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JUHAMMNYECKAS MOJIEJIb IINTAHUPOBAHUSA YJIYUYLHIEHUSA KAYECTBA ITPOLECCA
PA3PABOTKHN TIPOI'PAMMHOI'O OBECIIEYEHUSA

Ilpeanaraercs MOAEIb CPEIHECPOYHOrO IUIAHUPOBAHMS (JMHAMHUYECKas IIOCTAHOBKA 3aja4yM) YIYdIICHHs KadecTBa Ipolecca pa3paboTKH
IporpaMMHOro odecmedeHus Ha ocHoBe TexHonorun CMMI (capability maturity model integration), mpenctaBisromeil co00il MOJEIb 3PEIOCTH.
Hcronp30BaHbl (yHKIMH HOJIE3HOCTH ABYX IPYIIT KPUTEPUEB: CTEIICHN JJOCTHXKEHHUS LieneBoro npodaiiiia 1 pecypcHoro obecrieueHus (pUHAHCOBAs U
BPEMCHHas COCTaBJIIoIINE). PelleHne NaHHOI 3aia4yu ompenelseT LeaeBoi npodaii, KOTOphIl B JajbHEHIIEM COCTABUT OCHOBY CTaTHYECKOI

TTOCTAaHOBKHY 3aJa4H.

KiioueBble ¢10Ba: Ka4eCTBO, MOJIENb 3PENOCTH, (PYHKIHMS MOIE3HOCTH, LIeJeBOil Ipodaiin, AHHAMUYECKas MOJCIb.

BBenenne. B nacrosmee Bpems pa3zpaboTka Mpo-
rpammHoro obecrieuenus (I10) sBrnseTcs omHONW W3 TIIaB-
HBIX COCTaBJAIOIIMX OKOHOMHUKH YkpauHbel. CeromgHs
BBICOKOE KadecTBO mporecca paspadorku (IIP) ITO Boc-
MPUHUMAETCSl KaK 00s3aTeNnbHBIl KOMIOHEHT. [loaTomy
JUIl KOMITaHUH—Pa3pabOTINKOB BONPOC OOECTICUeHHs Ka-
yectBa [1O saBisercs ogHuM U3 nepBoouepennsix. Cyre-
CTBYIOT pAa3iIM4HBIE CTaHAAPThHI, peErIaMEHTHPYIOIIHe
HaOOpBI MPOIECCOB KM3HEHHOIO ITMKJIAa MPOTPaMMHBIX
cuctem, takue kak IEEE, ISO — 12207, CMMI [1] u apy-
rue. Llenp 3THX CTaHAapTOB — rapaHTUPOBATh, YTO KOHEU-
HBIE TpPONYKT OyZeT COOTBETCTBOBATH TPeOOBAHUSIM
PBIHKA ¥ yJOBJIETBOPATh KOHEUHBIX MONb30BaTeneil. [ no-
KocTh HempepbiBHOH Moaenu CMMI [2, 3] mo3Boaser
KOMITaHWH pa3pabOTYNKOB OLEHHUTh HamOoOjee BaXKHBIC
stansl 1P T1O, a Tak ke ypoBEHb 3pEOCTH BCEro Ipo-
necca paspadorku [10. B paborax [4, 5] BuepBbie mpoBe-
nena ¢dopmammzanus moxenu CMMI u  paspaborana
MaTeMaTHuecKasi JWHAMHYecKass MOJAEIb U aJTOPUTM
IUTaHUpOBaHMA ymyumieHus kadectBa [IP I10. Mccaeno-
BaHUS MOKa3aiH, 4yTo 3amada spisiercs NP—cimoxuo#. I1o-
3TOMY aKTYaJIBHBIMHU SBISIOTCS IajbHEHIINE HCCIIE0Ba-
HUS, TIOCBSIIEHHBIE YCOBEPIIEHCTBOBAHUIO MOJEIH U al-
TOpUTMa C TOYKH 3PEHHUS, COOTBETCTBEHHO, aJICKBAaTHOCTH
[P I1O u ckopocTH paboTEHI.

