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METOAN CUCTEMHOI'O AHANI3Y

YK 517+351

METO/IUKA IIOBYJIOBU CIIEHAPIIB PO3BUTKY YKPAIHU 3
BUKOPUCTAHHSAM SWOT-AHAJII3Y

M.3. 3I'YPOBCHKHI, K.B. IEPEBEP3A

OmnucaHo METOAMKY HOOYJOBY CLIEHApiiB PO3BHTKY YKpaiHH 3 BUKOPUCTaHHSIM iH-
JIEKCIB Ta IHAMKATOPIiB cTanoro po3Butky, SWOT-aHanizy, eKCHepTHHUX METOJIB.
HagezeHo creHapii Ha KOPOTKOCTPOKOBHH, CEPEIHROCTPOKOBHIA Ta JOBIOCTPOKOBHI
nepioau yacy.

Ha nanomy erami cBOro po3BHTKY JIIOJICTBO CTHKA€ETHCS 13 BCE OUIBILIONIO KilbKic-
TIO TIPO0JIEM, TTOPOHKEHUX HOTO X MisUTbHICTIO. 3MiHa KiIiMary (ITiIBUIICHHS Te-
mneparypu Ha 3°C y MOpIBHSHHI 3 JOIHAYCTPiaJbHUM IMIEPiOIOM), 3pOCTaHHS YH-
CeNPHOCTI HaceleHHs Ha IUIaHeTi, Opak YHCTOi MUTHOI BOIM, BUCHA)KEHHS
MPUPOTHUX PECYpCiB, HEPIBHOMIPHUIA PO3IOMALNT MOXOJIB MK pPEerioHaMu 1 Ywc-
JICHHI HACNIIKWM MHX Ta IHIMHAX YAHHWKIB [2]. Bci BkazaHi mpoOnemu 3ry0HO
BIUIMBAIOTHh Ha PO3BUTOK JIIOJCTBA 1 B HEJANEKOMY MailOyTHEOMY MOXKYTh I1OCTa-
BUTH TIiJl CYMHIB MOKITUBICTh HOTO MMOAANBIIOTO iCHYBaHHSA. TOMY MOTPiOHO Tep-
MIHOBO TIEPETJISHYTH Ta 3MIHHTH CTPATETil0 PO3BHUTKY JIOJICTBA. barato kpain
CBITY B)K€ YCBIIOMHJIHU II€ 1 IPUHHSIN HOBY KOHIICII[I0O — KOHIICTIIIIO CTAJIOIr0
PO3BHTKY. 3rigHO 3 HEIO0 MaiOyTHIM TOKOJIHHAM, SIKi )KUTUMYTh Ha IJIaHeTi 3eM-
751, HeoOXi/HI, SIK MiHIMYM, He TipIli YMOBH JJIS JKUTTS, HIXK Ti, [0 iICHYIOTH 3a-
pa3. st Toro mo6 e cTajgo MOKIMBUM, HUHIIIHI MOKOJIIHHS y BCIX perioHax Ia-
HETH MOBUHHI NPAIIOBATH 3apaal CTAJOr0 XapaKTepy CBOTO PO3BUTKY.

3a KOHLEIII€I0 CTaJIoro PO3BUTKY KOKHA KpaiHa Mae 00paTH CTpaTerilo, siKa
3a0e3neUnTh TApMOHINHII XapakTep ii pO3BUTKY, MPUIOMY €KOJIOTIUHi, EKOHOMI-
YHI Ta COLiaJIIbHI aCHEKTH PO3BUBATUMYTHLCS HAa pIBHUX. TakvuM YWHOM, 3a1ada
no0yZOBH MOXJIMBUX CLIEHAPiiB PO3BUTKY 1 BUOOPY ONTHUMAJIBHOTO 3 TOUKHU 30PYy
CTaJIOCTI CTa€ aKTyaJbHOIO I BEJTMKOI KIIBKOCTI KpaiH CBITY.

AKTyanbHICTh TIOCTABJICHOTO 3aBIAHHS 3pOCTA€ y 3B’S3KY 3 HEOOXITHICTIO
o0Opatu cTparerito, po3poOHBIIY Ta MPOAHAIIi3yBaBIIH MOKJIMBI CIICHAPIl PO3BUT-
Ky Ui YKpaiHu.

OBI'PYHTYBAHHS CHEHAPHOTI'O MIAXOAY I METOAY SWOT-AHAJII3Y
JIJ151 IOBYJIOBU CLIEHAPIiB
3a OCHOBY I pO3pOOKH CIICHapiiB PO3BUTKY YKpaiHW OOpaHO CIICHAPHHH Mif-

Xij, a A7 OI[IHKK MOTOYHOTO CTaHy JEp>KaBH 3aCTOCOBYBaBcs, 30kpema, SWOT-

© M.3. 3z2ypoecvruii, K.B. Ilepesepsa, 2009
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M.3. 3eyposcokuil, K.B. [lepesepsza

aHaji3 Ta eKkcnepTHi Metoau. Huwkue mpuBeaemMo oOrpyHTyBaHHS BHOOpY BKaza-
HUX OIIXOMIIB.

Jnst Toro moO0 3MIHUTH XapakTep PO3BHTKY TaKHX CKIAJHHX CHCTEM, SIK
KpaiHH, PerioHH, MicTa, HEOOXITHO BpaxyBaTH Ta BIUIMHYTH Ha Jy)Ke BEIHKY Ki-
JBKICTh MapaMeTpiB, SIKi XapaKTepH3yIOTh HaWpi3HOMAHITHIIII ramy3i iCHyBaHHS
00’€ekTa MO0 PO3TIAmAcThC. JJIT XapaKTepUCTHKH X 00’ €KTiB BUOPaHO 0OMe-
JKEHY KIIBKICTh IMOKa3HWKIB, 3TiAHO 3 aHaii3oM, MpoBeaeHUM y poboti [1]. Le
IHIMKAaTOPH Ta IHAEKCH CTAJIOTO PO3BHTKY.

CrenapHe TUIaHyBaHHS BXKe 0arato JECATHIITH 3aCTOCOBYIOTH KPYITHI KOp-
nopamii i XOJNAWHTH, MiATBEPIHKYIOUH YCIIIIHICTh TaKOro MiIXoay (sSCKpaBhit
npukiag — Hadrorazosuid xonauur Shell [3]).

CueHapHUH METOX MOJISrae B OpraHizauii iTepaniiiHol JOCHiAHUIBKOI Mpo-
Heaypu noOyI0BU CIIEHAPiiB MOKIMBOTO PO3BUTKY CHCTEMHU, JUISL IKOi BUKO-
HY€EThCA aHani3. BiH € MeTomoMm opraHizaiii MDKIUCHUILTIHAPHUX MPOTHOCTHY-
HUX JOCHiJKeHb 3a ydacTio QaxiBuiB pizHoro mnpodimro i 3 pi3HUMH
norisiiaMu Ha mpoGiemy. Bei mpouenypu Merony 3acHOBaHO Ha IO€IHAHHI
JIOTIKO-€BPUCTUIHOTO aHANTI3y 3 (pOpMaNTBHIME METOaMH JOCTiIKEeHb, 30KpeMa
i3 3aCTOCYBaHHAM MareMaTHUHUX Mmojeneii. ClieHapHUH MiAXiJ J03BOJISE YHUK-
HYTH «TYHEJNBHOTO OadeHHs» (tunnel vision) — 0e3abTepHATUBHOTO MOTISAY Ha
Te, 0 BiIOYBAETHCS B CBITI 1 MOXKE TIPUBECTH 10 YXBAJICHHS HEBIAIUX PIIICHB,
X0Ya BOHU 3aBaJIMCs 3BAXKCHUMH Y MOMEHT iX yXBaJICHHS.

3aBnaHHsAM AOCIIAHUKIB, IKi OEpyTh y4acTh y MiATOTOBII CLEHAPIIO, € CTBO-
pPEHHS €MHOTO YSBIICHHS PO 00’ €KT aHaI3y, 3aKOHOMIPHOCTI 1 MOKJIMBI TIUISIXH
HOTo PO3BUTKY Ha €IWHIA METONONOTIuHINA i MeromuuHiit 6a3i. [Ipu mpomy
i CIleHapieM PO3YMI€ThCS TIMOTETHYHA MOCIiIOBHICTh MOJiH, IO MOKa3ye,
AK 32 BiIOMHX IIOYaTKOBHUX YMOB MOXE IIOCIiJJOBHO 3MIHIOBATHCS CTaH
JOCTKYyBaHOTO 00’ €KTa [4].

OnHuM i3 3pyYHHX METOJIB aHali3y B cTpaTerivHOMy TuiaHyBaHHi € SWOT-
aHaji3 [5], Opu BUKOHAHHI SIKOTO BH3HAYalOTHCS CHJIbHI XapaKTEPUCTHUKH
00’exta — Strengths, cnadki — Weaknesses, ioro moxinuBocti — Opportunities
1 3arpo3u mis Hboro — Threats. Texromorito SWOT-ananizy 3amporoHyBaB
npodecop A. Xemndpi (A. Humphrey). Bin npoBiB mepiri 1ociiaKeHHs, IO
6aszyBanuca Ha SWOT-ananizi, y Crendopacekomy yHiBepcuteTi B 1960—
1970-x pokax.

VY noganpmomy Meronuka SWOT-aHamizy yIocKoHaIIOBaIacs i po3BUBaia-
csi. Hapasi SWOT-aHani3 € BayKJIMBOIO CKJIaJIOBOIO CTPATETIYHOTO IJIAHYBAaHHS 1
3aCTOCOBYETHCSI KPYITHUMU KOMITAHISIMH 1 XOJIIMHTaMH MTPU MOOYIO0BI MOXKIHBUX
CIIeHapiiB iX MOJABITOTO PO3BHUTKY. Bce wacTimie BiH 3aCTOCOBYETHCS 1 PH TI0-
OyIOBi clieHApiiB PO3BUTKY TAaKHX CKJIQJHUX CHUCTEM, SK BEJIMKI MEramoJiCH,
perionu 1 kpainu [6].

Cytnicte SWOT-anani3y nonsrae y BU3HaYCHHI 1 CIIBCTABICHHI CHIIBHUX 1
cIa0KMX XapaKTePUCTHUK CUCTEMH IO BiIHOIICHHIO O MOKJIMBOCTEH 1 3arpo3 30-
BHIIIHBOTO cepepoBumIa. [Iponenypa aHamizy BU3HAYa€ HASBHICTH Y AOCIIIKYBa-
HOT'O 00’ €KTY CTpaTeriyHux MepcreKTHB i MOKIUBOCTEH iX peanizarii.

Buxonsum 3 HaBeICHHX OCOOIMBOCTEH CLIEHAPHOrO MiIXOAy i METOIy
SWOT- ananizy, BuOepeMo iX sK OCHOBHI iHCTpyMEHTH ITOOYIOBH CIIEHAPIiB pO3-
BUTKY YKpaiHU.

8 ISSN 1681-6048 System Research & Information Technologies, 2009, Ne 2



Memooduka nobyodosu cyenapiie pozgumky Yrpainu 3 suxopucmanusam SWOT-ananisy

MIATOTOBKA MOYATKOBUX JAHMX JIJIsSl TOBY/10BU CLIEHAPIIB

BaxxnuBoro yMOBOIO TIpH JIOCHTIJKCHHI TaKOl CKJIaJHOI CUCTeMH, SK KpaiHa, Ta
moOyI0Bi CIIeHAapIiB ii PO3BUTKY € IMATOTOBKA 00’ €KTHBHUX 1 TOBHUX JaHUX IS
JOCHITHUIIBKOT 0a3u. Y maHiii poGoTi 0a3zor0 s (HOpMyBaHHS XapaKTEPHUCTHUK
00’ekTa BHOpaHO IHIAWKATOPM METPUKU BUMIPIOBAHHS CTaJOro PO3BUTKY
(MBCP) [1]. MBCP BukopucTtoBye 63 iHIUKAaTOPH, IO JOCTATHHO MOBHO OXOII-
JIOIOTh EKOHOMIYHY, COIiaTbHO-IHCTUTYITIOHATIFHY Ta eKOJIOTIUHY chepmn.

Bci pmani 30uparoThesi i HAQHAIOTBCS Y BIAKPUTUH OOCTYH aBTOPUTETHUMH
MiXXHApOJTHUMH OpraHizamisMu. HakomndeHi sx BOHH 1 30epiraroTbes 3 MOXKIIABIC-
TIO BIAKPUTOTO 1 3pyYHOTO AOCTYIY M0 HUX y cXoBHIax CBITOBOTO IEHTPY Ja-
HUX 3 Te0iH(OPMATHKH Ta CTAIOTO PO3BHTKY [7].

B3siBmm 3a OCHOBY Wi JaHi Ta BHUKOPHCTOBYIOUM MPOLEAYpPY iHBEPCHOTO
anamizy MBCP [1], oTpumaeMo TIpocTip CHIBHUX 1 CTA0KMX IMOKA3HUKIB I Kpa-
iHM. 3 METOI BH3HAYECHHS MOJIJIMBOCTEH 1 3arp03 MPOMOHYETHCS CKOPHCTATHCS
METO/IOM EKCIIEPTHOTO OLHIOBaHHSA [8] HUIIXOM 3alydeHHsl €KCIEPTiB 1 OpraHi-
3arii iX poOOTH y eKiJIbKa eTalliB.

Ha ocnosi inaukaTopiB MBCP cdopmyemMo crucTteMy KPUTHYHUX 1HIAWKATO-
piB /i AaHoro 00’€ekTa. I1i CUCTEMOIO KPUTHYHHUX IHAMKATOPIB PO3YMITHMEMO
IHANKATOPH, M0 BiIOOpa)XkaroTh CHIIBHI 1 c1a0Ki cTopoHHU 00’ekTa. [l iX BU3HA-
YeHHS MPOIOHY€eThes chopmyBaTu rpymm nopiBHsHHA (Peer group) i BBecTH B
HUX aHaJIOTiuHi 00’ exTH (TIpu poOOTi 3 KpalHaAMHU — KpaiHH, 3 MiCTaMU — MICTa),
TIOPIBHSHHS 3 SKUMH BKJIHMBE JUIS JIOCHIDKEHHS. Y TPYIy MOPIBHSIHHS MOXYTh
YBIHTH CycCiZiHI KpaiHH a00 MicTa, BIAMOBIAHO, a00 X Jifiepy y HalpsMax PO3BUT-
Ky JIaHOTO 00’ €KTa.

s coptupyBanns inaukatopie MBCP Ha cuibHi 1 cmaOki XapaKTepUCTHKH
HEOoOXiTHO pO3paxyBaTH BiTHOCHI BIIXWJICHHS iX 3HAYEHb BiJl 3HAYCHD TUX CAMUX
iHmuKaTopiB as Peer group 3a hopmymoro

D= P(U) — P(PeerGroup)
P(PeerGroup)

ne D — BigHOCHE BiOXWJICHHS 3HaU€HHS Bin mapamerpa, %; P(U) — 3HadeHHS

100,

inaukatopa MBCP mns nanoi kpainu; P(PeerGroup) —3HaueHHs LBOTO X Mapa-

MeTpa JUIsl TPYIH MOPiBHSHHS.

Ti iHmUKaTOpPH, BiHOCHE BIAXWICHHS JUIS SKUX BHUSBHIOCS OLIBINE, HIXK
10%, BimHECEeMO O CHIBHUX XapaKTEPHCTHK, MEHIIE — JI0 CIa0KWX, a Ti, 10
MOTPAINUIN BCEPEIUHY, — JI0 HEHTpaIbHHX.

TakyuM YMHOM BHU3HAYAEMO BHYTPIIIHI XapaKTEPUCTHKHU 00’ €KTa, HEOOXiaHi
1t ipoBeneHHss SWOT-ananizy — ioro cuibHi i cmabki croponu (Strengths and
Weaknesses).

Tak, i BU3HAYEHHS CHCTEMU KPUTUYHUX MOKA3HHUKIB YKpailHH y JaHOMY
IocTipKeHH] B sikocTi Peer group oOpano ii KpyImHOTO cycina, TOCTCOIIaTiCTHIHY
kpainy, wieHa €EIl — Pociiiceky ®enepartito (PD).

VY pe3ynbraTi NOpiBHAHHS 3Ha4YeHb iHAUKaTOpiB MBCP mns Vkpainu 3 Bij-
NOBITHUMH 3Ha4YeHHSMH A PO oTpumaHOo Habip KPUTHYHUX iHAWKATOPIB, SIKi
JO3BOJIWJIM BHU3HAYUTH CHJIBHI Ta CJaOKi XapakTepUCTHKH sl HPOBEICHHS
SWOT-ananizy. B Tabn.1 HaBeZeHO 3HAYCHHS MMOKA3HHUKIB, 110 BUSBUIIKUCS KpH-
TUYHUMH 17151 YKpaiHu y nopiBHAHHI 3 PO.
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Taoauunsa 1. Kpuruuni kareropii mONITHKM Ta iHAMKATOpH YKpaiHH Y
nopiBHsHHI 3 Peer group PD

. 3HaueHHs | 3HaYeHHSA A Bi
KaTgropm I].[H],“(aT()p IJIsd YKpﬂi- Peer Gl’Ollp PO lHXHJ'lfHHﬂ
TOMITHKH mn P(U) | P(PeerGroup) D, %

[adpacrpyxrypa 3,09 3,48 -11,21
Bazosi ymoBH [ Mak :
POEKOHOMIYHA B
CTaOUIBbHICTh 4,67 3,35 12,71
301IbIICHHS .
eeKTHBHOCTI Po3mip puHkKy 4,62 5,54 -16,61
CBo0oa BEIeHHSA 3.83 37 _16.1
. OizHecy i i ’
ExonomiuHa -
cBOGOIA CsoOopa Big ypsmy 28 25 38,13
CBoOoa mparri 54,3 64,2 -15,42
Innexc sxocTi Bogu 31,7 483 -34,37
Hecrtaya muTHOT BOaM 73,3 97,7 -24.97
IHnexc pusnky 36e-
peKeHHS HaBKOJIHIII- 9,7 87,9 -88.,96
HBOTO CEPEOBHIIA
Edexrusnicts 30e-
XurrespatHicTs |peKeHHs HABKOJIUIL- 55 74,5 -92,62
€KOCHCTEM HBOTO CEPEAOBHIIA
3axHUIeHiCTh MOPCh- 16 26 38,46
KHX TepUTOpii
Hecraua ipurarmit 84,4 96,3 -12,36
HapanraxeHHs Ha 15 57 9737
puuto
[lnowa punanenot | 7 ¢ 74,6 76,14
TepUTOpii
SIKICTD JKUTTS Exonomika 38 43 -11,63
Hanexuuii cran- | BBII na nymnry nace- 6848 10845 236,86
JIapT KUTTS nenns, $ CIITA
BusHaueHHs 30BHINIHIX XapakTepUCTUK — MOXKIHMBOCTEH 1 3arpos

(Opportunities and Threats) — MpOMOHYETHCS TPOBOAMUTH 13 3aITy4YEHHSIM eKCIep-
TiB, po0OTa AKMX MOXKe OyTH OpraHizoBaHa Pi3HHMH METOJIaMH, 3aJIeKHO BiJ MO-
JKIIMBOCTEH, I(iJIeH 1 MacIITadiB JOCIIKEHHS.

3ACTOCYBAHHS ®OPMAJIbHOI TPOLIEAYPH IIOBYJIOBHA CIIEHAPIIB.
IMPOBEJEHHSA SWOT-AHAJII3Y

HactynHuii eTan 3anponoHOBaHOTO METOJY MOOYIOBH CLEHAPIiB MOJSTAE B 3a-
CTOCYBaHHI (opMaibHOI TMPOIEAYPH IMOOYIOBH CIICHApiiB i3 BHKOPHUCTAHHSIM
SWOT-ananizy.

Ha nonepennix eranax Oynu BU3HauyeHi yotupu ckianoi SWOT-anamizy:
CHJIBHI 1 c71abKi CTOPOHH 00’ €KTa, a TAKOK MOXKIIMBOCTI 1 3arpo3u sl HBOTO. I1o-
3HAYMMO CHJIbHI CTOpOHH 00’ekta S,,t€ N, cnabki — W;, j €N, moxnusoc-
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Ti— Oy, k € N, 3arpo3u — 7, [ € N . Jlani npoBeseMO CIIiBCTaBIECHHS IUX YO-
TUPHOX KOMIIOHEHTIB Mik c00010. CIIBCTaBJICHHS MPOBOAMTHCS BIAMOBITHO 0
TaKUX YOTHPHOX IiAMATPHIIB:

1. HinmaTpuns ST. CuibHI XapaKTEepUCTUKH, IO MOXKYTh KOMIIEHCYBaTH
3arposm.

2. Mipmatpuusa SO. CuiibHI XapaKTEPUCTHKH, 10 POOJISATh OB HMOBIp-
HHMH BIIITOBIIHI MOYKJIMBOCTI.

3. HinmaTpumss WT. Ciabki XapakTepUCTHKH, [0 MOXYTh MOCHIUTH
BIJIMTOBI/THI 3arpo3H.

4. MigmaTpuusa WO. Cnabki XxapaKTepUCTHKH, IO POOJISITH MEHIII HMOBIp-
HHMH BIIIIOBIIHI MOYKJIUBOCTI.

Pe3ynbTaTi Takoro 3ictaBlieHHS HaBelIeHO y TaOI. 2.

Tadoawmua 2. Marpuns croiBctaBleHHs KomnoHeHTiB SWOT-anamizy
(maui must Ykpainu, KOpOTKOCTPOKOBHIT TIEpioT)

T1 T2 T3 T4 TS5 | T6 T7 T8 T9 |01 02 03|04 05 06 O7 O8

S1

S2
S3

S4

S5 [
56 [

S7
S8
S9
S10 ] .
w1

w2
w3
w4
ws I
w6
w7
ws
w9
w10
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VY Tabn. 2 TEMHHUM 1 CipM KOJbOPaMHU MOKAa3aHO KJIITHHKH, IO BiAMOBiIa-
I0Th TIEPETUHY

® CWIBHOI CTOPOHHM 00’€KTa 1 3arpo3H, sKa MOXKe OyTH YaCTKOBO KOMIICH-
COBaHa Ii€I0 CHJIBHOI0 CTOPOHOIO;

e ci1a0Koi CTOpOHM 00’€KTa 1 3arpo3u, sIka MOXKe OYTH YacTKOBO MOCHIICHA
Ii€I0 CIIAOKOI0 CTOPOHOIO;

® CWIBHOI CTOPOHM 1 MOKIMBOCTI, peami3alis fKOi CTae BipOTiIHIIIOO
3aBJISKH LIl CUIIbHINA CTOPOHI;

e C1a0KOi CTOPOHU 1 MOKIIMBOCTI, peari3allis sIKoi cTa€ MEHIII BipOT1THOIO ¥
3B’SI3Ky 3 HasBHICTIO IIi€1 cTaOKOi CTOPOHHU.

Takum 9nHOM, BU3HAYAEMO, AKi caMe CHIIBHI 1 crabKi XapaKTepUCTUKH MO-
KyTh BIUIMBAaTH Ha peajli3alilo BiJIIOBIIHUX 3arpo3 Ta MoxuBocteil. Ha Hacty-
MTHOMY KpOIli 3HAHAEMO KUIBKICTh BiIMOBIIHUX CHJIBHHX 1 CIIAOKUX XapaKTepHC-
THK, IO BIUIMBAIOTh HA Peallizallifo KOKHOI MOMJIMBOCTI 1 3arpo3u Juis 00’€KTa
(tabn. 3), ne D — ¢akTop BILIMBY (Pi3HULSA MIX KUIBKICTIO CHJIBHHX 1 CIaOKHX
XapaKTEPUCTHUK AJIs1 KOXKHOI MOKIIMBOCTI 1 3arpo3u).

Taoaumusa 3. KiIbKicTh BIONMOBIZHUX CHIBHHUX Ta CIIA0KHX XapaKTePHCTHUK,
o0 BIUIMBAIOTh Ha peali3amilo KOXHOI 3 MOXIHMBOCTEH abo 3arpo3
(maHi nnst Ykpainu, KOpOTKOCTPOKOBHIA ITEPio)

Homep
3arpo3u/
MO>KJIMBOCTI
Kinbkicts
cumpHux Xa-| 0 | O | O |4 |1 |1 |1 |24 |3 |2[2/2]0|3]0]2
PAKTEPUCTHK
KinpkicTs
cmabkmxxa-| 3 | 6 |4 | 7|53 |3|4|8|3|3|4|4|3|6]|3]|2
PaKTEPHCTHK

D 3,643 4|2|2|24/0|-1]-2|-2|-3|-3/-3|0

[ Toro mo6 3’AcyBaty, sKi 3 CIa0KUX XapaKTEPUCTHK 00’ €KTa € HalHO1IbII
HEOE3IMeYHUMH 3 TOUKH 30PY OCIA0ICHHS HAaHOUTBIIO] KITbKOCTI MOKIIMBOCTEH Ta
MOCUJICHHS HalHO1IBbIIOT KIILKOCTI 3arpo3, a sIKi 3 CHIIbHUX XapaKTepPHCTHK € Hal-
OUTBII MEPCHEKTUBHUMH (Y TAKOMY X PO3YMiHHI), HiIpaxyeMo AJisl KOKHOI CHIIb-
HOI 1 cTaOKoi XapaKTepUCTHKH KITBKICTh 3arpo3 1 MOKIMBOCTEH, Ha SIKi BOHH
BIUIMBAIOTH (Tabi. 4, ne F' — dakrop BIUIMBY — CyMa 3arpo3 Ta MOXKJIHBOCTEH,
Ha sKi BIUTMBAE KOXKHA CHIJIbHA XapaKTepucTuka, i Tabn. 5, ne G — daxrop
BIUIUBY — CyMa 3arpo3 Ta MOXJIMBOCTEH, Ha SIKi BIJIMBAE BiAIOBiAHA ci1a0Ka Xa-
PaKTEepUCTHKA).

Tadoaumuma 4. KinbkicTh 3arpo3 Ta MOXJIMBOCTEH, Ha SKi BIUIMBAE€ KOXHA 3
CHJIFHUX XapaKTEPUCTHK (MaHi 11g YKpaiHu, KOPOTKOCTPOKOBHI Tepio)

CuiipHa
XapaKTepucTHKA

KinbkicTs 3arpos,
SIKMM MOJKE 3aBaJIUTH 1 0 0 0 4 1 0 1 2 2
CHJIbHA XapaKTEPUCTHKA

KinbKicTh MOIIHBOCTEH,

SIKHM MOJKE CIIPHSTH 0 2 2 2 0 2 1 2 2 1
CHJIbHA XapaKTEePHUCTHKA
F 1 2 2 2 4 3 1 3 4 3
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Taoaumuna 5. KinpkicTe 3arpo3 Ta MOXKIHUBOCTEH, Ha AKi BIJIUBA€E KOXKHA
3 CHJIBHUX XapaKTePUCTHUK (JaHi 4151 YKpaiHHu, KOPOTKOCTPOKOBUH Mepiox)

Cnabka WIWWWWWWWWWWWWWWWWWW
xapaktepuctukal 1 (2 (3 (4|56 7 /8|9 10 11/12/13/14/15/16|17 18|19
KinbkicTh 3arpos,
SIKI M1 ICHJTIOIOTBCS

CI1a0KO0I0
XapaKTEPUCTHKOIO

KinpKicTh MOXITH-
BOCTEH, IKUM I1e-

pemxomlcaecna61<a1000001000115141652

XapaKTEePUCTHKA

G 1{1/1{2/4|0(3|5(4|1[2|3[|9|3|7|1]11|/7/]4

Amnanizytoun moOyJoBaHi TaONMuIl, BH3HAYMMO HAHOLIBII MEPCIEKTUBHI
MOXITUBOCTI Ta HAMOUIbII HeOe3MeuHi 3arpo3H, a TAKOXK CHIIBHI 1 CT1a0Ki CTOPOHH,
Ha SK1 CIIiJ] 3BEpHYTH YBary B MEPIITy Yepry.

OITHC PE3YJbTATIB 3ACTOCYBAHHS 3AITPOIIOHOBAHOI'O HNIJIXO1Y
10 NOBYJIOBHU CIIEHAPIIiB PO3BUTKY YKPATHU

Ha ocHOBi 3acTocyBaHHS OINMCAHO! BUIIE METOIUKH MOOYIOBAaHO TPHU CIICHapii
PO3BUTKY YKpaiHU Ha TAaKUX YaCOBUX IHTEpBaJlaX:

e KkopotkocTpokoBomy (0 2010 p.);

e cepenabocTpokoBoMy (2010—2020 pp.);

e jnoBrocTpokoBomy (2020—2050 pp.).

Cuenapiii «CTapi noJiTUKN» Ha KOPOTKOCTPOKOBMIi iHTepBaJ yacy
(z0 2010 p.)

3arpo3u

1. T2 (aucbayanc Mix OIOEMHICTIO 1 JIIOJCHKUMH IOTpeOaMu) — HaliHe0e3-
nevHima A YKpaiHu 3arpo3a, OCKUTBKM OJJHOYACHO 6 CIa0KUX XapaKTepPHCTHK
301MBIIYIOTH 11 BipOTiAHICTE Ta HEMA€E KOJHOI CHIIBHOI XapaKTepPHCTUKH, siKa O
MOTJIa TIEPeITKOpKATH i peamizartii. @akTop BBy D = —6.

2. T3 (me3opieHTaris B reononiTHuHii curyanii), TS (Hu3pkuii piBeHb O0pO-
THOM 13 3704uMHHICTIO), T9 (Hapocraroda HEpPIBHICTH MK Pi3HUMH IPOIIAPKAMHU
HaceJIeHHS KpaiHW) 3aliMaloTh APYTy IMO3UILI0 MO BiporigHocTi pearnizarii. [Tpu
upoMy A T3 HeMae CHIBHMX XapaKTEPHUCTHK, SIKi O MepeuIKopKany i, Toxl sK
s T9 icHye 8 cmaOKuX XapaKTepHUCTHK, siKi poOisTh i1 HeOe3neuyHimor i 4
CUJIBHUX, SIKI MOTJIH O MepenIKopKaT ik 3arpo3i. ®akrop BBy D = —4 .

3. Jnsa T1 (3arposa enepretuyniii Oe3neni Ykpainu) icHye 3 ciabki xapak-
TEPUCTHKH, SKi pOOIIATH 1 HeOe3MeuHOo ISl KpaiHH, 1 He iCHY€E JKOIHOI CHUIIBHOT,
ska 0 Moruna ociabstu ii. ®akrop BBy D = -3.

4. Ins T4 (moripwenHs nemorpadiyHoi cuTyaii) icHye 4 BiANOBiAHI CHITb-
Hi XapakTtepucTHKH 1 7 cnabkux. Llsg 3arpo3a craHe JOCTaTHRO HEOE3MEUHOIO, SIK-
0 ICHYIOUMX CHJIBHUX XapaKTEPUCTHK BHUSBHUTHCS HEIOCTATHHO, 10O B CyMi
KOMIICHCYBATH 1[I0 3arpo3y 3 BPaxyBaHHSAM 7 CIaOKHUX XapaKTEPUCTHK, sKi 1H
cnpusoTh. @axtop BBy D =-3.
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MozxnuBocTi

1. Ina Ol (Bctyn Ykpainum no BTO) ta O8 (oTpumMaHHs acouiiioBaHOTO
ginercTBa B ChoMiil paMKkoBii porpami €C) icHye oHaKOBa KUTBKICTh CHITHHUX 1
CTa0KUX XapaKTePUCTHK, SKI BIUIMBAIOTh Ha ix peamizaiito. Takum 4uHOM, IIi
MOXIIUBOCTI MU e(h)eKTUBHOMY 3aCTOCYBaHHI CHJIbHUX XapaKTEPUCTHUK € MOBHiC-
TIO peaJbHUMU AJIs Kpainu 1 3 BiporignicTio 50% MoxyTh OyTH pearnizoBani. Pa-
Kktop BBy D =0.

2. Ing O2 (30epexkeHHs1 (KOHCepBallisl) OCHOBHUX AEP)KaBHUX 1HCTUTYLIH
JUIST MaOyTHHOTO) iICHYIOTh 2 CHJIBHI XapaKTEPUCTHKH, SKi MMO3UTHBHO BILIMBA-
TUMYTh Ha i1 peamizamito i 3 cnalki, sIKi MOXYTh TepemKopKat id. Ls Moxmu-
BICTb € TaKOX BipoTigHOIO U1 Ykpainu. @akrop BBy D =—1.

3. I O3 (30epekeHHs] TPAaHCHOPTHHUX 1 TpaH3UTHUX Mepex) i O4 (orpu-
MaHHS CEepeAHiX 1 BHUINE CepeaHiX YpOokaiB CLIHCHKOTOCIOMAPCHKOI MPOIYKIIiT)
ICHYIOTh 110 2 CHJIBHI 1 4 CJIa0Ki XapaKTepUCTHKH. 3 ypaxyBaHHSAM IX CyMapHOI'O
BIUIMBY JUIs pearnizanii moxkimuBoctedt O3 i O4 HeoOXxinHO Oyze mojoiaru 0arato
cknanHomiB. @akTop BBy D =—1.

CuIbHI XapaKTepUCTUKH, 10 HA0IIbII BIVIMBAKOTh HA 3arPO3HU i MOK-
JIMBOCTI

1. S5 (nanexHi caniTapHi yMoBH) i S9 (BUCOKHH piBeHBb OCBITH cepell JOpo-
CJIOTO HACEJICHHS KpaiHH) € HAaHBIJIMBOBIIIMMH 3 OTJISILy Ha T€, 0 KOXKHA 3 HUX B
CyMi BIUTMBAa€ Ha HAWOLIBINY KITBKICTh MOXJIMBOCTEH 1 3arpo3. @akTop BIUIUBY
F=4.

2. Koxna 3 xapakrepuctuk S6 (Burigne reorpadiune monoxenHs) i S10
(Ykpaina mae mopiBHSIHO KOMGBOPTHHIA KIIiMaT) BIUTUBAE HA 3 YNHHUKHU 30BHIII-
HBOT'O CEPEOBHUINA 1 € Ay>Ke KOPUCHOIO [isl AepkaBu. DakTop BBy F =3 .

3. S2 (ne3nauni TapudHi 1 HeTapu(HI NEPENIKOIU HA HUIAXY JOCTYIY IO
puHKY YKpainm), S3 (BiZKpHTiCTh OaHKIBCHKOI i (iHaHCOBOI cucteM), S4 (mobpe
po3BHHEHa iH(QPACTPYKTypa) BIUIMBAIOTh HA 2 YNHHHUKH 30BHILIHBOTO CEPEIOBU-
ufa. Gakrop BBy F =2.

Haii0iabm | HaliMeHII HeOe3nmevHi cJIa0Ki XapaKTepuCTHKH

1. W17 (3HauHa mojiTH9HA HECTaOITBHICTH B KpaiHi), W13 (Makpoeko-
HOMIYHA HecTabUTbHICTE), W15 (BUCOKe 3pocTanHs iH(IALIL, sika 3yMOBIIOE HU-
3pkuid BBII 1 moBiibHI Temin fioro 3pocTanHs) BIUIMBAIOTH BiAmoBigHo Ha 11, 9 1
7 YMHHUKIB 30BHINIHEOTO CEPEOBUINA, CTBOPIOIOYH MEPEITKOIN IS peari3artii
MOXIIMBOCTEH 1 CIPUSIOYM BHCOKIHM BiporigHocTi peamizamii 3arpo3. Lli cma0Oki
XapaKTepUCTUKH HEOOXiTHO MOAOJAaTH, aJXe caMe BOHM B HAHOUIbIIIH Mipi
poOJIATh KpaiHy CHPUHHATINBOIO A0 3arpo3. PakTopu BIUIMBY BiANOBITHO
G=11,G=9,G="7.

2. W5 (Bucoka BapTicTb ®HTTS), W8 (HU3bKa SIKICTh 1 Opak MUTHOI BOAM),
W19 (BigcyTHICTh KOHCOMiAIIi MOJITHYHUX CHJI Y CYCHUIBCTBI HABKOJIO 3arajib-
HOHAITIOHAJILHUX IIJIEH Ta TMPIOPUTETIB) — HACTYITHI IO HEOE3METHOCTI IS JIep-
JKaBH 3 TOYKHM 30py peaiizalii i MoKIMBOCTEH Ta Bpa3nmuBoCTi 10 3arpo3. Li cia-
OKi XapaKTepUCTHUKH BIUITMBAIOTHh Ha 4 200 5 YMHHWKIB 30BHIITHBOTO CEPEIOBHIIA.
®daxTopu BILTUBY Ui HUX Binnosinno G =4, G=5, G=4.

3. W4 (Bucokuii piBeHb BUKUIIB MAPHUKOBHX Ta3iB), W7 (HU3bKHIA MOKa3-
Huk BBII Ha nymy nacenenns), W12 (HemoctaTHili piBeHb cBoOOIM mpami), W14
(Opak BomM IS 3pOITYyBaHHS B CUIBCHBKOMY TOCIIONAPCTBi) BIUIMBAIOTH Ha 2—3

14 ISSN 1681-6048 System Research & Information Technologies, 2009, Ne 2



Memooduka nobyodosu cyenapiie pozgumky Yrpainu 3 suxopucmanusam SWOT-ananisy

YUHHUKH 30BHINIHBOTO cepenoBuia. @akTopu BIDIUBY BianoBigao G =2, G=3,
G=3,G=3.

Cuenapiii «HoBa renepanis» Ha cepeJHbLOCTPOKOBUI iHTEepBaJ Yacy
(2010-2020 pp.)

3arpo3u

1. T9 (moripmenHs nemorpadiyHoi cuTyarii) € HaiOinbm Hebe3NneuHow Ha
JMaHOMY TPOMDKKY. CIpHHHSTINBICTh 10 HEl MiACHIIOE OJHOYACHO 7 ClIabKuX
xapaktepuctuk. @axkTop BIUBy F =—4.

2. Hns T1 (HapocTaHHs eHEPTeTHYHOI Kpru3n), T2 (OTipIIeHHs €KOJIOTiHHOT
cutyariii), T10 (moripmreHHs sIKOCTI 1 Opak MATHOT BOAM) iCHYE IO TpH CITa0Ki Xa-
PaKTEPUCTHUKH, SKI HiACHIIOIOTh CIPUHHATIUBICTD KpaiHU 10 HUX 1 HEMA€E KOJHOT
CHJILHOT XapaKTEePUCTHKH, sKa 0 IM nepemkomxana. Gakrop BBy F =-3.

Mo:xnuBocTi

1. dns Ol (mpopuBH Ha MiXXKHAPOAHOMY PiBHi) icHy€ OilblIe BCHOIO CHIIb-
HUX XapaKTEPUCTHK, SIKi MiJCHIIOIOTH 11 1 CpusroTh pearizaiii. KinbkicTs cmab-
KAX XapaKTepPHUCTHK, IO MEPEelIKOPKATUMYTh i MOXIIUBOCTI, TEX JOCTATHHO
Bucoka. llpore cymapHUWil BIUIMB CHJIBHUX XapakTEPUCTUK KOMIICHCYE BILTUB
cmabkux. @akrop BIumBy F =1.

2. JIns O2 (mpopuB y CLIECBKOMY TOCITOAapcTBi), O3 (po3mupeHHs eKCIop-
THUX MOXKJIUBOCTEH B IMOCTa4YaHHI ejekTpoeHeprii), O4 (mpopuB Ha puHKax iHGO-
pManidHuX TexHonorii), OS5 (pPO3BUTOK TYpU3MY) PI3HUI MiX KiBKICTIO CHIIb-
HHUX CTOPIiH, AKi MO3WTHBHO BIUIMBAIOTh, 1 CIAOKMX, IO BIUIMBAIOTH HEraTHUBHO,
BHSIBIUTacS piBHOIO — 2. Dakrop BmBy £ =-2. Ha mumaxy peamizamii mux
MOJKJIMBOCTEH HEOOXIJHO MOAoNaTH psij nepemkos. [IpoTe iCHYIOTh CHIBbHI Xa-
PaKTEPUCTHKH, SIKi CIIPUATUMYTh 1X peaiizariii.

3. Haiibinbine mepemko BUHUKAE 1715 MOXIIUBOCTI O6 (PO3BUTOK TPaH3UT-
Horo noteHiany). ®akrop BBy F =-5. Lle onHa 3 HAHBaXKIMBILIMX MO>KIIHU-
BOCTEH 111 YKpaiHW, TOMy BOHAa IOBUHHA MOOLUTI3yBaTh BEIMUYE3HI 3yCHIUIA AJIS
YCYHEHHS [IUX NEPELIKO/.

CuiIbHI XapaKkTepucTUKHA

1. HaifiHHIMMH Ha CepelHbOCTPOKOBOMY IPOMIXKY OYAyTh Taki Xapak-
TEPUCTHKH, 5K SO (BUTinHE reorpadiuHe NoiaokeHHs) i S9 (BUCOKHA PiBEeHb OCBi-
TH IOPOCIIOTO HaceleHHsA Kpainu). PakTopu BIUIMBY IOPiBHIOIOTH BiANOBiA-
HO FF=5 F=T7.

2. S4 (nobpe po3BuHEeHA IHPpACTPYKTYypa), S5 (BUCOKHIT BICOTOK HACEJICH-
HS KpaiHU Ma€ JIOCTYM J0 MOKPALIeHUX CaHITapHUX YMOB), S8 (BUCOKHH BiACOTOK
HAaCeJICHHS Ma€ BUMTY OCBITY), S10 (KoMGMOPTHUN AT KUTTS KIIMAT) AyKE BaxK-
JIMBi, OCKUIBKM KOXKHA 3 HHMX TO3UTHBHO BIUIMBAE€ HA YOTHUPW YHHHHUKH 30BHIMI-
HbOTO cepenopuia. dakrop BILIMBY F =4.

3. S1 (y BucOKi# Mipi po3BUHEHI NOJITHYHI [IpaBa i cBOOOIM rpoMasin), S2
(ne3HauHi TapudHi i He TapudHI TEPEIIKOIU HA NIIIXY JOCTYIY A0 PUHKY), S3
(BimkpuTicTh OaHKIBCHKOI 1 (DiHAHCOBOI cucTeM), S7 (BHCOKHM BiICOTOK YOPHO-
3eMiB) BIUIMBAIOTh KOKHA Ha OJMH YMHHUK 30BHIIIHBOTO CEPEJOBHUINA i MAIOTh
JIeI0 MEHIIE, ajie BCE K BEJMKE 3HAUCHHS HA CEPeIHBOCTPOKOBOMY MPOMIKKY.
®akTop BBy F =1.
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Cnalki xapakTepucTHKHU

1. XapakTepHCTHKH, SKi TepII 32 Bce HEOOXITHO MOJ0JIATH, TOMY IO BOHH
HETaTWBHO BIUIMBAIOTh Ha HAWOIIBITY KUTBKICTh YAHHHKIB 30BHIITHEOTO CEPEIIO-
Buma: W17 (BHyTpillIHs MoJiTHYHA HecTabutbHicTh) 1 W13 (MakpoekoHOMivHA
HecTabinbHicTh. PakTopy BIUTUBY BiAmoBigHo G =12, G=14.

2. HacrymHi o He06e3MevHOCTI i HeTaTUBHOCTI BIUIMBY XapaKTEPUCTHKH —
W5 (Bucoka BapticTh ®uTTs), W9 (HU3BKA SKIiCTh 1 AedinuT muTHOI Boan), W11
(obmexena cBobona BeneHHsi OizHecy), W16 (Hu3bKa sSKicTh iH(pacTpyKTypH).
Koxna 3 HEX BrmmBae Ha 5—6 3arpo3 i MoxuMBocTe. DakTopy BILUTUBY BiIOBi-
aHo G=6,G=5,G=5 G=5.

3. W4 (Bucokuil piBeHb BHKH[IB TAPHUKOBUX Ta3iB), W8 (BUCOKHil piBeHb
kopymiii), W12 (oOMexena cBoOo/a mpalli) BIUIMBAKOTh KOXHA HA YOTHUPU YHH-
HUKH 30BHIITHBOTO CEPEIOBHINA 1 TEX € OCTATHHO HEOE3MEeUHUMH 1 TOTPeOyIOTh
HAMIIBU/IIOTO BUPIIIEHHS TOB’S3aHUX 3 HUMH MpoOsieM. DakTopu BIUIUBY

G=4.

Cuenapiii «[ILIBUAKHUIA pO3BUTOK» HA I0BrOCTPOKOBHIi iIHTEpBaa yacy
(2020—2050 pp.)

Ha mosrocrpoxoswuii inTeppai gacy (2020 — 2050 pp.) moOymoBaHO cieHApiid po3-
BUTKY YKpainu, Ha3BaHu# «llIBUAKWI po3BUTOK». Y 3B’SI3KY 3 iCHYBaHHSIM JIyKe
BEJIMKOI KiJIbKOCTI MOJUIMBHX BapiaHTIB PO3BUTKY Ha TOMEPENHIX eTarmax Kilib-
KICTh BapiaHTIB Ha JOBIOCTPOKOBHH MPOMIKOK 3pPOCTa€, TOMY HaBEIEMO TiIbKH
«ONTUMICTUYHUNY CIEHApil, SIKUI MOXKE peali3yBaThCsl Y BUIAKaX BUKOHAHHS
pEeKOMeHalii, OTpUMaHUX IS MOMEPEIHIiX IBOX NPOMIXKIB. Omumemo men
CIleHapiil.

Y NOBrocTpOKOBI MEPCIEKTHBI CTpaTETiuHUN TMOTEHIan YKpaiHu 1 BHCO-
KWH piBeHb OCBITH HACEIEeHHS JadyTh MOXKIIMBICTh PO3BUBATH JIIOACHKUAN KarliTal
KpaiHu, SKHH cTaHe 0a30BOI0 NEPEBarol0 i rOJOBHOIO CHIBHOIO XapaKTepUCTHU-
KOI0 («Hapi>XKHUM KaMeHeM») Hallii. Skio 3a npioputeTHy Oyae MOCTaBISHO
METy BUXOBaHHSI KOHKYPEHTO3JAaTHOTO MOJIOJOTO IOKOJIHHS YKPaiHChKUX
MOJIITHKIB, yYEHHX 1 IAIJIOMATIB, YKpaiHa MaTUMe YCIiX B NMEpIIiil MOJOBUHI
XXI cropigus.

Hane)xHuM 4MHOM CIJIAHOBAaHE CTPATETIYHE 3aCTOCYBaHHS 3HAHb, PO3BUTOK
HAYKH 1 TEXHOJIOTIH CTBOPHUTH MOKOJIIHHS YKPATHIIIB, SKi 3MOXYTh BUBECTH KpaiHy
Ha repenoBi mosuiii cepen kpaiH LleHTpamsHoi i CximHoi €Bponu. BimHocuHM
VYkpaiam 3 Pociero, €Bpocorozom i Crioydenumu IlltatramMmu AMepUKH pO3BHBa-
TUMYThCS PIBHO 1 MO3UTUBHO. J{J1s1 TOTO 1100 CKOPHCTATHCS IIMMH MOXKIIBOCTSI-
MU, YKpaiHa MoBHHHA 3100yTH 1 psii HOBUX CHIIBHUX XapaKTEPUCTHUK.

Jly)xe BaKIMBUM € 30€peXeHHs] BUCOKOTO JIIOJICHKOIO MOTEHLiany 1 BHUBe-
JIEHHS WOTO Ha SKICHO HOBUU PiBEHb, a TAKOXK 30epe:KEHHS 1 BiTHOBICHHS iH(Dpa-
CTPYKTYpH, HAJaroJ’KCHHS BHCOKOTEXHOJIOTIYHOTO BHPOOHUIITBA, IHBECTHUIH Y
PO3BHUTOK BUCOKOTEXHOJIOTIYHUX Taly3eil HayKu, HaJaHHS OiIbIIOl yBaru eKoJo-
TiYHUM [TOKa3HUKaM. Y TOW e 4ac IHTEHCUBHUH PO3BUTOK CLIBCHKOTO IOCIIOAAp-
CTBa 1 BUXIJl Ha JIJUPYIOYi MO3MUIT 1O 3a0€3[EYCHHI0 BEJIUKOI YaCTHHH CBITY
NPOIYKTaMH Xap4yBaHHSA, a TAKOXK MiJHSTTS POJIi 1 pO3BUTOK SIKICHUX COLIialIbHUX
XapaKTEePUCTUK TIOBUHHI CTaTH 3allOPYKOIO YCIiXy B MaOyTHROMY 1 3p0OUTH pe-
aiizaiiro creHapito «IBHAKOTO pO3BHTKY» PEeabHOIO.
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BUCHOBKHU

Omnrcano MeToauKy MoOyJIOBH CIIEHApiiB PO3BUTKY YKpaiHW 3 BHKOPHUCTAHHSIM
00’€KTUBHUX JaHMX (iHAEKCIB Ta IHAMKATOPIB CTAJIOTO0 PO3BUTKY), CLEHAPHOTO
nigxony, SWOT-anami3y, eKCIepTHIX METOJIiB. Y pe3ylbTaTi 3aCTOCYBaHHS PO3-
pobeHoi MeTOAMKHN TO0YIOBAaHO CIIEHAPii PO3BUTKY KpaiHW Ha TPHOX YACOBHX
MPOMIKKaX: KOpPOTKOCTpokoBoMy (mo 2010 p.), cepeaHbOCTPOKOBOMY
(2010—-2020 pp.), noBroctporoBomy (2020—2050 pp.).

CrpareriuHuM HaIpsIMKOM PO3BUTKY KpaiHU B AaHil poOOTI MPHUIHATO PO3-
BHUTOK, 3TiTHO 3 Mozeinmo «['apMoHi3oBaHe cycmiibcTBO». IIpoBemeHunit aHami3
MOKa3aB, IO AJIS IOCSITHEHHS TO3UTUBHUX TEHJCHIIIH Y CBOEMY PO3BHUTKY YKpai-
Ha [MOBMHHA MMOKPAIIyBaTH MOKa3HUKH iHAuKatopiB MBCP, siki B34TO 32 OCHOBY
JUTSL aHAUTI3Y 1 SKi € 00’ €EKTHBHUMH TTOKAa3HUKAMU CTaHy CTaJIOTO PO3BUTKY AeprKa-
BH, a TAKOX JOTPUMYBATHCS PEKOMEH/AIiil 1O 3amo0iraHHI0 HEraTHBHOTO BILIU-
By BH3HAYCHUX CIaOKUX CTOPiH, 30epiraTé CHJIbHI, peaxi30ByBaTH HasiBHI MOX-
JIMBOCTI, a TAKOXK 3aI100iraTy HAHOUTBIIT HEOE3NMEeUHUM JIJISl PO3BUTKY 3arpo3aM.
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MODELLING OF THE CIVILIZATIONS' BREAK LINES
IN CONTEXT OF THEIR
FUNDAMENTAL CULTURAL DIFFERENCES

M. ZGUROVSKY, A. PASICHNY

Given article describes a development of a methodology of world geopolitics re-
search with the use of contemporary geopolitical paradigms based on the work of
expert groups in definition of the examined objects, development the set of evalua-
tion criteria, and quantative estimation of the cultural differences of different ob-
jects. Current research was based on hypothesis of S. Hantington about the “clash of
civilizations”.

INTRODUCTION

Discovering the mankind's development laws and their subsequent studying has
always been interesting for scientists, both from qualitative and quantitative
points of view. Already after the Second World War in RAND Corporation
(USA) these problems were studied with the use of the game theory [1] and strat-
egy of world conflicts [2]. Jay Forrester [3] and Denis Meadows [4] continued the
research of global processes on the basis of world dynamics models created at
request of the Club of Rome in the early seventies.

It is worth mentioning, that at that time theories, basically, were directed at
modelling and prognosticating of the bipolar world. But within the last 20 years
approaches to the description of the world system dynamics have been substan-
tially reconsidered, proceeding from the new geopolitical situation in the world.
They also have been essentially improved due to the development of mathemati-
cal methods of system and scenario analysis [5] and technological calculation
means. The volume of global statistics increased, which allowed to develop inte-
grated indicators of a sustainable development and system threats for the particu-
lar countries and world regions [6, 7, 15].

GEOPOLITICAL MODELS OF THE MODERN WORLD

After the end of bipolar world era and as a result of globalisation processes, there
appeared the necessity of formation of new paradigms which would most pre-
cisely reflect the existent situation in the world. As a result, at the beginning of
nineties, there were formed 5 basic world cultures models, singled out in geopo-
litical aspect (fig. 1):

a. Model “Euphoria and harmony uniting world”
(The concept of a uniform terrestrial civilization)

Supporters of this theory led by Francis Fukuyama and his well-known essay
“The end of history and the last man” [8] considered that communism crash
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would lead to domination of the western institutes of liberal democracy and free
markets all over the world. And all the remained conflicts would be insignificant
and would not be of ideological character. Several years after the fall of the Berlin
wall, with an increase of the number and scope of regional conflicts, it became
clear that this model little coincides with the political reality.

Uniform West Approximately
civilization and the rest 192 states

Clash of

Evident chaos e
civilizations

Fig. 1. Geopolitical world models, which appeared after the end of the Cold War

b. Model “Two worlds: we and them” (or “West and the rest”)

This model is known as «West against East», or «the rich north against the poor
south», «the faithful against sceptics», and so forth. The model is very simple and
does not describe any real conflicts in the world and fundamental distinctions be-
tween cultures and groups of countries. More detailed global data analysis that
has been made recently resulted that a phenomenon of bipolarity and inequality
gap is highly contextualized [9] therefore it cannot be used as a global model.

