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ZEMNRERG (SISO ZEERMEH (SRS)
HwEIEE

1 EE

SO PR T 2 R R GE (SIS) 22 A ZOR MR A5 (SRS) 4t 5 1Y B AR 99 ad ML AR L B A KL
A SRS S5 T7 T 18 5 R 45 11 T SRS S B 7s 1]

AR SO T AL Al % 2R 3R 48 (SIS) 2 B RHUAR 11 (SRO 45 .

2 MesI AxH

B S A PR S A S R A T R T AR SR AN AT A B Gk, e, T H I 51 SC
1 AZ B A I B RAS 8 ] T4 SO s AN TE BB 5 L] SO s o ROAS CRL 48 B A 48 e ) 35 T 1
A,

GB/T 20438 (A #B4r) M/ BT/ HwBEH T LML RENIEL S

GB/T 21109CHT A &84 b F2 Tk 22 U R R E e 4

GB/T 50770 Atk TR RFE BRI ME

3 RNIBMENX

GB/T 21109.1 F5E B LA K F 9 AR EF5E SO H T A 30
3.1
ZENREBEY safety instrumented system; SIS
M T — 24> SIF R RS,
FE 1. SIS HN G SR B R AR A R AT AL L LR 3 A R R A A T AR
2. MRRAMHE LM IR e Ak i PR et R SRS R RIS,
(ORI .GB/T 21109.1-—2022,3.2.67 . 4 &k ]
3.2
LESEBMEL  safety integrity level; SIL
HRLTE SIF Jif Ik B i) % 4= 58 B A ZOR M 73 Bo 25 STF BB BLAE 9 (4 DR P R — 1) .
1. SIL A HAUHE 4 A9, lARE w433 % SIL1,SIL2, SIL3,SIL4,
i 2. SIL SF9HE WY PFD, BT (IR KAL) , 808 R BUE R F 41 PFH BUIT G S22 = 2R B0,
E 3. BARRBGE N SIL [ Y5 &R W GB/T 50770 BYRIRHLAE .
iE 4. SIL i SIL Z 98 E .

[k .GB/T 21109.1—2022,3.2.69, A &2k
3.3

L& {URIIBE safety instrumented function; SIF

T Bk E GRS R A A SR R R R ES B SIS U EA R SIL B TIEE,

FE 1. E SIL |y SIL 208 7 . & SIL1.SIL2.SIL3.SIL4 S gy — 4, B SIL SR BE R L LY iENE
F SIF,

E 2. ARG RN R AN AR % A S A PATHUI AN B T STF,
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3.4

3.5

3.6

3.7

3.8

3.9

3.10

iE 3. SIF ME AU R APATHLEE T & &8,
4. BB A—EET SIF, &4 Kbl fE)8 T BPCS B8,
[Sk¥i. GB/T 50770—2013.2.1.9. 4 &k ]

L ERMEE  safety requirements specification; SRS
@ & SIS AR PRFNE FHZR A SIF R M5 22 A0 56 STL ZESR % T RE Ui B AR S Sk
[ .GB/T 21109.1—2022,3.2.72 . 4 &8 ]

SIS &£ 4 EH SIS safety life-cycle
M SIS Fil SIF TR B i 2 r A SIF {28 (k-5 30 8], SIS 2B SIF B9 T A wh 235 5) .
(k¥ .GB/T 21109.1—2022.,3.2.70 . F &k |

(SIF #9)iz4T# X  mode of operation (of a SIF)

SIF Wiz 4777 2 A4 AR SRR m BOR B 8 20, & SCanr .

a) ARZRB . AE X PSR T L SIF B 78 2R i A Sh 1, LUK A — N5 1 & &R
A HESR IR AR T —4FE—

b) R ERAEL AR X FZ AT R L SIF HAg 7R R A s AR OB i R A — AR Y Ak
A IR HER AR T —4F—K;

o) ELEAR L FERXFIEATEIENT L SIF 1E R IE# B 17 0 — A P FE B A T —Fh e 2R

[P .GB/T 21109.1-—2022,3.2.39 , A &k ]

MELFE sensor
BPCS &% SIS #)—&B45 . I & i R AR = A i 45 o
[k .GB/T 50770—2013,2.1.16 , &4 ]

