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METHODS OF APPROXIMATE COMPUTATION OF HUMAN ENDURANCE IN HIGH AND
LOW TEMPERATURE ENVIRONMENTS

V.IL. Krichagin

The problem of maintaining capaciiy for work of personnel under
unfavorable exterior microclimatic conditions is beginning to acquire importance
amoag the many problems of medically safeguarding the combat training activity
of troops.

First, this is connected with the fact that as military technology (as
well as defense installations) becomes more complex, pcrsons in charge become
increasingly isvlated from the environment. Oz the agenda has beea put the
problem of standardizing living conditions in the working accommodations of
alrcraft and submarine crews, etc., the atmosphere and climate of which basically
created artificially by technical means, a!though they do of course depend
on external conditions to some extent. It is well~known that the maintenance
of comfortable levels of remperature, humidi:y, and atmospheric ccmposition
is a technically solvable problem. However, air-conditioning demands large
expenditures of energy and increasces the waight and size of objects. Therefore, in
most defense structures, especially in mobile combat systems, one need not figure on
providing a coxfortable microclimace in the wide sense of this ter:s, but at
certain periods it is ertirely probabl: and unavoidable that even uafavorable
temperature and humidity conditions will have to be permitted.

Norw-lization of the allowable limfts of a particular unfavorable or unde-
sirable combination of temperature and humidity is necessary, since severe breech
of these limits have a negative effect on *"e working and fighting ability, as
well as the health, of the personnel carrying out a combat mission.

When determining the degree of allowable deviation from a comfortable
microclimate i{n a particular structure, it is necessary to take into account the
character and intensity of the tzsk being carried out by ailitary personnel at
the given phase of combat task: therefore it is not possible to give a general
procedure for establishing allowable air teamperature and humidity levels for all
items of military technology and defense structures. However, it is possible to for-
mulate general points of departure which may be used as guides to worx out
tactical and technicai assignments for life support systems, to evaluate habit-
ability conditinns in exieting an< projected experimental military technology,
to analyze climatic conditions cf a particular proposed thecater of military
operations, etc. The secriteria should be a definite set of physiological indeces
characterizing the different stages of effort of the defense reactions of the body
to a worgening or an ertreme increase in heat ouiput ard the correlated connections
that have already been scientifically established between the meteorological
characteristics of the environment of habitation and the response of the body
to this environment.

Numerous scientific articles hcve been written on the problems of the pro-
tection of people from heat and cnld und the study of hLuman tolerance of high and
1w temperatures., Various systems of all-inclusive indexes, formulas, nomograms,
etc. have beon suggested. But occasionally it nas sometimes been difficult for the
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hygienist or the engineer to make any sense out of all the details about the variocus
concepts that have been presented by various schocls »f scieatific thought. Thus,
&8 yet rules have not been delineai=y for the application of comfort, operational,
equivalent, radiation and other temperatures intendud for evaluation of influence

of the complex of external environmental conditions nn the human organisa. These
indexes allow a rather close determination of the so-calied heat comfort zone

hut are not very useful for evaluating cthe weight of a particular uncomfortable
conditions and determining the allowable time period man can remain in these .
conditions. Taking iato account that in the practical work of evaluating off the E
shelf items (or comparing requirements for plunned items) we most offen have 3
to deal witk tather crude estimates, we have set ourselves a goal of compiling
correlated outlines containing a set of initial .ata for solving problems

occurring in daily practice. In order to do this, we compiled, anulyzed, processed,
rartially recalculated and converted data from tie articles on the subject that

