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MOJEJII TA METOJM ITPOI'HO3YBAHHS PIBHS BE3INEKHU ITOJIIIOHY 31 3BEPITAHHSI TBEP-
JUX IMIOBYTOBUX BIAXO/JIB

Brepmre cTBOpeHO iMiTaniifHy MOJENb CHCTEMH YIPaBIiHHS Oe3MEKO0I0 MOMIroHy 3i 30epiraHHs TBEpAUX MoOYTOBUX Bigxoxis. I1ix yac po3pobieHHs
MOJIEJTi TIPONOHYETHCS PO3MIIAATH HEOOXITHI [l BU3HAYCHHS PiBHA O€3MEKU MapaMeTpH MONIrOHy, sIKi BU3HAYAIOTh (HaKTOPH PU3UKY BUHHKHEHHS
HaJ3BHYAIHUX CUTYALill Ha HbOMY, Ta MTOKA3HUKH SIKOCTI JOBKIJUISA SIK BiZIrYKH Ha BIUTMB 30BHILIHIX YMHHHUKIB. B 1IboMy OCIIDKEHHI OKa3aHi i Ma-
TEMAaTHYHO ONHUCAaHI B3a€MO3B'SI3KH MPOIIECIB, 110 BiIOYBalOThCs HA 00'€KTi Ta y M0BKi/LTi. OCHOBHUM PE3YJIbTATOM JOCIIKEHHS € YIOCKOHAJICHHS
METO/y IIPOTHO3YBaHHS PiBHS OE3MEKH MONIrOHY HIISIXOM BUKOPHCTAHHS IMITAIliHHOTO MO/ICITIOBAHHSI.

Ku1104oBi ci10Ba: nporHo3yBaHHs, piBeHb O€3MeKH, iMiTalliiiHe MOJETIOBaHHS, TOJIIrOH, BiIX0H1, (aKTOPH PU3HKY.

BrepBble co3aHa HMHTAIIMOHHAS MOJIENb CHCTEMBI YIPABICHUS 0€30IIaCHOCTHIO MOJIMIOHA 3aXOPOHEHHS TBEPIbIX OBITOBBIX 0TX0#O0B. [Ipm paspa-
00TKE MOJICNIBIO MPEIAraeTCcs pacCMaTpHBaTh HEOOXOAMMBIE [T ONPEAEIICHNs YPOBHs 630IIaCHOCTH TapaMeTphl MOJIMIOHa, onpeensomnme Gpak-
TOpPBI PUCKA BOSHUKHOBECHHS HA HEM UPE3BBIYAHBIX CUTYallUi, X IOKA3aTeIN Ka4ecTBa OKPY KaroIeil cpebl, Kak OTKIMKI Ha BO3AEHCTBHE BHEITHUX
(axTopoB. B maHHOM HCCIeOBaHHM IOKA3aHBl X MATEMATUYECKU OMUCAHbI B3aHMOCBS3H IIPOLECCOB, IPOUCXOAAMUX HA 00BEKTE U B OKPY’KaroIeH
cpene. OCHOBHBIM pe3yIbTaTOM MCCIICJIOBAHUS SIBISICTCS YCOBEPUICHCTBOBAHNE METO/A TPOTHO3UPOBAHMS yPOBHS OE30MACHOCTH MOJIMTOHA ITyTeM
HCIIOJIb30BAaHUSI UMUTAIIMOHHOTO MOICIUPOBAHMS.

KiroueBble ¢10Ba: IPOTHO3UPOBAHUE, YPOBEHb O€30MIaCHOCTH, HIMHTAIMOHHOE MOAEIHPOBAHHE, IIOIUIOH, OTXOABI, (JaKTOPHI pHCKA.

The purpose of the article is to develop method of forecasting of safety level of solid household wastes landfill based on simulation modeling applica-
tion. The mathematical simulation of functioning process of safety control system of landfill is applied, taking into account interrelations of the pro-
cesses taking place at the object and in the environment yet considering characteristics of these processes as responses of environment and object on
influence of external factors. Results originality. For the first time, the mathematical model of functioning process of safety control system of landfill
is developed. We have developed the improved method of forecasting of safety level of landfill is developed, allowing to account the whole complex
of acting factors of negative influence of the landfill at the environment in connection with accompanying factors of risk of extreme situations occur-
rence and at the same time to decrease the number of meaning indexes of safety. Practical value. Application of the proposed method allows us to
achieve stable and sufficiently accurate statistics of succession of events without experiments taken on real landfills, which may lead to extreme situa-
tions occurrence. It gives us an opportunity to decrease the amount of calculations needed for accurate estimation of the landfill safety level and at the

same time to simplify the forecasting procedure without accuracy loss.

