Ingpopmauyinni mexunonocii 6 mexniunux cucmemax

VK 004.413.4

T.U. bparuna, I'.B. TaOyHmux

3anopooicckuil HAYUOHANLHBLL MEXHUYECKULL YHUgepcumem, 3anopoxicbe

HEYETKMU AHATM3 MPOEKTHOIO PUCKA

IIpeonooicen 0CHOBANHDBIN HA HEYEMKOM 8bI80OE MEMOO AHANU3A NPOEKMHO20 PUCKA 6 3A8UCUMOCTIU O YPOG-
H5L PUCKOB, 8bIOEICHHBIX 8 NPOEKMe, U 8bIOPAHHOU MOOEIU paA3PAbOMKYU NPOSPAMMHOZ0 0OeCneyenus ¢ umepamue-
HbLM JICUZHEHHBIM YUKTIOM. FICnoib306anue 0aHH020 Memooa no36osien onpeoeums Hauboniee KpUmudeckue pucki
0711 KOHKPEeMHO20 NPOEKMmda, YPOBeHb NPOEKMHO20 PUCKA U HAUbOoIee NOOX00AUYI0 MOOEb pA3PAOOMKU NPOSPaAMM-
Ho20 obecneuenus. Kpome mozco, na ocnose paccmompenuvix OaHHbIX ObLIU ONpedeneHvbl QYHKYUU NPUHAOIEHCHO-

cmu Haubosee KpumuiecKux puckoe.

Knrouegwle cnosa: ynpasnenue puckamu, npoepammHbulii RPOeKm, peakyus Ha PUCK, NPOSHO3UPOSAHUe.

1. MocTaHoBKa Npo6nembl

D¢} dexTHBHOCTD NPOEKTHBIX PEUICHUH Onpeaesns-
€TCs TOYHOCTBIO IIPOTHO3a OOLIEro YPOBHSA PUCKA ILIa-
Hupyemoro mnporpamMHoro mpoekra (IIT), a Takxe
CIIOCOOHOCTBIO MOJIENH, IIPUHATOM Ul aHAJIM3a PUCKa,
YUYUTBHIBATh HEOIPEAEIEHHOCTh IapaMeTPOB, OIHUCHI-
BaIONIMX HMCCIeqyeMblil ipouecc. [Ipu npuHsTHH perie-
HUI O IPOrHO3MPOBAaHUU BO3MOXKHBIX PUCKOB BO BpEMsI
rutanupoBanus [1I1 MeHemkepy PUXOANUTCS UMETH Jie-
JI0O C HEYETKOW, pa3HOpPOAHOW WH(pOpMalmel, npuuem
KadyecTBeHHass MH(opMauus B ONUCAHUU OOBEKTOB MO-
KET TpeBaJIMPOBaTh Ha/l KolryecTBeHHOW. Kpome Toro,
3HAYMTEJbHAS 4YacTb HHOpMAaIMu, TpeOyeMoi JuIst
aHaJM3a BEPOSTHOCTH BO3HHKHOBEHUSI PUCKA, MOXET
OBITh JTOCTYIIHA TOJILKO B BHJIE SKCIIEPTHBIX IaHHBIX
1100 B ONHMCAaHUM OOBEKTOB C UCIIONB30BAaHUEM €CTECT-
BEHHO-S13bIKOBBIX BBICKA3bIBAHHH.

Jlyis oTydeHMsi MPOTHO3HBIX OLEHOK PHCKAa Hawu-
Oojsee pacnpoCTpaHEHHBIMH METOAAMH KaueCTBEHHO-
KOJIMYECTBEHHOTO0 aHAJIN3a SIBJISIOTCS CTATUCTUYECKH
METOJl U METO]] IKCIIEPTHBIX OLIEHOK. J[aHHbIe METOJbI
UCIIOJIB3YIOTCS. B OCHOBHOM TPH TUIAHUPOBAHHUHU ITPOH3-
BOJICTBA B 3KOHOMHYECKOH cepe, OJHAKO HX MOXKHO
ucrionb3oBath U st [1I1, HanpumMep, I onpeaeneHus
BEPOSTHOCTH BOSHUKHOBEHHMSI PUCKA IPEBBILICHHUS CPO-
KOB KaJICHAPHOTo IUIaHUpoBaHus. Hemocratkom cra-

