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IR 3 o B Ok g e e

FERRAE A BHRs PEREAT M RHE BT T ADLESH
etk BUa, 3] DURYE A R AR AR X 3Hohn 1T
A T2 M. HRE T T ri e
LA ARG R SRTHT R S Sl — i, A
BER, ATRSEANKEGEIERE. 5T,
M T Aol A B 5 SR 25 AT LU e RHR 2R AR
R, F R FRLLT AR B R TE A B8
PRTERE, WAL T T 4 258
3.3 ZATHIGRIE A b AR

AETE NALGE R Vvt vh A [R] LA 0 1 BE 2 SR A7 1 6
W= . HMEIL BoaT gt HT 00 B B B 2
EAFRM B AL E A RRE. 0. BrEF4ER 55
REMEUIN T AEEEAF R AR = Prob itk REBIK,
TR BAR A BRE A 5 R 2 T i, R
PREE VEAN ) S VE RE O IR AR B MR PR AL, b
BHEAETC 200 2 2K TE ANHLHIE 5 3R o X U 7 22
L 2 ARHE RS, R AEAS FIRDRIE 3 0k S5 A R kAT
Beit, SR R E R TR T APLER G PERE -

“EIEMEL+ TREERL” PR Bt B
T AE R SO AT B AL A T < AR, R AR
R TR, DRSS R R RCR. flanfEi
VR SRV AR TR v R A <, TSV SR 4 5
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R PO L, BERBORBAE S, FERAH A
R {ETABLEE BB IS« AR+
KBPRE” 577 %, 452 bR IR R T
BETHSL 2 BB I 11 S PR A I, 0% H B
PR E AR B TR AR ST A bR
BAGMRK T, BRI POR B, BRI R,
SPINI T TR

TR MR, % bR U I ) o 7
YRR LM B 2 IR b IFREER T A1 HE
SRR, WAL A B B R Y
FRTAZ R S B R A e s RT3
BRI A G 3 o R R R B 5
7R RBOERIRE 5T AT 2 1B 2%
RS
4 BRUKTRIREBRRE AL a0 1E

B PR T4 BT AL S 0 R 225
ERAEMH.

CER = IR DN ST SN
BLEG 27 F A, R AR 6 ol R 2 44 L3
o GMBE T LS FR S #0038, HRTTE 2 5
50, RIATUUN, LEABEL TR &
T B 154 R AU A5 T-HER B 8
R, TFRIES DR TROEANL, Bk
TR ISR L ).

FOUK, S5 B BE I 2 T S5 4 5 6 AL
R, R R T B B AL B
TR E AL R, T8 A BLAALAE T L
1% RS, 3R B R o1
R PRI LR 6 A BI85 DA S0 7
T A LA R 26 5 S M 25 5t
Bk, KU BEIRAO R A A Rt bR B IR T
DA BT LA I T4 B 5640 S 0 98 34
T PENCR T C R E B S
BLAR BT AL B RRE S 1.2 ke, SERICEEAT
FIRLESE 40 536, 182 L5052 T FE A B
R HIET 4000 A TR AL 3R
F T 5 i A b L st 0 Koo 8 0 T
R UIKE B SR B, TR ALK
IR H AR SO LIRS OB T X, 4R
BTN TR

BB, R ACRDRLEE T ANLSS B o 2 T LA
HERP L R UL A B R R BB 0 2
) T 9B A BL A 558 07 R R

£ b, B AR SRR AR 2R PO AN
AL T RHE W B RRA R A, EL R AR
FEARATRESCA . TAE T T o, e AHLYEAB AR 55 4ok m]
HRAE B B AR R S BT AHILGS ¥ R 5 3 e T 4
BILZ, BB 4ERTAF R RAE B EOR, BE5e® T
PR BRI AR 55 AT, OB L BE B R R AT R
WSl X AT BLE T AL Z 55, R TE
AU B R 77 b 2 R A9 B e, T 50 7 k.
BRI BRI, R R T R e
ALl ) e Je P e 21 £ 5 FE RO B 1 2 4 X 8K 1
82 435 65 SI B 5 DL LA il R AR G B, o0 N P S D5
AR BRI R, S BT R
5 HRIE

FETE NHLESF it o i B A A R 10 B AT SE 4 3t
TREETC AHLR) Sl aE ) AR P e, ®/olREM, &
HNMHEEMEL BRaae. TRER. HRYKM
BHEA R B ARk, FESRIERE |, NS ER )
R TR RS SR, P AR AN RIRRE (0 3 1 X
NG Bt & 2 WA, IRt T L, &
R 2 AR R ie S R T i R O 2 R e AL
SRR R .

525300k -

1] K24, EH4,KER, F.ELANKEZR
H M AU AT ()] AU R S A 31k ,2025,54(05):
240-244.

2] &2, Gk, KkREL, F. X AwiELEAE
& B AMLEH ZT [J]. AR R 5 B A ,2025,38(04):
35-38.

[B] R#H . HE S 8 G I 6909k LR AMLEH
At [J]. B A 1 2025,25(07):210-213.

[4] ATAEEE, ABE B R, ¥ REZFEH THALA
MM 5 A4y B4R F ()] F B4 42 ,2025(13):
8-11.

5] F4F . K= =4 LAMLEMHE T 5204 L IL[D].
b7 b WAL T K F 2025,

[6] BRAR . FAR RAMEEHME T 53 ) FHR A
447 [D]. T& : E K 8 K5 ,2025.

7] R KRER, AL HBEF ERELALANL S
MAAI - B — AR 25 33 [J/OL). s TR # R
1-10[2025-11-06].https:/ /kns.cnki.net/kems2/article/abstra
ctrv=hQtzlo_700H5miniZAqnQPoHI8MeIUuVitMeX1Ulw
uwiFkX157LEFUfhBsstR62BQ-bU8dgR76eldc1-qVs12Kt_hw
DKcW2QiZ5QjzAucyewrxoW1G1xhyknV78vEnOxIbXFe]r
td-R3RHSILI_F3aiH2N8eF4k93MLhGIQz604s2ituwuWQV
9Q==&auniplatform=NZKPT&language=CHS.
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BEXEES] 2025 4 12 A% 34 8 [l] TR []]

a5 IR R F BRI
IR S thr Sl SR i

BER, TRE, WMEME K £
(AEEE 0L kBT R A FRFAENS], & bk 515000)

B B RERABIAEASRKEEE, ERATHESSH. AT AT HFELRK, BRART G H
EZR. AXBTHIRL AN, TR E ERILF B2, §EREILLK B P TBATH FafE. KA KRR E
S RAARSF ik, M 15 gket AR, £2 000 ~ 4 000 r/min 45328 0.5 ~ 1.5 %5 2K T AXra
B HHBD ANSYS AR AT, BAFMREHRA A, LR AW, Tk R4E% 3 200 r/min B FARMKEE -0.12,
PG 0.8 nm, [RAERXKEIE 30% H—MNTwAESL XBKESHAEFRE. KRB FLEME T ERET

FraRtE 40% VA b, vt R FHIE 20%, % RRER TIRE RS, oA TR EERLEAE,

KR RIEFAI, KA R, Tkt

EEWE: LRKAMENE UM RATh L2 BARGATALA”

FESZES: TM31 X HkFRERD: A

0 5IF

FRIG FRECHLE Dy B # bR it 45% . BRFELLAR
10% FIfEH, CEBCNREKEET, AR
TACTF R ™Mo (SRR U HARMAR ML g
MR EGER SR R 2, AR AR AT S A () B R ) R A
KR . ZILGE TR AR, 5 R
M AR H A% 57 4 0, T B I I 4 Rk AR I T 2 T
IR, ERIEFRKER, BdTFH. FHm
75 2 FLS NEDO T H #2211 B e 2 B . ie
IRVE T K 2255 s A BHIE LR P BUE AR AT T B,
{ER B> SZIG IR, P sRI% 2 NS R,

AR R ZKEEH R ICEE CFD /AT BidR, &
SRMERRIL TR E A, HETHEKXR, AEH S
WS o X SRS N FH 52 2R B0VR VP TR B R g B IR
BRI R TR B ML Y, FR Mg
it E s, BRI A s . (E R X
T T 2 S E DR R ZIEAFEA 2. X H
HEAN R G B ] B A 4 TSR IR B T N, B
25 KRR ISR BT e 4 ZEHE R 37 5
T, DONTS R Eh 4 5] W B ik 25%, (2
R BAIEGIES . R RS AL PE T
EHAE E, RIE THSESRME Y, HEEAYE K
GERIUR . ASCAHE 660 MW A I FRHLZH 0 F A JE A
HHTIEIC, 456 SesAERL, S BRI AT RGE 0T

(3B %% HNKJ23-H36) .
DO1:10.3969/j.issn.2097-3365.2025.34.003

JEH SR, BT R s HIHESE, PR 3 B 4t
Hip ML EE S .
1 BIGRFRBEN AR FERIE

I AR ROR G K@ 1.2 m, HAH
1 200 mm, K 17-4PH A5 (0Cr17Ni4CudNb) |
JEAREEEE > 1 000 MPa. 308 5 B M- Bt RIM0s B4
HGINE RS E. ZIRSEE 25 MPa. 600 C,
Bk SR SRS T o« MBI 55 B PR =1, (HL B T 7 26
A8 10° %k, SR,
1.1 vt R &M4FIE

T R B R A B R AR, R BRAE ARAT T
PO . v S AR, RSB EA s AR T A
ME, FRHHE> 500 kNmo FEIH59E 5 080 mm, NI REL
=20 10° N/, SU E U, ETETIUE, L B
SERRIEAT, M TEIBR 0.51 mm, HERZE< 0.2 mm,
HITE @ # TR A . IREGIHHAIX, RREE p ~
0.05 kg/m’, Mach % Ma < 0.3, HH{RIV &85 .
1.2 SRdRA A

BiRIE T3 — &5 — 1R A, AR AR
TEFEEE K. ZONSBIE A, A <0, BERHIA
REFERL. RN
_Ipxeygg]ds D

A 2
pU°L
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X (D, pO) AESA, n Wi, py Ul L
IYRINEE . WiE. %K. KA ST 15 kPa,
P, RIE A A HESIRTRER T : REAEE
E=T+VW,,,, o THhEE, V#AEE W, shdh. #
L0, WA,

MR ARG THAR S, MHRAAL A @ (-90°
B A B AR 5 36 225 K 20%. 55 — B &5l 5
o, ~ 150 Hz, S5 n (¥ 5X K% (5n/60) EE, K
BRUeft. KA REHER, EFEHIIT A 30% RIF
Bl E—2, WWETIER £=SU/d (S Bike 55 i6 /R 5~
0.2, dE), 5o, #AR, WUBhEEE 15%. ZHET,
B o, ~ 250 Hz, ARG, FHAEMEHE (0
K1 .

