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B.B Iloropesos
JOCJINKEHHA HEMPOMEPEXKEBHUX 3ACOBIB
PO3IIISHABAHHA KIBEPATAK HA MEPEJ/ K EBI
PECYPCH IHO®OPMAIINMHUX CUCTEM

AHomauis. Po32naHymo cy4acHi memodu nobydosu cucmem po3ni3HABAHHA
Kibepamak, wWo 6a3ylombCA HA WMYyYHUX HeUpOHHUX Mepexax. [lpoaHanizosaHi
napamempu, W0 Xapakmepusyloms egeKxmusHiCmbs pobomu ma HABYAHHA OAHHUX
cucmem, BU3HA4eHi munosi npobnemu, WO BUHUKAIOMb NpU  3ACMOCYBAHHI
Helipomepesxesux 3aco0i8 po3Ni3HABAHHA Cu2HAMYyp Kibepamak Ha Mepexesi pecypcu
Komn’lomepHux cucmem. Bu3HayeHo nepesacu ma HeOOMIKU BUKOPUCMAHHA npu
BUpIWEHHA 0aHO20 KAacy 3a0ay KOHuenyii eubUHHO20 HABYAHHA: 2/IUOUHHUX Mepex
nepeKoHaHb Ma ma 320pMKOBUX HelipoMepex.

Knoyosi cnosa: Cucmemu po3ni3HaBaHHA Kibepamak, WmyyHa HelpoHHa
mepexa, Helipomepexesi mMemoOu pO3NI3HABAHHSA, 2/IUOUHHA Mepexa nepeKOHAHb,
320pmKo8a Helipomepexa.

Beryn. EdexTuBHiCT, 3acTocyBaHHA HeWpoMepesKeBUX METOHAiB
posmisuaBanusa (HMMP) kibeparak Ha mepe:keBi pecypcu iHpopMamizHIX
cucrem (MPIC) miaTBepm:KyeTbcs SK CTATHCTHKOIO 3aCTOCYBAaHHSA
HelipomepexxkeBux mozaeneit (HMM), Tak i TeopeTHUYHUMU TOCJIiAKEHHAMU
y nmaHii obsaacti. TuM He MeHIN, CUCTEMATUYHMNI aHAJIi3 BKasdy€e Ha THUIIOBi
mpobsieMu, BJACTHUBiI AJs1 cucTteM posmisumaBaHHA Kibeparax (CPK), 1o
3HAYHO 3SHMKYIOTH iX IIOTEHIIiaJI:

e HecIIpallbOBYBaHHS Ta HEBipHIi cIIparibOBYBaHHS;

® 3HAYHUU yac po3poOKHU Ta HecTabiIbHICTH, HABUAHHA;

e 3HAYHUM Yac Ta CKJAAHICTH (GOpMyBaHHS HaBUAJbHOI BuOipKU;

e ciabka agamTaliis 1o ocodsimBocTrelt iHopmaninuaux cucrem (1C),

IToTrpeba y BupimieHHi BKasaHMX IPo0JEeM 3YMOBJIIOE HEOOXiTHiCTH
mobymoBu 1ijicHOI MeromoJioriuHoi 6asmu 3actocyBaHHA HMMP mpu
daxucti MPIC Bixg xibGepsarpos, 1o € Memow TAHOTO TOCITiIAKeHHs.

