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S®OPMANIBALIA ONTUMAIIBHOIO PO3NOAINY PECYPCIB B
MPOEKTAX O®ICHOI'O YNPABIIHHA LIMBINbHUM
3AXUCTOM

BuvkoHaHo cbopmanisauito  MaTemaTW4HOI MOCTaHOBKM Ta po3pobrneHo meTon
BMPILLEHHS 3ad4ay OMTMMAanbHOrO PO3MOAiNy PecypciB MK enemeHTamu AesKoi
MHOXWHWN 3aXMCHWX 3axOAiB NpU MPOEKTHO-OPIEHTOBAHOMY YMpasniHHI OdicHO
opraHisauiiHoI0 CTPYKTYpOto Yy cdpepi umBinbHoro 3axucty. Puc. 1, px. 7.
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B.M.Ksawyk, .M. Pak

D®OPMAIIN3ALNA ONTUMAIIbHOIO PACMNPEOENEHUA
PECYPCOB B TPOEKTAX O®UCHOI'O YMPABJIEHUSA
rPAXXOAHCKOU 3ALLNTDI

BbinonHeHa dopmanusauma matemMaTu4ecKkon MOCTaHOBKW M paspabotaH meTof
pelleHVs 3agad ONTUManbHOrO pacnpeferieHnst PecypcoB Mexay 3SnemMeHTamu
HEKOTOpPOro MHOXecCTBa 3allUTHbIX Mep MNpu  NPOEKTHO-OPUEHTUPOBAHHOM
yrnpaBneHMn OMWCHON OpraHn3aUVoHHON CTPYKTYpor B cdepe rpakaaHCKon
3aLmThI.

V.P. Kvashuk, Y.P. Rak

FORMALIZATION OF OPTIMAL RESOURCE ALLOCATION IN
THE PROJECT OF CIVIL PROTECTION OFFICE
MANAGEMENT

Formalization of mathematical formulation is done and method is developed to
solve tasks of the optimal resource allocation between elements of some set of
protective measures in project-oriented management of the office organizational
structure in branch of civil protection.

Bcmyn. YcknagHeHHsa AuMHaMikyM rnobanbHMX eKOMOriYHMX Ta KNiMaTU4HMX 3MiH
CBITOBOrO CyCnifibCTBa BMMara€e onepaTtvBHOIO BNPOBAMKEHHS Y CUCTEMY LIMBINIbHOMO
3aXUCTy  MPOEKTHO-OPIEHTOBAHOrO  ynpaeniHHA.  OCHOBHMMW  KOMMOHEHTaMu
ynpaBemiHHA MpoeKkTamn Ta nporpamamu MOoBUHHI OyTn odpicHM nigxig, rHy4KiCTb
ynpaeniHHA npoektamu ( nporpamamu abo noptdenem ) Ta MoAeNtoBaHHA NpoLecy
ONTUMarbHOro po3noAiny pecypcis B cepi LMBiNbHOro 3axucty. OdicHe ynpaBniHHSA
npoektamn [o03BoNUTL 3abe3neunTn MNiATPUMKY BCTAHOBMEHUX CTaHAapTiB Ta
OonNTUMarbHy B3aeEMOAI0 YMpaBniHHA MK MeHemKepamMy pi3HOMaHITHUX MNPOEKTIB,
noptdenis npoekTiB Ta nporpam. Odic ynpaBniHHA npoektamu B cdepi LMBINbHOMO
3axMCTy 3abe3nevynTb ONTUMANbHUI PO3MOAIN PecypciB, E4HICTbL NPOEKTIB, MopTdenis
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MPOEKTIB Ta Nporpam i 9Kk pes3ynbTaTt, CTpaTerilo pPo3BUTKY OpraHisadito ( cuctemm
umBinbHoro 3axucty ). Omke dopmanisauis 3agadi onTMMarnbHOro  po3noginy
MatepianbHUX, PiHaHCOBMNX TOLLO PECYPCIB 3 METOK YAOCKOHANEHHsA €4MHOI cucTeMun
UMBINbHOIO 3axXuCTy € 3aJayeto akTyarnbHO

MNMocmaHoeka npob6nemu. EdexkTBHICTL ynpaBniHHA CUCTEMOK LMBINBHOMO
3aXMCTy OOCAraeTbCs LUMSAXOM BWKOPWUCTaHHS MPaKTUKWA yNpaBeriHHA MpoekTamu Ta
nporpamamu, sik OCHOBM B3aEMOZii Pi3HUX CTPYKTYP, BiAOMCTB TOLWO, 3 ypaxXyBaHHSAM
ONHAMIKN 3MiH LUBUAKONMNHHNX KOHAMIKTHUX CUTYaLil.

