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Abstract: Major infrastructures are vital for the modernization and operation of a country and the safety of major infrastructures is
crucial for national security. In recent years, the generation technology of non-nuclear electromagnetic pulse (EMP) sources has
gradually matured and develops to be universal and concealed. Therefore, the non-nuclear EMP has become a realistic threat for major
infrastructures. Ensuring the electromagnetic safety of major infrastructures is an urgent strategic task for China. This study takes the
non-nuclear EMP threat of major infrastructures as the research object, clarifies the basic concepts of and major demands for EMP
protection for major infrastructures, and analyzes the measures taken by developed countries in this field from the aspects of national
policies, industrial standards, fundamental research, and emergency management. In addition, the key technologies for efficient non-
nuclear EMP protection are discussed, focusing on forward design, equivalent test and evaluation, and threat monitoring and
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prediction. Moreover, this study analyzes the current status and existing problems regarding non-nuclear EMP protection of major
infrastructures in China and proposes several fundamental strategies including strengthening government leadership, promoting
scientific research, formulating standards and guidance, stimulating the vitality of enterprises, conducting classified and staged
implementation, boosting talent cultivation, and promoting public training. This study can provide a basic reference for the non-
nuclear EMP protection of major infrastructures and further support China to handle new threats.

Keywords: critical infrastructure; electromagnetic pulse; graded protection; emergency response; electromagnetic protection

P e —

ORI 5t 5 A R A AT % A
K, GHEBBIA s, @, Ej%
E et -1 S ITTE 30 05 4 e A IR D WS IES E S
RN OLERY — [1~4]. 40, = ARFEM
MG B4 ALK AR T, AR S A2 A I
By AR B B BUEAESRE /55 HE
RGUE H ORI 112 78 J B A 4 FH 8k B
2, —HRZBTHABIN, BH%E KRR 2 4
Bt o 55E. B E KB Ik 55
Tk (RO AE By, IR A %  HEiR . SR LR
ik 32 By A LR Ik vt AR R ER , FRS E
VAN =BV SR NI I R e SN 9 O (3059797 0
TR, ARAZ HURE DK I AR R AR R T I 4 a0 s
s R B R A A it 22 4 7 T PRV T S o

HAEMBEEA S Z ZRNEERR, BEE
He RN R FEACRRAE , L IIBIF 0 2 T O A A it 116 X 4%
SERYJRFE . FRIE 110 kV A LA L i H o B A K
VTRERK. BAMBAEKE, BT /RN
2% [5); R I v o kB IR 2% A AT — e S AR Y
X 241878 A ke A B E R, B ToAR FE I 4 R
1iE [6,7]0 PRI, KRSt i8¢ it [P 265 3 o AR B Ay /DN
Ft TohRFE S REAE, XTBEALMRRE . BT SR
W HAG B 77, AR TR BORE B A =R
BB i MR I 25 5 P AR R R, AT B K
FRASE B [8~10]  Fh ] 27 5 7 B KRRl B0t 1) 4% 25
TR 7RG T, Bt ) RGR AL
P T BAREW4,11]. 7F 5K IRk i 1 5 LR
WiV E R BUE DT 5 BT s B Nl . Rk A
o FEL T Ik v 2 R X S5 7 T LA — o Al [12~16],
R SI Tl B K A 152 e P i PR K b B 4 TR R A T
W5 B[P FE R 25 A

AR LA ] E K T At 1 it ) S A% i Lk v
F TR FEVIN R, Jeh 4 s [ 5% K At A it )
LG Ik v B 4P 2 56 5 I, AT 3 TR 7 AR Ak 1 4

250

WS, ULRI T R R 3, B e ot g ok
F TR E AU ) H K 22 A Ba B SR TSR A AR 4t
TR AL A 1 IR I it 2 PR R K I 47 R R SRR
FFEIUIR S TR ) el SRHREOR,  HETT4R H S
FL ORI It 14 95 LRk o 7 477 R AR SRS

— EAREMNRTEIELR BB R KO B R AR
BRESERFK

(—) EREMIRFEIZIEE MRS

ORI B 1 oS T E R H2isfT. B
KRR NS, FEW Ry, 28, |
5 RO, 2 E R HE Al i A B 5C
#, R E SRR R ML 0 W Rk
ROE e RN, MEAPGER R D) Re . 5 om
EERVE W e 239 T7ee o L1F 2 =y VAN e W )
AT E .

SRR TR RS . mIREEE LI S
FEW, FATWE D3RR REIRIEE LY. &
Eim R A HEWIEZAE sy,
/0 N <7 AN S = A o A DN R A i
O 2E 250 TFIRM &L, WK 1D SRt =)
FIPR LA < RTINS RR R BR e
, BRI R RN, . R I

o NG HL T ik il
} o) N ‘
___m\\\\&%mww A T TR

—_

1/w?

