HAIIIOHAJIBHA AKAZEMISI HAVK YKPATHU
HABYAJIBHO-HA YKOBUIT KOMILUIEKC

«HCTUTYT IMPUKJIAJHOI'O CUCTEMHOI'O AHAJII3Y» HTVYY «KIII»
MOH TA HAH YKPAIHU

CUCTEMHI Z[S)C.JIII[)KEHHH T{.&
IH®POPMANIUHI TEXHOJOI'II

MDKHAPOJIHHIT HAYKOBO—TEXHIUYHHUI JXYPHAJI

Ne 4

2010

3ACHOBAHUH ¥ JIUITHI

2001 p.

PEJAKIIITHA KOJIETISI:

T'onosumuii peqakrop
M.3. 3I'YPOBCBKH,

akan. HAH Ykpainn

3aCTyl'lHI(lK rOJI0BHOI'0 peaakTopa

H.J. TAHKPATOBA,
Yienu peaxoierii:
ILI. AHJOH,

A.B. AHICIMOB,
B.I'' BOHAAPEHKO
K. BOHHIH,

I'.-B. BEBEP,

P. BOPOHKA,
C.M. T'PILIA,

O.J. I'BILLIAHI,
B.I. KOCTIOK,
B.M. KYHIIEBUY,
I'M. JYIbKHMH,
0.C MAKAPEHKO
0.A. MOJIYAHOB,
B.B. OCTAIIEHKO,
0.A. ITABJIOB,

B.H. PEJBKO,

T.JI. CAATI,

J. CAKAJIAYCKAC,
I.B. CEPI'IEHKO,
B.Il. TAPACEHKO,
SI.C. SAIKIB
AJIPECA PEJAKIII:

03056, m. Kuis,
np. [Tepemoru, 37, xopm.

mpod., A. T. H.

uit.-kop. HAH Vkpainu

npod., 1. ¢.-M. H.
mpod., a. ¢.-M. H.
npo¢., Opanmis
pod., Typrist
mpod., CLIA
npod., I. T. H.

mpod., a. ¢.-M. H.,
Pocia

npod., I. T. H.

akan. HAH Vkpainu
npod., I. T. H.
mpod., 1. G.-M. H.
mpod., A. T. H.
mpod., A. ¢.-M.H.
npod., 1. T. H.

axan. HAH VYxpainu
npocd., CIIA
npo¢., JIutea

axan. HAH Ykpainu
npod., A. T. H.

axan. HAH VYxpainu

35,

HapuanbHo-HayKOBHI KOMILIEKC

«[HCTUTYT NPHUKIATHOTO CUCTEMHOTO aHAITIZY»
HTVYYVY «KIII» MOH ta HAH Ykpainu

Ten.: 406-81-44; daxc: 406-81-44

E-mail: journal@mmsa.ntu-kpi.kiev.ua

http://journal.iasa.com.ua

VY HOoMmepi:

* Teopernuni Ta mnNpUKIATHI
npood.ieMu i METOAU CUCTEMHOTO
aHaJi3y

* [IporpecuBni indopmaniiini
TEeXHOJI0Til, BUCOKONIPOAYKTHBHI
KOMII’IOTepHi cUCTeMH

* [IpobaieMu npuiHATTS pilleHb
i ynpaBJliHHSI B €KOHOMIYHMYX,
TeXHIYHHUX, €KOJOTriYHHUX i co-
niaJIbHUX cUCcTEeMax

* [Ipo6s1eMHO i PYyHKIIOHATBHO
OpiEHTOBaHI KOMII'IOTEPHi CHC-
TeMH Ta MepeKi

* HoBi MeTOoM B CHCTEMHOMY
a”aqizi, ingopmaruui Ta Teopii
NPUAHATTS pillieHb

© Hasuanvro-naykoeuil komniexc «Incmumym npukiaonoeo cucmemnozo ananizy» HTYVY «KI1l»
MOH ma HAH Yxpainu



NATIONAL ACADEMY OF SCIENCES OF UKRAINE
EDUCATIONAL-SCIENTIFIC COMPLEX
«INSTITUTE FOR APPLIED SYSTEM ANALYSIS»
AT THE NATIONAL TECHNICAL UNIVERSITY OF UKRAINE «KPI»

OF MES AND NAS OF UKRAINE
SYSTEM RESEARCH AND
INFORMATION TECHNOLOGIES

INTERNATIONAL SCIENTIFIC AND TECHNICAL JOURNAL

Ne 4

2010

IT IS FOUNDED IN JULY, 2001
EDITORIAL BOARD:

The editor — in — chief o
M.Z. ZGUROVSKY, I‘\*IcAaggml‘”an of
Deputy editor — in — chief

N.D. PANKRATOVA, Prof, Ukraine
Associate editors:

F.I. ANDON, ember of NASU
A.V. ANISIMOYV, Prof., Ukraine

V.G. BONDARENKO Prof., Ukraine

Z. BONNIN, Prof., France

S.N. GRISHA, Prof., Ukraine

A.D. GVISHIANI Prof., Russia

V.I. KOSTJUK, Prof., Ukraine

V.M. KUNTHEVICH, Academician of NASU
G.M. LUTSKY, Prof., Ukraine

A.S. MAKARENKO Prof.,, Ukraine

A.A. MOLCHANOYV, Prof., Ukraine

V.V. OSTAPENKO, Prof., Ukraine

A.A. PAVLOV, Prof., Ukraine

V.N. REDKO, Academician of NASU
T.L. SAATY, Prof., USA

L. SAKALAUSKAS Prof., Lithuania

1.V. SERGIENKO, Academician of NASU
V.P. TARASENKO, Prof., Ukraine

R. VORONKA, Prof., USA
G.-W.WEBER Prof., Turkey

Ya.S. YATSKIV Academician of NASU
THE EDITION ADDRESS:

03056, Kyiv,

av. Peremogy, 37, building 35,
Educational-Scientific Complex

«Institute for Applied System Analysis» at the
National Technical University of Ukraine «KPI»
of MES and NAS of Ukraine

Phone: 406-81-44; Fax: 406-81-44

E-mail: journal@mmsa.ntu-kpi.kiev.ua
http://journal.iasa.com.ua

In the issue:

* Theoretical and applied
problems and methods of
system analysis

* Progressive information tech-
nologies, high-efficiency com-
puter systems

* Decision making and control in
economic, technical, ecological
and social systems

* Problem- and function-oriented
computer systems and networks

* New methods in system analysis,
computer science and theory of
decision making




HlanoBHi ynTaui!

HapuanbHO-HayKOBHH KOMIIIEKC <«JHCTHTYT HNPUKIATHOTO CHCTEMHOIO
anamizy» HTYVY «KIIl» MOH ta HAH VYkpainu Bugae Mi>KHapoIHHH HayKOBO-
TEXHIYHUH KypHaT

«CACTEMHI JOCJILIKEHHSI TA IHOOPMAILIMHI
TEXHOJIOI Ti».

Kypuan my0iikye poOOTH TEOPETHYHOTO 1 MPHUKIAZHOTO XapakTepy B
MIMPOKOMY CIEKTpi mpoliieM, MOB’sI3aHUX 13 CUCTEMHUMH IOCHIKCHHSIMHU Ta
iHpOpMAaIIITHIMA TEXHOJIOTisSIMHU.

IIpoBinHi TeMaTH4Hi po31iiau KypHaIy:

Teopernyni Ta mnpukIagHi MPOOIEMH 1 METOOM CHCTEMHOTO aHaJi3y;
TEOPETHYHI Ta MPHUKIAIHI MpobiaeMu iHPOpMATHKHU; aBTOMATH30BaHI CHCTEMH
YIpaBIiHHSA, TPOTPecHBHI iH(OpMAIifHI TEXHOIOTii, BHCOKONPOAYKTHUBHI
KOMI'IOTEPHI CHCTEMHU; MNpoOJIeMH TNPUHHATTSA PIlIeHb 1 YOpPaBIiHHA B
E€KOHOMIYHHX, TEXHIYHUX, CKOJOTIYHUX 1 COLIaTbHUX CHUCTEMax; TCOPETUYHI Ta
NPUKJIaTHI TPOOIEMH THTEICKTyallbHUX CHUCTEM MiATPUMKH MPUHHATTS PilllcHb;
po0IeMHO 1 (PYHKITIOHAIFHO OPi€HTOBaHI KOMII IOTEPHI CHCTEMH Ta MEpEexKi;
METOIHM ONTHMIi3alii, ONTHMaJbHE YIPAaBIIHHA 1 TeOopis irop; MaTeMaTH4Hi
METOJIN, MOJIETIi, MPOOIEMH 1 TEXHOJIOTIi JOCTIIKEHHSI CKIIATHUX CUCTEM; METOIU
aHami3y Ta YOpaBIiHHSI CHCTEMaMH B YMOBax PHU3HKYy 1 HEBH3HAYCHOCTI,
EBPUCTHYHI METOAM Ta AITOPUTMH B CHCTEMHOMY aHali3l Ta yHpaBiiHHI; HOBi
METOAM B CHUCTEMHOMY aHaii3i, iHpopMaTHIl Ta Teopii NMPUUHSTTS pillleHb;
HayKOBO-METOMYHI ITPOOIEMH B OCBITI.

losioBHUII pegakTop :KypHajqy — pekTop HamioHanbHOrO TEXHIYHOTO
yHiBepcutety Ykpainu «KIIl», aupextop HaB4anbHO-HAyKOBOTO KOMILIEKCY
«lHCTUTYT TIpHKIagHOTO cHcTeMHOTOo aHamizy» HTYY «KIIl» MOH ta HAH
Vkpainn, akagemixk HAH Vipainn Muxaiino 3axaposma 3I'YPOBCBHKUIA.

Kypnan «CucreMHi mocnipkeHHs1 Ta iHQOpMalLiifHI TEXHOIIOTI» BKIFOUEHO
Io miepeniky gaxopux Buaanb BAK Ykpainu.

CrarTi myOMiKyIOThCSl YKPaiHCHKOIO, POCIMICHKOIO Ta aHTJIIHCHKOI0 MOBaMHU.

Kypuan moxna nepeamiatutd. Ham ingexc 23918. SIkmo Bu He BCTUIIU
MIEPEIUIATUTH KypHAI, HOTO MOXKHA Mpun0aTu Oe3nocepeHbo B penakiii. Hama
anpeca: 03056, m. Kuis, mip. [lepemoru, 37, kopm. 35.

3aBingytoua penpakuiero C.M. IlleBuenko
Penaktop A.O. Mieuko

Monoqummit pegaktop B.M. JInTBUH
Komm’rorepna BepcTka Ta HaOip A.A. Ilatioxa

Mianucano no npyky 15.12.2010. ©opmar 70x108/16.

IMamip oec. Ode. apyk. YM. apyk. apk. 14. Ilina norosipHa.
Caizonrso mpo peectpamnito KB Ne 138042778 I1P Bix 17.03.2008 p.

Bupnasuuirso ta nomirpadis BIIK «IlonitexHikay

BIII HTYY «KII»
03056, Kuis—56, np. Ilepemoru, 37, xopm. 15



Dear Readers!

The Educational-scientific complex «Institute for applied system analysis» at
the National technical university of Ukraine «KPI» of MES and NAS of Ukraine
is published of the international scientific and technical journal

«SYSTEM RESEARCH AND
INFORMATION TECHNOLOGIES».

The Journal is printing works of a theoretical and applied character on a
wide spectrum of problems, connected with system researches and information
technologies.

The main thematic sections of the Journal are the following:

Theoretical and applied problems and methods of system analysis;
theoretical and applied problems of computer science; automated control systems;
progressive information technologies, high-efficiency computer systems; decision
making and control in economic, technical, ecological and social systems;
theoretical and applied problems of intellectual systems for decision making
support; problem- and function-oriented computer systems and networks;
methods of optimization, optimum control and theory of games; mathematical
methods, models, problems and technologies for complex systems research;
methods of system analysis and control in conditions of risk and uncertainty;
heuristic methods and algorithms in system analysis and control; new methods in
system analysis, computer science and theory of decision making; scientific and
methodical problems in education.

The editor-in-chief of the Journal is Rector of the National Technical
University of Ukraine «KPI», Director of the Educational-scientific complex
«Institute for applied system analysis» at the National technical university of
Ukraine «KPI» of MES and NAS of Ukraine, academician of the NASU Michael
Zaharovich Zgurovsky.

The articles to be published in the Journal in Ukrainian, Russian and English
languages are accepted. Information printed in the Journal is included in the
Catalogue of periodicals of Ukraine.



CUCTEMHI AOCJIIAKEHHA TA
IHOOPMALIMHI TEXHOJOTII

4 « 2010

3MICT

TEOPETHYHI TA TNPHUKJAJIHI IMPOBJEMHA I METOJU CUCTEMHOI'O
AHAJII3Y

Peovro U.B. OTKpBITO-3aMKHYThIC OCHOBaHUS cpe nHTerparun. Yacte I ................. 7
Matsuki Y., Brondzia O., Maslukivska O. External cost as an indicator for sustain-
able electricity generation SYSteIM ..........ccecerererereeerieieieie e see et eee e 18

MPOTPECUBHI TH®OPMAIIMHI TEXHOJOITI, BUCOKOIMPOJIYKTUBHI
KOMII'IOTEPHI CUCTEMU

Pyoenxo C.C., Byswcouean O.A. Ananraiiiss TEXHOJOTIH POJIbOBOIO MEPEKEBOTO
aHamizy «regular equivalence» Ta «regular role coloration» mist moOymnoBu

TPODIYHUX MEPEXK MACTOPATBHHIX CKOCHCTEM ....vverveeveerreeveesreenseessesseesseesseesseesens 33
Paksoy T., Ozceylan E., Weber G.-W. A multi-objective mixed integer program-

ming model for multi echelon supply chain network design and optimization ..... 47
Myxun B.E. IHCTpyMeHTapuii MUHUMHU3allM1 PUCKA 3alUILEHHOCTH B pacIpene-

JeHHBIX CHCTEMAX (PKC) .uiiiiiiiiiieeceeeeee et 58

MPOBJEMHU TPAWHATTA PIIEHBb 1 YIIPABJIHHS B EKOHOMIUHHX,
TEXHIYHUX, EKOJIOTI'TYHUX I COITAJIBHUX CUCTEMAX

Anopeece M.B. Teopist NpUAHATTS pillieHb Y 33/1a4aX ONTHMAIBHOT 3yIHHKH .............. 69

Kipix O.€., Ocmanenxo B.B. OuTUManpHUI PO3MOALN TiIpOpeCypciB y 3po-
IIYBAJBHUX CUCTEMAX MEPEKEBOT CTPYKTYPH «evvvervreeerrerureenireenreesreesreesseessseesane 79

JKoanosa 1.B., Hosixos O.M. KepyBaHHsI 0THOCTOPOHHIMH TIpoliecamut (hinbTpariii
B’s13KkMX HA(T 32 HASIBHOCTI IPAHUYHOTO TPATIEHTA THCKY ..eeveveeneeneeneeneeneeeeeaneenss 91

Kosyna T.B., Hlaponosa H.B. IlpakTnuHa peaiizallisi KOHIEMNLII KOpHopaiiHol
€KOJIOT1YHOI CHUCTEMM IJIsl IHTETPAIBHOI OIIHKH €KOJOTIYHOTO PHU3HKY 3110-
1 010): 38 {0 TSP RRURPPRTPPRUR 100

OPOBJEMHO 1 ®YHKHIOHAJIBHO OPIEHTOBAHI KOMII'KOTEPHI
CUCTEMMU TA MEPEXI

Manvuuesckuti A.I. TlpuopuTe3amust TECTOB KaK METOJ| OBICTPOTO BBISBIICHUS
CEPBEBHBIX OLIHOOK ....eevenveneiiieneeriteieterteeetestestetesteeenesteeenesaeseenesteseenesseseenesaennes 110

HOBI M!‘ETO,III/I B CUCTEMHOMY AHAJII3I, IHGOPMATHIII TA TEOPII
NPUUHATTSA PIINEHDb

THosewenko I'11. EneMeHTH THOOPMALIHHOT JITHAMIKH ....evveveereereeieeeeeneeseeeneeeneeene 129

HAYKOBA IHOOPMAILIA

O KOHeYHOMEepHbIX TUIEPKOMIUICKCHBIX YHCIOBBIX CHCTEMax — KapAWHAIEHOM

Pa3BUTUH TEOPUH MPEACTABICHUS U 00paOOTKHM TaHHBIX B MHPOPMATHKE ........... 142
T 11<) 0 s 2 USRI 144
BiTOMOCTI TIPO @BTOPIB ..eueeeeiiietieiieieeiteeeteeteenteeste et eteseteseee et eteenteeneesseesneeseeneeenees 148
3mict xypHaiy «CucTeMHi TociiukeHHs Ta iHdopmariiiHi TexHonorii» 3a 2010 p. ..... 149

ABtopu crateii 3a 2010 p.

Cucmemni docnioxcenna ma ingpopmayivini mexnonoeii, 2010, Ne 4



SYSTEM RESEARCH AND
INFORMATION TECHNOLOGIES

4 « 2010
CONTENTS

THEORETICAL AND APPLIED PROBLEMS AND METHODS OF SYSTEM
ANALYSIS

Redko 1.V. Open-and-closed principles of integration environments. Part [ .............. 7
Matsuki Y., Brondzia O., Maslukivska O. External cost as an indicator for sustain-
able electricity generation SYSIEM ..........ccccveruierieeiieeienienieeteeiesee e e e e eneene 18

PROGRESSIVE INFORMATION TECHNOLOGIES, HIGH-EFFICIENCY
COMPUTER SYSTEMS

Rudenko S.S., Buzgdihan O.Ja. Adaptation of technologies of the role network
analysis «regular equivalence» and «regular role coloration» to construction

of pasture ecosystem trophic NEtWOIKS ..o, 33
Paksoy T., Ozceylan E., Weber G.-W. A multi-objective mixed integer program-

ming model for multi echelon supply chain network design and optimization ..... 47
Mukhin V.Ye. Means for security risk minimization in distributed computer systems .... 58

DECISION MAKING AND CONTROL IN ECONOMIC, TECHNICAL,
ECOLOGICAL AND SOCIAL SYSTEMS

Andreev N.V. Decision making theory in optimal stopping problems .............c.ccc....... 69
Kirik O.E., Ostapenko V.V. Optimal hydroresources distribution in network-
structured IrriZation SYSTEIIIS ....covvieiiriiriieriieieeie et ette ettt st st 79
Zhdanova LV., Novikov O.M. Control of one-sided viscous oil filtration process
under conditions of limited pressure gradient .............ccocceveeerienieiieieniienieneeene 91
Kozulia T.V., Sharonova N.V. Practical realisation of the corporative ecological
system concept for integral estimation of ecological health risk .........c..c.cccccccec... 100

PROBLEM- AND FUNCTION-ORIENTED COMPUTER SYSTEMS AND
NETWORKS

Malishevsky A.G. Prioritization of tests as a method for fast detection of fauts .......... 110

NEW METHODS IN SYSTEM ANALYSIS, COMPUTER SCIENCE AND THEORY
OF DECISION MAKING

Poveshchenko G.P. Elements of information dynamics ...........c.cceceveververeenieeneennenns 129

SCIENTIFIC INFORMATION
On finite-dimensional hypercomplex numerical systems — cardinal development

of the representation theory and data processing in computer science .................. 142
RETETENCES ...ttt ettt 144
Information about the authors .........c.ccecieriiiiiiiiiiii e 148
Contents of journal «System Research & Information technologies» over 2010 ......... 149

Information about the authors over 2010

6 ISSN 1681-6048 System Research & Information technologies, 2010, Ne 4



@I’T TEOPETWUYHI TA NPUKINALOHI NMPOBJIEMMU |
METOAN CUCTEMHOI'O AHANI3Y

YK 681.3.06

OTKPBITO-3AMKHYTBIE OCHOBAHUS CPEJl UHTEI'PALTUHN.
YACTDB 1

W.B. PEJIbKO

B pamxax xonuenuuu OC-System paccMOTpEHbI OHATHS Cpebl HHTErpalluy U UH-
TerpaLMoHHOM cucTeMbl. Pa3paboTaH yHUBEpCalbHBIM METO]] IBOIIOLMOHHOTO 000-
raleHusl CyluHocTe. BBeeHo MoHATHE OpakyJIbHOW Cpenibl MHTErpaluu U JlaHa
Kiaccuukanus Takux cpel. OmucaHo MPUMEHEHHE METOAa HBOJIOLUOHHOTO 000-
TalIeHNs K CyIIHOCTSM THUIIa OM3HEC-TpoIiecca B MPEAMETHOI 00/IacTH.

BBEJEHHUE

CerogHsi cTalo HOPMOH, XapakKTepusys COCTOSHUE el B HHPOPMATHKO-
TEXHOJIOTHYECKON cepe 1, B 0COOEHHOCTH B MPOTPaMMHUPOBAHUH, CCHUIATHCS Ha
BITEYATIISAIONINE PE3YIIbTAThl MPAKTHYECKOTO MPOrPaMMOCTPOEHUS, KOTOPBIE «T0-
BOpAT caMH 3a ceOsi». B 3Tol curyanmu, pacCykKA€HHS O HaJIMYUH CEPhE3HBIX
KPU3HCHBIX SIBJICHUH B 3TOH 00J1aCTH, Ka3aJI0Ch ObI, 0e30CHOBATENbHBL. U, TeM He
MeHee, BCS UCTOpPUS Pa3BUTHsI MH(POPMATUKHU 3TO (HaKTUUECKH MCTOPHS OTHOCH-
TEJILHBIX BCIJIECKOB U 3aTyXaHWH OOpHOBI C MEPHOTUYECKH BO3ZHHKAIOLIMMHU Ha
3TOM ITyTH KPU3UCHBIMH SBICHUSIMH. PaccMaTprBas B KOHTEKCTe CKa3aHHOTO CO-
BPEMEHHOE COCTOSHHE KOMIBIOTEPHOW HAYKH W, B YACTHOCTHU, XapaKTEPHBIN IS
JMAHHOTO JTara POCT KOJHMYECTBa padOT, aBTOPHI KOTOPHIX TOBOPST O KpH3HCE
MPOTPaMMHPOBAHUS Kak O cBepmuBmeMcs ¢akre [1, 2, 3], MOXKHO KOHCTaTHPO-
BaTh, YTO MH(POPMATUKO-TEXHOJIOTHYECKasi OTPACIIb CTOUT Ha TIOPOTe OYePETHOTO
«KPU3HCHOTO0)» BCIUIECKA.

Lenp paGoTbl — TPOSICHATH OTACIBHBIE ACTIEKTHI CIOXKHUBIIETOCS TTOJ0XKe-
HUS, IPOAHAIU3UPOBATh OCHOBHBIE IPUYMHBI OTMEUYEHHOTO MPOTUBOPEYHS U Ha-
METUTH IIYTH €r0 Pa3peleHns. ITO OCHOBHAS LENb ATOH U OBITH MOKET HECKOJIb-
KHX TTOCIIEIYIOIIX padoT.

PaccmoTpeHust mpoBoAsSTCS B paMKaxX KOHIIETIIMU OTKPBITO-3aMKHYTBIX
cuctem (OC-System). OcCHOBHOE BHUMaHHE VYACICHO pPa3bsCHEHHIO JIOTHKO-
MPEIMETHON B3aMMOCBSI3M TOHSITHH OTKpBITO-3aMKHyTOH cpensl (O3CP) u ot-
KpBITO-3aMKHYTOH crucTeMbl (O3C) Kak KIIOYEBOTO 3JIEMEHTa CUCTEMBI MOIIaro-
BBIX OOOTaleHnii paccMoTpeHus. Bee ncnonp3yemble U He H3laraeMele B padoTe
OTIpesieTIeHNs U Pe3ysIbTaThl IOHUMAIOTCS B cMbIcie [4—6].

© U.B. Peovko, 2010
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U.B. Peovko

IPUPOJIA KPU3UCHBIX SIBJJEHUI B TIPOT PAMMHWPOBAHHMM B IIEPBOM
HNPUBJIN)KEHUN

l'oBopst 0 Kpu3KCe B MPOTPaMMUPOBAHWH, Yallle BCETO OTMEYAIOT MPEUMYIIECT-
BEHHO JKCTCHCHOHAIBHYIO (00BEMHYIO) MPUPOAY Aake HanboJiee 3HAYMMBIX Ha
MOMEHT KOHCTATallU JOCTIDKCHHM MPAaKTUYECKOTO MPOrpaMMUpPOBaHUS. DTO, B
YaCTHOCTH, BBIPAYKAETCA B TOM, YTO HECMOTPS Ha OYEBUIHBIE YCIIEXH B IMOCTPOE-
HUHW OTICNIBHBIX HH(opMaruko-TexHomorndeckux cucreM (MTC), ux Bce Bo3pac-
Tarollee KOJMYECTBO HE NMPUBOJUT K KaUYECTBEHHBIM (MHTEHCHOHAIBHBIM) H3Me-
HeHMsIM. [IpudnHa 3TOro COocTOWT, MPEXIEe BCEro, B TOM, YTO NMPOAYLIHPOBAaHUE
OTJIENBHBIX, Take BechbMa 3(PQEeKTUBHBIX PEIIeHUI He pelraeT mpodieM, CBs3aH-
HBIX C UX a/IEKBaTHOM MHTerpanueil. 3HaYMMOCTh MHTETPALMOHHOI IpobiemMaru-
KM CEeroJHs NPHU3HAETCS MPaKTHUYECKH BCeMH. M Mo3TOMy HEYyAMBHUTENEH CTa-
OWIBHBIA pocT KonmdecTBa [T-xoMIaHuil, TO3UIMOHUPYIOMUX ce0s Ha pPHIHKE
IT-ycnyr kak CHCTEMHBIX HHTErpaTopoB. [Ipu 3TOM COBpEMEHHOE COCTOSIHUE
3TOW MPOOIEMATHKH XapaKTePHO TeM, YTO PHUMEHAEMBbIE 3/IeCh METO/IbI pEIIeHUs
3a/1a4 TaK)Ke HOCAT SIBHO BHIPAXKEHHYIO SKCTEHCHOHAJIBbHYIO mpupoxy. Comepika-
TEBHO TOBOPS, BCE OHH MOIICPKUBAIOT CTPATETHIO WHTETPALNN PEIIeHUH «OT
JOCTUTHYTOTO». T.e. OpHEHTHPOBaHBI MCKIIOUHUTENHHO Ha TMOAJEpKaHHE TOTO
WIX HWHOTO CIEKTpa IMOTEHIMAIBbHO BO3MOXKHBIX HHTerpanuil otaenbHbix IT-
pemenuii. [Ipu 3TOM, GUTYypanbHO BBIPaXKasCh, «C BOJOW BHIILIECKUBACTCS U Pe-
OeHOK». Benp 1 WHTETpallMOHHBIX 3a/a4 HE CTOJBKO Ba)KHA TOTEHIMAIbHAs
BO3MOXKHOCTB X pEIIEHHS, CKOJIBKO TO, YTO 3a JIF000H M3 HUX CTOUT ONpeaescH-
HBIN MIParMaTHUKON pelraeMoi 3a1a4u cMbICH (WHTeHcnoHan). Benb addexruBrOE
pelIeHre MHTETPAnOHHOM 3a7]a9i BO3MOXKHO TOJBKO TIOCPEICTBOM y4eTa €€ HH-
TEHCHOHAJIa B PACCMOTPEHUU. DTO, KaK OBLJIO IMOKa3aHO, HarpuMep, B [3—8], o0y-
cioBnuBaeT paccMmorpenue cpen unterpanuu (MUCP), moanep >XuBaromx CMbICIIBI
3amad. llosToMy co3nmanme WHCTpYMEHTapus, IOANEPKUBAIONIETO CO3JaHHe
mparMaTtuko-o6yciaoBneHHbIX VCP, sBiseTcs KIIOYEBOH 3ajadeil B MHTETpAIlH-
OHHOIi Ipo0IeMaTHKe.

Cogepxatenbublii cmbic UCP cocTouT B TOM, 4TO OHa, BO-MEPBBIX, Mpe-
3€HTyeT MParMaTuKo-00yCIOBICHHYIO CBS3b MEXAY MpOOJIeMON W OTACTBHBIMU
COCTaBIISIIOIIMMHE €€ PEeIIeHHsI 1, BO-BTOPHIX, YTO Hauboee BaKHO, 3Ta CBSI3b SIB-
JsieTcs KIF0YEBOM COCTaBisIoNIel pelieHus mpodieMel. B Oosee oOmieli mocra-
HOBKE MOJKHO CKa3aTh, YTO JEHCTBUTEIHHOCTH, KAK HOCUTENH JI000H NesTenbHO-
CTH U TIPEXKJIE BCETO PEIICHUs POOIIeM, Hepa3pbl6HO C8A3aHA C TEMH WU MHBIMHU
CYLIHOCTSAMHU. BBUAY 3TOro, HEBO3MOXHO MOCTUYb JEHCTBUTEIBHOCTD, a 3HAUUT
U pPemuTh MpodaeMy He MO3HaB KaK CaMH CYIIHOCTH, TaK U MPUPOIY UX CBs3U. B
MIEPBOM MPUOIMKEHNHN TIOCIETHAS 00yCIOBIeHa PaH)KUPOBAHHUEM BOBJIEKAEMBIX B
paccMOTpeHHE CYITHOCTEH MO CTENEeHM MX 3HAYMMOCTH B KOHTEKCTE M3ydaeMoi
mpoOseMbl. ITO pa3zelieHHe Ha 3HAYNMOE U HE3HAUYUTEILHOE B UX B3aUMOCBS3H B
paccMOTpeHuH JII000H NeATENBHOCTH COCTABIsET (DyHIAMEHT KOHIEIUH OTKPHI-
TO-3aMKHYThIX cucteM (OC-System) [4—6].

Crieruguka moAaBsIoNIero OOJNBIIMHCTBA COBPEMEHHBIX 33J1a4 TAKOBa, YTO
OCYIIECTBUTH pa3fieliecHHe Ha TJIaBHOE W BTOPOCTETICHHOE «pa3 M HaBCETNa» He
MIPECTABIISIETCS BOZMOXKHBIM. Yalie Bcero pemieHre HOCHT MHOTOIIArOBBIA Xa-
pakrep. bonee Toro, caMa MHOTOIIArOBOCTh MPH 3TOM MOXET OBITH KaK yroJHO
CIIO)KHO YCTPOEHA W, B OOIIEM ciiydae, TIOKa He MPUXOAMUTCS JIaXKe CTaBHTH BO-
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Ipoc O ee 3aKOHUYCHHOM 0003peHuH. [1o3ToMy, HO-BHOAUMOMY €IHHCTBEHHOE, O
YeM peasbHO CerofHs IOBOPHUTH, 3TO 00 MHCTPYMEHTE, KOTOPBIH XOTsS OBl mMOA-
JEpKUBAJI OCYIECTBJICHHE IIAaroB B «IpaBHWJIBHOM» HampaBieHuu. [locinennee
03HAyYaeT, YTO KaXKAbII TaKoH IIar JOKeH Kak MUHUMYM HE pa3pyliaTh JOCTHUT-
HYTBI YPOBEHb pa3JesIeHHs Ha IJIaBHOE W BTOPOCTENEHHOE. B 3TOM cMbIciie OH
JOJDKEH OBITh KOPPEKTHBIM K TAKOMY PAHXUPOBAHMIO U COXPAHSATH €T0.

ConepxaresIbHO TOBOPSI, ITOT UHCTPYMEHT IPEACTaBIIsieT co00H yHUBEpca-
JBHOE CpeACTBO oOoramieHusi paccmoTpeHuil. [loaTomy mpupoga ero cioxHa,
Oosee TOro, OHa HEPas3phIBHO CBsI3aHA CO CMBICIAMHU PELIaeMbIX IpoOieM U 3a-
nad. JIns HeKOTOPBIX M3 HUX OHA MOXET HOCUTh 3aKOHUYEHHBIH (aKTyalbHBIH,
00BeKTHBHBIN) XapakTep. Toraa 3To O3Ha4aeT, YTO BCS CIOXKHOCTh peIIacMOi
po0JieMbl 00YCIIOBJICHA JIUIIb CJIOKHOCTBIO COOCTBEHHO IICTIOYEK OJTHOTHUITHBIX
IIaroB, MPHPOJa KOTOPBIX MOXET ObITh WHKamncynupoBaHa. OnxHako aisi ©0Jib-
IIIMHCTBA 33]1a4 U, B TIEPBYIO OUEPEeb I TE€X, KOTOPbIE HOCST CUCMEMHbIU Xapa-
KTEp, 3TOT HHCTPYMEHT HE MOXKET OBITh OOBEKTUBU3MPOBAaH OKOHUaTeNnbHO. Co-
JIepKaTeIbHO TOBOPSI, B IIETIOYKaX PEIIeHUH TaKuX 3a]1a4 OCYIIECTBIIIEMBbIE IIIaTH
10 CyOBEKTHUBHBIM MPUYMHAM MOTYT CKOJb YTOJHO CHJIBHO OTIMYATHCSA OAMH OT
npyroro. IlogaepxaTte Takylo HEMOXOXKECTh Ha CHUCTEMHOM YPOBHE BO3MOXKHO
TOJILKO OOECIIEUHB OMKPbLIMOCHG PACCMOTPEHHS Ul AKTHUBHBIX BO3ACHCTBHI
CyOBEKTOB, OCYIIECTBISIOMMX YMOMSHYThIe mard. OCHOBHBIM HHCTPYMEHTOM
TaKo# cyObEeKTUBU3ANNH SBJISIOTCS, KaK U3BECTHO, OpaKyJibl (mapameTpsl) [9, 10].
IIpucyiee opakynam B3aUMOJAOIIOJIHEHHE UX aKTUBHOW U MMACCUBHOW pOJEi, o-
3BOJIAIONIEE ECTECTBEHHBIM 00pa30M BOBJIEYb B PACCMOTPEHHME AMHAMHKY IPO-
IIECCOB, JACHCTBHM, COCTaBIsAeT (PyHIAMEHT JIOOBIX CHCTEMHBIX HCCIICIOBAHUM.
Benp xopoIo U3BECTHO, YTO CYIIHOCTH IIPOSIBISIOTCS B ACHCTBUAX OMaOCTpaKT-
Has IpUpoJa KOTOPHIX MHAYLHMPOBaHA, MPEeX/e BCEro, B3aUMOJONOIHEHNEM aK-
TUBHOHM M MACCUBHOW TOYEK 3PEHUS HA HUX, BBHIPAKAIOIIANCS, B YACTHOCTH, B HE-
Pa3pBIBHOM CBA3M acCOLMHUPOBAHHBIX C JIOOBIM JIEHCTBHEM IIpoIlecca U €ro
pesynbTara [3—8]. KitoueByto poib BO BCKPBITHH CYTH 3TOU CBSI3U UTPAET Pa3bsi-
CHEHHMeE JIOTUKO-TIpeiMeTHON B3auMocBsa3u noHATuil O3CP n O3C kak 0OCHOBHOTO
3JIEMEHTA CHCTEMBI ITOIIArOBBIX 000TAIEHUH PAaCCMOTPEHUS.

OBIIMI B3IJIS1]] HA O3C M O3CP

B mepBoM mpuOIMKEHHH CYTh HW3jJaraéMoro B JaHHOH paboTre moaxoma K IIo-
crpoeHnio UTC cocTouT B OTBHICKAHHU IPAarMaTHKO-00YCIOBIEHHOTO KOMIIPO-
MHCCa MEXIY 3aMKHYTOW M OTKPBITOM TOYKaM¥ 3peHHs Ha HUX. V3BecTHO, 4TO
Hapsaay ¢ OCCCTIOPHBIMH JTOCTOMHCTBAMM, IOCJICIHUE WMEIOT NMPUHIUAITAATLHBIC
HEIOCTAaTKH, KOTOpbIe Bce Oojiee TOMUHUPYIOT. DTO JeNaeT aKTyaabHbIM (hopmu-
pOBaHME TaKOW TOYKU 3pEHHSI, KOTOpasi ObI MO0 BO3MOXKHOCTH ObLIa CBOOOHA OT
TaKAX HEJOCTATKOB, COXPAHSISI IIPH 3TOM JOCTOMHCTBA U T€X U JAPYTUX. DTy TOUKY
3pEHHUS, COXpaHsIsI MIPEEMCTBEHHOCTh TOCTOWHCTB, HA30BEM OTKPBITO-3aMKHYTOM.
[oxnepxkaTh yIOMSHYTHIH KOMIIPOMHUCC 3HAYUT, B MIEPBYIO OYEpelb, HAUTH TIPU-
YUHBI HEJIOCTATKOB.

OOcTosTEeNbHBIN aHAIK3, TIPOBEACHHBIN B [6—8], MO3BOJWI HE TOJIBKO OoJiee
OTYETIIMBO YBUJETh TU MPHUYUHBL, HO U BCKPBITh UX NEPBONPUUUHY, COCTABUB-
Y0 OCHOBY KOMITpoMHcca. B mepBoM MpUOIHMKEHIN OHA COCTOHT B TOM, YTO HH
3aMKHYTBIC, HU OTKPBITBIC CUCTEMBI HE IMOAACPKUBAIOT U3YUCHHUE BOBJICKACMbBIX
B PACCMOTPEHHE CYIIHOCTEH C YYETOM MX MParMaTHKO-00yCIOBICHHOW 3HAYUMO-
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ctu. Takum 00pa3oM, ECTECTBEHHO IMPUXOIUM K BBIBOAY O TOM, 4To Jrobas O3C
JIOJDKHA TIOJIEP)KUBATh HE TOJBKO BBIMIEYKAa3aHHOE MPAarMaTHKO-00yCIOBIEHHOE
pamXHpOBaHHE PACCMOTPEHUN O CTETEHH 3HAYMMOCTH, HO, YTO Haubosee Baxk-
HO, U UX B3aUMOCBs3b. [IpH 3TOM pa3zHuIa B 3HAYMMOCTH 3A€Ch HE IPOCTO JeKa-
pHUpyeTcs, a €CTECTBEHHO pean3yeTcsl B BUJE MPUHIUITUAIEHO Pa3HOTO HCIIONb-
30BaHUs 3HAYMMOTO U BTOPOCTETIEHHOTO KaK MParMaTHKO-00yCIOBIIEHHBIX THITOB
abctpakuun. [lepBoe oOpasyeT mparMaTHKO-OOYCIOBICHHOE 3aMKHYTOE PO,
BTOpPOE €CTh MPEACTABUTENEM OTKPBITON CHCTEMBI MTPOJOIKEHUH 3TOTO sapa. DTo
MO3BOJISIET C caMoi 00IIel Toukn 3peHus cMoTpeTh Ha O3C Kak Ha MparMaTHKo-
3aBUCHMYI0 OHaOCTPaKTHYIO CBSI3b OTHOCUTEIHHO aBTOHOMHM3HPOBAaHHBIX 3aMK-
HYTOH (B 3TOM CMBICJIC OOIIE3HAYUMOMN, JTOTHUECKOM) U MPEAMETHOM YacTei CHC-
TEeMBI KaK MMPUHIAITHAIBHO PA3HBIX THIOB aOcTpakuuu. JIornko-mpeaMeTHas Ha-
MIPaBIEHHOCTH SIBJIAETCS Olpenensiomeil B meaoM g koHnenuuu OC-System.
IIpu aTOM, KOHEUHO, KaK JIOTUKA, TaK U MPEAMET 37€Ch TIOHUMAIOTCA PENATUBHO U
MOTYT OBITH B CBOIO OYEPEIh PACCMOTPEHBI JIOTHKO-TIPEIMETHO. DTa PENATHB-
HOCTB TTO3BOJIIET HAPSAY C OTKPBHITO-3aMKHYTBIMH CHCTEMAaMH TOBOPUTH TaKXkKe U
00 OTKPBITO-3aMKHYTBIX cpenax kak cpenax cymectBoBanus O3C. LlerrpanpHoe
MECTO B IIETIOCTHOM paccMmoTpenun moooit O3CP 3aHnMaeT Hapsay ¢ ee 3aMKHY-
TBIM SIAPOM (JIOTHKOW CpeIbl, MaKPOCPEIOi) M OTKPHITOH CHCTEMOM BO3MOKHBIX
MIPEIMETHBIX TIPOAOIDKEHUH Aapa (MUKpOCpPEN0i) HHAYIIUPOBAHHOE OTHOCHUTEIb-
HOW aBTOHOMH3aumedl makpo u Mukpocpen O3CP mparmaTiko-o0yclIoBIEHHOE
ux noruko-npeamernoe otHomenue (JI[1O). [Tocnennee ecth OMHApHOE OTHOIIIE-
HUE, KOTOPOE B CBSI3U C YIOMSHYTON PENSATUBHOCTHIO JIOTUKU U TIPEAMETa CpeIbl
€CTECTBEHHO paccMaTpUBaTh Kak pe(IeKCHBHOE, TPAaH3UTHBHOE M aHTHCUMMET-
pHUYHOE, T.€. KaK YaCTUYHBIN TOPSIOK.

CkazaHHOE BBIIIE MO3BOJISIET COAEPKATENBHO pa3bsicHUTH npupony O3CP
KaK IparMaTuko-00yCIOBICHHOE JIOTUKO-TIPEMETHOE OTHOIIICHHE HAJl €€ MaKpo-
U MHKpocpedaMu. Takasi TpakTOBKa, OYEBHAHO, oOoramaer MOHSITHS OTKPBITO-
3aMKHYTOM CHCTEMBI, Jienas BO3MOKHBIM HccieqoBaHue ero B koHtekcre O3CP.
Kak 6put0 MOKazaHo B [3], yHUBEpCANBHBIM CPEICTBOM H3yUYeHHs CYIIHOCTEH, B
gactHocTd U O3C, sBisercs mnparmMatuko-oOycnosienHas tunm3anus (TOII)
yauBepcyma cymnocteil (YC). OHa, Kak W3BECTHO, CBOAMTCS K IParMaTHKO-
MOTHUBHPOBAHHBIM BBEJCHUSM M HCKIIOUeHUsIM abctpakuuii B YC xak nenpomu-
80peqUBOL N102UYECKOU abCMpakyuu YeiocmHo2co0 MHO2000pasus cyuHocmell, B
YaCTHOCTH 32 CYET HWCIIONB30BAHUS CPEACTB aKTyallM3alliil W MOTEHIHaN3a-
muu [3]. B cimyuae oTkpbeiTo-3aMKkHYTBIX cpen TOII o3Hauaer mparmaTuko-
obycnosnennyto uaauBuAyanuszanuio B O3CP kak cpene cymectBoBanus O3C
BaXXHBIX THIIOB OTKPBITO-3aMKHYTBIX CHUCTeM. Takas MHAWBHIYaJIH3AIHs MOXET
OBITH KaK HETIOCPEACTBEHHOM, TaK M OIMOCPeMOBaHHON. OOBEKTOM MPUMEHEHUS
nepBoit saBisercs HemocpenacTBeHHo JIIIO obGoramaemoit O3CP. Bropas ke
Biausier Ha JIIIO omocpemoBaHHO depe3 MparMaTHKO-OOYCIIOBICHHBIE WHJIUBH-
Iyanu3anuu B Makpo- U Mukpocpenax O3CP. Pe3ynbTaTsl TaKUX MHAUBUIYATU-
3alUil KaK CYHIHOCTH MOTYT TpakToBaTbcs OmadcTpakTHO. C OJHOI CTOPOHBI, B
koHTekcTe Tunusupyemor O3CP ux MOXHO paccMaTpuBaTh Kak CYIICCTBYIOIIHE
B OTKpBITO-3aMKHYTOIl cpene O3C. C npyroi, BBUAY YIOMSIHYTOW JIOTMKO-
MPEIMETHON PEISITHBHOCTH paccMOTpeHmid kaxmas Takas O3C MoxkeT OBITH B
CBOIO ouepenb paccMoTpeHa kak Hekotopas O3CP. He ucxmouaercs, yro O3CP
MOJKET OBITh cpesioli cymiecTBoBaHUs enuHCTBeHHONH O3C, a Takke He MCKIIoYa-
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erca cimydail «myctoii» O3CP. B memnom, HeoOxomumo otmetuth, uyto O3C m
O3CP npeacrtaBnsioT co0ol NMPUHLUUIHAIGHO Pa3HbIE THUITBI aOCTpPaKIHU, KOTO-
phle B3aMMHO HECBOJAMMBI, OJIHAKO, ITPH 3TOM JOMOJHSIOT APYT JIpyra B LENOCT-
HBIX PACCMOTPEHUSX CYLIHOCTEH.

Takum oOpazoM, B nepBoM npubmmwkennu arodas O3CP moxer mpencras-
JATHCS KaK B3anMMOJOTONHEeHHe cymecTByommx B Helr O3C. KoHmenTtyaibHyto
OCHOBY 3TOTO B3aMMOJIOIIOJIHEHHS COCTABIISAIOT YIOMSAHYTHIE BBEJIEHUS U UCKIIIO-
yenns abcrpakiuu B O3CP. B cBoro ouepenp, modyto O3C B KOHTEKCTE CKa3aH-
HOTO COBEPIIEHHO €CTECTBEHHO TPakToBaTh Kak pe3ynbraT TOIIl cooTBeTcTBYIO-
meir O3CP. Mx B3auMOJONOJIHEHWE — OCHOBa OMAOCTPAKTHOTO IMOAXO0NA K
M3YYEHHUIO CYIIHOCTEH, pa3sBUBAEMOro B TeopuH AecKpunTuBHbIX cpen ([IC) [6]
3amerum, uro otauune TUNoB abctpakuuu O3CP u O3C He mpocTo aeknapupye-
TCSl, @ €CTECTBEHHO peau3yeTcs 371eCh B BHJIE MPUHIUITMAIBHO Pa3HOTO HCIIONb-
30BaHMs UX B LIEJIOCTHBIX paccMoTpeHusx. Tak, ¢ Touku 3penus O3CP, cymHocTh
— 9TO MHCTPYMEHT, NOAJICPKUBAIOLINI aKTUBHYIO POJIb CyOBEKTa — NpOosA6isimb
(cymuocTH). Hammpumep, MOXeT paccMaTpuBaThbCsl Kak 3K3UCTOH [7, 8], m.e. kak
6u0 cywecmeogarnus (MHOTHX) cyuynocmetl (O3C). Ta ke CymHOCTh, TpaKTyeMas
kak O3C, noanepkMBaeT MaCCUBHYIO, B ACATEIILHOCTH CYOBEKTa, POJIb PE3yJIbTa-
Ta MPOSIBIICHHS, B 3TOM CMEICTIC nposigisdemcs cyobekToM. B yacTHOCTH, paccMma-
TPUBAETCS YK€ KaK aKTyallbHas CYLIHOCTb — IpelcTaBuTenb HekoTtopord O3CP
(comepxateabHO TOBOPS, €€ MParMaTHKo-00yCIOBIEHHOE «OPaKyJIbHOE» 3aMBbl-
KaHHe).

B KOHTEKcTe CKa3aHHOTO, BaXXHO OTMETUTh, YTO, HE CMOTPSI HA TO, YTO BaXK-
HEWIIMMHU CPeICTBAMH OCYILECTBIICHHUS JTIOOBIX TUIM3ALUH SIBISIOTCS BBEACHUS U
UCKJIIOYEHUS a0CTpakiuy, TeM HE MEHEee, OHM HEe MOTYT pacCMaTpHBAThCS Kak
CaMOJI0CTaTOYHbIE B NMO3HAHUM CYIIHOCTEH Kak MpeAMeToB u3yueHus. IIpu Bcem
IHETeTe K ATUM CPEACTBaM, OHM BCETrO JIMIIb HHCTPYMEHT. CyTh e MCIOJIb30Ba-
HUS €r0 B Ka)XJOM KOHKPETHOM PacCMOTPEHHMHU CYIIHOCTH COCTOMT B IparMaru-
KO-00yCJIOBJIEHHOM (CJI€IOBATEIHLHO, CYOBEKTUBHOM) MPUMEHEHUU JTOTO HHCT-
pyMeHTa Ansi O0OramieHus] M3y4aeMoro mpeaMeTa. Beap MMEHHO OOCTaTOYHO
Ooratoe m BMeCTe ¢ TeM He 0OpeMeHeHHOoe crienndukoit oboramenue (T.e. aeio-
HHUILIEBO oOoraiieHue, B COOTBECTBHU C TepMUHOIOTHEH [5—8]) mpeamera uccie-
nmoBaHUH (a He 0000IIEHUE €ro WIIH KOHKPETH3AINsI) — €CTh IIEHTPAIBHOE 3BEHO
J000r0 PaccCMOTPEHHUS.

B 3710i1 cBs3u, X0Tenoch Obl 0OpaTUTh BHUMAaHKWE HAa MPUHLMIIMAIBHOE pa3-
nure 0000IeHN 1 KOHKPEeTU3aluil pacCMOTPEHUH, C OJHOM CTOPOHBI U 000-
rameHuil ux, ¢ Apyroii. Beap xoTs 0000IIeHne U ecTh BaXKHEUIIINM WHCTPYMEH-
TOM TO3HAHMS, JAOTMAaTHU3MPOBATh €ro, a TeM OoJiee [enaTh OCHOBHOW IIEJBIO
nro0oro uccinenoBanus He crout. CrieioBaHre IO ATOMY IIyTH, OUYEBUIHO, IPUBO-
IUT K TOMY, YTO OCHOBHOM MpeaMeT M3YUYEeHHSI CTAHOBUTCS BCETO JIUIIb «TPaMII-
JUHOM» Uil OCTIDKEHHS OoJjiee BBICOKOTO YPOBHS OOIIHOCTH PAacCMOTPEHHS.
IIpu 3TOM OCHOBHOHM mpeaMeT, (PaKTHUECKH OCTaeTCs BHE PAaCCMOTPEHHUH, XOTH
UMEHHO ero 000TaIleHnI0 TOKHO OBLIO OBl OBITH MMOMYMHEHO TMPOBEACHHOE 000-
OmeHue. A BHOBb BCKPBITHIH YPOBEHb OOIIIHOCTH TPAKTYETCs KaK HOBBIN caMOJ10-
CTaTOYHBIH npenmet paccmoTrpeHuil. [locnenuuii, BcneacTBIE N3BECTHOTO 3aKOHA
00 00paTHOM COOTBETCTBMHU O00bEMa MOHATHSA M €Tr0 COAEp)KaHUs, OYEBHIHO Me-
Hee 0orar Mo CpaBHEHHUIO C MCXOAHBIM. OUeBHIHO, YTO Takas NMPaKTHKa, B KOH-
TEKCTE CKa3aHHOTro, cabo BSYKETCS C MPOIECCOM TO3HaHUs. YHare Bcero Takon
MOJXO0Jl CBUIETEIBCTBYET O HEAOCTATOUYHON NparMaTu4eckoil MOTUBUPOBAHHOCTH
M3HAaYaJIbHOTO BhIOOpa mpenMeTra miydeHus. [IpoBoas maHHYIO cTpaTeruio, He
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BITOJTHE aOCYPAHBIM BHAUTCS 0000IIATh MPEAMET JTI000T0 PAaCCMOTPEHIS, HAIIPH-
Mep, 0 HOHSATHS CYIIHOCTH WM AaXe 10 Heymo, Kak Hauboiee o0IIero, BKIO-
Yalomero B cedsl Bce W Besl (HampuMep, B TOHUMaHuH [6—8]). DTO MakCHMaIhHO
00001uT paccmoTperne. OaHaKo TIATON OyJeT upe3BbIUaifHO Malas ero coaep-
JKaTeBHOCTh, COBJIANATh ¢ KOTOpoH, kak ormedan Y. [Tupc (cm. [11], 1.2, c. 72)
«... TIONIPOCTY HEAOCTaeT cuil». He MeHee «Imoye3HBIM» BUIUTCS M MPUMEHEHUE
KOHKPETU3alMK KaK HCKIIOYCHHH aOCTpakIuii TpeaMeTa PacCMOTPEHHS paad
HHUX caMHX. B 4acTHOCTH, B IOTHYECKHX PACCMOTPEHHAX TOUKA 3PEHHS «BCE €CTh
MIPUKIIAAHAS JIOTHKa» TMPUBOJNAT K CMEIIEHHUIO aKI[EHTOB C M3YUYeHHS JII000H CyI-
HOCTH KakK 00OraleHHs, B YaCTHOCTH KOHKPETH3alUH, 3aMbIKaHUsI €IUHOH JIOTHU-
KM M3y4aeMoro IpeaMeTa, K PacCCMOTPEHHUIO CePHH NMPHUKIATHBIX JOTHK KaK pe-
3yJbTATOB, 324aCTYIO C1a00 MOTHBHPOBAHHBIX, KOHKPETU3AIUI TTEPBOIA.

Jlymaetcsi, 4TO BCE W3J0KEHHOE B JIOCTATOYHOW CTEIEHH JEMOHCTPHPYET
npuHunuansHocts poneid O3CP u O3C B paccMotpenun cymHocteil. O3CP
MIPEICTaBIIIeT COOOM, TIPEXKIE BCET0 MHCTPYMEHT M3ydeHus cymrHocTel kak O3C.
B sToM cMmblicne, Takue cpeibl MNOAJEPHKUBAIOT WUHAYKTO-IEIyKTUBHBIE METOIbI
UCCIIeIOBaHUI TOCPEACTBOM JIOTHKO-IIPEAMETHOTO B3aUMOAOIIONHEHHS 3aMKHY-
TOM JIOTHKH (MaKpOCpebl) U OTKPBITOM CHCTEMBI IPEIMETHBIX MHUKpocpen. Ponb
O3C B aToM Tanaeme — pesynaptar npuMeHeHuss O3CP B pamkax AeTyKTHBHOTO
(3aMKHYTOTO B TEKYIIEeH AeTalN3alli1) PACCMOTPEHUS HCCIEAYEMOI CYyITHOCTH.

Xotsa O3CP u O3C npencraBisaoT coOol BakHeHIIne aOCTpaKkUK B H3y4de-
HUM CYITHOCTEH, OTpaHUIHUTHCS TOJNHKO HUMU HeNb3s. Beap Kak BUIHO U3 BBIIIIE-
ckazaHHoro, He croiabko Baxxael O3C u O3CP camu mo cebe, CKOIbKO UX B3am-
MofjomnoigHeHue. Bo BckpeiTHH mpupoabl mocienHero ponb JIIIO, oueBumHO
KITIfo4YeBasi. BBHIy ATOro pacKpheiTHE CYTH IJOTUKO-TIPEIMETHBIX OTHOIICHWUH B
koHTekcTe O3CP u O3C sBnsercs mpeaMeToM dTOW pabOTHI.

JIOI'MKO-TPEJJIMETHbBIE OTHOHIEHWA B MEPBOM INPUBJIN)KEHUN

O Tom, uto TOIT — yHHBepcagbHOE CPENCTBO MO3HAHUS CYIIHOCTEH OBIIO 00-
CTOSATENBHO W3JI0KEHO, Hampumep, B [3—8]. Ilensto moboro npumenenus TOII,
KaK CJIeJlyeT U3 BBINIECKAa3aHHOTO, SBIISETCSA OOOTallleHne MpeaMeTa MUCCIeoBa-
HUS TyTeM WHANBHUIyaTN3allid CBSI3aHHBIX C HUM TeX WJIM MHBIX MParMaTHKO-
00yCIIOBJIGHHBIX TUIIOB cylnHOocTel. Ponbs JIIIO B 3TOM mporecce oborarieHus
KITIOYeBast.

Jloruko-npenMeTHOE OTHOIIEHHE — BEChbMa MHOTOACIIEKTHOE W, KaK CIe[-
CTBHE, HEJIOCTATOYHO conepkaTelibHoe MoHATHe. ClieIoBaTeNlbHO, HYXKAAeTCS B
MparMaTuKo-00yCIOBICHHOM oborareHun. [IparmaTika qaHHONH pabOTBI COCTOUT
B HCCIEIOBAaHUHM MPOIECCOB JECKPUITUPOBAHUS CYHIHOCTeW THIa Ou3HEC-
NPOLIECCOB B MpeAMETHBIX obmacTsx. [loaToMy 31ech OrpaHUUIUMCsI OTACTBHBIMH,
00yCIOBIIGHHBIMU YKa3aHHOW MparMaTtukoil paccmorpenwus, sunamu poaa JII1O.
DTO MO3BOJIUT MParMaTHKO-00yCIOBICHHBIM O0pa3oM CYIECTBEHHO OOOTAaTHUTH
paccmotpenus JIIIO B miemom.

B [12-14] nan obcrositenbHbIlt 0030p cpen uaterpanuu (MCP). B cooTset-
ctBun ¢ HuM, Jrobas VCP mpexncrasiser coboii mparmMaTtuko-o0yCIOBICHHOE
oboramenne O3CP, oCHOBY KOTOpPOTO COCTAaBISICT WHIWUBUIAYATHU3ANHS CPEIH
JIIIO Takux JOTHKO-TIPEAMETHBIX OTHOIICHUH, KOTOpPHIE WHIYIMPOBAHBI Opa-
KyJIBHBIMH WM TMapaMeTpUUeCKUMU cucteMamu [14]. MHTerpanuoHHas TodYka
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3peHHs Ha CYLIHOCTh KaK Ha CHCTEMY C MapaMeTpaMu CETOAHs SBIAETCS Hanbo-
jee MPOABUHYTOH U NpPEeBAIMPYET B CTPOruX paccmorpeHusx. [lostomy obora-
menne O3CP mocpenctBoM skcruimkatuBHoro cBeaeHus JIIIO k opakyiabHBIM
JIIIO 3gmech sBIsiETCS NParMaTHKO-OOYCIIOBICHHBIM WIIM JICHOHHLIEBBIM [4—7].
B nanpHeliem, ecnu cnenuanbHO HE oroBopeHo uHoe, tTepmud JIIIO, a cienosa-
tensHO B O3CP 1 O3C OyneM moHMMAaTh IMEHHO B TAKOM CMEICIIE.

W3 ckazaHHOTO BBIIIE CIENyeT, YTO XOTA Makpocpena, Mukpocpeaa u JIIIO
KapIuHaJIbHO U oboramarot npencrasienue 00 O3CP u O3C, B3auMoCBsI3M 3THX
HNOHATHH M MX POJIM B MpoOIlecce NO3HAHUS B LIEJIOM, TEM HE MEHEe, UX M3yUeHUe
HE MOXXET OBITh CBEICHO HCKIIOYUTEIBPHO K aBTOHOMHBIM HCCIICAOBAaHMUAM ITHX
MOHATUH. B KOHTEKCTE CKa3aHHOIO BBIIIE, OYEBHIHO, YTO OHM BaKHBI, HO HE
CTOJIBKO caMH MO cebe, CKOJIBKO BaKHO MX B3aMMOJIOINONHEHHE. YTOOB! BCKPHITh
OpUpOAY TOCIETHETO HEoOXOOUMO, IO KpaiiHell Mepe, Ha COAEp)KaTeIbHOM
YpOBHE MOHAITh NPUHIIUIMHUAIBHOCTH pojieli Makpo-, Mukpocpen u JIIIO B
O3CP u O3C.

MPUPOJA B3AUMOJOIIOJITHEHUSA MAKPO-, MUKPOCPE/ 1 JIIIO.

B [3-7] Obu10 moOKa3aHO, YTO HMCCIEAOBaHUE OO0 CYyIIHOCTH MOXKET paccMat-
pUBaThCS KaK IOIIATOBOE IMParMaTHKO-OOYCIIOBICHHOE OOOTallleHHe MpeaMeTra
W3yYeHHUs. YHUBEPCATHHBIM CPEICTBOM TAaKOTO OOOTameHus, Kak OTMEeYaJoch,
nampumep, B [3] Beictymaer TOII. ITogxonq OC-System [4—7] cymiecTBeHHO 000-
ramaet Hame npexactasiernue o npupoge TOIL. CyTb ero B mepBoM mpuOmMxKe-
HUHM CBOAMTCS K TOMY, YTO JIF0OOBIe 00OTAIIeHNs M3y4aeMOW CYITHOCTH paccMar-
pUBAIOTCS B KOHTEKCTE B3aMMOOIOIHEHHS MOJAEPKUBAIOIINX TIpoIlecc
n3yuernss O3CP n O3C (Hampumep, NOAEPKUBAIOLINX T€HE3UC MpeaMeTa H3y-
yenwnst). [I[pudeM MOMHUHAHTON B HeM, OYeBUAHO, BbicTymaer uMeHHO O3C, kak
MOAIeP’)KUBAIOIIAs TUHAMUKY pe3yibTaTa Iporecca. JOTo o3Hadaer, 4ro B OC-
System (abCcoJIFOTHO) MPEBATUPYET OOCTOATESIIEHO MOTHBUPOBAHHAS, HAITPUMEP, B
[6, 8, 12, 13] Touka 3peHus Ha penMeT uzydeHus kak Ha O3C. B [6] oHa 3aduk-
CHpOBaHA B BHJIE TE3WCA OTKPBHITO-3aMKHYTOCTH: «CymHOCTh cyTh O3C». Heoob-
XOJUMO OTMETHUTh, YTO TaKas pacCTaHOBKA aKIIEHTOB €CTh IMEPBBIM MParMaTHKO-
00yCIIOBICHHBIM (JICHOHMLIEBBIM) LIAroM OO0OTallleHUs BCSKOH HCCIeayeMoit
cymHocTd. CXeMaTUYeCKH CKa3aHHOE MOXET OBITh MPOWJLIFOCTPUPOBAHO Ha
puc. 1.

Makpocpena
TOIT 03C

CymHocth—03C
oot IIpenmer
—_—— = —p | 03C
1
i
e AR R Jloruko-
peaMeTHast
Cy1uHocTb Cy1uHocTs CBA3b

CBs3b Kak

03C — CymHocTh 03C

Puc. 1. TOII: BBenenue adcrpaximu O3C
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OtmeTuM, uTo myHKTHp B 0003HaueHuu crpeiku TOIl «Cymuocts—O3C»
MIPUMEHEH, YTOOBI OTPa3UTh «IMOAUYNHEHHOCTHY por O3C HHIyIMpOBaBIICH €
cymuoctd. Crtomnas crpenka «Cassp ,,03C—CyIHOCTE » TOKHA O TIepPK-
HYTb 3HAYUMOCTH IPUHITUIA 00PaTUMOCTHU [6] B MCCICIOBAHUSIX, TPOBOJAUMBIX B
pamkax OC-System.

JocturayThiii Onaromapsi MpoBeNeHHOMY OOOTAIIEHHIO YPOBEHB COJepKa-
TETPHOCTH PACCMOTPEHUS CYIIHOCTH SIBHO HEIOCTAaTOuYeH. Psim mocmemyrommux
maro TOIl B mepByro odepens CBsi3aH C OMOCPEAOBAHHBIMH OOOTAIIEHUSMHU
cymHocTd. T.e. cymHOCTH oOoramaipTcs He HEMOCPEeICTBEHHO, a uepe3 obora-
menue coorBercTBytomedl O3C u (Win) NpUBEAECHHOTO BBIIIE B3aHMMOJCHCTBUS
cymHocTd U ee O3C. B 370l CBS3U COBEPILIEHHO €CTECTBEHHO BCILIBIBAET BOIIPOC
0 cooTBeTcTByIomei paccMoTperusM O3CP. Takum 006pazoM, IPUXOANM K CIIe-
nyroted, oooramennoit cxeme TOIT (puc. 2).

<CyIHOCTb, 03CP

o3> |t .

! ...»i ii
: :ﬁﬂﬂq G 'D"% E: ---»E"

Puc. 2. TOII: BBenernne abctpakiun O3CP

3nech, Kak ¥ Ha puc. | myHKTUp B oOo3HaueHnu ctpenku TOIl «<Cym-
HOoCTh, O3C>—03CP» otrpaxkaer «mnoguruHeHHOCTHY ponu O3CP uHIynupoBaB-
memy ee oumnonro <CymrHocTh, O3C>, a CIUTONIHAS CTPENKa MOMUEPKUBACT 3HA-
YUMOCTH puHIHNIa o0patumoctu B OC-System.

XoTs B POBEICHHOM MTOCTPOSHHUHU ATOM CUCTEMBI 00OTAILCHUHN «IBH)KEHHE»
OCYILECTBISUIOCH «OT KOHKPETHOTO K a0CTPaKTHOMY», T€M HE MEHee, Haludue
CTPEIIOK, KaK B IPSIMOM (0T KOHKPETHOTO K aOCTpaKTHOMY ), TaK M B 0OpaTHOM (OT
a0CTPaKTHOTO K KOHKPETHOMY) HANpaBIECHUU YKa3bIBaCT, YTO OOOTAICHUS HE
TOJILKO MOTYT, HO M, KaK IPaBHJIO, HOCST IBYHAIPABICHHBIN 1 Ja)ke CMELIaHHBIN
xapakTep. OT0, B CBOIO 04epe/ib, I03BOJISIET COBEPILICHHO €CTECTBEHHO IIEPETH B
OTKPBITO-3aMKHYTHIX (B 3TOM CMBICIIE OMaOCTPAKTHBIX) PACCMOTPEHUSAX OT Tpa-
JULMAOHHBIX JJI MOHOAOCTPAaKTHBIX IUIaTGOPM YPOBHEH aOCTpakiuuH K THIIaM
abcrpakmuii. BaxxHOCTh 3TOTO Mepexona uist paccMotpeHust mpodnemaruku UTC
00CTOATEIbHO 000CHOBaHA, HapuMep B [4—8].

HeoOxoaumMo oTMETHTH, YTO POJb BBEAEHHBIX OOOTAIIEHUH KItoUeBas I
BckpbITus mpupoasl TOIL. Beas TOII 3To mpesxae BCero CyIHOCTh U 3HAYUT, OHA
KaK M JII00as MHas CYLIHOCTh, MOXeT OBbITh paccMoTpeHa ¢ nozuiun OC-System.
3uaunmocts Tpuaasl <CymrHocts, O3C, O3CP> cocTout B TOM, YTO OHa 00pazy-
eT 3aMKHyTOe a1po uiau Makpocpeny TOII kak OTKpbITO-3aMKHYTOH CpeJbl mpar-
MaTHKO-00yCIIOBJICHHBIX 0O0OTAIIEHNH CyIIHOCTeH. J[pyrMMH cIoBaMH TOJIBKO
3TH oboramenus ABsAoTcs obme3sHaunMbiMu 1 TOIT B OC-System u B 3TOM
CMBICJIE 3a/1al0T JIOTUKY 3TOM Cpebl.

Bckpeitue noruku TOII cymecTBeHHO 000TaIaeT CyInHOCTHBIE PaCCMOTpE-
Hus B pamkax OC-System. [Ipum 3TOM BakHO MOJYEPKHYThH, YTO JAHHOE 0OOTra-
IICHHE SIBISETCS JCHOHUIEBBIM HE TOJIBKO B KOHTEKCTE PACCMOTPEHHUS CYyII-
HocTed, HO u mpupoasl TOIL. OngHako comepaTeIbHOCTh €ro BCe elle
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HenocrarouHa. JlanpHeime o0oramenus JOKHBI OBITh IO HEOOXOIUMOCTH Tie-
peHecenbl B npeaMeT. C TOYKHM 3pEHMS CYIIHOCTHBIX PACCMOTPEHHMH 3TH ILIAru
HampaBJIeHbl Ha IparMaTuko-o0yciaosaeHHoe BckpeiTie O3CP paccMmarpuBaemoit
CYILIIHOCTH, T.€. Ha HAlOJHEHHE KOHKPETHBIM COJIEpXKaHHEM €€ MaKpo-, MHKPO-
cpen u JIIIO. Yto xe kxacaercs TOII, To maHHOE oOoramieHue HAMOJIHIET KOH-
KPETHBIM COJEpXKaHUEM, B IEPBYIO OuYepelb, MUKPOCPEAY COOTBETCTBYIOIIEH
O3CP. OrmeTuM, 4TO €€ MaKpOCpeay COCTaBIsAeT BCKpbITas Bblme jJoruka TOII,
a JITIO stoit cpenpl — BCKphITad Boilie cTpykTypa O3CP kak B3auMOAOIOIHEHUE
Makpo-, Mukpocpen u JIITO.

