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Abstract Researchers from National Armed Forces (NAF) of
the Republic of Latvia in cooperation with researches from Riga
Technical University (RTU) have evaluated quality of the
Combat Individual Protection System (CIPS) of the Mtional
Armed Forces of the Republic of Latvia for the functonal replay
of thermal resistance R;, water vapour resistance R, and water
vapour permeability index iy,. In order to protect the soldier in
cold weather environment, researchers divide the #tier’'s body
into the groups, such as the upper body (includingrms without
hands), lower part of the body (legs without feet)neck and head.
Following level of compliance of the CIPS quality bmaximum
layering Ry=3 clo was indentified and fully compliant with
requirements of the climatic region C0-C1 accordingto NATO
AECTP-230 “Climatic conditions” area temperature —€'C until
—32°C. Water vapour resistance identified within a rang of 4.5 to
52.5 nfPa/W depends on layering. Water vapour permeability
index i, identified within the range of 0.05 — 0.65 dependsen
layering. Future work plan has been established oincreasing
the quality level of CIPS to be compatible with C224 climatic
region.

Keywords:combat clothing, NATO climatic regions, thermal
resistance, water vapour resistance, water vapourgomeability
index.

|.INTRODUCTION

National Armed Forces of the Republic of Latvia (RA
has developed the Combat Individual Protection egst

(CIPS), providing protection against artificial anwhtural
threats soldiers face in the military operationseaar
worldwide. Researchers from the National Armed Esrof
the Republic of Latvia in cooperation with researshfrom
Riga Technical University (RTU) have started to ioye the
program of the CIPS.

According to the recent research [1] performed B#FNn
cooperation with RTU, the highest priority of thedim
resistance has been identified by passive expetjnexpert
aprior ranking and following mathematical proceedirNAF
operates worldwide [2] in different climatic cordits. Basic
NATO requirements for clothing systems againstesxrg cold
environment [3] and hot environment [4] set up aibéor the
development of clothing system against the abovetioeed
threats. NATO ACCP-1 [5] describes the physicalleation
process of combat clothing systems.

In case of improper clothing system, cold weatleadt to
more casualties than artificial threats such asletsyl
fragments, explosion overpressure, bladed weapbns,
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Fig. 1. Location of climatic categories according\lATO AECTP-230 [6]
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Fig. 2. Concept of national defence [7]

I1.CLIMATIC ZONES

The objective of the research is to find out climat
categories, where Soldier Individual Protection tSys

NATO has defined five different climatic categoriead ~WOTKS.

their locations (Fig.1.). Climatic category of caiimates is
divided into four parts: CO — mild cold, C1 - intexdiate
cold, C2 — cold, C3 — severe cold and C4 — extreofe:

TABLE |
SUMMARIZED TEMPERATURE AND HUMIDITY CYCLES WORLDWIDE

Meteorological
Category | Temperature| ~ Relative Humidity
(C) (%)
Al 321049 8to3
A2 30to 44 44 to 14
A3 28 to 39 781043
B1 7 days 24 100
B1 358 days 2310 32 88 to 66
B2 26 to 35 100 to 74
B3 31lto 4l 88 to 59
co -6 to -19 Tending to saturation
C1 -21to0 -32 Tending to saturation
c2 -37 to -46 Tending to saturation
C3 -51 Tending to saturation
C4 -57 Tending to saturation
M1 29t0 48 67 to 21
M2 25.5t0 35 100 to 53
M3 -23t0-34 Tending to saturation

Latvia is situated in the region between CO and @1.the
basis of the concept of national defence (Figsaldiers must

I1I.T ESTING METHODOLOGY

Clothing details were divided into the four are&the body
- upper body (arms without hands), lower body (leghout
feet), head and neck. Measurements were carrieditiuthe
equipment Permetegtic.3.)

Fig. 3. Permetest — compact Skin Model type fagtete

Permetest measures both parameters characteribimg t
thermal comfort: thermal and water-vapour resisganc

On the basis of these data it is possible to caleuthe
water vapour permeability index by the equation (1)

60R,

"R

be prepared to carry out the mission also outdideet zones.

Areas C2 - C4 are considered to exhibit the Arctimate,

where the temperature is significantly reduced.
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IV.TESTING RESULTS

A.Upper Body (Armswithout Hands)

are used at the bottom of the body.

In the first table is visible water vapor resis@anbut in

From results of the measurements, we can calculater
vapor permeability index, which indicates how cortdmble
clothing or clothing assembly will be (table 4)déx ranges

All measurements were measured at clothing parishwh from zero to one and while this number is closet,tthe cloth
or clothing assembly counts more qualitative. Watapor

second table thermal resistance. Both of these gata can
see in a graphical representation in figure 4 and 5

permeability index displayed graphically (see Feyy).