N |
F 7 T
é~m | | INTEW R | )
- | |
< | A
< g\ \ ALl
% TR ! - -
S | |
= IR Vet

|

| I

|

1 1 1 1
0 ~10k ~IM ~10M ~300M
P& /Hz
El1  SREEEK PR B BTIEFAE
T o TR RGO o

~1~10G



PETIZRIS 20024 $24% B4

o2 — LB 5 e A RE 7 AR R A R Bk o, X
Rk V2t ) P S P

DA BRI 51 221, o) i K B it T
T W 14058 LR B o B (LT 2D o iy Bk i 21 2 4%
W R EE RS IR Ak, i kg
THBIIRE RS (GSM-R) S 4 Hb XU ) 54 i
fiis N T SR S5 S MmEIE, wid ek
WA E T RGBS L IR BTN o B <
FEEN[17,18]0 IR EEFE 1172 5 HEL D 30 N ey i K 1
WAEE T RGN HERR G IETE, 7258 Bk 7 H
AR A GE AT RE BRI 51 RS IR A
GILHIBAT. (CEMmEERNE) (20194)
B K G55 T A I 600 T K 2% A ey s T 2
AL, IIE 400 TR g B . (2 1817
FERE— 05Tt E, XIS RGP TIRE T
HoR YU ARk v M RE 43R HE T R S R K

() EXREMREIEZREHAOPRIBIIPTE K

1. DR [ 5K AR I 2 4

X H o AN A 2 4, R B [ X 4
ML ERZ — IR (P NRISME FE 5%
TUARIL. BRI PR TARZE P IE, Ok
DAL it A ORI 2R R B SRR R AN
HRIERE. (RN ER NS R R
H 7N SUEAE . NSV B B R R T
DAL 0 ] I i A B L 5 45 N g

T, FRE ] E R A B R U B4
SR T ERE A SR e AL (R B M R TTTH, T

CEN TR 7 e od a1 NS K153 | I Sl NE- 3 i e RN 2R 3
B “EARN. WAL, MESHANHER. 5%
J7 B, AFAEY A T R RS . R R
FB IOk b Tk P WA AR, LR A = 1) EE R AT
DUk R = A A5 PR K o U T B, P RE TGV X
& R R S A AT A AODUIE . &S KSR
Wit R B = A R0 A A it FEURG ik i B 4 B T AN B IE
mMEA M, ERFRIEOL T AR fERE B A “iz
W57 AR L. PRk, 752 RGERIFEA R
S it 2 K Al A it P i rEUR M B 4 R e, BT
FLEEASF S T PRI B R R s 7 % 4.

2. R T P 1R A A it LR Fk v B S

T S K LGk (HEMP) o 8 K 35 it 458 it 1)
B A N BT . 20 1H 22 60 4E AR A E T R
(1 — R A ARG, 7 A 1) o H Rk o 5
THFTREE N B L, ERodEE. |
. ZEEREN KT Z . (R 8oz a8 2%
29 R, A E R O s T AR AR R
F ok v«

P H A, AT 78 3 R SRt 18 it =) 340 7 2 52k
Rk, fE— BB N T RE/ 5 %%,
BEREYH LB EENBETEERS: RUEN
W AR S A R s, Ao . 1EH
ML &5 O A B KB [19~22]. K I 22000k V5 A M
RIE, BmBAORE A E %, TR T ISR
. XA FEASBTRAERE WE3D,
Horb, FHXHR AR R f H DR AR (iR
LR WM E SR MR RE, £

& T SRS T R AL (
&/ (%)
((‘ ))} @«---%%%ﬁ%----»i)
% Hy T
EAE BT RARET 4 A BT AU T
| | f iR
| 1
( SIS () ( il 0 Jo 0
L2
& &
ERRY T R 5

El2 SRESKEIIFERIRGEETIBEREE

251



B A E AR AR08 BB BBk R BB S B I SRR A 5

PAIE St

| wmseswrn || XA | ExeTEt |
[ I I I 1 [ I I I I I 1 |—|—|
=
wol | e e || M
w g ||m||m|| | F e T2\ 8] 25 g
ol S S S N S B
TR SR CE S ||
& || 47 wo|| || w® || =
g ®| 8| " * ® || %
ol w | e | B E | E | B ||
I - I I I I
%
B3 RINEMEIRS
ANBAFIE T AT M IR A R, WBERTRE RN, —BRAEMKHEE, WATRESIR
HLERE m: WM 7GR, gl BRI o XU

AACAR M AEAZ S Rk R A2 B, WEIER
R ARRZ SR H Rk b By F 5 M LA B 4, 0
M CALPGE KT, Oy B8 R S A 152 it T I P R 52
A o

3. B ELEETHA A B 22 A (P AR S L
iR

R KR AR EBTE RN AR, K
HRRE AL 5], v LA 245 1 F A AR EL
T 4T SIIR A ik, Ak, JERATE TR
K5 B TR 2 e st 25 K At a8 i P i 2 4 iRt
BT T A4S RERE 0214, HTHATHES
AARXSFH AR T AR 0, a3k R 22 4 A DR A
WS Ko )36 T & H R ICE RUFEAR 1060 47,
Mg mErs. Aol BIBFREATSE, Bk R m
B . R, N3 B R A H TR
“7-23 R F I YR A R, B 15 I
WA TR K (2003 4F) I H Mg 3t 5h
(GMD) 5l KA HEE. LR, #haAA
Sxof B R At A% it T s 174) 56 L R Pk o 8 1) A (T AR
KPR -