IlocranoBka mnpoGuaembl. 3ajaya MJIAHUPOBAHUS
yiyarnenus: kadecta [1P 1O MoxeT OBITH IpeacTaBiIeHa
B BHUJIE TPOOJIEMBI CKOJIB3SIIETO [UIAHUPOBAHMUS, KOTOPOE
IIPEATIoaraeT CHHTE3 CTaTHYECKUX M AMHAMUYECKHUX MO-
nenert (MoJienel TeKymero U CpeaHeCpOYHOro TUIaHUPO-
BaHus). B pabote [6] ObumM pa3paboTaHBl CTaTHYECKHE
MOJIeNY TUTaHUpOBaHMA ymydmieHus kadectsa [IP I1O Ha
ocHoBe Mojienu 3penoctu CMMI.

IIpy pMHaMHUYECKOM IIOCTAHOBKE CTOMT 3ajaya
OTIpeJIeTIeHUs] ONTUMAJIFHOTO BapuaHTa NpojBkeHus [1P
I1O na HekoTopoM miaHoBoM mepuoge [0,T] k Oonee BbI-
COKOMY YPOBHIO KauecTBa, rae 7 — MpOJOJIKUTEIBHOCTh
paccMaTpruBaeMoro IIaHOBOTO Iieproaa. B padore kavec-
TBO XapaKTEpPH3YeTCs] abTEPHATHBHBIMH BapHaHTaMH
npoasmkenus [1P T1IO k Goiee BEICOKOMY YPOBHIO 3peiio-
ctu cormacHo mozenmn CMMI, a Tak ke CTpaTerwsiMu
WCTIONB30BAaHUS PA3IMYHBIX BUIOB PECYPCOB UIS JOCTH-
YKESHHUS OIIPEJEIICHHOTO YPOBHS 3PEIOCTH.

Lempto  wnccmemoBaHust — sBISiETCS  pa3padoTka
IUHAMAYECKOH MOZENH TIJIAHWPOBAHUS  YIyYIICHUS
kadgectBa [IP [1O Ha ocHOBE (QYHKIMI IOJIE3HOCTH IBYX
IpYII KPUTEPHUEB:

1) creneHp NOCTIDKEHHS [IEJIEBOTO Mpodaiina;

2) pecypcHoe obecrieueHue ((PMHAHCH U BpeMsi).

Mogeib cpeHeCpPOYHOr0 IUIAHHMPOBAaHUS (AUHA-
MHUYecKasi NMOCTaHOBKa 3aaaum). [Ipennaraercs uene-
ByI0 (YHKIHIO JTUHAMHYECKOW Monenu (opMHpOBAaTh B
BUJE AaIAWTHBHOW (YHKIMM, KaXIas COCTABILIONIAs
KOTOPOW MpEACTAaBIsIET MPUPOCT (PYHKUUHM TOJIE3HOCTH
[7] Ha cooTBeTcTByIOLIEM MOANCPUOJEC TMIAHUPOBAHMUSL.
Tak kak (yHKIMS MOJE3HOCTH COCTOMT M3 JIBYX TPYIII
KpPHUTEpHEB, paccMOTpuM (opMHpOBaHHE €€ OTIENbHBIX
coctaBisomux. B pabore [6] cuHTe3upoBaHa (GYHKIHS
MOJIE3HOCTH YaCTHOTO KPHUTEPUSI CTENEHH JOCTHXKEHHS

HeneBoro mpodaitna P, ({Xii (t)}) Ha ypoBHE |- (okyc-

HOM o6nactu. JluckperHas nepemennas X.(t) mpuanmaer

3HaYCHUs LEJbIX YHCell, KaXKI0e M3 KOTOPBIX COOTBETCT-
BYeT YPOBHIO BO3MOXXHOCTH j-i IPaKTHUKH, KOTOpasi yJac-
TBYET B 00CCIICUCHUH NOCTHXKSHUS S -# menu | -i dokyc-
HOIt 00nacTH Ha t-M NOANIEPHO/E TIIAHUPOBAHMSL.

Toraa Benum4nHa NPUPOCTA (PYHKLIUH MOTE3HOCTH HA
t-M moamepuone IUIAHUPOBAHMS IS KaXIOH paccMarpu-
BacMOi (DOKYCHOIl 00JaCTH 3amMCHIBACTCS CIIETYIOIIHM
obpazom

AR ({X -2} (X)) =

=Py (X @})-Ru ({e-D}) te[1T].
Hcxomst w3 TOCTpOeHWs (DYHKIMH TIOJE3HOCTH
crenyer, uto P, ({Xii (O)}) =0 Vi.

