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Abstract. Skopa O., Kazakova N., Murin O. Influence of functional redundancy of
redundant telecommunications system to reduction of their reliability test volumes.
The procedure of routine testing reduction of telecommunications channels at the ex-
pense of their functional redundancy is considered. Is shown, that such procedure
does not boost risk of exploiting organizations at deriving the data about of channels
reliability.

ITocraHoBKOI0 MPOO/IeMH Y 3araIbHOMY BHIIIS/L OO0 HEOOXIIHOCTI CKOPO-
yeHHA 00CATiB KOHTPOTRHUX BUNPOOYBAaHb HAa HAAIMHICTL PE3EPBOBAHMX CHCTEM Te-
JEKOMYHIKAIH Ta 1l 3B'SI30K 3 BAXKIHBHMH HAYKOBHMH Ta NMPAKTHYHHMM 3a-
BAAHHSIMH € BHMNAAKHA cyry00 NMpakTHYHOrO XapakTepy. 3 OrjAfly Ha Te, IO Heod-
XIIHICTB Y BKJIIOYEHHI PE3ePBHOTO YCTAaTKyBaHHA Pe3ePBOBAHOI CHCTEMH € BHIIAIKO-
BOK0 BENMYMHOI, TO MPOBEAEHHA NIAHOBUX MEPEBIPOK anapaTypH MOBUHHE 3a0upa-
TH MiHIMaJIbHHI yac. MOro ckopodeHHs MOKIMBE 33 PaXyHOK NPHCKOPEHOTO MpOBe-
[CHHA BAMPOOYBaHb B TNEPEBAHTAKEHOMY PEKHMI, 32 PaXyHOK CTPYKTYPHOI Ta thyH-
KLIOHATILHOI HaagMIpHOCTI ab0 3a paxyHOK 3armacy o pecypcey. MeToaHKH MpOBEIEH-
Hi TAKUX BHTMPOOYBaHb, TEXHIYHI 1 MAaTEeMaTHUHI npobnemu 06poOKu PE3YJILTATIB
AOCHTH A0KIanHO posrinaHyTi B [1, 2]. Oanak, cimj 3a3Ha9MTH, 110 B yKa3aHHX pobo-
Tax MPUIINAETLCS yBara OKpeMUM 00'€KTaMm CKIlaaHHX TEXHIYHHUX cUcTEM De3 pesep-
py. MeTomuky MaroTh Ha yBasi, 0 BATPALI JOCATAETHCA JIMINE 33 PAaXYHOK BIACTH-
BOCTEH OCHOBHOTO 06'€KTa NOCHIUKEHb. Y TOH Ke 4ac BBAKAETHCA, LIO V1A MPOBE-
lleHHa BUIpoOyBaHb 00 €KT MPUIIMHAE CBOE (byHKIIOHYBAHHA B CKIIaJll TEXHIYHOI CH-
CTEMH 1 [OBEPTACTHCA B Hel micns Ix 3axingennsa [4, 5]. [Ilogo nHTaHHA CKOPOYCHHA
o0cAry unmpoOyBaHb 3 BpaxyBaHHAM yHKIIOHAIBHOI HAAMIPHOCTI Pe3epBOBAHHX
CHCTEM TeNeKOMYHIKalii, TO y BITIH3HAHIA iTepaTypl BOHO BHUCBITJIEHE, B OCHOB-
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HOMY, TIIBKH 3 TOUKH 30py DETPOCIEKTHBHOTO aHam3y 0Oes Oyap-ikoro MPOrHO3y-
BaHHS,

CkopoueHHs bacy purpoOyBaHbe (YHKUIOHYIOYMX CHCTEM TEIEKOMYHIKALIH
BAMUTMBO TAKOK 3 EKOHOMIUHOI TOYKH 30pY. TYT €KOHOMIS KOLUTIB 1 PECYPCIB OYEBH-
JiHa 1 He Mae nmoTpedu B IX 0OIPYHTYBaHHI.