¢. Model “Approximately 192 states”

In this model the assumption is made, that all states would practice exclusively
pragmatic policy, would maximize their own power, search the balance of forces,
and so forth. The majority of states, to certain extent, do it actively, but this model
neglects cultural indications of alliances which is very essential. On the other
hand, S. Huntington [10] shows that according to this "ideal" theory of forces'
balance, the Western Europe should have united with Soviet Union in a fight
against powerful, especially after the Second World War, United States. On the
contrary, the West European governments, supposing that the Soviet Union was a
threat for their way of life, concluded the alliance with the USA and generated
NATO. According to Huntington, the states-nations will remain the basic players
in the world politics. So, this model is useful, but it does not explain the devel-
oped distinctions between the international systems during the cold war and after
its end, as the states have always pursued their own interests.

d. Model “Evident chaos”

This model envisages [11] that states and nations would lose their importance and
eventually start to “diffuse” and even disappear. The power would be chaotically
captured by small geographical subjects or even separate individuals. Racial, eth-
nic and religious conflicts would amplify, the weapons of mass destruction would
be extended, and terrorism would increase in frequency and scale. The power of
transnational corporations and mafia organizations would also increase. The
Internet would become the most powerful authority in the XXI century, business
elite in cyber-space would become an essential player on the world scene. The
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world with the unified state would be impossible, and international regulating
tools, first of all the UN, would disappear. Huntington recognizes that this “anar-
chy” model adequately reflects the real current processes to large extent, but it has
no prospect from the point of view of relative importance of tendencies and the
prognosis of various conflicts' development.

e. Model “Clash of civilizations”

Due to the shortcomings of all the aforementioned paradigms, S. Huntington of-
fered one more concept of the subsequent world interaction, which is based on the
civilization approach. In his work [12] Huntington defined 8 basic civilizations:
Western, Confucian, Japanese, Islamic, Hindu, Slavic, Latin American and Afri-
can, and showed, that the subsequent world conflicts would be based not on the
ideological opposition, but on the cultural distinctions between these civilizations.

DEFINITION OF THE RESEARCH TARGET ON THE BASIS OF EXPANDED
CIVILIZATION APPROACH

It should be noted, that civilization approach has already been repeatedly used
both in historical researches [13], and in the world dynamics modelling [14]. Tak-
ing into consideration the fact that we are, first of all, interested in the cultural
context of system dynamics and influence of cultural distinctions on the course of
world conflicts, the concept of Huntington became a base of the subsequent mod-
elling of distinctions between civilizations.

Research objective of this section is the quantitative and qualitative analysis
of distinctions between world cultures on the basis of carrying out expert estima-
tion of pair distinctions between civilizations according to Huntington [10] by the
criteria defined by experts within the limits of the conducted modelling.

During the carrying out of the above-mentioned modelling we will execute
the following stages:

a. Make specifications of the civilization distribution, suggested by S. Hant-
ington.

b. Develop a system of criteria for the estimation of cultural distinctions be-
tween civilizations.

c. Develop and perform expert estimation of the cultural distinctions.

d. Process the estimation data and calculate values of “breaks” between civi-
lizations.

SPECIFICATION OF THE CIVILIZATION DISTRIBUTION AND COUNTRIES'
CLUSTERING ACCORDING TO THE CRITERIA OF BELONGING TO
CIVILIZATIONS

In order to avoid the subsequent ambiguous interpretation, let us give definition of
the term “civilization”, which will be used in this research: civilization — human
community, which during the certain period of time (process of origin, develop-
ment, destruction or civilization transformation) has stable features in the socio-
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political organisation, economy and culture (science, technologies, art, etc.),
common cultural wealth, ideals, mentality and world-view [14].

Procedure of clustering (association of civilizations' relative criteria in
groups) will be conducted on the basis of use of the expert estimation method.
With that end, let us generate and organise work of several expert groups. The
first expert group carried out the collective discussion of the offered list of civi-
lizations and distribution of countries between them. This expert group included
specialists — international affairs experts with global vision of geopolitical proc-
esses in the world. Formation of the civilization list (clusters) was conducted by
the way of achieving compromise between historical and mental signs of their
cultures and attempts to identify the most powerful cultural features of each civi-
lization.

As a result, 192 countries (UN members) have been grouped in 12 civiliza-
tions, shown in fig. 2 and [15].

Using all the previous calculations of remoteness degrees of the world coun-
tries from the set of global threats, let us define average values of this remoteness
degree (Table 1) for groups of countries, united on the basis of common culture
(according to the specified civilization distribution of countries, suggested by S.
Huntington [10]).

[ 1. Western-North American. [ 5. Muslim-Arabic. [£] 9. Slavic-East Orthodox.
[ 2. Western-European. [ 6. Muslim-Turkic. [=] 10. Slavic-West Catholic.
[ 3. Confucian. £ 7. Muslim-Malayan. [ 11. Latin American,

[ 4. Japanese. [ 8. Hindu. W 12. African,

Fig. 2. Map of countries' distribution by civilizations

From the degrees of remoteness from set of global threats of civilizations
given in table 1 we see, that most «successfuly» from the point of view of safety is
the Japanese civilization, on the second place by this indicator is Western-North
American, on the third — Western-European, on the fourth and fifth accordingly
— Slavic-West Catholic and Slavic-East Orthodox, on the sixth — Muslim-
Malayan, on the seventh — Latin American, on the eighth — Confucian, on the
ninth and tenth accordingly — the Muslim-Arabic and Muslim-Turkic civiliza-
tions, on the eleventh — Hindu, and eventually on the twelfth — African.
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Table 1. Remoteness degrees of civilizations from the set of global threats

Civilization / Threats

Security rating
Degree of remoteness
from the set of global threats

Energetic security index

Misbalance between biosphere
and people's necessities

Inequality (GINI index)

Corruption perception

Access to the drinking water

CO2 emissions

Children's mortality

Vulnerability to catastrophes

State instability

Vulnerability to global ill-
nesses

1. Western-North American
Canada, USA

o
[o)]
=
w

0,419

(=]

,679

0,633

0,795

1,000

0,323

0,974

0,999

0,960

0,742

2. Western-European
Australia, Austria, Belgium,
Denmark, Estonia, Israel, Ire-
land, Spain, Italy, Latvia,
Lithuania, Luxembourg, Ger-
many, New Zealand, Norway,
Portugal, Romania, the United
Kingdom, Finland, France,
Switzerland, Sweden

0,598

0,156

0,489

0,672

0,747

0,981

0,679

0,975

0,999

0,957

0,703

3. Confucian
Vietnam, China, Mongolia,
Republic Korea, Thailand

0,408

0,068

0,124

0,629

0,350

0,830

0,853

0,903

0,962

0,712

0,562

4. Japanese
Japan

0,644

0,012

0,394

0,751

0,750

1,000

0,670

0,984

0,995

1,000

0,815

5. Muslim-Arabic

Algeria, Bangladesh, Bosnia
and Herzegovina, Egypt,
Yemen, Pakistan, Tajikistan,
Tunis

0,364

0,110

0,065

0,670

0,280

0,830

0,929

0,772

0,979

0,495

0,500

6. Muslim-Turkic

Albania, Azerbaijan, Kazakh-
stan, Kyrgyzstan, Turkmeni-
stan, Turkey, Uzbekistan

10

0,343

0,159

0,091

0,690

0,243

0,837

0,825

0,744

0,996

0,617

0,409

7. Muslim-Malayan
Indonesia, Malaysia

0,438

0,151

0,140

0,583

0,370

0,880

0,847

0,904

0,998

0,740

0,588

8. Hindu
India, Cambodia, Nepal, Sri
Lanka

0,336

0,242

0,049

0,617

0,280

0,740

0,983

0,695

0,991

0,430

0,513

9. Slavic-East Orthodox
Belarus, Bulgaria, Greece,
Georgia, Moldova, the Russian
Federation, Ukraine

0,463

0,124

0,141

0,665

0,314

0,951

0,804

0,927

0,998

0,783

0,461

10. Slavic-West Catholic
Poland, Slovenia, Slovakia,
Croatia, the Czech republic

0,563

0,034

0,275

0,714

0,500

1,000

0,737

0,976

1,000

0,944

0,622

11. Latin American
Argentina, Bolivia, Venezuela,
Guatemala, Haiti, Dominican
republic, Ecuador, Fur-tree El
Salvador, Colombia, the River
Kosta, Mexico, Nicaragua,
Panama

0,425

0,168

0,137

0,477

0,306

0,880

0,931

0,856

0,979

0,691

0,634

12. African

Cameroon, Nigeria, Southern
African Republic, Zambia,
Zimbabwe

0,215

0,273

0,060

0,502

0,288

0,682

0,920

0,420

0,999

0,360

0,271
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FORMATION OF CRITERIA FOR ESTIMATION OF CULTURAL
DISTINCTIONS BETWEEN CIVILIZATIONS

To identify cultural distinctions between civilizations one should select a consid-
erable number of criteria. At the same time, from the practical point of view, it is
necessary to adhere to the reasonable compromise in the criteria quantity, their
aggregated descriptiveness and universality. It is necessary to give each expert an
opportunity to clearly differentiate distinctions between civilizations under con-
sideration.

At the first stage those characteristics which are informative for research
have been defined:

1. Faith: religions, views and erudition.

2. Changes: development, perfection, modernization and progress.

3. Conflicts: wars, terrorism, genocide, civil oppositions.

4. Freedoms: independence, democracy, rights and obligations, citizenship.

5. ldentification: nation, nationality, ethnos, clan, group; religion; assimila-
tion and adaptation.

6. Judgments: good and evil; morality, responsibility; traditionalism, po-
liteness and intelligence.

7. Knowledge: scientific character and wisdom.

8. Nature: ecology, biosphere, sustainable development.

9. Policy: ideology and liberality, conservatism and neo-conservatism, fun-
damentalism, moderation and radicalism, “left” and “right”.

10.Society components: gender, family, castes and clans.

Following the results of the second expert group work, in which there were
experts in sociology, culturology and international relations, 8 basic criteria were
formulated, which most fully characterize cultural distinctions between civiliza-
tions, according to the experts' point of view:

1. Value of human life.

Range: “Human life is worthless”—“Human life is the highest value”.

2. Personal freedom inside society.

Degree of moving freedom, freedom of utterances, private life, etc.

3. Status of woman in a society.

Range: “Full domination of male”—“Gender parity”—“Full domination of
female”.

4. Degree of religion penetration into public life.

Range: “Religious and church institutions do not influence people's life at
all”—*“Religious and church institutions greatly influence people's life”.

5. Ethnic uniformity.

Degree of interethnic relations' tolerance inside civilization.

6. Openness or closeness to other cultures (civilizations).

Degree of the civilization's openness or closeness.

7. Traditionalism in culture and thinking (conservatism).

Disposition to changes in traditions and ways of thinking.

8. Radicalism in political life.

Stability (constancy) of political life and speed of political courses' change.
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EXPERT ESTIMATION OF CULTURAL DIFFERENCES BETWEEN
CIVILIZATIONS

After formation of the final list of civilizations and set of estimation criteria (that
is getting the first part of expert information - conceptually-notional), there ap-
peared the necessity to specify the expert estimation procedure (getting the esti-
mated expert information).

It is a question of considerable complexity, as experts have no possibility to
give absolutely exact estimations of certain characteristics. Moreover, an attempt
to make use of the existing methods of pair comparisons for getting cardinal esti-
mations (methods of “line”, Saati and so on) was also unsuccessful owing to the
fact that estimations of countries' cultural distinctions by some criteria are not
subject to ordering. That is the order relation on these estimations' subspaces is
impossible to maintain, even in case of partial order achievement since transitivity
property is not carried out:

Jk, civeC, Vi, j=3R; (civ;,civ;):civ; <civ;,
where C — set of civilizations, which has been defined at the previous state;
R, —relationin CxC.

But for each criterion experts can estimate the distance between correspond-
ing values for each pair of civilizations:

Vk, civeC, Vi,j Eldk(civ,-,civj):CxC—)R[O;l].

For convenience of distances' estimation, experts used Miller's scale [5],
given in table 2.

Table 2. Miller's scale

Qualitative difference estimation | Quantitative estimation Distance range

Practically have no differences 1 [0;0.1]

Very little differences 2 [0.1; 0.25]

Little differences 3 [0.25; 0.4]

Middle differences 4 [0.4; 0.6]

Big differences 5 [0.6; 0.75]

Very big differences 6 [0.75; 0.9]
Complete opposites 7 [0.9; 1]

Then the expert estimation will be as following: d; (civ;,civ;):CxC—
— Zj1;77- By imposing additional limits (that are quite sensible) to the experts’
estimations d; (x,z) <d;(x,y)+d;(y,z) (“triangle inequality”), we obtain met-
ric d,(x,y) (properties d; (x,x)=0 and d,(x,y)=d;(y,x) will be thus evi-
dent) and set C becomes metric space.

The result of i-expert estimation will be a set X; :(x},xiz,...,x{‘,...,x?) ,
where each criterion £ has a corresponding matrix:
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dy (civy,civy) - di(civ,civ, 0 -~ dy (civy,civ,
X = : : = : ' :

dy (civ,,,civy) - di(civ,,,civ,,) dy (civ,,,civy) - 0
To this matrix the following triangular matrix corresponds:

0 - dy(civy,civy,,)
~i . .

Xp =

0 --- 0

On the basis of the matrix structure, which actually should be a result of each
expert's swork and using the afore-mentioned criteria of cultural distinctions be-
tween civilizations and countries classification into civilizations the following
questionnaire was developed (table 3).

Table 3. Questionnaire for the expert estimation of distances between civiliza-
tions

1234|5678 9|10]11]12
8
2| = - g 2
<| 2| S| 8| E| Bl = 2 S| E| =
£ 28 85932 %8 <z 83
5 : Na a g .E é = @ O | < E
Z g S| S| = |F| .8 T i BI o | <
£z 9| T2 2% 2| 2| §
5 2 = = g zz| -
] »n| »n
=
1 [Western-North American | 0
2 [Western-European 0
3 [Confucian 0
4 (Japanese 0
5 |[Muslim-Arabic 0
6 |Muslim-Turkic 0
7 |Muslim-Malayan 0
8 [Hindu 0
9 |Slavic-East Orthodox 0
10[Slavic-West Catholic 0
11|Latin American 0
12(African 0

For carrying out expert estimation of cultural distinctions between twelve
civilizations on the basis of the above-stated eight criteria, the third group of 14
experts was created. These experts had experience in the international activity in
countries' groups from the above-formed civilizations. Experts estimated cultural
distinctions between civilizations (“breaks”/”distances”) for each criterion, as-
signing quantitative values to these breaks, with use of estimations' system from
the Miller's scale (table 2).
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Thus, after paired estimation of distances between m =12 civilizations by
k=8 criteria for n=14 experts, we obtained general estimations’ spectrum

%(m—l)mnk
Zin

PROCESSING EXPERT ESTIMATION DATA AND ANALYSIS OF
MODELLING RESULTS

An error of expert estimation results was defined according to the following for-
mula:
3

ER———
2(n-25)

from which it follows, that the estimation error is approximately 6 %.
After performance of normalisation procedure (reduction of data to a range

=0,058

1
—(m—-1)mnk
[0;1]) we will get estimations' spectrum R[%_l] . For the subsequent data

analysis we will pass from individual experts' estimations to a group estimation:

n

1
xizle:gcs (izlaza”wzmk(m_l)j’

s=1

n
where ¢, — factors of experts’ competence, which are normalised (z ¢, = IJ.
s=1
With the use of obtained estimation data, factors of experts' competence
were defined on the basis of the following recurrent procedure:

L _ 1
xp =Y el [i=1,2,...,5mk(m—1)j,

1
—mk(m—1) "

2
A= Yxexl (1=12,.),
i=1 s=1

1
t 1Emk(m—l t " [
G=tF wds Tl (=12,0)
i=1 s=1

Calculation begins with ¢=1. Initial values of factors are assumed to be
. . 1 . o
identical and equal c‘? =—. Using competence factors of the first approximation,
n

it is possible to repeat the whole process of calculations and get the second ap-
proximations x7, A2, ¢Z.
According to [16], this procedure converges under condition of nonnegative

X, |- Non-

definiteness and indecomposability of matrices B = XX', where X =|

negative matrices' definiteness in this case is obvious. As far as indecomposability
is concerned, nonfulfilment of this property would mean that experts and objects
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(civilizations x criteria) fall into independent groups, and each expert group esti-
mates its separate group of objects. As it contradicts both the format of the con-
ducted estimation and to the obtained data, the indecomposability property is pro-
vided. Consequently, algorithm convergence takes place.

Competence factors' vector, obtained with the help of the presented iterative
procedure, coincides with matrix eigenvector, which reflects its biggest eigen-
value. Factors of experts' competence, calculated with the help of the above de-
scribed recurrent procedure, are presented in fig. 3.

0,12

0,1

0,08

0,0
0,0
0,0
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14

0,075

[e)}

S

[\

0,101

0,033

0,070

0,060

0,07310,074 10,073 /0,067
Competence factor

0,068

0,063

0,076

0,094

0,073 ]

Fig. 3. Experts' competence factors

The detailed calculated group estimations are presented in [15]. On the basis
of these estimations' definition, by the presented 8 criteria profiles of distinctions
between civilizations were formed, “convergences” and “breaks” between them

were defined, characterized by vector X = (xl x> ,...,x8) .

It also allowed making reverse estimation of a system effectiveness of the
suggested criteria and experts' work efficiency characterized by the statistical data
given in table 4.

Table 4. Statistical characteristics of estimations by various criteria

Characteristics Criteria
1 2 3 4 5 6 7 8
E[X] 0,589 | 0,643 | 0,596 | 0,590 | 0,631 | 0,619 | 0,624 | 0,611
D[X] 0,055 | 0,053 | 0,052 | 0,054 | 0,050 | 0,049 | 0,054 | 0,040

Average criteria correlation among themselves made up 89 %. High correla-
tion value testifies the possible presence of 2 factors:

a) there is the interdependence of characteristics taken as the principle
criteria. This factor can be eliminated through the specification of criteria system
by carrying out future researches with attraction of the factorial analysis toolkit;

b) insufficient quality of experts' recognition of characteristics, which were
subject to estimation, which can be eliminated by attracting specialised experts to
estimation of the corresponding criteria groups.

Cucmemni docniodcenns ma ingpopmayivni mexronoeii, 2009, Ne 2 27




M. Zgurovsky, A. Pasichny

Let us execute clustering of the calculated distances with the help of k-
means method, having put clusters' number n =3 . The clustering results are given
in table 5.

Table 5. Clustered distances between civilizations (number of clusters n =3)

Confucian
Japanese
Muslim-Turkic
Latin American
African

Muslim-Arabic
Muslim-Malayan
Hindu
Slavic-East Orthodox

Western-North American
Slavic-West Catholic

Western-North American

—~
__‘

Western-European

—

Confucian

Japanese

Muslim-Arabic

_

Muslim-Turkic

Muslim-Malayan

W
3
%V

1

2 |
1

2

2

2

2

Hindu

Slavic-East Orthodox

HNNN[\)NMI

§
EEEECEEEER -EE
N

Slavic-West Catholic

- / - Latin American
1 -% African

The greatest distances fell into the first cluster, they actually correspond to
breaks between civilizations, to the second cluster — average distances, to the
third cluster — the shortest distances corresponding to civilizations' approaching.

The important result of research is the definition of quantitative breaks' indi-
2

\
\
(SRR — I —_ I —_ I — S~ H Western-European
|t

NN
\SHENSY —

cators. As sets of vectors X = (xl,x , ..,x8) , characterizing “breaks” between ¢
and j civilizations according to all eight criteria are already defined, we will pass

to definition of aggregation function:
u(X) :u(xl,xz,...,xg)

by which a set of group estimations by various criteria is brought into accord to
general distance, which will be an integral indicator of distinctions between two
civilizations. Having chosen the additive form of this integral indicator, we will
obtain the following form of function u :

k
u(xy) = oy, (0j=1,2,...12),
=
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where w;, — weight of / criterion.

Assuming that @, = % = % , we will get matrix D of general breaks between

civilizations (table 6) which consists of 12 vectors:

di=| 0 | D=(d)dipdyy),

xi+1,i

X12,i

where vector i corresponds to the breaks of civilization i .

Table 6. Matrix of the general breaks between civilizations

g
5 g o
E g T S
z 3 s & .
= 2.8

£ g 5 2 £ S U 3

= - n =
4 8 5 , < & = 22 2
£E E 8 @& g &g & : =
g g £ g = = = B g =8 S
5 5 % £ %2 %2 Z % 3 & & &£
2 2 0o &£ 3 3 2 E w m 3 <

Western-North
7 92 0,89 0,78 0,85 [
é/é//// 0,94 0,93 0,89 0,78 [ Western-European

Confucian

——2//// Japanese
EI0.52700.59 0 0.1 [0,12 p.41 [(RZRGEE \ Muslim-Arabic

0,92 0,93 - 0,41 (e Muslim-Turkic

0,89 0,89 ,/ 34 Muslim-Malayan

085 /
ﬁﬂ 34 79\ Hindu

0,74 0,77 0,76 o 72 /% LN Slavic-East Orthodox

b “0’ 0,96 0,92 0,8¢ .
b7 X -

7

|

EEYeER0.7  XH0.86 0,85 0,86 0,79 7/% RYN Slavic-West Catholic

-0 P00 P07 | 050 (061 Latin American
0,85 0,85 JLI0,75 79 0, 0 | African

The closing stage of the given research is the definition of norm in space of
breaks' vectors, allowing to estimate the size of a "break", that is to calculate
quantitative value of cumulative differences of the given civilization from the rest
of the world. The choice of aggregation norm to significant extent influences ade-
quacy of end results of the developed model, that is very important at reception of
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integral estimation [16, 17]. In this connection the decision was accepted to

choose norm from the following family of Gyolder's norms (”x”p = p}2| xi|" ,

le):

a. 1-norm (“Manhattan” norm) ||)c||1 = Z|xl~ ;
i
b. 2-norm (“Euclid” norm) ||x||2 = /Z|x,-|2 ;
i
c. co-norm (“Chebyshev’” norm) ||x||Do = max|xl-| .

It is known, that these norms are equivalent on finitely-measured vector

space R". Proceeding from the physical content (for example if there is a conflict
at least with one civilization, then it significantly influences the common civiliza-
tion' position in the world) we will take the co-norm (“Chebyshev” norm), which
will allow to consider adequately all components of breaks' vectors and is the

least by modulus (“x”oo < ||x|| 5 S”x”l).

Western-North American .— 0.96
Western-European .— 0,94
Confucian ._ 0,70
Japanese _— 0,75
Muslim-Arabic .— 0.96
Muslim-Turkic I (.93
Muslim-Malayan | () <O
Hindu .— 0,79
Slavic-East Orthodox | .79
Slavie-West Catholic .— 0.86
Latin American __ 0.68
Afirican .— 0,85

0,00 010 020 030 040 050 060 070 080 090 1,00

Fig. 4. Cumulative differences of civilizations from the rest of the world

The calculated values of cumulative differences of civilizations from the rest
of the world are presented in fig. 4.

Actually cumulative differences of a separately taken civilization from the
other world characterize, on the one hand its propensity to conflicts with other
civilizations, and on the other hand — its attractiveness for the other civilizations.

THE ANALYSIS OF THE OBTAINED RESULTS
The obtained results show the existing cultural distinctions between different civi-

lizations. Potential conflicts may take place between civilizations, first of all
along the break lines, quantitative values of which are the biggest. And on the
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contrary: potential civilizations' associations can take place along the break lines,
quantitative values of which are the least. Using results of distances' clustering,
numerical values of the common breaks between civilizations and cumulative
civilizations' distinctions, we shall construct the list of possible associations and
conflicts between world cultures.

Let us calculate civilizations' predispositions i,...,i, to alliance p, (4, ,...

...,Ai/) , by putting values of these predispositions inverse to the maximal dis-

tances between civilizations, which are in this block:
Pu(4; 5. 4; ) =1-max[d (civ,, civy)], a,beiy,...i;, a#b.
Let us similarly define predispositions of civilizations to confrontations:
pC(A,-l 9""Ai, )=min[d (civ,, civy)], a,beij,...,i,, azb.

Probable alliance and conflict civilizations' areas are given in tables 7 and 8,
accordingly.

Table 7. Predisposition of civilizations to alliances

# Block name and participating civilizations p,(4)

| Western block |
" | Western-North American, Western-European

) Muslim block 0.85
" | Muslim-Arabic, Muslim-Turkic, Muslim-Malayan ’

Confucian-Japanese block

Confucian, Japanese

" West-Catholic block 0.67
Western-North American, Western-European, Slavic-West Catholic ’

Malayan-Hinduistic block

Muslim-Malayan and Hindu

Slav block

. 0
6 Slavic-East Orthodox, Slavic-West Catholic ,63

0,83

0,66

We see that the Western block possesses the greatest predisposition to asso-
ciation inside itself. High enough predisposition to internal association is ob-
served in the Muslim block, the Confucian-Japanese block, at Malayan-Hinduistic
block, and at the same time Slavs' internal association is hardly probable. Asso-
ciation of Western-North American, Western-European, Slavic-West Catholic
civilizations under the factor of uniform Catholic religion is probable enough.

As far as oppositions are considered, the greatest propensity towards them
have Western and Muslim civilizations' blocks. Western and Slavic blocks have
big breaks with Islamic, Hinduistic and African civilizations. It is necessary to
note the existing propensity of the Catholic block to opposition with Confucian
civilization. This opposition is now observed not only in a cultures context, but
also in a context of economy. Propensity to opposition between African and Hin-
duistic civilizations can be explained by the current strong influence of such phe-
nomena, as racism and segregation.
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Table 8. Predisposition of civilizations to confrontations

# Confrontation name and participating civilizations p.(4)
Muslim and West
1) Western-North American, Western-European 0,89

2) Muslim-Arabic, Muslim-Turkic, Muslim-Malayan

2. | Africa and West
1) Western-North American, Western-European 0,85
2) African

3. | Slav and Africa
1) Slavic-East Orthodox, Slavic-West Catholic 0,79
2) African

4. | West and Hinduism
1) Western-North American, Western-European 0,78
2) Hindu

5. | Africa and Japan
1) Japanese 0,75
2) African

6. | Muslim and Slav
1) Muslim-Arabic, Muslim-Turkic, Muslim-Malayan 0,74
2) Slavic-Eastorthodoxal, Slavic-Westcatholic

7. | Slav and Hinduism

1) Slavic-East Orthodox, Slavic-West Catholic 0,72
2) Hindu

8. | Muslim and West
1) Western-North American, Western-European 0,7

2) Muslim-Arabic, Muslim-Turkic, Muslim-Malayan

It is worth mentioning, that the most neutral civilization was found to be the
Latin American, the manifestation of which is also its minimal cumulative differ-
ence from other civilizations, which is equal to 0,68 (fig. 4). It is least threatened
by the oppositions with other civilizations. Further by these parameters there are
countries of the Far East — Confucian (0,7) and Japanese (0,75) civilizations,
then Slavic-East Orthodox and Hinduistic civilizations (both 0,79). The countries
of Western (North American — 0,96, European — 0,94) and Muslim (Arabian —
0,96, Turkic — 0,93, Malayan — 0,89) blocks have the greatest propensity to op-
positions. This value is also big enough for the Slavic-West Catholic civilization
(0,86).

CONCLUSIONS

The proposed approach and criteria system for the estimation of the cultural dis-
tinctions between civilizations can be used in the analysis of any geopolitical
situation. In particular, quantitative values of civilizations' cultural distinctions
according to separate criteria can be used for prognosticating formation of various
associations and world countries' alliances (military, trading, religious, and so
forth). Also it is possible to use the results in behavior and development model-
ling of the separate world countries. For example, it is possible to use indeclin-
ability to oppositions of the Latin American civilization at performance of the
SWOT-analysis of Brazil and scenario creation of its economic growth.
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But it should be noted that, to get high quality results of studying this class
of systems it is necessary to attract a lot of highly skilled experts possessing a
wide vision of geopolitical processes. In addition, experts in particular panels
should be involved - economy, culture, security, etc.

The obtained results substantially coincide with the modern situation in the
world and enable us to speak about the adequacy of the constructed model at the
first approximation. The subsequent researches are possible in several directions,
in particular:

o the model's modification considering countries' clustering with the use of
indistinct clusters;

e use of various estimation techniques, that most fully correspond to the re-
search objective in one modelling;

e accounting of historical dynamics, in particular, the history of world con-
frontations;

e creation of simulation models for the prognosis of dynamics of civiliza-
tions development;

e comparison of various models and estimation of their adequacy.
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Ukrainian Grid community has established Ukrainian National Grid Initiative
(UNGI) which has joined up the major active European projects EGEE and EGI.
The community of objectives based on the involvement in world leading scientific
projects is elucidated. General features of UNGI and European Grid structures and
projects together with various Grid-based applications supported by UNGI are dis-
cussed. Current UNGI activities and its future plans in view of realistic computa-
tional and human resources are described. The problems and prospects of rapidly
progressing Ukrainian Grid infrastructure on the way of international cooperation
and integration are illuminated.

INTRODUCTION

The rapid progress of Grid technologies initiated in 1998 by the pioneering book
by L. Foster and C. Kesselman has quickly led to the understanding that high-
productive distributed computations are the natural ground of future development
in research and practical applications of fundamental knowledge about animate
and inanimate nature. The Grid technologies enabled to solve such scientific and
technical tasks which required before the impossibly large amount of computing
time even at using super-powerful supercomputers. It is enough indicative to
mention the examples of exploring the NH5NAT1 bird flew, or decoding the ge-
nomes of plants and animals. The tasks which required the tens and hundreds
years for the modern computers to work continuously are solved in a few weeks
or months.

The Grid technologies available for solving scientific, practical and social
tasks, economic planning and prognostication put on the agenda in developed
countries the creation of effectively functioning Grid infrastructures which unite
the computational resources of scientific, educational and industrial spheres. Tra-
ditionally, so large-scale projects begin their life in the scientific research sector
(as it happened to the electronic mail and Internet), but then they spread fast on all
the spheres of social activity. In case of the Grid technologies the Internet history
has recurred but it has occurred even with faster steps what is confirmed by a
growth of investments into the Grid technology sector. In 2003 it was invested
about $300 million into Grid technologies, in 2006 it was already $1.8 billion and
according to the predictions for 2011 it can be about $25 billion [1].
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Many countries, having begun with implementing the separate Grid projects
dedicated to the scientific research (physics, biology, geophysics, etc.), are ac-
tively working to establish the national Grid infrastructures which enable to use
the existing computational resources of the countries even in more effective and
comprehensive way. At the same time the process of uniting the national Grids
into the global world Grid infrastructures takes place. In Europe, under the aegis
of European Commission, the EGI (European Grid Initiative) organization [2] is
established and today it includes National Grids of 38 European countries. EGI is
at the stage of formation but there are no doubts this organization will be running
full profile already in 2010 as it is planned. Certainly, with such an organization
acting the common European computational resource will provide very powerful
impact on further scientific and social integration of European countries.

In this paper we present the process of implementing the Grid technologies
in Ukraine focusing on the difficulties faced and the positive experience gained.
After the brief historical introduction we describe the current status of Grid in
Ukraine, discuss the possible ways of its development and propose the concrete
practical steps to speed up an activity of bringing this powerful instrument to the
scientific research and practical applications. We emphasize the specific aspects
of what Ukraine could effectively use from the world experience of exploiting the
Grid technologies and what Ukraine could propose to the world Grid society.

1. HISTORY AND STATUS OF GRID TECHNOLOGIES IN UKRAINE

The Grid history in Ukraine is very short and starts from two projects which at the
beginning were independently developing because the corresponding communi-
ties have demonstrated different professional interests. National Academy of Sci-
ences of Ukraine (NASU) has started in 2005 and Ministry of Education and Sci-
ence of Ukraine (MESU) has launched the project up in 2006. We briefly
consider the status of both projects today.

1.1. Project of NASU

The first computational clusters in Ukraine appeared at the commencement of
current century and, in particular, the first Grid cluster was put to operation in
2004 in National Scientific Technical Center “Kharkiv Institute of Physics and
Technology” (KIPT). The process of creating was strongly supported and assisted
by the experts of Joint Institute for Nuclear Research (JINR, Russia) and Moscow
State University (MSU).

KIPT within the collaborative work for future CMS experiment at CERN.
The cluster was registered and successfully operates today as the resource pledged
by Russia-Dubna Intensive Grid (RDIG) organization.

In 2005 due to an initiative of Bogolubov Institute for Theoretical Physics
(BITP) of NASU the systematic building of Grid clusters and creation of the aca-
demic Grid infrastructure have started. The first cluster was built at BITP in 2005
and was immediately pledged as the Grid resource of the ALICE Collaboration at
CERN together with the cluster of Taras Schevchenko Kiev National University
(KNU).

In 2006 NASU approved the Program “Grid technologies implementation
and cluster building in Ukraine” which is almost completed today. In the course
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of this program realization the academic Grid infrastructure uniting computational
resources of 16 academic institutes was established. It provides those institutes
with the corresponding services for the research in physics, astronomy, biology
and informatics and their intensive cooperation with the international partners.
We expect another five academic clusters will join this project until the end of
this year. Then common computational resource of Ukrainian Academic Grid
(UAG) will consist of about 1500 processor cores and more than 150 TB of disk
space for data storing (see http://uag.bitp.kiev.ua).

In two last years considerable amount of scientific tasks in physics, astro-
physics and biology were successfully solved with the UAG clusters. Grid
technologies were used for processing the results of satellite monitoring of
surface, water and air resources of Ukraine in estimating the biological diversity
in Southern regions of Ukraine. About 40000 tasks concerning the experimental
program of ALICE at CERN have been solved with the UAG clusters.

The concept of further development of UAG is under the process of com-
pleting. New phase of activity envisages together with widening and strengthen-
ing the UAG infrastructure to pay more attention to the development of special-
ized Grid applications and the creation of virtual organizations which are
occupied by the topical problems in various fields of human activity.

1.2. Project of MESU

Project of establishing the Grid infrastructure for information society develop-
ment in Ukraine appeared as the part of wider task of creating educational and
research segments of Ukrainian information society with two main directions: a) a
wide use of information and communication technologies at all stages of scientific
research and education and b) development of an information management of cor-
responding activities [3,4].

Main tasks of the first direction were

o Building Grid infrastructure for education and scientific research support.

o Infrastructural development of Ukrainian research and academic URAN
net and its integration into European GEANT-2.

o Getting experience of work in Grid infrastructure and distributed informa-
tion systems exploitation, developing algorithms and methods of solving applied
tasks in distributed computing environment.

Second direction proposed

e Implementation of effective information management of education and
science.

e Development of the means of storing, processing and open access to sci-
entific and educational information resources (data bases, archives, electronic li-
braries, etc.).

e Connecting Ukrainian Grid to European Grid and to the World Data Cen-
ters net.

“National GRID infrastructure modeling for scientific research sup-
port” project. (UGrid project (www.grid.ntu-kpi.kiev.ua)_is dedicated to building
Grid segment of MESU and exists within “State task program “Information and
communication technologies in education and science for 2006—2010”. In the
process of project realization the following tasks are being solved [5, 6]:
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o Supporting servicing of World Data Center Ukrainian Branch (WDC
UB), providing its clients with remote access to world scientific data repositories,
possibility of efficient common share of computers, unique experimental sets, and
devices.

e In cooperation with NASU enhancement of the existing scientific and
educational computational and communication infrastructure at national level and
its connection to European Grid infrastructure.

e Development of Certificate Authority of Open Keys in Ukraine registered
in EUGridPMA.

¢ Organization of national Grid infrastructure servicing by creating regional
resource-operational centers and permanently working groups of supporting the
necessary Grid services.

e Assistance to creating common projects within international virtual or-
ganizations (VO).

e Spreading in society the knowledge on Grid technologies and advantages
of their use in scientific research and practical applications.

UGrid project is considerably connected with providing servicing of World
Data Center Ukrainian Branch (WDC UB). Its task is, particularly, to provide cli-
ents with remote access to world scientific data repositories, possibility of effi-
cient common share of computers, unique experimental sets and devices. WDC
UB is an element of World data Centers system which is created and supported by
International Council for Science. It collects, stores and exchanges data with the
other Centers in wide range of research and practical applications:

UGrid project is being performed by the team of 10 different Ukrainian or-
ganizations (2 academic, 6 educational, and 2 industrial), headed by Institute for
Applied System Analysis (IASA) of National Technical University of Ukraine
“Kiev Polytechnic Institute”. These are NTUU “KPI”, G.E. Puhov Institute of
Simulation Problems in Energetics of NASU (ISPE), Kharkiv National University
of Radio Electronics (KNURE), Lviv National Technical University “Lviv Poly-
technics” (NULP), Zaporoje National Technical University (ZNTU), Donetsk
National Polytechnic Institute (DonNPI), Dnipropetrovsk National Mining
University (DNMU), government enterprise “Lviv Research Institute of Radio
Engineering” (LRIRE) and USTAR enterprise.

Common computational resource of UGrid contains about 1000 processor
cores and more than 100 TB of disk space for data storing. The cluster of NTUU
“KPI” (now 688 processors) is connected to NASU clusters network. Status and
perspectives of Educational Ukrainian are described in more details in [7].

1.3. Software

National Grid infrastructure of Ukraine will be grounded on the existing potential
of computational and instrumental resources and data repositories of scientific
and educational centers of Ukraine and the other potential participants of national
Grid infrastructure. It is proposed to install gLite software in NGI what will give
the possibility to use the latest achievements in middleware development, to build
safe, flexible and well-scalable Grid environment and also to avoid excess obsta-
cles and interaction with the other infrastructures within EGEE project and the
other European projects.
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Today the academic Grid works under the direction of ARC NorduGrid
(gLite is installed on clusters of KIPT and KNU and is being tested). It is known
that some international virtual organizations work with software different from
gLite. Obviously, it would be reasonable to build infrastructure in that way that
different Grid software could function there simultaneously and transparently for
users.

The basic terms at common use of several Grid infrastructures are “interop-
erability” and “interoperation”. The interoperability is defined as possibility of
Grid systems to exchange information and use the exchanged information. The
interoperation is defined as possibility of Grid systems to interact. Providing of
interoperability is the first and necessary step on the way to the Grid systems in-
teraction.

This problem was explored and already partially solved in KIPT. To provide
interoperability between the main infrastructure of NASU under the direction of
NorduGrid ARC (testing the institute sites which work under the direction of
Globus software [8]) it was decided to choose adapters and translators, because
this method is being successfully used for solving such tasks. It was necessary to
design full-grown adapter which working on the level higher than middleware
would have its resource broker and its own scheduler along with user's interface
convenient enough.

The program product GridWay was chosen for adapter. At the moment of
beginning the work with GridWay in NASU NorduGrid ARC software was not
included into the list of software supported in the basic version. To provide inter-
operability between ARC and Globus, taking into account peculiarities, caused by
the given NorduGrid ARC software, information, transport and executive mod-
ules which use GridWay, were changed or developed. Information and transport
ARC system has much common with analogical systems, based on Globus, that is
why information and transport access drivers which are the components of Grid-
Way, required modification only. What for executive ARC system, it is created in
different way than executive component of Globus and executive ARC access
modulus must have been re-written.

The put task was successfully solved, and test exploitation showed that KIPT
users, by the help of mega scheduler, can send their tasks to the main NASU in-
frastructure as well as to KIPT test sites. Work on software interoperability im-
provement is in progress.

The SDGrid portal (www.sdgrid.org.ua) for access to Grid infrastructure was
developed under Ugrid project as the single point of users’ access to multiple in-
formation resources and applications which will be set in operation in resource-
operational centers for users’ service and training. SDGrid portal was built on
GridSphere 3 with applications for glLite, Globus 2 and Globus 4 software sup-
porting, and GridSphere provides the developers with highly effective mechanism
in developing new applications which use the portlet system.

In order to give to the researchers a possibility to use the Grid computing re-
sources in habitual working environments the NetSolve software was installed on
NTUU “KPI” cluster. Now an user (working say with MATHLAB) doesn’t care
where he is situated, how he detects and calls for the needed Grid resource; he
only points the criteria necessary to choose this resource, and further interacts
with this resource in the same way as with the local resources (procedures,
classes, programs) of his working environment.
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1.4. Internet channels in NASU and MESU

It is well known that Grid infrastructure can work effectively only with the high-
speed Internet channels available. The fiber optic channels with corresponding
equipment satisfy the modern claims to capacity of channels (from tens of Mbps
to tens of Gbps). Such channels are at disposal of URANET (which services
mainly academic institutes) and URAN (which works mainly with educational
structures). Inter-regional net of these providers which covers the territory of
Ukraine, is shown in fig. 1. URAN and URANET have also the branched subnets
in the lines of Ukrainian cities.
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Fig. 1. Fiber optic channels for UNGI

Grid clusters of academic net are connected with channels with capacity of
100 Mbps. It must be emphasized this inner traffic is provided by URANET free
for the academic Grid clusters. Foreseeing the considerable increase of the
amount of clusters in educational structures of MESU and the other organizations
which occurs if the State program (see paragraph 2.2) approved the questions of
upgrading and intensifying the Grid infrastructure communication sector must be
posed already now.

Among the first and foremost tasks in this direction the following ones
should be mentioned:

1. Increasing the capacity of inter-regional and intracity channels no less
than to 1 Gbit/sec. There are two aspects here, technical and financial. The tech-
nical component (laying the new or replacing the existing fiber optic channels and
installation of the corresponding equipment) can be solved at the expense of the
State program means. The payment of required traffic by cluster owners is (at cur-
rent prices and level of financing the budgetary organizations) the great problem
which should be solved in a centralized way. This question is now at the stage of
discussing and searching the possible ways of solution.

2. The channels of going out the Ukraine bounds require a serious improve-
ment (strengthening). Now the agreement is signed between URAN and GEANT-
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2 which claims Ukraine is provided by all the attainments of European academic
net, but the main problem here is payment for traffic, again. It appears that at cur-
rent financial opportunities of the NASU institutes it is more profitable to use the
other channels of going out of the Ukraine boundaries.

So today we see unfortunately more problems than achievements in National
Grid communication sector. But we are sure these problems will be resolved in
the nearest future.

2. UKRAINIAN NATIONAL GRID

2.1. Necessity, tasks and goals

Information technologies have already begun the inalienable part of economical
and social life of modern society, but many countries feel the deficit of informa-
tion, computing capacities for research and a progress in solving actual scientific-
technical and social problems. The number of different tasks which are solved by
the using the computers, their complexity and resource-intensiveness are rapidly
increasing. The tasks which cannot be solved for reasonable time by the personal
computers or in the separate computer centers appears more often. Such tasks in-
clude, for example, online maximally detailed environment monitoring, real-time
mode control of increasing transport threads, modeling of complex processes in
modern high-technology production, economic and social prognosis. The exam-
ples of scientific problems, such as experimental data processing and analysis in
high energy physics, deciphering animals and plants genomes, new medical prod-
ucts modeling and constructing, have already become proverbial. There are no
enough the supercomputers in Ukraine which can be compared to the best world
examples that is why in order to solve aforementioned and similar tasks the other
methods must be used. There are the Grid technologies which can and must soften
and, perhaps, remove the deficit of highest class computational resources in
Ukraine.

In conditions of world economy globalization, growth of world companies
and corporations with geographically distributed departments, the role of distrib-
uted control systems increases. In their activity planning, it is necessary to take
into account not only the market needs, but also the peculiarities and state of
economies of many countries and regions of the world. Analysis of such polyva-
lent tasks can be the most effective at uniting efforts of groups and collectives
from many countries. Similarly, the share of large international projects increases
in scientific research.

WLCG (Worldwide LHC Computing Grid) and EGEE (Enabling Grids for
E-sciencE) projects are the examples of modern level of different institutes and
laboratories cooperation for running large-scale scientific research. It is notable,
that in EGEE, range of interests and application being developed spread from mi-
cro and macro world problems to tasks of medicine, business, and industry.

Thus, the necessity of creating National Grid infrastructure in Ukraine is
conditioned by both internal and external factors. The task actuality and Ukrain-
ian Grid availability don't even require the detailed documentation; it is enough to
refer to world tendencies in the field of information computing technologies.

The main goals of national Ukrainian Grid are:
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1) creating the powerful information computing environment for solving sci-
entific and practical computer tasks of any complexity;

2) providing the wide access to computational resources for specialists who
need extraordinary computational capacities for research and solving scientific,
scientific-technical and the other tasks;

3) integrating the Ukrainian institutes, establishments and separate special-
ists into the world Grid community, their participation in the international re-
search and technical projects.

2.2. Program of Grid technology development in Ukraine

Bogolyubov Institute for Theoretical Physics of NASU propounded the initiative
to develop the State scientific-technical Program of Grid technology development
in Ukraine. Such a Program was oriented in the name of NASU and MESU and
presented to the Cabinet of Ministers of Ukraine. It is assumed that Program will
be financed mainly from state budget, and that it will be performed during five
years starting on 2009.

The modern state of Grid technologies in Ukraine is represented in the Pro-
gram in the following way. “The main problem is that for now in Ukraine exists
the critical need of using modern information-communication technologies (in the
first place, Grid technologies) for processing the super large arrays in the inter-
ests of science, industry, and social sphere, but the necessary national Grid struc-
ture is absent. Presence of such infrastructure separate elements does not meet
the modern level of Grid technologies development, and does not assist to solving
the whole line of actual scientific, scientific-technical and some other problems,
holds back European integration processes in these fields”.

In Program the reasons of such a state are analyzed, necessity of building
National Grid is proved, fields of possible use of Grid technologies are enumer-
ated, economical and social gains which can be received as the result of Program
execution, are stressed.

“Goal of the program is national Grid infrastructure creation, and wide
implementation of Grid technologies into all the spheres of social-economical
life in Ukraine.

Program priority tasks are:

1. creation the system, taking into account the information safety providing,
integration of necessary elements of one national Grid: computing, communica-
tion and program resources,

2. Grid technologies adaptation and application in Ukrainian multi-
processor computational systems;

3. Grid technologies implementation and application in scientific research,
integration of Ukrainian scientific establishments into the world scientific space,
attraction of Ukrainian scientists to participation in modern unique experiments
and computer processing of their results, to participation in virtual scientific fo-
rums;

4. implementation of new methods of population medical service (creation of
distributed diagnostic data bases, consultation with the use of telecommunication
means, including large scale computer data analysis),

5. providing efficient, real-time processing the results of geophysical, mete-
orological, and space observations;
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6. creating conditions for grid technologies implementation in economics,
industry, financial activity, and social sphere;

7. creating the system of training specialists for the work with grid technolo-
gies.

Computer resources, different at technical realization and at the type of con-
struction with the purpose of providing user with the aggregate computer re-
source, will be united into the single system. User will get service from grid infra-
structure as from the system in whole, independently on where and what computer
stores or processes his information, what transmission lines work at this. Creat-
ing such systems will radically increase the efficiency of using the aggregate
computer resources of the country, will give in the main new possibilities for solv-
ing the complex scientific-technical and practical tasks and problems.”

2.3. Premises for UNGI creation

The decision was taken to create Ukrainian National Grid proceeding from the
existing projects: NASU and MESU and to use the already existing and working
Grid infrastructure of National Academy of Science as the basis.

Due to the terminology accepted in EGI the infrastructure being created re-
ceived the name Ukrainian National Grid Initiative (UNGI). Each project as it
was already mentioned above has features and properties which can provide
UNGI functionality and efficiency:

NASU

High-productive computational resources.
Practical experience of creating academic
Grid infrastructure.

International relations, participation in
CERN and WLCG work.

Presence of specialists on computer tech-
nologies in specialized institutes of
NASU.

Experience in scientific computer applica-
tions development.

Develop the UARNET communication
network.

MESU

Powerful KPI computational cluster.
Wide net of educational resources in the
country regions.

Possibility of training the specialists in the
Grid technologies.

Experience of solving computer tasks in
technical applications.

Certification Center, collaboration with
EUGridPMA.

World data Center Ukrainian Branch.
Telecommunication URAN worknet, col-
laboration with GEANT.

The Grid network created in NASU exists less than three years but in spite
of limited financing it was turned into rather powerful computational resource. It
is expected that in the nearest future it will be considerably increased. For the
time being ARC NorduGrid is mainly used in UAG but on some nodes glite
software is already installed; it was accepted as a standard in European Grid or-
ganizations. High speed optical channels for UAG are supported by UARNet -
(Ukranian Academic & Research NETwork) State enterprise and Scientific-
communication center. It is very important that, understanding the Grid technolo-
gies prospect and being the establishment created in NAS of Ukraine, UARNET
granted free traffic on speed 100 Mbps for connection between clusters of NAS of
Ukraine. Thus, the basis of national Grid resource-technical base already exists.
There are specialists (though few for now) who have almost mastered Grid tech-
nologies, and can share their knowledge with all the future participants of UNGI.
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It must be noted that UAG is the infrastructure intended mainly for solving
tasks of computational character though the possibilities of Grid technologies are
much wider. Using the Grid technologies in the tasks of technological and social
processes control, in medical service, in the system of electronic libraries and mu-
seums, in banking, transport and may other spheres has big perspectives as the
world experience shows. For example, it is a need in organizing information-
computing support of special equipment of collective use. The devices of such a
kind include telescopes, microscopes, measuring equipment, research platforms,
controlled machines, sensors, etc.

World Data Center (WDC) began its autonomic work in Ukraine from
2008. Ukrainian scientists and specialists can now count on using the large data
volumes from different fields which can be processed in united cluster network.
At creating Ukrainian WDC the following tasks were put: creation of analytic
system for data initial collecting and processing; data sources search; establishing
direct and feedback between the centers, design and development of data base
subject to information objects safekeeping; data base completion with information
objects; design and development of corresponding software. All these tasks and
problems expect international cooperation at their solving. As Ukrainian WDC is
created at NTUU “Kiev Polytechnic Institute”, which is the basic one in MES
project, it is natural to expect that directions of UNGI activity close to it will be
performed by specialists from NTUU “KPI”.

Undoubtedly, part of the UNGI work important in the education is also the
sphere of responsibility of that UNGI part which grows out of the MESU project.
Certainly, in the process of educating the specialists on Grid technologies, NASU
will not stand by but in the conditions of Grid technologies use, educational base,
programs, and tutorials must be created mainly in educational establishments.

In the plans of UNGI development considerable place is occupied by using
of information-computing technologies of Medical Sciences (Ministry of Health
of Ukraine) from medicine clinics and hospitals will be interested to use The Grid
infrastructure of Ukraine to raise the level of servicing patients to the far higher,
system level.

In the institutes of NASU, the educational institutes and universities of
MESU and also in establishments of the other ministries and departments there
are many computer specialists of a very high level. It is also necessary to organize
the work in such a way to arouse these experts interest in new technologies to
demonstrate perspectives and possibilities. The very considerable aspect must be
development and realization of the new specialist training programs in higher
educational establishments. No doubt that Grid technologies implementation will
require a great number of young ambitious people to this new IT sphere. Taking
into account novelty of the matter, perspectives and world tendencies in the field
of Grid technologies, it must be achieved that the staff of any institute, university,
establishment which has computing resources, were jobs of system administrators
with the level of salary which will eliminate the large wastage of such specialists
into commercial structures where IT specialist’s wage fund is much higher now.

2.4. Principles of UNGI creation and functioning

Defining the principles of national Grid infrastructure organization and work, we
came from understanding that Grid infrastructure and three its components (com-
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putational resources, software, communication channels) must meet the following
requirements:

1. wide representation of academic, educational, industrial and the other
components of society;

2. support of the infrastructure development on the state level program;

. international standards of Grid infrastructure control and work;

. affirmed center for international certificate authorities;

. high level of computer safety;

. high speed Internet channels and connection to European GEANT network.

Taking into account the fact that national Grid infrastructure will be built as
interdepartmental organization we consider that it must have multilevel hierarchy
with the elements of centralized management which takes into account peculiari-
ties of Grid technologies use in different departments and regions. This is the
variant which will enable to take in account maximally the specific conditions and
demands of the UNGI participants not only during the exploitation but also at the
stage of design, it will provide fast users integration into the international Grid
projects and organizations.

According to Memorandum which was signed by each participant UNGI is
the voluntary, equal in rights association of scientific-technical, educational,
industrial, and the organizations of Ukraine interested in development and imple-
mentation of Grid technologies in their activity, in integration with European and
world Grid society. UNGI is the continuously working association opened at
every stage of its development for attracting new participants from Ukraine. It is
expected that, besides academic and educational establishments, UNGI will in-
clude establishments from Ministry of Health, Ministry of Transport and Com-
munication, Ministry of Economics, National Space Agency, and many other
departments (fig. 2). Virtual organizations formed within UNGI can interact with
international VOs both directly and through UNGI coordinating bodies.

Ukrainian National
('Y
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/

Ministries and Departments

Ukrainian VOs
(physics, biology, chemistry,
medicine,industry,
ecology...)

AN D b~ W

International VOs
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AstroGrid, BioGrid,
MedGrid, ...)

Fig. 2. UNGI and interaction between Ukrainian and international VOs

Organizationally (scheme is given in fig. 3), the work of UNGI is defined by
Coordination Council, where all the participants of integration are represented.
Coordination Council elaborates strategy and tactics of UNGI development and
activity, works out principal decisions which are proposed for approval at general
meeting or at UNGI conference which are held at least once a year. Coordination
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Council, together with educational establishments, elaborates politics and educa-

tional programs in the sphere of training the specialists on Grid technologies.
UNGI executive committee realizes all the current UNGI activity, provides

financing of projects, supports international contracts, gives needed assistance to

work groups on all levels.
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Coordination Council UNGI |- _ _ Computing
=== learning and

training

wTnistrating and cgordlinating lewg

N RS
t“e c\hnl cal ~kevel
Y S
\ <
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A L’ S< A
Computing center4_7’_ Coordinating Computing center
ICyb Center KPI

Common resource UNGI Common resource UNGI

The UNGI functioning as an infrastructure is coordinated by Basic Coordi-
nating Center (BCC) which consists of working groups dealing with research,
technical and software support of all the infrastructure elements.

