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REREFE —RE—TENIEREE LEENRI%E.
A TR ERERR L XL FERIVIENH, EFEH
FEYEEMN—IMBZ AR BB RES. FRLE, R
BYAREL R AT LA B AR BTZ R 250 01F, 40
5 M87 FBY 65 121 KR EN R REH—FALR T
ERMBY (Rt EXMAseitREER, BEMIERE
REZ), BAULERTHNEENKSAEE F=RE
ERZHEE, XMBERZKE. (RERAEE ER=
[REEMER, ERARNENHNRERE 65121 KMAR
EBIRAK,) AXEFNRBERST, FEE-LEHA.
BYCRAVHTRIYIIETE, A RERERIAEHI D FRERK
FRERARLMA 2 Ao

EE—NEMUNIEER, FEYIENH IR ERBE
AR ZAMERAREIAEZ, MNMEREBREBIES. BX
MIEICHEFER T ERERE, EXEEMBERRER
EREB IR AL TS B R AR TARZ Z Fo

TEGE: FHE  editors@huangiukexue.com

REEZMIEA, MEBEFRESETULE MR
RT ZMHARENER. FI907E 2003 &, FE=K/R - B & (Samir
Mathur) EF5ZIBi¢ (string theory) IEH T —IHAIER
Yo MINS, BRAKFELR—FIA “BIK” (fuzzball)
HAKBRERRZ, HEWR—F BRI EERTAZE R,
BT AESXNYEFRE, MEAFNTHSEE
i EAMS g, EIKRAGEREERNE4E LA
&, SERAEXFEESHIABFEMORNERTR
B, EIRANOREA BB,

— NRINSER, XEAXREFRLSE B RPBHFNE
TR, BEFERIUANUELR T —EHSENTA
Ry “KEE” (firewall) o EAYIR— B EAIE,
MMM AREE, HEMIERIE, EXICEEIK
RENEIRIE, #ERTEHEFRE, MESSRXLEXR
KB H At LURTRARIE,

(EIEEIH I RE

EREXRAREREZNRILEIGE —MEERIE
ERMEFNHFNEEEEAMRIE, BUIRTIMTE,
MEMEREFNF—HHRREENER —EEZS
HEMFIL. — M RENGIFE, RIEENERE, 0
RIET BT EFRAHBARES, BAE—U
KREUEBSHERELIIME, tMmaEEESHEEE
B, MRBARESHEE, BEMAUAIELEES,
EEAIER ATEAR R A BIRARFEARIMER, (BXAF—RAR
HASHE, FERFIEHA T,

BAXEDZWFEHSEMPYIEFRIEETFE, B
ERERFARR. EUERMREmERRMIE, B
MERHERREENA R XPR R EMRIIEK
BE, XEEMRIEHIT LW ES ER— MRS S,
HEFZSIEEMIIFIL, EIER, EFHFERER
TRERBIR, Rt ARRNESRE—EBIEMH
ey “FEREEET AR IIFFHINRETH—EF
HEMBN NN EZ R, —IMEMER. mEl, X
ERYEF FRRZIREZ — FRE, HITBEEM
ERABEEXMITW IR RIALFE. tEREE5I7
IR, ZERSINFULESHMER E %, ERaEF
EFHE—RE—M75) BEEEMMTF, RA5I77AL
IEHELTIZA, MMEEEMERIELEEINE

MREREILERREERR, SOFAFEELHTR
LTAEM. MEREHRMEEREFNEERI KRR
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WEEME, HREZH B RMABEERE, BLXREARI
BMZHBRA+24EM, 5EREIEMNFTTNHEHE KK
HNo T XAESHEX RIANEREMNFEEAREIRG? F
BEEHMERIRIMETAARENIL, EILEE “EE
3{t” (delocalize) HAFEBRFEMR, LIESEHFIEAN
NTEREE R ME?
AERSENIBCTIEDR, FILEN T IZNRIFRAFT L
BEx. HP—#M2E, BRABRNNT/LASHNRTT, E

SIRERBRHESMEIZHAEEN. SR, XMHEl
R¥FE, FRBEAEX ENMA—IFHERLENE TR
K, EXM “SBEIFMIFE" HERT, F=BIANEAILL
RERERER,

BBNE, RERM T —MEMHYEEFHHER
RELLERREER. X2—M “SSHEIFRIFILE" HNER,
BMfERRAENNTEMRALETHINEFKE, B
LUBE B BA MRFRIZBTR Fo XMARXAILUERR
BZHER, BN R RN AIEFENAEEENEE,
RUZEHEFAFNH. EXMMERT, RREAEETF
£— “F2” (quantum halo), BEBRHENMEE
SN EIp

BEFEIENE, REXERIUFEHEEEEEL
BILHE, BR—ERTEZRRINIMEFIFIE. XEE
BERFNEEEEMREX, MEARR=/LAEARMFE
TEFEEARE, FIUZEEXESEEEENICIETEAEF
o MBZ—1TAEE, XEAREHEFESANE | ER
EEERIZELE T HATREBIERTT, MABNEFIZF
PFEFFHN], XPMREBRINTREFER,

R EYIRER
FERIALE, ERE—TEBSR—EFHFNS| B
ERBOYIEEIE, MSIXMEFRNET. BFERE
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BHNRENETZENRIE, BRZETEEF2IER
NEEM, NRXMIBILZIEMRN, BAECRAIELRT
X ERFREABRE R, FAIXT BT R =B
ET7RZFHEHRESVEM, MXEHSUFEZTEHITEKR
B1E, HEiAREBERNIE, PIESRK/REF A 20
VBIDARFYIERENYIRERAEEE M. FRANE
TR Z AN, BIERA SREFNEX—R
ZEBCHE, WITEUEE S RIEERERRKIE, B3¢
FEEEZRMNEEYIEF SR
Wi, EFNFETEVREMFBR
TEE
BT SHETENIECKER
ETFRRAR—TEXRIBELE, Y32
FHRBEIRIGE LTINS
MIESIHEX IR =RMIHESA
&E, IARRETEENER
EMHNEO. BRT EHT WRFE
A, BT H5I1ERXE (Laser
Interferometer Gravitational Wave Observatory, & #F
LIGO) MEEEIRHEHEF G B At iE~Er5 | /K,
XS IR BEEMANMZENE, EBTE—ERE LRI
RARVRFERTT .

MRIABERMHAITEE, A EHT 5 LIGO BEFEIR
MENREFEI R FE R vl aeiE s & FETEIRIe X B
BiR, YIEFEIBEEINN, RESFEERFRL, BT
XTEFEEANRE, ERIMENIEICA FEEIE. HR,
EARERFANMAMLE, NTHERIRIT, AMERE
ERFRS I ZNBHRAE, BEAHIEML. Bal, K&79
EIRHRABEINBEAR TR | HEiriEERFTERE
M, ARERREBRENBURSTIMANLENREINR.
HEIMNMFEBLZHIRRE, M7 HLNERME, A
HEERE/ BT RERERNAE, WNEIEEEHRE
MR,

B#i, LIGO M EHT BN R T —Lr e E
EMEIEIRIC, Wiy, MRBFER—BEREIERM
ENAREREEZRE, FHNINIZAILATE LIGO A EHT YN
WEGEH BRI —LH R, BFEL EHIFNML, 7 EHT 8
BHRFAESGSR, XEERREFTANIA LS FEHAR
BREMNKXIE, fLIGO HmMRNIIRES, R
RHER AR BOEEBEN=EN, BANXLEESHAR
HIERHAMER, BEFIRMILNERRE, ~=EESHART
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EBRREBEMEREBENRE, NREBENEILCHTSHE
TE—1%,

REWLt, WXEESHRNARDAEEER, &
BARN DB FRBREXRAEFHENELEE,
BaT I EM IR ARLL, BATBAI SR —LEE
B8, NMARENERERE FTHRIEICIRM—LIR
B,

REZANERREIECEEHRT, Bh—FL
RENME R R FEZRN X BRI R MO XIEAIEIRIEEE
BE? BAEREANTHEERINXLERE (Flangimizs!
HEIKFAE) #HITELEIEICHR, BRITBEET
—EPHER, BECKR, TNRXEREFNFEZNIEKR
FHNERORNFEE, B4 EHT # LIGO SRR gEL
B, BARBREDEMNIEMSIIEINEEMT
RHHEAI XIS RKIR,

—NETRERIBISNE, FAISIFREMEIS| /358 “[B]
A7, 2016 &, BHIAKRFENLEIR - RRZEER (Vitor
Cardoso). BEFIHAFHIREMS - 3= (Edgardo
Franzin) MZSAFHERT - 1AfE (Paolo Pani) &,
MEXENHIKREHER, =ET7—NSEMNEEEM
MRIKE, BBASITTEEMNAHEEMNRENRER I H
&, MMBEABEEEITNE, REAXZEHIESINRMIE
XA AR R MBI MM HERR, BRXEXREMAEER
R EMARINER R, MARMERE, YARMBEAR
ERBISPEEEXNIE, AIHEER TRIRER
HNFEFEEEMEEHGE.

WMRFERLEIRICH, ISEMMERIEEE,
SHIMFFBAEEVER, M EXFEE /EREA] LR EIR
RN, BBAXENIERICIIERRAIGEERZ L, fil,
£ “REIFRIAFM” WBERT, BREFRAUKMETUE
HEZEMEEAYE, MMSE EHT SN2 69 E G AT e 2
£,

RS EHT BRI F SR F R BT - BiFE/RE
Hr (Dimitrios Psaltis) &fERN S 2R, FHATLI, WF
RARPORFRN, XENBEAYREE— )T
=R%E. ERNEHT BRI T 38, Frills
TN REEE, BT M8T haIRBRE, HEMNa96T
BIEIEIN 1000 &, ABR+/LR. XNERKE, M
BRISEN RN RARE, FHAINZET BRI
EHT MM E FHXFEGE, S1RMEXIUMHE] T X8
T, IR ARRAETHENRALR, NRXFNET

AEE, BMNERMSFIEREHMYHNSFEFRIER
EEHMEHFRHE .

Eh “S5EIFRIFME" BRTUASEENE AR
N, FRURSMERS EHITIONE, BYIFPRRKRER, XMHER
SNE S| TTREIRA R 8, FAISFREBBILNEIS| /7K
ESHIE K,

TIEXRIMERM—MZERD, FTIEBINRNE
FRENERRREAERNT . HRFRITERTeE
&, NMZIREE RSN EFENERNERLRE. 8
FHFNA, NERGHAZYENEMED, MRARE
AR FLEMENEM. B XEFRBRIEEEERIT
IS X L= BRI,

BRTHES, X EHT M5 7RI SHM Y &
EXEE, WMNR EHT seERIRATHIRSH— TR IN AT 8],
FHEEHMBR (FHNRARFORR) FHTIN, ABFK
B#m. MAESINKRNGE, EEMMABNIREIREE
ZRNER, MAXMENEMRFMANZ—AY, BT
RRMEES. RYEESHWNERL s, ATE
YR AR R RAVEIRAAZ NG, URERAMITEE]
xF EHT JLMERM 5|1 7RIESHENE, RINEFEEE
WA EME SN TEE.

TRRERBHBBRARRNA, RRERBEET
SINMEFERUMNERRHNAR. MENREFHIHAR
wWRTEBFNF, NERBOEFERIFRSIAT—RY
YIEFE SRS, TIEEHIRETFRENATREN, T8R
MEEMEXNHIKR, EHT M5I7RHNINEEERE
MNRE—LEXBERS, =

FXFEE NERMEBHERZR LBRXABLMRE, TEMRAENE
BERZRIR.

FXHER AXXE2HERFREERXABRIARR, ARAENLEEFH
KT BABLEANBIRENE. BRSFIERNHBENL. B2 EHE.

¥R %

Particle Creation by Black Holes. Stephen W. Hawking in Communica-
tions in Mathematical Physics, Vol. 43, No. 3, pages 199-220; August 1975.
Jerusalem Lectures on Black Holes and Quantum Information. Daniel
Harlow in Reviews of Modern Physics, Vol. 88, Article No. 015002; Febru-
ary 2016.

Black Holes in the Quantum Universe. Steven B. Giddings in Philosophi-
cal Transactions of the Royal Society A, Vol. 377, Article No. 20190029; No-
vember 2019.

Burning Rings of Fire. Joseph Polchinski; April 2015.
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EEEE P ORMERE NS B B RENER
WRFE, ZRFERH—MAREEELHEHER
REFER (ATT 1054 SFEMIK ERIINED) » XK
REEE R A 5 MARIEARDE: X Gt (RE) &b
% (Ee) . Alx (B8]) | 454 (BEe) NETL
B (8) . ZEBEGRET T XZBIFNRIE RFE
RAMNESE X 5Lk, TEHREEERETmIMEEIR
= RERY T BRI F PR

[k NASA, CXC, SAO (XHf£%) ; NASA, STScI (ATML3E) ; NASA, JPL,
CALTECH (£ZI4M%&) ; NSF, NRAO, VLA (JC£&H) ; ESA, XMM-NEWTON (%%

HhER)
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2 ENENIRR (NASA) F19994F A5 1 BRI X A8 Bz
IS 8 (5 CRFRERERESE) o XA T Enmid R KX
SORWIFTT T, IXRABRBER R, 2 2R DL T B0 A TR
FEWLINET 1, IX 6 BRI B REA AR B IR AR 88 B B — D XSO 1 HIAL
H. RERMENAME, EIEHAMRREEOR, FF HARENS I 2 1%
BRIIXGtek, BRI B 7 BRI, EEEAE, KHRT
1T RAITERRF EORBUMR B, ARl XS TR A

A BRI STERR X STAR LR — DX R -
ﬁ%sg FETELFE N X514 (B X SAHE), XL X
e SIAMTCRRAA? AT EBHRERITAZRNDH RS

EERIGH R “BRAXXA”. 86, $EIETEREM
ERAMATE NS BN PREEWNERE, HAZS N
MK - - BRE BIEBIR ML T XLBI RIS FE R, BMEEET T 202G,
MREGATEE i P GG TIEIAL) 500~650 (T HRIA, XEIKE
e T REREEOILNAIE L RARESIRHNS 5.5 15, Eit, X
SRABHL X SR OE MNEEIERERIL
e HENBREIE T FENRE, ST RINEZET.
TIBR T MM X SHAY R REHMERPONET EF MR
ARBER, FNIBFTRSRANTNE | BARBERE
BEWYRIOTIZR, THNBRL BTN X 514 ; KBEAS
RIFTEIBIIR A IR ; A FERE R M AEEIT 3| 1R
WNE ; IREBES. ANSESMYUNKRRERE (ATHENE
BEE XA . ETFSEDTENNLE RN BB

20194 = 8000 &, FAZEBEEFRBMANREIZESRETT 4000 i,
ifﬁmi ENRENETENERARZEPONRIEE, RED
BEEs
5208 £, % BANE 3 EMMANT XIS, HE5 7 MLWEIRTE,
i;fjii MRZRIBMER, B5TERXMNAEMNEERITE, HH
%, — B L FFra B SN S EURAK T ¥ TR ONEREHI TR,
e 2019 £, HBHBRFMRT 20 HFLSH. W, B
XAaEix
BOEmETS %R AR EILFZE IR I MBAE R, NSEHLRE
szgfﬁ EEERKIBAH T BRNmMEe), B - FHEATERED
g);yg@gz% BFAARERESFTHT. BB ERENERESRSETIAH
iﬁf?;:?% RS, HERENEF—THEERIINFELIRR. Hiin
t
WE= L, RTINS, =
BB LI R
55 5 EXRE BERRHNATIENS SERZRFNE, FRHENGaE,
H5MEHNX

CERFALE, AXER SRESHNAZVENFSERAYRRE, 3IN5FRFHARLE
LS, FRSEA AT,
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[21 F % 15 - NASAEXC,
KILGARD % (X §12%) ; N
(ATULE)
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RITARTE

MM R RIS TR M51 e 2 R R TIA 3
TNAER . BHERIEZ R RP ISR T KL 400 X HiLk
IR, K RZHOR R RGUH BT E 2 TE RIS, B
ZAMEN, IR R Z BB S8 REHTER I,
W SBOZRA TR X SN, X SR K T
kiR, XD BERRIER 2 M2, BN EAER AT
PR EBWI, A Rer L5 iR,

TEERHERFERL X FEEE (B 2) MIMGZh IS ik
AV (B 3) SEIEIR, 455k B2 N EIT B 29,
RXFFALRISHE e BN 2 B R R IR, TR fEAN R
SUECEINAF LR
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& Fr &5 : NASA, CXC., SAO

MBS R g i

BRI RT T B SRS TR PKS 0637752, s . ‘ ® i
PKS 0637-752 22— MM T1& 1L B A%/ 0O I8 K5 . . .
B, 10 471, FAH NASA B RGTHHE LA . . g e TR
RO BRI S0 1 SRR, 3B IEAE M 2 AR o _ A ‘- :
WA SV B PR, SRR SRR, . . ‘. e . A :
PAETF R ERAY 1000 ZIH1E 2 5, | . . ¢4 i

P AL N AT, BRI I BE T A . . S o' I ;
A BURMIDN R G B RS T L, B | * - - & "
RIEE B M\ SRR S B & B T '
SRl X Bt £, IX IR L AE TR T UL b 5 5 > N.- L
o, B2E X S g SR BT ORI, e R o
RFIX SIS ) T B AR 1A B S . e

HaEIEHE T e e
LR IR R R 2, K ' > o N : [

THERANAREG, THERARHMTER : e s . g -

VAL e S BT R 0, R e 22 = ' & »

5, TR RS RS AR, £,

IR HBLLE X LR (ML) S8R, TR

I Tk 2 S BT W (1 20) BB AT, :

PRI, RESOmIE S 5  R ERA 3 - .

