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6,278,889 FTik, 1& A 2ot WK F H, Bk F ikdolT, AT
RMBERTAE ZTAEHFINEE LR E AT H A A RER
. FIb— DB ERXT SRR o RAT 5. RIBRERIATIER
N AB M E ., IR AT G R L AE AT BRAL R IR R AT 69 R AT AT, VA
ME MRS WEGRE., ZILEBEH 6,305,804, 6,477,394 Ao
6,650,915, HAFAEENI AENLE,

A A A B

AL PBEILEF BRI AR ERIETF AR HBRAY
A —AF R 8 T R BAEANMMRE AAERE T, AT ELMY.
RN F BT RERNE. FHBEEREER (RFF IR H
THEABRENAYHREGFA2EE) T 2SR FZEBERHLSX
WARFEANSIRIHEFHENER, —F XA R2NRBEMN
EEPMNBENETNFARE, NEZTWHRALARERET RER
B, ZRBAFABRERS) T AEANEZFALGRE TR PEA Y
AT NADPH 69 A %, Hub, @dNENETFARE, 44
EFIR E A, KL — KL E5 KA MR A% T 6
M RAETRLEKRNGL, FESTRAAMBERER QLTI
itk AF RUYGRS (REREE) . A%, aTHABGEL
BERKMFGBEREGY RO S ERRETARTARGER. B
R AR LA ELGEERL, KA LA ERB TR
B RE WX KL,

B2 RXA QA (BlAiZM—AAFL) , BREBRLALEFTE
ARFEBRAAGABBHZIAMBEL, P RUHARBRF SR,
REHRATHN., ZARRETRBAENSE (AAHTHNEET) FTL
AR RIRGAH K. F4, ARMBEHIET 2R LTUA £
MEEEFLE., ERALAY—AZhFEF, HALGLLNEKS|
Blde CCD (RH XM A BN BZES] ) HRAREEE, HKikH A
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ROAFTRURBGEBRFOAMNTAREEE (HloNEAEET)
WAL RE, ERLAANGHI—BEZEFEF, REERML, T
FIRAAAMMEEFRBOARHA T ERET O FARE, Ak
RAFEF, TAEARELENBZdokd —HE (i) KBRS,

BERL N RAZRIE AL R T E T, T AL AL 2 6 0 18 42
ANZeg sk, Bl HHEMGTRIBE AR 287 ) NE
FORAE, REEA—RTR AR AMRMBESRHK, ARE
MEZFHHERE, HTEXZAZRGIREPRIEE, ARNBEYHE
KR (BPARNEGRETXR) , EREZGHANBERHN LS
A (FERMEEM) . ERASREY, EFKRE, EARNER
A AARMEREIK, FREAMEEERLAGHITR TR, £
fo B R E M T BLERBAKE (ATHREERARE) Hik
AREMZ AR AR K EAEZ NI RARERN. ERE PG RM
RERBEHRTEF, TALARSHBALRT /G RIAKFL
Ea, FETOERARESHRBPAARTHGRBALNENE L ¢H
AR E, BARFENMNIZLTALEZONERIR, BANEETHE
AEGE A, F, LTAERKTEXEZGEHGHELT R EN
CERLE. BREKZRTAGELE AERLMNEXZA, XEiZ
KELTUARBEERA. TOERAAEHF X Gl P IEZK. F
BBRPRF AR F G ARABRL A HFRE SR G— BN L,

ARAE R L GG RE, B R Z e e — F 5 R s R AL A R
FAEORHABEGFFN. B AL EERIXMNE, TUAF
MEMEEFLRE, REITF ot

oWhl, REFETHE, RLPGHE—F B 6. FERK 5
BREMmHILEY.

M B 354, BA
B 1EZFARMBEREERITERANE LR T E GG —/
TH M EATEGBER,
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B2 REBTHMEATERITOEMNEZNEINTER.

B 3aFchT—8l#FE4E, BT ThMENRTENG—FTERGH
IR

BiabTdET - ANFEHEXEHEE, LT ERTRG—AF
T Re ey K.

B3cTd T—ANFHEARAELE, BFRTHAMERT G —Ft

A ey K.

B3dTHT —AXKXNRE, BRFOMEKET R —H T4

&9 7% AR,

B4 ZRBE—-ANTHRERFTEOFII—FRENTEE, L F
mANT HRAAEAIE R G BAF R,

BSsA—KkTER, LAENGRBIPLKTIRNELTED, A
EREE AR A FRBEABMNEZREERLRENEA.

B6RTALER 1 fE 26K E T2 & 5 st —H KR A4 R
Ao TER,

B 7R TUAAR | A B 2% E PG —FLRAFER R 5%
MTER.

B8R —ANTHHRHEHLNE.

BoOABSH—HHHRKE, BT RELARSGEH HENKF
B 44 1 4%

10 2L XEEFKFHEAKEE, RAEGEREBH—FL56
AKB.

B 11 A EZHAEMBRFLEHBARKBEEL R SOBKE,
AL aRFERESL, TEARAZAABES.

AIR2EFAERTHRETHEMGERZ TG RET

A I3 FAEE THEAEFRANRHEGLA>ERRS A
EEZTEASE.

HBI4EFER THEEFTHEANRHANRASEREES

B15E~EB 7THEE PR QGIREERLTE X G HIKAT.
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B 16 27AR 7HEAETRAGREETGIRT.

B 172FEH 76K EFEAGRBRE .