It is expected that UNGI BCC will be created on the basis of structures of
the existing Ukrainian Academic Grid control. Range of Center tasks include:

1. creation and development of regional resource centers;

2. providing of basic and regional centers uninterrupted functioning; devel-
opment of Ukrainian Grid segment net infrastructure;

3. integration with the resources of EGEE and the other international Grid
projects and organizations;

4. testing and certification of Grid clusters and software;

5. registration and support of users and virtual organizations, archiving of re-
serve copies and access protocols, monitoring, auditing.

The main work on support of full-functional, stable and safe UNGI work is
entrusted to working groups who work within BCOC as well as within ROC
along with Virtual Organizations Resource Centers (VORC). These groups are
created at activity directions, and it is not necessary that group members are con-
centrated in one establishment. Let us note that the proposed system of working
groups is till the certain point similar to that accepted in EGEE (NA, SA, JRA
directions). Such system fully corresponds with distributed nature of Grid infra-
structure itself, and allows to involve the most qualified experts into solving of

Fig. 3. Ukrainian national Grid hierarchical structure
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the tasks. Moreover, e.g., the task of permanent monitoring of the work of all in-
frastructure elements and services can be executed in turn by specialists from dif-
ferent Grid nodes.

‘ Head of BCC ‘
i i CA center
[ Executing coordinator }
[ Information and publishing group } [ Training group ]
Scientific International User Resource Software Education
analytic cooperation support and support and train-
group hardware ing center
maintance
: ROC Computing Installation Display
Devel
chﬁ-?cp:,?d EGEE, Support resources: and support _foom.
tlechlr:ical e —— clusters, of }/m,:lal. grid
i or trainin
activity pro- VORC storages middleware 9
g || S — Soft Video-
of BCC and WLCG, — Monitoring Aeveledin conference
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Fig. 4. Contents and functions of UNGI Basic Coordinating Center working groups

Exemplary contents of BCC working groups and their main functions are
shown on fig. 4. ROC have similar structure (perhaps, with less number of groups
and functions). Certainly, in the process of program realization, contents and tasks
of the groups will be defined more exactly.

3. UNGI AND WORLD GRID SOCIETY

On April 25, 2005, Ukraine became officially the member of WLCG (Worldwide
LHC Computing Grid) which is for now the largest thematic Grid organization in
the world. The goal of WLCG is processing and analysis of experimental data
which will be coming from ATLAS, ALICE, CMS, LHCb, TOTEM LHCf detec-
tors installed in the LHC accelerator tunnel. More in detail, cluster of KPTU is
being prepared for CMS experiment data processing. In AliEnGrid infrastructure
which provides computational support of ALICE experiment, participants are In-
stitute of Theoretical Physics, Institute of Cybernetics and Kiev National Univer-
sity. Clusters of Kiev Polytechnic Institute and Institute of Scintillation Materials
are connected also. The considerable obstacle for more efficient participation of
the Ukrainian Grid clusters in CERN program is not enough capacity of the Inter-
net channels which connect clusters with CERN. The main peculiarity of tasks is
large data thread at loading and at finishing the tasks being solved. For efficient
task performing, high (0.1 — 0.2 Gbps) peak traffic through the channel is needed.
For now, question of payment for such traffic is not solved.
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In October 2007, at EGEE conference in Budapest it was announced that
Ukraine had became the associated member of this influential Grid project.
Within EGEE Ukrainian scientists intend to take part in the next directions and
working groups.

NA2 — control and coordination of Grid infrastructure activity on regional
level, creation of the site under the guise of UNGI-EGEE. Preparation of reports,
publications and materials about UNGI group, contacts with local information
agencies in order to spread information about the activity of UNGI and EGEE,
translation of EGEE documents, popularization of the knowledge on Grid
technologies.

NA3 — creation of central and regional Grid training centers. Development
of teaching materials (presentations, lectures, Web pages, tutorials), holding regu-
lar seminars on theory and practice of Grid technologies. Creating virtual Grid
systems and thematic virtual organizations for practical learning in center and re-
gions.

SA1 — accounting management and support in UNGI. Interaction with na-
tional and international Grids, creation, coordination, and support of national Grid
applications. Software support and deployment for UNGI sites, Grid services pro-
viding and national Grid infrastructure monitoring. Giving online assistance to
UNGTI users. Creating regional ticketing system and UNGI cooperation with
GGUS. Coordination of all computer safety aspects in UNGI.

SA2 — operational procedures updating and improvement. Procedures stan-
dartization, and interaction of different Grid systems. Relationship between users
and providers.

SA3 — creation of administration system for timely elimination of problems
which appear on UNGI sites.

SA4 — introduction and adaptation of GILDA software into UNGI, opera-
tional support of GILDA portal in UNGI.

In May 2007, Ukraine signed Memorandum on UNGI participation in pan-
European EGI organization which is being created. According to plan, this
organization is at stage of forming and developing the activity program till 2010,
and then, after finishing the EGEE-III project, it will take all the EGEE functions.
Ukraine takes part in discussing the EGI program, and it will continue the work
which it performs and plans to perform within EGEE. In is expected that, by de-
veloping and activating UNGI, Ukrainian participants will enhance involvement
in EGEE and EGI, taking part in the other working groups, besides the aforemen-
tioned ones.

The main astronomic observatory of NAS of Ukraine signed the agreement,
and together with AstroGrid-D develops the European system of specialized
GRAPE/GPU Grid clusters which are used extremely effectively for solving the
line of astrophysical and astronomical tasks.

Institutes of biological specialization of NAS of Ukraine began actively to
establish contacts with Grid projects the goal of which is solving scientific and
practical problems in life sciences. In UNGI plans, the wish to collaborate with
foreign colleagues in Grid technologies applications of practical medicine is
marked.

Institute for Space Research began the fruitful collaboration with Chinese
colleagues in the sphere of geosciences. In particular, there were performed moni-
toring, including that by the help of satellite observations data, and research of
water resources of surface of someone (dangerous because of possible floods)
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water resources of different regions in Ukraine and China. Negotiations are hold
about creating the virtual organization which would focus n geophysical research,
within EGEE.

National technical university “Kiev Polytechnic Institute” has joined the
Association of universities of countries of the black Sea region (Greece, Bulgaria,
Romania, Moldova, Turkey and Ukraine) with a goal of research and educational
resources virtualization in these universities with the help of Grid technologies for
supporting joint master's degree training programs.

It is far not the full list of interests and plans of UNGI participants' interna-
tional contacts, this being the proof that Ukraine has scientific and resource poten-
tial for wide participation in the international and versatile Grid projects.

CONCLUSION

Thus, summarizing all that have been said about the statues of Grid technologies
in Ukraine we should assert the matter of creating full-function national Grid in-
frastructure is successfully completed (albeit with some delay). Initial material
technical base is already created, understanding of the task importance is present,
mutual understanding is achieved between the main participants and executors.
There is no doubt that in the nearest future Ukrainian National Grid will demon-
strate an active and fruitful work and will be reliably integrated into the European
and world Grid society.
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ITPOI'HO3YBAHHSA CTAHY CUCTEMMU KEPYBAHHA AKICTIO
JAIAJTBHOCTI HABYAJIBHOTI'O 3AKJIALY

B.JI. SKOBEHKO, B.Jl. TOT' YHCbKHIA

Po3po06ieHO OCHOBHI MPHHIMIK MMiJBUIICHHS SKOCTI HaBYaHHS Ha 0a3i BIOCKOHA-
JICHHsI MOJIeJIell Ta METOIB KepyBaHHs IisUTbHICTIO HABYaJBHOIO 3aKiamy. 3ampo-
MOHOBAHO AJITOPUTM BU3HAUCHHS y3arajJbHEHOT'O IIOKa3HHKa e()eKTUBHOCTI, 30aaH-
COBaHy CHCTEMYy IOKa3HHKIB (KpPHTEpiiB) 1 KBaJIMETPUYHY MOJEIb OIL[IHIOBaHHS
SIKOCTI TisTTBHOCTI HABYAIIBHOTO 3aKJIay.

BCTVYII

SxicTh mismbHOCTI HaBYaibHOTO 3aKmany (H3) — me skicTs mepcoHay, miaroro-
BKH CTYICHTIB, iHQPACTPYKTYpH, HABUATHHOTO CEPEIOBHIINA TOIIIO.

JloTenep BiJICYyTHI CEPHO3HI JOCTIKEHHS CHCTEM SIKOCTI, HEMA€ 3arajibHO-
NpUHHATUX (OopMai30BaHUX cucTeM omiHoBaHHs skocTi H3 [1]. KinbkicHe ori-
HIOBaHHS (BUMIPIOBAHHS) SKOCTI OCBITH BIAHOCHUTHCS 1O HAWOUIBII CKIATHUX i
HAMMEHII OCIIPKEHUX 3aja4, TOJ SIK HOr0 HeOOXiTHICTh, aKTyalIbHICTh 1 MpaK-
TUYHA 3HAYYIIICTh JJOCTATHHO BEJIUKA.

l'onoBHOIO TEHIEHLIEIO B 00IACT] TapaHTIH SIKOCTI OCBITH CTAa€ KOHTPOJIb Ha
0a3i HaITIOHATLHUX CHCTEM aTeCTallii 1 akpeauTaIlii Ha OCHOBI MOJIEi KepyBaHHS
AKICTIO, 1110 3a0e3mneuye BignosinanbHicTh H3. CTanmapTv i TUPEKTUBHU MO0 Ta-
paHTii SIKOCTi BUIOI OCBITH B €BpONEHCEKOMY perioHi, siki po3pooierno ENQA,
JIEKJIapyr0Th, 10 OliHka H3 € BiaAnpaBHOI TOYKOI IS C(PEKTUBHOI rapaHTii
sikocTi [1].

Meta pocrigKeHHs — YJIOCKOHAICHHS MOJIEJi BUBHAYCHHS y3arallbHEHOTO
NOKa3HMKa eeKTUBHOCTI HisutbHOCTI H3.

[ocTranoBka 3aBaanHHsa. HeoOXiIHO POBECTH MOJCIIOBAHHS MPOLIECY aB-
TOMAaTHU30BaHOTO KePYBaHHSA SAKiCTIO HisutbHOCTI H3 Ta fioro oriHrOBaHHS.

JI1st bOTO 3ampOINOHOBAHO MoJAETs SH 1’ aTH piBHIB TOCKOHAIOCTI (KpHUTE-
piiB): 1 — He3aMoBiNBHO, 2 — HWXKYE HOPMH, 3 — HOpMa, 4 — BHIIEC HOPMH,
5 — mnabararo Bumie HopMu. lle Momens MOCTIMOBHOCTI BIOCKOHAJICHHS KEpy-
BaHHS SIKICTIO MisTbHOCTI H3: MeBHa CYKYIHICTH ITOKa3HHWKIB 1 CKJIQJIOBUX, SKi
XapaKTepPU3yIOTh OCHOBHI KOMITOHEHTH HisuTbHOCTI H3 3 mo3uilili MEeHeIKMEHTY
SKOCTi, a TaKOXX OIUC PiBHIB TOCKOHAJOCTI (KBaJIMETPUYHUX LIKAJT Y BUTJIAII
MaTpHIlh) CKIANIOBUX, O Y CYKYMHOCTI BU3HAYAIOTh BCi npouecu H3, Hampasie-
Hi Ha JOCATHEHHS HEOOXITHHUX Pe3yJIbTATIB SKOCTI.
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JItst OIiHKK pPIiBHS TOCKOHAIOCTI CHCTEMH SKOCTI 3a BCiMa MOKa3HUKAMH i
CKJIaJIOBUX MOJIENI 3 ypaxyBaHHSIM BHMIipIOBaHb pO3pOOJICHI crieniaibHi KBamiMe-
TPHUYHI IIKaJIH, SKi BepOATbHO OMHUCYIOTH I’ STh BIIOPSIKOBAHUX PiBHIB JTOCKOHA-
nocti (kputepii) abo cTamii pO3BUTKY IMOKA3HUKIB SKOCTI JisuibHOCTI H3 Ta ix
ckianoBux. 1{luM m’AThOM pIBHSM JOCKOHAJIOCTI MOCTABIICHA Y BiJIMOBIIHICTh S5-
OasbHa ymciioBa mkana (Big 1 mo 5). 3ameXHO Bi MOBHOTH BHKOHAHHS BHUMOT
BIZIMIOBIIHOTO PiBHS JOCKOHAIIOCTI 32 KOHKPETHHM ITOKa3HHUKOM MoOXe OyTH BU-
CTaBJIeHa OJIHA 3 OILIHOK: /Uisi 1-ro piBHS — 1 Gan (He3amoBiIbHO), 2-T0 — 2 (HH-
kde HOpMH), 3-To — 3 (HOpMa), 4-To — 4 (BuIme HOpMH), 5-T0 — 5 (Habarato
BHIIE HOPMU (€TaJIOH)).

IMepexin mMoka3HUKA 3 OJJHOTO PiBHS JOCKOHAJIOCTI IO HACTYITHOTO, BHIIOTO,
3MIHCHIOETHCS 32 JIOMTOMOTOI0 PI3HUX METOJIB 1 MPUHOMIB 3aCTOCYBaHHS MPUHITH-
IiB TOTAIFHOTO MeHeKMEHTY sikocTi (TQM) 1 momryKy mocTiiHOTO MOiNIIeHHS
cucTeM skocTi. [lell mepexin 3HAYHOI MipOI0 BU3HAYAETHCS SIKICTIO JAHOTO TO-
Ka3HUKA 1 3aJIKUTH BiJl TOTO, SIKOIO MipOIO 3aMOBHHUK 3aJJ0OBOJICHUH BCiMa Xapak-
TepucTUKaMu AisuibHOCTI H3 B3araini i KO)KHUM TOKa3HUKOM OKPEMO.

[poctip nockonamocti mistibHOCTI H3 po3BHBaeThCS SK BUMAAKOBHU TIPO-
1IEC, X1/ 1 pe3yJIbTaT SKOTO 3aJIeXkKAaTh BiJl BUNAJKOBUX YNHHHKIB.

B ocHoBy mporiecy moknageHo (GpakTopH, M0 BiINOBIAarOTh 0a30BUM MPHUH-
rumaM TQM 1 BUMIPIOIOTHCS TAKUMH PIBHAMHU JOCKOHAJIOCTI:

e OpieHTOBaHICTh Ha CHOXHMBAYIB Ta IHIIMX 3alliKaBICHUX CTOPiH (Bix
MiHIMaJbHOTO 3a/I0BOJICHHSI BAMOTAaMH Tally3eBUX CTaHAAPTIB 0 MOBHOTO Bpaxy-
BaHHS iHTEPECIB BCiX 3alliKaBICHUX CTOPIH).

e CHCTEMHICTh BXXWUBAHOTO IMIX0My (Bil KOPOTKOCTPOKOBUX €ITi30JMIHUX
3aXO0ZiB J0 TJIAHYBAaHHSI TOBTOTPUBAJIOI ITOITHKY 1 CTPATETi1).

e [lommpenicte B H3 sxicHoro migxomy 10 KepyBaHHS B Pi3HHUX
miApo3/alIax i mporecax.

o SIKicTh KaApOBOTO CKIaLy, 3aydeHoro H3 y BinnmoBigHi mporecH.

e JIOKYMEHTOBaHICTh IIPOIEAYP MPOIIEeCiB (Bix HEHOPMATEHOTO BUKOHAHHS
JI0 TIOBHICTIO JOKYMEHTOBAaHUX IIPOILIECIB).

e OpieHTOBaHICTh Ha 3amo0ITaHHS HEBIAMOBITHOCTSAM 1 MOCTIHHE ITOJII-
HICHHSI, @ HE Ha BUTIPABJICHHSI ITPOOIIEM.

Mozemno nepexoly KOKHOI'O TIOKa3HUKa 3 OJHOTO PiBHSA JOCKOHAIOCTI Ha
JPYTHA € MOJEIb MOCIIIIOBHOCTI IT’ITH PIBHIB JOCKOHAJIOCTI.

V nepmomy HabGnmkeHHI d; piBHI JockoHanmocTi H3 MoxkHa BUpasuTH sK

BIIHOMIEHHA ¢; ()aKTHMYIHOTO PIBHA 3aJOBOJICHHS IMOTPEO CIOXKMBAYIB 10 ¢, HO-

PMaTHUBHOTO TOKa3HWKA, BU3HAYEHOTO OCBITHBHO-KBaTi(iKaIliHHOIO XapaKTepHC-
TUKOIO (haXiBIs

qi
d[ = )
an
e i — IHJeKC nokasHuka misisHocti H3, i=1,2,...,m.

OCKiNbKH BCi MOKA3HUKU € PIBHOMPABHHMH, TO iX BIUIMB HA y3arajbHEHY
OIiHKYy D piBHI AOCKOHAJOCTI OpTraHi3allii Hap4gaasHOTO Tporecy v H3 moxxHa
PO3IJISAAATH 32 CXEMOIO MapalieIbHUX MPOLIECIB, IS AKUX

D=1-3(-d),
i=1

D={p,(t), (1), p3 (1), p4 (1), s ()},
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ne d; — BiporimHicHa BeIW4HMHA PiBHS JockoHAnocTi H3 3a i -M moka3sHHKOM;
p;(f) — BIPOTifHICTb 3HAXOUKEHHs 00’eKTa B CTaHi j: j=1,5 y MOMEHT 4a-
cy t.

Mozens 11’TH piBHIB JJO3BOJISIE BUKOHATH SIKICHY OLIIHKY €(peKTUBHOCTI Jisi-
apHOCTI H3 y pisHMX Hampsmax 1 po3poOMTH HaiOuIbIl eEeKTHBHY CTPATETio
NPOCYBaHHSI KOHKPETHOTO IMOKa3HMKa Ha BUILMI piBeHb NocKoHajocTi. Biporia-
HICTHA CyTh W€l MOJeNi Moke OyTH BimoOpaskeHa 3a JIOTIOMOTOK) MapKOBCHKUX
NPOIIECiB, KM BJIACTHBE TE, IO JUIs KOXXKHOTO MOMEHTY 4acy fy BIpPOTiJHICTh
OyZlb-IKOTO CTaHy KPUTEpPil0 B MalOyTHbOMY NpH ¢ >{, 3aJEKHUTh TiIbKU Bix ii

CTaHy IpU ¢ ={ 1 HE 3aJEeXUTh BiJ TOr0, KOJIHU 1 SKUM YHHOM CUCTEMa MpUiILIa

B IIeli cTaH. Bka3aHy BIacTHBICTh MAlOTh CTaHHU SKiCHOI Mozemi (puc. 1).

P P2, P3s Pus Pss

Puc. 1. T'padiune npencTaBIeHHAS BipOTiIHOCTEH MEPeXoay Y MapKOBCEKOMY JIAHIIIOTY

OnwuieMo OJHOPITHMI MapKOBCHKHH JIAHIIOT 3 JIUCKPETHUM 4YacoM, SKUN
3MIHIOETBCS IOKPOKOBO 32 JIOIIOMOTOI0 METOY BiporigHocTi ctaniB [6]. I1ig kpo-
KOM PO3YMITHMEMO AESKHI KOMILIEKC pealli3oBaHMX 3aX0iB (Iiif Ha 00’€KT), 10
3MiHIO€ TTOKa3HUK D . Hexaii y Oyap-sSkuii MOMEHT 4acy ¢ (miciist Oyab-aKoro k-To
KPOKY) IOKa3HUK D Moxe OyTH B OJHOMY i3 ctaHiB: D ={D,,D,,...,D,}, T006-

TO 3TIACHUTHCSA OJHA 3 TIOBHOI TPy HECYMICHUX ITOIi: Dl(k),Dék),...,D,Sk).

VY TakoMy BHIAAKY piBeHb OCKOHAIOCTI D oprasizailii HaBYaJbHOTO MPOIIECY B
H3 Moke 3MiHIOBATHCS HA KOKHOMY KpPOIIi X .

D ={p,(k), p» (k). p3 (k), py (k), ps ()} .

3a3Buuaii oliHKa JOCKOHATIOCTI D opraHizamii HaB4aibpHOTO Tporecy B H3
BUKOHYETBCS 32 HABUIIUM CTAaHOM ps (k).
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ITo3HaurMo BIpOTiAHICTL 3HAXOMKEHHSI 00’€KTa y CTaHax j: j=1,n y Mo-
JJ

MEHTH 3aBEpIICHHS k KPOKiB
k=1 p=PS), py (=P )i p, =P,

k=2, p2=PS?), p(2=PESP),..., p,(=PES?),

k=1, py(h=PS), p,()=PS),..., p,(1)=PSP).

p,(k), py(k),---, p, (k) — BiporizHOCTi cTaHy OZHOPIAHOTO MapKOBCHKOI'O JIaH-
IIOTa, B IKOMY TIepeXiHi BIpOTiMHOCTI HE 3aJIeXaTh BiJ HOMEpa KpOKy. 3 OTIsay
Ha BJIACTHBICTH BIPOTiMHOCTI HECYMICHHX JIiH, IO CTBOPIOIOTH ITOBHY TPYITY, JUIS
KOXKHOTO KPOKY A

pi(k)+ py(k)+--+ p,(k)=1.

HagezieHi Buille 3a71€KHOCTI JO3BOJISIOTh BUKOHATH MOJCIIOBAHHS d(PEKTH-
BHOCTI KOMIUIEKCY peani3oBaHHUX 3aX0iB (Iiii X Ha KOHKPETHUI KpUTEpii).

[Ipu mocmimkeHnHi Oe3nepepBHUX 1 AMCKPETHUX BHITAJKOBUX JIAHIIOTIB KO-
PUCTYIOTBCS TpadiuHUM TIpeACTaBICHHSIM (GYHKITIOHYBaHHS cucTeMu. I'pad cra-
HIB IMOKa3HUKa — II¢ CYKYIHICTh BEpIIWH, 5IKi 300pa)KylOTh MOXKJIMBI CTaHU TI0-
KasHHKa D;, 1 CYyKyIHICTb TUIOK — MOXIIMBI IICPEXOJH IOKA3HUKA 3 OJXHOIO
CTaHy B iHILIU.

ITo3naunMo D MOMIIMBI CTYIEHI MOKA3HUKA, BUKJIMKAHI TPOBEJICHHAM Jie-
Akux 3axoniB X (puc. 1): D; — He3anoBuIbHO, D, — HUXYe HOpMHU, D; — HO-

pma, D, — Buie HopMmH, D5 — Habarato BHIIE HOPMHU (€TAJIOH).

CraH moka3HHMKa NpeICcTaBlIeHO Yy BuUrisai rpada (puc. 1), oe crpinkamu
BKa3aHO MOXJIMBI ITEPEXOJM 3 OJHOTO CTaHy B iHIIWH 3a OJUH KPOK 1 mepexigHi
BipOTiTHOCTI.

Bumnankxosuii mporiec (MapKOBCHKHI JAHIIIOT) MOKHA MPEJICTABUTH SIK Tepe-
MIIIICHHSI TOYKH, 1110 300paxKye mokazHuk D, mo rpady CTaHIB BUNAJKOBUM YH-
HOM 3 TepecKaKyBaHHAM i3 OJJHOTO CTYIICHS Ha IHIINH y MOMEHTH 1,t,,..., SKi

BIJIMOBIIAIOTh Yacy il JESIKOTO0 KOMIUIEKCY peali3oBaHuX 3axoiiB. [Ipu 1isomy
TOYKa KpUTepito D MoXKe 3aTpUMyBaTUCS Ha JIESKE YUCIIO KPOKiB B OTHOMY 1 TO-
MYy K CTaHi.

J1st Oyab-sIKOro KpOKy (MOMEHTY 4acy f,f,,...,¢; ) ICHyIOTb BIpOTiJHOCTI
nepexoy MoKa3HHUKa i3 JeSKOTro CTaHy B 1HIIHIA, 8 TAKOX BiPOTiIHICTh 3aTPUMKHU
NOKa3HUKa y naHoMYy cTaHi. CTaHH MOKa3HHKa, TOOTO MOKIIMBI PiBHI TOCKOHAJIO-
CTi, a TaKOX IHCTPYMEHTH NOCSITHEHHS IMOMIOHMX peakiliii mepepaxoBaHi BHIIE.
BiporigHocTi mepexofiB MOXYTh OyTH OTpHUMaHi €KCIEpPTHHMH MeTomamu. Ha
puc. 1 mpocTaBiieHi CTPiIKH MEPeXOoliB, MEPEXiHi BIpOTiAHOCTI SKUX 3MIHIOIOTH
CTaH TOKa3HUKA. 3HAYEHHS BIPOTAHOCTI 3aTPUMKH F,; JONOBHIOE O OJUHHII
CyMy TIEpPEeXiTHUX BipOTiTHOCTEH, SKi BIAIMOBIAIOTh BCIM CTPLIKAM 1 BUXOIATH i3
JTAHOTO CTaHy.

Hanpuknan, i crany D,

By =1-(Py + A3+ Ay + Bs).
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Martpwuiis, 1110 MICTHTh BCi MOXKIIUBI MEPEXiHI BIPOTiTHOCTI MapKOBCHKOIO
nanITora (puc. 1), Mae BUTIIA

Ay Ry Ry R4 Bs
Py Py Py Py P
HP“H= Py Py Py Py P
Py Py P Py P
Py Py Py Py P

Ha ocHoBi MaTpwuili mepexigHMX CTaHIB MPH yMOBI, IO MOYATKOBUU CTaH
NOKa3HWKa BiJOMO, MOKHA 3HAWTH BipOTiAHOCTI cTaHiB p;(k), p, (k),..., ps(k)
michst KOXKHOTO Kk -TO KPOKY YNpaBIiHCHKHX i Ha NaHWK Moka3sHHWK. Yepe3 Te
1[0 B IOYaTKOBUI MOMEHT MOKa3HUK D 3HaxoauTbes y crai Dy, p;(0)=1. Bi-
POTiAHOCTI CTaHIB MiCJIs MEPIIOTO KPOKY OEpyThCS 3 MEPLIOTO PsAAKa MaTPHII.

BiporigHocTi ctany Ipyroro i HaCTYMHOTO OyIb-sIKOTO & -ro mary [7]

m
pi(k)=Y[pi(k=1)P;]

Jj=1
TakuM YMHOM, MATPUI TEPEeXOay J03BOJsS€ MOOYIyBaTH NMPOTHO3 CTaHY
MOKa3HWKa Ha JIKIJIbKa KPOKiB BIepen. TakoX MaTpHIls MMepexoay I03BOJISE MO-
JICITIOBATH CTaH PIBHS JOCKOHAJIOCTI Y 3aJI€KHOCTI Bil TUX ab0 iHIIMX il HA pi3-
HI TIOKa3HUKH. J[JI1 IbOTO JOCTATHRO 3a/maTh 30ypeHHs (i0) BiAMOBIMHOI BipoOTi-
JTHOCTI 13 MaTpUIll MEepeXoiay, 1 TOAI BOHA JIO3BOJISAE 3MOJICIIOBATH OYiKyBaHI
pe3yNbTaTH Pi3HUX YHPaBIiHCHKUX il Ha MOKa3HUKHW OLIHKH SKOCTI MisITBHOCTI
H3. Ilig miero ympaBTiHCHKUX, IHBECTHUIIIHHUX 3aXOJiB, MAPKETHHTOBUX JOCHi-
JUKEHb CTaH MOKa3HWKa MOXKE TMOKPALIUTHUCS, CTAaTH Tiplle, 3aUIIUTHCA TaKUM
camuM. [lpumycTiMo, 1m0 3a IEBHUM MOKa3HHKOM CIOCTEPIraeThcsi HEraTHBHA
JUHaMIKa, [0 TMOTIpUIye y3aralbHEHWH MOKa3HHMK SKOCTi misuibHocTi H3. 3a mo-
MIOMOTOI0 MaTpHIIi TIepexoy JIerKO BU3HAYMTHU MPOOIEMHI BipOTiTHOCTI mepexo-
ny P;, sKi 1al0Th CHTHAI IPO HEJOCTATHIO CTyNiHb Aii Ha nokasHuk. Jlus ycy-

) i:1725'“75-

=5

HEHHS TaKoi MpoOJIeMH MPUHMAETHCS PIMICHHS MPO JOJAATKOBI Jii HAa TOKAa3HUK,
IO Ma€ HETaTHBHY TUHAMIKY.

[ToOymyemo MoJienb PiBHIB IOCKOHATIOCTI NOKa3HUKA Ha OCHOBI MaTpHIIi Tie-
pexoly 1 3MOICIIOEMO Pi3HI BapiaHTH Jii Ha MOKAa3HHK, 1100 I0cATTH OakaHOTO
piBHS B HacTynmHHH nepioa. [IpomoHyeThest KepyBaTHCs JBOMa OUYEBHIHUMH TIpa-
BUJIAMU:

1. Jlii Ha MOKa3HUK 301MBIIYIOTH BipOTiIHICTH TIEPEXOy Ha BHUIIWN PiBEHB,
TOMY, BapilOl0YH BipOTiTHOCTI MEPEXOiB B PO3IiNax MaTpHLi Nepexory, MOXKHA
BU3HAYUTH HEOOXIIHY KUTBKICTh KOHTAKTiB Ha IOKa3HUK.

2. 30inplneHHs 1HBEeCTHLIN B HisuibHICTh H3 mokpalnye craH KO)KHOTO TIOKa-
3HUKA. Bapiroroum odiKyBaHY KITBKICTh BHIIMX PIiBHIB TOCKOHAJIOCTI, MOYKHA
BU3HAYUTH HEOOXiMHY KIUTBKICTh Mi I TOTO, 100 y3arajdbHEHWH TOKa3HHUK
edexruBHocTi (VIIE) mokpamuBscs.

3 ypaxyBaHHSM NOOYAOBaHOI 3aJIeKHOCTI 301JBbIICHHS BIpOTigHOCTI Iepe-
XOJy BiJl KIIBKOCTI JIii Ha TOKa3HUK MPOBOJUTHCS KOPETYBaHHS 3HaYeHb BipOTi-
JTHOCTI B MaTpHIli Iepexo/Ty i BU3HAYAE€THCS HEOOXiHE YUCIIO .

OTtpuMaHi BIpOTiTHOCTI BCiX pe3yNbTaTiB MPOBEACHOTO KOMILIEKCY Mild J10-
3BOJIAIOTH MTPOTHO3YBATH €PEKTUBHICTh y3araJlbHEHOTO TOKa3HUKA e(heKTHBHOCTI
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nisutbHOCTI H3. Ha puc. 2 HaBeseHO pe3yIbTaThH MOJICIIIOBAHHS CTaHIB IMOKa3HUKA
y TIpOIIeci TPOBEIECHHS KOMITIEKCY 3aXOIiB IS TIOYATKOBUX TaHUX — TEPEeXiTHOl
BiporigHocti (puc. 1).

Pyk)
0,8
1, 2 3 4 5
0.6 /[ /
0,2 - — /’ ——— /'
0 10 20 30 40 k

Puc. 2. 3miHa BipOTiJHOCTI CTaHy MOKa3HUKA Yy HPOLEC] MPOBEISHHS KOMIUIEKCY 3ac00iB
(mitt X) mpu Ps;>0: | — He3amoBiIbHO; 2 — HIDKYE HOpMH; 3 — HOpMa; 4 — BHIIEC HOp-
MH; 5 — Habarato BHIIE HOPMHU

Pesynpratu MonenroBaHHs CBi4YaTh, MO BIPOTIAHICTH mMepeOyBaHHS MOKa3-
HUKa B HYJIbOBOMY (HE32/I0BUTPHOMY) CTaHi TIpH AesKill Ail Ha el MoKa3HUK J0-
CTaTHBO IMIBUIKO 3MEHIIYEThCS, AOCSATAI0OUU MiHIMaJIbHOTO 3HA4YCHHs (KpuBa /).
ToOTo, SIKIIO HA TaKWH MOKa3HHUK Oye 3[iiiCHEeHO Ji0 Ha MOKpaIleHHs Horo cTa-
HY, TO BiH HE 3MOXK€ 3aJUIIUTUCS ¥ 1-My CTaHi.

BiporigHicTh cTaHy, Ipu SKOMY IMOKa3HUK 3HAXOAUTHCS B CTaHI «HUKYE
HOpMU» (KpHBa 2), CIIOYaTKy 301IBIIYETHCS JO MAKCUMYMY, @ TIOTIM 3MEHIIY€ETh-
Cs1 32 paxyHOK HEIOCTaTHBHOTO BIUIMBY Ha 1€l TOKA3HUK €(EeKTUBHUX Mil.

BiporigHicts craHy, Ipu SKOMY IMOKa3HUK 3HAXOJUTHCS B CTaHI «HOPMay
(xpuBa 3), MOBTOPIOE 3 AESIKUM 3alli3HEHHSIM XapakTep 3MiHU KPUBOi 2, Biapi3-
HSIOYUCH BiJ HEl MEHIIMM 3HAYCHHSM BipOTIAHOCTI 1 OLJbII TIABHOK 3MIiHOIO
3Ha4YeHb, 0 7-TO KPOKY BIUIMBY €(eKTHBHUX il 30UIBIIYETHCS, a TIOTIM MpUiMae
Jiesike TIOCTiliHEe 3HaYeHHs. ToMy Mmicis 7-ro KpOKy MOXHA IMPUITUHUTH BILUTUB Ha
el NOKa3HHUK.

KpuBa 4 — BIpOTiHICTh CTaHy IMOKa3HUKA «BHILE HOPMI» Ma€ TEHJCHIIIO
Ha TIOKpAIleHHs BIPOTiIHOCTI MEPEeXo/ly MOKa3HUKA B IIeH CTaH 3 KOXKHUM KPOKOM
KepyIoUHuX Jiif Ha TIOKa3HUK 1 yepe3 ACSIKUi Jac MpuiiMae TOCTiHHE 3HAYCHHS.

Kpusa 5 BimoOpaskae picT 3aJIe)KHOCTI BipOTiTHOCTI CTaHy NOKa3HUKa «Ha-
Oararo BuIlle HOPMI» BiJl KPOKiB €()EKTHBHUX il 1 TOKa3ye, IO BipOTiAHICTh
Mepexo/Iy MMOKa3HUKa B el CTaH MiCs Py BIUIMBOBUX [l CYTTEBO HE 301IIbITY-
€ThCSI, IPUIMAIOYN HEBEIMKE MOCTiliHEe 3Ha4YeHHs. LI kprBa BimoOpaskae He3HAY-
HE MiJBHIIECHHs BiporifHocTi mepexoxy npu Ps; =0,2. To6To, Konu MOKAa3HUK
3HAaXOAUThCS B 1-My cTaHi, BIpOTiAHICTh HOTO Mepexoay B CTaH «Habarato BUIIE
HOPMH» Ty’Ke Majia i HisKi Kepyrodi Ail He 3MOXKYTh MTO3UTUBHO BINTMHYTH Ha ITIO
CUTYAIIIIO.

OtpumaHi pe3ynbTaTH MiATBEPIKYIOTh SKICHI OLIHKH, BAKOHAHI 3 BUKOPHC-
TaHHAM Moxeni SH. AHami3yrouu 3ajJeKHOCTI, MOXHA HAJaTH pPEKOMEHaIlii
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ynpasiiHCbkoMy ckiany H3: He Tpeba 1oBOIUTH KOAEH MOKa3HUK AisutbHOCTI H3
J0 HE3aJOBLIBHOIO CTaHy, TOMY IO BHUBECTH HOro B NO3UTHUBHMH cTaH Oyne
CKJIaJTHO.

Pi(k)
0,8
1 2 3 4 5
0,6
A<
0,2 =
0 10 20 30 40 k

Puc. 3. 3miHa BipOTiJHOCTI CTaHy MOKa3HUKA Yy HPOLEC] MPOBEIEHHS KOMIUIEKCY 3aC00iB
(mitt X) mpu Ps;=0: I — HE3aq0BUTBHO; 2 — HW)KYEe HOPMHU; 3 — HOpMa; 4 — BHIIE HOp-
MHU; 5 — HabaraTo BHIIE HOPMHU

3MOJIeM0eEMO CHUTYaIlif0, KOJIM MOKa3HUK AisibHOCTI H3 He 3Haxomuthes y
1-my ctaHi, T00TO Ps; =0.

Konm moka3HHK HE OITyCKaeThCS 0 HE3aJAOBUILHOTO CTaHy, TO € Biporii-
HICTb MEpEeBECTH HOTO B MOSUTUBHUM CTaH, i 3 KOXKHUM KPOKOM KEpPYIOUMX Hil 15
BIpOTiTHICTH 301MBITY€ETHCS (KpUBa 5 — «HA0AraTo BUIIE HOPMEY).

OTtpumaHi pe3yJbTaTd A03BOJISIIOTH aBTOPY 3alpPOINOHYBATH AITOPUTM YIO-
ckoHaneHHs YIIE Ha 0CHOBI MPOTHO3yBaHHS CTaHY MOKA3HUKIB SKOCTI isTBHOCTI
H3 i3 3acTocyBannsm moguenm SH (puc. 4):

® SKIIO MpU NPOBEICHHI camMoOaHajlily Ta MpH MOPiBHSAHHI MpodeciiHoi
TSUTBHOCT] BUITYCKHHKA 3 BUMOTaMH 3aMOBHHUKA i HOPMAaTHBHUMH ITOKa3HUKaMU
CIIOCTEPITraeThCs HEBIAMOBIAHICTh, TO 0COOM ski mpwiiMatoTh pimenns (OIIP),
MPOMOHYIOTh KOMIDIEKC YIPABIIHCHKUX Mif Ha MMOKPAIEHHS KOXKHOTO TTOKa3HHUKA;

e I BU3HAYEHHS ONTUMAalbHOTO Komruiekcy aii OITP moxe crporuosy-
BaTH 1 1ii 3a 1onomororo moneini SH.

BUCHOBKH

HaBenenwnii MeTon OIIHKU PE3yJIbTaTUBHOCTI BHITAJKOBUX (DaKTOPiB, sIKi Cympo-
BOJUKYIOTh TIOKa3HUKH, MOYKE BUKOPHCTOBYBATHCSI B aBTOMATH30BAHUX CHCTEMax
BusHaueHHs YIIE mismpHocTi H3. Po3pobaeno maremarnunuit onuc mozaem SH
Ta PiBHIB JOCKOHAJIOCTI ii MOKa3HUKIB, 10 0a3yEThCA Ha BUMIAAKOBHX (haKTOpax y
BHTJISITI MAPKOBCHKHX TPOTICCiB. 3apONOHOBAHUN TIAXIJT TO3BOJISIE MOICTIOBATH
napamMeTpH SKICHHX JIiif, HalIpaBJICHUX Ha MOKpAIICHHs PiBHSA JOCKOHAIIOCTI KO-
HOTO moka3Huka. Koperyroun xoedinientu nepexony y moaeni SH piBHiB (Bix
«HE3a70BUTBHO» IO «HA0araTo BUIIC HOPMH») HA OCHOBI MPAKTHYHUX JaHUX MO-
JKHA OTNITUMI3yBaTH YNPABIIHHS TisIMH, HAT[PaBJICHUMHU Ha TOKPAIEHHS PIBHA J10-
CKOHAJIOCTI KOKHOTO MOKa3HHKa, IO AaCTh MOXKJIMBICTh HiJBUIINTH y3arajbHe-
HUH MOKa3HUK e(heKTUBHOCTI misttbHOCTI H3.
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Puc. 4. Anropurm ynockonanenHsi YIIE Ha OCHOBI IPOTHO3yBaHHs CTaHy IOKa3HHUKIB
sKocTi aistbHOCTI H3
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TEXHUYECKOE OBCJYKUBAHUE MOHOTOHHOM
CUCTEMBI C YYETOM CYMMAPHOM HAPABOTKH HA
OTKA3 KAXK/JIOI'O EE 3JIEMEHTA

AM. IECUAHCKHUN

ITocTpoeHa MmoymMapKOBCKas MOJIENb TEXHHYECKOTO OOCITY)KMBAaHHS CHCTEMBI Ma-
paIenbHON CTPYKTYpHI C Y4€TOM CyMMAapHOW HapabOOTKM Ha OTKa3 KaXIOro sie-
MeHTa. Halizensl craloHapHble IOKa3aTesln KayecTBa (YHKIMOHUPOBAHUS CHUCTE-
MBbI. OnpesieNieHs! ONTHMAIbHBIC BETMIUHBI HAPAOOTOK IEMEHTOB JUIS IPOBEACHHUS
HpeLyIPeUTENFHOTO TEXHUUECKOTO 00CTyKHBaHNSL.

BBEJEHHUE

B pabotax [1,2] uccnemoBaHa HAJEKHOCTh HEKOTOPHIX KOHKPETHBIX, YacCTO
BCTPEYAIOIINXCS HA MPAKTHKE BOCCTAHABIMBAEMBIX CHCTEM C MOJIHOIOCTYITHBIM
BOCCTaHOBJICHHEM. B 00IIMX MpeAnoNoXKeHUsIX OTHOCUTENBHO BpeMeH 0e30TKa3-
HOW pabOTHI U BOCCTAHOBJICHHUS AJIIEMEHTOB CHCTEMBI OIPE/IEIICHbl OCHOBHEIE CTa-
[IUOHAPHBIE HAJEC)KHOCTHBIE XaPaKTEPUCTHUKU CHUCTEMBI: KO3(pPHUIMEHT rOTOBHO-
CTH, CpellHsIsl HapaOOTKa Ha OTKAa3 U cpeHee BPeMsi BOCCTAHOBIICHUSI CHCTEMBI.

OnmHuM H3 METOJOB YIyYIIEHHs CTallHOHApHBIX IIOKa3zaTellell KauecTBa
(hyHKIIMOHUPOBAHUS CHUCTEMBI SIBIISIETCS MPOBEJICHUE TPEIYIPEIUTEIIEHOTO TeX-
HIgeckoro oocmyxxuanus (TO) 37eMeHTOB IPpH TOCTIKEHUH UMH OTIPEIeIICHHO-
ro «Bo3pacTa XXH3HW». Takas crparterus nposeaeHuss TO >IEMEHTOB AJISl CHUCTE-
MBI C TIOCIIEIOBATEIbHOW CTPYKTYpPOHl M BOCCTaHABIMBAEMOW CHCTEMBI C
Harpy>XKeHHBIM PE3epBOM HCClIenoBaHa B paborax [3,4]. B maHHO# cTtaThe pe-
3yJBTaThl, MOMyYeHHEIE B [3, 4], 00001mat0TCst Ha CIy4yail CHCTEM ¢ MOHOTOHHOM
CTpyKTypoii [5]. OmpenenstoTcs CTalMOHAPHBIE U YKOHOMUYECKHE TOKa3aTeln
KadecTBa (DYHKIIMOHUPOBAHUS TaKOW CHCTEMBI MpH yKazaHHOW cTpateruu TO ee
3JIEMEHTOB M YCTaHABIMBAIOTCS ONITHMANBHBIE BEIMYMHBI CYMMapHBIX HapabOTOK
9MeMEeHTOB A mpoBeleHus TO ¢ HeNblo0 JOCTIDKEHMS HAWITYUYIIUX 3HAaYCHHUN
CTAIlMOHAPHBIX XapPaKTEPUCTHK.

MMOCTAHOBKA 3AJIAYYA U IOCTPOEHUE MATEMATHYECKOW MOJIEJIN

PaccmoTpuM N -KOMIIOHEHTHYIO CHCTEMY C MOHOTOHHOM cTpykTypoii [5]. K mo-
JOOHBIM CHCTEMaM OTHOCSTCS, HalpUMep, MOcIel0BaTeNbHbIe, IyOnMpoBaHHEIE,
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MOCTHKOBBIE, « P U3 N », a TakKe CUCTEMBI C pa3feibHO-00LINM pe3epBUPOBa-
HHUEM.

Bpemst 6e30Tka3HO# pabOTHI i -TO DIIEMEHTAa CHCTEMBl — CITyJaiHas BEIH-
uypHa (CB) «, ¢ dynkuueii pacnpenenenus (PP) F;(t) = P(a; <t),i= I,_N Un-
JUKaIys OTKa3a 3JIEMEHTa OCYLIECTBISIETCS MTHOBEHHO, H HAaYMHAETCS €r0 BOC-
CTaHOBJIEHME (aBapHUiiHOE), KOTOpOE JUINTCS ciydaiiHoe Bpems f3; ¢ ®P G;(t) =
=P(p;<t),i= 1N . B MoMeHT BpPEMEHH, KOTJ]a cyMMapHasi HapaOboTKa Ha OTKa3

i-TO 3IeMeHTa («IPOIOKUTEIBHOCTD XKHU3HW») JOCTHUraeT YPOBHS 7;, HAUMHA-
ercs ero mnpemynpexurensHoe TO, mmrensHocts kotoporo CB SF ¢ ®P
P4y = p
G (=P(B <0).
[Ipennonaraercs, uto Bce CB He3aBUCUMBI, UMEIOT aOCOIOTHO HEIIPEPHIB-
Hbie OP ¥ KOHeuHble MaTeMaTnueckue oxkunanns Ma,, MB;, MBY . Ouepenn Ha

BOCCTaHOBJICHHE He Bo3HHKaeT. Kak mocne TO, Tak W 1mocie aBapuitHOTo BOCCTa-
HOBJICHUSI, BCE HAJCKHOCTHBIC XAPAKTCPUCTHKHU 3JIEMEHTOB MOJIHOCTHIO OOHOB-
nstotes. OTKITIOYEHNE M BKJIFOUEHHE SJIEMEHTOB B CHUCTEMY MPOHMCXOJUT MTHO-
BeHHO. J/loX0/ 3a equHMIy BPEMEHH WCIPAaBHOTO (YHKIIMOHUPOBAHUS, IUIaTa 3a
€IUHUIY BPEMEHH aBapUIHOr0 BOCCTAHOBJICHUS U 3a eAUHULY BpeMeHu TO i -ro

JIEMEHTa CUCTEMBI COOTBETCTBEHHO paBHbI ¢, ¢; U ¢, i=1,N.

Cucrema HaxoguTcsi B pab0TOCIIOCOOHOM COCTOSIHUM TOTJa M TOJIBKO TOT/a,
KOTJa, TI0 KpaifHel Mepe, OJlHa M3 MOCIEIO0BAaTEIbHBIX CTPYKTYP MHUHHUMAJIBHOTO
nyTH [5] padotocnocobna. Cucrema cyuTaeTcs B OTKa3e TOTZa M TOJIBKO TOT/a,
KOTJa, IO KpaiiHeil Mepe, oJlHa U3 MapajuieNIbHBIX CTPYKTYP MUHHMAIBHOTO ceve-
Hus [5] Haxoautcs B HepabodeM cocTossHuU (10 mpuunHe TO mim aBapuitHOTO
BOCCTaHOBJICHUS €€ 3JIEMEHTOB).

Tpebyetcst onpenenuTh cieqyolre MoKa3aTelld KadecTBa (pyHKIHOHHPO-
BaHHUS CUCTEMBI: CTallMOHAPHBIH KO3()(PUIMEHT TEXHHUYECKOTO HCIIOIB30BAHUS
K, (7],...,Ty), CPEAHIOI yIEJIbHYIO NPUOBLIL S(7y,...,7T, ) Ha €IUHMILYy KaJCH-
JApHOTO BPEMEHH U cpelHue yaenbHble 3atpatel C(7y,...,7) ) Ha €JUHUIY Bpe-
MEHH UCTIPABHOTO (PYHKIIMOHUPOBAHHS CUCTEMBI, @ TAKXKE BEJTMYMHBI CyMMaPHBIX
HapabOTOK 7; 3JIEMEHTOB, NPHU NOCTHKEHUU KOTOPBIX cienyeT mpoBoxuth 1O

3JIEMEHTOB ISl TOTO, YTOOBI yKa3aHHBIEC MMOKAa3aTeNd KadecTBa (pyHKIIMOHUPOBA-
HUSI CUCTEMBI UMEITN ONITUMAJILHBIC 3HAUCHHUS.

OYHKITMOHUPOBAHUE CHCTEMBI OTHIIIEM TOTyMapKOBCKUM mporeccoM &(7)
C IUCKPETHO-HETIPEPHIBHBIM (ha30BBIM IPOCTPAHCTBOM COCTOSHUH [1,2]

Ez{ia;%, izL_N},

IJic KOMIIOHEHTHI BEKTOpa d= (dl,...,d N) YKa3bIBAIOT Ha «(HUIUUECKUE» COCTOS-
HUSI JIEMEHTOB: d; =1 — k -ii 37IeMeHT HaxoAUTCA B pabOTOCIOCOOHOM CO-
crostHuu; d;, =0 — aBapuiiHoe BoccTaHOBieHHe;, d;, =2 — cocrosiHue TO;
[ — HOMEp DJIEMEHTAa, M3MCHUBIIEIO CBOC «(PH3MUYECKOE» COCTOSIHHUE TOCIE-

-
HEM. KOMITOHEHTBI BCKTOpa X (I)I/IKCI/IPYIOT BpeMs C MOMCHTA MOCJICAHCTO H3-
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MEHEHHSI COCTOSIHUS [ -TO 3JIEMEHTa JO OJMKaNIINX MOMEHTOB HW3MEHEHHUS CO-
CTOSTHUI COOTBETCTBEHHO OCTaJbHBIX 3JIeMeHTOB (x; = 0), mpuuem, ecinu d; =1,

TO X; — Bpemsl 10 OmKaiiliero aBapuiHOTO OTKasa k -ro siaemenra. Komro-

HEHTHI BEKTOpa U = (ul,...,u N) paBHBI CyMMapHBIM HapaOOTKaM COOTBETCTBYIO-

IIUX 3JIEMEHTOB B MOMEHT IIOCIIETHEr0 M3MEHEHHs COCTOSIHHA cucTteMbl. Ecim
d; =2, To cuuTaeTcs, 4To U; =7;. B MOMEHT BOCCTaHOBJIEHUS pabOTOCIIOCOO-

HOCTH i-TO 31eMeHTa mocie ero TO HapaGoTKa 3TOrO SIEeMEHTa paBHA HYJIIO
BpeMeHa Hpe6bIBaHI/I$I CHUCTCMbI B YKa3aHHBIX BBIIIC COCTOAHUAX OIpPEaC-
asr0TCs GOpMyITaMU

d:
6.770)7 :}/[( 2 VAN A'xk A (Tk —uk),
idx u ki keQb

roe A — 3HaK MUHUMYyMa; Qi, — COBOKYIHOCTh HOMEPOB KOMIIOHEHT BEKTOpa

d , PaBHBIX 1,

0![-, d[:1,
d:
7’,'( V= Bi, d;=0,

[Ipeamonoxum, dro mus BioxeHHOW Iernu Mapkosa (BLIM) {én, nZO}

BBITIOJTHSIOTCS] YCIOBHSI CYIIIECTBOBAHUS M €TUHCTBEHHOCTH CTAllHOHAPHOIO pac-
npeneneHust p(:), Torna [4]

p{idx"u)=p TThs )G o) TTvitugoxo) TTGL o =1V (1)

ke ke, ke
-1
1| & N
p = S+ O Tl + M + B 10|
i=l k=1
k#i

roe Gi (xp) =1-=Gy(xp), af(xk)zl—G,f(x); hy(u;) — mnoTHOCTH (yH-

o0
(m)
KLUU BOCCTaHOBIeHUS H;(u;) = ZF* () vi(ug,xp) = fr(up +x;) +
n=l1
ug
+ I Ji(uy +x;, —5)hy (s)ds — NIOTHOCTH MPSIMOTO OCTATOYHOI'O BPEMEHH BOC-
0

CTaHOBJICHUSI PEKyPPEHTHOTO MOTOKa, nopoxkaeHHoro CB «;, v, (0,0)=1; Qg ,

5 —
Qd — COBOKYITHOCTH HOMCPOB KOMITIOHCHT BCKTOpaA d , PaBHBIX COOTBETCTBCHHO

Owm2.
Pa3o0beM (a3oBoe MpOCTpaHCTBO E COCTOSIHHIA CHCTEMBI Ha J[Ba HEMepece-
KaIOIMXCS MOJMHOXeCTBa £, — paboTOoCHOCOOHBIX U E_ — OTKa30BBIX COCTO-

STHUH.

£={i@% dep,, i=IN}, B =ydx"u dep., i=1N].
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rae D+ (D_) — MHOKECTBO BEKTOPOB d , KOMIIOHCHTBI KOTOPBIX pAaBHbI KOJAaM

«(hHU3UYECKHUX» COCTOSHUI HIIEMEHTOB CHUCTEMBI, HAXOAMIECHCS B TOAMHOXKECTBE
paGoTococoGHEIX (0TKa30BbIX) cocTosmmit E, (E_).

CpeHIOI0 CTAlMOHAPHYI0 HapabOTKy Ha OoTKa3 7, , CpeiHee CTAallMOHApHOE
BpeMsl BOCCTAHOBIICHHsI 7_ M CTallMOHAPHBIA KOA(PPHUIMEHT TEXHHYECKOTO HC-

nosie30BaHud K, cuCTeMsl HaiiieM o ¢opmyiam [1, 2]

[m(2)p(d2) [m()p(dz)
T T )
fp(dz)P(z, E_) jp(dz)P(z, E,) T, +T.
E, E_

rae p(-) — cranuoHapHoe pacnpeneneHue BIIM {fn, n O}; m(z) — cpenHue
BpeMeHa IpeObIBaHMs B COCTOSIHUSX cUCTeMbl; P(z,E.), (P(Z,E_)) — BEPOSAT-
HOCTH TiepexonoB BIIM {fn, n= 0} M3 OTKa30BBIX (pabOTOCTIOCOOHBIX) COCTOS-

HUll B pab0OTOCIIOCOOHBIC (OTKA30BbIC).
C yuerom crammoHapHoro pacnpeaenenus BLIM (1) dopmyist (2) mpeodpa-

3YIOTCS K BULY
> 1w [[MBH (o) [ MBF

r deD; ke, ke ke
+ - 9
Y 20+H; @) [[rx [TMBH @) [[MBE
deD, jeG(d) kted keﬂg keQi,
k#j
ro= % [l [1MBH () [1MBE
deD_ keql,  keQf ke

deD. | jely(d) keQb keﬂg keQé
k#j

+ Z HTk HMﬂka(Tk)HMﬂ;f s

Jjeh(d) keql, kel ke
k+j
> [T [TMpet o TTMBE
deD, kted kng keQ[ZZ
Ku(Tl,...,TN): N 5 (3)
k=1
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rae D — MHOXECTBO MOTPaHUYHBIX PAbOTOCIIOCOOHBIX «(DH3UUECKHX» COCTOS-
HHUH CHCTEMBI, T.€. MHOJKECTBO BEKTOPOB d € D, TaKWX, YTO U3MEHEHHE HEKOTO-

poit omxHON KOMIOHEHTHI ¢ 1 Ha 0 win 2 TIepeBOAUT BEKTOP ¢ BO MHOXKECTBO

!