BEEEHEIZE  logic solver
BPCS % SIS ) — #4472 B I RE 1158 4% .
(3B .GB/T 50770—2013,2.1.17 . 16 ]

BR&HITHLH  final element

BPCS &} SIS g —#853 , $AT 2 45 45 1 #5485 2 30w 1 A, i il Bk 3 2 2 RS 1 4%
i WRRIAT HIT,

[k . GB/T 50770—2013,2.1.18. A & ¥ ]

EARTEEH RS  basic process control system; BPCS
M) 7 Ao R 3000 5 A ik DA R LA A DG 8 £ AR AR R G s R AR B i S S He AR RO A, 7 AR

i AR S B AR AR ) S R B B T RS

3.1

(3B .GB/T 50770 2013,2.1.19 . F & ]

TELER B process safety time
WA SIF R AT , N B 2R3 BPCS 220 CA A BE 51 & fa s F 44 AL B =55 K 2B =2 18] B s [R] B

i T2 SIF R R A 8] 225K 0 ok A2 4 4 i [E] 45 (902 . 24 SIF R AT I, 76 T 0 AR S0 o ol 2o 72 B A R 1
P SE #Y 5 DS AR I8 B STF 15 BT 5 (T 4R 3 S A 45 5 AN T 308 A4 s 6 bR 245 ) e 1 )
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CRIE .GB/T 21109.1—2022,3.2.52.1, 4 &4 ]
3.12

BX$ interlock

HR A5 X 3o 72 S BB R A SRS S i DL SCHR AR B T 30 S (R 5 2 B8 AT BRUAT T R 1Y
k.

[KPEHG/T 20511—2014,2.1.8. 4 158 ]
3.13

ReXg  safety critical related

A FE 2 A DA I kAR S (I AN ) R 4 G B AE (R A AT LD

B A RN AR A G A RO 8 R R i G A 3R J& R I T2 AN 2 RS L AR W] 2D i 4B
G AL ER) R IZ 28 e R I A e 8 K I T AL AR

A S ANE (R A PATHLE) 38 12 X AIE R AT O 24 T 2 B A2 2 RB Al b
B SAE (A PATHLRD . RA Z S E AT A Ref T2 B A2 2R,
3.14

ERLX#E non-safety critical related

A 455 B 8 4 0 B ) A e O £ A 3R RN A 28 4 S B (I A HUATHLID .

AP 2 4 S A i A o (O A A 3R i 1 202 A8 B QI A 3O R 2 R I T 2R & R AN T] /b i AR
I G LA R 120748 f A R TN I AN 52 i) 22 4 SC A ) o A8 B (D S A FO W S i e R L T A A% &

A2 4 B B (e A PATHLRD 18 1 2 % B (e A PATHLID A 2 T A B N2 RS
A B S (e A PATHLRD I SR A AT I A 52 0 42 42 5GBSl A e AT MILAR)D) AT ik S7 8 T 2