HU AT T ISR (B 1925, "Wy ain
HURTIR OHIE) SRRV, B v o .

VORI ARG T ELREAEIR, IV —BURUZIA . 4 '

RIS 5 R R, TR B . A

REGEN, IR, U URE e SR R,

T AR, St I AR RIS

-
-
e

’

. . L]
[ A3k NASA, CXC. 4Bk, R. KILGARD
25 (XH£%) ; NASA. STSCIKA] LK)
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APHZRARYIL
£ FHIE I AR o2 B TR R 2 R E Y[R,

RpEh B G K FHARPBEG T IR B, IXEEAR R
A& R TR AR EALN (B 1) Faratk (B 2) BIBERT
K X BTER, IXTERFH AR —TE Y, 1XRh X 5Lk
7 T A E RS R AR TE R ARG AR, kit
AR B AR IR 7 A Rl BT BEAE 2019 4R AW
MEERMERTSEARRIBITH “RIE” 5 (Juno) TEHINLMN
HHRMZE &, KA R AR E R,

[& Jr kiR : NASA, CXC, UCL, W. DUNN#% (X ) ; NASA, JPL-

CALTECH, SWRI, MSSS. GERALD EICHSTADT, SEAN DORAN (it}
A[WLE) 5 NASA, JPL-CALTECH, SWRI, MSSS CILARATIE)

R iR 3R
Exploring the Extreme: 20 Years of Chandra. Chandra X-ray Center.
https://chandra.si.edu/20th
Exploring Our Universe and Others. Martin Rees; December 1999.

All the Light There Ever Was. Alberto Dominguez, Joel R. Primack and
Trudy E. Bell; ScientificAmerican.com, June 1, 2015.
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B RE - SR (Paul Tullis)
BiE k= BER KEE

GPSTERNHBEERRIFEEE(EM, HIMNE BHIFAGPSESZEFIM AL 2MEENER.
W, BREXRZFERFRBIERMRP T GPS, WHAIT HAY

GPS AL R R Z BB RO, XEI1FCPSRER

Wi GPS ARG ESLHANEXE,

MEERZXT LRI E.
EEFEERIT—ENETK
XA BTERI R
7

N
\\\\\\\

N

BEXRIRE. WEERALEME LRI TEND
A EEWHERIIIBIERSFANE.
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F8HS5H,

20]. R,

ZRARANER AT B AR X
Rk, ST XMERTRA,

FXE, XESHHIFNG. BFEAMTSARE
2016 £ 7-8 HUWEI T 50 ZRXTF GPS 5 ZEFIH
. ERLERGIP, ¥HREES Em %ﬂ- SHENT L
TG, REEMEE, XMHRAEE BHMAAR
SW¥NKREES, B—RLEE ﬂﬁjiatlj, NS HIA
TEREELTINEEENEMASMAT.

EER, EENNEENHLENEHEBRRARA
%KE GPS SMf=551E8. RIEEEMTMAE (NASA)
MERLZERANIREG, EE—FREZEZATNEE
HENMESE LT WA —IZBHMTESREERNN
ZPEIET =M EE, REDTERMNT LIZIMEHRR
HUBEHNEXBIRGEL, SHNERRZB AX GPS
RABER T

7 - %28 (Martin Lauth) E2MEXEEER,
MEEEHT BANLRHENE AN REEEE
#i%, thFR, BMERRITHIE R, H GPSE S ZHI T,
¥TRSENMLIR THREENE, XESBVIAE
IER, IENZMREEZHRR, mEER TEEZEXA
BINT. ALANZMIIEHEEEA, SALONHN
GPS S URMESMASHBR LT, BLABHEES
BN EL AL, BEMINIEEETR, FARER
NN HRE EEPEIT Lo

REXFHIMES, GPS TEBZ2HEBIFITHREIEEIR
AR SR, BELREZEELTZSI (DHS) B
kS, GPS DEFMENRIEEXERENIEM, 16
NEEXBEMIGHESIPELE 13 MRTFE. FHl

50

HRELR I 777-300 WAL RRE, i sk AL B

R% - EFHR—2REABHEANEE, TRREX ~ .
TRERSHIHZX A, tEh (RFEEEA) 8’57 L\&
R Z XIS TR SIS RT3,

—ZRENT ALRPRE IR R E AR S e R R ETE O - Pl BT [E Brp Lz fds o
BEREARREREE T, KT
GPS (ZERENFRSGL) 55, MAEIRNEES 2458

RS GRS U “BAT TR TC L R R
A 8HH (Y15 TK),” BEEMARIERF
28 Y]

BomE. RERS. BNAS. NRRSEFEFHBAET
GPS ER RS,

HENTFHEEEM, GPS AHIITHE. XEAN,
BENSBREETERATMMIRREIR 20 000 FKAVES
NEHE, XSRTESRF/EZH BT, MEIEE
SRR ENEH.

PEESHREASZHE ‘B  RE—MERNTE
BESHMEBETHRENS, FRKERUNEEEES
— M ERE—MZ], MXREEA—EiCABRA
ELLBRIES,

AMELXBEMISHENTEARRBBOVNRE, &
)”UTE‘E%%IE*’IA%%E’JE%&EF %, ERKEEGER, =

BREMAFZFRIVTORNMTAMX TEFRIHIZT
= X#EFEH (Todd Humphreys) 52EERAEE
fii. SMEHRESHAEREMRES - 5/EE (Dana
Goward), ¥FRIET W EEEMTHE GPS E%E’\J?E'Uto
MRXMIERF, EEENFAENBEM. BN,
HFR5. ER. NIHEBE %/ﬁﬁﬁgﬂﬁlaﬂ?ﬂﬁj‘ﬁ@]
BREITE!

B5xEMEL, BLEERNAEEELX—RH, F
NXLEERSFERMERD ARG, el AR E R
FHNESF. MEEN—BEEZEERIMENRA. B
NERERIULEZEESNENTR T EG, HA7, R
BT RIENER, MIBRARBATTE. XIEWNMRHE

FRAY, EEBAMFERREREEEEELETNR
M, MERRATEELMAIR ¢,
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253 ks

BRIBY GPS A2 31 HASIEAMRY, HEE
TENE _TEEEFIAEE, AT RE GPS BIfEHE,
ZHPINET 4 DMK RAENIRA IS EMIFHRRI R LML
LDERMEHIERE (UTC), SBEEELAILETH, X
SMERZRAERERES, —RRF 3R FELELK
BMRFH, FRIER SRS MAEMERBIE, B
ERBERRE R LUEHIESX 40 A,

SR LESBIMDAREMER, NMEHEMEA L=
HEE, HR—MIRUEEFELER, FEDAT R
i Z— RN ERAME, HEEdmn®E. miE
SRR HEE, EEaaniE. FhRivNIENE
URHEMTDE2M3E SRS FHMFINER GPS ZIrE
NF AX LRGNNSR, TEHSTIESFHERS,
HMSMECHRENMLE. NTHEIEBNUE, 81
GPS 380 E VBRI RINE] 4 N REMES, XBRE
YIRES PRSI A BRI A/ NB R 2T
fEF GPS EIMRE—RF AR EEEBT U E 4 F1 T
ENES.

EX—TENFIT, BFUTUBEIAEBRERESR
GPS 55, MMSLILXY GPS EWBHNESElh, HE®
T44F GPS ERE—ME IR AIR S ERERIES

GPS T (2) M¥fEH DR A A ik 55,
beanfr F 3 Er N E AT R — A (D),
XEARPIEIESF 2 5 k55,

WFREF KN, REHEP— GPS #HIKSRRETER,
EMSRXMERESEEENRSR, ERBNRRHFR
BRWSENGEEERR,

MALET GPS FFEKH, HNEREKRFHE
B R BRBITE RS 57K, 1 GPS MRk Z A, EBWBYIRIE
RITR ARG IHE WA LA, IEBEY ; MM,
ftfITAT LA GPS BRI R4, RBIXY HRiRILLER AR iR K
MHRANIEN, &R, SRS TN, S
— MRS L, HENBMEAE, ZEERIESFXSFG
EREEERIMERARZE (NIST) NENRS, Bt
FHAIEH. MOSRIERMAT, KNEABATM NEIRE
RZFR, #A GPS EELEB—EXHEL—THREIEM
MK, XitTEFFBRREERFILSERES
FattiE CREE SR, GPS B ZEREE2IKMER
BEERZ L EFEEE,

B FHMER B EER GPS ST iR T €. T, ##
EESE, HRIUBEITERERELTBIEAER TR
=5, EAFHAUES KR, M—MSSETIRE
F—Ms58. EEF L, GPS ARABFETLRMET
B8, BUMEHLEA GPS RRIEN SR SHEM
7 EFMBYEE, FX L, 2KEBE 20 {289 GPS &
BHIETEER.
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B SRR BIGPS

FMIZRGE, IEZF22 AT, BT, Bl TS ER A 112 A R GPS {5
5, NI ENTIE AR E R BEERRNE N, 2AT S % AT DA S H s T4
HIEMNIIRE, RS LBENEE, F2ERCERE T HmEn RS
DABGYE R o, (HSEEH AR RGP R St

GPS I TIEF GPS LR Z%:
N Gps TR BRI ST E 6B 5 RS &S, REFLH T 31

GPS BzlEE (/A B3] 4 MR LRSS G, @ Navstar NETLE, &A1
(FEEUAIRI2, TR R B 5 8, IO gL SRMAMR2H, AN
UK B TLE T RN T — 3, 3T DAY SRR e, RATCEHM S SRR -

HER— DTS,

WA S
FIF 4 WD RS 28T =0, @
15 o) 432 W 28 O E 010 30 8 55 6 D,
S B DRSS, T
WO EE L TR
DHBRE ERS— S, 8
T 191 2 BT BT IX S
B TR HOBR T 28 L6 5 &
—AE b, BB E W
W EBRTE LI 5,
5 A S B BT
EETELE AR EL I,

221 A - EHF|2 (Ben Gilliland)
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PR 75 X
N Tt GPS HEINIhRERE SR R MIERE, el DAKLE KA IRETE SRR R SIS 54651, SRE T DABT GPS T2 INTCLH(E S sl BRIt #R IR
FIESRIIK o

R 2%

GPS Tk U SHITIRAFHAR, RIHAE RS TR F— GPS TR LIRIMEFI, [KILAE R WM r) % m] D3R E] GPS

A DR RBR ORI T MR E S, XES HSIHEE, RZIEILRETE A ST DR, /] DAL i R R A(E S,

FRRERAEDABUE 5 GPS P EMERE. BB R] DR TR S IR S XA ES0T 2UR] UL /AL AT IR Y
frigkfme, IEAMEMEIDIOY “IER” SR 77 .

GPS
&5

W&(&@mc

o PRERIERIR G S L i 2 2k

KIEHES

Mt RGBT
N TFEERMEA T RS, SRR GPS fF S RENEUNAN, REVIBEIS RS, ARMEEARLR RS H I R R A5 S,

XX IO L S RIS S N, RERXM & RSTERE L 2T GPS R4, (Hiids n] DUsd ok A AR & S 8 (F S Tifs
A E CHIAL BRI ], O T & 0 RGUEAEER, XM EBENER, TR T EEFEHRX &R, IRERM IR ML,
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AEHEXS GPS ByfHt, HEREMAT —T7THE
BIRENR. EWNEXFIR, GPS ES8IMESEFERS
ZRIF. —(UIEKEERINA, XI GPS RALIL “Hilf -
8" WHHSRES, HMAHRMR, HEBIFRERER,
BEfLERT, “XMWEAUEREHIENEZIIR
HHR" FRE, —MEBEEERFE 5000 &7, 1Bae
B WAEEITIRIF. IR, XMREIFERETEE. &
MG7E - f82% (Gerhard Berz) ZERUNTHAITRLER RN

REMERED, MAESMIEITIZAE Inside GNSS £
5ig: ‘mMERHH&EENKE, BTmiR N LR EZHY.”

DB

Y05RA 10 2 12 MEFEARDEAERENS 2R
=, FEMIRE RIFRILE, BARMBERIL—RANIE
B9, BAMERY GPS Wi,

NRTE 2001 F9 A 11 H, EMALRH 19 BFITE
REXEERFHER GPS T E, MITMAREXRA
BRANEEAN, EAFEIBR WL,

MM EEE, BAGPS FHBEAZFEHW 1L
EHNEXRASRGL, BHRIFENELARZM, 18
TEXMER | — N REELEMIARRITHA— Tk
B, AEWE—1TREIJEEERIGPS BE, ATk
TBITHEXMERNES, BESTHETIRNE
SEiRERF, FREN=RERENES. RERESHL
KER, PARBITNRAAMINEC, NERTIRLES
EfE—NMERNIEIES, MAIEFE NS RAVRITER
ERt R, XMREHEER 2 AT, RS NEREHE,
ERRRI L.

HEBU XN BERREFAIBZLNREES K
BE5E, MMREBIRES MABELETILGPS, M
EZEITIES. MIBZWRREESITERR GPS 18

54

RHGEHENFRP, MXAIEE AN EEFHEE eI
WTLLBTFH, MR R

A, HAEE—MEmEER GPS fEABITH
EREE, BHMARHSEFIWMESE, thNEERR
FETINZERRER™T, ZHNE N BITHAFERREN
GPS k23, MEA—MEEMNWEFREEE, i,
XA RS ERE AT e R N,

LIKEMAAR— N EANKE BT EFFEFEMAK

HABZIM=T K, NMEHR
ZETERA 7 TR EBE UAEE
M NEITE, XEFOEAY
WX ZFRTENR 49 MR 5 Fh.
ALIEHF R 7 AT E S IKR L8
IREFEREE - Bff (Andrew
Bach) ®x, REBEMA—1A
R 7R E B Ry GPS #Z U231
R, ‘XA SR NIEES
FRE . MOIRBEEBDZINT
MM EE (BERABHHIE L7 XENXKG,
REFMESE, MEETHRNESEFRNES/RFH
RREE - (Andrewlo) 15 | “UARSRAEIEEE
FEY, XA ZBHEENRKM, X5 EREDINNBFRIE
HEENGER.” ENELAARFY KBS F IR FRIE
BT - #iFEXE (Noah Stoffma) % : “KBEZER
Y GPS E S TIME R EN TR,

KB ARENAERN K EE— T8,
Xe UL EEEEMX BN ARG R, MERRMHER
EhfP B I BERFENEE X IEE B ILiIEHErIEE
%%, EBBRZWKE. T—MRABIES, —FA4 XK
BNEEE, BRNMBIZHERRITAMS A BILAYE
hoREEEEmLE L, HHT 4 - MEmRY 324 000 TR
FEER. BMEBISHEERAEENEIEE (PMU) EiE
B, HHENEIEEEETRENE BN RFRA R BEEAL
MBI EFEE IR, BB EMEIBEIRE 2 MmN E ik,
N EARIERESRERE, TEIRSFMEERI L
SREVFEHER X AR XTI, XA RIS — T KE
EEEMERR. HENERENENRSAWMFERT GPS.