Bl 1 FH DG BE,  JLERZS WA TR 3, (HRIEEA 2
B, JREE A B 0.05. ZEA ML A KB H I, BME
Ay~ 0.1,

2 EiREFIESRIE S

SEGF G g T AR L ) R RS2 56 &, AR Re=
10°, FREE#S IR 25 °C, W< 50%, KJ# U=50 ~ 100 m/s.
WKEARHE, HEHEME> 95%.

2.1 EREELHFE

ALk 1:5 SR A &AL, K240 mm, FEBMIKS)
20 004 000 r/min, ?;ﬁ%qo:MLU:O.5~1.5(mlﬁ%?;ﬁ,
AR o A BRI (Polytec OFV-5000,
FEEO0.01 mm, PR 1 wm) ; JEJEEEE (Kulite
XCP-062, i[> 500 Hz, JEFl 0~ 50 kPa) ; /i Af
Hl (Phantom VEO 410, 10000 fps, f##T 512X512) .

BHEF4E NT DAQmx, BAEZE 10 kHz, ¥4:60 s/ 4.
TALEETR H, JEpaRiE 200 Hz, &K% Hanning.

MR #EEB6 R 200 r/min, ¢ BK 0.1, 3%
150 4H; MOIfH @ FHE -180° ~0° , #10° . BiRH
Pi: 4>0.5 B A <0, §HBIAHFRIC: ANSYS Workbench
2023, P& 2 X 10° Bt (DU A, fWf/Mb) , A5 .
A TTHE:

[K-0*M] d=0 @)

KIBFFIEAE 0, RH &, PSS SRk C=A/

Qo) o BFNEFNIE, i ke imima,
2.2 #X5i#%

3 3 200 v/min, =148 Hz ~ 5X & (266 Hz) ,
AVWE0.8 mm> 0.5 mm F{H, FFELERWTF> 10 s. 9=0.6
N EE AR BT 15%, A=-0.12, iZU%%E 20 Hz mAEZkit.
RREX, HEETT 10 kPa, J@EUD f, ~ 160 Hz,
HEEIEIE 30%. = 4 000 r/min, AR[IE0.03, 4 <
0.3 mm, BAFREERE.

T BARASL AN, TESET ¢=-90° ~ -120° &
X .

AT IE: ANSYS @,=145 Hz, %2 3% A 1145 -0. 11,
W4 . BEATRIEE k 7+ 20% Ol , A$80.1, 4 F% 25%.
g CEELERTSE, R p 3% 15%, Kutta 22,
WL SR S5Ok b — 8L (ARSI R o T, MR
BT SCHRFT R . HilIE R ZE A0 (AP +0. 1 mm, A [ 8%,
MRS N T DA% W22 << 0. 05 mmo MRS FLM . KR i
B Tu < 0.5%, RZE< 2%, B, KA n=3 200 r/min,
Ko Mk, BEHEASFFEIREMN.

k=7
400 it
o
350 - ! :1////// k=6
- ‘I 9
300 - %”” k=5
A 250 : / =4
s} 0
~ 200 -~ . k=3
%& | =
150 LT
0 k:2
100 —
50 L k=l
0 | | | 1
0 500 1000 1500 2000 2500 3000 3500
3 (r/min)
B{1 KA R BBRA A
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BT S A SN T, A=0.8 mm, 7§
I 1075k, Ha 30%. ZHAEA: HAL e £ 10°
AR A 35 -0.09, FROKEN E25, Sehrrb s ml i ik
Bl SR S0 2 R, TR R ZE+E<< 0. 05 mm, J70]
fHIE A Fa5E
A1 Az TFAHERE RS

9 (® A A (mm) RE WE (H)
-30  0.05 0.2 FaxE 120
-90  -0.08 0.6 Il 7 145
-120  -0.12  0.75 BifRH] 152
-150  -0.15 1.0 B 158
-180  -0.05 0.4 TFEURR 140

3 ENHRITHI SRS

FhA s R, Eah#Edl, HIA>0.05, A<
0.3 mm. 3 3EI&IE T MATLAB Simulink FA¥A15, #a
BRE<2 s, BN ZZIUR, S TR SOE
IR,

3.1 wEhHEsk: SHEat

FEl AR (45° , V&5 mm) , MHEEN ),
A2 25%, FOAHS 5%, HRRJT: )5 119 15%, k=1.2X
10° N/m. #4kHf Inconel 718, o1 200 MPa, J&57
Ac=800 MPa Jt 15%, #fiN 10 /i ho JE&H81A (P A=
10 mm, /& h=2 mm) , iR S B 10%, MR A B& 40%, Mg
5 dB, BRTHIE T A4, (S mEEls, S
Frn .75 CNC 5% << 0. 01 mm.

PARAE: PIMBURE 734, HArmin A, 29550
&2 <J§ 95%. 25 RN ESR =50 g, o, # 160
Hz, BEHREE.

3.2 EahHsk: BATTIR

1. &JE PID: i&5E P =12kPa, e(t)=P P, u(0)=
KoK, | edt+1<d§,

(K72, K=0. 5, K~0. 1) fif<< 30% - F+2 kPa, #ll
FMRAREN . W BYRREIN R, EEIH < 10%, FRaSm
[f 1 s,

2. AT BEW: WRENFLEERFES] (8 /1 / FF) , LSTM Tt
JWA>0.4 mm, BEZHRIEHE % (n fF 160 r/min) :
Rk BN, AR P=sigmoid (Wx+b) , il
ZRBHE 4 500 4, TR AERG 95%. M. FAL KR
0.5 kg/s, MFE<10%, F545 5 kJ/kg, BEBLRIE K G
TR+ W15, AFE0. 15, $Hl SRS PEREXT Lh sk 2 Fos.

FARE Sk &L o

A AN O ok OTE)
FElar R 0.10 25 50 4
MEFZE  0.05 15 200 4
PEiiE  0.08 40 30 &
PID #/E  0.12 35 80 < 50
AT 53 0.07 30 100 4
Wi 4w Eh  0.06 20 40 <30

2024 FHE 660 MW B5iE, BURFHEAE T, SWEFH
1. 2%, FEBIES00 t: B £10% SEE s, < 5%,
4 ZEig

B IG TR EC LA 0 TE IR FE R 0 T NI 1
A BIBE)E £ SR B E A5 R % 57 % 5 2 W),
AR T AR 158 AN BR TS A 1 5, B R
FRMEHET T RGN, R T — R fb s i 5ems .

Lo X ERVLEE AT TIRNGINT, SRie st B BRI
FEEH 3 200 r/min B —Mr & iS5 X 1B ES,
SEBRJEFE R -0. 12, HRUEIEME 0.8 mms AHALF o=
90° ~ -120° MK m, 5 ANSYS UG LG, A
WRE/NT 5%, IXFEH IR T AT SE I8 — UL HE 42 7E R
PR L AIHERR 1 o

2. M THESER A, A CRBBERLS
PID T 5HE 5t m T IR, HRIE R 40% BA L,
I 5 FiE 20% < X i RO A% N 5 620 A8 H A3 T
A PPAl AR Bh ¥ I i AL B e T A

P EPUE

(1] 3Egrdse TR, F F R, 5 R AR RLAT
R 8RB AR AT (], 30 ) TAZF 4R ,2010,30(05):
456-462.

2] AP, TM . BRI RIA IR AT K RS
HEWBT R T ik (] %3 B F & ,2015,34(11):194-199.

Bl EH . ATHEFERGARBIEALT H AFHAE
HH ()] #Ash A AL ,2020,35(01):45-52.

[4] 377 B RAEARLE R IARBH ()] A7 2 Ak,
2007,21(04):7-13.

5] A & . F B T A ILR LT IRSIA R ()]
¥z X & 2024(05):67-72.

[6] %R, e, &4 L ER S FREIELETH
SRIRAT T, []]. TAZ # M 25 3R ,2025,46(02):410-416.

71 k%, 5%, EH0,F. Bk RABIAEEF 0Cr
17Ni4Cu4Nb 4R vt b W7 2R B 547 [J]. ALK I - 43 5
M ,2024,60(03):52-55.
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2025 4F 12 B 34 1 ISERPRE

ET st IdERE
AR et
oK 7= 160
(ZMEE KRS, HH 2 730070)

H E AL REBRRAFERESBZMAET, REBRBMA. FARTHOH. RAESL A2k, K@ E
FEmRETMA, AT Z R ARG, A EEATRA T RS R R 4R, RS REEK. ZRET, kK
A 35° , RARKFIA 88. 6%, /A 9.8 kPa; RALF AT R oA, RAEIRI 15%, EHIRY 12%; AR FEL
5 AR AN AL, RS HRRIT 20%, EEEAK15%; AAAEEE Ra <0.8 um, ARAEMEIK 10%, Rb 2RI 5%,

RACEMRH AL, TAEAMELE.
KR AT I RESE REBLEMH
PE S HES: THT XHRHRERS: A

0 3I§

BEBENTEEELhEREE, HikEm
MIEHE G HR. RMMES-MRE. W TAEPRS
HREER, SHRGAFEER . RAFHSHESR
it —, B ERAAAIE 2 HE. SET,
R AR FETR B 28 A A . ARHIE 7T LR BEAR =i
RERNNG, I ZSH R . S50 51,
RV E SRR A IR F 202 FRIRREFE, NI T3
HUUERMEE IR SE.
1 IREREWIFES

e A X A VR A 2 R P () 5 R VEAR PR G SE B
IRE LB 1), HAZC 2 48 et 5 oo B2 T
A3 2 570 B — X A2 MR e i AR, TRAR AR BB T AR
I ospE oy E, ek 5 EIAS, SRR E Y.

