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ABSTRACT

The application of respiratory gas analysis to clinical
diagnosis and monitoring

Isao NisHI
Department of Electronics and Computer Science, Faculty of Science and Engineering,
Science University of Tokyo in Yamaguchi
1-1-1 Daigaku-dori, Onoda, Yamaguchi, 756, Japan

Respiratory gas analysis is to be the most useful method for the measuring and analysis of
respiration, circulation and metabolism.

The methods described in this paper are :

(1) breath-by-breath measurement of alveolar ventilation and gas exchange ; (2) hood sam-
pling method for the long-term measurement of metabolism ; (3) *CO, tracing for the clear
determination of nutritious digestion, absorption and metabolic pass way ; (4) test gas mixture
(C,H,, C*®0, Ar, O, and N,) breathing for multi-dimensional analysis and integration of
respiration, circulation and metabolism.

As for the test gas breathing, two breathing methods are available. One is a conventional
rebreathing method, which is already widely available. Another method, called “Open Breath-
ing” has been recently developed by the author. Employing the latter method, alveolar O, and
CO, pressures are maintained at a constant level during test gas breathing. Thus, alveolar
ventilation Vg and gas exchange \./'02, \7co2 are continuously measurable without any physio-
logical disturbances pre during after breathing the test gas.

The principles of the methods are described. Some measurements are presented and
discussed on the basic methodological research and on the physiological and clinical applica-
tions. The results are analyzed and integrated to evaluate the respiratory gas analysis as the
advanced method for clinical diagnosis and monitoring.
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Subject: Age 25, Height 180 [cm], Weight 85[kg], Healthy Male

Load Step Increase Bicycle Ergometer
50w~200w ( 25w per 3min )
Measurement Twice
Example of Measurement Result ( Measurement 1)
100 - _
- =
80 =
=60 S
" =
—40 X
= ON
.O
20 / >&
0 ) Load 50~200w, 0 2
0 90 Time [min] 49 60

(a)

10 Open Breathing #12 X % HIEH

[ =
V0, [1/min]
(b)

BHEEHEI VT X—5 A7 v 7WHEAREE 5T 5 Ve, Vo, Vco, Qc DK
EEHIE, 7 A b H AT, B, % Ve, Vo, Vco, kil 5o sz L

VAR E T HE

D2 ET 501t L, Open Breathing TiZ
IheBT5I b RELAETH 5,

TH 7z i & LTIk, @ Rebreathing izt L T
WREREOT AN AREET 2, @ HIECZH
725 T CH,, Ar, CPOffiNE D A & &, KU
BRSH A Y E DR A D & 0 IEHE 72 8 S EE
T, BELHEEMAET 25 TH 5,

H10a, bicBEEFHBREOHEREZ VI
A—F —EHRER % T VE, Vo, Vo,

Qe 3, HW I & LT 7% L iz 6 RFHEE
&M, Vo, e VT b IFREICHRE S iz, E11
i Vo, BRIZHES (Cc0,—Cv0,) =Vo,/Qc
VY CV0, DAL Z R, ZOFRRIFARX TR
ORI & 2 EHEHERR L B2 —8T %,
O—HIFEEHED L HZ Y2 ERT 5,
12bidE 122 2R T 70 b 32— LOEBTARTHIE
% Open breathing % & Rebreathing =D >0
FETIT R ERE2HE LI bDTH D, A

>
[
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-Fick’s Taw V,,=Qc(Cc'0, - CvO,)
Cv0,-Cc'0, - VO%C

200 1
— L weneme (' 0, directly measured by Astrand
< 160 F =~ CV0, directly measured by Astrand
= R Y . ® (V0, measured by present method :1
a | Voy 4 (CV0, measured by present method :2
2120 Qc
) 3
=
s 80r
S L
=)

40
O 1 L 1 ]

X 11

2
V0,[1/min]
HERHE L)V T X —% 27 v 7HiEARHESIC B T 2 CT0, OZ1k, “Open Breath-

3 4

ing” B L 2BERBTOMERER (@, A) »EERMC L 2HE (W :

Astrand iz £ %) &8 L 72,

W EW— %IRRT,

B R A2 BTl ~ O JEFH 12 8 v» T, Rebreath-
ing, “Open Breathing” ® W3 1 % FIN T 2 »
W, FIEDOHMICEIL THRET 2,

