user, distributes them
over the WN’s of a cluster and returns the output to the user. In case of the KCLC (see
Fig. 4), we have one CE (node ‘cms’) and 9 WN’s installed on all nodes of the farm,
except for the SE (‘cms05’). As shown on Fig. 4, the WN services can be configured
also on a node running the CE. At the KCLC, the WN installed on the CE node can be
allocated to a job through a special request.
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Fig.4. KCLC with Grid elements.
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The next Globus service needed for the CE configuration is the MDS based on the
Idap protocol. It provides an information support to the local batch system and
corresponds to the external LCG structures about the system status. The system data
are collected through the so-called Berkley data-based information index (BDII) or
Grid information index (GIIS) server. The information is taken by the server from
clients of the Grid resource information service (GRIS). The GRIS has been
configured on all of the KCLC nodes.

The most important service responsible for the data transfer between LCG nodes is
GridFTP. At present, the GridFTP meets all the requirements established for
contemporary global networks.

As mentioned above, the LCG middleware contains a Globus wrapped version of
the OpenPBS needed for interaction of the CE with the WN’s. The Globus service that
accomplishes this interface is the Globus resource allocation manager (GRAM).

At last, one needs to configure a very important EDG service called locallogger,
which provides authorization of users on the CE and secure operation of the system.

In general, CE installation at the KCLC required deployment of 132 system
packages and adaptation of 21 configuration files.

The WN’s are the nodes, where jobs, actually, run. However, a user does not
interact directly with them. All work of the WN’s occurs behind the CE and is hidden
from the user. The WN’s should have access to user’s packages (e.g., software
specific for a given experiment), while the CE manages their operation via the
gatekeeper and the batch system. In case of the WN, no special Globus services (like
the ones used by the CE) are needed. Nevertheless, Globus utilities (GRIS, GRAM,
etc.) remotely collect information about WN resources for the CE. The WN setup at
the KCLC caused installation of 135 system packages with adaptation of §
configuration files.

First of all, the WN services have been installed and configured on one of the
KCLC nodes (viz., cms06). While doing this, a shell script automating this procedure
was developed and tested and then used for subsequent WN setting up on other nodes.

The SE is a Grid node that has to fulfill an access to data disposed on an SS (large
disk array, tape (DLT) robot, etc.) for other nodes. The SE provides a uniformity of
such an access, with allowing a remote user to be unaware of the SS technical details,
number and internal interaction.

The SE functions are determined by peculiarities of the HEP tasks. Information
about data location on an SE can be directly obtained from the corresponding CE
name. This makes it possible to avoid ineffective exchange with big data arrays
between different RC’s for processing or analysis, because the principle of data,
computing resources and software encapsulation can be readily implemented in this
scheme.

LCG file access management occurs by means of the so-called Virtual
Organizations (VO’s). In case of the KCLC, the VO’s are the CMS and the CERN
Grid deployment team (DTEAM). The VO’s have special local accounts at the SE.
Any LCG user belongs to a VO and possesses a personal certificate mentioned in the
grid-mapfile at the SE. This certificate is put into correspondence with a local user
with name that coincides with the VO name.

The SE is burdened with more system services than the CE or WN. In addition, it
actively uses such Globus services as gatekeeper, GridFTP, Globus Job Manager,
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MDS, tomcat, etc. Adaptation of 14 configuration files was needed for SE installation
at the KCLC.

The UI is any node, which runs software providing direct access to Grid resources.
It is that machine that gives an opportunity for a user to communicate with the Grid
through the LCG command interface. The UI is used to submit jobs and get results of
computations.

To run the UI functions, openssh must be installed and properly configured on the
system. In case of a cluster, it is important that the ssh configuration would support
batch job submission and processing. At the KCLC, this is achieved by a passwordless
node-to-node access based on the host-based authorization provided by a special sshd
daemon configuration.

One of the main Grid problems is security. It is solved not only by special
protocols, but also through a package of measures, which include obligatory use of
personal and other certificates, authorization with a password and ordinary restriction
of access to ports of an element performed by a system of special package filters
called firewall. All these measures are consistent with the current LCG middleware
version installed at the KCLC, which is LCG 2 2 0.

In addition to the LCG middleware described above, we configured at the KCLC
also the storage resource broker (SRB) [11], which is a separate (non-LCG) Grid
element. The SRB is client-server middleware that enables a uniform interface for
connecting to heterogeneous data resources over a network and data replication. At the
KCLC, both SRB server and client services have been running since 2002.

Information about all data accumulated on world-spread SRB servers is contained
on so-called metadata catalogue (MCAT) servers. An MCAT server stores and
synchronously refreshes data catalogue images of SRB servers registered at this
MCAT server. The KCLC SRB server has been registered at the MCAT server of the
Bristol/RAL RC (United Kingdom).

An access to SRB data occurs by means of a command interface resembling
“classical” file transfer protocol (FTP) shell, though allowing a user to manipulate
pseudo-locally with data physically stored on different remote SRB servers. Similar to
the SE, this scheme provides a uniform way of data treatment and hides technical
details of the SS hardware.

At present, the KCLC SRB server contains CMS data generated on the cluster
within the CMS Monte-Carlo event production program starting from 2002.

4. Participation in the CERN/CMS Monte-Carlo Event Production

It has become a common HEP practice to perform complete computer simulation
of an experiment as a preliminary step of its accomplishment. Certainly, in case of
such a complex system as the CMS, this task requires a great amount of computation.
It is caused by both the complexity of physics processes to be simulated and the
elaborate design of the CMS detector, response of which should be adequately
reproduced. Such computer experiment is needed to optimize the detector trigger
system. Then, it gives an opportunity to tune and check the integrity of the LCG
middleware and other software developed for CMS data distributed storage and
analysis. Also, an important objective of this activity is studying software tools
developed by the collaboration for event reconstruction and training of physicists
intending to participate in data processing and analysis.
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Participation of the RC’s in the complete computer simulation of the CMS
experiment occurs via the so-called CMS Monte-Carlo event production. Computing
resources of universities and research centers from more than 30 countries are
involved in solution of this problem.

The scheme of the complete event production chain is displayed in Fig. 5. The
computer experiment starts from the event generation (module CMKIN), performed
by the PYTHIA simulation tool (see Ref. [12]) that implements the Lund version of
the quark-parton model of proton-proton interactions. Detector response simulation
(block CMSIM/OSCAR) is introduced by the Fortran-based package CMSIM
performing complete GEANT [13] (version 3) simulation of passing particles through
the CMS detector. Optionally, this step can be fulfilled with the OSCAR [14] package,
the detector simulation object-oriented software, utilizing the C++-based GEANT 4
toolkit. The CMSIM/OSCAR simulation is the most CPU-time-consuming part of the
production cycle. The average multiplicity of particles produced in proton-proton
collisions at the LHC energy reaches several hundreds, and the history of each of such
particles and its possible decay products should be followed up to the particle
disappearance (due to decay, stopping or escaping the detector volume). A typical
production job generating 250 CMS events takes more than 24 hours of a 1 GHz
Pentium III processor. The result of this step is information about tracks of all
particles passed through the detector. Based on this information, the signals in the
CMS compartments are evaluated (step HITS). Digitization of these signals (stage
DIGI) and reconstruction of particle tracks (RECO) with (optionally) taking into
account possible pile-up events are accomplished by the ORCA tool [15].

Events Detector response Events )
generation simulation reconstruction
CMKIN » CMSIM/OSCAR—» HITS » DIGI » RECO
A
Pile—up
events

Fig.5. Complete cycle of the CMS event generation/reconstruction.

The KIPT/CMS Group has been participating in the event production runs since
2002 employing the KCLC. A production center has to have a cluster of computers
capable of running batch jobs and a special CMS simulation software. Apart from the
mentioned above physics software, the latter includes a number of special production
tools.

An RC receives a request to simulate the events in the form of an assignment with
a unique identification number (ID). This process is maintained with the help of a
reference database (RefDB) located at CERN, which generates requests, distributes
assignments and traces their status. When an assignment is received, it should be
processed with a complex of Unix shell, Python and Perl scripts called McRunjob. Of
course, McRunjob has to be properly configured with taking into account the system
environment of the PC farm and the peculiarities of the given assignment. It takes the
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assignment ID as an input and downloads the relevant data from the RefDB creating a
number of jobs, with each of them being a complete entity capable of running
independently. It also keeps the track of jobs by updating their status in the RefDB and
using the BOSS software [16], which a wrapper for the cluster batch system providing
an interface to the MySQL database.

In case of the KCLC, the jobs are submitted to a PBS queue, which distributes
them for execution on different nodes of the cluster. If some of these jobs fail for some
reason, they can be resubmitted later. The BOSS provides real time monitoring and
book keeping for jobs submitted and running on the cluster and storing the
information in the MySQL database located on the KCLC CE node (‘cms’).

The complexity of installation and configuration of the production software is
associated with difficulties of adaptation of these complex tools to a specific platform
with the peculiarities and nuances typical of a cluster system. Besides, versions of the
physics packages must be agreed upon in order to get results that can be checked and
reproduced.

When a production job is running, a summary file for this job is generated by the
production software, which contains complete information about the computation
process (versions of all physics packages actually used, initial random number, names
and sizes of all generated files, execution host name, date and time of the beginning
and the end of the execution, resources [RAM and CPU time] used, etc.). Upon
completion of the job, the summary file is automatically either e-mailed directly to
CERN, or written to the MySQL database to be processed later by a script transferring
the relevant information to the CERN RefDB. In any case, information in the RefDB
is updated on a regular basis. This provides permanent monitoring of the production
activity in the RC’s. On the other hand, the summary files give an opportunity to
check or reproduce the production results, if some of them appear to be questionable
or incomplete.

Reliability of the production results is also achieved through the so-called
validation assignments (VA). Before running a production assignment, it is mandatory
for a production center to ask for the VA from the RefDB and run it. The VA
examines the system environment and correctness of the software versions. The
resulting VA summary files submitted to CERN must coincide with sample data. Only
in this case the RC is admitted to the physical event generation and can get the
production assignment.

Concise statistics of KCLC participation in the CMS Monte-Carlo production runs
is presented in Table 1. More than 600000 events have been generated at the KCLC
within this program for the two years, with the majority of these data being the results
of the most cumbersome production step CMSIM. The CMSIM data occupy ~1
Mbyte/event of the HDD space. There are also generated (CMKIN) and reconstructed
(RECO) events in the form of the so-called HEP-standard “ntuples”, as well as HITS
files, which are comparable in the size per event with the CMSIM data. A physical
content of a production assignment is given by the corresponding dataset name. For
instance, dataset ‘hi02 _qcd80 90’ means generation of QCD jets in the transverse
momentum range pr=80-90 GeV/c requested by the HI (“heavy ions”) physics group
in 2002, while ‘jm03_Wjets 20 50’ refers to production of weak W* bosons with
pr=20-50 GeV/c accompanied by QCD jets in proton-proton collisions at the LHC
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energy requested by the JetMET (“jets and missing transverse energy”) group in 2003.
More detailed information about each of the datasets listed in Table 1 can be found in
the CERN RefDB.

In conclusion, we would like to mention that, in addition to participation in the
CMS event production program, the KCLC is intensively used in our studies of
possibilities to observe a heavy Standard Model Higgs boson in decays
H — ZZ — llvv with the CMS detector. Details concerning this activity can be found,
e.g., in Ref. [17].

Table 1. Results of KCLC participation in CMS Monte-Carlo event production in 2002-2004.

Data Set Assignment ID | Number of | Data type
events generated
Hi02 photon100 110 1829 1000 CMSIM
Hi02 gcd80 90 1644 5000 CMKIN, CMSIM
Hi02 gcd100 110 1645 1000 CMKIN, CMSIM
eg02 Biglets 1958, 1959, 85250 CMKIN+CMSIM,
1960, 1961 HITS, DIGI, RECO
Bt03 qcd120 170tth 2245 80000 CMKIN
mu03 tt2mu MII1000 | 2549 500 CMKIN
eg03 Wenu calibration | 2840 99500 CMSIM
Jm03 Wijets 20 50 3024 100000 CMKIN
eg03 Zee 3047 100000 CMSIM
Tt ch 140 tb20 5344, 5345, | 150000 CMKIN, CMSIM,
5481 HITS

5. Conclusion

An enormous data flow expected in the LHC experiments forces the HEP
community to resort to the LCG, a Grid-based model of data storage, processing and
analysis. Accordingly, a worldwide infrastructure of LCG RC’s is created, with the
KCLC being a part of the Moscow distributed RC.

The KCLC is a specialized PC farm constructed at the NSC KIPT for computer
simulations within the CMS physics program and preparations to the CMS data
analysis. Currently, it combines 22 CPU’s, and its total HDD storage is 2.5 Tbyte.

These performances allow us to participate in the CMS Monte-Carlo event
production representing “complete” simulation of the CMS experiment. Such
computer experiments require huge computation resources, and their accomplishment
is distributed world-widely over the RC’s. For the time being, more than 600000
events have been generated on the KCLC in such production runs. The most part of
the generated data are stored at (and can be fetched from) the KCLC SRB server.

To proceed further with our preparations for the CMS experiment, the installation
and proper configuration of the LCG middleware at the KCLC was needed. This is not
a trivial task, since this software is neither universal nor “complete” product, and one
has to go on in the configuration process step by step, in order to avoid system
conflicts. At present, the LCG middleware that supports the CE, WN, SE, and UI
functions for the KCLC nodes has been installed. A number of special system services
had to be configured in each case. The employed at the KCLC procedure of manual
step-by-step LCG software installation and configuration as well as the scripts
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developed for its implementation are applicable for LCG middleware deployment on
other computing centers scheduling allocation of their resources for tasks of LHC data
processing or analysis.

To our knowledge, the KCLC is, at present, the only PC farm in Ukraine, which
has been constructed to meet the HEP computing needs, and which is actively used in
computation activities for the LHC experiments. Introduction at the KCLC of the
computation concept based on the novel Grid technology is also pioneering for the
country. So, we hope that our experience can be useful for construction of other
computing systems of the similar type, and, on the other hand, our work is
promotional for introduction of the Grid computing technology in Ukraine.

Further development of the KCLC is planned with considerable increase of its
capacities and deeper integration into the LCG structures.
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BicHuk XapKiBChKOIr0 HaIlIOHAJIBHOTO YHIBEPCUTETY

Cepist «MaremarnyHe MozeIoBaHHs. [HpopMaliiiHi TexHoJOTii. ABTOMaTH30BaHi CHCTEMH
YIPaBITiHHSD)

VK 517+681 Ne 703, 2005, c.87-94

MoaenupoBaHHUE COCTAaBHBIX TOBEPXHOCTEMN
B CUCTEMAaX CUMBOJIbHOU MaTeMaTUKH

IL. T'. Jons

Xapvxosckuii Hayuonanvhulil ynusepcumem um. B.H. Kapasuna, Ykpauna

The method of compiling of uniform analytic formulas for the equations of the
continuous surfaces composed of various sections with the given equations is
proposed. The general equation of a piecewise-ruled surface stretched on a frame
consisting of a set of not intersected space curves constructs.

1. BBenenue

[Ipu pacuere U NPOEKTUPOBAHUU KOHCTPYKIIMM, COCTABIEHHBIX U3 3JIEMEHTOB
CIIO)KHOHM TeoMeTpuyecKoi (HOpMBI, BO3HHKAET 3a/lada CTPOTOTO MaTeMaTHYECKOTO
OTIMICaHMs KOHTYPOB X MoBepxHOCcTed. OauH U3 moaxoaoB, npumeHseMbix B CAIIP u
CHUCTEMaX CHMBOJBHON MAaTeMaTHKH, COCTOMT B HCIOJIb30BAHUU MHOXKECTBA
rpadudeckux MpuMHUTHBOB. OHAKO OH IJIOXO TMPHUCIIOCOOJICH I MCIOIB30BaHUS B
pacuerax. KoOHCTpYyKTHBHBIN MaTeMaTHYECKUN TOIXOJ K PEIICHUIO dTOW 3a1aqu ObLI
npemnoxkeH B. JI. PBaueBbiM [1,2], KOTOpBIM mam MeTOA MOCTPOCHHS HESBHBIX
ypaBHEHUI COCTaBHBIX depTexkeil. Elne oquH Momxoj K pelleHuto 3TUX 3agad JaeT
Teopust cruraiiHoB  [3,4]. B paborax aBropa [5,6] mpemiokeH croco0
MaTEeMaTHIECKOTO OMUCAHUS COCTABHBIX KPUBBIX U IIPUBEACHBI 00IIHEe HOPMYIIBI IS
MOCTPOCHUS SIBHBIX U MAPaMETPUUYCCKUX YPABHEHUIN KyCOYHO-TJIAKUX HETPEPBHIBHBIX
(hyHKIM ¥ KpuBBIX. B HacTosmiel paboTe 3TOT METOA IPUMEHSIETCS TSl TOCTPOCSHISI
SIMHBIX AHAJTUTHUYCCKUX BBIPAXKCHUH [UIsI ypaBHEHHH COCTABHBIX ITOBEPXHOCTEH.
BriBomsTcss Takxke o0mue (OPMYJBI JUIS TOCTPOCHHUS CEIAWHBIX aHATUTUYCCKHX
YPaBHEHUI KyCOUYHO-TMHEHYATBIX IOBEPXHOCTEH.

B ocHoBy mnpenjaraemMoil METOJWKH TMOJOKEHO HCIIOJIb30BAHUE BBEJECHHON B
pabote [5] byHKIMH:

P(t,a,w)=2L(w+‘t—a‘—‘t—a—w‘) (w=0) . (D
w

Oyuknust P(¢,a,w) sBIsieTcss HENMPEpBIBHON 1o mepeMeHHol ¢ [lpu <a (yHxums
paBHa 0, mpu r>a+w oHa paBHa |, a BHYTpH HHTepBala a <t <a+w QyHKIUA

JMHEWHas E (t—a) (ecnm w>0).
w

2. [TapameTpuyeckoe ypaBHeHUE KYCOUYHO-JIMHENYATOH MOBEPXHOCTH
HYCTB JaHO CEMEHMCTBO HCIICPECCKAOIINXCA NPOCTPAHCTBEHHBIX KpPIBOJ'IHHefIHBIX

OTpPE3KOB C ypaBHEHUsMHU 7 =7, (7), Te[z'g,qk] (k=0,1,...,n). B xaxmoM wu3s
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k k
. T —T
ypaBHEHUH clielaeM 3aMeHy MEPEMEHHBIX 7 = rg 4L 0 (u —u, ) [TosryurM HOBBIE
Uy —ug
_k
N e T — Ty ( _ )
ypaBHEHUS KpHUBBIX 7 (u)=7,| 7, ﬁ u—u,)|, B KOTOpbIX IapaMmeTp u
1~ YU

HU3MCHSCTCA B OAWMHAKOBOM IJIsI BCCX KpHBOJ’IHHeﬁHLIX OTPE3KOB MHTCPBAJIC [uo,ul].

CoennHUM MPSIMOJIMHEHHBIM OTPE3KOM HadajlbHbIE TOYKH COCEIHMX KPUBOJIMHEHHBIX
OTPE3KOB U OyJieM ero ABHUraTh Tak, 4TOOBI OH BCE BPEMs COEIMHSI TOUKU, UMEIOLINE
OJIMHAKOBBIE 3HAUEHHs Mapamerpa u. MexIy KaxIod mHapold KPHUBBIX MHOIYYHM
JMHEHYaTYIO [TOBEPXHOCTh. DTU MOBEPXHOCTH CTBIKYIOTCS JPYT C JPYTOM IO KPUBBIM
HCXOJHOTO CeMeWcTBa, 00pa3ysi HEKOTOPYIO HEHPEPHIBHYIO KyCOYHO-IHMHEHYaTYIO
MOBEPXHOCTh. COCTaBUM MapaMeTPUUECKOE YPaBHEHUE 3TOW MOBEPXHOCTH.

IlomoxxuM, 4YTO KpUBBIE HMCXOJHOTO CEMEWCTBA SIBISAIOTCA KOOPAWHATHBIMU
JUHUSAMH V=const 00pa30BaHHON KyCOYHO-JIHMHEHuYaToil moBepxHoctu. Hasnaumm
KaK/10M KpUBOI 3HaueHUE mapaMeTpa V =V, TakK, 4TOObl 3HaYEHHs V; 00pa30BbIBAIN
MOHOTOHHO-BO3PACTaIOUIYI0 IOCIEA0BAaTENIbHOCTh. TOrja YypaBHEHHE KyCOYHO-
JIMHEHYaTON MMOBEPXHOCTH OyJIET UMETh CIEIYIOIIUI BUA:

R(”,V):fo(”)+Zn:(?k(u)_fkfl(”))P(V,kal’Vk — V1) (“0 Susuy,v, SVSVn)- (2)
k=1

JokazarensctBo. PaccMotpum  BekTOop-QyHKUMIO  R(u,v) Ha HHTepBaie
v, Sv<v, npu HekotopoM ¢ukcuposanHoM p (1<p<n). B cymme (2) Bce
¢bynkmuun  P(v,v,_,,v, —v,;)=1 1mpu k<p, a npu k>p Pv,v,_,v, —v,)=0.
[Toatomy (2) nmpuHUMaET BUA

p-1
Ru,v) =7y ) + 3 (7 ) = 7y )+ (7, ) = 7, )P, ov, =, ) =
k=1

=7, (@) (7, () =7, )P0V, v, = v,0)
YuautsBast (1) u To, 4to v, ; <v<v , MOCIeHEE BBIPAKEHHUE IPe0OPasyeTcs K BULY
v—v
- p-l
R(uv) =7, () + (7, () - 7, () —2

Vp = Vpm
OT0 3HAYMT, YTO HA JOOOM OTpe3ke v, ; < V<V, , BEKTOP-(yHKUMA R(u,v)
IPE/CTABISACT ypaBHEHUE JHMHEWYaTON MOBEPXHOCTH, HATSIHYTOW MEXTY KPHBBIMHU

F,y() npu v=v, , u F,(u) mpu v=v,. Ecim v<v,, 10 B Qopmyne (2) Bce

Gyukuun  P(v,v, ,v, —V,_;) DPaBHBI HyJIO, M Mbl monydaeMm, 4to R(u,v) =7, (u).

Ecmun v=v,, To B popmyne (2) Bce dbynkuun P(v,v,_,,v, —V,_,) paBHbI eAUHULIE, U

n
MBI TOJTy4aeM, uto R(u,v) =7, (1) + Z(fk w)-r._, (u)) =7,(u). T.o., BeIpaxkeHue (2)
k=1
JlaeT YpPaBHEHUE HEMPEPHIBHOW KYCOYHO-TMHEHYATOH MOBEPXHOCTH, MPOXOISINECH
HOCIIeIOBAaTEIbHO Yepe3 IPOCTPAaHCTBEHHbIE KpuBble 7 (u),7 (u),...,7,(u) 1pu
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V=Yy,V5...,V,. DPakTuuecku KpuBble cemelicTBa {7, (1)} sABIAIOTCS pedpamu

-
00pa30BaHHO MOBEPXHOCTH.

OtMeTiM, 4YTO C TIOMOIIBI0 (opMmynmsl (2) CTPOSTCS YpaBHEHHS ITOJHOU
MOBEPXHOCTH TaKUX TeJI Kak KyO, NUpaMuaa, KOHYC, ypaBHEHHUE ITOBEPXHOCTH
WINHJpPA BMECT€ C BEPXHUM M HUKHUM OCHOBAaHHEM W YPaBHCHHS MOBEPXHOCTEH
MHOTHUX MHOTOTPaHHUKOB. Hampumep, MOBEpXHOCTh Ky0a MOXHO MPEICTaBHTH KaK
KYCOYHO-JIMHEHUYATYI0 TIOBEPXHOCTh HATSHYTYIO MeXIy 4 KpuBbIMH. [lepBoit KpuBOit
ceMeiicTBa OyJeT Touyka — IIEHTP BEPXHEro OCHOBaHUs. Bropodi — kBajpar,
0o0pa3yromuil KOHTYp BEpPXHEro OCHOBaHUs. TpeTbell — KBajapaT, SBISIONIUICS
KOHTYpPOM HIDKHETO OCHOBaHHS. UeTBepTod — TOUKa, JeXallas B IIEHTPE HIDKHETO
ocHoBanus. Jlns kyba ¢ Bepmmuamu B Toukax (1,1,1), (-1,1,1), (-1,-1,1), (1,-1,1),
(1,1,-1), (-1,1,-1), (-1,-1,-1), (1,-1,-1) mapameTrpuyeckoe ypaBHEHHE MOBEPXHOCTH
HMMEET CIIeTYIOIIUMN BUJT

1
x(u,v)zg(l—‘u‘+‘u—1‘+‘u—2‘—‘u—3‘)-(‘v‘—‘v—l‘—‘v—2‘+‘v—3‘)

1
y(u,v)=5(1—\u—1\+\u—2\+\u—3\—\u—4\)'(\V\—\v—l\—\v—2\+\v—3\)

b

z(u,v)z—‘v—1‘+‘v—2

mpu 0<u <4,0<v<3.3TH ypaBHEHHS TIOCTPOCHHI 110 hopmyIie (2) ¢ MOoCIeTyIoIIei
3ameHo# ¢ynkimid P(v,v,_,,v, —v,_;) uX Beipaxenusmu (1). [IpenBaputensHo Obuin

COCTaBJIEHBl IIapaMEeTPHUUECKUe YpaBHEHHMS KBaApaToB (KOHTYpOB BEpXHEro U
HIDKHETO OCHOBAHHI{) B COOTBETCTBUH € GOpPMYJIaMH paboTHI [5].

3. YpaBHeHHe COCTaBHOM OBEPXHOCTH

Ypasnenue cocmasnoti nosepxnocmu, cexyuu KOmMopou 3a0anbl YPAGHEHUAMU 6
napamempuyeckom euoe. Ilycte Ha mnockoctu UV 3ajaHa OpTOroHanbHas CETKa
[ug,uyeestt, [X[Vg, V15, v, ] 1B €0 siueiikax A, =[u;,u,,]x[v;,v;,,] onpenenens
BEKTOP-(yHKIIHH ?;i(u,v)=(xl.j(u,v),yy.(u,v),zy.(u,v)) (i=0,1,2,...,n-1, j=0,1,2,...,m-

1), NpelCcTaBISIOIIUE ypaBHEHUs HEKOTOpBIX IoBepxHocTed. Ilomoxxum, dro ams
COCTaBHOM MOBEPXHOCTH B obsactu [u,,u,|x[v,,v, ] BBIIOTHIETCS YCIOBHE

HenpepbIBHOCTH. T.e. Ul COCEeNHNX BEKTOP-YYHKIUMHA F;; (1, V) BBIIONHSIOTCS yCIOBUS
f}j(qu,V):f‘;-Hj(qu,V) npu Vj SVSV}'H’ u rij(uavjﬂ):?}jﬂ(uavjﬂ) npu
u; <u <u,, . Ha npamoyromsauke [u,,u,]x[v,,v, ] TpeOyeTcs MOCTPOUTH €AUHOE

AHAJIMTUYECKOE YpPaBHEHHE IOBEPXHOCTH, COCTOSIICH M3 CEKIUH C ypaBHEHUSIMHU
7;(u,v) B obmactsx A, ;.

CocTaBuM ypaBHEHUE KaXKI0W CEKIIUU MIOBEPXHOCTHU B CICAYIOLIEM BHJIE
Rij(u’v) = ’71',‘(”1' + Uy —u) P, uy —u), v, + (v —v) Py, v,y _Vj))~ (3)

[loBEpXHOCTH C OJTUM ypaBHeHHEM R, ;(,v) B obmacTM NPSMOYroJbHHUKA
A, =[u;u,,1%[v;,v,,,] coBnagaer ¢ MOBEpXHOCTBIO, HMEIOLIECH ypaBHEHHE T (U, V)

B 3TOM oOmactu. JleWcTBUTENbHO, IS JFOOOH TOYKH MPSMOYTOJIbHHUKA (u,v)eAi ;
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BBINOJHAIOTCS ~ CHIEAyIOIUe CooTHomeHus  u; + (U, —u,)P(u,u; u,,, —u;)=u,

v+ (v =v,)P(v,v;,v;;;, —v;)=Vv u BeKTOp-pyHKLHMS Rij (u,v) coBmamaer ¢

7 (u,v) . JItoOble 3HaUCHUS (14, V), NIeKAIME BHE ITOM 00J1aCTH, OTOOPAKAIOTCS B TOUKH

rpaHuIBl cekuuu. Hampumep, ecmu u >u TO WMEET MEeCTO

s V; <v<vy

JjHl o

u; +(ui+1 _ui)P(uaui’uiH _ui) Uy, B Vj +(vj+1 _vj)P(vavj’ijrl —vj)=v. Torna

Rl.j(u,v)zf}j(um,v), T.€. TOYKa IIOBEPXHOCTH Rl.j (#,v) HaxomuTCsl Ha TIpaHULE
CEKIIMHM TMOBEPXHOCTH 7 (u,v). AHamormuHO MpPOBEPSIETCS, UTO JHOObIC 3HAUCHHS
(u,v) e A, ; OTOOpaKalOTCS B TIPAaHUYHBIE TOYKM CeKuuH. T.0., BEKTOP-QyHKIMS
R;(u,v) NpeACTaBIsET NapaMETPUYECKOE YPABHEHHE ij-CEKIMM TOBEPXHOCTH C

kpaeM. Ee MOXHO Ha3BaTh KPUBOJIMHEHHOW I'PaHbI0 COCTABHOW TOBEPXHOCTH.
[ToctpouM enuHoe ypaBHEHHE TIOBEPXHOCTH, COCTaBJIEHHOW U3  CEKIUH
MOBEPXHOCTEH C YpaBHEHHUSIMU Roq (u,v),l?lq (u,v),...,Rn_lq(u,v) (¢=0,1,....,m-1). Ins

3TOTO CJIOKHMM yPaBHEHHS 3TUX CEKLUH CIEAYIOUIMM 00pa3om
n-1
R, (u,v) = Ro, ;) + 3 (R, () = R, (11,v)). )
i=1

[okaxem, 49ro s Touek  (u,v)e€lu,,u,, ]x[v,,v,,;] nmeer mecro

paBeHCTBO R ,W,v) =7, (u,v). lns atoro npeobpasyem (4) cienyrormm odpazom

R, (u,v)=R,, (u,v)+ Pz_l (Riq (u,v) =R, (u;, v))+ (qu (u,v)-R,, (u,, v))+

i:ln—l
+ S (R, (0~ R, ()
i=p+1

Mpu i<p R, (u,v)=7,,(u;,v, + (Vo =V )P0V, v, v, —v,) =R, (u;,,,V) TK
Pu,u;u;,, —u;)=1. Ilpu i>p nmeem P(u,u;,u,,, —u;)=0 u, cienoBaTeIbHO,
R, w,v)=F, (u,v, +(, . —v)PWV,v,, v, —v,) =R, (u;,v). Beipaxenne s

R g (u,v) pUHEMAET CIIEAYIOUTNI BHT

p-1
R, (u,v) =Ry, (u;,v) + Z(Riq (Up5v) — Ry, (ul.,v))-i- (qu (u,v)-R,, (up,v))

i=1
VYcioBUsT  CTBIKOBKM ~ COCEIHHMX  CEKIMH TOBEPXHOCTH, HMEIOIME BH]
oy Wiy sv) =Ty (uy,v) (v, Sv<vy ), Temepb MOXHO 3anucatb B  (opme
R, (u;,,v) =R, (u;,,,v), nockomeky R, (u,v)=F (u,v) mna moObIX TOUeEK
(u,v) €[u;,u;, ]x[v;,v;,]. TloaToMy B BbIpaXkeHUH i Rq (u,v) cokparmmaroTcs Bce
cinaraembple, Kpome oxaHoro. IlomywaeM, 4YTO 1l TOYEK (u,v)e A va
R, (u,v)=R, (u,v)=7, (u,v). DTO 3HAYMT, UYTO TMOBEPXHOCTh C YyPABHEHHEM
Rq (u,v) mpu v, <v<v,, Ha oTpe3kax u, <u <u,, COBNAACT C MOBEPXHOCTAMH

COOTBETCTBYIOIIUX Pg-CEKLUN.
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IToBepXHOCTh C YpaBHEHHEM Rq (u,v) Takke MOXHO paccMaTpUBATh Kak
HEKOTOPYIO CEKIHI0 OBepXHOCTU. CII0KHMM 3TH ypaBHEHUs (4) claenyromuM o0pa3oM
m—=1
R(u,v) = Ry(u,v)+ (R, (u,v) — B, (u,v)). (5)
J=1
Hac unTEepecyeT 3Ha4YeHUE 3TOrO BHIPAKEHUS B TOUKE (u,v) €A, , . Pasnoxum cymmy

(5) Ha gacrm.

R(u,v) =R, (u,v)+ qz_:([_\’j (u,v) =R, (u,v; )+ (Rq (u,v) =R, (u,v, )+

—

~

- (6)
+ Z(Rj(u,V)—R‘;(”’V.i))

J=q+1

Ecmu j<¢ u v, <v<v umeeM  P(v,v,,v;,—v;)=1, u s moboro

g+1> J

uelu;,u,,] 6yner Rj(uﬂv):Rij(uﬂv)Z?}j(ui + Uy —u)Pu Uy — ),V ) =

=R ;(u,v;,)). Ecmg<ju v, <v<v, ,, umeem P(v,v,,v;, —v;) =0, n 1 moboro
uelu;,u,,] Oyner Rj(u,v):Rij(uav)zf}j(ui +(u
=R, ;(u,v;)=R;(u,v,).

[ocnenusist cymma B BolpakeHnH (6) obpamaercs B 0, 1 Mbl IoJyyaeMm

R = Ryg(u)+ S (R, (v~ By )+ (R, 1) = R,y v) - (D)
j=1

i+l _u[)P(u’uiaqu —ul-),vj):

OTMeTuM, YTO NpH BBIBOJAE TochenHeil GopMysbl Mbl HCIOJB30BANH JI0KA3aHHbIH
BBl (aKT, uTo AT Moboi Touku (u,v) € A, i Ry(u,v)=R,,(u,v).

VcnoBue CTBIKOBKU COCEIHUX CeKUH 7;; (U, v ;1) =7 ;1 (U, V,,,) pu u; Su <u,,
MOXKHO 3anmcath B Bume R, (u,v;,) =R, (u,v,). [lelictBurensHo, npu
u; <u<u,, Bexrop-Qpynkmmu R, ;(u,v,,) u R, (u,v;,) COBNamaloT C BEKTOp-
Gyukumsamu 7 (u,v;,,) v 7y (u,v,,,), KOTOpbIe paBHbL. [lokaxeM, 9T0 paBeHCTBO
R'ij(u,vjﬂ) = Rij+1 (4,v;,1)  BBIIONHAETCS W TNPH  JPYIUX  3HAYCHHSX .
Jeiicturensho, ama u <u,, P(u,u;,u;,—u,)=0 u Mbl nonydaem R, (u,v;,)=
=7 + Uy —u) )Py gy —u,),v,) =7 (u;,v;,) . AHAJIOTHYHO  TOJy4aeM
Rij @vy) =7y vy) . Ho 7 (up,v ) =75 (u;,v,,), modTOMy Ans u <,
BBITIONHACTCS paBeHCTBO R, (u,v;.,) =R, (u,v,,). AHanOrMuHoO, Ui 1w, <u
TAaKKe MMEeT MecTo paeHcTBO R (u,v,.,) =R, (u,v;,). CrenosareisHo,
paseHcTBO R, ;(u,v,,) =R, ;, (u,v;,) BBINOTHACTCS JUIs TIOOBIX 3HAYCHUI U1,

Y4uThIBas 3TO YCIIOBHE CTHIKOBKH COCEIHUX CEKIMid, ITOCIe COKpAaIleHHH B
cootHoneHnu (7) OCTaeTCs TOABKO OJHO ClaraeMoe R »qW,v) . T.0., mony4aem, 4to

R(u,v)=R g WU V) =F, (u,v) Anst TOYEK (u,v) €A ,,. DTO 3HAYMT, YTO [IOBEPXHOCTh
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C MapaMeTPUYECKUM ypaBHeHHeM R(u,Vv) mph u pSusu v, SV <V, CoBIaJacT

p+l>
C ITOBEPXHOCTHIO COOTBETCTBYIOIIEH pg-CEKIUH.
Ecnu B popmyiy (5) moactaBUTh BeIpaskeHHUs (4), TO OIy4YUM

R(uv) = Rog () + 3 (Rog () — R o (y0)) + ®)
i=1

m—1 n-l1 n—1
+ Z} Roj(u,v)+Z;‘(Rij(u,v)—]?ij(ui,v)) - Ro; (u,vj)+zl(R’ij(u,vj)—Rij(ui,vj))
j= i= i=

[Tocne meperpynmupoBKY CIaraéMbIX MOTydaeM

n—1 m—=1

RGwv) = Rog @)+ 2. (Rig0:9) = Ry 1)+ 3Ry, 0,) = By, (0,9, +

Jj=

m—1 n—1

+ ZZ(Rij (u’v)_Rij (u,v;) _Rij (u;,v) +Rij(“is"j)) )

j=1 i=l
T.o., dbopmyna (9) (wmu (8)) ¢ yuertom (3) maeT aHAIMTHYECKOE IPEICTABICHUE
COCTAaBHOM MOBEPXHOCTH, €CIIM [apaMETPUYECKHE YPABHCHUs ee CeKuui 7 (u,v)
3aganbl. OTMETUM TakKe, YTO TOYKH (1,V), Jekallde BHE MPIMOYTOJbHHKA
[vg,u,]1%[vy,V,, ], OTOOpakatOTCA B TpaHUYHBIE TOYKH COCTABHOI ITOBEPXHOCTH.
OOGbIYHO MHTEpBAJIbI M3MECHEHUs apryMEeHTOB (u,V) BEKTOP-QyHKUMH 7 (u,v),
MIPEICTABIIONINX YPABHEHUS CEKLWH, 3aJaHbl Ha TPOM3BOJIEHOM TMPSMOYTOJHHHKE
ué'/ <u<u’, vé-/ <v< vfj . UToOBl 5TM TPAMOYIOJBHHUKM  COIJIACOBATH C

COOTBETCTBYIOLUMHU NPAMOYTONbHUKAMH [u;,u;,; ]X[v;,Vv ;] npeasaputensHo nepes

MCIIOJIb30BaHKEM (opMy (3) B ypaBHEHHUSIX IOBEPXHOCTEH 7, (u,V) CIEdyeT ClenaTh
ij ij ij
.. L. v —v
3aMeHy NMepeMEHHbIX U = u,’ + 7@1' —u, ), v=vi + g(
Ui —U; Vier = Vi

v —v,).

®opmyner (8), (9) Bcerna npeacTaBiIsSIOT ypaBHEHHE HENPEPHIBHOW MOBEPXHOCTH
(ecnu  ucxonHble BEKTOP-QYHKUMH 7 ;(u,V) HENPEPHIBHBI) JiakKe, €CIM  He

BBITIOJTHSIETCS] YCIIOBHE CTHIKOBKH COCETHUX CEKIMH. B 3TOM cirydae pesymnbrupyromias
HOBEPXHOCTH OyJIET COBHAATh TOJIBKO C HA4YalbHON CEKLUEH MOBEPXHOCTH 7y, (U,V),

a OCTallbHBIE CEKIMU OyAyT AeOpMHPOBaHBI W MPUCTHIKOBAHBI K HAYaJbHOM Tak,
4TOOBI PE3yJNBTHPYIOLIAst MOBEPXHOCTH ObLIa HEMPEPHIBHOM.

Ypasnenue cocmasnoil nosepxnocmu, cexyuu Komopou 3a0amvl YPAGHEHUAMU 8
aeHom  eude. llyctb Ha TmuockocTd XY 3ajaHa  OpPTOTOHAJBHAs  CETh
@y, =[Xgs X100 X, 1X[ Vo> V1505 Y, ] 1B €€ s1MEHKAX OMpeseneHsl GyHKumu z, ;(x, y)

xy

(i=0,1,2,...,n-1, j=0,1,2,...,m-1), TpenCTaBISIOIINE SIBHbIC YPaBHCHHUS HEKOTOPBIX
MOBEPXHOCTEeH. I3BECTHO, 4YTO OSTH TMOBEPXHOCTH TMEPECEKAIOTCS IO KPHBBIM,
PacCIONIOKEHHbIM  HAaJl JIMHUSAMH CETH @, TaK, 4YTO BBINOJHSIOTCSA YCIOBUS

HETIPEPBIBHOCTH COCTABHOM MOBEPXHOCTH B BHAC: Z;; (X, V) = 2y, (X;y, ) TIpH
Y, SYyEyias M z;(%,Y0) =2,,(x, ;) 1pr x; <x<x,,. Ha npsamoyronbauke

[x0.x,]1x[yy,¥,,] TpeOyeTcda NOCTPOUTH €IMHOE aHAIMTUYECKOE YypaBHEHUE
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IIOBEPXHOCTH, COCTABICHHOW W3 CEKLUUH IIOBEPXHOCTEW, HMEIIIUX YPAaBHEHHS
z;;(x,y) Hagobmactsimu A, =[x, x,, %[y, ;]

Jlns 5Toro BHayajae COCTaBMM ypAaBHEHHME CEKLUH MOBEPXHOCTH B CIEyIOLIEM
BHJIC
Z,(x,y) =z, ;(x; + (X5 — X)) P X, X, — X;), (10)
Y +(yj+1 _yj)P(yﬂyj’yjH _yj))
Kaxnas TaKast IIOBEPXHOCTH Hax 00JIaCTBIO pSAMOYTOJIbHUKA
A =[x,x,41%[y;,¥;,1] coBnagaer ¢ MCXOAHOM, MOCKOJIbKY ISl JIFOOOH TOYKHM M3

MPSIMOYTOJIEHAKA (x, y)e A;; aprymeHTsl QyHKUMM B mpaBoil yacti popmyisl (10)

COBMAJAalOT ¢ x W y. Haxm momocamu BieBO, BIpaBO, BHU3 M BBEPX OT 3TOrO
NPSIMOYTOJIbHUKA MOBEPXHOCTh Z, (X, y) ABISIETCS LHIMHAPHYCCKOM, 00pa3oBaHHOM

HIEPEeHOCOM COOTBETCTBYIOIIEH TPAHWUYHON KPHUBOW CEKIMU BJOJNb OXHOH U3
KOOpAMHATHBIX ocel. Han yrmoBbIMM KBaJpaHTaMu pe3ylbTHPYIOMAs (GYHKIHS
Z,;(x,y) TOCTOSHHA WM pPaBHA 3HAYCHUIO MCXOIHOW (yHKuMM z;,(x,y) B yriax

CEKIIHH.
[ToBTOpSs MpeapIAyIIre TOCTPOSHHUS, ITOJIydaeM CIEAYIOyo GopMyTy

m—1

n-1
206 3) = Zog (6, 0) + 3 (Zig (6, 0) = Zig (k1o 1)+ X (20, (5,30 = Zo, (6, )) )+
i=1 Jj=1

m=1n-1

(2, () = Z, (6 y ) = Zy (5o 0) + 24 (51,3)) (11)

j=1i=l
OHa Hpe,[[CTaBJ'IHeT ypaBHeHMe COCTaBHOﬁ HOBerHOCTI/I, CCKIIUHU KOTOpOfI 3a4aHbl
SBHBIMU YPaBHEHHAMH z =z,,(X,y) Haj s4elkamu cetn A, ;. JlokasarenabcTBo

dopmymer (11) MONHOCTBIO TOBTOPSIET TMPEABIAYIIEee TOKA3aTeILCTBO C TOW JIWIIH
pasHULEH, YTO BMECTO BEKTOP-QyHKUMH 7 (u,v) H I?ij(u,v) paccMaTpHUBarOTCS

CKaJsIpHble PYHKIMK Zz, (X, y) U Z; (X, ).

4. 3ak104eHuHe

C momorsto BBeneHHOH pyHKIHH (1) 11 hopMyssl (2) MOKHO COCTaBIISATH €IHHBIE
AHAJIMUTUYECKUE BBIPAXKEHUS JUIS YPABHEHUM KyCOUYHO-JIMHEHYATBIX IOBEPXHOCTEM.
MeTon mo3BOJISIET OCTPOUTH YPAaBHEHHUS ITOJIHBIX MOBEPXHOCTEH TaKUX TeNl Kak KyoO,
MpamMmuia, KOHYC, YpaBHEHHE NOBEPXHOCTH LUIMHAPA BMECTE C BEPXHUM U HU>KHHUM
OCHOBaHMEM M ypaBHEHHS MOBEPXHOCTEH MHOTMX MHOrorpaHHukoB. @opmyisl (3),
(9) u (10), (11) marorT cmocod MOCTPOEHUS YypaBHEHHH HEMPEPHIBHBIX COCTaBHBIX
MOBEPXHOCTE B (OpME EIAMHBIX AaHATUTHYECKUX BBIPAKECHUN, €CIH ypaBHEHUS
OTHIETHHBIX CEKITUH (KPUBOJIMHEHHBIX TpaHel) MOBEPXHOCTH 3aaHbl. cmonp30Banme
9THX (GOpPMYyJ B CHCTEMax CHMBOJBHOW MaTeMaTHKH IIO3BOJSIET T€HEpUPOBATh
YpPaBHEHHUs] IHUPOKOrO0  KJacca KYCOYHO-TJIAJKUX  HEMPEPBIBHBIX  COCTAaBHBIX
MMOBEPXHOCTEH. AJNTOPUTMBI HACTOSIMICH pabOTHI peaTu30BaHBI B HEKOTOPBIX
mpoIeaypax mHakeTa paciiupenus PscFunctions cHCTeMBl CUMBOJIBHONW MaTEMaTHKH
MAPLE, co3ganHoro aBtopoM. OH TIpeACTaBlieH Ha HWHTEpHET  caiiTe
www.maplesoft.com/products/thirdparty/PSCFunctions. Dopmysl HACTOSAIIENA
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paboThl MMEIT MpHMEHEHHWE B HaydyHOH Trpaduke A HW300pakeHUs ABYy- U
TPEXMEPHBIX TeJN M pa3iM4yHBIX MOJeH Ha HMX mHoBepxHOcTU. IloBepxHOCTH Ten B
CHUCTEMax WH)XXCHEPHOW KOMIIBIOTEpPHON TIpaduKu TakKe MOTYT OIIMCHIBATHCS C
UCIIOJIb30BAHKEM TIPEUIOKEHHBIX B paboTe ypaBHEHHIA.
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Visual Semantic Query Formulation and Execution
in UnIT-NET IEDI

E. Dzhurinsky, V. Ermolayev, N. Keberle, V. Vladimirov
Zaporozhye National University, Ukraine
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UnIT-NET Infrastructure for Electronic Data Interchange (IEDI) is the multi-layered
distributed software system for providing intelligent ontology-driven information
retrieval from distributed, heterogeneous, autonomous information resources (IRs).
IEDI is constructed according the ideology of mediator-wrapper architecture with
single centralized mediator. The paper presents the results of evaluation of the UnIT-
NET IEDI research prototype. Two autonomous distributed IRs - “University Entrant”
IR of Zaporozhye National University and “Dean’s Office” IR of V. Karazin Kharkiv
National University were used as a testbed. Experiments have shown practical
applicability of the approach proposed for the IEDI architecture. One of the stages of
the evaluation procedure is the assessment of the quality of interface between users
and IEDI mediator. The paper analyses lessons learned from the evaluation of UnlT-
NET IEDI user interface component — Query Formulation Interface. The analysis
proves the usability of the QFI; however there are refinements which have still to be
considered in the future work.

1. Introduction

The goal of a data integration system is to provide a uniform interface to various
data sources [1], and to enable users to focus on specifying the questions they have.

UnIT-Net' IEDI is the software infrastructure providing for the Electronic Data
Interchange between the Universities and the State Bodies of Ukraine. More precisely,
IEDI is the multi-layered distributed software system comprising the software servers,
services, components and tools for providing intelligent ontology-driven information
retrieval from distributed, heterogeneous, legally and physically autonomous IR in the
frame of the organizational network of the National Higher Education System.

The task of IEDI mediator developed within UnlIT-Net project is to provide
uniform, consistent and user-friendly interface to retrieve information from distributed
autonomous information resources (IRs).

The paper reports on the evaluation of UnIT-NET IEDI research prototype
implementation. One of the stages of the evaluation procedure is the assessment of the
quality of interface between users and IEDI mediator. The paper presents the study of
capabilities of Query Formulation Interface (QFI).

QFI — is a graphical tool which is the UnIT-NET IEDI user interface — uses visual
presentation of mediator domain ontology and information resources’ ontologies in the
form of a tree and in the form of graph; it allows to add concepts, properties and

1 UnIT-Net: IT in University Management Network. TEMPUS/TACIS project MP-JEP-2010-2003.
http://www.unit-net.org.ua/
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additional constraints to a user query under construction; it stores user query using the
concept of “basket”; it generates initial query to the mediator, initiates sub-queries
extraction for the underlying IRs, collects responses and visually presents the
responses to the user.

The paper is structured as follows: Section 2 discussed the IEDI framework and its
main tasks; Section 3 describes IEDI environment chosen to bring the framework to
life; Section 4 describes QFI in details; in the Section 5 presented are the results of
experiments with [EDI; Section 6 presents the analysis of experiment results; Section
7 surveys the related work; Section 8 concludes the paper.

2 UnIT-Net IEDI Framework

From the variety of organizational platforms for integration of heterogeneous data
sources (mediator-wrapper [1], federated database systems [2] etc) for UnIT-NET
IEDI purposes only mediator-wrapper architecture gives the balance of centralized
control and to a certain end a freedom in work with autonomous IRs.

Shortly describe the UnIT-NET IEDI architecture (see Fig. 1, also [3], [4]).

Fequest ery
to farmulate a all I terms
Uy l af MO0
{ Query Formulation Server E" : — MKE 3
: i
[Suh-ﬂuerf Edraction Server ] i "".\\
= >~
= + ____________ 43277 HDO
Sub-Query Results Mark-Up o | "
Execution Server Translation Server

y

. i
1 :
[ IR Wrapper Web Service

IR Mirap per

Figure 1. The reference architecture of the UnIT-NET IEDI

There is one IEDI mediator, its main tasks are:
querying distributed autonomous semantically heterogeneous IRs (including
user query formulation, query rewriting, results mark-up)
registering IR
maintaining coherent semantic descriptions

IRs are autonomous, distributed, heterogeneous and communicate with IEDI
mediator by means of intelligent IR wrappers implemented as web services.
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Each IR due to its autonomy has its own representation of the conceptualization of
the domain, formally specified by IR conceptual schema. The hierarchy of IEDI
ontologies has been developed to integrate these local views into the global view of
the mediator.

Two main approaches to integrate data and answer queries without materializing a
global schema [5] are “global-as-view” and “local-as-view”. Global-as-view approach
prescribes for every domain conceptual schema concept to have a view over the IRs.
On the contrary, local-as-view approach provides for each concept of an IR a view
over the domain conceptual schema. Both approaches have their advantages and
drawbacks; e.g. global-as-view is tolerant to answering complex queries and less
flexible for maintaining frequently changed IRs; local-as-view approach is flexible
with respect to changes in IRs, but its operation time increases exponentially to the
number of IRs involved.

UnIT-NET IEDI explores “global-as-view” approach [6] and query rewriting
technique ([7], [8]) to reformulate queries over IRs.

Domain knowledge is structured in the hierarchy of ontologies (see also [4], [9]).
Each IR has own Information Resource Ontology (IRO), containing all essential (from
the point of view of IR provider) concepts and properties of underlying IR domain.
The goal of Mediator Domain Ontology (MDO) is to collect and merge all the
knowledge from IROs, possibly adding necessary levels of abstraction.

Rewriting technique [1] makes use of mapping rules applicable to initial query to
obtain new queries. In IEDI mapping rules are stored in mapping ontologies. IR-
Domain Mapping Ontology (IRDMO, see Fig. 2a) stores mappings between IRO and
MDO. IRO-IR Schema Mapping Ontology (see Fig. 2b) is constructed for every IR to
store mappings of IR ontology terms to underlying structures of IR.

IRDMO is constructed in a way to contain the minimally necessary mappings for
the MDO-IRO pairs. Only the mappings of non-inherited slots are stored for each
MDO concept. IEDI mediator uses Late Binding technique [9] to detect all necessary
slots of concepts during formulation of sub-queries to IROs.

All ontologies in UnIT-NET were developed with help of ontology editor Protégé
3.02 and are presented in OWL-DL [10], thus they have a sound and formal basis to
verify consistence of ontologies.

3 IEDI Environment

All functional components of IEDI architecture are implemented in Java as web
services. IR wrapper web services and IEDI mediator web service are run on Apache
Tomecat® Web server.

2 Protégé 3.0 is available at the URL: http://protege.stanford.edu
3 Apache Tomcat Web server is available at the URL: http://jakarta.apache.org/tomcat/index.html



98 E. Dzhurinsky, V. Ermolayev, N. Keberle, V. Vladimirov

ConceptilappingRule
MDOConcept | IRO IROConcept 9 JRDMO structire and  the
— Faculty [Solont Jragment of the mowledge hase
Perzon Faculty  |Lecturer
Perzon Entrantz  |Profile
Social-Category  [Faculty | Category

SlotkappingRule

HOOConcept HDOSlot IRO IROConcept IROSlot
Perzon [ﬁrst-name Faculty  [Student Mame
Perzon ffirst-name Entrantz  [Profile harn e
Social-Category  |descr-of-Social-Categ ony Faculty  |[Category Cates ory Wame
Departme rt descrOf Deparment Entrantz  |Department descrOf De parment
Departme it dezcrOf Departm ent Faculty  |Faculty DescrofFaculty

Rule

concept slot I table field )] TIRO-IR Aehema

IMappin Chnfolo sfruciura
Student  [kelongs ToCategory |Ih|81udents | D Categ ary PPINE £
d th fof the Imowlad,
Student  [belongs ToGroup thSmdents |0 Group ;zsg e ragment of the Imowledge
Sheet resultForStud ent thSheets |DStucd ent
Sheet  |MarkAtShest thiSheets  |htark

»
Relationshipkl appingRule
primaryTable | foreignTable | EeXpression
[thl Cate garies thSm dents IﬂaICate gories. | D=thl Catego es 1D Caten ony
hhlGrnu pE hhlSm de itz hhlGrnu pz. | D=thl St de rts . | D Group
iﬂaISmdents thSheets iﬂaISmderlta.l[fl:thISheets.IDS‘Iudent

Figure 2. The structures of mapping ontologies

Query Formulation Interface is made as separate GUI client desktop application
working together with the mediator and operating on Apache Tomcat Web server as
well. All the functional components of IEDI architecture (QFI, servers inside the
mediator) may be distributed. Communications between functional components are
based on SOAP and implemented with help of Apache SOAP processing service*. The
architectural details of generic IR wrapper server are presented in [11].

Jena’ 2 API — Java-based framework for building Semantic Web applications — was
chosen to store and query IEDI ontologies. It provides a programmatic environment
for RDF, RDFS and OWL, including a rule-based inference engine®. Jena is an open-
source project and has good support level from developers’ team.

4 Apache SOAP processing service is available at the URL: http://ws.apache.org/soap/
5 Jena 2 API is available at the URL: http://jena.sourceforge.net/
6 Description of Jena features can be found at the URL: http://simile.mit.edu/reports/stores/index.html
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Internal language for querying IEDI ontologies is RDQL [15], as far as RDQL has
implementation in Jena 2 API. The comprehensive survey of all existing query
languages for RDF is given in [12].

User interface for query formulation — QFI — was written as Java SWING graphical
user interface application.

4 Visual Query Formulation with QFI

In IEDI it is not required that a user codes his or her queries in RDQL notation.
Instead, the tool for ontology-driven Query Formulation Interface (QFI) is provided by
the IEDI mediator.

The general requirement to QFI was that a user should have a visual ontology-
based interface which allows him or her to interactively choose the terms of the MDO,
to apply constraints to these terms and, thus, to formulate the query. The user query
should be generated automatically from the set of the chosen ontology elements
(concepts, properties constrained with the required terms).

The aim of visual query formulation interface in UnIT-Net is twofold.

First, QFI serves as the tool for domain ontologies navigation and learning. This
allows user to be aware of the semantics of concepts and questions they will further
pose to the mediator.

Second, QFI embeds all the mechanisms for subsequent querying the knowledge
stored in mediator/resources. This allows user to pose queries with no extra
knowledge on query languages inside the mediator.

Let’s walk through the presentation of the following sample query “Entrants from
Zaporozhye, and their schools descriptions” in QFI (see Fig. 3).

< UnitNET QFI
File

T CT
©- (C) SpecialCourse
e (0 LivingMode

|

_ [P| descrofCityEndSch

@ (C) PriorityRuleForEqualBz
@ (C) EntrantExamSequence
& (C) EntrantExamResult

[

| |V|| Search | g =

e Aho:city_EndSchool_dic The @BES}@‘ i
class defines cities where entrants 9 |CIEntra

to the given Higher Education LF| surname
Institution have graduated fram. - [F] first-name
§ (C) School
[F] descrofschool
abbreviation

§ (C) CityEndSchaool
@ [P] descrofcityEndSchool
eq "3Janopixxa"

Figure 3. Visual presentation of the query “Entrants from Zaporozhye and their schools
descriptions™

Left upper frame shows the taxonomy of loaded ontology (taken from .owl file).
To ease the understanding of the ontology only datatype properties are presented
visually in the QFI for each concept — only these properties may appear with value
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restrictions in the query. For example, concept ““School” has only two datatype
properties — “descrOfSchool”” and *“abbreviation”, and the other properties of this
concept are object properties, relating ““School” to other concepts in the ontology.

Right upper frame visualizes the ontology. QFI allows three modes of interface
regulated with radio buttons and a scroll bar: “zoom” — to visually zoom the
neighborhood of the concept; “rotate” — to rotate the whole structure around selected
concept; “hyperbolic” [13] — to view the structure in the “fish eye” manner. The latter
technique assigns more display space to a portion of the hierarchy while still
embedding it in the context of the entire hierarchy. This supports a smooth blending
between focus and context, as well as continuous redirection of the focus.

Left bottom frame shows comments (taken from rdf:comment tags) to the
selected concept or slot. Right bottom frame visualizes the contents of the current
query.

QFTI according to the classification of visual query systems [14] explores diagram-
based approach for domain knowledge and query structure visualization. QFT is suited
to construct queries only from terms already existing in domain ontology. Query
results’ presentation is form-based and query formulation is visualized as a kind of
“unconnected path” visualization strategy [14].

Fequest Cuery Fesufts

Wisual Que
/ 'm IEDI me?atur o ormlat ’\ %““ ’/‘ WD

1. Get names of concepts and properies uueryslémrlatmn }i MKE
[ B [ A
L] (Rt
2.. Funsﬂuct connected F{DFgrap.:uhfmm = | sub-Query oxachon | LS
iitial zet of concepts and slots in W0 = Server [ "
= | <7 HDO
3. Fonm RDQL SELECT clauze O
g Hesults Mark- ~
g Sé?eu?u%%w Up Translation [=1-
Server Server
4. Get constraints on properfies 9-13.._____,--

A. Form RDOL AMD zections

Ihmal Lye
b:u IEDI Mediator
& [cuded in F{DQL:I

Figure 4. Initial query formulation in IEDI reference architecture

The process of initial query formulation in QFTI is presented in Fig. 4.

Visual Query (VQ) is constructed by the user with help of visual interface of QFI.
We borrow the concept of a “basket” from e-commerce applications to store elements
of the visual query. Serializing Java objects into XML is done with help of XStream’.

7 XStream available at URL: http://www.xml.com/pub/a/2004/08/18/xstream.html
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Figure 5. Mark-up for Visual Queries basket content

The user adds necessary concepts to the basket, assigns additional restrictions on
the values of properties. The fragment of the basket content for query “Entrants from
Zaporozhye and decrtiptions of their schools” is shown in the Fig. 5.

After the query is built visually, QFI generates initial RDQL query. The main
problem here comes from the fact that the user is free to choose arbitrary concepts
from the ontology. It may happen that the graph constructed over these concepts is
unconnected. As it was shown in [9] such graph corresponds to a “bad” initial query,
resulting in redundant responses from IRs and rather artificial content of these
responses. To avoid this situation QFI makes “bad” queries “good” by automatically
searching the paths between concepts and incorporating necessary parts of ontology
(concepts, object properties) into the resulting Initial Query (IQ). Dijkstra algorithm?
for the search of the shortest path in a graph has been used to implement this
intelligent functionality. This algorithm applies to ontology represented as directed
graph — concepts are treated as vertexes, object properties — as edges, and tries to find
shortest paths between concepts from user query.

QFI allows to make changes directly to the RDQL presentation of the query, and
then — to save a new query. This feature is useful in case when a user really needs
“bad” query to be executed (e.g. to receive the Cartesian product of instances of
several concepts), or when the user is experienced in the domain ontology and is able
to describe the path between directly unrelated concepts in RDQL himself.

Fig. 6 shows the RDQL query automatically constructed in QFI for “Entrants from
Zaporozhye and their schools descriptions” example. The following triples were
automatically added into the resulting query:

First triple was added to describe the path between concepts “Entrant” and
“School”, and second triple describes the path between ““School” and
“CityEndSchool”.

8 Realization of Dijkstra algorithm for shortest past search was taken from JDSL - Data Structures
Library in Java , available at the URL: http://www.cs.brown.edu/cgc/jdsl/
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When the initial query is ready, QFI connects to the IEDI mediator, passes this
query and waits for the results. Then QFI performs results’ mark-up in terms of the
ontology whose concepts were in the query and brings the results to the user.

Resource iMDO i [[] Save request

SELECT Ysurhame,

Mirstname,

PdescrOfSchool,

Tabbreviation,

TdescrOfCityEndSchoaol

PWHERE (7, rdfitype, prefiEntrant),

?a, prefisurname, Tsurname),

(74, preficfirst-name, ?first-name),

b, rdftype, praficSchoal),

b, preficdescrOfSchool, YdescrofSchool),
(?h, preficabbreviation, fabbreviation),

e, rdftype, prefi CitvEndSchool),

(7, prefiedescrOfCityEndSchool, YdescrOfCitvEndSchoal),

(?a,preficschoolMumberF orEntrant, 7h),
b, preficcityEndSchoolF arEntrant, ?c)

AND YdescrOfCitvEndSchool e "Ianopixoia® USIMNG prefiv FOR <httpiiunitnet educationzp.uafiontMD O owig=

Sen
Figure 6. RDQL query generated with QFI

(?a, prefix:schoolNumberForEntrant, ?b) and

(?b, prefix:cityEndSchoolForEntrant, ?c)

In addition, QFTI stores queries history to allow user to easily pose frequently used
queries. Upon the user request QFI may store the particular responses from IRs as
well.

As far as initial query is formulated for the whole MDO QFI initiates ontology-
driven sub-queries extraction (see detailed description of the ODSQE algorithm in [9])
to obtain sub-queries to the registered IRs. These RDQL sub-queries are partial in the
sense that not every MDO concept/property from the initial query should have
correspondences in every registered IR. In spite of this, it is guaranteed that each
partial RDQL query is correct and produces result. All peculiarities of sub-queries
extraction are reported in [9]. Then IEDI mediator transforms each sub-query into the
IR query and sends it to the IR. Current implementation of IEDI uses RDQL-SQL
transformation algorithm worked out in [11]. IRO concepts and slots are mapped into
table names and field names of the underlying relational IR scheme. This mapping
according to the IEDI ontologies hierarchy is stored in IRO-IR Scheme Mapping
ontology.

IR wrappers accept the sub-queries, initiate their execution and perform results
mark-up in terms of respective IRO. The details of IR wrapper algorithms and
realization are reported in [11].
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Figure 7. Response obtained for the query

E.g. query “Entrants from Zaporozhye and their schools descriptions™ had the
following response (see Fig. 7).

5 Experiments with QFI

Evaluation experiment was planned as follows. There were chosen two
autonomous IRs registered into the IEDI mediator — “University Entrants” IR of
Zaporozhye National University and “Dean’s Office” IR of V. Karazin Kharkiv
National University. “University Entrants” IR is run on MS SQL Server 2000
platform, “Dean’s Office” IR uses MS Access.

The preparatory stage consisted of construction of experimental query set and
installation of IR wrappers on the IRs.

The principle of organizing the query set was that IEDI mediator should correctly
answer queries specific to the given IR, and additionally it should be able to answer
queries over common concepts of MDO, which have several mappings in IRs.

Each IR support team was asked to prepare a set of queries intrinsic to the IR and
formulated in natural language. The size of each query set was approximately 25
queries. As far as frequently asked queries are usually hardwired into the visual
interface of information system, most of the queries in the set were taken from that
interface. Resulting query sets were formed without any restrictions which might be
influenced by the IEDI mediator architecture, ontologies hierarchy and the query
formulation language.

Natural language query set over MDO concepts was prepared by MDO support
team at ZNU. The main requirement to this set was to intensively use concepts
common to both IRs and to explore taxonomy of concepts.
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The main stage of the experiment was as follows.

At first, each IR support team has formulated and executed queries from their
query sets using QFI and IEDI mediator. The correspondent IR itself was used
locally. This has allowed further use the IR query set as a testbed for checking
correctness of IRO, IRO-IR Schema Mapping Ontology and of RDQL-SQL
transformation algorithm.

At second, MDO support team has re-run IR query sets, when these IR were used
remotely. This has proved the reliability of [EDI mediator — wrappers communication
through distributed web-services.

At third, MDO support team has formulated in QFI and executed MDO query set
to check correctness of sub-queries extraction and IR responses gathering.

For each query sets it was proposed to IRO/MDO support teams to fill in a
questionnaire during the main stage of experiments. They were asked to outline the
reasons of complexity in query formulation. The results of their answers are shown in
Table 1 (several reasons for one query were allowed).

Table 1. Users vision of complexity in query formulation in IEDI

Reason I!EDI RDOL QFI
architecture limitations implementation
Query sets and tasks
IR query sets 0% 36% (18 of 50) 16% (8 of 50)
MDO query set 36% (9 of 25) 36% (9 of 25) 60% (15 of 25)

Both IR support teams were strongly familiar with correspondent domain; however
they used QFI with very little respect to its factual capabilities. They expected to get
the results in the form similar to their IR native user interface, where the aggregate
values (sums, average values etc) are of common use. That’s why they’ve put the
restrictions of RDQL on the first place of complexity reasons.

MDO support team was familiar with correspondent domains, and this team was
better informed of factual capabilities of QFI and IEDI mediator. Their main task was
to pose queries involving concepts from both IRs. They’ve outlined that IEDI
mediator does not merge responses from IRs, but the most complex thing was to
compare values from IRs between each other. This has lead to first place of QFI
limitations for complexity reasons.

However it should be pointed out that only queries which contained value
restriction of non-string data types were failed. The percentage of such queries in the
sets was 4% (2 queries of 50).

Maximal delay of response for querying IR situated in the same network with the
user and the [EDI mediator was proportional to the response size and did not exceed 5
seconds. For querying IR via remote access both to the mediator and an IR the
maximal response delay caused by network connection was 50 seconds.

6 Lessons Learned and Future Research

Experiment with the user interface component of IEDI mediator shows that visual
query formulation supplied with native language-oriented interface is very
comfortable and easy to use. For novices in the domain it was a bit complex to
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understand the context of a particular ontology concept, and they were forced to read
comments to definitions of concepts and properties. Additional but expected
inconvenience was related with the situation when users navigate and query ontology
with concepts/properties’ names given in a foreign language.

Results obtained during the implementation and testing stages of UnIT-NET
project have pointed out current restrictions of the interface between users and [EDI.

Interface restrictions were divided into three types: restrictions imposed with the
internal query language — RDQL, simplifications done for the whole IEDI
architecture, and simplifications of the current version of QFIL.

The first influencing category of restrictions was the internal query language.
RDQL does not allow aggregation functions to be applied as at the stage of initial
query formulation, as at the stage of results mark-up.

Certain limitations or, better say, simplifications were made to the IEDI
architecture. One of them is the simplified structure of IRDMO. Currently the
mapping is of the form of equality between concepts and properties from different
ontologies. However, practically we were faced with the situation when MDO
property may be represented as certain function over IRO properties and concepts.
This function may in the primitive case be string concatenation function. E.g. MDO
slot ““address™ is atomic and contains street, building number, apartment number and
city name, while in one of IRs there is no “address”, but separate “‘street”,
“building”™, “city”, “flat” slots. In more complex case the function should involve the
instances of property values. E.g., in one IR the ““gender” property of a person has the
values “male” and ““female”, and in the other IR — correspondent values were ““m”
and ““f”.

Moreover, as the whole IEDI architecture was not configured for results merging
and fusion (it was beyond the scope of UnIT-NET), this has led to the situations when
the user had to analyze the responses from the IRs one by one.

QFI limitations were outlined as follows:

- user cannot see object properties of concepts — this leaves the user “outside

the kitchen” of initial query formulation

- user unfamiliar with RDQL cannot really approve query prepared by the QFI

and he/she is forced to skip the query approval stage

- QFI currently supports value restrictions “equal” and “not equal” for datatype

properties. However the whole set of value restrictions provided in the RDQL
specification [15] can be easily added to the QFI

- QFI due to limitations of RDQL does not allow aggregation functions to be

applied as at the stage of initial query formulation, as at the stage of results
mark-up

- QFI currently does not allow to compare one property values with another

property values, e.g. in the form “concept;.property; = concept,.property,”

- QFI does not allow to choose values of property from the list of values stored

in the underlying IR

- QFI does not support all data types, which can be in the underlying domain.

Currently only string values are allowed in value restrictions.

In spite of the fact that the highest quantity of negative user feedbacks (see Table
1) was obtained because of limitations of QFI, all these limitations are easy to
overcome.
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The situation with internal query language restrictions is different. At present,
RDQL syntax is fixed. One solution is to choose the RDF query language already
possessing all necessary features (at least, aggregation). Such languages as SeRQL[12]
and SPARQLJ[16] seem good candidates for the purposes of UnIT-NET IEDI. Another
solution for IEDI is to enhance Results Mark-Up Translation Server (see Fig.1).
Queries with calculation of maximum/minimum/count/average values etc. may in that
case be performed in two steps: computation of RDQL query result “as is”, without
aggregation, and then before presenting the result to the user — to calculate requested
aggregation functions (on the mediator side, or at the client side).

Negative user feedbacks concerning the limitations of UnIT-NET IEDI architecture
appear when the semantics of a user query requires merging of the IR responses. This
problem is also of great importance for the IEDI and is one of future research direction
for UnIT-NET consortium.

7 Related Work

Mediator-wrapper architecture [17] provides the syntactic and semantic
interoperability [1] with help of intermediate layer (mediator) responsible for
unification of user interface to distributed heterogeneous IRs presented with their
wrappers.

The number of projects in intelligent information retrieval advocates ontology-
based knowledge integration from autonomous heterogeneous distributed information
resources. The review of state-of-the-art in this direction one can find in [4], [9], [18]
and [19].

Functionality and aesthetic presentation of user interface influences future use of
the whole system. As it was mentioned in [14], “...It is worth noting that most people
interacting with computers see only the system interface. Thus, it becomes a very
important component of a software system from the design phase onwards.” There are
a lot of investigations focused on visual query system development for databases. The
detailed survey and classification of approaches in that field may be found in [14].

Such approaches are rather strict — they assume that user query may consist only of
terms already described in the domain.

However, last decade research projects pay more attention to intelligent query
interfaces in order to best capture the semantics of a user query. In the variety of
proposed techniques outline the following.

User profiles (see a survey in [20]) are often considered as storages of user
personal knowledge.

Intensional navigation in SEWASIE ([21], [22]) is used for incremental user query
construction through domain ontology navigation. SEWASIE approach allows
refinement of existing query terms or even invention of new query terms basing on
existing ontology terms and Boolean connectors. Resulting query is then subjected to
satisfiability checking w.r.t. domain ontology with help of a reasoning system
supporting domain ontology definition language.

Query rewriting techniques [7], [8], [20] apply a set of rules to reformulate user
query into terms of underlying resources.



Visual Semantic Query Formulation and Execution ... 107

8 Conclusions

The paper reports on the results of evaluation of the UnIT-NET IEDI research
prototype. The focus of the paper is the intelligent visual interface — QFI — the
graphical tool aiming to assist a user to formulate his/her queries to the resources
registered to IEDI. The evaluation of the proposed solutions of IEDI architecture is
made experimentally by the members of UnIT-NET consortium. Experiments have
shown practical applicability of the approach proposed for the IEDI architecture. One
of the stages of the evaluation procedure is the assessment of the quality of interface
between users and IEDI mediator. The paper analyses lessons learned from the
evaluation of UnIT-NET IEDI user interface component — Query Formulation
Interface. The analysis proves the usability of the QFI; however there are refinements
which have still to be considered in the future work.
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AnropuTtm paboTsl HHOOPMAITMOHHOTO areHTa
B pacOpeaeICHHON BEIYMCIUTEIBHON CUCTEME
U ero MoJieib Ha 0asze HeueTkux E-cereit

E. B. IypaBkun, Amep Takcun Kanamex AGy JIxakkap

Xapvrosckuti Hayuonanenvli ynueepcumem um. B. H. Kapasuna, Ykpauna

In the article questions of the program intellectual agent model designs by means of
fuzzy E-nets were considered. The structure of the node of the distributed computer
system which used soft agents was suggested. The algorithms of the agents for data
searching and information base analysis which used elements of artificial intelligence
were designed. The described agent models were designed by means of fuzzy E-nets.
The methods of the performance evaluation of the designed algorithms on models
were showed.

