B x
[BF{EETuE]

B MBS IR . 1
DIMB BHIBE /IS B B, . 2
EIR USB IR EEIIE R o 2
AT BB IR . . 3
PLCHVLC BRI . . o oot e e 4
BBESS UHDTV BB R . e 5
B R A SoC I T . oo 6
B N B R R ML . 6
BRI B . 7
10G — AU MEBIBREREREMDINERGE ... 8
BRI R D R R . o 10
HEMBREIEDMIERLG .. o 12
BENEEAM Android N AEETABEIMRMNARS. .. ... 14
R A ARSI IERIZRLE . . o 17
BRI G . 18
PUESEEVSIBIBEMREMBEIERSG .. ... 19
B St ER AR T EREETEES 21
BT B R R B A AT . 23
EFABIENEEEEEMEEEEIRERLE ... 25
BEREEAMEEE IR AR T ANMAHEIS =L 26
DaaS——HEAXEAIR . FE GIS EMBWIIMERS. . ..., 27
B AR T B . 31
B AT BRI 32
AT R . 34
AT B R 35
R EEERIEIERLG  . oe 37
B BRSSP RE T . 38
REGIIIE 40
ETE&ESNEYFHERSMENXRBERERXGHFEUERAR ... 42
BEF AIWEFAERERSIEZ TR . 45
R T B 46
BRI EER SN EMIEEE 49
SRR R A E I E R NI REES 51
WA GG TR SBITYMERL . 52
[3ZiBA Xt ]
R BARGFEESERITITRAR . 54
B AETBRETIIR .. 54
TR A AT BIRY . 55
ERZBEEIXERETIT . 55
BRI ARG TR ... 58
BRI - 58

X@Egmath () SERAZBEEMK ... 60



B R BITR . 62
B BRI - 62
[ BEIRIME Ste )

B R A BB R R . 65
KRR, EBERIEIRT BRI 65
BB ES S R B . . 66
EAMENY (VOCs) RERSMHEPRIBREA ... 67
I ST R I AR A BE o 68
FEAIREMEIRK RIS S S B K BRMEMMLE .. 70
BB SRENE T RBERAR 72
AR KB BRI . 74
MR R AR G2 T . 76
M EE D B AR 77
IR T B R SR I 78
EEHHREEEYE. SEMBRUERER CO2EMHIAR. ... 79
TR ARBEIFNRUCARR RSB EEIAR . 81
MR R AR RIRI . 83
TR BB . 85
PVC TR RIS TR . 85
FEEEH XS EEMRIES,. FAESSIERR .. 87
ETHEAFIAEERESTHNS MR EMBEERERAR ... 89
[ 4 49E 25 7 g ]

AR 93
ERSAIFECBEIEEKNROBERISETES .. 94
BB R R T 96
E EHE KRR AT RS T HEA R MERMBMETIGESESS .. 98
B DI RS I REE . e 99
AEST 408 3D MR LATTSEMMEIEBEESE .. ... 100
BIEEERERNA/N FHAMR —8EFRERESME SR EER ... .. 102
TH-Health B e R BB B IAIE IR . 104
AT REL R NAFE RNA NS AR~ 106
Kiwi-Al KEIBEEEI RE TS . 109
TR S T R . o 120
BAEREIEE R . 123
[ FifHE T ]

BB S RIS . 125
REBEIE T R ARIINIE . 126
PR LA O B R ARFINIIR . 127
BHETERESMRIRERNTREFTMORA ... 128
[t < ]

R R MR MR BE . . 131
R R E AR . 131

AR R SRR AR 133



BRSPS E I H
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T ARG B R T CE & R T R S AR L A R REAL . R RESE

iR RE, w4 HAR & DI e S HE L — S ke TR BT AR IR AR 1) 32 5
A FHOCEERURVEREI R T R Tt H AT HEUAR 2 BEAHE L RF433/315M. 177
Zigbee. Z-ware. LoRa. 4G/5G 4. HAl 4G. 5G F£ahi@ R UL LB H AR 5K &,
AU ] A5 B LR SR AR A o R ER R s @R T E A K
AR A0, AR — BB [ OO =40, DUAIES 22 40007 W) A fE o SRTT H AT A R et 2R T
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DTMB fEFlIgF/5 8 L £ &

1 R E T

2006 4 8 H, FREMAG 1 b i #e AL SR E E bR iE (GB20600-2006, AR 95T
455y DTMB). T4k, DTMB fE4 EUHENBWHHE ™, #3) 7 — KHR A R RE.
Hoh Bl &t AR =T K BRGE A R A 38 V) 75 2 DTMB 1 i) 88 F T B2 2 ity Fi
WS A IR R IR, vk, WERRSEFIH A B0 DTMB 538 4% i 1 ] & FH 48 ik i i
DT6010, #fF A Dt i DTMB il 4% -
2 FARIEHR

® T{EMURIEM: 474~858MHz;
A ARG :  1MHz;
s N . ASI/SPI;
BT -10~-40dBm, IR IFELHEEE: 1dB;
TAERER: SCEF GB20600-2006 T 330 Fhz,
WHRZZR (MER): 32dB, ik )5 49dB;
PN A e LR T RE
W E PCR fZIETNfE;

® 1 NE MPEG-2 i 23 iith .
3 MR

AAG T R A T HNCA B RS IR P RS B A B AR A T H O, T DU N E )
MPEG-2 Zwhd a5 S L, i8id AR E %88 LCD Won B B 5 5 Oz i
HESIThR, TIEFA. EWIESE, nEN LRSS DTMB Bl & 2474
FARAR IR
4 Qg

HAlCa ek & ey, BamimAaL A gl 1750,
5 51EAK

FARFAL. SETF K.
6 BB fT Il &uts

L5 S A

=R USB igR 5 BIAI%
1 R E T
EIAHIMER RAH, 558 EBEREOR, ST BCR R . /EARRIRUERTA {E B AR S,
ANER LR, W] PRAE SERHE B RIS A 2 — N R R i) . TEIR AR RS, A
BORK R GA(E B — 2 WA, Xt 7 ESer R EUE B IR . A4h, ARG,
B R B AT RAE AT, IR R UG Rl et AT 3 — 2P iR
TR AT KIS TR RIS, TR — R FTHEAN L USB £z 1ISERCSR Rl
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2 FARIEHR

® URKHAE: 1~320Mb/s;

® [H|JHAIE NI A 1~160Mb/s;

® lEEFURIGE: T 1x107;

® FEIIHSF: ECL. LVDS. TTL. LVTTL Ali%.
3 MR

USB it 3% 5 A1 3 438t 1 B USB 22 1, SZi ok Bodii ic A7 20 SR a4 L,
FERr LKA 8 AR R R B R . & R RS — &7l PC HLEE LA
LI, 22 A N R R PTA F , E RIS . AR 300%x200%40mm?, EE/NT 1 T
s, fETHE
4w

HAtCa ek & ey, palmAaEd 1 s e PC L.
5 81EAX

BAREAL, SR
6 BB itk &uts

L 15 2 A

AI T B Lk LR MME M A S

1 RRSRE T

R A L ORAT PO R8BI JC AL it (1 75 K, T AR R FTE 0 H L) R R A3 1
KR, HERRTI A % o2k 2 AL M R 5. ZARGERHE R R H KK TDS-
CP-OFDM AR, AJTE 3~20 2 B0 AR — 2% e 17 7 2 A B UG OR 75 o S i el 4%, LAY
B R, PLTHiRe ik, SR Re . IR, BURIE MR SRS, ©F 2N
TAR. HP . &, BESFAT, ELAR T, PURRKC. ol S ki T
ER
2 FARIEHR

® T{EHRIEHE: 300~850MHz o HoAth T H1
A HEERG : 166KHz;
RETDIZ: 10W (EBESHD. IW CRIEESHD,
PSR U LT -102dBm;
WiwE: 1/1.33/2/2.67TMHz W]
BaJafl: 10~20 A8 (FEHO. 3~5 AH (),
M5 77 : H.264/MPEG-2;

o B HE: DI,
3 MR

ORI E IR T ] v A R, TERS B (M R b e R BRI LB R T U
SN, A ERGHLA0T0% B3 MG AN 5 5 SR A5 1 B USCR a , Fd e Sk i 2 B4
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Bl AR BRI L, EFRPE RAESE — A T AR B ST O, AT R R B .
4z
HAl O e & MEi, BamibmAas) 1 Jit.
5 81EAR
BRBEAL. S1EF K.
6 FriE Tl s
{5 B AT

PLC+VLC £ &%
1 R SRE T
PLC+VLC RGZHEFRY BATHER M — NS5 2%, ©F A TDS-OFDM R4 5+
PERE, HEHFHEMAS S 7E PLCHVLC R ASE 1, 16 SMHZ 75 5 AR5 1035 30 =
¢MMM,E§%%m&m@1%mz

Power Line~

i ( PLC to VLC Conversion Module ' //
PLC D LED
Dat - / N
ata —p Modulator Coupler i Coupler Driver !
| LED
Data €«—— Demodulator AG.CA < Tran5|mpAe.dance
Amplifier Amplifier

APD
1 PLC+VLC R4GHER
M gmIS 2 5 A, 7E PLC W14 58 TDS-OFDM i, %t — MK 40
55, #hER g, Wil 2405 5% %) LED 473k, M SREHES, Saliksk.
K BB Ja, mist LED JGUR, ATHSEfEREE (5 SE g BIIE 4246, OFDM 15 541/
2] LED AT 2. &2l —BE s, H APD JGiRSHEGE SRS E S, &
HEEHBOR. AGC K G, RS BT/, fbm8dEad e s, SR
FE S STERN Rt . $%%m%%f?Tﬁ%E%ﬁ% FH SR BE N3 S5 A L 4R BT
FE R T AL AR, R R E R LED
173k
RGN F B AR T
W 775: TDS-OFDM;
fE5H % : SMHz;
FREF BT . >24Mb/s;
HL T ERABHIEE . >100 K
A O CARRIE B >8 K
AN T B PR T U
A5 BANEFOET. K 2 PLC+VLC RSS2




IR AR R E ) H

2 M FEA

FEATEAERETFBAGES, TULRESE. G WETE, el HTgE
Wi R XS, ATSERE . BUR . A .
3MEA

PLCH+VLC ARG EALMEERR . TREMTRE. T RS S, wTeRHCa®
T R AT B it 4 3 P T TRk B B A e A 3 T
4 51ERFR

Ak EUE A HET
5 FriE Tl &uts

T AU

=8 UHDTV M A%
1 R E N
MR L R G R _

R, Wi . Brtas ST e ::f;;‘:f;;
Wit AISZEL. UHDTV R4 H 4K MA0E L3 ; *,A,,”,,jﬁ
SURILIE G 50Mbps LR, S
13 8710 DTMB-A J7 Z4L 4, 4
PR O SRR SR P 2 4 8
HATAEFRRAR, WU % Ab 30 R F
B SZL. FF5E R UHDTV REHLE E
P 2 24 5 R 1) R 7 7 S P s 4
S, Pl MREDHE R A RS

FEE AR
fEiE LR : DTMB-A g V7 iy,
®  HUEHEARLEL SOMbps T LA feEG. LG
® WA HAIE 3840%2160
® WSNgufEAY: H.265. H.264

® SR, M. Bon— ARG
2 NAREA
A T AR AL LIS AN — AL e S kA o
3 ME I
T T S (AL Ut ™, 03 FLR 5 ML A s RIDKE T AR i IS H
i miE R AR R RGN T .
4 &R
WREWERHE .
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5 FrlE 1Tl Suie
5 B A
SinFEMNF SoC &it
1 R E

O A EZ D REAEE . M A i dn i DTMB . A 280 Al AL i br vk
AVS/MPEGII f#RSGAN UTI #1146, JEH Y2 DTMB FIEHEZEH AR, 24T 2007 4
11 AIRFIFERL T DTMB RS 1 MPW i f,  EEVERRS B N Sl = S e bedl 2, —
SEFEbRE ARG, AT IEAE e E K E R L T A SoC WA ALIIH . iEHE R
[ o A1 A2 A 30 5 1) B P A BRSO UTT MR 4 B8 O R AR A (Bl B AR R oL
UTI L 23 B8 VRN ) P ITRR e (1 A Sk R By o 8 FEAIUL ™ b T I T 2 AR ) S
%1, BAVEEAR S KIEE CEARIS, SEMEE—E, DUE 5 SRR w7
MR SoC it AN, FFRHUREA. malfEEAE T ms ISR, A E
B R R 7.

2w

E N T P AL AR A AE B, T 58 BUS B i 47 B AE 500~1000 73
3&E1EAR

PR o
4 BB AT s

L5 AT

T B N RIB R F R EM L

1 R SRE T

TH AR50 #1288 (5 (Powerline Communication, PLC) FARGTRMAGZ K. 5
CA T A E )5 A7 R OEARNE R B A B E R0 I R 2 R A2 455 5
(TDS—OFDM) #iAR, FELRUEEASGIEVERIFRT, 9 B N A A b3t — & I BOR R B
22, FEP ARSI 2 VI RE A OB S [E M A R84 o B R EAE S R EE A A Rl A EHATY
Wi, CR%ER T R0 Rt KB AT, R4H FPGA Bik. HAl, EESEXK
LR 5 AR 3EAT PLC AR TT A& . AIUH ST 17646 PLC LR it PLC FKEM %%

or A
A A

2 R RtRA

WRERLTIZREE, &A% X IR HE B .
3EMERN

T R o
4 BTl sk

CEREISSItu R
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AE8UHA

1 RRE I

POUEREE TS
MEZHT 1 5L (T H AT
N

FEORBIBARJE T AYRBIBAR ) — S —TURYE 5 F Y T4 il A5 &
B AR U S R . SIEFRBIA R, ASORBRR &S R win A
R, MAEEE SR, i uith ARAME: TS R R B AR IR s
EETNFIEAR, HFAZEUNZHE, BRI,

FEGOR AR S R RTEmE, Ao AREE: (1) AN (BIEAHEAD: FHRLAI R B
EERAE T APRM— i, & “Zik—" W@ (2) ALl B ARIA: L
BN BOE B R IR IERIE DN NPTUN, & “ X —5H] 7 1.

FEECR S H A AR AR, BUFRSCRA . G SLEGRA M R, R
ARBRANEL AFICL. AT EER S, ERAG TR

o SRR, WA KRR, FP AR OB

® RG-S T B ORI T BB B F SRR B (0 77 2 — o PR N A IR B
HRTHAH GBI, THA YR AR A &S & 5

o EITHGEMZRE BRI N AT R, NIRRT . AR T IaSE, S A
VPRSI, A SCRAE O, AR,

2 N RERA

H T 5 H A AR B SOARM L, ASGRREA EONRE ., #Em . abf KTy etk R U745
VAN Z200/v% - P S 11 ) D R P2 A E s e o oA TN kil 8 TP 7 e e ER R R TN B N AT |

PATASH Y “ RS A S AR R G w7 BT 2004 £ 5 1 29 Hald 172
ZEHBER EFARBRREE R, BERRRTR AN, ZIHR “R=—IeHm.
Il N T TR 7

PATASEE 8 A SORB S AE R GE5 BRI (2005 AL RHE RIS D
T2008 4 2 H 28 HIE IR, I KA BN “ZIRBTERL 7RSS 1 HIE 1 & I
HizAabs, SURIESR, AF T PR, BTN TS

PATE A A AL A A T R BARAT AR RAT 95533 X H A Kol S EITH 7,
CUE I 7 AR T AR ARAT FL 7 A SCE i VA SR, AR TR VR RE SR R D5 T
BG4 AL AL S o IS o 8 22 4k B SN 45 2% TUEE K X 7 SO R FEFR T <
EIETREAIRE RV VA ER

FATIEAERRR TR 5 Al A AR R 58 2 75 SR N 07 58 K7 il BLAREASBR TR 4B

B, TR RGSE.

¥+ BEME—RALAFR IR U E N\ B 0 (T8 B AR S B 2 T IX 2y
R o PSR NI ERAE, IRAEHR BI85 4 —FE



IR AR R E ) H

3T

fRIET A HHMEIEN
B A

EH AL AR S

LR 2009 FH1, A GORA S AEAEYIRA TR S RN 15.8%, DURTHREUR%]
AERR R HAET, REEDHATILN) FAH 200 25 Hi 96% WEHRSCERAIFAM
R IR FURIE A 7 b (R A W 2 o [ A S SR T 37y 28 SR 8, HLOR s 1] B8l »
fEghl. B2, AR, A%, FALHAMRA ZENESET A THE) Z K.
4 &R

TR 1 o
5 BT e

HL T B U

[N AR NAP/5EZ

10G — AU MB BB RE L EMD RS

1 AR E T

AT 4 2 AR R B AR 7 4 B %242 (Holistic Security) K. Joi e M k5
R &5 A B 2% dE N $% #] (Network Admission Control ), i& & A\ A2 [y 18 5 it §% By V5

(Information Leakage Prevention) [3:4:, Tl L&k 5HLAME, JREUE B2 55«

MGG, # R 2 BT AR — AR AN G AL AEAS [F U T () FAR R I X — R R,
&0 1) 22 4= 5t BRI BT K 85 (13 FORFF (perimeter protection) [ A, KERIG — &
& EE (UTMD X3RS (local protection) B4IHLAL, AMEMIESIL K& RRE, 1MH
2 QAR DABSORE #U0 AT P e i« S FH RN A8

AT E A B EER AU B R AR TS B TR A ER QUL AR S &, B
TERETYEAhENHE RS, BATERZ ERI T SRR/ RS gihL iz vy i) 4%
fils NREIFGAE . BiieE. VPN ORI, AEEIE. MERE. LaRkg—i
BERARE
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2 FARIEHR
® RAGifritiE: 20Gbps;
JE 4R Jinf, 1ERIA 3] 10Gbps;
SCRF 1000 J3 4N IR o1k
IPSEC VPN: 1Gbps:
T AT (HA FUTTRAE, GXE AT B, DAPE my ] 0 & 1 R0 2%

a|
ol
T e e e e

TR
AT CFF 802.1Q, SR Z 1024x2 4~ VLAN;
SCREVT IRl ] R0 H: - 10K
YFERGH . HEEH,
WA B0 Web B HE. CLI/SSH & H., SNMP & 4%,

® ML FE: DES, 3DES, AES, A3 EAEHE ML A,
3 MR

K RGR AT & AR Z 22D T — S stk — & 10GUTM # %, 1&
a2 I = i e N v 1 | R NG o A I 7R R R A =57 8 e i e T S o S S
4 QxS

MR E R AR AZEIL 20G RGN E.10G WL 4R 1. 7G NN R IERE,
WHRHLE 2M B S bRiE, o DO USRI 2D 3500 M PN, Aai T T .
SF Ak, E ETERE UTM BN IE, KRR RIE 2 e bk PS50k
falat, A RUFII ST UL T H 10 G .

TE UTM %538, AT PR IRHERA B R 250 DB 1 e i e AN Bl e 2 14 2 B J2 A 3 il T
I 1) 3 [ i R 8 6 NAT-McAfee B0 85 W OC R FD e 22 R REACER ) LA HLFIIEE, B7bidk
MR A A B e I PERETEAR, o) FREPXMERERUER Mt th T & FP O &, kRt A2 B
AEERRE T, AE2 U] Al NS I X 25 T ISR ME R M AR B, R tERE
e, BB A R O P RS . FEEL N, 7 http BRMIIALER I, LSRR AR 1)
T SRR, MUEAE N AR ERE B ER F G RItkRE, (HRAEE R R LT
B R AT A2, R i) 7 20N S AT A R RE T, A AT EE AR Y ) Y T Y A v
WiAe 1, # T EAE AR A BRI TE o N FH 2 22 4% X DG Ty R 14 e P il 55 37 PR 0 REE A e o
Ji %, 18 Tarari XFEL T TNFE N ELIE CRElZ XML ARED S8R B THIR ) iR 78 50 1A P 1
LZIFREHRZH. B2, AR OSI UM 2 FIERIEEE R, ZER %
FRARSE, IF 5% EAT B R & AN SR TR 1 BRI o

R A EE B H AR A UTM MERE B 588 10Gbps, M MiHES) E= s UTM 7=
(AN 5835, S i UTM = i i s s 77, 0 H F AV BUR E = UTM £ 5
Ui T 3% b G S AL, 2 AR I X 4 e A T R R, ORI EE B
LANE SR AL LR ™ i, A OR PR X 205 B2 4
5 51ERFR

PR o
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6 FrE 1Tl e
5 B A
SEREME R T LR
1 R E

bt RS R AT E FOR IR, e s 2 NAT AR, ez 4k il H k™
B AR RO R AR KNP T B g ORI R 2% . B RRALAITHECLE . fildn: P2P. LM
WA, ST KRR, ERNET TR SMMSCEETEE (B R. R,
85 B P E M T B W 4 IR S5 A R e A o 2622 4 ) REUAN U E 9 5 P B N5 B
ANESAASE BB, I EAF VLB AT AN 22 4x, 2% IR 55 B A3t P A B 2 0] 19X 2% 1) A
AT EIMEAE . AT EBE, ANESTEM RT3 O Eh A B IE A
178, IRAR IX ST R BN T W SR IR R ER, St 2 L.
A BRI . KRG 1 BN RREI o W28 3 70 SRR AR HERUAC FARE R 17 IR B it 8 ) 52
1 SR o 7w [ S O VAY s & = O ot 2 7 o 5 N B S i i

P 2837 73 SRS A X 2% 2 4 A 38 D7) 7t g DR A% Lo SRR e ) o I A 0 U B i
AT SEI B RORB AN 735, A4 BEXT WA EAT A R BRG], TS AL R 28 348, Al fR A
HAME R 4.

ARG T RAEI « BT 58 LA i A5 S ANEE T HUT I 280 70 FEBOR, St 1Rk &
= RER B E AR 8 5y 2R T7 1%, SIS — BEE ] T SR 7SI, A
PR o IEE . BT G A R RIS RS, RGEHA R R SRS T 2% hoxt
L JREAT DO L AER AN S 3SR RE .

2 FARIgHR
® 3G H"htE;
® 8x1G Ol/HI);
® DFA ik ;
®  200~300 FhHi;
® R SIHLSCARSE I BURHIE ) B B4 HL
® R STHLES A I P URFAE 1) B Zh AR EL
® PRI R B A A (8] F A B S gk oK

®  SURFIENIRIE LA,
3 R AULRA

® WUFE AL

IS FERA R 2R R ARG, TR — S8 R AR TN My, ARE R Eh 8
AR s Y 0 S A ORI . R — 28 P2P (At . B AN T TSRS
FHATI YIS, RATR X L0 G AN B B BRI S HE A I SE R A28, A4 AT DU
TR LR S R Ja 258 BN 2

o

10
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BEE THENBOR RIS EOR ) K e, KB A ARSI 1 P Ip AR IR 2, Rt
W2z X T AU EE, 5o, S MEE - e, (R BRIk
AT ERA, B4 W P2P S DR X Al ) IE TAER Rz . HIR, Ak iyl ]
e PR g X 24 2 4 I A Mt (S AR PR M) 2 52 B4 2K o DTGB AT S8 RO 7 S B T
B R ANV R A A L

® MRS HEHERS (Internet Service Provider, ISP)

R 28 JIR 55 B A1 7 A O Lo iR BRIE HE IR 25 R 1E 5 12 AT S F P i, X T IR 232
FARB TR WARE Y] A R 5 R EOR B AL Y AT 2 W 8 5, T LARS B 2%
Jike 25 AL R ) 5 A 2K A BE SRR AN S BRI SR IBOR, IRIE I 28 IR 55 (1) 5 &, $2 T X 28 IR 25 (1)
LU A

o IR

P9 2% 757 3R 5 SR FH PX 28 00 20 R e AR R B8 AT 8 A i 0, e S IS B P2P 450
EFE M AT 1 5 b 5 0 B AN 1) 1) L, () T 3 B X 2 0ok 45 55 o 3K gl 75 20 40 SRR S
B R X LR U 2 S H R

o ik

X T BRAT B SLER) 3 A R DA a2 5 1 B 5 3 (R PR B, S R R IR 402, RT BB
2 0 45 Y R PRV AL R R SR 3, A BT AR D £ B TR R T 7
4w

® N T ) X 4 g S AR |

PRI, HER . SERTEI IR KRR G, W LARH T8 TP I 2 0 5 A5 ], RS
Xf—BedEiR i BN ST ) ARSI AT RO S S, R 2 R
Bi, MGumpsg ey, (bt fing, BRER LA

® N T 4 Ia T T R £ 3 R AR

PRI, HER . SERT RIS KRG, W] LARH T 280875 R T4 & 1 0 2K 4%
HIME B, S B Iy, ARG E P SR, S B W R BUR, 8 T SRR
&R A, REEIZE R N2 I I RS, FFRFA RS & .