TR NG RS
3.15

#1EEKX  operating mode

o FRERAE A A T RPRAS S AL RO A KB B0 S R T 4 I R AR AR IR R A G Ll i
fEVEQBEBEUSE S U,

i RO S R /ERE K (process operating mode) .
(K .GB/T 21109.1—2022,3.2.45, F &2 ]
3.16
M AR application program
LHT RPN AR, W% E A ik F) SIS ThAE B K i B 6025 A i L A e 5
SRR =9 1705 SN al IN 5 i B S B8 v W
(K8 .GB/T 21109.1-—2022,3.2.76.1]
3.17
Lk ERTE mean time to restoration; MTTR
U 1) 5 4R S 1) B ]
. MTTR 7.
R A B I ()
—JF b AEAE T A B AT (D) 5
—— PRI LR B ] (o) 5
—— L F R S IE AT T A (D
() 9 T B B ]2 Ca) 19 85 SR A8, 5 (o) BRI i & () 19 85 SR8+ (D) 1 T B B IS o) 19 65 348
[k .GB/T 21109.1—2022,3.2.37.2]
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3.18
T UEERTE  mean repair time; MRT
TUHA 1) 3 R 448 B ]
7 : MRT A& MTTR B [a] o {4 ] BE (b) L (o) R (D (UL 3.17),
[#J8:GB/T 21109.1-—2022,3.2.37.1]
3.19
BRAAVF4MEATIE  maximum permitted repair time; MPRT
o I 2] 26 RS SRV I B A GEAE ]
i 1: MRT ®] JH{E MPRT . A2 % X MPRT B} Al LUA 2% & MRT,
A /N T MRT B9 MPRT 3K [ AR G 58 5544 6 7T s
— QSR ] LA v X A B SR R RE M A L I AT e R KT MRT B MPRT.,
i 2. WRE LT MPRT, 165 BEALAE 71 5 s 22 0 T ] MPRT B MRT,
[ .GB/T 21109.1—2022,3.2.37.3]
3.20
REFM safety manual
X H SIS & FRAXRRENEE .
O BT MR ISR A H R R P RE R
i 2. X FEAE GB/T 20438 (A #8400 15 45 . 5k A il & i 915 B st R % Tt
7 3. 3K AT RE S — {0 Al Sz SCRY T RE R — O SCRY 4R
[k .GB/T 21109.1—2022,3.2.71, B &k ]
3.21
RERYWHYE  safe failure fraction; SFF
G A AL B @ A R T34 2 A R AR LR S I A8 B R ROCR 5 I A ORI
O fE R R BR Z L
7 1: SFF= (2 A spave T 2 A stae T 20 A 0w ) / (20 A spavg + 20 A sUavg T 29 A Dbav T 20 A DUavg ) o
T, X SR A I 38 ) 28 4 G R 5 A su A AR A I 38 14 28 4 G IR 5 A oo R R T 1) D A I 2R AR 5 A S AR ARG U B 1 £ B
RAF  avg IURIF- I RAE,
FE 2. BRI BRI, SFF= (XA + 2Asu + 2 App) /(XA + 2Asu+ 2App+ 2Anu) o
(k¥ .GB/T 20438.4-—2017,3.6.15, H & ¥ ]
3.22
#@iA  validation
3 2 A Ay AR AL EOULTE A L GIE B H T A FH A i R 2R B 2R B0 2
s AR AR SIS B 58 BUR L E B F T R A9 R 2 R A B OWIE B A9 35 B H R E R SIS 7E & 5 1 2
JE SRS il SIS HoAt 48 OC % 2 H R E K,
[k .GB/T 21109.1—2022,3.2.86 , H &k ]

4 GEREIE
A0 g S T A SO

ALARP . K& BT 47 AN (As Low As Reasonably Practicable)
BPCS: #E A 35 F2 #5 1il &2 48 (Basic Process Control System)

DC: 12 W78 55 % (Diagnostic Coverage)

FIT.3E4F (Failure In Time)

i A1 FIT=1 failure/10° hours,
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HAZOP . & 5 o] #4514 23 #F (Hazard and Operability Studies)

HFT . A 7F i 545 B (Hardware Fault Tolerance)

. AR A

IE : ¥ 45 55 1F (Initiating Event)

IPL . fi 57.££ 9" )2 (Independent Protection Layer)

LOPA #2434 (Layer Of Protection Analysis)

MPRT . fix K A VF4E &R ] (Maximum Permitted Repair Time)
MRT ;¥ 34 45 & 1) [8] (Mean Repair Time)

MT %55 i [i1] (Mission Time)

MTTR . 39K & i} 8] (Mean Time To Restoration)

PFD,,, : B3R i} 1 6 2 5CF- Y9 M R (average Probability of dangerous Failure on Demand)
PFH : & /N fE [ 52 BOF #457 K (average Frequency of a dangerous Failure per Hour)
PHA . iZ 2 & 5 73 F1 (Process Hazard Analysis)

PST.: #4347 F2ix (Partial Stroke Testing)

PTC. #; 86 i 7 5 K (Proof Test Coverage)

P&.ID.: T. 24538 M A F Wi #2 K (Piping & Instrument Diagram)

RRF . XU [ T (Risk Reduction Factor)

SC: & G188 1 (Systematic Capability)

SFF . % 4 K3 5y %t (Safe Failure Fraction)