ZEEAIRKFFEREIRENBILZMNAX - &
1&/R (Jeff Dagle) BREMER, MEFANEENEIR
EHFREMBNEE, FIST GPS EE5MERHTRSI
R, BEX L, EEERINERRE 2017 F£9 A/
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REPBEL, WEEVERENEINEZERKE
Migtk, REMNXRBHEL “BRSERANHBRELL
REMHARE". HRARBEEREEIR NERID
KW ENHEIR, KREET, REEENERE—MRIME
=iEZE, BENR GPS #ULR T AR MM & 5789
s sk aduigiI e

%E[EH 55000 NEBIL, YF ERER, SEEM
R —EEREAHIGHEEAR, ERERDHA
HEPARE T XMek, SEMEiEY, REBELBMLT
BMAR2ME, AN GPS AEERMEM . M 7EiE: “I
HEIUERK—ERIEREE SRS

BREERAN+IE6, BERRETENRENESR
F—R o IXHERAMANXMB L E R RER. SER Y
NARE, RAWIHKAREEBTERESHHESR
R, XMERNLEBRRERE, T IGME0E
EERNETHREEIFHK, HLNIMEEMBEERHEIRR
BJ LA, HAEREEEMA GPS Sin, BEER T
BRZRVINEERS, BN WURHKTSEEHNS
UNIRE T ERIER, X—RABATLLEIGFERN, BH
L2 HMRZMIF. XN TEAGHKRINE, XBHKRETE
Eig b, AL WIBRKRSHERES, MEAMT
mE.

#=F GPS R RISl

YRS GPS MR, BIMIEER 56 ML
X = E K GPS IR RIS ERSThEE, ZRefE M
BHEXAIEIF. ATEEMERNLIRAREEREEE
FA GPS 28,

XEERZ2HBEESMESHRDAEEEES
Hr - BHAS (James Platt) &7, M1EESEEERR
B (NIST) &1, HENFRB GPS ZUSE SHric
BNHNZE2R Y. XEERT2BHEELREF—EN
M, ik GPS REHISEREMIAE ™ mBvFHERE .

L0, GPS BIEAHBIRVFAR AR AnE:, d&
HEX—HRABRLBERIEXARK. fli, ARAREI
3 GPS ERSSWENAY, Tk GPS EZFREEF A LUETR
HXFAE, FAX—R, TAREKER AT LUNE X
KREARAMAHES, BERFHAILNXMRAEESHT
i, SHMEUMAIM, EIUNGERMFTR, “HEEE
ZHbeHER, HNATENFMLEES LHEHE, 40
TR AP R A RIFBIEEN.” RAATREELR TRIEFH

BriEiEnE, BRELDEERIIRRE.

AT, MRGHMER—SFBEEHNENRSA, X
ER T UM R R SRR HR, 2018 F 12 8, =
ERAREEEET (BXRNEREZE), EXEEE
2020 2 FitE—N A FHIEN. I RN EREN RS,
BiZiREERE, EEBIMESERANEARE,

HIERNMSEERT, XUAREEBRFE R
X —AAR TR ET. 2001 &, XEERLLIHE
T —RXT GPS M55t mIiRE, NERKTE - M
(George Bush) F 2004 FteREEERE2HFE]
WE—N&B RS EEEHIFRIZEEAL 2015 FH
ESIREMMNTILAE—NRS, X MRS WITA
eloran (IG52ENZIESM), XERSHAESAPMIREEN.
ZEH, EEESWET eloran WEMRLHITTIRE
B, BES—EHEEE T

XY eLoran RITRMEALL GPS BRAAER. it
FERMELRES, BRIIMAEUBEXMES, Bt
BB EHEEHENER. FRANESERABFSHS
BAGENFR, BN 24 M ERMERERELESLSE
=5: N

PRtz o, EETEMAAARBEIAMREMEE
HNED RS, FR eloran RFMLEP LR, MR
MEQ EFHBITT, eloran RAMBIRBEERRZE,
B EiRREs. FRSSMISIT UK AT Smits, X
EBEERKNIE, TUEENEHEE 4 FiE,

S—MREMBERFENZE GPS EERLZENRB
ESTMANFESEBIRHITIERE, BIXFIE GPS 5511%,
BERIFTANEEETAMEIX—R.

REBFNBERABERM, ZhifFHARE GPS
WRIEMBEED | “RIELRER R B i g R RER
BUHIEIET " =

FXFE KXE2ARTEAZVEFAMELERMTE, HRAEE
XABXFIE,
EXHER KEERICRITOCAZMIEFZREEE, HRAAR MBI,

iR %

Above Us Only Stars: Exposing GPS Spoofing in Russia and Syria.
C4ADS; March 26,2019.

Dual-Antenna GNSS Spoofing Detection Method Based on Doppler Fre-
quency Difference of Arrival. Li He et al. in GPS Solutions, Vol. 23, Article
No. 78; July 2019.

The Global Positioning System. Thomas A. Herring; February 1996.
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PRZ A 2= BB EE S — TN, B X AT IE R Cuh RN E,  DAE RE K #
ki BEAIME a5, N T AE/NEBR KR E, KRR ESERMKETEXEHE, XHED
B R KE R AR e W —— [E Fr A R A 9250 ik M HE (International Thermonuclear

Experimental Reactor, ITER) MIATTEMM,

PAZR T RPARFEE R tRGE, HAPMEARRIEH
FEH  MIBERESHEH— 1 EXE, SBERLES.,
SNFMMHEAIEAMMN, MAIULRMEEENRE RN,
WKPRNEETHFEE, MAUHEHE, XFIETHR
2B & FB LRI R,

MO, REBERS=E SR BESTEEE,
"RPEERRAREN, AR EENTS, B2, AZRTE
—MEEEENAREER RRSREBENRERES
IERRT AR T FEEV AT, EEEMNFMILITEHRE
NEIRISEEOME, FERELLFEREER. T—FERIEFZRT
RHBEE T REIATIBILES], MXFEMKEE ITER,

ITER KB THREIRIKI, AEA—MARFERE
M. EERZEER, ITERMEMNEEEEZRANEEN 10
&, BEENAATARE. 6, TEREABHEERE
HNIER, EENTHAZEZRENEX LTI, EERF
ERTEBILREY, AEHAAZRT IR BILIERISRH
B, MEESfAREERTRBEHmXEBEN, “Bal,
B TEFRENEET EENARZEDT, BRERET
fi#,” ITERMBENEEMRMNE - kX (Bernard Bigot) i,
‘BHAEEAMLEFM, REIHNABHNAZRETR
BE,

AEEFE

ARBRTMAEARTERRR FZENFFERR,
EEMEEREERKS I WFRREER. XFEREH
BEARERIN | FEFARINEEFRE 1.5 ZRKE, Lt
KFEFEEEES 10 fFo

HRAMBCENBETENR VRS, BNIERFAF
87, ETHK, RFENBEFIFERDE, TR—HIR
BENEBEFK, RXBNE, ITERBHEHFERES
FHRLARERNEEFE, BA—BFBFHEMET R
fEEE, MaSBFEMES, NSRS, WindteilTts
BN R —i, BT A B F N EE FETMR. &5,
BRI FREEANRNEET, FBEFEIEH—

58

RIS

UNAZR P ERR M P FRIGHRE, LHIRFKRIRIF
EE. Hp, [eRK—EoohaeTdai8uE N3k MT
BYMAMALF, EEFEBFAFFETE, MAHRENFRTF
AT ARHEINAOR, SEGEE, HohsERREERIL,
B ARE, TE ITER RXBRDMBER AKX, BR
L ITER BB REZR T BIAH, AEERHREHRN

B AE,

2060 FFH NEBHM

Bal, ITERNERITIEBLR5EM 60%, fEiz{TrIHEE,
ITER BATIEEBANNIRG, FeeHNHLETHN I/
RS XEE, SR ITER BEIRTRERTE 2025 FrEH—
FEFK, F2035 6, B©AREEIMAZRTEEE, M
FREZETBILKE 2040 FAAFBBRARE, FitK
£97F 2060 EHNBM, FtZE, HRTEKEERGE,
B AT EERARIZR T BIERIZNE,

tbxX®RT, “ME—ThHHFAREIZMEHN T,
BAIHEE T —MELHETE, MERARL, HRiERTE
BHEMEZ, Alt, RIEFEHRZEE, FEHY
WNE,”

ITER fEA—MERSEME, FEHEIHA (F
E. BRE. ENE. B4, SE. BTHNEE) HEKRE
BiL, ME—#HH&RET 35 MER, Hi, REKET
ITER E—¥ MG T1F. EEMG, ITER AR L
FRE AR ETINEMNITT. F5, ITER HARRAMILAYIN
B, SME—1TRANHRMEEH ITER MREZET
SRR AR LR B HBRNX R, thal, BigiERT R,
FREEM R A FINIR R B PR UZ R T AT R RIS I E
(IFMIF) Ey—&B4y, X NENTERIFEKIERES
BB 2 A 1EYIE B A T, MBEMNMEZ—
IFMIF-DONES (EMHFIR) BERIGHERIAEST 2030 &
FHATERUNETT. Lthoh, MTRENREEBEERET
(JET), A ITER WEEMEFIER AN X E ], JET
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TAIEFEHL AT ITER RBSHEE,

M 1983 FEFRFEFEZ T4, SERRAN. &F
ITRENAZET RS REE,

SitEet, S— R THILIT (H 228 (stellarator) ,
WIRE T HAZR, 2016 F, EENILHNIHESS “HE
H1IB 7X” (Wendelstein 7-X), BORFETEHFME, Hix
BRTRERALR (TEBERUNERXY ITER BIEN) BEIE
ERB - TahntE (Juan Knaster) AR, “BEK, HER
FHFAEZETHY, BABRCHHEREREERET—
X, BEBIFEFNEIR. FROAZRTRIBERERE
FAXFgIt.”

3]

tRimAAEL

R M BE IS LR AVZBR R M AT HINERZ —
ERMENERT, TETSRRBTFHR B, ITEREE
AR R E XS R TRE, - FRIRIEER L AEE,
HtbAMEB RN SR, HR, BT e
TERMARFBEFE, FEFFAESSEEEMR, HP
HNEREFFRRIEME, EFBFERRRISHR, BIFR
ERERSERN. $=, MESRBERSTIER, Mt
BEBSHE. &E, SEFENEENRS, PJEIERE
BIR R BRI

Hit, HESENEE TERHOMEHIEZE. BF
RIETEF A JET WX EMEHEZRIT R4 TROREHITHE

KMt SAVERIEE, JET WAERERANEMALES
i, BIREESRICEIIR, TERNENERR. 2011 F,
MEFRERT JET RERME, BERBHEHIS T ERES
FARNREE, HATEGHEIE T RERSBAFSAZR LAR
g (—RIARBRELTIFEANTEREF. REFF
BFAAERNER) .

WANEE R RIAFEMNMIERE, MERZRBT.
BERIEET, —HBOFEBFEEMEITE, RN
Wb atrEif. Ft, YIEFRER T BRRSNERED,
BFRBMEBFENEERR. A, TEBEARRS
TiRAe, ELFET —LEHFRIERIEMERE, HIMNAN
HEMEHREE, DS ERITBRM TR EX6
RS ERETEH I TH,

REMNRFHRIENT ITER FT AR R
ItH, EFRERERLER. RARNERNHEKZ —
ITER E= N REHEIKFRI XML | AESERNEEE
BRI TR BN, AREFBFABIHLT ; 2 INY
RSk RN AR EB FRNIROHE) ; E=E
PR ERIRAE LR, BARFERBRMMAS
BFE, &fE, RE—EMELE, BRTMEKEFNE
MRENERRNRIE. BTFESERSHNET (&
= PIIA 137), ITER ERFREHATKER B SR 3A (NDTI)
=% (Nb,Sn) HI, ERIAFMH TET.

KERPER

WETAAMBAR, EES5H)E ITER AT L
FEb. X—IIEF e QISR ARN#HY, TR
KA IFREN FATE PR Z Z SN

5 NMNEE5EHES5T ITER BHHEE, HARRT
BRI EIBN AR, XEEFKAEEBIEAMES, “—
PMEAREIBbEE, —REEEMm LENERAN, F
BRETZRFOEETAR,” LEXITI0E, “H—0kk
BEML, RMNFERSMEA, NEZ. BIREREF
EEE—TEER. REN—THEERE 35 ME5EZE
B IIEDIE. X, FHAEERASEPRIVATIE. RE
TR ASMAZN BRI RIFHEE.”

B#l, ITERBY 1000 ZMAGELRAL, FRHER
PE, F— 310 MAIFME#RS CREB4) ME—
M40 MMETE CREHE), EETIIMNEET, W
HSERAUIRERTPHZ, —BALKTM, ITERF
BN BRI ERANRKEEE, =
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REHEX - RiFREE R FHRFFA. 8F
MZR, fER (HFEEEA) B9,

lBESIRERIRE?

BEZE, BMRERREINETENEREAZ

B mEHHER - BHF (ChristofKoch)  EiE 12R/FR

KEVEREKT, EXREEH®RETENRIAERIR?

‘+ BAWRA RO NRIELERE ), MR IEREEMBSE, BAREEVIHUEZ 2IPE 2SI H
—l’ BRI R, TEARILTE, SEARIRHCR A 15 N RIIE S FIHERERE A B ERIPLES,
Mg RETT. BUA M EFIBERZHE, MmN\ THEE (true artificial intelligence) HJHILK

RAEMARRIASK, R AR,

TR Frl 2 AR F

‘BMAIERRSEANRK EHREZ G, SR
WHZFR-—ERTFEMNAXM ATERE HEARr#H
T, BRNESH, IMERREFMIATERER, KAT
TESEIL AR E R B Ao

BMERIE, BAVKRATESROERETHER, KR
MBA TSR FREMAEMLEES. B, KBOALE
RERERFE RAERE TN D ENHIE, TR —LEEEIRR
FMiRfE”

UERBEXFRHIESVSA GPT-2 58, Hiffk
AT OpenAl U FIBE L, BAOFHRBLRERTRH
THWATEERA, GPT-2 ETHMAESERERRES
RIFREHNERENE, TNESENXAEER. EIlHKMN
B2, GPT-2 BT ERIMRIFEMBHIANERERE, K
N TF—MIRNSETN, £33 800 HMMTIANIL, =L
GPT-2 REBRIFHEZMLETZAL T B 2 MERHETHIR
i, HFMAXRNELNE—RXF, GPT2HHT
ETREMERIE, GPT-2 it 8y RIRMIEEE 2 EHBY,
MARERBNREFRX AN, XA HA— RN T X,

XA B A, BJLUERMS I RHERINBIE
BXEMHEIRE, X2 EHEE RSN (NEREH).

60

XAERRE. BEMEBNMNMENHEE. BSRMMARIA
IR Z G, HEBSARTMBENY —MES, MXLEES
HEZ RN R B ALA BB,
BANBFIF LA —NERARSREEGDER - £8
B (Marcel Proust) B9 GBIZIMAKESEY (In Search of
Lost Time) HEMEE, BEE—T, RVINBEEF
. ENEAIEE IR UK BB B AR R Z Tk i%T5
MR, ERERIXE. EHEREHEMENE
MR AR E RIS HRA, ITEEERET
BRI, ENNRIEABESBEIR, 05, M
BEESEEE. ERSEUKRINERE P HRALR
F, MBS INXEABNEECEBERINEET RIS,

AIER
RE, ERAELE7E “BEZEHEARREZHM
REMER” SEARDB EIXEHEIR, BHITREIA
BiItENEM<BEEG @A ATEEE (artificial general
intelligence) s BRXAN2ZZEE, BRI NI :
BAAIERSBRAD? AIRmENITETAERIRG?
“‘BIR” & “IMRR BRETA—MEERTIRG
EEREMNEES, B0, RERRITFRIEMNELk, Fiak
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ZBSMELIRB R AR, TR EBNERRESN, UNIEE
AR BRI SHIRRR. MEFEITSHT - WAE/R (Thomas
Nagel) FRS, MR- RGEBBZIRAEEY, )
MEUNZRAGRERIRN. BR—T, HFEIREIBES
FHIKEILEIFIAL, RIBEEL, EitEVEBE
X AELEND?