® A Al N 5 A B

PR AERA LI ) 2807028 R S8, T AR FH T A b o pAY 8 ek o) 2 4 o) A
T A AR VAL A5 S5 A it B R R I B B 45 P2P S, A PRI 2 58, IRIEA
NAGEESZ S i et 28

o ik

P R SER IR R RS, B BENR BRI & . HRERT A
DR O 2o 2K R R AR T TT 58, T DUMEN UTM 72 i RGN — 8,
Hh RS HGE W] DA 4 B SR 2R 8 DA A2 5 18 10 N FH 75 3K o FLAE X 2 224 2R Gt v R R D) N FH A
K= e BRI AL S A A2 5 R

®  KIHAL

W28 008 73 2R R G A% L BOR R Rl i i L R AR AR B A E B AT DR, TR R,
RARAFEAREE S, FEAE VR HYE B A AT L R LA — P R AL

11
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AT PRIV 5 2SR SEEL (R ISP 117352 A5 Q038 AR A2 A2 A

RS
6 AT/ 1Tl sk
LR ERSKt

HEMBERMIBTTNRSE

1 R SRE T

Mg O s E R A R AR, B E B ) Web2.0 155, e
FIEEW, BEANHESMEIREK R Facebook. Twitter, &30 AIAT] 12 /4. 5145
P N B 22 1Ak 2 0 28 T EL O TR A R i TR, LA BRI PR B 5 42, B
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AEERAN TR E, REEFHE AL,

ST FKEGIRE LT RS IR, %, B, BRT R & RS HEHER,
HTIT RS R HE RS .«

R PA B ST AR, 0 T SR RS RE W S PR A L B AR
T H 1 oK BN .
2 KPR iER

2016 4 11 A4y, ZREEFARTERELAASZRIT RS HORIR, 85 &ZRIRTT IR E
oK, EHERATEILR AMiner BIBATIE 1 i EBHE AL X B RIRIRAR S . 1Z RS REWIR
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systems, and data warehousing, with over 300 journal and conference publications. He has chaired or

served on many program committees of international conferences in most data mining and database
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KL, TR, X EIMNRESKR G, mHEBEARTIE IS EAT, SFEHEAT “ 58 i
TN IR IR, G AR A — B . N 2k A R
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i) (1) JE Lt A FRASTI 2R G085 e I P A S B i

BMS )7 O 5 ae i A b s 32 7)) i - BRI E) I EOR AR A R 52 T
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FRWHAE 2020 4 &5 300 1Z27cbh b FHRE, BMS R4%5BERAREL 10%,
PACK AN T 20%, &5 W5 BMS RGHKAL] 50%LL L.

451N '| = I. SiP
s i ' '
5HxE kR

i & 1 TPMS &5 A HE BRI R 28 )

A B
— HiFIEH —p (Rt

47



IR AR R E ) H

BERE

K 2 TPMS

a1 P L R TR é
N I R
| sasne [T | | GRED ;
N N

— Data, Path - Power Path ! » BMS Chip

K 3 BMS it S HE K

K 4 BMS it H 450

48




BRSPS E I H

6 1Tl Ffridk $5uss
LT B AT
ohAMNEEREMtHSWTEEE
1 R E

B S AR B BRI R R ANME B2 A T R I K, S A O TR T2 I E
TR BRI FEATEE N T “WEush” S, B — 2RSS
(1, R3S BB BT B E RS A7t A3 R B B i Bt v, B Bt R
7158, FERERE MHETHERR S Har, R ERRARIE E ARG B QR %S 24
PPN LA MTIVTE SRE0 2, A 48 B AH SR IN T 2% 1R A 7] o 38 L £ AH 50 0TI ) A Fe 7K~ DL A %o
WIE o AR, HRBER R E RS 55 BT, A KT 1) ZE B A RN R A2 TR
ZAFRREZ 2 S AAEEPR S PR T30 ik, T AR IRERE B2
HH R IES & NFT BB A 35 ] 5K 5 AR B 22 PR 7 B2 LR A, L 0 2008 5 s 22 4 1 DN T e

RV BEH KN EAE B2 S B AR S 2 A PP EOR B R AR TAE. 2009
FRILT AL AR Rk PSS 1™ 5 22 AR, B A AT I A e A
TR TR IR E SR IR L TG ER A% Ak 7 H R T4 [ 5K L 0% 4 1 B B )R] I
S E W2 FZBUTEALE Cind B B2 4t B KRS R A S A R ot
E R AG B2 A O AT R A 0D A5 B2 it 54k CRERMAB 74
RERAF S FAFMAETFAF . R ERFBEF bR EFRIARIEA A &
BALHT T 2 7 EAE, SRS R 2 S EIPER AR I AT RS, AR SRR A
B 2 RGBS N2 MENGE RS 7T 1722y, 247
FHOCMPEHR S, HERT A = T 22 A kst 2 o

B R I B 564 H AR PRS2 SR IE G, T S008 M5 1E (S
SRS B SCRE MBS 0. %P & HIFEEEF & BlSeE & MRS
FE = AN FN, SE T RS S AT RGN R vOH S e AR R B A A
KuE, WS —Er=mih. SR RIS R 2T 6.

VA ThAE Ha R iR o7 S 78 2 A bs _F L B BRSS9 [R1 2577 & Inspector,
F BOHT A
o R VIRMEIA M. DB S — RIVEEE AL B 7%, Bets WS PRAKTh#E . et

PR RS, ORIRE SR = O 15 e LA SE 38 i D 22
o CHIRE A F VO EE L, Y RAEE S MG I, DRI AR E AR M A B

HAR,
® UL [T A A IR EURI S A ALl PSSO s i i 2 R L, T VR ARG R

i, BB RNEEAE 5 AT FRHGE . WERREE B S S5 W ok ), R

Z PR RS h B IR, 3R SRR B B (SRR L
® ILTiZTE, T U NEZRENIINERE IC B SR LiRE AT (BE %D

I ERR CCEALA+ ARG IE I SE A O T 4/ 1 RS, BRIk E HEH, I

AR AP FR (T st B 7o SR A ek i1

&)

49



IR AR R E ) H

2 M FEA

ZMPEE & DR Z AN E NG B2 Wit 54~k CRBEFMHBETFHEARGRA A .
7 77 1A | AL AR T A AR R L P RO A R TR A RD TR 56 1F,
AR AL R 22 A TN PR R AITEIR 55, DLR L BT K BA B e PR B2 4t
Fo W2 MRS B2 =il AT T2 Ve, St TSGR, HRES ik
THRAE PR AL AR T 22 A P etk 2 WL o
3 MmN

H 2009 FELK, FETAZMPETG ZMPFHEAR, SHGEIERAMZE T Z2E AR K
IR, &R B FSEET 500 F50. RBMBTE RN, 8 3CRE THSGEAR IR
AR ISR, FARK TR ESE S, BHAKCPAER A SR AT thhn, SN T BRI
KIEHIFGE . 21T AR KA R &8 T

2009 4, HILR W FEAE BHAR RA T T Al S A7 i =00 2 A vEvE
A IRS &, GIRLEE 46 T3 T

2013 4, HRFEMHBE FHARARARZSIT iR O Zeaih 55 &F, &FH

#1105 Jiut;

2014 4F,  AHHE SRR FE R pE A SR A R O ZHE IS E AT R I, AR

5160 J17.

2015 4, SRR TR )\ = -G “SM2 Jyk 1P S1EJFR” TiH, AR4&H
23 JiJt

2015 4F, S5t 5 18 W Brkbs Kk B BR A w2517 “SDO8F548 5 f1 SM2 Hik 2 A LT
k%7 BiH, &FEEHS 5T,

2015 4F, HbutE BRFERRI TR “ B IFE T S BRI TiH , &1
SH28 Jiot.

2016 4, AR TAER S )\ =BT “ N B 2 A BB S RE SoC B R
WiH, &R4E 157 J5 7T,

2019 4, HriOOB M AR AR “MMEESGEE %4 P A RSBl BiH, &R
&H150 Jigt.
4 &1EFK

BRGHE
5 HXE R

A Y

138 A 2P & %% THSCAP200

50



TR AR R H ) T H

6 1Tl A S5
FL 12 A0,

MR e e s ER RS T

1 B SRE T

AT H NFHEES 2019 R E K SR RIS E .

T 56 BARNH R, SCBKEHE. mibE. AT, VR SEAREFEHNL%E
REF, AT H G PR SO AR Rl A R AR SR, LRI 3%, SR
G ARBR AR AT, SRR Rl G A LIRS & s B 8 AR,
ANFLRET- G D RERI 5> S AEH

[FINF, il 8 SCAHANBH b G R AR R A JE IR 251 & FE M R B R R A, R K%k
PEHEOR, RS A 7, WS —IIRSSE B . PR S 25 & VP bRt
PebRA R, SERUEEGE VN GEiE . QUEGDE. BEREE . RO, PR, IR
WA RESE I —uli TP A R 55 Dhe B SRR

2 K1 FBiE

AT R T & HmdfriX . 207 X SRS R SR ie skt . STl e X 558 A 3k
Srh.
3 MEHH

AL H R BOHE N TR AL T S R R T 5 M SRR R S R M
RN T 6, MBI RIR RS AR e .

4 51EAR
PR R R YR SR, HEBE R ARG &,
5 HxE R

FrlEEEE, SRR, SETELEL. dllisR
H. BRI, FREERETSFIAE. IR

TS LS % AR | [SCi A R £ | [ L2 el SHiR/Z S/
RS il £ R || el | W EfENRTT
TIREHATE X P
7 t!ﬁﬁﬁﬁtfﬁ %
, SRR R A S R A RS T
SRS ;q HHRFBERETERATIRE FAFAR g SR RS
TIERESE  § SACTIRHRAR) (AR )| (TSR B P
REASE aEeml | | Bawes ||/ER/AS S B it
UPFsTigER | | WiFhgmt || —Ea—ikst -3
T L AW zaRe ) | poRswE ; T
&5G. Al AR, N LR sy
VR, it e [ AR TR ] il
BRBITRI S 1 % i
& Lot O N i [ | AT g
S TRERR A BEE ) (RRER) (REE | (Fhifntes SR
Lk [ swimsmamsnssEFR | BRI

NI T G



IR AR R E ) H

6 I H TR T sl
R EYSSt R

WhE R TEREETRNRSE

1 B RE T

ST BEK. G BB, AOE A A LR IR R R ISR . R A A gk TRREAT
L AAFE R Rl . RGE 2. HHOESRIE S0 B IR &, T SRR 7 2 A 4T R
RorBe R SRR, BhASTEAY . BUJRAEAL. SEETNE SR AN, MR 2 IR A 5 o)
M 2277 B2 BRI AN 22 4 By [ A 48 S 0

W AR A 2R T AR L AnIa AT I RS AT BRI PRI, BRIHR. NEr S m
Y05 B 1 2 22 A SR R, MR T 2 2 A B AT 1 v O, St X 7 2 0 0 o
ARG LA T2 RN, BEEN. =iHHE . KBHE. BIM/GIS ZHUE BHoAR, sz
IO T A iy e RS 1) B I J R 5 R o R vy 28 AT

RGN T R EART] . B 2 RS RBER AT . L L A R TR A
HI BB “ R Wl ZEPEH AR RN, R T AR TR 4 e AR B,
RAEEAI %, BIR T 2 E SR RE SR TR ST RN RS, G5 T dHeR
T2 AT R AL S B

REGCIBR “1N” PR R, RIS A A g 4 KUK M R G N AL I8 F R 4%,
TR AR AT HE R 2 ()22 A W L K IR S22 2 W ) L HEA R I 22 A A7 il . W2z 4
BATWEM . 372 AT I B2 B AT I BB E 2 IS AT W . ARG A 2 A
BAT W

$442 +188Y + BIM/GISHIE(IH RSREMIBIONE | REUBEIRER

TUH N RCR: R G BT S A
2 MR
LSV B e B R ARSI R, R AN TR S e, el H
AT, SRR Py G AR BBz, dEAL. R WM. BTS20 20 .
3 Wz oA
RN B . KB . N TR RESEROR, SCHEE Gt at it L “ B+ AN
CRBEH” TR SCBLSERER. ELRMEINAN B T, 3R ik vl A A BORS AR AL BEOK T

52



BRSPS E I H

RS AT BN SOM 2 4, SRTH T R A Bt A BT S UK E T o LAAS I T U 2R 48 L T O
B, AHE 51 HENFEE. 2200 RA R KR NEL, 2.5 HMRRKA. ZRGET)E, Kk
DURASMIE S 169 2. BLAKKRE XS TIE 49 2. HEBBT RIFRE 243t 3938
i, ERHENTFRIACE 1R, R 9 R, A ROREE T R A
4 IERAMREEERN

T (XCED BUR, BSERERTT, AT, fK, HK. MRA RS, BeaE .
5 Fr /@ Tl st

HL T B A

53



BRSPS E I H

[3Z3E AR iz ]

BRERBRG A A SERITEA

1 R E T

BRI R O A OB i K B B3P . 2000 7 4 TR E EAE K 2T
JEA I LB onE TR, B REACE RGN K DA BN & A AR IR

THHEREH 1996 FH R R R AW A KRG R TAE, WNERSE G
SEH ARG, LWRELRFE. BIEHAE RS, MESOEEES M, BT —RIAEHFAHE
SRR BRI SHAR M A R, Hh el 2okl S Ra kit mERH IS 5HA
HREAOEE R RS SOEE BT e KB MRS R4 ClfE Bk
RGE, RBTAZEIEN 8 Tl KIAER 5 T,
2 M FiER

THHERFZNEA S T RASEM ST 28 E R G0R RSN Wit B HE Rk
1 RGO RSS ARSI HE . A 2003 4G, IEH R IEHESN B G850 @ R A M EH AR
P RS EBITIRLH TAE, AHER REACE R K IR T REACIE R STt RCIE %4
TR SR RS SIS B S IRSS RS0 BRI TR R 455, H Al s C
20 24k
3P

AEART] LUAR BEACIE RE K bt R AP S8, 18IS RGBSt n] AR RO B %
Pt Bt 4, [N A3 SR T A @IS AT R, B P HAEAT IR E 5~10%, PR S MUK £ 5~10%.

4 51EAR
HARGME. HARRS. BT RS,
5 FrfEiT s
2 SEIRATK
BAAHIZBERETIAX
1R B

FEXT AFEATIE R G HUR WO b, S5 5 AR RIBIEMG, WALR ., AR, 2
B AR S T A5 TR R T
2 AR

5 K 2R AR L T O S AT ORI DA i 5 A S @RI T I A LSl R g
UL .
3

B IS T A ISR S K R R R () STt DL AR 2 A8 8 — AL AR

54



BRSPS E I H

4 BHES R
P o

5 B Bl 4t
2 38 AR A

WhiEa ZEAMK

1 R E T

(SRS BE IR L, MRG0 FE KA T IS I 24 BTt 2
RGP, (RIRIR T BRI AR SR, )RR A BRI S S M

TS LR 1 A

o SENTTRIE. SRATESSEIAT AN, IR IR 15 R SR

o WRNICE TR TG AT, L 5 PG A 7 S AR R 3 7 R
TS 2

O RIS AT, KRS R R TS

O STTREERI IR, AN HTILRER VRS S R, R B IR B, R
fifls

o LUITEMIMAL SAWNHATSORINT R, MASCERT R WKL i
. B S TR 7 5

O RIS MIMAL, BRI U, E LR BRI (7 s B T L
SRHE IR . BL. B

® AN KA 5t

© Sy A LA J R A B R 9

o LiAACEHE M T .
2 M FiEA

TR T 2017, JOETT . FeT— M ST e, WA, ST, B,
7 UV TR 7, STV YRR R SR A A BRI T, H A B
MEHRTTRIE 5 SO, A Sch ST I Bk R TR T R A B A .
3EERR

Rk
4 BB AT S

ST

EEXBREMNSREFIT
1 RSRE /T
(1) BT I 2 4R
BRI ASB AR M e AW R, R T N T, FEHMOIST . HHUCE ., RS
S5 4 AR T ACE 22 A R . BRI R BT R o

55



BRSPS E I H

| waxempk |

v
N
S % T
S AT
v
T
v

e e
|
| awerzirh s |
v
| soitkimgin |

D8]

| it 5w |
B - iR oy B AU 5 7 N e

T8 PR AT 2 A A — AR FE ATl 2 AR A i S 2 IR Sl R e K R
B0 I (= Vb e i 5 215 1 IVl i i o = 2E8 5 U 7 N Yab i 2 g N 53 1 I a2 2
RISt 5 iR sh K R .

(2) TEBRATHZ A

T SRR 28 AR (1) PR AT I 22 4 i v I H et — A BT ST A, 3R T AR I H
BCR o

D FRE T E KA @ 22Vl (i) 48w

® P TTIE PR AT e VP e . B R IE TG PR A RS TR PR A
BEORATIE 56

o R TIEMATE LTI 8 REEADIR, FEXREAN P IR VAL ) N AT VR
5 Hr 5 HE -

®  XIIEEEACIE 2 AVl B OCB BOR AT T T B, PR T ER AT I e A KU R
MezhlriES B B, B CE 2 e SRR 2 RIS 6 MY

® HRH T IEBSACIE 2 A TR . XTI T B T MBS N4 5 ThRE L A0l AR R
X FRACAE RO BRECREWTTRIA R 25 40, IR SETE R TARIROL ., TE RS 5
BATNREE BT A BATHEFIFESE) . BB EMI ) R 5 28 I PR S T T A2
W2 AEVHE TAE. 2R VPE R AL P T Bl M, 70 i E R BRI 73 R .

20 PRIk T T K AL 8 A VAN AR ML

Xof 5% J2 T () 4005 AEMLA . 3T 2 T PG ZH 2R AR AR 7 A SGIA 1Lo

3) #ER BN I PH T O A I 2 A VA

T H B ARE TR UE DAl % 0 1480 F e S ST 70, R B AR T IS il e A e i, W2
T8 22 AR ) 5 A 2 A R R U S ST 5, AT sl B A T A S R AR R

56



BRSPS E I H

T ad i1 K ae o/ G

ST A A A AR AR . R S AT A E G, A
W SRESFIRE A2 45 T S5 A8 38 22 AR R 2R 7 2

T R A LISCRY R IR PR U B B0 I R 77 6 N A AL FG T B B B 5E 32, A
SARSCHEHEOREE, FREAREe. P2, IR 4 BAEA0E TR R EH, BASOEEH Red
W, AOEE R, MTEERE . MTERGCHESEZ TN R R
T = 48 I 1) R 2R B BURMGE AN R T

ZIH PR VIS, SR EHIE T B2 A BT REE, oS

2 53R 8 2 A RN A SC I 2R TR E 77 R B AR —, YISEik B T4 s i i g
Lﬁém$ﬁm%ﬁﬁmamo
2 M AR

TR AR TR R 5 755 2 AN T P 2 A0 08 22 A K

UbAh, FRATER]E AR E S — O T I i GEMAOE 22T 5, &
My SN LB AT T PRI A0 A T LA

DAAi it 17 T % A0 38 22 A H U AR B T A4

(1) Hi

® S I RARE T, BRI TR IR T A8 AR A AEAE W, X A, FETR
V= ok N P LB 3w Nl i B R % 7 N i K= 107 % A N 1156 8 247 ) G i e
PUA BT HHE R S R AR 3R

®  TEfRVUEER ALK SR IIHR T T, 7 DA S ) A T BN I 6 R LS R B AT
AT T RN b, TR T RS AR LB O T, K2 30km (19 =%
b T BRI AE I8 2 4 I EUE T RN A 2 AR B RS, SR H e T BART . ATRE
(38 38 2 A i T &

(2) RiR{ES

® S EEEN AL R A .

o USRI (FRILE. LI EE AR D o

® R BTN R A% S A AR 1Y) R 4 (1 T8 2 A0 e A A RS (AR SRR A RS

TR, SCIEE . N FTEEER R T RS R D,

© il i A [ g A R 2 A i (RN AT Bl R

® il ELH K St T RIFIAS AT BT H R

® il T I [ 388 71 A8 RH A AH DG SR 5 IR
3

R T 4 e T A 2 A KPR R T R R AR T 22, [E I T UBORRE R SR R %
BT PEIR A I8 2 AT
4 &1EFK

PR -

v

57



BRSPS E I H

5 FrlE 1Tl Suie
AT IR K A o
B ARG E ALK
1 R E

3% I 28 G RITE o R 1 B S B VP 20 AT R RS, 445 45 90 71T PR B J T 2 R 1 £
FFETT ), X AR S0 % X 45 3T A BERBRERL AR o K] 5 ) 77 >Rk 2% A0 22 18 5 4
I I A B, ST & D Re A X TR A I AR A L @Ik, ST NS @ IE A i, eI
A I BT A ) BEAR R R A 2 A
2 1 Fi5RA

AL FF M IR =TI B X AR 35 B B R R DA R L IR R 5 R K 3k
T 38 2% Y R G
3 MmN

RNEIRTETRIE . TS T R LR TE B A 2%

4 &1ERFN

PR o
5 FrfEiT ks

2 EIK AT

HLEZBAX

1 R IT
(1) BUIEZTEER AR

1) RTINSl A R . BURSSGERFAE . 23 K 55 UL L SR AT 28 R
T AT, BIRAKIMT ARG A LR AN 2040 DL RE R
AT OL, LR RIS AR -

2) IR T AE AL I8 A A AT E S MR IR HEAT 08T, JRAE “ R 27, “im”
JE R G3HT ERE R b J S A U A SR A R ANl U R R AR, IR R T &

3) W TT BT RS MIRAEAR . I ThRELL S RS S 2 T I E I 5 E
BT, IS RIETT RO TR, R E T R

4) XHHEFE T EHAT ST S EAX A AT RERE L . 2R A PR AT 9T . R 2 R
JEDMEANAT AR R R B AR B B i AR P S5 07 T AT VRO, AT 25, Ut S i
2 PRI T 585 AN A2 25 TN EEET N T ST UUAL R B, B E R A SR AR RO T %

58



TR AR R H ) T H

rmm o= SRR G | — -
' |
v \ v \: v
|
| ok | | smosmaw || e | | cosmees || megma |
| | | | | I
I [ I I I I I I | :
2| |= T 2t i %
: w | |m + N s " w | | :
| | it nlo|w % w0 || |&
: gl |m| [#]| |»| |& i 2| | m| | |
HEIRE i Wl | # i I | |5 |
B i i 41 1 B |
: [ I I I | I I I | I
————— e ——— g f———— ————— — — — — — -
| T
| y J Y |
|| ey | | mimdan | | SmAEURE || 0 mw R |
I ' |
| v
| SR :
|
| v Y y Y |
| BT IR | | SFShisM | | &AM |
| | I : I ] :
: JrRALA :
|
| HRE R 7 :
|
| v U U l |
| SRR | | AW | | GMEHEK | | SR |
| A | | PRATIA S R :
[ I I |
: |
|
| AT PEAI N |
l |
l |
l |

| g |

EHE PuBE L RIS U K

(2) PUEREE R FH RN

FESR T HUBESCEIH o, 2 R AN AT 2 B AR 7y o 2 P (AT 2 2 /iR
T, @ DR R AT R SRR IR, 1R SR DR Bakd AT il . Herb, RAERT
DN3E R BB, SR VA SR I, AR e (10 45 SR A AR K 0 B 3G, i EL R )
FEEEWARLF . AT R FIERIAKN DAL L TS AN AR 51 & 1520
SR T N, R 1270 HR2EAT o AE77 S0 Hr, EH R 20 logit B, A2 AT DR ATHE
e Sanblpapre
2 2 FiRR

TR E WAL LB SOE 2 T B 2 —, B 5 BB R Al AN S22
B, FRPHIE 2 AT A PE S L L TR, RN RS T USSR ORI B oA
RIprBL. TREFHHN B ER RIS, Rk 10 KT, ZLEHH Q-

59



BRSPS E R I H

TBHR AT BT FCPTARIE R 2 B T PIE S B MRS

i H &K RIHAHL
T PH—f3t L1 200 A2 388 2 3 T T T U
RO ETE 22 10 2 15 R 2% v T T Hh ek A
KA T EILIE 22 38 I T KENPETEERIIANE
R TH S A 38 25 P F R 5 2 0 P KE T HIE AT B TR TR 50
K T PRI U A I P 2 TR R T KB HE AW A B 54T A )
R T B B BT 22 4 A k2R 2 Ut T ﬁﬁmﬁLQL%%%%Iﬁ%ﬁ%
R T PUTE 22 8 1 R R ) RO T B TE 8 38 S0 26 2% T AR TR 1550
QBRI = A PN 25 X 3 s PR3 P78 52 368 2 T 1L e -
YY) SR JTRB BRI R A A
KT PR PUE AT E = 5 2 =i T KB HE AW A B 54T A )
A2 LT T P A T AR X R R H iRk R
T R T 200 A S R X R 2 TR
R TR PUTE 28 18 2 15 R R 2 v T T Hh ek A
PLRH T M8k 2 5 28 A% i F) U PH T Bk 70
TLRH T Mk 2 5 2R b AE 28 T RE & v Flil AC T LT TR
KRR 1 5 2R T B B & am Fl KRR I
KL 2 5 28 n] WY B 2 Tl KRR I
R “HRETT—EENIZG” PEPUEZTEZRM | bR “REN—E &7 REHEE
bl HIRA A
I T G A2 38 A R in] B 5T EHxKEMSERRS
3E1ER
ﬁ%
4 FriE 1Tl 4huie
mﬁﬂﬂﬁﬁo

REEMoh () S5EEZBEEEAX

1 R E T

(1) zZdsgzm s 29

XF PSR R AR, S AT TR A, R EARFE RS R AR
— A IEFL I 53 M IR R 73 A BL R JUAS PR SR Bk W i TG A T4
PR BURIEE Kot ASEEMTI . SS@EEmiE . KRS RS 4l

(2) EFEACHE PR

T % A0 BRI B A K 2 b B R R AR B BRIl RS W A58 7R SR T
W, AZERALNMNTT F ST BT R X R AR E RN R
EMERE., CEFREHTE., CEFEN G ZEHENE. TEEMMEARFT TR &
IR RSB SOEPAEREMS HE L A0 R R RS BRI ST TR SR B K R
LZINE . FORFRM T EPIR.

