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3anponoHoOBaHO NPOrpaMHUIi MOAYJb I PO3PAXYHKY OCHOBHHX XapaKTepPUCTHK
HAXIHHOCTI CHMETPHMYHHUX i€papXiYHUX po3rajy:KeHHX CHCTeM 3i cTapilouuMM BHXITHMMH
eJleMEeHTaMH 3 Tajy:KeHHSM 10 1-ro piBHsA. 37ilicCHeHO TNPOTrHO3YBaHHSI XapaKTepPUCTHK
HAAIHHOCTI 3a AOmMOMOrow HeiTepamiliHOl MITYYHOI HeillpOHHOI Mepexi paaiajJbHOro THNY.
Po3paxoBaHo cepeIHLOKBAAPATUYHY NMPUBEIEHY 10 Aiana3oHy 3HAaYeHb MOXUOKY HABYAHHA i
MPOTHO3Y, a TAKOK OI[iHEHO Yac HABYAHHA Ta mporuo3yBanus HHITHM.

KuarouoBi cioBa: iepapxiuHa po3rajgy:ieHa CHCTeMa, IITy4YHa HelpoHHA Mepexa,
NPOrHO3yBaHH9, HeiTepaniiine HapuanHs LIIHM, crapiroui BuxigHi eseMeHTH.

A software module for the calculation of the basic characteristics of reliability the
symmetric hierarchical distributed systems with a deprecated outgoing elements with
branching till the level 1. The prediction of reliability characteristics is done using the artificial
neural network of the non iterative radial type. The reduced to the mean value range errors of
the ANN learning and forecasting are calculated as well as the time estimations for the ANN
learning and forecasting.

Key words: hierarchical branched system, artificial neural network forecasting non-
iterational training ANN, deprecated outgoing elements.

Beryn

B yMoBax CTpIMKOro pO3BHTKY HAayKH Ta TE€XHIKH, 3a0€3IEUeHHs MMOKa3HUKIB HaJIMHOCTI Ha yCix
eranax >KUTTEBOIO LUKIY TEXHIYHMX CHCTEM € HaJ3BHYalHO BajyKIMBUM acleKTOM. Tako 0COOIHMBOIO
3MICTY HaOyBa€ MiJIBUIIEHHS SIKOCT1 Ta €KOHOMIUHOI eeKTUBHOCTI (QyHKIIOHYBaHHS cucteMu. OJHUM i3
KIIFOYOBHX TIOKA3HUKIB SIKOCTI € HAJIIIHICTh, sKa Oe3MocepelHbO BIUIMBAE Ha €KOHOMIYHY €(eKTHBHICTb.
[ligBHIIEeHHs BIAMOBIAAJBHOCTI Ta CKIQJAHOCTI Cy4aCHHX CHUCTEM HaKjIaJa€ >KOPCTKI BHUMOTH [0
OI[IHIOBaHHsI Ta 3a0e3MeueHHs TOKa3HUKIB HaaiitHocTi. EdexTrBHE QYHKIIIOHYBaHHS €IEMEHTIB TapaHTye
BHUCOKI SIKICHI ITOKa3HUKH HAIIMHOCTI CHCTEMH.