KibepaTrakoro Ha3WBalOTh CYKYIHICTb NIPOTUIIPAaBHUX  [HiH,
CIIPAMOBAHUX Ha MOPYIIeHHs JIOCTYMIHOCTI, ImiJlicHOCT1 abo
kKoHpigenmitaocti IC, 1m0 MoKe BKJHOUAaTH B cebe eTan YCYHEHHS
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ingopmarii mpo araxky [1-6]. Kibeparakum mnomindAmoTh Ha JOKaJbHI i
Bimmanmeni (3a wmicleM BHMHUKHEHHsS) Ta Ha AaKTHUBHI 1 macuBHi, B
3aJIEKHOCTI BiJ TOr0, AKUU BIJIUB 3AiMCHIOETHCA Ha (GyHKIioHyBaHHA IC.
3asBuuaii, y nyoJgikaiisgx pos3riasamalThbcsa KidepaTaku, o 0a3ylOTbhCA HA
BpasauBocti came MPIC, Ta mpusBomATh 0 IOpPYIIeHHA (PYHKIiOHATY
aTakoBaHOTO pecypcy, Hanpukaag DOS- ra DDOS-araku [4].

Amnamiz myOaikamii 3a JaHOIO TeMOIO, Ta€ CTATUCTUUYHY BUOIpKY
Bukopucranuaa HMM npu mobymosi anroputrmiB CPK. ¥V pob6orax [1-3, 9]
IOKasaHi Ta ysarajbHeHi mMeToam aganTarlii apxiTektypu HMM no okpemux
IC, a TakoX POSIVITHYTO IIEPCHEKTHBM OITHMi3aIii maHMX MeTOHIiB B
3aJIe’KHOCTI Bim mapamerpiB B3aBmaHHsaA. Po6oru [4, 11] mnpucBaueHi
ocobmmBocTaM 3acrocyBanus HMM gas posmisHaBamusa copob mizbopy
KomOimamii sorim-maposs i posmismaBamHsa DOS- Tta DDOS-atak. 3Hauna
KinbKicTh myOsrikariii npucBadeHna 3actocyBanHio y CPK moBux Buais HCM
[7-16]: sacobam posmisHaBaHHA Ha 6a3i GaraTomiapoBoro mepcentpoHa [7] Ta
BUKopuctanuHio Kaptu HKoxonena [8]. ¥V pob6orax [9-16] posriasamaroTbca
ImepeBaru Ta HEJOJIIKM BUKOPUCTAHHA KOHIEMNI[il INIMOMHHOTO HaBYAHHA Ta
nepexony no CPK ma ocHOBi Heiipomepe:XK TPeThOro mokoJiHHA. Iloxasano,
0 [OJs PpO3Ni3HABaHHS CHUrHATyp KibOeparak HaiOiapmly e(peKTUBHICTH
IIOKa3yl0Th METOAM Ha OCHOBI 3aropTkoBux Heiipomepe:x [10-12] Ta
TINOMHHUX MEpe’K IIepeKoHaHsb [15, 16].

1. Opranizamia CPK na ocnoBi IIIHM aaa saxucry MPIC. Hiaa
nobynoBu ysaranbHeHoi mozaeni CPK ma 6asi HMM HeoOximHO IIpoBecTHn
aHaJi3 KOHTPOJbHUX mnapaMmerpiB ¢yukiionyBanaa MPIC. Ilpu mbomy
Ba’KJIMBO BUBHAUMTU XapaKTEePUCTUKU HelpoMepesKeBUX Mofesel i MeTOxiB,
III0 MOKYTh OyTu azamnToBaHi mo BmpoBamkeHHA B CPK, 3okpema moctymy
no Oasu pamux curHatyp Kibeparak (CK), KOHTposb (PYHKIIOHAJIBHUX
napamerpis MPIC Ta obOuucaoBaabuai pecypcu CPK. Pospobka
KOHIIEIITYaJIbHOI MOJIeJIi 3YMOBJIIOE BHUKOPHCTAHHSA TAKOT0 ITapaMeTpiB, fAK
eeKTUBHICTh, OIEPATHUBHICTH Ta pecypcoeMHicTh cuctemu [1-3].
EdpexTuBHiCTL BKadye CYKYOHICTh XapaKTepUCTUK, AKi BigmoBimaioTb 3a
B3a€EMO3B 30K  (PYHKIIN 1  mpomexyp OPOrpaMHOTO  KOMILJIEKCY,
BUKOPHCTAHHA alapTHUX pEeCcypciB Ta MOCJaYTr, ONepaTHMBHICTH BiAIIOBizae
yacy BiATryKy, oOpoOKM i BUKOHAHHSA (DYHKIIifl CHCTEMOIO, a PeCypCOEMHICTH
BU3HAUA€ KIJbKICTh BUKOPHCTAHUX PECYPCiB i TPUBAIICTh iX BUKOPUCTAHHA.