Keywords: forecasting, safety level, simulation modelling, landfill, wastes, risk factors.

Beryn. Ananis HajzBuuaiiHux curyauiit (HC) Tex-
HOTEHHOTO Ta MPHPOTHOTO XapaKTepy, AKi BiTOYyBarOThCA
y MeXax TOJIIroHiB 31 30epiraHHs TBepANX NOOYTOBHX Bi-
nxonis (TTIB) Ta iHmMMX BUAIB CMITTS HasBHO JIEMOH-
CTpy€ MPUCYTHICTh B3a€MO3B’SA3KIB MiX JDKEepellaMH eKo-
sorigHoi HeOe3meku Ta ¢akropamu pusuky HC, mo mo-
XKyTh BUHUKHYTH y iXHIX Mekax. Hanpuxmax, B Ykpaini
Ta CBITI Ha MOJIrOHAaX Ta 3BAJMIIAX PI3HOTO NMPHU3HAYCHHS
y JIOCTaTHil KUIBKOCTI BiJJOyBalOThCS 3CYBH Ta 00OBaiu
BEJIMKUX Mac BIIXO/iB Ta 3a0pYAHEHHUX I'PYHTIB, HACIIIKK
SKHUX Y OKpEMHUX BUIaJKax € karacTpodiunumu. Jlo nomi-
OHUX TNOAiH BigHOCSATHCS, 30Kpema, HC, mo cramucs y
2015 pomi y M. llemxen, Kurait (69 3arubmmx); y 2011
poui y M. Bbario, @ininminan (5 3arubdmmx); y 2000 pomi y
M. Kecon-Citi, ®@iminmiam (218 3armbnmx). YciMm 3raga-
HUM KaTacTpodaM IepeayBaiy MOPYIICHHS YMOB HAaKO-
MTUYeHHS Ta 30epiraHHs BiIXO0iB, a Oe3mocepeIHhO Iepe
HUMH y OUIBIIOCTI MPHKIAAIB — CEpHO3HE IMOTipIICHHS
METEOPOJIOTIYHUX YMOB Y BHUIJISII 37MB. BTiM, iHIIMM He-
raTHBHUM HACIIIKOM OIMCAHUX MOii, OKpiM 3arudeni
JIOJIEH, CTaNo CyTTeBe 30iNbIICHHS TUIONII, SIKi 3aliMaloTh
BiJIXO/H, Ta TX PO3IMOBCIOJKEHHS Ha TEPUTOPIIO, HE TPHUC-
TOCOBaHy [UIA ix Oesmeuynoro 30epiranHa. OTke, MOXKHA
3poOUTH BUCHOBOK, IO PiBE€Hb EKOJOTIYHOI HeOe3meKu
noAi0HUX 00’€KTIB micis noaiOHUX KaTacTpod pizko 30i-
JIBITYETHCSL.

OcobnmuBo mpobiema 3abe3meueHHsT Oe3MeKku TMOi-
TOHIB 31 30epiraHHs BiIXOJIB 3arOCTPIOETHCS, SKIIO JCKi-
nbKa pisHorutaHoBuX HC cmiBmajgaroTe y 4aci, OCKiIBKH
CyMapHi BeIMYMHHU HETAaTHBHOTO BIUIMBY Ha CEpEIOBHINE
IIPU IEOMY CYTTEBO 3POCTAIOTh. 30KpeMa, ITiJ] Yac MOXKEexXi
Ha TIOJIITOHI NPSIMHUH KOHTPOJIb CTAHy Macu BiJIXOJIB 3
METOIO OL[iHIOBAaHHS (paKTOPIB PU3NKY BUHHKHEHHS 3CYBY
abo iammx HC € cyTTeBO YCKITagHEHHM dYepe3 BUCOKY
TEeMIIEpaTypy MalalouuX PEUOBHH.