HI18E~AEB THEETRAY “BB5” FHEMNL X,

B 19 8 7 54 A F 384T &) AR W Tk R AF e R B AE S0k,
AR THEERFORHEZHGE,

H2020AB 7THEEMNTHF HBERLSRE HEEY
Clarke & £#% ( Clarke Error Grid) .

KB EE

MELREAFF SN ERT (FEBERRL ), AABEREER
OA5FARBHAET (FAF ML AERT) . RAFFoAN4HE S
FAARENEE, REEERERE, FALTALIBILAEANNR
%, SMEETREEN, e (Fd) R¥YEASTFHKX, FHL
AT E, EAGEREREERM, FANRL. EETAYHTEY,
EAZadRELLE. BAEZRLGARXEERT B, &
MEMMAZE, BASAKRBHIMMEAL L, AKNRHELR
kxHenNsd., Fb, NEEHNRLEEEMTEHYLLE, 24
Zyads P L d  AMAFREZ AT A 500nm & 5 F RMLE,
T R RE RN E E RN EG BAE/EA 430, 550, 585 nm &4
FTEUTREAFT, 2AFETRE. KEALEMNE.

AL IR 4 AT o ALAR R AR R A4 TAL B 5] R F Ao EA
T MAELNRRKBEAATARNEF RURIKR, FPRUBEZHAEHA
1.5mm #9 B Rk, MAFELZH4ETAMBEY ZSNE GRS, 1A
RAEBAT =ERRL.

MEEm 1DAX-REBRFEATOLANR, EEELESLENERK
AT L, 1A X-AEBIAELZORRELINS, HHZRK
M PHkTFREZS T, Ao FHAILRAA TR, Fid4E
BRI FRE (RAEAREEZFL) #47, CHELRANE
BRFMAY 11ORX-ME8, EX—RANFTROFHLHER, &
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EI R MAIAAE LA ZEE TR R, XA R AE X R
BAAREAZEST, EZXALRF AL LET, I CETRS AN
WiEw E (ERG) & fme B (EEG) 4,

E-RX-AEBRELAHLRAMNERE, B -2 T RAEAL
11 X - % 8, e FRAEF 11OR K- E B L m e B & R(disk
membrane) PN EOBLEEL. RBALARRY N (AFRR)
FTREANA AR XNEEMESH (ATRD) 2R AMNEBLRA £
BAMEE, Z5REENADPHUEAH ABLRER., E—AF %
¥ %, Futterman ¥ A €229 # & 488 3548 X AE 5 % (PPS ) A&
AERBET FAX—XBREFTE ) NADPH T E 49 PR f6
Futterman et al., “Metabolism of Glucose and Reduction of
Retinaldehyde Retinal Receptors,” J. Neurochemistry, 1970, 17, pp.
149-156. EAA HHBERL TR HHeHFLT, RABRRS EH
NADPH, &% Rt A 4.

% 4, Ostroy FACLLZER, RN FHBREMSNELZRAEAE
£ %, S.E. Ostroy et al., “Extracellular Glucose Dependence of
Rhodopsin Regeneration in the Excised Mouse Eye,” Exp. Eye Research,
1992, 55, pp. 419-423. TR EBAMEFTF LG I EZRR, AKX
BF 69 K46 5 AR XA X A M Z M ABIRE

ARWE, B 1E2FALAG—NER EAFT R, &40 R HF
TH 10, HAKBHBREFEFHRFELEORGAFZRETTA
11. BB AGARTA 12, @R KB LIRS B A MR LA
FMEFERLE (BE) IENIM. REBHEFSMN AL 13 &0
ZRHH. HEMEETFAREARKZE LA RABEETE W
4

AwFPHAT —BIRGF %, ATHANTNEETFLAR
&, TR AT 2R LR AR MR R —F A L8

Ei\iﬂﬂ HRBERIFARBZELTETY, TAHAASB(RES)
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MEE, REE—BREEAASHRAANBEGRHA L, AMNTAE
%%ﬁiﬁ$o*#m%%&%%kgaﬁﬁ%tﬁ%(ﬁﬁmé
FARARE)SEREMNEZ ML B REMZANFEIRKLZREN.
AERLAGRERERBELTET, TUAEARSHBALKE
R BEAKFELIEE, FRTUEABRSHRBRARRT/GBAR
MEMEFGHAERE, BFLARENNTLTALEER G REAT,
AARECENBALZEACZWEANMALRAE. HI, LTUE
AHAFERXNZOFHOFEATUEMEETFAL., ZEERLITIA
MEH AR MEXEA, IAZRELTUERELSER. T
AL kA R LA T AFE AN TR ELTRLRE,

A2EFARLAG—NEARBNERTE. ELZERTET,
B A% 2 RBGETHRAXLZAMBE L. BREL 12 LR
REREZNTEGEERKGAR, AMRNBERERELLK. ZRAK
ﬁ&#ﬂ%ﬂ%t%,MA&%E&%W%&%%%iiﬁ%%W

b, BIFRAAALAEHARNAAFES 11 Z BRI, ZARY
ﬁkﬁ%ﬁ%\ﬁ%ﬂwwé%%iﬁ AR AL R BT A T L
KK, 2 RANAE & F PR AT TR ENER T VA 540 nm H F 3,
stFLEMEMEAS8Snm A F &, BIPAATAQLIERAF (RS F)
TR B A%, FleRMALT. EXNEARBRERL L ZRE
(LED) .

WwRIZEEMBREEEN, TASEALEGRNEREAL-RET L
BAATEL N AR, LTI AR AR T vA B SRR 7T JU LK KRR AT A4S AL W
JZ . RRAIREE 10 AL IR R 4T, B LR IEILE| L AF Z L 11,
BT AL 12 EAH e FBEEE (CCD) RA4E B ALY
FF4R (CMOS) BZAER 22, B AL 12FLF A% 11 Tk
5 QA o9 dE g X R R BARAE A 69 2 GeAa .