Ha cBiToBOMY pHHKY CHCTEM pO3paxyHKY HaIIHHOCTI iCHYIOTh IMPOTpaMHO-ammapaTHi KOMIUIEKCH Ta
MPONYKTH, TPHU3HAUCHI JIUISI PO3PAxXyHKY XapaKTepPHCTUK HATIMHOCTI cUcTeM. TakMMHU MPOrpaMHUMH
3acobamMu €: ApOitp; aBromaruszoBaHe pobOoue Mmiciie Hamifinocti; ACOHIKA-K; AnyGraph; CRISS;
BlockSim; ITEM Software; RAM Commander; Relex ta RiskSpectrum; ReliabilityWorkbench; Windchill.
Henomniku ux crcTeM MOATaloTh y TOMY, IIO: I HMOBIPHICHO-YaCOBHUX PO3PaXyHKIB BUKOPHCTOBYETHCS
TUTBKH €KCIIOHCHTHHM 3aKOH PO3IOALUTY Yacy 0€3BiIMOBHOI po0oTH; BoHH po3paxoBaHi st ACY, omauM 3
CIIEMCHTIB SKUX € JIIOJWHA, BU3HAYAIOTh XAPAaKTEPUCTHKU HAMIHHOCTI CHCTEM Ha MEXI CTIHKOCTI st
BUSBJICHHS BY3BKHX MICIIb Yy CHCTEMi, TOOTO HECTaHHApTHUX cHTyalid. ToMy I po3paxyHKY
XapaKTEePUCTUK HATIIHOCTI JIOKAJTEHUX KOMIT IOTEPHUX CHCTEM 31 CTApilOYMMH BUXITHUMH CIEMEHTAMH ITi
porpamMHi 3aco6u MOKHA BUKOPHUCTATH JIUIIIE 31 3HAYHIMH OOMEKCHHSIMH.

BimbmiicTh ICHYIOUMX CHCTEM MOXKHA OIHMCATH 1€PApXIYHOI0 JEPEBOIOAIOHOI0 pPO3TalyKEeHOIO
CTpYKTyporo. Jleski ToKambHI KOMIT IOTEpHI MEPEKi MalOTh PO3TaIyKEHY 1€papXidHy CTPYKTYPY, IPHIOMY
Ha BHUXIIHOMY pPIBHI TaKHX CHCTEM pO3TAIIOBaHI MPUCTPOi, AKI MEXaHIYHO 3HOIIYIOTHCSA (NIPUHTEPH,
KJIaBiaTypH, ITUCKOBOIW). I[HIMTMM TIPUKIIAIOM pO3Taly)KEHUX I€papXiYHUX CHCTEM 31 CTapilouuMu
BUXITHUMH €IEMCHTAMH € 1H(POPMAaIliiHO-BUMIPIOBAIBEHI CUCTEMH, BUXITHUMH €JIEMEHTAMH SIKUX € JaBadi,
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0 MiJAalThcs 3HOIIYBaHHIO. CTapiHHSA €JIEMEHTIB O3HA4ae, M0 WMOBIPHICHI XapaKTePUCTUKU
HAJIHHOCTI MOTIPIIYIOTHCS 3 YacoM. Hanpukiaz, crapiHHsl IEBHOTO MPUCTPOI0 MOXKE 03HAYATH 3POCTAHHS
3 YacoM IHTCHCHBHOCTI BiIMOB a00 3MCHIIEHHS CEPEeIHbOr0 3HAUCHHS 3aJIMIIKOBOrO 4Yacy po0oTH
3aJIeXXHO BiJI TOTO, CKUTBKH Yacy MPHUCTPIiH yke mporpaitosas [1].

Iepapxiuni posramyxkeni cucremu (IPC) € okpeMHM KJTacOM CKJIaJIHUX TEXHIYHUX CHUCTEM, MIPUHIIUII
POOOTH SKHMX CYTTEBO BIIPI3HAETHCS BiA TPAAULIHHUX CHCTEM. Y TaKMX CHUCTEMax HEMa€ OJHO3HAYHOTO
cTaHy po0OoTH 4M BimMOBH. HaTomicTh € mocTaTHRO BENHMKA KUIBKICTh MOXKJIMBUX CTaHIB CHCTEMH, 1
BIIPOJIOBK CBOET pOOOTH CUCTEMH TIEPEXOJSITh 3 OHOTO MPAIe3JaTHOTO CTaHy J0 iHIIoro. [Iporao3yBaHHs
napamerpiB HaxifiHocti IPC Ha eramax TpoeKTyBaHHS Ja€ 3MOTY BH3HAYMTH WMOBIPHICHI 1 4YacoBi
XapaKTePUCTUKU HAMIHHOCTI CHCTEM, TIOPIBHIOBATH MOKIJIMBI BapiaHTH CTPYKTYPH CHCTEM 3 HAJIIHOCTI
3aJIeKHO BiJl BUMOT TEXHOJOTTYHOTO MPOIIECY.