Sk MO’XHa TOOAYNTH HA HABEJCHUX NPUKIAIAX, MH-
TaHHS 3HIKEHHSA pu3nKy BuHUKHeHHS HC Tta 3abesme-
YEeHHS eKOJIOTIYHOI Oe3IeKH Ha IOJIroHax 3i 30epiraHHs
BIJIXO/iB HEOOXIMHO PO3MNIANATH 3 YPaxyBaHHSAM YCiX
B3aeMO3B’s13KiB. Clliji 3a3HaYWTH, IO W Y HOPMAaIBHHUX
yMOBaX (PYHKIIIOHYBaHHs MOJiroHy 3i 30epiranus TIIB
CYTTEBOIO YMOBOIO YCHILIHOI peajri3amii 3axofiB i 3aco-
0iB 13 3a0e3MEUYEHHS €KOJIOTTYHOT Oe3IeKH € PO3MILCHHS
Mac BiAXOAIB Y 130JLil BiJ HABKOJHMUIHBOTO CEPEIOBU-
ma. [le Bumarae, 30kpeMa, yTpIMaHHS BiIXO/AiB Ha BHIi-
JICHOMY OOME)XEHOMY MalIaH4NKy Oe3 pO3IOBCIOKCHHS
Ha TPWIETITy TEPUTOPIIO0 BiAXOIIB Ta MPOTYKTIB IXHBOTO
PO3KIIa/laHHsl.

AHani3 JiTepaTypHHUX [JaHMX Ta MOCTAHOBKA
npob6aemu. Micus posramyBanas TIIB e moryxHUMH
JOKEpeNnaMH PO3NOBCIOJKEHHS 3a0pYAHIOIYHX PEYOBHH Y
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atMocdepi, IPyHTi, MOBEPXHEBHX Ta IMJI3EMHHUX BOJAaX
[1]. IkimmBwiA BIUTMB TOJITOHIB 3i 30epekenns TIIB Ha
JOBKLIIJIS € TPUBAIKMM y Yaci, IO TOB’SI3aHO 3 BEIMKAMHU
TepMiHAMHU PO3KJIAJICHHS PEYOBUH, SKI BXOJATH O Mac
BiJIXO/IiB, 30KpeMa, TOTiIMepiB Ta KOMIO3HUIIHHUX MaTepi-
amiB. I1o0yTOBI BIiIXOIW € CYMIIIIIIO TBEPAUX PEYOBHUH,
[0 MICTHTh Xap4oBi BIIXOJW, MAmip, CKJIO, TKAHUHH W
MOJIIMEPHI MaTepiaiu, METalld, TOIIO, SIKi BUKOPUCTOBY-
10Th y no0OyTi. Ilpore y peanbHux ymoBax (yHKLIOHY-
BaHHs IOJIrOHIB 3a paxyHOK 3mimryBanHs 10 TIIB not-
paruisie MIMPIIUN CHOCKTP BIAXOJIB, BKIIOYAHOUU BEIHKO-
radapuTHi yjnaMKu OyIiBEJIBHOTO CMITTS, II0 BU3HA4ae
OaraToxoMroHeHTHHHA ckian TIIB [2].

OCHOBH KOHIENIIi KOMIUIEKCHOTO EKOJOTi9HOTO
OIIiHIOBAaHHS TPUPOJHO-TEXHOTEHHUX 00’ €KTIB BUKJIAJe-
HO y po0oTax 3 MUTaHb eKOJOTiYHOI Oe3neku [3—6]. 3ara-
JBHUH TIIXIA JO CTBOPEHHS MOJIEIICH, 0 BUKOPHUCTOBYBAB-
Csl aBTOPOM Y IOCTIDKSHHX, BHKJIaneHo y podori [7]. o
CTOCYETBCSI 3aCTOCYBAaHHS JIAHOTO IMIJXOAY Ui OKPEeMHX
BUINAJIKIB y BUpIlIEHHI Mpo0ieM 3a0e3nedeHHs Oe3neKH sk
3araJIbHOTO ITIaHY, TaK 1 KOHKPETHHUX 3a/1ad4, I pe3yIbTaTH
BHUKJIajIeHO Y poboTax aBTopa [8—11].