B NERREANS —KAFTETY, WEAL 14, Bl d
27 (LCD) B, TAEKBEGHEETFLR B4, #3454 RT
EFHERBRARFEZAGETERILELGANE. Bl %

22
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%7 RMAFTACHELEREGNIFA, REZ LB ZNZF EITB
VIREE M ESD, BT RV IREE G E S, ZNAFIL BL AL AE 1R P
ZUMKHEENCCDAME 264, AATILENEEY, T%
TUARFEBLE R, Bl R, HIERGAKRELTUALER T H—
ARG FIRGAF R %, £ LA T E 4 Nidek NM100 F 45 X dF i
NREBAHANF, ZHEEF (LCD) (RALET) F—KXEA
EXEARLE, A BiI RGN FHABMANLE, FEREXLERF
BT AAETHMERFTETEA, LCD A (XA TEE) T 1A
REEFHEXBHNLETYFTE, ARBREH KB ER DTN
Mg, EHRFEALCD FER—ALL. BRAL 12400 A%
22 7 €, 3& Nidek NM100 F # X 4F 4 i X IR & B AE AL, Topcon
TRC-50EX ( TRC-NW5S/TRC-NWS5SF ) ## Topcon TRC NW6S E # ig
KA FERBAIH, BFE—AHAA Pulnix TM-7EX CCD £k 4 B8 A48 L
AFE—ANBAMNEKEHERBE. ZEERERTHESBM%E,
HAOGEAENEE., EFTUARREFEZRENE L, ERE
ERAREHAERNT R, GREERDFAHBRETAUAEMUT S
M EGEMINEREREANE, whB a7, BATHHE®RFTE
AR T KEIL, 22 MR FTNMWERGE R TE ZHE, L
MM EFFEELE. BANTUAELEANAERE (AFH) A
B RFAXFELE 1], AAlEINR R F R R IR ER .
BAARLB 2, AF 2R 1NN B 55 REZA% 6 8L mit
B, EERAROBBBRBEREL 1THERE, BREREZL1TLE
KFHG11BER@mERE, AR B HLRAANW R BAZR R RS E,
TOAME ] AR B REAE KRR A AP R, A AAEXRA
fZE¥ PR ERHARTATNEFCE, TURALFRAL 1L
WH— A5 EHAKBE, P RYUAB CCD (RE/AME) AKX
RKE KR, RFAERLEREZANBEHGHS, P RUEFF
BB B KIS, AF AL 1 TAREABITEMHT 6
FTERRAGNOUMBHRAAETARENHS T, ZEFHREEAE
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XAR A M 69 RAR A IR 7 XIB S A=dehl. &, REHEBE
Hm) P R R, TREZEGEE, HTREBESBEAEY
NMNRERRAT, TUEEEPRABRRATEE, flloFwh 5%
PP BATEHEER. wREMNT LY (FlehkgROELH
AWt fEd ) BEFEERET, TUH R BBRLERAF R %E T4
#, X A4 T RIN: RELBBRGEIE, FASLIMEARE LR
EXRFEAGARMBATAFRZANEELE, ARFERATHELZETY
E 4 B AR AL B

B HK AL 17 ARG (A BHRES) BFMHiE4, FHZ
R EREXRARBAH T /af A HRERL 16, KNAHKF 444
ELBRAETIN. BEBEARSY EMUT “KAHHRBRAANL R
B het, RMHBEHBRTUARATENRBEHARLESA L RLE
i+ E M4 F & PC L&) National Instruments NI11409 #47, B4 5%
A4 17T TARAFERBEN RN RBH I LR ELL, ATHR
Fo G fEiE B e B AR AT, TOAER T & X R A 8, adE
MATLAB P8 #F T B, BESH AL 18 5BKRHREZL 17HET
Rdmikid, AR ERAARBHRML, AT ERNZEH HEHS
5. 4R TURBEHHEAA 0B TLBESE. L E% 20274
F AR L HIE KRB XTI RARIE &, T @45 LCD 2 7 A X H b
B TR,

B 3a7h TRAEEFBRFERAGOMEEG—HHBR, EHR
HAEB 2 F4ATH 10, oM RECHEGEREARGAFELR 11,
A TFHRptAE BT AIMMNEL, R G0RNERSHH
Wit L R MR, FEREILEALK, FABETRAH B,
XA ARAL AR L QL35 AL 95 SR AR LR AT 2 BB ST AR IR 0 AL W R 69 35 4%
EEZEAT, BRBOZREN, FHBREFLTULKT TEHKE
AA., SR XMHHBRE, HTREFCBFTREREANZEET,
A PR ZELENEETRARBRI KD, KAEAREKRY 10E)RE
BHEE, ARKY 20 25 FTRENDGERR,
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B3b Tl TRAEFRFEAGITEKEGAIN—FBIK, &
FRFEAB 2 FAFTH 10, Ao EKEOHEIERARGAEFEL
11, AFHBEAREEEdHILEHINANE L, EIKhARNER R
%%Lﬁ?%%&%% FARERZXEHRE, FEEFTRAEHAE

. HEHEBRL OIS RAERATZ B RGN R I
lzz'%a EiZEA% T, SHEAZEHEEN, HHABKREMSETUL
BB T2 AE,

A3cmETRABEAREEZAGOTEINA I —FHBRKR, &
%W?E@2¢ﬁ%ﬁm UM EAEOHENERARGAF LA
11, AFHBRALAEATEILRHINARNEL, BRKGAREBER
At 538 i B LG R A A, ﬁﬂ%ﬁk%t% JFEAE 5 R E Y A H
%, ZE KB O35 6898 RAE IS AT 18 9 5 s MR 69 AL W B ¢
E4. LB AGY, YA ERELEEN, FHBRELLTUL
BR TR E.

