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IIpoananizoeari OCHOBHI NOKA3HUKYU HAOIUHOCMI CUCMEM eleKmpOonoCmayants Haghmozazoeux o0b'ckmie Ha
OCHOBI NOCIO08HOT cxemU eneKkmponocmayants. 3anponoHo8aHo Ccnocobu NidsuwenHs. HAdIIHOCMI padianbHuX
cxem enekmponoCmadants i po3paxoeani y3azaneHeHi NOKA3HUKU HaoiliHocmi. Busnaueni dooamkogi noxasHuku
HaoditiHoCMi Ma NOKA3HUKU OJ151 BPAXYBAHHSL HACTIOKIG 8I0MO8.

Kimrouogi citoBa: cucteMa eleKTpOTIOCTaYaHH s, y3arajJbHeHi i JOAaTKOBI MTOKa3HUKU HaIitHOCTI

Tpoananuszupogarnvl 0CHOBHbIE NOKA3AMENU HAOEHCHOCIU CUCMEM 3JIeKMPOCHAONCeHUS Heghme2a308bix 00be-
KMO8 HA OCHOBAHUU NOCTe008aAMENbHOU CXeMbl dliekmpocHabcenus. TIpednocenvl cnocodwbl NOBbIULEHUST HAOeHC-
HOCMU PAOUATbHBIX CXeM 3JIeKMPOCHAOICeHUS U paccuumanvl 0000w entvie nokasamenu naoexcnocmu. Onpeoerne-
Hbl OONOTHUMENbHbIE NOKA3AMENU HAOCHCHOCMU 1 NOKA3ament, 0Jisl onpedeneHuuss Nocie0Ccmauli OmKa306.

KimroueBble ci10Ba: cricTeMa 3JIeKTPOCHA0KEeHUs, 0000IICHHBIC U TOTIOIHUTEIBHBIC TIOKA3aTeId HaIeKHOCTH

The basic indicators of reliability of systems of an electrical supply oil and gas objects on the basis of the con-
secutive scheme of an electrical suppli are analysed. Ways of increase of reliability of radial schemes of an electri-
cal suppli offered and generalized indicators of reliability are calculated. Additional indicators of reliability and
indicators for definition of consequences of refusals are defined.

Keywords: systems of an electrical supply, generalized and additional indicators of reliability

3a ocTaHHi JECSATHIIITTS MOJETIOBaHHS (yHK-
LIOHYBaHHS Ta OLIIHKA HAAIMHOCTI PO3MOALILHUX
CHCTEM OTPUMAJIH iICTOTHO MEHIILY YBary JIOCIiTHUKIB
HAJIIHOCTI, HDK CUCTeMH TeHepailii. Take cTaHOBH-
e 3yMOBJIeHe BENWKHUMHU 3aTpaTaMd Ha Cropy-
JOKEHHS €JIEKTPUYHHUX CTaHLiH 1 iX POJUTIO B €NeKT-
poeneprernunnx cuctemax (EEC). HeanekparHicTb
CHUCTEMH TeHepalil BijoOpaxkaeThesi Ha (QyHKIIIO-
HYBaHHi BCi€l CUCTEMH, BOHa MOYKe MaTH KaTacTpo-
Gbivni Hacmz[KH KOTpi MOXKYTb HETATUBHO BILTMBATH
K Ha coLiabHy cepy, TaK i Ha OTOUYIOUYE CEepeo-
BHIIIE.

PoznoaisibHi - cucremu l'[OTpe6y}OTb JIE110
MEHIIIUX 3aTpart, a BiIMOBH B I1ili cucTeMi CYNpOBO-
JOKYIOTBCS JIOKATBHUMH HacTifkamu. OfiHaK aHaini3
CTATUCTUKU TMPO MEPEPBY  EJIEKTPONOCTAYAHHS
OKpeMHX CMOXHMBaviB HaTOorazoBUX 00’€KTIB BKa-
3y€ Ha ICTOTHWM BKJaJ PO3MOMAUILHUX CHUCTEM B
TMOKA3HWKHU HAJIWHOCTI OKpPEeMHUX CTOXHBadiB. Y
Takiii cuTyanii HeoOXilHa MigBUINEHA yBara 0
3aBJAHHS OLIHKWM HaAidHOCTI PO3MOAIILHUX CHC-
Tem, ska ana 6 3mory oGrpyHTyBaT 3aCTOCYBaH-
HSl TMX YU IHIOMX CXEM Ha €Tari NPOSKTYBaHHS i
eKCIUTyaTallii, a TaKoK HalKpaliuM YMHOM PO3MOJi-
JIUTH OOMEXKEHI KaIliTAJIOBKIIAIEHHS s i ABULLICHHSA
HaIMHOCTI (byHKI_[lOHyBaHHH PO3MOAIILHUX CUCTEM.