Peanisauis noctaBneHoi 3agayvi JOCAraeTbCs LWNSXOM pO3pOobKM MaTemMaTUYHOI
mMoZeni Ana dpopmanisauii onTUMI3auiiHMX CTPYKTYp Mpu po3noAini pecypcis B
npoekTax, MOpTdensax MpPOEeKTiB Ta nporpamax Ha OCHOBI OiCHOro ynpasniHHA
OpraHi3auiiHoO CTPYKTYpPOI CUCTEMM UMBINBbHOrO 3axmcty. OCHOBHOIWO (OYHKLUI€E0
CUCTEMU UMBINBHOrO 3axucTy € 3abe3neyeHHs CcTaHy O0e3nekn XUTTEQIANbHOCTI
MNOAWHM i3 BpaxyBaHHSAM BMIMBY 30BHILLHBOIO (TypOYyNeHTHOro) cepeoBmLLa, a TakoX
cnabo nporHO30BaHUX LWBMAKOMIMHHMX MpPOLUECIB Bid HaA3BUYaAMHUX CUTyauin
NPMPOAHBLOrO Ta TEXHOTEHHOTO XapaKTepy.

AHaniaz ocmaHHix docnidxeHb. [poBeAeHU aHamni3 HayKoBUX AOCHIOXKEHb Yy
poboTtax [1,2,3] BiTUN3HAHUX Ta 3apybiKHMX BYEHUX B 0ONaCTi ynpasriHHS NpoeKkTamm
i nporpamamu MokasaB Ha BIACYTHICTb CUCTEMHO-LINICHUX pe3ynbTaTiB HaykoBO-
NPaKkTUYHMX AOCHISKEHDb LWOAO OICHOr0 ynpasiHHA CUCTEMOIO LIMBINIbHOMO 3aXMCTY 3
cdopmanisauieto 3agadi oNTUManbHOro PO3nOAiny pecypcis Ha OCHOBI BUKOPUCTAHHSA
MEeTOAIB OMNTMMAarnbHOIrO PO3MNOAINY PecypCiB MK enemMeHTamm OesKkoi MHOXWHU
3axXMCHUX 3axoniB.

Ha cborogHi Bigomi pesynbTtatm HaykoBMX AOCHILKEHb LWOAO YnpasIliHHS
CKNagoBMMM CUCTEMM B MpPOEKTax Ta nporpamax, NpeAacTaBneHMx B poboTax,
C. bywyesa, B. Paua, C. YepHoea, 0. Paka, O. MeggeneBa |. KoHOHeHKO Towlo.

MpeacrtaBneHi y nybnikauisix HaykoBi OOCHIIKEHHS, WO TOPKATbLCA MPOEKTHO-
OpiEHTOBAHOrO ynpasriHHA OhicOM opraHi3auiiHOi CTPYKTYpU y cdepi LMBINbHOro
3aXMCTy He MaloTb UiNICHOI CTPYKTYpW, CUCTEMHOro nigxogy Ta MICTSTb
bparmeHTapHU xapakrtep.

Mema po6omu nonsirae y po3pobui metoay dopmanisauii mMateMaTu4Hol
MoZeni Ans BUpILWEHHS 3agadvi onTuManbHOro po3nofiny pecypciB MiX enemeHTamm
OesKoi MHOXMHM 3aXUCHUX 3axofiB Yy Mpoektax npu OgICHOMY yrnpaBniHHi
opraHi3auiiHOK CTPYKTYPOK CUCTEMU LIMBISTbHOMO 3aXUCTY.

