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BCTYII

AKTYyaJIbHICTh TEMHU.

[Tporpamui nmpoekT (a00 MPOEKTH 3 PO3POOKH IMPOrPaMHOr0 3a0e3MeUCHHS) IS
wiatpopmu  mainframe xapakTepu3yrOTbCsS CBOIM BEIHUKUM PO3MIPOM, BEJIHKOIO
KUIBKICTIO KOMITOHEHTIB Ta MIJABHINIEHUMM BHUMOraMM 10 HaaliHocTl. BkasaHi
XapaKTePUCTUKU MPU3BOAATH JO TOrO, LIO0 JOCTOBIPHE OLIHIOBAaHHSI TPHUBAJIOCTI
PO3pOOKH MPOTPAaMHUX MPOEKTIB s 1li€i mIatGopMu € 0coOIMBO MPOOIEMATUUHUM
3aBlaHHsAM. B 3B’3Ky 3 UM BIAOYBa€TbCsl MOCTIHE NEPEBUIIEHHS OYIKyBaHOI
TPUBAJIOCTI MPOEKTIB 3 PO3POOKU MPOrpaMHOro 3a0e3medeHHsi s IaTGopMu
mainframe [1-4]. Yepe3s 1e He 3yNMUHSIOTCHS TOCIIIPKEHHS 110 BJIOCKOHAJICHHIO MOJIEIICH
TPUBAIOCTI TMPOTPAMHUX TPOEKTIB (BKIIOYAIOUM MOOYAOBY MOJENCH TPUBAIOCTI
IPOrpaMHUX MPOEKTIB 13 3aCTOCYBAaHHSAM METOJIB T€OPil KMOBIPHOCTEH, MATEMAaTHYHO1
CTaTUCTHMKH, PETPECIHHOrO aHalli3y), Ta 31 CTBOPCHHS MPOrPAMHOIO 3a0€3MEeUCHHS IS
ix peaizariii.

ONiHIOBaHHIO TPHUBAJIOCTI MPOrPAMHHUX MPOEKTIB MPUIIICHO BEIUKY KIIbKICTb
JOCTIKCHh Ta HAayKOBUX mpallb [1-28 1 iHmii]. BijgbimicTs iCHyrOUHMX Mozenei st
OLIIHIOBAHHS TPHUBAJIOCTI NPOrPAMHUX TNPOEKTIB € HENHIHHUMU perpeciiHuMu
MOJICNIAIMU, $IKI 0a3yIOThCSl Ha BHKOPUCTAHHI HOPMAII3YIOUMX NEPETBOPEHb (B TOMY
gucai moxeni COCOMO [6], momeni Ha OCHOBI HOPMAJI3yHOUOTo IEPETBOPEHHS
Jxoncona [7], moxem ISBSG [8, 9]).

Emnipuyni fgaHi TpUBAJIOCTI TPOTPAMHHUX TPOEKTIB Ta TPYAOMICTKOCTI
POrpaMHUX MPOEKTIB MAIOTh 3aKOH PO3MOALTY, SKUW BIAPIZHAETHCS BiJ ['ayCiBCHKOTO
3akoHy posmoainy [6-9, 25-28]. Tomy mozeni COCOMO [6] 1 Oimbm HOBI Mojeni
ISBSG [8, 9] mobynoBaHi 3 3aCTOCOBYBaHHSM JIOTapU(MIYHOTO TEPETBOPCHHS IS
HOpMaJTI3alli eMIipuyHuX AaHux. L1 Momeni 103BOJSAIOTH OTPUMATH TOYKOBY OIIIHKY
TPUBAJIOCTI B 3aJI€KHOCTI Bl TPYIOMICTKOCTI MPOTPaAaMHOrO MPOEKTY I MiIaThopm

PC, mid-range, mainframe. Ilpore, IOCTOBIpHICTHP OTPUMAaHUX OI[IHOK 3a3BHYail €
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HeBucokor. KpiMm Toro, mis mux Mojeneld Hemae MoOyJAOBaHUX PIBHSIHb JOBIPUYUX
IHTepBaJiB Ta PIBHJIHb IHTEPBAJIIB MPOTHO3YBAaHHS TPHUBAJOCTI, XO4ya IHTEPBAJIbHI
OLIIHKHK € KpaIlMMH, B IOPIBHSHI 3 TOYKOBMMH [7]. BpaxoByroun po3mip IporpaMHuX

NPOEKTIiB sl miaTdopmMu Mainframe, HaBiTh He3HAYHE IiJIBHMINEHHS JOCTOBIPHOCTI

OLIIHIOBAHHSI TPUBAJIOCTI TAKUX MPOEKTIB MOKE 3HAYHO 3MEHIIUTHA MOKJIUBI BTPATH BiI

HEJIOCTOBIPHOTO OIlIHIOBAHHS.

OTxe, MiABHILIEHHS JOCTOBIPHOCTI OLIHIOBaHHS TPHUBAJIOCTI MPOTPAMHUX
npoekTiB aias mainframe, sike Oyae mocsrHyTe npu yaockoHajiaeHi moaen ISBSG mis
mainframe i3 BukopucTaHHAM HOpMami3yrounx mepetBopeHb [29, 30] 3a paxyHOK
noOyZOBU PIBHSHb T'PaHUIb JOBIPYOrO IHTEPBATY Ta NOOYAOBH PIBHSHHSA TpPaHULb
IHTEepBaJy MPOTHO3YBAaHHA HENIHIMHUX PErpecid, a TakoX po3poOKa MPOTPaMHOTO
3a0e3MnedeHHs 1714 1i peani3alii € akTyallbHUM Ta MAa€ MPAKTUYHY LIHHICTb.

Meta poboru. MeToro POOOTH € MIABUINEHHS JOCTOBIPHOCTI OIlIHIOBaHHS
TPUBAJIOCTI MPOTPAMHUX MPOEKTIB JJisi mainframe.

3aBaannsa gociigpkeHHs. [1[o06 gocsarHyTH MOCTaBlIEHOI METH, B JOCIIIKEHHI
MOTPiIOHO BUPIIIMTHA HACTYITHI 3aBIaHHS:

1. TlpoBecTn aHami3 ICHYHOUHMX METOJIB Ta MOJEJEH OI[IHIOBAaHHS TPHUBAJIOCTI
MPOTrpaMHUX MPOEKTIB.

2. YIOCKOHAJIWTH HEJiHIMHY perpeciiny monenb ISBSG nist omiHIOBaHHS TPUBAJIOCTI
MpOrpaMHUX TPOEKTIB i mainframe B 3aJIe)KHOCTI BiJ TPYIOMICTKOCTI ITUX
MPOrpaMHUX TMPOEKTIB, MOOYyBaBIIM pPIBHSIHHS HEJNIHIMHOI perpecii, piBHSHHS
IpaHUllb JOBIPYOTO IHTEPBAJNY Ta PIBHSHHS TpaHUIb IHTEPBATYy MPOTHO3YBAaHHS
HEIHIMHOT perpecii TpHUBAJOCTI MPOTrpaMHUX TMPOEKTIB B 3aJEKHOCTI BiJ
TPYJAOMICTKOCTI TPOTPAMHUX MPOEKTIB.

3. Ha ocHOBI yHIOCKOHAJIEHHMX MOJENel CTBOPUTH MPOTPaMHE 3a0€3MeUYCHHS IS
OIIIHIOBAHHSI TPUBAJIOCTI MPOTPaMHMX MPOEKTIB JyIsl mainframe.

OO0’€eKT M0C/IIKEHHs: TIPOIIEC OIIHIOBAHHS TPUBAJIOCTI MPOTPAMHUX MPOEKTIB
11 mainframe.

IIpenmer pocCHiTzKeHHs: MaTeMaTU4YHI MOJENl 7S OLIHIOBaHHS TPUBAJIOCTI

MIPOTrpaMHMX MPOEKTIB I mainframe.
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Metoau mociimkeHHsi. /(s BUpIIEHHS TMOCTAaBICHUX 3aBAaHb B JOCIHIKEHHI
Oynu 3acTOCOBaHI METOAM Teopii WMOBIPHOCTEH, MATEMAaTHYHOI CTATHCTHKH,
perpeciiHoro aHamisy.

Metoau Teopii HWMOBIPHOCTEH, MaTeMaTHYHOI CTATUCTHKU Ta PETrpPeciiiHOro
aHaJi3y BUKOPHUCTOBYBAJIHMCS JJIsI MOOYIOBHM BJOCKOHAJICHOI HEIIHIMHOI perpeciiHoi
MOJIEI1 IS OLIHIOBaHHS TPUBAJIOCTI MPOTPAMHUX MPOEKTIB JJIs1 mainframe.

HaykoBa HOBH3HA oJep:KaHUX Ppe3yJbTaTiB. Yoockonaneno HENHIWHY
perpeciiiny monens ISBSG niis omiHIOBaHHS TPHUBAJIOCTI MPOTPAMHUX IPOEKTIB IS
mainframe B 3aeHOCTI BiJl TPYJAOMICTKOCTI PO3POOKH IMX MPOTPAMHUX MPOCKTIB 3d
paxyHok TOOYIOBU PIBHSAHb TPaHUIb JOBIPYOrO IHTEpBAIYy Ta pIBHSAHb T'PAHULb
IHTEepBaJy TMPOTHO3YBAHHS HENIHIAHOT perpecii, wo 0036019€¢ TIIBUIIUTH
JOCTOBIPHICTH OIIIHFOBaHHS TPUBAJIOCTI MPOTPaMHUX MPOEKTIB s mainframe.

IIpakTuyHe 3HAYeHHS OJepP:KAHUX pe3yJbTaTiB. Po3polieHe mnporpamue
3a0e3MeueHHs IS OLIHIOBAHHS TPUBAJIOCTI MPOTPAaMHUX MPOEKTIB s mainframe
JIO3BOJIUTh CKOPOTUTH Yac BIAMOBIJHOTO OI[IHIOBAHHS, 3a0e3MeunuTh 30epiraHHs
pe3yNbTaTiB OI[IHIOBaHHS, a TaKOoX HAAACcTh IIBUAKUNA JOCTYHm JO pe3yibTaTiB
MoNepeHIX OIL[IHIOBAHb.

Anpobaunisa pe3yabTaTiB AocaigkeHb. OCHOBHI TOJIOXKEHHS 1 pPE3yJbTaTh
JOCIIJIKEHb, BHUKJIaJeHI B poboTi, mpoimmu ampobamiro Ha |l Bceeykpaincbkiit
HAyKOBO-NPAaKTUYHIN IHTEpHET-KOH(EPEHLli CTYJEHTIB, aClIPaHTIB Ta MOJIOJUX BUCHHUX
3a TeMaTukor «CydacHl KOMIT IOTEpHI CUCTEMH Ta MEpEXi B yImpaBiiHHI» (M. XEpCOH,
30 nucronana 2020 p.).

Iy6uaikamii. PesyneraTit po6otu omy6mikoBano B 1 marepiani konpepenii [31].
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1 AHAJII3 ICHYIOUUX MATEMATHYHMUX MOJEJENA IS
OLIHIOBAHHSA TPUBAJIOCTI ITPOI'PAMHUX ITPOEKTIB

1.1 JlocmipkKeHHS ICHYIOUMX METOMIB 1 MOJENeH JJisl OILIIHIOBAHHS

TPUBAJIOCTI MPOrPAMHUX MPOEKTIB

Mopensm 715 OLIIHIOBAHHS TPUBAJIOCTI IPOTPaMHUX MPOEKTIB IPHUALIEHO BETUKY
KUIBKICTh JOCHIJDKCHh 1 HayKOBUX mparb. Ilepenmik wMojened s OIIHIOBAaHHS
TPUBAJIOCTI MPOTPAMHUX MPOEKTIB BECh Yac 30UIBIIYETHCS, CTBOPIOIOTHCS BCE HOBI
MOJIEN1 1 METOIH.

['onoBHUMHU  MeTOmaMu Il OIIIHIOBAaHHS  TPUBAJIOCTI  poOIT,  sKI
BUKOPUCTOBYIOTBCS B TOMY YHUCJH1 JJISl OLIIHIOBAHHSI TPUBAJIOCTI MPOrPaMHUX MPOEKTIB
e [5, 7]

1. ExcriepTHe OIIHIOBaHHS.
2. OIiHIOBaHHS 3a aHAJIOTaMHU.
3. I[MapamerpuvHe OIlIHIOBAHHS.

OxpiM BKa3aHUX METOJIB BHUKOPHUCTOBYIOTHCS TaKOX METOIHU, IO OepyTh [0
yBaru crnenudiky mporpaMHux mpoekTiB. IIpoaHanizyeMo BCi 1i METOIU Ta MOJEI,
100 BUSIBHTH 1X OCHOBHI II€pEBary Ta HEJOMIKH.

MeTtonu, siKi OCHOBaHI Ha MPOBEACHI €KCIIEPTHOTO OLIIHIOBAHHS

Metonu, siki OCHOBaHI Ha MPOBEJEHI EKCIIEPTHOTO OIIHIOBAaHHS, 0a3yrOThCS Ha
CyO'€eKTMBHOMY PIIICHHI JIIOJIMHU-EKCTIepTa ab0 TPYMH €KCIEPTIB, € HANOUIBII TTHPOKO
BUKOPHUCTOBYBAaHUMH  METOJAaMH  JUIS  OIlIHIOBAHHS  TPUBAJOCTI  MPOTPAMHHUX
npoekTis [10, 12].

Metoau, mo 0a3ylOThCSd Ha EKCIEPTHIM OIIHIII MalTh CBOI HEJOJIIKH, CEpel
skux [7, 14]:

- MJICTaBU JUIsl OTPUMAHHS OI[IHOK HE € SIBHUMU,;
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- CKJIQIHO 3HAXOJAUTH BUCOKOKBATI(PiKOBAHUX EKCIEPTIB MJS1 KOKHOTO HOBOTO
IPOEKTY;

- 3B'A30K MIXK PO3MIPOM CHCTEMH 1 OIlIHIOBAaHUMH XapaKTEePUCTUKAMHU —
HemHiiand [6]. ToMy ajekBaTHa eKCIEpTHA OI[iIHKA MOXKEe OyTH OTpHMaHa JIUIIC B
TOMY BHUIAJKY, KOJU IMOTOYHUU MPOEKT 1 TOMEpeHl € MPUOIU3HO OJIHAKOBOIO
TPYAOMICTKOCTI.

OriHIOBaHHS 3a aHajoramH [7]

OuiHIOBaHHS 3a aHaJoTaMM Iepeadadyae BUKOPUCTAHHS TaKUX IMapaMeTpiB SK
TPUBAJICTh, OIOMKET, PO3MIp, Bara 1 CKIAJHICTh MOMNEPEIHIX MOJIIOHUX MNPOEKTIB B
SKOCTI OCHOBH JIJISl OIIIHIOBaHHSI THX K€ MapameTpiB ad0 BUMIPIOBaHb MaillOyTHHOTO
npoekty [5]. IIpu omiHIOBaHHI TPHBAJIOCTI JaHWH METOJ CIHPAETHCS HAa (PaKTHUHY
TPUBAIICTh MOMEPEIHIX MOAIOHUX TMPOEKTIB B SKOCTI OCHOBH Il OI[IHIOBAHHS
TPUBAJIOCTI TOTOYHOro npoekty. Lled miaxia, o J03BOJIAE€ OLIHIOBATH 3arajlbHy
BEIIMYMHY, 1HOJII aIallTYEThCS B 3aJIEKHOCTI BiJl BIJOMHUX BIIMIHHOCTEH y CKJIaIHOCTI
MIPOEKTY.

Haiiyacrime oIiHIOBaHHS TPUBAJIOCTI 3a aHAJIOTaMH BHUKOPUCTOBYETHCS JIJIS
OLIIHIOBAHHSI TPUBAJIOCTI MPOEKTY, KOJU OO0CAT JeTaibHOoi 1HQopMauii Mpo MPOEKT
oOMeXeHUW, Hampukiag Ha #oro panHix (azax. [Ipu oIliHIOBaHHI 3a aHaJIOraMu
BUKOPHCTOBYETHCS ICTOpUYHA 1H(HOpMAITis Ta €KCIIEPTHE OIIHIOBAHHSI.

Sk mpaBuiI0, OIIHIOBAHHS 3a aHajIoraMu OOXOJUThCA JEHIEBUIE 1 3aiiMae MEHIe
yacy, HDK IHII METOAM, ajie¢ TPH I[bOMY OTPUMAaH1 OI[IHKM 3a3BHYail BUSBISIOTHCS 1
MeHIT TouHMMHU. OIIHIOBaHHS 3a aHAJIOTaMH MOXKE 3aCTOCOBYBATHCS JO BCHOTO
npoekTy abo [0 HOro 4YacTHH, a TaKOX MOXE BHUKOPHCTOBYBATHCS pa3oM 3 IHIIUMHU
MeToaaMHu OIiHoBaHHA. OILIHIOBAaHHS 32 aHAJI0raM BUSBIIACTHCI HAUOUIBII HAMIHHUM B
TUX BUIMAJKax, KOJM TMOIMEPEeIHI orepallii cXoxi Mo CyTi, a He TUIbKU 3a (popMoro, a
YJICHH KOMAaH/IM TIPOEKTY, 1[0 TOTYIOTh OI[IHKH, MatOTh HEOOX1THMIA JOCBix [5].

Anroputmiuni metou [7]

AJTOPUTMIYHI METOAM BUKOPUCTOBYIOTh ITepAllIiHUMA MIAXIJ, SKUH 0a3yeThCs Ha
MaTeMaTHYHuX Mojaensix Ta Qopmynax [10]. Ilpm mpomy BXiZHHUMHU JaHUMH €

TPYAOMICTKICTb PO3POOKH TMPOrpaMHOIo 3a0e3MEeUeHHs] MPOEKTy (po3paxoBaHa Yy
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JIOMHO-TOJMHAX), Ta TaKi mNapaMeTpu, SK amapaTHe 3a0e3MedYeHHs, MPOTrpaMHe
3a0e3MeUeHHs], pIBeHh KOMaHIHOTO JOCBiMY, piBEHb JOCBIIYy MEHEIKEPIB 1 METO/I, 1110
BUKOPUCTOBYETHCS JUIsl PO3POOKH MPOTrpaMHOro 3a0e3nedeHHs. AJTOPUTM OIIHIOBAHHS
JI03BOJISIE 32 BXIJHUMHU JaHUMH BU3HAYUTH OILIHKY TPHUBAJIOCTI Ta ii TOYHICTb.
AJNTOpPUTMIYHI METOJW I1TEPaTHBHO 3allyCKAaIOThCS KUIbKa pa3iB, 100 yTOYHUTH
3HAQUEHHS BXIOHUX JAaHUX Ta (00 MIJABHUIIUTA TOYHICTL OIHIOBAaHHI. OOMEXEHHS
I[BOTO KJIACY METO/IB MPOSIBISAETHCS, KO aJTOPUTM BUKOPUCTOBYETHCS 3 HETOUHUMU
9yl 3 HEMepPeBIPEHUMHU JaHUMHU. DBUIBIIICTH aNrOpUTMIYHUX METOIIB JI03BOJISIOTH
OLIIHIOBATH TPHUBAJICTh, TPUBAIICTh 1 HAaBiTh 3aranbHy BapTicTh mpoektiB [10]. o
anroputMiuaux MetojiB BigHocaTbes COCOMO [6] i COCOMO 2.0 [11], Heitpowi
MepexXi, METOJ] KpUTUYHOTO MUISIXY, METOJI KPUTUYHOTO JIAHIIIOTA.

Metoau, 1m0  0a3ylOTbcsi HAa  MATeMAaTUYHO-CTATHCTUYHUX  MOJEIIX
TpUBAJIOCTI [7]

Metonu, mo 0a3yrThCS Ha MAaTEMATHYHO-CTATUCTUYHUX MOJEISX TPUBAIOCTI €
0COOJIMBO KOPUCHUMH, KOJIM BOHU 0a3yIOThCS Ha BEJMKIN KUIBKOCTI ICTOPUYHUX JTAHUX
i anamizy [10]. o mux Mojesnei BIAHOCATHCS JIiHIMHA 1 MHOXXHHHA perpecii ta ix
MoaupiKallii.

Mooenv I[lymnema SLIM [15] (Software Life-cycle Model, moxens sxutTeBOrO
UKy TporpaMHoro 3abesrnedeHHsi) Oyna 3ampomoHoBana B 1978 p. Jloypencom
[IytHemom (Lawrence Putnam) 1 crajna mnepiior HEMIHIMHOI MOJEUII0, 110
BUKOPHCTOBYE €MIIIPUYHI JaHl ¥ 3HAWIIA MPAKTHYHE 3aCTOCYBAHHS TP OI[IHIOBaHHI
nporpaMHoro 3abesneueHns. Mogens SLIM cTBOpeHa Jijisi mporpaMHOro 3a0e3nedeHHs
po3Mipom OutblI HiX 70 THCSY PAAKIB KOoay 1 0a3yeTbcsl HA MPUIYILEHH], 1[0 BUTPATH
Ha pO3pOOKYy MPOTPAMHOTO  3a0€3MEUeHHS  PO3MOIUISIOTHCS  3TITHO  KPUBHX
Hopnena-Peiini, sxi € rpadikamu ¢yHKINI, 0 MOKa3ye PO3MOIIT poO0Yoi CHIM B
yaci [16]

Mooenns COCOMO [6] (Constructive Cost Model, moaens BUTpaT po3poOKu) —
1€ AJITOPUTMIYHUNA METOJI OI[IHIOBaHHS BapTOCTI Ta TPUBAIOCTI MPOrPAMHUX MPOEKTIB,

KU 0a3zyeTbcs Ha perpeciiHux monensx. Ilapamerpu perpeciitHux mozenei Oymnu
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BHU3HAYCHI 3a JaHWMH, 310paHUMH 3a HU3KOIO mpoekTiB. Perpeciiini mogemi COCOMO

Oynu moOyAOBaH1 Ui PI3HUX THUIIIB MMPOEKTIB:

- opraniuHi (organic) — 2-50 TucsSY pAIKIB MPOTpaMHOro Koay (mporpamu,
IpU3HAYEHI JJI1 TPOMDKHUX PO3PaxyHKIB, JUIsl MOTped mporpamicTa, i HAyKOBHX
0OYHCIICHbD);

- HamiB-po3aiieHi (semi-detached) — 50-300 Tucsy psaKiB MPOrpaMHOrO KOAY
(MpUKIIaHI CUCTEMH, KOMITUISITOPH);

- BOyaoBaHi (embedded) — 6inbiie 300 TUCSY PAIKIB KOAY (CHCTEMH KOHTPOJIIO
NOBITPSHOTO pyXYy, Mepexi ATM, BiiiCbKOB1 CUCTEMH).

Perpeciitni mogeni COCOMO s OUIHIOBaHHS TPHUBAJIOCTI MPOrPAMHHX

MPOEKTIB B 3aJICKHOCTI BIJ TPYJOMICTKOCTI MOXYTh OYyTH MpeACTaBICHI HACTYIMHUM

YHHOM:
D=2,4.-EV® (st OpraHivYHOTO TUITY IPOTPAMHUX IMPOEKTIB), (1.1)
D=3,0-EM!? (U1 HAMiB-PO3AIJICHOTO TUITY TPOTPAMHKX MPOCKTIB), (1.2)
D=36.E"%° (st BOYTOBAHOTO THITY MIPOTPAMHHX TTPOCKTIB), (1.3)

ne D — tpuBaiicTh MpoekTy (B MICSIISIX);

E — TpyaoMicTKiCTh MPOEKTY (B JIFOJUHO-TOAUHAX).

Mogens ISBSG [8] — HeminiiiHa perpeciiina MoJIeib IS OLIHIOBAHHS TPUBAJIOCTI
MPOTrpaMHUX MPOEKTIB. Sk GakTop B Hil 0yJI0 BUKOPUCTAHO TPYAOMICTKICTH MMPOEKTIB 3

PO3pOOKHU MPOTPAMHOTO 3a0€3MEUEHHS:

D=0,662-E%3?8 (1.4)
ne D — TpuBaiicTh mpoeKTy (B MiCAIIAX);

E — TpynomicTkicTh MPOEKTy (B JIOUHO-TOANHAX).

Kpim Toro, mozeni ISBSG 0Oyno nobGymoBano s pizHux miatdopm: [9]
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D =1,936- E+20! (s uratopmu PC), (1.5)
D =0,548-E©360 (st maTdopmu Midrange), (1.6)
D =0,458- E0366 (st maTdopmu mainframe), (1.7)

ne D — TpuBaicTh IpoeKTy (B MICALSX);

E — TpyAoMiCTKICTh MPOEKTY (B JIFOJUHO-TOJANHAX).

Emnipuyni fgaHi TpHUBAJIOCTI MPOrPaMHUX TMPOEKTIB Ta TPYIAOMICTKOCTI
POrpaMHUX MPOEKTIB MAIOTh 3aKOH PO3MOJALTY, SKUW BIJIPI3HIETHCS Bl 1'ayCiBCHKOrO
3aKkoHy posmoainy [6-9, 25-28]. Tomy mozeni COCOMO [6] i Gimbm HOBI Mojeni
ISBSG [8, 9] moOymoBaHi 3 3aCTOCOBYBaHHSM HOPMAaJli3yIOUHX IEPETBOPEHb. Jliis
HOpMaJTi3alli 0yJl0 BUKOPUCTAHO NIEPETBOPEHHS Y BUIJISA1 A€CATKOBOrO jJorapupmy. L
MOJIeNII JTIO3BOJISIIOTh OTPUMATH TOYKOBY OIIIHKY TPHUBAJIOCTI B 3aJIEKHOCTI BiJl
TPYJAOMICTKOCTI MPOTPAMHOr0 MpoekTy. IIpore, MOCTOBIpHICTH OTPUMAHUX OIIHOK
3a3BUyail € HeBUCOKOI0. KpiMm Toro, s nux mMojeneld HeMae moOyJAOBaHUX PIBHSHBb
JOBIpUMX IHTEPBAJIB Ta PIBHAHb IHTEPBAIIB MPOTHO3YBAHHS TPHUBAJIOCTI, XO4a
IHTepBaJIbHI OIIIHKK € KpaIllMMH, B MOPIBHSHI 3 ToukoBUMH [7]. BpaxoByroun po3mip
NpOrpaMHUX MPOEKTIB Juis tuiargopmu Mainframe, HaBiTh HE3HAYHE ITiBUILCHHS
JIOCTOBIPHOCTI OI[IHIOBaHHS TPUBAJIOCTI TaKUX TMPOEKTIB MOXKE 3HAYHO 3MEHIIUTH
MO>KJIMB1 BTPATH BiJl HEOCTOBIPHOTO OI[IHIOBAHHS.

3mimani Metou [7]

3mimani MeToau OyJiu CTBOPEHI JUIsl TOTO, 1100 MOJ0JATH 3pOCTalOuuil po3Mip 1
CKJIQJIHICTh MPOTrPaMHUX MPOEKTIB. 3MillIaHI METOJU MOEAHYIOTh B CO01 BUKOPUCTAHHS
CTAaTUCTUYHMX, AITOPUTMIYHUX, MATEMAaTUYHUX METO/IB, & TAKOK METOJIU €KCIIEPTHOTO

ouintoBanHs [10].
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1.2  OOGrpyHTyBaHHS HEOOX1THOCTI MPOBEACHHS TOCTIKEHb

JlocnmipkeHHsT ICHYIOUMX METOMIB 1 MOJENel [JIsl OLIHIOBaHHS TPUBAJIOCTI
MPOrpaMHUX MPOEKTIB MOKA3Ye, 110 JJIs OI[IHIOBAHHS TPUBAJIOCTI MPOTPAMHUX MIPOEKTIB
HayacTilie BUKOPUCTOBYIOTHCS HEMIHINMHI perpeciiiii MojeN TPUBAIOCTI MMPOTPAMHHX
MPOEKTIB B 3aJIEKHOCTI BiJ TPYAOMICTKOCTI PO3POOKH MPOrpaMHUX MPOEKTIB, TaKi K
COCOMO [6] i 6iabmr HOBI Momeni ISBSG [8, 9]. IIpore, 10CTOBIPHICTH OTPUMAHUX
OLIIHOK 3a3BHYall € HEBUCOKOIO.

