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21 BRFOTE -~ RFERRK

%4 B 2 s s (International Civil Aviation Organization -
T FAICAO) R ¥ S E 4 E 2 (Manual for the Oversight
of Fatigue Management Approaches, ICAO Doc 9966 - 12 ™ fj i
ICAO Doc 9966 ) » & ¥ iy ¢ &f FIpER 7 &~ #. ?q?ﬁiﬂ*?“ﬁf« .
AN T Gr (FFEuTmA/Z DRER ) # HEST DA
LIEAE NI R \‘ﬁg g N3RS 2 X pRFEAL S 2o T
#e z =B P(1) R RF] D AepER A B FF R EL

2T R E 5 (2) R A AR eI A TR
ﬁyéfi@% 4B 42 2T ER A T o

FIFEVRERAREALRY o 523 ICAO Doc 9966 £ 4c
£ = @ﬁ%ﬁé’ >% F ¢ (Transportation Safety Board > 12 i # TSB)

FR A ERAIRFORFAT &I (1) BHPER T L
( Acute Sleep Disruption ) ; (2) & # ptp 7 &_ ( Chronic Sleep

Disruption) ; (3) # % 7 pEpE - (Continuous Wakefulness ) i& % ;

2 F~ #_ &4 T A physiological state of reduced mental or physical performance capability
resulting from sleep loss or extended wakefulness, circadian phase, or workload (mental
and/or physical activity) that can impair a crew member’s alertness and ability to safely
operate an aircraft or perform safety-related duties | -

3 Transportation Safety Board of Canada (TSB Canada). (2014). Guide to investigating sleep-
related fatigue (2nd ed.).



(4) 4 mpFsseng 8 (Circadian Rhythm Effects) ; (5) pEm st
( Sleep Disorders ); (6) % L N SR 4 Lfa'fr’% ¥ ( Medical and
Psychological Conditions, lllnesses and Drugs ) 82 % ; (7) &% &
WMz 1 1% § = (Workload) % % (1) %2 (6) myupm 3T &
A s KA PER SRS W 4 ’?ﬁé%mw%1&¥&%ﬂi
( Sleep-Related Fatigue Risk Factors ) -
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4 (1)Transport Canada (TC). (2007). Fatigue Risk Management System for the Canadian
aviation industry. Fatigue management strategies for employees (Report No. TP 14573E).
Ottawa, Ontario ; (2) SKYbrary. (n.d.). Fatigue. https://skybrary.aero/articles/fatigue

4



(1) 12 ®HRBERY I LT RLFoamed AR BRP 7 >

DT K =l SN
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(4) &
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&

HE.

R AT RS S 3HES it dheT

£ R (Physical Symptoms) : 4cfves T ~ PR A AT 2 TR
Hpep~ 3 p o BEEE 6 (72 do g pE(HepEmS) & o

g,uxr:);};;k( Cognitive Symptoms ): 4rgt il & 1 § T F 2 Petd
sEAHLERELEN AR DL LR DT~ HETR AP
%ﬁuﬁi HFOTHSFT AR -

;.l

% ¥4 (Emotional Symptoms) Nins G N N )RR
oL R E R R NIRF RS RIS

5 Transport Canada (TC). (2007). Fatigue Risk Management System for the Canadian aviation
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industry. Fatigue management strategies for employees (Report No. TP 14573E). Ottawa,
Ontario.
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= ICAO Doc 9966 + PR, (Sleep) i~ 87 @k & » 3 # ik
BGRB8 2 HIRBR T T RRIL R | i o gt pE

A

b”%r@ﬂmﬁ’“uﬁﬁﬁqﬁéﬂmWﬁ’i@ﬁﬂ%ﬁ
Efem LT M g S TRk BT

PEFR, 18

LggenpERod 2 sl E R (1) F 'zé%éz‘ﬁ%%ﬂ ( Circadian
Oscillator) : f&4p 2 3F55 P PEFR £ AR 8 P8 4] o F "RPER 5 it fie
EE R RE WA RS EE G PR B B LW SRR ST (2)
PEFR &7 L2 T i 4] (Homeostatic State ) : i dp pem 5+ Sg4 4
FARPER A R e o APEFE o RRER PR ASE o FARSRA AR o PR
{8 0 i EOOF cnpR B 7 Ap 2

