30ipHHK HAyKOBHX Mpalb L[eHTpy BOEHHO-CTPATETri9HUX AOCIiIKEHb

Ne 1(65), 2019

HauionaneHoro yHiBepcuteTy 060poHH YKpainu iMeHi IBana YepHsIXOBCbKOro

VK 004.032.34

Illesuenxo B. JI., a.1.H., mpodecop’ (ORCID 0000-0002-9457-7454);

denopienko B. A2

(ORCID 0000-0002-0921-3390)

'-Kadempa IIporpamuux cucteM i TexHosoriii ®akynsTeTy iHpOpMaNiiHHX TexHONOriH KHIBChKOrO

HaunionansHoro yHiBepcutety iMeHi Tapaca llleBuenka;

> - LleHTp BOEHHO-CTpATeriuHMX AoCHimkeHb HamioHansHOro yHiBepcurery 0GOpoHM VYkpainm imeni IBama

UepnsixoBebkoro, Kuis

BusHaueHHsI KOPUCHOTO eeKTy TMHAMIYHOI 3aJ1e5KHOCTI Mpane31aTHOCTI
CIeniajbHOr0 MPOrpamMHOro 3ade3nevyeHHs Bia ¢axy nporpamicris

Pe3stome. Y po0OOTI Ha OCHOBI CTaTUCTHMYHUX JaHWX 3i0paHUX Ml 9Yac CYNPOBODKEHHS IPOCKTIB
iH(opMaTH3alii K BIHCHKOBOTO, TaK i IIUBUILHOTO MPU3HAYCHHS 3HANHICHO alpOKCUMAIIIHI MOJIENi 3aJIeKHOCTEH
GyHKIIT THHAMIYHEX (YaCOBHX) 3aJIS)KHOCTEH PIBHS IMpare3JaTHOCTI CIEIialbHOTO MPOTPaMHOTr0 3a0e3MeUeHHS
TPHOX THIMB cKiagHocTi Ha mpukiaanai ERP-cucrem Bin ¢axy mporpamicrti I, 1T ta III kmacy. Posrmsayro Tpu

MiAXOMU WIOAO BH3HAYCHHS KOPHCHOTO C(EKTy IUHAMIYHOI 3aJIe)KHOCTI

MPaNe3JaTHOCTI  CIEI[iaIbHOTO

nporpamMHoro 3abesnedeHHs BiJ (axy mporpamicriB. [leTanpHime po3KpUTO MiAXiJ IIOAO MOIIYKY YacTKOBOTO
(MaKkCHMaJbHOT0) KOPHCHOTO €()eKTy, IK BU3HAYCHOTO0 MAaKCUMYMY PO3BUTKY 3a3HaYCHOI AMHAMIYHOT 3aJI€XKHOCTI.

KarouoBsi ciioBa: yactkoBuil (MakcumasbHuUil) KOpucHUH edekT; GaxoBuil Kilac MporpaMicTiB; criemianbHe
nporpamue 3a0e3nedyeHHs; mporpamue 3adezneuennsi ERP-cucrem; MeTon 3070TOT0 NepeTrHy.

IMocTranoBka mpobuemu. Ha croroaHi y
30poitnnx  Cumax  YkpaiHm  3I1MCHIOETBCS
BTUICHHS TIPOEKTIB iH(popMaTH3allii 3a pi3sHUMHU
Hanpsimamu. Y Ilporpami po3Butky 30poHHHX
Cun VYkpainm 1o 2020 poky Ta BH3HAYEHMX
TIJTeH, 3aKJIaICHAX y CrparerivaoMy
obopoHHOMY OtoneTeHi Ykpainm [1], BH3HaUeHI
3aBJaHHS IIOJO CTBOPEHHS CcHUCTeM OO0HOBOIO
ympaBmiaas (C4ISR, crpareriuna mimb 1) Ta
YIIPaBITIHHS TJIaHYBaHHIM 000pPOHHUMH
pecypcamu  (DRMIS, crpareriuna  miis 4).
Opranizaliiiia KOMIIOHEHTa WLIOAO CTBOPEHH,
CYTIPOBOIKEHHS Ta BIIPOBAKEHHS MIPOrPaMHOTO
3a0e3neyeHHss € KIo4oBoto. Crocrtepiraerbes
HEOJHO3HAYHICTh Yy MiAX0JaX A0 MEHEIXMEHTY
OpraHi3amiifHOi KOMITOHEHTH IS IMATPUMKH Ta

CYNPOBOJDKEHHSI ~ NMPOTPAMHUX  CHCTEM 13
30epeKeHHIM BIIACTHBOCTI HaJIHOCTI
MPOTrpPaMHOi KOMIIOHEHTH.

Bupimenus POOIEMHIX MMATaHb
CTBOpEHHS  iHpOpPMALidHMX  TEXHOJOTH 3
norysaay OOIpyHTOBaHOTO BHOOpPY CKIIQZOBUX
KOMITOHEHT (opranizariiiina, MporpaMHa,
TeXHIYHA Ta MeEpeKeBa) 3MaTHI IIiABUIIUTH

e(eKTHBHICTh NPOEKTIB iH(popMaTu3anii. Brmus
po3Butky IT-cepu, momomora VYkpaini 3 OOKy
E€ppornericekkux kpain i CIHIA y mid ramysi,
3MIHIOIOTH cHuTyanito B 30poiHmx  Cuiax
Vkpainm Ha kpame. Lle mpusBeno no mnosBu
HU3KM  HAYKOBO-IOCHIAHMX 1  JOCHIZHO-
KOHCTPYKTOPCBKHX  po0iT. UYepe3s 1e HUHI
npoBeneHHs — iHQopMaTH3alii  CTPYKTYpHHX
MIIPO3AUTIB € TIEPIIOYCPTOBUM 3aBIAHHSM.
IIporiec CcTBOpEHHS CHCTEM, 3TiTHO 3
JIep)KaBHUMH  Ta  CBITOBUMH  CTaHIapTamu

(ISO/1EC 12207: 1995, TOCT 19.102-77 Tta in.),
JIMIIE TIOBEPXHEBO OMUCYE KiJbKICHUH 1 SKICHUH
CKJIaJl CIIEIIaNICTIB BiAMOBIZANFHUX 3a HAaJIE)KHE
CTBOpPEHHS Ta  MoOAU(]IKalifo  MporpamMHoOi
KOMITIOHEHTH (IIPOrpaMicTiB), NPUHHATTS i1 B
eKkcIuryaTarito. B ymMoBax pecypcHHX OOMEXEHBb
OOTpyHTOBaHAa KOHKpETH3aIlii B  OKPECICHIH
npoOieMHill obnacTi AacTb 3MOTY MEHeIXepam
BUYACHO TMpHUHAMATH  pIMIEHHA Ta THYYKIIIe
pearyBaTH Ha 3MIiHHM TiJ Yac peasizarlii IpoeKTiB
iHpopmaru3zanii. Sk Hacmigok, e TNpU3BEAe M0
palioHaThbHOI BUTPAaTH KOIITIB Ta 4Yacy NpH
po3po0IeHHI  Ta  eKCIuTyaTallii ~ OCHOBHHUX
MPOTPaMHUX CIIEMEHTIB.

3arajpHOBIIOMO, 10 OyIb-SKUI IPOrpaMHO-
TEXHIYHUH KOMIUIEKC ToTpeOye yBard, IImojao
MATPUMKA ~ HOTO y  TIpame3laTHOMy  CTaHi.
BupoOnuku TexHonorii cucrem kmacy ERP
(Enterprise Resource Planing) npomnoHyoTh BiacHe
cragmaptHe Tmporpamue 3abesmeueHHs (I13) i3
MaKCHMaJlbHUM HaOJNMKEHHSM 1HCTPYMEHTapilo Ta
NpOrpaMHUX MOJYIIB 70 (YHKIIOHAJBHUX MOTPEO
BUKOpUCTaHHA. [lo TOro 3, BpaxoOBYIOTHCS Taki
acrekTu: cnenrdika 001acTi BAKOPUCTAHHS, PiBEHb
npuBeneHHs [13 Ta miaTpuMKH HOTO BiAMOBITHOCTI
HaI[lOHAJTBHUM, TaTy3€BUM, BHYTPIIHIM BHMOTaM
HOPMAaTHBHO-TIPABOBUX aKTiB. 3a3HAu€HI AaCIEKTH
BU3HAYAIOTh CKIAJHICTh MPOCKTY, i, BIJAIOBIIHO,
CKJIaJHICTh TpOorpaMHOi KoMmmoHeHTH. Ilig wdac
BUKOHAHHsS PI3HUX TMPOCKTIB iH(opMarh3amii 3a
Oynp-sikoi  mertononorieto  WaterFlow, Cascade,
Agile, EP Tomio [2, 3, 4], mo onucyeThcs pi3sHUMHA
cragmapramMu ynpasiiaas npoekTamu (ISO 9000,
PM Book, 'OCT 34 Ta iH.) mepen0adaroThbCs eTamu
PO3pOOJICHHS, BIPOBAIKEHHSI Ta CYINPOBOKEHHS
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I3 y mexax mpoekry. Y mporeci Imx poOirt
3MIACHIOETBCS ~ CTBOPEHHS Ta  MoAudikaris
MPOTPAMHOTO KOAY CIELiaIbHOTO IMPOTPaMHOTO
3a0e3neuennsm (CII3).

