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Abstract. Emergency Shutdown (ESD) systems are a fundamental
part of the functional safety structure of modern industrial plants
and are intended to protect personnel, equipment, the environment
and production assets when hazardous deviations occur in techno-
logical processes. Their principal task is to detect conditions that
may lead to loss of containment, fire, explosion, equipment dam-
age or uncontrolled release of hazardous substances and to bring
the process, or a defined part of it, to a predetermined safe state
within the available process safety time. Unlike the basic process
control system, which maintains production variables around their
normal operating set points, the ESD system performs independent
safety functions and remains capable of acting when the normal
control layer is unavailable or has failed. For this reason, appro-
priate physical and functional separation from the BPCS/DCS,
independent power supplies and communication paths, fail-safe
design principles and controlled access to application software are
essential requirements. A typical ESD architecture comprises field
sensors and transmitters, a safety logic solver and final control el-
ements. Pressure, temperature, flow, level, flame, smoke and gas
concentration may be monitored depending on the hazards identi-
fied during the risk assessment. The logic solver evaluates the in-
put signals, applies alarm limits, hysteresis, time confirmation and
interlock conditions, and initiates a trip when the defined safety
criteria are fulfilled. The final elements, including shutdown valves,
solenoid valves, motor contactors, dampers and isolation devices,
execute the required action and must move reliably to their safe
position, including in the event of loss of electrical or pneumat-
ic energy. Redundancy and voting arrangements such as loolD,
1002, 2002 and 2003 are selected according to the required bal-
ance between safety availability, resistance to spurious trips and
fault tolerance. In particular, 2003 voting enables continued oper-
ation after a single channel fault while preserving the capability to
initiate shutdown when two independent channels confirm the haz-
ardous condition. The implementation process begins with hazard
identification and risk analysis, followed by the definition of Safety
Instrumented Functions in the Safety Requirements Specification.

Each SIF is assigned a target Safety Integrity Level in accordance
with the required risk reduction and the applicable principles of
IEC 61508 and IEC 61511. The selection of technical means there-
fore cannot be based only on measurement range, accuracy or
purchase price. It must also consider systematic capability, failure
rates, diagnostic coverage, hardware fault tolerance, environmen-
tal resistance, response time, proof-test interval, maintainability,
common-cause failures, cybersecurity and the availability of doc-
umented operating experience. Verification of the achieved perfor-
mance includes evaluation of the average probability of failure on
demand, architectural constraints and the contribution of sensors,
logic solver and final elements to the total probability of failure.
Since final elements commonly represent a substantial share of
the SIF failure probability, suitable actuator sizing, de-energize-
to-trip philosophy and partial-stroke testing of shutdown valves
are especially important. Reliable operation throughout the entire
safety lifecycle requires continuous self-diagnostics, time-stamped
event logging, alarm transmission to HMI/SCADA, management
of bypasses and overrides, periodic proof testing, calibration, pre-
ventive maintenance and formal procedures for modification and
restart after a trip. Diagnostic information supports early detec-
tion of degraded channels, but it does not replace proof testing of
dangerous failures that remain hidden during normal operation.
Human factors are also significant: alarms must be unambiguous,
operator actions must be clearly defined, and reset of the shutdown
function should be possible only after the initiating cause has been
removed and the plant has been verified as safe. The article exam-
ines the essence and application of ESD systems and systematizes
the principal criteria for selecting sensors, safety controllers, com-
munication interfaces and final control elements. The presented ap-
proach emphasizes that effective emergency shutdown is achieved
not by a single certified device, but by the coordinated design,
validation, operation and maintenance of the complete safety in-
strumented function. Properly implemented ESD systems reduce
the probability and consequences of major industrial accidents,
improve protection of people and the environment, and contribute
to the dependable and sustainable operation of technological in-
stallations.
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BbBenenune

Cucremure 3a aBapuifHO u3kiIrouBane (Emergency
Shutdown — ESD) ca mpenra3HadeHu ja OCUTYPST Oe30mac-
HOCT Ha Xopara, 000py/ABaHETO W OKOJHATA CPEAa MPU Bb3-
HUKBAaHE Ha OMACHU CUTYAIMH B TEXHOJIOTMYHUTE TPOIIECH.
Te nmpencrasisBaT aBTOMaTH3UPAHN CUCTEMH, KOUTO OTKPH-
BaT OTKJIOHEHUSI OT HOPMAJIHUTE NMapaMeTPH U OCHIIECTBSI-
Bar Obp30 M HAZEKIHO MPEYCTAHOBSBAHE HA IpoIleca, 3a
Jla ce TPEeIOTBPATAT aBapWH, SKCIIO3UHM WIM U3THYaHEe Ha
OITaCHU BEIIECTBA.