AHani3 ocTaHHIX A0CHiKeHbs i myOmikanii, B SKHX 3al04aTKOBAHO
po3B‘si3aHHs MPOOJIeMH 10 BKa3aHii TEMaTHIl, NOKa3as, M0 OCHOBHUMH poboTamu
¢ npaui P.Bapnoy, ® Ilpomana ta I. Tepubaxa, Aki BUCBITMIOIOTH Darato acmekTiB
npobneMu BIUIHBY (YHKIIOHATBHOI HAAMIPHOCTI PE3E€PBOBAHMX CHCTEM HA CKOpO-
yeHHA o0carie 1IX BunmpoOyeans Ha HapiHicTh. Y poborax O.I.Pakosa,
O H Bonswesa, € .10 bapsunosuua, B.A Kawranosa, H A Cesepuiesa, P.C.Cynakosa
Ta IHIIMX BYEHMX PO3IJISANAIOTHCA MHUTAHHA AK MPOTHO3YBAaHHA HaAlHOCTI CKIAJHMX
CHCTEM B 3AJIEKHOCTI BiJl iX KOHCTPYKTHBHHUX MapaMeTpiB Ta yMOB eKCIulyaTalll, Tak
| MUTAHHA IX CTPYKTYPH 3 TOUKHM 30pYy MiJBUIIEHHA HamiiHocTl. OgHave, OUbMICTL
poOIT, 1110 CTOCYIOThCS T€Opli BU3HAUYEHHA HaaIHHOCTI CKIaJHUX CHCTEM, JAlOTh aHa-
/13 Ta BUPIIIEHHS TAKMX MUTaHb AK [M1JBHUIIEHHA iX JKHBY4OCT1, poOOTH 10 MEPIIOro
BIJIMOBJIEHHS, CTIHKOCTI A0 30BHINIHIX BIUIMBIB 1 T.1. B TOH e 4ac MOCHTH PLAKO 3y-
CTpIvaThes poOOTH, 110 JArOTh OIIHKY T4 PeKOMEeHMalli M0A0 CKOPOYeHHA 00cary
AOCHThL CKJIAJHUX BHIIPOOYBaHk HA HAMIHHICT TAKMX TEXHIYHHX CUCTEM K PE3EpPBO-
BaHI CHCTEMH TEJIeKOMYHIKAIIIi.

Takum YHHOM, paHille He HeBHPIIIEHOH YACTHHOK 3araJibHOI MpobJemu €
3aaua, AKa J03B0JIA€ OLIHHTH PH3WK 3aMOBHHKa Ta mepeadaunTh HeoOX1AHY Kiflb-
KICTb pe3epBHOro 001a/HaHHA, CTPYKTYPY OpraHisailii CHCTEMHM Ta IHIII TEXHIYHI Ta
BUPOOHWYI MapaMeTpH, BUKOPHUCTOBYIOYM NMPUCKOPEH! METOIM BU3HAYEHHA HaAlAHO-
CTI 3 BpaxyBaHHAM (PYHKIIOHATBEHOI HAAMIPHOCTI.

Bpaxoeyioun BHILECKA3aHe, MOCTAHOBKOK 3aBJAHHS 11 [0JATLLIIOTO BHpI-
[IEHHA € METOJ CKOpOYeHHs 0OCATiB KOHTPOIBHMX BUNPoOYBaHb Ha HaAIHHICTB pe-
3ePBOBAHMX CHCTEM TEJEKOMYHIKAlllH 3a PaxyHOK iX (yHKuloHaNBHOI HaJAMIPHOCTI,
Aka 00yMOBJIEHa HAABHICTIO pe3epBHHX OO0'€KTIB, LITKOM IHEHTHYHHX OCHOBHHM.
MeToa M03BONSAE MPOBECTH BUMPOOYBaHHA 3 BHKOPHCTaHHAM pPE3epBHUX 00'EKTIB,
MOIIUPIOIOUN PE3YILTATH HA BCIO CUCTEMY B LUTOMY, BKIHOYAIOUM MHUTAHHSA IPOEKTY-
BadHHA HOBHX CHCTEM.