D_; G(d) — MHOXecTBO HOMEPOB KOMIIOHEHT BekTropa d € D,

HU3MCHCHUEC

3HAYCHHS KaKJ0W U3 KOTOPBIX ¢ 1 Ha O WM 2 epeBOIUT BEKTOP d BO MHOXKECT-
B0 D_; D' — MHOXeCTBO MOIPAHHUYHBIX OTKA30BBIX COCTOSHUN CHUCTEMBI, T.C.

MHO>KECTBO BEKTOPOB d € D_ TakuX, 4TO M3MEHEHHWE HEKOTOPOH OIHON KOMIIO-
HeHTsI ¢ 0 mim 2 Ha 1 mepeBoaut Bektop d Bo MHOXecTBO D, ;5 [,(d) (1 5 (d))
— MHOYECTBO HOMEPOB KOMIIOHEHT BekTopa d € D' , u3sMeHeHMe 3HaYeHHUs Ka-

X110 u3 KotopeixX ¢ 0 (2) Ha 1 mepeBOAUT BEKTOP d Bo MHOXeCTBO D .-
Kosdduuuent texnuueckoro ucnons3osanust (KTU) K, (zy,...,7) ) cucre-
MBI BEIPa3UM CTPYKTYpHOU (yHKIHEH (p(zl,...,z N) cucremsl [5] u KTU K;(7;)
i -To sneMenTa — (opmyiaamu [6].
b L i=LN.
r; + MB + MB;H ()

Ki(z;)=

Ilycts My,...,.M
[5]. Tlo ompeneneHuo, AJIEMEHTHI, HE MPHUHAJICKANIAE MHOXKECTBY JJIEMEHTOB
MyTH, HAXOJATCS B HEpaboueM COCTOSIHUH, T.e. B cocTossHusx 0 wim 2. @opmyna
(3) ¢ moMomp0 MpeoOpa3oBaHUs CyMM TPOM3BEACHUN CPETHUX IOCIE HECIIOXK-
HBIX TTpeo0pa3oBaHUil IPUBOIUTCS K BHIY

S e [1Mp2 +MpHG)

j=1 neM;  neM;
Ku(Tl"”?TN): =

N
(e, + Mp? + Mp,H(z,)

n=1

» BCC PA3JIMYHBIC MHOXCCTBA JJICMCHTOB IIYTH CHCTCMbI

@ N
=> TIk.@) [T0-K,@))=p(K (). Ky (Ty) i=LN. (4

/=1}’IEM] }’IEMJ

31ech  CTPYKTypHas
1 5 byHKIHS @ 3amaHa B

JIU3BIOHKTUBHOU HOpPMaJlbh-
] 3 | | HOM (opme, oOmHAKO ee
MOXHO TMpPEJCTaBUTh MHO-
TMMH 3KBHUBAJICHTHBIMHU CITO-

2 4 cobamMu, HampuMmep, B JH-
HeltHoH dopme.
Puc. 1. CTpyKkTypa MOCTHKOBOW CUCTEMBI Tak, pans mocienoBa-

TEJIBHON CHUCTEMBI, JTyOIHpO-
BaHHOM CHCTEMBI C HArpy>KCHHBIM PE3epPBOM M MOCTHKOBOH cucTeMbl (puc. 1)
dhopmyna (4) 3anumIeTcs Tak:
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N N
K, (@) = [ K@), Ky (rsety) = 1= (1=K (2))),

i=1 i=1

K, (71,,75) =K (7))Ks5(75) + Ky (72)K4(74) + K1 (7)) K5 (73) K4 (74) +

5.5 5
+Kz(Tz)K3(73)K5(T5)_ZHKn(Tn)+2HKn (7))

i=1 n#i n=l1
Jls ompeneneHusl CpeAHero yaenbHoro poxopa S(zy,...,7Ty ) Ha €IUHUIYY
KaJeHAApHOTO BPEMEHHU U CpelHHUX yaenbHbIX 3arpaT C(7y,...,7,) Ha €AUHHUIY
BPEMEHHU UCTIPABHOTO (PYyHKIIMOHUPOBAHUS CUCTEMBI HCITONB3YyeM (PopMyJIsl [7]

[mz)1,()p(dz) [m(=)f.(2)p(dz)
E

s=£ , C= , (5)
[ m(2)p(d2) Jm@)p(d2)
E

E,

rne f,(z), f.(z) — byHKIMH, OIpeneNnsrone COOTBETCTBEHHO JOXO/ U 3aTpa-
TBI B KQXKJIOM COCTOSIHHH.

Oyukuuu f(z) u f,(z) ¢ yueToM BBEJCHHBIX 0003HAYEHUH UMEIOT BUJL

— ZCk — Zc,f, ze{ idx"u }, i=1,N, ecn Q) =@,
ke keQ?

fS‘ (Z): 0 ¢ ¢ _(l)_ _ 1

ZCk— ch— Zcf,ze{idx u }, i=1LN, ecniu Q, #O,

kted ing keQﬁ

ZCk + Zc,f, ze{ idx"u }, i=1,N, ecmu QUQ2 +@,
f(2)= keQ) kel

0, ze{ ia(i); }, i=1,_N, ecnu 92UQ§,=®.
[Toce nmpeoOpazoBanuii hopmyIs (5) moydaeM
S(T)ynTy) = isi (z,). (6)
Y C(r)K (7))
C(Tl,...,TN)=Z# (7

) K, (z’l yeens T )
0
CiTi— cipMﬂip —¢; Mp; H, (Ti)
T, + MBP +Mp; H, (Ti)
[-r0 DJJEeMeHTa Ha eIUHUIY KajJeHaapHoro Bpemenu, a C; (r,- ):
_ o MBY +¢; M, H,(z;)

T

rae Si(rl-)z

— CpEIHUW YHOEeIbHBIA J0XOJ

— CPpEAHUC YACIBbHBIC 3aTPAThl HA CAUHUILY BPECMCHHU

UCTIPAaBHOTO (PYHKIIMOHUPOBAHUS I -TO DIIEMEHTA.
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OIITUMU3ALIUA CPOKOB ITPOBEJIEHUSA TO 9JIEMEHTOB

3amava ompeneneHHs ONTHMAIBHBIX MOKa3aTesleil kadecTBa (hyHKIMOHMPOBAHUS
CHCTEMBI CBOJUTCS K OTBICKAHHMIO a0CONIOTHBIX 3KCTpeMyMoB (GyHKuui (4), (6) u
(7). 3amermM, dYTO IS JOCTWKEHUS MakCUManbHBIX 3HaueHuin KTU
K, (z),...,Ty) U CpemHero yueinpHoro goxoxa S(zj,...,7y) HEOOXOOUMO H JI0-
CTaTOYHO ONTHUMH3HPOBATH BEIUYMHY CyMMapHOW HapaOOTKH KaKAOTO dJIeMEH-
Ta, Yero HEeNb3sl YTBEPKAATh OTHOCUTEIFHO MHHUMAJBHBIX CPEIHHX YAEIbHBIX
3atpatr C(7y,...,T) ) CUCTEMBI.

[lpupaBHuBast HyJIIO 4YacTHble Npou3BoAHbIe GYHKIMH K, (Tl,...,TN),

(rl, ) u C(z’l,...,rN), MOJTy9aeM COOTBETCTBEHHO CHCTEMbI YpaBHEHUI
(8)—(10) mns ompeneneHUs ONTHUMAJIbHBIX 3HAUYEHUH HApaOOTOK rk T, 15,
i= l,N .

Mpl .
fihi(fi)_Hi(fi)z » i=LN, ®)
Mp;
c;, —c! MB? P +¢? —
hi(e;) 7+ ——5MBP |- H,(r;) MBF” e +ei ,i=LN, )
c; +¢ Mp; ¢ +c

P10
oK) Koy o)

N
2Ci@ K (x ) (wh(r,) = Hi(z)) -
j=1

c;(zh(c)) = H,(z,))+(c; —cPYMBF hy(z;)=c? =2 i=1,N. (10)

MpF
Mp;
ACHUMNTOTHYECKOE MOBEACHUE IpOIecca BOCCTAHOBICHUS MPH T —> © [5]
II03BOJIAET YTBEPXKIATh, YTO JOCTATOUYHBIMHU YCJIOBHUSIMU CYIIECTBOBAHHS KOHEU-
HBIX peneHuii cucteM ypaBHeHHH (8)—(10) siBisieTcs BBIOIHEHNE COOTBETCTBEH-

HO HCPABCHCTB
Ml; P Dl'l 7 Pu——
—< ! l-—— j

1

Mp; 2 (Mal- )2

e +cf mp? Uy Da; LG
e +e; MB 2 (Mo:l-)2 ¢ +¢, Me;

MBP C:

S M2 (Ma,

N c-M . Da. MBL
. B; l | a | MBI\ o ( Ma,
J= !

Ma, +MB;| 2| (Ma,)? | MB; |K;, ' \Ma, +Mp,
MO!N l:l_
Moy +MBy T

rne Doa; — xoneunas qucnepeus CB ¢;.
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B ciydae cyiiecTBoBaHMs €IUHCTBEHHBIX PEIICHUI CHCTEM YpaBHEHH OII-
THMaJIbHbIC 3HAUCHUsI TOKa3aTeNeil KayecTBa (pyHKIHMOHUPOBAHUS CHUCTEMBI OII-
penenstores GopMyamMmu

1 1
1+ MBI ek )1+ MByhy (%)

_ u Cio —c;Mp; hi(fis)
Smax—lg1 1+ Mp, hi(Tis) > an

N
c c
>k )
1 1 1 1
_ =l
Cmin - K (TC TC ) :
AT Ty
Ecnu cucrembl ypaBHEHM MMEIOT HECKOJIBKO PEIIEHUH, TO ONTHMAaJIbHbIE
3HAUEHHs MOKa3aTeled KayecTBa HaXOASATCS MOACTAaHOBKOM KaXKIOTO M3 HHUX B

(dhopmyy Ui citydyasl €AMHCTBEHHOTO PEIICHUs C IOCIEAYIOIUM BhIOOpOM Hau-
aydqmero u3 HuX. OTCyTCTBHE KOPHEH Kakoro-1ubo j-ro ypaBHEHHs cucteM (8),

umax :¢

(12)

(9) osnagaer uro dynkumst K (7 )(S (T j)) SIBJSICTCSI MOHOTOHHOHW M €€ JKC-

TPEMYM JOCTHraercs npu z; — 0. B atom ciydae B gpopmynax (11) cnenyer 3a-

MEHHUTB /() Ha
a :
J
Ecmu cucrema ypasuenuit (10) He UMeeT pelieHu, TO CIeayeT UCCIIeIOBATh
HAa MUHUMYM BCEBO3MOXKHBIC (DYHKIIMU, KOTOPBIE MoTydaroTcs u3 (7) B pe3yibra-
Ma; C () c;Ma;
. (0)=—————
’ i
Ma; + MB; Ma; + Mp;

MyMa IIpH 7; —> 00  TOBOPHT O TOM, YTO NPOBOJIHUTH HpexynpeaurenbHoe TO

Te 3amMeH K. (o0)= . JlocTmkeHue »sKCTpe-
i p

[ —TO dJIeMEHTa Hellelecoo0pa3Ho, MOCKOJIBKY €ro MpoBelieHHe YXYAIIaeT MoKa-
3aTellb KauecTBa ()YHKIMOHUPOBAHHUS CUCTEMBL.

B 3akiroueHue mpuBeneM MpuUMep NPUMEHEHHS MONTYYEHHBIX PE3yJbTaToB
(tabn. 1 u 2). PaccmoTrpum
2 CHUCTEMY U3 TpPeX 3JIEMEHTOB
(puc. 2). HapaboTka Ha oTKa3
JJIEMEHTOB pacrpesiesieHa 1o
3 3aKOHY OpJjaHra TpPeThero
nopsiika € IUIOTHOCTSIMH

3.2 -
Puc. 2. Ilpumep cucTeMbl ¢ MOHOTOHHOH CTPYKTYpPOH fi(6) = Ajt"e ' i=13
l' - _ — 1,J.

2
Taoauuma 1. UcxoaHble TaHHBIE CUCTEMBI
0 P
Howmep -1 ¢, ¢, ¢,
) Mea;,au | MB;, a | MBP i i
n/n A ! P Bis ye/u | ye/u | ye/u
1 0,05 60 3 0,9 5 1 0,2
2 0,1 30 10 3 7 3 2
3 0,08 37,5 9 2 9 3 1
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Tadéamma 2. Pe3ynbTarsl pacueTos

H :

W | T | KPKE g | s™ L se | gfe ™ 7
45,311 36,201 26,576
22,539| 0,916 | 0,906 | 18,180 | 16,608 | 15,892 | 13,879 | 0,973 | 1,521
20,219 16,310 10,124

3nmeck uepes K, , S”, C” 0603HaYEHBI IOKA3ATENM KAYECTBA (yHKIMOHH-

pOBaHUS CHCTEMHI B ciydae He mpoBeacHHsS TO snmementoB. I[Ipoemenne TO
3JIEMEHTOB YIJIyYIlIaeT A3TH IOKa3aTeln cooTBeTcTBeHHO Ha 1,043%, 4,510%,
36,019%.
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NMPOBNEMMU | TEXHONOTI AOCTIOXEHHA

MATEMATWUYHI METOOWU, MOLOENI,
@'
CKINAOHUX CUCTEM

VJIK 517.9

MATEMATHUYHA MOJEJIb ITPOLHECY ®OPMYBAHHS TA
3BEPEXXEHHS KOJIEKTUBHUX 3HAHb

B.B. AICIHCBKHWI1 , 0.B. KAITYCTSIH , X. BAJIEPO

Ha ocHOBI 3aIpOIOHOBAHOI CHCTEMH aKCiOM 100YJIOBaHO Ta JOCIIIPKEHO MaTeMa-
THYHY MOJIEJIb Hpolecy GopMyBaHHS Ta 30€peKeHHs 3HaHb y BEJIMKUX OCBITHIX CH-
creMax. 3Hal/ICHO YMOBHU 30€pEKCHHS Ha JIEIKOMY 4aCOBOMY HPOMDKKY 3aJaHOrO
TapaHTOBAHOTO PiBHS KOJNEKTUBHUX 3HAHb.

BCTYII

BukopuctoBytoun cucteMHHHA Tiaxix [1, 6], TOCTiKY€EThCS MOMICHh, SIKa OMHCYE
JUHAMIKy B3a€MOJIIT MiXK KITFOYOBUMH KOMIIOHEHTAMH BEJIMKOT OCBITHBOT CHCTEMHU
Opyd CHHXPOHHOMY BHBYEHHI y 1 miApo3ainax Aeskoi HaBYaIbHOI JUCLIUILII-
HuU D.

AKTyanpHICT, TaKOTO AOCHIDKEHHS 3yMOBJICHA, B TIEpIIy dYepry, HeoO-
XiIHICTIO CTBOpEHHSI OOTPYHTOBAaHMX HAYKOBO METOJOJIOTIYHMX 3acall He3aJIexK-
HOTO MOHITOPHHTY SIKOCTi 3HaHb SIK YYHIB CEpEIHIX MIKLI, TaK i CTY/IEHTIB BUIIUX
HaBYAJIBHUX 3aKIafiB YKpaiHu.

IMpu moOymoBi 3aranbHOi MojeNni Oylaemo po3risgatd (IS 3pyYHOCTI
CIPHUUHATTS) NPOLIEC BUBYCHHS MaTeMaTHKH B CUCTEMI CepeTHbOI OCBITH YKpaiHu.
Taxwuii BuOip 06’ €KTa MOJCTIOBaHHS 3yMOBJICHO HU3KOIO OUYEBUIHUX IIPUYUH.

[Mo-mrepmre, miceM i pomTto, SIKY 3aliMae MaTeMaTHKa B 3arajbHiil CTPYKTYpi
3HaHb. [lo-apyre, camMe Tpu BUBYEHHI MareMaTWKd OCOOJIHMBO peibe(HO MPOsB-
JSIFOTBCSL 3B’A3KM MDK PI3HUMH KOMIIOHEHTaMH OCBiITHBOI cuctemu. [lo-Tpere,
BUBYEHHS MaTeMaTUKU Ma€ JOCUTh YCTaleHi TpaaMLii i KaHoHU. 1, HapemTi, mpo-
11eC BUBUYCHHS MaTEMAaTHKHU J00pe GopMai3yeThCs, € TOCTAaTHHO CIIOCTEPEIKHUM i
KEPOBAHUM.

IMOCTAHOBKA 3AJTIAUI

3anpornoHoBaHa MOJIENb CKIIAAAEThCS 3 TPHOX OCHOBHHX OJIOKIB, B3aEMOJIIS MiXkK
SKAMH 1 € OCHOBOIO MOJANBIIOT0 MOJCTIOBAHHS: 1) yunigcvke 1 2) gukiadayvke
cepeodosuwa, 3) coyianvre omouents (PUCYHOK).

1. Vuniscore cepedosuuge cknampaeTbes 3 yCix y4YHIB CTapIIMX KIJIACIB BCiX
cepenHix MKia Ykpainu. Hexaii 3arampHa KidbKICTH YYHIB AOpiBHIOE N , 1 BCi

© B.B. Acincokuii , O.B. Kanycmsan , X. Banepo, 2009
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BOHHU BIOPSIKOBaHI (YMOBHO) 32 SIKOIOCh OYEBHIHOIO O3HAKOIO, CKaXKiMO, Ha3Ba
MicTa, HOMEp IIKOJIM, HOMEp KJIAacy i MEeBHE MICIle B Kjaci, 10, 3 OJHOTO OOKY,
JI03BOJISIE TIPUIIMCYBAaTH KOXXHOMY Yy4HeBi Homep i €[0; V], a 3 iHmoro — 3anu-
Ia€ YYHIB y MEXaxX 3BUYHOTO AJsl HUX LIKITBHOTO cepenoBuia. byaemo BBaxa-
TH, IO KOXKeH y4eHb i €[0; N| B KO)XKEH MOMEHT 4acy ¢ > (0 BOJIOJi€ IEBHUM PiB-
HeM 3HaHb u =u(i,t)>0 3 MareMaTHYHUX TUCITUILTIH, TOOTO TEBHUM 00’ €MOM
iH(dopMarii, ska HamaeThCsl HOMY 3TiTHO i3 YHi()IKOBaHUMH HaBYAILHUMH IPO-
rpamMaMy, a TaKOXX BIJIIOBIIHUMH HaBUYKAMU Ta BMIHHAMHU BUKOPHCTOBYBATH L0
iHpOpMAIIiI0 Ha TIPAKTHIIL.

[Tim piBHEM 3HAHD TYT 1 Hamaji OymeMo po3yMiTH (i e CYTTEBO) HE pealb-
HUI piBeHb 3HaHb Y4Hs (IO, MO-TIepIle, B CHJIY INCHXOJOTii y4HS, OCOOMCTHX
SIKOCTEW, PO3BUTKY MaM’sITi Ta CKJIagy XapakTepy He Moke OyTH HaBiThb pealbHO
OIIIHEeHWH, 1, O-JpyTe, 3MiHA PEATbHOTO PiBHA 3HAHb — MPOIIEC 1HIUBIAYaTbHHAMN,
JIOCUTHh TIOBUIBHMM 1 CJIa00 3aJeKHUTh BiJl YYHIBCBKOTO CEPEIOBHUINA), a PiBEHb
3HaHb, SIKUH crioctepiraeTbest (C-3HaHHS), TOOTO MPOSBISETHCS YYHEM IIiJ| Yac
PI3HOMAHITHOTO MEAAroriYHOr0 KOHTPOJIIO (CaMOCTiHHI Ta KOHTPOJIBHI poOOTH,
OINUTYBAHHsI, TECTYBaHHS, TOLIO) BiAMOBIIHO 10 3araJIbHONPUHHATHX AEP>KaBHUX
oCBITHIX cTraHAaptiB. CaMe 1Ie#l piBeHb 3HAHb MOXE OyTH peaqhHO OIliHEHUH, BiH
€ JIOCUTh JWHAMIYHHUM 1 CyTTEBO 3AJICKUTH BiJl YUHIBCHKOTO cepemoBuia. Kpim
TOT0, caMe ISl 3aJIeKHICTh 3a0e3Meuye TOH OLIBII-MEHII PIBHUI PO3MOALT MiJACY-
MKOBHX OILIIHOK Y4YHIB,IIO CKJaJa€ OCHOBY JUIS HMOAAJBIIOI0 KOMIUIEKCHOI'O aHa-
T3y SIKOCTI 3HaHb 3 MaTeMAaTHKH Ta BUPOOJICHHS BiIOBIIHUX CTpATErii ympas-
JHHS [IAMHU 3HAHHSMH.

2. Buxnaodaywvke cepedoguuje — 1€ BCI BUKJIaJ(adi, sKi 3riIHO 3 YCTaJICHUMH
OCBITHIMH CTaHIApPTaMH Ta YHI(pIKOBAaHUM METOIUYHHM 3a0e3MeUeHHsIM 3iiic-
HIOIOTh BHUKIIQJAHHA MaTEeMAaTHYHUX JUCIHILUIIH Y BiJIMOBIMHUX OCBITHIX MiJIpO3-
Iinax i3 KijabKicTio yuHiB i €[1, N]. Bynemo BBaxatu, mo came QyHKIIOHYBaHHS

BUKJIaJJALIbKOTO CEPEIOBUILA € IXKEPEJIOM 3HaHb [UIS YUHIB.

3. Coyianvhe omoyeHnHs — 4YacTUHA CYCIIBCTBA, fKa OE3MOCEpeHbO HE
Oepe ydJacTi B HaBYaJIBHOMY TIPOLIEC], POTE B Till UM iHIIIKH Mipi 3allikaBieHa B
foro pe3ynbTari (0aThky Ta OJIM3bKE OTOYCHHS YYHIB, MIKUTBHI BUMTEINI 3 1HIIMX
muctmrniia, BH3 i T.m.). BBaxkaemo, mo 0oTO4YeHHs 0e3mocepeHh0 HE BOJIOJIE
3HAHHSAMH, IPOTE MOXKE pearyBaTH (IIO3UTHBHO, HETaTUBHO, Oaiayke) Ha iX pi-
BEHb, BIUIMBAIOYH 1 Oe3mocepelHh0 Ha YUHA (IIUITXOM 301IbIIeHHsT 200 3MEHIIIeH-
HSl CTUMYJIIB JI0 HaBYaHHS) 1 Ha BUKJIaJalbKe cepeloBHIIe (3a TOTIOMOTOI0 BCi€l
iHppacTpyKTypH cydacHOro cycmijbeTBa: 3MI, «rapsdi» TenedoHHi JiHii, comio-
JIOTIYHI JOCTIKEHHS 1 T.I1.).

VY Mopeni Takok BUKOPUCTOBYIOTBHCSI TOHSTTS peaxyii omouenHs, peaxyii
cucmemu, NOMIK 3HAHb, SIKI PO3TITHEMO TTI3HIIIIE.

3 TOYKHM 30pYy PEATbHOI0 HaBYAILHOI'O MPOLECY BAKIMBUMHU € TOHATTS Mi-
HIMAIbHO20 Ta MAKCUMANbHO20 PIBHIB 3HaHb. Ha BiMiHy Bijfl HEB1IOMOI ITyKaHOT
BEJIMYMHU peallbHOro piBHSA C(C-3HaHb, MIHIMAIBHUNA Ta MaKCHUMalbHHN PiBHI
3HaHb € BiIOMHMH BEJIMYMHAMH, SIKI BCTAHOBIIOIOTHCS IEP)KAaBHUMU OCBITHIMU
cragnapramMu. OUeBUAHO, IO MiHIMAIBHUN Ta MaKCUMAJIBHUHN PiBHI 3HaHb 3ae-
JKaTh Bif| yacy, IPOTE HE 3aJeXaThb BiJj KOHKPETHOrO yuHs. TakuM YMHOM, BBaXa-
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€MO, III0 B MO BioMi HeBi eMHi QYHKIUT v (f) — MiHIMaIBbHUH Ta U, (1) —
MaKCUMAJILHUHN PiBHI 3HAHb Y MOMEHT 4acy f.

Bukiaaanbke
cepeaoBHUle

YyHiBCBKE
cepeaoBHUILE

ConianbHe
OTOYEeHHHA

CxeMa B3aeMOJIii KOMIIOHEHTIB MO/Ieli (BEIMKOI OCBITHHOT CUCTEMH)

Axcioma 1. V cucmenmi, saxa posenadaemocs, 6ci gukiaoaui 3abe3neyyronms
O0OHAKOBUIL Pi6EHb GUKIAOAHHS MAMEMAMuKU, wo 3abesneuye 0OHAKO8I YMOGU
HAKONUYEHHSL 3HAHb OJIsL KOJICHO20 YUHSL.

Taka yMoBa 37a€Thcs TOBOJI )KOPCTKOIO, IIPOTE BOHA BUNIPABAAHA K 3 TOY-
KW 30py MOAAIBIIOTO aHaJli3y MOJEN, TaK 1 3 OISy Ha Te, 10 BCi yUHI KOPHC-
TYIOTBCSl OJIHAKOBHMH MiJPyYHHKAMH, MO 0a3yrOThCs Ha OJHIN INKUIBHIA TpO-
rpami, a 3IiHCHIOIOTH MiArOTOBKY BHKJIaJadiB MaTEeMaTHKH BCHOTO AEKiIbKa
MeJaroTiYHUX YHIBEPCHUTETIB 32 YHIPIKOBAHUMH YIOOBUMH IIPOTPAMaMH.

OmumemMo B3a€EMOJIIF0 MK KOMITOHEHTaMH MOJIENi (PUCYHOK).

1. OroueHns BIMBAE (CTpiKa /) HA BUKJIAJAIbKE CEPEIOBUIIE, BUCTYIIAIO-
Y1 SIK «3aMOBHHUK» 3HAHb.

2. Buknagaui i miapydHUKH € IKepesioM 3HaHb I yuHiB (cTpiika 2). IIpo-
TE€ HACIIPaB/li HASBHUI 1 00epHEHUH 3B 30K (CTpiIKa 3) MOJSTaE B TOMY, IO BH-
KJaJa4d, KepyH4HucCh BJIACHOK II€AAroriyHOI0 MaWCTEPHICTIO, IOBUHEH B MEXax
nporpaMu BapiroBatu 00’e€M MaTepiaiy, SIKUM MPOMOHYE Ha ypOIli, B 3aJIeKHOCTI
BiJl HasiBHOTO piBHS C-3HAaHb YYHIB.

3. B y4HIBCBKOMY CepeIOBHIINI iie MOCTIMHUN Mepepo3MnoIil piBHSA 3HAHb
(ctpinka 4). CyTTeBUM € Te, [0 MM MaEMO Ha yBa3i HE PiBeHb peaJbHUX 3HAHHB,
a ¢aktraHOo piBeHL C-3HaHB. SKIO Mpoiec OOMiHY peaTbHUMH 3HAHHSIMH MiX
YUHSIMH SIBUILE, HE XapaKTEepPHE IS CEPeAHBbOI IIKOJIM, TO IIBUAKHNA 3araibHO-
NPUAHATHI HESIBHUNA 0OMiH iH(OpMAIIi€l0 CYTTEBO BILTMBAE HA MOTOYHY MiICyM-
KOBY YCIIIIIHICTh sl 0araThoX y4HIB, TOOTO Ha piBeHb C-3HAHB.

4. CouianbHe OTOYEHHS, HE HAJAI0UH peallbHUX (MaTeMaTHYHUX) 3HaHb, pe-
arye Ha iX (OpMyBaHHS HUIIXOM 30iTbIIeHHST a00 3MEHINeHHs (CTpiika 5) CTH-
MYJTIiB IO HOTO ITiIBUIIICHHSI.

OpnHe 3 KIIOYOBUX MOMEHTIB IPH OMHCI B3a€EMOJIi MIXK KOMIIOHEHTaMH MO-
Jelli € BU3HAUCHHS OHATTA peaxyii cucmemu.
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Axcioma 2. 3nak i geruuuna oOMiHy 3HAHHAMU MIJC YYHIBCOKUM | BUKIAOA-
YbKUM CepedosUaMU BUSHAYAIOMbCS PeaKyiero cucmemu, moomo CYMapHo0
peaxyiclo YuHie i COYianbHO20 OMOYEHHsT HA HAAGHUU PO3NOOLN pi6HS 3HAHbL
u(i,t).

Peaxyis yuns xapakrepusye Mipy HOro MparHeHHS 10 HABYaHHSA, TOYHIIIE
10 3MiHU piBHs BinacHux C -3HaHb. KinbKicHO BennunHa (Mipa) TaKOro TparHeH-
HS [IJTKOM MOXe OyTH BU3HA4YCHA, HAIIPHUKIIA]], IIJITXOM aHKETYBAaHHS 3 BUKOPHC-
TaHHSIM TICBHOI MOPIBHSJIBHOI IIKAIU 1 3ajekaTH Bija pi3Hux obOcraBuH. [Ipote
OCHOBHUMH CKJIQJIOBUMH TYT € CaM Y4€Hb, MOMEHT Yacy, IIKiJTbHI BUMOTH B Iei
MOMEHT 4acy 1 HasiBHUH piBeHb C -3HaHb.

Orxe, peakuito y4Hs i BU3HA4ae neska QYHKIA fi(u,u;,u,,i,t). Liakom
MPUPOTHO BBAXKATH, IO BHUKJIAAad, MOOAYMBINY MPArHEHHS yYHS [ TOKPAIIATH
CBOIO ycmimHicTh ( f] (u,uy,u,,i,t) >0 ), npuninse iiomy Ouiblne yBaru i B TOH ke
Yyac MOYHMHAE IIPH OLIHIII 3HAHb BUXOJMTH 3 JCIIO 3aBUIICHOI Cy0’ €KTUBHOI IIKa-
JI, 10 TIPU3BOJUTH JI0 301IbIICHHS piBHSA C-3HaHb I[LOTO Y4HS. |, HABMAKH, SKIIO
BUKJIaga4y He 0aunTh OakaHHs yuHs { BuntHcs ( f)(u,uy,u,,i,t) <0, TO 0OMEXy-
€TbCsl, 37e01UTpIIOro, (OpMaIbHUM MOJAHHSM MaTepially B MeKaxX HaBYaJIbHOTO
IJIaHy, a TPH OIIHIN 3HAHb BUXOIUTH 3 JCIIO 3aHIKEHOI Cy0’ €KTHBHOI IIKAIIH,
10 3MeHIIye piBeHb C-3HaHb YUHSA i .

AHaJOTIYHO BHU3HAYMMO BEIIMYMHY PEaKIlii COMaIbHOTO OTOYCHHS Ha YUHS
i, ToOTO Ha Horo HasgBHUH piBeHb C-3HaHb u(i,?), MO BUpaXaeThcs (PyHKIIOHA-
JBHOIO 3ajexHicTio f,(u,u,u,,i,t). Ilpn npoMy, SIKIIO coliajJbHE OTOYEHHS
3a10BoJIeHe HassBHUM piBHeM C -3HaHb yuHS i ( f, (u,uy,u,,i,t)>0), TO e 3Me-
HIIIy€ KOHTPOJIb (CTUMYITIOBAaHHS) YYHS i, 1 BOJHOYAC HA/AE MiJICTABH IS CXBa-
JIeHHS poOOTH BUKIIAJAIBKOTO cepefoBUIla. Bukiiagadi, KepyrOUnCh CXBAIBHOIO
OIIIHKOIO TX MISUIBHOCTI, JAIOTh SKICHO BHIIHUI 0OCST 3HAHL, 10 0€3 HAIEKHOTO
KOHTPOJIO 3 OOKY COIliaIbHOTO OTOYCHHS 3MeHInye piBeHb C -3HaHb YUHS .
I, HaBmaky, KOO coIlialibHE OTOYEHHS HE 3310BOJICHE HasBHUM piBHeM C -3HaHb
yust i ( f5(u,uy,u,,i,t)<0), TO KOHTPOJIb (CTUMYIIIOBAHHS) 32 YYHEM i 3pOC-
Ta€, a HETaTUBHA PeaKilis 3MYyIy€e BUKJIajgada 3HOBY K CyO €KTHBHO «IIOHU3UTH
IUIAaHKY» TIPH MOJaHHI HOBOTO Matepiaiy, mo 30i1biye piBeHb C-3HaHb YUHS i .

Takum 4MHOM, PEaKIlisi CHCTEMH BU3HAYAEThCS (DYHKITIEFO

f(uaiat) = fl (M,M] (t),MZ (t)’iat) _f2 (M,M] (t)5u2 (t)5ia [) .

[lepeiinemo 1o omucy MexaHi3MiB Iepepo3NONiTy 3HaHb B YUHIBCHKOMY Ce-
PEIOBUILL.

Axcioma 3. B yuniecokomy cepedosuwyi iCHye HesI8HULL MeXAHI3M nepepos-
nooiny piens C-3HaHb, NPULOMY SHAHHS MOJICYMb NEpeoasamucs aume 8io yuHs 3
OinbUWUM PIBHEM 3HAHD 00 YYHS 3 MEHUUUM PIGHEM.

Hexaii nix yac meBHOTO MenarorivHOro KOHTPOJIIO YYEHb [ HESBHO JOMOMIT
yuneBi i + 1. Toxi piBens C-3HaHb yuHs i + 1 30UIBIIY€ETHCS, B TOW Yac SIK YUHS i
3MEHINY€eThCsI. BBaxaroun, 110 KOHTPOJIb 3A1HCHIOETECS B KOXKHUII MOMEHT 4acy
(B Tiif uym iHMIIH QopMi), BU3HAUUMO MOTIK 3HaHb W (i,t) SK KUTBKICTH 3HaHB, IO

OJIepKy€ YUeHb I + 1 Bim y4HS { B MOMEHT 4acy ¢. Y BiAIOBITHOCTI O aKCiOMH 3
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BemmunHa W (i,t) nomatrHa mpu u(i,t) >u(i+1,7), Bim'emHa mpu u(i,t)<
<u(i+1,t) 1 nopiBHroe Hymo nipu u(i,t) =u(i +1,¢) . OueBUAHO, IO MIBHIKICTH
3MiHU piBHA C-3HaHL Ma€ BiIOYBATHCS THUM IIBHAIIC, YMM OUIBINE PI3HUIIT MiX
piBHSIMU 3HaHb YYHIB.

Akcioma 4. Hesgnuil 63acmoobMmin sHanHamu napu yymie i ma i+1 3ane-
JHCUMB IO CAMUX YUHIG [ 83a2aii He 3anedcumv 6i0 IHWUX YYACHUKIE cucmemu
(npunyun O6aUNCHBLOI 83AEMOOTL).

OnuH 3 HAOUTBI 3aTaTbPHUX 3aKOHIB IS BeTuauHu W (i,t) TaKkui:

W(la t) =—H (l’l + 1)(1/[(1 + l,t) - u(i, t)) ’
Jie QYHKIIIS 4 ToIaTHA MIPH BCIX 3HAYEHHAX CBOIX apryMEHTIB.
Jnst BUBOAY piBHSHHS OalaHCy HaM 3HAZOOUTHCS

Axkcioma 5. [llsuokicmo sminu senuuunu C-3HaHb UHAYAEMbC NOMOKAMU
3HAHb ma peakuiio cucmemu.

VY HaBeJEHOMY 3araJlbHOMY ONHCI 00’€KT MOJEIIOBAHHS IPEACTAaBISETHCS
3aMKHEHOI0, Y3TO/KEHOIO 1 CaMOOPraHi3yloUuol CUCTEMOIO 3 Pi3HUMH MPSIMHUMHU
Ta 00EpHEHNMH 3B’ SI3KaMH MK KOMIIOHEHTaMH.

[linpaxyemo 3MiHy piBHs C-3HaHb Ay y4Hs i 3a IPOMDKOK yacy At Mix

MOMEHTaMH ¢ i ¢+ At . Ll kinbkicTb (hopMy€eThCS:
1) moTokoM 3HaHB, MIO OTPUMYETHCS Bif yuHs i—1 3a BKa3aHUM Me-

XaHI3MOM
Au_=W(Gi-1,t)At;
2) MOTOKOM 3HaHb, 1110 MEPENAETHCS YIHIO [ + 1 3a THM K& MeXaHi3MOM
Au, =-W(i,t)At;
3) 3HAHHSAMM, 1[0 BU3HAYAKOTHCS PEAKIIEI0 CHCTEMHU
Auy = f(u(i,e),i,t)At.
Joparouw 11i BETMYUHH, OAEPKYEMO CYMapHY 3MiHY
Au=u(i,t +At)—u(i,)=W(GE—-1,0)-W(i,t)+ f)At.
Takum 4MHOM, MAEMO PiBHSHHS
Au(i,t . .
24D ey - —10)+ f
At
Jlane piBHSHHs 3anvcane s goBineHoro Homepa i € (0, N) . Jlnsa HomepiB

i=0 ta i= N Oynmemo BBaXKaTH 3HA4YCHHS [TOTOKY 3HAHb, PIBHUM HYJIIO, TOOTO
W(-1,6)=W(N,t)=0.

Kpim Toro, B mouaTkoBuii MOMEHT dacy ¢ =0 HasBHHHA MEBHHHA PO3IMOILIT
piBast C -3HaHb
u(i,0)=uy(i)20, 0<i<N.

OTke, MAaEMO 3aMKHEHY IUCKPETHY MOJETb po3moiaiay piBHA C-3HaHb
u(i,t) y namiii cucremi. CTaHZapTHO IEPEXOASYM 1O HEIEPEPBHOI MOJEINI,
OJICPIKYEMO KpaioBy 3a1a4y
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ou _ 0 ou
% ox (,U(x) axj+f(u,x,t), xe(0,0), te(0,7),

0 0
0_1;|x:0 :a_Z|x:l =0, (1)

u |t=0: uO(x)a

J€ HalllMM OCHOBHHUM 3aBJAaHHAM GYILC 3’HCYBaHH$I YMOB, 3a {AKHUX 3 4YaCoOM
30epiraeTbesl NEeIKUi eapanmosanuii piBeHb 3HaHb ¢ (¢) > 0.

AHAJII3 YMOB I OCHOBHI PE3YJIbTATHA

Bu3sHaunMo OCHOBHI YMOBH, SIKHM MalOTh 33JI0BOJIbHATH NapameTpu mozei (1).
[To-niepmie, GyHKITISA £, IO XapaKTepHU3ye iIHTEHCUBHICTD MTOTOKY, Ma€ JIUIIES

oJiHE TIpUpPoHe oOMexeHHs — aoaatHicTh Ha (0,/) . Tomy Oynemo BBaxaru, 1110

wel”0,0), u(x)>u,>0 mc.ua (0,/). 2)

[Mo-npyre, 3a moOya0BOIO 1 TpoBeneHUM aHaiizoM (yHkiis f = f(u,x,t):
[0,400) x[0,/]1x[0,T] > (—o0,+0) , IO XapaKTepU3y€e PEAKIil0 CUCTEMHU, MAE He-

niepepBHUi XapakTep npu ikcoBanomy X € (0,/), T06TO 3a10BONBHsIE YMOBU
BimoOpaxkenus (¢,u)+— f(u,x,t) — HenepepsHe it M.B. x€(0,/),  (3)
BimoOpaxkeHHs X > f(u,x,t) — BumipHe mis BCix (u,t) €[0,+0) x[0,7].(4)

Kpim Toro, npupoHO BBaXKaTH, IO PEAKIliSt CUCTEMH Ma)KOPYEThCS ICIKHM
CTYIICHEM DiBHS 3HaHb, ITPH [LOMY HE MAOYM XapaKTepPy MOHOTOHHOCTI, a ii 3Ha-
KOBI BIIACTUBOCTI 3a0€3MeUyr0Th JUCUIIATHBHICTh MpoIecy. ToMy BBaXAEMO, IO
It Beix (u,x,t) €[0,+00) x[0,/]1x[0,7] BUKOHYIOTHCS OI[IHKH

| f(u,x,0) [< G (1 u [P, ©)

fu,x,Hhu<—o|ul’” +C,, (6)

e p22, a,Cl,Cz >0.
JUtsi KOPEKTHOI MaTreMaTHYHOI MOCTAHOBKM 3agavi MpOJOBXHUMO [ Ha
(—o0,400) x[0,/]x[0,T], noxnagaroun mst u <0

fu,x,t)=f0,x,t)+20|ul"™".

Tomi f = f(u,x,t) BU3HAUeHa i 3a10BONBHsIE YMOBH (3) — (6) HA MHOXHHI
(=00,+00) x[0,7]x[0,T].

Beenemo npocropu H := I? (0,1) 3 HOpM™MOIO |||| Ta V= Hl(O,l) 3 HOPMOIO

[
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YmoBu (2)—(6) [103BOJAIOTH 3 HE3HAYHUMHM 3MiHAMH TOBTOPUTH
MipKyBaHHs 3 pobotu [2, Teopema 3.9] i moBecTH po3B’sA3HICTH 3amadi (1)

IIs JOOBIMBHUX MOYaTKOBUX HaHMX Uy € H B xmaci LP(0,T; L”(0,]))n
NL? O, 7;V)YnC([0,T]; H) . llpn upoMy €IWHICTH BIiATOBIAHOTO PO3B’S3KYy HE
rapaHTy€eThCs, U0 € HACTIAKOM Heln(epeHiHOBHOTO 1 HEMOHOTOHHOT'O XapaKTe-
py 3anexuocri f Big u [2].

3’sicyemo, 3a SIKUX yMOB s piBHS C-3HaHb Ha 4acoBoMy MpoMikky [0,7]
30epiraeTbcs Jieskuii rapaHtoBanuii piBeHb ¢(¢) >0, ne ¢(-)eC ! (o, 7p —

(hikcoBana QyHKIis. BUsBnseTbes, 110 A7 IBOTO JOCTATHHO BUMOTH, 1100 PiBEHb
C-3Hanp y movyatkoBuii MoMmeHT yacy ¢ =0 OyB He Hwwkue mokasuuka ¢(0) i

00 y koxHuit MomeHT yacy ¢ € [0,7] mBuakicTs 3minu piasa ¢(¢) BU3HaYana-

Csl peaKIli€ero CUCTeMHU Ha Iied piBeHb. TouHille, CIpaBeiuBa TeopeMa, siKa Mi-
CTHTh OCHOBHHIA Pe3yJIbTaT poOOTH.
Teopema. Hexaii aiist 3amadi (1) Bukonani ymoBu (2) — (6) i, KpiM ToOTO,

ug(x)2q(0) nna m.B. xe(0,/), @)
f(q®),x,t)>q'(t) nns m.B. xe(0,/) ta BCix ¢€[0,T]. ®)

Toni icHye po3B’si30k u = u(x,t) 3amauyi (1), 11 AKOTO
u(x,t)2¢q(t) ma m.B. xe(0,/) Ta Bcix ¢€[0,7]. )]

Josenenns. Ilepeiinemo B 3amaui (1) o HOBOI mykanoi pyHkmii v(x,?)=
=u(x,t)—q(t). Ogepxxumo

%=a—i(/1(x);—3:j + F(v,x,t), xe(0,0), te(0,T),
@ ov

ax|x:0 _a|x=l =0, (10)

V== vo (x):= 1o (x) = q(0),

ne F(v,x,t)= f(v+q(t),x,t)—q'(t). Jlerko mokasaru, mo (GyHKIis F  3a10-
BOJIbHsIE YMOBH (3),(4). OcKinbku

| Fr,x,0[<q'(0) | +C (1 |v+9()[P7),

F,x,tv<—a|v+q@0)[? +|q0) | Ci(1+|v+g0)|"™)+1g' )] v],
a ¢Qyukiii ¢, ¢' € oOmexxenumu Ha intepami [0,7], TO iCHYIOTH KOHCTAHTH
C,=C(T)>0, C,=Cy(T)>0, a=a(T)>0 Taki, mo AId IOBUIBHHUX
(v,x,t) € (—0,+0) x[0,/]x[0,7] BUKOHYIOTHCS OIiHKH (5),(6) misd QyHKmI F .
Ile mo3Bousie cTBepXKYBaTH po3B’si3HicTh 3amadi (10) ma mpomixkky [0,7]

Ul IOBUTBHHMX MOYaTKOBHX JaHux vy € H B kmaci L7 (0,7;L7(0,1)) N

ANL*0,T;V)NC([0,T];H) .
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Kpim Toro, B cuiry ymoBu (8) F(0,x,7) >0 mit m.B. x €(0,/) Ta misa Bcix
te[0,7].
Teopemy Oyze moBeneHO, SKIO MU MOKAKEMO, IO JJIs TIOYaTKOBHUX JIaHUX
Vo 3 KIIacy
H"={¢eH|E(x)20 mna m.B. x€(0,/)}
iCHye, MpUHAWMHI, OIMH PO3B’SA30K v =v(x,f) 3amadi (10), qusg AKOTO BUKO-

HY€THCA BKIIFOUCHHSA

vi)eH" Vtel[0,T]. (11
Po3srissHeMO nocninoBHICTS TIaakux QyHkuii v, :[0,4+0) — [0,1]
1,0<s<n,
w,(s)=10<y,(s)<l,n<s<n+l, (12)
0,s>n+1,

1 71 Ko>kHOTO 71 2> 1 MoKTaneMo
F,(u,x,t)=y, (|u|)F(u, xX,1)+ (1 -V, (|u|))g(u, x,t),

e glu,x,t)= —|u|p_2u +F(0,x,1).

Toni F,, 3anoBonbHste ymoBH (3), (4) 1 ast gositsHOro A > 0

ess sup sup sup |F,(u,x,t)—F(u,x,t)|>0, n—>o.
xe(0,/) t€[0,T] [ul<4

3okpema, GyHKUIT F, 3a10BOJIBHAIOTE YMOBH (5),(6) 3 KOHCTaHTaMH, 110 HE
3anexats Big n 1 F,(0,x,¢t)=F(0,x,t)=0.

Kpim Toro, sKiio u| >n+1, 10

' ' -2
Fy (u,x,t) = g, (u,x,0) = —=(p = Dlu|”™" <0. (13)
JU1st KO)KHOTO 7> 1, k> 1 pO3TISTHEMO MOCIiAOBHICTb

+00
Fnk (u,x,t)= I Pr(OF,(u—s,x,t)ds,

—00

. 11 +00
ne pi € Cy (—0,4+0), supp o, c{—;,z}, ka(s)ds=1, pPr 20.

Tomi dyHKITI Fnk 3aI0BOJIBHSIIOTE (3), (4) 1 € TITagKuMu TI0 TIEPIii 3MIHHIN
npu ¢ikcoBanux iHmmx. Kpim Toro, nerko mokasaru, mo QpyHKIii Fnk 3aJI0BOJTb-
HSIOTH YMOBH (5),(6) 3 KOHCTaHTaMH, 1110 HE 3aJiekaTh BiJ 7, k [3, nema 2].

Hami, nnst |u |> n+2 B cuny ouinku (13)

Fk +0 F _
Fynl) 7, (Pl =sn 4o o, (14)

ou ou

—00
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Jist |u|<n+ 2 B cuiy omiHk# (5)

OFf (u,x,0)| ¢
S 8D [ o= 911 Fy (53001 ds < Dk ). (15)
u
Tenep npu dikcoBanux n =1, k >1 posrisHeMo 3anaqy

@ _ Ly Frxt), xe(0.0), 12(0.7),

ot Ox Ox

o=, (16)
OX|x=0  OX|xy

V]—=vo (x).

OCKIUTEKM BUKOHYIOTHCS YMOBH (2) — (6), a Takox ortinku (14),(15), To 3ama-
ua (16) Mae exuuuii poss’s3ok v (x,7) y xmaci LP (0,T; L7 (0,1)) N\ L*(0,T;V) N
NC([0,T]; H) . Kpim TOr0, OCKIIEKH KOHCTaHTH B yMOBax (2) — (6) He 3aiexarb
Bil 7, k, TO, BAKOPUCTOBYIOUH CTaHAAPTHI anpiopHi OWiHKH [1] i JeMy nmpo KoM-
NaKTHICTb, MAEMO, L0 Ui KOXKHOro s =1 icHye dyHKuif v,(x,t) 3 Kiacy
LP(0,T; L7 (0,0)) N L’ (0,T;V) Taka, 110 MO MiMOCTIIOBHOCTI CHPaBe/INBI Tpa-
HMYHI PIBHOCTI Ipu k —> 00
vk v B L2(0,T;H),
v,l; @®)—>v,() 6 H nna m.B. t(0,7), 17)
v,’j (x,t) > v, (x,t) g m.B. (x,t)€(0,])x(0,7T).
3Bigcu Fnk (vff (x,0),x,t) > F,(v,(x,t),x,t), k—>o nan1 M.B. (x,t)€
€ (0,/)x(0,7) 1 OCKINBKH TOCIHiZOBHICTb {Fnk (v,];, X, t)} oOMmexeHa B
L9(0,6,L9(0,1)), 1/g+1/p =1, 10 3 nemu Jlionca BuBoguMO, mo F* (v,]f,x,t) —
= F,(v,,x,t), k—>o cmabo B L7(0,£;L7(0,1)). lle no3sosie 3ailficHuty rpa-
HuuHui mepexin B (16) mpu kK —> o0 i omepxkaru, mo QyHKUis v, = v, (x,f)
nanesxute knacy LP(0,T;LF (0,1)) N L*(0,T:V)NC([0,T];:H) i € poss’s3kom
3amayi

%=§(u(x>%)+& (x,0), xe(0,0), 1(0,7),
oL o, (18)
ax x=0 ax x=I

V== v ().

Hosenemo, mo Vau=1 v, (x,6) 20 g m.B. (x,7) €(0,/)x(0,7) . dns upo-

ro 1oMHOXHUMO (16) Ha 3pizaHy QyHKIiO (—v,’lC )", ne u" =max {u,0}. Bukopu-

CTOBYIOUH CTaHIAPTHY TEXHIKY [3, 5], oAep>KUMO HEPIBHICTh
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%“(_v}l; )+ (t)Hz < —ank (V}l,f (x’ t),x, t)(—v,/; )+ (x, t)dx . (19)
0

I[Ipu dikcoBanux n, k pozi6’emo (0,/) Ha HemepeTHHHI BUMiIpHI MHOKHHH
Q, i Q, Tak, mwo v,]f(x, t)=0 na Q i v,]f(x,t)< 0 na Q,. Toxi, BUKOPHCTO-

Byroun piBHicTs u —1 =—(—u)", 3 HepiBHOCTeit (14),(15) omepikyemo

l
J.Fnk 0K 1), x,0)(—vE ) (x, 1) dx >
0

1
v
z-l)ouk)jﬁ—v§)+(x,ﬂ) dx+—ij(OPLtX}wﬁ)+(xJ)dx.
0 Q,
I
3ayBaxumo, 110 B cuiiy Teopemu Jlebera QyHKIfis s > jF (s,%,0)(=v,) " (x,2)dx
0
€ HeniepepBHOIO. [Ipu crporiii ominii (8) icHyroTh Taki £ > 0, d > 0, o I BCix

s, s| < 0 BHWKOHYETHLCS HEPIBHICTH

/
F@Jﬁﬁwf@ﬁﬂ>&
0

. k
Ockinbku nerko nokasaru, mo (—v;)" —(-v,)", k >0 B H, 10 ma

BCIX £, % <O 1174 BCIX S, S| < % , BUKOHY€ETHCS HEPiBHICTh

I
[Fs,x,0(=v)" (x,t)dx > 0.
0
3 HaBeJIEHHX OLIIHOK IS JOCTATHBO BEIUKUX K OJEPKUMO HEPIBHICTH
d 2 2
5 N0 IEICND CING (20)

Toni 3 nemu I'ponyosna ta ymoBu vy € H * OJIEP>KUMO, IO AJIs BCiX n>1 i
JUISL TOCTaTHBO BEITUKHUX Ak vf,‘ (x,6) >0 mmsa m.B. (x,) € (0,1)x(0,7T).

3 (17) maemMo TakoX Ty camy HepiBHICTb Ui QyHKUIi v, (X,1) .

Tenep ans 3amaui (18), 3acTocoByuM MOIEpeaHi MIpKyBaHHS, OIEPKYEMO,
wo icuye dynxuis v(x,¢) 3 kmacy LP(0,T;L”(0,1)) NL? (0,T;V) Taka, mo 1o
HiAMOCTIIOBHOCTI CIIpaBeyIuBI rpaHuyHi piBHOCTI (17) mpu n — oo . 3Biacu
F,(v,,x,t)> F(v,x,t), n—>o cmabo B L7(0,;L7(0,/)). Le no3Bouse

3MIACHUTH TpaHUuYHU nepexin y (18) mpu n — oo 1 cTBepKyBaTH, 0 QyHKITISA
v =v(x,!) HaJIEXKUTH KJIacCy

17(0,T; 17 (0,1)) N I2 (0, T;V ) C([0,T]: H)
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€ po3p’sskoM 3amadi (10), i BHKOHye€ThCS HEpiBHICTH V(x,#)>0 mId M.B.
(x,2) € (0,/)x(0,7) . Kopucrytourch HenepepBHICTIO V(x,#) IO 3MiHHIHi ¢ B HO-

pwmi npoctopy H , erko oTpumyeMo BiIodeHHs v(¢) € H ™ ana Beix ¢ €[0,T].
TeopeMy noBeIEHO.