IcHye TpoTHpiYYS MK BHMOTOIO IO
SIKICHOTO ~ CKJIaay TIepCOHAy  OpraHi3aIiitHoi
KOMIIOHEHTH (mporpamicriB), Horo
MaKCHMAITLHOFO MPOTYKTUBHICTIO I0J10
CTBOpPEeHHS  Ta  Moaudikarrii CII3 rta
MOXKJIUBOCTSMU OLIIHIOBaHHS JUSUTEHOCTIL

NporpaMicTiB  pi3HUX KBami(ikaliiHUX KiaciB
mozao0 creopenHs ta momudikamii CII3. 3Bimcw,
NOCIIDKEHHST IIATaHb ONTUMI3ZAlll 3aJIEXKHOCTL
kBamiikamii mporpamicTiB Bil mNpaune3gaTHOCTI
MpPOTpaMHOi CHCTEMH B YMOBaxX peCypCHHUX
00MEXKCHb € aKTyaTbHHM.

AHaNi3  OCHOBHMX  [OCJII:KeHb |
nyOaikamii. 3HaYHUH BHECOK Y PO3BHTOK
iH(pOpMAIIHHUX TEXHOJIOTIN I OOIPYHTYBaHHS
TEOPETUYHUX 1 TMPUKIATHUX ACTICKTIB CTBOPEHHS
ta momudikamii [I3 3mificHUIM Taki BYeHi, SK
B. C. Xapuenko, B. I'. JIutBuHeHKO,
A. B. Boakos, A. O. XamkansH, K. bek [2, 5, 6].
Ix JTOCITI JPKEHHS CTOCYBAJIUCS SIKOCTI
MIPOTpaMHOTO 3a0€3MEUCHHS, a caMe ITiIBUIICHHS
HagiiHocti  II3 1 po3spobienHss  Teopii
OaratoBepciitHocTi g yac crBopenns [13. TIporte
TITaHHS BU3HA4YCHHS piBHA mpare3naTHocti CI13
3aJeKHO  Bi  kiacugikamii  mporpamicTiB
PO3KPHUTI TOBEPXHEBO. AKTYalbHICTh IHOTO
TOCII/DKEHHST  TIKPECITIOEThCS  HEOOX1THICTIO
CTBOPEHHS  METOAWYHMX  TMIAXOMIB  MIOJO
BU3HAYEHHsSI KOPUCHUX €(EKTiB MPOIYKTHBHOCTI
B1HOBJIEHHS MpaIe3aTHOCTI CII3
porpamMicTamu pi3HuX (HaxoBUX PIBHIB.

[Momepenni AOCTIKEHHS IIHOTO THTAHHS
panime Oyny MPOBEACHI y MJIOMIMHI BU3HAUYCHHS
MpUtoMiB 0OPOOKHM CTATHCTUYHUX MAHUX TIOSBH
Tta ycyHeHHs mommiok y CII3 [7], yrouHeHHS
(haxoBOro MoAiTy MpOrpaMicTiB Ha TpH KiacH [§],
BU3HAYCHHSI BIUTUBY e(DEeKTy YacOBUX TMOKA3HUKIB
3aBaHTakeHocti Ha crBopenns CII3  ERP-
cucremu [9] Ta aHamizy MiOXOMIB MO0
BU3HAUYCHHS WMOBIPHICHOT MOJeNi HaJiHHOCTI
CII3 3a momomoror MmetoniB Monte-Kapmo Ta
CHCTEMH MacoBOro oocimyroByBanHs [10].

MeTto cTaTTi € pO3KPUTTA MiAXOJiB
010 BU3HAYCHHS KOPHUCHHUX e eKTiB
TUHAMIYHUX 3aJIC)KHOCTESH PIBHS Mparie3aaTHOCTI
CHeIiabHOTO TporpamMHoro 3ade3neueHHs ERP-
CHCTEM BiJl (haxy MPOrpaMiCTiB.

Buxnaang ocHoBHoro martepiaay. B ERP
CUCTEeMax ICHy€ HM3Ka HampsMiB 3 TPOBEACHHS

pobit  momo MiATPUMKH CHCTEMH y
mparme3maTHoMy craHi. PoGora 3 miATpUMKH
MIpaIe3qaTHOCTI  PO3MOYMHAETHCS 3 aHA3Y

3aBaHTAKEHOCTI CUCTEMHU Ha NpeaAMCT BUABJICHHA

MpoOJIeMHUX 00JIacTel, MICII 9OT0 OTPUMaHi JaHi
T JJIATAI0Th TTOTIHOICHOMY aHamzy JUTS
ollep)aHHs AeTanbHimoi iHdopmarii [11]. Oxniero
3 TPUYMH YCKIJIQJHEHHS Mpale3JaTHOCTI MOXYTh
OyTu 1ii TporpamicTiB TiJ dYac CTBOPEHHSI Ta
momudikaiii mporpamHoro komy CII3. Awnami3
CTaTHCTHKM  JiSUIBHOCTI  TPOTPaMiCTiB  Pi3HHX
KBamiiKaliiHUX  KJIaciB  3a  IapameTpaMu
CHUCTEMHHUX JKypHATIB MMOMIIIOK po3pooienus CII3,
TPAaHCIIOPTHOrO ~ OOMiHY 3alUTIB Ha  3MiHY
nporpaMHoOro kojay, oHoBieHHs ERP -ucremu Ta
MOKa3HUKaMH  MPOMyKTHBHOCTI pobdotm  ERP-
CHCTEMH, IOUIYK amnpoKCHMAIiiHUX 3aJIeKHOCTEH
JacTh 3MOTY OIKMCATH BIUTUB MPOTPaMICTiB Pi3HOTO
(haxy Ha npane3aatHicts CII3 cucremu [9].

BuBesieHHA MaTeMaTUYHHX _3aJICKHOCTEH
(exp + SL) na pizaux ckinagnocreit CII3

Buokpemnenna cmamucmuxu. 3acTOCyBaHHS
aBTOMAaTHU30BaHUX TIPOTPAMHHUX 3ac00iB OO
BUMIpY SIKOCTI NpOrpaMHOTO 3a0e3ledeHHs Jae€
3MOTYy OTPHUMATH METPUKU SIKOCTI MPOTPaMHOTO
3abe3nedcHAS. BimmoBimHo, Ha JOCIIIHKYBAHOMY
npoekTi, 3 MeTpuk CI13 MokHa OyJ10 BUIUIMTH TpH
OCHOBHI TPyNH 3a CKIAAHICTIO Tporpam S=I —
mpocti, S=2 — cepeani, S=3 — ckmanni. [lomiOHMH
MOIUT BUKOPHUCTOBYIOTh Y METOMOJIOTISAX BEACHHS
npoekTiB [3], a maremarnyHe QOPMYITIOBAHHS
HaBezleHe y poOoTi [5].