Ipupoct ¢yHkuuM TONE3HOCTH |-if Kareropuu B
npenenaax K-ro ypoBHs 3penocTH Ha t-M moamepuone
3alMIIeM CIeIyIomNM 00pa3oM

AQ ({Xii (t _1)} , {Xijs (t)}) =

= > vt (e} o}), te[LT],

iel,
rae
Y. 20,i€ I&,Zyilzl, lel, keK.

P
iel,
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IIpn sToM Oymem cumTaTh, 4TO BCE paccMarpuBac-
MbIe B paboTe BecoBble KOA((UIMEHTH BaXXKHOCTH HE
MEHSIOTCA B TEUEHHE PACCMAaTPHBAEMOTO MJIAHOBOTO MOJ-
MEPHOJIa U AaHATIOTUYHBI TEM, KOTOPBIE UCTIONB3YIOTCS TIPU
CTaTHYEeCKOil TocTaHOBKe 3anaud. IIpupocThl GyHKIMHA
MOJIE3HOCTH, COOTBETCTBEHHO, HAa YPOBHE OTJEJIBHBIX
kareropuit mogenu CMMI u Ha ypoBHe Bcero IIP IIO
HUMEIOT BUJ

AW ({xig t-D}.{x (t)}) -

=3 8uAQ ({xia-n}{x®}), te[LT],

keK

rae
8y 20,keK, > §,=1leL=[]L.
keK keK
AV (2t -1, x(1) =
= AW (Ixi -k !), te1,T],
%}Th 1 ({ |s( )} { ()}) E[ ]
rae
n>0,le L,Zn'lzl.
leL
C uenpio YHpouUleHWs NalbHEWIIUX 3amuceld BBe-
JICHBI MAaTPHIIBI x(t) = {Xijs (t)}, te [O,T],

onpenensawomue coctoanua 1P IIO na t-m nmonmepuozne
IJIAHUPOBAHMUSL.

[TpupocT (QyHKIMU MOJIE3HOCTH, KOTOPBIA peann3o-
BaH K Hayajy [EPBOro MOANCPUO/IA TAHUPOBAHUS OyIeT
npuHocuTh 1oJs3y 1P 1O Ha mpoTsHKEHUH BCEro IUIaHO-

BOTO IEpHOIA [1,T] (Ha xaxmoMm w3 T TOANEPHOAOB).

[IpupocT GyHKIMH TOJE3HOCTH, PEaTM30BAaHHBIA K Ha-
Yairy BTOPOTO MOATIEPHOa, OyJAeT IPUHOCUTH Mob3y 1P
I1O Ha mpoTsHKeHHH MocHenyomux 7—1 moameprosoB u
T.J., IPUPOCT (PYHKIUH IMOJE3HOCTH K Hadamy 7-To mon-
neprosia OyleT MPUHOCHUTH TOJIb3Y TOJIBKO B TEUCHUH 7-
ro noanepuoaa. Takum o6pa3oM, JIOTUYHO CUUTATh, UTO
BECOBBIC KOA(P(UIIMEHTHI Ba)KHOCTH MPUPOCTOB (HYHKIMN
HOJIE3HOCTH &, HAa KaXKJOM IOJANEPUOAE IJIaHMPOBAHMS

JIOJDKHBI OBITH MPOMOPIIMOHAIBHEI KOJIWYECTBY HOITIIEPH-
0JI0B, Ha KOTOPHIX OHa Bo3xaelcTByeT Ha [1P I10:

T T-1 1
S T Tl U
2t 2

=1 =1 =1

B o0mem Buze

L G )

T
r=1

[epeiinem K PpaccMOTpEeHHUIO BOTIpOCa
dopmupoBarus  (QYHKIHH  TOJIE3HOCTH  PECYpPCHOTO
obecrieyeHns, a TaK K€ BEIUYMHBI €€ H3MEHEHUS MpU
nepexoje ¢ (t—1)-ro Ha t-ii moamepuos MIAHUPOBAHUSL.
Jnist kaxaod j-il IpakTHKKA BBOMSATCS JIBE TPEYTOJIbHBIC
pecypcos, r G, j)
OTIpEeNeNaioT  HeoOXOINMEIe pecypcat
(17:2) U pecypcsl BpeMEHHU (1::3) IpHu mepexoae ¢

MaTpHlbl OJIEMCHTBI  KOTOPBIX

(uHAHCOBBIE

YPOBHs BO3MOXKHOCTH X (t —1) Ha ypoBEeHb BO3MOXKXHOCTH

x)(t) (ra6m. 1).

