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OrnssHyTo Ta mNpoaHATi30BaHO Modedi HaIiiHOCTI mporpaMHoro 3a0e3mevYeHHS.
Hageneno kiaacudikamiio Mmoaenei 3a pisnumu kputepisivmu. Oco0JMBY yBary 3ocepeaeHo Ha
MOJIeJISIX HAMIMHOCTI, 10 BPaxoBYIOTh SIBHINE HEIOCKOHAJIOTO BilVIaroIKeHHs, 30KpeMa Ha
MOJIeJIIX HA OCHOBiI HEOJHOPIIHOI0 NyacCOHOBOIO MNpoIleCy 3 BHKOPUCTAHHAM (YHKIIii
po3noainy 3ycuJib TeCTyBaHHs. Po3riIsiHyTo 0CHOBHI (DYHKIIIT po3moaisry 3ycHjib TeCTYBaHHS Ta
NpoaHaTi30BaHo iX iHTerpaiir 3 MogeAsIMU HAXIHHOCTI MporpaMHOro 3ade3neyeHHsl.

KurouoBi cjoBa: nmporpamue 3a0e3neyeHHsl, sIKicTh, HaAiliHiCTb, MOeb, HETOCKOHAJIE
BilJIaro;KeHHs, PO3MOAia 3yCHJIb TeCTYBaHHS.

Beryn

B ocranHi poku BapTicTh po3pobieHHs nporpamHoro 3adesnedents (I[13) ta BuTpaT Ha BiZIMOBH
MPOrpaMHUX CHUCTEM CTall OJHWMH i3 OCHOBHHX 3aTpaT Ha PO3POOJIEHHS CKIIAJHUX TEXHIYHHX CHCTEM.
Bigmora I13 Moke MHpH3BECTH J0 HEOYIKYBAHOI'O CTaHy CHUCTEMH ab0 IOTOKY HerepeadauyeHuXx Iii.
Bracuninok BigmMoBu [13 MOKITHBI MOMIKOJHKEHHS Y4 PYHHYBaHHS MaifHa, TopaHeHHs a00 3aru0ens JIIo/eH,
BTpaTa TPOIIOBMX KOIITIB. 3aralbHOBU3HAHUM B 1HIYCTpii IporpaMHOro 3ade3neveHHs € Toi (akT, 1o
BHCOKOKBai(DikoBaHI MpOrpaMicTu JIOMyCKalTh B CEPEIHHOMY 6 TIOMHIIOK B MPOrpaMHOMY 3a0e3MedeHH1
npu HanucanHi 1000 psakiB koay. [Ipu TakoMy moka3HUKY 3BU4aiiHe komepitiitae [13, sike ckiagaerses 3
350000 psiakiB komy, MicTHTh 0Ju3bk0o 2000 MOMHIIOK, 30KpeMa IMOMMJIKH, TTOB’SI3aH1 3 BUTOKOM I1aM’sITi,
MOB’s13aH1 3 TEKCTOM IMPOTrPaMH, MOMHIKH BUKOPUCTAHHS CTOPOHHIX Oi0mioTek, ctaHmapTHi 0i0mioTedHi
MMOMMJIKM Ta iHIm. ToMy MUTaHHS OLIIHIOBAHHS Ta 3a0e3nedeHHs HasiitHocTi 13 BimirpaioTh Bce OUIBIILY
POJIb Y PO3pOOJICHH] CKIIaIHUX TEXHIYHMX CHUCTEM, a MOOYI0Ba BCE aIEKBAaTHIIIMX Mojeliel HaaiiHocTi 13
€ BYKJIIMBOIO HAYKOBO-TEXHIYHOIO MPOOIEMOIO.

3arajbHa XapakTepucTHKa Ta kjaacudikailis Moaeseit
HaXil{HOCTI MpOorpaMHoOro 3ade3neyeHHst

Jocmimkenns B ranysi Haugifinocti [13 0epyts mouatok 3 1970-x pokiB. He3Baxkaroun Ha 3yCHILIA
MPOBITHUX CBITOBUX pO3pOoOHHMKIB [13, 3aBHaHHs 3HMKEHHSI KUIBKOCTI MOMMJIOK Y IIPOrpaMHHUX CHCTEMaXx
HE OTpUMajo e(peKTHMBHOro mpakTHyHOro BupimieHHS [1]. OOG’€KTHBHO II€ 3YMOBJICHO HAaJ3BHYalHO
BHICOKOIO CTPYKTYPHOIO CKJIQIHICTIO IMPOTPAMHUX CHCTEM, JHHAMIYHICTIO BEpCii 1 TexHomorid. OgHum i3
NUISIXIB IMIBHUINEHHS piBHS HamiiHOCTI [13 € BHKOpHCTAaHHS Ha eTamax TeCTyBaHHS 1 BuUIpoOyBanb 113
MOJIeNIeH, 110 JalTh 3MOTYy OTPMMATH I'apaHTOBaHI OI[IHKK MOKa3HUKIB Oe3meku [I3 1 edekTUBHOCTI
TEXHOJIOT1l HOro po3poOiieHHs. BiIbImiCTh TAKMX MOMACICH 3all03MYCHO 3 TEOpii HAMIMHOCTI TEXHIYHUX
CHCTEM, TOMY B JIITEpaTypi iX 4aCcTO Ha3UBAIOTh MoaeNsaMu HaaiHocTi 113 [2, 3].

Bix 70-x pokiB MHHYJIOI'O CTOMITTSA OyJI0 pO3poOJIEHO 3HAYHY KUIBKICTh Momened HamifiHocti I13
[4-7]. Sk ocHOBHI KpuTepil kmacudikaiii Takux Mojelell BHOpPaHO JBa JOBOJNI MPOCTI MPEIMETH
JOCITI[KeHHA:

1) nocmimkeHHS KUTBKOCTI BIIMOB 3a TEBHHM Tepiom dacy (BUMIp 9acy “B PEeXKHWMI HACTIHHOTO
TOAMHHMKA a00 BUMIip Yacy BITHOCHO BUKOHAHHS IIPOIIECIB MTPUCTPOSIMU KOMIT I0TEpa);

2) IMOCHiKEHHS YaCOBHX MPOMDKKIB MK IIOMHUIIKaAMH.
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BBaxkanu, mo Mmopeni, kiacu(ikoBaHi UM CHOCOOOM, B3aEMHO HE TEPETHHAIOTHCS 1 MOXYTb
MICTUTH YaCTKOBI BHIIaJKH B KOXXKHOMY jociimkeHHi [8]. OmHielo 3 mepmIMX CKIATHUX MOJEIeH
HaziriHocTti [13 BBaxkaroTh Mogens Mycu i Okymoto [9]. s mobynoBu 1i€l MoJieNi BUKOpHCTaHO Habip
aTpuOyTiB, 30KpeMa:

® JaCOBHI TIPOMIXKOK;

® 3arallbHy KUIBKICTh BiJIMOB, SIKI MOXKJIMBO BHSIBUTH 33 HECKIHUYCHHWH ab0 CKIHUCHHUI MPOMIXKOK
qacy;

® PO3MONLT KUTBKOCTI BiAMOB, sKi BimOymmcs 3a vac ¢t (po3moxin Ilyaccona abo OGiHoMianbHUI
po3moxnin);

e Kjlac BIZIMOBH, a00 (yHKIIiOHaNIbHA (hopMa aKTHMBHOCTI BIJIMOB 3a NMEBHHUI 4ac (3aCTOCOBYETHCS
TLUTBKH JIs1 BUTIPOOYBAHb 13 CKIHUCHHUMH YaCOBHUMH IIPOMKKaMH );

® TUIT BiIMOBH, a00 BHUIVIsA (YHKIIT IHTEHCHBHOCTI BiJIMOB TNPOTSITOM HECKIHYCHHOTO MPOMIKKY
Yacy (3aCTOCOBYETHCS TUTBKH JUTS BUTIPOOYBaHb i3 HECKIHUCHHUMH YaCOBUMH NPOMIKKaMu) [9].

3 PO3BUTKOM TEXHOJIOTIA PO3pOOJICHHS 1 MpakTHYHOro 3actocyBanHs [13 cxema kiacuikarrii
Mojenel HaiitHocTi [13 3HauHO po3mmpunacs. He Tinbku po3pobieHo HOBI KpuTepii knacudikarii, ane i
YCKJIaJHEHO caMy CTPYKTypy Kiacudikallii BHACIIIOK 00’€IHAHHS 1 MEPETUHY IEKIIbKOX KPUTEPIlB y
pizHux moxessx [10].