BUCHOBKH

1. V poboTi mocmimkeHo 3arajbHy MaTeMaTHYHYy MOJENb Tpoiecy (popMy-
BaHHSA 1 30€peKCeHHS KOJIEKTUBHHUX 3HAHb y BEIMKUX OCBITHIX cucteMax. JloBee-
HO TeOpeMy Npo 30epeKeHHs Ha JAESKOMY YaCOBOMY MPOMIXKKY 3aJaHOTO TapaH-
TOBAHOTO PiBHS 3HaHb.

2. OTpuMaHi pe3ynbTaTH MOXYTh OYTH BHKOPHCTaHI IMpU po3poOIi KBaii-
METPUYHHUX TEXHOJIOTiH HayKOBO-METOJMYHHX 3aca]] HE3aJeKHOTO MOHITOPHHTY
SIKOCT1 3HaHb SIK YYHIB CEpPEeIHIX LIKUI, TaK 1 CTYAEHTIB BUIIMX HABYAJbHUX 3a-
KIa/iB YKpaiHu.
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YK 004.7:004.93

MOJAEJMPOBAHHUE MOJAYJIbHBIX CUCTEM
C IPUMEHEHMEM JIMCKPETHOM TEOPUU ITATTEPHOB

N.1. KOBAJIEHKO, O.A. KYJIUH

PaccMOTpeHbI OCHOBHBIE TIOHATHS M HOJIOKCHHUS AUCKPETHOH TEOpUM NATTEPHOB M
HAaTTEPHOBBIX CETell — HOBOI'O HAINPAaBJCHMS aHAIN3a U MOJCIUPOBAHMS MOIYJIb-
HbIX cucTeM. ONMCaHbl TPUMEpPHI MCIIONB30BAHMS NMATTEPHOBBIX CETEH B 3aqadax
MO/IEJIMPOBAHUSI JIOKAIBHBIX KOMIIBIOTEPHBIX CETEil U NMpe/ICTaBICHUS CLICHAPUEB Ha
ocHoBe -NJIN-rpadoB (nepeBbeB).

BBEJIEHUE

B HacTosimiee Bpemst Ui MOJISTMPOBAHUS CTPYKTYP U COACpNKaHUN UHPOpPMAIIH-
OHHBIX CHCTEM HCIOJB3YIOTCS Hallle BCEro IBa MeTroda — Tpad)oBbIi M TabIHNd-
HBII, KOTOPBIC MO3BOJISIFOT CO3/IaBaTh HATJISIHBIC U MOHATHBIC MOJeu HHpopma-
IMAOHHBIX HW Apyrux cucteM. OmgHako mosBiieHWe B mociuemame 10-15 et
CJIOXHBIX TEPPUTOPUAIEHO-PACTIPEICICHHBIX HH(POPMAIMOHHBIX CHCTEM, pado-
TAOIMNX HAa OCHOBE KOMITBIOTEPHBIX CETEH, BCEBO3MOXKHBIX Web-cTpaHwuIl, S35I-
koB HTML, XML u T.1. 00yCIIOBIIO HEOOXOAMMOCTh CO3/IaHUSI HOBBIX METOJIOB
MOJCITUPOBAHMS U TPOSKTUPOBAHUS HH(POPMAITMOHHBIX CHCTEM, PACITHPSIONTNX
Y JIOTIOJHSFOIIUX rpadoBbie U TaOJIMIHBIE METO/IBI.

OToif MOTPEeOHOCTH OTBEYAIOT MATTEPHOBBIE CETH W OCHOBaHHAs Ha HUX
«mapagurMa MOIYJIHFHOTO MBIUICHHSD, KOTOpas MOSBIIIACh B KOHIE 20-TO BeKa B
pesynbrare co3nanus Y. ['peHaHAEpOM TEOPHUH MATTEPHOB (pattern — oOpas)
[1-4]. B nanbHelimeM B pe3yibTaTe OTpaHUYCHUS O0NacTH NeHcTBUS (hopMaib-
HOTO anmapaTa TEOPHH MaTTePHOB OBUIM CO3JIaHBl OCHOBBI JHUCKPETHOH TEOpUHU
MaTTEPHOB, OITyOJIMKOBaHHBIE B paboTe [5]. JlaHHast Teopus MOCTyKUIa OCHOBOM
MOCTPOEHUSI HOBOTO BUAA MOIYJBHBIX CUCTEM, HA3BAHHBIX HATTEPHOBBIMU CETSI-
Mu. brarogapsi CBouM MOJyJIBHBIM CBOHCTBaM, MATTEPHOBEIE CETH MOJETHPYIOT
CTPYKTYpPBL, COAEpKaHUE U IPYTUe XapaKTEPUCTUKU MOIYJbHBIX cucteM. Jluc-
KpeTHasi TEOpHs MATTEPHOB U MATTEPHOBBIC CETU B HACTOSAIIEE BPEMsI HAXOIATCS
B HAYaJbHOM CTaguM pa3BUTHUS U UX MPAKTUYECKOE NMPUMEHEHUE B OCHOBHOM
CBOJIUTCS K MOJICTUPOBAHUIO KOMITBIOTEPHBIX THIEPTEKCTOB KaK MOMYJIBHBIX
CHUCTEM.

Henp cTaThu — H3I0KEHUE OCHOBHBIX IOJIOKEHUH HOBOT'O HAINpPaBICHUS
aHanw3a CHCTeM (TCOPHH MATTEPHOB U MATTEPHOBBIX CETECH) M pacCCMOTpPEHUE He-
KOTOPBIX MPUMEPOB HMX BO3MOXHOTO TPUMCHECHHS B KOMIIBIOTEPHOW HAayKe H
MIpPaKTUKE.

OCHOBHBIE IOHSITUS U TOJIOKEHUSA JJMCKPETHOM TEOPUHA
MATTEPHOB [5]
[Ipexae Bcero pacCMOTPHUM OCHOBHBIEC MOHSTHS U ONPENEIICHUS TEOPUH MaT-

TEpHOB.
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[laTTepHOBBIE CETH COCTOSAT M3 AJIEMEHTAPHBIX MOJIYJIBHBIX JIOTHYECKUX
00BEKTOB, HA3BIBACMBIX 00Opasyiouumu (generators), KOTOPBIE SBISIOTCS MOJIE-
JSIMH peajibHBIX MoyJei. JIrobas oOpasyromas UMeeT HEOTISIMMBIE OT Hee G-
3u (bonds), opueHTHpPOBaHHBIC (BXOIHBIC/BHIXOHBIC) MM HEOPUCHTHPOBAHHEIC,
JIBe cBs3u, MpUHAICKAIHE PA3HBIM 00pa3yONNM, COCTUHSIIOTCS B C83K) MAaT-
TepHOBOM ceTH (/inkage). IlyTem Takoro momapHoro (oHa ¢ OIHOM) COCTUHECHUS
CBs3el B CBS3KM M3 OOpa3yMIUX CTPOSATCS TATTEPHOBBIC CeTH (pattern
network — PN) — Mojenu peanbHbIX MOAYNBHBIX cucTeM. Ha puc. 1 naHo rpa-
(huygeckoe mpeAcTaBIeHre HHHOPMAIIMOHHBIX CTPYKTYp HaTTEPHOBBIME U Trpado-
BBIMH CETSIMH, YTO Ja€T BO3MOXHOCTh OLIEHUTh UX OCHOBHBIC Pa3IMyusl.

Hud oprarprormas
CTRYETYPA

Inaumenmu NEnmerma Snesenme pada
. — Bepnmma obpasyron e .. — EBeplmma rpada
D_.. — EXOIHEBIE H -
BBIXOFHEIE CEASH ., — pebpa o gyTH
._"<] oBpamyronnc - rpaga
D—M — OATTERHOBRE
LTI

\ (abpazyroniaz + cease) /

I[TarTep noBas Tpadosast
CETE
CETE
-#— CBs3Ka

Puc. 1. T'paduyeckoe mpeacraBieHre WHPOPMAIUOHHBIX CTPYKTYp MATTEPHOBBIMH U
rpadOBBIMH CETSIMU

HpaKTI/IKa peUICHUA KOMIIBIOTCPHBIX 3a/lad C IMOMOIIBIO MATTCPHOBBIX ceTen
IoKasaja, 4TO pCajJbHbIC MOAYJH C PA3HBIM HYHCJIOM BXOAOB M BBIXOAOB MOJACIIN-

Cucmemni docnioxcenna ma ingpopmayivini mexnonoeii, 2009, Ne 2 79



U U. Kosanenxo, O.A. Kyoun

PYIOTCSI OPUEHTHPOBAHHBEIMH 00Pa3yIOIIUMU, ONPEACIICMbIMU CICAYIONINM TIa-
paMeTpUIECKIM BEKTOPOM TIPH3HAKOB [5]:

a(g;)=al, 7> Bim» B ) (1)
rae g; — obpasyromas (i=1,2,...,n); a(g;) — BEKTOp MPHU3HAKOB 00pa3yro-
1ieil; i — TOPSIKOBBI HOMep 00pasyoleil g; B KOHEYHOM MHOXECTBE 00Opa-

sytomux G, ; ¥; — KOMIIOHEHTa BEKTOpa IPU3HAKOB, Ha3blBaeMasl aTpuOyTOM

oOpasyoieii; ,H[i,r,’,, U KOMITOHEHTBI BEKTOPA, HA3BIBAEMbIE TIOKA3ATEIAMU
(mepeMeHHBIMM) BXOJHBIX M BBIXOJHBIX CBsA3el oOpasywooumei g;; m, r — mnapa-
METPBI, YUCIIOBbIE 3HAYEHUSI KOTOPhIX 0003HAYAI0T COOTBETCTBEHHO YMCJIA BXOJ-
HBIX U BBIXOJHBIX CBSI3€H 00pa3yIoNIuX.

UroOr1 BexTOp (1) mpencTaBisii Kak CTPYKTYPHI, TaK M WHPOPMAMOHHOE
coJiep)KUMoe 00pa3yIoLINX, ero KOMIIOHEHTaM CTaBsITCS B COOTBETCTBHUE JOMEHBI
Dy, D,-i;; , D2, KOTOpHbIE ONpeNeNsroTcs KaK KOHEUHbIE MITH CUETHBIE MHOMKECT-
Ba JIAHHBIX O PEAIBHBIX MOIYJISX.

Ha xaxxgoii CBsI3Ke MAaTTEPHOBOM CETH YCTaHABIMBACTCS OWMHAPHOE OTHOIIIE-
HHE MEXIy JABYyMs ee¢ MepeMeHHbIMH [, Ha3blBa€MOE OTHOILICHHEM CBS3eH U

0003HaYaeMOe CUMBOJIOM 1% (COGILI/IHeHO). B O6II_ICM CJIydac CBs3Ka CETU MOKET

6bITb npesicTasiena B suge B p B, p — coenunerno UCTUHA i JIOXKb.

V3MeHeHune 4nciioBBIX MapaMeTpoB m | » B BekTope (1) mo3BossieT Moxenu-
POBaTh peasbHbIE MOLYJIU C Pa3JIMUHBIM YHCIOM BXOJHBIX U BBIXOAHBIX CBS3€H, a
TaKke (GOPMHPOBATH pPa3lIMUHBIE THUITHI (KJlacchl) oOpasyromux. Hanpumep, ecnu
m=r =1, To B pe3yJibTaTe NOIydaeTcs JUHeHas oOpazyromast ( L -obpasyromas,
puc. 2,a) — MOAEIb MOJyJIeH C OAHUM BXOJOM M OJHUM BBIXOJIOM.

(L-o6pa3zyrormas) (S-o0pasyromas) (A-ob6pa3yromas)
a(g)=al,yy. BB alg)=al.yy,Bm.B") alg)=ali,yy, B, B")
m=r=1 m=2,r=1 m=1,r>2
t
o)t A
in out
in
ﬂim ﬂout
in out ir
Dy Dy Dy
a 7] 8

Puc. 2. OcHOBHBIE THIIBI 00Pa3YIOIINX

[pu m>2 u r=1 nuHeitHas oOpasyromias mpeodopazyeTcs B 00pa3yonIyro
cunTtesa (S -o0paszyromyro, puc. 2,6), a mpu m=1, r>2 momydaercss 00pazyro-
mas aganmza ( A -oopasyromas, puc. 2,8).
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B kadecTBe mpumepa npuBeneM (opMaibHOE ONMMCAHUE HEKOTOPOU adCT-
pakTHOM maTTepHOBOM cetn (puc. 3).

in
1.3

out
3.1

Puc. 3. AbcTpakTHas maTTepHOBAsI CETh

CTpyKTypHBII CKEJIeT CeTH =

_ in in in out out out
a(g)) =a,yy, b Py Pz P P > Pz )

Cocta = | a(g,) =a(2,7,., B Bi)

in out )

a(gs) =a@3,731, 51, B3

out in out in out in out in
21 PP B PP Py PP Bat P B

p —coenunenne MCTUHA
Dy, Dy, D5,

= ¢ CrpykTypa =

in in in out out out
Conepxanue = | Dyy, Dy, Dy, Dy, Dy, Dy

in out in out
215721 »~31>+"31

MOJIEJIMPOBAHME JIOKAJIbHBIX KOMITBIOTEPHBIX CETEM

PaccmoTrpum nokanbHy0 KoMmmbioTepHYHO ceTh (JIKC) ¢ coemuHeHneM KOMITBIO-
TEPOB I10 CXEME THIA «3Be3/1a». JTa cxema Hauboiee yacto npumensercs B JIKC
W3-3a €€ HAJICKHOCTH U yJ00CTBa B dKCIUTyaTanuu. Tunosas cxema u rpad Takoi
JIKC npusenens! Ha puc. 4.

Ha ocHOBaHWM TEOpUH MATTEPHOB B ATON CXeME MOXHO BBIICIUTH TPH aTO-
MapHBIX (MOAYIBHBIX) O0BEKTAa — KOMITBIOTEPBI, KOMMYTATOP U COCIMHUTEIIb-
HBIE TUHUU. FIX MOXKHO TIPE/ICTABUTH B BHJE 00pasyrommux (puc. 5).

B kauecTBe mpuMepa paccMOTpUM Mporiecc hopMaIu3aiyy napaMmeTpoB 00-
pazyrolnied, MoeTUpyoNiel COeMHNTENbHYIO JTuHuI0. CHavana 3aaaauM oopa-
3YIOIIYI0 B a0CTPaKTHOM BUjIe, O€3 yUueTa Cpelibl, B KOTOPOI OHA MOXKET NEHCTBO-
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BaTh. Tak Kak MbI TOBOPUM O COCAMHUTEIBHOMN JIMHUU MEXIYy KOMIIBIOTEPOM U
KOMMYTAITAOHHBIM ~ YCTPOWCTBOM HJIM MEXJIY JBYMS KOMMYTAllMOHHBIMU
yCTpOMCTBaMHU, TO 3Ta 0oOpasyrolias OyJeT UMETh OJWH BXOJ U OJMH BBIXOJ

(puc. 6).

Puc. 4. Cxema u rpad COeIUHEHHS KOMIIBIOTEPOB B JIOKAJbHYIO CEThb C TOIOJIOTHEH
«3BE37a»

out in out in out

2.n ﬂ2 n 3.4 33
Kmrjep/ Fonpayrarop Terrmea

out out out out in out

l l 1.2 2 1 2.1 22 2.2 ﬂZ (n-1) Z(n—l) 3.1 3.2

Puc. 5. O6pazyroliye naTTepHOBON CETH

in out
1.1
P11 D P12
Dl.l Dl D1.2

Puc. 6. AbctpakTHas o6pa3yromas CoeTMHUTEIBHON TMHAN

B xauecrtBe nnenrupukaTopa oOpasyromeii npumeM o003HaYeHUEe g;, KOTO-
poe SBISETCS HWHICKCOM oOOpasyromeld BO MHOXecTBe obpasyromux G,
g, €G= {gl, g2seer &y } Toraa BekTOp MpU3HAKOB OOpasyromeil Oymer UMeTh

BHI

a(g))= (1,71, lmlv 10.12naD1aDl.laDl.zapl.lapl.z)a 2
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roe 1 — wuHAexc kiacca, a y; — arpulyT (uaeHTuuxkaTop) obpasyrouiei;

lml — TOKa3aTeNb BXOMHON U 5 — BBIXOJHOM CBA3M; D; — JOMEH J0TycC-
THUMBIX 3HAYE€HUH IapameTpoB oOpasyromei u D; | — IOMeH BXOfHOH U D) , —
BBIXOJHOI CBA3U; Q) ; — OTHOILEHUE COIVIACOBAHUS (OTHOLIEHHE CBSI3H) IS
BXOJHOU U p; , — BBIXOJHOMH CBSI3H.

Hanonnenune »neMeHTOB BEKTOpa IMPHU3HAKOB COOTBETCTBYIOIIMMH 3Haue-
HUSIMH TIapaMETPOB MO3BOJIUT NEPEHUTH OT aOCTPAKTHOM 00pa3yIoIiel K KOHKPET-
HOH. OTO HamoIHeHHe OyAeM MPOU3BOAUTH B CICAYIOIIEM MOPSIKE.

1. Onpenesienne aTpudyTa odpasymwieii. B kauectBe arpubyra (MaeHTH-
¢uxaropa obpasyromeil) npumeMm L,;, rae L — uneHtudukatop obdpasyrommeit
(line); 1 — mHAeKc KiIacca oOpa3ylomiel; i — MOPSAKOBBIN HOMep o0pa3yromeit
B KJ1acce.

2. OnpenejieHHe MHOKECTBA JONYCTHMBIX 3HAa4YyeHUil JoMeHOB. [l
OIIPENIENIEHNs] MHOXKECTBA JOIYCTHMBIX 3HadeHW nomeHoB D,,D; ;,D;, Boc-
noJb3yeMcst Tabauieit.

Homen D; comep>XUT MHOXKECTBO NaHHBIX, OTHOCSIIMXCS KO Bceil oOpa-

3ytoued. Ero MoXHoO npecTaBUTh Tak:
Dl={Tl-,Lj}, i=12,...,n, j=12,....m, 3)

rae Tl — MHOKECTBO IOAMHOXCCTB IMapaMETPOB, XAPAKTCPUIYIOUIUX THUII CO-

SIMHUTEITBHON MUHUH, L j — MHOXECTBO BCEX JOIYCTUMBIX 3HAYEHUH, KOTOpPbIE
MO>XET MPUHUMATh AJMHA COCIMHUTEIHLHOU TUHUU.

B cBoro ouepenp, MHOKecTBa 1; U L j MMEIOT BHJ

T;’ = {Si’ki’lmaxi’vmaxi}s Lj = {11512""’1111} > (4)
rae i — Homep nmoamuoxectsa T; (i=12,...,n); j — HOMep MHOXecTBa L;
(j=12,...,m); s; — obo3HaueHue tuna nuHuu no cnenudpukanuu IEEE 802.3;

k.

; — Kareropus kaOens; [

max i — MAaKCHMAaJIbHO OOIIyCTHUMas AJIMHA JIMHUHW CO-

rnacHo cnerudukarmu [EEE 802.3; v — MaKCuMaJibHas MPOITyCKHas CIO-

max i
COOHOCTB JINHHH.

Jomen Dy ; cOmEp>KUT MHOKECTBO JAaHHBIX, OTHOCAIIMXCS K BXOIHOW CBA3HU
obpasyromei. IT0O MHOXKECTBO 3aITUIIIEM KaK

>

DI.IZ{X' Yin’Zin’Np(in)}’ (5)

rae X;, — MHOXKECTBO KOOPIHHAT X;, TOYEK COCIUHEHUS BXOIHOU CBA3U CO-
€IMHUTEIBHON JIMHUU C BBIXOJHOM CBSA3bI0 KOMMYTAllMOHHOIO YCTpPOWCTBA;
Y;, — MHOXECTBO KOOpAWHAT Y;,; Z;; — MHOXKECTBO KOOPIHHAT Z;,;

m °
N p(in)

€TCsl BXOJIHAS CBSI3b COSIUMHUTEIbHON JIMHUH.

— HOMCP MMOpTa KOMMYTAllUOHHOT'O yCTpOfICTBa, K KOTOpOMY IOJAKIIOYa-
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ITapameTpbl cOeAMHUTENBLHON JTUHUN

Makcu-
L= Hanwme- Haumenona- Makcu- | ManbHas
e HOBaHHC| ATpuOyT HHE Karero-| MaJbHas | IpOITyC-
2 E TEXHOIO| 0Opasy- | crieuuduka- | pus | uIMHA KHas
S ronen muu o Kabens|coenune-| cmocob- [Ipumeuanne
= Z|CeTeBoro IEEE802.3 HUS, M | HOCTb,
= S| coenu- Mobwurt/c
= HEHUS
7 Si ki lmax Vmax
g L1.1 |[100Base-TX|UTP5| 100 100
g2 L1.2 |100Base-TX| STP1 100 100
feg) L1.3 |100Base-T4|UTP3| 100 100
24 L1.4 |100Base-T4|UTP4| 100 100
gs | Fast L1.5 |100Base-T4|UTP5| 100 100
Ethernet MHOroMoz0BOE
2 L1.6 |100Base-FX| MMF | 412 100 OTITOBOJIOKHO 62,5/125
MKM (TIOJTYAYTIICKC)
MHoromomoBoe
g7 L1.7 |100Base-FX| MMF | 2000 100 OIITOBOJIOKHO 62,5/125
MKM (IyTIJIEKC)
MHoromozoBoe
s L1.8 |1000Base-SX MMF | 500 1000 | onroBomokHo 62,5/125
MKM, A=850HM
MHoromooBoe
2 L1.9 IOO(S)])B(ase- MME| 500 | 1000 | omrososokso 50/125
MKM, A=850HM
MmuoromoznoBoe
210 LL10 | 1000Base- fnvivE | 500 | 1000 | orrosonoxmo 62,5/125
. MKM, A=1300HM
Gigabat MmuoromoznoBoe
g, [Fthernet ;4 1000Base- | niMF | 500 | 1000 | omrrosonoxio 50/125
MKM, A=1300HM
1000Base- OngHOMOZIOBOE
g L1.12 LX SMF | 2000 1000 ONTOBOJIOKHO, A=1300HM
OKpaHUPOBaHHBII
213 L1.13 1008])3(356' STP 25 1000 (cOananc. MeqHbBIN Kabennb
¢ BosH. cormp. 150 Om
2 L1.14 1000Base -T|UTPS| 100 | 1000 C‘*e“;fgz‘jflj‘;pge:’“P
10GBase- MuoromonoBoe
815 LL15 LX4 MMF | 200 10000 OIITOBOJIOKHO, A=1310HM
10GBase- OmxHOMOIIOBOE
816 LL16 LX4 SMF | 10000 | 10000 ONTOBOJIOKHO, A=1310HM
10GBase- OngHOMOZIOBOE
&7 L1.17 WS SMF | 10000 | 10000 OIITOBOJIOKHO, A=850HM
10GBase- OHOMOI0BOE
8181 10G L1.18 WL SMF | 10000 | 10000 ONTOBOJIOKHO, A=1310HM
Ethernet 10GBase- OHOMOI0BOE
819 L119 WE SMF | 40000 | 10000 OIITOBOJIOKHO, /=1550HM
OngHOMOZIOBOE
22 L1.20 [10GBase-RS| SMF | 10000 | 10000 OIITOBONOKHO, A=850HM
OnHOMOZIOBOE
21 L1.21 [10GBase-RL| SMF | 10000 | 10000 OLTOBONOKHO, A=1310HM
OnHOMOZIOBOE
&n L1.22 [10GBase-RE| SMF | 40000 | 10000 OTTOBONOKHO, A=1550HM
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Jomen Dy, cONEPKUT MHOXKECTBO JAHHBIX, OTHOCAIIUXCSA K BXOJXHOM CBS3H
obpa3ytomeil. IT0 MHOXKECTBO MOXKHO TPEACTABUTE B BUJIE

D, :{XoutﬂYout’Zout’Np(out)}’ (6)

rae X, — MHOXECTBO KOOPAMHAT X, TOYEK COEJUHEHHs BBIXOJHOH CBA3U
COEJIMHUTENbHOM JIMHUM C BXOJHOM CBSI3bI0 KOMMYTAllMOHHOTO YCTpPOMCTBA;
Y it — MHOXECTBO KOOPIUHAT V.. Z

Np(out)

out —— MHOXKECTBO KOODIMHAT Z ;

— HOMCP MOpPTa KOMMYTAallUOHHOI'O yCTpOﬁCTBa, K KOTOPOMY IIOAKIIIO-

YaeTcsl BBIXOIHAS CBA3b COEANHUTEIBHON JIMHUH.
3. Omnpenenenue moka3ateseii cBsa3u. [lokazarenm cBsizu oOpasyromiein
g; P11 u B, OynoyT pe3yiabraTaMy KOHBIOHKIMY IIapaMeTpoB s; U k; (3). Torma

=B =5 Ak (7

4. Onpe;le.ﬂelme OTHOLIEHHS] COTJIACOBAHMSA. YCJIOBHEM COCIUHCHUS

out

in out in
xom ¥ Ppyy, d TAKKE Oppyy B Oy

ﬂom _ﬂin
KoM — /XuH

ABJIACTCA PaBCHCTBO

out in (8)
ﬂﬂﬂﬂ = /BKOM’
re Ao mokasaTeldb BBIXOAHOH CBA3M KOMMYTAIIMOHHOTO YCTPOWCTBA;
A nokasarens sxomHoil 1 B — BbIXOAHOH cBs3M MuHMK; A" — 110-
JINH 'I[ JINH Z[ > KOM

Ka3aTeNlb BXOAHOU CBA3U KOMMYTAIMOHHOTO YCTPOMUCTBA.

@opmysl (2)—(8) sBIAIOTCS MaTEeMaTUYECKONH MOJENBI0 COeTUHUTEIHHON
JIMHHH.

Ob6pasyromue (puc. 5) MOXKHO 00BEIUHUTH B MTATTEPHOBYIO CeTh (KOH(DHUTY-
palmio), eciy 3aJaTh CUCTEMY MPaBHJ, OMPEIENSIONINX, Kakue KOH(UTypalun
MO>XHO CUMTATh JOIYCTUMBIMU WU peryJisipHbiMu [4]. s 3TOro Haiizem moka-
3aTeJu CBSI3U [ M OTHOILIEHUE CBA3H O .

[MokazaTenu cBsi3u [ sl BCEX BXOJHBIX M BBIXOIHBIX CBSI3CH SIBJIIOTCS Pe-

3yJbTaTOM KOHBIOHKIIUW JIOTHYCCKUX BBICKA3bIBaHUN A W B, Hampumep: A —
COCAMHUTENbHBIN pazbeM RJ45; B — mporokon ¢usudeckoro yposHs Fast
Ethernet. Torna 3naveHue mokaszateis CBSI3U MOXHO 3alucarTh B BUJC JIOTHYE-
ckoit hopmynsl = AA B. Ecau cautaTh OTHONIICHHE CBS3U O PAaBEHCTBOM, TO

out in
MPaBIJIO COENMHEHHs] O0pasylomuX MOXHO 3amucateh B Buge [ p f —

out in
- [ =p".

[IpuBenenHbIe Ha pHC. 5 00pa3yroIUe TO3BOISAIOT CHOPMUPOBATH KOHPUTY-
pammro narreproBoit cetn PN mns JIKC tuna «3Be3nga» (puc. 7). BeimonauMm ee
thopmanbHOE onucanue. [IpuHUMas BO BHUMaHWeE, YTO BCE BETBH SBIISIOTCS UACH-
TUYHBIMH, BBIKJIAJKU IPUBEAEM JIJIS1 ONHOM U3 HUX.
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in 1n out ﬂ out
b

a(gl):a(lsyl’ 11>

in in out out
Cocras | a(g,)=a(2,7,, 521, Pon> P2 »Pan )

in in out out
a(gz)=a@3,73, P51, P33 s P34

in in in in
Bxomuete Bi1, 415, B3, B35, B3 Ban

out out out out out out
Bexomusie By, fia »B32 5 P »Ba1 > By,

B P B p B B p B

out

g0 p,b’13 ;- p—coequnenne UCTUHA

B pB B oA B p B B o Bon
| p — coenunenue JIOXKb

CBsa3u

PN =< Crpykrypa

Csasku N3, N3, Ni3, N3,

D,,D,,D;
Conepxanue D” ,Dl3 , D3l ,D33 ,Dzl ,Dg:?

out out out out out out
Dy, Dy D3y D3y, Dy, Dy,

Ecmu cpaBuuTh pric. 4 u puc. 7, TO O4EBUIHO, YTO PHC.7 CONEPKUT OOIBIIIE
UHQOPMAIIK O CTPYKTYpE, cocTaBe U coxepxanuu JIKC, uem rpadosas moaens,
YTO MO3BOJISIET OoJIee NeTaIbHO MTOJOUTH K MIPOLIECCY UX aHaIM3a U CHHTE3a.

MNPEACTABJIEHUE N-NJIN-TPA®OB (JIEPEBBEB) IATTEPHOBBIMU
CETSIMH

I'padi-nepeBbst MIXPOKO UCMONMB3YIOTCS AJISl TOCTPOCHUS Pa3IMYHBIX CLIEHAPHEB,
BO3HMKAIOUIMX B IpPOLECCE MPOTHO3UPOBAHMUS U HCCICHOBAHUS TEXHUUYECKHX,
9KOHOMHYECKHX, COIMANIBHBIX M JAPYTHX MPOIECCOB U cucTeM. Hamboiee obmiei
unTepnperanueit U-UJI-rpada sBiseTcs 1o, 9TO €ro BEpUIMHAM COOTBETCTBY-
10T OTZENbHBIE 33/1a4H1, a AYTH 0TOOPaXaloT B3aUMOCBS3b MEXKIy 3aJauyaMH.

Jns oroOpaxkeHUs] pa3iIMYHOTO poJa aJbTEPHATHUB Ha BXOJAaX M BBIXOAAX
BepmInH Tpada MOTYT OBITh HCIIONB30BaHHEI Jorudeckue ycimoBus A (M), v

(WJIN) u v (mornyeckast oneparus, uckaouaromas MJIN). Ipuuem mo0oi Tum
BXO0JIa MOXET OBITh CKOMOWHUPOBAH C JIFOOBIM TUIIOM BbIX0/1a. OTBIT TOCTPOSHUS
paccMaTpuBaeMbIX MOJeNiel MOKa3bIBaeT, YTO JJIsi OTOOPaKCHUS albTCPHATHB-
HBIX CUTYyaIliil B pEAIbHOM IMPOILIECCE MOXKHO BBIICTUTH BOCEMb THUIIOB BEPIIIUH e,
KOTOpPBIC 00Pa3yIOTCs pa3IMYHBIMH KOMOMHAIIUSIMU BXOJIOB U BBIXOJIOB.

ANEeN, ANeV, eV, VenVvev,vev,veVv,VeA.
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in out
2.n 2.n

in 2(n-1
M . (n=1)

out
33

in

3.1

out
1.4

in
1.1

in out

in out
1.1 1.2 1.1

1.2

AN

Puc. 7. Kondurypauuns narreproBoii cetu mist JIKC tuma «3Be3may

HaanMep, THUIT BCPIHIUHBI A €V O03Ha4aeT, YTO Ha BXOAC € UMECT MECTO YyC-
JIOBUEC I/I, T.C. BCpLUIMHA € CUHUTACTCA CBepH.IeHHOfI IIOCJIC OKOHYaHHUA BCCX pa60T,

HETIOCPEICTBEHHO NPEIIECTBYIOIINX €H, a yCIOBHUE v Ha BBIXOLE € O3HAYACT,
yTo OyJeT peann3oBaHa OJHA U TOJBKO OJHA U3 BCeX paboT, UCXOIAIUX U3 HEe.
PaccMoTpeHHBIE THUIIBI BEPIIMH MOXKHO IPEACTaBUTH MAaTTEPHOBBIMHU 0Opa-
3YIOIIMMH, CBSI3SM KOTOPBIX MPUAAHBI JIOTUYECKUE yCIoBHS (pHC. 8).
Brimonnum hopmansHoe onrcaHue KaxIoi U3 00pa3yonux.

Oo6pa3zywomas 1.
a(g)) =a(l,y,1, Bin. B Dy, Din . D),

m21, r>1.
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O6pasyromas 1 (A g, A) O6pasyromas 5 (V g; V)

' pamEe

Puc. 8. Buzpl 00pa3yromyx, OCTPOSHHbBIX 110 TUIIOBBIM BeplIMHAM rpada Tuma «IepeBo»
1m

Dy, =(OBPA3YIOLIASI 1(A g A)); Din, :<ﬂ1h; ABE A LA in>’

DY = (B A BY A A B
Oo6pa3zywomas 2.

in out in out
a(g2)=a(2, 721 Pam>Par »D215DopsDay ) s
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m21,r>1.
Dy, = (OBPA3YIOUIAS 2(rg,v)) s D3y, = (5 A BB Ao A B ),
DS =(B' v B v v B ).
Oo6pa3zyomas 3.

in out in out
a(gs)=aB3,731, Bsm> B3 »D315 D35, D3, )

m21lr=1.
Ds; =(OBPA3VIOILAS 3(rg;V)); Dy, —< APBB A 3m>9
D3 = (A1)
Oo6pa3syomas 4.

_ in out in out
a(gs)=a(4, 741> Bam>Par »Da1>Dap>Dsy )

m2>21Lr>1.

Dy; = (OBPA3VIOUIAS 4(ve,A)); Dl = (v B v .v B, ),

Dout _< out X;t AL /\ﬂout> )
Oo6pa3syomas 5.

in out in out
a(g5)=a(5,7/51, Sm > PSr ’DSI’DSm’DSr )’

m>1Lr=1.

<

Ds; = (OBPA3YIOIIAS 5(vgsv)); DI, =</35“; v ARy

V),

Dout _< out Vﬂso;t v. Vﬂout>.
Oo6pa3yromas 6.

out in out
a(g6) a(6a7/61’ 6m’ 6r ’D61’D6m’D6r)5

m2>1,r=1.

Dg; = (OBPA3YIOILAS 6(vgeV)) ; D, =<ﬂg; VAR g;,,>,

<

g =(pat)
, .
Oo6pa3yomas 7.

a(g7) = a(7,771, Bim>D71, D7y,

m=>1,r=0.
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D, =(OBPA3YIOILAS 7(Ag7) v (Vg7)),

in _ in in in in in in
D7m_< 71/\,372/\---/\ﬂ7m>v< nyvypnVv..Vv 7m>'

Oopa3zywomasn 8.

a(gS)Za(8a78la f?rutﬂDSI’Dé);lt) >

m21r=0.

Dy, =({OBPA3YIOILAS 8(ggv) v (g5A))

out _ out out out out out out
Dg, —< 81 vV Pg V...V P >V< 51 APsa A-A Py >

s IpeaACTaBJICHHBIX 06pa3y}0LuI/1x IMyTEM HOIAapHOTO COCAUHCHUSA COCTaB-
JIAKOTCA MAaTTCPHOBLIC CETU NPHU HAJIMYNU UACHTUYHOCTHU JIOTHYCCKUX yCJIOBI/Iﬁ Ha

i t
BXOJHBIX U BBIXOAHBIX CBa3sax B m B°". DTH ycrnoBus SBISIOTCS OCHOBHBIMU

11 popMupoBaHus oTHOWEHHs cBs3u p (S0 pBoM).
Hanpumep, paccMOTpUM MPOLIEAYPY COEAUHEHHS B CETh 00pasylIMX g |

g, (puc. 9) nust popmanusauuu p . Ilycrs B, ={p;}, j=L...,k — MHOx)ecTBO

otHOmeruit cBsizeit u B = (B A S A L ABMY, BT ={B" AR A ...

VAN ﬁ;’:} — COOTBETCTBCHHO MHOXCCTBA BXOJHBIX W BBIXOIHBIX CBH3Cﬁ, 00be-

JIMHEHHBIX OJTHOW W TOM ke Jiormueckoi (pyHkiueir. Torma

COE/IMHEHO [3 (ﬁlfl{ut c Bout)/\a(ﬁé}; c Bin)]—I/ICTI/IHA,
Speh, = i
[3(B" & B™) A3(By; ¢ B")]—TIOKD.

p© (coennHeHne-CBA3KA)

Puc. 9. Cxema cBs3bIBaHUS 00pa3yroONIUX B CETh

s mpeaACTaBJICHHBIX 06pa3y}0m1/1x IMyTEM HOIMAapHOTO COCAUHCHUSA COCTaB-
JIAKOTCA MMATTECPHOBBIC CETU NP HAJIMYNU UACHTUYHOCTU JIOTHYECKUX YCJ'IOBI/Iﬁ Ha

i t
BXOJHBIX M BBIXOAHBIX CBs3ax B u B . DTu ycrnoBus sBISIOTCS OCHOBHBIMU

Ju1st popMUpOBaHus oTHOMIeH s cBsizn p (BT p fO).
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BbIBO/IbI

1. ITaTtTepHOBBIE CceTH, Hapsily ¢ TaOJIMYHBIMH W TPaQOBBIMH METOIAMH
NPEACTaBICHUS] M aHalM3a CHCTEM, MOXKHO PacCMaTpHUBaTh KaK HOBBIH HHCTPY-
MEHT MaTe€MaTH4eCKOTO MOJEIMPOBAHUS U MHXEHEPHOIO IMPOEKTUPOBAHUS MO-
AYJIBbHBIX CUCTEM.

2. IlpuMeHeHHe MATTEPHOBHIX CETEH NMPHU aHAIM3e W CHHTE3€ MOAYJIBHBIX
CHCTEM TMO3BOJISIET Ooyiee IETabHO NPEACTAaBIATh MOJEIM HH()OPMAIMOHHBIX
CTPYKTYP U IIOTOKOB.

3. Ilyrem BapbUpOBaHHUS 3HAYEHHUN MapaMeTpoB m U » B BekTope (1), MOXKHO
TeHEepPUPOBAaTh Pa3IMYHbIE BUABI 00Pa3yIOIMX U Ha 3TOW OCHOBE CO37aBaTh 0a3bl
JAHHBIX A7l aBTOMAaTU3UPOBAHHOTO IMPOCKTHPOBAHUS PA3IMYHBIX MOIYJIBHBIX
CHCTEM.

4. B pabote [5] mokazaHO €JMHCTBO MOIYJBbHBIX, TPa(OBBIX M TaOIUYHBIX
Mozenel nHGOPMALMOHHBIX CHCTEM, YTO TaeT BO3MOXKHOCTh HCIOJb30BaTh MX
KaK OTIEJIbHO, TaK M B PA3IHMYHBIX COYETAHHSAX.

5. JuckpeTHas Teopusi MaTTEPHOB M MATTEPHOBBIX CETEW HaXOJIUTCA HA Ha-
YabHOM CTaZuM CBOETO CTAHOBJICHHUS M AajbHEHIee ee pa3BUTHE, HECOMHEHHO,
pacmupur chepy MpakTUIECKUX MPUIT0KEHHH.

JIMTEPATYPA

1. I'penandep V. Jlexuuu mo teopuu obpazos: Cunre3s o0pazos / Ilep. ¢ anri. — M.:
Mup, 1979. — 383 c.

2. Ipenandep V. Jlexiuu mo teopuu 00pa3oB: AHanu3 obpasos / [lep. ¢ anrn. — M.:
Mup, 1981. — 446 c.

3. I'penandep V. Jlexuuu no teopun o6paszoB: Perynspusie crpykrypsl / Ilep. ¢ aHr.
— M.: Mup, 1983. — 432 c.

4. Grenander U. General Pattern Theory. — Oxford: University Press, 1993. — 904 p.

5. lymxun JI.B. HoBoe MBIIJIEHUE KOMITBIOTEPHOIO MHpa: MATTEPHOBBIE CETU ISt
MozenupoBaHusa nHPopMmanuoHHbIX cucteM. — HTU. — Cep. 2 // Nadopmarm-
OHHBIE TIporiecchl U cucteMbl. — 2001. — Ne 6. — C. 5-17.

6. Mamuxonoe A.I'., Kyne6a B.B. CuHTe3 ONTUMAJIBHBIX MOAYJIBHBIX CUCTEM 00padoT-
ku qaHHBIX. — M.: Hayka, 1986. — 275 c.

7. Tpaxmeneepy 3.A. TlporpamMMHOe OOCCIIEYCHHE AaBTOMATU3UPOBAHHBIX CHUCTEM
ynpasnenus. — M.: Cratucruka, 1974. — 288 c.

IHocmynuna 17.12.2008

Cucmemni docnioxcenna ma ingpopmayivini mexnonoeii, 2009, Ne 2 91



YK 338.27

INPAKTUYECKOE IPUMEHEHHME KOJIMYECTBEHHbIX
METOIOB ITPOT'HO3UPOBAHMUA

I1.B. BYJIAEB

PaccMoTpeHa npakTHKa NPUMEHEHUS KOJIMYECTBEHHBIX METOIO0B IPOTHO3UPOBAHUS
¢ nomo1sio nmporpaMmsel SPSS. TIpemioskeH alropuT™ NOCTPOEHHS, OLICHKU U Tec-
THPOBAHMS IIMPOKO PACHPOCTPaHEHHBIX Mojenei. I[IpuBeneHbl IpUMepsl POTrHO-
3UPOBAHMS MPOJAXK C UCIIONB30BAHUEM OIMCAHHBIX MOJIENICH Ha IPOU3BOACTBEHHOM
HpeIPHUATHN.

B coBpeMEHHBIX YCIIOBHAX JII000E MpennpusiTHe, HE3aBUCUMO OT €ro reorpadu-
YECKOT'O PACIOJIOXKCHHS U PHIHKOB, HA KOTOPBIX OHO pabOTaeT, CTAJKUBACTCS C
mpoOJieMOol TPHHATHS ONTHMANbHOTO pemenus. [lox onTuManbHBIM B JaHHOM
Clly4ae IOHUMAETCs pelIeHne, KOTopoe

® TIPUHUMACTCS Ha OCHOBE IOJHOW, OOBEKTUBHON W JOCTOBEPHOW HMHGOP-
Malluy, nonyqaeMoi/'I M3 pa3HbIX UCTOYHHUKOB JOCTATOYHO )Z[HI/ITGHBHLIP'I nepuoa
BPEMCHU;

® COOTBETCTBYET CTPATETHUH, MAPKETUHTOBLIM M (DMHAHCOBBIM IICJISIM TIPEJI-
MIPUATHUS;

® BBIOMpAETCS B pe3yJIbTaTe MPABUILHOM OIICHKH BO3MOXKHBIX PHCKOB.

Kak mpaBmiio, 00CTOSITETHCTBA BEIHYKAAIOT JCHCTBOBATh B YCJIOBUSAX OTpa-
HUYEHHOTO BPEMEHH, OOJBIION HOMEHKIATYpPhl OKAa3bIBAEMBIX YCIYT, BBICOKHX
3aTpar, CBA3AHHBIX C MOJTOTOBKOM M JAMHAMUYHO MEHSIOIIEWCS CUTyalMel Ha
peiakax. [loatomy 1ienmecooOpa3HO MaKCHMAaIBHO aBTOMATHU3MPOBATH MPOIIECC
MIPUHATHUS PEIICHNN.

Bbazucom npuHsATHS penieHns B paMKax BRIOPaHHOW CTPATETHH MPEAIIPHSITHS
SBJISIETCS TPOTHO3 Mpojaax. I[IporHo3upys U OLICHMBAas BO3MOXHBIH COBIT,
MPEANPUATHE MOXKET IJIAHHUPOBATH CBOIO JCSTEIBHOCTh M OILCHUBATh 3aTpPaThl.
[lonsiTHO, YTO 4WeMm Oollee BBHICOKAs TOYHOCTH TPOTHO3UPOBAHWS, TeM OOJbIIe
ITIAHCOB /ISl TIPUHSATHUS ONITUMANBHBIX PEIISHHH, a, CIIE0BATEIbHO, TOBBIIIECHIS
KOHKYPEHTOCIIOCOOHOCTH U TPUOBUTBHOCTH MIPEIITPUSTHS.

WHCTpyMEHTOM IJIsi IPUHATUS ONTUMAIBHOTO PELICHHS CITYKUT UH(pOpMa-
[MUOHHO-aHAIUTHYECKAs CUCTeMa TMPEIIpPUATHS, a €€ OCHOBOH — HaKOIUIEHHAs
uHQOpMAIHsI U MeTOIbI 00paboTKU. B cBOIO ouepe/b, HaKOIUIEeHHAst H(POPMALUS
JISIUTCS Ha (POPMATU30BAHHYIO (CTATHCTUYECKHE JAaHHBIC, OTPACICBBIC OTUCTHI,
WCCIIeZIOBaHUS PBIHKA U T.1.), C1a00 (popMaTn30BaHHYIO (HOBOCTH, HOBBIE TEXHO-
JIOTWH, TIEPCIIEKTUBHBIE Pa3pad0TKH U OTKPBITHSI B OTPACi) U HeGopMaIn30oBaH-
HYIO (3HaHI/IH, HWHTYUIUA U OIIBIT BKCHepTOB). COOTBETCTBEHHO PasHATCA METOABI
00paboTKH 3TO¥ MH(OPMAITUH, YCIOBHO pa3jieiseMble Ha KOJUYeCTBEHHBbIE (JII1s
(hopMaTM30BaHHBIX JAaHHBIX) M KayecTBeHHBIE (1 c1abo U HehopMaIn30BaH-
HBIX JIaHHBIX).

CyIiecTByeT J0CTaTOYHOE KOJIMYECTBO paboT, B KOTOPBIX JACTATLHO OIHCA-
HBI KaK KONM4YeCTBEeHHbIE [5—8] (Hanbomnee HCIIONB3yeMble U3 HUX — IPOTHO3H-
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poBaHUe YMCIOBBIX psiAoB [7, 8]), Tak U KauecTBeHHBIE MeTOAH [1, 2, 4]. Tem He

C6op
AAHHbIX

el

NocraHoBka
3apaum

MocTpoeHune n
oLeHKa -
Mopenein

TecTnpoBaHue
U Bbl6op
Mopenen

—7

Al
MpuHaTne L

peweHus

\_/\

MoOHUTOPUHI
Mmoaenu

Puc. 1. Ctpykrypa mporecca
MPOTHO3WPOBAaHUS B BHUIE
MOCIIeIOBaTeNIbHOCTH — (popMa-
JIN30BaHHBIX JEUCTBUI

MeHee, IpobieMa WX MPaKTHIECKOTO MPUMEHEHHS
B YCJIOBHSIX PEalbHO JEHCTBYIOIIETO MPOU3BOJICT-
BEHHOT'O MPEANPUATHS OCTACTCS aKTyalbHOM.

Lenp HacTOsIIEN CTaThU — CHUCTEMAaTH3aAIUS
Imoaxoga K BI)I60py KOJINMYECTBCHHBIX MCETOO0B
00paboTku nH(pOpMAITH, BEIOOP M OIICHKA Mate-
MAaTUYECKUX MOJENeH U METOIOB MPOTHO3UPOBA-
HUS, a TaKXKe Pa3pabdOTKa PEKOMEHMALUN JUIS UX
MIPAKTHYECKOTO MPUMEHEHHS.

Ha mpaktuke mporecc MNpOrHO3UPOBAHUS
TIPEACTABIIICT COOOM TMOCIEAOBATEILHOCTD JACHCT-
Bui (puc. 1).

Ha sTtane c6opa 1aHHBIX UCTOJIB3yeTCS HH-
(hopMaIMOHHO-aHANUTHYECKAsT CUCTEMa TIPeIIpH-
stust, a JIIIP (Mo, mpUHMMAIOIIEEe PELICHUE)
JOOJIKHO YAOCTOBEPUTHCA B IPABUJIBHOCTU JaHHBIX
Y UCTOYHHKE X MMPOUCXOXKICHUSI.

Ha srame moctaHoBKM 3agadu OInpeaenseT-
Csl TIpeIMET TIPOTHO3UPOBAHMS U BBIOMPAIOTCS €T0
mapaMeTpbl — TOPU30HT W mar. [[msa xpatko- u
CPeIHECPOUYHBIX (OT OJHOTO A0 ISATH JIET) MPOTrHO-
30B IIar MPOTHO3WPOBAHUS, KaK MpPaBHUIIO, BHIOH-
paeTcs B OJIMH MECSII WA KBapTall.

IMocTpoeHue U oneHKa mMojaesieil — Kiroye-
BOH MOMEHT mnporHozupoBanus. Kiaccuduuupy-
IOTCS MOJIENTH B 3aBHCHMOCTH OT TOPU30HTA Ia-
HHUpoBaHUA (Tabd. 1).

Taoauna 1. Knaccuduxanuus Mmozaeneld nporHo3upoBaHUs

Tun

Kuace TI'opu3oHT MiIaHUpPOBaHUA

CrimaxxuBaHus Kparkocpounstit

[loaronka KpuBBIMU Kpatko- u cpennecpoyHbiit

Moaenu BpeMeHHBIX PSA0B

Ce3oHHasg MOJIEIb — N — 1 —

Jluneiinas perpeccus — I — 11—

KazyansHbie Mmogenu

ITapHast u MHOKEeCTBEHHAs!

Kpartko-, cpenne-
U JOJITOCPOYHBIN

perpeccuu

TecTupoBanue u BbIOOp Mojesei. [locie npoBeneHHs] OLIEHKU Mojeen
HEOO0XOAMMO MX MPOTECTHPOBaTh. Hammydninii 1 mpoBepeHHBIH HAa MPAKTUKE Me-
TOJ TECTUPOBAHHS — MCIBITAHUE MOJEIM Ha 3apaHee M3BECTHBIX pe3yjbTarax.
AHanu3 omMO0K MO3BOJIAET KOPPEKTUPOBATH CaMy MOZETb.

Hpunstue pemenusi. JIIIP nenaer Be1OOp B MONB3y TOW MM MHOM MOAETH
1 OLIEHUBAET BO3MOKHBIE ITOCIEACTBHS CBOETO PEIICHUS.

MounuTopunr mopaenau. CpaBHEHHE TNOJMYYEHHBIX pe3yJbTaToOB, OLEHKa
OomKOKN TIPOTHO3UPOBaHHUSI, OOBSCHEHNE MPUYMHBI €€ BOSHUKHOBEHUS U TIOUCKHU
BO3MOXXHOCTH HCIIOJIb30BaHMUs BEIOPAHHON MOZAEH B AalbHEHIIEM.
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PaccmoTpuM ucmonp3oBaHME TepednclieHHBIX B Tabn. 1 mopeneir Oomee
noApoOHO Ha MPAaKTUYECKUX IpUMeEpax.

Monaean MOArOHKH KPUBBIMH (AKcTpamojsinus). CyTb MOZACIN: HaWTH
KPUBYIO WJIH TPYIIY KPUBBIX, C JOCTATOYHON TOYHOCTBHIO OMHCHIBAIOIINX HCTO-
pudeckyto uHpopMmanuo [5]. C UX MOMOIIBIO HAaWTH TPEHN B UCXOAHOI HH(DOD-
Malliy, T.€. BBIBUTH OOILIYI0 TEHACHIMIO B U3MEHEHHM JAHHBIX, HA OCHOBAaHUU
KOTOpPOH MOXKHO IpenroJiaraTh HaJH4We MPOTHO3MPYEMbIX JaHHBIX Ha HaWIeH-
HOM TpeHJie. [IporHo3upoBaHue ¢ HCIIOIB30BAaHUEM 3TOTO METOJIa IPUMEHSETCS B
Cllydae CTaOMJIBHBIX BO BPEMEHH MPOJAAXK C SPKO BBIPAKEHHBIM TPEHAOM AJISI TO-
BapoB C HETACTHYHBIM CIIPOCOM.

OcHoBHble 11 ypaBHEHHMI KpHBBIX AJIs NPOTHO3MPOBAHHUS TPHUBEACHBI B
Tabm. 2.

Tabauuma 2. YpaBHEHHUS OCHOBHBIX THUITOB KPUBBIX

HanmenoBanue YpaBHeHue
Jluneiinas y=b + byt
ITapaGona y = by +byt +bst?

Jlorapudmuyeckas y=b,+b, In(?)
MHorouieH TpeTbeil cTeneHn y =b,+byt +b5t* +b 1>
DKCHOHEHMATbHAS y=>b; exp(b,t)
I'paduk crenenHol GpyHKINU y=b (tb2 )
b
T'unep6ona y=b+ 72
by
S-xpuBas y =exp(b; + T)
b
OG6parnast y=by+ s
t
CocraBHas y=by* blt
= 1
Jlorucruveckas N t
Jp, 2 03)

Jis mpOTHO3WPOBAHUS METOAOM IIOATOHKH KPHBBIX DPEKOMEHIYETCS HC-
MIOJIB30BaTh CIICHATU3UPOBAHHOE MIpOTrpaMMHOe obecriedenne, Hanmpumep, SPSS
(12-1 Bepcust m Bblmie pycuduIUpoBaHsl). B mporecce aBTOMaTH3MPOBAHHOTO
MOCTPOEHUS KPUBBIX C MOMOIIBIO 3TOrO MaKeTa MPUMEHEH NMPUHLIUI MUHUMHU3a-
AU cpenHekBaapaTuaHon ommOky MSE (mean squared error) [5].

X
MSE ==—,
n
rae e; =Y; —Y; — pa3sHOCTb MEX]y MMEIOIUMCS 3HaUCHUEM W 3HA4YE€HHEM, Ha-

XOISAIIAMCST Ha KPUBOH TOJITOHKY (TaK Ha3bIBAEMBIA OCTATOK).
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[To umeromumMcs 3HaueHUsM Tpofaxk SPSS mocTaTo4HO J€TKO CTPOUT BCe
HIePEUYHCIICHHBIE KPHUBBIE, a TaK)Ke PACCUMTHIBAET OCHOBHOM KpHUTEpHil OLEHKH
BbIOOpa — KO3 PHUIKEHT JeTepMUHALIUH

MSE —
R*=1- , Var(Y)=) (Y. -Y).
Var() rae Var(Y) Z(, )

U3 OIIPpEACIICHUA BUAHO, YTO PAaBCHCTBO R2 =1 BO3MOXXHO B TOM cirydaec,
€CJIKM NIpOoUECC MOBCACHUA NaHHBIX B TOYHOCTH OIIUCBIBACTCA MOJCIIBIO. T.e., qeM

6nmKe 3HaueHHe R’ K eMHHUIE, TeM G0JIee TOUHO KPHUBAs OMMCHIBACT [IOBEACHUE
JaHHBIX.