OcHoeHa 4acmuHa O0ocnidxeHHs1. Y 3aranbHOMY BWUrMA4i ONTMMI3aLUiNHY
3agavy (ans BM3HA4YeHOCTi obMexnmocs BMNagKoM MiHiMi3auil; 3agadi makcumisauii
NEerko 3BOAATLCS 4O 3a3HAYEHOro TUMy) 3anucyroTb Tak:

=f(x)—>min
y=" (x)—>min, | )
xeX,

ae X — MHOXMWHa JonycTMMMX NNnaHiB (anbTepHaTwB, Ail, BapiaHTiB ynpaBniHCbKNX
piweHb); f — aeska AincHa yHKUid, BU3HaYeHa Ha MHOXMHI X, — pa3oM i3 BMMOrOI0
MiHiMi3aLil BOHa HA3MBAETLCA LiNbOBOK (DYHKLEHD.

Po3B'asok 3agadi MmiHimizauii yTBoptoe napa < X*, y* >, ge X* — MHOXWHa
ONTUMarbHUX NIaHis.:

X*={XEXf(x*)<f(x)VXeX}, (2)

y* — onTumaneHe (3apa3 — MiHiMarnbHe abo HanmeHLe) 3HaYeHHS LiNboBOI (OYHKLT:
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y* = f (X*)VX* € X*. 3)

Cneuianictamn y cdepi UMBINBHOMO 3axXMCTy HACENEHHs | TepuTopin Ans
BUPILLIEHHA UMX 3aday  3aranbHOMPUUHATUX NIAXOAIB MOKU-LLO He BMPOOGREHo.
PobnaTtbes nepui cnpoby NocTaHOBKM 3agay ONTUManbHOro po3noAiny pecypciB Mix
eneMeHTaMy esikol MHOXUHWN 3aXMCHUX 3aXOAiB.

Mpy ubOMY 3ayBaXKMMO, LLO OLHKA PU3NKY CAMPAETLCS Ha MMOBIpPHICHMI nigxia,
SKUA nonsirae y BM3Ha4YeHHi OoOyTKy YMOBHOI MMOBIPHOCTI HacTaHHs HebesneudHoi
noaii Ta MOXnMBoro 30uTKy Big Hei [4,5,6,7].

3a ocHOBY OLiHOK ©e3nekn HaMu NPUIMaKTbCS Taki BUAM Ta 3HAYEHHS PUBKKIB:

He3Ha4YHUN pU3nK — He BinbLue, HixX 1*10°;

NPUNYCTUMUIN PU3KK — BinbLUe HidK 1*10° , ane meHwwit 5*10°;

BUCOKUW (TEPNNUMWIA) PU3MK — BinbLue HidxX 5*107°, ane MeHwwi 5*10™;

HenpunycTUMUn pusnK — BinbLue HixX 5*10,

HaBepneHi BuauM Ta po3mipu pu3unkiB cOpmMOBaHi Ha niacTtaei nonepegHix
JocnigXeHb Ta BUBYEHHSA MiXKHApO4HOro 4oCBiay.

CdopmynioeMo MatemMaTWyHy MOCTaHOBKY 3afadvi ONTMMAalbHOro po3noginy
pecypciB MK eneMeHTaMu 4esKol MHOXUHWN 3aXMCHUX 3aXOAiB HAcTYMHUM YUHOM.

MosHaunmo yepe3 R(x) iHAMBIgyanbHUN pU3KK Ha Mexi 6e3neyHoi 30HM 06’ekTa
nigeuweHoi Hebe3snekn. BenunumHa R(Xx) € KinbkicHolo Mipoo Hebesneku i
po3paxoBYeTbCA sIK AOOYTOK iMOBIpHOCTI HebGaXkaHoi nodii Ha BENUYMHY MOXIMBOIo
36uTky Big Hei. Kpim Toro, R(x) aBnseTbCcs (yHKUi€O Big 3axucHWX 3acobis, ski
NPOBOAATHLCS Ha 0B’eKTi | BU3HAYaETbCA 3aNeXHiCTHO:

R(x)=F xPxB, @)

ae F — imoBipHicTb peanisauii He6e3ne4yHoro haktopa Ha NpoTA3i POKY.

Lla BennymMHa po3paxoBYETbCS 3a CreuianbHOK METOOUKOKW i € (byHKUieo Big
3aXMCHUX 3axogiB, WO NpoBoAsaATbCHA Ha 06’ekTi — F(x). Ona obuncneHHs iMoBipHOCTI
F(x) BMKOPUCTOBYETBCA anocTepiOpHO-4aCTOTHUWA nigxig, sKui OGasyeTbcst  Ha
YaCTOTHIN KOHUenNUii iMOBIpPHOCTI.