EmnipuynHi JaHl TpUBAJIOCTI MPOTPAMHUX MPOEKTIB Ta EMIIPUYHI JaHl
TPYJIOMICTKOCTI MPOTpaMHUX MPOEKTIB MAIOTh 3aKOH PO3MOJLUTY, SIKHWA BiAPIZHSIETHCS
Big [ayciBchkoro 3akoHy posnofiny [6-9, 25-28]. Tomy perpeciitai mogeni COCOMO i
ISBSG He A03BOJISIIOTH BUKOHYBAaTH OIIIHIOBAHHS JIOBIPYUX I1HTEPBAJIB TPHUBAIOCTI
MPOTPaMHUX MPOEKTIB.

Yacto B TakMX BHUMAAKaX 3aKOH PO3MOILTY BBAXKAEThCS HOPMAIbHUM, a00
3aCTOCOBYETHCSI HEMapaMeTPUUHUHN T1aXiA. 3aCTOCYBaHHS HEMapaMeTPUYHOTO IMiAXOMY
JUISl OLIIHIOBAHHS JOBIPYMX IHTEPBAJiB YA BUKOHAHHS 1HTEPBAJIBHOTO OILIIHIOBAHHS B
MPUMYIIEHHI PO HOPMAJIBHUN 3aKOH PO3MOJAUTY EMIIPUYHUX JaHUX Oyje 3HUKYBaTH
JOCTOBIPHICTH OIIIHIOBAHHS TPUBAJIOCTI MPOrpaMHUX MPOeKTIB [7, 32].

{06 miIBUILKUTH AOCTOBIPHICTH OLIHIOBAHHS TPUBAJIOCTI IPOrPAMHHUX MPOEKTIB,
MOXHa IMOOYyIyBaTH MaTEMaTHYHI MOJENI JJisg OIIHIOBAaHHS TPHUBAJIOCTI, SKI JadyTh
MO>KJIUBICTh POOUTH OIIIHIOBAHHS JIOBIPYOrO I1HTEpPBAIy TPHUBAJIOCTI MPOrPAMHHX
MPOEKTIB Ta IHTEPBAJTy MPOTHO3YBaHHS TPUBAJIOCTI MPOrPAMHUX IMPOEKTIB, TOMY IO
IHTEepBaJIbHI OIIHKH JaJyTh MOXJIMBICTH OpaTH JO yBaru HEBHU3HAYEHOCTI TOYKOBHX
OLIIHOK TPUBAJIOCTI MPOTPAMHHUX MPOEKTIB.

Uepes Te, 1m0 eMmipuyHi JaHi TPUBAJIOCTI MPOTPAMHUX MPOEKTIB Ta EMITIPUYHI
JaHI TPYJIOMICTKOCTI MPOrpaMHUX TMPOEKTIB MalTh 3aKOH PO3MOAULY, SKHUM
BIJIpI3HSIETHCS BiA ['ayCIBCHKOrO 3aKOHY PO3MOJILTY, 3'SBISETHCS MpodiiemMa MoOyq0BU
PIBHSIHB JIOBIPUOTO IHTEPBALy TPUBAJIOCTI MPOrPaMHUX MPOEKTIB Ta PIBHSAHB IHTEPBALY

MPOTHO3YBAaHHS TPUBAJIOCTI MPOrpaMHUX MPOEKTIB. JlJis BAOCKOHAJEHHS HENTiHIAHOT
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perpeciiinoi mozeni ISBSG mns mainframe mosxHa 3actocyBatd MeTon MoOymIOBU

PIBHSHb HEJHIWHOI perpecii Ta MeToi MOoOYyIO0BH JOBIPYOTO IHTEpBAIy perpecii Ha

OCHOBI HOpMaTi3younx nepersopens [29, 30].

3acToCyBaHHS LIUX METOJIB HA OCHOBI HOPMAaTi3yIOUHUX MEPETBOPEHb TO3BOJIUTH
BUJIAJIUTH BUKUAM 3 EMIIIPUYHUX JIAHUX Ta MOOYIyBaTH PIBHSIHHS JIOBIPYOrO 1HTEPBAILY
TPUBAJIOCTI MPOTPAMHUX MPOEKTIB Ta PIBHSHb IHTEPBAJy MPOrHO3YBaHHS TPHUBAJIOCTI
MPOTPaMHUX MPOCKTIB.

[Ipn mobynoBi momeneit ISBSG nms ormiHOBaHHS TPUBAJIOCTI MPOTPAMHUX
IIPOEKTIB BUKOPUCTOBYBABCS HAOIp EMIIIPUYHUX AAHUX MO MPOTPaMHUX 3 PENO3UTAPI0
ISBSG (International Software Benchmarking Standards Group). Lleit »xe HaOip
MOTPIOHO BUKOPHUCTATH Ui BAOCKoHaneHHs wmoxaem ISBSG mns  omiHtoBaHHS
TPUBAJIOCTI MPOTPAMHUX MPOEKTIB I mainframe B 3aJ€KHOCTI BIJ TPYIOMICTKOCTI
PO3pOOKH LUX MPOrpaMHUX MPOEKTIB BuKopucTaHHS LbOTO PEmno3uTapiio MoB'sA3aHe 3
BEJIUKOIO KUTBKICTIO MPOTPaMHUX MPOeKTiB (790 MpOEKTiB), MPUCYTHICTIO JAHUX 100
SKOCTI CTATUCTUYHUX JTAHUX JUISI KOKHOTO TPOEKTY, a TaKOXK 3 MPUCYTHICTIO NaHUX
1010 MIaTGOPMH, TPUBAIOCTI Ta TPYAOMICTKOCTI KOKHOTO MPOrPaMHOTO NpoeKkTy. o
peno3utapito ISBSG BKIIFOYEHO MPOEKTH 31 CTBOPEHHS HOBOTO Ta BJIOCKOHAJICHHS
icHyo4Ooro mporpamuoro 3abesmeuenuss Ha moBax JAVA, C, C++, Visual Basic,
Access, Powerbuilder, COBOL/COBOL II, TIJI/1, Focus.

{06 miABUIIMTH AOCTOBIPHICTH OL[IHIOBAHHS TPUBAJIOCTI MPOTPAMHUX MPOEKTIB
it mainframe, moTpiOHO BUPIMIUTH HACTYIIHI 3aBIaHHS:

1. BrockoHanuTH HeliHIMHY perpeciiiny moaens ISBSG ais oniHioBaHHS TpUBajIoCTI
NpPOrpaMHUX TMPOCKTIB s Mmainframe B 3ajieXXHOCTI BiJ TPYAOMICTKOCTI ITHX
MPOTrpaMHUX MPOEKTIB, BUAAIMBIIY BUKUIN 3 EMITIPUYHUX JTaHUX Ta TOOYTyBaBIIH
PIBHSIHHS TpaHUIb JOBIPYOrO I1HTEpBATy Ta PIBHSIHHS TpaHUIb IHTEPBATY
MPOTHO3YBAHHS HEJIHIWHOI perpecii TPUBAJIOCTI TMPOTPAaMHHUX TMPOEKTIB B
3aJIEKHOCTI BiJ] TPYIOMICTKOCTI MMPOTPAMHUX MPOEKTIB.

2. Ha OCHOBI BIOCKOHAJICHHX MOJENEH pO3pOOUTH TporpaMHe 3a0e3MEUYCHHS IS

OLIIHIOBAaHHS TPUBAJIOCTI MPOTPAMHHX MPOEKTiB [yt mainframe.
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2 MMOBYJOBA HEJIHIHHOI PEI'PECIHHOI MOJEJII TPUBAJIOCTI
MMPOT'PAMHUX ITPOEKTIB JIA MAINFRAME

OpHumu 3 MOJIENEH, SIK B JaHUM Yac 4aCcTO BUKOPUCTOBYIOTHCS ISl OI[IHIOBAHHS
tpuBanocti mporpamHux mpoektiB € COCOMO [6] i ISBSG [8, 9]: wneminiiini
perpeciiiii Mojiesl IJis OIIHIOBaHHS TPUBAJIOCTI MPOTPAaMHUX MPOEKTIB B 3aJICKHOCTI
Bil TpyaomicTKocTi. J[ms moOymoBH IUX Mojeled BUKOHYBajlaCh HOpMali3allis
EMIIIPUYHUX JAaHUX TPUBAJIOCTI MPOrpaMHUX TMPOEKTIB Ta EMIIPUYHUX JAHUX
TPYAOMICTKOCTI IPOrpaMHUX IMPOEKTIB. BUKOpHUCTaHHS HOPMali3ylOuuX MEPETBOPEHB
npyu NoOyAOBI PErpeciitHUX MoJene € HEeoOXIAHMM, TOMY UII0 EMIIpHYHI JaHl
TPUBAJIOCTI MPOTrPAMHUX MPOEKTIB Ta TPYAOMICTKOCTI MPOrpPaMHHUX MPOEKTIB MAIOTh
3aKOH PO3MO/TY, IKUH BiZpi3HAEThCS B ['ayciBChbKOTrO 3aKOHY po3smnoiny [6-9, 25-28].

s moOynoBu HemiHiWHUX perpeciinux moxeneit 1ISBSG, B Tomy wmcm ans
mwiatdopmu mainframe, Oy0 BUKOPUCTAHO NECSATKOBUU Jiorapudm s HOpmMasizallii
BKa3aHUX €MIIPUYHUX JAHUX TPUBAJIOCTI MPOTPAMHHX MPOEKTIB Ta EMIIPUYHUX JTAHUX
TPYJAOMICTKOCTI MporpaMHuX MpoekTiB. L[[o0 BIOCKOHANUTH HENIHIMHY perpeciiiHy
Mozaeni ISBSG nis omiHIOBaHHS TPHBAJIOCTI MPOTrpaMHUX IPOEKTIB I mainframe
HEOOX1THO BUJAIUTH BUKU]IM 3 EMIIPUYHHUX JAHUX Ta MOOYAYyBaTH PIBHSIHHS JOBIPUYOTO
IHTEepBay TPHUBAJIOCTI MPOTPAMHUX MPOEKTIB Ta PIBHSIHHS 1HTEPBAIY MPOTHO3YBaHHS

TPUBAJIOCTI MPOTPAMHUX MPOEKTIB 3 BUKOPUCTAHHSIM HOPMATI3yIOUNX MTEPETBOPEHbD.

2.1 Meton 1oOyJOBM  HENIHIMHUX  perpeciiHux  Mojene 3

BUKOPHUCTAHHIM HOPMAJI3YIOUHX MTEPETBOPEHD

[ToOynoBa HeMHIHHUX PETpeciftHUX MOJAENEH 3 BUKOPUCTAHHIM HOPMaTi3yHOunux

MepeTBOPEHb MPOXOJUTh B JCKUJIbKA €TalliB: BUKOHYETHCS HOpMasi3allis eMIIPUIHUX
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JaHUX 3 BUKOPHCTAHHAM HOPMAJi3ylO4Oro NEPETBOPEHHS;, 3a HOPMali30BaHUMU
TaHUMH OynyeTbes JiHIMHA perpecis; 3a moOyJOoBaHUM PIBHSHHSM JIHINHOI perpecii 3
BUKOPHUCTAHHSM MEPETBOPEHHSI, 3BOPOTHOTO JI0 HOPMaJTi3yl04oro, OyIyeThCsl HeiHiitHa
perpeciiiHa Mojienb, a TaKOX pPIBHIHHS HWXHBOI Ta BEPXHBOI TIPaHUIb JOBIPUOTO
IHTEepBaJly HENIHIWHOI perpecii, piBHSHHS HIKHBOI Ta BEPXHbOI I'PaHUIb 1HTEPBATY
IIPOrHO3YBaHHs HEMIHIHHOI perpecii [7].

Crouatky mnpuBeaeMO (GOpMyJH, IO BHKOPUCTOBYIOTHCA MJISi 3HAXOMKEHHS
CTAaTUCTHYHHMX 3HAYCHb BUIAIKOBUX BEIMYMH [7].

3HaXOI[)K€HH$I CCPCAHBOI0 3HAYCHHA BI/IHaI[KOBOI BCIIMYMHU X BHKOHYETHCH K

X|
[l
S|

n
ZXi , (2.1)
]

Je N - 11€ KUIbKICTh eMIIPUYHUX 3HAYEHb BUMIAJKOBOI BEJTUYMHU X |

Xi — | -3HaYeHHA BI/IHaI[KOBOI BCJIMYUHU X.

3HaXOHKEHHSI HE3MIIIEHOiI BHUOIPKOBOI JAMcHepCli BUIIAJKOBOI BEJIWYUHU X

BUKOHYETBCA SAK

2 1 3 < )2
§2=—"— —X), 2.2
n-14 (XI X) ( )

Je N - 1€ KUTbKICTh eMIIPUYHUX 3HAYEHb BUMAJKOBOI BEJTMYMHU X |

X, — | -3HAYCHHS BUTIAJKOBOT BEJIMUUHU X ;

X — cepeaHE 3HAUCHHS BUIAAKOBOI BEIUYMHM X, II[0 3HAXOAUTHCS 32 (2.1).

3HaxopKeHHs KOe(ILIEHTY aCUMETPil BUMIAJIKOBOI BETUYMHU X BUKOHYETHCS SIK

“(n- 1)(n 2

)Z( (521)3,2 , (2.3)

Je N - 1€ KUIbKICTh eMIIPUYHUX 3HAY€Hb BUIAKOBOI BETMYMHU X |

X, — | -3HAYCHHS BUTIAJKOBOI BEIMYUHA X |

X — cepeHe 3HAUYCHHS BUIAKOBOI BEIMYMHH X , IO 3HAXOAUTHCA 32 (2.1);
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S? — 3HayeHHs HE3MILIEHOi BUOIPKOBOT JUCIEPCii BEMUMHM X , 10 3HAXOAUTHCS 34

(2.2).

3HaX0KEHHS KOe(DIIllEHTY €KCIIeCy BUIIAIKOBOI BETUYMHU X BUKOHYETHCS SIK

(n* —2n+3)>(x, - X)* +(2”‘3)3[i(xi B )_()ZT
o e , (2.4)

(n—1){n-2)n-3)s?f

Je N - 11€ KUIbKICTh eMIIPUYHUX 3HAYEHb BUMIAJKOBOI BETMYUHU X |

X, — | -3HaYCHHS BUIIAJKOBOT BEJINYUHHU X ;

X — cepeaHe 3HAUCHHS BUIAAKOBOI BEIMYMHH X, III0 3HAXOAUTHCA 32 (2.1);

S? — 3HauEHHS HE3MIIIEHOT BUOIPKOBOT AUCIIEPCIT BEIMUMHH X , [0 BUKOHYETLCS 32

(2.2).

[IIo6 BHOCKOHANUTH HEMNiHIAHY perpeciiiny moneni ISBSG mng ouiHroBaHHS
TPUBAJIOCTI MPOrPAMHUX MPOEKTIB sl mainframe B 3aJIEKHOCT1 BiJ TPYAOMICTKOCTI
PO3POOKH ITUX MPOTPAMHUX BUKOPHUCTAEMO JIaH1 MO TPUBAJIOCTI Ta TPYAOMICTKOCTI 215
pOrpamMHUX MPOEKTIB 3 peno3uTapito International Software Benchmarking Standards
Group.

Emnipuyni JaHi TpHUBAJIOCTI MPOrPaMHHUX MPOEKTIB Ta TPYIAOMICTKOCTI
MPOrpaMHUX MPOEKTIB MaIOTh 3aKOH PO3MOJALTY, AKUM BIJIPI3HIEThCS Bif ['ayciBCHKOTO
3aKoHY posnoiny [6-9, 25-28]. Tomy i moOyI0BH HEMIHIHHUX perpeciiHux Mojeneit
OyJe BUKOPHCTAaHO HOPMAaJi30BaHI 3HAYEHHS TPHUBAJIOCTI MPOTPaMHUX MPOEKTIB Ta
HOPMaJTi30BaH1 3HAYEHHS TPYJOMICTKOCTI TPOTPAMHUX MPOEKTIB.

Po3risiHeMo, sIKk BUKOHY€ThCS MOOYAOBa HENIHIMHUX perpeciiHuxX Mmojeie 3
BUKOPUCTAHHSM HOPMaJTi3yIOUUX IEPETBOPEHb [7].

Hopmanizanito BUMaaKOBOT BEIUYUHUA BUKOHYEMO 3a MEPETBOPEHHSIM y BUTJISAIL

JIECSATKOBOTO JIorapudpmy:
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z=10gqg X (2.5)
7€ Z — HOPMaJIbHO PO3TO/IIJICHA BUTIAIKOBA BEININHA,;

X — BUIIaJJKOBA BCIIMYHMHA, KA HOpMaJIiSYCTBCH.

Hexaii BumagkoBa BemnumHa D — 1e eMIIpUYHI 3HAYEHHA TPUBAJIOCTI
IpPOrpaMHUX TIPOCKTIB (B MICAIMX), a BHUMAJKOBa BelmnmuuHa E — 1me emmipuuni
3HAYCHHS TPYIOMICTKOCTI MPOrPAMHKX POEKTIB (B JIFOIUHO-TOAMHAX).

3 BumagkoBumx BenmmumH D ta  E, BuKOpHCTOByrounm HOpMamizyroue

HepeTBOPEHH, OyJle OTPHMMAaHO HOPMaJli30BaHl BUIIAJKOBl BEIMYMHM Zp Ta Zg. Lle

JI03BOJIUTH MOOYyBaTH PIBHSIHHS JIIHIMHOL perpecii /i1 HopMalli30BaHUX 3HAYCHb:

2p(zg )=bg +byzg, (2.6)

ne by i b, - xoeditienTn piBHsHAS TiHIAHOT perpecii.

JInst piBHSHHS NiHIMHOI perpecii koedimienTn by i by (2.6) obumcmoroTees 3a

JIOTIOMOT'OI0 METO/Iy HallMEHINNX KBaapariB [34]:

Zc2n—2F - Z — —
by = ED2 EZD;bOZZD—bl‘ZE’ (2.7)
Ig —Zg
_ 1 n . n n —2 1 n 9
Ae Zp __ZZDi; Zg :_ZZEi v LEZp :_ZZEiZDi; Zg __ZZEI
Nz Nz Nz Nz

3HaxO0/PKEHHS TOBIPYOro iHTepBaity JiHiHHOI perpecii (2.6) BukoHyeThes sk [34]

2 |1, (e-7)" (2.8)

[20(ze )] =2 (2 ) £ty 2n 2 S2p1m S

Zg

Jie N - 11e KUTbKICTh EMITIPUYHIX 3HAYCHb;

SZZD :n—iziil(ZDi —2D(2Ei ))2J Sze =iZ:1:(ZEi ~Zg)?;

ty/2n_2 - KBaHTLIb -posnoxiny CTbIOIEHTa, BU3HAYAETLCS 32 TAOIHMIEI0 BEPXHIX
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1000.% Touok t -posnominy CTeioseHTa 3a piBHEM 3HAYMMOCTI 0/2 Ta KiIBKiCTIO

CTYIICHIB BITLHOCTI N—2.

3HaxXO/PKEHHS 1HTEpBally MPOTHO3YBaHHS JHINHOI perpecii (2.6) BUKOHYEThCS

sk [34]

_\2
[2p(ze)]=2p(ze ) £ty 2n-2 - SZZD 1+%+(ZES_—ZE), (2.9)
ZE

Je N - 11€ KUIbKICTh eMIIPUYHUX 3HAYECHb;

SzZD :L 3 (zDi —2D(2Ei ))2 S, =Zn:(in —ZE)Z;
n-2i7 i=1

t, /2 n_o - KBaHTUIb 1 -posnoniry CThrOAECHTA, BU3HAYAETHCS 3a TAOINLEI0 BEPXHIX
1000.% Touok t -posnominy CThioeHTa 32 piBHEM 3HAYMMOCTI O/2 Ta KiIBKiCTIO

CTYIIE€HIB BUIHOCTI N—2.

3Bakatoun Ha (2.6) 1 Te, M0 HOpMai3alis 3HAYEHb TPUBAIOCTI MPOTPAMHUX
MPOEKTIB Ta TPYJIOMICTKOCTI MPOEKTIB 3 PO3POOKU MPOTPAMHUX MPOEKTIB BUKOHYETHCS
3 BUKOPHUCTAHHSIM HOPMAaJII3yIOUOro MEPETBOPEHHS, TO PIBHSIHHS HENIHIMHOI perpecii
TPUBAJIOCTI TPOTPAMHHMX TMPOEKTIB B 3aJ€KHOCTI BIJl TMPOTPAMHUX IPOEKTIB

BU3HAYA€THCA SIK

D(E) = 2p(2p(2¢)), (2.10)
ne 2p(zg)=ly +bizg; zg = 2(E);
Zp - IEPETBOPEHHS, 3BOPOTHE JI0 BUOPAHOTO MEPETBOPEHHS [Tl HOpMaTi3allii

BUNAJIKOBOI BeJIMunHu D

by 1 b, - KoedimienTn piBHAHHS HiHiIHOT perpecii (2.6) st HOpMaTi30BaHUX 3HAYCHB.

3Bakaroun Ha (2.10), HemiHiliHA perpeciiiHa MOCIb IS OI[IHIOBAHHS TPUBAJIOCTI

MIPOTPAMHUX MPOEKTIB B 3AJIEKHOCTI BiJl TPYJOMICTKOCTI 33JIa€ThCS K
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D(E)=D(E) +¢, (2.11)

JIe € — lI€ BUIaJKOBa MOXHUOKa.

3axkaroun Ha (2.8), moBipumii intepBan [D(E)] memimiiiHoro perpeciitHoro

piBasHHS (2.10) 3amaeThes K

[D(E)]=2p(zp(ze))). (2.12)

ne [Zp(zg )] 3amaerses sx (2.8).

3Baxkaroun Ha (2.9), inrepBan nporuosysanus [D(E)] meniniitnoro perpeciiinoro

piBusHHs (2.10) 3amaeTbes K

[D(E)]=zp (zp (ze))), (2.13)

ne [z,(z. )] 3anaetses sk (2.9).

[IIo6 mopiBHATH iICHYIOUY 1 BIOCKOHAJIEHI MOJENI MOXHa BUKOPUCTATH CyMY
KBQJIpaTiB BIAXWJIEHh MIX OIIHKAMHA TPHUBAJIOCTI 3a PIBHSIHHAM perpecii Ta
EMITIPUYHUMH JaHUMHU, KOE(DIIIEHT JAeTepMiHaIlil, BIIHOCHY MOXHWOKY 3a HEJIHINHOIO
perpeciiinoro Moaeso [7].

3HaxXOKEHHSI CyMH KBaJpaTiB BIIXWIEHb MDK OLIIHKaMU TPUBAJIOCTI 3a

PIBHSIHHSIM perpecii Ta eMIIpUYHUMH JaHUMU

ssE=3 (D - B(E)F (2.14)
i=1

Jie N - 1€ KUIbKICTh eMIIPUYHUX 3HAYECHb;

D; - ¢daktuune 3nauenHs tpuBanocti, a D(E;) - oninka BunaakoBoi BeauuuHu D .

PiBHSIHHS perpecii € Kparum, sIKIo JJIs HbOTo 3HaYeHHsT SSE € MeHIuM.

3HaXx0KCHHS 3HAYCHHS KoedimieHTy aeTepMinamii R”:
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R?=1-1=L , (2.15)

Jie N - 1€ KUJIbKICTh eMIIPUYHUX 3HAYEHb;

D; - gaxruune 3HauenHs, a D(E;) - oninka BunaakoBoi BenuuuHu D |

n
D - cepenne 3HaueHHS BUMaAKOBOI Benmuunau D, D = —z D, .
n N
=1

PiBHsHHS perpecii € KpamuM, SKIIO 1 HbOIO 3HA4YCHHS Koe]illleHTy

JeTepMiHaIi R? ¢ Ginpmmm.

3HaXO/DKEHHS BIJIHOCHOI IMOXMOKHM 3a HEJIHIMHOK PErpeciiiHo0 MOJEIUTIO

3aa€THCS SIK

§ = E Ij(Ei)max - IS(Ei)min‘

A -100% ,
2 D(E;)

e D(Ej)min — Ile HIDKHE 3HAYeHHs J0oBipyoro inTepsany (2.12) HeminiitHoi perpecii;
D (E{)max — BEPXHE 3HAaUeHHS J0Bipuoro intepsany (2.12) HeniniitHoi perpecii;

D(E;) - ouinka 3HaueHHS BUMAIKOBOI BeIMYMHU D 3a piBHAHHSAM perpecii.

Mogenb € TO0CTOBIPHIIIO, SIKIIO JJIsl HET 3HAUEHHST O € MEHIIIUM.

2.2 IloOGynoBa HemiHIMHOI perpeciiHoi Mojenai JJjIsi  OI[iHIOBaHHS

TPUBAIOCTI IPOrPaMHHUX MPOEKTIB Jiy1s Mmainframe

Hexali BumagkoBa BenmnumHa D — 1e eMmmipwuHi 3HA4YeHHS TPUBAJIOCTI

MpOrpaMHUX TMPOEKTIB, a BHUMAJAKOBA BenuunmHa E — 11¢ emmipuyHi 3HAYEHHS
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TPYAOMICTKOCTI TPOTPaMHUX MPOEKTiB s Iuiatdpopmu mainframe 3 6a3m manmx
ISBSG (215 mpoekriB).
[Ticns Toro sik OyJi0 BUKOHAHO HOpMaJizailito BunaakoBux Beauuud D ta E, 3a

OTPUMaHUMHM HOPMAaJli30BaHUMH BHIIQJKOBUMU BEJIWYMHAMU Zp Ta Zg Oyayemo
JiHIAHY perpeciiHy Mojaenb TpuBaNOCTI i mainframe. OOuucieni 3a (2.7)
Koe(iIlieHTH perpeciiiHoi Mojeni MaroTh HacTymHi 3HadeHHS: D,=-0,245 i b, = 0,354.
[lpu mobOymoBi moBipyoro iHTepBany (2.8) BUKOpUCTOBYBaHE 3Ha4eHHs -po3mosiry
Crpronenta 0y110 t(g o5/ (205-2) = 1,972. PiBHsHHA diHiAHOI perpecii (2.6) 3 BkasaHuMu

koedimienTamMu Ta piBHAHHSA 95% iHTEpBaly MPOTHO3YBAaHHS perpecii HaBEJACHO Ha

pucyHky 2.1.

ZD A

1.3 1

Zy

-0.5 -

Pucynox 2.1 — PiBHAHHS JIHIMHOI perpecii Ta piBHAHHS 95% 1HTEepBaTy NPOTrHO3YBAaHHS
JHIAHOT perpecii AJi1 HOpMaTi30BaHUX 3HAYCHBb TPUBAIOCTI TPOTPAMHUX MPOEKTIB JIJIs

mainframe

[Ticnst moOynoBM YacTUHY E€MITIPUYHUX 3HAYEHb OyJI0 BMIIYYEHO depe3 Te, IO
BOHM BHUXOJWIM 3a MEXI IHTEpBaJly MPOTHO3YBAaHHSA JIIHIMHOI perpecii s

HOpMaJIi30BaHUX 3HaueHb. Jlam 3HOBY iTepaTMBHO OyJayeMo IHIHHY perpeciiHy
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MOJIEJTb 1 BUIIYYAEMO TOYKH, SIKI BUXOJIATH 32 MEX1 1HTEpBay IPOTHO3yBaHHS, TOMOKA
micis moOyAOBH JHINHOT perpeciiiHoi Mosieni He OyIyTh BIICYTHI BUKUIH.