1. IocranoBka mpodaembl. [Ipu pa3zpaboTke pacmpefeNeHHBIX MPOTPAMMHBIX
CHCTEM 3a4acTyl0 MOYJH, BBIIOJHAIOLINE yNpaBlieHUECKHe (DYyHKIMHU, pPeau3yioT B
Buge areHToB. (OCHOBHOM 3ajadeil TakUX areHTOB ABJISETCS IOBBIIICHHE
3¢ GEKTUBHOCTH YNpPaBICHUS PECYPCaMH CHCTEMBI, YacThIO KOTOPOIl OHHU SIBISAIOTCS,
IMyTEM BBEICHHS 3JIEMEHTOB HHTEIJICKTYAJILHOTO YNPABICHHUS B COOTBETCTBYIOLIHE
anroputmsl. [IpuMepamu Takux pecypcoB MOTYT OBITh HE TOJIBKO WH(OpMAIHs, HO U
NPOIYCKHAs CHOCOOHOCTh, MaMATh, MpoleccopHoe Bpems [1]. B Hacrosmiee Bpems
yaensercss OoJblIoe BHUMaHHE pa3pabOTKe CHUCTEM TakKoro Kiacca, OIHAaKO
HEOCTaTOYHOE BHUMAHHUE YAEIAETCS BOIPOCAM COBEPIICHCTBOBAHHMSA CpPEICTB
MCCIIEZIOBaHUS M aHANM3a JaHHBIX CHUCTEeM. TaKoe MOJ0oKeHHe e MPUBOIUT K TOMY,
pa3paboT4MKKH  CUCTEM, TIOCTPOCHHBIX Ha 0a3ze MEpemoOBBIX  TEXHOJIOTHUH
HCKYCCTBEHHOI'O MHTEJUIEKTa HE MMEIOT B CBOEM PACIOPSIKEHUH CPEACTB IS OLICHKU
uX 3(PQPEKTHBHOCTH Ha JTanax NPOCKTUPOBAHMS W OTIAAKH, YTO OTPHUIATEIHLHO
CKa3bIBAEeTCs Ha MX Ka4eCTBE U CPOKaX BHEAPEHUS.

2. Anamm3 myOaukanmii. 3a4acTyio JUis aHanm3a pabdOThl MHTEIUIEKTYalbHBIX
areHTOB HCIOJB3YIOTCS TPaAWLHMOHHBIC CPEICTBA MMHUTALMOHHOIO MOJENHPOBAHMSA
(aBToMaThl, enmu MapkoBa, arperaTtHble cxembl) [2,3], B Ooyiee MPOCTBIX CiIydasx
TaKde CHCTEMBl MBITAIOTCS ONUCATh AHAIUTHYECKUMH  BBIpaXEHUsAMH  [4].
Vcnonp30BaHue JAaHHOTO MOAXOJA 3a4aCTyIO HMPUBOIUT K TOMY, YTO HCCIIEAOBATEIN
MOJTy4alOT HEBEpHbIE pe3yJbTaThl B CJIEICTBHH OTPAHUYEHHOCTH BBIOPAHHOTO
cpeacTBa aHanu3a. [lonydyeHne HeBEpHBIX Pe3yIbTaTOB B MEPBYIO OUYEPEb CBA3AHHO C
TEM, YTO HCIIOJb3yEeMbIE CPEICTBA HE B COCTOSHUHM yYeCTh OCHOBHBIE OCOOEHHOCTH
NpEeaIMETHON O00acTH, TakWe Kak HaJlWYhe HECKOJbKHUX  YIPaBISIONINX U
MHQOPMAIIMOHHBIX TOTOKOB, paclpeAeieHHas CUCTeMa YIpaBJICHHs, Halluude B
YIPaBISIOMIKX aITOPUTMax 3JIEMEHTOB HCKYCCTBEHHOTO MHTEIUIEKTA.
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Kax 6pu10 TIOKa3ano B [3,5] cetu IleTpu u ux paciiupeHust B 3HAUUTEITHLHON Mepe
n30aBIIeHbI OT YKa3aHHBIX HEAOCTATKOB, a ONMCaHHoe B [6] pacmmpenue E-cereil, Tak
K€ MO3BOJIIET YUECTh HATMUYHUE IJIEMEHTOB HCKYCCTBEHHOT'O MHTEIUIEKTA.

3. IlocranoBka 3amauyM. B KkadecTBe mpumepa, Ha KOTOPOM TIOKa3aHbI
BO3MOXKHOCTH He4yeTKuxX E-cereil mpu paspaboTke Mojeneil B JaHHOH MpeaMeTHON
obmactn, OyIOeT paccMOTpeHa pacHpeAeiCHHas BBIYMCIHWTENbHAs — CHCTEMA,
CTPYKTypHasl cxeMa 3j1eMeHTa (y371a) KOTOpOoH IpencTaBiIeHa Ha puc. 1.

Brrorc e D Hudopmannoxsan
MO T <::> Gaza

LreHT ATEHT aHATHTA
MOHCK: TAHHELX HEpOPMALHOHHOR GasE

Momwame cEAsH |

Puc. 1. Cmpykmypnas cxema y3na pacnpedeienol 6bl4UCIUumenbHOU CUCHeMbl

PaccmaTtpuBaemasi cucTeMa COCTOMT M3 PaBHOIPABHBIX Y3JIOB, 3a/1a4a KOTOPBIX
3aKio4aeTcs B 00pa0OTKe  JaHHBIX, B  COOTBEICTBMM C  QITOPUTMaMHU
BBIYHCIIUTCIIBHOTO MOIYJIA. B KaXAO0OM BBIYHUCIIUTCIIBHOM MOAYJIE MOTYT GBITB
peann30BaHbl  pa3NUYHBIE aNTOPUTMBI, KOTOpble OyAyT TpeOoBaTh JaHHBIE
HE3aBHCUMO Jpyr oOT apyra. Jms obecnedeHuss MOTpeOHOCTEH BBIYMCIMTENBHOTO
MOyl B JaHHBIX B K&XKIOM Yy3Jleé HPEAyCMOTPEHbI IPOTPaMMHBIE AareHTHI,
OCYIIECTBIISIFOIUE TTOUCK HE0OXOIMMON MH(POpPMALUK Ha APYTHX y3JIaX CHCTEMBI U
aHamM3UpyoLe HHQOpMalMIo, HAXOAALIYIOCS Ha COOCTBEHHOM y3le Ui
YIOBIIETBOPEHUS 3aIPOCOB APYIHX y3710B. DYHKINU B3aUMOACHUCTBUS Y3JI0B MEXIY
c000# peann30BaHBI MOCPEICTBOM MOJIYJISA CBS3U. B HEKOTOPBIX CIydasx aHHBIHA
MOIYJb TaK JX€ MOXET COCTOSITh M3 COOTBETCTBYIOIIMX IPOTPAMMHBIX AareHTOB,
OJTHAKO JaHHBIE BOIPOCH HE ABJISIIOTCS MaTEpPHUAIOM HACTOSILCH CTaTbu.

4. OcHoBHag 4acTb. /[ng Hayama Oosiee MOAPOOHO PacCMOTPUM aITOPUTMEI
paboTbl BBEIACHHBIX NPOTPaMMHBIX AareHTOB. 3ajadyeil areHTa IOWCKa JaHHBIX
ABJsIeTCS  oOecreyeHne MOTPeOHOCTEH BBIYUCIUTEIBHOTO MOIYJS B HEOOXOIMMBIX
JaHHeIX. B cioywae, xorma Ui OpPONO/DKEHHMsST  JAIBHEMIIMX  PacdyeToB
BBIYHCIIMTCIIBHOMY MOAYJIIO HEAOCTATOYHO AAHHBIX, HAXOAAIIUXCSA B cOOCTBEHHOM
MHQOPMAIIMOHHOH 06a3e oH (OpMHpPYET 3ampoc K areHTy HOMCKa JaHHBIX. B 3ampoce
BBIYMCIIUTENbHBIA MOIYJb IOJDKEH OTPAa3UTh NPU3HAKY HEOOXOIUMBIX €My JaHHBIX (B
JaHHOM CiIyda€ BCC JaHHBIC B CUCTEME IOJIKHBI OBITH MMpeaACTaBJICHBI B BHUIAC
00BEKTOB, COAEpKAIIMX Kak IMEpeMEeHHbIe, TaK W METoAbl paboTel ¢ HuMH). Ha
OCHOBAaHMM IOJYYEHHOTO 3alpoca areHT IOHCKA IOaHHBIX (OPMHPYET 3ampoc Ha
IIOUCK AaHHBIX B cucteMme. Ilocne gero nepenaer ero moaymo cesasu. Ilo pesynbraram
3ampoca MOTYT OBITh TOJTy4EHBI JIN0O MOJIOKUTEIbHBIE, JINOO OTPUIIATEIEHBIE OTBETHI.
B ciydae mosyueHHs MOJOXHUTENBHOIO OTBETa HEOOXOOMMBIC NaHHBIC IEpeNaroTcs
BBIYMCIIMTENBHOMY MOAYJIIO. B cilyyae mosydeHus: OTpULATEIbHBIX OTBETOB OT BCEX
Y3JIOB CUCTEMBI, aIr€HT ITOMCKAa JAaHHBIX 3allpallliBacT AOIIOJIHUTCIBHYIO I/IH(i)OpMaHI/I}O
y BBIYHACIUTENBHOTO MOAYJIS O JaHHBIX (HAampuMep, B XoJe paboThl KaKUX (YHKIIHHA
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OHU MOTYT OBITh NOJy4eHbl). C MOMOIIBIO JOMOJHUTENbHOW MH(OpMAIMK NaHHBIX
areHT moucka (opMUpyeT HOBBIH, pacmMpeHHBIH 3anpoc. [lo pesyibpraTam Takoro
3ampoca JHOO OMpeAensieTcss y3eld — HCTOYHMK HEOOXOAWMBIX IaHHBIX U €My
BBICHUIAETCS 3asBKa HA WX OTIPaBKy TEKylleMy Y3Jy IIOCie TeHepauuu, JIu0o
MPUHUMAETCS] pEIIeHHE O TOM, YTO BBIYMCIUTEIBHOMY MOJYJIO TEKYILIEro ysia
HEOOXOAMMO CaMOMY NPOM3BOAUTh WX BhrUMcIeHHe. OCOOEHHOCTBHIO TOCIETHETO
JTamna SIBJISETCS TO, YTO IO JONOJHUTEIBHOMY 3alpOCy HECKOJBKO Y3JIOB CHCTEMBI
MOTYT JaTh MOJIOKHUTEIbHBIN OTBET. JlaHHas cUTyalusi MOXET BO3HHUKHYTh B CHITY
HEJOCTaTOYHO TIOJHOW WH(OpPMAIMK B PaCIIMPEHHOM 3ampoce, Ju00 B CBS3H CO
CXOXKECTHIO PpPabOTHl PA3TUYHBIX BBIYUCIUTENBHBIX (YHKIUI BBIONHAEMBIX B
TEeKyIIMA MOMEHT BpeMEHH Ha pa3HbIX y37ax. ClenoBarenbHO, NMPH TONY4YEHUH
HECKOJIBKHUX MOJIOKUTENBHBIX OTBETOB areHT IOMCKA JAHHBIX JOJDKEH ONpEeAeTUTh
Hanboyiee BEPOATHOTO TeHepaTopa HCKOMBIX IaHHBIX. BwIOOp y3ma — Hambomee
BEPOSATHOIO IeHepaTopa MCKOMBIX JAaHHBIX MOXET OBITh OCHOBAH Ha MaKCHMaJIbHOM
COBIIaICHNH WHPOPMAIUH cofep Kallelics B 3anpoce, 1 HHGOpMaLnH, MOTyYSeHHON OT
BBIUMCIIATENBHOTO MOAysd. CTPYKTypHas cxema alropuTMa pa0oThl areHTa IOUCKa
JTAaHHBIX IIPUBEACHA HA pUC. 2.

HA™\@mno
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Puc. 2. Cmpykmypuas cxema pabomvl azeHma nOUcka OAHHbIX
Kak yxe ynoMmuHanoch, ajisi 0OpabOTKM 3alpocOB IMOCTYMAIONIMX OT arcHTOB
MOWCKA JAHHBIX Ha KaXJOM y3Jie peajr30BaHbl areHTHl aHajin3a WH(OpMalMmOHHOMN
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0a3pl. 3amadell arcHTOB SIBIISICTCS ONpEJACICHUE HaMW4Ms HEOOXOAMMBIX IaHHBIX,
COTJIACHO TMOJYYEeHHOTO 3ampoca M HMX OTIPaBKH 3ampamuBamoumeMy y3imy. s
peIIeHHsI TaHHOH 3a/1aduyl Ipe/yIaraeTcs CASAYIOMU aJrOpUTM pabOTHl areHTa. ATeHT
MOXET TIOJYYUTh 3alPOCHl IBYX THIIOB: OOBIYHBIN M pacumupeHHbid. [Ipu nomydeHnn
OOBIYHOTO  3ampoca areHT MpPOM3BOJUT IIOMCK HEOOXOAWMBIX IaHHBIX B
uHpopMaIMoHHOW 0a3e cBoero y3ia. llomck mpoumsBoauTcs MO HWHQPOPMAIWH,
cozeprkarelics B 3ampoce (MM WU ONUcaHue 00beKTa). B ciiydae ymadHoro momcka
areHT BBICHUIACT TpeOyeMble NaHHbIE Y3y — IOJlydaTero, B oOpaTHOM ciy4ae —
OTpUIIaTEeNbHBINA OTBeT. [IpH MoMydeHWU pacIIMpeHHOTO 3alpoca areHT IMPOU3BOIUT
MOWUCK HE TOJBKO B MH(GOPMAIIMOHHON 0a3e CBOETOo y3I1a, HO TaK JK€ IMOCHIIAeT 3ampoc
BBIYMCIIUTEIEHOMY MOJIYJIO Ha IPEIMET BBIYMCISIEMBIX JAHHBIX M Pa0OTAFOIIUX
¢yHKUME B HacTroAmMi MOMEHT BpeMeHU. [lociae 00paboTKH WHGPOPMAIUH,
MOJTyYEeHHOH OT BBIYUCIUTENIEHOTO MOJYJS W COCTOSIHUS WH(pOpPMAIMOHHOW 0a3kl,
areHT aHaJn3a NPUHUMAET PEIleHUe, SBISETCS JIM €ro y3el — Y3JOM-TeHepaTopoM
UCKOMBIX  JaHHBIX WM HeT. W  OoTmpaBisieT COOTBETCTBYIOUIMHA  OTBET
3ampammBatoniemMy y3ny. [lpuHATHE pemieHHs B JaHHOM CiIy4ae MOXET OBITh
OCHOBAHO Ha aHAJIN3€ TEKYIIEro COCTOSTHUS NH()OPMAITMOHHON 0a3bl, BHITIOTHIEMBIX B
TEKYIIMd MOMEHT BpEeMEHHM (YHKIUH BBIYHCIHUTENLHOTO MOJIYJSI HMCHOIb3YEMBIX
JaHHbIX . T. 1. CTpykTypHas cxema ainropurmMa paOOThl areHTa aHaiu3a
nH()OPMAITMOHHON 0a3kI IPEACTaBIICHA HA PHC. 3.
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Puc. 3. Cmpykmypnas cxema anzopumma pabomul
azeHma aHanu3a UHMOOPMayUoOHHOU 6a3vl
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OcHOBHOM 3amadeil pa3paOOTaHHBIX alTOPUTMOB SIBISETCS  OOecrieueHue
MaKCHMaJIbHOTO 3HAYCHUsI IToKa3aTens 3(pPEeKTUBHOCTH CUCTEMBI TOATOTOBKY TaHHBIX
IUIsL BEIYMCIICHNH. B kauecTBe Takoro mokasareins 3p(eKTHBHOCTH MOKET BBICTYIIAaTh
Hekast QYHKIUS [ KOTOpasi CBSI3bIBACT MEXAY COOOHM Takume XapaKTepHUCTUKU PaOOTHI
Kak BpeMs IIOMCKa [aHHBIX, I[OJHOTa JOCTAaBJICHHBIX JAHHBIX M 3arpy>KeHHOCTb
CHCTEMBI CBs3M. B KadecTBe XapaKTEPUCTUKH IIOJHOTHI JIOCTAaBICHHBIX JaHHBIX
MO>KHO MICIIOJIB30BAaTh COOTHOIICHHE!

__ P
Kuuqb - % s (1)
mp
rae V), — peanbHblii 00bEM UCTIONB3YEMbIX JAHHBIX U3 BCEX JIOCTABIECHHBIX;
Vnp — 00BEM JaHHBIX, KOTOPBIH HEOOXOIUM 151 pabOoThl TeKyLIeH (QYHKINH.

OI_IGHI/ITL 3arpyX€HHOCTb CUCTCMBI CBA3U MOXKHO UCIIOJIb3YSI KOS(I)(l)I/II_II/IeHT

Koy == 2
c8 2
1
MMOKA3bIBAIOIINIA COOTHOIICHHUE CIy)KEOHOTO Tpaduka B CHCTEME IO TOHUCKY
TEKyIIUX JaHHBIX (/,) 1 o0uero Tpaduka cucteMsl (£yz,).
BpeMeHHble mapamMeTpbl MOXKHO OLICHHMBaTh KaK OTHOILEHHWS BPEMEHH IIOHMCKa
JIAHHBIX (,) KO BpEMEHH PaOOTHI COOTBETCTBYIOIIEH QYHKIMH (7y):

Kspzi. (3)

OO6muit Bua QyHKIUU 3PGEKTUBHOCTH AODKEH OINPEACIATHCS OCOOCHHOCTSIMHU
HCCIENyEeMOM CUCTEMBl M OTHOCHUTEIBHOW LIEHHOCTBIO YUYHUTBIBAEMBIX MApaMETPOB.
Tak B pocTeliieM cirydae OH MOKET OBbITh TMHEHHBIM, BUJIA:

f = akun(b + ﬂkcs + yksp 4 (4)

rae o, B, Y - KoaphUINEHTHI, YIUTHIBAIONHNE OTHOCUTEIHHYIO IEHHOCTh KaXI0TO

napamerpa. Jlns Oonee TOYHOro ydera BIHMSHHMS YKa3aHHBIX [apaMeTpoB Ha

3¢ pekTUBHOCTh PabOTHI HMH(OPMAIMOHHBIX AarcHTOB BO3MOXKHO UCIIOJIB30BaHUC
(hyHKIHI OoJIee CIOKHOTO BUA.

Jnsa  amamm3a  A(QQPEKTUBHOCTH pabOTHI  paclpeAcIeHHON BBIYHCIATEIHHOU
CHUCTEMBI, HCIIOJNB3YIOMICH OMUCAHHBIC ANTOPUTMBI PA0OTHI MPOTPAMMHBIX areHTOB
Haubouee 1enecoobpa3Ho COCTaBUTH ee Mojnenb. Kak yke yImoMUHAOCh, ISl 3TOH
LeJIM MpeJIaracTcsl UCHOJIb30BaTh HeueTkue E-cetn.

®opmanbHo E-cetb 3amaeTcs Kak JIBYJOJBHBIH OPHEHTHPOBAaHHEBIN Tpad,
omMchIBaeMbIil MHOKecTBOM E = (P, H, L, D, A, M), tne P — KOHEYHOE MHOXXECTBO
MECT, BKIIOUalOllee TOIMHOXKecTBa B u R, (B — KOHEYHOE MHOXKECTBO
nepupepuitHbIX MecT, R — KOHEYHOE MHOXKECTBO PElIalolux Mect), H — KOHe4Hoe
MHOKECTBO MEPEX0JI0B, BKItOYaroiee MHoxkecTBa 7, F, J, X, Y; L — npsmas GyHKIus
WHITMIEHTHOCTH; D — oOpaTHass QyHKIHS WHIHUICHTHOCTH; A — KOHEYHOE MHOXKECTBO
XapaKTePUCTUK MIEPEX0/I0B, BKIIoUaroIee a = (7(a;),q), (7(a;) — Bpems cpabaTbIBaHUS
nepexoja, ¢ — mporeaypa nepexonaa); M, — HadambHas pa3MeTKa CeTH.

[Ipu paspaboTke Mojeneil C HUCMONb30BaHWEM ammapara E-cereét cutyaruum
MIPUHATHUS PEUICHUS U BHIOOpA MOJICIUPYIOTCS C IIOMOIIBIO yIpaBisieMbix MX u MY —
nepexonoB. Ilponecc mepexoga B OJHO M3 BO3MOXHBIX COCTOSIHUIM ONHMCHIBAETCS
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npeaukaToM nepexona. Hanbosee yacto mpeaukarsl yIpaBiseMbIX IEPEX0a0B UMEIOT
100 BEpPOATHOCTHYIO (YyHKIMIO cpalaTbiBaHus, JHOO (QYHKIHIO, 3aBHCALIYIO OT
COCTOSIHMSI BEKTOpa aTpUOyTOB METKH, IPYTUX MECT CETH WJIM BHEIIHUX BO3JCHCTBUII.
B cmywae paspaboTkm  Moneneil  CHCTEM  HCHOJB3YIOMUX  DJIEMEHTHI
WHTEJUIEKTYaJIbHOTO YNPABJIECHUS MPEATIOKEHO TOMOIHUTH BO3MOXKHOCTH OIHCAHMS
NPEeAUKAaTOB YHpaBiIseMbIX mepexofoB [6]. Vcmonb3ysi BBeAEHHBIC HOMOJIHEHHS B
armapar E-cerefi Monenbs paboThl WH(MOPMAITMOHHBIX areHTOB pPacCMaTpPUBAESMOM
CHCTEMBl MOXET OBITh TpeAcTaBlieHa B chenyoomem Buzae. [padp E-cern,
MOJENHUPYIOLIel padoTy areHTa MOMCKa JaHHBIX MPEACTABJICH Ha puc. 4.

ol 3}

Pa "

o
i O.pg_.*—{}

W

Puc. 4 I'pagh E-cemu, moodenupyioweti pabomy azeHma noucka OaHHbIX

OneMeHsl pa3paboTaHHOW E-ceTH COOTBETCTBYIOT CHEAYIOIIMM COCTOSIHUSM H
dbyakmmsiM  arerra. Mecra:  pp — MaKpo-MeCTO, MoJIeiHpyiomee padboTy
BBIYHCIIUTCIIBHOTO MOAYJIA C ar€HTOM IIOMCKa JaHHBIX, B JaHHOM MAaKpO-MECTC
(dopmupyeTcs BEKTOp aTpUOYyTOB METKH, COAepKallMid WHPOPMALMIO O HCKOMBIX
JaHHBIX; P; — TNodydeHa HUHGOpMAnMsg OT BBIYUCIUTENBHOIO MOXYIS Ui
¢dopmupoBaHUsl  OOBIYHOTO — 3ampoca; p, — THodydeHa  WHPOpMamus  OT
BBIYMCIIMTENBHOTO MOIYJISL /151 GOPMUPOBAHUS PACIIMPEHHOTO 3ampoca; ps — 3ampoc
TOTOB AJISl Mepedaydl MOIYJIIO CBS3H; P4 — OTIPABHUTH 3asBKY Ha JOCTaBKY AAaHHBIX
BBIOpaHHOMY Y3Iy: pPs — IOJIY4YeH OTBET Ha 3alpoC; Ps — INPHUHATO PEIICHHE O
HEOOXOJMMOCTH CaMOCTOSATENILHO (OPMHPOBAHUTH HEOOXOAWMBIC NaHHEBIC, D7 —
MOJy4eH OTBET Ha OOBIUHBIN 3ampoc; ps - HEOOX0ANMO (HOPMHUPOBAHUE PACIIMPEHHOTO
3a1poca; Py — MOJIYUYEH IOJIOXKUTENbHBI OTBET OT OJHOTO M3 Y3JIOB CUCTEMBIL; Pig —
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3aMpoc BBIYUCIUTEIBHOMY MOJYIIO Ha BbIJady WHGOpPMALUK Uit (POPMUPOBAHHS
JIOTIOJIHUTENIBHOIO 3aIpoca.

Maxkpo-mecta odepenan: Q; — XpaHUT METKH C TIOJOXHUTEIHHBIMH OTBETaMH Ha
pacirpeHHsbIi 3anpoc; Q; — COIEpKUT METKH C OTBETaMH Ha PacIIMPEeHHBIH 3ampoc.
[Mepexonmpr: t; — momyyeHue WHGOPMAUU OT BBIYUCIUTECILHOTO MOIYJIS IS
dopmupoBaHuss OOBIYHOTO  3ampoca; t, — TMOdy4eHne WHGOpMAIH  OT
BBIUMCIIUTEIPHOTO MOy Ui (OpMHPOBAaHWS pacIIMPEHHOTO 3ampoca; t; —
(dopMmupoBaHHE 3ampoca  BBIYUCIUTENFHOMY MOIYJIO Ha  JOMOJHHUTEIBHYIO
uHpopMaImio. j; — GopMupoBaHue 3arpoca Ha MOWCK JaHHBIX; j, — Iepeaaya 3ampoca
MOIyJIF0 CBSI3M;, j3 — TMepeqada HWHGOPMAIMKA BBIUYMCIUTEIHPHOMY MOMYIIO IO
pe3yJsibTaTaMm Moucka JaHHbiX. MX| — omnpenesieHne Ha Kakol M3 3alpocoB IMOIYYEH
oTBeT; MX, — aHaJIU3 OTBETOB HA pacIIMPEHHBbIN 3ampoc; MX; — aHanu3 OTBETOB Ha
00BbIuHBIN 3ampoc; MXy — BeIOOp Hanboliee BEpOATHOTO y3ja — FreHepaTopa NCKOMBIX
JMaHHBIX. [IpeuKaThl ypaBisieMbIX TIEPEX0/I0B ONPEACISIOTCS CIEAYIOMNM 00pa3oM:
r; — BBIOOp MecTa B KOTOpoe OyneT meperaHa MeTKa ONpEACIsIeTcsl 3HAaueHHEeM
BEKTOpa aTpuOyTOB METKH pa3IW4yarolliM OTBET Ha OOBIYHBIA 3ampoc U
pacIIMpeHHBIN 3a1poc; I, — B CIIydae eciid B Makpo-mecte ouepenu Q, y BCeX METOK
BEKTOpa aTpuOyTOB coOJepXkaT »JJIEMEHTHI, COOTBETCTBYIOLIHE OTPHUIATEILHOMY
OTBETY, IOCJIE MOJIy4EHHs] METOK OT BCEX Y3II0B OJHA METKA IIEPENAETCsS B MECTO Ps,
YTO COOTBETCTBYET HEOOXOJMMOCTH CaMOCTOATEIbHO T'€HEpUPOBATh HCKOMBIE
JIAaHHBIC; I3 — €CJIM OT BCEX Y3JIOB CUCTEMBI IOJIYYEHBI OTPULIATEIbHBIE OTBETHI, TO
METKa TMepelaeTcss B MECTO pg; Iy — IO aHalu3y BEKTOPOB aTpuOyTOB METOK,
HaXOASIIUXCA B Makpo-mecte odepenau Q; ompenensercs HOMep y3ida — HauOolee
BEPOSITHOI'O T€HEPATOpa NCKOMBIX JAHHBIX U €My IIepelacTcs 3asBKa Ha UX JOCTaBKY,
oCTaJbHBIE METKH cOpachiBatroTCs. [Ipu oOIpeneneHuu NpeaUuKaTOB YIPABISAEMBIX
MEPeX0J0B HAaUOOJNBIINE TPYJHOCTH BO3HHUKAKOT B Ciiydae nepexona MX,. B manHoM
Clly4ae CJIOXXHOCTh BBI3BIBAIOT MOJIENHPOBAaHHE MPOIENyp ONpeAeNieHus] Hanboiee
BEpPOATHOIO y3Jla — TeHeparopa HEOOXONMMBIX HaHHBIX. J[msg a3Toro mpwu
(hopMUpOBaHUU OTBETOB HA PaCHIMPEHHBIN 3ampoc, areHT aHaln3a HH()OPMAIMOHHOMN
0a3bl B BEKTOpE aTpUOYTOB METKH JIOJDKEH YCTAaHOBHTH COOTBETCTBYIOIIEE 3HAUCHUE
3aJaHHOTO TOJIS, a TaK K€ B Cllydae HEOOXOAMMOCTH, 3HaY€HHS JOMOIHUTEIHHBIX
nojieii (B oOmEeM cilydae TOJeH, XapaKTepH3YIOIUX BEPOSITHOCTh T'eHEpaIUH
WCKOMBIX JTaHHBIX, MOKET OBITh HECKOJIbKO). B manHOM ciydae cumraercs Hanbomee
1eJIeCO00pa3HbIM UCIIOB30BaTh almapaT HEYETKIX MHOXKECTB, C TIOMOIIBIO KOTOPBIX
U OyZeT ompelelieH NpeAnKaT COOTBETCTBYIOIIETO nepexoaa. s 3Toi 1enu JoiKHa
OBITh 3a/laHHa HEKOoTopas (YHKIHS MPEINOYTeHHs, 3HAYeHHE KOTOpod Oyner
OTpefieNATh Hamboyee TpeAroNaraeMplii y3el TEeHeparop WCKOMBIX JJaHHBIX.
KoHkpeTHbIil BUI (QYHKIMM MPEINOYTSHUS TOJIKCH ONMPEACIATHCS HCIOJIBb3YEMBIMU
KPUTEPUSIMU B UCCIIETYEMOMN CUCTEME.

I'pad E-cern, momenupytomeit paboty areHTa aHann3a WHGOPMAIIMOHHOW Oa3bl
IIPEICTABIIEH Ha PHUC. 5.

DNEMEHThl TPUBEJICHHOTO rpada COOTBETCTBYIOT CIICAYIONIUM COCTOSIHHSM |
(hyHKIMSAM MOJENUpyeMoro areHTa. Mecra: p; — OJy4eH OOBIYHBIN 3allpoC Ha MOHMCK
JAHHBIX; P, — MOJIYYEH PACIIMPEHHBIA 3aIIPOC HA MOUCK JAaHHBIX; P3 — IO pe3yJbTaTam
aHanmm3a c(opMHUpOBaH OTPHUIATENBHBI OTBET; ps — IO pe3yJbTaTaM aHaIu3a
c(hOpMUPOBAH TIOJOXKHUTCIBHBI OTBET; ps — aHaIW3 WHGOPMAIMOHHOW 0a3bl MO
pacCIIMpEHHOMY 3alpocy; Ps — 3a0POC K BBIYUCIUTEIBHOMY MOAYIIO IO
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BBINIOJTHSIEMBIM (DYHKIUSM; P7 — TONYYEHBI Pe3yJbTaThl MO PACIIHPEHHOMY 3arpocy;
ps — (opMHpOBaHHE IMOJIOKUTEIHHOTO OTBETAa IO PACIIMPEHHOMY 3ampocy; Py —
(hopMHUpOBaHUE OTPULIATETILHOTO OTBETA I10 PACIIMPECHHOMY 3aI1pocy.

L i ja
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Ps
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Ilepexonet F; — BeImonHEHWe 3ampocoB K HHGOpMauMOHHOW ©6aze H
BBIYHCIIUTEIEHOMY MOJIYIIIO; j; — TIOJlydeHHE OTBETOB OT K MH(OPMAIIMOHHON 6a3bl 1
BBIYMCIIMTENBHOTO MOIYJSI; j, — Tleperadya OTBETOB MOAYNI0 cBs3u; MX; —
pacmo3HaBaHue TOCTyHHBIIETo 3ampoca; MX, — ¢popMupoBaHrue oTBeTa Ha MPOCTOMN
3anpoc; MX; — ¢opMupoBaHHME OTBETa Ha pPACIIMPEHHBIH 3ampoc. Ilpenukars
YIPABIAEMBIX TEPEXOI0B ONPEACIAIOTCS CIEAYIONMM 00pa3oM: I — IO 3HA4YEHHIO
3aJaHHOTO BJIEMEHTA BEKTOpa aTpUOYyTOB METKH; I, — OIpPEICISieTCs COCTOSHHEM
3JIEMEHTOB, MOJCIUPYIONIMX HHPOPMAIMOHHYIO 0a3y; I's — ONPENeNSeTCs] COCTOSTHHEM
BEKTOpa aTpuOyTOB METKH, HaXOJIIeHCs B MeCTe p;, a TaK € BO3MOXKHO
COCTOSTHHEM HEKHX BHEIIHHUX 371eMeHTOB. OCOOCHHOCTBIO OTNpe/eNieHHs peanKaTa I3
SIBIISIETCSL TO, YTO OH COBMECTHO C (PYHKIMEW cpabaThIBaHUs Mepexoa JODKEH 3a1aTh
3HAUCHHUS HEKHX [TapaMeTPOB BEKTOpA aTpUOYTOB METKH, BIMSIOIINX HA ONpeeIeHHe
y3J1a — TeHepaTopa JaHHbIX.

[Mony4yeHnue xapakTepUCTUK PaOOTHI MPOTPAMMHBIX areHTOB M OIIEHKa 3HAuYCHHS
dbyHKIIH 3QPeKTUBHOCTH (4) TMPOU3BOAUTCS MyTeM cOopa cTatucTuku padoTsl E-
cetu. Tak JUId OLEHKH IOJTHOTHI JOCTABICHHBIX JAHHBIX HEOOXOAMMO MOICUYHUTATH
KOJIMYECTBO 3aIPOCOB OT BBIYUCIUTEIBHOTO MOJIYJIS Il paboOThl OAHON (QyHKIHH, a
TaK e 00beM MaHHBIX, JOCTABICHHBIX M30BITOYHO. J[aHHYIO MH(OPMALMIO MOXKHO
HOJNyYUTh ITyTEM IO/CYETa KOJIWYECTBA METOK ITOCTYIHMBIIMX W3 Makpo-MecTa py U
aHanu3a DJIEMEHTOB BEKTOpa aTpu0yTOB METOK, COJAEPIKAIIUX ITOJIOKUTEIbHbIC
oTBeTHl Ha 3ampochl. OneHka Kod(QUIHMEHTa 3arpyXEHHOCTH CHCTEMBI CBS3H
HaXOJUTCS ITyTeM II0JICYETa YKCIIa METOK, COOTBETCTBYIOLIHX COOOIIECHUSIM B CHCTEME
U OLEHKH WX CPEIHET0 Yuciia, He0OOXOAWMOTO JUIsl BHIITOJHEHUS! OJHOTO 3ampoca Mo
NOUCKY AaHHBIX. OLIEHKY BPEMEHHBIX MapaMeTpPOB PELICHHs 3afay MOMCKa JaHHBIX
MOXKHO TIPOM3BOAMTH IIYTEM aHalM3a COOTBETCTBYIOIIMX JJIEMEHTOB BEKTOpa
aTpuOyTOB METKH, MHUITMUpYIOMCH 3amady (ITOCTYNHUBIIEH W3 MakKpo-MecTa pPg) U
METKH, COOTBETCTBYIOIIECH BbIJJaue BHIYACIUTEIFHOMY MOIYIIO PE3YJIbTAaTOB ITOKMCKA.



Anroput™ paboThl HHGOPMALMOHHOTO areHTa ... 117

[Mocne craTHCTHUECKOH OLIEHKU 4YJICHOB (GYHKUIUH 3(P(QEKTUBHOCTH MPOU3BOIUTCS
HaxO0JICHUE €€ OIICHKH M0 COOTHOIICHUIO (4).

5. BwmiBoabl. Takum oOpazoM BUIANM, YTO pa3paboTka Momaenelt paboTHI
OpOTrpaMMHBIX areHTOB TIOMCKAa JaHHBIX M aHauu3a HH(OpPMAanMOHHOW 0a3bl ¢
UCTIONIb30BaHWEM HeueTkux E-ceteli He mpencraBmseT ocoObix mnpobiem. [lpu
WCTIOJIB30BAHUN K€ JIPYTHX CPEACTB MaTEeMaTHYECKOTO MOAEITHUPOBAHHS BO3HHKAIOT
pa3IMYHOrO pojaa TPYIHOCTH. Tak HampuMmep, MPH HCIIONH30BAHWHU arapara Imerei
MapkoBa pa3paOOTUYHUKN CTATKHUBAIOTCS CO CIOKHOCTSIMUA OTNHCAHWS HECUHXPOHHBIX,
HEJIeTePMHUHUPOBAHHBIX TPOIECCOB. Tak e 3HAUYNUTENbHBIE TPYJHOCTH BO3HHUKAIOT B
ONHMCaHUM TIPOIecCa TPUHATHS PEIIeHHA, €CIM MPH 3TOM B PEAbHOW CHCTeMe
UCTIONIL3YIOTCS DIIEMEHTBl HCKYCCTBEHHOT'O HHTEIUICKTa. [IpM HCIONBb30BaHUM IKe
aBTOMATHBIX MOJENEH y pa3paOOTUMKOB OTCYTCTBYET BO3MOXKHOCTH OIHCAHHMS
B3aMMO/ICHCTBYIOIINX TapaJJIeIbHBIX MPOIECCOB, YTO TaK K€ 3HAYUTEIHHO CHIDKAET
a/ICKBaTHOCTb MOJTYYECHHBIX PE3YJIbTATOB.
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One Way to Guarantee the Stable Behaviour of a Software System
by Preventing Unauthorized External Intrusions

G. M. Zholtkevych, I. T. Zaretska
V. N. Karazin Kharkiv National University, Ukraine

A new software design pattern of architectural level called Chest is introduced in the
paper. It allows guaranteeing the stable behaviour of a complex system by
encapsulating its manager into a protecting shell class with static interface. Clients can
use system functions only via Chest class which delegates real work to the system
manager class. Full description of this pattern is presented in the paper. The
description includes pattern structure, relationship between participants, problems of
realization, and examples of code and cryptosystem application.

Introduction

The problem of good design and architectural solutions reuse is in the centre of
software engineering research. Successive reuse of such solutions (including the pro-
gramming code) is one of the key factors in providing software development effi-
ciency and software product quality. In fact reuse ensuring in the process of software
development was one of the uppermost goals when the object-oriented paradigm of
analysis, design and programming was being created [1 — 3]. As practice shows the
object oriented approach to the decomposition of knowledge domain (object oriented
decomposition) in contrast to the functional decomposition makes it possible to recog-
nize invariants of a structure and behaviour which are called software patterns [4]. As
founders of the object-oriented paradigm stated determining the typical interactions
between objects of the designed system can be regarded as one of its quality metrics.
If this aspect is given focus on the design stage the architecture of the system gets
more compact, easy and flexible than if patterns were ignored (see for example the
foreword to [4]). This paper describes one software pattern of architectural level,
which has been discovered by authors during their work in the TEMPUS TACIS MP
JEP 23010-2003 project. This pattern allows developer to protect his software subsys-
tem from access by any methods except for those allowed by him. Such solution guar-
antees stable behaviour of a system, which is defined by its implementation. It is espe-
cially important for the subsystems critical in view of their information security or in
view of their effect on the system environment.

Problem description and main ideas

Let us consider some subsystem with definite number of functions and a manager
to control its performance in accordance to definite logic and rules. For example com-
puter aided manufacture systems or systems of information exchange crypto protec-
tion are of such kind. Exactly the stability of system behaviour is the crucial factor for
such systems. It is important to find an architectural solution to protect your system
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and its manager from external impact as well as to prevent any changes in the prede-
fined behaviour of executable components of the system. One of such architectural
solutions is offered in this paper. Its main idea is to prohibit any direct access to sys-
tem functions and to its manager behaviour from external objects by encapsulating
them into some “protective shell” which strictly regulates user rights. This solution
can be regarded as a software pattern of system or architectural level. According to its
purpose we call it Chest or Coffer.

Pattern description

We will use the standard scheme to describe the pattern [4].

Pattern name and group: Chest, system or architectural group.

Purpose: to guarantee security and stability of complex system performance.

Also known as: Coffer.

Motivation. Let us consider some system for cryptographic security of information
exchange between hosts in a global network. The system itself has a number of func-
tions using definite algorithms and interacting in definite way to secure information.
Certainly it is not advisable and moreover quite dangerous to permit any user an im-
mediate access to these system functions. It would not only aggravate his work but
could cause breaking information integrity or secrecy. A natural solution to this prob-
lem is to introduce a manager class, which would control the complex process of in-
teraction between system functions. But if any user is permitted an immediate access
to the manager class he could try to crack the system by extending (inheriting) or just
replacing the manager class. Certainly it is possible to restrict user access to the man-
ager class only by “allowed” methods but still the problem of manager instances creat-
ing and destroying remains unsolved. To impose this responsibility on a user (i.e. to
make public the manager class constructor and destructor) means to give a user an op-
portunity to decide independently when and which instance of the manager class to
create. Such an “excessive freedom” does not contribute to the reliability of the system
performance.

The proposed solution eliminates the mentioned above disadvantages due to a new
class CryptoSystem that works like a protecting shell. It encapsulates the instance of
the manager class so it is possible to create or destroy this instance or to execute its
methods only from inside this CryptoSystem class. No user can directly access either
the system functions or its manager but interacts with the cryptosystem only via al-
lowed for him interface of the CryptoSystem class (fig. 1 at the next page). Such ar-
chitecture deprives user any possibility to intrude into the system work.

Usability. This pattern is used if
— it is necessary to prohibit the direct access of a user to the system functions;

— the system functions interact in a complicated way while a user needs only simple
standard interface to the system;

— the responsibility to control the system functions interaction is assigned to a sepa-
rate manager class that should be protected from changing or replacing.

Structure.

Participants (fig. 2 at the next page)

Client — a user of the system who:

— interacts with the system only via the class Chest interface;
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— has restricted access to the system like starting or stopping the system or some

other standard actions;
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Fig. 1. Cryptosystem structure.

— knows neither about the internal structure of the system nor about the logic of its
functions interaction.
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Fig. 2. Pattern Chest structure

Chest — the protecting shell which:
— encapsulates the instance of the class SystemManager;
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— 1is responsible for creating the instance of the class SystemManager on system
start and for destroying it on system stop;

— delegates the responsibility to control the system performance to the instance of the
class SystemManager;

SystemManager — the manager of the system which:

— is closed for access from outside except for the class Chest;

— knows the logic of the system functions interaction and controls it;

— has an immediate access to the functions of the system which are all closed for out-
side access.

Subsystem — the system which:

— consists of a number of objects of interacting classes;

— has tools to provide the full functionality of the system;

— 1is closed for access from outside except for the class SystemManager.

Relations

— A user starts the system by calling the static method of the class Chest.

— The class Chest creates the instance of the class SystemManager, makes some
initializing operations if necessary and delegates all control over the system work
to this instance.

— The instance of the class SystemManager guarantees the system performance ac-
cording to the logic and rules known only to this class.

— When the system stops working the class Chest destroys the instance of the class
SystemManager.

— If a user needs to interrupt the system performance he calls the static method of the
class Chest that correctly releases resources if necessary and destroys the instance
of the class SystemManager.

Remark. The class Chest might have expanded interface implemented by static
methods and allowing a user to vary the behaviour of the system within definite limits.
Advantages and disadvantages of the pattern Chest:

— all user operations with the system are under the complete control. Due to the en-
capsulation of the manager class inside the class Chest a user is disabled not only
to call the manager class methods but also to create and destroy its instances as
well. The interface of the class Chest allows user only limited number of opera-
tions with the system that cannot destabilize its work. Classes of the system have
private interfaces so they are closed for the user access. They can be used only via
the system manager. Thus the main requirement of the object-oriented approach,
which is encapsulation, is strongly kept;

— interaction between a user and the system becomes easier. The interface of the
class Chest is designed in such a way to supply user by the standard operations
with the system. A user has no idea about the internal structure of the system as
well as about the logic or implementation of these standard operations on the sys-
tem level. There is even no need for him to be bothered by creating and destroying
the instance of the class Chest since its entire interface is static. For a user working
with the system is like pressing the buttons on the panel of the microwave oven to
cook the meal. He could know nothing about internal structure of the oven and all
the more about the properties of physical processes inside it.
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— there could be no creating of redundant objects. Without the class Chest a user
would be compelled to interact with the instance of the manager class to make op-
erations with the system. In this case only him would be responsible for creating
and destroying such instances, which could lead to creating redundant objects or
destroying non-existing ones. With the class Chest one instance of the manager
class is created at the beginning of the user session with the system and is de-
stroyed at the end of the current session;

— the manager class and the system classes are simplified. Since a user has no access
to these classes there is no need to handle user errors in their code.

— the productivity of the system lessens a little. To reach the required reliability of the
system you have “to pay” by introducing a new class with the responsibilities of
the protecting shell. This in its turn leads to an additional level of responsibility
delegating and code expanding. Nevertheless neither first nor second considerably
affects the system performance as the class Chest is quite compact and requires no
instances to work with. As to the additional method calls they are necessary only
for a small number of standard operations with the system from a user side.

Implementation problems

It is advisable to think over the following problems concerned with the implemen-
tation of the pattern Chest.

1. How to guarantee the access to the system manager class and to the system
functions only via the Chest class and to prohibit such access by any other
way?

The implementation of such access depends on the programming language. Usually
object-oriented languages have flexible tools for object access rights control. Say C++
allows friend classes or functions to access private and protected data of the class
while Java uses packages for this purpose. So in C++ you can declare private or pro-
tected all data and methods of the system classes and of the class manager including
constructors and destructors. To control the system performance you should declare its
manager class or some of its methods as a friend ones to the system classes. As to the
shell class Chest it should be declared as a friend class to the system manager to be
able to delegate to it the responsibilities for the system performance control. In Java to
implement the required access you can use the visibility inside the package and default
access modifier for data and methods that should be closed from outside. In this case
the functionality of the package can be accessed only through the class Chest since it
is the only class with the public interface.

2. What is the return value of the class Chest methods?

It is quite common situation when a user would like to know the result of his opera-
tion with the system. So it would be better to have the diagnostics of the operation re-
sults in the class Chest, say by the return values of the interface methods. They could
be the values of some enumeration or just string messages. Certainly they should be
generated by the system functions and then passed to the system manager, which
would return them to the class Chest as a result of the delegated responsibility.

Example of code

We consider here some programming code fragments of the pattern Chest imple-
mentation for the user interaction with the microwave oven. Certainly we are not go-
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ing to discuss complex internal mechanisms of this device but restrict ourselves only
by details essential for the pattern Chest.
C++ code is given below.

// enumeration to diagnose the operation result
typedef enum Result {OK, ERROR, FATAL_ERROR};

// enumeration to chose the operating mode
// default mode on start is REHEAT
typedef enum Option {REHEAT, DEFROST, AUTOCOOK};

class MicroWaveChest;
class MicroWaveManager

{
friend class MicroWaveChest;
private:
// methods to control the oven
Result doStart(int time); // calling the methods
//0f the MicroWave class to start
//the oven for the given time
Result doStop(); // calling the methods
//of the MicroWave class to stop the oven
Result doSetOption(Option option); //calling
//the methods of the MicroWave class to set
//and indicate an operating mode
displayResult(Result result); //calling the methods
// of the class MicroWave to display results
//constructor, destructor
MicroWaveManager();
~MicroWaveManager();
// data to describe the manager state

class MicroWave

{

friend class MicroWaveManager;

private:

// data to describe the structure and the current
// state of the oven

// methods to describe working mechanisms
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class MicroWaveChest

public:
static void activate(){
if (Iman) man = new MicroWaveManager();}
static Result start(int time);
static Result stop();
static Result setOption(Option option);
static void deactivate() { if (man) delete man;};

private:

static MicroWaveManager *man = NULL;
}:
Result MicroWaveChest: :start(int time)
{

Result result;

if (Iman) result = FATAL_ERROR;
else result = man —> doStart(time);
man -> displayResult(result);
return result;

}

Result MicroWaveChest::stop()

{
Result result;
if (Iman) result = ERROR;
else result = man —> doStop();
man -> displayResult(result);
return result;

}
Result MicroWaveChest: :SetOption(Option option)

{
Result result;
if ('man) result = FATAL_ERROR;
else result = man —>doSetOption(option);
man -> displayResult(result);
return result;

+

Here are some possible scenarios of user operations with the oven.

1. Simple reheating for some time, say for 1 minute:
MicroWaveChest: :activate();
MicroWaveChest: :start(60);

MicroWaveChest: :deactivate();

2. Setting the operating mode, say to defrosting, before starting:
MicroWaveChest: :activate();
MicroWaveChest: :setOption(DEFROST) ;
MicroWaveChest: :start(20);

MicroWaveChest: :deactivate();
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3. Stopping the oven before the timeout:
MicroWaveChest: :stop();
MicroWaveChest: :deactivate();

Related patterns

To design the system manager which main function is to control the system classes
interaction the pattern Mediator can be used. To design the interaction between the
class Chest and the manager class one can use the Singleton pattern and elements of
the Memento pattern. The interaction between the Chest class and the system classes
via the manager class can be considered in terms of the pattern Facade or protecting
Proxy with slightly changed conditions for the access to real subjects. The manager
class can use the pattern State to control the system behaviour.

Known applications

This pattern has been used in the process of the cryptographic security system de-
velopment within the TEMPUS TACIS MP JEP 23010 — 2003 “UnIT — Net in univer-
sities management” project.

To complete its description we give here the interface of the class Chest. In this
application its name is Cryptosystem.

class Cryptosystem

{
public:

static Result activate();

// this method defines the document file for
// further processing
static Result setActiveText(const char* location);

// this mehod forms signed posting on the base
// of the document or adds the signhature to
// the posting

static Result signDocument();

// this method checks the validness

// of the signatures in the posting

//and returns the list of invalid signatures
static char* validateSignature();

// this methods restores the document by its
// posting
static Result restoreDocument();

// this method encodes the posting
static Result encodePosting();

// this method decodes the posting
static Result decodePosting();
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// this method saves the active document in a form
// which corresponds its current state
static Result saveActiveText(const char* location);

static Result deactivate();

3

The detailed description of the issues concerned with the implementation of the
cryptographic security system within the UnlIT-Net network can be found here:
http://www.unit-net.org.ua
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Work is devoted to the qualitative and quantitative analysis of distinctive features of
diffraction of flat electromagnetic waves of linear polarization on tape grate at general
fall in comparison with cases of excitation of grate E-and H-the polarized waves.

IocTanoBka 3agaun

Ha pemerky u3 OE€CKOHEYHO TOHKHX H
UICATBHO TPOBOIAIIMX JeHT (/I — mepuon
peuietku, d - WHMpUHA €€ IIeNed) U3
BepxHero mojynpoctpanctea (z >0) mox
MIPOU3BOJIEHBIM YTIIOM K Hel (puc.l) mamaeT
TUIOCKAs 3JIEKTPOMArHUTHAs BOJTHA

-~ _ 1 ikg(n,F) 17 _ g7 iko(n,F)
Ena() - EOe > Hna() - HOe ’

rae Kk, =@ 2% gopnosoe wmCIO
c A
CBOOOJHOIO MpPOCTpaHCTBa, A - JIHMHA Puc.1 I'eomempus: cmpyxmypui
BOJIHBI, () - KpyroBas 4acTora, C - CKOPOCTb u yenvl Jiinepa
. . 0 _ _.
cBeta B Bakyyme. (BpemenHodt nuddepeHunansHbeli onepaTop E——la)).

Tpebyercst ompenenuts AUQPPAKIUOHHBIE IMOJII BO BCEM IPOCTPAHCTBE, HCKIIOYAs
JICHTBI PELICTKHU.

Pemenne 3agaun
Ilycth E(x, y,z) u H (x, y,z) - UCKOMOe IU(paKIHOHHOE TMoyie. Tak Kak

ypaBHEHUS MakcBessla HHBapHaHTHBI OTHOCUTENIBHO MPOCTPAHCTBEHHBIX CIBHUTOB, a
peleTKa mepexoauT B celsl IpH JIOOBIX COBUrax B HampaBieHud ocu OX W mpu
CIBHTAX , KPaTHBIX TIEpUOAY peretku [, B HanpaBierun ocu OY, TO BEKTOPBI

e_iko(ax+,8y)E(x’y’Z) " e—iko(wc+ﬁy)ﬁ(x,y,z)
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HE 3aBHCAT OT X W SBJIAIOTCS TIEPUOANYECKUMHI (QYHKIUSIMH OT ) C MEPHOIOM /.

Pasnarasg stm Bektopsl B psnbl Dypbe, UCHONB3ys ypaBHEHMs | enbMronsna ams
ompeneneHus Buna kodpduuuenrop Dypbe W yUHTBIBasS IMPH 3TOM IIOBEICHHE
MCKOMOTO TOJIS Ha OECKOHEYHOCTH, TIOIy4YUM

0| Boe " 4 Z ae’e’” ,(Z > 0),
E(x,y,z)= ‘ o (1a)
ezkoaxz Ene_l}'”ze’ﬂ”y, (Z < 0).
n

. » I
e Hoe ™7 + > 4,e7 e’ | (2> 0),
n

A(x,y,z)= (1b)

eikoaxz B’ne—iynzeiﬂny’ (Z < O),
n

rae  HalpaBJISAONIUC KOCHUHYCBI o, ﬂ u V4 CBs3aHBI COOTHOIICHUEM

a’ + B* +y* =1, npuuem

a=sinfdcosep, L =sinfsing, y=cosb, ﬂn:k0ﬁ+22[n’

y. :2;@2 ~(n+KkBY -’a’, k=114,

JUIsl OTpaXkKeHHOTO IMOJIsI BEKTOpHBIE KO3 duimeHtsl d,, A,, yIOBICTBOPSIOT
YCIIOBUSIM:
:BnAnz - ynAny =qy,, nAnz — ynany = Anx;
ad,.-y4.=a,, aa, —y,a, =-4,;
a Any -pA . =-a,, aa, - pa, =A4_; )
aa, + ,Bnany +y.a,=0,aA4_ + ,BnAny +y,4,.=0.
roe & =k,o .

Juist  xoadduuuento mpoxoxiaenus b, wu B, momydaeM aHalOTHYHbIC

COOTHOLICHHUS ITyTeM 3aMeHbl d, <> b, , A, <> B,, u u3MeHeHHEeM 3HaKka J, Ha
MIPOTUBOIOJIOKHBIH.

[MoguuHsAS HMCKOMBIE TIOJIi TOYHBIM TPAHUYHBIM  YCIOBHUSM, TPEOYIOIIUM
oOpallleHust B HyJIb TaHTEHIMAIBHBIX KOMIIOHEHT OJIEKTPMYECKOTO TMOJsd MU
HEMPEPLIBHOCTH BCErO TIOJI Ha INENAX PEINETKH, IOIY4aeM CBS3b MEXKIY
HEU3BECTHBIMH KOO PHUIIHEHTAMU

a,, + é‘nOE‘O)c =b Anx _é‘OnHOx =-B

nx > nx °
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ny
a,, _5n0EOz =-b Anz + 5OnH02 = an

nz;

U JIB€ HE3aBUCHUMbIE KAHOHUYECKUE CUCTEMBl CyMMATOPHBIX YPaBHEHHM, KOTOPHIE
metogqom AMII [5] B ero mommdunmpoBaHHO# Qopme [6] CBEIEHBI K IBYM
OCCKOHEYHBIM CHCTEMaM JIMHEHHBIX anreOpandeckuX YpaBHEHHUH BTOPOTO pojaa
(CJIAY-2) cnenyromiero Buaa

- bOx = lK']/(bm - EOA)W(?(M)-’_ zbmc‘n‘/?nVVOn(u)’ (m = O)’
n#0 (4.’:1)
mbmx = lKj/(bOY )WO anx n‘zn m 1/[) (m # O)’

n#0

-4, =ixy(4,, — HOX)W u

n‘;?‘ w, ( u) (m = 0),
n#0 (4b)
mAmx = IKJ/(AO HOX)WO M ZAnx n‘ln m Ll), (m # O)’

n#0

e

N 2
7, :1+l~\/’f2(1_sin2900s2 (p)—[1+§sin9sin(p) 5 ()
n

n#0 (6)
W (u)= 2 )[P(u)P ()= P.(u) P (u)].(m = )

lnH—”, (n=0),
Wy (u)= . 2 uzcosn% (7
Lp0)-p ) (120

rae P,(u) - monuHoMBI JIexkaHapa mepBoro poaa.

-

N3 pemenus penyrmpoBanabix CJIAY-2 Buna (4a)-(4b) onpenensroTcs 3HaUCHUS
koodp¢uuuentos b, un A yepe3 KOTopble ¢ momompio gopmyn (2) u (3)

nx >
BBIPQXKAKOTCS  OCTaJbHBIC HEWU3BECTHBIC AaAMIUTUTYIbl JUMPAKIMOHHBIX IIOJICH.
3ameruM, 4To cucTeMbl (4a) u (4b) SBIAIOTCS HE3aBUCUMBIMHU TOJIBKO B CiIydae, KOrja
pelreTka HaXoJauTcs B Oe3rpaHUYHOW M30TPOIHON cpere. [Ipyn Hammumm omHOW WK
HECKOJIBKUX TPAHUI] pa3zeiia MarHUTOIUIICKTPUUSCKHUX Cpell moacucTeMsl (4a) u (4b)
SIBJISIIOTCSL  CBSAI3AHHBIMU UM, CJIEJOBATENbHO, MX PELICHUE CIEAYeT IPOBOIUTH
COBMECTHO.

Cayuaii E-noasipuzamum.
B sTOM "yacTHOM ciiy4yae MCXOAHAS MaTeMaTHYeCcKasi MOACIh UMEET BU/L:

She =0, (@<g<2z-0). (8a)
Ybne =k - (c|<o) (8b)

rnen, = X/K2 —(n+x sin 49)2, x =1/ ,A-mMHa nagarouei BOJIHEL
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YuuThIBasi CBS3b MEXKLY KOO(GPUIHUEHTAMH OTPAKEHHS d, W IPOXOXKACHUs b, :
n —
@ +6" =b ©)
rie O, - cuMBOI KpoHekepa, IONYYHM MAaTeMaTHYECKYH) MOJETb HCXOJHOM

3aJJjadyd B MTHOM BHJIC, 4 UMCHHO!

D ae™ =—1,(0<s<27-), (10a)
Zannne""g =0 (g ‘ <), (10b)

Pemenne cucrembl CyMMaTOpHBIX ypaBHeHHH (8a-8b) MoxkeT OBITH MONTy4eHO
MyTEM CBEJICHUS ee K KpaeBoii 3amaue Pumana ¢ xoaddunuentom 3anaun G(o) = -1 u
CBOOOTHBIM WICHOM g((), YIOBICTBOPSIONIMM YyCIOBHIO ['empaepa, TpHYeM 3TO
MOXXHO TIpOJeNaTh JABYMS CHOCOOaMH, KOTOpble OTJIMYArOTCS Jpyr OT JApyra
Pas3IMYHBIM BUIOM TaK Ha3bIBAEMOTO IIapaMeTpa MajlOCTH:

1-i1 crioco0
2
go=twi |y el (11)
(n+xsind) A
2-# crocod
K2 K ?
Z,=1+i|—5—|1+—=sinf |, n=0. (12)
n n

OueBUIHO, YTO B Ciiydae HOPMAIBHOTO TAACHHS IUIOCKON BOJHBI Ha DPEIIETKY
(3TOT Cnywait paccMoTrpeH B pabote [5]) oba cmocoba coBnamator. B cmyuae
HAKJIOHHOTO TIa/ICHUsl TPUMEHEHHE TEepBOTO M3 yKa3aHHBIX CIOCOOOB TPUBOIUT K
CJIAY-2, HeKoTOpble MaTPUYHBIE AIEMEHTHl KOTOPOH BhIpaKatoTCA uepe3 MOTUHOMBI
Jlexxanapa, a ocrampHble — dYepe3 QyHkuuu Jlexxanapa mepBoro poja, 4YTo
3HAQUUTEIBHO YCIOXHSET UX BBIUUCICHHE [7,8]. DTOT HENOCTATOK yCTpaHAETCA MpHU

BBEJICHUU ITapaMeTpa MaJIOCTH ¥/, BTOPBIM CIIOCOOOM.

B paGore [9] wum3nokeH MeTOm peIICHWs 3amadu audpakmuw MmIockor E-
MOJIAPU30BAHHOM DJIEKTPOMAarHUTHOW BOJIHBI HAa OJHOCIOMHOM MHOT03JIEMEHTHOU
pemeTke (ciiydali HOPMAllbHOTO TIaJieHWs), OCHOBAaHHBIH Ha peryJsapu3aluu
SKBUBAJCHTHOTO HWCXOMHOW MareMatudeckoit wmoxenu (10a-10b) cuHTyNIsSIpHOTO

HWHTCTPAJIbHOI'O YPaBHCHUA C J'IOI‘apI/I(i)MI/I‘IeCKI/IM AAPOM:

© ein(y—r)

ljj(r)zidrz—l, yel (13)
T

L n=—0 n

B camom gene, BBOJs B paccMOTpeHHe (GYHKIHUIO MIOTHOCTH TOKAa HAa JICHTaX
pelieTKu:

i@ =Y ay,e", (14)

n=—0
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u3 ycinosus (10b) momyuymm, uro j(r)=0 Ha mmeNAX pELUIETKH, T.e. IPH
7€[0,27]\ L. loncraenss B ycnosue (10a) Beipaxkenue aist kodppuimento Oypoe
a,y, w3 (14), monyunm CHY B Buge (13), saapo kortoporo spiserca 2m -
nepuoaryeckoil QyHKIMEH y U 7 ¥ IIPU y=7 UMEET JIOTapuPMHUIECKYI0 0COOCHHOCTD,
TaK Kak limy, = l‘n‘ u
n—>c0

in(y-1) . _ _
o5 8=yl . d

I R

B yxazannoii pabore CUY B Buze (13) peuieHo myteM CBelleHHS K KpaeBOH 3a/1ade

Pumana ¢ xosp¢unmentom 3amaun G = -1 u uHIEeKcoM 3amadd, paBHeIM —1. B
pe3yibTaTe peLieHne HeoJHOPOAHOH 3anaun Pumana uMeeT BUA:
X(z 7) dr
x(z) = (')j gf) , (15)
2m s X (r) -2

rne X(z)=./(z—a)(z—a) - BBIICIEHHAsA B INIOCKOCTH C Pa3pe3oM IO ayre L
OJJHO3HA4YHas BETBb MHOIO3HA4YHONH (YHKIMM (KAHOHUYECKOE peEIleHUE 3a/auu
i® —i®

Pumana), & =e , a=e .
Pemenune B Buze (15) cymectByer Toraa M TOIBKO TOIZA, €CIU BBINOIHAETCA

g@) ., _
ycnosue paspemmmmoctu | ————d7 =0,
X' (7

)

B urore monyuena CJIAY-2, MaTpudHbBIE JIEMEHTHI KOTOPOU BEIYUCIICHHBI B paboTe

[9].

3aMeTHM, 4TO pelIeHHE CUCTEMBl CyMMAaTOpHBIX ypaBHeHui (10a-10b) moxker
OBITH HETIOCPEACTBEHHO CBEACHO K 3amade Pumana ¢ TeM ke K03 PUImeHToM 3amaqn
G = -1, myTteM BBeeHUs QyHKINH

xM(2)=) x,z", z<I
n=0 (16)

x_(z):—anz”, z>1

n<0

TOJIOMOP(HBIX COOTBETCTBEHHO BHYTPU M BHE OKPYXHOCTHU ‘z‘ =1, npuuem

x,=a,y,. lpomuddepenuuposas (10a) mo { u BBead aHanornyHo [9] mapamerp

MaJIOCTH
i1
g, =———, n#0 (17)
Y,
HpI/IZ[eM K 3aa4ec PI/IMaHa:
x () +x (e)=g(e"), (18)

rne g(e)=ayx+iy nx,e,e" .

n#0
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OTMmeTuM, 4TO pelleHHWe 3ajaud  PumanHa wWmietcss B Kiacce  (DYHKIUH,
OTPAaHUYECHHBIX HA KOHILAX Jyr OKPY>XHOCTH E€IUHUYHOrO paauyca. Perienue
nosrydeHo B Buae CJIAY-2 ¢ MaTpUIHBIMHU 3JIEMEHTAMHE, KOTOPBIC BRIPAKAIOTCS depes
MOJIMHOMBI JIexkaH ipa epBoro poja.

Pe3yabTaThl pac4eToB

B kauectBe mpmMepa Ha puC.2 W pHC.3 TpPEACTaBI€HA 3aBUCHMOCTb MOJYJII
K03((huIreHTa MPOX0XKACHUSI OCHOBHOW BOJTHBI |bo| o1 /A4 u 00paTHOro napamerpa
M.

0.0 1.0 20 50 £ 4.

Fue. 2. Jnsucumocms modpng xosdduyuenma
MPOXYOedgHLIE ooHOSRON aontsl fhg ;"I-:um iri
1.0 T T T

o | A AT
b= Trek i, I'K_H‘_ ....... _,_u_f*";.,.'\ .
i — P
] i ] P T
D] S A . Ll S
; SR et i :
P R  T— A SR— — R——
0.2 L i
0.0 : =T
) o o4 0 o8 0 K oag
Fure. 3. Jnsucumocms wodrng vosddunguenma
NPoroXAeHIL orHosRol somnst by fom AT,
KpusbiM mom Homepamu 1 — 3 COOTBETCTBYIOT 3HaueHHUs Ko3(duimeHTa

3amonHeHus: pemerku d/l = 1/2, 3/4, 5/6 coorBercTBeHHOo. Ha puc.4 mpencrasieHa
3aBUCHUMOCTb MOAYJA KO3(p}HUUUMEHTa MPOXOXKICHHUS OCHOBHOM BOJIHBI  OT
ko3 duirenTa 3amonHeHns peeTky d//, KpUBbIM 1101 HOMepaMH 1-3 COOTBETCTBYIOT
3Hauenus //A.=1,2,3 coorBercTBeHHO. Ha puc.5 mpepcraBiieHa 3aBUCHMOCTH MOYIIS
ko3 urrenTa NPOXOKAEHUST OT d/ AN BBICHIMX TapMOHMK pn=+1 +2 +3/ npu
/A.=1,23.

Pesynbrarel BeruucieHuit K03(p(QUIMEHTOB OTpasKeHHs U NMPOXOXKICHHUS BO BCEX
paccMaTpUBaeMBbIX CiIydasx MOJTHOCThIO coBnanarot [10].

ABTOpBI BbIpakawT OjaromapHocth npod. HO.B. Tanmento 3a mOCTOSHHBIN
HHTEpeC K paboTe U MII0JOTBOPHBIE JUCKYCCHU.
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Pa3zpaboTka Mozenu cetu BUPTyaJIbHBIX KaHAJIOB
Ha OCHOBE MHOT'0areHTHOTO MOAX0/1a

T. B. BanoBckas, K. M. Pykkac

Xapvxosckuii Hayuonanvhulil ynusepcumem um. B.H. Kapasuna, Ykpauna

The paper deals with the multiagent approach to the creation of network control
system. The aim of the work is to develop a network simulator system which is the
base for future investigation in network resources management.

1. Beegenue

[Tocnenuee pecsTuneTue XapakTepU3yeTCsl CTPEMUTEIBHBIM pa3BUTHEM MHTEepHET
TEXHOJNOTUNA. bBBICTpBII pocT dYucia Tonb30BaTelei CEThI0  COMPOBOMKAAICS
BHeIpeHHEM HHTEpHET TEXHOJNOTHH BO BCe 00JIacTH KU3HHU. Takke OBICTPO
Pa3BHBAIUCh M CPEJACTBA CBs3W. TakuM oO0Opa3oM, Ha CETOMHSIIHUNA MOMEHT
CTPYKTypa CeTH 3HAYUTENHHO YCIOXKHIIACH, &, CIIE0BATENEHO, BO3POCIH TPEOOBAHHUS
K CpeAcTBaM yIpaBlieHHs ceThi0. KOMM4ecTBEHHBIH POCT CEeTH TakXKe MPUBOAHUT K
HE0OXOIMMOCTH Ka4eCTBEHHO HOBOT'O YIIPABIICHUS €IO.

2. OcHOBHBIE AJITOPUTMBI MAPLIPYTH3AINH MOTOKOB B CETH.

HecmoTpst Ha Kaxynrylocs CIOXHOCTD M MHOrooOpasue, MpPOTOKOJIBI
MapHIpyTH3aluu 0a3uPYIOTCSI BCETO Ha JABYX MPOCTBIX ITOPUTMax, H3BECTHBIX YKe
HECKOIIBKO JeCSITUICTHH. [[J1s1 BBIMTONTHEHUST CBOE OCHOBHOW (DYHKIIMH — YIIPABICHUS
CETeBBIMH DPECypcaMi - KaKIbIH MapHIIpyTH3aTOP HCIIONB3YyeT TaONHIly, B KOTOPO
OTpakeHa TOMOJIOTUS CeTH Ha JTaHHBIH MOMEHT BpeMeHH. B camom obmiem ciyuae
TabIuIa MapIIPyTHU3alUU COACPKHUT aJpec CETH Ha3HAYCHUS, aJpec CIEIYIOIIETOo
y371a Ha IyTH K 3TOH CETH W METPHKY (CTOMMOCTh) ImyTH. Co3/laHne M MOCICIYIONee
OOHOBJIGHHME TaONWIBI MapUIPyTH3alMX TpPU H3MEHEHHH TOMOJOTHH CEeTH
OCYIIECTBIISIETCSI C  TOMOLIbIO NPOTOKOJOB  MapumipyTuzanud. HanGonpmiei
MOIYJIIPHOCTBIO  TIONB3YIOTCS  TIPOTOKOJIBI  TWHAMHYECKOM  MapHIpyTH3alnu.
AnroputMm bennmmana-®opaa 1(TanKe WU3BECTHBIN Kak anroputMm Popra-DynkepcoHa)
OBUI TIOJIO’KEH B OCHOBY IEPBOI'0 MPOTOKOJIA MapLIPyTH3alKH, CO3IaHHOTO IS CETH
ARPANET. Tak Ha3bpiBaeMble IMPOTOKOJBI BekTopa paccrosHus (distance vector
protocols), Takue, kak RIP, IGRP, BGP, ucnons3yior te sxe mpuaIumnsl. B 1979 romy
Ha CMEHY IPOTOKOJY BEKTOPA PACCTOSHHUI MPHUIIIENT ITPOTOKOJ cocTosiHUA KaHaina (link
state protocol), craBmmii ocHoBHBIM B ARPANET. CoBpemeHHBIE MNPOTOKOJIBI
coctosiHusa KaHama Bitouator OSPF, IS-IS, NLSP u ap. B macTosmee Bpems oba
TUTA MPOTOKOJIOB HAILIM ceOe MPUMEHEHHE, TaKk KaK y KaXJO0ro M3 HUX €CTh CBOU
JIOCTOMHCTBA U HEJIOCTATKU.

'Casenves A. Cospemennvie npomoxonvl mapwpymusayuu. http.//unix.org.ua/routing/1/
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IlepBblii M3 HHX, Jake C yYEeTOM BCEX YIy4YIIeHMH (METOoJa pacIIeTIeHHS
TOPH30HTA, METOJIa BPEMEHHOTO OTKa3a OT mpuemMa coolmeHuii — hold-down u T.1.)
HE pellaeT IOJHOCThIO TaK Ha3blBaeMOH MpPOOJEMBl  «BO3PAaCTaHUSA [0
OECKOHEYHOCTH» WJIM JeNaeT 3TO 3a CUeT YBEIWYeHHS pPEaKTUBHOCTH CETH.
Hcnonb3oBaHue BTOPOTO METOAA MPUBOINUT, C OTHONW CTOPOHBI, K OOJBIION 3arpy3Ke
ceTn chyxeOHOW wH(popMarueil, a ¢ apyroi — K Oonbliedd Harpy3ke Ha
MapIIPYTU3aTOPbl, IOCKOJbKY TpeOyeT IOCTPOEHMs IOJIHOH TOIOJOTMHM CETH Ha
Ka)X/I0M U3 HHX.