60



BRSPS E I H

T B A B R

il LK H A

R A it

AR ) 3

| IR R B

H AR IX A7

KHRE

T SR

Witk

AR S

SRG A IR

R A
e 2R B A

B O
- —
| s B B AR BREAR L
el Ay
| 2 M PR
yﬂéﬁiiﬁ AN 745 = /4\ PO A He 2o
“ AR T FeAE R E PR
| m A
| g
i S
| EmiEA B TR
¥ ; | s ) % il
e | [ 1 LA =
yhiscmiseE || 5
NS H OB RE L R SR R
2 A T A R R
l | s S
S A
& R
IS
T R R B
PR A T AR

61




BRSPS E I H

2 N AR

B A LT E SR AL RO KRIES KA EHEX . JL5 CBD ER 4
JLTTAS BB AT E DL AHE . Bl . B, POF. KR, st Rl iid
B AC A R
3 MR

R IR T A AR B 3R
4 51ERFR

Rk
5 Fri@ Tl S,

A8 KR AT,

EERZEWAX

1 R E N

b5 I T LA P PR R, kTR BN ZE R B R ER N, AENLEZE R AT,
BRFEENE AT AW, Rkl R T2 RS E RO, MR B
ZENRL TR RS R TS P2 25 S BUA SR D40 4% 1A I S S B 1 97 . K e 5 2k
BLAE TG 5 38 B SR (R0 T v o 7 L X T AR, 835 PR PR Ko th P B T WLh 4%
(TGN, RS e B AL R, M IR, TR R 2 AT .

PRI, 1528 R G RIEE Aol i 28 . JERR A LA RO LRI, BL“RURI v, RER. Uk
P DURE— A A A SRR TS G, DA BRI AL T SR ORI F AR, LS AR AR R A
DL BN SR AL DO BRI B, DU B AR Mg h 77, DAECHEE Mg Ja 8, b
TR R R 5 2R Bh AR P B A AN ZE A DR L S IR U S I ) bR 45
BIRR. KBS B, A% “Sehah. EEIm7 iR 5 45 06 0 & %
SRR BRI
2 M FiER

TR R I bR g5 A Sl R K+ A SR (5 42 R G R
3MEA T

IR R R AT O T R T R
4 1R

PR o
5 Er BTl ghte

238 1 T

BREXIR ARG UK
1 RRE I
TR ITS SRR TR AOBIE AR (BB % 2 R R T
[T 4L 42 26 IO P R R R 4 TR

62



BRSPS E I H

WAL RE A, R ERT T BRI 5 I AR A A 7 3, 18 A [ A b2 i &
8 o M T BUR AL L, ARYE I T A4 M SE BRI 0, SRR Bt B SRPRiEs &
SRR BOE R RIETE AR, RIEAFERYE. ERE S SRt R T %
FERFEE RS, et S B A AN 56 SETRIAT R T AL S B S B eSS R G
JEIIZERE 5, BIE ARG RE . Wil Hlahfb LR IS B RS AL S 5 i 5t
fiti e M. BARRRIBCAR T VAW 1 s

ST 12 BT AT R
e RS R R R
. - ST KA R RE 28
WERTERT | EmRSMER
= TR %
% SIS BV
B [mobixn #i A
R [P SR R B T
BORIEA T
HAb AT [ MRS |
L AL 5B R R AR
ARG | | ERRRE A BRE R
B TS ML BT R T
B R AR

B 1 IR B AL R RE ST I R G R BOR R 2L

B RE ST I8 RGN — M A FE I T A IE A B S R RSl R AR R Hbw Al E B S
FREACIE R G IR RAEZEAIThRE W 1T B REAC I E%éﬁﬁﬁﬂiﬁﬁiﬁlx?ﬁ%%\ LIRS
REAC I 22 48 1 A 2R St AL 1) 58350 4
2 N FiAA

THEER AR T DO BBl X, AT SRR 22 30 iy S5k 11 1 & g 52 il
Rk, DA EZK 863 TiH “HK = MHLIX S A B K S S 0L T S H R AR B T 5
] 2% J2 THI ) - AR T 5 DR

%%,E%ﬁ%%%?ﬁt%itﬁﬁﬁﬁ%ﬁﬁ%%%ﬁ?ﬂﬂ\&ﬁ\ﬁﬁﬁﬁﬁ
R 1 — RAUIRSS, BT 1 N A5E B RIS S - R 8 2 RGN e, Sl 1 an
T~ UiRE H br:

o L iNlEh% OD WihFE & 5 74
AU SR DX R % X AR A E 2 AT
JE ST IR X T B S 5 RS I B - M R P R 4
AU SR X P A 38 A PR 2 e 4 A AR
T IE B AL BN A TG B AT IEAE SRR .

63



IR AR R E ) H

IERIERZBERTE
MR R %

—————— = —————— —=%———|
| pew— | SHTERR
| ¥ I| ! |
BETAER | ST |
| @RESTE | MR AR
| P |
| [ memme | | TN :
| :' I |
R FRERERG | | \ | T ——
RARSR: I | . BEXEHE |
o ksmEn | v |
o Sraany || |I * |
I H |
| I
AT BRI I| |
U U U G U — — —
I
|

l BN RTRER
v
ZEKALS BRI SERES
ki RBEHNRLLE

P 2 b 5UE B A S I FiR R g8 KO R BRI R B

I H SRAL T RS R AT I I TN TR AE S, Dy ER AL R A A R AL T R
IEAR S
3

TRIE T 2T AR REAC IR S B AR SE I s PR 5 et 1k
4 &R

P o
5 Fr/@ 1Tl $ish

A2 AR

64



BRSPS E I H

[ REVRIF R ]

1 RRE I

K5 B 2 i P 4 3R 2 el R P BRGUR 25 e T 4 RO 8 R R I e B Rk e LK
11 PRI 1) < S =B /A 2 S Ol 1 I N2 G P S A R b 9 A I E R R SPNE IR

F A% S A AR A R, DL AE R P e aAT . T2
Xt 24 A RO il SR A K B AR PR I7 R AT FE 12 F D B 2B AR R ) 2 25T B PR (R R e 44 7 3 54
AR, TN R o S SRR RS B, AT ORI PR i K 5 I v e 2 B L PO e L
P RRAT R EDR
2 N RtRA

FErIE A BRIR Al LR E R R E, WA S ZZ R RS A PGS, R
HET L) T S R R T o BRAE R PR AR R AT B R A, MWAMIIE S 2
B %5 o 1] AL AAnas , AT i T b 1555 55 2 <A
3

AR I R A B R Z B L, Rl AT e BUA A0, ARG 3-5 el
[l AR T MR FBOR,  NA%HAT L AT i At 233 .

4 &R
BREI AR HANEASE .
5 FrB T sk

REVE A U

IkFhiz, EFRLER 2 ERR

FRRE T

JRIK 157K KR AR B 2 0 I RN o B g i/ %8 B Jo RO AT 4 25 A S RO (14 1)
JE AR B 2 P e [RIIRFE K e v A5 e R A 2 8 D 0 A 9] 2 8 ) 2 B VR A R L A
g, W BRI EBE L. —BEOT, REEERL I EER, AR E TR X
AR IETT I R GE R Ak B TR, Rl A B A/ NRORE N, 3R el g, W
A (19 S <

TGRS0 > B HOR— UG I AR SEURLAL K I 85 FEAN ] S 7= AR R B 0 ISR, Tk
BT K) EE BRI K R o0 1 H R o 3 R S K B s P/ TR IR ORRE , I BEAK S
EPETT o T AT E AT A R A EERORE ] I B AR T e P ) T R RIOR 73
&%, FEOMA T EO I R R BERS R T KA BN /K BRIORE R I 2 1 ok . MY
s, [RINSEFH T MG B R B AR, (12 UL 70 5 i B 5 0451 2k B SN T 7K DA
FRZ e Ash, KRB RACHAT BN, () 3 B ) B asah ) 5%, A i AR

/N

65



IR AR R E ) H

2 M FEA

SAEG B0 BEOR (WK IR E)
FHEG, 7573 B B RO A Y (Al 85%)
IERS, EEAAMCT 50% 43 5 42 i R0k:
(RRE T o [EIIS DRI A T T R B s 0 BELAF 9K
BHEEAR , 1215 % BH 77 LAL Bk J1IE i 2% PR
Y130%. THZ30%. B, RS
KB MBI, WA RS, Lk
BN 1000 W, A& iR OKAME RSTUA
2x1.45%1.68 K.
3 WO P SRR X A B R B

FEAT AT Bl BEAF L MK 2 AT A A 4% B 0K (RN B 1 1), RSt
KA T K piEsas, PR BURURIAE T 25 6, BUTRIIE > BT R AR K, B9 BRI A ™ F48
e IR . SR Tl O 4 B 4, RIS 75 B0 A T YR EA T DLE— 2D 3 S A TR 1) 1
ke 77, I IR T IRITE BRI B B BE 7 # K ROR A, DRI PRI T 2 A , S a3 R
4 5ERR

FORFEL B ST K
5 FrgfTdl &uts

REVE AL S0 o

FE= SRR E

1 B SRE T

kYRS R REE . SUiE . HN B AR A E B AR S O SR e T 2 48 it 1,
W2 Ja 9B RIS, LG RAE IR W A RIS, NSRS 7= A2 K sk 2R kL 0 25 A 35 U4 .
g T AWK R B E e, X E R, e & RS . M T
BEIE VRS, PO RE R WA R ThFER, T H AR T, sioma TREEFEAI N 5 fi
o

BT 2 B A 4, R R R GO B SR B A i L R 2R iR B ARy AR 5 o BT B
TE 73 (B3 R L SRIBUEXHE B SR BE, R A% G )RBTGOk B e & 1 7
o BN TG RS Mies) . HTAERRRE ., SRR, (FH 1378 RS W,
AL AT B 2 (A S S AR 2N . A TAE (nEATEE) USRS/, (E5EREE, A5
HALTAE . His 720w (D Mz, Aimmysgess ™ E ., HI b EAE LRI, (S
TR, AT TS G SRR B SE
2 M FiER

A WAL R TN, H B TAEM O S 7 aebr LML . AHE
B, WA R ERBE AR A, R — S AR A S . %R B R 2R
HARRAE—B ZFENH P SRR, B A0 0R 58 5 3R A& k8 s i — T &

66



IR AR R E ) H

PM2.5 {03 ZR 1) K B L R4 .
3

BRI B T B TR B —ANEE A, BB BRSNS 1, RT3 R SR B A
A2 RZ AT — 2 B B PO PR 22 I, AR E— AN B AR 0L e . RS SR T AR T Fr
FAPURGITE, S ITIIFT. SRR, SERBVEMNL L, ST
ER O S U I
4 E1ERFN

BEETFR . HHME AR A
5 g Tl s

A e

EEXZMBYE (VOCs) RERSAEMICIBRAR

1 B SRE T

AR, HERMEAEN (VOCs) 5l R AT Gk kbl 5l E AT HEAL. VOCs 5% R
ST AR TR AL TP A B RIRSE B T o, RN R
HUZ R A BE AR E R RS P S BRI AR SR S A B A E AT ER
K AR TRER SREUIHBR ER AR, AT SR A B 1o A A AR AE
SAEGEA 50 LML, EEE. RMSE. BARESESER ZNHE, B
PN 20 AT 90 FEATFLET AR MM B EAR, HAT ez M TR OUH 215K
AEEATAL) BRI VOCs SR . [E NAMOTE LSRR R 5 HADEARMLL, 49
WHEFAR BB R WS R AR. T2 gy i, RS NSRS, i
IE FH TR E VOCs AT AR AL B

AW TR A BRI R R S A AR U AL 2 — o ZAER, SRS Ak
BRRSUR I O B ER TR 8, JFRE T REM TN R, EH LR CRIDLA
WAL F S REAS S5 ARG BT BERIT R . SRR MR IE ARG B . B IR EhE T A
KHZ S ZE S5 07 TS T RE0FERF TSR, I RIS TI5K ) RSk Bk
PRSI R AA . BAT, BRATEXSURCIRIGE TR 2 T (R E @R AR —4%
W, AR, PREFKHELHR 401, KERIL 60 RiE.

B A iEkr R E (4000m’/h, I K2 LAY 3ESE (91800m’/h,
TG KA SRS ARG FED FHF WA MR SIGED

67



BRSPS E I H

2 R RERA

SRARER T ERE W AU R G RAR . K2 Jert. e REE. il
2y, BE[CLOEDRS. GGAR . i, FREE) . V5OKAREREST. HEAR) SRR VOCs HEERS
RRGALEE, EEM TEM . AWM. ORISR A=A VOCs AbEE

AR A A A I EE ORI (RGN QD &ake. kD) . 75
ke R HZE. R, &5 . SEAIW (. B 8. B . SRAEIW 3R |
EEANY) BilE. B 5. w AR RE EIE VLAY T E AR, &5

H AT AR R Db B VL% J7Z8 Wi Wb, T s 4548 Tl i R A 3L DR
SN CEAIN S A% VA
3

FEARBRARIR L AT WU AR AT RN, AR — IR SRR 1/3+ TR Y
1/8~1/5 AZEMSERR 173 Fedys 384T B MABEIAR) 120+ WRBRR 1710, ARl i
1/15.
4 &R

A DARAE S SR HUR ORI SR AR A B (R S5 0P A . BRI R WIATPER AL A
WAEHE T Z M8t TR TANEAT IIRSEAR 5 s Wl SRR T LRI 65 HEAT BORHE) 5

5 1Tl St
REYR IR A3
KSR TN E MR AR R AN BF
1 R E T

WEARIG GF B, AN TN T DA BARARERE G E 5 0, IR
A JE TR UG 2 A REXT, 2 A E R 2 G ANPA I 45 5% DL e A7 T R o i ) 3 2 Ji A
NUET RIS 24, (RSN RAETEAIAE P, 5 2P REIGE i € V5 Ge2R AL BT A RK
(LSEDIREE SR 5%
(1) KIGHRTEPFERAR

MBS e SR HIBA D 28 B IR R A BT BRI B SR —— KI5 QK 4R 4L
EEIRBOR, A BAGERG T I8 I Fia 2 L AR e A0 A R8BIk 3 5N 2K TS Gelkik
WO, LR KRG SORBISAR . FER YA HA A I =450k . KhE a2
MCYI, Wi EERR . AR RIEETER. AR BRI RS K
REYIE . PO ST RS BRI, HAAA 515046 — X MR
BRI IFHEEL

JRIK BRGS0 R 2 15 F KRR K SUA 76 35 22 5%, W] AR IR AR 15 45 G
AT HRAK SAFE W R 22 535 R —AT WA RV K SO A A7 AR W R X3, oK 5T
FREUAT DL SR A E 5 Y HRBOIR ST X5 A RIS el e 3K Hia SO0 2 LA i G & i)
TR AT R E N AN KRR BRSO, 0 13 KK 204 RS RGEUKEL 29

68



IR AR R E ) H

ANEZHLXH 370 ANKAIKSN 344 Tk & 407K S
(2) KIGRIEWIRA AR

R K5 e FIUE PR AT ]t AR K A M B —— K5 S TIUR A, AR AN )
MR, Birh G AL RT.

ACES DI RERS K :

o HzE, BAzhilE, AzZhtbxt, AZhRAEIE;

O  H IS YLTIE, DLAEA S YeiiE s G B T Rg
® BRI N, TTCLE ST K AR 4L
® KLURENMERE R, fH. i HEE;
o U{UBHRIREALKS, HINRRE R,
IR TERES L
o REERE, EMbikz] 250;
® 20 BN TER— RIS, M6 5, SHEIAEL,
o TEREARE 5-40°C, 40-80% (AT AR EHL S, 40°C L ERTTRE N 70%LLT);
®  AIMEARF], EUFERED, R4 IRIG Y
©® B 24 /NI AEHRAEE, AR,
T,

=

&%

=,

1 RANKIG G TR
2 N AR

TG G PUEPIREOR KAXES H 2010 G, HATCAETM L WL JE5T m/RTE,
BN E 18 ANMETTEVE XL H, T /KJE ., B85 (50 Wik, Tl fel X, KRR
DX ST R A M o 220 10 SRR TR SR, FUE IR OUR S AR « s T RCR,
2 I A8 M SO0 1) B I R R S O I T, (it 1S SRR O, KA I
Seftt 1.

69



IR AR R E ) H

EHF (@ W)

HHE (BAO)

|

m CERAT
REMAT

- o .

® ILER i‘/‘L : N o
Bl

* REBERARS ,

‘”“”magmgmﬁuaﬁicﬁmﬁut,',

® KiEtEA

» zezen COBRMINAT2EISPEHELER

B2 FIUE BNIREAR S AN L i

3

AR 2019 FEEHIR S B, H Al E A IERZE i T LEE A4k & i K126
R A " EEBOR, AEASS Ye TR AR ) 75 K B U, IR A SRS FAT AR 22 18]
—J7H, EAVME L, — & TEWIROCTFEN I 10-20 KAk, AHELTH IR R R
LD VA BB, I AMITUE RSO RS A BT G HE G, T ORME R A AR RN AR
N R RIS GBI A o, n] I s Jea B s ;s 0, M as B, i
EWREARAE AT QST P IR, R 2 SR RIS BKOT, (R BESC LKA SR A G #E
I RGA L, ISR ORI KA 2 4x, RIESGE XK B &, R A SIS AR R,
R BE S A A SO B
4 &1FEN

PP AR EHET
5 FTE T s

REVRIA S5 A

[RGB AL IR 7K FR B MY 5 = 25 7K o U P 2%
1 B SRE T

K& — V1AV DU AE AT R . KBTS Qe s | NSRBI AR IR FNAE = s 1 IRIK R
PR — PR K5 B ARAE K5 Gl . Va7 A R A IR R & .

H AT K5 T8 b B S 00 A4 T DR 2R B A s, G o AR R R R OAS v il S A
K VHFEAE AR, RORBR IO I A R, AT B 1 e 00 P SR P A0 s Y . it
AR s AR KEBE R BRI B R R VHFE R/ PERERRE . PTEEIE & I AL K o
W RS, Ko DK s I BN 1 B FE, S K oT e A s 35 B2, B4 I 9 T

70



IR AR R E ) H

B ANG BER A R SER RIRAE . WEAR—AARRUD, iR, AR K B O
FLIE B I 1% 2% 2+ 73 ) o

AR B A — A T [ Bl 3E AR 7 A R A SR AL K5 i 2R 498 ARARVIN, AR
BRFE R U, 4B G . BT AR BEAT R K BTN I 28 ) i, Il id o2
AR K I D 2 PR A B 554 3 SRE S Bm BEAT 0 AT, SE DR L HERR TS S
WV, KRS Yt — 2B BT . IR IR RSN . AR T B

Display module

Micro-pump
Microfluidic chip

Circuit bord

B AL B A R

A HIRE ST

o S5EWNANCA KIS I RS LG, ATTH BT RS R T SRk IR A
MR, RetB 1m0 R B e 4, 4R m kil (RS JE

o S5EWNANCAH KM RIENAGI RS, ATTH SR T FHRE /N s PR i
WAREAR, WERFEHE. BRI, RN AL IR (RERTD.

®  URINTH N AR B A IR AR R KGR R Bt 7k, SEBL T /MR, ARA A
WRG, BARENRE AT,

®  ARITH BB K BT A S T v P KB I P 2%, I B Re g s | A
B SEIS G R . IKSUREEAXIERERGE , ] 4P faifl, HAGEalEsent, B3k
TN

o EEEMM T, R T REMEENEE AN, SE TEHm RN .
WML, K R s 5]

o LUK M B RERIIASE &, fem T REMERBER.
REZ AL
YE4r A WIAT LUK B —4E L b
SER— U FYEAE S AL 10 208h, S a4, S
RN, AN 10em*10ecm*30cm;
DIFEAC, 1 RITARRESFEBRION 0.2 £,

® LAKURfEm SR Hoa K.
2 N FRA

H AT ERUIA S 34T 1 I

i

=
N

71



TR AR R H ) T H

3 MmN
HET, BAXESIAS T ARk F, BAWRMIE, WaTRkEKR, MHRsmT ek
BITAZIURE . AT H 76125 F U B A W) 6 i 2 R AR AR AR5 -
4 &1ERR
AR
6 FriE Tl s
AR 5 45

BERMEE SRt RIAERA

1 B SRE T
A — BB = NSRBI BROR LR R R G S e e A% 1 (A
AT HHEAR, RAHE B KB =i R ) A A = s et a, BRI
(1) K H S Bk R AL RN Sy B A B3 VEAN FE A
(2) AR &2 S R UL SIS IO 7 AT 1E AT 2 1 e A7 3
(3) BFRI i o SR EE 5 B4 TR AR B AL F4 ) R

[SIEIE]

Bie B tie Saim by
D@ & &6 vBs|eoes| [« xa

rT T 1  [&  PROBE®

¥ersion 1. 0.1 Demo

Authars:

D, Bin Zhao, Associate Prafessor
Bin Yan, Postgraduate

Yughiao Wang Undergraduate
Tule Wang, Undergraduats

Dept. of Building Seience
Sehool af Architecture

H : 2 Tsinghua Universiyy

i P i i Bejing, 100034, E.R China

CoprRight 2007-2008. All Right Reserve d.

B 138 R R G S AR i AR AU PROBE-PM

2 AR

WAR RIS T 2R, R JEE T SR E 07 2OL, vk 4 AT Sl T 241k
KA ZIhREMl . Bt R S 2R R I . DLV SRR AL 77 3K, R FE G
H1 T B AN S BTSSR I 7 T S0 [ e 4, g S Rt K. A7 iE Ml LURAIE . BEIT
PR AL R B AT 2N 2 R IR 25 )

E 7 1A

(D 8% OLEmAERERNEER. Bin% @XET

(2) TAVAT T ZFRBIN 8K (I TR 2555, A et i il it 22 S A 4%
A5 G R 9% B KD it

(3) SR TN i

(4) BHANRE R CER DX R FRERBTE)

(5) BAPEFRAS A IR0 SRS (W4 RSk D)

(6) #REMEAMEROTERETT (A RE . SREEE) .

72



BRSPS E I H

ZNARNEE

2.0 mfs

b e

K 2 %ﬁé ) IR BT

Breathing Zone

e = -
e

3 BRITIAEE AL Guim P A B B vt

Probe value

B.934E400

Kl 5 SIS

73



BRSPS E I H

3z
PUARMEDL -
(LD @y TERME. KA. TR, Wb SEER, B EER K,
(2) AW 70 Hr FBoHR S
(3) FREEHUE I H AT a1
(4) N B G BT 2R H 2 4 5
HREAG:
(1) Frg vt E s
(2) RRFERIBH:
(3) T5H A GUREFE:
(4) $REEFIAE &
(5) BGEEEHEAEPE, QIETRE. (R, EPE A

2 Y Gk
B JERIE TR
FETHE A F1iE
%14 30 600 /3G 500 /it
% 24E 50 1000 /37t 800 /it
34 80 1 1600 3G 1350 /i JG
4 51ERR
TR o
5 Fri@ 1Tl Sl

REVE A U

RENERTIKBRE BRI AN

1 R IT

DA T T P QA A B 7K A5 R o Tl AR B A 7K 545 G LA R R 2 45 Tl 7L
W] AR R AL 2B . KA RIS FE A TRl AT IE. B, e, Si
AT K AR AL B, DAL Ip ARE TSR H h I a3 R GERT U

IMRTIK B ENES, R NI BN REAR I /K T BB 8, I 5| N2 T s a3 K it
ITARZERPRR, SEBL T D SHORHR ALK 3 28 % BRIR ST, T BUS IR B BRR S fg 2 i A Ak 4y
e, I H5 RHLISATRAE il 28 AR AR 5 UL RC Y — Al K R 205

ZAKIAREAR B, CAAE P IS A SE TR IE AT, a2 A Tt 7k
K, SEBRIsAT KA S5 SRR TR B2, MORIERERLF, CR&TZHE N AT

AEARMMUE M T2, a7 A T I I BiE, S aeiis .
FEAE LI I LB ANk 2 A A 4%, T A 454 L e B S5 R esh i Se B 1 22 AR B 1Y)
BoR .