Peanmizanis QUHAMIYHOTO YTpaBliHHSI O€3MEKO0 B
ymoBax HC notpebye sIKiCHO HOBHX MiAXOMIIB IO OILIHIO-
BaHHS Pe3yJIbTaTiB HETATHBHUX BIUIMBIB Ha 00 €KT Ta JIO-
BKiJUIS. BpaxyBaHHs cykymHOi nii pi3HMX (akTopiB, Ha-
KONMYEHHsI e(peKTy BIUIMBY, B3a€MO3B’SI3KiB MiX (hakTo-
pamu pu3uky BuHuUKHeHHS HC Ta mokasHUKamu pPiBHS
€KOJIOTiYHOI Oe3MeKH MOJIroHy BUMarae Iepexoay Bin
METOJIiB TPSIMOTO OIIHIOBAHHS PE3yJbTAaTiB BILTUBIB JIO
METOJIiB IPOTHO3YBaHHS IHUX PE3YJIbTATIB y MailOyTHBO-
My, IO JO3BOJIUTH HE JIMIIIE BUKOHATH 3aBJaHHA 3a0e3Ie-
YeHHsI HeOOX1THOTO PiBHS O€3MeKH, a i MABUIIUTH edeK-
TUBHICTh 3aXHCHHX 3aXOJiB, SIKI BIPOBAKYIOTHCS IS
fforo BUpiMmeHHs. 3 ypaxyBaHHIM 0OMEKEHOCTI pecypciB
3 JIIKBIJAIT HACIIAKIB MIKIJJTMBOTO BIUIMBY HA JOBKIJUIS

aKTYaJIbHOIO NPOOJIEMOI0 € BU3HA4YEHHs DiBHS Oe3mnexu
noyiroHiB 3i 30epiranHs TIIB, sk 00’€KTiB TeXHOT€HHOI
IIsUIBHOCTI JIFOCTBA.

Hine Ta 3agavi gocaimkeHHs. MeTor0 TOCTiHKCHHS
€ pO3pOo0JICHHSI MOJIeNIel Ta METOAIB IIPOTHO3YBaHHS PiBHS
Oe3rexu nosirony 3i 30epiranss TIIB.

Jns mocsTHEHHST TIOCTaBIIEHO! METH OYIIM ITOCTaBJIEHi
Ta BUpIIICHI HACTYTIHI 3a1adi:

1. CtBopuTH iMiTamiiiHy MOJIENh CHCTEMH YIIPABIiHHS
6e3mnekoro moirony 3i 30epiranas TTIB.

2. YIOCKOHAINTH METO[ IPOTHO3YBaHHsI PiBHA Oe3me-
KU TIoJiroHy 3i 30epiransas TIIB.

Marepiann Ta MeToau AOCHiIKEHHSI Tpolecy
(yHKIioOHYBaHHS CHCTEMH YNpPaBJIiHHA 0e3MeKoI0 Mo-
girony 3i 30epiramns TIIB. OG'ektom MOCTIDKCHHS €
nporiec (YHKIIOHYBAHHS CHCTEMH YIPABIIHHSI OE3MCKO0
nioJtirony 3i 36epiranns TTIB.

[penMeTom AOCIIDKEHHS € MOZIeNT 1 METOIH MPOTHO-
3yBaHHSA PiBHA OC3MEKH MOMIroHy 3i 30epiranas TIIB.

MeTo/I0JIOTIYHOI0  OCHOBOIO TPEACTaBIECHOI pOOOTH
cTaB MeTOJ IMiTariiinoro MozemroBaHds. OCKUIBKH €KCIle-
PYIMCHTYBaHHS Ha TOJroHax 3i 30epirannas TIIB 3 BinTBO-
PEHHSIM YMOB iepeOiry HaJ3BHYaiHUX CUTYaIliH € HETPHITY-
CTHMHM 32 BUIMOTaMH 0e3MeKH, L METO/ JO3BOJISIE Mepei-
TH JI0 aHAJIi3y BiAMOBIIHAX CTaHIB CHCTEMH 3 BU3HAYCHHIM
AIBTEPHATHB il MOBEAIHKHY 1, BHACHIIOK I[OTO, IO TIPOTHO3Y-
BaHHsI PiBHS OE3IIEKH IMOJIIroHy B mtoMy. Lle#t meTon gocimi-
JDKEHHS JI03BOJISIE OZIEP’KATH CTIMKY CTaTHCTHKY PO3BUTKY
TIOJTIH, 32 YMOBH 3aMiHH PEAbHOI CHCTEMH MOJCIUTIO, 110 3
JIOCTaTHBOIO TOYHICTIO OIHCYE Ti.