A3dTd TRAZEFZRFEAGIMRENHII—FHBR, &
FRFEB 2 FARTH 10, EOMEBE O GERERGAEF RL
11, ATFHBAXEFEB TR ILLHINAME L, BIKGAWER
MBI RMHA, FAERAIBAL, FAZTREAHAEB
B, RN K EN @158 5% KA AT B - AR AW JE
Wik, EZARY, SHAZKBRAXKEN, REHBKEMLSET
AAER AR A,

B 4T, BB ST A LR B KA E 6907 # 4T,
AR AR LKENERE (RERABFEE) BRIBEABEFRK
Fo 1TAEZRE TR (BPEFHENEHER R LGETHF ) ¢
Pt B, BATEAR TR 18, Sk A A4 20 694k A 3E T
VAR L7 P i H 29 A A MR E MK AL 14, REL G FT
(REZH TS ) .

ERAZRKOAEONEEE, N EAaFEREIHLAKREE
AR, RERAGARNEFEY (RETURFARNE LS HFNE
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EOEMER) R L, MNEREERAL. LR, ARNEA
Bk kLB, RAXAw LR 4REERIK., aHAE
ETuAZ CCD. CMOS AR, b — 48 % 8 45 95 B i IR &
A ENEMEMEE, ATFREEOEIRTRIEMNEETNFAL,
HERABRBGG—ANERFEFT, RETUAELSAMEMNZHNEZE
BT R T A% A E/E (5 F CCD & CMOS A B f F ) Anit
k. RRGEBAEM T E KT AR AR JRAEAT IR E X R
e Tk, BRI RERNNAAAF R ETSH RS E 2N
bRV RIK., RANBEFAAFHRESANEE, B2 —BRAHNIEE
EHBARTFAFANEEZNHA, BRALA THEARFHNE,
FRURBRAEARGREANBAEE, R RALR. §TFTRLK
AN THIMERFTEMNENELZGFHLE, XAE—RTHEAK
MEHK, Al HBL—ZF A MNE, —ANEHEF KA A
— R 5Bk A M ENEFE B A, XA R E T AR — R P AT
Bt b AR BR A B Bk A Z R AL R B ) — ROk 69 RS R BR kit AT, iR
— Z B P RS AT T AR R AL, T E A A
HERGRHE. ERATRBERHFETARARERS, 122
AT EBEEFEFAFERT A BERARTER Y GRT. BRFTBELH
sTAR B IR G AEATRR B8R, STUA R B AAEATZE ., AR EHEYT R
B, A, BHLTALZESEY,

TR ZFBRT RS, S, FIRAEETSHE (FG) N
KR KPR R B FIBRA, ARG R KB B AR R R R — &
IRkt (RBETHRIKTARINRAEESBYGIRT ) , ERTA
HFHM B FRBEASGERE, AR EREELSE. BRLGKK
TAE TR QMR XA BAALGRKRTREZOLTR.
— AN TR B G E—EWRERY, AR SEZANEEL,
KRG L E A — BB A A 6Ae— 2 SRR B AR, 2R A&k, did
Bk B MEH AT, ZR SR AR TRAERE,
B ST, BEMERENHE, TUAHALABEBHBERE. NE
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ZRANAENG, HHBRELAG. ZHAR—ERERY, %
FRom) B 69 AL E R AT B ML A AR e gk 4 i T I

b 2 B F BB ER Bk b 64 0k K T AR T AT AT AL & & RO 89 AR AT
KK, E—ANEkFEd, TURARZENE TR LEME TR
M ERFTR, AABLBEETEANL, BABRAERKGTL
KKK ERMEEGAERM, ONERBERAES FO—FF LR,
GEETAERA S ER (Hlleb il T AN ERBAAITSEHER)
TRk FF), REZAE CCDALE, XA A ETIMNEE R
HARBAOERFTLE (A TEREEREREEE 4 540 nm ) £
ABEAKX, FRPREARAAMME, F—, FRAFTANTEHET
FAFE, F =, HREMP LML, B ERFE RF RIKRAFEH Z
8 M 4E R .

Je A3 i A2 T AR A F R B A, AR W AEARATAR & E AR
HAaeRZZOaRERBRYEMNNOY R, §TAAMHREENHFL
RERTFAEAEE, BhoRRALANENNEZTHRAZBENE
JUAE bb T A8 A TSR AS A

AFRE I FBRPRLE 128F —ANERFEEB 6 F 7. X
FrM RS T —F R KGR BAERF ARG S L ARE
iR B R%., MAEKNEARZOAARSAALNIE TS
STt AnE, B, tZORKAAALGERETRSRELIZEE R,
TOAR KRS AR KRS 4.

