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Introduction

In the Final Report A of this contract we presented the results of a

series of exper'ments in which subjects performed work on a bicycle ergo-

meter at 25%, 50% or 75% of their maximum aerobic capacity in environ-

ments of 10°C, 20°C and 30°C. The time resolution of some of the

measurement made, especially that of weight loss by evaporation of

sweat, was such that the results could only be evaluated as essentially

steady state results at the end of a prolonged period of exercise, The

results of that work was reported in three papers:

1.

Stolwijk, J.A.J., B. Saltin and A.P. Gagge. Physiological
factors associated with sweating during exercise. 7, Aerospace
Med. 39, 1101-1105, 1968.

This paper described the relationships between the inde-

pendent variables, ambient temperature and metabolic rate, and

the final dependent variables rate of sweat secretion and skin

blood flow; in addition the variables which interpose themselves
beiween the independent and dependent variables core temperature
and skin temperature were related .to the dependent and indepen-

dent variables. The Final Report A also contains ‘a Table which

gives all steady state values obtained in all 72 separate experiments,
Saltin, B., A.P. Gagge and J.A.J. Stolwijk. Muscle temperature
during submaximal exercise in man. J. Appl. Physiol, Z_S_, 679-688,

1968,
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This paper reports the results of our efforts to obtain working muscle
temperature during work at various level and different ambient temperatures,
There has been spe’culation that thermal receptors in the active muscle mass,
or in the veins draining s-uch muscles might be involved in thermoregulation.
If such speculation has any basis such receptors would make their contri-
bution felt especially in the exercising state. The results we obtainc—_:‘d are
compatible with the following somewhat oversimplified concept: at rest the
muscle témperature is largely under the influence of the environmental
temperature and the length of the preceding rest peribd. ‘At 2;5 mfn depth in
the quadriceps muscle resting temperatures were found to be as low as 32°C
and as high as 36°C. In steady state exercise the working muscle temperature
at that depth was found to be about 0.8°C above the esophageal temperature,
independent of work load or ambient temperature in the ranges studied, This
constant relationship between working muscle temperature and esophageal
temperature implies that the blood flow required to_supply oxygen to the
muscle also has a distinct cooling effect proportional to the heat production.
The overall effect as far as muscle temperature is concerned consists of
two phases: a rapid.rise at the onset of exercise when heat production as
well as perfusion with warm blood add heat to the muscle, followed by a
slower rise which reflects the rise in central body temperature and in the
temperature of the blood supplied to the working muscle. The transition
from- the first phase to the latter i.e. the point where muscle temperature
begins to exceed oesophageal temperature is reached between 3 and 8

minutes after the start of exercise.
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3. Gagge, A.P., J.A.J. Stolwijk and B. Saltin, Comfort and thermal
“sensations and associated physioiogical response during exercise

at various temperatures, EnVironmeﬁtal Res. 2, 208-229, 1968,

The comfort and sensation estimates cobtained during the summer of
1967 were analyzed in the above paper. Using techniques for category
‘estimates described in detail in the published paper we attempted to find
physiological and environmental correlates with estimate of thermal sensa-~
tion and thermal comfort.

It was found that thermal sensations ranging from cool to hot are
principally related to air temperature and skin temperature. Such reports
show little or no correlation with metabolic rate, or inter;lal body tempera-
tures as measured by esophageal, rectal or muscle thermocouples.

Warm discomfort is principally related to sweating‘ and skin conductance
and is thus, perhaps indirectly, also related to air temperature, metabolic
rate, and skin and internal temperatures. During steady state exercise the
thermal sensations appear to be dominated by skin receptors and the
appreciation of thermal comfort is affected more by the thermoregulatory
effector mechanisms (sweating and cufaneous vasodilatation).

The results were condensed into a chart which on a plot of ambient
temperature versus metabolic rate gave loci of equal discomfort estimates,

The last section of Final report A was devoted to the description of
a mathematical model of thermoregulation as it had developed from the
results of previous resting thermal transient exposure and from preliminary

evaluations of the exercise data obtained for the steady state. This model



Body temperatures and sweating during thermal

transients caused by exercise
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SavLTiv, B., A. P. Gacce, anp J. A. J. StoLwijk. Body tempera-
tures and sweating during thermal transients caused by exercise. J. Appl.
Physiol. 28(3): 000-000. 1970.—During thermal transients
caused by bicycle exercise (25-75 max Vo,) at ambient tempera-
tures of 10°, 20°, and 30° C (RH =2 409%,), continuOL_ls cbservations
were made of oxygen uptake, weight changes (W), skin (Ty),
esophageal (Tes), rectal (Tr), and quadriceps muscle (Tw) tem-
peratures, as well as skin conductance and skin evaporation (E).
At the start of exercise, a 2- to 5-min delay was observed before
E; increased to a level effective for temperature regulation T,
rose rapidly; the response of Tes was faster and wider than T, .

For the lower exercise levels, T'; remained essentially unchanged;"

for the highest level the greatest changes in T's happened at 10° C.
Changes in T may relate initially to sweat secretion rate rather
than W. Significant linear regressionsbetween E; and T, , Tes and
T occurred only during exercise. No linear combinations of these
temperatures could predict Eg under all conditions of rest, exercise
and ambient temperatures and account for more than 659 of the
data. Thermoregulatory signals from the observed body tempera-
tures may have interacted nonlinearly, or other important sources

of thermal and nonthermal signals may not be represented by our
temperature measurements,

temperature regulation during exercise; temperature regulation
during recovery after exercise; evaporative heat loss during and
after exércise; esophageal temperature during exercise transients;
muscle temperatures during exercise transients; mean skin tem-

peratures during exercise transients; limits for evaporative heat
loss during rest and exercise

A NUMBER OF CLEAR RELATIONSHIPS have emerged in the
recent literature dealing with thermoregulation during
rest and exercise. Experimental evidence now shows that
for any individual in a steady-state his internal body tem-
perature, as measured rectally, is proportional to the
metabolic rate and independent of ambient temperature
(22). When subjects with varying levels of physical fitness
or aerobic power are compared, internal body temperature
is proportional to the work level expressed as a percentage
of the individuals’ maximal oxygen uptake (27). Average
skin temperature in steady state is a linear function of the
ambient air temperature and is relatively independent of
the level of exercise (20, 22, 26, 28, 31). Finally, regulatory
sweating is closely related to skin conductance, an index of
skin blood flow (20, 26, 31). The two major independent
experimental variables in any study of heat regulation are
usually the temperature of the environment and the level of

exercise. The level of sweating necessary for regulation of

body temperature can be predicted reliably by these two

. A
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“factors (26, 31). In view of the relationships described above,

regulatory sweating may also be predicted with reasonable
reliability by a linear function of skin and internal body
temperature whether measured in the esophagus or the
rectum (20, 26, 28, 31). The above temperature-energy re-
lationships, although somewhat oversimplified, apply
primarily for steady-state conditions.

The purpose of the present study is to eval‘uate the effect
of thermal transients, caused by varying periods and levels
of exercise, on temperature regulation. From such thermal
transients it may be possible to gain a closer undex:standmg_
of the .relationships between the various factors involved.-

TABLE 1. Anthropometric and circulatory
data for test subjects

Sur- | Maximal Maximal Oxygen Uptake-

;1 Age Height, |Weight,| face Heart
Subj v cm k, Area,* Rate,
v ¢ m? | beats/min| 1/min 1/ | ml/] (k)g

min min,
BC 25 183 79 12.03) 190 3.8 |1.87) 48
PM 22 189 84 }2.09] 235 4.2 1201 50
BS 33 187 89 (2.17¢{ 183 54 (248 6l

* According to DuBois (8).

TABLE 2. Submaximal work loads (kpm/min)*

Percent of Maximal Oxygen Uptake
Subj .
Mean 25%, low | Mean 47%, medium |~ Mean 73%, high
BC 300 750 1,200
PM 300 750 1,200
BS 450 1,050 1,650
* kpm/min = Kilopond-meter per minute; 100 kpm/min =

16.35 W. These figures do not include the internal friction within
bicycle, which was about 8%, of load at 50 rpm.

SURJECTS

Selected anthropometric and circulatory data for t%le test
subjects used are presented in Table 1. The experiments
were performed during summer 1968. Two' of the subjects
(PM and BS) were the same as in our previous stufiy (26).
The submaximal work loads used for each subject are
shown in Table 2.

METHODS AND PROCEDURES

The experimental chamber was the same used in our
earlier study (26). The methods and procedures for the
measurement of intramuscular and rectal temperatures
and for oxygen uptake (metabolic rate) and heart rate were
the same. A Monark bicycle ergometer was again used. The
reader is referred to the above reference for a detai}ed de-
scription of these methods. In the present study skin tem-
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peratures were measured with thermocouples placed at 10
different locations (forehead, chest, abdomen, scapular,
lumbar, biceps, forearm, finger, thigh, and calf). In addi-
tion, the temperature of the esophagus was included; this
thermocouple was located at the same level as the heart and
was set originally by fluoroscopic guidance for each subject.

A significantly new method used in the present study was
the continuous measurement of body weight during exer-
cise. For this purpose the bicycle ergometer was placed on a
Potter platform scale (described as “Potter Bed Balance”
in US Patents 3,224,518 and 3,360,002). The unique feature
of this scale is that thin steel ribbons (3 inches wide and with
all planes parallel) are used in place of the conventional
knife edges found on platform scales. By arranging the
plane of the pedaling motion parallel to the four primary
supporting steel ribbons of the scale, it was possible to
eliminate from the weight records most of the inertial dis-
turbance caused by exercising. The millivolt output from a
linear variable differential transformer sensing circuit
(supplied by the manufacturer) was used to measure on a
recorder the rate of weight loss of the subject and the con-
sequent total evaporative heat loss. A sample experimental
record is illustrated in Fig. 1. Damping was controlled
electrically; the 3-sec and 20-sec levels have been illustrated.
For a 20-scc setting the pedaling disturbance may be re-
duced to approximately a 5-g displacement on the record.
With a 3-sec setting the disturbance was approximately 20 g.
The mode with a 20-sec damping was used for the majority
of the experimental results reported here.

TIME IN MINUTES

All the above measurements weré produced in the form’
of a millivolt output, and for each minute these data were
converted to digital form in an A-D converter and stored in
the disc memory of an IBM 1131 computer for the entire
3-hr-long experimental period. In addition, it was possible
to monitor continuously the rate of weight loss and any
temperature on separate millivolt strip recorders. At the
end of the experiment the computer was supplied the ap-
propriate calibration constants and it converted the basic
millivolt data into the corresponding thermal units—in this
case, degrees Centrigrade and watts per square meter or
kilocalories per square meter-hour.

PROCEDURE

Three environmental temperatures, namely 10°, 20° and
30° C, were again used at a relative humidity (RH) of 40 %.
The air movement about the subject in the experimental
chamber resulted in a combined heat transfer coefficient of
7.0 W/(m?-°C), when resting on the bicycle. While pedaling
at 50 rpm, the combined fransfer coefficient rose to 10.0 ==
1.0 W/(m?-°C). The latter value was determined sta-
tistically from our earlier equilibrium data at 10° C, 75%
max Vo, at 20° C, 25%, 50 %, and 75 % and at 30° C, 25%
and 50 % where body heat storage appeared to be negligil  °
as judged by the rate of change of rectal and skin tempera~"
ture.
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The protocol of each experiment was as follows. The sub-
ject dressed in shorts and gym shoes. The intramuscular
thermocouples described previously were inserted at normal
room temperature prior to entry into the test room. He then
sat on the bicycle ergometer mounted on the platform scale
and the skin thermocouples, and other temperature trans-
ducers were applied. The initial exposure before the first
exercise varied from 20 to 30 min and at least 15 min of data
were recorded before the start of exercise. Three half-hour
exercise periods at 25 %, 50 %, and 75 % of each individual’s
maximal oxygen uptake were used. Each exercise period
was followed by 30 min of rest. Oxygen uptake was re-
corded continuously for 5 min before, during, and 10 min
after each exercise run. One complete run was performed on
all three subjects at 30° C. On subjects PM and BS complete
observations were made at 20° C; and on subject PAL and
BC at 10%. '

GALCULATIONS

For each minute of the experiment a heat partitioh was
made using the following heat balance equation

§=M—-E—-W—wT,—Ta) 6))

!

!

W/m2!

where

§ = the rate of body heat storage
(-+ for heating; N

— for cooling) P

W/m? y
i

M = metabolic rate
W = rate of work W/m? | :
h = combined heat transfer coefficient W/m?-°C

The loss E (in W/m?) is evaluated from the rate of weight
loss (W) observed on the scale by the relation (W X 60 X
0.7 + A)lgwhere 0.7 is the latent heat of water (in W-hr/g).
Ap of the DuBois area (8). The evaporative heat loss, E,
consists of two parts, Ere the heat of vaporization of the ex-
pired water vapor and E the heat loss by evaporation from
the skin surface itself. i

The heat conductance of the skin (K) is

K =[G +hT - T/ —T)  Wmt0) (2

or if there is thermal equilibrium )
| K= (M~ W~ B/~ T @)
Ees may be evaluated by the following relation (1, 9, 19):
Eps = 0.0023M(44.0 — ¢,P,), W/;n’ ' )

where ¢, is the humidity of the ambient air as a fraction,
and P, is the saturated vapor pressure at temperature T,
(in mm Hg). i

The maximum rate of evaporative heat logs, E ox, from
the body surface is: ;

Eunx = 22h,(Py — 9P W/m? @
where '
2.2

i

the modified Lewis relation in mm Hg/°C for the ratio of
the mass and ‘convected heat transfer coefficient from the
skin surface to the ambient air (4, 18, 23)

the convective heat transfer coefficient which varied in
our experiments from 1.75 for rest to4.65 W/ (m?-°C)
for exercise at 50 rpm !
Ps = saturated pressure of water vapor at skin temperature

(Ty) in mm Hg

P. = saturated pressure of water vapor at ambient air (T.) in
mm Hg.

[}

he

404
10 C Tq

39,

38

Tr
37.

W
m

l-_-- 1800

TEMPERATURE - DEGREES C
hy
f
3
———

500

27

WATT PER SQM.

400

24 (200

TIME - MINUTES

Fic. 2. Computer plot of the basic physiological variables T, , T
m, Ts, Es, and M during experiment at 10° C with subject PAM.
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Whenever the observed value E; exceeds of £ — Egs or
Eoax, the latter value is the true heat loss for use in the heat
balance Eq. (11) instead of E..

The change in mean body temperature T (in °C/min)
may be calculated by the equation

ATy = 8 X Ap/(m X 0.965 X 60) (5)

where Ap, is the Dubois area in square meters, m is the body
mass in kilograms, 0.965 is the body specific heat in
(W-hr)/(kg- °C), and 60 is minutes per hour.

By summarizing AT, over each minute of the experiment
from zero time, a value of T} for any time of the experiment
follows. At time zero the value of T} is assurned to be:

(Ts + 4T.)/5  at30°C  (refs. 14, 29)

or

(T. + 2T.)/3  at 20° and 10°C  (vefs. 6, 7)

RESULTS

The time course of the various basic physiological ob-
servations is indicated in Figs. 2, 3, and 4 for the 10°, 20°,
and 30° C environments, respectively. At 30° C while at
rest the subject is close to his thermal neutrality and the
regulation of body temperature during exercise is primarily
accomplished by sweating. At 20° C during rest there is
always some body.cooling and only at the two higher exer-
cise levels was internal body temperature raised enough to
cause regulatory sweating. At 10° C considerable cold stress
occurred during rest and at the two lower exercise levels;
significant sweating finally occurred at the heaviest exercise
level.

-
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At the lower and medium levels of exercise, mean skin
temperature (Ts) is dependent primarily on the ambien
temperature (T,) and is independent of the exercise level.
During the heaviest work load the variation in skin tempera-
ture with exercise was significant in all ambient tempera-
tures and was the widest for the 10° C cage.

At all ambient temperatures and at all three exercise
levels muscle temperature was generally very responsive to
exercise. The exception occurred at 10° C for the 25%
maximal level.’A needle probe at the end of this exercise did
indicate that some other part of the working muscles had
risen to 37.8° C. For the case illustrated, the muscle in Fig.
2, in which the probe was located, was apparently inactive
at the 25% level but became very_ active at the 50% and
75% levels. As pointed out in our earlier paper, the tem-
perature by the indwelling thermocouple must be cross-

- checked with a needle probe, especially for the lower levels
of submaximal exercise, to be sure the section of the muscle
being observed is fully active.

At all three ambient temperatures, rectal (T;) and esopha-
geal (Te) temperatures closely paralleled each other
throughout the experiment, but T, was more responsive to
exercise and had wider variations and a smaller time lag.

As may be seen in the original record, illustrated in Fig.
I, a few minutes'may have elapsed before there was a sig-
nificant change in the slope and thus in the rate of weight
loss observed. The nature of this time delay in sweating at

TIME - MINUTES : the onset of work has been analyzed in more detail in Fig. 5,
- where data for the rate of weight loss for our three submaxi
mal exercise levels have been averaged for three subjects
Fi¢. 4. Computer plot of the basic ; hysiological variables T, Tes , at 30° 20° and .100 C. In Flg.. 5 the star't Of exereise oc-
Tem, Ta, E,, and M during experiment at 30° G with subject PAL. curred at zero minutes on the time scales indicated. In all
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1. 6. Variations in time of various body and skin temperatures,
of rate of weight loss from skin surface, of heart rate, and of skin con-
ductance are shown for 10°, 20°, and 30° C during exercise at 75%,
maximal oxygen consumption and during recovery for subject PM.

b

nine cases there was no significant increase in the rate of
weight loss during at least the first 1.5 min of exercise. On
the right side of the chart there are indicated the equilibrium
values for the respired rate of weight loss in grams per
minute (Er) as calculated from equation 4 by the relation
(Eres-Ap)/(0.7 X 60) where 0.7 is the latent heat of water
(in W-hr/g); and 60 is minutes per hour. In this example
the average value of Ap is 2.10 m? for the three subjects.
Thus it is possible to account for some of the initial weight
loss by the respired water vapor. Weight loss caused by the
difference between expired CO, and inspired O, can ac-
count. for additional losses up to 1 g/min. Regulatory
sweating would occur then only after these loss levels had
been reached or exceeded. Also on the right side of the chart
a single point has been drawn for the average loss rate ob-
served at 30 min after the start of exercise. Only for the
lowest work load was the final rate of weight loss reached
within the first 10 min of exercise. For the two heavier work
levels the 10-min value was 65-80 % of the weight loss found
after 30 min of exercise. For each of the averages during the
first minutes of exercise in Fig. 5 the standard deviation is
about #+2 g/min, which fact means the time lag and the
trends indicated are significant.

Since regulatory sweating occurred for the highest work
rate at all three temperature levels, we can compare in
greater detail how the sweat loss E! (in g/min), the average
skin temperature (T.), the esophageal (T,,) and muscle
temperatures (T,,), skin conductance and heart rate vary
just before, during and after this 30 min period of exercise.

! When E; and Epax are not italicized, they are expressed in g/min
and cannot be used in the heat balance equations.

The results for 10°, 20°, and 30° C are illustrated in Fig. 6
for subject PAM. In this figure dotted lines have been drawn
for Epa! (in g/min) expected for the observed T, T,, and
relative humidity. These values have been found from
equation 4 and by the relation En X 2.09/(60 X 0.7),
where 2.09 m? is the Dubois area for the subject illustrated.
This dotted line thus represents the maximum rate of
evaporation that may be expected from the total body sur-
face itself. An observed value for E; well above the E,.x in-
dicates that evaporation of sweat may be taking place on
surfaces (likely the platform of the scale and the bicycle)
other than on the skin surface itself.

Of all the physiological variables illustrated in Fig. 6 only
muscle temperature and heart rate increased immediately
at the beginning of exercise. After its initial rapid rise, the
muscle temperature reached a new relatively steady state
within 10~12 min. The evaporation of the regulatory sweat
(E:) was delayed for 2-5 min, and then, in every case, a
rapid increase occurred until the 18th min of exercise. After
this critical 10 min, E, rose continuously to the end of the

_ experiment, but at a slower rate of increase. Esophageal
temperature (T,;) had approximately the same time lag as
E, before the rapld increase occurred, but it tended to level
off after 15-20 min of exercise.

As mentioned earlier, a marked rise in T was also ob-
served at 75 % work level. The delay in the rise of T varied
from 6 min at 30° C to 10 min at 10° and 20°. At the two
latter temperatures the rate of rise in Ts was as fast as the
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FIG: 7. Sweat losses observed for subject PM are simultaneously

plottc'd by computer against Ts, Tm, Tes, and ‘T, for three levels of
exercise during a 3-hr experimental run at 30° C. Each successive
X point in time has been joined by a straight line.

temperature rise in Ty, at the onset of exercise. At 10° the
equilibrium level for Ts was not reached at the end of the
exercise period, at which time both E; and skin conductance
were still both rising. Since E; was always below the pre-
dicted Euux, the rise in T at 10° C and 75 % work level thus

represents an increasing heat flow by circulation to the skin -

surface.

At 30° C the skin temperature tended to parallel the rise
of the -esophageal temperature throughout the exercise
period. At this ambient temperature the skin conductance
(an index of skin blood flow) ranged from a minimal level _of
10 W/(m?-°C) to a maximal level of 60-65 W/(in?- °C) in
10 min after which there was a slow rise to 75 W/m? — °C.
Since T, is an index of the temperature of the blood from
the heart, and since a high level of vasodilation existed at
the skin surface, the parallel relation between Ts and Tes
during heavy exercise at 30° C was expected. During the re-
covery period after exercise at 30° G, T, _Tes, and T, all
fell at approximately the same rate after T: had reversed
its rise 5 min after the exercise.-At the end of exercise the
cooling power of the ambient air is markedly reduced since
Eiax is about half of its former level and since the dry heat
exchange is relatively insignificant during rest and exer“cise.

The values of Epgy (in g/min), derived from equation .4,
represent the maximum rate of weight loss from the skin
‘surface by evaporation and are based on values for'average
skin temperature (Ts) and for an average convective heat
transfer coefficient (h) for the entire body surface. Regional
values of h, for the legs and thighs are probably higher than
the average, and values over the trunk may be lower but
their surface temperature may be lower.

The effect of thermal stress caused by exercise at the 75 %

_maximal level can be illustrated by changes in heart rate
as the ambient temperature was varied. At.the end of exer-
cise at 30° C the heart rate was 194 beats/min; at 20°,
"178; and at 10°, 167. Recovery heart rates at-100-90 level
occurred within 6 min at 10° and 20° 'C, but 6 min after
exercise at 30° C the rate was still 144 beats/min. This
latter fact again shows poor cooling ability of the environ-
ment at 30° C after heavy exercise.

How regulatory sweating is directly related to the esopha-
geal, skin and muscle temperature is illustrated by the ma-
chine plot in Fig. 7. The same data for 30° C as plotted in
Fig. 4-are used. In Fig. 7 the observations for each minute
of the experiment are plotted in time sequence, and a
straight line joins each successive point. The loops for the
three successive levels of exercise at 25%, 50 % and 75%
max Vo, are readily recognized. The exercise loops seem to
reach an upper limit, which indicates that an increase of
1° Cin T,, would result in an overall increase of E; of ap-
proximately 200 W/m? (or 10 g/min sweat loss rate). In
contrast, a 1° C change in muscle temperature is associated
with a change in E; of approximately 63 W/m? (or a 3 g/min-
sweat loss). For T, the loops at the low and medium levels
of exercise tend to coincide; the greatest change occurs at
the highest exercise level. For T, the three loops are apparent
but tend to repeat about the same 33° C Ty level. For each
successive level of exercise after a 30-min rest period, the
threshold for sweating appears to increase for both esopha-
geal and ‘muscle temperature but less so for the rectal. The
physical explanation may be again the poor environmental
cooling during rest at 30° C and the body’s inability to re-
store equilibrium during the recovery periods. Except for the
shifting threshold, the hysteresis curves in Fig. 7 are some-
what reminiscent of similar curves observed for resting sub-
jects (15) when exposed to thermal transients caused by
varying the ambient temperature rather than by exercise.
At 20° and 10° C a somewhat similar picture would have -
occurred for the two higher levels of exercise, except that the
T, loops would have repeated themselves about lower tem-
perature levels. ' ' T
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TABLE 3. Best prediction of sweat by
a single body temperature

Subj. Data Selection Regression, Wq /m? R()

PM, BS, Ex—30° C (all) | E; = 156.9 0.85 (21)
BC (T: — 36.5)

PM, BS Ex—20° G (all) | E, = 155.2 0.89 (25)

(Tes — 37.0) )

PM, BC Ex—10°C (75%) | Es = 32.5 0.76 (12)
(Twm — 35.0)

PM, BC Recovery— Es = 599 0.74 (15)

’ 30° C (all) (T: — 36.8) ‘

PM, BS Recovery— E; = 69.2 0.87 (12)
20° G (all) (T: — 37.1)

PM, BC Recovery— E, = 101.8 "1 0.93 (15)
10° C (75%,) (T, — 37.6)

TABLE 4. Prediction of sweat loss (W/m?) at
10°, 20°, and 30° C

‘ Seﬁzg:iion Linear Regression %2?&’_ R 2
All E, =118 (Ts — 27.7),+- 1:8 0.81 | 17,26
' 93.0(Tes — 37.0)% - :
Exercise | B, = 14.3 (Ts — 20.7) + 1:7.5 1 0.93 | 18,29
1098 (Tes — 37.0)* :
Exercise | E; = 15.2 (T, — 27.7) 4+ 1:10 | 0.92 | 18,25
159.9 (T: — 37.0)* | b
Exercise | E; = 831 (Ts — 28.7)* 4+ . 1:4 0.87 6,18
325 (T — 344) i o

* Threshold temperatures arbitrarily selected for factormg inter-
cept from regression equation.

. CORRELATION ANALYSIS OF DATA

For the present limited analysis the combined data for
all three subjects have been considered, and approximately
500 different sets of observations were used. In each analysis
at least 100 different sets of data were included.

Table 3 presents linear regression equations predicting
sweating E; for each temperature from either rectal (T,),
esophageal (Te), or muscle (Ty). They represent the best
single correlations for the present data under the conditions
specified on the left two columns. At 30° C T is predomi-
nant and its regression equation is able to account for 75 %
of the variation of the data (i.e., r*). At 20° C the regression
for the esophageal T. is able to account for 80% of the
variation in the data. At 10° C the muscle temperature
provides the best fit of the three, but the regression equation
is able to account for only 58 % of the data. During the re-
covery phase the regression coefficients for T; are less than
half those for the exercise phase. Since sweating after the
heaviest work load at-both 20° and 30° C during recovery
was sometimes above £, these two regressions may have
little physical significance. At 10° C where the sweating ob-
served during the recovery phase was real, the regression
between sweating and T, was able to account for 86% of
the variation in the data observed.

-In Table 4 all data for 10°, 20°, and 30° C were used for
the multiple regression equations presented. Sweating (E.)
during both exercise and recovery was best predicted by the
pair Ts and Te; however, this regression was only able to
account for 65% of the variability in the data used. The
regressions for the exercise phase alone showed that skin
temperature has a s1gmﬁcance in the control of regulatory
sweating.