OBOI'AIIEHUE MPEIMETA PACCMOTPEHUA

Janpretmue marua TOIT cBsI3aHbl, Kak 3TO OBUIO OTMEUEHO C HAITOJTHEHHEM KOH-
KpeTHBIM copepikanreM cocraBisromux O3CP, T.e. ee Makpo-, MUKpOCpe U UX
JIOTUKO-TIPEIMETHOTO B3aWMOJCHCTBHA. JTa 3a/ada, B OTIIMYHAE OT PacCCMOTPEH-
HBIX BBIIIE, TI0 HEOOXOIUMOCTH XKECTKO OPHCHTHPOBAHA HA MPEIMET PacCMOTpe-
HUs. B 3TOM cMEICIIe ee pelieHrne MparMaTuko-o0yCIOBICHHO 000TaIlaeT BCKPHI-
Tyto Bbmme Jjoruky TOII, yBsa3pIBass ee ¢ TPEIMETOM pPacCMOTPCHHS —
M3y4aeMoOi KOHKPETHOH CYIITHOCTBIO.

Crnenyer OTMETHTh, 9TO PEUb B TAHHOM CIIydae UACT MMEHHO O TPEIMETHOM
oOorarieHuu BCKphITOH BhimIe oruku TOI, a He 0 MOCTPOSHUY TaK Ha3bIBAEMOM
MPEIMETHOHN JIOTHKHA. DTO 03HAYAET, YTO IMOJyYCHHOE 00OTaIlIeHe JJOTHKHA €CTh
HOBBIM THUIIOM a0CTpaKIIMH, CYyITHOCTHIO, KOTOPYIO MOXKHO B CBOIO OUepeab H3Y-
yath ripu romoru TOIL. OgHako 3TOT HOBBIM THI aOCTpaKIMKU BOBCE HE 00s13a-
TETHHO SBIIIETCS 00IIe3HaYnMBIM. HanpoTus, HagemeHne ero 3Tol 4epToil HuaeM
He OOYCJIOBJICHO W, CIICJIOBATEIIBHO, HE SIBJISACTCS JICHOHUIIEBHIM OOOTaIll[CHUEM.
Benps npeametHbie oOoralieHns JJOTHKH MOTYT HECTH B cebe He TOJIBKO Heorpe-
JICJICHHOCTH, HO JIaXKE M CKPBIThIC MPOTUBOPEYHS, MTOTOOHBIC XOPOIIO U3BECTHBIM
napajjoKkcaM TeOPEeTHKO-MHOXKECTBEHHO! 1aTdopmbl. Bo3BeneHue ke ux B paHr
00IIE3HAYNMOCTEH HE TOJIBKO HEIleJIeco00pa3Ho, HO HEIOIMY CTHMO.

[To aHamoruu C BBHIMIEU3TOXKEHHBIM, CKa3aHHOE MPOIAECMOHCTPUPYEM HIDKE-
crenyromei tuarpammoit (puc. 3).

Maxkpocpena

Muxpocpena

Puc. 3. TOIIl: unguBuAyanu3anus Makpo-, Mmukpocpen u JIIO

3naunMocts 3Toro mara TOII cocTouT B TOM, 4TO B €ro pe3yibTaTe, XOTs U
OIIOCPEIOBAHHO, HO BMECTE C TEM JIOCTATOYHO HETKO IPOCIEKUBAETCS CBA3b C
NpeAMETOM pPacCMOTPEHHUS — HM3y4aeMol CyIIHOCThIO. Benwr momydyenHoe 006o-
raieHue TpeAcTaBiseT coOoi mparmaruko-odyciosineHayo O3CP, B kotopoit
YIOMSIHYTasl CYyIIHOCTh MOXET PacCMaTpUBAThHCS, KaK CYIIECTBYIOILIas B HEH
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Hekoropass O3C. Jlpyrumu cioBaMH, 3THM SKCIUIMIHUPOBAaH HMHCTPYMEHT ajleK-
BAaTHOTO PACCMOTPEHHMS U3ydaeMoi CymHOCTH B paMkax OC-System.

[Ipu sTom amexBarHOCTH MOodydeHHOH O3CP Kak cpencTBa M3ydeHUs KOH-
KPETHOH CYIIIHOCTH HE ClIeZyeT OHUMAaTh aOCOMIOTHO. DTO O3HAYAeT, YTO JJaHHAas
O3CP mnonydeHa B pe3yibTare JISHOHUIIEBOTO IMpoIecca KakK MOMIaroBOCTH JIei0-
HUIIEBBIX oOorameHuii. Ho oHa kak CymHOCTh MOXKET OBITH MOJIBEPTHYTA JANb-
HEWIIMM aHAJIOTHYHBIM OOOTAlICHUSM TIPU YCIOBHH, YTO IOCIIEIHUE IparMaru-
K0-00ycrnoBieHbl. To jke oTHocUTcA W K pesynbTaram npumeneHus O3CP kax
CPEICTBa H3YUYCHHS CYIIHOCTEH.

Hakoner, paccMoTpuM 3Tan cBS3aHHBINA ¢ nHAuBHIyanmu3arueit B O3CP co-
oTBeTCTBYyIOmIEH nparmaTuke paccMmoTpenuss O3C. OH npencrasnser co0oil mo-
IIarOBBIA TMPOLIECC HEMOCPEACTBEHHBIX M ONOCPEAOBAHHBIX JICHOHUIIEBBIX 000-
rameHuil pacCCMOTPEHHUH MTOCPEACTBOM PA3IMYHBIX IMPArMaTHKO-00YCIOBICHHBIX
BBEJICHUI M UCKIIOUEeHUH aOctpakinuid. KacaroTcsi OHH Makpo-, MUKpPOCpeIl U
JIITIO O3CP. OcHOBHBIM MHCTPYMEHTOM 3/1€Ch BBICTYMAIOT CPEJACTBA aKTyalln3a-
MU ¥ MTOTEHIMAIN3alY Ha3BaHBIX CYIIHOCTeW. BrIie oHM, Ha 00IeM ypoBHE,
OBITM JTOCTATOYHO IOAPOOHO PACCMOTPEHBI. B IaHHOM e KOHTEKCTE OCOOYIo
3HAYUMOCTH IS MajpHeimero m3noxenus umeer akryammsarus JIIIO O3CP B
CMBICIIC 3aMBbIKaHUsl 3TOW cpenbl A0 KOHKPETHOH MparMaTHKO-00yCIOBIEHHON
0O3C — cpensl WHTETPALUA, TPEICTABIAIONIEH (MPE3CHTYIONMEH) HCCIeayeMYTo
CYIIIHOCTB, TaK KaK 3TO peaJlbHO 00OraifaeT pacCMOTPEHUs MPUHIUIHAIBHO HO-
BBIM KauecTBOM. CKa3aHHOE MPEACTaBICHO Ha quarpaMmme (puc. 4).

Iparmaruxo- |
00yCIIOBIEHHbBIE
aKTyalHu3alyu 1

norenmmanusanuu O3CP

Puc. 4. TOIIL: akryanuzauust JIIIO O3CP no xonkperHoit O3C-monenu ucciienyeMoit
CYIIHOCTH

3AK/IIOYEHUE

IIpoBenennrie Boime maru TOIT moka3pIBatOT, YTO MHOOBIC MTPOOJIEMBI, B YaCTHO-
CTH ¥ penpe3eHTaTuBHbIe A5 mparMatuku MTC, mo HeoOX0aUMOCTH COTPSIKEHBI
C ABYMs NPUHIUIINAJIBHO HECBOAUMBIMU APYT K APYyry THIIaAMU a6CTpaKI_[I/II/I Cyui-
HOCTEH — mpoleccaMyd U acCOLMUPOBAHHBIMU C HUMH pe3yibTraramu. [Ipuuem
3TH TUIBI BaXHBI, HO HE CTOJBKO caMU MO cebe, CKOIBKO B MX B3aWMOJIOTIOIHE-
HuH. [loaTOMy O4eBHIHO, YTO aJeKBaTHBIE PACCMOTPEHHSI TAKOTO COpTa PobdIeM
JOJDKHBI HOCUTh OnabcTpakTHBIN xapakrtep. [Iprponga ymoMsSHYTOTO B3amMOJO-
TIOJTHEHMSI TUTIOB abCTpakiuu 00yCIIOBIIEHA, KaK YK€ paHee OTMEUYaloCh, B3aW-
MOJEHCTBHEM CBS3aHHBIX C JIOOBIM TPOIIECCOM AKTHBHOW M TACCHBHOU €TO
cocraBistonux. PaccMmoTpennbiii B pabote moaxon k wuccinenosanmio WUTC
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¢ no3uniuu OC-System 1Mo3BOJISET, B OTJIUYHE OT TPAJAUIMOHHBIX MOHOAOCTPAKT-
HBIX TOX0JIOB, aJIcKBATHBIM 00pPa30M BOBIICYb B PACCMOTPEHHE YIIOMSIHYTOE aK-
THBHO-TIACCUBHOE B3amMmojelicTeue Ha ypoHe Oumnoins <O3CP, O3C>. Tem ca-
MBIM PEaJIbHO, @ HE HOMHHAJIBHO TOJICP)KUBACT B3aUMOJIOTIOJHEHUE TIPOIIECCOB
peleHuss HHHOPMATHKO-TEXHOJIOTHUYESCKHUX MPOOIIEM C X Pe3yIbTaATaMH.

B mannoii pabote kak camu moustuss O3CP, O3C, UCP, UC, Tak u ux JorH-
KO-TIPEJIMETHOE B3aMMOJIOIOJHEHHE PACCMOTPEHBI C TIO3UIIMU yueTa uX Hanbosiee
OOIIMX CBOKMCTB, XapaKTEPUCTHK. B ATOM CMEBICIIE OHM SIBISIFOTCS KJIFOYCBBIMHU
OpaKyJaMH PAcCMOTPECHHUS KaK OTKPBITO-3aMKHYTOH cpebl. 3HAYMMOCTh WX,
NpEeXJe BCEro, B TOM, YTO OHM KaK HOCHUTEIH JIOTMKH PACCMOTPEHHUSI SCTECTBEH-
HBIM 00pa30M MOJJICPKUBAIOT €€ Pa3InYHbIE IPEIMETHBIC O0oraleHus. A UMEH-
HO 3TO SIBIIAETCS, KaK CIIEAYeT UX BBIMICCKA3aHHOTO KJIFOUEBBIM aTpuOyTOM pac-
cMoTpeHns B pamkax koHmernmua OC-System. BckpbiTHE TpHUpOABI TaKUX
00OTaIIeHui U PaCCMOTPEHUE PENPE3CHTATUBHBIX PUMEPOB OYyIET MPUBEICHO B
pabote «OTKPBITO-3aMKHYThIC OCHOBAaHUS HMHTETpaIlMOHHBIX cpen 1», xoTopas
SIBISIETCS] €CTECTBEHHBIM MTPEIMETHBIM MPOJIOJDKECHUEM H3JI0KEHHOTO.
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EXTERNAL COST AS AN INDICATOR FOR SUSTAINABLE
ELECTRICITY GENERATION SYSTEM

Y. MATSUKI, O. BRONDZIA, O. MASLYUKIVSKA

This research applies the Impact Pathway Approach [1] for identifying the external
cost for the fossil-fuel electricity production in Ukraine. Using the SimPact Com-
puter Code and Willingness to Pay survey, it calculates the external costs of the
morbidity and mortality of population due to the air pollutants emitted from an elec-
tricity generation plant using as an example Triypilska Electric Power Generation
Plant in Ukrainka town. Based on the research results there were made recommen-
dations to include the external costs into the price of electricity in Ukraine generated
from the fossil fuel combustion.

INTRODUCTION

Ukraine is one of the countries where industries play the significant role in its
economic developments. Among various industries, the energy sector takes an
important role, to satisfy not only the demands for energy in Ukraine, but also the
demands from the other European countries. However, when talking about energy
production, nobody should ignore the fact that this activity is exactly the source of
harmful emissions into the atmosphere.

Considerable fraction of all the emissions is being generated during the
process of fossil fuel combustion, especially of coal, at fossil-fuel electricity gen-
eration stations. Today, the fossil-fuel electricity generation stations supply 45.2
percent of the total electricity in Ukraine [2], of which share is next to the nuclear
power’s 46.2 percent. However, the facilities and the equipments of power sta-
tions are in insufficient conditions. About 40 percent of the facilities/equipments
need to be replaced because they were built in the 1950s, and their working peri-
ods have already expired [3].

The National Inventory of anthropogenic emissions in Ukraine reports that
the sector of energy production emits the largest amount of greenhouse gases
among the other industrial sectors [4]. Also, at the same time, the process of en-
ergy production leads to the emissions of total suspended particles (TSP), sulfur
dioxide (SO,) and nitrogen oxides (NOy).

Total suspended particles are the air pollutants which can be divided into
two types by their aerodynamic diameters: PM;, (aerodynamic diameter is less
than 10 um) and PM, s (aerodynamic diameter is less than 2.5 um). These parti-
cles are especially harmful to the human health because particles can penetrate the
human organism, such as respiratory system, owing to their small sizes. At the
same time, they cause illnesses of cardio-vascular system, which can end with
mortality cases, among people who live in the industrial centers near the power
stations [5].

However, the same impacts are also observed in the energy production sec-
tor of the United States and the EU countries [5—7]. These countries have already
developed the methodology to assess the health impacts of air pollutions, and to
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evaluate the monetary values of those health impacts (damage costs), including
the method to assess the values of the deaths after years from the exposures to the
pollutants [8-9]. The results of those studies in the US and in the EU show that
the monetary values (damage costs) of the health impacts caused by the pollutions
are significantly large [1, 8]. Considering the evaluated health impacts and the
damage costs in the US and in the EU, it is assumed that the processes of the en-
ergy production in Ukraine also cause the considerable size of the impacts and the
damage costs, hence the external costs of human health.

IDENTIFICATION OF THE PROCEDURE

In order to identify the necessary procedure to assess the size of the health im-
pacts and the external costs of human health in Ukraine, the following topics were
investigated.

1. External cost assessment. The supply and utilization of energy impose
risks and damages to a wide range of receptors, including human health, natural
ecosystems, and the built environment. Such damages are not accounted for the
costs in the decisions making on electricity generation; therefore, they are exter-
nal costs [10]. The external costs of the electricity generation systems are the
costs imposed on society and the environment that are not accounted for by the
producers and consumers of energy, i.e. that is not included in the market price
[8]. Traditional economic assessment of electricity generation systems has tended
to ignore these costs.

2. Development of the methods. Since the early 1990s, the results of sev-
eral major studies have been published on environmental impacts and resulting
external costs; and, through these studies, the consistent framework for the quanti-
fication of the energy related external costs was formulated; among them there
were the EC funded ExternE study [8, 11-17], the study on External Costs of Fuel
Cycles of the US Department of Energy [18-25], and the New York Study [26-31].

There are two approaches used for the assessment of health impacts and the
external costs of air pollutions emitted from the power plants: the top-down ap-
proach and the bottom-up approach. In the top-down approach, generic damage
costs are estimated at the national level for various types of impact and are then
ascribed to registered emissions of pollutants in order to determine an average
external cost per unit of emission. Usually, this method requires highly aggre-
gated data for emissions and damages they cause [32]. The bottom-up approach,
known as the Impact Pathway Approach, is supposed to measure impacts of the
energy generation systems through step-by-step analysis, starting from emissions
and completing with economic valuation of the damages to health and environ-
ment. The procedure starts from the identification of the pollutants from the
plants, the assessment of atmospheric dispersion of the pollutants, the estimation
of the ground concentration of the pollutants, the estimation of various health im-
pacts on the ground, and the estimation of the monetary values of those health
impacts. Together with the US EPA guideline [33], many of the studies carried
out in the US and in the EU [1, 8, 11-25] used the Impact Pathway Approach, and
reported the results with the normalized monetary value of the damages, i.e. the
damage cost in US dollars per unit electricity generation, US dollars/kWh, to fur-
ther compare the results with the price of electricity.
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Later, the methodology was published by the International Atomic Energy
Agency as the guideline document [34], and also a computer code, EcoSense, was
developed by Stuttgart University and used in the ExternE project of the Euro-
pean Commission. In the guideline document [34], it was forecasted that a simpli-
fied computer code would be developed because there had been enough number
of reports published in the United States and in the European Union, to find what
parameters are more influential than others. And then, the SimPact Computer
Code [35] was developed. With this Computer Code, the possibility of calculating
the health impacts and the damage costs of air pollution increased, also in
Ukraine; however, there has not been any published report on the case study of
this topic in Ukraine.

3. Assessment of the health impacts. The method of estimating the health
impacts from the ground concentration have also been published in several major
reports, including Rabl [9] and Wilson and Spengler [36]. These publications de-
fine the factors that are to be multiplied with the ground concentration levels, to
get the number of the cases of different types of the health impacts. Among them,
Pope et al. [5] and Dockery et al. [6] reported the positive correlations between
the exposure to particles and the total mortality. And then, the methodology to
estimate the mortalities several years after the exposure to the air pollutants, the
long-term mortality, were developed [8].

Almost all of the currently available epidemiological studies of air pollution
fall into two classifications of studies, which include:

e acute exposure studies that are typically time-series studies and use short
term changes in air pollution over time (usually 1-5 days) as the source of expo-
sure variability;

e chronic exposure studies which use longer-term pollution data (usually
one year or even more) [36].

The primary pollutants from the fossil-fuel electricity generation stations are
PM,o, SO, and NO, [9], but there are also the secondary pollutants that are to be
chemically transformed from the primary pollutants after the emission into the air.
The SimPact Code [37] assumes that the nitrates and the sulfates are to be formu-
lated only beyond 50 km radius from the emission source, causing different types
of health impacts from those of the primary pollutants. Table 1 shows the types of
the health impacts due to the air pollutants.

4. Assessment of the damage costs. The necessity to estimate the damage
cost for the long-term mortality led to the method, including the technique to sur-
vey the people’s Willingness to Pay (WTP) for the prolongation of human life
[38] and the technique to calculate the unit cost of the long-term mortality, which
takes into account the discount-rate for a long period from the present time [39].

The unit costs to calculate the other types of health impacts are also reported
in ExternE [17]. Those unit costs such as in Rabl [9] are the values in the EU
countries, but the method to estimate the country specific unit costs in non-EU
countries was also reported by Markandya [40] that is included in the IAEA’s
SimPact Computer Code by Spadaro [35], which is called the Benefit Transfer
Model that considers the ratio of the Purchasing Power Parity Gross National
Product (PPP GNP) of the EU and the non-EU countries. About the unit cost of
Ukraine, it is reported that the methodology developed by the US EPA and ad-
justed in Russia for Eastern European transition countries was used for the as-
sessment of the air pollution costs from PM, s in Ukraine [41].
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5. The Power Station. Under the framework of this research, the assessment
was performed for the Trypilska Power Station. This power station is located in
Kyiv region, in Ukrainka town, which is 36 kilometers from Kyiv to the south.
There are several reasons for choosing Trypilska Power Station to be a theme of
this research. First of all, it is the power station with a big size of energy produc-
tion capacity in Ukraine (1800 MWt), besides, it supplies energy to three regions
of Ukraine: Kyiv, Zhytomyr, and Cherkasy. Secondly, according to the National
report of Kyiv region in 2006, the Trypilska thermoelectric power station, which
is the biggest industrial object in Kyiv region, located about in the center of
Ukraine, is the main source of emissions in the whole region [42].

METHODOLOGY

As described in above section, there are two approaches used for the assessment:
the top-down and the bottom-up approaches. For this study, the bottom up ap-
proach is appropriate to take, because this is the common approach used in the
recent studies on the health impacts and the damage costs in the US and in the EU
([1, 8, 11-31]); and, because, by using this approach, each step of the procedure
and the input data can be examined for the case study in Ukraine.

The bottom-up approach, known as the Impact Pathway Approach, is sup-
posed to measure impacts of the electricity generation systems through step-by-
step analysis, starting from emissions and completing with economic valuation of
the damage costs. The main idea of the Impact Pathway Approach is a logical
way of quantifying the damage costs, which results in the observation of the
whole process of the electricity generation activities, emitted pollutants, their am-
bient concentrations and their incremental impacts on the environment and peo-
ple’s health, and, at last, monetary valuation of such impacts. In the case of pol-
lutants, the approach begins with determining the quantity of emissions from a
defined source, and then makes use of dispersion models and dose-response func-
tions to determine the marginal damages resulting from the emissions. The final
step consists of multiplying the marginal damages by their estimated unit mone-
tary value. The approach is site specific and the marginal external costs obtained
are in principle not transferable [32]. In order to measure impacts of fuel use on
the health, the Impact Pathway Approach is being widely used in Europe and
North America as the main approach of the external cost assessment.

The first step of the analysis is to identify the amount and the types of air
pollutants, which are specific to the concerned power station. In this study, the
primary pollutants are PM;,, SO, and NO,, which lead to different types of mor-
bidities and mortalities.

The second step is to measure atmospheric dispersion. The local and the re-
gional dispersion models are used to account for all significant damages. Local
domain is a territory up to 50 km around from the source of emissions, whereas
regional domain covers larger territory which expands up to 1000 km from the
emission source [35]. In this study, the atmospheric dispersion was calculated by
two different models for these two different dispersion ranges, as shown by for-
mulas 1 and 2. In this study, Gaussian plume model was used for estimating the
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ground concentrations within the local domain (up to 50 km radius), and the Uni-
form World Model was used within the regional domain (from 50 km to 1000 km
radius) in the SimPact Computer Code [35]. The outlines of these two models are
shown by formulas 1 and 2.

Simplified Gaussian plume model for the local domain of less than 50 km [35]:
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where, C — the concentration of pollutant in quantity per unit volume (pug/m’);
O — the quantity emitted per unit time by a chimney stack considered to be at

LOCAL |:

the origin or coordinates; o, — the standard deviation of the normal distribution
densities in the vertical dispersion, depends upon the atmospheric stability (m);
oy — standard deviation in the horizontal dispersion, depends upon the atmos-
pheric stability (m); ¥ — wind speed (m/s); x — distance from the source of
emission (m); y — height from the ground (m); %; — the height of the plume,

not simply the stack height because hot gases usually make the plume rise even
after leaving the stack, although adverse meteorological conditions can cause
downwash (m).

Uniform World Model for regional domain from 50 km to about 1000 km [35]:
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where, hyx — a mixing layer height, in which the atmospheric dispersion oc-

REGIONAL (

curs (m); » — radius from the emission source (m); k5, — depletion velocity
(m/s); u — an average wind speed (m/s).

During this study, in order to estimate the health impacts from the air pollut-
ants emitted from the Trypilska Power Station, the list of Exposure-Response
Factors (ERF) was used, as shown in Table 1. These factors are to be multiplied
by the ground concentration to calculate the health impacts. PM10 Restricted Ac-
tivity Days is from ExternE 1998 [17], and the others are from Rabl 2001 [44].
The Exposure-Response Factors of these two references are based on the studies
of health impacts from the air pollutions that were started after Dockery et al.
1993 [6] found the correlation between the air pollutions and the health impacts.
The correlations are assumed as the linear functions.

The next step is to calculate the health impact caused by increased ambient
concentrations of the pollutants [34]. Impacts are estimated by the dose-response
function, also known as the concentration-response or the Exposure-Response
Factor (ERF) [43]. The ERF is concerned about the quantity of the pollutant that
affects a receptor (for example, population) to the physical impact on the receptor
(for example, the number of the hospital admissions). It was assumed that the
human body of average Ukrainian is as same as average European, and then the
ERF used for the European case studies [17, 44] was used for the case study in
Ukraine.
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Table 1. Exposure-Response Factors to calculate the health impacts [17, 44]
3

Range Health Impact Cases/pg/m
PM10 long-term mortality 2.600 x 10 *

Local Range PM10 Chronic Bronchitis 5,855 %10
(<50 km radius) and PM10 Restricted Activity Days 2.500 x 10
Regional Range NOx Chronic Bronchitis 5.055% 10"
(from 50 to SO, Short-term Mortality 2.300 x 10 °
about 1000 km) PM10 Bronchodilator Use 1404 x 10
PM10 Lower Reparatory Symptoms 3.750 x 10
Nitrates Cardiovascular Hospital Admission 8.400 x 10 *
Sulfates Long-term Mortality 4342x10*
Regional Range Nitrates Long-term Mortality 2.600 x 10 *
(from 50 to Sulfates Chronic Bronchitis 9.778 x 10
about 1000 km) Nitrates Chronic Bronchitis 5.055x 10
Nitrates Respiratory Hospital Admission 2.840 x 10 °
Sulfates Respiratory Hospital Admission 4743 x 10 °

METHOD FOR MONETERY VALUATION

The damage costs are to be calculated from the health impacts that should have
been calculated in the previous step, by multiplying the unit cost of each mortality
or morbidity with the number of cases of the mortality or morbidity. In this case
study, the results are shown with the unit costs used in the other case studies car-
ried out in the EU [17, 44], and with the unit costs with Ukrainian value, which
were evaluated by the contingent valuation for the monetary values of the long-
term mortalities, and by the Benefit Transfer Model [40] for the other health im-
pacts. Contingent Valuation is the general expression of evaluating people’s will-
ingness to pay for their life, by setting a hypothetical market condition that
doesn’t exist. The estimated monetary values are to be obtained through the inter-
view process.

For monetary valuation of the long-term mortalities caused by the air pollu-
tions, such as PM10, nitrates and sulfates, the contingent valuation was used to
assess the Willingness to Pay (WTP) and to evaluate the unit cost. This method
provides the values of the environment goods, such as clean air, clean water, and
quiet environment, based on the individual preferences in terms of the willingness
to pay (WTP) for the improvement of the quality of the environment, or by the
willingness to accept the current cost of the environment [38].

In this research, the WTP Questionnaire developed during 2005-2006 by the
team of European experts headed by Rabl [38] was used. This questionnaire pre-
sents an innovative approach of the valuation because it is based directly on the
change of life expectancy (LE), in contrast to the previous valuations of air pollu-
tion mortality that were based either on accidental deaths or on small changes in
the probability of dying. The inquirer consists of four sections, which are devel-
oped in the form of questionnaire and also in the form of article about the correla-
tion of life expectancy and air pollution. Thus, there is the information about
negative influence of air pollution on human health and possible approaches that
can decrease the level of the air pollution. Interviewees are supposed to mention
the amount of money they are ready to pay for prolongation of their life on 3 and
6 months, in other words, they need to measure a value of increase in their life
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expectancy if air pollution is reduced. So, as a result, a value of one year of life,
VOLY, can be measured.

VOLY obtained by the WTP Survey can be applicable for further calcula-
tions of the values of the unit costs, which are defined as the unit damage costs for
the long-term mortality.

The Benefit Transfer Model is widely used for measurement of unit damage
cost of health impacts in one country through already estimated unit damage cost
of health impacts in the other country. In this research, this model was used for
evaluating the damage costs of various health impacts, except the long-term mor-
talities. In order to estimate a damage cost, an adjustment should be made to re-
flect differences in real income, and hence the WTP to reduce damages, between
two countries [40]. Markandya recommends the following equation (3) [40] to be
used for such an adjustment:

y
PPP GNP,
Unit Cost in COUNTRY = Unit Cost in EUX( COUNTRY J , 3

PPP GNPy

where, PPP GNPcountry i the Purchasing Power Parity Gross National Product
of the country normalized per capita, PPP GNPgy is the average European Union
Purchasing Power Parity Gross National Product normalized per capita, and y is

the income elasticity coefficient, which shows how the WTP value will change
with the income change. As revealed by Rabl et al., if the income elasticity equals
1, the benefit transfer error is just about 3641 % [39]. But, if income elasticity is
less then 1 (e.g. 0.35, 0.40—0.60), then the transfer error is about 67-72 % [39]. In
this research, it was assumed that the income elasticity is 1.

In the study, the above equation was applied for adjusting the EU unit costs
to the Ukrainian unit costs. The calculated values of Ukrainian unit costs are pre-
sented in Table 2. The unit costs for the long-term mortalities by PM,o, nitrates
and sulfates are to be estimated by the contingent valuation (WTP survey).

Table 2. Unit damage costs for European Union countries and estimated unit
costs in Ukraine in US$ 995, by the Benefit Transfer Model

EU UKRAINE

Rangle Health Impact Unit cost | Unit cost
(US$/case) | (US$/case)
Local Range PM10 long-term mortality 101 000 15 600
(<50 km radius) PM10 Chronic Bronchitis 177 800 27 462
and PM10 Restricted Activity Days 116 18
Regional Range SO2 Short-term Mortality 174 000 26 875
(from 50 to PM10 Bronchodilator Use 42 6
about 1000 km) PM10 Lower Reparatory Symptoms 8 1
Nitrates Cardiovascular Hospital Admission 3420 528
Sulfates Long-term Mortality 101 000 15 600
Regional Range Nitrates Long-term Mortality 101 000 15 600
(from 50 to Sulfates Chronic Bronchitis 177 800 27 462
about 1000 km) Nitrates Chronic Bronchitis 177 800 27 462
Nitrates Respiratory Hospital Admission 4 540 701
Sulfates Respiratory Hospital Admission 4 540 701
PPP GNP (1998) in US$[45] 20 269 3130
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RESULTS
1. Input data

In order to carry out an impact assessment from electricity generation at the
Trypilska Power Station, the level of emissions per year in tons, meteorological
data of the region, the emission data of the power station, and number of affected
population were identified. This power station is located in Kyiv region, in
Ukrainka town, which is 36 kilometers from the capital city, Kyiv, to the south.

Table 3 shows the level of emissions in 2006 from the Trypilska Power Sta-
tion, provided by the national report about the environment in Kyiv region in
2006 [3]. The amount of the emissions of SO, and NO, were identified; however,
because the air-pollution monitoring in Ukraine provides only the data of Total
Suspended Particles (TSP), but not the data about the level of PM;, . Therefore,
the conversion factor was used to estimate the emission level of PM;,. According
to the US Environmental Protection Agency [33], the ratio between TSP and
PM10 18 PM10 = 0.5TSP

Table 3.Level of emissions in 2006,
Trypilska Power Station [3]

Table 3 shows the technical
characteristics of the emis-
sion source of the Trypilska

Name of the pollutant Emissions, | poywer Station.
tons/year
After ground concen-
Total 74 605 000 . .
. tration 1is calculated, the
Metals and their compounds 22 087 health impact can be calcu
Total suspended particles (TSP): 21951116 p

PM,o 10 975 560 lated by multiplying the

Nitrogen compounds 11108 921 gl‘(l)IJIid ¢ Cogcenttr}?tlon IOf
Sulfur oxide and other sulfur compound | 40 909 568 poliutanis - by ¢ value
Carbon oxide 564 363 ofthe Exposure-Response

Factor for each type of the
pollutant (See Table 2).
Table 5 shows the in-

Table 4. Technical characteristics of the
emission source [4]

Value of put data for calculating the

Parameters parameters ground concentrations of

Stack height, m 180 the pollutants by atmos-
Diameter of the stack, m 9.6 pheric  dispersion models
Flow rate from the stack, m/s 14 f(')r the local. and the re-
Released gas temperature, K 413 gional domains. The at-

mospheric stability D type
was assumed, as this type represents the neutral dispersion condition.

Table 5. Inputdata for the assessment in the atmospheric dispersion

Parameter Value
Local Population Density 62.0 persons/ km®
Radius of Local Domain 56.0 km
Regional Population Density 76.9 persons/km”
Anemometer height 10.0 m
Air Temperature 285.5 degree K
Wind speed 2.62 m/sec
Atmospheric stability D type
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2. Willingness to Pay (WTP) survey

In order to evaluate the Willingness to Pay (WTP) for the prolongation of life for
one year, the contingent valuation was carried out among Ukrainians. This re-
search was the first time of such exploitation in Ukraine. The contingent valuation
was carried out with the questionnaire developed in European Union in
2005-2006 by a team of experts headed by Ari Rabl [38]. The WTP Survey was
conducted in between April and May 2008 upon 70 people in Kyiv City which is
the capital of Ukraine. The aim of the research was to question Ukrainian people
in order to reveal an amount of money which they are willing to pay to prolong
their life. Interviews, which were carried out on one-to-one basis, in general,
lasted on average about for 20 minutes. During an interview people were sup-
posed to answer questions developed by Rabl [38] for the purpose of defining a
Value of Life Year Lost (VOLY). This characteristic is especially important for
the impact assessment in areas with air pollution, because it shows the amount of
money in which people value one year of their life lost.

The samples were the people selected and interviewed on the streets in Kyiv,
as well as the students of the National University of Kyiv-Mohyla Academy and
the National Technical University «KPI». Table 6 shows the aspects of demogra-
phy and socio-economics among interviewees, together with the national demog-
raphy of Ukraine. This table shows that the selected samples represent the na-
tional demographic distribution of the public of Ukraine.

Table 6. Inputdata for the assessment in the atmospheric dispersion

Aspects Interviewees Ukraine Population[42]
Number of observations 70 48 457 000
Gender Female, % 614 53.7
Male, % 38.6 46.3
[ndividual’s net annual income ($ PPP) 4510
Workable age, % 530
Average age 34.04 (Female:16-54/ Male:16-59) )
' Older thag workable age, % 239
(Femail:55/Male:60) )
University education (%) 84.3 31.3

Fig. 1 shows how the interviewed people in Kyiv are aware of air pollution
and its influence on their health and the life expectancy.

Among 70 observations, 50 % of respondents replied that they are very con-
cerned with how air pollution influences their health, 42.9 % — replied that they
are somewhat concerned, 5.7 % — are not so much concerned, 0 % — is that this
problem is out of their concern (not at all), 1.4 % of samples had missing answers.
Therefore, it is obvious to conclude that about 90 % of people are concerned with
the impact of air pollution in their living area.

The next step was to identify how many people are ready to accept a higher
cost of living, therefore an increase in their daily expenses, to gain an increase in
their life expectancy. It was revealed that 9 people were negative about such in-
crease of expenses, two of them were not interested in living longer, two were
negative because they believed that someone else should pay for better environ-
ment, and other five refused such a scenario of link between air pollution and life
expectancy.
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Fig. 1. Responses to Question: Are you concerned with the effects of air pollution on
your health?

Out of 61 left observations, 17 samples were identified as defectives, be-
cause the willingness to pay for one year of life prolongation derived from 6
month gain and 3 month gain were not in the expected rational order. Therefore,
the final VOLY for one year of life prolongation was calculated with 44 samples,
from the willingness to pay for 6 month gain in life expectancy multiplied by two.

The results of this WTP survey showed that the average number of VOLY is
790 US dollars. According to the equation (4) below [39], the Value of Statistical
Life (VSL), can be calculated, on the basis of which a unit cost for long-term
mortality cases is measured,

L=V +——y—V gy L (4)

L+r (147)? (1+r)N

where, V' is a value of one year of life lost, VOLY. r is a discount rate, because it
is assumed that the VOLY will become smaller every year when seeing one’s
willingness to pay in one’s own future at the present time. 3 percent was chosen
for this calculation, as practiced in the precedent studies. N is the number of the
years of a statistical human life. 37.5 years were chosen as N in this calculation,
while 37 years were assumed as the total length of human life, and it was assumed
that the a half of the total life length was the average life length left for the pur-
pose of calculating the value of life after the exposure to the pollutions.

The calculated unit cost for the long-term mortality was 18.264 US dollars,
and then 18.000 US dollars was chosen to calculate the damage costs of the
chronic mortalities to be caused by the air pollutions from the Trypilska Power
Station.

3. Damage cost

Table 8 shows the calculated numbers of the health impacts from energy produc-
tion at the Trypilska Power Station in the local domain, which has a radius of less
than 50 kilometers, and in the regional domain, which covers a territory with a
radius up to about 1000 kilometers, and which covers most of the territory of
Ukraine.

In the calculation for the local domain, the uniform wind direction, the uni-
form population density of 61.8 persons/km’ for 50 km radius, and weighted av-
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erage wind speed of 2.62 m/sec uniformly over all directions were assumed. For
the regional domain, the population density assumed was 76.9 persons/km”. The
impact assessment in regional domain also includes the impact of secondary
chemical transformations of sulfur dioxide (SO,) and nitrogen oxides (NOy), as
shown as sulfates and nitrates respectively in Table 7.

Table 7. The distribution of health impacts in local and regional domains by
SimPact Code

Pollutant Health impact cases/on_e year EXposure
Local domain |Regional domain
Long-term mortality 14.300 954
Chronic bronchitis 3.220 215
PM; Restricted Activity Days 1 374.000 91 690
Bronchodilator use 77.200 5149
Lower Respiratory Symptoms 205.000 13 700
SO, Short-term mortality 0.471 29
Long-term mortality - 2504
Sulfates Chronic bronchitis - 564
Respiratory hospital admission — 27
Cardiovascular hospital admission — 32
. Long-term mortality — 992
Nitrates Chronic bronchitis - 193
Respiratory hospital admission — 11

As a result, the health impact in regional domain is higher than in local do-
main, because regional population density is higher than local one, and the area of
the regional domain is larger.

In order to assess the external cost of air pollution due to the electricity gen-
eration, the total damage costs were calculated. Assessment was made with the
European Union’s unit damage costs for health impacts and Ukrainian unit
damage costs shown in Table 2.

The calculated total damage costs of the air pollution at the Trypilska Power
Station are presented in Table 8.

Table 8. Total damage cost, caused by air pollution from the Trypilska
Power Station, Ukrainka, Ukraine

Damage cost, 1000 US $

Pollutant With EU.unit costs With Ukrain.ian unit costs

dLoca_l Regional Total Local Regional Total
omain domain domain domain

PM;, 2179 145 456 147 635 371 24 760 25130

SO, 82 4983 5 065 13 770 782
Nitrates - 134 649 134 649 - 23 180 23 180
Sulfates - 353324 | 353324 - 60 570 60 570

TOTAL 640 673 109 662

If European unit costs are used for the calculations, the total damage cost
from Trypilska Power Station is about 641 million US dollars. If the Ukrainian
unit costs are used, the total damage cost is six times smaller than with European
ones, and equals to about 110 million US dollars. While comparing the results of
damage cost assessment separately for each pollutant, it is noticeable that damage
costs of PM10 in local domain and sulfates in regional domain are bigger than the
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others in each domain; in the other words, PM10 and sulfates have more negative
influence on human health, and, as a result, their damage costs are higher.

The average annual electricity generation at the Trypilska Power Station is
1.80 TWh [82]. Hence, a total damage cost per kilowatt-hour of electricity gen-
eration at Trypilska Power Station was calculated. Table 9 shows the damage
costs per kilowatt-hour with the unit costs of the European Union and of Ukraine.

Table 9. Total damage cost per kilowatt-hour of electricity generation at the
Trypilska Power Station

Lokal Regional Total
[Damage cost per kilowatt-hour, EU 1.26 355 356
mUSD/kWh Ukraine 0.213 60.7 60.9

To compare with the electricity price in Ukraine, damage cost per kilowatt-
hour of electricity generation in US dollars was converted to Ukrainian national
currency, Ukrainian Hryvnya (UAH), in Table 10.

Table 10. Total damage cost per kilowatt-hour of electricity generation in UAH

[Damage cost per kilowatt-hour, With EU unit cost With Ukrainian unit cost
mUSD/kWh 1.78 0.30

There is no doubt about this amount of money to be the external cost of elec-
tricity generation in Ukraine; because, the sum of money is not included in the
price of electricity, and at the same time, the people affected by the air pollution
from the electricity generation do not receive any compensation for the health
impacts. Nowadays, Joint Stock Company «Kyivenergo» has fixed the average
weighted tariff of electricity for consumers in the total amount of 0.2872
UAH/kWh [46]. However, it does not necessarily mean that the amount of the
external costs obtained during this research should be added to the current price of
electricity. On a contrary, policy makers in Ukraine should take into consideration
the estimated external costs. And, it is necessary to find possible ways to reduce
and/or internalize the external cost into the price mechanism of the electricity.

As shown above, the assessment of damage cost of the impact of the fossil-
fuel electricity generation station was able to be made, using the recently devel-
oped method of monetary valuation of health impacts. There is an internationally
practiced method, the Benefit Transfer Model, to transfer the values of the EU to
non-EU countries including Ukraine, using the ratio of PPP GNP between the EU
and non-EU countries. Also, the method to evaluate the people’s willingness to
pay for prolonging their life was examined in Ukraine, and compared to the calcu-
lated unit cost by the Benefit Transfer Model. While the unit cost evaluated from
the interview surveys on the people’s willingness to pay for prolonging one year
of life is 18,000 US dollars, the unit cost calculated by the PPP GNP ratio of the
EU and Ukraine is 15,600 US dollars, which are comparable to each other.

CONCLUSIONS

Upon the results of the case study in Ukraine, the followings are concluded, and
the direction of the future research is identified:

1. The externality study appeared in Europe and the United States in the
1990s as a result of existing problem of negative influence onto the human health,
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natural environment, and built environment of air pollution from energy produc-
tion. Since 1996, the ExternE project of the European Commission started the
external cost assessment widely in the countries of the European Union. Unfortu-
nately, in Ukraine this type of project had not been implemented.

2. The Impact Pathway Approach is the bottom-up method, which is to as-
sess the impacts of electricity generation systems through step-by-step analysis,
starting from emissions and completing with monetary valuation of the damages.
It is a logical way of external cost assessment, which accounts the emitted pollut-
ants and their ambient concentration, the impacts on human health, and their
monetary values.

3. The Willingness to Pay Survey carried out among Kyiv citizens defined
that Ukrainians estimate the value of life loss (VOLY) in the amount of 790 US
dollars.

4. Calculation of health impacts and damage costs of air pollution from elec-
tricity generation at Trypilska Power Station in Ukrainka town were obtained,
with the SimPacts Compute Code. These impacts and the damage costs were cal-
culated in the local domain (up to 50 km radius) and in the regional domain (up to
about 1000 km).

5. The damage cost of health impacts estimated by the EU unit costs is ten
times larger than with the Ukrainian.

6. The estimated damage costs per kilowatt-hour of electricity generation is
360 mUSD/kWh and 61 mUSD/kWh by the EU unit cost and by the Ukrainian
unit cost respectively. In comparison with the current electricity price in Ukraine,
57.6 mUSD/kWh or 0.2879 UAH/kWh (assuming 1 USD (dollars) = 5 UAH), it
is concluded that the estimated external cost of the health impacts is sizable, in
comparison with the price of electricity.

7. As shown above, the assessment of damage cost of the fossil-fuel electric-
ity generation station was able to be made, using the recently developed method
of monetary valuation of health impacts. There is an internationally practiced
method, the Benefit Transfer Model, to transfer the value of the EU to non-EU
countries including Ukraine, using the PPP GNP ratio between the EU and non-
EU countries. Also, the method to evaluate the people’s willingness to pay for
prolonging their life was examined in Ukraine, and compared to the unit cost cal-
culated by the Benefit Transfer Model. While the unit cost evaluated from the
interview surveys on the people’s willingness to pay for prolonging one year of
life is 18 000 US dollars, the unit cost calculated by the PPP GNPs of the EU and
Ukraine is 15 600 US dollars.

8. The estimated damage costs of Ukraine are the external cost that are not
included in the price of electricity, and the people affected by the air pollution do
not receive any compensation for the health impacts. The policy makers in
Ukraine should take into consideration the estimated external costs and should
find possible ways to reduce and/or internalize the external costs in the price
mechanism.
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BUCOKOMNPOAYKTUBHI KOMITIOTEPHI
CUCTEMU

@T NMPOrPECUBHI IHOGOPMALIAHI TEXHONOTT,
I

YK 574.4:633.2.033

AJIANITALIA TEXHOJIOT'TH POJILOBOI'O MEPEJKEBOI'O
AHAJII3Y «REGULAR EQUIVALENCE»
TA «REGULAR ROLE COLORATION» VIS IIOBY/JIOBU
TPOPIYHUX MEPEX ITACTOPAJIBHUX EKOCUCTEM

C.C. PYJEHKO, O.41. BYKIUT'AH

OOrpyHTYBaHO BHKOPHCTaHHS POJILOBOTO MEPEKEBOTO aHANi3y B €KOJIOTII Ta HOBE
PO3B’si3aHHs MPoOIeMH TOOYJOBH TPOGIUHUX MEpex MacTOPAIBLHUX EKOCHCTEM Ha
HOro OCHOBIi. AZIalITOBAHO TEXHOJIOTI] PETyJISIPHOI eKBiBAJICHIIIT Ta KOJIOpaLi 1u1st MO-
JIETIFOBAHHS POJIOBHX TPO(PIYHUX MEPEK HA3EMHUX €KOCHCTEM MACTOPAJILHOIO THITY i3
YCYHEHHSM OIOJIOTiYHUX HeCHHITHHIB. [IpencraBieHo eramu 37iHCHEHHS POJIBOBOIO
MEpEHKEBOr0 aHali3y s MoOYA0BH MOBHUX Ta GOpMaIi3oBaHUX TPOGIUHUX MEPEK.

BCTYII

YpomoBxk ocTaHHIX POKiB OyJI0 BUCYHYTO Oarato izeH, 1o 1oB’s3aHi 3 OI[iHKOIO
poni BuaiB y Tpo(idHUX Mepekax, BUKOPUCTOBYIOUH AJISl ILOTO TaKi TEPMiHH 5K
ekoJioriyHa rinpis [1], Tpodiunuii Tum [2], Tpodosun [3] Tompo. [IpoTe n0 cho-
TOJHI LI€ OCHOBHE NHUTaHHS EKOCHCTEMOJOTIi 3ajHIuaeThcsi BiIKpuTuM [4, 5].
JonoMorTs yCyHYTH WIO MPOTAIWHY MOXXYTb METOIHM POJBLOBOTO MEPEKEBOTO
aHai3y, sKi BXKe JaBHO 3aCTOCOBYIOTHCS B CYCHUTbHHX Haykax. Cepel HUX Haii-
OUTBII TPUBAOIUBUMU JIJIsl €KOJIOTIB € METOJM peryIIsipHoi ekBiBayieHmii («regular
equivalence») Ta xonopartii («regular role coloration»).

[epmni crmpobu 3acTOCYBaTH PEryJsipHY €KBiBaJICHIIIO Ta KOJIOpALIIO IS
o0y IOBH TPOhIYHUX MEPEX E€KOJIOTIYHUX CHUCTEM 3’ SIBUJIHCH JIUIIE IEKUTbKa PO-
KiB TOMY, 1 HajJexarb rpyli aMepHUKaHCHKUX Ta aHTIIIHCHKUX ydeHux [6—8]. Lli
aBTOPH 3aCTOCOBYIOUH 1H(QOpPMAIIIO PO EKOJIOTIUHI CUCTEMH, IO Oylr omHcaHi
IHITUMHU aBTOpaMH B HAYKOBIH JiTepaTypi, MPOAEMOHCTPYBAIH MOMKJIHMBICTD 3a-
CTOCYBaHHsI TAKHX METOIIB, sk «regular equivalence» (REGE-meTon) Ta «regular
role coloration» mist moOynoBu (opMmamizoBaHux TpodiuHux Mepex. OmHak ix
JOCBIJ TTOKH 10 0OMEXY€EThCS JIUILE KiTbKOMa MaJO4YICHHUMH BOAHUMH €KOCHC-
TemMaMu. Jlo Ha3eMHHX eKOCHCTeM (y TOMY YHCIi MAacOBHILHOTO TUIY) 3a3HAYEHi
BUILIE METOIH POJIBOBOIO MEPEKEBOI0 aHATI3Y HOKH IO HE 3aCTOCOBYBAJIUCS.

INOCTAHOBKA 3AJIAYI

Meta po6oTn — ajanrailisi TEXHOJOTIH peryJsipHOi eKBiBaJeHIlii Ta KoJoparlil
JUTSI TOOYTOBH POJTLOBUX TPOMITHUX MEPEK HA3eMHHUX €KOCHCTEM MAaCTOPATHHOTO
TUILY.

© C.C. Pyoenxo, O.A. Byscouean, 2010
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[TouaTKOBUM eTanoM AJis 3[IHCHEHHS POJILOBOTO MEPEKEBOI0 aHANI3Y € I10-
OyzoBa MaTpuLi, sika BifoOpaskae HAsBHICTh UM BiACYTHICTB 3B’SI3Ky MK yciMa
napamH €JIEMEHTIB JOCIiIKyBaHOi CHCTeMH. JlaHa MaTpuus clyrye BXiOHOIO iH-
dhopmartiero mst REGE-metony ponmsoBoro MepeskeBoro aHamidy. Ilpu po3po0iri
3BUYalHUX HePOpMati30BaHUX TPO(IUHHX CXEM Pi3HI BUCHI MO-Pi3HOMY MiAXO0-
I 10 100opy TpodoeaeMeHTiB. OaHI — CXUISUIUCSA 0 ITyMKH, IO Y SIKOCTI
TpooeieMeHTIB HEOOXiTHO BUOUPATH BCI BUJIH, 110 HACEISIFOTh €KOCUCTEMH |1,
3, 4, 9-11], iami — no 700OpPY TaKCOHOMIYHUX PaHTIB OLTBII BHCOKOTO PiBHS
(poxis, xnaciB i, HaBiTh, TIapcTB) [2, 12]. 3BHUaiino, mo0ip TpodoeTeMeHTIB Ha
PIBHSX BHIIMX 32 BUJ € MPOCTIIINM Y TUIaHI MPaKTHYHOI peani3amii, ajpke BU3Ha-
YeHHs! BHUJIOBOI NMPHHAIEKHOCTI OpPraHi3MiB 3aiiMae 0arato 4yacy B JOCIIiIHUKA.
Mix iHIIMM, IpHU BBEJICHHI Y BXiAHY MaTpULIO Ui MOOYIOBH POJILOBUX TPOQid-
HUX MEPEX POMIiB Ta TAKCOHIB OLIBII BUCOKUX PAaHTIB, HOCIITHHUK BXKE 3MIHCHIOE
pyUHE BTpy4aHHs B IPOLIEAYPY I'PYNyBaHHS, SIKy BiA caMoro 1noyaTKy NpHu3Hade-
HUI peaizyBaTH caM METOJl peryiisipHoi ekBiBaneHIii. Kpim Toro, 00’eqHaHHS
BUJIB y POAM Ta POJUHU 3IIHCHIOETHCS 3 METOK CUCTEMATHU3aIlil JKUBUX OpPraHi3-
MiB HE 32 TPOQIUHUMHU POJISIMH, a 33 30BHIIIHBOIO MOAIOHICTIO, TOMY BHACIIIOK
TaKol MPoLeaypPH BUIHU 3 PI3HUMH TPODIYHUMH POJSIMA MOXKYTh OyTH 00’ €IHaHI
B OJIHYy CUCTEMaTH4HY, aje He TpoQiuHy TpyIy.

OTxe, 3aCTOCYBaHHS B IKOCTI TPO(OEIEMEHTIB HaJIBUA0BUX TAKCOHOMIYHUX
paHriB, SIK 1Ie MajJo Micle Ipu MoO0YJOBI KIACHYHHUX HEPOJBOBUX TPOPiuyHHX Me-
pex, 301IHI0€ MOXKITUBOCTI CAMOTO POJILOBOTO MEPEKEBOT0 aHAI3y Ta MOTIipIIye
HOro SIKICTb.

AHani3 nepummx MpuKiaIiB 3aCTOCYBaHHS BXKE POJIILOBOTO MEPEKEBOTO aHa-
73y B €KOJIOTIi 3acBiuye, U0 JOCHIJHUKH HE BPaXOBYIOTh TOTO (aKTy, IO Pi3Hi
OHTOTEHETHYHI CTajii OHOTO 1 TOTO X BUAY (HANIPHUKIIAM, SIS, THYMHKH, IMaro)
MOXYTh 3aliMatd pi3Hi TpodiuHi Himi. [To-pi3HOMY MOXYThH MpPOSBIATH cede y
TpodiuHOMY JaHLIOTY i 0OCOOMHM Pi3HHUX CTaTed OAHOTO BUAY.

BpaxoBytoun BuKJIa[eHi BHIIEC MipKyBaHHS, MU MOKJIAJIM B OCHOBY CTBOPEH-
HSl BXiTHUX MaTpHIlb TakKi TPOPOEIEMEHTH, K BUIH, a TAKOXK iX Pi3HI OHTOTeHe-
TUYHI CTaJii Ta CTATi y BUMAJKY, KOJU OCTaHHI BiAIrpaloTh Pi3Hy TPo(diuHy poJib
B eKocHCTeMi. Pe3ynbraTy Hammx AOCTiIKEHb BiIOOpakeHO Ha MPHUKIIAAL acTo-
panbHUX ekocucTeM YepHiBenbKoi 001acTi.

OI1C JOCIILKEHb

[pu mociimkeHHI €KOCUCTEM MAacCTOPAILHOTO THUIY B Mexax UepHiBelbKoi 00ia-
CTl y BXiJ{HI MaTpUIli MEPEKEBOTO POIBOBOTO TPOPITHOTO aHAIi3y HAMH BBEICHO
494 tpodoenementu. st THX KOMax JUIUHKA Ta iMaro sKMX MarTh Pi3HI TPo-
(biuHi HiIIi, @ TAKOX JJIs CAMIIIB Ta CaMOK, 3a3HAYCHI CTail Ta CTaTi BHOCHIIUCH Y
BX1JIHY MaTpULIO K oKpeMi TpodoenemeHTH. Kpim Toro, sik okpemi TpodoenemeH-
TH PO3IJIIAINCH BETETATHBHA Maca POCIUH Pi3HMX BUIIB Ta iX IWJIOK i HEKTap. Y
SKOCTI OKPeMHUX TPOQOEIEMEHTIB BHOCWIHCH Y BXiJIHy MaTpPHUII0 MEPTBI TBapH-
HH, MEPTBi POCIMHY, JETPUT Ta EKCKPEMEHTH BENUKOi poraTtoi xynoou (BPX).

3arajoM y BXimHy MaTtpuio Oyno BBeleHO 15 pisHOBHIIB TpodoeneMeHTiB
(tabm. 1). Koxxauit TpooenemeHT OyJI0 KOJOBAHO MOPSIKOBUMH HOMEpaMH, SKi
HaJlaJli 3aCTOCOBYBAJIM y BXIJIHUX MATPHISX, Tpadikax Ta cxemax.
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VY it poOOTi HaBeIeHO HACTYITHE KOJIYBAaHHS TPOQOETIEMEHTIB I CIpO-
HICHHS] MaTPHLb Ta PUCYHKIB Ha NPUKIadi TpodiuHOi MepekKi MacTopaibHOi eKo-
cucremu c. banuni-Iligripanii YepHiBenbkoi obnacti (py BU3HAYCHHI POCIUH
aBTOPH KOPHUCTYBaJIUCh mkepernoM [18], a Teapur [19]): 19 — Aphrophora alni
Fall. (Adpodopa anbHi), 20 — Stenodema laevigatum L. (CrirHsik TnageHpkuit), 21 —
Athous niger L. (KoBamik vopnuit), 24 — Adelphocoris lineolatus Gz. (CninHsik Jro-
uepHoBuit), 25 — Decticus verrucivorus L. (CtpuOyH cipwuit), 35a — Lacon murinus L.
(KoBaymk cipmii (imaro)), 358 — L. murinus (mrauska), 37 — Polymerus cognatus
Fieb. (Ko Oypsikosuii Oypwuit), 48 — Syritta pipiens L. (JIxropuanka cupura), 76 —
Philaenus spumarius L. (IlinsBka 3Bndaiina), 78a — Potosia lugubris Hbst. (bpoH3iBka
MapMmypoBa (imaro)), 788 — P. lugubris (muuvnka), 81 — Dolycoris baccarum L.
(Iwrawk sigawmit), 118 — Cantharis rustica Fall. (M’sxoTinka yepBoHOHOTa), 121a
— Coccinella septempunctata L. (Coneuko cemukpankoBe (imaro)), 1218 — C.
septempunctata (marHKa), 126 — Sympycna fusca V. d. Lind. (JIrotka TeMsiHa), 132a
— Musca domestica L. (Myxa kimHaTHa (iMaro)), 1328 — M. Domestica (mTM4nHKa),
138 — Tettigoniidae (Konwku cnpaexai), 145 — Dryopteris filix-mas (L.) Schott
(ILlnTHUK YomoBIuMit), 146 — Equisetum arvense L. (XBoi nonmboBuit), 149 — Carex
leporina L. (Ocoka 3asua) 168 — Cynosurus cristatus L. (I'peOiHHMK 3BMYaiinuii), 169
— Elytrigia repens (L.) Nevski (ITupiit moB3yumit), 181 — Prunella vulgaris L (Cy-
XOBEPIIKH 3BUYaliHi (BereTaTuBHa Maca)), 181* — P. vulgaris (minok ta Hekrtap), 182
— Mentha arvensis L. (M’sta nonsoBa (BereratuBHa Maca)), 182* — M. arvensis
(munok Ta Hekrap), 185 — Thumus serpyllum L. (UeOpenp 3Buyaiinuii (BereraTuBHa
Maca)), 185*% — T. serpyllum (tmnok Ta HekTap), 198 — Trollius europaeus L. (Kyma-
TIBHULIS €BpONeichka (BereratnBHa Maca)), 198* — T. europaeus (MAOK Ta HEKTAap),
206 — Potentilla anserina L. (Ilepcrau rycsumii (BereratuBHa Maca)), 206% — P.
anserina (MAI0K Ta HekTap), 208 — Agrimonia grandis Andrz. ex. C.A. Mey. (ITapumo
BelmKke (BereratmBHa Maca)), 208* — A. grandis (mamok Ta HekTap), 212 —
Filipendula vulgaris Moench. (I'agrounvk 3Buuaiinuii (BereTaTuBHa Maca)), 212* — F.
vulgaris (MoK Ta HekTap), 213 — Lotus arvensis Pers. (JIaaBeHeIb OILOBHIA (Bere-
TaTUBHA Maca)), 213* — L. arvensis (miunok ta Hektap), 220 — Achillea millefolium
Klok. et Krytzka (JlepeBiii 3Budaiinmii (BereratnBHa Maca)), 220%* — A. millefolium
(mmnok Ta Hektap), 230 — Leontodon hispidus L. (JIrobouku magpaHoBi (BereTaTis-
Ha Maca)), 230* — L. hispidus (maiok Ta Hektap), 232 — Leucanthemum vulgare
Lam. (Koponwms 3BHuaiiHa (BereTaTnBHA Maca)), 232%* — L. vulgare (MAI0K Ta HEK-
tap), 235 — Ranunculus acris L. (JKoBrenp inkuit (BereratmBHa maca)), 235% — R.
acris (MAIOK Ta HekTap), 236 — Euphorbia cyparissias L. (Mono4aii KunapucoBu-
HHH (BereratrBHa Maca)), 236* — E. cyparissias (AIOK Ta HeKTap), 242 — Trifolium
pratense L. (KoHtommHa tydHa (BereTaTuBHA Maca)), 242* — T. pratense (IIAIOK Ta
HekTtap), 249 — Plantago media L. (Ilonopoxuuk cepemniii), 250 — Plantago
lanceolata L. (IlogopoyXKHUK JTaHUETONUCTHI), 252 — Lysimachia nummularia L. (Be-
pOo3iLIs yuHe (BereraTuBHa Maca)), 252* — L. nummularia (MAnok ta Hektap), 268
— Campanula patula L. ([I3BoHvKH po3yiori (BereratiBHA Maca)), 268* — C. patula
(mmnok Ta HekTap), 270 — Carduus crispus L. (bynsax xypdaBuii (BereTatrBHa Maca)),
270* — C. crispus (MAnok Ta HekTap), 283 — Juncus bufonius L. (CUTHUK xa0’ sTumii),
284 — Bellis perennis L. (CTokpoTku OaratopidHi (BeretaTiBHa Maca)), 284* — B.
perennis (TIAITOK Ta HeKTap), 304 — Rhinanthus minor L. (J13BiHens Mamii (BereTaTu-
BHa Maca)), 304* — R. minor (tmnok Ta HekTap), 311 — Viola arvensis Murr. (Diaska
nonboBa), 320p — wmepTBi pocimuuH, 321T — MepTBI TBapHHH (TPYNM KOMax Ta
4epB’sikiB), 322 — JleTpuT (HamiBpO3KIIaJICHI PEIITKA POCIHH Ta KoMax), 323 — Jlo-
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moBi uepB’sikn, 324 — I'ereporpodHi OGakrepii, 325 — Mikpominetu, 326 — AKTH-
HoMineTH, 327 — ekckpementu BPX, 328 — BPX.

3rimHo i3 mateHToM [17] aBTOpaMu Oyi0 po3poOIeHO HACTYIHY CHUCTEMY II0-
3HA4YCHb: 4 — IMaro KoMax; B — JIMYMHKA KOMaxX; * — IMWJIOK 1 HEKTap POCIIHH;
T — MEPTBi TBAPUHU, P — MEPTBI POCIHHH.

Taoauusa 1. KigpkicTs TpodoeaeMeHTIB y BXiIHIA MaTPHII I POIHOBOTO
MEPEKEBOTO aHAITi3y TPO(hIYHOT CTPYKTYPH MACTOPAIBLHUX EKOCHCTEM

Ne TpodoesemenTn Kiabkicrs .
TpodoeneMeHTIB

1. JInuuHkM KOoMax 28

2. Imaro komax 136

3. Camii Komax 4

4. Camku Komax 4

5. BereraruBHa Maca pociiuH 179

6. [urnok Ta HeKTap pOCIHH 134

7. MepTBi pociauHI 1

8. MepTBi TBapuHH 1

9. Hetpur 1

10. JlomoBi uepB’aku 1

11. I'ereporpodni Gakrepii 1

12. MikpomineTu 1

13. AxXTHHOMILIETH 1

14. Exckpementn BPX 1

15. BPX 1

z 494

[Tpu mo3HaueHHI HaBHOCTI UM BiACYTHOCTI 3B’S3KiB MK 3a3HAYCHUMHU eJie-
MEHTaMH y BXIJHIH MaTpHIll JUISI POJIBOBOTO MEPEKEBOTO aHANI3Y TPOQIdHOI
CTPYKTYPH €KOCHCTEM MACTOPATBHOTO THITY IMOCTANIM TaKi JAUCKYCIHHI TUTAHHS:

1. Ywu moB’s13aHO MTHIIOK BUXITHAMH 3B’ SI3KaAMH 13 MEPTBUMH POCITHHAMHU?

2. Un pociuHM, sKi MOINAlOThCA X04a O OJHUM BHJIOM KoMax 4y BPX,
OB’ sI3aH1 BUXIJIHUMU 3B’ I3KaMH 13 MEPTBUMH POCITHHAMU?

3. Yu xoMax#, SKI IIOIJaroThCS IHIIMMHM KOMaxaMH, HOB’A3aHl BHX1THUMH
3B’sI3KaMU 13 MEPTBUMHU KOMaxamu?

Binmosini Ha 11l MUTaHHS € BYKIMBUMH, OCKLIBKH BiJIOMO, [0 HEMPOAyMaHe
MaTeMaTUYHE MOJICITIOBAHHS HEPIAKO MPU3BOIUTH 10 O10JOTIYHUX HECUHITHUII.

VYci 3a3HavyeHi BUIlle MUTaHHS 3’ICOBAaHO Ha MPUKIai TOOYyA0BH BXiZHOI Ma-
TPHIT OJTHIET 13 TACTOPATHFHUX EKOCHCTEM, a caMe, IS TaCTOPATbHOI €KOCHCTEMHU
c. banunis-Ilinripunii YepniBenpkoi obnacti. [Ipu nomryky Binnosifel Ha gocHi-
JUKYBaHI MATaHHS MU JIANUTH BUCHOBKY, IO iX HE MOXIJIHMBO PO3TISIHYTH BiJO-
KPEMIJICHO OJHE BiJl omHOT0. ToMy OyJO JAOCHIHKEHO YOTHPU MOMKIMBHX KOMOI-
Harii:

® KOJIM BHUIM POCIIHH i BUAM KOMax NpH NOiJaHHI iHIUME TpodoereMeH-
TaMH, a TAaKOX MUJIOK, HE MalOTh BUXIJHOTO 3B’S3Ky 3 MEPTBUMHU POCIIMHAMH Ta
MEPTBHUMHU TBAPHHAMHU BiIMOBITHO;
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® KOJH BUIM POCIMH Ta BHIOM KOMax MU IMOIaHHI iHIIUMH BUAaMH HeE
MAaroTh BUXiIHOTO 3B 3Ky 3 MEPTBUMH POCIMHAMH Ta MEPTBUMH TBapHHAMH Bil-
MOBIHO, a MIJIOK B OYyIb-SKOMY BHNAJKY ITOB’S3aHWA BHXITHUMH 3B’sI3KaMU 3
MEPTBUMHU POCITHHAMU;

® KOJM MMJIOK HE Ma€ BUXIAHOTO 3B’SI3Ky 3 MEPTBUMH POCIMHAMH, & BUIH
POCIIHH 4M KOMax y OyIb-KOMY BUNAIKy (HE3aJIe)KHO BiJl TOTO YH IMOiTArOThCS
BOHHU IHIIMMHU Tpo(oerIeMeHTaMH) OB’ s13aHO BUX1THUMH 3B’ SI3KaMH 3 MEPTBUMHU
pOCIMHAMH Ta MEPTBUMH TBapUHAMH BiIITOBITHO;

e KOJIM BUAY POCIHUH UM KOMax B Oy[Ib-sIKOMY BUNAJAKY (HE 3aJISKHO BiJ TO-
T0 YH TIOial0ThCSI BOHU IHITUMHU TPOQoeTIeMEHTaMH) Ta MAJIOK IT0B’s3aHi BUXII-
HUMH 3B’ SI3KaMH 3 MEPTBUMH POCIIMHAMHU Ta MEPTBHUMHU TBAPHHHU BiATIOBIIHO.

Tpu nepmnx komOiHawii MPU3BOAWIN OO0 OI0NOTIYHUX HECHHITHHLD y TPO-
(hivHMX Mepekax, sKi BHUABIUHCA B 00’eqHanHi anroputmy REGE-meromy B
oJMH TpodoKIIac HACTYITHUX TPO(OETEeMEHTIB:

e BPX (328), meptBux komax (321t), meptBux pociuH (320p), meTpury
(322) Ta komax (puc. 1);

e rerepoTpoduux Oakrepiii (324), mikpominer (325), aktuHomineT (326),
exckpeMenTiB BPX (327), nunky pocivH, BEreTaTUBHOT MacH POCIIWH, AOIIOBHX
yepB’sikiB (323) Ta neskux komax (puc. 1);

e BPX (328), nuiky Ta BEreTaTUBHOI MacH JSTKUX POCIHH (pHC. 2);

® MepTBUX POCIHH Ta eKkckpemeHTiB BPX (puc. 2).

Martpwuris 3 KOMOiHAIlI€r0, KOJTM BUIM POCIMH Ta KOMaX B OyAb-IKOMY BHUTIa-
MKy (HE3aJIXKHO Bill TOTO UM TOiNAIOThCSI BOHH IHIMAUMH TPO(hOEIIEMEHTaMU) Ta
NIJIOK IOB’s13aHI BUXiAHUMH 3B’S3KaMH 3 MEPTBHMHU POCIMHAMH Ta MEPTBUMHU
TBapUHAMU BiMOBIIHO BHUSBUIACH HAHOUIBII O10J70TIYHO TIPABUIBHOK, OCKUTBKU
REGE-anroput™m 3 omHoro 00Ky 30epir iHbopMariio mpo IiHHI TpodidHi poi
JUTSL TACTOPAIBHUX €KOCHCTEM, a 3 IHIIOTO — HE CIPHUYUHHB Oy Ib-SIKHX 010J10Ti-
YHUX HecuHITHUUL (puc. 5). Kpim Toro, us xomOiHauis BumpaBnana cebe i Ha
IHITUX TOCITIKYBaHUX €KOCHCTEMAaX.

Otxe, apryMeHTOBaHUHN M00Ip TpohoeIeMEHTIB JO3BOMB PO3POOHTH 0a30BY
MAaTpUIIO ISl POITEOBOIO MEPEKEBOTrO aHalizy TPO(IYHHUX MEpeX MacTOpaTbHUX
€KOCHCTEM TOMIpPHHUX HIUPOT, SIKa BiJ Terep Moke OyTHM BHUKOpUCTaHa OYyIb-SKHM
JOCTITHUKOM, IO NIPALIOE B JTAHOMY HAIpPsMY.

[Tomanmpiia TEXHOJIOTIS MOOYIOBH POJIBOBHX TPOGIUHHUX Mepek obiiimara
YOTHPH €TallH, SIKi pO3TIISTHEMO Ha MPUKJIIai 00paHoi MacTOpaIbHOT €KOCHCTEMH.