ESD cucrtemure ca gacT ot odmiara cuctema 3a QyHK-
nuoHaiHa Oe3omacHocT (Safety Instrumented System — SIS)
1 peaJu3nupaT Hal-BHCOKOTO HMBO Ha 3alUTa, OIPEAEICHO
mo crannapra [EC 61508/61511. OcHoBHHUTE UM (QYHKIUH
BKJIFOYBAT OTKPUBAHE HA aBAPUIHU YCIIOBUS UPE3 CHH3O0PH,
Jorudyecka oOpaboTKa Ha CHUTHAJIUTE Ype3 KOHTpPOJep, 3a-
JICWCTBaHEe Ha M3MBIHUTECIHN MEXaHW3MHU W WHAWKAIMS Ha
ChOUTHATA.

ESD cucremuTe HaMupar MUPOKO NPUIOKEHUE B Pe-
JIMIA UHYCTPUH, KBAETO € HEOOXOMMa BHCOKA CTETICH Ha
curyprocT. Te ce BHeIpsBaT 3a 3aIIMTa HA MHCTAJANNUTE,
00CITy KBaIlUs IEPCOHAI U OKOJIHATA Cpesia MPU KPUTHIHU
TEXHOJIOTUYHH OTKJIOHEHMs. l3uckBa ce na mpuTekaBaT
BHCOKA CKOPOCT Ha peakiys, IPEBHIIABAINA Ta3u HA APYTH
aBapUiHU MEXaHMW3MH, KaTO aBapUHHUS CTOI WM 3allUTH
B TporpaMupyemure jgorndeckn kontpoiaepu (PLC), koero
rapanTipa 0bp30 1 €pEKTHBHO IPEyCTAHOBSIBAHE Ha TIPOIIe-
ca WIN Ha OTJCITHU HETOBH YACTH.

N360pbT HA TEXHUYECKHU CPECTBA € KIIIOUOB 32 epek-
TUBHOCTTA M HaJISKAHOCTTA HA CUCTEMATA.

OCHOBHHUTE €JIEMEHTH Ha TE3H CHCTEMH Ca:

e CeH30pH, KOUTO CIEAIT OIPEACICHH PHCKOBH T1a-
paMeTpu Karo HajsiraHe, TeMIeparypa U HHUBO U
TpsiOBa J1a MPUTEKABAT BUCOKA TOYHOCT, YCTONUIH-
BOCT M B3PHBO3AIIUTEHOCT;

e Jlornuecku kouTpoaepu (PLC/ESD xonTpome-
pH), KOUTO TpsiOBa /1a MPUTEkKABAT BUCOKA Ha/ICK -
HOCT, Bb3MOXKHOCT 33 CaMOANArHOCTHKA M CEPTH-
(ukar 3a 6e30MacHOCT;

e M3nbiaHUTESHH MeXaHU3MM — BEHTHIIH, IPEKbC-
BaYM W 3a/IBW)KBAHMS, OCUTYpsIBaIlM OBP30 TIpe-
KBbCBaHE Ha ITpOIIeca;

e CucreMu 3a BH3yaIM3alUsi W CHTHAJIM3ALUSA
(HMI, SCADA), xonto MH(OOPMHPAT OTEPaTOPH-
Te M apxuBupar ceoutuaTa. [Ipu BHeApsiBaHETO HA
ESD cucremu ce u3BbpIliBa aHaIM3 Ha PUCKa, ONpe-
JIeTIst c€ HeOOXOMMOTO HUBO Ha O€30MacHOCT/HUBO
Ha unHTerpuret (Safety Integrity Level — SIL) u ce
OCHTYpsiBA CHbBMECTHMOCT C OCTaHAJINTE CHCTEMH
3a ympaBieHue. Bucokara HajexaHOCT, MyOnupa-
HETO Ha KPUTHUYHHM €IEMEHTH U JIECHATa MOIAPHKKA
ca 3aTbJDKUTEITHU M3UCKBAHUS ITPHU IIPOCKTHPAHETO.

CobiHocr

ESD cucremara e mocienHara JMHHWS Ha 3allATa B
pamKuTe Ha obmara cucreMa 3a (pyHKIMOHamHa Oe3omac-

Hoct (Safety Instrumented System — SIS). Ts ce akruBu-
pa aBTOMaTW4HO M OTPAaHWYABA IOCIEACTBHUATA OT OMACHU
CBHOUTHS KAaTO EKCIUIO3HH, MOKAPH, U3THYaHE HA TOKCUYHU
WJIN TOPUMH BEIECTBA U APYTY KPUTUYHU CUTYAIUH.
OcnoBuute ¢ynknnu Ha enHa ESD cucrema ca:
* HaOIIONEHNE 1 OTKPUBAHE HA aBAPUITHU ChCTOSTHUS
Ype3 CeH30PHU U JETEKTOPH (3a HaJsAraHe, TeMIepa-
Typa, HUBO, pa3Xxo[ U APYTH);
e Jormyecka oOpaboTKa Ha CHTHAIUTE Ype3 KOHTPO-
Jep, KOUTO ompenens HeOOXOAMMUTE ACHCTBHS U
TSIXHATa M0CIIEJOBATEIHOCT;
* AKTHBUpPAHE Ha W3IBIHUTEIHU MEXaHW3MH (BEH-
THIIH, TIPEKbCBAYH, 3aBHKBAHUS, OJIOKMPOBKU U
JpyTH);
* CHTHAIM3aLUs M apXUBHpaHE Ha CchOMTHATA 3a
MOCTIEIBAIL AaHATIH3.