Y mporpaMHHX CEpeloBHINAX PO3POOKHU
ERP-cuctemn yci omepanii mposeneni i3 CII3 y
nporeci Horo cTBOpeHHA Ta  MoAudikarii
ABTOMAaTUYHO 3alUCYIOThCS Y CHCTEMHHUH KypHAal
(system log file). Jlocmimkyroun Taki KypHaIu
MporpaM BiJMOBITHOI CKJIaJHOCTI 3a BU3HAYCHUH
mepion 4Jacy HU3KH IUKIIYHUX TPOIEAYP OO0
migTpuMky  mpanesgataocti  CII3  (HamwmcaHHs
KOJy, aKTHBAL, TeHeparlis, BaIiganis,
BepuQikalisi, TeCTyBaHHs, YCYHEHHS TIOMHJIOK) 3a
mapameTpoM - Bionogioanvna ocoba
(npoepamicm), Oyna BUSBIEHA PO3ODKHICTE Y
IIBUAKOCTI BiHOBJIEGHHs mpane3natHocti CII3
pi3HHUMHU 3a (haxoM mporpamictamu. Byio BuaiieHO
TPpU TPYOH  TPOTPAMICTIB  3a  IIBHIKICTIO
BiZTHOBJICHHS TIpale3laTHOCTI Mporpam, siKi Oyiu
BigHEeceHi 10 TpboX (axoBux kinacis: I, II Ta III.
BigmoBigHo, Oylno mIpoaHai30BaHO IKypHAIIU
JOiSUTBHOCTI TpOrpaMicTiB y Tepiogu MOsIBH Ta
BiHOBIEHHS moMmmiIok y mporpamax CII3 piznoi
ckimagaocti (S=1, S=2 um S=3) Ha mnpoekTax
(BeNMKHX i CepeaHix 32 po3MmipaMu)
BrpoBajykeHHd  ERP-cucreM. 3a  KoXXHUM
JKypHaJioM pizHoro 3a ckiamaictio CII3, Oyna
BHOKpEMJIEHA CTATHCTHUKA TUTIOBUX MPECTaBHUKIB
OPOrpaMiCTiB KOXKHOTO 3 TPHOX KJIACIB, sIKi Opanu
y4acThb y BiJIHOBICHHI BiJNOBIJHHX TpoOrpam 3a
BU3HAYCHHUHA miepiod — 1t S=1 (cTaTUCTHYHI JaHi
nisutbHOCTI porpamictis I, 11 ta IIT) 3a mepiog 100
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mi0; it S=2 (cTaTUCTHYHI JaHl JIsUIbHOCTI
nporpamictis I, II Ta III) 3a mepiox 100 ai6; mms
S=3 (cTatucTHYHi AaHi AISLIBHOCTI MPOTPaMiCTiB
I, II ta III) 3a mepiox 200 mib.

Peepecivinuii ananis. BuzHauenus
MareMaTndHOi (YHKII 3aJeKHOCTI KITBKOCTI
mpare3iaTHuxX nporpaM K Bij 4acy ¢ MOXIIUBE
MiJi 4Yac MPOBEACHHS PErPECHBHOTO TIOIIYKY

OEHHO-CTPATETIYHUX JOCIIIKCHb
VYkpainu imeni IBana YepHsIXOBCHKOTO

alpOKCUMAITIHHOT ~ 3aJeKHOCTI  CTATHCTHYHUX
JaHUX. 3a TOTIOMOTOI0 MPOBEICHHS PETPECiHHOTO
aHamizy memooom Havmenwux xeaopamie (MHK)
MOXJIMBO 3HAWTH PEJICBAaHTHY MaTEMaTUYHY
(dyHKIII0. XapakKTepHU 0O0pHC MPHPOAU SBHIIA
BimHOBIeHH: CII3, 110 ITKOM BiATIOBiIa€ IPHPOII
¢yHKOii, MOXXHa OTpUMaTd TpydO PO3IUTMBLIH
TOYKOBUH Tpadik Ha 1Bi ckiIamoBi [7] (puc. 1).
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Puc. 1. I'padix nnHamMivHOI 32JI€7KHOCTI BUNPaBJIeHHs NoMUJI0K nporpamicrom B CII3(ckiaanicts S=3)
nporpamicrom Il kiacy i3 rekoMno3unicro iioro Ha ABi YacTUHU

[TinGip Koe]ilieHTiB iz yac
anpOKCHMYBaHHS J1aB 3MOTY MifiOpaTH CKIanoBi
3  PO3YMIHHSIM TIpHPOAN  (DI3UKH  TIPOIIECY.
Texnika 3actocyBanus MHK Bxiouae y cebe
MO TOYKOBOTO Trpadiky CTATUCTHYHHUX TAHUX
Ha [JBl YacTWHM Ui MOJANBLIOIO IOLIYKY
perpeciiHoi MoOJeITi 3JIEKHOCTI piBHA
npauesgatHocti CII3 y waci mnst pizHoro ¢axy
mporpamicra s KOXHOI 13 dYacTWH. Takwid
croci®  BOaylo  pO3KpWUBAaE  MPUPOTY  ITi€l
3aJIeKHOCTI Yy BHIVIAAI JABOX perpeciiHux
¢yHKUIH 1 Mae Kpamle 3HAYCHHS TOKa3HHKa
SIKOCT1 ampoOKCUMAIlil — KBaApaTy KOPEIAIii Mix
3HAYEHHSIMH BIATYKY BHMipy 1 mependaueHUMHU
3HAUCHHSAMH BUMIpy y Mexax R°=0,9+0,05 [7].
I[lix wac gocmimkeHHS OyJIOo  TIPOBEICHO
perpeciitamii ananiz MHK cTaTUCTHYHUX TaHUX
pe3ynbTaTiB BimHOBICHHS mpane3natHocti CII3
31 ckimaggicTio S=1, S=2 Tta S=3 KOXHOrO 3
KJIaCiB IIPOTPaMICTIB.

3 ormsAy Ha TOMIN HA JABI CKIIAIOBi, IS
(YHKLIS ONMUCYE SIBUIIE TOSBH Ta BiAHOBIICHHS
ITOMHUJIOK Y TIPOTpamMi cy0’ €KTOM MTPOrpaMyBaHHS.
s QyskmioHansHa Monenb sBis€  co00r0
aJIUTUBHY 3rOPTKY ABOX AWHAMIYHUX (3MiHHHX y
gaci) (hyHKITIOHATEHUX MOJICIICH, 110
BIJIOBIZAIOTh JBOM MacHBaM CTaTUCTHYHHUX
JaHUX, alpPOKCUMOBAHMX €KCIOHEHIIaTbHOIO Ta
norictuanoro  SL 3anmexxHocTsimu  (puc. 1). 1li

3aJIeKHOCTI MPHU CYMyBaHHI JalOTh HOBHH THII
KpUBOI:

Koxxna cxuagnicts CII3 Ta koXeH 13 KiaciB
NPOrpaMiCTiB Ma€ JIOTICTUYHY 3aJIeKHICTh PiBHSA
npane3gatHocTi CII3 (kopucHoro edekry) Bix
BUTpPAYCHUX pecypciB (puc. 1), sSKa OMHCYETHCS
PIBHSIHHSIM B IHTETPATHbHOMY BUTIISII

f) =g +—2— (1)
- lr-k)
I+e 7
ne f(t) = K-piBeap  mpanesmataocti  CII3
(kopucHwmit eeKT);
g - Koe(ilieHT eKCIOHEHLIIbHOT (QYHKIIIT;
C - mocTiiiHa eKCIIOHEHIIaabHOI (YHKIIIT;
t - BUTpaYeHUM pecypc yacy;
S - BEPXHS aCUMIITOTA;
T - mocriliHa noricTnaHoi QyHKIIT;
k - abcrmca TOYKM CHUMETpPii  JIOTICTHYHOI
KPUBOI.
Tpuxnao BIOHOGICHHS Cli3 S=3

npoepamicmom Il knacy.

Haenemo sik mpukian pe3yabTaTH MOLIYKY
IVHAMIYHOT 3aJI€KHOCTI B1JHOBJICHHS
npane3natHocti CII3 (S=3) MHK s
mporpamicta Il kmacy. Jlms HBOTO 3HaYCHHS
KoeimieHTiB ekcrmoHeHUiansHOi ¢(yHkmii (1) Ta
JIOBipuMX iHTEepBaliB (i3 10BipUMM OOMEKECHHSIM Ha
piBHI 95 %) CTaHOBIATH:

g=93,08 (81,99; 104,2);

C=-0,08997 (-0,1066; - 0,07334).
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R*=0,8874 JUTS TIepIIoi YaCTUHU
TUHAMIYHOT 3aJIeKHOCTI porpamicra 11 kimacy.