P — piBeHb NOWKOOXKEHHs 00’ekTa npu peanisadii HebesneyHoro akTopa
(maTtemaTnyHe cnogiBaHHA [oni MOLWKOMKEHHs ob’ekTa y BunNagky peanisauii
Hebe3neyHoro gakTopa, abo KoeilieHT yLIKOAKEHHST 00’exTa).

Lis BenmumnHa Tex po3paxoByeTbCs 3a creuianbHO METOAMKO | € DYHKLIE Bif
3aXMCHUX 3axO0AiB, Lo NpoBoadATbCs Ha 06’exTi P(Xx).

B — 6anaHcoBa BapTiCTb 06’eKTa 3 ypaxyBaHHAM €KOHOMIYHMX BTpaT, NOB’A3aHMX
i3 MOBepHeHHAM 06’ekTa 4O NonepeaHboro CtaHy, TO6TO A0 NOYATKOBOrO CTaHy, SIKUI
MaB 00’ekT [0 Aii Ha Hboro Hebeane4yHoro dakTopa.

TakvM YMHOM, BapTICTb BKNtoYae B cebe Ak NpsaMuin 36UTOK, Tak i HENPAMUIA, KA
MOXe MaTu Micue npu BNnuBi Hebe3neyHnx pakTopiB Sk Ha Noaen, Tak i Ha 00’ekTn
HeXuBOI Nnpupoam (OyaiBni, ycTaHOBKM, CNIOPYAM).

HaBegeHa 3anexHicTb (4) LO3BOMSE 3MiHIOBATW OYiKyBaHWN 30MTOK LUMASXOM
NPOBEAEHHS 3aXUCHUX 3acoObiB, CNPsIMOBaHMX SK HA 3MEHLUEHHS 4acToTW, TaK i Ha
3HWXKEHHSA PiBHA NoLwKogXeHHsa ob’ekTa npu peanisauii HebesneyHoro caktopa. Tak
AK 3axMCHi 3axoau SABNSATbCSA BUTPATHUMK i DakTUYHO 36inbLUylOTb MOYaTKOBY
GanaHcoBy BapTicTb 00’ekTa A0 aBapii, To Moxe OyTu BupilleHa 3agada BUOOPY
OESKOro KOMIMIEKCY 3axXMCHMX 3axofiB, ANs SKMX OdikyBaHui 30uTOK Oyae
MiHiManbHMM, abo obepHeHa 3agaya Mo MiHiMi3auii BKNageHUx pecypciB Ha 3agaHe
0OMeXeHHS O4viKyBaHOro 306UTKy.
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BBegemo HacTynHi No3Ha4YeHHs:

306 — GanaHcoBa BapTiCTb 06’eKTa 4O NPOBEAEHHS 3aXMCHMX 3aX0MiB:

N — u4ucno 3axMCHMX 3axofdiB, CrNpPSAMOBaHMX HAK Ha 3HWKEHHS iIMOBIPHOCTI
peanisauii Hebe3ane4yHoro daktopa (BenuumHM P (X)), Tak i Ha 3HWKEHHSA PiBHSA
NoLLKOKEHHS1 00’ekTa npu peanisauii HebesneuHoro gaktopa (P(x)).

;%" — pospaxoBaHuin Yac ekcnnyaTauii i-ro 3axody [0 KaniTarbHOro PeMOHTY
abo peKOHCTpPYKLUii 06’ekTa;

6" — cepenOHbOPIYHI eKkcnnyaTauiiiHi BUTpaTu, NoB’s3aHi 3 peanisaLielo r-ro
3axoay;

V — cepefHbopivyHMI 00’€M pecypciB, BUAINEHMX HA MNPOBEOEHHHA 3aXUCHUX
3axopiB y po3rnsayBaHuin nepioq nnaHyBaHHS;

8y — 4aCTMHa BapTOCTI MpPOBEAEHHs §-20 3axody, sika BPaxXOBYETbCA Y
©anaHcoBil BapTOCTi abo B iHLWMX CTATTAX MaTepianbHUX akTUBIB;

B; — noBHa BapTiCTb NPOBEAEHHS i -ro 3axoay;

e; — NpuBefeHa piyHa BapTiCTb MPOBEAEHHS  i-ro 3axody, ska ob4McheTbes

3a gpopmyJsioro:

€eKcn €eKcn

6, =Bt 6 (5)

e X; — uinoymceneHa 3MiHHa G6ynbOBOro TuMy, sika NPMMMae 3Ha4YeHHs 1, SKLWO i-TUK
3axi4 He BKMNOYAETbCA B NNaH 3axOdiB Ha po3rnsayBaHWi nepiog nnaHyBaHHS i
3HaudeHHs 0 y NpoTUNeXHOMY BUMNAAKY;

Ry — iHOMBIAyanbHWIA pU3NK Ha MeXi 6e3neYHoi 30HM AaHoro ob’ekTa.

Lls BenuuMHa po3paxoBYeTbCA 3a ChnewljianbHOK METOAMKON, SABMSIETLCS
PYHKLIE Big 3axXUCHUX 3axodiB, WO MpoBOAATbCS Ha OO'ekTi i BM3HAYaAETbCS
3anexHicTio:

R(X): F(X)Xpm- (6)

BBepemo 0oOoaTKOBO AesiKi BEKTOPHI MO3HAYEHHA HA MHOXMHI OMMCaHMX BULLE
3MiHHUX | KOHCTaHT:
6 6 6
X:(Xl, ...,Xn), 62(61, ...,en), 8 :(61, ...,en). ©)

HeobxigHiCTb BBeOeHHS KOHCTaHT obymoBfneHa TuM, WO He BCi BUTPaTH,
MOB’si3aHi 3 MPOBEOEHHAM 3axXMCHMX 3axopfiB, 36inblyoTb 0GanaHcoBY BapTICTb
06’ekTa, SKa i BpaxoBYyeTbCSA NPM OLHLi pOo3MipiB 30UTKY Bif HaA3BUYaNHNX CUTYaLIN.

Mu BBENW 3MiHHY 8; — MpPUBELEHY pPiYHY BapTiCTb, WO OOYMOBMNEHO TWUM, LLO
NopsiA 3 NOTOYHMMM LLIOPIYHUMM 3aX04amMu po3rfsAaTbCs 3axoam 3 OinbL TpMBanum
TepMmiHOM ekcnnyaTtauii. Y uboMy BUNagKy pobuTbcst ogHOpa3oBe (PiHAHCYBaHHs, ke
MOXe iCTOTHO nepeBepLUNTM 00’eM cepeaHbOPIYHMX BUTpaT.

Take iHaHCyBaHHs Moxe OyTu 3abe3nevyeHVM Yepe3 MexaHi3mM KpeauTyBaHHS.
MpunycTumicTbe gaHoro ob’eMy KpeauTyBaHHS, TOGTO MOXMMBICTb MO0 MOBEPHEHHS
Ha npoTsa3i po3rnagyeBaHoOro nepiogy nnaHyBaHHSA, BUXOASYWU i3 cepefHbOpPIYHUX
pecypciB, BUAINEHUX Ha MNPOBEOEHHS 3axXUCHUX 3axofiB Yy po3rnsayBaHu nepiof
nnaHysaHHsa V, obymoBneHa obmexeHHsMn 3agaui.

3rigHo Hawwux nosHayveHb F — iMOBIpHICTb peanidauii Hebe3neyHoro dakTopa Ha
npoTa3i poky. Togdi iMOBIpHICTb peani3auii HebGe3ne4yHoro daktopa ABidi Ha NPOTA3i
poKy — F2, Tpuui — F° i 1.0. MaTemaTuuHe crogiBaHHsi piYHOro 30MTKY Yy LbOMY
BMNAaAKy 3anueTbCs y BUTNSAI:

4 “YnpaeniHHA NpoekTamu Ta po3BMTOK BUpoOHMLUTBa”, 2013, Ne 1(45)



R:F><P><B+F3><P><ZB+F3><P><3B:F><P><B><(1+2F+3F3+...), ®)

pe B - noto4yHa 6anaHcoBa BapTicTb 06’ekTa.
MosHaunmo cymy psagy K

S(F)=1+2F +3F° +4F" +. ... )

Topi obuncnumo:
X X t
w(x)=Ts(t)at =I(1+2t+3t2 +...)dt=t+t2 i —
0 0 1-t

Taknm YMHOM,

dy 1
;—S(F)_l_F . (11)