EARFE RIS, A5 1 A R R 1 5 3 % H fd
g1 R ) HE K HE At v it B A L AR s 29 5.5% 1
PR EH G EZ 3L LR m kB iR &
8.5% M & F R Z 3 h b EAIE L, 45.1%K)
B A RERE 2 3 h DA_E BIEAE A B, 1T 69.2% (1
W1 7 A RE R SZAT AT I K 3B S T . A gt R
R, o A R T L, XFRTEES]
R K A A it A P LA R s TR IR R = 0 3

252

= ESMEEAREMIR R EB AP
T B AR B A1 /)

(=) RWERBER

5 EITE tH FL_E 2500 5 Bl 5 K S At 8% it i FE Rk
MY TAE. 6 [E 2 sk 23 i 22 2001 42 1E K
AL, HES) T Rz B ERAL A A0 B B AT
2008 4 KA T 10 28 5 K I At 1 e T I 4D B FE TG ik
MBI 5B . 2017 4E, 351 [E £ 58 BBk
MERSEH, DIAmHESh Rk A . &
G FHESSII T R TR R R
TAE, WEERFEE TR [ 5 e i B S
EZEIE

TEHRIRK I BB, REEamEE T
(OB IERE B AR P E) (20154E) . 20194F, %
ORIl B PR 27 A B BEEUR R A R, gk
Yy BRI 4. BT IR E SR
775 SEE P N T 5 R B 1 R e S
Bt REBEIEIEAM CHBEK AT 3R
(2017 45D $EH, 38 % o ARG IOk ol D A
SEMA AR, e A7 5 OB B, T F R
P AN 2 EE e R AN (B H Rk
TEORT b B Bl U ) AR ) (2020 4E) FRH
5 LB T H A DG A ) PR e 5 A APk R R
715 16 IR NN ORI I Bl 48 e % LAl
Vit ) XURSE 5 ERATLA AT BB 47 9 S B K Bl 12 it
FHIR M2 4 TAE .



PETIZRIS 20024 $24% B4

(Z) #llE P FRE

H A0, T 55 K Al 15 e 1) ik FE R Rk ol B 9
FEE TAL R T M A B B b, H3 AT
ARSI ARG, X GMD Bl 1 AT AR
Jb 3% H Sy AT HE N F 1) TPL-007-1 AR E R, 41 57
iy L HL g A F) DL A — B 2 GMD FH A Ry Bk i,
PEAG A L 2R G 110 9 55 A 0 S a1 AH LI A P R
EOP-101-1 1T AR#EE SR, B 780 AR AR TR
AR DEREF, #R K GMD S B
EHE I A F 2 MR e, ] DAL AR IR 25 A0 5
il oCHE & DR R I RIS RE 1. HI00]
IIAZE A SR H A B SE Rl B H ], JEIH
filE 7 CEESMPMSEiiE FIER), EESIEN
TALE RS . AR, KBRS, DU RO
WEARERRSWAREHE. B HAT, =R
Ah 52 it 14D A A% e L R 97 4 SRR A I NAH %
1Tk bRAE

Y B R LA Vit 1 R R AR R M, EOR
SR B T SR, ORISR R . R
L e Y e ) WARI R RSO PR EN 7 oL
B4 S5 2 5y R (23] Zoil—, SV ] IR 45
Wrs 205 =, RVFIRSHWEUNNT; H =, W
M55 o By GO0, SRV IRSS AR B
@© Z— Ko 2 — R REIEN R IE &
P B KA EAER,  DUIZ AT FgE 4 B il
W SAET S R @ HH —FEAHIRL. B
WLk R0 bk i s 45 . FRIM I AR A
Bidrastl, TSR E, RRARGE
WG Tk . @ ) =10 75 2 A B LS
HLREBR I = . @ S DUIE A T B3O T AR an Al 7=
AR (i . EIT AR R RS
THAZEEHR RS EKBRIEG RS, HIX
e AR B K v D S5 R 28 SR B s B AE 10 GHz Y5 [l A
$2it 80 dB LR Y [23].