ELEEIR, AXNERMARERMSITERNBA
#£R, MIFERMEER]. XIERAREIE/LMELR
HTEVISRIZRIRATATIR. AR A 3BE, GREE—FX
0, NEEMFEPRNERNEAR, BEAREBEAR

REYME. AR, 1EESHMEBY—E, EREEERNYE
Ef. BARNE T2 BMARASITIG, B3]
BRIMERZ T, HRIUBAEHN, B—HEETE
TEERRY ; HENBUAREFRES, KREEFE S04
TEIREB, HHEIMNEY A BRI B & X 2 oAy,
HIEBREERRERTEF O T BB, 1K
A LLEIHREER R K], PREMAINERG HE, BEFX®
BEW ZERNEIR, MERATEENHK, AR
IREBB A REHIN?

BRI FXMNR-, HE T RHEATRNESR, (R
BXF) (Blade Runner). {HHIEY (Ex Machina) /)
HRAFAAERNBAE, EENEENZSEHRAEEIN:
EAIREBFAOWIE, #HITREHRIE BRERIRE, ©
(MEPTEARERIR,

BRI AAME “ThEEL”, ERELRMETIIE
=838 (global neuronal workspace, GNW) fyga%!
K&z E/MAETITETEELEXTRIRNFE N ERE
BZ—, EMAREER, EURIRRRTAMELFEN
MIEHFE.

FAZE, PBSRELEALEEKTE, BE
IR AEEIR.

62

WAREZRBRB, REFERPTAENER
NRZ, BRAEFERENEIR.

X—IRCHETR A LUB AR 20 tH42 60 AT EMA
FH BARER. FEXMEXF, FENERFREILUAR
HENEEE, BBERIPRIEX, DEFRIAA, K
AP EEXE—MMEE RN TEX, BT AZAH
izt XM TIEXNAER/), RLEEAEEE, &R
BERG—MRAL BAIBIZ. FNEER5IREEES,
HIRGEE. EFEEZAAFRMATRERFERENER
HrhIHr - P48 (Stanislas Dehaene) M1 FEMERKIL -
RRIR - MR (Jean-Pierre Changeux) #B 54853 Le A7
SR FALARRINEHR AL (KRR . KK

BRAFMERNEERNBEITS
BRI, XNFEEIEST
14 35~F (35.56 EK) HILbR=, 2
P ZAFN I PR R © XM ITIES
BEfr ER— 1 S H ST
MIRREINLE, EiE T 2 ERX,
BRI, TR RIS
XX,

REARENZFEH, EMBELEIRN. i,
S FIEHIEREEWES. AR T E B ARIER,
BAIEERREENNER. BERIEI—RITRHE
B, RRGAA T X8, — P RS IXIFERERRER
ERFENEE, FERTBEMMETIERNBENMNE,
XMMERES—RIIMERN, MBS, TR X
IR, MURKAHEIZ MEMEERIEIZ, XY, XiheRF
M EEEERETERIR, YEHARETHNESEEE
REEEHIRIXE, RAREANBE—AILRAE, X
FARL T X F IR AEMEHAR AR, SItFEE, Hith
R EESIESENITRNES I ANREEE (ZER
i), TEXNEALBEEXNRERN, St
MUR5121Z. chilFIEAEAEXNAEE, EXENEF
WIBITFEFR, BIREET,

MBBIARERS
S—HBEREEMEEIL (integrated information
theory, IIT), EXAEEANAERKEBRRIR. EEE
HRERFZ BN RAVEHRFE RMBEF KRR -

HBREENERIR, CHARERDRAIRE, H
B RERIEN.
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HEER (Giulio Tononi) RZIFEHEEREIBA, HME
fh—LEFE MM T 5. XMNERMAEHE, AR
FACIERBYBUERTE TR “RSE7. EAIERRITME
MEIREZL “RWRARN” WBRFEE, Ik
SHfFEEAL, B RMFIMEIEER e, mEHS—
MAE. XFUNEHRIAE. BA. BENSAAMRBER,

NREARNHFEELTEMOES, TretEitiTE
ERRG, HERSHBERE (W) 5N (fHH)
HBARE, ARERIFLESR.

ERERIRINA, FREERRERDONFIETES
iR, AAXENGBIBRESEREAETEER, XEFERK,
—PNERGNEME BRI UIFRE O KRR, OHX, N
ALNRIRME, TEEARARDIRS © BUEN O,
(AR EE =Y/

BT AR EHRETHRRE, RN
MNEEES, AREERNERERE (©) FES. B
A AT IRANZIRNEMNMREX—FILE R, BiRNE
NAFHEE R T XAMENDART, RMEIRKF
WESEREARIRETLES AR MEMESIERNE,
WNFARENRFIHEN, EEREHG EIRFE. S4&
R ZIREXLETMITENYIRAHS) BELINARERS
K & BYEEIE/

tesh, TIEMBREEITE. FMEREMKRM, ©
BESRESENETRHLR. FLLE, ZIECIERAR M
TR L IRERIT RIS, BTREFELER
iE, TEEFEN ¢ & HR—1rEEN 0, ME—
NIEH. REMINGE, EfaTse—F, BEF—IMNE
REBPRR B —ERY), Z— P AAJNEF RSB ERRX
o XMERSIHBENASMNEARER, FE52, FiR6E
RAEE, MAFITRETH. 2RWETIF=EERe
MEBREMIEHXHITET, AIERBAREERSIRPR
ERIhEE, MEEINAARBARAR DA ZRIREEN
Ko MRZE LW, sIEXFITN, MEENXFFE.

YRANTREAMBIREERE BB MHERATE.
FBIRRANER) BY, XEXFIMSBMENHR. B,
fREIFREZLH] T — LR RAEIERSE, i EEH
TRBAEIERAMS, HItERKTERFREIN
RBYEAT. Rk, FNSOFRILIXIHE 102 HEEil
10 NERAGRI A RITEE AR T e BBHEEEE, K
MAEEFIHBENFRHNITEN LAREM AR K. W
RIRBEIAIEE, RIHBIARR AT LN B ERIHS T

EIAER, BERHIE. 17, BB BEMTIEEFEE, 0
RE2BHE T TETEIRICFIANN, RINARRIIEE
FBERIERIR, EMARKABERIRHEITENPEL:,

Lhrt, BLUNGPEBEHIMXENTS | EER
SEIRAN FREIRE, MRS IEE T AR
o BEMERICTIEIRIEERATR @ EIMARZRE
FARE. ERERMEEGAE, BEISHEEAMRTEN
Bii, B “REME” (deepfake) BIAZELERAR,

ZOERIR, ARWARERDEARAIHHRS, HE
XFATEEN, DR ERYIEN SN —EE5.

A LAEMARRBUFERIR? BIERX—=, 1
MBEXLERF : SRFEKAUTELRR EEIAE BN,
BEARKWEERRA ; RIEYIEFRAILUEIAHRFE
KBS/, EBAIIEHEL B D BRI R Z
m, ZFRME  BIMFERERS, FRERASHFHIK
EEBRLERK, RSN THE. BitE, NREE
F AL BERFEEN IR E G R LB TR
KRB, BETREFEALKFENRIR,

BR7 XRFIEIAFIE 2 4h, XRMIEICIAFES Hith

Fo ERMATITETEIELINN, AXHBRZKRHT
HE2BBETTETRISHNE AN, m—EmEs
FERT R SR AT IER L P E RIRFR R IR, ST TFEREMR
s, RRERERRANELSREY, BIEEBEENA
% (N4E), HAEsERZ,

MR BT REBIAE RAEES, EREAMNCER,
MRITENEETBCHNRERRLEE, Sl AER—
e 2R AKEEHEIYIE, EITREERE B CHMIE,

MACZHRIEBIE] (BEE) (Black Mirror) #1 (F&7
7Y (Westworld) gk 72 AFHERIRGEHIMA
ER. —BitBEHBNAMEEDRRIARRIKFE, EI1E%
KWL, FWRBUAIF, IR EHRICIZ. TR
EHRMHINF, S—HolgeR, IHENKIERZBERIE
THRINIAR, fGEA R —HERYERFT AN B AR MBI ARA:
BXEREAEGHERZ, =

¥R %

What Is Consciousness, and Could Machines Have It? Stanislas De-
haene, Hakwan Lau and Sid Kouider in Science, Vol. 358, pages 486-492;
October 27,2017.

The Feeling of Life Itself: Why Consciousness Is Widespread but Can’ t
Be Computed. Christof Koch. MIT Press, 2019.

Is the Brain’ s Mind a Computer Program? John R. Searle; January 1990.
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TR
RE 5 9 1

HLIRTTIERR SRR

BETER T IRZ AL,

SNEREEMBIRAITIA, IR EREBMRELLRENRE? £ (RFEEEAN)
AERBXREXES, FERENNCTNEFBIRIRMAER.

B BT HiB4F (Boris Chaumette) #1IF IBZM

N2z &z (Alice) WIZFAIERIS0 S RIRERE b R /RGN, FEE 2] 1 ARoR

—J7H, MTSARERRIR PR RICIZ; 55— T, T8 SRR Z X — AR P

—1

— T

T 2RI, #OH B CA 2 KR il R AE A AU o
XERIEE MM (KRAZWL) (Still Alice)

NER, EWNLN=1"ZFRIRERMET Wi, HAA,
2 (Anna) ETFEURER, WiFERECHNET
UEhERI—1E, dXFoxiit ARRBIER,

HE, ARERHENBEETNEFZFNEIFZ—
HERNMNAEERPIET TN IEERN, BRISWRELEE
BN, MR FZBFEMERENIERE &,
HMNFBBREXNIES, DIAN (Dominantly Inherited

Alzheimer Network, ZMEEMER/R%ERFAHALR) =2
—REFREAER, MIEEE#EXAR, FEFLHT
BRBRM/REEHRNTRA AT AR, 1SN TFRE
B- BMHEERNIER, AANER—BEFRIESXMYIR
%Ik?ﬂﬁ'?ﬁ/@%{ro M1 BE HIBAER, XMYIERE
ZEERWPFERRT
S5RZHEMEBELL, MBREEXNEREESEHE
AR, ERZERT, BMENMABEIET T — LM
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EX*¥ MEDECINE

NEZELREMRFENER (RIMZARFER), B
Rtk RHBENGRR, BFAETERETE. TIE
FHBERME THRRBEL A E), mMEEETEEE
RIRIR A

 URIEES

EER, BETRANERNFEA, FUNEFIDR
TEESNE, Ki1NE, AEEESRENERBERS,
HAPSHAEEB E (apoE) HEXERMRER5|IZBERHE
fEo XPMBREERT, MUKIEINRABRM/RZ ST
NG, ESREMEMERN~EEX (BUEEOH
fE. DERAE. WABIGRRPERS. M), HXIIARARAYER
RET, BERRTRSERPEBRIL TRANEI .
B0, HREPE—NZTEEERDEN, tMHEL
WhEfs (BEAT2ER) ResiBkaE 50% SR,
NREZIVINEERE, MNE 10% BRI ER,

B2, BEEENAENGITEE S B3 TN,
AXWEXRBFRNNETFIFNE, XRFZMER 26/
E{EH. Alt, TAZHIERT, RITHFHE—THH
RERNESTSENSBER. XMEEE) [ RFMEEE
KME/RE - BBE%E (Arnold Munnich) 7EMHESRIPEE
(WREBAIBE MY (Programmé mais libre) HigiER), $
FRT, “AREGHTEENER, ARRINNHEEW
EREEREN, ELREBXEN, BNNERHREER
SFEHIFERIIARR,”

LBANMAE T — T XPEFEY, N ZMEHFA?
B, BITERRTEARRIZEAE T ESERN i HE,
MG ZAMREIN, XEFRRHSEEEMBNEREEE
KPR ME L, thoh, XEERREIETFARNELR, BE
—EhREZE B A SZEERE. mE, HKITEALL
WIS FESRIEHIRE, FlaOEaT. FUEA.
*Hﬁ?q;ﬁ'é’?\'j ......

ME—FHEEA, RRSERNTABAMS, IR5IXKGE
HEAEE+HRRNEN. BABRSHARA, HIIN
—ETAMEEI RSN TEBRING, i, E55H
FERAMSIEMERERRENTTREY. Bk, 72013

BT ONANFEANA R, NEFREBT
MENMNBESZEFELERENRSL, LNPRMERR
B
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_
SHEHT - MR IR A S RAFE g

AR, FRHO AR E K =
BIEELE, AT

FRRN—BERAXER, MEROLEFZRTE - 38
(George Mammen) FIZ= R - 185248 (Guy Faulkner) 15,
RBE R AT LUBMIERERI XS, BMEEXRM—LERIBA
BIZINIEED (17 20 2%z K), HReRIFREFMIER,

XK MREFETEEERTR, XN FEEIAREE
NTEMIMER, WHERSHEPTUGERRAGRNIER, 7
2015 FRRN—IMARSP, HEBFTMETRFHRIK
i - E4ER/ZRIE (Miia Kivipelto) REBIPAIZHTT—MH
2 FWmE, ZIIHNEEENENEEAN (FERIE
HHAESH E RTEAMNZIHE, tIESELRR%E
B3R ZIMEFEERRINE. FEREUKRS B
HBIRSARIRIEONGR. SRS RE, SIREE/LMEE
(MEES. BIZHPITRES) BNAH, #BLEXTERA
RIVGF 40% ~ 150%, REHANNERIEEIX LR3I FI/R
FERENATREEH, BREEKAUMNPEIIRE
INFIRES R REMABET o

HEAAT LOBE RERE B LN MR EWHE 5 EB&
7, FLRERES N ANERMEMAFARAITR, MMHUEER
RIRPL, BMERBENSRIE, FNEFREERRIES
B, EABNTILUENEBITAFNERES, EEH
ERPX—RAREE, A aTMREF. 2018
£ 18, £ (kM) (LEncéphale) ZEZEDHIAS L,
EEBEIKRIEZ - tbBE (Agnés Buzyn) HREHRR,
FERBEX—TRPNREAT %R,

ERMEES
2005 &, RESMHIFAFHSRET - D8R (Max
Marshall) R[EZEEH, N FERIRERT, KKEH
Yiasr T NRIRS B, BB ST E, WE,
M LFEEERRXENELE, B —EEFES (18
EEIR. IEESDREL. [ E) RNMbIIBf2ER

ML, MUEFTEBQVERPRLERRE AREREMEURNTRIAGLHE ST
(LEREEER) PINREFo
BNBRREILTNEFETERCENFIRT, FHARBEBENRE MERAT B RMEER.

BERNEZELTHRRME, RITEFEHE—
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RAEMm DI (BEE) MEsIEOL, TRATREAS W I RNIGST 75 TR AT
HOEBE A, MIRRILN — U5, RIS, Mo A -
TTN” TTEREEAR; MRTEIESE, A EHTUPHL 2 EAR.

W, THREIMNHABHAVER WkR. %) F
AN BRFRMIT, BRBREHNMEF, =02—
SEAREBEHER. MIEFHNERERIZINFRL,
NEBRELERMEXER, UROEMAYHERE
7o HEE, —RUTEREREERNFDETEFRO
BEFRIZE T, FOSINTRZBTRHBHERAR
7%, B AN -1TR7 TR, ENEETIEFOE
BT FR.

BRFMBREEERXMNE LA —EMEEFS. K
2017 £ 3 BLIK, RBAREXENLT —METAL
BRENERMEREF. EFaMRARERRARARNRN
7, MNUFRERE BRNTR, XETRWAIERH M
BRREAEITICHRIEFR, flg0, HFEMLRIEM “IR
TEFIg? 7 IRBRENERNGR, EFamlBRIIR
E, RAIRYRIDTRENAR. I, ITAUREAR
AL W OIERSHREE, MAUKRBRNERSEES
BT, ESRAAHIT T

FNEFERYFRE?