Iiarpama mpoliecy HelipoMepe:KeBOro po3IlidHaBaHHA KibepaTak Ha
MPIC nokasauma Ha puc. 1.
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Pucynor 1 - Iliarpama mpoliecy HeiipoMepeKeBOro Po3IlidHaBaHHSA
KibepaTak Ha MepeKeBi pecypcu

IIpusunauenusa kommoHeHTiB 010Ky HMMP ganoi miarpamu moJssrae y
(1) Bu3HAUeHHI I KOXKHOIO TUITy KibepaTak MHOMKWHU BUXiTHUX i BXigHMX
mapaMeTpiB, a Tako:K cIoco0y iX KoayBaHHA 0 Bunmy, I1o Bigmosimae HMM,
(2) moOymoBi MHOMKWHN HABYAJBHUX NPUKJIALIB, IO € JOCTATHBOIO MIJIs
HaBuanasa HMM, (3) orpuMaHHI ONTHMAaJILHUX HapaMeTpiB Aad e(PEeKTHBHOI'O
dyukmionyBanaas HMM sk enementy CPK y Bigmosimmocti mo MPIC. Cuig
sayBaskuTu, 1o 3acrocyBanHsa y MPIC kommiekcy CPK mHa 6azi HCM e
PECYPCOEMHOIO 3ajJjauelo, IO IIOMEKyAd MOXKe BUKOPHCTOBYBATHA OCHOBHY
YacTUHY IpOrpamMHO-allapaTHUX pecypciB cuctemu. B mporeci pospooku CPK
HeoOXiTHO TaKOK BpaxOBYBaTH HEJOCKOHAJIICTH METOJIB Ta 3HAUHMK dYac
¢dopMyBaHHA ITapaMeTpiB HaBUaJIbHUX OpukJaaniB mia HMM, Tomy B Takux
cxeMax Iiepe0avyeHa MOMKJMBICTH (popMyBaHHS HaBYAJIbHOI BUOIpKH 3a
JIOTIOMOT'0I0 eKCIIEPTHUX AaHux (puc. 2).

Excnepr Cepaep

Napametpu Buhipsa I
| [ R — i
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|' HMM
i Ea3a gaHH W
| CHrHATYD ®ifieparar
Pucynox 2 - Iliarpama B3aemonii enementiB CPK na 6azi HMM 3za ymoBu
HasABHOCTI €KCIePTHOI OI[iHKH
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2. Anauxisz edpexrusHocti poootu HMMP y ckaani CPK

EdextuBaictes podoru HMMP y ckaami CPK, Takum uumHOM,
OIliHIOETHCSI HK e(eKTuBHicTL mpolecy HaBuanHa HMM, Tob6To 3a
MOKa3sHUKaMU TPUBAJIOCTI Ta TOUYHOCTI PoOOTH, a TAaKOK PEecypPCOEMHOCTI

ke

Hae4aHHR JACTOCYBaHHA

{.HGP.PHHﬂ = [ I0HATHIK MW RHIHAGEHHA MY
HaBHarEHOI EI-!EI'FlHd T3 -'EFI!".".ET..'.Ii-i

maxoi cucremu (puc. 3).
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* PACYPCOEMHICTY

Pucynok 3 - OcHoBHIi (parkTOpHU, 1110 BU3HAUaOTh epekTuBHicTs CPK Ha
OCHOBi HeIIpOMepPEeKeBUX CHCTEM