Jns miel momeni oOuucieHi 3a (2.7) xkoedilieHTH perpeciiHoi MojeNll MarTh
HacTynHi 3Ha4eHHs: by=-0,131 i b= 0,311. [Ipu noOyxoBi moBipuoro iHTepBay (2.8)
BUKOPHCTOBYBaHe 3Ha4eHHs 1-posnoainy CrblogeHta Oyin0 1t gs/2) (205-2)= 1,98.
PiBusinHst miHiMHOTI perpecii (2.6) 3 BKazaHUMHU KoedilieHTaMH Ta PiBHSIHHI 95%
1HTEpBaly MPOTHO3YBAaHHsI perpecii HaBeJCHO Ha PUCYHKY 2.2.

7y }
1.8
1.6 ~
1.4 1
1.2 -

1 -
0.8 -
0.6 -
0.4 1
0:2 -

O L] L] L] L] :I
1 2 3 4 5 Zy

Pucynok 2.2 — PiBHsiHHS JiHIWHOT perpecii Ta piBHSHHS 95% iHTepBaly MPOrHO3YBaHHS

JHIAHOT perpecii JJi1 HOpMaIi30BaHUX 3HAYCHBb TPUBAIOCTI TPOTPAMHUX MPOEKTIB JIJIS

mainframe micis BUgajeHHs BUKHUIIB

Ha wnacrynmnomy kpomi, 3a (2.10), BUKOpPHCTOBYIOUM 3HAYEHHS OOYMCIIEHUX
KoeQILIE€HTIB PpIBHSAHHSA JHIAHOI perpecii, BHUKOHyeMO MOOYAOBY HENIHIHHOI
perpeciiiHoi MOJeNi 7Sl OL[IHIOBaHHS TPUBAIOCTI MPOTPaMHUX MPOEKTIB i mainframe
B 3QJIEKHOCTI BT TPYIOMICTKOCTI pO3pOOKH X MPOEKTIB. 3a (2.12), BUKOPUCTOBYIOUH
BU3HAuUeHe paHime 3HadeHHs [-posmoautry CreiogeHTta, Oyayemo piBHAHHA 95%
JIOBIPYOTO 1HTEpPBAJy HENIHIWHOI perpecii TPUBAJIOCTI MPOTPAMHUX MPOEKTIB IS

mainframe B 3amexHOCTI Bix TpymomicTkocTi. 3a (2.13), BUKOPHUCTOBYIOUN BH3HAYCHE
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panime 3HadeHHs t-posmominy Crelomenta, Oymyemo piBHsHHA 95% iHTepBamy
IIPOTHO3YBaHHS HENIHIMHOT perpecii TpUBaIOCTI MPOrpaMHUX MPOEKTIB Al mainframe
B 3QJIC)KHOCTI BIJl TPYIOMICTKOCTI PO3pOOKH IUX MTPOTPAMHHX MPOEKTIB.

[TobynoBana HemiHIMHA perpeciiHa MoOJedb IS OIlIHIOBAaHHS TPUBAJIOCTI
MPOTPpaMHMX MPOEKTIB JJii mainframe B 3aJeXHOCTI B TPYAOMICTKOCTI PO3POOKH
MPOTPpaMHMUX TPOCKTIB Ta PIBHAHHS 1HTEPBAIy IPOTHO3YBaHHS HEIIHIMHOI perpecii
HaBeZeHO Ha pucyHKy 2.3. Ilo mpoMy pHCYHKY BHAHO, IO EMIIIPUYHI 3HAYCHHS

3HAXOJIATHCS B CEPEIMHI IHTEPBATy MPOTHO3yBAaHHS HEIIHIMHOI perpecii.
D%
60
50

40

30

20

10

0 20000 40000 60000 80000 100000 E

Pucynoxk 2.3 — HeniniitHa perpeciitHa Moieb JJi OIIHIOBAaHHS TPUBAJIOCTI
IPOrPaMHUX MPOEKTIB I mainframe:
¢ - eMmipuyHi gaHi (E — Tpygomictkicts npoekty; D — TpuBamicTs pooiT)
— - HeJHIITHa perpecis;
— - 95% noBipuunii iHTEpBaI HENIHINHOI perpecii;
— = - 95% i"TepBas MPOrHO3yBaHHS HETIHIAHOT perpecii
[TobynoBaHi piBHSHHS HENIHIMHOI perpecii TPUBAJIOCTI MPOTPAMHUX MPOEKTIB

it mainframe MaeTbcs HACTYNHI XapaKTEPUCTHKU: 3HAYCHHS CYMHU KBaJpaTiB

BIIXWJIEHb MK OLIHKAMH TPUBAJIOCTI 32 PIBHSHHSIM PErpecii Ta eMNIpUYHUMU JaHUMU
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tpuBasiocTi (2.14) nopiBaioe SSE = 3363; xoedimient merepminamii (2.15) mopiBHIOE

R%= 0,4887; BimHOCHA MTOXMOKA 32 HEMIHIHHOIO perpeciiiHo Moaeuo O =34%.
Xapakrepuctuku wmojaen ISBSG mis oriHOBaHHS TPUBAJIOCTI IPOTrPaMHUX
IOpOEKTIB A1 mainframe € HACTYNHUMH: 3HAQUYEHHS CYMHU KBAJpaTiB BIAXWUJIICHb MiXK
OI[IHKaMHU TPHUBAJIOCTI 3a PIBHSHHAM perpecii Ta eMIIPUYHUMH JaHUMU TPUBAJIOCTI
(2.14) nopieuroe SSE = 3592; koedimient aerepMinaiiii (2.15) mopiBHIOE R%= 0,4539;
BIJIHOCHA MOXKOKa 3a HeJIHIMHOIO perpeciitnoro Mojemto 0 =35%.
3a UMU XapakTEePUCTHUKAMH, MO0y I0BaHA MOJEIb JIJisi OI[IHIOBAaHHS TPUBAJIOCTI

NpoTrpaMHUX MPOeKTiB aist mainframe e kpamoro, Hixk Monens ISBSG (Ha 6,38% 3a

SSE, Ha 7.67% 3a R Ta Ha 2.83% 3a §).
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3 PO3POBKA ITPOEKTY IHIPOIPAMHU JIA OHOIHIOBAHHA
TPUBAJIOCTI IPOTPAMHMUX ITPOEKTIB

3.1 Po3pobka ecki3HOrO MPOEKTy MPOTpaMu JJisl OLIIHIOBAHHS TPUBAJIOCTI

IPOrpaMHUX MPOEKTIB

MogaenoBaHHs BapiaHTIiB BUKOPUCTAHHA

Januii npoekt nependayae HasBHICTh JIMIIE OJHOTO aKTopa — KOpPHUCTyBauda
nporpamu, sikuii OyJe TOBHOIIIHHO BUKOPHCTOBYBATH BCl (YHKIIT MPOrpamMHOrO
MPOIYKTY.

BusiBrieHi BapiaHTH BUKOPUCTAaHHS 3HaXOAAThCS B Ta0wmi 3.1.

Tabmuns 3.1 — BusiBneni BapiaHTH BUKOPUCTaHHS

OcHoBHi HaiimenyBaHH# DopMyIIOBAHHA
aKToOpH
KopucryBau |BHeCTH Ha3By IpOEKTy Brocutb iHQoOpMalito Npo Ha3By MPOEKTY
KopuctyBau |BHecT Tpy10MICTKICTh Bnocurs iHpopMariro npo
MPOEKTY TPYJAOMICTKICTh MPOEKTY
KopucryBau [Buectu mnatdopmy Bnocuts iHpopMmario miarpopmy
IPOEKTY IPOEKTY
KopucrtyBau |BukoHatu o1iHIOBaHHS Bukonye oriHtoBaHHS! TPUBAJIOCTI HA
TPUBAJIOCTI OCHOBI HEJIHIMHOI perpecii Ta ii
1HTEepBaTy nepeadayeHHs
KopucryBau |30epertu pe3ynbpratu Buxonye 30epexeHHs pe3yJIbTaTiB
OIIHIOBAHHS TPUBAJIOCTI OIIHIOBAHHSI TPUBAJIOCTI B 0a3y JaHUX
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Kopucrysau |IleperisiHyTi pe3ynbpratu
MOTIEPETHIX OIIHIOBAHb
TPUBAJIOCTI MPOTPAMHUX

IIPOEKTIB

[Tepermnsg 30epexeHUx pe3yabTaTiB
OLIIHIOBAHHS TPUBAJIOCTI MPOTPAMHUX

IIPOCKTIB

KoHkpeTn3yeMo OCHOBHI BapiaHTH BUKOPUCTAHHS:

1. Haiimenysanns: BHecTu gai mpo IpoOeKT

OcHosHa Oitiosa ocoba: KopuctyBau

36’30k 3 IHWUMU 8apiaHmMaMu BUKOPUCMAHHA: Y3arajlbHIOE TPEUEACHTU

«BHecTn Ha3By MpOEKTYy», «BHECTH TPyIOMICTKICTh NPOEKTY», «BHecTn mmargopmy

IIPOCKTY».

Kopomxkuii onuc:

Bapiant Bukopuctanas «BHecTu aHi mpo MPOEKTH» BiAoOpakae TpU BapiaHTH

oreparliii 1 1a€ MOXJIMBICTh BHECTH 1H(POPMAIIIIO MPO MPOCKTH Y BIAMOBIAHI mosist. Jliis

BaplaHTy «BHecTu Ha3By MNpOEKTy» — 1€ Ha3By MpPOEKTy, uisl BapiaHTy «BHecTu

TPYJIOMICTKICTh TPOEKTY» — II€ TPYAOMICTKICTh TPOEKTY, sl BapiaHTy «BHectu

mwaTGopMy IPOEKTY» — 11e BUOIp TUIaTGOPMU TPOEKTY.

Ilomoku nooiu: IlpeneaeHT MOYMHAETHCS, KOJIU Y BIKHI MPOrpaMyd KOPUCTyBad

obupae KOMIpKY, IKy HEOOX1JHO 3aIIOBHUTH JTAHUMHU.

bazoeuti nomix — BHeCeHHS JaHUX TIPO MPOEKTH:

1) KopucryBau 3amyckae nporpamy;

2) KopuctyBau 3anoBHioe noje «Ha3Ba mpoekTy» Ha3BOIO MPOEKTY;

3) KopuctyBau 3anoBHo€ noje «TpyaoMICTKICTb» 3HAYEHHSM TPYIOMICTKOCTI

MPOEKTY;

4) KopucryBau Bubupae miaatdopmy IpOeKTy 3 BUNAAAI0YOTO CIHCKY.

Anbmepnamugi nomoku:
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1) Sxmo y m. 2 BHeCTH 3Ha4eHHS, sike € MeHmuM 3a () un gopiBaioe 0, To Oymae
BHBEJICHO ITOBIJOMJICHHS PO MOMMJIKY Ta IPOIO3UIlS MOBTOPUTH BHECCHHS JIaHUX.

Bnecene uncio He Oye 30epexeHe.

CneyianbHi 6umo2y: 3HAYEHHS TPYAOMICTKOCTI MPOEKTY MOBUHHO 3aBXIU OyTH

[IJIUM JTIOJATHIM YHCIIOM.
2. Hatimenysanns: BUKOHATH OILIIHIOBAaHHS TPUBAJIOCTI
OcHogna Oitlosa ocoba.: KopuctyBau
36’A30K 3 iHWUMU BaPIAHMAMU BUKOPUCTNAHHS: BIICYTHIH.

Kopomxkuii onuc:
Bapiant BukopuctaHHd «BHKOHATH OLIHIOBaHHS TPHUBAJIOCTD» JI03BOJISIE
orpuMat OIiHKY TpuBayiocTi, JloBipuuil 1HTEpBan HeNiHIMHOI perpecii, [HTepBan

IIPOTHO3YBaHHS TPUBAJIOCTI MPOTPAMHHUX MPOEKTIB

Ilomoku nooin. TlpeneneHT MOYMHAETHCS, KOJM KOPUCTYyBad HATUCKAE KHOIKY

«OIIHUTH TPUBATICTH.
ba3zosuii nomix — BUKOHaTH OLIIHIOBaHHS TPUBAJIOCTI:
1) KopuctyBau Hatuckae KHONIKY «OLIHUTH TPUBATICTHY;

2) PesymbraTi OIIHIOBaHHS TpHUBAJIOCTI mporpaMHUX mpoekTiB (OmiHka
TpuBasuocTi, JloBipunii iHTepBasl HENTIHIHHOT perpecii, [HTepBan nporuo3yBanHs) OyayTh

IMOoKa3aHl B TaOJIHIII.

3. Haiimenysanns.: 30epertu pe3yibTaTu OIlIHIOBAHHS
Ocnogna ditiosa ocoba: KopuctyBau
36’A30K 3 IHWUMU BAPIAHMAMU BUKOPUCMAHHS. BIACYTHIN.
Kopomxkuii onuc:
Bapiant BukopuctanHs «30epertTd pe3yJbTaTd OLIHIOBAHHS»  JI03BOJISIE
30€peKEeHHS pe3yJIbTaTIB OIIHIOBAHHS TPUBAJIOCTI B 0a3y JIaHUX.
Ilomoku nooiu. llpeneneHT MOYMHAETHCS, KOJIW KOPUCTYBAad HATUCKAE KHOIKY

«306eperTu OLiHKY».
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ba3zosuii nomix — 36epexxeHHs pe3yIbTaTiB OIMIHIOBAHHS TPUBAJIOCTI:
1) KopucrtyBau HaTUCKa€e KHOTKY «30€perTH OLIHKY»;

2) PesynbraTu orintoBanHs TpuBanocTi (Ouinka TpuBaiocti, JloBipuuii iHTepBa

HEJIHINHHOT perpecii, [HTepBan mporHo3yBaHHs) 30epiraroThCs B 0a3y TaHUX.
4. Haiimenysanns: TleperissHyTH pe3yJIbTaTH MOMEPEIHIX OIlIHIOBaHb
OcHosHa Oitiosa ocoda: KopuctyBau
36’530k 3 IHWUMU 8ApIAHMAMU BUKOPUCTNAHHSA. BIJICYTHIMN.
Kopomxkuii onuc:

Bapiant BukopuctanHs «llepersiiiHyTH pe3ynbTaTH MONEPEIHIX OLIHIOBAHb)
J03BOJISIE TIEPETJIIHYTH PE3YJIbTATH MOIMEPEIHIX OLIHIOBAHb TPUBAJIOCTI MPOrPAMHHX
npoekTiB (Ouinka TpuBanocti, JloBipuwii iHTepBad HEiHIKHHOI perpecii, [HTepBan

IPOTHO3YBaHH).

Jliarpama BapiaHTiB BUKOPUCTaHHS 300pakeHa Ha pucyHky 3.1.

BrecTu nani npo mpoexT

BuxkonaTtu oriHOBaHHSA
TPUBAJIOCTI

Kopucrysau 30epertu pe3yJIbTaTH
OL[IHFOBAHHS

AN

[TepernsHyTH pe3yabTaTi
MIOTIEPEIHIX OIIHFOBAHb

Pucynok 3.1 — /liarpama BapiaHTiB BUKOPUCTAHHS MPOTPaMH sl OLIHIOBAHHS

TPUBAJIOCTI IPOTPAMHMX MPOEKTIB
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Jliarpama cTaHIB TMOKa3aHa Ha pUCyHKY 3.2. OCHOBHMM CTaHOM JaHOi
KOMII IOTEpHOT TIporpaMu € BiJoOpakeHHsS TOJIOBHOIO BiKHA, IiJ Yac SKOTro
B110yBa€ThCS OUIKYBaHHS il KopucTyBaya. [lepexia /10 1HIIUX CTaHIB BiAOYBAaEThCS B

3aJIe)KHOCTI BiJl BAKOHAHUX NI KOPUCTYBaya, 10 BIJOOPa)KEHO Ha PUCYHKY 3.2.

Kopucrysau HaTcHYB KopuctyBau HaTucHYB KHONKY «OLIIHATH TPUBATICTE)
KHOIIKY 3aKPUTTS Bigo0paskeHHs roJoBHOro [BBENEH] HA3BA IIPOEKTY, TPYAOMICTKICTh IIPOEKTY,
TOJIOBHOT'O BIKHA BiKHa mporpammu BHOpaHa mardopmal
ab0 BHOpPaB MyHKT -
«Buxim» MeHI0 entry / TTokasaTu TOJOBHE BiKHO OUiHIOBaHHSI TPUBAJIOCTI 3aBEPILICHO
porpamu p /
! do / OuikyBanHs i KopucTyBaua OuinIOBAHHSI TPHBAJIOCTI MPOEKTIB 3
KopucryBau BuOpas - po3podku II3
IYHKT MEHIO . .
«lHmi poexTI» Bino0paskenus 30epeskeHnx do / Ouinnru CCpEaHE SHAUCHHS TPHBATIOCTI,
Pe3yabTATIB OLIHIOBAHHS 3HAUEHH: HIDKHBOI | BEpXHBOI rpaHHLb 95%
> 1poeKTiB 3 po3podkn I3 JIOBIpUOTO iHTEpBaITy Ta 95% IHTEepBaly
NPOTHO3YBaHHS TPUBAIOCTI
KopucryBau HaTCHYB entry / TTokazatu BiKHO exit / BimoGOpasutu pe3yabTaTd OIMiHIOBAHHS
KHOIIKY 3aKpUTT: 30epeKeHIX Pe3yIbTaTIB TPUBATOCTI B TOJIOBHOMY BiKHi TIpOTpaMu
BIKHA 30CPEKCHIX OIiHIOBaHHS exit / TlokazaTu kHonKy "36€pertu oLiHky"
pe3yNbTaTiB OLIHIOBAHHS | __ . . s
TpHBasIoCTi exit / 3a1<p.ym/1 BIKHO 30epemeHIX TOJIOBHOTO BiKHA TIPOTPaMH
Ppe3yJIbTaTiB OLIHFOBAaHHS
TPUBAJIOCTI
-
~

Buxig 3 nporpamn

"] entry / 3akputi ronoBHe BikKHO
\ lIporpamu P,

¢

Pucynox 3.2 — [liarpama ctaHiB Iporpam# Jijisi OI[IHIOBAHHS TPUBAJIOCTI MPOTPaMHUX

MIPOEKTIB
Mope/r0BaHHA MOTOKIB JAHUX

Miarpama nmoTokiB gaHux B HoTallii ['efina-CapcoHa nokaszaHa Ha pUCyHKY 3.3.

CkJaziHi MOTOKMU AaHMX AlarpaMu 3.3. MalOTh HACTYIIHI aTPpUOYTH:

n

napameTpu HeJiHIiHOI perpeciiiHoi mMozeni — mapamerpu by, by, SZZD, ZE, Sy

mozeeit (2.12), (2.13);
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- JOBIpYUIl  IHTEpBaJ TPUBAJIOCTI TMPOEKTYy 3 PO3POOKH MPOTPaMHOTO

3a0e3IeUeHHs] — HIDKHS TPAHUIA noBipuoro inTepany Tpusanocti [D(E)] (2.12),
BEpXHs IPaHMIs HoBipyoro intepsany tpusanocti [D(E)] (2.12);

- IHTEpBaJ MPOTHO3YBAHHS TPUBAJIOCTI MPOEKTY 3 PO3POOKH MPOTrpamMHOro

3a0€3MCUCHHST — HIDKHS TPAHWI iHTepBady mpornosyBanus Tpusaigocti [D(E)]

(2.13), BepxHs rpanuis q0Bipuoro inrepsany tpusaigocti [D(E)] (2.13).

[Tnardopma I13 KopucryBay q
Ta OIlIHKA i a3Ba IPOCKTY
LIH O11iHKa CepeTHHOTO 3 posposKd 113
PO3MIPY| | 3HAUEHHS TPYJOMICTKOCTI, posp
IIPOCKTY 3| | noBipumii iHTEpBaJ Ta
po3pobku 13 | inTepBan mporao3yBaHHs
Y TpyIOMICTKOCTI TIPOEKTY
i 1 ) /3 2 )
eperTH pe3yybTar
OMiHUTH TPYIOMICTKICTh OILIIHIOBAHHS
MpoeKTy 3 po3podku 13
. TPOCKTY 3 pO3p ) 9
A
[lapameTpy HeTiHIHHOT _Hassa npoekry
perpeciitHoi Moze:i OLIHKa CCPEITHBOTQ
3HAYEHHS TPYJIOMICTKOCTI
1|B] JIOBIpUMii IHTEpBAN T4
_ IHTEpBAI POTHO3YBAHHS
v Hassu npoexis, y TPYJIOMICTKOCTI IIPOEKTY
‘,/ ' 3 '\‘ OLIHKH CEPEAHBOTO 3 po3pobku I13
TleperasHyTH pe3yaprarty | e ICHHA TPHBAJIOCTL,
nonepeHix ominiopany | AOBIPUl IHTCPBATIM Ta
TpyHOMicTKOCTi IHTEpBAJIM POTHO3YBAHHS!
| TIPOEKTIB 3 po3pobku [13 | TPYAOMICTROCTL
KopucryBau

Pucynok 3.3 — /[iarpama noToKiB JaHUX IPOTPAMHU JIJIsl OLIIHIOBAHHS TPUBAJIOCTI

MPOTPaMHUX MPOCKTIB

3.2 Po3poOka TEXHIYHOTO TIPOCKTYy MpOTpaMu JJis  OIIHIOBAHHSI

TPUBAJIOCT] MPOTPAMHHX MMPOEKTIB

Jloriuyna MoaeJb 0a3u JaHUX
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Jloriuna mozenp TaOIWIl MapaMmMeTpiB MaTeMaTHYHUX MOJIENeH TPUBAJIOCTI
POrpaMHUX MPOEKTIB JJIs PI3HUX TIaT(HOpPM:
- i1eHTH(IKaTOpP 3aMKCy — YUCIOBUI TUT 1aHUX, IEPBUHHUNA KITIOY;
- Ha3Ba MIaTQOPMH — CTPOKOBUH THUII JaHHUX, 3200POHEH1 AyOIIOBaHHS;;
- KOJI TIIaT(OPMHU — CTPOKOBUM TUIT IaHUX, 3a00pOHEH] TyOIFOBaHHS;

- napametp by moneneii (2.10), (2.12), (2.13) — uncnoBuii THII 1aHHX;
- napametp by mozeneii (2.10), (2.12), (2.13) — yncnoBuii THI JaHUX;
- napameTp N mogenei (2.12), (2.13) — yrcnoBuii THIT JaHUX;

- napamerp SZZD mogenei (2.12), (2.13) — uncIoBui THIT TaHUX;

- napametp Zg mozenei (2.12), (2.13) — uncnoBuii THIT JaHUX,

- mapameTp S,  Mojelnei (2.12), (2.13) — urcnoBMiA THIT JAHHX.

Jloriyna Mozenb TaOIUIll pe3ysbTaTiB OIIHIOBaHb Ta MOJICIIOBAHb TPHUBAJIOCTI

MIPOrPaMHUX MPOEKTIB IS PI3HUX IIATHOPM:

- 1AeHTU(IKATOP 3aMKCy — YUCIOBHUM THUIT JAHUX, IEPBUHHUI KITHOY;

- Ha3Ba MPOEKTY — CTPOKOBUY TUTI JaHUX, 3a00pOHEH1 TyOIOBaHHS;

- KOJ[ TUTaTGOPMHU — CTPOKOBUH THUII JaHUX;

- TPYJAOMICTKICTh — YHCIIOBUM THIT IAHUX;

- TPUBAJICTh — YUCIIOBHUI THIT JAHUX;

- HUOKHS TPaHUIl I1HTEpBANTy TMPOTHO3YBAHHS TPUBAJIOCTI — YHCIOBUN THI
JaHUX;

- BEPXHS TPAHMIS IHTEPBAIy NPOTHO3YBaHHS TPUBAJIOCTI — YHCJIOBHHA THII
JaHUX;

- HUKHS TPAHULA JOBIPYOTO IHTEPBATY TPUBAJIOCTI — YMCIOBUM THUII JaHUX;

- BEPXHS TPaHULIS JOBIPUOTO 1HTEPBATY TPUBAJIOCTI — YUCIOBUM TUIT JaHUX;

- JaTa OLIIHIOBAHHA — JaTa.
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3.3 Po3pobka poOo4yOro MpOEKTy Mporpamu Jjisi OI[IHIOBAaHHS TPUBAJIOCTI

MPOTPaMHUX TPOCKTIB

Bu6ip MoBM Ta cepeloBHMINA NPOTrPaMyBaHHS

MoBgoto mporpamyBaHHS AJi1 po3pOOKH MPOrpaMHOro 3abe3nedeHHs 0yino 00paHo
00'€KTHO-OPIEHTOBaHY MOBY ITpOrpaMyBaHHs Java.
Kpurepii, siki BAKOPUCTOBYBAIUCS JUIsl BUOOPY MOBH NMPOTPaMyBaHHS:

- MOKJIMBICTh POOOTH MPOrpaMu [Jisi OI[IHIOBAaHHS TPHUBAJIOCTI MPOTPAMHHUX
MIPOCKTIB B PI3HUX OMNEpalifHUX CUCTEMAX;

- JIOCTYIIHICTh KOMIIOHEHTIB i (POpPMyBaHHS €ProOHOMIYHOIO BI3YyaJbHOTO
1HTEpPEiiCy;

- ICHYBaHHSI MaTeMaTUYHUX 010J110TeK, HEOOX1THUX JIJIs BAKOHAHHS OLIIHIOBaHHS
TPUBAJIOCTI MPOTPAMHUX MPOEKTIB 3 BUKOPUCTAHHSAM IMOOY/TI0BAaHOT MOJIETI;

- icHyBaHHs npaiiBepis mis migkaroueHHs 1o CKB/I SQLite;

- MoxBicTh noctyny 1o CKBJl, BukopucTtoByroun ojHy 3 peanizamiii Java
Persistence APl — cnenudikaiii npuUKIaIHOTO MPOrpaMHOro iHTepdeicy, ska
onucye pooory 3 pensuiitnumu CKB]] B Java-zactocyHnkax;

- MOXJIMBICTh ~ MEPEKIIOYCHHS TPOrpaMH JJisi  OI[IHIOBAaHHS  TPUBAJIOCTI
nporpaMHuX MpoekTiB st poootu 3 iHmmMu CKBJl 3aBAsSikM BUKOPUCTAHHIO IS
noctyny a0 Oasu jmaHux MoBu 3anuTiB Java Persistence Query Language —
1aTHOPMO-HE3AIC)KHOI 00'€KTHO-OPIEHTOBAHOI MOBH 3aIlMTIB, IO € YaCTHHOIO
cnenudikamii Java Persistence APl 1 no3Bosisie HEe 3MIHIOBAaTH 3allUTH IPU 3MiHI
CUCTEMHU YTPaBIIIHHS 0a3aMH TaHUX;

- JNOCTYIHICTh  Kimbkox  Oe3komroBHux IDE  (Integrated Development
Environment — iHTerpoBaHMX CEPEIOBHUIN PO3POOKH MPHUKJIAJHUX MpOrpam), IO
JT03BOJIUTH CKOPOTUTH Yac PO3POOKH MPOTrpaMHOTO 3a0€3TeUCHHS;

- MO>KJIMBICTh O€3KOIITOBHOIO BUKOPHUCTAHHS 1 PO3MOBCIOXKEHHS Java pa3oMm 3
IPOrpaMoro AJisi KOMEPLIHHUX MPOEKTIB.

dDiznuna Moaeab 023 JaHUX
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Cuctemy ynpapminHs Oazamu manux SQLite Oymo oOpaHo anst opranizarii
nocrymy a0 6asu manux. Bei manni CYB]] SQLite 30epiratoTecst B ofHOMY OiHapHOMY
daiini. Bukopucranns 1iei CYB/] € HallO11b11 ONTUMAILHUM, TOMY 1110 B 6231 IaHUX HE
noTpiOHO 30epiraTk BeiawKy KumbkicTh naHux. CYBJ] SQLite He morpelye 3amycky
cepBepy, 10 HaWKpaile MIIXOAUTh MPU BUKOPUCTAHHI 0a3u JaHUX Ha OJIHOMY
xkomm'rotepi. [Tpu HeoOXiAHOCTI AocTymny 3 pisHux koMmm'torepiB, CYBJl SQLite moxxHa
oyne 3miautu Ha cepBepHy CYBJ] (MySQL um PostgreSQL) He BHOCSYHM 3MiHH B
3anuTH, Tak sk CYBJl SQLite BukopuctoBye MoBy 3anutiB SQL.