3BakalouM HA  OTPUMaHI  3HAYCHHHS
MepuIoi YacTMHU CTATHCTUYHOTO Tpadiky, Oymu
3HAWICHI 3HAYCHHS TMapaMeTpiB JIOTICTUIHOL
¢dbyakmii gpyroi yacTuHU. 3HAYCHHS KOSQIIIEHTIB
norictuunoi ¢yHkuii (1) Ta KoBipYMX iHTEpBaIiB
(i3 nmoBipumM obMexeHHsM Ha piBHI 95 %) mis
nporpamicta Il kjacy cTaHOBIATE:

k= 81,66 (77,97, 85,35);

s= 97,99 (94,75; 101,2);

T= 68,5 (62,64;74,36).

Kpurepiit MIPUIATHOCTI HaOIKEHHS
(koedimieHT 3MiIIIaHOT KOpEALii) IS Jpyroi
YaCTHHU JOPIBHIOE R2=0,9306.

BignosiaHo, PiBHSIHHS IMHAMIYHOT
3QJIGKHOCTI  mpame3matHocTi  mporpam  CII3
nporpamictom Il kimacy HaOyne BUTIISINY 3arajbHO1
aIUTUBHOI 3ropTkH  (QYyHKUOid 000X  YacTWH
CTAaTHCTUYHOI'O TOYKOBOIO rpadiky 3ajaeKHOCTI
piBas mparnesmataocti CII3 (S=3) y waci, mo
BimoOpakae misipHiCTE mporpamicta Il kmacy
(IpencTaBieHa MOJEIIIO Ha PUC. 2):

f(1)=93,08& """ + 972’99 Ne)
1+ —ﬁ[ﬂr—m,éé)
e 68

-

=1

=1
T

=}
=}
T
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Puc. 2. I'padik 3anexnocti BigHoBIeHHs npane3gaTtHocTi CII3 Exp+Sl (na npuknani CII3 3i cknaanicTio
S=3 nnsa nporpamicra II knacy)

3navyenHs ¢yHkuii (2) Ha pHc. 2 SBIIE
co00I0 BIIHOCHY BEIWYHHY IIpare3gaTHHX
IporpaM Bix 3araibHOi KigbkocTi mporpam CII3
K y3aTVX Ha TOYaTKy AOCHIJKCHHS HA MOMCHT
gacy t Ha niepioi qocuimkerns 200 qHiB.

BigminHiCT, MiX KjIacamMH TpPOTPaMICTiB
s onHiel cknagHocti CII3 momsrae y waci
pearyBaHHsS MpPOTPaMiCTiB Ha TIOMHJIKH Ta IX
YCYHEHHs, 10  HAOXOIATH 13  PI3HOIO
iHTeHcuBHicTiO. [losBa mOMMIOK MOXe OyTH
BUKIIMKaHA PI3HUMH TpuunHaMu. Hampuknan,
Yyepe3 HeBJalleé OHOBJICHHS 3arajJlbHOCHCTEMHOTO
(ctagmaptaoro) II3, mo mnpu3Beno 70
Henpane3naTtHocti  mporpam  CII3.  Pi3mi
nporpamu CII3 Manu pi3Hi pe)KUMHA BUKOHAHHS —
niajgoroBuit Ta (oHOBHH. [leski mporpamu, IIo
BUKOHYBAJIUCS y (DOHOBOMY pEXKHMI Malln
3alUTaHOBaHy  MEPIOAMYHICTH  3amycKy  abo
BUKOHAHHS TICII HACTaHHS MTEBHOT 3aIIaHOBAHO1
moxii. OTe, HE BCi TMOMWIKH MOTJIH OyTH

NOMIYeHUMH y cucTeMi Bimpasy. Hampuknan, 3a
pe3ynpTaTaMu MIPOBEIEHOTO JIOCTiIKEHHS,
rpadoaHaATITHIHUM aHAJli30M BCTAHOBJICHO, IO
Yyac Ha BUSIBJICHHS BCIX OCHOBHHX IIOMIJIOK, iX
BUIIPABIIEHHS (3 ypaxyBaHHAM BHECEHHS BIIACHUX
MMOMIJIOK), IO TIOYATKy CTaOUTLHOTO POCTY 3HAYCHB
BIJTHOCHOI BENIMYMHU Tpane3natHux nporpam CII3
(S=3) s mporpawmicra Il kiacy cranoButs 27 mi0.

Ha puc. 2 HaBenmeHO 3pa3ok OJNHI€T 3 1eB’ ATH
MUHAMIYHUX  3aJICOKHOCTECH,  OTpUMaHWi 3
eKCIIEpUMEHTY — TOYKOBOro rpadiky piBHS
BimHOBIEeHHS Tpane3aataocTi CII3 31 ckimagHIiCTIO
S=3 y waci mms nporpamicra II kmacy Ta ii
anpoKCHMaIliiiHa MOZAETIb.

OTpumMaHi yHACHIIOK PETPECUBHOTO aHATI3Y
MHK koedimieatn g, C, k, s, T KOXHOTO 3 TPhOX
KJaciB MPOTPaMiCTIiB IUHAMIYHOT  3aJIE)KHOCTI
BigHOBIEeHHS mpane3aaraocti CII3 (1) ans pizHux
ckiagaoctei CII3 HaOyayTh BUTIIAMY, HABEIEHOTO
y Tabm. 1.
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Taomums 1
KoedinieaTn AnnaMivHoi 3a1€KHOCTI
Iporpawmicr I kimacy | Iporpawmicr II xmacy | Iporpawmicr III kmacy
-1 IMepmmii piens ckaagnocti CII3. Anpoxcumosana cratuctuka MHK nisuteHOCTI 01HOTO TIpOrpamicTa 3a
100 nuiB. J[xepeno: naHi oHOBIIeHHs arapatHuX 3aco0iB B ERP-cuctemi TOB ®033i Dy
g 96,30 98,05 95,11
Cc -0,403 -0,263 -0,243
k 20,44 3543 58,54
s 96,01 95,07 94,04
T 12,56 16,56 31,57
S=2 Jpyruii piBens ckaagnocti CII3. Anpokcumosana craructuka MHK nisutbHOCTI 0/1HOTO Tporpamicra 3a
100 nuiB. [[xepeno: naHi nepexoay Ha HOBHI MMOJATKOBHUIT KoJeKe Ta apXiBauis qanux y cucremi TOB ®o33i Oyn
g 98,03 91,12 96,10
C -0,1099 0,1043 -0,1093
k 39,64 49,45 65,44
s 92,01 89,86 89,90
T 23,52 31,51 31,56
-3 Tperiii piens cknagnocti CII3. Anpokcumosana craructiuka MHK nistmbHOCTI 0fHOTO TIpoTpamicTa 3a
200 mHiB. [[xepeno: nani oHoBIeHHs 3arasbHOcKcTeMHoro 13 Ha €ECY AI'TI 3CY
g 103,7 93,08 118,00
Cc -0,1453 -0,08997 -0,1415
k 58,35 81,66 57,94
s 98,74 97,99 42,16
T 41,61 68,5 43,26
Tlonamms “yacmro6oeo KOpUCHO20 1. ITomyk  4acTKkoBOro (MaKCHUMAaJbHOIO)
epexmy”. Y uii pobOTI Mia uacmkosum  KOPHCHOTO €(eKTy, SIK BH3HAUEHOTO MaKCHMyMY
KOPUCHUM egpexmom PO3YMIETBCS  PO3BUTKY (YHKITIT.
MPOAYKTHBHICTE POOOTH  mporpamicra, 1o 2. Ilonryk 4acTKOBOT0 KOPUCHOTO eekTy, 3a
BHpaKeHa y BITHOCHUX BETMYMHAX  YMOBH JIOCTaTHHOTO 0OMEKEeHHSI piBHS

nparnesgataux nporpam CII3 Bim ix 3arampHOL
KUTBKOCTI MpOrpaM Ha TOYaTKy EKCIEPHUMEHTY.
Takox, Moxe po3ymiThcs, SK OOepHEHa
BEJIMYMHA JI0 3pO0JICHUX MOMUJIOK — YIM MEHIIIe
MOMMUJIOK, TUM BHILE eekT mporpamicra, depes
o eeKT JOCATHEHHsI HEOOX1JHOTO PiBHS SIKOCTI
CII3 miaBumyeThes (Mae MpsMy 3aJIeKHICTh Bi
SIKOCT1 TIpOTpam).