If one had measured average body temperature T by
weighing T and T in the ratio of 1:8 or T and T, in the
ratio of 1§10, for example, one could have concluded that
sweating during the exercise transient might be a simple
function of mean body temperature. On the other hand,
when T, is measured by integrating the accumulation of
heat storage during the entire course of the experiment, we
were unable to arrive at any significant and consistent re-
lationship between the calculated body temperature Tb
based on calorimetric considerations, and any combination
of observed body temperature. This difficulty has been al-
ready pointed out (29) for the steady state at rest and would
be expected to be even greater during exercise.

There are two other interesting regression equations based
on all data between T, of 10° and 30° C. For the Nieclsen
relation during both rest and exercise we find

T, = 0.00408M + 35.9  (r = 0.83,¢ = 24)

where (M is in 2 watts per square meter). For the relation
between mean skin and air temperature,

T, = 0391Ts + 222 (- = 0.96;¢ = 78)

These two general relationships, previously observed for the
steady-state, also appear to be valid during transients.

DISCUSSION

There are few continuous observations in the literature of
the rate of weight loss due to the evaporation of sweating
during exercise. Nielsen (22) and Nielsen and Nielsen (21)
used a Krogh balance for their records which showed that
significant observations were possible over 5-min periods.
Nielsen in his classic study demonstrated that during the
first 5 min of exercise the rate of weight loss was proportional
to the work load. At the end of the first 5 min of work at
1,260 kpm/min (22.5° C; 50 %RH), he reported a weight
loss as high as 30 g. After 15 min of exercise the rate of
weight loss for each 5-min period had risen to 60-70 g.

“Further support for his concept that there is a very fast

onset of sweating at the start of exercise was given by van
Beaumont and.Bullard (2). They used cups (7 cm? area),
placed on the forearm and calf; the change in humidity of
dry air flowing through the cups at constant flow was their
continuous  index of sweating. They found in a “warm”
environment (37.5° C) that increased sweating occurred
within 1.5 sec after the start of exercise at 1,000 kpm/min
and that it tripled after 1 min of exercise. If these data for
the cups were representative of the sweating over the entire
area, they showed that approximately 7 g of sweat had been
produced during this first minute of exercise. At 30° C,
which they described as “cool” rather than “neutral,”
van Beaumont and Bullard observed a time lag in sweating



over the first minute of exercise (1,000 kprh/min), and
during the second minute only a small increase was ob-
served by the calf cup. Since none of their body temperatures

(skin, tympanic, and rectal) had changed before sweating

started, they concluded that sweating during exercise was
partially regulated by a nonthermal reflex mechanism or by
the exereising muscle temperature « v both.

During our present study we were unable to demonstrate
any significant increase in the rate of weight loss by sweating
during the first 1.5 min of exercise for a wide range of work
rates (300-1,650 kpm/min) and ambient temperatures
(10°, 20°, and 30° C). After 5 min of exercise our observa-
tions are comparable to those of Nielsén. However, at the
onset of exercise the temperature of the exercising muscle
does rise both earlier and faster than does the regulatory
sweating as judged by the rate of weight loss. Would this
fact indicate that there is no direct relation between Tw
and Egp

In our reasoning so far we have agsociated the observed
rate of weight loss (W), corrected for the rate of respired
‘vapor loss (W), with the rate of secretion (8) and its
subsequent rate of heat loss by vaporization (E;). When the
initial secretion of the sweat glands appears on the skin
surface, two avenues occur simultaneously: /) accumulation
of sweat as a thin film on the skin surface and 2) its evapo-
ration. When the accumulation is constant (i.e., constant

‘wetness, which is measured by the ratio E./ Emn (10 11),
‘then § ~ W,. Brebner and Kerslake (3) have recently
shown that the rate of secretion (§) is the sum of the rate
of weight loss (W) and a second derivative, W, whose co-
efficient, « is the time constant for the accumulation of
sweat on the skin surface. For the present case,® « is the
ratio of the wetness (g/m? of the evaporating film on the
skin surface to the evaporative power (i.e., Emax) of the
.ambient environment expressed in grams per minute-square.
meter. The initial time delay of approximately 2 min ob-
served in our studies may be partially explained by the delay

2 The rate of weight loss (W) in g/min, caused by evaporation from
a thin film of water on the skin surface, is given by

Ws = A'Emax

where A is the surface area of the accumulated film of sweat in square

meters and Emoax is in g/(m?-min). The rate of secretion (S) in g/min
is given by

S = ma-A + W,

where m, is the specific wetness (in g/m?) of the evaporating film itself,
Eliminating A from two above equations

S =W, -+ (ms/Emnx)'Ws
The time constant for sweat accumulation ¢ is
e = ms/ Emax .

For the example illustrated in Fig. 8 at the start of exercise the value
for o is about (11) g/m? + (14/2.19) g/(m?-min) or 1.7 min, when
an observed value for m, from the cold spray experiment is used.
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in W, due to the initial accumulation of sweat. As may be
seen in Fig. 5, W, becomes insignificant after 3—4 min. The
respired vapor loss (Eres) also has a time delay in its buildup
to the values shown at the right in Fig. 5. Our present
measurements of W during the initial period of exercise are
insufficiently refined to dlstmgmsh between W, W, Eres and
E. or to cor zlude that there is no secretion of sweat z¢ the
start of exercise as our observation would at first imply. One
fact is apparent: there must be a significant delay in the evap-
orative heat loss E; at the skin surface after the start of exer-
cise, even if § should occur immediately at the-level required
for body temperature regulation. Under these circumstances
the. rapid rise in muscle temperature seen at the start of
exercise could still be responsible for a sudden increase in
the rate of secretion $; this secretion must precede the
evaporative heat loss (£;) which is derived from the ob-
served W.

Our statistical analy315 above tends to show that the in-
ternal body temperatures, Te; and T;, are more significant
as a single index of sweating than muscle temperature, Th;
the same is true when all three temperatures are used in a
linear multiple regression with the skin temperatures T
during the exercise phase. For our steady-state studies on
exercise (27, 31) skin temperature alone showed no sig-
nificant relationship to sweating butin a multiple regression
with T its significance greatly improved (to r = 0.9). Qur
present study shows. that this same multiple relatlonshlp‘ '
between sweating and (T, Tes) or (Ts, T:) again holds but
only during the exercise transients. The lower significance
for muscle temperature (Tw) as indicated by linear regres-
sions in the regulation of sweating during exercise may be
explained by the fact that this temperature increases before
the evaporative loss (E;) starts, it levels off before E, reaches
its final equilibrium and does not have the same time delay
as E,, T., and T: in relation to the start of exercise. This
latter fact may account for the better correlations observed
between the last three factors.

At all ambient temperatures a significant change (see
Fig. 6) in average skin temperature Ts was observed during
the heaviest work load. The equilibrium heart rate was pro-
gressively higher as the ambient temperature varied from
10° to 20° and 30° C. The increase in T probably indicates
increased skin vasodilation, reduced peripheral resistance
and a drop in the stroke volume, which is compensated by
an increase in heart rate as the cardiac output is constant.
This statement agrees with recent studies on the circulation
and the effect of heat (16, 25, 32).

Durmg the recovery phase, especially after the heavy ex-
ercise at 20° and 30° C ambient, the exact nature of regula-
tary sweating is more difficult to interpret from the observed
rate of weight loss, as recorded by the Potter scale. Part of
this loss may be due to sweat secreted and accumulated
during the last minutes of exercise and part may have oc-
curred during the recovery period itself. There is no ‘assur-
ance, except by visual inspection, that evaporation of sweat
is occurring only on the skin surface and not on the bicycle
or platform.



BODY TEMPERATURE AND SWEATING DURING EXERCISE TRANSIENTS 9
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F1G. 8. Rate of weight loss during 20-30 min of exercise at 75% max
Vos and 15 min of recovery have been compared for data taker} in
summer 1968 and for repeat data in 1969, both for subject BS. Ambient
temperature was 30° C (40-45% RH). At the end of exercise for 1969
data subject was wiped off with dry towels during first 15 sec of rest
and recovery. A third curve (triangles) shows how rate of weight loss
changes after subject has been covered with a thin layer of water from
a spray gun to simulate sweating. Zero time in latter case represents
end of spraying. »

|

Two special experiments were done to test the physical
nature of the rate of weight loss which occurred during the
recovery phase after exercise. Subject BS was used and his
rate of total weight loss (W) over the first 20 min of exercise
for the 1968 data is presented in Fig. 8. The ris¢ and fall of

sweating paralleled the curve indicated for subject PM illus-

trated in Fig. 6 during the heaviest exercise at 30° C. The "

same experiment was now repeated (1969) for subject BS
except at the end of exercise all sweat on the body surface
and the platform was wiped off with a dry towel before the
rate of weight loss measureinents were resumed. The first
point in the recovery period is a backward projection of the

~.rate of weight loss and represents the time the weight record

- was started. Surprisingly, the rate of evaporation was almost
as great as the case when the body was not wiped off (1968
series). This indicates the sweating drive is still continuing
at a high rate into the recovery period and the body surface
becomes immediately over 100% wet again after wiping.
Integrating the weight loss over the first 5 min of recovery
indicates that approximately 60 g of water were lost. During
the following 5- to 10-min recovery period the rate of loss
remained steady at approximately 8 g/min. After 10 min
the rate of loss is lower than the expected Enax.

In a second experiment, while sitting without prior exer-
cise on the bicycle at 30° G, the entire body surface of the
subject was covered with 25° C water from a spray gun to
the point where the skin surface appeared shining wet with
beads of water. A towel on the platform (later removed)
collected any excess. The point of this experiment was to find
out what mass of water (i.e., wetness) be accumulated on
the skin surface without perceptible excess and then to follow
the rate of weight-loss curve during the following minutes, as
was done at the end of exercise above. Under these condi-
tions the chill of the spray caused great cold discomfort and
must have inhibited all sweating. At the end of spraying the
weight record indicated that 72 g of water had been ac-
cumulated on the skin surface. The rate of weight loss after
spraying is indicated by triangles on Fig. 8. Only during the
first 2 min was the rate of evaporation greater than Enx

and for the next 3-min period the evaporative rate equaled
the theoretical maximum. After 5 min the rate of weight loss
started to drop towards the insensible level. After 15 min
drying the skin surface still had a damp sheen. Integration
of the weight loss after spraying indicates that during the
first 2 min approximately 21 g were lost. From 2 to 5 min 24
g were evaporated at a constant rate. During the following -
10 1.1in another 25 g were evaporated. In all approximately
70 g of water were evaporated and thus most of the initial
accumnulation has been accounted for. During the 2- to 5-
minute period the wetted surface area for evaporation was
constant but the accumulated surface water was being con-
stantly evaporated. During this period the surface wetness
dropped from 22 to 11 g/m? Integration of the sweat loss
curves indicates that approximately 125 g were lost after the
end of exercise. A comparison of the physical evaporative
loss curve with the sweat loss curves gives an index how
much longer after exercise the regulatory drive may con-
tinue. Sweating, after heavy exercise at 30° C, may have
continued at least 5 min into the recovery period.

The two above experiments agree roughly with data re-
ported by Brebner and Kerslake (3) for the situation where
secretion is greater than the evaporation (Emaix) possible
to the environment. Their experiments were performed at
rest in a saturated atmosphere where Ty = T, and after the
skin had been washed with a detergent to reduce accumula-
tion. All three of our recovery curves in Fig. 8 leveled for a
short period at Enax, during which the evaporating surface
area of sweat accumulated on skin surface was constant.
This period of constancy was roughly the same for the water
spray at the sweat curves.

Finally, our observations as well as the statistical results
reported here indicate that no linear combination of aver-
age skin temperature, esophageal, rectal, or muscle tem-
perature can completely or uniquely predict the regulatory
sweating response both during and after periods of exercise
and in different environmental temperatures. Possible con-
clusions are: thermal signals from these sources may be in-
teracting in a nonlinear manner or may have nonlinear
characteristics themselves, or that an important new source
of thermal or nonthermal signals, necessary for regulation,
may- not be represented by the various body temperature
measurements made in the present experiments.

. Nonlinearity of the thermoreceptive structures in the’
human skin has been demonstrated by Hensel (17) and was
shown to consist of a high sensitivity to the rate of tempera-
ture change, of a threshold, and of a nonlinear steady-state
temperature characteristic. Nonlinear integration of signals
from different body structures has been- proposed by
Hammel et al. (13) in the form of additive displacement of
thresholds, and by Stolwijk and Hardy (15, 30) and by
Bullard et al. (5) in the form of parametric changes in the
effector response to a given internal temperature displace-
ment. .

There is a real possibility that there are thermoreceptive
structures which contribute to thermoregulatory responses
and which were not forescen by the measurements we have
used. Hammel, in his recent review, (12) anticipated new
receptors located somewhere in the core, but outside the
hypothalamus. Rawson (24) has recently presented some
indirect evidence for the existence of such receptors in the
abdomen. .
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Theoretical studies

The extended mathematical model of thermoregulation which was described |
in concept and detail in the Final Report - A was used in only very slightly
modified form,

It was used in simulations of a standardized experiment., The subject
was a 70 kg man, with a' surface area of 1,88 mz. The maximum aerobic

capacity was assumed to be 4.04 liters O, per minute, a value which is

2
normal for a physically fit young adult of this size, but somewhat below the
value for a competitive athlete.

The coefficients used in the central controller were all set to zero, for

the case of abserit or ineffective thermoregulation contreol, and to the

following values for the case of effective and normal thermoregulation:

CsSw = 400 Kcal. h_l. per °C temperature rise in the brain
~1 -2

PSW = 60 Kcal. h = °C

CDIL = 150 l.h—1 per °C temperature rise in the brain.

CCON = 10 per °C temperature drop in the brain

SCON 10 per °C skin temperature drop

PCHIL 10 Keal, b}, °oc7?

In the simulation a nude man initially at equilibrium with a 30°C environ-
ment was placed for an initial rest period of 30 minutes in 10, 20, or 30°C
at 30% relative humidity. In each temperatur= the man was subjected to a
series of rest and exercise periods, as follows:

0-30 minutes rest, air velocity 0.1 m/sec

30-60 minutes exercise, total O, consumption 280 Kcal.h-l, air velocity

2
0.3 m/sec



60-90 minutes rest, air velocity 0.1 m/sec

90-120 minutes exercise, total O, consumption 520 Kcal.h—l,

2
air velocity 0.3 m/sec

120-150 minutes rest, air velocity 0.1 m/sec

1

150-180 minutes exercise, total O2 consumption 875 Kcal.h
air velocity 0.3 m/sec

180-210 minutes rest, air velocity 0.1 m/sec

A complete listing of the FORTRAN program as used, and of all the i nput
cards is given below, For the case of no thermoregulatory control the card

labeled CONTR 19 should be left blank,



*DELETE MAN

// FOR e e e e e e e e e e e e o

*ONE WORD INTEGERS

#10CS(CARD, TYPEWRITER)
DIMENS[ON T(25),TSET(25),RATE(25), C(25),QB(24), EB(24),BFB(24)

I DIMENS 10N TC(25),5(6), SKINR(E), SKINS(6), SKINV{E), SKINC(6), WORKH(E) -
DIMENSION CHILM(6), HR(S) HC(6), P(10), F(25) H6), UARM(ZS) COLD(ZS)
~DIMENSION HF(25) - - - - - oo
DIMENS[ON ERROR(25), Q(24), E(24), BF (24, BMAX(6), BC(24), TD(24)

'—CALL-EHTER-

C .

C---—~-READ - CONSTANTS ~FOR-CONTROLLED -SYSTEM - - oo

c .

o100 FORMAT (L5 g 2,) - oo o e
101 CONTINUE . o .

V———READ(2,100)—C - -
READ(2,100) QB

B ~READ(2,100) + EB——— === s s
READ(2,100) BFB

Hom e SREAD (2, 100 )~ T € o e
READ(2,100) S

H————READ(2,100)--HR

- READ(2,100) HC
S READ (2,100 ) P e e o e e e e e e e
'SA=0. ‘
LT B T I < e e
110 SA=SA+S(K) -
- C READ CONSTANTS FOR THE CONTROLLER
D e e
READ(2,100) TSET
- READ(2,100) - RATE e e o e e e e
: READ(2 100)CSW,SSV, PSW,cDIL,SDIL,PDIL,CCON,SCON, PCON, CCHIL,SCHIL,
H———yPCHIL
- READ(Z 100)  SKINR ~
A READ(2,100) - SKINS e S
READ(2,100) SKINV
B~ READ (2, 100 ) — K N e e e e

READ(2,100) VORKM
a READ(2,100) —CHILM

c .
C——-——READ - ENFETIAL- COND FTHONS—— e e S

e READ{2;100) -~ T ~-—-——mmm o mom o e
TIME=0, . |

f T IME=0-

JTIME=0

e DO-102 rN=1; 25~ ~——m———mmmmmmm mm e e
F(N)=0,

e e e e o e e e v v e e e e e e e o e e i e et T S e s o e et e = S e At T ot e i 2 oo ot o 2 o o oo oo o+ e o 2o e e e i ron e



T ere o e s n e e e o s e e et . e e 4 o et A et e S 4 . e e e ot s e o Sore 11 s i o o s 2o e e e e et s o m o . 2 et o ot e oo et o e Sems o e i o e e ot ot e e e e o o e oo
Y o e e e e e e e e e e e e e e e -
3
T2102 CONTUINUE - o o o oo el
é .
C-—--~ READ EXPERIMENTAL CONDITIONS «  — o oo e o e
c
t—-——-READ(2,100) --TAIR- - : e
: READ(2,100) V ‘
T READ (2,100 ) — FRH oo o it

READ(2,100) WORK

- LF(WORK=704). 104, 106,105 e oo e
104 WORK=0, .

'——--G0 TO 106 —

105 WORK= (WORK-69.754) %0, 738

Bo106 - CONTINUE  ~ o o o e o e e
READ(2,200)  INT
1200 FORMAT (112 )+ = e e e e e
DO 202 1=1,6 . |
e H O )= (HRC1)+3, 16 +HC (1) #V##045) %S (1)
.. 202 CONTINUE
B T A R e e
PAIR=RH* (P(1)+(P(1+1)-P(1))*(TAIR=5%1)/5,),
B e e e e e
b C ESTABLISH THERMORECEPTOR OUTPUT
C,'
301 CONTINUE
N e DO B0 2 N T2 5 e e e
: WARM(N)=0, ,
11
- ERROR(N)=T(N)-TSET(N)+RATE(N)*F (N)

t———F FCERROR (N)-) -—303,-302,-30
~ 303 COLD(N)=-ERROR(N)

Cow T e T
304 WARM(N)=ERROR (N) |
. ©-302-CONTINUE —- — I
L C
€ ———FNTEGRATE~PER | PHERAL—AFFERENTS
C |
 me e WARMS=04-  EEEE——..
CoLDS=0, .
R DO 305 =1 /6 —
K=l

B WARMS=WARMS +WARM (K ) #SK I NRC |
COLDS=COLDS+COLD (K)*SKINR(

B3 05 ~CONT | NUE —— = e e e e

c

C—~~~-DETERMINE “EF FERENT - QUTF LO b~ mm i mm mm m oo

C

7 SWEAT= CSW*WARM (1) +SSH*HARMS + PSW*WARM (1) # ARMS -
DILAT=CDIL*WARM(1)+SD 1 L+HARMS+PD | LxWARM(1) *WARHS :

fi————~-§TRIC=CCON+COLD (1)+SCON*COLDS+PCON*COLD (1) *COLDS = ——————~—m oo e
CHILL=CCHIL*COLD(1)+SCHIL*COLDS+PCHIL*COLD(1)*COLDS




o e e e e e e e e e e et o e e e o e e o e e o e e e i i e e ot e e et e ot e o ra o o e e e e e e e e o e om e e e e e

3

C - e S e e SR - e —

i ASSIGN EFFECTOR OUTPUT

C___ et o o e e o e e rtn e e e et e e e am ot e e e e o e e o o e e e mm e e e e e et e e e

hOD CONT!NUE

f—~——D0 401-1=1;6 —
N=hx]-3

e QUNDY=QB(N) e e e e e
BF(N) BFB(N)
“E(N)=EB(N) -~ S I
Q(N+1) QB(N+1)+UORKM(I)*HORK+CHILH(I)*CHILL
E(N+1)=0,-:
BF(N+1)=BFB(N+1)+Q(N+1)-QB(HN+1) ‘

B e QUNF 2 )R QB ONF 2 ) o o e e
E(N+2)=0, .

B e B (N# 2 ) =B BN+ 2 ) o e
Q(N+3)=QB(N+3)

P F (N+3 )= EB(N+3)+SKINS (1) *SWEAT=*2, **((T(N+3) TSET(N+3))/4, J
BF(N+3)=(BFB(N+3)+SKINV(1)*DILAT)/ (1,+SKINC(I)*STRIC)

B e KT AN #3) f 5 o e e e e e e e e e
PSKIN=P(K)+(P(K+1)=P(K))*(T(N+3)=5%K)/5, .
Mmoo EMAXC1)= (PSKIN=-PAIR)* 2 Lhx (HCE) =HR O %S (1) ) o mm o o m o

CIF(E(N+3)-EMAX(1)) 403,403,402
5—-4,02- E(N+3)=EMAX(1)-
c~ 403 CONTINUE
L DT CONT I NU E o e e

c .
A CALCULATE HEAT-FLOWS ~— === oo e

he— DO - 500-K=1;20

- BC(K)=BF(K)*(T(K)-T(25))

S e CTDEK ) =TCCK ) % (T CR) =T OKA B ) e e e e
500 CONTINUE | ‘

S PR DO -50L—F =T 5 B e
" K=bxl|-3 - :
e HF (K)=Q(K)-E(K)~BC(K)-TD(K)

o HE (K+1)=Q(K+1)~BC(K+1)+TD{(K)-TD(K+1) o
R B HECK+2)=Q(K+2)~BCCK+2)+TDCK+L Y =TD (K#2 ) mmm e e oo -

HF (K+3)=Q(K+3)-BC(K+3)=E(K+3)+TD(K+2)-H(1)*(T(K+3)-TAIR)
B501 ~CONT I NUE - == = e e e e
HF(25)=0, .
t———P0--502-K=1,24
HF (25)=HF (25)+BC(K) .
BoB02 ~CONT I NUE — e
HF (25)=HF (25)-0,08*/ORK
C _____________________________________ e e e e e e e o o o e e e e o o i i 2 e o . e et o e e o e o o s e 2 1 e e o e o e o e
c DETERMINE OPTIMUM INTEGRATION STEP
C :
DT=0.016666667
B D0 B0 K= L 2 e e

F(K)= HF(K)/C(K)

3} o et e o o e et nt o o o o T e e+ S e e ke et e i o e o o s e e e o e e T e o\ o e e o o e e e e et — e e 4 = e e e o s =



b UABSCF(K)) o o e
IF(U*DT-0.1) 600,600,601
FoB0L DT=0g 1 U -~ - e o
600 CONTINUE

C .
c CALCULATE NEW TEMPERATURES

C'H______________._-__.______A_,._.4._,..__._____,‘__..‘_____________-___,________._‘____.._\__;____,___,._.______.__ S
DO 700 K=1,25

P T (K )R TR ) #F (K ) DT o o oo e e e
700 CONTINUE

TIME=TIME+DT

LTIME=60,*TIME

B A F(LTIME=INT=ETIME) ~301, 701, 701 — o m o m e e
701 CONTINUE

C'x._-..__.__.__.__m.._._-_ e e o o o e e e e e e o e o e e i e i e o i et e e o e e s e

C PREPARE FOR OUTPUT
CZ

9

ITIME=ITIME+INT

HP=0, .
. B BV (g 7 e e
e TS=0, .
g TB=0,7
o HF LOW=0, . : ‘
N [ TR S BF= g T e e e e e e e e e e e e e e e e e e e e e e e
y DO 800 N=1,24 . .
dmmem-CO=CO+BF (N) /60 55— - e
- HP=HP+Q(N)
#t———EV=EV+E(N)
~ 800 CONTINUE .
W= EV=EV+04 08 *HORK-——— T
DO 802 1=1,6 .
e S BFESBF#BF (x| )/ 60 g T T T T e e
- TS=TS+T(4*])*C(4*])/3,386
%-802—CONTINUE
f ‘DO 801 N=1,25 . , :
B FR=TB+T(N)*CN )/ 59456~ S o
HF LOW=HF LOW+HF (N)
p-801-CONTINUE ——————————————— e
C .
C:-———OUTPUT-DATASHI TCH-1-UP-FOR--TAB LE;—1-YP~FOR—~PUNCH- —
C .
B H P H P f S A e e
EV=EV/SA
B HF LOW=HE LOM /S A - - o e e e o
COND=(HP-(E(1)+E(5))/SA-HFLOW)/(T(25)~TS)
CALE-DATSW—(0;K)
GO TO (951,950),K
829 5 = CON T | NU E = = o e e e e
IFCITIME-INT) 909,909,911

27




o~
4‘\ H

P
{

2 e e e e e e e o e e e e e m o e e e e o en o e e e e e et et e o e it ot e e e e e e o e o o ot o e e e e o e o
+~909 PAUSE U
910 WRITE(L, 912)
5-912 FORMAT('TIME -8 M-—---EV---—-TB - -TS----TH- -J0 -- TR - TM - -
1 SBF co COMND')
| P N N: 0 P . A o

911 IF(NN-42) 913,912,914
'~913 WRITE(1,915) 1 TIME,HF LOW,HP,EV, TB, TS, T(1),T(25),T(5),T(18),SBF,CO, - -~ -~
1COND
915 FORMAT(13,3F7,.1,8F6,2,F6.1) e e
NN=NN+1
"GO TO 1100
914 WRITE(1,916)
#2916 FORMAT( 22/ ) ) o oo oo
GO TO 910 :
PG50 -CONTINUE - - = o oo e
1100 JTIMESJTIME+INT '
e CALL DATSW(1,K)—
GO TO (917,1102),K
8817 CONTINUE - o oo e e e
ITA=TAIR*10, .

e ISKSW=1,16%(EV- 9'5 0 0 08#WORK/ SA) - moemm m - e oo e

I HP=HP :
B} TS=TS#100 ¢
iTR T(5)*100, .,

| COND=COND*1,16
H————| RM=HP*1,16
ITB=TB*100, .

DB WRITE(2;9901 ) TIME;+TA; FHP, 1TS54 TR, 4704 TH, HEVZI SKSW-t COND, A Ry~ — o e e
| X1TB, SBF,CO
59901 FORMATC(313, 514, 3%713;3X,3137 X, 1 Flia 2 F542) oo

1102 IF(JTIME-30) 301,1101,1101
“1101 YTIME=0

PAUSE
R F (I TIME=210)=3025301510 T~ m e e e
9990 CALL LEAVE

. 2801~ CALL-EX|T--——————————-————m e
' END ‘ :

14-DUP —

*STORE WS UA MAN

/l XEQ. MAN : . . : . .
340290,675042250, 2439 L6515, 92h 2801 2221 2603 160045850, 4400,1430,067 ¢ -———-01-

0.,0900,1683%,9929,.2501,4401,0880,2410,0670.1350,2252,250 . . C 02
11 200,2700,1250,06139,206438-2,3410,3070,6881,2450,3250,1100, 0870 027-QB———03-
0,0500,0412.2263,7.000,8000,2700,1550,0270,0750,054 QB 0l
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In order to clarify the role of thermoregulation and clearly separate it
from the inherent physical and physiological characteristics of the system upon
which it operates we carried out simulation runs using the experimental
schedule describcd before, but with all thermoiegulatory activity removed.