B EHRE 10 KPR, ARARR 40 F AR/ AREER
E 4l Fe B4 43 BT ILRMG., FERFTRAOERSE 45 R2ZA
F Bk B b BAR 42 H) A BAEPGE T 4 4R 44 698, Bk R 40 A 550
nm ¢ F R 46108, JRiTAEIT = E 5 K4 48, KGR LH
45 43 HEANRREF 10, ZARFARKATAGEEALAZANEER. &
ERE S ARk KGIKREEATRSNERZSOMAER R GELY
MEORK. NEFHRIREIBALREIRN KT AR HEKF
R
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ARLB 6, RH/ETATRUEAMEEFLGARE (LELHHA 54
Fa 55) , JB kA BLARAK 69 BE S KB RAOE @ T, AT A
ZARt kK, IT U TER: ALRAFEE SSBMERIAR
51, VABR R RE ¢ K KBIRE, A TAFE 550 nm &k F R .
KRB SIGARRA A2 EHERELRES, BIRFRE 54,
RERTHERR SSTERELE, K42 600 nm., KR 516K
RETRIEEILL, HAMMBEYG T KRERBERBEAK., BRAEAKT
VAR JE R A 55 A 600 nm 9K KR, RAAERAFRAKEER
Bl ég ik Kk #A4E. 15 600 nm # R KRRk Gk E, BAMEFHK
KK EE A 600 nm AAGARM LA, AP 6 E Bk ) 6
K. AR SIGBERARKFE, LFEFEOHER. #RE 50
HIRAMERE, A EARELSE, HEE 50 TLEH 4 CCD.
CMOS A BB R AL ZHE. Ld —HMETHRAZAFAE CCD £X K
HEE, RBEME LAY AALEFNA —AKR, R R4
Bk, o L @RI G EERE A 6,650,915 ATk, RH A RH#TET
B TR & S K T ARAL 4 L AAS T,

ALB T, KRERHFI—ANFEHhFERXASAREBEE LY
43075, RERBEEIA4ILEHFREP, FEAKERAARNBEL
i Itz ATILEg RS ., B AL 7S A RTRF| L& AN M AR £ 6 = 6
SUE. TR TATIL 7S R DA E N BARKER, flde, REHAAR
JE E ey P R AL R A A6, B % BRA R b Rk W Z I AR ALAT Y
2O, dTFAEFRLR TN, Kk cds. A,
st F R L RELTUARBAE P RUZISSRTERN, s FHEHEMS
BEERRALREXH, AXFHEALT, £E4IL IS TUAAKERE, £
ﬁﬁm#%wz%%Lmﬂwh@%%%&TubﬁzA%\&%
T LR IR 6 R R R R E) R A RoKF e A&, flde,
TAFERA L EZHEAMIE L, AR ERSH B ST & AR
AAKRE, H#ELA—KREBEXIR/ES, APt d, REL
KEREE, BRARAXANRESANHENRAE. RAE NG
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CAZ A £ RERKT L, BBARMNELABEKE, TARME
EHRXBEIANAREBHFMRME L, TUARMBLH X EE, KA
RIAH SRS, KETUA S AL RN BN R LN
5 Kl 35 45) 4o CCD M 5] 45, Sb4k FF i 4948 ) 7 ik 45 48 3 % ik b
ME e, L4 0RZEFHE, BB HRTERK. 5L,
570 BAMEREELNRETHR R AL, XA EE L (F
8 ) MERATEAR T AER AR T AT

F R A CCD X CMOS s gty 267 £, T AR AT E R+
6,440 MATLAB ¥ Tk F 9 BG4 T B, Al A X T ATl £
BigEE, ARELNER —RK., FHEFGERHRTARNTE
A B E R E (i £ £ PC £ & National Instruments NI 1409 )
AT, REH A MATLAB ¥ F T BB AR MY, StH
Wik s A AL F B AR T

EHE ZHERMHEAMNG—ANARAHXT, #1A CCD X EM
HEE “BI AL HMEEGEARRE (fledrw) ., tw=
MAALELRH—RBIES, @ CCDRAEAH. &R CCD B R
B, XAZKEE, BAHBEGTART AR TEANG XK, FAH
ZRRTUEELAN, wREALL _BE, THEFEAL -_RE
et g a3t g, XM Ss ey A ik k.

HATE RN EH BN AN ERERRELR G IET R
FoE KR K/BRA S 5] AL 6 BB B AR R KA R &6 Bk, TR
09 R B ARBEATAE W ST LA XA AR DL, AT 2 R AR X 6
—/NR R, TURAMERR, 6, @it FAL R XA @aﬁ)c,
EMMAYZARETREEHGHRZ L, AANEEZANBE LN 2
NREFG R, © Q42T % fm XA AR A, J?Z;Lé*\,ﬂ{%éﬁj"-}
S —F FEREMANKEKTRHATNE, —DNEKKEFAHTHAHE
MEFEIRBN, Fldo 540 nm #9488, AR KL TFERILE, #)
4o 800 nm. A F B4AE 2 AR R R TR K KL FAEZERIK
KK Z IR, FELAETE EXRAELERE T A RLNHAL

29



200480019815. 9 o P E15/23m

10

15

20

25

X3X. #l4e, ¥F 700 nm 693G L0 sM R KA B RAEH & )W IR ARE
FZ by at b, ST AR R KRR X AR UL LT o R K IRAF AR AR,

ERABMGEYEHARFTEPR, TUALANR £ X6 K& E#ITE
g, BdHZOENE—KBARZIREL, REANREXEAM
STFAASHBEE, AREAELSTHARMNE —RK, I, F—
BB TARFLREBEIEGIER, B3040 T4, it
FAFEGLEFE, RBRFHANEE, AM TR — KK,
BRERRTRAM A G E O A mE—R, ZTRNAZTERTEY
¥,