Maroun migiOpani wmopmeni uIsl pi3HUX
(haxoBUX KiaciB TPOrpaMmiCTIiB Ta ISl TPHOX
piBHIB ckiamgHocTi CII3 MOXIHBO OTpUMaTH
Jesiki 4acTKOBI KOPUCHI €(EeKTH Ha OCHOBHHX
eTamax  KHUTTEBOIO  IMKIYy  [POrPamMHOTO
3a0e3neYeHHSI P 0OMEKEHHSX

1) Ha oTpuUMaHHSA MaKCHMAJIbHOI Bijmadi
JiSUIBHOCTI MpOrpaMicTa — Ha €Tami CTBOPEHHS
CII3;

2) Ha JOCTAaTHICTh BIJHOCHOI BEJIHYMHH
npauesgatHocTi CII3 — Ha erami BpoBaKEHHS
CII3;

3)Ha dac BiIBEIEHUH TPOTPaMiCTy Ha
BimHOBIIeHHsT Tipane3natHocti CII3 — nHa erami
cynpoBokeHHs (miaTpumkn) CIT3.

3yMUHUMO CBOIO yBary Ha JJaHHAX
00MEXEHHSX. 3BiJICH, MOYKHA BHKOPUCTATH Mpu
nioxoo0u 10 TIOIIYKYy YAacTKOBOTO KOPHUCHOTO
ehexTy ITUHAMIYHOI 3aJISKHOCTI BiIHOBIICHHS
nparnesaataocti CII3 mporpamicTaMu KOKHOTO 3
KJIaciB MPOTPAMICTIB:

BUIIPABJIEHUX TIporpaM (IIOMUJIOK y Hporpamax).

3. ITomryk 4acTKOBOTO KOPUCHOTO eeKTy, 3a
YMOBH JJOCTaTHHOTO OOMEKEHHS 3HAUYEHHS Yacy.

V miif po6OTi pO3TIITHEMO AETATBHO TTePIITHA
MiAXig; APYTHid 1 TPEeTil — TOBEPXHEBO.

HOingxin 1.  Ilpomemypa  BU3HAa4YeHHS
MakCHUMyMy PO3BHTKY (YHKIII, IO BigoOpaxkae
YAaCTKOBUHM KOPHUCHHU €(eKT I IMPOrpamicTiB
KOXXHOTO 3 BHU3HAUYCHUX KIAcCiB 3a YMOBH
0OMEKCHHS Ha OTPUMAaHHS MaKCHMAaJbHOI Bimmadi
TISITBHOCTI TIpOTpaMicTa Ma€ BUI:

1.1. BuzHaueHHs T100AIBHOTO EKCTPEMYMY
¢yHKuii - koopauHaTH Touku Q; (¢, p) — MiHIMYM
(yHKIIOHANBHOT 3aJeskHOCTI (exp+SL);

1.2. BusHaueHHs TOYKH YaCTKOBOTO
KOPHCHOTO e(eKTy BIIHOBJICHHS MpaIe3aTHOCTI
CII3, sk TOYKH MaKCHMAaJIbHOIO PO3BUTKY (PyHKIIIT
Ha apyrii yacTuHi rpadika SL-pyHKiii.

3a3HadyeHy Mpolenypy INpOBeJeMO Ha
MPUKIIA JUHAMIYHOI 3aJeKHOCTI BiJHOBJICHHS
mpare3aTHOCTI CII3 (CKIagHICTh S=3)
nporpamictoMm [ xmacy. IloHATTS KOpUCHOTO
edexTy 1 30Ha eekTy MokazaHa T€OMETPHUYHO Ha
KpuBiii SL 3aj1€KHOCTI MpaLeBUTPaT POOITHHUKIB y
pobori [12].

1.1. Maroun aIUTUBHY JTUHAMIYHY
3JICKHICTh BigHOBJICHHS Tpare3gatHocti CII3
nporpamictamu (exp+SL), 3ocepenumo yBary Ha
opyrid  ckmagoBit  (SL). 3anmexuicte SL €
3pOCTAIOuO0 Ha YChbOMY IPOMDKKY 1 BimoOpaxae
SIKICTh BITHOBJICHHS TIparie3gaTHocTi mporpam CII3
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MIPOTPaMICTOM KOXHOTO 3 (haxOBUX KJIACIB IS
pizaux ckimagHocter CII3.  YHIMODanbHICTH
JTUHAMIYHUX 3alexHocTel mpanesgataocti CII3
Ja€e  3MOTy 3HaiTH TOYKy MiHiIMymy (O
MPOCTIIIMMU METOIaMH 3HAXO/PKEHHS ONTHMYMY
dbyakmid. s 1OTO  BHKOPUCTAEMO Memoo

3010mo20  nepemuHy —  METOL  MOIIYKY
K, %

100

a0 r

80 n a)

70 | &=rp
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40 |-

30 ! a

2011 1r]

wrif] | |

ol 11 L — — . .
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eKCTpeMyMy HiicHOiI (yHKIIl omHiel 3MIHHOI Ha
3aaHoMy Bimpi3ky (puc.3). B ocHOBI MeTomy
JISKUTHh TPUHLUI MOJUTYy BiApi3ka B MPOIMOPIIisLX
305I0TOoro TiepetuHy. llelt metom € oaHMM 3
HaWTIPOCTIMNX YHCEIIBHUX METOIIB PpO3B’s3aHHS
3a/1a4 ONTHMi3allii.

6}
=19

180

200 t, RiB

Puc. 3. [Tomyk Touku min Q 1uHaAMiYHOI 3a/1€:KHOCTI BigHOBIAeHHs npane3aaTtHocTi CII3 (ckaagnicts S=3)
nporpamicTroMm I knacy (Exp+SI)

Bemnunna 7 MIPOTIOPIIS  “30JIOTOTO
TepeTUHY’, SIK BiIHOIICHHS TOBXUHH O1IBIIIOTO
BIPI3KYy z; OO IOBXHHH BCHOTO IHTEpBaly z

JIOPIBHIOBATHME BiTHOIIICHHIO JOBXHMHH MEHIIIOTO
BiJIpi3Ka z; IO JAOBXHHH OUTBITIOTO z, (pHC. 3, a).
JI71s 1IbOTO BH3HAYMMO HOT0 HAOMMKCHE 3HAUCHHS:

Z VA 2
1 - “2
=— z z z —1+\E
z oz, | 2|+ 22—l 2 =r=——=0618 3)
zZ, zZ, zZ, 2
tz,=z
Zy T,
3aramoMm, CyTb  Memody  30]10mo020  CIIOCOOOM) 3 TOYHICTIO € 1 3HA4YEHHS IUIHOBOT

nepemuwny TOJNATa€ y TOMY, IO IS 3aJaHOL
byuxuii  f():[a,b] - R, f(©)LC([a,b])

IHTEepBa] HEBU3HAYEHOCTI (a, b) MITUTHCS HA NBi
HEPiBHI YaCTHHHU Y TPOMOPLII 30JI0TOr0 NEPETUHY
B 000X HamMpsSMKax BiJ TOUYKH MiHIMyMy Q.

[lix gac momryky MiHIMyMy (yHKIil, Ha
KOKHOMY KpOIli 1TEpaTHBHOI MPOLECAYpPH, KpiMm
MEPIIOro, O0YUCITIOETHCS TINBKU OJHE 3HAYCHHS
¢yskiii. OgHak, PeKOMEHIOBaHO OOYHUCIIIOBATH
Ha KO>XHOMY KpOIIi Bl TOYKH f; Ta t, (puc. 3, 0),
JUIS TOTO MO0 HE HaKOMWYyBajacs MOXHUOKa,
OCKLIBKH 7T Ma€ HaOJMMKeHe 3HAaYCHHS (puc. 3).

Skmo moBXWHA KIHIIEBOTO IHTEpPBAIY
HEBHU3HAYCHOCTI JOPIBHIOE O, TO ISl TOCATHEHHS
HEOOXiTHOT TOYHOCTI YHMCIO OOYHCICHb 3HAYCHD
(byHKIIIT 32 METOOM 30JIOTOTO TIEPETHHY MOXKHA
3HaWTH 32 YMOBOIO

0,618)" <9 @
b—a

3Haiimemo Touky MiHiMymy Q [g; p]
JUHAMIYHOT 3aJIeKHOCTI BiTHOBJICHHS
Mpare3aaTHOCTI CII3 (ckmaguicth  S=3)
mporpamictom | kmacy f(f) Ha Bimpisky [a;b]
(BiApi3oK  BHM3HAYA€ThCcs  rpadoaHaiTHYHUM

¢ysknii B wiid touni. Hanmpuknan, Ha mpoMiXKKY
[10; 30], €=0.1:

f(t) — 103’7 @—0,145& + 98’74

5 .
{+e 41’61[(}—58,35)

AnroputM  poO3B’S3aHHS UM  METOJIOM
CKJIQ/IA€ThCS 3 TIOYATKOBOTO T4 OCHOBHOTO €TAIliB.