3) Vo,/Qc, Cv0,, CO, Qs, Qs/CO,

AcDO, O FEAZHL [E]FRFH &

Vo, Qc, DLCO 7% &—X KT 0 I HIE b
o, Hb & &, Pa0,, Sa0,, CaO, 7 ¥ & kI
MIROBE & ff¢, K22~27 10 k> TUT D
HFEZRPNCREL 2 L0 TE 5,

Cc0, : PcO,(= PAO,—AcDO,) & ~% 7/ 1
EVEEBLIUANT 0 U BREAMEELD,

Ca0, : ~EZ O EVEE KRV Sa0, £,
C90,=Cc0,—Vo,/Qc e 929
. Vo
— —— % . esesss
CO=1Qe+0s) =55, 6o, 23

1 DOH AEEKE T VLD,
(CcO,—Ca0,) Vo,

Q= (Ca0,—Cv0,) (Cc0,—Cv0,) 24
Qc/CO= (Ca0,—Cv0,) / (CcO,—CT0,)

...... 25
Qs/CO= (CcO,—Ca0,) / (CcO,—Cv0,)

...... 26
SV=CO/HR s 27
AaD0,=Vo,/1.2DLCO e 28

22 TSV, Qs/CO R ZhZh—i &,
Yy hEERT,

v v MR Qs/CO DRIERR T, ERAOH
BN B W TEEERIM Fick i £ 28E £ Ruv—
AR e, BABIRMEESE Cyo, iM%
BAREED PN OBEEMIEE L £ 2 5 h 2,
Ci0,» COB LU Y v > MBHBIEZESHTE WS
FEBUMAIT 1 CRETRE R & & DERIE S 1348
HTRKEN,

3. RE-IRILF—MH
—iH{t - RIVAIE =S8 —

(1) #AZHBEC L2, 5. EASEE
(2) 1BC b L—RIC X B - BIN - BRI
(3) RBMEMRARS AR & 2B
E

REDHELRD B,
ZZTRAIZEDHEIC DWW TR,

3.1 Vo, Vco,BIZEIC& 5 RBEARHB M.,

M THRILE—RH M, ORIZE

R 29, 30 ORI OFZEBMILMEER IC T

T, B BEEORHE Maos Mg & T3 LF—

B M, ORIERER 31~33 Ic7R T 1920,
C6H1206+6 0,— 6 COZ+6 H,0+4.1
Xlso[kcal] ...... 29
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Subject 4 Healthy Men
Measurement Open Breathing and Rebreathing 5 Times for Each
Load Step Gradual Increase Loading by Bicycle Ergometer
-Protocol and Measurement Example
—VE[1/min] 125
60 I — V0, X 10[1/min] 120 —
= ® Qc[1/min] =
‘40 15 =
= S
aa 10 —=
£ X
5 o
1 1 I 0w 1 4'5 e
0 0 &
0 5 0 15 20 25 30 35 40
Time[min]
(a)
- Comparison of Measurement Result
z 5 20 [Y=0.973% + 0.569
= = RZ = 0.943 -
2% 15 [ Coefficient of .
= :2 Correlation 0.97
§ ® 10
e st 2
= S : , :
0 5 10 15 20
Effective Pulmonaly Blood Flow Qc(X)
by Rebreathing Method[1l/min]
(b)

12 Open Breathing 12 X % #llEE#5E % Rebreathing #:12 & % #lliE &R & L,
Man7oba—nick28EL 4 ZREEFORBRECONT, TAELOH
EETITo R EZR b 2R T,

2C51H9806+145 Oz ME :4.1Mcho+9.3 Mra[
— 102 CO,+98 H,0+9.3 % 884[kcal] =(2.8RQ-1.5)Vo, = - 33

...... 30
Mo =4.51 Vco, —3.18 Vo,
=(4.51 RQ—3.18)V02 ...... 31
M =1.67(Vo,—Vco,)
=1.6701—-RQ)Vo, e 39

ZzT, H30, 31, IFOTTTHEE T

Vo, Vco, BT ORE & T+ 2 EHIRE

_F

WBWTOABEAREETH %,
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Long Term Measurement of Metabolism at Rest