74



IR AR R E ) H

2 MZFjiRR

IRTTARR NG, ZEA B BRI BRI AT AR,  CRTh N T 5Lbr TR,
PHEEAET

(1 TSI SR EEGAIE TR, ISR BT, Il 20K
IR A SARRLHE G K, ITT7K, R AE IRt S DAL X B A 525 22 B A

(2) B A A RS R A e il PR LR 2R DB ROR BRI, T A 2l b 5
THEREEH K5, 98 H R A B ANV 46 R ik, T RRHE A B AN B 26 FOAE I A e, (RIS
RS L, A AR BLEGE, A T 3R,

(3) FPRAE A, FORGEFT R EEITEE, S5 G RIEWUK IR R R A& R
RSV, SERKVS KIS A, TR EIBEI4EE 2, [RINHEER T 228, 56
T RS,

(4) Wb T I5KHEBCR, R MRS K AR BE R B S 2 o A RECR R, &
AL A E A LEZ A TR IEAT .

4 ’0

BIL S TREHT RS K RIRISATOO 2 PP AL DRSS (D B3 CamD
EATAML
3 RS
AR T RIR TR LR, 4550 SRRk, ME. TKNE, B
BLIF 25 A 28 At R PR AR5
® K 20%VLE;
®  [RF 70%UAE, BOEEAE. JROER D B K BRI g &R T T
K&,
® A NLEAR BN BRI A KR R, IE KR A, R R RS
® DS K HEUL T FIZE 20% LA b, G TS K AL B S HES
® I AUHIEANIKISULLE, BREENETELT.
4 &51EBR
R o
5 R BT Sl
Al e

b

75



BRSPS E I H

NRPIEHER ARG ERE
1 SR E /T

KIAE (f FB RN . — R KOR BT B RS B | Bt = B A,
EAE KR A, T RS, TSReh N Gk B R 7 57 A B A T 2 5 SN 1]

T 3 5 I 9 R B B P iR A L U 7K 2 R 2 g S0 R
XL A EE R B A AT Re v E v e SR KR I B3N R BB, 4R 2R AR
T B GLEE B K R I A RE S, SR AT R I R ARSI, AR T b T R
), T ELBRAEIHERE KBRS 2t WK R A 77 JC B DR 4 4 AR T8 K
GEAR K o A GO S HE KD 55— K2 O L — EEL UL 2 B 5 00 o R B 5 B Y MR AR
BRI, HRTH SRR X AN R WA B 5 AN RIIEE,
RARA T REBRAL K H

T, BRSSP R B C BRI, R AEROR AN SR T SR ok, ST AT
S, BT Z AR .

AT AR T A K I A (A B T 3803 TR A sk R 578 G P A 40 o Bk
W, TR A AU AR o Gn b vy i G ik 55 A RAEAALHERR S 75 R PR . BEAIS
AE LR A\ dE LA A= o [RIARF H phy T3 55 53 A S R PRI K K, TS S o T2
KJa B R AWK SECE R =k .

GAARBRI T IR0 O8RS 5 B A A 3h EIRROREE, R L.
T TUERIAS, REAEAT T R AT SR RE ILRE, T 58 A S A S U LA S i v
REFEU “ KA (1 AU o
2 N FRA

2 BT R IAT . AR EIEI, A G SR A RAEAR AL, 5 AR BB
YRR R AR A S E ), AN S E TR RS AT R A S,
Feem T m i . At s ar BT R RO 2, I n] Ml e A ARk L 0 BN
% &,

s BT IR IR AT A L
3 Mz

0 R LHE R S5 A AL R TR KR DB TR S5, ELRE % | % JE S IS it R e
ST EE R R ] MELAKTE R . AR B BURAR, W EA SR, MRS,
UK GRS G382 (I R 90 A JE-K B/ o . A AT LAE S 2 A Bk 8 Kk B, 3k
AEDR 7 (AL . B/ 1R 22 A8 KK FTT B, KK BRI K T3 ok A B, A 2532 B4
SEHR IV, AEAZHARELAG T RE A IS FH i AT 285 2
4 5ERFR

BEETFR . HIANE A E

76



BRSPS E I H

5 P/ Tl st
A PR 51U
EFMEEE S BT aiR
1 RE T

AR A B SR ale TV A= Wid 2 —, ¥ RANEL. 164, BRIR. LT, MR
LE RV S . HETH WA S HEREFRRE. k. Bk, (%085, KEHHA
VA AT S S AR B AT 4 B, VB SEIE ICR . Al AR, BB s, WK B
™ o IEERA N T R DRSNS R, TR0 R, e B iz & M
CEPEPERE A BEA”, LI TIRARRMAT . SR ELE. BRI SR

FERF T

1. ARSI R R B IR A IR, BEFERITR PRI

2  EPEMEFUIEAG, R FEHSTERR PR, RS BT B

3. BRI EEARM TG, SEOLmE R e 2 2 A E.

2 N A5 RA

H 2010 fELIR, SRS, THERFERER T Rk R [ [ 2 B HoAR”
WA A, Ak I R AR AL TR 3000 MEARTE ToAGIRIGH B . FESE I A
G S R A LA 5 e R ) R SR AR S AT 70 B SR BR 7 . TERVE S 8. TV A
(BB MmAE. WA8. KAaBS Kbk, B AEEIE (B, 8. W, 8%
[, HV R BRER R %% . &AL S ks B AT B R . IE S ARSCBAL A AR, 56
Ay BRI TR AR K& &I K
3

WEITE (LA 10-30 T4 S5 1500-3000 F5 G-

ARFERRA: 120-150 Jo/M, P2 U N: 2000-6000 J57G/4E, EAE: 1000-3000 /3G,

TAABETH: (BL10-30 Jimi/AFET) S48 2000-3500 576,

AEHRREAS: 120-150 Jo/M, =N : 2000-6000 5 70/4F, 4EAIE: 1000-3000 /3G,

TONLER Sy B HRAE: PV R . Al A A S

B =R PVC B AR A A0 i AU 4 5 B 55 L AF t7E PRI HERE , WOl SRR A .
4&51ERR

BARFAL AT R
5 FriEAT i

R 5 A5 A0

7



BRSPS E I H

IKIE RIS EE R SRS AL AP
1 RSRE T

B SERE R I Vi = A IR DB, W R AR R E A A A7 R DR [ 5K
Vst 4 B R S o TRIEROK VS BE JR e A BRI F i RO 22 6 L PE R AR U (2R
B GIRAF . BBEESIEY (EED AR TR A m FTAL S 2wkl 7 BRI G Ik
B 564 H F R BRI ER SR .

FETKIREI A T2 BT R P A o 22 4 (1 0 BLE R B MBI IR UK A B, B L4t
£ BT S TR KRG 2, PRTE T SV R, R T KBRS STV e A R
B, BRI AT 3R R 23%: SKRAA 3N TAERIhRELAL & T 20emE R HA HEA, Sk
JE I [ FIRRLE FEFEAR 90%, KEME v 60 RIEKZ 140 K.

TR KV BE S A = FIEE S PR AR — A I S 250 A RS K IR S AR D
PRI R G5, R T S R AR AR A R S I ZE T &, RB AR 19N EH 5 1.
2 N A5 RA

2017 4 12 Jalad b B A 2 TV S s H R BE SRR E 72 DN EZ . #E
2020 4F 1 H, /KBS KA BERR SRS S 2E0T 30 B/4, BLFO Bl s . AR,
Ml SRR, SRAFEE, 5 E R RSS2 AN E KR AR BRI R
CLH A e,

PR REE FHYE I, AT A L V8 B0 e AR AU A SR RO R T 5L e A I 4
ZARBE R LLR TR e B DL K 2 38 B N oE A 2, B AHET /TSR

AT RE BRI R GE S Ve R R, BB E RV AY . RE R A T4 HE
b IBATAAREE R R TR TR, R IA R B UCRSUE, B
TR J AT SALS I TR BOE , B BAT L& HERML S, FERA TAT L R A TR
5.
3T

LU N B A AT A . R RGN, AR N HLRN A
AR DLSR AR HOAIC BRAS J5URE . TG 75 BE 45t 0 B IR JR% « el SE 22 FAI L Bl ORRH FESE
WAL, 78 7B T s

SR AR T BAT 54 B BRI BRI S KA B S A RAHR,
FTHE T AR AR A BOR B 2B I, S 1 B e A PR IR B o 0 TP e [ 5K g
Pz 4y SERE AL CAT Y B 224 R e FA BRGS0 3o 32T 1K AL B AR RR
KT, S T RS & AR R TAT A BT . B RS Ay, Al Bhasksb
BicHERS, UG, WAL, Sk E AR SE R HE .

4 &51ERR

HAR#AL, EPC, EARE M

78



TR AR R H ) T H

5 HxE R

KRIERARAS B RN TRREE
6 T H AT B T s
REVEH 58 0

FEERMSERYME. SSERBHNERER CO2 B~
2N

1 R IT

F125 T3 s AR B A EREE —, TUA AR SRR A BRAT 1L, IR TUA i BT
FITBDR 5T R B TUA i B IEOR [ AO3E R H b . B AT RS DU sk Z TUE 21k S
PERRE BRI R B %, e A T AT IR B, CO2 BRTFRE# M AR AT R, 2L
BB SR AR . M [ 50 TSl “ ReIRBOR a7 N5 A, D SInUa <
PO RRHBEOR MR BAR, INPRARE B =6 21 S R Re A I & B AT A ke CO2
BB e R AT R BRI T R A 2%

A5 BN 22 Rk 3 B SR AR RGBT CUUA T R BRI 8O JFREAAT CO2
HWFEAF SM AR (CO2 AL TUA M AUT R, CO2 HY i R S8, CO2 A AR
Ty K B (A BRI R SR R SR AR T R AT 7T o £ [ K B AR 2k & A B ik &

79



BRSPS E I H

WH . Ex AR S ETH . B mBRT R (863 11D, B E PR
ARSI H BB T, ASCI AN THSE P T TR 7R 1 AR TUA S R AR GKFLR 45 Fy o
RIS MRS B, FFEUF YRR A B B R0 B3 B s 20 s B 2 A, Hr Y
i J2= o A FLREE A 3B R D SO A el i IR AR SR AE I 2 R G2 LA e CO2
IR RO R GBI o $FRD TR 2 AR H R 2 PE & & SRR 2 A %
FRIXES AT AERG H I BTG BEEEBUE A A AL . BB R RS AR RPN &
IR AR Dl G e AN S 2 1 e FIASCES BRI A1 R 2187 i £ A 8 TR AN I B RS P UK ER
o ZAELERARELN CO2 MR FRYCE RGMALBOR,  ATEHR AN [FI 4 57 7 5t A 20 inh
T E M PG EC PR ) CO2 BRI ™ i, B CO2 %R k. DXl 5 HAE AR M R AL

WRETT R, LICEMEERGIS ™. B .

o HIMEINEME S ABERNEN: BT HA B ERVBURBURLEE w5 2, w]
FEIE )% 10 MPa. REEZE 70°CHIEZ &M T, R EBER ., ERE R K
B FE£0.05 K, H R4 6] K /it #5<0.025 kPa/min, AR IA]Z) 30min, (AT R
% 0.01nD &2,

o HIAEINIEM RS AL ELC: BT HA B ERRURS S IR E R G, RiE
FiFE 0.01°C, ZSMHRRKE 10-9m3-Pa/s, " HGMIFLBEEEART 1% MIFES, /N T 10nm
FLE

® U RITUR RN #E T AT BA B AR RN USRS B BRI
AR AL BRI VE, W AERAAS I DU AR AT R A B T BCEE RRE h B e SHEAT A 5
MITSRAF TUEFEM S SR RSN RFEEREH: FiR~200C, ¥E: £1C, H
e IVE . 0-50scem, F5E: +£0.35%F.S. (<35%F.S.); +1%S.P. (=35%F.S.).

® iR RIS IRE LI & R G v € B i 2 L0 AR R AR | B SR 4TIk
SHFLBEAFHE CTASTIEMERZ Inm FIFLARD, F4 7 AR v iR oo TR A B AT % 04200 5 B HE
ZF R AT HUAEZ P R K AR T R AT SRS A

® CO2 W2 R RAMMTIAR: B “BUE+2L4E” HIRHE, DL O
RIBEPARFR L R eR” N E R, RAVEEL, B0 A B E B 25 & 14
RFBL VP AFEAEM 7 AmmaE R, R CO2 fife. k. kil 5347 e
MRS EETTE, S CO2 FFM 3 =H R RVIE.

2 B tER
2017 4 6 B BUAH 2 25 A5 2N S S AT o [l BR T A  E Be JeR 5 43 Be Ad

AT FE AR 10-10m3-Pavs, RAKARNZIEZRACE nD &2, WHAR [RIEL Gk iz g %

WESiE T — M EH, wEARE FhE X #5 W1 CoreLab SMP 200

3
FH T E L P G TG T ) 3 A0 FH B U 2 e SRS I B R 4 4, T B AR

80



IR AR R E ) H

St AR, RTEE H ARG R A I A I BRI B TR S R B AR
77 SN R LB, BRI AR R B (33 AT SR (R T 23 1] o AR A BB AT R R,
PP AR, LA W R ML A ARMS . HRBRE MRS A BERNEN 50 J5/6, #
BUGUR SR 100 13/, HrBUEIRES 6 RS FLBR M RAX 200 J5/6, ik m R R4
MEILIRTELEM B RS (U0, CO2 IHEERIE RAMATEAR (L.,

4 5B

kBB EHES

5 HXE R

1 <
ga‘rmx:; S s,
- E

B 3. i R R R RAE L B R 4

6 1 B B 1Tl s
REPHIA B -

Tl R BIEIFRA R R N 2SR St B E R UK

1 R IT

XA T AU T A5 R AR PR S ML PN o8 U] 22 AL sl . R R AL
S N AR R IR AIEL 07 FCBOR, T e 4R s Tl S B2 PN IR R 405, T s Iz 25 T
YEVERE, FTERIER . RNEREAT IR YEREDUC MR ARSI S, W4Tt Toalk™ fg

81



TR AR R H ) T H

A BEE L.

KREARMI R, SRR JULLE-2 BiH . BHEE 973 WiH . &R ¥ HE A
RIS B, AUESL T —BHX e BRIk R, mHEELRE . FilA Tk
GO IER AL AR I Bids LB 1D B3 BIERZIGTE, BARZE 1N 5%~8%, FhIEuttl—
PRSI 22 FH AR BRI B R v

IR TRACIR S S 2% F - P < AH ELAE FRE, KRl R4 AR
IR FEAERE T, T R TR BRI EABE. BRUEA S TR

KIALLSR, T ¥ LA 4 P 30 i 5 2% (0 B AR B ATL, A T I S I R 2 1
F R BRI R 2 WA TR, AR F AR AR A, 48R R . A5 Bh T AR
AR, TEIESRIE— RIS AL RHR S AR TR, IR RN A B TR AIR A S 4L
(/{157 N 1 5 o I 1 - 38 w%ﬁ“)“ﬁ:&ﬁﬁF S 1) T R B0 R0 A (L B AR

B—H s BH
ERRR SEmes ERRS
i
: ™ i
’ ( ?
- i i
063l o | T
= 0.57 A ;
= 050 ; il e
ﬁ 0.44 & BEs i ! TXE}"E ‘ M-g
{038 Bk 1 | i
% 0.32 § it |
B 025 : J
2 013 il /\’/ '
& o.oel ( 3 HE
000 I S :

Bl 1 REYERRCARIES %%ﬁfﬁﬂ’]%ﬂ:&}? 1 ( zfzt%ﬂ? 60 m, [£/30.4 MPa)
$ﬁﬁﬁ@?%ﬁ:
+ HEBETE: DL QC-EMMS RIS A B T a0, B 7RI UE AR
mkﬁmm%ﬁ%ﬁ‘Tﬁﬁﬁ@ﬁ&f%ﬂﬂkiﬁﬂ I R Sl e ——0hE P 3R Ak e S
AL (B 1D;

2 Hdth: G T S RIEFRAL . SOIESETE 0L T IR s A NS AL,
LK Geldart A A1 B 2R, ANS2 NS S5 AT RO R AT RRALLSR T L X7y B4 LA
EX(EASURES

 TRIE: AEAN A E R E S HOR IS OU R, YT ERRLS SN A8 IR
N %*@%/ﬁ(W%Mﬁﬂﬁzm RIS S S5 s A AL
ERE: AR 2T R, AR s ERCR.
ZFﬁﬁW
AFARE T 2018 F:~2019 45 - FE EAG KA A A B AE IR AR R &

82



BRSPS E I H

Gi. SRS A AR MRS . AR AR, 4 T IR Gs SR KGE A
PRAFRMIE R, B T RE A RWSEM KRG, FERA 3 82k SR i i
Foo I THSALLL . RS PR H2/CO LR E S, R T R RIS L
I O R, s B R RIE AT R T R B s
2 Y@t
PRBLLE LL R JLA 7 T
1) SR AR, A BT R R R g A SRR
2) IV S B TR AR S T 52 BB IR S A 0 BRI TV RAG N, TS S A
S H, WL A RGO ASVE Hh 2%
3) N A A I e PR AR [ 4 R IR EE AT, O T e B4R M R A
P, TR ALEAT IR . MEDLSS A AT A & 5 ) R G5
4) SN ES TR ERALAT R I, T I R TS AR X R B I RCR, KK RIS
JESE TR H i
H BT E P ANRA B TAE A T 0T Fe b B, 7R e FHUS AT, SAHARHMILL,
T HAE A P RIS 7T, M BRIk, ABAR B IR K e B 23 ],
LRI LA 1 P 7 R LT 45 SR 1T 5
3EEAR
FARBRSS.
4 FriE Tl Sute

BEIRFALS .

BB RAREMNARZ R A

1 RREN

JE PR 5 AT AR AR, TR NS A AR R P SRR TS o 7£ 75 W TH 518 il BRI BEVR TR
PRI 5 5, FEOW H A AL A NSRS TR LUK IR & S BoRME LLSE I o 25 ) BRI
VEAE,  JYAH IR 0] )R e R AR B T 5

SERL RN (Structural Superlubricity) A& Fi A [ 442 [T B2 A X BE S FN B il P A %
PI—FRES . S 2RI EIE 30 F IR 5 I0RE, 2012 4 HiE R TR KB 14
PATE BRGNS R T WK REER S EIE IR, WREE GBI EORI . FE)S,
TR B AR SRR JI 3R R IER T AR TR A, 445 B BAE S g HoAR
QI — % T LA

83



IR AR R E ) H

NatureZ:& S —REWEBRELR Mobile owfriction
0. HNQde, *Bi?](% (2018) Ball bearings
MEMS -

HDDs

Rotational
actuators

= T T T
1nm 10 nm 100 nm 1um 10 um 100 pm 1mm 1cm 10cm im

L
Nanoscale Microscale Macroscale

2018 4F 9 F, fEIEMERY . IRYITTBURF AR FE L XBURF I SCRE R, IRYIE KRS
WF 78 B E H AR FCRT (DL fRIRRSEH AT IEURAL, & ERE — A DU a4 I 7 0L
], I 5 e QA RS B E IR Y BOR & o i P B0 T4 45 0 T BRI % 4k
SER T RO ST

o RAICEEYE, EBEEERBONTHESR, RIUITE 10

® LA

® W[ LASEZHLE BhiFEERE 1N 0;

® ZHURF DIE RS S, i8BE EA R m/s B2, FANER I R 9 PR fi i AX

A4 100 pm?;
2 N A5t RA

I 5 FRSE MR R EEITRITI), BRERAEGIIE AT A T oK S5 M T o A &
PR A B R 1 5 e SR B K R T 2 A ) s i MR RO 7 i, T T S M W OB L FR
AR5 (MEMS). AR L. AL N RAaEMEREE . X8/ o ia B E g2
AR AR AE . MR BT B A e BN RS8R e (RIS, R P i BT K JE 43k
QU5 ) &5 R R v Bom TP & SR e
3 WA

SRR EORBU )T F A8 B S50 T 2N U AT F AR B v BRI i) L, I SRk JBE 38 P 437
BRAHITF K AT BT A S . B AN BLAE ) MEMS 234448 % FH AR e fih 5 440, DR 1% R B
JEE R EE P AR AR A TCIE T, KOKBR T MEMS 2845 AT, S5 BoRE 2
JERARRIX R i) @, A A8 2RI MEMS #34
4 5EAR

WA, TREEaILE AR .

5 FriEAT i

REVE A58 S50 o

84



BRSPS E I H

To XU KR 23

1. RESREN

DGO , TC V8 R JRIGR A PR 10 B O, 38 2 3 e e o 7 24 i 35 B8R Z5 PO
HH SRR TG E R PR, R BB 1R — 3k E A3 S 1A B SR iR
. WAiEiL, 75 B AR A A ST OL T, WA AT LA B2 37 1 R A 1 F A 4
Wk e PR, TSI S A B

MU 5 AR A S I 2R ) T R B 32 L B MR 5 2 AR B ) 3l
A, (EREEVE KWL KB IL R, v s B AL I 2 S ahte sk . T 24 75 2 S g Sl b i
AHE S, T GRAIE AT 155 00 F #5342 1 5

T AL A 5 8 R R

(1) JoWers . REREM. DR KWL, RUBSEEh B4, 1 b s TAER AR A 3,
JiFE L JE T A 0 22, 5% T -IK B[] 08 7 R« 2 8 O Lo 4 0 T 068 8 R B 50 A5 S 30
DRI itk B b e L1 v )

(2) AiERWG. AT¥H S 1% G AL AN, AT B R 1 T -
TG BIRT LUK AR, 3 o TV 3 vl Al e e 5 fr 2 B 2

(3) BEERUE. T ToRWLI L L B — 3, A — T i
ST Lo R T 4 R AERR I 8, 38 phy T 40 5 00 T 75 AN IR 7 ARAIE s 7 5 £ 7
I, T HEH A R R AU 2 SN A
2 RIFAjtRA

P TE KU 0 f 38 AR BB L /E AR B S A S0 2 R0 2505 T R S s T A% o
18 3
3 WIS I

T AN LI A 1A A — R 4T S B Ot L, SECOR R E H AT BT B B BAE T “ 8
JABIL” # SHEF O P AT v, KSR B S A UL AL et IR, B LT Be
I 2 B AR v £ D A R S B e 3k S TR B P 2 B A BRI S P, AR
R A HISARAE G o $RRTTTRIX S E, ol i el
4 EERR

BB TR FARFEBEFE AR
5 151 B B B 1Tl 4T

BEVR IR LU, -

PVC 1T B ORISR E BT AR
1 RRE I
B LA (PVC) A E 2 (VOND 31 R PR 26 P 3R 40T 2 PR O B

85



TR AR R H ) T H

PVC WAEVE St FL 8 —KIE A AU AR, T2 I R T Tolk g3, Aol H I F 540
A7 PVC WEAR B A B VEM Sk, SRTTT VCM 16 Tl A i BEAAHE 201k ik
LB, BT RECER. . DA MRRIIRL, e R E R OE AR R &
i AR, TbZEF= S 20 Bk B HeClL/AC 1R NEALT, SRITRAE SR M T
2% 5y T AL I R S BRI b, R IR Pt N SIS (g FH BR824
2013 4E 10 A 10 HWAR T LB EBROTCOKIR ALY, $EH T B AR s HER [k =,
ZALICET 2017 4E 8 A 16 HIERTFMA LM, ArEE SR ARENETIIPIRES . REZ
KIRAL)) MEBE, NT BT OKREAL) MEZEE, BURFE IS THREE T
RIGHE R, WP R 8 2015 LI AATWARTR, 2015-2020 X7 LR, 2021 i
BHAETR . N TIRB LWL PVC AT AT RREE R & B bR, (A ACLTI . BTG R
AL FI B T FIRIE 95 3 78 J

[E Py SMIF 7 23 6 T IR AL IR R DR e B HAE 2 A, it B AT BB 7 sk
B = VP 45 A, SRR A S T R A e e S e S R B A 0 R LU s A M e B e
5, HHFFRAR R, SAMLBEETE LA RN PRIV R @ ARG E M, BRI AE
FROE . %4 TEE . TR ATEICSERS AL R — o AL I S R AU AL . T S X
AR, AR CIRE TN TR S AT RG] T KEF T, BT T BAF
B, BRI T SR ) TR .