Jlo HaHOUIBII BXXKMBAaHUX METOIUK 1 (pakTopie HaxmiiHoCcTi [13 HaylekaTh: cTajis >KUTTEBOIO IUKITY
pospobnenns [13 (kmacudikarist MoJienei 3aIeKUTh BiJI eTairy, Ha sIKOMY pOo3paxoByeThest HaailHIcTh [13),
MOJKJIMBICTh PAHHLOIO IPOTHO3YBAHHS IOMUJIOK, OPIEHTOBAHICTh Ha iH(opMaIlliio ado apxiTeKTypy
(knmacudikarrito poOJIATH Ha MiJCTaBl EPEBIPKU MPABMIBLHOCTI BXIHUX / BUXITHUX JTaHHUX, a00 MmepeBipKu
¢dyHkiioHanpHOr0 HamoBHeHHs [13), 3poctanHs HaniitHocTi [13 B mporeci BUSBICHHS Ta BHITPABIICHHS
nomuinok Tomio [11]. Knacudikaris 3a takumu ¢aktopamu [12] € HaWIIOBHIIIOW Ta Ja€ MOXIHUBICTH
MPEACTaBUTH HE TUIBKK caMi MO, aie 1 B3aEMO3B 30K Mk HUMH (puc. 1).

Kinekicte Mopmenedt HamiiHocTi [13 ChOrofHI IMEpPEBUINYE COTHIO 1 MPOJOBKYE 3pocraTd [6].
3ane)XHOo BiJ BU3HAYEHHS MOHATTA HaxiitHocTi [13 1 rmOMHM noCHipKeHHsT OOMparoTh pi3HI KpuTepil i
XapaKTepUCTUKU MojieNiel HajiiHoCTi. ToMy HaBeneHa Ha puc. 1 cxeMa kiacudikarlii Moenel HaaiiHOCTI
I13, six 1 po3rIsAHYTI KpUTEpii, HE € eauHOI0 [13].

Cxema, HaBeleHa Ha puc. 1, moaiase Bci mozeni HamidHocti [13 Ha aHamiTHYHI Ta EMITIPHYHI.
Emmipruni Mojeni HaJiifHOCTI, CBOEIO 4YEprolo, IMOAUISIOTHCS Ha MOJENI CKIAJHOCTI 1 MOJeni, Mo
BHM3HAYAIOTh Yac, HEOOXIMHMM Ha “IMOBEeAEHHS MporpaMu. AHATITHYHI Mo HadiiHOCTI 13 moauisoTh
Ha JTMHAMIYHI (JIMCKPETHI 1 HelepepBHi) 1 craTuyHi (3a 00JIaCTIO MOMUIIOK, 32 00JIacTIO TaHuX) [6].

Kutrepuit nukn I13 3arajgom 3a3Buuail MOOUISAIOTH Ha Taki eramu [14]: cmernudikalilis BHMOT,
MPOEKTYBaHHsI, KOMYBaHHS, TECTYBaHHS, eKCIUIyartallis i cynposin. Etam mpoekTyBaHHS MOXXe BKIIOYATH
MOTIEpE/IHE MPOSKTYBAHHS 1 JIETali30BaHe MPOCKTYBaHHsA. ETam TecTyBaHHS MOXeE MICTUTH MOJIYJBbHE,
IHTerpalliifiHe Ta perpeciiiHe TeCTyBaHHs, TECTYBaHHS B yMOBax ekcIulyaTaiii. Etan cympoBomy moike
MICTHTH OJUH a00 JBa IUKJIH, KOXKEH 3 SKHX Ma€ BCl eTamu crafii po3pooku. 3riguo 3 JICTY 3918-1999
(ISO/IEC 12207:1995) [14] ocHOBHUMH IpoliecaMu JKUTT€BOro Iukiay II3 € mporecu: 3aMOBIICHHS,
MOCTaYaHHs, PO3pOOJIEHHs, eKCIulyaramii Ta cympoBoay. CBoero ueprorw, mpoiec po3pobienHs I13
MICTUTh TaKi Jdii: peamizallito Imporecy, aHali3 CHCTEMHUX BUMOT, NMPOEKTYBAHHS apXITEKTYpH CHCTEMHU,
aHatiz Bumor g0 [13, mpoekTyBanHs apxitekTypH I13, po3poOieHHs neranbHOro npoekry I13, kogyBaHHS 1
tecryBaHHus 13, iHTerpamito 113, kBamidikamiitae TectyBanus [13, cucremuy iHTerpartito, kBamdikaiiiae
TEeCTYBaHHsI CUCTeMH, BcTaHoBiIeHHS [13 Ta 3abe3neuenns npuitmanss [13 [14].

Ha pannix cranifx sxutreBoro nukiay [13 morpiOHa Momenb MPOTrHO3YBaHHS HAIIHOCTI, OCKIIbKH
JaHUX MPO BiAMOBU HeMae. Mojeii Takoro THITYy MpH3HAYEHI I nepeadadeHHs KiIbKOCTI IMOMHIIOK Y
Tporpami mepes TECTYBaHHM, 1 B JEIKHUX JIITepaTypHUX JpKepenax [15] Hanexats 10 JeTepMIHICTHIHHUX
(cratmunnx) moxmeneit HamitHocTi [13. Ha erami TectyBaHHS mOKa3HUKH HamiiHOCTI [13 mOKpamntyroThes
3aBASKHM BIUIarO/UKEHHIO MporpamM. Mojenb 3pOCTaHHS HAIIHOCTI HA [BOMY eTalli MOTpiOHa Is
OLIIHIOBAHHS MOTOYHOrO PiBHS HAIIAHOCTI, Yacy 1 pecypciB, MOTPIOHMX JUIS JOCATHEHHS 3aJaHOr0 PiBHS
HamifHocti [13. Bponosk boro eramy OmiHKa HaIiifHOCTI IPYHTY€EThCS Ha aHaTi3i IuX BiaMoB. Momerni
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TAKOro THITy HalexaTh [15] mo iMoBipHicHUX (quHAMiYHHMX) Moxaened HamiiHOcTi [13. Ilicns BBemeHHS
MporpaMy B EKCIUTyaTallil0 MpHW BU3HAYEHHI ii HaIIHHOCTI HEOOXIJHO BpaxOBYBaTH JOJAaBaHHS HOBUX
MOJYJTiB, YCYHEHHS CTapHX MOJYJNIB, YCYHEHHS BHSBIICHHX TOMHWJIOK, TOETHAHHS HOBOTO KOAY 3
MOTEpEIHFO HAITMCAHUM KOJIOM, 3MiHYy CepeIOBHIIIa KOPUCTYBaya, 3MiHY arapaTHOro 3abe3neueHHs Tolo.
Ha 11poMy ertani BUKOPUCTOBYIOTH SBONIOLIMHI MOIei HaaidHoCTI [16].

XKnuTTeBuin Lmkn po3pobneHHs
nporpamHoro 3abesneyeHHs

‘ Po3pobneHHs Bumor ‘ MpoekTyBaHHsA ‘ ‘ MporpamyBaHHs ‘ ‘ TecTyBaHHs ‘ ‘ BHeceHHst aMiH ‘
Mogeni 3 paHHiM ApXiTekTypHo/ Fi6puaHi moaeni Fi6puaHi moaeni Mogeni apocTaHHs Mogeni, wo
NPOrHO3yBaHHAM YHKLiOHanNbHO "Ginoi ckpuHbKK" "4OPHOI CKPUHBKK" HapinHocTi M3 OCHOBaHi Ha
NOMUIOK OpiEHTOBaHI BXIZHUX AAHUX
mMogaeni
— v
-Mogeni, wo 6asytoTbes Ha dasax XKL, i Mogeni 3pocTaHHs
-Na6opaTopHa Mogens Pime Mogeni M3, wo HagiiiHocTi N3 -Mogpenb Henbcoxa
-Mopenk Peiinexa 6a§y*0TbCﬂ Ha W0 6asyloTHCS: ha -Mogens Llybfang
-Mogenb ouikysanHs Mycn yaci, CTpyKTypi BXIHUX [aHIX -Mopgene Beiica i B'tokapa
-Mogeni 36upaHHs faHux