v. re available to us. The results are listed in the following composite tables

and graphs. E
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Table 1 shows the vhole range of thermal activity of the external environment
conditionally subldivided into a series of degrees of discoaforts. Thes: degrees
of discomforts are listed acvcording to a scale of subjected heat sensors distributed
throughoutthe environment by physiclogists and hygienists, these are charactaristics
of the thermal state of the organism to a known extent. The indicators are 2
calculated for a man weighing 65 kilograms and haviag a body surface area of 1.6 m“.
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Points 1-9 give data establ’shed by instruments in hygienic research or indica-
tors by means of which it is possibie to evaluatc the degree of thermal activity
of a environment in an organism under studied. Points 11-13, vhile explaining
the absence in scientific liturature of sufficient and concrete values, never-
theless rather carefully gives a basis for estimating tie norms for the problem
of the allowable time man may iemain in a given environment in objects at varying
degrees of thermal load. Thus for example, if an insignificant reduction in
the accuracy of work being carried out by a man and a 20% lcss in labor pro-
ducitivity is allowable in his working conditions,then in the given object a
calculation of the microclimate on discomfort of tne first degree is allowable,
etc. It should be pointed out that the table has »een worked out to be applied
to research objects in a state of rest or performiing relative }ight physical work
(thermal production up to 150 kcal/hr.).
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Thus a summary of the data given in Tabla 1 for the results of physiological
research of heating exchange indicators makes it possible f.o evaluate the in-
tensity of environmentai ¢«ffects on human habitability. This evaluation is given
in large discomfcrt categories I, II, and III degrces wiich are convenient for
establishing norms. The implications will become clear in point 9-13 of the same
table. Ia additfon, the table centains a number of general indicators, such
as arithmetic average temperatures of the body and skin, change in latent heat
of the organisms and others which m>y be proposed as a basic for thermwal technical
c2lculations for pvotective means, alr-conditioning period of erdurance, etc.

Due the multitude of criteria contained in rhis and other tables, it is possible
to give a detailed explanation of the significance of each one of them or to

give examples of their use within the scope or this articiv. For tnis veason, it
turned out to be imposwible to :orroberate numerical values with references to
their sources from which tliey are taken, since each value i3 a comparison of data 5
of several other authcrs, and in many cases are only now being verified in cutrent
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scientific research. For a basis in compiling the tables, we wsed works by
Soviet hygienist I.I. Bobrov, M.F. Galanin, G. Kh Shakhbazyan, N.K. Vitte,
V.S. Freyclyn and other researchers who have been published abroad (Vinslow,
Herrington, Newbu:zg, Bartor, Webb and others).
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TABLE I

Indicaters for an Objective Evaluation of Human Thermal States

Thermal State and Thermal Sensitivity

Point indicators Discomfor: Discoafort Discomfort Coafort
Third State Second Stage Firgt Staze
{very hot) (hot) (warm)

Discerforxt NMacomfort Discomior:

First Stage Second St .ge Third Stage

(cocl) (cold) (very cold)

1. Body temperatures (rectal) in °C/ Gradually increases more tham 0.3° per hour/
About 27.6-37.8 7 37.2-3%.6 / 37.240.4 varying not mote than 0.2°/
per hour / Decrease to 36° at a rste greater th.n 0.2° per hour/
35.540.5 / Lower than 33°

2, Aruwpit temperature in °C / aot characteristic / not characteristic/
36.6-37 / 36.540.4 varying not wore than 0.2° per hour / on the lower borders /
of comiorts / lower tkan 36 ,/ lower than 35

3. Average skin temperatures in °C! / wore than 36.4°/ 3640.6 /
34.940.7 / 33.2¢1 / 31.143 / 29.1:1 /  lower thsn 28.1 /
Average body t-peratumz / highvo than 37.5 (srecific endurance iz at 38.2) /
37.240.3/ 36.640.3 / 35.84C.5/ 34.940.5 33.640.7/ under 33

4. Difference between tcrio temp. & extremities/ (fect and wrists) in °C/
lacking o> iuverse / 1° or less; higiwr at f: cthan at the wrists/
1.840.7 / 0.5 ~ 5+1.5 / fiw 6.51t0 15,/ temp. yradually falls

5. Temp. & Humidity of subclose air arcun: the torgo3”  zone V/ zone IV/
zone III / zone II zae I / unde- 26° ,/ under 24°

6. Water loss i» srams per hour / 500-2000, sostly o‘ perspiration drips offs
250-500, negiigibia fraction of perspirstion diips 'f/ 60~-250, perspirsztiom
does not drip/ 50410 s ander 40 / «nsufficiently studied; not
characteristic/ insufficlently studied , not chavacsteristic