TUCTUYECKOTO METOZA SBISIETCS HEOOXOJUMOCTh HaJIH-
YHsl 3HAYUTEIFHOTO MAaCCUBA TOYHBIX BXOJHBIX JIAHHBIX,
KOTOpBIE HE BCET/Ia UMEIOTCS B PACIOPSHKCHUN MEHeI-
xepa I1I1, a ux coop u 0OpaboTka MOT'YT HMPUBECTH K
JIOTIONTHUTENBHBIM MaTepUalibHbIM 3arpaTaMm. CremyeT
OTMETUTh, uTo HOBLIH I1I, o cyTH, sBISETCS €TUHNY-
HBIM MIPOJYKTOM, UMEIOIINM WHIUBHIYaJIbHbIE OCOOEH-
HOCTH. JTO 00yCJaBIUBAET OTCYTCTBHE BBIOOPKH I0C-
TATOYHOT'0 00beMa, KOTopas He Mo3BOIIeT 3P heKTHBHO
UCIIONIb30BAaTh METOJbl MAaTEeMaTHYECKOH CTAaTHCTHKH
JUTSL IOJTYYEHHSI TOYHOT'O IPOTHO32 M POPMHUPOBAHHUS Ha
€ro OCHOBE 0OOCHOBAHHBIX YIIPABICHYECKUX PEIICHHH.
Henocratkamu MeTOOB 3KCIIEPTHBIX OIEHOK SIB-
JISIFOTCSL OTCYTCTBHUE TapaHTUH JOCTOBEPHOCTH ITOJY-
YEHHBIX OLIEHOK, TPYJAHOCTH B MPOBEACHUU OIIPOCa IKC-
MepTOB ¥ 00pabOTKe MONyYeHHBIX AaHHBIX, CJIOKHOCTb
(OpMHUpPOBaHUS TPYNIIOBOI'O MHEHUSI 110 MHAWBUIYaJb-
HBIM CYXIIEHHSM OSKCIEPTOB, BO3MOXKHOCTbH JIaBJICHHS
aBTOPUTETOB B TPYIIE M B3aNMHOE BIIMSHHE MHEHHIM
skcriepToB. Kpome Toro, yacte WHpOpMaIuu, KoTopas
MOXET OBITh HCIIONIb30BaHA IUIsl MIPOBECHUSI aHAIIN3a,
MIPEIOCTABIIACTCS PYKOBOMUTEII0 paspaborku III1 B
€CTECTBEHHO-SI3bIKOBOM  (pOpME, OFHAKO OSKCIEpPTHBIC
METO/bl He 00JaJar0T BO3MOXHOCTBIO MX (popMain3a-
LUK JUIS HETIOCPEACTBEHHOI'0 UCIoib3oBaHus. Creno-
BaTeJIbHO, YacTh MH(OPMAIMU, KOTOpask MOXET OBITh
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WCIONB30BaHa I MPOTHO3MPOBAHUSA PHCKA C HCIIOJb-
30BaHHUEM TPAJMUIIMOHHBIX METONOB (CTaTUCTHYCCKHX,
9KCIEPTHBIX) MOXKET OBITh MPHU3HAHA HEKAYCCTBECHHOM,
oOnaaaromiell HeTOCTATOYHOW TOYHOCTBHIO M HETIONHOM
JUTS. TIPOTHO3MPOBAHHs, YTO OOYCJIaBIUBACT aKTyallb-
HOCTh pa3pabOTKU METOIOB OIeHKH puckoB ITI1.

2. NMocTaHOBKa 3alauM

K OCHOBHBIM pHCKaM MpOEKTOB IO pa3paboTKe
nporpamMmHoro obecriedenus (I10) ¢ urepannoHHBIM
xu3HeHHbIM 1uKIoB (OKII) moxHO oTHectn [1]: X; —
BHYTPEHHHE HapylICHHs KaJCHIapHOIO IIaHHUPOBAHWUS,
X, — U3MEHEHUE TPEOOBAHHM, X3 — TEKY4ECTh KaJ[pOB, X4 —
HapylleHue creuuQuKanuii, Xs — HU3Kas MPOU3BOIH-
TENILHOCTh, Xg — HEIOCTATOYHOE BHUMAHHE K MIPOEKTY CO
CTOPOHBI PYKOBOJICTBa KOMIIAHHUH, X7 — OTCYTCTBHE MO-
TUBALUK TIEPCOHANIA KOMIAHUHU. ONHCHIBAIOTCS JaHHbIE
PHCKH JIMHT'BUCTHYECKUMH NEpEMEHHBIMU (Ta0um. 1).

JlaHHBIE PUCKHM W BIMSHHE WX Ha MPOEKT OyIyT
BapbUPOBATHCS B 3aBUCUMOCTH OT BBIOPaHHOW MOJIEIH
IIIT — Rational Unified Process, Microsoft Solutions
Framework wiu Agile(eXtreme Programming, Crystal,
Feature Driven Development) [2]. B ¢Bs3u ¢ 3TUM B0O3-
HUKAaeT HEOOXOJMMOCTh OIPEIENICHUs] BIHUSHUS COBO-
KYITHOCTH 3THX PUCKOB Ha OOLIMH YPOBEHb MPOEKTHOTO
pHCKa, T.€. CO3/IaHHsI METO/Ia, KOTOPBIH ITO3BOJHT OIpe-
JIETUTh HanOoJyiee MOJXOMSIIYI0 MOJENb pa3paboTKH
1O, nmporHo3HyIO CTENEeHb TPOSKTHOIO PUCKA U YPOBHH
OTZAEJIBHBIX PUCKOB C YYETOM JIMHIBUCTHYECKOTO OITHU-
CaHUsl TPEACTAaBIICHUS] HCXOMHBIX JAaHHBIX. CrenoBa-
TENILHO, HEOOXOJIMMO OTIPEJIEIUTh 3aBUCUMOCTh MEXIY
OT/EJIbHBIMU PUCKAMU U OOLIMM YPOBHEM INPOEKTHOTO
pucka W pazpaboTaTh MaTeMaTW4eCKHH ammapaT s
MIPOTHO3UPOBAHUS YPOBHS IIPOEKTHOI'O PUCKA B 3aBH-
CHUMOCTH OT BhIOpaHHOW Momenu pa3padorku I10. Jlns
ydera JIMHIBUCTHYECKOTO OIMCAHUS PUCKOB HambOoiee
MOAXOANT UCIONB30BAHUE METOIOB HEUETKOTO BHIBOJIA.