; v . | l

CraTunyHi AQuTunBHI OuHamiyHi S-nodibHi YBIrHyTi
! — |
-Mogeni, wo 6a3yloTbcs Ha apXiTekTypi -Mogens LLymana -basosa mogenb Mycu
-FeTeporexHi mopeni -Mogenk KpiwHamypti Ta Masypa -HMM mopens MNoena ta Okymoto
-Mogpene Jlanpie -Mogenb Slko6a, Kykuka Ta Amapa -HMM moaens Mycu OkymoTo
-Mopeni MNokxenna -Mogenb nyacoHoBsoro posnoainy Mycu
-ImiTauinHi mopeni MNokxenna -Mogenb [xeniHcbkoro Ta MopaHam
-Mogenb Peiinexa

Mopenb EBepeHTa -S-nopibHa moaenb Amaau

-Mogens Nomnepua

Puc. 1. Knacughixayis mooeneu naoitinocmi 13 ma ix 63aemo36 130k 3 srcummesum yuriom 113

3a MoJeNnsIMH, B OCHOBY SIKHX IMOKJIQJCHO MiJIPAXyHOK BiIMOB (JMHAMIYHI MOJIENI), MPHITYCKAIOTh,
II0 KOHIENTYaJbHO B IIpOrpami HasiBHA CKIHYEHHA KiUIbKICTh MOMHUJIOK. BpaxoByrouw, M0 KUIBKICTH
MOMMWJIOK € IUJTMM YKCIIOM, 32 JUHAMIYHUMH MOJCISIMH OOUYUCITIOIOTh KUTBKICTh TOYATKOBHX ITOMHJIOK HA
eTami BIJIAro/KEHHS MPOrpaMu 1 KUIBKICTh IMOMHJIOK, IO 3JIMIIMJIMCH IiJ 4ac 4Yd B KIHI[ eTamy
BIIUTaro/pkeHHs. Mozenl MiapaxyHKy BiMOB BHKOPHCTOBYIOTh IHTCHCHBHICTh BIJIMOB SIK OCHOBHY
XapaKTEPUCTUKY TOSBH BiAMOBH. 3aJIGKHO B THILy MOJENTI MPHUITYCKAIOTh, IO IHTCHCUBHICTH BiTMOB
KO)KHOI ITOMUJIKH € a00 CTajor0 (PYyHKIIEI Y4acy BiAjaropkeHHs, ab0 BUIIAJAKOBOKI 3MIHHOIO i3 3aJaHUM
3aK0HOM po3noxiny [15—17]. SIk TUTBKK IHTEHCHUBHICTH BiIIMOB, ITOB’S3aHA 3 TIOMUJIKAMH TICBHOTO THILY,
BHM3HAYEHO, IHTCHCUBHICTh BIJIMOB IPOrpaMH 3arajoM OOYHCIIOIOTH SIK JOO0YTOK KiTBKOCTI IIOMHUJIOK, IO
3UIMIIAJIKCH B TIPOrpami, Ha IHTEHCUBHICTH BiIMOB, MOPOKCHUX ITOMHUIIKOIO KoxkHOTO THIY [16]. ITix gac
erany BiJUIArO[UKCHHS KUIBKICTh IOMHJIOK, IO 3alMIIMINCh, 3MIiHIOEThCS. OmHuM 13 crHocoOiB
MOJICTTIOBAHHSI TaKOTO IPOIECY BIIMOB € MPEACTABJICHHS KUIBKOCTI TOMWJIOK, IO 3allUIIWINCH, SIK
CTOXacCTHUYHOTro Tpomecy [16, 17].

Onminka HagiHocTi [13 € Bce BayKIIMBIILIOO ITi1T Yac po3pO0ICHHS Ta TECTYBAaHHS HOBHMX IIPOrPaMHHX
nponykriB. [lepen tuMm, sk HOBe I3 BUIyCTUTH B KOPHCTYBaHHS, HOro peTelIbHO MEPEBIpAIOTH Ha
HasIBHICTh IOMMJIOK, SIKI MOIJIM 3’SIBUTHCS B mporeci po3pobienns [13. He3pakatoun Ha Te, 110 BHUSBICHI
MOMHJIKYA HETaiHO BHJIAJISIOTHCS, HOBI MIOMWJIKH MOXXYTh OyTH BBEIICHI IiJ] Yac MPOIIECYy BiJUIArO/PKEHHS.
[MporpaMue 3a0e3medeHHs, SKE MICTUTh TOMWJIKH 1 BHITYCKA€ThCS Ha PHUHOK, HECE BHCOKI PH3HKH,

132



OB’ s13aH1 3 BiAMOBaMHU. BiyiaromkeHHs 1 TECTyBaHHsI, 3 1HIIOTO OOKY, 3MEHIIYE KUIBKICTh ITOMHUJIOK, aJie
30LIbIIIye BUTPATU Ha po3poliieHHs. OTke, iICHYe HeOOXiqHICTh BU3HAYUTH ONTUMATIbHUN Yac IS 3yTTHHKH
tectyBanHsa [13. Ilim 4Wac TecTyBaHHS CHCTEMH HAJIHHICTh € BaXKJIMBUM KpPUTEPIEM TPH yXBalleHHI
pillieHHs, KOl came NoTpioHo BumycTuTH [13. [lekinpka iHIMX KpUTEpiiB, Taki SK KUTbKICTh MTOMHUIIOK, IO
3aJUIIIACS, YacTOTa BIIMOB, BUMOTH 10 HAJIMHOCTI abo 3araibHa BapTICTh CUCTEMH MOXYTh OyTH
BHKOPHCTaHI JUIsl BU3HAYCHHS ONTUMAJIBHOrO yacy TectyBanus [13 [18].

VY nmocnmimkeHHsx B obmacti imkeHepii HaxmiiiHocTi [13 mMpOKO BHUKOPHUCTOBYIOTH Psii MoJeNeH
3poctanHs HagiiiHocTi [I3 Ha ocHOBI HeomHopimHoro mporecy [lyaccoHa, siKi 3ampOIOHOBAHO IS
ouintoBanHa HamiiiHocti [13. HacmpaBni momeni HaziiHOCTIi I13 Ha OCHOBI HEOTHOPIAHOIO IMPOIECY
[lyaccona cranm OBONI YCHINIHUMHU TPAaKTHYHUMH IHCTpYMEHTaMH aHamizy HamidHocti I13. V mmx
MOJISIIAX PO3MIANAIOTH MpoIec Bimnaromkenus [13, skuii Mo)KHA OXapaKTepHU3yBaTH ILIBOBOIO (DYHKIIETO.
Haniitaicts [13 MoXHa OIIHWUTH SK BH3HA4YeHY IUIbOBY (yHKI0. [Tapamerpu Mopenmi, sk MpaBHIIO,
OI[IHIOIOTH 3 BUKOPUCTAHHSM METOIy MaKCUMaIIbHOI paBaonofioHocTi abo Metoxy perpecii. Pi3ai Mmoneni
I[OTO KI1acy Oyn0 MOOYI0OBaHO Ha OCHOBI PI3HUX MPHITYIICHb.

Monens [oens—OxkymoTto [18] Takoxk BimoMa sIK €KCIIOHEHIIIMHA MOJIENb 3pOCTaHHs HaaidHocTi [13,
IO IPYHTYETHCS Ha HeogHOpinHoMy mporeci [Tyaccona. 1ls Momens TpyHTYEThCS Ha TaKUX TIPUITYIICHHSX

1) yci BiqMOBH B porpami € He3aJeKHAMU;

2) KUIBKICTh BiJIMOB, BUSIBIICHHX y OyIb-SIKHI 4Yac, MPOIOPIIiiHA MMOTOYHINH KITBKOCTI MOMHIIOK Y
porpami; Iie 03Hayae, 1o KMOBIPHICTh BUSBIICHHS KOKHOI TOMUJIKH € CTAJIOI0 BETMYHUHOIO;

3) BWSBIEHI Bi/IMOBH BHIAJSIOTHCS JIO HACTYITHOT'O TECTYBAHHSI,

4) KOKHOTO pa3sy, sK BijOyBaeThcs BimMora [13, momwuiika, sika CIpUYMHKIIA IF0 BiJIMOBY, HEraiiHO
BHIIPABIISIETHCS, 1 )KOIHUX HOBUX ITOMHJIOK JI0 CHCTEMH HE BHOCUThCA [18].