SIF ;% 4 {{ & I) e (Safety Instrumented Function)

SIL . % 4 5E P 4F 2 (Safety Integrity Level)

SIS % 405k & 5t (Safety Instrumented System)

SRS % 4 F R HiAE 45 (Safety Requirements Specification)

STR: 1745 4 % (Spurious Trip Rate)

1. K6 56 328 [8] B& (Proof Test Interval)

UID: A\ F & 8548 18 M AL 3 72 B (Utility Piping & Instrument Diagram)

5 l%\mg*

5.1 45 SRS H 28 Tl BLE SIS (R, IRIE SIF SB35 i S g4 4 .

5.2 SRS ifd & SIS Ay 2 A Fil 2k T A SIF 192 4 T REE K F 5 2 M1 06 SIL (442 4 5 # PR3
KA HE SIS ZERg FN FHAE R . SRS & SIS % i A0 T4 552 it A i A 5514

5.3 SRS N R4 SIL 2= A5 H 110 RS B G 22 SR R XU EA o o A9 A DG BER E AT 4 5 . SIL a8 9 A
JRUBSE DVl 7 AR A8 A Al JRURS: T 422 32 B 2 o A ol RS AT 422 32 A v A 7 A6 35 FH 19 1 5 s o e ) 1 2% 3
AR 0 M DG L3R, AN AR T [ A A A2 M Sk i oK

5.4 SRS il SIS B4 GB/T 20438 A #6843 .GB/T 21109 A #B43) .GB/T 50770 KA & AE .

5.5 SRS /& SIS MKk 4 . & SIS 193 TH 0 841G 1 1 5 SCHF, I B AL 4G H 04 F1EFH 7 25 i 4l 3ds
5.6 SRS [V i M EHG A EG AT B UE AT L T 4R R AE L AT TR S A AR SIS 4k i
HEERAT .

5.7 SRS SO B IE SO B T80, SIF I X 3R 3% 48 4 il 4 R a5 AT HLAG 19 % 4 Tk, A B
Z ] 1 2 DR 1

(o2}
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6 SRSHEE T LFRTE
6.1 SRSHEEMEHT =

6.1.1

SRS 45 T (58 35 M) A5 LR 1 A
TE“SIS ) SRS”H7 8, N 45 SRS B W ;
“SIS B3N T AR CRL4E SIL 803E) 75 &5 . b 0 SRS;
“SIS 2 PRI AN 1SS L SIS 2% L B R ZE i B b W R ¥ 2 SRS B &
U, N TR SRS
&) TR#LIEEKEXT SRS 5 W0 (1) 48 B i}, B # B SRS,
6.1.2 £ MUA AR IR B i XS .
6.1.3 Xt SRS £ 50 (978 B A0 4% . BC B2 i STL a2 9 iz AR o IC A i o ) AN R e AL L R 25 4 L K
BB | STL 50 3iF %5 )y T (1 A8 4k .

a)
b)
c)

6.1.4 SISH4HMEY SRSHEEMEHRT A REWRE 1,

6.2 HEimIE

SRS %5 Wi fen 2 WL 2. SIS it 28 HE, v 5 357 SRS,

| B AR A |
| SRR IS4 TR |
Y85 SRS
e Gtk
o SIS BHAITR SRR ST
. WM | tm s iR || R R
R gERIF l l l SIS BRAIF
et HRI%
' [ sis 2. mitimin [ s sks
FHeE 1% il T SRS ¢
| BRI |
| #E = 3 sks
| i |
Bl1 SISZe4EWEH . SRSESMEFTERE
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iR

HIAHR T MR Bt (L5 7 50)

FABURH S 2 AE

IZHEE 8 B~5E 9 MM ESR
HSHERFHXHNAEHRS SRS

fE5EE SRS K2 SRS eI e Rt

RA MR TR

B2 SRSHEERERE

7 SRS HEEHMANEHR

SRS i G i A GORHNEL AR H AN BR T LAT B8

a) P&ID.,UID;

b) UL R AR

o BRBLEHEZOR, LY G2 | IE IR RS RS
& EALEK;

e) iR E

D TR AR B (R R & AT P % 2R E0RO 5
@) BRAE B R R B
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h
1)
i)
k)
D

R A AR T

HAZOP {455

SIL 5& 245 (B SIF MEE SIF) 36 SIF [0 #% 24k — Wi 2% & SIL 54 ;
BeE R B 2R

B FIin TR A R T A, v R

8 SRSH&HE

8.1 &M

8.1.1

SRS i B3 #fy SIS, SIF A1 SIL (3 FH 2Rk 5 HAR R, N A0 45 52 B RE 46 4 iy 440 L34 T/ .