3. CoBpeMeHHble TpeOOBAHUSI K YNPABJICHHK TPaUKOM H Ka4eCTBY
oocay:xkuBanusi (QoS)

B TO e BpeMs 3HaUMTEIBHO BO3POC MHTEPEC K TEXHOJOTHSM, MO3BOJISIOLINM
MPEOCTaBIATh KIMEHTY HEOOXOAMMBIM eMy ypoBeHb yciayr (QoS — Quality of
Service). QoS mpezacrasisger cob60i COBOKYITHOCTh TEXHOJIOTHA, KOTOPHIE IMTO3BOJISIOT
NPUIOKEHHUSIM 3alpaliiBaTh W MOMy4aTh MpelcKa3yeMblii ypOBEHb YCIYyI C TOUKU
3peHHs] NPOIYCKHOH CIIOCOOHOCTH, BPEMEHHOTO pa3dpoca 3alepX KU OTKIUKA, a
Takke OOIIeH 3aJepXKW TOCTaBKH MaHHBIX. B dactHocTH, QOS moapa3ymeBacT
yIIydllleHHe  [MapaMeTpoB WM  JOCTH)KEHHE  OOoNlbIIeH  MpeAcKa3yeMOCTH
NpeAoCTaBIsIeMbIX ycinyr. Ha ceromHsIIHWA [eHb CyIecTBYyeT ABa CTaHAapTa,
IPEACTaBIIAIONIMX CO00H 1Ba B3aMMOIOINOIHAIOIINX [TOIX0/1a YIIPABICHUS TPAhUKOM:
uHTerpupoBannble cimyxO0bl (Integrated Services - IS) m muddepeHunpoBanHbe
ciryx0b1 ( Differentiated Services - DS). IntServ mist ssBHOTO 3agaHust YpOBHsI yCIyTrd
(QoS) ucnonrzyer npotokos RSVP. IlocTaBuMK WHTErpUPOBAHHBIX yCIyTI H3y4aeT
CyMMapHble TpeOoBaHHS Tpaduka, OTpaHUIMBACT IOIACPKUBACMBIN Tpaduk
00beMaMH, COOTBETCTBYIOIIMMH TEKYIIMM BO3MOXHOCTSIM CETH M PE3epPBUPYIOTCS
pecypcsl CeTH Uil NPEAOCTABJICHHUS OIPEIENICHHOrO0 KayecTBa OOCIy)KMBaHHS B
COOTBETCTBUU C KOHKPETHBIMH TPEOOBAaHMSMHU. DTO JENaeTCa MyTeM YBEIOMIICHUS O
TpeOOBaHMHU KJIMEHTa BCEX Y3JIOB BJOJb IyTH oOMeHa. Ecnu Bce ceTeBble ycTpolcTBa
BIONb IyTH MOTYT TPENOCTaBUTH 3alpOLICHHYI0 TI0JIOCY, Pe3epPBHPOBAHHE
3aBepmiaercss  ycmemHo.  JluddepeHnupoBaHHbIe  CIYKOBI  HE  TBITAIOTCS
paccMaTpuBaTh CyMMapHBIE 3alpochl TpauKa B TIIIO0aTbHOM CMBICIE W 3apaHee
pe3epBUPOBAThH CETEBBIE pecypchl. BMecTo 3T0ro B cTpyKType AudQepeHInpOBaHHBIX
ciryx0 Tpaduk knaccupunmpyercs mo rpynnaMm. Ha mpaktuke DS, BMecto Toro
4yTOOBl YBEOOMJIITH O TPEeOOBAaHMAX IPUIIOKEHUs, HcHoib3yeT B IP-3aromoBke
DiffServ Code Point (DSCP), uto0nl yka3aTh TpeOyembie ypoBHH Qo0S. OGe 3TH
ciy:k0bl He Bcerga 3(GQEKTHBHO pELIaloT 3a7adyy KadyeCTBEHHOTO OOCITy>KUBaHHUS
MMOTOKOB TIPH OTPaHUYESHHOM HabOpe CETEBBIX pecypcoB. IS pezepBupyeT moToku 06e3
ydeTa TpeOOBaHUs IPyTUX MOTOKOB, a MPH UCIoNb3oBaHuM DS HeoOXxonnmo 3apaHee
pa3dute TpaduK Ha KJIACCHI, YTO TaKKe CHIKaeT 3()(EKTUBHOCTH HCIIONb30BAHUE
CETEBBIX PECYPCOB.

W3 Bcero BBINIECKA3aHHOTO CJEAyeT BBIBOA O HEOOXOJMMOCTH HCCIICAOBAHHS
HOBBIX CXEM YIIPaBJCHHUS CEeTeBBIMH pecypcamu. OOUH U3 MEPCHEKTHUBHBIX IMyTeH -
HCITIOJIb30BaHNE MHOTO0AreHTHBIX cucTeM (MAC) s 3THX IIEIeH.

4. TIlpeumyumiecTBa TpUMeHeHHsI MHoroareHTHbix cucrem (MAC) B
YIpaBJIeHUH CETEBLIMU Pecypcamu.



Pa3paboTka Mozieny ceT BUPTYaIbHBIX KaHAJIOB ... 137

MAC mpenHa3HaueHa I PEHICHUS ITUPOKOTO psijfa BapHATHBHBIX 3amad. llpu
3TOM OHAa XapaKTePU3YEeTCs CICAYIOUIMMH CBOWCTBAMH: aBTOHOMHOCTb, THOKOCTH,
CUTYaTUBHOCTH U COIHMAIFHOCTh. L[eHTpabHBIM MOHATHEM B TEOPUH MHOTOAreHTHBIX
CHUCTEM SABISETCS areHT. TeXHWYEecKoe OIpe/AeieHne areHra CleAylolee: 3TO
KOMIIBIOTEpHAsl MPOrpaMMa, OO0JIA[aroIas TaKMMH CBOWCTBaMH, KaK MOOWMIBHOCTH,
ABTOHOMHOCTb, KOMMYHUKATUBHOCTb.[5 ]

MAC wugeansHO TOOXOAWT [UIS PEIICHHUS 3a7ad, UMEIOIIUX MHOXXECTBEHHBIC
pelieHus, MEET MPEUMYIIIECTBA PACIIPEACICHHOTO U KOHKYPSHTHOTO PEIICHIS 3a71ad.
[loaToMy wWcCHONB30BaHHE MHOTOAreHTHBIX CHCTEM B OOJIACTH JWHAMHYECKOTO
YIpaBJIeHHUS CETEBBIMU PECYpPCaMHU SIBIIACTCS aKTyaJIbHBIM H ITEPCIIEKTHBHBIM.

5. O0mas mMocTaHOBKA 3aJ1a4M.

Jlns pemieHus 3amad YOpPaBICHUS CETEBBIMH peCypcaMH HEOOXOAUMO HMETh
CPEICTRA, MO3BOJISIOIINE MOJICIIUPOBATh PeaIbHBIC MTPOIECCHI, IPOUCXOIAIINE B CETH,
U OLCHHUBATH Bq)(i)eKTI/IBHOCTL I/ICCJIeI[yeMBIX CXEM. B X0O€ HucCcJIeaO0OBaHUA HOBBIX
croco0oB ynpaeieHus TpaduKoM OblIa MOCTaBICHA CIEAYIOIIas 3ajada: Ha OCHOBE
OHOW W3 MHOTOAreHTHBIX IUIATGOPM pa3paboTaTh CHUCTEMY MOJCIUPOBAHHUS
HHGOPMAITHOHHBIX IIOTOKOB B CETH C BO3MOYKHOCTBIO YIIPABICHUS UMH.

6. Bb100p OCHOBHBIX CpPe/ICTB H AJTOPUTMOB.

JIns  TOCTpOCHWs HalleW CUCTEMBI MOJCIUPOBAHUS CETH ObUla BbBIOpaHA
MuoroareHTHas miargopma JADE (Java Agent Development Framework) Bepcuu 3.3.
[locne mpoBeneHus aHainu3a MPOTPaAMMHBIX CPEACTB Uil pa3paOOTKU MPHIIOKEHUH,
OCHOBAaHHBIX HAa AareHTax, ObUIO MPUHATO pEIICHHE HCIOIb30BATh HMEHHO JTY
mIaTopMy, MOCKONbKY OHA COBMECTHMA co crammapramu FIPA [6]%, momHOCTBIO
HamvcaHa Ha Java, 4To oOecreynBaeT HE3aBHCUMOCTb OT OINEPAallHOHHON CHCTEMBI,
SIBIISIETCSL pacrpeeneHHoH (cM. puc.1).

Host oL H:st B Host

Agent
Agent

JADE DISTRIBUTED AGENT
b T~ Contalner RAQeTt COTAainer

[

[ Niztwiork gmdoco! stack

Puc.1.IInam¢popma JADE

,HOHOJ'IHI/ITCJ'IBHLIM MpeuMymIcCTBOM SBIISIIOTCA Pa3IMYHBIC Cpe€aCTBa,
MO3BOJIAIOMIUC YIIPOCTUTL NPOLECC OTIaAKU HpI/IJ'IO)KCHI/Iﬁ " BU3YAJIN3UPOBATH o0MeH

2FIPA, Foundation for Intelligent Physical Agents, hitp://www.fipa.org
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COOOIMICHUI MEXIy areHTaMH TMPUIOKEHHUS, BXOIAIINE B COCTaB JAaHHOW areHTHOM
wiaTdopmel, HapumMep, Sniffer.

B kawecTBe MpOTOKOJA, YMPaBIAIONMET0 TOTOKAMH IaHHBIX B pa3paboTaHHOI
MOJICJIA CETH, ObLI BBHIOpaH MPOTOKOJ KOMMYTAI[MM METOK, CXOJIHBIA C MPOTOKOJIOM
MPLS (MultiProtocol Label Switching). OTHocuTensHO HOBBIH mpoTokon MPLS,
nosiBUBIIUKCS B 1997 rony siBnsercs HanOoliee YHUBEPCAIBHBIM pelieHHeM poodiIeM
KadecTBa oOciyxuBauusA (QoS), CTOAIMUX TIepel CETOMHANTHUMHI ITAKETHBIMU CETSIMH.
OcHoBHOU uzaeeir mpotokosa MPLS sBusercs maes komMmyTaruu mo mMetkam. OHa
3aKJIFOYAETCS] B TOM, YTO B CETH BBIACISIOTCS TaK HA3BIBACMbIE KOMMYHMUpPYyeMble HO
memkam mpaxmot LSP (Label-Switched Path). [Ipn moctymiennn makeToB B CETh
TPAaHUYHBIA MapIIPyTHU3aTOp HA3HAYACT IIaKeTy METKY, COOTBETCTBYIOIIYIO €To
knaccy xkeusanenmuocmu nepecviiku — FEC (Forwarding Equivalency Class).
Kaxnomy FEC craButcs B coorBeTcTBUE LSP, 4TO 1aeT BO3MOXKHOCTD MOCIEIYOITIM
y3JlaM CETH MPOCTO MEPEKITIoYaTh MaKeT MO METKE, HE BBITIOIHAS MOJHOTO aHAIM3a
3arojioBka naketa [3].

7. Onucanue pyHKOIMOHMPOBAHUS CHCTEMBI.

Jnst addhekTrHBHOTO yIIpaBIeHUS CETEBEIMU pecypcaMu HaJl pealbHON (hH3MdecKon
CETBIO CTPOUTCS CETh JIOTHUECKUX MyTed. YIpaBiIeHUE pecypcaMu OCYIIECTBISIETCS C
MOMOIIBI0 HM3MEHEHHUS TOIIOJIOTUH JIOTUYECKOW CEeTH, a TaKke C MOMOIIBIO
niepepacrpeeieHns B Heil HHQOPMaIMOHHBIX TIOTOKOB.

Kaxnmerit y3en B cucteme mnpeactaBien JADE arentom. OtToenpbHBIM areHTOM
MPEACTaBICH KOHTPOJJIEP CETH, KOTOPBIM CO3J]aeT areHTOB — Y3JI0B, HHUIIMATU3UPYET
WX U 3aITyCKAeT CETh.

B xaxiom arenrte ceTu XpaHsaTcs 3 TaOIHIlb:

1 — mpenHa3HaueHa JUIsl XpaHeHUs] WHGOpMAUK O (PU3HYSCKUX CBA3SIX JNAHHOTO
y37a C APYTUMH, TaKOW, KaK y3ell, MIMPUHA KaHalla, 3ape3epBHPOBAaHHAS MIMpPUHA
kanana (Physical Link Table).

2 — Ttabmuma wmetok (Label Switching Table), mnpemnasHaueHHas IS
ABTOMAaTHYECKON MapIIpyTU3anuu Tpaduka

3 — tabauma 3anpocoB (Request Table). lannas Tabnuiia npeaHa3zHadeHa, ¢ OTHOM
CTOPOHBI, ISl XpaHEHWs HAadadbHBIX 3aIPOCOB IO MPEIOCTABICHUIO COCIUHEHUS C
3aJIaHHOY TOJIOCOW MPOITYCKaHUS, a C IPYrod - JUIs XpaHCHHS 3alMpOCOB OT JIPYTHX
Yy3JI0B M pPe3yJbTaToB OO0pabOTKM NaHHOro 3ampoca (yOaloch WIH HE YyIanoch
YCTAaHOBHUTH COSUHEHUE C 3aJaHHON IITUPUHON KaHaja).

OO6mmas cxema pabOThl MOJICIIEHOM CETH BBITISIUT CICAYIOIUM 00pa3oM: KaxIbli
areHT, NPEeACTaBISIONINIA Y3€J CETH, 0CTe MHUINAIH3AINA U TTOTy9eHUsT COOOICHHUS
0 3alycKe CeTH HayMHaeT MOChUIaTh 3ampockl n3 Request Table cooTBercTByromemy
Y37y ¥ mapajuieibHO OTBEYAET Ha 3alpOChl IPYTHX Y3JIOB, BblIaBas HH(oOpMaIno o0
YCTaHOBJIEHWU coenuHeHNs. KoHeuHbIM HTOroM paboThl OyAyT 3aroIHEHHBIE
TaOJUIBI 3aIIPOCOB y BCEX areHTOB, YTO JaeT OTBET Ha BONIPOC, YJAETCA JIH TpPHU
JAaHHOH KOHGUTypaluu (U3HYSCKOW M JIOTHYECKOHW CETH OOECICUUTh KIHUCHTOB
TpeOyEeMBIMH PECYPCaMHU.

Hampumep, Ha puc. 2 m puc. 3 mnpencraBineHa (u3myeckas W JIOTHYECKas
TOTIOJIOTHS CETH, COOTBETCTBeHHO, coctosmeil n3 4 y3moB (Nodel, Node2, Node3,
Node4).

Ha pucynke 3 n300pakeHbl ClIeAyIOIIIe TOTHIECKAE Y TH:
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LSPO: Node3 — Nodel,
LSP1: Node4 — Node2- Nodel,
LSP2: Node3 —Nodel,
LSP3: Nodel — Node2 - Node4,
LSP4: Node4 — Node3
Hodel Hode2

)

N 4

&0

N ode3 Hoded

Puc.2. Qusuueckas monono2us cemu

Nodel Hodel

Laro
3-3]

LsP2 Lsp3
153 1-»3
a4

L&r 1
L]
231

Lapa
4.3

Hoded Hoded

Puc.3.Jloeuueckas mononozusi cemu

CrnomHol nuHUEH 0003HAa4YeHBl (U3WYECKHE CBS3M MEXAY y3laMu, mudpamu
0003HaYeHBI MUPHWHB (u3ndecknx KaHaioB. IlTpux - myHKTHpOM o00O03HAYCHA
TOIIOJIOTHSI JIOTWYeCKOoi ceTn. Mrak, Kilacc — KOHTpoJUiep ceTd (Ha30BEM €ro
NetController) cuutbiBaeT u3 KOHQUTYpaHOHHOTO (aiina nodes.xml UMeHa areHToB -
y3J7I0B ¥ 3HA4YCHHS IIMPHUHBI KaHala MEXIy HUMH, CO3[aeT areéHTOB M OTCHUIAET UM
TabmuIel pusndeckux cpsaseil. Hanpumep, ans arenra Nodel Ttabnuia ¢pusndeckux
CBsi3eil OyJeT BRITIIAACTH CIENYIOMIM 00pa3oMm:
<node name='"nodel’">
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<physical_link>
<to_node name="node2" bw="50"/>
<to_node name="node3" bw='"20"/>
</physical_link>
</node>
3TO 03HAYaeT, UYTO JTOT y3en cBsi3aH ¢ y3namu Node 2 u Node3 ¢ mmpuHON KaHaia
50Mb/s mw 20 Mb/s coorBercTBeHHO. Kak Tompko NetConroller momydaer
YBEJIOMIIEHHUSI OT areéHTOB O TOM, YTO MHHMIIMAIU3AIMs TaOMUIBl (PU3NYECKUX CBs3ei
NpolUIa YCIEUIHO, OH HaYMHAeT CUYUTHIBaTh M3 KOH(UIypaunoHHOro aiina

JOTHMYECKUX TyTed naHHble, ¢opmupoBath Label Switching Tables u
MOCIIEZIOBATeNIbHO PACChUIaTh WX ~ areHraM. PaccMOTpUM 3TO Ha KOHKPETHOM
npumMepe:

<Isp 1d="0">
<node name="‘node3" />
<node name="nodel™/>
</lIsp>
<Isp 1d=""1">
<node name="‘node4"/>
<node name="node2"/>
<node name="nodel"/>
</lIsp>

KonTtpomnep ceru cunthiBaet cocrapistomie LSPO, popmupyer cTpouky Tabiauibt
s Node3 cnenyromero Buna: Label:-1; Node: Nodel — 3To o3Hauaer, uro Nodel —
nmociieqHui y3en B mamHoM LSP. HamomHmM, 9TO MeTKa O3HAa4daeT CMEIICHUE B
Ta0JIUIEe METOK CIIEAYIONICro B JaHHOM nyTH areHrta. 3areM NetController cunThiBaeT
cocraBsirome LSP1 moceimaer y3my Node2 3ampoc o Ne mocnemseit crpoke
tabmmmbel B ero LST. Node2 Bosepamaer 0 (tak xak ero LST moka mycra), Torma
NetController popmupyet cTpouxy Tadmuipl it Noded crnenyromero Buaa: Label:0;
Node: Node2, nanee on dopmupyer crpouky Tabdnumbl LS mns arenta Node2 u Tak
Janee.

Tenepr NetController cuuThiBaeT U3 KOH(PUryparMoHHOro (haiiina 3ampocoB
nanHele uis  ¢opmupoBanus Request Tables y arenroB, Hampumep, 3aaauMm
CJIEYFOIINE TIapaAMETPHI:
<requests>

<request 1d="0" s_n_name=""node4"™ d_n_name="'nodel™
label="0" bw="10"/>

<request 1d=""1" s_n_name=""nodel™ d_n_name=""node2"
label="1" bw="60"/>

<request 1d=""2" s_n_name=""nodel™ d_n_name=""node3"
label="0" bw="20"/>

<request 1d=""3" s_n_name=""node3" d_n_name=""nodel™
label="0" bw="15"/>
</requests>

T.e. mepBEIi 3ampoc — u3 Node4 B Nodel ¢ mmpunoii kanaiza 10Mb/s u metkoii 0
(mo tabnuue metok y3na Node 4 3To o3HayaeT, YTO MbI BHIOMpAEM JIOTUYECKUH MyTh
LSP1). Hdamee NetController ¢popmupyer cTpoku TaOJHIBI 3alPOCOB U KaXKIIOTO
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arcHra - UMCTOYHHUKAa U OTChLIACT HX. Korzxa BCC HCOGXOI[I/IMI)IC JAaHHBIC OTOCJIaHBI,
KOHTPOJIIEp IMOCBUIACT BCEM areHTaM YBEIOMJICHHE O Hauaie paboThl. M areHThI
HAYMHAIOT OOMATBCS IJIsl TOTO, YTOOBI MOJNYYHUTh PE3yJNbTAaT CBOMX 3alPOCOB,
3aHeceHHBIX B uX Request Table.

44

COMFIRM:20027 ¢ | 3

]

ar " REQUEST:Zp0SA [ 1

a REQUEST 20090 i i
5 REQUEST:Zp0gA i >

REQUEST 20092 [ 3
50 H_I

AGREE:20093
51 — |

AGREE:ZODZS; ]
52 I

REQUEST:S82 (312 312 )

AGREEZOPOG ()

55 ]

fala]

REQUEST:295 (312 32
57 E—I:Si /

Puc.4.Ilocnedosamenvrocms 3anpocos, nepexsauennas sniffer’om Jade

PaccMoTpum mocnenoBatesibHOCTH 00padoTku 3ampoca 0 (cm. puc.4, 5). Ucxonnas
CTpOKa 3ampoca 3amucaHa B TaOmune areHta Node4. OH mochIIaeT 3ampoc
(REQUEST)arenTy Node2 (Tak xak MbI uaem 1o mytu LSP1):

node4 sent request to node2
(REQUEST

:sender (node4 )

receiver (node2)

:content '"((action (agent-identifier :-name node4)
(RequestPackage :RequestlID O :AskedBW 10 :-RowLabel O
:DestinationAlID (agent-identifier :-name nodel))))"
:language fipa-sl :ontology PhLinkDataOntology )*

Arentr Node2, moiy4uB OaHHBIN 3ampoc, MPOBEPSAET, YTO OH HE SBISETCS
KOHEYHbIM ITyHKTOM Ha3HA4YCHHWs, MOIydaeT MO TabJHIEe METOK CIEXyIOLIUH y3eln,
mpoBepsieT Mo TabnWile, XBaTaeT JH MOJOCHl MPOMYCKAaHUS M TepechlIacT 3ampoc
areaty Nodel. Nodel, momy4us 3armpoc, AaeT Ha HETO MOJOKUTENbHBIH 0TBeT Node?2,
KOTOPBIN «I10 IIEMOYKE» BO3BpAIacT MOJOXKUTEIRHBEINM OTBET Node4. DToT areHrT,
IMOJIy4YuB MTOJIOKUTEIILHBIN OTBC€T, BHOCHUT JIaHHBIC B CBOIO Ta6HI/IHy 3arpoCcoB "
MIPOBEPSIET, €CTh JIH elle He OTOCHaHHbIe 3anpockl. Ecian nx 0oJblie HET, TO OTChUIAET
JaHHbIE KOHTpoJuiepy. KoHTposuiep B 3TO BpeMsi 0)KHUAAET TaKUX COOOIIEHUH OT Beex
areHToB. Kak TOJBKO Bce areHTHl MPHILIIOT UX — KOHTPOJUIEp «CKa)KeT» areHTaM-
y3J1aM «OCTaHOBHUTH OOLICHWE» M BBIOACT pe3yJdbTaThl. B yKa3aHHOM mpuMepe
pe3yibTaThl paboThl CUMYJISITOpA CIEAYIOLIHE:

3 Buo coobuwenus JADE coxkpawyen ons yo0obcmea umeHus
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Source:node3 || Destination:nodel || BW:15 || Result:1
Source:nodel || Destination:node2 || BW:60 || Result:0
Source:nodel || Destination:node3 || BW:20 || Result:1
Source:node4 || Destination:nodel || BW:10 || Result:1

8. BbIBOabI 10 pe3yJibTaTaM U HANIPABJIEHHUsI TaIbHEHIIINX HCCTeOBAHUIM.

B pesynbTare mpojenanHoi paboThl ObLT pa3paboTaH CUMYNIATOP CETH HA OCHOBE
MHOTOoareHTHOU 1aTdopMbl JADE.. Takxke Obln pa3paboTaH M BHEAPEH MPOTOKOI
yIpaBJIeHUs pecypcaMu CeTH, OCHOBaHHBIN Ha MPLS.

C moMOIIBI0 JAHHOTO CUMYJIATOpA MPEANojaraeTcsi MPOBECTH HCCICIOBAHHE B
00JIacTH yNIpaBIICHUS HArpy3KOH CETH CIIOKHOW TOMOJOTHH. Takke IUIaHUPYETCS
OCYHICCTBUTH IMOUCK HOBBIX MHTCIUJICKTYAJIBHBLIX aJITOPUTMOB YIIPABJICHUSA CCTCBBIMU
pecypcamu.

netContraller Noded Mode2 Mode1
:MetController ﬁgm :Agentiode :AgentMode

: Request Table Row

D ij»save
D start giat Raowe fram Table
; check BW E

“REQUEST ’ '

check BWW, check Destination

: [ e

' : T REQUEST !

: : [c—lheckDestinatiDn
= |

: RESFOND rcreate Respond
H LJ%I

et Result

RESPOND check Source

| get Results

- L

gend Results

F—check all
«stop

stop
stop

———

: i

Puc.5.ﬂua2paMMa NnoC1e0068aMeNbHOCHU BbINOIHCHUS 3anpoca Ha coeounenue
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BicHuk XapKiBCbKOT0 HaIlIOHAJIBHOTO YHIBEPCUTETY
Cepist «MaremariuHe MozeIoBaHHs. [HpopManiiiHi TexHoJOTii. ABTOMaTH30BaHi CHCTEMH
YIPaBITiHHSD

YK 004.652/.942 Ne 703, 2005, c.144-157

OO ogHOM KJlacce aaropuTMOB KilacTep-aHaJIn3a

A. A. Kapnenko

Xapvkrosckuti nayuonanvuwiil ynugepcumem um. B.H. Kapasuna, Yxpauna

Classification - one of fundamental processes in a science which is basic in practical
and scientific activity of the person. Mathematical theory were offered, on the basis of
which algorithms were developed, which application results in reduction of capacity of
set of probable classifications, due to allocation of set of regular classifications was
suggested in given article. It allows to facilitate a search extremum of functional
qualities of splitting, and therefore a finding of the best classification for some
configuration in tasks of automatic classification (cluster-analysis).

Yacro yTBepkHaercs, 4TO Kiaccugukayusi — OIUH U3 (yHIaMEHTAIbHBIX
IpPOLECCOB B HAyKe. DTO TOHATHE TECHO CBA3aHO C TAKUMH TEPMHHAMH, Kak
TPYIIHPOBKA, THIOJOTH3ALMS, KIACTepU3alns, CHCTeMaTH3aIHs, TUCKPIMUHALNSA, 1
SIBISIETCS. OJJHAM M3 OCHOBOIIOJIATAIOIINX B MPAKTUYECKON M HAyYHOH AEATETHHOCTH
yejoBeka. DakThl U ABJICHUS TOJDKHBI OBITH YIOPSIOYESHBI, IPEXKIC YeM MBI CMOXKEM
UX TOHATH M pa3paboTaTe OOIIME NPUHLUIBI, OOBSCHAIOIINE WX TIOSBICHUE U
BUAUMBIH  mopsgok. C  STOH TOYKM  3peHUs, KIacCUPUKALUs  SIBISETCS
MHTEJUJICKTYIbHOH JEeSITENbHOCTBI0 BBICOKOTO YPOBHS, HEOOXOAMMOW HaM JUis
HOHMMaHUs PHPoabl. Ho MOCKONBKY KiIacCH(pHKAIHS — 3TO YIOPSIJ0YeHHE 00BEKTOB
10 UX CXOXKECTH, a 00BEKTOM MOYKHO Ha3BaTh BCE YTO YTOIHO, BKIFOUYAs IPOIECCH U
JEWCTBUSI — BCE, YeMY MOXKHO TPHUIACATh BEKTOP JACCKPUNTOPOB (BEKTOP 3HAUCHHH
HPU3HAKOB), — TO MOYKHO NMPUITH K 3aKIFOYCHUIO, YTO KIacCH(UKALUI HE OrpaHUYeHA
paMKaM{ yCHWJIMH YeIIOBEYEeCKOTO HWHTEJUIEKTAa M B JACHCTBUTENBHOCTH SBISETCS
(hyHIaMEHTaIbHBIM CBOWCTBOM BCEX JKUBBIX OPraHU3MOB.

OnpeaensonyM MOMEHTOM B BEIOOpE MOAXOAIIEH MaTeMaTHYeCKOi ITOCTaHOBKH
JUIsl KOHKPETHOHM 3amaud KiacCH(UKAIWK SBISETCS OTBET HA BONPOC, HAa KaKoW
UCXOTHON WH(pOpManuu OyAyT OCHOBaHBI HAallld BBIBOIBI. VcxomHyro mH(OpMAamuio
1enecoo0pasHo MoApas3aensITh Ha:

®  anmpUOpHBIC CBEACHUS 00 MCKOMBIX Kllaccax;

e [peaBapUTEIbHYIO  BBIOOpOUYHYI0  HHGOpManuioo  (Tak  Ha3bIBacMbIe

oOydJaroIye BEIOOPKH );

e  HaOJIIO/ICHHMS, ITOUISIKAIHME KITACCUPHKALIH.

MBI paccMOTpUM  3amadqy KiIacCHPHUKAIid OOBEKTOB 0€3  HCITOIb30BaHUS
00yYaromero MHOXKECTBa. DTOT BHJ KiacCU(UKAIIMKA HA3BIBACTCS A8MOMAMUYECKOU
Kaiaccugukayuell WA  Kiaccugurayuei 6Oe3 yyumens. MeTombl caMOOOy4YeHHS
HOJTYYHJIH MIMPOKOE PACHPOCTPAHEHHE B WHTEIUIEKTYAIBHBIX CHCTEMax, B YaCTHOCTH
— B JKCIIEPTHBIX CHCTEMax paclo3HaBaHusi 00pa3oB W Kiaccupukauuu u T.1. B
crcTeMax pacro3HaBaHMs 00pa30B U KIaCCH(PHUKALUU COOTBETCTBYIOIIUI KJIacc 3a1a4
oOyueHuss  0Oe3  yuWmTens  TONY4YWI  Ha3BaHWe  Kiacmep-anamuza  (T.e.
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CaMOITPOU3BOJIBHOTO pa30MEHNs] HCXOTHONW BBIOOPKM Ha KOMIAKTHBIE MOJAMHOXKECTBA,
WIH KIacmepb).

3ajaya aBTOMAaTHYECKON KiIacCH(UKAIMKM HE IIOJTHOCTBIO ONpEZAEICHAa, €CIU He
yKa3zaHbl CBOHCTBA, KOTOPBIMH JIOJIKHBI 00J1aaTh HCKOMBIE KJIacChl 00bEeKTOB. BriOop
3TUX CBOMCTB WJIH, YTO TO K€, ONpeAeNieHHe Kjlacca — 3TO OCHOBHOM BOIIPOC TEOpUHU
aBTOMaTH4ecKoi kiaccudukaunu. Ecnu nmeercst agekBaTHOE OINpenesieHHE Kiacca,
CTaHOBMTCS BO3MOKHBIM OTJIMYATh XOPOIINE KIACCU(UKALMU OT TIOXHX.

[MomeiTkK  pa3paboTaTh METONBI aBTOMATHYECKOH KiacCH(HKALUS —CHeNaln
HEOOXOOUMBIM OLIGHMBATh CXOJCTBO KoJudecTBeHHO. OIHMM M3 MOAXOAOB K
KOJINYECTBEHHOMY OIIPEIEITICHNUIO OLIEHKU CXO)KECTH 3aKJIIOYAaeTCsl B IONBITKE HANTH
OCHOBY [UISI CYXXICHHH O CXOJCTBE. OTO OOBIYHO MJOCTHTaeTCsI C MOMOIIBIO
JETaNIbHOTO ONMCAHUS CBOHCTB, HA OCHOBE KOTOPBIX, KakK IOJIaraloT, MO>KHO BHIPa3UTh
CXOICTBO. ODTOT MNOAXOX MNpHBEN K JeTaIu3alud WU APOOJICHHIO IECKPUIITOPOB
00BEKTOB, KOTOpBIE HEOOXOAWMO  KiaccupuuupoBarb. KaxkmoMmy  oOBEKTY
OPUIKCHIBAIOTCS  UIMHHBIE CHOHCKH JECKPHUIITOPOB, T.€. BEKTOPHl 3HAuYeHHH
NPU3HAKOB, a KJIacCU(pHUKaLUs IPOBOAUTCS IO MaTPHLE AaHHBIX, CKOMIIOHOBAHHOW U3
Habopa TakuxX BeKTOpoB. OT TPHPOABI OCHOBHBIX IPH3HAKOB OOBEKTAa 3aBHUCSIT
BaXXHBIE TEOPETHUYECKHE BBIBOJBI, HO OHU PA3IHYaAIOTCS B 3aBHCHMOCTH OT OOJIACTH
NPUMEHEHHUS.

Hecmotpss Ha mupokoe NPUMEHEHHME KIacTep-aHalu3a, OOLIEIPUHATOrO
ompeieNieHuss KJIAcTepoB He cymiectByeT. Cpeam OONBIIMHCTBA Pa3pabOTUMKOB
CYLIECTBYET MHTYUTHBHOE IOHUMAHHUE, YTO AJIIEMEHTHI OJHOTO KilacTepa OJKe IpyT
K APYTY, YeM K APYTHM 3JIEMEHTaM, OJHAKO OCOOCHHOCTH 3THX OTHOILCHHH SIBHO HE
Has3bIBalOTCs. JlJIsl ompeneneHus KJIacTepoB HCIIOIb30BATINCh PA3IHYHbBIC TAPAMETPHI:
IUIOTHOCTh  OMNCPAlMOHHBIX ~ TAKCOHOMHUYECKUX  €IWHHUI B  TNPHU3HAKOBOM
THIIEPIIPOCTPAHCTBE, OOBEM, 3aHUMAEMBbId KJIacTEpOM, CBSI3aHHOCTh 3JICMEHTOB
OIIPEIENICHHOTO KJIACTEpa, a TAKXKE MPOMEKYTKH MEXKAY COCETHHMHU KiIacTepaMH B
CPaBHEHUH C UX THAMETPaMHU.

Knacrep-ananus HakmagpiBacT Ha OOBEKTHI OTHOLICHHS Ha OCHOBE YHCICHHBIX
3HAa4eHUH nNapHbIX (GYHKIUM Ha 3TUX OObEKTax. OTH OTHOLICHMS HYXKHBI JUISA
BBISIBIIEHUSI COOCTBEHHON CTPYKTYphl NaHHBIX, HO OHM 3a4acTyl0 CaMH HalararoT
CTPYKTYpPY, COOTBETCTBYIOILYIO OCOOEHHOCTAM allTOpUTMa TPYNIUPOBKH. Takum
00pa3om, KiacTep-aHaJIn3 He TOJIBKO PAaCKpPBIBACT UCTUHHBIN MOPSIOK, PEryIIpHOCTD
WIN €CTECTBCHHBIE 3aKOHBI, HO TAKXE IIOATOHSET JaHHbIC 110/ HEKOTOPYIO, 3apaHee
3arOTOBJIEHHYIO MOJIETb.

[Ipu 0630pe muTepaTypsl OBLTN UCTIOTB30BAHBI HCTOYHUKH [1, 2, 3].

1. MaTtemaTH4yecKas MOCTAHOBKA 33/1a44 ABTOMATHYECKOH Kiaaccupukamumn

s Toro YTOOBI TIOCTPOUTH ABTOMATHYECKYIO TWPOIECIYpPY PEIICHUS 3aadu
ABTOMAaTHYECKOH Kiaccu(UKaUU, HeOOXOMUMO AaTh OoJiee CTPOToe omperelieHHe
kiacca. OAMH W3 BO3MOXHBIX IMYyTeH — 3TO KOHCTPYHUPOBAHUE Kpumepusi Kayecmed
knaccugurayuu [3]. Kpurepuii kadectBa knaccuduxamuu J (@yuxyuonan kavecmesa
pazbuenus’) CTaBUT B COOTBETCTBUE KAXKIOW BO3MOXKHOW KiIacCH(PHUKAIUN MHOXKECTBA
00BeKTOB HeKOTOpoe umcio. OOacTeio onpenenieHus J SBISETCS MHOXECTBO BCEX
BO3MOKHBIX KjacCU(UKAIUHA OOBEKTOB, a OO0JIACThIO 3HAYCHUH — MHOXECTBO
JIeHCTBUTENBHBIX unucel. [Ipeamnonaraercs, 4To KiaccuuKamuy, XOpoIine B CMBICIIS
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MNPUHATOTO OMPENCICHUS KJIacca, COOTBETCTBYIOT DJKCTPEMAbHBIM 3HAUYCHUSAM
Kkpurepus J .

Takum oOpa3oM, ecnmu KpuTepuil J 3agaH, TO MOXXHO OLEHHUTH IOOYIO
knaccuukanmoo. Kak mnpaBuio, 0OJHAKO, HEpealbHO BBIYHCIUTH J JUIS KaXIOU

n

BO3MOXKHOM K1accuukanuu. DTo CBA3aHO ¢ TeM, uto vucia bema B, =e™' -y —

=0 k!
(urcmo  crmoco0oB  pa3OWEHHsT 7 -3JIEMEHTHOTO MHOJKECTBA Ha IIOJMHOXKECTBA)
ACHMITITOTHYECKH PaBHEI m(n)”-em(")’"’”z/\/m, rne m(n)-lnmmn)=n-1/2 [4].
[Hoatomy mms 3peKTUBHOTO ONpeAeNeHusT HAWIydleidl B cMbicie kpurepus J
KIaccu(puKanmuyu HEOOXOMUM  aneopumm asmomamuueckol Kiaccuguxayuu. B
COOTBETCTBUM C MPHUHATOM HaMH CHCTEMOH OIpeAesieHUusT KpUTEpUil KadecTBa
KJIacCU(PHUKALUU U aITOPUTM aBTOMAaTHYECKOH KiacCH(UKAIMA BMECTE COCTABISIOT
npoyedypy peuleHus 3a0a4u agmomamuieckol Kiaccupurayuu.

Beibop mMerpuku (Mid Mepbl OJIM30CTH) MEXKIY OOBEKTaMH, KOKIBIA M3 KOTOPBIX
MPEICTABIEH 3HAYEHUSAMH XapaKTEpU3YIOIIEro €ro MHOTOMEPHOTO MpHU3HAaKa,
SIBIISIETCSI Y3JIOBBIM MOMEHTOM HCCIIEIOBAHHS, OT KOTOPOTO PEIIAoNINM 00pa3oM
3aBUCUT OKOHUYATEIHHBIA BapHWaHT pa30MeHHs OOBEKTOB HA KIACCHI TIPU JIOOOM
UCIIONIb3YEMOM IS 3TOTO alNropuTMe pa3OueHus. B kaxmoll KOHKpEeTHOH 3aaade 3TOT
BEIOOp MTOMKEH MPOM3BOJIUTHCS IMO-CBOEMY, B 3aBHUCHMOCTH OT TJIaBHBIX IIelieit
WCCIIeZIOBaHUsA, (M3WYECKOW W  CTAaTUCTHYECKOW  TPUPOABI  HCCIETYEMOTO
MHOTOMEPHOT'O IIPU3HAKA, aIPUOPHBIX CBEIEHUI O €ro BEpPOSITHOCTHOM MPUPOAE U T.1.

[IpenmonokuM, 9T0 MBI XOTHM KIacCH(PHUITMPOBaTE N OOBEKTOB, KKIBIA W3
KOTOPBIX XapaKTEePHU3YeTCS 71-MEPHBIM BEKTOPOM, T.€. AHO MHOXECTBO BEKTOPOB
{X,,...,Xy}. MBI He Ha3blBaeM 3TH BEKTOPbI CIy4YallHbIMHU, MOCKOJbKY B 3aJaua
aBTOMATHYECKOM KIacCU(PHUKANUK OHH MPEANONAraTcss (UKCUPOBAHHBIMH U
n3BeCTHBIMU. Kaxnplii 0OBEKT AOIKEH OBITh OTHECEH K OJHOMY M3 M KJaccos,
@,,...,0,, , TOe 4YUCIO KiaccoB M MoxeT ObITh, a MOXET M He ObITb 3apaHee

u3BeCTHBIM. Kirace, kK KOTOpOMy OTHOCHTCS [ -i 00beKT, 0003HaUMM @, , i=L...,N.
Jist yno6erBa OyneM npeamnosarath, YTo &, — L1€J10€ YUCIIO, 3aKII0UCHHOe MeXy 1 u
M . Knaccudukanpmeir Q Ha3bpIBarOT BEKTOP, COCTABICHHBIN U3 @), , a KOHQHUTYypaHen
X" — BexTOp, COCTaBleHHBIH H3 X .. Kputepuit xauectBa knaccudukauuu J
aBnsercs GpyHkuuei or Q u X :
J=J(@ 0 sy 3 X, Xy, X)) = J(QXT).

Mo onpenenennto, Haumy4mas knaccudukanus €2, yIOBIETBOPSET YCIOBUIO

J(Qy X)) = min J(Q; X9,
1mbo

J(Q; X7) =max J(Q X7).

B 3amadge aBromaTHdeckoi kiaccubukanmm KoHpurypamus X (ukcmupoBaHa.
Anroputm aBTOMATU4ECKOMN KJIacCH(pHKaIMK MOJIUDUITUPYET TOJIBKO
knaccudukanuo Q. OObIMHBIE METOJbI MOUCKA IKCTPEMyMa 3]IeCh HEMPUMEHUMBI
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BCJICJICTBUE JUCKPETHOTO M HEYHOPSJI0YEHHOr0 XapaKTepa MHOXKECTBA BO3MOIKHBIX
KIIaCCH(UKAIIHIA.

B pesynbraTe [gaHHOW pPabOTHI MpeAroNaraeTcs pa3paboTaTh HEKOTOPHIC
AJITOPUTMBI, TPUMEHEHHE KOTOPBIX IMPUBOJUT K YMEHBIICHUIO MOITHOCTH MHOXECTBA
BO3MOXKHBIX ~KIIACCU(UKAIMA, YTO TIO3BOJSCT OOJIETYUTh TOUCK SKCTpeMyMma

¢yHKIMOHaNa KadecTBa pasbmenms J(Q,X'), a, clenoBaTeNbHO, HAXOXKICHHE

v * v
Hauy4iei knaccupukanuu ), a1d konpurypauuu X B 3aJa4ax aBTOMAaTHYECKOU
kiaccudukanmu (KiacTep-aHanusa).

2. Heo0xoaumble onpeaesneHnsi, 0003HAYECHUS U YTBePKIEHUs

Bynem paccmatpuBarh kaacc I 6cex komeunwvix HeopueHmupoamHvix 2pagos.
Ilycte G=G(V,E)el’ — xOHEUHBI!I HEOPHUEHTHPOBAHHEIN Tpad, rae V — HemycToe
MHOKECTBO OOBEKTOB HEKOTOPOH MPHUPOABI, Ha3bIBAEMBIX BepimInHamu rpada, a £ —
MHOMKECTBO €ro pebep — ecTh MOJMHOKECTBO MHOXKECTBA V.’ /~ KIaccos

SKBUBAJIEHTHOCTH, Ha KOTOphle MHOXecTBo V° ={(a,b),a#b} pasbupaercs

CIICITYIOIINM OTHOIICHHEM SKBUBAJICHTHOCTH
(a,,b,) ~(ay,b,) = (a,,b,) =(a,,b,) unu (a,,b,)=(b,,a,).

3amMeTHM, 9YTO JaHHOE OIpeAelIeHHe He IOIyCKaeT Haluuue y rpada KpaTHBIX

(mapayutenbHbIX) pebep W meTenb, T.e. rpadpl U3 Kiacca [T SBISIOTCS MPOCTBHIMH.

Taxxe crnemyer OTMETUTh, uTO Kiacc [T He COAepKHT Hylb-rpada, Tak Kak Mbl

OPEATIONOKIIN, 4T0 V # . MHOoXecTBO BepiinH U pebep rpada G, obo3HAYMM

V(G) u E(G), cootBeTCTBeHHO [5].

ITycts v, v,,...,V,,V,

[ASERME

v, — IOCIIeA0BAaTElIbHOCTh BEPIIUH TIpada Takas, 4To

KaXJas mapa COCeIHHX BEpIIMH V,,V,, omnpeaenseT pebpo B sToM rpade. Torma

i2 i+l

JaHHAs TMOCJIeNOBAaTeIbHOCTh HAa3bIBACTCS Mapuipymom. MapHpyT Ha3bIBaeTCs
npocmuiM VI Yenvio, eCIM HU OJJHA BEpIIMHA HE BCTPEYACTCS B HEM JBAXKIBI, H
YUKIOM WU 3AMKHYMOU Yenvlo, €CIM HU OJHAa BEpUIMHA HE BCTPEYaeTCs B HEM
JBa)XKIBI U TIPU 3TOM V, =V, . BepIuHbl v, U v, Ha3bIBAIOTCS KOHYEBLIMU GEPUIUHAMU
uenu [5].

PaccMmotpumM HEkoTOpoe cBOHCTBO P, KoTopoe mpucyiue rpadgam. Beenem OyneBy
¢yakmuro  P(G) Ha Kmacce BceX KOHEYHBIX HEOPHEHTHPOBAHHBIX T'padoB

P(G):T" > {0,1} , xoTOpyI0 OIpeaeTuM CIeIYIONUM 00pazomM

1, ecau ons epagpa G mooucho npogepums ceolicmeo P u on um odraoaem

P(G)=
0, 6 npomuernom cnyuae
Hazosem CBOMCTBO P CBA3HbIM CBOUCMBOM epagha, eciu
VGel')(P(G)=P,,, (G), tne P, — cBoiictBo cBsasHocTH rpada. U3

OIpeaCICHUA CIIEAYET, YTO CaMO P SIBJISIETCSI CBSI3HBIM CBOHMCTBOM.

Bynem roBoputh, 4TO CBOICTBO P SBIISIETCSI MOHOMMOHHBIM C80UCMBOM 2padha,
€CJIM BBITOJIHEHO CJIeyIOIIee YCIOBHE
(VG,,G, eD)((V(G) =V(G) A E(G) < E(Gy)) A P(G)) = P(Gy)),
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WHBIMH CIIOBaMH, €CI HEKOTOPBIN Tpad obiagaer CBOHCTBOM P, TO IIpH 00aBIeHUH
pebpa B 3TOM rpade 3TO CBOHCTBO HE HApyIIASTCS.
BreizenuM w3 BCEBO3MOXKHBIX CBOWCTB HEOPHUEHTHPOBAHHBIX KOHEYHBIX TpadoB
KJIACCHI CBSI3HBIX U MOHOTOHHBIX CBOWCTB:
1. C — xiacc cBI3HBIX CBOUCTB rpados, T.e. (VP € C)(P — céa3Hoe ceoticmeo) .

OueBugHo, uto P e€X.

CBAA3H.

2. M — xjmacc MOHOTOHHBIX CBOWCTB IpadoB, T.e.
(VP e M)(P — moHomouHOe c80licmao) .
B naneHefinieM Hac OynyT OCOOCHHO HMHTEPECOBaTh TaKWE CBOWCTBA, KOTOPHIC

SBISIFOTCS. OJIHOBPEMEHHO M MOHOTOHHBIMH, M CBSI3HBIMH. O0O03HAYMM KIIACC TAKHX
coiictB MC=M(C, t.e. (VPeMC)(PeMAPeC).

OueBunnHo, uro (VG el )(VPeMC)P,,, (G)<=P(G)«<=P,  (G)), toe P, —

'B53H . BAA3H.

CBOMCTBO CBsI3HOCTH rpada, a P~ — cBoiicTBO nonHoThl. Huske Oyner nmokasaHo, 4To
P..€MC u P eMC. Takum obpazoM, P,  MOXKHO Ha3BaThb MHHHMMAJbHBIM
MOHOTOHHBIM CBSI3HBIM CBOMCTBOM Ipada, a P, ~— MaKCHMalbHbIM.

[MpuBesneM elie HEKOTOPBIE TPUMEPHI MOHOTOHHBIX CBSI3HBIX CBOWMCTBA TpadoB: # -

cBasHocTh (P, Hepasgeaumocts (£, ), TaMHIBTOHOBOCTH (F.)

HOJIyTaMUIbTOHOBOCTS ( P, ). B nmpuHune, ecnu cBoiictBo P Hekotoporo rpaga G
MOHOTOHHOE, HO HE CBSI3HOE, TO, €CJIM 3TO MO3BOJISIET CBOWCTBO P, BIOJHE MOXKHO
TpeboBaTh OT rpada G CBSI3BHOCTH, YTO MO3BOJIUT PacCMaTpUBaTL CBOHCTBO P Kak
anemeHT kiacca MC (TakuMm CBOHCTBOM, HampuMep, SIBISICTCS HAJIMYME IHKIA Y
rpaga).

Beenem HeorpunarensHyto ¢yskimmoo A:V xV — R, rtakyio, uro Va,b,c,d €V
BBITIOJTHAIOTCS CIEAYIOLIME CBOMCTBA!

1. A(a,b)=0< a=>b — pazTuIaeMoCTh;

2. A(a,b)=A(b,a) — cHUMMETPUYHOCTH;

3. (Ve>0)(35 > 0)(A(a,b) < S AA(c,d) < 5) =|A(a,c) - A(b,d)| < &) — ycroii-

YHBOCTb.
3aMeTHM, 4TO CBOWCTBO 3 siBiseTcst Ooyiee CiabbIM CBOMCTBOM, Y€M HEPaBEHCTBO
TpeyrojbHUKA. JefiCTBUTENBHO, €CIIM BBINOJIHIETCS HEPABEHCTBO TPEYrOJIbHUKA, T.C.
(Va,b,c eV)(A(a,b)+ A(b,c) 2 A(a,c)), T0 Ve >0 Bo3bMEM O =¢&/2 U pacCMOTPHUM

|A(a,c) - A(b,d)| <|A(a,b) + A(b,c) - A(b,d)| = |A(a,b) — (A(b,d) — A(b,c))| <
<A(a,b)+|A(b,d) — A(b,c)| < A(a,b)+ A(c,d) <5+ 5=e/2+&/2=¢ .4
CrnenoBatenbHO, B KadecTBE (YHKUMM A MOXHO B3ATh OOBIYHOE PACCTOSHHE
(MeTpuKy) MeXIly BepIInHaMU rpada.

Paccmotpum rpad G.(V)ell TaKoi, 4TO
(Va,beV)(Ala,b)< ¢ < (a,b) e E(G,)), u 3adpuUKcHpyeM HEKOTOPOE CBOWCTBO rpada
P w3 knacca MC.

Hns Hemycroro MHOXectBa ACV BBegeM (yHKIHIO, XapaKTEPHU3YIONIYIO

paccesHHocmy MHodcecmea A
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inf{e > 0| P(G,(A)}, |4>1
DP (A) = s
0, |4]=1
a a7  mapel  HEMYCTBIX MHOXECTB A,BCV, CUMMETpUYHYIO (QYHKLIHIO,
XapaKTEpU3YIOIIYI0 yoareHHocmb Muodcecms A u B (paccTosHue MEXITY
MHOKECTBAMH)
S(4,B) =min{A(a,b)|ae A,be B}.

Bennumna, oOpaTHas K pacCesHHOCTH MHOXKECTBA, XapaKTepPH3YyeT €ro
3aleryieHne, a 00paTHas K yJaICHHOCTH IBYX MHOXKECTB — UX CBSI3HOCTD.

Cnemyer oTMeTuTh, 4TO U3 ompeaeneHus GpyHkuuu D,(A4) crexyer, 4yTo eciH
(Ve >0)(—=P(G.(A)), 10 D,(A)=+00. OueBugno taxxe, uro pynkuun D,(A4) u
S(4,B) sBasioTca HeoTpuuarenbHeIMU. [Ipuyem, u3 onpenenenus ¢ynkuuu D, (A)
CJIEYEeT, 4TO

D, (4) =04 =1,
a U3 CBOMCTBA pazIM4yaeMocTd QYHKIIMH A ClEyeT, 4To
S(4,B)=0= ANB=J.

Takke HETpymHO MOKasath, 4to ecnu A(1B =, T0 mus a1000ro0 HEmycToro
nogmHo)kectBa C MHOXecTBa A  BBINOJHSETCS CIEAYIOIEe HEPaBEHCTBO:
S(C,B)=S(4,B). Oror o3nauaet, uto ¢yHkuusi S(A,B) MOHOTOHHA TO JIIOOOMY

apryMeHTy, TaK KaK OHa CHMMETpPHUYHA.

PaccMoTpuM MHOXeCTBO A = {A4}', HemycThIX MOMAapHO HeNepeceKaroIHUXCs
TO/IMHOXKECTB MHOKkeCTBa V . [l Takoro MHOKeCTBa onpeneium Gpynkimuu D, (A")
u S(4") crnenyromum o6pazom

Dy (4")=max{D,(4,)|i=1k},
Sy min{S(4,,4,)|i# jni=Lkn j=1k}, k>1.

+oo, k=1

Tak Kak Ipu 100ABICHNH TTOIMHOKECTBA MHHAMYM B onpenenernn S(A*) moxer
TONBKO yMEHBIIMTBCS, a MakCMMyM B omnpejenenuu D,(A4") ysenwuutcs, ToO
oueBuIHO, uTo (VA' < A* |1<1<k)(D,(A") < D, (A ) A(S(4A)>=S5(4"))). Taxxke us
onpenenenus pynkuun S(A*) cnemyer, uto

S(A Y=+ k=1.

Iycte 7 — HekoTOpoe pasduenue MmHodcecméa V. DTo 03HAYaeT, dUYTO

r=A"={4}",, Takoe uto LkJAl. =V . MHoxecTBa A, u3 pa3OMeHHs 77 Ha30BeM

i=1
amomamu pasdouenusi. Jlanee OylieM HCIONB30BaTh 0OO3HaueHue n(a) IUis atroma
pa3OmeHus 7 , CoAeprKamlero 3JeMeHT a €V .
Ha wmHOXecTBe Bcex pa3OMeHHMII MHOXeCTBa J MOXHO BBECTH OTHOIIEHHE

MOpSIKa CIEAYIOIINM 00pa3oM
7'<n"< (VA'en)(FA"e x")(A'c A").
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OueBHIHO, YTO

1
7'<x"=@den")B 4, A, A e, >1)(4=]]4)

i=1

u
=" (x'<aYA(x"<x").

Tak ke oueBMAHO, 4YTO Ui MHOXectBa V ={a,,...,a,} pa3OueHue

. =11a,},....{a,}} ABNAeTCAd HaUMEHBIIUM, a pa3ouenue ., =1{ia,,....a,}}=4{V}

— HauOompIMM. OTH [Ba pa30HCHUS HA30BEM MPUBUATLHBIMU PA3OUSHUMU
mHoocecmea V. OTmeruM, dYTO Ui JOOOTO pa30WeHus 7 MHOXKecTBa V

BBINOJIHAETCSI HEPABEHCTBO | = |7zmax| < |7r| < |7rmin = |V , a TAKXKe |V| =ler
C yuerom o003HaYeHUs AJ1s1 pa3OueHHsT /T MOKHO OINPeNeNUTh napy GyHKIUH
D,(7)=D,(A") n S(x)=5(4"),

=7

min max *

WIIH, 4TO TO K€ CaMOe,
Dy (7) = max{D,(z(a))|a eV}

min{S(z(a),7(b))|a,beV x(a)+ n(b)},

7Z'|>1
S(x)= .

+00, 7r|=1

PaCCMOTpI/IM OTACIBbHO Cliy4yau, Korja pa36I/IeHI/Ie 7 MHOXKeCcTBa V sBiseTca
TPUBUAJIBHBIM pa36PIeHI/IeM:
. zZ=rgu [V|>1<Dy(n)=0u 0<S(r)<+mo.

Dp (7)) = maxiDp(A) | 4 € 7, s = maxiDy({a}) |a € V=0,
S(z,,)=min{S(4,B)|A,Ber,, ,A# B} =min{S,({a},{b})|a,beV,a#b} >0
u S(r,, )<+, TaKk KaK |7zmin =|V| >1;
2. m=mp u [V|>1e Dy(7)>0 u S(r)=+o.
D,(x,. )=max{D,(4A)|Aex,, }=D,(V)>0,

S(7,,, ) =+00, Tak Kak |7, |=1;

3' ﬂ-zﬂ-max:ﬂ-min<:>|V|:1<:>DP(ﬂ.)=0uS(ﬂ-)=+OO.
D, () =max{D,(A)| Ae x} =D, (V) =0, Tak kax |V|=1,

S(7)=+00, Tak KaK |7r|=1.

3. Onpenenenne Kiaacca peryjasipHbIX pa30neHuii U ucciae0BaHie €ro CBOWCTB

BriepBbie MOHATHE PErYJNSAPHOTO pa3OMEHUs ObLTO BBEACHO W HCCICIOBAHO JUIS
CBOMCTBa TOJHOTHI TpaoB B [6, 7].

Janee, eciy 5TO HE OTOBOPEHO, CYMTAETCS, YTO PACCMATPUBAEMOE HAMH CBOHCTBO
rpadoB P e MC . Tak e OyJaeM CUUTaTh, 4TO +00 < +00 ,

HazoBeM paszbuenue 7w muoowcecmsa V pezynspuvim, €CIU UIS HETO BBITIOJIHEHO
CIIeYIONIee YCIOBHE

D, (7)< S(r).
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ITpu sTtom ecnu anst pasbuenuss n BbinonHsercs D,(7)=S,(7r)=+c0, To B culy
HAIIETO TPENONOKEHHsI, YTO +00<+00, JaHHOE pa3bHeHne OymeT SBISTHCS
PETyJISPHBIM.

O6o03naunm uepes [1), mHodcecmeo écex peaynsphvix pazbuenuii MHOXecTBa V. Ha
OocHOBe cBoiicTBa P. W3 ompeneneHus cienyer, 4YTO TpUBHAIIbHBIE pa3OMeHHs

7 €l u x,, elll, s mo6oro HemycToro MHOXeECTBa VU 0GOro CBOHCTBA

min

PeMC,1e. I, Q.

ConeprkaTenbHO, K KJIACCy PETYJISIPHBIX Pa3OMEHHUA OTHOCATCS T€ Pa3OHEHUS, IS
KOTOPBIX aTOMbI BHYTPH ceO0sl 3alleTIeHBI 00Jiee CUITBHO, YeM CBS3aHbI MEXKIY COOOH.

OCHOBHBIM Pe3yJbTaTOM HCCIICAOBAaHUN KJIacca PEryJSPHBIX pa3OUeHH sBIseTCS
CIIeyroIas Teopema:

Teopema. Ilycts 7',7" € Hf) , TOT/Ia UMEIOT MECTO CIIEIYIOIINE SKBUBAJICHTHOCTHU:
l. 7'<7"o D, (V<D (n") = S(x)<S(x");
2. n'<xn"oSxHY<D,(x").
IMepen Tem Kak [OKa3bIBaTh JaHHYK TeopeMy cHOpMYIHpYeM U JOKaXeM
HECKOJIbKO BCTIOMOTATEJIbHBIX YTBEPIKICHHIA:
Vmeepyucoenue 1. Ecm rzell,\{r,_ )}, To VAer  pasbucnue
r'=n\{A4}ell,". Tpuuem
1. D,(m)zD,(7");
2. S(m)<S(n").
Loxazamenvcmeo.
Mycts 7={A}" , rne k>1 (Tak xak 7#7

i=1>

), u w'=x\{4,} nns moboro

max

¢ukcupoBanHoro / =1,k .

Torma paccMOTpUM:
l. D,(r)=max{D,(4)|i=LkAi#l}<max{D,(4)|i=Lk}=D,(x), T.C.
Dy(7) 2 Dp(7') ;

min{S(4,4)|i,j=Lkni=jri=lnjl},

7|>1
2. Sz = >
+00, |7z'| =1
>min{S(4;,4,)|i, ] =Lkni# j1=8S(x),re. S(m)<S(x").
Tak Kak 7 — peryisipHoe pa3OueHne MHOXecTBa V, TO moiydaem
D,(m"Y<D,(7r)<S(m)<S(x"), oTKyga HEMEIJIEHHO CledyeT, 4YTo &' SBIseTCS
PETyIApHBIM pa30MeHNEeM MHOXKECTBA V' \ 4, .

Cneocmeue. Ecom m={A} ell)\{r ' (k>1, Tak xak 7 #7x

max )’

TO

max
1
! k ! V'
VO<I<k wu V{4,},,c{4}.,, pasduenne r'={4}, €ll,, rue V'=UA/. .
Jj=1
IIpuyem D,(z)=D,(x") u S(x)<S(x'). JJanHOE CiencTBHE JIETKO JOKa3bIBAETCs,
MOCIIE/IOBATENHLHO MPUMEHSIS IOKa3aHHOE YTBEPKICHHE.
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Ymeepyncoenue 2. ]Ins mo0Ooro HemycToro MHOXKeCTBA V' W IMOOOTO CBOWCTBa
P e MC BrmonHsieTcs crieayoiee:
L. (VAcV[A4#D)D, (A)<D,(4)<D, (A4);

2. (V7 - pasouenue mnodxcecmea V) (D, (7)<D,(7)<D, (7));

v v v
3.y s f<

JHokazamenvcmeo.
U3 ompenenenust ¢ynkumn D,(A) u cBoiicTBAa MOHOTOHHBIX CBSI3HBIX CBOICTB
rpaoB (VG el)(VPeMC)P,,, (G)<=P(G) <P, (G)), BBITEKaeT

CIIPaBEUIMBOCTH MMyHKTOB 1 M 3 HAIIEro yTBEPKACHUS.

Tax xak, ecmn (VAerz)(D, (A)<D,(4)<D, (A)), TO OYCBHIHO, YTO H
max{D, (A)|Aerj<max{D,(4)|Aer}<max{D, (A)|Aer}, a,
cenoBarenbo, D, (7)< D,(7)< D, (x).llyHKT 2 noKa3aH. 5

Ymeepcoenue 3. JIns moboro MHOXKECTBa V' Takoro, 4to |V| >1, IMEIOT MeCTO

CleAyIoUne YTBEePKACHUS
1

Lo (vA = {43, <1<, (J4) = S(4));
i=1

2. Ecmu = A" ={A4}}, — pasOuenne muoxectsa V u 7 # 71 _, TO

(va' € 4 [1<1< kYD, 4)> (2

3.Ecm 7=A"={4} el \{x, },TO

!
(VA' € A" |1<1<k)(V1< j<k)D,(|J4)>Dp(4,)).
i=1
Lokaszamenvcmeo.
Ucnoneiys yrBepxxaeHue 1, mogydaem a0Ka3aTeabCTBO MyHKTa 1:

I ! — .
D,(J4)zD, (J4)zmin{S(4,4)]i#jri=LIAj=11}=S(4),
i=1 i=1

Tak kak [>1. Wcnomb3ys coiicTea dynximu S(A"), oTcioma, oueBMaHO, ClemyeT

JI0KA3aTeNIbCTBO MyHKTA 2, Tak Kak k>[>1 u S(4')>S(4")=S(x). Ecnu x Tomy ke
pa3OueHne 7 SBISIETCS PETyISPHBIM, TO, IPOJIOJDKAs IIETIOYKY HEPAaBEHCTB
S(7)>D,(7)2 Dp(4;) nus moboro 4, e,

IMoJriy4aeM J0Ka3aTCJIbCTBO ITYHKTa 3 Haiero YTBCPKIACHUS. g

Tenepb nepeiiieM K 0okazamenbemey meopemobl:
Bynem nokas3bIBaTh BCe TP SKBUBAICHTHOCTH MAPAJUIEIBHO.
Heobxooumocme.
[——T] n _ " n _ "
Ecmm 7'=7" 10 oueBunno, uro D,(7")=D,(z") u S(z")=S(x").
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l
Ecnn xxe 7'<7z", 10 910 03HavaeT, uto (34 € 7")(3B,,....B, e x'|[>1) (A= UBI.) .
i=1

Hcnonb3yro peryispHoCcTb pa3ouenuit 7' u z", cBoiictBa dynkuuit D,(7) u S(r),
a TaKkKe yTBEep)KACHHUE 3, MOTydaeM CIeIyIOIyI0 [EeOUYKy HEPaBEHCTB

Dy (7")<S(rx") < DP(UB,) =D,(A)<D,(z") < S(x").

OTtkyna HeMeUIeHHO cienyerT, uto D,(z") <D, ("), S(z)<S(x"), S(z"Y< D,(x").
Jlocmamounocmeo.
PaccmoTpuM cHavana ciyuaid, korna z"=7, . Teopema Oyner BbINOJIHEHA, TaK

KaKk OYeBHIHO, 4To Jr000e Jpyroe peryisipHoe pa3OueHne OyZeT MeHbLIe
MaKCHUMAaJIbHOTO.
Hrak, nycts 7" # 7, . PaccMOTpuM Kaxx[0€ U3 TpeX HEPABEHCTB B OTAEIBHOCTH!

1. D, (<D, (x") =
Dp(B)<Dp(m) < Dp(x") < S(m") <8(4,,4,) 5
2. S(zY<S(x") =
Dy(B)<Dp(r)<S(x)<S(x")<S8(4;,4,);
3. S(x) <D, (") =
Dp(B)SDp(m)<S(x")<Dp(r") < S(m") < 8(4,,4,) .
Takum 00pa3oMm, ©3 JIOOOTO H3 OSTHX TPEX HEPABEHCTB, CIEAYeT, YTO
(VBen'\(VA, 4, en"|i# ) Dp(B)<S(4,4,)).
Bynem Bectn nokazatensCTBO OT mpoTHBHOTO. Ilycte —(7'<7z") (—~(z'<z")),
Toraa
(3Ben")3A4,,....,4 ex"|I>1)((4 ﬂB¢®|i=1,_l)/\(Aj NB=J|j>1)),
IpUYEM SJIEMEHTH M3 MHOXkecTBa {A (| B}/, TOMapHO He TepecekaloTcs, Tak Kak
MHOJECTBA A, SBIAIOTCS aroMamu pazbueHus z". Mcnonesys yTBepxkiaeHue 3,
paccmoTrpuM BenuuuHy D, (B):
!
D,(B)=D,((J(4NB)=S{4NB},).
i=1
be3 orpannyeHust OOIIHOCTH MOKHO CYHMTaTh, YTO MHHHMYM B OIPEIACICHUH
dynxkumu  S({4 N B}.,) nocturaetcs Ha smementax A B u A, B. Takum
00pa3oM, MBI UMEEM CIIEIYFOIIee:

1
D,(B)=D,((J(4 NB)2S({4, NB}_)=S(4 NB,4,NB)2S(4,4,).
i=l1
ITocnennee HepaBEHCTBO CJEIYyET U3 CBOWCTB CHUMMETPUYHOCTH U MOHOTOHHOCTH
¢yskuuu S(4,B) .
B pesynbrate mbl nomyuunu, uro (3B ex')(34,,4, € 7")N(D,(B)=S(4,,4,)), HO

3TO MPHUBOJHUT HAC K HpoTuBopeuuto. CienoBareiabHO, MPEANOIOKEHUE O TOM, YTO
—(z'<x") (—~(z'< ")), HEBEpHO.
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Takum oOpa3zom, Mbl umeeM 7'< 7" (7'< "), 9TO U TpeOOBANIOCH T0KA3aTh.

OueBuano, uro u3 paBeHcTBa S(7')=D,(7") He MOXET cleJoBaTb PaBEHCTBO
pasomeHnit 7' m x". DTO clemayeT W3 PEryJSIpHOCTH pa3OWeHHi, TaKk Kak I10
OIIPEENEHHIO Y peryJisipHoro pazouenus D, (7)< S(7).

Cneocmeue. Ecom 7',7" € HIVJ, TO

n'=n"oD,(x)V=D,(#")Y = S(x)=S(x").

Jloka3aTenbCTBO CIIEMYeT U3 SKBUBAICHTHOCTU 7'=7"< (7'<Sa7" YA (x"<7x').

3ameuanue. CiieyeT OTMETUTH, YTO SKBUBAJICHTHOCTh

w'<n"& SV D, (")
B (hOpMYITHUPOBKE TEOPEMBI SBISIETCS OOJIee CHIIBHOW, YeM ApyTHe SKBUBAICHTHOCTH,
Tak Kak u3 HepaBeHcTBa S(7')<D,(7") n peryaspHOCTH pa30UEHUHl CleayroT
HepaseHcTBa D, (71") < D,(7") n S(z") < S(x"):
D,(r")<S(x"V<D,(x")<S(7"). u

JlokazaHHas TeopeMa JaeT HaM IMPaBO yTBEPHKAATh, YTO MHOXKECTBO PETYJISIPHBIX

pasbuenuit I1), ={r,,...,7,} HEKOTOPOrO HEMyCTOrO0 MHOXECTBA V Ha OCHOBE

MOHOTOHHOTO CBSI3HOTO CBOWCTBAa P  sABNSETCS JIMHEHHO  YMOPSAOYCHHBIM
MHOKECTBOM OTHOCHTENBFHO MOpPAIKAa HAa Pa3OMEHMsX, T.€. U3 BCEX IJIEMEHTOB 3TOTO
MHO>XE€CTBA MOYKHO BBICTPOUTH CIEAYIONIYIO IEMOYKY HEPABEHCTB:

Tpin =70 <y <. <y <y =T

max *

OTKyZa HEMEAJIEHHO CIEAYET, YTO ‘HIV)‘ < |V| .

4. OmnmcanWe aJropuTMOB IIOCTPOECHHSI BCeX PperyJspHbIX pa30oHeHui
HEKOTOPOI'0 MHOKECTBA

31ech MBI PAacCMOTPMM [Ba AaITOPHTMa TIOCTPOEHHMsSl MHOKeCTBa I1), s
MPOU3BOJIBHOTO HEIyCTOT0 MHOXECTBA V' ¥ MPOU3BOJIHHOTO MOHOTOHHOTO CBSI3HOTO
cBolicTBa rpagoB P — alrOpUTMBI IOCTPOCHHS 00BETUHEHUEM U IPOOTICHUEM.

Anzopumm nocmpoenusn muosxcecmea 1, obvedunenuem:

1. R=C — 3pmech Mbl OyJeM HakalIMBaTh MOJYYCHHBIC pEryJIspHbBIC
pazbueHnus;
2. Crpoum MHOXkecTBO S = {A(a,b)|a,beV, a+b}U{0,+0} ;
CopTHpyeM MHOKECTBO S MO BO3PACTaHUIO;
4. Jlns xaxmaoro a € S':
a. Crpoumrpad G,(V);

b. Beigensem komMnoHenTHI cBsizHocTH {G. ), tpada G, (V);

98]

c. Ecnu BBINONIHEHO OZHO U3 CEAYIONMX TPEX YCIOBUM, TO 100aBiseM
pasbuenue 7, ={/'(G,)}., Kk MHOXecTBy R (KOHEUHO, ecu elle

7, €R):
1) a:()_ﬂ-a:ﬂ.min;

2) a=+0 — 7w, =1

max 2
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3) (Vi=Lk)(P(G)).
5. TI, =R.Konen.
Aneopumm nocmpoenuss MHOJCecmea HZ OpobieHuem UICHTHYECH TPEIbITyIEMY

ANITOPUTMY, 33 MCKIIOYEHHEM TOTO, YTO MHOXKECTBO S HYXXKHO COPTHpPOBAThH HE IO
BO3pACTaHUIO, a M0 YOBIBAHHIO.

JlokaskeM KOPPEKTHOCTh NPUBECHHBIX aJlTOPHTMOB!

[Tyctb MHOXECTBO R — 3TO MHOXECTBO, HOJyYCHHOE B pe3yJbTaTe pabOTHI
Jr000ro u3 MMPUBCACHHBIX BBIIIC aJITOPUTMOB. O‘IeBI/IILHO, YTO JJIEMCHTAMH HAaHHOI'O
MHOXKECTBA SBJIIIOTCS pa3IM4Hble Pa3OMEHUsT MHOXKECTBAa V', TaKk KaK KOMIIOHEHTHI
CBSI3HOCTH rpada pa3OMBAIOT €ro Ha IOMNAapHO HENEepPEeceKarolrecs: Mo BepIINHAM
gacty. [Tokaxem, 4To M000€ pa3OUCHUE 77, U3 MHOXECTBA R SBIISETCS PETYJISAPHBIM.

HeiicTBuTeNBHO, ecnmd 7, — pasOueHHe, no0aBJICHHOE K MHOXECTBY R Ha
HEKOTOPOM Iuare paboTbl aIrOpuTMa, TO IO NOCTPOCHHIO 7,  SBISETCS 100
TPUBHANBHBIM pasbuenueM, mmbo (VAez, N(P(G, (4))). Ecin 7, — TpuBnanbHOE
pas0HeHue, TO OHO SIBISICTCS Pery/SIpHBIM. Tereps paccMOTpUM Cily4aii, Korxa 7,

HC SABJISICTCA TPHUBHUAJIbHBIM pa36I/I€HI/IeM. B sTom CJIydac 1o nNOoCTpOCHUIO Mbl UMCEM,
qTO

(VAex, )Dy(A)<a,)

(VA,Ben, | A# B)(ANB=D)A((Vae A)NVbe B)(A(a,b) > a,))) .
A 10 o3Hauaer, uro (V4,B,Cern, |A# B)(D,(C)<a, <S(4,B)). CienosareisHo,
Dy(z, )<S(x, ), 4to u TpeboBanoch nokaszarh. Tarkke H3 [OKa3aHHOH Hamu

TEOPEMBI, CIIEAYyEeT, YTO MHOXXECTBO R COCTOUT M3 BCEBO3MOXKHBIX PETYJISPHBIX
pa30OueHMIT MHOXKECTBA V', TaK KaK MCIIOJIb3YEMBbIH ajJrOpUTM MOCTPOCHHS MHOXKECTBA
R nepebupaer Bce BO3MOXKHbIE pasnuunble D, (7, ). Takum 00pa3oM MbI MOIy4aeMm,
14

yro I, =R ..