Tabsuna 1 — Marpuna pecypcoB [uist j-il IPaKTHKA

Xig ®
_ 0 2 3
xs(t—1)
0 K7(0,0)=0 r°(0,0) r(0,2) r(0,3)
1 L) =0 ) L3
2 7(2,2)=0 K (2.3)
3 (7(33)=0
ITepemennsie {X-j (t)} YAOBIIETBOPSIOT YCIOBUIO it (i .
° = I’-isr Xis (t _1)’ Xié (t) '
X (t)€[0,3],jed’, seS,iely,
AP Il =) Ixd )Y) =
IeLk,keK,te[O,T]. (1) 'T({ i ( )} { '5()})

Pecypcel, HeoOxomuMbie Tipu Tiepexose ¢ (t—1)-ro
Ha t-i moamepuo] MJIAHOBOTO MEpHOJa Ha YPOBHeE | -if
(hokycHOI 00J1aCTH, a TaK K€ BEJIMYNHA U3MEHEHHUS COOT-
BETCTBYIOMIEH (DYHKIMM TIOJIE3HOCTH OTPENENIAIOTCS Ha
OCHOBE CJIEIYIOIIUX BBIPAKEHHMN

R. ({x (-}, (< 0})=

R, ({xt-D}.{x/®)})
(Rilzm - Rifx )

t=231¢ Il'(,l el ke K,te[l,T].

BenmuunHy u3MeHeHus (yHKIMU mone3Hoctd |-if
KaTeropuu B Mpenenax K-ro ypoBHs 3peiocTH Ha {-M
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MOJNIEPUO/IE 3aHIIeM CICAYIOINM 00pa3oM

AQ, ({Xii (t _1)} ; {Xijs (t)}) =

= Z’YirAPi; ({Xii(t _1)}7{Xijs(t)})’ te[LT],

ieIL
rae

Y, 20,i€e Il'(,z%r =L,t=23,lel, keK.
iel}
Jis  dpuHAHCOBBIX (t = 2) U BpPEMEHHBIX (r = 3)

pecypcoB BeJMYUHBI M3MEHEHUs (PYHKIMI TOJIE3HOCTH Ha
YPOBHE OTAeNbHBIX KaTeropuil Mmogenun CMMI onpenens-
I0TCS HA OCHOBE CIIEAYIOLIEH 3aBUCUMOCTH

M (D a0} {4 0)) =
= 280k ({xh-Dh{x ®}), te[LT],

8, 20,keK, > 8, =1,t=23lelL

keK

[anee ompenenseM arperupoBaHHYIO BEIHYHHY
N3MECHEHUS byHKIH MOJIE3HOCTH pecypcHOTo
obecrieuennss Ha {-M TmoAmepuoje IUITAHWPOBAHUS B
npenenax |- kateropum, kotopas (opMupyeTcs Ha
OCHOBE (PYHKIHH MMOJIE3HOCTH (PUHAHCOB M BpEMEHU

AW ({xig (t-D}. (% (t)}) _

= iuLAW,” ((xe-n} (o) tenT],

rue
uLZO,r=2,3,p'2+u'3:1,|eL.

B ntore dopmupyercst BennunHa n3MEHEHUs (QyHK-
IIMH TI0JIE3HOCTH PEeCypcHOro obecriedenus Ha {-M more-
puoze ianupoBanus Ha yposHe Bcero [1P [10:

AV, (x(t-1),x(1) =
=3 mhaw)! ({xig t-D}.{x! (t)}), te[LT],

rac

n,>0,lel, > n,=1.

leL

Takum oOpazoMm, amgWTHBHAS IeneBas (QYHKITHS
MOJEIH CPEIHECPOUHOTO IUIAHWPOBAHMS YIy4YIICHUS Ka-
gecta [P T1O 3ammceiBaeTcs CleaAyOmNnM 00pa3oM