7. Changes of lstent heat in the organisa in 1.2als? (base: level of average
comfortable temperatures)/ over 80(a specific endurance around 120)
up to +8¢/  up to +59 / +25 / dosn to ~80 / -1690 /
more tuan 160 (endurance limir 180-200)

6. External indicators / acute ;eddeaing of “he skin, swlling of tho
veins on the face and extremelies, prciuse peispriation/ reddening of the

skin, sweliing of veins of the extremeties, m.ch perspiraticn/

iight reddening of the skin, surface vein bec. me visibhle at (he extremetlus,
perspivation in certzin arzas of the body/ not pe.spiration /
cutaneois blood pales; -pasm of suria-e vein ind capillary network/

light question of the skin :ad mucilaginous p:rt, periodi. shivering/
question of the skinand a.cilagfious part, shivering

14
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9. rFhysisiogical displacemen: (vegetative reaction)/ increase : exchauge
by 152 and more, pulse increases more than 15 strokes s min (danget Jevel i¢
140 strokes a min)/ pulse increasssup tc 15 strcies a min /
nove / none / aone / 10-15% more heat is produced
(Pulse increases up to 15 times a min) / short~-term (2-3 hrs) increase
in heat producec up to 300 kcal/hr; pulsz increases up to 120 times 2 min

10. General cheracteristics of the state of thermal regulation/

sharp tension in the mechanisms for the increase of neat yield; danger of com-

pensation failure/ stroag tension of the mechanisa for increasing

giving off of heat (complete compensation)/ weak tensiun of the

mechanisme for increasing the yielding of heat/ physiological equilihriun/
light tension of the mechanisms for maintaining heat / strong tersion

of the mechanisrs for maintaining heat/ sharp tensice of the mechanism for

maintaining heat; danger of compensatiom failure

11. Reduction in labor productivity in 2/ up to 502 and more altor 1/2-] hr/ 7
up to 502 and higher in 3-4 hrs / up to 10-20 after 6-8 hrs/ E
none up to 10-20 in 6~8 drs. / up to 30-50 after four hovrs /
up to 50X and more after 1/2-1 hr.

12. Reduction in reliatility of performing exact operatione/ operations possibie
with great will power /  substantiasl / neglegible / noue /
nzgiigible substantial / operation possibie with great will power

13. Yiwit of endurance for performing skilled work / up to 30 minuies/
four hours / 12 hours / unlimited / 12 hours / 4 hours/
up tc 30 minutes

FOOTROTLS

1) Method and measuring diagram: see V. Ramzayev; R.F. Afanas'vea; V.I.
Krachagin, L.B. Kazaitsev

2) Method of determination of formula: see Barton and Evbolm; for the measucement
of thermal retention: Blokley and Webb.

3) See graph

F
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The graph below is designd to predicc roughly the degree of effect of high
temperc ure conditions on wm. The graph is ~onstructed as follows: air temperature
as measured by a drv thermometer is laid out along the vertical axis in iso-
chrometric form; the partial perssure of water vapor in rir is laid out along the
horizontal axis in millimeters of mercury, nillibars of g/kg), and the fan-like
lines denote relative huwidity cf the ajir in percent. The straight lines in boid
priat numbered 1-6 ars made by the combinations of temperatures t:d humidity which
4ccording to data from Winslow, Herrington aad other authrrs, cl.aracterize identical
states of thermal regulations of the organisas and at the za'% time approximately
correspond to the transition of one thermal state to another. The grap: -ras
teste | according to the data of vavious researchers (A.A. Putilova, V.S. Freyllin,
G. Kh Shakhbazyan, N.n. Vitte, Motuoka and others) and the graph was also used ir
continuous experimental operations, thereby estsblishing that the line and the
zones included between thea corraosponds well with men’s aubjective fields and ma-es
possibl: an vbjective evaluation of -rmfort ov the degree of discomfort of a
given external environment. Naturally one graph like tiis cannot encompass ali
conceivable combinations of fuctors in « given exvironment (wind, radiatiom, cype
of clothing, etc.). Therefore, we prepared the gresh for applicaticn to so-called
zero conditions: for naked people in a state of r Lative rest or performing light
work producing up to 150 kcals/hr of heat), in the absence of radiction and wind.
Since a2 subclosed layer of air imucdiately surrounds & dressed pe:r. on, tkz graph
is useful in thz evaluation of thermzl sensitivity to temrerature and humidity of
the larter.