Crnenyer OTMETHUTB, YTO MOJYYEHHOE, B pe3yJIbTaTe paboThl PACCMOTPEHHBIX HAMH
QITOPUTMOB, MHOXECTBO Il,  yKe SABNSETCS JIMHEHHO  YNOPSIOYEHHBIM.
COOTBETCTBEHHO, TOCTPOEHHE OOBEIMHEHHEM YIOPAI0YMBAET MHOXECTBO I1, 10

BO3pAacCTaHUIO, a IOCTPOCHHE IPOOICHHEM — 110 YOBIBAHUIO.
[IpoBeneM OLIEHKY JaHHBIX alTOPUTMOB:
OlEHKY CII0OKHOCTH QJITOPUTMOB OyJleM MPOU3BOJUTH B 3aBUCUMOCTH OT

KOJIMYECTBA 3JIEMEHTOB MHOkecTBa V . IlycTh |V| =n.

OLEHNM OT/IeTbHO HEKOTOPBIE IIArH AIFOPHTMOB:
1. Tocrpoenue MHOkecTBa S: O(n’);

2. CopTupoBKa MHOKecTBa S He3aBMCHMO OT Hanpasienus: O(n” -log, n);
3. Hoctpoenue rpada G, (V): O(n*);
4

Bhienenye KOMIoOHeHT cessHocT rpada G, (V) : O(n’);
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5. Beruucnenue ¢ynkuuun P(G,): O(p(|V(Gl.)|)), rie p(n) — OleHKa

CJIO)KHOCTH alTrOPUTMA MPOBEPKH BHIMOIHUMOCTH CBOHCTBAa P Jist rpada ¢ n
BEPIIHHAMH.
Teneps Jierko BUIAETh, YTO CIIOKHOCTD KaK aJrOpUTMa MOCTPOCHUS O0bEAMHEHUEM,
TaK ¥ aITOPUTMa HOCTPOSHHUS ApodieHneM, He pesocxoaut O(n’ -max{n, p(n)}).

5. HexoTopsble npuMepbl peryjisipHbIX pa30ueHuni
Hwxe npuBeneHsl Bce peryisipHble pazOueHuss MHoxectBa u3 10 Touek. B

KauyecTBe A -(QyHKIMH B35ATa €BKIUI0BA METPUKA, & MOHOTOHHOTO CBSI3HOTO CBOMCTBA
rpadoB — MOJIHOTA.

Puc. 1.1. Ilepsoe pecynaproe pazdoueHrue.

Puc. 1.3. Tpemve pecynspnoe pasdouenue.

Puc. 1.4. Yemeepmoe pezynspnoe
pasbuenue.

Ha pucynxkax 1.1 u 1.3 Haxoasrcs TpuBHANbHBIE Pa30HEHUSI.

Bot eme HECKONBKO MPUMEPOB PETYJSPHBIX pa3OUeHHi, pa3NUYHBIX MHOXECTB,
IpU pa3IMYHbIX IIapaMeTpax:

1
° @ P Y ! '
S & % § & e i { f
K H o o ! } ‘
RPN SR 04 oot veed B i
o

8
o
o

o

o

°
s

P

B
L o o o = +
s 3 e o 4o g@ K —a—e—
. fg% W G r:
°%% o4 i . o® s -

Puc. 2.1. Mnooscecmeo mouex. Puc. 2.2. Pezynapnoe pazouenue.

Eexnuoosa mempuxa. Cesznocmo.
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A [
ke"ow & ko on. 0
S a4 KW
Puc. 2.3. Pecynapnoe pazouenue. Puc. 2.4. Pecynapnoe pazbuenue. Yauunas
Yebvruescrkas mempuxa. CeszHOCb. mempuxa. CeazHocmo.
Ry G TEF — pr ““*“1
b ]
SRR ‘
} !
) v}
{ {1
b
SRR
Puc. 3. Pecynapnoe pazbuenue. Yiuunas Puc. 4. Pecynapnoe pasbuenue. Yiuunas
mempuxa. Ceaznocmo. mempuxa. Ceaznocmo.
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Metoa AMCKPETHBIX BUXPEN JJIsI CUHTYJIIPHBIX MHTETPAIbHBIX
ypaBHEHHI MEPBOTO PoJia B Kjacce 0000IMEHHBIX (DYHKITUN

H. K. Jludanos, A. C. Henaien

Hucmumym Boruucnumenvnou mamemamuxu PAH
Boenno-6030ywnas unscenepuasn axaoemus um. H.E. XKykosckoeo

In this article the method of discrete curls for the singular integral equations of the first
kind within the class of generalized functions is considered.

BBenenue

B paSHI/IT-IHI)IX HpI/IJ]O)KeHI/IHX, CBA3aHHBIX C pe]_[IeHI/IeM HpI/IKJIaIlHBIX 3aga4
A9POJUHAMUKA U DJIEKTPOJMHAMUKH TPHUXOAMUTCS pPacCMaTpUBaTh  PEIICHHE
CHUHTYJISIPHBIX WHTETPaIbHBIX YpPaBHEHUH B Kiacce 000OMEHHBIX (PYHKITUH, TO €CTh,
HaIpuMep, CIeIyIoNIee YpaBHEHNE

1 1g(x)alx 1
—I —+aj K(x,x,)g(x)dx = f(x,), X, €(—L1). (1)
Tox=x, 7,

rae - K(x,x,) rengepoBckas (QYHKIMS, paccMaTpUBaeTCsd B ClydasX, Korja

mpaBasi 4acTh MOXET OBITh HEHMHTETpHUpyeMoil (yHKmmen [ (xo):(xo—q)fl. Kax

mokaszano B [1] mis xapakrepuctudeckoro ypaBHeHus (1) (o =0) gacTHOe pericHue
g(x) sBusercs nenvra-pyHkyeit. Jus Takux GyHKIUNA CHHTYISpHbIA nHTerpa B (1)

HAJI0 MOHUMATh KaK OnepaTop B 0000IMEHHBIX BecOBBIX COOONEBCKUX MPOCTPAHCTBAX,
OTIMPAsCh HAa U3BECTHBIC [2] CTIEKTpabHBIE COOTHOIICHHUS
1
1 T,(x)dx )
_I \/—2 =U, (%), )
T N1-x (xo—x)
1
1 1-x* U, (x)dx
—[ = = T (), (3)
T, Xy —X
IIe X, € (—1,1) , n=0,1,..., T,(x), U,(x) - nonmuHombl YeObllIeBa NEPBOro U
BTOpPOTO poja, KpoMe Toro, Oyaem cuntats, uto U_(x)=0.
IIpy @ =0 mnonyuyuM TaKk HA3bIBAEMOE XapaKTEPUCTHUYECKOE CHHTYISPHOE
UHTErpallbHOE YpaBHEHHE Ha OTPE3Ke

1¢ g(x)dx
—[ S = (). (4)
! x—x,

Bynem paccmarpuBare pemeHus ypaBHenuil (1) m (4) B kiacce ¢yHKUuid,
obpamarmonmuxcs B 66CKOHEYHOCTh Ha KoHIax orpeska [—1,1] u ymosierBopsromux

JOIOJHUTEIIBHOMY YCIIOBUIO
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1

[ gryax=C. (5)

PaccMoTpuM Bompoc O HaxOXKIEHHM pEIICHUs] ypaBHEHHUs (4) ¢ MpaBOM 4YacTbIO
-1

THna (X, — q) U IOTIOJIHUTENBHBIM yCIOBUEM (5)

1
%f i(f)jx:x 1_q., ge(-11). (6)
—1 0 0

Ecin moHuMaTh MHTErpajbHBIE ONEpaTop B ypaBHeHWH (6) Kak omepaTop B
0000m¢éHabIXx  COOONIEBCKMX TPOCTPAHCTBAX, TO MOXKHO 3amucaTh pEIICHHE
ypaBHeHUS (6) B ClIETyIONIEM BUIC

80 = (=) + ™
—X

rac CO - KOHCTaHTa, IoAJIeKalast OpeaAcIiCHULO.

Js maxoxnenus C, Bocnosibzyemcs yenosueM (5). Torna nomydaum
. 1
-+ C, arcsin x|_1 =C,

C
Cy=—+1. (8)

T
BepHeMCH TCIICPb K paCCMOTPCHUIO 06H_I€1"0 CHUHTYJISIPHOTI'O YPABHCHUS HA OTPE3KE

(1). Tax xax ¢ynkmus K(x,x,) sBugercs TIéNAEepOBCKOM IO 000MM CBOUM

apryMeHTaM, TO MOYXHO TPHUMEHUTh OOpaTHbI CHHTYNSAPHBIA OmepaTrop st
COOTBETCTBYIOIICTO  XapaKTEPUCTUYECKOro ypaBHeHHs (4) kK o00euM dacTsIMm
ypaBHeHU (1)

1
g(x)+aS™ I K(x,xy))g(x)dx,x |= s (f(x0 ),x) , )]
-1

rme S7'(*,x) - oOpaTHBIA CHHIYJSIPHBIH OIEPAaTOp IS XapaKTEPHCTHIECKOTO

ypaBHEHHS (4) B COOTBETCTBYIOIIEM KJIacce MMOMCKA PEIICHHA.

ITockonpKy mpuMeHEeHHE OOpaTHOTO CHHTYJSPHOTO OIeparopa K TénaepoBCKOI
¢$yHKUMU 7aéT TakKe TENIEPOBCKYI0 (QYHKINIO, TO AP0 UHTETPaIbHOTO ONepaTopa B
ypaBHeHuu (9) sBuAercss TENICPOBCKUM, IIO3TOMY JaHHOE YPaBHEHHE SBIETCA
MHTErpajibHBIM ypaBHeHHueM dpearonsma BTOporo pona. B Tex ciydasx, koroja o He
ABISIETCS. COOCTBEHHBIM YHCJIOM, MOKHO pacCMaTpHBaTh BOIPOC O IIOCTPOEHUH
YHUCIIEHHOT'O METOIa PEIIEHHUS JaHHOTO YPaBHEHUSI.

BoruncianreanHas cxema MeToAa JUCKPETHBIX BUXpel st
XapaKTepUCTHYECKOro ypaBHeHus (3) Npu yKa3aHHO# npaBoi yacTu

Bo3pméM Ha oTpeske [—1,1] Touku x; =—-1+(@{@-Dh, i=1,..,N, h=2(N—1)_1 "

TOUKU Xy, =X;+h/2, j=1,..,N—1. Jlna uncnensoro pewenns ypasHenus (1) npu

npaBoii yactu Buna (X, —¢) HAOO B3ATh CXeMy
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1Y h 1 '
—>gy(x) = , j=1.,N—1,
T X=Xy, Xo;—q

N
ZgN(xi) =C s
i=1

TIe qe{xl.}, i=2,..,N-1.

Kak cnenyer u3 pe3yJ‘ILTaTOB [2] “MeeM

g, ()=t I“V)Z Iy IC =1,

xl.xxoth

N N
1 [ T(x0,—x) H(xoj _xm)

TIe I(N) = o] > lfﬁ,? = (xON _x()j) e
tow T [1(x,-x) H( xOm)

e oy

[epenummem cuctemy (1 1) B BHJIE

gy(r)=rt 1<N>Z LA, h ) Lo,
Xi =g\ X;—Xo; Xo;—4 h

i;th, xiq =q,
h 1
hlffgj—+—1{,.N>c.
(xo_,-—q)

1
h
B pabote [2] momyueHsl cieayonme acCMMITOTUIECKHE IPEICTaBICHNUS

1 el
gN (q) = _ﬂ-zll,lq

=

BBeném Tenepb B pacCMOTpeHHE 1BE PYHKINH

! [1+£j i=i
glx)=1-g L A
gy(x), i=L. N, i=i,
O,i;tiq,

gN(Xi): gyv(g)— 1 (“’gj’ 1=1,.

J1-¢> 4

N3 ¢popmyin (16) u (17) BUIHO, YTO BBIOITHIETCS] PABEHCTBO
2y (xi)+g;:,k (xi) =gy (x,-) ,i=1L..,N.

(10)

(11

(12)

(13)

(14)

(15)

(16)

(17

(18)
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Paccmotpum BHavane (QyHKLIHIO g;\, (xl.). Hpu i#i, ¢ yuérom coorHowmenui (14)
1 (15) momyuum, 9To

" 1 1
(N) Ny " (N _
gN( ) 1 Z Ly, — +—1;;,'C=
J X; = Xo; Xo; ¢

1 Vl-x
| =Xy, X €(~1,1) (19)
T, Xg—X
[ToaToMy ¢ yu€rom onpenencaws (16)
. 1 C h
g (xl.):—(1+—j+0 — |, i=L..,N. (20)
N {1_x12 P (1 x )3/2

*%k
Beraucium teneps 3HaueHNe QYHKIMU g (xl.) IpH X; =¢ .

N-1
gu(g)=—ns1y 1y +1155V’C—;(1+£j=
h g — h J h 4 1— 2
j=1 (xo_/.—q) 4

N-l 1= X2
L ¥ VIt ol —" | @
T1-¢ F (v, -a) 1 (=)

[MpeacTaBUM KOHEYHYIO CYMMY B CIEIYIOIIEM BUJIE
(xof' - q)

gV AT

j1 (xo_; - ‘])2 J=l (xoj' - q)z A (xo_, Bl q)

—— g @ _ g
< /—q (xoj q) N N N

PaccMoTpuM KaXXyto U3 3TUX CYMM B OT/IEJIBHOCTH.
Tak xak

hm\/* gt \/_ \/1 X2 \/1 1

(ro—a) W 2(x-0) C (1-¢)”

< 00

b



162 . K. JIudanos, A. C. Henamen

TO S,(\}) sIBJIIETCSL CyMMO#U J{apOy COOTBETCTBYIOIIETO OINMPEISIEHHOr0 MHTErpaa,

SO = jF e \/—qu co| " =[
N -1 (xo_(])2 ’ 1-g*

¢ dx q o dx h
1= 2 0 0 10)
K J—‘1(350_‘1)2—F\/l_qz‘[l(xo_q) ' (1_42)3/2

HarmmomMHuM M3BECTHOE PAaBEHCTBO [2]

II03TOMY

— =-1, (22)

TOTIa

1
o _ . ] 1} q diy ol h
i (1—q+1+q +\/1—q2'[1(x0—Q) ' (1-¢2)"

1
I S & ol M| 23)

-4 \1-¢? L E) (1-¢2)"

Boruncium teneps S\ .

q N-1 h

\/1 : ;xoj

CornacHO CBOWCTB KBagpaTYpPHBIX CYMM Uil CHHTYJSIDHBIX HMHTErpajioB [3]
HOJIY4HM, YTO

S = (24)

Sy =

+0 . (25)

\/1

W3 Beipaxennii (23) u (25) cnexyer

S-S0 =-7+ +0 . (26)

Hakonen, BeraucinM cymmy Sy, 2

(2) _ ll_qz m 1 M 1
~vi Z( _q)2 h 2;(k+1/2)2+1§1(k+1/2)2 - @7
rIe mzmin(l’q,N— 1) M= max(l N—-i —l)

Tak xak Touka q - (I)I/IKCI/IPOBaHHaH TOYKa, TO U3 N—>woum—wo CJICOYCT, YTO

BTOpOE ciaraeMoe B ¢opmyiie (27) ctpeMutbes K Hyto. Jlanee uspectHa dpopmyna [2]
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d—— =3 (28)

k=0 2k+1

MO3TOMY

J1=a> 72 +O(h
SO = q72+ ()_ 29)
OKOH‘I&TCJ‘ILHO HOJIyllI/IM

N 1=x( h Ny
Z 0j — g4 1 q +O(h)+ 2 +0 h (30)

= (XOJ- —6])2 - h \/l_qz (1—612)3/2
[Moacrasum (30) B (21), Torma

g (q) -0, 31)

ok
HerpynHo 3ameruts, uro (GyHKUMA g, (X;) SBISETCS AUCKPETHBIM aHAJIOIOM

nenbTa - (yHKOouM. JIeHCTBUTENBHO, €CIM BBECTH B PACCMOTPEHHE KYCOYHO-
HETPEPBIBHYIO (DYHKIHIO

0,x¢ |:x0iq—1’x0iq }

Gy (x)=
8y (‘I)a X e |:x0iq—1’x0iq:|’

(32)

To ans o000l HMHTErpupyeMoil Ha HWHTepBaje (—1,1) U JIMIIIMIEBOA B

OKPECTHOCTH TOUKU ¢ (QyHKIMHU f(X) BBIMOJIHIETCS PABEHCTBO

1
lim [ GY (x).f (n)dx =-7 (). (33)

Ha ocnose Beipaxenuii (20) u (31) nonyyaem, 4to

! (1+£J+0 _ i#i
ll—xl-z T (l—xiz)3/2 > q°

gy(x)= (34)

—£+;(1+£)+0 Lm =1,
A N (]

[Tepeiiném Tenepb K pacCMOTPEHHIO YHCIEHHOTO PEIICHHS TIOJIHOTO CHHTYJISIPHOTO
ypaBHeHus Ha oTpeske (1).

BoruncanrenbHas cxeMa MeTOAAa ANCKPETHBIX BHXPed [Jsi TOJHOTO
ypaBHenus (1) npu yka3zaHHoil npaBoii yacTu
Breném xanonmveckoe pazoueHne otpe3ka [—1,1] kak ¥ B MpeApIayImIeM ITyHKTE.

Torna 4mcieHHasi cxema Jisl penieHus: ypaBHeHus (1) OyneT BBITISAETh CIeIYONNM
obpazom
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1oy h .
— 7t —2.8v(%) +hK (x;,%,) |= ,j=L.,N-1, (35)
i=1

X; =X

> gy (x)=C, (36)
i=1

rIe qe{xi}, i=2,..N=-2.

Jns  nokazarenbcTBa CXOAWMOCTH JaHHOW UHCICHHON CXEMBI IIPEICTaBUM
YUCJICHHOE pelleHne ypaBHeHUs (35) B BUJIE CIIETYIOICH CYMMEBI

gy(x)=wy(x)+poy(x), i=1L..,N-1, (37)
rne vy (xi) - YHUCJIICHHOC PCHICHUE COOTBETCTBYIOUICIO XAapaKTCPUCTUUYCCKOI'O

ypaBHEHUS, pACCMOTPEHHOE B MPEABIAYIEM IMyHKTE. Torma cucrema ypaBHeHHH (35)
u (36) npeoOpaszyercs K CIISAYIOEMY BUIY

1. 18 h
_7n+_sz(xi) +hK(xi’x0j) =
V4 T3 X, —X

i 0j

1 N-1
S AR () 69
i=1

> py(x)=0. (39)
i=1

Paccmorpum mpenmen mpaBoit yactu ypaBHeHus (38) mpu 4 — 0. CoriacHo
CBOWCTBY pELICHHsI XapaKTEPHUCTUUECKOTO YPaBHEHUsI TOTYYHM, YTO

1& h
_;;l//N(xi)hK(‘xii'XOJ) = K(C]axoj‘)'l'O(ﬁ} :

Takum oOpa3om, mpaBasg 4YacTh cucTeMbl (38) sBiseTCS IUCKPETHBIM
npuOmmKkeHneM TéngepoBckoil (yHKiuu. s cucrem Takoro Buma B [2] Oblna
JOKa3aHa CXOIUMOCTb K TOYHOMY pPEIIEHUI0O COOTBETCTBYIOIIEIO  IIOJIHOTO
CHHTYJISIpHOTO ypaBHeHHs (1) Ha oTpeske.
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Anroput™ GyHKIIMOHUPOBAHUS MHOTOAreHTHOM CUCTEMBbI
JTAHAMUAYECKOT0 YIPAaBICHUSI KOMIIBIOTEPHBIMU CETSIMU

1O. N. Jloces, K. M. Pykkac

Xapvrosckuil nayuonanvHulil yHueepcumem um. B.H. Kapasuna, Yxkpauna

The modern approach to artificial intelligence is centered around the concept of a
multiagent system. The paper describes variant of the work of agent of an information
network control system. In the article proposes algorithm of work for multiagent
system of network control.

1. O0mast MOCTAHOBKA 3a1a4M M €€ aKTYAJIbHOCTh

B Hacrosimee Bpemsi pacTeT NOTPEOHOCTh B Iepejade pasziIMyHOro BUAA
UHQOpPMalM 10 KOMIBIOTEPHBIM ceTsiM. Baxnelmied 3ajgaueil permaeMod B
KOMIIBIOTEPHBIX CETAX ABIsAETCS OUHaMHueckoe ympasieHue ([Y), xoropoe
o0ecreunBaeT pacHpeneieHHe IOTOKOB HHPOPMAUM C LEJIb0  HAWIYyYIIero
WCTIOJB30BAHNUA PECYpCOB CETH TPU YAOBIETBOPEHHWH TpeOoBaHMN aOOHEHTOB IO
noctaBke uHGopMmanuu. OIHAKO MPH IWHAMUYECKOM YIPABICHUH KOMIBIOTCPHBIMH
CeTSIMM BO3HMKAIOT TPYIHOCTH, CBSI3aHHBIE C HMHTErpalyeil pa3iandYHBIX IOTOKOB
MH(QOPMAINK, KOTOPbIE MPEAbABIIOT pa3jIniyHble TPEOOBAaHUA K KaueCTBY AOCTABKU
uHpopmanuu. OTHUM H3 ITyTel PEUICHUS] 3TOH MPOOIEMBI SIBISETCS HUCIONB30BaHHE
MHOTOareHTHBIX cucteM (MAC).

2. UcTokM Hcciie0BaHUs AaBTOPOB

Hacrosmmast pabGora ommpaercs Ha aHamu3 MeTomoB cuHTe3a MAC [2], amamm3
ocobeHHocTel ucnonb3oBanuss MAC npu JUHAMUYECKUM YIpPaBIcHUs MU(POBBIMU
CEeTSIMH MHTETPAILHOTO 00CTYKIUBAHHMS.

3. Hepemenublie mpoGjeMbl U eI padoThl

Pazpabortare MoJeNib B3aUMOJICHCTBHSI areHTOB, KOTOpas Obl oOecredmia
s¢dexkTuBHOE (YHKIIMOHUPOBaHUE MAC JTMHAMAYECKOTO yIpaBICHUS
KOMIIbIOTCPHBIMU CECTAMMU.

4. Anaau3 cTpykTypbl MAC ITMHAMHYECKOr0 YNpaBJeHH KOMIbIOTEPHBIMH
ceTsIMHU

B [2] mpuBenensl paznuuable TUNBI CTpykKTyp MAC. M3 koropeix Hanbomee
O0IIMMH THIAaMHU CTPYKTYp SBIJISIOTCSI HMepapXuyeckue M rerepapxud. [lompoOHsiit
aHanu3 A(QQPEKTUBHOCTH TAaKUX CHCTEM IPUMEHUTENBHO K JAWHAMUYECKOMY
YIpaBIeHUIO KOMITBIOTEPHBIMH CeTMHU npuBefieH B [1]. Ha ocHoBaHMM MTPOBEIEHHOTO
aHanu3a B pabote [1] paspabotana crpykrypa MAC Y KOMIBIOTEpHBIMH CETSIMU
(cm. Pumc. 1). AnroputM pabotbl Takoi MAC cocToMT B CleQymooIeM: Ha
LIEHTPAJIbHOM Y3JIe¢ KOMMYTAIlMM PAacIOjlaraeTcs areHT, YIpaBJLromuil cersio. Ero
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3a7jaya COCTOMT B TOM, YTO OH YCTaHaBJIHMBAaeT HawOojee BaXKHbIe TPeOOBAaHUS MO
KayecTBy OOCITY)KUBaHUS TOW WJIM WHOW WUWHPOpMAIMM B CETH, B Clydac
HEOOXOIMMOCTH C TOMOINBIO YIPABISIOMNX BO3MEHCTBHNA KOPPEKTUPYET NEHCTBHS
JIpPYTHX areHTOB, a TaKKe YCTpaHseT BO3HHUKAIONIME B CHUCTEME KOH(IMKTHBIE
CUTYaIIHH.

Ha npyrux ysmax pacnonaratoTcsi areHThI, YNPaBJSIONIAE COOTBETCTBYIOIIUMHU
[EeHTpaMH KOMMYTAIlMH. DTH areHThl PelaloT 3a/1ady yIpaBiIeHHUS pacupeielieHueM
pecypcoB B ILIEHTpax KOMMYTAaIHH.

AT EHT,
= ¥IOIPABIARIIGEE
CETEED
-
AT OPHTMETL
AT eET LI WIIPAEJISHIA
= P ECT R CAaME
CETH
ArewT LT
ATEHT,
I TLAEC TITEE|
e
T WA TTK
|Are}rrL1K |
AT OPETMET
Arest 1T YTIPABJIEHHA
= PECTpCanmT
: CETH
Aresr LT
MAC LI MAC LI MAC LI DAAC TR

Puc.1. Cmpyxmypuas cxema MAC YV xomnwvromeproti cemu.

Ha kaxxmom 1eHTpe KOMMYyTaIlliUd KpPOME YIPaBIISIIONIET0 areHTa pacroiiararoTcs
JpyTHe areHThl, OTMEYEHHBbIE Ha paccMaTpPHBAaeMO#l cXeMe KaK areHThl IIeHTpa
komMmyTarui. OHM pemalT 4YacTHbIE 33Jaddl M Y4YacTBYIOT B YIIPaBICHHH
pacnpeneneHieM OTAEIbHBIX BUAOB pecypcoB. @yHKIMHU areHra, ynpasnsomero 1K,
MO0 CyTW, aHAJIOTHYHBl (QYHKIHMSIM areHTa, YyMNpPaBJSIOMIEr0 CEeThI0, HO TOJBKO
pacmpocTpaHiaoTcs B MacmTabax y3ma. Takum o0pa3oM, Ha KaXIOM LEHTpe
KOMMYTAIIUH PacIojiaraeTcsi COBOKYIMHOCTh B3aMOCBSI3aHHBIX areHTOB, 00pa3yIoIINX
MHOTOAreHTHYI0 CHUCTEMY IUHAMHYECKOTO VYIPABICHUA IECHTPOM KOMMYTAIIUU —
MAC I1IK. MHoroareHTHbIe CHCTEMBI OTHAEAbHBIX LK sBisStoTCcsS IMOACHCTEMaMHu
MHOTOAreHTHOI CHCTEMBI NWHAMHYECKOTO yrpaBieHus Bced ceTH. CTpyKTypHas
cxema MAC LK npeacrasnena Ha Puc. 2. Ha 3Tolf cxeme KakaoMy HampaBiIeHHIO
CBS3M COOTBETCTBYET CBOM yHpaBsOmuid areHT. YWciIo Takux areHToB
COOTBETCTBYCT KOJMYECTBY HaIpaBiCHWM mepemaun Ha maHHoM LK. DTm areHTsI
ONPENeNsIOT 3HAueHHWsl IIOKaszaTeleil, MO KOTOPHIM OCYIIECTBIISIETCS BBIOOD
HampaBleHHs  Tmepenadd. l[lomydeHHbIe  pe3yJbTaThl  IMEPENalOTCs  areHry,
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ynpasisitomnemy LK, xotopsrif ocymiecTBiser BbIOOp HampaBieHua. Kpome Toro,
arent, ynpasmioumii LK, onenmBas s¢d¢exkTHBHOCTE mepenauyd WHPOPMAIH,
oTIpeieIsIeT MPaBUILHOCTh BBIOOpa HampapiieHna. Ecimm 3 PeKTHBHOCTH MOCTaBKH
COOOIIEHNI HE YIOBIETBOPSET MPEABABISIEMBIM TPeOOBaHUAM, TO AJS UX INepenadu
BBIOMpAeTCs Ipyroe HampaBJicHHE.

¥ areHTY, ¥IpaEIARSIIE MY
CETBE:

|

- AESHFL
- yRpoararongesE LR ‘
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VP AE ARSI M
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VIR BRI TATE VR BRI TITE VRPN SR HILFTITE
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ROFROROE
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RECHI, VRPASIAFIYT
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Puc. 2. Cmpyxmypnas cxema MAC LK.

ATEHT, yIpaBIsIOUi BEIOpAaHHBIM HAMpaBICHUEM IMEpeayun, B3aUMOICHCTBYET C
areHTOM, YIPaBJISIONNM MapIIpyTH3AUEH, U JaeT eMy HeOOXO0AUMYI0 HH(OpMAIIHIO
U BbIOOpa MapmipyTa. BBIMOTHUB CBOIO  3ajady, areHr, YIPaBJISIONTHI
MaplipyTH3alMel, MepefaeT JaHHbBIE O  BBHIODAHHOM  MaplIpyTe€  arcHry,
YIPABIAIONIEMY COBMECTHBIM OOCTYXHBaHHUEM Pa3HOPOAHBIX MOTOKOB. C MOMOIIIBIO
9TOrO areHTa, KOTOpPhIH OTBEYaeT 3a (OPMHPOBAHHE OUYEPEIHOCTH TMepeaadn
noctynamiei uH(GOpMAIUK, OIpPENeIsIeTcs MOMEHT BPEMCHU Hayalla Iepeiadyu
obcnykuBaeMoii mH(popManuu. 3aaadell 3TOro areHTa SIBISETCSA TaKXKe YCTaHOBICHUS
(akTa BO3HUKHOBEHHs B KaHaie TNeperpy3kd. Ecim 3TOT (akT yCTaHOBIEH, TO
COOTBETCTBYIOIIAass HWHGOpPMAIlMs TMEPEeNacTCcsl arcHTaM, YIPaBISIOUIMM OOphOOH ¢
neperpy3kamMu. C MOMOIIBIO 3TUX arcHTOB NMPUHUMAIOTCS MEphI, HAIIPaBJICHHBIC Ha
YMEHBIIICHHE 3arpy>KCHHOCTH Y3J0B W 3(QQEKTHBHOE paclpelelicHHe pPecypcoB
OydepHOro mnpocTpaHcTBa. BEBIMONHEHHE 3THX MEpP CIOCOOCTBYIOT JIMKBUIAAINH
MIeperpy3Ku U YMEHBIICHUIO BEPOSATHOCTU BOSHUKHOBEHUS OJIOKMPOBOK.

IMepen Tem, Kak mepenaBaTh WHOOPMAIMIO, CBOK 33734y BBIMOJIHIET AarcHT,
VIPaBISIONIANA BBHIOOPOM TapamMeTpoB TpoTokona. C IMOMOINBIO 3TOrO0 areHTa
YCTaHABIUBAIOTCS TaKUE 3HAYCHHS BEIIMYMHBI OKHA W JJIUTEIILHOCTU TaliM-ayTa AJist
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JAHHOTO COCIHMHEHHS, KOTOpble ofecreyar MakCHMalbHYI 3((EeKTHBHOCTD
JIOCTaBKHU.

Brmonnenne yka3aHHBIMH areHTaMH CBOMX 3a7lad  BO3MOXKHO TMIPH WX
B3aMMOJICHCTBUM C AareHTOM, KOHTPOJMPYIOIIUM COCTOSHHE CeTH. OJTOT areHT
cobupaeT HEOOXOAMMYI0 HHPOPMAIUIO, XapaKTePHU3YIOIIYIO TEKYyIllee COCTOSHUE TeX
WIA WHBIX DJIIEMEHTOB CETH, W BBIaeT €€ JPYIHMM arcHTaM, YIPaBIISIONUM
nH()OPMAITMOHHEIM oOMeHOoM. Kpome Toro, 3ty MH(OpMAIMio HCIOIL3YyEeT arcHT,
ynpasistommii 1K, 3amadeit KoToporo SBISETCA TaKKe YCTPaHEHUE KOH(IMKTHBIX
cutyanui, Bo3uukaromux B LIK Bcineactsue ocymectBieHus apyrumu arenramu LK
CBOUX YIPAaBIAKOIIUX BO3AeUCTBUNA. [Ipy HamuyuMu Takux CUTyalldid 3TOT areHT
MIPUHMMAET OKOHYATEIbHOE PELIeHNE 110 YIIPAaBICHUIO, HAPaBJICHHOE Ha IOBBIIICHUE
apdpexTrBHOCTH QyHKIMOHMpoBaHus LIK B iemom.

IIpu BBIOOpE cmocoba KOOPAWMHHPOBAaHWS areHToB B mpemnaraemoir MAC
1ejaecooOpa3Ho ee yCIOBHO pa30uTh Ha JBE MOACHCTEMEI. B coctaB mepBoit
MOJICUCTEMBI BOUTYT:

- areHT, ynpasisttonuil LIK;

- areHThI, yIPABISIONINE HAPaBICHUSIMH TIepeaadn;

- areHT, YIPaBISIFOLINI MapLIIpyTU3ALHAEH;

- areHT, KOHTPOJIUPYIOIINHI COCTOSIHUE CETH.

B coctaB apyroii moacucTeMsl, KpoMe areHTa, KOHTPOJIHPYIOIIET0 COCTOSTHHAE
CETH, NEUCTBUS KOTOPOTO OJMHAKOBO BaXKHEI IJIs1 oOecreueHus: paboThl 00enx
MOJICUCTEM, CJIEIYET TaKKe BKIIOUUTH:

- areHTa, YIPaBISAIONIEr0 COBMECTHBIM 00CITY>)KHBAHUEM Pa3HOPOIHBIX TIOTOKOB;

- areHTa, YIpaBJIIoniero 60pr00ii ¢ meperpy3kamu;

- areHTa, YIPaBISIONIero BHIOOPOM apaMeTPOB MPOTOKOJIOB.

B mepBoii moacucTeme UIA COTNIaCOBaHWSA JACWCTBUH areHTOB HEOOXOAUMO
WCTIOJH30BAaTh BAPHAHT C KOOPAWHUPYIOIINM areHTOM. JTO BBITEKAET U3 CIEIyIOIINX
cooOpakeHni. Bo-mepBbIX, yKa3aHHBIA CMOCO0 KOOPAMHAIIMM COOTBETCTBYET
MOPSAJIKY BBIIIOJHEHUS AareHTaMd JaHHOW MOJCHCTEMBI CBOMX 3amad. Hampuwmep,
OKOHYATENFHOE PEIIeHre 110 BEIOOPY HAIpaBIIEHUS Mepeaadr MPUHUMAETCS areHTOM,
yrpaisromuM K, Ha ocHOBe aHanM3a YacTHBIX PELICHHM, MPEIOCTABIAEMBIX EMY
areHTaMHu, YMPaBJSIONIMMU HANpaBlIeHUSIMU Tepenadn. Bo-BTOphIX, B ATOH CHUCTEME
IUIS TIPUHATUS pEUIeHHS B OCHOBHOM WCIOJB3YeTCs HeMoNHas WHopMaIus o
coctostHMHA ceTH. Ha ocHOBaHmM Takoil WH(pOpPMAaIWU areHTy IOCTAaTOYHO TPYIHO
NpUHATH TpaBWiIbHOE pemieHune. Kak crmegyer w3 aHanM3a  BapHaHTOB
KOOPAMHUPOBaHUS, MpPOBeACHHOTO B [l], B cHTyamusx, KOrJa BepPOSTHOCTH
MPaBUIBHOTO pEIICHUS YNPaBISIEMBIM areHTOM CBOE€H 3aJadd  CPaBHUTEIBHO
HEBENMKa, 11eJIecO00pa3Ho HCIMOJIb30BaTh CUCTEMY C KOOPAWHUPYIOIIMM areHToM. B
pOJIM TaKOTrO areHTa CleAyeT HCIONIb30BaTh areHTa, ymnpasisomero 1[K. 3a stum
areHTOM JOJDKHO OBITh 3aKPETUIEHO MPAaBO KOHTPOJIHPOBATH PE3yIbTATHl YIIPABICHHUS
JIPYTUX areHTOB, OOPOTHCS C BO3HUKAIONIUMHU KOH(MIMKTHBIMHU CUTYAIlUSIMHU, & TAKXKE
MIPUHUMATh OKOHYATEIBHOE PEIICHHUE MO BHIOOPY BapHaHTa YIpaBiIeHUs. B-TpeThux,
YUCII0O areHTOB B YKa3aHHOW TIIOACHCTEME 3aBHCHT OT KOJHYECTBAa B IEHTpE
KOMMYTAITUN HalpaBlIeHUH Tepemnadd. B oOmieM cirydae 3THX HAIpPaBICHUH MOXKET
OBITH JOCTATOYHO MHOTO. TOTJa YWCIO areHTOB B pPacCMaTPUBAEMOM IOJCHCTEME
takke Oyner OosbmuM. COrIacHO MPOBEACHHBIM paHEe UCCICAOBAHUSAM, 3TOT (akKT
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TaKXXC IMOATBCPIKIAACT HCO6XOI[I/IMOCTI) HCIIOJIb30BaHMA B JaHHOM CJIy4a€ CHUCTEMEI C
KOOPIUHHUPYIOIUM areHTOM.

B apyroit moacucteMe i KOOpJAWHAIIMM  JEWCTBUH areHTOB  ClielyeT
UCIIOJIL30BATh METO/I CAMOPETYJISIIUU. DTO 00YCIOBIIEHO, BO-TIEPBHIX, CPABHHTEIEHON
HE3aBUCUMOCTBIO 33J1a4, PeIlaeMbIX areHTaMHu. OTH 3a7laud areHThl MOTYT pPellaTh
napasuieNbHO, & Pe3yNbTaThl UX PEIISHHs TOYTH He BIUSIOT ApyT Ha Apyra. [losTomy
B TaKOW CHCTEME HET OOJBIIOH He0OXOMUMOCTH COTJIACOBBIBATH 00IIIee pemeHue. Bo-
BTOPBIX, IPU PCUICHHU CBOMX 3aJja4 arcHTbl HWCIIOJB3YIOT B OCHOBHOM IIOJIHYIO H
JIOCTOBEpHYIO WH(OpMAIIMIO, HAapUMep CBEIeHHsI O pachpeielneHun OydepHOTro
MPOCTpPaHCTBA WM 3Ha4ueHUH Kod(ddummenta 3arpy3ku cBoero IIK. Ilosromy, kak
ImpaBuJIo, BEPOATHOCTDH IIPpUHATHAA OTUMU arcHTaMu IMpaBUJIBHOTO  PCIICHUA
JOCTaTOYHO BBICOKA. B-TpeThuX, YHMCIIO areHTOB B 3TOW IMOJCHCTEME HEBENHKO, YTO
OTBEYaeT yKa3aHHBIM PaHee YCIOBHUAM MTPUMEHEHHS CAMOPETYIHPYIOIIUXCS CUCTEM.

IIpuBeneHHass CTpyKTypHasl cXe€Ma IOKAa3bIBA€T COCTAB MHOTOAr€HTHOM CHCTEMBI
JUHAMHYECKOTO YIIPABJICHUS IIEHTPa KOMMYTAllMd M B3aUMOJECHCTBUE €€ DIEMEHTOB.
Juis Gonee meTanbHOTO MOSCHEHUS (YHKIHOHUpoBaHUs cuHTesupyemoir MAC LK
HE0OXOIMMO TTOAPOOHO OMHCATh OCOOCHHOCTH W MOPSAOK OCYIIECTBICHHUS METOIOB,
peaﬂnsauneﬁ KOTOPBIX AOCTUTACTCA BBIIIOJTHECHUC ar€HTaMU CBOUX 3ajady. Ho MpexIC
4eM IEepedTH K MOCTPOCHHUIO ANTOPUTMOB pabOTHl OTAEIBHBIX areHTOB, Tpedyercs
COCTaBUTh aJTOPUTM (PYHKIMOHHPOBAHUS BCEH MHOTOAreHTHOM CHCTEMBI. OJTO
IMO3BOJIUT YCTAHOBUTH CBA3b MEXKAY YaCTHbBIMU aJlrOpUTMaMH, NPOaHATIU3UPOBATH
MECTO U POJIb K&KAOTO U3 HUX BO BCEM MpOIECCe AMHAMHYECKOTO YIPABICHHS.

5. AaroputM (YHKHMOHMPOBAHMST MHOIOAr€HTHOH CHCTEMbI LEHTpPa
KOMMYTalHuu

[Iponecc ympapneHuss HHPOPMAIIMOHHBIM OOMEHOM Ha y3J7€ KOMMYTAIlHA MOKHO
MIPEICTABUTH B BHJIE TIOBTOPSIONIMXCS IUKIOB OOCITYKHBAHHUS TOCTYTIAIONINX 3asSBOK.
Kaxapiil Tako¥ HUKII BKIIIOYAET CIAEAYIOLIME NPOLEAYPhI:

- BEIOOp HampaBiIeHUs Mlepeaadn;

- MapUIpyTU3ALHNIO;

- IOCTAaHOBKY 3a4BKU B KAHAJIBHYIO O4YC€PC/Ib,

- BEIOOp MapaMeTpoB ISl Iepeaayy;

- OIpeeNICHUE HAIUYUs IEPErpy3KY;

- B ClIy4ae HeOOXOAMMOCTH MPUHITHE MEP MO YCTPAHEHHIO MTEPETPY3KH;

- OLIEHKY 3 (PEKTHBHOCTH OCYIIECCTBIIIEMOTO YIPABJICHUS U, €CIIH TpebyeTcsi, ero
KOPPEKTHUPOBKY.

[ToaToMy mociiemoBaTenbHOCTE (pyHKIIHOHUpOoBaHusT MAC LK, HanmpaBineHHOTO Ha
yOpaBieHHe YKa3aHHBIMH IpOLEAypaMH, YIOOHO OIMCHIBaTh B BHIE alrOpPHUTMA,
BBINOJIHEHHE KOTOPOT0 MOBTOPSAETCS JUIsl KaX A0l mocTynaromei 3asBku. biok-cxema
TaKoro ajJropuTMa MpeAcTaBiIeHa Ha puC. 3.

IIpu nmocTynienny 3asBKU Ha 0OCIy>KUBaHHUE areHT, ynpasisonuii LIK, momydaet
0 Hel wucxonmHsle HaHHbIe (ONMOK 1). ATEHTBH, yHpaBISIOUIME HAIPaBICHUSIMHU
nepenayy, Nojy4daroT OT areHra, ynpasistomero LK, 3ananue onpeneiauTs, ¢ KakKUM
KadecTBOM TMOCTynuBIIas WHopMamus OyAeT mepenaBaThCs IO KaKAOMY W3
HanpaBiaeHuii (Oyok 2), a 3aTeM IyTeM B3aMMOJICWCTBUS C  arcHTOM,
KOHTPOJIUPYIOIIMM COCTOSHHE CETH, ONpEAeNsAloT 3HA4YeHUs IoKaszaTenei, 1o
KOTOPBIM OYyJZIET OCYIIECTBIATHCS BBHIOOpP Hamiaydmiero HamparieHus (Omok 3). OTu
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pe3yabpTaThl OTHPABISIOTCS areHTy, ynpasisoomeMmy LK, koTopelii npuHumaer
pemieHne o BBIOOpe HampaBieHus mnepenadn (Onox 4). AreHT, YNpaBISIOIIUi
BBIOpAaHHBIM HAIpaBICHUEM, IPUHMMAET 3aJaHue IepelaBaTh HH(oOpManuoo Mo
CBOEMY HaIlpaBJICHHUIO, a TAKXKe HEOOXOIMMBIE I 3TOTO UCXOIHbBIE JaHHBIE (OJIOK 5).
3aTreM OH OTIpaBJsIET JaHHBIE O MOCTYMHBILEH 3asBKE W HampaBlieHHHU, B Iperenax
KOTOpOro ee ClieAyeT IepelaBaTh, arcHTY, YIpaBISIOLIEMY MapiupyTusanueid. B
IpoLIeCCe YHPABICHUS 3TOM MpoLexypod MPOM3BOAMTCS BBIOOP anropurMa
MapUIpyTH3alMH B 3aBHCHMOCTH OT IPUCYTCTBYIOIIMX B CETH YCIOBUH (OnOK 95).
[locie Toro, kak onpeaenuTcss MapUIpyT Nnepeaadn nHPOpMaLnH, TOTydYeHHas 3asBKa
CTaBUTCSI B COOTBETCTBYIOLIYIO KaHAJIbHYIO Ouepeib. YIPABICHHE 3TUM IPOLECCOM
OCYIIECTBIISIETCS. ~ areHTOM,  YIPaBISIIONIMM ~ COBMECTHBIM  OOCIY)KHBaHHEM
pa3HOPOAHBIX TOTOKOB (Oyok 6). Ha srom sTame ompenensiercss MecTo 3asiBKH B
KaHAJIBHOM OoYepelqy Ha IepeAady B COOTBETCTBHHM C YCTaHOBJICHHOW AWCLMIITMHON
obciykuBanusi. Kpome TOro, yKazaHHBIM areHT omnpenenseT (akT BOSHUKHOBECHHUS B
KaHaJle TIeperpys3Ku.

Ecnu neperpyska uMeercs (IpoBepKa 3TOr0 yCIOBUS IPOU3BOAUTCS B OJI0Ke 7), TO
aKTHBU3UPYETCS areHT, YIpaBJAIONUN OoprOol ¢ meperpy3kamm (0ok 8). Ero
NEWCTBUE NPONOIDKAETCS JO TeX Iop, IMOKa IMeperpy3ka He OyAeT ycTpaHeHa.
Pesynbrartel ero (yHKIMOHHPOBaHMS KOHTPOJIMPYIOTCS AareHTOM, YIPaBJISIOLINM
COBMECTHBIM O00CIYyXMBaHHEM Pa3HOPOAHBIX IIOTOKOB, IIyT€M HPOBEPKU HAIUYUS
neperpy3ku (61ox 7).

B cmydae OTCyTCTBHSI TEpemoSHEHHs 3allOMHUHAIOUIETO ycTpoiicTBa B Ojoke 9
COOTBETCTBYIOIIMM areHTOM IIPOM3BOAUTCS YHPABICHHE BHIOOPOM IapaMeTpoOB
OpoTOKOJa. B pesynbraTe BBINOJHEHHS STOH MNPOLEAYphl B 3aBHCUMOCTH OT
COCTOSIHUSI CETH YCTaHABIMBAIOTCS 3HAUCHHS BEIUYMHBI OKHA U JUIMTEILHOCTU TaliM-
ayTa.

Jlanee B mpoliecce mnepenaun areHToMm, ynpasistomuMm 1K, npousBoguTcs
KOHTPOJIb TPAaBWIBHOCTH OCyIIecTBIsieMoro ympasieHus (6moxk 10). Ecom B
pe3yabTaTe KOHTPOJIsi 00HAPYXKEHO, YTO 3(pPEeKTUBHOCTH Mepeaay He yIOBICTBOPSIET
TpeboBanusM (670k 10), TO YTOUHSIOTCSA WCXOomHBIC maHHBIe (00K 11) m mporecc
yIpaBlieHHS OCYIIECTBIISIETCS 3aHOBO, HAuWHas C JTama BBIOOpa HAampaBlCHHS
nepenaun. Ecnu sxe pe3ynbTaThl KOHTPOJIS OJI0XKUTENBHBI, TO AalbHEHIIas nepenaya
NPOIOJDKAETCS A0 €€ OKOHUAHHMS.

JlaHHBIE ~ anropuT™M  CONEPXKMT  JIMIIb  OCHOBHBIE  JTambl  Ipolecca
¢ynkunonupoBannss MAC LK. B pampHedimem HeoOXoanMma ero AeTaln3alus,
KOTOpasi CBOIUTCA K ONHMCAHHIO OCOOCHHOCTEH  HCIOJNB3YEeMBIX  METOJOB
JUHAMHYECKOIO YIPABICHUS U COCTaBJICHHIO JITOPUTMOB pabOTHl areHTOB IO HX
peannzanumu.

6. BbIBOIBI IO pe3y/IbTaTaM W HATIPABJIEHUS AAJbHEHIINX Hccael0BaHu

Ha ocHOBaHMM mNpOBeNEHHOrO aHaidM3a 3a7ad JUHAMUYECKOTO YIIPaBICHHUS
KOMITBIOTEPHBIMH ceTMU U cTpyKTypsl MAC JIY KOMIBIOTEPHOH CEeThIO pa3padoTaH
anroput™m (ynkimonnpoannss MAC JIY KOMIIBIOTEPHOH CETH, KOTOPBIA MO3BOJIUT

3(1)(1)6KTI/IBHO pelmaTh 3aJa9u JUHAMHWYCCKOr'0 YIIpaBJICHUS KOMIIBIOTECPHBIMHA CETSIAMU.
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Koppensiunonnsie pyHKIUU
U KBa3UJETEPMUHUPOBAHHBIE CUTHAJIBI

A. IO. IletpoBa, B. A. ®anees, H. B. Uepemckas

Xapvkosckuil eymanumapuwiti yrugepcumem «Hapoounas ykpaunckas akademusy, Yrpauna
@I/, Xapvrosckuil MAUUHOCMPOUmMenbHbll 34600, YKkpauna
Hayuonanvuviii mexnuyeckuil ynugepcumem «XapbKo8CKutl NOAUMEXHUYECKUN UHCHUNYINY

In the article random sequences, processes and fields on the given mathematical
expectations and correlation functions are reconstructed. At the same time the
corresponding random sequences are defined by the set of finite random quantities,
what effectively facilitates the consequent analysis of the probabilistic models with
such random sequences. It is important that nonstandard random processes and
sequences of the finite rank of nonstationarity confined themselves to the
reconstruction scheme

1. O01masi MOCTAHOBKA 321a4M M €€ aKTYaJIbHOCTh

[Ipu 06paboTKe MaHHBIX O CIYYaWHBIX (PYHKIHAX Halle BCErO0 OTPAaHHYHBAIOTCS
MMOCTPOCHUEM SMITUPUICCKON KOPPEIAITHOHHONW QYHKITUH. B CBS3U ¢ 3THM BO3HHKACT
3aJada O MOCTPOCHUH Cly4yaiHOW (QyHKIMH (KBa3UAETCPMHUHUPOBAHHOTO CUTHANA),
orpenensieMoll KOHEYHHIM HaOOpOM CITydalHBIX BEIHYHMH U UMEIOIIeH 3alaHHYIO
KOPPEIAINOHAYIO (DYHKIHIO, TIPUYEM CIY4YaiHy0 (YHKIIHIO 9aCTO MOXHO CUHTATh
raycCoBCKOM, TaK KaKk BO MHOTHX CJIy4asX Ha BBIXOJE CHCTEMBI IOJIy4aeTcs
CITy4alHBI CUTHAJ, KOTOPBIA JOCTATOYHO XOPOIIO AMMPOKCUMHUPYETCSI FayCCOBCKUM.

Jns  cTanmMoHapHBIX CIy4YalHBIX TIPOIIECCOB Takas 3ajada MOJEIUPOBaHUS
JETEPMUHUPOBAHHOTO CIYYallHOTO Tpoliecca 1O KOPPENsIHOHHON (yHKIuMM Oblia
pemena B [1], Anst cry4aiiHBIX TOJIeH aHaIOTWYHAs 3a4a4a Oblia paccMoTpeHa B [2].

s cny4yailHBIX MOCIIEA0BATENBHOCTEN U JUCKPETHBIX CIIy4YallHBIX MOJIEH, a TaKKe
JUTS HECTAIIMOHAPHBIX CITyJaifHBIX CHTHAJIOB MTPOOJIeMa OCTaBaIach OTKPBITOM.

2. [TocTaHoBKM 3aaaum

PaccmoTpum cHaudana 3aj1aqy 0 BOCCTAHOBJIEHHUU CIyYailHOW MOCJeI0BaTeIbHOCTH
0 W3BECTHBIM MAaTEeMaTHUYECKOMY OXHAAHUIO M KOPPEISIUOHHON (YHKIUH.
Crpoutcst Takas MoOJENbHasg clydailHas IOCJIENOBaTEIbHOCTh, Y  KOTOPOM
MaTeMaTH4YecKoe OKUIaHNE U KOPPESIHOHHas (PYHKINS COBIAJAIOT C 3aJaHHBIMHU.

MaremaTtndeckoe  OXHIAaHHE W KOPPENAUOHHAs  (QYHKOHA  SBISIOTCS
MPOCTEUIIUMU  BEPOSITHOCTHBIMU  YHCIOBBIMH ~ XapaKTEPUCTUKAMHU, HO OHH HE
OTIPE/ICTIIOT OAHO3HAYHO COOTBETCTBYIOIMWN HAa0Op TIJIOTHOCTEH pacrpeaeneHus
BEPOSATHOCTEH, YIOBIETBOPSIONINE YCIOBUSM HOPMHPOBKM W COTJIACOBAHHOCTH
(KpoMe TayCcCOBCKMX CTallMOHApHBIX MOcieaoBaTenbHocTei) [3], mpy yCcIoBHH, YTO
npu  KaxaoM  (UKCHUPOBAHHOM  IIEJIOM 3HAUCHWHM TapaMeTpa  cliydaiiHas
MOCJIE0BATEILHOCT SBJISIETCS] HEMTPEPHIBHOM CIIydyaiHOW BEIMUUHOM.
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3. Pemenne

Pemiennie  chopMynupoBaHHOM  3amaud AN CTalMOHAPHBIX  CIy4alHBIX
HOCIIEZI0BATEIbHOCTEH CBOAUTCS K BOCCTAHOBJIEHHUIO CIIEKTPAIbHOM IUIOCKOCTH IO
ko3 dunurentam pspa Pypoe uiam, B 6ojee obiIeM cirydae, K CTEIIEHHOW Mpobiieme
MOMEHTOB.

B cnywae cranuMoHapHBIX CIIydalHBIX IIOCIIEIOBATEIBHOCTEH HW3BECTHO, YTO

KOppeIAIIHnoHHas (GYHKITHAS MOXKET OBITH TIpeIcTaBiicHa B BUIE [3]
a

K(r)= [e""dF(x)= Tei” F(x)dx, (1)

- -
rae f(x)=F'(x)>0, ecnu COOTBETCTBYOIIAs POM3BOIHASI CYIIIECTBYET.

[lyctp 3amaHbl MaTeMaTHYECKOE OXKUJIAHWE W KOPPENSIUOHHAs (DYHKIHS
HEKOTOPOM CTallMOHApHOW  Cily4ailHOW  mocnemoBatensHocTH:  ME(n) =a(n),

K.(n,m)=K(n—-m).

PaccMOTpUM CIydailHyI0 MOCIIEI0BATEILHOCTD (,E(n) =a(n)+§lei§2n, e & wu
&, — He3aBUCHMBIE CITydaiiHbIe BElIECTBEHHO3HAYHble BenMuuHbl 1 ME =0, a(n) —
JCTCPMUHUPOBaHHAs ~ (YHKIUS  JUCKpeTHOro  aprymeHta  OdYeBHAHO,  4TO
M ge(n) =a(n). Hatinem KOPPEIAINOHHYIO (bhyHKIHIO
K(n,m)=M(&E(n)—MEM))(E(m)—ME(m)), B cmywae, ecmu ME(m)#0. Ecmm
M&(n)=0,10 K(n,m) = MEmE(m) = M(&¢="Ge™>") = K (n—m) .

CruenoBatenabHO,

K(n-m)=K(@)=M|&[ [e" p(x)dx, @)

-

rme t=n—m, p(x) — TMJIOTHOCTh PACHPEACICHUS BEPOATHOCTEH CIydYalHOM
BeNN4MHBL &, (W) .

1
misf
CIEKTpajibHasl IJIOTHOCTh, T. €. IJIOTHOCTh PACIPEICIICHUsI BEPOATHOCTEH ClydyaiHON
BeMMYMHBl  &,(@)  TPONOPIMOHAIBHA  CHEKTPAIbHOM  IUIOCKOCTH,  KOTOpas

N3 (1) u (2) caemyer, uto p(x)= f(x), xe[-n,x], tne f(x) -

BOCCTAHABJIMBACTCA [0 KOppeIsAluOHHOW (QyHkuun K(n—m) 1o dopmyne

1) =i S e K (D) 3]

T=—00

4. CTanuoHapHbIii cayyaii.

Hpumep 1. PaccMmoTpuMm cliy4ailHy!0 CTalMOHAPHYIO MOCIENOBAaTENbHOCTh C
koppensunonHoit ¢ynkmuedn K(0)=1, K(r)=0 mpu 7#0 u MaTeMaTHYECKHM
OKMJAaHHWEM PaBHBIM HyJIIO [3].

[TocTponM KBa3WAETEPMUHUPOBAHHBIN MHUCKpeTHBIM curHar &(n) ¢ ME(n)=0:

E(n) = fleifzn , & 1 &, — He3aBUCHUMBIE CITyYaiiHble BeJUYUHbI 1 M |§1|2 =1.
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Haiinem ero KoppeysIIMOHHYI (QYHKIHMIO IPH YCIOBHH, YTO CIEKTpalibHAs

1
TUTOTHOCTh UMeeT BUA f(X) = Ey
T

Ilpu 7#0 u v — uenoe K(n—m)= J‘ei”f(x)dxzziJei”dxzsinﬂrzo. Ipu
-7 72-*71'

=0 K(n—m):L jdx:I.B pe3yibTare,
27 7

0, ecm 7#0,
K(r)= , (3)
1, ectm 7 =0.

TakuM o00pa3oM, cTanMOHapHas cily4ailHas TOCJIEAOBATEIbHOCTh, y KOTOPOH
KoppessinronHas ¢yHkuus umeer ¢popmy (3), a ME(n)=0 (a1 TPOCTOTHI), MOXKET

OBITH TPEJCTABIEHA B BHUJIE f(n)zggleiggzn, npuuem & u &, — HE3ABUCUMBIE

ciydaiiuple BenmuuuHbl, ME =0, M |§1|2=1, a M& =0 u & — paBHOMEpHO

pacmpenesieHa Ha HHTepBaie [—7, 7] .

Hpumep 2. E(n) = £ M|§1|2 =1, M&=0, & nm & — HE3aBUCHMBIE

ciy4aiiHble BeMM4YUHBL. [lycTh cHekTpaimpHas TIJIOTHOCTh HUMeeT Bup [3]

C 1-a°
f(x)= Z—ﬁ , Tae |a| <1, a — BemectBeHHOE. CHEKTPaJIbHYIO IUIOTHOCTD,
T ™ —a
Ctl-a
NPOHOPMHUPYEM Ha  CIUHHILY: Ey. +rdx =1. Jlerko mpoOBepUTh, HYTO
T le™ —a
T _ 2 V4 _ 2
LJ‘ (1 azdx :L'[(la—)dxz:LOTC}OI[a,Czl.
2 ° (" —a)e ™ —a) 2r ° 1-2acosx+a

I[ycte  a(n)=0, K(r)= Cdl” , |a| <1,C>0. Torma mocIea0BaTEILHOCTE

f(n)=§lei§2n UMeeT 33/IaHHYI0 KOPPEIIMOHHYI0 (QYHKIMI0, ecnu M |§1|2 =1,
MéE =0, ME=0, a & Ha wuHTepBaNe [—7,7] HMeEeT paclpeleseHne

1 1-a®

27 1-2acosx+a’
IIpumep 3. IlycTs criekTpanbHas MIOTHOCTb UMEET BUT [3]

. 2
e —b‘ _£'(eix_b)(eflx_b)
ix ‘2 27 (¥ —a)e™ —a)’

£ = % @)

e —da

rne a m b — BellecCTBEHHBIE, |a|<1, |b|<1, TOTJa KOPpENAUUOHHAA (YHKITHS

BeIuKcisiercs mo popmyne K(n,m) = _[e””f(x)dx - jem (e' — b)(e_' —b) dx
2z (" —a)e™ —a)

- -
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B cmydae cmekrpanpHOM TIOTHOCTH (4) KoppensiuoHHas GYHKIWS paBHA

—C(a _b)(l — ab) . aM_l HpI/I T+ 05

1-a’
K(r)=
=1 c-2ab+b%)

C(a—-b)(1—-ab) _C
a(l-a*) "

= =q,
a

ITpuuem C u b MOKHO OIIPEIETUTH U3 CUCTEMBI

5. HectaunoHapHbIH cayyai

PaccmoTpuM Temeph BOCCTAaHOBJICHHE KBa3WJICTEPMUHUPOBAHHOTO CHTHAJIA B
HECTAIIMOHAPHOM CITydae, KOTJa KOppesimuoHHas (QYHKIUS He sBIseTcs (QyHKIUeH
pa3HoCTH.

[TycTh Koppensuonnas GyHKIUS uMeeT BU [4]:

K(n,m)= i(p(n+r)(o(m+r), )]

=0
T — uenoe, a pyHkuuu @(k) CTPOSTCS CIEMUANBHBIM O0pa3oM IO KOMIUIEKCHBIM
YHCIIaM, PACTONOKEHHBIM B €IWHHUYHONH OKPYKHOCTH Ha KOMIUIEKCHOH ITOCKOCTH
(MUCKPETHBIN CTIEKT).
B sToM cimyuae cTpyKTypa KBa3HIETEPMHUHHPOBAHHOIO CHUTHana Oojiee CIIOKHas,
yeM B [NpeAblgylIIMX CiydasX, HO JIETKO MpPOBEpUTh, YTO CiydaiiHas

IIOCIIE0BATENBHOCTD BUAA &(n) = d (w)j(n *c0(@) ;e ME(w)=0,M|§ (a))|2 =1,
Pg)

S(w) n & (w) — HesaBUCHMBIE CIydaliHble BENMYHHBI &,(®) — IUCKpeTHas

cydyaiiHash BeJIMYMHA, MPWHUMAIOIIAS CUeTHOEe KojmdecTBo 3HadeHuit 0, 1, 2,... ¢
BEPOSITHOCTAIMH Py, Py, Py,---» AMEET KOPPEISIIMOHHYIO DyHKIHIO BUAA (5).

Ecny o0paTUThCS K Cilydalo HENPEPhIBHOTO Hapamerpa f, TO Ul IUCCUIIATHUBHOTO
HeCTallMOHAPHOTO cityyaitHoro mpouecca &(¢) ¢ ME(¢) =0 paHra HecTallHOHAPHOCTH

OJIMH KOpPENANOHHas GYHKINA UMeeT BUT [5]:

K(t,5)=[p(t+Dp(s +7)d7, (6)
0
TOrJa JIETKO  HpPOBEPUTh, YTO  KBA3WICTEPMHUHUPOBAHHBIH  CHUTHAl  BHAA
é(n):é(w)(o(n+—§0(a))) HMeeT KOppEJSIIMOHHYIO (yHKUuo Buaa (6), rae
p(5 (@)

MéE(w)=0, M |.f§’1(a))|2 =1, {(w) n & (w) — He3aBUCHMBIE CllydyaliHbIE BEIHMYHHBI

&,(w) — HempepblBHas ciydaifHas BennuuHa, &) (w)e€[0,0), a p(x) — MIOTHOCTH
pacnpezeneHus BEpOSITHOCTH 3TOW CITydalfHOW BEJTMYUHBI.
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B ciryuae cnekTpa, pacnojoKeHHOIO B BEPXHEH MOJYIUIOCKOCTH @(f) MMeEET BUA

© © k .
o) = Z a,\,(t), rne Z|ak |2 <o, Ay (t) umeer Bum A, (f)= Zb‘/eli"t , Tne
=1 =1

J=1

1 .
A =a, +E B;s 4 #A,, | #m, TOrna KBa3sWIECTEPMUHMPOBAHHBIA curHAN &(f)

© k i
cer mua &) =236, 3 N e ME(0)=0, MG () =1,

v p(&(w) o o

¢(w) n &(w) — He3aBUCHUMBIE CITy4JaliHbIe BEJMYMHBI, T. €. MPEICTABISETCS B BUIE

CYNEPIO3ULHNHA BHYTPEHHUX COCTOSHUNA OCHUIUIATOPOB C KOMIUIEKCHBIMHU YaCTOTaMH,
B OTJIMYHE OT CTAIlMOHAPHOTO CIIy4as, KOTJa MOXKHO OBUIO OTPaHWYHUTHCS OIHHM
cllaraéMbIM U BEIIECTBEHHOI YaCTOTOH.

4
B cryuae GeCKOHEYHOKPATHOTO CIIEKTpa B HyJe @(f) = j Jo(x)J (N 2tx)dx n Torga
0

O4YCBHUJIHO, 4YTO COOTBGTCTBYIOI]_II/Iﬁ KBaSH,HeTepMI/IHI/IpOBaHHBIﬁ CHUT'HAJ, I/IMCIOH.[I/Iﬁ

KOPPEISAITNOHHY O (hYHKIIHTO (6), MIPEICTABIIACTCS B BHIIC
‘

é(ﬂ=% [ 1 (2 @, e ME(@)=0, Mg =1,

S(w) nu &(w) — He3aBUCHMBIE CllyuyaliHble BEIMYUHBL, fo(x)eL[ZO;(], Jo(z2) -

(dhynxus beccens mepBoro poja HyI€BOTO HOPSAKA.

6. BbiBoAbI W HANpaBJIeHUS JAJbHEHIINX HCCaeT0BaAHUT

OTMeTHM, YTO aHAJOTHYHBIA MOJXO0J] MOKHO HCIIOJB30BaTh JUISi MOACIUPOBAHUS
KBa3HUJCTEPMUHUPOBAHHBIX CUTHAIOB JUIS  CIyYaHBIX HEOJHOPOIHBIX MOJen
(IMCKpETHBIX WM HENPEPHIBHBIX AapryMEHTOB) C 3aJaHHOW KOPPEISALMOHHON
(hyHKIHEH.

Tak, A TUCCHUIATHBHBIX CIyYaiHBIX ITOJIeH KOPPEIAHOHHAs (YHKIHS MMEeT

BU] K(X,Y)ZIII¢(X1+T1ax2+Tzax3+T3)¢(J’1+Tp)’2+72,y3+73)d71df2d13a rae
0

CTPYKTypa QYHKITUU @(X) OMPENENSIeTCs CIIEKTPOM HEOTHOPOIHOTO OIS [6].

Torma kak W JyIsi KBa3WJE€TEPMUHHUPOBAHHBIX CHUTHAJIOB, 3aBUCSIIUX OT OJHOTO
mapameTpa, JIETKO BHAETh, YTO KBa3UACTCPMUHHUPOBAHHOE HEMPEPHIBHOE CIydalHOE

noje Buga <&(x)= é:‘(a\)/);)((; J(raé:;)(w)) , tne M&(w)=0, M|§1(a))|2 =1, {(w) n
0

&,(w) — He3aBUCHMBIE CIlydaliHblE BEIHYUHBI, &,(@) :(501(60),502 (w),&03 (a)))

Clly4aliHblii aOCOMIOTHO HenpepbiBHBI BekTop ¢ 0< & (@w)<© U COBMECTHOH
IUIOTHOCTBIO paclpenieNieHnst BEpOsITHOCTEH p(t),1,,15) .

Hcronp30BaHne MOJIENH CITyYaiHBIX (DYyHKIHUH, OMpeaesieMbIX KOHSUHBIM YHCIIOM
[IapaMeTpoB, IMO3BOJSAET CYIIECTBEHHO YHPOCTHTh aHAIM3 MPUKIAJHBIX 3a7ad,

PCHICHUEC KOTOPBIX CBA3aHO C Z[I/I(l)(bepeHLII/IaJ'IBHLIMI/I YpaBHCHUAMU CO CJ'Iy‘IafIHLIMPI
KO3(1)(1)PILII/ICHT3MI/I, KOTOpPBIC  SABJIAIOTCA TaKMMHA KBa3UACTCPMUHUPOBAHHBIMHU
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curHanamu. [Ipy 3TOM HET HEOOXOJMMOCTH HCIOJNB30BaTh CIIOKHBIM anmapar
cToxacTuueckux AuddepeHInanbHbPIX ypaBHEHHMH, TaK Kak pelIeHHe TaKoro
YpaBHEHUS IPOCTO 3aBUCUT OT CIy4aWHBIX BEIMYMH, KaK OT 1apaMeTPOB.
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MatemaTuyeckoe MOJIETUPOBAHUE A3POIUHAMUKHI
U IMHAMHUKU BEPTUKAIbHO-OCEBBIX BETPOATrPEraToOB

A. A. Ilpuxoapko, . A. Penuun
J[nenponemposckuil HayuoHaNbHYII YHUGepcumem, Ykpauna
HUnemumym mpancnopmuuix cucmem u mexronocuti HAH Yxpaunut

For the solution of the coupled problem of dynamics and aerodynamics of vertical -
axis wind turbine the numerical algorithm is designed on the basis of Navier-Stokes
equations. Algorithms of the solution of unsteady incompressible Navier-Stokes
equations in mobile curvilinear coordinates are implemented on the basis of implicit
schemes. Testing of numerical algorithms for problems steady and unsteady flows past
a cylinder, laminar flow past a rotating circular cylinder is carried out. Solution results
of the coupled problem of dynamics and aerodynamics of Savonius rotor are parsed

1. BBenenne

B nocnennee Bpems 0onblIoe BHUMAaHUE YACTACTCS Pa3BUTHIO BO30OHOBIISIEMBIX,
9KOJIOTHYECKH YHMCTBIX MCTOYHUKOB 3Hepruu. OnHuM u3 Haubosee MEepCleKTUBHBIX
HaIpaBJICHUH SBISICTCS BETpodHEepreTrka. Bo Bcem Mupe ¢ cepeaunsnl 70-x romoB XX
BeKa  HaAONIOJaeTcs  HENpepbIBHBIA ~ POCT  YCTAaHOBIGHHOH  MOIIHOCTH
BETpOIHEpreTHUecknx  ycrtaHoBok (BOY). BerposHeprernka MOXET CTaTh
UCTOYHMKOM  HauOojiee  JEIIeBOM  3NEeKTPOIHEprHH,  BblpabaThiBaeMOil B
NPOMBIIUIEHHBIX MacIITadax.

O¢ddexruBrocTsr BOY Hampsimyro cBsizaHa C BeIWYMHOW KO3(dummeHTa
UCIIOJIb30BAHUSL  BeTpa. AlpoJuHaMHUuecKas onTumuzanus (opMmbl  JionacTel
BETPOKOJIEC SIBJISIETCS aKTyalbHOW 3ajaueil MOBBIMICHUS KO3(D(UIMEHTa IOJIE3HOTO
JEHCTBUS SHEPTOYCTAHOBKH.

CymecTByromue METOIUKH KOHCTpyHpoBaHHs poTropoB BOVY omumpatorcs Ha
M3BECTHBIC JIaHHBIE 10 ABHAIIMOHHBIM KPBUIBEBBIM MPOGWISIM. DTO HE MO3BOJISET B
JOJDKHOH Mepe ydyecTh OCOOCHHOCTH OOTEKaHMs BpallaloUIuxcsi BeTpokoiec. [lpu
BbIOOpe KOHCTpykuuu BDY crnenyer npoBoAWTh KOMILIEKCHOE HCCIEIOBAaHHE
a’POIMHAMHYECKHUX XapaKTePUCTHK JIOMACTe ¢ y4eTOM KaK HECTallMOHAPHBIX, TaK U
NPOCTPAHCTBEHHBIX 3((EKTOB.

IIpy KOHCTPYMpPOBaHHUM BETPOArPETATOB HEOOXOOUM YYET B3aUMOICHCTBUS
MHOTHX (U3HUECKHUX IPOLECCOB (OTPHIB IOTOKA, B3aUMOACHCTBHE JIONACTEH, TCUEeHHE
B cjele W BOJIM3M TOHJOJBI BETpoarperara), KOTOpble MPOUCXOIAT MPU BpalleHUH
BETPOKOJIECA. ODKCIEPUMEHTAJIbHBIE METOMbl HCCIECOBAHUN 3a4acTyl0 OMNEpPUPYIOT
OrpaHMYEHHbIMH O0beMaMM HaHHBIX. Kpome TOro, HarypHble SKCHEPHUMEHTHI HE
BCEr/la BO3MOXHBI, KaK IO TEXHUYECKUM, TaK ¥ SKOHOMUYECKHUM COOOPAKEHHSIM.

B Hacrosimedt paboTe MpeacTaBiIeHBI Pe3yNbTaTbl YHCICHHOTO HCCICAOBaHUS
JUHAMUKH U a’poauHamuku BOY nHa mpumepe poropoB apbe, CaBoHHMyca U UX
JJIEMEHTOB.
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2. IlocTanoBKa 3axa4n

IIpomeccs! AMHaAMUKH U a3pOJUHAMHKH BETPOArperara ONMUChIBAIOTCS YPABHEHUEM
BpallleH!s] TBEPJOro Tela OTHOCHUTENIbHO HETOABMKHOW OCH M ypaBHEHHsMH HaBbe-
Crokca.