Pamanbm posno;[mbm CHCTEMH CKJIAJAI0THCS
i3 CYKYyIMHOCTI MOCITiZIOBHO 3'€IHAHUX EJIEMEHTIB, a
came: JIiHii, BAMUKaYi, IMAHHA i T.1. 71T TOCITiI0B-
HO 3'€lHAHUX €JIEMEHTIB OCHOBHI IOKa3HUKH Ha-
JIHHOCTI, Taki sIK mapameTp MOTOKY BiJMOB A, ce-
PeaHs! TPUBAJIICTh BiIMOBH I' i KOE(iLIIEHT HEroTo-
BHOCTI U BM3HAYAIOTHCS HACTYITHUM YHHOM:

A=3%A, (1)
U=3A, -1, @)

pU_Zhn 3)
A XA,

PosrnsiHemo 300paskeHy Ha pUCYHKY 1 cxemy,
siIka MiCTUTh yoTupu cnoxkueaui A,B,C,D, 1110 xuB-
TATHCA Bifl Iokepena skueneHAs J[K.

Pesynpratu po3paxyHKiB iMFOCTPYHOTh OCHOB-
HYy O0COOITUBICTH paﬂianLHo'l' CHUCTEMH: UMM CTIOXKH-
Bay Bm;[anemumu BiJl JUKEpeIta JKMBIICHHS, THM
HWXKUMU PiBeHb HOrO HAAIMHOCTI.

barato po3momidbHUX CHUCTEM eJIeKTPOIoCTa-
YaHHS 3aMpOeKTOBaHi i 3MOHTOBAHI 3a paliaTbHOIO
cxeMoro. SKIo cucteMa CKJIagHO 3aMKHEHa, TO 11
HUISIXOM PO3MHUKAHHS y BiJMOBIAHUX MYHKTaX MO-
’KHA TIEPETBOPUTH HA pafiajibHy. Take BUKOHAHHS
CXeMH Mepexi Ja€ MOXITUBICTh 3HU3UTH KUTBKICTh
obnanHaHHs, Ha ske aie K3 y maHiii Todli cucte-
mH. KpiM TOro, 31iHCHIOETBCS MepeBeIeHHsT JKHB-
JICHHSI CMIOKUBAYIB HA IHIIE IPKEPEJIO €JIeKTPOIIOC-
TauaHHs 32 HEOOXIZHOCTI MPOBENCHHS aBapiiiHuX
BiTHOBITIOBAJTFHUX POOIT 200 MIIaHOBUX PEMOHTIB.
Posrmsnemo cxemy (puc. 1), sika CKIagaeTsest 3
YOTUPHOX OCHOBHUX TiHil (minsHku 1, 2, 3 i 4)
3 MOKa3HUKaMU HadilHOCTI A = 0,1 1/(KM piK) i
BIAXIIHUX PO3MOALILHUX JIiHIN a,b,c i d 3 mokas-
HUKaMU HaaiHOCTI Ag = 0,2 1/(kM - pik).

ITokazHUKYM HaAIMHOCTI, SIKi XapaKTepU3yOTh
OKpeMi €JIEMEHTH Mepexi, HaBeJAeHO B Tabuili 1.

VYV posrisHyTiH CcXeMi MOUIKOKEHHSI Oyib-
SIKOTO €JIEMEHTAa CUCTEMHU MPU3BOAUTHL 0 CIPALIIO-
BaHHS BMMHKAada, BCTAHOBIIEHOTO HA TOJIOBHIM JIi-
JITHITI OCHOBHOTO (hiziepa, HOTO BMHUKAHHS MOYKITHBE
JILIe TCHs 3aKiHYEeHHs1 peMOHTY. JInsi Takux ymoB
(YHKLIOHYBaHHS TTOKa3HWUKKM HAiHHOCTI JJIsl BY3J1iB
A, B, C, D naBeneni B tabmmi 2.
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Pucynok 1- CTpykTypHa cxema pagiajibHOI Mepeski