PER £ A 2 fE3 f 0 A e

1. P-i# # = ¥ pe (Rapid Eye Movement Sleep > 14 fij # REM
Sleep) : A s>t pER PV AR R-d @& > ¥ LEIES > g

2. -3¢ # ey pEm (Non-Rapid Eye Movement Sleep @ ' ™ §§
#- NREM Sleep) : 4 &7 jb P[4 £ #3055 65 5 0 R 75 14> 1%
WEM VT E L SIBIFE I F 12 EZNRE » &% 3P :
iFpEg i ¥ pER (Slow Wave Sleep » 1T @4 SWS)» 5 &

< 7 _& 4T T A reversible state in which conscious control of the brain is absent and

processing of sensory information from the environment is minimal. The brain goes “off-line”

to sort and store the day’s experiences and replenish essential systems depleted by waking
activities | »



BMRE 2 RBPEF

1§ PR Pl A2 0 i F LU R ~ NREM Sleep % 1 FF £ >
PP ﬁ).%%ﬁ;ﬂ%ﬁ‘ii ARH ST ESERRE CRAENF 285
SIFE LK H S EEw % 2145 0 £ :2 > REM Sleep 17 pEfR 3%
Eﬁﬁv’;{:’r’/%ﬁi;ﬁf\”ﬂ E% 2% 3MEL Y5 2%
o Bfsit » REMSleep: 5 - B = BpRix ) o & 13158 590 »

8 | PFRER G 5 BEH® oW 2-1- Ra > F BT FEE &
i » REM Sleep Fg £ B 7 it 3 fpeR foif ALA i 412 2 LR A

LEFH AT w238 F R FEER AT 3B
| P RERAR R AR A i PER G HRENE PR R S U F 2 1 PR
LA BRGNS 2 PEEPEROL BB B 0 9 b RPER 45% 3
60% * # % 2 P& B pEm < ﬁ%i’\&fﬁ»ﬁ% (Baseline Sleep ) - & #p pEfR |

# 2 REM Sleep spF vt b3 e o Eﬁ*{’”\w%‘r% 3 Cedp PR E ) & &
TP F BPRERIFERZ BRI Flpt > WRERFERIR A
22 AR AR AT i o

BEFR P& B ¥ * "5 T i B ( Electroencephalography, EEG ) z_ & 25
Hg (4o@] 2-2) 2P 5 A #EAERF Y Betak (13 2 30 45 %)
a0 3iE o~ % 1 PR NREM Sleep 4~ 87 12 Alpha & (7 I 13 %)
2O W RReER S Thetad (42 74% ) % 2125 NREM
Sleep % Theta A ¢t » & ¢ NI - fadp-2 L A) > flz pEm Widd
(Sleep Spindles) £ KAg & ik » fesk - % ot @ ik ) 2] 47 4 o
iz~ pifR, s NREM Sleep % 3FFEcz 43, > Hap 5 %k (053 4 4
W) iR EE o HDeltaik o 2 LMY 0 ZEHMAEL S BH2

8 Carra, M. C., Balagny, P.,, & Bouchard, P. (2024). Sleep and periodontal health.

Periodontology 2000, 96(1), 42-73.
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%% REM Sleep F#£2 > H %0 % ik Bk 0 &2 F ARG 4T 02 > F
P PRt B RS Yk AR 0 2 Alpha i fr Beta it 5 A o 4 #E
e B 1o et PRI 6 0w REM Sleep = §i£4 ‘5 PEFR & & 1 pER
(Active Sleep)- REM Sleep 2 #4812 £ 2 ¢ gl C i g v 2 &
BB P FHEEPREY Bl

(25

FEIGHE QLR TL A HF RFREAR AL £ 2 8FE

(Gold Standard) > 7= 7 fe pF g 0 H i 2 AR E L K8 S o 4o

& REM Sleep FFE > A 35 A% ‘q,/ﬁ»f,LIFu @ R i 4p 02 2. Alpha

& Beta ik > 7+ 5 P A enid ;6 (Rapid Eye Movement) & # 25+

po23E4 '8 3 >RELH (MuscleAtonia) 2 #fce ¥ ¢b > p A4 58 %

st REM Sleep FF L2 igde » 4os F ~ n BRZ B3 R 5770 AR
ol £ XA

Sleep Cycle 1 Sleep Cycle 2 Sleep Cycle 3 Sleep Cycle 4 Sleep Cycle 5
Wake
REM
NREM N1 —
NREM N2 —
NREM N3 —
I I I I I I I I I I I I I I 1 1
1 2 3 4 5 6 7 8

Hours of Sleep

Bl2-1  PERFEZ PR

Stevens, L. (Ed.). (2020). Introduction to psychology & neuroscience. Dalhousie Libraries
Digital Editions.

