YK 514.182: 004.15

MIHIMAJIBHE 3BJIBITEHHS HAJIMHOCTI EJJEMEHTIB
CUCTEMMU JJIsA 3ABE3IIEYEHHA 11 3AJAHOI'O PIBHA
HAAIMHOCTI
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VYcenko I.C., K.T.H., TOLEHT

ITlonmascokuti Hayionanvrutl mexuivHuu yHigepcumem imeni FOpis
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B pooomi euceimneno pezyrvmamu 00CaAi0HCEHHA MUHUMATIbHO20
30i1bWEeHHA HAOIUHOCMI eleMeHmie cucmemu 0131 3a0e3ne4yeHHs
3a0ano2o it piena Haoiunocmi. Iloodyooeano czpagiuny mooenw
HAOIlIHOCMI cucmemu 3 MmMpPLOX €EJ1eMEHmI8, W0 MAE CMPYKMYPHUIL
pesepe. Ilokazano ocoonueocmi onmumanbHo2o po3nooiiy HadiliHOCmI
enemenmie cucmemu 3 npocmorw cmpykmyporo. Ilpueedoeno npuxnaou
3HAX00HCEHHA MIHIMAIbHO20 NPUPOCMY 3HAUEHb HAOIUHOCMI eJ1eMEeHMIE
o1 3a0e3nevyeHns 3a0aH020 PieHA CMPYKMYPHOT HAOIIIHOCMI cucmeMuU.

Knrouogi cnosa. cmpykmypne mMo0en08anns, HAOIUHICMb cucmemu
3 PI3HOI0 HAOIUHICMIO eJleMEeHmIE.

Ilocmanosexka npoonemu. BuzHaueHHS HAAIWHOCTI € BaXJIUBOIO
3a/1auel0 y MPOEKTYBaHHI PI3HUX I1HXKEHEPHUX MEPEX: BOJOINPOBITHUX,
TEIJIOBUX, HA(PTOra3oBUX, ONEPATOPiB CTUILHUKOBOrO 3B’SI3KY 1 T. 1H. Y
eylekTpoTexHini [5] mommpeni 3'enHaHHs y Qopmi TpuKyTHUKA. BoHu
3aCTOCOBYIOThCS B TpaHcopMaropax, OOMOTKax €JIEeKTPOJABUTYHIB,
KOHJICHCATOpHUX Oarapesix, pesucropax Ta iH (puc. 1). YV HayKoBHX
mkepenax [1,2] akineHToBaHO yBary Ha HaJidHOCTI CTPYKTYp CHCTEM 3
€JIeMEHTaMHM, 10 MalTh OJIHAKOBE 3HAYEHHs HaaiiHOCTI. Ha mpakTtwuii
3HAYEHHS HAJIMHOCTI CKJIAJOBUX YaCTHH CUCTEM BiAPI3HAIOTHCA.
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Puc. 1. 3'enHanHs B TPUKYTHUK OOMOTOK,  €JIEKTPOIBUTYHIB,
KOHJICHCATOPHMUX OaTapeil Ta pe3ucTopiB

Ananiz ocmannix oocnioxcens. Y [3] mnpeacraBiaecHO MeTof



pallioHaJLHOIO0 HOPMYBAaHHSI HAAIMHOCTI B CHCTEMax 3 MapajeibHUMH Ta
MnapaieibHO-TIOCTIIOBHUMHU  CTPYKTypaMu. 3ampolOHOBAHO  MOHSTTS
IHTEepBaNly Ta T'PAHUIb €PEKTUBHOIO MIABUIIEHHS HAIIHHOCTI CTPYKTYpHU
pE3epBOBAHOI  1HXEHEPHOI Mepexi. BHUKOHAHO TOPIBHAHHS  4Yacy
WMOBIpHOCTI 0€3BIIMOBHOI pPOOOTHM TEXHIYHUX CHUCTEM 3 PI3HUMU
KOH(]IrypalisiMy, MOKa3aHo BIUIMB (pOpMU CTPYKTyp Ha yac O€3BIAMOBHOI
POOOTH TEXHIYHUX CUCTEM.