Ha npakTrke 1711 OLIEHKH BBIOOPA TOM MIIM MHOW MOJIENH TIPUMEHSIOT TaKXKe
npyroii nokaszareib — MAPE (mean absolute persent error) [5].

Vimest pannble nponax (V) HeKOH HOMEHKIATYPHOH €IMHULbI, IPOU3BO-

JUMOM MpeanpusITHeM, HEOOXOJUMO CcIeNaTh MPOTHO3 MPOAAX Ha CIeAyIOUMN
kBaptan — 21, 22 u 23-# Mecsrpl. st 3TOTO 110 UMEIONTUMCST UCXOIHBIM JaH-
HBIM (Tabi. 3) ¢ moMomkio nporpaMmmuoro nakera SPSS nmoctpoensr 11 kpuBbIx

MOATOHKH, PACCUUTAHbl 3HAYEHUS R? JUISL KaXKJ0M MOJIETN U MOJYyUYEHbI POTHO-
3Bl 3HAYEeHUsI 00beMa MPOJIAXK Ha CIEAYIOIINH KBapTall. 3ajada COCTOUT B BEIOOpe
MOJIEJIH, TIPOTHO3 KOTOPOH HanboJjiee TOueH.

OcTaHOBUMCS Ha IBYX MOJEISAX C MAaKCUMaJIbHBIM 3HAYCHUEM R* — KyOH-
4ecKOH M KBanpaTudHO#. Paccuntannbie SPSS 3HaueHMS 3TOTO ITapaMeTpa paBHBI
0,871 y kybuueckoit mogenu u 0,860 — y KBaApaTUIHOM.

Teneps Ham moHaOOUTCS cpaBHUTH 3HaueHUsI MAPE 31ux mozneneii.

Taoauuma 3. CpaBHEHHE KBAAPATUIHOW U KyOUIECKON MOJIENIEH

KBaapaTuunas mojaenb KyOunueckas moaeanb
Mecsau | Vyp, ¥ AP A y A

Y e MAPE, % Y e MAPE,%

2698 | 2200,44 | 497,56 | 22,61 2736,14 | —38,13789 -1,39

2962 | 2690,12 | 271,88 10,11 2887,48 74,52076 2,58

2720 | 3171,68 | —451,68 | —14,24 3124,69 | —404,68961 | —12,95

1948 | 3645,13 |-1697,13| —46,56 3436,71 | —1488,7124 | 43,32

5667 | 4110,47 | 1556,53 | 37,87 3812,49 | 1854,50901 | 48,64

4619 | 4567,69 | 51,31 1,12 4240,97 | 378,03124 8,91

5569 | 5016,8 552,2 11,01 4711,09 | 857,91091 18,21

5797 | 5457,81 | 339,19 6,21 5211,8 585,20463 11,23

6023 | 5890,69 | 132,31 2,25 5732,03 | 290,96902 5,08

4348 | 631547 |-1967,47| 31,15 6260,74 | -1912,7393 | -30,55

6261 | 6732,13 | 471,13 | —7,00 6786,86 | —525,86371 | 7,75

6701 | 7140,69 | —439,69 | —6,16 7299,35 | —598,34761 | 8,20

7690 | 7541,12 | 148,88 1,97 7787,13 | —97,13436 -1,25

7247 | 7933,45 | —-686,45 | —8,65 8239,17 | -992,16737 | —12,04

8994 | 8317,67 | 676,33 8,13 8644,39 349,61 4,04

11041 | 8693,77 | 2347,23 | 27,00 8991,75 | 2049,25436 | 22,79

el el L el el Rl Rl R
QA bl W~V N B~ W N —

9521 | 9061,76 | 459,24 5,07 9270,18 | 250,82232 2,71

18 9740 | 9421,64 | 318,36 3,38 9468,63 271,3705 2,87
19 9212 | 9773,41 | 561,41 | -5,74 9576,04 | -364,04448 | -3,80
20 9041 |10117,06(-1076,06| —10,64 9581,37 | -540,36601 | 5,64
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Oco0blif UHTEpEC MPENCTABIAECT MOBEACHUE MOJEIU B MOCIEIHUE MECSIIBL.
OueBHIHO, YTO HAIIM JaHHBIE OOJIEe TOYHO OMUCHIBAET KyOnueckas MoJenb. Tem
HE MeHee, JJIsl OKOHYATEIBHOT0 BEIOOpa TOW WIIM MHOM MOJIeNIn HEOOXOIMMO TIPO-
BeCTH ee TectupoBanue. [IpeamoururenbHell ¢ NPaKTHUECKONW TOYKH 3pEHUS] Me-
TOJ TECTUPOBaHUS eX-post-mporHosupoBanue [5]. OH mpuUMEHSETCS Cleaylo-
IITIM 00Pa3oM.

1. Pa3buBaeM McXoJHBIE JaHHBIC HA JBE TPynnbl (epBas — 85% NaHHBIX,
BTOpas — 15).

2. [Ipon3BoarM MMHTAITUIO MPOIIECca MPOTHO3UPOBAaHUS HA OJMH IIar, 4To-
OBI TIPOBECTH OIEHKY pabOTOCIIOCOOHOCTH MOJIEIH TP COTIOCTABIICHUH C MCXOJ-
HBIMHU JIAHHBIMH.

3. OmpenensieM pa3HUIYy MEXAY CMOJAEIHPOBAHHBIM M MPOTHO3HBIM 3Haue-
HUSMH (OIINOKOW MTPOTHO3UPOBAHUS).

4. OnennBaeM OIMHUOKY MTPOTHO3UPOBAHUS.

5. IloBTopsiem mm. 2—4 110 MOCIeAHETO 3HAYSHNUS NCXOAHBIX JaHHBIX.

6. JlemaeM BBIBOJBI M NIPHHUMAEM PEIICHHE B TIOJB3Y OMHON W3 MOAEIEH,
cpennee 3HaueHne MAPE kxoTopoit MUHUMAINBHO.

PaccMoTpuM nmpuMeHEHHE 3TOr0 METO/a Ha MpenblaylieM INpuMepe, mpoBe-
ISl OLIEHKY PEe3yJIbTaTOB €X-pOSt-TIPOTHO3UPOBAHMS 00EUX MOJENeH ISl 3HAYeHUH
18, 19 u 20-ro MecseB. [l 3TOro 1Mo 3HaUYeHUsAM 17-TH MeCAIeB TOCTPOUM IIPO-
THO3HOE 3HaueHue Ha 18-i Mecsi, Mo 3HaYeHusIM 18-TH MecsIeB CIPOrHO3UPYEM
19-ii mecsr u 1.1. (Ta0M. 4).

Tadauuma 4. Pe3ynpTaThl OLEHKU MOAENEH OATOHKH KPUBBIMU

HUcropuueckne
I[ZFHH])IG KBaaparnunas Mmogenb Ky6uueckas mogenn
Mecsing Vips Y Y e MAPE, % Y e MAPE,%
18 9740 10768,75 | —1028,75 10,56 11556,54 | -1816,54 | 18,65
19 9212 10957,82 | -1745,82 | 18,95 11170,05 | -1958,05 | 21,26
20 9041 10751,15 | -1710,15 18,92 10275,5 | —1234,5 13,65
16,14 17,85

W3 nmonyuyeHHBIX Pe3yJabTaTOB MOXKHO CJIENIATh BBIBOJ: JJIsi MPOTHO3UPOBA-
HUS OYIyIIUX 3HAYCHHH Ie1eco00pa3Ho BRIOPATh KBAAPATUUHYIO MOJIENb, CPEea-
Hee 3HaueHne MAPE kortopoii 3a mocnennue Tpu Mecslia MEHbIIE, YeM y KyOu-
YECKOW MOJIETH.

Mopenun criakuBaHusi MPUMEHSIOTCS UIsI TIOCTPOEHHS] KPAaTKOCPOYHBIX
MIPOTHO30B JII BPEMEHHBIX PANOB, HE UMEIOMINX TPEHJa. 37eCh UTHOPUPYIOTCS
N3MCHCHUS, BBI3BAHHBIC CHy‘IaﬁHBIMI/I Q)aKTOpaMI/I, a IMOCJICAHUM HMCXOAHBIM 3Ha-
YCHUSIM MPUAACTCS OOJNBININN BEC IO CPaBHEHUIO C PAHHUMU 3HadeHHsMH. [Ipu
3TOM TO/Ipa3yMeBAETCs, YTO BCE OCHOBHBIE (DAaKTOPHI, BIMAIOIINE HA HCCIETye-
MBI TIOKa3aTelb, MPOIOJDKAIOT CBOE JIEHCTBHE HA TOPU30HTE MTPOTHO3UPOBAHUSA,
U ONpeJelicHHAas TCHJICHIMS OCTAaHETCS B CWie Ha Onvxkaimuii mepuoj. Takue
MOJIENH 11eJIeCO00pa3HO MPHUMEHSTh IS 3PENIbIX PHIHKOB CO CIIOKUBIIMMCS 0a-
JIAHCOM CHJI M HU3KOM BEPOSTHOCTHIO KAUeCTBEHHBIX N3MEHEHNH, KOTOPBIE MOTIIN
OBI MOBJIHATH HA CUTYAITHIO.

Mopens ckoJB3sIIero cpeqnero (moving average model) [3] — HauGonee
MPOCTast ¥ 9YacTO MPUMEHSIeMast MOJIENb.
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7 - Y +Y o +Y 5+ +Y, )
t D
k
rae Y — NporHosupyemoe 3HadeHHe; { — LIar NPOrHO3UPOBAHUs, k — Tops-
JIOK CKOJB3AIIET0 CPEIHET0; Y, — MCTHHHBIE 3HAUCHHSL.

TepMuH «CKONB3sIIIEe CPEeTHEe» UCTIONB3YETCs TIOTOMY, YTO HOBOE CpeaHee
3HAYEHHE BBIYHCISIETCS W CIYXKHUT B Ka4eCTBE MPOTHO3a KaXIBIA pa3, KOTJa MBI
ero npousBoguM. [Ipu NporHO3UpPOBaHUM CIEAYIOLIEIO 3HAYCHHUS METOJ CKOJb-
3SIIIIETO CPETHETO MPUIAET PaBHBIC Beca KAKIOMY M3 TOCIeIHUX 3HauYeHui. Han-
Ooree ymOOHBIM JUTSI TPAKTHUECKOTO MPUMEHEHHUS JTOTO METofa sBJseTcs MS
EXEL. Ucnons3ys ¢ynkmmto makera CP3HAY (Sueiika NN:Sueiika MM), rne
NN 1 MM — g4eilkiu ¢ UCTOPUYECKMMH JaHHBIMH, MOXHO MOJYUYHUTh CPEIHEE
3HAUYEHUE JJIs1 UMEIOIINXCS JaHHBIX. BaKHO OTMETHTh, YTO MUHUMAIIBHOE 3HAYe-
HUE HUCTIOIB3YEMBIX TAHHBIX — TPH (MEHBIIEe KOJIMYECTBO HE OTPAKAeT TECHIACH-
U0, OOJIBIIIOE — €€ CIrIIaXXuBaeT). MeToJl ABJISICTCS OYeHb OBICTPBIM, HO OUYCHBb
HETOYHBIM CIIOCOOOM ITOJTyYeHHS MPOTHO3A.

Mopaeap 3KCNOHEHIHMAJBLHO B3BEIIEHHOT0 CKOJIL3SIIEro cpeaHero (ex-
ponentially weighted moving average (EWMA) [3] — pa3HOBHIHOCTh METOAA
ckomb3diero cpennero. CyTb MeTona:

® KaXJ0€ HOBOE 3HAUYCHHE OMPEICISICTCS] COBOKYITHOCTHIO BCEX TMPEIBIAY-
IIMX 3HAYCHUH;

® RBIIMSHUE NPEABIYIINX JaHHBIX OCIa0eBacT B TEOMETPUIECKON MPOrpec-
cum

Y, =Y, +aY, ,+a’Y, s +..+a"'Y,  npu 0<a <1,

a B CJIydac, eCili n —» 0 ,
Y, =(-a),, +a¥, .

OCHOBHO#1 3ajjaueli, CyIIECTBEHHO BIUSIONICH Ha 3((EKTUBHOCTh HCIIOJIb-
30BaHHS JJAHHOTO METOJIa, SIBIISIETCS BHIOODP TAaK HA3bIBAEMOW KOHCTAHTHI CTIIAXKH-
BaHWsS « B JIMANa30He OT HYJS J0 CAMHUIIbI. BBICOKHE 3HAUCHHS @ TPUAAIOT
00BN BeC MOCIEAHUM HAONIONEHUSM W MEHbIIHMA — Oonee maBHuUM. Yucio
(1 - ) Ha3pIBaeTCs KOHCTAHTOW CTIIaKMBaHUS. B ciyuae MConp30BaHUS MMaKkeTa
SPSS 3nauenne « mpemiaraercs BRIOpPATh MO CETKE ¢ YKa3aHHBIM IIaroM, a Hau-
OoJiee moIXo/sAIIee 3HAYCHNE ¢ OMPEJEIIeTCs Ha dTare TECTHPOBAHUS U BHIOOpa
MOJIEITH Yepe3 eX-post-IPOrHO3UPOBAHHE.

JBoiinoe r3xcnoOHeHIIHATBLHOE criakuBaHue (double exponential smooth-
ing model) [3] mony4aercss MOCPEACTBOM JBOHHOTO MPUMEHEHHS MOJICIH DKCIIO-
HEHIMAILHOTO criiakuBaHus. T. €. cHayaga MoJeNb SKCIOHEHIMAIBHOTO Criia-
JKUBaHUSl TIPUMEHSETCS K HCXOJHBIM JIaHHBIM, a 3aTeM K CMOJICITUPOBAHHBIM
3HAUCHHUAM, IIOJIYYCHHBIM Ha IICPBOM ITari€. HpI/I IMOBTOPHOM MOJCIMPOBAHNN
BO3MOXXHO M3MeHeHHe KOoHCTaHThl (1 — ¢ ). [lepednciieHHbIe MOJIENH CIIIa)KHBa-
HUSI TPUMEHHUMBI K JIJAHHBIM, HE UMEIOIIUM TPEH/IA.

Mogeas Xoara [5] IpUMEHSIOT, €ClIi HeOOXOAUMO YUHUTHIBaTh TpeHa. Oc-
HOBHAs WJIesl METOJIa: JI00ABJICHUE 3HAUCHUS TPEHIA K TPOTHO3UPYEMOMY MOJIC-
JIbEO SKCTIOHEHIIUALHOTO CTITAXKMBAHUS 3HAYCHUIO

Yi=(-a), +aY,  +T, (1
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rae
T,=(1-B)Y, - Y,_)+pT,_, npu 0<B<1. 2)

A

UroObl HaliTH IPOTHO3HOE 3HAYEHUE Y, C HCIIOIb30BaHUEM MOAEIH XOITa,

HEOOXOMMO BBIIIOJIHUTH CIEAYIOIINE IPOLEAYPHI.
1. Ompenenuts BeJMYMHY HapaMeTpoB ¢« U [ METOAOM MUHHMHU3ALUH

MAPE.
2. HaiiTi HayanbHble 3HAUEHUS I;l n T xak }}1 =Y um );1 =Y,a
Y, -1+, - 1)
5 .

]} =

3. IlonepemMeHHO HalTH ft u3 ypasHeHus (1) u 7, u3 ypaBHeHus (2).

4. Cnenatb IIPOroHO3 Ha m IIaroB BIICPEHA, MpCEArojaras, 4To IMOCJICIAHEC
3HaAYCHUEC TPECHOAA OCTAaHCTCSA HEU3MCHHBIM JIA 6y,IIYH_II/IX ITPOrHO30B.

P

n+m

=)?n+an.

Mogeas bpayna [5] yuuThiBaeT TpeHI [OBOHHOrO AKCIOHEHIUAIBHOIO
CTJIAKUBAHUA M 1aeT JOCTATOYHO TOYHBINA KPaTKOCPOUHBIH MporHo3. K 3HaueHuto
MOJENH T00aBISIETCS MPOCTOS SKCIOHCHIIMAFHOE CTITAKUBAHKUE PA3HUIIBI B 3HA-
YEHHSIX MEXIy MPOCTHIM M JIBOMHBIM CTJIaKWBAaHUEM, YMHOXKEHHOE Ha K03(hdu-
IIUEHT, OOPaTHO TIPOITOPIIHOHATBHBIA ¢ .

. Y/ -Y"

v i
7, =7+ I
a

[IporHo3 Ha m MIArOB BIIEpen OMpeaeseTcs GopMyIToi

p m(l—a)

> o1 "
am =¥, (¥, =Y, +
3HaueHUs @ TPU ITOM ONpenestoTcss MuHuMu3anueit MAPE.
B kauectBe mpumepa nmpumeHeHus mozaenei Xonra u bpayna paccmorpum
MOBEACHIE MPOJAXK APYToil HOMEHKIATYPHOU eTUHUITEI (pHC. 2).

ITomerTka NPUMEHNUTh K UMCHOIMUMCA JaHHBIM METOA IOATOHKHW KPHUBBIMHU

JTan O4YeHb HEBBICOKHE 3HAYCHUS R? — or 0,004 mo 0,12, yTo, OYEBHUIHO, O3HA-
YaeT OTCYTCTBUE TPEHJA.

[Mpumenum monenu EWMA, Xonta u bpayHa k nuMeronMcst 3Ha4YSHHUSAM.
Kak Bcerna, HanOoJbIINI MHTEPEC MPEACTABISET OLIEHKA MOBEACHUS dTHX MOJE-
JIe METOJIOM eX-pOSt-IIPOrHO3UpOoBaHus (Tad. 5).

OueBuzHO, YTO B JAHHOM CIy4ae cileLyeT BbIOpaTh Mojenb X0iTa, KaK Ha-
uboJiee TOYHO OINMCHIBAIOIIYIO HAIM JaHHbIE. BUAHO, 4TO cpenHee 3HAYCHHE
MAPE sToii Moaean MUHUMAIBHO.

[lepeuncnennple MoIenu XOpouIo paboTalOT A JaHHBIX, HE HMMEIOIINX
TpeHJa I MOIy9eHHsI KpaTKOCPOYHOI0 IPOTrHO3a. Eciiy 3HaYeHHs TPEHNOB HaM
HE BAKHBI, IPUMEHSIOTCS MOJEIU CKOJIB3SILEr0 CPEJHEro, AKCIIOHEHIUAIbHO
B3BEILIEHHOT'O CKOJIB3AIIEr0 CPEeIHETO, ABOMHOTO IKCIIOHEHIINAIBHOTO CIIIa)KHUBa-
Hus. [ ydera TpeHa, ONpeAeIsieMOro MOCIeIHUMY 3HAaYEHNUsAMH, TPUMEHSIOT-
cq MojJienu Xonra u bpayna.
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2000

1500

1000

3HauveHus npoaax

500

1T 1T 1 17 17T 17T 17T 17T 17T 1T 1T 1T 1T 1T T T T T1
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Mecsubl

Puc. 2. I'paduk npoaax HOMEHKJIATYPHHUH €TMHULIBI

Taboauuma 5. Pe3ynsTaThl OIIEHKHA MOJETEH CTIIAKUBAHHUS

Hcropnu-
YyecKkue EWMA XoJara Bpayna
JAaHHbIE
Me-| Vyp, MAPE, MAPE, MAPE,
osm| ¥ Y e % Y e % Y e o

18 |3471372,18| -25,18 | 7,26 |423,39 | -76,39 | —22,01 | 379,49 |-32,49| 9,36

19 |376|373,34| 2,66 | 0,71 |359,49| 16,51 | 4,39 |369,04| 6,96 | 1,85

20 | 5501448,97| 101,03 | 18,37 | 389,04 | 160,96 | 29,27 |436,14 |113,86| 20,70

8,78 3,88 4,40

Ce3oHHBIE MOJIEJIM CITYXKAT JUIA MOJyYeHHs POTHO30B MPH padoTe C yciy-
ramu, MpoJaxu KOTOPBIX HOCAT CE€30HHBIN xapaktep. IIporHos B Takom ciydae
OazupyeTcs Ha (axkTopax TpPEeHAa W CE30HHOCTH (TOBBILICHWE HJIM TOHMKCHUE
TpPEeHJa C OAMHAKOBBIMU IIPOMEXKYTKAMH BPEMEHH).

[Iporno3Hoe 3HaueHue Yt OIIpeNIEIISIETCS KaK
Y, = dtSt >

rae S, — ko3 HUIMEHT Ce30HHOCTH; d, — JIeCe30HAIN3UPOBAHHOE 3HAYCHHE.

B ciaywae orcyTcTBHS TpeHIa Mpolece HAXOXKICHUS CE30HHBIX KOd(duuu-
€HTOB U MPOTHO3UPOBAHMUS C HX MOMOIIBI0 OCHOBAaBAaeTCSd Ha MPEIINOJIOKEHHH,
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YTO UCXOJHBIC NAaHHBLIC COBCPIIAIOT KoJIeOaHusI BOKpPYT' CBOCIr0 CpCAHCTO 3HAYC-

HUS,

U B Oy/yIIeM 3TOT NMPOLIECC HE M3MEHHUTCS.

ANTOPUTM MPOTHO3UPOBAHMS B TAKOM CIy4ae 10CTaTOYHO MPOCT.

1. Briuncnsgercst cpeiHee 3HaU€HHUE 32 UCTOPUUECKUM MEPUO/I.

2. Beraucusrorest K03 QUIMEHTH CE30HHOCTH.

3. IlporHo3upyercs cpeHee 3HaueHHe Ha TOPU30HT MPOTHO3UPOBAHHUS.

4. Koppektupyercs cpeqHee 3HaueHHE Ha KO3QPUIIMEHT CE30HHOCTH.
[Tokaxkem 3TO Ha TpUMepe HOMEHKIATYPHOW €IWHUIIBI, 3HAYCHHS JaHHBIX

MPOAaK KOTOPOHU MpHBENIEHBI B Ta0I. 6, a Tpaduk — Ha puc. 3. BuaHo, 4ro cpen-
Hee 3HaueHue npojax B 2006 u 2007 rr. nmpakTHUeCcKd He M3MEHMI0Ch. [Ipume-
HeHue ko3 dunuentoB cezoHHocTH 2006 T. B KauecTBE MPOrHO3HBIX HA COOTBET-
ctBytonuit uaTepBan 2007 r. mamo nHemnoxue pe3ynbrathl (MAPE = 8,86%).
CrenaB TpenIooKeHNue O CpeaHeM 3HadeHnH mponax Ha 2008 r. B KoamdecTBe
550 mTyK ¥ NPpUMEHUB COOTBETCTBYIOIIUE KO3 uuneHTsl cesoHHoctu 2007 r.,
MOJIyYHUM MPOTHO3 MPOoAaXK Ha nepBbid kBapTan 2008 . mo Mecsiam.

3HaueHUs IPOJAXK

+

N N
A AN
- +—+ ’ \

4 5 6 7 8 9101121 2 3 4 5 6 7 8 9 10 11

Mecsupl
Puc. 3. I'paduk nmpoaax HOMEHKIATYPHOH €TUHHIIBI
Tadauuma 6. PesynpTaThl IPOTHO3UPOBAHUS C IOMOIIBIO CE30HHONM MOAETH
0e3 TpeHa
IIpornosHoe
Ion Mecsing Vips Y S IHAUEHITE e MAPE,%
4 491,0 0,90
5 467,0 0,86
6 464,0 0,85
7 628.,0 1,16
8 3520 0,65
2007 2 :
9 353,0 0,65
10 739,0 1,36
11 611,0 1,12
12 786.,0 1,45
Cpennee 543.4

100
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OxoHuanue Tadi. 6

1 448,0 0,82
2 510,0 0,94
3 588,0 1,08
4 609,0 1,12 491,00 118,00 19,38
5 569,0 1,04 404,80 164,20 28,86
2008 6 497,0 0,91 460,82 36,18 7,28
8 488,0 0,90 531,30 —43,30 8,87
9 356,0 0,65 550,27 —194,27 —54,57
10 710,0 1,30 514,13 195,87 27,59
11 535,0 0,98 449,07 85,93 16,06
12 680,0 1,25 440,94 239,06 35,16
Cpennee 5445 8,86
1 452
2009 2 515
3 594

bonee cioXXHBIM METOAOM OMPEACIAIOTCA

HaM4InH TpeHaa (puc. 4).

KO3 DUITMECHTHI CE30HHOCTU TPU

X/x\ / ><\x X
N\ \

3HaueHUA Ipoaax

- \X/"—x\x_

X

X

/

N

4 5 6 7 8 9 101112 1 2 3 4 5 6 7 8 9 10 11
Mecsibt

Puc. 4. T'paduk npogax HOMEHKIATYPHOH €IHUIIBI

AJITOPUTM HAXOXKIEHHUS CE30HHBIX KOA(PQHUIIMEHTOB M MPOTHO3a CIEIYIO-
il
1. Haxomum ckomb3siiee cpeaHee d; MepBoro Mopsiaka A HCXOJHOTO psi-

na Y.
2. HaxomuM LEHTPUPOBAHHOE CKOIBb3sIIICe CpelHee d, BTOPOro MOpsaKa
IS psina d, .
3. HaxomuM HEyCpemHEHHbIE 3HA4YeHHS KOA((OUIIMEHTOB CE30HHOCTH
Y,
S'= d_t" :
t

4. HaxonnM OKOHYATEIbHBIE IeCe30HATN3NPOBAHHBIC 3HAYCHNS.
5. CTpoum MpoTHO3HYIO MOJIENb M0 JECE30HATH3NPOBAHHBIM 3HAUECHUSM.
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6. KoppekTrpyeM NporHo3Hble 3HaUSHHsI Ha COOTBETCTBYIONIUE KOAPQUIIH-
€HTHI CE30HHOCTH.
Pe3ymbTaThl BEIMUCIICHHUN TTPUBEICHBI B Ta0. 7.

Taoauuma 7. Pe3ynpTaTsl MPOTHO3UPOBAHMS C IIOMOIIIBIO CE30HHOW MOACITH
C TPEHIIOM

Ckoan3simee | CKoJIb3siiee Jlece30HATU3UPOBAHHOE
Tox (Mecsi| Vyp, ¥ , e S
cpennee d’ | cpeanee d 3navenue d
4 478.0
5 562,0 4933
6 440,0 461,8 477.5 1,09 405,41
7 367,0 4933 477.5 1,30 282,07
2007 8 604,0 4693 4813 0,80 758,06
9 466,0 451,5 460,4 0,99 471,69
10 369,0 4748 463,1 1,26 294,00
11 460,0 399,5 437,1 0,95 484,07
12 303,0 350,3 374,9 1,24 24491
1 269,0 333,0 341,6 1,27 211,81
2 300,0 317,0 325,0 1,08 276,92
3 396,0 299,5 308,3 0,78 508,73
4 233,0 314,5 307,0 1,32 176,84
5 329,0 323,0 318,8 0,97 339,58
2008 6 334,0 285,5 304,3 0,91 366,66
7 246,0 287,3 286,4 1,16 211,32
8 240,0 246,8 267,0 1,11 215,73
9 167,0 227,8 237,3 1,42 117,55
10 258,0 270,8 249.3 0,97 267,06
11 418,0 310,0
12 397,0

Jns monmy4yeHus: porHo3a HeoOXOAMMO Ha OCHOBE JI€CE30HATHM3UPOBAHHBIX
3HAYEHWH TIOCTPOUTHh MPOTHO3HYIO MOJENb, HApUMEpP, C IOMOIIBI0 OJHON U3
KpHBOH MOATOHKH, ITOCJIE YeT0, BEIOpaB KOI(DPHUITMEHTH CE30HHOCTH, CKOPPEKTH-
pOBaTh MPOTHO3HBIE 3HAYECHHUSI HA COOTBETCTBYIOIINH KO PHULIUEHT.

Monaenn nuHeiiHO# perpeccun [4] mpuMeHsieTCa B TOM ciydae, Korjaa
CTaOMIIBHOCTH MPOTHO3UPYEMOIO 3HAYEHHSI HaM Topa3f o BakHee TOYHOCTH, Ha-
puMep, TIPHU MPOTHO3UPOBAaHNH (DMHAHCOBBIX MOKa3aTelneil koMmmanuu. Ecimu nc-
MOJIb30BaHME MNPEABIAYLUIUX MOJENeH JaBajo €IMHCTBEHHOE 3HAYE€HHE Ipo-
THO3UPYEMOI BEIMYUHBI, TO TENeph PE3yJbTaTOM IMPOTHO3MPOBAHUSA SIBISIETCS
YUCIIOBOW MHTepBai. [IporHO3 mpomak B TaKOM ciydae BBITTSAHUT Tak: «O0beM
IpOJaX ¢ BEPOSTHOCTBIO 95% Oyaer Haxonutbes B auanaszone 3100-3500 meke-
nei». ENMHCTBEHHAS CIIOKHOCTB 3aKIIFOYAeTCsS B TOM, YTOOBI MOHSTH, ACHCTBH-
TENBHO JIM HAaIlla JIMHEHHas MOJIeh ONHCHIBAeT MOBeleHHe 3HadeHn. [[ist aToro
NPOBOST HECKONBKO TecToB Mozenn. Hanbomnee nmokasaTensHbIM, Ha HAlll B3TJISLL,
SBIISIETCS TECT PEKYPCHUBHOI OIIEHKH OIIMOOK PErpecCHH.

Mopens TMHEHHON Perpeccuu BhIMISAUT TaK:

Y, =B+ B X; +é;,
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rae f;, o — KOHCTaHTBl MOJAENH; &,,&,,E5,...,&, — HOPMAlbHbIE CIlyYaiHbIe

n
BCJIMYMHBI C OJHHUM MU TCM K€ MATCMATUYCCKUM OXUIAAHHUECM, PABHBIM HYJIIO U
CTaHAAPTHBIM OTKJIOHCHUCM O ; X ; — KOHCTaHTa.

Ha mpakrtuke npeanonaraercs, 4to i =1,2,...,n COOTBETCTBYIOT MOMEHTaM

BPEMEHHU, UMCIOIIUM OJIUHAKOBBIN mmar (Heaems, MecsIl, KBapTa).

PaccmoTpumM nmpumeHeHre 3TOW MOJIENH Ha MPaKTHIECKOM IIpUMepe, B3sB 3a
OCHOBY JaHHBIC TaOJI. 2.

IIpuMmeHHUB 111 NOCTPOEHUSI YPABHEHHUs JIMHEHHOH perpeccuu Ipo-
rpaMMHbIA nakeT SPSS, Mbl MOXXeM IOCTATOYHO JIETKO IMOJYYUTh MPOTHO3 HA
ommkaiimue Tpu Mecsra. OMHaKo HanOONBIINKA HHTEPEC B TAHHOM CIydae Mpei-
CTaBJsieT co0Olf HE TOYHOCTH CAaMOTO MPOTHO3a, a aAeKBaTHOCTh MOJEIH, T.C.,
HACKOJILKO MapaMeTpbl MOJICIHM CTAOWIBHBI U COOTBETCTBYIOT PEAIbHBIM 3HAYE-
HUSM 32 TIOCJEHUE IIeCTh MecseB. i1 3Toro HeoOXOAMMO MPOTECTUPOBATH
OImMOKY perpeccuu e Ha PEeKypPCHUBHOCTH, IIPOBEPUB €€ HAXOXKICHUE B TCUCHUE
HMHTEPECYIOIIETO MEepHoIa ¢ BEPOSTHOCTHIO 95% B NOBEPUTEILHOM HHTEpBAJE,
MOCTIeI0OBaTeNILHO TIOCTPOUB Mojeu. Tak, Mo 3HauYeHUSIM MPOAAXK 3a TPEIbIIy-
e 14 MecsIeB CTpOWTCS MPOTHO3 Ha 15- MecsIl, mo pesyiapraTtam 15 mecs-
1eB — Ha 16-i u 1.11. (Tadn. 8, puc. 5).

Taodoaumma 8. PesynbraTel NporHO3UPOBaHUS C MOMOIIBIO MOJENIN JIMHEHHON
perpeccun

Huxnsas | Bepxusas
Jlauna
Mecsiy Vips ¥ | Y JIMH. perp. |e JIMH. perp.| rpaHdua | rpaHuna UHTeDBATA
95% 95% P
15 (1) 8994 8264,94 729,06 7651,27 | 8878,61 613,67
16 (2) 11041 8681,60 2359,40 8013,03 | 9350,16 668,56
17 (3) 9521 9098,27 422,74 8369,26 | 982727 729,01
18 (4) 9740 9514,93 225,07 8721,20 | 10308,65 793,72
19 (5) 9212 9931,59 -719,59 | 9069,84 | 10793,35 861,76
20 (6) 9041 10348,26 -1307,26 | 9415,88 | 11280,63 932,38
3000,00
2500,00 - x
= 2000,00 -
8 1500,00 -
% 1000,00
Q X
< |
g 500,00 x—0
5 0,00 ‘
© 500001 1 2 3 4 > 6
~1000,00 - m
-1500,00 -

Puc. 5. I'paduk HaxoxAEHUs OLIMOKU PErPECCUH B JIOBEPUTEIILHOM HHTEpBae

JliHa TOBEpUTENEHOTO WHTEPBAa CO BPEMEHEM YBEIMYMBACTCA, yXY/IIIIas
TEM CaMbIM TOYHOCTh TMPOTHO3HPOBAHUA. | J1aBHOE 3aKIIOYaeTCs B TOM, UTO
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omrOKa MPOrHO3UPOBAHHA U3 IIECTH HAOMIOJEHNUH TONBKO TPYXKIBI MOMaNa B J0-
BEpPUTENBbHBIN HHTEepBai. Clea0BaTeIbHO, IPEII0oKEHHAS MOJCNb JIMHEHHON per-
peccun s 3THX JaHHBIX HE SBIISETCS aJ€KBAaTHOM M ee He CIeQyeT HUCIOJb30-
BaTh B TAKOM CJIy4ae.

Mogeab MHOMXeCTBeHHOH perpeccuu. B npenpimymieil mMoneian Mbl HC-
TIOJTF30BAIM JIBA pETpeccopa — BpeMsl M 3HAYCHHUS MpoJiaX. B Momenn MHOXecCT-
BEHHOW perpeccuu TaKuX PerpeccopoB MOXKET OBITh HECKOJIBKO — YPOBEHb J0-
X0JI0B MOTpeOuTENe, LIeHbl Ha TPOAYKTHl KOHKYPEHTOB, PacXoIbl Ha pEeKJIaMy
u ap. Moxer OBITh MOCTPOEHA PEeTrpecCHOHHAs MOJENb, YPAaBHEHHE KOTOPOH
UMeeT BH[T

2 k
Y, =B+ XD+ B v ey,

rae f;, [}, — KOHCTaHTBl MOAEIH; &,E5,E3,...,E, — HOPMaJbHBIC CIy4aliHble

n
BCJIMYMHBI C OJHHUM MU TCM K€ MATCMATUYCCKUM OXUIAAHHUEM, PABHBIM HYJIIO U

CTaHJAPTHBIM OTKJIOHEHUEM o ; i=1,2,...,7n.

ITpu k> 2 mMojens HA3BIBACTCS MOJIENIBI0 MHOKECTBEHHON PErpecCH.

Bce perpeccopsl MOXHO pa3feliuTh Ha KOHTPOJMPYEMbIe (Hampumep, pac-
XOJIbl Ha PEKJIaMY) U HEKOHTPOJIUpYeMbIe (KOTMUYECTBO pabOUYHX JHEH B MecsIe).

C TOYKM 3peHUs MPAKTHYECKOTO IPUMEHEHHSI HAN0O0JIee CIIOKHBIM SIBIISETCS
HaXOXKJICHUE ONTHMAIbHOIO KOJIMYECTBA PErPeCCOPOB — MEPEMEHHBIX X , OmH-
CBHIBAIOIIUX M3MCHEHUS MPOTHO3MPYEMBIX 3HaYeHmit Y . [lyig 3Toro cHavama or-
penenseTcs HAbOp TAKUX PErPECCOPOB, a 3aTEM OCTABISIFOTCS TE, BIUSHHE KOTO-
PBIX Ha MIPOTHO3UPYEMbIE 3HAYCHUS CYIIIECTBEHHO.

PaccMoTpuM mprMeEHEHHE 3TOr0 METOJa Ha MPAaKTUYSCKOM MpPUMEpE, OIpe-
JICJIB B KA4€CTBE KOHTPOJIUPYEMBIX PETPECCOPOB PACXO/IbI HA PEKJIaMy U HEKOH-
TPOJIUPYEMBIX — KOJIMYECTBO pabounx AHEH B Mecsie. B cBow ouepenb, MOHH-
Masl, 9TO pacxojpl Ha peKlIaMy H €€ BO3JICHCTBHE Ha MOTPEOUTENsT pPa3HEeCEHBI BO
BPEMCHH, JI00ABHM B Ka4€CTBE KOHTPOJIMPYEMBIX PErpPECCOPOB PACXOJbI HA PEK-
JaMy ¢ 3ama3/bIBaHUEM B OJIMH U J[BA MECSIIA.

Ha cnenyroriem stamne HeoOXOAUMO H30ABUTHCS OT JHIITHUX PErPECCOPOB.
C nmomompio mporpaMmbl SPSS MBI MOXkeM, ITOOYEepeaHO OTOpAChIBasT PErpecco-
Pbl, TIPOTECTUPOBATh IOJIyYCHHBIC MOJICIM, WCIOJNB3ys B KAayecTBE MapaMeTpa
BBIOOpA CKOPPEKTUPOBAHHBINA KOI(DDUIMEHT JeTepMUHAIINN

(n-1(1-R})

o2
Re=1- n—=k

b

¥, -1)*"

Y CTAHJIAPTHYIO OLIMOKY PErpeccuu

Y. -Y)?
e R,f :—( )

2 2 2
€] +62 +...+en

n—k
Pe3ynpraTer aHanM3a HAIUX MOZETEl MPUBEACHHI B TA0I. 9.
a Ilpemukropsr: (koHcTanTa) 3Pexmamal, Pexmama, 3Pexmama2, Pabnnwm,
Mecsn
b Tpenukropsr: (koHcTanTa) 3Pexiamal, 3Pexnama?, Pabauu, Mecsi

S =
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¢ IlpenukTtopsl: (koHcTanTa) 3Pexiamal, Padann, Mecsig
d Tlpenukropsr: (koHcTaHTa) Pabaan, Mecsi
e 3aBucumas nepemenHas: [Ipogaxu

Tadauuma 9. Ananuz Mozaeneii MHOKECTBEHHOH perpeccuu

Mown | & @ Covbemmpan T Cavaper
1 0,838(a) 0,702 0,454 1625,42105
2 0,838(b) 0,702 0,532 1505,14004
3 0,835(¢c) 0,698 0,585 1417,67654
4 0,783(d) 0,613 0,526 1513,73175

O4eBHIHO, YTO ONTUMAIEHOW MOJIEIBIO B HAIIIEM CITydae SIBISETCS MOJIENb C
perpeccopamu «KonmmdecTBo pabounx mHEH B MecsIe» u «Pacxoapl Ha peKiiaMy»
C 3ama3ApIBaHUEM B OAMH Mecsll. [IporHo3 mpojgax ¢ UCIOIb30BaHUEM TaKOM Mo-
JIeN TIpY 3aJJaHHBIX 3aTpaTax Ha pekiamy npuBeneH B a0 10.

Taoauuma 10. Pe3yabTaTsl MPpOrHO3UPOBAHUS C TIOMOIIBIO MOJIECTH MHOXKECT-
BEHHOU pPerpeccuun

Mecnu| 00N pasomm i | e iimaen | Mporuos
MPOJAK, IIT. NMPOJAXK, IIT.
B MecCHle B MecCHll

1 5966 21 0 7928,86
2 8547 19 15394 7184,21
3 7927 21 8571,81 8853,18
4 11119 22 7320,17 9918,75
5 11040 22 12469,79 10380,92
6 9349 20 8445,71 9636,26
7 11543 23 16982,95 11908,65
8 11683 22 4174,02 11767,40
9 12500 19 8641,05 10419,34
10 8845 17 1689,12 9674,69
11 13941 21 0 12550,48
12 10172 20 0 12409,24
13 19 0 12267,99
14 18 0 12126,75
15 20 21000 13795,73
16 22 2000 15464,70

[Tocne Toro xak MPOTHO3 MOATOTOBJIEH W MPEACTABICH PyKOBOJICTBY Opra-
HU3AIMH, HACTYTAET dTall MOHUTOPUHTA W COTIOCTABIICHHUS TIOJyICHHBIX MTPOTHO-
30B C PEAJIbHBIMU JaHHBIMU, YTO TMO3BOJIIET CBOEBPEMEHHO BBHISIBIISITH 3HAUUTEIb-
HbI€ OTKJIOHEHHS B XOJle¢ pa3BUTUS COOBITHA. Ecmm oHM MOTyT OKa3aTh
MPUHITUIHAIBHOE BIUSHUE HA JATHHEHIIHNNA XOJ] COOBITUI B MPUHATHH Ba’KHBIX
CTPaTETMYECKUX PEUICHHI, TO MPOTHO3 JOJKECH OBITh MOJABEPIHYT KOPPEKTUPOB-
ke. B uTore BO3HHMKaeT BONPOC OIEHKH KadyecTBa MPOTHO3a arnoctepuopHo. Ha
MPAaKTHKE B KaYECTBE TAKOTO KPUTEPHS OIEHKH TOYHOCTH MPOTHO3a MPUMEHSIOT
CpPEIHEKBAAPATUYHOE OTKJIOHEHHE WCTUHHOTO 3HAYECHHUS OT MPOTHO3ZUPYEMOTO.
BenuunHy 3TOTO0 MapaMerpa Kaxaoe IpeAnpUsITHe ONpeAesieT CaMOCTOSTENBHO.
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B 3akmoueHHe OTMETHM, YTO CITUCOK MEPEYUCICHHBIX MOJeNel (ITOATOHKH
KPUBBIMH, CKOJIB3AIIETO CPEAHETO, IKCIMIOHCHIIMAIHEHO B3BEIIICHHOTO CKOJIB3SIIIC-
0 CpeJHEro, ABOMHOIO 3KCIIOHEHIIMAIBHOTO CriaXXuBaHusi, XoJita, bpayHa, ce-
30HHBIC, TUHCHHON U MHOXKECTBCHHOHN perpeccuu) He sBseTcs NoiaHbM. [IpuBe-
JIEHBl CaMble PacIpOCTPaHEHHBIE M IIMPOKO MpHMeHseMble Mojenu. OOBIYHO,
9eM TIPOIIe MOJIENb, TEM IITHPE OHAa MPUMEHSETCS B IPOTHO3UPOBAHHH.

Takoit moaxo/1 O0BSICHACTCS CICAYIOUUMHE TPUYUHAMH.

e lcnonb3oBaHue Gosiee CIIOKHBIX MOJIENel He BCETAa MPUBOJUT K MOBBI-
IIEHWI0 TOYHOCTH TMPOTHO30B. VIMes OONBIION OIBIT, MHOTHE COOBITHS MOXHO
«TIPOYYBCTBOBATHY, HO MPAKTHIECKHA HEBO3MOKHO IMPOCUUTATb.

e YeM crokHEE MOJENb, TeM OOJBIIe BpeMEHU TPeOyeTCs Ha MOATOTOBKY
JaHHBbIX, pacqum, aHaJIn3, YMCJIICHHBIC SKCHepI/IMeHTBI. CJIeIlOBaTeHBHO, MHOTO-
KpaTHO BO3pacTalOT 3aTpaThl npeanpusTus. Kak pesynbraTr — uyeM Oojblie ac-
COPTHUMEHT, TeM IPOIIIE UCTIOIh3yEeMbIe METOIbI TPOTHO3UPOBAHUS.

o KoOHKYpeHTHas cpelia, U3MEHSIIOIIUECS PHIHKU, IPOOJIEMBbI POCTa KOMITa-
HUH ¥ MIPOYHE YCIIOBUS MPHU MPOTHOZHUPOBAHUH HE TIO3BOJISIOT PACCUUTHIBATH HA
penpe3eHTaTHBHBIE BHIOOPKH MCTOPHYECKHUX JAHHBIX. [Ipw 3TOM monamisiioniee
OOJIBIIMHCTBO MOJIEJCH MPOTHO3UPOBAHUS TaK WIIM WHAYE UCIOIB3YyeT UMEHHO
STHU JAHHEIC.

TeM He MeHee, TPaMOTHOE NTPUMEHEHNE HAYYIHBIX METOIOB IPOTHO3UPOBA-
HUs, YMCHI/IG I10JIB30BAThCA MATEMATHYCCKUM N CTAaTUCTHUYCCKUM annapaTaMI/I u
MPUKIIAIHBIM TPOTPAMMHBIM OOECIICUYSHHEM MOBBIIIAIOT TOYHOCTH MPOTHO3HPO-
BaHUsS, YTO B HWTOTe MPHUBOJUT K YBEIMYCHHIO KOHKYPEHTHOTO IMPEUMYIIECTBa
TIPEATIPHUSATHS.
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@T EBPUCTUYHI METOOU TA ANITOPUTMU
1 B CUCTEMHOMY AHATI3I TA YNPABIJIIHHI

V]IK 62-50

AJITOPUTM BEPOATHOCTHOI'O BBIBOJA
B BAMECOBCKHX CETSX

A.H. TEPEHTBEB, I1.1. BUJIOK, JI.A. KOPIIEBHIOK

IMpemnaraercst HOBBI, OoJIee MPOCTOI U TOYHBIN AITOPUTM BEPOSITHOCTHOTO BBIBOZA
B 0alf€COBCKHX CETSIX Ha OCHOBE 00yUalOIUX JaHHbIX.

BCTYIIVIEHUE

IIpuMeHeHne TEXHOJIOTHI MHTEIJICKTYaIbHOTO aHAIHM3a JAHHBIX CTAHOBUTCS BCE
0oJjiee aKkTyalnbHBIM OJaronapsi COBEpIICHCTBOBAHUIO METOJIOB aHAIM3a U BBIYHC-
JUTETBHBIX TPOIEAYp, KOTOPBIE MX PEaU3yIOT. JTO CBSA3aHO TAKXKE C TEM, U4TO B
MHUpPE TTOCTEIIEHHO HAKATUITMBAIOTCS O0IbIIHe 00beMBl HHPOPMAITUH, TPEOYIOIIHE
HaJuIexaed oOpaboTKH M MPHUHATHS PEHICHUHA. YCIENIHOe pa3BUTHE JIFOO0T0
MPEIIPUATHS HAIIPSMYIO 3aBUCUT OT €ro CIIOCOOHOCTH aJeKBAaTHO ¥ OIIEPATHBHO
pearupoBaTh Ha W3MEHEHHE BHEIIHEH Cpelpl, a TakKe yMEHHE MPOTHO3UPOBAThH
pe3yabTaThl TeX WIM WHBIX BO3jcicTBUi. Tak, B oTueTe Acconuanuyu aMepHuKaH-
cKuX 0aHKHMpOB oTMeuaeTcs, uto 45 u3 100 xpynueiimux 6ankoB CLIA yxe BHe-
IpUIN y ce0s CHCTeMbl WHTEIDICKTYalbHOTO aHANW3a JaHHBIX, U elle okoio 50
0aHKOB HaYalll peaTN3aIfio MOJOOHBIX IPOEKTOB WU TUIAHUPYIOT 3TO CAETaTh B
Ommkaiiiee BpeMs.

Cpenu pa3HOOOPA3HBIX METOJIOB MHTEIUICKTYAIBHOTO aHaIH3a OailecoOBCKUE
METOJIbl 3aHMMAIOT OJHO W3 BEeIyIIWX HampaBieHWi. biaromapsi yHUBepcalbHO-
CTH TI0O OTHOIIEHUIO K MCIOIB3YEMBIM THIIAM JAHHBIX U PEIIAEMBIX IMPaKTHUC-
CKHUX 3aJ]a4 UX MOYHO HCIIOJIb30BaTh B PA3IMYHBIX O0JIACTAX YEIOBEUCCKOU KHU3-
HE/EATENbHOCTH — TEXHHWKE, OJKOHOMHKE, (QUHAaHCAX, WH(HOPMAIIMOHHBIX
TEXHOJIOTHSAX, MEIUITNHE, OMOJIOTHH W Ipyrux HampaBieHusx [1,2]. Kmacce pe-
IIaeMbIX 3a/1a4 TaKXKe caMmble pasHooOpa3Hble — KiaccH(UKaLus, MPOrHO3UPO-
BaHUE, JIMAarHOCTHKA, OLICHWBaHHE, yrpaBieHHe U T.M. OJHUM M3 CaMBIX Tep-
CIIEKTUBHBIX COBPEMEHHBIX 0aileCOBCKHX METOOB SIBIISIETCS OaiflecCOBCKas CETh
(BO).

[Ipu noctpoernn BC HeoOX0auMO periath 3a1auu 00yUSHUsI, ONTUMH3AIH
CTPYKTYpHI ceTH U (HOPMUPOBAHUS BEPOSITHOCTHOTO BBIBOJIA. 3a/iada BEPOSTHO-
ctHoro BeiBoJa B BC sBisgeTcs BaKHOW M CJIOKHOM 3ajadei, OTHOCSIIEHCS K
KJIacCy 3a7a4 MpuHATHS penieHuil. ONUH U3 METOA0B (POPMUPOBAHUS BEPOSITHO-
ctHoro BeiBoAa B BC mpemnoxken B padore [3]. OmpHako Ui peanu3anuu MeToa

© A.H. Tepeumuves, I1.U. buowk, JI.A. Kopwesniok, 2009

Cucmemni docnioxcenna ma ingpopmayivini mexnonoeii, 2009, Ne 2 107



A.H. Tepenmves, [1.U. buoiwk, JI.A. Kopuwesntok

HeoOXxoauMo npuBect cTpykTypy BC Kk Buay 00beIUHEHHOTO nIepeBa (junction
tree). JI71st 3TOTO HYKHO BBIITOJIHUTH CIIEAYIOIIEE.

1. MopanuzupoBats rpad (ctpykrypy bC) — mo6aBuTh IyTH MEXITy HECBSI-
3aHHBIMU MEX]y COOOH MpeaKaMu KayKI0H BEPIIUHBI CETH.

2. JlezopueHTUpOBaTh Tpad) — HaIpaBlICHHBIC JYTH 3aMEHUTh HEOPHCHTH-
POBaHHBIMH peOpamMu.

3. TpuanrynupoBaTh Tpad — MPHUBECTH CTPYKTYpy rpada K TakoMmy BUIY,
9TOOBI HE OBLIO IUKJIOB JTTMHOM OOJIBIIIE TPEeX.

4. Mopanm3upoBaHHbI TPHAHTYJINPOBAHHBIN rpad MPUBECTH K BUAY rpada
KIUK, T.€. K Tpady, COCTosAmEeMy U3 oarpados.

5. I'pad ximk mpuBecTH K BUAY 00BbeIMHEHHOTO JepeBa.

W TonpKO mocie 3Toro MOKHO MCTIOIh30BATh ATOPUTM BEPOSTHOCTHOTO BBIBOJA
B 00BbEIMHEHHOM JIepeBe, KOTOPBI OCHOBBIBAETCS HA TPOXOXKICHUH A U 77 CO-
OOIIeHNH TI0 IEPEeBY U MOCIIE0OBATEIHFHOM IepecyeTe TaOIHIl YCIOBHBIX BEPOSIT-
HOCTEH.

B pabote [4] mpemiokeH MeTon moriomaromniero uckimodenus (bucket
elimination). [IpoGyemoii, BOSHUKAOIIEH NMPU UCIIOIB30BAHUH 3TOTO METOJIA, SB-
nsieTcs 00s3aTeNbHOE HATMYHNE YITOPSA0YSHHOTO MHOKECTBA BEPIINH, TTOITyUIeHHE
KOTOPOTO SBJISIETCA CIOXKHON BBIYUCIUTENbHON 3a1auell. bonee moapoOHO aHanmu3
npo0sieMbl ¥ 0030p METOJI0B (hOPMUPOBAHUS BEPOSITHOCTHOTO BhIBOMA B BC pac-
CMOTpeH B paboTtax [5-7].

OdeBHIHO, YTO CYIIECTBYIOIIME METOAB! (POPMHUPOBAHUS BBIBOAA, IPEAJIO-
JKEHHBIE B padorax [3, 4], TpebyoT cephe3Horo mpeodpazoBaHus CTpyKTypsl bC
U TPYJOEMKHX MOATOTOBUTEILHBIX BhIYHCICHHI. [[03TOMY pa3paboTka METOA0B,
MO3BOJISIOIINX YMEHBIIUTH BEIYACIUTEIBHYIO CIIOXKHOCTb, SBISICTCS aKTyaIbHOMH
¥ BOCTpeOOBaHHOM NIPH MOJEITMPOBAHNH MTPOIECCOB PA3IMIHON TTPUPOJIBI CETIMHU
batieca.

IHOCTAHOBKA 3AJAYHN

Pa3pa60TI<a METOZa BECPOATHOCTHOI'O BbBIBOJA B BC, COCTOAIICTO M3 IBYX IIAaros.
Ha NEpBOM HIAre BBINOJHACTCA BBIYMCICHUEC MATPHUIBI SMIIMPUICCKUX 3HAYCHHUH
COBMECTHOI'O pacCIipcAcJICHUA BepOHTHOCTeﬁ Bceit CCTHU, HA BTOPOM — BCPOATHO-
CTEH BCEX BO3MOXKHBIX COCTOSIHHI HE HWHCTAHIUHUPOBAHHBIX BCPIIHH.