L S E S5 T I R BER 3 FHEIRJE X SIS SIF M SIL (9 B L J5 0] RHE 42 o ) Sk i 2R, Bk
BURIEXT T SIF By HAKZIR . SIF i 50/ SRS £ids £ 8 T 2K 2R,

8.1.2 SRS ‘Hl i SCF UL L Ak B R R R E L MG A 0 R AT R, RS SIF 3
i SRS ¥dls £ 45, 4> SIF B Hph £E SIF 3 8 g1 i I foh 2 SRS $id % .

82 FEMNHE

8.2.1

SRS W fu 3% SIF R Al SIL Bk,

8.2.2 SRS HAEIENHBFLZEENR, NHARFLZEERI 8.3,
8.2.3 SRS ‘HHEFINE,

a)

b)
c)
d

e)

D

g)
h)

j)
k)

m)

n)

FI s BT AT SIF B ) fig d B RN B 108 i 220K, IR B8 B 22 SR v R B AR U LB R I IR R 4E
B KIE,

A A SIF [ 6 {0 3R A 2 AT ALY I 55

T 0 2 e DR G R0, 75 B L 4 T B e % it

FE SCEEAS SIF 1Y 3 B 22 AR5 9 4 s B (b fiff R Vi W 119 STF L o A 22 4 RS Ry 5C il e A 11 1)
VBT 1) L bR S T 3 A 78 D A R A A1 I S Ut Ak Y A O s D

M4 LA~ SIF [A] A 7 7T 68 - 208 0 AU 15 0 i, 7 00 45 JRURSE 20 BT I 0 52 42 A PR P R it AN O
GBS SIF Bl e SR IR A2 5K & A AR

B B> SIF 1Y I 2 () 3R L2 48 428 ) o e 2 BUAT WA Y T,

B B> SIF X 2 R 3% | 3% 5 45 il 5 A1 d5e 2 BROAT HL A S5 it A 30 00 4 19 20K I B I T
PST B, 1 5 A OCBEK

B 2 B A STF 14 0 [0 B[] (9 22 5K, STE (3% Wi 1 ][] = 3000 55 430 39 v 17 B (1] —+ 222 68 4 i) 4% e 7 o
) CELFE S A 32 4 i B R AR R ) - Fe PR A T LAL 1y iz A J) 45 A4S B A S R T

I 3 A SIF 1Y SIL 4590 Flia 174858 2 (IR R B | sy SR 220 .

GBS STE A S5t 43 3R 119 a1 0 A0 o L 00 o 3 T R A 5 R K A M 5

G0 A SIF By S Z AT HLAG 14 2l VR FIURH 3G 225K, 48] T 22 5K 5GP 2 1 IR L 3l A ) 1) 225K/ 1
10 s,

Ui W B> SIF B % AR 0 22 T8) (9 D BB OC &, A0 45 32 8 0C 3R B0 bR BOC &R M A 1 il Ok 2k A
S5 BN B 1 A E R E STE By A A v i Y R A L 3 A R TR 56 RO L i o G P A R
FYIWri 2R ICR N — I —,

U BN SIF By T 2l 45 42 225K, 1) G mT 7 42 ) % Bl B & R B0 3 B & T 30 5 A DD I I
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i

o) ULIHAEAS SIF A8 Iy X, 75 o 6 A ol 2 e C B Y 25K, 9 4 STF-101 Hh g XV-101 Ha i 19
g v IR sl ) 68

p) LB AEAS SIF 7EBE S 1E 5 1 52 0 B2 3K, B 40 By 1 it 578 Y6k 0 ST o 55 v Y A7 6 40 5 A1 ik N 11
U1 0 I+ 170 08T 7 R O PR S o L 380 ik SR A6 R B E 8 O ELJR sh 2 vk ik