Crnoyatky OynyBanw MaTpUIIO OiHapHHX Koe(ilieHTiB (BUI-BUA) Kepylo-
YHCh HACTYIHUM NPUHUMIOM: 0 — TIpH BiACYTHOCTI 3B’5I3Ky, | — Ipu HassBHOCTI
3B S3Ky. 3B’SA3KHM KOXXHOTO TpodoeneMeHTy 3 IHIMUMH TpodoeaeMeHTaMu
OLIIHIOBAJIM SIK y POJIi XMKaka (B KOJIOHKAX MaTpHIIi), TaK 1 B pOJIi )KEPTBH (B psij-
kax marpuili) (puc. 3).

Hami ans anamizy ganux 3actocoBano REGE-anroputm meromy «regular
equivalence» 3 komr toreproro nporpamuaoro makery UCINET 6.164 (S. Borgatti,
M. Everett, L. Freeman) [13].

Cytb anroputmy REGE-meTony peryisipHOi ekBiBaJleHLii pOJIbOBOTO Mepe-
JKEBOT'0 aHaAJIi3y 3BOJUTHCS 10 HACTYMHUX omnepauiil, siki Bukonye UCINET 6.164.

Hexaii r; =1 mms BCIX «i» Ta « j» (Buau € 100% eKBiBaJCHTHUMHU JI0 Tep-

ITAX ), TOI:
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19
213

213*
220
220%
230

230%
232

232%
235

235*
236

236*
242
121a
249
250
252
2527
268
145
146
149
168

169
181

181*%
182

182%
185

185*
198
198*
200
206%

208
208*

212
212*%
268*%

270
270%
283
2384

284*
304

304%
311
242%

326

323

324

327

78a

788
132m

138

81
21

24

25

20
358

37

48

76
320p
321t
322

118

35a

121B

126
132a

328

Puc. 1. Ienmporpama HEBIAIOro 1€papXivyHOTO KJIaCTEPYBaHHs, Ky OyJIO OJepXaHo i3
3acrocyBanHsM nporpamHoro maketry UCINET 6.164 ma mpuknani Tpodigaoi Mepexi
MacTOpaIbHOI ekocucteMu ¢. banmnis-Ilinripauit YepHiBenbkoi 00IacTi
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21 —‘

358 ‘
788 ‘
323

3217
1328
322

324

325

326 |
145

146

182 —J
19
20
24
35a
37

48

78a

1213}

126 T
1218

132a

76
81

118

138

149
185
198
206
220

236
249

250
252
268
270
283
284
304

311
320p |
327 ‘
168 ———————————
169
181
181 —————————————
182 ——
185« —
198 — |
206 |
208 ——————
208 ———————————————
212 ——
292
213 —

213
220% |
230 ———
230% —————————————————
232 ————————————————————
232 ——
23 ——MMM
235*

236* |
242 ]
242 |
252 |
268
270%*

284* ]
304 |
328 —————————————————

Puc. 2. JlenaporpaMa yCHIIIHOTO i€papXidHOTO KJIACTepyBaHHS, SIKy OyJl0 oJepxaHo i3
3acrocyBanHsM nporpamHoro maketry UCINET 6.164 ma mpuknani Tpodigaoi Mepexi
nacTopanbHOi ekocuctemu ¢. banwmis-Iliaripanit YepHiBerpkoi o6acti
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& UCIMET Spreadsheet - C:\Documents and Settings\1\PaGouwit ctom\Ponboeui me pe we suii ananiz\banmaie Migri...

Fil= Edit Transform Fill Labels Options Help
Dl &l & 3| 4 |l @] Fi| <o -o|re
19 |20 [21 |24 |25 |35a =R |37 |48 72 Cunent cell:
IEl a o a o 0 0 0 0 0 Rowe  Cal:
20 i 0 i 0 i 0 i 0 0
121 | i 0 i 0 i 0 i 0 0 P
124 | i 0 i 0 i 0 i 0 0 —
25 0 0 0 0 0 0 0 0 0 [ Dimensions———
35a 0 0 0 0 0 0 0 0 0 Rows: Cols
56 0 0 0 0 0 0 0 0 ol = e &
7 i 0 i 0 i 0 i 0 0
45 | i 0 i 0 i 0 i 0 0 I
76 i 0 i 0 i 0 i 0 0 P NEDrmaI
78a i 0 i 0 i 0 i 0 0 € Symmetic
788 i 0 i 0 i 0 i 0 0
a1 0 0 0 0 0 0 0 0 0
118 i 0 i 0 i 0 i 0 0
121a i 0 i 0 i 0 i 0 0
1218 i 0 i 0 i 0 i 0 0
125 i 0 i 0 i 0 i 0 0
1323 i 0 i 0 i 0 i 0 0
1328 i 0 i 0 i 0 i 0 0
138 i 0 i 0 i 0 i 0 0
1145 | i 0 i 0 i 0 i 0 0
1146 | i 0 i 0 i 0 i 0 0
149 | i 1 i 0 1 1 i 0 0
168 i 1 i 0 1 1 i 0 0 =
4 | 1), |
Nuetl |

Puc. 3. Bxigna Matpuus 0iHapHUX KoedimieHTiB (pu 1 — icHye TpodiuHHi 3B 30K MiXK
TpodoenemenTamu, 1mpu 0 — TpodiuHMi 3B’S30K BIACYTHIN) I 31IHCHEHHS POJIEOBOTO
MEpPEeKEBOTO aHalizy TpOoQiuHOi CTPYKTypH Ha HPUKIAAl MAaCTOPAIBHOI E€KOCHCTEMH
c. banunis-Iliaripanit YepHiBenpkoi oOsacti (B psiikax TPO(OENEMEHTH BHCTYIAIOTh
y poii pecypcy (KepTB), a B KOJIOHKaX — Yy POJIi CIIOKMBAYiB (XMKaKIB))

1. Slkmo Bci BUOM — KepTBU («7» Ta « 7 » BIAMOBIIHO), SIKi IMTOiTArOTHCS
BUIAMHU «i» Ta « j» 30iratotbcs Ha 100%, TOOTO IIe MaKkCcUMallbHA EKBiBAJICHT-
HICTb, a KOSQIIIEHT EKBIBAJICHTHOCTI TOPIBHIOE OJUHMIII, TO JIJIsl KOXKHOTO BUIY K ,
SIKi € JKEPTBAMU JUIS « i » MPOorpaMa IIyKae BUIU « M », SKi € )KePTBAMH IS « J »

BOJHOYAC € ITOBHICTIO €KBIBAJIEHTHUMU OO K . 3BICHO, IO KUIBKICTH BHOIB «1», SIK1
MOTAIOTHCS « j » Ta JOPIBHIOE KITBKOCTI BUIIIB « 11 », SIKi 3 1AIOTHCS « i ».

2. Ilporpama MOBTOPIOE KPOK 1 10 TOrO BUIMAIKY, KOJH 3MiHH BXKE HE
Bi0YyBaIOTbCs y 7;; ab0 SKILO JOCATA€ThCs MAKCHMyM MOBTOpHOCTEH. Makcu-

MyM TOBTOPHOCTEW AopiBHIOe N BuaiB abo rpym. Jleram anropuTmy ommcaHi
S. Borgatti Ta M. Everett [14, 15].

ANTOpUTM TIEpETBOPIOE MATPHIIO «BUA-BHI» Ha MaTpuilro REGE i3 koedi-
mieHTamMu R (y MeXax BiJi HyJIsl IO OJIMHMUIII), SIKi pEECTPYIOTBCS JJIsl KOJKHOT Tapu
TpodoenemeHTiB (puc. 4).

Jlist Bizyauizariii Mojiened momiOoHoCTI, onaepkaHux 3a momomororo REGE-
METOAy, MaTpuli MogiOHOCTEH minAaBadd HEMETPUYHOMY OaraTOBHMipHOMY
mkaaoBaHHi0 (MDS — HeMeTpuuHe OaraToBHMipHE IIKATIOBAHHS) Y IMOPSIKY
penpe3eHTyBaHHS MOAIOHOCTEH SIK BifcTaHel y IBoX mpocTtopax. KoopauHatu 3
nponexypu MDS TOTiM BUKOPHCTOBYBAIM SIK BXiAHY iH(OpMaIIio Ay mporpa-
mu Pajek 1.14 (V. Batagelj, A. Mrvar) [16] mepexeBoro rpagiuHoro mporpam-
HOTO 3a0e3IeUeHHS, 3a JOIIOMOTOIO0 SKOi OyayBany rpadidHi cXeMH TTOBHHUX TPO-
¢iunanx (puc. 7).

Hapani mpoBeneHO iepapxiuHe KiacTepyBaHHs BHXIAHUX MaTpuub R i3
REGE-anroputmy Mmetony «regular equivalence» Ta oTpuMaHO IEHIpOTpaMu 3
PO3MOAITIOM 3B’SI3KiB MK TPOQIYHUMH eJleMeHTaMu (pHc. 5).
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324 |
326 |

Puc. 5. Jlennporpama iepapxiuHOro KJIacTepyBaHHS i3 3aCTOCYBaHHSM peEryJsipHOl
€KBIBAJICHIIII POJIBOBOTO MEPEKEBOIO aHali3y Ha MPHKIaAl TPOMIYHOT MEepexi MmacTo-
panbHOi exocuctemu c. barmmis-Iligripauit UYepHiBenbkoi 007acTi, M0 CBIAYUTEL MPO
BIICYTHICTh 0i0JIOTIYHUX HECHHITHHIIh MPU TIOO0YI0B1 TPOhiTHOT MEpExKi
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Fle Edt

@Eﬂgﬂ Log File Number 1

0.9993 |
0. 6643

Messures of cluster adecuacy

Eta 0.267 0,250 0,286 0.310 0.313 0.313 0.314 0.460 0.460 0.846 0.704 0.810

Q -0.007 -0,006 -0.006 -0.006 -0.005 -0,005 -0,005 -0.001 0,001 0,004 0,005 0,007
Q-prime -0.008 -0.007 -0,007 -0.007 -0.006 -0.005 -0.005 -0.001 -0.001 0,005 0.006 0.00&
E-I 0,579 0,520 0,305 D.467 0.462 0.460 0.43% 0,097 0,096 -0.269 -0,357 -0.494 -0,

=T
n

Size of each cluster, expressed as & proportion of the total population clustered
1 H 3 4 5 £ 7 ] 9 10 11 12 13 14 15 16 17 18
CL1 0.092 0.092 0.092 0.134 0.184 0,184 0,184 0.632 0.632 0.763 0.789 0.829 0.829 0,855 0.863 0.868 0.868 1.000
CLZ 0.013 0.013 0.09: 0.013 0.03% 0.053 0.053 0.053 0.053 0.053 0.053 0.053 0.053 0.053 0.053 0.053 0.132
CL3 0.013 0.013 0.013 0.013 0.01% 0,013 0.026 0.026 0.026 0,026 0.026 0.026 0.066 0.066 0.066 0.079 v

Puc. 6. ®parment Bikna UCINET 6.164 i3 noka3HUKaMy BEJIMYMHU BiJIOBITHOCTI Kja-
crepy (koediuient nerepminanii R* a6o Fta)

A=t
S I — PN

/‘L\
= = b
a9 l_B11 T s {

)
() k h
304*

20+ 212

Puc. 7. I'pad nmoBHOI TpodiuHOT Mepexi, HOOyJOBaHMH i3 3aCTOCYBaHHIM MeTOy «regular
equivalence» pOIBOBOIO MEpEKEBOIO aHANI3y Ha NPHKIAZIl IacTOPAIBbHOI €KOCHCTEMH
c. banmnis-Ilinripanit YepHiBenpkoi obmacTi

OcrtaTouHe TpymyBaHHS TPO(DIYHUX €JIEeMEHTIB 0a3yeTbcs Ha BEIMYUHI

BiAmoBigHOCTI knactepy (puc. 6). KoedimienT nerepminamii R? (abo Eta B
Anova ta B UCINET 6.164) po3risHyTO SK BEIHYWHY BiIIOBIIHOCTI KJIacTEpPy.

Bubpano kmactepyBaHHS 3 TaKOIO KUIBKICTIO KJIACIB, TIPH SKOMY R? € makcn-

ManbHEM. SIKIIO JUIsS KUIBKOX KiacTepiB R’ MakcHMaibHe i IPHOIH3HO OJ1HA-
KOBE, TO JOCHIJHHK Ma€ MPaBO CaMOCTIHHO 0OpaTh ONTHMAaIbHY KUIbKICTh KIla-
ciB. Tak y po3risHyTOMy HaMH BUIAJIKy, MakCHMaibHe 3HaueHHs Eta Oyimo
3apeecTpoBaHe MpH KiNbKOCTi kinactepi 15 (puc. 6). Ockinbku nokasHuk Eta
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BHUSBUBCS MaKCUMAaJIbHUM JIMIIE MU TaKol KUJIBKOCTI KJIacTepiB i HeMae Iif-
CTaB JUIs iX 00’€qHaHb, TO KUIBKICTh TPO(MIYHUX KIIACIB TaKOX MOBHHHA JO-
piBHIOBaTH 15.

3a pe3ynpTaTaMu i€papXidHOTO KiacTepyBaHHs Oyiio 00’€IHAHO BiIIMOBiIHI
TpodoeTeMEHTH Y BIAMOBIIHY KITBKICTh TPOPOKIACIB Y (hopMarizoBaHilt MaTpHIIi
(puc. 8), ska ciyryBana BXigHoto iHpopmauieto ans Pajek 1.14 ansg nmoOynoBu
(hopmaizoBanux TpodigHUX Mepex (puc. 9).
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785 |48, 7, 78a, 182 (2127, 2197, 290, 2207, 2307, 230, 232, 235, 326
51,118, 232¢, 236, 236, 2960, M7F, |42
121a, 1218, 249, 250, 262, 2627, 268, 2667,
138 270, 2707, 263, 284, 2847, 304,
3047, 311
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Puc. 8. Marpura 6inapHux KoedimieHTiB (pu | — icHye TpodidHMH 3B’I30K MK TpPO-
¢dokmacamu, pu 0 — Tpodiuamii 3B’SA30K BiACYTHINH) ast moOymoBu rpady Qopmarti-
30BaHOi TPOo(iuHOI Mepexi Ha MPUKIAI MACTOpaIbHOI eKocucTeMu c. banwmmis-ITinripHui
UYepHiBenbKoi 00acTi 3a pe3yapTaTaMu iepapxigaoro xiactepysands Marpuili REGE mo-
JIOHOCTI NP 3aCTOCYBaHHI PEryJsipHOI €KBIBAIEHLII POJIHOBOTO MEPEKEBOrO aHali3y.
KisnpkicTh TpodoKIaciB BiOBIae BETHYUHI BiAMoBigHOCTI Kiactepy (Eta =15)

3rigHo i3 popmanizoBaHOI MaTpHIEIO, TPOPOETEMEHTH, IO BiTHOCITHCS 110
omHOTO Tpodokiacy 3adapOoBaHO IACHTHYHUM KOIHOPOM y Tpadax sSK MOBHOI,
TaK 1 ¢opmaiizoBaHoi TPodiYHUX Mepek. MeToa Mmo3HaueHHS 1IEHTUYHUM KO-
JIHOPOM TPO(OETIEMEHTIB OJHOTO TPO(OKIACY Y POIHOBOMY MEPEKEBOMY aHali3i
Ma€e Ha3By METOJ peryJIsIpHOi poikoBOI Koioparmii «regular role colorationy
(puc. 7, 9). Y HamoMy BUMAJKY, AKIIO IO 3aCTOCYBaHHS POJIHOBOTO MEPEKEBOTO
aHami3y TpodiuHa Mepexka (AK i BXiJHa MaTpHLs) HapaxoByBaja 76 TpodiuHMX
eneMeHTiB  (puc. 7), TO TICISA 3aCTOCYBaHHS PETYJBIPHOI €KBIBAJEHII BOHU
00’ emHaMCA y 15 Tpodhokmacis.

3abapBieHHs KyJib B IIEHTHYHUAN KOJIp Ha puc. 7 3po0JIeHO BKe MICIs oJie-
pkaHHsT dopmaiizoBaHoro rpady. [Ipu npoMy erneMeHTH, IO BBIHILIN B OJHUH
tpodokiac y popmanizoBaHomy rpadi (puc. 9) Oynu 3adapOoBaHi OTHUM KOJIHO-
poM y HedopMamizoBaHomy (puc. 7).

Koxna kyns y HedopmanizoBanomy rpadi BiOIOBiTae BiNMOBIAHOMY TpoO-
tdhoenementy y TpodiuHii Mepexi. HampsaMku CTpijoK MOKa3ylOTh HAIPSIMOK B3a-
eMOoii MiXK BIATIOBITHUMH TpodoeneMeHTaMu y TpodiuHiii Mepexi. Homepu Oinst
KyJIb BiANIOBiAAIOTh HOPSIKOBHM HOMEpaM MpPU KOAYBaHHI TPO(OEIEMEHTIB J0-
CITIKYBaHOI €KOCHCTEMH.
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145,
146, =
182.~=

168, 169, 181, 208, 212, 213, 230, 232, 235, 242.

19,20, 24, 25, 352, 37, 48, 76, 78a, 81, 118, 121a, 1218, 138.

149, 181*%, 182*%, 185, 185%,198, 108*, 206, 206*, 208*, 212%, 213%, 220, 220%,

230%,232% 235%, 236, 236%, 242%, 249, 250, 252, 252%, 268, 268*, 270, 270%, 283,

284, 284%, 304, 304%, 311,
Puc. 9. T'pad dopmasizoBaHoi TpodidHOi Mepexi, MOOYI0BaHMUI i3 3aCTOCYBaHHAM METOJY
«regular equivalence» poIbOBOr0 MEPEKEBOTO aHANI3y Ha NMPUKIIAMl IACTOPAIBHOI €KOCH-
cremu c. banwnis-ITiaripauit YUepHiBenbkoi o0macTi

Koxna xynsa y dopmanizoBanomy rpadi BiAMOBigae OKpeMoOMy TpOQOKIacy
B SIKMI BiZIHECEHO BiANOBiIHI TpodoeneMeHTH (HoMepH Oilisi KyJb BiANOBIIAIOThH
MOPSAIKOBUM HOMEpaM IpU KOIyBaHHI TPOo(]OeIeMEHTIB JOCTIIKyBaHOI €KO-
cucremMu). HampsiMku CTpiTOK TMOKa3yrOTh HAaNpsAMOK B3aEMOMIi Mix
BifmoBiHUME Tpodoknacamu y TpodivyHili mepexi. 3a0apBieHHs Kylb B ifeH-
traHUH Kouip («regular role colorationy») CBiTUHTH PO OkpeMi TpodoKIacH, Ky au
REGE-anroput™m 3rpymnyBas BiamoBiaHi TpodoeneMenHTH 3a moAiOHICTIO iX Tpodi-
YHHX posiedl y TpodiuHii Mepexi JOCTiIKYyBaHOI EKOCUCTEMH.

BUCHOBKHU

1. Ynepiue Ha NpUKIaAl TPUALATH OJHOT MACTOPAIbHOI eKocrcTeMu YepHi-
BEIbKOi 0011acTi 0yJ10 TOBEJEHO MOKIMBICTH 3aCTOCYBaHHS POJILOBOTO MeEpexe-
BOTO aHaJIi3y AJs TOOYA0BH (POPMaNi30BaHUX POJBOBUX TPODIYHUX MEPEK EKCO-
CHCTEM BiJIIOBITHOTO THUILY.

2. BignpansoBaHO MU PSJT TEXHOJIOTTYHUX MOMEHTIB, SIKi JIO3BOJISATH IITH-
POKO BHKOPHUCTOBYBATH TaKi BiOMi METOIM CYCIIBHUX HayK sK «regular
equivalence» Ta «regular role coloration» y mactopanbHiii €KCOCUCTEMOJIOT 1.

3. InHOBaIl{HA TEXHOJOTISI 3aBIsAKK (popMati3amii BiIKpHBAE HOBI MOITHBOCTI
IUTSL PO3BUTKY (DyHAaMEHTAITbHOI €KOJIOT 1.

[lepcriekTrBU: CHOTOMIHI B €KOJIOTIYHIN HAyIll pOJLOBHA MEpEKEBUH aHAIi3
MIEPESKUBAE TIEPiOJ] CTAHOBJICHHA. € Hafis, 10 HAWOIMKYUM 4acoM 3a WOTO I0-
MIOMOTO0 OYIyTh BiIKPHUTI HOBi €KOJIOTi4WHI 3aKOHOMIPHOCTI, 30KpeMa Ti, 10 CTO-
CYIOTBCS IMIIEpaTUBHOI POl TPOpiuHOI CTPYKTYPH y HMiATPUMaHHI CTIMKOCTI eKo-
CHCTEM.
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A MULTI-OBJECTIVE MIXED INTEGER PROGRAMMING
MODEL FOR MULTI ECHELON SUPPLY CHAIN NETWORK
DESIGN AND OPTIMIZATION

TURAN PAKSOY, EREN OZCEYLAN, GERHARD-WILHELM WEBER

This paper applies a mixed integer linear programming to designing a multi echelon
supply chain network (SCN) via optimizing commodity transportation and distribu-
tion of a SCN. Proposed model attempts to aim multi objectives of SCN by con-
sidering total transportation costs and capacities of all echelons. The model com-
posed of three different objective functions. The first one is minimizing the total
transportation costs between all echelons. Second one is minimizing of holding and
ordering costs in distribution centers (DCs) and the last objective function is mini-
mizing the unnecessary and unused capacity of plants and DCs.

1. INTRODUCTION

Supply chain management has been a hot topic in the management arena in the
recent years. The term «supply chain» conjures up images of products, or sup-
plies, moving from manufacturers to distributors to retailers to customers, along a
chain, in order to fulfill a customer request (Gong et al., 2008).

Supply chain management (SCM) explicitly recognizes interdependencies
and requires effective relationship management between chains. The challenge in
global SCM is the development of decision-making frameworks that accommo-
date diverse concerns of multiple entities across the supply chain. Considerable
efforts have been expended in developing decision models for supply chain prob-
lems (Narasimhan and Mahapatra, 2004).

Enterprises have to satisfy customers with a high service level during stand-
ing high transportation, raw material and distribution costs. In traditional supply
chains, purchasing, production, distribution, planning and other logistics functions
are handled independently by decision makers although supply chains have dif-
ferent objectives. To overcome global risks in related markets, decision makers
are obliged to fix a mechanism which different objective functions (minimizing
transportation/production, backorder, holding, purchasing costs and maximizing
profit and customer service level etc.) can be integrated together. Illustration of a
supply chain network includes suppliers, plants, DCs and customers in Fig. 1
(Syarif et al., 2002).

The design of SC networks is a difficult task because of the intrinsic com-
plexity of the major subsystems of these networks and the many interactions
among these subsystems, as well as external factors such as the considerable multi
objective functions (Gumus et al., 2009). In the past, this complexity has forced
much of the research in this area to focus on individual components of supply
chain networks. Recently, however, attention has increasingly been placed on the
performance, design, and analysis of the supply chain as a whole.

© T. Paksoy, E. Ozceylan, G.-W. Weber, 2010
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Fig. 1. lllustration of a Supply Chain Network (Syarif et al. 2002)

Supply chains performance measures are categorized as qualitative and
quantitative. Customer satisfaction, flexibility, and effective risk management
belong to qualitative performance measures. Quantitative performance measures
are also categorized by: (1) objectives that are based directly on cost or profit
such as cost minimization, sales maximization, profit maximization, etc. and (2)
objectives that are based on some measure of customer responsiveness such as fill
rate maximization, customer response time minimization, lead time minimization,
etc (Altiparmak et al., 2006).

However, the SCM design and planning is usually involving trade-offs
among different goals. In this study, we developed a mixed integer linear pro-
gramming model to design and optimize a supply chain network via providing
multi objective functions mentioned above together. We considered three objec-
tives for SCM problem: (1) minimization of total transportation costs between
suppliers-manufacturers-distribution centers and distribution costs between distri-
bution centers and customers, (2) minimization of holding and ordering costs in
DCs based EOQ (economic order quantity) and (3) providing equity of the capac-
ity utilization ratio of manufacturers and DCs.

In this field, numerous researches are conducted. (Williams, 1981), devel-
oped seven heuristic algorithms to minimize distribution and production costs in
supply chain. (Cohen and Lee, 1989), present a deterministic, mixed integer, non-
linear programming with economic order quantity technique to develop global
supply chain plan. (Pyke and Cohen), 1993, developed a mathematical program-
ming model by using stochastic sub-models to design an integrated supply chain
involves manufacturers, warehouses and retailers. (Ozdamar and Yazgag, 1997),
developed a distribution/production system involves a manufacturer center and its
warehouses. They try to minimize total costs such as inventory; transportation
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costs etc under production capacity and inventory equilibrium constraints.
(Petrovic et al., 1999), modeled supply chain behaviors under fuzzy constraints.
Their model showed that, uncertain customer demands and deliveries play a big
role about behaviors. (Syarif et al., 2002), developed a new algorithm based ge-
netic algorithm to design a supply chain distribution network under capacity con-
straints for each echelon. (Yan et al., 2003), tried to contrive a network which in-
volves suppliers, manufacturers, distribution centers and customers via a mixed
integer programming under logic and material requirements constraints. (Y1lmaz,
2004), handled a strategic planning problem for three echelon supply chain in-
volves suppliers, manufacturers and distribution centers to minimize transporta-
tion, distribution, production costs. (Chen and Lee, 2004), developed a multi-
product, multi-stage, and multi-period scheduling model to deal with multiple
incommensurable goals for a multi-echelon supply chain network with uncertain
market demands and product prices. The uncertain market demands are modeled
as a number of discrete scenarios with known probabilities, and the fuzzy sets are
used for describing the sellers’ and buyers’ incompatible preference on product
prices. The supply chain scheduling model is constructed as a mixed-integer
nonlinear programming problem to satisfy several conflict objectives, such as fair
profit distribution among all participants, safe inventory levels, maximum cus-
tomer service levels, and robustness of decision to uncertain product demands,
therein the compromised preference levels on product prices from the sellers and
buyers point of view are simultaneously taken into account. (Nagurney and
Toyasaki, 2005), try to balance e-cycling in multi tiered supply chain process.
(Gen and Syarif, 2005), developed a hybrid genetic algorithm for a multi period
multi product supply chain network design. (Paksoy, 2005), developed a mixed
integer linear programming to design a multi echelon supply chain network under
material requirement constraints. (Lin et al., 2007), compared flexible supply
chains and traditional supply chains with a hybrid genetic algorithm and men-
tioned advantages of flexible ones. (Wang, 2007), explained the imbalance be-
tween echelons with peccant supply chain by changing chain’s perfect balanced.
He used ant colony technique to minimize costs in peccant imbalanced supply
chains. (Azaron et al., 2008), developed a multi-objective stochastic programming
approach for supply chain design under uncertainty. Demands, supplies, process-
ing, transportation, shortage and capacity expansion costs are all considered as the
uncertain parameters. Their multi-objective model includes (i) the minimization
of the sum of current investment costs and the expected future processing, trans-
portation, shortage and capacity expansion costs, (ii) the minimization of the vari-
ance of the total cost and (iii) the minimization of the financial risk or the prob-
ability of not meeting a certain budget. (You and Grossmann, 2008), addressed
the optimization of supply chain design and planning under responsive criterion
and economic criterion with the presence of demand uncertainty. By using a
probabilistic model for stock-out, the expected lead time is proposed as the quan-
titative measure of supply chain responsiveness. (Schiitz et al., 2008), presented a
supply chain design problem modeled as a sequence of splitting and combining
processes. They formulated the problem as a two-stage stochastic program. The
first-stage decisions are strategic location decisions, whereas the second stage
consists of operational decisions. The objective is to minimize the sum of invest-
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ment costs and expected costs of operating the supply chain. (Tuzkaya and Oniit,
2009), developed a model to minimize holding inventory and penalty cost for
suppliers, warehouse and manufacturers based a holononic approach. (Sourirajan
et al., 2009), considered a two-stage supply chain with a production facility that
replenishes a single product at retailers. The objective is to locate distribution cen-
ters in the network such that the sum of facility location, pipeline inventory, and
safety stock costs is minimized. They use genetic algorithms to solve the model
and compare their performance to that of a Lagrangian heuristic developed in ear-
lier work. (Ahumada and Villalobos, 2009), reviewed the main contributions in
the field of production and distribution planning for agri-foods based on agricul-
tural crops. Through their analysis of the current state of the research, they diag-
nosed some of the future requirements for modeling the supply chain of agri-
foods. (Gunasekaran and Ngai, 2009), have developed a unified framework for
modeling and analyzing BTO-SCM and suggest some future research directions.
(Xu and Nozick, 2009), formulated a two-stage stochastic program and a solution
procedure to optimize supplier selection to hedge against disruptions. Their model
allows for the effective quantitative exploration of the trade-off between cost and
risks to support improved decision-making in global supply chain design. (Shin et
al., 2009), provided buying firms with a useful sourcing policy decision tool to
help them determine an optimum set of suppliers when a number of sourcing al-
ternatives exist. They proposed a probabilistic cost model in which suppliers’
quality performance is measured by inconformity of the end product measure-
ments and delivery performance is estimated based on the suppliers’ expected
delivery earliness and tardiness.

After giving the introduction and the relevant literature, At the second sec-
tion, the proposed model which is a multi objective mixed integer linear pro-
gramming model is presented. We tested the novel model with a numerical exam-
ple and discussed the results obtained by LINGO package programmer at the last
section.

2. PROBLEM STATEMENT

Here, the constituted model represents three echelons, multi supplier, multi manu-
facturer, multi DC, and multi customer problem. Decision maker wishes to design
of SC network for the end product, select suppliers, determine the manufacturers
and DCs and design the distribution network strategy that will satisfy all capaci-
ties and demand requirement for the product imposed via customers. The problem
is a single-product, multi-stage SCN design problem. Considering company man-
agers’ objectives, we formulated the SCN design problem as a multi-objective
mixed-integer non-linear programming model. The objectives are minimization of
the total cost of supply chain, minimization holding and ordering costs in DCs,
and maximization of capacity utilization balance for DCs (i.e. equity on utiliza-
tion ratios). The assumptions used in this problem are: (1) the number of custom-
ers and suppliers and their demand and capacities are known, (2) the number of
plants and DCs and their maximum capacities are known, (3) customers are sup-
plied product from a single DC. Fig. 2 presents a simple network of three-stages
in supply chain network.
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Fig. 2. Supply Chain Network of Proposed Model

2.1 Model Variables and Parameters.
i is an index for customers (i /),
j is anindex for DCs (j€J),

k is an index for manufacturing plants (k€ K'), s is an index for suppliers
(se8),

by 1s the quantity of raw material shipped from supplier s to plant %,
Sy 1s the quantity of the product shipped from plant £ to DC j, g is the
quantity of the product shipped from DC ; to customer i,

1, if DC isservescustomer i,
Vi = .
/10, otherwise,

D, is the capacity of plant &,
sup, 1s the capacity of supplier s for raw material, I¥; is distribution ca-

pacity of DC j, d; is the demand for the product at customer i, c; is the unit

transportation cost for the product from DC j to customer i, a;; is the unit

transportation cost for the product from plant & to DC j, ¢, is the unit transpor-
tation and purchasing cost for the raw material from supplier s to plant c, ¢, is
the holding cost per year at DC j, S is ordering cost to manufacturer & from
each of DCs.

2.2 Objective Function, Constraints.

/1 1s the total cost of SCN. It includes the variable costs of transportation

raw material from suppliers to manufacturers and the transportation the product
from plants to customers through DCs.

/> is annual holding and ordering cost of products in DCs according to the
economic order quantity (EOQ) model.
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/5 is the equity of the capacity utilization ratio for manufacturers and DCs,
and it is measured by mean square error (MSE) of capacity utilization ratios. The
smaller value is, the closer the capacity utilization ratio for every manufacturer
and DC is, thus ensuring the demand are fairly distributed among the DCs and
manufacturers, and so it maximizes the capacity utilization balance.

Minimize f| zzztskbsk +Zzakjfkj +chﬂq]'i 5 (1)
sk ko j Joi

I x25 o |
S
Minimize f, = + ; (2)
2 ; X251y 2
. Ch .
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ORI OO TION. Ak
J i J i i .

+ , ; 3)
D
D=1 Vi, (4)
J
zdiyjiSWj Vi, (5)
J
q i zdiyji Vi, j, (6)
kaj :qui: Vi, (7
k i
2. ba <supg Yk, ®)
k
2 < 2ba VE, ©
J K
> fy <Dy Vk, (10)
J
yjiz{oal} Vi:ja (11)
bskfquji >0 Vi,j,k,s . (12)

The model is composed of three objective functions (Eq. 1-3). The first ob-
jective function (Eq. 1) defines minimizing shipment costs between suppliers,
manufacturers, DCs and customers. The second objective function is minimizing
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holding and ordering costs in DCs using economic order quantity model (Eq. 2).
Equation 3 (third objective) minimizes equity of the capacity utilization ratio of
manufacturers and DCs.

Constraint (Eq. 4) represents the unique assignment of a DC to a customer,
(Eq. 5) is the capacity constraint for DCs, (Eq. 6) and (Eq. 7) gives the satisfac-
tion of customer and DCs demands for the product, (Eq. 8) gives the supplier ca-
pacity constraint, (Eq. 9) describes the raw material supply restriction, (Eq. 10) is
the manufacturer production capacity constraint. Finally, constraints (Eq. 11) and
(Eq. 12) are integrality constraints.

3. NUMERICAL EXAMPLE

In this section we present a numerical example to illustrate the proposed model
mentioned in previous section. The application of the model is performed for a
logical data which was inspired from related cases in the real world. The consid-
ered supply chain network includes five suppliers which are located different
places, three manufacturers, three distribution centers and four customers (Fig. 2).
The network is structured to supply raw materials and transport products from
suppliers to end-users is constituted from multi echelon and capacitated elements
of network considering minimizing the total transportation costs between all eche-
lons (suppliers, manufacturers, distribution centers (DCs) and customers, holding
and ordering costs in DCs and unnecessary and unused capacity of plants and
DCs via decreasing variance of transported amounts between echelons. Numerical
data used in example are given below, respectively. Table 1 and 2 gives the pri-
orities of objectives obtained by Expert Choice 11.5 program to find rate of pur-
poses according to AHP methodology.

Table 1. Relatives of Objective Functions (AHP)

A fo /3
7 1 2 3
£ 12 1 3/2
1 1/3 2/3 1
Sum 1.83 3.67 5.5
Table 2. Normalized AHP Matrix
Ji S, /3
A 0.545 0.545 0.545
1 0.273 0.273 0.273
f3 0.182 0.182 0.182

According to Table 2, weight of each objective function is 0.542, 0.273 and
0.182 respectively. Because of matrix consistency < 0.1, this matrix will be ac-
cepted. Parameters: Number of Total Suppliers: 5; Number of Total Customers: 4;
Number of Total Manufacturers: 3; Number of Total Distribution Centers: 3;
S 20tl; Cp, 1,5tl.
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Table 3. Unit transportation costs values between suppliers and manufactur-

ers (TL)
Manufacturers Suppliers
1 2 3 4 5
1 0.5 0.3 0.4 04 03
2 0.6 0.4 0.5 0.6 0.6
3 0.5 0.5 0.6 0.6 04

Table 4. Unit transportation costs values between manufacturers and DCs (TL)

Manufacturers
DCs 1 > 3
1 1.4 1.1 1.1
2 1.1 1.2 0.8
3 1.3 1.4 0.9

Table 5. Unit transportation costs values between DCs and Customers (TL)

DCs
Customers 1 > 3
1 0.9 0.9 0.7
2 0.7 0.6 0.6
3 0.8 0.5 0.7
4 0.6 0.9 0.8

Table 6. Capacities of Suppliers, Manufacturers, DCs and Demands of Cus-

tomers (unit)

Suppliers Manufacturers DCs Customers
1 5000 7000 6300 3100
2 5500 6500 6700 3100
3 5250 6500 6000 3100
4 4750 - - 3100
5 4500 - - -
Table 7. The results obtained by LINGO package program
Decision Value Decision Value
X3 2000 Vi, 3400
X1 2400 Yi;3 3100
X2 3100 Zia 3100
X3,1 400 Zz’z 3 100
Xs3 4500 73 3100
Y1, 2800 Zs, 3100
Y24 3100 Objective (tl) 13678

According to data obtained LINGO package program, results are given
above table 7. Under capacity constraint and transportation costs, decision maker
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purchased raw materials from all suppliers except fourth. 2000 units from first
suppliers, 5500 units from second supplier, 400 units from third and 4500 units
from fifth supplier, are transported to manufacturers. 2800 units which come from
second and third supplier are shipped to second DC from first manufacturer. Also
3100 units of product are transported from second manufacturer to first DC. 3400
units to second DC and 3100 units to third DC totally 4460 units of product
shipped from third manufacturer. Supporting equation 4 constraint, each customer
provided their demand only one DC via providing a better balanced distribution.
All customers’ demand is supplied from DCs as 3100, 6200 and 3100 units re-
spectively (Fig. 3). At three echelons, all transportation costs and hold-
ing/ordering costs in DCs (first and second objective functions) calculated about
13678tl. Providing the third objective, the unnecessary and unused capacity of
plants and DCs are minimized via decreasing variance of transported amounts
between second and third echelons. When we examined the second and third
echelons’ distribution, it’s seen that the transportation between manufacturers-
DCs-customers come and go from 2800 units to 3400 units considering balancing
distribution.

. Distibution
Suppliers Manufacturers Centers Customers

3 3
=
5 T & *
e 4500 3100 s

Fig. 3. Raw Material and Product flow

4. CONCLUSION

In this study, a mixed integer non-linear programming model is developed to de-
sign a supply chain network by combining three different objectives. Considered
three objectives: (1) minimization of total transportation cost of plants and distri-
bution centers (DCs), inbound and outbound distribution costs, (2) minimization
of holding and ordering costs via EOQ method (3) maximization of capacity utili-
zation balance for DCs (i.e. equity on utilization ratios). We used the developed
model to determine from which suppliers, manufacturers, DCs and how much
amounts will be transported to answer customers demand. We developed binary
variables to provide a DC for a customer. So we have prevented unbalanced dis-
tributions between DCs and customers.
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In future, new solution methodology based on tabu search or heuristic meth-

ods can be developed to obtain new optimal solutions for the multi-objective SCN
design problem, and the effectiveness of the solution methodology can be investi-
gated. Additionally, uncertainty of costs and demands can be considered in the
model and new solution methodologies including uncertainty can be developed
via fuzzy models.
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UHCTPYMEHTAPUA MUHUMMU3AIIMA PUCKA
SAIMIIEHHOCTHU B PACIIPEAEJIEHHbBIX
KOMIIBIOTEPHBIX CUCTEMAX (PKC)

B.E. MYXHUH

Pa3paboTtaHa CTpyKTypa CpeJICTB MHHUMH3AIMH PUCKA 3ALIMIIEHHOCTH paclpese-
JIEHHBIX KOMITBIOTEPHBIX CHCTEM, BBIMONHEHA (opManu3aius (pyHKIHOHUPOBAHHS
OCHOBHBIX OJIOKOB HPEUIOKEHHOH CTPYKTypHl. IIpemoxkeHa oreHka ypoBHS yrpo3
6€30MacHOCTH, MHTETpabHAs OIEHKa ymiepba BCIEACTBHE aTak Ha ys3BEUMOCTH, a
TAKOKEe OIEHKA CTENEHHU PHCKAa pealu3aluyl yrpo3 0e30IacHOCTH B KOMIIBIOTEPHBIX
cucreMax. Taroke TIPeIoKeH IMOAXO0 K aHAIM3y PUCKA Ha OCHOBE OLICHOK CTEICHU
oIacHoCTH (hakTopoB Yrpo3 OE30MaCHOCTH U BEPOSTHOCTU Pealn3aluu yrpo3 6e3o-
[IACHOCTH C pa3fieJIeHUEM UX Ha COOTBETCTBYIOIME IPYIIIBI, a TAKXKE HAa OCHOBE IO-
CTPOEHUsI CHENUANbHON MaTPUIIBI PHCKOB 3aIIUIEHHOCTH Ul MUHUMH3AI[UN PUCKa
3aIIUIEHHOCTH.

BBEJEHUE

Iupoxoe BHeApPEHHE W HCIONb30BaHHE MH(GOPMALMOHHBIX TEXHOJIOTUIl B Ha-
CTOSIILIEE BpEMsI CTAJI0O HEOTheMJIEMBIM (DAaKTOPOM Pa3BUTHs COBPEMEHHOTO 00I1Ie-
crBa. PKC 3HaunTensHO MOBHIIAOT 3¢ (EKTUBHOCTE HHPOPMALIMOHHOIN COCTaB-
JSIFOILEH B AEATEIBHOCTH OPTaHU3aALMH, HO B TO JK€ BPEMS, CTAHOBATCS OIHUM U3
Haubosee yA3BUMBIX KOMIIOHEHTOB, IPUTATHBAA K cebe BHUMAaHNE 3JI0YMBIIIIICH-
HUKOB.

AKTyanbHOCTB MpoOJIeMbl obecneueHns 0e30MaCHOCTH KOMITBIOTEPHBIX CHC-
TEM BO3pPACTAET B CBS3U C PAIOM OOBEKTHBHBIX MPHYHMH. B 9acTHOCTH, O OTHO-
IIEHUIO K pacrpeaeleHHBIM KOMIBIOTEPHBIM CHCTEMaM JIOJIKEH ObITh oOecreueH
BBICOKHI YPOBEHb IOBEpHUs, T.K. B HUX XPAaHWUTCS U oOpabaThIBaeTcsl LEHHAs U
KoH(DUIEeHITHaTbHAs HHPOPMAITHS, KOTopas MPEACTaBIsIeT cO00H peanbHyIo ICH-
HOCTbH 1715 ee Bhazenbua [1, 2]. HecaHkuMoHUpOBaHHBINA AOCTYN K AaHHON WH(QO-
pMalLuM, B YaCTHOCTH, €€ pa3pyLIeHHE MM MOAU(UKALUSA, MOXKET HPUBECTU K
cepbe3HoMy yiepOy. Takum oOpa3zom, obecrieucHre HHPOPMAIIMOHHON Oe30mac-
HocT PKC sBnsiercst upe3BbIuaiiHo BasKHOH MPOOIIeMOH.

CoBpemennbie PKC UMEIOT CIOXKHYIO CTPYKTYPY. YBEJIUUYECHHE KOJIUYECTBA
UCTOJBb3yEeMbIX CHCTEMHO-TEXHHUYECKUX IIATPOPM H IIUPOKUN HabOp CeTeBBIX
CEpBUCOB MPHUBOAUT K PACIIMPEHUIO CIHMCKA YS3BUMOCTEH M MOBBIIIAET TpeOOBa-
HUSI K CPEICTBaM 3aIluThl. Mcronap30BaHNe CTaHIAPTHBIX CPEACTB 3aILUTHI, TAKHUE
KaK MEKCETEeBBIE 3KpaHbl U CPEJICTBA 3aLIUTH OT HECAHKLIMOHUPOBAHHOTO JOCTY-
na, SBJSIETCS. HEOOXOAMMBIM, HO YK€ HE AOCTaTOYHBIM YCJIOBHEM HOCTPOCHUS
HaJIe)KHOW M 2 EKTHUBHOM cUCTEMBbl HH()OPMAIIMOHHOW O€30aCHOCTH.

B pesynbrare, nns cHukeHus ypoBHs ys3Bumoctd PKC or BHyTpeHHUX u
BHEIIIHKUX aTaK U, B KOHEYHOM cueTe, A n30ekaHus IOoTeph BaXXHOH MHpopMa-
IIUM, HEOOXOUMO TMPUMEHEHNE JOTOJIHUTENBHBIX MEXaHU3MOB 3allUThl HH(OpP-
Manui [3].
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OfHUM U3 TaKMX MEXaHU3MOB SIBIISIOTCS CPEJCTBA aHAM3a PHCKa 3alllu-
meraHoctd B PKC. AHanm3 pucKa 3allUIEHHOCTH ITO3BOJISET BCECTOPOHHE FWC-
clleioBaTh MHMOPMAIIMOHHYIO CHCTEMY HCCIEIyeMOro oObeKTa, OIICHUTHh TEKY-
I YPOBEHb €ro MHPOPMAIIMOHHON 0€30MMaCHOCTH, BBISIBUThH yS3BUMBIC MECTa B
CHCTEMe 3alllUThl, CO3/1aTh MOJETH BO3MOXKHBIX yrpo3 PKC, mpoBeputh npaBuib-
HOCTP ITOJ00pa ¥ HACTPOUKH CPEICTB 3alTUTHI [4].

[lox prckoM MOHMMAaETCS BEpOSITHOCTh HACTYIUICHHUS HEXEJIATEIbHOTO CO-
OBITHS, BEAYIIET0 K MOTEPSIM, B JJAHHOM ClIy4ae MOTepsM WHGOpPMAIIMH, a TaKkKe
BeJIMYWHA yIepOa BBUAY HECAaHKIIMOHUPOBAHHOTO TOCTYNA K Hel. AHau3 pucka
3aIUIICHHOCTH MOJPa3yMEBaET BBIMOJIHCHUE OLEHKU CTCIICHU PUCKA M BEIUYH-
HBI yiiepba B ciydae OCYHIECTBIEHHS TOTO WM WHOTO BapuaHTa HECaHKIMOHU-
poBannbix Aeiictuii (HC/I), BRIMOTHAEMBIX 110 CTIEUAIBHBIM METOIUKaM [5].

B mpomecce mpoBenenus aHanm3a pucka sammumerHoctd PKC anammsupy-
IOTCSl TEXHOJIOTMYECKUE MOTOKH KaK 3JIEKTPOHHOU, Tak U OyMakHOW mHpOpma-
IIUH, TOTIOJIOTHUS CBSI3€H MEXKIy y3JIaMU B CUCTEME, BBISBIISIOTCS HE3allIUICHHBIC
WM HEKOPPEKTHBIC COCIUHEHMUSI, TPOBOIUTCS aHAIN3 HACTPOCK MEKCETEBBIX JK-
pPaHOB U JPYTHX CPEICTB 3aIIUTHL. Pe3ynbpraToM JaHHOTO aHamM3a SBISETCS PSII
OpPTaHM3alMOHHBIX JOKYMEHTOB, KOTOpPBIE B JATbHEHIIEM MOTYT SBUTHCS OCHO-
BOH miis moctpoeHus HaaexxHoit PKC [1].

Takxke B mpoliiecce aHanu3a pucka uzydarorcs komnoneHTsl PKC, koTopeie
MOTYT TOJIBEPTHYTHCS YIPO3aM, OMPEIEISIOTCS ysI3BUMbIE MECTa CHCTEMBI, OIle-
HUBAIOTCS BEPOSITHOCTH peai3alliil KaKI0i KOHKPETHOI yrpo3bl M BO3MOYKHBIE
pa3Mepbl MOTePhb, BRIOUPAIOTCSA BO3MOXHBIC METOJBI 3aIUThHl U OI[CHUBAIOTCS UX
cTonMocTh. Ha 3akirounTenbHOM 3Tare oneHuBaeTcs d(H(OEeKTUBHOCTh MPUMEHE-
HUS TIpEeJIaraéMbIX CPEICTB 3alTUTHI [6].

B pesynbTare, Ha OCHOBE aHaNM3a PUCKA 3AIIUIICHHOCTH, PUHUMAETCS pe-
IICHHUE O IEJICCOOOPAa3HOCTH TEX HWIIM UHBIX MEP W CPEACTB 3aIlUThI, KOTOPHIS
MPEJCTABISIOTCSA B CIIEIUAIEHOM JIOKYMEHTE, OIpPEEISIONEM TOJUTHKY 0e30-
nacHocTH B faHHO# PKC.

CPEACTBA MUHUMMUM3ALINUN PUCKA 3AHIMIIEHHOCTH

PaccmoTpumM 00IIyr0 CTPYKTYpY CPEACTB MHHHMH3AIMK PUCKA 3AIIWIIEHHOCTH.
JlaHHas CTpyKTypa COCTOUT U3 BOCBMH OCHOBHBIX OJIOKOB: 3a/laHMA LieJeH, OLeH-
KM yrpo3 Oe30MacHOCTH, OLIEHKH YSI3BHMOCTEH, aHaNM3a prcKa 3allUIleHHOCTH,
BHIOOpa BAPMAHTOB peakuuu (Ha MOTEHIMANbHBIC aTakH), NPUHATHS PELICHUS,
peakunu 1 MoHUTOpUHra coctostuust PKC.

Bbrioku 3amanms 11e1el, OeHKH yrpo3 0e30IacHOCTH B OIIEHKH ySI3BUMOCTEH
BBINIOJTHSFOT MPEABAPUTEIBbHBINA cOOp MHQOpMAIMKA O COCTOSHUH 0E30MacHOCTH
PKC u obecnieunBatoT qanHble Ui CIAEIYIOINX CTaaWil mpouecca OUEHKH PUCKa
3alMIICHHOCTH. BJIOK aHanM3a pucka 3allUIIEeHHOCTH SBISETCA (PAKTUYECKU
KJIFOUEBBIM, IIOCKOJBKY OH OIpENeNsieT TEKyLIHH ypOBEHb PUCKA, €r0 KPUTHY-
HOCTb, a TaKke (pakTopbl, MO3BOJISIONINE CHU3UTH PHUCK 3amumeHHoctu. Ce-
OYIOLIME YeThIpe OJI0Ka ONMpeNesisiioT BO3MOXKHBIC BapUaHTHI PEaKLUH Ha MOTEH-
LHaJIbHbIE BTOPKEHUS, IPUHUMAIOT PELICHNE U HEIOCPEACTBEHHO PEarnpyroT Ha
aTakd, a TaKXe OCYIIECTBISIOT MOIU(PHKAIMIO MapaMEeTPOB CPEACTB 3aIUTHI
PKC 1 MOHHTOPHHT UX COCTOSHUS.
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PaccMmoTpumM 0cobeHHOCTH pean3aniu OJOKOB IaHHOH CTPYKTYPBI.

Bbnox ﬁ
— 3aJIaHUs
enei — baok
i Bbiok ananmza Biiok
NPUHSITHAS
PHUCKOB p 5 L peasm
v 3aIHIIEHHOCTH peteHui
baok
| omeHKu yrpo3s
0€30IacHOCTH
Brox Be1Oopa v
—»|  BapHaHTOB
v peaKiuu Biiok
MOHHUTOPHHTA
biiok cocrosgausa PKC
— OLICHKHU !
ySA3BUMOCTEN

Puc. 1. CtpyKTypa cpeacTB, peau3younxX MUHUMHU3aluIo prcka 3amuieHHoctu PKC

BJok 3apanus nejeu

B nmanHOM OJOKE OMpeAemNsIoTCs MapaMmeTpsl, M0 KOTOPBIM OyJEeT MPOBOAHUTHCS

aHanu3 W MUHUMH3aUsa pucka 3ammumenHoctd PKC. B GonpmmHCTBE ciydaes

3TH TapaMeTphl 3aal0TCs AAMHHUACTPATOPOM OE30MacHOCTH, KOTOPBIA JOJKEH

IIOCTOSIHHO BBISIBJISITh OTEHUUAIBHBIE YIPO3bl, YA3BUMOCTH U OLICHUBATh PUCKHU.
Broka aHanu3a 1eseii mpencTaBisercs 1eseBoi GyHKiue f :

f:f(si,aiagi)a (1)
rae §; — CyOBbeKT-UHUIMATOpP COOBITHSA, @; — MapaMeTpsl JeUCTBUI CyObeKTa,
g; — BO3MOXHbIE Leau. B cBoro ouepenp, mapamerpsl AeHCTBUN CyOBeKTa a;
MIPECTABIISIIOTCS B BUAE KOPTEXKa TaHHBIX:

’
a; = f (et Al L 3 AT e T P 7 1)), )
rje ¢; — BpeMs coObITUs, /; — MECTO COOBbITUS, 7; — UCIOIb3yeMblEe CPEACTBA,
¥; — CTeIeHb OMIaCHOCTH COOBITHUSI.

OHpC,I[CJ'IeHHbIe B JaHHOM G napaMeTpbl UCIOJB3YOTCA B APYTIUX 610-
Kax CUCTEMbl MUHHUMU3AIINU PHUCKA 3allTUIICHHOCTH.

B0k oneHKH yrpo3 6e30MacHOCTH

ITox yrpo3oit 6e30macHOCTH MOHUMAETCs BO3MOKHOCTh (BEPOSATHOCTD) TOTO, YTO
3II0YMBIIUIEHHUK MOYKET COBEPIINTh HECAHKIIMOHUPOBAHHBIN JTIOCTYT K pecypcam
PKC. B nemom, Bce yrpo3sl 6€30IMacHOCTH MTOAPA3ACIIAIOTCS Ha YIPO3bl MOAMGH-
Kal[i¥ WM KPaXXH KPUTHYHBIX JAHHBIX, YTPO3bl HAPYIIECHHUS (YHKIIMOHUPOBAHUS
cUCTeMHOT0 nporpammHoro obecneuenuss PKC, a takxe yrposbl, KOCBEHHO Be-
IyIUe K pean3alii HeCAaHKIIMOHUPOBAHHOTO JocTyna [7].

Bbrox onenkn yrpo3 6e301macHOCTH BBITOJTHIET OOIINI aHAIN3 BO3MOXKHBIX
yrpo3 PKC, crpynnupoBaHHBIX MO KiaccaMm. /[ MOBBIMIEHHS KOPPEKTHOCTH
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peaiv3anuu TaHHOW TPOIETyphl YacTO TPEOYIOTCS 3HAYHMTEIbHBIC 3aTpaThl [8].
CrnemyeTr OTMETUTH, YTO OIIEHKA yTPO3 HE TO3BOJSET HEMOCPEICTBEHHO OIEHUTHh
ypoBeHb pucka 3amuiienHocti PKC, Ho B janHOM 0510ke POpMUPYIOTCS JaHHBIC
U pelIeHHUs, KOTOPHIE HCIIONIB3YIOTCS IPU aHAJIN3€ PUCKA.

Orenka yrpo3 6€30MacHOCTH BKIIOYAET JBE COCTABIIIONINE: CUTYAI[IOHHBIN
aHaIIN3 U BBISABIIEHUE YTPO3.

Cumyayuonnwiti anaiu3 NpencTapiseT coOol NeTalbHBIA aHAIN3 MapaMeT-
poB (GYHKIIMOHUPOBAHHS ammapaTHO-TporpaMMmHoro obecneduenuss PKC, B Tom
YHUClle MapaMeTpoB MPUMEHSEMBIX CpeAcTB obecredenns Oe3omacHocTH. llpwm
NPOBEJICHUN JaHHOT'O aHalk3a 11eJeco00pa3Ho CrpyIIHpOBaTh OJHOTHITHBIC JaH-
HbIE U OIICHUBATh UX OTACIBHO MO KaXKJI0M rpyrie.

Buisasnenue yepoz mpemycMarpuBaeT KOMIUIEKCHBIN W JIETANbHBIA aHAIN3
BceX (haKTOPOB, KOTOPBIE MOTYT OKa3bIBaTh BIUSHHE Ha 0€30MACHOCTh (DYHKIIHO-
nupoBanus PKC. Yrpo3ssl pa3znensrorcs Ha Tpu 0a30BbIe TPYMIIBI: «ITOTCHIIUAb-
HBIe» — NENCTBHSA, KOTOPBIE TEOPETUIECKH MOTYT MPEICTABISITH OMACHOCTD; «pe-
anpHBIe» — nelicTBHUs 3J0yMbInuIeHHHKOB o HC/I; «HampaBieHHBIE» — Te€,
KOTOpBIE€ HAIpaBJeHBl HA peau3allii0 KOHKPETHBIX YA3BHMOCTEH B ammapaTHO-
nporpamMmmHoM obecrieueHnn PKC.

OS¢ dexruBHblil yposerb TL; yrpo3sl 6€301aCHOCTH OT j-TOTO HAPYLIUTEIs

npearara€Tcs paCCYUThbIBATh KaK:

1 n
TL; =@, *LP; + 0, — Y F, 3)

n4s

i=1
rae LP; — MOTCHIMANbHBIA YPOBCHb YIPO3bI HApyWIUTENs; [} — KOPPEKTH-
pyroue ¢GakTopbl U3 crneuuUKaAUA MOAETH HApYIIUTENs; # — KOJIUYECTBO
uccienryeMelx (hakTopoB; @), @, — BECOBbIE KOG GHUINEHTHI, PEryIUpyIOIIne

YACIbHBIA Bec 00eux cocrapistolmx B 7L ; , ipudeM @) + @, =1. B Tom ciyuae,

€CIT OTAEJbHBIA (PakTop AT HEKOTOPOH HCCIETyeMON KaTeropuy HapyLIUTeNs
MMEET HECKOJIbKO 3HAYEHUH, JJI1 BBIYUCIICHUM HCIIOJIb3YETCsl CPEIHEE 3HAYCHHE
atoro ¢akropa. [log NOTEHIMATEHBIM YPOBHEM YTPO3bI HAPYIITUTEIS LP; nouu-

MaroTCs €ro 00IIre BO3MOKHOCTH B IIEJIOM, B OTJIMUHE OT KOHKPETHBIX BO3MOXK-
Hocteit TL j AT koHkpetHo# PKC.

Jlist pacyeTa ¥ KOPPEKTUPOBKU MapaMeTpoB @y, @,, [y , LP; ucroinb-

3YIOTCS JaHHBIE 0JIOKA 3aaHUS eNeH.

Baok oueHku ysi3BUMocTel

B maHHOM OJIOKE BBISBISIOTCS YA3BUMOCTH, T.€. MOTCHIHAILHBIC BO3MOMXHOCTH
JUISL 3JIOYMBINUICHHUKA TOJYYUTh HECAHKIIMOHHPOBAHHBIA JOCTYI K CHCTEME,
KOTOPBIN TPUBOJNT K ONpeAeIeHHOMY yIIepOy anmapaTHO-IPOrpaMMHOT0o obec-
neuerns PKC u 00pabaTriBacMbIX B HEll TaHHBIX.

OrieHKa ySI3BUMOCTEH BKITIOYAET JIBE COCTABIISIONIUE: BBISBICHUE YSI3BHMO-
creil u ompenencHrue (pakTOPOB, CHIDKAIOUIMX PHCK Pean3allii ySI3BUMOCTEH B
cucrteMe 0e3omacuaoctu PKC.

Buisienenue ysazeumocmeti. YSI3BUMOCTh pacCMaTPUBAETCS KaK MMOTEHIIMAIb-
HBIH KaHAJ peau3alldi Yrpo3bl, T.e. 3TO cliabble MeCTa (T.H. «JIBIPBI») B CYNIECT-
Bytommx cpencrax 6esomacHoctu PKC. B kadectBe (akTopoB, CrocoOCTBYFO-
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IIMX MOSIBICHUIO YA3BUMOCTEN MOTYT, B YaCTHOCTH, BBICTYIATh: HE3aAIMIICHHBIE
pecypcsl WIHM PECypechl C HHU3KHUM YPOBHEM 3alIUIIEHHOCTH, HEI(P(EKTHBHBIE
CPEICTBA 3alIUThI, HEKOPPEKTHBIE AEMCTBUS IO NMPEAOTBPAICHHUIO YTPO3, HU3KAs
KBaTH(UKAMs aJMUHUCTPATOPOB OE30MAaCHOCTH, MOTEHIMAalbHbIE OLIMOKH B
CHCTEMHOM IIPOrPaMMHOM OO€CIICUEeHHH U T.J.

Onpeodenenue akmopos, chudxcaroujux puck peanusayuu ysazeumocmeu. K
UX YHUCILy OTHOCSTCS T€ (PaKTOPbI, KOTOPHIE MOTYT YMEHBIINTH BEPOSITHOCTh pea-
mm3auuu ysa3sumocteit PKC. Hanpumep, B kauecTBe Takux (pakTOpOB BBICTYIA-
10T: 2 dexTuBHas cuctema 3ammuthl PKC; BhIcOKast KBaTupUKAIMs aqMAHACTPA-
TOpOB 0€30IacHOCTH; CPEACTBa MOHHTOPWHIA, KOTOPHIE YNPEKAAIOT ONAaCHBIC
JEeUCTBUS; CUCTEMA aJallTUBHOIO YIPABIEHUs O€30M1aCHOCTBIO U T.J.

Amnamu3 ys3sumocteil PKC npemycmaTtpuBaeT HEOOX0OIUMOCTD yyacTus aj-
MHUHHCTPATOpa 0€30I1aCHOCTH, IOCKOJIBKY OH MOXKET BJIMATH HAa MHOTHE (DaKTOPBHI,
CBSI3aHHBIE C YSI3BUMOCTBIO CUCTEMBI.

CymecTByeT mecTh OCHOBHBIX (PaKTOPOB, KOTOPBIE BIMSIOT HA YS3BUMOCTH
PKC: mecToHaxoeHHE YSI3BUMOCTH, CTeneHb oTKphiTocT PKC, 1ieHHOCTH 00-
pabateiBaeMoil nHpopMmaruy, Biausiaue ocodbenHocteit PKC, npumeneHnne anek-
BaTHBIX MEp M CPEJICTB 3alIUThl, KBATU(PHUKAINS aIMUHHCTPATOPOB Oe30macHoC-
TH.

Bgeenem mousitue yszsumoctu I u Il tuma. K I-my Tumy oTHOcATCS Takue
YSI3BUMOCTH, KOTOpBIE TMOTEHIMAIbHO IPEJOTBPAILIAIOTCS PEaJr30BaHHBIMH B
CHCTEME CPEeJCTBaMHM 3alUTHI, a Ko [I-My — Te, KoTopble HE MpeaOTBPALIAIOTCS
Jake moreHuuansHo. CdopmupyeM HHTerpanbHyro oueHkKy C, XapaKTepH3yIo-
IIy}0 MOTEHUMANbHBIM CyMMapHBIA yiiepO BCJIEICTBUE pealu3alyd aTakd Ha
ys3Bumoctu PKC:

Nur, ¥ ull,
C=Y—L+> K, s—", 4)

el j=1 U
rae Ul — KOJIMYECTBO MOJIb30BaTENEN, CKOMIPOMETUPOBAHHBIX B PE3YJIbTATE
aTaku Ha ysa3BUMOCTh THna I; N — kxonuuecTBO ya3Bumocrted tuna I; Ul —

KOJIMYECTBO MOJIb30BATENIEN, CKOMIIPOMETUPOBAHHBIX B PE3YJIbTATE ATAKU HA YyS3-
BuMoOCTh Tuma II; M — konmuuectBo ys3pumocteii Tuna II; U — oOmiee xomuye-

CTBO ToJb30BaTeneil B cucteme; K ; — KOO(QQUIUCHT, XapaKkTepu3yrOLuii ysi3-

BUMOCTH THuma II.

JI1st monmydeHns TaHHOH OIEHKH HEOOXOIMMO IS KaKION 0OHapy KeHHOMH
YS3BUMOCTH:

® ONpEACIUTL TUII YA3BUMOCTHU,

® CCJIKu YyA3BUMOCTb UMECT TUIL H, TO C MMOMOUIBIO SKCIICPTHBIX OLCHOK OII-
PeACTUTH MOCIEACTBUS JAHHOH YA3BUMOCTH U paccuuTaTh koddduiment K I

® OLCHHUTH KOJINYECCTBO HOJ'H)3OB3.TCJ'ICI71, Ha KOTOPBIX MOTYT OBITH IMpou3Be-
JACHBI aTaK! IO HCII0JIb30BaHUIO y5[3BPIMOCTGﬁ tina I u II, 10 OTHOILIEHHIO K 00-
MEMY KOJIMYECTBY MOJIb30BaTEjIeH B CHCTEME.

bJaok anaamnsa PUCKa 3aIMUIIICHHOCTH

AHanu3 pucka 3allUIIeHHOCTH MPEJICTABIAeT CO00M OLEHKY BEPOSTHOCTH peau-
3alMH HECAaHKIIMOHMPOBAHHBIX JCHCTBUI MyTeM HCIOJB30BaHUS YSI3BUMOCTEH B
cucreMe Oe3omacHocTH. JlaHHBIN aHaiau3 TpeOyeT KOMIIEKCHOTO ydYeTa BCeX
(hakTOpOB, CBsA3aHHBIX ¢ yrpo3amu Oe3onacHoctd PKC. [Tpu atom ciieayer oTMme-

62 ISSN 1681-6048 System Research & Information Technologies, 2010, Ne 4



Hncmpymenmaputl MunuMu3ayuu pucka 3auuiyyeHHoCmu 8 pacnpeoesieHHuIx ...

TUTh, YTO, B TOM CJIy4ae, €CJIM CYIICCTBYIOIIAas yrpo3a Oe30MacHOCTH SIBJISCTCS
CEephEe3HOM, HO BEPOSITHOCTh €€ Peaji3alliy SBISIETCS HU3KOH (T.e. ee BIUsSHKE Ha
6e3onacHocte PKC olieHrMBaeTcs Kak HE3HAYHTENHHOE), TO YPOBEHb PHCKa 3a-
IIUIEHHOCTH TAKXKE CUUTACTCS HU3KUM.

AHanm3 prcKa 3aIIUIIEHHOCTH BKIIOYAET JIBE COCTABIIIIONINE: BEPOSTHOCTD
peanu3anuyu yrpo3 0e30MacHOCTH M OLIEHKY CTEINEeHHU yiuepOa BCIeICTBUE peasiu-
3allUU Yyrpo3 0€30MacHOCTH.

Hnst oyenxu cmenenu yujepba éciedcmsue peaiuzayuu yepo3 6e3onacHocmu
(bakTOpBI pa3feNsIoTCs MO TPYIIaM, KOTOphle OTPa)aloT CTENEeHb UX OMacHOCTH
no otHoieHuto k pecypcam PKC. [Ipu 3ToM (akTopsl ¢ HU3KHM yPOBHEM OIac-
HOCTH PacCMAaTpPUBAIOTCS KaK HeomacHble, a (GaKTOphl ¢ BHICOKOM CTENEHBIO Ora-
CHOCTH 0053aTEIILHO JIOJKHBI ObITh HEHTPAITM30BaHbI.

I'pymnmbl pakTopoB yrpo3 6e30MacCHOCTH MO CTEIIEHH UX OMACHOCTH pacipe-
JISJISTIOTCS. TAKUM 00pa3oM: KPUTHUYHAS, BBICOKAs, CPEMIHsS, HU3Kas M HE3HAYUTE-
TbHAS.

Otnecenne GakTopoB yrpo3 0€30MacHOCTH K ONpeAETICHHON TPpyIIe CTere-
HU PUCKa MPOBOJUTCS HA OCHOBE SKCIEPTHHIX OIEHOK W MPEJbIAYIIei CTaTUCTHU-
yeckoi nHpopmanuu 1o pyHkimonuposanuto PKC.

Beposmuocms peanuzayuu yepos 6ezonachocmu Takxe HaXOIUTCS B OJHOU
U3 TPYIII, KOTOPBIE OTPAXKAIOT CTEICHh BO3MOXXHOCTH peau3alliu yrpo3 0e3oma-
CHOCTH.

BosMoxkHOCTH peanu3anuu yrpo3 0€30MacHOCTH TPYNIUAPYIOTCS Ha OCHOBA-
HUH TPEJIBApUTEILHON CTATUCTHYECKOW MH(MOpMAUU Mo (QYHKIHOHUPOBAHHIO
cucrembl 6e3onacHoctd PKC. Beigensrores ciemyronme cTerneHr BO3MOXHOCTH
peanm3anuu yrpo3 0e30MacHOCTH: TPaKTHYECKHEe HEBO3MOXKHO, MAaJOBEPOSITHO,
BEPOSTHO, BLICOKOBEPOSTHO, MPAKTUICCKA HEU3OCIKHO.