ARTIRR LA R
AIPIITETITISIS

Al

------------

IIIIIIIII SIS

H1 SRBRAFLERSESE
ARy e R Rt =1 SR ek N2 = /€ P |1
PN B2 IRES), HBEREERER . W
PR A A R RE T G, TR T T R AR B R
B R HSHR A BRI R e v e U iE
A0 71 KT it 5 R T VR A E R B v s R TAD B 2 ) 43 1 IR

10

DO1:10.3969/j.issn.2097-3365.2025.34.004

OFARE 77, (M ER/NEA G HREFE RS, L/D=0. 4 I} 151
o TR i 1= A R U = Bl o = 0 e
57988 HisSUEmIRmEEE, BERESE, it
P43 ATE A DR S Se B i SR & s
2 RESREMRKLEITRAE
2.1 EARMAA AL

Wif (o) FIR/NERERE T REIERE AR
B Y] B E 4 8. HR4E Navier-Stokes 7772,
TR TE B T AR W] () R B 0T o fe B TR R (V) A
MOEE (V) , HICHRM (1D XPiR:

v,=v,* tan(a) QD)
X (D A v AR, v, WU, o N
WRTEMTAA -
2.1.1 SEERAE

ARRSEI R BRI T ST & S g e i
BRABTMER, WELENENSHERERS. B
ST NATEN, BHE 100 mm, AREFE 40 mm. i
e RS R R R, R MR g A
B SIS 30% H— KA R, WES n'/h, &
WH1 5007,

2.1.2 SZERP IR

SO MR BN A 25° . 35° . 45° , RUIEE
SYREUAME . #EE 0.1 mol/L NaCl ¥AW, M1 16 /&
KFE, W5 SRR 4HRER30° ~45°
iR, SREA o MtED (2) XFis:

_1go__Re
o =45 5000 (1000 < Re < 5000) (2)
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X (2) 1, Re AHEH, RIEFIERBPIRES. %L
bR R, ARAGIE IR WM B LR A H B AR E . WE
SRRt
2.2 FReT K ARG 5 AR

SRM A B IR A SRR, S
AR L. FRREREIRRE .

SN A EE (D SRAREREOD PXAMA )
Fi7R:

h:o.LD-(1+5§%v (3)

B, W RRFRMFEE, DNREHRER.
Z s U AR I A v P52 B U O 0 I 3K, &
ANFERAPRE T IRA 7K. LR it h SR A
HIAEI ST A AU B IR A AR, I FERAERE s
2.2.1 i

L. fEg it St 50 AE, [[FER 0. 4D.

2. At ArEM FIaEE 0.3D, S5 0.5D, JE
BT S5 BRI A0 7 1
2.2.2 SEEGSAF

& Q=5 m’/h, fHifh35° , L/D=0.4, d/D=0. 6.
2.2.3 SLHPIR

TIRG#EVEN 0.1 mol/L NaCl /REEF, HH
B AT 16 N RFE RO B R80R, il R AP,
TSI ES 3 HUME.

2.2.4 SZERAER

B 5] o3 A7 BETHE TR & RO STt 15%, TR B R A
12%. I 5 B AR 40 A0 16 N AR T BSOS 5 FR) it 9 RX
B, fRREYRHRIE o B 7R H O A iEb RE R AR L, BE
IR
2.3 MIAFEL AR MAL

BRIAIEE (L) 2R &35 RGN EE SR
I SR AR b, W R A EE LG L/D=0. 4. R
FER R (4D fis:

L=0.4D+ (1-4) (4

X A, NIRAERE, py NSHEFE, @

MR R R, @ S T R IR E A d/D=0.6. H
BEHRA I (5) i
£4.0.6-0. 1+ 1og,, (Re) (5)

KX G W, dNKOER, DANRGHRER. %
A FRGE S NE EES BRI T B AR
EAiOR e
2.3.1 SERWmRE (SHdE)

1. WIAEE: L/D=0.3. 0.4. 0.5,

2. Ef&kb: d/D=0.5. 0.6. 0.7,
2.3.2 SEERKMF

i Q=5 m’/h, ifh35° , AEHEFHH A
2.3.3 SCEDIR

TIRAEHFEOEN 0.1 mol/L NaCl /REEF], HO
B 16 A REE MR R ACR, IFEREE
FHSLIGER 3 IRHUAME.
2.3.4 SEIRLE

B AN L/D=0. 4, d/D=0. 6, RS RHRIRE 20%,
JE FEBRAR 15%, FeFBiib 21%. 9264t BI6E 7 Bk
o SUHER P, Dy SERR R SR AE T PTEERHE (IR 1.
3 IREBREMMATIRIEIE
3.1 R ELHLM

BRI RCR, e Bl 6. 5
6 2% B R o B AR R SR A s A MBS R A1
ARG B RERG . REHBIEAAREN, NEEIDE,
DR EE R . R A RS R A, R
WSO 3E S AR RS . B REES LabVIEW AHE5% .
SEHG A B 30% H—/Kik R, WEBNS n'/h, &
W1 500, ERSHAEEX. LAFF 2551 C
TEIE, IR AR .
31,1 SEIGRAE

FANEVEN 0.1 mol/L NaCl EWIFFaR, HO#
AT 16 AN KAE s, [8EE 10 mm, 0 5 2 8hIKE. it
HIRERMEE o, IRAEXCENNX (6) PFR:

BOKBIEEE . #E DA (d/D) BIRI ¥t g 1EF n#k%wqm% (6)
A1 FBHIES oA

SHA 4 (L/D,d/D) RERE (%) JE[% AP (kPa) FEFE (kW) ZH A4 (L/D, d/D)
(0.3,0.6) 85. 1 10.8 2.1 (0.3,0.6)
(0.4,0.6) 91.3 8.7 1.9 (0.4,0.6)
(0.5,0.6) 82.7 9.5 2.0 (0.5,0.6)
(0.4,0.5) 87.4 9.2 2.0 (0.4,0.5)
(0.4,0.7) 83.6 10. 1 2.3 (0.4,0.7)

1"
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EEMIGUE: MK ES 3R, BCFSE.
3.1.2 sEIgetiR
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¥ 3.38, RFEMIEY] 0.0 027, 5 45AL i 2% v HE Hb 4t
Mk SENX, F54L% 40 m, SEEMHIAL 25 pn,
28 HFSS i HHAE 40 GHz fl AN#RFE/NT 0.5 dB/cm. Hi
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FHAE S (dBe/Hz) -85 -90

DR BIE 27~ A VR M 7 T BB A B U S F i 12
F& 40 dB, 200 MHz 4bZ4HET A —45 dBc 4% -85 dBc. #F)iE
KBS He Al 1/ e A% M AT AN 100 kHz F%%2 50 kHz,
MATAR RIS 238 5 dBo. BEARNE S R HAE 40 GHz Abik
F| 1.8 dB, BIEREMAMAL 0.7 dB. TZHHFARELERE
I FLURE SR S R B AIC 15 dBm, R IR A B S AR X
AR R AT R
3.3 ALRMAIRE

RGN SR 2 FL i 55 G TR 28 EE R, SR Corn
ing SMF-28e J:eF A&k, BEMKKE 2 kmo RAGIIAAE
Anritsu MP1900A {55 B MY, F=4: 53.125 Gbps
PAM4 15 5. JeThR MG M@ T EXFO FOT-3000 Th itk
N03%, FHATEE -30 & +10 dBm. & J¥ 16 3R M) 78

18

Espec SH-642 b 4T, %&MEH -40 CE 85 C

BARTF 30 A Bh, PEIRIREL 100 IR, BRI I

22500 /N, A 24 /NEFHE SR — OB S ENER (WK 2).
A2 RZABMEIRELER

PERETR IR Mgk
fEHE % (Gbps) 53. 125
PR LUES < 1E-12
IhERM MR (% 3240.5

HEERE (%) <3

g (dB) 0.8
RARBE (dBm) -21.5

RSVl SoRTE 53. 125 Gbps PAM4 HI T,
R & 5K A 3 0. 35 UT, AL T 1E-12. R F
TEIRIR P S HOER /N T 3%, ThRHHINSCR R
3240. 5% JEE N . fEHSCRRIALE 2 km SEAFEEES R,
DR 0.8 dB, RGEREUE -21.5 dBm. AJEEME
WRIE Ik JEDEC Ax e, ey il i 9 2 R T e e i <~ 2 B
(R 10 J37INT
4 HERIE

ATCER R BG IRE N EE GBS RA A YK,
F G0 5 R — 2 I R H G R 1 B IR Bl B T
oA TAE o 38 SR FH 22 43 o BHE 3% 90 4 5 20 A UK
AR BT B I IR B RE S RN R A B . AR R
1l 7 T, A i (N PR R R S T, A R
FEVH B Ao T B 125 DA BN 5 1) F 8 918 8 S I T 7 P P
W HAR G FUR ) S g . LI UER . B
BT B UK Sl AR AT TE . MRS I IHRERCR K RS
FooE M T R I H (0, REV 2 MR IRE RGNS
5 RV 5 A A T A (T R

P EPUE

(1] R . Fik B bIRH 3B 7 3ok ) X ROR &
F AR D). AR - & T A3 KRS 2025,

2] Rip4h Wy REE F . SHROLAN SR E
B R HFFAF R ()] 7 5 F 2 F 4R ,2024,46(05):65-73.
Bl B ZM. Fik vLAH K8 shREEH BHAFA
5533 D] KX KRR BAF AT AR 2024,

4] F4r. FZkaAv LA ZMAT (D). FdH: LA X
2 2023

Bl % MW3E, TG, THR,F. PashkBiSikald
FRH B SR (B[] & Bk 1A% ,2022,51
(03):81-88.
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AL AR FAEI T IES M ALIZHIH

ot

E RN

CRY| R A DA RG], T A& FY| 518110)

m E

KA

FESZES: TM76 XHkFRERD: A

0 31F

FRICHEARAMNE R LEE BN RERNGEEHE
FBHEAMNKELE G, ZXRWRENREITRHASR
WRERBEANH 2, FHAMFEREN, B3N ER
R 7 a7 DA R LA B A e B RS, — 2Dl e
W25 IS AT E M. G el 78 AR UE AR p T 1) R B B 25 Hh
RACHL & IR, A GrE. nlSEME Ry B A 780
WOGEM A . B, XIS AT R LA A 45 i 3k AT
BFFT, BERMGaRil s R RPN — I R Tk, H2
T ) RGNS REIR AT R R S I DR .
1 EEEm B RSEHEA
1.1 X5 SHAE