[lTepeitnemMo 10 BHKIAaAy OCHOBHOrO MaTepiajly 3 MaTeMaTHUYHHM OOIPYHTY-
BAHHAM OTPHMAaHUX PE3YJIbTATIE.
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- TlosHaynuMO NOAI0, MO CKIANAETHCA Y BUHHUKHEHH] BIIMOBICHHSN CHCTEMH Te-
NEKOMYHIKaLi# y uinomy, sk B, Toxi B — MO/, sKa CKITAJAEThes B TOMY, 1O CHC-
TeMa BUKOHYE MOKIaneH! Ha Hei dyukuii. [Tpunyctumo, mo 3 MeToro peamizami nomii
B B TexHI4HIH JoKymeHTanli o6rosopeni N meskux yMmoB A . 3oxpema, mofia A,

MOX€ CKIIaJATHCs B YMOBI JOMYCKOBOIO THITY, HAPUKNan, A = {a, <E < b}, ToGro
nomiAs A mMONArae B TOMy, IO AeAKa BHNAAKOBA BENWYMHA & MOXKE 3HAXOLMTHCA
(hikcoBaHOMY IHTEpBANI [a‘,hl], ne a 1 b — rpanmul gonycky. Skumio £ BHXOAMTE
3a rpaHull jJonycky (& ¢ [a,bb,]}, TO LA MOAIST MOYKE CYNPOBOKYBATHCA BHXOIOM
cuctemu 3 nagy. Ognak Moxke OyTH 1 Tak, 110 NpH Ee[az,bz] BIAMOBIICHHS CHCTEMH
(3 IMOBIpHICTIO, WO JopiBHIOE 1) He BinGypaetbes. Hassemo uncno P(4 )= R, imo-

BIPHICMIO BUKOHAHHA | -1 yMo8u, Aka obymosnena e mexuiuniu doxymenmayii. byne-

MO BB@)KaTH, L0 JOKYMEHTalls CKIajeHa AOCHTh MOBHO 1 B Hiil mepenfagyaeTbes, 10
N

P BUXOJ1 CUCTEMHM 3 Jajay BlAOyBaeThca Xo4a O onna 3 momid 4 — B L:UAg . To-
i=]

ai E:Eﬂ[ljﬂ U[ NA4), ze B:ﬁﬁ, E:ﬁ4UH ﬂ,EL A0 A4UB,

i=l i=1 i=] =

a 1€ 3HAYUTh, 10

P(B)=(1-P(R))(1-P(B| ﬂ()]_..[pp[ﬂyﬁan (1)

Bpaxyemo, wo P([,)=P(4 NB)0q(1-k); q,= P(A,) — imoBipHiCTb He-

BHKOHAHHA MEpIIOi yMOBH AOKyMeHTalli (Hanmpukmaj, g, — IMOBIPHICTE BHXOAY &
3a JOMYCK [u,,b,]}; P(EEE]J — IMOBIPHICTb BIIMOBJIEHHA CHCTEMH MPH HEBHUKO-
HaHHI 3a3Hay4eHo1 yMOBH; k, =1 —P(B | Al).

Po3rIIsStHEMO BUIIAN0K, KOJIM IMOBIPHICTE B€3B1AMOBHOI pOOOTH CHCTEMH
L=P(B)= (ﬂ}l}, B =4 LLs (2)