JJis OLleHKM pUCKa pealin3allii YIpo3bl OT HAPYIIUTENCH MpeiaracTcs Uc-
N0Jb30BaTh GYHKIUIO TR, XapaKTepU3YION[YI0 BO3MOXKHOCTh pEaTU3aliu STON
YTPO3BI:

1 m n 1 m n
TR=—%) > K;PE;=—xY > K;PB,TL; , m<n, 5)

m i j=1 m i j=1
rae K;; =0, ecin Ha i-M MeCTe B [IepevHe CyOBEKTOB YTPO3bI HE MPEJICTABIICH j-i
3JI0YMBILUICHHUK (HeonacHsli ¢akrop), K =1, ecnu Ha i-M MeCTe B IEpedHe

CyOBEKTOB yrpo3bl MPEJCTABIICH j-I 3IOYMBINUICHHUK (OmacHbId (akrop), m —
KOJIMYECTBO ONACHBIX CYOBEKTOB, 1 — OOILIee KONMIECTBO BCeX CyObeKToB, PE;
— d¢¢eKTHBHAs BEPOATHOCTH peanusallii yrposel, PB; — 0a3oBas BEpOsT-
HOCTb PEaJTU3aIK YIPO3BI, T.€. OOIICH3BECTHAS WIH OOIIENPUHATAS BEPOSTHOCTh
KOHKPETHOM yrpo3bl.

Bennunaa BO3MOXKHOIO yIJ_[ep6a OT peajin3allii yrpo3bl OIIPEACIACTCA Ta-

KHM 00pa3oM:
3

k=1

rae Ak — allpuoOpHbIC Tpe6OBaHI/I}I 0 00€CIICUEHUIO TPEX OCHOBHBIX CBOICTB

3aH_[I/I]J_IeHHOﬁ I/IH(i)OpMaLII/II/II KOH(i)I/II[GH]_[I/IaIILHOCTI:, HOCJIOCTHOCT W JOOCTYII-
HOCTh. OTH TpeGOBaHI/IH MOTYyT OBITH BBIPA’>XXCHEI 110 OTHOCHTEILHOU KaJie, mpu
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stoM K;; =0, ecnu naHHas yrposa He BJIUSET Ha k-€ CBOMCTBO MH(OPMAINH,
K;; =1, ecnn maHHas yrposa BIMSeT Ha k-Toe CBOWCTBO MHGpOpMAIUH, a ¢; —
HOPMHPYIOMINH KOAPPUINEHT.

Takum oOpa3oM, BeIMUMHA PUCKA pean3allii yrpo3bl Oe3omacHOCTH R B
PKC paccuutsiBaeTcs Kak:

m n

1 3
R=|—x> > K;PB,TL; || ¢; > Kpidy |- (7
i=1 j=1 k=1

[IpencraBneHHBIA MOIXO MO3BONSET OLIEHUTH BIHSHUE Pa3UYHBIX (haKTO-
poB Ha GOpMUPOBAHKE KOJTUUECTBEHHBIX 3HaYCHUH 3(pPEeKTUBHOTO YPOBHS pUCKa
u chopMyIMpoBaTh TPEOOBAHMS K MEPaM U CPEACTBAM 3aIUTHL.

Marpuua pucKOB 3alMIIEHHOCTH. 3aBeplIArOIas CTaus aHAIN3a pPUCKa
3alIUIIEHHOCTH COCTOMT B TIOCTPOSHMM MAaTpHUIlbl pUCKOB. JlaHHas MaTpuia
CTPOMTCA 1O JBYM OCHOBHBIM ITapaMeTpaM, ONMCHIBAIOIIMM PUCKHU 3alUIIEHHOC-
TH: CTETIEHH ONACHOCTH (PaKTOPOB yIrpo3 0€30MaCHOCTH M BEPOSTHOCTH peain3a-
uu yrpo3 6ezonacHocty (puc. 2).

CymiecTByomne puCKU 3aIMIIEHHOCTH paclioylaratoTcsl B JAHHOM MaTpulie
PHUCKOB M UM Ha3HA4arOTCs MPUOPHUTETEI, T.€. CTENEHN ONMAaCHOCTH KaK BEPOATHOC-
TH peaju3alud yrpo3 0e30MacHOCTH, PH 3TOM HCIONIB3YIOTCS dKCIIEPTHBIE Olle-
HKW. Bcero BBIAENAIOT YeThIpe KaTErOpUH PUCKOB 3allUIEHHOCTH: HU3KHUH, cpe-
JIHUHM, BBICOKUN M CBEpXBBICOKMU. Tak, Te pHCKH, pacrnojararmliuecs B IPaBOM
BEpPXHEM KBaJIpaHTe MaTpUIBl PUCKOB (pHC.2), paccMaTpHBAIOTCS KaK camble
OITaCHBbIE PUCKH. Ba’)kHO OTMETHTB, UTO HAa3HAYEHHE KAaTETOPHUHM PUCKAM 3aBHCUT
oT ycnoBu#l ¢yHkuuoHupoBanus koHkpetHoi PKC. KoneuHoli nensio siBisieTcst
nepeMelieHne BceX BO3MOXKHBIX yrpo3 OezomacHoctn PKC B neBblii HYDKHUIT
YTOJI MAaTPHUIIBI PUCKOB 3aLTUIIEHHOCTH.

Perynsipuoe 0OHOBIIEHHE MaTPHUIIBI PUCKOB MO3BOJISIET BBISIBIISATH TEHACHIMH
B Cpelie 3aluThl HH(opMany, a TaKKe TO3BOJISIET OLEHNUTh (haKT CHUIKEHUS MU
MOBBIIIIEHUs pricka 3amuineHHocTd PKC. Marpuma pucKOB MOXKET HCIIOJIB30-
BaTbhCs KaK OCHOBa ISl pa3pabOTKH CTpaTerdii MHHUMH3ALUU PUCKA 3allHIIeH-
HOCTH W JUIA IJIaHUPOBAHMSA BO3MOXKHBIX IyTEH CHIKEHHS BEPOSTHOCTH pPEalH-
3anuu yrpo3 6e3omnacHoctu PKC.

BJiok BbI0Opa BapuaHTOB peakiuu (Ha MOTEHUHAJIBLHYIO ATaKY)

Ha stom stame agmuHHCTpaTop 0€30MACHOCTH OIpPEENIeT KOMIUIEKC MEXaHU3-
MOB I oOecriedeHus Oe3omacHocTd | 3amumieHHoctd PKC. Beibop mexaHms-
MOB 3allIUTHI JOJDKEH OCHOBBIBAThCS HAa aHAIIM3E B PEAIbHOM PEXHME BPEMEHHU
KPUTHYHBIX TapaMeTpoB OE30MacHOCTH W Ha aHalHW3e PHCKa 3alliIIeHHOCTH
PKC. Bo3M0oXHBIMI BapHaHTaMHU PEAKIIMX HA aTaKH 3J0yMBIIUIECHHIKOB SIBIISIOT-
Cs1: UCIIOJIb30BaHKE CYIICCTBYIOIIMX CPEJCTB 3alllMThl B HEU3MEHHOM BHJIE; MEPe-
HACTPOWKa MapaMEeTPOB CYIIECTBYIOUIUX CPEICTB 3aIlUTHI; JOOABICHUE U HU3ME-
HEHHE KOH(PUIypamuy CYIECTBYIONINX CPEACTB 3allUThI, IPHUOCTAHOBKA
(hYHKIIMOHUPOBAHUS WJIM OTKIIOYCHHE TE€X CPEICTB 3alUThl, KOTOPBIC HE SIBJIS-
I0TCSl HEOOXOIMMBIMU B JIaHHBI MOMEHT.

HekoTopble U3 MepednCciIeHHBIX BhIIIE BAPUAHTOB PEAKIIMU HAa aTaKd MOTYT
BBI3BaTh CYIIECTBEHHOE YBEIMYEHHWE allapaTHO-POTPaMMHBIX 3aTpaT, 4TO, B
CBOIO OYepesib, MOKET CHH3UThH mpousBoauteabHocTh PKC [8]. JlanHbii dakTop
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HEOOXOAMMO YUUTHIBATH MPH BBIOOPE TOTO MJIM MHOTO BapHaHTa PeaKinu. Takxke
CIeIyeT YUYUTBIBATh, YTO oOecreueHne TpedyeMoro ypoBHs 0€301MacHOCTH o0pa-
0O0TKM KpUTHYHOM MH(OPMAIIMU BCETa MMEET HAaWBBICIINI MPUOPUTET MPH BHI-
0Ope BapHAHTOB PEaKIUU Ha MOTCHIIMAIBHBIC aTaKH.

Hapywenue
Crenenn Ortka3 noJjab30BaTeNs KOH(HIEHIMATEHOCTH
ONACHOCTH OT HOATBEPKACHHA WIIH LIENIOCTHOCTH
yrpos ero 00s3aTenbCTB HHpOPMALIHH
0e301acHOCTH
/ /
Kpurtnunas
CBep)éImcomn?l
Bbjcokuij pick
Bricokas PUCK Hecanknumo-
HUPOBAHHBIN
MOHUTOPUHI
C / Tpaduka
penHss ®
Huskas Cpennuii
Huskuii / brcK
puck
Heznaun-
TCIbHAsA
= o o
Orxas B = = = £ o BeposrnocTh
> = = O I
9 = T ) > peanu3anuun
JOCTYTIE K 5 g & a, > X
uHpopmanmu /g £ L ) Q EQ yrpos
Moo o] Q, < <]
s 5 ) ) S 2 = 0e3omacHOCTH
= © 2 S =
W
m

Puc. 2. Marpuna puckos 3amumeHHocTa PKC

BJiok npuHSITHS pelIeHust

JaHHbIi OJ0K pealn3yeT JABe OCHOBHbIC (D)YHKIIUH.

Bo-nepBrIX, 3/16Ch NPUHUMAIOTCA PEUIEHUS MO NPHOPUTETHBIM HaIlpaBlie-
HUSM BBISBJIEHHUS yrpo3 6e3omacHocTH U ysa3Bumocteil PKC. Yacto oka3eiBaercs,
YTO CHEKTP yrpo3 0e30MacHOCTH SABJSIETCS BEChbMa IIHUPOKHM, ITO3TOMY CIIOKHO
o0ecneunTh ONEepaTUBHYIO PEAKIMIO Ha BCE akTyajbHBIE yrpo3sl. IIpexnae Bcero,
HEOOXOOMMO BBISIBUTH HamOoJiee OMacHble Yrpo3bl M HEUTPaNIW30BaTh UX 3a MU-
HUMAaJIbHBIA NTPOMEXYTOK BpeMeHH. B TOM citydae, eciyv KpUTHUHBIE YTPO3BI HE
yAaeTcs HeUTpaau30BaTh ONEPAaTHBHO, BO3MOXHO, TpeOyeTcs MPHUHATH peIICHHE
0 BpPeMEHHOH mpuocTaHoBke ¢yHkIoHupoBaHus PKC unu ee oTaenbHBIX cer-
MEHTOB.

Bo-BTOphIX, Ha JaHHOM 3Tarnie HEOOXOAWMO ONpEeAeIHTh TpeOyeMble amma-
paTHO-NPOTPaMMHBIE PECYPCHI U OLIEHUTHh COOTBETCTBYIOLIME 3aTPAaThl HA pean-
3al[MI0 MTPOTHBOJCHCTBHS yrpo3am Oe3onacHoctH PKC mis BeIOOpa addexTus-
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HBIX CPEACTB 3aIUUTHl HH(POPMALMK, B YACTHOCTH, MO0 KPUTEPHUIO II€HA/KaueCcTBO.
KagecTBO cpencTB 3amuTel HHPOPMAIIAN OTPEAETSETCS, MPEXIe BCEro, TAKUMHU
napamMeTpaMH, Kak oOecreuyuBacMass HMMH CTENEeHb 3allluThl M alapaTHo-
IpOrpaMMHBIE 3aTPaThl HA UX PEaTH3aLUIO.

Jis 3¢ deKTUBHOTO MOWCKA PEIISHUI HCIIONB3YETCs alTOPUTM CITy4aifHOTO
MoMCKa ¢ mpeasicTopueit [10].

JlaHHBIN aNrOPUTM MpPEACTABIISIETCS B BUAE CICAYIOUINX PEKYPPEHTHBIX BbI-
paKeHUI:

}H-l = }i + A}Hl ;
Xi=Xen npu [f(Xic)<f(X)]V [f(Xi)<0], (8)

rie Xi — BEKTOP MapaMeTpOB LieeBOi QYHKIMHU (TaKuX, HApUMEp, KaK JJTHHBI
KJTFouUeil mupoBaHus, KOTOpbIE BO MHOTOM OTIPENENSAIOT YPOBEHb 3allUIIeHHO-
CTH MHQOPMALMM U T.1.) HA i-TOM IIare MOMcKa; /A — YHUCJIO HOCIEA0BATEIbHO
HEYyJA4YHBIX IIAroB IIOUCKa,; AX i — BEKTOp MpHUpalleHui Ha i+1-M mare nouc-
Ka, KOTOPBIH OIpeAeisieTcs Kak:

aRia mpu (i=0)v (AX:|=|AX i1 ) A (h>1),
AXi={ AXi mpn  [f(Xi) = f(XDIALS(X1)20], 9)
—AX, upu (JAX: |[#|AXia ) A(h21),

1€ a — MaKCHuMaJlbHas BCIMYHHA pa6oqero miara 1mmoucka, Riyy — BCKTOp CIIy-
YalHBIX qHuCel, ONPCACIIACTCA KaK:

Rini =(0,..,0,RI™ R R 0,..,0),
R =R=.=R =y, (10)

Iie ¥ — CIy4ailHO paBHOMEPHO pachpeieiCHHBbIC YHCNa, BHIOMpaeMble U3 HH-
tepBana [—1,1]; £ m L — ciydJaifHBIe IIebIe YnCia, PaclpeeICHHBIE Ha OTPe3-

ke [1, /4] u ynopsnodenusie cootHomenneM k <L, f(Xia), f(Xi), f(Xin) —
3HA4YEeHHUs] MapaMeTpoB IeNeBoH (YHKUIUH Tocie ocymectBienuss (i—1)-, i-,
(i +1) -ro maros mnoucka.

Cneuunduka npemaraeMoro aaropurMa COCTOUT B TOM, YTO B HEM BBOIMTCS
OKHO HCTOpPHH, T.€. 3aIIOMUHAETCS BEJIMYMHA TaKOTO TOCJIEAHEro Iara Mo Kakaon
NEepEeMEHHON, KOTOPBIA MpHBENI K TPeOyeMOMY H3MEHEHHIO LEJIeBOH (YHKIHU.
B nanHOM anropuTMe BHaJase UCIIOIb3YETCSl COXPAaHEHHOE 3HAYECHHE IIara IoucKa
U JIUIIb B TOM CIIydae, eCiM OHO HE JaeT TpeOyeMoro pe3yJbTaTa, BBIITOJIHAETCS
pacyer BENIMYMHBI IIara B COOTBETCTBUH C aJITOPUTMOM CIIy4aifHOTO ITOMCKA.

D¢ dexTHBHbIE pEelIeHNs] 0 MUHUMU3ALMH PHCKA 3alIMIICHHOCTH JOJKHBI
0a3upoBaThCA Ha ydeTe TPeOOBaHMUS MOCTOSIHHOTO CHIDKEHUs YPOBHS CYILECTBYIO-
MIMX PUCKOB 3aLIMIIEHHOCTH BBUAY BO3MOXKHBIX CEPBE3HBIX MOCIEACTBHUI TpH (PyH-
kuunoHupoBanru PKC B ycrmoBHAX BRICOKOTO YPOBHS pUCKa WX 3alUIEHHOCTH [1].

BJok peaknun (Ha yrpo3bl 0€301aCHOCTH)

JlaHHBIN GJIOK peann30BBIBAET PEAKLUIO CPEICTB 3aIIUTHI HA YIPO3bl O€30IacHO-
CTH ¥ TpeAOTBpaIlacT HecaHKIHOHHpoBaHHBIM noctyn k PKC. DddexruBhas
peakuus Ha yrpo3bl 0€30MacHOCTH SBJISIETCS pe3yJIbTaTOM KOMILIEKCHOTo (pyHK-
LMOHUPOBAHUS BCEX MPEABIAYIIUX U JAHHOTO OJIOKA.
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Hncmpymenmaputl MunuMu3ayuu pucka 3auuiyyeHHoCmu 8 pacnpeoesieHHuIx ...

Bbaok monutopunra cocrosnusa PKC

Jns addextuBHOTO TIpenoTBparieHus yrpo3 OezomacHoctn PKC HeobOxommmo
MPOBEICHUE TIOCTOSHHOTO MOHUTOPWHTA CYIIECTBYIOIIUX YTPO3, YA3BUMOCTEH.
brnok monutopunra coctosuusi PKC saBnsiercs 3aBepriaroliuM B NPeIOKEHHOU
CTPYKTYpE CpPEICTB MHHHUMH3AIMA PHUCKA 3alUIICHHOCTH W KOOPIWHUPYET
(hyHKIIMOHUPOBAHUE psAZla CTPYKTYPHBIX Oj0K0B. OOIIas cxeMa CUCTEMBl MOHH-
topunra cocrostaust PKC nipencraBnena Ha puc. 3 1 BKIIIOYaeT B ceOs CIeayromme
MOIYJIH: MOIYJIh cOopa HHPOPMAIIUK U MPOBEPKHU COCTOSHUS CHCTEMBI, MOJYJIb
(hopMupoBaHUs COOBITHI OE30MACHOCTH; MOJYJIh OOHAPYKEHHSI BTOPKCHHIA; MO-
ITyJIb PEaKIINN CHCTEMBI, MOTYJIb OOHOBJICHUS MIa0JI0HOB 1 KIIACCOB.

Mopaynb anropurma Monynb
p| oOHapyxeHHs peakuuu
BTOPKEHU I CHUCTEMBI
A4
Mopnyns Pacnipenenennas
(dbopmupoBaHus KOMIBIOTEpHAs
COOBITHIT 0€30MMacHOCTH cucreMa
7'} L A
A4
Monyns c6opa Monyns
nH(poOpMaLUK U IPOBEPKU OOHOBIICHHST
COCTOSIHUSI CHCTEMBI 11a0JIOHOB ¥ KJIaCCOB
I

Puc. 3. Obmas cTpyKTypa KOMIUIEKCHOH CHCTEeMBI MOHHTOpUHTa cocTosiHIs PKC

Mooyas coopa ungopmayuu u npogepxu cOCMOAHUL CUCHEMbl, B KAUYECTBE
KOTOPBIX CHCTEMBI BBICTYIAIOT KJIACCHYECKHE CHCTEMBbI OOHApYKEHHUS BTOpIKE-
HUM, CpeICTBa 3aIIUTH (AHTHUBHUPYCHI, MEKCETEBBIE SKPAHbI, allllapaTHBIE CPEACT-
Ba 3aILMTHl 1 KOHTPOJIS IOCTYIIA) U cpeacTBa aHanuza 3amuuienHocta PKC. Cuc-
TEMbl aHAIW3a 3AllULICHHOCTH MPOBOIST BCECTOPOHHHUE HCCIEIOBAaHUA
KOHTPOJIMPYEMBIX PECYPCOB C IIENBI0 OOHAPYKEHUS YA3BUMOCTEH, KOTOpPBIE CIO-
COOHBI MPUBECTH K HApYyIIECHNIO NOIUTUKH Oe3onacHocTu PKC.

Mooyns opmuposanus cobvimuil bezonachocmu TONydaeT WHPOPMAIIHIO
0T cpeacTB cOopa MH(GOpPMAIMK U IPOBEPKH COCTOSIHUN CHCTEMBI, BRICTYITAIOLIHX
B KauecCTBE areHTOB-NPWIOKEHUH 0 CIeNHaTbHOMY MPOTOKOIY MOJyYEHHs AaH-
HBIX, B COOTBETCTBHH C KOTOPHIM BBIMTOJHSAETCS MPe0Opa30BaHNe KYPHAIOB PETH-
CTpaly COOBITHI areHTOB-TIPUIOKEHU BO BHYTPEHHUH (OpMAT JaHHBIX, HCIIO-
JB3YIOMIUNACS B CHCTEME MOHUTOPHHTA 0€30ITaCHOCTH.

Mooynv obHapyscerus 6mopoceHull Ha TIEPBOM dTarle aHAJIH3UPYET CYIIECT-
BYIOIIME IPHUUNHHO-CJIEJICTBEHHBIE CBSI3U, YKa3bIBAIOIME HA B3aMOCBSI3b MEXIY
BTOpXeHUAMH, TU((epeHIPOBaHHBIMHA IO BPEMEHH, MECTY, CIOCcO0y aTaku U
3aJefiCTBOBaHHBIM CpEJCTBaM, a Takxke (OPMHPYET BEPOSTHOCTHYIO 3aBUCH-
MOCTb MEXIY COOBITHUSIMH, HHUIIATOP KOTOPBIX BBISBJIEH HE OBUI, M aHAIU3HUPY-
€MBIMU COOBITHSIMHU.

Jlanee mpoBoAXTCS aBTOMAaTHYECKOE PAHKUPOBAHUE TIO YPOBHIM OMACHOCTH
yIpo3 ACUCTBUI HApyIIUTENsd, HA OCHOBE aHAJIN3a BO3MOXKHOTO yIiepOa KOMITbIO-
TepHOH cucteme. OCHOBHOW 3amadeld JaHHOTO OJIOKa sIBIsieTCS (OPMUPOBAHHE
BEPOSITHOCTEN BTOpkKEeHUH 3noyMmbinuieHHUKOB B PKC u onpenenenue noteHuumas-
HBIX LIEJIEH HapyILINUTENEH, a TaKKe IPOTHO3UPOBAHNUE UX NANBHEHIINX ACHCTBHM.
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B.E. Myxun

Ecnu Bo3geiicTBHE Ha CUCTEMY KPUTHYHO, TO Mooyav peaxyuu cucmembvl
MPOU3BOJNT ABTOMATUYECKYI0 HEHTpaNIM3alMi0 JIEHCTBUI 3JI0YMBINUICHHUKA.
Ecnu ke cTeneHp yrpo3sl He MPEBBINIACT MOPOTOBbIA YPOBEHB, TO MPOJIOJIKACTCS
mTaTHOE (PYHKITMOHUPOBAHUE CUCTEMBI.

Mooy 0bHoG1eHUA wabI0H08 U K1accos Ha OCHOBaHWHU MH(OpMAIIUHU O CO-
BCPIICHHBIX BTOPKCHHUAX U MCTOHAaX HeﬁCTBHH 3JIOYMBIIIIJICHHUKA oOecrieunBaer
CBOEBPEMEHHOE OOHOBIICHHE ITIA0JIOHOB U CUTHATYD.

3AK/IIOYEHUE

Obecneuenne 6e3onacHoctn PKC mpencrapnsier cob6oil KOMIUIEKC MEPOTIPUSTHH,
BKJIIOYAIOMIMA B ce0s, B YACTHOCTH, MEXAaHWU3MBl 3aIlUTHl aNIMApaTHO-
NPOrpaMMHBIX CPEICTB W JCHCTBUS aJMUHHUCTpaTOpa O€30MacCHOCTH MO WX IpU-
MeHeHuto. M3BecTHO, uTo abcomoTHyo Oe3omacHocTh PKC obecrieunts B mpuH-
UIe HEBO3MOXKHO, OJHAKO BO3MOXKHO CYIIECTBEHHO CHU3UTh YPOBEHb YIPO3
0€30MacHOCTH M PUCKA 3alIMIIEHHOCTH CUCTEMBI. [{js peanm3anny JaHHOW 3a1a-
g HeoOXoauM (HOpMaTM30BaHHBIN MPOLECC U COOTBETCTBYIOIIUE CPEICTBA MH-
HUMU3ALUH PUCKA 3aIUIIEHHOCTH, PACCMOTPEHHBIE B TaHHOM CTaThe.
[IpemtoskeHHBIE CpPEICTBA MHHHMHU3AIMK PUCKA 3aIUIIEHHOCTH HMEIOT
NPaKTUYECKYIO0 HANPaBIEHHOCTb, YYUTHIBAIOT TPEOOBaHMS K COBPEMEHHBIM METO-
JlaM MHUHHMH3AIAN PUCKA 3aLIUIIEHHOCTH U TMO3BOJSIOT 3()(EKTHBHO BBIABIATH,
KJIacCH(UIMPOBATh M aHAIW3UPOBaTh yrpo3bl 6e3omacHoctd PKC, uto obecneun-
BAeT MOBBIIICHNE 3PPEKTUBHOCTH MIPUMEHEHHUS CPECTB 3alIUThHl HHPOPMAIIHH.
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YNPABJIHHA B EKOHOMIYHUX, TEXHIYHUX,

NMPOBNEMU NMPUUHATTSA PILLEHD |
@r
EKOJNOIN4YHMX 1 COUIANIbHUX CUCTEMAX

YK 519.24/.857.3

TEOPIS IPUMHATTSA PIIIEHD Y 3AJTAYAX
OINTUMAJIbHOI 3YIIUHKH

M.B. AH/IPEEB

Po3risiHyTO NpaBHIIO ONTHMAIBHUX DIillleHb BUPOOHMKA 31 3pOCTAIOYMM 3alacoM y
JaHUI 1epio, KOJIM 3aJaHi MOTOYHA I[iHAa Ta WMOBIPHICHHUI PO3MOIN LiH HACTYII-
Horo nepioay. [ToOymoBaHO MoAesi MPUHHATTS pillieHb y 3aJa4ax ONTHMAIbHOT
3YMUHKA MapKOBCHKUX IOCIiIOBHOCTEH 3 AETEpPMIHOBaHOIO ab0 BHIIQJKOBOIO Iepe-
oninkor. HaBeneHo OaliecoBy mpouenypy HNpUIHATTS pillleHb Yy 3amadi IMepeBipKu
CTaTHCTHYHUX TilloTe3.

BCTYII

3ajaya ONTUMANBLHOI 3YNHUHKU TOJISITa€ y BUOOPI MOMEHTY 3yNWHKH, sika 0a3y-
€TBCS HA TIOCIIIOBHOMY CIHOCTEPEKCHHI BHUMAJKOBHX BEJIMYMH 3 METOIO OTpHU-
MaHHS MaKCHMAJIbHOTO OYiKyBaHOTO BHTpamry abo MiHIMadbHHX OYiKYBaHUX
BTpaT. 3a/1a4ui TAKOTO THUITY MAIOTh MICIIC B TEOpPii CTATUCTHYHUX PIIlICHb MIPU Mi-
HiMi3alii pU3UKy BiJl HEMPaBUIBHO NPUHHATUX PillIeHb, IPU NEPEBipLi CTaTUCTHU-
YHHUX Tinore3 a00 OIIHIOBaHHI HEBIAOMHUX MapaMeTpiB 3aJaHUX HMOBIpHICHHX
PO3MOMINIIB, Y AOCTIIKEHHI OTepalliid, KOJIM pillleHHsSIM MoOke OyTH 3aMiHa ycTaT-
KyBaHHS, BUOIp cekpeTapsi, ab0 peryJjlioBaHHS piBHS 3amacy Ui 3aJ0BOJICHHS
BUIIaIKOBOT'O ITOTIUTY TOLIO.

IcropuuHo, 15 mpobieMa BUHUKIIA Yy TOCHIJOBHOMY aHaNi3l CTATUCTUYHUX
CIoCTepeskeHb y Teopii Banbaa [6], ska cTocyeThCsl MOCTiZOBHOTO KPUTEPIlO Bil-
HOIICHHS! HMOBIPHOCTEH JUISl MEPEBIPKU CTATUCTHYHUX TillOTE3 Ta TEOpii cTaTuc-
TUYHHX pilieHb. balieciB miaxia 1o po3B’s3aHHS MPOOJIEM MPUIHATTS CTATHCTHY-
HUX pillleHb B YMOBaX CTOXAaCTUYHOI HEBH3HAUEHOCTI BIIEPIIC 3YCTPIUAETHCS Y
crarti Appoy, brekyenna ta [Nprika [2]. BaxxnuBe micue y po3BUTKY i 3aCTOCY-
BaHHI i7Iel CTATUCTHYHOIO MOCIIIOBHOTO aHami3y Hajaexuth [upsieBy [11]. Y3a-
rajJbHEHHS MOCTIIOBHOTO aHaJli3y Ha MpoOjeMy YUCTOl 3yNHHKH 0e3 CTaTUCTHUY-
HOi cTpyKkTypu peanizoBano CHemom [5]. ¥V monorpadii Yao, PoO6inca Tta
CurmyHsna [10] migcyMOBYETBHCSI PO3BUTOK IIMX JOCHIKEHb. Y CTAaTTAX aBTOpa
[14—16] mocmimxeHO METOAM MOOYAOBH ONTHUMAIbHMX MOMEHTIB 3YIHUHKHU IS
MapKOBCBHKHX ITOCIiTOBHOCTEH, MPOLECiB MAPKOBCHKOI'O BiAHOBICHHS Ta ACIKHX
3aJadax HEmoJaJKH.

MeTta po60TH — BHU3HAYUTH MOKJIHUBOCTI 3aCTOCYBaHb METOJOJIOTII Teopii
ONTUMAJIbHUX PIlIeHb y 33a7adax ONTUMaJIbHOI 3yIHHKU AEesIKOi MOHOTOHHOI CTO-
XaCTUYHOI MOCHIJOBHOCTI, L0 OMHUCYE OUHAMIKY 3POCTaHHS PiBHS «OKUBOTO» 3a-
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M.B. Anopees

nacy, ONTHUMaJIbHOI 3yNMHKA MapKOBCBKUX TOCIHIZOBHOCTEH 3 E€TEPMiHOBAHOIO
a00 BUMAJKOBOIO TEPEOIIHKOI Ta ONTUMAIILHOI 3YMUHKH MPOIECY CIocTepe-
JKEHb TIPH MOOYI0BI 0aleCcOBOI MpOLIEAYpH MEPEBIPKH JBOX MPOCTUX CTATHCTHY-
HUX Timote3. s IMX Pi3HUX 3aJad MPOBOJUTHCS CHCTEMHUH aHaji3 moOyIoBU
MoJIeNiel IPUHHATTS pillleHs Ha 0a3i Teopii ONTUMATBFHUX PIllIeHb i3 BAKOPUCTAH-
HSIM JOCHiIKEHb, IpoBelieHNX y poboTax ['oxmana [3], A6mens-Xamima [1], An-
npeesa, ['yoenka i llltatmanna [13] ra Yao i Po66inca [12].

MPABWJIA IPUMHSTTSA PIIIEHD B 3AJIAYI ONITUMAJIBHOI 3YIIMHKU
3POCTAIOYOTI'O PIBHA 3AIIACY

Posrnsinaerbes 3agaua KepyBaHHS PiBHEM 3amacy, IO 3pOCTaE 3a BIKOM Ha MOTO-
YHOMY TIepioJli 4acy, KOJH 3a/iaHi TIOTOYHA I[iHa Ta WMOBIPHICHUI PO3MOILN LiH
Ha HACTyIHHH Tiepiol. ba3zoBa KOHIIEHITS MiIX0My, 0 PO3TIAAAETHCS, TIOJATAE Y
3HAaXOMKEHHI ONTUMAIBHOTO MpaBWIa 3yNHUHKU y IiH 3a1adi. 3’sSCOBY€ETHCS, 10
ONTHMAaJIbHA CTpaTeTis nependadae 3HaXO/HKEHHs ypizaHoi miHOBoOi (yHKIIII, ska
HE € 3pOCTar0U0I0 BiTHOCHO PiBHS 3pOCTAHHS 3a BIKOM HasBHOTO 3aracy.

3pocTarouuM 3a BiKOM piBHEM 3aIlacy MOKe OYTH «KHBHiD» TOBap (IJOMAIIHS
porara xyzno6a, nTHLs, AiJIsTHKa Oy iBENBHOTO JIiCy, 3acisHe moe i T.1.), 3a 3a1a-
HUMH TIOTOYHOIO I[iHOIO Ha Ied mepioj Ta WMOBIpHICHUM PO3MOALIOM IiH IS
HacTymHoro nepioay. Ocoba, mo npuitmae pimenHs (OIIP) (BupobHuk um dep-
Mep) Ma€e BUPIMIUTH HEOOXiTHICTh MPOJaXy CBOTO TOBapy y AaHUH mepiox, abo
MPUTPUMATH HOTO 10 HACTYIHOTO Tiepioxy. BapTo 3a3HaumTH, 10 9ac TyT BUCTY-
mae Ha JBOX DiBHAX: 1) ToBap, IO PO3TISNAETHCS Y Yaci, OMHCYETHCS 3pOCTalO-
YUM TIPOIIECOM 1 2) MPOTIeC IPUHHSATTS PIMICHB 32 CBOEIO MPUPOIOI0 Pealli3y€e€ThCs
BIIPOJIOBK I[BOTO Yacy. BaxkauBuM € i Te, 1110 OCKINbKM PIMLICHHS CTOCYIOThCS Hisi-
JHHOCTI Y MalOyTHROMY Haci i IpOIeC PINICHb 3TIHCHIOETHCS Ha KOHKPETHHX
BiZ[pi3Kax yacy, TO IpH LOMY OOOB’S3KOBO Ma€ Micle MosiBa pu3HuKy. HaBiTh
MIPHUITYCKaIOYH, Mo (Gi3MIHUN TPOIeC 3pOCTaHHS PIBHS 3amacy MOXe KOHTPOJIO-
Batuchk OIIP, pu3uk Bce omHO 3anmumiaerscs uepe3 HeymoxunBiaeHHs OIIP mo-
BHOIO MIPOIO PEryJIIOBaTH I[IHA B PUHKOBUX YMOBaX.

s 3amava chopmynboBana ['oxmaHoM [3], MOBHICTIO BiToOpakae 3arajoBOK
mpoOJieM ONTHMAaNbHOI 3yMHHKH, CHCTEMAaTH30BaHO mpenacTaBieHoi Yao, Pobin-
coM ta Curmynzaom [10]. V po3aini 5 miel KHUrH, aBTOPU TOCHTIHKYIOTH TIpoOIie-
My TpaBWJI 3YNIHHKA MapKOBCHKHX TPOIECiB, 30KpeMa, Tak 3BaHy HpoOiIeMy
Endsinra [4], nns sixoi nqaHa 3a1ava € il YaCTKOBUM BHITaJIKOM.

OnTuManbHa cTpateris nependavae 3HaXOPKEHHS ypi3aHOi I[IHOBOI (YHK-
1ii, sIKa BU3HAYaTHMe JJIsl KOJKHOTO PiBHS 3aracy HasBHOTO 3a BIKOM TOBapy Horo
iHy, HIDKYe K01 hepMep MPUTPUMYE CBiif TOBap HA IHIIUH MEpiox, 1 BUIIE SKOT
— MpOoJaE CBili TOBap MPOTATOM IOTOYHOTO mepiony. s momaismioro crpo-
IIIEHHS TPUITYCTUMO, IO BCi OTepartii MaroTh MiCIle Ha TIOYaTKy Iepioy.

CraH cucTeMn BH3HAYa€ThCS BIKOM HasBHOTO ToBapy. Hanpukinan, y Bunaa-
Ky SUIOBUYMHH, 32 JOIOMOIOI0 (DYHKIIIi 3pOCTaHHS BCTAHOBIIOETHCS 3B’ A30K Barwy,
SIKOCT1 1 CTIO)KUBYOTO TTOCTadaHHS 3a BIKOM IThOTO TOBapy. HesBakarouw Ha Te,
IO TMOTOYHI PUHKOBI I[iHU BiIOMO, a I[IHHM JJIsS HACTYIHOTO IEPioJy HEBiJIOMO,
MOJKHA TIPUIYCTUTH, II0 BOHM ONHKCYIOTHCS BHITAIKOBOIO BEIHMYMHOIO, KA Mae
OJIVH 1 TOM K€ MMOBIpHICHHN PO3MOLN yNpOoAOBXK ycix nepioais. Lli uinu € Heza-
JISKHUMH Bill BIKOBOTO PiBHSA 3amacy TOBapy, OCKIIBKH HOTO Bara «KOPUTYETHCS
JUTSL 3MiH SIKOCTI 32 BiKOM 4epe3 (QYHKITIIO SKOCTI.
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Teopis npuiinamms piwiens y 3a0a4ax onMumMaibHoi 3yRUHKY

Hexait f(x, p) Oyae MakCHMaJIbHO OYiKyBaHOIO BHUTOJIOI0 HASIBHOTO 3armacy
TOBapy, BiK SIKOTO JIOPiBHIOE X, TOJi SK MOTOYHA I[iHA MPOAAXY OJMHHMII HOTO
Baru gopisatoe p > 0. Toxi

f(x, p)=max [wlx)p, M f(x+1,p') = wlx)e(x)] (1)
mis x=0,1,...,X —1 3 kpaiioBoro ymoBorwo f(X,p)=w(X)p, ne w(x) >0 —
Bara TOBapy, BiK SKOTO AOPIBHIOE X, c(X) — BapTICTh OJWHWII Bard yTPUMaHHS
TOBapy Bin BiKy X 10 Biky x+1, a p' — BumagkoBa MaiiOyTHS I[iHa OJUHMIII

BarW, y BHUIAJKYy, KOJM BiK TOBapy AopiBHIOE X + 1. SIkmio Hapasi BBeCTH HOBI
3MiHHI

glx.p)=f(x.p)/wlx) i v(x) = wlx+1)/wlx) 0
it x=0,1, ..., X —1, Toxi piBasHHS (1) MOKHA TIepenucaTy y BUTIISIII
g(x, p)=max[p, Mv(x) glx +1, p’) = c(x)] (3)

mit x=0,1,...,X -1 3 kpaiioBoro ymoBoro g(X,p)=p. 3HaueHHs QyHKUIl
g(x, p) xapaxkTepu3ye MakCUMaJbHO OUYIKyBaHy BHIOAY Bil TOBapy, BiK SIKOT'O
JOPIBHIOE X, KOJM MOTOYHA I[iHAa MPOJaXy OJUHHMLI Bark AopiBHIOE p > 0. s
moOyI0BY MOJIETI PillieHb TSl JaHOI 3a7ad9i CIIiJT 3ayBaKUTH, 110 OCKUTEKH YMOB-
HUI PO3MOiT MaiOyTHBOT IiHK p' 3a 3aJaHOi MOTOYHOI WIHK p, HE 3aJCKUTh
Bi p, Tomi 3 piBHAHHA (3) BiAgpa3y BUIIMBAE, MIO ONTHUMAalbHA CTpaTETisd
OPUIHATTS PIMICHb CKIAJA€ThCS 3 JBOX PIIICHB:

d (x)z 1: mponasatu ToBap, SKIIO p > p(x),
d (x) =(0: mpuTpuUMaTH TOBap, SKIO p < p(x), 4
ne p(x)=v(x)Mg(x+1,p")—c(x) nnst x=0,1,...,X —1.

Lle o3Havae, M0 MpU MPUUHATTI pillIeHHS NPUTPUMATH TOBap Ha OAMH
mepion AoBiIe, pepMep MPUPIBHIOE MAKCUMAITHHO MOYKITUBI MTOTOYHI BUTPATH —
w(x)[p + c(x)| mo MakcUMaIFHO OYiKYBaHOI BUTOJAHU BiJ MPOJaxy TOBapy Ha Ha-

crymHoMy miepiogi — Mf(x+1, p").
MoskHa mokazaTd, mo koimu c(x)<0 mig ycix x Ta w(x) € 3pocTardoro
(dyHKIiEO 0 X, TOAl o(X) HE € 3pOCTaouor0 (HYHKIE M0 X. AJie MPHUITYIICH-

HS IOJI0 BiJI’€MHHUX BUTPAT BiJl yTPHUMAaHHS KUBOTO TOBApy € TAaKUMH, L0 MOTpe-
OyroTh CyOcuayBaHHs (epMepa, a Ie CyNepeunuTh AIHMCHOCTI 1 € HepeaTbHUMHU;
TOMY CIIi/I 30CEpeUTHCh Ha yMOBaX, SIKi 3a0€3MeuyIoTh JIWIIE JOAATHI BUTpATH
BiJl yTPUMaHHS KUBOTO TOBapy, TOOTO ¢(x) > 0.

Teopema 1. [3] Axmo v(x) i —c(x) — HE € 3pocTarouuMH (PYHKIISIMU 110
X, ToIi TakuMH caMuMi € GyHKIiT g(X,p) i p(x).

JoBenennsi. 3 orisiy Ha BU3HauUeHHS QyHKIIT p(x) 1 JOMYCTUMHUX BIIACTHU-
Boctell ¢pyHkui v(x), c(x) ta g(X,p)>0, nocurs nokasatu, mo g(x, p) He €
3pOCTar0Y0r0 QYHKITIE 10 X. JJIS IbOTO BUKOPUCTOBYETHCS METOJ 1HIYKITIT 10
x. 3 piBusHHA (3) BuumBae, mo g(X —1Lp)= p=g(X,p) Vp>0. [lpumycru-
Mo, mo g(x+1,p)=>g(x+2,p) Vp. Toni 3 piBHsHHEA (3) Ta YMOB TEOPEMHU BH-
wmBae, mo g(x, p) = g(x +1, p) Vp, 1o 3aBepinye JOBEICHHS.
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Lett pe3yabTaT MOSICHIOETHCSA TAKUM YHHOM: ISl JICTEPMIHICTUYHOTO BHIIA-
Ky, ONITUMaJIBHUH Bik a00 cTaH 30yTy Ha pUHKY OJTHO3HAYHO BU3HAYAETHCS 3aa-
HOIO MOTOYHOIO IiHOK0. Lle nerko mepeBipuTH 3a yMOB TeopeMH (KOJIU (QYHKILis
w(x) Mae ClagHWK 10 HYJIS MapriHAJILHUN TEMIT 3pOCTaHHs 1 QYHKIlA c(Xx) HE €
3pOCTalOUuOr0 (PYHKIEIO MO X ), IO 3POCTAHHS PHHKOBOI I[iHM MPU3BOAUTH JO
3MEHIIICHHS ONITUMAJIBHOTO BiKy a00 CTaHy Juis 30yTy TOBapy Ha PUHKY. 3 I[bOTO
pe3ynbpTaTy poOMMO BHCHOBOK 1 JUII CTOXAaCTHUYHOTO BUNIAAKY, IO KOJIU (hepmep
BUpIIIIy€ TPOIaBaTH XKUBHA TOBAp Y Billi X 3a Oyap-sKy LiHY, siKa AOPiBHIOE 200
Oinbina 3a p(x), TOJI MOXKHA OYIKYBaTH, IO «iala30H I[iH» 3aJUIIUTLCS B «JIia-
Ma30H1 IMPoJIaX» y Biri x +1.

TakuM 4rHOM, 3a/1a4a 3pOCTAIOYOr0 PIBHS 3aIacy JKUBOTO TOBApy y LbOMY
KOHTEKCT1 PO3MIISAIA€ThCS SIK KOHKPETHUI BUTA/IOK 3a/1a4i ONITUMAIILHOT 3yIIHHKH.
s 3amada Moke po3rIIAAaTUCh B iHINIA MOCTAHOBI SK MPoOJieMa 3aMillleHHS,
Ky MOYKHA PO3B’S3aTH METOJIAMHU TEOPIii JOCTIIKESHHS OTeparlii.

3AIAYI ONITUMAJIBHOI 3YIIMHKA MAPKOBCBKUX IMOCJITOBHOCTEM
3 JETEPMIHOBAHOIO IIEPEOIIHKOIO

3yNMHUMOCH Ha 3’SICYBaHHI JISSIKUX PIBHOCTEH Ul CTalliOHAPHUX MAapKOBCHKHX
MOCITIIOBHOCTEH, SIKi BUKOPUCTOBYIOTBCS NP OOTPYHTYBaHHI MPOLIECY MPUHHST-
TS pillIeHb MO0 3a7a9 ONTUMaNbHOI 3ynuHKH. Hamami (Q,F,P) BUKOPHCTOBYBa-

TUMEThCSI JUISl TO3HAYCHHsS HMOBipHiCHOro mpoctopy, a N =[0,1,2,...] Ta
X =(X,, ne N) nozHauatume cTallioHApHY MAPKOBCHKY IMOCIIIOBHICTh BHIIAJ-
KOBHX BEJIMYWH, BU3HAUYeHHUX Ha ((2,F,P) 31 3HAaYCHHSIMH Y BUMIPHOMY IIPOCTOPI
(E,¢&). Mns xoxuoro xe E i A€ F, P.(A) nosHayatume yMOBHY HMOBIpHiCTb
0SB BUIIAZIKOBOI 1onii 4 npu 3agaHoMmy X, =x, M, — MaTeMaTHYHE CIIOJi-
BaHHA BigHOCHO Mipu P, . Koxna QyHKIisS [, 10 BUKOPHCTOBY€EThCA TYT, Oyne
CKIHYCHOIO 1 MIHCHO 3HAYHOIO JIOTH, IOKH HE CTBEPIKYETHCS IOCH iHIIE; KPIM
TOro, IPHUITYCTHUMO, IO Ul KoxkHOro ne N, M | f(X,)|<c. TepmiH «4ac 3y-

MUHKW 03HAYaTHUME «CKiHYEeHWH yac 3ynmuHKW». Y pobori [10] aBTopu momaroTh
BHUYEPITHY METOIOJIOTIIO TeOpii ONTHMAIBHOI 3yITHHKH.

MOJIEJII IPUAHSTTS PILIEHD Y 3AJJAUAX ONITUMAJIbHOI 3YIIMHKH
OJTHOPITHUX MAPKOBCBHKHUX MMOCJIIJIOBHOCTEN
I3 JETEPMIHOBAHOIO ITEPEOIIHKOIO

[pu mociimkeHHi 3a1a4di ONTUMAaIbHOT 3YIHMHKHA OJZHOPIAHOT MapKOBCHKOT MOCIi-
JIOBHOCTI 3 JICTEPMIHOBAHOIO MEPEOIIHKOK 3HAXOJSATh TAKHA MOMEHT 3YIHHKU
Ii€T MOCIIIJOBHOCTI, HA SIKOMY JOCSTa€ThCS MaKCHMaJIbHE 3HAYCHHS 3aJaHOI0
KPHUTEPil0 ONTUMAIBHOCTI 3 JAETEPMIHOBAHOIO MEPEOLiHKO. JleKijbKa KOHKPET-
HUX MPHUKIAJIB TAKUX 3aj[ad HaBeleHo y ctaTTi AOnens-Xamina [1].

Y oMy pO3MIiIi pO3TIIAIAIOTHCS JesKI PIBHOCTI Ta HEPIBHOCTI JJII OHOPI-
JTHOT MapKOBCHKOT IOCIIIIOBHOCTI 3 A€TEPMIHOBAHOIO MEPEOIIIHKOIO, SIKi BUKOPHC-
TOBYIOTBCS B MOJAIBIIOMY JIJIi OTPUMaHHS MpaBUiI a00 MOJENCH MPUIHATTS Pi-
[ICHb Y 3a/1a4aX ONTUMAIBLHOT 3yITHHKH 3 MEPEOIIHKOIO.
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Hexaii s omHOpinHOI MapkoBcbkol mocnigoBHocTi (X, ,F,,P.) 3 ®IIC
(X,B) Ta nBox B-BuMipHuX QyHKLil g, ¢ Ta cranoi BeauyuHu ((akropa me-
peowinkn) «, 0 < o <1, QyHKIisA BUTpAITy B MOMEHT 3yITHHKA 7 Ma€ BUTIISA

M| g(x,)- Y ame(x,)|, (5)

€ g TPaKTYeTbCs K (DYHKILIS BUrpally, a ¢ — SK (QyHKLIA [JIaTH 32 OJHE CIIO-

CTEPEKEeHHSI.
Hexait F — xnac ycix MapKOBCBKHX MOMEHTIB, 110 3a/I0BOJIBHSIOTH YMOBI

li_me{[ "a ag(Xn)—a’"g(Xm)}I(r>m)}=0. (6)

. *
3a/1aqa nojisra€ 'y 3HaxOJIKCHH1 ONITUMAJIbHOTO MOMCHTY 3YIIMHKU 7 , LIO0
3a10BOJIBHAE KpI/ITepiIO ONTUMAIILHOCTI

* £ -1
sl ) Tl =, ael0,)- e, )| O
n= n=

Je cynpeMyM OepeTbes Mo BCiX MOMEHTax 3yNUHKH, L0 HajlexkaTh kinacy F , Toxi

o *
ONTUMAJIbHUA MOMEHT 3yIIMHKUA 7 BU3HAYAETHCA SIK MOMEHT IIEPLIOrO IONaLaH-
HSl y MHOXXUHY

D={x:T,g(x)-c(x)<0}, (®)
ne T, — omepaTop O4iKyBaHOTO AMCKOHTHOTO IPUPOCTY BUTpAIIy HA OJUH
KpOK ymepea, o Jie Ha (yHKUilo Burpamy g y toumi x: 7,g(x)=
=aM, [g(X | )] —g(x), 1 oNTUMaTBFHUI MOMEHT 3YITUHKH BU3HAYAETHCS K

r*zinf{n:XneD}. )]
Mae micrie OCHOBHHH PEe3yNIbTaT:
Teopema 2 [1]. fAxmo MHOXMHA D 3aMKHEHA i MOMEHT 3YITUHKH r 3a710-

BOJIbHSIE YMOBI (6), TOX 7 € ONTHMATLHAM MOMEHTOM 3YIIHHKH.

HaBeznena nmocraHoBKa 3aj1a4i aHAJIOT1YHA TIOCTAHOBII 3a1a4i 11 MOHOTOH-
HOT'0 BHITAJIKy, IO PO3TISHYTa ¥ po3auri 3.5 poboru [10]. MoxxHa mOpiBHATH
Teopemy 2 i3 Teopemoto 3.3 y po6ori [10]. Cnig 3ayBaxkuTH, mo komu o —>1 i
c(x)=0, Toxmi Mae Micie MOHOTOHHHMI BUIAJIOK, X04a Yy IbOMY BUIIaIKy HaBele-
Ha TyT yMoBa (6) He Taka, 1k ymoBH (3.15) 1 (3.17) y [10].

VY Mopenp MPUAHSATTS pillleHb 3aJadi ONTUMAaJbHOI 3yNWHKH BXOISATH JBa
pimtennst: pimennst d(x)=1 Bianosimae HeraiHii 3ynuHLi y crani x € D, a pi-
meHHs d(x)=0 BiAMOBiZa€ TPOJOBKEHHIO MPOIECY CHOCTEPEkKEHb y CTaHi
xeD, ne

D ={x:T,g(x)—c(x)>0}. (10)

Hpuxaan 1. Hexaii (Y,) — nociioBHICTh HE3aJIEKHUX OJHAKOBO PO3IIO-
JIJICHUX HEBIJ'€MHHMX BUIAJKOBUX BEIIMYMH 3 CEPE/IHIM 3HAYCHHsSIM g < co. He-

xail (Z,) — NOCHiOBHICTh HE3AJIEKHUX OJHAKOBO PO3HNOALIECHUX LITO3HAYHUX
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BUIAJKOBHX BEJIMYMH 3 CEPEAHIM 3HAYEHHSM A <00, MPUYOMY MOCIIiJTOBHOCTI

. n .
(Y,) Ta (Z,) B3aemonesanexHi. st n=1,2,... noknagaerbcss N" = 2

N}’I

it x =0 noknagaerscst Xy =x, X, =x+ Zzl Y;

Hexaii f:R, — R, — TOTOXHE BioOpaXKeHHs. 3BiICH BUILIMBAE, LIO IS
a<(0,1),

T, f(x)=alpu—(1-a)x.

Hexait c¢: R, — R, — nHecnanHa Qynkuis. Hexail y — equnuii Kopinp ai-

rebpaiuHoro piBHsHHA (1 —a)x+c(x)=atu, i ¢ =inf{n: X, > y}. 3Bincu Bu-
* . .
IUTMBAE, IO 7 3aJ0BOJBHSAE YMOBI (6) i MHOXHMHA D =[y, ©) 3amkHeHa. OTxke,
*

3a TEOPEMOIO 2, 7 € ONTUMAILHIUM MOMEHTOM 3YIIHHKH.

VY Mojens NpuAHATTS pillieHb A JaHOTO MPHUKIAAY BXOISTDH J1Ba PilllEHHS:
pimeHnst d(x)=1 BiAmoBiiae onTHUManbHIA 3yNHWHII y cTaHi x € D; pilmeHHs

d(x)=0 BiamoBigae MPOMOBKEHHIO MPOIIECY CHOCTEPEXKEHb y cTaHi x € D, ne
MHOXHHA D = (-0, y).
Hpuknan 2. Hexaii (Y,) — mociioBHICTh HE3aJIEKHUX OAHAKOBO PO3IO-

JiIeHNX BUITAJKOBHX BEJIMYMH 3 (QYHKLi€I0 po3nonaiy F i3 cepeaHiM 3Ha4YeH-
HSIM u <oo. Jlns Oynap-Koro IificHOro uucia X, Mokiaagaerbes X, =X, 1 IS

n=12,., X,=max(x,Y,.,Y,). Hexaii f:R—> R — TOTOXHE BifoOpa-
JKeHHs. 3Bigcu BUmmBae, mo 1t € (0,1)

T, f(x)=af” (v=x)F(dv)-(1-a)x.

Mosxna nokasatu, mo 7, f(x) He3pocraioda (QyHKIisA Bix X. SIKiio mpumy-
ctuty, mo c(x) € HecagHow (yHKUier0, Toai x — T, f(x) — c(x) € He3pocTato-
yoro (ynkuiero. Hexait y Oyne eTuHIM KOPEHEM IHTETpaIbHOTO PiBHSHHS

ajxw (y —x)F(dy)=(1-a)x+c(x).

Tomy " 3a10BOBHSE yMOBi (6) 1 MHOXXMHa D =[y, ©) 3aMKHEHa Yy pO3y-

MiHHI, BU3HaueHOMy BHIe. OTXKe, 33 TEOPEMOIO 2, T — ONTHMAIBHHA MOMECHT
3YIUHKHY.

VY MoJiens NpUAHSATTS PillieHb ISl JJAHOTO TPUKIIATY BXOJSTh JIBA PIlICHHS:
pimenas d(x)=1, ske BiONOBiga€ HETaHIN 3yNUHIN y CTaHI X € D Ta pilIeHHS

d(x)=0, mo BiOBizae MPOLOBKEHHIO IPOLECY CIIOCTEPEKEHb y CTaHi x € D,

e MHOXKHHA D = (-0, y).

PEJYKOBAHA MOJIEJIb PIHIEHD Y 3AJAYI ONITUMAJIbHOI 3YIIMHKHA
MAPKOBCBKOI HOCJIJOBHOCTI 3 BUIIAJIKOBOIO ITEPEOIIIHKOIO

Hexatt X ={X,,F,,P,, n=0} — ogHOpiZHa MapKOBCbKa IIOCJIiJAOBHICTh Yy
BuMipHOMY mpocTopi (X,B), me g(x) — HeBixm'emHa B-Bumipra QyHKITIS.
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IMopsin 3 mocnigoBHicTio X ={X,,F,,P,, n>0} 3agaHo NOCIiJIOBHICTbh
L={p,P>,...} HE3aISKHUX OJHAKOBO PO3MOIMIIEHUX BHUIAJKOBHX BEIHMYUH
(0< B, <1, MB, =b), npuuomy {f,, n=0} ta {X,, n>0} € He3anCIKHUMHU.
[Mosnaunmo B" = B,f, -+ B,. 3ynusstoun mocmigosuicts {X,, n>0} B Mo-
MEHT H, OTPUMYEMO BHITIQJIKOBHUI BUTpAILl

n n-1 ,s-1
Bre(X,)-2" B dX). (11)
Tyt g(X,) — dyHKuis BUrpamry B MOMEHT 3yNUHKH, c(X ) MOXHa Tpa-
KTYBaTH SK IUIaTy 32 MOXJIMBICTh MPOBECTH YEPTOBE CIIOCTEPEKEHHs, repedyBa-
foud y crani X, 1 f — sK BUIAJKOBUI mapaMerp, SKUM BPAaXOBYETHCS 3MiHA

«IHHOCTEW» y 4aci. HeoOXiqHO BH3HAYUTH MOEIb MPHUUHATTS PillleHb IIOI0
MOMEHTY 3YIIMHKH, Ha SKOMY JIOCATA€ThCS MAaKCUMAIIbHO O4iKYBaHUN BUTPAIIL.
Lst 3amava 3BOAUTHCS 10 3a7a4i TPO ONTUMANIBHY 3YIUHKY JBOBHMIipPHO1

MapKOBChKOi mociigosuocti Y, ={B", X,, n>0} y ¢azoBomy mpocropi
Y =(0,1) x X i3 dynkiieto Burpamy f(y), y =(6,x), 8 €(0,1), x € X, npuaomy

f(y)=f(0,x)=0g(x), 06(0,1), xeX. (12)

Takum YHHOM, {Yn LN 0} — OJIHOpiZIHA y Yaci MapKOBChKa TMOCIiIOBHICTh
3 MepeXiTHIMH HMOBIPHOCTSIMU

P{Y,. €B|Y, =y}=P[p<6'/6]P(x,B'), (13)

ne B=(0,0"xB', 0<0'<6, P(x,B")=P{X,,, €B'| X, =x}.

OTxe, y BAMIpHOMY IIPOCTOPIi (Y,l~3) 3aJJaHO0 MapKOBCHKY IOCIiIOBHICTh
Y={Y,, n20} 3 mnepexiguum omepatopom Ty f(y)=M  f(¥})=
= IY P(y,dz)f(z). Hexait @(0,x)=x — BumipHe BigoOpaxenns (0,1)x X —

~

—>(X,B); A(y)=h(0,x)=60 — B-pumipna ¢yukuiz B Y; g(p(y))=
=g(p(0,x))=g(x)>20 — B-Bumipna ¢ynkuis B X. Tomi, 3ynmUHSAIOYH TTOCITI-
noBHIcTh {Y,} y Touni (6,x) € (0,1)x X, orpumaemo Burpami

1(6.x)=h(6.x)gle(6,x)], (14)
npuaoMy I Oyab-skoi BuMipHOi QyHKIIT f € L(X,B) cnpaBemnmuBe CIiBBiA-
HOTICHHS [8]:

Ty [ f(e)h]=hbTx g(0). (15)
ne Ty — mepexigHuil oneparop nociigoBHocTi {X,}, a bTy — nobytok Ty i
oreparopa MHOXCEHHS Ha crany b, nmpuuomy b7y — omeparop, mo 30epirae
HepiBHOCTI y pocTopi (X, B).

3a anaroriero [8, 13] MarOTh MicCIle HACTYITHI PE3yIbTATH:
Jlema 1. Haiimenma 7y -excuiecuBHa MakopaHnTa QyHKIIl f(6,x) € pyHKIisA
s(6,x), 1Mo 3am0BOIBHSIE PIBHAHHS Bambaa

S(H,x)zmax{f(ﬁ,x), Tys(H,x)}, (16)
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sIKe, B3arayii-To, HEMa€ €IMHOTO PO3B’A3KY Y MpocTopi B -BuMipHUX QyHKIIH.

Jlema 2. Haiimenma 7y -ekcuecuBHa MaxopanTa GyHkuii f(6,x) € GyHKIis
s(8,x)=00,(x), #<(0,1), xeX, (17)

ne ¢yskuis o, (x) € HaiiMeHmow b7y -eKCLIECUBHOI Ma)KOPAaHTOO (PyHKHIil
g(x).

Jlema 3. Slkmo ¢yskuis o, (x) — HaiimeHma b7y -eKCIIeCHBHA Ma)KOpaHTa
(dhyHkmii g(x), To BOHA 330BOJIbHSIE PiBHAHHA Banbaa

a3 (x) = max{g(x). 6Ty (x)} (18)

10 Ma€ €JMHUI po3B’sA30K y mipoctopi B -BuMipHUX QyHKIIIH.
Hacainok. OyHKIiA 0 (X) € I0CTaTHHOIO CTATUCTUKOIO Y 3a/adi ONTHMa-

JBHHOT 3YNMUHKH, a OYiKyBaHHH ()aKTOp MEPeOliHKH BIUIMBAE JHIIE HAa 00JacTh
ONITUMAJILHOT 3yITUHKH.

Lle TBepmkeHHs ButUHBaE i3 em 2, 3. Crpasni, mopiBHIO04H Bupasu (17)
ta (18), MoXoAMMO BHCHOBKY TIPO T€, IO y 3a1avi PO ONTUMAIbHY 3yNHHKY 3
BHUIIAJKOBOIO TIEPEOLIHKOIO JIOCTATHLO CIIOCTEPIraTH JIUIIE SBOJIOIII0 OJHOBUMI-
pHOI nocninoBHOCTI {X,, n=0}.

o *
30erMa, OINNTUMAJIBHUM MOMECHT 3YIIMHKK 7  BH3HAYA€THCA SIK MOMCHT
Iepmoro nomnagaHisa y MHOXKHHY

B:{x:ab(x)zg(x), bTXg(x)—c(x)SO}, (19)
ne bTy — omepatop, 1O Ai€ Ha GYHKIIIO BUTpally g y CTaHi X, BU3HAYA€ O4i-
KyBaHHWI NUCKOHTHHU MPHUPICT BUTPAITY BiJl 3YMMHKH HA HACTYIHOMY IIepioji
yacy, 10010 b7y g(x)=bM x[g(X 1 )]— g(x), 1 onTHManbHHI MOMEHT 3yIHHKH
BHU3HAYAETHCS SIK

7 =inf{n: X, € B}. (20)
Mae wmiciie HaACTYITHHI OCHOBHHUH pe3yJbTaT:
Teopema 3. SIki10 BUKOHYIOTBCS BHIIE HaBeneHi yMoBH (14—15) i MHOXHHA

. %
B 3aMKH€HA, TOJ1 7 € ONITHUMAaJIbHUM MOMCHTOM 3YIIMHKH.

VY Mofens NPUHHATTS pillleHb Y JaHii 3a1adi ONTHMAIbHOI 3yMHHKH BXO-
JIITh J1Ba pilieHHs: pimeHHS d(x)=1 BiANOBigae HeraHid 3ynuHII y CTaHi

x € B; pimenHasa d(x)=0 BimmoBizae MpOAOBKCHHIO Ha OJUH TEPioj Jacy Ipo-

1IECY CIOCTEPEXKEHb y CTaHl x € B, ne

Ez{x:ab(x)zg(x),bTXg(x)—c(x)>0}. (21)

MOCJITOBHI ITIPABUJIA IPUMAHATTS PIIIEHD B 3A/IAUI TIEPEBIPKA
JABOX MPOCTUX CTATUCTUYHHUX I'TTTIOTE3
Hexaii Y|, Y,,... — He3aJleXHI 0JHAKOBO PO3IMOJLIEH]I BUNAAKOBI BEIHMYMHU i3

IIUTHHICTIO pO3MOJiNy f BIIHOCHO NESKOI O -CKIHUYEHOI MipW 4 Ha TPAMIH.
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Heo0xigno nepesiputu rinotesy H,, : f = f, mopo rinoresu H, : f = f, ne f,
i fi — 3amani ¢pyskuii. Brparu, no’s3aHi 3 npuiHATTAM Tinoresn H, y Bumaj-
Ky, KOJIM CIIpaBeAanBa rinore3a /,, JOpiBHIOIOTh a > (0; BTpaTH 4epe3 NpUHHAT-
T H y BUNAIKy, KOJIM cripaBeainBa H,, HopiBHIOWOTH b >0; BapTicTh MpoBe-
JCHHS KOXHOTO CIOCTepPeXKEHHA y; JopiBHIOE oxmHuLi. Ilpomemypa
NOCHIJOBHUX pilleHb (O, N) CKiIagaeTbCst 3 MOMEHTY N 3YIMUHKH CIIOCTepe-
KEHb Ta TPUHAHATTSA OCTATOYHOTO pillleHHs O. MareMaTH4He CIIOIiBaHHS BTPAT
JUTs pimeHHs (0, N) IOpiBHIOE

aga+M, (N ) , IKIIIO CIIpaBeUInBa rinoresa H,

oab+ M, (N ), SKIIO CIpaBeUINBa rinoresa H, (22)
ne o, =Py (nmpuiinsato H,), «a; = P (upuiinsto H ).

Skmio icHye ampiopHa WMOBIpHICTB 77 TOrO, IO Mae€ Micue rinoresa H i,
OTXe, HMOBIpHicTs | — 77 TOrO, 10 Mae MicIe rinore3a /4, TO O4IKyBaHUH PU3UK
Ut pimeHHs (5, N) 3amaerbes GopMyIo

H7,0,N)=rlaga+ My(N))+ (1 -z )eyb+ M (N)] . (23)

JIJist JTaHOTO MOMEHTY 3yNMUHKA N JIerKO BU3HAYHMTH TPABUIO OCTATOYHOTO

pimeHHss O, sKke MiHiMi3ye pu3uk 7 (7,0,N) Tpu (IiKCOBaHHX 3HAYCHHSIX

a,b, 7. JIns uporo OLiHIOETLCS BKJIAM pilleHHs O y pusuk 7(z,5,N), mo 1opi-
BHIOE [12]:

ragar(1-mab+ray [ SO fo ()l ), )+

n=1 {N=n, npuiHATO H)| }

HI-BY [ AG)A M) da(r,) 2

n=1{ N=n, upniinsro Hy }

> i [ min[7a fy(3)- o (7), (1=7)b £ (31)- i (90) W32 ) pa( ) =

n=l1 {N:n}

+(1=7)A ) fi )l (n)...du(y, ).
ne

”fo()ﬁ )"'fO(yn)
7 foy ) Soa )+ (1=7) i) /i)

Jnst TaHOTO MOMEHTY 3YNMUHKH N BH3HAYA€ThCS NMPABWIO MPUHHSATTS pi-

”n:”n(yl"“yn): (24)

meHb ' TaKUM YMHOM:

npuiiMaeTbes Hy, saxmo N =n ta 7,a < (1 -7, )b,

npuitmaetscss H, sxkmo N =n Tta 7,a > (l—ﬂ'n )b
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Toni

7 aay(S,N)+(1-z)ba(5,N)> 7 aay(d,N)+(1-z)bay(5,N). (25)

Omxe, Binmykanus napu (8', N), ska Qs JAHOTO alpiopHOTO PO3MOLTY

7T MIHIMI3y€E pU3MK r(;z,5,N), MpeJCTaBIisie OallecoBy MpOICIypy NEPeBipKU

NPOCTUX CTaTUCTUYHUX rinote3 H, H,.
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ONTUMAJIbHUI PO3HOALI I'IPOPECYPCIB ¥
3POITYBAJIBHUX CUCTEMAX MEPEKEBOI CTPYKTYPU

0.€. KIPIK, B.B. OCTAIIEHKO

CTBOpPEHO MaTeMaTH4YHY MOJEb TPAHCIIOPTYBaHHS Ta PO3IMOJLIY pecypciB i3 y3a-
rajJbHeHUM 3aKOHOM 30epexxeHHs. J[is wiel onTumisawiiiHoi 3amayi yTpuMaHHs 1o-
TOKIB Y IEBHUX MEXax M0oOyI0BaHO aITOPUTMH, 110 0a3yIOThCS Ha €PEKTUBHUX Me-
TOJaX HENiHIHHOTO MpOorpaMyBaHHs. 3allPOIIOHOBAHO MIAXil, KU 1a€ MOXKIIHBICTH
PO3B’s3yBaTH 3a1adi pO3NOALUTY IMOTOKIB i3 PI3HOTUITHUMHE HEJTIHIHHIUMHU ITBOBHMU
(YHKIISIMU [T MEPEXK 3 TOBUTHHOKO KUTHKICTIO 3aMKHEHUX ITHKIIIB.

Peanizanis mporpam memiopauii nependavdae BUpIIEHHS HU3KH CKIaJHUX MUTaHb,
nepexyciM eKooriyHnX. MernmopaTuBHe OyNiBHHIITBO BHOCHUTEH 3MIHU B €KOJIOTIU-
HUI OamaHC BENMKHX NMPUPOAHHUX BOJHHMX cHcTeM. Hacmiaku Takux 3MmiH IS
HaBKOJIMIIHBOI'O CEPEIOBUIIA 1€ HEAOCTaTHHO N00pE MPOTHO3YIOTHCA, @ TOMY
JOMOTTHCSI HAaHOMMKYMM 9acoM paJiiKalbHUX MO3UTHBHUX 3MiH BOJHOTO OaaH-
Cy B CUTBCBKOMY TOCIIOAApPCTBI HE BHA€ThCA. OTKe, HAHBAKIMBIIIINM 3aBIaHHIM
y HalOMMKY1 POKHM € eKOHOMisl BOAM B Wil ramysi, Il palioHalbHe BUKOPHCTaHHS.
B 3pomryBanpHOMY CeKTOpPi HE TUTBKH HaiiOimbIa morpeda y BOMI, ajle W 3HAYHI
MOXIIUBOCTI 7151 11 eKOHOMiT — MpH YMOBi BBEZCHHS €PEKTUBHUX CHUCTEM YIpPaB-
THHSL.