It must be emphasized that e,g, the circulatory regulation was left intact so
that during exercise the blood flow to the working muscles was increased so
that the required oxygen could be supplied, At the same time this blood flow
cooled the working muscle, without intervention of functional thermoregulatiqn.

The results of these simulations are presented in 3 tables which

follow below, In this and similar tables presented later the column headings

represent the following:

TIME elapsed time in minutes
S rate of heat storage or heat loss, ifl Kcal.m_z.h~1
M rate of heat production, in Kcal.m—z.h"1
EV total rate of evaporative hea’Q loss, in Kcal.m'-z.h_l
TB true weighted average body temperature, °C
TS average skin temperature, °C
TH head core (brain) temperature, °C
TO temperature of central blood (oesophagus), °C
TR trunk core (rectal) temperature, °C
™ leg muscle temperature, °C
SBF total skin blood flow, l.min *
coO . cardiac output; l.min—l
COND equivalent heat conductance from core to skin,
2 1

Keal.m™2 ,h™1l.oc™
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The first table (Table 1) gives the results of a simulated 3~1/2 hour run
at an environmental temperature of 10°C, The changes in metabolic rate are
those imposed by the exe'rcise, the evaporative heat loss rate varies because
of increased evaporative heat loss with the increased ventilation rate during
exercise, and the chapges in cardiac output are due to muscle blood flow to
the exercising muscle. All other variables are dependent variables responding
to independent variables in a manner dictated by the structure and relat.ionships
built into the mathemétical model of the physical characteristics of man.

Table 2 and Table 3 give the results of identical simulations in 20 and 30°C
environments,

It is very illuminating to see the range of ambient temperature and
activity levels which man would be able to tolerate in intervals of rest and
work, The highest work level can be maintained for 30 minutes only by trained
individuals in good physical condition,

It should be mentioned that these simulations do not adequately repre-
sent the case of a man in a closed environment in which he is unable to evaporate
secreted sweat. In such a case the vasomotor regulation would still be intact
and the man would still increase his skin blood flow and suffer the cardiovasculari

collapse resulting from reduced venous return at elevated central temperatures,
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TS TH 70 T T SBF co C

CTIME S H EV. _ TB | _ ) conp_
T TETEIZEVT T U360 T 9V 35,93 3TV 30000 30,77 37,017 35.71 001 5017 53205
_____ 10 -119,8 536.9 9.5 35,0LC 30.71 3G.73 36.50 36.7L 55.43 0.19 5.17 _26.2
15 =11k, 7 36.8 90573528 30,01 30.6% 35,197 36,53 35,67 0.1 5.17 23.7

20 -111.2  36.9 9.5 34,97 29.51 36.11 35.8% 3G.18 34.70 0,19 5.17 22,5

25 -108.2  36.9 9.5 34.0C 20,05 35.77 35.50 35.¢c 3k.3h  0.19 5.17 21.7
e 30.=105.8 36,9 9,5 3L.40 28,75 35.42 35.25 35.50.34.00 0,19 5.17 21,2
31 -61.3 148.3 8.4 3L.36 20.47 35.41 34,97 35.43 5h.20 0.19 €.67 30.1
———— 32 . -56,0 _1h&,3 18,4 54,55 20,13 35.25 34,92 55.3% 35L,48 0,19 3,07 _28.3.
33 -55,2 148.3  18.4 34.31 27,80 35.1r 34,91 35,21 34,73 0.19 8.67 26.9

4 _=53.4 18,3  18.4 34,2& 27,50 35,01 3h,89 35,1k 3h.28 0,19 8.67 26,1

35 -51.¢& 1k8.3  18.4 3L.25 27.54 34.92 34,82 35,08 35,00 0,10 8.67 25.3

oo .36__-51.1 1bk2.3 168,k 3hL.23 27,46 3L.5¢& 34.87 35.0G 35.05 0.19 8.57  25.0

37 -49,9 1kg.3 18&.nh 34,20 27,37 3L.83 34.86 35.03 35.10 0.19 &8.67 24.5
.38 -t9.,h 1hE,3 18,8 34.17 27,30 3,749 3%.25 35,081 35.13 -0.19 £.67 _2h.3
39 -42,5 1ke,3  1&.h 34,15 27.25 34,77 34,8k 35,00 35,15 0,19 §.57 24,1
4  -48,0 1&g,3 -18.k 34,13 27,20 34,74 3,83 3h.98 35,16 0.19 8.67._23.9.

Bl  -47:7 1g.3  18.4 34,10 27,15 34,71 3h.£7 34,97 35,15 0,19 °‘R.67 23.7
b2 -h7.b 3hR,3  18.4 34,07 27.10 34,69 34.8C 34,95 35.16 0.19 8.67 _23.6.
B3 -L7.0 18,3 1&.L 34,04 27,05 3L.G6 34.79 34,94 35,16 0.19 8.567 23.L
ht -%6.6 18,3 18,4 _3h,035 27.03 34,05 34,78 34,03 35,15 0,19 .67 23.3

45 -46.3 148.3 18,4 34,020 256,99 34,63 34,76 34,92 35,15 0,19 8.67 -23.2
L6 -L5,9 1R£,3 18,4 33,95 256,93 30,50 34_.7% 3L,89 35,12 0,19 2. 57 231

7 -45.6 1ke.3  18.b4 33,96 26,92 3h,59 34_.73 3L.29 35,12 0.19 §.67 23.1

_ L8 -45.6 _1bke.3 le,b 33.95 26,82 3L.5¢8 3L,.71 34.87 35,11 0,149 _8.07 _23.0.
Ry -h5.1 1he.3 1804 33.91 26.20 3%.56 34,70 3L.36 35.1C 0.18 8,67 22.9

) 50 -Lb,8& 1he.3  18.h 33,88 25,83 34,58 34,67 34,83 35.08 0,19 C.67__22.8

51 -44,6 1mg.,3  1&.4 33.85 26,80 34,51 34,065 34,81 35,00 0.19 §.57. 22.8

2 -4h, b 14g.3  18.4 33.8Y4% 26,78 34,50 3h.A% 34,80 35.05 0,19 8.b7 22.7

53 ~4h,3 1&§,3 18.L 33,81 26.75 3L.48 34,62 34.7¢ 35.03 0.1Y 8.57 22.7
.54 -b4.0 1b8.5  18.4 33.79 26.72 34.46 34.60 3%.76_35.01__ 0,19 8,67 _22.5
55 -43.8 148.3 18.4 33.76 26,69 3L 4L 34,58 34,74 35,00 0.19 0.67 22.6
256 =434 1Be,3  18.4 33,73 20,.06L 34 ,.h% 34,55 34,72 3,97 0,190 _§.57 _.22.5
57 -43.2 1ug.,3  1&.4 33.71 26,63 34.39 34,53 3.,.70 34,95 0.1Y 8.57 22.5

58 =42.,9 148,318,k 33,59 26.67 34,38 30,57 35,59 34,94 .19 & 67 22.4

59. -42,7 148.3 18.4 33.67 26.5Y 3h4.35 3k.4% 3L.55 34,92 0,19 8.6 20,1
.60 __-b42.6 _1ke.3 12,4 33,64 26,50 3L,33 34,47 3L 6L 3L,90 0,19 2,57 22,4
TR SOTLG 56.9 9.5 33,62 25.75 34,33 54,32 3k,.52 34,33 0.1% 5.1 15.3
.. b2z -93,2 36.9 9.5.33.57 26,97 534.3% 3L,22 34.55 34,68 0.19 5,17 17.2
6§35 -9k.3  356.9 9.5 33,51 27,11 34,26 3:,15 3L.47 34,53 0.13 5.17 17.9

G4 ~-94.9 36.9 9,5 33,46 27,20 34,722 34,09 3,40 3L,40 0,19 5.17 18,k

65 -05.5 36.9 9.5 33,102 27,74 34,18 54,0k 34,35 34,30 0.19 5,17 8.7
66__-05.7_ _ 36.9____ 9.5 33.3L 27,29 34,11 33,96 3L.25 3L,13 0,19 5.17 _19.1
TS -95.%2 36,9 9.5 33,32 27,29 3L,0% 33,8L 34,23 3L.00 0,14 5.17 5.2
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TIAE 'S ' EV o TS TH T0 T T SoF co coin
e B8S__-05.9 36,9 _ 9.5 33.23 27.30_34.00_33,8h 34,13 33,90 _0.1% 5,17 __17.5_
60 -25.9 35,9 9.5 33.20 27.3C 33,497 33,021 34,10 33.84 0.i9 5.17 19.6
79 -95.8  36.9 9,5 33,15 27,20 33,67 33,75 34,04 33,74 0,17 5.17 19,7

71 -95.7 6.9 7.5 33,11 27.27 33.8¢ 33,71 34,07 33,67 0.19 5.17 19.¢8
w222 -95.5___36.9____ 9.5 33.85 27,24 33,02 33,065_33.9L 33.57 _0.14._5.17..19.9_
73 -55.3 36.9 9.5 33,01 27,22 33,7¢ 33,63 33.29 33.50 0.19 5.17 19.9
24 =75.1 3.9 02.5.32.83.27.17_33.7¢33,52_33.01 33.30__0,1% 5,17 _20.0_
75 -94.,9  3G.,9 9.5 32.91 27.1G 33.6¢ 33.5% 33.79 33.33 0.1% 5.17 20.0
76 -94.8 36,0 9.5 32,85 27.13 33,563 33.46 33.7L 33,25 0,19 5,17 20,0

77 -S4.6  35.9 9.5 32,81 27.10 33.5% 33.4% 33,68 353.17 0.1% 5.17 20.1
.. 78 _-94.,3 3.9 ___ 9.5 32,75_27.06_33,53 33,35 33.063_33.00__0.13__5.17__20.1_
79 -94.0  36.9 9.5 32,71 27.0% 33.4% 35.31 33,52 33,62 0.10 5,17 20.1
o806 -53.8 306,98 8.5 32,60 265,92 33,43 33,25 33,53.32.94 0,19 5,17 20,1
g1  -93.3  36.9 9.5 32.57 26,92 33,3k 33,17 33.4L 32.81 G.19 5.17 20.1
22 -93.0 36,9 9.5 32.5L 25.9% 33,30 33,13 33,41 32.76 "9.19 5,17 20,0
83 -92.8  36.9 9.% 32,40 26,05 33,25 33,07 33,35 32.6¢ 0.18 5.17 20.0
e 8 =92.5 30,9 __ 9.5 32.k7 26,04 33,23 33,006 33.34_32.66__0.19__5.17 _20.0
85 -92.2  36.9 9.5 32.42 25,21 33,19 33,01 33,29 32.57 0.13 5.17 20.0
e 86 =2%2.2 36,9 0.5 32.37_206.77_ 33,14 32,96 33.2Lk_32.52__0.18__5.17__20.0.
87 =-91.7  30.9 9.5 32.31 26,71 33,07 32,90 33.17 32.43 0,19 5.17 20,0
o& _-391.b 36.9 9,5 52,25 26,07 33,02 32,84 33,12 32,35 0,19 5,17 ..20.0
89 -91.2  36.9 9.5 32,23 26,55 33,09 32,82 33,09 32.32 0.19 5.17 20.0
oo =91,0 35,9 9,5 32,17 26,51 32,04 32,76 _33.0L_32.2h_ 0,19 _5,17_-20.0.
91 77.8 275.4 2.6 32.21 26.26. 32,20 32,72 32.96 32.75 0.13 12.87 26.6
92 719.7_ _275.4 28,6 32,25 26,08 32,70 32,92_32.95.33.12__G6.18_12.567__25.1
93 80.6 275.L §.6 32.29 25,99 32,59 33,02 32,92 33,34 0,19 12.67 24.3
94 81.2 275.b 28,6 32,34 25,92 32,69 33,13 33.04 33.5h 0,19 12,67 23,8
95  21.5 275.4%  28.6 32.38 25,82 32,71 33,21 33,11 33.62 0.19 12.67 23.1
e .N6.__81.7 _275.4__ 28,8 32,43 25,05 32,75 _33,31_33.20_33.872__0.13 12.687__22.7
97 81,7 275.4 - 28.6 32.47 25,5 32.80 33,38 33.27 33.91 0.19 12.57 22.5
.92 81,6 275.4 _ 28,6 32,52 25,8k 32,85 33,46 33.35_3h.00__ 0,17 12.67_.22.2
99 ¢1l.4 275.4  22.6 32.55 25,84 32,29 33,51 33,41 34,05 0,19y 12,67 22.1
100 81.3 275.4 28,6 32,52 25,85 32,97 3%,.60 33,51 34,15 0,10 12,57 21,9
101  81.1 275.4 28,6 37.65 25.85 33.01 33,65 33.55 34,20 0.14 12,57 21.8
2102 . 80.8__275.h___28.6_32.69.25.°7_33.07_.33.71.33.63.3L.26__0,15_12.67._.21.7
103 80.7 275.4 28,6 32.73 25.89 33,13 33.77 33.69 34.32 0.19¢ 12.67 21.5
. 104 20,3 275.h 28,6 32,80 25,32 33,772 33,86 33.709_34.41 _0.19 12.87__21.5
105 80.1 275.4  28.6 32.81 25,92 33.22 33,86 33.80 34.42 0.19 12.87 21.5
106 - 79.8 275.L 28,6 32,865 25.94 33,728 33.92 33,85 34 47 0,19 12,67 21,5
107  79.& 275.4  28.b 32.8%9 25,95 33.33 33,97 33.91 34.53 0,19 12.G7 21.%4
_____ 108 79.3__275.L__ _28.6 32,4956 25,95 33,42 34,06 34,00 34.61__0.15 12,67 _21.3
1097 79.1 275.4 28,6 33.01 2G.01 33.4° 34%.12 34,06 3L.G7 0.1v 12.67 21.7
__1lu_78.8 275.k _ 22.65_33.65 25,03 33,53 34,17 3,11 34,72 _0.13_12.57__21.72
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LoTWE_ S M V. TR TS TH __ T0___ TR Td___ SBF__-CO __COND __

0 33,08 26,05 33.57 34,21 34,16 34,76 0.19 12,67 21,1
b 35,11 26,06 33.67 3L.23 3L,19 34,79 0.19 12,67 21,1

113 78,0 275.4 .0 33.15 26,08 33,4k 34,28 3h.23 34,64 0,19 12,87 21.1
11k 77.8 Z75.4% _ 26.b 33,18 26,10 33.69 34.33 3L.2E 34.88 0.19°12.07  21.1
115 77.4 275, 28,6 33.23 26,12 33,74 34,38 3h.33 34,93 0,19 12,57 21,0
edlO_77.3 275.4  28.u 33.28 26.15 33.80 3h.hh 34,40 34,08 9.1 12,67 _21.0
117 76.9 275.4 28,6 33.31 26,17 33.0h 34,48 34,43 35,03 0.19 12.67 21,0
118 76.7 275.4  28.6 33.37 26.20 33.9¢ 34,5h 34,50 35.09 0,19 12.57 20.9
119 76,5 275.4 28,6 33,40 206.22 33.94 34,57 34,53 35,13 0.19 12.67 20.9
120 76,2 275, 28,6 33.k3 26,23 33,97 34,61 34,57 35.16__0.19 12,67 _20.9

e e e e L e e TR

127 -954.7 7 356.9 9.5 33.00 27.0G 33.89 33,78 34,09 34,15 0.19 5.17 18.9
.28 -ob.& 36,9 __ 9.5 33.01 27.77 33.83 33.71 34,01 34.01 0,18 _5.17 _19.1
129 -G4.38 36.9 9.5 32,9% 27.07 33.80 33.66 33.95 33.93 0.19 5.17 19.2
130 =94.7  36.9 9.5 32.91 27.05 33,73 33,53 33.88 33.78  0.19 5.17 19.4
131 -9u4.06 36.9 9.5 32,87 27.6G5 33,70 33,55 33.84 33,72 0,19 5,17 12.5
Z132  -oh.b 56,9 - 9.5 32.82 27.03 33.65 33,h0 33.75 33.62_ _0.19 _5.17 _19.5_
133 -24,2 30.9 9.5 32,76 27.00 33,58 33,42 33,71 33.4¢ 0.19 5.17 19,6
S 134 =8L,0  36.0 9.5 32.72 26.92 33.55 33.30 33.67 33.43  0.1¢ 5,17 19,7
7135 =33.9 3G.43 9.5 32.67 26,95 33.4¢ 33,33 35,062 33.34 ¢.149 5,17 18,7
136 -83.,5 36.9 9.5 32.59 25,90 33,31 35,2k 335,53 53,19 0.19 5.17 19.¢
137 -93.3 36.9 9.5 32,57 206.89 33,39 33,22 33,51 33.16 0.19 5.17 19,8
136 _-95.1 30,8 9.5 22,50 25.85 33.32 33.15 33,44 33.05_ 0,13 5.17 _19.&
139 =32.¢8 36.9 9.5 32,47 26,82 33,29 33,12 353,40 32,99 0,18 5,17 19.¢
18D -52,0 30,9 9.5 52.h1 26.738 33.23 33.006_33.53h 32,9y 0.19  5.17 19,9
bl =-32.2 36.9 9.5 32,38 26,76 33.1Y9 33,02 33.30 32.84% 0.1% 5,17 19.8
142 =92.,1 36.9 9.5 32.3%L 26,72 33,15 52,808 33,26 32,77 0,19 5,17 19,8
143 -391.9 36.9 9.5 32.2¢ 26,69 33.09 52.92-33.29 32.69 0.13 5.17 19.9
bl =931.4 36,9 §.5 32.21 26,63 33,02 32,6k 35,12 32,57 0,19 _5.17__15,3_
45 -91.1 36.9 9.5 32,16 26,59 32,96 32,79 33,07 32,42 0.13 5,17 -19.9
146 -90.9  36.9 9.5 32,1k 26.58 32.95 32.77 33.05 32.4G_0.19 5.17 19,8
147 -50.6 36.9 9.5 32,79 256,54 32,89 32,72 32,99 32,38 0,12 5,17 19,8
148 -90.b 36.9 9.5 32,03 26,50 32.8h 32,66 32,94 32,36 0,19 5,17 13,9
149 -50.2 36.9 9.5 32,90 26.47 32.81 32,63 32,89 32,25 0.1% 5,17 19.%
_._-._lig__:g.g_!g_-_:’.{_}._"_9___._..g..e.é_é.-—!::_gé_,g_ﬁ:.&_z_ég:___E__S_’-Z_.-..SZ_____:":_O.S_S_E_2_:_3:_8._._93. 1—:2 .._.5_:_11___-1-9_9ﬁ~.
151 251.8 hG3.5 43,7 32.07 26,13 32,58 32,79 32,79 32.92 0,19 18,59 25,9
____152253.0 k63,5 43,7 32.20 26.00 32.51 33.10 30.85 33.47 0.19 1%,5) 24,1
1

153 253.4 1(63.5 h3.7 32.33 25.95 32.52 33,3k 32,92 33,83 Q.
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154 253.3 1(3.5 3.7 32,47 25.93% 32.58% 33,56 33,15 34,11 0.19 18.59 22.4
155 253,0 153.5 43,7 32.61 25,5k 32,67 33,76 33,33 3,34 0,19 1§.50 21,9
____156__252.6__463,5 _ 43,7 32,74 _25.97 32.78 33,94 33,51 34,54 0,19 18,59 _21.5_
157 251.9 163.5 53,7 32.8Y 26,02 32.93 34,15 33.72 54.75 0.19 18,59 21,2
___.158 251.3 _483.5 _ h3.7 33.03 26.06 33.07 3h.32 33,99 34,92 0.17 18.59 20,8
159 250,6 453,5 43,7 33.16 26.12 33.21 34.50 34,08 35,10 0.19 18.59 20.7
160 249,88 1463%.,5 43,7 33.30 26.18 33,37 34,67 3,27 35.27 0,19 18.59 20,5
161 29,1 463.5 43,7 33,40 26.22 33,40 34,78 3h.3Y9 35.39 0,19 18.59 20.5
.. 162 248,2 463.5_ _ h3,7 33,55 26.30 33.65 3k,97 34,52 35,57 0,19 18.539__20.3_
163 247.6 14G3,5 13,7 33.6% 26,36 33.80 35,13 34,74 35,72 0.19 18.59 20.1
164 246.6 _W63.0 43,7 33.38 26,45 34,00 35,33 34,36 35.83 10,12 18,549 _20.0.
165 2L5.8 k63,5 43,7 33,495 26.51 34,11 35,46 35,08 36.05 - 0.19 18.59 19.9
1656 245,k 453.,5 43,7 34,05 26,55 34,22 35 5G 35,19 36,16 0,19 1§,59 19,9
167 244.2 4G6G3.5  B3.7 34,22 2G.66 34.41 35,76 35.%9 36.36 0.19¢ 18.59 19.8
__..168_ 243,35 463.5 _ 43.7 34,31 26,71 36,51 35.828_ 35,50 35,46 0,12 18,59 __13.8
169 2E2.5 463.5 k3.7 34,46 26,80 34,69 3G.N0%k 35.68 35.63 0.19 18.59 19.6
170 _2n1.5 463.5_ _ 43.7 34,052 26.50 34.87 36,22 35.87 35,82 _0.13.18.59 219.6
171 241,0 463,5 43,7 34,64 26.9% 34,95 36.31 35.95 35.90 0,19 18.59 19.5
172 239.9 4563.5 43,7 3h,86 27.0% 35,15 36,50 36.15 37,00 9.19 18,59 19,5
173 238.&8 4563.5 k3.7 34,495 27,10 35.25 36.60 35.26 37.19 9.1Y 1&.59 -19.5
e . Y74 238,1 4(63.5 _ 43.735.13 27,21 35,44 36,79 36,45 37.38_ _0.19 18,59 _19.h4
175 237.3 K63.5 k3,7 35,20 27.26 35,53 36.829 36,54 37.47 (.19 18.59 19.b
; 176 236.5 h63.5 43,7 35.32 27.33 35.66_ 37,02 36,568 37.060__0.19 18,59 .19.4L
177 235.6 63,5 k3,7 35.k6 27.42 35,81 37.17 36.83 37.75 0.19 18.59 19.3
178 234.4% nhG63,5 43,7 35,64 27,54 356,02 37,37 37,04 37.9G 0,19 18,59 149.3
179 233.6 463.5 43,7 35,72 27,59 3G.11 37.46 37.13 32.05 0.19 18.59 19.3
. 180 232.8 463.5 43,7 35.83 27.67 36,23 37,58 37,25 32,17 0,10 12.59__19.3
181 -102.4 365.9 9.5 35.78 28,05 36,32 35.23 37.25 37.98 0.1 5,17 15,3
. 182 -104.,1 36,8 9.5 35.73 28,22 356,43 35,60 37,12 37,75 _0.19_.5.17__15.°
183 =105.2  36.9 9.5 35.67 28.4% 35,45 35,59 37.0% 37.54% 0.19 5,17 16.¢
. 184 =105,0 36.9 9.5 35.61 28,55 35,4k 36,51 36,00 37,35 0,19 5,17 17.3
105. =196.L - 35,9 9.5 35.56 28,52 3G.k2 3G.4% 36.82 37.21 0,19 5,17 17.7
o166 -106.7 _ 55.9_ _ 9,5 35,51 28.67 356.39_356.37_36.713_37.056__0.,19__5.17__18.0
187 -197.0  36.9 9.5 35.45 28,71 3G.35 36.29 36G.64 36.90 0.1% 5.17 18.3
.. 168 -107.1  35.9 9.5_35,38 28,73 36,30 36,21 35,55 36.7h 0,10 5,17 __18.5
169 -107.1 36.9 9.5 35.3% 22,76 35,25 35,15 36.49 36,63 0,13 5,17 13.7
190 -107.1 36,9 0.5 35,20 28,74 35,20 35,088 35,01 35,00 0,19 5,17 17.9
171 -167.0  35.9 9.5 35,22 28,73 35,15 36.01 35.34 35,37 0.19 5.17  19:1
e 182 -1006.0_ 36,9 9.5 35.1uv 20,71 30,02 35,83 34,25 368,22 0,13 5,17 __12.2
193 =105.5 £.9 $.5 35.09 28,69 36.0r1 35.°05 36,17 36,08 0,10 5,17 14,3
o ___43% -106.5__36.9 __ 9.5 35.05 28,57 35,07 3,82 36G.13.36.00_  0.14 _5.17.__19.k
155 -106.2 36,9 9.5 34,98 282,064 35.82 35.73 36.05 35,80 .19 5,17 19.5
] 196 -105.9  3G.9 9.5 34,93 25,561 35,25 35,68 35.99 35,77 0,19 5,17 19,5
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167 -1065.7 36.9 9.5 34.87 28,58 35.7¢ 35.60 35.21 35.65 0.19 5.17 19.6
e 138 =%05.5 36,9 3.5 34,23 28.55 35.73 35.56.35.07.%5.58 _0.13 5.17 _13.5_
199 -105.1 36.9 9.5 34,75 20,50 35,65 35,47 35,78 35.43 C0.19 5.17 19,7
200 -29%.9  36.3 @ 9.573h.71 28.4¢ 35.01 °35.52 35.73 35.30_ 0.19 _5.317 _12.7
201 -104.,5 56.9 9.5 34,006 28.4% 35.55 35.37 35.6¢ 35.27 0.19 5.17 195.7
202 -104.,2 36.9 9.5 3.52 2¢.39 35.47 35.29 35.59 35.14 9,19 5.17 19.7
203 -104.9 36.9 3.5 34,54 26.36 35.4%3 35.24 35.55 35.07 0.13 5.17 18.8
ee20k =105.7  36.9 9,5 3L.50 28,33 35,38 35,19 35.59 35.00 0.1 5.17 13.8
205 -103.2 36.9 9.5 34,41 28,27 35,28 35,00 35.4C 35.85 0.19 5.17 19.¢
206 -102.9  36.3 8.5 3%.36 28.23 35.24 35.0bk 35.35 34.77 0.18  5.17 13.8
207 -102,7  36.9 9.5 34,32 282,20 35,19 34,99 35,29 3h.70 0.1Y 5,17 19.8
208 -102.4 36.9 9.5 34,27 22,15 35,13 34,94 35,24 34,62 0.18 5.17 19.8
209 -102.1 36.9 3.5 34,22 28.13 35.08 34,89 35,19 34.55 Q.13 5.17 19.¢8
o..210 -101.8 _ 356.3 2.5 34,17 28,02 35.03 34,83 35.13 34,46 _0.19 5.17 19,8
) {:g -
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5 -67.1 36,9 9.5 36,10 33,24 37,01 3G.8G 37,05 35.76 0.1Y 5,17 27.4
10 . -62.6 36.9 8.5 35.93 32.05.30.89 36,73 36.9h 35.62 0.19 5.:7 23.3%
_.i5_ _-60.0 _ 34.9 . 9.5 35.75 32,27 3G.72 36.55 36.7¢ 35.41 0.1y 5.17 21.5
TTTTTan T T=58.3 36.9 9.5 35,61 32.04 36,50 30.41 36.64 35,25 0,19 5,17 20.7
o225 =566 36.9. 8.5 35,k5 31,01 35,47 30,23 35.406_35.05 0,19 5.17 2G.1
39 =554 30.9 4.5 35,31 31.04 35.26L 536.0¢ 36.31 34.0¢ 0.19 5.17 19.7
31 i1.7 148.53 18.4 35,31 31.38 356,13 35,76 356.20 35.21 0.1% £.67 28.0
2 13.8 148.3 16.4 35,32°31,20 36,00 35.77 36.07 35.51 0.19 8.67  2G.4
__.33 _.14.9 148.3  18.4 35,33 31,00 35,91 35,78 35.00_35.71 _0.179 8.567 _25.5
3k 15.9 148.3  1&.h 35.3L 31,020 35.3% 35,80 35,96 35.89 GC.19 8.G7 24.7
.35 1o,k 14S.3 10.4 55,35 30.3% 35.80 35,02 35.04 30.00_ 0.19 2,67 _24.2.
36 17.0  14g.3 18.4 35,35 30,91 35.7¢ 35.83 35,94 36.07 0.19 8.67 23.°
37 17.3  14e.3 12,4 35,35 30,8¢ 35,77 35,85 35.95 36,14 . 0,19 8.07 23,5
g 17.5 1ke.3 2.4 35,37 30,86 35,7% 35,27 35,96 35,20 0,19 §£,.67 23.3
39 17.6__1k2,3  1e.h 35,302 30,04 35,76 _35.R09 35.07 35,25 0,19 8,57 :23.1_
TR0 I7.77 1se.3 0 IRV 35,39 30,02 35,75 35,01 35,79 35.2%  0.19 8.G7 22.9
e W1 - 17,7 1BE.3 18.4 35.40 30,21 35,75 35,93 35.01 36,33 0,19 2,87 _22.%
42 17.5 1hL8.3 18.4 35,41-30,80 35,77 35,95 36.0% 35.3C 0.19 8.67 22.0
43 17.8 1tg.3 18,4 35.k2 30,20 35,72 35,97 36,04 3G.3° 0,19 8.57 22.5
LT 17.8 1ES.3 18.4 35,43 30,72 35,79 35,99 35.06 35.%1 C.19 8.67 -22.4
45 17.8 12,3  18.4 35.u4b 30,79 35,81 36,01 3G.08_35,L4__0.19 8.67 22,3
46 17.% 1e.3 8. 35,45 30,7¢ 35,22 35,02 36,10 35,45 0.15 Q8.87 22.2
47 0 17.8 1ue,3 18.04 35,66 30,78 35,83 36,04 35,12 36,48 0.19 R.0G7 22,2
LG 17.7 1te.3 16.4 35,47 30,78 35,85 36,06 36.13 36.50 0.1y 8.67 27.1
49 17.7 1hg.3 .4 35.4¢ 30,798 35,86 36.07 36.15 36,51 0,19 2.6 22,0
50 17.7 1tg8.3 .k 35,59 30,77 35,88 36,10 36,17 306.54 G.19 8£.67 21.4
21 17.6 148,35  1&.bk 35,50 30,77 35.90 36,131 36.19 36.56__C.19_ _8.67 _21.9
57 17.6° 158.3 18,4 35.50 30.77 35.929 306.11 36.19 36.56 0.13 8.67 21.Y
5 3 __'_1 7 hd g_ 1 L‘f..'_é 1 8 hd E._é5_:.:1~22:..7_.Z-.3_21_21_.§_{l.&l_§_§.{l.'_2.1__.;’),5_L_S_i__g _-_l'____ﬁ_-_,ﬁ_z__‘z;l.gﬁ_
54 17.6 14g2.3 18.4 35.52 30,77 35.92 356,14 36,22 35,60 0.19 £.57 21.8
55 17,5 148,.3 18,4 35.53 30,77 35.94 356,15 36,2h 30,61 0,19 8.67 _21.7
56 17.5 1438.3 1.5 35,54 30,77 35,95 36,17 36.25 35.62 0.19 §.67 21.7
%7 17.b_ 148.3__ 18.4 35.55 30.77_ 35,96 36,18 36.26 30,64 _0.19__8.G7__21.6.
58 17,4 148.3 18.4 35,556 30.7¢ 35.785 36,18 36.28 30,65 0,14 8.67 21.6
: 59 17.4 1bkg.3 1 c.4 35,57 30.7¢_35.9% 36,21 35.30_36.67 _0.1Y _8.67 21.5
U607 1703 1we. 3 180w 35,50 30,78 3G.01 36.23% 36.31 36.69  0.19 8.67 21.5
61 -50.0 36,9 9.5 35.58:30,87 356,02 365.12 36,31 305.66 2,19 5.17 15,6
62 -51.3 36.9 9.5 35.54(31,08 36.03 36.92 36.27 33.52 0.19 5,17 16.9
- 63 -52.,1 _35.9_ _ 9.5 35.51 31.18 3G.73 535,94 _36.23 35,41 0.1 5,17 _17.5
TTTTTGeL T=52.7 56,9 3.5 35.b9 32,22 35,02 35,97 36,20 36,35 0.1 5,17 17.¢8
65 -53.0 36,9 . 9.5 35.b5 31,23 36,01 35.94 35,15 36.24_ 0.13 5.17_ _18.2
TTTTTE6 -53.277 36.9 9.5 35,45 31.31 35.99 35,91 36,13 36,15 0.12 5,17 18.5
) 67 ~53.4 36.9 9,5 35.4. 31.32 35,92 35,89 36,11 36.10 0,19 5,17 18.7
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68 -53.5  36.9 9.5 35.36 31.3% 35,94 35.85 36.07 35,98 0.19 5.17 12.0