INoseninka BigmoB [13 3 yacom y 11ii MOJIeNi OMUCYETHCS TAKUM UG EPEHIIIHHIM PIBHSIHHSIM:

P _ ha-m(n), m
ot
ne m(t) — KiTbKICTh BIIMOB ITPOTATOM Yacy /; @ — OYiKyBaHa 3arajbHa KUIbKICTh MOMHMIIOK, 10 icHYe B I13

nepest TeCTyBaHHAM; b — KOe(il[ieHT BUSBIICHHS BiJ]MOB.
Myca y 1985 pori [18], po3misgaround B3aeMO3B’SI3KM MK 4acOM BHUKOHAHHS Ta KaJCHIApPHUM
4acoM, 3alpoIoOHyBaB MOAENb, MoAioHy 10 Mmoxeni [oens—Okymoro. Hexait m(t) — ne KinbKicTh BiIMOB,

BHSIBIICHMX B pe3y/IbTaTi 3allyCcKy TECTiB 3a meBHHE yac. Myca [18] 3amporonyBaB Take audepeHiliine
PIBHSHHSL:

O~ € fammin). @)
ot nT

JI€ a — KUIbKICTh IOMUJIOK B IIPOrpami; ¢ — pakTop KoMIpecii TecTyBaHHs; 1 — 9ac J0 BIIMOBU Ha IOYATKY

TECTYBaHHSI;, 71 — 3arajbHa KUIBKICTh BIIMOB, MOXJIMBHUX 3a Yac iICHyBaHHS MPOTPAMHU; ¢ — 9aC BUKOHAHHS

a00 MPOLIECOPHUIT Yac, SIKUi 3aTpayeHO Ha BUKOHAHHS TECTIB 3a Yac JA0ocCimKeHHs [18].

Ox0a [18] 3ampornoHyBaB TilepeKCIOHEHLINHY MoOMeab 3pocTaHHs HamidHocti I13. Ll momens
0a3yeThcs Ha MPHIYIIEHHI po Te, 1m0 I13 MICTUTh MEBHY KUIbKICTh KIacTEPiB MOMYIIB, KOKEH 3 SKHX
MICTUTh Pi3HY IOYATKOBY KUIBKICTh ITOMHJIOK, 1 KOJKEH 3 HUX Ma€ cBiif koedimieHT BiaMoB. [Ipukmamamu
MOJYJTIB MOXYTh OyTH HOB1 MOAYJII Ta IIOBTOPHO BUKOPUCTAHI MO/, IPOCTI Ta CKJIAIHI MOIY/i, MOIYII,
SIKI B3a€EMOIIIOTh 3 alapaTHUM 3a0e3ICUCHHSIM Ta Ti, 1[0 He B3a€MOMIIIOTH 3 HUM TOI0. BapTo 3ayBaskuTH,
10 TiNepEeKCTIOHEHIIIMHII PO3IOIUT € CyMOIO €KCITOHCHIIIMANX po3moaiis [18].

[TonmiGHe po3mmpeHHs eKCIIOHEHITIHHOT MoelTi 3pocTanHs HadiiHocTi [13 3anmpomnonyBann SImana Ta
Ocacxi [18], sxi moninstrots 113 Ha & MomymiB. B 1miit Momeni BBa)KarOTh, M0 iIHTEHCHUBHICTH BIIMOB Y MEXax
PI3HHX MOAYIIB € Pi3HOIO, a IHTEHCHUBHICTH BiZIMOB Y MEXaX OJHAKOBHX MOMAYJIIB € OMHaKOBOIO. OUiKyBaHy
KUTBKICTh BiZIMOB, BHSIBIICHUX JUIsI KOKHOTO MOXYJIS, BBAXKAlOTh CKCIIOHEHIIIHHOIO. B TakoMy BHITaaKy
OYiKyBaHYy KUIBKICTh BiIMOB ychoro I13 MoxXHA OTpUMAaTH Tak:

k
mt)=a) p[l—-e™], 3)
i=1
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ne k — KiTbKicTh MOAyJiB y mporpaMHiil cuctemi; b, — koedilieHT BUSBIECHHS OnHi€l BiIMOBH y i-My
MOJyNi; p; — WMOBIPHICTh BIAMOB A i-TO MOJIYJS; a — OYiKyBaHa KiIbKicTh BinMoB II3, BusABIEHA y

pe3ynbTaTi, a00 3araibHa KiUTbKICTh MOMWIIOK, HasiBHA B [13 mepen TecTyBaHHSIM.

le omamm THIOM Mmoneneil HaxmiiHocTi I13 Ha ocHOBI HeomHOpigHOro mporecy I[lyaccona e
S-moxiOHi Momenmi. B mux Momensix KpuBa 3pocCTaHHS HaIIMHOCTI € S-momioHoto. Ile o3Hauae, 1m0 KpuBa
MEePETUHAE SKCIIOHEHIIIHY KPHUBY 3HU3Y, 1 IepeTHHAE JIMIIe oauH pa3. KoedillieHT BHUSBIICHHS BIIMOB,
SKHH 3aJIGKHUTh BiJ] 4acy, € HAHOUTBIIMM y TOW Yac, KOJW TECTyBaHHS MOYaJIOCh, IMICIS YOTO BiH CHA/Ia€e
EKCIIOHEHI[I{HO. [HaKIe Ka)<y4u, NesKi MOMWIKH € €KPaHOBaHI IHIIMMU TOMHJIKAMH Ha Mo4atky (asu
TECTYBaHHS, 1 MOKH I[i TOMIJIKHA HE BUIPABIIATHCS, IIPHXOBaHI MOMUJIKH TaK 1 3aJIUIIATHCSI HEBUSBICHUMHU
[18]. SAAMama Takok 3a3HAYMB, IO MPOIEC TECTYBAHHS MPOrPaMHOro 3abe3MeveHHs YacTO MICTHTh IPOIIeC
HaBYaHHS, MiJ Yac SKOTO TECTYBAJIBHUKU O3HaHoMIOOThCS 3 [13, cepemoBHIIaMH Ta BHMOTaMH [0
nporpaMuoi cucremu [18]. S-momiOHI Mozeni y BUIIIsSAI HeoqHOpinHoro nporecy [lyaccoHa rpyHTYOThCS
HA TaKUX MPUMYIICHHSIX:

1) xoedillieHT BUSABICHHS BIIMOB BIAPI3HIETHCSA MK BIIMOBaMHU;

2) KOXHOro pasy, SIK BUHHKA€ BiJIMOBa, NMOMIIIKA B MPOrpaMHOMY 3a0e3IeueHH1, ka CIpUINHIIA
BIIMOBY, HErailfHO BHJAJISETHCS, 1 HOBI IIOMHJIKM B CUCTEMY HE BHOCSAThCS [18].

Mopneai HaaiiiHOCTI MporpaMHoro 3ade3neyeHHs
3 ypaxyBaHHSIM HeTOCKOHAJIOT0 BilylaromKkeHHsl

B ocHOBy Oinbmiocti BUIIEONUCAHWX Mojened HafiiHocTi [13 mokinajeHo NPUIYNICHHS PO
iZleasibHEe BIUTArO/KEHHS, KOMHM IiJ] 4ac MPOIECy TECTyBaHHS BUSBIAEThCS BigMmoBa [13, 3HaXomMThCS
BIJINIOBIIHA TOMMJIKA Ta BHIIPABISETHCS, aj€ MPU I[bOMY HOBI NMOMHUJIKH HE BHOCATbCA. OmHak, 1€
MPHITYIIEHHS € CIIPOIICHHSIM PEabHOI0 MIPOIECy PO3POOICHHS IPOrPaMHUX CHCTEM, OCKUIBKH B MPOIECi
PO3pOONICHHS HE 3aBKIU BIAETHCS BHIAIMTH IMOMMJIKY 13 CUCTEMH, IIiJI YaC BHJAJICHHS OIHIE] IOMHUIIKH
MOXYTh OyTH BHECEHI IHIII, BiIMOBa MOXe OyTH BUKIMKaHA KiJJbKOMa B3a€MOIIOB’SI3aHUMH MOMHUJIKAMH
TOIO.