Y po0oTi po3risgaeTbes 3aaada po3MOAiTy TIAPOPECYPCIB Y 3pOITyBATbHUX
cHcTEeMax MepeKeBOi KOHQIrypariii, SiKi TOMOJIOTTYHO MOXKYTh OyTH TIpe/ICTaBIICHI
sk Tpadu i3 mukaamu. [TuTaHHS 3aH0BOJICHHS BCIX KOPHCTYBadyiB 32 YMOBH 00-
MEXEHOI MPOIYCKHOI 3aTHOCTI KaHAJIiB 3pONTYyBAIBHOI CHCTEMH Ta HEOOX1THOCTI
YTPUMaHHS MOTOKIB 3pOIIYBAILHOI BOJAM B MEBHUX MEXaxX MPU3BOAUTH A0 MOOY-
JOBU MaTeMaTHYHOI MOJENI PO3MOALTY MOTOKIB 3 y3aralbHEHUM 3aKOHOM 30epe-
JKEHHS, TII0 OMUCYETHCS 3a TOTIOMOT'OI0 CHCTEMH JIIHIMHUX HEPiBHOCTEH, CTPYKTY-
pa AKHX 3aJ1a€ThCS BiINOBITHUM Tpadom.

MarematindHa dopMaizaiisi po3MoAiTy MOTOKIB i3 y3araabHEHUM TTPHHIIH-
oM 30epekeHHs BUHUKIIA caMe TIPU PO3B’sI3aHHI 3a71a4 KepyBaHHS PyXOM BOJIHU B
KaHalax 3pOIIyBaIbHUX cHCTeM. Bmepie i Oyno posrisHyTo B podoTax [1-3],
Jie 3alpOIIOHOBAHO BUKOPHUCTOBYBATU METOJ BUKIIFOUEHHS HEBIOMHX i3 CUCTEM
TMiHIMHUX HepiBHOCTEW. 3aranom, 3afadi po3MOAiTy HOTOKIB i3 y3araJlbHEHUM
MIPUHIUTIOM 30epeXeHHs HalOUTBIIT TOBHO JOCHTIKeHi y MoHorpadii [4].

Y poborTi 3ama4yy po3Mnoiiny TiAPOPECYPCIB MPEACTABICHO Y BUTJISAI CKCT-
peManbHOi 3anmadi Ha rpadi. EkoHOMHe crioKuBaHHS BOIM PO3IJSIHYTO B KOH-
TEKCTi JOCTaBKH 1i CITO)KMBa4YaM HAWKOPOTIIMM NIITXOM 3 HaMEHITUMH BHTpa-
tamu. Bubip kBagpaTHyHOI HiNBbOBOI (DYyHKLIi 3yMOBJICHUH THM, IO Ha BiIAMiHY
BiJ{ NIiHIIHOI, BOHA TapaHTy€ MPOTIKaHHS BOJAW B3JIOBXK YCiX KaHAIIB 3pOIIyBalb-
HOI CUCTEMH, KPIM TOTO JIO3BOJISIE BAKOPUCTOBYBATH ISl PO3B’sI3aHHS i€ 3amaqi
no0pe po3poOIieHHid anapat KBaApaTHYHOTO MPOrpaMyBaHHSI.

Meta podoTn — noOy0Ba HOBUX MOJENEH PyXy IOTOKIB y Mepexax Ta
pO3po0Ka aaropuTMIB 3HAXOKEHHS ONTHMAIbHHX TOTOKIB Ha OCHOBI HEMIiHI-
HUX METOIIB OIITUMI3allii.

© O.€. Kipix, B.B. Ocmanenxo, 2010
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HoBi Mogmeni Ta MeToanM Opi€HTOBaHO Ha YHPaBIiHHS BOAOPO3MOAIIOM Ta
parioHaIbHUM BUKOPHCTAHHSIM BOAM TPH SKCIUTyaTalii 3pOoIIyBalbHIX CHCTEM.

MOJEJIOBAHHA PO3IIOALTY HOTOKIB 3A JOIIOMOTI' OIO
Y3ATAJIBHEHOI'O 3AKOHY 3BEPEXXEHHS

T'omoBHOIO CHCTEMOIO OOMEKEHDb IS 3MIHHUX Y KJIIACHYHUX 3a7ad4ax PO3MOILTy
MOTOKIB Y Mepekax € 3aKOH 30epexeHHs. 3TiJHO 13 MM 3aKOHOM HeoOXiTHO,
mo0 y KOXHii BepIIMHI BHKOHYBalacsi yMOBa MaTepiaqpHOro 0OajaHcy, TOOTO
PI3HUI KITBKOCTI PEUYOBHHH, IO BTiKA€ W BUTIKA€ 3 BEpPIIMHU Ma€ JIOPIBHIOBATH
CIIO’KMBAHHIO Y Hill. Po3risHeMO Moeni IpoIIeciB, B SKUX 1T Pi3HUIT MOXE Ha-
JIeKATU ISTKOMY TIPOMIXKKY.

VY 3agaui KepyBaHHA pPyXOM BOAM Y KaHaJaX 3pOIIYBaJbHOI CHCTEMH
00’€KTaMH KepyBaHHs € CIOpPYIH, IO MEPETHHAIOTHh Ta MOMUIAIOTh KaHAId Ha
OKpeMi TUISTHKA abo 6’ edu, HACOCHI CTaHIIii, K TOIAI0Th BOAY Y KaHAJ Ta BOJO-
3a0ipHi cnopyau. OCHOBHE 3aBAaHHs MOJIATa€ Y BUKOHAHHI 3aMOBJICHb CIIOXKHBa-
YiB MpH pallioHaIbHOMY BHUKOPUCTAaHHI BOAW. [l po3B’si3aHHS I[LOTO 3aBJaHHS
HEOoOXiIHO yTpUMYBaTH piBEHb BOJAM Y KaHajax y 3a/JlaHux mexax. byzemo BBa-
JKaTH, [0 OCHOBHI CIIOYKMBAYi PO3TAIIOBAHO B KiHIII JUISHOK, 1€ TaKOX pO3Millie-
HO 1 BUMIpIOBaiIbHI npuiaan. ToMy BUBYaTUMEMO 3a7ady YTPUMAaHHS PiBHIB BO-
I Y BY3JIOBHUX TOYKaX CHCTEMH, IO CIOIydaloTh 6’edu. OCKiNbKH 3pOoIIyBaibHi
CHUCTEMHU MaroTh CKIIQJHY TOMOJOTIYHY CTPYKTYpY 1 MICTATh y 00l BENUKY Killb-
KicTh 00’€KTIB, TO JJIs aHAII3y MPOIECIB, K BiI0OYBalOThCSA Y IUX CHCTEMAaX, He-
00XiTHO CTBOPIOBATH NPOCTi, aje e()eKTUBHO MpaLfolodi MOJENi pyXy BOIAH Y
KOXXHOMY 0’ €edi.

PosrasiHemo pyx Boau B omHoMy 0’edi. BBememo mosHaueHss: h(x,t) —
piBEeHb BOIM B TOUIll X Y MOMEHT ¢; [ — nomxuna 0’edy; x =0 (x=1[) — xo-
OpIMHATA BEPXHBOTO (HIKHBOTO) KiHI 0’edy; O(f) (— q(t)) — BWTpATH BOJH,
siKa Te4e Yepe3 BEPXHIO (HIKHIO) TiPOTEXHIUHY CIIOpYY.

[Ipumyctumo, mo mo MomeHTy ¢ =0 y 0’edi OyB piBHOMIpHUN MOCTIHHUH
pyx Boau 3 pieHeM H. Hexait y Toukax x =0 Ta x =/ po3TamoBaHO HKEPETO Ta
CTIK BOJIH, SIKi 3MiHIOIOTb PiBEHb BOJM y IIMX TOUYKax (iHII JKepesia He BPaXxOBY-
I0ThCS), BIIMOBIAHO 10 QyHKIIN h° )+ H Ta ! ®+H.

Butpati Bogm — 11€ KiBKICTh BOJIH, IO MPOTIKAE B OJUHUITIO Yacy depes
OyIb-sIKUil Iepepis.

Pyx Boam B kanaii 6e3 ypaxyBaHHS CHOPY/I, IO MEPETOPOIKYIOTh, OIHCY-
erbest piBHsHHAMU CeH-Benana [5]. Lli piBHSHHA € KBa3UIiHIHHUMY 1 3arajoM He
MarOTh aHAJITUIHOTO PO3B’s3Ky. AJle, SKIO JTOBECTH, IO XBHIII, K TEpeIaroTh
Butparu Boau (Q(¢f) Ta ¢(t)) BITHOCHO Malli, TO 3aCTOCOBYIOUM TEOPil0 XBHIIb
MaJIoi aMILTITyin [5], MOYKHA OTPUMATH PO3B’ 30K B aHANITUYHOMY BHrIsii. Lleit
PO3B’S30K Ja€ 3HAYCHHsS MIBUIKOCTEH PyXy BOAM BHHU3 Ta Bropy 3a teuiero. [lo-
3HAYMMO ILIi IBUAKOCTI BiANoBiAHO @, Ta ®_. Toxmi 1ty =//m, — 4ac mpoxo-
JDKEHHSI XBHJIb BiJI BEPXHBOTO JI0 HIXKHBOTO KiHITI 0’edy. SIKIO 3HEXTYBaTH Bil-
OUTTAM XBHWJIb OLIs CIIOPYJI, IO MEPErOpOKYIOTh, TO PIBEHb BOAW y Toulll X =/
Oy/1e BU3Ha4YaTHCs 33 (POPMYJIIOr0

Wit )=ah®(t—7zy)+h'(1)+ H, (1)
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me t >0, 0<a <1 — xoedimieHT 3racaHHs XBWII, IKa MPOUNIIA MIIAX Big x =0
0 x =/ . YTOYHIOIOYH TIOYATKOBI YMOBH, 337[aMO

0(t)=0, t<-z4, q(t)=0, t<0. 2)

VY upomy Bunanaky h([,0)=H.

Bynemo BBaxkaru, mo CrokmBavi po3TalioBaHi y touri x =/. Bumagok 3i
CIOXMBavaMH, Ki po3ocepekeHi 1o BckoMy 0°edy, po3risiHyTHI y poOoTi [6], 1
3BOJUTHLCS IO BUITAJIKY 31 CITOKHBAadYaMH, SIKi 30CepeKeHi y KiHi 0’ edy.

Bynemo kepyBatm pyXxoM BOIH, BPaXOBYIOUH il BUTpPATH, TOJi TOJOBHI 00-
MEXeHHSI OyAyTh HakjiIafaTHCs Ha piBHI BOAM. TOMY ONHIIEMO MOJENb, sKa
TIOB’SI3y€ BUTPATH BOJIM 1 3HAYCHHS PiBHS BOJIH.

d d
[purycTimo, 10 d—ho(t) =00 -k'h’ @), zhl(z) =—c2q(t) - k*h' @),
t t
me ¢, k', i=1,2 — nomatHi crami. YMoBH (2) TapaHTYIOTh BUKOHAHHS yMOB

n° 0)=0, ! (r9) =0. 3Bigcu BUILUIMBAE, 110

ROt —7)= [ el O(c -7y ), 3)

ot~

A (t -7y ) = —je_kz(t_r)czq(r)dr. 4
0

Hanani HeoOxinHo BusHaunTH BimHomenus k' /c¢'. 3po6umo 1e 3a 101moMo-
rO0 HACTYIHUX MIipKyBaHb. BUTpaTn Boau, o BTikae y 6’ed), MaroTh TOPiBHIOBATH
BHUTpATaM BOJIH, 110 TIGPEHOCHTHCS COPMOBAHOIO XBIJICKO:

0r)= . n° (e, 5)
ne b — mmpuHa kKaHainy. OCKUTBKA PiBHICTH (5) Ma€ BUKOHYBaTHCS 32 YMOBHU
0O(t) =const, TO

t 1
a)+bclje7k1(“’)dr =1 a6o k—l = a)+b(1 Lokt )
0 c
3BigcH ISl BENMKHX ! OTPUMYEMO Kic'~w b . AHanorigno k% /c? ~
~w_b.
Sk paBuUIIO, MIBUIKICTH TeUil BOIM BIIHOCHO Maja Y TIOPIBHSHHI 31 HIBUJIKICTIO

HepeMiH_leHHH XBHIJIb. TOMy CIIPOCTHUMO MOJCIb, HNPUITYCKAO4dH, M0 o, =O_.

Y [bOMy BHIAAKY TAKOX IIIKOM MPHPOAHO NPHIYCTHTH, mo ¢ =c’=c,

k' =k? =k . 3incu 3 popmyx (3), (4) orprmyemo

t
Wt.1)=H + [e )0z 7 ) - g(z laz. (6)

0
PosrnsiHeMO muTaHHS CIIONMy4eHHs NeKiTbKoxX 0’ediB. st movyaTKy Bi3bMEMO
JIAHIIIOT, 110 CKJIafaeThesl 3 ABoX 0’edis. Hexait (J; — BuTpaTH Boay, siKa Hoaa-

eTbcsl y nepmuii 6’ed; O, — BUTpATH BOIY, IO NEpeTikae i3 nepioro 6’eda y
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IpyTuil; q; — BEJWYMHA CIIOXKHMBAaHHA y i -My 0’edi. Hexait h,(l/;,t) — piBeHb
BOJM y KiHIi i-ro 0’edy; H; — piBeHb 10 NMOYATKy KepyBaHHS; ¢; Ta k; —
KoedilieHTH, sKi 3B’A3yI0Th pPiBEHb 1 BUTpaTy Boau y i-My O’edi; 7; — gac
IPOXODKEHHS XBHJICO i -T0 0’eda; o; — KoedimieHT 3racanus i i -ro 6’eda.
3 dhopmyu (6) BUILIIIBaE
t

(ly,t)=H, + J‘efkl(tfr)cl 0101 (7 = 71) = 02 (¢) ~ 1 (¢)]dz,

0

t
—n (1=
hy(ly,t)=H, + je 2l T)Cz 0,0, (z = 7,) - g, (¢)]dz.
0
[Mpunyctumo, mo a0 nepmoro 6’edy € CyMDKHHUMHU HE OMH, a J1BA HUKHIX
0’edu, sxi mosHaumMo Homepamu I = 2,3. BBaxkaemo, 0 y KiHII IEPIIOTO
0’edy po3TamioBaHO IBi CIOPYAH, IO TEPETOPOKYIOTh, OJTHA 3 SKUX IPOITyCKA€e
BUTpaTH Bogu (O, y Apyruii 0’ed, Butpatu (3 y TpeTiii 6’ed. Y oMy BUIAIKY 3
thopmynu (6) BUTUTUBAE
t
ki (21—
Iy(ly,t)=Hy + je A r)cl 2101 (z = 71)~ 0, ()~ 03 (¢) ~ 1 ()7,

0

t
_ —k;(¢-7) -
h(l;,1)= H, +Je e 0, 0i(e - 7;) - 4 ()l (i=2.3).
0

PosrasiHemo Bumazok crony4yeHHs IBox 0’e¢iB. Butpatu Q;, i=1,2, axi
HaIXoaATh 10 0’edy, 0 1X CHOMyYae, peryoI0TECS KOXKHI CBOEIO MEPETOPOAKOIO,
sIKa 3HaXOAUThC Bropi 0’edy. Hmwkni kiHii 000X 6’ediB 30iratoTbcs, i B IbOMY
MICIIi pO3TaIlIOBAaHO CIIOKUBaya i3 BUTpaTaMu (cTokoM) ¢ . Hexait /(¢) — piBeHb
BOJM Y TOYLI CIIOMYYeHHsI HUX 00’€KTiB, H — MOYaTKOBHUi piBeHb. Y 1[bOMY BHU-
naaky ¢popmyna (6) 3SMIHIOETHCS TAKUM YAHOM:

t

A —k(t—7

h(t)—H+_[e o0, (c — 1)+ 2,0, (r — 75) ~ q(¢)]dz O
0

3a ponomororw Gopmyi (6)—(7) onuieMo pyX BOAM Y 3pOIIYBaJIbHIN CHUCTE-
Mi, CTPYKTypa sKOi 3amaeTbcs HampamiaeHuM rpadom G =(N,V). Tyr N —
MHOXWHa BepiuuH, V' — muOxuHa xyr. Copyau, 10 NEPEropoUKyIOTh Ta Ha-
COCHI CTaHIIi{, SIKi MOAAIOTh BOIY 10 CHCTEMH, IHTEPIPETYBATUMEMO SIK BEPIIMHU
rpada, a 6’ednt — gk gyru rpada. Jlyru HarmpaBIeHO Bill BEPXHBOTO KiHI 6’edy 1m0
HIDKHBOTO.

Koxxnill Bepmusi i € N npunumemo koedilieHTH ¢; 1a k;, sSIKi ONUCYIOTbh
3B’A30K MK BUTpaTaMy Boau Ta piBHsamu. Hexail 4; () — motounuii; H; — mo-
YaTKOBUI PiBHI Tepe]] i -0r0 MEPEropoaKor; ¢; — BUTPATH CIIOKUBAYA, KU PO3-
TAIIOBAHO TIepe]] [ -0 Heperopoakoro. bynemo BBakaTw, Mo B3NOBK Iyr (j,7)

npoxogste notoku O ;. Hexail & j; — xoedilieHT 3racaHHs XBUJI [P IIPOXO-

JUKCHHI TyTH (j, i), a 7j; — 4ac MPOXODKCHHS IyTH (/,1) .
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JIis KOKHOT BepmMHM i€ N BM3HaYMMO MHOXMHH N' (i)={ie N: (i, j)e
eV, N ()={ieN:(j,ieV}.

Muoxuna N* (i ) OTIMCY€E BCi MOYATKOBI BEPIIMHU IyT, SIKI BUXOIATH i3
BEPIIWHM i ; MHOXWHA N (i) OMHCYeE BCi BEPIIMHU AYT, SIKi BXOITH y BEPIIUHY 1 .
Y3aransaumo popmyma (6)—(7):

t
hi(t): H; + J-eiki(tir)ci Zainji(T - Tji)_ ZQik (T)_ ‘Ii(T) dr, ieV.(8)
0 jeN~(i) keN* (i)
3a3sHauuMOo, 10 KpiM (8), BelmunHA () ;; MArOTh 3a0BOJILHATH OOMEKEHHSIM
BUTIISITY
0<0; <O, ©)
ne Q" — mesxi crani.
PosrisiHeMo nuTaHHS yTpUMaHHS PiBHIB 4, (f) y 3aaHUX MEXax

H; <h(t)<H}, ieV, (10)

ne H: , H — nesxi ctaii.

Cdopmymroemo 3amady. Ha 3amanoMy poMiKKY dacy [O,T ] HEeoOXiTHO BHOpa-
TH BEIMYMHY NOTOKIB O ; (¢) , SIKi 3aJ0BOJIBHATUMYTH OOMEXCHHSM (9) Tak, W06
Ha [IbOMY MIPOMIXKY BUKOHYBaJIUCh HepiBHOCTI (10).

Hpunyctumo, mo H; e[H; ,H; ]. Toxi 3 [4] Bumusae, mo ymosu (10) Bu-

KOHYIOTBCSI, SKIIO JUIs Oy Ab-SIKOTO f € [O, T ] BUKOHYIOTBCSI HEPIBHOCTI

T
H;—Higcije_ki(T_T)dT ZaﬂQﬂ(t_Tﬂ)_ ZQik(t)_Qi(t) <
0 jeN~ (i) keN™ (i)
<H'-H; ieV. )

Cucrema HepiBHocTei (11) 3anexxuts Big T . Ockinbku k; >0, To 6e3moce-
PEMHBOI0 TIEPEBIPKOI0 MOYKHA TI0Ka3aTH, 1m0 (11) BUIIHBaE i3 cHCTEMH

o nle Taoibor)-

jeN~ (i)

- Y0, 0)-q )< [m -1, iev. (12)
keN* (i) C;

Cucrema HepiBHOcTel (12) CTAaHOBUTH y3arajbHECHHI 3aKOH 30€pe)KEHHS.
Po3p’s3yroun (12) paszom i3 oOmexeHHsMH (9), oJepKyeMO PO3B’SI30K 3ajadi
yrpumanss (10).

VY3araneaumo 3amady (12), (9). PosrisiHeMo MOTOKH, SKi OIMHCYHOTBCS CHCTe-
MO¥O JTiHITHAX HEPIBHOCTEH:
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Za]lle( ji)_ Zﬁikxik(t)EAi’ iEV’ (13)

jeN~(i) keN* (i)
x;()eB;(t), (j.i)eE, tel0,0]. (14)
Tyr 4;(t), Bj;;(f) — 3amaHi NPOMDKKH, 3aiexHi Bix 4acy; a; >0 i

Bix >0 — crani; 7; — 4ac, 3a siKuii Tedis X ;(f) TPOXOIUTH Jyror0 ( sl ) Ile-

ji
pexia Bix cucremu (12), (9) no cucremu (13), (14) 3niiicHroeThes 3a hopMynamu

xji(t)szi(z)’ B =1, Bj; [0 Qmax],

A= E(H;—H,.)ﬁ(H:—Hi) +a,0).

i
C: C.

1 1

Sko He BpaxoByBaTH 4Yac JOOIraHHsS XBWIi, TOOTO HAJaTH 3HAYCHHS
Tj; =0, T0 y KOKHMI MOMEHT ¢ opmyiu (13) Ta (14) Gynyts yrBoproBatu cucremy

niHiHX HepiBHOCTEH. Skmo cucremy (13), (14) posrmsamatu 3a ¢ € (0,0) i npu
uboMy 4; () =const Ta B (¢)=const aus Beix ie N, (i, )€V, 10 MOKHa 06-
patn x;(f)=const i cucrema (13), (14) 3HOBY CTae CHCTEMOIO JIHIHHUX HEPIiB-

HoCTel. DI3UYHO TeH BUTIAI0K 03HAYAE MOMTYK TEil TIPH ITOCTIHHOMY PEKUMI.

OTxe, 3aaua MOJCITIOBAHHS PyXy BOAM 32 JONIOMOTOIO y3arajibHEHOTO 3a-
KOHY 30epekeHHs 0e3 ypaxyBaHHsI 4yacy J0O0IraHHS 3BOIUTHCS IO PO3B’SI3aHHS
CHCTEM JIHIMHUX anreOpaidHiX HEpPiBHOCTEH i3 CHEiaJbHOI CTPYKTYPOIO, IO BH-
3HAYA€ETHCS 3a IOTIOMOT OO BiAMIOBIAHUX rpadiB.

ONTUMI3BAIIMHA 3AJAYA PO3IO/ALTY MOTOKIB I3 YTPUMAHHSIM
PIBHIB BO/JI1 Y 3AJIAHUX MEXAX

Hexait Bogopo3moausay Mepexy HpeCTaBICHO Y BUTTISII CKIHIEHOTO 3B’ I3HOTO
TUIOCKOTO opieHTOBHOTO Tpada G(N,V), ne N Ta V BiANOBIAHO MHOXUHH HOTO

BEPINMH 1 AyT, IPHIOMY KOXHiH 1my3i (i, j) € V mocTaBiIeHO y BiAMOBITHICTH BEp-
HMIMHY i, j € N, O € il OYaTKOM Ta KiHIeM. 3Hal04M MOTPeOH CIIOKUBaUiB y BO-

Il y BepmnHax rpada, HeoOXiTHO PO3MOAUIUTH MMOTOKH BOAW TAKUM YMHOM, abu
JOCTABUTH BOJY CIIO’KMBa4aM ONTUMAJIBHUM IIIIXOM.
Cdopmymroemo 0nTHMi3auiI71Hy 3a/1a4y TaK:

Zlyx — min, (15)
2 ier
Za X, 20( X, <d], i (16)
jEN jEN
ry <xp<ri, (ij)eV. (17)
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Sxmo ayra (i, j) € V BimoOpaxkae neBHy AUIIHKY (6’€d) BOIOPO3MOAUTEIOL

MepeXi JTOBXKUHOIO [;, TO X;; =—X ; — BEIWYMHA TOTOKY B3JOBXK IIi€i IyTH, a

ij» ij Ji
a; >0 — KoedillieHT, MO0 XapaKTEepPHU3y€e BTPAaTH BOJIU MPH iI MPOXOHKECHHI

B3JOBX Ii€] TUITHKH.

V3aranbHeHHi 3ak0H 30epexeHHs (16) BimoOpaxkae Toi ¢akT, mo BUTpa-
TH BOJIW y KOXHIN BEpIINHI (PI3HULA MOTOKIB, SKi BHTIKAIOTh i3 BEPIIMHU Ta
BTIKAIOTh y Hel) 3aIMIIAI0OTHCS Y IEBHUX MEXaX, [0 FapaHTYIOTh 3a0BOJICHHS
CIIOKMBaYiB. BemnunHa MOTOKIB 0OMEXYETHCSI TIPOITYCKHOIO 3IaTHICTIO Mepe-
xi (17).

HimsoBa ¢yukiis (15) 3amadi € cemapabenbHOIO 1, 3 OIJIAY Ha (Gi3WIHUH
smicT koediuientis /;, (i, j) €V, noparHboBu3HaYeHOW0. TaknM 4nMHOM, 3aja4a

(15)—(17) — e 3amava KBaApaTHIHOTO MIPOTPAMyBaHHSA i 11 po3B’sA30K, 32 YMOBH
CYyMICHOCTI OOMeEXeHb, 3aBxau icHye [7]. BuBegemo HEOOXiqHI YMOBH €KCTpe-
MyMYy JJIs 1€l 3a1adi.

[IpencraBumo oOmexxkeHHs (16) y BUIIISINI CHCTEMH OJHOCTOPOHHIX HEpiB-

HOCTEH
Z(x[jx Zocﬂx <d+ (18)
JjeN* (i) JjeN~ (i)
_ Zazjjxij + Z(le-xji <-d;, (19)
jeN* (i) JjeN~ (i)

i moOyyemo st 3anadi (15), (17), (18), (19) dyskuito Jlarpanxka:

ZIUHZ(Z ) ey (o - )Zaﬂxﬂ—

l]EV ieN /eN+ ) jeN~ )
- lprd; - pidr )
ieN
1, » _ - -
= 2 {Ell-jx,»j o o T ey )‘Zﬁ]}‘ >(pid! - pid;). @)
(i.j)ev ieN
Tyr p;,p; ie N — muHOxHuKku Jlarpamka, 0 BiANOBIIAI0OTE 0OMEKEH-

Hsm (18), (19).
~ ~4 ~— . . ~ 4+ ~—

SIkmo Touka {xij,pi ,Di }, Oe I’U SXU SI”U , @, )HeV, p/ =0, p; 20,
ieN e cignosoto Toukoro dynkuii Jlarpamka (20), T0 X;; € pO3B’I3KOM BHXifHO
3amadi [7].

[Mepin Hix nepedTH 10 MOOYI0BU IBOICTOI 3a/1adi, PO3IITHEMO BIACTUBOCTI

1 : :

bysxii A(x,u) =§lx2 +ux, ge [>0. OyHkuig /A(x,u) € OMyKIOI MPH JOBiIb-

HOMY u, a i moxigHa A, (Xx,u) =[x+ 1 € MOHOTOHHO 3pOCTal0UOI0 (PYHKIIEIO.

Po3B’s130k 0THOBUMIpPHOT 3324l KBaIpaTHYHOT'O IPOrPaMyBaHHS
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min h(x,u) (21)

ro<x <rt

3aBX/IH ICHYE.
Ockinpku MoXigHa HIBOBOT YHKIIT Wi€l 3a1a4i — MOHOTOHHO 3pOCTaroya

¢dyHKuis, To pu [~ +u >0 MiHIManbHE 3HAYCHHS JIOCATAETHCS HA HIKHIN rpa-
HUIll JIOomycTUMOro iHTepBany x(u)=r . Skmo Ir* +u<0, 10 3 OTJISITy Ha
BiJl’€EMHICTh MOXiAHOI, QYHKINA A cmamae i il MiHIMaabHE 3HAYCHHS TOCITAETHCS
Ha BepxHiit Mesxi inteppany x(u)=r".Tlpu Ir~ +u<0, Ir" +u >0 icaye eau-
HUIl KOpiHb BCEPEIVHI IHTEpPBANY X € (rﬂr*), KM 3HAXOMUTHCA 3 YMOBHU

Ix+u=0.
TakuM 4uHOM, TOUYKa MiHIMyMYy 3az1adi (21) abo mpuiiMae mocTiliHi 3Ha4YeH-

Hsl, 1O CMIBOAAlTh i3 #~ 4u 7', abo BCEPEIUHI IHTEpPBAIly IOIMYCTHUMOCTI, 3a-
JIEKUTH Bif u .

IMosHaunmo /1 () — w™iHiManbHE 3HaueHHA (QyHKIIT h (x,u) nns
xe(r~,r"). Toxi, 3riaHo 3 TeopeMoIO MPo HOXiAHy Bin (yHKUil MiHIMYyMYy [7],
GbyHKIis h (u) € nudepenmiioBanoro mo u i ii MoXigHa TOpPIBHIOBATUME 3HAYECH-
HIO TTOXiJHOT BiJ h(x, y) o u, B3ATiH y Touni MiHiMymy x(u): h), (1) =x(u) .

BpaxoByrouu ckazaHe BHIIE, BUITUIIEMO HEOOXiIHI YMOBU €KCTPEMYMY JUIS
OTHOBUMIpHOT 3a/1a4i

min {;l X+ X [(pl -pi )aij —(p;-r -p; )aﬁ ]} (22)

T _xl/Srll

Teopema 1. fxmo x;; TO TIOXiTHA IIIHOBOI PYHKIIT 3amadi (22) mae

i =T
Oyti HeBim emuo: [yx; >(p; —p;)a; —(p; —p;)a;. SAxmo x;=r;, T0
MOXIHA LIJILOBOI q)yHKul'l' 3amadi (22) mae OyTH HEIOJaTHBOIO: l,-jx,-j <
<( p; -pjaj—( P —pi )@;; . SIKIWO X;; 3HAXOAMTHCS BCEPEIMHI IHTEpBAy,
To MoXi/tHa Mae JopiBHioBaTH Hy 0 [;x; =(p; —p)a; —(p) —pi)ey
Hosnaunmo p;; = (p;-r -pj)aj— (p; - Pi )@ . 3 HEOOXIIHUX YMOB CKCT-

peMyMy OTpPHUMYEMO, IO MiHIMyM L 3 BpaxyBaHHSIM IPOCTUX OOMEKCHb

_ oy .
x;; €[ry .1y ] mocsATaeThes B TOUL
Ty, AKmWO o py <ryly,
Pjj +
Xy = —Z—, SKIIO 77 le <p; <1y Zl-j, (23)
ij
+ +
Vi,  AKIIO Dij 21 Cjj.-

3rigHo i3 Teopiero ABoicTocTi [7], po3B’sa30k 3anadi (14), (17), (18), (19)
eKBIBaJCHTHHI MaKCHMi3alii BrHyTOl HemepepBHO-IuepeHiiiiopanoi GyHK-
wi ®= min L.

i <X ’t/
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3HaOuM ONTHMaNbHI 3HaueHHs p; >0, p; =0, i€ N i BUKOPUCTOBYIOUH
dhopmymu (23), MOKEMO TIOBEPHYTHUCS IO BHXITHUX 3MIHHHX Yij, (i.j))eV,moi

Jla€ PO3MOAL MMOTOKIB, 0 MiHIMI3y€ BUTPATH MiJ Yac TPAHCIIOPTYBAaHHS BOIU.
BukopucroBytoun (23), KOHKpeTU3yeMo BUTISA GyHKLIT D :

o= ¢,(p5)-Svilp). (24)

(i.j)ev ieN
e
1 -2 - -
Elg/(bij) + Dty > AKIIO Py =ryly,
2
1 Pi - +
(og(Pij)Z 57 KO 1y Ly < py <1yl
ij
1 +12 + +
Elij(rij) + Pyl » AKIIO py 215 Ly,

+_

l//i(Pi)z Pi+ i —pid;.
BpaxoByrouun ckazaHe BHIIIE, golfj (Py)=x;(p;) -

OcTaTo4Ho, MOXIiaHI HUILOBOIT (DYHKIIIT IBOICTOT 3a/1a4i JOPIBHIOIOTh

dqi - Z("‘u _aji)xi/’ - Z(‘Zﬁ ‘%’)xﬁ +dj,

dp; jeN jeN
do _
—= Z(“ji —a; )x,-j - Z(%‘ —aj )xji —d,
dp;  jen jeN

Takum 4MHOM, MU TIEPEHIILIN BiJl BUXiAHOT 3a1a4i 10 JBOICTOT 3a1adi 3 Ipo-
CTUMH OOMEXEHHIMU

max @, (25)
pi 20, p7 20, ieN. (26)

inboBa ¢yHkuis nBoicroi 3axaui (25), (26) Mae HemepepBHI MOXimHI i 1
MOXiHI MU MOXeMO o0uuciuTi. OTKe, MAEMO MOXKJIMBICTh 3aCTOCYBATH JTOBLIIb-
HUH MeTOJ onTHMi3alii, MoAu(]iKoBaHUI i3 BpaXyBaHHSM NPOCTUX OOMEKEHb
(26). 3okxpema e MoOxke OYTH METOJT CIIPSDKEHUX TPAIIEHTIB.

+ + + - - - : + -

Hoswaunmo p~ ={p|,...pn}, p ={pi..py}. Toni p={p”,p},
peR LA — BEKTOD MBOICTHX 3MiHHHMX. BBeIeMO MO3HAYEHHS TaKOX JIS MHO-
JKUHHM 1HJEKCIB ABoicTuX 3minauX J ={1,2,....2N} .

3aranpHa ifes po3s’s3aHHA 3amadi (25), (26) monsrae B yIOpsSAKOBAHOMY
nepebopl rpaHed MOMyCTHUMOI MHOXKHHHU. 3aJ1a€MO JOBUIbHY TOYKY, IO 33]0-
BOJIbHSIE HEPIBHOCTAM (26). Buainsemo cepen oOMexeHb Ti, IO 330BOJIbHSIOTh-
cs sik piBHOCTI. Lli 0OMeKeHHsI BU3HAYAIOTh JIESIKY TPaHb OaraTorpaHHoi MHOXH-
HU. 3HaxoauMo MakcumMyMm @(p) Ha Il TpaHi, 3aCTOCOBYIOYN METOT CIIPSIKCHIX

rpazgieHTiB. OTpUMYyEMO TOUKY, SIKa € PO3B’S3KOM IIOCTaBJICHOI 3aiadyi, iHaKIIe
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MOYXKHa BKa3aTH IEpexXill Ha AesKy HOBY TpaHb, Mics YOro MpoLeaypa IMOBTO-
proeThes. L[ HOBa rpaHb YTBOPIOETHCS y BHUIAJKY, SKIO OJHE a00 JNEKilIbKa
oOMexxeHb-HepiBHOCTEH 00epTaroThCsl y PIBHOCTI, TOOTO NMPUETHYIOTHCS [0
aKTUBHOTO Ha0OPYy.

Onumemo nmii Ha OfHIM 30BHIMIHINA iTepamii mpolecy po3B’si3aHHS 3aiadi
(25), (26), 6epyum mo yBaru, o BHYTPIITHIMHE iTepamisiMi Oy IyTh KPOKH allTOPH-
TMY CHPSDKCHUX TPAIIEHTIB I BTHYTHX (QYHKITIH

ps+l :ps +ﬁszs, (27)
ac
5 @l 5 o s-1
R -

a BUOIp MHOXHHKa [, Ha KOXKHOMY S KpOLi 3HIHCHIOETBCS 3 BHMOTH

O(p® + B,z")=maxd(p’ + f*). s=0,1,2,... .
20

. . . sk
Haragaemo, mo HeoOxigHI Ta JAOCTaTHI YMOBH TOrO, abw To4yka p Oyla
po3B’s13k0M 3azaui (25, 26) ONUCYIOTHCS CITIBBIAHOIICHHAMHU:

(CD'(p*))k =0, gaxmo p,t >0, keJ, (28)

(@’(p*))k <0, AKI10 pz =0,keJ,
ae (®'(p)), — k - Ta xommnonenTa Bekropa O'(p).
IMoxnagemo J(p)=1{k:p; =0, ke J}. IlounHaeMo 3 HOBUILHOI TOUKH r°,
IO 33/I0BOJIbHSIE OOMEXEHHSIM p,? >0, keJ. 3naiinemo MHOXHHY J( po).
Skio (d)’(po))k =0, i¢ J(po), TO II€ O3HAuYa€, II0 TOYKa po € TOYKOIO
MmiHiMymy @(p) 3a obmexens p; =0, ie J(po). Sxmo m0 TOrO XK

((D'(po))k <0mns ke J(po) , TO p0 € po3B’s13koM 3agadi (25), (26), OCKLIBKH B
ITi{ TOYIlI BUKOHAHO HEOOXiaHI i TOCTaTHI YMOBH MakcuMyMy (28).

Sxmmo (CD'(pO))k >0 ams gesxkux keJ(p®), To moxmamemo J'=
={ie J(po):(®’(p0))k <0} i OymemMo 3aCTOCOBYBaTH METOJ CHPSIKEHHUX Tpa-
nieHTiB s MakcuMmizauii ®(p), Oepydn 3a 3MiHHI TUIBKH p;, k¢ J' 1 3amm-
IIAI0YH BCI p;, PIBHUMH HyIIO 171 k € J' . SIKIIO X iCHYIOTb TaKki iHAEKCH & , 110
((D'(po))k 0, i¢Ju"), 10 B upOMY Bunanky noknagaemo J' =J(p°).

Ilpy npOMy MU Bech 4ac MAaeMO KOHTPOJIIOBATH BUKOHAaHHS OOMEKEHb
pr >0, keJ\J'. SIkmo KpoK MeTOAy CHPSDKEHUX TPAdi€HTIB MPU3BOAUTE 10

BiJI’€MHOCTI OJHIET 3 IUX 3MIHHHX, TO JIOBXXKHHA KPOKY OOMEKYETHCS TaKUM
YUHOM, a0H B TOYHOCTI OOCPHYTH IO 3MiHHY B HYJb. JIJIS II-OTO TIPH OOYHCIICH-
HSIX 32 METOJIOM CIpPSKEHUX TPAi€HTIB BeCh 4ac JOJATKOBO OOYHCIHOEMO

BEeNUYUHY S !
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N
fi =min| == |, (29)
Zk

ne MiHiMyM OepeTbest 10 BCix keJ \J', misg skux z; <0, i MOPIiBHIOEMO 11O
BEIIUUUHY 3 [, .

Sxmo B, < B, TO

it =pi+ Bz ke it =pi=0. kel (30)
Sxmo S, > B, To
Pt =pi Bz ked', pit =pi =0, keJ'. (31)

Iporec oGUMCIIEHb MEPEPBETHCS 3a CKiHUCHE YHCI0 KPoKiB. [Ipu nbomy abo
OyIie 3HAWIEHO TOUKY ps+1 TaKy, o B Hiit ®(p) mocsarae MiHIMyMy TIpH YMOBaX

pir =0, keJ', abo Taky, ne [, > f,, TOOTO SIKECh i3 HEAKTUBHHX OOMEKCHb

mopymyeTscs. B ocramaboMy BHHAAKy J( p)f“) o J', mpudomy iCHYIOTH

ke J(p;i”), Taki mo k¢ J'. B 000X BUMagKax TOYKA p;:“ , OTpUMaHa 3a TMpo-

neayporo (30) abo (31) BBaka€eThCs 3a MOYATKOBY 1 MPOIEC TTOBTOPIOETHCS.

Merton CpsDKeHHX TPami€HTIB Oyaye IMOCTIIOBHICTh TOYOK, B SKHX ITJIHOBA
(hyHKIIisT MOHOTOHHO 3pocTae. CaMe 11e rapaHTye, 1110 YMUCIIO TPaHEH € CKIHYCHUM,
TOMY L0 aKTHBHI HA0OPH HE MOKYTh TIOBTOPIOBATHUCSL.

OLIHKA IIBUAKOCTI 3BI’)KHOCTI

Sk moka3zaHo BHIIIE, 3aIIPONOHOBAHUH y TONEPEIHBEOMY PO3ALUII aNrOPUTM 3JikcC-
HIOE TIOITYK PO3B’S3KY MIIIXOM Tepedopy CKiHYeHOI KiTbKOCTi rpaHeit. 1le o3Ha-
yae, 10 301KHICTh MPOIECY B IIIOMY 3aJIC)KHUTh BiJl 301)KHOCTI METOMIY CIIpsiKe-
HUX Tpaji€eHTIB NpU MakcuMmizamii Ha BiAmoBimHil rpani. Dyskumis (24) €
KyCKOBO-KBa[paTHuHOI0. OTXKeE, € CIPaBeINBOO

* . cee

Teopema 2. fIKiio ToYka MakCUMyMy p KyCKOBO-KBaIpaTH4YHO! (QyHKIIT

(24) mBoicroi 3axadi (25), (26) HaNEeKUTH KBaAPATHUYIHIN CKIaIOBiH, TO MeTOx 30i-
raeThCs 32 CKiHYCHE YUCIIO KPOKIB. SIKIO % TOYKa p € MICIIEM MOETHAHHS JIeKi-

JHKOX KBaIpaTHYHHUX (YHKINHN, TO Tpolec 30iraeThCs 31 IMBUAKICTIO METOIY
CTPSOKEHUX TPAJIIEHTIB ISl BTHYTHX (QYHKITIH.

BUCHOBKU

®opmymoBaHHS TPOOIEMH PO3IOALTY PECYpCiB y BUTIISIL ONTHMI3aNiiHOI 3a1a4i
JTO3BOJISIE HE TUTHKHM BUPIIIMTH TUTAHHS 3aJ0BOJICHHS CITOKMBAYiB, aje # MiHIMi-
3yBaTH BUTPATH HA TPaHCIOPTyBaHHA. KpiM TOro, mepeBarorw Takoi MareMaTh4-
HOT MOJIETIi € He3aJICKHICTh METOY PO3B’s3aHHS 3ajadi BiJl CTPYKTYpH rpada, mo
Jla€ MOXJIMBICTh OMKMCYBATH 3POIIYBaJIbHI CUCTEMHU CKJIAJHOI CTPYKTYPH, 3 JOBi-
JIBHOIO KIJIBKICTIO 3aMKHEHUX IMKJIIB.
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BiamiTiMo, 110 3amporioHOBaHy TEOPil0 MOXKHA 3aCTOCOBYBAaTH 1O HIUPOKOTO
KOJIa PO3MOAUTHYNX Mepex. Tak, y BUIaIKy TpaHCTIOPTYBAaHHS ra3y B MariCTpaabHAX
TpyOOIpoBoJax BUHUKAE 3aqada yTpumanHs (10), ne A, (f) — Tuck rasy B HeBHii
To4Li TpyOompoBoay; /1; — IOYAaTKOBUI THCK Hepen i -1 CTaHLIEI0 IiIKauKH;
h;(l;,t) — TuCK ra3y y KiHIli i-T0 IPOMIKKY TpyOompoBoay; c¢; Ta k; — Koe-
(himieHTH, AKi 3B A3yIOTh THUCK 1 BUTPATH ra3y y I -My IMPOMDKKY TPyOOIIpOBOIY
¢;; T; — 4ac IPOXO/PKEHHs XBUIIEIO i -T0O IIPOMIKKY TpyOOIpoBOLy; ¢; — Koe-
(ilieHT 3racanHss U1 [ -TO IPOMIXKKY TpyOOIpOBO/TY.

MopenmtoBaHHS TIPOIECY PO3MOAUTY MOTOKIB 3IHCHIOETHCS 3a JAOMTOMOTOIO
3aJa4i KBaJpPaTUYHOTO MPOrpaMyBaHHs. 3a HAsSBHOCTI OB CKJIAIHOT HENiHiMH-
HOi (DyHKUIT i MOKHA 3aMiHUTH BUX1THY 3a7aqy MOCIiTOBHICTIO 3a/1a4 KBaapa-
THYHOTO MPOrpaMyBaHHs, 10 OyAyTh allpOKCHMYBAaTH, Y TIEBHOMY CEHCI, BUXIIHY

3aa4y, K e POOUTHCS IS MOTOKOBUX 33Ja4 3 KJIACHYHUM 3aKOHOM 30epEeKEH-
H1 [8, 9].
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KEPYBAHHSA OJHOCTOPOHHIMMU ITPONECAMUA
®LIBTPALI B’A3KUX HA®T 3A HASAIBHOCTI
I'PAHUYHOI'O I'PAAIEHTA TUCKY

L.B. KIAHOBA, O.M. HOBIKOB

3anponoHOBaHO AJITOPUTM KePyBaHHsS OJHOCTOPOHHIM IIPOLIECOM i3 GaraTo3HauyHOIO
MEepeLIKoI00 B 001acTi. MoJesb npolecy npeIcTaBIeHo y BUMIIAL BapiauiiiHol He-
PIBHOCTI i3 HernmagkuM (PyHKIIOHAIOM BiATOBIZHOCTI. AJNTOPUTM 3aCTOCOBAHO IO
3amayi KepyBaHHA IporecoM QinbTpamii HAQTH B yMOBaX HasBHOCTI TPaHHYHOTO
rpajiieHTa TUCKY.

BCTVYII

VY 06arathox rany3sx NPOMHCIOBOCTI Ta HABKOJUIIHBOMY CEpPEIOBHII 3yCTpida-
FOTBCSI TIPOIIECH, ITI0 MAIOTh HA3By OJHOCTOPOHHIX. Ha BiaMiHy Bim KIacHIHHX
NpOIIEeCiB MaTeMaTHYHOI (i3WKH, SKi Ha3WBAaIOTHCS JBOCTOPOHHIMH, IIi POLIECH
XapaKTepU3YIOThCSI HASBHICTIO creNU(IyHUX ePEeKTiB OAHOCTOPOHHBOI MPOBiA-
HOCTI TpaHWIi abo TMepermKoan B 00JacTi MPOTIKaHHA mporecy. EdexkTuBHUM
MPEJCTABJICHHSIM TaKHMX IPOIIECIB TOCTAIOTh BapialliiiHi HepiBHOCTI [1, 2].

3amaya KepyBaHHS OJHOCTOPOHHIMH IMpoIllecaMu po3risianack B [3], e Oy-
JI0 3apOIOHOBAHO ANTOPUTM KEpYBaHHS OJHOCTOPOHHIM IPOLIECOM i3 OZHOCTO-
POHHBOO TIPOBITHICTIO TPAHWIN (BHUMAJIOK TOBCTOI CTIHKH TPAaHMIN) Ta M’ SKOIO
MEePEIIKOIO0 B 00acTi. Ajie pO3MOBCIOKEHHS aJlTOPUTMY Ha KJlac TPOLECIB 13
M’SIKOIO 0araTo3HayHOIO MEPEIIKOI0I0 B 00JacTi He MPOBOIMIOCE. SIBuILE M’ AKOT
0araTo3HayHOI MEPeNIKo¥ MPUTAMAHHE PiMHAM, TOAI K SIBUIIEC M’SKOi mepe-
IITKOIM XapaKTepHE VIS Ta30MOAIOHNX CepeOBHIN. AHATITHIHO B MO MPOIIe-
Cy HasIBHICTb M’KO1 0araTo3HayHOI MEPEeLIKON OMUCYEThCS (PyHKIIOHAIOM BiJl-
TIOBITHOCTI, IKUW HE € HeTlepepBHO AU(epeHIIIHOBAaHIM.

Meta po6oTu — moOy0Ba aNropuTMy KepyBaHHS JUIsl KJIAcy MpOIIECIB i3
M’ KO0 0araTo3HavHOIO IEepENTKoa0t0 B obnacti. B pobori [4] Oyio 3ampormoHo-
BaHO MIiAXiJ 10 MOJCITIOBAHHS MPOLECIB B YMOBaX 0araTo3Ha4yHol (yHKIIII mepe-
IIKOJTU, SIKa € y3arajJbHEHOIO TOXIiJTHOIO BiJ HErNMaakoro (pyHKIIOHATY BiJIOBiI-
HocTi. Lleld migXim BHUKOPUCTAHO TIPH TMOOYIOBI alTOPUTMYy KEepyBaHHS
OJTHOCTOPOHHIM TIPOLIECOM Y IIiH POOOTi.

[IpakTuuHe 3HAUYEHHS Mae 3ajaya KepyBaHHS OTHOCTOPOHHIMHU IMpPOIECaMH
i3 M’KOI0 0araTo3HAYHOI MEPEUIKOJI00, 30KpeMa, JACIKHUMH 3 HHX, SKi MalTh
Mictie y HadTogoOyBHiH mpomucioBocTi. Cepen IuX MPOIEeciB CIiJ] BAOKPEMHTH
nporecH GinpTpanii HahTH Tpu HASBHOCTI IPAaHUYHHUX TPAIEHTIB THCKY, IO BiJ-
OyBaroThbcsl y B’SI3KMX Ha)Tax i3 BUCOKMM BMICTOM mapadiHiB Ta CMOJIHCTUX pe-
YJOBHH [5, 6].

3a TOTIOMOT0I0 CHIiBBiIHOIICHD, SIKI OJIEP’KaHO B ITif pOOOTi, PO3B’A3YETHCS
OJIHA 3 aKTyaJIILHHX 3aJla4 KepyBaHHS OJHOCTOPOHHIMH TpoliecaMu B HaTOI00YB-
Hill MPOMUCIIOBOCTI, a came, 3aJada KepyBaHHS IOJIEM THCKIB y OKOJIi CBEpAJIO-
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BUHU TIPU BiJIOMHX XapaKTEPUCTHKAX IJIACTA Ta HAPTH, siKa Ma€ B’ SI3KOIIACTHYHI
BJIACTHUBOCTI Ta XapaKTEPHU3Y€EThCS HAIBHICTIO TPAHUIHOTO TPaTIi€HTa THUCKY .

INOCTAHOBKA 3AJIAYI

PonoBuine, 1mo po3risinacThes, XapaKTepU3YEThCS HASBHICTIO OJHOCTOPOHHIX
BJIACTUBOCTEH: IIi BIACTHBOCTI MPEICTABICHO HETIHIHHUMHU edeKTaMu, sKi Mpo-
SIBISIFOTBCSL CTPYKTYPYBaHHSAM y HadTax. A came, IpH TPaieHTaX TUCKY MEHIIUX
3a TpaHWYHE 3HAYCHHS, B HATOBOMY ILIACTI YTBOPIOIOTHCS 30HU 3aCTOM0, Y SIKMX
Ha()Ta BTpavae pyxJiIHuBiCTb.

Buxopucraemo Monmens y BUTIISII BapiamiitHOI HEPIBHOCTI, 3alpOIIOHOBAHY
B [7]. Y Hamomy BuIaKy BOHa HaOyBa€e TaKOro BUTIISAY:

3
(B, + m(z)ﬁﬂ%,v —u)- ;;jb@)k(z)(;'j—;,v w0 w2

k .
> %qu(t)é'(z—z-l),v—u B 0=Qx[0,T] YveH (1), (D)
)~
j=1
3 Io4aTKoBOI yMOBO u#(0) =u,,

ne [, — xoedillieHT CTUCKaHHS IOPUCTOrO cepenoBuia; f — KoedilieHT CTuc-

KaHHs HaQTH; m(z) — TMOPHUCTICTh CEPETOBUILA; b(z)zﬁ, e p — TrycTHHa
Y7

HaTH, 4 — B’A3KiCTh HaQTH, k — KOeQiieHT MPOHMKHOCTI CEpelOBHILA,

z=(zy,23,23), h(z) — MOTYXKHICTb 1wIacTa, g ;(f) — ACOITH CBEPIIIOBHH, IO

nitoth B migobnactax Q; < Q, j=1..K, K — KiJIbKICTb CBEPUIOBHH, (QYHKLIO-
HAaJI BIIMOBIIHOCTI

e, |ousoz <u

Tpan ?
0, |ou/éz|>u @

rpau °
Opy LBOMY Yy BHpasi (2) HIKHS TiJIKa ONMUCY€E HOpMaJbHE MPOTIKaHHS MPOLECY
(hinpTparii, a BepXHs TiIKa BIANOBITa€ «BBIMKHEHHIO» TEPEIIKOAM, SKa TPU3BO-
JUTUME JI0 YTBOPEHHs 3acTiiuux 30H. Koedinienr & — xoedimienT nepemxou,
SIKUH € 3a3/1aJIeTiib HEBIJJOMUM 1 MiJJIArae 3HAXOKEHHIO B TIPOIIEC PO3B’SI3aHHS
3aa4i.

s Toro, mo6 mepeitu Bix BapianiiiHoi HepiBHOCTI (1) mo 3amaui onTuMmi-
3arrii, SK Ie Mmoka3aHo B [2], 3amumeMo (QyHKIII0 0araTo3HavyHOi MEPEuTKOaN K
noxiznHy Big pyHkuionamy (2):

é(ta Z)a |8U/az| < I’l\au/éz\>u,paH >

¢ =1[66,2).0, |ou/oz=up, o,
0. |8u/ az| >u

‘3u / 6z‘>u

rpan

[Ipouec dinprpauii HapTH B IHOMY BUIMAAKY € OJHOCTOPOHHIM IPOLIECOM i3
M’SIKOI0 6araTo3Ha4YHOI0 MEePENIKoI0t0 [S].
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Po3B’sixemo 3amady KepyBaHHS OJJHOCTOPOHHIM IporiecoM (iabTpari HahTu
TIPH HASIBHOCTI TPAHMYHOTO TPAi€HTa THCKY.

PO3B’SI3AHHSA 3ATAYI

Kpurepiii wtpady, skuii 3abe3nedye BUKOHAHHS OJHOCTOPOHHIX BJIaCTHBOCTEH
npoLecy, Ma€ BUIIIAL!

JTJ

oo | (&t 2)oul or) N YR ES TR

(Gu/ot),  |ou/oz|<u

rpaH >

dzdt = inf .

Bukopucraemo anpokcumallito Ha eTamni BBEJCHHs JIOKalbHOI GopMu: y Bu-

MajKy BUKOPHUCTAHHS MOXITHUX Bim @ (y BHUpa3axX, HaBEACHUX HUXKYEC) 3aMiCTh
oms . *
GbyHKIiT nepemkoau ¢ 0yaeMo BUKOPUCTOBYBATH ii ITaJIKy alipOKCHMAIIII0 ¢ .

Kputepiii po3B’s3aHHs 3a/1a4i Ha MepIIOMy eTarmi (erami KepyBaHHs) Tpea-
CTaBUMO Yy BHTJISI:

S, f,6) == | [uT,2)0r (z,ru(T, r)dzdr +
Q

z r

1
ZQ

+

N | —

T
[] j (u(t,2)0(z,u(t,r) + f(t,2)R(z, ) f (t,r))dtdzdr —inf ,  (3)
0Q,

ne QOr(z,r), Q(z, r), R(z,r)— BigoMi nOJaTHRO BU3HAYeHi omeparopu. llpu
1IbOMY NOBHUHHO OyTH J| (1, f,&) —>inf .

Po3B’s130k 3a;[aqi OINTUMAJIBHOT'O KEPYBAaHHA CUCTCMOIO anﬁMae BUTJIAA:
f@6,2)= [ [R G r)ste,r, pyutt, p)drdp , )
Q,Q,

e R*(z,r) — saapo, obepHere no R(z,r) Take, IO J.R*(z,r)R(r,p)drz
0
=8(z-p)I , a dyukuis S(¢,z,7) Bu3HAuaeThcs 3 piBHAHHA Pikkari Ta Mae

BUTJISIL:
aS(t(?tZ e —F(2)s(t,z r)—MS(t z,r) —F(@r)s(t,z,r) -
_9¢ W.¢) ;Z’(:) s(t,z,r) + J. J.R*(}/, p)s(t,z,y)s(t, p,r)dpdy — O(z,r), (5)
Q,Q

r Py

ne omeparop F(-)= Z ( *(-) 0 j, a TpPaHWYHI Ta KiHLIEBI YMOBH MalOTh

a0.1“ Va0,
BUTJIA:
s(t,z,r)|r =0,
s(t,z.r) ;. =0, s(T,z,r) = Or(z.r). (6)

Cucmemni docnioxcenna ma ingpopmayivini mexuonoeii, 2010, Ne 4 93



[.B. JKoanoea, O.M. Hogixos

[epeiinemo mo eramy omintoBaHHS. Hexail BimoMuil pesynbTaT MEpIIOTO
Kpoky — {u,S, f}. 3adikcyemo kepyrody 3minHy f . Ilpu 1iboMy KpuTepiit
J,y(u,s, f,&) —>inf BuzHauaercs Bupasom (7). B sxocTi oOMexeHb BUCTYHAIOTh

piBasHHES (8), (9). Ha npyromy ertami mpw OIliHIOBaHHI HEBIIOMOTO IapameTpa
npolecy po3rissHeEMO 3a1ady MiHiMizauii pyHKIioHana

T
J, = j j F, (a—” a—”‘)dzdt—mf (7)

npu OOMEXKEHHSX Ha U , S

ou O *8u

—H—k =+ WO~ | [R (G aw pau, pdedp=0,  (8)
ot 0z a, 0
B
* * *
2L Dy | ) B ) -
ot oOx Oy oy Ou w=u(x) Ou
u=u(y)
- [ [st.x.0)R (. pys(t,y, fydadp + O(x, ) =0 ©)
Q, Qg
3 TIOYaTKOBUMH 1 TPAHHYHHMH yMOBaMHU
u|t:0 =u(2); u|ZEaQ u™P
s|t =s'(x,»), s(t,x, y)| w0, =P
__ TpaH
s(t, x, y)|yEaQy =5 7,
. Ou ou
BBeneMo HacTyNHI NMO3HAYEHHS: W =U, Y/ :E’ Vi =a—, i=1,2,3.
z

i

Bupas (8) Ha6yz[e BHTJISIAY:

o .
L ‘”0>+ 0 Wod) - [ [R (z.a)tt. f.awy(t, fdadp =0.
Q. Q,B
Hudepenuiroroun (§) 1o ¢ Ta MOKIANAIOUA I/ =%:
oy, 0 Oy, o¢" .
e e - | [R G als@ By . 8) +

u=yo Qg Q/)’

+ w%} (t,f)dadf =0.

Hudepenuiroroun (8) Mo z; Ta MOKNIANAIOYH Y/, = g_u (i=2,3,4):

am 0 ok . o4

a‘//'+1
—’ _ k o — )+ L _
ot ( ( ) ) aZk (V/z+1 aZl-) ou Vi
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_ j J. Ms(t,ﬂ, o)y, (t,pdadp.
1o
Q, Qﬂ

Zi-1
Jus s maemo BuxigHe piBHAHHS (s = s(t,X, V) = s(o))

(0) (0) 0)
a‘;t —(()as )i(k(y)a

)+ By (x),p (1), E)s O (t,x, ) +

+0 - | [s© (z,x,a)R*m,ﬂ)s“” (t,y, p)dadf =0,

Q,Qp

o9 o9
ne B(y,&)="2- + 2

ou u

u=yo(x) u=y(y)
Takox ciig gogaTv piBHSIHHS IS S sO = % SIKE€ OTPUMYETHCS TUDepeHITi-
IOBAHHAM 34 4acoM 7 :
asV o as® 9 asW
o MO+ (R0 ) + Bl &V (t,x,y) =

ot

= [ [V xR @ p)s .y, 8)+ (r,x,am*(a,ﬂ)s(”(r,y,m}dadﬂ.
Q. Qp
Tenep mepeno3HauynMMoO 3MiHHI, BBOJSAYM KOMIIOHEHTH S, qu, ra> Qi
TaKUM YMHOM, IO BHXiJHA 3ajada, A¢ B kpurepii (7) MICTATHCS MOXiaHI, 3BO-
INTHCS 110 3a7adi:
T

[ F(y)dzdt — inf

Il
S —y
o

ov, )
% Ay 0,9 = [ [ Ry (2,008 (6 B,y (¢, fdadB =0,
Q, Qp
A()__k( )a() ? | =0 = l/IO(Z); l//|6§2 :l//rpaH(Z,t) zeaQ)’
o
W ["( ) ] (k( ) ]+B,r(u/(x) (), E)s 5 (1%, ) +

+ 0 (tx )= [ [Hsiy(tx,.a)Ry, (@, B)s,, (4, B, v)ydadp,

Q, Qﬂ

rpaH rpai-

0
Sik(taxoy)L:O =Sik(x9y)a Sik(taxay)|xeag =S s Szk(t X y)| yedQ =S

Po3B’s3ytoun Taky BUXiHY 3a1aqy MeToaoM Jlarpanxka, oTpuMyeMo:

L= J.J.F(l//(z))dzdt-}-J. j ®,(z) '/” + A+ 0., E) -
0Q,
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T
] IR kst B @B e+ [ [ Kteor ) S
00,0 ot

Q,Qp x Q2

0 OS i 0 OS i
+ a(k(x)gj + 5[“)’)?} + B, (W (), w(¥),8)s 4 (8, x, ) +

+0utx, )= [ [t x,0)Ry, (@, B)s i (&, B, y)dead]B  dxdy .
Q, Qp

Bapiroroun L, ogepKuMo HEOOXiTHI YMOBH €KCTPEMYMY:

T . T
-] ‘I’f(ﬂa(”%?@dtdﬂ I [ 2 wmwm.ox
00,

s 00, Q, S
% 5,5 (1., 9)K y (2., y)dxdlydt. (10)
Hesigomuii mapamerp & 3HaXOAMTHCS 3a JOMOMOTOKO I'PAIIEHTHOI MpOIle-
AypH
. . oL i
i+1 i
=& -4 —1, 11
o) "
A — mapameTp rpaai€eHTHOI IPOIEAYPH,
‘Jé e
—<e¢, (12)
J5

a mapaMmeTp Ipolecy, U0 3HAXOAUTHbCA TaKUM UYMHOM, NMpHiiMae 3HayeHHs & .
OTxe, OTpUMaHO PO3B’sI30K {u, &} .

3aranbHUN aJTOPUTM ONTUMAJILHOTO KePYBaHHS Ta OILIHIOBaHHS MapamMeTpa
(hyHKIIT BIAMMOBITHOCTI MpUiiMae BUTIISA;

1. JIns xpoky mortouHoi itepamii i =0 mporueaypu OIIHIOBaHHS MapaMeTpa
(hyHKIIT BiMOBIAHOCTI, 331a€MO JaHOMY HEBIZIOMOMY TMapaMeTpy MOYaTKOBE J0-

BiJIbHE 3HAUCHHS & 0

2. Jlnst Bigomoro dikcoBaHoro 3uaueHHs &' po3B’sI3yeThCs 3a/a4a ONTHMA-
JHHOTO KePYBaHHS.

1
. j . oL ;
3. Jlns Bimomoro f' ma ocuosi (10) BM3HAYaeEMO (% , ¢ u' BU3HAua-

oL oL
eTesa y 1. 2, @, K BHU3HAYarOTHCI ymMmoBaMu —— =0, g =0
i
4. Jlns kpoky i+ 1 Ha ocHoBi (11) BU3HaUaEMO 3HAYCHHS 5”1 .
5. TlepeBipsiemo ymoBy (12). Sk110 BoHa BUKOHYETBCS, IIEPEXOIMMO JIO T1. 6,
SIKILO BOHA HE BUKOHY€EThCS — MoKIagaeMo &= &' ta mepexomumo 1o m. 2.

6. 3aKiHUEHHS AITOPUTMY.
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Ha ocHOBi 3ampornoHOBaHUX CIiBBiHOIICHs OYJIO MPOBEICHO OOYUCITIOBA-
JTHHUN eKCIIEpUMEHT. Pe3ynbTaTi eKCIEepHMEHTY TOoKa3aiH, Mo KoeillieHT me-
peIIKOIM B pe3yNbTaTi TPaJi€HTHOI MPOLEAYPH HACTPOIOETHCS 0 HEHYJIbOBUX
3HAaYeHb B 00JIACTSX, B SKMX BHKOHYIOTHCS TaKi YMOBHU: TPAJi€HT TUCKY MEHIIIC
TPaHUYHOTO Ta CIIOCTEPiraeThcsi 30ypeHHs TUCKY BiJ CBepAJoBHH. B oxomi po3-
TalTyBaHHS CBEPIJIOBHH TPATIEHT y OUIBIIIOCTI BHITAJIKIB NEPEBUINYE TPAHUTHE
3Ha4YeHHs. BiamoBigHo, y IbOMY OKOMi KOe(illi€HT MEePEeIIKOIN JOPIBHIOE HYIIO,
TaKoXX OJIM3BKi 0 HYJIHOBUX 3HAYEHHS BiJMOBiNalOTh 00JacTsM, /¢ BIUIUB Bil
JUKEpeTT 30ypeHHs TUCKY CTa€ MaiKe HEITOMITHHM.

[Ipn mpoBeneHHI eKCHEPUMEHTY BUKOPHUCTAHO HACTYIHI BUXiJHI JaHi:
BuxigHuit ctad u( =1001Ila; rpaHuyHe 3HaYeHHs rpajfieHTa THCKY U, =0,51la;

koedirieHT mnpoHMKHOCTI k =62,5kr/M’; ryctmHa p =800 Kr/M’; B’S3KICTH

max

,u=1073 Iac; iHTeHCHBHIiCTh m00YBHOI cBepanoBHHH [ =40M/100y; mo3umii
ceeposuH: (30,50), (40,50), (40,40), (40,60), (40,70), (40,100), (50,40),
(50,50), (50,60), (50,70), (60,40), (60,50); po3mipu mwiacta 300 Mx 300M; MOTYX-
HIiCTh T1acta A =1m; nmopuctictb m =20% ; koeillieHT CTUCKAHHS CEPEIOBHIIA

B. = 107 ma™; koe(ilieHT cTuckanus Haptu [, 107 ma™".

[Tin yac obumncieHb O0yJI0 BUKOPUCTAHO TaKi MapaMeTpy rPai€HTHOI Mmpolie-
Jypu: TouHicTh — &=10">; moyaTKOBE 3HAYCHHS NAPAMETPA MEPEIIKOIH —
& 0-0; KPOK TpaJieHTHOT — mpouenypu A = 1074, Kpurepiii onTumansHoro ke-

T
. 2 . -
PYBaHHS Ma€ BUITIA: J, = “-(u(t, 2) ~Uggpane ) A1AZ; Usgrane = 80.
Q0

Ha puc. 1-2 noBeninka mpouecy idIOCTPYEThCS Ha IIISHII, SKa BMIIIY€E

JDKepena Bil’ €MHOTO HarHiTaHHS THCKy. Ha eTami po3poOkwu IiacTa, o po3ris-

JNAETHCS, HASBHI NUIIe AOOYBHI CBEPAJIOBMHHU, a HArHiTal4i CBEPIJIOBHHH,
SIKI CIYTYIOTH JJIS «IiATUCKaHHS» HaQTH 00 JOOYBHHX CBEPIJIOBHH LUISIXOM

. . * * *
3aKayyBaHHA y IacT BoAW, BiacyTHi. Ilpu mpomy;u * (f) =u(z,,z,,t); z; =

=50m; Z; =80m, g(t) — nebit cBep/UTOBUHH, Kk — KPOK ITEpalliiftHOT POLISTYPH.

q() 0,4D

|
0

t

Puc. 1. HanamryBaHHs 30BHIIIHBOTO BIUIMBY MijJ 9ac TpajieHTHOI mpeuexypu (medit
CBEp/JIOBUHN)
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110 T T T
u (1)

100

a0

a0

] ] ]
0 10 20 30
t

T

Puc. 2. Tuck y xapakrepHiit Touni Ha nepiuomy (k =1) ta ocranusomy (£ =10) kpokax
rpajieHTHOI IPOLEAYPH

Mix puc.3 Ta puc.4 crocTtepiraeTbCsi HACTyIHA BIiAMOBITHICTh (AMB.
OCTaHHIH KPOK MPOLEIYpH): KOJIU MOIYJb TPafi€cHTa MEHIIHNN 3a KPUTHYHE 3Ha-
yeHHs (BigmiTka 0,5), BMUKaeThCs (PyHKIISI MEpeIkoan, KoedilieHT Kol mpu-
HiMa€e HeHyJIbOBE 3HAYCHHS — 1I€ BIAOBiZa€ yTBOPEHHIO 3aCTiHHUX SBUIL y Had-
Ti. [lepemkoa 3HUKAE TIPH 3HAYSHHAX TpadieHTa ourbmux 3a 0,5.