e B9 _=53.6___36.0 _ 9.5 35.34 31,34k 35,92 35.83 36,0k 35.92 0.19 _5.17 _19.1_
707 °53.57 " 35.9 9.5 35.32 31,34 35,91 35.%2 36.93 55.29 0.19 5,17 19.1

71 -53.5  36.9 9.5 35.30 31.34% 35,819 35,7% 36,91 35,82 " 0,14 5,17 19,2

727 -53.5 36.0 9.5 35,206 31.33 35,87 35,76 35.9¢ 35,75 0,19 5,17 19,3

73 =53.4 36.9 9.5 35,24 31,32 35,85 35,7k 35,95 35,71 0,19 5,17 19,3

7% =53.,3 36.9 9,5 35,19 31.530 35,81 35.70 35,91 35.60 0.19 65,17 19.h&
75 -53.2 36,9 4.5 35.14 31,29 35,80 35,69 35.90 35,57 0,18 5.17 19.h4
767 =53.0 3G.39 §.5735.I6 31.7¢°55,7¢ 35,57 35.8¢ 35.53% 0.19 5.17 19.%

77 -52.9 36,9 9.5 35.12 31,25 35,75 35.63 35.85 35.46 -0.19 5.17 19.4

g T=52.87 3608 9,535,090 31,25 35,77 35.61 55.67 35.40 0,14 5,17 19.k

, 79 -52.6 35.9 9,5 35,07 31,22 35,71 35,549 35,80 35.3(, 0.1% 5,17 19.4
g6 -52.5 36.9 9.5 35.0k 31,20 35.48 55,56 35.7& 35,31 0,19 '5.17 19.b4
.81 -52.L  3&.9 9.5 55,02 31.1¢ 35,66 35,54 35.7b 35.27 0,19 5.17 19.4
82 T=52.377736.9 9.5 35,99 31,76 35,65 35,52 35,73 35,21 0,19 B.1I7 1U.h
.83 -52,0 36.9 9.0 54,36 51.14 535,62 35.50 35,71 35.17 0.1Y 5,17 18.5
84 =51.8 36.9 9.5 3L.94 31,12 35,59 35,k7 35,58 35,12 0.19 5,17 19.3

85 -51.7 30, ¢ 9,5 34,89 31,0¢ 35,55 35 4% 35,4 35.04 0,19 5,17 16,3

86 -51.5 36.9 9.5 34,87 31.07 35.53 35.41 35,062 35.01 0.1 5,17 1¢.%
.87 -51.4 36.9 4.5 34,85 31.05 55,52 35.%% 55,61 34,023 0,319 5.17 _19.2
TUTEST <E1VZ 56.9 9.5 3L.8% 31.0L 35,56 35.57 35.549 34,94  0.1Y 5,17 14,2
.~ &) =51,1 30.9 9.5 34,80 31,02 35,47 35,35 35,56 34.89 0.1% 5.17 19.2
70 -51.0 36.9 9.5 3h,77 30.99 35,4k 35,32 35,53 34,85 0.1Y 5,17 19.2

) 91 134,3 275.L 28.06 3,82 30,80 35,34 35,25 35,47 35,24 0,19 12.67 26.3
92 135.,7 275.4 28.6 34,90 30,67 35.25 35.%2 35,44 35,006 0.19 12.67 2L.3

: 93 _1536,3 275.k _ 23.6 3L,.,38 30.61 35.22 35.57 35.4L9 35,94 0,319 12.67_ _23.2
a9 135,55 275.% 2.6 35,05 30,58 35.24 35,69 35.56 36.14% 0.19 12.57 22.5
95 136.5  275.4 28,6 35,11 3n,5¢ 35.206_35.77_35.03 356.27__0.10 12,67 22,1
96 136.3 275.4 28,4 35,19 30,59 35.37 35,89 35,75 36.42 0.19 12,57 21.7

) 97 135,1 275.4 22.6 35,27 30,561 35.38 35,99 35,83 36,.5L 0,19 12,67 21.h4
8. 135.6 275.b 28,06 35.33 30.53 35.kh 36,08 35,91 36.63 2.1y 12,67 21.9
o239 155,4 275.4 _ 28.b 35,B2 30,06 35,5% 306,20 36,04 35,76 0,19 12,67 21,0

101 134.6 275.4

102 154,00 275.% 28.6 35,67 30,72 35.81 36.50 36.36 37.07 0,19 12,57 20,5

103 133,06 275.4 28,06 35.6¢ 30,79 35.83 36,57 36.38% 37.09 0,19 12.67 20,5

104 133,2 275.%4 26.06 35.76 30,83 35,92 3506.,8Y 35,40 37.1¢ 0.14% 12,067 20,4
" 105 132.7 275.%4 28.5 35,85 30,88 36,03 56,72 34,59 37,23 C.1

b
(]

cr
~J
ro

Sl

»

W

108" 131.5 275.h 28.G 36.0L 30,95 36.2L 36.5% 36.81 37.51 0.19 12,67 26,1
109 130.7 275.4  28.6 36.15 31.05 36.37 37.9¢ 35,95 37.G4 0,19 12,67 20,0
110 130.5 275.%  28.G 3G.1¢ 31.07 356.40 37.10 35.9¢ 37.67 0.15 12,67  20.1
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____lll__lﬁ2_2__ZZ§_____Z§;E_éé;lé-élLlZ_zQ_ES~21*l__§Z;QZ_;Z_ZQ__Q;lﬂ_lZ_ﬁl__ZQ,Q_
11277 029.5 275,87 728,67 36.33 31,16 36.58 37.28 37.16 s7.0h  €.19 12.G7 14.9
115 129.0. 275.4  28.G 36.60 31.71 36.65 37.35 37.2k 37.92  0.14 12.67_ 15.9
116 7128.3 275,47 73
115 128.1 275.% 23

2

2

G.LE Jl.ﬁb 36,72 37.42 37.30 37.9¢ 0.149 12.67 13.9
6,52 31,28 36,76 37.48 37,37 3¢.05 0,19 12.67  19.8
8.6 36.60 31.33 36.88 37,58 37.406 38.14 0.19 12.67 1§8.8
8.6 36.57 31.3¢ 36,96 37.66 37.55 38,25 0,19 12.67 14.8

116 127.3 275.4
117 127.1 275.4

TTTTITETTI20.5 2758 T T28.6 30,79 73100 57,01 57,71 37,60 38,2 7 " 0.19 12.67 19.8
_o 119 12605 275.4  28.6 30G.79 31.45 37.79 537.79 37.08 3¢.35 -0.19 12,67 13.7
120 125,5 275.4 28,56 36.87 31.50 37.18 37.8% 37.77 38,4k 0,19 12.67 19.7
121 -56.,5 36.8 9.5 36.@85 31,70 37.25 37,52 37.78 38,35 0.19 5.17 15.2
122 -57.8 36.9 9.5 36.281 31,29 37,30 37,02 37,71 38.19 0,18 5,17 16.2
_...123 -58.6  30.9 9.5 35.7% 32-01_;Z_El_él_gz__Zle_33L2§*~Q;l2_~5,12~~15~3.
126 -59.,1 36.9 9.5 36.75 32,07 37,32 37.34 37.60 37.95 0,19 5,17 17.3
125 -59.5  56.9 9.5 36,72 32,13 37,31 37.39 37.56_37.8L 0.19 5.17 17.7
126 -59.9 36.9 3.5 36.69 32,16 37.30 37,26 37.52 37,74 0,17 5,17 12.0
127 -C0.D 36.9 9.5 36,65 32,19 37,28 37,22 37,47 37.62 0,19 5,17 18.3
128 -00.1 36.9 9.5 36.63 32,20 37,26 37,20 37,44 37.56 0,18 5,17 18.h
_____lgg.._:gg.‘_z_-._éﬁ.‘_?i._...__.__QL_E:’_._:?ELQQ_Z).ZL:Z;__Q_ZL?;ﬁ.._.Z’Z__-_1:.2__3.1_.1._.];_.22_.[&2__Q..Llﬂ.__ﬁg..lz_.,”l_g_z.ﬁ.
. 130 -00,2 36.9 9.5 36,58 32,22 37.20 37,11 37.35 37.3Lh 0.19 5,17 18,8

131 -60,2 36.9 9.5 _36.53 52,22 37.19 37.106_37.34 37.32 _0.19 _5.17 _18.9

132 -60.1 36.9 9.5 35,44 32,21 37,16 37.06 57.29 37.21 0.19 5.17 19.0

©133  ~60.0  36.9 9.5 36.47 32.20 37,1t 37,03 37,27 37,15 0.19 5,17 13.0
134 -59.9 36,0 9.5 36.43 32,19 37,11 37.00 37.23 37,07 0.19 5.17 19,1
__135 -50.8  30.9 9.5 36.L1 32.1% 57.08 36.07 37.25 37.02 0.1% 5.17 13.1
1357 -53.G  3G.9 9.5736.38 32.16 37.06 36,954 37.17 3@.95 0.19 5.17 135.2
137 -59.6 36,9 9.5 36.34 32,15 37.03 35.01 37.1L 36, 0.19__5.17__13.2

138 =59.5 36.9 9.5 36.29 32,11 36,98 3u.85 37.0¢ 3’.7/ 0.1 5,17 19.2

139 -59,2 36.9 9.5 365.25 32.09 36,95 3(G.82 37.05 35,70 0,19 5,17 18,3

140 =-52.0 36,9 9.5 35,23 32.07 36.92 36,80 37.03 36.65 n,1Y 5,17 14.3
bl -56,8 36,9 _ 9.5 36.18 32.05 36.29 36.76 35.98 36,52 0,319 _5.17_ _14.3
In2  -58.7 36.93 4.5 36.10 32.03 36.806 36.73% 365.Y6 36.52° 0,19 5.17 14.3

. 1bk3 -58,5 36.9 9.5 36.1b 52.02 36,80 35.73_36.06_35.51__0.19__5.17__19.2
14L -58.3 36.9 9.5 36,10 31.93 36,01 36.68 36,91 35.42 n,13 5,17 19.3

145 -58.2 36.9 9.5 36.87 31.98 36.89 30.67 36.90 35.40 0.1y 5,17 19.2

16 -58.0 30,9 9.5 36,06 31.95 35.77 36.64 30.87 35.35 0.1u 5.17 13.7

147 -57.8 _éﬁ;Qﬁ,__QLE_z&LQQ_gl“Q&_aE_Z&-E&-:l_zgLg&_ziLz2__Q;l2__§;lz__;3¢2
TTTTIRETTS5T7.6 T 36L9 9.5 36,00 31,91°30.71 36,54 36.80 3G.24 G,19 5,17 -1y.2
149 ~-57.4 36,9 9,5 35,95 31,89 306,68 30.5L 36,77 39,17 0.19 “r 17 15,7
TTTISETU=ETL3 36.9 7 9.5 35.93 31,85 36,64 36.51 36.73 36.11 0.19 .17 13,2

] 151 297.8 63,5 B3.7 36,01 31,70 36.53 36,535,680 35.61 0,10 18.)ﬂ 25.1
TTTINT 2989 T 4CELS 3.7 36.16 21.58 36,02 36,907 36,79 37.24% 0,19 18,59 23.¢
_____ 153 239.1 403.5 3.7 36,33 31,56 36,01 37,16 36.81 37.0% 0.19 18,54 22,%
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154 298.7 463.5 k3.7 36,51 31.57 30,40 37.4% 37,00 37.9% 0.19 14.59 21.b

155 238.5 BG83.5  43.7 36.05 31.50 36.50 37.0L 37.17 38.22 0.13 18.50 120.9

156 297.6 463.5 43,7 36,82 31,65 35,69 37,80 37,38 32,45 0,19 15.57 20.%4

157  296.9 4G3.5 k3,7 3G.96 31.70 36.21 38.0Lk 37,56 3&.64 0,19 18.50 20,1

159 290.1 46305  B3.7 37.12 31.77 3C.0C 5¢.23 37.76 36.06k 0,19 12.50 19.%

159 295.2 463,5 13,7 37,27 31,05 37.1k 3&.45 37,08 35.05 0.19 12,59  19.6

1607 290,27 Th63.5 T R3.7T37.62 31,91°37.28 30001 380157 30,22 T 0.19718.5% 15U

161 293,2 563.5  43.7 37.59 52,00 37.4F 38.°0 38.55 30,41 0.179 18,59 19,3

C 1627 282,1 RGBS L3,7 37,75 32,08 37.6h 39,00 30,56 39,61 0,19 If.53 19.1

: 163 291.4 463.5 43,7 37,90 32,17 37.80 39,18 38.74% 370.7¢. 0,19 18.59 18.9

16 290.3 L65.5  §3,7 38,07 32.,2C 37.92 39,3¢ 38.0% 39,08 0.13 18.59 18.8

165 200,1 463.5  h3.7 38.25 32,36 30,19 34,58 39.15 bn,1¢ 0.19 18.59 18.7

166772881 w035 T h307 38030732063 38,31 39,70 34026 4C0L.31 0L1% 150570 T 1R.LT

167 _287.4 bG63.5  43.7 38.51 32.52 38,43 39.89 30,46 40.49 0,15 18.59 18.5

168 286.2 63,5 43,7 32,09 32,63 38.63 40,09 39.67 40,69 0.19 18.59 18.5

169 284.9 4§3.5 43,7 38,27 32,74 38.89 46,30 39.88 50,90 0,19 18,549 18,4

1702862 L0355 B3.7 36006 32,00 38.99 Lo, 40 35,0¢ 46,90 0.19 18.58 14.%

171 283.1 463,5 13,7 37,10 32,89 39.15 40.55 40,15 41,315 0,19 18.59 18.h4

CI77TT287USTORG3US T R3U7T39000 32095 30033 LeLT73 L0V35 RIL33 0,19 18059 18D

... 475 281.1 463.5 3.7 39.L1 33.0¢ 39.b3 40,83 L0.50 L1.,49 0.15 18.59 18.3

’ 174728001 "B63.5 0 L3.7 39,57 33,12 30,67 41,08 Lo,GE 41,67 0.19 18.59 18.3

175 278.6 463.5 43,7 39,77 33.32 33.90 41.30 49,91 41,90 0.1y 13.59 18.2

176 278.0 463.5  B5,7 39.85 33.37 35.99 41,39 L1.00 41.99 0.18 18.59 18.2

177 __276.7 463.5  L3.7 40,04 33,50 40,20 u1.60 1,21 42,20 0,19 18.59 18,2

1768 275.5 7B63.5 W37 B0.20 33,061 BG,3% w1,7¢ 41,39 42,37 0.1 18.59 18.2

179 .274.7 h63.5  43.7 40.20 33.66 hO.47 41.88 h1.43 L2.46 0.19 18.59 _18.2

130 273.5 463.5  R3,7 hO,43 33,75 L0O,G2 42,01 41.G4 42.61 0.1y 18.59 12,2

181 -74.3 36,9 9.5 40,32 34,12 40,81 41,25 41,64 42,41 0,19 5,17 14,9

182 -75.8 30.9 9.5 40,34 34,33 40,88 41,15 41,52 42,20 (.13 5,17 15.2

. 185 _=76.5  36.9 9.5 40,30 3b,b3 40,91 41,09 k1,45 u2.00 0.3¢ 5.17 16.3

TTTTISET =77V U695 60,27 34,52 40,92 41,03 k1,37 41.91 0,19 5,17 16.8

. 185  -77.7  36.9 9.5 40,22 34,60 40,92 40,97 41.30 41,75 0,19 5.17 17.2

''''' 166 -78.1 36.9 9.5 49,17 34,66 LN.90 40,01 B1,22 41.59 0.19 5.17 17.6

. 187 -78.3  36.9 9.5 0,14 34,59 40,82 40,86 41,16 41.48 0.19 5.17 17.9
18¢ =784 35.9 9.5 L0,T0 35,72 LN,&5 40,81 k1,10 41.3¢ C€.19 5.17 17,

: 189 -78.5  36.9 9.5 LN.N5 34,73 40.82 L0.75 k1.0b b1.22 0,13 5,17 18.,%

TUTTINDTSTRLYTTU30L9TT 905 0001 36,76 49079 40,71 Bn,99 41,12 9.1v 5,17 1¢.5

191 -76.5 36,9 9.5 39.97 34,74 BKO,7L LC.E5 _40.035 K1.00 0.19 5.17 18.7

1927 7-78.4 36.9 9.5 39,95 34,73 40,71 40,51 LO.EY 4N,92 D 5.17 18.8

3Y,8¢ 3L,72 0,67 L0,56 40,2% 40,20

1
2 01(
39,85 3,71 40,63 40,51 40,749 40,71 0.1t
) ) 0.1

oy =7¢.1 30.9 g
195 -78.0 36.9 4,5

T

J

193 =-78.3 36,9 9.5

3.5

- - o rosr 2 s Fdeo 2u. /0 24,07 40,56 4040 80,72 BU.O5T U, L J L Detl e L
TTTTTI9E T =T77.9 36,9 9.5 39,76 34,57 40,55 Lo,b2 L0,69 LO,52 0,19 5.17 -19.1
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187 -77.8__ 36,8 9.5 59.72 34.65 40,51 L0,38 LO.64_40,4L  0.33  5.17 ~18.1
198 -77.%& 30,9 9.5 39,66 34,62 49,45 40,31 40,58 LO.31 0.19 5,17 19.2
199 -77.3 30,9 4.5 39,63 34,60 0,2 40,23 40,54 49,25 0,19 5,17 19.2
260 -77.1 36.9 9.5 39,59 34.5¢ LOU37 H0.23 40,4y 40,Iu  0.10 5,17 19.5
20l -76.% 36.9 9.5 39.5b 34,50 40.55 40,26 _Lo,b5 0,10 0.39 5.17 19,3
T2027 =7607 73609 905 39051 36,53 B0U30 LUL15 BOLEL LU.01 0,19 5,17  19.3
203 -76.4 36.5 9.5 39,47 54,50 40.20 40,311 40,37 33.94 0.1Y 5,17 1Y.3
20L -76.2 36,9 9.5 39,03 34,48 40,22 40,07 40.33 39,2 0.19 5,17 19.h4
205 =76.9 36.9 .5 39,40 34,45 40,18 40,03 40,29 39.79- 0.19 5.17 149.b
206 -75.8 356.9 9.5 32,35 34,42 40,13 39,98 Lko,2k 39,71 0.19 5.17 1G..4
=207 -75.5 56,9 9.5 58,32 34,40 40,18 39.95 40,21 33.656__0.19 5,17 19,4
208 <75.% 36.9 §V5 34,25 34,37 L0O.0H 33,90 40,15 39.58 0.1Y 5.17 19.b4
209 . -75.0 35.9_ 8.5.38,22 34,52 35.89 39.8h LN,09 33.b7 0.19 _5.17 14,4
210 -7u4.¢8 36,9 9.5 39,19 34,30 32.96 39,21 40.05 39,42 0,19 5,17 13.4
B
i
I




e S G e B ey o e . e M e et s e S S et @S ke S B e S B et i e e et s et A o o S e Mo S et e i S i ot i S et e e S e Mt o Mt WA ® e et A Aot e i ot e i St i o ey oy B ot 0 A S it B

T OTTAETTTSTTTTTC ATTTTTEVTTTTTRTTTIS T L2 [ S ¥t H B 31 S {UN ol H L
5 0.3  36.9 9.5 36.29 3k.21 37.06_ 36.97 37.11 35,82 0,19 5,17 14,7
’"""Tﬁ“""‘ﬁT?”“‘Eﬁiﬁ“‘“ﬁiﬁ“é5775“35751"37T55“f?t7“37“I‘“35""““57i5"”3737“‘Lui7
15 0.3 _ 36.9 9.5 36,29 34.81 37.06 36.%97 37.12 35,82 0.19 5.17  1h.7
20 0.3  36.9 9.5 530.29 34.81 37.0C 30.77 57.12 35,82 0.19 5,17 14.7
25 0.3 36,9 9.5 36.38 3bL.21 37.00 36.77 37.12 35.82 _0.19_ _5.17 _1h,7_
30 9.3 35.9 9.5 36,36 34,81 37.06 36.497 37.12 35,22 0.1Y 5.17 14.7
—_n_,al___21_9__12£_§___;§;2~§QL;z_éi&ZL_aaﬁ;E~gﬁ_&§_zz_ngggLiﬂ_hQ;13_,§4§z__224§_

32 91.5 148 12,8 30.3¢ 34,69 30,88 306,68 36.94% Su.4h 0.1y 8.67 21,7

3 91.8 1&3.3 18.4 36,40 34,060 368,82 35,72 35,89 36.5 0.19 §.67 26,4

34 yl.,8 158,53 18,84 30,484 34,068 36,78 36,77 36.828 3U.L3 Jg.1y &.67 20.4
o35 Blel 18E.3 QL0 50.53 30.00 50.77 30.81 36.88 37,01 0.19 £.67 2.1
30 yl.4  1L8.3 Jho 360061 34,72 30077 35,496 306.93 37, 7) 0.1a &.57 14.7

37 91.2 1813 18.k 35.02 34,72 30.77 35.92 30.93 37.25_-0.15__B.067__13.1.