(=) FEEMAR

5 [ = B A HEMP.  GMD *f 55k 5 il 4 it
(9 MEVEREIAE A o 55 1 [ 2 R ik 23 01 2 Wi A
TR HL AR R T 0T 10 At ) AR, A
SR B Y5 RV {5 A A0t 1) AR S5 e v (1] AUk,
FE BRI IR BN T« F ) 5 F R bk v 4 55 5 4
FIH” (2016 4F), MIBRFE AT HHE S 41 |

A PP S5 07 T T AT A R )
HLRE R 37 B e P R R M N 22 2 A8 SR A
FHOCHE 9T BARFEAGM IS . 187 « Fld S, 521k
AT 25 [ R 926 =S HEAT [24]. EE b E R 928 =
S3HT T HL B AE HEMP AR B R 145 S8 R0 G i3
B [25]; FFR T HETEMEM B R N T
ORI R, HEFEHEE6kV [26]. X
Segk LR, S5 [E7E F I 5 R K o 1 FE R 5 40
T EE T 5

DX SR T8 5 -G AE SR v R B By 1 R A AT
FEL Tk e 7 47 7 T FRDRIE 9, v D 2R G0 B BT
P E R FL I G B A R R R S FLRE T
Tl ot TR (G = Sea o =BV B X ) AT Ve e SN O )
Tk By 27,281

(M) RN AEESE

N T BT AL 2 A Aot B R SE R B0 E W] RETHII %2
A PN, 2 EBUR T RE T K 1 N S B T
1o GridEx {8 2B 28T — IR, DL AT Xy =
R EE A 1A it e P 1 b B BB 0o H AR, R OR RO AR
I RERE A 7 T MY BB M S AR B EEE
UTERE RO RE ST, AR T At 2 A ARTEE K
HEOR AR SRS % . B, 2021 4 11 A 267
(1) GridEx Vi ), g | “ A8 0ok 3 o B K
RFPRR B, RIEILER I RGN B
bR, HEIE 450 ML, kAT, EEETT,
LI EI 6500 R NS hn T8> . XKW, EED
20K A A2 IR T T g N B K S it A i 11 4
BNz

PO, 2K ELAL 1 it 3 4% 55 B il Bk o B 7 oK S
RARDHh

L B I 4R T B LR S N S B R ST
PUBAAT IO BAR T B, gl O e 2 K 25 i 3¢ it 2%
g8 R AE b A i B PR B Al o A ) 9 PR G
kol B9 @ E RO . BB, BOR . &UF. &
A1 2 e 3 AE 1 U BRI FT T T R
AUIR A AR R AR, ERHEANE,
B, LT R BR BRI R RIS
R

253



B A E AR AR08 BB BBk R BB S B I SRR A 5

(=) SRFEMRKPRIHAE R

HORTEA SO0 9 S Fr s L RERAE I
ik RS R SR QUIEY S S e SRV R SR
R A IR R TR A B RONE I T RE E B it ) 45
BEAT AR, JTREBI TARMEE MR . IS IERZI
E SRR YA Bl e S ST TP 2 i
Bt 55 FEL R o T 7 BE T MOBE R B R,
WREHE: O BB EsER, IR
s Wit SRR R R @ HRLRI 07 HAE A,
T 8 e P B8 R 2% 0 5 7R R L 20 L 3 25 0 LA
AR @ BRI, MR I TIZ fa bR i
e, BRI RGN REL it @ W4 IE
BT, SR EOR IR A B R R P R,
FIFRIER BT TR, BB T R AR
BRI o

(2D Wi dRom BB HE Ao SRR I TR

LR Bt B Wt 45 ) LA I AR, S
F M ek 5 FLAE P O AL B R R 5 84, A
PR 0 Ml DL B S R Ak B X 4 R R . AR
I BOR T v EaR R, FENBFAH.
@ LIk R o AR S, TR T AR G FL R 2 4
PERNAE . MRV BRI @ H bk
FE B 25 F AL AR B0 7057 HER r A kb 7 LB
NN RE B R UL, SRS T3 1
BEEAR ;s @ FRENK T s R E RS TN, R EAERS
(] / 25 18] / AR / e 5 A5 4% S RRG 1 4 LA A A S Ty
PRSI ER A U AT E Y € AT

(=) #8r e EboR B BN S TRE

LR R i Wt 30 A 4 (R 53, R R R )
eV iE=R U P G ER A T L (BRI e 2 e
ZRIN AN BRI, 3 R it i PR I AN O R Rk
HELATE AT B BB 7 5 M ke L (R
NS RGN A SR RS RTTE S 3 27 by ]
AR T 5, EENREE: © f gk,
RBAREA AN RAG B BEIK P4 BUR 2. SRR
B AEE TR @ B R, HER S O
HL RGOk 0 A5 5 KR AR, T BB RE AL H T K e R )
HreESss © ) i AR A B, oA 3/ B
ARG & 0 S I 2 7 2, T8 R 3B ik
MASHMAEE S @ FRLBk R U TR,

254

=
<

i it A U A S AR 3 KL AL, SIANT
€ REUHE T A5 5 AR, 5 T F T K o i 73
VAP

>

£
ik

an> o

B FREEARE AR AE 5% B R kOB BT IR
HUR K A2 FE R e

(=) MRNEVATE

| 72 Fh R L it P 2 4 Uk O Bk 22 7
TARARN 73, S22 TS R 2 T TR R
PR, ARSI RN A B B 2 RHE R, [E
I V2 T 1 FOR BT H AR R RIS . IE A Tk
LTI R LB 2 AT ST B X R, 2 EL
A B K R it 150t 5 P kv 7 4 AU R B ST 0 4
FERRAR, WitFB R ITAh . RSB Tr
THT (R REARIC 9 W 3 o B KAt it P A 2 4 I 17 4t
THERAE . L2 eI PP B IR UV . iR
T 22 S B e L SR B PR LR e s M A
ZNT HBAFAE E AL