10 Blumberg, M. S., Lesku, J. A., Libourel, P. A., Schmidt, M. H., & Rattenborg, N. C. (2020).
What is REM sleep?. Current biology, 30(1), R38-R49.
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Awake
begin move from
Stage 1| . ALPHA>~+~+~~+~-~alpha to THETA
NREM
Alpha
Stage2|
8 NREM THETA waves
Theta
w ]
~ (sleep spindles; | spindles
g K-complexes) K-complex
h
f“ Stage 3
;%7] NREM
Delta
N
REM| AvvaniMAUMA AN W\ v et A

2 4 6 8 10 12 14 16 18 2C
Time (seconds)

Bl 2-2 PR L P2 P A B
PEFR fF 12

pER {F 12 (Sleep Inertia) ity 4 37 FLPF 7™ — BATPF 130
Foie 4 gz R M e pER B M E L ¥t B G BERERILY A
FERM 30 A dEp o BETE 2P R AHEC G
RPEHP B 2 TR PR 4R X B HP G FRPE 0 PERRCfR 'Fi#?ﬁﬁfﬂ?fﬁ“ﬁik o FPL 5 4
B i) i orpdt (R4 281 B PR EREEETL T

B 2-3 &) pk (Nap) & & 4p ficz 7 % Bcdp ™ o 5
fatigue(20-pt) 5 # B QinetiQ 7 § ¥ it * & F & & foo A Fdk i
RAERRAR CRFRARARZ ) AT > L m5 1i°?r~'f;5
S ST R0 A AL R R R PR S Al R
MGl pEGO 4 &SRR FRES AR A APy (RdlE) 2R

L k< #_& 4" T The temporary disturbance in performance that often occurs immediately
following awakening. | °

2 Civil Aviation Authority. (2005). Aircrew fatigue: a review of research undertaken on behalf
of the UK Civil Aviation Authority. CAA Paper 2005/04. Norwich, UK: Stationery Office.
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F I BRI o Mg | P PP A B o

# B QinetiQ e S fchp B om0 KR 0] PRI AL B RN
R & dpeR >t AP Py 0P PE PR GTRROX R R 2
R AH A BB L P10 S4B PR c S ARERFIAL ZBE ¥
o IR PR L PR E F]C e N RRE o G ELLS 2 PEAVIT LR
WA D HEFEFRA o R o F AR APERR RS RS ]
B ] 2k S R R R RT L P10 A 4B -

time relative to waking (min)
-120 -30 17 60 105 150 195 240

g |
: |
B !
<& i
16 E —e— 0 min
18 i =— 10 min
i —e— 60 min
20 |
B 2-3 -] B2 R 5 4p #e2 F Sk Wy
# #5 21 ppn 13

H I 8RR 2 SPER PR oo (kIR B 2-4 2. & #0127 pE B (%
Bl (Gidh i pRR N s dalic s 280 ) 003 BpER FiRE L 0 B
FLimABmEaE AL o UpERIEER D 3 0 &2 E# % & REM Sleep e
PER PF L B #] » NREMSleep 2 £ P B fic L R+ o8- # 16

13 Itao, K., Komazawa, M., Luo, Z., & Kobayashi, H. (2017). Long-term monitoring and analysis
of age-related changes on autonomic nervous function. Health, 9(2), 323-344.
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AT B 2d SWSHERFRE X & AfE-% 1725 NREM Sleep

PP, FEF e ] SEE 45 4 o PEPR Y PR o g 5 (Wakefulness After
Sleep Onset, WASO ) -

600

Sleep latency

200 A
Stage 2
100 A
Stage 1
0 T T T T T I T T T

5 10 15 25 35 45 55 65 75 85
Age

J

Bl 2-4 pEFR = E#02 B T2

pEFR 4 %

AR PRGBS S TR ‘imfﬁ%‘*f#”ﬁﬁfﬁ%fr/wm%
1 BLPEFR » RPE OV Gl B 5 % 2 sLpifR 2 REM Sleep 't ] #
EEB P SRR SHERIRAL ¥ o T T R LT d H R
—gzégw P - BETAFIPFLY AERE TRFLELZRRY -