BAVEE, BT FENBREAAMS, BNtAIERE
ETEWEIER. Fit, BITEEMNEBEXTETHR N,
BEFEEEBLRIATEENNMER, FE4HRIEFR
BOER BN AMIBURE, DURF AR RS S

2015, EERREEMHA R (Salk Institute

for Biological Studies, I FAIfEEI M, B—XKMHR
IRIFEMBZRANG) NARTHE - BEET (Jerome
Mertens) MEEM T —IHAR, DT EET R
FERSHY, AHABHEAMHTEZEER. B, tiIN
BES T TREKAMR, FEETHIZSZETHAR,
BEXLETHRIES AL, tiTkm, XLmaH
ERRIBE SNE, MRBEERENAMET RS M,
BEXY A RRREXMEE T, XBEKE, BIif
SEBENRKARE, MAENTNAMNRE, FAEREX
M B BT BEB N

E1E - B (Helen Mayberg) BEERREARF
MBI, MFRTERYEI AT KRR R AR iR, FRSTIE HER
ERENARE GG, MM, ] UAFUNET A
(1779 - A A E R TUDERLGATT) X MEARMR
Bif, TERERET, HRBXE (KENSH, Fsh
MZRYAE) RYERNIRGE R, FUHIBBZRAEE, “INF -7/
TTEBBM ; SX—KIEERNREN, AT MRUER.

BINBE EENIESRFEN—17F6m0E? mEME
FRPAREE AR | EET N BER MR TT
DNA R, M et £E5F. XREIEMZIER
RENE,

BEMNBIAECERE LEEXGEm. 357, 8
ZRMFTIZEMG) LEBRIT AT EEMHR I LT,
MX5| &2 TIRANEIE. MNBRIFARERE, XMNEE
EXREN, AXERKNIRBHEREZHREN R BRI
Hi, BERXLEKASTEMNEHEER, LI, E—MERE
SR REUREM A RRIMER, FrLREFTNMEERR R
BEHa®Em . —MFANZFHA—ESTRFEL, H
FR—LERTRETEIEEI I B P EI B LR, ALk, Fiew
AN TBRRIZTREL AT E “FBIR” AR,

REFUNEF A LN 5 BB MERS, R=RIEMEWL
WEEE, BRMRBEARXMA TR, ME®RM%E
UFfE ke, -

¥R iR

A. Sale, A systematic look at environmental modulation and its impact in
brain development, Trends in Neuroscience, vol. 41,pp. 4-17,2018.

B. Chaumette et al.,Génétique et épigénétique de la schizophrénie et des
psychoses, Biologie aujourd”  hui, vol. 211,pp. 69-82,2017.

A. Munnich, Programmé mais libre, Plon, 2016.

D. H. Geschwind et J. Flint, Genetics and genomics of psychiatric disease,
Science, vol. 349,pp. 1489-1494, 2015.
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B - ARAERIGTERAFERNHES
RNPEREF T 5 MRSHAREAEEREFS,
EREABIARLUNBEIRIEDS (RIRE) BEBIAMRN
EIF=E215,

FAS MIBEDK? IR REDS B A2 A S R R A2 FIIARTECR, AT IRE

L7 ST TR A 52

HEEZMEARFENEFFA - FIEEMETE (Eugene
Aserinsky) SRR - S (Nathaniel Kleitman)
F Eitt4E 50 ERLIIREERE (REM) BEFRZf5, XLER)
BN T TEMF I R, LB, URE BT TR,
BRIRMOEFANPY LR E AR (Bh@d B E. BREBEFAN
BBE) RICRAREDD, EVRMEREN T — SRRV BEIR R EXo
EX—MEL, AREET+7EK, SEERRSRAEM,
FEXFHEEAR AR “HARRER

5o, tITNRE, EANSEERNERN, BRI
KHIFENIREIS T, RIBXFHE, MITRER “IR
RERTN” (rapid eye movement) HEXEFH4EE REM
FIEAX—FEBRN EL.

XEELIBAE T RARERIFEF O, MIIUEET X
b F REM BEEERFN SRV B R E, Himmi1EER>
HIEEMTE. ERKXAE, B74% NWEEEICRECM
T, TEEMBEERMNE (BERAIFIRIRBRNEER, 5
NREM BEAR) , X—LLBHINIFEZE 17%. EIFA T REIRAR,
NARRARERDETXLELERIHE, BRMITRE
T “BeBHMEETRESHIURHISREN A,

R EE
X—IFRAFENRMERITF SR FERFIRES XK
Yoo f=IRE, SEMRBRENRESMTE, R
Eftafl] “FHEZERERHA T HA", XE—K, BEMfE
b FHABBEERRFNEL, 1E 70% A9BSR TR aESERIA X

BHNEAR GeBRRNE, BEXLUASIERRE)

RMEER, BERRNLRIES T HRMAN

BENEES, BUNSHIIEEMNE, £%E NREM ERS
REM BERRHPAIZIE B EH LUK S,

X—RIAESR R HR T EZHRE, 5 REM
BERRAER, NREM BEBRAPAMAYERERE, ERBEF
ETHNEFERTFENERLE, BMEMAIERK, B4, KX
NETEEERE AL R BRI EEBR RN EXEBREF= £ IR ?

HEXNBEBREEAS —BLEMRERE, KRR
ESWEHILXE ; BEARMEHRLEEERTR, M
ENFENBERILSHNERIZIZ ; BE L ANITEE
NREM BEBRAR =4 RYZFIRH REM BEARBI N RIERL.

MY EEiEE

HFXERBEN, BERFHERBMIER— MR,
BN HUBELERANIER. N, RETHAER
NBEFMERS, EAZERENN, RRMSWAIE
T, MEPENASSREARE, BURBESHER, B
FULRA, ARARFECTRBMEFREE, UEWE
S5ZEXNIHE, BXWFBEREMMARARNS KB
FRAAWRNER, o, EERABEMNEERER
o AT EHERSTEXNAREIHE FEZEDR
BB Rl D AR B DR, RIRBIARARREXE
MERIEDN, FITMRE, IERISH—ERARTIRER T
HA TR R EEER A AT BE M,

SZEMBE (high-density EEG) HARERF(ESH
HREBER TRHEMNE, RIF KT IE E5A

FRTEBEENAR, XMLIMENZIROHARR

MR (FEZDRON B HEMEHO=E  FTielt. AXMFESEFEEBIXR, BET -5  HERJUEERHTREO.

DHE) HSBWTHRFRRFTHES.
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i 2 TR

FESLEH, HISHRCEINRIRIEE IR L, TN RES— 5 RN EARE (B A) o %, BFR AN RARE

REHER RIS 5% (H B) | AARIBE X YL :

“BER Z TR IR RS — R A2 T BIE

HEE RS A TRAEARIR, SE IS (BHEG) #ATHE, WREEH IS HOHOI 2 EENENE, 21X
RV SR HNTE R (At 2B “2EE7) o R TIL 8 5 TS, SRR — DI E IR 2 (8 O),
RHE RIS TER, BRI SRR INTE s AL,

K D Z/R 7 NREM BERRIRST, MEIREHTLEIR

VRS Z EEIRS L, (BFRONATE B RS R R E, )5

BB RIRAI MU, TT5RAMEAIPMIE, 200 R A= e, A0S RER AN, ) AT IR, MR R A
XRAEMERRAMERAIRI (CARFZAER Hz v Efr, 1) Bub, RIS aiiiie (H) .

9 9 (9] 9 9 i
22 00 02 04 06 08 e
1 1 | 1 | 1 1 ] | 1 5 _“'o’_
1 ' 1 1 1 17 =
BER 2 AR BB G — Fe 4
NS — A KR
: £ = = AP nd IS AR T
i e e e e - =" ; =
TEEIA T EE PR 51 i fii
{F IR B
—O [ X (TR R |
L 1
&4 (1~4 Hz) =55 (20~50 Hz)
‘ A <TERIN J s> TE RN
%3K 256 MR, R TEESAZIHENNIESYIER (Zf) SHA—, X5IRTRERRANME, REZRNEHM

&), BEAZEREEBET “EREE" (source modeling),
IR B F R AT E R ERRERIRR., SRIARAR
B E I EFEE A L k. Iltl: T’_ EfIAERZ,
MRARBRER BLSZEEMBE T HE, KREZEH9H
LEROHIF A FIERPRS.  LEoh, B Eﬁm'é‘ﬁﬁ RBMEEE,
HE T UER EARZ FHHNEE,
ITEREMARREE, F—AZIARE KIFAEERA

G BB AMAIR N IKE R NERY, @%)\%‘SE’\J ‘B
EREER” MRANBREA KM, FAENSRERBE
MAMIERERAREEENEHZ TG, BEREM,
B AT RERR ISR T RTEARMBIFTA XI5 E R~
£, MELRTMOXE, MERKHEMIMTRAE, A
B, AERLENZ], KRAVED KSR LUBIAER BB
B9, SRR, X EANE 5", B —1 “F
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BHINE
IXEEE Gok BRATRILIREE R, BN ER T1E REM BEIRR RS R & 25N AAHSE A KNS 31 (20~50 Hz RIESiiE s .
FITE BRI —4F, TEASFPERA VRS NI AR AN AT, BTSN U 2 BE RIS (B A) o M ERA AR RIS, 24
SHHILA SRR, [EERS TS N RANRARIR A AL X S HBLE 2 R s 3 (B B) o ZE B RIFREER (HERE
BB GRS R B SRR N AR B2 AN, WS 2 BT R A A EHIRI A M TH B Z TS (B C) o IR
BB T MRS, X2BIEAMANE S A, B2 X (B D) .

B3 vs BT

- Ja TR 2

BEREE” RSHIRIGGITF, EREEREME, BHER
SRRENSIAD, (BAMHATEBE,

AEBFNEERZ AR RN EERRSRS
TS, tban, H—RAEIREIGLERET, KMAIELRX
HEXKET, MEMKENRIAERRNSS BIEK,
EMESURE LSS VD RIRT BHIFENRERR?

KX T FRYSELE

ATEEZNER, TEEBRIREAFZBIIR
MR REERS RIRARAPL, ROFEERFR - R
(Giulio Tonon) MFNT—EHR T —IEFNHAR. K]
BET7THEENEREE, tERSZECHEIR, H#
FEEELRESR, HRNE—ME, BITLEEERK
b, FERMINER TESXREENNESENSER K.
—FE, MIIRIRREIZERE—I7EIR ; EBRAZE,
BT RMESRRNES, XEBREEEEBT L, T
=, M IRFENT EZMEINES — EXREREIR,

KLREXEHITH  BTHR L, BRESLESEER
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BENTBMMEE, AREN—EREEFANIREHEEE
W XHE—FK, BREEMERASKITIN, MERRIE
KIRRERBNFG THIT. HRARESZ—TEIE
8, MEHENRR LEREARESNIRTZEN. SR
15~30 3%, —RARARMEFAITEN L LEES MR
EEERE, FEdx gt IR — X EEHNRE.

EROCERFENRES, HINEE TIE—TFRREEIIE,
HIER T THEXSTEXNGER. BRERARNTIRA
), L ANEN—S5AKAIIE. —MhIRBEA.
FRAREEIRYEMTE G, EAEILBRMICIZ. BRRES
NKRERENRE—F - EFN, BRERSMWINZE
MIEME, MFEMTELTRIRPRSHER, HE, X
ME RN RREEETERENER, B2 24T REM EERRRN R,

XEME R RATAR S BIRBXARIEEIR A T 1R
Bz, BRI USAERIRN— M HARITR, |7
HNNGINRREBRRN E I, M2, KRAUEFRRIF
BRHHERTE—RYEEH. REPIRZENN, 8
BHNEHSHIAREFENNEHBEE SN ZL—

& Jki: Danilo Sossi; Siclari, F. et al. The neural correlates of dreaming. Nature Neuroscience 20, 872-878 (2017)
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BHEMESEREG. TRES, haBENBRELE,
EREIREIER, ANAMSBALTEIRRE, ELIH(A
UERRBIREMNE—D 7 BAMZ N RER I (R,
WanER, FAREBHFRS FIRMERBIARHE T,

KRR AKX I

X L6 A B Y AR S E B AN M TS BRI S B SR B B A AN
JES, BT ADUSE IR, KRBTSR, S5
ETN%. XMEFNHAREREFE, MUXHINERITA
“IERBX” (posterior cortical hot zone) BIARSM
Xig, EESMEXREMXIE GIRFEHHEN®E),
BEBEARAFANBREAREST —E, TRERETR,
EEERENERIR, HAREREBEIMARERER, =%
B RIRNE R FUAK LR BB — MEX AR X5,

F—KIFAZAETF, TiL27E NREM R, B2
7 REM EEBRHRE], MEBHSERRAKNBEE X, X
—NREBRAHKNERET, ITATKREDFR 9T
EIRA N ERRITE BRI sEE, M=z, ZHEHAR
FELRNESS, MXEENEER AKX —FERXE
BiR], HEREERHCSESHIERN, BMEMITRTE
BPHRNS, EREAXANEIUEBLEEL. X
PFRE, ERARARFEENEHRE T EEEFE,
BREERERIESIBETHNAS. RITURE, 5HKE
SHWEARE, HARZMXIGEWEERN, 24t

BRItz 4h, FRATEMERE], 7E REM BEERPAER, FLE
BHANES AT EKIFASEERBER. 52BN,
NRAWIEFEM ERRAEEINNS, XEXIF BN
Eo HFMIF, HEREZIARNNER, RREEAX
SHCE, MIDEERS TRAAKRNEZNt,. REX
—ERRMNFIBFREA, BHENFEREENEE—S:
ERATIERM T ERP=ENMHER, EEHIER
WEFEMANNIRRE, RENENERNERIZIZ

TERIAN—REEH, BITEFHREEHRIRELR
NBERENER. ThlBERERREAXERN,
SE NREM BERR M R R S EAUE BRI LU BT —E A,
BATHEMAIUEE, IRSIEshTBESUER, Bl
MRBENEREE EENE, BIXMAE, BITETNR
BEZLMZE, BEIEIAE 87% AU,

PIREN
AR R RET 7 R R S AT 2 H,

BiEBsIATHMR . EEE—K, ERERAXERR
BTN, —PAERERRSHEMIPEEREST (Flan
XS 5MIEE) BEEREERIR? BREAXZEINFER
BUER? HIERERHNEGZNEERRAEN, HINEE
BHA? BITEEMNENATINE, HERENE
HI?

BERFELRZHEZEXLRH, HARRILHNSE
BAKRZHEHSZE (Yukiyasu Kamitani) & AF 2013
FE (BIF) (Science) LARM—IARARA, HIFE
ITHRRFEELENEEEHNAS, BEFEMRXE (b8
BERRAKX) MzANRFESIRR, SRR EAE
BREENEGHAZEEIRES (MR) BINRIZE T 4]
IR, HLWSRNR T 7T B,

H—EBMRI T —R5ISEH. BFMHEEX
NER, AEERERETBCHNEIR | “RidFE2ED
T—EF, BEHM T —MEMFERNKRA, AIUEL
EBEF. BETEHRLNT, BERAMN, HERKRTXKE
REETAEET. ERZAIREMET 78T, B
BE A, BEIERERT. XMIFRE, EFAL
BREMARE, RNIFAIUFARESFZENARAR.

FEE BN RARNSS, WIFERTARER, il
BEEE A 2 HIRENR EIHBRBRRN B B 2 IEER RS TRIZEIAIR
SR, RS YA LR R RIS 5 B8
BEFEL, MEBEZEMIRKRENX  LbiiEEmS S
BIfh. FoEXTRIEME R B9 AR & S RSB BRI,
FITFETELAIBEAREERIA. RELATEERTS,
MEIE BIFATT H 53R XEMIBEGEIFRIER K
RN AE A B CREISE R | S5EERE TSN
K FMALL, RUBHMIIE (NER) BHARE? AKX
BRI S FHNTRAMEN NI R L4 HRET (WEH
ZERBRESE), XNERETA? HFEBEXN
RFMREBRE—IINE AR, REBRINAINR
EUEIE R, -

iR i 5%

The Neural Correlates of Dreaming. Siclari F., Tononi G. e altri, in «Nature
Neuroscience», Vol. 20, n. 6, pp. 872-878, giugno 2017.

Local Aspects of Sleep and Wakefulness. Siclari F., Tononi G., in «Current
Opinion in Neurobiology», Vol. 44, pp. 222-227, giugno 2017.

Neural Decoding of Visual Imagery During Sleep. Horikawa T., Kamitani Y.
e altri, in «Science», Vol. 340, n. 6132, pp. 639-642, 3 maggio 2013.