Hr, 3 E AT e 2 kot 7 — el
RS i ¥t 14 5 FEL K oo B 4P ORI ST, b [
NFRFE A R AR L EAS S A 0T
T EE S BB S R TR T A SR
BRI S5 AU Y 7 R B AP BT AT T R AR TR
SR, AT MR FE B A8 HL B 22 4 USE BN 0 ™ B
AR, MRS AR+ B TARR T, i
AL TV AE A U (1 BBl L B M ST P RN
AT .

CAHMEPRZERY, DUEF LR =% 0H
BT R R R, RERER
S Ak 5 it PR, 22 A R SEBOR R AT s 42 . AL
N, FRIEAE B ORI Wi 5 FL R K o BT 7 7 T %
AR, 2R 2P R KRR A
TR HOK TRE St A B A5 ORI T 25 ],
IS 128 R N Eay AL N 3T
HL T P 75 37 S B s 22

(Z) #UBiPRtRRER—RK T AER

P Lo B 4 2 PF A SCH E R At ¢ it o R Ak o
B dr B Femy”, A8 Sl A it By 47 AR S e
(03 F o Pl o AROR B A e 7 ml L LR}
BEERE, REZEE R mEN I . 3K



hETIERIE 20224 $£24% F 45

2 SET7 A — S RIEOR A &, AT InsR T0UZ A
AT EE S USRI

LB SR N2 AN EG (L4, H
IS () FL BG4 e 70 B AR T, B AL T — = IR
HURE T3 2 G 2 B Bl A2 — SR O LR BT 4 e
J1o O S5 — 3 E 1 7] ik B A 5% B AR A AN 2%
PEROFEGE, B 125 S0 R A RK v 2 M) L TG 5 3 2
A, @ G TR AR T E KRR it A A R
TS, BRI IR AN
R SR, ARy AR OR BB 5 B4R T (177l A 2
@ FH=THMm K. Rk, BRKSERS
i dsfF AT L B S s A LR
W A HL IR A ) AR A4S BTN BE s AT THI I AN
T 2 i v R K of B A A 1 e T R A K
O AR IAEA L, RN E BRIk
Ji Tl o

7N BREIEXEMIE IR R B AR IR
B AR RHE

(=) BUBHFRF

V] 5 K R il 5t ) it L AR P Bl 9, 7
A7 P 2 H R A i 1 TR B . G5 0 P M
BEET. Aok, Bt st iE. £
AR L YUK, WIER Y TEREKR
FE B i R REWOT R (LA S 1R
ZAREYFHMK G AR, 20 TR S,
MSEBME. WREEARS. EXRERAXE, H
DEAEHER, REBRKR, ZEBTRA=
JiHIF R TAR .

fEsR b L e R fE B e UK A
oK R Eh 2, SRR FBUR., EEL IR, 1
REFFIIIANT, SRR o 4= HO B S TEs . N

| |
] ]
A WHhis e B ST TR /AL -3, & S N 1] T R

FaeeR 'I IIII IIi ‘EFA;_w

|
| | | |

AT TVS MOV

8 o v,

Q\ N - ‘|'
1

11_1:’\\ ':“

[ 5h: 2080 [Eob: 127 [EAb: Z51800Fh  [E4h: 27100070 [E4b: £2900F) [E4h: Z1800FHh

Ry 3F  EA: 4R EN: 2510080 EIA: 68Fh

EA: 62F

[E P 795 FE N 1958 EN: 41150080 EA: 417005

El4 BEOIPSEEN SR RENRERER
VE: TVS FORBFAS R A MOV F/R R B ;  E AR E Mouser %745, 58U F Mouser. [l LEL 2P &, Bolii RAEM 18] 42021 46 12 .

WU % S B
* * *
@« @ . 5
[ memmkR ) [ wefAkhR ) ([ %43BKR )
AR HRE % A ZRIBIHE
ZREHAR U 9 2B
2R 4 AR EATHEWIA 5
2 REAT U % A 74
R T MU 2 iR A

E5 EREXREMREEEREMHER

255



B A E AR AR08 BB BBk R BB S B I SRR A 5

SRR, MRE AR RS

(2D HARMBIK

L R it A it P 96 R B Sk o B 4 9 R B 4 A
=y MEATIE, FEETRE I EIT RBHABR
FRRE T o RSN X R KR I, KA “ 1%
HIh” G2 FMIBARHLRH &, EREARE
PERTEIEE (LB, T R o LR £ P L2
M. R e, KB IXIEPY . B
LR PARI VP S A% O R A BRBOGHE T SRITE K
BB S5 A k. SR, @l JEIRAERS
ISRIBCRE L, BB S0t e Pt ek 2> R RS AR 2K