ESD cucremute ce MpOEKTUPAT B CHOTBETCTBHE C
mexxayHaponaute ctaggapta IEC 61508 u IEC 61511, xou-
TO OTpenessIT HuBara Ha 6e3omacHocT (SIL) n m3uckBaHms-
Ta 3a HA/ISKIHOCT ¥ OTKA30yCTOHYMBOCT.

B ceBpemenHuTe TexHONOTWYHM mpeanpustus ESD
CHCTEMHUTE C€ MHTETPUPAT C IPyTH CUCTEMH 3 YIIPaBICHHUE
(DCS, PLC, SCADA), xato ocurypsBaT aBTOMaTHYHO H
6e301acHo criMpaHe Ha MPOLIECUTE TP HACTHIIBAHE HA aBa-
PHIHHY CUTyalluH ¥ TapaHTHPAT CUTYPHOCTTa Ha MPOU3BOJ-
CTBEHHUTE MHCTAJALUH.

OcnoBHuTE 00MacTH, B konto ESD Hammpa mpriioxe-
HHE, ca:

* Hedrena u razopa npoMHILIEHOCT — U3IIOI3BAT
ce 3a 3ammTa Ha JOOMBHH IIATGOPMH, KOMIIpE-
COPHHU CTaHIMU M paduHEpPHH, KaTo MperoTBpa-
TSABAT U3THYAHE HA TOPUMH Ta30Be, EKCIUIO3UH U
MOKapy Ype3 aBTOMATHYIHO 3aTBAPSIHE HA KIIallaH!
1 CIIUpaHe Ha IMOTOLH IIPH aBapHs;

* Xumuuecka U (apManeBTHYHA HHAYCTPHA —
IIPU TIPOM3BOJACTBO U CHXPAHEHHWE HA TOKCUYHU
WIN PEaKTUBHM BEIIECTBA CHCTEMHTE OCHUTYpSBAT
0€e301acHO M3KJIIOUBAHE HA PEAKTOPU, CMECHTEIN
1 TIOMIIN TIPH ONIACHU OTKJIOHEHUSI OT 33JaICHUTE
rapaMeTpy Ha CUCTEMAra;

* EHeprernka M TOIUIOJEKTPHYECKH LEHTPAJIH
— W3MOJI3BAT Ce 3a 3aIIUTaTa Ha TypOUHH, KOTIHN U
MIapOIIPOBONIU OT MPETrPsIBAHE, CBPbXHAIISTAHE NN
3ary0a Ha OXJIaXJaHe, KaTo TeHepupaT KOHTPOIH-
paHO CIMpaHE Ha MHCTANAIMATA,;

* MeTaqyprusi 1 MAIIHHOCTPOEHe — M3II0J3BaT Ce
3a IIPEeIOTBPATBaHE HA TOBPEIH B TIEIIHU, IPECOBU
JVHUH ¥ aBTOMAaTHU3HPaHU ITPOU3BOJICTBEHH CHCTE-
MU TIPH MEXaHUYHH WIN EIEKTPHUUCCKH HEU3IIPaB-
HOCTH.

M360p HAa TEXHHYECKH CPEACTBA

KirouoB moxasaren, okasBalll BIMSHUE BbPXY H300pa
Ha TEXHUYECKUTE CPEACTBA, € T. HAP. CPEOHA 6ePOSAIMHOCH
3a omxkasume npu nouckeane (PFDavg). PFDavg e cpkpa-
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menne oT Probability of Failure on Demand average u ce
W3II0JI3BA 32 N3YHCIISIBAHE HA HIBOTO HAa HHTETPHUTET Ha 0€3-
omacHoctTa (SIL) Ha ¢dyHKumsATa Ha Ge3omacHOCT (Safety
Instrumented Function — SIF). Toif moka3Ba kKakBa € cpen-
HaTa BEPOSTHOCT CHUCTeMara 3a 0e30MacHOCT Ja He U3IThJI-
HU (DyHKOHATA CH 32 OE30MAacCHOCT, KOTAaTO € HeOOXOIIMO.
Ilo-nuckara croitHoct Ha PFDavg mnokasBa no-HazexaHa
CHCTEMa U T0-BHCOKO HUBO Ha Oe3omacHocT [12].

[Ton®opbT HA TEXHUYECKUTE CPEACTBA 32 pearu3upa-
e Ha ESD cucremara Tps0OBa ma rapaHTHpa JOCTUTAaHE Ha
neneBoro SIL vuBo (IEC 61508/61511) [12,13] — maba. 1.