Hcnonp3yst mpon3BoIbHBIE TTOABWKHBIE KOOpauHatel & =&(x, v,t), n1=n(x,y,t),
3allUIIeM CHCTeMYy HeCTallMOHapHBIX ypaBHeHHN HaBbe-CTokca HecKHMMaeMoit
KHUJIKOCTH B O€3pa3MEepHOM BUE

Q(Q +2 (7, 2.1)
o\ 7 ) an\J
ou 0 0 (= =
—=——(e—-¢e )—— — =-7, 2.2
> a5( ) a77(f 1) (2.2)
rie 7 - TpaBas  YacTh  ypaBHEHMH  KOIMYECTBA  JIBHIKCHHS,
J _26.m _ et S 6 — IKOOHMaH NPeobpa3oBaHMs KOOPIHHAT,
o(x,) . 1,
+uU+SEu| — +uV +nu
L L R R " (2.3)
VAR J| & p+vU+SEy J|\n,p+vV+ny

U=Su+§yv, V=nu+n,y, U,V — KOHTpaBaPHaHTHbIC KOMIIOHEHTbI CKOPOCTH,

§t :_xz'éx _y‘rfyﬂ 77[ :_xrnx _yz'ﬂ)ﬂ §x :iny’ 5}7 :_iny’ 77)( :_chf’ ﬂy :ng -
MeTpHIecKre KOdPPHUITUSHTEI.

Bs3kue uneHsl B HeOpTOFOHaﬂLHOﬁ CUCTCMC KOOpAMHAT UMCIOT BUJ
2 2
vV (é:x +§y)u§+(§x77x +§y77y)u77
e, =
2 2
ReJ (§Y + gy )vf + (gxnx + gyﬂy )vq

v |(Emerem Jue (ol )u,
(

(2.4)

v 2, .2 ’

ReJ\(&n, +&m,)ve + (0l +1})v,
rae Re — uucno PefiHonpaca, v — KHHeMaTHYeCKas BI3KOCTb.

Jns  omnpeneneHuss TMOJIOKEHWS POTOpa M TEKYIIEW YIJIOBOM CKOpPOCTH
BETPOTYPOUHBI, OTHOBPEMEHHO C a3pOJAMHAMHUYECKOH 3a/1adeil, penagoch ypaBHEHHE
BpallleH!s TBEPAOTo Tella OTHOCUTEIEHO HEMOIBUKHON OCH

do
Iz dt :Ma3p_MHa2p_Mconp’ (25)
rone [/, — MOMEHT HHepuuu poTopa, M, — a’poOAWHAMUYECKHH MOMEHT,

asp

OHpCILCHﬂGMLII;'I H3 pCUICHHA 3aJadyu a3pOJWHaAMHKHU, M — MOMCHT HAarpy3Ku Ha

Hazp

BaJly BeTpoarperata, M, —MOMEHT TPEHHUs HA OCH.

conp
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MoOMEHT CONpPOTUBIEHUS HAa Baly BeTpoarperara ONpPENEIsUICS KBaJpaTUYHON

dysKImei yrmoBoi ckopoctm Bpamenus M, =Aw’ +Bo+C, a MOMEHT

conp

Harpy3Ku — U3 YCJIOBUSA MMOAACPKAHUSA 3aI[aHHOI>'I yl"J'IOBOﬁ CKOPOCTH BpallICHUA @3

v 0, @ < @4 2.6)
e M asp -M nazp W = w3

Hauanvuvie u epanuunvie ycnosus. B kadecTBe HadanbHBIX YCIOBUH IuIs
CTallMOHApHBIX 3a/ad 3aJaBajlCh IapaMeTpbl HEBO3MYIIEHHOIO IIOTOKa BO BCEH
pacuetHoii oOmactu. IS HECTallMOHAPHBIX 3a/a4 HCIIOJIB30BAIOCH PEIICHUE
ypaBHenuii HaBbe-CTokca B cTanoHapHO#H ¢opMmynupoBke. Ha BHemHel rpanuie, 3a
UCKJIIOYEHNEM BBIXOJHOIO Yy4acTKa, IZle 3aJaBallUCh ycioBus HeliMana, 3HaueHUs
3aBUCHMBIX IIEPEMEHHBIX pACCUMTHIBAINCH IO METONy XapakTepucTuk. Ha
IIOBEPXHOCTH TEJIA CTABUJIOCH YCIOBHE NpUIMIaHus. [Ipy BbIUMCIEHUN AaBICHMS Ha
0o0TeKaeMoOl IOBEPXHOCTH HOPMAJIBHBIA TPalUeHT HaBJICHMS IOJArajicsi PaBHBIM

HYJTIO.

3. Uncnennsiii anroputm. CtanuonapHas ¢gopmyaupoBKa.
Meton  MCKyCCTBEHHOUW  ckuMaemoctd [1]  moamdumupyer  ypaBHEHHE
HEPa3phIBHOCTH ITyTEM JOOaBJICHUS IPOU3BOIHON JaBIEHUS 110 TICEBIOBPEMEHHU

PD__HO0(U) OV
P af(Jj+8f7(Jj ’ G-D

r7ie 7 — ICeBAOBpeMsi, [ — mapaMeTp UCKYCCTBEHHOM C)KMMAEeMOCTH.

B ypaBHeHHMs KoJMuecTBa JABIJKEHUS TakKe BBOJIUTCS IICEBIOBPEMEHHAs
NpOM3BOAHAS CKOPOCTH. B cimywyae craumoHapHOW (OPMYJIUPOBKH, YpaBHEHHUS
MHTETPUPYIOTCS A0 TEX MOp, IOKa MpaBasi 4acTh 7 B ypaBHEHUH (2.2) U UBEpPreHuus
CKOPOCTH HE 00paTuTcs B HOJIb. TakuM 00pa3oM, cucTeMa ypaBHEHUH UMeET BUJ

a—D=—i(E—E‘,)—i(F—FL)=—E, (3.2)
or o0& on
re R — BEKTOp HEBA30K ITHX yPaBHEHHIA,
U Vv
D=7_,E= J |\ F=|J |,E =|_ |, F=|=]| (3.3)
u 3 j; e, £

ATMPOKCUMHUPYEM TICEBIOBPEMEHHYIO TIPOU3BOIHYIO C TIOMOIIBIO HESIBHOM CXEMBI
Oitnepa
5m+1 _ l_)m
AT
TJ€ BEPXHUU UHIIEKC 7 COOTBETCTBYET IMCEBAOBPEMEHHOMY HUTEPALMOHHOMY CJOIO.

— _Em-H , (34)

IMocite muHEapU3auy mpaBoii vact R™, ypasuerue (3.4) mpUHUMAET BHI

Lo % (D" - D")=-R", (3.5)

m
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rae [ — emuHndHas 3x3 maTpuna. JTO ypaBHEHHE HTEPAIMOHHO pEIIaeTcs 0 TeX

Mop, MOoKa HOpMa HEBS3KU R HE CTaHET MEHbIIE HEKOTOpOW, Hamepesa 3aJaHHOM,
MaJIOW BEJTUYUHBI.

HecrannonapHas (popmMy/1upoBKa
IIpn wuccnenoBaHWM HECTAMOHAPHBIX TEYEHHH B YPAaBHEHUAX KOJIUYECTBA
JIBUJKEHUSI TPOU3BOJHBIE II0 BPEMEHU BBIYUCILIIOTCS 10 KOHEYHO-Pa3HOCTHOM
BTOPOTO MOPAIKA TPEXTOUEUHON cXeMe
—n+l —n | —n-1
3u" —4u" +u _ el (3.6)
2At
I/ie BEpXHUI HHIIEKC 7 0003HauaeT BeIMYMHY BPEMEHH ¢ = nAf U 7 — mpaBas 4acThb B
YPaBHEHUSAX KOJIMYECTBA ABIKEHHS (2.2).
Hns pemenust ypaBHeHUH (3.2) M BBIIOJIHEHHMS YpaBHEHHMS HEPa3phIBHOCTH Ha
BpEMEHHOM cyioe 71+, BBeJeM IICEBIOBPEMEHHOW CJIOW M 0003HAUYUM BEPXHHUM

—n+l,m+1 —n+l,m+l1
MHJEKCOM /1. YpaBHEHMs PEIIaloTCs HMTEPATHBHO Tak, 4robel u" ", y" "

—n+l —n+l
NPUOIMKAINCh K 3HAYEHHIO CKOpocTH %", V' Ha HOBOM BPEMEHHOM CIIOE, a

,Z[I/IBepFeH]_[I/ISI CKOpOCTI/I CTpeMI/IJ'IaCB K HyJ'HO.

Korma gmBeprenmmss ckopoctu oOpamiaercss B HyJIb, (OPMYJIHPOBKA
HCKyCCTBeHHOP'I CXKUMACMOCTHU HpeZ[CTaBJIﬂeTCH B BHIAC OYCHBb IIOXOXEM 1A
CTaHI/IOHapHOFO cnyqaﬂ, a ypaBHeHHe Hepa3pI>IBHOCTI/I COBIIAZacT C ypaBHeHI/IeM
Hepa3pLIBHOCTI/I 11 CTaLII/IOHapHLIX TC‘ICHI/Iﬁ

oD 1 0
_+_
ot 2At|3u™ —4u" +um!
9T0 ypaBHeHI/Ie peI_HaeTCSI 0 TEX HOp, ITOKa HpOI/I3B0,HHa${ 110 HCGB,Z[OBpeMeHI/I
85/62' He oOpatuTcs B Hynb. B sToM cimywae, ypaBHeHue (2.1) BbIMomHSETCS H

- —R"™ (3.7)

JUBEPreHIMS CKOpOCTH o0pamjaercd B Hydb. llpuMeHssS HEIBHYI0 KOHEYHO-
Pa3HOCTHYIO cxeMy Dijepa K IICEBIOBPEMEHHON MTPOU3BOAHOMN

~n+l,m+l na+lm \ _ pr+lm+l Im n+lm nn -1
1.(D -D"")=-R —A—t(l.SD -D"+0.5D""), (3.8)
Tae
1 1 15 1 15
I, =diag| —,—+——,—+—|, I, =diag[0,1,1]. 3.9
" g[m At At’ At At} g[0.11] (3-9)

En+1,m+1

Jluneapuzyem HEBSI3KY u 3anmieM ypaBaenue (3.7) B xenbTa dhopme [2]

—\n+l,m
R >
1, +| &

43

(5n+l,m+l _ 5n+l,m ) —
(3.10)
— I — — —
— _Rn+l,m —i(l.SDnH’m _Dn + O.SDn_l)
At
.HI/IHeapI/I3a]_[I/IH YpaBHCHUA (38) BBIIIOJIHCHO I10 IICCBAOBPEMCHMU. B cjlydac

HEeCTAI[MOHAPHON TMOCTAHOBKM 3aJlaud, HEOOXOJMMO YCTAHABIUBATh PEIICHHE IO
MICEBIOBPEMEHN Ha KaxaoM mare ¢usmdeckoro BpemeHn. O0e cHCTEeMbI

ypaBHeHuit (3.4) u (3.8) TpeOyroT AuCKpeTH3auy BeKTopa HeBs3ku R . [IponsBoanbie
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B BS3KHMX UICHAX AallpPOKCUMHUPYIOTCS IICHTPAIbHO-PAa3HOCTHOW CXEMOW BTOPOTO
nopsiaka. JIIS  KOHBEKTHBHBIX  IIOTOKOB  MCIIOJIB3YETCS  IIPOTHBOIIOTOYHOE
maddepennnpoBanne, ocHoBaHHOe Ha Mertome Roe [3]. s Bcex pe3ynbraros,
NOJYYEeHHBIX B HACTOsIICH paboTe, NCIONB30BANICS MATHIN MOPSAOK AJsl BHYTPEHHUX
TOYEK U BTOPOU BOJIM3U TPAHMUII.

Bektop MOTOKOB E, OTIMYAETCA OT CTAIMOHAPHOH (OPMYJIHMPOBKH MeTONa

MCKYyCCTBEHHOW C)KMMAeMOCTH HAJIMYHUEM HECTAIMOHAPHBIX METPUYECKHX UJICHOB,
KOTOPBIC ABJIAIOTCA HCHYJCBBIMU B ClIy4dYa€ IIOJABMIXHBIX CETOK. HpI/IMeHeHI/Ie
MPOTHUBOMOTOYHBIX CXEM, OCHOBAaHHBIX HAa pAaCIIEIUICHUU pa3HOCTEH IOTOKOB,
MO3BOJISIET €CTECTBEHHBIM 00pa3oM JT00ABIATh JUCCHITAIIUIO B MCXOIHYIO CHCTEMY, B
TO BpeMs Kak IICHTpaJdbHO-pa3HOCTHOE auddepeHImpoBanne TpeOyeT BBEICHHS
UCKYCCTBEHHBIX MCCUTIATUBHBIX WICHOB. Mcxoms U3 3T0Oro, B JaHHOW paboTe st
JMUCKPETHU3allMd KOHBEKTHBHBIX WIEHOB B ypaBHeHHHm (3.2) wucmonb3yercs
MIPOTHUBOITOTOYHAS CX€Ma, OCHOBAHHASI HA PaCIICTICHUH Pa3HOCTEH MTOTOKOB [2].

[IportuBomnoToyHast cxema TpeOyeT MCIOIB30BaHHUS COOCTBEHHBIX UYMCENl MAaTPUIL
SlkoOu BEKTOPOB KOHBEKTHUBHBIX TOTOKOB. (OOOIIECHHBIH BEKTOp ITOTOKOB st
JIBYMEPHOW CUCTEMBbI YPAaBHEHUN UMEET BUJL

P
E =k p+uQ+kul|, (3.11)
k,p+vO+kyv
rue Ei =E,F nna i= 1,2 COOTBETCTBEHHO, HOPMUPOBAHHBIE METPUKHU OIPEIEISIOTCS
13 CIIEYIOIIMX COOTHOILICHUI

=L i,
J O0x
k=10 10, (3.12)
Y Joy
1
k=19 i1,
J ot
KOHTpaBapHaHTHAass KOMIIOHEHTAa CKOPOCTH
O=ku+ky. (3.13)

IIpeobpazyem MaTpuily SIkoOu K THATOHAIEHOMY BUIY
— 0 k k
- Pk Pk,
A =8—D’= k., ku+Q ku |. (3.14)
k, kv  kyv+0
AHajor ipeoOpa3oBaHUs AT MaTPHITHI SIkoou

A4 =XAX", (3.15)
rac Ai — AWaroHajibHas MaTpula COOCTBEHHBIX 3HAYECHUH
Ai:diag[ﬂ’l’//{Q,AG]’ (316)

=0k,
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L =0+c+5k,, (3.17)
23 = Q —-c +%kt >
U ¢ — UCKYCCTBCHHaAsA CKOPOCTH 3ByKa
= J(Q+tk )+ B(K +R2). (3.18)

Ota BenmnuuHa Bcerdga Oompine ueM (), CIIEOBATEIBHO, BTOPOE COOCTBEHHOE
3HaueHue A, OyJeT Bcerja MOJIOKUTENIbHbIM, @ TPEThE — BCEr/la OTPULIATENIbHBIM.
Martpwuriia JIeBbIX COOCTBEHHBIX BEKTOPOB

0 B -1 ~B( -1k)
XI:W 2Bk, (uhy+ Bl )(c+Lk) (uwhy+ Bl )(c—4 t) , (3.19)
Belc 2Bck, (vi,+ Bk, )(c+1k,) (uk+ Bk, )(c—1k,)

U eif oOpaTHas MaTpUIla IPABbIX COOCTBEHHBIX BEKTOPOB
ku—kyv —vA-pk, ut+pk,
X1'= -4 Bk, Bk, | (3.20)
—4 Bk, Bk,

[IporuBomoTouHast cxema o00JagaeT AWCCUMAIMCH, KOTOpas aBTOMATHYECKU
MOJABJISIET OCLMJUISALAM, BO3HUKAIOIIUE BCJIEACTBHE HEIMHEMHOCTH KOHBEKTHBHBIX
YJIeHOB. B OTMOTHEHWH, BEKTOpP IIOTOKA, OCHOBAaHHBIM Ha MPOTHBOIIOTOYHOM
muGGepeHIIMPOBaHNH, BBOJUT YICHBI Ha TIJIABHYIO JUAroHajlb MaTpuibl SkoOu
BEKTOpa HEBI3KH, KOTOpPHIE B IEHTPAIBHO-PA3HOCTHOW CXEMe OTCYTCTBYIOT. OTO
MPUBOJAT K IUATOHAIBHOMY NIPEOOJIAaHWIO B HESIBHOW CXEME W yCTOWIMBOCTH
YUCJICHHOTO aJTOpUTMA.

[IpoTtuBomOTOUHAS CXE€Ma paCCMOTPEHA ISl OTHOMEPHOTO CIIy4asi U MPUMEHSETCS
JUTS K&KIOTO HaIpaBJIeHHs OTIENbHO. PaciieniieHre pa3HoCTell IOTOKOB OCHOBAaHO Ha
3HaKe COOCTBEHHBIX 3HAYEHUM MaTpULbl IKOOM KOHBEKTHBHBIX WIEHOB. JTa  cXeMma
Obuta omucana Roe [3] ans anmpokcuMmanuii pemieHust 3agaun PuMMana ypaBHEHU
ckmMaeMoro raza u momuduinupoBana Rogers m Kwak [2] manms HecokuMaembIx
TEUYCHHUM.

[pon3BoHAS KOHBEKTHBHBIX IIOTOKOB B HATIPABICHHH & ammpoKCHMHPYETCS

OE I:Ej+l/2 _Ej—1/2:|
ot AS

rae Ej+ Y- BEKTOp MOTOKA, j— MHIEKC JUIA HampasieHus & .
2

: (3.21)

BekTop moToka onpeensiercs COOTHOLEHHEM
1
Ejn :E|:E(D_/+l)+E(Dj)_¢_/+1/2:|’ (3.22)
rae ¢,,,, — MMCCHTIATHBHBIH IIeH.

I[J'ISI ¢j+1/2 =0 »93Ta 3anuchk COOTBCTCTBYCT HCHTPAJIBbHO-PA3HOCTHOU CXCEMEC.

HpOTI/IBOHOTO‘IHaSI CcXeMa IEPBOro nopaaka uMECT BU
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¢j+1/2 = AE_;—H/Z - _;+1/2 > (3.23)

+
rae AE~ — Pa3HOCTh IMOTOKOB B HAIIPABJICHUM MOJIOKUTCIBHOTO U OTPULIATCIIBHOI'O
paciipoOCTpaHCHU BOJIH. Pa3HOCTP MOTOKOB BRIYMCIISACTCS Kak

T =A7(D)AD, 5 (3.24)

rae
AD,,,=D,, ~D,. (3.25)

J J
IImoc  (MmHYyC) MaTpumbl  SIkoOM  WMEIOT  TOJNBKO  TOJOKHUTEIHHBIC
(oTpunaTenbpHbIE) COOCTBEHHBIC 3HAUCHUS

A" =X A"X, (3.26)
1
A —Z(Ai|A|). (3.27)

IMpm pacyere wmatpunbl SIKOOM UCIOIB3YyEeTCS HEKOTOPOE IPOMEKYTOUHOE
3Ha4YeHHe, KOTOPOe sBIsieTCs QYHKIMEH OKpecTHOocTel Touek j u j+ 1. CoiicTBa

Roe [3], koTOpbIe HEOOXOAMMBI JIJIsi KOHCEPBATHUBHON CXEMBI, yIOBICTBOPSIOTCS, €CIIU
OHO OepeTcs Kak cpelHee U3 3TUX BEITUYHH

D :%(Dj+1 +D;). (3.28)

CxeMbl 0ojiee BBICOKOTO TIOPSIKA MOTYT OBITH TOJIYYCHBI C HCIIOIH30BAHHUEM
pasHocTeli TOTOKOB. (Cxema TpeThero TOpsjKa 3alKChIBACTCS C  IOMOIIBIO
COOTHOIIICHUS

1 _ _
¢;+1/2 = _E[AE;—UZ _AE;H/Z AL _AE_/+3/2] . (3.29)

OcHOBHasE mpoOiemMa ¢ HCIOJNB30BAaHHEM CXEM BBIIIE BTOPOTO MOPSIKA
3aKII0YaeTCs B COXPAaHEHWHM TOYHOCTH BOJM3M TpaHWL. YBEIHYCHHE TMOpsSAKa
TOYHOCTH TPUBOJUT K PACIIMPEHHUIO BBIYUCIUTENBHOTO ImadnoHa. Tak cxema,
npemtokeHHas Rai [4], mAToro mopsaka  TOYHOCTH, OCHOBaHHAas  Ha
npotuBornoTouHoM auddepenupopanun  Tpedyer 11 Touek MAis  pacyeTHOTO
mabioHa, a cxema Rogers n Kwak [2] mumis 7 ToYek 1 UMeeT BHIT

1
Piin = _%[ - 2AE_;:3/2 +1 IAE_;——I/Z - 6AE;+1/2 - 3AE;+3/2 + (3.30)

+2AE; 5, —HAE) 5 +6AE),, 5 +3AE) 5]

B Toukax BOMM3U rpaHul] MOopsAAOK CXEMbl JOJIKCH OBITh TTOHMKCH A0 BTOpPOTIo €
IIOMOIIBIO COOTHOIICHUA

¢j+1/2 :e[AE}ll/z _AE_;+1/2J > (3.31)
rie ¢ =0 COOTBETCTBYEeT LEHTPAIHLHO-PA3HOCTHOM CXeMe BTOpOro mopsika. Jlus
€=1 3T0 moyydaeMm cxeMy IEpBOTO MopsAaka B cooTHomeHuH (3.22). HenymeBoe
3HaueHue Kodp¢unmeHTa € B ypaBHeHuH (3.31) mpuBoZMT K J0OaBIEHHUIO
MUCCHUIIallMU  BONMM3KM TpaHull. B Hacrosmel pabore, B COOTBETCTBUU C
pexkoMeHaanusamu [2], npunaro 31adenue € =0.01.

Matpuiel  JIEeBBIX W TpaBBIX CcOOCTBEHHBIX BekTopoB (3.19), (3.20) uerko
MOKAa3bIBAKOT, YTO MapaMeTp UCKYCCTBEHHON CKUMAEMOCTH [f; OKa3bIBACT BIMSHUC HE
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TOJIBKO B ypaBHEHHH HEPa3pBIBHOCTH, HO M B YPAaBHEHHUSAX KOJIUYECTBA IBMKECHUS.
AHanu3 JUid JEKapTOBBIX KOOPAMHAT IOKa3bIBA€T, YTO JIUCCHUIIATUBHBIE UJICHBI,
J00aBsisi  NUCCHUIIALIMIO B yPaBHEHUS  KOJMYECTBA  JIBIKCHMSA,  PacTyT
MIPOMOPIIMOHANBHO KOPHIO KBajgpaTHoMy u3 [ [5].

HesBHas cxema

Marpuna SIkoGu BekTOpa HEBA30K R HEOOXOmMMa s 10GABICHHS B JIEBYIO
yacth ypaBHeHus (3.10). Hcnone3ys ¢opmymny (3.22) 1nd KOHBEKTUBHBIX U
LEHTPAJIbHO-PA3HOCTHYIO IJIS1 BA3KUX WICHOB 3allMIIEM YUCICHHYIO AllPOKCUMALIHIO
BEKTOPA HEBSI3KH OTHOCHTEIIBHO TOUKU X, 4,V 4

Ej+1/2,k - Ej—1/2,k + Fj,k—l/z _Fj,k—l/z

s Ao At (3.32)
B (_V )A/+l,k - (EV )‘/_1,/( B ( _V )j,k+1 B (Fv )j,k—l ’ .
2AE 2An

IJl¢ YHCICHHBIC IOTOKH £ u F OIpelersoTces ¢ MOMOLIBI0 cooTHoueHns (3.22) ¢
MIEPBBIM, TPETHUM WM MATHIM HOPSAKOM TUCCUITATUBHBIX WIEHOB BhIpakeHui (3.23),
(3.29), (3.30), coorBercTBeHHO. JlanbHEHIINI BBIBOJ ClIENaH B MPEIIOIOKEHHH, YTO
A& m An SKBHUBaJEHTHBI €JUHUIIE.

®opmupoBaHHe TOYHOW MaTpHuIbl SIkoOM BeKkTopa HEBSI3KH CIIOXKHO JUIS
NPaKTHYECKOW peann3alul, OCOOEHHO, KOT/Aa WCIONB3YeTCs MNPOTUBOIOTOYHOE
muddepeHpoBaHUEe BBICOKOIO MOpsAAKa To4HOCTU. [lo3TOoMy, B HESIBHOM 4acTu
UCIIOJIL3YIOT TIEPBBIN MOPSIOK TPOTUBOMOTOYHOTO quddepenuuposanus. [Ipumenss
MEPBBINA MOPSAOK JUIsl KOHBEKTUBHBIX YJICHOB, IIOJIyYUM BEKTOD HEBSI3KU

J J=h

1r= — + _ + _
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+ - + -
FF o —Fio = AF o Y AF o FAF ) —AF (3.33)
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OR. 1
Jok + + - -
~ _[A ok YA = Ajng — A

op,,  2L% , (3.35)
+ B;,lm/z + B;k—l/z =B 12— B_;k—l/2:|
OR,, 1 ~
ﬁ ~ E[Ajﬂ,k - A;+1/2,k + A0 (71 )./+1,k} ’
i+,
oR., 1 )
—6D '];m ~ 5|:Bj,k+l - B;,k+l/2 + Bj,k+1/2 - (72 )j,k+1 J >
J.
rae A= Zl , B= Zz B ypaBHeHuH (3.14)
AT =X AN X, (3.36)
+ + -1

B neBoit wactm ypaBHeHHs (3.10) COXpaHSIIMCh BSI3KHE UICHBI JIUIIH IS
OpTOTOHAIBHOM ceTKH. B pesynprare

R CRE (3:37)
72 = +n§)lm%,
rae I, — MoauduuupoBaHHAs eAMHIYHAS MaTpHULA
0 0 O
=0 1 ol (3.38)
0 0 1

Cucrtema ypaBHEHHH pemanach ¢ MmoMmompbi Mmetona ['aycca-3eiinens. B atoit
mpoIeaype MaTpulla B JIGBOM YacTH HESBHOTO YpaBHEHUs (oOpMUpOBaiach W3
BEJIMYUH C MPEIBIIYIIEro BpeMEHHOTO ciIos. J{is Kakoi TOUKn

B[V,0,...,0,X,Y,Z,0,....,0,W]AD=R. (3.39)

4. Pe3yabTaThl pacueToB

PaccmoTpenHbIil  anropuT™M OBUT TIPUMEHEH [UIsl pacdyera CTalMOHAPHOTO U
HECTAIlMOHAPHOTO OOTeKaHWs IMWIMHIpa, Bpamaromerocs muiuaapa (3ddexT
Marnyca) u TpexionactHoro poropa CaBoHuyca.

4.1. Obmekanue Kpy208020 HenoogudxicHo2o yuaunopa. C TEIbI0 TPOBEPKH
3(PeKTHBHOCTH pa3pabOTAHHOTO YHCIEHHOTO QJITOPUTMa PACCUYUTAHO CTAIMOHAPHOE
(puc.1 a, 6, B) U HecTallMOHAPHOE TEUCHHE HECKUMAEMOH JKHIKOCTU 32 KPYTOBBIM
mumuHIpoM (puc.l 1, n). Kpatkuii 0630p paboT MocBAIIEHHOR 3TOH 3a1aun MpUBEAEH
B [6-8].

JlamuHapHOE TedeHHEe B Clele 3a IMWIMHAPOM TpU OOTEKaHUH HEC)KUMaeMOH
KHUIKOCTBIO XapakTepusyeTcs CIENYIOIUMH  PEXUMAMHU: 0e30TpBIBHOE
CTallMOHAPHOE, CTAIIMOHAPHBIA OTPBIB U HECTAIMOHAPHOE OTPHIBHOE TIEPUOAUIECKOE.
Jluann TOKa, MOCTPOEHHBIE IO MTHOBEHHOMY TIOJTFO CKOPOCTEH, IS Pa3MuYHbIX YUCEI
Petinonpaca mpusenenst Ha puc. 1. Ilpum umcnax Pefinompaca Re <5 oOrexanue
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IIMHIpa TPOUCXOAUT Oe3 OTpbiBa MorpaHuYHOro cios (puc. 1 a). YBenuueHue
ynucina PeiiHonbaca MPUBOAWT K OTPBHIBY JIAMHHAPHOTO MOTPAaHUYHOTO CJIOSI OT
HOBEpXHOCTH  mwimuHApa. OTpbIB  ABISETCA  CIEACTBHEM  B3aHMOJCHCTBHUS
KOHBCKTHBHBIX, BA3KHUX CHIJI u rpaay€HTa JaBJICHUA. HOI[ )Z[eI\/'ICTBI/IeM
NOJOKUTENFHOTO TpaJHeHTa OaBJeHHWs BO3HUKAET BO3BPAaTHOE TEYEHHE, KOTOpOE
NPUBOAUT K YTOJINSHUIO TOTPaHMYHOTO CJIoA. B TOouke OTphIBa MOTOKA, TIJIe
KacaTeIbHbIE HANPSDKEHHS OOpaIaroTcs B HyNb, MOTOK OTXOIHUT OT ITOBEPXHOCTH
nujirHAapa. 3KCHepI/IMeHTaJILHBIe 1 YUCJICHHBIC paCyY€Thl CBUACTCILCTBYIOT, UTO IIPpU
sHaueHuH PeiiHombaca Re<Re,, (wm1 mwmHapa Re=40) peanusyercs

CTAIlMOHAPHBIA PEXHUM TEUEHHS, XapaKTepU3YIOUINICS HATMYUEeM B OJIMKHEM Cliefie
JIBYX CUMMETpUYHBIX Buxpei. [Ipu maneix uncnax PeitHonmpaca Re =5-40 mupuna
U JUTHHA BUXPEBOTO CIie/la YBEIMUUBaEeTCs ¢ pocToM uncia PeitHonbaca (puc. 1 0, B).
Ilpu yBenuuenun uucia PelHObBICAa pa3Mepbl BUXPEBOI 30HBI PacTyT JO TEX MOp,
moka He OyJIeT JOCTHUTHYTO €ro KpPUTHYEeCKoe 3HaueHue. B 3Tom ciydae mmuHa
OTPBLIBHOM 30HBI paBHA MPUMEPHO ABYM JuUaMETpaM LUIUHApA. ['paHuIly BUXpEBOil
o0JacTh Ansl CTalMOHAPHOTO pPEKUMa TEUCHHS MOXKHO ONPENeNUTh [0 JIMHUHU
HYJIEBOH CKOPOCTH.

[Ipu nanpHeimeM yBenudeHnn uncia PeifHonb/ca TedeHue B clieaie mpuodperaet
aCMMMETPHUYHBIN Xapakrtep (puc. 1 T, 1 u puc. 6 a). O0TekaHHne IMHAPA, IPU YUCITAX
PeiiHonbAca, OpEBBINAIONIMX KPUTHYECKOE 3HAUYECHHE, COIMPOBOXKAAECTCS OTPHIBOM
BHUXPEH, KOTOPBIE CHOCATCS BHH3 IO IMOTOKY Ye€pe3 paBHBIE WHTEPBAILI BPEMCHH.
Ilepuonnueckoe BHUXpPEBOE TEUYEHUE MOXKHO pAa3deiuTh Ha JBa [Wana3oHa B
3aBUCHUMOCTH OT uucna Pelnonpaca. s 40 < Re <300 peanusyercst ycTOHYMBBIN
JAMUHAPHBIA PEXUM TEUYEHUS, C PEryJsipHOM BUXPEBOU OOPOXKKOHM, MPU KOTOPOM
MOJKHO €IIle HE YYUTHIBATh BIMSHUE TYpOYJIEHTHBIX IMynbcarwid. [Ipu BEICOKHMX gncimax
PeitHonbACa BOZHUKAST TYpOYIU3aUs TCUCHUS B CIIENE 3 IUIUHAPOM, YTO MPUBOIUT
K HEOOXOAMMOCTH MOJICTUPOBAHHS TyPOYJICHTHOCTH.

Pacnipenenenue kosp¢uumenros nasinenus Cp, u TpeHus C, 1O MOBEPXHOCTH

UWIMHApA Npu U3MeHeHun PelHonblaca npuBeneHsl Ha puc. 2 u 3. Poct uucna
PeitrONMBACA ABISCTCS MIPUYUHON MOHIKEHHS KOAPGUIINECHTA TaBICHHUS B MIepeaHEH 1
YBEIUYCHUS] B 3aJHEH KPUTUYECKUX TOUYKAX, a, CJIEIOBATEIbHO, U YMECHBIICHUS
J000BOTO COMPOTHUBIIEHH. AHATU3UPYS KOA(PHUIIMEHT TPEHHS MOXHO YCTaHOBUTH
MOJIOXKEHUE TOYKH OTphIBA IOTOKA OT MOBEPXHOCTH LMIMHAPA. YTOJ OTpbIBA
MOTPAHUYHOrO CJIOS, OTCUMTHIBAEMBIM OT 3aJHEH KPUTHYECKOM TOYKH, pPaCTET C
yBenuueHHeM uwncia Pefinonbmca. Hecramumomapubrii pexkum TeueHuss Re > 40 He
UMEET CTPOro ONPEIECICHHOrO yria OTpbiBa. B JOHHOM 4acTM LWIMHAPA MOXKET
(hopMHpOBaTBHCA cpa3y HECKONBKO BUXpel. X KOMM4ecTBO M MHTEHCUBHOCTh 3aBUCHT
OT BPEMEHM W uucia PeilHoiabaca, 1 OHM BIMAIOT HAa MOJOKEHHWE TOYEK OTPhIBA U
MIPUCOEINHEHHS TIOTOKA HA TIOBEPXHOCTH IMIINHAPA.

UuclieHHBI pacyeT BUXPEBOM CTPYKTYpbl TeueHus Uil 4ducina PeliHonbiaca
Re = 140 cpaBHUBaJICS C IKCIIEPIMEHTOM M3 ainbOoma Tedenni Ban-Jlatika [9].

3aBucumoctpb uncen Ctpyxans St ot Peiinnbaca Re, KOTOpbIe COMOCTaBISIOTCS
C DKCIIepUMeHTATBHBIMU HaHHBIMA Roshko [10] nmpuBeneHs! Ha puc. 5.

4.2. Dppppexm Maenyca. Tlpu pacuere Harpy3ok, NEHCTBYIOIIUX Ha OMOPHYIO
OanHi0, HEOOXOIMMO YUYMTHIBATH HECTaUMOHApHBIE 3 (EKTH, BO3HUKAIOIINE MpPU
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B3aMMOJICHCTBUM TOABIDKHBIX 3JIEMEHTOB KOHCTPYKIIMH C HaOEraroIiM ITOTOKOM
BeTpa. OOHOM U3 TaKUX HECTAIIMOHAPHBIX HATPY30K SIBIAETCA TOMEpPEYHasl Cuia,
BO3HHUKAIOMIAs MIPH BpAIleHNH HECYIIETO IMINHApPaA onopHoU Oamran. Takoe sBieHMe
U3BECTHO B JiMTepatype Kak d(pdekr Marnyca. TedyeHue, 3a BpallarOUUMCS
WIMHIPOM, HCCIICJ0BAJIOCh MHOTHMMH aBTOpaMu: 3KcrnepuMmeHTanbHo Taneda [11],
Tokumaru u Dimotakis [12], Filler [13] u uncnenno Wu [14], Beak [15].

B macrosmelr paboTe MpOBEIACHBI YHCIEHHBIE WCCIEIOBAHUS JABYMEPHOTO
JJAMUHAPHOTO TE€YEHHUs 3a KPYTOBBIM LUJIMHIPOM, BpalAIOIIMMCS MPOTHUB YacOBOM
CTPEJIKK C MOCTOSIHHOM CKOpPOCTBbIO. MOAEeNUpoOBaHUE BBIMNONHEHO AJSl TEUCHUU IpU
pa3nuuHbIX yuciax PeliHonpaca Re u mMHENHON CKOPOCTH MOBEPXHOCTU LUIIMHIIPA ¢,
OTHECEHHOW K CKOPOCTH HEBO3MYIIEHHOTO IMMOToka B muamazoHe 0<a<2. B

pacderax ¢« ompenenserci kKak o =wd/ (2Uw), rie @ — YIJoBas CKOPOCTb

nuirHAapa. YuciaeHHoe MOACIIUPOBAHUC IIOKA3ajI0, YTO BHXpeBOfI CJICq CYHICCTBYCT
IpU HHU3KHUX CKOPOCTAX BpPAIIE€HUSA W MOJHOCTBIO MNOAABIACTCA HpU & >, TAC

KPUTHUYECKAsl CKOPOCTb BpallleHWs ¢, 3aBUCUT OT uMciaa PeliHombiaca, Hampumep,
o, ~1.4,18,1.9u 2.0 g1 Re =60, 100, 160 u 200, coorsercTBenHo. IIpu Re =40

cien 3a IQUIMHAPOM HOCUT CTallMOHAPHBINA XapakTep W HE 3aBHCHT OT CKOPOCTH
BpalieHus ¢« . Bpamienue UWIMHApPA NPUBOJUT K HM3MEHEHHUIO TEUCHUSA B ClENE U
KOHQUTYpallid BHUXPEBOH TOPOXKKH, KOTOpash MOXKET YMEHBIIUTh OCIHJUIALNH,
BbI3BaHHBIC TEYECHHWEM, W BEIMYMHY TMOABEMHOW CHiIbl. BpameHne mwuinHApa
MPUBOJUT K YCKOPEHHUIO TEUEHHUS Ha OJHOW CTOPOHE LWIMHApPA U 3aMEIJICHUIO Ha
npyroii. JlaBmeHwe Ha BepxXHEW 4YacTH IWIMHIpPA CTAHOBHUTCSA OOIBIIE, YeM Ha
HIDKHEH, 1 TOSABJISIeTCA HeHyJeBas TolepeyHas Crila, OCpeTHeHHas 1o BpeMeHu. Kak
pe3ynbTaT, BpallleHue CHUIHHO BHUIOU3MEHSET CTPYKTYpPY TEUCHHS, YTO MPUBOAUT K
MOHKCHUIO OCcHWUIAME. TeueHWe 3a NUIMHAPOM OBUIO CTAMOHAPHBIM HIIH
HECTAIMOHAPHBIM (TIEPUOIUUSCKHM) B 3aBUCTH OT JIBYX NapaMeTpoB Re u ¢ .
KoHTypbl 3aBUXpEHHOCTH I TPeX pa3INYHbIX 3HAYCHUH « I OJHOTO
MoMeHTa BpemeHu mpu Re =200, nokasansl Ha puc.6. Ilpu Hammuum BUXPEBOroO
clena, pacupeleNieHus] 3aBHXPEHHOCTH 3a IIMIMHAPOM TMOAO0OHBI 10  ¢opme
(puc.6 a,0), a >¢hdeKTsl BpameHUs MPOSIBILIIOTCS B OKPECTHOCTSAX ITOBEPXHOCTH
mwivHApa. B 1OTOKe JKUAKOCTH BONM3M BEPXHEH MMOBEPXHOCTH IWIMHIPA,
oTpullaTelIbHAs  3aBUXPEHHOCTh C  BO3pacTaHUEM «, JOMHUHHPYET  Haj
HOJOXKHUTEIIPHOM 3aBUXPEHHOCTBIO HA HIDKHEH cTopoHe. Ml 3HaueHMH o >

BUXPEBOMU CIIe/T TOJIHOCTHIO MTOAABIISETCS M HAOIOIaeTCsl HATMIKe 2-X CTallMOHAPHBIX
BUXpEil, MPUCOETMHEHHBIX K HWIUHAPY (puc. 6 B). [Ipu panpHeiimemM Bo3pacTaHuu o ,
BUXPH CTaHOBSITCS BBHITSHYTHIMH U CMEIIIEHHBIMU B HAIIPABJICHUHU BPAICHHUS.

Pacnipenenenne koadduipenTa qaBieHns M0 MOBEPXHOCTH MUJIMHIPA B MOMEHT
BpeMEHH, TMpH KOTOPOM KOd(Q(dUIHMEHT J000BOrO  COMPOTHUBICHUS  HMEET
MHUHHAMAJILHOE 3Ha4eHHue, a K0d(Q(UIHEHT NOJbEMHON CHITBI OOpalaeTcs B Hyb, Ui
CIIy4aeB C Pa3MYHBIMH KOMOWHAIIUSIMU CKOPOCTH BpAIlleHHs], TIOKa3aHO Ha puc.7.
Brusinue »¢dexta BpalieHHs HAa KOJIMYECTBEHHBIC XapaKTEPUCTHKH TEYEHUS,
NpUBeACHO Al PUKCHPOBaHHOrO 3HaueHus uncia PeiiHonbaca (Re = 200) .

Cpennue 3HaueHus Koddduienrta gapjieHus it o =0 CUMMETPUYHO
otHOcHTENBHO O = 180°, YTO MPUBOAUT K HYJIEBOMY 3HAYEHHIO CPEIHEH MOABEMHON
cwibl (puc.8). [Ipu Bo3pacTaHuy « , MOTOK CTAHOBUTCS aCCUMETPHUYHBIM H 33 TOT XKe
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IPOMEXKYTOK BPEMEHH JABICHHWE HA HIDKHEHW cropoHe mimHApa (0 =270°%)
MOHIDKAETCSA, B Pe3yJIbTaTe MOSBISCTCA OTpHUIaTeNbHas cpenuss cmia (puc.8). C
POCTOM ¢, 3a/HssI KPUTHUYECKAsd TOYKA [IEPEMEIAeTCs 110 MOBEPXHOCTH LIWIMHAPA B
HaMpaBJIeHUH TPOTHUBOIIOJIOKHOM BPAIIEHUIO.

B pesynbrare 4MCIEHHOrO HCCIIEOBAaHUS YCTAHOBJIEHO, YTO JJS JIAMUHAPHOTO
pexuma TteueHus (47 <Re<200), BuxpeBoi cies CYyMIECTBYET MPH HUBKHUX
CKOPOCTSIX BpallleHHs U TIIOJHOCTBIO TOAaBisieTcs Npu o >¢,. Poct wuyucna

PeliHonbpaca fecTaOWM3MpyeT TeueHHWe B Cliele 3a MWIMHAPOM, B TO BpeMs Kak
BpaIlCHUE CTa0MIM3UPYET €TO.

Bparnienue nuiavHIpa B BI3KUX TEYCHUSX MOMKET CHIIBHO IMOBJIUSATH HA CTPYKTYPY
TEUCHUsI, TIOHU3UTh, UHYIIUPYyEMbIC MOTOKOM, OCIIMJUIAIMKA B BUXpEeBOM ciene. [Ipu
HaJIM4YUU BUXPEBOTO Cllela, B JAMAaNa3oHe « <, , HaOIIOJAIOTCS H3MEHEHUs B

CTpyKType TeueHHs. Bo-mepBbix, uucna CTpyxajs MMOYTH HE 3aBUCAT OT CKOPOCTH
BpallleH!s, HO CHJIBHO 3aBUCAT OT uucen PeliHonbaca. Bo-BTOpeIX, MpU yBETHUYEHUU
CKOPOCTH BpAIllCHUS, CPEOHHE 3HAYEHHs] INOABEMHOM CHIBI BO3PACTAIOT IMOYTH
JMHEHHO « , a T000BOTO CONMPOTHBIICHUS IOHUKAIOTCS.

Pe3ynprarel MOKa3pIBalOT, 4YTO BpallCHWE LHIMHAPA MOXKET IIOJABIATH
WHTEHCUBHOCTb BUXPEBOH CTPYKTYphbl. BHUXpeBOil cile[| CYLIECTBYET NPU HU3KUX
CKOpPOCTSIX BpAllCHHs M IMOJHOCTBIO HCUe3aeT NpU « >0y , THE o — KpUTHYEeCKast
CKOPOCTH BpallleHHs, KOTOpas Jiorapu(MUUECKH 3aBUCUT OT uncia PeitHonbaca. [Toka
CYILIECTBYET BUXpPEBOM cien, yncna CTpyxais OCTaroTCs MOYTH MOCTOSHHBIMH, NPHU
n3MeHeHnH ¢. C BO3pacTaHUEM «, 3HAYEHHE NMOABbEMHON CHIIbI TMHEHHO BO3pacTaer,
a 3HaueHHEe JIOOOBOTO COMPOTHBICHUS IMOHMKAETCS M 3HAYUTEJIBHO OTIMYAETCS OT
pE3YIIBTATOB, MOIYYaEMBIX IO TEOPUH MOTCHINAIBHOTO TCUCHMS.

Hcxons w3 MOMydyeHHBIX pe3yibTaToOB, MOXHO CIeNaTh BBIBOJ, YTO IIpHU
MOCTOSIHHOM CKOPOCTH BeTpa Ha HECYIMi LWIMHAP ONOPHOH OamHu OelCTBYIOT
a’pONMHAMHUYECKHAE CHIIBI, IIEPEMEHHBIE IO BEJIMYHMHE, HANPABJICHUIO W YacTOTe,
3aBUCAILINAE OT 3HAUEHUH TEKYILEeW YIIIOBOW CKOPOCTH.

4.3. Pomop Casonuyca. [ COBEpILICHCTBOBAHMSI BETPOIHEPreTHUECKOU
yctaHoBkd (BDY), BaXXHBIM MOMEHTOM SBJISIETCS AaHAIU3 IOJS TEUYCHHUS BOKPYT
Bpauiaronierocsi poropa BDY. B kauecTBe BepTHKanbHO-oceBoii BDY BriOpan
TpexJyonactHeld porop CaBonuyca. IIpn B3aumonencTBUM ¢ HaOEraroIKUM IOTOKOM
Berpa porop CaBOoHMyca TE€HEPUPYET CJIOXHOE II0jJ€ TEYeHUus C OOJIbIIMMHU
OTpBIBHBIMH 30HaMH. OCHOBHBIMHU TIPEHMYIIIECTBaMHU 3Toro kiacca BOVY spnsercs
MIPOCTOTa KOHCTPYKIIMH, HE3aBUCUMOCTH OT HAIPABIICHUs BETpPA, HU3Kas CKOPOCTb U
OOJNBITION KPyTAmUH MOMEHT. Tak Kak CKOpocTh BpamieHusi poropa CaBoHHyca HE
Bbicoka u umciaa Maxa Hu3kue (M<0.1), mome Te4eHMST MOXKHO CUWTATh
HEC)KHMAEMBIM.

Ha 06aze pa3paboTaHHOrO YHCICHHOTO AJIrOpPUTMa pELIeHA CBA3aHHas 3agada
JUHAMHUKU W a’ponuHaMuku poropa CaBoHuyca. PacueTHas ceTka, IOCTpOEHHas
BO3JIE pOTOpa, COJeprKala IMOpsAaKa MWIUIMOHA y3i10B. Pacder mpoBoausics B jABa
srana. Ha mepBom »Tame 3amaBajicsi HEBO3MYIUEHHBIH MOTOK BO Bced oOiacT, B
KOTOPBI BHE3aIIHO BHOCWIM mIperpany — porop Casonmyca. Llenpto mepsoro srama
OBUIO TOJy4YeHHE NMEPHOAMYECKOr0 TEUEHHs, 10 CTPYKTYpe IMOX0XKETo Ha JOPOXKKY
Kapmana. Ha BTOpOM 3Tame COBMECTHO € a’pOAMHAMHUYECKOHM 3amadeil pemanoch
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YpaBHEHHUE BpalllcHUs. B HEKOTOPBIE MOMEHT BPEMEHH, KOTOPBIA NPUHUMAETCS 3a
Hay4ajo OTCYETa, «BBIHUMAETCS CTOIOP» U POTOP HAUYMHAET BpallleHUE 0] AeHCTBUEM
HaOeTaroIIero MoToKa BETpa.

KOHTypI)I 3aBUXPCHHOCTU BO3JIE HCIOABUKHOI'O MW MNOABHIXXHOI'O PpOTOpa
npuBeJeHsl Ha puc. 7. B ciydae HenmoasuxHOro portopa CaBoHMyca 3a JIOTIACTSIMH
(hopMupyIOTCS BUXPH, KOTOPBIE TIOOYEPETHO OTPBHIBAFOTCA OT JIOMACTEH W CHOCSTCS
BHU3 TI0 TOTOKYy. Korma poTop NMpHBOAWTCA B JABMKEHHE, MHTEHCHUBHOCTH BHUXpEi
Pe3KO BO3pacTaeT, a TIeOMETpUYECKHe pa3Mepbl yMeHbIIalTca. B sToMm ciydae,
MIEPUOJT CXOJla BUXPEH OMpeIIeNsIeTcsl He TOJBKO CKOPOCTHhIO HaOeraromero moToka u
XapaKTepHBIMH pa3Mepamu, HO M YacTOTOM BpalleHns camoro potopa. OT Toro, ¢
KaKOM YTIIOBOHM CKOpPOCTHIO Bpamaercs porop CaBoHHMyca, 3aBUCUT WHTEHCUBHOCTH H
JacToTa cxoja Buxpeil. Buxpu, cxongmue ¢ jgonacted HAYIMX Ha BCTpedy MOTOKY,
UMEIOT MEHBINYI0 WHTEHCHBHOCTH, YeM T€, KOTOpBIC CXOJST C JIOmacTed, KOTOphIe
JBUKYTCSL TIO TOTOKY. OJTO OOBSACHSETCS TeM, YTO B IMEPBOM CiIydae, BUXpHU
NOJATOPMAKUBAIOTCS, 32 CUET JEHCTBUS BA3KHX 3((EKTOB, a BO BTOPOM Cilydyae, OHH,
HA00O0pOT, TOATAKABAIOTCS ABMKYIIMMUCS JIOTIACTAMU. HarmpaBieHne BpamieHust ux
pa3u4IHoO.

Pe3y.TIBTaTbI PECHICHUA CBSI3aHHOM 3aJauyd JUHAMHUKW W a’pOJUHAMHUKH POTOpa
BETPOKOJIECA CPABHUBAJIUCH C OJKCIEPUMEHTAJIbHBIMU JAHHBIMU M Ppe3yJlbTaTaMU
pacveToB 10 HHXKEHEPHOW METOAWKE, pa3paboTaHHON aBTOpamu [16].

6. BuiBoabI

Jlns MccneioBaHus CBA3aHHOMW 337]aul JMHAMUKH ¥ a3POJMHAMUKH BEPTHKAIBHO-
0CEBOIr0 BeTpoarperara pa3pab0TaH HESIBHBIA YHUCIICHHBIH aJrOPUTM Ha OCHOBE
ypaBHCHUS BpAIICHUS M HECTAllMOHAPHBIX JBYMEPHBIX ypaBHeHmii Hapne-Ctokca
HECKUMAEMOM JKUAKOCTH B TIOABIIKHBIX KPUBOJIMHEHHBIX KOOPAUHATAX.

[IpoBeneHO TeCTHPOBAHHWE YHCICHHOIO ajlrOPUTMa Ha 3ajadax O pa3BUTHHU
TEYCHHUS B CJICJIC 32 HEIOIBUHBIM M BPAIIAFOIIUMCS [IHJIUHIPOM.

BrimonHeH pacder CBS3aHHON 3ajadyd JUHAMHKH W a’pOJWHAMHUKH POTOpa
CaBonnyca. PazpaboraHHble MaTEMAaTHYECKHE MOJIE/IH, aJirOPUTMBI, BEIYUCIIUTEIbHbIC
MPOrpaMMbl MO3BOJIIOT PACCUMTHIBATH M3MEHEHHE BO BPEMEHU YIJIOBOW CKOPOCTH
BpalllcHUS  BETPOTYpPOWHBI, BHEIIHEW HArpy3kd, BEIOMpaTh  pallMOHAIBHEIC
KOMITOHOBOYHBIE CXEMBbI (KOJIMYECTBO JIOMACTeH, JOPMY M YIIIbl YCTAHOBKU MPOQUIIS)
C YYETOM HX IBH)KEHHS IOJ JCHCTBHEM HECTAI[MOHAPHOIO HAOEraroIiero IoTOKa
BETpA.
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Puc. 1. Cmayuonaprnoe u necmayuonaproe obmexanue yuiuHopa.
Jlunuu moka nocmpoenHvie no MCHOBEHHOMY NOJIIO CKOPOCMEI.
a—Re=56—-Re=20,6—Re=40,c—Re =50 0—Re=100

0)

)
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0 30 60 9 120 150 180 210 240 270 300 330 360

Puc. 2. Pacnpedenenue koappuyuenma oasnenus Cp no nosepxHocmu Kpy208020 yuiunopa 6

3asucumocmu om yucen Petinonvoca
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Puc. 3. Pacnpedenenue xooppuyuenma mpenus C f MO NOBEPXHOCMU KPY206020 YUAUHOPA 6

3asucumocmu om yucen Petinonvoca
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Puc. 4. Buxpesas cmpykmypa Oopooscku Kapmana (Re = 140)
a) — sxcnepumenm, gomoepaghus uz anvboma Ban-/lavika [9]
6) — uucnennwlil pacuem Hacmoswel pabomol

0,22 ‘ ‘ ‘ ‘ ‘
St 1 1 1 | |

0,21 - | | | | |
| | | | l 8

0,20 | | | | | | Q9°
P

0,19 | : : L A
| | % <© | |

R T 3 A

0.17 ”””7”37 777777 j% 777777 i 77777777 ioRoshko 7777777777
; ‘ ; | @ [laHHas pabota

0,16 -~ R R e Ry

0,15 | i i i i 1
| f | | | |

0,14 I T - - - - - = B |- - - - - - -~ -— - - - - - = T - - - - - - - - - - - -7
[ e3 | | | |
\0 | | | |

013 4~ RRREEEEEEEEEEEES - R e

| | | | Re
0,12 $ i i i i T
0 50 100 150 200 250 300 350

Puc. 5. 3asucumocmo yucia Cmpyxana om uucaa Petinnvoca. Cpagrenue OaHHbIX Hacmosauyell
pabomwl ¢ sKcnepumenmanviuvimMu oannuvimu Roshko [10]
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1 T 2 3 & 5 E 7 8 3
6)
Puc. 6. Konmyput 3asuxpennocmu npu oomexanuu yuiunopa (Re = 200) 6 sasucumocmu om
JuHetiHol ckopocmu epaugenua: a—a=0,6—a=1,6—a=2
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0 30 60 90 120 150 180 210 240 270 300 330 360

Puc. 7. Pacnpedenenue kosppuyuenma dasnenuss Cp 1o nosepxHocmu Kpy206020 yuaunopa
(Re=200) 6 3a8ucumocmu om auHeuHol CKOpOCMU 8paLeHUs

-1 \
5 10 15 20

Puc. 8. 3asucumocmo kospguyuenma noovemuoii cunvi C ) 0J151 KPY208020 YUIUHOPA

(Re=200) 6 3a8ucumocmu om IuHeuHol CKOPOCMU 8PaALLeHUs
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6)
Puc. 9. Koumypui 3asuxpennocmu 6okpye pomopa Casonuyca:
a — Hegpawjarowuics, 0, 8 — 6PAWAIOUULLCA
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Mop@u3Mbl TOTYCXEM U UX TPHUIIOKEHUS

T. B. CemeHoBa
Xapvkrosckuti nayuonanvuwiil ynugepcumem um. B.H. Kapasuna, Yxpauna

In the article the instrument of semischeme mapping using morphisms is suggested.
The possibility of using semischemes and semischeme morphisms for discribing tools
of modelling and mapping of one mathematical apparatus concepts on concepts of
another one is showed. The example of the transfer from model built using Petri nets
to the model built on the base of the time probability graph using semischeme
morphisms is showed

1. MMocranoBka mnpoG/jemMbl. MaremMaTuieckoe MOJICTHPOBAHUE  SIBISIETCS
OOIIETIPUHATHIM CPEACTBOM HCCIEAOBAaHUS CIOXKHBIX cHUCTeM. s ToiydeHwus
HanboIee OTHONH MHPOPMAIIHK O CHCTEME HCCIIeI0BATENh, KaK IPABUIIO, IIPOU3BOTUT
NOCTPOCHUE HECKOJIBKUX Mofesel (aHATUTUYECKUX M MMHTAIMOHHBIX), MCHOIB3YS
pa3nuuyHble MaTeMaTHdeckue ammapaThl. OCOOEHHOCTHIO TAKOTO TOIXOMa SIBIISETCS
HEBO3MOXKHOCTh FHCIIONIB30BAHUSI YK€ IIOCTPOCHHBIX MOZeNel s pa3paboTKu
nocnenytomux. CrnenoBaTenbHO, HEOOXOIUM HHCTPYMEHT, KOTOPBIM OBl MO3BOJIMI
OTMCHIBATh MOHSATHS PAa3IMYHBIX CPEICTB MOJECTUPOBAHUS M CTPOUTH OTOOpakeHHE
MeXTy HIMH.

2. Anaau3 nyOJukanuid M mocTtaHoBKa 3anaum. B cratee [1] mpemcraBieHa
dopmanbHas MOAENb OINUCAHWS MOHATHH pPa3IMYHBIX TNPEAMETHBIX 00JacTei,
CpPeICTBaMH MONycXeM. B 4acTHOCTH, 3TOT MOAXOJ] MOXET OBITh NMPUMEHEH It
ONMCaHUs CpPEACTB MaTeMaTHYeCKOTO MoJenupoBaHus. Torma, axTyambHOI
CTAHOBUTCS 3aj7lada pa3pabOTKW MeEXaHHW3Ma OTOOpPaKECHUs MOHITUH OJHOTO
MaTeMaTHYEeCKOTO amnrapaTa Ha IOHSATHUS IPYToro.

B xadecTBe mpuMepa B CTaThe pacCMOTpPEH MPOIECC OMHMCAHUS allapaToB CeTel
Ilerpu [2] u BeposTHOCTHO BpeMmeHHBbIX Tpados (BBI') [3], cpencTtBamu momycxem.
[Tocne vero mokazaHa BO3MOYKHOCTB IMEPEX0Aa OT MOJIENH IOCTPOEHHON C MOMOIUIBIO
cerell Iletpu x Moaenu mocTpoeHHOU ¢ momoiibio BBI' myTeM 3amaHusi HEKOTOPOToO
MoOp(hHU3Ma MOTYCXEM.

ABTOp BBIpaxkaeT OnarogapHocTh npodeccopy KontkeBuuy ['.H., oOparusiiemy
ee BHUMaHHE Ha BO3MOXXHOCTh MPUMEHEHHS TEOPUHM KATETOPUH IS HMCCIIeIOBaHWS
moirycxem, a take JlypaBkuHy E.B., B mporecce oOCYXIACHHS CTaThbH C KOTOPHIM
BO3HHK OCHOBHOH IPHMEDP COJEPKATEIBLHOT0 MOphu3Mma.

3. OcnoBHast yacTb. Bplme ObIJIO yKa3aHO, YTO MOHATHA HpPEAMETHOH 001acTH
OTHMCHIBAIOTCS CpelcTBaMu ToycxeM. ClemoBaTebHO, HEOOXOIUMO pa3paboTaTh
MEXaHU3M OTOOpakeHUsI OJHOW TMOIyCXeMbl Ha Apyryio. OIUH U3 METOIO0B PELICHHUS
JaHHOW 3a7a4yu Oa3upyeTcst Ha UCHOIb30BaHUHU MOP(QH3MOB.

OnpenenuM TOHATHE Mopdu3Ma [UIsl TONyCXeM | HCCIEeNyeM KpUTEepHUil
CYIIIECTBOBAaHMUS N30MOP(H3Ma MEKAY ABYMS MOIYCXEMaMHU.
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Onpeodenenue
Iycrs S, (N,,R.D,) u S, (NZ,RZ,DZ) - nonycxemsl. Mopgusmom ¢ : S, — S,
Ha30BEM I1apy OTOOPAKCHUH ¢ = (goN,(oR) Takux, 9to @, : N, > N,, ¢, : R, > R,

1 BBIIIOJIHCHO COOTHOIICHHUEC!

(‘v’neNl)(‘v’fenDl)(ElgE(pN(n)Dz) Pyof =8¢

Ymeeporcoenue
I[TycTs SI(N17R1’D1) u S, (Nz,Rz,Dz) - TIOTTyCXEMBI.

@:S, = S, - Mopdusm Takoi, uto @, : N, > N,, ¢, : R, > R, - unbexTHBHBIC

otobpaxkenus. Torma ¢ gBusieTcss MOHOMOP(HHU3MOM.

J10Ka3aTeIbCTBO.
B cuny onpenmeneHus, ¢ sBiseTcS MOHOMOPGHU3MOM, eciu A Jro0oi

HOIyCXeMBI S (N ,R,D) 1 Mo0bIX aByX MopdusmoB ' u ", nelictByromux us S

B S| BBINOIHEHO cooTHOWEeHUe W' # " = oy’ # poy” .

Hycts ' u w" - mopbusmel, aelictByromue uz S B S|, Takue, uto ' #y".
Tora BEIMOJHEHO XOTs ObI OJIHO UX JBYX COOTHOIIEHHUIA:

. (3neN) yy(n)=wy(n)

2.(IreR) wi(r)=wi(r)

JI1sL onpeIeIeHHOCTH Oy/IEM CUMTATh, YTO BBINOIHEHO TIEPBOE yTBEPIKAECHHUE (1151

BTOPOr0 Ciiy4dasl yTBCPKACHUS IPOBOAATC aHaJ'IOFI/I'IHO).
Takum 06pa30M, A HEKOTOPOTO  HNOHATHUA n nu3 N BBITIOJIHCHO

vy (n)#yy (n). B cuty mabeKTHBHOCTH () MMeeM:

ox (wh (n)) = oy (wh (n)).
CruenoBatenabHO,
poy' #poy”.

JlokazaTensCTBO 3aBEPIICHO.

Ymeepowcoenue

I[TycTs SI(NURI’DI) u S, (Nz,Rz,Dz) - IOy CXEMBI.

@:S, = S, - mopdusm Takoi, uto @, : N, > N,, ¢, : R, > R, .

Torma ¢ sBisercs >MUMOPGU3MOM TOTJA M TOJIBKO TOTZA, KOTAA OTOOPAKEHUS

@y :N, > N,, ¢, : R, = R, aBnsrorcs CIOpbeKTHBHBIMH.
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JIoKa3aTeIbpCTBO.
[IpoBenem m0Ka3aTenbCTBO B OJIHY CTOPOHY. JlOKaxkeM JOCTaTOUHOCTb.
JokazatenscTBO OyJeM BECTH OT MPOTHBHOro. lIpeamomnokum, 4ro ¢ He

SIBJISICTCSl AMUMOP(PU3MOM. 3HAUWT, CYIIECTBYEeT Takas moiycxema S (N ,R,D) u

mopbmsmer W' u yw" (y'#w") , melictByrommx uz S, B S, MIi KOTOPBIX
BRIONHEHO ol =@o". Tockonbky W' # ", TO BHIONHEHO XOTs ObI OHO M3
JIByX COOTHOIIEHHUIA:

1. (3neN) y(n)=wy(n)
2.(IreR) wi(r)=w;(r)

g onpeneneHHOCTH OyIeM CUNTATh, YTO BBITOIHEHO MEPBOE YTBEPXKACHNE (ISt
BTOPOTO CIIy4asi yTBEPKACHUS IPOBOIATCS aHAJIOTHYHO).

Takum 0Opa3soM, I HEKOTOPOrO MOHATHS 7 ®W3 N,  BBHIIOJHEHO
! n
vy (n) % v (n).
B cuity CIOpBbEKTHBHOCTH (9, HIMEEM:
’ ry _
(Eln eNl) (pN(n )—n.
CrnenoBaTenbHO,
! ! " !
v (o () 2y (0 ().
Takum o06pazom,
’ ”
YWepzy cp.
[Tonmy4yeHHOE COOTHOIIEHUE MTPOTHBOPEUUT MPEATIOT0KEHHIO.
Jloka3aTenbCTBO JOCTATOYHOCTHU 3aBEPIICHO.

[IpoBenemM noKa3aTenbCTBO B MPOTHBOIONOXKHYIO CTOpPOHY. llycTh ¢ siBnsercs

snumoppmusmoM. [lokaxem, uro ¢, : N, > N,, @,:R — R, - CIOpbeKTHBHBIC

OTOOpaKEeHUSI.
Jloka3aTensCTBO MPOBEAEM OT NPOTHBHOrO. [Ipeamonoxmm, dYTO OXHO U3
OTOOpaKeHUH @, UM (@, HE SABIAETCS CIOPBbEKTUBHBIM. Jl1s1 ompesieieHHOCTH Oy 1eM

CUYUTATh, UTO OTO (D), .

Torga cymiecTByeT Takoe moHsATHE 1 U3 [N, y KOTOpOro HEeT mpoobpasa, TO ecTh

(EIneNz)(VmeNl) (pN(m);tn.

IMocTporM momycxemy S(N ,R,D) v otobpaxenus W' u " Takum o6pazom,

4yTOOBI HapyLIaJoch CBOMCTBO 3nuMmopdusma. [lomydeHHOE MPOTHBOpEUYHE U CTAHET
JI0Ka3aTeJIbCTBOM YTBEP)KICHHUS.

B xauectBe momycxembl S(N ,R,D) BO3bMEM KOINHUIO MOJyCXeMbl S,, B

KOTOPYIO 100aBIICHO ellie OHO MOHATHE /1 C TAKOM K€ CTPYKTYPOii, KaK y 71, TO €CTh

N =N, u{i}
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R=R,

D=D,uD tne D'={(7 f)|f enD,}.

OnpenenuM ' Kak TOXKIECTBEHHBIM MOpdu3M. A /" onpenennM aHaJIOTHYHO
' xpome neiicTeus Ha snemente 7. Ionoxum Wy (n)=7. B cury onpenenenns

noaycxemsl S (N ,R,D) w" aBnsercs MOpQU3IMOM.

Taxum o0pazom,

(VreR,) wi(r)=wi(r)

(VmeN,\{n}) wy(m)=y} (m)

wy(n)=n, wy(n)=n

ITockonbky y amementa n u3 N, HeT npoobpasa, To

(Vme Ny (v (m)) =0y (wi (m)).

CrnenoBarenbHo, ' o@ =" o@ npu ' # " . DT0 NIPOTUBOPEUNT H3HAYATHLHOMY
YCJIOBHIO O TOM, 4YTO () SIBISETCS SMHUMOP(PU3MOM.

JloxazaTensCcTBO HEOOXOAMMOCTH 3aBEPIIICHO.
VYTBepXAcHHE TOKA3aHO TTOTHOCTHIO.

Ymeeporcoenue
ITycts S, (NI,RI,DI) u S, (Nz,Rz,Dz) - TIOTYCXEMBI.
Mopdusm  @:S;, = S, sBmigercs U30MOPPU3MOM, €CIH (@  SABIACTCA

O6umoppu3MoM u (Z)(gox,l,q);l) sBIseTcs MopdusMom u3 S, B S, .

JloKka3aTeIbpCTBO.

B cuny onpenenenus, ¢:S, — S, sBmsercs m3oMOpHHU3MOM, €CIU CYLIECTBYET
TaKoi Mopdusm ¥ 1S, > S, uto Yo =13 u oy =1; .

BosemeMm B kauectBe Mopdusma ¥ 1S, = S, Mopdusm. OueBuaHO, 4TO B ITOM
ciyuae, 06a cootHomeHus Y o =1 n goy =1; BbIMONHEHDI.

JlokazaTensCTBO 3aBEPIICHO.

Paccmotpum BO3MOXXHOCTh  HICIIONIB30BaHUSl  pa3pabOTaHHOTO MeXaHH3Ma
OoTOOpaXeHHs]  MONYyCXeM Ha  KOHKPETHBIX  CpPEACTBaX  MaTeMaTH4ecKOTro
MOJENUpoBaHus. B KauecTBe cpeacTBa MMHUTALMOHHOTO MOJEIUPOBAHUS BHIOpaH
ammapar ceredt lletpu, kak Hambollee UYACTO WCIONIB3YEMBIM TPH aHAIIM3e
MHQOPMAIIMOHHO-BBIYNCIIUTENILHBIX CUCTEM. B KadecTBe cpejicTBa aHAIMTHYECKOTO
MonmenupoBaHus Obul  BeIOpaH ammapar BB, oOnamatomuii mmpoxumu
BO3MOXKHOCTSIMH IIPH QHAJIN3€ CUCTEM.

Bpemennast mapkupoantas cetb [letpu (CIT): C = (P, T,1,0, A) , TIe
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P= { DisPaseees pn} - KOHEYHOE MHOXeCTBO no3unuii CII,

T= {tl, tz,...,tm} - KOHEYHOE MHOXkeCTBO nepexoos CII,
I - BxomHas QyHKIHMS TEPEXOIOB, KOTOPAsk ONMPENETSETCH KAaK OTOOpaKeHHE
I:PxT =B rpe B= {x eR:0<x< 1} - MHOKECTBO BEPOSTHOCTEN MEPEXO/IA,

O - BbixomHas (QyHKIMs IEPEXOJ0B, KOTOPas ONPEAEIAETCS Kak OTOOpaKeHHe
O:TxP—>B

A - BpemeHHas (DYHKIHUA IEPEXOIOB, KOTOpask ONPEAENAETCS KaK OTOOpaKeHHe
A:T —> R, rue R 3agaer Bpems nepexona.

Tora MHUMIEHTHOCTD MO3UUME p; W P, 4epe3 TEPEXO [, XapaKTepusyercs
MapOu:
t, =4 (tk ) - BpeMs Tepexo/a,

Dy = I((pl.,tk )) . O((tk,pj )) - BEPOATHOCTH TIEPEXOIA

[IpeacraBuM omucaHue amnmapara BPEMEHHBIX MapKUpOBaHHbIX cered Iletpu B
TEPMUHAX MOIYCXEM.
MHOXKECTBO TEPMHUHAIBHBIX MOHATHN N, = {llenoe, BemiecTBeHHOE},

MHOYECTBO IMOHATHHA NV, | ={WnunnentHocts, ITo3unus, Iepexon} UN, 0>

MHO)KeCTBO ponell R;={Hauanphas nos3unms, Koneunas mnosunus, DyHkuus
nepexona, Unentudukarop, BepositHocTs, Bpemsi};
HabOp YaCTHYHO onpeneieHHbIX GyHKwmit f|, 5, f3:

fi:
/; (HaganbHast no3uuws) = ITo3umus
/1 (Koneunast mo3unust) = ITo3uius

/1 (@yrkums nepexona) = [lepexon

fa:

/> (Mnenrudukarop) = Lenoe

fi:
/3 (BepositHocTs) = BemecTBeHHO®

/5 (Bpemst) = BelecTBennoe

MuoxectBo D) ={(Muuunentrocts, f; ), (ITozumms, f;), (Ilepexoxn, f3)}.
[IpyMeHsisl alrOPUTMBI, ONKCAHHBIE B [1], JIETKO YBUAETH, YTO ONUCAHHAS TAKMM
o0Opa3om nomycxema S; = (NI,RI,DI) SIBIISCTCS. CXEMOM.
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[IpuBenenHoe (opMmanbHOE OMUCAHWE TIPEACTABICHO B IpauecKoM BUAE Ha
puc. 1.

HavamHas s W nemratiraTnn
[osuipa — emoe
B epoATHOCTE
e A RN AR TS Beme eTee HHO®
My HTHOCTE — Memeron —< Bpewm
Betue cTee HuOE
K riH pread e M nerrudsmeaTan
[osymma —d Lemoe

Puc. 1. Cxema, onucwisarowas cemo Ilempu

BepositHoCTHO-BpeMeHHOi rpad: G = (V,P, T,M ), rie
V= {vl, v,, ...,vn} - MHO>KECTBO BEpILHH,

P - ¢yskuws, 3amaromias BepOSTHOCTHYIO XapakTEPHCTHKY IyTH, KOTOpas
ompexensercss kak orobpaxenne P:VxV — B, rne B= {x eR:0<x< 1} -

MHOKECTBO BEpOsSITHOCTEH (0003HAUUM P((vi, v, )) =F),

T - ¢yskums, 3amarom@as BPEMEHHYIO XapaKTEPUCTUKY JyTH, KOTOpas

onpenensiercs kak otobpaxenue 1 :V xV — R (o6o3naunm T’ ((vi,v . )) =T,),

F - muoxectBo dynkumii Buma f (z) =p-z
M - byukums, 3amaromas BEpOSTHOCTHO-BPEMEHHYIO XapaKTEPUCTUKY AYTH B
Bue GyHKIMN u3 [, KoTopas omnpenensercs kak otoopaxenne MV xV — F,

7;..
T.€. Tape (vl.,v j) CTaBUTCS B COOTBeTCTBHE QyHKIUA P, -z .

if
[MpeacraBuM onucaHue anmapara BEPOSTHOCTHO BPEeMEHHOTO rpada B TepMHHAX

MOy CXEM.