1.5 I_—-—ﬂcho —o— lifat —+—Xs/ficho | ‘
| 160 PN 1
s 5140 Aa l Sl ™0
1 E| gio i 0.75
= 5% pgea 2 | é
0.5 = 60 s B e
= 840 I 0.25
0 i) : : 0
b 8 [hour] 0 2 4 b 8 [hour]
(a): RQ, Mg (b): Mcho, Mfat,8
[ = Toad H —=— Wcho Toad Xs
5 50 [l H TR T2 50 200 (TR 0
‘;2_40 —— Xs b 400 = | ‘& 150 T I 15 ;"
530 | =o=W [ 300 = |5 | =
| € =] 2100 150 2|
o 20 200 | —
‘ 10 100 = |2 50 | 25
£
% T 8 8l D02 & 68 e
(c): X Mcho, Mfat, Xs (d): % Clearance of Given Sugar
[Head Cover Sampling Measurement
Conditions: Subject : Healthy Female age 22 45kg 160cm
2. Supine
3. Glucose 30g is given at the start of measurement
4. No breakfast with 2 days low CHO food
13 HEE 7 — N #iE I L AT EEE
HIEBGARR I 7 v a— 2 30 g (*CO,/'2CO, FIfifkLLix, BARTEROMECLEL,
a=20 v%o‘ |'v.fi1l"{)

3.2 BCIRIVERERIFSICIZRBRBEE OAXRI/VI—-R30gr527%k, Y b 7FEH
BORAE—V0, Vi2c0, Visco, D KOFEDFINALLIE K- FERROED Z Xt L,
[BIEFRIE — SMETEBLZ 20 % OEEE D D,

Xs=

. . 4. BREREHT « €= 9 —~DIcH
1.33{ (8 — )/ (o — &) } Vo, [ mg/min] o '
------ 34 2.3fIC BV TIERGEICE 5 (1) FFK - 8

Oeno =1 (Yeno — ¥0) /721 X1000[ %] ~ ++oee- 35 BRUEHA AEXICBEb 2 £BATFOEITTHIEE,

O={(ys—v)/y} x1000{%] 36 KO (2) BC PV —AEEREDHRE - TANVF—

y=Fuc0,/Frzco, e 37 REPIEHEIZOVT, ZhsDHEIERE, FHi

ZZTXs BBE U HEE 7 3B OREBR %
£To Yeno» WBL UV s XZNZThEEL
(£72120605) ZBRBESYELELZCO, V> 7
WV, BEATRIOMESR CO,, AfkONES CO, &
VHEHE CO, DEINELL AR T, 72, Oenos s
O BZN TN E2EELIEKLIEFOZNLZ LD
y BB SEEERTITE,

X 13a, b, ¢, dCERELTFEHEEBRE L L T
Ny RV A ML TIRET Hood 12 £ Y HIE
LR ETRT,

ZZTRBCINNVEELT, Y UyFEHK

DWWz, ERDIGHEHz>TiE, Thbd
OPE 0 - ME, m#wEER (Sa0,, Hb %
B, pHE) k&, HE-MKEL T3 EEFERY
BIEE & ORIKFRIE 2/ L LT,

KEITIE, WRINTENEROZE « €£=5 —
WWEDEIICONKENENEREDIEDOWTHE
Z %,

4.1 (EEZTAERIC & 2EER{LEEFIREF N

fRAR

412 Breath-by-Breath® flli##] & L T, 0.65
[UE DRI EFOHRA A ZBRERER 1.0 [UE
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Qc, DLCO - VWI Subject K.K

25 p -1 120
20 2 i b 100
i)
4 80
—~15 P E
£ £
= 160 =
S0 b =
~—e—(c 1.00ata 140 ©
5 | == (c 0.65ata =
~2==DLCO 1.00ata 20
0 2 2 =a=  DLCO O.SSataA 0
0 500 1000 _ 1500 2000 2500 3000
VO02[ml1/m]

14 Vo,piEKIzEE> Qc, DLCO 0ZAL

| V02/1.2/0L00 - V02| subsect k.