HIMIZE . d k. R Al E A D RO IE
KRR, AR B A B B LB B
e e B b mE b teEdm, EaEAeIT i
L 22 A RHA T FURBOR BRI A 7 U 5 182
THAR SRS BE At Rt 2 A 5 4, i — D AiE IR
Tl ) R PR S

(=) HIERERE

Il 5 R K R it 8 it P i P B ik o B0 37 L AR
SERBATV ) TARESR R, ok 75 N N 15 B 4
PRUES G . AHOCHRHE. RIVE B, REEAET
CRICHBE: R Fi B4R E ORI B %
AT OAEE, g MOTRME .
PR S B BB IR s “ R By B 4T A
ARl A S PR BB R AIE RO R ) A
JEkass, JUHE MBS AE S A it b 4 FH 2
PR E

HRPRHE . BE R H e 75 “A Pl E . Xt
T O SR B A AR N, N U R B
RLUF A R i) B 3P B bR e BURA I T35 X
TR G B ORFERL O, 75 WA R BT b
AR AR s RRARAR 2R i LT I v o T AL 1) S
M 7 S

(M) #&lED

R Rt PR 9 FEL R K Bl 3 AR R 2R
EHLE TR, 25 AN TREEERK RIS S
LR ICHRAEH o Dy 17 S48 E R JE Al W80t o PR Ak
B P TREMIADT e, B e ok Aolid 1, A8
T, BUCGEIUEECE, SRR L

256

Py By B asfEr) B BV, HESHE G
(R PR L IR S B R

() P LESMEE MR INE

IR AH G AU P 52 AR AR R AR AE RS, T [
P DN i ] R AR A S N Y i) 94
HEZUESRG A AT ER e 0 =R EEA
Jit, ARSEHEAT B4 N A

P I8 E O B Bt P AR R R R 1B AT
WP AN B B, o) S 8 1 197 o
Xt FB e A SERE B, UK IR A AR HE AT BT
AUBRAIE; T O MR e, W LA S & igEdy
KB FEARGE A, T EE X EE IS RGHEAT
pi] i

WA E TR TR T B RS 8
SRS NALFERGMRES, MR E R E G A
B L ARG, ORFF AR i 2% F T 25 DR R Al Bt 1)
k.

(7)) REANFIEE

K] 25 B K R A 184t ) 5t P B K 4 B 37 T A 5
T B, EHE RS, REE
FRE GRETENA T H AT E R AR SRR KA
NRBEBORZ . BT E AR L NS,
i 2 B AR BB LAY, RGUT R RBER TR
P, TR R NAALRZ BTG,

MHBTERIEOLE, BRAE Wi @Bt
R BEEE R, AR Z R R T L R AR
I B KRR, “ HUMAER AAME” ROy
WER, FHAAHEFRYAEMREAT ZW. Hit,
AR AE O A R R T BIR AR R IF AR A L
BRI ERR, EN g% e%F.

(£) msEAXIEI

i B R 23 O 5 i ) R B i 4 i
At R it 10 B K e R B S T f R 1) 2B A AR
PRI S TR IO R N SRS AR S
K, AN CCHRDT BT CH)FT =AYERINEAL S
NARRIRREUI LA BRI RS R sy B
R A, R 2 A AR RS2

FIERG R0 7 2RI s 2 A B AR, Bt
O “HERNBOE A H T, JTRERE NI T K



PETIZRIS 20024 $24% B4

2, RPRIHE 2 ARIINEL. M. HREE
t. &g

ARSI A 1 K At R it e 1 I A% 5 F B
Y P R e R W R AR AR SR AN
S 80 S QA N i N R i =3 N U B 3 Tl
fit, AR, AR E K TR S A N A
I e BEAR A A S . I REYR Ay — B TR
B R IR Bt 22 4Is AT I VE SRR, T A
NERFERE ) <A, EREIRE T R,
R RGN . R MEABSE T, 38 7
B T IS AT R SR K. (R, WSS R
L) R G 5 AR 0P BT 9 7R VE TR A ROREx
A AZ 5t P R A e P A B = AR DR Y TR U
ot Hbwo

FESCMEIERE R, TARFT B 20 B i S Al Bt T g
WIS KR, RN RRRAIE S TEMEASE, R
PRAEGREL AP A2 R BRI, TREA G
I A 45 DU ORI, 320 ) A BERHE) ML
FERI R LR B R M BORBSC T H, ATRE AL 5 %
iR FEL TR DI P O R T L AR R L A LRI
Fo, FEARSEAEK A ER R RS RS
U e W LR AU AL 3k AR S R A, T
DN ER 7 25 ¢ AT 368 ) A 5 R BRI e 5 A 2 R R
Hg WHR B RERT TRt BRI E, IR
ARG et R R RRE R R HR

gt
TR, XIS BRAETL. KPS R L BL R B [ AR
R EHIELZ AR TR T 53

SE 3K

[1] Foster J S, Gjelde E, Graham W R, et al. Report of the commis-
sion to assess the threat to the United States from electromagnetic
pulse(EMP) attack: Critical national infrastructures [R]. Mclean:
Electromagnetic Pulse Commission, 2008.