385 90.49 18,3 .l 36,07 34,75 30.80 36,98 35,96 37.35 0.19 8,67 1353.6

39 90,7 1hkP,3 16. 36,73 34,78 30,83 37,00 37,03 37,45 0,19 R.07 1y,

40 30,3 1hge.35 e, 36,78 34,81 36,87 37.24G°37.00 37.54% 0,19 '&.67 18.5

Al 890 185 18,0 30,00 3b.06 30.03 37,10 57.17 37,05 0.19 £.67 192

:'w;

L2 g9.4  14g.3 18.4 SG.SO;BQ.GG 36.
bh3. 39.& 12,3 18.b 36,31 34,23 306,38 37 "5 57.35 57 12 O ‘W €.67_ _19.1
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LY 89.0 1h2.3 18.% 36,90 34.9% 37.0h 37.31 37.23 37.79  0.19  8.67 19.1
h5 99.3 148.3 n.h 37,00 34,38 37.11 37.47 37,35 37,58 9,19  2.67 13.1

46 86.0 1k§.3 C e 37.07 35,00 37,15 37.43 37,41 37.%2 0,19 8.G7 19.1

e B7 87.5 1h2.3 ,_5;2,31_12_;_24___2_-;3_ng_z_éz_iL;z__z_J___L12_'__;:_._5_7__.15_.,;_
‘ T 8§7.5 1403 18, 37.1% 35,04 37,22 37,51 37.59 38.00 C.13 8.467 15.0
b9 87.2 Ah2.3 | 18.4 37.19 35.07 37.28 37.57 3Z_§J~§£;CE,*QL12-_E,EZ_,wﬁ_Q_
T 50 25,7 1LE.3 18, 37,2G.35.22 37.35 37.65 37.G3 Jc.lh 0.1y 8.67 18.9

- 51 SU.3 1hp,3 16.% 37.20 35,14 37.39 37.69 37.67 33. 0.19 e2.67 18.9
' 52 806.0. 1Lh8.3 12.5% 37.33.35,17 37.43 37,72 37,71 38 .22 0.19  2.67 19.0
o._.b3 _85.8 1be,3 _ 128.L 37,37 35,13 37. hz_élizz_§~LZ§_§~“2g_~Qg12__545 _____ 18.8
5L 85.5 1n2.3 18.4 37, L” 35.02 37.52 37.82 37.81 35.32 0.1 8.67 16.8

oo bb 5,1 ALE,53 18,437 35,25 37,57 37,86 37,60 36,35 0,10 _8.67 _18.4
56 b,y 1Lg.3 18.L 57.J1 35.,2¢ 37.670 37. “2 37.31 3¢.h2 0,19 8.67 18.8

; 57 gh,3 1BES.3 18.4 37.55 35,31 37,487 37.97 37.96 38,47 0,14 g.67 1&.9
58 ah,3 148.3 18.4 37.59 35,34 37,71 38.01 38.01 38,52 0.1 8.G67 18.¢
b9 83,7 _1by.3 16,4 37.60h 35,37 37.706_38.06 38,006 38,56 0.12 8,67 _18.4
50 3.6 1LE.3 16,4 37,50 35,40 37,81 35,11 35,10 36, rw 0.19 8.67 18.7

- 61 "E"§_n_§E;2__,~2;§_§Z_E;”zz;iiﬁil;;i_giulﬁ_éiL:§~a§,i2~_9;ll__§;22"~;E_é.
”””””” 62 =5.2 36.9 9.5 37.0686 35,59 37.91 37.49y 36.12 38.h8 0,13 5,17 15,5
, 63 -5.9 36.9 9.5 37.67 35.6% 37.7% 37.9¢ 38,12 35,43 0.1 5.17 1.2
bk -0.1 30, 9.5 57.07) 35,60 37,96 37.98% 32,15 38,37 0.19 5,17 16.6
65*_-:9;5,_m>6-3_,»_2;§~§Z;§Z_§§411 27.98 37,99 32,15 35,31 0,19 5.17 16,4
TTTTTER =0.5 " 735.9 9.5 37.06 35.73 38.00 38,00 30,13 38.27 0.1 5,17 17.1
67 -B.6 36,9 gigwgz_s, 35,75 38,02 34,00 30,14 32,22 0.19 5,17 17.2




o Xvdg s oM EV_ _ ¥B__ TS TH_ ___T0 TR T ____SBE.__Co___goun__
g -6.7 36,9 9.5 37.66 35.76 38.03 38,01 38,14 38.20 9.1y 5,17 17.3
69 -(.¢8 35,9 9.5 37.65 35.77 38.74 3£.01 35,15 38,16 0,19 5,17 17.4
70 -u.Y 36,9 9.5 37.65 35,7¢& 38.05 3&£.62 38,15 35.12 0.19 5.17 17.t

_____21~ﬁ-:ELE___égLﬁ___,2;§~§Z_£E_éﬁ_ZQ_zﬁLQ_*_ﬁlngﬁﬁllﬁ_3&;93_~Q¢;3__5411__11A
2 -5.9 36.9 9.5 37.06%4 .74 39,06 38.03 32,16 38,07 9.19 5.17 - 17.5
,_____.Z§___:Z;Q,__é’é;2__*_2;2_31_9_*_25_23_52;22_52;f_‘}_ﬁ_fj;lz_ég_Qé__Q_.12___5»4_12__;_7_. 5
7h -7.0  36.9 9.5 37.63 35,80 38. 38.00 38,18 36.00 (.19 5.17 17.4
75 -7.0  3G.9 9.5 37.63% 35,00 SS.OU 3¢.0L 32,18 37.97 0,194 5,17 17.b
75 -7.0 36.9 9.5 37.63 35.80 38.r9 3g.05 35,10 37.94 0,19 5,17 17.h
____;ZZ“__:ZLQ__~§§4§,___ﬁié_gzwhz~§ELLQ_;L_l2,33_9§_§§L12_§z&22__QA12--53;z__;mlg-
787 7=7.0 36.9 9.5 37.62 35.80 30,10 38,05 32,19 37.89 0.19 - 5.17 17.3
__-"12,,_:Z,-_Q___}QLQ.____L§_§Z;Z.’l_éi_iﬂ_zimll___.,ﬂt:_._ﬁ:;:E_EZLE__;9413__5”.._11___1_7.15_
Y -6.9 36.9 9.5 37.61 DS.U. 38,12 32.06 38,20 37.0n 0,19 5,17 17.3
2 -6.9 36.9 9.5 37.81 35,80 39;1?'3?.ﬂ7 3,21 37,82 0,12 5,17 _17.2
22 -6.9 36,9 9,5 37.60 35.(¢ 8.13 3¢,77 38.21 37,80 0.1Y 5.17 17.2
_ﬁ_;mgg-,_:gig___::LS ,__QLJ_EZ‘QN-QJL°G_3£L13 38.07_38.21 37,770,149 _5.17__17.1.
Y -6.9 36, 9,5 >7 9 35,79 33.1h 3(.,7 38,22 37.75 0.19 5.17 17.1
*-_;_ﬁé___:ﬁ;ﬁ__~§§$ﬂ~*__3¢5_ _35.79_38.1h_38.08 32,22 37.73__0.179_ 45J11,_1141_

8¢ -6.8 36,9 9.5 37. rw 35,79 )n.lu 38. n: 38.22 37.70  0.19 17017,
3 -G.8 __ 36.9 9.5 37,59 35,79 38,1k 34,0f 38,20 57,70 0,139 —5 llm~l7~ﬂ

‘S8 -6.8  36.9 9.5 37.58 35,70 3‘.-5 3g.08 38.23 37.6¢ 0.14 5.17 17:
R0 =G.8 38,9 9.5 37,5£ 35.70_38.15_ 32,02 32,23 37. ﬁu~_o_14__J,1J~“1n,d
L .90 -G.7  3b.9 9.5 37.57 35,78 38.15 38.09 34.23.37.6L C€.19 5,17 16.9
.81 197.5__275.4 28.6_37.65_ 35,70 38,06 37,36_36.17_36.03 0,39 12.67__23.3.
92 198,0 275.4 28,6 37.77 35.66 37.9& 3&.1bk 38,14 38,43 0.19 12,67 21.6
93 198,0 275.L 28,6 37,88 35,67 37,96 36,30 38,19 36,72 0,18 12.07__20.3
9k 197.6 275.4  28.6 38,00 35.70 37.59 3&.45 38.29 36.96 0.19 12.67 14.5
.95 147.2__.275,b__ 28.6_3f£.10_ 35,73 _32.0h 38,5438, 53_31L1L~" LlJ_lZJQZ* 19,0
96 1%6.7 275.4 0 28.G 38.21 35.7¢ 36.12 35,72 38,51 39,20 0,19 12.67 18.%
97 196,11 275k 28.5_ 38,30 35,82 32,10 38,82 35,4032 33*_0*13,12451-“1ﬁ;g
o 195.4 275,k 28,5 3&.42 35,020 3§.30 38,97 35.75 30,55 0,19 12.67 1.1
19 144,88 2754 20,6 38,55 35,05 32,42 34,172 33,""'”’ 70 c,lj_iziﬂzm_;JJx

100 134,3 275.4 26.6 38.60 35.9¢ 38,47 33,10 38.96 3u.77 0. 1u 12.67 17.
301 193,06 275,b  28.06_38.73_ 36,05 3&8,02.38.35_32.11_39,92__0.1 lb497hm1] 1
102 192.7 275.4  28.6 33.82 36,11 38.09 39.43 39.22 L0.07 0.19 12.67 " 17.7

_. 163 1%2.1 275.L  28.5 3#.89 35,15 38,77 34,52 32,30 40,10 0,15 12.67 _17.6
104 191.5 275.4 22,6 39.60 36,22 30.€0 39,5k 30,43 40,23 0,170 12.57 17.5
105 190,7 275.h 28.06 39,35 35,31 39,05 310,81 30 50 L0 30 0,119 17, ;meilLﬁ
105 189, 275 2806 35.20 36,35 39,11 39,00 39,87 Lokt 0,19 12.57  17. h

107 __183.h  275.h  28.5 39.33 36,13 39,25 LG,.02 39,01 LOLGR 0,15 172.67__17.
TTTTIRT 2.5 275,1 20.6 39.hL 36,85 35,37 bA,1k 37.94% 40,77 0,15 10,67 17. 3
_h“_lﬁﬁ__1§§:Qﬂ_ZZEL&___2§;9_§2L22_394ﬁg_izLﬁ:_ﬁszﬁ_A~ P5_ k0,03 0,19 15,07 17,07

116 187.4 275.h 286.6 33,67 30,67 36,55 W0.32 k0,12 42,3C 0,19 12.67 17.2
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TIME S " EV  Th - TS ™ ™ TR [ SDF Ca coun
111 136.5 275.b 28,0 39,71 36,67 39,57 40,5 0,25 Kh1,02 0,19 17,67 17,2
112 185.7  275.% 20,6 39.82 36.74 39.7% we,57 wn,.30 41.1% 0,19 12.057 17.2
____113_.185.0 _275.b__ 28.6_39.92 3G.81 _39.00 40.C° AL0.LS.61.25 0.19 17.67 17.7
11 1ew,5 275.% 28.b 39,39 36.°5 39.9¢ 0,75 40,50 41,3 0.1% 12,57 17.1
oo 115 163.6 275.4 28,0 k0.1L 36,95 40,1k 40,81 h0,72 41,49 0.10 12.657 17.1
116 183,00 275.4 20,6 0,23 37,01 hOo,26 B1,01 0,82 41.5C 0.1 12,67 .17.1

117 182,33 275.% 28.06 LG,29 37,95 40,31 1,08 40,80 41,65 0.19 12,67 17.2

118 181,k 275.L 23,6 40,42 37,16 Lo, s BR1LL,22 41,05 61,79 0,13 12,67 17.2
...1l9 181.0 _275.h  22.0 46,51 37.20 k0,54 L1.31 L1.13 41.83 0.19 12,67 17.1
120 1e¢0,1 275.4 28.0 40,57 37.24 GL,G1 L1,.38 41,20 41,95 0019 12.07 17,2
_...121 -19.0  36.9 9.5 40.55 37.46 40,75 L0.08 41.21 L1.82 -0.19 5.17 1h4.5
.12 -13.7 36.9 9.5 0.5t 37.5¢ 40,81 LO,97 1,16 1,72 0.1y 5.17 15,2
123 -20.1 36.5 9.5 0.5t 37,61 4e,0h 0,96 41,16 11,66 C0.14 5.17 15.6
12 -20.7 36,9 9.5 40.52 37,70 L0O.8C LO.SH B1,13 41,52 9.19 5.17 '16.3
2125 -21.1 56,9 9.5 40,51 37.73 40.90 0,0k £31.12 41,47 0.18 5.17 16,5
120 -21.,2 36.9 9.5 40,50 37.76 40,91 L0,03 42,11 41.39 0.19 5.17 16.¢&
o327 -21.b4 36,3 9.0 40.k5 37.78 LO.D32 hC.82 41,10 41.35 0.13 5.17 17.0
128 -21.5 .9 3.5 BOJBE 37,80 40,92 40,01 1,09 41.249 0,19 5.17 17.2

129 =-21,7 36.9 3.5 40,47 37,22 40,93 LOQ,930 41,08 41,21 0,14 5,17 17..4

130 -21.,7 36.9 9.5 40,85 37,83 40,93 40,90 41.07 41,16 0.19 5.17  17.5
[ ‘_léz‘.;_:;lig.._ Z‘b:_(._)___ g !..5_’” n L] !' 5 3 7 L ¢ I‘ h Q:.Q;_EQ.-_EQ_ELLQE_ELLll__2413*~§421___l14§.
- 1132 -21.8 3.9 9.5 LO.43 37,84 4C,93 LO,88 41,65 41.05 0,19 5.17 17.7
133 -21.2  36.9 .5 kp.h2 37,025 10,022 BO,R8 41,0k 41.00 9,19 5.17 17.%8
134 -21.8 36.9 9.5 0,41 37,85 40,92 40,87 wi.ou 40,95 0,19 5,17 17.8

135 -21.8 356,19 3.5 4n,.bkn 37,025 0,92 Lo,26 h1,03 40,91 0,19 5.17 17.9

136 -21.8& 36.90 9.5 40,38 37.8L 0,91 0,85 1,02 wn,84 0,13 5,17 17.9

oo 137 =21.7 36,9 9.5 40,37 37.04 40,01 BO.85 41,02 L0.82 0,19 5,17 17,9
138 =-21.7 36.7 9.5 40,37 37.84 K0,91 Loe,.8L 41,01 n0.78 0,19 5.17 17.9
133 -21,6_ 36,9 9.5 bD.35 37.2h 40,00 H0,20h 41,00 KO,7hk 0,19 5,17 17,9
1w -21.,6 36.9 9.5 42,34 37,23 40,90 40,83 41,00 40,72 09,19 5,17 17.¢

il -21.06 36.9 9.5 40,35 37,23 w0, 00 0,2 0,99 k0,66 9,19 5.17 17.9
182 -21.5 30.9 9.5 50,32 37.82 b0.,83 LO.22 k0,928 49,62 0,33 5,17 17.9
A3 =21.0  56.9 9.5 BO0.31 37.82 Lo.28 46,21 LO,0R LO,54 0,183 5.17 17,9
1L -21.4 36.4 9.5 4n.3¢ 37,81 40,82 uh, 50 k0,7 BA,56 0.18 5.17 17.9
15 -21.3 36.9 9.5 40.2Y9 37.81 LO,&7 k0,80 LP.S6 40,55 0.1¢ 5.17 17.9
146 -21.3 36.9 9.5 40,27 37.89 LG,87 LO,7% L0,3C wo,h3 . 0,19 5.17 17.9
17 -21.,2 36,9 9.5 40.26 37.79 L0,86 b0, 7¢ 40,85 40o,46 0,19 5,17 17,
ivg -21.1 36.9 3.5 60.25 37.7¢ Q.86 LO.77 LKO,3L yo,.h2 0,10 5,17 17§

s 0 -21.,1  36.9 9.5 B0.2h 37.7¢ 4O.E5 40,77 hO,94 LOLLO 0.19 5.17 17.¢%
150 -21.0 30.9 9.5 46,23 37,77 bo,2L KO.T76 BOLO3 LO,37  G,19 5,17 17.¢&

s 151 350.1  463.5 k5.7 hr.bl 37.G5 LO.GS MU 00 40,80 WI.14  0.19 16,53  22.°
152 35350.2 WLG3.5% 3,7 40,62 37,.5% 40,62 k1,25 40,94 41,70 0.1% 10.59 20.¢

. 153 349,88 AbG3.5 b3.7 4C.79 37.57 49,065 L1.50 431,08 42,03 0.19 18.54 19.°t
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TIAE S i1 EV T TS TH_TO TR T4 SBE . €Y - COUD
154 3L9.1 KG3.5  h5.7 40,97 37.73 40.7% 41.75 L1.27 42,33 0.19 186.59 18.7
——--155 3%£.1 W03.5  b3.7 41.1& 57.81 LO.0E k2,03 L1,51 L2.635  0.19 1&4.54 18,1
1507 357,17 Thy : 8.59  17.7

W

5T B30T B1,306 37,85 LI 42,25 B1.7Z 42,85 0
157 3tG.1 WG3.5 43.7 h1.52 37.07 B1.16 B2.L3 L1.591 B3.05 0.1y 18.5J9 _17.5

158 5.0 AW43.5 W3,7 1,70 36,06 1,335 k2,65 42,13 43,26 0.19 18.59 17.3
159 343.8 L63.5 h3,7 41,82 36,15 41,51 42,87 42,35 43,4 0,19 18,59 17.1
0.1
1

160 342.6 U463.5 43,7 52,07 38.26 41,70 43.08 42,57 43.70 9 13.59 16.9
161 341.h LG3.5 3.7 h2.25 38.30 L1.07 43.30 L2.79 43.02 0,15 18.53 16.¢&

162 30,6 403.5. 3,7 42,01 36,56 2,07 L3,50 42,99 L, 10 0,10 1
163 339,3 uL53,5 GW3,7 42,00 38,57 L2.70 43,72 L3.21 LL,32 -0.10 1¢.59 16,5

158 338,0 .G3.5  h3.7 42,79 38.G¢ 42,3 43,9k 43,43 4,54 0.19 16.59 16,0
165  336.7 463.5 43,7 42,99 38,50 k2,70 K4.15 43,56 hk,75 0,19 18,59  16.b
166 335.3 1G3.5  h3.7 h3.1¢ 36,92 42,92 44,37 43,28 44,98 0.19 1£.59 16.3
167 _334h.0 h63.5  h3.7 43,37 35,05 43,13 44,53 AL, 10 B5,15 0,143 18.54 _185.3.
168 332.% 163.5 k3.7 L3.49 33,17 43,76 44,72 4L, 2L 45,33 0,19 1§.59 16.3
. 163 _331.9 hG3.5 3.7 43,56 33,23 h3,L5 4h,92 Wb, Wb 45,52 N.19_ 18.53__16.2
170 330.5 46G3.5 43,7 B3.806 39,36 b3.67 45,13 LL.G6 45.73 0.19 18.59 16.2
171 329,1 463,5 43,7 4,05 39,50 43,00 §5.35 Lhot0 05,95 0,19 19,59 _16.2
172 327.9 4G3.5  43.7 hh,16 39.57 44,02 45.4¢ 45.02 46,09 0,19 18.59 16.3
o 1737 326.5 4G63.5 _ k3.7 BL,3% 30,76 BL.2h B5,70 W5,2L 45,31 _0.19 18,59 _1£.3
71787325060 We3.5 3.7 Bh,55 39,02 L, L3 45,00 b5, KLY LG9 0.19 18.59 16,2
s Y75 324,2 WG3.5 k3.7 bbL.75 39,95 bh.G5 46.312 h5.60 NnG.71 0D.1Y 18.5Y__16.2.
176 322.7 463.5  B3.7 44,95 40,09 Lh,28 L5.3L 45,84 LG.9L 0,19 18.59 16.3
177 321.8 463,5 43,7 45,05 40,16 k4,90 L6.L5 46,00 47.0% 0.19 1£.59 16,3
17¢ 320.5 1L63.5  h3.7 45.22 40,27 45,17 b6.62 46,19 47.22 0.10 1£.59 16.3
e 179 318,5 h€3.5  W3.7 45,39 h0.33 45,35 B6.81_4G.327 47,51 0.18 16,59 15,3
1807 317.9° 4G3.5 k3.7 L5.606 40.53 45,59 47,05 46,60 47.64 0.19 18.59 16.3
oo 181 -b3.3 36.9 9.5 b45.58 LG.77 L5,.706 46,35 LkG,05 L7.51 0,19 5,17 13,5
182 -Lk.6  36.9 9.5 45.56 40,97 45,80 LG.23 LG.56 47.33 0,19 5,17 1k.5
. 183 =45.5  3€.9 9.5 15,53 41,09 45,95 46,13 86,49 47,17 0,19 5,17 15,2
184 -56.1  36.9 9.5 45,51 41.17 45.98 46.15 46,44 7,06 (.19 5,17 15.7
.. les -bG.5 36,9 9,5 b5.hY h1,0h LGLR0 K612 B5.30_46.95 _0.19 5,17 _16.1
’ 186 =46.9  36.9 9.5 45,46 41,3C 46,21 46.08 6,34 46.82 0.19 5,17 16.5
o187 -47.3  36.9_ 9.5 45,43 81,35 b6.01 bG.0L 46,23 LG.6E_ 0,19 5,17 16,9

5 45,01 1,32 BG6.09 KG,02 46,25 HG,.61 Q.19 5

189 -47.7 3G.9 9.5 k5.38 Bl .01 5.9 5,97 46,21 W6 .47 0,19 5.
190 -47.7 36,1 9.5 450,36 L1 ,B2 5,32 K5,9% 86,18 46,39 0.19 5

5 3 5

55.37 41.Lk K5.G5 45,90 k6,13 46.2% D 5
. 193 -th7.8 36.9 8.5 k5,27 bL1.4h B5,62 BL,.85 45,08 46,11 7,19 5.17 1g,1
CTTTTION T SR7.% T 36.9 9.5 45,26 L1,4L 45,91 LS.8h 46,06 46.06 0,10
5.23 4L1,.hb 4598 45,81 LG.07 4

5.21 41.43 45,27 45,79 4G.01 45,92 0,19

DT s it i merm e o e T S . i b i o e e ey R . A S 2 e i it e o T A . e i, S e o e i a7 S i R s o T o o P e T e e e et e e S o e o e e i e b i

2 e e e e e 2 e e e S T T e e e e

e e ot e i s s S s e S R o i e i et e S it S it o e+ e e e e i e S i o . o St S i e e s i e i i o S S S et B S e e o, e



H
i mend

TIHE S i1 EV ™ - TS TH T0 ™ ™ SBF - CO £Nim
o227 Zh7.6 36,9 9.5 45,18 B1.42 ML, RL W5.75 k5.97.45.81 0.19 5.17 _18.h
198 47,4 36.9 9.5 45,16 L1.42 K5,°2 45,73 L5,95 45,76 0,19 5,17 18.&
. 199 ~47.4 36.9 9.5 45,13 b1.L0 b5, 45,77 45,92 45,08 0.19° 5.17 18,5
200 -47.2 36,9 9.5 5,310 1,39 45,77 45.,6¢ 45,°9 k5,62 0,19 5.17 1€,
¢ 202 -47.1 36.9 9.5 45,08 b1 ,.3¢ 5,76 k5,65 45,87 k5,56 0,19 5,17 18.5
292 ~47.0 36,9 9.5 45,05 L1.37 45,73 5,63 45,84 L5,49 0,19 5.17 18.5
oo 203 -46.8 36,9 9.5 45,02 W1.35 45,79 h5.59 b5,00 L5, h1  0.19 - 5.17 18.6
20 ~4G.7 35.9 9.5 44,99 81,33 65,67 65,506 45,78 5,34 - 0.19 5.17 18.6
o205 46,5 36,9 3.5 44.96 41,32 45,65 45,5k 45.75 45.2¢ 0,19 5,17 18.6
206 ARGV 3609 9L BEL95 T RIV3T OS8R 45,53 55,78 45026 0,19 5.17 18,6
. 207 =456,3 36.8 9.5 44,93 41,30 45,02 45,51 45,72 45,22 0.19 '5,17 18.6
. 208 -4%6,2 36,9 9.5 4,91 51,23 45,69 45,49 45,70 5,17 0.19 5,17 18.¢
209 -46.1 36,9 9.5 bh,GY b1.27 h5.58 45,46 B5,68 L5,11 0,14 5.17 18.6
210 - -4o.0 36,9 9.5 4L ,3C 41,25 45,56 h5.44 5,65 45,06 0.1y 5.17 138.6
15
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In the next three tables we present the results of simulation runs
of intermittent rest and exercise periods at 25, 50 and 75% of maximum
aerobic capacity at 10, 20 and 30°C with controller coefficients which have
been found to give close correspondence to actual experimental runs. The

values used were:

CsSwW 400 kc_al.h—1.°C—1
.
PSW 60 kcal,h ",°C
S S |
CDIL 150 1.h ~.°C
=1 -2
PCHIL 10 kcal.h ~.°C
CCON 10 °c™!
SCON 10 o™}

All regulator coefficients not specifically mentioned above are assumed
to be zero. The "set points" for the various compartments are as given in the
listing of the simulation program. The specific "set points" used were derived
from the equilibriﬁm temperatures reached in the various compartments in a
thermally neutral environment at rest in the absence of any controls.