Taoauusa 1 — IMokazHuku HagiliHOCTI
eJleMeHTiB Mepe:xi

Howmep enemenra | A, 1/pik | r, ron.
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V oMy BUMaJaKy MOKa3HUKH HATiHHOCTI BY-
3B iMeHTUYHi. Y BUMAJKY, SKIIO TaKWi PiBeHb
HaL[iI/IHOCTi He BIIALITOBYE, cniL[ pO3TIsAaTH Bapia-
HTU HIL[BI/IH_ICHHSI HAAIMHOCTI 1IJISIXOM POBEACH-
H 3aXOJiB, TOB’SI3aHUX 3 JIOKAII3aI[iclO TOIIKO-
JUKEHHS, BCTAHOBJIEHHS MOJATKOBHUX 3aXHUCTIB i
nepeBeIeHHS HaBaHTAXKEHHS Ha pe3epBHE >KUB-
JICHHS.

V Bumajgky BUMKHEHHS OCHOBHOTO JpKepela
JKABJIEHHA a0o0 TIicid JIoKai3allii TOIIKOMKEHHS
Ha Oyap-fKiil MinsgHI Bce abo yacTWHA HaBaHTa-
JKEHHSI MOKe OYyTH MEpeBeACHO HA iHIIE IKEPEsIo
skuBjieHHs. Po3riisHemMo cuctemy, B sikiv miasiHka 4
3a HeoOXIiTHOCTI MOXKe JKMBUTHUCH BiJl pe3epBHOTO
JoKepena.

OCHOBHI MOKa3HUKHU HAOIAHOCTI TaKOro Bapi-
aHTy HaBEICHO B Tabmuui 3. AHanis pesyanaTlB
CBiUUTE, IO napameTp NoTOKy BIZIMOB HE€ 3Mi-
HUTBCS, alle iX TPUBAIICTh 3MEHINUThCS. Makcu-
ManbHUNM e(eKT MpOSBISETbCS IS BY3JiB, Haii-
OiNBIN BifANeHUX Bil OCHOBHOTO JpKepelia JKHUB-
JICHHSI, TOOTO HaMOiIbil OJIM3BKUX 10 PE3EPBHOIO
JKEpEa MUBJICHHS!.

YMoBH, 3a IKUX HeMae 0OMe)KeHb Ha TiepeBe-
JIeHHS HAaBaHTa)XCHHST Ha pe3epBHE DKepeno, He
3aB)KIM HasfBHi. SIKIIO MOTY)XHICTH pe3epBHOTO
JoKepena JKUBJICHHS 0OMEXeHa, TO B Mepioj Mak-
CUMYMYy HABAHTAKEHHS HE MOXKHA 3IIWCHIOBATH
repeBeIeHHs] HAaBaHTaKCHHSI.

V Takiii cutyanii TpUBaNiCTh MEpepBU eJIeKT-
poriocTauaHHs Oy/ie BU3HAYATHUCh YacOM OTepaTH-

Taboanus 2 — Pe3yabTaTu po3paxyHKy HaiiiHOCTi By3J1iB HABAHTAKeHHS

BinmoBa Byzon A Byzon B Byzon C Byzon D
eneMeHTa | A, r, U, A, r, U, A, T, U, A o| T, U,
I/pik | ron | ron/pik | 1/pik | ronm |roap/pik | l/pik | ron | roa/pik | 1/pik| rox | rop/pik
Jinsaka
1 0.2 4 0.8 0.2 4 0.8 0.2 4 0.8 (02| 4 0.8
2 0.1 4 0.4 0.1 4 0.4 0.1 4 04 01| 4 0.4
3 0.3 4 1.2 0.3 4 1.2 0.3 4 1.2 03| 4 1.2
4 0.2 4 0.8 0.2 4 0.8 0.2 4 08 02| 4 0.8
Jlinis
a 0.2 2 0.4 0.2 2 0.4 0.2 2 04 02| 2 0.4
b 0.6 2 1.2 0.6 2 1.2 0.6 2 1.2 06| 2 1.2
c 0.4 2 0.8 0.4 2 0.8 0.4 2 0.8 |04 2 0.8
d 0.2 2 0.4 0.2 2 0.4 0.2 2 04 102 2 0.4
Beroro | 2.2 | 2.73 6.0 22 | 2.73 6.0 22 |273] 6.0 |22 273 6.0
JUK1 R T 1 2 3 4 JIK2
g { |
a b c d
A ?' _C{ D