F ()= 3, (2. 70), @)

t=1

rac

@, (1(t-1),7(t)) = &, ZEaAv; (2t =D, x(®),

T 2
£ 20te[LT].> & =1p,20,a=12>p, =1
t=1 a=1
Iepeliném K paccMOTpEHHIO Bompoca (opMHpPOBa-
HUS PECYpCHOTO OTpaHWYCHHs (OrpaHHYCHHE Ha (DMHAH-
CBI) JJIi meJeBoi anautuBHOU ¢yHKUMU (2). Bynem cum-
TaTh, YTO Ha monnepuone ! BBIACIAIOTCS pecypchl B
obseMe R, ¥ Hemcmonp3oBaHHBIE Ha I-M MoxmepHOE

(1)I/IHaHCBI MOTyT OBITH HU3pacxoJ0BaHbl Ha MOCICAYOIIUX
noanepuoaax. Ecmm CYUTATh, YTO HA IJIAHOBOM MECPHUOALC

[O,T —1] nrobast mpaktuka [TP TTO MoxeT ObITh 00bEKTOM

BKJIaJIa PECYPCOB, TO (PMHAHCOBBIE 3aTPaThl, HCIIOJIb3Ye-
mbie Ha (t—1)-M moamepuone onpenensOTCS Ha OCHOBE
CIIEYIOIIETO BBIPAKECHHS

R (x(t-1).2(t)) =

= élesz | Ri. ({Xii (t—l)},{xijs(t)}), te [LT].

AR M _
Ry_
v T-1
A
R -
! Ry (x(1).2(2))
R | 'i
‘v ® ® ® ® ® ® >
0 1 2 T-2 T-1 t

Puc. 1 — HarnsaHast nHTEpIIpeTaniys OrpaHMyeHns Ha pUHAHCHI
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B pesynbrate pecypcHOe OrpaHHYCHHE 3alUChIBa-
€TCsI CIeIYIONIM 00pa3oM

Zi: R (x(t-1.x()) 321: R=R_, te[LT]. ()

HpI/I OTOM HaKJIaJAbIBAIOTCH YCJIOBUA
2(t=1)<7(t). 2(0) = {i}
%(T) ={>_<i’;}, te[LT],

=j .
rae {Xis} u {xijs} — ucxoaneie cocrosguus IIP I1O u

neneBoit npodaiin. Harnsamaas uHTEpIIpeTanns orpaHude-
Hus (3) npuBeneHa Ha puc. 1.

Takum 00pa3zoM, MOZENb 3aJaddl CPETHECPOUHOTO
IUIAHUPOBaHMS (AMHAMUYECKass MOCTAaHOBKA 3a/1auM)
ynyumienust kadectBa [IP I1O, xoropas Gasupyercs Ha
TEOPUU NOJIE3HOCTH 3aIIUCHIBACTCA CIEAYIOUINM 00pa3oM.

HaiiTn onTuManbHOe 3HAa4YeHUE MATpHULBL Y =X,

obecrieunBaroniee MakCHUMalbHOE 3HAUYEHHE aJIUTHBHOU
¢yHKIMN moe3HocTH (2) mpu yenousx (1), (3), (4).
BoeiBoabl. B pabote paspaborana Mmonens 3amadu
CpPEIHECPOYHOTO MIIAHUPOBAHUS yiIydlleHus kauecTtsa [1P
I1O Ha ocHOBe AuHamMuueckoi moctaHoBkH. EE perieHue
MO3BOJISIET OMNpEACIUTh LeneBoi npodaitn mis craru-
YeCKOM MOCTaHOBKH 33JjauH, pelieHHe KOTOpoil yTouHseT
mwiad paszsutus [IP I1O. Ha cnenyromem stane pernaercst

JUHAMUYecKas 3ajaya Ha IOANEpHOe [Z,T +1] Ui

ucxogHoro cocrosiHus IIP I1O, ompeneneHHoro B Xxoxe
pelIeHus CTaTHYECKON 3amaud U T.1. Llenpio qampHer X
HCCIICIOBAaHUN SIBIISETCS pa3paboTka HH()OPMAIMOHHOMN
TEXHOJIOTHH CKOJB3SIMICTO IUIAHUPOBAHHS YITYYIICHUS
kauectBa [IP [1O Ha ocHOBe 3ajau TEKyLIEro W CpelHe-
CPOYHOTO TUTAHUPOBAHUS.
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