3aranoM Mojerni HeJOCKOHAJIOK BiJTaro/KeHHs OyyIOThCsl HAa OCHOBI TAKHX MPHITYIICHb:

1) xoedillieHT BUSABICHHS BIIMOB BIAPI3HIETHCS MK BIIMOBaMHU;

2) KOXKHOro pasy, sk BUHHKae BimmoBa [13, momunka B [13, sKka cHpUYHMHSE IO BiIMOBY,
BUITPABISIETHCSI, 1 HOBI IIOMUJIKK MOXKYTh OyTH BHECEHI B CHCTEMY.

KoHmeniisi HeIOCKOHAIOTO BiTaro/KeHHs Oyiia BIIepie MpeacTaBieHa B MojeasaxX HasiiHocti 13
Toens. Bin y cBoiit po6ori [17] onucas 1ie K OfHE 3 HAMBAKIMBILINX MPAKTHYHHUX OOMEKEHb 1CHYIOUHX
Mogeneit. [oenb Ta OKyMOTO 3arponOHYBaJIA MOJIENb HEIOCKOHAIOTO BiJNIarO/PKEHHS, SIKa € PO3IIHPEHHIM
icuyrouoi mozmemi JDxemincki-Mopanmu. B miii Mozmeni KimbKiCTh BiIMOB y cuctemi Ha dvac ¢, X (t)
PO3MIAIAETHCS SIK MAPKOBCHKHUI MPoOLIEC, 1e HMOBIPHICTh MEPEXO/IiB MK CTaHAMHU CHCTEMH BH3HAYa€ThCS
HMOBIPHICTIO HEOCKOHAJIOTO BiutaropkeHHs. Yac Mix mepexomamu X (t) Mae eKCIOHEHIIHHUHA po3mois

13 3HAYCHHSIMH, 3JICKHUMH BiJ KUTBKOCTI TOMIUIOK y cHcTeMi. DyHKITiS BIAMOB Ha iHTepBaii Mix (i-1)-ro
Ta i-10 BIIMOBaMH BH3HAYAE€THCSA BUPA3OM:

Z(t)=[N-pG(-D], 4)
ne N — 1o4aTkoBa KiIbKIiCTh MOMMJIOK B CHCTEMI; p — HMOBIPHICTh HEJOCKOHAJIOTO BilJIarOKEHHS; A —
IHTEHCUBHICTH BiIIMOB.

Monens @ama—Hopnmana—KaHra MICTUTh SBHUINE HETOCKOHAIOTO BiJIarOMKEHHS, MPUITYCKAIOUH,
10 MOMMJIKH MOXYTh OYTH BHECEHI mia 4Yac a3y BiAJaroKeHHs. Y Il MoIei MPUIyCKaloTh, IO
KOeiIli€eHT BHECEHHS IMOMHUJIOK € JIHIHHOI0 (QYHKIIE0, 3aJISKHOI0 Bi 9acy, a (GYHKIIiS BUSBICHHS BiTMOB
€ HE3pOCTAIOUO0IO Ta 3aJIKHOI0 Big dacy [19]. LlitboBa QyHKITIST Ma€ BUTIIS;

a(l—e™)(1 —%) +aat

m(t) = ; (5)

1+Be™
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ne o (t) — xoedilieHT BHECEHHS MOMMIIOK MiJ 4ac (as3u BiularomkeHHs; a(t) — ouikyBaHa KUIBKICTh
IOYAaTKOBHX TOMMUIIOK; b(t) — KoedillieHT BUABIECHHS ITOMUIIOK.

Monens ®ama—)Kanra [20] nmpumyckae, 1m0 KOS(IllieHT BHECEHHS IOMUJIOK € EKCIIOHCHIIIHHOMO
(YHKIII€I0 Yacy TeCTyBaHHs, a PyHKI[isl BUSBJICHHS TIOMIJIOK € He3pocTawouoro. L{inpoBa dyHKIlisS HaOyBae
Takoi hopMHu:

1 ab
_ —bt —at —bt
mt)=—————((cta)l-e")-———("-e™)), (6)
(1+Be™) b—a
ne o (t) — xoedilieHT BHECEHHS MOMMIIOK MiJ 4ac (as3u BiutaromkeHHs; a(t) — oudikyBaHa KUIBKICTh
IOYAaTKOBHX TOMUIIOK; b(t) — KoedillieHT BUABIECHHS ITOMMIIOK.

VY wmomeni HegockoHaNOro BimmaromkeHHs Smamm [21] mpurmyckarorh, 1m0 (YHKIiS KUTBKOCTI
IMOMUJIOK € EKITOHEHIIHHOI, a (YHKIIS BHSBICHHS BIIMOB — crajoro. LlinboBa (yHKIIS mpencraBicHa
BHPa30M:

ab(eat_ e—bt

— (7
a+b

ne o (t) — xoedilieHT BHECEHHS MOMMIIOK MiJ 4ac (as3u BiutaromkeHHs; a(t) — ouikyBaHa KUIBKICTh

m(t) =

IOYAaTKOBHX TOMMUIIOK; b(t) — KoedillieHT BUABIECHHS ITOMMIIOK.

[Hma mozens HemockoHaNOro BimaromkenHs Amanu [21] po3misgae He3MiHHY (QYHKIIIO BHECEHHS
MOMHJIOK Ta CTaly (QYHKI[iFO BUSBICHHS BiJiMoB. L{inboBa QyHKITISI Ma€e BUTTISI:

m(t) = a(l—e " )(1— %) +aat, @®)

ne o (t) — xoedilieHT BHECEHHS MOMMIIOK MiJ 4ac (as3u BiutaromkeHHs; a(t) — oudikyBaHa KUIBKICTh
MOYAaTKOBHX TTOMUIIOK; b(t) — KoedillieHT BUABIECHHS ITOMMIIOK.

Kanyp Ta Tapr [22] mpexcTaBWwiM TpolleC HEIOCKOHANIOrO BiUTaroKeHHS B Mopeni [oemnms—
OxymoTO0. BOHM MPHITYCTHIIH, IO BiJHOIIEHHS KUTLKOCTI BUAAIEHUX TIOMUIIOK JIO KUTBKOCTI TTIOMHIIOK, IO
3aJIMIIMINCh B CUCTEMI, 3MEHIIYEThCS depe3 edeKT HEeAOCKOHAoro BimnaromkenHs. Yanr ta Jlpro [23]
3allPOIIOHYBAId MOJIENb HErayCCOBOI'O MPOCTOPY CTaHIiB Juisi (OPMYITIOBaHHS €(PEeKTy HEIOCKOHAIOTO
Bijmaro/pkenns B HagiHocti [13. lup [24] po3pobuB Mozenb 3pocTaHHs HauiiiHocTi [13, Mo MICTHTH
eeKT HEIOCKOHAIOr0 BiIUTarokeHHs Ta mpobnemy posnaaHaHHs. Kamyp Ta iH. [25] mpeacraBuim
JTUCKPETHY MOJENb 3pocTaHHs HamiiHocTi [13 3 jmoricThuHMM Koe(dillieHTOM BHAAJCHHS MMOMMJIOK Ta
KOHIIEMHI[II0 JBOX THUIIIB HEIOCKOHAIOro BimnaromkeHHs. IIpacag Ta iH. [26] BHKOPHUCTOBYBAJIU
HEIOCKOHAJIC BiAJaropKeHHs Ta MpoOaeMy po3jaJHaHHS B CBOIM Mopei 3pocTraHHs HamiiHocTi I13, 1o
0a3yBaach Ha J00peE BIIOMOMY E€KCIIOHCHI[IITHOMY PO3IOILTI.

dam Ta Hopaman [19] cdopmymtoBanu y3araJbHEHYy MOJCIb HAIIHHOCTI IIPOrPaMHOIO
3a0e3eueHHs] Ha OCHOBI HEOTHOPIAHOIO IMyacCOHOBOIO MPOLIECY T4 BHMBEIM AHAIITHYHHAN BUpa3 IS
nuteoBoi ¢yHKIii. Mopeni HazmiitHOocTi I3 Ha OCHOBI HEOAHOPITHOTO ITYacCOHOBOTO IIpOIeCy 3
ypaxyBaHHSIM HETOCKOHAJIOTO BiJNIarO/PKEHHS IPYHTYIOThCS HA TAKUX MPUMTYIICHHSIX:

1) mig gac BUIAJCHHS IOMIUIKH, IO CTajla NMPUYAHOIO BITMOBH, ICHY€ WMOBIPHICTH BHECEHHS
HOBHX ITOMHJIOK;

2) WMOBIPHICTh BWSBICHHS TIIOMHJIKA B TIporpamMi IIPOMOpPIIiHHA KUTBKOCTI ITOMIUIOK, IO
3IHIIAIINCH Y CHCTEMI.