Q@ AR HPEER R SIF, Ul KR m s r STR.,

r)  ULBAEEAS SIF By 2 R R 23R (1) SIS i i (] a4 | | shi %) .

s)  ULBA TS Tk B H sh A H A 8l SIS i B AR ER

) UL SIS A H b R 58 (AL BPCS AR 1) Z 8l 09 T A3 3 O 2R ki 0 Gl (s e 0 s
N IR IRE

w U AR R R AT SIF A AR K

V) URH 8.3 H Y A Ry R A R

w)  BLHHBEAS SIF (19 525 B% 22 5K 55 6 101 (8] 19 45 B 20K, 5% B 60 468 2k 4 55 B R AR 55 K

x) UBHAEAS SIF 76 A8 I 21 50 B 2 2RI L ok B RO 5 B A4S 22 RS I8 SR TR 06 2485 it L 'L % 1 i
AN GLIFER Qs I 5] STF ) 52 4% 3% i B s PA7 306 0 B3 — 2 0T B PN 37 I AN BhA 7 Bk
R T s SR BB B ) 2 A M 1 i 38 300 TG 0 A IR A R R A K

y) B SIF &30 MTTR. 256 7% B4 il #8500 B0 A7 0 38 07 B | B% R B ) L4 1 22 4 |
IR 55 A T A 35 PR 45

2) U ERE R 4 SIS RS B GBI

aa)  WUNNTEIS i AFGK 2% KOz A7 v mT AR I B 0445 5 R BT A 1

bb) U IE A A R AR AR L 1 B R A T A A N SIF,

co) T BT W SIF N R A RRIR B R . Bihn . A0SR STF 5 i i 75 2 AE KR R R — R ]
DI RS I B 2 . STIF 448 il Bl 19 B ¢ B3R A 936 2 1l Bl P A28 4 o i BRA T LA | i 55 1
Bl K ER

dd) SIS (1 S A FE 2K .

8.3 MARFREEXK
8.3.1 &M

8.3.1.1 N HAR P& AR W AE Ry SRS i — 43 s WAE Ry — A~ 37 SCRY 48] iy AR I 2 SR B A 15
8.3.1.2 N HARJT & A 2K N N SRS Fl SIS My 484y (A Jy AN 454 h#fE & . B4 SIS + R G M I
FHRR P 42 4 K g A5 BV A4

a) RS SIF % 280K AL I (R R e 55

b) SIS ZLH4 Fl 2 4 T H 4R 0 BSR40 A 2 AR A A1 1 R ) A 24 5

©) KA GB/T 21109.1 #5684 4101 K,
8.3.1.3 i Ry AN W] i R 4 o 4% A I TR Y 22 A KR
8.3.1.4 W HERF MY E AR AL LI L AR B TROA B AT dE Y S AR AR RN A A SRS RN TR TS
NI
8.3.1.5 L Bl o FH AR 3 1 A7 i R AN AR S i 3. I FH AR e I 7 0 DA HL T R v R 1 H b
KIg  HHAEBTT,

8.3.1.6 W FH A2 7 N ] B #E 47 7 M 2% 03 A1 S5 b & 0 . BOHE N OR G FH OG5 sl jE A TR IR AT &2 R A
9
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17 L JHOE B BRE A B W TR 2 A A0 3 28 58 LAAI Y H i AL F 577 iy B il S el 3 WS 8 52 7 B
THTE .

8.3.1.7 AR BA Al e 2 2k D RE 2 R 1A A A A A2 AR D RE U]

8.3.1.8 N FAAL NS SRS 2 U] G2 N K —B, FEF AT IO B ) 64T & o
P2 A 20K,

8.3.1.9  NJHAR P BT AL A ELAE A AR v S RE TR . s v 2 B B RV DA 2 Sy e 0 4 1 A )2 B D) R

8.3.2 XFERRE

o7 FH R 22 4 SR W 49 4 A C B0 T B 22 4 (R0 3% STF A SIL) B9 EESR . 1 IR Fe 22 42 35K 0 2 5
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