Tabnuna 1
JIuHrBUCTHYECKHE IEpEMEHHBIE,
OMPEICIISIONIUE PUCK ITPOSKTa
JIunrs. OneHou-
HepeMeH- YHuBepcaIbHOE MHOXKECTBO HbIE
Has TEPMbI
X 0—100 % (yBenuuenue kanenpap- |Huskuii,
HBIX CPOKOB B % OT MCXOJHOIO IIa- |CpeaHHUH,
HHUPOBAHUSI) BBICOKHI
X2 0 — 100 % (yBenuueHue TpeOOBaHUIMA
B % OT MICXOJJHOTO IUTAHUPOBAHWS)
X3 0 — 1 (oTHOIIEHHE KOJIMYECTBA YBO-
JIUBIIHUXCSI COTPYAHUKOB K HA4aITh-
HOMY KOJINYECTBY IT€PCOHAA)
X4 0 — 1 (BepoATHOCTB HapyLICHHUS CIIe-
mdukaryiin)
X5 0 — 100% (cHIKEeHHUE TIIAHOBOTO
CPEIIHEr0 YPOBHS [IPOU3BOJUTEIBHO-
CTH)
X6 0 —100% (cHMKEHUE OT HEOOXOTH-
MOT'O YPOBHS YIPaBJICHHS IPOSKTOM)
X7 0 — 100 % (cHUKXEeHHE ypOBHSI 3a1H-
TEPECOBAHHOCTHU [1€PCOHANIA)

3. Heyetkmi metop
nporHosmpoBaHua pmcka MM

Heuerkue mnpoAyKIMOHHBIE MOAETH SBJISIOTCS
HaunOosee OOLIMM BUAOM HEYETKHX MOjelel, KOTopble
HCTONB3YIOTCS sl OMUCAHUS, aHaJIu3a U MOJENHUPOBa-
HUS CIIOKHBIX CHUCTEM M mpoueccos. Ilpu ux ucnonszo-
BAaHUU 3HaHMA dKcrepTa A — B oTpaxaroTrcs HeUeTKUM
IIPUYUHHBIM OTHOIIEHHUEM MPEANOCHUIKM M 3aKiIroue-
HUsl, IOATOMY €r0 MO)KHO Ha3BaTh HEYETKUM OTHOIIE-
HHEeM M 0003HauuTh yepe3 R: R = A — B, rme «—»
Ha3bIBAIOT HEUETKON UMILTUKAIUEH.

[IpoayKIiMOHHBIE MOJENH, OMMpPAIOIIUECS Ha IKC-
TIepTHbIE MHEHWUS, SIBJISIOTCS OHUM W3 HauOojee IMoj-
XOSIIMX METOAOB s OLIEHKH PUCKOB, IIO3TOMY B pa-
0oTe mpemiaraercss NPOrHO3MPOBaTh YPOBEHb INPOEKT-
HOTI'0 PHUCKA C UCIOJIBb30BaHUEM NMPOAYKLIHMOHHOM Moje-
JIY, ONHUPAsCh HA MEXaHU3M HEYETKOro BeIBoja Mamma-
HU [3]. IIpeumyiiecTBOM HCIOIB30BAHUSA HEUETKUX
MIPOAYKIIMOHHBIX MOAEIEeH I pelieHus 3aaun yrpas-
JIEHU PUCKOM U TIOJyY€HHs €ro IMPOTHO3HOHM OIEHKHU
COCTOUT B BO3MOXKHOCTH IIPEJCTABICHUS HA BXOJ He-
4yeTko Monenu R oObeKTa He TOYEUHBIX 3HAYCHUI

& & b3 &
¢uxcupoBaHHOro Bekropa X =(Xq,X5,...,X,), @ HH-

TEPBAJIbHBIX pEIJ_IeHI/Iﬁ O BCJIMYMHE pUCKaA:

* x —* x —* x —*
X =[(x1,%1),(X2,X2), 005 (X, X0)] = 1,
1 €RP = (1,15..10,)
x —%
rae (X;,Xi) — HIDKHAS M BEpXHsA OLEHKA i-ro pucKa
COOTBETCTBEHHO.
JlanHblit MeTon B (hopMe airopuTMa MaTeMaTHde-
CKH MOKET OBITh OIHMCAH CIEAYIOLIUM 00pa3oM:
1. Benenue HeuerkoctH (fuzzification): HaxomsT-
Csl CTENEeHW HMCTHHHOCTU ISl TPENIIOCHUIOK Ka)KI0To

MpaBuIa ;,Ljp(xi*), rme i=1,2,...,n, j=1,2,...,m,

pP= 1, 2, N kj.

2. Jlornueckuil BBIBOJ: HAXOAATCA YpPOBHH 'yce-
YyeHus" T MPEIIOCHUIOK KaXK0T0 IpaBuiia (C HCIIOMb-
30BaHUEM OICPALUH MUHUMYM ):

uj(y)=rir$mjp(xi*), ()

rnrei=1,2,..,nj=12,...,mp=12, ..,k
3arem HaxopsTcs "ycedeHHbIe" (QYHKIMH TIPHHAI-
JISKHOCTH [T IEpEeMEHHOM BBIBOJA:

1} () = min(ej(3).sg () 2)

3. Kommo3umus: ¢ HCHOJIb30BAaHUE OMNEpaIUU
MAKCHUMYM (max) mnpou3BOIUTCS OOBbETUHEHHE
HANICHHBIX YCEYCHHBIX (DYHKITHIA, YTO MPUBOIMT K IIO-
JIY4CHHUIO HMTOTOBOI'O HEYETKOrO IMOJAMHOXECTBA JIJIS
MIEPEMEHHO# BBIBOIA ¢ (DYHKIMEH MPUHAICKHOCTH:

(y) = max(u () 3)
]

rrej=1,2,...,m
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4. Tlpusenenue x yerkoctH (defuzzification) — s
HAXOKIEHUA y . IIPOBOIMTCA METOIOM CPEIHMIl U3
MakcuMabHBIX (MOM — mean of maximum) [3]:

" 1
y = — Z Yo @
IMAX(W | yemaXiuy (v)

rie MAX(uy () =1y e Y |Vy e Y :uy(y)<py(y)}

— 3TO MHOXXECTBO 3HAYEHUH BBIXOJHOH MEepEeMEHHOMH,
IIPU KOTOPBIX (PYHKIMS MPUHAJICKHOCTH MPHHAMAET
MaKCHUMaJIbHOE 3HA4YeHHE, 3TO MHOXXECTBO JOJIKHO
ObITh HemycThiM; MAX([) — KOJNHYECTBO HJIEMEHTOB

muOKectBa MAX(1y (y)) -

4. dopmnpoBaHne 6a3bl NpaBun
ANS HEYETKOro BbIBOJAA

J1s1  OLEHKM JMHIBHUCTUYECKOH IepeMeHHOMH
"puck" RP Oynem ncrnonb3oBaTh TEPM-MHOXKECTBO, KO-
TOPOE OIIPEJIEISIET BEPOSTHOCTh BOZHUKHOBEHUSI PHCKA!