®dizuyHa MOJeab TaONMIl MapaMeTpiB HENIHIMHUX pEerpeciiHux Mojenei
TPUBAJIOCTI MPOTPAMHUX MPOEKTIB KIIOYAE HACTYITHI MOJIS:

- id — INTEGER NOT NULL PRIMARY KEY AUTOINCREMENT;
- title — TEXT NOT NULL UNIQUE;
- platform — TEXT NOT NULL UNIQUE;
- b0 — NUMERIC NOT NULL,;
- bl - NUMERIC NOT NULL,
- n—INTEGER NOT NULL;
- zd_sse — NUMERIC NOT NULL;
- ze_avg — NUMERIC NOT NULL,;
- ze_S—NUMERIC NOT NULL.
®di3uyHa MOAENb TaONMIl pe3yJbTaTIB OLIHIOBAHb Ta MOJEIIOBaHb TPUBAJIOCTI

MPOTrPaMHUX MPOEKTIB KJIFOYA€ HACTYITHI TIOJIA

- id — INTEGER NOT NULL PRIMARY KEY AUTOINCREMENT;
- title — TEXT NOT NULL UNIQUE;

= platform — TEXT NOT NULL;

- size — NUMERIC NOT NULL,;

- effort - NUMERIC NOT NULL,;

= effort_estimation_interval_bottom — NUMERIC NOT NULL,;

- effort_estimation_interval_top — NUMERIC NOT NULL,;

- effort_confidence_interval bottom — NUMERIC NOT NULL,;

- effort_confidence_interval_top — NUMERIC NOT NULL;



- created — DATE NOT NULL.
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Buxopucraemo UML (Unified Modeling Language — cranmapTHy MOBY s

HalMCaHHS MOJIeNII aHalli3y, IPOEKTYBaHHS 1 peamizaimii 00'€KTHO-OpIEHTOBAHHUX

IPOrpaMHUX CHUCTEM) ISl BIIOOpaXKEHHS CTPYKTYPH KJIAaciB MPOTPaMH.

iarpama KjaciB MpPOrpaMHOTO

MPOTPaMHMX MPOEKTIB» MTOKa3aHa Ha PUCYHKY 3.4.

€ ProjectsForm
f View JPanel
f estimationsListTable TTable
T estimationList rvableList<Estimation >
m setupUIComponents() void
m SSSsetuplISss]) void

m §$SgetRootComponent$$s() ponent

!
!

€ Estimation

f title

f platform

f effort

f duration

f created

m getEntityClass()

€ EstimationApp
of estimationFrame
of estimationForm
of projectsFrame
of projectsForm
of em

1 1 ; .
swereateds 47 main(String[l)
Jn setupEntityManager()
Jm setupMenu()
Jm getIDBCUA(Q

Jn showProjectsFrame()
Jn exit{Exception)
g exit()

1
xcqe}lex

€ EstimationForm
String T View
Siring T effort
Integer f platform
Double f estimationResults
String |o ccosto f caloulateButton
f simulationCount
Class
f title
T saveToDb

m setupUIComponents()
m $8SsetupUISSS)
m S&sgetRootComponent$ss)

EstimationForm

ProjectsForm

EntityManager

JPanel
TrextField
JComboBox
TTable
JButton
TTextField
JTextField
JButton
wvoid

wvoid

JComponent

3a0€e31eYeHHSA

JFrame

IDialog

wvoid
wvoid
wvoid
String
wvoid
void

void

—-wereatess

«OLIHIOBaHHSA

£ LRParameters
f bo

f b1

f sse

f x_avg

T Swx

fn

€ EstimationResults

f title

T platform

T effort

f simulationCount

frp

o osize

f effort _confidence_interval_bottom
T effort _confidence_interval_top
f effort_estimation_interval_bottom
T effort _estimation_interval_top

T generated_duration

m filResults()

TPHUBAJIOCT1

double
double
double
double
double
int

String

type

Integer

Integer

LRParameters

Integer

Double

Double

Double

Double

ArrayList<Double >

void

Pucynox 3.4 — Jliarpama kjaciB nporpamMHoro 3abesneueHts «OIiHIOBaHHS TPUBAJIOCTI

IPOrPAMHUX MPOEKTIB»

Ha mouatky poboTu mporpamu BUKOHYeThcs Meton EstimationApp:: main(), B

SAKOMY CTBOpIO€eThes minkmoueHHs 10 CYBJI, a moTiM CTBOPIOETHCS 1 B1IOOPAKAETHCSA

€K3EMIUISIp TOJIOBHOIO BIKHA MporpamMu. TakoX [0 TOJOBHOTO BIKHA Mporpamu

JTOJTA€THCS MYHKT MEHIO JJIsl CTBOPEHHSI 1 BITOOpaXEHHS BiKHA 3 TAOJIUIICIO 30€pEKEHIX

NOMEpPEeIHIX Pe3yJIbTAaTIB OLIIHIOBAHHS TPUBAJIOCTI MPOTPaMHUX MPOEKTIB. Ex3zemmisap

kiacy EstimationResults, sikuii cTBOpIOETHCSI B TOJIOBHOMY BiKHI, peajii3ye OLIHIOBaHHS

TPUBAJIOCTI MPOTPAMHUX MPOEKTIB.

Kon ximacy EstimationResults € nactymaum:

package EstimationApp.forms;
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import DataProcess.DataAnalyze;
import DataProcess.LinearRegression;
import ISBSG.ISBSG;

import Util.MathUtil;

import javax.swing.table.DefaultTableModel;
import java.util.ArrayList;

public class EstimationResults extends DefaultTableModel ({

" ,

""});

public String title;

public ISBSG.type platform;
public Integer size;

public ISBSG.LRParameters rp;

public Double effort;

public Double effort confidence interval bottom;
public Double effort confidence interval top;
public Double effort estimation interval bottom;
public Double effort estimation interval top;

public EstimationResults () {
super (new String[] {"lapameTep", "Ouinxa"}, 0);
addRow (new String[] {"1l. BxaxiTb 3HaueHHsS TpyIoMicTkKoCTi

"(uise uwmcyo)"});
addRow (new String[] {"2. BubepiTer nnartdbopmy I3", ""});
addRow (new String[] {"3. HarumcHiTe kHONKy \"PoszspaxysaTtu\"",

}

public void fillResults() {
setRowCount (0) ;

rp = platform.getLRParameters();
double tStudent = DataAnalyze.getTStudent (rp.n -

LinearRegression.k, 0.025); //p = 0.95

double e z = Math.loglO(size.doubleValue());
double t z estimate = LinearRegression.estimateY (e z,

rp.b0, rp.bl);

double t z estimate 11 =

LinearRegression.estimateYConfidence(e z, rp.b0, rp.bl, false,
false, rp.sse, rp.x avg, rp.Sxx, rp.n, tStudent);

double t z estimate rl =

LinearRegression.estimateYConfidence(e z, rp.b0, rp.bl, true, false,
rp.sse, rp.xX avg, rp.Sxx, rp.n, tStudent);

double t z estimate 12 =

LinearRegression.estimateYConfidence(e z, rp.b0, rp.bl, false, true,
rp.sse, rp.xX avg, rp.Sxx, rp.n, tStudent);

double t z estimate r2 =

LinearRegression.estimateYConfidence(e z, rp.b0, rp.bl, true, true,
rp.sse, rp.xX avg, rp.Sxx, rp.n, tStudent);
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effort = MathUtil.round(Math.pow (10, t z estimate), 1);
effort confidence interval bottom =
MathUtil.round (Math.pow (10, t z estimate 11), 1);
effort confidence interval top =
MathUtil.round (Math.pow (10, t z estimate rl), 1);
effort estimation interval bottom =
MathUtil.round (Math.pow (10, t z estimate 12), 1);
effort estimation interval top =
MathUtil.round (Math.pow (10, t z estimate r2), 1);

addRow (new String[] {"Hazma", this.title});

addRow (new String[] {"InaTdopma",
this.platform.toString() });

addRow (new String[] {"TpymomicrkicTe", size.toString() + "
dyHKI1OHANBHUX TOUOK"}) ;

addRow (new String[]1{"", ""});

addRow (new Stringl[] {"OuiumwBauua TpuBajocTi:", ""});

addRow (new String[] {"Ouinka TpumeamocTi", effort.toString()
+ " mmoguHo-TOOMH"}) ;

addRow (new Stringl[]{"95% HoBipuwmmt iuTepman", "[" +
effort confidence interval bottom + ", " +
effort confidence interval top + "] moomHO-TOOMH"});

addRow (new String[]{"95% IuTepmas nepenbauenudga", "[" +
effort estimation interval bottom + ", " +
effort estimation interval top + "] moomHo-rommu"});

}
}

[HCTpYKIIis 11i€T KOMTT I0TEPHOI MpOTrpaMu MpUBEIeHa B J0/1aTKy B.
BunpoOyBanHs mnporpamMu /Ui OLIHIOBAHHS TPHUBAJOCTI NPOrpaMHHUX

MPOEKTIB

TectyBaHHs miporpamMu — Ii€ mporec BUKOHaHHS I3 3 MeTow BUSABICHHS

nomMuiiok. Kpoku mporecy 3anarorbes TecTamMu.
IcHye nBa NPUHIIMIIN TECTYBAHHS MPOrPAMH:
— (GyHKIIOHATBHE TECTYBAaHHS (T€CTYBaHHS "HOpPHOTrO sMKa'");
— CTPYKTYpHE T€CTYBaHHs (TecTyBaHHA "OL10r0 Ammuka').

[Ipu TectyBaHHI "4OpHOTO SMMKA" PO3TIATAIOTHCS CHUCTEMHI XapaKTEPUCTUKH
[13, irHOpyeThCs X BHYTPIIIHS JIOT1YHA CTPYKTypa. Buuepnue TecTyBaHHs, K IPaBUIIoO,

HEMOIXKIIMBC.
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O06’exToM TecTyBaHHS "OL70T0 AlMKA" € HE 30BHINIHS, a BHYTPIIIHS MOBEAIHKA
nporpamMHoro 3adesneueHHs. [lepeBipseThess KOPEKTHICTh TOOYA0BH BCiX eeMeHTiB 113
Ta MPaBUJIBHICTD iX B3a€MO/I1i. 3a3BMUail aHAJI3YIOThCS YIIPABIISAIOUl 3B I3KM €JIEMEHTIB,
1HKOIM — 1HQOpMaIliiiHi 3B’s3kH. TecTyBaHHS 3a UM MPUHIUIIOM XapaKTePU3yeETbCA
CTYMIHHIO, B SKI TECTH BUKOHYIOTh a00 IOKPHUBAIOTh JOTIKY (BXITHUHA TEKCT)

nporpamu. BudepriHe TecTyBaHHS TaKOXK BUKJIMKAE MEBHI TPYIHOIIII.

VY pe3ynbTaTi ompairoBaHHS crienudikaiii 10 MporpaMHOro 3a0e3medeHHs, 1110
MiJIATa€ TECTYBAaHHIO OyJI0 OTPUMAHO PSJI TECTIB «YOPHOI CKPUHBKW». Pesymbratu

TECTyBaHHS 32 MPUHIIAIIOM "9OPHOTO SIKKa" HaBeIeHI B Ta0uII 3.2.

Tabmus 3.2 — Pe3ynbraTu TeCTyBaHHS 3a IPUHIIUAIIOM "HOPHOTO SIIHKA"

Tect BxinHi 3HaYeHHA PesyabTar

Benennsa 3HaueHHs BBEICHO [Ipu HamaranHi BUKOHATHU OI[IHIOBAHHSI
TPYJAOMICTKOCTI  |HEBIPHO TPUBAJIOCTI BUBOJAMTHCS TTOMUIIKA
MPOTPaMHOTO

MPOCKTY

3HadeHHs BBeJIeHO BipHO | CTae MOXKIMBUM NTOOAYUTH PE3yIbTaTh

OIIIHIOBAHHS TPUBAJIOCTI

3HaYeHHs BBEACHO 3’SIBISETHCS BIKHO 3 TTONIEPEIKEHHSAM

HEBIPHO PO HEMPABUJIBLHO BBEICHI daH1

Benenns HazBu  |3HaueHHs BBeeHO BipHO |CTae MOXKIIMBUM 30€pETTH PE3yIbTaTh

MPOrPaMHOTO OI[IHIOBAHHSI TPUBAJIOCTI MiJ] JaHOIO
MIPOCKTY HA3BOIO MIPOTPAMHOTO MPOCKTY
3Ha4YEHHS HE BBEJICHO [Ipu HamaranHi 30eperTy pe3yabTaTu

OIIHIOBAHHS TPUBAJIOCT1 BUBOJUTHCS

IIOMMJIKA

B pesynbrari TecTyBaHHS 3a MPUHIMIOM 'OuUToro smuka" Oyia mnepeBipeHa

KOPEKTHICTh MOOY/JOBH BCIX €IEMEHTIB MPOrPaMHOT0 3a0€3MEeUeHHS Ta MPaBMIbHICTD iX
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B3aemoii. BumpoOyBanHs mporpamHoro 3abe3nedeHHs Oyio BHUKOHAHO 3TiIHO 13
IpOrpaMor0 1 METOJIMKOI0 BUIMPOOyBaHb. BumpoOyBaHHS Mokaszanu, 1m0 po3poOsieHe

ImporpaMHe 3a0e3IeYeHHs ITOBHICTIO BiI[HOBiI[a€ ITIOCTABJICHUM 3aJa4daM.
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4 PE3YJIDbTATHU JOCJ/IIKEHDb

B pesynbrari mocmimpkeHHS OYJI0 YOOCKOHANeHO HENMHINHY pPerpeciiHy MoJeib
ISBSG jans oOwiHIOBaHHS TPUBAJIOCTI MPOTrpaMHUX MPOEKTiB s Mmainframe B
3aJIe)KHOCTI Bl TPYIOMICTKOCTI PO3POOKHM ITMX MPOTPAMHUX MPOEKTIB 3d PAXYHOK
MoOy/I0BH pPIBHSHb TPaHUIlb JIOBIPUOTO IHTEpBANY Ta pPIBHSAHb TI'pPaHUIb IHTEPBATY
MPOTHO3YBaHHS HEMIHIWHOI perpecii, wo 0036075%€¢ TIABUIIUTH JOCTOBIPHICTH

OLIIHIOBAHHS TPUBAJIOCTI MPOTPAMHHX MPOEKTiB [yt mainframe.

Ha ocHOBI moOy/0BaHOI HEMIHINHOI perpeciiiHoi Mojeni B XOJ1 BUKOHAHHS
pobotu Oyyo po3pobieHo mnporpamMHe 3adOe3neuceHHs «OIIHIOBaHHS TPUBAJIOCTI
IPOrpaMHUX IMPOEKTIB» JUIsl OLIHIOBAHHS TPUBAJIOCTI MPOrPAMHMX IMPOEKTIB. Burimsn
rOJIOBHOTO BiKHA MPOTpaMu MOKa3aHUi Ha pucyHKy 4.1.

Po3pobnene nporpamue 3a0e3reyeHHsl Ma€ HaBEJICHI HUKYE (PYHKIIII:

- O1iHIOBaHHSI CEPEHBOTO0 3HAYCHHS TPHUBAJIOCTI MPOTPAMHOTO TPOEKTY 3
BUKOPUCTAHHAM HEIIHINHOI perpeciiHoi MOJIei B 3aJIeKHOCTI BiJI TPYAOMICTKOCTI
pO3po0KH;

- OmiHtoBaHHST HUXHBOI TpaHuill 95% iHTepBady NMPOTHO3YBAaHHS TPHUBAIOCTI
IPOTPaMHOTO MPOECKTY;

- OmiHiOBaHHSI BEPXHBOI TpaHuill 95% iHTEepBady MPOrHO3YBaHHS TPUBAIOCTI
IPOrPaMHOTO MPOEKTY;

- OuiHOBaHHS HIXKHBOI TpaHull 95% 1oBipyOTO IHTEPBANY CEPEAHBOTO
3HAYEHHS TPUBAJIOCTI MPOTPAMHOTO MIPOCKTY;

- OuiHoBaHHS BepxHBOI TpaHull 95% JOBIpYOro IHTEPBAY CEPEIHBOIO
3HA4YeHHS TPUBAJIOCTI IPOTPAMHOTO MPOCKTY;,

- 30epexeHHs pe3yJIbTaTiB OLIHIOBAHHS MPOTPAMHOTO MIPOEKTY B 0a3y JaHUX;

- [lepernsig pe3yabTaTiB MOMEPEIHIX OIIHIOBAaHb TPHUBAJIOCTI MPOrPaAMHUX

MIPOCKTIB.
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[£| OuiHrOBaHHA TPMESNCCTI NPOrPaMHUX NPOSKTIE l — | (=] |_ihl

I[HWi npoekTH  Buxio

Hasea npoekTty

TpyooMicTKICTE 1000 NAUHO-200UH

Mnatdopma Meitndppeiinm (MF) -

OLiHMTH TPUBANICTE

MapameTep CLUiHKa
1. BKa#iTh 3HAYEHHA TPYAOMICTEOCTI  |[(Wine Yyueno)
2. BubepiTe nnatdopmy M3
3. HATHMCHITE KHONKY "Po3paxysaT”

b i _—

Pucynok 4.1 — I'oiioBHE BIKHO ITporpaMHOro 3ade3nedeHHs "O1iHIOBaHHS! TPUBAJIOCTI

MPOTrpaMHUX MPOEKTIB"

[Tporpamue 3a0e3meueHHs peaizoBaHO 3 BHKopucTaHHsAM Netbeans ta moBu

nporpamyBaHHs Java.

Po3pobiiene mnporpamHe 3a0e3nedeHHs MOXKE TMPaAlIOBAaTH Ha OyIb-IKOMY
KOMIIT'FOTEPi 3 OIepaliifHOI0 CUCTEMOIO, B sIKiil BcTaHOBjIeHa Java Runtime Environment

(JRE) Bepcii He Hmxue Java 1.8.
B nporieci BUKOHaHHS IporpamMu BiI0yBalOThCA HACTYIHI Al

1. TlapameTpu HENIHIKHOI perpeciiHol Monenl JUisl OLIHIOBaHHA TPHUBAJIOCTI
NPOTPaMHUX IPOEKTIB B 3aJICXKHOCTI BiJ TPYIOMICTKOCTI po3pooku (2.10) mst
BUOpaHoi maThopMu 3aBaHTAKYIOThCA 3 0a3U TaHUX.

2. TlapameTpu piBHSHb HW)KHBOI Ta BEPXHBOI I'DaHUIL MOBipUOro inrepsany (2.12)
HEJTIHIWHOT perpecii TPUBAJIOCTI TPOTPAMHHUX TMPOEKTIB B 3aJEKHOCTI BIJ
TPYJOMICTKOCTI PO3pOOKH [Jii BUOpAHOi IUIATPOPMHU 3aBAHTAXKYIOThCS 3 0asu
JaHUX.

3. Ilapametpu piBHSIHb HIKHBOI Ta BEPXHBOI TpaHUIb IHTEPBANy MPOrHO3YBAHHS

(2.13) HenmiuiiiHol perpecii TPUBAJOCTI MPOrPpaMHHUX IPOEKTIB B 3aJIEKHOCTI Bij
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TPYAOMICTKOCTI pO3pOoOKM 171 BUOpaHOi MmiIaThOpMU 3aBaHTAXYIOTbCA 3 0asu
JaHUX.

4, BUKOPUCTOBYIOUM HEIIHIMHY perpeciiHy MoJeiab IS OI[IHIOBAaHHS TPUBAJIOCTI
NPOrpaMHUX TMPOEKTIB B 3aJEKHOCTI BiA TPYAOMICTKOCTI, PO3PAaXOBYETHCS Ta
B1IOOpakaeThCAd Ha €KpaHi OIliHKA CePeHHOT0 3HAYEHHSI TPUBAJIOCTI MPOrPaMHOTO
3a0€e3MeUeHHS.

5. BukopucToByI0YM pPIBHSHHS HI)KHBOI Ta BEPXHBOI T'PaHUIb JOBIPYOrO 1HTEPBATLY
(2.12) nenimiiinoi perpecii TPHBAJIOCTI MPOTPaMHHUX IPOEKTIB B 3aJIEKHOCTI BiJ
TPYJOMICTKOCTI PO3pPOOKH, OOYHMCIIOIOTBCS Ta BUBOJATHCA HAa €KpaH 3HAYEHHS
HWKHBOT 1 BEpPXHbOI rpaHulp 95% [OOBIpYOro I1HTEpPBAIY OTPUMAHOI OLIHKH
CepeIHbOTO 3HAYEHHS TPUBAJIOCTI.

6. BuUkopucCTOBYIOYM pIBHSHHS HWKHBOI Ta BEPXHBOI TpaHUIb I1HTEpBAIY
nporuo3yBanHs (2.13) HenmiHilHOI perpecii TPUBAJIOCTI MPOrPaMHHUX IPOCKTIB B
3aJIEKHOCTI BiJl TPYJAOMICTKOCTI PO3POOKH, OOUHUCIIIOIOTHCA Ta BUBOJIATHCS HA €KpaH
3HAYEHHS HUKHBOI 1 BEpXHBOI rpaHuils 95% iHTepBaily MpOrHO3yBaHHS.

7. Slxmo pe3ynbTaTd OLIHIOBAHHS TPUBAJIOCTI HEOOXiMHO 30epertu B 0a3zy NaHUX,
KOpPHCTYBa4 Ma€ HATUCHYTH Ha KHOMKY «30epertu OIliHKY», TOAl pe3yJabTaTH
OIIHIOBAHHSI TPUBAJIOCTI MPOTPAMHOTO MPOEKTY Oyze 30epekeHo B 6a3y aHUX.

8. BuOpaBmm nyHktr MeHIO «Buxim» BBepXy TOJIOBHOTO BiKHA IMporpamu ado
HATUCHYBIITM KHOIKY 3aKPHUTTS TOJIOBHOTO BiKHA MPOTPaMH, SKa 3HAXOIUTHCS cepell
CJIEMEHTIB YMPaBIIIHHS BIKHOM OIEpAIifHOI CHUCTEMH, KOPUCTYBad MOKE 3aKpUTHU
nporpamy.

[Tpu nepernsal pe3yabTaTiB OLIHIOBAHHS BUKOHYETHCS HACTYITHA MOCHIIOBHICTb

JH:

1. 3aBaHTaxylThCcs 3 0a3u JaHUX 30epexeHl Pe3yNbTaTH OILIHIOBAHHS TPHUBAJIOCTI
MPOTPaMHUX MPOECKTIB.

2. BigoOpakaeTbcsi BIKHO TIEperyisimy 30€peKeHHX  pPe3yJbTaTiB  OI[IHIOBAaHHS
TPUBAJIOCTI 3 3aBaHTAKCHUMH JaHUMH (pUCYHOK 4.3).

3. ¥V BiAKpUTOMY BIKHI MpPOrpaMu KOPUCTYBau Meperisgae 30epekeHl pe3ynbTaTu

OIIHIOBAHHS TPUBAJIOCTI MPOTrPaAaMHHUX MTPOEKTIB.
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TecTyBaHHST JaHOrO MPOrPaMHOIO MPOAYKTY TIOKa3ajo, M0 HPOrpaMHe

3a0€e3MeUeHHsl YCITIITHO BUKOHYE IMOCTABJICH] TIEpel HUM 3aBIaHHS.

byna po3poOneHa HacTynmHa mNporpaMHa JOKYMEHTAIlisi: TEXHIYHE 3aBIaHHS
(momarox A); omuc mporpamu (moxarok b); iHcTpykmis (momatok B); mporpama Ta

METO/IMKa BUIIPOOYyBaHb (101aTok I).
Pe3ynbraTi BUnpoOyBaHb MporpaMu HaBeIeH1 Ha pucyHKax 4.2-4.3

[Ticnst BBeieHHS HA3BU MPOEKTY, TPUBAIOCTI, BUOOPY MIATHOPMHU Ta HATUCKAHHS
KHONKU «OILIHUTH TPUBANICTb», PE3YJNbTATH OLIHIOBAHHS TPUBAJIOCTI MPOTPAMHUX
npoekTiB (Ouinka TtpuBanocti, JloBipumii iHTepBan HEMiHIHHOI perpecii, [HTepBaN
NPOTHO3YBaHHA) OyJiM BIAOOpakeHI B TaONMIIl B HUXKHIA YacTUHI BIKHA MpOrpamu

(pucyHok 4.2).
i b
[£| OuiHrOBaHHA TPMESNCCTI NPOrPaMHUX NPOSKTIE E@lﬂ

[Hwi npoekTh  Buxig

Hasea npoekTty Project 1
TpyooMicTKICTE 4567 NAUHO-200UH
Mnatchopma Meiiscppeiinn (MF) ~| I
36eperti ouUiHky OUiHWTK TPUBANICTE
[MapameTep ClUiHKA
Hazea Project 1
MNnatdopmMa MelHdpeimn (MF) U
TpYAOMICTKICTE 4567 NHAWHO-TOAMH
CUiHKIBAHHA TPWUBANOCTI:
CLiHKA TpHMBAaNoCTI 11.2 micAuie
05% JoBip4Wi iHTepBan [10.3, 12.1] micauis
! 05% |HTepean nependadyeHHA [3.7.32.7] micauis

L i

Pucynok 4.2 — Pe3ynbTatu OL[IHIOBAaHHS TPUBAJIOCTI MPOTPAMHOTO IPOEKTY

Pe3ynpTaTu OIiHIOBaHHS JEKUIBKOX MPOEKTIB 30epiraioTbcs B 0a3y JaHHUX

HAaTUCKAaHHSAM Ha KHOMNKY «30epertu omiHky». s mepernsimy panime 30epekeHux
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pe3yNbTaTIB OLIHIOBAHHS BHOPAHO MYHKT MEHIO «IHII MPOEKTH» B TOJIOBHOMY MEHIO
Iporpamu.

BikHo nepermsiny 30epekeHUX pe3ysibTaTiB OLIIHIOBAHHS TPUBAJIOCTI MOKA3aHO Ha

pucyHky 4.3.
F B
[ CuiHki TPKBENOCTI NPOrpaMHKUK NPOSKTIE u
Hazea Mnatopmal  TpyoomicTkicTe | TpweanicTe | Jogipywil iHTepean| IHTepean nepenp... Jarta
Project 1 MF 4567 11.2 [10.3,12.1] [3.7.37] 2020-12-20
Project 2 MEF 5678 12.0 [11.0,13.2] [4.0, 4.0] 2020-12-20
Project 3 MF G789 12.8 [11.6, 14.1] [4.3, 4.3 2020-12-20

Pucynox 4.3 — BikHo nieperyisiay 30epe:KeHUX pe3yJIbTaTiB OlIHIOBAHHS TPUBAJIOCTI

MPOrpaMHUX MPOEKTIB
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3) PO3PAXYHOK EKOHOMIYHOI E®EKTHUBHOCTI BlJ PO3POBKHU
TA BITPOBA/IZKEHHSA ITPOTPAMHOI'O 3ABE3ITEYEHHSA

Beryn

Jlana pobGora mpucBIYeHA PO3pOOIll TPOrpaMHOro 3a0e3medeHHS IS
OLIIHIOBAHHS TPHUBAJIOCTi. Oro MOXHa BUKOPHUCTOBYBaTH B Tajly3i pPO3pOOKH Ta

3a0e3nedeHHs sKocTi 113, a Takox ynpaBiiHHS NPOTPAMHUMU MPOEKTAMHU.