Table 4 gives the results of a simulation at an environmental temperature
of 10°C, with identical runs at 20°C in Table 5, and at 30°C in Table 6, In all
cases the simulation starts at time zero in the condition of a previous exposure

to the equilibrium temperature of 31°C,
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"TIME .S M_____FV. I8 TS TH T2 TR ™ SBF CO____COND ___

1 -140,5 36,9 10,1 36.21 33,55 37,06 36,99 37,12 35,81 0,07 5,05 50,2
-2 -135.7 -36,9---10,9-36.14-32,76 37,06 37,00 37,13 35,80 -0.05 5,03 -39,6,
3 -131.h 36,9 11,4 36,07 32,08 37,07 37,00 37,13 35,78 0,05 5,02 33,2
4 -127,8 36,9 11,6 36400 31,56 37.07 37.00 37,14 35,74 0,04 5.02 29,k
5 -124,1, 36,9 11,4 35,93 31,07 37,07 37,01 37.14 35,70 0,04 5,01 26,3
6 =120,9, 36,9, ~~11,1-35,86-30466 37,07 37,00 37,15 35,65 0,03 - 5,01 - 24,1 -
7 -118.1 36,9 10,6 35,81 30,35 37,06 37,00 37,15 35,60 0,03 5,00 2245
PgI114.0 " T36a9 9.9 35.74 30400 37,06 37,00 37,15 35,53 0,02 -5.00 20,9
9 -112.4  37.0. 9.5 35,68 29,73 37.05 37,00 37,15 35,46 0,02 5,00 19.9
P10 -11043 37¢3 ~ 945735062 29,48 37,04 36,99 37,15 35,39 0,02 5,01 19,0
11 -108.6, 37.6. 9.5 35057 29,30 37,03 36,99 37,15 35,33 0.02 5.02 18.h
12 =106,5 381 9.5 35,51-29,08°37,02 36,98 37,14 35,25 0,02 5,03 --17,7.
13 -104,3 38,8 9,5 35,45 28,87 37.00 36,96 37.13 35,17 0,02 5,05 17.0
L E10205 39,3 " 79,57°35340 28,7136499 36,85 37,12-35,10 0,02 5,07 16,6,
15 -100,7. 50,0, 9.5 35,35 28,55 36,98 36,94 37,11 35,03 0,02 5,09 16.2
“16-7=9843  “b1e0 9¢5735,29°28436 36,96 36492 37,10-34,94~0,02- 5,12 15,7
17 -96.3, 41,9 9,5 35,23 28,22 36,94 36,90 37,08 34,87 0,02 5,15 15,3
P18 =9k, 2 13,0, —935-35,18-28507-36592 36488 37,07 34,79 0,02 ~5,18 -15,0. -
19 ~92,5 43,8 9,5 35,14 27,96 36,90 36486 37,05 34,72 0,01 5,21 14,7
920 =9042 " B5.L9¢5-35,09 27,82-36,88 36,84 37,03 34,64 0,01 - 5,25 -1h.b -
21 -88,4 46,1 9.5 35,05 27,71 36,86 36,82 37,02 34,58 0,01 5,28 1b,2
22 =8548 h7e7 ~—=9:534,99-27:57 36,83-36,79 36,99 34,49-~0,01---5,33--13,9,
23 -83.8 48,3 9.5 34,95 27,47 36,81 36477 36,97 34,42 0,01 5,37 13,7
2L -=81, 75062 ~—9y5 3491 2743636579 -3657536495 34¢35-0,01--5,41--13,5
25 =79.5 51¢6 9,5 34,86 27.26 36,76 36473 36493 34,27 0,01 5,45 13,3
P26 =77¢3 5351 ~—~935-34582-27 153674 36,71 36,91 34420-~0401--5,50--13,1
27 -74.9 54,7 9,5 34,78 27,05 36,71 36,69 36,89 34,12 0,01 5,55 12,9
287343, ~~55,8 955 34,75°26,97 36470 36,67 36487 34,07 -0,01 5,58 12,8
29 =70,9  57.4 9.5 34,70 26,87 36,67 36465 36485 33,99 0,01 5,63 12,6
130 —=65942 5846935534567 26480 36,65 36463 360833393 -0,01--5,67-~12,5 -
31 -30,0. 152,9 16,5 34465 26437 36,52 35,95 36,64 34,36 0,01 8,64 .18.6
%392-7519,07 1613 "~ 1655 3436k 26512-36,39-35,94-36447-34,66--04,01-8,90 17,8 -
33 -8,.6. 169,5 16,5 34.63 25,90 36,27 35,94 36,33 34,95 0,01 9,16 17,2
F3h- 21,3 71753 771635 34463 25:75 36,18-35,95 36425-35,15-~0,01 --9,34 - 16,8 -
35 5,0, 180.4 16,5 34,63 25.62 36,12 35,97 36,19 35,34 0,01 9,50 16,4
“36-——8 6 —183¢3 —165534s64 25554 36,08-35,99 36417 35,46 ~0,01--9,59—16,2-
37 11,6 185.6. 16,5 34.64 25,47 36,06 36,01 36,16 35,57 0.01 9,66 16,0
B38 13,8 18743 1645 34465 25,40-36,04-36,03 36,17-35,68 - 0,01--9,72---15,8,-
39 1h,6 187.8 16,5 34,66 25,37 36,04 36,05 36,17 35,72 0,01 9,i3 15,7
“BO " 15,6 1884k T 1635 34367 25332 3630436408 36,19 35,81 0,01 ~ 9,75 15,6~
41 15,8 188.5 16.5 34,67 25,29 36,04 36.09 36420 35,86 0,01 9,75 15,5
‘42150818843, 1655 34468 25526-36505-36,11-36,22 35490~ 0,01—9,75—15,4. -
43 15,5 187,9 16,5 34,69 25,24 36,06 36,13 36,24 35,94 0.01 9,73 15,3

"
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TIME S, M. EV. T8 TS TH T0 TR TM  SBF CO COND
Bl 1540 18742 —-1645 34470-25,22 36,08 36,15 36,26 35,97 -0,01- 9.71- 15,3 -
45 1he2 186.2 1645 34,71 25,20 36,09 36,16 36,27 36,00 0,01 9,68 15,2
W6~ 13.8 185,8 " 1645 34,71 25,19 36,10 36,18 36,23 36,02 0,01 9,67 -15,2
47 13,2 185.,2 16,5 3472 25,17 36412 36,19 36,31 36,05 0,01 9,65 15,1
58 12,0 183,8 1645 34473 25,15 36,13 36,21 36,32 36,07 0,01 9,61 ~15,1 -
49 11.3 183.1L 16,5 34o73 25,14 36,15 36,22 36,34 36,09 0,01 9.58 15,0
50 < 10,6, 18243 1645 3lhe7h 25,12 36417 36,24-36436 36,12--0,01 9,56 -15,0 -
51 10,0 181.6, 1645 34,74 25,11 36,17 36,24 36436 36,13 0,01 9,5k '14,9
52 9.l 181,0, ~ 1655 34475725510 36418 36,25 36,38 36,14 0,01 --9,52-14,9
53 9,3 180,9 16,5 3475 25,09 36,20 36,26 36,39 36,16 0,01 9,51 14,9
1Bly—-——8 1 1796 —1665-34576-25,07-36,21-36,28 36,40 -36,18 ~0,01—9,47—14,8-
55 7.8 179.2 16,5 34476 25,06 36,22 36,29 36,41 36,19 0,01 9,46 1k.8
56 Tl 178681645 34477 25605 36423 36,29 364542 36,20 0,01 9,45 -1k,8
57 649 178,3 1645 34 77 25,04 36,24 36,30 36,43 36,21 0,01 9.43 14,7,
58 643 17756 164534477 25,03 36425 36,31 36,44 -36,22 -0,01 9,41 14,7
59 5.8 177.0. 1645 34.78 25,02 36,25 36,32 36,45 36,23 0,01 9,39 14,7
0. ——5¢7 176091665 3ho78-25001-36426-36,32-36,46 -36,24—0,01--9,39 —1h,7

. 61 -31,3 86,8 9.5 34,76 25,35 36,29 36,44 36,49 36,06 0,01 6,56 10.2
62 =35, - -8l 205,34 g7k 25,53-36,32-36,46-364553-35,89--0401--6447--10,5--

)63 =38,2 82,2 9.5 34,72 25,65 36,35 36,48 36,56 35,73 0,01 6.41 10,6
Bl —=00,3, 80,795 34471 25473-36,37-36,49-36,59 35,61 -0,01--6,36 -10,7
65 ~-42,1 79,2 9.5 34,68 25,78 36,39 36,50 36,61 35,47 0,01 6.32 10,8
166 =03 T —TT 995534 ;66-25583-365L1-36451-36,63 35,33 —0,01—6+27 10,9 -
67 =-45,1 7648 9.5 34,63 25.85 36,43 36,52 36,64 35,13 0.01 6.24 10,9,
168 =15 48— T6el 053461 25,8536,k 36552-36,65 35,09--0401--6,22--10,9--
69 -U6.3  75.5 9.5 34,58 25,85 36,45 36,53 36,66 34,99 0.01 6,20 10,9,

0 b6 T 75 095530 056 254 8364 163655336467 34,890,011 ~6518--10,9

71 ~L7,0.  7be7. 945 34453 25,83 36,46 36,53 36,67 34,79 0,01 6.17 10,9
PPy g LT b g9 553 55125, 80 -36 ¢ 1,736 453364 58 -34 70 ~0o01-~6416-1048 -
73 =47,0  74.2 9.5 34,49 25,79 36,47 36,53 36,68 34,63 0,01 6,16 10,8
Pl 1464 9, Tl g L -0 g 53U 16 ~250.7.6 36 o 1,7 ~36 3 53 -36 4 6,331 4 5 -0401--6416--1048, -
75 ~46.7  Thel 9.5 34ol3 25,73 36,48 36,53 36468 3h.44 0,01 6,16 10,7
176 =46l T2 9,5 3l 81 25,70 36,18 36,52 -36,68 34,38--0,01--6,16--10,7..
77 =46.0, 74,3 9,5 34,39 25,67 36,48 36,52 36.68 34,30 0,01 6.16 10,6
178 =5 o6, Tl o 5D o 5,31 ¢ 36256336 18 36,52 36,67 344200401 —6,17--1045,
79 ~45,2 74,6, 9,5 34,34 25,61 36,48 36,51 36.67 34,14 0,01 6,17 10,5
180 —~lil 6 Tl g Q-9 5-30 32 -25,57-36 ,1.7-36,51-36,67-34,07--0,01--6¢18 - 10,4
81 =-b4,0 75,2 9.5 34¢28 25,53 36,47 36,50 36.67 33,97 0,01 6,19 10,4
182~ =13 06,75 g b8 ¢ 5,-34 426 25,50 36, 4,7 36,50 36466-33,91--0,01 —6,20--10,3,
83 -43,1 75,7 9.5 34.2h 25,48 36,47 36,50 36.66 33,86 0,01 6,20 10,3
18l =26, — 75,9 —9,5 34,23-25,45 36,46-36,49-36,66-33,80—~-0,01.-6,21 10,3
9.5
9.5

85 -L1,8 76414 . 3be20 25,041 36,46 36,049 36,65 33.73 0.01 6.23 10,2
86 =813~ —-76e———9e5-34418-25,39 -36,16-36,45-36,65-33,67--0,01--6,24--10,2




T e s e s s o s o o o7 24 s s et e s S S e e e ot S ek o e s o 1 e 1 e o e

TIME - s - M-—~-——EV:=TB -—TS—-TH - TO ~—-TR--- TM . SBF. -CO . COND .
87 -40,6 77,1l 9.5 34,15 25,3L 36,45 36,48 36,64 33,57 0,01 6,25 10.1
88 ~40.0. 77,5 = 9,5 34,13 25,31 36,45 36,47 36,64 33,52 0,01 6,26 10,1
89 =39,5 77.8 9.5 34,11 25,28 364l 36,47 36,63 33,46 0,01 6,27 10,0
90 ~38,9 -~ 78,L-—--945-34,08 25,2636,k 36,45 36,63 33,40 -0,01 -6,28--10,0 -
91 904 268¢3 24k 34,10 25,11 36,38 35,52 36,54 33,80 0,01 12.26 16,6
“92 - 108,1 283,9 2h,lh 34,16 24,88 36,16 35,55 36,22 34e60 - 0,01 12,75 -16.0
93 118,1 293,04  2h,L 34,22 24,79 36,02 35,67 36,07 35,14 0,01 13.05 15.6.
9L TTT23,1 298,37 24, 34,28 24,767 35495 35578 36,00 35,52 0,01 13,21 15,4
95 12L4,8 300,3 24,4 34 34 24,76 35.92 35.86 35,99 35,78 0,01 13,27 15,3
96 12U, 0 300,52kl 3 b1 24,77 35,92 35,94 36,01-35,98 -0,01-13,28 --15,3 -
97 122.6 299.2  2h,h 34,47 24,80 35,93 36,02 36,05 36,14 0,01 13,24 15,3
'908 "119,2 2966 24k 34455 24s84 35,97 36,11 36,12 36,29--0,01 13,15 15,3
99 116.,1L 294,124,k 34,60 24,87 36,00 36,17 36,17 36,39 0,01 13,08 15.3

100 112,3 29140, -~ 24,4 34:6624391-36505-364523 36,23-36,48--0,01-12,98- 15,3

101 107.8 287.1  2b4,L 34,73 24,96 36,10 36,31 36,30 36,57 0,01 12,86 15.3

102-- 1039 283,824l 34478 24499 36415-36436 36436 36464 -0,01 12,75~ 15,3..-

103 99,6, 280,0  2hoh 34484 25,03 36021 36,43 36443 36,72 0,01 12,63 15,4

10L-—-9bg7 275,824 gl 34,90 -25,08-36,27-36,49-36,50-36,79 0,01 12,50 15,04 .

105 91,1 272.6. 2Lk 34,94 25,11 36,32 36,54 36,56 36,85 0,01 12,40 15,.L

106~ ~87¢2 26942~ 24yl 34,99 -25,14-36,37-36,60 36,62 36,91 -0,01-12,29--15.4-

107 83,0, 265,5  2L,h 35,05 25,17 36,43 36,65 36,68 36,97 0,01 12,18 15,k

10879452624 2h 135,08 -25,20-36¢47-36,69-36,72-37,01-~0,01 12,08 ~15,bh.-

¢ 108 77,3 260.4 24,4 35,12 25,22 36,51 36,73 36,77 37.06 0,01 12,01 15,4

110~ -73,2--2560 7245 04~35516-25,24-36455-36477-36,81 37,10--0,01- 11,90 --15,5 .

111 71,1 254,9  2b4,hL 35,20 25,27 36460 36,81 36,86 37,15 0,01 11,84 15,k

112-—6843 25243 - 243h-35,22 25,28 36,63 36,84 36,89 37,18--0,01 11,76 15,5

113 65,8 250,1  24,h4 35,26 25,31 36,67 36,89 36,94 37,23 0,01 11,69 15.5

11— 62,9 25752431 35,29 -25,3236,71-36,92-36,98 37,27 0,01 -11,61-—1545

115 59,8 24h4,7 24,4 35,33 25,34 36475 36,96 37,02 37,31 0,01 11.52 15.5

116 ~ 564 241,67 24 B 35335725336 3697.8°36,99°37,05 37,34--0,01-11,42---15,5

117  55.1. 240.4 24,4 35,38 25,37 36,81 37,02 37,08 37,38 0,01 11,39 15,5

118 ~~52.9-238.4 ~~ 242k 35,41 25,39 36,84 37,04 37,12 37,41--0,01-11,33 - 15,5

119 49.8 235,7.  24.h 35.4L 25,40 36,87 37,08 37,15 37.44 0,01 11,24 15,5

1707 48,5 23475 T 2L L3587 25042 36,90°37,11°37,19 37,48---0,01 11,20--15.4,

121 -76.2 45,8 9,5 35.44 25,72 36,91 37.04 37,19 37.32 0,01 5.26 10,3

122 "=78,1 45,5 ~"-9,5-35.39-25.94°36,91-37,0237,19-37,11-- 0,01---5,26---10,7

123 =-79,0. 45,5 9.5 35435 26,07 36,91 37,01 37,18 36,94 0,01 5,76 10,09,

1247 =79,4, 45,8 779,535,311 26,16 36,91 36,99 37,17 36,76 0,01 5,26 11,1

125 =79.4 46,2 9,5 35,26 26,22 36,90 36,98 37,16 36,59 0,01 5.28 11,2

126 =792 h6,6 945 35,23 26426 36,89 36,97 37,15 36,46 ~0,01—-5,29--11,3

127 -78.7. B47.1 9,5 35,18 26,27 36,88 36,95 37.13 36.32 0,01 5,31 11.3

128 =7840 4748 9,5 35,1k 26928 36,87 36,94 37,12 36,17 - 0,01 5,33 - 11,3

$129 -77.1 48,6 9.5 35.09 26,27 36.86 36,92 37,10 36,05 0,01 5.35 1l.3

A




TIM

TR

™ SBF

co cowp

E S, M. EV. TB TS TH  TO
130 =7643 ~ 49,3 9.5 35,06 26426 36,85 36,90 37.09 35,92 0,01 5,38 11.3
131 -75,3 50,1 9.5 35,02 26424 36,84 36,89 37.08 35,81 0,01 5,40 11,3
132 -74,2 50,9 ~ 9.5734598 26,21 36,82 36,87 37,06 35,70 0,01 5,43 -11,2-
133 =73.0, 51,8 9.5 34,95 26,18 36,81 36,85 37,04 35,59 0,01 5,45 11,2
136~ =71.7" 5248 0.5 34,90 26,14 36,79 36,84 37,03 35,48 0,01 -5,48 11,2
135 =70.3 53,9 9.5 3486 26,10 36,78 36,82 37.01 35,37 0,01 5,52 11,1
136 =69.3 ~ 5he7 9.5 34583 26507 36577 36,80 364,99 35,29 0,01 5,54 -11.1
137 -67.6. 55.9 9.5 34,78 26,02 36,75 36,78 36497 35,17 ‘0,01 5,58 11,0
138~ ~66ok ~ 5648 945 34575725,99 36,74 36,77 36,96 35,09 0,01 --5,61 ~10,9.-
139 =65,2  57.7 965 3472 25,95 36,72 36,75 36.94 35,01 0,01 5.64 10,9

140 =63,9 - 58,6 ~-9,5 34469 25,91 36471 36473 36,93 34,93 -0,01--5,67--10,8-
141 =-62,6, 5947 9.5 34466 2587 36,69 36,72 36,91 34,85 0,01 5,70 10,8
142~ 61,2 6047 9.5 34,62 25,83 36,68 36,70 36,89 34,76 0,01 -5.73 -10.7.-
143 -59,7, 61,8 9.5 3459 25,79 36,66 36,69 36,88 34,68 0,01 5,77 10.7
14k - =58,1 63,0 —-9,5-34455 25,75-36465 36,67 36486 34458 -0,01---5,81 1046 -

145 =57,2 63,8 9.5 34453 25,72 36,64 36,66 36,85 34,53 0,01 5.83 10,6
186~ ~55,6 65,0~ 0 ¢5-34450-25,68 3646236464 36483 34,45 -0.01 -5,87--1045-
Ab7  =5b,3 65,9, 9.5 3hoh7 25,64 36,61 36,63 36,81 34.36 0,01 5,90 10,5

o 148 =53 b 8647 —~9¢5 3hahl-25,61 36560 36,62 36480 3h¢30--0,01--5,02-10.4-

149 -51,8 67,9 9.5 3Lob2 25,57 36,59 36060 36479 34,23 0,01 5.96 100
150 -~=50 46, -—6848 ~——955 34438 25,53 36457 3645936477 34413 0,01—5,99-- 10,3 -
151 218,3 411,0  36.L 34.45 25,31 36,44 35,59 36,57 34,94 0,01 16,75 18,2

15223068 -422,6---364L-34¢57-254,18-36426-35590-36,34 35:76--0401-17,12--17 4.
153 234,6 142647 36,1 34469 25,16 36,20 36,14 36,29 36,27 0,01 17,25 17.0

154 2335, 526,336, L 34e82 2517 ~3642036433 36432 36,62 -0,01-17,23--16,8.

“ 155 229,7 b423.4 36,1 34,93 25,21 36,24 36,49 36.40 36,87 0,01 17,1k 16,7
156 --223,8- 4184 —3631-35506-25.26 36431 36,65 36,51-37,08 --0,01-16,99 -1646:-
157 216,4 5412,0 36,1 35,18 25,32 36,41 36,81 36465 37.26 0.01 16,79 1646,
158 --200,4 - 40640,-~-36¢L-35429 25438 36450 3659436477 -37¢41--0,01-16,60 ~16,5
159 201,3 398,8  36.1 35,40 25,44 36,61 37,08 36,91 37,56 0,01 16.37 16.5
160 -193,3 39148 ~-36,L 3551 25,50 36,72 37.21-37.05 37,69--0,01-16,15 16,5
161 186,2 385,4 36,1 35,61 25,56 36483 37,32 37,17 37,81 0,01 15,95 16.5
162--178,2 378433641 -35071-25,62-36,95 37.44-37430-37,94 ~0,01-15,73--16,5,
163 171.6 372,4  36.L 35,80 25,67 37,04 37,55 37,41 38,05 0,01 15,54 16,5
164 16544 - 369,6:---388 -35,89-25,73-37,15-37,65 37,535-38,16--0,02 15,47~ 1647
165 161.4 369.6. 42,2 35,96 25,80 37.23 37,73 37.62 38,24 0,04 15,48 17,0
166 --15443 ~36946---47,9,-36,07 25,92 37,35-37,84 37.75-38,36--0,07 15,51 17,6,
167 150,5 369,6 50,9, 36,13 25,99 37,41 37,90 37,81 38,42 0,09 15,53 17,9
168 144 ,6,--369,6, --55,6,-36421.26,10 37,50 37,93 37,90 38,50 --0,11.15,55- 18,6,
169 139.6 369.6 59,4 36,30 26423 37.59 38,02 38,00 38,59 0,13 15,57 19,0
170---13643, 369.6, —62.0,36¢35 26430 37,64 38,08 38,05 38,63 0,14 15,58 19,1

© 171 128,4 369.6. 68,3 36.L4 26.b4 37,74 38,13 38,14 38,72 0,17 15,61 20,2
172 -123,7. 369,6, ~72.0, 36,48 26,50 37,77 38,18 38,18 38,76 0,18 15,63 20,6,




" ig8

©19n

TIME S, M. - EV. TB TS TH ~.To TR T4  SBF CO  COMND
173 120.1 369,56 748 36,55 26,60 37,84 38,26 38,24 38,82 0,20 15,64 20,9
174 - 114,5 369,6 79,1 36,63 26,73 37,92 38.32 38,32 38,89-0,22.15,66 21,5
175 111,6. 369.6, 81,k 36467 26,79 37,96 38,33 38,35 38,93 0,23 15,67 21.9
176 107,2 369.6 — 84,8 36573 26,88 38,01 38,38 38,40 38,98 0.24 15,69 22,4
177 103,1 369.6 88,0 36,79 26,97 38,06 38,47 38,45 39,02 0,26 15,70 22,7
178 ~ 98,3 "369.6, 91,8 36485 27,08 38,13 38,43 38,50 39,07 - 0,28 15,72 - 23,3
179 95,6, 369.6, 93,9 36,89 27.13 38,16 38,52 38,53 39,10 0.29 15,73 23,6
180 91,1 369,67 07.5 36,94727,22 38,21 38,49 38,58 33,15 0,30 15,75 24,2
181 -159.3 36,9 69,7 36485 27,64 38,14 37,85 38,45 38,04 0,31 5,28 18,7
182 =156.2 T 36.9,  65.5 36,76 27,81 38,02 37,69 38,26 38,73 0,28 - 5,25 19,0
183 -151.9 36,9, 6046 36469 27,88 37,91 37,60 38,11 38,56 0,25 5,23 18.9
184 =146, 4 36,9 54,97 36,60 27,91 37.80 37,51 37,96 38.37--0,22 -5,20 - 18.5
185 -141.1 36,9 £9.7 36452 27,90 37,71 37,45 37.85 38,20 0,20 5,17 18,1
186 ~136,b4 36,9 k5,3 36,45 27,87 37463 37539 37,76-38.05 ~0,17---5,15~17,7 -
187 ~131,6. 3669, 40,9 36,38 27.82 37.56 37,35 37.68 37,90 0.15 5,13 17,2
=127.9 3650, 374636032 27,77 37450 37431 37,62 37,77 ~0413---5,11 16,7
189 ~123,3, 3649 33,6 36024 27.69 37.43 37,27 37.55 37,61 0,12 5,09 16,2
190 -119,8 3659 30,6 36:18 27.63°37:38-37,24 37,50 37,48--0,10 5,08 15,8~
191 -116.4 36,9 278 36,12 27,55 37,33 37,21 37.h6 37,34 0,09 5,06 15,3
19272112,9 ~~36,9 2459 36505727, 4737429 37,19-37,42-37,21--0,08 — 5,05~ ~14,9,
193 -=110,4 36,9 22,9 36,00 27,41 37,26 37,18 37.40 37,11 0,07 5,04 1L,6
~1073 3649 205535094 27433 37,22-37416 37437 36,97 -0,06 5,03 -1k L -
195 -105,L 36,9, 18,7 35.89 27.27 37,20 37.15 37.35 36.87 0,05 5,02 13,9
196--103,0 3639 ~~17,2 35584 27:20-37417 37,13-37433 36476 0,04 5,02~ 13,6
197 -100.4 36,9 15,3 35,77 27,11 37,15 37,12 37.31 36,62 0,04 5,01 13,2
198 ~9846, 3649~ ~14,0, 35472 27505 37,12 37,11 37,30 36,52 -0.,03--5,01--13,0
199 -96,9 36,9 12,8 35,67 26,98 37,11 37,10 37.28 36,41 0,03 5,00 12,7
90077 295,2 736,90, " 11.7,735:62 26,91 37509737309 37327 -36431--0502--5,00---12,5.-
201 -93.6, 36.9 1047 35.57 26,84 37,07 37,08 37.26 36,20 0.02 4,99 12,2
202 °=92,6 73649 10,1 35,53 26579 37,06737,08 37,25 36,13 -0,01 -4,99-12,1-
203 -91.1  37.2 9.5 35,48 26,72 37,04 37,07 37.24 36,02 0,01 5,00 11.9
206 89,6 "38.2 " 9,5 3532 2664 37,03 37,06-37,2335,91--0,01--5,03 11,8 -
205 -88.6 38,8 9.5 35,39 26459 37,02 37,05 37,23 35.83 0,01 5.04 11,7
206 =87.1 ~38.7, "~ 9.5 35:33 26952 37400-37,04 37421-35,72---0,01---5,08-- 11.6.
207 -86.0, 0.4 9,5 35,29 26,47 36,99 37,03 37,21 35,64 0,01 5,10 11,5
208 -84,3 —~bl.h ——9,5 35,24-26,40 36,98 37,01 37,19-35,53 -0,01--5,13- 11,L
209 -83,0, 42,3 9,5 35,19 26.34 36,96 37,00 37,18 35,43 0,01 5,16 11,3
210 =82, L 42.9 05 35,16 26430 36595 3649937417 35,37 0401 —5,17--11,2 -




Paa

TIME S, M. Ev. T8 TS TH T0 TR TM  SBF CO  COND
-1 73,5 3649 10,0 36,25 34,11 37,06 36,99 37,12 35,81 0,10 5,07 36,7
2 -71.2 3609 10,9 36021 33,66 37,06 37,00 37,13 35,80 0,08 5,05 31,0
369453649 —11e7-360L7 33630 37,07 37,00 37,13 35,79  0,07.-5.,05 -27,5
b -68,0, 36,9 17,2 36.Lb 33,03 37,07 37,00 37,14 35,78 0,07 5.0% 25,2
"5 =664 - 3609 --12,5-36,10 32,76 37,08 37,01 37,14 35,75 0,06 5,04 23,2
6 -64.7 36,9 12,6 36,06 32,50 37,08 37,01 37,15 35,72 0,06 5,03 21.5
©.7 63,3 3609 - 12,6 36,03 32,32 37,08 37,01 37,15 35,70 0,05 5.03 20,3
8§ -61,8 36,9 12,3 36,00 32,16 37,08 37,01 37,15 35,66 0,05 5,03 19,3
"9 =603 - 3609 —12¢0.35,97-32,00 37,07 37,01 37,15 35,63 0,05 -5,02 18,1
10 -58,9 36,9 11,6 35,93 31.86 37,07 37,01 37,15 35,59 0,04 5,02 17.6
11 - =57¢4 - 3669 - 11,1 35,90 31,73 37,07 37,01 37,16 35,55 0,04 5,01 16,9
12 -56,0, 36,9 10,6 35,87 31,61 37.06 37,01 37,16 35,51 0.04 5,01 16,3
13 ~55.1 36,9 10,2 35,85 31,54 37,06 37,01 37,16 35,48 0,03 5.01 15,9,
14 =53,7 3649 9.7 35.81 31,43 37,05 37,01 37,16 35,43 0,03 5,01 15,3
45 =53,0- 37,0, ~ 9,535,793 31,36 37,05 37,01 37,16 35,40 -0,03 5,01 15,0,
16 =-52.1 37,1 9.5 35076 31,25 37,05 37,00 37,15 35,35 0,03 5,01 1k.7
17 =515 37,2 9953547331519 37404-37,00 37,15 35,32 --0,03 - 5,01-~1b.l
18 -50,5 37.L 9.5 35,70 31,09 37,03 36,99 37,15 35,26 0,03 5.02 1k,0
19 =49,9 37,5 9.5 35:67 31,02-37,03 36,99 37,14 35,23 0,03 5,02 "13.8
20 -49,2  37.7. 9.5 35.65 30,96 37,02 36,98 37,1k 35,19 0,03 5.03 13,6
21 =486 -3740 9,5 35,63 30,90-3740236,97 37,1k 35,16 0,03 --5,03--13.14
22 -47,8 38,1 9,5 35,60 30,83 37,01 36,96 37,13 35,11 0,03 5,04 13,2
23 =47,0, - ~38 b ——-0,5-35,58-30,77-37500 36496 37,12 35,08 -0502--5,05--13,0-
V24 =4643, 38,7 9,5 35,55 30,70 36,99 36,95 37,11 35,03 0,02 5,06 12.8
25 -=45,8,- 38,9 ~—-9,5-35,53 30,66 36,98-36,94-37,11-35,00 -0,02--5,06--12,7 -
26 -4L,9 39,3 9,5 35,51 30,60 36,97 36,93 37,10 34,97 0,02 5,07 12,5
27 —=hl ;239 ;69535548300 54-36,96-36492-37409 344920402 5,08 12k
28 -43,3  h0,0. 9,5 35,46 30,49 36,95 36,91 37,08 34,88 0,02 5,10 12,2
129-—~L2 6 b0 ol —-9 4535433013 36594 -36589-37407- 34484 -0,02--5,11--12,1-
30 -42,0. 40,7 9.5 35,41 30,39 36,93 36,88 37,06 34,81 0,02 5.12 12,0
311142 13007 --16¢5-35442-30o10 36,80 36,28 36,88 35,23 - 0,02--7,95- 18,5
32 17,3 135,0. 16,5 35,42 29,94 36,68 36,27 36,72 35,51 0,02 8,08 17,8
133 2142137 49 -~~16 535,13 296 85-36,60-36026 36,62-35,7.0.—0,02--8,L17 17,4
36 24,9 140.8 16,5 35,45 29,76 36,52 36,27 36,55 35,88 0,02 8,26 17,0
735 28,3, L4345 ——16¢5-35,16-29,69-36,165-36,28-36,049-36,05--0,02--8,35 16,7,
36- 31,1 145,8 16,5 35.48 29,65 36,42 36,30 36,47 36,15 0,02 8,42 16,5
3731l -146,0,---16,5-35,49-29,62-36,40 36,31-36,47-36423--0,02--8,43 16,4,
38 32,6 146,9 1645 35,51 29,59 36,39 36,34 36,47 36,31 0,02 8.45 16,2
39 33,5 ~147,7—16,535,53-29458 36,38 36,36 36,48 36,38 —0,02--8,48 16,1
40 33,6 147,7 16,5 35,54 29,56 36,39 36,39 36,49 36,44 0,02 8,48 16,0
11— -33,6, 147 o T——~16¢5-35,56-29¢55-36,39 364136651 -36,49-~0,02--8,L48--15,9
B2 33,2 147.3 1645 35058 29,54 36,41 36,4l 36,54 36,54 0,02 8,47 15,8
332,09 1047,0 - 16¢5-35.60 29,54 36,42-36,47 36,56 36,58 --0,02--8,46--15,7




"67-+=35,2 45,7, -945-35,72-30,07

b s i s e s v s e i e e e 7 S 8 et ot e e s e o e e e et e e

i

—EV.