Mopnesni HagiiiHOCTI MpOorpaMHoro 3ade3nevyeHHs

3 ypaxyBaHHSIM PO3MOALIY 3yCHJIb TECTYBAHHS
JUtst  xpamoro ommcy TOBEmiHKH HamiHoCcTi [I3 BHKOPHCTOBYIOTH MOmeNi HaIIHOCTI 3
BUKOPHUCTaHHAM (QyHKIIA 3ycwib TecTyBaHHS [27]. 3yCWUIs TECTYBaHHS BHU3HAUAIOTHCS SK JIFOIMHO-
TOIMHHU, KUIBKICTh TECTOBHUX BWIIAJKIB, 4ac POOOTH IMpolecopa, sKi Oyau 3aTpadeHi mig 4dac ¢asu
TECTYBaHHA, a iX pPO3MOMLI B Yaci BH3HAYAETHCS BUIVIAAOM (YHKIII, BUKOPUCTAHOI B TIEBHIM MOmEIi
HagifiHocTi. [Ipu 1bOMy IO OUIbIIE 3yCHJIb TECTyBaHHS OyJI0 BHTpPady€HO I Yac pPO3POOJICHHS
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MPOrpaMHOro 3aco0y, TO MEHIIA KUIbKICTh IOMHJIOK 3aJIMIIAEThCS B KOMI MPOrpaMH 1, BiANOBIIHO,
MEHIIIOIO € IHTEHCUBHICTH BinmoB I13.

Haiiyacrimme B Momenax HapiiiHocti [I3 BHKOPHUCTOBYIOTH Taki (YHKIII pO3MOALTY 3YCHIIb
TECTYBaHHS: IOCTIifHa, SKCIIOHEHIIiHa, JioricThYHa, (GyHKIii po3moainiB Penes ta BeitOymia [28-30].
ExcrioHeHIiitHI# Ta peneiB po3MOALIN MOKHA PO3IVISAAATH SIK YaCTKOBI BUIIAAKH po3mnoaily BeliOymia.

Hocmitna ¢ynxyis. 3a 1iero QyHKIIE PO3MIAIAIOTh 3yCHUIUIA TECTYBaHHS K CTaJIy BEIUYUHY. Y
KJIACHYHUX MOIENAX 3pOCTaHHA HamiMHOCTI [I3 MOCHIIHUKKM BBaXKalOTh, IO 3YCHUIS TECTYBaHHS
MPOrPaMHOr0 3a0€3MeUCHHS € KOHCTaHTO:

w(t)=wy, ©)
KyMynsITUBHI 3yCHIIIS TECTYBaHHS MOKHA OTPHUMATH 332 BUPA3OM:
W(t)=wt, (10)

Sx BumHo 3 (10), 3arajbHi 3yCHIUIS TECTYBAaHHS NPSAMYIOTH O O€3MEXHOCTi. Y BHIAIKY, SKIIO
(GyHKIIS 3yCHJIb TECTYBaHHS HE PO3MIIAAAETHCS, MOXHA BBaXKATH, 10 BUKOPHCTOBYETHCSA TOCTiHA
(GYHKITIS 3 ONMHUYHUAM 3HAYCHHSIM:

w(t)=1. (11)

Po3nooin  Beiibynna. Y BUNaAKax, KOMH PO3MONLT 3yCHJIb TECTYBaHHS IMOTaHO OIUCYETHCS
SKCIIOHEHI[IHOI KPHUBOIO YM KPUBOKO Peres, BUKOPUCTOBYIOTh (pyHKIIiIO po3mnoainy BeiiOymia, ska mae
Bunn [30]:

w(t=Npmt™ e (12)
ne N — odikyBaHa 3arajbHa KiUIbKICTh 3yCHJIb TECTYBaHHS, HeoOXimHa juisi tecryBaHHs I[13; B, m —
napamerpu Macitady ta GopMu BiINOBIHO. 3HAUYEHHS 7>3 HE BUKOPUCTOBYIOTHLCS TIPHU OIMUCI PO3IOALTY
3ycuib TecTyBaHHs [13, OCKITBKM B IbOMY BUTIQJIKYy (hopMa KpWBOi HE BIJIOBIJAa€ pealbHUM IpoliecaM

po3poobienns I13.
KyMyssITUBHI 3yCHIIISL TECTYBaHHS B IIbOMY BHIIQJIKY 3aIACYIOTh SIK:

W(H=N(1-eP"). (13)
Excnonenyitinuii po3nooin. Taka KpuBa € YaCTKOBHM BUIMAJIKOM KpuBOi BeliOymna mpu m=1.
ExcrioHeH1ifiHa KpuBa € 3pYYHOIO JUIS OMHCY CEpPElOBHINA TECTyBaHHS, B SIKOMY ITOKa3HHK 3yCHIIb
TECTyBaHHS MOHOTOHHO 3HIKYEThCS [31].
ExcrioneniiiHy (QpyHKIIiIO 3yCHITb TECTYBaHHS OMHUCYIOTh BUPA3OM:

w(t=Npe ™, (14)
a KyMYJISATUBHY (DYHKIIIFO 3yCHIJIb TECTYBaHHS — BUPA30M
W(H)=N(1-e ), (15)

ne N — ouikyBaHa 3arajbHa KUIBKICTh 3yCHJIb TECTYBaHHs, He0OXiqHa 11 TecTyBaHHs [13; B — mapamerp

MacIiraoy.

Posnooin Penes. Kpua Pemess € 4acTKOBMM BHUTAIKOM (YHKITT PO3MOMUTY 3YCHIIb TECTyBaHHS
BetiOymia nmpu m=2. ®yHKIis 3ycuiIb TECTYBaHHS Pesiest croyaTKy 301LIbIIYEThCS, TOCITal0uH CBOTO IMiKa, 1
TIOTIM CIiajae, 3MEHIITYIOUN 3yCHIUIS TECTYBaHH aCUMITOTHYHO 10 Hyis [30]:

B
w(t)=Npte 2 . (16)
KyMynaTuBHI 3yCHIUIA TECTYBaHHS B TAKOMY BHIAJKy BU3HAYAIOTHCS SIK:
B
W(t)=N(1-e2 ). (17)

VY (16) 1 (17) N — ouikyBaHa 3arajbHa KUIbKICTh 3yCHJIb TECTYBaHHS, HEOOXiHa a1 TecTyBaHH: [13;
B — mapamerp macmrady.

Jlocicmuunuti po3nodin. JIoricTHUHY KpUBY BIIEpIIE 3aIPOIIOHOBAHO B [32] K anbTepHATHUBY KPHUBIiit
Penes. Bonn MaroTh 1OmiOHY IOBEIIHKY, OKpIM IOYaTKOBOI CTafii mpoiecy TecTyBaHHs. JloricTHuHy
KPHBY 3yCHJIb TECTYBAHHS 3aIIHCYIOTh SIK:
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_  NaAn
w(t)= o e
(e2 +Ae 2 )?

ne A — mapaMeTrp-KOHCTaHTa; 1| — Mipa CIIOKMBAHHS 3aTpaT Ha TECTyBaHHS; N — KyMYJSTHBHI 3yCHIUISA

, (18)

TECTYBaHH.
KyMynsITUBHI 3yCHIIIS TECTYBaHHS y BUTIAJIKY JIOTICTHYHOTO PO3MOALTY MarOTh BUTIISIL:
N
W)= . (19)
1+Ae™

Jozcapupm nocicmuunoi @ynxyii 3ycunv mecmyeannsi. boxapi Ta Axman [32] 3ampornoHyBaiiu
norapudm norictiaHoi QyHKIIT 3ycrib TecTyBaHHS JUIS MPOTHO3YBAHHS MOBEAIHKHA ITOMHJIOK Ta BiJIMOB
I13. Bonu mnokazamu, 1o Jjorapudm JorictiaHoi (QyHKIIi 3ycuiab TecTyBaHHs JI0Ope MiAXOOUTh 1 €
JOCTaTHBO THYYKUM JIJIsI OIIHIOBAHHSI HAIIHOCTI MPOrpaMHUX MPOAYKTIB pi3HUX Kiacis [0].