AJI'OPUTM BEPOATHOCTHOI'O BBIBOJIA B BC HA OCHOBE
OBYYAIOIIUX JAHHBIX

Bxoanble 1aHHbIE, HEO0X0AMMBbIE I aJaropuTMa GopMUPOBAHUS BbIBOAA

1. MHoxkecTBO oOy4awmux ganubix D={d,,..d,}, d; ={xl-(l)xl-(2),...

...,xi(N)} (HMKHUH WHIEKC — HOMEp HaONIOJeHHs, BEpXHUIH — IepEeMEHHOH ),
n — KOJHMYECTBO HaOmoneHuil, coctoammx u3 N (N 22) mnepeMeHHbIX
X0 x@  xW™ Kaxnas j-n mepemennas (j=1,.,N) umeer AV =

= {O,l,...,a(j) -1} (a(j) > 2) COCTOSTHUH.
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2. CTpykTypa 0aiiecOBCKOii ceTH g , IpeICTaBICHHAS MHOXKECTBOM n3 N
TIPEIKOB (H(l),...,H(N)). Jlnst kaxxmo#t BepmmHb j = 1,..., N, Y — 510 MHO-

JKECTBO POJUTENILCKUX BEPIIMH TaKoe, 4YTO nv c {X o xW )} X Y )}
(BepuIMHa HE MOXKET OBITh MPEAKOM JJIsl cCaMoll ce0si — IeTIH B rpade JTOIHKHBI
OTCYTCTBOBATh ).

3. MHo:KeCTBO MHCTAHIIMMPOBAHHBLIX BepmiuH {X (A) =x(Pl),...,X (B =

P
:x( V)}, T.C. BCPUIMH, HAXOAAIIUXCA B HEKOTOPOM OHNPCACIICHHOM COCTOSHHUU C

€UHUYHON BEPOSTHOCTHIO. ECiIM MHOXKECTBO MHCTAHIIMMPOBAHHBIX BEPLIUH ITyC-
TOE, TO HY’KHO MCIOJIb30BaTh KJIACCUYECKUN BEPOSITHOCTHBIN BBIBOJ.

AJroput™m (popMUpPOBaHHUs BBIBOAA

Hlar 1.
ITo MHOXECTBY o6yqafou11/1x HaHHBIX BBIYUCIACTCA MaTpHlla SMIIMpUUC-
CKUX 3HAQYE€HUM COBMECTHOTO pACIHpEJeNIEHUsI BEPOSITHOCTEH BCE CceTHu

P(X(l),...,X(N)) . [lo popmyme
,X(N) :x(N)]

b

n_ .d
(N):x(N)):n[X()—x ),...
n

P (XD =xDx

rJie # — KOJMYECTBO OOYYarONIMX HAOIIOICHHIA; x e gV , 4 YHUCJIUTEIb BBI-
YUCIIAETCS TakK:

n[X(l) =xO . x™ = x(N)] = ZH:I(X(D = xﬁl) ey XV = xﬁN)) ,
j=1
rne ¢yukuus [(E)=1, worma mpeaukar FE =true, B NPOTHBHOM Clyd4ae
I(E)=0.

lar 2.

Iepebupaem mocnenoBarenbo Bee Bepimubl BC. Ecnu BepiivHa He sBIA-
€TCS MHCTAaHIMUPOBAHHOW, TO HY)KHO BBIYHMCIIHMTL 3HAYCHHUS BEPOATHOCTEH BO3-
MOXHBIX COCTOSIHUH 3TOM BepliMHBL [IJi1 3TOro Jenmaercst Mocieq0BaTelbHbBIN
nepeOop BceX CTPOK MATPUIIBI IMIIUPUICCKUAX 3HAUCHUN COBMECTHOTO pacrpesie-
JICHUS BEPOSITHOCTEH ceTy. ECii 3HAYCHMs BEPUIMH CTPOKH COBMAIAIOT CO 3HAYEC-
HUSIMA WHCTAHIIMMPOBAHHBIX BEPIIMH U COCTOSIHUEM aHAIU3UPYEMOU BEpIIUHBI,

T0 P

matrix

BYIOIICTO COCTOSAHHSA BEPIIMHBI. Ilocme 3TOro BBITIOJIHSACTCS HOPMHUPOBAHUC 3HA-

1 N
xD . xMy npuOaBisieTCs] K 3HAYEHUIO BEPOSTHOCTH COOTBETCT-

YEHUI BEPOATHOCTEN €€ COCTOSIHUIMA.

AJITOPUTM BBIYUC/IEHNSI 3HAYEHU I BEPOATHOCTENH BCeX BO3MOKHbBIX COCTOSI-
HHUii HEUHCTAHIUUPOBAHHBIX BePIINH

for j=1to N if X/ e{x® _ x®B)} then
begin
sum=0;
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v x(D e 40 do

begin
for k=1 to last string matrix do
begin
. A R R) _ . (B ) U
if (X r(n;t)rix =x™) and...and (X I(natzix =x%)) and (X I(I{a)trix =x")) then
begin
: . . . . v
PXYD =xDy= p(x D =xypp o (x D XD
end;
end;

sum = sum+P(X(j) = x(j)) ;
end;
vx e 49 do
begin
PO =x1)
sum

P(X(j) _ x(j)) _

end;
end;

Brixoannie JaHHBIE

BBIXO,I[HI:IMI/I JaHHBIMHU ABJIAIOTCA 3HAYCHUA BepOSITHOCTeﬁ BCE€X BO3MOXXHBIX CO-
CTOSIHUH BCEX HEMHCTAaHIIUNPOBAHHBIX BEPIINH.

BbIBO/JbI

MonenupoBaHue MPOIECCOB PA3IMYHON MPUPOJIBI M CIOKHOCTH Tipu oMot bC
SIBJIICTCSL OJTHUM U3 MEPCIIEKTUBHBIX COBPEMEHHBIX HANPaBICHHI B 0071aCTH WH-
TEJUIEKTYaJIbHOTO aHalin3a NaHHbIX. B paboTe mpemioxer MeTo] GopMuUpoBaHUs
BEPOSITHOCTHOTO BhIBO/Ia Ha ocHOBe BC ¢ Mcmoab30BaHHEM 00YYaIOIIUX JTaHHBIX.
3rtoT MeTon Ooyiee MPOCTON C BBIYMCIUTEIBHON TOUKH 3PECHUS 10 CPABHEHUIO C
TAaKUMH METOJIaMH, KaK BEPOSTHOCTHBIN BBIBOA B O0BEAMHEHHOM aepeBe [3] u
MOTJIOMIAKNIUM HCKIoueHueM [4]. braronaps ucnons3oBanuo uHGOpMaImu 00
WHCTaHIIMMPOBAHHBIX y371aX JOCTUTaeTcs OoJiee BBICOKAs TOYHOCTh pPe3yJbTara
M0 CPAaBHEHHUIO C KJIACCUYECKUM BEPOSTHOCTHBIM BBIBOJIOM, KOTOPBIN OCHOBBIBA-
eTcs Ha TaONIMIaxX YCIOBHBIX BEpPOATHOCTEH. B manbHeimeM HeoOXoauMa paspa-
00TKa OoJiee COBEPILCHHBIX METOIOB BEPOATHOCTHOrO BhiBoAa 1 bC ¢ Hempe-
PHIBHBIMH BEPIIMHAMH, T.C. MEPEMCHHBIMHU, MOJUUHSIOIMIUMUICS CTAHAAPTHBIM
3aKOHAM pacrpesieNieHus], a Takxke Oosiee nHTepecHoro ciydas bC ¢ HemoMHbBIMU
obyJarormuMu  JaHHBIME. OmrcaHHas HaydYHO-HCCIEAoBaTelbckas padoTa BBI-
nmoJiHeHa B pamkax rpanta HTYY «KITIW» 3/5-T'P.
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VJIK 004.021

AJITOPUTM HAXOKXJIEHUA HAUBOJIBIIEI'O OBIIETI'O
INOAT'PADA

M.B. WIIBAINEHKO

[Ipennaraercs HOBBIM HEepeOOPHBIN AJTOPUTM PEILEHMS 3aa4d HAXOXKACHHUS Hau-
Gonbluero obmero noarpacda. IIpuBeneHsl pe3ynbTaThl YUCICHHOTO aHAIM3a MIPOU3-
BOJHUTEIBHOCTH AITOPUTMA Ha Tpadax pa3INdHbIX KIACCOB U PAa3MEPOB, BXOMAIINX
B cOCTaB 0a3bl rpa)oB AT OLEHKH MIPOU3BOJUTEIBHOCTH AITOPHUTMOB PEIICHUS 3a-
a4y ycTaHOBJICHUSI Mopdu3Ma Ha rpadax. JlaHa oreHka HOTeHIMAada NMPUMEHEHHS
pa3pabOTaHHOTO AITOPHTMA IS PeIIeHHs PeIbHBIX NPUKIAAHBIX 3a1ad Ha rpadax
pa3MepoM MopsiaKa COTCH BEPLIMH

I'padbr mmpoko MPUMEHSIOTCS B Pa3IMYHBIX 00JaCTAX HAYKHA M TEXHUKH: B CHC-
TeMax pacro3HaBaHUS 00pa30B, XUMHUH, KOMIIBIOTEPHBIX CHCTEMax MU CETAX, JIO-
TUCTHKE U T.A. Ecnu rpadbl mpUMEHSIOTCS IS MPEICTaBJICHUS CTPYKTYPHBIX
00BEKTOB, TO CTENEHbh CXOACTBA OOBEKTOB CTAHOBUTCS PaBHO3HAYHA OIpeJleNe-
HUIO CXOJCTBA Ipad)oB, X MpeAcTaBisiomux. M3omopdusm rpad)oB UCHOIB3YET-
csl Ui OTpeneNieHus MACHTHYHOCTH CTPYKTYp ABYX rpado [1]. Bonee oOmas
omeparnus rpad-moarpad u3oMopdr3Ma HCIONB3YETCs ISl ONPEACTICHHUSI, SIBIIS-
eTCsl TN ONWH Tpad CTPYKTypHOU dacThio apyroro [1,2]. B pabotax [3,4] pac-
CMOTpEHBI BOMIPOCHI MPUMEHEHUS IOHITUSI HanOOJIbIIero o0ero noarpada ams
OTIpefeNICHHs CTETICHH CXO0XKeCTU TpadoB.

Haxoxnenue nHanbomisirero odmero noarpada (HOII) nByx 3amaHHBIX Tpa-
(hoB — 3amada m3BecTHas. B pabdortax [5, 6] anroputm Haxoxknenus HOIT npume-
HSIJICS JUTSI CpaBHEHMS MOJICKYJ. B pabote [7] mpemioxkeH alropuTM HaX0XKICHUS
HOII, ucnonp3yromuii METOA MOUCKAa C BO3BpaToM. Jpyrum, KapAHHaIbHO OT-
JUYHBIM 1ToAX010M K HaxoxaeHnio HOIL, sBisseTcss monck MakCUMaabHON KITUKA
B MOJTyJIbHOM Ipou3BeaeHuu rpados [8, 9].

[Ipobnemsr Haxoxaenus HOII m MakcuManbHOW KIHMKH sBIStOTCS NP-
nonHbIMU 3amadamu [10]. [losTomMy OBLIO TIPEUIOKEHO MHOKECTBO IBPHCTHYE-
CKHX aJNTOpUTMOB pemieHns. O030p TakuX ajlrOpuTMOB, B TOM YHCIIE aHAIIU3 HX
BBIUMCIIUTENBHON CIIO)KHOCTH M TIOTEHIIMAIBHBIX BO3MOXHOCTEH NpPUMEHEHHS,
caenan B pabote [11]. Hampumep, B [12] npuBoasATCS pe3ylbTaThl YUCICHHOTO
ucciefoBaHus ByX anroputMoB HaxoxaeHusst HOII Ha ocHOBe 0a3bl CirydaifHBIX
rpagoB. B wacTHOCTH, MPOU3BENICHO CPaBHEHHE MPOU3BOAUTEIBLHOCTH IMEpedop-
HOTO aJrOpUTMa U alrOpUTMa Ha OCHOBE HAXOXKIICHHS MAKCUMAaJbHOM KIMKHU B
MOJIIyJIbHOM TPOM3BEACHUU rpadoB, MOKa3aBIlee, YTO MPH HU3KOH IIOTHOCTH
pebepHoOTO 3amoiaHeHus rpadoB Oonee 3PPEKTUBHBIM SBISIETCS TOIXOJ, OCHO-
BaHHBIN Ha NepeOOPHOM aJITOpUTME.

B nanHo#i cTaThe NMpUBOIUTCA OMUCAHUE anropuTMma HaxoxaeHus HOII,
MOCTPOCHHOTO Ha OCHOBE MeTojla BeTBeil um rpanuil. llpuBomuTcs meranpHOE
ONHMCaHWEe  aIropuTMa, a  TaKke  pe3yNbTaThl  HCCIENOBAaHHUS  €T0
NPOM3BOJAMTENLHOCTH Ha Tpadax STaJoHHOH 0asbl Ui CpPAaBHEHHUS alTOPUTMOB
YCTaHOBJIEHUS U30MOP(PHOCTH.
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AJITOPUTM

MaxkcumanbHbeiid o0muii moarpad. Ilycts ganel rpadsr G =(V1,E1) n G, =
=(V,,E,). Tpadsr G| € Gyu G < G, . Ilpu stom noarpad G| mzomopder moz-
rpady G;. G] U G, comepxaT MakCHMaJlbHOE YUCJIO BEPIIMH CPEIH BCEX BO3-
MOXKHBIX TIOATpadoB.

Anroputm noucka HOII ynoOHO ommcheiBaTh B TEepMHHAX IMOHMCKa B IPO-
cTpaHcTBe cocrossHui. Kakmoe cocTosHHe s mpoliecca COBMEIEHHS BEpIIUH

COOTBETCTBYET YaCTUYHOM IOACTaHOBKE (p(s), KOTOpas COACP/KUT JIMINb YacTh
BEPILHUH TOJIHON NOACTaHOBKU. Kak[oMy COCTOSHHIO COOTBETCTBYIOT MOATPaQbI
G, (s) u G, (s), HOJTyuYeHHble U3 BeplinH rpagoB G; u G, , BOLIEIINX B 4Yac-
THUYHYIO IIOJCTaHOBKY go(s), u pebep, COeUHAIOINX 3TH BepIIMHBL. B nanpHei-
meM 0003HauuM @ (s) u @, (s) MIPOEKIUH MOACTAaHOBKU go(s) HA Vi ul,.

AJITOPUTM COCTOUT U3 TIPEABAPUTEIHHON U OCHOBHOM HacTeil.

B npezaBapuTenbHON 4acTu alropuTMa BepuIuHbl rpaga G, COpTHPYOTCS B
Hopsiike yObIBaHHS CTEIEHH CBSI3HOCTH BeplluH. [lepBoil cTaBUTCSA BepILIMHA C
HanOOJIBIINM YUCIOM MHIMACHTHBIX pebep. Cpean oCTaBIIUXCS BEPUIMH KaxKIbIi
pa3 BBIOMpAETCs Ta, KOTOPask HMEET MaKCUMAaIbHOE YUCIIO0 pedep, COeTUHAIOINX
€e C y’Ke COBMEILEHHBIMH BepUIMHaMU. TakuM 00pa3oM, BHayajae UAYT BEPILIUHEL,
UMeEIOIUe OOJIbILIEE YUCIO BHYTPEHHUX CBs3ed. DTOT MOPSJOK CIEJOBaHUS BEp-
IIMH JenaeT Ooyee KECTKMMH TPaHWYHBIE YCIIOBHS, HCIONb3yeMbIE B Iepebop-
HOH 4acTHU aJlrOpUTMa U, B KOHEYHOM CYETe, Cy’kKaeT 00JacThb IIOUCKa.

LlenTpanbHOil sBIseTCA NMepeOOpHas 4acTb alrOpUTMa, OCHOBAHHAS Ha pe-
KypCUBHOH (YHKIMU IOC/IEA0BATENILHOTO HAJ0KEHUS BEPLUIMH C BO3BPATOM.
Bepmmns! rpada G, 0cTaroTCs HETPOHYTHIMH, U UM B COOTBETCTBHE CTaBATCSA
BepLIMHbI rpada G .

B anropurMe UCHonp3yroTcs CIEAYIOMIME BEKTOPBI UHIEKCOB BEPIIUH I'pa-
(OB, MHIIUAECHTHBIX COBMELICHHBIM BEPIINHAM:

In; — Bxopsmue rpada Gy; Out; — ucxomgsamue Gy; In, — BXopaduue
G, ; Out, — ucxonamue G, .

ITycTs Ha HaHHOM ILIare B MOACTAHOBKY IIPEAINONATracTCs BKIIOYUTH BEPILU-

uet V' m V5 . Ko3(UIHEHT, UCIOTb3yeMbIil P M3MCHEHHH MHICKCOB BXOJI-
LIX M HCXOJSIIIX BepumH, onpenensiercs kak k = 2m°03D Torpa

s v e B v v )e B v vi e By, Vi1 e By wove-
HSIEM 3HA4Y€HUs COOTBETCTBEHHO ]ni/ :]”i/ +k, Outl' =Out1j +k, In{ =
=In{ +k, Outzj = Out% +k.

Takoe U3MEHEHNE UHAECKCOB MO3BOJIAET XPaHUTh B BeKTOpax Iny, In,, Out,

u Out, He TOJIBKO KOJIMYECTBO CBSI3€H Ka)KAOH BEPLIMHBI C BEPLIMHAMH, YK€

BOLLIEIIIMMH B TIOACTAHOBKY, HO M KOCBEHHO, Yepe3 WHAEKC kK — HOMep HTepa-
11, HAa KOTOPOH JaHHas BepIInHa OblIa qoOaBneHa. Mcnonb3oBanue k B mpene-
nax ot 20 1o 231 o0ycnoBIEHO MPUMEHSIEMBIM B A3bIKE TIporpaMmmupoBanust C++
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32-pa3psaHbiM TUIOM AaHHBIX. C BBeNeHnEeM 64-pa3psaHbIX THUIOB JaHHBIX, MTOA-
JICpKUBACMbIX Ha amliapaTHOM YPOBHE, pa30poc 3HaueHuil kod¢duiueHtra k
MOJKHO OyJIET YBEITHYHUTh.

Ha xaxxnom mare nepeOOpHON yacTu anropuTMa cpenu BepiuuH rpada Gy,
elle He BOIIC/IINX B YACTUYHYIO MOJICTAHOBKY (o(s), BbIOMpaeTcs BepumHa V',

MOTEHIIUAJIBHO COBMECTUMAs C OUYEPETHON BEPIINHOMN sz rpada G, . Ilepen co-
BMEIICHHEM TPOBEPSIOTCS YCIOBHS JOMYCTUMOCTH T00ABICHHS Hapbl BEPIIHH
(Vl’,sz B YACTHYHYIO ITOJCTAHOBKY.

o In=Inj.

i_ J

e Quty = Qut; .

e MHoxectBa pebep E| = (Vl’,(ol (s)) u k)= (VZJ N (s)) JIOJDKHBI COBIIA-
nate, T.e. E| = E}.

[locnennee ycrmoBme SBIAETCS TPSIMBIM CIIEACTBHEM ITIOCTAHOBKU 3a]la4H
nmoucka HOIL. Eciim ouepennas moirydeHHas TOICTAHOBKA (o(s) OoJpITie, YeM Te-

KyIIas MakCHMaTbHas yacTHuHas moactaHoBka ¢'(s), 10 ¢'(s)= (/J(S) .

Ecnn Ha odepesHOM Iare He yaeTcst HAMTH COBMECTHMBIX BEpPIINH, TO BbI-
nojHseTcs onepauus otkara (backtracking), BoccraHaBIMBArOTCSl 3HAUCHHST BEK-
TopoB Iny, In,, Out; 1 Out, NpeAbIIYILIEro 1ara, ¥ MOUCK MPOAOIKAETCs, Ha-

YHHasA Co CJ'IC,I[yIOH.IefI Mapel €1e HE COBMCIICHHBIX BCPIINUH.

BA3A I'PA®OB JJI1 OIEHKH ITPOU3BOAUTE/JIBHOCTU AJI'OPUTMOB
HAXOXJIEHUSA HOII

st cpaBHEHUS TPOM3BOJUTEIBHOCTH aJITOPUTMOB MIPOBEPKU HA M30MOPGHOCTb,
ycTaHoBiieHus Tpad-toarpad momopdbuzma n Haxoxaeauss HOII mpemmoskena
sTayioHHas 6a3a rpados [13] (cM. Tabmuiry).

Habope! ans pasnmuuneix pasmepo noarpados (10, 30, 50, 70 u 90% ot
OoJpiero) oguHakoBhl. Beero mpotectupoBano 50000 map rpados.

Tumns! rpadoB, BOIIEAIINE B COCTAB ATAJOHHOIN 0a3bl, yUUTHIBAIOT OCOOEH-
HOCTH PEATbHBIX 33124, KOTOPBIE PEIIAI0TCs ¢ MPUMEHEHHEM aJrOpUTMa HaXOX-
nennst HOIL. Tak st 3agay pacnozHaBaHusi 00pa3oB, pacipeesieHus: Harpy3Ky B
KOMITBIOTEPHBIX CETSIX, CHHTE3a MeYaTHBIX IUIaT U aHajln3a TOMOJIOrHHU Ooiee
XapakTepHbl Tpadbl ¢ HEOOIBIIONW CTEIEHBIO BEPIINH, HU3KOH IUIOTHOCTBIO pe-
OeprHoro 3amosHeHus. Takue rpadbl MpencTaBieHbl B Bujae HabOpoB rpadoB ¢
OrPaHMUYCHHOM CTENEHBIO BEPIIMH U HEPETYJSIPHBIX ceTeil. PerymsapHble (CHIBHO-
peryisipHble) rpadbl, KaK [IPaBUIO, ABISIIOTCA HAUXYAIIUM CIIydaeMm Ui Iepe-
OOpHBIX ANTOPUTMOB pelIeHus 3aaad MopduisMa Ha rpadax U XapakTepHU3YIOT
YPOBEHb IPOU3BOAUTENFHOCTH AITOPUTMA B «HAUXYALIEM ciiydae». Takue rpadsl
HpeAcTaBIeHbl HAOOpaMH PeryJIsipHbIX Ipad)oB ¢ OrpaHUUYEHHON CTEIEHBIO BEp-
IIUH W PeryJIpHBIX ceTeil. KpoMe Toro, mpencTaBieHsl CiiydaiHble rpadbl IS
OLIEHKH HPOM3BOAMUTEIFHOCTH alropuT™Ma Ha rpadax, He o0Iajarolux CHeuu-
JIBHBIMHU CBOMCTBaMH.
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CocraB Habopa rpad)oB dTATOHHONW 0a3bl

Tun rpagos KO‘H?[:SCTBO ITapameTtpsI (I; 1;“::&:1)

. 1100 n=0,005 20-100
CrnyuaiiHo CFC:(;EII/IPOBaHHbIe 1100 n=001 20-100
P 1100 n=0,02 20-100
Pery spHbIe ceTH 700 2D cetb 40-100
500 3D cetb 60-100
o a0

Heperynapiic et Heperynspusie 3D cetu
1500 2=10.2: 0.4: 0,6} 60-100
Perymsipasie rpader ¢ 700 Crenenp=3 40-100
OTPaHUYEHHON CTENEHBIO BEPIINH 400 Crernneup=6 70-100
Heperynspusle rpadsl ¢ 700 Crenenp=3, a=0,1 40-100
OTPaHUYEHHON CTENEHBIO BEPILINUH 400 Crenenr=6, a=0,1 70-100

Hroro 10000

NCCIEJOBAHHUE IMPOU3BOJAUTEJIBHOCTHU AJITOPUTMA HA TPAG®AX
3TAJIOHHOM BA3BI

UccnenoBanusi MpOU3BOAUTENLHOCTH alITOPUTMA OCYHIECTBISUIMCH Ha KOMITBIO-
tepe AMD Athlon 1700+, 512MB RAM. Kommunstop Visual C++ 6.0.

Paznnunbie Habopsl rpadoB 0003HAUNM CIIETYIOLIIM 00pa3oM:

MCS, — nabop rtpadoB c pasmepom mnoarpada 10%, MCS;, — 30%,
MCS, —50%, MCS; —70%, MCS; —90%.

XapakTepHbIe Pe3yibTaThl HCCIENOBAaHWS TNpuBeAeHB Ha puc. 1-10. Jlmsa
yno0CcTBa cpaBHEHHs MPOU3BOAUTEIBLHOCTH PAa3IMUHBIX AJTOPUTMOB IPUBEACHBI
KaK cpeaHee BpeMs CPaBHEHHUS OJHOMW maphl TpadoB, TaK U CPEIHEE YUCIIO Tepe-
OpaHHBIX y3JIOB JIepeBa PEeLICHUH peKypcuBHOro airoputMa. [Ipu cpaBHeHuNH rie-
PEOOPHBIX aNTOPUTMOB YHCIIO TIepeOpaHHBIX Y3JIOB JIepeBa PEIISHUH BHICTYTIAeT
Oojee aneKBaTHBIM KPUTEPHUEM CPAaBHEHHS, TaK KaK BpPeMs BBIYMCIEHHI MOXET
CIWJIBHO 3aBUCETh OT OCOOCHHOCTEW IMPOrpaMMHOW peaju3alliii U TPOU3BOIH-
TEJILHOCTH KOMITBIOTEPA, Ha KOTOPOM BBINOJIHSINCH UCCIEOBAHMS.

PesynpTathl uccnenoBaHus Mokasal, YTo Ui Beex rpadoB 3TanoHHON Oa-
3Bl AITOPUTM HAaXOIUT pEIIeHHe 3a BpeMs, He mpesbimatomree 0,2 ¢, mepedpaB He
oomnee 6000 y3noB nepeBa penieHuil. Takas MPOU3BOIUTEIHLHOCTh Ja€T BO3MOXK-
HOCTh WCITOJIB30BaTh pa3paboTaHHbid anroput™ HaxoxmeHus HOII B peambHBIX
NPUKIaJHBIX 3afadax. XapaKTepHOW 0COOEHHOCTBIO JITOPUTMa SIBJISIETCS TTOBBI-
IIeHNE TTPOU3BOAUTEIBHOCTH C POCTOM pa3Mepa MEHBIIero rpada. ITo CBA3aHO C
MOSIBJICHUEM JIOTIOJIHUTEIBHON MH(pOpPMAaLMu B NepeOOPHON YacTH ajaroputMma 3a
CYeT yBeIM4YeHHus uncia pedep B rpadax, 9To o0ycIOBIUBaeT OONbIIHNA pa3zdpoc
3Ha4YeHuil BeKTopoB In;, In,, Out|, Out, 1 Kak CIeACTBUE — CYyXXKEHHE 00acTu

TIOWCKA 33 CYET yCUJICHHUS TPAaHUIHOTO YCIOBHUS IepeOOPHOI YacTH ajTropruTMa.
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cpa
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40 50 &0 o 80 =] 10 Yucao BEepPIIMH
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Puc. 1. Bpems mpoBepku peryisipHbIX rpadoB C OrpaHHYCHHOHN CTENCHBIO BEPIIMH
(N=40...100, crenenr=3)
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Puc. 2. Uncno nepeOpaHHBIX Y3710B IIPH MPOBEPKE PETYISAPHBIX IpadoB ¢ OrpaHUIEeHHON
creneHpio BepmuH (N=40...100, ctenenp=3)

0.1
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0.01

Lt

40 a0 60 T a0 ] wa Yucao BepPUIMH

Puc. 3. Bpemsi mpoBepKH HEPETyISAPHBIX rpadoB C OrPaHUYCHHOW CTEICHBIO BEPIINH
(N=40...100, crernens=3, a=0,1)

116 ISSN 1681-6048 System Research & Information Technologies, 2009, Ne 2



Aneopumm HaxodrcoeHus Hauboavule2o 0buezo noozpaga
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Puc. 4. Yucno nepeOpaHHBIX Y37I0B MPU MPOBEPKE HEPETYISIPHBIX rpadoB ¢ OrpaHHUYCH-
HOM crenennio BepuH (N=40...100, crenens=3, a=0,1)
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Puc. 5. Bpewmst mpoBepku peryssipusix 2D ceteit (N=40...100, p=0,0)
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Puc. 6. Uncno nepeOpaHHBIX y3JI0B IIPH MPOBEpKe peryispHbIx 2D cereit (N=40...100,
p=0,0)
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Puc. 7. Bpems npoBepku peryisipabix 3D cereit (N=60...100, p=0,0)
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Puc. 8. YUncno nepeOpaHHBIX y3JI0B IIPU NMpOBeEpKe peryisipHbix 3D cereit (N=60...100,
p=0,0)
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Puc. 9. Bpems mpoBepku ciydaiiHO creHeprupoBaHHbIX rpagos (N=20...100, n=0,01)
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Puc. 10. Yucmo mepeOpaHHBIX Y3JI0B IPU IPOBEPKE CIIyYaitHO CreHepHPOBAHHEBIX IpadoB
(N=20...100, n=0,01)

BBIBO/IbI

IIpencrarieH HOBBIH aNTOPUTM HaXOXACHHWS HawOObIIero odmero moarpada.
HpI/IBeI[eHbI PE3YIbTAThl YUCJICHHOI'0 aHajiin3a INPOU3BOAUTEILHOCTU aJI'OpHUTMa
Ha JTAJIOHHOW 0a3e rpad)oB IS OIICHKH MTPOU3BOIUTEIHLHOCTH aJTrOPUTMOB MOP-
¢usma Ha rpadax. Pe3ynbTaThl HCCIEOBaHHS TOKA3aId, YTO Pa3pabOTaHHBIN
AJITOPUTM B COCTOSIHUM CpaBHHUBATh Tpadbl pazMepHOcThi0 g0 100 BeprmmH 3a
Bpemsi, He npebimaroinee 0,2 ¢, mpu nepedope He Oosee 6000 y310B nepeBa pe-
urenuit. ['padpl Gonbliero pa3mepa B 3TANOHHOM 0a3e HAa TAHHBI MOMEHT OTCYT-
CTBYIOT.

[Tpon3BOAUTENBHOCTS Pa3pabOTAHHOTO AaJrOPUTMa TO3BOJISET MPHUMEHSTH
€ro JIIsl pelleHUs PealibHBbIX MPUKJIAIHBIX 3a7ada Ha rpadax pa3MepHOCThIO I0-
psJIKa COTCH BEPIIIVH.

JlanbHelmme ycuinus OyayT HampaBJICHbl HA YMCIICHHOE OMPE/CICHUE BBI-
YUCIMTENFHOW CIIOKHOCTH aJrOpUTMa IYyTEM HCCIEIOBAHUS €r0 IMPOU3BOIM-
TENBHOCTH Ha rpadax OONBIIEro pa3Mepa, 4eM IPEICTABICHHBIC B 3TaJIOHHOW
0aze, a Takke Ha Ooliee NETaJbHOEC CPAaBHEHHE C AHAJIOTaMH M PACHIMPEHHE
(YHKIIMOHANBEHOCTH JIJIsl PEIICHHs 3a/1a4 Ha B3BEIICHHBIX Tpadax W CBI3aHHBIMU
C HUMH HpO6HeMaMI/I OIITUMU3AIIUH.
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RESEARCH OF GLOBALIZATION’S INTERRUPTED
CHARACTER IN CONTEXT OF SOCIAL DEVELOPMENT AND
GLOBAL SECURITY

PART 1. ANALYSIS OF PRE-CRISIS PERIOD (UP TO SECOND
HALF OF 2008)

A. ZGUROVSKY

In given research we introduce the new valuating method of globalization in scope
of basic social development and global security indicators, further named as SDS.
By implementing the well-known KOF and newly introduced SDS methods the
comparative analysis of globalization level among different states is carried out.
With the help of Principal Compound Analysis there is a reduction in the number of
variables that determine characteristics of globalization to particular factors and their
simplified representation of dependence on globalization level.

INTRODUCTION

Since ancient times the mutual pervasion of cultures and economics of different
nations was creating new opportunities for further development. “The Great Silk
Way” just like the cultural pathway between East and West emerged in the 3™
century B.C. and existed till the 16™ century. It appeared to be one of the greatest
achievements of world civilization. The separated caravan routes that crossed
Europe and Asia through Mediterranean Sea to China served as an important cul-
tural communication tool for many nations. Without a slightest exaggeration it
was the first significant globalization wave. Nevertheless, it was later interrupted
by durable and cruel wars of 17-18 centuries.

The second wave of globalization started in 1880s and was periodically in-
terrupted by the First, Second and Cold wars. It is observed as a coherent interre-
lation of art prosperity of “Silver Age” and all other economic and social events
of that time (trade, science, philosophy, religion and politics). Rapid development
of railways and sea transport culturally and economically united the exchange of
countries among five continents.

The set of the 20™ century and the rise of the 21* could be named as the third
wave of globalization. This wave has been abruptly accumulating since the 80s
till the end of year 2008 and has brought new opportunities, unseen before.

© A. Zgurovsky, 2009
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Still, at the same time, a set of new global challenges has emerged, that may
slow down or even temporarily interrupt the third wave of globalization. Such
challenges are: devaluation of fundamental human values; increase of inequality
among people and states, a great number of regional conflicts, corruption, terror-
ism, global illnesses; rapid decrease in fossil fuels resources; natural biological
imbalance; greenhouse effect, etc.

The range of these problems, first of all, cynically for humanity, stimulated
the 2008 global financial collapse that will lead to economic stagnation and de-
cline of social standards of most countries. It seems that such negative tendencies
will be a long-drawn-out. They’ll cause fundamental economic transformations,
global redistribution of property and further reformation of relations throughout
the world including emergence of new centers of power. Most importantly, these
changes will become a catalyst of reinterpretation of human values that should
become dominant at least in the first half of the 21* century.

Thereby, globalization is a variable interrupting phenomenon. Hence, the
regularity of change and accumulation of global phenomena should be studied,
analyzed for interrelations and forecasted in the frame of human life safety in long
and short term.

In this research, we attempt to analyze the dependence between general phe-
nomena like globalization, disposition of its change and most important dimen-
sions of social development and global security, such as state and political stabil-
ity, global and regional security, democracy level, and crime control, inequality
among people and states, corruption perception, state’s peace level and potential
for terrorist acts. The analysis of globalization’s phenomenon in the perspective
of abovementioned indicators is called Methods of Social Development and
Global Security (SDS).

QUANTITATIVE ASSESSMENT OF EFFECT OF SOCIAL DEVELOPMENT
AND GLOBAL SECURITY GENERAL INDICATORS ON GLOBALIZATION

Further, we will use known global indices used by reputable international organi-
zations to study quantitative dependence between globalization and general indi-
cators of social development and global security:

For quantitative measuring of globalization we’ll use KOF index [1, 2] that
generalizes and averages economic, social and political data used to calculate the
general KOF globalization index. In their turn, economical, social and political
indicators are determined by official statistics data for each country that are annu-
ally standardized and put to a common calculating base, coming out as KOF In-
dex of globalization for 122 countries.

The general indicators of social development and global security determined
by SDS are as follows:

1. Index of State Fragility (1) describes the level of state fragility from
domestic and foreign threats and is calculated with the help of 12 indicators, that
reflect the security level, political, economic and social stability, state’s law le-

gitimacy, conflicts the state participates in etc. This index was calculated in
Global Report on Conflicts, Governance and State Fragility [3].
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2. Democracy index (I;) empirically calculates the average of 5 general
categories: elections and pluralism, civil freedom level, government functioning,
political participation and standards. This index is annually calculated by the
Economist Intelligence Unit for 167 states.

3. Global Peace Index (Ig,) was firstly computed by Economist Intelli-

gence Unit in 2008 for 140 states. The index is calculated using 24 quantitative
and qualitative indicators of domestic and foreign factors — from military expendi-
tures to relations with neighboring states. Corruption Perception Index and poten-
tial for terrorist acts are the components of Global Peace Index [5].

4. Gini Index (1) is calculated for 177 countries and issued by UN Human

Development Report. The main objective of this index is to demonstrate the ine-
quality between poorest and richest layers of population [6].

5. GDP per capita (PPP)[7].

6. Sustainable Development Index (I,;) is estimated within three dimen-
sions — economic (/,.), environmental (/,) and social (/). This index is a vec-
tor, the norm of which determines sustainable development, while its dimensional
location on coordinate grid characterizes the extent of its “harmony” (sustainable
development harmony — G ). [, is annually computed by Ukrainian branch of
World Data Center (http://www.wdc.org.ua/) for 113 states [8].

7. Global Security Index (I4) is also computed by Ukrainian branch of

World Data Center (http://www.wdc.org.ua/) for 113 states [8]. It determines the
state’s remoteness from an aggregate of global threats. These are the ten threats
that compose Global Security Index: global reduction of energy security; biologi-
cal imbalance between Earth’s natural capacities and human needs, change in
demographical structure; increase of inequality between people and states; global
disease diffusion; child mortality; increase of corruption levels; lack of access to
drinking water; global warming; state instability (calculated by State Fragility
Index); global climate change and natural disasters.

8. Corruption Perception Index (I,,) is annually calculated by Transpar-

ency International [9] for 180 countries. It is scaled from 0 to 10, where 0 is
maximum and 10 is minimal corruption level respectively.

9. Potential for Terrorist Acts Index (I,,) is also provided in Human De-
velopment Report and its objective is to demonstrate the risk of potential terrorist
acts in a specific country [6].

10. Crime Control Index (I,.) is for the first time introduced by the author

and calculated according to the following formula: /.. =12 — {N, — jailed

population per 100,000 — ( number of homicides per 100,000 + number of casual-
ties caused by organized conflicts per 100,000)}. Hence, we compute a correla-
tion of all committed crimes against jailed population.

It is evident that KOF globalization index and its economic, social and po-
litical dimensions depend on the provided ten indicators of social development
and global security (SDS) and their social, economic, and political stabilization
aspects. The goal of further research is to conduct qualitative and quantitative
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analyses of dependence on each of the ten indicators of SDS methods. Further-
more, we divide our research into two stages of world social development:

1. For pre-crisis period (up to the second half of 2008).

2. For crisis period (after August-September 2008).

We will carry out the research by establishing qualitative interrelations
among various indicators and KOF globalization index, bringing them to the same
calculation platform and substantiating an integral model of social development
and global security.

At that, we will take into account that all provided indicators and indices
have been issued by different international organizations independently from one
another. Consequently, they are measured using different physical quantities,
have different interpretations and vary on different scales. Therefore, they should
to be normalized to vary on the scale from 0 to 1. In this case the lowest value of
the abovementioned indicators will be close to 0, and the highest close to 1. This
normalization will allow analyzing interrelations among different indices and in-
dicators of an integral model of social development and global security on a sin-
gle calculation platform.

In carrying out the abovementioned normalization applied to each of the in-
dicators, we use the following formula

I-1;
[0 =1-——min_—70,1], (1)
T nax = I min
where 1° is a normalized value of the indicator; I, , I, are maximal and

minimal values of indicator deviations respectively.
Normalized data grouped by social, economic and political stability dimen-
sions are provided in table 1.

Table 1. The main dimensions of social development and global security
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Belgium| 1 [92,09(91,94/90,82/94,22| 0 |8,15|1,485| 84 | 2 | 7,5 | 33 |32,119| 0,61 |0,747
Austria | 2 |91,3888,48(92,49/93,86| 0 | 8,69 | 1,449|9,37 8,1 (29,1 33,7 0,649 0,783
Sweden | 3 90,02 89,51|87,4394,69| 0 | 9,88 | 1,468 |8,35 93 | 25 |32,525/0,724 0,798
SVIV;;Z(?' 4 | 88,6 183,13]95,38(86,15/ 1 9,02 (1,468(8,35| 1 | 9 |33,7(35,633/0,671|0,844
Denmark| 5 | 88,42 87,97|88,64(88,72| 0 19,521,333/9,32| 2 | 9,4 | 24,7 (33,973/0,671 0,781
I\{ggl(fsr 6 | 88,4 |88,04/89,41/87,38/ 0 |9,66(1,607| 8,6 | 2 | 9 |30,9 |32,684/0,658/0,764

United

Kingdom| 7 |86:67|79.24/87.8795,52 2 |8,08 1,801/ 9.7 | 3 | 84 | 36 |33,238/0,606/0,781
Rgﬁﬁﬁﬁc 8 85,51/87,69/84,91/83,27| 1 |8,17/1,501|8,92| 2 | 5,2 | 25,4 |20,538/0,561 0,712
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Table 1 (Continued)

France | 9 |85,38/77.42/84,17/98,64| 1 [8,07|1,707(9,36| 2 | 7,3 | 32,7 |30,386|0,632 0,788
Finland | 10 | 84,65|88,85/83,65(80,13| 0 9,52 1,432|8,31| 2 | 9.4 | 26,9 32,153/0,696|0,798
Germany| 11 83,01 |74,22| 83,3 |95,17| 0 | 8,82 | 1,475 8,62 2 | 7,8 | 28,329,461 0,628 0,787
Spain | 12]82,37|82,19/77,48/91,49 1 |8,34|1,683|8,69|2,5| 6,7 | 34,7 |27,169| 0,605 0,756
Hungary| 13 | 82,52 |88,83|76,96/81,89| 0 | 7,531,576 8,26| 1 | 53 | 26,9 |17,886 0,59 0,729
Portugal| 14 | 81,57 83,76|76,28/86,45| 0 | 8,16 1,412/9,56| 2 | 6,5 | 38,5 | 20,41 | 0,61 |0,741
Canada | 15 81,21 80,83|86,85|73,21| 0 |9,07 | 1,451/9.49| 2 | 8,7 | 32,6 33,375/0,736 0,795
Ireland | 16 | 79,82(85,47|77,72|74,91 0 |9,01 | 1,41 |829] 1 | 7,5 | 34,3 38,505/0,643|0,765
Norway | 17 |79,44 75,84/84,48 78,18| 2 9,551,343 9,26 1 | 8,7 | 25,8 | 41,42 0,72 0,797
Italy |1879,4476,13] 71,9 [95,62) 0 | 7,73 |1,653|7,47| 2 | 5,2 | 36 |28,529/0,596 0,744
Poland | 19 |78,42| 73,5 | 74,7 [91,12| 0 | 7,3 |1,687|9,17| 1 | 42 | 34,5 13,847 0,561 |0,699
Ségf‘;’g' 2078,37) 95,9 92,26/32,12| 2 | 5,89 |1,673/10,84) 2 | 93 |42,5 29,663 -
Australia| 21| 77,35 |67,74/81,51/84.,82| 2 |9,09|1,652|8.592.5| 8.6 | 35,2 31,794/0,705|0,781
nited 127 176,76 163,15|76,52/96,67 2 |8,22(2,227| 12 3,5 7,2 | 40,8 | 41,89 0,546 (0,796
Slovakia| 23 | 75,82 |79,32|79,59/65,07| 1 | 7.4 |1,576|7,77| 1 | 4,9 | 25,8 |15,871]0,572|0,733
Malaysia| 24 | 75,6 |77,15(66,05(87.87| 4 |5,98|1,721|7,67| 2 | 5,1 | 49,2 10,882]0,499|0,704
Greece |25 |73,43|73,55/66,45(83,85| 0 |8,13[1,867(8,39| 2 | 4,6 | 34,3 |23,381(0,576|0,707
govew 126 | 73.4 79,68(72,37(65,94| 1 [9,01| 135 (893 | 2 | 9.4 | 36,2 |24,996/0,692 0,799
Lg‘g‘lfr‘g‘ 27(72,88(95,14| 78,1 | 33 | 0| 9,1 [1,446(8,82| 2 | 84 | — [60,228/0,648/0,779
Estonia | 28 | 72,18(90,76|74,41|42,14| 1 |7,74|1,702(9,74| 1 | 6,5 | 35,8 |15,478]0,533 |0,749
Israel |29 | 71,8 |86,1777,17|43,05| 9 |7,283,052|8,05| 4 | 6,1 | 39,2 25,864/0,503|0,723
Slovenia| 30 | 70,26 |80,05| 71,4 |54,49| 0 |7,96|1,491|9.25| 1 | 9.2 | 28,4 |22,273| 0,61 |0,733
Croatia | 31|70,17| 77,2 | 63,769,92| 5 | 7.4 |1,926(8,34| 1 | 4,1 | 29 |13,042(0,532|0,698
Turkey |32 69,96 69,86(58,24|87,88| 9 | 5,7 |2,403|6,31| 2 | 4,1 | 43,6 | 8,407 [0,443 0,651
Russia |33 |69,82|57,92| 64,4 [96,04| 7 |5,02|2,777(7,29| 2 | 2,3 | 39,9 |10,845|0,428|0,653
Chile |3469,63|85,13|51,83|74,42| 2 |7,89|1,576(9.23| 1 | 7 |54,9]12,027|0,573|0,743
UAE [35[69,07| — |75.52|38,16| 3 [2,42(1,745(949| 2 | 57 | — [25,514] — |0,613
Iceland |36 | 67,02 | 81,3 83,23|21,93| 0 |9,71 |1,176|9,11| 1 [ 92 | — [3651| - [0,785
Malta |37 (66,96 |91,93|75,96/18,27) 0 [8,39| — | — |- | — | - [19,089| — | -
Jordan |38 |65,94|67,31|55,7679,41| 0 |3,92|1,969(8,47| 3 | 4,7 | 38,8 | 5,53 {0,501 |0,653
Cyprus |39 65,93 | 86,4 [69,34(31,38| 3 | 7.6 |1,847|831| 1 | 53 | — [22,699| - 0,709
Kuwait | 40 | 65,49 67,64(76,92(45,07| 4 3,09 [1,786|9,61| 3 |43 | - [26321] - [0,635
Romanial 41 | 65,31(69,65|48,35(84,82| 4 | 7,6 [1,611[ 8,8 | 1 | 3,7 | 31 | 9,06 |0,447|0,656
Ukraine | 42 | 64,57 |62,36|57,68(78,22| 5 |6,94 |2,096(6,87| 1 | 2,7 | 28,1 | 6,848 {0,466 |0,633
China |43 |64,56 |61,53]49,08(92,39/10 /2,97 |1,981(8,55| 1 | 3,5 | 46,9 | 6,757 |0,382 0,602
Bulgaria| 44 | 64,35 |69,81|54,88|70,89| 0 | 7.1 [1,903]6,71| 1 | 4,1 |29,2 9,032 |0,536|0,686
Lithua- 1 451 63,9 78,96(61,36|46,13| 1 [7,43(1,723|7,23| 2 | 48 | 36 |14,494]0,571[0,744
outh 1 46 163,56 |59,36|52,56(86,28| 0 | 7,88 |1,691[8.43| 1 | 5,1 | 31,6 [22,029|0.461 0,733
Latvia |47 |63,24(81,37(69,91(27,12| 0 |7,37(1,723|7,52| 2 | 4,8 | 37,7 |13,646|0,579(0,738
South |45 163,03(69,38[43,99| 82,8 [ 1] 7,01 |2,412(276| 1 | 5,1 [57.8 | 11,11{0277] 0,63
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Table 1 (Continued)
Atri%lzn‘ 49 |62,24|54,98(52,51(87,42| 2 6,63 [1,895(5,67| 1 | 2,9 | 51,3 | 14,28 |0,528|0,697

Uruguay| 50 [ 62,15]68,46|50,33|71,03| 1 {7,96|1,606(7,96| 1 | 6,7 | 44,9 9,962 (0,609|0,719

Japan |51{60,91(53,84(52,66|83,59 8,15(1,35819,23| 1 | 7,5 | 24,9 |31,267|0,644 0,775

Brazil |5258,86(61,69(36,82(88,26| 4 |7,38(2,168(2,95| 1 | 3,5 | 57 |8,402(0,469/0,682

0

4

ElSal-1 53 158,36 | 68,8 51,7 53,5 | 6 [622]2,163[1,86] 1 | 4 | 5245255 04570353
4 13,53|2,025(9.42 5| - |p1as2| - | -

Bahrain | 54 | 57,66 |85,43(53,62|26,24
Peru |[55(57,65|65,1|39,45|74,57|11|6,11|2,046|5,59 3,5 | 52 |6,0390,419| 0,65

P | 57| 57.21{61.34/40.42(76,77) 0 | 6.48 |2,386|5.49| 4 | 2.5 |44.5| 5,137 |0.414[0.635

Thailand| 58 | 57,1 |63,99| 43,1 |68,45 5,67 (2,424 5,42 3,3 | 42 |8,677(0,503]0,672

2
2

Jamaica | 56 | 57,22 |72,96|49,3946,53| 3 7,34|2,226| 1,9 | 2 | 3,3 | 45,5 | 4,291 |0,501 |0,661
4
4
1

Mexico | 60 | 56,48 |64,59|48,32(57,25 6,6712,191(3,98|2,5| 3,5 | 46,1 |10,751(0,502|0,699

3
0
5
Panama | 59 | 56,77|77,84(55,96(27,76| 5 |7,35|1,797|7,92 3,2 |56,1|7,605|0,491|0,703
4
8

Morocco| 61 |56,35(51,08(44,83| 81,4 3,9 |1,954|7,86(2,5| 3,5 | 39,5 | 4,555 (0,424 (0,605

Nigeria | 62 |55,95(67,16(25,74(85,73|19 | 3,52 |2,724]2,06 | 3 | 2,2 | 43,7 | 1,128 | 0,23 0,491

Costa | 3155 8(65,07/62,02| 31 | 0|8.04(1.,70159 | 1| 5 |49.8]10,18|0,599]0,738

Rica
2,9 | 34,4 | 4,337 (0,442 0,62

Egypt |64 (55,18(51,61|33,97\92,37{12| 3,9 |[1,987|9,37
Ecuador | 65 | 54,87|59,62|45,96(61,58| 12 | 5,64 |2,274| 4,41 2,1 | 53,6 4,341 {0,443)0,677

3
2
6,4111,983(6,14| 4 | 2,3 | 34,7 | 3,843 |0,406]0,583
2
3

Indonesial 66 | 54,86 65,99|28,87|78,33
Honduras| 67 | 54,16 — |47,73]43,23| 9 [6,25(2,335[1,79| 2 | 2,5 | 53,8 | 3,43 [0,333]0,632
vene- | 6| 53,62(62,31]46,59|51,85| 8 [5,42|2,505| 2,3 2 | 482 6,632 0,366|0,629

Oman |69 |53,57|70,51| 57 |24,06 2,7711,612(9,34|1,5| 4,7 15,602 0,628

Tunisia | 70 { 53,49 64,4 | 30,1 |73,36 3,06(1,797(9,35| 3 | 4,2 | 39,8 | 8,371 [0,494|0,662

AN ||k~ |0 |O|O

Namibia| 71 | 53,47 (59,75(45,97(55,42| 6 | 6,54 |2,042(6,37| 2 | 4,5 | 74,3 | 7,586 | 0,43 0,613

Ghana |72 (53,35|51,99(44,41(68,87|13[5,35|1,723| 7,2 | 1 | 3,7 | 40,8 | 2,48 |0,321| -

Colom-1 93 152,66|63.46(47,82(44,52| 10| 6,4 [2,757|2,74| 5 | 3,8 | 58,6 | 7,304 [0.462 0,705
Mauri- | 74 | 52,35| 53,8 [59,65( 39,2 | 14[8,04 [2.435[5,03| 3 [ 26 | - [12.715] - |04s7
Pakistan | 75 | 51,76 |44,45|35,88(86,49| 15[ 3,92 |2,694(5,21 | 4 | 2,4 [30,6 | 2,37 |0,379[0,512
Ig’f‘lgay' 76 |51,37(55,54(43,33|57,58| 8 | 6,161,997 |4,37| 1 | 2,4 | 584 | 4,642 | - (0,644
Guyana | 77 |51,36| 68,9 [55,34(20,14| 9 |6,15| — | - | - | - | — |4508| - |0,569
Domini-

can Re- | 78 | 51,07 |56,42|46,88(49,77| 0 | 6,13 |2,069(3,69| 1 | 3 [51,6|8,217(0,432(0,665
public

Gnljgfj‘ 79 (51,04 52,67|44,24/59,03| 116,07 |2,328 1,21 | 2 | 2.8 | 55,1 | 4,568 |0,441|0,632

Bolivia | 80 50,63 |56,79(36,14(63,79| 12 |5,9812,043|6,35| 1 | 2,9 | 60,1 | 2,819 |0,358 0,583

India |8150,54|42,89(31,04| 91,1 | 14|7,6812,355|6,06| 4 | 3,5 | 36,8 | 3,452 (0,377(0,548

Gabon |82(50,05| — |49,16/48,94|10|2,72|1,878|7,78| 1 [ 3,3 | — [6,954| - -

Trinidad
and |(83(49,78|74,17| 44,7 (22,5 | 4 |7,18| 2,23 |2,54| 2 | 3,4 | 38,9 |14,603|0,393 0,645
Tobago

Zambia | 84 |49,37| 54,5 [36,15(62,09(17| 5,25 1,856|5,56| 1 | 2,6 | 50,8 | 1,023 |0,231| 0,49

Fiji [8548,67(48,27|52,64[4322| 5 [566] — | — |- | - | - |6049| - | -

on |s6|48.46147.9340,17|61,81] 12| 6,58 |2,584[6,52| 5 | 3,2 | 40,2 | 4,595 [0.447| -
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Table 1 (End)

Baha-
mas | 87]48.32|50.36/70.68|11.46| 0 | — | — | - |- | - | - |1838) - | -
am- |88(48,06]49,59(38,17/60,88| 17| 2,62 [2,513|4,66 | 2 | 2,1 | 50,1 | 2,038 |0,261|0.484
N‘gﬁa' 89 |47,34|58,95|49,48(27,41| 0 |5,68(1,919|6,44| 1 | 2,6 | 43,1 {3,674 [0,395(0,617
Belize |90 |46,74(65,14/50,22(1505( 0 | — | — | = |- | —= | = |7.109| — | -
Barbados| 9146,68(62,17|53,82[13,62| 0 | — | - | = |- = [ - [17.297] - | -
Cote
$Ivoire | 92 [45.73[50.23(32,11|59,96| 19 3,38 [2,451|5,16 | 3 | 2,1 | 44,6 | 1,648 |0,283| —

Senegal | 93 | 45,72 135,16(36,43(74,98|11 | 5,37 (2,011|5,19| 2 | 3,6 |41,3|1,792|0,315|0,533

Algeria | 94 [ 45,56 |45,43|24,37| 77,9 | 163,17 (2,378 | 7,6 |2,5| 3 |35,3|7,062 (0,364(0,612

Kenya [95(45,36|37,78|32,63|75,54| 135,08 12,429(3,61| 2 | 2,1 |42,5| 1,24 |0,268|0,558

Malawi | 96 | 43,6 48,16]39,28| 43,6 | 14]4,97 (2,024 63 | 1 | 2,7 | 39 | 667 | — | -

Sl\?v‘;;‘a 97 (43,06 (67,39(37,16|17,11| 5 | 7,6 |1,792(5,83| 1 | 5,4 | 60,5 12,387(0,389 0,62
Albania | 98 |42,8252,17|33,04(44,24| 4 5,91(2,044|6,51| 2 | 2,9 | 31,1 {5,316 (0,534 0,675
Tanzania| 99 [42,59(42,92(29,34(62,22| 135,18 [1,919(5,52| 2 | 3,2 | 34,6 | 744 |0,292(0,521
Togo [10041,56|50,51|28,03(49,25(14[1,75| — | — |- | - | = |[1506| — | -

Uganda [101| 41 |46,76]28,29(52,02(17|5,14(2,391|5,42| 3 | 2,8 |45,7| 1,454 | — 0,526
Mali [102]40,15|53,96| 18,5 [53,17| 145,99 [2,238(5,07| 3 | 2,7 |40,1 | 1,033 | — 0,436
Benin [103]40,06(38,47(30,78(56,42| 0 |6,16| — | — | — | — |36,5] 1,141 | 0,28 |0,491
Chad [104]38,94 [49,82(26,67|41,94/20 | 1,65(3,007(3,09 3 | 1,8 | — |1,427| — [0,405
Cri%lg 105]38,51|38,38(25,25|58,84| 163,27 |2,182(4,59 | 2 | 2,4 | 44,6 | 2,299 0,256|0,518
Syria [106]38,46| — [26,07|37,51| 0 |2,362,027(821|2 | 24 | — |3.808| — (0,574
Bg‘elfllla' 107|38,31(33,74(20,61|71,73| 13| 6,11 2,118(5,17| 3 | 2 |33,4 2,053 |0,313(0,497
Clggg" 10837,88| — [27,97|20,71| 0 |3,19(2,417| 3,1 | 2 | 21 | - |1,262| - | -

Papua

New [109|36,93 | 56,2 |31,27(17,87(12 (6,54 {2,224|3,27| 2 | 2 |50,9 2,563 | - -
Guinea

Nepal |110/36,26|34,47(23,46|58,26(17|3.42| — | — |~ | — |47.2] 1,55 |0,367|0,559
SIerma 11113534 |46,4123,77(37,03(21 3,57 — | - |- | - |629] 806 | — | -
Iran  [112)34,23] 27,5 [ 20,9 [64,13]13 2,93(2,341(8,08| 2 | 2,5 | 43 | 7,968 |0,406| —
2’;22;‘; 11333,93 |35,84(25,08(44,62| 13| 5,82 | 1,77 |6,49| 1 | 32 |47,5| 923 | — 0,518
Congo
Dem. 114/ 332 | — |20,85(53,26/23(2,76(2,707|121| 3 | 19 | — | 714 | - | -
Rep.
Quinea-y 5133 11 [s2,68| — [|1542(17| 2 | - | = |- | - | 47| 827 | - | -
Niger [116/30,68|27,03]19,48(52,91|17(3,54| — | — |- | - 505 781 | - | -
Haiti [117)20,78 |42,66|24,04/20,02| 15(4,19(2,362|2,63 | 2 | 1.6 | 59.2 | 1,663 |0,228| —
Central

A{{rican 118} 29,5 | 33,7 |121,08|36,25| 16| 1,61 {2,857 2,5 | 3 | 2 |61,3|1,224| - -
ep,

Rwanda [119]29,32|31,76|25,91(31,01| 183,89 | 2,03 |7,74| 2 | 2,8 | 46,8 | 1,206 | — -

Myan-

mar  |120] 274 | — [11,29(18,02|120| 1,77 | 2,59 8,56 | 3 | 1.4 | — |[1,027| - -
Burundi|121(22,41|27,43|24,19| 12,519 (4,51 | - - | = - 424 699 — 10,446
Saudi

Arabia [122| - — 168,18 48,1 | 8 [1,9212,357(7,62| 3 | 3,4 | — [15,711| — 0,632
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THE RESEARCH OF GLOBALIZATION DEPENDENCE ON THE FACTORS
OF SOCIAL DEVELOPMENT AND GLOBAL SECURITY OF WORLD
COUNTRIES

Analysis of globalization during the pre-crisis period (early 1980s — first half
of 2008)

While analyzing Table 2 for the pre-crisis period, it is evident that the first twenty
socially globalized states are: Denmark, Slovenia, Sweden, Norway, Finland,
Singapore, Canada, the Netherlands, Austria, Japan, New Zealand, Iceland,
United Kingdom, Switzerland, United States, Germany, Australia, France, Lux-
embourg, Ireland, and Estonia. Ukraine and Russia are 46th and 59th respectively.