327I0BOJIBHAE CIIBEITHOLIEHHIO

B):‘zﬁP(,[l):‘l ﬂ=ﬁf€{=R::P(,Et). _ (3)
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3okpema (2) BUKOHYEThCA U4 He3alleKHHMX, a TAKOXK /I [O3HTHBHO 3B'3aHUX
nomiiit A,i=1,N [1]. ¥ posrnsayromy Banagky TT € OLIHKOK 3HH3Y [Uisi MOKA3HH-
ka HagiiHocTi L = P(B) cucremu:

n=ﬁP(ﬂ,)=1i[Rf’;Rir=1_Qf(1_kf)=P(iq')‘ (4)

i=]

prl i = P(Ek) —— IMOBIpHICTh HEBHKOHAHHS /-i YMOBH NOKyMeHTALii (Hampukiaz
g, — IMOBIPHICTb BUXOJY & 3a HOIMYCK [a,.,bl]), a 4YUCIIo
k =1-P(B|4)=P(B|4) (5)

HA3BEMO Koe@iyicHmom GynkyionaneHoi HAOMIPHOCMI cucmemu no i -t ymosi 0oKy-

N 47,18
menmayii. Ilpn Beix k =0 3 (4) BUnuBae, oo ﬂ:nﬁ. ,k=0,i=1LN,R=1-g,.

i=]
Pienicte k& =0 Bianopigae BUNAAKOBI, KOJIH IIPU HEBUKOHAHHI i -i YMOBH CHC-
TeMa HE BHKOHYE MOKianeHi Ha Hei dyHKmii 1 Tomi P(§|Ef)=1. SIkimo i-Ta ymoBa
JIOKYMEHTAI[] Ipae HACTUILKH HECYTTEBY POJIb YV CHCTEMI B IITOMY, IO (haKT BHHHK-

HeHHs Nofil A He BITMBAE HAa B, TO P(B | A ) = P(B) 1, TaKMM 9HHOM,
il G = (6)
Koedimentu & HaamipHOCTI CHCTEMH MO KOkHIA 3 N yMoB, 00yMOBIEHHX Y
TEXHIYHIA JOKYMEHTALll, MOKYTh OYTH 3HAWAEH] LIIAXOM CTATHCTHYHOrO MOIEIN0-
BaHHA Tpouecy (YHKIOHYBaHHA CHCTEMM, OMMCYBAHOI, HaMpHKIan, CYKYMHICTIO
auQepeHanbHHX PIBHAHD PyXy [2].
31 criBBlAHOLIEHD (2) — (5) NpUXOAUMO [0 HACTYITHUX BUCHOBKIB.
1. Ha eranmi npoekTyBaHHA, UIA KOXKHOI 3 N YMOB A , 10 0OMOBIAIOTECS B
TEXHIYHIH JOKYMEHTAIIli 1 MAarOTh BHIJIAA
o b (7)
B PE3YJLTATI CTATHCTHMYHOrO MOJIEIIOBAHHS MPOLECY BUKOHAHHA 3a[1a4l CHCTEMOIO B
uioMy no gopmymn (5) MoxkyTh OyTH po3paxoBaHl KoeilnleHTH &, (DYHKLIOHAIBHOI
HagmipHocTi. Hapam Oynemo BBaxkaTy, 10 koedilieHTH &, BIAoMI 1 (hikcoBaHi,

2. KinbKICHOKO MIPOIO BHUKOHAHHSA i -1 YMOBM CIIY)KHTh IMOBIPHICTE R = P(A,)

1l BUKOHAHHA, TPHYOMY R — HEBIAOMA 1 MIAIATAE OLIHIOBAHHIO 33 pe3yJbTaTaMH
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- BUNPOOYBaHb. Y cuily criebiasowens (3) i (4) 3a KPHTEPIi BUKOHAHHA J-i YMOBH 3
MO3H1li CHCTEMHOIO PO3TIIANY IpHiMaeThes IMOBIPHICTE

R=l-gh,q=1-R, h=1-k. (8)