Ha moyaTtkoBOMY eTarri BBOIATHCSI TPaHHUITI
MPOMIKKY, Ha SKOMY 3HAXOIUTHCA MIHIMYM.
Hexait € >0 — 3amana Tounicts. [Ipumyckaemo, 1m0
a, =a=10; b, =b=30. Busnauumo 1Bi IOBLIbHI
A=a+1-1D)b —q),
M =a +1(b —a,), ne t=0,618, (1 -1)=0,382.
3Bigcu A = 21,46.

PospaxoByemo f(A1) 1 f(u;), BimmoBigHO
Sf(A41) = 18,9201, f{u;) = 20,663 . Hexaii i=1.

TOYKH:

Ilim dYac OCHOBHOIO e€Tamy ajJrOpUTMY
3HAXOATHCS MiHIMyM IMHAMIYHOT
(hyHKITiOHATTEHOT 3aJIeKHOCTI piBHS

nparie3aatHocTi nmporpam CII3:
a) skwo (b, —a,) <&,

o . .
TO X D[ai,bi]o6paxyHKI/1 3aKIHYATH, 1HAKIIE,
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akmo f(A)> f(4,), To mepeiTn 10 KpoKy b);
AKo f(A,) < f(44,), TO NEPENTHU IO KPOKY C);
bi+1 = bi’
A=, Uy =a,, +7(b,, —a,,); Bu3HAUNMO
Slui+p) 1 mepeiinemo 10 kKpoky d);
C) mpuiMeMo
My = A Ay =@ + (=D, — a4
BU3HAUNMO f(A;4;) 1mepeiinemMo 1o Kpoky d);
d) i =i+1, mepeiineMo 10 KPOKYy a).

b) npuiimemo Ay = A

Ay = ;s bi+1 —H;

BukoHaBImM po3paxyHKH, MO MicTITh 20
iTepariii Oyyo 3HalIeHO 3HAYCHHS (PYHKINT f{x),
0 3aJOBOJIBHSIOTH TPUHAHATIH TOYHOCTI €.
(Uepe3 3HauHMii 00CsT, pO3paxyHKH y poOOTi HE
HaBEJCHI).

AHaJOTIYHO HaBEIACHOMY IPHUKIIATy OyIIo
3HaNJIEHO KOOpAMHATH TUHAMITHOT
(hyHKITIOHATBHOT 3aJIeKHOCTI piBHS
nparnesgataocti nporpam CII3 31 ckimamHICTIO
S=3 ms mporpamicris I ta III kiracis.

Orxe, s CII3 31 cxinagnicTio S=3:

Touka MiHiMymMy Q; s mporpamicra |
knacy — Qg (22,1514; 18,8936);

Touka MiHiMymy Qp ans mporpamicta I
knacy — Qy (32,6145; 23,8402);

Toyka MiHIMyMy Qp s mporpamicra II1
knacy — Qpy (28,1014; 10,6909).

Takox, m©g 3amgada, IS TEPEBIpKU
aZeKBaTHOCTI, Oyia po3B’sA3aHa CKIATHITIINM
MetogoMm Herotona (Herorona-Padcona), sxwit
HaJICKUTh bi(s) rpynu METO/IiB
OJIHOMIapaMEeTPUUHOL onTuMizarii i €
TPaJieHTHUM METOIOM JpPYroro MOpsAaky. Y
HBOMY IIiJT Yac IMOMIYKY EKCTPEMyMY IIIbOBOI
(yHKIIT BUKOPUCTOBYBAIMCS 1i Tiepmn i Jpyri

moxigHi.  OTpuMaHi  3HA4YeHHS  KOOPIWHAT
ontumymy  ¢ynkmii (1) oboma wMeromamu
CIIIBIAJAIOTh.

1.2. BuznaueHHs TOYKH YaCTKOBOTO

KOpPUCHOTO €(heKTy BiTHOBICHHS MpaIie3IaTHOCTI
CII3, #K TOYKM MAaKCHUMaJIbHOTO pPO3BHUTKY
¢ynkuii Ha aApyrii wactmHi rpadika — SL-
dbyHKIIT sIBIISIE CO00T0:

BIJIKJIJICHHS TOTHYHOI i3 3HAYEeHHS (YHKIIIT
TOYKH MiHIMyMy Ha oci opauHat (0; p) no mpyroi
yactuHn Tpadiky (exp+SL) ommcanoro SL-
3aJIeKHICTIO, 3HAXO/KCHHS PiBHSIHHS JOTUYHOT;

3HAXO/DKEHHS  TOYKH  JOTHYHOI /IO
MUHAMIYHOI 3aJIEKHOCTI TMpaIe3qaTHOCTI Iporpam
CII3 nHa nepioni 3pocTaHHs BUMIPABJICHUX MPOrpam
— 3HAYEHHS apTyMEHTY TOYKH IOTHKY BiATIOBimae
3HAYCHHIO €PEKTY JTAHOI 3aJI€KHOCTI.

IlepeiineMo 10 BHU3HAYEHHSI TOYKH OTHUKY
Ha MPHUKJIAJ JTUHAMIYHOI 3aJIeKHOCTI BiJIHOBJICHHS
npare3gatHocTi mporpam CII3 (piBeHB CKIIaTHOCTI
S=3) mporpamicrom I ¢axoBoro kmacy, sika y
3aralbHOMY BHJI € QJUTUBHOK 3TOPTKOIO JBOX
GbyHKIIN:

y(1) = exp(t) + SL(1) . (6)

OCKiTbKM ~ I[IKaBUTh ~ Yac  JIOCSITHEHHS
MaKCHMAaJIbHOTO KOPHCHOTO edexTy
MPOTPaMiCTOM, TO 00JIACTH NONMYCTHMHX 3HAYCHD
npunazaTIMe Ha MpoMikok (g; 200) mo oci abenuc
npeacTaBieHor0  SL-pyHKIi€0 Big  3HAYCHHS
apryMeHTy Todykd (@ 10  MaKCHMAaJbHO
JIOCITIPKEHOTO (JIOIMYCTHUMOTO) TIEPioAy MiATPUMKA
npane3aatHocTi mporpam CII3.

Pospaxynox  maxcumanvrozo
epexmy 6i0HOBNEHHS NPAYE30aAmMHOCHI.

Criouatky 3HaiiieMO PIBHSHHS JOTHYHOI JTO
rpadika (QyHKIHT OUHAMIYHOT 3alIe)KHOCTI, sKa
mpoxoauTh depe3 Touky (0; p). 3ayBakumo, IO
cama (YHKIIOHAJIbHA 3aJIC)KHICTh HE TPOXOJUTH
yepe3 110 Touky (0; p), sika He € TOUKOIO TOTUKY R.

dopMmyTpHa MOAENH Y3SITOTO A0 PO3TIATY
NpuKIany JUHaMi4HOI 3anexHocTi (mporpamicT |
knacy, CII3 s=3) mae Bun;

f()=1037 " +

KOpUcHoco

98,74

-2(1-58,35)

+
41,61
(7

Ilo3HauuBmIM TOYKYy NOTHKY K R (a, D),
PiBHSIHHA JOTHYHOT Ha0yAE BUTIILY:

J Do =b+y (@ Ut —a). (8)

BignosinHo,

_ 98,74 N 2,2829010°' [~
Doom =| 103,707 +———— |+| =15,0676 [ """ +—= t-a).
AR 1+ e 2T (1+1,15600% [27>“)? =
41,61 9)
[Tepefinemo 10 BUpIMIEHHS CUCTEMH PiBHSIHB
51 —2a
b-| 150676001 42282900 & ° 15 _ »,
(1+1,15600% &) (10)
b=1037Le "% +79_§2a7i; 5
B ,
41,61

ne p=18,8936 (%) — 3HaueHHs PpyHKIIT Toukn MiHIMYMY Q.
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3HaX0aUMO TOYKY JOTHKY Ha MPOMIKKY
(g; 200) Ha oci t — npyroi YaCTMHU JAWHAMIYHOI
3aJIeKHOCTI BigHOBIEHHS mpaune3gatHocti CII3
(31 cxmagnictio S=3) mporpamicrom. lle, ¢ —
aprymeHT min Touku Q; 200 (qHIB) — rpaHUIHHMA
TIepioT JOCIIHKEHHS SKCIIEPEMEHTY.