.
H
}
¢
[1
k]
3
3
H
H




Y A DR T U M YA

EZBLES

<
3

'y
y,

A
N

B
N
L.

7
it
N
m-m
' 4

N {1 )

H&,Sﬁﬁd-

-

&
—4 o
4

ary
-+

-+ 4F )
Lo

!
7
X

|

T rosmcep
-Y
< ¥
™.
1
2,
I
7

o

.n'n 'S’

-
—

»
]

3
! AT‘:,I
3
&
TN}

s Lawes

174 HY " ARR { NIPOROWOLD

Ketliil g ore oot v
&

$

:

e TONROrNS 50 SRR

MG eme

il :

ety ) O O I S 0 O }x

TecB8O?2R 5.3.233&!!3235]““
R sammase *'“"...... <

ABSOLUTE liUHIDITY
1 - border between stat2s and comfort anda cool for a lightly dressed ferson at rest;
2 - border between comfort and warm for an undressed or lightly dressed person;
3 - border between war and hot; 4 - border between hot and very hot; 5 - upper limit
where it is possible to ut.ntain a stable body tempezature by means of wind, a fem or
forcing air under the clothers; 6 - the limit whea am air flow or forcing air under
the clother does not slow down an {ncreasz in body temperature and only vorsen: the
faeling of discomfort. Body temperature is 1-1.2° per hour (a working man has a
higher rate of increasse).
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I. cooi zone (for an undressed person at rest), discomfort of the first degree;
II. comfort zoae
111, warm zone, discomfort of the first degree;
Iv. hot zone, discomfort of the second degree;
v. very hot zone, discomfort of the thkird degree wvhere without ventilation
a slow overheating is possible;
VI. zone of inevitable overheating with the rate of temperature increase

being 0.2-1.2° per hour;

vit, zone of rapid overheating guaranteeing a survival time of 1-2 hours or
less
the calibration from -2 to +30 ranged along tha relative huzidity line for
10X denotes "he temperature of a wet temperature at this humidity.
If for examgle, onc connects the straight line of ths calibrations for
20 with the intersecting point on the horizontsl axis for the dry the mo-
meter temperature +20 and the line 100 for humidity, one obtains the graphic
value of che remperature of a wet thermometer of all intermediate values
of relr ‘ve humidaity.
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When using the graph in other cases, it s necessary to make the following
additions.

1. At temperatures below 27° for the thermal state of man, some sort of
clothing is provided; in this case for an objective evaluation of thermal sensitivity
it is nece sary to draw in on the grapa the temperature and humidity of subclosing
air ;ndno‘r external air (zatomatically taking into account radiation and
wind).

2, At temperatures above 27° for light clothing, the difference between the
microclimate and the subcluzing air can be neglected and the eifect of the
enviroament can be evaluated directly by temperature and humidity indicators with
relatively small degree of error. This i{s explained by the fact that at these
temperature, the greatcst amount cf heat given off occurs through the evaporation
of perspiration which largely depends on the ability of the environment to evaporate.
Ordinary light clothing however, as cur research shows, lowers the efficiency
of evaporatica if there is no wind by 10 to 152, and if there is a wind as a rule it
barely lowers it at all. In case analysis of subjective sensitivity is necessary
for rersons dressed in specially provided clothing which is inappropriate for the
season of the year, it is of course nece:sury to draw parameters on the graph
for subclosing air. .