BRI HE AL ARG EHEA. @EHEAR. B
JTHEFHEAF 0 A i H F B, MR — i
RGN, BUEE “UBERm—E R HE—
RER IR — RS HERE ) PAPMA RONAZ O, DL ASIIIRES B4,
BARIRB Uk, BMPIT AT, AR b
BN A CEBNRS T FAR . FARIE S S E 3L,
SRS EIM, SEANNRINEENE BT
5k & FE RS SE HER R RS
M HEhEERMXTH S, A S EE TR N B E
M 2 DL PR Bt FL  HE R 1) 22 AP 5 250 R IR
1.2 R%BRMLER

BB ABREWE S ERXRITH, SNMNERZ
B LHME. U A, BN “MERME” , BaE
WEREMER RS, Pl EmE. HiR / BEAk
JREREE, HEWP W KA 30 2RSS . TEEE,
HE—AH T T4 M +56 U A M+ B 3 4

Ba): ARHRBELRENRTEAF DL AATRDESMAERE, FHELFHETER, FREALKE
ATHF B R AIE S R EF AL & ) st s RikdE,
HHFEE. 4R RAZGESATEES . BB THEME.
A 35 B R R T A RS B, SRR THELE.
HeBLE R s EATHME; FHA QAT TRAER;

Fik: MEDSATRMER ., FRE0AXWRIFIE
BRFRBEFFRBIHAZRE, it FHRILE Z%MH0

oA KR 42 E ;B vl W 4536 41 5 B AT Ak A 4R
DOI:10.3969/j.issn.2097-3365.2025.34.007

FR VR A A 2% B TR AR I B B4R A O B
1M1 5G ) Fr AR I g S 42 i) b 55 i A3 g 39 g I 2 AT
10 ms (% FIETE, HL 778008 4 T SR i 15 4% 1)
R AN bR KM T 10 2t 577 SR = i
OV HEAT B (0 2 A3, o ST AT RE S 8 U i
90% ) SE BT EHlE s ) 7, IR B AT H AT 55 A% 2
=0, AT SEILERRD B 5 R AL Ab B RE . B R
THI T [ LG R B2, ds dERT B AT P IR S5 =, R
RE T FE L SR 2 40 A % R BT B 55 LS Tl Ak 1Y
LR

1.3 FARIIFEKRA

FOR LR RS REC B R BRI AT B4 5 TH ARIIE
EBEHEARMP A, AFEEEHEELEE S H
(DWDMD #iA, HEL2F 1) H FE e 15 3 100 Gbps,
R K I Re g A Ak i 56 4% 2 T MEC (7%
NG BRI, RS R 4R 4 1 A B
GEIR YD BIANFKEIE 5 ms, AT 6 A2 B AE T % A R
&%;k [2] .

GREAZW, KEE-F & R 7 EE 2 A7
it di A, BENE A A FEEE I 10 4R (¥ f 3B A7 HH
TE 547 OO PR B FH 3% e b, BILES 5% 2 SRV B Mok
SO T 0 G v R v B 98% B B v M P L TR E A
STHIEUG R A 7, Rets B 3l 5 i i 77 & IR R
BB, AR BRI A 95%.

R TFHARH, RHELRMBEE (WFk
[0 42 28 STATCOM) BELE 20 ms P58 M TH IR A
WA, A RENE R R E R R (HVDO) 1
FEHLAL 2 P B 2 (MMC) AR, i F B 4 RO 3
FEE 98. 5%, 3 FRAEIRFE
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2 HeRBARFKIEITHES
2.1 PHABATHIE

BRI RGBS 2R AMBIEE ), BB
Rt b ¥R AT I 22 AR I H g der o 7E Tl [ [X S5 g
R, ERBE &R SR AW RN, REETHR
AR B (R A]<< 100 ms) A4 A 2 L U
AR T2 38 F Th 2 1 5 15 7] LA BB TR /s 1)
10%) 5 &6 M B 1) B AR o] LASE H Y S R R EE £
0.05 Hz JEFEIA, ARMmEEAGRFRRE. XHAAASE
MRS, REID H 2R 40 70 A B () S5 BUASE 6 A B i
HL SR R a3 3 s 45565 300 ms (R 1D ,
A RO IRE L BT BRI R R I R, R RGiE
frasEtE P
2.2 TEMEH

ZHEILAR W R R H ELH], R R R RS
P AT SR AL T E PR K. RGUAE BT AU S
SRR I B, Y] < 50 ms; FETAT RN EEAN
Fr NG ) o AT B e e 7 B9 RE S SE AN B I 50 K
SENLRE BE o IR TR VI X s brig 1T BE R 0, B g
fit R AT E B K T L RD 3 0.8 /NEF, T
F P s AR AR P B 4E 0.5 G HILLZ R,
FE G L 2R GLAE 3545 B I [ 6. 2 /NI, 452 IR BS0A 3. 2
W/ (R 2 o [, REZFAERELER,
I A LR L AR 55 B R B R, i 90% LA L
RGBS “EFEm” .
2.3 ZiSMAFME

BBETC R G4t 4 A A A R AR AL R
ST BE . R, SR TR B AT R
R R PR A, R DU K FUATLZEL IR S 15 ) Bk 2 e ik
30%, [, IEAEREAK 5% ~ 8% MRS A& i ra il
KL SG, Z40E T 1. 5% ~ 2% 7E7K
M F S B o, SR 0B LA . S R A IR T B,
DR 5 F P AE Ve I B AT R ff e B o il BE R

%1

[7e] [X Py SIZ it 15 75 v 0 47 £ k2> 15%, - AT BEAEG LI 47 2%
BT i 2 000 /3G, {5184k A Jr i, P i 4
PR BE K 150 £ B WA 2R AR 40%, IR ARAE Y
AR 60%, LRETHELSRER, WEll R RAamN e
Az i JE I A AR Gt R G FRAIR 25% ~ 30%.
2.4 IARMAFM

FREIL ARG | HE IR AT A
18 Bl 3y 2 TR AN 22 e B 4 B AR, 40 SO R A X
LI W AN 26 R T 3R TH 3 98% LA |, S54GRS ML
15 ANE s R E T R — R I E
BREACHE RATERE IR D 12 JIWE) S AL HEL
A2 TR i 660 AR A, A% 2 40 % i il 3 B
BeE, R I AR R ARRRE R VFIE I, dekb ke
TS RG0SR B & 7 R T 8 G R
(AR P A5 AT ARG R A, RGN BEAA RERLAS 21 8% ~
10% HIFTE, AT 3dE— A2 sl e Y5 ) Y FE AN B AR HE T8
3 HER B ABKMILIEHIRE
3.1 MESHE N TR KA T R EE

PUARHC FL R G0 T LT P AT B AR B 2 R
O BIRE R, AN IR R AR A R B R 2 A,
FIL D A 25 A T T 7 92 L AN RE A 200G 2 D P ) S
Prifs B, M A o far A AL, SRR IR AR Ak
WO, e IR M BRSO A ik R
HARME, aTbOE ek, SRUWNs: . s2@R
A AR AN A A B T & R B, IRECE ) B
RGOIRGL. N DS AN LS Bh S £ 2805 B R
1o BEJE, FIHESEIZ9E B AR RE TAREFB, $RE
5 7 AR B DA SIS IE S5, XS HEE A
W MBEE R H R B S 25

TERE BRI R T, 18 FHEERCE I, 6
FARIZ M 2% (CNN) 5 Transformer BRI BT 4. H
HH CNN A SR i B 4 J) 58 2 [ - {iF; Transformer 1557
BT PIOPRCEHE K 7 7O O 3 IR AE I il B A& TR &

G £ 55 A AL B W £ 3 AEAT A st kb

ROGEA RS E (ms)  HURBBNVERE (%) SEEIVEE (Hz)  HEWKERE (ns)
R R G 2 000 ~ 10 000 +10 +0.5 3 000
R HE RS 200 ~ 500 +3 +0.1 300

A2 MGREE A GRS R A %150 T 2
H % %%m%%%iw ﬁ%m%&%iﬁ %@m@g%iw ﬁ%m%&%ﬁﬁ
{5 HLITE] Ch) fFRLIRE (DO {5 HLI ] Ch) PR (O
Wi 6.2 3.2 0.8 0.5
At 12.5 4.8 3.2 1.2
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TREE 2SI AL, R, 51 NIERS 22 I H ARR A
FIHL X ASFEIZEAH P AR, XTI A ik 4T
AR, DIz fLag

ARIERE R M RE, 75— P TR R 22 1 SER
HLE], RIUR A R R S 3ER B A& EWNNRE,
gh A H G N S R TR AL B S5, )
Ab 5 A SRR HEAT MR BE VP AR, 75 TRDNDRS FE B 21 TR %
BE S, JB 30T i R RE A R AT S v Ve, dRE
PERUFRE RS YN 5, CRAUE BN 57 i T A5 B i) 20 R 35 1y
FERIEAT, ARBIRIGE. EEE1R& 2. FAR
784 H S TTIR U0 B B SR Ot v At B S 4
3.2 HEHAXWRWE IR EETE

TERfHARIEREREEANE ST, 24X R
ERBERC R FE BT G ELBIARZE T, (HEE TR
4D [ AL R R B 1 S 0 28 R AL I AR B IE AT R B R
IRk . FTLL, A =X R YR P )4 ) A A R ) A
KT fRYOX — S R E SRR . WNEER SR E
B AR ETIEEF S, R 1EC61850 [F fril
PO R fREEE . Ay, AT SRR
P FE DUHERR (5 B RE 22 . (S 22 M 10 T B EE AR AIE 4
PEALIE I ] SE RN 250, AT N B R4 4T T 24t

LY RS K 2 o A 2R, 3 A s
#l. XA ERMUEAZE R R A ZHR
PE2 B I SRR AT P i B [X 4845 1) JZ R FH T R
SPHFIRTT, LB/ E MR A RE T EMNEBIR R 4
PR, STREITRASEL, DR RS
BAT « =R AEHIUME B A2 T 5 X A PR IR AL -

NPRTFHERIREE, BT RNZ F IR RS (MAS)
B W B A A R T O B R Re Ak, IRF
oA R R E B 2R s el R, FE, #
FRR TS GBI B A RS T H T TR0 AR 7Y 6o 42 i) o
W AT RUBE M SZ3F. BbAh, 30 75 A 7 e O Ak 2
ML, CAlcRE e, X 3k B 5 AN A7 fif 4% B8 SR AR AIE £ FE
IS thEES T EL S, RE%E et T
HARFERHE, RERERR ARG ENE T
P, X RABRAHE AT .
3.3 SRGEL W AAE4 ST AR A

ot E HL I 4 4D S A HEAT BN S B Ak, AR AR T R 4
TR TS AR H T S ) R . ST EILC HEL TRY 4% 4 b
SER RS, HEME M —RE — S =
—E R R Y

ERAAT, FEESHERSZHENER T
(PMU) 437 2 R R W 0 28 g . 5 RE AT FEL AR T 8% 1 )
KunEW %, LR IIR T EMEHEE. BT

FARLFISNZ S5 S ST R AR, [P A3 318 e %
FRRAS . LR IRFE R & isiT S5 Fr, FIH
DG RFA,  XHEE R G — SR AT AL
PRAVRRAESR I, IR B A% i 1) S AR A S ) A .