EdexTuBHicTh 1HQOpMAIIHHUX CUCTEM BU3HAYAETHCA CTYNEHEM iX MO3UTHUBHOTO
BIUTMBY Ha MiIMPHEMCTBO, 110 yMPaBISAEThCS a00 MPOIEC B pe3ybTaTi BUKOPUCTAHHS
3ac001B OOUYMCIIOBAIILHOI TEXHIKH, IPOIPAMHOI0 3a0€3MeUeHHs, 3MIHHU 1H()OpMaAIHHUX

MOTOKIB Ta OpraHi3aliitHOl CTPYKTYpH yNpPaBIIiHHSL.

CTBOpeHHSI TIPOrpaMHOrO 3a0e3MedYeHHS BHUMAara€ OJHOPA30BHX BHTpAT Ha
pO3poOKy, TpuaOaHHA HEOOXITHUX TEXHIYHMX 3ac0o0iB 1 IIOTOYHMX BUTpAT Ha
dbyHkuionyBaHHsa mpoaykty. Exonomist Bing ¢yskiionyBaHHs [13 BusHauaeTscs 3
ypaxyBaHHSIM BUTpAT Ha MOT0 eKCIuTyaTailito. BilHOIIEHHS 111€1 €KOHOMII 10 BUTpAT HA
CTBOPEHHSI TMPOTPAMHOTO 3a0e3MEeUeHHs XapaKTepu3ye EKOHOMIYHY e(EeKTHUBHICTD
KamiTaJbHUX BKJIAJeHb. EKOHOMIYHI MOKAa3HUKHU BU3HAYAIOTHCS 32 JIFOYMMU HA MOMEHT

PO3paxyHKy ONTOBUMHU LlIHAMU, TapudaMu 1 CTaBKaMU 3apOOITHOT IJIATH.

5.1 Po3paxyHOK BHUTpaT Ha CTBOPEHHS W EKCIUIyaTallll0 MpPOrpamMHOro

3a0€e31eYeHHS

Butpaty Ha po3poOKy CHCTEMH CKJIaTaf0ThCs 3 BUTPAT:
- Ha 3apO0ITHY IJIATHIO PO3POOHUKA;

- Ha amoptu3aiiro EOM, Ha sKiif BUKOHYETBCS pO3pOOKa;
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- Ha ekcrutyaTtarilito miei EOM;
- Ha 3aCO0U PO3POOKH;
- Ha MaTepiaau 1 KOMIUICKTYIOYI.

Po3pobka mporpamHoro 3abe3meueHHs] BUKOHYETHCS MPOTPamMiCTOM, MiCSYHA

3apo0iTHa mata skoro ckiaaae 8000 rpH.
Bapricts cyuacHoro I1K cranoButs 15000 rpH.

[Ipu BapTOCTI KUIOBaT-rOAMHU enekTpoeHeprii 1.29 rpH, po3paxoByeTbCs

BapTICTh PO3POOKHU MPOTpamMu.
ButpaTtu Ha AONOMIXHI1 MaTepiany HaBeleHi B Ta0m. 5.1.

Tabmuug 5.1 — Burpatu Ha 1ONOMDKHI MaTepiaiu

No | ITynkTHn BUTpar CymMma, rpH

1 dyen-HaKonuuyBad JaHuX 250

2 | IMamip pyst mpuHTEpa 80

3 | KapTpumx Ta ToHEp Al IpUHTEpa 200
Pazom 530

BapricTs 13 3Hax0auThes 3a popMynoro:

Cnp = (33n + 303 + 33r + 36) *T+ 3M (51)

ne T — TpuBaiicTh po3poOKH, Mic.
3311 — OCHOBHA 1 J0JJaTKOBA 3ap00iTHA MiaTa 00CIyroByIOYOro NepcoHaty, I'pH.

3c3 — BigpaxyBaHHsA Ha couiainbHi 3axoau (15% Bim OCHOBHOI 1 J1OJATKOBOL

3apoOITHOI IJIaTH), TPH.

33r — 3aranbHorocnogapcbki Butpatu (10% Bi OCHOBHOI 3apoOOITHOI IUIATH),

I'PH.
3e — BUTpaTH Ha €JIEKTPOEHEPT1I0, TPH.
3M — BUTpaTH Ha OCHOBHI 1 IOMOMI>KHI MaTepiajiu, IpH.

3e mpu crokuBaHHI MOTYXHOCTI 0.5 KBT, TpuBanocTi podOTH Ha MiCsIlb, PIBHOI

22*8 = 176 ronuH, BapTOCT1 KIJIOBAT-TOJANHU €leKTpoeHeprii 1.29 rpH CTaHOBUTS:
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3. =176 129 *0.5=113.52 rpn

Burpatu Ha po3poOky I13 nHaBeneni B Tad. 5.2.

Tabnuus 5.2 — Butrpatu Ha po3poOKy NpOrpaMHOTo 3a0e3MeUeHHs

No HaiimenyBaHHs BUTpaT Onuuuis Kinbkicth
1 Tpusanicts po3podku (T) Mic. 3

2 OcHoBHa 1 10J1aTKOBA 3apo0iTHA muiata (331) ['pH. 12000.00
3 BinpaxyBanHs Ha comiajibHi 3aX0u (3¢3) ['pH. 1200.00
4 3araapbHOTOCIONAapChKi BUTpaTH (33T) ['pH. 800.00

5 Butpartu Ha gonomixkHi Marepianu (3m) ['pH. 530.00

6 Butparu Ha enextpoeneprito (3¢) ['pH. 113.52

3a ¢opmyioro 5.1 po3paxyemMo BapTIiCTh MPOTPAMHU:
Cyp = (12000 + 1200 + 800 + 113.52) * 3 + 530 = 42870.56 rpu

MOPTH3ALIIHI BiApaxXyBaHHS CKIAAal0Th 0 HCOBOI BapTOCTI Ha PIK:
AmopTu3alliifai BigpaxyBa CKJIaJaroTh 25% OaraHCOBOT BapTOCTI Ha PIK

Ao = 15000 * 0.25 = 3750 rpu
B macmrabax mianmpueMcTBa pidyHI BUTPATH HA OCHOBHI 1 JOMOMDKHI MaTtepiaju

BHU3HAYAIOTHCA B po3Mipl 5% BapTOCTI OCHOBHOTO YCTAaTKyBAHHSI:

B, = 15000 * 0.05 =750 rpu
Piunuit o6¢sr poOit I1K y rogunax Bu3Haua€eThCs B TaKMil Cocio:
®,, =264.5*T3 (5.2)
T3 — 11e cepenHe MicSYHE HABAHTAKEHHS YCTaTKyBaHHS (01M3bK0 6 TomuH), 264.5
— cepeliHs KUIbKICTh poO0YMX JHIB Ha PIK.

Takum ynHOM, piunuil oocsr podbotu I1K cknanae:

D, =264.5 * 6 = 1587 ronua
Burtpatu Ha enektpoeneprito 3. npu 1587 roguHax podOTH yCTaTKyBaHHS Ha PIK

CTAaHOBIJIATB.

3.=1587*1.29 * 0.5 =1023.62 rpu
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ExcrunyaTariitai Butpatu Ha [IK Ha pik ckinagyTs:

34 = 3750 + 750 +1023.62 = 5523.62 rpu

OTxe, y nepiuid pik BUTpATH HA CTBOPEHHs i ekcrutyaTaiio [13 cknamyTs:

3, =42870.56 + 5523.62 = 48394.18 rpn

5.2 ExkonHomiuHa epeKTUBHICTh PO3POOKHU 1 BIPOBAKEHHS MPOTPAMHOTO

3a0e3Me4eHHs AJi OLIHIOBaHHS TPUBAJIOCTI

OCHOBHMM  TIOKa3HUKOM  €KOHOMIYHOiI  €(QEeKTUBHOCTI  IPOrPaMHOTO
3a0e3MeYeHHs] € 3MEHIICHHs TPYAOBUX BUTPAT Ta Yacy Ha OIIHIOBAHHS TPUBAJIOCTI, a
TaKoXK €(EeKTUBHE PO3IMOJUICHHS TPYAOBUX PECYpPCIB Ha OCHOBI OTPUMAHOi OLIHKHU
TpuBanocTi. EpexkTuBHUI po3MOALT pecypciB Ja€ 3MOry 3MEHIIWTH Yac OLIHIOBaHHS
TPUBAJIOCTI, 1, BIJIIOBIIHO, TPOLIOBI BUTPATH Ha pOOOTY MEHEIKEPIB.

BuznauumMo mnpsMy €KOHOMIYHY €(EeKTHUBHICTb, I'PYHTYIOUHCh Ha TOMY, IO
BIIPOBA/PKEHHSI MPOrPaMHOIO MPOJAYKTY BHUBUIbHSE 1 TmpalliBHUKa (32 €KCIEPTHOIO
OIHKOIO (DaxiBIIIB MiAMPUEMCTBA).

3apo6iTHa miata 1 mpariBHUKa B PiK CKJIAJIaE:

3=12000 * 12 * 1 = 144000 rpu
Piunuii ekoHOMIYHUH €(EKT pO3paXxOBYETHCS 32 POPMYIIOO:
Epix = ACh—E, * K (5.3)

ne AC, — BUBUIbHEHI KOINTH TICJIS BIpoBa/pkeHHS npoaykry (144000 rpH)
MiHyC ekcruTyartariitai Butpatu (48394.18 rpu) = 95605.82 rpH;

E, — koediuienT edekTuBHOCTI (OpiBHIOE KoedilieHTy amopTu3arii 0.25);

K — otHOpa30Bi BUTpATH Ha BIIPOBaKEHHS MPoayKTy (42870.56 rpH).

Epix = 144000 — 0.25 * 42870.56 = 133282.36 rpH

Tepmin okymnHocTi 113 po3paxoByeThes 3a GOpMYIIOLO:

T=k/AC,= 42870.56 / 95605.82 = 0.45 poky



o1

OTtxe, TepMin okynHOCTI [13 cTanOBUTH TPUOIN3HO 5-6 MicsIIiB.

BucHoBkn

Y upomy po3numi Oynam  3A1MCHEHI pO3pPaxXyHKH BUTPAT, EKOHOMIUHOI
e(peKTUBHOCTI Ta TEPMIHY OKYMHOCTI TpOrpaMu MJisg OI[HIOBaHHS TPHUBAJIOCTI
IPOTPaMHUX MPOEKTiB. BUXoasun 3 po3paxyHKiB, BIPOBAIKEHHS 1aHOTO MPOTPAMHOTO
3a0e3MeyeHHs] OKYyNUTh cebe mpoTsIromM 5-6 micsimiB. TakuM dnHOM, HOTo po3poOKa €

€KOHOMIYHO OOTPYHTOBAHOIO.
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6 OXOPOHA IIPAILI

Beryn

OxopoHa Tmpari — 1€ CHCTeMa TMPaBOBHUX, COIIaIbHO-€KOHOMIUHUX,
OpraHi3aliifHO-TEXHIYHUX, CaHITAPHO-TIFEHIYHUX Ta JIKYBaJIbHO-TIPO(PIIAKTHUHUX
3aX0JiB Ta 3ac00iB, CIPSIMOBAHUX Ha 30€pEKEHHS 370pOB'S 1 MpaIe3JaTHOCTI JI0JeH B
npoueci npaui (ct. 1 3akony «IIpo oxopoHy mpaii»). Sk npaBoBU IHCTUTYT OXOpPOHA
mpari — e YUMaJIuil KOMIUIEKC NMPaBOBUX HOPM. MOKHA BHU3HAYUTH OXOPOHY IIparll
TAaKOX SIK CUCTEMYy 3a0e3leueHHs Oe3NeKku, 30€pekKeHHs 3J0pOB'S 1 Mpane3gaTHOCTI
JIIOJIMHY B TIPOIIEC] Tpalll, 3aCHOBaHY Ha CYKYITHOCTI 3aKOHOJIaBUMX aKTIB 1 BIJIMOBITHUX
iM colllaIbHO-€KOHOMIYHUX, TEXHIYHUX, TT1€HIYHUX 1 OpraHi3alifHuX 3aX0/IiB.

YMoBH mparii Ha poOoYOMy Miclli, Oe3MeKa TEXHOJIOTIYHUX MPOIECiB, MAaIlKH,
MEXaHI3MIB, YCTaTKyBaHHS Ta IHIIUX 3aco0iB BHUPOOHMIITBA, CTaH 3aco0iB
KOJIEKTUBHOTO Ta 1HIWBITYaJIbHOTO 3aXHCTY, 10 BUKOPUCTOBYIOTHCS MPAIIBHUKOM, a
TaKOX CaHITapHO-MOOYTOBI YMOBH MOBHHHI BIAMOBIAATH BUMOTaM HOPMATUBHHUX aKTiB
PO OXOPOHY MpAIi.

Brnacauk a0o ymoBHOBa)X€HHWII HMM OpTaH MOBHWHEH BIPOBAKYBATH CYyYacHi
3acO0M TEXHIKM Oe3neku, Kl 3ano0iraloTb BHPOOHUYOMY TpaBMAaTHU3MYy, 1
3a0e3medyyBaT  CaHITAPHO-TITIEHIYHI  YMOBM, III0 3amo0iraloTh  BUHUKHEHHIO
npodeciiiHuX 3aXBOPIOBaHb MPALIIBHUKIB.

Ha BnacHuka a00 yNMOBHOBa)KEHHWW HUM OpraH TMOKIATAETHCS CUCTEMATHUUHE
MPOBEICHHS 1HCTPYKTaXy (HAaBYAaHHs) TMpPAlIBHUKIB 3 TMTaHb OXOPOHU TIpaili,
IIPOTHUIIOKEKHOT OXOPOHH.

Oxopona mpaili — OJIMH 3 IEHTPAIBHUX IHCTUTYTIB TPYAOBOTrO mpaBa. BiH mae
BUKIIIOUHO TPAKTUYHE 3HAYCHHsA. Hemonep)kaHHS BUMOT OXOPOHH TIpalli CTBOPIOE
HEeOE3MeKy It 3I0POB'S 1 )KUTTA MPAIliBHUKIB. Y CBOIO YepTy 1 Ti, KOTO 3aKOHO/IaBEIlb
HA3MBA€ BIACHUKOM a00 yIMOBHOBAaXEHUM HUM OPraHOM, HECYTh CyBOpY, Y TOMY YHCIIi

i KprMiHAJIbHY BiAMOBIJATIBHICTD 32 MOPYIIIEHHS ITPABHII OXOPOHH mpaiii [24].
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6.1 AmHami3 mKPIMBUX Ta HeEOEe3meuHuX (HakTopiB y BT 3a0e3MeueHHS

SAKOCTI B oici

Hebe3neunnm Ha3uBaeThCs BUPOOHMYUI (DAKTOP, BILIUB SIKOTO HA MPAIIOIOUY
JIOJMHY B TIEBHUX yMOBax NpHBEAEC 10 TpaBMHU a00 IHIIOMY parTOBOMY pPi3KOMY
MOTIPIIECHHIO 3I0POB’s. SIKIO X BUpOOHWUMI (DaKTOp MPHUBEIE 0 3aXBOPIOBaHHS ab0
3HIDKEHHSI TIpale3aTHOCTI, TO MOro BBaXAalOTh MIKIIJIUBUM. 3aJIeKHO BIJ PIBHA
TPUBAJIOCTI BIUIUBY IIKIJIJTUBUNA BUPOOHUUUN (DAKTOP MOXKE CTaTU HEOE3MEUHUM.

Ha odicHoro mnpamniBHuka npu poOOTI BIUIMBAIOTH JIBI OCHOBHI TI'pyNH
HIKIJTUBUX (PaKTOPIB:

1) ®13uuHi, 70 AKUX BIIHOCATH (PAKTOPH, LIO MOPOKYIOTHCSA O€3MocepeIHIM
BIJIMBOM OTOYYIOUOI'O CEPENOBHILA (€JIEKTPOMArHiTHE BUIIPOMIHIOBAHHS, OCBITJIEHICTh
po60oUYOTro MiCIl, TEMIIepaTypa HOBITPS, IITYM).

2) Ilcuxodizionoriyni, 10 SKUX BIAHOCATH (PI3UYHE Ta HEPBOBO-TICUXIYHE
NEpPEeBAHTAXXEHHS OpPraHi3My (30pOBE HAIPYXKEHHS, CTATUYHI HABAHTA)KEHHS, HEPBOBO-
MICUX1YHE HABAHTAKCHHS).

OcCBITIIEHHA — OTPUMAaHHS, PO3MOALI Ta BUKOPUCTAHHS CBITJIOBOI €HEprii AJis
3a0e3MeUeHHs] HOpMalbHUX yMOB mpari. CBiTO, KpiM 3a0e3neueHHs (i3UdHOT
MOXJIMBOCTI PO3PI3HATH MPEIMETH Ipalli, TAKOK BILUIUBAE HA TICUXIYHUM CTaH JIOJIUHU
Ta repeoir ¢i310J0TIYHUX MPOIIECIB B OpraHi3Mi. ParioHanbHO BIAIITOBaHE OCBITICHHS
BUPOOHUYMX NPUMIIICHD TTO3UTUBHO BIIMBAE HA MPAIlIBHUKIB, MIABUIYE €PEKTUBHICTD
Ta 0e3meKy mpailli, 3HUKY€E BTOMY Ta TpaBMaTH3M, 3a0e31edye BUCOKY Tpale3aaTHICTb.

3a BUMOraMy CaHITApHUX HOPM OCBITJIECHHS TIOBUHHO OyTH JOCTaTHBO
SCKpaBUM, PIBHOMIPDHUM, HE 3acCiiIUIIOBATH OYl Ta HE CTBOPIOBATHU BIJOJIMCKIB Ha
pobouiii moBepxHi. 3a CHEKTpPaJIbHUM CKJIAJOM OCBITJICHHS Ma€ HaOIMKATUCS 0
COHSIYHOTO  CBITHAa.  [iri€HIYHMMH  HOPMaMHM  BHUMAara€TbCsi  MaKCHMAJbHO
BUKOPHCTOBYBATH MPUPOTHE OCBITICHHS, OCKUTBKHU JCHHE CBITIIO Kpallle CIIPUIMAEThCs
opranamu 3opy. LlITy4yne ocBiTIeHHS y BUPOOHHUUX Ta aJMIHICTPATUBHO-TPOMAJACHKUX

NPUMILIEHHSAX Ma€ 3/1HCHIOBATHCH CHCTEMOIO 3arajlbHOr0 PIBHOMIPHOTO OCBITJICHHS,
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JOMYCKAIOTh ~ 3aCTOCYBAaHHS CHCTEMH KOMOIHOBAaHOTO OCBITJICHHS. 3HA4YeHHS
OCBITJICHOCTI Ha MOBEpPXHI poOOYOro CTONYy B 30HI PO3MIMICHHS JTOKYMEHTIB Mae
cranoBut 300-500nk. Sk JpKkepena cCBiTJIa IS IITYYHOTO OCBITJICHHS MAarOTh
3aCTOCOBYBATH IEPEBAXKHO JTFOMiHECIIeHTHI Tammu Triry JIb [25].

OnnuMm 3 HallHECHPUATIMBIIKMX (PAKTOPIB, 10 3MEHIIY€E Mpare3JaTHICTh Ta
YBaXHICTh POOITHUKIB, CTBOPIOE MEPEAYMOBH /10 TpaBMAaTU3My Ta 3aXBOPIOBaHb, €
myM. [HTeHCUBHMI TITyM Ta BiOparlii HETaTUBHO BIUTMBAIOTH HE JIMIIE HA CIyX, a 1 Ha
HEPBOBY, CEPIIEBO-CYJMHHY, Ta OUIBIIICTh I1HIIUX CHCTEM OpraHi3My, BHKJIHKAIOUU
3HM)KEHHSI CITyXY, TIEPTOHII0, ICUXI4YHI pO3JIaAH TOLIO.

[irienivaumu HopmatuBamu (CH 3222-85, TOCT 12.1.003-85, T'P 2411-81)
BCTAHOBJICH] JIOMTYCTUMI1 PiBHI 3BYKY PI3HUX YaCTOT JIJIsi pOOITHUKIB MEBHUX MPOQECIid.

VY Tabnuii 6.1 HaBeeH1 HOPMATUBH JIA JIFOJIEH, 1110 TIpaIoTh 3 EOM.

Tabmuus 6.1 — JlormycTumi piBHI ITyMy

PiBHi 3BykOBOr0 TUCKY B 1b OKTaBHHUX cMyTrax i3 cepelHbO T€OMETPUIHUMHU
yactotamu, ['1]

Bun tpynosoi

IISTIBHOCTI PiBHi 3BYKY,
31,5| 63 [125 | 250 | 500 |{1000|2000 |4000(8000| exBiBaneHTHi piBHI
3BYKY, 1ba/nbAexs
[Tporpamictu
EOM 86 | 71 | 61 | 54 | 49 | 45 | 42 | 40 | 38 50

Omneparopu B
3ajax o0OpoOKH
iH(popMarlii Ha
EOM Ti 9 | 83 | 74 [ 68 | 63| 60 | 57 | 55 | 54 65
orepaTopu
KOMIT FOTEPHOTO
Habopy
B nmpumiienusax
TUIS
po3ramryBanas |103| 91 | 83 | 77 | 73| 70 | 68 | 66 | 64 75
ITYMHUX
arperatis EOM

Buxoasuu 3 gaHux HOpPM, MPHU MPOBEACHHI KOMIUIEKCY 3aXOJIIB 31 3MEHILCHHS
IIyMYy YCYBa€ThCsl HEe Oy/b-sKa BIOpOaKyCTHYHA aKTHBHICTH OOJIaJHAHHS, a TUIbKH Ta,

sIKa TIEPEBHUIIy€ BCTAHOBJICHUN IPAHUYHUI PIBEHb Ta MIKIAJUBO BIUIMBAE HA OPraHi3zM
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JIOAWHU. YCYHEHHS TPOMHUCIOBOTO IIyMy B TMEpIIy Yepry BiAOyBa€TbCS LUIIXOM
BJIOCKOHAJICHHSI TEXHOJIOTIYHHUX MpOIECiB Ta obnagnanus. [Ipu oMy B mepury depry
YCYBAIOThCS HAMOUIBII CHIIBHI JpKepelna mymy. Takox He0OX1THO 3HENTYMIIIOBATH yCe
oOnamHaHHs, SIKE€ IBOTO MOTPeOye, OCKIIBKM 3HEUTYMJICHHS OKPEMHUX OJUHHUIb TpU
HAssBHOCTI BEJIMKOI KIJIBKOCTI OOJIaHAHHS, IO TMPOJOBXKYE BHUIIPOMIHIOBATH IIIYM,
HEIOLIJILHO.

CamomouyTTss Ta Tpare3JaTHICTh JIOJUHU TaKOX CHJIBHO 3alIekKaTh BiJ
TEIJIOBOT'O CTaHy OpraHi3My, Ha SIKUM BIUIMBAIOTh Taki Pi3uuHi (HaKTOpPH BUPOOHUUOTO
CepelloBUIA, SK TeMIlepaTypa IMOBITPS, BOJOTICTh, IIBHJKICTh PYyXy MOBITPA,
aTMoc(hepHU TUCK, 0JIsI KUCHIO y MOBITp1 ToIo0. Hanpuknan, sIKIo KUIbKICTh KUCHIO B
MOBITP1 3MEHIIUThCA 10 12% TO yTpyAHIOEThCS MuXaHHS. B Takux yMoBax JrOAUHA
HaIpYy)Ky€ AUXAJIbHUN amapat, JUXa€ 4acTillle; TaKuid CTaH JroAguHa BuUTpumye 1o 0,5
roguuu. lleperpiBaHHa  opraHi3My BIZOYBAa€TbCsl 32 YMOB  HAJJIUIIKOBOTO
KOHBEKTHUBHOT'O BUIIPOMIHIOBaHHSl TeIUIa HArpiTMX NOBEpXoHb. [lpu meperpiBanHHi
BCTYNalOTh B AaKTHUBHY pEaKIil0 MPUCTOCYBajbHI (PyHKIIT opraHizmy. I[lpm upomy
aKTUBI3YEThCS PoOOTa CEPIEBO-CYJIMHHOI Ta JUXaNbHOI CHUCTEM, BIJOYBAETHCS
IHTEHCUBHE TOTOBUJILJICHHS, KOTPE csrae 57 3a 3MiHY. 3 MOTOM BTPAva€ThCsl BEJIMKA
KUIBKICTh MIHEpPAJIbHUX COJIEH Ta BiTaMiHIB. BoJIOTICTh MOBITPS CYTTEBO BIUIMBAE HA
TEPMOPETYJIALII0 JIFOACKKOro oprasMy. IligBuIlieHHS BiIHOCHOiI BOJIOTOCTI TOBITPS Y
BUPOOHUUOMY IPUMIIIEHH] YCKIIAIHIOE TEPMOPETYIIALII0, 3SMEHIIEHHS TETTOBUIIICHHS
opra"izMoM. Di310J0T1YHO ONITUMATILHOIO € BITHOCHA BOJIOTICTh B Mekax 40..60%.

CyKynmHICTh ONMHCAaHMX TOKAa3HHUKIB CTaHy HaBKOJMIITHBOTO CEpelOBHUIIA
Ha3MBaIOTh MiKpokiiMaToM. st mpumimiens 3 EOM BcTaHOBJIEHI HOPMU MIKPOKIIIMATY
npuBeieHl y Tabnuii 6.2.

Tabmuusg 6.2 — Hopmu MikpokiiMary ajig npumiiiess 3 EOM

[Topa poky Kareropis po6it Temmnepatypa Binnocna [IBuIKICTH pyXy
noBiTps, C, He BOJIOTICTh MOBITPS, M/C
O11p1Ie noBiTps, %
XoJogHa Jlerka — la 22-24 40-60 0,1
Jlerka — 16 21-23 40-60 0,1
Teruta Jlerka — la 23-25 40-60 0,1
Jlerxka — 16 22-24 40-60 0,2
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PoGota xoMmm'toTepiB 1 nepudepiiHUX MOPUCTPOIB MOXKIMBA  3aBASKH
CJICKTPUYHOMY CTPYMOBi, JI0 JDKEpEN SKOTO BOHU MIJKIIOYAIOTHCA, TOMY ICHYE
HeOe3nmeka ypaKeHHS KopucTyBada crpymMoMm. I1[00 yHWKHYTHM HENIaCHUX BHUITAIKIB
BapTO CTPOTO JAOTPUMYBATHUCS MPABUII €JIEKTPOOE3NEYHOCTI.

Hebe3neka eneKTpUYHOrO CTpyMy Ha BiAMIHY BiA IHIIMX HeOe3mek
30UIBIIYETHCS THM, IO JIIOJIMHA HE B 3MO31 0€3 cCIelialbHUX NPUJIafiB BHUSIBUTH
HaIpyTy AUCTAHINNHO, & TAKOXK MIBUIKOIUTMHHICTIO MMOPa3Ku — HeOe3Ieka BUSBIISIETHCA,
KOJIM JIIOJIMHA BXKE ypakeHa. YPaKeHHS CTPYMOM IMPUBOIUTH 10 PI3HHUX MOPYIICHb B
OpraHi3mi, BUKIHKAIOYM $K MICIIEBY IMOpa3Ky TKAaHWH 1 OpraHiB, TaKk 1 3arajibHe
Ypa)KE€HHS OpraHi3my.