AKXTYaNBHICTB JOCIIPKEHHSI TIOJSTAE y TOMY, 10 0e3 po3pobieHHs e eKTHBHUX METOJIB 1 3ac00iB
JUIA PO3PaxyHKy XapaKTEPUCTHK HAIIMHOCTI CHCTEM HEMOXIIMBO a00 IyXe Ba)KKO BUPIIIMTH HU3KY
MUTAaHb MPOEKTYBaHHS ¥ ekcruryararii cucteM. lle BHOIp CTpyKTypH i palioHaJIbHOTO pe3epBYBaHHS,
OpraHizalfisi CUCTEMH KOHTPOIIO 1 NpOoQILTAKTHKH, BHPINICHHS IHUTAaHb TEXHOJIOTii BUPOOHUITBA 1
BUPOOHWUYOTO0 KOHTPOIIO, TPOCKTYBAaHHS CHUCTEM IIOMIOBHEHHS 3allaCHUMH BUpOOaMH, OpraHizais
BUIPOOYBaHb CHCTEMH.

Onuc aaropurmy
HaBenemo pospaxyHkoBi (opMmynu Juisi OOYMCIEHHS OCHOBHHUX XapaKTePUCTUK HAIIHOCTI
cumerpuuHoi [PC posramykenoi 1o 1-ro piBHA i3 cTapilouMMH €leMEHTaMH Ha BUXIIHOMY piBHI [2, 3].
Yepes F),q,F,q; NMO3Ha4YeHO HMOBIPHOCTI pOOOTM 1 BIAMOBHM €IEMEHTIB CHCTEMM Ul HYJIbOBOTO 1

HepIIoro piBHIB BiAnoBiaHO. [To3HauNMO uepe3 @, — Koe(illieHT ramykKeHHs I IEePIIOro PiBHS.
F(x;) IMOBIpHICTh TOrO, LIO MPALIOIOTh X; BUXIIHMX eneMeHTiB cuctemu. Skmo 0<x; <a;, TO
orpumaemo popmyiny (1). Axmo x; =0, To g0 popmynu (1) nogaroTs 1IE ¢ -
X X al—x
Pl(xl)zpocallpll‘hl ! (1)

HynboBuii piBeHb Takoi CHCTEMH IiIMOPSIKOBYIOTHCS EKCIIOHEHI[IHHOMY 3aKOHY PO3IOJLTY,
Buxignuii — Penea. Toxi FA(x;,/) WMOBIPHICTH TOro, IO MPALOIOTh X, BUXITHUX EIEMEHTIB CHCTEMH

HaOyJle TAKOTO BUTIISLY:
Xt 2

P(x, )= "Clle 2 (1—e %7 )™ @)

KoedilieHT roTOBHOCTI 00UHCITIOITH 3a (OPMYIIo0 3.

Xt 7

K“(k,t) - e*%otzcxle 282 (l1-e 282 )4 3)
x=k
[eprry 4acoBy xapakTepHUCTHKYy — TPHUBAIICTh TepeOyBaHHS CHUCTEMH Y KOXXHOMY 3 MOXIIUBUX
mpare3IaTHUX CTaHiB — 00UUCITIOEMO 3a Gopmynamu (4) Ta (5):
a,—x 8\/7 M3

T , =CX1 J 2(x,+/) 4
L (x,,0) Z()ﬁ f(m (4)

JlonaTkoBHii iHTErpasl KMOBIPHOCTEH OOYHCITIOEMO TaK:

erfe(x) = j;je dr 5)