3. VWhen the air temperature and that of the protective environment is more thamn
45° it is necessary to take into account thz additionsl flow or yield of heat by
radiation and to make corrections for it (see table 2, subdivision A, point 6,
Subdivision B, point 2). In addition, the graph delimsts the zone of unallowable
high air humidity. According to datafrom Robinson, Turrel and other researchers,
the 2fficiency of evaporation for dressed persons begins to be reduced at humidity
level above 602; a particularly sharp reduction is noticed when the humidity
increases above 80X, Taking into account the difficulty of reducing air humidity
down to 602 which is required for gereral hygien: nrras and the gsmerally ignored
resulting norm, ve consider it necessary to emphasize an absclute mreliability
on our graph of humidity above 80%, although formally these are degrees I and

IT of discomfo.ts. Many researchers have noted that heat given off evaporation
in these conditions due to ocisible condensation of moistures in the clothing

is ¢ low efffziency.

From the above aud explanstions presented with the graph, it !s not
difficuit to explain the order of their use. Thus for example, conditions denoted
by the letter A correspond to a temperature of 39.5° ana relative humidity of
about 18% (sbsolute humidity 9 millimeters of mercury or 12 emb of 3 g/kg) th. s=
conditions being given in zone IV, {.e. they are hot. Further, if one compares
conditions at B {4#7° and 192 relative humidity with cordition G (41° and 60
relative humidity) then it is possible to affirm that in the first case there is
no reason to fear rapid overheating shlle in the second case the endursace
time {8 1-2 hours at the most, although the temperature of conditions at G are
lower than condit <ns at C even though temperature conditions at G are 6° lower
thsn the cundition at C.
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Coniitions at B are identical to conditions at A in thermal effect on mmm,
althougt B is a lower temperature. If one notices the course of the lines limit~
ing the thermezl states, one will see that the equivalency of these conditions is
relative since at low humidities the organism has ~core reserve capabilities than
a¢ higher humidities. Thus, temperature and hmidity increase in the subclose
layer of air which is observed, for instance, during physical work provides
considerably .ess worsening of subjective evaluaticn in conditoins A than the sawz
increase does in condition B (see the arrows pointing away Srom A and B in the graph).

The use of the graph will make possible a rapid ulunt obvious rough esti-
mation or prediction of the subjective feeling of & v ker and an approximate
charscterization of the degree of influence of external =cnditions on his
capacity to work accozrding to table 1.

It has turned out to be quite convenient to dra: in on ke graph data from
the research in the microclimatic conditions of diffec ‘e Jtiects of working
environments, subclothing or sub -~ one piece clotkins +{-rz2ctly during the course
of the experiment which has made it possible to acceieraic the yield of a pre-
lisinary conclusion sccording to the experimental system. On tie graph the dotted
line represents the area of day and night temperatures which we found in some of
the oijects we studied. It is not difficult to see that a wordy cescription of the
dynamics of these conditions would take up more space and Jose sight of the
obvious length with the sutjective feeiing of man. At the sam time it is
possible to say directly from the graph that at nighttime the wicroclimate in the
object is characterized by s~ceptable and comfortable conditiuny with a slight
surplus of humidity. But in the daytime, especially in the hott.st time, people
are in a state of discomfort of the second degree (zone 1IV).

However, the sbove basically concerns 2 method of evaluating human
endurance in high temperatures. In low temperatures, due tc the possibility
of wide variaticn of thermal insulating mesns, closed and exrernal climatic
conditions are not so closely relsted with the subjective evaluation of man that
they could be preseated in the fore of s similar simple graph.

In order to solve the problems of evaluation and predictior of thermal
state of an orzanism of military specialist at different levels of physical dross
and possible varients in clothing worn we compiled a surmarized tatle } containing
the initial Jata for a rough calcuiation of the thermal balance of the wrganism
On the basis of the construction table we used a division of factors vzsponsib.e
for the increase and reductions of latent heat in the organism.

In section A (increase in latent heat) unified romded-off data for a:
average man are given (weighing 65-70 kg with body acrea of 1.5-1.6 a?) accvrding
to levels of endogenous formaticas of heat and exogenous thermal flow (pointy
5-7). In section B the limits are given for the variations in heat yieldex
depending on the physical indicators of the surrounding environment (poin*s L7
physiological capabilities of the organism (points 3 and 6) and thermal insuiit.on
properties of clothing (point 5).
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SURLAKIZED TABLE FOR THE ROUCH COAPUTATION OF THERS L !