Dopmyniosannna uineii cmammi. J{n1 ebeKTUBHOTO 301IBIIICHHS
HaJIHOCTI TOTPIOHO MIHIMAJIBHO IMIABUINUTH OJHE abo0 JeKUIbKa 31
3HAY€Hb HAAIMHOCTI €JEMEHTIB I; HaCTUIbKH, 1100 HaIIWHICTD
pE3epBOBAHOI CTPYKTYpU CHUCTEMH JOocsrjia 3agaHoro piBHa: R=R*.
Heo0xi1HO BUKOHATH J1OJATKOBI BUTpPATHU 3acO0IB ISl 3aMIHU B CHCTEMI
€JIEMEHTIB Ha HOBI 3 BHIIOK HamiiHIcTIO. IliABUINEHHA HAIIMHOCTI
noTpeOye 30UIbIICHHST JOJAaTKOBUX 3aTpaT pecypciB. Tomy 4uM BHUIIOIO
Mae OyTH HaJIMHICTh €JIEMEHTIB THM OUIBIINK 00 €M pecypciB MOTPiOHO
BUTPATUTH.

Ocnosna uwacmuna. PosrisHeMo CTPyKTypy, 1o Mae ¢dopmy
TpUKyTHUKA. [IpruiiMeMo, 0 CTPYKTypa € TPUIIOIIOCHOK), TOMY 3'€JHAHHS
BY3JIB Vi, V2, V3 HEe OyJe mapajelbHUM YU MOCHIIOBHUM. Hexal murstHKu
CTPYKTYpHU MalOTh PI3HY HAIIHHICTh [I1 # Ip # 3. PIBHSHHSA HaAIHHOCTI
cTpykTypH [1,2]:

R=ri(ra(-2r3 + 1) + r3) +rar3, (1)
ae i — HaidHIcTh I-1 QiIstHKH cTpykTypH, 1=1,2,3, 0<ri<l, O<R<I1.

Skio nosrocaMu CTPYKTYPH € TIIBKH JIBa BY3JIU, HAIPUKIAI, Vi Ta
V3, @ BYy301 V, € TpaH3UTHUM, TO B CTPYKTypu Oy/]e IHIlE PIBHSIHHSA
HaJ1iHOCTL. YoTupunapamerpuyHa (QyHKIS Yy SIBHOMY BUIJISIAl OIHUCYE
GaratoBuz b° HaiitHOCT CTPYKTYpH.:

. O<r <1,
ry = —hb 0<r,<1 0<R<1 (2)
—2nr, +r +1, O<r <1
3

ne Iy Iy 3 — HaJlIiHICTh €1eMEeHTIB, R — cTpyKTypHa HaJ1lHICTh CUCTEMHU.
OTpumyemMO CiM’I0 TTOBEPXOHB B pPIBHOI HAAIMHOCTI CTPYKTypU MpHU
PI3HMX 3HAYEHHAX HaAidHOCTI ii ginsHok dp, dp, d3 Ta 3a OOMEKEHHS, 1110
BY3JIM CTPYKTYpH MaroTh aOCOJIIOTHY HajiHicTh: Vi=1, i1=1,2,3. Ha puc. 2
MOKa3aHO Kapkac OaraToBUIY B® wapiitrocti CTPYKTYypu y ¢opmi
TpukyTHUKa 13 3HaueHHsMu R=0.55, R=0.75, R=0.95 i3 moBepxonn b".
KapkacH LUX IIOBEPXOHb YTBOPIOIOTHCS IJHHISIME b, IO MHapajemibHi
wronmaaM Orir; ta Ororz. 3 migBUINEHHSM HEOOXIOHOTO 3HA4YeHHS R*
3BYXKYETHCA 00JIACTh MOXKJIMBHX HAOOpPIB 3HAYCHb HAAIMHOCTI €JIEMEHTIB
JUTst 3a0€3MeUYeHHS [IbOT0 33JIaHOT0 PIBHS HAJIIMHOCTI CTPYKTYPH.
Busznaunmo MiHIManbHE 3HAYE€HHS 30UIBIIEHHS HAAIHHOCTI TUISHKHA
(4u TpyNH IUISTHOK) JIJIs 3a0e3MeYeHHS 3aaHol Ha(iIHHOCTI CTPYKTYpH R™*.