M B K2 B R AR — ARG L7, Zeid TAILIZ 19800 /NI ISRk, Bahr
JREAEAFRIR VCM AEr=6e 77, v LMEE 2] H AR MR 3 50 1, T S 4 5
LIERIF=RE T 3000 kgo £ S FAEATI A T LM A SR BIFFRIR R, 55 AR
RGN S —ARMEATIRAAM LR, TEE— DR i, KR B> JE AR 7 1
FAE R EAGTR I EAGTE T B P DL = B 2075 e 30 1 1 o £ 58— AR LR R
IR, ol NG RE R I S, IR S B R & AR T B . B R

o EPLALAERIART R BT 1
SH R SRR T, BB

o EAURRAKAMIAVER VM [k
REEIRBEALFNG 3 40 L

O A FTHEALH] & B2 0 R T
i 3000 kg;

O AT, B AR P

o HALIEMEE, Bk, Xk
s B 1 R AE O R

o LTI VOM A H T BN T SE R R, A I Toll B AT e

o UIRBUTIERIE AL, TS R A

o LAV 04 IG5y, AT L AT TR

86



BRSPS E I H

2 R F AR
P N i S AN = ;]? 'ﬁﬁ':jh' vf? 1% #EALF
E—REEMUFER, SEERCFERVER &, T, o ReeRolkelitn)

2014~2017 4F, 56 19800 h [0 TMLIIZRSE TAE, (44 Ranp 1vav-qquqlﬁmﬁ$\
2 k. KRBHEATE R, ZHEEIR — PRFFTE 85% A L, _ 80F

SRS 99%, ML T REH IR Z 67 9 3.2 1. ¥ 6o
KT RIKREMALTIHAR, EEGERBERCIEET, # 2 o] SRR AL Tl 2R 4 S
PEAIRITRIE RAGE A T AR, shascsesiptasiam Y | - FERREREEE

SSELEAEAN,  LE i SRS SRR, AR A dre] LU 15000 N
he BT, 9KREMAFIFEAR, T4 BRI 7 ik &g Tk . O e o 2000
JER % L2 T A7) TR ) S5 85 B B4 AR P AL R 8 Bl 2 55— A AR AR Tl 2k
o T AR
3P

X T AR P AR A TR JEURE K B & R IR s Ay 72.9 5 e/ (BAEAN 350 Ji/g AfBD. 4
LHAEH N 40 b IS OB AR, B TR & SR IR R R RCOR, AR L
T A AT SOA A TR TR A e (¥ B 8w LASC B [l BRI . BRI, AL
FSEBRERAA 28.1 J5 70/

MHFSEE, AP ST & AN K S A AR Y 90~100 76, B Hag Lk b
TETEASFH B 7R FE AL T 255 A FEF
4 51ERR

LR, BB .
5 FrgfTdl &uts

REVR A5 803

P EFHm X T EEWIER. FIESSKUEMR
1 RE N

o B 2 T A X 22 B AR R, (E A T I 3 B Y S R 24 L SO S A ot
AL PN EE R TR Z 5 AR JE IR S5 H T AR FIPR R o AT A5 R T [ A AT 7T A
SLE T BRETVE B BUHT . TEE ORGSR, M T AN SR
FEbR+ VUSRI TR ROAESE, FURIAN G 2RI T X iR e, M s i A A = B
RIEA 7S [ 458 .

TUH BRIy = KER ;s 23308 L3 B A B3R 2 22 (AT 7T B 1RF G+ 4l i AL 1 [X
(R ARFAIE I B2 5 BRI ATL AT 9+ 3 T A e X2 i) ) PR B0 T R S S B 1 7

(1) M B A B3 2 2 [T RS- 6

BT LR BE AL 2 IR AR A0 AT, 25 R MURR IR A L R AL 53 2 o AU B

87



BRSPS E I H

BN S (1= A e e LV < S Rl 171V 7 o G = N CEB W s 7 WS < e b LS R <X 7 N w1
PIAFER S IRIER, DRI X R P S R BUR . MM, RS ST 8 E
ERZE RS R, BRIE TP RO 3R 250 IO 2 2 R ST G .

(2) IR A X 4R I 5 SR S ML B 5

FET P A X R 5 T kAL 32 oA ES . R AR Tl VR 2 R
B, MAOL &5, e, MRIEWESOA, BRAMES. S0WAESY. W2 ST,
R 20 T A 1 X R MR (R 4R AR 2R

(3) -3 A Hh X 2 A) 44 (1) BOR T2 5 5 BN A

A= R T R RN L e DX ) 2 3 T A b XV e e i, B H T 3R B[R] X 38 3k i 1k
iy DX 25 R FE A B DY SRR T, Al 2@ R af 324 2 TR 1R 2+ A Hbo@ B VP -+ 5 1) 7
+ O RIE ST RIS L 5 @7 MBURIX X 5 ik — A e 50— gk
W23 () R (1 23 (B AR, 56 e BEE 1) - 38 2 TR s @M “RUgi i ” 3]« &R
FIA7 B A HA L R R 1R O “HER I 5 F S+ 2 o A SR 67 12
FHRMBUR T H, FH T B BT R4 .

2 R AR

W RE T A, BES . HEABCE T RIS HE] 10 AT 12 TR H s ik,
A M X Ak Ay i s R HE A ./ EIBRTZE SSCT 1T B R RIS 21 /. #5151 226
W REFEF OIS 38 55, #8551 376 . MR SCEARLE 538, FEREE 2
o IRIFPIIURAFZ AR ], 281 BURIALF], HiE 1 JURAEF], Shab 3k EFrE p
K 5 i
3 M@

(1) A5 H 42 1 A PSRBT BN 3] 10 DHUIX A 12 TEiRIser, o)y +#f)
FEL . WIRASREE T USRS R, HAEER 0 IX BRI & SN, P4
T HIERIHE S S5 A 3

(2) FTFT0 H B HoAth 22 F 3 as i 4 B R OR e e, ik 1 2017 5 E 438 5 4
(R EAREE ARG ER AR MG, XARRERIEE 2.6 12381510
W N CAE S R, R bR R LT Rt B R
4 51ERR

BRAritE .

5 I H 1Tl Sutsh

RETRPA BT AU

88



BRSPS E I H

ETETIAEERRE SRR R ERA

1 R SRE T

JiR TR BB H it (Proton Exchange Membrane Fuel Cell, PEMFC) & —Ffr & HEM
RS TR R R S B, R E T R IR A E B ) B 5 TR IR AN MR S 4
ML R, HATPEMFCIERE R % LhIhe. (RIEUE Sl S5 MERE T AR 77 T & UG T 2
WEPERERE, (AR VIR 2R (M M BRI A% G LIS ZE IR /K ST . FEPEMPCHIAR H i
Z [H Z RIS I T 5T, B R R IR AR ST IR R — R SR AR IE 7R e . FR
B I BRI E AR U S LK, WP EE TR IR R, B R BE
ML OEAR, HATTMBIRTEETT, BB RN~/ ). S 2019F)K, R
TENETAEFA S CHrablayR M AR R H ) KRB R 7T, JHE
LU TN A PR TEIE AR S TRE AR KRB AL N C AT R . (BAER,
AL, B AR R SRS A A 5, SRR K-35 T 75 ks
Ko BRI S, EMRIEIb Bk = 8= HoR 5 RUBA ™R8 70, B = A A e B e HoR
BiZ, TR S AL B AR ok Z A EE RS AR AR, LUK BEH A
RS ZE P s AN e, AR B ETUR 2

B R AL T N L9944F 5B TR SRR IR OR B RL S 23R BT R B kA, 7
07 IR E SRR — 973U “ AR ARSI & . A SAH KRR b I BE R 7T 7 5
—AMREHEIB AR EIHL “8637 WIH . H—AMREHEILE b “863” BH , fEZREIRE IR
AR TIRENEA S TRRAR, BE 7 REZRE ER R, BT ELETg
SAORL HLL AT 5 TG AN DA v 1 B VR RS R AT ) 113 3 RO SR €0 3 LARARFE T H A
BE RGN AR 70T 6 53 BP0 R SR 40 1 2 B X E AU s iR F & f20 2 TE 5K
TiH ZEB, TEHERFARI LR % 7 KR s (L00KW) SO et & L2 K& LR
R8s AR BEBREL I T 7 R #SCT 3021055 (BIHI5765 W), UKL ILFI1384F (3
36 [ R L R6),  Hh AL R 2 T SbrR v

STt AR A PR B R A R TR S e R v e A R R — B A TR Bk
R IR 359 50 53 A7 P A5 5 ) 4% — S50 o R, R P T S50 i 35 R A A 79 = BR DA B ™
B G E A SIS T (LR, RN R 5 3 2 e i T,
BT IR AR, CRIE 7 RN S AR P2k . B I R IR 7 SRR DR b A AL 71
BRI, AOKHAR TS — B, AT SE AR A ) 4 o AR R L

89



IR AR R E ) H

Pt/C. PtCo/C. Ni@Pt/CRZSEMELT L PtCu/CH S MEALTT LA K 555 70 B HIPt Zn AR SR HELL 771 o
LR ) A SR AL TSNS IR EOR L A ELE 5 R A B HOR, SEBL T AR T A
RUEHRTE, i R R HE e 1 5000 AVENNAS ,  FoHEF-IIZEN5. 2%, HA mil AL /)
(I E3HTR) o

fiifiA% (Membrane Electrode Assemblies, MEA) J&Z2 MM M4 A R AL 2 S N 3% T
REHPEMFCHIVERE . 7w LA SORRAS, B AT B S MR B W A B2
BT e TN BRRE I BE RGO, F R S AR R RO AR, I R AR EMA R L JRRHAD
HIANIRAE T 20 RO e i e A ) 1k RE AT A, IR st r Al — A B 3 B AR, &
BT s A . e BRI, R 1A/ em2, HR IR0, 718V FHULZEE2A/cm2, HL
JE1K0. 633V, ThFEFEAT LS R1. 6W/ cm2; WefE TR % BE AL F2W/ em2, M SCHRFRE 25 3
&, AT E PR

1.0 1.6
0.9+ Activation Current :95A@0.464V L 14
0.8
1.2
074~
Soed T RERERT - e 1.0
° T
8) 0.5 0.8
=
0.4 4 i
> d | Condions: ! 0.6
0.3 ! Cell active arca: 25 cm” !
1St 1.5:25 0.4
0.2+ | Temp: 70°C '
1&1&%’]%%%;& S ?ﬁ ' > 4 | Pressure: 70kpa/70kpa | -
Al & '“ = 0.1 i \ [
EOETTE y \. .............. ! - : ! -
- . — T —— T —— T J
PR E e B\ (190°C) 0 500 1000 1500 2000 2500 3000
ey Es
AN EA D! Current Density (mA/cm?)
z L = - = PN
1. fEFIEFTZ 2. =MREPERR

Rt MAMMRT, AREE

19200
18200
17200
16200}
- 15200
1 14200
B 130300
12200
11200
10200
9200

Wi A

=#=0h =e=500h 1000h 1500h ==e=2000h =#=2500h
== 3000h == 3500h ==#=4000h ==s=4500h =#=5000h

90

Power Density (W/cm?)



BRSPS E I H

3. WHap AT (GEHEN) B 4. KRIIRGRIE el i

YR Lt B A B M, R RE L AR AR A R DR R B AR
Jetadh o T IREh AT R E A EOR, @ 2R A iR S s
A5 FLASAIE, 2 AR RS I PRI AT TR A 5800, R H 17 100KWE (1 K D3 R it e

HE, FFRAEREM E B FR A (W EI4FTR) o

AT H B ARFEFR

WH  f8h

AR D) BRI R =T0m"/ g5
2) RELLIENE: =30A/g @0. 9Vikrrees
3) M AME: WAL PERE TR R <4%  (@1A/cm’, 1.0-1.5V 34 5000 &)
4) R R =1kg/ R
5)77 b ECSA Hy—Etk: £2%; 7@+ MEA MIRRALPERER)— 2tk 2%
(@1A/cm’)

JEEAR 1) #E D 1. 26W/ e’ (@0, 633V); WEAH I 1. TW/em® (@0, 542V)
2) A 2 FroR . HA B PR E &A1 <<0. 4mg/cm”

MM D) BAMEThE. 70-120kw;
2) tbITh#: =3.2 kw/L;
3) TIUA Tt A Ar: =10000h;
4) MEA (77 10 56D 500 J6/kW,

2 R ER

TR B E AR SRR R . M20114ERISK, BURAAE R A (=" ik
WA S ML A R (RIS B FEam @B TahHR (2016~20304E)) (ife 5 ¥R
PR EIE] (2012~202040)) (rhEH1E2025) TR, 20194831, +=J4E
NRZIREVK “HEh 7o, INESE B0 HAbEE N (BURF TAER ), SUildfsl =
REAPRBL T BRI R SHE N . 5 REEZHEL, B H AT IR E SR LA A5 35 4 3k 4
56, AELERRELHIBEEAT R R AL TR SRY U B ARSI AEAE T R R
TR, FEAREE D, ChEHE2025) AR, SREAHOC R E A FR2025 IS F]
50%. ik, AT H BARRRRL I RUEAORET R A AZ AR, xS IR E ARk B AR
Je BAT B

TG ARBTG5 % O
RS Ry, et F B OB s i Ve A IR 0 R R . HETT I T E AR
RIYZPRL R MAE S B] 7]« A RE UG . AR IBC BEAE TV AU T, 3 i 0 o8 R AR AR
AT s =

HAT, AT H Bk 2t B TR AR 4 O L4020 « FEEORIT R M B F AL

91



BRSPS E I H

TR, ERE TR RER R SR S dbRTH = m R R A
B GEERRERI RN AR A, T mE R R R RS RIS &3
WAL AR B R B 2255 2 T -

3ME A

UEAESR, TEPEMPCHIAR H I Rt R 2 [ 2 R s SR I 5t T, Bl by 22 U 1
B R AR P AL IEAE AT . 2019-2030 0 35 R85 T BRI ZE B A B 48 e T 2030
L AERIORE YRR 107 BEKEIA 10075 H LA 1, L APkl Bt FLHE I = RE RSO 18500012
TENRM A A AT P 5 HE R B A RIF AU 8Et .

[E PRl B2 AT 7T, $)2050 A RENREIES, 00054 TAE K AL, J/b6012mE —
SRR, QiE2. 5T TCTI I, TEABREEIE AT &5 LU B ik 318%, EE. H
A o E A E R AR AR AR S A, R EAUR BRI R . Rk IE
FERREIRIR A et AU i XCEHUR. W, HUR ST IR 2 R, PRk
CEMUER Sy LRI TB 7T 1=

4 518/
PRI R BRI EEEER ST

5 B 1Tl il
AEVR PRI K -

92



BRSPS E I H

[AYEZ R 9]

AL & rerx

1 R E T

A TEAEG T, REW G SRR R ik Bk RREZ . H Rl E
EMAK O LIER] 2057 AN, HPEANDEEN 1.67%. Fit, WfadEshEm AL, ik
HFNFNIEH N—FEUE, BON T — N HABRRIER TR .

VRAEZH N 2004 4FF- U6 WA S5l it BUAR IR AR I 0 AR, 7RIS RS A s 4,
HEMRHEE ST, #EWEERTEE EMATESIHWEY T, 28 T Z2MERIEN
Wl T2, T 2017 QUM R 28 — O S8 0m N R ek, IR Z290a SBmrmss, Hilik
H—FOR R, &G 5 B AR B 48, A AR AR SRR 2 N (14 150 135 M AL

IXFPEE RS A, R A SR M ) B SNSRI A 3 0 P s LR SRz Ui
FEE, SEHLT BT A FUCR FIAR . SR I 2 AU SRR R A S A T A A R
RO A, RERG I R 28R & 100 Hz-40 kHz ) 58 i 3 . e 22 FLES MO I 7 b odi
T, R IR A7 B I AR PR TS AR Bl . TT DU R FH AR 3R S B 5 S . BRIk, X PR
REME AL IR AN M NSRS . SR SERRIR S B, JRRIX P “ o A&7 Fei e, srfgnl
P, A BRI R R S .

EHE TferEE

HT 58— A SR N A AN P, s (s S fa i sg, it I,
% 7 A SR N D e A A RREAT T, JE IR K ARA RSB T 4
PESRIE BGRR, $Em 7 IR . FK, XANFRIR RIS 3T T X7y, LM s
FRBN 7 ARG B TARSURN S 5, AR 75 ZEdEAT I e OR B . G ) PR AR VD 2,
B RGNS RGUAE, KL T S SRS B . A RRIBT T, B inA
R A SRR, A SR AN T e . ZIhRefe, A#
SEHVRAE S a7 SN T

93



TR AR R H ) T H

|
I | I 1 =
b o
:“Im‘;; @
2 B L

AL

ﬁ} )
) i s —

CORAWELE. -3 PN NS -

2 N RERA

25— AN TS R A ARG I 5 N e S SRR RN M Mg IR IR 25 8 L T4 058 Y
FE, AIEE AR K AR, N TMOR S AFE H B 2 B MR A B R AR
RS R, R NARYE B ORISR CREAS R 9 AN R (ARG L R
THPNA G, RN S %7 « gid’ R EMANL S, SUREE LT
B, AFHERAFRHSIA S, SReRIE M BT AGES R SEREME Lo Xt A TR A
AN MRS B HACBONIE R IG5, IF BT DLESERIL 7 55— AU B S0l A T
B T REMEHNAN IR B, IS REAREE A R ORES . SN IR B, DT R E RIS
MM 1557, [N RENE SCBLE A S IR IAL A, TR AU B 5 ) 1

PP 5 — AT S0 N Tk R G0 m] I s S s S WL e AR IS 30 {5 5 o A7 s s
WS B RS EARE, BRI T E R AR, IR R I AN R i S AR
55 AU SRIE AN DA “OK” M “NO” (A, S ANSEELR B Aeit. &fe, %
RARIEN LIRS RGTRBAEREE LRSS, KT RKAERMZREE,
3

HAT, T b B B2 A &R 17 i AN 7 il R B 22 KK, T H AT
NBEZ, Wi RER. S N TR RO AR, RBUZ IR, BARK
(AT 25 TR RO D38 o A7 il OANIG, R, B~ RiE, 5 ARG SRS, TEi5 %,
Tfad, PTURKMIRGEMA, BAWENEFREARIS.
4 &1EAR

BREHHE .
5 Fr/@ 1Tl $ish

AR EEST .

s PR 5 7] 5 R0 i KR L B RS T &
1 AR & IT
DRI AR T . REL AT M EIAH 2.0 1L, LR
GET RS R BIET R R, b AR AL &, 2050 4, LKA
30%bL |0 HAEABEURIE N LR 0 R RERE, T 60 A LA 8 T L

94



BRSPS E I H

AN [l ) — A B B AL o 1] . SR AR NS E RO I R AR R, AL
MR BRI 9697, CEBUNEST IR M E .

F T B FR 27 5O (01 PR PR RSN ST 65 A2 HE 20 O ML 955003 ) 22 917 v R B 4
MBI . TR, AR BRIT & TAE R 2 BB & SR T HEN, Pt vl 2 3 i 4 ]
SR 0 F T A A B RO A IR R U, SR T B e DN o FL T )R 1 o AR R
BT N TR REIVET R OIS W e 12l 240, W &, Bah%un. =umiss 2 ir
LI ABNIZM AR ST KW RAIEGER, IO BERSHE Rl . KRR O
FEL REASIN P & 1S, I AT 2 R 4SBT 6 P B bR 1 K e R A 0 S O
AT 25 B o 00 92 0 f R A 2 T

JEHC I MK B Bt o P bk 7 2032 [ A E L L O FEL B P KT AR, 4 £ 5%
T R ERBE SR G Z O B SR AT AR HLE A A AE
BT R T & MER, EARTE At T BRy7 50 il 8l E, 5i54% K% £t
R — & T AR AW RO AT A IS 5, AR, dE RO R B BEE N
JE3 T B P X RIS WA B Gy, SRR L S IR B RGBS BEAZ T R PRI R AL T
RIS 6 IFHRS o TR R £ o2 M B AR DR vt A B R s O
HL Y e SRV 7 AR B KA 8 . FHIBAIE R P AMTRZOA T 2 R R LR H R, H
SCI & 40 R, KIALRIAUL 20 T, HBAE:T N T8GR BEH e O U 50 2 R 12
AT, 152 0 B 2 W7 Ak B e E K

P A BT ATF 2 1 R ) R o FEL B8 REASE NS 65 R A 40

o SIPIKI RO AR RS B, SRR S TR

o LTI REIRMA TR GEHA, sScolEt R, HirERE. T HoSUE. ST Bk

L REWETESAR, O EEIE 10 RFE WO BB 2 W, i R

o ALLHLIIZIKIRTE TR R R, SR A LR Rl A s

o AL HIERIVEA IR, AR A AE R

P A BITE i 1) 45 3 AT 2 5800 L R BB AT I - 5 AR AL T

® ST R A BB I R R R AR

o ETTFRAP PPN TR AR, ST T O 55 BSh 1) B S i 2 2 W
2 M FiEA

2017 47 H& 2017 4 12 H, Bt R KIS FRIE PR O B 8 BeAa 7 & AL TG AR K el
B A1 A B e T R it e S SRAE T, BT RIE A A~ €5 AT 2 T I RO Fi, S S5 s S
BEmAER N E R, BRI OE B E 2RO AN

2018 4F 1 H & 2019 4F 12 H, PR BT R S H00 AR ek il & 7L stig 4K
JBREZE e A eh AT e T Ut o IRt SRR, BT R s 1 5 ] T AT 2 i o P A
SIS AE v R S 1 0 s BT 5 i A A2 T
3

HAT, A2 SRR AR I PR O B B REASIN - & R R 3a 1), [ A S B 22 oo Ha LA
MRS SR80, O A R G070 i BEUBUE AV AL RN RS W S0 v b P 5 TIPS JE kit 2 7R
BB T OB RGN RZAL, HE A2,

95



BRSPS E I H

4 &51ERR
xAmr

5 Fri@ Tl &uts
i%@%@ﬁo

HBEIRRIRER TN
1 R E T
A R — B A R R A PR ) A, T I A AR LA AR
ARG I 308 8 ol Ay vy TR ARG I ) 30 7 8 o AR AR v SR A T A RIS T oA
HE . T HEAREOUE SABHEAR, 456 Sd Bl e A AR FHAR, ST T &S
4 R RSSO B 1) B T . 5 G AT B, ZESREN T i R A AR R 2 S AR AR L 1 FR R
BEAT DR AR I 4 . N TR BE G 20 A0 T . 0 MR AE SR 4 . Sl 4 e R 3R B —
ANYHM % 0 S50 TR 2% B A 0 0 5 CAN B D DR e 46 ol B v 2 f 45 1 2 IR
R LR 3 BT DA BB B2 W PRI S — 1, R 1 Bkl
QLA HIBAEE AR B TSRS, WA MEENTI R, 5K KBRS R
R DN R EFIEAZHL B A6 R Iz R Bt S5 B 46 A 44w SRR i e T H A o TR
IRAF RS, WA RKALHRWIL RAE -t o aeE RN REs—&%, B+
JRIb R R A K —&%, ZRN A — 4 F.
7 re U TG A T DO B T AR | i A 2 AR A SRR R & R, T
H 3073 B RO SO T BRI . R SR A DU DX, AR SRR AR, B
R RORLIG B 8, Ao TRORE AR . RSE S BB . TRy EdE . e T
SEEF TR B A R o TS S T AL T T SR R AS RRE, 803 FH 147 1 — 1
SERTRLIEAA o 12 BRAG AN 2R ) FH ool B A0 RO Bk v A S 2 30 BRI, ) FH B 2 A S5f
X UG DX IBEAT I 1398, %4300 56 2R F OGTEA S (RIS R e SC 3, A AU e
Mt &, FUA] DURORIR AR AR B o AT SEIL T R il g A i 28 mT LAA 3]
1 E IR A 20 AZWUAP I, T LOESH 10 JIiLL ERISAGEHE, MG RN T
1 OK, AT DGR A L O A R . TEN 5T, T 1M snE bR
1T A B SR S, BT LASEEINT Ly 40 4 i S 4E i (CTC) dEAT ks BE il = 1
e, Aol R 100 J4EM/Ar, 2 BT R g A 1000 5. S35k, FEEES
m&(m&spr)m%M%L&ﬁﬁTf% A DASE IS R 113 BELE 10 K/AP I 1
LR AT ROR S, AT EBR FISBA RARAES . BRI, 8 SOt il SR X
AL SRS AR R AT RE, @ ml g, SRBUL G TTERRIE B, R
2N I S ) . [ IR LA DR A
1 F At o Hr e i gn i 1 .
2 ST oEERIEN, SR e] U TR SR A A A, SR 4R FERHE .
3P, BEK, REES
4 Kl CTC #ERATEMR T otDNA K, HAEZG3HE 78 )7 A 1R K .