Koedummentst Ha PFDavg ce onpenens mo ciegnara
thopmymna:
(1) PFDavg= %,
KBJICTO A, € YECTOTaTa Ha ONAaCHH HEOTKPHTH MOBpEH (I10-
Bpemn/gac); T, € MHTepBANTBT HA TOKA3ATENCTBEHUS TECT (Ya-
COBe).

3a mo-cioxkHu apxuTekTypu (1002, 2003 u T.H.) WK
KOTaTo ca BKJIIOYCHU TUATHOCTUIHOTO MMOKPUTHE U BPEMETO
3a peMOHT, (hopMysara Npua0OuBa CISIHUS BU/I:

Apu X (T{+MTTR

(2) PFDavg = o x (1 - Do),

KBJIETO A, € OMACHHAT IPOIEHT Ha HEOTKPUTH TOBPEJIH;
MTTR e cpennoto Bpeme 3a peMoHT; DC e nruarnocTuyHo-
TO MOKPUTHE.

Ta6a. 1. SIL auBo (IEC 61508/61511)

PFDav dakTop 32 HAMAJIsIBaHe
SIL nuBo nana3ogﬂ Ha pucka (Risk Reduction
1 Factor, RRF)
SIL 1 102 00<10" | 10 mo 100
SIL2 1072 1o <102 | 100 mo 1,000
SIL 3 10 1o <107 | 1,000 mo 10,000
SIL 4 107 no<10* | 10,000 mo 100,000

Husara na 6e3omacHocT (HuBa Ha uHTerpurer) SIL —
¢hue. 1, ca OCHOBHA YacT MPHU U300pa Ha TEXHUYECKH CPE/I-
CTBa MpPU TPOEKTHPAHETO Ha CHCTEMUTE 332 aBTOMATHYHO
peryiiupaHe Ha pa3jIMYH{ TUIIOBE BEINYHHH.

TEAKECT HA TIOCTECTRHSITA JEKO HAPAHSIBAHE CEPROAND HAPABARANE BFORERCTRO. CRTLF TER RATACTEOSATMH
(1M 1 CMBPT CIVIAR TOCTENCTBHS
EKCIIOZHIHA HA HTEPCOHATA
HECTO
TR o — . . — MATKO MATKO
AJATEPHATHBH 3A HIBAI'BAHE HA OHACHOCTTA BEPOSITHO BEPOSITHO
]
= BHCOKO = 1 1 3 3 HII HII
&=
=
E
= HHCKO B - 1 2 3 3 it
=
£ MIOTO HHCKO . _ B, 1 2 3 it

- = HE CE H3HCKBAT CIEITHATHH BE3OIIACHH MEPKH

HII = HE CE HPEIIOPLYBA

®@ur. 1. Husa Ha Ge3omacHoCT (HuBa Ha uHTerpureT) SIL

HuBo 1 — npezcrapisiBa HUBO ¢ 0a3UpaHHU W3UCKBA-
HUSI, Ype3 KOUTO cUCcTeMaTa Jia ObJie N3KIIF0UeHa C Lel TIpe-
JIOTBpATsiBAHE Ha OTHOCHTENHO JPEOHH WMHIMACHTH, Karo
TOBA C€ MOCTHra 4Ype3 ONpPEeACsIeH MPOLEHT Ha IPeliKa Mpu
ynpasnenue [15].

HuBo 2 — npezcrapisiBa HUBO ¢ 0a3UpaHU W3UCKBA-
HUSI, Ype3 KOUTO cUCcTeMaTa Jia Objie N3KIIF0UeHa C Lel TIpe-
JIOTBpATsIBAHE Ha MO-CEPHO3HU MPOOIEMH, HIKOU OT KOMTO
MOrar Jia JOBEJIaT 10 CEPUO3HHU HapaHsSIBaHHS UM CMBPT Ha
paborHuIMTe W/WiK ciayxurenute [15].

HuBo 3 — npezcrapisiBa HUBO ¢ 0a3UpaHHU W3UCKBA-
HUSI, Ype3 KOUTO CUCTeMaTa Jia ObJie N3KIIF0UYeHa C el TIpe-
JIOTBpATSIBAHETO Ha CEPHO3HM IMPOOJIEMH, KOUTO OT CBOS
cTpaHa OMXa J0BEJIU J0 CUTypHa CMBPT Ha PaOOTHHUIIUTE ¥/
wim ciyxutenure [15].