TEPRIAT, TEIF R — 45 B e R AL i
el EZEE N W Sy P o o S S B T 8 N A - S E
SRR m S, A B A CR A F O B K AT R, A AR
HOEARARE R, 2 AR R R R BRI R AR
PR ) DA S DR A IR B ) 55 2 A 6. IERGRAE
R B BT RS RAEBWIE T, SRR 50w
AR 380 1) DR 28 PR S B TRl - 4R B AR PR AN T &R

TEPATHTT, R A2 N E (SDN) HiAR, If
brivke 3 UWEEN EPI LA AR SRR (SR PRI il Ko PR T B R R
FEORAE Nk TR o @I bR Ak 0 me 422 TP, SE
UG REFF R AR PP BAN RIS I B . R IR I MR
BRI e AR R SR, T AU A T AT R
AR, E TR AR St A B R 2 B, S RS
D7 B RSP B s 7, DAY v] 6 LI P
BB WIS A S RS, IR I A R
FSYNTAL ET= /O |1 S VA 72 (BT SV E =R I P
BT EL I R G I8 47 FR A AE VR R TR R B ARk,
SEA I HOI R R B RS, AN S 0 4 R R
W, DASIEAC L X 245 0 45 K Bh A H S B R
4 LEFRIE

B RETC HL R Gu B B ) R G I E G
HERUEBENTHORGHRBEAGRERE . @
HAE BEARF AR MR ER A, ST RE TR
DU S, A A i) S5 s o A 0K 1) v 3K 2 R R 1
X A 3 i e A N R e MR A SRR RIS, O
T BEURTH 9V RN RE VR AT RS R R RS, Bl SRR
guiaE ER AR, SR EE.

%% 3CHk:
] EFS.FRELRALOHBRT].F
A 2025,19(03):39-42.

(2] M. REIEHORAE A AR BT R R AR AL P 89
B[] &F K ,2025,54(05):314-315.

B] i, REZ.FEIE R %K IER ALY Bk
JE2 []]. AR, ,2025(05):107-110.

4 EER, R4, 8%, F FRELAAEEATE
Y e R RE []] & AR S B A K ,2025,19(02):69-
73.

Bl k,NA, T2 T FEABAEARERAET R
AR [J]. AR Ik 2 F el 848 ,2025,15(01):61-62,67.

RRER A
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PLC R RERSTIZR B ahtizHPaIM A

B 3%
(m) gk e RA K A TRAE), W) &F 636700)

m E

TRAZFIEEEHE (PLC) ALK S TER., JT2HEIRURGERTHREFR, LRAG

AT G I FAT L R AL ERHAR T, € RS F I RIRE AL A RIBAT T 69 8K XA EE, L48

IRIETIRALFF TR AR G A=),

B E2HILEME.
KR PLCHE AR, &K I,

mES S TM76; TP3 XRRFREARD: A

0 31&

AR, MR TR RN AV, BaL. [
BRI T MR R sk, BRIk, R A
7 i AR e DLIE R4 B R TR LR R . DL
HIA P ) R A Ak L B — I B R TR, A
FERER S 0. A KSR, HAERSEH 2%
PR, FENSOE R RREEL, X
ST oA B R G I RS R AR T ORI ANE, B
W% 5 PR B £ ) RO 2 LS R GRS L b, s
WA . EXEEL R, PLC EARMEROETAE, EH
R FH T oS TR [ S A s eh, DL B 58 Sy 42
filZ0, HHEHBHREAE D SHERE R, aTbfig
S R G A s R R R L R, IR
MR RS A R BRI RS, HAT, PLC HAR
AANAY S E 5 90 7 LA 38 s o P e Rt b, gk —
SRR T R R ISP L 1 B R 2y T

MIzhie, ERERB TGS B AT RG Z 1
Mo WHFT PLC HAR N A B T RS B Bl A 2 1 1Y)

N ANE 5 MBI, 858 PLC H7 AR B A0 8 1 AR ok
RBTEWL, A FT A TR A shAk 4 6 5 AR 1A W 2
T, RIEEAS TR R G HfE Fis1T .
1 PLC #ARBIZ OIS T1ERE
1.1 PLC # AR &4z 4

PLC BEARFEHS LR K Bahtbishld, ZORrmE
RF=A. —REEN, HEAR A DB brdE
T, Pt IR, REREBES RGP E LK HBEE
W, WEETH, WS R ENL, RER

22

A Zh ARl 125 RE&;

M EIAT G R A B AR A TmiLsS HRE%R. AT, A1
W4 0fe T WA EEAEF, FWBEMEK., KEBEHRFE PLCHR4LE S,
R REREEAAKT, HRE A RGIETIEST, Ho i,

MR & @A TAZ B FAE R 89
Tk A A RGP )R Adn AR RURIE,

4 4l
DO1:10.3969/j.issn.2097-3365.2025.34.008

GESARTIET, SR RIEMER, RITHIFE T S
P, HPH TR, o T ek sh i 1 4k,
DR B AT, K@ 4650 07 2 E 1, S AN )
PR SThREI /R R Y = R_RY BIEE, A&tk
PO, ATIRIE RGBT R, RIEH N G
M. BRI, R M SUE R T R 4,
BEACTF A, 16 SRS HoAh B RE B &% $ 1) RGEEEM,
NE R IR R AR AT RE

1.2 PLC AR89 AL,

PLC % il 2 4t /2 AR A R BE A i, B— A
A, ARAFEFE B RIS (CPUY  BANHH (T/0)
BEbe, RYEREHL, fEAERHL, EE BB CPU R
FEH) CPU AT KLERHCHE . b AP AR T/0 #
PR A RS RAT, NP & 1R A
MNET, BB sl E S, RER oy
AN PLC RS AEAR T AL A R R, ORAIE 2% 42 1) AE
IBAT; (PR R 7 A7 6 o8 RBP4, TR
TR FEEH TA BRI FRRY, BR85S 2RriE
i SE MR 5 s JRE B O 3t 5 3HAh PLC. AT
BULEIE LS, STRPBEMEZAT. B RS8R P
BAE, RGEHAMR] WAL, 32 E RS HE
PERSHTREFE, F PR R AR N L IR R S
WA A .

1.3 PLC# A8y TAE R

PLC HiARTE A IR I “IEH " FHH,
=W B R SRR SR . SR B BON R CRAE,
WA SRR R SIREE S, B rES)E
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FENFABAZ X, BB g a s 2 fRirfa e, fF ik
H#EH B M BOAEFPAT, CPU I FHATH
T, R¥nH NG X 5 v 2o 2 5 b, K4
AN AR X, BACS R AR X R, Sert e
B g X EHE s 55 = BON S HRET, K H
BX RAGR WO ERES, BB EIESR
W& S 953 R 2 N A, fR s ) S
W UHES KR .
2 PLC #HiARAEBRSTIERBNLITH F Ay DR
7 &
2.1 BAGKE ) BT 5B s

A Eab e B Ihae R B R & B IE 2 m .
ok H g5 — 2 fit 2% 1) 425 B AR R R ], @ OC R I
B, A BRI EERRT, E T ER AR
A, T AR A s B A e R EE BT R AR PLC
H SIS H R AR R g, A LM Z R &iE
AT S REERAE A B A HEZH, RIS 3
1R S P W AR A B AF R R, ARG 40 0
NIBIEREBH SRS IIRS, £t b4 CPU 1T 1
S H 25 AR R A BN E AT B AR R 1) I 5 4
BEAb, PLC #5H| R G nT LA H £ & R Ha b ik %1217,
FERR 4 S FL AR A& TR s RN AR L BAT R LS
WA B ERY); RN, PLC 7] PAZWFE St A [F] i <,
WS 2 B2 HE “Ta” , BeRSIERREm
WERE P
2.2 BARARGRGEMEES 5AT

RS LEENF, EHRE. B ESESEE
i, WEEER SR E, XEEd 1 PLC
HARMIA . fEDERES G+, WEREREITH
RTH, —ENER AT —MEHSHENRE, 7+
HIEZm A, RN HBE WAL 27 TH™E,
PLC AR A S, B GE 00 15 2
4 R PIBL B AN F 2L 3B CPU H, H CPU
AR AR FL T B R B B 5 40T, MBS BRI, &
I AR BRI S8, AT T S8 E
TRV A PRVEEE, DAL /E R & X B e, PLC
Pyl IS 5CE S v, T L R 2R S, PLC BEAS
X2 ZHMAITHEEH, FERENMERKRANBEER
B RRAE. A, PLC EiARE I RGN B
5Ihaed ke, JoR 5 AR B 0T 3G B A ] AR 90 4
R, KIEBEERF AL HA; FE, LRI
Wt BRSBTS R R T, B
R BN, W SRR ZE . 5 i PLC I8