VY mpoueci o0uMcieHb 3a 33TaHUX YMOB
(mporpamict I xmacy, ckmagaicTeCII3 S=3)
KOOPJIMHATA TOYKH MAKCUMANLHO2O KOPUCHO2O
egpexmy R(a; b) craHoBusate R;(90,3627,
81,2740) abo, HmOCSITHEHHS BiTHOCHOTO pIBHS
npanesgataocti CII3 mporpamictom [ kimacy
b=81,3 (%) Oynme BukoHaHe Ha a~90 (mHIB)
po3po0 (MATPUMKH) IIPOTrpam.

AmHasoriyno, Oynu mpoBeaeHi 00YHCICHHS
mutst iporpamicti 11 ta 111 kaciB (31 cKIamHICTIO
CII3 S=3).

Omxe, ms CII3 31 ckimagnicTio S=3:

TOYKA MAKCUMATLHO20 KOPUCHO20 eghexkmy Ry
1t iporpamicta I kimacy — Ry (90,3627; 81,2740);

TOYKA MAKCUMATbHO20 KOPUCHO20 epexmy Ry
mis mporpamicta Il kmacy — Ry (133,4966;
80,3108);

TOUKA MAKCUMATIbHO20 KOPUCHO20 eghexmy Ry
st nporpamicta Il kimacy R (93,6105;
35,3629).

Jua  Bizyamizamii, JWHAMIYHI 3aJ€KHOCTI
mpane3natHocti  CII3 31 ckmagmicTio  S=3
MIPOTpaMicCTiB TpboX (paxoBuX KiaciB (V5 Vp, Vir)s
ix miiMyM (Qp, Oy, Q) Ta TOYKU TOCSATHEHHS X
MaKCUMalbHUX KOPHCHUX e(ekTiB (R, Ry Ry;)
HaBeJIeHI Ha puc. 4.
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Puc. 4. Moaeni nmHamivHi 3aiexuocti npanesgarnocti CII3 (mpukaaa, ckaaagnocri CII3 S=3
nporpamicris I, II Ta Il kJaciB) i3 BU3BHaYeHUM 3Ha4YeHb YaCTKOBUX KopucHuX edekTiB BinHoBaenns: CI13

(Ria Qis Kis Tl)

Ha pwuc.4 Touka pnotuky, R;-Touka Ha Crtrcno po3rISTHEMO IHIN ABa MIAXOAH 10
KpUBIA JUHAMIYHOI 3aJICKHOCTI BIJHOBJICHHS  MOMIYKY  YacTKOBOTO  KOPUCHOTO  eeKTy
mpane3natHocti mporpam  CII3, mo o3Havae  aUHAMIYHOL 3aJISKHOCTI BiJTHOBJICHHS
HaWO1IBIITY MIPOTYKTUBHICTD niseHOCTI  mparesmatHocTi CII3 mporpamictaMu KOXXHOTO 3
porpamicra i-To KJ1acy, BKazye Ha  KJIaciB IMPOTPAMICTIB.

MaKCUMaJbHUH YacTKOBHHA KOPHCHUH eqQeKT,
SIKHA MOKHAa OYIKyBaTH Bim mporpamicra. lle
OOYMOBJICHO MOJAJIBUIMM IEPEXOAOM KPHBOI
TisUTBHOCTI porpamicra i-ro Kjiacy y HacH4eHHH
CTaH y BepxHiIi dYacTuHi  S-moAiGHOTO
ACUMIITOTHYHOI'O BUI'MHY, /1€ OUIKYEThCS MaJiHHA
MPOMYKTUBHOCTI  mporpamicra. llei  migxin
nepeadadae TOCITHEHHS MaKCHUMAalIbHUX 3HAYCHb

JaCTKOBHUX KOPHCHHX €(eKTiB Ha KPHUBHUX
JUHAMI4HOL 3aJIeKHOCTI BIJTHOBJICHHS
npaue3gatHocti  CII3  mporpamictaMu  TpbOX

knaciB. Touka R; € cBOro poay MiAKa3KoOIO
MEHEKEepaM  MPOEKTy IN0J0  e()EeKTHBHOTO
BUKOPUCTAHHS MPOTpaMicTa BiAMOBIIHO A0 HOTrO
3a10HOCTeH
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Migxix 2. Ilpouenypa BU3HAYEHHS Yacy
HEOOXI1ZHOIO Ha JOCATHEHHS BCTAaHOBJICHOI'O
pPiBHS BHUIOpaBICHUX ImporpaM (IOMHJIOK Yy
mporpaMax) BifjoOpaka€ YaCTKOBUN KOPUCHUI
eeKT s MpOrpamMicCTiB KOKHOTO 3 BH3HAUCHUX
KJ1aciB

34  yMo8u  OOMediCeHHS HA  PIGEeHb
npaye30amuocmi K (%) — SIBIISIE c00010
OTPUMaHHS 3HAYeHb 4Yacy. BuUKOHyeThCcs 3a

JIONIOMOTO0 MoIyKy Touok 71j, Ty, Ty mepeTtuny
KpUBHUX AWUHAMIYHOI 3aJIe)KHOCTI Ipare3gaTHOCTI
CII3  y;=f(t) i3 OOMEXYyH4YOI  MPSIMOIO
(mapanensHiit oci OX), MO TPOXOAHUTH dYepes
3amane 3HadeHHs ¢Gynkmii K (Ha oci OY) Ha
JIUISIHITI ~ 3pOCTaHHA  JWHAMIYHOT  3aJIe)KHOCTI
(mpyroi wactum Tpadiky, ommcaHol SL-
3asexHicTio). To0To, MOTPiOHO 3HAWTH KOpeEeHi
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PIBHSIHHS TUHAMITHOT 3JIE’KHOCTI
nparnesgataocti CII3 (1) mpu 3amaHnx 3HAYCHHAX
(GYyHKLIH HAa TMPOMDKKY MpaBillie BiJl apryMeHTy
TOUkU MiHiMymy R;. (YacTkoBHI KOpUCHUH e]eKT
BUpXKEHUN y 4YacoBuX 3HaueHHsXx). Ha pwuc. 4
HaBEJIEHO MIPUKJIAJ oomexenns  y=40%
npauesaatHocti CII3 (S=3) mis mporpamicTiB Ta
OTpUMaHiI KOOPJIWHATH TOYOK o0OMedcenb s
CII3 (S=3): T;, (50,3022; 40), T; (68,6601; 40),
T][] (121,0730, 40) AprMeHTI/I T[, T[], T][]
Y4aCcTKOBI KOPHCHI edextn JOCSITHEHHSI
porpamicTaMu HE0OX1THOTO piBHSI
npaue3aatHocti CII3. [lns mporpamicTiB pi3HHX
knacie, mo mpamotk i3 CII3 3i ckiagHicTIO
S=3, TOCSTHYTH JIOCTATHIM piBEHB
mpame3natHocti  mporpam  (y=40%)  3Moxe:
nporpamict | ximacy Ha 50-i nens, nporpawmict 11
Kiracy Ha 69-it menp, mporpamict III kmacy Ha
121-1i neHsb.