16,5

TB. - TS
1665 35,62 29,53

'“"'169‘5{ 3506’4 299 5,3 -

16,5 35.66 29,53
165 35,67 29,52
16,5 35,69 29,52
16,5 35670 29,52
16,5 35,71 29,52
1645 35673 28,52
16,5 35,74 29,52

16e5 35476 29,52

1665 35,77 29,52
1645 35,78 29,52
16,5 35,80 29,52
~1645 35,81 29,52-
16,5 35,82 29,52
35,83 29,52
1645 35084 29,52
~+945 35,82 29,77
9,5 35,81 29,87
94535479 29,95
9,5 35,77 30,01
+=9¢5,-35,75 30,04
9,5 35,73 30,06

9.5 354,70 30,08

69 =358 ~-h5,2-—-9,5-35,68 30,08

T837 =336 53 90553544229, 81

75 =356 T g7 905735957 29,99

TIME - - S M
_ bh 3263 1LG.h,
L5 31,9 146,40 -
L6 31,1, 145,2
b7 - 30,3 1hlL,5
48 29,6, 143,8
9 28,8 143,2-
50 28.1, 142,5
51---2762 141,86
52 27,1 141.5
- 2568 140,53
54 25,6, 1h40.2
55 24,8 139,14 -
56 24,1 138,7
57 23,1 13708
58 22,6, 137,53
59 22,0 136,48
60 21,6, 13644
"01---30,2 4844 -
b2 =31.6, L7.7.
63 m3268 BT o2 -
bk -33,9 46,6
V65 =345 U6, 2
66 "'3500. u509;
68 -35.6. 45,k
70 -35,9 45,0
P71 =3509 b8
72 -35.9. LbL,8
iy
27’4 "3508, hLl'oZ
76 =35.h  LhL,7
TT7=35.20 TRLUT
.78 =34,9,  hhL,8
©79
80 =3h,b, Ly ,9,
“817 =3 2 k5.0,
82 -33.9 45, L
8L -33,2 45,4
85 =32,9 - 45,6
86 "32.5; ll'5.8i

95 35,66 30,07

9.5 35,61 30,04

=35.8 UL 7 79,57 35,60 30,03

9,5 35,58 30,01
965 35,55 29,97
TT9,5755055729,95
9,5 35,50 29,92

=34 7 L 8 T T95°35.,4829,90

9,5 35,47 29,838
~95-35,45729,86"
9,5 35,43 29,84

Ce5 35,40 29,78

=945 35438 29,77

9.5, 35.3‘6 29'7,5

™H - T0O.
3644 36,049

360 1446 36051

36,48 36,54

36650 36,57

36052 36,58

36053 36,60
36655 36,62

‘360 5.7 3606.’4‘

36,59 36,066
36,61 36,67
36,62 36,69

36,64 36,71

36,66 36,73
36,68 36,74
36,69 36,76

36471 36,78

36072 36,79

36,74 36,81

360,75 36,82

36. 7.6 "36@ 8,3 o

36,78 36,84

36679 36,84

36,80 36,85

36,80-36,85-

36,81 36,85
36‘5 8.2”36 o 8;6
36,82 36,86

~955-35,64-30506 36,83 36,86

36083 36,86

36683°36,86

36,84 36,85

3648436485

36.84 36,85
36.8436.85
36,84 36,84

36,83-36,84"

56,83 36,84

36,83 364,83

36,83 36,83

36,82-36,82-

36482 36482
36‘ 842“ 360811
36,81 36,80

TR
36,58

360 6;1’

36,64
36,66
36.68
56,69
36,72
364704
36,76
36,78
36480
36,82
36.8L
36486
36687

36,89

36490

36692

36693
36.95
36,96

36697
36,98
36698 -

36.99

~37400 -

37,00

37,00
‘370 01
37.01
37,01
37,00

37 400

37,00

37,00

36,99
36‘.’9.9
36,99

36098

36,98

36097

36,97

3 7’0 0‘0“

- TM -
36,61
36,65
36,69
36,73
36,75
36076
36,79

36,81 -

36,84
36,86
36,88

36,91,

36,93
36,95
36,96
36098
37,00
306685
36,75
36,6l
36,52
364k
36435
36,30
36021

36,08

35,92
35,87
35,82
35477
35,71
35,67
35,59
35,54
35,49
~35,U5
35,40

35,35

35,31
35,26
35,22

36,13-
36,01-

_SBF. CO  COND
0,02 8.4k 15,7
20,02--.8,52--15,6,
0,02 8,40 15,5
0.02 8,38 15,5
0.02 8,36 15,5
0,02 8,34 15,4
0.02 8,32 15,k
0,02 - 8,29..15,4
0.02 8.28 15,3
0,02 8,25 15,3
0.02 8,24 15,3
0,02 8,22 - 15,2
0,02 8,20 15,2
0,02 8,17-15,2.
0,02 8,15 15,1
0,02 8,13 15,1 -
0.02 8,12 15,1
0,02 -5,35--10,4,
0,02 5.3& 10,7
0402 5,32 -10,9-
0,02 5,30 11,1
0402 5,29 - 11,1 -
0.02 5,28 11,2
0,02 -5,27 11,2
0,02 5,26 11,2
060225425 -11,2,
0,02 5,25 11,2
0602 -5,24---11,1
0.02 5,26 11,1
0,02 5,24 11,1
0,02 5.2& 11,0
~0402--5,28--11,0,
0,02 5.24 10,9
~ 0,02~ 5.,24--10,9
0.02 5.2& 10,8
= 0,02~ 5,24 - 10,7
0,02 5.25 10,7
~0,02—5,25--10,6,
0,02 5,25 10,6
- 0402.-5,26--10,5
0,02 5,26 10,5

000,2"“502,7 e 10.&

0.02

5.2.7

104




(

TIME

S.

M.

EV. B TS TH

T0 TR TM

SBF €O

COND
87 =321 ~ 46o0 945 35,34-29,72-36081 36,80 36,96 35,17 0,02 5,28 - 10,3
88 -31,7. 46,2 9,5 35,32 29,70 36,80 36,79 36,95 35,12 0,02 5,29 10,3
89 - =31e2 - 46,5 ~ 945 35,30 29,68 36,79 36478 36,95 35,07 0,02 --5,29- 10,2
90 -3049 46,7 9.5 35.30 29,67 36,79 36,78 36,94 35,06 0,02 5,30 10,2
91 11763 237.9  24ol 35,36 29,47 36,65 36416 36,74 35,72 0,02 11,32 17,3
92 122,0. 242,2  2b,l 35,43 29,40 36455 36,27 36,61 36,13 0,02 11,45 16,7
9312440, 24hoLl - 2boh 35,49 29,37 36,50 36,36 36,56 36,41 - 0,02 11,51---16,5 -
94 12h.h, 244,824, 35,56 29,37 36,48 36,46 36,56 36,65 0,02 11,53 16,3
95 -123,8, 2445 - 2hoh 35,62 29,39 36,49 36,54 36,59 36,81 0,02 11,52 - 16,2
96 122,2 243,5  2hol 35,69 29,41 36,51 36.63 36,64 36,96 0,02 11,49 16,1
19712002 242,0, - 2Uol-35,75-29.15 36,55 36,71 36,70 37,08 0,02 11,45 16,1,
98 1175 240.0. 2hol 35,83 29,49 36,61 36,80 36,78 37.20. 0,02 11,38 16,0,
'99--115,0,--238,0 ~— 24l 35,89 29,52 36,66 36,88 36,85 37,29 ~0,02 11,32 16,0
100 112,1 235,7  2bol, 35,95 29,56 36473 36,96 36,93 37,38 0,02 11,25 16,0,
101 11060 - 233,9, - 2b ol 36500 29,60 36,77-37,01-36,99 3745 0,02 11,19 16,0,
102 1076 232.0.  2b4ol 36,05 29,63 36,83 37,08 37,06 37,52 0,02 11,13 16,0
103 - 10560 - 230,0, - 24ol 36011 29¢66 36,89 37,14 37,12 37,59 0,02 11,07 - 16,0,
104 1022 22707  2baol 36,17 29,70 36,95 3721 37,20 37,66 0,02 11,00 16,0,
1059942 ~225,2 ~2hoh 36623 -29,74 37,02 37,28 37,27 37,73--0,02 10,92 16,0,
106 9660 222,9 24,9 36030 29,79 37,10 37636 37,36 37,82 0,02 10,85 16,1 -
107 90722249, ---29,8-36633 29,81-37,15 37,39 37,41-37,87--0,04 10,87 16,8
V108 87,0, 222,9 33,1 36038 29,83 37,20 3743 37,46 37,92 0,06 10,88 17.2
7109 - 81.0,--222,9--3848 36o42-29,85 37,24-37,47.37,51-37,97-.0,08 10,91 . 18,0,
110 7840, 222,9  b41.6 36,46 29,87 37,29 37.51 37,55 38,01 0,09 10,92 18,3
111~ Thel22249 —-05,2-36049-29,88 3763237053 37458 38,04 —0,11-10,93 18,8
112 70,7 222,9  U48oh 36053 29,90 37,37 37457 37.63 38,08 0,12 10,95 19.2
113666822249 -52¢1 3645729913740 37,58 -37,66-38¢13 -0.13-10,96 19,7,
118 6262 222,9  560b 36,59 29,92 37,43 37,61 37,69 38,15 0.15 10,98 20.2
115---598 - 22249~-58,8 36,63 29,93 37,47 3706637473 38,19 ~-0,16-10,99--20,5.-
116 5646, 222,39 6148 36,66 29,94 37.51 37,63 37.76 38,22 0,17 11,00 21,0
117 ~-5161,-22249, 67403669 29,95 37,53-37,69 37,78 38,25 -0,20.11,02—-21,5,
118 50.8 222,9 6743 36071 29,96 37.56 37,73 37.81 38,27 0,20 11,03 21,5
119 47,5 --222,9 70436474 -29,96 37,58 37,74 37,83-38,30--0,21-11,04 -21.9,.
120 45,5 222,9  72.4 36076 29,97 37.61 37.75 37.85 38.32 0.22 11.05 22.2
121 -~93,0,---36,9---56,9-36472 30,19 37,53 37,45-37,81.38,19--0,23 ..5,20 ~17.2-
122 -90.9 36,9 53,9 36,67 30,31 37,5k 37,38 37,73 38,06 0,21 5,19 17.1
123 -8840, 36,9 ~-5046-36063-30,37-37,49-37,34 37,66 37,95 0,20 - 5,17 17,2
124 -8L4.5 36,9  L46.8 36,58 30,41 37,44 37,30 37,59 37,82 0,18 5.15 16,9,
125 --=8046 ---3609 -~-42e7 3645330043 37439 37427-37,53-37,60--0,16--5,13 1645
126 =77.5 36,9 39,6 3648 30,Lb 37,36 37,24 37,40 37,58 0,14 5,12 16,1,
127 =750k - 3649 -~ 3745 36046 30, bk 37,33 37,23 37,46 -37,51- 0,13 - 5.,11..15.8
128 -72,3 3649 3bhok 36,41 30,44 37,30 37,20 37,42 37,40 0,12 5.09 15.4
129 -=70,3 - 36,9---32,5-36038 30,43-37,28 37,19.37,40.37,32--0,11 5,09 _15.1

22 . .
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- 148

L1529

e Mo EV. —TB. TS

TIME oS o ~—TH TG TR . _TM . .SBF. .CQ ..COND. .
130 -67.0. 36,9 29,4 36,33 30,42 37,24 37,17 37,37 37,21 0,10 5,07 1L,6
131 =~64,9. 36,9~ 27.4 36,30 30,41 37,23 37,16 37,35 37.13 0,09 5,07 1k.3
132 -63.0, 36,9  25.6 36,27 30,39 37,21 37,15 37.34 37,05 0,08 5,06 14,0
133 -61.L 36,9 23,9 36023 30,38 37,19 37,1k 37,32 36,97 0,08 5,05 13.8
13L  -59,4 36,9 22,3 36020 30.36 37,18 37.13 37,31 36,90 0,07 5,04 13,5
135 =57.6 3649 208 36417 30,34 37,16 37,13 37,30 36,81 - 0,06 - 5,0k - 13,2
136 =56,6, 3649 19,9 36,15 30632 37,15 37,12 37,29 36.76 0,06 5,04 13,0
137 =55.1 36,9 -~18.6-36c12 30430 37,14 37,12 37,29 36,69 0,06 -5,03 12,8
138 ~53.9, 36,9 17,6 36,08 30,28 37,13 37,11 37,28 36,61 0,05 5,03 12,6
139 53,1 36,9 1649 36,06 30426 37,13 37,10 37,27 36456 0,05 5,02 -12,L
140 -51.8 36,9 15,9 36,03 30,24 37,12 37,10 37,27 36,49 0,04 5,02 12,2
141 =50.9 36,9 15,2 36,00 30,21 37,11 37,09 37,26 36,41 -0,04--5,02 - 12,0~
142 -50,2 36,9  1lho6 35,98 30,20 37,10 37,09 37,25 36,36 0.0 5,01 11,9
143" 49,1 36,9 ~~13.8°35,95 30,17 37,10 37,09 37,25 36,30 -0,04--5,01 11,7
145 ~48.3 36,9 13,2 35,92 30.15 37,09 37,08 37,24 36,22 0,03 5,01 11,6
145 =47,7 36,9 ~-12,735,90 30513 37,08 37,08 37.24-36,18 0,03 5,01--11,5
146 -47.1 36,9 12,3 35,88 30,11 37,08 37,07 37,24 36,13 0,03 5,01 11,3
147 ~=46,2 3609 ~11s6-35,85 30,00 37,08-37,07-37,23-36,07 0,03 5,00 - 11,2

-45,h. 36,9 11,1 35,81 30,06 37,07 37,07 37,23 36,00 0.03 5,00 11,0,
149 ~4b,9 —-36,9---107-35,79 30,04 37,06 37,06 37,22-35.95 0,02 5,00..10,9 -
150 -4lb.h, 36,9 10,3 35,77 30,02 37,06 37,06 37,22 35,91 0,02 5,00 10,8
151-235,1 - 3724 ~-36,1 35,87 29.86-36097 36,60 37,09 36,54 -0,02-15,55 - 19,6,

237.7. 374.7. 3601 35,99 29,80 36,91 36,86 37,02 37,07 0,02 15,62 18.7
153 237,1--37h b ~-3641-36,12 2908136092 37.07 37,05 37Ul 0,02 15,61---18,2
154 234,6, 372.6 360l 36025 29,83 36098 37,26 37,15 37,72 0,02 15,56 17.9
155 -231,3--370,0---36451-36436 2948737406 37.43-37,26 37,93 -0,02-15,48 17,7
156 222,9 369.6 13,3 36.48 29,92 37,15 37.57 37.39 38,11 0,05 15,49 18,5
157 211,3 -369,6, ~~ 5he0 36.61-29,98 37,27-37,72-37,55 38,29 0,09-15,54 19,8
158 202.2 369.6, 62.5 36.71 30,02 37,37 37.82 37,66 38,41 0,13 15,57 20,8
159--102,0, 3696 —7240 36481 30,06 37447-37,93 37,79-38,53 -0,17-15,61--21.9-
160 180.4 369.6. 82,8 36,92 30,11 37,53 38,04 37,92 38,66 0.22 15,66 23.2
161 1710, 36946~ 9106-37401-30.15 37,69 38,13-38,02 38,76 - 0,25-15,70- 24,3 -
162 161.5 369,65 100.5 37,10 30,21 37,80 38,22 38,14 38.86 0,29 15.74 25,3
163~ 154,5 369.6 - 10740 37417-30425-37,87 38,28 38,21 -38,93-0,32-15,77 - 26,1
16k 1bhb.4  369.6 116.4, 37.26 30,31 37,97 38,36 38,31 39,02 0,37 15,81 27,3
165 135.L 36946 125,1°37435 30037 38,07 38,43 38,40 39,10-~0,41-15,85 28,4,
166 129.0 369.6, 13008 37,40 350,41 38,13 38,47 38,46 39,16 0.bhs 15,88 29.2
167 121,84 36946 13793747 30445 38,20-38,57 38,53 39,22--0,47-15,91---30,0, -
168 112.4 369.6 14643 37,54 30,51 38,29 38,63 38,61 39,29 0,51 15,95 31.1
169 ~107,7 369,67 “150,7 37,58 30,54 38,34 38,68 38,65 39,33 0,53 15,97 31,6
170 100.1 36946 157.7 37,65 30.60 38,42 38,67 38,72 39.39 0,56 16,01 32,7
171--93,5 -369,6, ~163.,9, 37,70 30,64-38,48 38,76 38,77 39,44 0,59 16,04 - 33.4,
172 88,6 369,6 168.5 37,73 30.66 38,52 38,80 38,80 39,46

0,61 16,06 33,9
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TIME S, M. EV. T8 TS TH To TR T4  SBF €O  COND
173 81,5 369.6--175,2-37¢79 30471-38,58 38,77 38.85 39,52 0,65 16,09 35,1
174 76,7 369.6, 1797 37.82 30,73 38,62 38,86 38,88 39,54 0,67 16,11 35.bh
175 738 369,6 182,14 37,86 30,76 38,66 38,80 38,92 39,57 0.68 16,12 35.8
176  69.2 369.6, 186.7 37090 30,79 38,71 38,92 38,95 39,60 0.70 16,1k 36.3
177  6h.7. 369,56, 191,0 37.93 30,82 38,75 38,90 38,98 39,63 0,72 16,16 37,1
178 60.5 369,56 194,9 37.96 30,84 38,79 38,94 39,01 39,66 0,74 16,18 37,6
179 - 53,1 369.6, 202,0 38,00 30,86 38,82 38,97 39,04 39,68 0,77 16,21 -38.4,
180 50,0 369,56, 204,9 38,02 30,88 38,85 38,95 39,06 39,70 0.78 16,23 39,0,
181 -180.4 36,9 136.L 37.92-31,36 38,72-37,98 38,84 39,54 0,81 5,78 32,0
182 -176.0. 36,9 130.7 37,83 31,51 38,54 37.80 38,58 39.41 0,76 5,73 33,0
183 =168,5 3649 122,9 37.74 31457 38,36 37,67 38,34 39,26 0,68 5,66 32,8
184 -158,7. 36,9 113.,2 37,65 31.56 38,21 37,57 38,15 39,13 0,61 5,58 31,7
185 -148.4 - 36,9, ~10342-37457-31449-38,05-37,49-37,98-38,99 0,53 -5,50--30,1
186 -139.9 36,9 95,2 37,49 31,41 37,93 37,43 37,85 38,86 0.h6 5,43 28,6
187 -131,5 36,9 875 37481 31.29-37,82 37,38 37.74-38,73 - 0,39 5,36 26,9
188 -125.3  36.9 82,0 37,35 31,19 37,74 37,34 37,67 38,62 0,34 5,32 25,6
189 -116e4 3609 7357737529 31410 37,66 37,32°37,61 38,51 ~0,30--5,28--23,9,-
, 190 -108.4 36,9 66ol 37423 31,03 37,60 37,29 37,56 38,40 0,27 5,24 22.h
191 =101.5 369 - 59,9, 37416 30496 37453 37,27 37,51 38:28 0423 -5,21--21,2 -
192 =97.3 3649 56,0 37,12 30,93 37,50 37,25 37,48 38,20 0.22 5,19 20.b,
193 =91,8 ~ 3640504937506 30,87 37445 3742437445 38,070,419 --5,17 19,4, -
19k  -88,5 3649 7.8 37,02 30,84 37,42 37,23 37,43 37,99 0,18 5,15 18,9
195 =85 ,h~ 3649, ~ 45,1 3649830581 -37539 -37422-3742-37¢90-~0417--5,14— 1843,
- 196 ~82.6, 36,9 12,5 36,94 30,78 37,37 37,21 37,40 37,81 0,15 5.13 17,8,
197 =804 0 ~~3659— 4042 -36489-30575-37434-37,21-37439-37,73--041k-~5,12--17,3--
198 =77.7. 36,9 38,1 36485 30,72 37.32 37,20 37,38 37,64 0,13 5,11 16,9
199 =75,0, 3649, -~-3547.-36 68130468 37,30 37,19 37437 -37,55- 0,12 - 5,10 - 16,4
200 -73.1 3649 3Ll 36476 30465 37,29 37,19 37,36 37.45 0,12 5,09 16,1
201 —=7109 —36¢9—334L-3607.3-30,62-37,27 37,18 -37¢36 37,40 ~0,11-—~ 5,09-—15,8
202 -69.9 3649 31,3 36,70 30,59 37.26 37.18 37,35 37.32 0,10 5,08 15,5
203 =683 -~-3649, 3040 -36465-30456-37525-37,18-37435-37,23--0,10 -5,07--15,1.
200 -67.2 36,9, 29,1 36463 30,5k 37,2k 37,17 37434 37.17 0,09 5,07 1h,9
205 - =65¢5 -~ 36692746 36659-30,51-37,23-37,17-37,34 37,10 --0.09 5,06 . 14,6,
206 -64o2 3649 2646 36455 30,48 37,22 37,17 37,33 37,01 0,08 5,06 1h.b
207 63423649 ——25,8-36,52-30446-37,21-37,16-37¢33 36,96 00085406 —-1h2 -
208 -61.8 3649 24,6 36449 30,43 37,20 37,16 37,33 36,89 0,08 5,05 13,0
209 --=60,7 3640~ -23,7-36¢45-30,39-37,19 -37,16-37432-36,80--0407--5,05-13,7.-
210 -59,9 36,9 23,1 36,42 30,37 37,19 37,15 37,32 36,75 0.07 5,05 13,5

i .



M

S

1 T 0ol 3669 "T85
.2 0.3 36,9 10.0.
30,3 360,97 10,0

I -0.2 3609 10,8

5 =0.3 36,9 10,9
. b -0,6. 36.9 11,3

7 -0.8 36,09 11.6

8 "'1011 36994 1201;

g -1,3 0 36,9 1203
.10 ~l.4 36,9 12.6
11 -1.5 3609 12.8
12 "107‘ 36@9A 13e0:

13 -1,7 3669 13.1
,ll% "198, 36.9‘ 1303.
15T T-1,87 736,913,075
16 -1,9. 36,9 13,5

17  =2.,0. 36,9 13.7°
18 -2.0. 36,9 13.7.

19 -2,1 36,9 13,9
20 -2,1 36,9 14,0
71TTTR2.1 736,97 1L
22 =2,2 36,9  1h,2
23 2.2 36,9 1k 5
24 ~2e2 3669 14,4,
25T T=2,2777366,9 7 18,5
26 "202 36 9 111»05
2722 36,9 AGES
28 =2,2 36,9  1h.7
29T T =2,.3 77736097710,
30 -2,3 3649 148

31 72,6, 123,8 1645
2?32 ~,...73 .2‘.._“1 214 ._0, S 16 5

33 73,6, 12Lo2 16,5,
23h 73,9 12,3 1665

35 74,0, 12448 1665
©36_ 7369 12h.L 1645

37 73,7 12bh. b4 16,5
.38 73.6. 12h,1, 16,5
39— 7353 124,35 16,5"~
B0 72,7 124,2 16,5
Bl 77263771200, 71655
b2 71,8 123,99 16,5

B3 71,7 123,9  16.5

TeslB 6

EV.

36029 3k.6k 37,07

3646134537 36,93

TB T3S TH
36,29 34,75 37,006
36,29 3ho7h 37,00
36529 34,73°37.,06
36029 34,71 37,06

36,29 34,70 37,06

36,29 34,68 37,07

36029 34,67 37,07
36629 34,65 37.07

36629 34,63 37,07
36,29 34,62 37,07
36029 34,61 37,07
36529 34458 37,07
36029 34,59 37,07

"36.28 34,58 37,07

36,28 3he57 37,07
36528 34,56737,08
36,28 34,55 37,03

36028 34,547 37,08

36628 34,52 37,08
36628 34,52 37,08
36628 3Lo51 37,08
36,27 34.50°37,08
36027 3L 1S 37,08

. 36627 3L 8 37,08

36027 34147 37,08
36427 3 637508
36627 3hali5 37,08

36027 3hghhm37,08

36,27 3h hbh 37,08

36,30 34,36 37,02

36034 3he33 36,97
36,37 3ho31l 36,93
36642 34,30 36,89
361h£’3h}30’36;&9
36,49 34,31 36489
36,53 34,33 36,89
36,57 34o34 36,91

36065 34,39 36,96

36571 34543-37,01
36,72 3holth 37,02
36676 B3h b 37,05

Y
36,97
36,97
36,97
36,97

36,98

36,98

36,98
36,98

36,98

36,98
36,98
36,98
36,98
36,98
36698
36,99
36,99
36.99

36,99

36,99

36,99

36,99
36,99
36,99

36,99

36,99

...3 6}; 9,9 v

36,99
36,99
36,99

36,68

36,69

36,71

36674

36,78

36,80

3684

36,89

) 36 e 91}

36,938

37,05

37,06

37,10

TR

37.11
37.12

37,12

37,12
37.12
37.12
37412
37.12
37.13
37613
3791‘3
37.13
37.13
37613
37,13
37,13

37013 ’

37,13

37613

37413

37913

3761k
3761h 2
37,14

371

3761k

375 Lk~

37,14

3791h-

37614
37405
36,98
36,93
36490
36,90
36,91
36,93
36,96
37400
37,03

37+10

37,11
37615

35,81

TH
35,81
35.81

55,81
35,81
35,81
35,81
35,81
35,81
35,81
35,81
35,81
35,81
35.81
35@ 8,1 ’
35,81
35,81
35,81

35,81

35,81
35481~
35 81

35, 8.0
35,80
35,80
35,80
35,80
35480-—
35,80
36613
36,33

36,537

36673
56,85~
36,953
3760k~
37,153
37423~
37429
37.40--
37.41

3747

SBFrv

0.19
0,18

-0 ° 1‘7

0,17
0.17
0.17
0.17

0,17
- 001.7 o

0,16
0.16
0,16
0.16
0,16

0s16

0.16

0,16

0,15
0.15
0.15

0@1.5

0,15
0,15
0,15

0,15

0,15

0el5 -

0.15

0Ll

0.1h

0,10~

0,09

0,09

0,09
0,08
0,08

0,09

0,09

0.09 —

0.09

0.09

0.10

0,10

Co
5.17
5¢15

5015
5,15
50,14
50.1h
5014

5.1L

5.1k -

5.1b
5.1
5,13
5,13
5613

;5“1‘3 .