—=—1 _(00ata

= (.65ata

0 500 1000

1500 2000 2500

3000

VO02[m1/m]
M 15 0.655%0FE, 1.0SKEQOHIEEL LT A—F AT v FHiEatE#cB 3 Vo,

AR>S AcDO, D%AL
AcDO,=V0,/1.2 DLCO & L7z,

TOHEIE & L TEET TlRATIEI Lz iz
bHb o+ Vo, o VIRIETT 22 2R
L7ze 2D VT, Vo, puy (& T O HIREAE T 13
7, C,H, Rebreathing flE DFER L & FE T
%,

MU ICEFOERKICHES 0.66FETTD
Vo, Qc, DLCO 0Zft%, 1.0 5E FOHIER
RewlE L TRd, BRKARMBICE VT
V0, maxs Q¢ DLCO 1E, 0.65 K2 H W\ T %
Nzt 1650[ml/min], 21[1/min], 57[ml/min-
Torr] TH3, 7z, l.OKFEZBTZATH
2600[ml/min], 20[1/min], 54[ml/min« Torr]
T®H 2o QCmax, DLCOmax i&, #7% 2 SKF T

THIZIZFEMER T LT,

E1510.66KET, LIKETZENLZTNLD
Vo, DREAIZEES, AcDO, DZEILERT,

AcDO,=Vp,/1.2DLCO & L - k X,
AcDOsmax 13 0.65K E, LOTFTTZ 2 h
25[Torr], 40[Torr] T&H -7z,
Vo,=DL0O, X AcDO,=1.2 DLCOX AcDO, &
LG Vo, nx®ETFTREZEN TR IO
AcDOymax DIETIZ & > THBATE 2,
0.65KZETFTTHOPIO, DIE TS 2D
AcDO, DIEF %, PAO, DETICL2bDTH
205, BEMEOTRICbEFE SN,

KA K £ i B O PAO,, CcO,, CV0,, CO
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RUQsiZE S b,

0.65% £ F o %% A K PIO, & T (=
97[Torr]) 1% PAO,(=58[Torr]) Z{E T X+,
S EGHAYIZ PcO,, CcO,, Pa0, #% 7 hiK
Ta®3,

PcO,=Pa0,—AcDO,~ 33[Torr],

Sc0,x 66[%]
LichSoTAET oV EHEMERL D
CC02=132[m1/1]

1650

Cv0,=Cc0O,— 132-— 53[ml/1],

Q
Sv0,=27(%] Lt RE>1 %,
—H 10K FE W B Wit PaO,=104 Torr,

PcO,=104—40=64[Torr], Sc0,=91[%],

CVOZ—IBZAZSgl—SZthH $v0,=26[%]

Z ZTSc0,=100[%] iz xf L CcO,=200[ml/
&Lz,

BAATR KO CY0, O TR X, 0.65 %,
LOKHEDORZLZENTTIEEAE—RLL, &
7z, BKAREED Vo,/Qc 1d 0.65 GH Tz 5 W
T 79[ml/1] ¢, 1.0&RFE F® 130[ml/1]w bt U ki
Bl /NS Vg T O O, BEEZIFROMETIE, 0.65 5
He N CH&UTHE L DR Vo — v A &4
KL, B30, FUAAKRELET & ¢ %
BIrb2o—KEEbh s,

ZIT, WIVAAFIA—FIZX50.65 KT,
1.0 5 F O K AMFFD Sa0, OFEHIEIZ, Z
NZEN69%, 92% Thot:, HIEHELEES

i, RHEZE I LD B> 72 ScO, DREfE &
IZIE—HT %, LT 2612LD, Yv
FEQs/CO=0 £t b, BERHE DML
IEETHD EFHEisN D,

COBALEEETDY 3 2 v — a Vg, E
BOBMGSEEEZED Yy — A ICBEWTYH, WK -« # 2
REBERERH O F L L L TR b D LB
ns °

4.2 ATIMFIETF Peep BIEENRE

NI O Peep 1%, BRIME RO SGE %
HM L 3 %5, — %28 IE Peep fH ® ¥ E 13,
Sa0, H 5 Wik Ca0, ZHEE L L TfTb i, Sa0,
DIE Tt LT Peep 2 EIZF] & EIF 3 FKIC

oD, CTNTELWESbHNIE, 25T
BELZETIELE5E5LH L5, EHODERK
2 & 5 EEBRTE W Peep[E TOBTZNFEDOET
(Ar, He RiEMEA A OFIAIFER DK, 1N
S0 OILK, MMEBREEV,/V, 0&ETF), A
ZhtIMmGE Qc oMkl MAED ERZEELIFL
IR T 5, ZO%hG, BRMERELIE»Z 5T
EBFT¥4%, 2DL3%7—ATPeepfliz TITF 3
ZEWEHoT, BMEMEONE, Vv bEEEK
Ta¥, BRIRMTEEEME LS 2L > T
FEBUEINIEE L DH D,