ImiTanifiHa MOJIENIb CUCTEMH YIIPABIIIHHS OE3MEKO0
noyirody 31 30epiranns TIIB ckiagena 3a  GiodHo-
MOJIYJIbHUM NpHHOUIOM (puc. 1), 10 103BOJISE BUIBHO KO-
pEryBaTu CTPYKTYpY MOZEII B 3aJICKHOCTI BiJl KOHKPETHOTO
3aBJaHHS MOJEJIIOBaHHs, IIOB’S3aHOT0 3 KOHKPETHUM
00’€KTOM.

brnok BBO/YY mapameTpiB Ta NOYaTKOBHX YMOB
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Puc. 1 — Ctpykrypa imiTaliiiHol MaTeMaTHIHOI MOJIENi CHCTEMH YIPaBITiHHS Oe3MeKoI0 NoJiroHy 3i 36epirants TIIB

Bicnux HTY “XIIl». 2016. Ne4(1176)

143



Mexanixo-mexnonociuni cucmemu ma KOMNieKcu

ISSN 2411-2798 (print)

OYHKIIOHYBaHHA CHUCTEMH YHPAaBIiHHA OE3IEeKOI0
TIOJIrOHY PO3TJISIAE€ThCS HA IHTEpBai Yacy (Tole) , 110
XapaKTepu3yeThes Ji€to KoMIIekcy ¢axropis F,(t) € @,
i=1.n. Jlo po3ryisiay A0IAIOThCS MapaMeTpu g,ffc eE™,
m=1..R, mo BW3HAYAIOTh (HAKTOPHU PUBHKY BHHUKHEHHS
HC, a Takox moKasHuKH sKocTi joBkims & e B™,
I=1.P.

E=E" UE®. €))

MHoxuHa BennmduH E mpu 1poMy pos3risiiaeTses sIK
CYKYITHICTh BIATYKIB 00’€KTy Ta IOBKLUDIA HAa BIUIMB 30BHI-
IIHIX (haKTOPIB 3 ypaxyBaHHIM B3a€EMO3B’SI3KY MPOILIECIB, 1110

Bi10yBarOTHCS Ha MOJIITOHI TA Y JIOBKULIL.
Pe3ynbraTtoM MOJIETIOBaHHS € 3aJIE)KHOCTI BiJ| 4acy

W (t)=K(t),Y(t) )
KpUTepilB oLiHIOBaHHA piBHs Oe3neku K (t)
K:KECUKIIC (3)

Ta Kepylodoro iMmynsey Y (t) y BUIJISIL KOMIUIEKCY BIUTH-

BiB Ha KOYeH i3 (pakTopiB, 110 BU3HAYAIOTH PiBEHB OC3TEKH,
Y {Yi} ; 4
Y, =g, (K), ©

3amavya iX 3HAXO/PKEHHS (DOpPMai3yeThCsl HACTYIHUM
YUHOM

i=1.n,

W (t)=M(A(t),B), (6)
Jie A — CyKyIHICTb BXiZIHMX TTapaMeTpiB cucteMu y opmi
A=dUE, @)
B — MHOXWHA pernaMeHTyrounx 0OMeXXeHb
B={[FIML" T[]} ®

SIKI BU3HAYAIOTh Y KUTBKICHOMY BHPa)XEHHI TPaHWUYHI 3Ha-
YEeHHS JIJISI KOYKHOTO 3 BUKOPHUCTOBYBAHUX KPHUTEPIiB OIIIHIO-
BaHHSI PiBHS OE3TeKH.
CdopmoBanwmii Habip KpUTEPIiB
K:KHCUKEE:{K:C}U{KIEE} (9)
Mae GpopMaTizyBaTH BUMOTH HOPMATHBHUX JIOKYMEHTIB, IO

perIaMeHTYIOTh YMOBH SKCILTyaTallii MOJroHiB 31 30epiran-
us TIIB, 3a npumycTIMuM piBHEM pH3nKy BUHUKHEHHSI HC

Ko gm (@,E"), m=1.R, (10)
Ta piBHEM €KOJIOTIYHO1 Oe3MeKn
K0 (9,E”), 1=1.P, (11)

nie R ta P — KiTbKIiCTh KpUTEPIiB, IO BUKOPUCTOBYETHCS IS
OIIIHIOBaHHS PiBHS OE3IIEKH 32 KOXKHUM 3 ITUX HATPSIMIB.