Jltomuua BigdyBae MApaTiBHY [iI0 3MIHHOTO CTPyMYy IPOMHCIIOBOT YacTOTH
cwioro 0,6 -1,5 MA 1 moctiitHoro ctpymy 5-7 MA. Ili cTpymu He TpencTaBlIOTh
CEeplO3HOI HEOE3NeKW sl OpraHi3My JIIOJMHHM, TOMY IO NHpH TakKiil CHIIl CTpyMy
MOXJIMBE CaMOCTIMHE 3BUIBHEHHS JIIOJUHU BIJ KOHTaKTy 31 CTPYMOBEIYYUMHU
yacTUHaMU. [[71 mepeMiHHOTO CTpyMy MPOMHCIIOBOI YaCTOTH CHJIa HEBIAIMTYCKAIOUOTO
CTpyMy 3HaxoJuThcsi B Mexax 6-20 ™MA. IlocTiiiHuii CTpyM HE BUKJIHKAE
HEBIAMYCKa4oro egekTy, ajae MNPUBOAUTH JO0 CHUIBHHX OOJIOYHMX BIAYYTTIB, CHIIA

takoro ctpymy 15-80 MA i Ginbie [26].

6.2 Po3paxyHOK CHCTeMHM TIOXXEXKOTaCiHHS  MPUMIIIEHHS  BIIJAUTY

3a0e31eueHHs IKOCT1 odicy

['pyna npumimienss: 1
Tum 3pomryBava: Boga

Posmipu npuMiniieHHs: JOBXHUHA a = 7 M, IMIUpUHA b = 6 M
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1. 3maiigemo Tpymy mnpumimeHHs (Tabn. 6.3) 3TIAHO 3 MOXEKHUM
HABaHTA)XCHHAM, SIKI 3a0€3MeYylOThCsl aBTOMAaTHUYHUMHU YCTAaHOBKAMHU MOXKEKOTACIHHS
(/IBH B.2.5-13-98).

3a tabnunero 6.3 npuminieHHs ogdicy IT-komnanii HamexuTs 10 1 rpymnu.

2. TlapameTtpu Jj1si pO3paxyHKy COPUHKIEPHOI YCTAHOBKH 3aJICXKHO BiJ TPyIU
npuMiiieHHs (1) € HacTyITHUMH:

- InTeHcHBHiCTH 3pomiyBanHs Bogoio L = 0,08 1/(cm)

- [Tno1ma, sKa 3aXUIIAETHCA OJHUM 3pOLIyBadYeM S,, = 12 M

- TpuBanicte poOOTH YCTaHOBKHM BOJHOTO MoxkexkoraciHis T = 30 xBuinH

- Biacranp Mix 3pomryBayamu D =4 m

3. 3HaxoAMMO IUIOILY MPUMIIICHHS:

Sipm=2a*b=7%6=42M

4. 3HaxoAMMO HEOOX1JIHY KUIBKICTh 3pOIIyBayiB:

N = SypndSyy =42/12=35

5. Po3Milryemo 3ponryBadi Ha MjIaHi IPUMIILIEHHS.

6. 3HaxomuMo HeoOXiTHY IHTCHCHBHICTh BOAM B TPYOOIIPOBO/II:

Ly = L * Sypuy = 0,08 * 42 = 3,36 1/c

7. 3HaX0JIMMO IHTEHCUBHICTbH BOJH KPi3b OJMH CIIPUHKIIEP:

Lyp=Lyp/N=336/3,5=0,97 n/c
8. 3Haxoaumo HeoOX1IHWI 00’ €M BOIU:

Qu=L,, *T=3,36 * 1800 ¢ = 6048 i

Tabmuus 6.3 — I'pynu npuMinieHb

I'pyna [TpumimieHHs [Toxexne
HaBaHTAXEHHs
1 [TpumimenHus kaurocxoswuil, EOM, marasusis, OyaiBens 110 200 Myok/m*°
yIpaBJliHb, TOTEIIB, JIKaPEHb
2 [TpuMitieHHs 3 BUKOPUCTAHHSAM PiJHH, SIKi JIETKO CHATaXyIOTh 200...2000
(JICP) i ropsats (I'P); nepeBooOpoOHi, IBEiHI Ta 1HIIT Mok/M?
NPUMIIICHHS; TATPUEMCTBA 3 00CITYyTOBYBaHHS aBTOMOOLIIB
3 [TpumMinieHHsS TYMOTEXHIYHOTO BUPOOHHUIITBA 200...2000
MI[)K/MZ
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4 [TpumiteHHs 1y1si BUPOOHUIITBA, 0OPOOKHU, IEPEPOOKU PiZHUX >2000 Mpx/m°
marepiaiiB 3 Bukopuctanusam JICP i I'P

5 CkJai HETOPIYKMX MaTepiaiiB B YIaKOBIIi, IO TOPUTH >2000 Mmx/m°

6 CkJtaay TBEpIUX MaTepialiB, MO TOPSThH >2000 Mpx/m°

7 Cxknaam nakis, ¢pap6, JICP, I'P, mimacrmac ta iH. >2000 Mmpx/m*°

6.3 Po3poOka 3axomiB 100 3MEHIICHHS BIUIMBY IIKIJJIUBUX Ta

HeOe3neyHux (haKTopiB

CoporojHi ¢axiBiil B 00J1aCTi €proHOMIKH BXX€ 3p03yM1IH, 10 HE MOKHA 3HAUTU
17leaJibHE TIOJOXKEHHS, y SKOMY MOXKHa mepe0yBaTd 1 MpalfoBaTU MPOTITOM YCbOIO
poGoyoro aHs. [ns Outemocti moaed kompopTadeabHuUM poOOYUM MICLHEM NMOBUHHE
OyTH Take, KOTpe MOXHa MPUCTOCYBATH HE MEHII YKUM JUI JBOX MO3ULIH, IPU LBOMY
MOJIOKEHHSI Kpicia, MOHITOpa MOBMHHI IIOpa3 BIJANOBIJATH BUKOHYBaHIM poOOTI 1
3BMYKaM. barato XTo BBaXKarOTh, IO ISl pOOOTH HA KOMIT'IOTEpl OLIbIIe MIAXOASATH
BEPTUKAJIbHE 1 3JIETKa MOXWJIE TMOJOKEeHHS. MOXInBO, 100 Kpiciao Oyrno 3ierka
HaXWJICHE BIEpE/.

CxeMu po3MilIeHHST pOOOYUX MICI[h 13 TIEPCOHATBHUM KOMITHOTEPOM MOBUHHI
ypaxoByBaTH BIJCTaHI M1 pOOOYMMH CTOJIAMU 3 B1JICOMOHITOpaMHU (B HANPSIMKY THITY
MOBEPXHI OAHOTO BIJEOMOHITOpA i €KpaHa IHILOTO BiJIECOMOHITOPA), SIKI MOBUHHI OyTH
HE MEHII 2 M, a BIJICTaHb MK O1YHUMH TIOBEPXHSIMHU B1JICOMOHITOPIB — HE MeHII 1,2 M.

PoGounii CTi1 MOBUHEH MaTuh MPOCTIp AJIs HIT BUCOTOIO He MeHI 600 mw,
mupruHOo0 He MeHIl 500 MM, rmMOMHOI0 HA piBHI KOJIIH He MeHml 450 MM 1 Ha piBHI
BUTATHYTHUX HIT HE MeHII 650 MM.

HMucnneii. [1onoxeHHs Tia 3BUYAHO BIAMOBIIA€E HAMPSMKY MOTJISAY; TUCIUIET,
pO3TaIlIOBaH1 3aHAJITO HU3bKO YU MiJ HEMPAaBUIBHUM KYTOM, € OCHOBHUMHU NPUYMHAMHU
cyTyjocTi. BijncTtans BiJ AMCIUIEs 0 O4YE€M MOXKE BapIIOBATHCS B 3alIeKHOCTI BIJl
xapaktepy BuUkoHyBaHOi pobotu — 40-70 cm. Ilpu poOOTI 3 TEKCTOM BIACTaHb Bij
eKpaHa 10 OuYell MOBMHHA JIMIIEe HeOaraTto MEpeBHILYBaTH BiCTaHb MK KHUTOIO M

ounma 1 cknamatu 40-45 cm. HeoOxinHO maBaTy BIAMOYMHOK OYaM 1 4ac Bija 4acy ix
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npocTo 3akpuBaTu. He MoxHa gomyckaTH, m00 o4i yBech 4ac Oynu coKycoBaHl Ha
OJHIN BIJCTaHl, MPAIIOIOYU 3 TEKCTOM, PEKOMEHIYETbCS YCTAHOBIIOBATH BEIUKUN
mpudT. Jyxke BaxiauBo, o0 ekpaH MOHITOpa He MepexTiB. YactoTa perenepartii
300paxeHHs] TIOBUHHA OyTW He MeHm 72 ['l, ToMy IO mpu OUTBII HU3BKIM 4acTOTI
MOMITHE MEPEXTIHHS, X04a JIIOJIA 3 0COOJIUBO YYTTEBUM 30POM MOXKYTh MOMITHUTH HOTO
i mpu 6inbIn BUCOKiH yacToTi. IM moBeneThes minibpat rpadidHy miaty i MOHITOp 3
gacToToro perereparii 85 I'1r 1 Bute.

Heo0ximHo yHUKAaTH TOTO, 11100 MOHITOP OyB 3BEpHEHMI YyOiK BIKHA, OCKUIBKH
1HTEHCUBHA OCBITJIEHICTh 00JIACTI 30py MOXKE 3aTONMUTH NOTOKAMH CBITJIA 04l 1 PO3MHUTH
300paK€HHSI Ha CITKIBLI. SIKIIO MPUXOAUTHCA CUIITA TOpPYydY 3 BIKHOM, TO Tpebda
po3TallyBaTHCS MiJl IPSIMUM KYyTOM JI0 HbOI'O, IPUUOMY €KpaH JAUCILIES TOBUHHUN OyTH
NEePHEHANKYJIAPHUANA IUOL — UM BUKJIIOYAIOTHCS BIAOIMCKHU HA €KPaHI.

s 3HUKEHHS BILJIUBY HU3bKOYACTOTHOTO €JIEKTPOMAarHiTHOTO
BUIIPOMIHIOBaHHS MoHiTOopa Ha OJJIT pekoMmeHayeTbcss BHOMpPATH MOHITOp, LIO
3agoBoapHsEe cTannapty MPR 11, uu TCO 92-95. V npotuBHOMY BHUTIAAKY HEOOXITHO
YCTAaHOBUTH Ha €KpaH 3aXUCHUHN (DUIbTP, HAHOUIBII CydacH1 MOJEII, 3aTPUMYIOTh 10 99
% €1eKTPOMAarHiTHOrO BUIPOMIHIOBaHHSI.

dopma CNHUHKM Kpicja MOBHHHA MOBTOPIOBAaTH (OPMY CIUHHU MPAIIOIOUOTO.
Kpicno HeoOXxi1HO yCTaHOBUTH Ha Takid BHUCOTI, OO HE MOYYBaBCS TUCK HAa KYIPHK
(kpico po3TalioBaHE 3aHAATO HU3BKO) Ha CTerHa (Kpiclio pO3TalllOBaHE 3aHA/TO
BHUCOKO). DaxiBIll 3 €eproHOMIKH, BBXKAJH, III0 KyT MK CTETHAMU 1 XpeOTOM MOBUHHUMN
ckianatu 90°, ogHaK HEJABHO MPOBEACHI JOCHIKCHHS TOKa3ajau, IO O1IBIIICTh
JFOICH MepeBaKHO CUAATH TPOXH BiAKHMHYBIIHUCH.

KnaBiatypy HE0OXi/IHO YCTaHOBUTH TaK, 1100 He Tpeba Oysio A0 Hel TArTHCS 1
HaxusiTucs: Boeped. [lpu 3MiHI MOJOXKEHHS Tija (HampUKIIa[, 3 BEPTUKAJILHOIO Ha
noxuiie) o0OB'I3KOBO Tpeba MEPEeMIHUTH IOJOKEHHS KiIaBlaTypu 1 aucruies. Moxke
BUSIBUTUCS KOPUCHOIO PETyJIbOBaHA MiJCTaBKa KJIaBlaTypH, 3aB/sIKU sAKId MOXHa 0e3
YCSIKOI HANpyTH MpaloBaTi 3 MaHImyasTopoM "mumia". MoxHa MoCTaBUTH KiaBlaTypy

1 Ha KomiHa. Pyku mpu poOOTI MOBHHHI OyTH MPSMUMH B 3aM'ACTAX 1 3ITHYTI B JIIKTSX
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npuOIM3HO i NpsSMUM KyToM. [lanbIil Takok MOBHHHI OyTH 371€TKa 3irHYTI. Y 1apH 1O
KJIaBilIaX HE MOBUHHI OYTH 3aHAJTO CUIIBHUMH.

3py4Ha BHCOTa CTOJy OCOOJIMBO BaKJIMBa B TOMY BHUIAJIKY, KOJU Ha HHOMY
PO3TAIIOBY€ETHCS KilaBiaTypa. SIKIO B KaBiaTypu HEMAE MiJICTaBKH, a BUCOTY CTOJIY HE
MOXHa 3MIHUTH (1 BIH 3aHA/ITO BUCOKHWI), TO TpeOa BUIIE MIAHATHA CUIIHHS Kpiciia, a i
HOTU TIJCTABUTU JABOYKY: YW IWI0-HEOyIb 1HIIE. SIKIIO CTUT 3aHaATO HU3BKUH,
HEOOX1/THO MiIKJIACTH M0-HEOYIb MiJ] HOTO HIKKH.

[loroguuu HEOOXiTHO POOUTH TEepepBYy B POOOTI. Y 1€l yac PEKOMEHIY€EThCS
poOUTH BIIpaBU JJis 3am'sicTh. Hrbkde onucanuii MOKIJIMBUN KOMIUIEKC BIPAB.

- [loknactu pyky Ha Kpail CTOJIy JOJIOHEI0 BHU3. B3siBIINCH, 3a MabIli, 1HIIOK
PYKOIO BIBECTH KUCTh Ha3aJ 1 yTpUMyBaTH NpoTarom 5 cekyna. [loBroputu i iHI101
PYKH.

- 351erKa ynepTucs pyKo B CTUT 1 HA 5 CEKyHJI HAIpPY)KUTU NaJblll B 3aIl'ACT4.
[ToBTOPHUTH 1HILIOIO PYKOIO.

- CUJIBHO 3KaTH Majblll, @ MOTIM PO3MPSIMUTH iX.

BuxoHaHHs pUBEIEHUX PEKOMEHAIIIH 103BOJIsIE CKOPOTUTH BIUIMB IIKIIJTUBUX

BUPOOHMYUX (PAKTOPIB HA OPraHi3M JIFOJIMHHU.
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7 OXOPOHA HABKOJIMIIHBOTI'O CEPEJOBHIIA

Beryn

[lim  HABKONWINHIM  CEPENOBUIEM  PO3YMIIOTh  IIUIICHY  CHUCTEMY
B3a€MOIIOB’A3aHUX MPHUPOJHUX 1 AHTPOIIOTEHHUX 00 €KTIB 1 SBUII, IiJ] BIUIMBOM 1 MPH
Oe3rnocepeTHbOMY BUKOPHUCTAaHHI SKMX BIIOYBa€ThCs IIpallsd, MOOYTOBa JISUIbHICTD,
BiAMOYMHOK Jrofei. [IOHATTS «HABKOJNMIITHE CEpPEJOBHINE)» BKJIIOYAE COIlaIbHI,
IPUPOHI 1 MITYYHO CTBOpEH1 (Pi3uyHi, XiMIyHI Ta Oi0i0riyHi (hakTOpH, TOOTO BCE TE,
IO BIUTMBAE HA XUTTA 1 ASUTbHICTD MOoAuHU. CKIaZ0BOI0 YaCTHHOIO HABKOJIUIITHHOTO
cepelioBUIIla € MpUpoAHE cepenoBuine. llepeg cydacHUM CyCHIIBCTBOM CTOITh
3aBJaHHS HE TUIbKM 30€pertd Npupoay, a W 3amoOIirTé HEraTMBHUM HACIHiJIKam
roCIoOAapChKO1 AISUIBHOCTI JIIOJJUHU B MallOyTHHOMY.

ExonomiuyHa JisipHICTE Yy BCiX 11 MposiBax 3M1MCHIOE  3a0pyIHEHHS
HABKOJIMITHROTO CepeloBHINA. Y TMpOIEC] Ii€i MisNIBHOCTI 3a0pyAHIOIOTHCS 1 CTAlOTh
neIUTHUMH peCypCcH MOBITPsI, BOAM, TEPUTOPIH, IO 3/aBAIUCS HeCKiHYeHHUMU. HuHi
piBeHb 3a0pyJIHEHHS JOCST 3arpo3JIMBUX PO3MIpiB, HAaOyBIIM IO CYTI KPU30BOTO
XapakTepy.

[leit mporiec MOCUITIOETHCS PO3BUTKOM BHUPOOHUYMX CHUJI 1 30UIBIICHHSIM MacH
pPEUOBMH, IO 3aJy4yalOThCi B TOCNOAAPChKUNA 00ir. Yepes 116 B HABKOJIMILHE
CEpeOBUIIE HATXOIUTh BCe OUIbIIE i OlIbIlIe PI3HOMAHITHUX PEUYOBUH, SIKI HOMY Uy,
a 4acoM TOKCHUYHI. 3HaYHA YaCTHWHA 3 HUX HE BKJIIOYAETHCS B MPUPOTHUN KPYTrooOir,
HaKOIMUYyeThesl B O1ocepl 1 3yMOBIIOE HeOa)kaHl €KOJOTiyHI Hachiaku. Bigomo, 1o
€KOJIOTisl — II€ HayKa B3a€EMOBIJHOCHMH MIXK JKUBUMHU OpraHi3MaMu 1 c@eporo ix
nepeOyBaHHs, TOMY HACIIAKKA TPOMHKCIOBOI 1 TOCIOJAPCHKOT ISTILHOCTI JIFOJACTBA
MOKYTb 3aBAAaTH HEMOIpaBHi 30UTKHU Oiocdepl 1 BENUKY IMIKOAY JIOANHI.

3a0pyIHIOIOY1 PEYOBHHH, IO TOTPAIUISIOTH B MPUPOJHE CEPEIOBUIIE 3/1aTHI
NepeMIIyBaTHCh Ha JJOCUTh BEJIMKI B1JICTaHI, a 3aKOHOMIPHICTh IIUX MPOIECIB BUBYECHA

e HeloCTaTHO. LI peuoBUHM MITPYIOTh Y BEIMKUX KITBKOCTAX B KOHTYpPaxX OKPEMHUX



62

ckianoBux Oiocepu. Tak B arMocdepi BOHH MEPEHOCATHCSA MOBITPSHUMH TEUisIMH.
Crymiab iX po3citoBaHHS (POPMYETHCA MIBUAKICTIO 1 HAmpsSMOM TEPEMIIIECHHS
MOBITPSHUX MAac 1 3aJIeKUTh BIJL METEOPOJIOTIYHMX YMOB. MOTPANUBIIA Yy BOIY,
3a0pyIHIOIOYl PEYOBMHU OKHCHIOIOTBCS MIKpOOpTaHi3MamMu abo  afcopOyroThes
JaCTHHKaMU PEYOBHH, 5IK1 € Y BO/II.

OxopoHa HaBKOJUIIHHOTO CEPEOBUINA SIBIIsIE CO00I0 (OpMY BIIHOCHH MIXK
CYCIIUJIBCTBOM 1 TIPHPOA0I0. BoHa 3MIACHIOETHCS PI3HUMH 3ac00aMH: €KOHOMIYHHMH,
MIPAaBOBUMH, HAYKOBO-TEXHIYHUMH, CAaHITAPHO-TIT1€HIYHUMHU, O10JIOTTYHUMU Ta 1HIIMMH.

B 3aranpHOMYy BHIaiKy mpoOiemMa OXOpOHH HAaBKOJHUIIHBOTO CEpeIOoBHINA
3BOJUTHCS 10 BUPIIICHHS IBOX 3aBJaHb:

1) opranizariii paiioHaJIbHOTO IPUPOJOKOPUCTYBAHHS;

2) 3a0e31eYeHHs] YUCTOTU TPUPOAHUX (€KOJOTIYHUX) CUCTEM.

[Ipu  3milficHEeHHI  pi3HUX  BUJIB  €KOHOMIYHOI  JISTIBHOCTI  CyO'€KTH
rOCIOJIapIOBaHHSI BUKOPUCTOBYIOTh PI3HOMAaHITHI MPUPOJHI PECYpCHU: 3EMIIIO, BOIY,
KOpHUCHI komanuHu Toio. IlpoTte pecypcu 11 oOMexkeHi. OOMEXEHICTh MPUPOTHUX
pecypciB Oyia 1 3aJIMIIAETHCS TOJIOBHOIO 1 JY’KE dKOPCTKOIO YMOBOIO, III0 HAKIIATAETHCS
Ha PO3BUTOK €KOHOMIKH 1 BIATIOBITHO 3pOCTaHHS CYCIUIBHOTO JOOPOOYTY.

HacnmigkoM 00MEXEHOCTI MPUPOJHUX PECYPCIB € KOHKYpPEHIls 3a iX
3aCTOCYBaHHSA, TOOTO CYINEPHHUIITBO MK aJIbTEPHATUBHUMH IIJIIMA BUKOPHUCTAHHS
pecypciB. Amke Maiike BCl pecypcrd MOXKYTh BUKOPHUCTOBYBATHCS JUIsI 337]0BOJICHHSI
HaWpPI3HOMaHITHIIIUX TOTPED.

PamionanbHe MPUPOAOKOPHCTYBAaHHS O3HA4a€ pO3POOKYy Ta 3AiIHCHEHHS
KOHLIEMIi 1 KOHKPETHUX 3aXOJiB IIOJ0 PalllOHAIbHOTO BUKOPUCTAHHS 1 BIATBOPEHHS
MPUPOIHUX PECypCiB, TAPMOHIYHY B3aEMOJII0 CYCHIIBCTBA 1 MPUPOIU, TIOAUHU 1
HABKOJIMIITHEOTO MPUPOAHOTO CEPEOBHIIA.

3aBmaHHs OpraHizaiii parioHaJbHOTO TPHUPOJAOKOPUCTYBAHHS BUPIIIYETHCA
[IUISIXOM:

1) onTUMaNbHOTO PO3MOALTY PECYPCIB MIXK PI3HUMHU FOCIIOJAPCHKUMU LIISIMU;

2) BUKOPUCTAHHS TEXHOJOT1H, 10 30epiratloTh pecypcu;

3) mpoBeieHHs 3aXO0/I1B 11010 TOTIOBHEHHS MPUPOIHUX PECYPCIB.
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[HIIMM, HEe MEHII BaXJIMBUM, 3aBIAaHHSAM OXOPOHH  HABKOJMIIIHHOTO
CepeIoBUIIA € 3a0€3MEeUEHHS YUCTOTH MPUPOTHUX EKOJIOTIYHUX CUCTEM, TOOTO BOJTHOTO
Cepe/IoBUINA, TMOBITPSHOTO OaceliHy, TIPYHTOBMX IIOKPOBIB TOIO, 3 THM, II00
3a0€3MeUYNTH HACEJICHHS EKOJIOTIYHO YHCTHUMH MPOAYKTaMH Xap4dyBaHHS, BOJIOIO,
MOBITPSM 1, B OCTATOYHOMY ITiICYMKY, 30€perTi BUCOKHI PIBEHb 3/I0POB'S HacCEICHHS

Ta KOr0 aKTUBHOT'O I[OBFOJ'IiTTSI.

7.1 3abpyaHEeHHS HaBKOJHUIITHBOTO CEPEIOBHUIIA

Jlo mxepen 3a0pyAHEHHS JOBKIUIS 0icy HacaMIepei, HalleKaTh:

- TM3€JIbHA eTIEKTPOCTAHIIIS;

- TBEpJONAJIUBHI KOTJIN;

- TOOYTOBE CMITTS;

- €JIEKTPOMAarHiTHE BUIIPOMIHIOBAHHS.

OpnouacHo B odgici Kommadii MOXyTh mnpautoBatd 10 300 komil’roTepis,
CTaIllOHAPHUX TeJEPOHIB Ta BEJHMKA KUIBKICTh CEPBEPHOI TEXHIKH, SKa OOCIyroBYE
poOOTy 1BOro OOJNIaJHAHHS, aBapiiHe YM TUIAHOBE BIJKIIIOUEHHS EJIEKTPOEHEPTil
MPU3BOJUTH 70 3HAYHHUX MEPENIKoa y poOoTi mepcoHany. [ns Toro, mo0 yHUKHYTH
TaKUX CUTYyaIlili, Ha TEePUTOPIi KOMITaHii 3HAXOUTHCS AU3ENbHA eIeKTpocTaHiie. Bona
Ipaltoe SIK B aBapitHOMY, TaK 1 B P€3€pBHOMY PEXHUMI.

PesynbraTrom poOOTH JU3ENBHOT E€JIEKTPOCTAHINl € TMPOAYKTH 3TOPSHHS
JN3eIHHOTO TAIMBa Ta IIyMOBE 3a0pyTHEHHSI.

TBepmomanuBHI KOTH BHKOPHUCTOBYIOTHCS B XOJIOAHY IOPY POKY B CHCTEMI
omasieHHs o(icHUX mpumimieHb. [ omajaeHHS BHUKOPUCTOBYIOTHCS JCPEBHI TEJICTH.
Xouya Take JpKepeso Terja Mae MEHIIUM BiJICOTOK IIKIIJIMBUX BUKHUIIB B aTMochepy,
HIXK, HAITPUKJIAJ, ByTULIS YU Ma3yT, W BUJ ONAJICHHS HE MOYKHA BBAXKaTH €KOJIOTIYHO

qucTUM. [lOpIBHSIBHI XapaKTEPUCTUKKU MPOAYKTIB 3rOPSHHS IajuBa HaBEICHI B TaOJl.

7.1.
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Tabmuns 7.1 — PiBHI BUKHIIB 3a0pYJHIOIOUUX PEUOBUH B aTMOC(hepy MpH CIaTOBaHHI

PI3HHX BU/IIB MTaJNBa

Bukuau 3a0pyHI0OI09MX pEYOBHH B aTMOC(EPHE MOBITPsI 0€3 CHCTEM
S — OYMILECHHS, TOHH Ha 1 THC. TOHH HaT. NannBa
CO2 NO, SO, TBepai yacTUHKHU PA3OM
(it Heopr.)

[Ipupoauuii ra3 1,18 3,52 0,00 0,00 4,70
JlpesHi Opukern, | 4 oo 9,31 0,28 4,11 17,69
neJjieTu
JlepeBuHa ApoB'sHA 49 9,4 0,3 43 18,9
Tupca nepeBHa 5,0 9,6 0,5 5,0 20,0
/lepesni Binxonu, 5,2 9,9 0,4 5,2 20,7
00pi3KH
[IBuaKO3pOCTarOUa 48 9.5 0.0 8.4 227
JIepeBHHA
Tpicka, cyuku, Kopa 5,6 11,4 0,8 13,4 31,3
Masyt 5,20 5,20 35,30 0,30 45,90
Bpuxker Topd'stHmit 8,04 26,81 3,00 13,02 50,87
Kam'sne Byrimis 9,58 63,56 9,20 65,32 147,66

[ToOyTOBI BIAXOAM — L€ 3AJIMIIKH PEYOBHH 1 MPEIMETIB, SIKI YTBOPIOIOTHCA B
pe3ynbTari moOyTOBOI Ta TOCHOMAPCHKOI MISIIBHOCTI JIIOJUHU 1 SKI HE MOXYTh OyTH
BUKOPHUCTAHI Ha MICII YTBOPEHHS, a iX HaAKOMWYEHHsS 1 30epiraHHs MOpPYIIYIOTh
CaHITapHUH CTaH HABKOJMIIHHOTO CEPEAOBHUIIIA.