[2]  Ostrich J, Kumar P. DOE electromagnetic pulse resilience action
plan [EB/OL]. (2017-01-06)[2022-06-01]. https: //www. energy.
gov/oe/downloads/doe-electromagnetic-pulse-resilience-action-plan.

[3] Wang D W, Li Y F, Dehghanian P, et al. Power grid resilience to
electromagnetic pulse(EMP) disturbances: A literature review [C].
Wichita: 2019 North American Power Symposium, 2019.

[4] DRz AL, R, & SRk U S SR ) R 4
KRG [7]. DAL, 2021, 12(3): 1-10.

[3]

[6]

(7

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Qiu A C, Bie C H, Li G F, et al. HEMP threat and development
strategy of resilient power system [J]. Modern Applied Physics,
2021, 12(3): 1-10.

Sun K. Complex networks theory: A new method of research
in power grid [C]. Dalian: 2005 IEEE/PES Transmission and
Distribution Conference & Exhibition: Asia and Pacific, 2005.

Xu W T, Zhou J P, Qiu G. China’s high-speed rail network con-
struction and planning over time: A network analysis [J]. Journal
of Transport Geography, 2018, 70: 40-54.

Wang L, An M, Jia L, et al. Application of complex network
principles to key station identification in railway network
efficiency analysis [J]. Journal of Advanced Transportation, 2019
(7291): 1-13.

Li K J, Xie Y Z, Zhang F, et al. Statistical inference of serial
communication errors caused by repetitive electromagnetic distur-
bances [J]. IEEE Transactions on Electromagnetic Compatibility,
2020, 62(4): 1160-1168.

R, AN, B, A SRE 8 R BN AR R R I R R O
AR [I]. THEAEE, 2018, 35(1): 119-126.

Wang Y, Zou Y L, Huang L, et al. Key nodes identification of
power grid considering local and global characteristics [J]. Chinese
Journal of Computational Physics, 2018, 35(1): 119-126.

T FS, 2SO0, BRAR . et R i I 2% 53 R A B B 0
WHIE (1. [R5 R A2 (B ARBHERR), 2019, 47(5): 655-662.
YeY L, Li W Q, Zhang J. Complex characteristics and propagation
dynamics of high speed railway network [J]. Journal of Tongji
University(Natural Science), 2019, 47(5): 655-662.

Guo Y F, Zhang D R, Li Z C, et al. Overviews on the applications
of the Kuramoto model in modern power system analysis [J].
International Journal of Electrical Power & Energy System, 2021,
129: 1-15.

Liu Q F, Ni C, Zhang H Q, et al. Lumped-network FDTD method
for simulating transient responses of RF amplifiers excited by
IEMI signals [J]. IEEE Transactions on Electromagnetic Compat-
ibility, 2021, 63(5): 1512-1521.

Lanzrath M, Suhrke M, Hirsch H. HPEM-based risk assessment
of substations enabled for the smart grid [J]. IEEE Transactions
on Electromagnetic Compatibility, 2020, 62(1): 173—185.

Zhou L, San Z W, Hua Y J, et al. Investigation on failure mecha-
nisms of GaN HEMT caused by high-power microwave(HPM)
pulses [J]. IEEE Transactions on Electromagnetic Compatibility,
2017, 59(3): 902-909.

Zhang J H, Lin M T, Wu Z F, et al. Energy selective surface with
power-dependent transmission coefficient for high-power micro-
wave protection in waveguide [J]. IEEE Transactions on Antennas
and Propagation, 2019, 67(4): 2494-2502.

Xiao M, Ma Y W, Liu K, et al. 10 kV, 39 mQ-cm?® multi-channel
AlGaN/GaN schottky barrier diodes [J]. IEEE Electron Device
Letters, 2021, 42(6): 808-811.

Wen Y H, Hou W X. Research on electromagnetic compatibility
of Chinese high speed railway system [J]. Chinese Journal of
Electronics, 2020, 29(1): 16-21.

Wu Y D, Weng J, Tang Z, et al. Vulnerabilities, attacks, and

countermeasures in Balise-based train control systems [J]. IEEE

257



B A BRI ft A F A% 55 FE R ko BB S BT 4P SRR T SR

[19]

[20]

(21]

[22]

(23]

258

Transactions on Intelligent Transportation Systems, 2017, 18(4):
814-823.

DN R o [k b o 2 Rk e A (0] SR IBOL SRR,
2020, 32(2): 2-12.

Cong P T. Review of Chinese pulsed power science and technology
[J]. High Power Laser and Particle Beams, 2020, 32(2): 2—12.
Zhang J, Zhang D, Fan Y W, et al. Progress in narrowband
high-power microwave sources [J]. Physics of Plasmas, 2020,
27(1): 1-15.