% PR 21 pEFR,

AEpend g R d o~ P R FIR AT R FR gl 2
pFshingl F o ¢ TR R e FERME LR T o RRT FE T
ABEARENAANGCBE S P RRI LA EFERIR R
(SuprachiasmaticNucleus ) » £ # 114 S B H 3 5 0 PR E
#% (Melatonin) Ao A SF B k15 > €3 SR e B0 iEa
PEA UL o

-
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kST AR RS WAL > W g S pER AR =8 & (Phase
Shift)c tp =B HREINELREZEX | - EERTRIERLE
FH oS ARREPERFIEFHEHPT T PREALAE Y 4
MMl B s R 2 FRpRE AR izk > A4 2 AR08 K
F o B pEmR AR g BTk { B o

ﬂ_\\

?5@4@*—? N Sl N ﬁé; TG R P RIS PR S BB ARk
FEREEL T REIEIEMm > 7 §ebd T pfR o ¥ e X 1 %dﬂzar—"r
iﬁijﬁiﬁ‘#dlz’%’ IV 4 RpEs -F BB RIEP S P RRES
P WO ERE R A R o £ F 0 BRI R G 4 chpRm o
Liéi;é‘ RARFERRRE L EIEFD V2R e A R E PR AR o

\“T-\ )

PR R oL R

Pl RWE PPRERG REAEEET T LR BARERE R
/f«;c%,fmm~w+fﬁ»m¢?f‘fw%7ﬁ PR P & B PEGS R R
A T AFEL DT - B e UPER G fA 3 B A MR P
PERZ RToE 5 752 8/ ) et ERMLRL - 1 F crphf
TRAHE LB QJgISO,I‘JiIE".»ﬁLfﬁ?’?‘#F‘Tiﬁ;‘»ﬁﬁfﬁff
FAMB R FABPFREZT AT TR BEER T R
EBR S BT AT E@E A & E@%%ﬁ’ﬁ‘»?.&]fﬁo

HPER,

5@qﬁ@?%§&ﬁi’30$’€.

4 Brainard, G. C., Sliney, D., Hanifin, J. P., Glickman, G., Byrne, B., Greeson, J. M., ... &
Rollag, M. D. (2008). Sensitivity of the human circadian system to short-wavelength (420-
nm) light. Journal of biological rhythms, 23(5), 379-386.

15 Hirshkowitz, M., et al. (2015): National Sleep Foundation’s sleep time duration

recommendations: methodology and results summary. Sleep Health: Journal of the National
Sleep Foundation.
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2 k% LRk o ICAODoC 9966 #-H % 4 5 M =% % ttm B chpd F
(H#ef)) pet AmB s B ed@REE2ET AL 27 L4
BN R 2hPoig R g 2 PR o HPER SRR 2 S E R B o

23 EPHEIFEMRI

B 7 &_¥ 4 % 723 (Acute Sleep Disruption ) ¥2 £ # ( Chronic
Sleep Disruption) pEf 7+ &_o

EHPER G Likdy B2 3P BRY EAORASETAED
FoA s RHpERZ R o PR PFRY R D 30 30 A 4EPF 0 VAR 5 pERR
PR e D o T g PR R R %’/%/é]ﬂﬂ‘f L3 10%3 20% s
REM pis 5 >t 15% % 20% 0 B ¥ AR 5 PEAR &S0 T % o F L2 F]& 2

g (dovkd ) AP ER (arv’wvzﬂ CEHE ) TR A S fde

£ PER A R A AR & BT Y AE 3 BA P o
TREBER S 15 A smapkR o S FERAFET ke R R T AR
B Ak s TR (Sleep Debt) o Bt chpEm & R AR 0 dodp
REH Gk ~vjecnipdgy 275 ¢ Rpma P Sip ey £ 4
AR B e

2.4 :}f#.&iﬁ-pﬂ;ﬁﬁ’

A RERgdF - pEps R (Continuous Wakefulness ) A% & > pEfR 5
FARF R FARR ARG o AT ORI TR L R YO kR
& (Blood Alcohol Concentration » = fj #2 BAC) #f* » % # 4%

16 Dawson, D., & Reid, K. (1997). Fatigue, alcohol and performance impairment. Nature,
388(6639), 235-235.
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ARpE R 17 [ pF > H A K2 840 % 5t BAC 4 0.05% » #-117
LRtAAA Y BF TR Y R R 22 ) pF o 4R § Y BAC
% 0.08% @ 7 AR 5 3 GARPE R 2 4R UE 0 AT AT § B At
IR HCPERR 27 AL A6 7 482 157 (Wake State Instability ) -