HusBo 4 — mpencrapnsiBa HUBO ¢ 0a3WpaHW M3UCKBA-
HUS, 9pe3 KOUTO CHcTeMara Aa 0bJe M3KII0YeHa C IIel Ipe-
JOTBpaTsSBaHEe HA MamaOHW MpoOJIeMH, KOUTO Ie JOBeaaT
JI0 CMBPT Ha PAOOTHUIM W/ WK ciyxutenu [15].
ApxuTekTypa U npuHumnu [17]

* OU3NYECKO U JOTUYECKO pa3feiiTHe OT OCHOBHATA
cucrema 3a ynpasinenue (BPCS — Basic Process
Control System) u pasmpemerneHara cucremMa 3a
ynpasnenue (DCS — Distributed Control System),
HE3aBHUCUMH 3aXPaHBAHUS U MPEXKH;

» PesepBupanocTt u macyBane — 1002 3a BUCOKa Ha-
JUYHOCT; 2003 3a TOJIEPaHC KbM €IMHUYCH OTKa3,
1oo1D mpu nmo-aucwk SIL 1 AmarHocTHKa;

* Fail-safe ¢unocodus — npu 3aryba Ha 3axpaHBa-
HE TIPOLIECHT MPEMUHABa B OE30MIaCHO CHCTOSHHE
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(xmamanm fail-close/open, xonto oTHOBO ce M30H-
par cropez] OIICHEHHS PHCK);

CaMOIMarHoCTUKa M JIOKa3aTeICTBEHH TECTOBE
(proof testing), BKIIOYUTETHO (PyHKIIMOHATICH TECT
(PST — Partial Stroke Test) na ESD knamanmu.

W3uckBaHus npu u3060p Ha MojieBa H3MepBaTe/IHA
anaparypa (censopu/nerexkropu) [17]

Ceprudukar 3a 6ezomacHoct (SIL-capable), quar-
HOCTUYHU (DyHKIMM, HUCKA CHCTEMaTHYHA TPEI-
Ka,

Cpena u 30Ha 3a MoHTaX — ATEX/IECEX 3a omac-
HU 30HH, YCTOWYMBOCT Ha TeMIIepaTypa, BHOpa-
UM, KOPO3HS;

Juramuka — Obp30aeiicTBIE, HICKA 30HA Ha XHC-
TEpEe3Hnc;

Hamexnnoct — 3a BB3MOXKHO TpecMsTaHE Ha
PFDavg.

H3uckBaHusi Npu M300p HA JOTHYECKH pelIaBall
eJIeMeHT (KOHTpoJIep)

Ceprudukatu mo IEC 61508 (mo myxums SIL),
BIpaZieHO AWarHOCTUPAHE, apXHUB Ha CHOMTHS, Ya-
COBHMK/CHHXPOHU3ALMS 32 Pa3CIlIeIBaHMNS;
Pe3epBUpaHOCT Ha MPOLECOP — KOMYHUKALMOHHH
MOJIYJIH ¥ 3aXpaHBaHHU;

Komynukarmm, wm3omupann ot  BPCS; mon-
IpBXKKa Ha O0e30MacHW TPOTOKOIH (HAIpHMep
PROFISAFE) 3a otmaneuenu 1/0;
Kubepcuryproct B crorBercTBHe ¢ [EC 62443 n
HOJIPBKKA Ha )KyPHAIIU U CErMEHTALHs.

M3uckBaHusi mpu H300p HAa H3NBJIHUTEJIHH YC-
TPOHCTBA, KOSITO € eJHA OT HAH-Ba)KHUTE CThIIKH, Thil
KAaTo KJIANAHUTe U U3KJII0YBaTeJINTe onpeaesaT peaaHa-
Ta cnocoGHoCT 3a cnupane [17,18]

Kitanmanu — nreOnMpHY WM C IPYKUHHO BPBILAHE;
AKTIOATOpPH — ITHEBMAaTHYHH, CJIEKTPUYCCKH HIIH
XHUAPABINIHH;

ComeHOUZM W TIO3WIIMOHEPH CBC CepTUDUKAT
(IBOMHU COJNICHOMIM ITIPH H3IIOJN3BaHE HA JIOTHKA
1002);

PST ¢yHKIMOHATHOCT C YaCTHYHO 3aTBapsHE
3a MOBHILABAaHE HA MOKPUTHETO HA JHArHOCTHKA
MEX]y ITbJIHATE TECTOBE;

Cenzopu 3a monoxenune (limit switches) 3a mot-
BbpIKJIaBaHe Ha PEaHO JBIKCHIE/3aTBAPSIHE;
Enexrpuuecku npekbcBady 3a ABUTATEIIH/TIOMITH;
besonacHu KOHTakTOpH ¢ OBP3M MPEKbCBAYH, MO~
nepxamm UVT (Under-Voltage Trip).

M3uckBaHus NpH H300p Ha eJIeKTPO3axXpaHBaHUS
W crioMarartejiHu cuctemu [19]

JIByKaHaIHN 3aXpaHBAHUS ChC CEJICKTUBHU ITPEJ-
nasutenu; UPS/DC 6ydepn 3a kouTponepa u 1/0;
3a mMHEBMAaTHYHATA YacT — BB3AYX C QUITpanus u
ocyImraBaHe (THEBMaTHIHH TPYIIH);

automatica | aBTomaTuKa

Kabemnu Tpacera ¢ ¢pu3ndecko pa3zieisiHe — eKpa-
Hupane EMC.