Tak sk npyu manux F Bupas l/(l-Fz) ayxe 6nm3sbkuin 4o 1, TO MOXHa NPUAHATMH,
Lo

R=FxPxB. (12)

Toai y BeKTOpHOMY BUMNA4I 3agada MiHiMi3auil cepeaHbOPIYHOro O4iKyBaHOMo
30MTKYy Ha OO’eKTi 3a paxyHOK MNPOBEAEHHSI 3aXWCHUX 3axofiB Big Haa3BUYaMHUX
CUTYyaLil 3 BpaxyBaHHSIM YMOBM 6e3neYHOro pusmky Moxe 0yTu sanucaHa y Burnsaai:

F(x):P(x)x(Bg+(B5,x))—>min, (13)
(B,x) <V, (14)
R(x)<1x10°, (15)

Xj e{O,l},jzl,...,m.

Ob6mexeHHs (14) o3Hayae, WO Cyma CepedHbOpIYHUX BUTPAT HE MnepeBuLye
3aJaHol BennynHn V.

CdopmynboBaHa 3ajaya 4BMSETLCA UINOYUCENBHOW, Mae niHinHi (14) Ta
HeniHinHi (15) obmeXeHHs | 4OCUTb CKNagHUA HEMIHIMHUIA OyHKLUioHan.

Ons po3B’A3Ky 3agadvi MiHimi3auii pecypciB, HeobXxigHMX Ansa 3abesneyeHHs
NPUAHATOrO PIBHA PU3NKY CHOPMYNIOEMO MaTemMaTU4Hy MNOCTAHOBKY 3ajadi, B
AesKoMy po3yMiHHi 06epHeHy Ao 3agauvi (13), a came 3agady MiHiMi3auii pecypcis,
HeobxigHMX Ans 3abes3neyeHHs O4iKyBaHOro piYHOro 30MTKY (pU3uKy), He BuLle
3aaHoro.

J[lo BuLLIeonucaHnx no3HavyeHb Jo0OaBUMO LLie 3Ha4YeHHA R* .

R* — 3apaHe OOMexXeHHs 3BepXy Ha BEeNU4YMHY OYiKyBaHOro piYHOro 36UTKy.
dopmanisadis wiel 3agadi NpUBOANTL OO HACTYMHUX CMiBBIgHOLEHb:
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V — min, (16)

(B,x) <V,
F(x)xP(x)x(Bg+(B6,x))£R*, 17)
R(x) <1x10™°, (18)

x;e{o1}, j=1...m.

B3apgava MiHiMi3aUii pecypciB, He0OXigHUX Ans 3abe3neyveHHsl 04ikyBaHOro 36UTKYy,
He BuLe 3a4aHoro, 3 MaTeMaTUYHOI TOUKM 30pY ABNAETLCA, SK i NepLua, HeniHinHOK
3agavero LinovmcenbHOro nporpaMyBaHHs.

Bnbip meTogis i anropuTmis AN BUPILLEHHS UUX 3adad nepegbadvae HacTynHe.

Mpunyctmo, Wo MK 3axMcHUMKM 3acobamy MOXYTb iCHyBaTu Aesiki anpiopHO
3agaHi  B3aEMO3B'A3KM, SKi  MOXYTb OMKTYBATUCA  TEXHIYHUMWM  YM  iHWIUMHK
MipKyBaHHsIMU. Po3rnsHemMo B3aEMO3B’s13K/ TPbOX TUMIB.

1) I — MM 3axig MoXe NPOBOAMTMCA Nue NpU YMOBI NPOBEAEHHS | — TOro
3axogy. Taki 0bMeXeHHS MOXXHa 3anucaT HaCTYNHUM YUHOM:

Xj = Xj <= 0; (19)

2) | — Tun 3axig Ta j — TUA 3axid € B3aEMOBUKITIOYHUMU (anbTepHaTUBHUMMN).
Take oOMEeXeHHS MOXHa 3anucaTu HacTYMHUM YNHOM:

Xj +Xj =1, (20)

3) K-tvn 3axig MOxe npoBOAWUTMCA NULIE MNPW YMOBI MPOBEAEHHS OAHOro i3
anbTepHaTUBHUX 3axofiB i abo j. Y uboMy BuNagky OOMEXeHHS Moxe O6yTn
npeacTaBneHo y HacTynHOMY BUrnsA4;:

xk—xi—xjso, (21)