Bci moOyToBI1 BiJ1Xx0/1, SIK1 yTBOPIOIOTHCS B TIPOIieci PYHKITIOHYBaHHS KOMIIaHii,
MOXHa PO3AUIMTA Ha piaki Ta TBepAl. o piakux moOyTOBUX BIAXOAIB HAJIEkKATh
HEYUCTOTU 3 BUTPEOIB TyaseTiB, MOMUI (B MUTTS TOCYAY, MIJJIOTH, TOLIO) 1 CTIYHI
BoAu (moOyTOBi, 31MBOBI). Jl0 TBepaAux MOOYTOBUX BIAXOIB MOXHA BIJIHECTU CMITTS
(moOyToOB1 BIAXOJAM) Ta KYXOHHI BIAXOAM. 30KpeMa, TBEPAMMH BIIXOJaMHU € Tarip,
KapTOH, CKJIO, TTacTMaca, MPOAYKTH XapayBaHHS.

['eHepaTOpOoM €JNEKTPOMArHiTHOTO 3a0pydHEHHS €, B MEpIIy 4Yepry, BelHuKa
KUIBKICTh KOMIT FOTEPHOI TEXHIKM Ha TepuTopii odicy. BimbimicTe 13 HUX mpairoe 8
roJMH Ha 100y, a JesKi HE BUMHKAIOTHCS IUJI0A000BO. BurnpomiHioBauamMu B TaHOMY
BUIAJIKY € 1 mpouecop, 1 MOHITOp. BUNpOMiHIOBaHHS OCTaHHBOIO 3HAYHO BUII],
0CO0IMBO MOro OiYHI 1 3aJHI CTIHKH, aJ)K€ BOHM HE MAalOTh CHEIIaJbHOIO 3aXHCHOIO
MOKPUTTSI, SIK y JIMIIbOBIA YacTUHI MOHITOpa. Kpim Toro, B odici € 1Bl KyXHi, KOXKHA 3

SKHUX O6J'IaI[HaHa 5 MiKpOXBI/IJIBOBI/IMI/I rncyamu.
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EnexktpomarHiTHe BUIIPOMIHIOBAHHS Ma€ HECHPUSTIMBUN BIUIMB HA OPraHi3M
mroauHu. Moro HacnigkaMu MOXYTb OyTH TOJIOBHHUM O151b, MOPYIIEHHS CHY, IIEpEBTOMA

1, HaBITh, Y JESKUX BHUIIaJIKaX CTCHOKAP/Iis.

7.2 Po3poOka 3axoiB 1100 3MCHIIICHHS 3a0pyTHCHHS

JInst Toro, 1mo0 3MEHIIUTH PIBEHb 3a0PY/THEHHS HABKOJIUIIHLOTO CEPEIOBHIIA,
BapTO BXXWUTH TIEBHHMX 3aXOJIiB, SIKI MIHIMI3YIOTh LIE€H BILIMB, SIKIIO HOTO HEMOXKIIHMBO
ycyHyTH 11iIKOM. Cepes TaKuX 3aXO0/IiB:

1)  OuwIineHHs TUMOBHUX ra3iB Y MOKPHX 30JI0YJIOBIIIOBaYaX.

EnextpodinbTpu Ha €IEKTPOCTAHINSX 3aCTOCOBYIOTHCS JUISL  JTOCSTHEHHS
HalOUIbII TJIMOOKOTO OYHMIIEHHS JMMOBMX Ta3iB B OCHOBHOMY Ha BEJIMKHX
eHeproo6sokax moryxHicTio 300 MBt Ta Oumbmie. Mokpi 30510yJIOBIIOBadl, SKi
MPAIOTh MPU MAJIEHBKUX IMUTOMUX BUTpaTaxX BOJW Ta HEBEIMKHX TIEpEIaiax THUCKY,
BCTAHOBJTIOIOTBCSL 3a KOTJIOArperaTaMyd CepeIHbOI MapONMpPOIyKTUBHOCTI. Y MOKPHUX
30JI0YJIOBIIIOBaYaxX YJOBJIIOBAHHS YAcCTOK 30JIM Ha IUIIBII BOJAM, SIKa CTIKa€ MO HOTO
CTIHKaX, 3IUCHIOETbCA 3a paxyHOK BIJILEHTPOBOI CHJIM, SIKa JI€ Ha YAacTKHU.
EdexTuBnicts anapara "He nepepuiye 90%.

2) BuKopHCTaHHS NPUPOJHOTO Ta3zy I ONajJeHHS O(MICHUX MNPUMIIICHb
3aMICTh JICPEBHUX IEJICTIB.

3riIHO 3 MOKa3HMKaMHM, HaBEJACHUMH B TaOi. 7.1, piBeHb MIKIIIMBUX BUKHUJIIB
BiJl 3TOPSHHS MPUPOTHOTO Ta3y € HAWHWKYHM Cepel IMepepaxOBaHWX BHIIB TaJIHBA.
[Ipore 3MiHy mKepena e€Heprii cliJ MNPOBOJUTH, BpPAXOBYIOUM EKOHOMIYHY
e()eKTUBHICTb, OCKIJIbKH BapTICTh ITUX BUIIB ITAJIMBA HE € OJTHAKOBOIO.

3) PamionanbHe M030aBIICHHS BiJl TOOYTOBUX BiJIXO/IiB.

Jlesiki moOyTOBI BiIXO/IM MOKHA O€3MEYHO CIAIOBATH JJIi OTPUMAHHS €HEepTii.
BropunHy cupoBuHYy (MakyiaTypy, CKIJIO, IJJaCTMAacH) MOKHA BIANPABISATH Ha

nepepoOKy, a HE BHBO3UTH Ha CMITTe3BaMINA. KpiM TOro, 3MEHIIUTH KIJIBKICTh
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noOyTOBUX BIAXOIB JOMOMOKE MOBTOPHE iX BUKOPUCTAHHS (HANPHUKIAMA, CKISHUX YU
IUTACTUKOBUX IUIAIIOK Ta KOHTEWHEPIB UIA 1Ki), CKOpPOYECHHSA CIOXXMBAHHS Ta
BUKOPHCTAHHSA MEHUIOI KIJIBKOCTI YITaKOBKH.

4) 3MCHIINTH PIBEHb EJICKTPOMATHITHOTO 3a0pyJHEHHS Ta 3aXWCTUTHUCS BiJ
HO0ro HaIMIpHOT'O BILIUBY.

3p0o3yMiI0, IO HEMOXJIMBO IOBHICTIO OOIWTHCS 0€3 eNeKTpOIpuiIaiiB Ta
KOMIIT IOTEepiB, MPOTe MOXKHA JEII0 3MEHIIUTH iX HEraTMBHHUM BIUIMB. J{JIs LIbOTO CIif
BUMUKATHU 3 €JIEKTPOMEPEKI KOMII IOTEPHU, TeNePOHU Ta 00 AHAHHSA, 3 IKUMHU HIXTO HE
npaitoe. Takox BapToO Yac BiJ Yacy BUXOJWTH HA MPOTYJSHKU 1 POOUTH NEPEPBH B
poOOTI 3 KOMITFOTEPOM.

[Ilo cTocyeTbcss MIKPOXBUIIBOBUX I€YEH, TO iX MOTYXHICTh MOKE 3MIHIOBATHUCH,

TOMYy dYac Big dvacy TpebOa 3BepTaTucs A0 MalcTpa, 100 KOHTPOJIOBATH DPIBEHb

BI/IHpOMiHI-OBaHHH.
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BUCHOBKHA

B xBamiikamiitHiii poO0Ti OyJ0 MOCATHYTO IOCTaBICHOT METH: IiIBUIICHHS

JOCTOBIPHOCTI OLIIHIOBAaHHS TPUBAJIOCTI IPOrpaMHUX MPOEKTIB At mainframe.,

B mporieci mpoBeeHHS JOCIIIKEHBb OIepKaHl HACTYIHI pe3yabTaTH:

1. IIpoananizoBaHo OCOOJMBOCTI, IE€peBard Ta HEIOJIKA ICHYIOUHMX MOJENIeH Ta
METO/IIB OIIHIOBAaHHsSI TPHUBAJIOCTI MPOrPaMHUX MPOEKTIB, BU3HAYEHO 3ajadi, 5Kl
HEOOXIZIHO BUPIMIUTH JJIsl JOCSATHEHHS METH JOCHIJKEHHS — II1JBUILCHHS
JIOCTOBIPHOCTI OIIIHIOBaHHS TPHBAJIOCTI MPOrpaMHHMX MpPOCKTIB s mainframe.,
AHali3 TOKa3aB, IO JJisI OTPUMAHHS JOCTOBIPHUX PpE3yJIbTaTiB HEOOX1JTHO
BUKOPUCTOBYBAaTH HENIHINAHI perpeciiHi MOAENl Ta HOPMaJli3yloue IMEepPETBOPEHHS
JUTSL eMITIPUYHUX JaHUX TPUBAJIOCTI MPOTPAMHUX MPOEKTIB.

2. Yoockonaneno HenmiuiiiHy perpeciiiny moaens ISBSG st oniHFOBaHHS TPHUBaJIOCTI
NpOTrpaMHUX MPOEKTIB it mainframe B 3ajeKHOCTI BiJ TPYIOMICTKOCTI PO3pOOKH
[IUX TMPOTPAMHUX TMPOEKTIB 3d paxyHoK TOOYAOBH DPIBHSHb TPaHUIb JIOBIPYOTO
IHTEpBaTy Ta PIBHAHb I'PAaHULb IHTEPBAY MPOrHO3YBaHHS HENIHIWHOI perpeciti, wo
00360.1€ MABUIIUTH JOCTOBIPHICTH OLIHIOBAHHS TPUBAJIOCTI MPOTPAMHUX MTPOCKTIB

s mainframe. Y aockonaneHa mozens kpama Hik ISBSG Ha 6,38% 3a SSE, Ha

7.67% 3a R? Tana 2.83%3a §.

3. Po3pobnene mporpamue 3abe3meueHHs ISl OIIHIOBAHHS TPUBAJIOCTI MPOTPaMHUX
IPOEKTIB JiIsi Mainframe 103BOJMTH CKOPOTUTH 4Yac BiAMOBITHOIO OIlIHIOBAHHS,
3a0e3neunTh 30epiraHHs Pe3yNibTaTiB OI[IHIOBAaHHS, a TAaKOXX HAJACTh IIBUIKUAN

JIOCTYT JI0 PE3yJIbTaTIB MOMEPEIHIX OIIHIOBAHbD.
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JOJATOK A
TEXHIYHE 3ABJAHHS

Beryn

HasBa nmporpamu: «O11iHIOBaHHS TPUBAJIOCTI IPOTPAMHHUX MPOCKTIBY.
[To3nauenns mporpamu: «DurationEstimate»

OO0nacTh 3aCTOCYBaHHS:

OOusacTh 3acTOCyBaHHSI NMporpaMu odOmexeHa cheporo po3poOKH MPOrpamMHOro

3a0e3neYeHHs.
1 TlincTaBu st po3poOKu

[TizcTaBoro 1151 pO3pOOKM MPOTrpaMHOro MPOAYKTY € 3aBJAaHHS HAa MariCTEPChbKy
poboty «MareMaTuuHi MOJIENI JJIs OI[IHIOBAaHHS TPUBAJIOCTI MPOrPAMHUX MPOEKTIB Ta

pO3po0OKa MPOrpaMHOro 3a0e3nedYeHHs JJIs 1X peati3aiii».
2 ITpu3HadYeHHS TPOTpaMu:
2.1 ®OyHKIIOHATBHE PU3HAYCHHS

Jlanuii mnporpaMHuUil MOPOAYKT NPU3HAYEHUM [JI OLIHIOBAHHS TPHUBAJIOCTI

MPOTrPaMHUX MPOEKTIB.
2.2 ExcnnmyaraiiiiiHe npu3HaueHHs

[Iporpama Moke BUKOPUCTOBYBATHCS /Ui OIIHIOBAHHS TPUBAJIOCTI MPOTPAMHHUX

IIPOCKTIB.
3 Bumoru 10 nporpamu
3.1 Bumoru 1o ¢hyHKIIOHATFHUX XapaKTEPUCTUK
3.1.1 Bumoru 1o cknaay QyHKIINA, 110 BUKOHYIOTHCS

HporpaMa ITOBHMHHA 33663HC‘IYB3TI/I MOJKJIUBICTh BHKOHYBAaHHS HABECACHUX HMKUYC

byHKITIH:



73

- O1iHIOBaHHS CEPEIHBOTO 3HAUEHHS TPUBAJIOCTI TPOEKTY 3 PO3POOKHU
IpOrpaMHOro 3a0e3rneueHHs] 3 BUKOPUCTAHHSIM HENiHIHHOI perpeciiiHoi mMojeni B
3JICKHOCTI BiJ TPYJOMICTKOCTI,

- OmintoBanHs 95% n0BipyOro iHTEpPBATy CEPEAHBOIO 3HAUYECHHS TPUBAJIOCTI
IPOEKTY 3 pO3pOOKU IPOrpaMHOro 3a0e3MeueHHS;

- OmiHtoBaHHs 95% 1HTEpBaly IPOTrHO3YBAHHS TPUBAJIOCTI MPOEKTY 3 PO3POOKH
MPOTPaMHOTO 3a0€3MEYEHHS;

- 30epexeHHs pe3yJIbTaTiB OLIHIOBaHHS B 0a3y JaHUX;

- [lepernmsan pe3yapTaTiB  paHille MPOBEACHUX  OLIIHIOBaHb  TPUBAJIOCTI
MPOTrpaMHUX MPOEKTIB.

3.1.2 Bumoru 10 oprasizariii BXiIHUX Ta BUX1THUX JTaHUX

BHeceHHs BX1IHUX JaHUX BUKOHYETHCS LIISIXOM iX BBEJACHHS y BIAMOBIIHI MO

dbopmu nporpamu.

Buxinni gaHi (pe3yibTaTH OLIHIOBaHHS TPHUBAJOCTI, JOBIpUM IHTEpBaIy Ta

1HTEpBaJ NepeadoavYeHHs ) MOBUHHI BUBOJIUTUCA B TaOIUII HA (hOpMI MPOTPaMHU.
3.2 Bumoru 10 Ha{iiHOCTI
3.2.1 Bumoru g0 3a0e3nedeHHs HaAIHOCTI (PYHKIIIOHYBaHHS POrpaMu

Haniiine (ctiiike) GyHKIIIOHYBaHHS MpOrpaMu Ma€ OyTH 3a0e3MeUeHO HaIIMHUM

(cTitikuM) (GYHKIIIOHYBAHHSAM OIEpaIliiHOT CUCTEMHU.

3.2.2 BiamoBa BHKOHAHHS NPOrPAMHOrO MPOAYKTY Yepe3 HEKOPEKTHI i

KOPHUCTYBauya.

BinmoBa mporpaMu MOKJIMBA BHACIHIJOK HEKOPEKTHHX [ KOpUCTyBaya MpH
B3aeMOJIi 3 omepaiiifHoo cuctemoro. [1[00 YyHUKHYTH BUHUKHEHHS BiJIMOB MPOTpaMu
3a BKA3aHOIO BHILE MNPUYMHHM HEOOXIAHO 3abe3nmeunTd cTalliabHe (DYHKIIOHYBAHHS

oreparifHoi CUCTEMH.
3.3 YMoBH ekcrutyararii

KnimaTuuHi yMOBHU eKcCIuTyaTaiii mporpaMHOTo MPOAYKTY BIAMOBIAIOTh YMOBaM

eKCIUTyaTallii anapaTHoi YaCTUHHU MEePCOHATBHOTO KOMI'TOTEpa.
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3.5 Bumoru o iHpopmaIiitHoOi Ta IporpaMHOi CyMiCHOCTI

Omepariiina cuctema, B sKiii BcTaHoBieHa Bepcis Java Runtime Environment

(JRE) ne nmxue Bepcii Java 1.8.
3.6 Bumoru 1o 3axucty iHQopMaIlii Ta nporpam
Bumoru 510 3axucty iHpopmariii Ta mporpam BiJCyTHI.
3.7 BuMoru 10 MapKyBaHHS Ta YIIAKOBKH
3.7.1 Bumoru 10 MapKyBaHHS:
Bumoru 10 MapkyBaHHsI BIJICYTHI.
3.7.2 Bumoru 10 yrnakoBKH:
Bumoru 10 ynakoBKH BIACYTHI.
3.8 Bumoru 10 TpaHCHIOPTYBaHHS Ta 30€piraHHs
Bumoru 10 TpaHCHOpPTYBaHHS TPOrpamMu BIACYTHI.
4 Bumoru 10 mporpaMHoOi JOKyMEHTarlii
Ckiag mporpaMHOi JOKyMEHTAIIIi:
TexHIUHE 3aBIAHHS,
Tekct nporpamuy;
Omnuc nporpamy;
[Iporpama i MmeToIMKa BUIPOOYBaHb;
Pe3ynbraTtu mpoXoKEHHS TECTIB;
[HCTpYKIIis KOpHCTYyBaya.
5 TexHIKO-€KOHOMIYH1 TOKa3HUKHU

ExoHomiuHa eQEeKTHBHICTh BOPOBAKEHHS  MPOrpaMHOro  3a0e3MedeHHs
po3paxoBaHa y po3auii 5. 3rigHO 3 OTPUMAHUMU pe3yJibTaTaMy BIPOBAKEHHS TaHOTO

I[13 € pouinbHUM, @ TEPMIH HOTO OKYITHOCTI CTAHOBUTDH MPHUOIU3HO 6 MICSAILIIB.

6 Ilopsi1oK KOHTPOJIIO Ta MPUINMaHHS
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KoHTponb 37ilCHIOETECS 3aMOBHMKOM Ha KOXHIA ctamii po3pooku I13.
[TpuitmaHHS 301HCHIOETBCS 3aMOBHUKOM 3a MPOTPAMOIO0 Ta METOJMKOI0 BHIPOOYBaHb.
BunpoOyBaHHs IPOBOAUTHCS B 3a3HAYCHUIN TEPMiH.

Xin mpoBeAeHHS MNPUHMAILHO-37aBaIbHUX BUIPOOYBaHb JOKYMEHTYIOTH 3a
JIOTIOMOTOI0  TIPOTOKOJIYy ~MPOBEACHHS BUMpPoOyBaHb. Ha migcTaBl  MpOTOKOIY
MPOBEICHHS BUMNPOOYBaHb BUKOHYBAaY CYMICHO 3 3aMOBHUKOM HIANUCYIOTh aKT

npUiiMaHHA-3/1a4l MPOTpaMy B €KCILTyaTallio.
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JIOJIATOK B
OITMC MPOTPAMH «OITHIOBAHHS TPUBAJIOCTI IIPOTPAMHMUX
MMPOEKTIB»

[IporpamMa mJis TOYKOBOTO Ta I1HTEPBAJbHOTO OIIHIOBAHHA TPHUBAJIOCTI

MIPOTPaMHMX MPOEKTIB I MiaT@opMu main frame B 3ajie’KHOCTI BiJl TPYAOMICTKOCTI

IMpCaAcCTaBJI€ co0010 34CTOCYHOK Ha MOBI IMporpaMyBaHHA Java, SIKWM JO3BOJIAIE

BUKOHYBATH HACTYIHI Aii:

O1iHIOBaHHS CEPEIHBOTO 3HAUEHHS TPUBAJIOCTI MPOEKTY 3 PO3pOOKHU
IPOrpamMHOro 3a0e3MeYeHHs] 3 BUKOPUCTAHHAM HEJIHIMHOI perpeciiiHoi Mozesl B
3aJIEKHOCTI B1J] TPYIOMICTKOCTI;

OmintoBanHss 95% 10BipYOro 1HTEPBATY CEPEIHBOrO 3HAYEHHS TPUBAJIOCTI
MIPOEKTY 3 PO3POOKU MPOTPAMHOTO 3a0€3MEUCHHS;

OmintoBanHs 95% 1HTEpBay MPOTHO3YBAaHHS TPUBAJIOCTI IPOEKTY 3 PO3POOKH
MPOTPAMHOTO 3a0e3TCUCHHS;

30epexeHHs pe3yJIbTaTIB OLIIHIOBAHHS B 0a3y JaHUX;

[lepernsan pe3ynpTaTiB  paHillle MPOBEACHUX  OIIHIOBaHb  TPUBAJIOCTI

MPOTPaMHMX MPOEKTIB.
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JIOJIATOK B
ITHCTPYKIISI KOMITIOTEPHOI MPOTPAMH «OITHIOBAHHS
TPUBAJIOCTI IIPOTPAMHMX MPOEKTIB»

1 BCTYII

[I# HacTaHOBa MNpuU3HayYeHa MAJs O3HAHOMJICHHS KOpHUCTyBaya 3 TEXHIYHUMU
XapaKTepUCTUKaMH 1 (PYHKIIOHAJIbHUMHU MOXJIMBOCTSIMH KOMIT'FOTEPHOI IMPOrpaMu
«O1LIHIOBaHHS TPUBAJIOCTI HIPOrPAMHHUX POEKTIBY.

Jlana mporpama npu3Hau€Ha s TOYKOBOTO Ta IHTEPBAJIBHOIO OIL[IHIOBAHHS
TPUBAJIOCTI MporpaMHUX NpoekTiB st mwiardpopm PC (personal computers), MR (mid-
range), MF (main frame) B 3ayexHoCT1 BiJ TpyAoMicTKOCTi. IIporpama € HezaiexxHuUM
IPOrpaMHUM TMPOAYKTOM, IO Mae rpadiyHuil iHTepdeiic, kUil A03BOJSE BBEACHHS
JAHUX, TMEeperyiajl pe3yJbTaTiB OLIHIOBAaHHA TPHUBAJIOCTI MPOrpaMHUX IPOEKTIB Ta

30epeKeHHS] OTPUMAHUX pe3yJIbTaTiB B 0a3y JaHUX.
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2 3ATAJIBHI BIIOMOCTI IIPO ITPOI'PAMY

2.1 Tlo3naveHHs i HaliMeHYBaHHS NPOTPaMu
HaiimenyBanns niporpamu - «OI[iHIOBaHHSI TPUBAJIOCTI MPOTPAMHUX MPOEKTIBY.

[To3nauenns mporpamu - "DurationEstimate”.

2.2 MoBu nporpaMyBaHHs, HA SIKMX HANIKCAHA MporpamMa

[Iporpama HanucaHa Ha MOBI porpaMmyBaHHs Java.

2.3 IIpu3zHaveHHs Mporpamu
OriHIOBaHHSI TPUBAJIOCTI MporpaMHUX TpoekTiB i miatrgopm PC (personal

computers), MR (mid-range), MF (main frame) B 3aJ1€KHOCTI Bil TPYIOMICTKOCTI.

2.4 MoxJIUBOCTi MporpamMmu

[Iporpama BUKOHY€E HACTYITHI (PYHKITI:

- OuiHIOBaHHSI CEPEIHBOrO0 3HAYECHHS TPUBAJIOCTI MPOEKTY 3 PO3pPOOKH
MporpamMHOro 3a0e3nedeHHs] 3 BUKOPUCTAHHSAM HEJIHIWHOT perpeciiiHoi Mozeni B
3aJIEKHOCTI BiJ] TPYIOMICTKOCTI;

- OmintoBanHs 95% n0BipyOro iHTEpPBady CEPEAHBOTO 3HAYEHHS TPUBAJIOCTI
IPOEKTY 3 pO3pOOKU IPOrpaMHOro 3a0e3neueHHs;

- OmintoBanHs 95% iHTepBay MPOTHO3YBAHHS TPUBAJIOCTI MPOEKTY 3 PO3POOKH
MIPOTPAMHOTO 3a0€3TICUCHHS,

- 30epexeHHs pe3yJIbTaTiB OLIHIOBaHHS B 0a3y JaHUX;

- [lepernsan pe3yapTaTiB  paHille MNPOBEACHUX  OI[IHIOBaHb  TPUBAJIOCTI

MPOTPaAMHUX MPOEKTIB.

2.5 O0OMe:keHHs 00/1aCTi 32CTOCYBAHHS POTrPaMu
- OO6unacTh 3acTocyBaHHS MporpaMu oOMexkeHa cheporo po3poOKHU MPOrPAMHOTO

3a0€e3IeYeHH.
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3 YMOBU 3ACTOCYBAHHA ITPOI'PAMUA

3.1 YMoBH, HEOOXi/IHi 111 BHKOHAHHA NMPOTrPaMu

CreniajibHi YMOBH 11 BAKOHAHHS ITPOTPaMU BIJICYTHI.

3.2 BuMOrH 10 TeXHIYHHX 32c00iB, HeOOXiTHUX 1JIs1 PYHKUIOHYBAHHSA
NpOrpamMu

PexoMeH10BaH1 BUMOTIH:

- 1K 3 mponecopom He HMx4e Core 11 Duo;
- OO6csr onepaTuBHOT Mam'siTi - He MeHie 1 1'6;

- HeoOxiaHuit 06csr Ha )KOPCTKOMY TUCKY - He MeHIe S0 M6.

3.3 IIporpamue 3a6e3neyeHHsl, HeoOXiHe /151 PYHKIIOHYBaAHHS MPOTrPaMu
Onmneparriiina cucrtema, B sKid BcTaHoBieHa Bepcis Java Runtime Environment

(JRE) ne amxue Bepcii Java 1.8.