FRT AL FFFEFTER LD AP 5 AL R RFA
BTGP R B e N LR S RIT e bl § R
FIA Rl (rERE 10 Y S RFAEBEEM Y T
FRRAKE

25 2 PR P

4 12 p¥ 44 ( Biological Clock ) 7+ - 2 32 & = ( Circadian Rhythms ) >
Prdp A= p AR NF TR RPN OB G depEm &
fZ~ iy i+ i¥* (Digestion)-~ = % 4 ;% (Hormone Production) - %
'8 (Body Temperature) % - <~ §84 B phds ¥ 2L 24 /| pF > @ §_4
23.8 1 27.1 »J‘;:’r%p— S UETR A MR ERE 0 FHA &2 R b
PR WL A TMEEEE R o Tt > F AR LB A MRS R
PAARY NERPEREFT A o

4 1@ pFss i £ 8 (Circadian Rhythm Trough) »* & B 4+ 2230
3 0430 FF (Se/i 1.5/ pF) Y75 2t =15 (Post-Lunch Dip) >
£ 1400 pF (4e/i 0.75 ) pF ) 185 5 A g5 p R AT 4 K P
#p o

Y- % 5+ 2% : Duffy, J., Dijk, D., Klerman, E., Czeisler, C. (1998). Later endogenous

circadian temperature nadir relative to an earlier wake time in older people. American
Journal of Physiology, 275, R1478-R1487.

8 Monk, T. (2005). The post-lunch dip in performance. Clinical Sports Medicine, 24, e15-e23.
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2T iEd RIEREM GRS A HBE YRR ER AT
PRAREF o B 2-56 ML AP R TI9E o 11 8 FERER A 3
L P RG eA

1

»pEts B PETIiE R M EE Bt B A P TN iR B L
Bz 3PS EL RS 30 P 0 F]2 SEPRARE (TR A KR
PEIS o B RFTIL (T H Y RFLE LK RIS F HEIL ~ S PER T X
o ¥ AR o~ pEw o PR R OF - ERERN O~ pEenpE P (Evening
Wake Maintenance Zone) > * % %711 ’F—‘g WP &4t FIa 3t
- Bk & %L%%%‘FEEW » P B e

LS

A FEFEEFTd poFT (0900 pF 3 1700 pF ) #3% e 5T (2200 pF 3
0600 ¥ ) H 4 1545+ it ;ﬁi PR o AT 4 10 R d p oL
R RIIV i T2 15 p %rtis » B v A2 T35 4 k8
i rF2 90% 1+ (4@ 2-6) - £ 2R
RL&EFTF BE R a2 LR pER 2 pFE (4 1600
pF3 2000 FF) iR 4 0 TFid E%ﬁ"ﬁﬁfﬁﬁ‘ﬁFEﬁ»—m '(ﬁr@ﬁﬁt),gm
CPEF 2 PER v Lo

\

9 International Civil Aviation Organization (ICAQ). (2016). Doc 9966: Manual for the oversight
of fatigue management approaches (2nd ed.).

20 Miller, J. C. (2005). A fatigue checkcard for mishap investigations (Report No. ADA498520).
Air Force Research Laboratory, Human Effectiveness Directorate, Biodynamics and
Protection Division..
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Figure 4. Effects of a 12-hour work shift change. Two aspects of cognitive
effectiveness during the 8-hour nocturnal work period: the average predicted
cognitive effectiveness for the 8 hours (%Eff, left axis, black line) and the
proportion of the 8 hours during which the predicted cognitive effectiveness
would be below 90% (%BCL, right axis, magenta line).

B 2-6 P riifiik kT2 4 10 pEAR G RiE AR

LE S
iz ICAO Doc 9966 - p* £ (Jet Lag)™ Mdq is's & & 7 R4 P

21 < #_& 4 T Desynchronization between the circadian body clock and the day/night

cycle caused by transmeridian flight (experienced as a sudden shift in the day/night cycle).
Also results in internal desynchronization between rhythms in different body functions.
Resolves when sufficient time is spent in the new time zone for the circadian body clock to

become fully adapted to local time. | -
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4 Chalet, F. X., Albanese, E., Egea Santaolalla, C., Ellis, J. G., Ferini-Strambi, L., Heidbreder,
A., ... & Olopoenia, A. (2024). Epidemiology and burden of chronic insomnia disorder in
Europe: an analysis of the 2020 National Health and Wellness Survey. Journal of Medical

Economics, 27(1), 1309-1320.
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