Drikas Z B, Addissie B D, Mendez V M, et al. A compact, high-
gain, high-power, ultrawideband microwave pulse compressor
using time-reversal techniques [J]. IEEE Transactions on Microwave
Theory and Techniques, 2020, 68(8): 3355-3367.

Shi L H, Zhang X, Sun Z, et al. An overview of the HEMP
research in China [J]. IEEE Transactions on Electromagnetic
Compatibility, 2013, 55(3): 422-430.

Baker G H, Radasky W A, Gilbert J L. Electromagnetic pulse
(EMP) protection and resilience guidelines for critical infrastructure
and equipment [EB/OL]. (2019-02-05)[2021-12-10]. https: //mich-

[24]

[25]

[26]

[27]

(28]

aelmabee.info/electromagnetic-pulse-emp-protection-and-resilience-
guidelines/.

Electric Power Research Institute(EPRI). High-altitude electro-
magnetic pulse and the bulk power system: Potential impacts and
mitigation strategies [R]. Palo Alto: Electric Power Research Insti-
tute(EPRI), 2019.

Pierre B J, Guttromson R T, Eddy J, et al. A framework to evaluate
grid consequences from high altitude EMP events [EB/OL]. (2020-
07-16)[2022-06-01]. https: //www.osti.gov/servlets/purl/1810043.
Yates L, Gunning B P, Crawford M H, et al. Demonstration
of >6.0 kV breakdown voltage in large area vertical GaN P-N
diodes with step-etched junction termination extensions [J]. IEEE
Transactions on Electron Devices, 2022, 69(4): 1931-1937.
Arnesen O-H, Hoad R. Overview of the European project “HIPOW”
[J]. IEEE Electromagnetic Compatibility Magazine, 2014, 3(4):
64-67.

Beek S, Dawson J, Flintoft I, et al. Overview of the European
project STRUCTURES [J]. IEEE Electromagnetic Compatibility
Magazine, 2014, 3(4): 70-79.



	目次
	新时代、新态势下“互联网+”行动计划发展战略研究
	智慧物联网系统发展战略研究
	新型网络架构发展研究
	内容与地址双驱动网络研究
	透明电网理论框架与关键技术
	“互联网+”现代种业发展战略研究
	工业互联网生态系统模型研究与应用
	我国智能机器人核心芯片技术发展战略研究
	我国后端电子制造装备及其关键零部件发展研究
	我国信息显示关键材料发展战略研究
	绿色高能效数据中心散热冷却技术研究现状及发展趋势
	我国智慧法院体系工程的模式框架和创新实践
	面向金融场景的下一代数据库测试基准研究

	量子信息技术工程化应用发展战略研究
	量子计算研究现状与未来发展
	量子密码协议研究现状与未来发展
	量子地球物理深部探测技术及装备发展战略研究

	流程制造工业软件发展战略研究
	钢铁行业工业软件发展探讨
	建材行业工业软件发展研究
	有色金属工业智能模型库构建方法及应用

	工程管理
	我国增材制造技术与产业发展研究
	我国锅炉装备绿色低碳发展路径研究
	航空发动机关键核心技术攻关的组织策略研究

	工程前沿
	航空发动机下一代适航规章制定策略和技术路径
	深空安全研究现状与未来发展
	重大基础设施非核强电磁脉冲威胁与防护策略研究


	Contents
	Column
	Development Strategy of Smart Internet of Things System
	Development of Novel Network Architectures
	Dual-Meta Network Architecture Driven by Content and Address
	Theoretical Framework and Key Technologies of Transparent Power Grid
	Development Strategy of Internet Plus Modern Seed Industry
	Research and Application on Industrial Internet Ecosystem Model
	Development Strategy for the Core Chip Technology of Intelligent Robot in China
	Back-End Electronics Manufacturing Equipment in China and Their Key Components
	Development Strategy of Key Materials for Information  Display in China
	Research Status and Future Development of Cooling Technologies for Green and Energy-Efficient Data Centers
	A New Pattern Framework and Innovative Practices in the Smart Court System-of-SystemsEngineering Project of China
	Next-Generation Database Benchmark for Financial Scenarios
	Current Status and Future Development of Quantum Computation
	Current Status and Future Development of Quantum Cryptographic Protocols
	Development Strategy of Quantum-Based Deep Geophysical Exploration Technology and Equipment
	Development Strategy of Industrial Software for Iron and Steel Industry
	Development of Industrial Software for Building Materials Industry
	Intelligent Model Library for Nonferrous Metal Industry: Construction Method and Application
	Development of Additive Manufacturing Technology and Industry in China
	Green and Low-Carbon Development Path of Boiler  Equipment in China
	Organization Strategies of Innovation Forces for the Breakthrough of Key Core Technologies in Aero-Engine Industry
	Formulating Strategy and Technology Path for Next-Generation Airworthiness Regulations of Aero-Engines
	Research Status and Future Development of Deep Space Security
	Non-nuclear Electromagnetic Pulse Threat of Critical Infrastructures and Protection Strategies