Mogens BusHaueHHs edexTuBHOCTI [1-3] 6asyeThcAd Ha HiJIBLOBiH
byHKIIT iHTerpaJabHOI epeKTHBHOCTI mpoIecy
EZ (Egymr(€prensep), Epp(ey -eqs)), e Eypp(eg,e,e,)— edbeKTuBHICTD
pooorm HMMP, mio 3sane:xutrh Bijg mnapameTrpiB €B Bigmosizae 3a
BU3HauUeHHA ontuMajabHoro HMM, én — 3a momyk mapametrpiB HMM, ¢p —

3a pecypcoeMHicTh Bukopucranua HMP, a E, (e,;,e,;) — eDEeKTUBHICTD
CTBODEHHs HaBuyalbHOI BuOipKH, nde e,; — BiANOBiZac 3a IOMIYK

ImapaMeTpiB HaBYaJIbHUX IPHUKJIALAIB, €,,— 3a (hOpMyBaHHA HaBYAJIbHOIL

Bubipku. OT)Ke mJyisT TOOyIOBU y3araJbHEHOI Monesi e(peKTUBHOCTI podoTU
CPK HeoOximHO moOyayBaTu  aJrOpuUTMHU BHU3HAUEHHA  MHOMKUHU
edpexkruBHNX BuAiB HMM Ta omninoBamHsa edektuBHocTi Buay HMM,
ouikyBamHs BuXximHoro curmany CK, a TakoX BKJIIOUYUTH IIapaMeTpu
obuncaoBanrbHUX pecypciB cepBepa CPK i cumcremMmu eKcIepTHHX 3HAHbD,
III0 BHUKOPHCTOBYETHCSI NPU II00YyAOBI HaBUuaJbHOI BHOIpKM. B mamomy
BUIIAQAKY KJIOUYOBUM (arkTopoMm € edeKTuBHicTh HaBuanHHa HMM, 1o
3aJIeKUTh Bi uacy MmoOymAoBHM HaBUYaJbHOI BHOIpKM Ta dacy, IO

BUTPAYAETLCA HA IPOLleC HABYaAHHA ’l;z (tyg> tpy) . 1Ipu npomy:
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{tgsr (n,)

n, eN, , (1)
ne (%) — wmaxcumanpHUII gomycTMMuiI dac mOOYZOBM HaBYAJIbHOL
Bubipkum Ta HaBuanHa HMM, n - Bux HMM, a Na — wmHOXUHA

pornyctuMux Buaie HMM. Ilpu npromMy B 3arajbHOMY BUHOAAKY BBaKalTh,
mo aaroput™m moinyKy BuaiB HMM wmae 3gificHioBaTu BUOIPKY MHOMKUHU
epexTuBHux BuAiB HMM Ve 3a wmHOMUuHE Bcix Buzaie HMM No:
Ny >Ny, >N, PospaxyHOK (pyHKIii epeKTHBHOCTI KoxxHOro okpemoro HCM

BiiOyBaeThCA 3a HACTYIHUM KPUTEpPieM:
K

E; = Z ay Ry (n;)
k=1
mEN,
i=1..1
ﬂ:k=0..1 , (2)
me R. — xpurepiit edexTuBHOCTi, % — BaroBuii KoedilieHT Kpurepisa
epexktuBHOCTi, K — KinpKicTs KpurepiiB epexrTusBHOcTi, ! — KinbkicTs

Bugis HMM. Ciig sasHauuTu, mo (GpyHKIil epeKTHBHOCTI BimoOpakamTb
npuctocoBanictb HMM 10 KOHKpPETHOro KJacy 3ajaud, II0 JT03BOJISE
3BECTH aJropuTM obOuunciaeHHs ontuMaabHux mnapamerpiB CPK go samaui
MIONIYKY MaKCUMYMiB IIiJIbOBUX (QYHKITiHA.