BALANCE IX MAM UNDER DIFFEREMY COMDITIONS PERFORNING
PIFFERENT TYPas OF ACTIVITIES AND VEARING QLOTHING *

‘.

Incteass fin lateat heat

Poist

Concersion secrimisa sod
flov of beat toward the

body

Teat 1a
keal /arx

~ Fackors elfecting the

dynanics of latent heat

Besis exchange; hest formstion,
associsted by chemical processes

swpperzing live functions

Besic exchsnge and fiormstion eof

hest st static mwscle tousion
(standing & sitting)

Resfic exchange and formation
of hagt vhen performing phy-
sical lsbor;

a) light

») intermcdiste

) hasvy

4) very hesvy

@) recerd

f) for m efght hour work
doy (aversge)

ints weéiate

beovy
very baavy

Basic exchange and refleccor
protective increase of heast
conversion wnder coeliag
(chemical thermal regulstiom):
a) cool (shivering)

b) very eold,threatening 14%
(violeat shiveriag)

Pessible hest flov from

the extetnal eaviromawat {a
astursl conditwns:

8) from the sw

») frem hot air

Flow of heat from valls
by vadistion

Meinking 2 glams of kot
tea{plate of sovp)

N Lo

W2

10 -I80

)50-230

250~ Ss0

150>

-2 50
a5~ I

=1t

&-3¢c¢

0-15%0

{in & scale
from +33¢
+3%)

(instant~
meously)

Clammlar activity level of
iaternsl secretion {(maicly
the tayreid gland)

-

-

-

level of physical load such
ot

wotk of savigater or radie
s In airplame, zlsssreocs
stedies, wvalking, riding
ic an sutemstile, mecercy

wock of & pile, nevigreor,
radionsn, techmicisn werking
== m. 'ii'iiﬁ - ;‘a;
ul’izary drilling, walking

S kn s hx, quastion f{iring
& clesning veapeas;

work of an alrplase tecimi-
cimm vhen cotrying & swving
beavy ebjects, carTyiang &
patachete, ferced walking at
S~Tan enbirr;

reanizg, fast walk e skiss,
cortyiag heavy veights,

swisming, cress comtry werk
hosing, hord spert activitias

remning, swiaxiag, liftiag
weights (for recerds)

Alternation of peride of
vork rd rest, thytim of

fasuiticient clething te
preserve beat

for exanple, when falling
fate cold water

Pesition type of clethiag,
color of tne surflace, wind

Poremcity of clothiaz, ft2
quaiity as & hext iasclatsr,
wind velocity.

Yor every degrec sbowe +33°

temperature of ¢a.r (Cata !
for teaperature of 2 fiwid ut’
“®*;
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RICHT SIDE OF TABLE

B. Loss or Reduction of Heat Content

a) light clothing(undervear,dress,
undershirt)

b) indocr- clothing(l cm)1

¢) fall clothing(2 clo)

d) winter clothing(3 clo)

&) varmest clothing(6 clo)

£) thick fur sleeping bag (11 clo)

6 Heat given off from intemnal

organs to the surface of the skin:

&) vhen skin blood vessels are mex-
imally expanded

b) when skin blood \ussels are
naximally contracted

c) at comfort

7 Heat absorbed when drinking
& glass water

%

&
<Sn

AL 4

0.5

42

/i
17-92

‘-5.5

instantan~-
eously

Point Jdethod of giving off Rute of Basic conditions providing
heat to the external giving off data for the level of
environaent heat in heat yield; notes .
kcal/hr
1 Heat given off from surroun- Difference of temperatuvces:
ding air from the surface . for every 1 degree of tem-
of the skin or clothing: perature of difference be-
a) in calm air 4 twveen the tempetature of the
b) wind 1 m/sec " surface of the skin or
c) wind 2 m/sec as clothing and air temperature
d) wind 10 m/sec "7 4 (noted: to compute total hea
. yielced it is nocessary to
take pcints 2,3, & & into
A account}. .
2 Heat given off by radiation Difference in temperstures:
from the surface of the skin 7 for every dagree in temper-
ature difference for the
or clothing surface of the skin or
clothing and the walls
3 Heat given off by evap- Difference in prassure, vapor
oration and skin and in the surrcun-
ding air: clothes, wind
a) constant sinimum 20-28 This so-called imperceptible
perspirstion
b) maximum {n ordinacy At rast and vhen working in
conditions 9250 the shade vhen there is no
wind
) maximum with wind 350-950 With well ventilated wet
clothing (when working)
4 Heat given off by light Temperature & humidity of
vnextited respiration 1030 the afr increase proportional
to the decrease in sir lem-
perature (Between +20 & -50)
& vheu ven ilsation of the
lungs ‘ncresses above 25 1/m
3 Heat given off through clothing: Dif{arence in temperatures,