Jyis po3paxyHKy APyroi 4acoBOI XapaKTEPUCTUKN — TPHUBAIOCTI MePEOYBAaHHS CUCTEMH Y 3aaHOMY
CTaH1 TOTOBHOCTI JI0 TTONEPETHBOI (POPMYIIH — JOJAEMO YMOBY TOTOBHOCT1 CHCTEMH:

ax N 3
Lonn=3 C1y ¢/ 1y 29"
i 12 o e D)

b 2

200+)) hod 6
e erfc(m) (6)
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HIMOBipHICTb BIIMOBH CHCTEMH 3a 33/IaHOTO CTAaHY TOTOBHOCTI OOYUCIIOEMO HACTYITHAM YHHOM:

a X2 2

Oi(k,t)=1=e ™Y Clie 2" (1-e 7)™ (7

x =k

YacToTy BiIMOB CHCTEMH 3a 3aJaHOI'0 CTaHy TOTOBHOCTI BUPaXOBYEMO SIK IOXIJHY BiJ KoedillieHTa
TOTOBHOCTI B3SITOTO 3 MPOTHIICKHIUM 3HAKOM.
a, . Nt/
At X J (X]+]) 282
a,(k,t)y=e™" Y C(-1) (782 t+1)e (®)
x =k
[HTEHCUBHICTh BiIMOB CHCTEMH 3a 3aJ1aHOr0 CTaHy TOTOBHOCTI PO3PaxOBYEMO, MOIUIHBIIN YaCcTOTY
3a 33J]aHOTO CTaHy TOTOBHOCT1 Ha KOS(II[IEHT TOTOBHOCTI CHCTEMH.
a, ( . _Ntip
(X, + ]) 2
X, Jj 1 28
2. Ca (D Cogz T+ e

A (k1) =27 )

2 2
a Xt

t
Tos2 Tos2 _
C::e 28 (l_e 28 )“1 X
k

)
Use” ’ Use_

—{  Bnbip WHM U;e
_Ilse" i
O6umcneHi \U Sl
apaKTe PUCTUKN L U

9:;7
Use

PoxpaxyHok
X3paKTepucTuK ..
HapjiHocTi 2

o

1106 onucaTu po-
00Ty cHCTeMH, PO3PO0-
JICHO Jiarpamy mperie-
JIEHTIB Uil PO3PaxyHKY
Ta TPOTHO3YBaHHS OC-
e HOBHHUX XapaKTEPHCTHK

MepeHaBYaHHA
LWHM

36epexeHHs
napamerpie

HAJIMHOCTI CHUMETpHY-
woi IPC. Ha wiit mpo-
€KTOBaHY CHUCTEMY IIO-

JIAHO Yy BUIJISAII Oe3nidi

R CyTHOCTEl UM aKTOpiB,

. ; enenasienl 1M MO  B3aEMOMIIOTH i3
~. “ """" e CHCTEMOIO 3a  JIOIO-
MOI'OHO TaK 3BAHUX

BapiaHTIB BHUKOpPHCTaH-

"USQ~

HSl JUIS OIUCY TIOCIYT,
Puc 1. Jliaezpama npeyedenniie gKi  cHCTeMa  Hauae
akTopy. ToOTO KOXKeH BapiaHT BUKOPUCTAHHS BU3HAYA€E JSIKUH HaOIp Miif, sIKMii BUKOHYE cCUCTeMa TIiJT 4ac
nianory 3 akropoM. [Ipu 1bOMy HIYOr0 HE TOBOPHUTHCS MPO Te, SIK OyIe peanri3oBaHO B3aEMOIiI0 aKTOPIB 13
CHCTEMOIO.