4.3 REEBOLHT - REEIP

381z BT Vo, Vco, B & UBCO, @ b
V—RFEWZ LD, BAREEEEAL AT
B - BRE AR Mano, Mo ORIE L, AL
FEFRRB O HBIE R I DV TR,
ZOFERREERE OEKZE, KEETHICH
NaFEEEN S 5, EEREFCIBEWT, =4V
F—HE5ROTEIEAEROTHE, BB HGR
@&L,ﬁrbwﬁT,%ﬁﬁT,AJ@%%#
SOMEBREN T Y &, —F, @O T ? 0
F - LI EORK, FIEX, HEGERE,
SISO BN TH 5,

BELR IS O TERENT + W D v T E 21 M
L M OEMH, AR LR HMEL
2 ORFEEI N CHE L, &5 EEhER I

T2IREEZBHEL T, ZOREOREE L DX
BEWEMEICT L0k ->TC, FHEL LD IEREC

B2 2 L TE B8,

El DR, BCoRNIEERERDRE
R - AffRlE G, B0, B, ik oy
BHE DRI & > THL « BINO EBRIRYT « 2
Bz b ICHAEETH 5,

4.4 fAMNEZH—FAIEEH

&

FESRAIHTIRIC & % N0k - EER - (REFkRED % I
HIEE L, ZOEHIC X 2IRERITIC DL TR
72o WIE SN T XTORFIIHBWZIGC T >
Fa—gilidka Lz, Thol®WTFOHF»H,
b o & HIFEHRICRIDERT D W L D 23R
LTCE=Y—T 3%, @M TSO% 6L, BRT
W, AR %b FHlay A58, 168,
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—=VC02 [I/min]

200 200
150 MWWN\W 150
100 WWW -
50 E 3 — < 4 50
o F DOB 10mg/kg/mbOB 20mg/kgfmith ug/kg/min "
—F02 [%] —£C02 [%]
15 8
14 47
13 416
12 > > 3 415
1 - DOB 10mg/kg/miD0B 20mg/kg/miPlug/kg/min : 3
1 i i i A 1 A > 1 A L. Xk A i A 1 A 2 A i 1 A A i i 1 i g i L L i A A i 1
0 50 100 150 200 250 300 350
Time[min]

B 16 F7¥ 3512k 3 Vo, Veo,PEML, EBRRW X 2HE

BRUHBRBIEEL L TOEART I VE,
PAO,, PACO,, Vo,, Vco,» R (% 7z i&
RQ), HR, Ts, Sa0, Th 3,
INSEEARFOE=Y —2X—R LT,

1) ik - o (P,

2) HEIE7Z N TR E — FEE,

3) TRRIEER D 4 AdikhE,

4) KEEH, FEFEOML - TR - RBHEE
FHih

E, WTFNIKE=F —DELAEFEL RED,
JREBWCEIL TE=% —[HAFEE S ThiER
570V, ZOKE, SRl LyHLYESHIESNDS
NEHETFOLEHEYE®RAZIEL SHEEL, HIE - €
=5 W FOH» SRERIEL < FiAI S HE/1H
ERan b,

DT, EHOPBFE LIV AT A K BEER -
HIER 2R L HEET 5,

1) R#Ee=5—

2) Rebreathing 1 & 2 A TR T O #IE
K16 ICEBRRICEB 7Y 2 v &5k 3R
HHERIEDOE =% —fl2RT,