Hexaii 3agaHo piBeHb HAAIMHOCTI ISl CTPYKTYPU 3 TPUKYTHOIO

dbopmoro, mo gopiBHoe R*=0.95. VYV TpuBHMipHOMY mIpOCTOpI IP ue
BIJINOB1/Ia€ TPAHUYHIN TOBEPXHI B?, mo mpejcTaBiIeHa KapKkacoM Ha puc. 3.
HaJIMHOCTI  €JIEMEHTIB CHCTEMH JIOPIBHIOIOTH
r;=0.9. Ile#i Habip yTBOPIOE TOUKY

[loTouni 3HauYeHHS
BignosinHo r1=0.7, 1»,=0.8,

A(0.7,0.8,0.9) y TpuBHMipHOMY mpocTOpi [I° 3 CHCTEMOIO KOOpPIWHAT
Orirors (puc. 4). 3a (1) 3HaYeHHS HAIIHHOCTI CHUCTEMH 3 TPHUKYTHOIO

PE3E€PBOBAHOIO0 CTPYKTYpPOIO JOPIBHIOE 3HAUEHHIO, II0 MEHIIE 3a 3aJaHe
NOTPIOHO MIABUIIYBAaTH HAJIMHICTh €JIEMEHTIB

R=0.902<R*. Orxe,
CTPYKTYPH.
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Puc. 3. Ilepetun 6araT013I/u[yE3 31

S3HAYCHHAM 3aJICKHOI'O ITapaMeTpa

Puc. 2. JluckpeTHHii Kapkac
R=0.95

OaratoBumy B° zanesxsocti 3-x
apryMEeHTIB JJisl 3HaUeHHS (QYyHKIT

R=0.55, 0.75, 0.95
€ psia BapiaHTIB JOCSATHEHHS 3aJaHOTO PIBHS HAJIMHOCTI CTPYKTYpH
R*, ame BOHM BIAPI3HAIOTHCS CYMapHOIO BEJIUYUHOIO HEOOX1THOTO
30UTBIIIEHHS HAIMHOCTI eeMeHTIB Ar. Ilpu 301nbIeHH1 HAAIMHOCTI JUIIE
OJIHOTO €JIEMEHTa 3 TPbOX HAaBITh 10 TEOPETUYHOIO Makcumymy [i=1,
OTPUMAaHHS 33/IaHOTO PIBHS HAMIWHOCTI He BinOyaeTbes: R=0,94<R*=0,95.



Skimo 3HaueHHsS 30UIbIICHHS HAIIMHOCTI €JIEMEHTIB pPIBHI MIiX
co0010 Arj=Ar,=Arz, To He0OXiIHE cymMapHe 30UIbIICHHS MO BCIM TPHOM

3
enementam gopisaioe Ar® = Z:Ari = 0,16455.
i=1
[linBumumo HamiiHICT, 1-i Ta 2-i AUISHKH, HE MTiIBUIIYIOUYH
HagilHICTh 3-i0 Ar=Ar, Ars=0. CymapHe mMiIBUIICHHS HAIIHHOCTI
€JIEMEHTIB sl 3a0€3MeUeHHs] PIBHA CTPYKTYpPHOI HAJIMHOCTI JIOPIBHIOE

2
Ar® =% A, =0,1821. AnanoriuHo po3rIAHEMO BapiaHT 3 2-10 Ta 3-10
=

3
autstHKaMu: Arp,=Arz Ar;=0, Ar® = Z:Ari =0,1387.
i=2
['pacdiuna moaens 6araToBUy NOKa3ye, M0 MIHIMaIbHE 301IbIIECHHS
HaJIHHOCTI 1711 3a0e3medueHHs 3afaHoro piBHS R* Oyne peanizoBaHo 3i

30UTBIIEHHSIM  HAJIMHOCTI  BCIX  TPbOX  €IEMEHTIB  Ar#Ar#Ars

3
Ar® = Z:Ari =0,12619. 3HaueHHSA MIOBUIIECHHSI HAIIHHOCTI €JIEMEHTIB
i=1
BiAmoBigHO mopiBHIOIOTE Ar;=0,00149, Ar,=0,025, Ar;=0,0997.
OO6sacTh MONIYKY MIHIMyMY CYMHU 3Ha4€Hb 301IbIICHHS CTPYKTYPHOT
HaTIHHOCTI 00MexyeThest kpuBoto G (puc. 5) Ha moBepxHi R*=0.95:

R-rr 1=t
r, = 13 s <3 <1 : (3)
((-2r,+1)+r R R*

ae Iy — 3MiHHI mapameTpH, 1=1,2,3, rjp — IOYaTKOBE 3HAYCHHS HAMIHHOCTI
1-ro eneMeHTa, 35 — IMOYATKOBE 3HAYEHHS HAAIMHOCTI 3-10 eleMenTa, R* —
3aJlaHui PIBEHb CTPYKTYPHOT HAIIMHOCTI.
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Puc. 4. B3aemHe po3rairyBaHHs Puc. 5. OGnacTh nomnryky TOYKH, 110
TOYKU CTaHY HAJIIMHOCTI CUCTEMH 3 BIJIMOB1/1a€ MIHIMAJIbHOMY
PE3EPBOBAHOIO0 TPUKYTHOO 30UIBIIEHHIO HAJIHHOCTI 10

CTpYKTyporo Ta moBepxai R*=0.95 3a/1aHOTO PiBHS



MiHimanbHe 30UIbIIEHHS HAAIMHOCTI AJia 3a0e3MeyYeHHs 3aJaHOro
piBHA R* Oynme peamizoBaHO 31 30UTBIICHHSIM HAIIHHOCTI 2-X JAUISTHOK, IIIO
MAaloTh OUTBITY HATIHHICTD Pi=max(P1, P2, Pa)-

BucnoBok. ['padiune monentoBaHHs BioOpa)kae MOBHY KapTUHY
CTaHy CTPYKTYpHOI HaAIWHOCTI cHUCTeM. 31 30UIbIICHHSM HEOOXITHOTO
pPiBHA HAIIMHOCTI CTPYKTYypH 13 2-X JUISHOK 30UTBIIYETHCS BETUYMHA
HEOOX1HOTO MPUPOCTY HAMIMHOCTI OAHOYACHO 2-X TIISHOK y MOPIBHSHI 3
BEJIMYMHOIO HEOOXIZIHOTO MPUPOCTY HAMIMHOCTI  OJAHIET  JUISHKHU.
MinimManbHe 30UIbIIEHHS CTPYKTYPHOT HaAIMHOCTI 10 3aJaHoro piBHs R*
NOCATAEThCS 30UIBIICHHAM HAAIHHOCTI AUISHOK 3 OUIBIIOI HAIIMHICTIO.
OnnouacHe 30UIbIIEHHS HAAIMHOCTI JBOX MAUISHOK MOTpeOye OLIBIIOro
HEOOX1IHOTO CYMapHOTO TMPUPOCTY iX HAAIMHOCTI, HDK HEOOXITHUN
MPUPICT HAAIAHOCTI OHIET JUITHKH.
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MHUHUMAJIBHOE YBEJIMYEHUE HAJAE KHOCTU
JEMEHTOB CUCTEMBI J1JIs1 OBECIIEUEHUS EE
3AJTAHHOI'O YPOBHSA HAJIEXKXHOCTH
VYcenko B.I'., [Toropensiit [1.®., Ycenko U.C.

B pabome ompasiceHul pe3yibmamol uccned06anus
MUHUMANBHO20 YBEAUYEHUA HAOCHCHOCHMU IIEMEHMOE CUCHEMbl 014
obecneyenus 3a0aHH020 ee ypoeHa Haldexcnocmu. Ilocmpoena
zpaguueckas mooenb HAOEHCHOCMU CUCHEMbL U3 MPeEX IIEMEHM 08, U0
umeem cmpykmypuotii pesepe. Ilpueedenvt npumepvt Haxo0HcOeHUA
MUHUMAbLHO20 NPUPOCMA 3HAYEHUI HAOEHCHOCHU IIEMEHMO8 0N
obecneuenus 3a0AHHO20 YPOBHA CIMPYKMYPHOU HAOEHCHOCHU CUCHEMBL.



Knrwuesvie cnosa. CmMpyKmypHoe M00€Jlup08aﬂue, HAO0eHCHOCMb
cucmemol de3H0ﬁ HAOEHCHOCMBIO IJ1IEMEHMO08.

MINIMUM INCREASE OF RELIABILITY OF ELEMENTS OF
SYSTEM FOR PROVIDING OF HER SET LEVEL OF
RELIABILITY
Usekko V.G, Pogorely D.F., Usenko I.S.

This paper shows the results of research the minimum increase of
reliability of elements of the system for providing it’s set level of
reliability. The graphical model of reliability the system, created from
three elements is built. The system has structural reserve. There are
examples of finding of minimum increase the value of reliability of
elements for providing the set level of structural reliability.

Keywords: structural design, failsafety with different reliability of
elements.