OTxe, mporec (ZyHKIIOHYBaHHS CHCTEMH YIPABIIHHSI
Oesmekoro Toirody 3i 30epirannas TIIB B 3aramsHOMY BH-
YIS MOYKHA 3aIMCATH HACTYITHUM YHHOM:

(AB} >W :{K >V}, (12)

OCKUIbKH pealibHi YMOBH (DYHKLIOHYBaHHS INPHUPOJI-
HHX TPOLECIB Y HABKOJMIIIHHOMY NPHPOJHOMY CEPENIOBHILI
XapaKTepHU3YyIOThCS BIUIMBOM CKJIQJHOTO KOMIUIEKCY Hera-
TUBHHX (DAaKTOpIB, OLHIOBAaHHS Pe3yJbTary iXHbOI Ail Mae
6asyBaTHCs Ha C(HOPMOBAHHUX JUHAMIYHUX MOJEISIX BUHHUK-
HEHHS BiATYKiB HaBKOJMIIHHOTO CEPEIOBHUINA i €0 THX
a00 iHmMX (akTopiB. 3 ypaXxyBaHHSAM IIHOTO METOJ IIPOTHO-
3yBaHHS PiBHSA Oe3neku moiirony 3i 30epiranas TIIB moms-
rae y MOKPOKOBIH IepeBipili JOTpUMaHHS YMOB O€3IIeTHOTO
($yHKIIOHYBaHHS 00’ €KTY HAa OCHOBI KpUTEPiiB Oe3meku y N-
BUMipHOMY TIpocTtopi daxtopie F e @, i=1..n, xe n —ki-
JBKICT (DaKTOPIiB Y CYKYITHOCTI, SIKi 3MiHIOIOTBCS 3a IIPO-
rpaMoro (PYHKIIOHYBaHHS 00’€KTY, 3 HAJIAHHAM y3araibHe-
HOTO BHICHOBKY TIpO piBeHB Oe3mnekn. CrporeHy cxemy Me-
TOJy TOAAHO Ha puc. 2.

l TToYaTKORHI CTAH CHCTEMH |

— 2" axTopH, 110 BU3HAYAIOTH PIBEHb OE3MEKH |

[ 3Bejsieni 3nauents (axtopis |

Habip

‘ 3HauuMi )
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I

‘ ITouarkoBi

IMouaTko-
Jlani

BMii cTan

| Buxinni nani s ouintosanns Gesmexw |
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[pu3uky BuHuKkHeHHs HC Aroput™ AKOCTI JIOBKLILISA
OLIHIOBAHHSA ¥
PospaxyHok kpure- Oeanexu PozpaxyHok kpuTe-
plajibHHX MapaMeTpis JLHOMHX plajbHUX NapaMeTpiB
3a KPHTEPIAMH PU3HKY | 5  (akTopis g\ | 3a KpHTEpiAMH eKoJI0-
BHHHKHeHHsa HC riqnoi Oe3neku

I'enepattis
KEPYIOHOro
IMITYJIBCY

Ouintoanns Ge3nexu
3a HabopoM KpuTe-
plagbHHUX apaMeTpin

¥

lak

| Pexum QyHKUIOHYBaHHS Oe31euHnii |

| OuiHoBaHHs PiBHS Oe3MEKH |

¥

| TlepeBipka yMOBH 3aKiHYCHHS IPOTHO3YBAHHS |

¥ Hi
IMepexin 1o nactynHoro
KPOKY MOZENIOBAHHS

Tax

IY'BEll'a."IbHCHC OLIHIOBAHHSA piBHH 0e3mexH Ta HaJaAHHA BHCHOBKY NMpPOTrHO3YBaHHA

Puc. 2 — Crporiena cxeMa METOy NIPOTHO3YBaHHS PiBHS Oe3IeKH MoJIroHy 3i 30epiranas TIIB
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Kommeke BUXiHAX JaHUX JJIsI MPOTHO3YBaHHS (hop-
MYETBCS 32 TPhOMa HaIpsIMaMH.