B77ET7TEZERMNEAAARBEG RS AG—ANTHHEEKE,
% B BEAE A R CCD BAaA 22, AWM B %42 F CCD BARA 22
Lt TURBEERESZAFIRREIR. Hlde, ZRETUSHEL
A 42 0.6 mm # AL R L & AR A 3R K 89 4T FU AL B4R AR K G B R
EARBTTETITUAASE MHEAKNEFALNSE A LED 74, 2£
HEE@ LR T, EAKKA 593 nm 693F LED I3 HEANK
Fo B A MG B,

13RI AL, FFAHE A ST ARG B L B F 7] 4R LK
WkMHREE L, AT IRAHNYHREE, RRFETHBZNA
B3 E. B4 63 TRARITE 1045 MEFRMEE B, Hlde
Edmund #A54-426. LM A %k B &K 593 nm #) LED 73 ¢9 LR A,
LED 73 #4025 AR ()40 CIC PS-1930) 4% 4|64 +Tf 3% E 49
LumiLEDS #LXHLMLIC LED. LED 73 # % sTvA Bl Sh & & 79 #l 4
Melles Griot 13PDC001 #| 2. LED X XA 10 4% K45 77 B3
Edmund #36-132 ¥ % . LED 73 /& B 4% 63 #9474 F & (reticle plane )
FHERBRME. Blde, 1mm 694 754 TFARLE TR L, AR AL,
ZILRERAR A Imm. £ FEH6) P, B4 63 o AR KAZHK
A, BAMEERLBEGERAFT 0.6mm. HE L 79 A THM
MIE LR A LED T3 A EZEE AT AHEORBELNEAE 69KF;
BiZERAT, 2HASSR42logHZ, (HREZENEFARER
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B e, RXAAEBEHRAY A=Imm’ AR EILARGRE
L1 KAEE /M. )

1% XA QWA B4 63, FAILBRLETFEAATF TS, £X,
KEAMMBEF L& g, —HoRALBARNRRHN, @i
gL, Bt H4E 63, £ ImmAtsl LB af., EE4LGARRE
BH B FEA 442 2 HMAEMEE 61 L, BliotE A b sk 4L % %49 Edmund
#36-131 &45. BR#E—F /7, RLNRREF4t3LE CCD BARA
22 4] 4= Pulnix #TM-1020CL % DVC #1412AM B ARMEG A K T4+ £
A

1# ) Cameralink™ ti 3244 %, #)4es% & PC L&) National
Instruments #1428, MBAEM 22 X EHAAEE, XG4 AH LY
HE%, BRSELH, —ATHRIHAEF T, BAMNL22KE
AHESWHAIKE, B EFHS (binning) XEH 2x2. RE—Z 7| R4
1%, 468t LED A1&i&E. 2-3# 5 LED W EHEAE, KEFEF
BREHATFTEANE, REFAWMBEREE., ERABETE
WAL A0, HERELERA AP BEI G, EFEANT
RUeF SIRE T —/A 40x40 B E W B 47K (ROI) . RAFKER
#ROI e FHRE, B IEHRBEAHKER LI TFEAREFATR

e HT .
B 8w d T —AThdh XA, HAELZBMIM T B AFR
3R B . BAANMIA SN 20 M., xdAHNE, LA, v

A PG ERAE, R RBAANELL, KB 8 PAEBA L, 4 LED
JE K% 3 A APtk B Bk Eat, MBI OETHLKRERIEE, A
ETUESNNMBERSERERRS (TE4) . % LED £ 23
ATk ik AKRER, TAANEEZHRAE. LASREWHEAYIK
R EZ AT VAR Z G W T Y 5% E B ST VA R Rl 3T 50 M E A5 EAE I A
%, BAHCHMARBEILER GANHAKR, BREMNETLEL
KA, RAMGFMB G AREZIE S AHME A, Rk
AR, MTeA S FAEEM EIIANT B (offset) . FTAH—
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R HRAET RS, AdEAAE R E A EEAEEL6E
Bh, AR ZANENL., TUFEZBRREFELLEZE
TR EFZREHMEIGER, AL CHBFLENBTHEALEY
BB IR A B 5 AR A5 S5 ATHIBIERILGRE,

MO hTHSH—FNUAKE, LHFMLEF T HIAKKF 6
B EAL, ELAZRT, LRAQFHHBEARTH 123mg/dl. £F
TR 4e R, FRUARHERK, NFHH MBI, K
HFEETHEWATEFTRBAGER A, ZRAEKETAHGAN KT
BEZREAEFEARPEALTARBESG RS EARE. £ 340,
LED &%, AMBEFHMEEG, TREARMHELS. 4 LEDZEKEL
B RAsKFar, TUAEBAMBEG RS ELAT S, RENFLH
IS A4, MARFERK, RAEERBAREHOMETE, H3
55 AVBT, SLETASARG) B ik E a4,

B 10 27 4 # 24K -FE1KA 81mg/dl B AF B — %2 3K 4 49 48 )
B, £ZERF, RAELRMENKEF, H 8-9 BRiaEia, £
BAM BB RABEL A 11-12 NBARNIT S, EF T 65 KA 40 £ 44
BHE A, RAERZiEEIK, HRARKEHINAKE, 25HF
AHEFBEOTHOHNEIRARXKFHEKTHME, RIRBAEK
BHFZFOQBENEFBT RIS, TAREMSLK. T THI
B 10T RETE, EENSAEB 1l F+d, £+ LB 21K
FEAEEH (8lmg/dl) , THRZH A EH (123mg/dl) .