{r; — BBICOKUM, 1, — CPEJJHUU, r; — HU3KUIA}.

CrpykTypa MOAENW MJisl ONpENeNeHHs OLEHKH

MIPOEKTHOT'O PHCKA MOXKET OBITh TPE/ICTAaBIeHa B BUJIE
RP = frp (X1,X2,X3,X4,X5,X6,X7) (5)
TJIC X1, ... X7 — BBIJCIICHHBIC B IPOEKTE PUCKU (Tadi. 1).

B cootBercTBum ¢ [4], 3HaHus 0 cooTHOIIEHHH (5)
it RP MoryT ObITh IIpezicTaBlieHbl B BUJIE OLIEHOK, T/e
H - cokpamenue or «HI/IBKI/II71», C - «CPE}IHI/II7I»,
B — «BBICOKHI».

Onwupasicy Ha popmyist (1) — (3), oObenuHsIEM He-
YETKUH BBIBOJ| MO KAXKJIOMY TPAaBHIY C KOMIIO3UIIUEH.
Hcnonp3yst SKCIepTHBIE 3HAHUS O PUCKAX M OMEpalfy
M (min) ¥ U (max) 3amnuiieM CUCTEMY JIOTHYECKUX
ypaBHEHHH, CBS3BIBAIONIMX (YHKIUH MPUHAIIEKHOCTH
peLIeHUH 0 BeIMYMHE MPOEKTHOTO PHCKa U BIHSIOLINX
Ha Hee NePEMEHHBIX:

— nnsa RUP:

A N 2 ~ub i oy ul i xa
BoRup (1) =R (X, X1) MU (X, X2) NP (X3, X3) N
o * —k o * —k o * —% 12 * —%
AN g x4) NN (x5, x5) Ot (xg.x6) N (x7.x7) L
2 * —k 2 * —k o * —k N * —k
pA e x) Nt (x5, x2) NG, x3) At (xy, x4) N
P+ f Tt N
N (X5,X5) NI (X6, X6) MR (X7,X7);
N N G Ag* o*
BRup () =1 (X, X1 NPT (X5,X2) NPT (X3,X3) N
o * —k 2 * —k o * —k o * —k
AN (x4, x4) A (x5, x5) VRN (X, X6) AP (X7, X7) U
2 * —k 12 * —%k o * —% 12 * —%
pi e xnnpt (x5,x2) At (x5,x3) et (x5,x4) N

ioox—* ioox=* N, * =*
MU (X5,X5) N (X6,X6) N (X7,X7);

— mist MSF:
A N TV Al oy ~ Ny
HoMsE() = (XL X)) N (X, Xx2) VT (X3,X3) N
o * —k 12 * —% o * —% N * —k
AN (xg.xa) Nt (x5,x5) N (xg,x6) At (x7,x7) U
£ * —k o * —%k 2 * —% 2 * —k
uh (xpux) AN (x5, x2) A (x3,x3) N (xg,x4) N
[P st S N D s
NP (Xs5,X5) N (X6,X6) MR (X7,X7);

N Ap x5 Cpr TRt
HoMsF() = (XL, X)) N (X, x2) N (X3,X3) N
o * —k 2 * —k o * —k o * —%
M (. x4) Nt (x5.x5) Ot (x6.X6) Nt (x7.%7) U
[ % f AR TR N, R TR e
(XL XD N (X, X2) MK (X3,X3) N (X4,X4) N
N 75 f,ox A x T*
NE(X5,X5) NI (Xg,X6) MU (X7,X7);

i fox=* o fx Tt
Bomsr(@) =p (x,X1) NP (X5, X2) MR (X3,X3) N
£ * —k o * —k o * —k 2 * —k
A (x5.x4) NN (x5, x5) NN (xg,x6) At (x7,x7) U
o * —k 12 * —k o * —k 12 * —%
aNpxnD e (x5,x2) N, x3) Nt (xG,x4) N
foox =5 o f xR,k
N (X5,X5) N (X6, X6) MR (X7,X7);

— s Agile:
A P N o DL s PN N D
B Agile (M) =1 (X, X1) NPT (X, X2) MK (X3,X3) N
~ % ~ w —* N w —* N x —F
AN (xG,x4) N p (x5, x5) N (g, x6) A (x5, x7) U
2 —% £ * —k 2 * —% 2 * —k
pA g xnnpt (5, x2) At (x5, x3) Ap (g, xa) N
£ * —% o * —% 2 * —k
' (x5.x5) VN (g, X6) MU (x7,X7);
N [ 25 A B Ty~ N o
B Agile () = 1 (X, X1) MU (Xp,Xx2) N (X3,X3) N
o * —k £ * —k o * —k o * —%
AN (g, xa) Nt (x5,x5) N (xg,x6) At (x7,x7) U
2 —% o * —k £ * —% £ * —%
pA g, xD) NN (g, x2) Nt (x5Lx3) At (G, xa) N
foox =5 o ox A x =%
B (Xs5,X5) N (Xg,X6) NPT (X7,X7);
i [ T A Ce® ooyl (oF 7
B Agile(13) =R (X, x1) N~ (Xp,x2) N (X3,X3)N
2 * —k £ * —k £ * —k o * —k
A (g, xa) N (x5,x5) Nt (xg,x6) NpN(x7,x7) U
N —% o * —k o * —k 12 * —k
uNegxD AN (G, x2) NG xa) Al (G, xa) 0
© C, L s
AN (xg.xs)Npt (xg.x6)Npt (x7,x7).