3. Po3pooka cyuacaux HMMP Ha ocHOBi KoHIemIii rJIuOUHHOTO
HaBuaHHA. KoHlenmis riamOuHHOrO HaBUYaHHS, IO 0a3yeThCs HAa HaBUYAHHI
03HaK, TOOTO POOOTiI 3 IIpejCTAaBJIEHHAM BXiTHMX HAaHHUX B MeKax caMoi
HMM noxkasayia cBOI0 BUCOKY e(eKTUBHIicTH [9-16] Hamamo smory mepenTu
JI0 TPEeThOTro IOKOJiHHA INTyYHuX HelponHux mepexxk (IIIHM). HaBuanusa
raubuaHNX IITHM BinOyBaeThca y nBa eramnu. llepmuii eranm BKJIIOUAE B
cebe HaBUAHHS KOXKHOT'O IIapy aBTOACOIIMATHMBHOI MepeKi 3a IPUHIIUIIOM
«HaBUYaHHS 0e3 BUMUTeNA», IIiCJs dYOro BimOyBaeThbcsa iHimiasmaisamis
HeWPOHIB IPUXOBAHUX IIIapiB HEMPOHHOI MepeKi NpAMOro IOMIMPEeHHA
(HMIIII), y xoxmi sakoi BaroBi KoegillieHTu HeWPOHIB KOMKHOTO IIapy
CTalOTh BXIiIHUMU JaHUMU [JJd HEHUPOHIB HACTyOHOro IIapy, IIo
IPU3BOAUTHL [OJdA y3aradbHeHHs iH@opwmarii mnpo obpas (BisyaJjabHe
300pakeHHs Ym cUrHaTypy KibGeparaku). Ha apyromy erami BigOyBaeTbcs
npornec HaBuanHa HMIIII 3i BuuTenem, mio 3aimMae MeHINIWI Yac HiXK y
Bunaaky KJjaacuuHux IIMHM papyroro mokoJiHHS, 3aBOAKK IMIOIEePeIHbO
IPOBeIEHOMY eTalry iHimijiasarrii.

Y Tol uyac, AK KOHIeNNii TIIMOMHHOIO HABUYAHHS aKTUBHO
3aCTOCOBYETLCSA IIPU POC3Ii3HaBaHHI 00pasiB, Bu3HaueHHA e(PeKTUBHOCTI

ISSN 1562-9945 65



5(112) 2017 «CucreMHBIE TEeXHOJOTUH »

dactrocyBanHa CPK wna ocmHoBi rambmaamx IIITHM, Bce K Takum, €
HeTpuBiaabHOIO 3amadero. IITHM TpeThoro moKoOJiHHSA HOKAa3yIOTh Kparllli
pesyJbTaTh 3a TOYHICTIO Ta 3JAaTHI OpamioBaTH 3 IPUHIIUIOBO HOBUMU
KJlacaMu  3ajJad, aJie IpPU  I[bOMY  XapaKTepuayThCd  BUKOIO
PEeCyYypPCOEMHICTIO II0 BiJAHOIIIEHHIO JO 3aBaHTaKeHHsS  MIporpaMHO-
amapaTHOTO KOMILJIEKCY Ta CTPOKIiB IIiATOTOBKM M0 HaBUYaHHSA. PO3pPOOHUKU
MOBABYIOTH Ile 3 TPUBAJIICTIO OOUMCJIEHHA MAHOTO THUMNY aJTOPUTMIB Ta ix
cxuiabHicTI0O a0 mnepenmaBuanus. ¥ CPK, 3asBuuaii, BHKOPUCTOBYIOTH
HMM, mo 06asyooTbca Ha TraumbuHHiIN Mepexki mnepexonaums (I'MII),
sroprkoBux IITHM Ta IITHM Ha ocHOBIi acomiaTuBHOI mam’ ATi.