A5 EALHLR GBS, SIS E SO S i
DI SR BE A, MR RSEMIEEE A S O R R R
HEEHE SCHE

2.3 WAZRGAESB R 245

LA o i o B R 2 W 5 DR 2 i e T %
D WNF, T PLC IE 2T Z9m KA. mRUs H s
RUEEICHMEA . R MAR, N TKARRE
T B Sz BRI 15 45 1) %5 A DhRE S BIR S, SR 1T IX Fol
A7 AT, I H AR G T SRR W e v
B R [RIET, N TSEE ) AR 3P D) BE A AN AR 5 — L&
AT BB ARIP B AF, Va1 PLC T REAE SE AL “ 1K
RS W — R4 S — 2 R A 5 3R
TR BN TC . AR IR AR SRS B AR B AR R 1 T
VESFRATFRVIRDL, I35 HAR A B & 2 s R
CUP % [ T 50 18 5 47 (1) 32 38 % SE i AT 119 4 Rtk A7 o
M, — B H I H S DS AT RS B et 4 i B A4 1)
WY 2 J5 [ B S OR AT B AT JRE G i R (1 £
;S MK R R Ol R 52 A HLER E TR I )RR
REE AL RN HR, XA RE B8 X Wi i AT 77 {0 M A 4R
T A, M BT B S TR e b R B K
3 PLCH#AERSIIER BaNLITHIN A R
HEELZRERE
3.1 PLC # AR 694£ACT &)

METPLCH AR RA S Aot KR4+ M A
Tz, HAPLTPLERE. BreBE5IRREE. RS
WRMAME =T, wilt—PRARTBEI RS
PIEHISR S REBARSATRR. TR L,
B PLC A G B & —EPiTHae 71, (HIx =24 S0
B CansmE AL, S E) B, B HIUE S T
FEIPRISAT,  Ta AR A X 4 R = B A >R ) i P
BT, HIEBAEYR 40, B PLC B2
BG5OSR E A S HAT AL, IR IHE R T
55, RERMAGSSEFERH. EEFRS S5 R
HE LR, WBKEERENRERRES, %5
W, BAERMXAR T REKRPEZAT, @R
PEARAL S0 - A i g 1) FELBILAZE 1R RO T YT SR T
REFREFP, MRS SRR N DA% 75 1 DL 4 235 53 2 i«
BT S A B B AR e AL B i R R s AT, R
AR 2 A R, WD I R ] A, R RS
H5iRRAE. £RARSAMENE L, BRRAHL
T JG, PLC FE2 b, o & BRI fE Pl 3
%, SHEPLCHWA RS R BFEITHE R LHZMH,
T ¥ & PLC X Modbus. Profinet ZEWp i FI>CHE, Hig
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F W HT BT R AR i EALE A, RN S PLC 3
BIRAEHE BH, JRT A DU R AR P 1s 1T,
TRBa i 7% 145 2 S iR
3.2 PLCHARABA LR HFHiss ey Lk
A

AR S B Ml 75 SRR K KR Ji 1], PLC BiARLE HL
AL A SRR N R R SR B EA MR =
FHRES: (1) 5¥EEN (ToT) & KB “PLCH
VIR " SR & . PLC K 345 30 ik ek I A i 2
Fl o B AR I arE, CASIL R G 7R 2 AU R4
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3.3 mIILH5REEFIMA

Jit T A R il 5 e A e PR A T R SE B
B ARG T T2 NARE T, RO,
GINME % W 4%, R BEME T S RIS %, W]
DAAT R it T B S TR TR AETE, B
3 B B RRh B A mT DA ERRR A i 1) B RS (R UR
JoR S ) AN SR A A AR I R ] 7 SR R
FFHE SR BRI SR B FLEOR 5 JE A IR
S INE R AT S . AT, B R e A 2
RAIE e 28 M 3L SR AR B Wi R
4 RAHENBIFARESHE ARG
4.1 IAEMAGHALEGE

Yk FERCARIE L. SRR ORI B LR B R 1
SR NE, LEREMR. HARARS, 5 SEUh
BBz, AU TR i, #5
Y IR S T B An s, 72T A AR
AT E RIS E N EE L, BT E Y LR
FEIUA HhE R SE RS -

RAER 1 BT LR, RE LR ES&—ErBiE
P, & AR E I s KB A R IR T h Ak b H
ML AR B TR AR R BCOR M I M R AR 2 ) R =
150 kPa, HpizHhih &I IIFFIEE = 120 kPao
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A1 Lo H 3R
. e = WEE  PAME Wit HbIEK
=5 ey EKE i3 S % BERE FE . " .
W Y € W, We k ch (pcq Tp i Tk
% kN/m’ % % cm/s kPa 53 kPa
1 =i+ 26.7 18.52 0.808 30.0 21.8 2.0x10" 8.8 19.4 8.2 0.64 55
2 B RE+ 32.4 18.57 0.907 36.6 22.3 3.0X10° 14.2  0.71 85
R Bk LA+ B
3 " 37.7 17.68 1.073 36.0 25.2 5.0X10° 15.4 11.1 10.7 1.16 60
JeF Bk
Zh Ik e 3
) . . . ) .5X . ) ) .
W 32.9 17.96 0.957 33.6 26.4 3.5X10 9.3 19.2 7.2 0.91 90
5 R+ 34.5 18.08 0.982 36.2 25.0 2.5X10° 19.7 11.1 11.1 0.85 80
6 BEbeFEMm L 31.0 17.95 0.924 3.0X10° 5.1 22.8 100
7 AR 27.9 18.74 0.796 4.0X10° 2.4 317 150
4.2 HRAHEFELE 5 #XRIE
o (RERLY, sAEIFER) RHES SR M AR 8 1 TR TR, R
FEmBEAKEEFHEH R, ZHEEAEEIFRKIE  FERERBELED LER LEABFE, 250 A

PRI ZH R K AL, B2 o AR 208y, BRI 395
P e S I ROR 2 Bh JHE K [ 45 5 Ak s, TR
EPE R~ R R Ty, AR AR G HE K T S5 VE
THA. B ARBKINRSHAE T Z: KA 3RS
FERiBEK 42 3 g5 CBRARYST )« 1 aRIEFy L2, 2 A
FFI5RE TN 2 100 kJ. 3 000 kJ, MR EN
6, Z5AMAIE N 4.0 m, IEATE. ShE B REK
HAEAIE 2 m, B 6 m, i T IX FEKH S 2 m,
KK EHRSE SR, KEHIRE n, FEHES n,
IEAATE, KPHEOKEEE 4 mo R ERTSETHT,
FRUEHL R KL AE S AR 2.5 my, HAARAEBLER
IR TV 8 80% LA b0 mF5 58 UG $R R BT A I K T
TS, WIS NIEEETY, WEEEEN /AR, WSS
AE B e N 800 kJ, Humi BN 2 .
4.3 BREE ARG R

FR A T7 BBV T %00 XA R SR 3R 4 (1 7K
B THRTE YR o) M, R A E N S HE K [ 45 7 T
BOR B . PRENDEE L B2 G U Hh e BT 4 B X 5k
(7R 2 R SAT 55 o o0 DX 245 90 FH S B0 7 AR 908 i ol 2% 1
AT R “XE T2, AT FEIRALE 7E (RIE R
WAL RCR R R, AR T LA T T
W BRAR A e 1 L FH DR B T A0 £5 R 22 4x . B
W CakAr. FLBRZKE UibE. R3h. FESLREE ) i
Mg IR T ZHA R, A2 T WAL H AR
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ML B A SR A BRI AR AT AR NI T %6 HE
I R BN 3R 5 5 IR BB s ik 73 X 2H A B R4 3 W
BHEAGRFIFHEEHEIAR,  BEA RO A [ DX I8 Hh
FEMERT, SREACEEACR, FRRNAS, FRREHI SR .
IR, AT L i x A 5% TR o B 2R 5 B ) #
L e T 255 7 i R B AT I T, A ORAE R 4%
7 T SN R AT . @R R BT A
BORAL G MRS AN it T, DU AR BEACR . 22 5F
BRAS il I R AN IR 8 R S5 T A B A LA &, B
B TS %, T CRAEHS 1 CAR 1 22 A g 18 47 BL I
SCBL TS aR R I H b, N IRISK TRE4R LA I (A
HZ%.

5% 30k
1] ZRE,KE,RELE. B REREM LK LA
T IEMEAN R TAZ P 49 B R [J]. K& TAZ ,2025(03):133-138.
2] A, AT R . 16 AR B AR e o SRR Ty
FRAL [J]. # oAl 5 i T4 ,2024,61(02):61-63,79.
[B] 3, k. SR B A AR Al TR AR P
8 58 []). #RIE A 2024(01):145-147.

4] RIEFE, £2TR, FHMw5t . KA TRET R ERE
B HARBR [J]. K E% 4 2025(07):190-192.