5.13
~5,13
5013

5,13

5412 -

5,12
5,12
5.12

5 0"142
5,12

f

7@8.1
7081

7,81~

7,81
7.81
7,81
7681

5,15

5,14

5,13

5 0 1,2'-"‘
5 o 1,2 .

781
- 7981 _—

7081
_M.,7°, 8'1.4,..

781

COND
-1b,
14,
14,
1L,
14,
1u,:
1h,:
I4,.?
14,3
1h 2
1h,2
1!1-92
14,2
Ihe2
14,1
14,1
14,0
1L.0
13,8
13,9
13,8
13,8
13,8
13.7
13,6,
13,6
13,6,
13,5

~13 .5

13¢5
19,9
19,5
19,0
18.6.
180'4.’
1863
18,2
18,0
18,0
18,0
17,9
18.0
17.9




16,6
Z28oh.
29,3
39,5
hiy,2
48,0
53,2
5507
60,3
62,8
65,5
67,4
69.9

73614,

7563~
7648,
6845
67,3
61.9.-
56.8
54 40.-
51,0
l" 9 -] 3{
Lo 7

b2,1

TB- TS -~ TH - - TO - TR
36,80 34,49 37,09 37,15 37.20
36683 3L4s49-37,12-37,15 37,23
36086 3Lob7 37,15 37,19 37,26
36,89 3L Ll 37,18 37,20 37,29
36092 34,39 37,21 37,23 37,32
3698 34,35°37,24 37,25 37435
3696 34031 37,25 37,26 37,36
36,97 34,28 37,27 374527 37,38
36,99 3Uo23 37,29 37,28 37.40
37:00 34520 37.30 37,30 37,41
37002 3ho1h 37,33 37,31 37,43
37503 346113734 37,32 37,44
37.0L 34,07 37,35 37,33 37,45

7158 37.05-34,03 37:36 37,34 37,46

37,06 34,00 37.37 37,35 37,48
37.07-33697-37538-37:356-37449-
37008 33,91 37,40 37,37 37,50
37.08-33,93 37,40 37,30 37,50
3705 33,97 37,38 37,20 37,46

37002--33,99-37,35-37,18 37,41

36699 34,01 37,31 37,16 37,37

36697 34,02-37629-37,15-37,35

36696 34,03 37,28 37,14 37,34
3694 34,05 -37,26-37,13-37,32
36692 34,06 37,25 37,13 37,30

Lho2-36591-3L,07-37.24-37,12-37,30 -

36089 34,08 37,23 37,12 37,29

171 -m27 ¢ 33660~ ~—11.¢9,-36 ¢ 88 3460937622374 11-37,28-

(7= 2l 8 —-36 ¢0~—39¢3.-36 685 3holl-37,21-37,11-37,27 -

40,2

3843

36687 34,10 37,22 37,11 37,28

36084 3Le.11 37,20 37,11 37,27

175 n22 o 83699 —3742-360682-34,12-37,20 37,10 37,26

77 -=21e3 3659355736580 34,12-37,19-37,10-37,26-

86

3661
3543,
34,1

33,4,

- --3249,-

3246
""3 2 0'1, -
31.8

TIME S M.~
L 71,2, 123,8,
45-59,0,-1238
L6 58,0, 123,8
L7~ 48,1 123,.8
L8 43,7 123,8
49 40,1 1238
50 35.0 123,38
51 33,1 123.8
52 29,1 123.8
53 26,9 1238
i 24,6 123,.8
557723,0, "123,8
56 20,9 123.8
57 19,4 12348
53 18,0, 123.8
59 1665 71238
60 15,3, 123,8
61 =52,8 36,9 -
62 -51,9 369
63 16,7 36,9, -~
. b6h -41,8 3669
L 65--~39,0,-~-36,9,
66 -=36,5 3609
67 -=3lol, 3649
68 -31,69 3669
169 -—=2945-——36,9
70 -27,5 36,9
72 -25,7. 3669
7'4 "2338/ 3609;
76 -21,7 3649
78 "2008, 3609,
279 =202 —— 3649~~~ 3k 46~
80 -19.6 36,49
181-~19 236,933 47
82 -18.9 3649
“83— =18, b~ -3649
84k -18,1L 3669
"85 =17.5 3649~
-17,.2 3669

36081 34,12 37,20 37,10 37.26

36079 34,12 37,19 37,10 37,26
36678 34612 37,19 37,10 37.25-
36077 34,12 37,18 37,10 37,25
36576 34,12-37,18-37,10-37,25
36675 34,12 37,18 37,10 37,25

3667434, -374¢18-37,09-37.25-

36073 34,11 37,18 37,09 37.25
36072 -344,11 37,18 37,09 37.25
36071 34,11 37,17 37,09 37,25

~ TH -- - SBF -
37.54 0,10
37.58 0,19~
37.62 0,18
37,66 0,26
37,71 0,28
37.75 0,31
37.77 0,33
37,79 - 0,34
37,81 0.36
37.83 0,37 -
37.86 0,38
3787 0,38
37.89 0,39
37,90 ~0,40
37,92 0,40
37.93-- 0,01 -~
37,95 0.kl
37693 0,42
37,87 0.4l
37,80 - 0638 -
37,71 0,34
37667 0633 -
37,64 0,31
37.58 0,30
37.54 0,28
37,50.--0.26
37,46 0,25
37.42--0,25-
37.38 0,24
3733 - 0424
37.30 0,23
3726 - 0,22
3723 0,22
37420---0,22 -
37.16 0,21
37613 0,21~
37,08 0,21
37,08 - 0,20~
37.05 0,20
37602--0420---
36,99 0,20
36,97 --0,20
36,95 0,18

-CO - - COND
7,81 18.0
7629 --2245-
7,90 22,5
7697 - 25,7
7.99 26,6
8,01 27.2
8.0k 28,04
-8,05 28,7
8,07 29,4
8,08 -29,6
8,09 29,7
8.09 29,8
8,10 30,0
8,11 - 30,1
8,11 30,1
8,12 -30.,2
8,12 29,8
-5,39 25,2
5.39 26,0
5,35~ 2Le7.-
532 23,5
5630--2247
5028 22,1
5.27--21,6
50,26 20,8
...... 5024202
5.23 19,6
-5623--19,6.
522 19.2
--5621--18,9
5.20 18.7
~520 --18 4L
5.19 18,0
-5.19--17,9
5,19 17,8
5,18 -17.5
5018 17.L
5.18--17.2
5,18 17,1
5017--16.89.
5.17 16,8
~5617--16,6

517




T et o s vt e s 2 2 7 e it e e s A v i Pt o ot e e 27 e v et 2 e e e e o e~

e e e

TIME S

M

EV. B TS TH

87 "=16,9, 3669 31,5 36470 34,10 37,17
88 -16¢6. 36,9, 31¢3 36,69 34,10 37,17
89 =16.3 36,9 31,0 36,68 34,10 37,17
90 -1660 36,9 30,7 36,68 34,10 37,17
91 147.9 222,9 13,0 36,74 34,05 37,15
92 149,0, 222,9 41,9 36082 34,04 37,15
903 1L45.6 222,9 45,236,893 34,06 37.18
94 138,5 222,9 52,0 36097 34,07 37,22
95 1278 222.9 62,5 37,05 34,06 37,29
96 118,8 222,9 71,5 37.11 34,05 37,34
97 108.5 222,9 81,9 37,18 34,02 37,40
98 97.h 222,9 93,1 37,24 33,98 37,47
997 791.2 7 222,999,673 7.28 33,94 37,52
100 85,2 222,9 105.8 37,31 33,92 37.56
101 7 7.7 222.9 116.77°37.38 33,86°37.63
102 69,2 222,9 122,5 37,39 33,84 37.65
103 6547 222.9 12603 737,43 33,80 37,71
104 59.2 222.9 133,1 37.L7 33,76 37,75
105 7752.5 7222,977140,3737,49 733,74 37,78
(106 48,2 222,9 1hh,9 37,51 33,71 37,81
107 7 hhe2 T222,9 149,2°37,56733565 37,86
108 40,6 222,9 153.2 37,56 33,64 37,87
710977 L0.0, 722249 T153,8737.58°33:61°37.90
110  3L4.7 222.9 159,7 37,60 33,58 37,92
111777 32,1 72229 716255737462 °33554 37595
112 3003 222,9 164,656 37063 33,52 37,97
113 " 727.0 72229 7168;3-37¢65°33,18-38,00
114 25.5 222,9 169.9 37.656 33,46 38,01
1157 723,57 7222,9 7172,2°37:67°33,4°38,03
116 21,9 222.9 174,0 37.63 33,42 38,05
11777720.077222,977176.,2737470 33,40 38,07
118 18,7 222,9 177.6 37,71 33,38 38,08
119 T17.5 222.9 7179.0737.72733.36738,09
120  16.4 222,9 180,2 37,73 33,35 38,11

121 =106.9 " 36,0 " 124,7 37,67 33,64 38.03

122 -100.1

3669

11608 37,61 33,83 37,90

123 92,3 36,9 7 108,3 37.55733,93 37,78

124 =-86,2

3669

101,8 37.51 33,98 37.70

125 T=79,,7 736,97 9U 8737173359937 ,.61

126 "'72004
127

128 =-59,0

36,9

87l 3742 33,96 37.52

“=68,2 3649
36.

83:6-37.40-33,9h4 37,048

9. 7502 37.34 33,88 37.41

129 T=53,1 36,9769, 1L 737.32733,87 737,38

To TR TM  SBF €O  COND

37,09 37.24
37,08 37,24
37,09 37.24
37.09 37,24
37,03 37.22
3715 37,22
37.25 37.26
37.34 37432
37.43 37,41
37,50 37,48
37,56 37455
37.63 37,63
37,67 37,68
37:70 37,72

“37.76-37,80"

37,77 37.82
©37,81°37.87
37,84 37,91
37,86 37,953
37.88 37.96

37,92 38,01

37,92 38,02

37:95 38,04~

37.96 38,06
37,98 38,09
37,99 38,10

~38,01-38513-

38,02 38,1k
38,03 38415
38,0 38,16
"38,05°38,18
38,06 38,19

T38,07 38,20

38,08 38,21

“37.52 38,09

37,38 37,90
373037675
3725 37,65

~37,21-37455-

37,19 37,47

37,1837, 43

37.17 37,38
37516 37,306

36,91 0,19
36,88 0.19
36.87 0,19
36,85 0,19
37,14 0,17
37,43 0,17
37,62 - 0,19
37,80 0423
37,96 0,30
38,06 0.35
38,16 0,4l
380,25 0,47
38,31 --0,51
38,36 0,55
38. 4L -0,61
38,46 0,64
38,51 0466
38,55 0,69
'3805.7 ”007,3
38,59 0,74

38.64--0,76

38.65 0,78
38s67 0578
38,69 0,80
38,71 0,81
38672 0,82
38.75—0.83
38,76 0.8h
“380 7,7”" Oc 814
38,78 0,85
) 3 8 P 79 - 0 © 8.6
38,80 0,86
38,81-0,86
38,82 0,87
38,74--0,92
38,63 0,90
38,54 0,8k
38,7 0,78
38,40 -0,69-
38,31 0,59
38.26 —0,5L
38,15 O kb

5,17
5,17
5.16
5616
11,00
11,00
11,02
11.06
11,13
11,138
11,24
11,30
113k
11,37
~11.43
11,46
11,48
11,52
11655

11,57

’1105,9
11.61
11,61
11,63
~11e64
11,65

11,66

11,66
1167
11,68
11 ° 6,8
11,69

11,69

11.70

5,90

5.87
~5¢81
575

5057
5,51
5042

~-5467-

166l
16,3
16,2
16.1
23,5
22,2
22.7
24,3
26,8,
28,8
30,9
33,0

3l 41,
351

=367
378

3840
38,9

0o L
14'09 7.

8006
Ll.h

U 1e0

418
- 41,8
42,0
14242,
42,2

260
420

--142 65,

1246
=B 2,86,
42,6
3548
37.2

~—37 40
36,1

~ 34 46

32,3

3049,

2768

38,09 0 U0 —5.37 25,9




158

Y e i o e n e s e e

TIME

130 -~-U46,8

131 -43.,9 36,9 60,0

151 7270,k ~ 369,67 68+2"

152 259,6. 369.6 79,0
15324531 7369.,6; 9332
15h 226,04 369.6, 111.7

B

Mo
3669

EV-
62.9

" SO, o
37630 33,87 37436
37027 33,88 374353
37,25 33,89 37,32
37,24 33,90 37,31
37,22 33,91 37,30
37,20 33,93 37,289
37,18 33,93 37,28
37,17 33,94 37,27
37.15 33,95 37,27
37,13 33,95 37,26
37,11 33,96 37,26
37,10 33,86 37.25
3707 33,96 37,25
37,07 33,96 37,25
37,04 33,97 37,24
37.0L 33,96 37,24
37,02 33,96 37,2k

3700 33,96 37,23

132 -40,8 36,9 5647

133 -~38,9 36,9  5hLe7

134 =375 3669 53,3

135 =349 36,9 50,5

136 -33.9 3669 49,5

137 =32.,6. 36,9 48,1

138 _3291“. 3609; l‘-?eg.

139 -30,8 36,9 463

140 -30,7 36,9 46.2

141 -29,5  36.9 45,0

142 -28,9 3649 Ll oty

143 ~28.3 3669 L43.8"

144 27,8 3669 363

145 T=27,.3 7 3669 k2.8

146  -27.2 3649 27

147 =266 7736.9 12,137,011 33,9637,23
1’48 "2600, 36094 4105.

/149 =256 3659 4152 36,98 33,96 37,23
150 -25,1 3609 40,7

36,96 33,96 37.22
37603-33,93-374523
37,19 33,92 37,31
37630733,93-37539
37.43 33,92 37,51

155 --20L,0 36946 ~133,9 37.56-33,92-37,66

369,56,

149,56

3766 33,91 37,76

157 170,2736946, 7167737576 °33590 37,88

369,06

180.9

37.83 33,88 37,97

3696619493790 33,85 38,07

369,6,

206,89

38,00 33,87 38,19

161 --124456,--369:56—213s4-38505-33:91-38:26

369,56

22448 38,11 34,03 38,3k

163 --101,5 36946, -2346,-38,17 34,16 38,40

156 188,3,
58 157,0
159 ~143,2
160 131,53
162 112,k
164 89,5
1657842
166 649,
167 — hlig7
168 22,0,
169 - 18,5,
170 18,0
171 1845

172

18,6

369.6, 2LL,9 38,22
36946 25U, 38,26
369.6,. 265,22 38,30
369 o

3696, 300,33 38,34

369¢6,-303,3 38,35

3696, 303.6. 38,36

369466, 303,0 38,37

369,6, 302,9 38,38

281:,1-38432

34,34 38,45
34,54 -38.,49
34,81 38,52
35425-38,52
35,61 38,50
35,66 38,49
35,67 38,438
35,67 38,1438
35,68 38,48

37,16 37,34
3715 37.33
3715 37432
37,15 37,32
37.15 37432
37015 37,31
37,15 37,31
3715 37,31
37.15 37,31
37,15 37.31
37,15 37,31
37.15 37,30
37,15 37,30

"37414737,30

37,14 37,30
37,14 37,30
37.1h 37,30

“37«1437,30

37,14 37,30
3710 37,29
37.13 37,29
37¢31°37.31
37,58 3742

~375 743755k

37,90 37,69

38,06 37,87

38,15 37.99

38,25 38412

38,33 38,22

~38.042 38,31

38452 38,43

~38¢57-3845.0

38,53 384,57

-38e62-38461

38,61 38.65

~384+58 38,68

38,51 38,68

~38437-38466

33,38 38,61

38438 38,58

38,38 38.56

38,38 38,55

38,37 38,5k

TH oo TQ oo o TR oo TM - o SBF -

38,04
37497
3793
37,90
37084
37.80
3776
37,71
37,67
3706.3"
37659

37,55

37608
3717
37,41

37,40

37,37
379 3,3 ’
37.31

37e 217 o

3724

"3 7 ° 50
37.98

38,49

38471~

38,84

"38497

39,05
39,13
39,24

39,35
~39438 -
33,40

39,041~

39,41

39437 -

39,29

39427 -

39,26
39,26

CO--—COND .-
0,36 5433 24,0
0,34 5,31 23,2
0,32 5.29 22,3
0,31 - 5,28 21,8
0,30 5527 21,5
0,28 5,26 -20.7
0628 5625 20,65
0627 5,24 ~20,1
0,27 5,24 20,1
0,26 5.23 19,7
0,26 5,23 19.7
025 5,23 19,3
0,25 5,22 19,2
02l - 5,22 19,0
0s24 5,22 18,8
0e2h 5,21 ~18.7
0.24 5,21 18,6
- De2h --5,21 18:5
0,23 5.21 18,3
0623 -5,21--18,2
0623 5,20 18,0
062315687 2749
0.30 15,74 28,8
—0438-15582- 3163
0,50 15,94 34,7
0.6L4-16,08--38.8"
074 16,18 41,6
T Oe 85 ) 16.2,9 "'L} u 9-6.
0,92 16,36 46,7
: 009.9 169'!'!"[;“ u895,
1,09 16,54 50,1
~39,29--1.17-16,61--51,6.
1,33 16,77 56,0
“1e49-16,93--59.0.
1,70 17,14 64,4
+1695-17.39--71.0
2,35 17,80 81l.L
‘“30'5.9*1990,3 10206.
377 19,21 123,8
-3474--19,19 127,
3,73 19,17 127.8
~3671-19,15 128,0.

39.26 3,71 19,15

V3 8 9'72,»5“

128,53




S o e

T!ME
173
174
175
176

177

178
179
180

181 -
182 -
183 -
184 -
185 -
186 -
187
188
189

-.190.
191

192
193

©10y

195"
196
197
198

199

200 _

201

202 -
203
204
205
206

07
08

209 "=35,6"""36,9 "

210

—35 2

S, M.
18,5 369
18,9 3696
18,5 369,06
16,4 369,6.
17,87 77369.6,
17.2 369,6.
“1469 369,.6,
16,2 369,56
174,88 36,9
167 4. 36,9
19,9 73649
137.8. 3669
116.3 36,9
102, 3 36,9
-90.,7. " 36,9-
-81.1 3609
~68:3 36,9
-59,.1. 3669
52,2 36,9
~-43,0 3649,
~4B.L, 36,9,
-43,.5 3609
=24,
~-41.5 36,9
L40L7 736097
~40,.6 36,9,
“40,0 "
=39.k 36,9
-38.9, 36,0
-38¢5 _ 3609
~-38, .1 36,09
=376 36,9,
-37.2 36,9
-36,8 369
-36sh
-36,0, 36,9

3609

302,09
304,9,
303,6.
304,2
306,3
305, 1
1774
170,89
15L45,
143, 1
122.5
108,09
9746,

TB

EV. TS

880

TO

06, "303,0 38,39 35,67 38,48 38,39
302,6, 38.b0 35,69 38,48 38,30
38.1 35,70 38,48 38,30
38,42 35,68 38.48 38,40
38o143°35,71 38,48 38,30
38,0l 35,71 38,48 38,30
38o0 35,70 38,48 38,40
38.15 35,72 38,49 38,30
38,37 35,86 38,34 37.47
38027 35.70 38,
"386,19 °35,54-37,96 37,21
38,13 35.4h 37,84 37,15
38, 0L--35,32-37,67-37,08
37.99 35,25 37,57 37,05
37.95 35,19 37,48-37,03
37.91 35,14 37,41 37,01
~7641-37.86 35,04-37,34-37,05

1 37,33

6762 3783 35,00 37,31 37,06

60.6-37,80-34495-37,28-37,08-

5765 37678 34,94 37,27 37,09
5501-37s75 34,93-37,26 37,10
5202 37,73 34,91 37,25 37,11

36,9 751527376717 34,91 3762573711

506l 37,68 34,90 37,25 37,12

49,7,737%66 7345887 37524-37:12-

BG,6, 37,64 34,87 37,24 37,13

L8,

736,97 49,1 37,62 34 86737.24 37,13
7. 3759 34,84 37,24 37,13
18,2 37,58 34,82737,24737¢13"

18,0 37,55 34,80 37,24 37,1k

47,8 37,53 3477 37,247 37,14

17,5 37.51 34,75 37,24 37.1h

5742 37,49 34,72 37,24 37,14

47,0 37,48 34,71 37,24 37,1k

36,9, 6.8 37 05 34,67 37,2 37,1k

b6o6 3703 34e65 37,24 37,1k
Lo 37 41-3L,62-37,23 37,1hL
hﬁ 1 37,39 3h 60 37, 23 37 lh

COND

TR ™ SBF CG
38653 39,25 -3.70 19,14 127.5
3854 39,26 3,70 19,14 132,6.
38,54 39,26 3.70 19.14 132,89
38653 39,25 3,71 19,16 128.1
38654 39,26 3,70 19,14 133,5
38054 39,27 3,70 19,15 134,1
38653 39626 3,72 19,17 129.3
38,54 39,27 3,71 19,16 134,89
38032 39,19 ~ 3,51 -8.48 128,.6.
38,04 39,11 3,06 8,04 122,14
37,82 39,02 2,61 7,58 108.7
37.68 38,96 2,31 7,28 99,6
37.51-38,86 - 1,87 - 6,84 8Ll
37.41 38,79 1,59 6.57 75,0
3703l 38,721,336 - 6,34 - 67,0
37629 38,66 1,17 6,14 604
3762 38,57 0,81 --5,78 --50,0
37:23 38,53 0,66 5,63 -Lk,3
37,23 38,4l - 0,56 5,54 --39.6,
37¢24 38,40 0,53 5.50 37.7
3762l 38,35 0,50 - 5,47 -36,1L
37025 38,29 0,47 5,44 34,5
37,26 38,24 0,46 ~5,0,3-33,7,
37626 38,20 0,45 5,42 33,1
3762738615~ 0olli——5,42---32,6.-
37628 38,10 O Ll 5,42 32,3
37,28 38,06 0,43 -5.41 31,8
37,28 38,01 0.3 5.40 31.2
37629 3769770041 5,39 30,7 -
37029 37,92 0,41 5,38 30,2
37;29"37¢&8"“03k0”“5557“WZ9e1
37,29 37,84 0,39 5,36 29,2
37,30 37,80 70,38 ~ 5,36 28,6
3730 37,79 0,37 5,35 28.L
37630 37720437 534--27,7 -
3703.0 37.69 003.6 503,"4 2703,

3730 37466--0435--5,33--26,8
37 30 37, 62 0.35 5,32 26, &
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Some of the val.‘ues obtained in the simulation runs are also presented
in graphical form together with experimental data obtained from subject PM
who was closest t¢ the values adopted for surface area and maximum aerobic
capacity. All of the graphs in Fig. 8 refer to the 10°C environment, Fig. 9
and Fig. 10 refer to the 20°C and the 30°C environment respectively. The
format of the figures is similar to that used in presenting the experirﬁental
data in preceding parts of this report.

Sub-figure a giv'es for the simulation run the rectal temperature and
the computed averaée body temperature, the mean weighted skin temperature,
the time course of oxygen consumption, and of sweat evaporation.

Sub-figure b gives the same data as obtained in an individual experi-
mental run.

Sub-figure ¢ gives the time course of the rec.tal temperature, the
central blood temperature, the computed -average body temperature, and the
temperature of the working muscle in the leg.

éub-figure d gives the time course of measured recta_l temperature,
oesophageal temperature, muscle temperature in the thigh, and the computed

average body temperature in an individual experimental run,
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Discussion

The mathematical model of thermoregulation presented and demonstrated
in this report represents a considerable improvement over the earlier versions
as developed in this laboratory. It is capable of predicting in very considerable
detail the response to be expected in a very wide range of environmental condi-
tions and levels of activity. It is not by any means perfect and it really repre-
sents a stage of development, on which we expect to build further,

The weakest point of the model as it stands now is to be found in the
prediction of resting or low level activity at very low ambient temperatures.
We feel that this essential weakness is due to inadequacies in the representa-
tion of the role of the c;irculatory system in the convective transport of heat
within the body. One immediately recognizable shortcoming is the manner in
which the blood flow to the working muscles is repres-ented. In the model we
have assumed an immediate onset of muscle blood flo.w in thke working muscle,
proportional to the work load. In fact, the muscle quks anaérobically for a
short while before an adequate blood supply starts. This has important conse-
quences for the onset of exercise in the cold. In the present form the model
predicts an immédiate and sharp drop in internal temperature following the onset
of gxercise in the cold, due to blood returning from cold muscles. The initially
anaerobic metabolic activity in the working muscle allows the muscle to heat up
considerably, even in cold environments, before a substantial amount of blood
perfuses it, In reality we then do not see as marked a sudden drop in internal

temperature as the model predicts, Another aspect of the circulatory contribution
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to internal convective heat transport which is inadequately represented is the
dynamic vasoconstrictive response, We have not placed upper limits on the
circulatory capacity, but from comparisons of experimental runs and simulation
runs it seems that sets of conditions which cause the model to require skin
blood flow rates in excess of 3 liters/minute caused the subjects to reach
unacceptable conditions often associated with nausea and dizziness, In the
development of the present model, as well as in our attempts to achieve good
agreement of predicted and experimental values at all times during a dynamically
changing set of conditions, it became very clear that in a system as complex
as the present system has become the gquantitative value of the controller
coefficients became less and less important. There are so many multiple .
pathways for incoming signals as well as for the outgoing commands, that a
relative change in any one of the coefficients has only a very slight effect

and the effect of such a relative change is immediateiy counteracted by the
combinea changes in all the other variables., On the other hand if a new path-
way is added or if one is omitted, the effect on the performance of the system
tends to be more pronounced, Thus a éualitative change in the control system
or the controlled system is much more important, making the simulation more
of a useful tool for the investigator,

In conclusion, it is our hope that the model presented here will be
useful in the evaluation of the effect of physiological thermoregulation in complex
environments in practical applications, and that at the same time it will be able
to make a contribution to the advancement of knowledge in the area of thermo-
regulation by providing workers in this area with a working model on which to

test new challenges to the concepts which we have built into it.