5. PacueT (hyHKUMM NPHMHAANEIKHOCTH
ANS OCHOBHbIX TMMOB PHCKOB

[Janee onpenenuM QyHKIUHM NPHHAIISKHOCTH He-
YeTKUM TepMaM BXOIHBIX MapaMeTpOB HEYETKOH Ipo-

_% JYKIMOHHOW MopenH X;. I WUIIocTpalud paccMoT-
M rUP(13) = H (X] ,xl)m;,t (xz,xz)mu (X3’X3)m1/1M onpenenenre GYHKIME TPUHAIEKHOCTH IS TIe-

ﬁp (x4,x4)m;,t (XssXS)mH (Xﬁ,XG)mH (X7,X7

%

WEHHOI/I X; - HaApYIICHUA KaJCHAAPHOT'O IUIaHHUPOBa-

HUs, CpPbIB CPOKOB. OTta NepeMCHHas onpeacjicHa Ha

n (xl,xl)mp (xz,xz)mu (x3,x3)mu (54,x4)/yHHBepcanLH0M mHoxectBe U(x;) = (0 — 100%) ¢ no-

i x —* A, * —* A, * —*
MU (X5,X5) MU (Xg,X6) MU (X7,X7);

MOIIBIO HEYETKUX TEPMOB
T(x;) = ( Huskui, cpednuil, 6b1CcOKUIL ).
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CyIecTByIOT IpsIMble U KOCBEHHBIE METOBI IO-
cTpoeHust GYHKIMH PUHAUIEKHOCTH [3].

[Tpu momomy MpsIMBIX METOAOB OBUIM HONYYEHBI
9KCIIEPTHBIE JaHHbIE OTHOCHUTEIHLHO YPOBHS (YHKIMI
MIPUHAAISKHOCTH 110 KOKJIOMY U3 OCHOBHBIX PHUCKOB.

Jlns HacTpoliku mapaMerpoB HCTonb30BaIuch 120
00y4arommx JaHHbIX U 20 KOHTPOJIBHBIX JTAHHBIX, PaBHO-
MEPHO BHIOPaHHBIX M3 BXOMIHBIX JWAIa3oHOB. [IpuMeHsuI-
¢Sl CIeAYIONIMH TOKa3aTeh KadecTBa anmpoKcuMaIuu [3]:

_1 2 1@-00)
> I

Pioy
rae P — uucno map mannsix, a T(i) u O(i) 370 i-# xenae-
MBI ¥ TpeICKa3aHHbIA BBIXOJ], COOTBeTCTBeHHO. Cpe-
HAS OIMOKa ompenesieHus QYHKIMA MPUHAICHKHOCTH
T10 BBIJIEIEHHBIM OCHOBHBIM PHCKaM cocTaBuiia 16,9%.
ATIPOKCUMUPYS KCIICPTHBIC JaHHBIC, MMOJTydacM
CIIEYIOIINE HEUCTKUE MHOXKECTBA:

«x Hu3kui» = (1/0; 0,75/25; 0,5/50; 0,25/75; 0/100);
«x; cpemaui» = (0/0; 0,50/25; 1/50; 0,50/75; 0/100);
«x1 BeIcOKmi» = (0/0; 0,25/25; 0,5/50; 0,75/75; 1/100).

DTy MaTpHILy OTHOIICHUH MOKHO M300pa3uTh MPH
ITOMOIIH OJHOM M3 KYCOYHO-TUHEHHBIX QyHKIHI [3], a
MMEHHO TPEYTOJbHON (hYHKIIUY:

APE x100%, (6)

0,x; <a;
X;—a
1 ,a<X;<b;
C _ ) b-a
po(x) = o x
1,b£x1<c;
C_
O,ngl,

roea=0,b=50,c=100;
},Li (x;)=1-x;/100;
},LA(Xl) =x;/100.
N3meHenuto TpeOOBaHU, X, HANOOIEE COOTBETCT-

BYET TparenueBuHas (yHKIUS:
0,x, <a;

Xy—a
b-a
Lb<x, <c;

,a<X, <b;

C(xa) =
d-x,
d-c
0,d <x,,
rnea=0,b=25¢=50,d=75;

ul (x5)=1-x,/100;

},LA(XZ) =X, /100.
TekyuecTb KaJpoB, X; JIydIlle BCEro OTOOpaXKaeTcst
C MOMOUIBI0 CHMMETPHYECKOW TayCCOBCKOH (YHKIUH
(1 cpemHero ypoBHsS pHUCKAa) M JUHEHHBIX S U Z-
00pa3HOoN (QYHKIMHA (I BRICOKOTO ¥ HU3KOTO YPOBHS
pHCKa COOTBETCTBEHHO):
— CUMMETpHUYECKask TayCCOBCKast (DyHKITHSL:

_(x3-b)?
nCixg)=e 27,
rorea=0,15b=0,5;

,C<X2 Sd,

— Z-00pa3Has HyHKIUS:
I,x3 <a;

X
3 a<x <b;
b-a’ 3

O,b < X3,

uf(x3) =

rnrea=0,1,b=0,9;
— S-o0pa3Has GyHKIHS:
0,x3 <a;
X3—a
b—a
Lb<xs,

;,LB(x3)= ,a<X3<b;

rnrea=0,1,b=0,9.