96



IR AR R E ) H

el L L

K 2 RS R

2 N RERA

2016 ¢ 12 AT 2 MREE, Mk HRARTE 11.48 HCK-13.64 TOKIEH A FRF 540
Mo, FFHEAT TR R S R . AR TROR . RO T T JGIE B AL S 1%
EIT T T HE R BRI R, KR EAKTAARRIC 50 RF, 2016 4 Versatile Wideband
Polarization-Insensitive Mode Converter Based on 1 7F IEEE Y& 7228 E k%K, 201742 H
7t IEEE YT 24 E K3 T High-Speed Compressive Microscopy of Flowing Cells Using
Sinusoidal.
3@

1T H AT E P IE RIS TR — D) “REHE” B SRRk 2, /2R AR s
FRAZR T B RIIRh A A BT o PRI DN S5 40k e it B 5 RS A D PR 75 5K RIS 2 B AT
BT S IRFATE, BP= W IR ER 30% M AE A B2, JHIRR B —4, TRIUAY
BERENTE, HED =T, BFZEN40%. X HAg rAEs, BA R HEFRHEARMR
e
4 51EAR

AR TR S, ARBEINER . PRI SRR B
5 P/ 1Tl sk

AEVIBEST . PREERI .

97



BRSPS E I H

[ [HE K RIaTT W R B RIS E R — R MBS E 5
£tk

1 R SRE T

TS HOAR S5 28 BAENE IR 16T i A e, B2 SR R = R A
SR IR 28 1) ) RO o AR 22 R AP N DRI 52 I 5 3R VS0 PR PR R85 A E S R 57
St 8 ELAS B IR 2 1) PRS2 o I RIS 26 22 2 AAJIB S 2 91 T 1 3 M0 25 £ 8 oK 5 &
A R BT MREFS ) E bR 0 SR, 50 20T S AR T W 28 ] () e, T ik 5 md v
AR BN NAR A R AEAE R IR R — AN BT ot T AR A0 R 5 2= (IR A
HFHEERVE, RBRTHER FVICRIRWERN, HRBCE R AR R ZE R, ME RS
BIPRAS VLD JR 5 IR SCIR Bl A AR K 5 o AR R S R AR, BFEEBR A EKIENET
Sk ERIEMRES FE . bR B AL B e ULV S AR, IR SO RAS R4 I i A
P BA EEE L.

JiE B RSB R A I 5% FIEAER . 78 o SRS, Ble) iz
e TR B, L BRI A IR E I R Ak, HATK R Smm.,
6mm. Smm Al 12mm Z5804%, £HE4MEFA 0.25mm. 0.3mm A1 0.33mm AUk, o ORI 4
B TR AR AT S AL R AT IR R o AR o R B R SRR PR A & 45 R B, BATE
S 2R B TS £ 37% M BB AN G 4% s 94.4% 1) B F AL NGB0 &5 — AN W IEAT RS
Wbt R 22% 00 B3 G R R [F]— B[R] R — SR AL RN s 5 30% ) k3 R e 5
AT, 55.4% ) B B VES SE R T B R ARE, W SR 8 =K (T Skt ml e 4t i
BEATRNA R, BT RS EAS R —MERKRET, REER—HAEN 2 FEOXIA L T
JE TG A T P AR AR A, AR RS, R B IR e TR, MRS TR K S SRR
B E . WARI, 297 31.1%MEFESEA C MO, Ha ok ELENEES, A1)
A B ERAE R AR AL G . SEBR b, ARIE SIS R R AL AR I HE, KBRS
Ml RS 1/4 AFVESBER AT LLo AN EVES AL Fe Heda iR AERE TR . T, KR, A&
(RGBS, R AR B S AL I T3 n] DL R T 2 S HI IR RAER) L% . R R
HEFE LK EARRE, EHME. FRWAR. GfEHKEN 8 =K. 12 ZXKMEk, EH
IR R R IE LD 45 MR, DN FAZURRE, FRACKEE S REH Z AR .

RGBT R, R R PR 2R B PR B R ) SN PR R AR, (ER 2
TR S I B A 2 B R R, S AR R ) 0 24 VP 5 BRI ) oSk RO o B 3k FH B
A AR (Smm/0.25mm) BEFSk, A8 TE B AL SR IS A0 250 AR B2 ATt B A DARE 4
LS o BT BN BRERE B VN RBOR, S22 AT 5 It 1B) i) BRI, AT A ) 1%
PRI AR — Rl . B IR 28 R AT B AR A D 2B S5 E LA 8mmx30G IS Skitb AT
TS, 1A U], E R R B TEAK T 6 B2 10 HULE, ks, |
BEERE AR FELRIRERIES, BFUOMENR T 250 (8] AR B e a8 s ik, 1% -
REAE I VENYHE B 2R IR AT, IXFERTGIEM RV TT R R AL P

B, HRTIE S BN — IR L O E A a2 W, H B R — R, 2
I E] S AR PR, SRS TR R R A A 1O Sk, B SR B [ A B 45 R R S
BrRff I fE s kR Vr 2 AME, FI AT HE, FEAK T AR IR 8 7 iR AT SR TT BT

98



IR AR R E ) H

IR R o

M 2005 D, IEHR T — HEU ) TR A E BT AR B 2 AR I 2 I S E R
DNA. B SEH ARG B 4 25 0BT R TAE, B2 R H 2 4 @ T BEH1E i F
HMEFESL SE e, CRBRARE TS 10 TP E, EERBEER. Hd, #ER1E
5y 2 2B IR B 0 S 56 1 Sk SR FH AT 2 ARG , WT DL B B 22 6 31 % Pk % 22 28 B IR
DA SR SR VRS, HAT A — RBCRET W B R ST IR R M 5, oA A
(0.2~0.25mm). /) (0.6~3mm) ] 2~4 HEGET VTS, HUAREE TS 2 AF Uk g
PRI ), 765 AL BT DAS O . DR RS U A LR S T G T AR B
45 PEMIAY ST T, HBUARMRER . BOREGA & THEE A A=y, wike
SR SR PR R SR P B F R SR T IR AR AR ] IR (197 K, OIS H BRI 25
e G .

\

MR A A R P A R B SR S S S W A ) L AR o L

2 Y@

2011 4FAEREE RN 3 Ok 3.66 14, Hrp b [EEUA 9240 JIH12 HIRE R 3, LS
ik LS AN H T E MG REIR 8 25 TT 1 B LU BIFE 50% 0L 1, EEE DS F
HTHY 8% ETHE 2] 30%. BEMEIZIRE N R 1%%) 92 5. FREM— N GEH 3 7K
TR B) A BT Sk BRSO 2.8 Jo/ R (B AN 5 B aT7EE W T as s ) 1T
THE, U — P E 0 ik 9.5 470, A7 S ReFI I B R B B FH P 0 R A VR, ZE i
AL AT, BB EREA Sk, mmERSMY, TERAE XN .
3EERN

AEFEVER] . EARFALBEE K.

4 R T St

VR AT .

b mE XS R g
1 R IT
iED 72 Hii5 H R 245 BT ST Bk & iU B R Bt i A7) & 1D Co ik LS = A 31 87
PRIE SRS WA BT K. RTFE B AT SRR (83 A A R AR BEAT R AR 04T, T B Sk
Gy N DY AT LR K B B2 W AR R, IR B I 2R dy R IE A5 2 S i 3 X a2y o
O EBRMERTHLL, BRATUEEEIIBERE TS PREoh 5485, f5Ea8rn

99



BRSPS E I H

UVES
2 R RERA
R BT OHIm R B AR SR BT, FORIDWERE . BAREsE. 5 TismmelEis, A

#O R REIZ W DI RE Sl IR 21 & KB, sy sk, WS g T a it X2 s,
ARG SSI AL, A e AT CoRE R e 390 DX sskrb G BR e 52 g, 3858 Bk
TG SRR AL B R BB, e AT e AT -FE A -5t Je - 2 g PRI B 2%
3

o KuhvikZ1H

I/ Rie SN TR], A Co LRI 18], 403 SEH TR, ST B AT-Be [0-Fe 5 1 Roh #E
5, S EIE R SR IURE B Skt BOR EIE .

& KM=

FER AR o B AL B S A R AT YR L L, RIS REEBE LA 5 2 R4t
FIIBAEEAT M F23E. ORI, ImPREGA SO 2 0 EE S0
4 &R

BREHHE .
5 B Tl Sk

HEPRE T

ALEST 40 3D WAL IRIT XM SNEEEE
1 B SRE T

PLZHZ3 TR AN e 7 AR TR ) P A 15 2 a2 AR R 2 f HL R R 5 00 I3, A3 B By
R LJWRIZEIATT 2 S5 T — N IR RRAT M SRR = b o A2 5 2 CUAE I R Dl A 1 5 Jik
WA, e EE, JUE. BRIIEE, RERRIREEESE, JHERITREMERAE (1
BRI AL MUE ) BRI TS s, AR, O, RS BR A
HI BRI RS o B Y RIFRICR . SR, AR R TRE T NaE 2 230 23 1A R4S
K, B EQER FARBAERIN, JFHH TR RS, BENTHRAOMEEEZE
FARBRG M2, Ay S4BT o B A CanT4i i) JERE e B 07 SRE EEE A
WA VR YT o 3N R 3 B R B FH 1T 5% B ANILE O =3 TR 2 3T 40 s
ST Rl T, MR IEAVE RS T AR T RR . TRIRE N, B AT
eIkt O R R . ARG MIE ST P T2 2020 A PR F] 4000 1238 5 R

100



BRSPS E I H

SR T T-200 P ) A 1 0 47 58 57 2 0 B AR A £ A A 44 £ Pl 2 25 i) R o) 240
TN TT K 05 o T HE K2 I 2 5 U AP 2 9T [T A G e £ T %t 5 T W) 3 5 T4 A
3D P R A T I, I SE AT KK ST A0 A0 ek DX S s, A7 AL A 3R
FPRCR, ARSI T AT SRR AR R T HAI TR,
TR SR, R PO FRS  R T SE  ,  FR W 2 BHHE P R A 35 B A ol a4 35 9 0
PR BRI B . 40 % LA b FFEAEIE 5 4R 2 BOBE R B, 90% R4 A JE M
BT, o 43% M B A R IR AT . FRIE 50 % DL KRR B R A R AR I
RO R A 19.47~23.8% 0 W BRI T OB (R O] fes 60 R AR PRV FE 2 11 40 1, 240 85%
(YR AL B B 1K, 15%75 A (R RS SR — A v & Ak B R, B b 7
AR BRI . 3D AT A T S T T E 2 —
BT AR MR L (/N B S LI A AL L AR, B B o XA A bk SRR
A AT SR B ARG T B 7 T e D R AR . SRR, 3D B4R
7% H RIERMIE A, 0 AE KB (RO HETREIAE « /Nali (RO B ki i B/ N sl (RO
JFF 358 S5 SR Th A5 345 I IRAE o IX AP TV 3D Sz
-6 BOR T HE L& R AR v T AR R, A
G LA X T 26T — REAE A IR IT U 72 2
VKR . FCEE T I R KR B A
ST, KRR SR IG T B8 KSR XM R 25 o
P A A

1) 3D MEHBYTE, WIS 3D itk
PN _

2) 3D AR RANE SRR, A SRR
T AP BE W] P A AL, AHEG TR S — 4k
WEEFE,  WINA R AERE T A MR AR A B 1 S D RE

3) 3D ALY, AT T AR AR AR AR A DOR B R (RORBERAED, B 1k4H
FAEVE SRR AR P R GREBR PR

4) 3D BRALYT IR KRN T AR, ATHRARAL X IR A S IR, Y
TAINRIEE S IhEE, REIATTRCR;

5) 3D MRS E H BT CAE NS RSB O PR L) KR R B S IRE: %7
A TR B A T AR Gl B A M7V 40 2 — 9 18] 7 5 40 B f e w6 A8 1 B i 1
I /IN R SEEL AL FUVL AL URE A, 38 S, 33 32 4 1E SCHRARGE AT Sl R Mt et 7
HERG T BT 40 M B fo /b R 2 AR

6) 3D MZHAYTVEHATMAE RS (R MEMELBAS . /N (RO Rk J g
Y (RO s S vh 15 245 158k .

2 M FEA

2011-2015 4, 3D AHLUTIEERZM (R HEZLBIAS . /Nahi (RO FRSn. /)
W (RO BB R AN (RO FTSEss S th 8 B4 S I6F .

S FH ST R B A B R D A SEBL T B A 7 EAs R HE I 108 48 . ERERT X

WS T4 3D A R B AT

101



BRSPS E I H

RrIA R AR AR RR YT R I, 3D S 2 2V e A A0 MR SR T AR S BEBEAZ A A ZEFF A
() 5 e B A5 7 T A 2 4G 5. LA, i THER AR — D m NI RRR IR, AR5t
HVESRYT Ja SIS FLIE R FUAEAME R B AN R BE, 728 ikt BT st 3D
T SN RS FLIE R R, MBIk T AR, 4% 7 a3, KOS 7RI
122 A o AH DG AR R RAE A A RL 3 4 1T Biomaterials |, 4 2% & S 4 5146 L K% Kam
Leong ##2 Nyt S — i) TAE .

FH 9% SC T B R R AE [ B 0 44 19 26 R4 Be e 1) (PNAS) AR RHBUS YT Acta
Biomaterialia, Biomaterials, lab onchip 54%& b, FH#E A AMATIFGEAR ZH#HiE, =47
JTZ 5

HB AR LA I, — IR AL

Rl BATE 5 B A AR 2 A AL T i R AR T A 53 A1 5% & R e AE P
R LT SR T TR AL SR K BB B B R 3R B FAR AL T AR R R AL AT 4
IR I 085 b 50 HE A P EE e B BR S A3) 2 58 e < [B1 A 54 « 72 4R VG 7 R 2tk
BT 9T 8038 5 7 1K 27 ) Barbara Chan 204% . 2 [E B K %% (UC-IRVINE) Weian Zhao #(#%,
PPN B 20T 5T e X AR e A DA e 7 6 PR B o K e R B A A U
3

AT F AT A AT RZE™ a0 TR T A AR R s @R b Baa il A &
BORBABORHIHE 2510
4 &1EAR

B,

5 Fr/@ 1Tl $ish

R ZBEIT

BT R SRR RN TS5
BNE S RERR

BRI R R m

1 AR

WO TR — R Y BE RNA 3, R 5E, BBUEREE R A, HATRA
RFRLZG, S0 B NIRRTt RAR IR AE . X EL40 BB (M e Ho At B K (M B i 5 I
PR BB 14 5 R DR 32 3 2 3 B G2 X6 R PO AT I ) P A g, T i % TLR8 4 4
REVA T AT A RN L], TR R R R R R s A — A T R
IR 25142

H & S PR R A T O M BB AREE , 58 = ™ E U N SR RRA B . 354t
i, %At R R E I RGN 7%-10%, 1E 2018 FEFRZGYEY 6 topl0 Siit A
3R BB PSRRI 250 . T2 B B R I, X S LA SR 2 Y

102



BRSPS E I H

W AR, H AT O T 25 B i SR B 29U AN e S B s O U EOR LR, [
WREBEEMZIE, ZREAD] 20%, UL 8§ 5 B Mo i) B 25 2 shom i 3 7K
BUE SRR SO 254 7

WAL+ ZEVE T TIR ZARMFE Lk, FrESRVEE AL T, £
SRR F, PN Z 0 AR 2] T A RFNE TN R BT 2R 5E AR TLRS
/N T, S F SR A = AN A BT TEURAIE 1/ 1 OB LB RS %, 55 Bl AN
BBl R BN, A BL TLR8 /N7 MBI E ] TRMERMERAT R . BT R A
IR B AR LY, YR RO AR H L b RIE SN, SR TLR8 /N 77 1
DY P G B S S G 7 77 o I H ARSI T -
NPT | AN T A B UL BT A I L5

MU i CLAESE A AL A AN A M B D5 T 96 IE 1 731 (R 0 e PR AT AL 2R
H 5 e RGN E S AN AL R, R REILA 2510 R I
e, FEETLERR “—Hr g7
7 et BRI EITEVELE pM 20, ARG, 2tk
ARSI IE ST 2090 NIRRT ZNE VRIS E, [FIRREAE RA

L RUBT A

KRR
TR AL AT AR N 25 80AIE, 3E— 2D AR XU
VER e BRI EMA R EhARE, BT ENE
2 N RERA

FERTIARE b, BN CxHEE 25970 7347 7 — R IRIRATHE 7, 45 R o xit s+
FERRZ P A7 B s AR A AR 31 (BARSEMKE), 8568 s mr 7%
P, TATZ RS 731 2 VRS O HHMABNS ALK IR G VR E TR RS AL
BEAT SRS, CAERIMEA R IGIE 15 431Xt i B2 A0 1 i H o
3 MEE ST

TLR8 /)7 T4l ARy el i 2 S e KR T AE 25, OB AE R 29T g e i Ab it .
AN A B RIEBIR T S ERECR, B0 2012 FFEHEERGEHLEI 259 —— 728 GAK $0H15D,
A BT DA A BRE B AA 2 9.27 123670, BRIk, 50 H F T T 32 A58 i) e
4 5ERFR

TH IEAL T IR R AT AT TR B, R 24 R 3 HF .

5 15 B BTl s
MR 25 2T A

103



IR AR R E ) H

TH-Health g EEELITHA
1 R EN
[ 58 NARAE PRAE 5 RSB AR R, QUFTHR P27 E RS 1Al AF 55047
T, LT DU BN TR RER AR N 01 TH-Health B R RISIE R4, FTEAME
BESRER . N T BRG] #A4% 0. TH-Health =& MEIERS .

i

f_ TORCIE \

\ ! £ s )
Lt | IR LA

e Pi‘it@ﬁﬁ?iiﬁ

1™ BiiG 5| 3
2 e . EHE
KEBRES TH-Health ' \
- : s y BRERZREE S 2 &aEH

v Emng /\ iﬂﬂﬁhnﬁ J

a 0
‘/
7 gfmf# ’ @PEfEi& \
I APP -~ l (kT
l |

\ gﬁs?k#* ,, Ny \ B
N A O A ! == /

b I > TH-Health J

1. RWFH /, \ ;szspe '?‘Jﬁ ﬁﬂ,_a,;

\
2 BB BT

3. 3|FM ” 2. ANEE SR
LS N s s

H P

\ 2R EAE ' 2 BEERE

2 e

~

P | TH-Health & REfE TS R SR

REERTR LR Z M E SN, TH-Health REWR. FHL APP F7 . MG/ MEFE, JIF
R IR . RAEAZ N NI L, SRR 5T S ¥

(D) ABRRBISIEE: LS E R, @%iﬁﬁ%%A%%ﬁ,%%ﬁﬁm
T SR BE 2 S THERIZ A, FRBLEERE P DGV 1 SEBRRE IR N2 AL T8I T
BT, SR OERGES: SRR ThRE %%%%MWm,@%Eﬁior;
HEAT 2 DL 07 A 5

(2) HHRIRFIBIEE: N E G B e B R 2 RS R S E R OUE R, 45 N PR g A
Wi HEFE OTC kb J7 24 . JdId 2 2] KR EURIR IR, A2 XIS W XS [ AT BERY, 5ERCE 1R
BWi. SCREFHL AHNLEZ AT, FREA R e .

(3) BB RS T2 HA ok A 1 Bk R AR B e f 3 G BB 72 7715, SR
AERE ADEB IO IL G 5 RS, RO IS S i AR A I B 5, RIS ER
Seruert. RAAERAR PPG LM ERAR, MIEHERE . RGNS A TR Kk
T, TR AR I B Fm 78, SR A2 R FRAR, AT S RE & U S R =0t 7L 5 4
P57 o

(4) WRIRBEIRGI T BE . of W B A 27 457/ 2 AR &5 1) b A7 AT M, 4R B BT R

104



TR AR R H ) T H

PEAL AR AL Ly SBENZ i S, B P RPN » N3l et s 2% eI B S S e S SRR
RESBHR V5, BB SO IR .

TH-Health JFz-F &l 2 2 k4 2 i EE 2T IBAR. FHIERBAL T A5G, o
AEAMEARBEARHZ I, B2 NEAR AUBR, JERANTERAL T 6, TR
FAEZALSEI. 2577 AR AR RS AR 55

BARARG S e PR A . RHFECE . 8. B X8R, IREEBAR TS, T
FFTAR NBRABE S O PR, A, B REE) WHFUROGHER I B AR s LKy, SR AL RE
WHHE TS DA RE R SCRE IR ST A, AEAT A Sk T B B M = i, ek
RAF AL PR RN FEBOR SR, SEBLSAT ML AR (1037 5 BT
2 N RERA

J% 2 E £ 1) TH-Health 3 SORM & RS 7 M FHLASR S & O, A@ R N TR,
B AR AT N TR IR ST B E AT EAAE RIEF, W33 P EAHER E
Fe [t Je 5 2 ILREH) OTC dEALJ5 i eZifE B

- B R FEHETE
N TH-Health MELREET Rift#E ,:, RS
3 ThHeaith STRaRE, T
! ? | TH-Health OTCHLZSRAEH | wz. e, A
X Y, BB
X g % BB @Lx e * -
" BERIEE
Rxwzin 2 i
[remstax | g By
FHBNMS % BRI AT
EaREEs 2 l s (VERE P
NEEED e ; ﬂ 2y R,
e A
NEEQAFESEDE bl
ERIAB HE#EEs BHREE nEREES
N — ~
K 2 TH-Health & S5 = k55 R4 Kl 3 “TH Health f# F/NEITF UG AT

K E B RIB BRI 1E2E  JTHLIE I H 1 I B2 R BRER 5 T 42 N\ AR i B
O TREEE, LRI ZRA TR, IRRRTE S . RIS IRTHRE IR H Y.

Pl 4 AU PR SR 1 o 5 NG WS SR ELER - A G AL
3 ME T
BRI T LA SAX S S8 /IME P SRR BT P AE A, WAl il & k55T 6,
KB EER AL A BEPESITRKKER], SKIPEE “RARN” RRRE R, EEHA
VW, BOREEREI I, R AR, SR A Y 2 RS T 5 TR
AR RSV A R EEIMAEI, 24N T RERITIR S SR, AT
SR o

105



BRSPS E I H

4 &1EAR
PAboE A HE .

5 FrB Tl $ussh
AR BT AR

BT Em Al BT B RNA R 5 SR & & 2k
1 R SRE T

IS — PR AR, IR Z R & S BOBME IR (K R AR JE o JhE R S T 1 2
BRI, FHISWT R 1 TUAF A A7 26 T LU A R 3 18 5~10 %, DRI R B R v
PR LR RIA BN . B T ARZAEASREAR ., 5 b % RIS RNA 431 LA
b, FEZRMRWH, WG . R DA PRIEEE, AT LUK B — R AR R AT S RNA
(extracellular RNA, exRNA), iX%& exRNA 7 DLBCH—FH S Wb &9, RS T Ak
T FERGURT I FIRTR 2 W1, Wi 1) S ST g AR KRB L TS i Bhi2
tr o

AT H He TR A ARG B2, @I R MR RNA T I 5 AR RIS 27 21 7
B, AEARB R I S A R A R SR A R BT exRNA bRE,  BLH T A e
F RIS RS S BETT . FAERT B ARG AS RNA FIAYME B F 5 A 8 T F
BN, FET I, A PEAERRER A ML A IR 53 BT b3 S 98E AR R R HTAY exRNA,
A DA bR SV 2 AR BV REAEY, TERFEAR BHHTIONE, @ B o mkb e
JERITR] 8 57 P AR RE TG B R TV

AR RALE ARG RNA MR (G R RP R T 10 FEH ALY, KEEPRE
THATISCE 50 RES, FEWHEF 10 40 LL EFBEWER SCE 10 . REAFR T —& “JF5
-GEN-ThRE Y R . RAEMERAEMIE RAETE, AU SO A RTY RNA: D [JF
FI] 3% RNA [BF 504 BT AT Gersteinl*, Lul, et al., Science 2010 (IF: 41); Lu, et al.,
Genome Research 2011 (IF: 11); NAR 2015a* (IF: 11); NAR 2017a* (IF: 11); NAR 2018a* (IF:
11); 2) [£58)] #r8 RNA B2 &5FT: NAR 2015b* (IF: 11); NAR 2016* (IF: 11); 3)
[ThAE] 7 RNA SEARAIZNAE 4T NAR 2017b* (IF: 11); Genome Biology 2017* (IF: 13);
Nature Communications 2017* (IF:12); NAR 2018b* (IF: 11) C(*: @IffFH ).