H3uckBaHus Npu U300p HA YOBEKO-MAIIMHEH WH-
Tepdeiic u agapmu [17,18,19]

Mexaanuan 6ytoan 32 EMERGENCY STOP (tun
rp0a, ChC CaM03a/IbPIKAHE, MEXaHHUHO OTKITIOYBA-
HE), CBbp3aHu qupekTHo KbM ESD morukara;
HMI/SCADA — camo 3a MOHUTOPHHT, 0€3 /1a 3a0-
oukanst ESD norukara;

amapmeH MeHUIKMBHT (ISA-18.2/IEC 62682) ¢
MIPUOPHUTETH, (PUITPUPAHE U OTYETHOCT.

H3uckBaHus KBM JOKYMEHTALMsl, BaJuIUpaHe U
noaapbxkka — SRS (Safety Requirements Specification)

IIponiecHo omucanne, SIF-u, rpaHumm, peakuuy,
BPEMEHA;

WN3uucnenus — PFDavg, nokputhe Ha JuarHoCTu-
Ka, MHTEpBaJH 3a TecToBe (proof test intervals);
FAT/SAT, Loop Check, Cause & Effect marpurmy,
MIPOTOKOJHN 32 (PyHKIIMOHAITHU TECTOBE;
Excroaranus — miaH 3a HOAAPBKKA, KannOpa-
LIUH, IEPUOANYHH TECTOBE, YIPABICHNE Ha TIPOME-
w1 (MOC).

IIpakTHYecKH KPUTEPUH 32 U300p (YeKIUCT)

Ileneso SIL no SIF;

Wzucksan Spurious Trip Rate u momyctumo Bpeme
3a CIIpaHe;

Criermnduxanus ATEX/IECEx u IP — xopo3nonHa
YCTOMYUBOCT (BIIAro- M MpaxoyCTOMYNBOCT);
PesepBupaHocT/IiiacyBaHe Ha BXOJOBE, JIOTUKA H
H3XOH;

Juarnoctuka (Bkmountenno PST), Hammaau
MTBF/A nanuu 1 noaaphKKa HAa H3UUCICHHUATA;
Kubepcurypuoct u cermenranus ot BPCS;
Hanu4HOCT Ha pe3epBHHU YaCTH, JTIOKAJIEH CEPBH3 U
TCO (o0rmma 1ieHa Ha IPUTEKAHHUE);

Cause & Effect Tabnura u mporieypu 3a TecT/00y-
YeHHe.

Poast na PST npu u3o0p
HA TEXHUYECKHU CPeAcTBa

Ipu n360p Ha ESD cuctema BaxkHa CTHITKA ¢ U300PBT
Ha Tect Ha yactuueH xox — PST (Partial Stroke Test). PST
¢ (DyHKIMOHAJIEH TECT, PU KOWTO KIIAIIaHUTE Ce 3a/IeHCTBar
yacTuaHO (00MKHOBeHO Ha 10-20% oT meiHUA cu xox), 6e3
HAITBJTHO JIa CE 3aTBApSAT WM OTBApsT, C IIeJ Jia Ce MPOBEpH
paboTocrocoOHOCTTa Ha KJTaniaHa M N3ITBIHUTEITHNS MEXaHH-
3bM, 0€3 J]a ce MPEKbCBAT IMPOIECHT WIIH IIOTOKBT Ha (IIyH/Ia.

OcnoBHu nenu Ha PST

[TpoBepka Ha MHEBMaTHKaTa ¥ CUTHAJIM3AIMATA Ha
W3IIBIIHATEITHNS. MEXaHU3bM;

HamasnsiBane Ha BepOSTHOCTTA 3a OTKa3 MpHU peal-
Ha aBapHifHa CUTYyaIus;
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* VapmKaBaHE Ha WHTEPBAIUTE MEXKIY IBIHUTE
(YHKIIMOHAJIHU TECTOBE, KOUTO M3UCKBAT CIIMPAHE
Ha WHCTaNaIMATA.

Metoau 3a u3pbpuiBade na PST

e Crpnka | — KJIanma"bsT € B HOPMAITHO PabOTHO TIO-
JIOKEHUE (HaIpUMep HAI'BITHO OTBOPEH);

* Crpmoka 2 — TECTHT C€ MHHALUUPA Ype3 KOHTPOIHA
cucrema SIS WM JTOKaJTHO yCTPOHCTBO;

* Crpnka 3 — W3IBJIHUTETHUAT MEXaHU3BM IIpe-
MECTBA KJIalaHa 9acTH4IHO (Hanmpumep 15%);

* Crpnka 4 — KJana"bT ce BPBIIA B U3XOIHO IMOJIO-
KEHHE;

* Crpmka 5 — cucTemara 3anicBa pesynrara (Bpeme-
TO 3 pEaKnus, CKOPOCT, MTO3ULUS U APYTH).