3. Buxonum 3 HeoOXinHOTo 3uauenns L, mwia iMosiprocti [, = P(B) suxo-

HaHHA 3374l CHCTEMOIO B LUIOMY 1 3a1aHOTO JUTA Hel NPHIYCTHMOTO PH3HKY 3aMOB-

Hika [3,, BUSHAYAIOTLCA BAMOTH R;, JI0 KOKHOI 3 IMOBIpHOCTEIH R'=P([) i npuny-

CTHMH# PH3HK 3aMOBHHKa 3,

4. Bumora mo HamiiHocTIi 10 peamizawii /-i yMOBH BBakacTbes BUKOHAHOIO,
SIKINO Y -HWKHA rpanuis [3] R'= R npu y =1—[,, 3a0BONBHSAE CHIBBIAHOMIEHHIO
' ’ .
R, 2Ry, y=1-p,. (9)

Tax Ak KOeIUEHT A HaAMIPHOCTI CHCTEMH MO 7 -H YMOBI TeXHIYHOI JOKyMe-
HTallli B HAIOMY BMMAIKy BBAXKAeThCA (ikcoBaHMM wmcioM 3 iHTepsaty [0, 1], To
E.Tzi—[l—*k,)(]—ﬂr)t Ae R, — crarTHCTHKa, IO € Y-HUKHBOK TPaHHLECIO AN
IMOBIPHOCTI R =1—g, . BigmiTumo, mo Oyap-fka HeBIgOMa KOHCTAHTA, AKA MiLIATAE
OLIHIOBAHHIO MO pesynbTatax ® € () BunpoOyeaHb, ne () — CYKyMHICTh BCIX pe-
3y/bTaTiB ©, Oyae HasBaTHCA napamempou, a Beska dynkuis g(m), axa 3amexurs

B pe3ynbratiB @ € () BunpoOyBaHs Oye HazBaTHCA CIAMUCHUKOIO.
3 ornsjly Ha BUKIaJeHe, CMIBBIIHOIIEHHA (9) mepenuieMo y BUTTIsA/IL:
=
il i Ar —
e = (10)
i
SKIO BCTAHOBMTH, IO Y -HMJKHA FPaHUUsA R [UIA IMOBIPHOCTI R, € 1meanb-

HOIO, [, — HeobXinHe 3HaueHHs iMoBipHocTi L = P(B) GessinMoBHOi pofoTu cuc-

TEMH B ULIOMY, @ B, —— NpUIYCTHMHI pH3uk 3amMoBHHKa B C,-mpouenypi [3] nepe-

BIDKM BHKOHAHHS BAMOr# [ > [, I CHCTEMH B LILIOMY, TO TIPH HE3aJI€KHOCTI

CTATHCTHK R, , i= LN y (9)1(10) MokHa IOKIACTH
=D, i=LN (11)
npu Oy mb-skomy KiHmepomy N . Jlerko IepeBIpHTH, 1O AKIO [3, — LICATbHA Y ~HIDKHS

rpauis i R, To npu (QIKCOBaHOMY &, CTATHCTHKA R =1- (1 —k ] % x(l - j_?:,.r) € i1ea-
IMBHOIO Y -HIBKHBOKO rpasmrero wis R =1—(1-k )(1- R ). Tomy B posrmyToMy Bna-

JKY CTATHCTHEA
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TT, =min R, =min(1-(1-k)(1-R,)) (12)

I<i<N l=isN
€ Y-HHKHBOI TIpaHunero Wi imosipocti T1 3 (3). 3 mpomoHoBaHOi HepiBHOCTI
TT<L=P(B) i cuiesiznomenns y<P(TI< TT)<P(TI<L) pannmsae, mo Bupas
(12) omHouyacHO 3abe3neuye MOMNUIHBICTh 3HAXO/UKEHHA Y-HHMKHBOI IDaHHLI I
L :P(B). Tak sk sianosiaHo go C,-MpolEAYPH, YMOBOK MPHIMAaHHS CHCTEMH B