1. ®opmyBaHHsA HaOOpy 3HAUCHB (HaKTOPIB, IO BU3HA-
YaloTh piBeHb OE3MeKH, SKi 3a0al0ThCsI IPOTPaMor0 (DYHKITi-
OHYBaHHS TIOJIITOHY 3 ypaxyBaHHAM KepPYIOUMX IMITyJbCIB
Ha KOpETyBaHHA 3Ha4eHb (PaKTOPIB y BHIAJKY BHXOIYy Ha
HETPUITYCTUMHUH pexuM pobotu. [lnst yHidikamii orinro-
BaHHs DiBHS OE3MEKU CiJi OTPHUMATH MHOXKHHY 3BEICHHX
dakropi F € @™

D D" (13)
y BULIISUI

C 36 F H

F=¢(F)=-25, i=1l.n, (14)

[R]

ze [ F | — rpammuni npunycimi sHaueHHs jlounx paxto-

poB. Takuii miaxin Halae MOXKITUBICTD IEPEUTH O PO3TILY
N-BEMIPHOTO MPOCTOPY 3BEIACHHUX 3HAYCHBb (DAKTOPIB, Y KO-
My TPaHMYHI TPHUITYCTUMI 3HAYCHHS BH3HAYAIOTHCS HOPMa-
THUBHUM KPUTEPIEM Y BUTITISIAL

F=1, i=1.n,

i (15)
3aBJISIKH YOMY Pi3HOMAHITHI 32 MOXOKEHHSIM (haKTOpH 3pi-
BHIOIOTBCSI 33 3HAUCHHSIM.

2. ®opmyBaHHA HaOOpYy KpUTEpIiB VISl OL[HFOBAHHS
Oesnekn nocnipkyBaHoro o0’ekrty. IloOymoBy KpurepiiB
OLIIHIOBAaHHS PiBHS OE3IIEKH MPOBOIATE 3 YPaxXyBaHHIM BH-
3HaYCHOTO HA0Opy Ait0unX (DaKTOpIB.

3. ®opmyBaHHS HaOOpy MapaMeTpiB Ta BUXIJTHHUX [a-
HUX, SIKi BU3HAYAIOTh OYATKOBHH CTaH MOJIrOHY i €KOCHC-
TEMH MPUJIETIIOl TEPUTOPIi, BKITFOYAI0IH:

— TPaHWYHI MPUITYCTUMI 3HaYCHHS IIF0UNX (PaKTOPiB

[R]:
— TpaHWYHI

06’exTy [ SHC:| ;

m

NPUIYCTUMI 3HA4YCHHS IapaMeTpiB

— TPaHWYHI TPUITYCTUMI 3HAYEHHS MMOKA3HUKIB SKOCTI
TOBKiJLIISA [ &” ]

Komruieke kpuTepiiB OLiHIOBaHHS PIBHS O€3MEKH IO-
JIrOHY peali3yeThesl BOIHOYAC IS KOJKHOTO JII0U0ro (ak-
TOPY, @ 3 HIIIOTO — IS YCiX 3HAYYIINX BIATYKIB JOBKULIA Ta
00’exry. Ilicns moCmiTOBHOTO OLIHIOBAaHHS PIBHS Oe3MeKH
TIOJITOHY JUTSl KOXKHOTO Ha0opy 3HaueHsb (haKTOpiB 3a Mpo-
rpamMoro Horo (yHKITIOHyBaHHS (OPMYEThCS y3aralbHEHHH
BHCHOBOK TIPO TIPOTHO30BAaHMI DIBEHb OE3MEKH CHCTEMH
YIIPOJOBXK 3aJJaHOTO NIEPIOY Jacy.