3 T T T

du/dz
k=10

Puc. 3. Moxyns rpagienra tucky Ha nepimomy ( k =1) Ta ocranasomy (k =10) kpokax
rpaIi€eHTHOI MpOoLEeLypH

[lepion nporHo3zyBanHs ckiaga 40 110, mpoleaypy HacTPOHKH 3aBEPIICHO
[IpH 3HAYCHH] KPUTEpito 3aBepiueHHs 107> OXUHHULb.

BUCHOBKHU

Cepen onepxaHUX pe3yJbTaTiB 0COOIHMBE 3HAYCHHS Ma€ BiTHOBJICHHS MICIIe3HA-
XOJDKGHHSI MEX TMEpPelIKOIU, Ha SKUX 3HAUYCHHS TpajiiEeHTa THCKY IpHiimMae
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rpaHUYHE 3HAYCHHS, a TUCK HEIEPEPBHO 3MIHIOETHCS IMPH MEPEXOi Kpi3b TaKy
TPaHMINIO. 3HAXODKEHHS PO3TANTyBaHHS TPAHUIl, SKa PO3MEKOBYE 00OJacTi i3
KJIACHYHOIO TIOBE/IHKOIO, Ta 00JAcTi i3 MpPOSBICHHSAM OJHOCTOPOHHIX e(eKTiB
Jla€ 3MOTY BU3HAYUTH MICIIC3HAXO/KCHHSI 3acTiHMX 30H. Taki JaHi BilirparoTh
BaXXJIMBY POJIb Y KEPYBaHHI MPOIECOM BUIOOYTKY HA(TH.

! T T T

0,6 U _

0,2 H —

(1o} | |
1} 10 a0 0
t

Puc. 4. Koepiuient nepemxoau Ha nepiuomy (k =1) ta ocranabomy (k =10) kpokax
IpaJi€eHTHOT POLEAYPHU

Otpumani B poOOTi pe3yIbTaTH MOXKYTh OyTH B TIOJIAIBIIIOMY PO3BUHEHI Ha
BUITAJIOK, KOJIU KEPyBAaHHS MAa€ HE MUTTEBUN BIUIMB Ha IPOIIEC, a CEPEIOBUIIE
pearye Ha HbOTO i3 JICSIKUM 3aIli3HESHHSIM.
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MMPAKTUYHA PEAJIIBAIISI KOHIEIIIT KOPTIOPALIIMHOT
EKOJIOTTYHOI CHCTEMM JIJISI IHTETPAJIBHOT OLTHKH
EKOJIOTTYHOT' O PM3UKY 3JI0POB’IO

T.B. KO3YJIsl, H.B. ITAPOHOBA

Hapnano TeopeTHKO-IIpakTHyHi 3acaay HeoOXiJHOCTI i OLIIBHOCTI BBEICHHS B CHUC-
TeMy NPUHHATTS YIPaBIiHCHKOTrO PIllICHHS KOHLENLIl KOPHOpaiiHol eKoIoriyHol
cuctemu (KEC). BuznaueHo MmaremMaTHyHi MIIXOU 10 BCTAHOBJICHHS B3a€MOIIT Mixk
cxnagoBumu KEC i BCTaHOBIICHHS PU3HKY HOPYILICHb y PE3yJbTaTi BAHUKHEHHS He-
raTHBHOTO (hakToOpa BIUIMBY, yIIPOBADKCHHS OL[IHKH PU3HKY 3JI0POB’I0 SIK KPUTEPItO
HeOe3IEKH COLialbHO-eKOHOMIYHOI crcTeMu. HalaHo alilrOpUT™M BH3HAYEHHS CTaHy
KEC Ha 0CHOBI OIIIHKH PH3HKY.

BCTVYII

MeToro KOHIIENIil KOPIOpaiifHOro MiAX0Ay Yy BHpIIICHHI €KOJOTO-Tiri€HIYHUX
3a/1a4 100 3MEHIIEHHS KITBKOCTI Ta MiHIMI3allii comiaJbHO-eKOHOMIYHHUX Hac-
JIKIB HAaJ3BUYaHHUX CHUTYyallli TEXHOTEHHOTO 1 MPUPOJHOTO IOXOIKCHHS B
VYkpaiHi € 3aCTOCYBaHHsS Cy4aCHHX METOJIB pPEryJIOBaHHS TEXHOTCHHOI Ta MpH-
poIHOI Oe3neKu Ha OCHOBI PU3HMK-OPIEHTOBAHOTO MiAXOMy, 3a0e3MeueHHs rapaH-
TOBAHOTO MPHHHSATHOTO PiBHS 3OPOB’S HACEIECHHS, CKOJIOTIYHOT KOM(POPTHOCTI
TEPUTOPIH, COIIANILHUX, TEXHOTEHHUX Ta MPUPOJIHUX 00’ €KTIB.

HopmyBaHHS pU3HKIB € CHELiaIbHO OPraHi30BaHOI0 HOPMATHBHO-TIIPABOBOIO
JISUTBHICTIO 13 PO3pOOJICHHS W 3aTBEpIUKEHHS HOPM TEXHOTEHHOI 1 MPHPOJHOT
Oe3mneku, IpaBuIl 1 PerJIaMEHTIB TOCIOIAPCHKOI JisTBHOCTI, SIKI BU3HAYAIOTHCS Ha
OCHOBI 3HAa4€Hb PU3UKY B MEXaX MPUHHATHUX 3Ha4YeHb. HopMyBaHHS € mporiecoMm
pETyIOBAaHHS EKOJIOTIYHOT SKOCTiI HABKOJHUINIHHOTO CEPEIOBHINA Yy JIEpXKaBi Ha
OCHOBI OOMEKEHHsI TEXHOTEHHOI IisUIHOCTI Ta 3a0e3MeUYeHHs] MPUUHATHUAX IS
3I0pPOB’sI JIIOMWHU BIUIMBIB HA ii OpPraHi3M SK MPUPOTHUX SBHUII, TaK i aHTPOIIO-
TeHHUX (aKTOPiB.

Po3pobka caHiTapHO-TITiEHIYHMX HOPMATHBIB BILTUBIB 3a0pyAHEHHS HaBKO-
JUIITHHOTO TPUPOTHOTO CEPEOBHINA Ta 1X OMPAIIOBaHHS MTPOBOAUTHCS BiJMOBIJ-
HO JI0 TIPUITYTIEHHS, 110 3a0pyIHIOETHCS SKECh OJIHE 0iOTeoXiMiYHE CepeloBHIIE.
CaMe TakiM YMHOM BCTaHOBIICHO I BIIPOBAIKCHO B MPAKTHKY CKOJOTIYHOTO KO-
HTPOJIFO HOPMATWUBU TIpaHW4YHOAOnycTuMux koHueHTpaniii (I'JIK) TexHoreHHHX
CHOJYK JJIS aTMOC(EPHOr0 TOBITPSI, MOBEPXHEBUX BOJ, IpyHTY. OIliHKa BILUIUBY
TFOCHOAAPCHKHUX MPOEKTiB Ha HABKOJHIIHE MPUPOAHE CEPEelOBUIIE, KA BCTAHOB-
JieHa BianoBimHO A0 Aitounx HopM ['JIK, € TOYKOBOIO Ta €KCTEPUTOPIAIBLHOIO 1
Ma€ 3HauHI HETOYHOCTI 1 MOXUOKH y BU3HAUCHHI HACITINKIB Aii HETaTHBHUX (ak-
TopiB [1].

HoBrM HampsMKOM KOMIUIEKCHOTO CaHITapHO-TITi€HIYHOTO HOPMYBaHHS €
po3po0Ka CHCTEMH IOKa3HHKIB, SIKa BH3HAYaTHME 3arajbHy XapaKTEPHUCTHKY
€KOJIOT1YHOI YMCTOTH BOAHM, TOBITPS Ta IPYHTY COLIaIbHO-EKOJIOTO-eKOHOMIYHOT
cuctemu. CUCTEMy TakKMX HOPMATHBIB TPEACTABICHO MEPETIKOM MOKA3HHUKIB i3
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BCTAaHOBJICHUMH MEXaMH YW CyMapHHMHU BiIHOCHUMH MOKa3HUKaMU (iHIeKCaMu
SIKOCT1). EKOJTOTIYHO MPUIHATHI TTOKa3HUKH I1i€1 CUCTEMH HOPMATHBIB TiepeOyBa-
I0Th Ha CTaJil eKCIIEPUMEHTAIBHUX PO3POOOK, HE MAIOTh CHIIH, ajie BXKE BUKOPHC-
TOBYIOTBCS TPOCKTYBALHUKAMU.

INOCTAHOBKA 3ABJIAHHSA

Meta po6oTH — JOCIHIIKEHHS MPOOJEMHUX MUTaHb CHCTEMH YIPAaBIIHHS €KO-
JIOT1YHOIO SIKICTIO HaBKOJHIIHBOTO CEPEeAOBHILA LIOA0 PO3pOOKU MigXOiB i3 BH-
3HA4YEHHS OLIHKU €KOJIOTIYHOTO PU3UKY MPUPOJHOMY CTaHy TEPUTOPIi Ta PU3HUKY
3I0POB’I0 HACEJIEHHS Ha OCHOBI KOHIIEMIIIi KOPIOPAIifHOI €KOJOTIYHOI CHCTEMH
(KEC) 1 3acTocyBaHHS IO3UTHBHOTO PU3UKY SIK OLIIHOYHOI XapaKTepUCTUKH [2].

3aranpHuit 38’5130k Mk migcucreMamu KEC nepenbauae nieBHui BIUIMB He-
0e3neky 1 pU3MKy HEraTUBHMX 3pYLICHb OAHIET CKIaJ0BOI HA 1HIIY, BUHUKHEHHS
HETaTHBHUX IPOIIECIB Y IIJIOMY B KOPIIOPATHBHIM crucTeMi. 3amadeto JaHOTO eTa-
ny poOOTH € po3po0Ka anropuTMy BU3HAUYCHHs 3araibHOi omiHku ctany KEC
BiJINIOBITHO 10 3aIIPOTIOHOBAHMX MIAXOJIB 1 MPUHHSTTS BiAMOBIIHOTO YTIpaBIIiH-
CBKOTO PiIICHHS.

CYTHICTbB I PE3YJIBTATH JOCJIKEHD

Pu3uk € omHUM 13 MOKITMBUX 3ac00iB BUPKCHHS HEBH3HAYCHOCTI ITiJ] 9aC OI[iHKH
MOBEIIHKYA CUCTEMH. BITBIIICTh ICHYIOUHUX METOJUK OLIHIOE CKAJIIPHUN YU OJTHO-
KOMIIOHEHTHHUI PH3HUK. 3 TO3UII KOpropamii-
HOTO TIIIXOy IMOJ0 BU3HAYCHHS CTaHY (DYHKIII-
OHYBaHHSl IHTErpYBaJbHUX CHCTEMH HEOOXiIHO
BPaxoOBYBaTH BCi PUBUKU — EKOHOMIYHHH, COLi-
aNpHUN, €KONOTIYHWMHA (y BUIJISIAI PU3UKY 370-
POB’I0 HACEJCHHS BiA Jii MIKIAIUBUX (aKTOPIiB
AK COLiaJIbHO-€KOHOMIYHOi CHCTEMH, TaK i Mpu-
ponHoi exosoriunoi). Lle KoMmmIeKCHUH PHU3HK,
SIKAW MICTATH TakKl CKJIAIHI BEJIMYNHU K €KOJIO-
TYHUH PHU3HMK, 010 TPEACTABICHO EKOJOro-
TOKCHKOJIOTIYHUM 1 €KOJIOTO-MaTepialbHUM pU-
3ukoM [3, 4]. Tpamumifino pu3wK OYIb-IKOTO
pe3yibpTaTy BH3HAYAIOTH SIK AOOYTOK HOro HMo-
BIpHOCTI Ha HOT0 Benuuuny (puc. 1).

Bapro 3BepHyTH yBary Ha iCHyBaHHS KOpe-
JSATIAHOT 3aJIEKHOCTI «PIBEHh PO3BUTKY €KOHOMIYHOI CHCTEMH — IMOBIPHICTE pPH-
3WKY BIUTUBY Ha COIliaJbHE CEPEIOBHIIE — PU3KK 3I0POB 10 MouHmy. Lle 3arais-
HUH 3B’30K, 110 BiIOWBae iUl KOMIUIEKC MapameTpiB, SKi BH3HAYAIOTh BENH-
YHHY €KOJOTIYHOTO 3I0POB’S HaBKOJIMIIHBOIO CEPEOBHILA 1 PU3KK 3I0pPOB’IO
JFOAMHM 30KpeMa. Y IIbOMY BHIIAJIKy BU3HAU€HHS PU3UKY 370pPOB’I0 HACEJICHHS
NOJA€ThCS y BUTIISIAAL CXeMH, Y ckiiaf skoi BKoueHo migcuctemu KEC (puc. 2).

Buxoasuu 3 mMoJI0KEHHS, 10 PU3UK 3HIKEHHS PIBHSI CAHITAPHO-EKOJIOTHHOT
oesnexu (CEDB) € IMOBIpHICTIO HETAaTUBHUX 3MiH CTaHy 3[I0OpOB’S HaceleHHs abo
Horo MallOyTHIX MMOKOJiHb, MOPYIIEHb CIIPUATINBAX YMOB JKHUTTEMISUIBHOCTI JIEO-

Heo0e3neka
P(H)

PU3HUK
P(H)P(F | H)

O0’€KT BILINBY
P(F|H)

Puc. 1. Cxema hopMyBaHHS pH-
3WKY BiJl 30BHIIIHBOT HEOE3MEeKH
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JVHU (BKJTIOYAIOYHM TOTIpIIEHHS YMOB 1 AKOCTi KUTTS, BAHUKHEHHS TUCKOM(OPT-
HUX CTaHIB Ta iH.), 0OYMOBJICHUX BIUIMBOM (DaKTOPiB cepeaoBHINa MepeOyBaHHS
[5], siosepnenuii pusux CEF po3risinacThes sSIK iIMOBIPHICTE peaizallii CpusTiIu-
BUX YMOB >KUTTEISUTBHOCTI MIOAWHM # (a00) cTaHy 370pOB’sl MailOyTHIX MOKO-
JiHB y pe3yJbTaTi 3HWKEHHS HEraTHBHOI'O BIUIMBY (PAaKTOPIB HABKOJIHIIHBEOTO
cepenoBumia. Lle MOHATTS € KOMIUIEKCHOIO XapaKTEPHUCTHKOIO 1 MICTUTE y co0i HE
TINBKH BJIAaCHO BiZIBEPHEHWH PU3UK 3A0POB’I0, alie ¥ iHIII BUAW PU3HKIB, Oe3Mo-
CepeHbO HE TOB’S3aHUX 31 3MiHaMH 3/10pOB’s MoauHU. Tak, iCHye pU3UK 3HH-
JKEHHS SIKOCTI JKUTTS BHACIIJOK 3MEHIIEHHS OCOOMCTOI O€3MeKH, JOCTYITHOCTI W
SKOCTi MEIUYHOI JOTIOMOTH, OCBITH, KOM(QOPTHOCTI KHUTIa i MOOYTY TOIIIO.

biiok 2 Biok 3
PiBeHb PO3BUTKY €KOHOMIYHOT
CHUCTEMU
(max — TPOMYKTHUBHICT, min —
BIUTMB Ha HaBKOJIUILIHE CEPEOBUIIC)

CorriasibHEe CEPEIOBHUIIIE
(6bnarormoiryaysi, BiliHH,
OyIiBHHIITBO)

A

BB — R — pu3uk, mOpyIeHHs

Yy v

baok 1 - HaBxonumnine
JecTabimizamist CepenoBUILIE JIIOJUHU
€KOJIOTIYHOTrO v
MIPUPOIHOTO CEePEIOBHIIA

R 3m0poB’10 HaceneHH

Puc. 2. ®akropu hopMyBaHHs PiBHS PU3UKY JUISL 310POB’ S JIIOAUHH

Bubip mokasaukiB CEb ocHOBaHO Ha XapaKTEPHUCTHINI KOMITOHEHTH 3710-
POB’s1, 3aJIe)KHOT BiJl BIUTMBIB cepeloBHINa nepedyBaHHs. 3riHO 13 KOpHopariii-
HUM Miaxoa0M BinnosigHo 1o xouueniii KEC rpynyBaHHs aHami30BaHUX MMOKa3-
HUKIB PO3MOAUISIOTE TI0 TPHOX (aKTOPHUX OJoKax: Oi0M0riuHi, XiMivHi, (i3udH1
mapaMeTpy CTaHy €KOJIOTIYHOTO MPHUPOTHOTO CEPEIOBHINA — EKOJIOTITHA OIliHKa
(6nok 1); BUKMIW, CKUIM, YTBOPEHHS BIAXOJIB BIIOBITHO JO MPOTYKTHBHOCTI
€KOHOMIYHOI CHCTeMH — OIliHKa BIUTMBY (070K 2); cHociO KHUTTSA W COmiabHO-
€KOHOMIYHE cepeIoBHINEe NepeOyBaHHS JTIOAMHN — OIliIHKA 30POB’ S (MEIUIHHMA
acmiekt) (6mok 3) (puc. 2).

Taki poOoTH MpOBENEHO Y HAMpPsIMKY BH3HAYCHHS CaHITapHO-eMiaeMioo-
rivHoTO ONaromonydysi. BoHu nepen0adaroTs paH)XyBaHHS IMOKa3HUKIB i3 ypaxy-
BaHHSM BEKTOpa CHPSIMOBAHOCTI iX BIUTUBY Ha 3J0POB’S, OCKITBKHA y KOKHOMY
Ornori 6araTOBHMIpHOT CHCTEMH IIiJl YaC BCTAHOBJICHHS PU3UKY 3[I0POB’I0 aHAi-
3YETbCSl BEJIMKA KiJIbKICTh MOKa3HUKiB: 070K 1 (A) — 33 nokasnuku; 610k 2 (B)
— 29 moxkaznukiB; 610k 3 (B) — 12 mokasuukiB [6, 7]. binpmioMy moka3zHUKY
HAJIA€THCSl MEHINIE 3HAYCHHSI PAHTOBOTO MICISl Y BUMAJIKY, SKIIO MMOKA3HUK Hera-
TUBHO BILTUBA€ Ha 3J0POB’S ¥ MOTpiOHE 3HIKEHHA HOTO 3HauYeHHS (HEraTUBHHN
BEKTOp CHPSAMOBAHOCTI). BibIIOMy MOKa3HUKY BiJMOBilae OiNbIlle 3HAYCHHS
PaHTOBOTO MICIT, SIKIO MOKa3HUK IMTO3UTHBHO BIUIMBAE HA 30POB’S (TTO3UTHBHUAM
BEKTOP CIIPSMOBAHOCTI).

Jnst TepuTOpii IOCTIKEHHS MPOBOATH MiJCYMOBYBaHHSI PaHTOBHUX OaiiB
3a BCiMa TIOKa3HMKaMH KOXHOTO OJoKy. [lo xoxxHOMY (pakTOpHOMY OJIOKY ISt
OKpeMOi TepUTOPii pO3paxoBYETHCS 3HAUECHHS HOpMoBaHOTo mokasuuka (HIT) [8].

102 ISSN 1681-6048 System Research & Information Technologies, 2010, Ne 4



Tpaxmuuna peanizayis KoHyenyii KOpROPAMUBHoL eKoa02iYHOI cucmemu 05l IHMeSPanbHOi OYIHKU ...

3a HOPMOBaHHUii TTOKA3HUK ( Fy, ) IPHIHATO 3BaXKeHE apH(PMETHIHE CEPEIHE Cy-

MU 0ajiiB Mo KOXXKHOMY OJIOKY, III0 BpaXxOBY€ YacTOTH O3HAK i3 HETaTHBHUM 1 MO-
3UTUBHUM BEKTOpPaMH CIPSIMOBAHOCTI TOKa3HUKIB!

HIL =3 P (P Bpou = (SR + SRS s+ 20 0

ne P, — cyma 06aiiB 3a BciMa IOKa3HHUKaMH KOKHOTO OJIOKY AJISL OKPEMOi TepH-

TOpii, po3paxoBaHa 10JJaBaHHSAM PEe3yJIbTaTiB paHKyBaHHS ITOKa3HUKIB IIPU Hera-
tueHOMY (P”) i mosutmBHOMYy (P") BeKTOpax CIpSAMOBAHOCTI BIUIMBY iX Ha
310pOB’sl; f; — BIOHOCHI YacTOTH IPYIl MOKa3HUKIB, Ki PaH)XyBYBaHi IpH He-
raTMBHil i mo3uTHBHII ( f;" ) CIPAMOBAHOCTI BEKTOPIB iX BILIMBY Ha 3/10pPOB L.
3navyenHs HIL, nmpuBozasaTh 1o HMOBIpHICHUX BEIMYHMH BiANOBIIHO 0 MOJE-
mi [7]:
P

T

sk, =1—exp[0,5(-HIT})], ©)

ne Fig, — IMOBIpHICHA BEJIMYWHA, KA XapaKTepHU3ye PiBEHb 3aM00iraHHs py3H-
Ky 130J1b0BAHOTO BIUIMBY IPYIIX MOKAa3HUKIB BIAMOBIAHUX GIOKIB (7).

InTerpoBanmii nokazHuk BinBepHeHoro pusuky CEB Ha Teputopisx obnacti
JOCIHIDKEHHS PO3PaxOBY€EThCS MiICYMOBYBAaHHAM BEJIMYUH 130J1bOBAHOTO BiIBEp-
HEHOTO PU3HKY [0 KOKHOMY 3 (PaKTOPHHX OIIOKIB 71; 3 ypaXyBaHHSM iX BarOBOro

BIUIUBY (w) [9]. 3Bakatoun Ha icHyroumii 38’130k y KEC i BigmoBigHO MOKmu-
BUH BIUIMB MOKa3HUKIB OJIOKY 1 Ha MOKa3HHUKH, M0 (POpMYyIOTEH OJI0KH 2 i 3, BUKO-
PHUCTaAHO MiICYMKOBY MOJIEIh PO3paxyHKy BimBepHeHoro pu3uky CEb 3a mpaBu-
JIaMH JI0JIaBaHHS HMOBIPHOCTEH HAOyBa€ BUIIISY:

CEB; =ws, Bisky + W2, Bisky, * Frisk;, W1, = Wi/2Brisk, W3 Frisics, ) (3)

Bruis rpymnu akTopiB Ha MiACYMKOBY BEIMYUHY MOMAIOTH JIHIHHOIO 3ae-
JKHICTIO, a TX BaroBe 3HAYCHHS — MOJICJIIIO TAKOT'O BUTIISY

Y=ag+a;X;, w,(w;)=(a,Pig )ag +a, P, )y, 4)

ne X j — CCPE/HE 3HAYCHHS P

k, 110 O1oKaM; ¥ — cepelHe 3HAYCHHsI pe3yiib-
TYIOUOTO MOKa3HUKa 3a MiJCYMKOBOIO cyMoro OamiB OnokiB 1 (A), 2 (B), 3 (B);

a; — KkoeQiui€eHT NiHiliHOI perpecii 1o G1okax.

Po3paxyHOK 4acTKOBOTO BHECKY KOXXHOTO 3 (PaKTOPHUX OJIOKIB y 3arajibHy
ctpykrypy CEDB a7t KOHKpETHHX TEpUTOPii perioHy 3IiMCHIOITH 3a (hOpMYII0I0

—1
DU, =100[(w;; - Pigc , ) (CEB;) ™1,

ne DU, — vacrka (pakTOpHOro 610Ky [isl aAMIHICTPaTUBHOIL Teputopii y, %.

Jnst BU3HAUCHHS €KOJIOTIYHOTO PU3UKY (popMyBaHHS HEOE3MEYHHX YMOB ce-
PEOBHIIA 1 MMPOTHO3Y MOro BEIMYMHM JOLITBHO BUKOPHCTOBYBATH PO3PaxyHKU

BiJITHOCHOTO PU3MKy RR;, , 3HaueHHS ORR, , IOB’A3aHOTO 3 Ai€r0 3a0pyIHEHHS Y1
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IHIUX ¢ -PaKTOPiB, BETUIHHY OAR — MPHUPICT/3HMKEHHS aTpUOYTUBHOTO PH3H-

Ky MiJ 9ac 3MiHM RR BIiANOBIAHO J0 Mozenei

RR 0,01 AR, RR?

Ryin = ) ORR, = ——
1+0,01R, 5, - RR

_RR =RR,

6 1+0,014R,RR”’ RR, -RR,

ne 0,01 — koeimieHT epeBeeHHs BiJICOTKIB Y YaCTKH BiJl OJTUHHIIL.
His Oyapb-akux (aKTOpiB BPaXOBYETHCS 3aBASKH pPO3paxyHKaM BiTHOCHHX
PH3HKIB:

® puU3MK BiJ 3a0pyAHEHHSA (ORR 46, ):

RR?

0,01 4R, g,
RR’

SRR, =
3P 11 0,014R

(6)

3a0p

® DHU3UK BiJ NOPOPIIAKTHYHHX 3aXOMiB 13 MiABHIICHHS OMIPHOCTI
(ORR

3aX0]] ) :

2
0,014R 0 (RR ~ SRRy
ORR 1y 0n = ; (7)
14 0,014R g0 (RR — ORR 5, )
® DHU3MK BiJ HEBPaxOBaHUX (PaKTOPIB (SRR;eppax ):
2
AR (RR = 6RR.5) — ORR 110 ) . ®

TP ]+ 0,014R gy (RR — ORR,5, — ORR

HEBpax 3ax0]( )

BeJ'II/I‘II/IHy AR 3alIpOMMOHOBAHO BHU3HAYATHU MNUISAXOM IMEPEMHOXKXCHHSIA

3a0p
KOHIICHTpAIlll PEYOBHMHM Ha MPOIEHT IPUPOCTY 3aXBOPIOBAHOCTI HAa OJUHHIIIO
KOHIICHTpAIlil pEYOBUHU UM Y BUIJISA/I BiTHOUICHHS BEIIMYMHU OYiKYBaHOTO PU3H-
Ky J0 peanbHOro 3a croctepeskeHHsaMH [10]. Pi3HUIM MiX BiICOTKOM MPUPOCTY
3aXBOPIOBAHOCTI HA OJWHHUINIO KOHIICHTpAIIlii 3a0pyaHIOBaYiB 1 Koe(dillieHTOM aT-
pUOYTHBHOTO PU3UKY BiJl 3a0pyAHEHHS CTAHOBHUTH BETMUMHY BiJITHOCHOTO PHU3HKY.

Ockinbku juis KEC iHTerpanbHHl pU3MK BU3HAYAETHCS HAa OCHOBI TPHOX
CKJIQJIOBUX, TO OIlIHKA CYMICHOTO €KOJIOTIYHOTO ¥ €KOHOMIYHOTO PU3MKY IO3HA-
YaEThCH SK y3arajlbHeHNH pu3HK (puc. 3). BukopucTaHHS METOIYy 3rOPTKU JT03BO-
JIsi€ BU3HAYHATH 3arajbHy OIIHKY €KOHOMIYHOTO 1 €KOJIOTIYHOTO PHU3WKY, SKHU
KOHTPOJITIOETHCS 3MIHOI0 MaTepialibHUX MOTOKIB, TOOTO MO3HAYAETHCS MaTepiaib-
HUM PHU3UKOM. Y3arajJbHEHHS MaTepialbHOTO Ta COIIaIbHOTO PU3UKIB JI03BOJISE
oJIepKaTH IHTETPAIBHUM PU3WK Bill Jii HETAaTHBHUX (PaKTOPIB SK BHYTPIITHHOTO,
TaKk 1 30BHINIHBOTO IMOXOKEHHS, SKi CHPUYHHSAIOTh MOPYIICHHS y CKJIAJOBHX
KEC i B Hili B 11iJIOMY.

[lepma maTpuis aae y3arajibHEHY OIIHKY €KOHOMIYHOTO M €KOJIOTTYHOIO
pU3UKy — MaTepiabHui pu3MK. [[pyra MaTpuils qae y3arajlbHEHY OIIHKY JOKalb-
HUM PHU3HWKaM JIIOJICHKUX BTPAT 1 MOTIpPIICHHS YMOB XHUTTS, TOOTO OIIHKY CO-
MiATPHOMY PU3UKY. TpeTs MaTpHuIsl Ja€ OMiHKY 1HTETPaTbHOMY PHU3HKY IIS-
XOM arperyBaHHs y3araJlbHEHHX OI[IHOK MaTepialbHOI0 U COI[iaJIbHOTO PU3MKIB
(puc. 3). JloriuHi MaTpwuili 3rOpTKHA BH3HAYAIOTH MPOILEAYPY arperyBaHHs JOKa-
JHLHUX PU3WKIB B IHTETPAIBGHY OIIHKY PH3HUKY, 1 THM caMUM (iKCYIOTh TIpiopuTe-
TH W MONITUKY YNpaBJIiHHSI 00’€KTOM BiANOBIAHO A0 3adikcoBaHMX €(EKTiB,
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30UTKIB pi3HOTO THITY. TBEpAKEHHS JOTTYHUX MATPHL 3TOPTKU — BiMOBiAaIb-
Ha IpOoLeypa, sIka BU3HAYAE MIPUIHATTS YIPABIiHCHKOTO PillIeHHS.

InTerpanbHuit pusuK
(psimuii ehekT, 30UTOK)

11211]1

2131212

3131312

31211

MarepianbHuil pusHK Couianbauii pusuk

112(2]1 112(1]1
2131211 213121
313(13(2 313(13(2
3121 3121

Puc. 3. Jloriuaa MaTpUIIS 3TOPTKH TSI BUSHAYCHHS IHTETPAIbHOTO PH3HKY

Onwucana MeTo/IuKa 1Mo0OyI0BU IHTErpalIbHOI OI[IHKK PU3UKY Ha OCHOBI arpe-
TYBaHHS JIOKaJbHUX PU3HKIB (OUiKyBaHHX 30MTKiB) MOXke OyTH 0e3 iCTOTHHX 3MiH
3aCTOCOBaHa ¥ I MOOYMOBU iHTETpaIbHOI OIIHKH PHU3UKY SK MaTeMaTHIHOTO
OUIKyBaHHS IHTEIPaJIbHOT OIIHKU 30UTKY. [l IbOTO JOCUTh BHUXIJHI OKa3HUKHU
po3riIAgaTy He SIK JIOKaJdbHI PU3UKH, a 0e3M0cepeHbO 30MTKH, IPUITUCYIOYH KO-
JKHIA BeNMWUYWHI 30MTKY BIATIOBIMHY WMOBipHICTH. TakuM UYWHOM, KOXXHUH THIT
30UTKY XapaKTEePU3YEThCSI PO3MOIIIOM IMOBIPHOCTEH 3HAYCHb 30UTKY. 3aBIaHHS
TIOJISITA€ Y BU3HAUCHHI HA OCHOBI ITUX JAHUX PO3MOJITY HMOBIPHOCTEH MOMXIIMBUX
3HAYCHb IHTErpabHOI OLiHKK 30uTKy [11]. flkmwo p; — IMOBIPHICTb 3Ha4YCHHA
J s 30utky a;, i=1,4; j=13, T0o 3HaUCHHS MOBIPHOCTEH p;; BIANOBIIAIOTH
Tabm. 1:

I3 anamizy marpuui martepialbHOrO PU3UKY (puc. 3) BCTaHOBIEHO, LIO HE-
3HAYHUN MaTepianbHUi 30uTOK (OIiHKa 1) Mae Mi-
Cclie y ABOX BHIAAKax. Y MepIoMy BHUIAIKy He3Ha-
YHUM € €KOHOMIYHHMH 1 €KOJOTiYHHA 30HMTOK, a B

Taoauusa 1.3HaueHHs
HMOBIPHOCTI 30MTKIB

0,3 0,3 0.4 JPYTOMY — TIPM HE3HAYHOMY €KOJIOTIYHOMY 30UT-
0,3 0,3 0,4 Ky Ma€ Miclle BiIdyTHHIi E€KOHOMi4HMI 3OGHTOK.
0,4 0,3 0,3 SIKmo q;; — iMOBIHICTh OIL[iHKHM j MaTepianbHO-
0.4 03 0.3 ro 30MTKY, TO BIAMOBITHO 0 BiOMUX (hOPMYJI T€O-

pii IMOBIpHOCTEH OIEPIKYEMO:

q11 = P11 - P21 + P2 " Pans

912 = P11 P2 T P11 P23t P2 Pt P13 Pans

913 = P12 " P23 T P13 " P22 + P13 " P23s
Je ¢;; — He3HauHWH MarepialbHUN 30MTOK; ¢, — BIIYYTHHUH MaTepianbHUH
30MTOK; g3 — ICTOTHUM MaTepianbHUH 30MTOK. TakuM UMHOM BU3HAYAETHCA

PO3MOALN HMOBIPHOCTEH 3HAYCHB COLIATIBHOTO 30UTKY ¢
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41 = P31 Pa1 T P32 Pa1 T P31 Pax T P32 Paos
42 = P31 P43 T P33 P41
43 = P3p " P43+ P33 Pap + P33 P43-

3HaUM PO3MOJiIA MaTepiaIbHOTO 1 COIIaIbHOTO PU3HKIB HAa OCHOBI Mart-
pHIIl IHTErpaJbHOTO PU3HKY, BU3HAYAETHCS PO3MOALT iIMOBIPHOCTEH 3HAYEHb iH-
TerpanbHoro 30uTky Q;

O1=911(921 +922);
0> =911 923 * 912 " 922 + 912 * 9215 )
O3 =412 923 ¥ 913 " 923 + 413 " 922 + 913 " 921

[IpumnymeHHs Mpo HE3aNEKHICTh PU3UKIB PI3HUX THIIIB HE 3aBXKIM BiATOBI-
Jla€ MIMCHOCTI. Y HU3II BUMAIKIB OUTBIN aJICKBATHUM € CLIEHApHUU MiAXin, Tpu
SKOMY HaJ3BUYaliHA CUTYyaIlis Ma€ KiJibka BapiaHTIB (ClieHapiiB) po3BUTKY. Koxk-
HUH 13 BapiaHTIB pealli3yeThCs 3 ASIKOI0 HMOBIPHICTIO H XapaKTEepH3y€EThCsI TEB-
HUM BEKTOPOM 30HUTKIB. ¥ IIbOMY BHMAJAKY 30MTKH Pi3HHUX TUIIB HE € He3allex-
HUMH BHUTIAJIKOBUMHU BEJIMYMHAMH. SIKIO YHCIIO MOXKIIMBHX CIIEHApiiB JOPiBHIOE
m , a AIMOBIPHICTb j -T'O BapiaHTa JOPIBHIOE P, TO Ul KOXKHOTO BapiaHTa j BH-

3HAYAETBCS IHTErpaibHa OLiHKa 30UTKYy () ;. 3HAOYM IHTETPabHI OLIHKH 30UTKY

KOJKHOT'O BapiaHTa i HOro HMOBIpHICTh, MO’KHA BU3HAUNUTH PH3HK:
m
R=>0;P;, (10)
j=1

Jie M — YHUCIIO MOXITMBHX 3HAUCHB OI[IHOK 1IHTETPAIbHOTO 30HTKY.

VYci By pU3MKiB, 10 MOB’sA3aHi 3 HACIAKaMU MPOSBY HETaTHBHOTO (hakTopa
1 BU3HAYeHUX MOpyleHb B okpemux mifgcuctemMax KEC, KinbKiCHO BCTaHOBIIIO-
IOTHCSI HA OCHOBI NPSIMUX 1 HEMIPSIMUX BTPAT, sIKi HeCe HALllOHAJIbHA €KOHOMIKa Ta
HaceJIeHHs KpaiHW B pe3yibTaTi HAJ3BHYAWHUX CUTYAIlil, pO3AUIAIOT Ha TPU
OCHOBHI TpyTH: €eKOHOMIiYHIi, COIliaNibHi (3arubenp Jioel, BTpaTa 3/J0pOB’s, MOTi-
PIICHHS YMOB KHTTS), €KOJIOT1uHi (pucC. 4).

IoBHuUIi pu3uK Big HAA3BUYANHOT0 HeraTUBHOrO aKkTopa, moii, curyamii

1 Y

Pu3uk npssMux HacJaiaKiB Pu3uk mocepennix HacaigkiB

KOHOMIYHHI

ComianbHu

bl
=
jos)
N2
~
]
=
=}
[
5}
83

Exomoriuaunii
OLIAIbHU I
ExoHoMiunmit

E
C

Puc. 4. Cxema Bu3HaueHHs OBHOTO pu3uKy B ymoBax KEC
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TakuM YMHOM, TIOKa3HUK TIOBHOT'O PU3HKY, IKUH € KIHIEBUM Ha KOHKPETHHUH
MOMEHT 4acy, € IPOMDKHUM Yy TIOPIBHSHHI 3 JACSIKAM OCTATOYHHM ITOKA3HHKOM,
10 BU3HAYUTHCS KUIBKICHO Yy BimjayeHid nepcrektuBi. OCTaHHIA HA3UBA€EThCS
3arajJbHAM PH3HMKOM 1 32 HUM Yy KUTBKICHIH OILIHIII BU3HAYAETHCS CyMa BCiX BTpar,
30WTKIB 1 BUTpPAT 3 ypaxyBaHHSM 3iCTaBIICHHS 0O aBapiiHOTO PO3BUTKY 5K ypa-
JKEHUX BHUPOOHUIITB 1 MICIIEBOCTEH, TaK i BCHOTO TOCIIOAAPCTBA TEPUTOPIN B ITi-
JoMy.

3navyeHHs MOHATTS pusuky s koHuenuii KEC BusiBnseTses depes crpuid-
HATTS HOro sK BIiZOOpaKCHHS HACTIAKIB OCOOJUBOTO BHUAY MiSUIBHOCTI,
MTOB’SI3aHOTO 3 TMOJOJAHHSIM HEBH3HAYCHOCTI B CHUTYaIlil HEMUHYYOTO BHOOPY, Y
MIPOIIEC] SKOTO € MOKITUBICTh KiJIbKICHO 1 SIKICHO OI[iHUTH WMOBIPHICTh JOCATHEH-
HS Tiepe10avyyBaHOro pe3yibTaTy, HeBadi Ta BIAXWICHHS Bi MeTH. Pi3HUIIS Mix
PHU3UKOM 1 HEBH3HAYEHICTIO HAJIGKUTH JI0 CIOCO0Y 3aBnaHHs iHdopmamii it BU-
3HAYA€ETHCS HASABHICTIO (Y BUMAAKY PU3UKY) a00 BIICYTHICTIO (TIpH HEBU3HAYCHO-
CTi) IMOBIpHICHUX XapaKTePUCTUK HEKOHTPOIhOBAHUX 3MIHHUX. Y TaKOMY 3MICTi
I[i TEpMIHU TOJAHO B MAaTEMAaTUYHIM Teopii MOCIi/KEHHS Olepailiid, K 3axadi
NPURHSTTS pillieHb B yMOBaX PU3UKY 1 HEBU3HAYECHOCTI.

SIKI10 iCHY€ MOYKIIUBICTh SIKICHO ¥ KITBKICHO BU3HAYHTH CTYIIiHB IMOBIpHOC-
Ti TOTO YM iHIIOTO BapiaHTa, TO Iie i Oyne cutyamis pusuky. OcTaHHSI — 1€ pi3-
HOBHUJ HEBU3HAYEHOCTI, KOJIM HACTaHHS MOJiN iIMOBipHE 1 MOXkKe OyTH BU3HAUECHO,
TOOTO 00’€KTHBHO ICHY€ MOKJIMBICTh OLIHUTH WMOBIPHICTH MOJiH, sIKI BUHHKa-
IOTh y Pe3yJIbTaTi MisUTbHOCTI, Iii BU3HaYeHUX (haKTOPIiB, HACTIAKIB MPOIIEeCiB abo
SBUILI, BIUIUBY MIPUPOIAHOTO CEPEAOBHUILA Ha PO3BUTOK EKOHOMIKH, YIIPOBAIKEHHS
JOCSITHEHb HAYKH B HAPOIHE TOCIIONAPCTBO Ta iH.

TakuM 9UHOM, PU3HK 3aBXKIH TIOB’SI3aHO 3 BUOOPOM IIEBHHMX aIbTEPHATHUB i
pO3paxyHKOM iMOBIpHOCTI iX pe3yibTary — Yy LBbOMY BHSBISETBCS HOTO
Cy0’€KTHBHA CTOPOHA.

OpHak BenMYWHA PU3UKY HE TUTbKH Cy0’€KTHBHA, alle i 00’ €KTHBHA Xapak-
TEPUCTHKA, OCKUTHPKHA BOHA € (POPMOIO SIKICHO-KITBKICHOTO BHPAXEHHS peahbHO
iCHYI04901 HEBU3HAYEHOCTI.

[Tpobnema mpUHHATTS yHpaBIiHCHKUX pillleHb, 3a0e3NeueHHs iX pe3yJibTa-
TUBHOCTI TTOB’s13aHa Ha MPAKTHII i3 peanizamnieto minboBoi QyHkmii KEC — Bcra-
HOBJICHHSIM €KOJIOT14HOI 0e3neKH, mo noTpedye BIPOBAKEHHS! HU3KA OCHOBHHX
MPHUHITUTIIB:

® NPUHOMN iHTErpajibHOi OWIHKH He0e3MeKH: YIPABIIHHSI pPU3HKOM
BKJIIOUA€ BECh CYKYIHHUI CIEKTp iICHYIOUHX y CYCIiIbCTBI HeOe3nek, Bes iHdop-
MaIlisi mpo MPUHHATTS PIillIeHHS B il 00JIacTi 3araJbHOIOCTYIIHA;

® NPHHLMI CTIKOCTI €KOCHCTEeM: BEJIMYMHA AHTPOIIOTEHHOTO BIUIUBY Ma€e
CTpOro oOMEXyBaTUCS W HE IEPEBUIIYBAaTH BEJIMYUH IPAHUYHOJOMYCTUMUX Ha-
BaHTaXXCHb Ha EKOCHCTEMHU;

e NPUHIMN TNpiopuTeTy Oe3NMeKH KUTTH Ta 3A0POB’S JIoAeii: cKian
3axofiB AJs 3abe3nedeHHs Oe3MeKy HacelneHHs Yy BUMAJAKy BUHUKHEHHS 1 PO3BUT-
Ky OyZb-sIKOTO PU3MKY, CIPUYMHEHHS HaJ3BUYaiHUX CUTYyalill; BU3HAHHS B YMO-
Bax koHremnmii KEC Ha manwii MOMEHT BENMYMHU OIIIHKH PH3UKY 3I0POB’IO
igeHTHdikamiiHuM mapaMeTpoM piBHOBaxkHOro craHy KEC, skuii BimmoBimae
BUMOT'aM €KOJIOTIYHOCTI i TapMOHIl B CHCTEMi «JII0AWHa—IpUpoa (HaBKOJIUIIHE
cepenoButie)» (puc. 5).
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Mouniropunr KEC, Buxinni gaHi:
| exonoriuna cuctema (EC) — &(xy,x5,...,X,);

conianbHo-ekoHOMIuHA (CEC) — (¥, Vo ey ¥))

v

Cran KEC — iH(opMaTHBHICTD

Pij
1Em=2, pyloga——

Y

Anaii3 3aJIeKHOCTI
Pi#*Pi 4 1(5,77)>0

Ouinka crany KEC
1(E.m)—> 1" AI(E,m) > 0;

Cran miacucrem KEC

5=, pilogy(1/ py);
S(m=2,4;10g,(1/q;)

[TpuiHATTS yrpaBIiHCHKOTO

piwenns: 1(&,n7) —>1";

Amnari3 nopyuieHsb 4

$°()>0; 57(n)>0
K(v.7)=
-1, opu x| # X{;
Ouinka 3pymens B KEC ={1, npn x; #Xx';
S(f ‘ 77):_2;0:1 q; ZZl Pij; 108> py; 0, mpu x; =x"; abo xj =0.

1

Ouinka BBy v (CEC)
Ha 3mian u (EC)

dul du
S[EJ = jQ log, —-v(dw)

Ominka crany KEC
1(5.n)=5(£)+5(r)-5(51n)

1(En)>1"

Puc 5. Cxema anropurma oninku crany KEC Ha 0CHOBI eHTpOMIHHOTO MiIX0Iy 1 KOMIa-
paropHoi ineHTudikamii, e & — BUNAIKOBA BEJIMYHMHA, SKa HaOyBae 3HAYECHHS

(x;,%5,....,x,) 3iMoBipHicTIO (P, P3,..., P,,); 7] — BUIAJKOBA BEIMYMHA, KA HAOyBae
BHAYCHHS (), Y, Vyy) 3 IMOBIPHICTIO (), 475,y )5 p;j — IMOBIDHICTb CIIOJYYCH-
HA MoKl E=x;; =y i3S — SHTPOIIISL CTaHy CHCTEM; 4 — eKOJIOT14YHI 3pyIIeHHS Bij
Mip V aHTpONOTeHHHUX (BixmosimHo mo Panmoma-Hukxomuma) (S,w=w(t+7)); I" —

&

MOYATKOBHMI PIBHOBAXKHMUI cTaH; — BU3Ha4eHHs S 3a ymosu [” =0
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BUCHOBKU

TakyM 4MHOM, PO3BUTOK KOHILEMIII KOpHopamiiHOi eKOJIOTriYyHOI CUCTEMH 1 pH-
HHATTS YOPAaBIiHCBKOTO €KOJIOT1YHOTO pilleHHs Oe3mocepenHbO IOB’S3aHO 3
BIIPOBAPKCHHSAM 1 TTOJAJIBIITMM PO3BUTKOM TeOpii pu3uKy (piBHSHHA 3, 6, 7, 8), a
came, EKOJIOTiYHOrO PHU3WKYy, i (opMyBaHHIM LiTiCHOI TeOpii EKOJOTIYHOTO
YIpaBJIiHHS, CIPSIMOBAHOI Ha TAPMOHI3AIIID PO3BUTKY TPHhOX CHCTEM i 3abe3re-
YeHHs eKOJIOTiYHOCTI Ha ocHOBI piBHOBaru B KEC (puc. 5).

3aranpHU pU3HK Bix ii HeOe3nmeuHoro (pakTopa BH3HAYAETHCS BUHUKHCH-
HsM Oe3nocepeaiHbo nopymens y miacucremax KEC 1 iMOBIpHICTIO MPOsIBY Hera-
TUBHUX HACIIJIKIiB IIPOTATOM TpUBAIOro vacy (piBHsIHHS 9, 10).
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NMPOBJIEMHO | ®YHKUIOHAJIbHO
@ir OPIEHTOBAHI KOMITHOTEPHI CUCTEMU
TA MEPEXI

YK 004.415.53

IMPUOPUTE3AIIUA TECTOB KAK METO/l BBICTPOI'O
BBIABJIEHUA CEPBE3HbIX OIIIMBOK

A.I. MAJIBILIEBCKUN

PaccmoTpeno ucrnonp3oBaHue MHGOPMALMKM O CTOMMOCTH TECTOB M CEPHE3HOCTH
omMbOK B MpOLECCEe MPHOPUTE3ALMH B PErPECCHBHOM TECTHPOBaHWH. OINHCaHBI
CIIOCOOBI OLICHKH CTOMMOCTH TECTOB M CEpbe3HOCTH OMOOK. PaccMoTpeHa cepbes-
HOCTb OIIMOOK € TOYKHU 3PEHHUS HaJIC)KHOCTH TIporpaMMsl. Vicciie[oBaHbI TPH METO/Ia
BHEAPEHUSI HHPOPMALIMK O CTOMMOCTH M KPUTHYHOCTH TECTOB B MPOLIECC IPUOPH-
te3aruu. MccnenoBaHo BIMSHUE IIKAJIbl CTOMMOCTH TECTOB M CEPhE3HOCTH OLIMOOK
Ha 3((EKTUBHOCTH METOAOB MIPHOPUTE3ALIUH.

BBEAEHUE

OnHUM U3 METOJIOB MPOBEPKH, YAOBIETBOPSIET JIM MIporpamMma 3alaHHbIM TpeOo-
BaHUSIM H €€ CIeUPUKAIUH, SABISETCS TECTHPOBAaHUE (BBIIOJIHEHHUE TPOTPaMMEI
U TIpOBEpKa €€ MOBEICHUS Ha COOTBETCTBHE crienmudukaiisam). Kaxasiid Tect u3
Habopa TectoB 7, MCIONB3YIOMETOCS B TECTUPOBAHUH, COCTOUT M3 MHOMKECTBA
BXOJIHBIX JaHHBIX (CIIEHAPHEB TECTHPOBAHUS), COCTOSHHUS CHCTEMBI IO TOJTyde-
HUS THX BXOJHBIX JAHHBIX U OKHIAEMOE COCTOSTHHE CHCTEMBI BMECTE C BBIXOJI-
HBIMH JaHHBIMH. OOBIYHO HA0OP TECTOB CO3/AETCs, UCXOIS U3 HEKOTOPOTO MHO-
’)KeCTBa NpaBWJI, HA3bIBAEMOT0 KpPUTEpPUEM aJIeKBaTHOCTU. JlaHHBIH KpUTepuid
BBIPA)KACT YCJIOBHS, KOTOPHIM JOJDKEH yIOBICTBOPATH Habop TecToB [1]. Ha cra-
JTIAA COTIPOBOKICHUS TPOTPaMMBI MHOTOKPATHO HCIIOIB3YETCS PErPeCCUBHOE Te-
CTHPOBAaHHE, KOTOPOE MOKA3HIBACT, YTO BHECCHHBIE B TIPOTPaMMy MOAM(UKAIINH
HE TOJIBKO U3MCHUJIU ITPpOrpaMMy B COOTBECTCTBUH C HOBBIMU CHeHI/I(i)I/IKaHI/ISIMI/I u
UCIIPaBWIM HalIEHHBIC OMIMOKM, HO ¥ HE BHECIIM HOBBIX OmHUO0K [1].

B perpeccmBHOM TECTHpOBAaHWH pPACcTET HA0Op TECTOB, YBEIMYHUBASI CTOW-
MOCTh W TIPOAODKHTEILHOCTh TeCTUpOoBanus. Hanpumep, oxHa 3 cuctem I10 us
20 000 cTpok Koma TpeOyeT ceMb HEeleb I TECTUPOBAHMS TIPH HUCTIOIB30BAHUH
BCEX TECTOB B HaOope. Bo MHOTHX ciTydasx B MPOIECCE PETPECCUBHOTO TECTUPO-
BaHUsI MOYKHO HCIIOJIb30BaTh TOJBKO IMOJMHOXKECTBO HAOOpa TECTOB IS TPOBEP-
K1 Moau(UIIUpOBaHHON mporpammbel. Ho uHOTr/Ia GBIBAaET CIIOKHO HCIOIB30BaTh
WM COBCEM HE JIOIyCKAaeTCsS MCIOIh30BAaHUE HEMOJHOTO HAbopa TECTOB, HAIIPH-
MEp, AJId nNporpaMM, HAACKHOCTE KOTOPBIX ABJIACTCA KpHTI/I‘IHOﬁ (aBI/IOHI/IKa 15000%0
yIpaBJeHHe MeIUIMHCKUM 000pyaoBaHHeM). B maHHOM cimyuae JUid yMeHbIIe-
HUA CTOUMOCTU PETPECCUBHOIO0 TCCTUPOBAHUA MOXKET 6I>ITB IMPUMCHECH HHOH IIO-
JIXOM: TECThI YIOPAI0YUBAIOTCS (IPUOPUTEIUPYIOTCS) IS PETPECCUBHOTO TECTH-
poBaHUs TakuM 00pa3oM, yTOOBI 00Jiee BaKHBIC U3 HUX BBIOJHSIIACH B TIEPBYIO
ouepeb.

© A.I'. Manviwesckuii, 2010
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Bompocam mpuopuresanuu yaeneHo MHOTO BHUMaHus [2-22]. B Meromax
NPUOPHUTE3alH TECTHl COPTHPYIOT TaKUM 00pa3oM, 4ToOBl 3(QeKTHBHEE 0-
CTHYb 3a/laHHOH LIeJH, HampuMep, Haubojiee OBICTPOTO MOKPBITHS ONEPaTOPOB
MPOrpaMMHOT0 K0Jia, PYHKIMH MPOrpaMMbI B IOPSAKE YaCTOThI MX MCIIOIB30Ba-
HUS WIN TOACHUCTEM B MOPSJIKE YaCTOTHI UX cO0EB B MpoIioM. Bo3moxkHas 1enb
NPUOPHUTE3aUH — YBEJIHMYCHNE CKOPOCTH BBISBIICHUS OIIMOOK HA0OPOM TECTOB B
npollecce TeCTUPOBaHUs. Bo3pocimas ckopocTh BBISIBJICHHUS OIIMOOK MOXKET o0e-
CTHEeYnTh 0OJiee PaHHIOK 00PaTHYIO CBS3b C PETPECCHBHO TECTHPYEMON CHCTEMOMN
Y TIO3BOJIUTH Pa3padOTYNKaM HadaTh MOMCK MECTOHAXOXKICHHS OMIHMOOK, a TaKKe
WX UCTpaBJICHHE paHbIe, YeM 3TO ObUT0 OBl BOBMOXKHO B MHOM ciydae. Taxas
oOparHasi cBs3b 00OecreunBaeT BBISBICHHWE PAHHUX NMPU3HAKOB TOTO, YTO 3aJaH-
HBIC TIENIN €Ille He IOCTUTHYTHI, ¥ MMO3BOJISICT IPUHUMATh CTPATErHYECKUE pellle-
HUS O CPOKax pejn3a Ha paHHHX JTanax. [{oBbIIeHHAs CKOPOCTh OOHAPYKEHUS
OIMOOK YBEITHYUBAET BEPOSATHOCTH TOTO, UTO B CIIy4ae MPEKIECBPEMEHHOTO TIpe-
KpallleHus Tpollecca TECTUPOBAHUS TECTHl, 00eCIeUYNBaOIINe HANOOIBITYIO
CHOCOOHOCTH BBISBIISITH OLIMOKM B CPOKH, BBIJCJICHHBIE Ha TECTUPOBAHHUE, yiKE
OBLTH BBHITIOTHEHEI.

B pab6orax [4,5, 7,10, 13,20] Opna mpexncrtaBiena metpuka APFD
(weighted average of the percentage of faults detected — B3BemeHHOe cpemHee
NPOLIEHTa BBISBICHHBIX OLUIMOOK) AJISI U3MEPEHUSI CKOPOCTH BBISBICHHUS OIIUOOK
BO BpEMs BBITIONTHEHHS HaOopa TECTOB B 3aJaHHOM mopsake. B »Tmx paborax
MIPEICTaBIEHbl HECKOJIBKO METOJ0B MPHOPUTE3ALMH, LENbI0 KOTOPBIX SBISIIOCH
YBEJIMYEHHUS CKOPOCTH BBISBICHHS OIIMOOK, a TaKKe ObLIa SMIHUPUIECKH OI[CHEHA
ux 3(pPexTHBHOCTH. Pe3ynpTaThl MoKa3anu, 9To0 HEKOTOPBIE METOIBI IPHOPHUTE3A-
UM (HampuMep, MPUOPUTE3aLUS TI0 JOMOTHUTETFHOMY HOKPBITHIO OTIEpaTOpOB)
MOTYT YCKOPHUTb BBISIBJICHHE OITUOOK.

Ha mpaktuke, Kak CTOMMOCTH TECTOB, TaK M CEPbE3HOCTh OMIMOOK MOTYT
3HAYUTENIFHO OTIMYAThCS Mexny coboil. [lostomy, B mocnmeayromux padoTax
[6,9, 21, 22] ObuTa paccMOTpeHa MPHOPUTE3AINS YUUTHIBAIOIIAS CTOUMOCTD TEC-
TOB U CEPbe3HOCTh OMmMOOK. Taxke Obl1a pazpadorana merpuka APFD. y4uuThI-

BAIOIIAs MX, U OBUIO IPOUIUTIOCTPUPOBAHO IPUMEHEHUE TPHOPUTE3ALINH.

Iean padoThl — HcCIENOBaHUE ANBTEPHATUBHOTO IOJX0/a U BHEIPEHHIO
UHQOPMAIMH O CEPhE3HOCTH TMOTCHIUAIBHBIX OMIMOOK B TPOIECC MPUOpHUTE3a-
UM HCIOJB3Yys peaibHyl0 MH(OPMALHUIO O CTOMMOCTH TECTOB U CEPbE3HOCTH
OLIMOOK.

B nannoii paboTe, MBI pacIIUpUM HCCICIOBAaHUS TIPEICTABICHHBIC B
[6,9, 21, 22] cnegyrouum obpa3zom. MbI Ooliee AeTadbHO PACCMOTPHUM IpUMEHe-
HHE MIPUOPUTE3ALUHN YUUTHIBAIONICH CTOMMOCTH TECTOB M CEPhE3HOCTH OIINOOK,
paccMOTpHM CEephE3HOCTHh OMIMOOK C TOYKH 3PEHUS MX BIHMSHHUS HAa HAJCKHOCTH
IpOrpaMmbl (B IPEALIECTBYIOLUIMX HCCIEAOBAHUAX, MBIl PACCMaTPUBAIM CEPhE3-
HOCTh KakK MOCJIEACTBUS MHIWBUIYaJIbHBIX COOEB MPOTpamMMbl BBI3BAHHBIX IaH-
HOH omHOKOI), pACCMOTPUM albTEPHATUBHBIA MOAXOX K BHEAPEHUIO MH(pOpMa-
MM O CEepPhe3HOCTH IOTEHIMAIbHBIX OLIMOOK B IPOLECC NPHOPUTE3AlHUH,
paccMoTpuM OoJjblee, HEXENW B MPedblAyIInX paboTax KOJIMYECTBO METOJO0B
NPUOPHUTE3ALNH, HCIIONb3yEeM PEaIbHYI0, BMECTO MCKYCCTBEHHO CTE€HEpHpPOBaH-
HOM, MH(QOPMAIIHIO O CTOMMOCTH TECTOB U CEPhE3HOCTH OMIMOOK, PACCMOTPUM HX
pa3IMuHbIe IIKAJbI, & TAKXKE MIPOBEIEM PACLIMPEHHBIE UCCIIEOBAHNSA, B KOTOPHIX
UCIIOJNIb3yeM OOoJIbllIee KOJIMYECTBO IPOrPaMM-00bEKTOB HCCIIEAOBAHHUS.

Hayunas HOBHM3Ha TaHHON pabOTHI COCTOUT B pa3paboTKe M U3yUeHHH HOBO-
ro MoAxoJla BHEAPEHHS CTOMMOCTH TECTOB M CEPbE3HOCTH OLIMOOK B IIPOLIECC
MIPUOPUTE3ALUH.
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METPHUKHN APFD U APFD¢

Hns ananuza 3 (HeKTHBHOCTH MPHOPUTE3ALNU HEOOXOAUMO OLEHHUTH €€ KOIHYe-
CTBEHHO.

B pamHnx wuccnemomanusx [4, 5,7, 10, 13,20] umcmomp3oBajack MeTpHKa
APFD , onieHHBarOIas CKOPOCTh BBISIBIICHUS OIIMOOK HA0OPOM TECTOB B MHTEP-
Basie or 0 1o 100. Yem Oonplie 3HaYCHHE METPUKH, TEM OBICTpPEE BBIIBIISIOTCS
ommOku. Metpuka APFD npowmutroctpupoBaHa Ha puc. 1. KpuBas Ha rpaduke
OTMEUACT BHISIBJICHHBIE B IIPOLIECCE TECTUPOBAHUS OMNOKK. YUCIIEHHOE 3HaYeHne
METPUKHA — BBIp@)KEHHAs B MPOLEHTaX IUIOMIAAb IO KPHUBOil (OTMEUYEeHa CephIM
IIBETOM) OTHOCHTEJIFHO IIIOIIAM BCEro MpsIMOYyroibHUKa. Puc. 1,a comepxur
Ta0NHITy TIOKA3BIBAIONTY 0 Kakne omuOKd (0T 1 mo 10) BBIABIAET KaXKABIH TECT
(A, B, C, D umu E). Uetsipe uactu pucyska (0, B, T, 1) TpaduecKi OTOOPaKAIOT
METPHKY AJIS YETHIPEX Pa3IMYHBIX TOPSIIKOB TECTOB.

Mopsigok TectoB A-B-C-D-E

4
o}
Ownbka € 100
Tect g
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1 L]
A | x x I 60
g
B X X = 40
a
C |x x x x X X X % 20 “TMriowaap = 50%
D 3 j
X 8 o
C 0,2 04 06 08 1,0
E X X X
BbinonHeHHasi YacTb Habopa TecToB
a o
Mopsinok Tectos: E-D-C-B-A Mopsigok TecTos: C-E-B-A-D Mopsinok Tectos E-C-B-A-D
100 100 100 | e
80 80 80
60 60 €0
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w0 |
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MPOLIEHT BbISIBMEHHbIX OLUMGOK
MpouEHT BbISIBNEHHbIX OLLUMGOK
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BbINOMHeHHas 4acTb Habopa TecToB  BbINONHeHHas YacTe Habopa TecToB  BbiNOnHeHHas YacTb Habopa TecToB

6 2 0

Puc. 1. Ilpumepsl, wumroctpupytonue MeTpuky APFD: a — TecTsl u BBISBICHHBIE
nmu omubku; 6 — APFD nns nmpuoputesupoBanHoro Habopa tectoB T1; 6 — misa T2;
e— s T3; 0 —mna T4

OpHako naHHas METpPHKAa OCHOBBIBA€TCS Ha JBYX IOMYyIIEHUsX: 1) Bce
OIMMOKKA MACHTUYHBI TI0 CEPbEe3HOCTH; 2) BCE TECTHl MICHTHYHBI IT0 CTOMMOCTH.
OTH NOMyIIEHUs BBIPAXKAIOTCS B TOM, YTO JaHHAS METPUKA MPOCTO OIPEAEIIsICT
MIPOICHT BBISIBIICHHBIX OINMMOOK I BBITOJIHEHHON yacTu Habopa tectoB. [1o3To-
My B Oonee mo3gHHMX paborax [6,9, 21, 22], rae y4uTeiBalach Kak CTOMMOCTH
TECTOB TaK U CEPbE3HOCTh OIMMOOK, OblJIa pa3paboTaHa U UCIOJb30BaHA METPUKA
APFD, . Ota MeTpuKa HCHONb3yeTCsl U B JaHHOU pabore. B metpuke APFD.,

Ha rpaduKke, Ha TOPU3OHTANBHONW ocu oToOpaxaerca «[IpoueHT cymmapHO# 3a-
TPadeHHONH CTOMMOCTH TECTOB». 31€Ch, KaXKAbIM TeCT B HAOOpE MPEACTABICH UH-
TEpBAJIOM BJIOJIb TOPU3OHTAIEHONW OCH, Ubs JUIMHA MPOMOPLHUOHATIBHA T0JIA CTOH-
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MOCTH JJaHHOTO TE€CTa B CYMMAapHOW CTOMMOCTH TECTOB B Habope. Ha BepTukaib-
HOH ocw rpaduka, oToOpakaercs «[IpomeHT cyMMapHON Cephe3HOCTH BEHISBIICH-
HBIX OMIUO0K». Temnepb, Kaxkaas ouIMOKa BhIIBJICHHAas HA0OPOM TECTOB MPEACTAB-
JIeHa MHTEPBAJIOM BIOJb BEPTUKAIBHOM OCH, Ubsl BRICOTA IPOMOPLHUOHANBHA TOJIH
€€ Cephe3HOCTH B O0IIei cymMMe cephe3HOCTH OMMOOK. B cBeTe 3Tol HOBOHM HH-
TeprpeTanyu, Ha rpadukax, BKIaJ TeCTa B3BEIIMBAETCS B TOPU3OHTAIHFHOM Ha-
MPaBJICHUHU MO €ro CTOMMOCTH, U BAOJb BEPTHKAIHHOTO HAMpPABICHUS IO CyM-
MapHOH Cepbe3HOCTH BBIABICHHBIX MM OMMNOOK. B Takmx rpadukax, kpuBas
OTpPaHWYMBAET OOJBIIYIO TUIOIIAIh IS TIOPSIIKA TECTOB KOTOPBIA JEMOHCTPUPYET
00JIbIlle «EAMHUI[ CEPhE3HOCTH OIIMOOK BBISBICHHBIX HAa CIUHUILY CTOMMOCTH
TecTay. JTa IJIomaas U cocTaBisieT MeTpuky APFDc.
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Puc. 2. Ilpumepsl, unnroctpupyrouue Metpuky APFD ¢

Jns wntroctpauun metpuku APFD¢ rpadudecku, puc. 2 mokas3blBaeT rpa-
¢uku 11 Tpex npuMepoB. MHpopMaius o BEISBICHHH OMIMOOK TECTAMU B3ATa U3
puc. 1,a.

Hpumep 1. PaccmoTpuM clieHapuil, moka3zaHHbIN Ha puc. 1. JlomycTum, uTo
CTOMMOCTb TecTa B B aBa pa3a IpeBOCXOAUT CTOMMOCTH TecTa A, TpeOyrolero
JIBA yaca MaIIMHHOTO BPEMEHH, TOrja Kak TecT A — oauH yac. C TOUKH 3peHus
ommOOK, BRISBJICHHBIX 3a 4ac, Mopsanok TectoB A—B—C—D—E npeanouytutenbHen
nopsinka B-A—C—-D-E, xotopsiii BeisiBIsieT omnOku Obictpee. Ilapa rpadukos
pacmosio)keHHas cieBa (pHuc. 1,a) COOTBETCTBYeT mpuMepy 1: BepXHHH Tpaduk
npencrasisier MeTpuky APFDq s nopsiaka tectoB A-B-C-D-E, a HixHuit
rpaduk — metpuxy APFD. nnst nopsinka B-A-C-D-E. Merpuka APFD. naet
npeanoutenue nopsaaky A—B—C—D-E, koTopeblii ObIcTpee BBISABISET OLIHOKH.

IIpumep 2. PaGotas omats co crieHapueM, OKa3aHHBIM Ha puc. 1, mpenmno-
JIOKHM, YTO BCE MATH TECTOB MMEIOT PABHYIO CTOMMOCTH U 4TO omuoOku 2...10
UMCIOT 3HaYCHUE CEphe3HOCTH, paBHOE k , TOraa Kak ommOka 1 mMmeeT cepbes-
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HOCTHh 2k . B maHHOM ciydae TecT A BBIABIISICT OAHY Oo0Jiee Cephe3HYIO OMMOKY H
OJTHYy MEHEE CEphe3Hylo, TOrja Kak TecT B — TolbKkO ABE MeHee cephe3HbIe
omnOku. C TOYKH 3pEHUs] CKOPOCTH BBISIBICHHS CyMMAapHOH CEphe3HOCTH OIIH-
ook mopsampok TectoB A—B—-C-D-E mnpeanmourturensuelt nmopsimka B—A—C—D-E.
[Mapa rpadukoB Ha puc. 1,0, COOTBETCTBYIOIIAs IPUMEPY 2, TOKA3bIBAET KaK MET-
puka APFD. naetr Gonee BBICOKYIO OLEHKY MOPSJIKY TECTOB, KOTOPBIA paHbIIe

BEIIBIIsIET Oosiee cepbe3Hyro omuoOky (A-B—C-D-E) mpu nmomymenuu, d9to
ommbOkam 2—10 MpPUCBOGHO 3HAYEHHUE CEPhE3HOCTH k W omuOke 1 TpHUCBOEHO
3Ha4YeHHUE Cepbe3HOCTH 2k .