Hapymienuro cnenudukanyii, X4 JIydiie BCero co-
oTBeTcTBYIOT Il-00pa3Hass (GyHKIMA (IS CpETHEro
YPOBHS PHCKa) W JHHEIHbIe S U Z-00pa3Hble (QyHKIUH
(U1 BBICOKOTO ¥ HU3KOT'O YPOBHSI pUCKa COOTBETCTBEH-
HO):

— I1-o0Opa3Hast hpyHKIHUS:

1 " 1
+e—a(X4—b) 1+e—C(X4—d) ’
roe a=0,15,b=0,45, ¢=0,55,d=0,85;

— Z-00pa3Has HyHKIUS:

e (xg) =
1

Lxy <a;

b-x
4,a<x4 <b;
b-a

O,b < X4

nH(xy) =

rnrea=0,1,b=0,9;
— S-o0pa3Has GyHKIHS:
0,x4 <a;
X4—a
b-a
Lb<xy,

},LB(X4)= ,a<Xy4 <b;

rnrea=0,1,b=0,9.

Huskas Ipou3BOIUTENBHOCTD (Xs), HEMOCTATOYHOE
BHHMAaHHE K MPOEKTY CO CTOPOHBI PYKOBOJICTBA KOMIIa-
HUH (Xg), OTCYTCTBHE MOTHBAIIMHU [IEPCOHAA KOMITAHUH
(X7) — BCEM ATHM PUCKaM COOTBETCTBYIOT 000OIICHHAs
KoJIOKOJIoOOpaszHasi (GyHKums (I CPEAHEro YpOBHS
pHUCcKa) M JIMHEHHBIX S W Z-o0pa3Hodl QyHKumi (st
HHU3KOTO ¥ BBICOKOTO YPOBHS PHCKa COOTBETCTBEHHO):

— 00001IeHHas KOJIOKOJI000pa3Hast (GyHKIIUS:

C 1
n(xs,X6,X7) =

X—c 2b ’

1+

a
rarea=15b=2,¢c=50;
— Z-00pa3Has HyHKIUS:

I,x<a;

H —X

n(x5,Xg,X7) = ,a<Xx<b;

-a

0,b<x,

raea=15,b=285;
— S-o0pa3Has GyHKIHS:
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0,x<a;

-a
,a<Xx<b;
-a

,b<x,

B
B (X5,Xg,X7) =

roea=15,b=285.

Hanpumep, 3HaueHne (yHKIMM NMPHHAIIEKHOCTH
X, = [27; 34] AnsA COOTBETCTBYIOIUX HEUYETKUX TEPMOB
HUMEIOT BU;

u? (x,,x1) =[0,27;0,34];
i (x,.%1)=[0,54:0,68]; pl (x,.x1)=[0,66;0,73] .

AHANOrn4HO, C MCIONB30BAHUEM MPEICTaBICHHO-
T'O aITOPUTMa MOTYT OBbITh Hal/IeHbI 3HAYCHUs! () yHKLIUH
MIPUHAUISKHOCTH JJIsl BCEX JIMHIBHCTHYECKUX IIepe-
MEHHBIX, OIPECISIONINX BEJIHMYMHY pHCcKa. HHTep-
BaJIbHbIC 3HAYEHHs] (YHKIMH NPUHAUISKHOCTH BXO[-
HBIX ITaPaMETPOB X; MPEICTABIEeHbI B Ta0I. 3. BxoaHble
napameTpsl (BETMYMHY PHCKa U MIPEBBIIICHUE OOIKeTa,
B Cllydae peaju3aliy pUCKa) MOIy4aroT IyTeM cOopa
YCPEIHEHHsI DKCIEPTHHIX JAHHBIX O IPEIoiaraeMoi
BEPOSTHOCTU BO3HUKHOBEHUS PUCKA.

Tabmuma 3
WurepBanbHble 3HaYeHHs (YHKIMH TPUHAITEKHOCTH
BXOJIHBIX [TAPAMETPOB X; MOJIEIH

Bepost- OneHOYHbIE TEPMBI

Puck, | HoCTh BO3- " . .

xi | HuxHOBeHMS HU3KUH cpeaHui BBICOKUH
ek (H) (©) (B)

1 2 5 6 7
X4 [27; 34] [0,66;0,73] | [0,54;0,68] | [0,27;0,34]
X, [13;22] [0,78;0,87] | [0,52;0,88] | [0,13;0,22]
X3 [0,2; 0,33] | [0,71;0,88] | [0,25;0,64] | [0,13;0,29]
X4 [0,3;0,4] |[0,63;0,75] | [0,96;0,98] | [0,25;0,38]
X5 [50; 60] [0,36; 0,57 | [0,84;1,00] | [0,5;0,64]
Xg [43; 70] [0,4;0,79] | [0,24;0,95] [ [0,21;0,6]
X7 [55; 62] [0,33;0,43] | [0,71;0,99] | [0,57;0,69]

Onpenenum (QYHKITUIO MPUHAUICKHOCTH JIMHTBUC-
TU4YecKor nepemenHod RP Tepmbl onieHkw 1y, 15, 13. [loga-
CTaBUM B CHCTEMY JIOTHUECKUX YpaBHEHHH, CBS3bIBAIO-
IMx (QYHKIUM TMPUHAUISKHOCTH PEIICHHA O BEIMYMHE
MIPOEKTHOI'O0 PUCKA W BIMSIOMIMUX Ha Hee MEePEMEHHBIX,
MTOJTYYCHHBIX 3HAYCHUH (DYHKITUH MPUHAICKHOCTH:

— mis RUP:
“ARUP (rl) =[0.54,0.68]"[0.13,0.22] "[0.13,0.29]1"
M[0.96,0.98]1[0.84,1.00]~[0.24,0.95][0.33,0.43]U

U[0.27,0.34][0.13,0.22][0.25,0.64][0.25,0.38]~
~0.36,0.511[0.4,0.79][0.71,0.99]=[0.13,0.22];

WNRUp () = [0.54,0.6811[0.52,0.88]A[0.13,0.29]