MHOXXECTBO TEPMHUHAJIBHBIX MOHITHM N, = {lenoe, BemecrBeHHoe},

y UN
MHOXeCTBO noHsATuit N, ={/lyra, Bepmuna, ®ynkmms} 0,

MHOXeCTBO ponelt R, ={BepmmHa BeIxoma, BepmmHa Bxoma, XapakTepucTHka,
Wnentuduxarop, BepostHocTs, Bpems};
Habop YaCTHYHO ONpeeIeHHbIX GyHKIMi fi, f5, f3:

fi
/; (Bepumna Beixona) = BepriuuHa
/; (Bepumna Bxona) = Bepiuuna

1 Xapaxrepucruka) = OyHKIms

Ja:
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/> (Unentudukarop) = Llenoe

fi:
/5 (BepositHOCTB) = BetecTBeHHOE

/5 (Bpewmsi) = BewecteHHoe

Meuoxecrso D, ={(lyra, f, ), (Bepuuna, f,), (Pyuxuus, f3)}.
[IpuMeHsist alnropuTMBI, ONMKCaHHbIe B [1], JE€rko yBHIETH, YTO OMHMCAHHAS TAKAM

obpasom momycxema S, = (N 2 RZ’DZ) ABJISIETCS CXEMOH.

[IpuBenenHoe QopmambHOE OMHMCAHWE IIPENCTaBICHO B Tpad)UIecKoM BHJE Ha

Puc. 2.
R EtTTTEA FRTENTA

HnemrutnmaTnn
Be porema }_< Hemoe

HANAWT B CTHRA

B etrrmama menmA

| i
S yHEIM A

Bens

BeupcTEeHHDE

Huoegrudimaron
Be puria [emoe

Puc. 2. Cxema, onucvisarowas BBI'

HpI/IMCHCHI/Ie AJITOPUTMOB, OINMMCAHHBIX B [1], K TIOCTPOCHHBIM MOJyCXeMaM

S2 :(Nz,Rz,Dz)

3ajanuM oToOpaKeHue (o(q)R,(pN):Sl — S, IS TOCTPOCHHBIX CXEM, KOTOpOe

JEACTBYET CIEAYIOIINM 00pa3oM:

@, (Hauanpnas nosunus)=Bepiinna BeIxo1a

@, (Koneunas nozunus)=Bepiunna Bxoaa

@r (PyHKIMSA TIEpexo/1a)=XapaKTePUCTUKE

@y (BeposaTtHocTs)=BeposTHOCTH

@ (Bpems)=Bpems

@ (Unentuduxarop)=Hnentuduxarop

@, (Maumaentaocts)=/lyra
@, (Ilozunusa)=Bepmmnna
@y (Ilepexon)=dynKuus
@y (Lenoe)=Llenoe

@, (Bemectennoe)=BemnecTBeHHOE

Jlerko 1mOKa3aTh, YTO IPUBEIEHHOE OTOOpaKEHHE SBIAETCS MOP(PU3MOM.
IlonyueHHBI pe3yJbTaT IO3BOJSAET YTBEPXKIAATh, YTO MMHUTALMOHHAs MOJEIb,
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MpeJACTaBICHHAs BpeMEHHOW ceThio IleTpu MoxkeT ObITh OTOOpakeHa Ha
AHAIMTUYECKYI0 MOJENb, IOCTPOEHHYIO ¢ nomoibio BBI'.

PaccmoTpum mosydeHHBIN pe3ynbTaT Ha npumepe. Ilokaxkem, kak cerb Ilerpu
MOXeT OBITh UCIIONIb30BaHa JIst mocTpoeHus: BBI.

N3o0paxenHas Ha Puc. 3 BpemeHnHas mapkupoBaHHas ceTb [leTpu numeer:

P= { DPi> D25 Pss> Pas ps} - MHOYKECTBO TTO3HIHI

T= {tl, th,t, t4,t5} - MHOKECTBO TI€PEXO0JI0B,

3HAYCHHUs] BXOAHOW (QyHKIMU mepexomaoB [ ( )22 ) =1, [ ( )2 ,tz) =0,5,
1(p,,t,)=0,5, I(p,,t,)=0,5, I(p,t;)=0,5, I(p,t,)=0,5, I(ps.t5)=1,
OCTaJIbHbIC I(pi,l‘j) =0,

3HAYCHUS BBIXOIHOW (YHKIIMH ITEPEX0I0B O(Ii, p j) =0 maBeex i u J,

3HAauYCHUs BPEeMEHHOH (yHKunuM nepexomos A (tl ) =7, A (tz) =7,, A (t3) =T,
A(t4) =T,, A(ts) =T.

Puc. 3. [Ipumep epapa cemu Ilempu

Nzob6paxkenHsil Ha PricyHke 4 BepOATHOCTHO BpEMEHHOM rpad uMeeT:
MHO>KECTBO BEepIIUH } = {vl,vz,v3,v4,v5} ,

3HaueHUs:  (YHKUWHM, 337alouield  BEpOATHOCTHYIO  XapakTEPHUCTHUKY  AYT

By =P(v,v)=1, B, =P(v,v,)=0,5, P, =P(v,,v,)=0,5,
B, =P(v;,1)=0,5, P, =P(v,;,v,)=0,5, Ps=P(v,,vs)=1,
F, :P(Vsavz)zla

3HAYCHUA dhyHKIHA, 3ajarolen BPEMEHHYIO XapaKTEPUCTUKY ayr

T :T(Vlavs):Tla T, :T(V1>V4):T25 T, :T(V2’V4):Tza T, =T(V3aV1):T3,
T, :T(V47V1):T3, Tys :T(v49v5):7:1’ T, :T(Vssvz):T

59
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Torma flzl-zT‘, f2:0,5-zT3, f320,5-ZT2, f4:0,5-ZT3, f5=1-zT4,
fo=1-2", f£,=0,5-2".

fi
;—'-'_'_\_‘—\—\_\_\_\_\_\_\_\-’
/ i
Kl F
]
£
3 W
ﬂ —5
£ E

Puc. 4. BBI', sxeusanenmmuutii cemu Ilempu (Puc. 3)

4. BeiBoapl. B cratee pa3paboTaH MeXaHU3M OTOOPaKEHHS IOIyCXEM,
OINMCHIBAIOIIUX PA3JIMYHBIC MATEMAaTHYECKHE almaparbl. Pa3paboTaHHBIA MEXaHHU3M
oToOpakeHUs1 OasupyeTcss Ha MOHATHH Mopdu3Mma mpoiaycxeM. DTO TMO3BOJSET
OCYILECTBJIATH NEPEX0] MEXAY Pa3IMUYHbIMU CPEICTBAMHU, OMUCHIBAIOIIUMHU OHY U TY
K€ TIpeaIMETHYI0 o0iacTb. B 9acTHOCTH B cTaThe OblIa ITOKa3aHa BO3MOKHOCTH
nepexoaa OT UMHUTALMOHHOM MOJENH, OCTPOEHHOW Ha BpPEMEHHBIX ceTsx Ilerpu k
aHAIIMTHYECKON MO, MIOCTPOCHHOM Ha 0aze BBI'.

ITony4yeHHBIM pe3yJbTaT MO3BOJISIET YMNPOCTUTH TMPOIECC aHadu3a CIOXKHBIX
CHUCTEM, TpHU KOTOpOM TpeOyeTcss pa3paboTKa KaK aHATUTUYECKUX, TaK W
UMUTAIMOHHBIX Mojienel. Pa3paboTaHHbBIN METO OTOOpaKCHHS MOJICTICH MOKa3hIBACT
OJIMH M3 CIIOCOOOB HCITOIF30BAHUS aIlapara MOIyCXeM.
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MaremaTuyHe MOJICIIFOBAHHS JUHAMIKU Ta a€pOJAUHAMIKU
TPAHCIIOPTHOTO 3acOo0y Ha HAJMPOBITHUX MarHiTax

A. B. Coxanbkuii
Axademisa mumnoi cnyxcou Yxpainu, m. [{Hinponempogcek, Ykpaina

The report is devoted to linked solution of aerodynamics and dynamics of movement
of vehicle on the super-conducting magnets. For calculations of aecrodynamic leading
the method of discrete vortexes is used. The dynamic equations of vehicle’s movement
contain some components of magnetic forces and moments. As a result of numerical
solution, the dependencies of the angle of pitch and distance from vehicle to the
ground structure as a function of time are received

1.3aranpHa mocTaHoBKa 3a/1avi Ta il aKTyaJbHICTh

BupimenHs HaykoBux mpoOieMm, [I0 BHHUKAIOTH IIPU CTBOPEHHI CyYacHHX
BHCOIIBUAKICHAX TPAHCIIOPTHUX 3acO0IB BHMAara€ 3acTOCYBaHHS MaTEMaTHIHOTO
amnapary. YucenbpHe po3B’s3yBaHHSA AW(EpEHIIaTbHUX Ta IHTETrpO-TU(epeHIiaTbHIX
PIBHSHB J03BOJISIE 3HAMTH LUIAXM ONTHMi3amlii iX TeXHIYHUX mapameTpiB. OAHi€0 3
BOXIMBUX 33/7a4 € 3a0e3NeUeHHS ONTHMAIBHHUX IUHAMIYHHX XapaKTEPHUCTHK.
BBakaeThcst, MO MiABIC MEPCIIEKTUBHUX MArHITOJCBITYIOUHX TPAHCIOPTHUX 3ac00iB
Oyne OasyBatucsa Ha qil €JIEKTPOAMHAMIYHOI JIeBiTallii 3 BHUKOPUCTAHHSIM
HaAMPOBiMHUX MarHiTiB [1,2]. HasgBHiCTH OMM3BKO PO3MIMIEHOI MUITXOBOI CTPYKTYPH
HakJaJa€ TIeBHI BHUMOTH Ha TapaMeTPH CTIMKOCTI Ta KEPOBAaHOCTI TaKOTO
TpaHCIOPTHOTO 3aco0y. OOMEXYIOTbCS BETUYMHH BIAXWICHHS NapaMeTpiB pyXxy,
TaKMX SK KyTH TaHTaXy, KpeHY Ta KOB3aHHS, BIJICTaHb JO HUIIXOBOi CTPYKTYypH Ta
1HIII.

TpanuiiitHo 3a7a4i acpoAMHAMIKH Ta JUHAMIKHA PYXY PO3B’S3YIOThCS OKPEMO OJTHA
Bi oxHoi. BupimeHHs > cymicHOI 3agadi aepoAWHAMIKH Ta AWHAMIKH PyXy €
HaJ3BHYAHO BAXIMBOIO MPOOJIIEMOIO CBHOTOJCHHS. ToMmy BHHHMKae moTpeba B
po3poOIi  eEeKTHBHUX METOAMK pO3B’sI3yBaHHS Takol CyMICHOi 3ajgadi Ta
JOCKOHAJIOTO JOCHIKEHHs JUHAMIKH PYXY TPaHCHOPTHUX 3ac00iB Ha HAAMPOBIAHUX
MarHiTax

2. MeToa po3B’si3yBaHHSI CYMiCHOI 3a/1a4i JUHAMIKH Ta aepoAUHAMIKHU

Jns MOCIHIKEHHS MO3/IOBXKHBOT CTIMKOCTI MarHiTOJCBITYHOUOTO TPaHCIOPTHOI'O
3aco0y BUKOPUCTAHO cHCcTeMy MU epeHIliaNbHIX PiBHAHB pyXy [3],



208 A. B. Coxaupkunii

Je V -BeKTOp IIBUAKOCTI TPAHCIIOPTHOTO amapary, [ -TONOBHUI BEKTOP 30BHIIIHIX

Cua, M -TrOJIOBHUI MOMEHT 30BHIIIHIX CHJI, ()-BEKTOp IIBUAKOCTI OOEpTaHHS

3B’sI3aHMX 3 TPAHCIOPTHUM amnmapaToM oced, K - MOMEHT KiIbKOCTI pyXy.
Jlnsg 3aMUKaHHS CHCTEMH PIBHSAHB PYyXy TPAHCIIOPTHOTO 3aco0y ii HeoOXimgHo
JIONOBHUTH KIHEMAaTHYHUMHU CITiBBIHOIIEHHIMU

dy .

—= ®, cosy—o, siny)

dt  cos$9 ( y CORY =@ Y)

—tzoay Siny+ o, cosy, 2)
% =0, — th(coy cosy — o, sin y),

JIe Y — KyT PUCKaHHS, Y — KyT KpeHY, 3 — KyT TaHTaxy.
Jns BHU3HA4YeHHsS BiACTaHI M0 MNUISIXOBOI CTPYKTYpH HEOOXiHO iHTErpyBaTH
HACTYTHE PiBHSIHHS
dh . .
—=V_sin3+V  cosScosy—V_ cosSsiny. 3)
dl X y z
BenuuuHy JseBiTalliiHUX EIEKTPOMArHiTHUX CHJ, 10 BWUHHUKAIOTh MpH pyci
TPAHCIIOPTHOTO 3ac00y HaJl CYLUIBHUM CTPYMOIIPOBIIHUM ITOJIOTHOM BH3HAYUMO 32
BHUpa3zoM [2]
"
Fp=Fl-1+—1 |, “
®
ne F - ¢ukTUBHA MiAMOMHA CHIIA, IO i€ HA COJICHOIN; N, — KOe(illieHT, SKUi
BHU3HAYAETHCS TEOMETPIEI0 COJICHOINA;
Y BignosigHOCTI 3 pobGoToro [2] cmiay F| Ta mapaMerp  BH3HAYAEMO 3a
hopmymamMu
2.2
— HON I (Cl + b)
21 h
2

) HoO8

£

b

(@)

e N —ducio BHUTKIB COJICHOINA; i, - CTPYM B COJICHOIMI; @, b - po3MipH CoJieHOina
y3goBk oceir OX, OY; A -BiAcTaHb MiXX MAarHiTOM TpPaHCIIOPTHOTO 3aco0y Ta
CYLITBHUM CTPYMOMIPOBITHUM HOJIOTHOM.

KoedimieHT 7 BHU3HAYAETBCSI EMIIPUYHHUM IIUISIXOM, ajle B poOoTi [2]
3aIpOITOHOBAHA arpoKCHMaliiHa popmyia

n=[1—1<%j,
a

2
e K =042+ 0.6% - 0,0775(%) .
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UucenbHe po3B’s3yBaHHS CHCTEMH IUQepeHLialbHuX piBHsAHB (1-3) mpoBeneHO
Meroaom Einepa.

Jlns BU3HAYCHHS aepoIWHAMIYHAX HAaBaHTaXEHb HEOOXiTHO pO3B’sSI3aTH 30BHINTHIO
3agauy Helimana [5] piBusuus Jlammaca. [y mporo mpeacTaBisieMO TPaHCIIOPTHHH
3aci0, 0 PyXa€eThCs B CYIIILHOMY CEPEIOBHUII Y BUTIISAI HECYUOi TIOBEPXHI G| 3 SIKO1
CXOJWTPH HECTALIOHAPHUH CIIif] G,.1T0 KpUBii L.

Hexali Hecyuya TOBepXHS G; TpPaHCHOPTHOTO 3aco0y 3HAaXOAWTHCA B
HECTaI[lOHAPHOMY IT0JIi IIBUIKOCTEH

U, (V,t)=gradu,(V,t)>

ne U 0 (V, t) -TapMOHIYHA QYHKITiS ITO YChOMY TIPOCTOPI Y OY/Ib KM MOMEHT 4acy.
[loBepxHsi G, € TOBEPXHEI0 PO3PUBY IOTHYHHMX IIBHIKOCTEH 1 Ha HI TOBWHHI
BUKOHYBATHCS yMOBa

p*(M,t)-p (M,t)=0, V/;(M,t)=V,(M,t), Meo,

ne p, V -THCK Ta IIBUJIKICTB 3 OJIHIET Ta IHIIIOT CTOPOHU MOBEPXHI Gy .

Tak sk cepeOBHIIE € CYIUILHUM TO B KOXHHI HACTYyITHHI MOMEHT 4acy T B Oy[b
kit Tourti M(s) kpuBoi L cXomuTh YacCTWHKA PIAMHHM HA SKi € PO3PUBH MOTHYHUX
IIBUIKOCTeW 1 sika 3aiimMae momoxkeHHS M(s,t.t). [lpumuomy ms 9acTuHKa piguHH
pyxaeTbCsl 31 MIBHAKICTIO TOTOKY B JaHid Toumi M(s,t.t). Takum uuHOM
HECTAIlIOHAPHUM CIiJi G, B MOMEHT 4Yacy t MpPEJCTaBIIL€ COOOK TMOBEPXHIO TOYOK
M(s,t.t), MO pyXaeTbCcad 3 IIBHAKICTIO V(M(s, r,t))- 3 mporo cruigye, mWo s
3HAXO/UKCHHS  TIOBEPXHI G, HEOOXiIHO PO3B’S3aTH  HACTYNHY  CUCTEMY
mudepeHIliaTbHAX PiBHIHD

% = V(M(S, T, t)), se [0, 1], Te [O, t], t>1. (5)
IMpy 1LOMY TIOBHHHI BHUKOHYBATHCS TOYATKOBI YMOBH f(s, T, t) _ fM(s,t,t) e

03Hauae, 10 B MOYATKOBHI MOMEHT dacy T=t Touka M(s,T.t) 3 Toukoro M(s) kpuBoi L.
IMoBepxHsi G, Mae pPO3PUB JAOTHYHHX IIBUIKOCTEH 1 HAa Hii BUKOHYETHCS yMOBA
HEPO3PUBHOCTI HOPMAJIBHOI JI0 G, HMIBUIKOCTI MOTOKY. B TakoMy BHIIaiKy MOBEPXHIO
G, MOYKHA MOJICJIIOBATH MOTEHIIIAIOM MOIBIHHOTO MIapy.

Po3B’s130k3a0a4ui PO3MIYKYETHCS B BHUINIAAI MOTEHINANA MOABIMHOTO IHapy, IIo
OTIICYETHCS IHTETPO-TH(EePeHITIaTEHAM PiBHIHHIM

1 0 ¢ 0 1 1
f(M0>t): Zj — qi(MO’t)dGi,M’ M, €o;. (6)

SERCTIVIr bt cTTRVIR (R VIVIRY (§ VIV

Taka sK moje IIBUIKOCTEH {V(MO)}, M, € 6, Mae Taki X BIACTUBOCTI SIK HOJIE
IIBUJIKOCTEH 1HIYKOBAHE BHMXOPOBHMM IIAPOM .{?(MO)}, M, €ec, TO MaTremaTH4HE
MOJICITIOBaHHS aepOJMHAMIKH TPAHCIIOPTHOTO 3aco0y 0a3yeThcs Ha MPEACTaBIICHI
MOBEPXHI TPAHCIOPTHOro 3aco0y G; BUXOPOBUM IIapoM. 3 MOBEPXHI G CXOOUTH
HeCTal[lOHApHUH CHig-TIOBEPXHA- ©,. Bu3HAueHHs aepoAWHAMIYHMX HaBAaHTAXECHb
moOyJoBaHa Ha OCHOBI METOAY MAHWCKPETHHX BHXOPiB[4,5], 3 BHUKOPHCTAHHIM
NpUENTHAHUX Ta BIUIBHAX BHXOPOBHUX PaMOK, IO CXOAATH 3 KPOMOK HECydYuX
noBepxoHs (puc. 1) inrerpanom Komri-Jlarpamxa.
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P p 2 o 7

Cucrema IHIMHEX anreOpaidHUX pPIBHAHD BIZHOCHO HEBIMOMHUX MHPKYJIIAIiH
MPUETHAHUX BUXOPOBUX PAMOK 3aITUCYETHCS

2(N+n) M+m . 3 2N P i 3 2n P X (8)
erw;lkv + Zl";lr“wﬂ‘r +ZZZF§§°W$ +U, sin(oc): 0°
=1 p=1r=1 1=1 p=1 r=1

=
KN
<

L

_ : . . r, !
Je: [=T./Veb, _ 0e3po3MipHa IMUPKYISIIS BUXOPOBOI paMKH|; — Hr°> = vr?
0e3p0o3MipHI LUPKYJALIl BUTBHAX BHXOPOBHMX pPaMOK i-H KOHTPOJbHiM Touri k - 1

ik W ik ik

111
Fur —

. W, , W .. .
ITaHCIIl, Ky vr W — IIBUAKOCT1 1HAYKOBaH1 BUXOPOBOKO paMKOIO, MI0

CKJIQJIa€ThCSI 3 BHUXOPOBHUX BiPI3KiB OJWHUYHOI IHTEHCHBHOCTI; OL - MICHEBUH KYT
aTtaku k-ro mepepi3y Hecydoi mosepxHi; Uy — IIBUIKICTH HE30YPEHOTO MOTOKY.

Jns  MomenroBaHHS HAsSBHOCTI 3€MJIi  BBOAWJIACH I3€PKaTBHO BigoOpaskeHa
BHUXOpOBa cuctema [4,5].

Po3B’s3ytoun ofiepikaHy CHUCTEMY PiBHSHB (8), BU3HAYAEMO BEIIMYMHY LUPKYIISIIT
[, BHXOPOBHX  PaMOK. Jns  BHU3HAuYCHHS aepOJUHAMIYHUX HABaHTaKEHb

Bukopucraemo iHTerpan Komri-Jlarpamxka (7). IlotiMm 3Haxommmo. koedilieHTH
HiIHOMHOI CHIM Ta MOMEHTY TaHTaXy HECY4YHX IOBEPXOHb TPAHCIOPTHOTO 3aco0y.
Ha TpancnopTHuii 3aci0, OKpiM aepoAWHAMIYHHMX Ta TpaBiTALiHHUX HaBaHTAKEHb
IitoTh 1 MargiTHI cunu. [l ix Bu3HaueHHsS Oyna po3poOieHa MeToauKa 3
BUKOPUCTAHHSAM 3aJIC)KHOCTEH 3ampoNOHOBaHWX B MoHOrpadii[2], Ampoobarrito
BUKOPHUCTAHOI METOJIUKH TPOBEACHO B poOoTi [6].
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3. UnceJbHUI eKCIIEPUMEHT Ta Pe3yJbTATH PO3PaXyHKIB

Jlyis MaTeMaTUYHOTO MOJICIIOBAHHS JUHAMIKM Ta aepOAMHAMIKH TPaHCIOPTHOTO
3aco0y Ha HAONPOBIMHMX MarHiTax Oyyno oOpaHO WOTrO aepoauHAMIUHY CXeMy
MoKa3aHy Ha puc.2.

31020

i
—=

3680

9020

Puc.2. Aepoounamiuna cxema mMazHimoaegimylou020 mpaHcnopmHozo 3acooy.

3ajgaya po3B’si3yBajiach NIISIXOM YHCENBHHX po3paxyHkiB Ha  [IEOM 3a
HACTYNHUM aJITOPHUTMOM

1. 3aaHHs MOYaTKOBUX YMOB, PO3paxXyHOK MOMEHTIB iHEpIIii.

2. Posp’s3yBanHs 0aJaHCOBOYHOTO pIBHSHHS, BH3HAYCHHS Ta ONTHMI3AIisg
HEOOXiIHUX BX1THUX TTapaMeTpiB.

3. MareMaTu4He MOJIENIOBaHHS aepOJUHAMIKH TPAHCIIOPTHOTO 3ac00y METOJIOM
MUCKPETHUX BUXOPIB.

4. Bu3HaueHHs acpOIMHAMIYHUX Ta MarHiTOJCBITYIOUNX CHJI T MOMEHTIB.

5. UncenbHe po3B’a3yBaHHA AU(EpeHIiaTbHUX PiBHSIHD AUHAMIKH PYXY.

6. BusHaueHHS MOI0KEHHS TPAHCIIOPTHOTO 3aC00Y B IPOCTOPI.

7. OuiHka BETUYMHU TMPHUPOIICHHS KyTa TaHTaxXy AO Ta BiACTaHI IO NIDISXOBOL
cTpyktypu Ah sk QyHKuii 3a gacom. Sdxmo A6—0 ta Ah—0 TO po3paxyHKH
3aKiHYYIOThCS. B TPOTHMBHOMY BHIIaAKy [HKI PO3PaxXyHKiB TOBTOPIOETHCS
MOYMHAIOYH 3 T1.3.

BBaxxanoce 110 TpaHCIIOPTHHH 3aci0 pyXaeTbcs MOOIU3Y IUIIXOBOIO CTPYKTYPH 3
mBuakicTio Vx=150 M/c Ha BigcTani A0 numaxoBoi crpykrypu h=0,2m. Maca
amapary ckmanae 30000kr , mo4aTkoBa MIBUAKICTE pyXy — Vy=0 M/C;BeMMYnHa KyTa



212 A. B. Coxaupkunii

ataku amapaTy — 0 rpajx; I'yCTHHA HOBITps — 1,24 kr/M’; moma kpuna — 65,05 Mm%
noBxuHa anapary — 31,02 m;  cymapHa maca kpiomozaymis — 1000 xr.

Jns  ampoOartii  po3poOiieHOT METOIWKH TPOBOAMIIOCS MOJETIOBAHHSI PYXY
TPaHCIIOPTHOTO 3aco0y Ha HAANPOBITHUX MarHiTax B TO3JOBXKHIH IUIOIMIKHI.
BBaxkanocs, mo KyTH PHCKaHHS Ta TaHTaXy 3aJHIIAIOTHCS HE3MiHHUMH. UucembHi
JOOCHIDKEHHSI TMHAMIKA MO3JIO0BXHBOI'O PyXy Ta aepoAMHAMIKH TPaHCHOPTHOTO
3aco0y Ha HAAMPOBITHUX MarHiTax MPOBOIMIHCS SK 0€3 TOPU30HTATHLHOTO ONICPECHHS
TaK 13 TOPU3OHTAILHUM OIEPEHHSM. BiICYTHICTP TOPU3OHTANBHOTO OMNEPEHHS
NPUBOIMIA O 3POCTAHHS aMIUIITYyAU KOJHMBaHb TPAHCIIOPTHOIO 3acoly, SIK MO KYTi
TaHTa)Xy TaK i 1O BUCOTI HaJ IUISXOBOIO CTPYKTYporo. HasBHICTE TOPH30HTAIHLHOTO
ONepeHHsl cTaduUTi3yBaia MOJOKEHHs TPAHCIIOPTHOTO 3aco0y B mpocrtopi. Ha puc 3-4
NpeACTaBlIeH] pe3yabTaTH pO3paxyHKy 3MiHH BiCTaHi J0 LUIIXOBOI CTPYKTYypu h(m)
Ta KyTa TaHraxy teta(rpaayc) TpaHCIIOPTHOTO 3ac00Y 3 TOPU30HTAIEHUM OIIEPEHHSIM.

[IpoBeneHi yucenbHI JOCHTIIPKEHHS MOKA3aJH, IO ISl JOCSTHEHHS ONTUMAbHUX
JUHAMIYHUX XapaKTepUCTUK OKPIM BIINOBITHUX TMapaMeTpiB CTaTHYHOI CTIMKOCTi
TPaHCIIOPTHOTO 3ac00y HeoOXimTHO 3a0€3MeUnTH i JOCTATHIO MTUHAMIYHY CTiHKICTb.

3a pesynpTaTaMH UHCENbHHMX JOCHIPKEHb BCTAHOBICHO, IO U  JaHOl
KOMIIOHOBKM ~ TPaHCHOPTHOTO 3aco0y. KOJHMBaHHS MO BHCOTI Ta KyTi TaHTaxy
3aTyxaroTh 3a yac 0inst 20-25¢. Lle AOCSIrHYTO HUIAXOM BBEAEHHS TOPU30HTANBHOTO
OTICPCHHS B 3aJHIH YaCTHHI TPAHCIIOPTHOTO 3ac00y Ta ONTUMAJIBHUM BHOOPOM HOTO
napameTpiB. be3 Topu3oHTANIBEHOTO ONlepeHHs TPAHCIIOPTHHH 3aci0 € HEeCTIHKUM.

h,m
3,00E-01
2,50E-01
2,00E-01
1,50E-01 |

M-
1,00E-01
5,00E-02 —hM]|
t,c

0,00E+00 |

0 10 20 30 40 50

Puc.3 Benuuuna siocmani 6i0 mpancnopmuozo 3acody 00 nO8epXHi UIsX0601
cmpyKkmypu.
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teta,rpag
8,00E-04

4,00E-04
0,00E+00 - fh

-4,00E-04 -
-8,00E-04 -
-1,20E-03 } —teta(rpagyc) ‘

-1,60E-03 ‘ ‘ : t,c
0 10 20 30 40 50

Puc.4. Benuyuna kyma maneasicy mpancnopmHozo 3acooy.

4. BHCHOBKHM 3a pe3yJbTaTaMH AOCJHiIKeHb Ta HANPAMKH MNOJAJTbIINX
JOCTIIKEeHb

[IpoBeneHi 4uMceNbHI PO3PaxXyHKH TMOKa3aidH, MO JOCTIHKYBAaHUN TPaHCIIOPTHUH
3aci0 Ha HAAMPOBIIHMUX MarHiTax norpedye MoaaTKoBOI cucTeMu ctalimizari. J{is
BOTO B KOHCTPYKIIiO amapary OyJio BBEACHO XBOCTOBHHA TOPU3OHTAILHUI
crabimizatop. Lle mo3Bonmiio 3a6e3neunTH Horo AMHAMIYHY CTiliKicTh. B moganemomy
HEOOXITHO PO3IJISIHYTH IUHAMIKY PYXY 3 ypaxyBaHHSIM OOKOBHX CHJI Ta MOMEHTIB.

JIITEPATYPA

1. Hzemzepckuii B.A., Owmenbsaenxko B.M., Bacmwiees C.B., Ceprees C.A.
BBICOKOCKOPOCTHON ~ MarHMTHBIN TPaHCIIOPT €  BJIEKTPOAUHAMUYECKOH
nesuranueit, — K.: Haykosa gymka, — 2001.-480c.

2. [zenzepckuit B.A., Paguenko H.A. /IunaMuka TpaHcropTa Ha CBEPXIPOBOIAIIUX
Mmarautax. — J{nenpopnerposck: APT-IIPEC. —2003.—232c.

3. bromrenc I'.C., CrymueB P.B. J[lunamuka camonera. IIpoctpaHcTBEeHHOE
IBIKeHue, — M.: Mamunoctpoenue., —1983.-320c.

4. benonepkoBckuii C.M., 'maeBckuit A.C. MoxenupoBanue TypOyJICHTHBIX CTPYH
U CIIEJOB Ha OCHOBE METOJa IHUCKPETHbIX BUXpeH, - M.: M3g-Bo Pusuko
MaTeMaTudeckas .Jmrepatypa, 1995. — 368c.

5. JludanoB M.K. MeTon CHHTYNSIpHBIX WHTETPAJBHBIX YPaBHEHWH W YHCIICHHBIN
3KcIepuMeHT, - M.: TOO fnyc, 1995. — 520c.

6. Coxampkuii A.B. Jlo mnuTanHs 3a0e3ledyeHHS IO3J0BXKHBOI  CTIMKOCTI
MAarHiTOJIEBITYIOUOTO TPAHCIOPTHOTO 3aco0y.- BicHUK Akanemii MUTHOI CITy:KOu
Ykpaian, Ne 1(21), - dainponetposcbk: B-o AMCY, 2004.- C.71-75.



214

BicHuk XapKiBCbKOT0 HaIlIOHAJIBHOTO YHIBEPCUTETY
Cepist «MaremariuHe MozeIoBaHHs. [HpopManiiiHi TexHoJOTii. ABTOMaTH30BaHi CHCTEMH
YIPaBITiHHSD

YK 330.1(075.8) Ne 703, 2005, ¢.214-221

Monens mipoliecy BBEICHHS IAaHUX TIPO MPOTYKTH Ta MO
y IXHbOMY KHUTTEBOMY ITUKJI1

O. B. Tenennes
Xapxiecokuu nayionanvuuil ynigepcumem imeni B.H.Kapasina, Yxpaina

The features of manual input of product and event data at the events-oriented
information-analitical complex product life cicle support system is considered. The
consecution of product and event data input at the system is proposed

Beryn

[NonifiHo-opieHTOBaHA iH(POPMaIIHHO-aHATITHYHA CUCTEMA MiJTPUMKH KHTTEBOTO
KTy ckimagaux npoaykriBe (IAC JKII) momomarae BupimmyBatm 6araTo 3agad, IO
BCTAlOTh IEPell CHiBpOOITHUKAMHU OpraHizaifiii, sfki OepyTh yd4acTh Yy Tpolecax
KUTTEBOTO LIUKIY MPOAYKTiB. BoHa 103B0JIsiE KOHCONIIAYBAaTH Pi3HOMAaHITHI JaHi Ipo
MPOMYKT HA OCHOBI IOJIHHO-OPIEHTOBAHOTO IAXOAY V EIWHIN iHGOpMAIiHHIK
cTpykTypi — HakonnuyBaui ganux IAC XKII. JDxepenamu nux naHux € 0a3u AaHUX
CHCTEM OINEpaTUBHOI OOpOOKM [aHWMX oOpraHizamii, BHYTpIlIHI Ta 30BHILIHI
CTPYKTYpOBaHI ¥ He CTPYKTypoBaHi MOKyMeHTH [l]. 3MicT HakomudyBaya HaHUX
BUKOPHUCTOBYETHCS Uil BUPIIICHHS aHATITHYHHUX 3a1ad. ToMy /10 SKOCTI JaHUX, IO
MOTpPANUIU 10 HAKOMIMIyBaya, Mpe BISIFOTHCS 3HAYHI BUMOTH.

Y crpomenomy BapianTi IAC XKL mo cknamy 610Ky yBeAE€HHS TaHUX HE BXOIUTH
MiIcUCTeMa BHIUICHHS AaHUX 3 iH(opMaIiitHux cucrteMm, TpaHchopmarii maHux Ta
3anoBHEHHS HUMH HakomudyBaua (1.3. mpomec ETL — Extract Transform Load). 3
OHOTO OOKY CTBOpPEHHS IIi€i MIACHCTEMHU € JIOCHTHb TPYAOMICTKHM Ta MoOxe OyTu
TeMOr okpeMoi pobotu. [IpoTe icHye Oarato KOMepIiHHMX MPOIYKTIB IEOTO BUY,
10 MOXYTh OyTH BUKOPHMCTaHI NMPHU CTBOPEHHI MoBHOMacmTaOHOI cuctemu [Erhard
Ram, Hong Hai Do. OuncTtka naHHBIX: HpoOJEMbl M aKTyajbHBIC TOIXOMBI.
Marepianu caiita www olap.ru.; bon K. KoHBepTranus maHHBIX IS XpaHHITHIIL.
Marepianm caiita www. olap.ru]. 3 iHmoOro 00Ky, IUIITIO CTBOPEHHS IJIOTHOTO
npoekty IAC XK1 € nemoHcTpallis MOXKIUBOCTEH MOIIHO-OPIEHTOBAHOTO MIAXOIY JI0
aHalli3y JaHuX, 0 CTBOPIOIOTHCS ITiJI 9ac JKUTTEBOTO IMKITY BHPOOY, MPOEKTYBaHHSI
Ta BIAMpPAaNIOBaHHA CTPYKTYpPH HAKONMYyBada, a Ile HE BUMAarae BHKOPHCTaHHS
migcucremu ETL. Crix Takox 3a3HA4MTH, [0 HA OLIBIIOCTI MIAMPUEMCTB IMPOIIEC
BIIPOBaUKEHHS iH(QOpMAaIiifHUX cHUCTeM, sIKi MOTIM O OyTH JuKepenamu iHpopmarii
JUIS HAKONHMYyBada, IJUIIE PO3IMOYMHAEThCA. HaBiTh mpW IXHBOMY BIIPOBaKEHHI
JISSIKUH 00CST JaHUX, HEOOXITHUX JIJIS aHai3y Oy/Ie IPOXOAUTH MoB3 HUX. OTKE POJib
KOMITIOHEHTH, $5IKa BiANOBiZae 3a “pyuHe” yBEOCHHS AAaHUX ONEpaTopoM € JOCHTb
3HAYHOIO.

OCKUTBKM JaHi aBTOMAaTH30BAaHOTO YBeACHHS y IkoMmy Bapianti [AC XIJ
HNOTPAIUIIIOTE 0e3MocepeTHhO A0 HAKOMMUYyBaya, BaXKIIMBOIO 33]1aucto € 3a0e3MeueHHs
iX KOpPEKTHOCTI Ta MiHIMi3allis BIUTMBY Ha IXHIO SIKICTh JIFOJCHKOTO (akropy. Lls
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3a7a4a € CIUTBHOI0 ISl OyIb-SIKMX CHCTEM, B SIKMX JlaHi BBOJASATHCS ONEPATOPOM.
OcHOBHMM MeTOAOM ii BUpILICHHS € OOMeXeHHs Oe3mocepelHbOro BBOAY AAaHUX 3
KJIaBiaTypy — JaHi TOBHUHHI BBOJWUTHUCS JIUIIEC OMWH pa3 y OJHOMY MIiCIi, a MOTIM
oOupaTHcs 31 CIIUCKY MOXIIMBHUX 3HaYCHb. Benukuid oOCsT TaHUX y HAKOMWYyBadi, W
BIZIMOBIIHO B LIbOMY CIKCKY, BUMara€ BIPOBaKEHHs y iHTepdeiici KopucTyBaua
3py4YHUX 3ac00iB HaBirarii.

Lims poboTH - po3poOKa IMOCTITOBHOCTI YBEIACHHS OMEpaTopoM iHdopMarlii mpo
MPOIYKTH ¥ mofii 7o HakonuyayBada qanux [AC XKII.

AHaJji3 rocaimkens i mydaikanii, B IKHX po3Mo4aTo BHPilIeHHS MPo0JeMHu,
HA SIKi CIIUPAETHCSI ABTOP

TexHomoriss HAKONMWYyBadiB JaHHWX, 3arnpornoHoBaHa B.lumonom [Inmon W.H.
Data Modeling for the Data Warehouse. - [Enekrponnuii pecypc]. — Pexxum mocrymy:
http://www. dbazin.com.], micTaiga moJaibIIOr0 PO3BUTKY B poOOTax TaKWX aBTOPIB
sk R.Kimball, T.Kelly, T. Moulder Ta iH.

VY [2] Oyna 3ampornonoBana IAC XK sk cuctema, 10 103BOJISE IHTEIPYBaTH JaHi
PO TMOIi Y JKUTTEBOMY IIMKIII MPOAYKTIB (Ta MOB’A3aHUX 3 HUMH OpraHizamiii). Y [3]
OyB BU3HAUYCHUM yHi(iKOBaHMI HaOIp MmapaMeTpiB MOIii, SIKAN JTO3BOJISAB OMHCATH 3
OpUAAaTHAM JJIs1 0araTboX aHANITUYHUX 33/a4 CTYNEHEM IOBHOTH JaHi MpO Ppi3Hi
nozii. B [4] 3anpononoBano 3ipkonoAiOHy cTpyKTypy HakonuuyBada nanux [AC XKL
Ha piBHI ()aKTiB Ta BUMIPIB.

He Bupimeni panime yacTuHu MpoodeMH, IKUM NPUCBSIYEHA Po00TA
Ha meii yac He po3poOJICHO MOCIIOBHICTh YBEJICHHS IaHUX JI0 HAKOMHYyBaya
nmauaux [AC XK. [{lpoMy mUTaHHIO ¥ MpUCBSIYEHA CTATTSI.

ITocranoBKa 3axaui
3agauamu CTaTTi € po3podKa MOJENI MPOIlecy BBEICHHS AaHUX MPO MPOIYKTH Ta
ol y iIXHbOMY KHUTTEBOMY ITHKJI 10 HakonnayBada ganaux [AC XL,

VYBeneHHsi 1aHUX MPO NPOAYKT Ta MOAIl 10 HAKONMMYYBa4a JaHUX

[IpemmeToM po3risiny iHPOpPMaNiHO-aHATITHYHOT CUCTEMH MiATPUMKH KUTTEBOTO
rukiry ponykTiB (IAC K1) e momii, mo Tpamumucs 3 npoaykramu. [Ipomykr (I1) y
JTAHOMY KOHTEKCTI € pe3yJibTaToM a00 00’€KTOM JisUIbHOCTI opraHizaii. [1ix mosmiero
(C) po3ymieThbcs QakT 3MIHH CTaHY MPOAYKTY Y HOTO )KUTTEBOMY IIHKITI.

[TponykramMu MOXyYTb OyTH:

BUPOOU - MPOIYKTH BUPOOHUIITBA, IO MOTpaniwin y cepy iHTEepeciB opranizamii
(cTBOpeHi  Helo, 3aCTOCOBYIOTBCS y TMPOAYKTax BIAacHOrO BUPOOHHIITBA,
eKCILUTyaTyIOThCsl Y Hel TOII0);

nporpamHe 3a0e3nedyeHHs, SKe 3aCTOCOBY€EThCS Y BUpOOax;

JOKyMEHTallisl (KOHCTPYKTOPChKa, TEXHOJOIUHa, eKCIUTyaTaliiiHa), 1o CTBOpeHa
a00 BUKOPUCTOBYETHCS Y OpraHizaiiii.

Jani mpo moxii mictarees y HakormmuyBadi manux IAC XII, koHmenTyaibHA
CTPYKTYypa SIKOTO TIpe/ICTaBlIeHa Ha puc. 1.
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Buwmip "Hpodykm" Bumip "Mpodyxm Bumip
fTozHadyenHs ma 6inbwozo piens iepapxir "Peznamenmyilodul
cepilinuii HomMep dokymenm”

rpodykmy [Toshauenna ma TTo3Ha4Yenna ma
cepiuHulu Homep Homep pedakuif
‘ lloeHa Hazea ‘ npodykmy 6inbWoao pisHa peanamMeHmyo40e0
npodyx\n:y iepapxif / dokymenma
| Buad npodymeJ Bumip "06'exm "
p— ®akm "lodia” ‘ Hasea o6'ckma ‘
Bumip "Bud nodii idenmudpixamop nodif e
Bud nodir ,ﬂama_nodu | Hasea opeaﬁfsauﬁ"
AxkmyanbHicmb nodif |
floe'ssaxa nodia !
\ Bumip "Mepcona” |
Fa ™ | —t
Texcmosa Yucnoaulii ‘ Hasea opeanizayii ‘
Hpopmauia: napamemp: Y :
Cmucna Hasea I'ma nepcony
PoswupeHa 3HayeHHS flocada nepcoru

Puc. 1 Konyenmyanvna cmpykmypa naxonuuysaua oanux 1AC JKI1].

HaiiGinpm TpyZOMICTKUM Ta CXWJIBHMM A0 IOMWJIOK € MPOLEC YBEACHHS OaHUX
mpo TpoxyKT. Js #ioro 3abe3meveHHs] MPOMOHYETHCS HACTYITHA IOCIITOBHICTE ik
(puc.2).

VBeneHHS MAaHUX PO3MOYMHAETHCS 3 BHOOPY BHMAY HPOAYKTY 31 CIHCKY
“Bun_ITpomykry”. JIms mosiermeHHs HaBiraiii o CIUCKy MPOTIOHYETHCSI MOXKIIUBICTh
yBElICHHS YacTHHU HAa3BU BHJY Ta HACTyNHE OOMEXKEHHS po3Mipy chucKy. SIKio
OPOAYKTIB LBOTO BHAY IIe HEMae y HakomuuyBaui, Ha3Ba “Buny IIpoaykry”
BBOJUTHCA 3 KJIaBiaTypH.

MMicns 3aBmanHs Hazeu “Bumy ITpomykTy” KOpHCTYBad OTPHMYE MOXKIIUBICTBH
BBeCcTH 3HaueHHs mnapamerpy “Tlosra Haspa Ilpomgykty”. Sk i mig 4ac yBeneHHs
“Buny_IlpomykTy”, KOpHUCTyBa4 MOXe 0OMpaTH HOTO 31 CIHCKY, KITbKICTh €IEMEHTIB
SKOTO 3MEHIIY€EThCSI MTiC/I BBEACHHS YaCTUHU Ha3BU.

OctanniM BBoguThea “[loznauenns Ilpoxykry ta Cepiitnuit Homep”. Came iif
napameTp A03BOJISIE OJHO3HAYHO iNEHTHU(IKYBaTH KOXHUI mpoaykT. Lleit mapamerp
MOXke OyTH yBeIneHHWH Bpyd4HY, ab00 TeHepyBaTHCs mporpamuHo. OcTaHHINH CITOCIO
MOJIMBHHA JUIS PO3IPIOHUX TPOIYKTIB, IO 3aKYMalThC ab0 BHPOOISIFOTHCS
napTisiMM, Ui HOBHX peNakdiii JOKyMEHTIB ab0 HOBHX peENi3iB MpPOrpaMHHUX
IOPOAYKTIB. Y MEpLUIOMY BUIAAKy Uil TeHepalii CyporaTHOro cepiifHoro HomMepa Moxe
BUKOPUCTOBYBaTHCS Jara IIOCTABKM TNapTii Ta yMOBHHH HOMEpP KOHKPETHOTO
OPOLYKTY Y MapTii.

Taka mociiJOBHICTh 3MEHIIIY€E J0 MiHIMyMY BIUIMB JIFOJICBKOTO (DaKTOpy Ha SIKICTh
JaHUX PO MPOAYKT.
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Saedani
Hazel
,—{ YEeOeHHA Hazew Budy MNpogykry ’— —
Budy MapameTpu
OOMeENeHRA fpodyumy p p
s MpoaykTy
"Hazaz Budis
Apodymig" . . Sasdanna
Crvcok "Hazea Knacie MpogwTie"  — Haaeu — Hazea
Budy Buay
Mpodykmy Boonyiry
z Saedani
MosHol
,—{ YeefeHHA [NoeHol Hazewm MpoaykTy }7 Haasu —
OOMEHEHRA
s Npodykmy E SEiis
“oaRUx Haas asea
Y SasdanhH
[ipodpkmie Crncok "ToeHnx Haas MpoawkTie”, | | foswor Mpoayky
obpaHoro knacy Hazeu
Mpodykmy
¥
BeeHHA
1 "MozHaveHHA MpogwkTy [
HISEIOHER BOASHHA BORSHHA Ta CepiHora Homepy"
MosHaYeHHA Hatk Homepy ¥ : MMoaHaqeHHA
MpogykTy OTpHMaHHRA NpoOyKTY renepayR MpogykTy
MapTii & MapTii “MTosHaYeHHa Tpodykmy Ta
; ’ ma Cepitinozo Homepy™” CeniiHmA
MpogywTie MNpoaykTie - ERIAHMA
ang Kosoi [si=lelntl]
2 * Homep
‘ Merepauia “MosHaderRs Mpodykmy ma CepiliHozo HoMemy™ I

Puc.2 Veedenns danux npo npooykm

[Ile ogHuM eTaroM YBEACHHS JaHUX, HAa SIKOMY MOXKJIMBI TIOMUJIKH, € BHECECHHS JI0
HakonmuuyBaya iHpopmanii mnpo mnoxmito (puc.3). HesBakaroum Ha oOHpaHHA
nmapaMeTpiB TOJii 3 BiMOBIMHWUX CHHCKIB, IMOBHICTIO TO30yTHCS TIOMUJIOK He
MOXXJIUBO. MOXITHMBI TIOMUJIKM TIOB’SI3aHI 3 HEMPaBUJIBHUM BH3HAUEHHSM HaboOpy
napaMeTpiB. Ha piBHI 0i3Hec-7OTiKM MOXJIMBO oOMexyBatu cnucok “Bupn Ilomii”
THUMH, 1[0 MAIOTh CEHC JJIs1 00PaHOTO BUAY NMPOAYKTIB. AHAIOTIYHO MOKHA OOMEXKUTH
CITUCKH PETJIAMEHTYIOUMX IOKYMEHTIB Ta TMPOMYKTIB OiiabpImoro piBHsA iepapxii. Ta
(dopmanizyBatu obMmexxeHHs BuOopy mnapametpiB “Ilepcona” ta “O0’exT”  Oyxe
Baxxko. OTke BUOIp JESIKUX MapaMeTpiB MOIT MIJTKOM 3aJIe)KHUTh BiJl orieparopa.
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HaHi 3 Tabnuub MapameTpu lMNogaif
Hakonu4yysada
Cnucok OBupalHa _
"Bug_Moaii" 11 s cnucky = 1l Bun Moai
CnUCcoK
"Mo3HavYeHHA Ta —— O.ﬁumHH’q - 10 MpogykTy
L " al crucky
CepidHnid Homep Mpogyrry
CNUCcoK
"MoaHavYeHHA Ta | | | ©Qbupannsa _ [ 1A Mpoaykry BinkWw oro
CepliHrid Homep MNpoly KTy A cnucky i PiBHA lepapxii
Binkw oro PieHA lepapxii”
Cnucok
"Mo3HavYeHHA Ta | || Ofupanua .| 1A PemamenTyodoro
CepiAHui Homep alcnucky o HorymeHTy
PernamernTyiodoro JowyMeHTy"
Cnucok OBupalHa e ;
"OB'eKT" T 1  aicnucky o I Ob'exty
) Cnucok ) L OﬁupaHHﬂ - 1] Mepconm
MepcoHa al crucky
Kanenpap - Hata Moaii

Puc.3 Cmpyxmypa ysedenns oanux npo nooiw

JonaTkoBuM eTamnoM yBEISHHA HAaHUX MPO MOMI0 € BHU3HAYCHHS MapaMeTpy
“AKTyaJIbHICTh TIOZIT” Ta BUKOHAHHS “3BSI3yBaHHS MO .

Koxxna mopis Mae 3HaueHHs Mapamerpa “AKTyajJbHICTh momii” piBHe 1 —
iH(opMaIlis Ipo MO0 akTyalnbHa. Y pa3i BBEJASHHS JaHUX IPO MO0, 3MiHCHEHHS
SIKO1 3yMOBITIOE BTPATy aKTyalbHOCTI IHIIHNX, HEOOXiMHO BigHAWTH iX Ta 3MIHUTH
3HAYEHHs mapamerpa “AKTyanbHICTh mofil” Ha piBHe 0 — iHdopMalis Ipo Mo He
aKTyaJlbHa.

V skocTi repBicHOTO KITroua it Tabauii “Ilomis™ BHKOPHUCTOBYETHCS CypOTaTHHH
kimou — igenTudikarop moxaii (“I IMoxii”) [Kimball R. A Dimensional Modeling
Manifesto. Marepianu caiita www. dbmsmag.com.]. Lle mone aBTOMaTH4HO
3anmoBHIOEThCA 3acobamu CYBJ] Ta BUKOPHUCTOBYETHCS NPH IMOCHIAHHI HAa OKpeMi
ex3emMiuipu cytHocTi “Tlomis”. YBeneHHs imeHTH(]iIKaTOpa MOl POOUTH MOKIUBHM
3B’s3yBaHHS MONiHA. BUKopHcTaHHS 3B’A3yBaHHS JTO3BOJISIE CTBOPIOBATU JIAHIIOKKH
noB’s3aanx mofii. Ile Moxxe Oyt abo peKkypcHBHUH 3B’S30K, SK, HANPUKIAA, y
BHITAJIKY TIONTYKY IPUYHHN HECTIPABHOCTI CKIIATHOTO BHPOOY (prc.4)
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IA_nos'asaHoi
nog i

|
IA_noB'azaHol_
nogii

|
IA_nos'AsaHoi_
nog i

|
I4_noB'azaHol_
nogii

I | BigmoBa Bupoby

I0 BigMmoBa arperarty

il BigmoBa By3na

17 BigmoBa getani

Puc.4 Ipuxnao 36 ’sa3Ky nooii, noe i3anux 3 6ilOM08010 8UpobY.

Takoxx momiapbHE ¥ 3B’A3YBaHHSA MApHUX TMOMAIA (IIOYATOK TMPOIECY — KiHElb
MpoIIlecy), PI3HMIN JaT SKUX BU3HAYAE TPUBATICTH Iporecy. Hampukiaza, TpuBamicTh
PO3pOOKM HOBOI peAakiii JOKyMeHTa, 1l y3ro/KeHHs, TPUBAIICTh POOIT MO MOHTaXY
BUPOOY Ta MOTO HAIpPAIIOBAHHS HA BIJIMOBY TOIIIO.

“BipryaabHi” ii “peajbHi” Bupodu Ta moii, moB’si3aHi 3 HUMM.

B cucremi pospisHsroTbcs  “BipTyanbHi” Ta “peanbHi”’ BHpoOH (pHC.S).
“BipTyanpHuii” BHPIO € pe3yibTaTOM PO3POOKH KOHCTPYKTOPCHKOI, TEXHOJOTIYHOI,
eKCIUTyaTaIiiHOl TOKyMEHTAIlii i BU3HAYa€ BUMOTH (XapaKTepUCTUKH, CKJIA) A0 YCiX
“peanbHUX” BUPOOIB, 110 OYAyTh CTBOPEHI 32 I[IEI0 JIOKYMEHTAITIETO.

"BipTyanbHWiA" BUPIO
KDHEprKTDpEbKa Ta TEXHONOrMHA
AOEYMEHTELIA H3 BWOTOBNEHHA
CEpii (napTii) Bvpofis

MO3HaYEHHA Ta CERIAHMA HamMep:
KX KK X con 000

A

/ | Cepiq (napTiA) N Bupobis | \
"PeanbHUi" BUPIG "PeansHUi" BUPIO "PeansHUA" BUpIO
Bignosigac Bignoeigac Bignoeipac
KOHCTPYKTORCHEIA Ta TEXHONDTMHIA KOHCTRYKTOPCBKIA TA TEXHONOTYHIA KOHCTPYKTOPCBEIR T2 TEXHOAOMYHIA
AOKYMEHTAL HA BATOTOBNEHHA AOKYMEHTAUT HA BUrOTOBNEHHA AOKYMEHTAUIT HA BUOTOBNEHHA
cepii (napTii) Mpofbie cepil (napTii) Bupobis cepil (napTii) sMpobie
MNo3Ha4eHHA Ta cepiliiui Homep MO3HaYeHHA T3 CepiiHmi Homep: MO3HaYEHHA Ta CepifHMA HoMep:
R R KRR RN 0 HO0T MAH AR KKK CH.002 KA KRR K CH.00N

Puc.5 “Bipmyanronuti” ma “peanvui” supobu

“PeanpHuil” BUpPIO € YTIIGHHAM Y XHUTTSA “BipTyalbHOTo” BUpPOOY. “PeanbHuii”
BUPIO HAaNOBHEHWH “peallbHUMH’ CKJIAIOBUMH, CTBOPEHHH pealbHUMH OCOOaMHU Ha
peanbHOMY OO’€KTi, TIOCTAaBICHWH peallbHOMYy 3aMOBHUKY, 3MOHTOBaHHH Ha
pearpHOMY 00’ €KTi TOIIO.
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SAx s “BipTyanbHOro” Tak i ans “peanbHUX”’ BHPOOIB Mae CEHC IOHSTTS
KUTTEBUU UKL, TPOTe Horo cTafii Ta indopmariiine HarmoBHEHHs pi3Hi (puc.6).

Bipmyankiul auif FeamsHul supi 1 FeanHuid aupih 2 Paamsnuil aupic 3
MapkeTiHroa!
AOCTIBHEHHA
TocnigHo-
KOHCTPYKTORCEK
poboTH
MinroToeka MoCTaYEHHA CRIEN0BAIX MOCTAYAHHA CHNEL0BMY
BUpOBHALTES {CHROBMHY) {CHPOEMHA) MocTaMaHH R CiTanoB:
{CMDOBHHM)
BupoBHuyTED
POCHALY BrpoBHuLTED BHpoGHALTED
MoCTaBKA 3AMOBHMKY
MoCcTaBKA 3aMOBHAKY TlocTa8ka 3aMoEHKY
BupofHruTee Excnnyarauia
¥rnizalia Excnnyarauin
Excnnyaraua
JaseplUeHn YTunizaLa
EMpCOHMLTES
YTunizaua
¥y t

Puc.6 JKummesuil yuxn «8ipmyanvHo2o» ma «pearvHuxy aupooie

“BipryanbHuii” BHUpIO MOXKE TNPOXOAWUTH CTafil MapKETHHTOBUX OOCIHiIKEHb,
JIOCTITHO-KOHCTPYKTOPCBKAX pOOOT, MiArOTOBKM BHUPOOHUITBA, Oe3MOCepeHbO
BHPOOHHMIITBA Ta 3aBEpIICHHS BHUPOOHWIITBA. JKHUTTEBHU NMHUKI “peaqrHOT0” BHUPOOY
MOXeE CKJIaJaTHCs 3 MOCTaYaHHsS CKJIaJOBUX, BUPOOHUIITBA, TIOCTaYaHHS 3aMOBHUKY,
eKcrutyaTamii Ta yrmimizanii. s KoKHOTO 3 peajbHHX BUPOOIB TPUBATICTH OKPEMUX
cTafiil iHIuBiAyaIbHA.

VYBeseHHs 0 HakolM4YyBada “BipTyaJbHOTO” BHPOOY IO3BOJSIE MaTH JaHI MpO
CKJIaJ] eTaNOHY AJIs apTii peabHUX BHPOOiB. 3acTOCyBaHHSA “BipTyalbHOTO” BHPOOY
JOLIIIBHO TSI TIOJiH, 110 BiAOyBaroThCs 3 BUpoOamMu (TTapTiero BUPOOIB), TS SAKUX IS
HE BU3HAYCHO CEpifHUX HOMEPIB.

Hanpuxinaz, y npoieci 3aMOBJIEHHS Ta OTPUMYBaHHS MAapTii CKIaJOBUX, ISl OIH
“3aMOBIICHHS MAapTii CKIAJOBUX Y MiAPO3AUT MaTepiadbHO-TEXHIYHOTO MOCTAYaHHS
“3aMOBIIEHHA TapTii CKJIAIOBUX Yy TOcTadaldbHUKA’, “BucTaBieHHS paxyHKy Ha
MocTav4aHHs mapTii ckinagoBux’”’, “Crutata paxyHKy Ha IMOCTavyaHHS MapTii CKIagoBUX
e He BH3HAUYCHHWH MEpeliK cepiiHMX HOMEpiB BUPOOIB, IO 3aMOBISIOTECA. BoHH
PO3MOBCIOKYIOTHCS Ha BCIO TAPTiI0 BHPOOIB Ta aCOIIOIOTHCS 13 “BipTyanbHUM
Bupodom. Iloxii “OTtpumanHs mapTii cKIagoBUX” BXKE 1HAWBIAYAIbHI JISI KOXKHOTO
peansHOrO BHpOOY (puc.7). Yci mi mozii MaroTh OyTH TOB’si3aHi MiX co0010 3
BUKOPHUCTaHHSM 3B’SI3KY TTOMIM.

3acTrocyBaHHs “BIpTyajbHOTO” BUPOOY Ta 3B’sA3yBaHHS IMOJIN J03BOJIIE BBOJUTH
IO HakomudyBaua iHdopmamiro Tpo moaii OesmocepeAHBO TO (QAaKTy iXHBOTO
3MiACHEHHs], a He MOCT(AKTYM, sK 11e Oy0 Ou 6e3 X 0COOIMBOCTEH.
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IneHTudbikaTop Hassa nogji CepiliHuil laenTuchikatop
nogji HOMep npogykta  NOB'A3aHOi
noaii
3amMOBNEHHA napTii cknaaoBrx
n . . \ pTif cknaa ¢.H. NeOOO 0
y Nigpo3ain MaTepianbHO-TEXHIYHOrO NOCTAYaHH A
n+1 3amMoBNeHHs NapTil ckNagoBNX ¥ NOCTAYANbH KA ¢.H. NeQOO n
BucTaBneHHA paxyHKky Ha nocTavyaHHs
n+2 pavyRiey ¢.H. NeDOO n+1
napTii cknagoBux
Cnnata paxyHKky Ha nocTayaHHA
n+3 P y Y ¢.H. NeQOO n+2
napTil cknagoenx
n+4 OTpUMaHHA CKNafoBNX Bid nocTavyanbHUKa Ha cknag | c.H. Nel110 n+3
n+5 OTpUMaHHA CKknagoBnX Big nocTavyalbHUKa Ha cknag | c.H. Neii1 n+3
n+6 OTpUMaHHA CKNafoBNX Big nocTavyalbHUKa Ha cknag | c.H. Nel112 n+3
Puc.7 Iooii, wo 30iticHiorombca nio yac 3aKynieni napmii CKiaoosux.
BucHoBkH

Y crarti po3rISHYTO OCOONMBOCTI py4HOTO yBemeHHs nanmx o IAC XK,
3BEPHYTO yBary Ha KJIIOYOBI OCOOMMBOCTI CHCTeMH — “BipTyaslbHHMIA™ W “peanpbHUil”
BUpPOOM Ta 3B’sA30K moxid. HacTymHoro 3amadeto Mae OyTu po3poOka iHTepdeiicy
oreparopa CUCTEMH.
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MonenupoBaHnue npouecca ayiura GUHaHCOBBIX MTOTOKOB B BY 3e

®upac Camu Maxmyn Anb Caiina
Xapvkrosckuti nayuonanvuwiil ynugepcumem um. B.H. Kapasuna, Yxpauna

The model of an optimum finance administration is analyzed by a higher educational
institution. Statement of a problem of an estimation of influence of changes in
educational process on change of financial streams is offered. The approach to its
decision, based on ideas of the theory of return calculations is offered.

Beenenue

I'ocymapcTBeHHOE BbICIIEE Y4EOHOE 3aBEICHHUE — 3TO CJIO0XKHAS COLMAIBHO-
SKOHOMHYECKAsl CUCTEMA. YIIPABICHHUE TAKOM CUCTEMON B KOHKYPEHTHBIX PBIHOYHBIX
YCIOBUSAX MpEACTaBiIseT cOoO0OW MpOLECcC, COCTABISIOIINE KOTOPOrO HAXOAATCS B
CHUCTEME KOOPIWHAT «IIPOCTPAHCTBO YIPABICHHU»—IIPOCTPAHCTBO COCTOSHUI»—
«Bpemst». Hapsany ¢ pakropamu npecTHKHOCTH, HATMYHS HAYYHBIX ITKOJI (PUHAHCOBOE
yIpaBIeHHE ABIAETCS OJHUM M3 BaXKHEHIINX 3JIEMEHTOB YIIPAaBIEHUYECKOTO Ipoliecca.
Hanpumep, crpaHamu apaOckoro mMmpa NpHU3HAIOTCS JTOCTOWHBIMH Ul OOydYeHHS B
acnupaHType Toiabko 1Ba BVY3a VYkpaunsl (XapbKOBCKHI  HAI[MOHAIbHBIH
yHuBepcuteT uMeHn B.H. Kapa3zuna BXoAHT B HX 4HCTIO).

Ontumuszanmsa o0pa3oBaTeNbHOIO Ipolecca SIBISETCS OAHOW M3 OCHOBHBIX 3a/1a4
ynpaBiieHUs y4eOHbIM 3aBeJeHueM. Penienue 3a1a4 GUHAHCOBOIO yNpaBlIeHUS BY30M
BXOJHUT B COCTaB 3TUX 3ajad. Eciu paccmatpuBath BY3 ¢ TOUkH 3peHHs] CHCTEMHOTO
aHalM3a M TEOpUU aKTHUBHBIX CHUCTEM, To ympaBieHne BY3om kak axkTHBHOI
CHUCTEMOM MpEeIIoaraeT CO3JAaHWE MMHUTAIMOHHONW MOJEIU IMOBENCHUS CHCTEMBI B
MIPOCTPAHCTBE U BPEMEHH B 3aJIaHHBIX BHEIIHUX U BHYTPEHHMX yCIOBUAX. lIpu sToM
BHIOOp YMPAaBISIOMIEr0 BO3ACHCTBHSA MOXET HOCHTH INPOTHBOPEUMBBHIM XapakTep
(mpuemnemsrii st BY3a w He mpuemiieMblii nis BHEIIHEH cpeasl U HaoOOpoT).
BriOop ympaBneHnsi OODKEH OCYIIECTBISATbCA HA OCHOBE aHalM3a 3aJaHHbBIX
KPUTEPUEB ONTHUMAIbHOCTH, 3a4acTyl0 OIICHMBAIOIIUX KayeCTBEHHBIH ypOBEHb
NPUHUMAEMOI'0 YIPaBIEHYECKOro pemeHus. MMurannonnyo Monenb, cHaOXEeHHYIO
KPUTEPUSAMH ONTHMAJIbHOCTH, HA3bIBAIOT MOJEIBI0 ONTHMAIBHOIO YIIPABJICHUS.
Kpome Bcero mpouero oHa orpaxaeT ¢puHaHCOBBIC MOTOKHM BY3a. 'mbkocTh Momenu
MOXeET OBITh OLIEHEHa MOCPEACTBOM ee ayauTa. Llenp HacTosme cTaTbu — H30KUTh
pe3yabTaThl HCCIEAOBAHMHA IO ayOUTOPCKOMY aHalu3y MOJEIN ONTHMAIbHOTO
(uHaHCUpPOBaHUS Y4eOHOTO MpoIiecca.

IlocTanoBka npo0seMbl B 001eM BHIE U ee CBSI3b ¢ BA)KHBIMH HAYYHBIMH H
NPaKTHYECKUMH 3a1a4aMu

Briciee y4ueOHOe 3aBefieHME SBISIETCS  CIIOKHOM aKTMBHOM — CoLMaibHO-
SKOHOMHUYECKOH cructemMoi [1-3]. YmpaBneHne Takol cHCTEMO TPeACTaBIseT co0o0it
CJIOKHBIH TIPOLIECC, COCTABIAIOIINE KOTOPOTO TECHO B3aMMOCBA3aHBL. MexaHu3M
(MHAHCOBOTO  yHpaBICHUS  SBISETCS OJHAM W3  BOXKHEHIINX  DIIEMEHTOB
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yrpaBiieHuecKkoro mnpomecca. OpHAa W3 OCHOBHBIX 3a/1ad yIpaBlICHHS YYeOHBIM
3aBeficHHeM (B TOM 4Hcie 3ajaya (UHAHCOBOTO YIPABJICHUS) COCTOUT B
OTITUMH3AIINU 00Pa30BaTEIBHOTO MPOIIECca 10 OKa3aTeNsIM, XapaKTePU3YIOIIUM dTOT
npoIIecc.

HeoOxogumo yuuTbiBath, uTO «lIpHHATHE yNPaBISIOMIEr0 pELICHUS IPH
OpraHM3anuy pabOThl CIIOKHOW CHCTEMBI CBS3aHO C 00pa0OTKO# OOJbIIOro 00BeMa
uHopMary, TpeOyeT HETPUBHAIBLHOTO aHaIM3a CIOXKHUBIICHCS cHTyanmuud (C
NPUBJIEYCHUEM METOJIOB, pa3pa0OTaHHBIX B CAMBIX Pa3IMYHBIX 00NACTIX 3HAHUI) H
JIOJDKHO OBITh CBOEBPEMEHHBIM (TOT/Ia KaK 4acTO Ha MPUHSATHE PEUICHHS OTBOIUTCS
OTHOCHUTEIHLHO MaJIBIH MPOMEXKYTOK BPEeMEHH)» [7, ¢. 68]. DTO IPUBOIUT K TOMY, UTO
peleHHs, TIPUHAUMAaEMBIE JTaKe KOJUIEKTUBOM BHICOKOKBATH(DUITUPOBAHHBIX, OTBITHBIX
U aKTHBHBIX pyKOBOIuTeJeH (pekTopar), HE BCEerAa OKa3bIBAIOTCS JOCTAaTOYHO
3¢ EKTUBHBIMHU.

NIMEeHHO TI03TOMY B COBPEMEHHOM CHUCTEMHOM aHAJIN3€¢ OCHOBHBIC YCHIIHS
HaNpaBISAIOTCST Ha CO3[JaHHE MaTeMaTHYECKHX MOJIENICH yNpaBlieHHs CIOXHBIMH
CHUCTeMaMH,  KOTOpble  TO3BOJHJIM OBl  pa3paboTarb  COOTBETCTBYIOIIUE
WH(POPMAITIOHHO-KOMIIBIOTEPHBIE TEXHOJIOTHH C MUHUMAJIBHBIM Y9acTHEM YellOBeKa
B Ipolecce yhpaBieHus M ¢ Hauboipmed 3(PQekTHBHOCThIO. AHAIOTHYHBIC
UCCTIeIOBaHUS TIPOBOJATCS U MO CO3JAaHUIO MOJICNICH yIpaBieHHsI By30M (CM., Hamp.,
[4, 5D).

C TOYKM 3peHUs CHCTEMHOTO aHaIW3a YINpaBlIeHHE aKTHUBHOH CHUCTEMOM
npeArnoiaraeT NOCTPOSHUE UMHUTALIMOHHON MOJENN MOBEICHUS CUCTEMBI BO BPEMEHH
B 33/JIaHHBIX BHEITHUX M BHYTPEHHHX YCIOBUSX B 3aBHUCHMOCTH OT PEaTH3yeMOTO
VIPABJISIONIETO  BO3ACHCTBHUS  (ympaBiieHWs). Bwibop  ympaBlieHHS — JOJDKCH
OCYIIECTBIISITECS. HAa OCHOBE aHalM3a 3aJaHHbIX KPUTEPHEB ONTHMAIILHOCTH,
OIIEHWBAIONINX KAaYeCTBEHHBI YPOBEHb MPUHUMAEMOTO YIPABIEHUYECKOTO PEIICHUSI.
Kpome Bcero mpodero oHa orpaxaeT ¢puHaHCOBBIC IMOTOKH BY3a. 'mOKoCTh Momenn
MOJKET OBITH OIIEHEHA IOCPECTBOM ee ayauTa. Llems HacTosAmel cTaTbu — U3TI0KUTh
pe3yabTaThl HCCIEAOBAHUN IO ayAMTOPCKOMY aHalW3y MOJEIH ONTHMAJIHHOTO
(uHaHCHpOBaHUS Y4eOHOTO Mpoliecca, MPEAT0KEHHOM B [7].

OcHoBHOI pa3aen

PaccMoTpuM KpaTko Mojenbs opraHu3aluu ydeOHoro mpoiiecca B BY3e. Bynem
MPUJICPKUBATHCS TEPMHUHOJIOTHH, TIPEATIONIOKCHUN 1 0003HaYCHHI cTaThu [7].

YueOHbI mpoliece MPEACTaBIIeT COO0H IeTIeHAPaBICHHOS B3aNMOICHCTBIC TPEX
COCTaBJISIONIMX: 00y4aeMblii (CTYIEHT), MpernojaBareib W Y4eOHO-METOAMUECKOES
obOecnieuenue. Pe3ynmpTaTroM B3aMMOJCHCTBUS SBISCTCS OObEM 3HAHWH W yYMEHUH,
KOTOPBIA TONy4YaeT W MPHOOpETaeT CTyIeHT B mpolecce o0ydeHus. IToT o0beM
MpeaycMOTpeH TporpaMMmoii oOyueHwms. OTcCiofa ciemyer, YTO pPe3yIbTHPYIOIINi
mokasarens )(¢f) opraHm3anud ydeOHOTO Mporecca MOXKET OBITh OIpeneieH C

NOMOIIBIO  B3BEIICHHOW  JIMHEHHO-MYJIBTHIUIMKATUBHOH  CBEPTKM  YacTHBIX
THOKa3aTelseil, ONMMCHIBAIOMNX yKa3aHHbIE BBIIIE COCTABIIIOIINE YU4eOHOTO Iporiecca.
B pabote [4] aBTOpB NPENIOKHUIN CIAEAYIOIIEe COOTHOLIEHWE JII HTOTOBOTO
nokaszatenst y(f) opraHuzanu y4eOHOro Ipolecca:
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Ji
()= z ah (% b,q,0). (1)

rae: [ — WHOEKC, HyMEpYIOIIUH CIEMHAIBHOCTH, 110 KOTOPBIM BY3 OCYIIECTBIISET
BBIITYCK CHEIHMATUCTOB B ¢ -M roy (C — 9HCIIO0 TaKuX CHEHaTbHOCTEN);

h,(t) — mokasaTenb, XapaKTEPU3YIOUIMH KOJIMYECTBEHHbIH COCTAaB BBITYCKHHUKOB
By3a i -i CHEIMaIbHOCTH  -T'O TOZA BEHITYCKAa;

q,,(t) — Tmoka3aTenb, XapaKTEPU3YIOUIMH KAueCTBEHHBIH M KOJIMYECTBEHHBIH
YPOBEHb OpTaHU3aIH TOATOTOBKH BBITYCKHUKOB - CHEIHAaTbHOCTH TIO S -MYy
(baxropy (cocTaBIAIOIIEMY 3JIE€MEHTY) ydeOHoro mpouecca ( f; — YHMCIO TaKuX
(hakTOPOB IJIA i - CIENIMATTEHOCTH, § — HHAECKC, HyMEPYIOIHN 3TH (aKTOPHI);

a;,b,, — BecoBble KOI(P(UIHEHTHI, yIOBIECTBOPSAIOIIUE YCIOBUIO HOPMHPOBKU.
(Heo0xoiMMo OTMETHUTS, UTO B CTaThe [7, C. 69] MOMyIICHBI ONIeYaTKU. )

K ¢akropam ydeOHOro mporecca, KOTOpBIE XapaKTEpHU3YIOTCS TOKa3aTessIMU
q,,(t), oTHOCATCS:

yCIIeBaeMOCTb BBIITY CKHHUKOB; 00ecre4eHHOCTh y4eOHOro npouecca
MPeTIoIaBaTeNSIMU, JTUTEPATYPOl, TEXHUIECKIMH CPEICTBaMU OOy4YeHHs (HaIrpumep,
KOMITBIOTEpaMH ¢ HEOOXOJMMBIM IPOTrpaMMHBIM obOecriedueHneM). llomaraem, dTo
npezensl cymmupoBanus C, f;, koohGUIMEHTs! a;, b, NOCTOSHHBI.