BEXMABURS I BORIT AT, AUREAL O 28 i 1 R0 25 RNA 5y B % e 1 e R BOR A
A, Ui CA MR R, TR R R @2 R, B EIPRAMAL T

106



BRSPS E I H

A XSERIZE SMARTer-seq &7k, SEHL TR exRNA (IRCE R . BEXHATRREA
M AAE R EER G B, SRR ssE— R, BATEEAZ. 42—k 1
57 (imputation) FURFALGEFESET %, 793 7 BUF MBI SE R, Dyt o Gl &
HITF RS IAT IS HF

2 B tER

PEAUB A AR T CA: A Cancer Journal of Clinical iit, 2015 4o EEHE &5 A%
4292 73, SFENELINy 2814 J5. WILHER MR N DA = BE T %, 228 H AT I R A
W% LB TR bR S, THRAEE NI i Ra b, LA AL E S 5 =X
R R L A2 W R . 0 E SO A SHEREF R IR #E . R A, SuF L
FITE KA Bl LRI TE B R B AR A AT R, SEBURE R E QU 4 B
PR B R T 35 (01
3 EE A

M ERE, ATUH 7 b B B R BT A B . 25 2 7 55
Fr BT K. B AT A EIE T 100 JIRETHL, 4000 2 5% R 24 R 74
PR, VAN N PR R, AT HE FE SR BE 3000 57T, T 2020 45-2024 3
R . A= B R ANAREFR . B A 0 = T A S B Al B 7= b (R AR 1 F
REFERGIERIIR, SAWHE, ABEESRYE, FXEOPEREREN, T 2020 4
AR, MR T 2023 4, AT SR A, b, 2024 SESEELARIE Y 500
Jizt, AWEF=GMEAFE, 7P RFERE R 60%.
4 5ERFR

AL B AT,
5HHXER

ZI0E ISR B 12, DA TR exRNA bR, BfJa, FATE L

PRI SIS TN 5 VA S AE WS BRSNS, TR B QS B &, A e B RS WA
WS HBGTT . BRI E 1 PR,

107



TR AR R H ) T H

exSeek Performance
ex‘R:lA uriﬁcation & sequencing 1.00 - ROC curve
+ Exosomeextraction ven prania_peska_tersiive 43, Normel atage A
+ Low-inputlibrary
gl 0.80

- - ~ Q
S
Candidates selection 0.60 4 ©
Identify exRNA biomarker candidates using = o
supervised and unsupervised methods ‘2__ .
« highly variable genes 173
« highly dropoutgenes 0.40 4 8
« correlated expression o
+ PCAloading 2 AUC =92%
« Differential expression == 020 J =
Machine learning model 0.00 * s e
Build up machine learning models and predict v i
on clinical data. S ) N O False positive rate
O @ S &© O
){ 0. normal 00 (\é& ) b
8 eo o, §
o X P R
O A eSS )
R Vo D } 11 m7 miRNA panel mexSeek
Machine learning ~ ¢ancer

FEH, iZexSeek FiEEFHIEH
Kl 1. TeliZ W exRNA Fr&E 000 R AN S R fs

H AT, FA1T 248 56 MUl PR LR A AR 2 AN AR SR, 50 IR 1 I iE B RNA
I 5 R MELURSE AR, O g Arh e slim il &Y . B, AR Z AT
AEgwEY RNA I e (S B ar it s b AR T RS, BEIRATMEIT K DS B 177
EETR, BEXARIBREAS 8 1R AL TR — B e BN TR Re R 7, AR
T k-mer, FEPHHFRE (rank-based) K775, AILLEE HEEE 2, MEFINFE KNI E RNA
EWIbREYD; 18IS 2 FPRFIE L £ (Feature Selection) H7775, Hhik T A7) & FE M Bt (Stage)
(IAHE RNA 35 dlIdBede 53R 00773, w] DL G ook 1E 5 R AR 5 R AN [R) & RE B B (1)
NBEX I3 IT . SUCFENS, RS ImRAEAEE, RS WA HER, e s 17—
BRI RNA AEVIFREMA S, FERTHI 60 ATsEs Fis Witk mis 92%, Wk
K2 e

Referenced papers (11
[ | Refereneed ars {117) - | mirna s2) H " Prognesis (24) + Diagnosis (25) |
- non-cu::;ré? RNA Yang, ..., Lu*,
[

qr m Prognosis (42) + Diagnosis (13 + 235) I Nature Communlcatlon
US| ¥ 2017

(B ARSRIEAE ) - | circRia 5) |H  Fragnosis (4) + Diagness () |

W
W

n HeC it RNA isolation in o et M sation ang
= & L clinical Il-free, ibrary construction %f validation an
I ;%M5§E || samples (~ 200} » “Micr:;;;gzognz and sequencing O identification
( MR exRNARIREVFIAIE ) | RNPs

v RNA identification RNA regulation
1 i Yang T. YC Lu*, BMC Genomics 2015

Gerstein', Lu', et al. Science 2010

HulL., ..., Lu*, NAR 2015 HuB,, ..., Lu*, NAR 2017b
I E%%Eﬁﬁﬁ HuL., ..., Lu*, NAR 2017a LiY., ..., Lu*, Genome Biology 2017
( BRESHTIREIAR ) RNA structure RNA medicine

..... Lu*, NAR 2015 Liu M., ..., Lu*, Discovery Medicine 2015

M WU Y., ..., Lu*, NAR 2016

IV LA/ R o » i i ) E:]

Build intelligent models to predict RNA biomarkers

Develop kit Validate in large cohort Data analysis,

e — ~1,000 Evaluate clinical effect.

108



IR AR R E ) H

K 2. BERTA exRNA P45 ROF K 1 8 e

b Y 2 S AR
6 T B i BT 45
LR B 2 [ 7 A
Kiwi--Al KEIEEREERSZ=FE
1 R E N

i 2018 FGL TR MR SOm N 3 2/, Hrp 65 2 LN AHHEIENR & 50%

oI A R ER AT A B AE T NEU LL 5 7 5 ik 85. 3% A1 79. 5%

o URILPE K &

WG, WOk T CHEMERST 7 RV E BT AR . Kiwi (RS T B B R KR

b AT 21N i

NTEH

BRI B I MBS B BAT L, i th

B2 e AN ik B A 95 UM AL A 4 IR R AR 2R

Kiwi KEARERE =T GG W R LR

(1) #wARMBPET &

® 0

TREC . Bl AT, BRATHIA, 2R

3

P (ER ER
““““ Py x sgggga ey i
08Bl D wa Tabeie L Py BPEA
\ v sz | smpm @ o
\ A | SHEMPE 42 MBS
| LR

......

0‘ EIPRERA Q
E}Pﬂg \~~\ ....... ”
P o O
'," "' ——————————————————————————— 1 ]
e‘ 7 AP' oe oo

APL 'O BB
e R —— AE ---eszso-o. BURIER E.
*ig ﬁ% -~ - -~ - ~.
ﬂ&ﬂﬁﬂmg Eﬁi |§§ ‘|' fj ggg
0 ARG onRew SRR 2EEE gugs
3

U 24 L60m
EETIRS -3

B 15 2

FRBGEEE . B PR, B REL I AN EE M . AT KA e 2T 5 B AR

TSR A, BRI st , R os s, I S i & LUK ARk 1

B AT WAERE ARG 28, TP RE AR B s RS 0 SRR . 0 AR, (R 3)
APP. RN EGE AL N SE OB T BRI, A Tod e 8 — O B 1 0 R GE R Budls R ST kAT U

[W]o P MRERINUA Softl . SRRSO FZI . AEIX . BREIREER ORI

109



TR AR R H ) T H

EEREsE.
B PALNERSEREY CBRAMET) BEIRS AT @RIk, dEd-ra5kEAsd

SR RIABR B OCR, BRAE TR I S g RELC SR AT FL B B 3 o e B R e

BAT N T2 W A BT 1R 51, BEI BRES S R BEIRES . B anld 1 6 5 B T B g L

M55 R 2, A5 T AR S 0 A T MU SEBLAE B A PR A PEAR R 55

(2) %4, RGN RGEH

Kiwi f551 6 I S AR b 55 ¥h AN WG N oE 2 AR i NI, BB B = A
WG, O T 3 NN R R AR A 75 B A I AR GU AN o (R SR/ MU AT MR 3P T 1A 2
fifi |, PRAE AR GURRE 20 48 TAF TR T (e FEAS S AR IR 55 (0 St 2R i 22 L 2 4 L IR
AR] i8R

i ARG T RBEYIIRIN . =R KRB A N T R S I B T AR B R
RGMEE RS BRGNS AR .

o ho D IR BB A A BEAR SS . B BEAR R T S T DI RESS o B 470 5 ] A7 2K
PR, ORIE T RREER A B B 22 4t BBl 2R E R . B EIRS R A
RISCGE N, TR BERBR ST E B, 17 G BRI K RS0 et . SR ot
R RILaS A 2] IR A SIS i, B T R T B . SRR RS, A2
by B PP TR Y

| el | A%
(FrEs | [ofms | [0ows | [ooeews | | %65 | | ~usss )
[ MongDB1 | [ MongDB 2 | |Mm5DES | | MongDB4 | IMGMFDBEI  MongDB n |
K 3 k55 A

(3) FHER AT f FRE A Hral i
T 2 RSP 2% RN TR R R 7 A i ot o 20 LA {23 A R o A5 P P s B4
R BER ARG S (IR . TR T BRI AR W 4% R BT SCARRAIE 22 ST B 7Y B Ak

110



BRSPS E I H

b, SR T 2RSS AR R S ST
® 1 BRI Bet

IR 5 Ha 1 g RS AR £ E UL ]

MPER | e, WAERM, M, B | AEids, TR ates, | ARS8 5 4

A2, BRAE S, - FI B 7y BAF A

Cafi B DB IR, M, TR,
s Wy s, -

RAHHE | WA, M, SR, UR | RARAREN, KE--

HifjfE R 1A, SRt HRNE 1, HHAR 2, -
CRRBRSSAT | ARSSUENUE, BROURSTE], B | BREARS AR, BEER
LIS A, AREENLRY-- i

FE R HEA BN R B S i o dr, BT BE ARG . KIELR . RAFT
ARl HWER X305 2 5 HHE B SRR A AT, IR KR IR R A B R
TS WrE RBAT RN 220, A R 3] BIEE o AR 5 A RE L 2 (M R 2 R &%, AT
e v e e o A B DRy T (e
(4) i 2 T (0 T A A e

A TSN 22 A R A BREOR, R 2K AL SR 0 A it e sk B R SR ok,
JURRA AR, EATIAT S B A A EWROAIE R IR R R TSN, B X
U1
(5) fEFEMIIYIE T

SCHUETE IS TR | WA ARG« LB RS 0 BRAE I ER 5, A7 20 Hr» S RRERITIA -
XF[R— B E A FIRAE R 0 2K /A7, ZIRIEFNGEEH, EN NERASRE, A H 4
fRRE T, ST IERAER AT R A TP, LRERAERDEW P L dricss, Xt
oMt BT N AT U2 W, e e vl > = B PRI S5 T, AR B BN R
X EREAR ST LIS . AT SEBLA R B BRI i, (T INL & B RIS &
7 RESEAATR T A R A BEAE A vh ) 4 1
(6) SEHLKEERIAN N Ak HEE 25 e e 5 LA 18] 45 270

FEE ST A NS BE RS B3 PR BRAS 5 o HEL {2 RE A SR T SRS N BR3P B A (i A IS
2 FENERA ML, HZls, Rids, 8RN RREMS 2. K
s e B R i M AR SRS A B A R A 5 90 L CRAERERIAN DR B Y PT RE -
2 b R T W g eI 20 M SO TR B AR RD AR i 2 A 55 L iz s XD £t R BEARA N B

111



IR AR R E ) H

ARCONTTRE, XA I H B0 AR OB E BT R AN A ]

2 N RLRA
PR
Kiwi [ Kivi > tEERRS)

MEEEHF MyEEIRBF

T {5 2 51

TGN FHEOThREAS AR OIIREEIR

> PR B RS

BEYPETF JLEIFIEEF

EATEHT

Sl DEEN WO 57 040 % -

Kiwilll S F
6C~20C
" Eev

T

120 80 60

L& 153 ikE L g

A RIS

B mame

L) >
@D KiwiiR S ER
@

B IS I JE R
U AT G 25 RS AR E SR, BLRIL T RAVEAR L, His) il 2 n] LA
BRI LRI Bl o TR 3 — R A T B2 LA 308 T (2o T Sl i P PR 15

112



IR AR R E ) H

Do
® il

2313

2019-10-29 2313 ¥

WHEE #HEE LE

24 (mmHg) (mmHg) (/45
o1
2C~18C i
KBE 120 mmHg © 10-202315 135 96 20
SEE 91 1 mmHg #E3 ¥ 0'C~14TC i €2
S = 46 L s 10-28 2214 119 89 60
£% 5C-18°C <
© 10-27 2215 121 81 70
BIRIFE £ E I 2'C~16C <
(@) © 10-262316 119 86 70
- R FES
& © 10-252317 110 80 70
s 5'C~14C i @
EBHE

© 10-242318 120 83 70

O
HGHE SR N TR A I 5 SR o T

Bl vl R R BN FEIFAPIMIT R NG AT ARd s 5 3R
WAl REFIZE). 2. BB IC T X0 S 0k 2 ISR R 5 B AT 2
e
o (AT

fe R B R, 2 ER 77 SRR s N B P s 88 o T8 i 2t 1) & o

B AT DR B T 17 380 258 i A 35 M 05 19 4 155 100
® ik

=k

113



IR AR R E ) H

i . O T8 5 O 4 55
- -
AEET: HE W 2011016 g—
xR 0 4
- E00FH 1240

£ 10-22 2318 )

- a

10-22 231 R
0-22 2318 T - -_—

H
10-21 7318 nem e} FRE

. i =
110=24 318 1S o
4 B e e

10-35 3317 THES i OEENOFTENED. ENESTIELE

& @ ARNEEREHERRE, FRSE
10-38 3318 I 0 INAEE FAnREREEGE RSN

LEWE RS

i R 7 J 7 T

AR F 2l B A R iy, i DAORAZ BURR BR A, 3 W= A B T i S (R R L

(2) IfHEAEEE N

8.4 10.9 S '

00:16

Kiwill#E S 128 F

BT ® 3 4 C-ZE C
WA

FEEE FEE
- BRERIAEE

@ Kiwilk SRR

: m
1

6 w AENERT QERIDT FROSRI  AROGEM
10-24 10-25 10-26 10-27 10-28 10-29 10-30 °
n' :

EPEZNE
IHE T TR 15 AR RS f s (RS A I a2, (e RSV s X 41, ik
AR PRI RGN T I F ARSI AT A2 B T 56

114



IR AR R E ) H

B PRI B I BOREAE 2 TR,
® (REETTRT

L_Bveiisl B

@ RMNEEIE, EENEENRESA, S
WM. EIFUEIRINS . RUIBTR
WA R A30-35keal,

O UVAERHERGRTRVRES, MAEER
aE "LAasE. SFLT=E" HFEY. >
ESREEHTRLRY, EQVNERRE.

© EFEE, HRTFHEOHERE. mliE
. VhREMRYEE. BRI
i,

© FMNEHENRER. ENCHER, W
|, RUERTOEE, FEMER. HESH
.

© Rawsys . ERE. Bk, Ra
RAFMEE ., MEEEFAMEIESE " (K5
5. KR, BEHS. SHEE" OFY. 2R
DA NMERR. TPERBARBRRAR,

O FOANRTIFHEVRNA, NWEEHR
SHRBRAAELE. RAMNFIREARITER.
B, R0, SO, HEE. AN, ER

$. ROOOTSHRYTJAM, SF b, WO,
ARHES. HENRMRUIELR, GRAR
WABWETF3g.

MEALR R T, EHS AR

o {EEME

=3
=]

MR 2

THRECA SRR,
HMPAMRHRERE R

FHRERBITFE (R

M RERRITS (R

(BRFE )

FRAERISIFE (FFR-

HEERRITM (FER--

fidt B Bl Je s

ZRE PP IE BRI AT SRR DL

iR

© ALBIESM30S BT RSN IHEE
o, AUSE150H MR RREY, ME>14-
16mmol/L, FETRSA N VF (MR & M E
BRA, AREMAEFRE0NAEC. M, R,
BEEEFEEEERENIESD.

O RUBESIEDFREDLI0AW, Eda
BREENE, TF: RMEECSHRE2S
BARE, RNENRAR, FRFEEDR
R. MFEENRE, FT2-RRENTRME
PHX, BD/AN), FHER.

© ZHMNEDR: ENERMNT. BESNM
mask, RMGAEIHL, REWHES, FED
R, MEIERR, CNESIERED) B

WMAS RS, WHTIEHMBEHAR.

O EE -2 etEd RN TRAEHE. LR
REEG, EHRHTEE—~-BhanRBRnet
0%, BN EERRAN: FOERIRLOR
IEREEF BRI RIE D : REAERSEFIH
SROYiE: (B EAEDMONED S R EIEM
A, HREIBNEREEH

© ENTFUX, FEME, ROSHARS
W5, ZHRRHERE, 2, RIFERNR
AN, REEFOIRIS AMBSSE, H¥E
MMTRANNRE. BFNERE—2EYN, BRE
E—%-

fid FREAR 3 J R T

115

W SRR R

O DEENAREATRS, MIFSHRIFRR
ENRENSREY-RAARME, EEHEN
FRIZENEIERIRMSNRE . MEDRHIE/
FHENBRAEREROAMEANORRLSE
MMM, HIMEERIeH, NeLENm

#, ARETROBTN, ARETHR.

@ BENEETRMENRE, AMRRNK
EHLSBMENR . OZRUIBNTEHD
AHEBHNE, SFFENHE (AFHLE, R
BEFAREWR, UREFR. B2, BHR
%) . LEOKRE ., LR, BHERZHR
B, HERFENKBEHRTRMEE.

O REEFERRFENR, FUANTRRE
BNRREELRENHERETYANEHER, HE
AEtERT LR R I R RPEE 0 — LR,
FiFpERRANERLEN SERRR,

B LR A SR T SRS .



IR AR R E ) H

08:22
AR
e g £
= ha i s 2019-10-30
oat] i EMTES BHLMATHE 14%
HERH 1996-06-30 - i s
RES +
o2 170cm
RS drvenaliL
HE 65.5kg .
0
RS . 2019-5 2019-6 2018-7 2019-8 2019-82019-10 o e
HigHiE 2018-11-10 REE 2019-09-05
— R ] /—< LAt =] 14%
= ) 2] Sgid
FEEE HRHEE R
& FRE '
MER # 1 R devencliL
0
Tigndia 2018-11-10 2019-5 2019-6 2019-7 2018-8 2018-82018-10 -
e 1R IR — —
4 2018-11-13
] a0 —3 =g a2 =11 Cgid
= REE +
FHEE [Tk R Ommalil

i RS 5 R T
LR SR B . 2SR SO ROELR AR, IR, HSIES . HZNE R )
R RER 5
(3) MLARRE S M L F B
FH P 3 5 A B PR A S AT S I, S5 kR N, e prig— A B R A2 1,
i B — WG R A R0 5 0 B, BEAT AR B 1 0 v SRS 45 Y 24 P ARSI e
AR AL

116



IR AR R E ) H

421 PM 100% .

KiwilE {2 B MY -

mwpmEnE 18 5
au7em 80% wmitmr
EHORER, EHFRER

_—
B

KIWITE G SR MY
R S 9 TE R AL MY

OV gt RS N0 XA 73 =2 Jig 7R T

(4) i b g R BN

NTIHAER RN, BABEI R T M HUBE LA 0 L s MR, ]
AN RIS RE H AR 105 (SR AR, S5 A RE AT, WTABLRER 1R . ARSI N =
SERIHE I TR AR, AEEE R, LE CR@EE LR A NER .

19 201K © B 9 24 8D 4G .4 Bid (W 6% n1g 211K/ @ B ® 54 8D 4G .« Bi) W EEN ol PEBH T EF2n om
Kiwili&=2ehF Kiwitn$¥ 3260 F Kiwill EEREF » ©
A TRKiwi i ST FAPP R EE S IRk AETRKWIDEEIRHFAPP RHESINE.
SMER: 38mmolLT8mmol/L AREE 2019-10-27 00:20
iR 28 =3 i
| s WIRE 19 mmHg
2019545 r FKE 78 mmHg
MeSE 20190320 + 1732
A8 65 19 e o
MERE LN e mmol/L i
bl ] 85 & £ R, AR, B
fint BT 28 28 65
£
18 s RS S ewE < R
SRS EE O U mE o=
58 168 65
4 i v &
¢ nan 5 @ e n8 8 4
098
ok 5] 8 FBE
8 65 9%
=1 nol
o\ » P 7 s =

% A NRE P F 2R T

117



IR AR R E ) H

(5) AT AR,

e TARufi Bl B B (M R s N A ™ i, B AT AR SR P e, RS 8,
T IE A XS B T A A [ 2 BR IR 55 R SR K B e AR 2 o B A W] 5 F P S R — 0
TR, FRMS AR S B TR HF P LB R W A ARG, R

)| NS
IS A B X R TT o
18 21Kis £ & F Jd Bih 4G .l B3 CH G6% 119 20K/s ¢ & F Ud B3h 4G .l I5zh (B 66% "9 211Kis @ © P Ud B3 4G a4l BiH (WS 66%
‘3 KiwilEBEEE £ i < WBE B35H < HBE B35¥
i o _ |__________ ______ -i ) y .
1 8 ad E a £~ =] 7 a
HBE greEm | e emens  emes  @0eR wse I WESE. ARARE AmES  EiSeR e
FBi (2018-12-02—2018-12-08) B = i— e e e e
O e ones 2/15/1822 c FAR (2018-05-21—2018-05-26)
R (20181202 201812.08) a
0 /B4R (2018-05-21—2018-05-26) R AR MEIEHIRE -
O xmx ntazsm
FEE EEEN AHPER FRE-- (R AN MESSIRE
SRS
fSP WE mTEm i BES: ARBIRRFRE, @
/B (2018-12-02—2018-12-08) = ERRARAEEI®, BiE
o

g’ WeBE  mmEm 1
s B (2016-12-02—2016-12-08) =)

c i —REnE R

LIBD?

Bl

:q

5 B2 A R 0T
PR AT o O AR & PRI B B A i R s, BE N TS FT B 1R VR
W B S RS (RS B DR R el i ARS8 o 20 eSS BERME
LREHIBIRABPIRES, 4 B BRI W, W e R en I, P a AR A IR E R )
ERAESR IR A2 & .
B TREEIZA, Al BSOS, LS M7 M2 E AR R E
0 R [ i

118



IR AR R E ) H

119 2.11K/s 2 © ® Ud $ih 4G .l Wiy CNB 66% 19 21Kis @ O ¥ Sd B 4G 4 $iD O £6%
< iBlsiER < [BESET 4]
A ARERIEE - 35230 ~ kmE R 3%
(2018-05-21—2018-05-26) ®

Y20 ERNKKEELCH?

EFENKFECH, PFEEREAXA. EHRNXRF

' EHPTERE LR, ERNEFEN, PTE
iEER: ENKENDREAKENK, ERFT BRERAE, SRNRFES, PFERRERL
¥, EEREMD - . ERERFZHPFEERT AL, ERNE

= k=1 -
& - — )
s _ b=

P
A1)

FIz2H, PFEERAALAA.

@ s TAEEM

SECTRERMRED TR, mEBiEER
THRmEIER, thaiERmRRENRS
T2, REESTESNES. RESHTS
HROMACRABIEMIIES, LHERRIL
AER. ARSI ER A ABREER
(), 7 RERRRSERIRE.