Onmuc npeneacHTIB:

e KopucrtyBad — Mo)Ke BHECTH JIaHi.

e [lepeBipka KOPEKTHOCTI — IIPELICICHT, IKUH TTepeBipsi€, YA KOPEKTHI TaHi BHECECHO.

e Haguanus IIHM — npenenent juist Hapuans [ITHM.

o Tecrypanus [IIHM — npeuenent, sikuii Tectye IIITHM, ToOTO 3aiHCHIOE IPOTHO3.

o [lepeBipka MOXHUOKM — MPEIECHT JIJIS TEPEBIPKH MOXUOKH TIPOTHO3Y.

e 30epexeHHS MapaMerpiB — OpeLeaeHT, K 30epirae mapamerpu IITHM.

e Bisyaizaiiis — BifoOpa)XeHHs ONpalbOBaHUX JaHUX.

Jlist ctBOpeHHS iHTEepdeiicy 3aCTOCYHKY U MPOTHO3YBAHHS OCHOBHHMX XapaKTEPUCTHK HAIIHOCTI
cumerpuunux IPC Oymo Bukopucrano cepemosuine Eclipse Neon Ta MoBy mporpamyBaHHS Java.
IaTepdeiic mporpamm CKIaga€eThCs 3: TOJIOBHOI'O MEHIO, IOl BBEACHHS JaHUX, IO Bizyamizarrii
pesynbrariB. [lome i1 BHECEHHS AaHUX CKIAJAEThCS 3 TAaKWX HAJIAMTYBAaHHBL: PIBHIB, PO3PaxyHKIB
3HauYeHb, MO0y IOBH TpadikiB (puc. 3).
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‘ Kopucryeay ‘ Jaui | | Mepesipka | WHM | | Haguauuz ‘ ‘ TectyBaHHs ‘ ‘ Mepesipka ‘ 30epexenHs | Bizyanizaui
KODeKTHOC T WHM WHM noxubku napameTpis
:1 BHeceHHA Aaﬂux% - - : i i i :
2 Nepesipea_| |
3: Momunka ' : ;
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I
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15: 36

14: HanawrysanHa napaiupia BIATECTOBAMWX A3HUX

16: FI:epeH anawryeaHHa EUHM

i i L)

i i H

Puc 2. Jiazpava nocaidoerHocmi

Ha po3po6ineHiii giarpami mociigoBHOCTI (prc. 2) MOKa3aHO B3aeMOii 00’€KTIB, BIIOPSAIKOBaHI 3a
4acoM IX IPOosBY. 3a JOMOMOrO0 JiarpaMu MOCIIIOBHOCTI IPEACTABICHO B3aEMOIII0 €JIEMEHTIB MOJIEI SIK
CBOEPIAHMIA YacoBUH Trpadik “XKHUTTA’ BCIEl CYKYIMHOCTI 00’€KTIB, MOB’A3aHUX MK COOOK0 JUTsl peatizamii
BapiaHTa BUKOPHUCTAHHS IPOTrPaMHOI CUCTEMH, JOCATHEHHsI Oi3HEC-METH.