IIpeacraBnsercs OYEBHIHBIM, YTO BEIMYUHBI A, M ¢, 3aBUCAT OT (DMHAHCOBBIX
CPEICTB, HAIPABIIEMBIX HA OPTaHM3alWI0 YyYeOHOro TMpollecca. YIpaBlieHHe
NOTOKAMH JTHX (UHAHCOBBIX CpPEACTB OKaKET COOTBETCTBYIOIEE BIMSHHE Ha
BEJINYMHBI YACTHBIX IIOKa3aTeneH /;, ¢,, 1 NTOroBoro nokasarens (1).

Hmwxke Oyaem WHCIONB30BaTh MHEMOHWYECKH YIOOHYIO CHCTeMy OOO3HAYCHHS
HOBOI BEJIMYMHBI IByMs OyKBamHM, BTOpas U3 KOTOPBIX COBMHAgaeT ¢ 00O3HAUYCHHEM
TOM BENUYMHBI, W3 4YKCIAa BBEJCHHBIX paHee, C KOTOPOW HOBas BEIUYMHA
HETIOCPE/ICTBEHHO B3aMMOCBs3aHa (a mepBas OyKBa yKa3blBaeT Ha XapaKTep HOBOM
BenuuuHbl). O003HauUUM (DMHAHCOBBIE CPEJICTBA, CBSI3AHHBIC C IIOKA3aTeNIeM /i, uepes

zh,(t) . 3aech MHAEKC a HyMepyeT BHAbI (DUHAHCOBBIX CPEACTB, OKA3bIBAIOLIMX
BJIIMSHHUE Ha IOKa3arenb /; (nanee OymyT IpHUBEIEHBI IPUMEPHI), a uepe3 zq,,,(f) —
(HUHAHCOBbIE CPEJICTBA, CBSI3aHHBIE C KPUTEPUEM ¢, TJi€ UHIEKC 4 HyMepyeT BUJbI
(MHAHCOBBIX CPEJCTB, OKA3bIBAIOIIMX BIMSAHUE HAa IOKasarenb ¢, (f). BennmunHb
zh,,(t) u zq,, () BCerna MOXKHO CUMTATh HEOTPULATEILHBIMH, IIOCKOJIBbKY 3HAK 3TUX
BeM4MH (IPUOBLTh WM YOBITOK) MOXET OBITh YUITeH B (hOpMyJiaX, B KOTOpPHIC OHH
BXOJIST.

Bynem cuntath, 9TO MHICKC a , HyMEpYIOLIMH BeIUYUHB! z/, (1), MEHseTcs B
npenenax ot 1 1o A; udepes eaunuiyy. Uncno A, u TMIBI (PUHAHCOBO-MATEPHAIBHBIX
(hakTOpOB, BO3IEHCTBYIOIIMX HA MOKa3aTeslb #/,, BOOOILIE TOBOpPS, Pa3IUYHBI IS
Pa3HBIX CIEHATLHOCTEH (3aBUCAT OT UHJEKCA | ).

AHaJIOTHYHO, UHAEKC U, HyMEPYIOIINH BEIUYUHBL zq,,, (t) , MEHsSETCs B mpenesiax

or 1l mo U,

s 2

riae BepxHuil npenen U, B o0LIeM Ciiydae 3aBHCUT OT CIELUAIBHOCTH
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(ot HOMEpa i) M OT paccMaTpuBaeMoro (akropa yueOHOTo Tporiecca (0T HHAeKca s ).
INokasatenn A, M g,,, €CTECTBEHHO, 3aBHCAT OT MOJHOrO Habopa BenuuuH zh,(t) u

zq,.,,(f) COOTBETCTBEHHO:
b, = hy(zhy (0),..., zhy,, (0),1) (2)

Gis = 415 (21 ()5, 2G5 (D), 1) (3)

C menpio comep)KaTeIbHONW WHTEPIPETAllMU BBEIEHHBIX BEJIMYWH W WX SBHOM
3aBHCUMOCTH OT (akTOopa BPEMEHH pACCMOTPHUM HECKOJbKO mpuMepoB. Jlis
MOKa3aTelNisl KOJIMYECTBEHHOTO COCTaBa CTYACHTOB /. TOA BeJuuuHamu zh,, (1)
MOXKHO TIOHMMaTh PAacXOJbl By3a Ha MPOBEJACHHWE pEKJIAaMHOH KaMITaHUU II0
MIPUBIICYCHUIO CTYJEHTOB K TOCTYIUICHHIO B BY3 MO i-i CHEIMAILHOCTH, pa3Mep
CTUIICHIUM JJIsl CTYJICHTOB [ -U CIEIUAIbHOCTH, HAJ0ABKH K CTUIICHIUU 32 XOPOIIYIO
U OTIMYHYH y4eOy, pa3sMep OIUIaThl OJHOTO ToAa OOyYeHHUs s CTYICHTOB-
KOHTPaKTHUKOB.

W3MeHeHns: YUCIEHHOTO COCTaBa CTYJICHTOB M3-32 OTYUCIICHHS] HEKOTOPHIX M3 HUX
3a HEYyCIEBAEMOCTbh, yXOJa B aKaJeMUYECKUI OTIYCK U MO UHBIM IMPUUMHAM, a TAKKE
HENPOTHO3UPYEMbIE U3MEHEHHsSI TIOTPEOHOCTEH OTpacieil IKOHOMHKH B CHEIMATNCTaX
CITy’KaT IPUMEPOM OOBSICHEHHS IBHOM 3aBHCHMOCTH TTOKa3aTeNs /; OT BpEMEHH.

Jns  mokasarens g, XapaKTEepU3YIOLIEro, HalpuMmep,  J1abopaTopHOE

0o0opyZoBaHKe, IO/ BEIMUYUHAMU Zz(;, (f) MOKHO IOHHUMATh CPEACTBA, BbLAEISIEMbIE

Ha TOAJEepXaHue O0OpYyIOBaHHMS B pabodyeM COCTOSHWH, 3aKyNKy HOBOW TEXHUKH,
NOBBIIIEHNE KBalMUKauuu mnpenonasareneid. [lokaszarenn ¢, B TOW HIM WHOU

CTEIEH! MOTYT 3aBHCETh OT MOTHBALMM TpyJa NpenojaBaTeliel, a, 3HaAUMuT, — OT UX
3apa0oTHON miaThl. SIBHAas 3aBUCHUMOCTH ¢, OT BPEMEHH MOXET OBbITh CBS3aHAa C
MOCTETIEHHBIM (DU3NYECKUM CTapeHHeM OO0OpYAOBaHUS M OOBEKTUBHBIM POCTOM
TpeOoBaHMii K § -My (hakTopy y4eOHOTO Ipolecca.

BennunHa AEHEXHBIX CPEICTB, HANPABICHHBIX BY30M 3a IEPHUOJ BPEMEHH ! Ha
HOBBIIICHHE  [IOKa3aTeleld  OpraHu3alyM  y4eOHOro  Ipolecca  IMOJydaeTcs
CYMMHUPOBaHHEM:

C fl Uis
2q(t) =2 X 2 24, (1) - “4)
i=ls=lu=l

Ha ocHoBe BenuuuH z/,, () , CBA3aHHBIX C [IOKA3aTeJIeM /; MOXET ObITh IIOJIyUeHa
CJIEAYIOIIAs CyMMa:

C 4
h(t)= 5 3 2, OV, (0), )

i=la=1
B KOTOpoW N, (f) — 4YMCIEHHBI mapaMeTp, COOTBETCTBYIOUIMH (DPMHAHCOBBIM

CpencTBaM @ -TO THIA IS CTYIACHTOB i -H CHENUATBHOCTU (HAMPUMEpP, €CIA d -M
TUTIOM (DMHAHCOBBIX CPECTB SIBIISIOTCS PACXOJBI HA BBIIIATY CTUIICHIWU CTYICHTaAM
i -1 crienuanbHOCTH, TO N, (f) €CTh YHCIIO CTYAEHTOB, MOJYYarOIUX CTUIICHIUIO, a

zh,(t) — pa3mep ctuneHaun). Y cioBuMmcs OpaTh BeIUIUHBI N, () CO 3HAKOM ILIIOC,

€CIlu cpeacTBa zh,,(f) IpeAcTaBIsIOT COOOI 3aTpaThl By3a Ha obecneueHne yueOHoro
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mpouecca, M CO 3HAKOM MHHYC,— €clIH zh,,(f) COCTaBIAIOT JOXOJHYIO 4acTb
OromkeTa By3a. BbpIOOp 3HaKkoB cleayeT ©3 ypaBHeHHs OanaHca (DMHAHCOBOI
JIeATETHFHOCTH By3a (CM. Iajee 1Mo TEKCTY).

[Tycts, Hanmpumep, zh,(f) — BeaMUYMHA TOJOBOM ILIAThI 3a 00y4YeHHE, B3UMaeMas ¢
OJIHOTO cTyneHTa (noxon By3a), Torma N;(f) — B3ITO€ CO 3HAKOM MHHYC YHCIIO
CTYJICHTOB-KOHTPAKTHUKOB i -i CIENUAIbHOCTH, MOJYYAIOIINX TIATHOE 00pa30BaHueE.
Jis Takux BeNmMuuH zh,,(¢) , KaK pacxofpl By3a Ha POBEACHUE PEKJIAMHON KaMIIaHUH
M0 TPUBJICUYCHUIO CTYJCHTOB K MOCTYIUICHUIO B BY3 MO i-H CIEIUAIBLHOCTH, OyJieM
nonarate N, (f)=1.

®duHaHCOBOE yIpaBlieHWE y4eOHBIM TPOILECCOM OCYIIECTBIISIETCS 4epe3 3ajiaHue
BEIUYUH zh, U zq,,. MaremaTudeckas MOJAENb By3a M Pe3yJbTaTbl, NOTy4YCHHBIE
IIPH €€ HCIIOJIb30BaHUM, B CYIIECTBCHHON Mepe ONPEICISIOTCS TeM, KaKhe CTaThH
Oro/1KeTa BKIIIOUEHBI B COCTaB (PMHAHCOBBIX CPEJCTB zh, U g, , a KAKUe — HeT.

VYpaBHenue OanaHca GUHAHCOBOH JESTEIBHOCTH By3a MOXKET OBITH MPEICTABICHO
B CIIEIYIOIEM BHJE

4
So()+ éZhil(t)|Nil(Z)| Zé Z::ZZhia (t)|Nia (f)| +

+zq(t)+ S()+ R(¢t) — R(0)
r7ie B SIBHOH (JOpMe BBIIEIEHBI CPEICTBA, MOJYYCHHBIE By30M 3a MEPHO] BpEMEHH ¢
OT CTYACHTOB, OIUIAYMBANOMINX CBOC 06pa’30BaHI/IG. B neBoil yactu YpaBHCHUA
COACPIKATCA CJIaraCMbIC, KOTOPBIC OTPaKarOT AOXOJ By3a 3a IMEPUOJ BPECMCHU [, aB
npaBoﬁ YaCTH — CJIara€MbIC, OTpaXaromue pacxXxOAdHbIC CTaTbU 6IOIDKGT3., a TakKXKe
pasHocts  R(t)—R(0) wmexmy cpeiacTBamu, 3ape3epBUPOBAHHBIMH Ha MOMEHTHI

(6)

Bpemenu ¢ u t=0.B (6): S,(¢) — oOmmii 7oxox By3a B T€UECHUE NIEPHOJA BPEMEHHU {
10 BCEM CTaThsIM 3a MCKIIoueHHeM cpeacts (5), S(¢)— mpoume 3aTpaTel. B cocras
noxoma S,(f) BXxomaT OMOMXKETHbIE CpEeACTBA Ha OIUIATy OOyY€HHs CTYAEHTOB,
3aHUMAIOIINX MECTa, IpeA0oCTaBIeHHbIE By3y rocynapctsom. [Ipoune 3arpats

S(1)= ésk 0. 7

rae K — 4ucio BUIOB 3aTpar, BKIIOUYAIOT B ce0s (akTuyeckuii ¢oHm 3apabOTHOMH
IUIaTBl COTPYIHHUKOB By3a (0e3 ydera 3apIulaTel MpenojaBaTresieii), pacXxoabl Ha
NOAJCP)KaHWE OCHOBHBIX (DOHIOB M  KalmHMTaJbHOE CTPOUTENBCTBO, OIUIATY
KOMMYHAaJIBHBIX YCIIyT, CPEJICTBA Ha Pa3BUTHE BY30BCKOM HAyKH M COIMAIBHOM chephl
U IpyTue BUIBI 3aTpat, IPeayCMOTPEHHBIE CMETON By3a.

Ilepenecem cnaraemoe (5) w3 neBoil 4acTu ypaBHeHHsA (6) B IpaByr YacTb U
O00BEIMHUM €T0 C NEPBBIM CJIaraeMbIM NPAaBOW YacTH, TOTJA C YIETOM ONpEIeNICHUS
3HaKa BeluuuHsl N, (¢) nomyuum cymmy (4). Beoas o6o3HaueHue

z(t) = zh(1) + zq(1) ®)
MepenuireM ypaBHeHne Oananca (6) B CIICIYIOIIEM BHJIE:
So(®)=z()+S(@#)+R()—R(0). )

Hexoropsle craThu mpoumx 3aTpar B cymme (7) SIBISIOTCS 00S3aTENbHBIMH K
UCIIOJIHEHHUIO, OIIPEEIICHBI 110 BEJIMYMHE U IEPECMOTPY IpaKTHIecKH He nomiexar. K



MonenupoBaHue mporecca ayanTa pUHAHCOBBIX MOTOKOB B BY3e ... 227

TaKUM CTaTbsM CIIeAyeT OTHECTH (OHJ 3apIulaThl, PacxXolsl Ha MPOBEICHHE
Oe3oTnaraTenbHBIX pabOT 1O BOCCTAHOBICHHWIO OCHOBHBIX (DOHAOB, OIUIATY
JHEpProHocuresell U psan Apyrux. Tem He MeHee, Npu (PUKCUPOBAHHOM 3HAUYEHHUH
S, (¢) BenuuuHa CpeAcTB z(f), HANPABIIEMbIX Ha yJIydlIeHUE [oKa3aTeael yueGHOro

nporecca, MOXKET B HEKOTOPBIX mpemenax [z, (¢),z...(f)] BapbupoBaTbcs, 4YTO

XOpOoLIO U3BECTHO U3 By30BCKOfI IMIPAKTHUKH.

C ):[pyl"OIZ CTOPOHBI, BEJIMYNHBI Zhia u zq¢;, OrpaHH4C€Hbl CBOUMH MAKCUMaAJIbHbIMU
U MUHUMAJIbHBIMU 3HAYCHUSIMU:

min max min max
zh, " (t) < zh, (1) < zh ™ (1) u zq, (1) < zq,, (1) < zq " ().

B camom JACJIC, BCJIIMYHWHA 3apa60TH0171 IJ1aTel, pasMEp CTUIICHAWH, 3aTpaTbl Ha
HpI/IO6p€TCHPIe y‘i€6HOF0 O60py,I[OBaHI/I$I U JIUTCPATypPhbl, PCKIIAMHBIC PACXOJbl Ha
I/IH(bOpMI/IpOBaHI/IC aGI/ITypHeHTOB O BY3€ H Opyru€ 3arparbl MOOJDKHBI HMETH
000CHOBaHHbBIE BCPXHUC U HUKHUEC MIPECACIIBI.

I'paHuIIb! zh::i" (1),2h] (1), Zq::" (),zg™(t) He  SABIAOTCS  TOYHO

isu
OTIpeIeNIEHHBIMH, KaK 3TO BUIHO W3 TOJILKO YTO MPUBEACHHBIX NIPUMEPOB, U CaMU 10
ce0e ciy)kaT MpeaMEeTOM JUISI CAMOCTOSITENBbHBIX UCCIEIOBaHUI. DTH TPaHUIBI MOTYT
OTIPENEIIATHCS, HAIIPUMEP, METOJJOM 3KCIIEPTHBIX OLIEHOK.

Co3pmaBaemast MOJIeNb By3a IpeJHAa3HAa4YCHA B MEPBYIO O4Yepe/ab JJIsl TOTO, YTOOBI
npu yenoBud z(t) €[z, (£), 2., (£)] ¥ IPOUKX YCIOBUAX HAMUTH ONTHMANBHOE C TOUKU
3peHHsI MAaKCUMHU3aLK TIoKa3aTens y(¢) pacnpezeneHue (pUHAHCOBBIX CPEJCTB z(2) MO
OT/ENbHBIM CTaThsM pacxoma zh,(f) u  zq,,(t). Takum oOpasom, Mojenb
ONITUMAJILHOTO (PHHAHCOBOTO YNpAaBJICHUs OpraHu3aluell ydeOHOro mporecca MOXKeT
OBITH IPEACTaBJICHA B CIICAYIOIIEM BHIE:

y(t)—> max |,
z hia »Z qisu

2™ () < zhy, (£) < zh™ (1),

2q™" (1) < 2q,,, (£) < 2™ (1), (10)

c| /Ji Ui 4
L OEDNDID) 29 5u (t)+ 2 th(l‘)Nia(t) 5
i=l| s=lu=l a=1
2(1) €[ Zypin (1) Zar (] -

B Takoli mocraHOBKE JaHHas1s MOICJIb MOXKET OBITH CBCACHA K 3aJa4c, pemaeMoﬁ
METOJaMU MATEMATHYCCKOr'0o IMPOrpaMMHUpPOBAHUA. OHa MOXKET GBITL CYHII€CTBECHHO
YIPOILEHA, MPENOI0KEHUEM, YTO BEIMYUHBI /i, HE 3aBHUCAT OT CpeiacTB zh, (1), U
OTHECEHHEM pACXOJ0B Ha pEKIaMHy0 HHpOpMAIMIO st aOUTypHEHTOB 00
HUMCIOINMXCS U HOBBIX CIICHHUAIBHOCTAX K YHUCITY 00s13aTETBHBIX pacxoaoB By3a.

I/ITaK, 6yZ[CM cyuTarb, 4YTO Ha 3HAYCHUA noKa3aTeJien l’li HCJIb34 IIOBJIUATH
TIOCPENICTBOM TeX WIM HHBIX (DMHAHCOBBIX BioxeHmi. [Tokaszatemm A, oTpakaioT
JINIIb KOJIMYECTBECHHOC COOTHOIIICHUEC MEXIOYy HOTpe6HOCTHMI/I oTpaciin B
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CIIELMAINCTAX U UX NOJAIOTOBKOW U HOCSAT KOHCTAaTUPYIOLIUN XapaKTep, a UTOTOBBIM
Kputepuil y(¢) or BenuuuH zh,,(¢f) HE 3aBUCHUT.

Ecin k ToMy ’ke BEIMYMHBI ¢; SIBISIFOTCS JIMHEHHBIMH (YHKIMAMH CBOHX
apryMeHToB zq,, (), To B cuiny ¢opmynsl (1) xpurepuil y(f) Taxke SBISETCS
nuHenHo# ¢yHkuumeil zq,, (¢), U, cienoBaTensHoO, pemenue 3agaun (10) MmoxkeT ObITH

BBITIOJTHEHO CPEACTBAMH JIMHEHHOTO MTPOTPaMMHPOBAHHUSL.

BaxHO yTOUHMTBH elle pa3 CMbICI BpeMEHU ¢ u nokasarenedt h,(t), g, (¢). Ilox
MOMEHTOM BPEMEHH { MOXKET IIOHUMAThCS JjaTa OKOHYaHUS CTYJEHTaMH By3a. B aTom
ciy4yae mokaszarenu h;(t), ¢, (f) oTpakaroT OCOOCHHOCTH OpraHM3allUU Y4eOHOIrO

mporecca Ha TPOTSDKEHWU BCEro Imepuoja OOydYeHHUs BBITYCKHHKOB. TeM caMbIM
BIUSHWE Ha mokasarenu K (t), ¢, (f) ommbO4YHOro (HPMHAHCOBOTO YIIPABIIEHHUS,

MMEBIILIETO, HAIPUMEpP, MECTO B OJHOM M3 CEMECTPOB, OyAeT HHBEIHPOBAHO 32 BECh
nepuoj 00ydeHHs CTYACHTOB B By3e (00 3TOM YIIOMHHAJIOCH BBIIIE).

Ecin ke aHanm3upyercsi COCTOSHME OpraHM3aliH Y4eOHOro mporecca Ha
TEKyIIUl MOMEHT BpEeMEHU {, M pacCMaTpuBaeTcs (PUHAHCOBOE YIPABIECHHE B

NPEACTOALIMNA IEPUOJ BPEMEHH [ £, f ], TO MOMEHT BPEMEHH ! CIEAYeT, KaKk IPaBUIIO,

COOTHOCUTH C OKOHYaHHEM yKa3aHHOTO CEMECTpa MM y4eOHOTO roja (Wiu HadaloM
CIIEYTOIIEro 3a HUM CeMecTpa WiH ydeOHOTo rona). JlefcTBUTENhHO, H3MEHEHHUS B
opraHuzandyd  y4eOHOTO  mporecca,  OOyCIOBJICHHBIE  COOTBETCTBYHOIIUMH
(hMHAHCOBBIMH BJIOKEHUSMH B TEKYIIEM CEMECTpe, MPOUCXOIAT, KaK IPaBHIIO, C
3armo3JaHieM — B Hadaje CIIEeAYIOIIEro CeMecTpa. JTO OTHOCHTCS, MPEXIE BCETO, K
obecrieueHut0 y4eOHOTO TIpoliecca TPernoAaBaTeIbCKUMU KaJpaMH, K BIUSHHIO
BEJIMYUHBl yCTAHABIMBAGMON CTUIEHJAWM HA YCIEBAaEMOCTh CTYACHTOB, B
CYIIECTBEHHON Mepe — K oOecneueHuio y4eOHOTo Tmporecca JiabopaTOpHBIM
000pyZOBaHHEM, KOMITBIOTEPHON TEXHUKOW U MPOTPaMMHBIMH CPEICTBaMH, YIeOHO-
METOJAUYECKOU JIUTEPATypOM U T. 1I.

UtoObl chopMyIHpOBaTh IMOCTAHOBKY 33Jadd MOJEIMPOBaHUS Ipollecca ayanTa
(uHAHCOBEIX  MOTOKOB BY3a, HeoOXommmo  TepedTH K  aOCOIIOTHBIM
XapakTepucTUKaM (QHUHAHCHpOBaHMs ydeOHoro mporecca. s 3Toro mpoaenam
CIIeyIOIIIEee.

OObem z(f) ¢unHaHcHpoBaHMS y4eOHOro mHpolecca 3a MEpHOA BPEeMEHH [, ¢ ]
MOXKET 10 TeM WM WHBIM TMPUYHHAM H3MEHSAThCsS. V3MeHeHue BeNW4uHBI z(f)
BBI30BET M3MEHCHHME HTOrOBOIO TMoKasarens y(f) paboThl cucTeMbl (BY3a),

a/IeKBaTHOE YCJIOBUSM, B KOTOPBIX OCYILIECTBIISIETCS] TAKTHYECKOE yIpaBiieHHe. 10
€CcThb MoKa3aTenb »(f) sBIsEeTCS HE TOJNBKO (YHKUMEH BpeMeHH, HO U (QyHKIHeH

(bMHAHCOBBIX BJIOXEeHHUU z(f), a, 3HAYMT, MOXHO 3anucarb y = y(¢,z(?)) .

Bo3Hukaer 3aKOHOMEpHBIM BONPOC: HE OKAXKETCS JIM ONTHMAIbHOE YIPaBJICHHE
JUTSE HOBOTO (OOJBIIIETO FITM MEHBIIETO) 3HAUSHUsI z(¢) TIPH MPOYNX PABHBIX yCIOBHSIX
B TOM WJIM WHOM CMbICIe Oosiee S(PEeKTUBHBIM, YeM IS IPEIBIAYINEro 3HAUeHUs, C
Y4E€TOM U3MEHCHUS BeIMYUHbI Y(t,z(1)) ?

UroObl JaTh OTBET HAa 3TOT BONPOC 3aMETHUM, 4YTO MPH OTCYTCTBUU
(uHaHCHpoOBaHUs, TO ecTh npu z(¢)=0, BeIMUYWHA HUTOTOBOTO IOKAa3aTeiss PabOoThI
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CHUCTEMBI YHaJeT 3a IMPOMEXKYTOK BpEeMEHH [f,, f] OT HAYaJbHOIO 3HAYCHUS
Vo=y(ty,2(t,)) 10 MuHMMaTbHOTO YypoBHA Y =y(t,z(t)). C poctom z(f) ot
HYJIEBOTO 3HaueHUs (Ipu (PUKCHPOBAHHOM IPOMEXYTKE BPEMEHH [ f,, ¢ ] IOKa3aTesb
y=y(t,z) nomkeH, BOOOIIE TrOBOpsi, Bo3pacTtaTh. Bo BcsikoM citydae, (QyHKIUsS
y=y(t,z) nomwkHa OBTHL HeyObBaromen (dy/dt>0). B camom geme, mmoboe

KOHCTPYKTHBHOE ()MHAHCHPOBAHHME YydYeOHOTO TIpollecca TONBKO CIIOCOOCTBYET
YBEIUYCHUIO MoKa3zarens y=y(f,z) MO0 K MOMEHTY BPEMEHH f, 10O BCIE 32 HUM

(mocnenHee — B ciydae ONEPEIKAOIIETr0, MEPCIEeKTHBHOTO (UHAHCHPOBAHUS TPHU
HAIMYUK 3ama3fblBaHUS MEXKY BIIOKCHUEM CPEICTB M HM3MCHEHHEM (DYHKIUH
y=y(t,z). Bpsn nu QuHAHCUpPOBAHHWE CcaMO MO ce0e MOXKET MPUBECTH K

Pa3pyLIUTEIbHBIM IOCIEACTBUSIM.

Bynem wucxomuTh W3 YNPOINAIOMIETO MPEANONIOKEHHs O 3a0JarOBpeMEHHOM
HOCTYIUIEHNMH (PMHAHCOBBIX CPEICTB, IPH KOTOPOM 3((EKTUBHOCTH (PrHAHCUPOBAHUS
Ha YKa3aHHOM BBIIIE NPOMEXYTKE BPEMEHHU OKAa3bIBA€TCS MAKCHUMAalIbHO BO3MOXKHON
no BenuuuHe. B 3TOM mpeamonokeHun Kputepuid )(f,z) OyIeT 3aBHCETh TOJBKO

JIMIIb OT BEIWYHMHBI (1) (PUHAHCOBBIX MOCTYIUICHHA.

OOo3HaunM uepe3 z, HAUMEHBINYI0 BEIWYMHY (DUHAHCOBBIX CPEACTB,
HEOOXOUMBIX JUIS MOAJCPKAHUS Moka3arens y(z) paboThl CUCTEMBI HA MCXOJHOM
YPoBHE ¥, =y(Z).

AGcomoTHOH 3(h(EKTUBHOCTRIO (MHAHCHPOBAHHWSA CHCTEMBI B 00BeMe z 3a
YKa3aHHBIN [IEPUOJI BPEMEHHU HA3BIBAIOT OTHOLIEHUE

H(z)=@, (11)

KOTOpOE TIPEACTABISIET COOOW TaHTEHC yrIila HakjaoHa (K OCH a0CITMCC) TIPSMOi,
coemuusromer Touky (0,y*) W TEKymyo TOYKy (z,y). B umcmaureme (11) B3siTo

*
npupaiieHue (QyHKIMH )(z) OTHOCUTEIBHO 3HAYECHUS ) , TOCKOJBbKY HMEHHO

3HAYEHHE ) COOTBETCTBYET OTCYTCTBHIO (DMHAHCHPOBaHUs z=0.

[MosTomMy oTHOmeHWe H(z) JHelcCTBUTENBHO XapakrepusyeT 3((eKTHBHOCTD
(uHAaHCUPOBaHUS, TaK Kak IOKa3blBa€T NPUPOCT IOKazaTens )(z) Ha EOUHUILY
BJIOJKEHHBIX CPEICTB 3a BpeMs f—f,. OueBHIHO, 4TO A Toukd z=0 oIpeleieHHe
(11) mpumer Bua npousBoaunoii H (0)=dy(0)/dz.

HomunanbHoli aOcomoTHONH 3 (eKTHBHOCTEIO (UHAHCUPOBAHUS HA3BIBAIOT
BEJINYHUHY

*

H, = H(zy) = 20— (12)
)
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SBISIOIIYIOCS  ((MEKTUBHOCTBIO TaKoro (HHAHCHPOBAHHS, KOTOPOE II03BOJISIET
COXPaHUTh NOKa3aTenb (YHKIMOHWPOBAHUS CHUCTEMBI 3a BpeMs f—f, HEH3MEHHBIM
y(0)=y(0).

AbcomotHble dhdexTnBHOCTH (uHaHCHpoBaHUs (11) m (12) MO3BOJISAIOT BBECTH
OTHOCUTENBHYIO 3()(heKTUBHOCTD (PMHAHCUPOBAHUS CUCTEMBI

H(z)

OH(z) = (13)

0

Teneps sicHO BuAEH OOIIMIA MPUHIWIN BBIOOpa BENWYHMHBI z(f), a HWMEHHO, —
3a0J1arOBpEMEHHOE BIIOKEHHE CPEACTB z(f) MAOIKHO oOOecreyuBaTh K MOMEHTY

BpeMEHH { MAaKCHMAaJbHYI0 (B CMBICIE IOCTIDKEHHS SKCTPEMYMOB) aOCONIOTHYIO
3¢ PEeKTHBHOCTh (PHMHAHCHPOBAHUS CUCTEMBI TIpU z€[0,00]

H .= H(zop,) = max H(z) (14)
z€[0,0]

WIH, 4TO TO € CaMoe, — MaKCUMaJIbHOE 3HAa4Y€HHE OTHOCHTENbHOW 3()(eKTUBHOCTU
(uHaHCHUpOBaHUS

OH,,,, =OH(z,,,) = max OH (2). (15)
rae  z,, — ONTHMalbHbIE 3HAYeHM OObeMa (UHAHCHPOBAHMA, MPH KOTOPBIX

JIOCTHTAIOTCS JIOKATbHBIE MaKCUMyMBbI (B JaHHOM CIlydae — 9KCTPEMYMbI) (YHKIHIA
H(z) n OH(z) . Jlerko nousats, uto OH(z,)=1, OH(z,, )>1.

Bennunna Zopt MOKET OBITh KaK 6OJ'II>IHG, TaK 1 MCHBIIC Z. B YaCTHOCTH, BIIOJIHE

opt

A0IyCTUMO, 4YTO Zopt =(0. Bemuuuna Zopt MOXET HUMCTb HCCKOJIBKO JUCKPCTHBIX

3HAYEHWH W/WIM TPUHUMATh 3HAYCHHS W3 HEKOTOPOTO KyCOYHO-HENPEPHIBHOTO
MHOKecTBa. B mocrmemnem cmywae, ecim anas 1000ro z, NpUHAIJIEKALIETO
HEKOTOPOMY OTpe3Ky [z;,z;,,], BblIodHAOTCS yciosusa (14), (15), To B kauectse

OIITUMAJIBHOT'O, BOO6]_IIe roBOps, CICOYCT BI)I6I/IpaTB MAaKCHUMaJIbHOC 3HAYCHHUEC Z Ha

3TOM OTpE3Ke, TO €CThb Z,,=Z;,;, IIOCKOJIbKY UMEHHO MAaKCHMAIbHOC 3HAYCHHE Z,,

obecrieunBaeT HAWBBICIIMM TIOKa3aTelnb ) NpH OTHOW W TOH ke d(hPeKTUBHOCTH

(huHaHCUPOBAHUS.

3amauy ayaura (QUHAHCOBOIO OOECIeuYeHHsT YydYeOHOro Mpolecca MOXKHO
chopMyIUpOBaTh CICAYIOIIAM 00pa3oM: Ui 3aJaHHON BEIMYWHBI TPUPALICHHS
BEJINYMHBl OTHOCUTENbHOTO (uHaHcupoBanuss AOH  ompenenutrb BO3MOXKHBIC
MIPUYUHBI €€ BO3ZHUKHOBEHUS. J[pyrumMu ciioBaMu HEOOXOIUMO Y3HATh KaK y4eOHBII
npoiiecc (WK IesTeTbHOCTh By3a BOOOIIE) BIUSIOT HA 3MEHEHHE (DUHAHCHPOBaHUs!

Orta 3a/1a4a OTHOCUTCS K KJIAacCy 3ajiad ¢ OOpaTHBIMU BhIYHCIICHUAMH. MeToanka
ee peILICHHs] CBOOUTCS K IOCJIEAOBATSIILHOMY JBHXKCHUIO Ha3aa [0 MPUYUHHO-
CJIC/ICTBEHHBIM IIEMOYKaM CBs3¢i, BBEJCHUIO TPUPAIICHHA apryMEHTOB, OT KOTOPBIX
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3aBUCAT (yHKIHH SPPEKTHBHOCTH, (QOPMYITUPOBAHUIO W  PpEIICHHIO 3a/1ad
HaxXOXXJEHUs  3HA4eHWH  NpHUpallleHul  apryMEeHTOB  TpPH  BBINOJHEHUU
COOTBETCTBYIOIINX OTPAaHWYEHUH Ha CBSI3M MEXAy TociaeaHumu. [Ipocteitmme (He
ONTHMHU3ALMOHHBIE) ToaxoAbl paccMorpenbl b.E. Onpuunossim B [8]. Ilo Hamemy
MHEHHIO UCIIOJB30BaHKNE BBEJAEHHOTO Kilacca 3ajjad B YIPaBICHUECKOW AEATEIbHOCTH
MO3BOJIUT pyKoBOACTBY BY3a mpunumars 0osee 000CHOBaHHBIE PEILICHHUS.

B HacTosmien craTbe:

[Ipoananu3upoBaHa MOJENF ONTHMAIEHOTO (PMHAHCOBOTO yrpasieHus BY3om.

[IpeanoxkeHa MOCTAaHOBKA 3aJadd OLICHKM BIHMSAHUS HW3MEHEHUH B ydeOHOM
Ipolecce Ha U3MEHEHHE (PMHAHCOBBIX ITIOTOKOB.

[MpeanoxeH MOAXOA K €€ PElIeHUI0, OCHOBAaHHBIM Ha HJIESIX TEOPHU OOpaTHBIX
BBIYKCIICHUMN.

HanpasnenneM AanbHEHIINX MWCCIEAOBAHUNA MOXET OBITh TNPHUBS3KAa MOAEIH
ONTUMAJILHOTO (PMHAHCOBOTO YIpaBieHUS KOHKpeTHbIM BY3oMm c pazpaboTkoit
UMHUTAlMOHHON  Mopenu, oOecrmeuynBaroumieid ayauT (UHAHCOBBIX  PELICHUIA,
MPUHUMAEMBIX PyYKOBOACTBOM BY3a.
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Visualization of Algebraic Surfaces

Gennadiy Chuyeshov
Kharkiv Karazin National University, Ukraine

This paper deals with the visualization of algebraic surfaces in three-dimensional
space using ray tracing algorithm. This algorithm makes it possible to reduce the
problem to solving a series of algebraic equations of a single variable for each pixel
and the main task is to choose the most appropriate and the fastest method. It is shown
that the Dekker-Brent method allows to save computation time for certain types of
surfaces in comparison with commonly used Chord (Regula Falsi) method. The
software, which visualizes algebraic surfaces with the control of intermediate
computations, was developed

Introduction

The problem of visualization of data (i.e. plotting of a three-dimensional image of
an object on computer monitor) of scientific investigations has always attracted
substantial attention of researchers (see, e.g., [1, 5] and the references therein). In the
course of a study a researcher may face with a problem of visualization of different
types of data. Sometimes these data can be represented as mathematical functions. In
this case visualization techniques depends crucially on a way a function is defined —
explicit, implicit or parametric — and on the number of independent variables.

Visualization of an implicitly defined surface (given by an equation of the form
f(X,¥,2)=0) is quite a commonly arose task in computational mathematics.

Nowadays several algorithms are available.

One of these algorithms was written by Henderson [7]. Given a point of an
implicitly defined surface with full rank Jacobian, the implicit function theorem
guarantees that there exists a bijection from some neighborhood in the tangent space
onto the surface. Starting from this point on the surface, Henderson’s algorithm
computes this bijective mapping from a small elliptic region L of the tangent space
using multiple applications of Newton’s method. Then the algorithm picks a point on
the boundary of the image of L and computes the mapping onto a small neighborhood
of this point. Since the point lies on the boundary of the previously computed region,
this mapping always gives new information about the desired surface. A limitation of
this algorithm is that it cannot process singular points (i.e. points with degenerated
Jacobian).

Another algorithm is called "Marching Cubes™ and described in the book by Angel
[1]. The ground principle of this algorithm is a spatial subdivision into a series of
small cubes. The algorithm tests the corner points of each cube and assigns its status
("+" or "-") depending on the sign of the function f at this point. Then it replaces the

cube with an appropriate set of polygons which approximate the surface under

construction. Every cube has 2® = 256 possible combinations of corner status. By [1]
the original 256 combinations of corner status can be resolved down to a total of 15
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combinations; with this number it is easy to create pattern polygon sets. The union of
all the polygons generated will be an approximation of the desired surface. This
method is convenient and mainly applies in the case when one recovers a surface from
a discrete data array.

The third algorithm is known as the ray tracing (see, e.g., Hill [5] or Angel [1]).
This is a powerful general tool for rendering surfaces. The key point of this algorithm
is as follows. Rays of light are traced from an eye back through a screen into a scene.
This means that we start from the eye or camera and trace the ray through a pixel of
the screen into the scene and determine whether it intersects any object in the scene or
not. In other words, the major task is to find out what does the eye sees though every
pixel of the screen.

From the computational point of view the main problem arising in an application of
the ray tracing is to find ray-object intersection. The solution of this problem highly
depends on the class of the surfaces one deals with. Nowadays ray tracing algorithm is
used to visualize prisms and surfaces of revolution [6], algebraic [4] and fractal [6]
surfaces. On the basis of this algorithm works are underway towards the visualization
of other types of objects (see [5]).

This paper deals with visualization of a class consisting of implicit algebraic
surfaces in three-dimensional space, i.e. the surfaces given by an equation of the form
P(X,Y,z) =0, where P is polynomial with real coefficients. Due to the idea of ray

tracing algorithm instead of this equation we can consider the equation of intersection
between the ray and the surface which can be transformed to the algebraic equation

P*(t) =0, where P"(t) is the polynomial of a single variable constructed from P .

Highly developed and numerous methods for solving of algebraic equations are
available (see, e.g., [3, 10, 11, 13]). And the main task is to choose the most
appropriate and the fastest method. In this paper we use Dekker-Brent method (see,
e.g., [3, 10, 11]). As our computations show, it makes possible to save computation
time for certain types of surfaces in comparison with Chord (Regula Falsi) method
(see, e.g., [10, 11, 13]) used by Hanrahan in [4].

1. Ray Tracing

This section deals with the ray tracing algorithm and its application to visualization
of implicit surfaces. The particularies of this algorithm are explained in details.

1.1. Algorithm. Consider a screen (see Fig. 1) as a two-dimensional array of pixels
in the space. A pixel is a rectangle-shaped unit which may be assigned only one color
at a time and its color is the color of the light ray that passes from the object, though
that pixel, into the eye. Ray is a theoretically infinite semi-line used for modeling a
thin beam of light which starts in one point and extends in one direction. The
algorithm starts by shooting rays from the eye through each pixel of the screen,
determining all the objects that intersect the ray, and finding the nearest of those
intersections for each ray. To find ray-object intersections we must put the parametric
representation for the ray into the equation for the object and determine whether there
exists a real solution of the equation obtained. If this solution exists then there is an
intersection and we must choose the closest point of intersection (e.g. point H on
Fig. 1). The algorithm shoots several rays from this point of intersection in order to
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see (i) what objects are reflected at that point; (ii) what objects may be seen through
this point; and (iii) which light sources are directly visible from that point. These
additional rays are called secondary rays as distinct from the original, primary ray.
The secondary rays which are sent towards the light sources to determine if any object
occludes the intersection point are called shadow rays. On Fig. 1 one can see a
primary ray sent from point E through the screen into the scene where it intersects
Object 1 at point H . There are also two shadow rays sent from point H to the light
sources L, and L,.

L,

L,
Object 2

Pixel

L~

Figure 1. Ray Tracing.

Object 1

It should be noted that it is more correct to refer to ray tracing algorithm as
backward ray tracing algorithm. The point is that light rays, in fact, travel from light
sources to an eye, but not from the eye of a viewer to the light source as it is assumed
in the ray tracing algorithm. However we will neglect this difference and will use term
"ray tracing" in the description of the method of following light from an eye to a light
source.

1.2. Rays. As it was stated above a ray is an infinite semi-line used for modeling a
thin beam of light which starts in one point and extends in one direction. Thus to
describe a ray we can use the following parametric representation

X(t) =X, +d.t,
yt) =y, +dgt, (1)
z(t)=1z,+d.t,
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where (X,,Y,,Z,) are coordinates of the point H, which is the starting point of the
ray, (d,,d,,d,) are coordinates of the unit vector @ which is the direction of the ray

and t is a positive parameter (see Fig. 1).
1.3. Implicit Surfaces. Let f be a continuous scalar function defined on a domain

D  R*. The implicit surface S generated by the function f is the locus of points at
which the function takes on the value zero, i.e.

={(%,¥,2)eD: f(x,y,2)=0}. ()

As mentioned in the previous subsection to find a ray-surface intersection we must

put the parametric representation for the ray, namely (1), into the equation for the
surface, namely f(X,Y,z)=0. This yields the following equation

f(x,+dt,y,+dt,z +dt)=0 (3)
with respect to a single variable t. Thus on the semi-axis IR, we have the equation
g(t)=0, teR, “
where g(t) = f(x, +d,t,y, +dt,z, +d,t).

The next step is to determine whether there exists a root of equation (4), because if
there are no real roots of this equation then the ray does not intersect the surface. It is
natural to restrict the visualization of a surface to some volume which presents a part
of the real space (this volume is user-defined and lies behind the screen). In further
considerations we call this volume as extent. Here two types of the extents are

involved: a parallelepiped and a sphere. As these extents are convex, a ray may
intersect any of them through an interval only and it is quite easy to calculate the end

points of this interval, t, and t , where 0 <t <t ,. Surely, the interval [t;,t,]

out in — “out *

depends on the parameters of the ray (X, Y;,Z,,d,,d,,d,). For every ray we first

check whether it intersects the extent and if it does, we then determine t;; and f,

The task is now to check whether this ray intersects the surface. If the ray intersects
the surface, then the parameter t, of the intersection point lies between t,, and t

Le, §, <t, <t,,.

2 TN —
Assume that {t,...t } C[t;
visualize the surface we should find a ray-surface intersection which possesses the

properties (i) it is situated behind the screen and (ii) it is closest to the screen. The
intersection which satisfies these properties corresponds to the smallest solution of (4)

from the interval [t ,t ], i.e.,

out *

inotour] are roots of equation (4). It is clear that to

n>
Ly = Mint;.
Having found this root we can calculate the coordinates (X, Y,,Z,) of the point on

the surface by putting this root into equation (1) of the ray. This, in turn, allows us to
find the surface normal vector at this point by the following formula

= VI (X, Yy, Z, Xos Yo» Z Xos Yo» Z Xos Yo» Z
n(Xy)[(y)ay(y)(y)J
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This normal vector is engaged in calculation of intensities of the color components at
the point (X, Y,,Z,) -

2. Algebraic Surfaces

As it was mentioned in the introduction an algebraic surface is the surface given by
an equation of the form

P(x,y,2)=0. (5)
where P is a polynomial with real coefficients. It can be written as
n m | o
P(X, yaz)zzzzaijkxlyjzka 8 € R, (6)
i=0 j=0 k=0

where N+m+1=d and d=deg(P) is the degree of the polynomial P . Thus
equation (5) has the following form
n m |
2.2 2 Xy =0. 7
i=0 j=0 k=0
After substitution of the parametric representation (1) for the ray into (6) we obtain the

polynomial
n m

P*(t) = Z Z aijk(xs + dxt)i(ys + dyt)j (Zs + dzt)k = Zd: piti (8)

|
i=0 j=0 k=0 i=0

of a single variable t with real coefficients p,. Thus from (7) we get the equation

d .
Z pitl = O’ te [tinﬂtout ]9 (9)
i=0

where [t;,t,,, ] is the ray-extent intersection interval.

In?

According to previous section the problem is now to find t i.e. to find the

min 2
smallest root of equation (9) on the specified interval. We solve this problem in two
steps:

1. Root Isolation. This step allows us to find an interval (if it exists), where t_; is

isolated, i.e. an interval, where equation (9) has the only root { ;. .

2. Root-Finding is calculates a prescribed approximation of t , in an isolating

interval (provided this interval exists and we have found it).
2.1. Root Isolation. To isolate the root we involve Descartes’ Sign Rule [2] — a
method of determining the maximum number of positive real roots of a polynomial.
The idea of this method is as follows.

Let a=(a,,....a,) be a sequence of real numbers and let a'=(a,,...,a ) be the
subsequence of non-zero elements of @. Then the number var(a) of variations in a

is the number of integers i such that 0<i<m and aa’, <0.

17+1
Let A(X)= zin:o aiXi be a real polynomial. It is uniquely determined by a string
a of its coefficients a,,...,a,. We define var(A) as var(a).
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Descartes’ Sign Rule asserts that the number of positive real roots (taking into
account their multiplicity) of a real polynomial A is equal to var(A)— 2k, where k

is a non-negative integer. In other words, a number of allowable roots can be var(A),
var(A)—2, var(A)—4 and so on. We emphasize that this rule is applicable on the

positive semi-axis.
In the implementation of Descartes’ Sign Rule in our problem we should first

transform the polynomial P* to another one, which defined on R, , but not on
[t €
We first consider the polynomial
AV (x)=P*(x(b—a)+a).
If @,,....,a, are the roots of P* such that ¢; €[a,b] for 1 <i<K, then

]. Below for the sake of simplicity we denote a=t,,, b=t ,.

out in >

, a,—a , a,-a
o =——,.,0 =
b-a b-a
are the roots of A" from the interval [0,1]. In order to avoid the consideration of the

roots which are greater than one we further transform A" into the polynomial
1

AP (x)=(x+1)"AY (—j
X+1

It is easy to see that a+ f,(b—a),...,a+ f,(b—a) are the roots of P” from the semi-

interval (@,b] if and only if B —1,..., 8" —1 are the positive real roots of A® .
We consider the following cases.
1. The case when varA” =0. In this case according to Descartes’ Sign Rule

there is no positive roots of A® . Hence there are no roots of P* on [t ]. It

in?> tout
means that the ray does not intersect the surface.
2. The case when varA® =1. We obviously have a single positive root of A,

which implies that P* has only one root on [t ,t 1.

3. The case when varA® >2 . We cannot determine the exact number of roots,

but we can bisect [t;,,t,,] and consider two subintervals separately. Since we need

the smallest root we can apply this technique to the same polynomial, but on the left
subinterval first, and only if there are no roots we can switch to the right one.

Thus after a number of steps we can determine whether there exist roots of P* in
[t T, ] and if they exist, find an interval containing the smallest one.

2.2. Root-Finding. To find a prescribed approximation of t_;, we use the Dekker-

n

Brent method as it was described in [3, 10, 11]. The Dekker-Brent method combines
the bisection and some more advanced root-finding algorithm (either quadratic
interpolation or secant). On each step this method operates with three abscissas a, b
and C, where

e b is the latest and the closest approximation of the root;

e A is the previous approximation;
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e C is either previous or even an older approximation (it is possible that a =C).
Using the values of the polynomial in @, b and € and involving either the inverse
quadratic interpolation method' (if @ #C) or the secant method (when a=c), we

obtain an approximation b* of the root.

The key of the Dekker-Brent method is that we take b* as the next approximation
of the root only if the following criteria hold:

Ib"—bl<>[c=b| and |b'—bl<~|b-al.
4 2

Otherwise instead of b" we take 4 (b+a) following the bisection method. Then
we take new b'=b", a’=b and ¢’ we keep the same if P*(C)P"(b") <0 otherwise

we take C'=a’. We stop our process when
‘P*(b)‘ <g, or |C—b| < 4gmax{|b ,1}

where ¢, is the machine precision and ¢ = &, is the prescribed tolerance. Ideally, to

find the best approximation for the root we should take & =&, but in our case we

choose the tolerance & empirically basing on the quality of image.

As it is mentioned in [3, 10, 11] numerous computer experiments have shown that
Dekker-Brent method has a faster convergence in comparison with the customary
methods. The point is that this method combines the sureness and the universality of
the standard bisection method with relatively fast convergence of the secant or the
quadratic interpolation method. Our own comparative computations (see Fig. 2) have
shown that the Dekker-Brent method in most cases works faster then the Regula Falsi’
(false position) and Bisection method. In our computations we have measured how
much time® did it take the program to build the preview’ image of the surface using
three different methods. Analysis of the table on Fig. 2 shows that Dekker-Brent
method allows us to save up to 1-2% of computation time in comparison with Regula
Falsi method and up to 2-3% in comparison with Bisection method. Moreover, it is
well-known (see, e.g. [10]) that Regula Falsi can sometimes be fooled. The following
computational experiment was performed. A surface which is defined by 10" degree
polynomial (Barth Decic [14], see Fig. 13) was built using three different methods:
Dekker-Brent, Bisection and Regula Falsi. The 1000 iteration threshold was set. If the
number of iterations exceeds this threshold the execution of calculations is terminated

unless required accuracy (107™°) is reached. As a result of this experiment the image
built using Regula Falsi method had defects in some regions (cf. Fig. 3 and Fig. 4).
However, these defects were detected neither in other two images nor in the image
from [14]. The point is that in the course of calculation polynomials of the form

" Inverse interpolation is a convenient tool in root-finding procedures because it leads to the
explicit formula for the root (to obtain the root all we need is to calculate the value of
interpolation polynomial at zero).

% In Russian mathematical literature this method is known as the Chord method (see, e.g.,
[13]).

3 One should bear in mind that the time strictly depends on the power of the CPU which has
been used for the computations. In our case it was Intel Celeron CPU 1133 MHz.

* Preview image is an image visualized without illumination (cf. Fig. 6 and Fig. 7).
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represented on Fig. 5 arises. It is known [10] that for this kind of polynomials Regula
Falsi requires too many iterations and it looks that in our case 1000 iterations is not
enough for Regula Falsi.

Thus Dekker-Brent method is more appropriate for visualization of algebraic
surfaces in comparison with Bisection and Regula Falsi methods.

. Chord Method Dekker-Brent
Surface Bisection Method (Regula Falsi) Method
Barth Sextic (Fig. 9) |7m 44s (464s) 7m 37s (457s) 7m 37s (457s)
Cusp Catastrophe
(Fig. 10) Im 55s (115s) Im 54s (114s) Im 54s (114s)
Torus (Fig. 11) 4m 18s (258s) 4m 17s (260s) 4m 15s (255s)
Pillow/Tooth Object
(Fig. 12) Im 56s (116s) Im 55s (1155s) Im 54s (114s)
Bernoulli
Lemniscate® 4m 08s (248s) 4m 07s (247s) 4m 05s (2455s)
(see, e.g., Fig. 6 or 7)
Tanglecube (Fig. 14) |4m 03s (243s) 4m 01s (2415s) 3m 59s (239s)

Figure 2. Comparative Computations. (Conditions: resolution is 1024 x 768 and

.f'@ /[

.
Flgure 4. Chord (Regula FaIS|) Method.

LY - .
Figure 3. Dekker—Brent Method.
3. Software

To test and put to practical use described above algorithms the following software
was developed. The programming language used for the development of these
programs was C++ (see, e.g., [12]). These programs were built using Microsoft Visual
C++ .NET 2003.

3.1. RAY. This program implements the algorithms described in Sections 1 and 2.
To input the surface into to the program we need to represent it in form (6). In other
words, input data looks like a sequence of vectors

((Likay,) ™ (10)

i=0, j=0,k=0

> The surface defined by the equation (x> +y’ +2°) —=2a’(x’ —y’ -z°)=0, a=2.7.
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where each vector corresponds to the term aijkxi yj z* in the expression (6). It must be

mentioned that additionally to the equation of the surface we input such data as extent
parameters, material of the surface (i.e. its texture and optical properties), positions,
constraints and intensities of the light sources, position of the viewer, position and
constraints of the screen and so on.

2000
6
1500 4 ]
4
2]
1000 ~
0] 48
_2_:
500 - /

034736 38 4 42 44 46|48 5 5p
Figure 5. Polynomials arising in the course of the ray tracing of a Barth Decic [14].

According to Section 2 using (10) the algorithm constructs a polynomial P*(t) for

each ray. Either to construct this polynomial or to carry out the transformations of the
polynomial to isolate the root as it was described in Subsection 2.1 this program
involves appropriate symbolic methods. All these symbolic methods are constructed
from the following operations implemented in this program: the sum and the product
of two univariate polynomials and the calculation of the coefficients of binomials of

the form B, (t)=(at+b)". Then using the ray tracing algorithm and the numerical

methods described in Subsections 2.1 and 2.2 the program builds an image of the
surface on the screen.

This image can be saved as Windows Bitmap, the standard Microsoft Windows
format for raster images. User also can choose either to perform the computation of
illumination or visualize the surface without performing these computations. To
understand this feature compare Fig. 6, where the computation of illumination were
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not performed (preview mode) with Fig. 7, where performed the full set of
computations. It should be noted that computation of illumination takes a lot of time:
approximately 100 times more for the image on Fig. 7, than for the image on Fig. 6.
We have such difference because we need to compute the shadows and it is the most
time-consuming part of the process of computation. The point is that to compute the
shadows we need to shoot 50 secondary rays towards the light sources from each
visible reference point on the scene. In our model we have two area light sources
which are represented by uniformly distributed point light sources (25 points in each
area light source). Moreover we need to compute the intensities of the color
components of the reflected light for each visible reference point on the scene.

Figure 6. Preview Mode On. Figure 7. Preview Mode Off.

Thus the preview mode is very useful feature because if we are carrying out an
intermediate visualization to adjust the parameters of the surface or an extent the
preview image is informative enough to make a conclusion so there is no need to
perform the computation of the illumination model.

' xlr\_/xz Xo xll\—/xz .

a
Figure 8. Polynomials arising in the course of the ray tracing of a torus.
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3.2. ZEROFIND. This program is an additional tool developed for analyzing and
testing the numerical methods we have used. Given an equation of the surface

(sequence of vectors), a ray and an interval [t ,t ], this program plots the graph of

the P"(t) on [t ,t ], then calculates an isolating interval for t_.

in> using described

above algorithm, marks the end points of this interval on the axis and, finally, marks
an approximation of t_. obtained via Dekker-Brent root-finding algorithm.

This program is very useful because for each ray we can either to see how the plot
of the P'(t) looks like or to trace the behavior of the numerical methods (root
isolating and root-finding). We use this tool to check the correctness of our
computations on intermediate steps. This checking is necessary because a "jump" of
the smallest root to another is possible for some directions of rays. For instance, in the
course of the ray tracing of a torus may appear the picture shown on Fig. 8.

Our trial computations show that if we apply Newton’s method to the polynomial

shown on Fig. 8(a), from the point X,, then we can "catch" the root X, instead of the

smallest root X, . This is not the case for the polynomial on Fig. 8(b).

4. Images

Equations for visualization of the surfaces in Figures 9, 12, 13 and 14 are taken
from [8], [9], [14] and [15] respectively. All computations were performed on Intel
Celeron CPU 1133 MHz.

Figure 9. Barth Sextic [8] Figure 10. Cusp Catastrophe

4622 - vy — 262 o xh (420 2 +xz+y=0.
51 Computation time: 3h 05m 40s.

oyt ot -0c=Y"1_ges..
2

Computation time: 10h 42m 06s.
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Figure 11. Torus Figure 12. Pillow/Tooth Obiject [9]

(X+y +2°-r’-a’) - Xtrytr 2t (X +y*+2Y)=0.
48>(r’—z°)=0,a=2.5,r =0.9. Computation time: 3h 05m 33s.

Computation time: Sh 31m 13s.

Figure 14. Tanglecube [15]
x'=s5x*+yt -5y +2' =52 +11.8=0.
Computation time: 5h 39m 57s.

Figure 13. Barth Decic [14]

Computation time: 43h 09m 42s.
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AHOTAIIII

YK 004.652/.942

Imitaniline monemoBannsa IIIC, mo mno0yaoBaHi Ha OCHOBI apxiTekTypm
KJIieHT/cepBep / AabMmxepat Axmen AJji (Aomeas Kapim) // Bichuk Xapk. Hai.
yH-Ta., — 2005. — Ne 703. Cep. "MaremaTnuHe moaeaoBaHHA. IHdopmaniiini
TeXHOJIOTil. ABTOMATH30BaHi cucreMu KepyBaHus', Bum. 5. — C. 5-12: Puc. 2. —
Bi0.a.: 2 Ha3B

B crarri moOynmoBani imitamifiHi Mozaeni (QyHKIiIOHYBaHHS iH(oOpMaIliifHO-
MONIYKOBUX CHUCTEM 3 OIHOPIZHUMH Ta HEOMHOPIMHUMH ITOTOKAMH 3aIlUTiB.
[IpoBeneHi 4YMCIOBI E€KCIEPUMEHTH, WO MiATBEP/DKYIOTh BiIMOBIIHICTh SKICHOT
TIOBEIIHKYA MOJIEJIeH OUiKyBaHil.

YK 658.114.5:332.135

MaTtemMaTHYHe MOJEJIOBAHHSA JisJILHOCTI €eKOHOMIYHOTO KJacTepa i B3aeMoii
3 By3amu / Axi Haiidp Xamnn AnsXekyxk, UBamenko I1. A. / Bichuk Xapk. Hau.
yH-Ta., — 2005. — Ne 703. Cep. "MaremaTnuHe moneaoBaHHA. IHdopmaniiini
TeXHOJIOTil. ABTOMaTH30BaHi cucremu KkepyBanHsa", Bum. 5. — C.13-24: —
Bioa.: 15 na3s

VY cTarTi po3rIAAacThCs PeriOHABHUN aceKT AisTbHOCTI €eKOHOMIUYHUX KIIacTEpiB
1 pobuthcst cmpoba TMOOYIOBH EKOHOMIKO-MaTeMaTHYHOI MOJEl  Kiiactepa
perioHanbHOTO piBHSL. JlOCHimKyeThes MmpobdiaeMa B3aeMOAIT MiAIPUEMCTB KilacTepa 3
By3aMH 3 METOIO 3a0€3MeUeHHs KaJpaMu. SIK KOHKPETHUH 00'€KT JOCHIPKEHHS y3ITHI
npoekT [1oATaBChKOro eKOHOMIYHOTO KJIacTepa.

YK 517.968.519.6

MatemaTnuHa mojaeb Ha 0a3i MJIO 6araroejieMeHTHOI MOJIO3KOBOI AHTEeHH
HA eKpaHOBaHii JiedexTpuuHiii migkaaaui / AnToHens A. B. // Bicauk Xapk.
Hal. YH-Ta., — 2005. — Ne 703. Cep. "MaremaTuude MmoaearoBaHus. Ingopmaniiini
TeXHOJIOTii. ABTOMaTH30BaHi cucTeMu KepyBaHus', Bum. 5. — C. 25-35: Pic 8. —
bi6a.: 10 na3s

V wiit poboTi mpencTaBieHUi HOBUH METOJ MOJICTIOBAHHS MOJO3KOBUX aHTEH Ha
JUSIeKTPUYHIN MiIKIaaLi. 3araabHui Tiaxig 10 MOZICIIOBAHHS PEIITKH, CKIAICHOI 3
CKIHYEHOI KUIBKOCTI CTPI4OK, SIKi € iealbHUMM IMPOBIAHUKAMH, PO3TAIIOBAHUX Ha
MUENeKTPUYHI ~ eKpaHOBaHiM  MiOKIaami, 0a3yeTbcs  HA  MapaMeTpPUYHHX
MPEICTABIICHHAX IHTETpaIbHUX Ta ICEeBIO-IU(epeHITiaTbHUX OIlepaTopiB Ta METOi
ckiHueHnx  ocobmuBocteir  (MCO). 3agaua  gudpakuii  3BOAMTBCS IO
TIIEePCHHTYJSIPHOTO  iHTErpasbHOro piBHAHHA. Jlami 1e pIBHSAHHS  YHCENBHO
po3B’s3yeThess 3a pomoMororo MCO. Y po0OoTi TpOBENCHO YHCEIBHHHA aHalli3
NepeIKAaHTOPOBOT PELIITKH 1 HABEJICHO Pe3yJIbTaTH YHCEIBHOTO SKCIIEPUMEHTY .
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YK 519.713

O npeacraBjeHHi iMoBipHicHOro aBTomMaTa y BHLJSIAI KOMIO3WUIl
MapkiBCbKOro0 JIAHIIOTa Ta JeTePMiHOBAHOIO0 CKiHYEHOro aBromMara /
BboromousioB C. M., KoarkeBuu I'. M. // Bichuk Xapk. Hau. yH-Ta., — 2005, — Ne
703. Cep. "MaremaTnyHe MoJedoBaHHA. IHdopmaniiini TexHoJIOrIii.
ABTOMaTH30BaHi cucteMu kepyBanHs', sum. 5. — C. 36-41: Puc. 2. - Taoa. 2. —
bi0J1.: 4 Ha3B

ImMoBipHIiCHI MaTeMaTH4HI CTPYKTYpH (IMOBipHICHI CKiHUEHI aBTOMaTH, MapKiBChKi
JIAHITIOTH, IMOBIpHICHI Cy(iKCHI JepeBa) BUKOPHUCTOBYIOTHCS y OaraTtbox Tamy3sX,
OB’ SI3aHUX 3 PO3Mi3HaBaHHAM 00paziB. Lle Taki ramdy3i sk KOMIT FOTepHA JIIHTBICTHKA,
OloiHpopMaTHKa, MAaIMHHUKA Tepeknaa. Y naidi poOoTi GopMyIroeThCs KpHUTepil
MOJIAaHHS IMOBIPHICHOTO CKIHYCHOTO aBTOMAaTa Yy BHIUIAJI KOMIIO3HUINIi JIaHIIora
MapkoBa i AeTepMiHOBAaHOTO CKIHUEHOTO aBTOMATa.

YK 33(075.8)

300paxkeHHs 00’€KkTiB Ta 3HaHb y iH(opMmaniiiHomy cepenoBumi “Cucrema
anajizy ¢opm 3BiTHocTi” / BoromosioB C. M., Axmag Iopaxim, IBamenxko II. O. //
Bichuk Xapk. Han. yH-Ta., — 2005. — Ne 703. Cep. "MareMaTu4He MOJEJII0BAHHS.
Indopmaniiini TexHosorii. ABToOMaTH30BaHi cucTreMu kepyBanusa', um. 5. — C.
42-49: Puc. 2. — bioa.: 8 Ha3s

[IpomoHy€eThCSI alrOPUTM TIPEACTABICHHS MOBUTHHOI (OPMH 3BITHOCTI y BHII
cucreMu JiepeB. Posrisgaerbcst (QpeiiMOBE TPENCTAaBICHHS CKIaJOBHX (QOpM
3BiTHOCTI. JlaHO anroput™ GopMyBaHHS HpaBUJl BUCHOBKY B «CHucTeMi aHami3y Gopm
3BITHOCTI».

YK 519.6

CyMicHe 3acToCyBaHHsI MeTOAy MAJOoro mapaMerpa i MeToay TIPaHUYHUX
eJIeMeHTIB /ISl YHCeJILHOTO PO3B‘SI3KY eJiNTHYHHUX 3a/]a4 3 MAJIUMHU 30ypeHHAMHU
/ bpazaayk 10O. B., €sgokumos /. B., Ilonsaxos M. B. // Bicauk Xapk. Han. yH-
Ta., — 2005. — Ne 703. Cep. "MaremaTtuuHe MoaedwBanHs. Indopmamiini
TeXHOJI0Tii. ABTOMATH30BaHi cucTeMH KepyBaHHs'"', BuIIL 5. — C. 50-66: Ta6.. 5. —
Bi0Ja.: 14 na3s

Binpmiicte ucenpHUX METOMIB HE MOJKHA 3acTOCYBATH IS aHali3y 30ypeHb,
MEHIIHNX MapaMeTpiB JUCcKpeTH3alii. Y poOOTi po3B SI3KH TaKuX 3a/1ad PO3LIYKYIOThCS
y BHIJAII pAAy 1O MajJoMy TapaMmerpi, 1Mo xapakrepusye 30ypenHs. [lomanpmmit
PO3B‘S30K BIATIOBIMHUX CNINTHYHUX 3a7ad 3IIHCHIOETBCS METOIOM TPaHHYHUX
esleMeHTiB. Po3risiHyTOo Mani 30ypeHHs Mexi o0JacTi pilieHHs, 30ypeHHsT KpaioBUX
YMOB 1 pyHIaMEHTAILHUX PO3B‘SA3KiB. 3aBASKU BUCOKIM TOYHOCTI METOAY TPAaHUYHUX
€JIEMEHTIB 3alpOTIOHOBAHWU TiIXiJA BHUSABHUBCS JOCUTh €(EKTHBHUM, IO OYJIO0
HiI[TBepI[)KeHO YHUCCIbHUMHU CKCIICPUMCHTaMMU.
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YAK 378.1:519.816:681.3

o nuTaHHA NOpo  cTpaTeriyHe IUIaHyYBaHHs  sIKocTi  ocBiTm  /
Baapumuposa M. B., CniBakoBcbkuii A. B. // Bichuk Xapk. Han. yH-ra., — 2005.
— Ne 703. Cep. "MartematuuHe MopaedoBaHHs. Indopmaniiini TexHoJOTIi.
ABTOMaTH30BaHi cucTeMu KkepyBanHsa', Bun. 5. — C. 67-73: Puc. 2. —
bi0J.: 6 Ha3B

Meroro naHoi cTarTi € aHaji3 OaHWX U1 BHU3HAYEHHS 3aBJaHb 1 METONIB
MOJICITIOBAHHS ~MEXaHi3MiB CTpaTeriyHOro IUIaHYBaHHS MisibHOCTI Bysa 1o
HOJIMIICHHIO SKOCTI HaByaHHSA. PO3MISHYTO 3arajibHy MOCTaHOBKY —3aBIAaHHS
KepyBaHHS SKICTIO ITITOTOBKH OakajaBpiB i MaricTpiB B YHIBEPCHUTETI, aHAIII3 JTaHUX
MOTOYHOTO CTaHy 00'€KTa YHIBEpCHTET i BU3HAUCHHS JCIKUX KEPYIOUHUX BIUIUBIB LIS
3MiHHU cTaHy 00'e€KTa.

YK 004.7; 539.12

IIporpamue 3a0esneuyennss LCG na CMS Linux-knacrepi / Boponko M. B.,
3y6 C. C., Jlepuyk JI. I'. Copoxka /I. B. // Bichuk Xapk. Han. yH-Ta., — 2005. — Ne
703. Cep. "MaremaTnuyHe MogedoBaHHA. IHdopmanmiiini  TexHoJIOTIiI.
ABTOMAaTH30BaHi cucreMu KepyBanHs', Bum. 5. — C. 74-86: Puc. 5. - Taoa. 1. —
Bioa.: -17 na3s

OO0roBopIOIOTHCS MTPOOIEMH, 1110 OB’ s13aHi 31 30epiranHsaM, 00pOOKOIO Ta aHATi30M
BEJIMKMX MACUBIB [AaHUX, OAEP)KAHHA SKHX OUIKYe€TbCS B EKCIEPHUMEHTax sKi
3arutaHoBaHi Ha Benmkomy agponHomy komaiaepi (LHC) B LIEPH. IIpeacraBieHo
craryc CMS Linux xmacrepa HHI[ X®TI, sxuit € yacTuHOIO MOCKOBCBKOTO
PO3MOMINIEHOTO pEerioHaNbHOTO [eHTpy Juid anamizy pgadbix LHC. Omnwmcana
koH(iryparist mporpamaoro 3adesnedenHs LHC Grid za CMS xmacrepi HHIL XDTI.
Crucno Bukianaerbes yuacth kinacrepa HHI[ XDTI B renepartii noziit CMS mMetomom
MomnTe-Kapio.

YK 517+681

Mopesi0BaHHS CKJIaJeHUX MOBEPXOHb B CHCTEMAaX CUMBOJIbHOI MAaTeMATHKHU /
Hdoas IL. T'. / Bichuk Xapk. Han. yH-Ta., — 2005. — Ne 703. Cep. "MartemaTuuHe
MopeaOBaHHA.  IHdopmamiiini  TexHoJsorii. ABTOMaTH30BaHi  CHCTeMH
KepyBaHHs", Bu. 5. — C. 87-94: —Bi0.1.: 6 Ha3B

3anpornoHOBaHO METOJ| CKIAJaHHS 3arajbHUX aHATITHYHUX BUPA3IB IS PiBHSIHb
HETIepEPBHUX I[IOBEPXOHb, CKJIAJEHUX 3 PIZHOMAHITHUX CEKIii 3 BigoMUMHU
piBHSHHsIMH. 30yJ0BaHO 3arajbHe PIBHIHHSA KYCKOBO-JIHIHYACTOI TOBEpXHi
HATATHEHOI Ha Kapkac, CKJIaJeHHH 3 psIy NpPOCTOPOBUX KPHBHX SIKI He
HepeXpenyOThCA.
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YK 519.6

Bisyanbne d¢opmynaoBaHHS | BHKOHAHHSI CeMAHTHYHUX 3anMTiB  /
Jdxypuncbknii €., Epmonaes B. A., Kedepae H. I'., Bragumupos B. M. // Bicauk
Xapk. Ham. yH-Ta., — 2005. — Ne 703. Cep. "MartemaTuuHe MOIeJTIOBAHHSI.
Indopmauiiini TexHosorii. ABTOMaTH30BaHi cucTeMHM KepyBaHHA', BuUN. S. —
C. 95-108: Puc. 7. - Ta0u. 1. -bi6u.: 9 Ha3B

Iadpactpykrypa UnlT-NET mist enexrporHoro oominy indopwmartiero (IEOI) — me
OaratopiBHEBa  pO3MONIJIEHA  TporpamMHa  cucremMa st 3a0e3neucHHs
IHTENIEKTyallbHOTO ~ OJIepKaHHS  iHQopMmamii 3  pO3MOAINEHUX, PI3HOTHITHHX,
aBToHOMHUX kepen iHdopmartii ([I). IEOI po3pobiieHa BIOmOBIAHO A0 apXiTEKTypH
MOCEPETHUK-000I0HKA 3 OJHUM IIEHTPAITBHUM MTOCEPETHUKOM. Y CTaTTi MPEACTaBIICHI
pesyabrati ouwinku npororunmy [EOI UnlIT-NET. /IBa aBTOHOMHUX pPO3NOAIICHHX
mkepena indopmaii (JI “AGiTypieHT” y 3anopi3zbkoMy HalliOHATbHOMY YHIBEPCHTETI
i JII “exanar” y XapkiBcbKOMY HamioHanbHOMY yHiBepcurteTi iM. B.H. Kapa3ina)
Oynn BHKOpUCTaHI SK ICIUTOBMMA cTeHA. EKcrepuMeHTH MoKa3adl NpaKTHYHY
MPUIATHICT MiAXOMIB, 3ampornoHoBaHux mis apxitekrypu IEOL. Omaum 3 etamiB
MPOLIETypPH OINIHKK € BU3HAYEHHS SKOCTI B3aEMOAIl MDK KOPHUCTYBadaMH i
nocepenaukom IEOL. VYV crarTi aHami3yroThCsi pe3ynibTaTH, OTPHMaHI MpPU OIIHII
KOMIIOHEHTa KopucTyBajdbHUIBKOrO iHTepdeiicy [EOI UnIT-NET — Iurepdeiicy
cteopernst 3amutiB (IC3). Amnamiz mokasye npumatHicte [C3, omHak, € meski
3ayBa)KeHHSI, sIKi BAPTO BpaxyBaTH HaJal.