Hpumep 3. IlpeamonoxuM, 9To BCE NECATH OMIMOOK PaBHO3ZHAYHEI IO
CEpPBE3HOCTH U, YTO Kakabli u3 tectoB A, B, D u E TpeOyeT onun yac 1151 BBIION-
HeHus, a Tect C — gecaTh yacoB. OHAKO C TOUKU 3PEHUS OLIMOOK, BBIABICHHBIX
3a eAMHUILy BpeMeHH, BTopoil mopsaok (E-C-B—-A-D) mpeamoururennHee: oH
BBISIBJIICT TPH OIIMOKHM B TEUEHHE IEPBOTO Yaca U OCTAETCS JYUIIUM, YeM Iep-
BBI MOPSAZOK, 0 KOHIA BBIMOJHEHHS BTOPOTO TecTa. AHAJOTHYHBIN MpUMeEp
MOXeT OBbITh NPHUBEICH ISl UCIIOJIB30BAHUS OLIMOKU C HEPABHOW CEPHE3HOCTHIO
npu paBHOU cToMMocTd TecToB. [lapa rpadukoB Ha puc. 1,8, COOTBETCTBYIOIINE
npumepy 3, MOKa3bIBaeT KaK METPUKa pasziuyaeT MOPSOKH TecToB, rae TecT C
HUMEET BBICOKYIO CTOMMOCTB: il mopsiaka E—-C-B—-A-D, merpuxa nmpucBanBaer
eMy Oounbiriee 3HaueHue, geM rnopsaky C—E—B—-A-D.

I[Iycte T Oymer HaOOpOM coAepXaIllMM # TECTOB CO CTOUMOCTSIMH
t,ty,...,t, ; /' — MHOXECTBOM m OHIMOOK BBIIBJIEHHBIX HaOOpoM TecToB 7 ; U
f15S2s-es [, — 3HAUCHHUSAMH CEPBE3HOCTH THX omHOoK. [lycte TF; Oyner nep-
BB TecToM B mopsiake 7' Habopa T, KOTOpHIH BbIsBisier omOKy i. Torma
dopmyna aust metpuku APFD. uMeeT cleqyroIuil BUa:

m n 1
2| x| 2t ~
J

i=1 =TF;

n m
210 i
i=1 i=l

APFD, =

CTOUMOCTB TECTOB

CTOMMOCTh TECTa — 3TO KOJIMYECTBO PECYPCOB (HAIIPUMED, JICHET WM BPEMCHH)
3aTpadyeHHBIX Ha €r0 BHINOJIHEHHE (HE BKIIIOYAET B ceOs 3aTpaThl HA €ro pas3pa-
00T1Ky). CyIiecTByeT JBa BOIIPOCA CBSI3aHHBIX CO CTOMMOCTBIO TECTOB: TICPBBIN —
WU3MEPCHUE WJIM OIICHKa CTOMMOCTH C II€JbI0 BBIYHMCICHHUS 3HAYCHUS METPHUKHU
APFD, nns nopsiika TeCTOB M BTOPOH — OLIEHKAa CTOMMOCTH JUIS MCIOJIb30Ba-

HUSI B IpUoOpHTe3aIiu TecToB. CTOMMOCTh TEeCTa CBSI3aHA C PecypcaMu 3aTpadycH-
HBIMU Ha BBIITOJIHEHHE JAHHOTO TECTa M MPOBEPKY pe3ynbraTtoB. CTOUMOCTD TeC-
Ta MOXET WU3MepATh (aKTHUECKOE BpeMs 3aTpaucHHOEC Ha TECTHPOBAHUC
NpOrpaMMBbl 33JaHHBIM TecToM. KpoMe TOro, CTOMMOCTh MOKET BKIIOYATH Jie-
HE)KHBIC 3aTpaThl Ha BBHIIIOJHEHHUE TECTA U IIPOBEPKY PE3yJIbTATOB, BKJIHOYAs CTOM-
MOCTb 000PYZOBaHUs, 3apIUIaTy, CTOMMOCTh MaTePHAIIOB TPEOYIOIIUXCS ISl TEC-
TUPOBAHUs, MOTEPU JIOXOJa CBA3aHHBIC C 3anepxkod Bbimycka 10, motepu
CBSI3aHHBIE CO CPBIBOM CPOKOB PENIN3a U T.II.
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OnpenenuTs CTOMMOCTh TECTOB MOCIE 3aBEPUICHUS TECTUPOBAHUS HECIIOXK-
HO, YTO W HEOOXOAMMO CHAEJIATh JUIS BBIYMCICHHUS METPHUKH APFD.. B nannomM

cilydae, HaM HeoOX0oauMo oOpaTUTh BHUMaHHE Ha TO, KaKHe pecypchl ObuIM 3a-
TpadeHbl Ha KaKAbI TecT. ['opa3fo clokHee OUEHUTh CTOMMOCTh TECTOB epen
Ha4yaJoM TECTUPOBAHHS, YTO HEOOXOIMUMO JUIS UCTIOIB30BAHUS CTOMMOCTH B IIPO-
riecce mpuopuTesauy. B 1aHHOM ciydae, HaM HEOOXOIUMO MpeayraiaTrb CTOM-
MOCTb TecTOB. OJTHM CHOCOOOM SIBJISIETCSI aHAJIM3 TecTa W MPOrPaMMHOI0 KOJa
BBINIOJIHEHHOTO TECTOM. JIpyruM crnoco0oM, KOTOPBI MBI MCIOJIb3YyeM B JaHHOMN
paboTe SABISETCS HCHONB30BAHNE COOPAHHBIX TAHHBIX O CTOMMOCTH TECTOB Ha
NpeAbLAYIIUX CECCUAX TCCTUPOBAHUA (‘ITO MMpEeACTaBIACTCA BO3MOXXHBIM IIpHU
PETPECCUBHOM TECTUPOBAHUM). 311€Ch, MBI IIOJIaraeéM, YTO CTOUMOCTH TECTOB HE
MEHSETCS 3HAUNTEIBHO OT OHON BEPCHH MPOTPaMMBI K JIPYTOH.

B Hammx skcnepHMeHTax Ul PErPEecCHBHOTO TECTHPOBAHUS TpeOOBanoch
JIMIIb BPEMS BBIIIOJIHCHUSA KaXXI0r'0 TECTA. 21.1'[51 c6opa JaHHBIX O BPEMCHU HX BbI-
TIOJIHEHUS, BCE TECTHI, OJJMH 3a JAPYTUM, OBUTH BBITOJTHEHBI, H BPEMS BHITIOIHEHUS
U BalWJalMM pe3yibTaToB ObUIO M3MepeHo. To ecTh, B JTaHHOW paboTe, CTOM-
MOCTb TE€CTA — 3TO BpEMA €TI0 BBIIIOJIHCHHA B CEKYHIaX.

CEPBE3HOCTbH OIIMBOK

CTOMMOCTh OIIMOKKA — 3TO 3aTPaThl WM MMOTEPH, BEIPAKCHHBIC B HEKUX CIMHH-
nax (Hampumep JeHbrax), UMEKIIUE MECTO, €CIH OIIMOKa OCTalach B Pelu3e.
Kak 1 co cTouMOCTBIO TECTOB, CYLIECTBYET JBa BOMPOCA CBI3AHHBIX C CEPHE3HO-
CThIO OIIMOOK: MEPBBI — HUX U3MEPECHUE WM OLICHKA JIJIS BHIUMCIICHUS METPUKHU
APFD. 1 mopsiika TECTOB M BTOPOM — HX OLIEHKAa JUIsl UCIIONb30BAHUSA HH-

(hopMaruu npu npuopute3anuu TectoB. Cepbe3HOCTh OMIMOKU CBSA3aHA C 3aTpa-
TaMU TPOU3OIISAIIMMHY, €CIIH OIIMOKA 0CTajdach B MPOrpaMMe IMOCIE €€ pen3a.
Bo03MOXHEI pa3nuyHbIE TOAXOABI I U3MEPEHUS TaKOW CEPhE3HOCTH, HAIPUMED:

1. MOXHO U3MEPHUTh CEPhE3HOCTh OIMOKH KaK CYMMY JICHET MOTEPSHHBIX B
pe3ynbTaTe cO0s BBI3BAHHOTO NAaHHOW OIMUOKOW (C Y4eTOM BEPOSITHOCTH TaKOTO
c6os1). Takoit mogxom MoxxeT npuMeHsAThes B 11O, rne wHAMBHIYambHBIE COOM
MOTYT TPUBECTH K KaTaCTPOPUIESCKAM TIOCIEACTBHAM (Hampumep, cyaeOHbIe HC-
KH, 9eJIOBEYECKHE KEPTBEI, TOTEPsl 000PYI0BaHNUA).

2. MOXHO OLIEHHTH IOCIEACTBUSA OMMOKKM Ha HamexHocth [10. JlaHHBIH
noxoj npuMensiercss B [10, rae ommOKy MOTYT BbI3BaTh JIHUIIb HEYI0OCTBO JIJIs
MOJIb30BaTElIeH, U MAJIOBEPOSITHO, YTO COOH OYIeT MMETh Cephe3HbIC MOCIEACT-
BUS (HampuMep, TEKCTOBBIM peaakTop). B maHHOM cirydae, OCHOBHBIM TOCIIECT-
BHEM SIBIIIETCS CHIDKeHHUE HamexHoct I10, KoTopoe MOXKET MPUBECTH K IOTEPE
KJIMCHTOB.

B mpenpimymux pabdorax [6, 9, 21, 22] ucnonp3oBaics MepBbiid moaxon. B
JTAHHOW paboTe, MBI PACCMOTPENH W IPUMEHWIA BTOPOH ITOAXOI.

[MomoOHO cuTyalnuu cO CTOMMOCTBIO TECTOB, HAC MHTEPECYeT KaK OICHKa
CEPBE3HOCTH OIIUOOK JI0 UX OOHAPYKCHHS, TaK U OICHKA UX CEPhE3HOCTH MOCIIE
obOHapyxenusi. Korma tectupoBaHHe 3aKOHYEHO W yXe ecTh MH(popMmanms o0
OmmuOKax, MOXXHO OILICHUTh HUX CEPhE3HOCTHh JJIsI MCIOJH30BAHHUS B METPHUKE
APFD (XOTs 3TO HE TaK IIPOCTO KaK CO CTOMMOCTBIO TecTOB). C Apyroil CTOpOHBL,

nepe]] Ha4uajJoM TeCTUPOBAHHUS HEOOXOAMMO OIICHUTh CEPhE3HOCTh MOTEHIIUANb-
HBIX OMIMOOK TSI MCIIOJIB30BAaHUS JaHHOW MH(GOPMAIMU B MPOIECcCe MPHOPH-
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TE3al|K, a 5TO HAMHOTO CJIOXHEE, YeM C OIICHKON CTOMMOCTH TecToB. [loaTomy,
HEOOXOIMMO CBS3aTh TECTHI C CEPhE3HOCTHIO OIUOOK, KOTOPHIC OHU BBISBJISIOT.

Ecnu uMeTh nHbOpMaIHio 0 TOM, KaKUe OIIMOKHU BBISBIISET KaKIbIA TECT, U
3HATh UX CEPHbE3HOCTH, OBLIO OBl HECIIOXKHO CBSA3aTh TECTHI C CEPHE3HOCTHIO OIIH-
0ok. Ho Ha mpakTrke, 3Ta WHGOpMAIHS HEOCTYITHA J0 3aBEPIICHHS TECTHPOBa-
Hus. CyIecTBYIOT IBa MOAXOAA JIJIS TAKOH OIEHKH.

1. OneHka KpUTHYHOCTH MOJyJIeH. 31€Ch HEOOXOIMMO CBSI3aTh CEPhE3HOCTh
OMMUOKKA C KPUTHYHOCTBIO MOAYJNs (WK JFOOOro JPYyroro KOMITOHEHTA Mpo-
IPaMMHOTO KOJia), B KOTOPOM JaHHAasI OIMUOKA MOXKET COJCPIKATHCA.

2. OneHka KPUTHYHOCTH TECTOB. 37eCh HEOOXOIWMO CBSA3aTh TECTH C
CEpPBE3HOCTHIO OMNOOK, KOTOPHIE OHU MOTYT BBISIBUTb.

O1leHHB KPUTHYHOCTh MOJYJICH MM TECTOB, HEOOXOJIUMO BKIIOYUTH WH-
(hopmMaruio o0 Cepbe3HOCTH OMMOOK B MpOIecC MpuopuTe3anuu. B nanHoii pado-
T€, B HCCIICJOBAHHUAX Mbl IPUMEHUM BTOPOH 1M0X07. KpUTUYHOCTH TECTOB HCIO-
JB3yeTCs KaK METPHKA JIJIsl OIICHUBAaHUS CEPhE3HOCTU OIIMOOK, KOTOPHIC MOXKET
BBISIBUTh KKBIH TecT. Tak Kak Ha MPaKTHKE MBI HE MOXKEM 3HATh 00 OIIMOKax
Hanepesa, HeoOXOUMO OIICHUTh KPUTHYHOCTh TECTOB HE HUCHOJB3Yys HH(pOpMa-
U0 00 OMMOKax, KOTOPbIE TAHHBIM TECT MOXKET BBIIBUTH. [loaraeM, 4ro cepbe-
3HOCTh OITMOKH OTIPEJICIIICTCS €€ BIUSHUEM Ha HaJIe)KHOCTh CHCTEMBL. UeM cepb-
e3Hee oImmOKa, TeM Yalle MPOUCXOMAT CBI3aHHBIC C Hel cOon. B manHO# pabote
MBI He AuddepeHippyeM cOou, a yUUThIBAEM JIUIIb UX YacTOTY.

I[JI;I BBIYHCJICHUA CEPHLE3HOCTU OHH/I6OK, HaMm HeO6XOI[I/IMI)I IMMOHATHA OIICpa-
IIUU U OTIEPAI[IOHHOTO MPOQUIISL.

Omnepanyuu 1 onepanuoOHHBINA NMpoduan

st TOHUMaHusT KOHLEIHN ONnepayuoHHblll npoghuis, HaM HEOOXOMMO OIpee-
JUTh, YTO Takoe omnepanus. Onepanueli ABIsSeTCsS BHEITHS-UHUITUUPOBAHHOE JICH-
CTBHC BBINTOTHEHHOE cucTeMoit [23]. Omepanmsi MokeT OBITh CpaBHEHa ¢ (DyHK-
1IUeH, BHEUIHS-UHUIIUMPOBAHHBIM JCUCTBUEM, C TOYKH 3PECHUS I0JIb30BaTENICH.
[Ipumepamu omeparmii MOTYT OBITH KOMaHJBI, TPAH3aKIIMK U 00pabOTKa BHEIII-
HUX COOBITHH.

Onepayuonnsiti npoghuns (operational profile) sBmseTCS MHOXKECTBOM OIle-
panuii U BEpOSTHOCTHIO WX MCIONb30oBaHus [23]. pyrumu ciioBaMu, JaHa CUCTeE-
Ma S, omeparoHHbIA TPOGMIb A1 S — CIUCOK JICHCTBHIA, KOTOPBIE MOJIb30Ba-
TEJIM MOTYT JIEeNaTh C S, U YACTOTY STUX NEUCTBUM.

PaccmoTpum mpumep TEKCTOBOTO peaakTopa. B aToM mpumepe, omepanus
«M3MEHHUTH MPUGT» MOXKET BBHIMONHATHCS 20% BpeMeHwH, orepanus «BBIPE3aTh
TekeT» — 10%, «BBecT TekecT» — 50%, «xonupoats TekcT» — 10% u «BCTa-
BUTH TeKcT» — 10%.

OnepannoHHBIH TPoQHIL YacTO HCHOIB3YeTCs MpH pa3padbotke cucreM [10,
BKITIOYAIOIINM JU3aiiH, pa3paboTKy, TECTHPOBAaHUE U UCTIONb30BaHue. Hampumep,
OJIHUM MPUMEHEHHEM OIEPAIIMOHHOTO MPOMUIIS MOKET OBITh TECTUPOBAHUE OTIC-
palii IpONOPIIMOHAIIEHO YacTOTE MX UCIONB30BaHUsA. Harpumep, mpu Tectupo-
BaHMH TEKCTOBOTO PEJaKTOpa MPHUBEJICHHOTO B HAIlleM NpuMepe, HaM HeoOXoau-
MO TIOTPATHTh MOJIOBUHY YCHIINN TECTUPYS OTIEPAIHIO «BCTaBKA TEKCTay.

B nmamHoi paboTe, MBI HCIIOIH30BAIH ONIEPAITMOHHEIN MTPOQIIIb I OTICHKH
CEpBE3HOCTH OMINOOK U KPUTUYHOCTH TeCTOB. J{J1s1 0OBbEKTOB HCCIIEOBaHMUs, CHA-
yana ObUTIO OTIpeeNleH0 MHOXKECTBO OIepanuii MPUMEHUMBIX K MporpaMMmam, a
3aTeM omepalu ObLTU CBSA3aHBI C TECTAMH. JTO TO3BOJMIO CO3/aTh MATPHUILY
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omnepanui A mporpamM, napysl omnepaiuy ¢ TectaMu. MaTpuua onepauuit uc-
TIOJI3YETCS JIJISL OTIPEACIICHUS CEPhE3HOCTH OITMOOK U KPUTUYHOCTH TECTOB OITH-
CaHHBIM I103THEE METOIOM.

Jig Mcnonb30BaHUs CEPhE3HOCTH OIMMOOK B alTOPUTMAax IPHUOPUTE3AIHH
HGO6XOILI/IMO BBCCTU IMMOHATUC KPUTUYIHOCTHU TECTOB.

Kpl/lTI/I‘IHOCTb TE€CTOB U €€ BbIYUCJICHHUE

Belna onpeneneHa KpUTUYHOCTh TECTa KaK €ro Ba)KHOCThb Uil IOJIb30BaTENIEH
nporpaMmbl. KpUTHYHOCTh TECTOB MOXET OBITh aCCOLMHPOBAaHA C YAaCTOTOM HC-
MOJIb30BaHMsl Pa3NUYHBIX ONepanuil B cucreMe. TecT BBIMONHAIOMMUI Yale Hc-
TOJIb3yEMBIE OTIEpaIliil B IporpaMme OoJiee KPUTHYEH, YEM TECT BBITIONHSIONIINI
peXe HCIob3yeMble oreparuyi. Mbl BBIYUCIHIN KPUTHYHOCTh KaXJOTO TecTa
KaK CyMMy BEpOSATHOCTEH MCHOIb30BaHMS PA3IUYHBIX ONEPAIMil BBIMOJIHEHHBIX

n
tectoM. To €CTb, KDUTUIHOCTL TECTa tcrit = E . lPi , TA€ n — KOJHUYCCTBO OICpa-
=

I_II/Iﬁ BBIIIOJJTHCHHBIX TECTOM U })1 — BCPOATHOCTD HCIIOJIB30BAHUA - onepanuu.

BoluuciieHne cepbe3HOCTH OIINOOK

B nmanHO# paboTe MBI UCITONIB3yEeM OTIEPAMOHHBIA TTPOMWITH IS OIEHKH CEPhe3-
HocTH ormmoOok. [Tomaraem, yTo cOOM B Yalle UCIONIB3YyEMBIX ONEPALUIX BEAYT K
Oosee yacTbiM CcOOSIM TPU HOPMAIFHOM HCIOJB30BaHUH IPOTPAMMBI, U TaKUM
00pazoM MOTyT co3/aBaTh 0ojiee 3HAUUTEIbHBIC MMPOOIEMBI TOIb30BaTeNsIM. [1o-
9TOMY, TaKUM cOOSIM MPHUCBAaMBAETCs OOJiee BBICOKAsI CEPhE3HOCTh HEXEIH COOSIM
CBSI3aHHBIM C PEJIKO HCIIOJIb3YEMBIMU OTICPAIIHSMHU.

s onpeneneHusl Cepbe3HOCTH OMIMOOK UTSl HAIlUX OOBEKTOB HCCIEN0Ba-
HUS, UCIIONB3YETCS CBA3h MEXIy MaTpulled ommOOK (Kakhe TECTHI BBISBISIOT
Kakue OLIMOKHM) M MaTpulle omepaiuil (Kakue TeCThl BBIMOJHAIOT KaKue orepa-
ruu). CHavana onpenessieM acCOIUAIMI0 MEXK]Ty OIMOKaMH U OIeparusMu. JTta
CBSI3b OTIPECIIICTCS MATPHUIIEH OMMMOOK M MATPHUIIEH OTepaItiii.

BepHemcst k mpuMepy TEKCTOBOTO pefakTopa. [lomycTuM B mporpamMMe mpu-
CYTCTBYIOT TpH OmmOKH. IlycTh ommOkm 1 m 2 3aTparuBaroT omeparuu «H3Me-
HUTH MPUDT», «BBIPE3aTh TEKCT», «BBECTH TeKCT». OmmOka 3 3aTparuBaet ore-
panyn «KOTMPOBATh TEKCT» U «BCTaBUTh TEKCT». B 3TOM ke mpumepe, TecTsI 1, 2
U 3 BBINOJHSIOT ONEPAlUU «M3MEHUTH MIPUPT», «BBIPE3aTh TEKCT» M «BBECTHU
TEKCT», a TeCThl 4—8 BBHIMONIHAIOT ONEPAlNN «KOMHPOBATh TEKCT» M «BCTABUTH
TekcT». Kpome atoro, ommubka 1 BeisBisercs Tectamu 1, 2, 3, omuOka 2 BEISB-
JIIETCS TeCTOM 1, a orrrOKa 3 BBIIBISETCS TecTaMHu 4—8 .

TakuM 00pa3oM, Cepbe3HOCTHIO OIMUOKH MOKET OBITH CyMMa BEpOSTHOCTH
WCIIOJIb30BAHMS OIEepaluii 3aTPOHYTHIX OMUOKOW. Hampumep, cepbe3HOCTh
omuOKHu 1 — 3TO CyMMa BEpOSATHOCTH OTepaluii 3aTPOHYTHIX OMMOKOI 1, 1 paB-
usercsa 0,20+ 0,10 + 0,50 =0,80 (u3 onmcanHoro BhIIe npuMepa). Cepbe3HOCTh
omubku 2 paBusiercs: 0,80, a cepbe3HocTh omnbku 3 paBusiercs 0,20 .

Takoit moaxox gaet omuoOkaM 1 u 2 paBHYIO cepbe3HOCTh. OmmoKa 1 BBISB-
nsiercs Tectamu 1, 2 1 3, HO, ¢ JPYroil CTOPOHEI, OIMMOKA 2 BBISBISAETCS TOJBKO
TectoM 1. ECITM TECTBI COOTBETCTBYIOT ONEPAIMOHHOMY MPO(]IITIO, TO ONEpaIHH
3aTPOHYTHIC OOJIBIINM KOJTHYSCTBOM TECTOB JIOJDKHBI 1aBaTh OOJIBIINK BKIIA] IPU
MOJICUETE CEPhE3HOCTU OMMOKH, KOTOPYIO OHU 3aTParuBaroT.

s paspenieHnst TaHHOW MPOOJIEMBI, YUUTHIBAETCS KOJIMYECTBO TECTOB ac-
COITMUPOBAHHBIX ¢ KaXI0H onepanueid. Eciau Ha omepaiuio BIMSIOT ABE OIIUOKH,
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fi ¥ fy,necnn f| BBIBISETCS OOJNBIINM KOJIUYECTBOM TECTOB HEXEIH f3, IPH-
Jaetcsi OoJbILas CEPbE3HOCTh OMIMOKE f; HEXKENMH OmuoOKe f .

OpHUM U3 TyTel U1 MPUCBOCHUS 00Jiee BBICOKOW CEPhE3HOCTH ommuoOke 1,
YeM OmmMOKe 2 — 3TO WCIOJIb30BaHNE KOJMYECTBA TECTOB KaK Beca IMPHU BBIYHC-

JIEHUHU cepbe3HOCTH omuOoK. Ilycts 7; — CIHMCOK TECTOB acCOLMMPOBAHHBIX C

omeparueti i. [Tycte Op — MHOXECTBO m OIEpaluii CBI3aHHBIX C OMUOKONW X ,
a P, — BeposiTHOCTB acconuupoBaHHas ¢ onepanueil i. Cepbe3HOCTh OHOKH X

m
MO>KET OBITH OIpeJieNieHa KaK Zi_ B x ||Tl||

[To aTOMy MeTOIy, Cepbe3HOCTh OMMOOK 1, 2 W 3 B HAIIMX MPUMEpPAX ClIe-
IyIoImmue: cepbe3HocTh omuOkm 1 paBHa 3%0,20+3%0,10+3%0,50=2,40;
cepre3HocTh ommbku 2 pasHa 0,20+ 0,10+ 0,50 = 0,80; cepbe3HOCTh OMIMOKH 3
paBHa 5%0,10+5%0,10=1,0.

OpmHAaKo TOT METOJ JienaeT omuoKy 3 Ooiee cephe3HON HEXeNu OIMMUOKY 2,
a 3TO HEMPaBWILHO, TaK KaK OIMHOKa 2, B OTIUYHE OT OMMOKH 3, MOXKET BIUATH
Ha HanOoJiee YacTO MCHOIB3YEMYIO OMEpaIHio. JTO MPOTUBOPEUUT HALIEMY YT-
BEPXKJCHHUIO, YTO ONIMOKH BCTPEYAIOIIMECS B HAWOOJEE YacTO KCIIOJIb3YEMBIX
omepanusax 0oree Cephbe3HbI, YeM OINTHOKH KOTOPBIE BCTPEUAIOTCS B MEHEE YacTO
HCIIOJIb3YEMBIX OII€panuax. HOSTOMy, BBOAUTCS HEKOC 3HAUCHHUC Gapbepa BBIIIC
KOTOPOro OYAET YYUTHIBATHCS KOJUYECTBO TECTOB U HIIKE KOTOPOTO — HET.
Ilycte P;; — BEpOSITHOCTH UCIIOJIB30BAHUA HauOOJIee YacTo MCIIOIb3yEeMON OIIe-

palyn Ha KOTOPYIO BJIMACT JaHHAA OH_II/I6Ka, a PL — BCPOATHOCTH HUCIIOJIBL30Ba-

HUSI HaMEHEe YacTO HCIMOJb3yeMOW omepard Ha KOTOPYIO BIMSET JaHHAs
ommbka. 3Hadenue 6apeepa it TH nano popmynoit: TH =(Py + P, )/ 2.

Taknum oOpa3om, 3HaUeHHEe Oapbepa s MPUMepa C TEKCTOBBIM PEIaKTOPOM
oyner cnenytomee: TH =(0,50+0,10)/2=0,30. [ToaTromMy, CEpbe3HOCTH OIMIHOOK

OCHOBaHHas Ha JJAHHOM 3HaueHUH O0apbhepa OyaeT: cephbe3HOCTh OMmMOKU 1 paBHA
0,20+ 0,10 +3%0,50=1,80; cepbe3noctb ommbOku 2 pasra 0,20+ 0,10 +
+0,50 = 0,80 ; cepresnocts ommbku 3 papra 0,10 +0,10=0,20.

IMIIMPUYECKHE UCCJIIEJOBAHUSA

beuto mpoBeneHo HccienoBaHue, LETh KOTOPOTO U3YyUHTh, KaK pa3lW4HbIE pac-
MIPEIEIICHUS] U IIKaJbl CTONMOCTH TECTOB M CEPhE3HOCTH OITMOOK MOTYT BIUSTH
Ha CKOPOCTH UX BBISBIEHUS ¢ TOUKH 3peHust MeTpuku APFDc. Ilonarue kputud-
HOCTH TecTa MPUMEHSIIOCH AJISl OLIEHKU CEPhEe3HOCTH OMIMOOK B MPHOPUTE3ALNH.
PaccmoTpeHo BiMsSHWE pa3TUYHBIX pacHpeleNieHH W IIKall CTOMMOCTH TECTOB,
CEPHE3HOCTH OIMMNOOK W WX KOMOWHAIINN Ha OTHOCHUTEIEHYIO 3P (HEKTUBHOCTh Me-
TOJIOB IPUOPHUTE3ALHH.

OO0LEeKTHI HCCIeI0BAHNSA

Kak 00BeKThl AaHHOTO HCCIEAOBAHHMS OBUIM HCIOJIB30BaHBI CIEIYIOUINE TPO-
IrpaMMBbIL:

e empire — cereBas urpa cocrosimas u3 63 014 — 64 396 ctpok kona, 10
Bepcuii, 1985 TectoB u mo 10 perpeccHBHBIX OIIMOOK BO BCEX BEPCHUSX, KPOME
TIepPBOW;
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e grep — mporpaMma rnomucka tekcra cocrosimas u3 10929 — 13 359 crpok
Koxaa, 5 Bepcwii, 810 TECTOB M MO OT OJHON JO YETHIPEX PETPECCUBHBIX OMIMOOK
BO BCEX BEPCHUSIX, KPOME IIEPBOH;

e flex — reHepaTop JIEKCHUECKHX aHAJIU3aTOPOB cocTosimuid u3 11783 —
14 171 cTpok koxa, 5 Bepcuid, 568 TECTOB W 1O OT OAHOU J0 BOCHBMH PErPECCHB-
HBIX OIIHMOOK BO BCEX BEPCHSIX, KPOME MEPBOIi;

e make — mporpamma npumMmeHnstomasics A nocrpoenus 10 cocrosmas
u3 18 665 — 25465 crpok koxa, 5 Bepcuii, 1044 TecToB U 1O OT TpeX A0 MATH per-
PECCUBHBIX OLIMOOK BO BCEX BEPCHUSIX, KPOME MEPBOIA;

e sed — noTokoBbIl penaktop cocrosuuii u3 § 063 — 11911 crpok koxa, 3
BepcuH, 1294 TECTOB M 1O OT YETHIPEX JO IMATH PETPECCHBHBIX OIMMOOK BO BCEX
BEPCUSIX, KPOME NIEPBOH;

e xearth — mporpamMa oroOpaxaromias KapTHHKY 3€MHOIO Ilapa, co-
crosamias u3 13 165 — 24 179 ctpok kona, Tpex Bepcuii, 540 TecTOB U MO OT Tpex
JI0 YETBIPEX PETPECCUBHBIX OMIMOOK BO BCEX BEPCHSIX, KPOME TIEPBOH.

Hcnonp3ys TOKyMEHTAINIO IS POTPaMMEI empire, ObuTH onpeaeneHsl 182
orepanuy, OOBIYHO UCIIONB3YS MPSIMYIO acCOLHMALUI0 ¢ KoMaHaaMu. Tak Kak Ka-
XKIBIH TECT BBIIOJHAET IOCIIEI0BATEIBHOCTh KOMaH[, OBLIO JIETKO aCCOLUHPO-
BaTh TECT C 3aTPOHYTHIMU UM omepauusmMu. st APyrux mporpaMm, TECTHl ObUTH
Cr€HEpUPOBAaHBl HCXONs W3 s3blKa cneuuukanuu TecToB (test specification
language (TSL)). Jlns kaxkmoit mporpaMmel, OblIa Co3AaHa CCU(pUKAINASI TECTOB
0a3upysce Ha JokyMeHTauuu. [anee sti cnenudukanuu ObIM MpeoOpa3oBaHbl B
TecToBble (PpeiimMbl (test frames) U3 KOTOPBIX OBUIM CreHepupoBaHbl TecThl. Orme-
paruu ObUTH CO3TaHBI I KaXKI0TO BEIOOpa B (aiiiie crermpukanum TeCTOB; 3a-
TEM HEKOTOpbIE ONepaluy ¢ OOIINMHU XapaKTePUCTHKAaMU ObLIH OOBEINHEHBI Me-
xmy coboii. Jlanee, ncnonb3yst MHPOPMALIMIO O TOM Kak OBbUIM CTEHEPHPOBAHBI
TECThI, OHU OBIIM yBSI3aHbI C ONEPALIUAMHU.

Jns monmy4eHusi onepauroHHOro Npoduiis A mporpaMMbl empire, ObUIO
3aJ1eiICTBOBaHO HECKOJIBKO JOOPOBOJBIEB, KOTOPHIE HA MPOTKEHUH HEKOTOPOTO
BpEMEHM WTpald B 3Ty Urpy. Jms npyrux mporpamm, omepauuoHHBINA Mpoduiib
OBLI CreHepHpOBaH CIy4aHBIM 00pa3oM.

B obnactm pa3paboTKu MporpaMMHOTO OOECTICYCHHS OYCHb CIIOKHO HAWTH
PETpEe3eHTaTUBHYIO BEIOOPKY MPOrpaMM, TaK Kak CYLIECTBYET CIUIIKOM OObLINe
MEXAYy HUMHU pa3indus, He TOJBKO B HX pazMepax, HCIOJIb3YeMbIX SI3bIKax Ipo-
IrpaMMMPOBAHMS U CTWIAX MPOrpaMMUPOBAHMSA, HO U B KJIaccaxX pelIaeMbIX 3a/ad.
s penpeseHTaTUBHOrO Habopa HEOOXOAMMO MMETh AOCTYH KO BCEM NPOTrpaMm-
MaM M CIIy4aiHbBIM 00pa3oM BHIOpaTh MX MOJMHOXKECTBO, YTO HE SIBIISIETCS BO3-
MOXHBIM, IIOATOMY OB HCIOJB30BaHbI NPOrpaMMbl, KOTOPbIE MOTYT OBITH pe-
MPEe3eHTaTUBHBIMU JUIA CBOETO Kiacca (mporpammsbl pazmepom 8,000 — 65,000
CTpOK, HamucaHHble Ha si3bike C U BBIIONHSIONINE poiib YTHAUT UnixX U ceTeBoi
UI'PBI), HO HE SBJISIIOTCS PEIpPEe3CHTaTUBHBIMU AJISI BCeX IporpaMm. s momyde-
HUs OoJiee O0IUX pe3yIbTaTOB HE0OXOIUMO coOpaTh OoJIbIIee KOIUIECTBO MPO-
rpaMM pa3JIMuHbIX KiiaccoB. [loaToMy 3amadeil JaHHBIX UCCIEAOBaHUMN ABISETCA
HE HaxOXIeHHE 0000INAI0IKXCA 3aBUCUMOCTEH, a 3KCIJIOPATOPHOE HCCIeI0Ba-
HHE MPUMEHSEMBIX MOIXOA0B IJIsi HAXOKACHUS TCHACHLUUH M WUIIOCTPALUH MX
BIIMSTHMSL HA TIPOIIECC IPUOPUTE3AINH.
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MeTOIlI)I MpUoOpUTE3aAlUU

B uccnenoBanuy ObLIM UCTIONIB30BAHbI CIIEAYIONINE METOIbI IPUOPUTE3ALNH:

o fn-nofb — mpuopuresanus no odmemMy nokpeiTuio GpyHKIMI. Berapnss B
IpOrpaMMy JONOJIHUTENBHBIN KO, MOXKHO ONPEAENUTh IS KaKAOTO TeCTa, Ka-
Kre (QYyHKIMY UM TIOKPBITEL. JTH TECThI MOXKHO MTPHOPUTE3HPOBATH B COOTBETCT-
BUH C KOJIMYECTBOM HOKPBITHIX UMU (YHKLHUH, COPTUPYSI TECTHI B MOPSAKE YOBI-
BaHMS JAHHOTO OOILEro MOKPHITHU.

o fn-fb — npwopuTe3anus MO AOMOJHUTCILHOMY IOKPBHITHIO (YHKITHH.
[Ipuopuresanust o oduieMy MOKPBITHIO QYHKIWH IIAHUPYET TECTHI B MOPSIIIKE
JOCTHKEHHSI COBOKYITHOTO TOKPHITUSI (yHKUMH. OQHAKO, BBIMOJIHKUB TECT U MO-
KPBIB HEKOTOpPble (DYHKIMH, LEIeCO00Pa3HO MPH IMOCIECAYIOUIEM TeCTUPOBAHUU
MOKPBITh €Ille He MOKphIThie (QyHKIMU. [IpuopuTe3alys 1Mo JOMOJHUTEIBHOMY
HOKPBITHIO (DYHKUMI BBIOMpaeT TecT, JOCTUTIINA HauOOJBIIErO MOKPBITHS elle
HE MOKPBITHIX (YHKLHH, MOBTOPSS 3TOT MPOLECC A0 TEX MOpP, IOKA HU OAUH U3
OCTaBILIUXCS TECTOB HE CMOXET YBEJIMYUTH NMOKpeITHE GyHKuuil. Korna sto mpo-
WCXOJUT, IaHHBII alrOpUTM NPUMEHSETCS PEKYPCUBHO K OCTABIIMMCS TECTAM.

o diff-fn-nofb — mpuopuresanus Mo oO6ImEMy HOKPHITHIO H3MEHEHHBIX
¢yskuuit. 10T Meton moxox Ha fn-nofb, HO paccMaTpuBaeT TOJIBKO HOBBIE MU
u3MeHeHHble QyHKIHU. [Ipy paBeHCTBE MOKPBITHIX W3MEHEHHBIX (DYyHKIMH, y4u-
TBIBA€TCA KOJIMUECTBO BCEX MOKPBITHIX (YHKIIHH.

o diff-fn-fb — mpmopuTe3ays MO MOTOTHUTEIIFHOMY TOKDPBITHIO H3Me-
HEHHBIX (YHKIUH MOJOOHA MPHOPUTE3ANUU IO JOTOJHUTEIHHOMY IMOKDPHITHIO
(yHKUMH, 32 UCKIIIOYEHHUEM TOTO, YTO YUYHUTBHIBAIOTCS TOJIBKO M3MEHEHHBIC WU
HoBbIe (pyHKIMHU. [Ipn paBeHCTBE MOKPHITBIX W3MEHEHHBIX (YHKIMH, yUUTHIBACT-
sl KOJIMYECTBO BCEX TMOKPBITHIX (YHKIIUH.

e random yrnopsI0YMBaET TECTHI CIyYallHBIM 00pa3oM.

Jist TOro, 4ToOBI y4ecTh CTOMMOCTh M KPUTHYHOCTH TECTOB B METOJaX MpU-
opHTe3aly, ObLIO HAWEHO OTHOIIEHHE KPUTHYHOCTH TECTa K €ro CTOMMOCTH. B
JAHHOM HCCIIE/IOBaHUU OBLIO PAaCCMOTPEHO TPU METO/a BHEIPEHHUS 3TOTO OTHO-
HICHUS B METOABI TPUOPUTE3ALNH:

e Af — TecTbl IPHOPUTEIUPYIOTCS B COOTBETCTBUU C MOKPHITHEM (YHKLUI
(c nnu 6e3 yuera MOIU(PUKALUHI IPOrPAMMHOTO Koza). OTHOIIEHHE KPUTUYHOCTH
TeCTa K €ro CTOMMOCTH HMMEET BTOPOCTEIEHHOE 3HAUYE€HHE U YUMUTBIBAETCS IpPU
PaBHO3HAYHOCTH MTOKPBITHSL.

e Mult — TecTsl IPUOPHUTE3UPYIOTCS B COOTBETCTBHU C NPOW3BEACHUEM
MOKPBITHS GYHKIHN (C Wi 0e3 yuera MoauuKauil mporpaMMHOTO KOJ[a) U OT-
HOUIEHUS] KPUTUYHOCTH TECTa K €r0 CTOMMOCTU. B aHHOM cilydae BKJaJ IOKpPHI-
THUSl U CTOUMOCTH C KpUTUYHOCTHIO PaBHO3HAYHEL.

e Rf — TecThl MpUOPHUTE3UPYIOTCS B COOTBETCTBUU C OTHOLICHHWEM KpH-
TUYHOCTH TECTa K €ro CTOMMOCTH, a MOKpPHITHE (PYHKUUH (¢ nnu 6e3 ydeta MOJu-
(uKanmii MpOrpaMMHOI0 KOJia) UMEEeT BTOPOCTEINIEHHOE 3HAUYE€HHE U yUUTHIBAETCS
IpY PaBHO3HAYHOM OTHOLICHUH KPUTHYHOCTH K CTOMMOCTH.

IIIkaabl CTOUMOCTH TECTOB

B HCCIICJOBaAaHHUHN OnUIH PacCMOTPEHBI YCTHIPC KAl CTOUMOCTU TECTOB.

e Unit — naHHas mIKana He pa3NIuyaeT MeXAy CTOMMOCTBIO TECTOB (B AaH-
HOM CJIy4ae CTOMMOCTb TeCTa HE YUUTHIBAETCS).
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e Orig — mgarHas MKanxa MIPUCBANBACT KAKIOMY TECTy €TI0 CTOMMOCTD (Ha-
CTOSIIYI0 JIMOO HCKYCCTBEHHO CrEeHEPUPOBAHHYIO) IMOJIYUYCHHYIO OINMCAaHHBIMHU
paHee MeToaMu.

e Buck-lin — B maHHO# mkane, 3Ha4eHUS CTOMMOCTH TECTOB (W3 IITKAJBI
orig) OTCOPTUPOBAHBI U PABHOMEPHO paclpeielieHbl B SYEHKH (CTOMMOCTh TeC-
TOB COOTBETCTBYET HOMEPY SYECHKH HAYHHAS C SIUHUIIBI).

o Buck-exp — nmannas mkana nogoona buck-lin, kpome Toro, yTo crom-

MOCTb TECTa He HOMep sueiiku n, a b" —1, tne b=2 u n — HOMEp sYEHKU
(maHHas mKaja — anbTEpHATHBA INpPEIbIAYINEH, KOTOpas yBEIMYMBAET 3HAYHU-
MOCTH Han0oJIee TOPOTUX TECTOB).

I xaJjibl KpUTHYHOCTH TECTOB U CEPbEe3HOCTH OIIUDOK

B uccrnenoBanun OBUIM PAaCCMOTPEHBI YETHIPE INKAIbI KPUTHYHOCTH TECTOB U
CEpBE3HOCTH OIIHUOOK.

e Unit — mkana He pa3nuyaeT MeXIy KPUTHYHOCTHIO TECTOB U CEPHE3HO-
CTBIO OMMOOK (B JAHHOM CIydae KPUTHYHOCTH TECTa W CEPHE3HOCTH ONTHOOK HE
YUIUTHIBACTCS).

e Orig — nanHas mIKajga IPUCBaUBaeT KAXKIOMY TECTy €ro KPpUTHYHOCTh U
KaXJI01 OLIMOKE ee CEephe3HOCTh MOTY4YeHHBIE ONTMCAHHBIMH PaHee METOAAMHU.

e Buck-lin — B nanHO# mIKane, 3HaU€HUS KPUTUIHOCTH TECTOB U CEpPhe3-
HOCTH OIIMOOK (M3 IIKaJBl 0rig) OTCOPTHUPOBAHBI M PABHOMEPHO PACIPEIEIICHBI B
sueiiku. KpUTHYHOCTh TECTOB M CEPhE3HOCTh OMIMOOK BBIYUCIAETCS MO HOMEPY
STYCHKH.

e Buck-exp — nmannHas mkana nogo6Ha buck-lin, Tonpko BMecTo HOMepa

s4eiiku n, ucnons3yercs b" —1,rne b=2,a n — HOMep sAuelikyu. [laHHas MIKa-
Jla — aJbTePHATUBA MPEABIAYIICH, KOTOpas yBEJIUYUBAET 3HAYUMOCTh HauboJee
CEPBE3HBIX OMMOOK U COOTBETCTBYIOIIUX M TECTOB.

PE3YJIBTATBI

[IpoBeneHHOE HMCCICIOBAHME COCTOSUIO M3 TpeX dacteidl. B mepBoil yactu ObLIO
paccMOTpeHO BJIMSHHE TPEX METOAOB BHEAPEHHs MH(OOpMAIHMU O CTOMMOCTH U
KPUTHYHOCTH TECTOB B IPOIIECC MpHOpHUTe3anun. Bo BTOpoi dacTu ObIIO pac-
CMOTPEHO KaK BIHSET BHIOOp IIKAIBI CTONMOCTH TECTOB M CEPHE3HOCTH OIMIMOOK
Ha OTHOCHUTENIbHYIO 3((GEKTHUBHOCTh METOMIOB MpHOpUTE3alnu. B TpeTwseil yactu
— PaccMOTPEHO JUTSl KaKJOTO METOJIa PUOPUTE3AIMH OTHOCUTEIFHOE BIUSHUE
Bcex 16 KoMOMHANWIA KAl Ha CKOPOCTH BBISIBICHHSI OIITHOOK.

HccaenoBanne 1. B 1aHHOM HCCIETOBaHUN PAacCMAaTPUBAIOTCS TPU METOIA
xomOunanuu nHdopmanuu (af, mult u rf) o cronMocTH 1 KPUTHYHOCTH TECTOB C
nH(pOpPMAIIHEH 0 TIOKPBITHH IIEMEHTOB IPOTPaMMHOTO KOJa.

B nanHOM mccnenoBaHUM OBUTH TOJTYYEHBI JAHHBIC HCIIONB3YS Pa3IMYHbIC
pacripesenenns (IIKaIbl) CTOMMOCTH TECTOB M CEPhE3HOCTH OIMMOOK (orig/orig,
buck-lin/buck-lin, buck-exp/buck-exp) st Ka)10ro U3 MATH METOJIOB PHOPU-
Te3alliu W TPeX BUAOB KoMOuHarwu nHpopMaruu. beut mpoBeneH cratucTuiec-
kuil aHanu3 Anova. Pe3yibTaThl mpeAcTaBieHbl B BUJAE AMAarpaMMm pa3zMaxa
(puc. 3-6).

Kak BumHO U3 rpadukoB (puc. 3—6) ans meronoB fn-nofb u diff-fn-nofb, B
TpPeX PacCMOTPEHHBIX IIKanaX CTOMMOCTH TECTOB M CEpbe3HOCTH OmuOoK, af
UMeJl Haumyuiiue pe3ynsraTsl; a ans MeronoB fn-fb u diff-fn-nofb, af u mult
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ObuTH 3HauuTENbHO Nyuie yeM rf. To ecTs, 1y MeTo0B 0e3 00paTHOI cBs3H (110
o0meMy MOKpHITHIO (QyHKUWH), komOuHauus af Obuta camas > dexTHBHAs, a s
METO/IOB C 0OpaTHOW CBA3BIO (IO JOMOJHUTEIBLHOMY MOKPBITHIO (DYHKIHI), KaK
af tax u mult sBasroTCs > deKTUBHBIMA. AHAMU3 Anova mokasall, 4To He BCe
pe3yNbTaThl ABJSAIOTCS CTaTUCTHYECKH 3HAYUMbIMK (11 « = 0,05) . 3HaunMbpIMu

spisoTcs: meton fn-nofb co mkanoit exp/exp (p =0,0234), meron fn-fb co
mkanamu orig/orig, buck-lin/buck-lin u buck-exp/buck-exp (p =0), a Taxxe

meron diff-fn-fb co mkanamu orig/orig (p =2,2622 * 107", buck-lin/buck-lin
(p =1,9263107"") u buck-exp/buck-exp (p =3,4632%107").

100 ¢ i 1 1
80 1 1 1 1
60 1 1 1 1
40 1 T 1 1
20 4 T 1 1

0

® E ® F ® F ® F

mult
mult
mult
mult

Puc. 3. Meron fn-nofb co mxkamamu, ciieBa HampaBo: unit/unit, orig/orig, buck-
lin/buck-lin u buck-exp/buck-exp

100 + 1 1 -
e |l TTR Tl T
60 T 1 1 1

40 + i i

20 1 1 1
0

T E ® T T E ® T

mult
mult
mult
mult

Puc. 4. Meron fn-fb co mkaramu, ciea Hampapo: unit/unit, orig/orig, buck-lin/buck-
lin u buck-exp/buck-exp

100 + 1 1 1
80 | 1 1 1
60 | 1 1 1
40 L 1 1 1
20 | 1 ! 1
0

® T ® T ® T ® T

mult
mult
mult
mult

Puc. 5. Meron diff-fn-nofb co mxamamu, cieBa HampaBo: unit/unit, orig/orig, buck-
lin/buck-lin u buck-exp/buck-exp

HccaenoBanue 2. B nanHOM mccneoBaHud, ObIJIO U3yUYEHO BIUSHHE IIKa-
JBI CTOMMOCTH TECTOB U CEPHE3HOCTH OIIMOOK Ha OTHOCHUTENbHYIO 3(EKTHB-
HOCTh METOJIOB TpHOpHUTe3alnu. s KaXkIoro M3 TpeX METON0B KOMOHMHAIINU
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MHQOpPMAlMM M 4YeThlpeX KoMOWHammii mkan (unit/unit, orig/orig, buck-
lin/buck-lin, buck-exp/buck-exp) ObUTH CpaBHEHBI APYT C IPYTOM IISITH METOIOB
npuopuresaiu. [10100HO MpeabIIyeMy UCCISI0BaHUIO, ObLI MPOBEJCH CTaTH-
CTHYSCKMH aHamu3 Anova. B kaxIoMm W3 JBEHAIIATH ClIy4yaeB, Anova aHaiu3
MOKa3aJI CTATUCTUYECKYIO0 3HAYUMOCTh Pa3InYid MKy METOJIaMH MIPHOPHUTE3a-
nuu. Haumenemee 3nadenne p =0,0263 0buio mocturnyrto rf xomOuHarmen u

buck-exp/buck-exp mkanoi.

100 + 1 1
I 1 1
60 | ! !
40 | !
20
0

® F ® F ® F ® F

mult
mult
mult
mult

Puc. 6. Meron diff-fn-fb co mkanamu, cieBa HampaBo: unit/unit, orig/orig, buck-
lin/buck-lin u buck-exp/buck-exp

Kak mbl BunmuM u3 rpadukoB (puc. 7-9) (mpeacTaBlieHHBIX AUarpaMMaMu
pa3maxa), ¢ TOUKH 3pEeHUs CpPeAHero 3HaueHus merpuku APFD , npu komMOuHa-

muu af mKana uMeeT He3HAYUTETbHOE BIMSHUE Ha OTHOCHUTEIBHYIO 3(PEKTHUB-
HOCTb METOZOB INPHOPHUTE3alUHU. 3a HCKIIOYEHHEM IIKalbl Orig/orig, MeTomabl
NpUOpHUTE3aliK B Nopsiake yobiBanus dddextuBHoctu cienytoue: fn-fb, fn-diff-
fb, random, fn-diff-nofb, fn-nofb. Takxe, ¢ TOUkM 3peHUs] CpPEIHErO 3HAUCHUSA
metpuku APFD., npu xoMOMHauuy mult, mkana BOBCe HE MUMEET BIUSHUS Ha

OTHOCHUTEJIbHYIO 3((PEKTUBHOCTE METOAOB mnpuopute3anuu. C TOUKH 3pEHHS
cpeaHero 3HaueHus metpuku APFD , npu komOuHanuu rf, mkana umeer 6oiee

3HAUUTENIBEHOE BIMSHHE HA OTHOCHTENLHYIO 3 (PEKTHBHOCTH METOJIOB ITPUOPHTE-
3anun. [Ipu naHHON KOMOWHALIMY, METOIbI IPUOPHUTE3AIMH UMEIOT HE3HAYHUTEIb-
HO€ pasznuure B UX 3(pPeKTHBHOCTH; TOpa3no OONbIINK BKIA] B UX d(H(EKTHUB-
HOCTh MMeeT Inkana. B mkamax orig/orig, buck-lin/buck-lin u buck-exp/buck-
exp, random MeToJ ObLT JIydIlle, YeM OCTAIbHBIE METOJbI NPUOPUTE3AINH, YTO
03HauaeT OecIoIe3HOCTh NPUOPUTE3alY B IaHHBIX citydyasx. C Apyroil CTOpOHBI,
B IIKaJie unit/unit cronMocTh QakTHUECKH HE YUUTHIBAETCA U OTHOCUTENbHAS 3(-
(hEeKTHBHOCTH METOOB IPUOPHUTE3ALIMS TaKas )K€ KaK U B APYTUX KOMOWHALIMIX.

100 + . l = I — —
> | TORS| |

60 |

40 | i

20 | L
0 . 4

£
J

n—ih
In—ih
n—ih
In—ih

|
B

random
Im—noih
random
m—noth
random
Im—noih
random
m—noth

n—diff—fh
n—diff—fh

In=dilff=naofh
In=dilff=naofh

Puc. 7. Af xoMOuHaIus co IIKajlaMu, ClieBa HampaBo: unit/unit, orig/orig, buck-
lin/buck-lin u buck-exp/buck-exp
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Puc. 8. Mult komOnHaIMs cO LIKajaMu, cjieBa Halpaso: unit/unit, orig/orig, buck-
lin/buck-lin u buck-exp/buck-exp
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Puc. 9. Rf xoMOuHaIus CO IMIKalaMu, ClieBa HampaBo: unit/unit, orig/orig, buck-
lin/buck-lin u buck-exp/buck-exp

Hccaenoanue 3. B 1aHHOM HCClieIOBaHUU OBIJIO PACCMOTPEHO IS Y€ThI-
pexX METOOB MPUOPUTE3AIUH U TPEX METOJI0B KoMOWHAaImu Bce 16 mkam. Jns
Mmetona npuopuresaiyu fn-fb u komOuHaIwy af, pa3auuust B CpeTHUX 3HAUCHHUIX
APFD He sBIAIOTCS CTaTUCTHYECKH 3HaumMbiMH (p = 0,4313). Bo Bcex npy-

TUX OAMHHAIIATU CIy4asX, pa3jMyus CTATHCTUYCCKH 3HAYUMBI (MaKCHMAaJIbHOC
sHauenue p = 0,0015).

Kak BunHo u3 rpagukos (puc. 10—13) npeacraBieHHBIX TUarpaMMaMy pas-
Mmaxa, 111 Meroga fn-nofb, pasmax cpennux 3HadeHuil APFD- A pa3iIndHBIX

mkan mMakcumaneH s rf — ot 74,92 (unit/orig) no 86,55 (orig/unit); 3atem
uner mult — ot 75,81 (unit/unit) 1o 85,84 (buck-exp/buck-exp); u HanMeHb-
it pasmax s af — ot 74,54 (buck-exp/unit) no 81,82 (unit/buck-exp). s
metona fn-fb, pazmax cpemHux 3HauYeHH HEOOMNBIION mpu KoMmOuHammsx af u
mult (Menpme 5), Ho 3HaumTeneH s rf — ot 75,04 (unit/orig) mo 92,71
(unit/unit). [ns metona diff-fn-nofb, pasmax makcumanen npu rf — ot 74,94
(unit/orig) mo 86,85 (orig/unit), 3atem uaer mult — ot 76,07 (buck-lin/unit) no
85,62 (buck-exp/buck-exp); u HamMeHbmuii pasmax npu af — ot 76,20
(orig/unit) u 84,15 (buck-exp/buck-exp). ns merona diff-fn-fb, pazmax mak-
cumateH ipu rf — ot 74,93 (unit/orig) no orig/unit (86,67); 3arem uner af — ot
85,01 (orig/umit) mo 91,29 (buck-exp/buck-lin); HanMeHbIIUH pa3Max HUMeET
Mecto mpy mult — ot 86,19 (unit/unit) xo 92,62 (buck-exp/buck-lin).
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Puc. 10. Meton fn-nofb ¢ komOuHanusiMu, cBepxy Buu3: af, mult u rf
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Puc. 11. Mertoz fn-fb ¢ komOunanusmu, cepxy Bau3: af, mult u rf
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Puc. 12. Meron diff-fn-nofb ¢ komOunauumsmu, ceepxy Buu3: af, mult u rf
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Puc. 13. Meron diff-fn-fb ¢ komOuHaumsiMu, cBepxy Buu3: af, mult u rf
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Hpuopumes’at;uﬂ mecmos Kaxk Memoo 6blCmp020 BblSBIEHUSl CEPLE3HbIX ouubox

BbIBO/IbI

B nanHoit paboTe ObLIa paccMOTpeHa MPUOPHUTE3AIHS, YIUTHIBAIOIIAS CTOMMOCTD
TECTOB M CEPbE3HOCTh OMMOOK. B OTnMuUMe OT mpenpiaylMx HCCIeIOBaHHM,
CEphE3HOCTh OIMOOK OblIa OCHOBaHA HAa WX BIUSHHUM HAa HAJCKHOCTb MPOrpaM-
Mbl. Heckonbko mporpamMM OBUTH HCIOJB30BaHbI Kak 0OBEKTHI HCCIeIOBaHus. B
OI[HOI\/'I U3 HUX 61)IJ'II/I HCIIOJIb30BaHbl PCAJIBHBIC JAaHHBIC O CTOMMOCTH TECTOB U
peanbHBIN onepanuoHHbIN npodunb. Takke, Kak CTOMMOCTh TECTOB, TaK U
CEPbE3HOCTh ONMIMOOK OBLTH UCCIIEIOBAHBI B YETHIPEX PA3IMYHBIX IIKAaX W H3Y-
YEeHO MX BJIHAHUE Ha dPQEKTHBHOCTH MPHOPUTE3ALWHU. BbuM paccMOTpeHBl Tpu
NOJX0/1a K BHEAPEHUIO MHPOPMALH O CTOMMOCTH U KPUTUYHOCTH TECTOB B IPO-
1ecc MPUOPHUTE3AIMH U UCCIIEOBaHA UX 3P (HEKTUBHOCTD.

Br16op mrkamel ©MeEET 3HAYNUTENbHOE BIMSHUE Ha 3G (HEKTHBHOCTD TPHOPH-
Te3anMu. BaxkHO TO, 4TO BHIOOp JIydyllIero Meroja MPHOPUTE3alUd 3aBHUCUT OT
HIKaJIbl CTOUMOCTH TECTOB U CEPHE3HOCTH OIIMOOK. Pa3Hble 1IKaibl HEOANHAKOBO
BJIMSIOT HAa pa3HbIe METOMBI TIpUOpHTe3aruy. [103ToMy BEIOOp MeTO/Ia IPUOPHTE-
3alMy JIOJDKCH YYUTHIBAaTh HiKany. Takke, mMeroabl komOuHanuu af u mult, a
ocobeHHo af, 7aroT HauTydIIie pe3ybTaThl.

Astop Omarogaput I'. Porepmena, C. Dnbayma u [I. Pytpyda 3a ydactue B
IPOBEJICHUN OIMCAHHBIX UCCIIEIOBAHUH.
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T HOBI METOAU B CUCTEMHOMY AHAITI3I,
IHOOPMATULI TA TEOPII NPUUHATTA PILLEHb

VIK 581.52

EJJEMEHTHU IHOOPMAIIHHOI JMHAMIKH

I'.Il. HIOBEIIEHKO

HaBezneHo mMateMaTH4HYy MOJEJb, SIKa BPaXxoOBY€E BIUIMB HpoLeciB Mirparii i audys3ii
HOCITB iH(opMaii, CiNKyBaHHS MK HUMHU Ta 30BHILIHII BIUIMB Ha IPOLIECH BHOO-
py Ta Binbopy. Po3paxyHkH 3a MOJEIII0 IEMOHCTPYIOTh HasBHICTh y CUCTEMI SIBH-
11a MyJIbTHCTa01IBHOCTI, CTIKOCTI BUOOPY, XAOTHYHUX Ta MEPEXiAHUX PEKUMIB.

BCTYII

[adopmartist — HeoOXimHUH pecypc Ul icHyBaHHS TonuHU. [HOpMaris BHKO-
Hy€ KOMYHIKaTHBHY (DYHKIIiO, TOOTO 3a0e3meuye «CHiIKyBaHHSD» (BKIIOYHO IO
3HUIICHHS) B XUBIH mpupoi. IcHye mymka, mo iHdopmariis € OIHIE0 3 TOYaTKO-
BHUX CyOCTaHIII peaJbHOTO CBITY pa3oM i3 pEUYOBHHOIO Ta €HEPTi€ro, a BCI 1HIII
iHopmartiitai sBHIA (3HAHHSA, IHTEJIIEKT TOIIO) € MOXITHAMH Bix iHGopmartii [1].

Jam Oymzemo BHKOPHCTOBYBATH TaKe BH3HAYCHHS: 1Hq)opMau1;[ — 3at1nl<co-
BaHUIl BHOIp OTHOTO BapiaHTy 3 MHOXXHHH MOJIMBHX 1 piBHOIMOBipHKX. Ml ic-
HYBaHHSI cycnmLCTBa CYTTEBE 3HAYCHHS Ma€ yMOBHaA iH(hopMarrisi: MoBa (ano-
BIIHICTh MK 3ByKaMH Ta OyKBaMu), rpoml (Bl,I[l'[OBlI[HlCTB MIXK TpAIero i
TOBapOM) MIpaBHJiIa MIOBEAIHKY Y MEHTAJITET (BII[HOBI,Z[HICTL MiX TIOBEIIHKOIO Ta
pEaKIli€ro CyCIiIbCTBA) Ta IHII YMOBHI KOJOBI aJTOPHUTMH aboO BiAIMOBiAHICTH
MDXK €JIEMEHTaMH 3 PI3HUX MHOXKHH.

I3 BU3Ha4YeHHS MIHHOCTI iH(OpMaIlii BUILIMBAE, 110 METAa 1 LIHHICTH 1H(OP-
Marlii moB’si3aHi — 3a BiICYyTHOCTI MeTH OyJb-iKa iH(opMallis Ma€ HyJIbOBY IIiH-
HicTh. TOMy B peanbHHX 3aJayax Ma€ 3HAYCHHS caMme I[iHHa iHdopMallis, a He
Oyap-sika. YMOBOIO BHHHKHEHHS I[IHHOT YMOBHOI iH(OpMAIii € aHTaroHiaM Ta
KOHKYPEHI[iS YMOBHUX iHpopManiii [2]. AHalli3 CyCHUILHUX NPOLECIB BHMArae
BBEJICHHSI BIJIOBIIHUX CIIOCOOIB BHMIpPIOBAHHS IapaMeTpiB, HaBEACHUX BHUIIIE.
OCKIJIbKY HIEThCS MPO BiAMOBIIHICTh MK JIBOMa MHOKMHAMU (HAITPHUKIIAJ], MIXK
MHOKHHOIO MiCIIEBUX OIOKETIB 1 MHOKHHOIO JIXKEPEJT HAIIOBHEHHS OFOJIKETY a00
MK MHOXKMHOIO TIOJITHYHUX TAPTiH 1 MHOXKHHOIO iX MPUXHIBHUKIB TOIIO), TO
Taka iH(QOpMAaIliS MOXe MaTH HAa3BY OHEPAMOpPHA 1H(bopMaLu;[ (BIAMOBIAHICTB,
BiJoOpaXkeHHsI, PYHKILis, oriepaTop — GOpMaIbHO plBHOHpaBHl TEPMIiHH).

Merta podoTu — crnpoba popmaizanii JuHaMiKu iHPOPMAIIITHOT CUCTEMH,
sIKa CKJIAJIAE€ThCS 3 JACKIIBKOX HOCIIB iH(popMallii pi3HOro TUITy.

MATEMATHYHA MOJEJIb

Indopmariitna cucrema — peuenuis iHGopMalii (porec TPUHHATTSI — OHO-
3HauyHU BHUOIp HAa OCHOBI TorepenHboi iH(opmarii); reHepamis iH(opmarii

© I'.Il. Ilosewenxo, 2010
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(mporuiec CTBOpEeHHSI — BHUIIAJKOBUHN BHOIp y BUMAAKy HecTadi iHpopMmaii); ¢ik-
cartist iHpopmMmarii (mporec pericrparii) — Mae OyTH aBTOHOMHOIO, 00 Mae 3Ha-
YeHHs! CaMOBIJIbHE BUHUKHEHHs iH(opMallii Ta METH BCepeluHi CUCTEMH, a B He-
ABTOHOMHHX CHCTEMaxX METYy MO)ke OyTH HaB’s3aHO 330BHi.

CucteMa Ma€e CKIalaTHCs 3 JeKUTBKOX 00’ €KTiB OJHIE] MHOKUHU (200 THITIB
iHopwmartii). HeoOXigHO TakoK BpaxoBYBaTH MOYKIIUBICTh 3MIiHHU CTPYKTYpPH CHIC-
TEMH, HATIPUKIIA]l, 3HUKHEHHS OJTHOTO 3 EJIEMEHTIB [2].

Konkpernuii Bapiant iHopMamiiHOi JUHAMIYHOI CHCTEMH MOXE€ MAaTH BU-
g [3, 4]

g—x:dAx—mgrad X+ X(yzs — ysz) + bxz(x, —x)= [, (1)
T
94
Eszy—mgrady+y(x*z—xz*)+ryz(y* —-N=f 2)
x+y+z=1, 3)
ne
X Y Z X« Y. Zx @)
X=—, =, Z=—", Xx = s Ve =, Zx =——,
N Y N N N 7 N N
X+Y+Z=N; Xu+Ye+Z:=N; ®)
t t
e=ty =Ly plgs r=qtg; m=—=; d=-=; (6)
t L t ty

N — KITBKICTH BapiaHTIB orepaTopHoi iH(opmarlii abo 3arajgbHa KiJIbKICTh elie-
MEHTIB-HOCITB iH(opMalii pi3HUX THIIIB (HampuKiaj, pi3HI MOBH, inei, pedmirii,
BaJTIIOTH, JIep>KaBHI ycTpoi Tomo); X, Y, Z — KUIBKICTh €IeMEHTIB-HOCIIB BifIO-
BimHOI iHpoOpMartii (TOOTO KOKHHUH elleMeHT poOuTh BHOIp i Mae iH(opMario
neBHoro tumny); Xx, Ve, Z+ — «3MyIlleHa» CTallloHapHa KUIbKICTh €JIEeMEHTiB-
HOCI1B BiamoBimHo1 indopmarii; 0 < x, y,z <1 — KOHIICHTpAIIis €JIEMEHTIB-HOCIIB
iHpopmanii x,y,z -tamny; 0 < X, y«,zx <1 — «3MyllIeHa» cralioHapHa KOHIICH-
Tparlis eIeMEeHTIB-HOCIIB BiAMOBIAHOI iHQoOpMarii; 1 — morounuit yac; 0 </ <L

— TIOTOYHA MPOCTOPOBA KOOPJIUHATA CHUCTEMH; L~\/area of the system —

IPOCTOPOBUIN MaclITad CUCTEMH; {, — XapaKTepHUH dac CIUIKyBaHHSI MDK HOCI-

L . . e
=—— — XapaKTCepHUHU YaC Mirpamil HOCI11B lH(l)OpMaLlll; v
m

AmMH iHbopMmanii; ¢, m

2
— MIBHIKICTH Mirpauii HociiB iHdopmanii; ¢, = o xapakTepHuid yac nudys3ii

HOCI1B iH(popmarii; D — koedimieHt nudysii, oa. ruromi /on. yacy, p, ¢ — ma-
pametpu (TeMIH) KepyBaHHS, 01./ OJ. 4acy.

Hapami posrnsgarumemMo cumerpuuHuid BapianT cuctemu (1)—(3), xonu ma-
pameTpu d Ta m OJHAKOBI JJIS €JIEMEHTIB YCiX THIIIB, 0 CTBOPIOE JIJIST HUX PiB-
Hi MoxunBocTi. [lepini qBa 4jeHN B MpaBiif 4aCTHHI CUCTEMH PiBHSHB OIUCYIOTh
MOXJIHUBICTh qUQy3ii abo Mirpauii eleMeHTiB y MpPOCTOpi; TpeTi — MeXaHi3M
CITUIKYBaHHS (HANPUKIIA, MiKBHIOBOI OOPOTHOM i aHTaroHi3My), a 4eTBepTI —
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KepyBaHHA BHOOpOM. [ KO)KHOTO KOHKPETHOTO MPOIeCy MOXKJIHMBI BiAMOBiTHI
KOHKPETHI BapiaHTH CUCTEMH PiBHSHB.

3arampHuii iHTETpan cucremu (3) abo (5) THIy «3aKOHY 30epeXeHHSI» 9d
«KOHCTaHTH 3arajibHoi oprasizarii» (opManizye o0nacTs BU3HAYEHHS CHCTEMH 1
€ OJIHIEIO 13 CHCTEMHUX XapaKTEPHCTHK, SKa BIAMOBIIa€ 32 BHYTPIIIHIO «KOHKY-
PEHIIIo» MiXK X, y Ta z.

[TapameTpam p, g MOXHa HaJaTH Pi3HY 3MICTOBHY IHTEPIpETAIlito SK Ta-
pamerpam kepysauus. Hanpuxnaz, skwo n,(¢), n, (1) — ¢popmanizoBaHa Kiib-
KICTh aIMiHICTpaTUBHUX a00 PEKIIAMHMX 3aXOJiB B Yaci, TO MapaMeTpH

d d
ng(lnnx); ng(lnny) @)

MOJKHA BB)KaTH YCEPEAHCHUMH TeMIIAaMH KepyBaHHs. 3a HAsSBHOCTI HAJITO MOTYX-
HOTO KepYBaHHS CUCTEMA «3MYIIIEHa» BUOUPATH CTAH X = Xx; Y = Vi; Z =Zx.