Miaxizx 3. IIpouenypa BHU3HAYEHHS
BiTHOCHOT BenwuuHHU npane3natocti CII3, mro
BiIOOpa)ka€ 4YaCTKOBHH KOPUCHHM e(heKT JuIs
MPOTPaMiCTiB KOXKHOTO 3 BHU3HAYCHUX KIACIB 3d
ymosu oomedxcenns na wacosuii pecypc T (mi0) —
SIBISIE  CO00I0  OTPUMAHHS 3HA4YeHb  PIBHA
unpaeieHux nporpam K (%). Bukonyerscsa 3a
JIOTIOMOT'010 TMOIIyKY Touok Ky, Ky, Kj mepetuny
KPUBHX IWHAMIYHOI 3aJIe)KHOCTI Tpare3laTHOCTI
CII3 y;=f(t) muporpaMicTiB i3 0OMEXYIOUOIO
npsaMoro (mapanensHid oci OY), 1m0 MpOXOJUTH
yepe3 3amaHuil aprymenT ¢ (Ha oci OX). Tooro,
MOTPIOHO 3HAWTH 3HAYCHHS (YHKIT PIBHIHHSI
TuHAMITHOT 3asrexxHoCTi mparesnatHocti CII3 (1)
MpH 33/IaHUX 3HAYCHHSX apryMmeHty. (HacTkoBuit
KOPUCHUH €(DEeKT BUPaKEHHUH Yy 3HAYCHHAX
BITHOCHOI BEJIMYWHHU TPAINE3TATHOCTI IIPOTpam).
Ha puc. 4 naBeneno npukinan oomexxeHus =100
(mi0) myst mporpaMicTiB Ta OTPUMaHI KOOPAWHATH
Touok oOMmexenb mig CII3 (S=3) K, (100;
86,9723), Ky, (100; 61,8196), Ky (100; 36,8837).
3nauenns ¢yskuii K, Kj, Ky — dYacTkosi
KOPHCHI €(EeKTH JOCATHEHHS MPOrpaMicTaMH
HEOOXITHOTO Yacy BiJIBEICHOTO HAa CTBOPEHHS Ta
momudikamiro CII3. Jlng mporpamicTiB pi3HHX
KiaciB, mo mnpaoTs i3 CII3 31 ckmagHicTiO
S=3, mig 4yac IOCSTHEHHS 4YacOBOTO OOMEXEHHS
Ha cTBOpeHHA Ta Monudikamito CII3, piBeHb
Mpare3aaTHOCTI CII3 CTaHOBUTHUME: s
nporpamicta [ kmacy Ha 87 %, g nmporpamicta 11
knacy Ha 62 %, s mporpamicta III kmacy nHa
37 % (MeHIIe 3a BCTaHOBJIEHE OOMEXKEHHS Y
[Mixxomni 2 y=40%).

Y  rtakmii  cmoci6 Oymu  oTpuMaHi
pe3ynbTaTH PO3PaxXyHKIB 3a TpbOMa IMiAX0JaMHu
MOITYKYy  YacCTKOBOTO  KOPUCHOTO  e(eKTy

TuHAMIgHOT 3astexxHoCTi mparnesnatHocti CII3 (1)
ns koxkHoi cknagHocti CII3 (S=1, S=2, S=3) Ta
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(axy mporpamictiB 3a kmacamu I, II ta III. (V
poboTi HaBeAeHI pe3yiabTaTH PO3PaxXyHKIB IS
npuknany i3 CI13 S=3).

BucnoBku. Omxe, y pobotri Oynm
BH3HAYCHI METOJAOM HAWMEHIMX KBaIpaTiB
ampoKCUMAIliHI Mojem 3ajekHocTel (QyHKIIIT
OUHAMIYHUX  (4aCOBHX) 3aJIe)KHOCTEH  PiBHA
Mpane3aTHOCTI  CHEIliaThbHOTO0  IIPOTPaMHOTO
3a0e3nedYeHHs TPhOX THMIB CKIamHOCTI st ERP-
cucreM Bix ¢axy mporpamicti I, II ta III kmacy.
L1i 3aneXHOCTI SBIAIOTH COOOI0 aTUTHBHY 3TOPTKY
€KCITIOHEHIIIaJIbHO1 i JIOTiCTHYHOL SL
anpOKCHMAIIMHUX (QYHKIIH.

Poskpuro Tpu migxoau moOmO BU3HAYCHHS
kopucHuX edektiB. JlerampHime Oyno PO3KPHUTO
MiIXiA 70 TOIIYKY YacTKOBOTO (MaKCHMMAaJIBHOTO)
KOPUCHOTO e(eKTy SK BH3HAUYEHOTO MAaKCUMYMY
PO3BHUTKY 3a3HAaYEHOI AMHAMITHOI 3aJI€KHOCTI, 110
BKITIOYAaB TIOTITYK eKCTpeMyMy  (DYHKITIi
3a3HaYCHUX 3aJIOKHOCTEH METOJOM 30JI0TOrO
nepetuHy (i3 mepeBipkoio — metogoM HpioToHa),
Ta  3HAaXOJDKCHHS  TOYOK  MaKCHMAJIBHOTO
KOPUCHOTO e()eKTy MPOrpaMicCTiB.

Takum  ymHOM, Oyna  yIOCKOHalleHa
TUHAMITHA MOZEITb (hyHKITIOHATBEHOCTI
MPOTpaMHOi CHCTEMH, SKa BpPAaXOBYE KUIBKICTh
Mpane3gaTHUX MporpaM, KiUIbKiCTh MOMUJIOK Y
nporpamax i ¢paxoBuii piBeHb IPOrPaMicCTiB.

Hapani nouinhHO BH3HAYNUTH E€KOHOMIYHI
Mofeni piBHS mpane3naTHocti mporpam  CII3
pizHoi ckmagnocti ERP-cucrem s mporpamicris
pi3HOrO (haxy Ta po3paxyBaTH YACTKOBI KOPHCHI
edexTH I KOMaHI MPOrpaMiCTiB Pi3HUX KIIACiB
13 ypaxyBaHHSIM iX B3a€MOBIUIHBY.
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'~ Kadempa IIporpaMMHBIX cuCTeM H TexHOOruit daKynprera HEQOPMALMOHHBIX TeXHONOrHH KieBckoro
Haumonansnoro ynusepcurera umenu Tapaca llleBuenko;

*_IleHTp BOGHHO-CTPATErMYECKHX MCCIEAOBAHMI HAaIlMOHATBHOrO YHHBEPCHTETa OOOPOHBI YKpPAHMHBI
nmenu MBana Yepusxosckoro, Kues

Omnpenenenne MOJIE3HOT0 3¢ dexra AMHAMHYECKOH 3aBHCUMOCTH
pPadoTOCOCOOHOCTH CNENHAJBLHOI0 MPOrPaAMMHOI0 ofecneYyeHUsl OT CHeNHaJIbHOCTH
NMPOrpaMMHUCTOB

Pe3tome. B pabore Ha OCHOBE CTaTHCTHMYECKHMX IAaHHBIX, COOPaHHBIX B XOJ€ CONPOBOXJICHHUS NPOEKTOB
nHpopMaTH3aMy Kak BOGHHOTO, TaK U I'PKAAHCKOr0 Ha3Ha4eHHs ObUIM HalICHBI alllIPOKCUMALMOHHbBIE MOJICIIN
3aBUCUMOCTEN (PYHKIIMM AMHAMHYECKUX (BPEMEHHBIX) 3aBUCHUMOCTEH ypOBHS pabOTOCIIOCOOHOCTH CHEIMATLHOTO
MPOTrPaMMHOTO  00eCIeYeHHsT TpeX THUIIOB CIOXKHOCTH Ha mnpuMmepe ERP-cuctem ot crenuanbHOCTH
nporpammuctoB I, II m III kmacca. PaccmoTpeHBsl TpuM TOAXoAa K OTMpeeNieHHo ToJie3Horo 3ddekra
TUHAMAYECKOH 3aBHCUMOCTH pPabOTOCIIOCOOHOCTH CIIEHAIBFHOIO IIPOTPaMMHOTO oOOecredeHust OT Kiacca
nporpammucToB. Hanbomnee moapoO6HO OBIT paCKPHIT MOAXO 10 IOMCKY YACTUYHOTO (MAKCHMAJIFHOTO) TTOJIE3HOTO
a¢dexTa, Kak OIpeeIeHHOT0 MaKCUMyMa Pa3BUTHS YKa3aHHON TUHAMHUYECKOH 3aBHCHMOCTH.

KnaioueBble cioBa: uyacTHuHBIl (MakCHUMaJIbHBIN) IOJE3HBIH 3(dekT; mnpodeccHoHanbHbIN Kiacc
NIPOrpaMMHKCTOB; CIICIIMAILHOE TpOrpaMMHOEe obecredeHue; nporpammuoe obecrieuenne ERP-cuctem; meron
30JI0TOTO CEYEHUSI.
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Determination of the beneficial effect of the dynamic dependence of the performance of special
software on the specialty of programmers

Resume. In the work, based on the statistical data collected during the support of the informatization
projects for both military and civilian purposes, approximation models of dependencies of the function of dynamic
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(temporal) dependencies of the level of performance of the special software of three types of complexity on the
example of ERP-systems from the specialty of programmers I, II and III types were found. Three approaches to
determining the useful effect of the dynamic dependence of the workability of special software on the specialty of
programmers were considered. The most detailed approach was to find a partial (maximum) useful effect as a
defined maximum development of the indicated dynamic dependence.

Keywords: partial (maximum) beneficial effect; class of programmers; special software; ERP systems
software; golden section method..
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