YK 681.3

AJaroputm po6otH iHdopmaniliHOro areHTa B po3mnoAiieHiil po3paxyHKOBii
cuctemi Ta Horo moxeab Ha 06asi Heuitkux E-mepex / JypaBkun €. B., A0y
J:xkakkap Amep Taxcin Kanamex / Bichuk Xapk. Hau. yH-Ta., — 2005. — Ne 703.
Cep. "MaremaTHuHe MojeioBanHs. Indopmaniiini Texnosorii. ABToMaTH30BaHi
cucrteMu kepyBanHsa'", pui. 5. — C. 109-117: Puc. 5. — Bi6.a.: 6 Ha3B

B crarTi po3risHyTI MUTaHHS PO3POOKH MOAeJel MPOrpaMHUX IHTEJIEKTYalbHUX
areHTiB 3a JomoMorolo HewiTkux E-mepex. [lpuBemena cTpykrypa By3na
PO3MOAIIEHOI OOYHCIIOBATBHOI CHCTEMH B SIKiH BHKOPHUCTOBYIOTHCS IPOTPaMHIi
areHTH. Po3po0iieHi alnropuTMHU areHTiB TONIYKY JaHUX Ta aHali3dy iHdopMauiiHOi
0a3y, 10 BUKOPUCTOBYIOTH €JIEMEHTH IITYYHOTO iHTeNeKTy. Po3polOneHi moneni
pobotu iHpopMamiifHUX areHTiB Ha 0a3i HewiTkux E-cereil, HaBeqeHI METOMU OIIHKU
e(heKTHBHOCTI pO3pPOOICHIX aITOPUTMIB HA MOJIEIISIX.
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YK 681.3.068

IIpo ogun cnocié rapantyBaTu cTadijibHe MOBOJKEHHS MPOTPAMHOI CHCTEMH
HUIAIXOM  3am00iraHHs  HECAHKIiOHOBAHMX  30BHIIHIX NPOHWKHeHb /
Koarkesuu I'. M., 3apenbka 1. T. / Bichuk Xapk. Hau. yn-ta., — 2005. — Ne 703.
Cep. "MartemaTH4He MojeoBanHA. Indopmaniiini TexnoJsorii. ABToMaTn3o0Bani
cucrteMu kepyBanHsa'", pu. 5. — C. 118-126: Puc. 2. — Bio.1.: 4 na3B

VYV crarti npencraBiaeHW HOBUU mra0noH mpoekTyBaHHSA Chest. Bim mo3Bossie
KEepYI0U0i YaCTHHU B 3aXVCHHU KJIac - 00OJIOHKY 31 CTaTHYHUM iHTepdeiicom. KiienTH
MOXKYTb OJIEpKaTH JTOCTYII 10 PYHKITIH CUCTEMH TiUTBKU BUKOpUCTOBYroun Kirac Chest,
0 JeJieTy€e pealibHy poOOoTy KIacoBi KepyBaHHs CHCTEMOIO. Y CTaTTi NpUBEICHHH
NOBHUI omuc NaHoro mabnoHa. Po3rnsgaeTbes cTpykTypa m1abiioHa, BiTHOCHHH MiX
y4acHUKaMU, MpoOsieMu peainizamii. Takox MpuBeneHUi MPUKIIa]] MPOrPaMHOTO KOAY
1 KpunTorpagivHoro 101aTKa.

YK 537.861

Komn'torepae wMopemoBanHs audpaknii eleKTPOMArHiTHMX XBWJIb Ha
CTPIYKOBMX TIpaTkax (BHNagoK aoBinbHOro mnaxinas). / Koarkesmu I'. H.,
XopomyH B. B., XoxoaskoB B. b. // Bichuk Xapk. Han. yH-ta., — 2005. — Ne 703.
Cep. "MartemaTuuHe MojeoBanHsA. Indopmaniiini TexnoJsorii. ABToMaTn3oBani
cucrteMu kepyBanHs'", puil. 5. — C. 127-134: Puc. S. - Bioa.: 10 na3s

PoGora mpucBsyeHa SIKICHOMY 1 KiJIbKICHOMY aHami3y BiIMIHHHX pHC AUpaKii
TUIOCKHX €JIEKTPOMArHiTHUX XBHJIb JIIHIHHOI MOMSpU3alii Ha CTPIYKOBHUX IpaTKax Mmpu
JOBITLHOMY TaJiHHI B TOPIBHSAHHI 3 BHITagKaMu 30y/pkeHHs rpatkun E- 1 H-
HOJISIPU30BAHUMHU XBUILSIMU

YK 681.5:629.39.6

Po3pobka mopaesi Mepe:xi BipTyaJbHHUX KaHAJIB HA OCHOBi 0araTtoareHTHOro
nigxony / Ieanoscbka T. B., Pykkac K. M. / Bicunk Xapk. Han. yn-ta., — 2005. —
Ne 703. Cep. '"MaremaTuuHe MojaedoBaHHs. Indopmaniiini TexHOJOTII.
ABTOMaTH30BaHi cucTreMu KepyBaHHa", Bum. 5. — C. 135-143: Puc. 5. -
Bi0J.: 5 Ha3B

Jlarna poOoTa BUKJIagae OCHOBHI IMiIXOIU IO KEPYBAHHI MEPEKHUMH PECypcaMu 3a
JOTIOMOT010 0araToareHTHUX cUCTeM. MeToro 1aHoi poboTH € po3podka CTUMYIISATOpa
Mepexi Ha areHrax /s BHKOPHCTAaHHS HOro y TOAANBIIAX JOCTIDKEHHIX 3
TUHAMIYHOTO KepyBaHHS MEPEKHIMH PECYPCAMHU.
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YK 004.652/.942
IIpo oguH kaac aaroputmiB kjacrep-anajiizy / Kapmenko O. O. // BicHuk
Xapk. Han. yH-ta., — 2005. — Ne 703. Cep. "MaremaTuuHe MOJeJIOBAHHS.

Indopmaniiini TexHosorii. ABTOMAaTH30BaHI cHCTeMHM KepyBaHHs', BHIL. 5. —
C. 144-157: Puc. 10. — Bioa1.: 7 Ha3B

Knacudikarnis — onuH 3 hyHIaMEHTAIFHUX MPOIECIB B HAYII, SIKUH € OCHOBHUM y
MPAKTUIHOI Ta HAYKOBOI MiSUTBHOCTI JFOOWHW. Y JaHOW CTaTTi 3ampoOIOHOBaHA
MaTeMaTHYHa Teopis, Ha OCHOBI sIKoi OynM po3poOJeHi anropiTMH, 3aCTOCYBaHHS
SKHUX PUBOAMTE A0 3MEHBLICHHS NOTYXHOCTI MHOXKHHU MOXJIMBUX Kiacugikamiii, 3a
paxyHOK BUIUICHHS MHOXXHHH PETYJIIpHUX Kiacudikariiii. lle mo3Bojs€ MONETITUTH
3HAXOJDKCHHS eKcTpeMyMa (yHKIiOHala SKOCTi pO3OMBKH, a, OTXKE, 3HAXOKCHHS
Halikpamoi knacudikamii g ngesikoi KoHgirypamii y 3amadax aBTOMAaTHYHOI
knacudikarii (Kactep-aHaiizy).

YK 519.6

MeTtoa OMCKpeTHHX BHXOPIB /Ui CHHTYJSIPHMX iHTErpajibHHX PpPiBHSIHB
Nepuioro poay y kJaci yzaransHenux ¢pynkuiii / Jlipanos 1. K., Henames A. C. //
Bichuk Xapk. Han. yH-Ta., — 2005. — Ne 703. Cep. "MareMaTu4He MOJeJI0BAHHS.
Indopmaniiini TexHosorii. ABTOMAaTH30BaHI cCHCTeMHM KepyBaHHs', BHIL. 5. —
C. 158-164: - Bi0a1.: 3 Ha3B

VY nmaHill cTaTTi PO3MNIANAETHCS METOJ IUCKPETHHX BHUXOPIB A CHUHIYJISIPHUX
IHTETpAbHUX PIiBHSHB MEPIIOTO POy y Kiaci y3aranbHeHUX (QyHKIIIH.

YK 681.5:629.39.6

AJroputM  (QyHKUIiOHYBaHHS  0araToareHTHOI CHCTeMH JAWHAMIYHOIO
ynpasainasa kommn’rorepaumMu Mepexamu/ Jloces 0. 1., Pykkac K. M. // Bicauk
Xapk. Ham. yH-Ta., — 2005. — Ne 703. Cep. "MarTemaTuuHe MOIeJTIOBAHHSI.
Indopmauiiini TexHosorii. ABTOMaTH30BaHi cucTeMHM KepyBaHHA', BUNL. S. —
C. 165-171: Puc. 3. — bi0.1.: 3 Ha3B

Jana poGoTa BUKIIaJa€ OCHOBHI IMiAXOH JI0 KEPYBAaHHS MEPEKHUMH peCypcamMu 3a
JOMOMOrol0  OararoareHTHHX cucTeM. Meroro naHoi pobOoTh € po3podOka
PO3IIONIINIEHOT0 AITOPUTMY YIPABITiHHS KOMIT FOTEPHOIO MEPEXKEI0 B PEAIbHOMY Haci.

YK 519.21,246

Kopeasimiiini ¢ynknii i kBasinerepminipoBani curnamm / Ilerpoa A. IO.,
®aneeB B. A., Yepemcbka H. B. // Bicuuk Xapk. nau. yn-ra., — 2005. — Ne 703.
Cep. "MaremaTuude MoaeoBanusi. Indopmauniiini rexnosorii. ABToMaTu3oBaHi
cucrtemu kepyBanus', sum. 5. — C. 172-177: — Bi6J.: 6 na3p

VY craTTi BifOyAOBYOTHCS BUMIAJAKOBI TOCITIOBHOCTI, ITPOIECH i MOJIS TI0 BiJIOMUM
MaTeMaTUYHOMY CITOJIBaHHIO 1 Kopensmiinii ¢ynkmii. Ilpn mpomy BimmoBigHi
BUIMAAKOBI (PYHKIIII BU3HAYAIOTHCSA CKIHYCHHOI CYKYIHICTIO BHITAJKOBHX BEJIHYMH,
0 CYTTEBO CHPOINYE TOAAIBIIMNA aHali3 IMOBIPHICHUX MOJIENIeH 3 TaKuMH
BUTIQJAKOBUMH (QYHKIisMHA. HecTarioHapHI BHMNAIKOBI TMPOLECH W IOCIiJOBHOCTI
CKIHUCHHOTO PaHTy HE CTAIIOHAPHOCTI TaKOX YMIIIYIOTHCS Y 3allPOIIOHOBAHY CXEMY
PEKOHCTPYKIIii.
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YK 533.662.013

MaTtemaTHyHe MOJENTIOBAHHS AUHAMIKM i aepoauHamMiku BiTpoarperatis /
A. A. Illpuxoasko, 1. A. Pequnus // Bicank Xapk. Han. yH-ta., — 2005. — Ne 703.
Cep. "MartemaTuuHe MoaeaoBanus. Indopmaniiini TexHosorii. ABToMaTu3oBaHi
cucrtemu kepyBanus'", sum. 5. — C. 178-194: Puc. 9. — bi6.x.: 16 na3s

Jns mocnmimkeHHA 3B's13aHOT 3a7adi IUHAMIKM Ta acpOIMHAMIKM BEPTHKAJIbHO-
BICBOBOT'O BiTpoarperara po3poOJIeHO YHCENbHHWA aarOpUTM Ha OCHOBI PIiBHSHB
HaBre-Crokca. PeanmizoBaHo METOIMKH pPO3B’S3yBaHHS HECTAIOHAPHHUX PiBHSIHD
HaBbe-CTokca HECTUCIIMBOT PiIUHH Y KPUBOJIHITHIX KOOPAWHATAX HA OCHOBI SIBHUX 1
HesiBHUX cxeM. [IpoBeneHO TecTyBaHHS YHCENbHHMX QITOPUTMIB Ha 3agadax IIpo
PO3BHUTOK Teuil B KBaJpaTHId KaBEpHi, NPW CTAl[lOHAPHOMY Ta HECTal[lOHAPHOMY
oOrikanHi mumiHapa Ta mnpoding NACA 0012. AHamizyloTbcs pe3yibTaTH
PO3B’sI3yBaHHS 3B's13aHOI 3372491 JUHAMIKY i aepOAWHAMIKY POTOpa BITPOTYpOiHHU.

YK 004.652/.942

Mop¢izmn HamiBcxeM Ta ix 3actocyBannsi / CemenoBa T. B. // Bicuuk Xapk.
Hall. yH-Ta., — 2005. — Ne 703. Cep. "MaTtemaTnuHe MoaeoBaHHs. Indopmaniiini
TeXHOJIOTil. ABTOMaTU30BaHi cucTeMu KepyBaHHs', pui. 5. — C. 198-206: Puc. 4.
— Bi0J.: 3 Ha3B

VY craTTi mpencTaBIeHO amaparT BiJOOpakeHHs HAIliBCXEM 3a JOMOMOTOIO
MopdizmiB. [TokazaHo MOXITHBICTE BUKOPUCTAHHS MIBCXIM 1 MOp(}i3MiB HaITIBCXIM IS
OIMCY Pi3HUX 3ac00iB MOJAETIOBAHHS Ta BiOOPa)KEHHS MOHATH OJTHO MaTEMAaTHYHOTO
amapary Ha MOHATTS IHWIOro. SIK TNpuWKiIajg HaBeJEHO MepexiA Bix Mozewi, o
noOyznoBaHa 3a gonomoroto Mepex Ilerpi 1o moneni, mo noOyaoBaHa 3a JOIOMOTOIO
BBI' mmsrxoM 3amanHas MOPQi3My TTOTyCXEM.

VK 532.526: 517.94

MaremaTnyHe MOJEJIOBAHHS JAMHAMIKH Ta aepoIHHAMIKH TPAHCHOPTHOIO
3aco0y Ha HagnpoBinHux Marnitax / Coxaubkuii A. B. / Bichuk Xapk. Han. yH-
Ta., — 2005. — Ne 703. Cep. "MartemaTtuuHe MoaedwBanHs. Indopmamivini
TeXHOoJ0rii. ABTOMaTH30BaHi cucTeMu KepyBaHHa'", Buil. 5. — C. 207-213: Puc. 4.
— Bi0a.: 6 Ha3B

CraTTs IpUCBAYEHA MaTEMaTUYHOMY MOJEJIIOBAHHIO AMHAMIKM Ta aepOAMHAMIKH
PYXy TpaHCIOPTHOTO 3aco0y Ha HaANpOBITHMX MarHitax. i aeponuHaMidHHX
00YHCIIEHh BHKOPHCTOBYETHCS METOJ AWCKPETHUX BUXOpiB. JlMHAMiYHI pIBHSHHS
PyXy TpPaHCIOPTHHX 3acOo0iB BKJIIOYAIOTH [EsSKi KOMITOHEHTH MAarHITHHX CHJI Ta
MOMEHTIB. B pe3ynbTari YUCICHHOTO pO3B’s3aHHS OyJlHM OTPUMaHi 3aJIe)KHOCTI KyTa
TaHTaXKy Ta BIICTaHI BiJ MOBEPXHIi 10 TPaHCTIOPTHOTO 3aco0y K QyHKIIi yacy.
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YK 004:378.1

Mogenar mnpouecy BBeleHHS [JaHWUX NP0 MNPOAYKTH Ta MOAil y IXHbOMY
s#uTTeBoMy MKl / Teaennes O. B. // Bichuk Xapk. Han. yH-ta., — 2005, — Ne
703. Cep. '"MaremaTuune MoaedwoBanHs. Indopmamiiini  TexHosorii.
ABTOMaTH30BaHi cuctemMu KepyBaHHs', Bum. 5. — C. 214-221: Puc. 7.-bio.x.:
3 Ha3B

PosrisHyTO 0COOMMBOCTI YBEACHHS ONMEPATOPOM MaHUX V TOIIHHO-OPIEHTOBAHOI
iHpOpPMaIiTHO-aHANITHUYHOI CHUCTEMH MIATPUMKH OJKHTTEBOTO IMKIY CKIIQJHUX
MPOAYKTIB. 3allpOMTOHOBAHO MOCTIOBHICTH [ i 9ac YBEASHHS IO CUCTEMH HaHUX
PO TIPOYKTH Ta TO/Ii.

YK 378:519.8

MonaenwoBanus ayauty ¢piHaHCOBUX NMOTOKIB Y BUIIIOMY HABYAJIBLHOMY 3aKJIaji
/ ®ipac Cami Maxmya Aae Caaiina / BicHuk Xapk. Han. yH-Ta., — 2005. — Ne 703.
Cep. "Marematuude MoaeaoBanus. Indopmauiiini rexnosorii. ABToMaTu3oBaHi
cucteMu kepyBanusa', Bum. 5. — C. 222-231: — Bi6J1.: 8 na3s

[IpoanamizoBana Moxenb oONTUMANBHOTO (DiHaHCOBOro ympaBmiHHS BH3.
3anponoHOBaHa IMOCTAHOBKA 3a7avi OIIHKY BIUIMBY 3MiH Y HaBYAJILHOMY IIPOIIECi Ha
3MiHA ()IHAHCOBUX TMOTOKIB. 3alpOMOHOBAHO MiIXil A0 IX BHUPIIICHHS, SKHI
IPYHTYETHCS Ha TEOpii 3BOPOTHUX OOUYHCIICHb.

YK 681.3

Bizyasizanis aaredopuunux noBepxonb / Uyemos I'. / Bichuk Xapk. Ham. yH-
Ta.,, — 2005. — Ne 703. Cep. "MaremaTuuHe MoaedoBanHs. Indopmauiiini
TeXHOJOrii. ABTOMAaTH30BaHi cucremMu kepyBanHsa', Bum. S. — C.232-244:

Puc. 14. - Biou.: 15 Ha3zs

Posrisimaerses mpoGiiemMa Bi3yasizaiii HESIBHO 3aJaHUX aNreOpHYHUX OBEPXOHB Y
TPUBUMIPHOMY IPOCTOPi HA OCHOBI aNTOPUTMY TPacipoBKH mpomeHiB. Lleii anroputm
JTO3BOJISIE 3BECTH JTaHy 3a/1ady JI0 PO3B’sI3yBaHHSA HAOOpPY anreOpHIHUX PIBHAHD OHOT
3MiHHOI. ['0JI0BHA TPYIHICTh MOJISATae y BUOOPY HAHOLIBII TiAXOAAIIOrO Ta MIBHKOTO
Metoay. Y poOOTi mokazaHo, IO Al JCIKHX THUIIB MOBEpXOHb MeToxa Jlekkepa-
Bpenra no3Bosisie 3aomanuTH OOYMCIIOBAIBHUN 4Yac y MOPIBHSHHI 3 TpaguLiiHUM
MeTonoM xopA. byno Takoxx po3pobieHO mporpamHe 3a0e3ledeHHs, SKe 03BOJIE
Bi3yaltizyBaTu anreOpryHi MOBEPXHi 3 KOHTPOJIEM MPOMIKHUX OOUNCITIOBAHb.
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AHHOTAIIUU
YK 004.652/.942

Nmutannonnoe mogeaupopanue MIIC, mnocTpoeHHbIX HAa OCHOBAHUM
apXuTeKTypbl KJHeHT/cepBep / Aibmxepar Axmen Aau (Adxear Kapum) //
Bectnux Xapk. Ham. yH-ta., — 2005. — Ne 703. Cep. «MaremaTnueckoe
MoneaupoBanue. HMHpopManMOHHBIE TEXHOJIOTHM. ABTOMATH3HPOBAHHbIE
CHCTeMBbI yIIpaBJIeHUs», BblIL. 5. — C. 5-12: Wa. 2. —buoJ.: 2 Ha3s.

B CTaTheC IMOCTPOCHBI UMHUTAITUOHHBIC MOACIN (1)YHKHI/IOHI/IpOBaHI/IH
MH(QOPMAIIIOHHO-TIONCKOBBIX CHCTEM C OXHOPOAHBIM M HEOAHOPOIHBIM ITOTOKOM
3anpocoB. IIpoBeneHbl YUCICHHbBIE S3KCIEPUMEHTHI, IOATBEPKAAIOLINE COOTBETCTBHE
Ka4yeCTBEHHOTO MOBEACHUS MOJIeNIel 0KUTaeMOMY .

YK 658.114.5:332.135

MartemMaTH4yeckoe MOJeJHMPOBaHUE NeATEeTbHOCTH JKOHOMHYECKOr0 KJacTepa
U B3aumonencTeus ¢ By3damu / Aan Haiid Xamun AasXoky:k, UBamenxo II. A. //
Bectnnk Xapk. Ham. yH-ta., — 2005. — Ne 703. Cep. «MareMaTH4iecKoe
moaeaupoBanue. HMHpopManuoOHHBIE TEXHOJIOTHM. ABTOMATH3HPOBAaHHbIE
CHCTeMBbI YIIPaBJIeHUsD», BbIIL. S. — C. 13-24: — bu0..: 15 Ha3s.

B cratne paccMaTpuBacTCA peFHOHaJ]BHBIﬁ ACIICKT ACATCIIBHOCTH DKOHOMHUYCCKHUX
KJIaCTEpOB M JENaeTcsd IMOMBITKA IMOCTPOEHHS 3KOHOMMKO-MAaTEMAaTHYECKOH MOJAEIH
KllacTepa peruoHanpHOTO ypoBHA. Mccnmemyercs mpoOiiemMa B3auMOJIEHCTBUS
NpeanpUATHl KiacTepa ¢ By3aMH C IIeNbl0 oOecrieueHHs Kaapamu. B kaudectse
KOHKPETHOTO OOBEKTa MCCICAOBAHMS B3ST MPOEKT [loNTaBCKOro 3KOHOMHYECKOTO
KJIacTepa.

YK 517.968.519.6

MartemaTuyeckass Moaejb Ha 0aze MJ/IO MHOro’jeMeHTHOH MO0JIOCKOBOIi
AHTEHHBI Ha IKPAHMPOBAHHOW TUIJEKTPUYECKOH MoJI0KKe / AHTOHen A. B. //
BectHuk Xapk. Ham. yH-Ta., — 2005. — Ne 703. Cep. «MartemaTnyeckoe
MojgeaupoBanue. HWHpopManuOHHbIE TEXHOJIOTHH. ABTOMATH3HPOBAHHbIE
cHCTeMBbI yIIpaBJeHus», Boin. 5. — C. 25-35: Pic 8. — buo..: 10 Ha3B.

B nmanHO#l paboTe mpexncTaBieH HOBBIH METOJ MOJECTUPOBAHUS IOJOCKOBBIX
AQHTEHH Ha JAWAJIEKTPUYECKOW moiokke. OOmuil MOAXOA MOCTPOCHUS MOAEIH
KOHEYHOM pemieTku W3 WACaTbHO MPOBOAALINX JIEHT, pAaclOJIOKEHHBIX Ha
JUBJIEKTPUUECKON 3KPaHUPOBAHHOW MOAJIOKKE, OCHOBBIBAETCS Ha MapaMETPUUYECKHX
IPEACTaBICHUSIX MHTETPATIbHBIX U N1CEBAO-IU(PPepeHIInaTbHBIX ONIEpaTOpax U METOAE
JTUCKpeTHBIX ~ ocobennocter  (MJIO). 3amaua  mudpakiuu  CBOOUTCS K
THUIEPCUHTYJIIPHOMY MHTETPAbHOMY YPaBHEHHUIO. 3aTEM 3TO ypaBHEHME pelaercs ¢
nomotipio MJ[O. B paboTe npoBeneH YMCIEHHBIA aHATN3 MPEAKAHTOPOBBIX PEIIETOK
Y TIPUBEJCHBI Pe3yJIbTaThl YUCICHHOTO SKCIEPUMEHTA.
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YAK 519.713

O mnpeacraBieHUM BepPOSATHOCTHOIO ABTOMATa B BHAe KOMIO3MIUM LeNU
MapkoBa M AeTepMHHHPOBAHHOIO0 KOHe4HOro asromara / boromonos C. H.,
Koarkesuu I'. H. / Bectnux Xapk. Ham. yH-ta., — 2005. — Ne 703. Cep.
«MaremaTuyeckoe MOieJIMPOBaHHUeE. HNudopmannonnbie TeXHOJOTHH.
ABTOMATH3HPOBaHHbIE CHCTEMBbI yHpaBjieHus», Bbim. 5. — C.36-41: HUua. 2. -
Taba. 2. — bub.a.: 4 nass.

BeposTtHocTHBIE MaTeMaTHUeCKHE CTPYKTYphl  (BEPOATHOCTHBIE KOHEUHBIE
aBTOMAaThl, MapKOBCKHE LIENIH, BEPOSTHOCTHBIE CY()(HUKCHBIE AEPEBbs) UCIIOIB3YIOTCS
BO MHOTHX OOJIaCTSX, CBS3aHHBIX C pacllO3HaBaHHEM 00pa3oB. DTO Takue 00JacTH,
KaK KOMIIbIOTepHas JUHTBUCTHKA, OMOMH(pOpMAaTHKa, MALTHHHBIN nepeBoa. B ganHoi
pabore Qopmynupyercs KpUTEpUH MNPEICTaBUMOCTH BEPOATHOCTHOTO KOHEYHOTO
aBTOMara B BUAE KOMIIO3UIMHU Lenmd MapkoBa W IETEPMHUHHPOBAHHOTO KOHEYHOTO
aBTOMara.

YK 33(075.8)

IIpencraBienne o0beKTOB W 3HAHMI B HHPOPMANMOHHOMH cpene «CHucTema
aHaimu3a ¢opm ordyerHoctw» / bBoromosioB C. H., Axmax MHopaxum,
HBamenko I1. A. // Becrnuk Xapk. Ham. yH-Ta.,, — 2005. — Ne 703. Cep.
«MaremaTuyeckoe MOJieJIMPOBaHHUeE. HNudopmannonnbie TeXHOJIOTHH.
ABTOMATH3HPOBaHHbIEe CHCTeMbI ynpasjeHusi», Bbim. 5. — C. 42-49: Uia. 2. —
buo..: 8 nass.

[Ipeanaraercs anropuT™M NpPEACTaBICHHUS MPOU3BOJIBLHONH ()OPMBI OTUETHOCTH B
BUAE€ CHUCTeMBbl JepeBbeB. PaccmarpuBaercs — ¢peliMOBOe  IpeACTaBlICHHE
coctapisaomux (Gopm orderHocTu. Jan anropurM GhopMHpPOBaHMS IIPABUI BHIBOAA B
«Cucreme aHamu3a (OpM OTIYCTHOCTI.

YK 519.6

CoBMecTHOe MpUMEHEeHNe MeToJa MaJioro mapaMeTrpa U MeTOAa IPAHMYHBIX
3J1eMeHTOB [JIsl YHCJAEHHOI0 pelleHusl IIMNTHYECKUX 3a4a4 ¢ MaJbIMHU
Bosmymenusamu / bpasanyk 10. B., Esnoknmos /I. B., [loasikos H. B. // BectHuk
Xapk. Han. yH-Ta., — 2005. — Ne 703. Cep. «MaTtemaTuyeckoe MoJeTUpPOBaHUE.
HNudopmannonnbie TEXHOJIOTHH. ABTOMATH3UPOBAHHBIE CHCTEMbI YIPABJIEHUS,
BbIIL 5. — C. 50-66: Ta0.. 5. —-bu0J1.: 14 Ha3s.

BonbpMIMHCTBO YHCIEHHBIX MCETOJ0B HCIIPUMEHUMBI JId aHalin3a BO3MYHICHI/II71,
MEHBLINX TapaMeTpoB AWCKpeTH3aluu. B Hacrosei pabore pelieHue Takux 3a1ad
pa3bICKMBAeTCsI B BHIE psAa [0 MAJIOMy IapaMeTpy, XapaKTEepHU3YIOIIEMY
Bo3MyIieHHne. llocnenyromiee pemieHre COOTBETCTBYIOMIMX JIUIMNTHYECKHX 3a/1ad
MNPOU3BOAMTCS METOAOM T'PaHHYHBIX 3JEMEHTOB. PaccMOTpeHbI Malible BO3MYIICHUS
IpaHMLBl 00JIACTH PELICHHMs, BO3MYLICHHUS TPAaHUYHBIX YCIOBUH U (pyHIaMEHTaIbHBIX
peuieHuid. bnaromaps BBICOKOM TOYHOCTM METOJa TPaHUYHBIX DJIEMEHTOB
MPEUIOKCHHBIA  MMOAXO0J] OKa3ajicsi JOCTAaTOYHO J(PQPEKTUBHBIM, UYTO  OBLIO
HOATBEPKACHO YMCICHHBIMHU SKCIIEPUMEHTAMHU.
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YAK 378.1:519.816:681.3

K Bompocy o cTpaTtermyeckoM NJaHUPOBAHUHM KayecTBa oOpa3oBaHus /
Baapumuposa M. B., CniuBakoBckuii A. B. // Bectunk Xapk. Hanl. yH-Ta., — 2005.
— Ne 703. Cep. «MaremaTtuueckoe moaeaupoBanue. HWHpopmanuonHbie
TeXHOJOTHU. ABTOMATH3MPOBAHHbIE CHCTEMBbI YNIPaBJIeHUs», BbII. 5. — C. 67-73:
Hn. 2. — buba.: 6 Ha3B.

Llenpro maHHOW cCTaThM SABISETCS aHANHW3 JAHHBIX JUIA OIpeNeleHHus 3ajad |
METOA0B MOACINPOBAHUA MEXaHU3MOB CTpaTerudcCKoro IIJIaHUPOBAHUA
nestensHOocTH BY3a mo ymyumennro kadectBa oOydeHus. PaccMmoTpeHbl o0mias
MTOCTAHOBKA 33/1a4YM YIIPABIICHUS KAY€CTBOM IOATOTOBKH 0aKalTaBpOB M MarvcTPOB B
yHI/IBepCI/ITeTe, aHaJIM3 JAaHHBIX TEKYIIETO COCTOSAHUSA o0BeKTa YHI/IBepCI/ITeT u
OIpesieTIeHNe HEKOTOPBIX YIPABIAIONIMX BO3ACHCTBUHA [UIsI M3MEHEHHUS COCTOSHHS
o0BeKTa.

YIAK 004.7; 539.12

IIporpammuoe obecneuenue LCG na CMS Linux-kiactepe / Bopouko M. B.,
3y6 C. C., Jlepuyk JI. I'., Copoka /I. B. // Becthuk Xapk. Hau. yH-Ta., — 2005. —
Ne703. Cep. «Marematudeckoe Moaeaupopanue. HWHpopmanuoHHbIe
TEXHOJIOTHUH. ABTOMATH3HMPOBAHHBIE CHCTEMbI YIIPaBJIeHUsD», BbII. 5. — C. 74-86:
Ha. S. - Taba. 1. — bubua.: -17 nass.

OO0cyxmaroTcsi MPOOJIEMBI, CBSI3aHHBIE C XpaHEHHEM, OOpabOTKOW W aHAIU30M
0OJBIINX MAacCHBOB JaHHBIX, MONYYEHHE KOTOPBIX OXKMAAETCA B IKCIEPUMEHTaX,
3alulaHupoBaHHBIX Ha bompmom agponHom komnaigepe (LHC) B  LIEPH.
[IpencraBnen craryc CMS Linux-kmacrepa HHI[ X®THU, sBusromerocss 4acThbio
MOCKOBCKOTO paclpeaeiieHHOTO PeTHOHANBHOTO IEeHTpa I aHann3a aanaeix LHC.
Onwmcana koHurypanus nporpaMmmHoro odecrieuenust LHC Grid nva CMS kinactepe
HHII X®TU. Kpatko m3naraetcs ydacTue Kiactepa B reHepanuu coObituii CMS
MeTos0M MonTte-Kapio.

YAK 517+681

MopeanpoBaHue COCTABHBIX TOBePXHOCTel B cHCTeMaxX CHMBOJILHOM
matematuku / Joas IL. I'. / Bectuuk Xapk. Han. yH-ta., — 2005. — Ne 703. Cep.
«MaTemaTu4eckoe MOJeJUPOBAHME. HNudopmannonHblie TEXHOJIOTMH.
ABTOMATH3MPOBaHHbIE CHCTEMbI ympaBjeHus», Bbin. 5. — C. 87-94: -
buéa.: 6 Ha3s.

[Ipemmoxen cmoco0 TOCTPOEHUS EAWHBIX AaHAIUTUYECKUX BBIPAKEHUA IS
YpaBHEHUI HEMPEPHIBHBIX MOBEPXHOCTEHN, COCTABIEHHBIX W3 PA3IMYHBIX CEKIUH C
3alaHHBIMU  ypaBHeHUsMHU. IlocTpoeHo o0Iiee ypaBHEHHE KYyCOUHO-THHEWYaTon
MOBEPXHOCTH HATSIHYTOW Ha KapKac, COCTOSIIMHA U3 CEMEWCTBa HelepeceKaroIInXCs
MPOCTPAHCTBEHHBIX KPUBBIX.
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YK 519.6

BusyanbHoe (opMy/HpoBaHHe U BbINOJHEHHE CEMAHTHYECKHX 3ampocoB /
Jdxypunckuii E., Epmonaes B. A., Keoepae H. I'., Bragumupos B. H. / Bectauk
Xapk. Ham. yH-Ta., — 2005. — Ne 703. Cep. «MaTtemMmaTnyeckoe MOAeJTUPOBAHHE.
HNHdopmannoHHble TEXHOJIOTHH. ABTOMATH3MPOBAHHbIE CHCTEMbI YIIPABJICHU,
BbINL. 5. — C. 95-108: . 7. - Tada. 1. -buoJ.: 9 na3s.

Nudpactpykrypa UnIT-NET ms anekrporHoro oomena napopmanuein (MO0N) —
9TO MHOTOYPOBHEBasl paclpelielieHHas TpOorpaMMHas cHcTeMa JUIs oOecrieueHus
WHTEIUIEKTYAIBHOTO TOJXy4YeHHS WH(OPMAIMN W3 PacCIpeesIeHHBIX, Pa3HOTHITHHIX,
aBTOHOMHBIX HCTOUYHHUKOB MHMopManmu (). UDOU pazpaborana B COOTBETCTBHH C
ApPXUTEKTYPOH MOCPEIHUK-000I04Ka C OAHUM IIEHTPAJIbHBIM MMOCPETHUKOM. B cTaThe
MpeacTaBieHbl pe3yabTaThl oleHkH npototuna MOOU UnIT-NET. /IBa aBTOHOMHBIX
pacnpeneneHabix ucrounnka uHpopmarmu (MU “Ilocrymaromuii B yHHBEpCUTET B
3anopokckoM HalmoHAIBHOM yHuBepcutete u WUUW “Jlexkanat” B XapbKOBCKOM
HauuoHanbHOM yHuBepcuTere uM. B.H. Kapasuna) Obutn Hcnosib30BaHbl  Kak
WCTIBITATENIFHBIA CTEHJ. OJKCIEPUMEHTHI IO0Ka3add MPaKTHUECKyI TPUTOAHOCTD
MOJIXOJI0B, TPEUIOKEHHBIX s apxuTeKTypbl MODW. OgHuM M3 3TamoB MpOIeayphl
OILICHKH SIBIISIETCS ONpeieNieHNe KadecTBa B3aUMOCHCTBHUS MEXIY MOIb30BATEISIMU U
nocpennukoM NMOOU. B craThe aHamM3UpPYIOTCS pPE3yJbTATHI, MOJYYEHHBIE IPU
OIICHKE KOMIIOHEHTa IOjdb30BaTenbckoro wuHTepdeiica MOOU  UnlT-NET -
Wntepdetica cozmanus 3ampoco (MC3). Ananu3 mokasbiBaeT npuroaHocts MC3,
OJIHAaKO, €CTh HEKOTOPBIE 3aMEYaHUs, KOTOPBIE CIEAYET YUECTh B JabHEHUIIEM.

YK 681.3

Aaroputm  paGoTel HMH(OPMALMOHHOIO AareHTa B  pacHpeaejJeHHON
BBIYMCJIUTENbHOH cucTeMe W ero Mojgedb Ha 0aze Heuerkux E-cereit /
dypaBkuH E. B., A0y /l:kakkap Amep Takcun Kanamex // Becthuk Xapk. Ham.
yH-Ta., — 2005. — Ne703. Cep. «MaremaTnueckoe MOAeJIUPOBAHME.
HNndopmannoHHble TEXHOJIOTHH. ABTOMATH3MPOBAHHbIE CHCTEMbI YIIPABJICHH,
BbIN. 5. — C. 109-117: Ua. 5. — budJa.: 6 Ha3B.

B cratbe paccMOTpeHBl BONpPOCHl pa3pabOTKM  MoAeNed  MpOTrpaMMHBIX
HMHTEJJIEKTYaJIbHBIX areHTOB ¢ MoMollbio HeueTkux E-cereit. IlpuBeneHa crpykrypa
y371a pacHpeleNieHHOW BBIYMCIMTEIBHOW CHUCTEMBI B KOTOPOM HCIIOJIB3YIOTCA
OporpaMMHbIe areHThl. Pa3paboTaHbl alrOpUTMBI ar€HTOB MOMCKA NAHHBIX M aHANIN3a
MHQOPMAIIMOHHON 0a3bl HCIOIB3YIOLIMX 3JEMEHThl HCKYCCTBCHHOIO HHTEIUICKTA.
Pa3pabortansl ux Monmenu Ha 0Oa3e HeueTkux E-cerell, mokazaHbl METOIbI OLEHKH
3¢ PEKTUBHOCTH pa3paOOTaHHBIX aJrOPUTMOB HA MOJACIISX.
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YK 681.3.068

OO0 oaHOM cmocofe rapaHTHPOBATh CTAOMJIbHOE NMOBeJdeHHEe NMPOTrpPaMMHOM
CHCTeMbl NYTeM  MPeIOTBPALEHH  HECAHKIHMOHUPOBAHHBIX  BHEIIHHUX
npouuxHoBennii / ’KKoarkesuu I'. H., 3apeunkas . T. // Becthuk Xapk. Hai. yH-
Ta., — 2005. — Ne 703. Cep. «MaTemaTuyeckoe MOJAEJTUPOBAHME.
HUndopmannoHHbIe TEXHOJIOTHH. ABTOMATH3MPOBAHHBIE CHCTEMbI YIIPABJIEHH,
BbIIL 5. — C. 118-126: WU.1. 2. — bu0J1.: 4 Ha3B.

B cratee mpencraBieH HOBBIM mabnoH mpoektupoBaHus Chest. OH mo3BoisieT
rapaHTHPOBaTh CTAOMIBHOE MMOBEICHUE CIOKHOW CHCTEMBI 33 CUET WHKAICYISAIUN e
VIIPABJISIONICH YacTH B 3aIIUTHBIN KJIacc - 000J0YKY CO CTaTHYECKUM HHTephercoMm.
KIMeHTsl MOTYT TMONYyYUTh AOCTYN K (PYHKIHSAM CHCTEMBI TOJNBKO HCIONB3YS Kiacc
Chest, KOTOpBIIl nenerupyeTr pealbHyH pa0OTy KIACCy YyIpaBiCHUsS CUCTeMOH. B
CTaThe MPHUBENICHO MOJIHOE OIMMCaHKne JaHHOTO IabnoHa. PaccMaTpuBaercst cTpykTypa
ma6n0Ha, OTHOLICHUA MCXKAY Y4YaCTHHKaMH, HpO6JIeMI)I pcam3anmu. Taxxe
MIPHUBEJICH MPUMEP IPOTPAMMHOTO KOJIa M KPUMITOTPahUIECKOTO MPHIIOKEHHUS.

YK 537.861

KoMmnbrorepHoe moaeanpoBaHue JUGPAKUUM 3JIeKTPOMATHUTHBIX BOJIH Ha
JIEHTOYHBIX pemeTkax (caydaii mpousBojibHoro nmaaenust) / Koarkesuu I'. H.,
Xopomyn B. B., XoxoabkoB B. b. / BectHuk Xapk. Han. yH-Ta., — 2005. — Ne 703.
Cep. «MaremaTuueckoe MoaenupoBanue. HMHpopManmoHHbIE TEeXHOJIOTHMH.
ABTOMATH3MPOBaHHbIE CHCTEMbI ynpaBjeHus», Bbil. 5. — C. 127-134: Ua. 5. -
buoa.: 10 nass.

Pabora mocpsimeHa Ka4eCTBEHHOMY U KOJIHYECTBEHHOMY aHAIN3y OTIIHYUTEIBHBIX
ocoOeHHOCTeH  mUMpaKIUH  IDIOCKUX  DJICKTPOMArHUTHBIX  BOJIH  JIMHEHHOM
IoJiApru3alii Ha JICHTOYHBIX PCUICTKAaX IIPpU IMPOU3BOJIBLHOM IMAACHHUU IO CPaBHCHUIO
CO city4asiMu Bo30Yy»xkaeHus peuietku E- u H- monsspuzoBaHHBIMY BOJTHAMU

YK 681.5:629.39.6

Pa3paGoTka Moaenn ceTH BUPTYaJbHbIX KAHAJ0B HA OCHOBE MHOI0ar¢eHTHOIO
noaxoaa / Usanosckas T. B., Pykkac K. M. // BectHuk Xapk. Hall. YH-Ta., —
2005. — Ne 703. Cep. «MaremaTndeckoe Moaeanposanue. UHdopmanmonHsie
TeXHOJIOTHU. ABTOMATU3UPOBAHHbIE CUCTEMbI yNpaBjieHus», Bbill. 5. — C. 135-
143: U1 S. - bubu.: S Hass.

Hannas pabotra wu3maraeT OCHOBHBIE IOAXOABI K YIPAaBICHUIO CETEBBIMH
pecypcaMy C HOMOIIBI0 MHOT'OAreHTHBIX cucTeM. Llenblo maHHON paboThl sBiIsSETCS
pa3paboTKa CUMYJATOpa CETH, OCHOBAHHOTO HAa areHTax, JJIS MUCIIOJNIb30BaHUS €T0 B
JaTbHEUIINX UCCIIEAOBAHUAX M0 JMHAMHYECKOMY YIIPABICHUIO CETEBBIMHU PECYPCaMH.



258 AHHOTALIUU

YK 004.652/.942
00 ogHOM KJjacce ajJropuTMoB KiacTep-aHanu3za // Kapnenko A. A. //
Becrnuk Xapk. Ham. yH-ta.,, -2005. — Ne 703. Cep. «MaremaTnueckoe

MojeaupoBanue. HWHPopManuoHHbIE TEXHOJIOTHH. ABTOMATH3HPOBAHHbIE
cHCTeMBbl YIIpaBJeHus», BoI. 5. — C. 144-157: Ua. 10. — buba.: 7 na3s.

Knaccudpukauus — onuH u3 (QyHAaMEHTAIBHBIX TPOLECCOB B HAayKe, KOTOPBIH
ABJISIETCS] OCHOBOIIOJIATAIOIIMM B IPAKTHUECKOH M HAYYHOH NESTEIbHOCTH YEIOBEKa.
B nmanHO# cTarhe mpeasiokeHa MaTeMaTH4ecKas TeopHs, Ha OCHOBE KOTOPOH ObLIH
pa3paboTaHbl aIrOPUTMBI, IPUMEHEHHE KOTOPBIX NPUBOJUT K YMEHBLICHHIO
MOIIHOCTH MHOKECTBA BO3MOJKHBIX KJIacCH(UKaLUi, 3a CUET BBIACICHNUS MHOXKECTBA
peryJsIpHBIX KinaccupuKanuil. OTO TO3BOJSAET OOJNErdyuTh MOMCK D3KCTpEMyMa
(yHKUMOHANA KadecTBa pa3OWeHHs, a, CIeIOBaTeNbHO, HAXOXKICHUE HaWITydlIen
KJIaccUpUKaUUK I HEKOTOPOH KOH(UIypauuu B 3aJadax aBTOMATHYECKON
kiaccuukanmu (KiacTep-aHanusa).

YK 519.6

MeTtoa AMCKPETHBLIX BHUXPeil JJIsi CHHTYJSIPHBIX MHTErPAJbHBIX ypaBHeHUM
MepBOro poaa B Kiacce 0000ménnbIxX pynkuuii / JIndanos U. K., Henames A. C.
// BectHuk Xapk. Ham. yH-Ta., — 2005. — Ne 703. Cep. «MaTemaTH4eckKoe
MoneaupoBanue. HWHdopManuoHHbIE TEXHOJOTMH. ABTOMATH3HPOBAHHBIE
CHCTeMBbI yIIpaBJeHus», BoI. S. — C. 158-164: - buo..: 3 Ha3B.

B nanHOl cTatbe paccMaTpuBaeTCs METOJ JUCKPETHBIX BUXPEH JUISl CHHTYJIIPHBIX
MHTErpalibHBIX YpaBHEHUI MEPBOro poAa B Kinacce 0000MEHHBIX (QYHKLUIA.

YK 681.5:629.39.6

AaroputMm (GyHKIIHOHMPOBAHUSI MHOIOAreHTHOH CHCTeMbl JIHHAMHUYECKOIO
ynpasJjieHusi koMnbsoTepHbiMu ceTtsasmu / JloceB FO. U., Pykkac K. M.// BecTHuk
Xapk. Han. yH-Ta., — 2005. — Ne 703. Cep. «MaTtemaTuyeckoe MoJeTHpPOBaHUE.
HNudopmannonnbie TEXHOJIOTHH. ABTOMATH3UPOBAHHBIE CHCTEMbI YIPABJIEHUS,
BbIIL 5. — C. 165-171: Un. 3. — buba.: 3 Hass.

Hannas pabora wu3maraeT OCHOBHBIE IOAXOABI K YHPAaBICHUIO CETEBBIMH
pecypcamMy C MOMOIIbI0 MHOT'OAreHTHBIX cucTeM. Llenbio maHHON paboThl SBiIsSETCS
pa3paboTKa pACHpPEAETICHHOrO aJropuTMa YIPABICHUS KOMIIBIOTEPHOH CEThIO B
peaslbHOM MacIiTabe BpeMeHH.
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YK 519.21,246

Koppenssuuonnsie (QYHKIUM M KBa3uJeTePMHUHHPOBAHHBIE CUTHAJIBI /
ITerpora A. 10., ®agees B. A., Uepemckas H. B. // Becthuk Xapk. Han. yH-Ta., —
2005. — Ne 703. Cep. «MartemaTnueckoe moaeanpoBanue. UnpopManuoHHbIe
TeXHOJOTHU. ABTOMATH3MPOBAaHHbIE CHCTeMbl yIpaBjeHUusi», Bbil. 5. — C. 172-
177: — buba.: 6 Hass.

B cTaTbe pekOHCTPYHPYIOTCS CIy4YailHbIE TOCIEAOBATENIBEHOCTH, IPOLECCH H IO
0 33JJaHHBIM MaTeMaTHYECKOMY OKHIAHHUIO M KOppelsuoHHOH QyHKmu. [Ipu sToM
COOTBETCTBYIOIIME Cly4aiiHble (YHKOMM ONpENesoTcd KOHEYHBIM HabopoM
CllydaflHBIX BEJIMYHMH, YTO CYIIECTBEHHO O0O0Jeryaer MOCICOYIOUMHA aHauu3
BEPOSATHOCTHBIX MOJeNel C TaKUMH CIOy4dailHBIMH QYHKIMAMUA. BaxHO, dTO
HECTALlMOHAPHBIE CIIy4alHbIe MPOLECCHl M IOCIEN0BATEIbHOCTH KOHEYHOI'O paHra
HECTALIMOHAPHOCTH TAKXKE YKJIAbIBAIOTCS B IPEIIaraéMyl0 CXeMy PEKOHCTPYKIIHH.

YK 533.662.013

MartemaTnyeckoe Mo/IeJIMPOBaHue AUHAMHUKH U a3pOAMHAMHUKH
BeTpoarperatoB / [Ipuxoasko A. A., Pequun /I. A. // Bectnuk Xapk. Hau. yH-Ta.,
— 2005. — Ne 703. Cep. «MaremaTuueckoe Mogeanpopanue. Unpopmanuonubie
TEXHOJIOTHUH. ABTOMATH3HPOBAHHBIE CHCTEMbI YNpaBjeHus», BbIl. 5. — C. 178-
197: Ua. 9. — budJ.: 16 na3s.

Jns pemieHus CBS3aHHOM 3ajadd JUHAMHKH ¥ a3pOJUHAMHKH BEPTHUKAIbHO-
OCEBOT0 BeTpoarperara pa3paboTaH YHUCICHHBIA alrOpUTM Ha OCHOBE ypPaBHCHHIA
HaBbe-Crokca. Peann3oBaHbl METOAWKH pEIIEHUS HECTAllMOHAPHBIX YpaBHEHUH
HaBpe-CTokca HeCKMMaeMO# JKUIKOCTH B KPUBOJIWHEHHBIX KOOPIMHATAX HA OCHOBE
SBHBIX M HESBHBIX CXeM. [IpoBemeHO TecTHpOBaHWE YHCIIEHHBIX ajJTOPUTMOB Ha
3agadyax O pa3BUTUM TCYCHUA B KBaIIpaTHOﬁ KaB€pHE, CTalMOHAPHOM H
HecTalMoHapHOM oO0TekaHnu wwimHApa u npoduist NACA 0012. Ananusupyrorcs
pe3ynbTaThl pEImIeHUs] CBSI3aHHOW 3aJaydl OUHAMHKH W a’3pOJMHAMUKH POTOpa
BETPOTYPOUHBI.

VK 004.652/.942
Mop¢duzmsl noaxycxem u ux npuioxenus. / Cemenona T. B. // BectHuk Xapk.
Han. yH-ta.,, — 2005. — Ne 703. Cep. «MaremaTruueckoe MoJeJIMpOBaHHe.

HNudopmannoHHbie TEXHOJIOTHH. ABTOMAaTH3MPOBAHHBIC CHCTEMBI YIIPABJICHHUD,
BbIN. 5. — C. 198-206: Ua. 4. — bud.a.: 3 Ha3B.

B cratbe mpezcTaBieH anmapar 0TOOpa)KeHUs MOIyCXEM C IIOMOLIBI0 MOP(U3MOB.
ITokazaHa BO3MOXKHOCTH HCIIONIb30BAHUS TOJNYCXEM U MOP(PHU3MOB MOIYCXEM s
OMMCAaHUS PA3IUYHBIX CPEJICTB MOJICNIMPOBAHUSA U OTOOpPAKEHHS IMOHITUH OJHOTO
MaTeMAaTUYECKOrO almapara Ha MOHATHSA Apyroro. B kadecTBe mpumepa mHoKa3aH
nepexo/ia OT MOJIENIM TOCTPOSHHOM ¢ MOMOIIBI0 ceTelt [leTpu k MoJienu, TOCTPOSHHOM
¢ nomoisio BBI' mytem 3aganus MmopduszMa momycxem.
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YK 532.526: 517.94

MartemaTnyeckoe MOJIeJIMPOBAHME  TUHAMHKH U a3pOAMHAMHUKH
TPAaHCHOPTHOI'0 CPeACTBA HA CBepxXnpoBoasamux marantax / Coxaukuii A. B. ///
Bectnnk Xapk. Ham. yH-ta., — 2005. — Ne 703. Cep. «MareMaTH4iecKoe
MoaeanpoBanue. MHdopManuoOHHBIE TEXHOJOTMH. ABTOMATH3HPOBAaHHBbIE
CHCTeMBbI yIIpaBJeHus», Boii. 5. — C. 207-213: Ua. 4. — bubJ.: 6 Ha3B.

CraTrs DOCBAIIEHAa  MAaTeMAaTHYECKOMY  MOJCNMPOBAaHMUIO  JUHAMHUKH U
AOPOJUMHAMUKHA ABUKCHUA TPAHCIIOPTHOI'O CPEACTBA HA CBCPXMPOBOAANINX MarHuTax.
Jns a’dpoIMHAMUYECKUX BBIYMCICHUH HCIIONB3YETCSl METOX IUCKPETHBIX BHXPEHl.
JuHamMuueckue ypaBHEHHs IBHKEHHUS TPAHCIIOPTHBIX CPEICTB BKIIOYAIOT HEKOTOPHIE
KOMITOHEHTHI MAarHUTHBIX CHUJI 1 MOMEHTOB. B PE3YIBTATC YUCICHHOI'O PCHICHUA ObLIH
MOJyYyeHbl 3aBUCHUMOCTH yIJla TaHra)ka W pacCTOSHUS OT MOBEPXHOCTH [0
TPaHCIOPTHOI'O CPECTBA KaK (DYHKIIMU BPEMEHHU.

YK 004:378.1

Mopaens mpoinecca BBoJa JAAHHBIX 0 MPOAYKTAX U COOBITUSIX B HX KU3HEHHOM
nukie / TeaenneB A. B. // BectHuk Xapk. Han. yH-ta., — 2005. — Ne 703. Cep.
«MaTemaTu4eckoe MOJeJTHPOBAHME. HNudopmannoHHblie TEXHOJIOTMH.
ABTOMATH3MPOBAHHbIE CHCTEMBI yNnpaBJjieHus»», Bbill. 5. — C. 214-221: Ua. 7.—
buéa.: 3 Ha3s.

PaccMoTpeHBl 0COOCHHOCTH BBENIEHHS OIEPaTopoM MHaHHBIX B COOBITHIHO-
OPUEHTUPOBAHHYIO UH(OPMAIIMOHHO-aHATUTUYECKY IO CUCTEMY IMOJIEPKKHU
JKU3HEHHOTO IIMKJIa CIOXKHBIX THpoaykroB. IlpemnoxkeHa mocienoBaTeIbHOCTh
JIEHCTBHI TP BBEJICHUH B CUCTEMY JaHHBIX O IPOAYKTE M COOBITHAX.

YK 378:519.8

MopeaupoBanue ayauTa (PMHAHCOBBIX NMOTOKOB B By3e / ®upac Camm
Maxmya Aap Caaiina // Bectnuk Xapk. Hau. yH-ta., — 2005. — Ne 703. Cep.
«MartemaTn4eckoe MOJeJTHPOBaHHeE. HNHudopmannoHHbIE TEXHOJIOTHH.
ABTOMATH3MPOBAaHHbIE CHCTEMbI YIIPaBJIeHUs», BbIM. 5. — C. 222-231: — bu6J.: 8
HAa3B.

[Ipoananu3upoBana Mozedbh ONTUMAILHOTO (UHAHCOBOTO ympaBieHuss BY3owm.
[Ipemoxena mocTaHOBKa 3a7jauv OLIEHKH BIHMSHHS M3MEHEHWH B y4eOHOM Imporiecce
Ha UW3MEHEeHHEe (UHAHCOBBIX TOTOKOB. IIpemyoskeH MOAXOA K €€ peleHHIo,
OCHOBAHHBIN Ha UJESIX TCOPUU OOpPATHBIX BHIUMUCICHUI.
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YK 681.3
Busyanuzanus ajaredpandeckux noepxaocreii / Uyemon I'. // BectHuk Xapk.
Han. yH-ta.,, — 2005. — Ne 703. Cep. «MaremaTruueckoe MoJeJIMpOBaHHe.

NHpopManmoHHbIE TEXHOJIOTUH. ABTOMAaTU3UPOBAHHBIE CHCTEMbI YIIPABJICHUS,
BbIIL 5. — C. 232-244: Ua. 14. - bub6a.: 15 na3s.

PaccmarpuBaeTcs mpoOnema BU3yalu3alliil HESBHO 3a/laHHBIX anreOpanmdecKux
MIOBEPXHOCTEN B TPEXMEPHOM IMPOCTPAHCTBE HA OCHOBE AJITOPUTMA TPACCHUPOBKU
aydeit. DTOT ajropuT™M IO3BOJISICT CBECTH JaHHYIO 3aJady K pelieHH0 Habopa
anreOpanveckux ypaBHEHUH OJHOW mepeMeHHOW. [aBHas TPyMHOCTH COCTOUT B
BBEIOOpE HamOoJiee MOAXOAAIIET0 W OBICTporo mMerona. B paboTe mokazaHo, 4TO IS
HEKOTOpBIX THUIIOB TNOBepxHocTell MeTon Jlexkkepa-bpeHTa mMO3BOJISET CIKOHOMUTH
BBIYHCIUTEIHHOE BpPEMSI MO CPaBHEHHUIO C TPAJULHUOHHBIM METOAOM XOpHA. bwuio
TakKe  pa3paboTaHO  MpOorpaMMHOE  OOecliedeHHe,  KOTOpOe  IT03BOJIAET
BU3YAIM3UPOBATh aJreOpandecKhue IOBEPXHOCTH C KOHTPOJIEM IPOMEKYTOUHBIX
BBIYUCJIEHUU.
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ANNOTATIONS

Client/Server Retrieval System Simulations / Almherat Ahmad Ali (Abdel
Karim) // Bulletin of V. Karazin Kharkiv National University, — 2005. — Ne 703.
Series «Mathematical Modelling. Information Technology. Automated Control
Systems», Issue 5. — P.5-12: Pic.2. —Ref.: 2 titles

Simulating models for retrieval system with homogeneous and heterogeneous
query flows are built at the article. Model experiments were showed that models
qualitative behavior corresponded with qualitative behavior of real system.

Mathematical simulation of activity of an economic cluster and interactions
with high schools / Ali Neif Halil Alchgug, Ivaschenko P. A. // Bulletin of V.
Karazin Kharkiv National University, — 2005. — Ne 703. Series «Mathematical
Modelling. Information Technology. Automated Control Systems», Issue 5. —
P. 13-24: — Ref.: 15 titles

In the article the regional aspect of activity of economic clusters is considered and
the attempt of construction of economic-mathematical model of a cluster of a regional
level is done(made). The problem of interaction of firms of a cluster with high schools
is researched with the purpose of support by frames. As the concrete object of research
the project of the Poltava economic cluster is taken.

MDS-based mathematical model of multi-element stripline antenna printed on
dielectric grounded substrate / A. V. Antonets // Bulletin of V. Karazin Kharkiv
National University, — 2005. — Ne 703. Series «Mathematical Modelling.
Information Technology. Automated Control Systems», Issue 5. — P. 25-35: Pic 8.
— Ref.: 10 titles

In this paper, we present new method for the modeling of printed strip gratings.
Our general approach for finite perfectly electric conducting (PEC) strip gratings
printed on a dielectric substrate with a PEC ground plane is based on the parametric
representations of the integral and pseudo-differential operators and Method of
Discrete Singularities (MDS). Diffraction problem is first reduced to hypersingular
integral equation. Then this equation is solved using the MDS. Finite-order Cantorian
set strip grating is investigated numerically. Some of obtained results are presented.

On representation of a probabilistic finite-state automaton as a composition of
a Markov chain and a deterministic finite-state automaton / S. M. Bogomolov,
G. M. Zholtkevych // Bulletin of V. Karazin Kharkiv National University, — 2005.
— Ne 703. Series «Mathematical Modelling. Information Technology. Automated
Control Systems», Issue 5. — P. 36-41: Pic.2. - Tabl. 2. — Ref.: 4 titles

Probabilistic finite-state machines such as probabilistic finite-state automata,
Markov chains and probabilistic suffix trees are used today in a wide amount of fields
in pattern recognition, or in fields to which pattern recognition is linked:
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computational linguistics, bioinformatics and machine translation. In the present paper
we formulate a criterion for determining when a probabilistic finite-state automaton
can be represented as a composition of a Markov chain and a deterministic finite-state
automaton.

Performance of objects and knowledge in the information environment «The
System of the analysis of the forms of the reporting» / S. Bogomolov, Ibrahim
Yousef Ahmad Ahmad, P. A. Ivaschenko // Bulletin of V. Karazin Kharkiv
National University, — 2005. — Ne 703. Series «Mathematical Modelling.
Information Technology. Automated Control Systems», Issue 5. — P. 42-49: Pic. 2.
— Ref.: 8 titles

The algorithm of performance of the arbitrary form of the reporting by the way
systems of trees is offered. Is considered frames performance of the making forms of
the reporting. The algorithm of creation of the production rules in to the «System of
the analysis of the forms of the reporting» is given.

Joint application of small parameter method and boundary element method
for numerical solution of elliptical problems with small disturbances /
J. V. Brazaluk, D.V. Yevdokymov, M. V. Polyakov // Bulletin of V. Karazin
Kharkiv National University, — 2005. — Ne 703. Series «Mathematical Modelling.
Information Technology. Automated Control Systems», Issue 5. — P. 50-66:
Tabl. 5. —Ref.: 14 titles

Most of numerical methods are not applicable for analysis of disturbances less,
than discretization parameters. In the present paper the solutions of such problems are
searched as a series with respect to small parameter, which is the reference scale of the
disturbance. The following solutions of relevant elliptical boundary-value problems
are made by boundary element method. Small domain shape disturbances, boundary
condition disturbances and fundamental solution disturbances are considered. Due to
high accuracy of the boundary element method the proposed approach is enough
effective, what was proved by numerical experiments.

On the question of the strategic planning of education quality /
M. V. Vladimirova, A.V. Spivakovskiy // Bulletin of V. Karazin Kharkiv
National University, — 2005. — Ne 703. Series «Mathematical Modelling.
Information Technology. Automated Control Systems», Issue 5. — P. 67-73: Pic.2.
— Ref.: 6 titles

The purpose of the article is the analysis of the data for determining problems and
the methods of the modelling of the university activities strategic planning mechanism
in order to improve the quality of education. The general formulation of the problem
of the quality control of bachelors and masters training at University, the current state
of the object University and determining impact for changing the state of the object
has been considered.
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LCG Middleware at the KIPT CMS Linux Cluster / M. V. Voronko,
S.S.Zub, L. G. Levchuk, D. V. Soroka // Bulletin of V. Karazin Kharkiv
National University, — 2005. — Ne 703. Series «Mathematical Modelling.
Information Technology. Automated Control Systems», Issue 5. — P. 74-86: Pic.5.
- Tabl. 1. — Ref.: -17 titles

Problems associated with storage, processing and analysis of huge data samples
expected in experiments planned at the Large Hadron Collider (LHC) are discussed.
Current status of the KIPT CMS Linux Cluster (KCLC), which is a part of the
Moscow distributed regional center for the LHC data analysis, is outlined.
Configuration of the LHC computing Grid middleware at the KCLC is described.
Participation of the KCLC in the CMS Monte-Carlo event production is outlined.

Composite Surface Modelling in Systems of Symbol Mathematics /
P. G. Dolya // Bulletin of V. Karazin Kharkiv National University, — 2005. — Ne
703. Series «Mathematical Modelling. Information Technology. Automated
Control Systems», Issue 5. — P. 87-94: —Ref.: 6 titles

The method of compiling of uniform analytic formulas for the equations of the
continuous surfaces composed of various sections with the given equations is
proposed. The general equation of a piecewise-ruled surface stretched on a frame
consisting of a set of not intersected space curves constructs.

Visual Semantic Query Formulation and Execution in UnIT-NET IEDI /
E. Dzhurinsky, V. Ermolayev, N. Keberle, V. Vladimirov // Bulletin of V. Karazin
Kharkiv National University, — 2005. — Ne 703. Series «Mathematical Modelling.
Information Technology. Automated Control Systems», Issue 5. — P.95-108:
Pic.7. - Tabl. 1. —Ref.: 9 titles

UnIT-NET Infrastructure for Electronic Data Interchange (IEDI) is the multi-
layered distributed software system for providing intelligent ontology-driven
information retrieval from distributed, heterogeneous, autonomous information
resources (IRs). IEDI is constructed according the ideology of mediator-wrapper
architecture with single centralized mediator. The paper presents the results of
evaluation of the UnIT-NET IEDI research prototype. Two autonomous distributed
IRs - “University Entrant” IR of Zaporozhye National University and “Dean’s Office”
IR of V. Karazin Kharkiv National University were used as a testbed. Experiments
have shown practical applicability of the approach proposed for the IEDI architecture.
One of the stages of the evaluation procedure is the assessment of the quality of
interface between users and IEDI mediator. The paper analyses lessons learned from
the evaluation of UnIT-NET IEDI user interface component — Query Formulation
Interface. The analysis proves the usability of the QFI; however there are refinements
which have still to be considered in the future work.
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Algorithm of work of informational agent in distributed computer system and
its model on the base of fuzzy E-nets / E. V. Duravkin, Abu Jakkar Amer Taksin
Kalamech // Bulletin of V. Karazin Kharkiv National University, — 2005. —
Ne 703. Series «Mathematical Modelling. Information Technology. Automated
Control Systems», Issue 5. — P. 109-117: Pic.5. — Ref.: 6 titles

In the article questions of the program informational agent model designs by means
of fuzzy E-nets were considered. The structure of the node of the distributed computer
system which used soft agents was suggested. The algorithms of the agents for data
searching and information base analysis which used elements of artificial intelligence
were designed. The described agent models were designed by means of fuzzy E-nets.
The methods of the performance evaluation of the designed algorithms on models
were showed.

One Way to Guarantee the Stable Behaviour of a Software System by
Preventing Unauthorized External Intrusions / G. M. Zholtkevych, 1. T. Zaretska
/I Bulletin of V. Karazin Kharkiv National University, — 2005. — Ne 703. Series
«Mathematical Modelling. Information Technology. Automated Control
Systems», Issue 5. — P. 118-126: Pic.2. — Ref.: 4 titles

A new software design pattern of architectural level called Chest is introduced in
the paper. It allows guaranteeing the stable behaviour of a complex system by
encapsulating its manager into a protecting shell class with static interface. Clients can
use system functions only via Chest class which delegates real work to the system
manager class. Full description of this pattern is presented in the paper. The
description includes pattern structure, relationship between participants, problems of
realization, and examples of code and cryptosystem application.

Computer modelling of diffraction of electromagnetic waves on tape grates (a
case of general fall) / G. M. Zholtkevych, V. V. Khoroshun, V. B. Khokholkov //
Bulletin of V. Karazin Kharkiv National University, — 2005. — Ne 703. Series
«Mathematical Modelling. Information Technology. Automated Control
Systemsy, Issue 5. — P. 127-134: Pic.5. - Ref.: 10 titles

Work is devoted to the qualitative and quantitative analysis of distinctive features
of diffraction of flat electromagnetic waves of linear polarization on tape grate at
general fall in comparison with cases of excitation of grate E-and H-the polarized
waves.

Development of the virtual paths network model based on multiagent
approach / T. V. Ivanovskaya, K. M. Rukkas // Bulletin of V. Karazin Kharkiv
National University, — 2005. — Ne 703. Series «Mathematical Modelling.
Information Technology. Automated Control Systems», Issue 5. — P. 135-143:
Pic.5. - Ref.: 5 titles

The paper deals with the multiagent approach to the creating of network control
system. The aim of the work is to develop a network simulator system which is the
base for future investigation in network resources management.
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A class of cluster-analysis algorithms / A. A. Karpenko // Bulletin of V.
Karazin Kharkiv National University, — 2005. — Ne 703. Series «Mathematical
Modelling. Information Technology. Automated Control Systems», Issue 5. —
P. 144-157: Pic.10. — Ref.: 7 titles

Classification - one of fundamental processes in a science which is basic in
practical and scientific activity of the person. Mathematical theory were offered, on
the basis of which algorithms were developed, which application results in reduction
of capacity of set of probable classifications, due to allocation of set of regular
classifications was suggested in given article. It allows to facilitate a search extremum
of functional qualities of splitting, and therefore a finding of the best classification for
some configuration in tasks of automatic classification (cluster-analysis).

The method of discrete curls for the singular integral equations of the first
kind within the class of generalized functions / I. K. Lifanov, A. S. Nenashev //
Bulletin of V. Karazin Kharkiv National University, — 2005. — Ne 703. Series
«Mathematical Modelling. Information Technology. Automated Control
Systems», Issue 5. — P. 158-164: - Ref.: 3 titles

In this article the method of discrete curls for the singular integral equations of the
first kind within the class of generalized functions is considered.

Algorithm of the multiagent system operation of dynamic management
computer networks / Yu.l. Losev, K. M. Rukkas // Bulletin of V. Karazin
Kharkiv National University, — 2005. — Ne 703. Series «Mathematical Modelling.
Information Technology. Automated Control Systems», Issue 5. — P. 165-171:
Pic.3. — Ref.: 3 titles

The paper deals with the multiagent approach to the creating of network control
system. The aim of the work is to develop of the portioned algorithm of computer
network management in real scale of time.

Correlation functions and quasidetermination signals / A.Y. Petrova,
V. A. Fadeev, N.V.Cheremska // Bulletin of V. Karazin Kharkiv National
University, — 2005. — Ne 703. Series «Mathematical Modelling. Information
Technology. Automated Control Systems», Issue 5. — P. 172-177: — Ref.: 6 titles

In the article random sequences, processes and fields on the given mathematical
expectations and correlation functions are reconstructed. At the same time the
corresponding random sequences are defined by the set of finite random quantities,
what effectively facilitates the consequent analysis of the probabilistic models with
such random sequences. It is important that nonstandard random processes and
sequences of the finite rank of nonstationarity confined themselves to the
reconstruction scheme.
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Mathematical simulation of dynamics and aerodynamics of wind turbine /
A. A. Prykhodko, D. A. Redchits / Bulletin of V. Karazin Kharkiv National
University, — 2005. — Ne 703. Series «Mathematical Modelling. Information
Technology. Automated Control Systems», Issue 5. — P.178-197: Pic.9. —
Ref.: 16 titles

For the solution of the coupled problem of dynamics and aerodynamics of vertical -
axis wind turbine the numerical algorithm is designed on the basis of Navier-Stokes
equations. Algorithms of the solution of unsteady incompressible Navier-Stokes
equations in curvilinear coordinates are implemented on the basis of explicit and
implicit schemes. Testing numerical algorithms for problems about development of
flow in a square cavity, steady and unsteady flow of the cylinder and airfoil NACA
0012 is carried out. Solution results of the coupled problem of dynamics and
aerodynamics of a wind turbine rotor are parsed.

Semischeme morphisms and its applications / T. V. Semenova // Bulletin of V.
Karazin Kharkiv National University, — 2005. — Ne 703. Series «Mathematical
Modelling. Information Technology. Automated Control Systems», Issue 5. —
P. 198-206: Pic.4. — Ref.: 3 titles

In the article the instrument of semischeme mapping using morphisms is suggested.
The possibility of using semischemes and semischeme morphisms for discribing tools
of modelling and mapping of one mathematical apparatus concepts on concepts of
another one is showed. The example of the transfer from model built using Petri nets
to the model built on the base of the time probability graph using semischeme
morphisms is showed.

Mathematical simulation of dynamics and aerodynamics of movement of
vehicle on the super-conducting magnets / A. V. Sokhatsky // Bulletin of V.
Karazin Kharkiv National University, — 2005. — Ne 703. Series «Mathematical
Modelling. Information Technology. Automated Control Systems», Issue 5. —
P. 207-213: Pic.4. — Ref.: 6 titles

The report is devoted to linked solution of aerodynamics and dynamics of
movement of vehicle on the super-conducting magnets. For calculations of
aerodynamic leading the method of discrete vortexes is used. The dynamic equations
of vehicle’s movement contain some components of magnetic forces and moments. As
a result of numerical solution, the dependencies of the angle of pitch and distance
from vehicle to the ground structure as a function of time are received
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The model of product and event data manual input process / A. V. Telepnev //
Bulletin of V. Karazin Kharkiv National University, — 2005. — Ne 703. Series
«Mathematical Modelling. Information Technology. Automated Control
Systemsy, Issue 5. — P. 214-221: Pic.7.—Ref.: 3 titles

The features of manual input of product and event data at the events-oriented
information-analitical complex product life cicle support system is considered. The
consecution of product and event data input at the system is proposed.

Modelling of audit of financial streams in high school / Firas Sami Mahmud
Al Saaida // Bulletin of V. Karazin Kharkiv National University, — 2005. — Ne 703.
Series «Mathematical Modelling. Information Technology. Automated Control
Systemsy, Issue 5. — P. 222-231: — Ref.: 8 titles

The model of an optimum finance administration is analyzed by a higher
educational institution. Statement of a problem of an estimation of influence of
changes in educational process on change of financial streams is offered. The
approach to its decision, based on ideas of the theory of return calculations is offered.

Visualization of Algebraic Surfaces / Gennadiy Chuyeshov // Bulletin of V.
Karazin Kharkiv National University, — 2005. — Ne 703. Series «Mathematical
Modelling. Information Technology. Automated Control Systems», Issue 5. —
P. 232-244: Pic.14. - Ref.: 15 titles

This paper deals with the visualization of algebraic surfaces in three-dimensional
space using ray tracing algorithm. This algorithm makes it possible to reduce the
problem to solving a series of algebraic equations of a single variable for each pixel
and the main task is to choose the most appropriate and the fastest method. It is shown
that the Dekker-Brent method allows to save computation time for certain types of
surfaces in comparison with commonly used Chord (Regula Falsi) method. The
software, which visualizes algebraic surfaces with the control of intermediate
computations, was developed.
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