Bkt 3 A
BRI, PREM— AL F—RZKPHEZETFT—HRIRA
FREOLTRR DM IEN, Jf 46 0 69 XA -F B K P T A4k AR A “i%
BKF” K “LB” . 2 RIREFANTARE, 0B 1277, ALY
R H A AEHRBAKE, RHERKFEEFSTLB, REXLAEF
FLB#HAALEE, KT LBAKXAFA (FEE T KT A Z LA
E5E, BE. FRAERABANGL) . 2R, YHALZET TR
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FBRARMAATHMALAEZS (A THEILBUAT), mMARRE
THEILBATHAAFALA A THARGULATHHBRHRE
BT, MZORBRARE TR IR, B RAEEF RIS,
AR LK, ARBMEEE T ARGR DR K, ERHEKF
TR E G m, FARLA T RANHL, B 13 T,

B A BT FHREHI S R\ 694045, L0 Ext o F
ZhfFARE, ARFHTRFTHEEKFE, A, ZHELT
PAER TR B FEARE, BF0ZMER (KRAX “LR” )
oL OEEHHBAKFELGEL, v LRRINGEER A
6,650,915 AT 843k Ry K, RIZEBEGHM (R “R” )
Hy, LEATAEEFRZOABLERE,

BIAE, 4o R BB AA L h Bk, N AT — 2 RE M, —FF X
0k RIRMEBHIE Ity — R FI kA, 46 TALT LB 69 RREAK
F, 4R FLBREZHHKT, B 157, RIFGHEERTZ
BdFHAER TR, FELEF. 8K IRIT 6PFE LA S UKD B
BTA ) 691k B4R, HhkF KB R VAERRT AN FASEZON, R
ST GG A A B AR 3% K, [ R R BRIk g AR, 2T E TR A A&
BEANMGER (AL) . A EG BTUARMKTZRGFLE
(B 15 ¢/ “#FAFe” AR DRMRAF ) , 235 FHEKE
A X

BE—NTHBHERFTER, RAREKFGKRF, EMNEHRFH
F LB, 4B 16 Ff=. sk, BRFHEIGESE (RE) (£ A),
R Bk ZAKEAATIE I (£ B) , ARFA G| ARG IR ZE
W& ( “HKFAFIRT ), MR EHBREA X,

BB ELTAALSZAERKAERE RS, B 17 FFF.
R A F, HIAS T AL 10-20 # 3%, KIRTAR 1-2 #E., o
RSB =A R, REKAAHRGE ) —FH45 5T LB, WG
F LB ¢4 B A3 o5 A2 092 & F 8 A% A B30 20 18 R B 438 A,
4o 15w, BEAMESTAATFTREF HAE, XA TUEA Lot
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HBEABIBRETHGMIANS. 155 5N 49 Ik té 4 F B 14
Btk mig i, BAAHHEAMMEITE YRR A H 2 FHANBEL
B A B, Emeh EBETH HEKE. 5 RARS G M E
RAE T H I 5@ 6438 Ao =T VA B M 2 F AR A
ARBEFI—ANTHRERFE, AIAZORENTHHE, & T
ERFEAALCEENNHLELALAFRLE, AR HBEREAFLENRK
RO BER BB REBZARE, SHXARET—HMNTHARE
M%mk%@%%ﬁ&°€£,t&&m,@%&m&ﬂ%%ﬁm
REDED., =, REKRRK, #FERNTHRFBLE KL, $=,
REEZZHONEERANEZIRAGM “B” . RE, REMNITFH
AR AR ARR R AR IGIEE,
EFI—ANEHRFEF, wB 187, TUREIRHT “Z2HF
#” BEATHAREETHBAMNT o, E—EHEAF, Ak
ARABESBANZ F ik, BTN RE AL T AR B E &R
EE A, XML T ELEE A ¥iF 20040087843A1 ATk 68 & Ik e
F, EBHETHAET, pRIGEREZTINRAAZBHRALEALS
WMk ERAEE, NFEABRKPORNELER(THELEZRAE).
LRBIIARNEOSZ THRAN, LEFHHALTAER, JFAR
HEKEFAZIARAARGH HBREN E509KF. EXM 75k
v, AR —FARRBYE, RS, RRRAE. RMET A
AH _RRIHARBY, KA, LWREZASE, HEL
5% -/ iggegkfi. wRAEBRIKTFIRES S THRAGKE,
N SFHRAPGR TR M, 2R, LRXFTHALELEREEE THA,
N EH G RETRE LT E ZH RSB, S RAZAN K Ao,
M RAKXB S TR STFTEFGHHGEKE, LEORKRLLH
AR E, FAFARTAHEZIORBEE M ( “BERE” ). T
AZEART RS TRAMGEEAFLARE AN TFRASTHRAET R
1% F- %) 8] 4B IR
ERBTZQFH " RAANELRN T oABYFE ALk T,
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AT AN EA AR FARSH T RYRHME, ZRA
B FHREAENKE., F—ARARZT FPRUGRHE, FHLAT
BRBRARBARGRSE., AF - FHBRPKFEL GRS, £
¥4 Bk ¥ a5 Rk b B8 A ) 69 RS B KR, KA RE B AR T RS
AR R EHAATE BT RE G IE, AERHBEREA X.

LHATH HBERNEN, TRAEEFZIAGMRER, & T
ERTHREENHENELERATRAE, B, T HELEZBERRK
AMBRETHRY QAMNBERMH, AoPAalEexFLtgE, T
FEOZHARAFEFIRAE. REWEZPRELAZEAPET R
A, AheREEARELDI TAIMBTRRGMEE. KEL
TARERAAEN AT E, M ETEEFTRENRETEARE.