[0.96,0.98] N[0.5,0.64] N[0.24,0.95]~[0.71,0.99] U

U[0.27,0.34] 1[0.78,0.87] 1[0.25,0.64] ~[0.63,0.75]
[0.36,0.5]~[0.4,0.79] ~[0.71,0.99] = [0.25,0.34];

wl rup(3) =[0.66,0.7311[0.78,0.871A[0.71,0.88] N
[0.63,0.75][0.84,1.00] A[0.24,0.95] [0.71,0.99] U

U[0.54,0.68] N[0.52,0.88] A[0.25,0.64] 1[0.63,0.75]
v{0.36,0.5]M[0.21,0.6] U[0.57,0.67] =[0.24,0.73];

Al
Al

— mist MSF:
“AMSF (rl) =[0.54,0.68]"[0.13,0.22]"[0.25,0.64] N
M[0.96,0.98]11[0.36,0.5]n[0.24,0.95]1[0.57,0.67]w
U[0.66,0.73]1[0.52,0.88][0.13,0.29] ™[0.25,0.38] N
M[0.36,0.5][0.4,0.79]1[0.71,0.99] =[0.13,0.29];

wNyisE (1) =[0.27,0.34]11[0.52,0.88] A[0.71,0.88]
[0.96,0.98] 1 [0.5,0.64] ~[0.24,0.95] ~[0.71,0.99] U

U[0.66,0.73] A[0.13,0.22] A[0.25,0.64] 1[0.63,0.75] A
[0.84,1.00]~[0.4,0.79] A[0.57,0.67] =[0.24,0.34];

},LI MSE (13) =[0.66,0.73][0.78,0.87] " [0.25,0.64]
M[0.63,0.75]"[0.84,1.00] [0.24,0.95]"[0.57,0.67]w
[0.54,0.68]1"[0.78,0.871"[0.25,0.64] "[0.63,0.75]1N
M[0.36,0.5]n[0.4,0.791[0.71,0.99] =[0.25,0.64];
— s Agile:

“AAgile (1) =[0.66,0.73][0.52,0.88] N [0.25,0.64] N
M[0.96,0.98]1[0.5,0.64) N[0.21,0.6]) n[0.33,0.43]U
[0.27,0.34] "[0.52,0.88] "[0.13,0.29]1 1[0.25,0.38] N

M[0.36,0.5]1[0.24,0.95]"[0.57,0.67]=[0.21,0.43];

uN Agile(2) =[0.66,0.7311[0.13,0.22]1[0.25,0.64]
[0.96,0.98] 1[0.360,0.5]~[0.24,0.95] ~[0.71,0.99] U

U[0.27,0.34][0.52,0.88][0.71,0.88][0.63,0.75]
~0.36,0.5]1[0.4,0.79][0.57,0.67]=[0.27,0.34];

n! agile(13) =[0.66,0.73]
[0.25,0.38]1[0.36,0.5]
[0.54,0.68] M[0.52,0.88]
[0.84,1.00][0.4,0.79]

—

0.52,0.88]M[0.71,0.88]

—

0.4,0.79] ~[0.71,0.99] U
0.25,0.64][0.63,0.75] N
0.33,0.43] =[0.25,0.43].

—

M
M
M
M

—

6. Nedasmdukaumna ana OLeHKM PMCKa

JlaHHble, ONy4eHHBIE B pe3yabTate aedaszuduka-
LMK, aHAJTM3UPYIOTCS C UEIbI0 ONpeNeNuTh Hauboiee
nmoaxomsntyto as [T momens paspabotku. JIis 3Toi

A ) = minu (@)1 (@).eon™ (@),
u' (r3) =max(u' 1(r3).0' 2(53),...n 1 (13)), THe N -

KOJIMYECTBO pacCMaTpUBACMbBIX MOI[CJ'ICﬁ. B ciry4dac
BO3HUKHOBCHHA CIIOPHBIX CI/ITyaHI/Iﬁ AHAJIU3UPYCTCA

MOACIIN

YPOBEHb NPUHAIIEKHOCTH (PYHKIIUU },LN ().

B CIydac €ClIrM JId PYKOBOJMUTEIIA IIPOCKTa I3TOT
YPOBCHb PHUCKa ABJISACTCA HEIIPUEMIIEMBIM, EMY PEKOMCH-
JAYETCA YTOUHHUTH OTACIIbHBIC IOKA3aTCIIM IPOCKTa U HC-
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TOJIb30BATh TPEIOKEHHBIE METOMIBI YMEHBIIICHHST YPOBHSI
HauOoJIee KPUTHYECKHX PUCKOB. J[yisi pHBeIeHus K Yer-
KOCTH OBUT BBIOpaH MOJIXOJ C OIpe/eSieHHeM MaKCHMaJlb-
HOT'O CpeTHEro 3Ha4eHHs1 (PyHKIUH IPUHAIEKHOCTH (4).

OmnpenenuM cpejiHee 3HaYeHHE (YHKIIMW TIPHHAI-
JIOKHOCTH P-HEUeTKHX MHOKECTB UIS Ka)XJOro THIA
MoJIeJIeH Il pacCMaTpUBAEMOro IIpUMepa:

— nnsa RUP:

wAup (1) =[0.13,0.22]=0.17 ;

WNeup (1) =[0.25,0.34] = 0.25 ;

wl pup(53) =[0.24,0.73] = 0.49;
— st MSF:

Ay (1) =[0.13,0.29] = 0.21;

uNysr (1) =[0.24,0.34] = 0.29 ;

ul yygp (13) =[0.25,0.64] = 0.45 ;
— s Agile:

MAAgile (1) =[0.21,0.43]1=0.32 ;

HNAgile (r,) =[0.27,0.34]=0.31;

Mi Agile (r3) =[0.25,0.43] =0.34 .