4 OIIUC MPOI'PAMUA

4.1 3arajabHuWil BUIJISI CTAPTOBOI0 BiKHA NMPOrpaMu
3aranbHUi BUIJISI CTAPTOBOTO BIKHA KOMITIOTEPHOI MPOrpaMH MPEACTaBICHUN

Ha pucyHKy b.1.
CrapToBe BIKHO MICTUTh 3 TOJISI 111 BEICHHS BX1THUX JAHUX:

- TexcroBe mone «Ha3Ba mpoekTy» — M03BOJIsIE BKAa3aTH HA3BY IMPOEKTY IMPHU
HEOOX1THOCTI MOAAIBIIOr0 30€peKeHHs Pe3yIbTaTiB OLIHIOBAaHHS B 0a3y JaHUX;

- TexkctoBe mone «TpyAoOMICTKICTE» — JI03BOJIIE BHUOpaTH  3HAYCHHS
TPYJIOMICTKOCTI, sik€ OyJi€é OCHOBOIO [Jisi OIIHIOBaHHS TPHUBAJIOCTI MPOTPAMHUX
MPOEKTIB,;

- Bunanatounii cnimicok «Ilmardopma» — mo3Bosise BuOpatu miatgopmy, s
K01 po3pobIoeThest mporpamue 3adesneueHus: "[lepconanbui komm’torepu (PC)",

"Ilnargopmu cepennnoro Tpyaomictkocti (MR)", "Meiltndpeiimu (MF)".
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i N
| £ CuiHoBEaHHA TPUBANCCTI NPCTPAMHMY NDOEKTIE l = | =] ﬂ]

I[HWi npoekTh  Buxin

Hasea npoekTty

TpyooMIiCTKICTE 1000 ModUHO-200UH

Mnatcpopma Meitscbpesimm (MF) -

OUIHMTH TPUEBANICTE

MapameTep OuiHKa
1. BE2#iTE 3HAYEeHHA TPYAOMICTEOCT  |(ULine Yyucno) !
2. Bubepite nnatgopmy M3
3. HaTucHITE KHoNky "Po3paxyeaTi”

5 —

Pucynoxk b.1 — 3aranbnauii B cTapTOBOrO BiKHA KOMII'FOTEPHOI MPOTpaMu

4.2 Pe3ynabTaTH OUiHIOBAHHS TPUBAJOCTI MIPOrPAMHMX MPOEKTIB

[Ticnist BBeIGHHS BXIAHUX JaHUX Yy BKa3aHl MOJISI CTAPTOBOTO BIKHA KOPUCTYBauy
NOTPIOHO HATUCHYTH KHONKY «OIIIHUTH TPUBAIICTE». Pe3ynbratv OIlIHIOBaHHS
TpUBAJIOCTI iporpamHux mpoekTi (Ominka TpuBanocti, JloBipuuii iHTepBaI HETIHIHHOT
perpecii, [aTepBan mporHozyBaHHs) OynyTh TMOKa3aHi B TaOJMIN B HIDKHIN 4YacTHHI

BikHa niporpamu (pucyHky b.2).
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| £ CujiHicEaHHA TRPUEAACCTI NPOrpaMHMX NPOSKTIE

I[HWi npoekTH  Buxio

Hasea npoekTty FProject 1
TpyooMicTKICTE 4567 NAUHO-200UH
Mnatcopma Meitschpeiimm (MF) -
36eperti ouUiHky OUiHWTK TPUBANICTE
[MapameTep ClUiHKA
|| |Ha3ea Project 1
MNnatdopmMa MelHdpeimn (MF)

TpYAOMICTKICTE

A567 MOOWHO-TOQMH

OLHIOBaHHA TPUBANOCTI:

OL|iHKa TPMBANOCTI

11.2 micALB

05% JoBip4Wi iHTepBan

[10.3, 12.1] micAuis

i 05% |HTepBan nepeada4yeHHs

[3.7, 32.7] Mmicauis

b i
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Pucynoxk b.2 — Pe3ynbratu o1iHIOBaHHS TPUBAJIOCTI MPOTPAMHUX MPOEKTIB

[Ipn HeoOX1THOCTI pe3yJbTaTh OLIHIOBAaHHA MOXKHa 30epertd B 0a3y JaHHX,

HaTUCHYBIIM Ha KHONKY «30epertu ouiHKy». s meperisay paimie 30epeXeHux

pe3yabTariB  omiHoBaHHS (pucyHKY b.3) moTpiOHO BHOpaTH NyHKT MeHIO «lHII

IIPOEKTW» BBEPXY MPOTPaMH.

F B
[ CuiHki TPKBENOCTI NPOrpaMHKUK NPOSKTIE M
Hazea Mnatopmal  TpyoomicTkicTe | TpweanicTe | Jogipywil iHTepean| IHTepean nepenp... Jarta
Project 1 MF 4567 11.2 [10.3,12.1] [3.7.37] 2020-12-20
Project 2 MEF 5678 12.0 [11.0,13.2] [4.0, 4.0] 2020-12-20
Project 3 MF G789 12.8 [11.6, 14.1] [4.3, 4.3 2020-12-20

Pucynok b.3 — [lepersia 30epekeHrX pe3ynbTaTiB OLIHIOBAHHS TPUBAJIOCTI

MIPOTPaMHUX MPOEKTIB
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JTOJIATOK I
IMPOTPAMA TA METOJIMKA BUTIPOBYBAHbB

O06'exT BUNIpoOyBaHb

[loBHe wHailiMenyBaHHs mnporpamu: OIIIHIOBaHHS TPHUBAJIOCTI MPOTPAMHHUX

MIPOCKTIB.

KopoTka xapakTepucTuKa Taiy3l 3acToCcyBaHHS: cdepa po3poOKH MPOrpamMHOro

3a0€e3IeueHH.

Merta BurnpoOyBaHb

Meta npoBeneHHs BUIPOOYyBaHb — MEPEBIPKa BIANOBIIHOCTI XapaKTEPHUCTHK
PO3pO0JIEHOTO MPOTPaMHOT0 3a0e3MeueHHs (PYHKITIOHAIbHUM 1 OKPEMHUM 1HIIIUM BUJIaM

BUMOT, BUKJIQJICHUX B JOKyYMEHT1 TeXHiuHE 3aBIaHHS.

Bumoru o nmporpamu

[Iporpama mnoBuHHa 3a0e3nedyyBaTH  MOXJIMBICTb ~ BUKOHAHHS  HUXKYE

nepepaxoBaHuX (PYHKITIH:

O1uiHIOBaHHSI CEPEIHbOrO0 3HAYEHHS TPUBAJIOCTI TMPOEKTY 3 PO3POOKH
MpOrpamMHOro 3a0e3MeUeHHsT 3 BHKOPHUCTAHHSIM HEIIHIMHOI perpeciiHol

MOJICJTi B 3aJIEKHOCTI BiJl TPYJOMICTKOCTI;

OnintoBanHss 95% n0BIpYOro 1HTEpBATY CEPEIHBOrO 3HAYEHHS TPUBAJIOCTI

MIPOEKTY 3 PO3POOKH ITPOTPaMHOTO 3a0€3TICUCHHS;

OnixtoBanHs 95% 1HTEpBay NPOTHO3YBAHHS TPUBAJIOCTI MPOEKTY 3 PO3POOKH

POTrPaMHOI0 3a0€3MCUCHHS;

30epexeHHs Pe3yJIbTaTiB OLIHIOBAHHS B 0a3y JaHUX;

[lepernsiny  pe3ynbTaTiB  paHillie MPOBEJCHUX  OIIHIOBaHb  TPHUBAJIOCTI

MPOTPaMHUX MPOEKTIB.
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Bumoru 1o mporpamMHoi 1oKyMeHTaIlii

[TporpaMHa JOKyMEHTAIIis] MICTHUTD:

TEXHIYHE 3aBJIaHHS;

- OIUC TIPOTPaAMH,

- TIOSICHIOBAJIbHA 3aITHCKa;
- 1HCTPYKIIISI KOPUCTYyBaya;

- Iporpama Ta METOJMKa BUIIPOOYBaHb;

TCKCT IIPpOIpaMHu.

3aco0u 1 TOpsAI0K BUIIPOOYBAHb

B mpoueci TectyBaHHs Oysio MepeBIpeHO (PYHKIIOHAIBHICTh cUCTEMHU. B xomi

TeCTyBaHHs 0yJI0 MepeBipeHO QYHKIIIOHATBEHI MOKIMBOCTI IPOTPaMHU.

CepenoBuiile BUKOHAHHS:

- Omnepamiiina cuctema Windows 7 64bit Home edition;
- Java 7.

- IIK 3 mpouecopom Intel 15 2,4GHz.

[Topsinok BUMpoOyBaHb:
— Po6ota Ha pi3HKUX MOHITOpAX;
— TepeBIpKa BiI0OpaKEHHS WIPUPTIB;

— TepeBIpKa BIIACTUBOCTEH KOXHOI (OpMHU: 3arojoBKIB, TPYAOMICTKOCTI,

pO3TalllyBaHHS €JIEMEHTIB;

— TIepeBIpKa 3MICTy KOXXHOI (OopMU Ha BIAMOBIJHICT, BUXITHUM MaTepiaiam

3aMOBHHKA ¥ TIEpeBipKa MpaBOMKUCY Ha KOXHIN (hopmi,
— TMepeBipKa KOPEKTHOCTI OI[IHIOBAHHS TPUBAJIOCTI;

— TepeBipka 30epeKeHHs Ta 3UUTYBaHHS pe3ybTaTiB 3 0a3u JaHUX.
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MeTtoau BunpoOyBaHb

TecryBanus monyniB [13 Oyno mpoBeaeHO METOAAMH «YOPHOI CKPHUHBKH» Ta

«O1J101 CKPUHBKH

PesynbpTaTu BunpoOyBaHb

[linTBepyKeHI  MOXJIMBOCTI Ta  (YHKIII  IporpaMHOro  3a0e3MeueHHS

«O1iHIOBaHHS TPUBAIOCTI MPOTPAMHUX MPOEKTIBY.

BizomMocTi nipo BiIMOBH, 3001 1 aBapiiiHi CUTYyalii

BinmoB, 300iB 1 aBapiiHUX CUTYalliil B IpoLEec BUIPOOYBAaHb HE CIIOCTEPITaioCs..

1TOMOCTI PO KOPUTYBAHHS I1apaMETPIB KTa BHUII BaHb Ta TEXHIYHOI
BigomocTti npo kopurysa apaMeTpiB 00’€KTa o0yBa a TEXHIYHO1

JTOKYMEHTAITl i

KopuryBanns mapamerpiB 00’ekTa BUNPOOYBaHb Ta TEXHIYHOI JIOKyMEHTAIlii B

npolieci BUIPOoOyBaHb HE MPOBOAMIIOCS.
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JOJATOK 11
TEKCT ITPOTPAMU

Kuaac EstimationApp
package EstimationApp;

import EstimationApp.forms.EstimationForm;
import EstimationApp.forms.ProjectsForm;
import oracle.toplink.essentials.config.TopLinkProperties;

import javax.persistence.EntityManager;
import javax.persistence.Persistence;
import javax.swing.*;

import java.awt.event.*;

import java.io.File;

import java.net.MalformedURLException;
import java.net.URL;

import java.util.Properties;

public class EstimationApp {

static JFrame estimationFrame;
static EstimationForm estimationForm;

static JDialog projectsFrame;
static ProjectsForm projectsForm;

static public EntityManager em;

public static void main (String[] args) ({

setupEntityManager () ;

estimationFrame = new JFrame ("OLliHIOBaHHS TPUBaJIOCT1
IpoTrpaMHUX OpoekTir") ;

estimationForm = new EstimationForm () ;

estimationForm.setupUIComponents () ;

setupMenu () ;

estimationFrame.setContentPane (estimationForm.$$$getRootCompone

nts$ss());

estimationFrame.setDefaultCloseOperation (WindowConstants.EXIT O
N CLOSE) ;
estimationFrame.pack() ;
estimationFrame.setVisible (true);
estimationFrame.setLocationRelativeTo (null);
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private static void setupEntityManager () {
Properties database properties = new Properties();
database properties.put (TopLinkProperties.JDBC URL,

EstimationApp.getdDBCUrl ()) ;
em = Persistence.createEntityManagerFactory("dur est.db",

database properties) .createEntityManager();

}

private static void setupMenu() {
JMenuBar menuBar = new JMenuBar () :;
JMenu menultem;

menultem = new JMenu ("Ixmi npoextu");
menultem.addItemListener (new ItemListener () {
@Override

public void itemStateChanged (ItemEvent e) {
if (ItemEvent.SELECTED!=e.getStateChange())

return;

((JMenu) e.getSource()) .setSelected(false);
showProjectsFrame () ;

1)

menuBar.add (menultem) ;

menultem = new JMenu ("Buxing"):;
menultem.addItemListener (new ItemListener () {
@Override
public void itemStateChanged (ItemEvent e) {
if (ItemEvent.SELECTED!=e.getStateChange())

return;
exit ();

1)
menuBar.add (menultem) ;
estimationFrame.setJMenuBar (menuBar) ;

public static String getJDBCUrl () {

try {
File db file = new File("eff est.db");

return new

URL("file:jdbc:sglite:"+db file.getAbsolutePath()) .getPath();
} catch (MalformedURLException e) {
exit (e);

}

return null;

public static void showProjectsFrame () {
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projectsFrame = new JDialog(estimationFrame, "OuiHkwu
TPMBAJIOCT1 NporpaMHMX NOpoekTie", true);

projectsFrame.setResizable (true) ;

projectsForm = new ProjectsForm();

projectsForm.setupUIComponents () ;

projectsFrame.setContentPane (projectsForm. $$$getRootComponent$s

$());

projectsFrame.setDefaultCloseOperation (WindowConstants.DISPOSE
ON CLOSE) ;
projectsFrame.pack() ;
projectsFrame.setVisible (true) ;

public static void exit (Exception e) {
e.printStackTrace (System.err) ;
exit () ;

}

public static void exit () {
estimationFrame.setVisible (false);
estimationFrame.dispose();

Kuac ProjectsForm
package EstimationApp.forms;

import EstimationApp.EstimationApp;

import EstimationApp.models.Estimation;

import com.intellij.uiDesigner.core.GridConstraints;

import com.intellij.uiDesigner.core.GridLayoutManager;

import org.jdesktop.observablecollections.ObservableCollections;
import org.jdesktop.observablecollections.Observablelist;

import javax.persistence.Query;
import javax.swing.¥*;
import java.awt.*;

public class ProjectsForm {

private JPanel View;
private JTable estimationsListTable;

public Observablelist<Estimation> estimationList;

public ProjectsForm() {
Query query =
EstimationApp.em.createNamedQuery ("Estimation.findA11l");
estimationList =
ObservableCollections.observablelList (query.getResultList())
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}

public void setupUIComponents () {
final EstimationsDataModel dataModel = new
EstimationsDataModel (estimationlList) ;
estimationsListTable.setModel (dataModel) ;

estimationsListTable.getColumnModel () .getColumn (1) .setMaxWidth (
80) ;

estimationsListTable.getColumnModel () .getColumn (3) .setMaxWidth (
80) ;

estimationsListTable.getColumnModel () .getColumn (6) . setMaxWidth (
90) s

estimationsListTable.getColumnModel () .getColumn (6) .setPreferred
Width (90) ;
}

/**
* @noinspection ALL
*/
private Font $$SgetFont$$$(String fontName, int style, int
size, Font currentFont) ({
if (currentFont == null) {
return null;

}

String resultName;

if (fontName == null) {
resultName = currentFont.getName () ;
} else {

Font testFont = new Font (fontName, Font.PLAIN, 10);
if (testFont.canDisplay('a') &&

testFont.canDisplay ('1'")) {
resultName = fontName;
} else {
resultName = currentFont.getName () ;

}
}

return new Font (resultName, style >= 0 ? style
currentFont.getStyle(), size >= 0 ? size : currentFont.getSize());

}

{
// GUI initializer generated by IntelliJ IDEA GUI Designer

// >>> IMPORTANT!! <<<
// DO NOT EDIT OR ADD ANY CODE HERE!
$$SsetupUISSS () ;

}

/**
* Method generated by IntelliJ IDEA GUI Designer
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>>> IMPORTANT!! <<<
DO NOT edit this method OR call it in your code!

@noinspection ALL
/
private void $$SsetupUISSS () |
View = new JPanel () ;
View.setLayout (new GridLayoutManager (l, 1, new Insets (10,
10, 10, 10), -1, -1));
Font ViewFont = this.$$$getFont$$$ (null, -1, 16,
View.getFont ());
if (ViewFont != null) {
View.setFont (ViewFont) ;

*
*
*
*
*

}

View.setPreferredSize (new Dimension (1000, 600));

final JScrollPane scrollPanel = new JScrollPane();

View.add (scrollPanel, new GridConstraints (0, 0, 1, 1,
GridConstraints.ANCHOR CENTER, GridConstraints.FILL BOTH,
GridCOnStraints.SIZEPOLICY_CAN_SHRINK |
GridConstraints.SIZEPOLICY WANT GROW,
GridCOnStraints.SIZEPOLICY_CAN_SHRINK |
GridConstraints.SIZEPOLICY WANT GROW, null, null, null, 0, false));

estimationsListTable = new JTable();

estimationsListTable.setAutoCreateRowSorter (true) ;

estimationsListTable.setAutoResizeMode (4) ;

estimationsListTable.setFillsViewportHeight (true);

Font estimationsListTableFont = this.$$$getFont$S$$ (null, -
1, 14, estimationsListTable.getFont());

if (estimationsListTableFont != null) {

estimationsListTable.setFont (estimationsListTableFont) ;

}

estimationsListTable.setShowHorizontallines (true);
scrollPanel.setViewportView (estimationsListTable) ;

}
/**

* @noinspection ALL
*/
public JComponent $$S$SgetRootComponent$s$$() { return View; }

Kuaac EstimationResults
package EstimationApp.forms;

import DataProcess.DataAnalyze;
import DataProcess.LinearRegression;
import ISBSG.ISBSG;

import Util.MathUtil;
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import javax.swing.table.DefaultTableModel;
import java.util.ArraylList;

public class EstimationResults extends DefaultTableModel ({

public String title;

public ISBSG.type platform;
public Integer size;

public ISBSG.LRParameters rp;

public Double effort;

public Double effort confidence interval bottom;
public Double effort confidence interval top;
public Double effort estimation interval bottom;
public Double effort estimation interval top;

public EstimationResults () {
super (new Stringl[] {"IlapameTep", "Ouinxa"}, 0);
addRow (new String[] {"1. BkxaxiTb 3HaAUYEHHs TPYIOMiCTKOCTI
n3", " (ugimne uywmcio)"});
addRow (new String[] {"2. BubepiTe nnardopmy I3", ""1});
addRow (new String[] {"3. HarumcHiTh kHONKy \"PospaxysaTtu\"",

""});
}

public void fillResults () {
setRowCount (0) ;

rp = platform.getLRParameters();
double tStudent = DataAnalyze.getTStudent (rp.n -
LinearRegression.k, 0.025); //p = 0.95

double e z = Math.loglO(size.doubleValue());

double t z estimate = LinearRegression.estimateY (e z,
rp.b0, rp.bl);

double t z estimate 11 =
LinearRegression.estimateYConfidence (e z, rp.b0, rp.bl, false,
false, rp.sse, rp.x avg, rp.Sxx, rp.n, tStudent);

double t z estimate rl =
LinearRegression.estimateYConfidence(e z, rp.b0, rp.bl, true, false,
rp.sse, rp.x avg, rp.Sxx, rp.n, tStudent);

double t z estimate 12 =
LinearRegression.estimateYConfidence(e z, rp.b0, rp.bl, false, true,
rp.sse, rp.x avg, rp.Sxx, rp.n, tStudent);

double t z estimate r2 =
LinearRegression.estimateYConfidence(e z, rp.b0, rp.bl, true, true,
rp.sse, rp.xX avg, rp.Sxx, rp.n, tStudent);

effort = MathUtil.round(Math.pow (10, t z estimate), 1);
effort confidence interval bottom =

MathUtil.round (Math.pow (10, t z estimate 11), 1);
effort confidence interval top =

MathUtil.round (Math.pow (10, t z estimate rl), 1);
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effort estimation interval bottom =
MathUtil.round (Math.pow (10, t z estimate 12), 1);

effort estimation interval top =
MathUtil.round (Math.pow (10, t z estimate r2), 1);

addRow (new String[] {"Hazma", this.title});

addRow (new Stringl[] {"Onardopma,
this.platform.toString () });

addRow (new String[] {"TpyzmomicTxkicTe", size.toString() + "
OYHKI1OHANBHUX TOUOK"}) ;

addRow (new String[]1{"", ""1});

addRow (new Stringl[]{"OuinwoBanusa TpueajocTi:", ""});

addRow (new String[] {"Ouinka TpueamocTi", effort.toString()
+ " gopmHo-TOIMH"1}) ;

addRow (new Stringl[]{"95% HoBipummt iuTepmBan", "[" +
effort confidence interval bottom + ", " +
effort confidence interval top + "] smoomHOo-TOmMH"});

addRow (new String[]{"95% InTepman nependauenHa", "[" +
effort estimation interval bottom + ", " +
effort estimation interval top + "] mwomHO-TOOMH"});

}
}

Kaac LinearRegression
package DataProcess;
import Util.MathUtil;
import java.util.ArrayList;
import java.util.Arrays;
import java.util.List;

public class LinearRegression {

List<Double> x;
public DataAnalyzeGauss ds x;

List<Double> vy;
public DataAnalyzeGauss ds y;

List<Double> predicted y;

List<Double> residuals;
DataStat ds residuals;

public Double bO0;
public Double bl;

public static final int k = 2;
public int n;



public double tStudent;

public LinearRegression (List<Double> x,
setVariables(x, vy);
calculateCoefficients () ;
calculateResiduals();

}

public LinearRegression (List<Double> x,

double bl) {
setVariables (x,
this.b0 = b0;
this.bl = bl;
calculateResiduals () ;

b0,
v) i

}

protected
this.x
ds x =

new DataAnalyzeGauss (x) ;

this.y = vy;
ds y = new DataAnalyzeGauss(y);

n = x.size();
tStudent =
0.95

}

public void calculateResiduals () {
predicted y =

residuals = new ArrayList<Double> (n

(int 1 = 0; 1 < n; 1i++) {
double yi = b0 + bl *x.get (1)
predicted y.add(yi);
residuals.add(y.get (i)

for

}

ds_residuals =

}

protected void calculateCoefficients()
double x avg = ds x.getAvg();
double y avg = ds y.getAvg();

double s = 0;
for (int 1 = 0; i < n; 1i++)
s += (x.get (1) - x avg) *
bl = s / (ds_x.getMoment (2) * n);
b0 = y avg - bl * x avg;

void setVariables (List<Double> x,

DataAnalyze.getTStudent (n - k,

(y.get (1)

List<Double> vy)

List<Double> vy,

0.025);

new ArrayList<Double> () ;

) ;

- predicted y.get(i));

new DataStat (residuals) ;

{

-y avqg);

{

double

List<Double> vy)

//p
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}
/** Sum of squares due to regression */
public double SSR() {
if (true)
return SST() - SSE();
double avg y = ds y.getAvg();
double S = 0;
for (double y : predicted y)
S += Math.pow(y - avg y, 2);

return S;

}

/** Sum of squares due to error */
public double SSE() { return ds residuals.getSumPow(2); }

/** Total sum of squares. SST = SSR + SSE */
public double SST() { return ds y.getMoment (2) * n; }

public double MSR() { return SSR() / (k - 1) ; }

public double MSE() { return SSE() / (n - k); }

public double standardError () { return Math.sqrt (MSE()); }
public double FRatio() { return MSR() / MSE(); }

/** R-squared */

public double R2() { return 1 - SSE()/SST(); }

/** R-squared adjusted */

public double R2Adjusted() { return 1 - (1-R2()) * (n - 1) / (n
- k); }

public double t b0 () {
return Math.abs (b0) * Math.sgrt(n -
k) /ds residuals.getSgDerivation();

}

public double t bl () {
return Math.abs(bl) * Math.sgrt(n -
k) /ds_residuals.getSgDerivation () *ds x.getSgDerivation();

}

/** hl */
public double leverage(int i) {
return 1./n + Math.pow(x.get (i)-ds x.getAvg(), 2) / (n-1) /

ds x.getDisp();
}



/** mi */
public double getResidualSE (int i) { return Math.sqgrt (MSE() *
(1 - leverage(i))); 1}

public double getStandardizedResidual (int i) { return
residuals.get (i) / Math.sqgrt (MSE()); }

/** rtl */
public double getlInternallyStudentizedResidual (int i) { return
residuals.get (i) / getResidualSE(i); }

/** rt(i) */
public double getExternallyStudentizedResidual (int i) {
double i stud residual =
getInternallyStudentizedResidual (i) ;
int v =n - k;
return i stud residual * Math.sqgrt((v-1)/(v-
1 stud residual*i stud residual));

}

public double getCriticalleverage() { return 2.5 * k / n; }

public double getCriticalExternallyStudentizedResidual () {
return 2.; }

public double estimateY (double x) {
return estimateY (x, b0, bl);

}

public static double estimateY (double x, double b0, double bl)

return b0 + bl * x;
}

public double estimateYConfidence (double x, boolean left side,
boolean for values) {
double x avg = ds_ x.getAvg();
double Sxx = ds x.getMoment (2) * n;
return estimateYConfidence (x, b0, bl, left side,
for values, SSE(), x avg, SxxX, n, tStudent);

}

public static double estimateYConfidence (double x, double b0,
double bl, boolean top, boolean for values, double sse, double
x_avg, double Sxx, int n, double tStudent) ({
double sign = top ? +1 : -1;
double k1l = for values ? 1 : 0;
return estimateY (x, b0, bl) + sign * tStudent *
Math.sqgrt(sse/(n - k)) * Math.sqgrt(kl + 1./n + Math.pow(x - x avg,
2) / Sxx);
}

public void printIsolatedEntries () {
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double criticallLeverage = getCriticalleverage();
System.out.println("Critical Leverage="+ criticalleverage);
for (int i = 0; 1 < n; 1i++) {

final double leverage = leverage(i);
if (leverage < criticalleverage )
continue;

[

System.out.println(i + String.format (" %.6g",
leverage)) ;

}

System.out.println();
double criticalExternallyStudentizedResidual =
getCriticalExternallyStudentizedResidual () ;
System.out.println("Critical Studentized Residual="+
criticalExternallyStudentizedResidual) ;
for (int i = 0; 1 < n; 1i++) {
final double stud residual =
getExternallyStudentizedResidual (1) ;
1f (stud residual <
criticalExternallyStudentizedResidual)
continue;
System.out.println(i + String.format (" %.6g",
stud residual));
}
}

public List<Integer> getIsolatedIndexes () {
double criticalleverage = getCriticalleverage();
double criticalExternallyStudentizedResidual =
getCriticalExternallyStudentizedResidual () ;

List<Integer> isolated = new ArrayList<Integer>();
for (Integer i = 0; 1 < n; 1i++) {
final double leverage = leverage(i);
final double stud residual =
getExternallyStudentizedResidual (i) ;
if (leverage < criticalleverage && stud residual <
criticalExternallyStudentizedResidual)
continue;

isolated.add (i) ;
if (true)

continue;

System.out.print (i) ;

if (! (leverage < criticalleverage))
System.out.print (" High leverage");
if (! (stud residual <

criticalExternallyStudentizedResidual))
System.out.print (" High residual");
System.out.println();



}

return isolated;

Kuaac Estimation

package EstimationApp.models;

import javax.persistence.*;

@Entity

@Table (name = "estimations", catalog = "", schema = "")
@NamedQueries ({

@NamedQuery (name="Estimation.findAll", query="SELECT e FROM
Estimation e"),

})

public class Estimation extends AppModel {

public
public
public
public
public
public
public
public
public

String title;

String platform;

Integer size;

Double effort;

Double effort confidence interval bottom;
Double effort confidence interval top;
Double effort estimation interval bottom;
Double effort estimation interval top;
String created;

@Override
protected Class getEntityClass () {
return Estimation.class;

}

Kaac AppModel

package EstimationApp.models;

import javax.persistence.*;

import java.

io.Serializable;

@MappedSuperclass
public abstract class AppModel implements Serializable {

@Id
public

Integer 1id;

public AppModel () {

}

96
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public AppModel (Integer id) {
this.id = id;
}

public Integer getId() {
return id;

}

public void setId(Integer id) {
System.out.println("Id set to "+id);
this.id = id;

}

@Override

public int hashCode () {
int hash = 0;
hash += (id != null ? id.hashCode() : 0);
return hash;

}

@Override
public boolean equals (Object object) {
// TODO: Warning - this method won't work in the case the
id fields are not set
if (!'this.getEntityClass () .isInstance (object))
return false;

AppModel other = (AppModel) object;
return ! ((this.id == null && other.id !'= null) || (this.id
!= null && !this.id.equals(other.id)));
}

protected abstract Class<? extends AppModel> getEntityClass();

@Override
public String toString() {

return getClass () .getSimpleName ()+"[1id=" + id + "]";
}

Knac LRParameters

public class LRParameters {
public double bO0O;
public double bl;
public double sse;
public double x avg;
public double Sxx;
public int n;



LRParameters (double b0, double bl, double sse,

x avg, double Sxx,
this
this
this
this
this
this

int n) {

.b0 = b0;

bl = bl;

.Sse = sse;
.X_avg = X _avg;
.SXX = SXX;

.n = ny

double
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