I'MII wmepexxa cKJagaeTbcs 3 IIPUXOBAHUX BY3JIiB (I1apis
JIJATEHTHUX 3MiHHMX), IPUUYOMY 3’€IHAHHA HAABHI JHUIIE MiK IIapamMu, a
BcepenuHi mapiB — BigcyTHi (puc. 4). IIpu TpeHyBaHHi Ha HaBYAJIbHOMY
Habopi curHaryp kiOeparax I'MII maBuaeThca BimOymoByBaTu CBOI BXOnH,
OIpUUYOMY IIapu BUCTYIIAIOTh B POJII AeTEKTOpPiB o3HAK Ha Bxomax. llpu
cucrematruuHomy aHaJuiszi I'MII posrasmaoTs Sk HaOip oOMeKeHMX MaIIuH
Boabnmana (OMB) aina AKMX OPUXOBAHUU Iap OAHiel mimMepeski ciayrye
BUAUMUM InmapomM naiasa HacTtynHol [14-16]. Anaroputm HaBuanaHsa I'MII
cKJamaeTbcsa cHacTymHux eramiB: (1) tpermyBamna OMDB mHa BXigHin
Mmatpuiii X 3 METOI OTPUMAaHHA MATPHUII0 BaroBux KoegimieHtiB, (2)
neperBopeHHss marpuni X 3a gomomoror OMDB ni1s oTpumMaHHS HOBUX
ITaHux, (3) IMOBTOPEHHs IIOIEPeIHI0 NPOIeAypy IJd BCiX ImapiB Mepe:xi,
(4) ToOHKe HaJAINTYBAaHHS IIapaMeTpPiB TIJIMOMHHOI AapXiTeKTypwm II0
BiITHOIIIEHHIO OO0 KPHUTEPilo KepoBaHOro tpenyBaHHA (puc. 4). Coinpuui
posmnonin gamoi HMM aas n mpuxoBaHHUX IIapiB A" Moske OyTU 3anucaHui
HACTYIIHUM YHMHOM:

n—2

P(x,h,m%, .. A" = (l_[ P(r® v h’f“))P(h'ﬂ—l, R™)
k=0 9 (3)

ne P* ve*™) _ e YMOBHUIT posnoAis Ha piBHi k, a PGA""',h™) — croimbHUIi
posnoxnini OMB BepxHBbOTO piBHA (puc. 4).
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Pucysok 4 - Crpykrypa Ta aaroputm tpenyBanuasa I'MII

IleperBopenns wmarpuili X BigOyBaeTbcA ILIAXOM BUOIpKU
p(h* vh®) aGo oGumcieHHs cepeXHBOI aKTHBANil NPUXOBAHUX BYBJIIB
phl=1va?),

3roprkoBi IITHM craagaioTbesa 3 [OeKiJIBKOX IIIapiB, 3a
JOIIOMOT0I0 SAKHX OOpPOOJISIIOTh PeLeNTHBHI IIoJd BXiZHOTO o00pasy
(curmatypu KibGepataku). Buxigai pgani 36ipoK KOMKHOrO IIIapy
HaKJaJalOThCsd TaKMM YMHOM, II00 o00JacTi IepeKpuBaIncs, III0
30i7BIITyE TOYHICTH POOOTHM HiBeJIOE BIJIMB MHapajieIbHUX IIepeHeceHb
obpady. Taxkum uYMHOM, [IJA PIBHHUX HEWPOHIB BUXITHOrO MIAPY
BAUKOPHUCTOBYIOTHCSI OJHA MATPHUILA BaroBux KoedimieHTiB (dAxzpom
aroprtku). Illap orTpuMaHHUI B pe3yJabTaTi omeparii 3ropTku AIpoM
3TOPTKU, IIOKa3dye HaABHICTL O3HAKM B MIapi, 10 00poOJIoeTHCS,
dopmyroun KaprTy osHak. Jlajmi omeparis cybauckperisariii BUKOHYE
3MeHIIIeHHsI pO3MipHOCTI c(opMOBaHMX KapT O3HaAK 1 ¢Qopmye
migBubipKy. 38a paxyHOK Iriel omepallii momanabImi oO4YMCIeHHS
nmpuckopooThesa, a IIIHM crae 6inpln iHBapiaHTHOIO M0 MacIITady
BXigHOTO 300pasKeHHs. Ilicis o00poOKm curHarypu KiOeparaxku
(BximHOrO 00pasy) curHaja MOPOXOAUTH IIIapu BTOPTKH, B HAKHUX
IIOBTOPIOIOTHCS oOIlepallii 3roprku i cyoOmickperisamii (pmc. 5). Ha
KOXHOMY HACTYIIHOMY IIapi KapTH O3HaK 3MEHIIYVIOTHCS B PO3Mipi,
aje 30iJBITYeThCA KiJBKIiCTh KaHaJiIB, MO AKUM OOpPOOJIAIOTHCA KapTu
O3HaK, IO HAJAae CHUCTeMi B3JaTHICTh pPO3Mi3HABAaHHA CKJATHUX
iepapxiit o3HaK.
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Pucynox 5 - TunoBa apxitexkrypa sroprkooi IITHM