La decifrazione dei sogni in tempo reale: http://is-edge.naist.jp/
Edge/2014/02/neural-decoding-of-visual-imagery-during-sleep.
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AR - M- BEXREXEMNS BESRARZLHEN
BRI T2 M. thEEREH AMEKAIEARMN
MEEHFLIE, HRDESENZWN, KRER
WAL BRI

A CHIRERE AR L E P RR AR X, BT — IS 1, XA s aE s A XN
PHREERAUMAREJEXEM ALER, HIE 201847 H ™), BMHIXIEA: ¥ 2 ERKR, RIEE
IR FEEANRAL AN R B — /N, PR R R BT — R B an s, 4L AE FRLIE AR AR,

LEFRAIE 7 —H 3R

FIFRLLERMATEE, X—RX2 8 =Kh. 10 &4,
BERIIRET ARENET. XTNERL 300 KBk
AAYIMMFIERELENERX M —IHANRET HEK, T
BT BRI ERABVEBAR. —(IEFEESIFE XK
BFERETRRIKPFER, FENE, XEARETE—
ENFEEAR L, Xittfi1EZRTE, BROMIE 3 Kb
HINMFIE 2 (8], AT ERBM T, SFHRIAM
78, AR T KEBWNTER, BaTFHHEE,

X—RILREIRFRZ, BERWLIL O, B4,
BMEE RIEBEIANERSNHXEE, ARELRGA
EHMA], XRMNRR=Ekid 7T —#. TXEH, &
RZE RIS AN, BE—MELEN—REABINE
BAE, AR—RARINNEELZER,. B2, MESE
ERNGESE—RIANREN+DN, XFHEFIIRAR
MERJLFR—FhEid. BIEEGIXEM 1996 FRFEMA
EBABAME, FRSSARITHEE 8 EMA, HREBEZRIN
WE—R, BR—CHBEFSIFEN.

—EIEIFAEMNHEAARFIEE (Missoula
Fire Sciences Laboratory) , B EM T — R EILE,
HEREIRU T LIRS, ERT2EREEAR
BARZHLRAN TS, XRFXMEENEELRLT, UE
FREREEEN “ARE" HNEXGER—K. KEFHK

KB IMELAFEUMX DR RIAR,

EEXEET BN RRAREMER T4 AL ¥

76

FRTYKAER, KEEHNTHREHFERTTHINERE
CRNBEELEN—FIREMEERENAME. £ R AFJLUBREEPIIERINT==URD, £H “15”

P RAE K e, RTHB U] T B EORAN,”

ARZEBBRBX=EFMBENEEBIRNS (pyroCb).
XEBRNELHNERERBEYERNPRGRERRBIK
7. REPEURARA S BIRIFRE MR B
MRAGRRLH, RERLER LEESERERAEIER
FRANEE. MEBREXPEX, MRE—RAREIER
fEZ, 2003 F, AR HEIZHIMIT G & 43 X —iES
AR, CERIRIFRRIZIIA 24 TKo

PAM, XRTEXRFIKRZ, HGET AR i
FEEMET - B35 (Bret Butler) IBAREEXNER
RENRNREATER. BofE, FRIBXFEXBET
BIEIRFIAIER, FHREAN T ERSEIFMIIRE.
WE, HERERT, FIfENFAERIINEIAN RN,
E-BHEMREARETBENSEHF —XBER—ER
ElFE1E & £ RIAER,

RIRARE
MHEBEXRMEGHEX, FTEREINRENERTT
ft-7k’R€ (JoshWurman, ZHEEE, FiskE851AZEN)
TR, WERENIXAEINIGT. BIREEEBEIME
FEWRANTH, JFTHE  BIAEMEAECES M,
FERTEE ERMEENIRI Z/R ; MRS EER
R, ¥HDAERET ENNNE ; ZES4 30 K

BERIFEBFRANREHYIENG, BAIhEF
BEFUNER TR To
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SREINETHLKBIALIEEN, Fere A — R Rk e, JEn =1 KhEim,

TRELEHRERE T, HP—EEERIGEERE, kit
300 ZKIZ ;5 12 KiSH —REEEEEAEWINTT ; —IRNEELE
ECAEIRAVBLET- -

FNEIT, HBRBIXRETEEESA RIS/ N 260 FK.
X—IREE TEseBEMEZ% 3 (Enhanced Fujita scale, 3§
HEND 0 F 54Kk, HP 5 RTEERRMBIFE KRR
HRER) S8 3 KEER. EMFEFTMN, RE2X
BRAXZRNEMRLENAXE T X—EE, RIBEEAME,
KRBV AEREBFELY 300 2K, &£ 4800 K. TEARER,
IR RERER LUAE] 1482° C, XIPHENE/DIFLR
T A0 0, EXENEER, eEttEm LR 8%E, BT
—%if 1600 AKEHIERK Z B8

BINHNEANNRNMERIF T BEE, ERET MIMIERE,

ZEREMNBGRREEG), KRERTE2018F 7 A 26
BRVEE E&RAERY, RETH T AT R TRAIBRMAN
R, LRl KASEEMLZ, BEMALRZ K, UEF
A5 FRULNEEFETEESE. TF5R309E
A, RARZREAREE, RETEBELNENGE - £%
Hr (Don Smith), MR—{I#IB7EZRKIMEN TR,

SEMBEET MR, EFETIFSAREN, HE
RIRPOE T FE L RN R 2 FRAEGRM G, XLt
INKETERFILEARINR LG & T JLE/ N s E R ANILRY
KR, BB SR EE A MHERIE RS BT, #2]
B ORI T, HRGE—FRE, AR

= TER AR,

ARE98E E 7 =230 77, B I EE T RERR R AN RK -
52 (Jeremy Stoke) NIZIENZ, REBE, AREBEE
B EFERR T, MHTEERIEFE LT X MEBRRMENRER
RESNNKHEAKRY, ERXIEMN-RESE 2,
MRATLBEET KRES, AM, MNERBRTES
KIMN—Fi £, FIRARE/VNNEAIT #iHtsw, B
HELSEF™ERIME.

BERWAMFEE L ER B ER EE AR _ E1THE,
WCRNBERBR T, FEABO WM, FENE,
REMMEARN 50 K, BAER—IHRATTH, BHEHA
—MREFTEZERAMNZHN, MB—HRUSRE—MNZ
o XBER T SURIETERUTIERS . HBY, B RIB R L,
LUBs#RE R . MhE= & TN ER B, —
BERRBIL T ZIBER, 5—R2RERNFELRRK
TERA. B, FE—EERANEBEETHE, 4
HRIRFIREEANG, MIBEET TR, =T, B
IREHR S T RILAOEN, BEREIVANIDSGE
—EEFHEERT, BEEAERAZFNMIINEGHES,

HiEY
MXEEEBRZEGIR, FMIEFRIMHA? KIS
MARENZER BN SR, UWERNEREERFER
R? BREAHASIRT ARE?
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KB M

KGR — R IME SR B BME R SR LG, EIA TR JERIAZE, [RINIEA S R KRR, K&
FEEMTRIAER R, BRI KR ok, XL ARR 2 ABARNZ — 15l EAT TR AT IR T (EAE MR GR AU ALy, I
R LA BRI 75,5 1 5 ME AT AT K R BT I SARTE 2 A B R BT LR, (7 SR TSR Tt e R (Al IR T B

RIRK A
2018 47 A 26 H, MAFIHE
JEXEINFE T BGILFERI — 1555 K

IR T — K, R 4 ABET,
N2, BT KA, KB
BORFRE SRR R, fEARS
BB ATRERYZ R B AEREM R RIS & T
DAPERLLAK, WREIE rahz 1FELLAS . TEARE,
PoEm s = BRI RIS RHE], A
TR, EE N, IERIXHEEER
=R, BT LK —AR DR
AN KIE RN, B JGTESR T RBIX AL T8
ke,
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BEEXLEHA, BEREEMHE, 1871 4F, =
ERETREMIN—MERSR, MECESMREE (81
BRE) XE, REUJEMERTARSE, £ 1964 &£,
MFRRIMEEE KNSR T —HA RS, B4 ANZ
5, 2HERE. 1 BEAS. 3WAEMN 1 M aRERR.
RAIEN—RRER K ERE, HREENXENRGRIZ
VEEMHSIR T ARS | RIBXEHIEFRE/RE - A%
(Charles Ebert) BYiti%, HLEFERAREIX 3 FHKE,
5FK\, 4 AETEREANPRE,

19235, BERRRET —HAME, WA THD
EBMLEE, FESIRT AR, HBENBN—IRERNE
EES—HERN, BRIEHSERRY 2 E =i
o WBEMEXMT, ERT—HARSE, 851559
I, 38000 AKRET Edp. FMELLIR, ANREEE
RXE—MER | BB RIS S KA R EEE
EIABS R A =, B2, 20 tH42 80 F44F1 90 1, =
EBBEERFNIREMS -5 (S.Soma) M K-FE K
Saito) FIAMHEIERMET XRIMFHH/NEER, BI
T LA RERA A TRIE R EERIXNE, ELKF, fib
IR EN T A RIFZHER. KIIERR, H¥MARSE
HAZR—1 06, MEHARESSEM,

20 i, XKEM S BREAMTIENTTE  FEE (George
Byram) #1%1a4F - 3T (Robert Martin) EIF#aTE
MIEEMILINERERE T/ MBI ARENR, HESFFENT
TER BRI X A O TR R o HBFFCFRST
MIgEIEEES, B—NEREENAR, BELEE
HER, tEEBRENRERBSRUERENANHENE
B, ER+9AE, SFEERNAGEELL, Bt
BY AR EARHAG A BEERMAVRER T 3 15, HEkm
SRR MG RBENRE, FREFAR, MmNk
TRIGRE, FENHRAN, EXENARE, EER
HER LIRS T 15,

B A PIERFIA RS MRILE T — AR AIRHE,
—BRIIANA RSP EHEMRENRIRASE, SEMRGE

SFEE NG, KREFRIINKERESRSIBHEAIE
mEEREREE, FABEMRE,

1967 &, MHBAFMEEE - R (Howard
Emmons) FZ&FEE (Shuh-Jing Ying, &=i¥) &t 7—
L, A—MURERERENEFEENEET—
MEEMANR. HefEREMTEa EAR BB A IEHIRE
heH, FEREINSREERER, MRARUET ANER

80

2018 4 11 H, hn#4fe
ML EMIEE IR Rk
FEAE T AN ERR B K IERY
i, HEEARER KA,

BERENEEDT, 7RSI, i1, B
TXIERE, BRAXMIER, EHEE— et —fh
SRS

KIEEBRAENFERNIZS XKLL R —
. TRSRIEERAEMEIERTR, NEHE
EMEAZUSIRITR, BEIERIPSIERIIBIE
Ao MABEEEERINENEENINEE | ERFIREN
MEFRE—L, £ESREEERER, RATRERNT
S, BESEERHARTES.

B, MaEBARRESAE EAE, XFEER
BN BERENE B TR FRAEAERE D IERRT
BB LUK T 75 mhEAiEshry, —BRIRAAR, LABY
AR REG A MR R R E A, $, BALA
M= ST ENHE B IR EAENE R, BEEHEF
BSERETAE, BINRUIRER, TERHHENSE
BEROAERERNT= A LR, ARG
BBEHMARER (HERBERARS), 1LATER
NERTFERE). BNIEMGEEEARA, T
—EAKERE. ERDERSAZNERLT, BER
INT, EEESERNE R E M SRR, XK
) LIEFEIRARBET, SEFRHFBUROKE, s
15538

AR, HARERN (REARE) RN ESE
iy, EXEMIELENEE, HERERH, ek
EHER ; NRECAEELMRIRIKIE ESBEET, 5t
SYEGTBIRGR, BOITRERIEE. BT, Tet AN EXIE,
B RAIRER T AR RSB . N REEME LS
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shA AP REEVR T B ERNEFMAZE N, ERFEEA
TR, FATERKER.

IREERFNRETEIE A, ANIENIFEE TR hesLaE
B, FENTLELEEA (XWAXMS, FEFE).
Blan, ENERANEERLET RN L\, HANREeiZiE
K, FRNKMERGZBERIERAMRT | BOJIRE
BAESEIME, ERZIRENF=ERA. B~
FHFHIRG T =RERA LRGSR, MMER T R
BHIKR. SR, MRAMELEIREGENR, ESAE
RSB SRR AERY 10 FER. X—H
B EEA TR L IR RN G EAKE R, FNBR T RER,
NIGEMARTS, FIUGNERER, 7 exRze”
MIRBIR o

EFEME, EE8NREERASESEAIRNBIE
EBRY SRR, SEATMERIFR IR T eSS, AL T Rsh
HEEES[BBO. A, EREFRET, BRFENE
HEARFAE, AtFItENTSEIHRANEE,
RA, KEERERT —PERH “HEXREE", T
MANZSR, WARSMER, (RIEMEERER DR,
ARESLANEGRSAE—EA, XAIER5IRMEL
TN o

SeitiBhER

REZRNELKNE T 5K LERXVRZSYIENS,
BEIUNATEMNESE @I EIMA L, SR, B—H
EERHN - RE—NMAREAR. MIERRIZIAJE R AR
EMiEds, BAREKIB+OFL, EHANERBHIAIX
BERFREZIVAT— M BABIER R

MENARNEGREIULRIN, REIEIERARE
At Rz —RLRYE KiK. ML EMKREIRNSTES KIKS]
RIRFIED), MEARPN—RRERIERES | RIER
—1%. AR, MR MIERBAIRERE, AMMARE,
BELANERTS | KARTERTE S HIEFIERTHEA
FERBIXS, tbil, EEHEFHRMNERXES—HARE,
YHRRRNER T — I IIRRLE, LRSS AENERT
SHEERS, 1B ETARE. 2007 F, BERFHNE
BEMNRFFN—IRRERA, SMAEERFELSH, =
FEMEPEE IR L AT T HIERITIE SR, M5 IR,
XS MG SE R IR R A PR RIRIEEIR S, 7E
FHIAA,

B4, *F (Karr) KRERITRIEZIAOMRAIAER? £

FAhREZRIREILIHNEN, BALZMXBEFTE
EEEESR. HTFER, HIBEAARELREN
EISEPEF - FASfe4 (Natalie Wagenbrenner) St
HRSRFEM T TLRITENE. AR REREA,
REXFFNTISBITET UFE—EELKBITNE, XA
TRRRMAEAE, WERAIELSNAT[RERRFZS,
BATARTETHNZERNERSSR, SNBEEEI TR
LRM45°C, ALk, EARFLTSRMAWL TN,
MGAR T IL—, FENE, XLRZIFMEXRAE
7T KBRS,

RETHA? &E, REEIRIASFELE T KEK
(hydraulic jump) , FLEKMAIM TEAVELER FEA
EHER. HIREREIHIZAGRE T A BMERACHRY, RE
K=m_EBKER, FER—MEFERE (breaking wave), BRHE
BREBERMHR AT NKRZENAR, XPMXKFER
BEBIIIEEIGE. 52BN, FRLMAENZ=SMWL
% XM T, SEGFERAIRLARERIES NS
SH, MmFEERZIBINEY, ERRRARS (RWER).
REAKRFHIN - P - fii& (N.P. Lareau) FEETE 2018
FN—MmIRERHEN, BMEARSEEEMK, 10 KL
THNERSEERE T RieRIMEESAIMS, MM
EIERTHHSEAK, TRELERZL

MR MFERILMNNVE ANBEINE, KITBRBERIRET
RREMEMEZHXMHHBNIRIAR. FHER, MR
RAPREAE) IS BB FERKTAER B AR E. &K
B, mE—PHRRANRENERN, XSFRMITENIER
WA BERMNES, XiLRNTENSERTHREKRE
HIRTMARENE, NMEMESNEm, =

EXHER RFFRBEAFMANTFRBELESID, ARIBDIENR
VAN

¥R i %

Fire Whirls, Fire Tornadoes and Firestorms: Physical and Numerical
Modeling. Robert N. Meroney in Proceedings of PHYSMOD 2003: Interna-
tional Workshop on Physical Modelling of Flow and Dispersion Phenom-
ena. Edited by Giampaolo Manfrida and Daniele Contini. Firenze University
Press, 2003.

Vortices and Wildland Fire. Jason M. Forthofer and Scott L. Goodrick in
Synthesis of Knowledge of Extreme Fire Behavior: Volume 1 for Fire Manag-
ers. Paul A. Werth et al. U.S. Forest Service Pacific Northwest Research Sta-
tion, November 2011.

Predicting Wildfires. Patricia Andrews, Mark Finney and Mark Fischetti;
August 2007.