Po3paxyHOK NapaMeTpie HAAIHOCTI CUMETPUUHUX CHCTEM
®aiin  BUKOHaHHA IHpopMaLlis
I pisuis | Tou. 3may. | rpadikis |
BBeaiTk KinekicTe pisHis IZE
H. piens KoediudiuieHT posranykeH s 3akoH Mapamerep 3aKoHy Beta (rinkku ans Byiibyna)
o |Exponentall law .000500
h a Rayleigh law 10000
Po3paxyHOK NapameTpie HAARHOCTI CUMETPHUHIX CHCTEM - X
®ann BukoHaHHA IHdopmauin
[ Hanawtysanus pigHis | Tou.3Hay. | HanawTysawHA noGynoBM rpadikis |
MapameTpy ANA 3HAXOMKEHHA TOYHHX 3HAYEHb XADAKTEPHCTHK CHCTEMH
XapakrepucTHkm N Toune Bxigwi ans
Po3n0zin IMOBIPHOCTEH YHCNA BXIAHMX NPALIOIONMX enemenTtis 1.1 x [10 | t [1200 |
KoeILICHT FOTOBHOCTI CHCTEMH 1.2 ks | t [1200 ]
TpueanicTe nepeGyBaHHA CHCTEMH B KOXKHOMY 3 MOXITMBHMX CTaHis 2.1 E‘ X "10—
T cucremm & crami r i 22 v ks ]
IMOBIDHICTb BIIMOBM CHCTEMM 34 k(s | t [1200 |
ryctuua sinmos 3.2 ks | t [1200 |
Winskicrs sigmos 33 ks | t [1200 |
PO3paxyHOK NapamMeTpie HAAIHOCTI CUMETPHUHIX CHCTEM —
®ann BukoHaHHs IHdopmauis
fi pisuis |~ Tou. 3ua4. | s |
ana rpadikis cHCTeMH
XapakrepHcTuku N padik Bxiawi napameTpu Ans poapaxywxie
Po3anogin iMoBipHOCTe# YMCNa BXigHUX Npayioioumnx enementie 1.4 [ x [10 | siat[1 | xpox [10 | mot[1200 |
KoedilieHT roToBHOCTI CHCTeMH 1.2 k5 | sint[1 | xpox [10 | not[1200 |
T i cHcTemH B y3 crabie 21 [V] siax 1 | xpoxk [1 | mox[10 |
T i cucrenm B crani i 22 v sink [1 | xpox [1 | ok |5 ]
IMOBIPHICTB BIAMOBM CHCTEMM 34 x [5 | sint |1 | xpox [10 | mot[1200 |
rycTMia sinmos 3.2 k[s | eint[1 | xpok [10 | mot[1200 |
WNEKICTS BiAMOB 33 k[s | siat[1 | xpok [10 | mot[1200 |

Puc.3. ITosa 044 6HeCEenH OAHUX
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CrioyaTKy KOpHCTYBa4 3aIlyCKa€e MPOrpaMHUN 3aCTOCYHOK 1 B TOJI BBOJAWTH KUIBKICTh paHTIB Ta
MEPEXOIUTh 0 MO “KoeillieHT po3ranykeHHs”. 3aJaBIIM 3HAYCHHS, KOPHCTYyBad BHUOHMpAaEe B IOJI
“[TapameTrpu 3aKOHY”’ 3aKOH PO3MOILTY Cepell eKCIIOHEHIIiiHOro, Belibyna, Pemnest.

B Posparycs naz e s caserme s v

B Pozpacyon v pomerEIa FRRRIRN CHUETR ¢ CAETEN
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Puc 4. Fp(?[[)ﬁ”lﬁ I?p(f()(f”:’(i’(i'J(f]'lh'}l PeNUBIMAnte po3paxyliK) OcHosHUX XaparmepucntiK nadinnacmi IPC

BinkpuBmm myHKT “Po3paxyHKH”, MOXHA TIO0AYMTH 3HAYCHHS PO3PaxOBaHUX MapaMeTpiB
HAJIHHOCTI, a TaKoK iXHE TpadiuHe mpeacraBieHHs (auB. puc. 4). B HUX BKkazaHO NaHi WMOBIPHICHHX
XapaKTePUCTUK HAJIIHOCTI CHCTEM i 3 BJIOOpaXKEHHSM pe3yIbTaTiB 3a MyHKTaMH:

1. Po3moain iiMoBipHOCTEH YMCITa BUXIAHUX MPAIIOI0YMX €JIEMEHTIB CHCTEMH;

KoedilieHT roTOBHOCTI CHCTEMH;

TpuBamicTh nepeOyBaHHS CUCTEMH Y KO)KHOMY 3 MOXIIMBUX MpaIe3JaTHUX CTaHIB;
TpupainicTh nepeOyBaHHSI CHCTEMH Y 3aJaHOMY CTaHi TOTOBHOCTI,

VIMOBIpHICT BiIMOBH CHCTEMH 3a 3a[JaHOr0 CTAHY TOTOBHOCTI;

Yacrora BiIMOB CHCTEMH 3a 3aJaHOT0 CTaHy TOTOBHOCTI,

[HTEHCUBHICTh BIZIMOB CHCTEMH 3a 3aJJaHOMY CTaHY IT'OTOBHOCTI.