for every 1 degree of dif-
fersnce betwsen the terper-
ature of the surface ol the
body (33°) & the air tevner-
ature from surrounding cb-
Jects (without taking wind
& solar radiation into sc-
ccunt)

When calculating general
heat given off, add points
3 and 4.

Difference in temperatures of
internal organs & skin; for
every degree the temperature
falls between the tewpera-

ture of the {nternal organs
and the skin.

“Lio ~ is a conditional unit of theraal {nsulatfon of clothing, 0.18

in physical units for t'.crmal resistance,
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In the notes short explanations are given about the character of each of
the indicators and methods for imploying them in calculations. For coaplete use
of the data in the table it is of course necessary to take into account general
reductions of thetheoretical basis for human heat exchange as given for example
in articles by N.K. Vitte, P.I, Grumsenev, Barton and Edholm and others. Some
types of more accurate calculations are possible after iemperature research with
devices of walls, surfaces of clothing, etc. But in a number of cases, quite
satisfactory data can be obtained also by means of calculating by logical schemes.

As an example, we might give the case where it is necessary to calculate
for example, of how a pilot would feel who makes an emergency landing in winter
at -40° if he is dressed in winter clothing.

From point 5 in subdivision B we car. determine the heat given off through
winter clothing (3.7 kcal/hr per 1°); the difference in temperature of the skin
(+73°) anu the external environment (-40°) is 73°, so that the total heat given
off 18 3.7 x 73 = 270 kcal/hr.

From section A of graph 3 we see that in order to increase the level of heat
production to the indicated limit it is necessary for the pilot to perfcrm
heavy work. If he just sits around (point 2, section A) he will cool off and the
deficite will reach 270 - 100 = 170 kcal/hr. When los‘ng 170 kcal of heat, he
is in the zone of discomfort of thr: second degree (see table 1, point 7), i.e.,
in an hour the pilot will freeze. The deficiency in progress cannot be stopped
by chemical-thermal regulation (point 4a, section A). In order to preserve a
baiance of heat while in a state of rest the pilot would have to be given the
very warmest of clothing (point 5e, section B) 1.5 x 73® - 110 kcal. However,
as practice shows, such clothing is too bulky and disturbs or is highly incon-
venient for the pilot when in flight, ard a compromise is therefore unavoidable
between protective nd operational qualities of aviation clothing.

Similar examples could be given; it i{s possible to compute, for example,
the limiting temperatures at whose limits the approximate equality of the inflow
and outflow o° heat would be felt. By using the data in table 1 point 7, it
is possible to compute when the discomfort zones of the I,II, and III degrees
start, etc.

Thus, the tables and graphs given here make possible to diagnose roughly
within a wide temperature range the effects of the external environment on
the thermal state of man. The limits we have suggested here for the degrees of
discomfort are a recognized attempt to broaden the problems of hygeienic norms for
military conditions, in so far as it has long been recogaized that a general
hygienic norms are not always technically perceptiblsc and the limits of allowable
deviations from them have not been provided by any means.

We consider it advisable to extend the familiar concepts of comfort
and discoemfort with subdivision of the latter into gradations to other factors
of the external eavironment (noises, vibratic ., content of certain substances in
the air, etc.). The unification of a system of porms for military conditions
will obviously facilitate a better understanding of the requirements of military

medicine by the plaaning engineers of the various services and by the command of
the cosmanding line units.
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