Bupose PST

¢ Mexannden PST — u3nons3Ba MexaHMYHH OTPaHU-
YUTEIH, KOUTO CTIIMPAT ABMKEHUETO HA KIIalaHa,

* Enextponen PST — ympaBnsBa ce OT eIeKTpOHEH
KOHTposiep (Hampumep smart positioner), KOUTO
TOYHO OTPaHUYaBa XOJa.

IMoa3u ot PST

* IlonoOpsBa HamEXKIHOCTTA HA CHCTEMaTa 3a 0e3-
OTIaCHOCT;

» HamasnsiBa pricka OT 0TKa3 10 BpeMe Ha aBapus;

* mo3BoJIsIBa online TecTBaHe, 6e3 a criMpa MPOM3-
BOJICTBEHUS TIPOIIEC;

e OcurypsiBa IMarHOCTUYHH JaHHHU 32 MPOTHO3HA
MOAJPBIKKA.

DOWNTIME B cucremure
32 aBAPUIHO U3KJII0YBaHE
(Emergency Shutdown Systems — ESD)

DOWNTIME B rontekcra Ha Emergency Shutdown
System (ESD) e BpeMeTo, Ipe3 KOETO JaJicHa CUCTEMa WA
WHCTANalMs € HEAOCThIIHA, HepaboTela WM M3BBH EKC-
rutoaranusi cjel akTHBHpaHE Ha aBapUMHO HM3KIIOYBAHE.
DOWNTIME moxe na ce mpueme 3a nepuojaa oT MOMEHTa
Ha 3aJIeliCTBaHe Ha cHcTeMara (aBapUitHO M3KIIIOYBAHE) 110
MOMEHTA, B KOMTO 000py/IBAaHETO MIIM MHCTANIAIMATA:

* ce BpbIa B HOPMAJICH PEXKUM Ha paboTa;

* OTHOBO € JIOCTBITHA 32 EKCIIJIOATaIHs.

W xazano taka: DOWNTIME e BpemeTo Ha mpe-
CTOM, IPUUMUHEHO OT:
» 3azericrBane Ha ESD;
* JMarHOCTHKAa M MPOBEPKH;
* OTCTpaHsBaHE HA IPUYMHHUTE 33 aBapUHHO W3-
KJTFOYBaHE;
* pecTapTupaHe U TECTBAHE Ha CHCTEMATa;

Bunosere DOWNTIME B ESD ca:

Inanupan npecroii (Planned Downtime):

* Cucremara ce TeCTBa 3a MOJAPBKKA MpoduIax-
THYHO;

* IIpon3BOACTBOTO ce cIMpa KOHTPOIUPAHO.

Hennanupan npecroii (Unplanned Downtime):

* Cucremara Ha ESD ce 3azeficTBa mopaam aBapus,
Teu, MPEBUILICHO HAJITaHE U JIPYTH;

* IIpon3BOACTBOTO CIMpa BHE3AIHO;

* Haii-kputnuen Buz, BIusgen Ha 0€30MacHOCTTA H
Ha NKOHOMHWYECKUTE MOKAa3aTellu.

CaeneHoro Ha DOWNTIME na ESD e BakHa
crpnka [11, 12, 13] 3a:

* aHajM3 Ha HAJICKIHOCTTA HAa CHcTeMara (Harpu-
mep MTBE, MTTR);

* ONTHMU3AIINS HA POU3BOJICTBEHUTE 3aryOu;

* OlEeHKa Ha e(EeKTHBHOCTTa Ha TMPOLEIYPHUTE 3a
BBH3CTAaHOBSIBAHE;

* TMOBHIIaBaHe Ha OE30MMaCHOCTTAa W HamallsBaHE Ha
(hanmBHUTE 330CHCTBAHNS.

OcHoBHUTe MOKa3aTeu, cBbp3anu ¢ DOWNTIME,
ca[12, 13]:

* MTBF (Mean Time Between Failures) — cpenmo
BpeMe MEKIy OBPE/IH;

* MTTR (Mean Time To Repair) — cpexno Bpeme 3a
BB3CTAHOBSIBAHE;

* Availability — 1ocTBIIHOCT, KOSTO c€ TONyYaBa OT
cnexaara Gopmyna:

(3) —M_y100;
MTBF+MTTR

* DOWNTIME per Year — o011 ipectoii 3a roquHa —
U3MO0JI3BA CE OIICHKA Ha EKCIUIoaTallMOHHATa To-
TOBHOCT.