3a 3aBUACHICTIO METOAM IIPOTHO3YBaHHS OCHOBHMX IIOKa3HMKIB HaIiiHOCTI cuMmerpuunux I[PC
MOKHA TOAUIMTH Ha KaJeHJapHI 1 HEeKaJCHIApHI. 3aJIeKHO BiJ MEpioAy BHIIEPEIKCHHS YCI MPOrHO3U
MOJIIICHO Ha: KOPOTKOTEPMIHOBI HMPOTHO3U 10 15 TOYOK; CepeaHbOTEPMIHOBI mporHosu Bim 15 mo 80
TOYOK; JOBIOTEPMIiHOBI IporHo3u Bix 80 Touok [4, 5].

Jliis mporHo3yBaHHsS OCHOBHHX XapakTeprcTHK HaaiiHocTi [PC BuOpaHo HeiTepalliiiHy HEHpOMEpexKy 3
pamiaibHUMKM  0a30BUMH  (QyHKHiAMH [6, 7]. 3miCHEHO KOPOTKOTEPMIHOBE IIPOrHO3YBAHHS OCHOBHHX
XapaKTEPUCTHK HATIMHOCTI IEpapXiyHUX po3raiyxeHux cucreM. OcoOIMBICTIO € MPOrHO3yBaHHS A0 15 TOUOK
3a OJIHIEI0 XapaKTEPUCTUKOIO HaAilHOCTI cucMeTpuuHoi IPC, Hanpukia, HMOBIpHOCTI BIIMOBH cucteMu. J{is
IILOr'0 33Jal0Th TaKi IIapaMeTpH: KUIbKICTh BXOMIB — 5, KUIBKICTH BHXOMIB — 1, KUIBKICTh HEHPOHIB Ha
IIPUXOBAHOMY IIPOIIAPKY — 5, KUIbKICTh OJIOKIB (DYHKI[IOHAIBHOIO po3MmHMpeHHs — 0, CTeMiHb MOIIHOMIB — 3,
KUTbKICTh HaBYAJILHUX BEKTOPIB — 19, KUIBKICTH BEKTOpPIB mjis nepembadeHHs — 24. ami Bkasyemo (aiiiu
JMAHUX JUI1 HABYAIbHOI BHOIPKM 1 KOHTPOJbHOI BHOIpKU. ITiciis 1bOro HAaBYAKOTh Ta TECTYIOTh HEHPOHHY
MEpeKy. 3a pe3yibTaTaMH EKCIIEPHUMEHTY MO)KHA TMOOAYUTH, 10 CEpeHbOKBAJpPAaTHIHA IPUBEICHA JI0
Jliaria3oHy 3Ha4eHb MOXUOKa nporao3y cranoBmia 0.24 %, a MakcuMaisaa — 0.65 %.

Nownbkwbd
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3nilficHeHO cepeHbOTEPMIHOBE POTHO3YBAHHSI OCHOBHUX XapaKTEPUCTHK HAJIMHOCTI i€papXidHUX
pO3rally)K€HUX CHCTEM. 3[ifiCHEHO TpOTHO3YBaHHS 3 BHIIEPEKEHHAM Ha 29 TOYOK 3a TpbhoMa
XapaKTepUCTUKaMH: WMOBIPHOCTI BiIMOBM, YacTOTi BiJIMOB Ta IHTEHCHBHOCTI BigmoB enmemeHTiB IPC.
Kinbkicte BXOmiB — 3, KUIBKICTH BHXOIIB — 1, KUIBKICTh HEHPOHIB Ha NMPUXOBAHOMY IPOIIAPKY — 5,
KUTBKICTh OJIOKIB (DYHKIIOHANBHOTO po3mupeHHs — 0, CTeNiHb MONIHOMIB — 2, KUTBbKICTh HaBYAIBHUX
BEKTOpIB — 14, KUIBKICTh BEKTOpIB i mepeabaueHHs — 43. Y pe3ynbTaTi OTPUMAaHO CEPEaHbO-
KBaJpaTHYHY MPUBEICHY JI0 Jialla30Hy 3HaueHb MOXUOKY nporuo3y — 0.57 %, a MakcumanbHy — 1.08 %.