81


http://bucee.top

Buceell [ [0 | bucee.top



http://bucee.top

Buceel [ O | bucee.tog

TE4REE: FHl  editors@huangiukexue.com

IS
MEAZIHA

g, sER—BREMEALNES, BTSSR, XEFMEREEZMAYIBIFR,

B e -  RERET (Christie Wilcox)

TR ERAI T mah g —IKa 71,
HEERPsE R R Hah?), T2 %155
/NN D W1 SR DS A <8

WEIBATFIEM, BFITITER EARLER AR
BRR. SFEFET OMER. KRR, BEAEAIS MK
HERFENA, BERITTBIHEMRRBFEALBEM. 2
REEREERETR, RNFTERRIDERNIIBLESTR
EEROER. REXBLERER, ERFERZFHNTIRE, K
RHNEFHFDHIFAREREBOSED, BETILER
FHER, RIFBRT7THILEEEIARNEZIMER, U
REHEFB B2 FHH

EMBEWE

20 22 90 FAK, 9% - B4& (John Eng) BERIT
WT—SEhiEw (Gila monster) MWERH R, LR
BIEARKT fEXMits, RAMHRZEELHCITENY)
HRE, MEANHMARIMREAEEAETHL (Veterans
Affairs Medical Center in the Bronx) BY—{IR3HF R,
NFREHMARY, SHSWEETATFEN, X5
R 60 XK, R TFEEAmEIIR, —B S HE.
ZEF, SHBWRERARALO, RERENR—T,
FIETCE.

EMix [0

B — R F I PY A e e 55 Y BHIR 55 2R BERS K
RBXAMH, A, FEIHERERE T, A&

EX L, SHSWNSERINZEMIFHER, B
—MERER. THERIENEY. WUk, EfEER
HEMTRANE, ANBXBEERHE. ETSHE
HRVEER, HSIHA K, MEMESYMELL, Shis
BRI LURIY AEEATE, ENEEEDIEBEZRR
FF55 100 8, HA, ElINSHRAEIILIMEIREER,
BN TERMFEEMAN NS, MBBHLRI, YK

TTEERTRERBINAT | XN EERSHE—
MEZZZEART (exendin) BILEYD.

X tiidzey, BRMELRE T —LaF, tid
R NEFEEFRIOARAN R, AR, i
T -RikE, EERIEXEELZEMRRR (NIH) B89
MEREI T —ERBESHBIARZELIEIYIRIER
BRI, MR XMERIITRERERISARAR, MR
BNWRBEMEMXBEHENERSRE. BREHIRE
R T FHSWIEN ERRRER. T H—D10
¥iE, MHRINEIT —eRNSER. BE, BB
EMoFaRn NEIRT .

R, BRERMAHT NSRS HSHERLEY,
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Bl “XNEHIT -4, XM EMNEIESEERATAL
KRB AT, 2006 F, BEFLERTHAMEMAER
BrEEMT. FRRE/LFE, XRAANILRAFCNET
WHZETHBN. ATRBEBESRANEIRTXS
FFR, A& “LEIT -4 XBTHHNET | LEMRK
(exenatide) . L EABRABEFRLMARD MAERFERL -1 (48
57 GLP-1), REIRHRBEND W, BEEVEN. EMP
HRABESMERNIFE T4 2RISR RN D W, P
EH ISR ERR, XMHERFREMBINYEIYE
¥ BRHRER, FEEME, GLP- 1 EAKXKNREE
FE/LDPREETIE], RIRFEESW D R, SRATRMEA,
ERIEMMERHKRT, BUEBMINGEIFLEETFL
NN

S ERAVRNR TR, XWRHN “BH” 7
BEBFHINE R, 20 tH42 90 £, EEREMRFR
(National Institute on Aging) BIRIZEREALERT -4
IERATR AR AN, XD FARNEEER T HRAR,
RRRIHHEARER, TEKMAREARNED,

BEF ERR, XEREMRAE 2010 FE7T —
MAFIGRIRG, HRXHAYIZEAEEBEEIRIR
FEBRR PRI ERIARRGINESE, FbHRERIT
MER. RBEMF/RFSRENSNET, 2IKATFE
TRE (HPRA—EHEHM/RTERFES M) T
25837 8000 12375, 22030 £, XM FRIEME 2
F1Z%ETT. MRELHEBEIRF, BRTVERBEUN, B
IR IFRRER T AT HERITHRR, XTI AMIE
BT ENEBETT.

IVE-I N3]

EX L, BBEHRR “USAE” NE—IHIF,
TERBELLERRIINEY), RIEEF (captopril) iz
ETETEMRIE, 1981 F, RHEEFIIRET FDA LT
O, XMIREN B FEMF K iEteH RAZYRENS X A —Fh
BEMMEWLERE, NMERIE ; SINEHkEES
BIERAYIRE BAK (Integrilin) FIETIEVE (Aggrastat)
WHATRNmMBE, NS, TELREE 6 MERNES
MY, MEBRITNERNGHIARERERN, /LT
2HFEA

“BINNBRIBHERUE BRIX L HHZ,” B
AFTRBT=KRFHIEMR - & (Glenn King) Ri™o £
BRI —UEMENFER, MafBREtRIEEZ

84

TN
&

e Rion. F S . Yo
RS ERII NI RS, BRI, (TR
i,

KWERTER, EEIRFHREHEDFRIRARMAER,
R—R, —(URAKITREE, BHRFITCRIFMEEE
RSk S R PRI — MBS, SRR
N, RARET —iFm. WRSRERIMD M
REER “WERRBE—NEK XER—ELATE
NHFEN " MBS, SHR—EEMRSEHE, HM
hIHERNLEY), TIEBARMRRT, BRABNE
FRAYZ5H),

JVBEER, HMRINEZ BRI ASRERHHIER X,
ERFRE. RENRNEERBEHE, BERSD
BRT, XERERHBIANZRTER T BARSIENH
BYE NRTIREMH A E LS, iaERirsAaEe,
XA AIRREMRASME, EfEEMEMAIZRERN
GrE —EREREFREZIUS,

19 R, —HOEEMBFEXKTIRE, FH
RESHRTEHIMTFEN T —EXRA, FEMIFEER
HMSENEFNE, ItfE, TRNEMESERELIEREIR
Mo BRTAIERKINEZINMS, BE-LEHRLM, BE
BECNE Z R MR LRYER, SeFSTFRILARET X T X,

BN, SEEHmER TR AR R, HRIER
REmI Rl (BRIEL) BSMIHAAGL, REAMER,
RN BEFILUBINER AT BENRE, BEREEER
T, HFHNETFRN—LERE, MERNARKRETE
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HER, RARFIRBERITERE. —IRUEF - &N
‘R (Ellie Lobel) BIZMERMIT T RIBH, BE—B. BN
RAAYEFER, HER—(URBAINER, tHFR,
B ELRFEIEART, IFTLUETER, MFED
B—HIREH, RAGEAERER. WA TFRBEMNE, BX
BHZVEE, BT E, RESSELIER,

REBIURILDT , REREMAABREILNEFTL. W
BXERLR, RFAMEL IO BN ERE
(Africanized bee) BT, J&I/R/NIHRWEE T, HBF
EREPE I, FRLANXZanIaEASEF it

tbfE, BIVRIELGTTEE, EETRNILRESLRD
THBIERNKE. B2, tHRAE. RANKELT
FHaHIRRIEHE, MESECHARKRMFEX BT HE,
WRRNER T EXEBEN TI5F, EXMRAKRE, “F
ERN PFAR2RRARIB, RIRMWEI, BESET
RE BN BSHKE—RMINER, STENESK
REHT AR ARHRIEEN

SECRERNARE+IRE, EfERREREN]
HIERARRR, BESHNAENANARERKZ, NMREE
EMBESXEIERMT, XM USYRIHE R YR
BIRRLERR ERVEIRRA R, H5, BILERAE, &
BARSRPIRLER D EPRFZRITIERE, 1H)
RIE, X_EHHZLBIERBREERZHENER, &
FREESHTBECS—6n, IFEWLL, WEROMEXE
SNEESERAVATT.

ESHIAIEE

585 BERASHATERINENRLE, RITESX
SRETERNEFANT#F. H(ALERED W T
XESER, ElNBEFANR, TNEEITRNAELE,
MWLM D RXRE, UKILFRFURNRHEBIBT LD
AR B—MSHRMESESMHINST, F—F7
HEENNDFREN, ERXFRFHELSRMT 12
FHERE,

NIFFE, BFEHARNIABIPLESR D BEENTIRK
BUENY), Lbinde. e —_EIMAEE AR, X
FRERTeRHTERFRER, BAE/LEH, 2F4%K
BN BEHEAREEMR “TETER, BARERHE
T, SEERETR, “WERMNTUBRHENS R
L, XELERKAMAE.” BiLHMENE, BEEFM
HHHS ST EL AR “MERINTUNERAS

TE4REE: FHl  editors@huangiukexue.com

NAEEMXLEIYNER, BEETVENERASE.”
THEENZE, SRRBELSCLREIEET,

AILAE, FRIERKERIEY, SRELEMETE. A
TEEN RA A RERRRERE. . BX BFEEM
I EZES, 2015 F, HUEHZ SOR-CI3 5TA T |
HAlRPRiAIE, BERSXOET —%. XB—MMBES LR
B EY. FLMBENTE LBINHEE, LR
MERM A FFUENEYER, SItEN, RE\BSH M
EREYET BLZ-100 RINIFF4A | HRlmARiXe, EEAERTLL
FAXMEYEREERLR, EERE, XM “REYE
B AEEBO M | E 4t Te k) LEREF o

RERHGMNBREBESEFRE THENFE
Ao b, BEREM, BEN—MEBRDSBEHR
JEHIV, XMESESFHEHFBTERNSH 150 AL
Lo IE, BERETHESEH, FEHEANIERE
73R . SN, s —LU YRR
MHER, XBERAEFARMA N —EMEEZ,
INRXLERIMERBER L NIE, BIrSEEREERR L
ARVESS, ERAERKREENES.

BRUELASN, SERMITIERERRR— 2 AR A Z SR RY Vo
BEFEEHYk (Brazilian wandering spider) SZ&RHFH—
MISTREVCEY), SITREDSIATT S IERVZIESINREREES ; B
SNMRAAELLRZTRILR, ERBRRRANGEEL;
EREANGSEPEEEE MBS,

WE, BRTEHMMERNNNRE, SBREEHAR
RINBIRNS RN —TIEES, URh—MHERS. &
MNZAUABERTEYNSER, LRk 157, R,
EAANXENEMHERESER,” MR, “XTMREX
NN FERRFERBTE FBENSMLEY), HIF
ENIEBXFNARA,” =

ARSI E 2R - R
CHRE). BUTAK, NEWHIRIRAR
HIR, IRLEFRCUNEHR K B RAesT
Y, BHRNKE NMEZAEZNISH
121z, RO ER AR N B BE
Hi, 14, BHEERXAEEEEHE T
REFEAEANEmAERNSRE, H
N EA TSR] DA A i a3 % 28 R

2, o
HYEE2Y EI’?&IE‘
X

¥ e
AT, AR EJ@. ¥
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W RREEBRRITE
ERZIBER, BEFREFIALEBRERERANINGE.
MEMER, BE—#HBAINFEEENA, HRHE, XEAEBERREE,

X R E BRI OISR TG, BRITE.

FHIEE B0~
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BAT B, TIPS — D EER
:I: FHE H O EERS A, MidifE - F
€ (Juliano Pinto) /257 FEPE BRI IEZ —,
B RIS SRR ASER “T&RKRS”
WHYHE, YRS, KRBT
KRITN, fh#ERZIAEE B T BT N ARZ AR
\\\\\\\\\ A, AR RE R Dy — 5 G A i i
K, REVEstNEmPETE T Tk, {Hith
MR DA NI AR e 2R 2K T /e, i iRy
LR, ERUERRIEED, RIS RIE
RGeSt 47 | W N e it l Y 5
RS Al 2 BR AR AR T B B,

BFFEMALTE 2013 FHIM T EN, MEHEFIEN
T “BRITEITR” (Walk Again Project), XZE—IH
EEMHRAFHHERFSRIER - BRIEFE (Miguel
Nicolelis) FESMEFMIKEME, MELETREERS
HEHERFER. NIWIREN. BMEREEREZLTIL
Ao KI&/ROIILIZIE LR Birmt S8 AR
REEMNEERE, MARBEAFIENIIESEEENEE
B X— RN REIRE. 2013 FWEL, TR
7 AIEBIINNITRIBI R B & FF 4R 7 B E AR IaYsh
BREEIL, X7 2BENERSTHREL—E, #2
HEHEZM, TRMRMAERTITER .

MM E B BN AR T 2% R AN IZE O 52
A (Brain Machine Interface, BMI), S&&LERIEZEFU
SARMBESHEE, XEESRBITHGEETRIIM
115 LiEHNBRFR, X8, REAMNBES (e
WRBRNEHES) SWEBNFIRNIEHIES, BEIKE
B2E, INEREEMERTEBENERE, HIRIBEES
KL AR HEEGR, MBEAREALES, FE
FIsNSEREE, BEMNIREAYNREE 300 2R EEET M.

B BTSN &R R B ETREE, XF
ERZEOE—ER. KREESK—MROENEIE,
RERUHITIEE, WIAIEEMIBEKFBK, SiHE
HANBANESHIEARNES MK ZE5IE, XLES
BB EIRMIMNEIMAERETFTFAEZT8, AEZRNN
BEBIREM T, MPPRKRRNERRAN,. XEHRER

EFER R RAMELESHKIERNMER, tiIBIAm
EFFEREREIRGR. Hit, EXREROIIMFEHREED,
BN T TUREEE T — R LR EE. EH
MEEBRIRER S, MREARETEAGRRK, @I XIR
WR2EE, SETIAERNRNEREREBRREIR B RIERIR
B2, A NEERSF BYUIMS NS BRI — BB, &
REFEANE B O EBAVIRTS.

FHREERIINERIIG—FE, BLTERERMTN
AR, EAARBBNZRTMERKG L, et
FEERHEH T BEHEFE Ik MEFIKEIIER
WE—DEmE, “RBRIRKT! 7 X—ZEKBXRZ
5, NEEIIBRRREIIXMEREANRER, FHSF
7 8 F. KB REMFMX—RAER, EES—FiR
HARERBBALRE, EIEHY LNEREEEENR
e HAREMERSHMIINGREZE], BELE/)RMNE
FHRHITTIFEZHRE, MEAZAFRLE, FHEt]
T2 HE—Ho

EFRZE, LK E T Lt 00 FRAMARE
EXRT, MEFHRRRVIZEOSKEHDERENIMGERR A
BITHRIR. BFERVZEOIENE—ME, SEX—
PTRATZERNES, R —MEITHRRER
=R, SHE(RERKBSREERES—BE TR, =
TEFRET RINGIE, KIE/REFIET 55 Mol

ERX—FER, BMTREUE T, IMAZHIZRREFX
R EAESARAEORE, X—REFREEENBME
SSIEFINMFERERERR, SREFHEBEIRE
FITMX—ES, SRLXRFERSETRM. X
B ESIERIABRTRANENRE, BMEVMFER
PR EEIATFE, BA(IREFEBIRE. BEMAXR
BT HIE T B A= o

HRFHITX—RTNRIERY, KREPEDERE L
WA, ERANERITEERIRS, EXE/RIAN
XEEMIFNER, XEFFARERFHIRMEZLTTE
ERE, BESERHES—IHIIRET.

SSREHEISNG, MATERESRE, XFES
REEISAMSRITENAL, N TRRESRIFHITIE,
KigRIRIT T —HEBERNESOENEIM M, MEKRER
HERENIEBZ 7. HFEBFNXEERNERT, FA
EINFE X LY mRERN, 223 —R7IRERIBE
SRIGRIE. BFHAREERIESE, mMeEBNEY
HRREBOBRIEZAERER, TI%E, ENEETLLE
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SIRSESIRY RIS RED, Xt AR O A
DERER, BAURIRES, BI—FARSHIMEIS
Ao

FEERAIZ ORI, KIS TURTEIEX LR
R REIAEXE b, XPEEFRMEIT “BRITETL,
MASNEHREENER, MyFavtFFaTthireg T K
RBREAEZOBNRRBHATRERL], MEEBRIILR
8o

1970 %, HBAFE T EHFUAMNEEN, B
FEEIRE, AREY, KIBTEREB IS, WIVEEAKK
Btttir T T B8 Ht D ERSRENER, BrEE
EHFRF, FEFUREE TE LR BN H+ZF
&, RIBRUBI—MANLRINT BEHER, SItFEH,
BT BENTRL AL, MIMBEEIBRmAE
OFLEA T KRG FHE, MEREEE, BRABKE
BRI, KK, H—EZBEBZETHEIFHAM
SMBRREEDRRE, BRI, BRITE.