Pucynok 2 — Cxema mepexi 3 mepeBeaeHHsIM KHBJIEHHS HA pe3epBHE JKepeio
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Taboanus 3 — Pe3yabTaTu po3paxyHKy HaAiliHOCTi By3J1iB HABAHTA:KeHHS
3 pe3epBHHM ’KE€PEJIOM KHBJIEHHS

Binmosa Byzon A Byzon B Byzon C Byzon D
eneMeHTra | A, r, U, A, r, U, A, r, U, A, r, U,
1/pik | ron | ron/pik | 1/pik | rog |rona/pik | 1/pik | roa | ron/pik | 1/pik| roa | ron/pik

Jinsaka

1 0.2 4 0.8 02 | 05 0.1 02 |05 0.1 02 0.5 0.1

2 0.1 0.5 0.05 0.1 4 0.4 0.1 | 05| 0.05 |01]05]| 0.05

3 0.3 0.5 0.15 0.3 0.5 0.15 0.3 4 1.2 03|05 0.15

4 02 | 05 0.1 02 | 05 0.1 02 |05 0.1 02| 4 0.8

Jlinis

a 0.2 2 0.4

b 0.6 2 1.2

c 0.4 2 0.8

d 02| 2 04
Bceboro 1.0 1.5 1.5 14 1139 195 1.2 [1.88] 225 [ 10|15 1.5
JUK1 N . 1 2 3 4 JUK2

g L |
‘mp 0 il
A ?' F‘ D
Pucynok 4 — Cxema Mepe:xki i3 3aXHCTOM 32 10MOMOroI0 3aNM00i’KHAKIB
Tabauus 4 — Iloka3HuKH HAZIHOCTI 3 ypaxXyBaHHAM 3aXHCTY
BinmoBa Byzon A Byzon B Byzon C Byzon D
eneMeHTa | A, T, U, A, r, U, A T, U, A o| T, U,
I/pik | ron | ron/pik | 1/pik | ron |roap/pik | l/pik | ron | roa/pik | 1/pik| rox | rop/pik

Jinsaka

1 0.2 4 0.8 0.2 4 0.8 0.2 4 0.8 02| 4 0.8

2 0.1 4 0.4 0.1 4 0.4 0.1 4 04 |01 4 0.4

3 0.3 4 1.2 0.3 4 1.2 0.3 4 12 |03 | 4 1.2

4 0.2 4 0.8 0.2 4 0.8 0.2 4 0.8 02| 4 0.8

Jlinis

a 0.2 2 0.4

b 0.6 2 1.2

c 0.4 2 0.8

d 02| 2 0.4
Bceboro 1.0 | 3.6 3.6 1.4 | 3.14 4.4 1.2 [333] 4.0 1.0 36| 3.6

BHUX MEpPEeMHUKaHb, SKUIO MEePeBEACHHS HEe MOXIIU-
Be. Jlast miaBULIEHHS HAMIMHOCTI PO3MJISHEMO Ba-
piaHT BCTAHOBJICHHS TJABKMX 3ano0DKHUKIB Ha
BiIXiIHUX BiJ TOJOBHOTO (imepa po3MmoaiMbHUX
JHIAX, O A€ 3MOTY JIOKANi3yBaTh TIOLIKO/DKEHHS
(pwuc. 4) Tax, noKpaltytoThCst MOKa3HUKK HaliiHO-
CTi BCiX By3JIiB HAaBaHTa)XKEHHs. Y HalBaXKuuX yMo-
BaX BUSBISETLCS CMOXKHMBa4 B, 1110 3yMOBJEeHO Be-
JIUKOKO JOBYKHUHOKO po3noz['UILHo'1' minii. Pe3ynbratu
PO3paxyHKiB HaBeJIeHO B TaOwili 4.