1t W o6

AR B ISR A A e R R R, Bt s MR . 2LHZ S, %
JVEPHRE, SRS, MWL PR R TE . RTINS ORI A I A 2

FEREAET T, P GER T LR R A R B & At e Mg v MR ml %¢
W o JFHEURIT A K RE FE e R 5G, BRIE R RE i BBl 4, IR SEOLR RE MR e h O i
M. T RIS NI R TR KN, EXERY @RGP, B ReE e
MBS, =R TR,
3 Wz oA

AT A AT T 7 i 25 B BN (i R B . AT B D B2k — 4, Rt
TOIESEF, BATFIEAEAN T R 0 R v o 5 1R B SR L S Y o R A O
TEEEI RN, B AR R AR R, A BRI S B BRI L SRR
W TR AW B dm BT, DR AR S AR AT 3 Mo m . R
RFEERENEREIE] TAE, BA Kivi RIVFASCIERERE . thRBRE T RE REE
HHLEN, W RS AT A AR
4 &R

HRETHET

5 15 B B B 1Tl s
MR 25 2T 4K

119



IR AR R E ) H

IR HEES R m

1 RSRE T

oA 5 — o388 3 A 2 TE BRI o B 3l LA B i Y0 9 3ok A AP 2 B R 05
BRGSO LOEIT IR ) RS T h i A A TR . 5 S O S 20
RMITEMLL, BB Toih. Koy ARG, RN R TC AR R s
e B 5 N AR, BRI BT, BN DGR N o i o R 0 PR 2 B 0o B A
A 425 St PR R B

VAL 2007 ETF R M FECP a5 SFAE, 78 RRIAIE S . SO M 5 TR
B R SR R B TSRS SE T H BR8N, i (5 5 T LT TR 5T,
FERFIE T Lo (5 5 5 0 M R I R o

VR LERT L R TR T

(1) LA IR EFE. REFFRERA (R R, BREXE) WE 1R,
FERTHA 4 D4R TR MR, 5 B o I P OB R i H A o HR R0 A L
Vi, AR ot B F R, R L A5 A5 A R B A0 S L

- ~

- -

K1 s AR s
(2) FRGOLMAEDHRERMT O AT FERE 0L 7 omhdiE s, OGS MK
PSS Rl BRERH . PRIR S FIE S KA TR e o SEIL 1 OO IE RIS L (Do L A3
M S5 EDIRAS AT LSO O IE DR GO & BEd s B4R fehn) i,
SMA :

-

(3) FRERMNARMEI AR SE . B2k T i BT A A s R B SR b PR N 3 )
WG S, WRSRBCE b5 5 AT 70 o B RL AT SEBU BRI AR RAER . 21
B3, PPIRCETEE . OBRERT R TR

120



IR AR R E ) H

ﬂh’ﬂ\m [ ot

BCG

“lwl \

|“I‘ il /
|‘\| || “ ‘““‘1 ‘\’ '|1| "l ‘

(4) HELEAASME MY B B RE LI E S MK G S, RTHMESITR
I MR, ST B A I s A SR

(5) PR E . fAomdiEsman b, SEEEHOR. WG SHliTsoR.
BRI HAR, SCHL T 2 2HCREE, 4562 HHE 5 KB, O fdifs 5 R B & KUK
IR L BEL 18 570 T £ it AR B R R AT o, B T BRI MERR K

e —— = —
A " e
3 !
; S 6
e T e i 1
- ]
. S
o
3 = "y P = = :
S8 —
0 = )
=
,,,,,
e
3 = = = = =
= i = = .

121



BRSPS E I H

2 MZFjiRR
O EARERE: @R N B ESR OB OrrdE S TR, 0REZ
A B 5 (KR A o T P T JUEN R X B M, 3 s B 47 45 2 o S T 3

I
= o

FRFO M DRI O BEXFZ A O MR B LB K o) W5 i 75
SR, SIS 0 R 2 33 M TR 55 T e

BREEMNAR I RS : IAETTY) FICWAH —Fhfa S 5 E BRI RS, &1 R
FEFIIARN, AN REAT OE . WP A B2 R a4, RSO B 15 L
R o FATHR L RO b (5 5 BRI B 2% B8 il EZEAN AT - M I ENAR A 03 5
W, XPCREThEE M. OZECLRG ORI AETERE) HEATVRN: ISIR N B SR w3
PEMRRE B, 2005 N oL ZENF IR S 5 B T 5 G e TR AL I, DA% 78 BRRE A 110 U7 =0 N 8 I F AL
WAL P LT AT IR B, XAV RIS B ACIRES SR A T AT RE .

TESEANAS ML W4 s AR ol T ] AR O K P v I e R8s N, E DA 7= AR
FKAEBAS 5 A T L R v AN S B LR SIS, BFREE T HFME 5 I 2h 4 i &
T EE, B T IR A

Bl eI e B SRS T L S SR E RS S U 515 S AT
275 AL TR SZ AR R 5 B AR RS S8, SR T8 O Sz 1 A g R . JRATT
sty DX 31 [ P 4D LA 7= i (0 B B — fUR — “BRikE”, BRI B S A A 2 3 1 A
SEOHRES
3@
O MVE BRI PE K : O ML B T2 oy — A B A B N SR A R, 9 vh B AR R
O M BT 28 kie i 4t it, RIESFIE 3 AFETIRE a4 2 B0 I 0% 51 A
1, HErRECH 2.9 20 mERREE, H 2.7 05 EERE, 250 770 EE, 450 J7t
wEH,
CAEWA T RAWIE . FREAE AP N2, 60 B UL EZEANCEILT] 2214, &
KERNWFEEEK T H . 2.1 LN BAHIT 4000 77 N2 KA. FREEMZN. HiiE
ot ddE o, 2030 4, X— NH G HRIES] 25% /a4, X — VIR I o R R
RTRE BRI AL . AW I 245 N DR 24 AN 3 T SRS 3G 0, 6 AH
AP e 1 2 BN B K.
B MR PR AE A AT WA BRI T K MRAUE 5 W, B R, &&EA
ROER B K EE T Rl AN K H RS+ kS B CGe T insmat 29 b 2 3 ol i
&Y PR HirhEAE =T 0 = 2R EENR, —AE A N NEE. E TR
AEPHERAL, A 2004 EIK, A EGEORE I I0H 11492 4>, 3L 5 A7 202060, 1 H
R 71008 170 JikiAs, IR P EcR SR BRI . DA E 4 33X Se 40 e K IR BURT 50
HI AT XTI T SCHRA B 5 SR B SRy, R ITRAX T3 E AR 5. B, Pit. &u%.
e s R R R R A B R 1 58 36 L AL
4 51ERK

AL BT G TR .
5 g Tl &uts

VR ARST

122



TR AR R ) T H

DENRIEERSR

1 RRE I

2019 4F 12 A BRI R R QAL G, 453 EA A 5N ROGE sl B K (R4
FRATFRK, #2020 5 7 16 H, FERITIETHG] 4644 f], 2RR AL 30 1
Bl A Eegit, RERFE LI RERGIRIALGELIT 3 AN, AR
A BB FR B NI TAHESHL 1000 &, FFESSREFMFRSEFRARBOTE. FN g
o AN SRR RS R TP AR R 5 B R T BRI SC AL L R R
MVERGSR . DUV EHAR T BB = S 1, TR dTIE A A B A N SR R 1 DA R 2
TRIE R YL

PN SIRERGS G R A D AEF R FF R BEARER ) P AN 20k 55 7K,
B TAEZRATBOR ] N BRI BERE . B RBE AR IR O Wi BEyr & BN
SR, ITEEEE TR 2N L. B AR DA N 23 E R R, aER Ak
PAEMNZEHEKR,

RGUCHEN AT WMITUE . BEEe/). NaIRiE. TEMA. FREE. BaRE
SEILARTRE, BTN E RN BI IR EAE BRI B PR AR XIS IR SR AL BN B 10 K 1A
KL, ST RN FE TR MR R IR RO, AT T RE 1 PA RN SR
HRE

RGO “1437 AR, IR PANSHEHERGM 3 ML N A, WHhE
REAERHE 6 ERIE ST RN SR ET 6 . X REGR T R E 1 & .

[P &-itit

Y, | wesesian

Ak e I8 {2 et 8

2 A tRA

NGB el S PN B S, 1 HE R 22 A L2 T FU B AR N B A B 12 R GE ) 7 SRR AR
B s . RO RETAR, SJa PR T 2477 6, EEIRSS T A E S BT, #uk H
i, RGEFAE 256 NME. 50 2T, FIAEIR B L SH RS IEE 68 &, Bl
AR BN SHRIE RGNS 17 B4, BHERENETakiE 9 &, Bt 94 &, Hip
o BT RUERIA T LN A R G AR E SO L IR TEUN . bR i BUF S5
BRI B R e o B I S EE R 48 CAEWIL A N SV BT L WAL B BUT S b Bt

123



BRSPS E I H

PHAE UM S N 2V BT SN Y Bl B s 121 & CAERDUL R X JEERTr . sLelfk
P45 B A DN
3

S BUN— M- NI 2 EINLE], SCBLARR &S T A2 PR R S R UL . BUF
T AV AL B A S SRR 18-S AV IT R A P I B AR, SRAMEML RS N S
TARRIE M AN TR 5 7 TEAE MG Ui i & o i R A JE DA N S A R,
B RE XS R DA N S AAE, AR EEE, SRl ETT R,

FEHERZNE T, SO ERAE 58T A F E TR, # S E N TE
FEAlE R L B T A5 S Sl AR G A el by BROXU s 293 X -8 B
A RER AT REL B Al e T, 3RTHL 2 i et s SEIAN AR Bk b fEEE(L
B LR AT B

A ERMREAERR

MEET (X BUF, TDAMEZIS, EEPLE, BEHE
5 Ff B 4Tl i

AW 2 R T A0,

124



IR AR R E ) H

[ 553 g sk ]

FRfil 8 75 SR ERBEHE (L

1 R SRE T

PG 75 SR N  #6 TIT ST X AR R B0 B3 SR o PR RS 1 R 5 2 PR 7 0 S
RO R RN, R A 5 e F P 4 P i Qe B RIS, DB YR sC A, T
7 A58 e I 2T T 2 A R AT

PE B iy

® TfEHJE: 220V s
ﬁ%ﬁﬁﬁmﬁ$ R (LR AT 9 5
AP AR TE Lo B T B0, Lamb AR URT SH P 2 B iR 5 S
AT TE AR R R ks LSRRI, S5 AR AR S BB A 20mm;
ALK H BN R P 1ex 1ex0.1¢ D5 IR R /NS 1t (KD %0.1t (), t AR
=

® EfiRE<Scm.

eI SR eV B Al NG
2 NAREA
W TR L A B IR B S E AR I TRE SRS = . W ) AR A R S = 55 %
FAFM AT
T2 3 FRE DAL s A A ALV TEAS I s P Sl T AR

4 3 ER 7
Y H BrE D A TREEAT IS T, N A R 1 JI3RIG.
5 81EAR

AR AL, A1EFFRAEAR NS 773
6 BT 4huie
2 13 1) 3 4k

125



IR AR R E ) H

REMELIE T ZHRARFHIE

1 RE T

BERE N AR 2 F 2 R T ok Ok BRL 3 4R [ R A
o ZIUH A T R A R ERE, 7E S AR T2 EREAT 2RI, HIE T 24K
FURY SR R L R BF e il Bk ok L B B30 B RSN [ TR M B, 4R gk
FURMETIER . SRt OKMESHMED . WRL CEBERD . G AU R S MR RS, 3220 B,
M 55 B R R o

T H 5T NIRRT, 1996 IR E B R0 TR R I LR S8 H 2 “ S| AiE &
AR S LB T ZAWLERRT T 7. %000 H RS R MM SR o k&1, 1
H N B & 0 AR PR o A A 5 L 25 2% A R L BT 7

RET HSERABIEA KRR T2 R, BRI ERELH R
2 B A5 EA

ZIH VR TS T RE B B BRI A SN EBI T, IR AR

WA, GG AHURIE. NV . AV R A AU, LA pH
PR PEPEORE . B a5 T2 FIH TEM, SEM, XRD, XRF, IR, BET 4
PR HT F B AR FOR TGS MRS . SRR, 2SR v, VRS IS T 1 3%
EFLHA AR RO02. R706. H A R 2 F] RO30 557~ (i & . I FH w1 7 ¥ 188 5 L B 55y
BT T BT ER R R LRSS BR 4 M VAR AT RVEAN . 7= SR h: BRI R R T LA 5 20 R
S B AT R

3 Mz A

HT T AT E PR R AR SRS AL (4a: B R R RAE AR, 2 HUE SN
PR AREE T AT BORZ2 0, 38 Y5 SR AN T3 ™ i o ik 2 B A S /K7, Rt H B AT
KEHES 23 M8] o %30 H RSB T EORME, HLEMBIS M, P E e . @il

126




BRSPS E I H

ZIUH A FRR TG, 7 dh e it sl A LE 32 LT e,

2 51FRN

FAL A
3 B BTl 4t

e

AR fH1E 1L F SK B0 Y P SR AL R

1 RRE I

RS RELCR Bk 88 LT, REFC PG, (L0 R R, 1% A e, ¢ 2 SCR
IRREH R OB R RY, 8 R AR, T T BL SR AL, M, s,

PERSHE ] HAIR I DA IR G, Fo R R A3 BT w5 A 1 1 0] (R o S8 K P v, IR 05
PR TAUR, MEAIEYE R, 500°C mkest J5 LR MR, A/ 4 Zkis g, Bh7e b 1 2
FATIRY, A 10006004 MF R, B 95% LA 1. X A MFM R % JE 3 EZAER .
2 N A :

AL, R AR, DRSS R, WAL RS, RREARL
T e Pt A A 1) ) 3

3 FARIEIR
i H s
EA H AR
pH 6-8
YA BIEK
Kpr (105,2 hr 82K B < 5%)
EAER R 20-50 (nm) AJ$%E
TAEALER AR | 1520 (nm) A4
Z AL AR FLK/NAT#1-10nm
LR IR K/NATEE: 10-350  (m2/g)

Fi A KA AL — SR AL B R o R A HL R I

PR EC—F KRB, K 5-50nm, FL5-10nm

127



IR AR R E ) H

3EERN

b e A,
4 BB AT s

2 1 ) U

N

B

BETEEEAMRIRERFATRETRINA
1 BRfEIT

AN E REE S APRHE A VUSRI RE CAnA i) A 71 SCEE AN B R AR R =
AR AU AR [ - AR A BORE TS o T 2 T AR R R A S 4
YRR, A5 2 BT H b A B AR AR R A [ O AR T BE DR SR A TR o IZ MR AR
A

® EWAMEER, FEEAE;

® HAZHI A A RHBE DRI HR AR SR L 5

o FIRHNFIABFTE—EE AR, XA FIR AR N S

®  FPRLEAT RAF PSRRI o

®  NHHIR R, BAEEART KHAE A EHUTRE. WP BT IC R R
(E LN (A 2 N = 7 N B 72 1 1 E N s 4 2 B

ARIRBALETF R T ANARARE e SR E S A P e A= T2, SseBl /Mt
BoRiEd .

Wt B 225 A AN RAE TR (e vy, JREIE S AU KR, AR, E3AE
WORIEEEHGAC, £ 2020 SEFHRE S L2 BREFERT 1/3. Kk, 7RI S5BAA (REVRR ek
AT TR (20142020 5)) H, FRER SR LR S O A N H UK T

ATUH IT R A HUHAS & BE 2 SR RAT ATE 20 R RTR B BEAN 45 HL 5 B AR AR O RER, 38
LG PN H P AOR SR SRR IR o« K PHRE BA AN ELEAMATRE (8, AR B
SRAVCECHIT J& o« A HUHAZ & RER AR AT DUR K BH RE B 7R, 78 7 PRI, AT e i
KA ER I LA BB, SRR DUM A WU AL & BE R S A RREEAT 23 HL B RER IR
MRS 22 . I 78 A TS BT AR R, PRI SIS AT RERE, TR IBITITSL, Wb FR
AR

128



IR AR R E ) H

B 1 B AT BN TR BE T IR A RMR A AR A
AR 2000 SETFIRREAT AP E RER M RHBTE], 7EE K B RF ke, “+

—I7 AT BRSSP IR U S AR S T, a2
TIN50, WERHEA A BRI RIAIRERRE SR BIFAEAUR LA 5 3
S = N F TR I B A AR B T REAEF IE RCR

2 R iR
o FIHABHXBENANALERRE SME
50 T T
= ] — 4K
A5 e TRE 30’%%%
papiEiE £ PCM o 20 {om oo 200000 a0 ok ool om e o7
Ly -10MW\/V\W
0 2% > 7 5 5 10
I EINCN)
Kl 2 AHARE RE HLR R MR &5 1 Kl 3 FHAZ B Be b iR SRR R K]

GG YAREERER S MR ERE, 78 EBEOM A 8], 3 2 R ARAR 75K,

BELRBE R H B, &G T ARSI SSIRBIDIIEY], A AR & Be R

Wz,

NIRRT ORFFAE 2000 47 . BRI 25 PRI P RIS, BERAT4 4 Juik.
S5 A RFHBERIR AN AL & RER S48

N TR b AT M sl 3R, B It X FK) 7 O 3

(1) S5 &R PR RER R IR & RE bR/ i

129



IR AR R E ) H

1

() BFMEFR () TR
Bl 4 FHARE Re AR 78 K BH D5 H ) 2 D 2
H R B A 5 AR BHBE, ) B MR 4 D i) Re A e = s R R (R I BE, %
RERIBER . LA AR, fFElb X, SE@E0ERREH, 4R
IR E RS SOLL b
(2) g54 130K BHBER IR 1A AR &5 e bl

he
g EReE b
R R A L LR A LAY

Pump

Bl 5 FHAR & REHAR 7 3 3 2K PH Bz Hh (1) 82 F Ji 2

SOKPHRE AR B, [ RAE K FRAR BRI, H 30K B Bl NS AR 2, AR
T B, FITRABERE . RSP R AR, AT LS 3% HR .

LB AR PH BEAHAE 25 b HUR SR 22 45 b2 TR MR B/ 25 Y IR 3l 50%, 2 i 3 P
IRIRFE 2-300; # B Rl A B g A il t KPR REE f, 5 Jo/KA8E & Rt B T UK PH R IR &
GAHEE NPT Z R 20 30%H KA. 5 A /K58 & R B K BHBERKIE R G0AH LL W& i oK ]
L 7.5m3 KRR, 29 7.5 WSS E A 4 T3 KB R A .

3 Em T

FEE K SRR G T 15 BB ST LR T R ARSI s RT3 R, AT H
A e 6 P A S AN e 43 ]

4 5EBFR

FAR AL B A HE .

5 g Tl &uts
6331 18 AU

130



BRSPS E I H

Crzp sty

AR S M e K MR RS

1 RRE T

IKVERRE R KPR « BUERLAT B 7 LRI RS T e, BT LOKAE A 8O i, KR
BEEA M T 224, & VOC st BF TR AR PR BHEAG 1R M 4 5 8 ot A 2 30
2013~2016 KRBT A M AR FHGE, BEMMRECENH G, WirH] 2020 FiiK
PEVREL 5 EERIA R 54%. fE/KMEERAE, KYEPIGERI AR R EME R, & FTA KPR
BET70%LL b, 32 B AR AR B HURAS AN TRl 45 5 T

IKPERS AT T vk RE AR B DS E F o BRI K P IR AR 1) A i FE B 0 e, (HK
ZHON RS s RS I B R A RS 1 B A [ AR . AT E SR LA AZ e 5L
WRGEORS & T REG . EIREREMAL, BRI R, 22 0R, BORME, 7]
FTRCHI& AR EERE,  F56 B Tk 2R ER, TTiRE o .

F BV RRAR R

(1) FURAMM: R O TR

(2) FH&ERE: = 40%;

(3) FJEEFA] (25°C): R 30 4080, T3 7 K

(4) 25°CFHUE, Ay Ao Bl

(5) HYEM/Z: 1H~2H;

(6) ZXHME: JIT 1 mm 2R

(7 M7KME: WK 72 /80, TEREAER, WIKEK 5%LE 4

(8) MERH. WWRF. BEERG: BUN AR, A6,
2 N FRA

2 i AT FH T 1 22 PR AU B Rk 9 G 7K PE A B8 L B SRR CPA B R R
PAVEFURER. A B mMiReEE.
3@

A IRIRERSE A E B Ak, FERRREEGE, MBS, A 0.7~0.9 71

TG/, Y 1.2~1.5 Jion/Mi, SUF ke B
4 51ERK
BORFeAE BAETF R AT
5 P/ 1Tl sk
HA R
R E S MRS RA
1 BRE T

MR MO ) EAT R, i RO R AR R B B R R T R AR R

131



IR AR R E ) H

BRI, R T SCHR T AL, AR SNSRI T BRI N
RV 71, WA e A SRR AR B U@ H I iRl 2 — o WA O SBAGBRET 4D & —Fh
AR THREVE BT T SO ThRE BRI =4 S e A R RRRE. H AT, Al 2 ZE A
RIS IEA R, SRR R & SO I R G FEL IS R G AP RHE L2
fERET A ) 2 N AT BATAW T —F BB -RAT = A8 ARL, & AR . |
ANH G, i A i) SR BT 2 A A RERBLH JU R 1 AL A VRS, R R AR HLAL 2 U
Rz RILIC:,  REN HLAL S S B R SR LT AR $% o
2 [ P BA

ABRCURTTE . B, BECLEBRATE SRR, il 1 — Rl 2 i B mE-a A 2 S A R (&
Do Frf5 i BRE-E-AT 2 SRR B L7 B BAL 22 VR, R AR B AL 2T SR B R B
et (1B 2), REHEALE RN o K BRI I EAL TR E % o

L 100F  — WEE ALY

i — BAi

,}QSO-

B ol

X 0

® 40}

iz I

g 20

2 " - . :

1.0 12 14 16 18
B (%)

K1 Bt E SRk Bl 2 HAb 2 AU SRR

3 EmA T

B NS REUR IR 75 5K LA PR B BRI AN T4 5, TSR PRI AT I BRI A A T4
i LR I R B AT 5 o K oA I 00 1T DA At B B AR BB R -2V, IR — BB BRG] 7.
I R AT LAy RS R N BT R AT AR L, P s R BAEA R F R AR, A
BRI EBN J15, T T 30T i A R AR IR SRR . Ak, BT EUR TR 4 -
2SRRI P AR R R FRL A — A B 2 RO, (TR AR b R AR AT SR N AETE RS 3 7
SRR o PRI, 368 U) 1 55 R G 2T A 8 BB U RLAE AL ISR 13t e BRI B) 77 5 kAT
M S m e B H A . BIEATNIE, —55id 8 LAY, F1i0 Ru, Ir, RuO, Ml IrO,
e AV IR BT I R BT ST, BT AR A, AT R LS A2 B
(CINIR] SR

FRAE 2015 436 [E 1A & )5 AR R Bor, P EB SRR VRERE, CHRRES
AT BRI, AR A B R R, ik 2012 4ER,  IRIE O A IR R
Pt 203.1 {40, UM = Fd WIALANDY )1 DY 48 BB it = A E iR 75%, sl
4 EIT 99%. WK A (360 TG/ 2820 (80 Jo/3%) B4k MR (5000 JT/7),
AT DA KR 5 M B T S5O ) B I

BREF 42 — P BT TE 95% LA B g . s AT 4 R AT 4 pt bl . e A

132



BRSPS E I H

SR A S LT AR 2T Sl 1) 7 ) HERDI T RS, 2Bk S A SR A AR PRI A 2 FO Tt A7 s 4
BREFSEm SR R, 5 L4 B AR, (E R ) e TNk, IR LTI ik R R
A B3 7 TANE 5 T A B ERD R e AN B A R R [ A AL, SR 9134 4k
MISRBCRT T, UG sRLT 4. 2aT, IE R4V Z4T 30 25, MIBEBEEUD,
S 3 I E RSk AL TEETE S QR AT AR B SR A B £ AT Bt _E R e
BT R, — 5 n] LUK IESR T A7 s AR ET AT BB I, AT DALE S 37 s s2 3
FELE FE B Sk Al o

AT E A5 T WD BCE BRETAEAH S Al B HE SRR AT S AR K E A AR T G oK
FEILARA T S BAR T MeA T4 O B P SRR AT = AT R M 3 7
4 &1EAR

RLH HEARALBEETF R, Bik.

5 1Tl St
TR .
A=KERSERNAFAR
1 R E

A SR — AT () BT R R R, B MR K R v R T A L B S B TIE
R MREE, (RSl oot IR A R AR A 7 T s B AE S AL S SR, AR AR
SEEaCEE B, RE| 7 AR PRI AR A S AT A K R 2 42 RS
TR AR, WA S0 TSR RBOTE, ) HAEGK B I AL s o
PRI 5 R o

FENEHE:

® i E A ARG ORI AR AT s & R T2, k22 R R MM AR,

® TR T i AU 5 G K BH e FEIB ARG RN #57 , FE KA R 40K R s AR Ao
I IFEA T o KPHRE AL S ORI 15%; 6 EARINES 1) R B30 L R S D e 28 fF
3AECER, EORFFFEIFEG R TMRN E O T, LIS F AR P SRR TR o ) 1 BRI T 2 A
3 AR

O  TFR T RVIFMEAL AR i, NI M R B BT R RN FH A AR G TR L 2
AMATIRINAR ) F15E R RS S, X 2R TE (R R3h5%)
R BESRN, B 5AHE B A AT RIS A ar AR AR BIDIRAS, afikd . o
Mo DBk, EESENEES).
2 B ER

FET A SR R R T ORFHRE FLIth . B R A RS . RREREA M, BoRhit
SRR SR YERE . AR RMERE X RIF I TARRR e, oh, K42 RS H
TR R A a5, AR R M7y ZKARER AR, DA S =LA T R Y B FH AT
St IZIUH WAHSRIE IS TAE CHiEE SO LA] 6 I, AT B F5R7 L.

133



IR AR R E ) H

K1 s ot g SPAVEE SES R RS

3

H AT, A B (e Bk A HTE ke g I WAL R SR . T3 B 76 SR 1ok a8
ITERLF EXGB W Ko BEEBARGET KRR, SR i 15 5 HsarE e, K
5 E AN T3, R A2 F BT R R %2 T3 U8R % B 2 2 2 A ME RO A
PR T R -
4 &R

BARFAL S GEIT R TR
5 1Tl Sk

BRI

134