HENX—BORNFREENIRNSER, (Fik
ME) 7 2019 FHEMLOIARS £, WRIBRHATT—R
Tife LIXE, ITHAIREBEN T MR OLRE
IEHRAINE, —FR A TR I SRR ET R To

(HIkFE) | EETHRECAUAN LSHEL 5 F
T, IEBEREARE?

KER: RMNEEEUAMENE-F, U2
2016 FARTHXIIERIIGNE—TIRKIRS, HP
MEE T W FHERR 8 BH/ARBAENNA, FIER
ANEERZRINERRIIGSS, EIRE T BB D WIETRIFRE IR,

FTRARZEELMET B EinhiRSAIABNEES,
HERERIR A OB ERRZ M ENRER. MmE
BERAERKIZE LWE TIEHBEIEES, OMmED
REHIREI TOAE, RN TRENEFRER T RRIE .

FHNFZIMBRAREEET URBINEBREER
T, WNRIFE— LS AR, UNBRENITE
HBREMES T —RER, X—IdEthTeFFE2RKM
ShERREE. REBENXEINENER R, HLBEAKM
BT RABIFEH.

(FERIFE) | (RIMRRBEMIRE? TE5MERRTET
£, RAFRBRFETIEE SR,
KIER  EEAEEFRNE, ATHRLEABRIMEER

88

SRS M BB b T S AR SR,

EE, BT KX 25 ENsYLR, BIMARHRE,
HERMIIKE TREEFFRH—LETE, SRELET
WERBREHNEE, MITREMNBEPRE, BRI
—EFRREPAEXLERANEETRE, RTZOEER
KB NIEBFHEERE, ANRAKRRAERERITH/IR
RRIERT, RO B RS S BE B
BiHlEstE <. I —IIE, WARLUTHINIHERE R
PR S I RIED 1,

BNERFRHIT 7 IFESHRVIZONE, FRE
EMFE, HFEEURRIZEORIEFE, &7
PUEHIZEmITE, EEERIMEBERE. EEmlE
OEFEATAZE, ERARRARRNMEA S LT
SMBRREE, EREMERANRIEET.

(FIXEF) | BFNFEAEMERS KBS §EF
SIFEINERREE?

KR | THEAEREDT—/NRESIMIIL, peEss
BTN ERREE, RFFISEME—LE, BN
MNAREMGEFEENERSIFENEARE, ReehT—
LRSI EN

BARA—#ET, HATTUERSIFWIERRI,
LA S WEERPFIZZMAEO, XiRPAAMAERR
SN RO E , FrE AESR] URE FSERE,
XA TRIZE OFHET ERRE,

& Froki : Walk Again Project
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(IRERFLEE) | INTFIMERRBVRIHIZ O B REAR N A
R BN A B EERIE?

KigR . BRIl EREX—AREH, AR
ZHRNEONARRER, B2, XMitEEERE
BE—EREIFEANMEY, EMEBRFEBHTFARENR
o BUIRERIFEAMLIRE, MO NBRRRSEYE,
EANEFREEEMARREZEEES,.

AT AL —TRAEERRIMEE (EEG), EEG
AUEERNNRHREBES, B2 EEG EBRERTRNIE
BERAIR, ANEcBERSERES, XINTRNZE
MIER AN, HAEERIT—EERENTR, XK
PRXETIMENES. R, MEORANEE/REBS
PSR ANBENASR, HEFRIANXTIHZRRME
K=,

(FERIF) | EF—MRAR(E BCI BIRAUZO R A,
ES{RHARE BMI BHHAREL?

KIER D RVIZEORARELR— N EE AT, R
B LAH RN R SA T RITRIF 218, BRARPE—MRE
LIt BN, XHRMLIE O R ARHARE Brain-Computer
Interface, BB F A BCIEA, AIREXESH —EiRIK,
INAXBRERRA, HEBCIH BMI B FRliEOR
A, RRREEIERXNRRREER T FARNEF.

BCI EEFARIE EEG XA, Ep@BIERE K
REBERRBERBES, X—IEZFENEN. M
BMI EE#HITFA, ERTARKEERERREMEZ
&flo BCI Z7E BMI Z /a3 —ifA N, EARLM
BMI B —Hfise Ao

(HFIXBLF) | “BRITETY PHEMEELEE
RSMERREHTTIIZRG?

KR BH, EE—HITUPRISHEBET 20
HEAMREREE, WIEER T HENRAEIREINEE
RERATHEREME, HEBRE T FAEREENTE
MR, RER(NEELHFCRENBSHEYRBEMAZD
o

(RERFE) | —ERLIBR M BRI R MIMEIRE
BMig®E, FATUEARETATREBABRIINS
15, ERRERIZOSSZHEREBARGEIE?

KIER | RFEREEMAUZORARN R MKERZ

EREALHENEE D BN, HIFERRZAX
FENNA, BRAFEBTEAMMXSASEREF R E,
4T, BMIRARTERNBERLERAREBABLEHIEZIN
BIRAIRE B S HEAINEE,
BEHNEDYTE—EERBAERRN, HIERR
&, JATETLAFIA BMI AL ERI L — M fBIRTITIEE,
tbgn "B OIMNENEE, X—IREARTEEEZAR
BENASIMNE, MENBRIEROERAIES R
RBEE HAERXELRRARAMITELERER
%R, KRXNA] BMI S&AREBECSEIFIZE, XX FEN
MR A R B R AR/,

(FHRIFE)  (REAFIBTKREBR TAINE, MFR
AEIREG?

RIER L EREF, ARRAT—1m2REHHE
B, EffREERIBELIMNCRT KR Tl 1FA BMIRL
SIMESHAARNEBERES, FERXEESERHE
AERBIRMF. RIR, ENNAMMERAEXLEES,
IRTRIRLIIMNERIE S AR, B, EIE BRI, AFE
TEREET A BMI REXMEENR, RERNEALHAFTS
BMERAELL, MEZHNERXERANEFRE,.

(HREKEE) | (RIMERNHRR BRI A, KAWL
itR?

KigR | RUERN BRI 30 FRIFA IR
HIFReNANIRRTIR, tbalmmylECarBEREHE
SMMAERNEE, UARNTERER-RBEFBRIELDS
FrRERRR, A RIMDEEERRNEMEZERR. £
KK, BEVTLEZLL BMISRAREHKEE, HERFH
ERFTRBENEERE,

CREKELE) : BT RIED, fRIAREXRBRTM
PR L A EESHRR?

KIER  WAAALN AR EIESERIR/FN—
MNERA—HRNERARAEREF— M X, —
BETHE— TR, RINARFANBEREZEANELF
HEBAREBIERE, BAISTIGARER— DK
B, BtENRERRNRGRIEET 1, K
RE—NBEATTURREREE. BT ABLEVIEA
MRE “BIITEN, FAEHERERERRKDABEFT
AR, =
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= COLUMN

=D

HIANRIERN?

— RO R IR B A LR R L R P
NERIR R

B Yl - £ (Kate Wong) i F2IVET

KRLI254F |, BFF A B R IR T w77
(Australopithecus anamensis) Wt fH, W4, Xfr—
AR AL TR T B RN Z], TEIRIEMR
FEE TARRIBA R N R B T — MU L e B g e, 1a4r
BT IXMESHRRARARR A, TEAR, BRTEA
(Homo sapiens), EIF—LELKANITE, TR
HR T NKIERM, d&, HIMNETEROMCAETEERET
Al St R CRER USRI B Fre X MOK B 380 /7 R AT
AR e, mIDAE BRI BT R 7T R MR R
FENTHATER, A, BEFRAR ERSELE BERME, A
KGRI EER T,

M—LETTHERE, IR 7T R TR TR AR A et
ZRNEIRD, G AEERNEWE 420 FER T, 24D
kK, E—HLHEEANKIERMICHRAE, KoyEZME
M HIR (Australopithecus afarensis) WEZRMSE, T

90

N - ER (RZXEEN) BUSESFUANAREE,
BREIABSHEYNEALERNNE,

FEE 7T IREENINEANE (Homo) WIHET ., RIEE
BCAMERARHE, BEEZINN, IR 7 R pidE
it (anagenesis, M—MIRIZRETHEZRK T 55— 1080
977 AR T AR 77 di e AT, A LA EIA FTRERK
5 IX RIS,

ZIEHEHT - 1% - 257 (Yohannes Haile-Selassie)
IR T R E e AR =2 B AR 1Y) TE (Cleveland Museum
of Natural History), MhF1[FHIERIEMR LI AR ACER T
HiX (Afar) RICZR-KE) (Woranso-Mille) X & IH
TIXFE A, LA, W RN T e R
Fr, TOX R B TRAIERAFE, 184 e 5 G AL
HOTHIRE e 77 A IRERRAE T — i, IXBUCARHER R, T
. RER. BEEH, ERkMKAE—ME, fEBET
SR, MUK, AIA NHBEREZEAZ K/
i, WA EIBNIN, EARA RTRER B — S M A e 7y
CEEN

BT UWRAEAE LSS, RPERR M T TR IEERE
R BRI T T M SR R Y T IR R 7 SR A A
45K, ) - ZERVGAIF R L, TEIRIEM ELIE P X Y
JUsER| (Belohdelie, B—/MEAHFHN) YL —
W& TRk 77 SRR (b A, ATRER H 390 /T4 Al P
HuTH L aIdskE, W77 R AR TS 1E 420 £ 380 /7 4F
A, TR R 77 s B AR ARTELE 390 311300 J5 4 Hil,

4N S i - ZERLPE AR IE R, B AERTIEHLIX,
XFANYRR DS FETEE T 10 7 FE IR, JXFRE SR
HR, XU 7T IR A RE AN R I A s A 7 U
kR 7T IR, MR, R 7T E R — D R
JEEC T BTEERE AT g, T T R AR S 5 e T A
HAFT — BN ] 24— ) 0 0 el e A L (L A B 9
J&, SRRTREAIAS AR 77 (b, X st 2 B ) 2 Sk
(cladogenesis),

A, XML (3 STE B RATETE L) Se T
1 VUSRI A BRI B S8 TPl me 5 d i i &Rt |, (B
H R AN AT DG 21X A AR B 72 7 77 o Je 0t
Who HBAIRIER T, MEATE — RGN FE 77 =R (it
SRR BIRARKY FTLABEITAT FEI, Bl TR i HEBRIX ALY
—HMATREME 7 — HAISINE R 7T A SRR T A LT L
TERA— R G TE? ERRIIX N, RASRER LI
B EAIEE, -

ElF3%R: DALE OMORI AND LIZ RUSSELL; COMPOSITE IMAGE OF HANDS HOLDING  “MRD” BY JENNIFER TAYLOR and CLEVELAND MUSEUM OF NATURAL HISTORY
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E# COLUMN

R RIS ?

MIEEMERE, R DO A, Hean
T E A o

ez H4 - 54T (Wade Roush)  BiFE XS5k

Al “CEYIRERRE B AT REFE AR U ERATAT AR B AREE RS IR
WRA M, KRR o AR SR I, AR
REERERINI, PRAFREREIERR IR 194 IEY)
SREFA ETR, SNEIT RN EEE R R4S E
Ko HAIEDE, FAMRZ X SRR W B (R 1BR,
13X T EREL RS FRAT 1% A 22 R AR

FEEAR (G5W#E) (The Spectator) il B IEH
HiKE B 28— I M R S R B (Y PR “ TR, X
Fr R (AR T SR AT E VIR AR I R B B, X
AAEYIREMRIAT R, ANBALER (PLA), M EKSH B
PRI A, AN X L AR VG TE AR R i 2
ToReW, FAMESHEN D EAEREEEE D4 K
IFE 57

HFELHIEML, ERCEHIX, 4P R MR AR AR
FEARAE TR, fEIX 77, RS s R =
PR HEARRE N, fEH AN — LAY, KRR
50~60°Co UNSRTE180 KM, I 90% HIMEME N — 5
TERREEF=Y), X FAPRHGRERAR N A A= VIR Ry B
“HEAEAA KL

WATEYL, ARV RLE — SRR AR, T
DATER @ R HALE S, SRR R RS, SRR
B, WRAT AR A, AR AR, ENR
BRA B Rt 38 ROAIR 2800 2 — AR 34~86
o MR EANIEENIER, fE7T 7 B R IME 2 i,
Bl SBRZEEEER,

FERERTEEN, T4~ THEER (Fr=& 3.8120)
AR, i B L8 A e TR, R, AT AR AR
M AR Z W 2 R _E el SOFERAIMLA, IR HF9
Rzt TREGEEFTPART B A, Mk, BARL60%
HELRLH SR R, SRR RIS SR,

RIBSR LRI, XROARZLFE, YR, itz
HISERIS R 2 AR AR S, R ARG E, EARE

& - FHEHEE Soonish WEFREAMBIEA, BEE 1@ ¥y
Hub & Spoke HEX&EIIB A, TE (REEIFHHAIT
). Xconom. WBUR F1 WHYY E4EFI. RITTAN &
TIHY B EHERR A

R, BATS TERBITRAE TR Hlan, RA] A
AR BT CHLAGTTER AR, FRRIHFE, TR,
BREA] DR — R NIERURRTTRR A8, QPRIREE, BT IAA] i
TS A A RUBRRE AR R, 5 HE R R A S BLHE
T, IERNUNERAFAE 5 i BB 400 4R B ATRHL R
GUERBATARRAFHOERAEAL, WEROZAE LA R E PR
MR, T NI LA BRI YRR E1ER
R S L (s 7, TERmAILT4ER, XL AT DA
KAEERL, RIRZH Az —, ERT DA HEAL R AR,
(EHBERZ I TR, ERX U, RS ABERZ
RETAAEYEMRER, MBXNE_HRC A (PET)
HIBEFE. Al AR A EIA XA ROR RS AP AR,
BOBThRAS T~ 2009 S 4E H,  H P& 30% 1K IR Y PET,
b, AT RURATFNIE S AR AAG T H 100% FIHEY) )R
FHEIRAIH PET P, (EARIE S A R S C AR A
PEEURBMBUNRIETRZ GRS (IPCC) 5, N
TR BRAR R R A IR 1 = T AT AL AR L5 °CRIYE
FElZW, f£20504 2, BATBIMRTHERE LT
M= et WERM 202040, S tHAEEMEH AR
AR YERL, FERE)E 304E B, WEE AR AT RE il
10012, X — RAFRII T, [k, W& R,
BANETEEINRIENLS
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= COLUMN

iz

¢
XIS Bl 7R o i ER i
EEE R

2 T —RANA R R )G, BRI TE
P EEEIXMEA T,

B Tl -tk A (Claudia Wallis) — ##i% B{AAA

R 254K, BTN RRKIEBIBIE R — BB “TE
PR IR GEiR. RUENA, FRIZRVK I BRI H v
NS B B TR 2R L JROE RO RN, XA R I SR
FRZEAHNFT S ik, & RORIRAE R A Z AIEE SRR
—fBi, B, SHEEMHEOR DR 2RI EOHE
Mz HbRE (55— MR R tau EEZEES) . 19064, %
PR - ZRVCIEEE (Alois Alzheimer, FRIZRIKHEERIE I &
ME) EEFSWANKMT R R EZIXMES, H
R, WREANBERR, SBOEMHEEORAES (APP)
TETEGRIE, BRI IR SZ R B R YR B Y R P
=, WE AR TRERGE, fUNEFERRIEMEES,
BT RIEICAZAE ; mYiemirE R ERF G, 1]
RN ARYT S

PRICDASS, EETRZ HAMIESE, X TR FRMT & S A
HNTIBN T ECEE, ENR EEH e E BT
Po AR, T JUMMBEIEZGYIIIF R E R, b —IRKIK
BAE20194F4 H, 1EMRFII/RIIEBIBATIAR F, FA
T ERIREMMEEBPIAR (aducanumab) A%
R R UG HLF

92

REE - KFIETR (RIFEEA - ¥ 8158, g < )

bR, FFRARER A E BRI RN A2 07,
R RN &g, WRMERRILL, BHECEDE - TEF
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