BEZEEO—ANERFEY AR REARERE T EAMNRGIK
B, mEARTRAEFTEERY, BARBRTRYANELTNE.
RERFALARE, EATARAEMELSGQRENZTHAR, 224K
AT FRAT B U T SRE, A RA LRATAFR
., —HXIHFGRTAFREMNZTHFT ERARLHAESH. T A
RALEATAMNREZTOAF AL, RELHLIEMZAH AL
M B MR L B AR T, RERTALGLALETFTERR
M, TAREE BRAFGAALINE R T AH A AR TR A
FMEFEEAMN TR RFEBETRA G T &,

BT AHEMNEAETHAERRGAFHERI), LT AR 3 H
Ak Bol ) HAAE R, FEESARETE R HBREAR XKL
M, —FF XA HARZANBEEE”, 4 O.A.R. Mahroo #= T.D. Lamb
B A “Recovery of the Human Photopic Retinogram After
Bleaching Exposures: Estimation of Pigment Regeneration Kinetics” J
Physiol., 554.2, pp 417-437 89 X ¥ FTik. EZBE AT, WHE R %A
B R o5 R R ERAR eI H Rk, T
BERREOFHERARTIRGLEDIRAZE T FORBLE
KF, FIRZHEARNZHGBHERETALF HBE KX, okt
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FMERETRF L,

FAf, T AFAFERELEFRARAEHNEFRELFLENHER
F, BESREFALT, FRMERI KA L gd/TanE, FELE
KA TFTRARBEREANITEFHE, %A KRR EETERE K
FAEGRE., AR ZHEARNZ B ERETUL F HAEREA KB,
%o F M F KT RPTA.

WTANEXRAETRFRAMNEAF AL, FALXEEZN B TF
KRR KBAT RG>, BER H FRFGEE DA FHRH (F)
4o CCD #rifdr ) FARRXEFRATATH, FHLTUAX LR EME
Ao B8 6 RA AR R F AR R, P REHOTB X, KA
FHAKEWLEHIREGH N, BAE, 47 A F X 2k 34 My 1
TR AE FTRRB DRI HRXEE,

EFMEAEEFAREG LRET 5 EAT LA RRAT
RBTZRFORRREIEERILGER, —FF XA EREZNR
BREZFTTM, XZ—FEERH, HFTARBEFHEELIARTEL,
B 0 ) Ao LI & B 4. Sandberg FAZEA A “Acuity Recovery
and Cone Pigment Regeneration after a Bleach in Patients with Retinitis
Pigmentosa and Rhodopsin Mutations” (Investigative Ophthalmology
and Visual Science. 1999; 40:2457-246 )8 X EF &7, E R/ EH W F
AR EREFRTEFTEH. b, 2RO BFALZELR, RH 5%
2% RN E mAEARLE S, A RS B XA KRR Rk, 3
BRMmEMMBAELTHALBGEFT LGRS,

s JR b 7T VA B % 64 #] )48 M 44 5K 26 4]
AIETRAETHATORE, 33 5 XRMLERA, ERFH
6 RitAT 16 RAL FRRFo4E (BLRE) . AREAZ T
AEK A 593 nm 498 LED AN ZEKF, &R (FE) R
WRR & EE, MEFANEGESEANAKRERE, 28 #4720
AF, RE M CCD %5 E—RE M ARLEENBAHRE, wd L H
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5

7-11 PR,

£ 1
Z iR, q R | 4% abs &% | HHEH | AREFH
# ’ =1 (cts/sec) | (cts/min) | # &4% HAE
RGM |4 A 2H 1 -0.1233 7.3980 129 148
2 -0.0877 5.2620 113 106
3 -0.0386 2.3160 89 93
4838 1 -0.1058 6.3480 121 132
2 -0.0390 2.3400 90 100
48 48 1 -0.0857 5.1420 112 118
2 -0.0309 1.8540 86 101
3 -0.0353 2.1180 38 89
RHS |4 A 68 1 -0.0693 4.1580 104 96
2 -0.331 19.8600 228 163
3 -0.0391 2.3460 90 109
JW |4 A 8H 1 -0.1976 11.8560 165 191
3 -0.273 16.3800 200 202
RGM |4 A 12 H 2 -0.0517 3.1020 96 81
3 -0.0930 5.5800 115 104
4 -0.1279 7.6740 132 123

X4 R (REER) ARABEHHBRAGR, T HEREMSAK.

UETTB 19T E+.

KSR RBRBELTHE (y) HERHHBMA (x) . 16K
FW R XA T KoM, RAFR 18 “HEGFHE 7, THiE
5 &My “RBEGE” FARk, BE LA T LBLT T XS

HEAT A R AF A 1AL
10 BT A iX S 4B AT/ Clarke % 24 EAEE, B 13 Ffw. £XA
B RPN R iR EZHERE PGB MERZET, 16 MNE R
FEISAENAR, —HEEEANB K., Clarke & £#6) KK E
XA A “ERLEAEHEG” , B:
R ETIEZE” , C: “d@dARE”, D:

“Z 1%k £ (benignerror) , &

WA SRR PSS ) S
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E: “4ReAE, PERE” , X2 XA F Z3 AN T
b B e R BT ) A,
A, B4A28F4A 128811 REFEAKET B 20 FFF
PR, TR BB A ARE — R R o B 69 RS E T AL A B E 4
s B, RA#THEALREEME R HBMEIN L EZORERXFRE.
BT AAE, 2VE 11 RAFEA, REEZATZLNF %R
FREREFAERENRA, MRFLERGEAHETURE R E
EMARENBFTFRAKT 11 R,
MHEME, RAPRRTFAEARAPARALBYERFTE, AL
10 EFEARAERFLEANGIHAH K.
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