X +Xj =1. (22)

Takum 4MHOM, B 3aranbHOMY BUMNSAAI A0AATKOBI OOMEXeEHHS, sKi BigobpaxatoTb
B32EMO3B’A30K OKPEMWX 3axOAiB, SABMAAKTBCA NiHIMHUMK i X MOXHa 3anucaty 3
Jonomorow geskux matpuub A i B, wo cknagatTtbeda i3 enemenTie (0, 1, -1)
HACTYNHUM YNHOM:

Ax < 0; (23)

Bx =1. (24)
Takum 4nHom, y 3agadvax (13) i (16) nosiBunucs SOL4ATKOBI NiHINHI OOMEXEHHS y

BUrNsai HepiBHocTen (23) i (24).
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Ockinbku obmexeHHs (17) i (18) 3agadi (16) He ABnAKTLCA NiHIMHMMK, TO 3adavy
(16) He MOXHa po3rnsaatv SIK 3agadvy LifTIOMMCENbHOrO iHIMHOrO nporpamyBaHHS.
OgpHak, sk ©0yae nokasaHo Hwkye, yHKuioHan 3agadi (13) i dyHKuji, Wo BxoaaTh B
obmexeHHs (16), (17) i (18), aBnsoTbcsa NoniHOMianbHUMM.

[nsa uboro po3rnsgHeMo KOHCTPYKLUito dyHKUiT F(X) Ha npuknagi Takoi TEXHOreHHol
Hag3BMYanmHOI cuTyauii, sik BUbyx y pesepyapi. [obyayemo ons Hel incTpaTuBHUIA
npuknaz noriko-iMoBipHICHOT Mofeni - Tak 3BaHe AepeBo nogin (puc.1).

Akwo nosHaunTKn iMoBipHOCTI nogin 1, 2, 3, 4 ak Py, P>, P3, P4, TO iMOBIpHICTb
BMHWKHEHHS rOMNOBHOI NOAIT MOXHa BUPa3nTW HacTYNHUM YNHOM:

F=1-(1-R)x(1- Pz)x(l—(l— P, P4)).(25)

3Bigcu BuaHo, Wwo imoBipHicTb P = F (P4, P>, P3, P,;) ABNSAETbCA NOMiHOMIaNbHO
dyHKuieto Big imoBipHocTen ©6asoBux nogin. Lle TBepaxeHwHs cnpaBeanuee i B
3aranbHOMY BUNAAKY.

Y cBOW 4epry, KoxHa i3 6a3oBux NMMoBipHOCcTEN P; = Pi(X) aBNAeTbCS OYHKUIE
Big BUOpaHMX 3aXUCHUX 3axopiB.

TonoBHa nojis

an
A

|

h 4 Tonis, 3anexHa Bij

[Tomis 1 Tojis 2 MosiBY nojiii 3 i 4

| [Togis 3 | l [Monis 4

- :

Pwuc. 1. depeBo nogin peani3auii Hag3BMYanHOI CUTYaL|ii TEXHOFE€HHOTO XapakTepy

Hexan Q — MHOXMHa BCiX JONYCTMMUX MIOAMHOXWH 3axodiB Ang 3agadi (13) abo

(16). Togi ntobomy oro enemeHTy @ MOXHa BigHeCTV napy o, i w,, @ — (wlwz)

Ae @ — MHOXWHa iHOEeKCiB 3axofiB, sKi BXOAATb B NIAMHOXUHY @ ; ®, — MHOXMWHa

iHOEKCIB 3ax0[iB, SKi He BXOAATb B NIAMHOXUHY @ .
Taknm YMHOM:

a)lua)zz{l,Z,...,n}.

Hexan ons koxHoro JonycTMMoro Habopy 3axofiB 03HayYeHHs iMOBIpHOCTI Byae:

R(e)=p., wea. (26)

Togi pyHKuito Pj(x) MOXHa BUPa3nTK HAacCTyNMHUM YNHOM:
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TakvuM 4YMHOM, MM MoKasanu, Wo KoXHa i3 yHKUin Pi(X) SBNSETLCA MNOSiHOMOM
BiJ CBOIX 3MiHHMX. AKWO noniHoMuK Pj(x) NiacTaBuTy B MOMNIHOM CMiBBIAHOWEHHS (25)
TO, OCKINbKM Cyneprnosuuis noniHOMIB SIBMSIETLCA NOSTIHOMOM, MOXHa CTBEPAXYBaTH,
wo F = F(x) aBnaeTbCsl NOMIHOMOM Bifl 3MIHHUX Xj;..., Xp.