OCHOBHI TMOKA3HUKU HAIMHOCTI — MapaMeTp To-
TOKY BiZIMOB, CEpe/IHsI TPUBAJIICTh BIIMOBH 1 Koedilli-
€HT HETOTOBHOCTI € OLIIHKAMM BiJMOBIIHMX MaTeMarTu-
YHUX OYiKyBaHb, TOOTO SIBIISAIOTH COOOKO ceperHi i

OYiKyBaHi 3HaYEeHHS BiTIOBITHOI BUTIAJIKOBOI BeJH-
YKMHH, MiINOPIIAKOBAHOI MEBHOMY 3aKOHY PO3MO/Ii-
ay. KpiM OCHOBHIX MOKA3HUKIB POIJITHEMO JIOIATKOBI
TIOKA3HWKK HAMTIMHOCTI Ta TIOKa3HWKH, IO XapaKTepu-
3YKOTh HEJIOBIAITYCK €Heprii i IoroMaratoTh BioOpasu-
THU BOKJIUBICTH Bi]MOBU B CUCTEMI.

CucTremMHMI TIOKa3HHUK CePeIHBOT YaCTOTH TIepepB
€JICKTPOMNOCTAYaHHs BU3HAYAETHCS K 4YacTKa Bim Ji-
JIEHHs TIOBHOTO YHCIIa TIEPEPB ENEKTPONOCTauaHHs
CIOYKUBAYiB HA MIOBHE YHCITO CIIOYKUBAYIB:
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Jie I - O3HaYae pO3PaxyHKOBHI BY30JI, 10 SIKOTO NPHE-
HaHO N, CIOXKHBadiB.

CucTeMHHIT TIOKa3HUK CepeHbOI TPUBAJIOCTI Tie-
PEpBU E€IEKTPOTNOCTAYaHHS BU3HAYAETLCH SK YACTKA

Bifl AJIGHHS CYMH TPUBAJIOCTeH BUMKHEHHS CTIOMKH-
BayiB Ha MOBHE YMCJIO CTIOKHUBAYiB:

SU, - N,
K,==21"0

5
" N )

[TokaszHuK cepe/IHbOT TPUBAJIOCTI MEPEePBH eJieK-
TPOMOCTAYaHHS CMOXKHUBAYa:

XU, - N,
ST (6)
24, - N,
CepenHiii TIOKa3HUK HaNiWHOCTI eleKTporoc-
TayaHHS BU3HAYAETHCH K YacTKA BiJ JiJIEHHS Yucia

TOJIMH HETIepepBHOI POOOTH CTMOXKMBAYiB Ha TOBHE
YHCJI0 FOIMH POOOTH CMIOXKUBAYIR:

_ ZN,-8760-XU, - N,

p (7
2N, -8760
Henoginmyinena enekTpudHa eHeprist:
Em) = ZUI . Pl > (8)

ne Pi- cepeqHe HaBaHTKEHHS BY3J1a.
CepenHiii Ha 1 criokuBaya HEZOBIIITYCK €JIEKT-
PUYHOT eHeprii:
ZU:‘ ) Pz

9
CHO Z Nl» ( )

JIns BU3HaUeHHST TOJATKOBUX MOKA3HHKIB Ha-
TWHOCTI IS PO3TJITHYTHUX CXeM paiallbHOT Mepe-
’Ki BUKOPHCTAEMO JaHi, HaBe IeHi B TaOIHIIi 5.

E

Ta6mumna 5 — /lani By3/1iB HABAHTAMKEHH

Byzon Yucno ITotyxHicTb,
HABAHTAKEHHSI | CMOXKWBaYiB kBT
A 1000 5000
B 800 4000
C 700 3000
D 500 2000

VY mepuioMy BHUMAAKy NOJATKOBI MOKAa3HUKH
MaloTh HACTYIHI 3HAUYEHHS:

Ku = 2.2 nepepru Ha | cnioxkrBaya Ha pikK;

Kn=6.0 ron Ha 1 cnoxuBaua Ha pik;

Uc = 2.73 ron Ha 1 mepepBy eneKkTporocra-
YaHHS;

Ku=0.999315;

Enn = 84 000 kBT roa/pik;

Ecun = 28.0 kBT ron Ha 1 criokuBava Ha pik.

3 ypaxyBaHHSIM 3aXHCTy PO3MOAUTHHHX JiHIH
JIOJTATKOBI TIOKA3HUKHU HATIMHOCTI TOKPAIITYIOTECS:

Ku = 1.15 nepepeu Ha 1 criokvBaya Ha pik;

Kn=3.9 rog Ha 1 cnoxwuBaua Ha pik;

Llc = 3.39 rox Ha 1 mepepBy eNeKTPOTOCTa-
YaHHS;

Ku=0.999554;

Enn = 54 800 kBT roa/pik;

Ecun = 18.2 kBT ron Ha 1 crioskuBava Ha pik.
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