The first twenty politically globalized states are: Iceland, Sweden, Norway,
Malta, Ireland, Switzerland, Japan, Denmark, Finland, Canada, Slovenia, New
Zealand, Luxembourg, Netherlands, Austria, Uruguay, Costa-Rica, Germany,
Hungary and Cyprus. Ukraine, United States and Russia are 48", 56", and 87"
respectively.

The first twenty states by economic globalization (GDP per capita (PPP))
are: Luxembourg, United States, Norway, Ireland, Iceland, Switzerland,
Denmark, Austria, Canada, United Kingdom, the Netherlands, Sweden, Finland,
Australia, Japan, France, Singapore, Germany, Italy and Spain. Russia and
Ukraine are on the 51st and 69th places respectively.

Finally, 14 states top the rankings of three indicators simultaneously: Den-
mark, Sweden, Norway, Finland, Canada, Netherlands, Austria, Japan, Iceland,
Switzerland, United States, Germany, Luxembourg, and Ireland respectively. Ten
of them are among twenty most globalized countries by KOF index (Table 2).
The exceptions from this list are Japan, Iceland, United States, and Luxembourg.

The abovementioned ten top countries (according to both systems) are
characterized by very significant levels of global peace, democracy index, global
security, crime control, at the same time by low levels of corruption and inequal-
ity among population. This group is mainly composed of non-members of GS,
except for Germany and Canada. Such states could be described by shabby
economies and absence of attempts on imposing their will on other states world-
wide.

Interestingly, according to KOF globalization index the United States (22™
place) and Japan (51" place) demonstrate very strong positions in political global-
ization, meanwhile, being behind twentieth places in economic and social global-
ization. Luxembourg (27" place according to KOF), on the other hand, while be-
ing the first in economic globalization, is mediocre in terms of social and very
low in terms of political globalization. Thus, the 22" place of the United States
according to KOF rating is fully substantiated. This country indicates substan-
tially low values of peace (0.492) and global security (0.546) indices, high poten-
tial for terrorist acts (0.435) and significant level of population inequality (0.688).
At the same time, the 51st place for Japan and the 27th place for Luxembourg
according to KOF do not respond to their substantial values of practically all SDS
indicators.
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A significant group of rapidly progressing states is composed of the so-
called BRIC countries (Brazil, Russia, India, and China). During the pre-crisis
period, these countries manifested huge economic growth amounting to 8-12%
annually.

It happened both due to the increase in innovational and hi-tech constituent
of these countries' development and with the help of intensive exploitation of
one's own natural and environmental resources, involvement of cheap labor and
enormous consumption of organic fuels (oil, gas, and coal).

Despite rapid economic growth, these countries are on 33™ through the 81*
places by KOF index (Brazil — the 52™, Russia - the 33rd, India - the 81st, China -
the 43rd). This fact is explained by low level of sustainability in their develop-
ment. Having taken the way of economic development prioritization, current
states haven’t yet managed to provide high environmental and social indicators.
For instance, if these countries are analyzed using SDS method, it is evident that
they demonstrate high levels of corruption and population inequality; low values
of democracy and global security indices. Meanwhile, Russia and India have very
low levels of global peace and high potential for terrorist acts.

Ten least globalized countries of the world according to KOF are mostly
African countries, such as: Madagascar, Congo, Guinea-Bissau, Niger, Haiti,
Central African Republic, Rwanda, Myanmar, Burundi and one country of South-
eastern Asia - Saudi Arabia (which has been placed into this group by the devel-
opers of KOF index in a purely formal way, due to a lack of economic globaliza-
tion data). If we analyze these states using SDS method, we will see that, with the
exception of Saudi Arabia, which shouldn’t be taken into account during further
analysis, these are the poorest world countries where GDP per capita amounts to
much less than § 2,000. These countries indicate the highest levels of corruption,
tremendous population inequality, high level of state instability, low levels of
peace, democracy, crime control, and global security. These circumstances greatly
complicate the integration of abovementioned countries into the world’s economy
and culture.

In general, while comparing the ten least globalized African states to twenty
most globalized states we can assert, that the gap between these two groups con-
sistently expanded in both economic welfare (GDP per capita) and practically by
all SDS indicators (state instability, democratization, peacefulness, crime control,
global safety, corruption, and population inequality levels) during the period of
2007-2008 and the previous years. This disturbing tendency arose from the in-
creasing tension throughout the world, spread of global diseases, intensification of
regional conflicts, and increase in levels of crime rate, corruption, and terrorism.

By analyzing Ukraine alone, we will specify its peculiarities in the context
of globalization. The country accounts for powerful human capital s- 46-million
highly educated population (according to the UN data, education index in Ukraine
amounts to 0.94). Its geographic location and resource potential provide great op-
portunities for economic and cultural cooperation both with Russia and the Cen-
tral and Western European states. These states are located on the Black and Azov
Sea shores, have fertile soils and powerful gas transportation network. In perspec-
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tive of a transit zone, this area is a modern “Silk Way” for energy, cultural and
goods exchange between the East and the West. It is strategically important for
Ukraine to maintain the stability of this corridor. Its destabilization in the begin-
ning of 2009, due to the interruption of gas transit, led to almost 40% drop in
Ukrainian economy and multibillion losses for the economies of Russia and
Western European states.

According to KOF index, during the pre-crisis period Ukraine was on the
42" place in globalization rating. When analyzing Ukraine using the SDS
method, we can witness a tremendous corruption level, low crime control, grow-
ing inequality between the poorest and the richest and high state instability, which
complicates its further integration into global economy and culture.

Analyzing the dependence of globalization on the social development and
global security of a particular state in the range of 10 SDS indicators simultane-
ously is a complicated task. Therefore, we will apply the method of Principal
Compound Analysis (PCA), an important element of RapidMiner system [10], for
more convenient and demonstrative analysis. This method allows reducing vari-
ables with multiple properties to several implicit factors determining these proper-
ties. Therefore, the dependence of state’s globalization level on the noted indica-
tors can be simplified and presented by several most essential indicators instead
of ten.

Fig. 1 provides the values of dependence of KOF globalization index on ten
indicators in PCA plane where the extension of these ten indicators has been pro-
jected. In other words, PCA plane is the least distant plane from the whole group
of indicator values among in the ten-dimension area of these indicators.

The provided PCA analysis (fig. 1) demonstrates the indicators that in the
most essential way influence the level of globalization are the index of state sus-
tainability and the potential for terrorist acts. It is evident that Norway, Sweden,
Denmark, Switzerland, Japan, Austria, Canada and other countries are located
close to each other in the right half-plane of PCA intersection and are the most
globalized countries according to SDS method. On the other hand, Zimbabwe,
Guatemala, Pakistan, Venezuela, Cameroon, Kenia and others are located in the
lower left quarter of PCA intersection and are respectively the least globalized
states according to both KOF and SDS methods.

CONCLUSIONS

1. A new method is introduced to estimate the level of globalization for
world countries in the scope of main social development and global security indi-
cators, referred to as SDS method.

2. Using the well-known KOF method and the newly proposed SDS
method, we have conducted a comparative analysis of globalization level for
various world countries relying on the most important indicators of their social
development and security, such as state and political stability, global and regional
security, democracy level, crime control, inequality among people and
states, corruption level, state’s peace level and the potential for terrorist acts on
their territories.
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3. Using the Principal Compound Analysis, variables with multiple proper-

ties have been reduced to several implicit factors, which define these properties in
the most significant way. These properties are the index of state instability and the
potential for terrorist acts. This method allows presenting a simplified way to de-
termine the dependence globalization level of any state not on two most essential
SDS indicators, instead of all ten.
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RESEARCH VERSUS PRACTICE IN SOFTWARE
ENGINEERING: COMPARISON OF EXPERT OPINIONS TO
MEASURED USER PRIORITIES

M. HAIGH

This work explores the differences in software quality perceptions between different
groups of people involved with the software development process. Three hundred
and fifteen respondents ranked each of thirteen generally accepted attributes of
software quality on a scale of one to seven according to their perceived importance
for the piece of software most vital to that individual’s work. Differences in the pri-
orities assigned to these attributes were explored using a number of different statisti-
cal techniques. Results of this research were compared to the results of several exist-
ing studies conducted by experts in theory and practice of software engineering.
Comparisons between the studies are valuable, because they allow a comparison of
observed correlations between desires for different attributes derived in this study
with expert opinion on the extent to which these attributes can be realized in con-
junction.

INTRODUCTION

For as long there have been computer programs, those developing and using them
have been concerned about their quality. Despite this long-standing interest in the
topic, even after fifty years of computer systems development the whole software
quality area remains plagued with unanswered questions. Among the many
fundamental quality issues that have not yet been properly addressed are:
inconsistency in software quality factors and their definitions in software quality
models [De Jong and Trauth (1993); Denning (1992); Fenton and Pfleeger (1997);
Kitchenham and Pfleeger (1996)]; inconsistency in the quality models' attribute
relationships; tradeoff relationships between quality attributes; and differences
between the perceptions of software quality held by members of different occupa-
tional groups [Wilson and Hall (1998); Sverstiuk and Verner (2001)].

This work explores the differences in software quality perceptions between
different groups of people involved with the software development process. The
article compares the findings of a new survey of software stakeholders with
claims made in prominent work produced by experts in the theory and practice of
software quality.

BACKGROUND

Software quality is not a simple, easily measured property. To make the concept
of software quality more useful and measurable, experts in the field have defined
a large number of attributes associated with high quality software, such as reli-
ability, usability and maintainability. These attributes may not be strongly associ-
ated with each other, and in practice often cannot all be realized at high levels.
Existing research shows that more and more frequently we have to look at

© M. Haigh, 2009
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software quality not as an absolute measure, but in terms of trade-offs [Gentleman
(1998)]. Ideally, we would like to have every software system possess the highest
measure of quality for each software quality attribute, but in reality, everybody
involved with the system, from developers to managers and users, has to
compromise and focus on the most important quality factors. Even if unlimited
resources were available, research suggests that some attributes are in principle
impossible to maximize in the same piece of software — for example the
optimization of efficiency may limit the level of reliability that can be obtained.
Finding the right balance of quality attribute requirements and identifying con-
flicts among the desired quality attributes is an important step in developing
successful software products [Boehm, In (1996)].

A number of existing studies have attempted to identify relationships be-
tween different software quality attributes. In most of these studies authors used
their own experiences and expert knowledge of software quality issues to derive
correlation matrixes showing relationships between software quality factors.
Glass (1992); McConnell (1993); Shumskas (1992); and Perry (1991) analyzed
the relationships between software quality attributes.

While our study does not attempt to determine the empirically achieved lev-
els of each attribute, or even the perceived level of attainment in each area, it
documents the extent to which a desire for a high level of each attribute exhibits
positive or negative correlation with a desire for a high level of another attribute.
This cannot in itself confirm or deny the correlations in attained levels suggested
by earlier studies. But by documenting these correlations of desire, the study
makes it possible to compare them with these earlier observations, and so suggest
whether the overall desires of each stakeholder group are likely to be realizable.
If, for example, users who attached a high priority to efficiency were also unusu-
ally likely to attach a high priority to reliability then we would have a clue as to
why the development process sometimes yields software of low perceived quality.

METHOD

An online survey of 315 software stakeholders was conducted. The survey in-
cluded questions covering stakeholder’s job function, their relationship to soft-
ware product most important for their job function, and a set of questions asking
the respondent to rate the importance of each of 13 software quality attributes.
Each attribute was rated independently on a scale of 1-7, where 7 meant very im-
portant and 1 meant not important.

The study addressed two research questions:

1. What correlations exist between the priorities assigned by a large sample
of software stakeholders (developers, users, and managers) to different software
quality attributes?

2. How do these observed correlations match with those prescribed by ex-
perts in the software quality?

The software quality attributes evaluated were:

o ACCURACY: The degree to which the software outputs are sufficiently
precise to satisfy their intended use.

e TESTABILITY: The effort required to test the software to ensure that it
performs its intended functions.
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o USABILITY: The effort required to learn and operate this software.

e SECURITY: The extent to which access to this software by unauthorized
persons can be controlled.

e EFFICIENCY: The amount of computing resources required by this soft-
ware to perform its function.

o CORRECTNESS: The extent to which this software satisfies its specifica-
tions and fulfills your mission objectives.

e PORTABILITY: The effort required to transfer this software from one
hardware configuration or software system environment to another.

o AUGMENTABILITY (SCALABILITY): The extent to which this soft-
ware can take advantage of additional resources to deal efficiently when increased
demands are placed on it.

o INTEROPERABILITY: The effort required to couple this software with
another.

o ROBUSTNESS: The degree to which this software continues to function
in the presence if invalid inputs or stressful environmental conditions.

e FLEXIBILITY: The effort required to modify this software for uses or
environments other than those for which it was specifically designed.

o MAINTAINABILITY: The effort required to locate and fix an error in
this software, or to change or add capabilities.

e REUSABILITY: The extent to which components or modules of this
software can be used for other purposes.

These attributes were selected through a review of existing literature [Haigh,
2002]. Many of the attributes came from one of the most heavily cited software
quality models - the Boehm et al. (1976) software quality model. Some attributes
from more recent models were incorporated, and many of the descriptions were
updated or simplified to make them more relevant to non-specialists and to reflect
technological changes. Correlations identified between these attributes were iden-
tified through an examination of leading works in the software quality literature,
and are reported below.

The survey was placed online and made available using a web interface con-
nected to a database. The URL was distributed via email to the following
groups: 1. Technical staff at the Wharton School Computing Department of the
University of Pennsylvania. 2.Executive MBA students and alumni at the
Wharton School of the University of Pennsylvania. The students were asked to
spread the survey within their own organization. Distribution of the survey to this
group of people facilitated reaching managers, users, and technical personnel
from all sectors of the US economy. 3.Readers of the following internet
newsgroups: comp.databases.ibm-db2, comp.databases.ms-access, comp.databases.
ms-sqlserver, comp.databases.sybase, comp.human-factors, comp.software-eng,
comp.software. testing, comp.software.measurement. Distribution of the survey to
these newsgroups helped to reach wider population of technical personnel with
experience in various application development processes.

RESULTS
This section presents the results in the following order: a summary of the back-

ground of the respondents. The review of the results continues with a discussion
of the data analysis and comparison to the existing expert studies.
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DEMOGRAPHIC AND RELATED DATA

Each respondent identified him- or herself as either a user or developer of the
software concerned, and as either a manager (managing its users or developers) or
non-manager (personally using or developing the software concerned). Combin-
ing these two variables thus divided respondents into four groups, which are re-
ferred to here as stakeholder roles: User, Manager of Users, Developer, and Man-
ager of Development. Table 1 shows the distribution of respondents by their
stakeholder roles.

Table 1. Respondent distribution by stakeholder role

Stakeholder Group Frequency Percent
Developer 46 14.6
Manager of Development 52 16.2
User 155 49.2
Manager of Users 59 18.7
Missing Data 3 0.9
Total 315 100

Thirty one percent of the respondents were responsible for development of
the software concerned: 16.2% were managing its development, while a further
14.6% were personally performing development tasks. The remaining 69% of the
respondents were not associated with the development of the software evaluated,
and are therefore treated here as users. 50% personally used the software they
evaluated and 18.7% identified themselves as managers of the users of the soft-
ware they evaluated. (35% of the respondents fell into one or other of the man-
agement roles).

The respondents came from a variety of industries as shown in table 2.

Table 2. Respondent distribution by industry sector

Industry Sector Frequency Percent

IT and Telecomm 92 29.2
Government 16 5.1
Healthcare 32 10.1
Manufacturing 55 17.5
Military 5 1.6
Academic and Research 15 4.8
Service-Non-Computer 100 31.7

Total 315 100.0

Most of the respondents (60%) came from just two of the sectors: (1) IT and
Telecommunications, and (2) non-IT services. Overall, however, seven major in-
dustry categories were represented.

Table 3 shows the distribution of stakeholder roles by industry. Respon-
dents associated with developers and developer managers mainly came from IT
and Telecommunication industries: 43% and 44% respectively. The service-non-
computer industry was most represented for respondents not associated with
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software development: 39% of software users and 32% of user managers were

from this industry.

Table 3. Stakeholder roles by industry

Industry Developer Dev Manager User User Manager
(column %) (n=46) (n=52) (n=155) (n=59)
IT and Telecomm
(n=92) 43.4 442 21.3 25.4
Government (n=16) 10.9 1.9 34 6.8
Healthcare (n=32) 6.5 7.7 12.3 10.2
Manufactur (n=55) 13.1 13.5 18.7 22
Military (n=5) 2.2 3.9 0.7 1.7
Academic and
Rescarch (n=15) 6.5 11.5 32 1.7
Service-Non-
Computer (n=100) 17.4 17.3 40 322

DATA ANALYSIS

Bivariate correlation was used between all quality attributes, yielding a Pearson
Correlation matrix. Table 4 presents results of the correlation data analysis. Sig-
nificance as reported is two tailed. (+) shows a positive correlation, with signifi-
cance better than the 0.05 level; (-) shows a negative correlation, with signifi-
cance better than the 0.05 level; (+ +) shows a positive correlation, with
significance better than 0.01 level; (- -) shows a negative correlation, with signifi-
cance better than the 0.01 level; (+ + +) shows a positive correlation, with sig-
nificance better than the 0.001 level; (- — -) shows a negative correlation, with
significance better than the 0.001 level.

Table 4. Correlations between pairs of priorities assigned to software quality
attributes (all respondents)

t E/53 2 288 5 B|/3/3%/E|¢g
5§58 5 35 Z 2282 28
S | D |- | | ad | <|lgp | <

Correctness [ P R DU PN B D I
Maintainability | —— —— | ++ - R S
Usability ++ | ——= S D S I PR T
Testability —— |- + S S
Flexibilty - e ERVER U D R P
Portability - - __ R
Reusability - |+ |+ S U N PR s
Interoperability | + |---| + |-—-| —- —— N
Integrity - ++ - R I
IAccuracy el [ESR [T DU R S — __ T
Robustness R I T . ___ . -
IAugmentability | —— —-— - REN R N I T+
Efficiency - - R i+
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DISCUSSION

Table 4. shows that maintainability and testability exhibit strong positive correla-
tion. Likewise, correctness and accuracy proved to be positively correlated with
each other, but negatively correlated with both testability and maintainability.
Correctness and accuracy were also positively correlated with usability — another
attribute favored by users and those with less involvement or interest in software
quality issues. While robustness showed no significant variation according to any
of the independent variables, it too is positively correlated with correctness, accu-
racy and usability and negatively correlated with maintainability and testability.
What these four attributes have in common is an obvious association of the words
involved with everyday notions of quality. They were negatively correlated with
flexibility, portability, reusability and augmentability — all factors less likely to
appear important to those without any understanding of the software development
process.

The most striking result is therefore the very close relationships observed
within two attribute groups: the first one consisting of maintainability and test-
ability and the second one consisting of correctness, accuracy, robustness and us-
ability. The members of each of these groups show a strong positive correlation
with each other and are also very similar in their correlations with each of the at-
tributes outside the group. Interoperability is very strongly correlated with usabil-
ity and less strongly correlated with correctness — putting it close to the correct-
ness/accuracy/usability group. Flexibility and reusability form a third group,
negatively correlated with most of the other attributes. Both of these attributes
were consistently rated among the least important — this may explain the general
negative correlation but does not in itself explain why they correlate positively
with each other.

COMPARISON OF OBSERVED ATTRIBUTE PRIORITY CORRELATIONS
WITH EXISTING LITERATURE

A number of existing studies have attempted to identify relationships between
different software quality attributes. In most of these studies authors used their
own experiences and expert knowledge of software quality issues to derive corre-
lation matrixes showing relationships between software quality factors. Glass
(1992); McConnell (1993); Shumskas (1992); and Perry (1991) analyzed the rela-
tionships between software quality attributes. Table 5 presents summary of the
comparison of the existing studies with this research.

Table 5 shows that experts agree on many correlations, while contradict each
other on others. For example, both Shumskas and Perry suggested that maintain-
ability was positively correlated with testability — a relationship strongly echoed
in the quality priorities reported by the respondents in the present study. Likewise,
both these authors suggested that integrity was negatively correlated with flexibil-
ity, another finding echoed by respondents. McConnell suggested a positive cor-
relation between attained levels of correctness and accuracy, and Perry a relation-
ship between correctness, robustness and usability. All three of these claims were
reflected in the quality priorities reported in the results of our study. Respondents
of this study reported negative relationships between efficiency and interoperabil-
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ity (in accordance with Perry and Shumskas), usability (in accordance with Perry
and Glass), portability (in accordance with Perry and Glass) and correctness (in
accordance with McConnell).

Table 5. Comparoson of expert options with each other and with this stuly

Class mcConnel Shumskas Perry This study
Accuracy + Correctness,
(positive + Correctness Usability,
correlation) Robustness
— Flexibility,
Accuracy _ Efficienc Maintainability,
(negative Robust Y> Reusability,
correlation) obustness Te§tgbility, qut-
ability, Integrity
. + Robustness,
Correctness +Integrity Usability + Accuracy,
(positive +A Testability, Maintainabili Robustness,
Cofrelation) CuraeY | Flexibility, | VIt HeR W | Usability,
Reusability Flexibility Interoperability
— Flexibility,
Portability,
Correctness R Reusability
. — Robustness, )
(negative Effici Testability,
correlation) terency Maintainability,
Integrity,
Efficiency
— Integrity,
_ Portability.| — C — Maintaina- Usablhty,. .
ortability, — Correctness, bilit Maintainability, |~Interoperability,
- Robustness,| Integrity, T b'}i" Testability, Usability,
Efficiency Usabili Accurac estability, Flexibility Portability.
.t.y, Y |Interoperability, P i
Testability | Robustness Portability Portability, Correctness
Reusability,
Interoperability
+ Correctness,
Flexibility + Correctness Robustness -
o S S + Testability,
(pOSItlye Maintainability,| ~ Usability, Reusability
correlation) Interoperability | Testability,
Reusability
— Correctness,
il Usability,
Izl,]eeXI;)tlil\lltg — Efficiency, | — Efficiency, Accuracy,
gatn Integrity Integrity Robustness,
correlation :
) Integrity,
Interoperability
Integrity + Robustness
(positive Correctness |
correlation)
. . — Reusability
; — Efficiency, | — Efficiency, A
'P]tee%rt'i% St Flexibility, | Flexibility, | Lexiilit,
Co(rre%ation) — BHICIeNCY Iryteroperability,|  Reusability, Accuracy ’
Reusability | Interoperability Robustness
Interoperability o o
- + Flexibility, - + Usability, Cor-
CO(rPI%SIgaloen) Interoperability + Portability rectness
— Maintainability,
ropaail ks | gy, | Lo
gatl eny, Integrity abrity,
correlation) Robustness Flexibility,
Efficiency
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Class mcConnel Shumskas Perry This study
+ Correctness,
o N + Usability, Robustness,
Maintainability Correctness, Usability,
ositive estability, estability, + Testability
positi Testability Testabil; Testabil
correlation) Flexibility, Flexibility,
Reusability Portability,
Reusability
— Correctness,
Maintainability Imef*rg;gggﬁty
(negatl_ve — Efficiency — Efficiency Robustness, ’
correlation) Usability,
Portability
+
Portability Maintainability, +
ositive + Reusabilit Testability, .
p Y Y Interoperabilit
correlation) Reusability, P Y
Interoperability
, — Correctness,
Portability . . . Maintainability,
(negative — Efficiency — Efficiency — Efficiency A
- ceuracy,
correlation) Efficiency
+ Robustness, P,
Reusability Correctness +Ma1nta11}a.b1hty, e
(positive Maintainability,| Leotapility, |+ Flexibility,
lati Intero erability’ Flexibility, Testability,
correlation) Po rrt)ability Y2l Portability
— Correctness,
Reusability . _ Robustness Usability,
: — Efficiency, : i Accuracy,
(negative Integrity Elfﬁtmer.m}“ Robustness,
correlation) ntegrity Integrity,
Interoperability
+ + Correctness,
Robustness Maintainabilit Ustability, + Correctness,
(positive + Usability Reusability Y| Maintainability, Accuracy,
correlation 07 Testability, Ustability
) Integrity B
Flexibility
— A - — Flexibility,
Robustness C couracy; Interoperability, Maintainability
. . orrectness, . o o ’
(negative — Efficiency Effici Efficiency, — Reusability Reusability,
correlation) terency, Testability, Testability,
Integrity Flexibility Integrity
Testability + +1$ %rretcrtness, + Reusability,
(positive Maintainability, Usm%ﬂ‘i‘fy T\Z’in- Maintainability,
correlation) Reusability tainabi’lit Flexibility
Y
— Correctness,
Testabl_llty | Efficiency, _ Efficiency, . Ustability,
(negative Usabili Robustness — Efficiency Accuracy,
correlation) sability Intgr(?ertability,
obustness
+ Correctness,
Usability o Robustness + Correctness,
- Maintainability, RSN Accuracy,
(positive + Accuracy Testability Mamtamgblhty, Tnteroperability
correlation) Flexibility ]l;ffzzlélllﬁg’ Robustness
Usability . — Maintainability,
- — Efficiency, . . Flexibility,
(negatlye Testability — Efficiency — Efficiency Reusability,
correlation) Testability

One main set of exceptions was noted. As reported above, respondents
showed strong negative correlations between the two groups of accuracy/
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correctness/robustness/ usability and maintainability/testability. While the
positive relationships between maintainability and testability were supported by
the previous studies, as were positive relationships between correctness and accu-
racy, other aspects of these findings were less supportable. McConnell suggests
that those of attained levels of accuracy and correctness are negatively correlated
with robustness. Similarly, Perry believes that correctness and usability are posi-
tively correlated with maintainability and testability (supported with respect to the
latter by Shumskas). The respondents in the present study, however, show nega-
tive correlations between the priorities assigned to these attributes. The views of
the experts here seem to make sense.

Further analysis of survey results (not reported here for reasons of space)
suggested that accuracy/correctness/robustness/usability was favored by less
experienced respondents and end users, while maintainability/testability was
favored by more experienced respondents and development managers. Within the
samples of developers and development managers the results were more in
keeping with those suggested by the experts. As we saw, earlier studies were
based on the experience of their authors as developers and observers of
development projects rather than a sampling of the views of any broader
population, and so we should not be surprised that the views of the experts were
closer to those of development staff (whom they more closely resemble) than
those of users.

CONCLUSION

This work explores the differences in software quality perceptions between dif-
ferent groups of people involved with the software development process. Three
hundred and fifteen respondents ranked each of thirteen generally accepted attrib-
utes of software quality on a scale of one to seven according to their perceived
importance for the piece of software most vital to that individual’s work. The re-
sults of this study were compared to the results of the existing expert studies.

Comparisons between these studies and the present research must be made
with caution. The present study can neither test nor confirm these earlier models
because it examines the quality attributes most prized by different respondents,
rather than those that they believe to have been obtained or to be obtainable. De-
spite this, comparisons between the studies remain valuable, because they allow a
comparison of observed correlations between desires for different attributes de-
rived in this study with expert opinion on the extent to which these attributes can
be realized in conjunction.

Our comparison of the existing expert studies and our research revealed two
main findings. Firstly, the various experts reviewed here differed considerably on
the extent to which the attainment of one software quality attribute was likely to
assist or hinder the attainment of another. For example, while Perry believed test-
ability to be positively coordinated with robustness, Shumskas claimed that the
relationship was negative. Second, the correlations (positive and negative) ob-
served in this study between the priorities attached to different attributes rarely
conflict with the relationships in attainable quality levels set out by the expert in
earlier research. While the present study found many correlations between attrib-
utes not correlated in the other studies, there were relatively few instances in
which a negative correlation in this study was accompanied by a positive
correlation in the other studies, or vice versa. This suggests that the concepts of
software quality held by software stakeholders are not inherently unrealizable,

Cucmemni docnioxcenna ma ingpopmayivini mexnonoeii, 2009, Ne 2 141



M. Haigh

in as much as correlations between desire for specific software quality attributes
were broadly in line with expert opinion on natural correlations between
attainable quality levels.
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3HaliIcHO cTallioHapHI MOKAa3HUKU SKOCTI ()YHKIIFOBaHHS CHCcTeMH. BH3HaueHO omThMa-
J'lei BCJIMYMHU HallpalfoBaHHSA eHeMeHTiB A TIPOBEACHHS MONIEPEIKYBAJIBLHOI'O TeXHi'-I-
Horo oOciyroByBaHH:. Puc.: 2. Tabn.: 2. bibmiorp.: 7 Ha3B.

UDC 519.873

Maintenan for monotonic system with allowance of the total failure time of each
element / Peschansky A.l. / System research and information technologies. — 2009. —
Ne 2. — P. 58-66.
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A semi-Markov model of maintenance for a parallel system has been constructed
with allowance of the total failure time of each element. The stationary indexes of the
quality of the system functioning have been determined. Optimal values of the failure time
of the elements for precautionary maintenance of the system have been found. Figs: 2.
Tabl.: 2. Refs: 7 titles.

MATEMATHUYHI METO/JAU, MOJEJIL, TPOBJEMMU I MATHEMATICAL METHODS, MODELS,
TEXHOJIOT'Ti JOCJJIAKEHHSA CKJIAJTHUX PROBLEMS AND TECHNOLOGIES FOR
CUCTEM COMPLEX SYSTEMS RESEARCH
VJIK 517.9

MaremaTndeckas MoJeab npouecca opMUPOBAHUS U COXPAHECHHS KOJNIEKTHBHBIX
3Hanumii / Slcunckmii B.B., Kanycrsan A.B., Banepo X. / CucremHi AociikKeHHs Ta
iHpopmauiiHi TexHoiorii. — 2009. — Ne 2. — C. 67-77.

Ha ocHOBe mpeanoKeHHOH CHCTEMbI aKCHOM TIOCTPOEHA M HCCIIEI0BaHA MAaTEMaTH-
yeckas MOZeNb Imporecca GOPMUPOBAHKS M COXPAaHEHUs 3HaHWI B OOJIBIIMX 0Opa3oBa-
TeNbHBIX cucTeMax. OmpesneneHsl yCIoBHUsS Ha HEKOTOPOM BPEMEHHOM IPOMEXYTKE 3a-
JTAHHOTO TapaHTUPOBAHHOTO YPOBHS KOJUIEKTUBHBIX 3HaHUH. Puc.: 1. bubmuorp.: 6 Ha3s.

UDC 517.9

Mathematical model for process of forming and preserving of collective knowledge /
Yasinsky V.V., Kapustian O.V., ValeroJ. // System research and information
technologies. — 2009. — Ne 2. — P. 67-77.

Based on the introduced system of axioms, a mathematical model for forming and
process of preserving collective knowledge in large educational systems is constructed
and investigated. The conditions for preserving a guarateed level of collective knowledge
are defined. Figs: 1. Refs: 6 titles.

YK 004.7:004.93

MopaesiloBaHHSI MOAYJIBHUX CHCTEM i3 32CTOCYBAHHSIM JTHCKPETHOI Teopii maTTepHiB /
KoBasnenko LI., Kyxin O.0. // CuctemHi NOCTiDKeHHS TaM iH(GOpPMAIiiHI TEXHOIO-
rii. — 2009. — Ne 2. — C. 78-91.

Po3riisiHyTO OCHOBHI YSIBIIGHHS 1 ITOJIOKEHHS! TUCKPETHOI Teopii MaTTEepHIiB Ta IaT-
TEPHOBUX MEpPEX — HOBOTO HAINpsMy aHalli3y Ta MOJEIIIOBaHHS MOJIYJIBHUX CHCTEM.
OnucaHo NMPUKIAIM BUKOPUCTaHHS MAaTTEPHOBUX MEPEX y 3a/adyax MOJENIOBAHHS JIOKa-
JHHUX KOMIT IOTEPHUX MEPEX i 300paxkeHHs ciieHapiiB Ha ocHOBI [-ABO-rpadis (mepes).
Puc.:9. Ta6mn.:1. Bibmiorp.: 7 Ha3B.

UDC 004.7:004.93

Modeling of module systems using the discrete theory of patterns / Kovalenko LI.,
Kudin O.A. // System research and information technologies. — 2009. — Ne 2. —
P. 78-91.

Principles of the discrete theory of patterns and pattern networks, which is new trend
in analyzing and simulating module systems are described. Examples of the use of pattern
networks in modeling local networks and notation of scripts on the basis of the AND-OR-
chart (trees) are demonstrated. Figs: 9. Tabl.: 1. Refs: 7 titles.

YK 338.27
IMpakTuyHe 3acTocyBaHHsI KiIbKicHUX MeToaiB nporuodyBanus / bByaaes I1.B. // Cu-
CTEeMHI JOCIi/DKeHHs Ta iHpopManiiHi TexHomorii. — 2009. — Ne 2. — C. 92-106.
Po3rnsiHyTO NpaKTHKY 3aCTOCYBaHHS KUIBKICHUX METOIIB HPOTHO3YBaHHS 3a JIOMO-
moroto nporpamu SPSS. 3anporoHoBaHO anropuT™ moOy0BH, OIL[IHKU 1 TECTyBaHHS ILIH-
POKO PO3MOBCIOJPKEHUX Mojeieil. HaBeneHo NMpHUKIaayM NporHo3yBaHH: NPOJaxiB i3 BU-
KOPUCTaHHSM OITUCaHMX MoOJieJeld Ha BUpOOHHMYOMY mianmpueMcTsi. Puc.: 5. Tabum.: 10.
Bibmiorp.: 8 Ha3B.
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UDC 338.27
Practical application of quantitative forecasting methods / Budayev P.V. // System
Research and Information Technologies. — 2009. — Ne 2. — P. 92—106.

Practice in application of quantitative forecasting methods using the SPSS software
is considered. An algorithm for creation estimation and testing of wide-spread models is
described. Examples of sale forecast at manufacturing plants using these models are dem-
onstrated. Figs: 5. Tabl.: 10. Refs: 8 titles.

EBPHCTHYHI METOJI TA AJITOPUTMU B HEURISTIC METHODS AND ALGORITHMS IN
CHCTEMHOMY AHAJII3I TA YIIPABJITHHI SYSTEM ANALYSIS AND CONTROL
YK 62-50

Aaroput™m iiMoBipHicHOT0 BHCHOBKY B OaiiecoBux mepexax / TepentoeB O.M., Bi-
ok I1L1., Kopmepntok JI.O. // CuctemHi gociipkeHHs Ta iHQOpMAIIiiHI TEXHOJIOTIT. —
2009. — Ne 2. — C. 107-111.

[IponoHy€eTHCS HOBHIA, IPOCTIMNH 1 TOYHIMINHA, alropuT™M GopMyBaHHS HMOBIpHiC-
HOT'O BUBOJy B OaifeCiBCHKMX Meperkax Ha OCHOBI HaBUAIBHUX JaHuX. bibmiorp.: 7 Hazs.

UDC 62-50
Algorithm of probabilistic inference in Bayes networks / Terentyev O.M., Bidiuk P.I,
Korshevnyuk L.O. // System research and information technologies. — 2009. — No 2. —
P.107-111.

A novel algorithm for formation of probabilistic inference in Bayes networks on the
basis of the training data, which is more exact and simple compared to conventional ones,
is offered. Refs: 7 titles.

YK 004.021
AJITOPUTM 3HAXOIKEHHsI HalioiibImIoro 3arajsnoro miarpaga / Unesimenko M.B. //
CucTteMHI AOCTIDKEHHS Ta iHpopMartiiiai Texaoorii. — 2009. — Ne 2. — C. 112-120.
3anpornoHoBaHO HOBHH NEepeOOpHUI aNTrOpWUTM BHPIMICHHS 3a7adi 3HAXOHKCHHS
HalOUIbIIOrO 3arajgpHOro miarpada. HaBeneHo pe3ynbraTi YMCENBHOTO aHali3y MPOIyK-
THUBHOCTI alTOPUTMY Ha rpadax pi3HHX KJaciB Ta po3MipiB, 110 cKiagaioTh 0a3y rpadis
JUISl OLIHKM MPOJYKTUBHOCTI aJITOPUTMIB BUPIIICHHS 33/1a4 BCTAHOBJIECHHS MOpdi3My Ha
rpadax. Hanana ouiHka MoTeHIiainy 3aCTOCYBaHHs PO3POOJICHOTO alrOpPUTMY JJIsL BHPIi-
IICHHS peayibHUX 33ja4 Ha rpadax po3MipoM A0 JEKUIbKOX coTeHb BepumH. Puc.: 10.
Tabm.1. bibmiorp.:13 Ha3B.

UDC 004.021
Algorithm for finding maximal common subgraph / Ilyashenko M.B. // System
research and information technologies. — 2009. — Ne 2. — P. 112-120.

A new enumerating algorithm for the solution of the problem of finding a maximal
common subgraph is proposed. The results are presented for the numerical analysis of the
algorithm efficiency on graphs of different classes and sizes, which compose the graph
database for estimation of the efficiency of algorithms for solving problems concerning
morphism on graphs. The potential of using the algorithm in solving real-world problems
on graphs sizing up to several hundreds of vertices is estimated. Figs.: 10. Tabl.: 1. Refs:
13 titles.

HOBI METOJIU B CUCTEMHOMY AHAJII3I, NEW METHODS IN SYSTEM ANALYSIS, COMPUTER
THOOPMATHIII TA TEOPIi IPUMAHSTTSA PIIIEHD SCIENCE AND THEORY OF DECISION MAKING
YK 504.052

JociigxeHHs] NepepHMBHCTOr0 XapakTepy rjodanizamii B KOHTEKCTi couiaJbHOro
PO3BHTKY Ta Oe3nexku kpaiH cBity. YacTuna 1. Anajui3z 1okpu3oBoro nepioay (1o
apyroi noxosunu 2008 p.) / 3rypoBebkuii O. / CucreMHi gociipkeHHs Ta iHpopMa-
uiitgi rexsosorii. — 2009, — Ne 2. — C. 121-132.
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3anpornoHOBaHO METOAMKY OLIHKH PiBHS III00aii3amii KpaiH CBITY B IPOCTOPI TOJ0-
BHUX BHMIpiB (IHAWKATOPIB) iX COIiaIFHOTO PO3BUTKY Ta OE€3MEKH, HA3BaHy METOIMKOIO
MCPB. I3 BukopucrarasaMm Bigomoi meronuku KOF Ta 3anpomonoBarnoi MCPB nposene-
HO TIOpIBHSUIBHMH aHajIi3 piBHA Iio0amizamii pisHUX KpaiH cBiTYy. 3a JOIIOMOTOI0 METOIY
Principal Compound Analysis BUKOHaHO PEAyKIil0 KUIBKOCTI 3MiHHHX, SIKI BU3HAYalOTh
BJIACTHBOCTI TJ100ai3awii M010 NesIKMX XapaKTepHUX YHHHUKIB, Ta 3JIHCHEHO CIIPOILEHE
MPECTABIICHHS 3aJICKHOCTI PiBHS IJ100aTi3allii BiJ| BUSBJICHUX HANCYTTEBINIMX YNHHHKIB.
Puc.: 1. Ta6um.: 1. bi6miorp.: 10 Ha3B.

YK 504.052

HccnenoBanne npepbIBUCTOTO XapaKTepa riio6ajM3anuu B KOHTEKCTE COIHATBLHOTO
pa3BuTus H 0e3omacHocTH cTpaH Mupa. Yacts 1. AHAJIM3 TOKPHU3MCHOTO MepHOA
(10 BTOpOIi monoBuHbI 2008 p.) / 3rypoBekmii A. // CucteMHi nociipkeHHs Ta iHPOp-
Maniiai Texaosnorii. — 2009. — Ne 2. — C. 121-132.

[TpeanoxkeHa METOAMKA OLEHKH YPOBHS TJ100aJIM3alMU CTPaH MHpa B IPOCTPAHCTBE
TJIaBHBIX U3MEPEHUH (MHINKATOPOB) X COLMAIBHOTO Pa3BUTHUS U O€30IaCHOCTH, Ha3BaH-
Has meroaukoid MCPB. C ncnons3oBanneM n3BecTHor Metoauku KOF u mpennoskeHHOM
MCPPB mnpoBeneH cpaBHHUTENBHBIA aHAN3 YPOBHS TIO0ANM3alMU Pa3HBIX CTPaH MUpA.
C momomsio Metona Principal Compound Analysis mponsBenieHa peayKIis KOJTUIECTBA
MIepEeMEHHBIX, KOTOPbIE ONPENEIISIOT CBOWCTBA ITI00AIM3AIMY 10 OTHOILIEHUIO K HEKOTO-
PBIM XapaKkTepHBIM (haKTOpaM, M OCYIIECTBJIEHO YIPOIIEHHOE IPE/ICTaBIEHIE 3aBUCUMO-
CTH YPOBHS TJI00aIM3alliM OT BBISIBJICHHBIX CaMbIX CYLIECTBEHHBIX (akTopoB. Puc.: 1.
Tab6u.: 1. bubauorp.: 10 Ha3B.

YK 519.816

JocaigxeHHsl SIKOCTI MPOrpaMHOro 3ade3neveHHs: MOPIBHSIHHA OLIHOK eKCHePTiB
npu Bu3Ha4veHHi npioputetiB / Xeiir M. // Cuctemui mociikeHHs Ta iH(pOpMaLiiHi
texHosorii. — 2009. — Ne 2. — C. 133-142.

JocaimxyroTscs po30iKHOCTI B CIIPHHHATTI AKOCTI MPOTPAMHOTO 3a0e3MeUeHHS Pi-
3HUMU TPYyTIaMH JIFOIeH, MPUYETHUMH 10 HOTO po3poOKH i BUKOpHCTaHHA. 315 pecronme-
HTIB OLIHMJIM y BiJIOBIZHOCTI O CBOIX NIpiopuTeTiB 13 MIMPOKO MOMIMpPEHHUX aTpuOyTiB
SKOCTI IporpamMHoro 3abesnedeHHst. OIiHIOBaHHS MPOBOJMIOCS 3a IIKAIOKI BiJI OJHOTO
JI0 CEMH Yy 3aJIeKHOCTI BiJI TOTrO, HACKUIBKM BOKJIIMBUM PECIIOHJICHT BBaXKaB JIAHUW aTpH-
OyT. Po30i»HOCTI B OLIIHKaX MPIOPUTETIB IIUX aTPUOYTIB JTOCITIHKYBAJIHUCS 3 BUKOPUCTAH-
HSIM CTaTHCTHYHUX MeToJiB. [IpoBeseHO MOpIBHSIHHS OTPUMAaHUX €MITIPUYHHUX pe3yJibTa-
TIB 13 pe3ysibTaraMH KUIbKOX JIOCHI/PKeHb, BUKOHAHHMX 32 y4acTIO €KCIEpTiB B 00JacTi
PO3pOOKH POTPaMHOTO 3a0e3MeUeHHS, 10 T03BOJISE TIOPIBHATH CIIOCTEPEXKYBaH] B3a€EMO-
3B’SI3KM MIXK OTPHIMAaHUMH B JTaHI poOOTi Oa)KaHUMHU aTpUOyTaMH 3 OI[IHKAMH SKCIIePTiB
B 00J1acTi, CIIUNBHIHN 11 BCix nuX aTpuOyTiB. Tabm.: 5. bibmiorp.: 20 Ha3B.

YK 519.816

HccnenoBanne kavyecTBa MPOrpaMMHOTO ofecriedeHHsl: CPaBHEHHE OLEHOK JKCIep-
TOB NpH onpeaeaeHun npuopureros / Xeiir M. // CuctemMHi ToCTiKeHHS Ti iHpOpMa-
miitai rexnosorii. — 2009. — Ne 2. — C. 133-142.

HccnenyroTest oTnu4us B BOCTIPUSTHM KadecTBa MPOTPaMMHOTO OOecleueHus pas-
HBIMH TPYTIIAMH JTIOEH, 3aHATHIMU €ro pa3paboTKOW M MCIIOJIb30BaHHEM. 315 pecroH-
JICHTOB OLICHWJIM B COOTBETCTBHH CO CBOMMH IPUOPHUTETaMH 13 HIMPOKO HCIOJIb3YyEeMBIX
aTpuOyTOB KadecTBa MporpaMHOro odecredeHus. ONEeHUBaHNE MPOBOIMIOCH IO IIKAIe
OT OJIHOTO 0 CEMH B 3aBHCHMOCTH OT TOTO, HACKOJBKO BRXKHBIM PECIOHICHT CUHTAI
JaHHbI aTpuOyT. OTIIMYKS B OLIEHKAX MPUOPUTETOB ITHX aTPUOYTOB MCCIEIOBAIUCH C
MPUBJICUYCHUEM CTATUCTHYCCKUX METOMOB. [IpOBeIcHO CpaBHEHUE MONYYCHHBIX SMIIHPU-
YECKHX PEe3yJIbTATOB C PE3yJIbTaTaMH HECKOJBKHX HCCIICOBAHUM, BBHITONHCHHBIX MPU
YYaCTUH IKCIIEPTOB B 00JIaCTH pa3pabOTKU IMPOrpaMMHOI0 00ECIIeUeHHUs, YTO MO3BOJISET
CpaBHHUTH HaOJIIOJJaeMble B3aMMOCBS3M MEXAY MOJYYEHHBIMU B JaHHOI paboTe jkelae-
MBIMHU aTpHOYTaMH C OLIEHKAaMH IKCIIEPTOB B 00JIACTH, OOIIECH AJI BCeX 3TUX aTpHOyTOB.
Tabm.: 5. bubmmorp.: 20 Ha3B.
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IMPABUJIA O®OPMJIEHHSI CTATEHA
IJIS1 JKYpPHAJTY

«CUCTEMHI JOCJIJKEHHS TA IHOOPMALIHHI
TEXHOJIOI'Ti»

1. Crarrs 3 aHOTaLisIMM MOJIAETHCST Y JIBOX BapiaHTaxX: y PO3IPYKOBAHOMY (Ha rarepi
¢dopmary A4 uepe3 1,5 iHTepBanu y ABOX NPUMIPHHKAX, po3Mip mpudty 12 nr., mous
3J1iBa Ta CIpaBa 1o 3 CM) Ta eJIEKTPOHHOMY BHUIJISI.

2. AHOTamis MOJAETHCS TPhOMAa MOBAMU: POCIHCHKOIO0, YKPATHCHKOIO 1 aHTTIHCHKOIO
(ue OinmbIre 5—6 psiaKiB).

3. Tekcr crarti HabupaeTbes y penakropi Microsoft Word 98 (abo mi3Himoi Bep-
cii) mpugTtom Times New Roman i3 BUpiBHIOBaHHSM I10 ITUPHHI.

4. Ha novarky crarTi BKazyerhcest inaekc Y /1K, Ha3Ba crarTi, iHIIiady Ta Npi3BHIIE
aBTOpa (aBTOPIB).

5. Cuucox niteparypH MOJaeThesl Y MOPSAKY MTOCHUIIAHHS iCHsI TEKCTY CTaTTi.

6. Habip popmyn 3xilicHroeTbes y penaktopi popmyn «Equationsy.

7. CumBomu y Qopmynax (KpiM 0COOJIMBHX BHUIIQJIKIB) HAOMPAIOTHCS KYPCHBOM.
JlommyckaroTbes IpsIMi CHMBOJIH, aJie X Tpebda po3MITUTH ab0 BKIIFOYHTHU A0 CIHCKY CIIeIli-
aJBHUX CUMBOJIIB.

8. Hymepysartu 6axaHO TilIbKH Ti (hopMyIH (BUHECEH] Ha CEPEINHY PAAKIB), Ha SIKi
€ TTOCWJIAHHS Y TEKCTI.

9. Tabnuii Ta pUCYHKH BHKOHYIOTHCSI B OZJHOMY CTHIJI, HyMEPYIOThCS Ta MOJAIOTHCS
TICJIS IOCUJIaHb Ha HUX y TeKcTi. He ciix moBTOproBaTy Ti K cami BiIOMOCTI y MiAmucax
JI0 PUCYHKIB Ta TaOIHUIIb.

10. Crartsa pa3om i3 TaONHISIMH, PECYHKAMHU 1 CIIICKOM JIiTepaTypu Mae OyTH He
6inpmre 15 cropiHok. OriusiioBi craTTi 00csroM 70 25 cTop. MpUHMArOThes 10 IMyOJiKa-
1i1 32 IOMOBJICHICTIO 13 PEIKOJIETI€I0.

11. Jlo pykomucy IOIarOThCs BiJOMOCTI PO KOKHOI'O aBTOpa: KpaiHa, MiCTO, MicIie
poboTH, cimyk00oBa Tocaaa, BYCHUH CTYMIHb Ta 3BaHHSA, cepa HAYKOBHX IOCIHIIKEHB,
KOHTAKTHI TeledoHu, apeca Ta e-mail.
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