Burnsa norapudma norictudHoi QyHKIIIT po3noiry 3yCHIIb TECTYBAaHHS € TaKUM:

t.-
NG
w(t)=t7 ) (20)
1+ P2t
( (k) )
ne N — KyMyJISITHBHI 3ycriuist TectyBanus; A >0 — mapamerp macmraGy; >0 — napamerp dopmu.
OyHKII KyMYSITUBHUAX 3yCHIIb TECTYBAaHHSI B TAKOMY BHIAJIKy Ma€ BHUIJISIII:
W= 1)
1+(—)P
(7\)

Haiinpocrima mozmens 3poctanns HajiiHocTi [13 3 ypaxyBaHHSM HEJOCKOHAIOTO BiJIArOIKEHHS,
10 BUKOPHCTOBYE (DYHKIIIFO PO3IIOJITY 3yCHIIb TECTYBAHHS, TIOBUHHA BIIMOBIZIATH TAKMM KPUTEPISIM:

® IIpollec BUIAJICHHS TIOMUJIOK PO3TIISIA€ThCS SIK HEOMHOPIqHMiA nporec [TyaccoHa;

o[I3 € cy0’exTOM, B SIKOMY y BHIAQJKOBHH Yac MOXE CTaTHUCh Bi]MOBa, CIPUYMHEHA MPOSBOM
MOMUJIOK, SIKi 3aJIMIIHITUCH Y CUCTEMI;

(t,1+ A1) MpH TOTOYHUX 3aTparax Ha
TECTYBaHHS, € IPOIMOPIIHOIO /IO KUTBKOCTI TOMIJIOK, IO 3aJIUIIWINCH B CUCTEMI;

® KUIBKICTh TIOMHJIOK, BHSIBIIGHMX Ha IPOMDKKY 4Yacy

® KoeIIIEHT TMPOMOPIIIHHOCTI € OTHOPITHUM 1 HE 3aJIeKHUTH BiJI 4acy;

® [IOBE/IiIHKA 3YCWJIb TECTYBAaHHS 3aJIGKHTh BiJ 4Yacy 1 Moxe OyTH 3MOJENbOBaHA JIOTICTHYHHM
PO3MOALIOM;

® KOKHOTO pa3y, KONM BHHHKAE BiIMOBa, MOMHWIJIKA, MO il CIPUYUHHIA, HETalHO 1 KOPEKTHO
BHJIAJISIETHCS, TIPH IIBOMY >KOTHIX HOBHX IIOMHJIOK B CHCTEMY HE BHOCHTBHCS;

® BUTIPABIICHHS TMOMMJIOK 3aiiMa€ HE3HAYHWU Yac 1 BUSABJIEHI IMOMIUIKH TapaHTOBAHO BUIANSIOTHCS
[33].

Otxe, Momens 3pocTaHHs HamiitHOCTI I3, MO MICTUTH (YHKINIO 3YCHJIb TECTYBAaHHS, MOXKHA
OIMCATH TaKUM BHPa30M:

dm() 1
dt w(t)

Ie W (t) — QYHKIIiS 3yCHITh TECTYBAHHS, » — KOS(IIIEHT BUSBIICHHS BIIMOB; a — KOE(IIIEHT 3aTpaT 3yCHIIb
TEeCTYBaHHsS B JIOTICTHYHIA (yHKWI, m () — miiboBa (QYHKI[S, 10 OOYMCIIOE OYIKyBaHY KUIBKICTBH
MIporpamMHUX BiIMOB Ha Yac f.

Bupa3s (22) MicTUTB 1B KOMITOHEHTH, III0 BIUITMBAIOTh HA KUTBKICTh BUSBIICHUX ITOMHUJIOK: (DYHKITiIO

rla—m(1)], (22)

3ycHIIb TeCTyBaHHSA W(?) Ta Koe(illieHT BUSBICHHS BiIMOB 7. Po3B’s3yroun mudepeniiiine piBHIHHA (22)
3 TpaHU9IHOIO0 yMOBOIO m (0))=0, oTpruMaemMo:

m(t) = a(l—exp[—r(W (1) =W (0))]) = a(l - exp[-rW(1)]) , (23)
ne W (t) — KkyMyJIATHBHI 3yCHILIS TECTYBaHHS (HAIIPHUKIIA, MPOLIECOPHI TOIUHHU, 00’ €M TECTOBUX BHUIIAJIKIB,
JIOAVMHO-TONWHM Ta iH.) Ha 4ac f.
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Bupa3 (23) € monmemwito Ha OCHOBI HeomHOpPiAHOro mporecy IlyaccoHa 3 IUIbOBOIO (PYHKIIIEIO, SKa
BpaxoOBy€ 3aTpaTH Ha 3yCHIUIS TECTyBaHHS. 3aTpadyeHi 3yCHJUIA TECTyBaHHS BKa3ylOTh, HACKUIBKU
e(eKTUBHO TOMHIKH BHABISIIOTHCS B [13. Tomy st QyHKIsI Bimirpae Ba)XJIMBY PONIb B MOJIENIOBAaHHI
HagiiHocTi [13 1 Moxke OyTH onrcaHa po3moiiaMu pisHoro tumy [33].

Excrionenniitna monens SImanu [34] BpaxoBye 3yCHIUIA TECTYBaHHS Ta MICTHTH CKCIIOHEHIIIHHY
(dyHKIIIO 3ycHITb TecTyBaHHsI. LIst MOnenb € YBIrHYTORO, a IiThoBa (PYHKITisI Ma€ BUTIISL;

m(t) =a(l—e 0", (24)

Mopnenb Smaman—Penes [34] BpaxoBye 3yCHIUIS TECTYBaHHS Ta MICTHTH pelieeBY (YHKIIIO 3yCHITb
TecTyBaHHs. L[ MomeIh HAIGKUTD 0 S-MOAIOHUX, IUIbOBA (DYHKIIIS Ma€ BUTJIS:

(le)
m(t)=a(l-e"" ")), (25)

Pamxy [35] mochimuB iHTerparito jgorapudM-JIoricTMYHOT QYHKIIT 3yCHIIb TECTYBaHHS B YBITHYTY
S-moniOHy Mozenb 3pocTanHs HajiitHocTi [13 Ha ocHOBI HeomHoOpiaHOrO Iporiecy [lyaccoHa i Kpamoro
OITUCY TIpollecy BHSABJICHHS BiJIMOB IPU HEJOCKOHAIOMY BianaromkenHi. Simana ta iH. [36] MonudikyBamu
Mozenb [oens—OkymoTo Ta 00’eHaNM 11 3 KOHIEIIIEI0 3YCHIIb TECTYBaHHS. Tak BOHH CTBOPWIIA MOJIEITh
3poctanHs HafiiHOCTI [13, Ha OCHOBI HeomHOpiAHOrO mporecy I[lyaccoHa Ui Kpalioro OMmHCy MPOIecy
BinmoB [13. Xyanr [33] 3ampomoHyBaB HOBY MojeNb 3pocTaHHs HajaidHocti [13 1m0 BHKOpHCTOBYE
norictiuHy (yHKIiO 3ycwib TecTyBaHHA. JloricthuHa (YHKIIS 3yCHIIb TECTYBaHHS — i€ KpUBa
OI[IHIOBAHHS PO3pPOOKH Ta 3ycWib TecTyBaHHA [13 3 XOpomMMH XapaKTepHCTHKAMU MPOTHO3YBaHHS. B
po6ori [33] XyaHr y3arajibHHUB JOTriCTUYHY (DYHKIIIO 3yCHJIb TECTYBaHHS. Y3arajbHeHa (DYHKIISI 3yCHIIb
TECTYBaHHs aJIeKBaTHIIIIE ONMHUCYE mpoiiec po3podiieHHs [13, ToMy 11 BUKOPUCTAHHS € OUIBII J0CTOBIPHUM
JUIsl OITHCY PO3IOALTY 3aTpaT Ha TecTyBaHHs [13.