17 i AR T OfIE A L7z C.H, Re-
breathing ¥ A 7 A %/RT,

ALK OKEHAE L A5 C,H,, C*®
O, Ar, Oy, Nu I BET AN AN T BNy 7

ARy 7 AFATEREIN, —a—FF I RX—
Y BIREE LCHCEYER S S,

EH DN VE, Vo, Vco, iz
HiEs b, ZOMET, T L I RERIER
[\ RNy 74 Ry 7 AANCYTD B 2 20~30
BR7T A N A R 2RS¥, @ OANT
W [E TR %5, C,H, Rebreathing % & &,
Ve, Vo, Vco, DEEHIE MG S 2, Zh
 CHBSHE TR L & 1T 7 N,O FE:
TTOMRE = —b 8k TR L2 N0,
CO,, N, FARHIEIC L > THFEE o Tz,

%1z 7 < 72 Open Breathing % T, K17 i
RNy T4 Ry 7 ANEE I, ATNRSS
D0, N OB ITWEET A VT AEZEAT
%,

3) Peep Fo DLCO, FRC #llE

FRBER I & 2 EEROER, Peep fH DM
L, DLCO, FRC iZ#§ K, Qc 3 EEICE T L
7o MAOTHEMELZET IRy —2bH
%,

Qc & BB & > THIE L7 CO L 0B
i3,

Peep=0 T Qc=—0.33+1.64 X, r=0.91,

n=50,

Peep=4, 8, 12[cmH,0] FT
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Bag in Box CGH:0.6%, Ar9.0%,C*00.25%
0:25%,N2BALANCE
'BE AR
B R /
“02+N:0
: e
& #H ZE%
V1 I pR—3—
TR
ATHRSE [> V3
V2 JO—A—%—
FERA X ]
HESHTAEE
PEEE : PEIP T, NeOREEE. HRENRE F COBEHIAIHE
17 ATLEE T 0 Rebreathing ¥ A 7 A,

Z 2T “Open Breathing” #:0#5%, “Bag in Box” #4&, 7A MV A#AL

MR DZELSMHE O L D HEAT %,

Qc=0.14+0.85X, r=0.84, n=90

T oils2®,

4) A Vv A CEERIKEAC B U S EE

A v A BRI R EZFERL, ATIKRTFT
Rebreathing #: (= £ » FRC, Qc, Qt (fili /& 4>
) RO Y v > b Qs RHIE, [ BARR
Hiw £ CO RUIE s fiAsr# (EVLWV)
k, MWH ASH I &> T Qe/CO % #lE L
7:23)0

A v A UEEEAE FRC X 20~30% B2 L,
Qc, CO BIEARMED 40~50% EF L7zo %72,
Qt £ ELVWV i33icEARTIOB L Z 2 f5Ic&E L
2o AVA VBEABRIBOSIHSHATFR2E=
¥ —U7H, ZODBIEEKI & 2 EMC T HiE
H5HDOD, XL 5HFEOHBERKIEZNZ
h

Qc & CO r=0.95, n=90,
(CO—Qc)/COL Qs  r=0.86, n=90,
Qt & EVLWV r=0.86, n=90
ThHhs72,
5 Cv0,, Vo, QcOFkEE=%—

— e N, O JFREE F—

18 iz i o1, N,O FkE: F 0 Cv0,, Vo, Qc

[FIRfE =% —flErRd, Mifici /2 2Hm»15H
D, Hifi, EMGAR COAETR G D E =
¥ —IZ & o TR T & 72,

RAEBIRMEE S Cv0, IEIGE T O

EEREETHD, MithICUDE =¥ —f5E L
L Tl Sa0,, CaO; A EwEELR LD LB b
By
6) HKEIALVLF-RPOE=F—
K - AL —BFoHFELEHIZ, Hk-
REEBICE EF 5 0n, PR - ERRERCE
WTh, BICERRY FLA MR BWTEE
TH5EDFEBVEE > T3,

AT E Tk 72 Vo,, Veo BIER T C 2 Y 7
7 AREREIC & S AL - BIX - RO~y P
1 FE=2—iF, © WKk HKO#IEL, @
HAb « B - E IR BEE ORI FHE - PHRE
BICHEBRICEL INERETDH S,

5. BHHIC

WA R ERIRREWT - €= —DFE 1R FEL
LUTCIGHT 53805,

(1) Breath-by-breath #1554 A 2 #a#llE,

(2) C,H,, C®0, Ar, O, 7 A b # AR
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19

L BHUR - MR - A AZEA T D% ITHIE,

(3)

iE - FEAT,

4) Zhre0EEEHIE

BC 7 OVEEFR - REATRD *CO, b
L — ZHE W & B AL - BRI - AAEHETREOH

FionT, WERE, WEFEEILLL .