Pasmiexxza ce clieIHUAT IPUMEPEH U3UUCIUTENIEH MO-
nen 3a DOWNTIME nwa ESD nmpu xuMndecka HHCTaIaus:

Taou. 2. Jlor Ha unnuaearure 1 DOWNTIME

Anarso- Bpeme 3a nonpaBka Bpewme 3a pecrapr 06y DOWNTIME
Jara Mpuuuna CTHKA Ha cHCTEMAaTa B
B YacoBe B 4acoBe
B YacoBe yacoBe
2024-01-30 | Anapma 3a U3THUAHE Ha ra3 1.45 2.47 2.98 6.9
2024-04-09 | 3ary0a Ha 3axpaHBaHE 1.86 4.37 2.23 8.46
2024-06-10 | 3ary0a Ha 3axpaHBaHe 1.4 4.59 0.99 6.98
. .. P aBmonmamuka
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Anarno- Bpeme 3a nonpaBka Bpewe 3a pecrapr 06 DOWNTIME
Hara IIpuunna CTHKA HA cUcTeMaTa
B YacoBe B YacoBe

B UacoBe B YacoBe
2024-08-01 | 3ary6a Ha 3axpaHBaHe 0.83 4.44 0.67 5.94
2024-08-16 | 3ary0a Ha 3axpaHBaHE 0.8 2.32 2.09 5.21
2024-08-25 | Anapma 3a U3YHMTAHE Ha ra3 1.89 5.41 291 10.21
2024-10-31 | Bucoko Hansrane 1.75 2.36 291 7.02
7074-17-22 | 3aryba Ha 3aXpaHBaHe 1.12 2.38 1.48 4.98
2024-12-28 | Anapma 3a U3THYAHE Ha ra3 1.9 5.21 2.77 9.88

Taoa. 3. Ilokaszaren Ha epexTuBHOCT — KPI

Iloxa3aren 3a epexTuBHOCT — KPI Ha cucremara
3a aBapuiiHo uskouBane — ESD
Ioka3aren Croiinoct
CpabotBane Ha 3amura (6poif IbTH) 9.0
MTTR B yacose 7.29
MTBF B uacose 959.14
Availability (%) 99.25
Togumren Downtime B yacose 65.58

ITo mpencrasenara ¢popmyia (3) 3a Availability ce mo-
nmydaBa rpadukara 3a ooy DOWNTIME na ESD, nokazana
Ha ¢ue. 2.

OB DOWNTIME na ESD
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®ur. 3. Hapactsamu yacoe Ha DOWNTIME na ESD

3ak/ouenue

ESD cucremuTe ca OCHOBEH €JIEMEHT 3a Oe3omacHa
eKCIUIoaTalys Ha MPOMHUIIIICHUTE npolieck. Te ocurypssar

MOCIIETHATA JIMHUS Ha 3aI[UTa TIPU aBapHUU U JOTPUHACAT 32
YCTOWYMBO, CUI'YPHO U €(DEKTHBHO yNpPABJICHUE Ha MPOH3-
BOJICTBEHUTE MHCTAJIAIHIH.

ITpoextupanero Ha ESD cucremuTe n3nckBa crerua-
JIeH 1oA00p Ha TEXHUYECKUTE CPECTBA 32 aBTOMATH3AIIHSL.
KirouoB mokaszaren, okaspalll BIWsSHHE BbpPXy H300pa Ha
TEXHUYECKHUTE CPEACTBA, € T. HAP. CPEOHA 8ePOAMHOCI 3d
omxasume npu nouckeane (PFDavg). 1306pannuTte TexHmue-
CKH CPEZACTBa TPAOBA /1a TAPAHTUPAT TOCTUTAHE HAa IIEJIEeBO-
to SIL HEBO.

ApXHTEKTypaTa ¥ IPUHIUIUTE 3a u3rpaxaane Ha ESD
CHUCTEMHTE TPsIOBa Jla OTrOBapsT Ha pelula CHeUUPpUIHA
M3WCKBAaHUS KaTo (PM3UYECKO W JIOTHYECKO pa3feiicHHe Ha
CHCTEMUTE, PE3ePBUPAHOCT, CAMOIUATHOCTUKA U JPYTH.

CrieriaTHi M3UCKBAHUS CE MPEABSIBAT M KbM IIOJIE-
BOTO 00OpyaBaHE, JOTHUECKUS KOHTPOJIEDP, U3ITbIHUTEIHNU-
te ycrporictBa HMI u SCADA cuctemure. [Tpu nmpoexrupa-
Heto Ha ESD cucreMa BaxkHa CTBIIKA € M300PHT HA TECT HA
gactuueH xox — PST.
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@®HTC BU NPEOANATA
KOMNANEKCHW YCNYTWA:

CneynanncTn-KoOHCYNTaHTK

3a pazpaboTEaHe Ha NPOeKTH,
CEBP3aHK € TEXHONOTMYHKN MHO-

BaLUWK, PUHAHCOBA MONWTUKE, MaTEHTHA
3awuTa v op.

MepepaunATa Ha HayuYHO-TEXHUUECKATE

CBIO3W We BW OCUTYPW KOHBEpPEeHTHIW 1 13-
NoXOEHW 3anW, CUMYNTaHHA TEXHWKA W Myn- |
TAMEOWA, OTNWYHA EB3IMOXKHOCTH 3a npo-
BEX[AHE Ha BaWWTe CbOWTWA, MpoOMOLMK,
KOKTERMM.
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