OcHOBHOIO TepeBaroio 3actocyBaHHs 3roprtkoBux IITHM y CPK
€ BUKODHCTAHHA CIILJIBHOI Barm y 3TOPTKOBUX IIIapax, IO 3MEHIIIYE
pecypcoeMHicTs 1  30iMbIllye  IMIBUAKOMII0 CHCTeMM. BayXJIHBO
nigkpecaunTu, mo 3ropkoBi ITHM npoBoauThs TpeHyBaHHA (PiJabTPiB IO
cxeMi «0e3 BUUTENsI», IPU I[LOMY HOOHepeqHA oO0poOKa 3aiiMae s
JaHHUX Mepe)k HalMeHIIUM dYac, y NopiBHAHHI 3 immmmum I[ITHM
TPETHOTO IIOKOJIIHHS, IO CYTTEBO 3MEHIIye COOiBapTiCTh MiATOTOBKU
CPK ua 6a3si 3aroprrkoBux IITHM.

BucunoBku. IllTyuni HeiipoHHI Mepe:Xi mokasaiu cebe epeKTUBHUM
iHCTPYyMEHTOM  pO3IlisHaBaHHS Kifeparak Ha  MepeXKeBi pecypcm
irpopmarniiaux cucrtem. IIpakTuKa mOCIig:KeHb y i rajsysi BKasye Ha
mepeBaru 3acTOCYBaHHA HeHpoMepe:X TPeThoro IIOKOJiHHA, 30KpeMa
rIMOMHHOI Mepe:Xi mepeKoHaHb Ta B3aroprTkoBoi Helpomepe:xki. Ilpu
po3poObIli aJexBaTHOI MaTeMaTHYHOI MOJeJi HeHpoMepe:KeBUX CHCTEM
po3misHaBaHHA CUTHATYpP KiOepaTaK BaXKJIMBO BpPaXOBYBATH IIapaMeTpu
e(PpeKTUBHOCTi, OIIEPATHBHOCTI Ta PECYPCOEMHOCTI cHcTeMHU. S3a3HauyeHi
¢yHKIII caig BigHecTum A0 IiAbOBUX (YHKIINA, IM0 BimoOpaskaioTh
IIPHUCTOCOBAHICTh HelpoMepesKeBOol MoJeJIi po3ni3HaBaHHA A0 KOHKPETHOTO
KJIacy B3ajmady. 3a IiX [JOIIOMOTOI0 aJropuTM OOYMCIEHHS ONTUMAaJIbHUX
mapaMeTpiB cucTeMMd MOKe OyTH 3BeJeHHII 10 MaTeMaTU4YHOI 3amaui
IOMIYKY MaKCUMYMiB (DYHKILINA.
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