3nificHeHO JOBrOTEPMIHOBE IMPOTHO3YBAHHS OCHOBHUX XapaKTEPUCTUK HAJIIHHOCTI i€papXidHUX
posranmyxeHux cucteM. OcoOMHMBICTIO € TPOrHO3yBaHHS MOHAJ 80 TOYOK 3a TPbOMa XapaKTePHUCTUKAMMU:
YacTOTOI0 BIJIMOB, HMOBIPHICTIO BiIMOBH Ta IHTEHCHUBHICTIO BimMoBH eneMeHTiB IPC. 3a maHumwu
EKCIIEPUMEHTY MOXKHA MOOAYUTH, 10 CepeHhOKBAIpaTUYHA TIPUBENICHA JI0 Jiala30Hy 3HAYCHb MOXHOKa
nporxHo3y craHosuia 0.39 %, a makcumainbsHa — 0.66 %.

Bucnoku

1. Bimomi TpamuiliiiHi MeTOOM aHai3y U OIIHIOBAHHS HAMIMHOCTI CHCTEM 31eOUIBIIOro
OpieHTOBaHI Ha MPOCTi 00’€KTH W HE MOXKYTh MOBHOIO MipOIO 33JI0BOJILHUTH MOTPEOU aHaNi3y HAIIHHOCTI
IPC 3 BENMKOIO KUTBKICTIO €TEMEHTIB.

2. AHami3 OTpUMaHUX Pe3yNbTaTIB MMOKA3ye, MO BUKOPUCTAHHS HEHpOMEpeX U MPOTHO3YBAaHHS
XapaKTepUCTUK HaIiiHOCTI cuMmerpuuHux IPC nae 3amoBiibHI pe3ynbratd. [ HOCATHEHHS HaiOLIbIIOl
IIBUAKOCTI HaBYaHHS HEWPOMEPEeXkKi 13 3aJ0BUILHOI TOYHICTIO IPOrHO3Y CiiJi BHKOPHCTOBYBATH
Heirepaniiai [IIHM, 30kpema 3 pagianbHuUME 6a30BUME (DYHKITISIMU.

3. Oco0muBa poib BUKOPHCTaHHS PO3POOJCHOTO YXHTKY MOJSIrae y TPOrHO3yBaHHI Xapak-
TEPUCTUK HAAIHHOCTI KOMIT IOTEPHUX MEPEXK 31 CTAPIFOUMMH BUXIJHUMH €JIeMEHTaMH JIIsl MOJAIBIIOTO
TUTAHYBaHHS TEXHIYHUX OTJISAJIB Ta MPO(IIAKTUYHAX PEMOHTIB JIOKAILHUA KOMIT IOTEPHUX MEPEXK.

4. YV ramy3i ocBiTM pO3pOOJIEHHWH 3aCTOCYHOK JUIi PO3PaxyHKy Ta INPOTHO3YBaHHS OCHOBHHX
xapakrepuctuk HauiitHocti IPC 3i crapirounmu BUX1IHUMH eIeMEHTaMH MOKe OYTH OJTHOYaCHO KOPUCHHH
JIBOM IpyliaM KOPHCTYBadyiB: CTYJCHTaM, sIKi 3MOXYThb IEPEBIPUTH ceOe 111010 MPAaBHIILHOCTI BUKOHAHHS
3aB/aHb 3 HaBYAJIbHOI AuciuIuliHM “HamifiHicTh cucTeM”, Ta BHK/IaJa4aM, SSIKUM OyJie Jierie mepeBipsTu
pOOOTH CTYACHTIB.
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