OO6rpyHTyBaHHA TOro, wo dyHkuii P(x) i R(x) <BnAlTbCa noniHomamu,
NpoBOAMTLCA aHamnoriYyHo OBrpyHTyBaHHIO AN GYHKUii Pi(x), HaBeaeHOMy BuLe.
3Hauntb, | yHkUuioHan 3agadvi i obmexeHHa (13), (15), (18) saBnsAwTbLCSA
noniHomianbHUMKM PYHKLISMKU Sk J0BYTOK noniHoOMianbHUX pyHKUIA, TOBTO iX MOXHa
npeacTaBvTU Yy BUMMSAi CyMW OOAAHKIB:

nk )
d, x T1 x™, 27)

=1

ne dk — KOHCTaHTa, a — noAaTHI NOKa3HMKM CTEMEHI.

Tenep moxHa cpopmynboBaHi BULLE 3adadi HeMiHiMHOro nporpamyBaHHs (2) i (5)
3aMiHUTU  eKBiBaneHTHUMM  MiHIMHUMKM  3agadamy 3 OyNbOBUMU  3MIHHUMM,
Qg
=X

BMKOPMWCTOBYIOUN NPUIMOM, onncaHun y [5]. 3miHHa X| ABNAETHCS OynboBOIO X; j

ans nboro gogaTHOro nokasHuka akj .

PiBHicTb % =0 o03Ha4vae BiOCYTHICTb 3MiHHOI X:. Yy k-Tomy popaHky. 3Biacu

J
cnigye, Wo K -Tni gogaHoK MOXHa 3anucaTtn y BUrnsagi:

Ny
d, < I1 Xj (28)
j=1
Mpunyctumo, wo
Ny
Y = [T x;. (29)

Topi 3amiHHa Yy, TakoX € O6ynboBoto, a k-Tun gogaHok noniHoMianbHOI dyHKLi
cTae NiHiMHo yHKLUiE BUrNaay dk XYy -
Ans Toro, wo6 rapaHTyBaTU BUKOHaHHA ymoB Yy, =1, Bci x, =1,y =0.B

NPOTUBHOMY BMMNagKy, Ha KOXHY 3MiHHY Y, HeoOXiAHO HaknacTu HacTymHi
obMeXeHHs:

> x; - (n ~1) < vy, (30)
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Ockinbkn obmexeHHsa (30) i (31) sBnsAwTbCA MiHIMHUMKM, TO OaHUA METOA
Jo3sonsie 3BecTu 3agadi (13) i (16) [0 3agadv  Lino4vMcenbHOro  MiHiHOro
nporpamyBaHHsi. Lle, B cBOO uepry, Ja€e MOXMIMBICTb BUKOPUCTOBYBaTM METOAM,
po3pobneHi ona 3agad gaHoro Tuny, a came MeTop FifoK i rpaHvub, (aguTUBHUN
anroputm y Bunagky OyneBux 3miHHMX) [5,6] abo metog P.Momopi (apo6osun
anropuTm) [6].

BucHogok. Taknm 4MHOM, 3anporoHOBaHW MeTOo[ BUPILLEHHSA PO3rnsiayBaHMX
ONTUMI3aUinHNX 3a4ay A03BOMSE PO3rnsaaatv He crneuudiyHi, a OOBIiNbHI KOMMMeKcH
3aXMCHUX 3axofiB, WO [J03BOMSE MpakTUYHe 3acCTOCYBaHHSA [AaHuX Mojernen,
3abesneunT ONTUMAaNbHUI PO3NOAIN PecypciB Ta AOCATHYTU CTaHy CUCTEMHO-
yinicHoro OQiCHOro ynpaBniHHA OpraHi3auiiHOK CTPYKTYpPOK Yy cdepi UMBINbHOMO
3axucTy nNpu peanisauil Ta B3aeMogii pisHOMaHITTA NPoeKTiB, NopTdeniB NPoekKTiB Ta
nporpam.
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