ULTOMY € BHKOHAHHS HEPIBHOCTI
-I_-I;ELT: ?:l_Bg: (13)
a . .I ' m .
TO B CHIly ekBiBaleHTHOCTI T =minR 2L < AI(ET ELT), y=1-P,, ua nepis-
1=i€m =
HICTb PIBHOCHJIbHA BUKOHAHHIO N HEpIBHOCTEH
'r —_— ' —
R, 2L, vy=1-B,, i=LN. (14)
Omske, NpUHMaHHA CUCTEMHM B LIJIOMY BiamoBiaHO 10 (13) 3mificHiOeThCS TOAI |
TUTbKH TOJI, KOJIM 31HCHIOETBCS MpHAMaHHA BianosiaHo 0 (14) mo koxuik 3 N
YMOB, 00YMOBJIEHHX B TEXHIYHIH JoKymeHTalil. 3iacH Ta 3 (9) Barmeae (11).
OTpuMmaH1 pe3ybTaTH NPeACTaBUMO Y BHIJIA/ HACIIAKY:
Hexaii 3amoBonbHAIOTECS BCl MPUBEAEH] JHONYIIEHHA. To BAMOTH MO Hamiii-
HOCTI 0 peanizauii /-i ymMoBH, 0O6yMOBNEHOI B TeXHIYHIH HAOKYMEHTaLli, MOXKYTh

BBAKATHCA BHKOHAHUMM, SKILO CTATHCTHKA K, 3a10BOJIbHAE HEPIBHOCTI:

Lk =
Ry=-T—t, isLN, (15)

i

R

—r.l—[ii| o=

BucHoBku. B pesynerari mpoBeIeHHX NOCHIIKEHb BCTaHOBNEHO, 1o B (15)
npu k =L, moxeMo BBaxkath R =0 i, B UbOMY BHNAMKY, NPOGEOCHHS guUNpobysank
01l nepesipku BUKOHAHHA 8UMO2 NO HAOIAHOCMI peanizayii i -i ymoeu He hompitHo. 3
poctom KoedillieHTa HaAMIPHOCTI k, 1o 7 -if yMOBi HeoOXiaHe 3HaueHHa R, mia R
(BpaxoBytoun k ) suukyerbes. Lle piBHOCHIBHE 3HHKeHHK0 00cAry BUnpobyBaHb

I, MPHPOAHO, CKOPOYEHHK Yacy iIXHBOI0 npoBeaeHHsi. Biukonauna seix N Hepis-
HOCTEH (15) piIBHOCHIIEHE BUKOHAHHIO OJIHOTO CMIBBIAHOLIEHH (13).

[linkpecnumo, mwo B (15) mapamerpu L, i B, BIIHOCHTBCS 0 CHCTEMH B L0~

MY, 1 IX «po3apobneHHa» He nOTPIOHO. 3pO3yMLNO, CHTYallis MOJKE 3MIHMTHCA, AKIIO
Y -HWKHI rpaHnml R He € ineansHuMu mis R . Bpaxosyrouw 1e, BIAMITHMO, LIO MH-

TaHHs JOCMIUKEHHsS CUTyauli 3 HelleaNbHUMH Y-HIKHIMH TPaHHLAMH € Mepcnex-
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THBHHM ISl NOJAJILINOrO Aocaipkenns. [Ipy nsoMy posrasmy miaisrac CriBBii-
HoweHHd (15) moHaliMeHIIIe B HACTYTHUX BUMAIKAX:

a) KoxHa 31 cratncTvk R, 3HAXOZMTHCS 3a Pe3yNbTaraMy GIHOMIANbHHX BH-

npoOyBaHb 13 3yNUHKOIO [3], y Axux GepyTh y4acTs Kinbka 06'exTis;

6) KoxHa 31 cratucTik R, 3HaXOMMTBCA 3a Pe3y/bTaTaAMH OIHOMIAIbHUX BH-
npoOyBaHb 3 3YIIMHKOIO, Y AKHX Oepe y9acTh 0auH 00'ekT;

B) KokHa 31 cratuctik R 3HaXoauThCs 3a GIHOMIANbHOK cxeMowo bepHymi

MpH AONYCTUMOMY YHCIIl BIAMOBIEHb ,=0.
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