[5] Xk KF)R B IR LA HE RS [J]. K L%
4 2025(21):172-174.
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BV PRI AR5

FiEF ', #H 5 HBEES KiFHKS KEK'
(1. ST HJR TARRERERIN DL, T4 &Y 518000;
2RI TR E L TAARNE, A& FEY) 518000)

H B BAsiIBHRERBERFER, A5 XIEEREETRE.
] i A8 3 R ARIRBN1E 5 RURH T 5 69 R 32,
KB IE RS BB B RIR P o) KA 5
SR EERHIBATIREESETLEAN, THAERBE LHRAF

RER, AXRE#ADDIEH ARG ZA,
KA Z . IR S 2.
X, Bdir K B ARG R EIR R e 2k

B W TARIRAMESE AL, XA R
M EBAREERGH
AT LRI AL, BIiEE A

Sdh =ML, %stil%mxﬁ'k#%ij‘m%‘%, B RIF G LR

KR
HE S ES: P642

WMAHIIERE AR, BL A2, HadhgE
XHkFRAERD: A

0 5l&

BE & AL R B bR, R A, IR
SFHEAATLTEDEHRE 2, SIS RN E Rk E
RIHE o ARG ST E VR N 2, ERESR IR R
(HAEAE AR m s RPIAEE PR HE DL S it 2 43 1)
PRVESRIR, XE LA S AL 5 ok

TN ENAR B AR R H B, AR o M g e 73X 77 T8 D )
@, AN — M AR R A ER Y v, R R AR
FE 5 IR N 25, E:ﬁj((ll.?ﬂwm AR
BRI S B o 3 T O B M SR )
Bk, AE AR SRR E. AT
FlS%H A R B, PROT ARG S 2R A W
BHEEETMCNE, F46LHRiIEgR, BHEN
# L TR SRR AR S %

1 iR AR

WEh % (Microtremor Survey) & —FffidT K
RIS IRINE 5 W ER Y BRI e A, HAz O R 2
T A T IR B A5 5 T I A R 1 S R e A
Gk RGBSRz, BRI, 4t
PEFNTE A AR, FrP T Ik B 5 T E R Ay
Rz

MR IEA KA, [T AE AR R AR, AR
6 A0 2R 1 AR A 5 b R 2 AR BT D) i DA G IR
AR AR B IR LR, o] MR iR 215 B R M o
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M A LE S, REB RIRZ 4 Manr. B iR F
AT SN I 1) THT 9 A S B, AT SRR 2, T TR
BT AS[FIR BE (4 B I oA

FZHAR MR TE S RES I, RENBT
WS T R RS RANMEIIE S, Wl RS R
g Hbr it b BRI 0 2 Ab 2R B JE ik
VeV KM TR BRI, PR AR — 0k
B [B) AR ST PR U 28, B R 45 A I TR A
B R A R AR, S b AR R
B
2 FEXTiEEMALEIEPREENRIE AR A
2.1 HEAGHER T

BRI A T REAE T ZOS
HAER R B3 R BV PUE < M ME 5.
Wb SRR o 6 AR N I 5 R R UL R
BT YNGR, XA S HOLE e T S O b R
{4 TR AR 2 I AREAIE o 3 880 PR e A 3 i s v 3R X
(0 By D) R T, )R T ﬂgw&ﬁ%giﬁ
JEIE, iR A R R S o, SR ALY
PIgsE AR (D PR,

v,=d,/t 1

X (D o, dy NEGZEE, BB AEE %
JEHR AR R IR) . R R s B R SR AR (AN TR R B )
WEEAE, v Bot FARRER R IR BN, 4 AR
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WE 78 5 2 TR THIR P, SIS R U 8 (PR A 5
WS AR 5 T 2 CRRESTPUR B RE) - (6B
50011-2010) Zsk, BAAEXRIICRWE 1 i,
1 3k

it R OIEE v, (n/s) B 2R dy (m)

2% v,, > 500 d, <5
3 250 < v,, < 500 5 <d, <50
JIIES 140 < v, < 250 50 < d, < 80
V& v, < 140 d, = 80

FHIR T A% G BR 7 1R MM /0 B i o 54 1 R B
T Sh Y PRIE L L R, R85 4 S B3 by BY
DI o 1 23 () AR AR A, T A A5CUR ) 3 1 9 1 B 070 38
WSRO X, R AR 55 I 2 Bl R A b 2 5 A5 1
AT 38 G DR RS 0 25040 M 2 S B SRR ), B EE AR T
T Yy R AR, e SRR PR SR T
BEORRE HE AR -

2.2 SN G P

TSI 5 45 2 A2 0 R A A% O FRTT, 3R
v s ERE . RS JR SR EEERCME, TR Gl
R MEWAIRDY I, $E a7 R R =100 V/n/s
AL I ES, A 55 0. 056 ~ 100 Hz, WR{RHHIEM
SRS 5 5 m AT B R AT SCFF 24 B
B, RFEFAILE 50 ~ 200 Hz JGFE M, FBk
P GPS B HEHILE 0. 1 ms LLN, 42 & b H
B ZF 4.

MEZIBETT T ICEC B 2208 1, X052 B Ar it 474 2
tk. ¥REH 5~ 20 miK=MK / JWEEN, &
VEEEE 2 ~5 m, JERR “1+6”7 MEATT, WE 1 iR,
HFIRE (30 ~ 100 m) FRIMY fENiK 50 ~ 100 m
MR A RES, 72 RE 5 S b _E 38 341 4 Bh &
BE= 94, SRTHESUE SENTEE T

,r\

B1 #aHnsErER
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3 Sl A T T AT T % IO 0 B 4% il A vt B R 25
ZZFE 50 m N il THRZDIE 100 m X HhEk
TG, A4, K 30X30X 10 cm ¥R 4 5 R
] 5 A e, O b TR B) B A RD 4R 78, AR &
NIBEA/NT 106 N/m; A5 83 2256 BT 75 EAT AKCPARHE,
Rl FEHIAE 0.5° LA . Bhah, 2% & ulific % B XN B
Wiz B, R AN AT T YR, R e UL B K = 8
NI, R A R A e R AR b
2.3 HAEAE

KO Ak HR R TR BN B PR B B 40 B 5 R I O
W7, EEAFE AR AR 2R B R S T =
AN

T B B 75 4 4G 15 5 T R AR SR,
KA 0.5~ 50 Hz 7@ Jgsk, %6k s e T4 5 1%
AR SR I LR R IV RN B R, R %=
I3 M SR SR kb -4 ) 2 5 kB AT I [a] [ 2D
K, HRRFEE A ME< 0.5 ms. &TiAHEE, F
SERELL TR E 20 dB DAL, NSS4 H B e A

AT 26 $ U 45 A S IR F AH OGHE (SPAC) 543
R Bk (FK) I3, SPAC yEIB T 1 5 17 b5 %)
HAS TR [A) B & 3l 1) EAR G R B, 06 13 30 45 A e 0 B
)T 3B AR B s KV RS 5 04T o 0 B AR 3,
TEAZE— P BN A T R AR X, FEHUIEUCRFE -
SRR N A TR G A B R T AR B, WA BRI SPAC
wiemteEtE, B FK RS T .

SO T ST A A S B M 5 ) P R v A
DASTUHI i 26 20 R 26 F, R R B/ — 3 i 2 4]
QR BT U AR A, 3 b B AR AT it £ 5 S i 2%
(IR 2 (B 5% LLAD , BB BRI S5,
R SN EREE AR N R IR A, i 2 R
S K 4y 2B 5 H TR A 1 BY D T
2.4 BHREWMRRIE

% SR [ S 2 B8 T B0 B PR A R s ) G B
FB, @Al A 2 A sk 3 S 505 1T O, A
LY SRR R, AR — BRI
M2 R ZT T DB PRRIU B VIR (v)
oy, A (p) o PBEEE (v,) KERIEZ
FRIEE, R EELARE R HA, YA RER
ZOAXNZ Bisfifems, sk (2) frs.

min F =aF,+pF,+yF,+0F,,, (2)

X (2) W, Fu F,v F, 20 3 85030 B9 U1 90E

HIBEL R . A 8 (R e 5 S SR R 22 F., N HLR
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FHAHRIG av By 0 NBEZRE, WRIEHSH0T
S AR

FESLIUEFE B SR 3 BT 45 R A BT 4k
TR, FR R P R VR IRE ) A LA T R AR
L4, v, 5 p AR KR BIEAER, [FR 5|
N Hb AT SR B0, R LI R M 2 ) SRR
A EME, RASGERE R E R TRE, Xk
B AT L A, ) =48 LR s Y
[F) BN 6 22 B ) FE 37 A AAE 5 A, S S SR T 4N
T ihE2 r T SEE
3 KBRS
3.1 TR

A TFENFES 3 X g2 &R T H , kb X 35
Wy 2 SV A 2, i R E AL 8.6 i m?, PR
AN 3 25 EB TR 545 12 2R B R ki
T2 EEPE, By R VAR, BT HR
Kik 35 kN/m’.

b J5 GG H Sy o AR R, MR G 2 ~5 m
BT A, KT AENRMERE, HFREYR )
MR INGR 2 Fis o

A2 FURARRENIE ) FHR

BRI TG AL R X (190 ~ 220 m/s) , 4
EEZBHIRBMER N 1.5 ~2.0 mJE. 350 n HI# 5
FiEBE IR, HRIESE AR SHR 2, AR
PEOLRIE . BeAh, hsh = A A (5 Bk 2 B R AR,
JERE 5 ~ 10 m sl W2 150 m/s, MRALHESRE T,
T A AR

A3 BB Yrikak ik Bt

)= ﬁzﬁﬁ@ﬁﬂ BEERIURED AR 22

Wz L . EEWHE CRE /% RREE
g HEEE T S CkN/i)
O #BFEFtE 3~8 HW—A¥ 18.0~19.5
@ iR 2~6 HEH—#I 19.0~20.5
® 53 5~ 10 sz 20.0~21.5

RIMNAERWE, BRI S LA, 8
TR . XK ST T 5 A A%, R /KAZ VR 1.5 ~
3.0 m, EEWRAZ T KATRES, BALBREK.

BHE CEFPUEBRTEY (6B 50011-2010) ,
PR ZIE T R, RN 0.15 g, FHAW
)7 BUNEOE K BRI Z 5 o R ATEEAR + R,
W42 MASITI 5. 28 ANMEGERFL, A4 AT B 22
3.2 RO

AR VR B 538 i T B B IR S A G el R B 1R L B
WE, R T sh AR TR R AL B = i
PR o Bl B AR S A BY Y1) 98 3o 0 T 5 R 4 7 )
JE SRV RIS 90% LA B, % 32 B 2 1 BT 1) 9 S )
GG R UE 3 .

TEY R F E b, Tl R S S5 8 s
285 m/s. EiHETHE 32 m, WHIEE N K5it,
HEMRG R WRUFHTEENE . A R AR

>y 1 %‘j:g Mk \ Sife
95 PIPEE (m/s) RIEIE (m/s) (%)
@ AT+ 120~180 130 ~170 5.2 ~17.6
@ ¥HEEi+ 180 ~250 190 ~ 240 3.8 ~5.3
®  KE 250 ~350 260 ~340 2.1 ~4.7
@ [ B 350 ~ 500 360 ~490 1.8~ 3.5
® ﬁiﬁﬁft 500 ~ 700 520 ~ 680 2.3 ~4.1
b
® qﬂﬁﬁft 700 ~ 900 720 ~ 880 1.5~ 3.2
e
4 LERIE

AR BT AE RN AR SRR, 7
LT A b R I R .l
RIS E . WG HE. FHELELAZ S
oo 1R S BN R, A RSB IRAE, R
ZHARRERSHEZI M N A L ARG, A TR TR At
PR . AROR TR HE— D A Bt Ak BB S R A
M, SETH B AR N B ERIRS L . BEE BOR AN
e, BB IR BN AE S+ TR U A % 5 KA,
HESIEN ST I R SRR R

2%k -

(1] Stk RABIRBALZRE L TRIRF LA ()
vl 2 A ,2025,51(04):119-121.