Takum 00pa3oMm, It pacCMOTPEHHOTO TIpUMepa Mpu
UCIOJIB30BaHUH JIFOOOH 13 MoJieNel ypoBeHb pUcKa OyaeT
HHU3KHUM, OJTHAKO JIy4llle Bcero momxomaut monens RUP,
HIOCKOJIBKY HCIOJIB30BAHUIO 9TOH MOJEIN COOTBETICTBYET
MaKCHMaJIbHOE CpejiHee 3HaueHne (DYHKIMH TPHHAIICK-
Hoctn puck HM3KUI (0,49) u MuHEMaTbHOE CpeHee
3HaueHHe (BYHKIMM NpHHAMIEKHOCTH pruck BBICOKUI
(0,17). Menee Bcero moaxomut Mozeib Agile, MOCKONBKY
UCIIOJB30BaHUIO 3TOM MOJENH COOTBETCIBYET MAKCH-
MaJIbHOE CpellHee 3Ha4deHWe (PYHKIWM TMPHHAIEKHOCTH
puck BBICOKHI (0,32) 1 MHHHMAITBHOE CpeIHee 3Haue-
Hue (ByHKIWMM TpuHamIekHOCTH puck HU3KUM (0,34).
Ormmpasick Ha JaHHbIe Ta0J. 3, UCXOMs U3 CyMMBI HEO0XO-
JIMMBIX PE3EPBOB 110 KAKIAOMY PUCKY, TOTydaeM IPaHHIIbI
HeoOXOAMMOro pe3epBa Ha Cllydail peayM3alliid PHCKOB
JUISL BCETO MPOEKTa — Pe3epB JOLKEH COCTaBIATH OT 45,65
10 68,15% ot maHupyeMoro OropKera.

Jna nanHoro mpumepa mpu ucrons3oBanud RUP,
KaK HauOonee COOTBETCTBYIOIIEH TpeOOBaHMAM IIPOEKTa

MOJIENIM, KPUTHUYECKHM PHCKOM OKa3ajoch HapylleHHE
criendukammi. CorylacHO TMpPeIOCTaBICHHBIX PEKOMEH-
Jarmii HeoOXOMMO TIOAIIMCAHUE OTOBOPA MEXY 3aKas3-
YUKOM U KOMITAaHUEH C OMMCaHUEM BXOIHBIX M BBIXOJHBIX
YCIIOBHH, OLIEHKA PUCKOB HE3aBUCUMBIMH JKCIIEPTAMU.

BeiBOAbI

Taxum oOpa3om, coOpaHHBIE B paboTe SKCHEPTHHIC
3HAHMS TIO3BOJIMIIM CO3/1aTh 0a3y MPOAYKLIHOHHBIX TIpa-
BWJI ¥ ONPEAENUTh (QYHKIMH TPHHAUISKHOCTH YPOBHEH
OCHOBHBIX pHCKOB pa3pabotku I1I1. YpoBeHs pucka orr-
pelnernsiics MyTeM aHallu3a BCEX PUCKOB, T.€. (haKTOpOB,
BIHSIOIIMX Ha 3(()EeKTUBHOCTh NMPOEKTa, B 3aBUCUMOCTH
ot mozenu 10, BeiOpanHoi mist paspadbotku [111.

Hayunast HOBM3Ha pPa0OTHI 3aKIIOYAaETCS B TOM,
YTO BBINOJHEH AaHalIW3 OCHOBHBIX PHCKOB CO3IaHUS
MPOrPaMMHBIX TIPOEKTOB Uil MPOTHO3UPOBAHHS IPO-
€KTHOI'0 PHCKa C HCIIOJb30BaHMEM HEYETKOTO BBIBOJA,
KOTOpBIH MO3BOJISIET HCIIONB30BaTh JMHTBUCTUYECKUE
MIepeMEHHBIE, OIIPEIENAIONINE PUCK IIPOEKTA.

[pakTiyeckasi 1EHHOCTb PabOTHI 3aKIIOYAETCs B
TOM, YTO Ha OCHOBE PaCCMOTPEHHBIX JAaHHBIX OBLIN OII-
peneneHbl GpyHKIMU TPUHAIIEKHOCTH Hauboliee KpH-
Tnaeckux puckoB s 11 ¢ urepatuBubiM XK1,
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HEYITKUA AHATI3 MPOEKTHOIO PUM3UKY
T.I. Bparina, I'.B. TaOynmmux

3anpononosanuii 3acHOBAHUT HA HEYIMKOMY BUCHOBKY MeMOO aHAi3y NPOEKMHO20 PUSUKY 8 3ANeHCHOCI 8I0 Pi6Hs pu3u-
Kig, 6uOLIeHUX y npoexmi, i uOPanoi mooeni po3podKu npoepamHoco 3abe3nedents 3 imepamueHum JHCUMmesUM yukiom. Buxo-
PUCMAHHA 0AH020 MEMOOy 00360JIAE SUSHAUUMU HAUOITbW KPUMUYHI PUSUKU Ol KOHKPEMHO20 NPOEKMY, piéeHb NPOeKmHO20
PU3BUKy i Haubinbuw 8i0N0BIOHY MoOenb po3pobKu npozpamnoco 3abesneuents. Kpim moeo, na ocnogi poszensnwymux oanux oyau
susHayeni yHKyii npuHanescHocmi Haudinbw KPUMUYHUX PUSUKIE.

Knrouosi cnosa: ynpasninna pusukamu, npoepamnuii npoexkm, peaxyis Ha pusuK, npocHO3y6aHHs.

FUZZY RISK PROJECT ANALYSIS
T.I. Bragina, G.V. Tabunshchyk

Based on fuzzy inference method for the project risk, depended on the risks level analysis identified in the project and the
selected model of software development with an iterative lifecycle is proposed in the article. Usage of this method makes it possi-
ble to identify the most critical risks for a particular project, the level of project risk and the most appropriate model of software
development. In addition, the most critical risks membership functions are identified by the authors.

Keywords: risk management, software project, the response to risk, prediction.
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