PR HTIC &

— 28 S
Vo, 250 T 16 Q
= B i
200 ] S
150 F -—VOz[ml/min} 14
| «Qc[1/min] 13
100 i 1 B 4E 1M B YA 1
50 F 9 2.801] 41
0 1 L 1 1 1 0
200 [m1/1]
Cv0, 200
o ——E—
150 [ T | e r———
100 - (0V0,[m1/1]
50
0 1 1 b - 1 1
10:00 10:28 10:57 11:26 11:55 12:24 12:52 W¥HE
® 18 fithod Qe, Vo, Cv0, OFKFE=25—
= . = - ')'5‘”7
. ARERTO o
z:ﬁg;ﬁﬁ YU HRA Y hDRE gng_ﬁﬂ
(O2hzHr—K) e e LOU Ry KA (1B B)
N - ATIRF NI (D2hr =47 = K)
KT - BEREDRER N Bl amu e
BERRA - 7—KElzk3 —
________________ RN
E=d— - BN
Pa0z PaC02 Pa02 PaC02  Pv02
Qc CO Qt Dlco FRC ﬂ;ﬁi
Ca0z Cc¢0z Cv0z AaDO0: ) —
Voz Vooz Voz/HR  Ca0z —Cv0z =V02/Qc —

L8, EZF—V AT A

i, HEShHTIZLD
1) MK - 1EBR - (REA AFX TR, RO
TEHIREAT « BERERT

FERB, A F—REHEEO L D HEkE
7 HGE - S
WOWTEmIR L, FIZMERMTIE D RZ T -

2)
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Ion Collector

®Triple Co])]ector

a.m.u
@Triple Collector
, 34,36
@Double Collector
28,29
@Double Collector
(18,20)

e
j__.>_6§_>____ Processer

—{>————>— Collector

Head Amp

.,

Signal

System

Magnet

||

Membrance

Ton Source

||

Turbo
Molecular
Pump

Quter Space

| ;ﬂ —— (Quter Space

X 20 wESOTRE RS

E=F —~DILHDOAEEY, ZOFEELEITON
THRE » BEL 2,

R 19 TS T DM - & = 8 —~ DI & 5%
MR £ L TRT . MRS RE 1, fife
T DR - fEBR « U - KFEEH, V)R
BT OWEBRNFAE - RI1FHMT O 2 h 2 h o Bl
WCBWT, BEOHERAES REBEHAEELL S
5, LLEMS, ZOKEXZA[EEHIC S b
S TEIRZM, €= —OBBIC BV TRERST
EOISH BRI EEF>Twd, 2Ok
DEZHERE LT O0FEWHLEZONDE, —D
&, FERSITERIC & 2RIERFOEREED DI
IS ORFOAEBNER L BRNWER O T 2 8
LLLTWwBZE, fio—>1F, HIERHEZER
2, =25 —, BFRICHEMICERILTSERY
AT LDRASZH D EBbb,

FRFREAT 32 Lo SBORS RiEL
LT, ERRIES CORIERERD FIcllERF &
EPEENRE, JRHE X OBRE RFHICEE L, I
IEH TR »OHF % L D, L VES
WCTEBLIRXTBIETHD, Hiz, fiai - i
e ffig - VBV BREOZFhENT, -2k
RELTCOBEEHEOY AT LAWERE, 207

HDOY T v 7 DORFICH B,

BE O & 73 205 AT B oAt oo B
fig « B % Appendix (2503, &2 20 1207
_—

AL, [P HT O EERIL ] | o WFgE e fe
T, HEEE L L THRICHBATH R W ELE
B EDHEDRETT,

ZZREED L, LhoDHEEAELEL T,

IERE R FEFHAERRE & BB 4

WA FEFIEE REREEE

TR KPR FERAEE  WMAHRELE

NER B R F R A 2% Rtz Bl a4

BORBERIRFE AR hism—kd

fEESERKRFELERR Bk BEE

fEEERRERERE HAR—RLEE

TERFEFIMPBR AR 505%4

TEERFEFIRHA LR kd

v xR b EmBERFIER BH Bk
&

¥/, BEKXFHE BLUEMALE, MK
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