BucHoBku

Y pobori HaBemeHO OIVISAA 1 pe3y/bTaTH aHalli3y HaWMoIMpeHImMX Mozened Hamiiaocti [13.
[NokazaHo, MO HAa paHHIX CTAAIAX KUTTEBOro MUKy [13 moTpiOHI MoJeNi MPOrHO3yBaHHS HAJIMHOCTI,
OCKUIbKM Ha I[MX eTalax JaHUX Ipo BiAMOBHM Hemae. Mojeni 3pocTaHHs HaIiifHOCTI BUKOPHUCTOBYIOTh Ha
erari tectyBaHHs [13. Ilicns BBeleHHs TporpaMu B EKCIUTyaTallilo MpPH BU3HAYCHHI 11 HaJiHHOCTI
BPaxOBYIOTh JI0JJaBaHHS HOBHMX Ta YCYHEHHS 3aCTaplUIMX IPOTPaMHHUX MOIY/IIB, BUIIPABICHHS BUABICHUX
MOMUJIOK TOmI0. Ha 1poMy erami BHKOPHCTOBYIOTH €BOJIOLIHHI Moxeni HamiiHocTi. ToOTo Ha pi3HHX
eramnax XHUTTEBOro MUKy [13 BUKOPHCTOBYIOTH Pi3HI THIIU Mojeield HaaidHocTi [13, KokeH 3 SKHUX, KpiM
TOTO, MICTHTh 3HAYHY KUTBKICTh MojieNell, moOyJoBaHMX 3 YpaxyBaHHSM Pi3HOMAHITHUX MPUITYIIEHb PO
METOJONOTIT Ta TexHoNorii po3podienns I13, moBeninky oro BimMoB Tomo. Bee 1e 3HaYHO YCKITaHIOE
CTBOPEHHSI €IMHOI y3arajbHeHol Kiacudikailii Moaenedt HamiHocti [13, 1 11e 3aBAaHHS CHOTOAHI BCE IIE
rmorpedye CBOro BUPILICHHS.

Jlis  Kkpamioro OmMCy TMOBEIIHKM HamiiiHocTi [I3  BHKOPHMCTOBYIOTH MOJICHI HAMIMHOCTI 3
BUKOPHUCTaHHAM (YHKIIIH 3yCHIIb TECTYBaHHS, SIKi BU3HAYAIOTHCS SK JIFOMUHO-TOAWHH, KUIBKICTh TECTOBHX
BHITAJIKIB, Yac poOOTH Mpoliecopa, sKi Oyinu 3arpadeHi mia yac ¢das3u tecryBaHHs. [Ipu 11boMy 1110 OiIbIle
3yCWJIb TECTYBaHHs OyJ0 BHTPA4YCHO IiJi Yac PO3poOJICHHS MPOrpaMHOro 3aco0y, TO MEHINA KiIbKiCTh
TTOMIUIOK 3aJIHIIAE€THCS B KOII MIPOTPaMHU i, BIATIOBITHO, MEHIIIO € IHTEHCUBHICTh BiqMoB I13. Po3mstayTo
HaWTIommpeHimTi (YyHKIT po3noauTy 3yCHIb TECTYBaHHS, TakKi SK IOCTiifHA, EKCIIOHEHIIIITHA, JIOTICTUYHA,
¢yukuii posmoniaie Penmes Ta BeitOymna. Hapeneno npuximagun momenedt HamiiHocTi 13, siKi MICTATH
pO3MOiT 3ycuiTh TecTyBaHHsA. [loka3zaHo, 10 Taki MOMIENl aJeKBaTHIIIEC OMUCYIOTh IHTEHCHBHICTH BiTMOB
CY4acCHOro CKJIaJHoro i Maciradsoro I13.

B ocHoBy Oimbmiocti Mmopeneid HamidHocTi I13  mMOKIageHO MPUIYIIEHHS MPO  ifcalibHe
BiIJTarOIKEHHS, KOJM Tl Yac TMPOIECY TECTYBaHHS BHUSBIAIOTH BimMoBy [I3, 3HaXOmsaTh BIATIOBiIHY
MOMHIIKY Ta BUMPABISIOTH ii, ajle MpH I[bOMY HOBI MOMHJIKH HE BHOCAThCA. OMHAK 1€ MPUIYIICHHS €
CIIPOIICHHSM PealbHOTO MPOIleCcy pO3pOOISHHS POrPaMHIX CHCTEM, OCKUIBKH B ITPOIIECi po3poOIIeHHS He
3aBKIM BAAETHCA BUIAINTH TIOMUJIKY 13 CHCTEMH, I Yac BHUIAJCHHS OMHI€T TIOMUIKA MOXYTh OyTH
BHECEHI IHIIN, BiIMOBa MOXE OYTH CIpPHYMHEHA KiIbKOMa B3a€MOIIOB’SI3aHMMM IIOMHIJIKAMH TOIIIO.
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PosrisHyTo HaliBimomiin Mojeni HamidHocTi I3, B SKMX BpaxoBaHO SBUINEC HEIOCKOHAJIOIO
BiutaromkeHHs. Ha *aib, Sk B IPaKTHYHMX, TaK 1 B TEOPETHUHUX IOCTIDKEHHIX HamiiHocTi [13 sBurie
HEIOCKOHAJIOr0 BiJIaro/PKEHHS BHKOPHUCTOBYIOTH HEIOCTAaTHBO IIMPOKO. 3 ypaxyBaHHSIM YCKIIAIHCHHS
TEXHOJNOTIH Ta 3aco0iB pO3pOONIEHHS NPOrpaMHUX MPOAYKTIB Ta 3POCTAHHSM CKIAJHOCTI Cy4acHUX
MPOrpaMHUX CHUCTEM HEBpaxyBaHHS HEJOCKOHAIOTO BIUTATOIDKEHHS MiN 4ac aHamizy HaaidHocti T13
MPHU3BOIUTH 1O TOrO, IO MOAEII HAIIHHOCTI CTalOTh BCE MEHII aJIcKBaTHUMH PEaJbHOMY 00 €KTY
JOCIIJDKEHHSI, @ pe3yNIbTaTH, OTPUMaHi 3 X BUKOPHCTaHHSM, IIEPECTaloTh OyTH JTOCTOBIPHIMH.
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O. Ky3bMin, B. ®enexa
HartionansHuit yaiBepcuTer “JIbBIBChbKA MOTITEXHIKA”,
kadenpa aBTOMaTH30BAHUX CHCTEM YIPABIIHHS

IMITAIITMHA MOJIEJIb MOHITOPUHI'Y HABKOJIMIIIHBOT' O
CEPEJJOBHUIIA BE3ITPOBIIHOIO CEHCOPHOIO MEPEXEIO

© Kyszomin O., @edexa B., 2017

Hageneno imiramiliny Moaenh Ta oMMcaHoO BiIMOBiIHWII MporpaMHuil MPOAYKT, IO AA€
3MOry MOJEJIOBATH HABKOJIMIIHE CEpelOBHINE B YMOBAX Haa3BH4aiiHol cutyainii (aBapii Ha
xXiMiuyHO HeOe3meyHOMY 00’€KkTi) a00 BiIbLHOro cmocrepexxeHHsi (0e3 Hamepex BHU3HAYeHOI
npoueaypu nposeaeHHs). 30MpawTh Ta 00podASIOTH iH(OpMAaILiIo 32 10MOMOT0I0 Ge3NMPOBiITHOT
CeHCOpPHOI Mepe:Ki.

KuouoBi ciioBa: moaenb, Hag3BH4aliHa cuTyalis, iHgopmanis, ceHcOpHa Mepeska.

The article presents a simulation model and described appropriate software, to simulate
the environment in an emergency situation (accidents on chemically hazardous objects) or free
observation (no pre-defined procedures). Collection and processing of information made using
a wireless sensor network.

Key words: model, emergency situation, information, sensor network.

Beryn
MOHITOPHHIOM Ha3UBalOTh 0araTopa3oBe CIIOCTEPEKCHHS, BUMIPIOBAHHS Ta OILIIHIOBAHHS CTaHY
o0’ekta. J[Is1 MOHITOPMHTY HaBKOJHIIHBOTO CEPEJOBHINA CTBOPIOIOTH CHCTEMY CIIOCTEPEKEHHS Ta
KOHTPOITIO 32 MPHUPOIHUMH TPOIIECaMU 3 METOIO OIIHIOBAaHHS IX CTaHy Ta MPOrHO3YBaHHS HEMHUHYYHX
3miH. OILIHIOKYY CTaH JOBKULISA, MOJKHA CKJIACTH YSIBJICHHS MMPO MACIITaOW HOro 3a0pyAHEHOCT] PI3HUMHU
PCUYOBHMHAMH 1 BXKUTH BIAMOBIAHMX 3aXOMIB IIOJI0 YCYHEHHS 1[bOT0 3a0pynHeHHs. CaMe BayKJIMBICTh LbOTO
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