Pesyabratn gociaimkeHHs: mpouecy (yHKIioHY-
BaHHS CHCTEMH YNPABJIHHSA 0e3MeKO0l0 MoJIrony 3i 30e-
piranns TIIB. B pesynbrari npoBeieHHMX JOCIIIKEHb
OTpUMaHi HACTYIIHI PE3yJIbTaTH:

1. Buepiie po3poOiieHO iMiTalliiiHy MaTeMaTHYHY
MOJIeNIb CHCTEMH YTIPABIIIHHA Oe3MEeKO0 MONIroHy 3i 30e-
piranas TIIB, sxa m03BOIIsiE TPOBOAWUTH KOMIUICKCHUH
aHaJli3 Ta MPOTHO3YBaHHS PIBHA OE3MEKH PIi3HUX KOMOi-
HaIliil ypaxyroounx (akTopiB HaJ3BUYANHAX CHTYyalidl 3
BHKOPHCTAHHSAM METOJIB IMITaIliHHOTO MOJICITIOBaHHSI.

2. 3anponoHOBaHO YAOCKOHAJIEHUNH METOJ MPOTHO-
3yBaHHA piBHsA Oesmeku moiiroHy 3i 30epiramas TIIB
[UITXOM BHKOPHUCTAHHS IMITAliHHOTO MOJICITIOBaHHS.

OOroBopeHHsi pe3yJbTaTiB J0CTIIKEHHSI MPoIecy
(yHKIiOHYBAaHHA cHCTEMH YNPABJIiHHS 0e3MeKoI0 MmoJi-
rouy 3i 30epiranns TIIB. IIporHo3yBaHH: 3MiH y cTaHi J0-
BKULISL € CKJIaJJHAM TIPOIIECOM, SIKMIA BUMarae opmarizanii
3B’A3KIB MK BCIMa elleMeHTaMu cucteMHd. [Ipu upomy He-
00XiJIHO OpaTH JO yBaruW SIKHAHOUIbIIE IHIUBITyaTbHUX
0COOJIMBOCTEH TIOJrOHY CTOCOBHO MOJKIIMBOCTEH BHHUK-
HeHHs1 Ha HboMy HC — noxexi, 3cyBy, TOLIO.

Jlist mpakTH4YHOT peaizalii 3arpoIlOHOBAHOIO Me-
TOIY HEOOXiTHUM € TIPOBEIECHHS CHCTEMHHX JOCIiKEHB,
HalpaBJICHUX Ha CTBOPEHHs 0a3u (GopMari30BaHHX KpH-
TepiiB 3a AKHAWOIIBIIO KUTHKICTIO MOKA3HUKIB IS OIli-
HIOBaHHS piBHA Oe3Ieku MoJiroHy 3i 36epiranus TIIB,
sIKi O BpaxOBYBaJIM 3B'A30K MK IPUPOJTHUMH MPOIIECaMHU
B HBOMY 3 IapaMeTpaMy (PyHKITIOHYyBaHHS 00’ €KTY.

BucnoBkn. OCHOBHHM pe3yJbTaToOM I10JIaHOT po0o-
TH € BJIOCKOHAJICHHS METOJY IPOTHO3YBaHHsS PiBHS 0e3-
NeKH ToJlirony 3i 30epiranust TIIB nuisixom BUKOpUCTaH-
Hs iMiTariiiHoro mojentoBanHs. OCHOBHOIO IMEPEBAror0
3aIpOIIOHOBAHOTO METOJY Y MOPIBHSHHI 3 THMH, L0 BH-
KOPHUCTOBYIOTBCS CHOTOZHI, € YpaxyBaHHSI yCHOTO KOM-
IUIEKCY Iif0YnX (DaKTOpiB HETATHBHOTO BIDIMBY ITOJIIFOHY
Ha JOBKULIA y TIO€IHAHHI 3 CYIMyTHIMHA (QaKTOpaMu PH3H-
Ky BuHHKHeHHS HC, 3 0JHOYAacHOIO MiHIMI3aIli€l0 KiJb-
KOCTi 3HAYYIIUX ITOKa3HUKIB SIKOCTI JOBKULIA. 3aBISKH
BOMY 3’ SIBIIETHCS MOXKJIMBICTH 3HWKEHHS 00CSTiB 004H-
ClieHb, HEOOXIJHHMX JJIsl TOYHOTO OLHIOBaHHS HAabOpOM
KpHUTEPIiB, @ TAKOXK CIIPOILYETHCS MPOLEAypa MPOTHO3Y-
BaHHs 0e3 BTpaTu TOYHOCTI.
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