3a yMOBH MOBLIbHOT Mirparii Ta nudys3ii

Ly, >>tg; tg >>t ®)
cucrema (1)—(3) mae BurIISI
ﬂ:x(yz* —vez) + bxz(xx —x)= [ ©)
dr
dy
—— =y =) +ryz(ys = y) =1 (10)
dr
x+y+z=1. (11)
Cucremy (9)—(11) Mo>kHA 3amUcaTH Y BUTJISAI JBOX PIBHSHD
Z:—xzxyz*—xy*(l—x—y)+bx(x*—x)(l—x—y)zfx; (12)
T
dy
E=x*y(1—x—y)—xy2*+ry(y*—y)(1—x—y)=fy- (13)

Taka ¢opma Hagae MOKIMBOCTI aHANi3yBaTH MOBEAIHKY CHCTEMH B 4aci 3a
JIOTIOMOT 010 (ha30BOTO IIPOCTOPY .

IUIIOPAJII3M BUBOPY

[adopmariitna cucremMa Mae OyTH MyrbmucmadiibHo, TOOTO MaTH HE MEHIIE
JIBOX CTAI[lOHAPHMUX CTaHIB, Cepell AKUX 1 3aiicHIOeThCst BUOip [2]. Cucrema (12),
(13) moxe maru 10 BocbMH crauioHapuux crais (fy =0, f), =0), ockinbku

3rifHo 13 (3) BOHA HE Ma€ TPHUBIAJIBHOTO CTaHy

X — cTaH x,=1; y,=0; z, =0; (14)
Yy — CTaH xs :0; ys :1; Zg :0; (15)
z —craH x,=0; y=0; z, =13 (16)
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X,z — CTaH X :x*—i, Ve=0; z, =1-x;
X
Y,z — CTaH x, =0; yszy*+7; zo=1-yg;
«3MYIIEHUI» CTaH Xy =Xx; Vg =Vws Zg =Zx,
-y,
X,V,Z — CTaH Xy =X = JZ/S ;
I+
r(ye —yg)+ X«
—B++B?—44C
Ys =N = Y gz =l=x =y
X,y,Z — CTaH X, =X, = 1=y, :
1+Z—*
F(ys —pg)+ X«
—~B-+B* —44C .
Ys=V2 = > Zszl_x2_y2’

132

Vx|

24

A=br+r?; B=b(rxe« —x« =2r)+r(y« —1ys« —2);

C=1—yu«—brx« +br+bxs + ry«.

Touky 6idypkauii x; =x,, ¥; =), MaEMO 3a yMOB X, =y, Ta

Cumempuunuii CTal x; = y; MOXJIUBUH 32 yMOB X, =V, Ta

b;tL; r;t—i.
Zx Zx

(17

(18)
(19)

(20)

e2y)

(22)

(23)

24

[MaputerHuii ctan x; = y; =z; =1/3 BiagmoBigae ymoBam x, =y, Ta

b=3; r=-3.
3BiJICH BUIUIMBAE, IO 32 YMOBHU MAPUTETY TEMITH KEPYBAHHSI
3 3
pP=—, 4q=—""

(25)

(26)

OueBupHO, cramionapHi cranu (14)—(18) po3ramoBaHo Ha MeXaX CUCTEMHU,
a (19)—(21) — na Bci#t obnacti Bu3HaueHHs cucremu (3). KoHkpeTHi npukiamu
HaBezieHO Ha puc. 1-3. Ha puc. 1 cuctema «Bubupae» criiikuit «By3om» x, =1;

vy =03aymoBu b=-13; r=13; x, =0,4; »,=035; x;, =0,237; y, =0,692;
X, =0,39; y,=0,399; x(0)=x,; y(0)=0,42. CTpinkoro BKa3aHO HaNPsIMOK
pyxy.
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Cucrema 31IIHCHIOE TECTPYKTUBHHUI BHOIp TPaHUYHOTO CTaHY «MOHOIIOJNb-
HOTO» THITy, IO O3Ha4Yae pyHHarito ii cTpykTypu. CrodaTtky cHUCTeEMa Iepexo-
IUTh Yy pexuM x + y =1, T00-

100
. TO 3 CHUCTEMH BHIIYYAa€THCA Z-
094 €JIEMEHT, a ITOTIM BIITy9Ia€ThCS
0.8 Ny y-eneMeHT. Taka TOBemiHKa
07 .\ HE HaJITO CXO0Xa Ha MOBEAIHKY
y Xy, iHdopmaniitHoi cucremu. Ha
06 1 puc.2 cucremMa «BUOHpae»
05 1 X y0‘~ . CTIMKHH  «BY30I» X3 V5
04 | X, ¥, 32 YMOBH b=1; r=20;
03 ) S x.=04; »,=03; x=
: X. s \ =0,509; »,=0283; x,=

0,2

\ =0,767; y,=016; x(0)=
0.1 | | =0,5745067;  y(0)=0,1.
0'0: ‘ & ——® | CTpUIKOI BKa3aHO HAIMPSIMOK
00 01 02 03 04 05 06 07 08 09 10| pyxy Cucrema 3mificHIIA
* KOHCTpPYKTHBHUHK BHOip. Crio-

Puc. 1. Bicim cTariioHapHAX TOYOK CHCTEMHU YaTKy BOHAa HaMaraeTscs 00-

patu BapiaHT X;; ), aje BiH
BUSIBUBCA HECTIHKHM, TOMY CHCTEMa MEBHUI Yac «Barae€TbCs», 3aIHIIAIOYHACH B
OMY CTaHi, a OTiM BUOUpAE BapiaHT Xx,; J, . Lle Bimomuii i3 mpakTuku «ricre-
pe3uc MucneHHs» — (EeHOMEH 3aTPUMKH a00 3aIi3HeHHs 3 BUOOPOM pillIeHHS.
Puc. 3 BiapizHAETHCS B pHUC. 2 TPAKTUYHO HECYTTEBOIO 3MIHOIO BEIIMYHHH
noyaTtkoBoi yMmoBu x(0), ska Moxe cTaThcsi uepe3 30ypeHHS CHCTEMH.

y
1,0 ®; 08
09 "\ {
. 0.7 I X
08 . 0,6
8 1% -/

0,7 s 0,5

.
0,6 N 0,4 1
0.5 = 03 |
04 4

XY X, y.oe 0.2 Y

[ ] .
039 ] . 0.1 \
0,2 \ \\.‘.\ 0.0 ‘ ‘ ‘ ‘
01 | X2¥2 s| 0 80 160 240 320 400 480 560 640 720 800
Xo .Y
000—e - : o —yV—x—z 7
00 01 02 03 04 05 06 07 08 09 1,0
X

a o
Puc. 2. Bicim cTanioHapHUX TOYOK CHCTeMH: @ — (ha30BUil MOPTPET, 6 — TepexiaHun
Ipo1ec

TyT cucrema «BUOUpae» CTIHKUA «BY30d» X,, V., 3a ymMoBu b=1; r=20;
x.=0,4; »,=03; x=0509; y, =0,283; x,=0,767; y,=0,16;
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x(0)=0,5745065333; »(0)=0,1. Crpinkoio BKa3aHO HampsSMOK pyxy. Bumamako-

Be 30ypeHHS TOYaTKOBHX YMOB 3MYIIY€E CHCTEMY 3IIHCHIOBATH 30BCIM I1HIIIHMA
BUOip. Tak camMo 3MIHUTH €BOJIOLIIO MPOLIECY MOXKYTh 1 HECYTTEBI 30ypeHHs ma-
pametpiB cuctemu. CtaH x|, )| € TOUKOw Oidypxalii, e po3ranryXy€eThCs Ipo-

mec BuOopy. Maemo OictaGinpHICTE BHOOpYy. HoBa iH(bOpMariss CTBOPIOETECS B
pe3yabTaTi BUIIAKOBOrO BUOOPY TPH HECTIMKOCTI BUXIHOTO CTaHY CUCTEMH 1 3a
HasIBHOCTI JEKUIBKOX OUBII CTIMKMX CTaHiB, cepell SIKUX caMe 1 BiiOyBa€eThCs BU-
0ip. CrBopenHs (reHeparisi) iHpopmamii Mae xapakrep ¢dazoBoro nepexoxay. Lle
BIIOPSIKOBAHICTh CTPHUOKOM (ITOPSIIOK depe3 QUIyKTyallii»), 1o BiAMOBITaE Cy-
YacHIW AMHAMIYHINM CBITOTJIS/IHINA KOHIICTIIIi CTaHIB Ta PalTOBHUX 3MiH [5].

10 @
0,9 5
08 :
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03® ° cg.\ s
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W e
0‘1 X2:¥o ‘.
Xo Yo
000—e —— ®
00 01 02 03 04 05 0,6 07 08 0,9 1,0

X

Puc. 3. BiciM cTariioHapHUX TOYOK CUCTEMH

CTABUIBHICTB BUBOPY

Bubpanuii cucreMoro cTan Mae OyTH cmitikum, TOOTO 30epiraTucst TOCUTH JOBTO,

IO € 03HAKOIO JMCHITATUBHOCTI CUCTEMH. 3ayBa)KUMO, IO Y Pa3i €AMHOTO CTili-

KOT0 CTaHy CHCTeMa HE € MYJbTHCTaOlIbHOIO 1, BIAMOBiAHO, HE € iH(opMamiii-

HOI, 00 B TakoMy BHIAnKy iHpopmarllii He BuHUKAE [2]. J{is OLiHKH CTIHKOCTI

CTalllOHAPHOT'O CTaHy HEOOXiJTHO BU3HAYUTH HOTO XapaKTEPUCTHYHI KOPEHI.
Enementu xapakrepuctuunoi Matpuii cucremu (12), (13)

0

gx =dap = Vs2x _y*(l_xs _ys)+xsy* +

X
+b(x*_2xs)(1_xs _ys)_bxs(x*_xs); (27)
O =y =X,z + X, pe —bx, (xs —x,); (28)
y

o

G_y:azl =—xeys = oz =1y (e = vy (29)
X
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o
a_y:a22 :x*(l_xs _ys)_x*ys —XgZx t+
y
+ (=29 (1= x, =y )=y (e = 3y). (30)
Juseprenmis cuctemu (12), (13)
0
S=%+£=ys—y*+x*—xs+3xsy*—3x*ys+
ox Oy
+b[(x*—2xs)(l—xs—ys)—xs(x*—xs)]+
+r[(y*_2ys)(l_xs_ys)_ys( *_ys)]' (31)

Herepminant cuctemu (12), (13)

N

- : (32)
Ox oy Oy Ox
XapakTepuCTHYHI KOPEHi CUCTEMHU
+85% -
AP —SI+A=0; gl,zzu‘ (33)

2

YMOBOIO CTIHKOCTI CTAaIliOHAPHOTO CTaHy € BiJ €MHI 3HaYCHHS MIACHUX Jac-
TUH XapaKTePUCTHUHUX KOPCHIB. 32 HYJIbOBOI JIUBEPTEHITIT

a 1e o3Hauae, Mo B pasi JOJAaTHOTO JAeTepMiHAHTA CHCTEMa JJEMOHCTPYE Mepioun-
YHY B Yaci MOBEIIHKY — BigOyBa€eThCS KOTEPEHTHA IMBLTI30BaHA KOHKYPEHITIS
HOCIiB pi3HHX ifeil (puc. 4). TyT mokazaHO KOJWUBAaHHS THUITY IIEHTP» 32 YMOBHU
b=12; r=16; x,=-04; ».,=03; x,=0184; », =0,098; x(0)=0,4;
y(0) =0,42 . IIporec Haramye BiJOMHIA IPOIIEC CIIBICHYBAHHS BHIIB 32 MOJIEIIIIO
Jlotku-Bonbrepu. Y 11bOMy KOHKPETHOMY BHIIAJKy CTalllOHAPHOTO CTaHY
X, =X,, Ys =), B3IEXKHOCTI BiJl 3HaU€Hb b Ta r IUBEPreHIIA

y
0,5 .
: 0,6
X0 Yo ‘\\ 05 I\‘ N\
0,4 P 4 0
Y/ VA AVAYAW
0,3 1 PY 03 \ /\ \ /\\
: : \
Xy 0.2 \ J( L \
L N \J \/ \
02 — 01
X1Ys 0,0
0.1 14 0 10 20 30 40 50 60 70 80 90 100
0,0I —e ‘ —y—x =] 7
00 01 02 03 04 05 06
a * o

Puc. 4. KonmuBaHHS TUITY «UEHTP»: @ — (Pa30BUH MOPTPET, 6 — TEPIOTUIHUI TIPOIIEC
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SZ—Z*(bX* +7’:y*) (35)
MOXe MaTH Pi3Hi 3Haku. HynboBa AMBepreHiis BiANOBigae yMOBi
b=0; r=0; (36)
YMOBI TIPOTIOPIIHHOCTI b, 7 3a pi3HUX 3HaKIB (puc. 4)
bx«
T, (37)
rys
a00 yMOBI pyiHYBaHHS LUJTICHOCTI CHCTEMH
zx =0, (38)

BHACIIIOK YOT'O CTIHKMM CTaHOM CHCTEMH CTae€ ii rpanunsd x+ y=1; (x, +y, =
=1; x;+y,=1; x5 + y, =1), i mpouec cupsIMOBY€ETbCS Ha BUIYUEHHS i3 CUCTE-
MU OJTHOTO 3 CTPYKTYpPHHUX €JIEMEHTIB.

Ha puc. 5 300paxeHo, 110 KOHKypeHIIis HOCIiB ABOX X, y-iieil BUBOIUTDH CHC-

TEMy Ha TPaHMIIO0 00J1acTi ICHYBaHHS 1 Ma€ XapakTep IPaHUYHOTO MHUKIY 3 THM-
YaCOBHUM IIEPIOJUYHUM «BUKOPUCTAHHIMY» HOCIIB z-inei, 3a ymoBu b =150,32967;

r=-136,89746; x;, =0,53; y, =0,463; x,=0,4; »,=03; x(0)=x, x(0)=x,;
y(0) = y, . IlpuBeprae yBary HaJ3BHYaiiHE 3JIOBKHBaHHsS KEPYBaHHSM IIPOLECY
(3HaveHHs TapaMeTpiB KepyBaHHS b, r ). 3ayBakuMo, 110 30Y/UKEHHS TPaHHUYHO-
ro UKy HaOJIKAE CHCTEMY 33 XapaKTepoM 00pOThOU 10 O10JIOTIYHHUX CHCTEM.

y
0,7 0,7
0,6 = 0,6
i Vi 0,5
0,5 A 04
0.4 | T N | 03
o Yo
036 . o . 02 l
Y 0,1
0’2 ! T T h T
0.1 O 6 12 18 24 30 36 4 48 5 60
‘ ‘ T ‘ y — —z
0 041 02 03 04 05 06 07
a X o0

Puc. 5. Camo30yxeHHS TPAaHUIHOTO IUKITY: d — (a30BHIA MMOPTPET, O — MEPIOANIHAN
npotec

Ha puc. 6 noka3zaHo, 1o rpaHUYHUN ITUKIT MOXKe OyTH 30y/DKEHUM Yy OyIb-
SKi Toumi (a3oBOro MpocTopy, Hampukian, 3a ymoBu b=0,6; r=21;
x; =0,5919; y, =1,555; x,=0,4; »,=03; x(0)=x,; y(0)=y,. Moxna no-
Ka3aTH TaKOX, IO CHCTeMa JEMOHCTPYE i iHIIY pi3HOMaHITHY MOBEIIHKY Ha
KIITAJT «CiJ1ay, CTIHKOTO a00 HECTIHKOTO «BY3Iay 1 «POKyCy».

XAO0II

Posrnsiremo cranionapuuii ctan cuctemu (1)—(3), sskuii Mae OyTH pO3NOAIICHUM
y pocTopi. s ofHOBUMIpHOTO BUMAAKy MAaEMO CUCTEMY PiBHSHB
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0%x Ox

da—z—ma-i-x Z _y*(l_x—y)]-i-bx(l—x—y)(x* —X):O; (39)

S

0 G

0L nZ sl li-x- )=z Jenl-x- o - y)=0. @)
A

IadopmamiitauM cucTeMaM TNpUTaMaHHA HasSBHICTD Aepemiianoco IIapy.
BiH cTBOprO€THCS, KOJIM B CUCTEMI BUHUKAE XaOTUIHUH PEXUM, SKUH 3MIHIOETHCS
BIIMIHHUM BiJl BUXIJHOTO BIOPSIIKOBaHUM peXUMOM. HasBHICTH mepemimaHoro
(TIpPOMIXKHOTO MiK XaOTHYIHHUM 1 BIIOPSAIKOBAHUM PEKUMAMH) IIapy € HEOOXiTHOIO
YMOBOIO TeHepallii iHpopmarrii i po3BUTKy B3araii. Takuii map MarTh yci mporie-
CH, JIe CTBOPIOEThCS iH(OpMaIlisi: OI0JI0TIYHA €BOJIIOLISI, SBOJOLIISI CYCIIbCTBA,
PO3BHUTOK JKHBOTO OopraHi3Mmy Toro. Lle obmacts ¢a3zoBoro mpocropy, ne BCi Tpa-
€KTOPIi, 0 BUXOJIATH 13 001aCTi MOYaTKOBUX YMOB, MOTPAILISAIOTH JI0 TIepeMillia-
HOT'O I1apy.

y
03® A .
Xy Yy 0,7
0,6 -
. 05
0,2 4 0,4
0’3 22 alsaaaaaaa
X5.Y5 X0 Yo 0’27 -_l'.
N Al
0,1
0,1 o T
0 450 900 1350 1800 2250 2700
) —z| T
0,0 ; ‘
04 05 , x 08 0,7 6
Puc. 6. Camo30ymKeHHs] TPaHUYHOTO IUKITY: @ — (ha30BUI MOPTPET, 6 — TepexiTHuH
mpouec

YcepenuHi mepeMilIaHOro Mapy ITOBEAIHKA CHCTEMH XaOTHYHA, CHCTEMa
HecTiliKa, MOKJIMBICTh TPOTHO3YBaHHsI 0OMEKeHa, alie BCi TPAEKTOPIii BUXOAATH 13
HBOTO 1 MOTPAIUIAIOTh Yy AWHAMIYHUHA MyJbTHCTalioHapHHUH cTaH. Came UM Te-
peMiIaHuii map Bipi3HAETHCS Bl XUMEpHOTO aTpakTopa [2]. Momy MoxHa matu
Ha3BYy xaon, 00 BIiH Ma€ O3HAKH 1 Xaocy, 1 mopsaky. Ha puc. 7 HaBeeHO MpUKIIa
TaKOTO CTallioOHAPHOTO MPOCTOPOBOTO PO3MOALTY, A€ TPAEKTOPii MalOTh XaOTHY-
HUW Xapakrtep, 3a ymoBu b=-1376; r=-1; d=0,001; m=0,01; x,=043;

dx d
v, =03; x(0)=0,28; »(0)=03 | — =0; L4 =0. Ha puc. 8 moxa-
ds ) 5= S /s5=0
3aHO BHUMANOK mMapuTeTHUX TpaHMuHuUX yMOB x(0)=y(0)=z(0)=x(1)=yp(1)=
=z(1)=1/3, xonu Ha BCbOMY IPOCTOPi iCHY€ MEBHA BIOPSAAKOBAHICTb, 32 YMOBU
b=-1818; r=-0,9; 4=0,001; m=0,01; x,=031; y,=031; x(0)=1/3;

y(0)=1/3;x(1)=1/3;y(1)=1/3;(ﬁj =0;(d—yj =0.
ds s=0 ds s=0
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Y 0,8

X

Y —

0,7 4

0,4 VN 0:6 —~ /\
Xy, \ 0,5 / \ / \
0,3 4 N [
\ Xy Yk 0.4 1
02 \\\Q 03 1
\\%
N

0,1 \.,,‘_\3 0.2 > \_/
0,1 4

0 T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10

0 o1 02 03 04 05 06 07

a 6 S

Puc. 7. Camo30yKeHHS TPAHUIHOTO IUKITY: @ — (ha30BHIA ITOPTPET, 6 — MPOCTOPOBHIA
nepexif

y
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Puc. 8. CranionapHuii mpocTOpOBUil PO3NOALT 33 MapUTETHUX I'PDAHUYHUX YMOB: d —
(hazoBuii mopTper, 6 — MPOCTOPOBHIA NEPEXil

KOHKYPEHIIIS THOOPMAIIIA

Posrnsnemo mpukiian BukopuctaHHs cucteMu (1)—(3) nns oZHOBUMIPHOTO
BHIIAKY

R S SN R (R IS (S P YE)

2
B = as—z—m(;—s+y[x*(l—x—y)—xz*]+ry(1—x—y)(y* —y). (40)

Ha puc. 9 mokazaHo pe3yibTaTd pO3paxyHKIB IEPeXolry BiJ OTHOPITHOTO
MPOCTOPOBOTO PO3MOJITY HOCIIB X, y-imedl 10 cTalioHapHOrO HEOJHOPITHOTO
posmoniy 3 ypaxyBaHHAM audy3sii, mirpaimii Ta KepyBaHHS, 32 YMOBH
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x(,0) = y(z,0) = x(z.]) = ¥(z,1) = 1/3;x(0,5)=1/3;  y(0,5)=1/3, b=-0,4;
r=02; d=0,001; m=0,01; x,=033; y,=0,33. Buano, mo nepexiz Bia0y-
BaBCS B KOJIMBAIBHOMY pekuMmi. Ha pHCyHKY HaBeIECHO KOJMBAaHHS 3MIHHHX B
1eHTpi posnoainy s =0,5, ne nanye y-iges.

0,340 X —y i X y
0,336 I

N !
0,328 ~ ] ~

) g /
L AYY)
0,324 R
0,320 T T T T T T
0 01020304 0506 0708 091020 50 100 150 200 250 300
a 6 7(s=0,5)

Puc. 9. [lunamika epexomy 0 CTalliOHAPHOTO MPOCTOPOBOTO PO3MOILTY 32 MAPUTETHUX
rpaHuYHuX YMOB: ¢ — cranionapuuii posnonin x(300,s); ¥(300,s), 6 — konuBaHHs
Beepenuni cucremu x(7; 0,5); y(7;0,5)

Ty aHaizy mepexiJHOTO MpPOIECY CKOPHCTAEMOCS 3ropTKOM iH(opmartii
IUIAXOM KJIacTepHu3allii. YHiKaJlbHI €JIeMEHTH, SKi He MOXKHA BiTHECTH JI0 YKOJTHO-
ro KJacTepy, MOXyTh OyTH 03HaKO¥0 HOBU3HU. [Ipu 1iboMy Tpeba MaTH Ha yBasi,
0 YHIBEPCAIBHOTO KPUTEPIis AKOCTI KIacTepr3arlii He iCHYE.

3] | R |
© ©
N I~ ||
2| | Lz |
><—\ T T T T T T T T T 1 ><—! T T T T T T T T T 1
0o 01020304 0506 07 08 09 1 0o 01020304 0506 07 08 09 1
X my S X my S
=0 =100
3l | IR ]
3 >
~ Il LI |
< - [
><—V T T T T T T T T T 1 ><—r T T T T T T T T T 1
0o 01020304 0506 07 08 09 1 0o 01020304 0506 07 08 09 1
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7 =200 =300

Puc. 10. Konkypenuis ifei 3a o3Hakoro x, y > 0,33 3rigHo i3 puc. 9

Ha puc. 10 3rigHo 3 puc. 9 HaBeneHO YacoBi 3MiHU MTPOCTOPOBOI CTPYKTYPH-
3amii 3a 03HaKOI0 MOJONaHHs Oap’epa « x,y >0,33». Ha mouarky mpornecy 7 =0

ICHY€ ifieifHa €THICTh, TOOTO CITiBiCHYBaHHS NMPUXWIBHUKIB X, y -iIed HA BCHOMY

npoctopi 0<s<1.VY momenT 7 =100 3’SBIAIOTHCS 1O ABI MiA00JACTI MPUXUIIb-
HUKIB nux ifei. B MmoMeHT 7 =200 CTBOPIOIOTHCS TpH IMi1007aCTi MPUXUIHHHUKIB
y-imei. Y moment 7 =300 3rigHO 3 puc. 9 cucTeMa BUXOJUTh Ha CTaI[iOHAPHUHN

HEOJHOPITHUI PO3MOJiN, 1€ B IEHTPaJIbHIN YacCTHHI NOMIHYIOTh NIPUXUIBHH-
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KU y-ifiei, a B OKOJI TPaHUIb CUCTEMH CIIOCTEPIraeThCs CHiBICHYBaHHS MPUXUIIb-
HUKIB 000X ifiei. Y pe3ynbTaTi KOHKYPEHIIIT ijed MK IEHTPOM 1 TPaHHUISIMH ca-
MOBIJIBHO CKJIABCS «X—TOSCY. 3ayBaKUMO, 110 IPUYUHOIO IEpETHHY migodnacTeit
€ OIHAaKOBI Ha BChOMY HpocTopi mapamerpu audysii Ta mirpamii d, m. Y pasi
ICHYBaHHS Ha MeXax Mmigo0racTell 3aHmKeHNX mapamerpiB audysii Ta mirparii
CHIOCTepiraeThes OLTBII YiTKa KiacTepusanis iHGopMaiiftHOro mpocTopy.

Ha puc. 11 moka3aHo cHTyaIlito «xaom» — IMepeXiJ CHCTEMH B MIPOCTOPi i B
9aci 3 MOYaTKOBOTO OJHOPIAHOTO PEKUMY 3 TAPUTETHUMU T'PAaHUYHUMH YMOBaMHU
JI0 XaOTUYHOT'O PEKUMY 3 HACTYITHUM IOBEPHEHHSM JIO BIIOPSIKOBAHOTO PEXKH-
My, 3a ymoBu x(7,0) = y(7,0) = x(z,1) = y(r,1) =1/3; x(0,5) =1/3; »(0,s)=1/3.
b=12; r=16; d =0, m=0,0016; x,=0,333; y,=1/3. Takum 4uHOM, CHC-
TeMa JEMOHCTPYE afalTalilo 0 «MirpamiiHoro» 30ypeHHs 3a BiicyTHOCTI audy-
3ii. HaBemeHo KiacTepHM MPOCTOPOBUI PO3MOIII €IEMEHTIB CHCTEMH 3a O3Ha-
KOl X,y >1/3 3 MeTol 3’dCyBaTH, XTO BUTPAaB KOHKYPEHIIIO 3a OJHAKOBHX

CTapTOBUX YMOB, ajie B pexuMi xaocy. O4eBHUIHO, O TAKOTO THITYy 3TOpPTKa iH-
(hopwmariii Jormomarae B aHaI3i CUTYaITi.

0,5 ! X y

0,4
0,3 v
0,2

0,1 v,

0,0 ‘ ‘ ‘ ‘ ‘ ‘
o o1 02 03 04 05 06 07 08 09 1

0,6
0,5
0,4
0,3
0,2

0,0 i i T
0 200 400 600 800 1000
7(s=0,5),

y >1/3

X
X

BT | ——-

0o 01 02 03 04 05 06 07 08 09 1
X my s

Puc. 11. lunamika nepexony A0 CTal[iOHAPHOTO MPOCTOPOBOTO PO3MOALTY 3a IapUTET-
HUX TIOYAaTKOBHX 1 TPAHMYHHUX YMOB. @ — XaOIl Y MPOCTOPi, 6 — XaoIl y 4aci, 8 — Po3-
TOJIUJT TEPEMOXKLIIB KOHKYPEHIIT
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BUCHOBKHU

1. YHiBepcanpHICTh Cy4YacHHX IH(POPMAIIHHUX TEXHOJIOTIH 1 METOIIB
OPUMHATTA pillleHb CIIOHYyKae 10 (HOpMyBaHHs BiINOBIJHHX CTEPEOTHUIIIB MHC-
JICHHS Ta HMOBEIIHKH. Y TaKUX yMOBax Ba)KJIMBO MaTH BIAcHY iH(opMariifHy Mo-
Jlenh, STKa BPaxoBye MPOIIECH B3aeMoIii HOCIiB iH(opMartii, iXx KOHKYpEHITii, CITiJI-
KyBaHHS, Mirpamii i cama € KOHKYPEHTHO3JaTHOIO y 00poThOi 3a iH(popMariiHi
pecypcH.

2. CuMeTpuyHHiA BapiaHT MoAeli (3 OJHAKOBHMH IapaMeTpaMH) OIHCYE
mporiec BUOOpPY, SKIIO ampiopHi MepeBard BiICyTHI. 3a pi3HUX THapaMeTpiB Mo-
JISJIb OTKCYE MPOIIEC BiIOOPY, KOJIU AESKi 3 €IEMEHTIB MalOTh IiepeBar [2].

3. Mogens MOXHa BUKOPHCTATH Ui AOCHIIKEHHS MAaKpPOCKOHOMIYHHX,
COIiaIbHUX, KYJbTYPHHX, MOJMITHYHUX Ta 1HIIUX MPOIIECIB, @ TAKOX I Yac
HaBYAHHS.

4. HampsMOK TOJaNbIIOT0 PO3BHTKY MOZETI YSABISIETHCS SIK (HOpMyBaHHS
CYKYIIHOCTI peaJIbHIX MPOCTOPOBHUX MapaMeTpiB i3 Pi3HUX CyCHiIbHUX MpoOIeMm,
1[0 JAJIEKO HE 3aBXK/H € MPOCTOIO 3a1a4ero0.
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O KOHEYHOMEPHBIX THITEPKOMIIVIEKCHbBIX YN CJIOBbIX
CUCTEMAX — KAPIUHAJIBHOM PA3BUTHUU TEOPUU
HPEJACTABJIEHUA U OBPABOTKH JAHHBIX B UHOPOPMATHUKE

[IpencraBneHue NaHHBIX — BaKHEHIIMH 3JIEMEHT CO3MaHMS MH()OPMAIMOHHBIX CHCTEM
M000r0 THMA, TaK KaK 3TO ONpPENeNsieT CKOPOCTHbIe, TOYHOCTHBIE, Ha/IeXKHOCTHBIEC U
JIpyrue XapaKTepUCTHKH, a TakKKe NapaMerpbl (YHKIHOHUPOBAaHUS CHUCTEMBI. ODTO
MPEeAONPEAEIIUIIO TO, YTO CErOJHS MOKHO NMEPEYUCINTh MHOTHX YUYEHBIX, KOTOpbIE Ha
Pa3HBIX 3Tamax TBOPYECKOW pabOThl 3aHMMAJKNCh M 3aHUMAIOTCS IPEACTaBICHHEM
JaHHBIX M 00paborkoil mHpopmammu. K HuUM oTHOcsaTcs akagemuk HAH VYxpaunsr
A.A. JletnueBckuii, akagemuk HAH VYkpaunel A.B.Ilanarux, u4ieH-KOppeCHOHAECHT
HAH VYxpauns b.H. ManuroBckuit, wien-koppecriorgedET HAH Yxkpaunasr K.I'. Camo-
¢anoB u MHOTHE Apyrue. IIpu 3TOM OYeHb IEHHBIMH IS HAC SBIAIOTCS BBHICKA3BIBA-
HUs akagemuka B.M. ['mymkoBa o pabotax mpeanpusarus, KOTOPHIM PYKOBOIWI aKaje-
muk C.I1. Kopones, Mo mpuMEHEHHI0O B MEXaHHMKE BaKHEWINEH W3 THUIIEPKOMIUIEKCHBIX
YHCIIOBBIX CUCTEM — KBAaTepHUOHOB. [0 Bceld BUAMMOCTH, TaKOM K€ TOYKH 3PEHHUs MPHU-
nepxuancs akaneMuk HAH Ykpaunst B.C. Muxanesud, UMeBIINI 04eHb BHICOKOE MHE-
HHE O TUIEPKOMIUIEKCHBIX YicinoBbIX cucteMax (I'UC) 1 nx npuMeHEeHUsIX.

Ha HeoO0XoIuMoCTh BEpHYTBCS K BOINPOCY NPENCTaBIeHHs U 00pabOTKU AaHHBIX
MOBIUSUIO MOsBNICHUE KHUTH «KOHEYHOMEpHBIE TMIEPKOMIUIEKCHBIE YHCIOBBIE CUCTEMBI.
OcHoBel Teopuu. Ilpumenenus» aBtopoB M.B. CunbkoBa, HO.E. bospuHoBo#,
S1.A. KanuHOBCKOro. AKTyallbHOCTb U CBOEBPEMEHHOCTh BBIXOJA B CBET ITOM KHUTU
Ype3BBIYANHO BEJIMKA B CBSI3U C OYPHBIM POCTOM 4YHCia padoT 110 MH(GOPMAIIMOHHBIM CHC-
TeMaM U BC€ 3TO HEPa3phIBHO CBS3aHO C IMO3ULHUEH, KOTOPYI 3aHUMAaIU AaKaJEMHK
B.M. I'mymkoB u akagemuk HAH Ykpanasr B.C. MuxaneBud o ganHoi npobieme.

IIpuaATHO OTMETUTH, YTO BCE TPU aBTOPA KHUTH SBISIOTCS BBITYCKHUKAaMHU Pa3HBIX
et HaunoHallbHOTO TEXHUYECKOIO yHHMBEpcUTeTa YKpauHbl «KUEBCKUH NOJUTEXHUYE-
CKHI WHCTUTYT» M W3BECTHBI HAYYHOH OOIIECTBEHHOCTH KaK CIICIMAINCTHI B oOmacTtu
HETPaJULHOHHBIX METOOB NPEJCTaBICHU N 00pabOTKH NaHHBIX B nH(popmaruke. [Ipu
3TOM HE TaK MHOTO Pa0OT MOJy4yaroT BHICIIME HAarpajbl 3a Hay4HBIE JOCTHUXKCHHUS.
Tak pykoBoguTens paboT Mo mpodieMe THIEepPKOMIUIEKCHBIX CHCTEM CUHCICHHUS mpodec-
cop M.B. CunskoB 6511 ynoctoed B 1991 rogy I'ocynapctsennoit mpemrn CCCP, a 3a
JlecsTh JieT 10 3Toro — npemuu [Ipesuanyma HanuonaneHOM akanemMuu Hayk YKpau-
Hel uMeHu C.A. JleGenena.

Pabotas B 00s1acTH TEOPUM YHCENl U TEOPUU CPABHEHUH, aBTOPBI U3YYWIIM Ba)KHEH-
myto GyHaameHTaNBHYI0 TeopeMy ['aycca 06 n3oMop¢u3Max B Kilacce BELIECTBEHHBIX U
KOMIIIEKCHBIX BbIUETOB. C 3TOr0 MOMEHTa, MO CyTH, M HAdaJoCh BXOXIEHHE B THUIIEp-
KOMIUIEKCHYIO TeMaTHKy. Ha mepBbIX sTanmax Obuia mpoBeleHa padoTa 10 MOCTPOSHHIO
aHajoroB (yHIaMEHTaIbHONU TeopeMsl ['aycca miist OOIBIIOro KOJIMYECTBA MHOTOMEPHBIX
VUM TUTIEPKOMITIEKCHBIX YHCIIOBBIX CHCTeM. Bee 3T paboTs! ObIIM NpeACTaBICHBI B KHU-
re M.B. CunbkoBa 1 H.M. I'ybapenn noj HazBaHueMm «Heno3unmoHHOe mpecTaBieHue
MHOTOMEPHBIX YHWCIIOBBIX CHUCTEM». JlaHHAs KHUra MOXET CUHTAThCS NPEIBECTHUKOM
MINPOKHUX UCCIEIOBAHNH B 0071aCTH THIEPKOMIUIEKCHBIX YHCIOBBIX CHCTEM.
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PesynbraThl Mcciae0BaHNH, IPUBECHHBIE B HOBOI KHHIE, IIPEICTABIEHBI MO KJlac-
CHUYECKOMY NPHHIUITY U COAEPXAT 3HAYMTENIFHBI TEOPETHUECKNI MaTepHa, MPOUIIIIO-
CTPHPOBAHHBIA MHOTOYHCICHHBIMH NIPUMEPAMH, a TAKXKE TPeMsI OOJIBIINMH MPHUKJIIaJHbI-
MH [IPUMEHEHUSIMH.

Urob6sl sicHee mpencTaBuTh posib [UC, BCIIOMHUM, YTO TOSIBICHHE KOMITIEKCHBIX
YHCeJ PEInIo, B OMPENEICHHON Mepe, JIBe KpYIHbIe 3afa4n. Ilepsas U3 HUX COCTOUT B
nepeopMyIHPOBKE N3BECTHBIX M PEIIAEMBIX 3aJad Ha A3bIK KOMIUIEKCHBIX YHCEN U TEM
caMbIM TIOJIyYEHHWHM KadeCTBEHHO HOBBIX pE3y/lbTaToB. BTopas 3agaua COCTOMT B IIO-
CTPOEHHMHU TaKHX Ipo0iieM, KOTOpbIE paHee IUIOXO PEeIlAUCh B BEIIECTBEHHBIX YHCINAX.
OnHako Bce 3TO MOTPeOOBANIO POBEAEHHS TITyOOKHX TEOPETHYECKUX MCCIIEAOBAHUI KakK
0a30BBIX BOIIPOCOB pa3BUTHUA TCOPUHN T'HIICPKOMITIICKCHBIX YHCJIOBBIX CUCTEM, TaK U CIIC-
HAIM3MPOBAHHBIX BONPOCcoB. K HUM MOXHO oTHecTH npobieMy MHOXecTBeHHOCTH [ HC
W MCCIIEI0BaHUE KJ1accoB m3oMopdu3moB. 3anava «ropoxaenus» ['UC nnm 3agava onpe-
nenenunst MHoxxectBeHHOCTH ['UC 31€ch BhIZeeHa Kak o/iHa U3 riaBHeimmx. [IpuBnekaer
BHUMaHHE TaKXe IOMCK TaKMX HW30MOPQHBIX MEPEX0J0B, CPear KOTOPBIX 00s3aTebHO
TOSABSITCS ClIa003aloTHEHHBIE TAaONHUIBl YMHOXEHHUs. Takod m3oMop(HBIH mepexon
TT03BOJIIET HAUTH TAOIUIYy YMHOXKECHHS, COACPKAIIYIO OOJBIOE YUCIIO HYJIEH, 9To obec-
MEYNBAET IIPU pacyeTax MOBBIIIEHUE POU3BOJUTEILHOCTH.

OrpomMHOEe BHUMaHHUE YIEJIECHO KaK MOCTPOSHHIO (PyHKIMI TMIEPKOMILIEKCHOTO ap-
TYMEHTa B Pa3IMYHBIX TMIEPKOMIUIEKCHBIX YHCIOBBIX CHCTEMaX, TaK U HCCIECIOBAHHIO
AQHAIUTUYHOCTH (PYHKIMH THUIEPKOMIUIEKCHOTO apryMmeHTta. CBOe MECTO HallIM TaKxke
HEJIMHEHHOCTHU 1, CBA3aHHBIC C HUMH, BO3BMOKXHOCTU PCHICHUA HIMPOKOT'O KJjlacCa MPaKTHU-
JecKux 3ajad. [IpeanararoTcst pa3auyHble METOABI penieHus auddepeHInaIbHBIX ypaB-
HeHui B 'YC 1 WIUTIOCTPUPYIOTCS. KOHKPETHBIMU IIPUMEpPaMH.

Kak TFOBOPHJIOCH BbILIC, MPUKIIAAHBIC BOITPOCHI OCBECIICHBI TPEMA 6OJ'II)HJI/IMI/I 3aja-
YyaMu. HepBaﬂ N3 HUX BKJIHOYACT HCCICIOBAHUA B O6J'IaCTl/I MCXaHUKU YIPABJICHUA IOJ-
BI)KHBIMH TeJlaMU B TpocTpaHcTBe. JlaHHas 3amava, Oynyun mepedopMyTUpOBaHHOH B
TEpMHHAX KBAaTEPHHOHOB, Jlajla BO3MOXKHOCTH IOJYyYEHHs pe3yJbTaTra CO 3HAYUTEIHHO
JYYIIMMHU XapaKTepUCTUKaMU. AHAJOTUYHO, CYIIECTBEHHBIE YIyULIEHHUs OJIy4aroTCsl BO
BTOpOH 3amaue — mudpoBor GuinbTpanuu. B Hell B mepenaToyHoO (yHKIMN BEIIECTBEH-
HbIE KO (UITEHTHI 3aMEHEHBI THITEPKOMILUIEKCHBIMH, YTO MPUHIWIHAIBHO MOBIHAIO HA
MOJTy4aeMble OKOHYATeNbHBIE pe3yNbTaThl. B TpeThell — KpumTorpaduyueckoi 3amade
pasleNieHnsl CEeKpeTa CyLIECTBEHHO YIy4IIMIach KpUNTOorpaduyeckasl CTOMKOCTb ¢ MpH-
MEHEHHEM THIIePKOMILIEKCHBIX YHCET U MOAYJISIPHON apU(METHKH.

3HaunTeNIbHAS HayKOeMKasi Oubnnorpadus Moka3plBaeT OrPOMHBIA UHTEpEC K 3TOU
TeMaTHKe y Hac B CTpaHe 1 3a PyOesKoM.

Pe3romupyst cka3aHHOE BBIIIE, MOXKHO CAENATh BBIBOA, YTO paccMaTpHBaeMasl Mpo-
OrmeMa M M3JI0XKEHHBIM MaTepuall SBIAIOTCA PE3ysbTaToM (yHAaMEHTAIbHBIX HAy4YHbBIX
UCCJIEIOBaHNH, KOTOPBIC BBIBOJSAT Ha COBEPIIEHHO HOBBIA YPOBEHb TECOPHUIO MPEACTABIIC-
HUM ¥ 0OpabOTKM MAaHHBIX W NPUHIMIUAAIBHO I[MO-HOBOMY (DOPMYIHPYIOT IMEpeOBhIC
B3IUISIBI B MH(OPMATHKE.

HaHHOC Hay4YHOC€ HaIlpaBJICHUEC SABJIACTCA MHTCPECHBIM U ITOJIC3HBIM KaK JJId Hay4d-
HBIX paOOTHHUKOB, TaK U MPO(ECCOPCKO-IIPENOAaBaTEIbCKOT0 COCTaBa, MHOTOYHCIEHHBIX
aCMUPaHTOB M CTYJEHTOB KaK KapAMHAJIBHOE Pa3BUTHE TEOPHU NPEACTAaBICHUS M 00pa-
OOTKM JaHHBIX B HHPOPMATHKE.

Pextop HTVYY «KIIN»,

akagemuk HAH Ykpaunst M.3. 3rypoBckuil
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PE®EPATHU ABSTRACTS

TEOPETHYHI TA IPUKJIATHI TPOBJIEMH I THEORETICAL AND APPLIED PROBLEMS AND
METOJU CUCTEMHOI'O AHAJII3Y METHODS OF SYSTEM ANALYSIS
V]IK 681.3.06

Binkpuro-3amkHeHi 3acagu cepemxoBuin iHTterpamii. Yactuna I / Peapko I.B. // Cuctemui
JociipkeHHs Ta iHpopManiiini Texnonoril. — 2010. — Ne 4. — C. 7-17.

VY pamkax koruenmii OC-system po3TIIsIHYTO MOHATTS CepeIOBHILA iHTErpamii Ta iHTerpamiii-
HOi cucteMu. Po3po0iieHO yHiBepcambHHN METO] CBONIOLIHHOTO 30araueHHs CyTHOCTEH. YBeaeHO
TIOHATTS OPAKYJIHFHOTO CEpeIOBHIIA IHTErpalii Ta JaHO Kiacuikamilo Takux cepemosuml. OMucaHo
3aCTOCYBaHHS METO/Y €BOJIOIIHHOTO 30aradeHHs 4O CYTHOCTEl THITy Oi3Hec-Ipolecy B MpeaMeT-
Hilt obnacri. Puc.: 4. biomiorp.: 14 Ha3B.

UDC 681.3.06
Open-and-closed principles of integration environments. Part I/ Redko 1.V. / System Research
and Information Technologies. — 2010. — Ne 4. — P. 7-17.

The concepts of the integration environment and integration system are considered in the con-
text of the OC-system conception. A universal method for evolutional enrichment of essences is
designed. The concept of a parametric integration environment is defined, and classification of such
environments is constructed. The application of the method of evolutional enrichment to the es-
sences of the business process type in the subject field is described. Figs: 4. Refs: 14 titles.

YK 303.833.7:504.75.05
3oBHilHI BATpPaTH Biix 3a0pyIHEHHs NPU BHPOOHUUTBI €JEKTPOEHEPrii sIK iHAUKATOP
cTiliKHX eneKkTporenepyrounx cucreM / Mauyki U., Bponmssa O., MacaokiBeska O. / Cucrem-
Hi JociimkeHHs Ta inpopmauiiai rexxonorii. — 2010. — Ne 4. — C. 18-32.

3acTocoBaHo mizaxin nuixy BBy (Impact Pathway Approach) st BU3HaueHHS 30BHIIIHIX
BHUTpPAT BUPOOHUIITBA ENEKTPOCHEPTIi 3 BUKOIMHUX JKEepen B YKpaiHi. 3a JOMOMOT0I0 KOMIT FOTEPHOL
nporpamu SimPact Ta METOAMKM OMUTYBAaHHS 1100 OaKaHHS IUIATHTH OOPaxOBaHO BapTiCTh 30B-
HIIIHIX BUTpPAT BiJ{ BIUIMBY BUKHIIB TEIUIOEICKTPOCTAHIIIT Ha 3aXBOPIOBAHICTh Ta CMEPTHICTH Hace-
nenHs Ha npukiani Tpuminscbkoi TEC y M. Ykpainka. Ha ocHOBI OTpUMaHUX pe3ysbTaTiB Oyio
3po0JIeHO peKoMeHamii 010 BKIIOYEHHS BapTOCTi 30BHINIHIX e()eKTiB 0 LiHHU eNeKTPOCHEPTii B
VYkpaiHi, OTpUMAHOI 3a JOMOMOTOIO CIIAIIOBAHHS BHKOIHUX eHeproHociiB. Puc.: 1. Ta6in.: 10. Bi6-
miorp.: 46 Ha3s.

YK 303.833.7:504.75.05

BHemHue M3ep:KKH OT 3arpsi3HeHHsl NPH NPOHM3BOACTBE JIEKTPO3HEPIHH KaK HHIAMKATOP
YCTOHYHBBIX 3JIeKTporeHepHpyomux cucrem / Mamyku M., Bponass O., Macaokosekas E. //
CucteMHi nocmipKeHHs Ta iHpopManiiai Texaonorii. — 2010. — Ne 4. — C. 18-32.

HUcnonp3oBan moxxon mytu BiusiHust (Impact Pathway Approach) mis onpenenenust BHeI-
HHUX M3JIEP)KEK MPOM3BOJICTBA JIEKTPOIHEPTUU M3 UCKOIAeMBIX SHEpPropecypcoB B Ykpaune. [Ipu
HOMOIIY KOMIIBIOTEPHOH MoJenu SimPact 1 METOIMKH OIpOCa JKeNaHusl IIATUTh ObUIM NCYHCIICHBI
BHEIIHUE M3JEPIKKH OT BIMSHMS BBIOPOCOB TEMIO3JIEKTPOCTAHIMU Ha 3a0071€Ba€MOCTh M CMEpT-
HOCTh HaceneHus Ha npumepe Tpumnunsckoit TOC B r. YkpanHka. Ha ocHOBe Momy4eHHBIX pe3yib-
TaTOB OBLIM CIENAHBl PEKOMEH/ALMK O BHECEHHU CTOMMOCTHU BHEIIHUX H3JEP)KEK B LIEHY 3NIEKTPO-
SHEpruu B YKpauHe, MOITyYeHHYIO B Pe3yIbTaTe COKUTAHHS UCKOIIAeMBIX SHeproHocuteneil. Puc.: 1.
Tab6m.:10. bubnmorp.: 46 Ha3B.

MPOTPECHUBHI IHOOPMAIIIAHI TEXHOJIOTTi, PROGRESSIVE INFORMATION TECHNOLOGIES,
BHUCOKONPOJAYKTHBHI KOMIT'FOTEPHI HIGH-EFFICIENCY COMPUTER SYSTEMS
CUCTEMHA

YK 574.4:633.2.033

AnanTauus TEXHOJOTUil PoJIeBOro ceeBOro aHaiausa «regular equivalence» u «regular role
coloration» i1 mocTpoeHus1 TpohUIecKUX ceTeil macropajibHux 3xocucrem / Pynenxo C.C.,
By:xnuran O.f. // Cucremni nocmimkenus Ta indopmariiiai texxomorii. — 2010. — Ne 4. —
C. 33-46.

OO0CHOBaHO HCIOIB30BAaHHE POJIEBOTO CETEBOTO aHAIM3a B SKOJOTHMHM M HOBOE PEIICHHE
TpoOIEMBbI TOCTPOEHHS TPOYUIECKUX CEeTeH MacTOPajbHBIX YKOCHCTEM Ha €ro OCHOBE. AJanTHpO-
BaHO TEXHOJIOTHH PETyJIIPHON SKBUBAJICHIMU U KOJIOPAIMU JUIsI MOAEINPOBAHUS POJICBBIX Tpodu-
YECKUX CeTeH Ha3eMHBIX IKOCHCTEM ITaCTOPAIBLHOTO THIA C yCTAHEHUEM OMOJIOTHUeCKOH GeccMBbIC-
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smusl. [IpencTaBaeHs! STambl OCYIIECTBICHHUS POJICBOTO CETEBOTO aHAIN3a IS MOCTPOCHHSI TIOTHBIX
U popmann3oBaHHBIX Tpoduueckux cereid. Puc.: 9. Tabn.: 1. bubauorp.: 19 Ha3B.

UDC 574.4:633.2.033

Adaptation of technologies of the role network analysis «regular equivalence» and «regular
role coloration» to construction of pasture ecosystem trophic networks / Rudenko S.S., Buzdy-
gan O.Ja. // System Research and Information Technologies. — 2010. — Ne 4. — P. 33-46.

The use of network role analysis in ecology is grounded, and a new solution to the problem of
construction of pasture ecosystem trophic networks on its basis is presented. The technologies of
regular equivalence and coloration are adapted to modeling of role trophic networks without bio-
logical nonsense for terrestrial ecosystems of the pastoral type. The stages of realizing the role net-
work analysis in the construction of complete and formalized trophic networks are presented.
Figs: 9. Tabl.: 1. Refs: 19 titles.

VK 519.854.2
BarartouinboBa Moje/b 3MIIIAHOTO HIJIOYMCIOBOr0 MPOrpaMyBaHHs /ISl MOOYAOBH i onTUMI-
3anii 0araroemesonHoi Mepexi nmocrapok / IMakcoii T., Oueiinan E., Beep I'.-B.// Cucremni
JOCIKEHHS Ta iHpopMarltiitai TexHoorii. — 2010. — Ne 4, — C. 47-57.

3acToCOBY€ETHCS 3MillIaHE JTiHIHE LIIOYUCIOBE MPOrpaMyBaHHA OO NMOOYyIOBH OaraToere-
JOoHHOT Mepeski nmoctaBok (SCN) 3a momomoror ontuMmiszamii mepeBe3eHs i poznoxiny B SCN. 3a-
TIPOTNIOHOBAHA MOJETb J03BOJIsiE BpaxoByBaTH Oarato 3amad SCN 3a JONOMOTOI0 PO3MIISAY 3araiib-
HUX BHUTpPAaT Ha TPAHCHOPTYBAaHHS i MICTKOCTI BCiX CIIENIOHIB. Y MOJENb BKIIOYEHO TPH Pi3HI
LUTBOBI (YHKIIT: TepIIa — MiHIMi3ye ITOBHI BapTOCTI IEpeBE3eHb MiX yciMa eIIeIOHaMH; Ipyra —
MIHIMI3y€e BUTpaTH Bix 30epexeHHs 1 BapTOCTI 3aMOBIICHHS B IeHTpax po3noxiry (DCs), a octanHs
nTboBa (DYHKINS MiHIMI3ye 3aliBy 1 HEBHKOPHCTaHy MOTYXHICTh 3aBofiB i DCs. Puc.: 3. Tabm.: 7.
Bi6miorp.: 26 Hass.

VK 519.854.2

MHoroueseBasi MoJeJIb CMEIIAHHOTO LeJIOYHCIEHHOT0 MPOrPaMMHUPOBAHHUS VIS IOCTPOEHHS
M ONTHMU3AINUA MHOT031IeI0HHOH ceTH mocTaHoBoOK / Ilakcoii T., Oueiisian E., Bedep I'.-B. //
CucreMHi nociipkeHHs Ta iHpopManiiai TexHosorii. — 2010. — Ne 4. — C. 47-57.

IMpumensieTcss cMenIaHHOE JIMHEHHOE LENIOYHCICHHOE IIPOrpaMMHPOBAHUE K ITOCTPOCHUIO
MHOTORIIENIOHHON ceTH nocTaBoK (SCN) mocpencTBOM ONTHMHU3AIMN TIEPEBO30K M PACTIPEICICHHS
B SCN. IIpeanoxenHas Moaeab MO3BOJISET yuecTsh MHOTHE 3a1aud SCN mocpeancTBoM paccMoTpe-
HUSL OOIIMX 3aTpaT Ha TPAHCIOPTHPOBKY M €MKOCTEH BCEX DIIENOHOB. B Momens BKIIOYEHHI TpH
pa3nuyHbIe LeneBble QYHKIMM: TepBas — MUHAMU3HPYET MOJHbIE CTOMMOCTH NEPEBO30K MEXIY
BCEMHM DIICJIOHAMM; BTOPas — MHUHHUMHU3MPYET 3aTparhl OT COXPAaHEHWS M CTOMMOCTH 3aKa3a B
nenTpax pacnpenenenus (DCs), a mociennss nenesas GyHKINS MUHAMHU3UPYET U3JIMIIHIOI U HEH-
CIIOJIb30BaHHYIO cIOCOOHOCTE 3aBoj10B ¥ DCs. Puc.: 3. Ta6u.: 7. Bubnuorp.: 26 Ha3B.

YK 004.04
IncrpymeHnTapiii Minimizanii pu3uKy 3aXHIIEHOCTI B PO3HOALIEHNX KOMII'IOTEPHUX CHCTeMAX /
Myxin B.€. // Cuctemsi nocmimpkenns ta ingopmaniiini texuonorii. — 2010. — Ne 4. — C. 58-68.
Po3pobmeno  cTpykTypy 3aco0iB  MiHIMi3amii pU3UKY 3aXWIIEHOCTI  PO3MOALICHUX
KOMIT'IOTEpHHUX CHCTEM, BUKOHAaHO (opmarizamiro (pyHKIIOHYBaHHS OCHOBHHX OJIOKIB 3aIIpOIIOHO-
BaHOI CTPYKTYpH. 3allpOIIOHOBAHO OILIHKY PiBHSA 3arpo3 Oe3MeKH, iHTerpalbHy OIIHKY 30MTKY BHa-
CIIIOK aTak HAa BPa3JIMBOCTI, a TAKOXK OIIHKY CTYIEHS PH3HMKY peamizamii 3arpo3 Oe3meku B
KOMIT'IOTepHAX CHCTeMax. TaKoXK 3alpoIlOHOBAHO MIiAXiJ IO aHANi3y PU3MKY Ha OCHOBI OI[IHOK
cTyreHs HeOe3neku (akTopiB 3arpo3 Oe3NeKH Ta HMOBIpHOCTI peaiizamii 3arpo3 Oe3neku 3 po3mi-
JICHHSM iX Ha BIJITOBIJHI IPYIH, @ TAKOXK HAa OCHOBI ITOOYJOBH CHEIiaJIbHOI MaTPHUIll PH3HKIB 3aXH-
MICHOCTI TS MiHIMI3allii pu3uKy 3axuiieHocTi. Puc.: 3. Bibmiorp.: 10 Ha3B.

UDC 004.04
Means for security risk minimization in distributed computer systems / Mukhin V.Ye. / System
Research and Information Technologies. — 2010. — Ne 4. — P. 58-68.

The structure of means for security risk minimization in distributed computer systems is de-
veloped, and the functioning of the basic blocks of the suggested structure is formalized. Also, esti-
mation of the security threat level, the integrated assessment of the damage due to attacks on to the
vulnerabilities, and the risk assessment for the security threat realization are proposed. An approach
to the risk analysis on the basis of estimation of the danger level of safety threat factors and the
probability of safety threat realization with division of the factors into related groups is suggested,
which is also based on the constructed special security risk matrix for security risk minimization.
Figs: 3. Refs: 10 titles.
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MPOBJIEMU NPUAHSATTS PIIUEHD I DECISION MAKING AND CONTROL IN

YIPABJIIHHSI B EKOHOMIYHUX, TEXHIYHHX, ECONOMIC, TECHNICAL, ECOLOGICAL AND
EKOJIOTTYHHX I COUTAJIBHIX CHCTEMAX SOCIAL SYSTEMS
V]IK 519.24/.857.3

Teopusi NpUHITHS PellIeHUH B 3aa4aX onTHMAaJIbHOIi octanoBKkH / AnjpeeB H.B. / Cucremni
JIOCITIDKEHHS Ta iHpopManiiai Texuoorii. — 2010. — Ne 4, — C. 69-78 .

PaccMOTpeHO IpaBHIIO ONTUMABHBIX PEIICHUIT IIPOM3BOIUTEIISI C BO3PACTAIONIMM 3aI1acoM B
JaHBIN NIEpHOJ, KOTAA 3a/laHbl TEKYIIas IIeHa U BEPOSITHOCTHOE pacIpe/ieIeHHe IIeH MOCIIETyIOIIEero
neprona. ITocTpoeHs! MOAEIH IPUHATHS PEIICHNH B 3a/1a4aX ONTHMAIbHON OCTAHOBKH MapKOBCKHX
[OCJIEA0BATEIbHOCTEN € JEeTepMUHUPOBAHHOM unu ciyuyaiHoi mnepeoueHkoil. Ilpuseneno
0aiflecOBCKyI0 IMpOIEeNypy NMPHHATHUS pEIIeHUIl B 3ajlaue MPOBEPKH CTATHCTUYECKHX THIIOTE3.
Bubnmorp.: 16 Haszs.

UDC 519.24/.857.3
Decision making theory in optimal stopping problems / Andreev N.V. // System Research and
Information Technologies. — 2010. — Ne 4. — P. 69-78.

An optimal decision making rule for a producer with growing inventory in the given period
and specified the current price and probabilistic price distribution in the following period is given.
Decision making models in optimal stopping problems of the Markov sequences with deterministic
or stochastic revalue are constructed. The Bayesian decision making procedure in a statistical
hypotheses testing problem is performed. Refs: 16 titles.

YIK 519.8

OnTumanbHoOe pacnpee/ieHHe THAPOPECYPCOB B OPOCHTE/IbHBIX CHCTEMAaX CEeTeBOH CTPYKTY-
pyt / Kupuk E.E., Ocranenko B.B. // Cucremni nocmimkeHHs Ta iHQOpMaLiiiHI TEXHOMIOTII. —
2010. — Ne 4. — C. 79-90.

Co3ana MaTeMatudeckasi MOJEIb TPAHCIIOPTHPOBKM M PAcCIpeleleHus pPecypcoB ¢ 0000-
IIEHHBIM 3aKOHOM COXpaHeHUs. [l 5TON ONTHMH3AIMOHHON 3a/1auyl yIep)KaHHs II0TOKOB B OIIpe-
JIeJICHHBIX IpeJiesiax MOCTPOSHbI aJrOPUTMEIL, Oazupylomuecs: Ha G GEeKTHBHBIX METOaxX HelInHEeH-
HOro InporpammupoBaHus. IIpeiyiokeH MOAXOA, KOTOPBIA JaeT BO3MOXKHOCTb peIlaTh 3amaqyu
pacrpe/eaeHus MOTOKOB C Pa3HOTUITHBIMH HEJIMHEWHBIMH LIEIEBBIMU (YHKINSIMHU JUIS CETEH ¢ po-
U3BOJIBHBIM KOJIMYECTBOM 3aMKHYTBIX LIMKJIOB. bubiunorp.: 9 Ha3s.

UDC 519.8
Optimal hydroresources distribution in network-structured irrigation systems / Kirik O.E.,
Ostapenko V.V. // System Research and Information Technologies. — 2010. — Ne 4. — P. 79-90.
A mathematical model of transportation and distribution of resources with a generalized con-
servation law is created. For this optimization problem of flow retention within the given limits,
algorithms for efficient nonlinear programming are developed. The proposed approach gives the
opportunity to solve problems of flow distribution with multitype nonlinear objective functions for
networks with any number of closed loops. Refs: 9 titles.

YK 681.513.675

YnpasiieHne 0JHOCTOPOHHHMM NpoueccaMy (PUIbBTPALUM BSA3KOI He(TH NPH HATUYMH TNpe-
JeabHOro rpaanenTa napienus / JKmnanosa U.B., HoBukos A.H. // CuctemHi nociipkeHHS Ta
indopmariiini rexxosorii. — 2010. — Ne 4. — C. 91-99.

[NpennoskeH anropuT™ YIpaBIeHHS OAHOCTOPOHHUM IIPOLIECCOM C MHOTO3HAYHBIM MPETISITCTBH-
eM B obmacti. Mozens mpormecca MpecTaBlIeHa B BUAE BaPHUALIOHHOTO HEPABEHCTBA C HETTIAJKHM
(YHKIMOHAJIOM COOTBETCTBHA. ANTOPUTM NPHMEHEH K 3afade yNpaBIeHHS MPOIEeccoM (HIbTpa-
UM He()TH B yCIOBHAX HANMYHUS MPENSITbHOTO rpaiueHTa AaBinenus. Puc.: 4. bubmamorp.: 7 Ha3Bs.

UDC 681.513.675

Control of one-sided viscous oil filtration process under conditions of limited pressure gradi-
ent / Zhdanova L.V., Novikov O.M. // System Research and Information Technologies. — 2010.
— Ne 4. —P. 91-99.

A control algorithm for an one-sided process with a multivalue obstacle is proposed. The
model of the process is represented in the variational inequality form with a nonsmooth functional
of accordance. The algorithm is applied to the oil filtration control problem with a limited pressure
gradient. Figs: 4. Refs: 7 titles.

VIAK 519.713: 631.411.6

IIpakTHyecKkas peajM3anusi KOHUENIMH KOPNOPATHBHOM IKOJOTHYECKOil CHCTEMBI 1JIsl HHTe-
rpajbHON OLEHKH JKOJOruveckoro pucka saoposbio / Kosyas T.B., lllaponosa H.B. //
CucremHi nocnipkeHns Ta inpopmauiitai Texnosnorii. — 2010. — Ne 4. — C. 100-109.
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PaccmoTpeHsl TEOpPETHKO-NPAKTUUECKUE OCHOBBI HEOOXOAMMOCTH U IIE€NECO0OPa3HOCTH BBE-
JEHUs] B CUCTEMY NMPHHATHS YNPABICHUECKOTO PELIeHUH KOHLEMIMHY KOPHOPaTUBHOH 3Kosorudec-
kot cucremsl (KOC). Ompenenensl MaTeMaTH4ecKue MOAXOIbI K ONPEAETICHUIO B3aUMOACHCTBUI
Mexay coctaBHbIME KOC 1 ycTaHOBIEHHE pHUCKa HapyLUIEHHH B pe3yJibTaTe BO3SHUKHOBEHUS OTPH-
LATeNbHOTO (haKTOpa BIHSHHSA, BHEIPEHNE OLEHKH PHCKA 3J0POBBIO0 KaK KPUTEPHS OMACHOCTH CO-
LUATBHO-OKOHOMHYECKO# cucteMsl. [Ipeacrasnen anroputM ompenenenns coctosauss KOC Ha oc-
HOBeE OLIeHKH pucka. Puc.: 5. Tabm.: 1. bubnuorp.: 12 Ha3s.

UDC 519.713: 631.411.6

Practical realization of the corporative ecological system concept for integral estimation of
ecological health risk / Kozulia T.V., Sharonova N.V. // System Research and Information Tech-
nologies. — 2010. — Ne 4. — P. 100-109.

Practical and theoretical fundamentals for the necessity and advisability of introduction of the
corporative ecological system (CES) into the decision making system are prescuted. Mathematical
approaches are defined to the determination, of interactions between the CES components, the as-
certainment of breaking risk from the appearance of negative influence factor, and the introduction
of health risk estimation as a danger criterion of a socioeconomic system. An algorithm of the CES
state determination on the basis of health risk estimation is presented. Figs: 5. Tabl.: 1. Refs: 12 titles.

MPOBJIEMHO I ®YHKIIOHAJIbBHO OPIEHTOBAHI PROBLEM- AND FUNCTION-ORIENTED
KOMIT'IOTEPHI CACTEMHM TA MEPEXKI COMPUTER SYSTEMS AND NETWORKS

YK 004.415.53

IIpiopuTH3auis TecTiB IK MeTOJ] LIBHAKOI0 BHUSBJEHHs cepiio3HMX momuiaok / Masu-
meBcskuii O.I. // Cuctemni pocmimkeHHs Ta iHGopmauiitai TexHonorii. — 2010. — Ne 4. —
C. 110-128.

PosrisHyTO BUKOpHCTaHHS iH(pOpMamii IPo BapTICTh TECTIB i cepHO3HICTH MOMIIIOK Y IPOIie-
ci mpiopuresalii y perpecuBHOMY TecTyBaHHi. ONucaHO crocoOH OIIHIOBaHHS BapTOCTI TECTIB Ta
cepio3HOCTI MOMIIIOK. PO3MIITHYTO CEpHO3HICTh IMOMIJIOK i3 TOYKH 30py Ha[iHHOCTI IPOTPaMH.
JlociipkeHo Tpy METO/M BIIPOBAKEHHS iHPOpMAIIiT PO BapTiCTh Ta KPUTHYHICTH TECTIB y MpoLEC
npioputesanii. J[ocaimKeHO BIUIMB IIKAJIX BAPTOCTi TECTIB Ta CEpHO3HOCTI MOMUIIOK Ha e(EeKTHB-
HICTH MeTOIB npiopure3anii. Puc.:13. biomiorp.: 23 na3su.

UDC 004.415.53
Prioritization of tests as a method for fast detection of fauts / Malishevsky A.G. // System Re-
search and Information Technologies. — 2010. — Ne 4. — P. 110-128.

The use of information on the test costs and fault severities in the prioritization process in a
regression testing is considered. Methods for estimation of test costs and fault severities are de-
scribed. Fault severity is explored in relation to the program reliability. Three methods for incorpo-
rating the information into the prioritization process are investigated. The effects of the scale of test
cost and fault severities on the efficiency of the methods for prioritization is established. Figs: 13.
Refs: 23 titles.

HOBI METOJI B CHCTEMHOMY AHAJII3I, NEW METHODS IN SYSTEM ANALYSIS, COMPUTER
IHOPOPMATHIII TA TEOPIi NPUIHATTS PILIEHD SCIENCE AND THEORY OF DECISION MAKING
VK 581.52

JuiemeHnThl UHpopManuonHoi TuHamuku / [oBemenko I'.IL. // CuctemHi JOCHIIKEHHS Ta 1H-
¢dopmauiitni Texnosorii. — 2010. — Ne 4. — C. 129-141.

IMpuBenena maremaTudeckast MOAENb HHGOPMANMOHHON AUHAMHMKU YYUTHIBAIOIIAs BIIMSHUE
HpolLeccoB MUrpanuu U audy3un HocUTeNed MHpopMaIy, OOMIeHHs MEXAy HUMU U BHEIIHEe
BJIMSIHUE Ha NIPOLIECCHI BBIOOpa 1 0TOOpa. PacueTs! 1o Mojenu 1eMOHCTPUPYIOT HAJIMYHE B CUCTEME
SIBJICHMH MYJBTHCTaOWIBHOCTH, YCTOMYMBOCTH BBIOOPA, XAOTHYECKMX W HEPEXOIHBIX PEKHUMOB.
Puc.: 11. bubmmorp.: 5 Ha3B.

UDC 581.52
Elements of information dynamics / Poveshchenko G.P. // System Research and Information
Technologies. — 2010. — Ne 4. — P. 129-141.

The examined mathematical model of information dynamics takes into account the influence
of processes of migration and diffusion of data carriers, intercourses between them, and external
influence on the processes of choice and selection. The calculations according to the model
demonstrate the presence of multistability, stability of choice, chaotic and transient regimes in the
system. Figs: 11. Refs: 5 titles.
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