2] =HKF, BR. BRI ENGIHE P 2R (]
7530 5B AHE ,2024(05):162-164,172.

Bl M, EE NG, F HIAHEERTELIRYR
W89 5 A ZCRAT A ()] b % 2SR ,2025,51(08):88-93.

[4] B R, FBAR . SRR R AL 2
P69 5 ()] AT X E AT (RFIR),2025(07):95-97.
(5] AW . #hah B4R A KT IF 3 T & &K ARM F 69 5 A At
% [J]. F B i BT A2 ,2025(01):39-41,144.

(6] 2R RADIRBALLES & BT B F R
85 ) ()] TAZ IR B 5 ,2024,21(04):578-586.

71 #HHik,mFE NEH ,F . BIHHIRERT HE
a9 R A (]]. BERAE HR ,2023(06):61-64.

63



2025 £F 12 A% 34 # ISEXVRE:]

IEEEET

RS TEPEILSBSIZHHRRER S

IEEN2:
( RFEfEAE MR A RG], KZF 300171)

W E OAARILKAT, GIEAREHBOZCEE, LEMRAELEXAIAPHELAGRTH. &
ABEHBANRFZRONZH. o, WRETHRELIE, KALERLNE & AEH ARG WE LR EIT R 4%
Miid, LT R B RLEF A%, THEZEEHE (PLC) FRMUZIRRZRGEMIFIEL IR A Z X, @
idxf & Kdm bl 7 R ABAHATRIE, AALERR LA THEAMEREEH, FTABEREZINALLL, H

R BB ZRGBRRIZE DR FINA], & £ A RAR IR T2 ZERREIL LS,

KR wAL, BA4r]; 4w, PLC; ARA%
hE 4 S TM3; TM92 XHkFRERD: A

0 5IF

FATL2 0 R A AU RE I R Bk &, 7R k.
Tl EHEL NIRRT N R A sk
SERIRBIEE S, X AL TR AS BRS04 il BN (R B
RO R R REIATT . HAREBHIEARME NI —
BV EEFE, &5 7 W E Gk v 28 4% ) 3 A vT
YRR RS R B AR, Ak, FEE RN
B VLR T e P, B i isml. a0, £
i R FETARN AR, &8 L& ENH
RIBAFER M. AXREBIS BIBEHFEAMN
AR, RErHrdk izl PLC 5 A RE R 4t
ESZbR LR I R S Bl 4%, DUHA T 37 &% 28 4 i o
KWThae R 527 EH.
1 EHLRBESEREHA
1.1 wAEg R ARG EATH

ENLHE T #1 uan FlASE 2 B R Al
PG BE 7 T A N B AL S A L RS, B
it LML e R 5 e 1) 3% S H R g R DD, AT 4
FRECHE S st R ALK EE € F o =k
) WG 4 T 3 IR B e 7 e, E R AU ) 5. IR
HLIE Bt A 1. 4Edr AR S A7 75 2
EEF. HiHEILES RIS 3 R T8 V8 S
AEJ1, EH TX MR E R & %6 220 L
ShERTE R PTEEME ), T2 N TERER HOAE I R
HRPLZIT IS, FldshEmEET R, Bk
| B S HOHAT IR, DA R L ERAER BT K
TX R AR T AR ) R G R 1) 3 A W S R
17864, MIHLFEM R BN — s Tk R .
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1.2 w4 2569 he gl

B A RS OAT S5 = X AL s AT RS
ATSEBT 705 B 8, B ORI 42 AR T 2 4 52 B4R 78 3
Yo % AGEEE BTG PR AL AT AT
BLIE = LR SN G SRR (S S, dndidl.
FRAZTF G LR EFPRSE R, 24 Aol i it
TE RS NAT 5 AT AW, A B B 4 il 7 2
AT BT U i A A o8 BRI A3 E, s
il 3 A kAR BMESCE BRI S, 45
Pl Be R, 32 58 Ak A A 4 2 2k v B 41 A5 S
MR Ak RS, 3 K A ol 9 F2 32 48 42 1)
ROCHEREHIEH . TR FE, B
AL TARIESE IHERPE . I 00 & 2R DL &
RAE T 24, =L SEI TR E R FEA TR &,
2 HAEBRTHARAZRENA
2.1 4 BAr ) A LA LM LR

Gk L BSH) 2R G UAHLREA H e . BE A A A 4k
HLA . Pk AR S on i v e, iR 2R Ty Uk B
BCTE R A i BB . 32 W B ST R LI FRTR RS, I
WOHTT RGBS A 8% 2 fid SR Pk e % AT R IR
s Fa ) FELEE U B Ak R AR LRI F Bk S S A R
FIFSeBl s, Hal. ABEfe. A% T Eshid
I, P 2SR/, H e A P A LI BB AT
(] Fsf 4 B o O ik PR 6 T B B TR B, 4 KRR Al s 4
SRR GRS . AT IR IR R TR g, H T
Wik B s, SEILRALENL. LR ARKEWEM, JT
PEbrHEAR R R, (T I s Stk d. T A
B R B A s SEEL, R G N R 7 R T
2k g BSEh AR A, ELAE DASERL R 2R i PR
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I & &l &= |

2.2 gkl RIEHIAERA G TP EIF X

1. HALIE REEFE M B BB 7E AL
VI FE RS = T, 4k asiz=hl oy K8 TmA
LA o AR 7 = A R, SRR
IERG IR MISEI . ik G XU fuh 28 R B 316 51 & &=
[B] %A (8] FE 2% B, R G5 NS EBRI RS 78
AN 4 foh 25 28 el [ B b AR I BB ) — R A BR 1 P A
Bhfl e 2 IE IS B B ds SR W AN VE I, L P 5 B
fidy p 7 BT F, AT BHL BT S5 T 4% fi 25 28 Bl (] i 3t H
RZINR o SR T DR AT — I Z — Hefil s b F 1
ERDS. RNy, R fEL at, REUE UL
WEBUEE, WTEF g eV 2 % 4 2R 7 2%
B, #—PREREEN . REH TR EA
BB TEM . TR B M RS, TR N
FREE ML ik i &% 2 TR A B A iz 47 77 In) B 3 )2
A W Tk 5. BT HARM B F oo i S 42
JF IR, %45 ) 2R ST 5 B G T P AR vy L A
B R iR i e BT IR

2. Z WAUBUT Ja 15 B I 8] 4k H 88 45l . 752 HAL
PrRIVEML B A2 = 2k, S L He X R 52 sl Lk
Jrik#R, AR EAR Y R G N A (] gk H B AT A
MR . BAREAENLECY: E e LR s, H
BRIk S AEE, S RN R4k 2SR B S 4k
SE IR PRI, I ) 4k FEL 8% F) FEE IR P 5 flh A 0%, T
FFA % e mAL R iEm g, T HENE SRS,
S UK R 8, T ROR R 5 S R B i . [FFE,
A EAE TR AT IE 0 P sE B, AR T2 %4, B
1] 24k P 28 T AR 425 o1 75 3R 1) 43 38 FL 228 I A T R E I
PIAP2ET, JEHE LR RS MBS . VRS T B4
TR, A B I i B 2k AR SE BN P 25, & T
X B IR BN U I K IR R4 WL AL R Bt
&, BARZARAAN TR BN S5, (B e
FEIEAT h R T H O S5 0 T Sk MG O e i

3. ALk ARAE T B AR TP R AL . Bk Fe B
E N Ry RA W B, ERPLZ BT A
HEBFBEGThEE, ST RIE LR T R A R K
Ab Tk B O 51 A T A& R . 1238 B AR O
TR E R R G5, hEmETERM A ER
AR RS BM R E A EHIT . JHEplrE
AT H I R L AU (E R, T2 FA K L B% ) SR T
FY FEL IR S BN G S IR AT A AR A, 4%
AR R B TR G FHER, ShR s E S s, 2
T R BT o) [ D A e, AR S IR A AR
2 [l H B TR DI T, A LS 1EaE AT . AR AR I T AE
R R I B R B IAIE IR RN, ] R R B LR S

FREEME L B R AT A X 4, T IR 3 B R
AR EAE. HBE BIRAE AR SE AL BiE TR
SHOIATIE RN RE, DL R AN A B Sk R Bas AT
iR FEHURIRA ST, Mk EEE T El
FEe, R B RO N R R R, AT RE
SHMERDIRE . % IR AL ] R A T 0 A5 8 et
LT ST AL AR BRI e LR, R
N & FARE AL G R G AR 2 2B R
TERE T AN R BRI L2 B 2

3 PLCIZHIRZRENMA

3.1 PLC#yEX 5 T4ERE

T YR T s 28 (Programmable Logic Contro
ller, PLC) & —Fp 2y TS B ih i e ris 5
RE, HTHATEHE. . er. it REREH
ETRe. HARCRSE M S ASE b b B (CPUD | A7
fifds s FN /A R BT ER  FRE RIS . PLC G I 4 4
77 28 I S U AN\ S EORAS, AT PR R E
X B HIES, IPHEHEERE N tim o, WKz
AT I s B A IR R R
PAT RS H R = AN B ERNCREER B, PLC ¥ Bt
HRNGE THRPRE B TRMABE A BFHaT
B B F P 9 5 R T B 48 4 0 2 48 G R AT
AR B ;i RT3 5 S T A A A A
P48, IFIE AR DR B e 2 . P I A
Z AR IR T 4 6 AR B e S 5 — Sk
3.2 PLC £ Tk B 34 o &4 5 ) L)

TEHHLIE R, PLC 1B & AL SRk i 22 45,
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K E AR DA, JUEERE< 10 cm, 5N R
T H5RAEEA.

1.3 ARERANK

BERR FK R SERIRA, RO AR SONES:
WA, WA R (D) AR FEERZ 200 ~
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