TABLE 2.
WATER VAPOUR RESISTANCEUPPER BODY
Ret 1 2 3 4 5 6 7 8 9 10
2nd level 2nd level 2nd level 2nd level 2nd level 2nd level 2nd level
2nd level underwear underwear underwear 2nd level underwear underwear underwear underwear
Unper underwear 3rd level 3rd level 3rd level underwear 3rd level 3rd level Cold weather | Cold weather
PP underwear underwear underwear underwear underwear jacket jacket
body 2nd level
. Cold Cold
(arms without| underwear
hands) Cold weather weather
ol .
3rd level . jacket jacket Gore-Tex Snugpak Gore-Tex jackgtSnugpak hoodefiGore-Tex jacke]
underwear |weather jacket jacket hooded
Snugpak hooded@ore-Tex jacke
% [m2Pa/W % |[m2Pa/W % |m2Pa/W % | m2Pa/W| % |m2Pa/W| % |m2Pa/W % | m2Pa/ % |m2Pa/ % |m2Pa/W} % |m2Pa/
1st 70.9| 45 34.6 16.7 | 20.8 35.7 | 13.5 5.7 13.4 58.8| 244 28.4 | 17.0 395 18.9 39.6 16.5 43.5 16. 48
measurement
2nd 72.8| 4.1 35.8| 15.7| 17.6 40.2 | 13.2 55.1 12.7 59.2| 26/0 26.2 | 16.9 42.2 19.3 39.4 16.0 44, 15. 49
measurement
3rd
p
measurement 725| 4.2 34.2| 16.1| 18.p 37.7 | 13.7 53.0 13.4 57.5| 25/ 26.8 | 18.0 39.7 175 | 39.6 15.8 44, 15. 49
Average 72.1| 4.2 349 | 16.2 |18.9| 37.8 |13.4| 539 13.2 58.5 |25.4| 27.1 |17.3| 405 18.6 39.6 16.1 43.9 15.8 | 49.0
Average
4.2 16.2 37.8 53.9 58.5 27.1 40.5 39.6 43.9 49.0
m2Pa/W
Coefficientof| ) 4| 45 | 23 | 32 |o1| 59 |18| 20 | 34 | 15 [33| 43 |34| 38 | 52 | 03| 23 | 08| 42 | 16
variation %
Ret — upper body, m*Pa/\W
70,0
60,0 58,5
53,9
50.0 49,0
43,9
405 395
40,0 37.8 ’

30,0

20,0

10,0
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4,2 I
oo I 0K
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Fig. 4. Water vapour resistance, upper body
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TABLE 3.
THERMAL RESISTANCE UPPER BODY
1 2 3 4 5 6 7 8 9 10
Rct
2nd level 2nd level 2nd level 2nd level 2nd level 2nd level 2nd level
underwear underwear | underwear underwear underwear underwear underwear
2nd level 2nd level
underwear 3rd level 3rd level 3rd level underwear 3rd level 3rd level Cold weathe Cold
(;ﬁq%e;vﬁﬁgﬁt 2nd level underwear | underwear | underwear underwear underwear jacket weather jacke
hands) underwear Cold weather| Cold weathe
3rd level | Cold weathe jacket jacket Gore-Tex Gore-Tex Snugpak Gore-Tex
. . Snugpak hooded . .
underwear jacket Snugpak Gore-Tex jacket jacket hooded jacket
hooded jacket
m2mK/W m2mK/W m2mK/W m2mK/W m2mK/W m2mK/W m2mK/W mK/W m2mK/W m2mK/W
1st measuremen| 38.1 115.2 298.2 450.9 254.6 23.1 451.3 115.4 386.5 205.6
2nd measurement 38.1 122.8 294.8 481.1 248 26.3 443.6 102.0 345.3 202.1
3rd measurement  33.6 115.5 281.0 450.0 2524 23.4 418.3 10.9 438.8 206.4
Average 36.6 117.9 291.6 460.7 2543 24.3 437.7 107.1 420.0 204.7
Average
m2K/W 0.04 0.12 0.29 0.46 0.25 0.02 0.44 0.11 0.42 0.20
Average
(clo) 0.24 0.76 1.88 2.97 1.64 0.16 2.82 0.69 2.71 1.32
Coefficient of
7.0 37 3.2 3.8 7.3 3.9 6.8 3.6 11
variation % 11
Rct — upper body, clo
3,50
2,97
3,00 2.8z
2,71
2,50
2,00 1,88
1,64
1,50 130
1,00
0,76 0.69
0,50
0,24 016
0.00 —j T T T T T T T T T T | T T T T T T T T T
1 2 3 4 5 6 7 8 =] 10
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TABLE 4
WATER VAPOUR PERMEABILITY INDEX, UPPER BODY
" 1 2 3 4 5 6 7 8 9 10
2nd level 2 nd level 2nd level 2nd level 2ndlevel 2nd level 2nd level
UNDERWEAR UNDERWEAR UNDERWEAR UNDERWEAR | UNDERWEAR | UNDERWEAR |UNDERWEAR
2nd level 2nd level
UNDERWEAR UNDERWEAR
3RD LEVEL 3RD LEVEL 3 RDLEVEL 3 RDLEVEL 3 RDLEVEL CO"JDA‘(’:VEQHER WEC/STL'_?ER
UPPER BODY (ARMS| 2nd level UNDERWEAR UNDERWEAR UNDERWEAR UNDERWEAR | UNDERWEAR JACKET
WITHOUT HANDS ) |UNDERWEAR
CoLD WEATHER | COLD WEATHER
3RDLEVEL | COLD WEATHER JACKET JACKET GORETEX SNUGPAK GORETEX SNUGPAK GORETEX
UNDERWEAR JACKET SNUGPAK GORETEX JACKET HOODED JACKET HOODED JACKET
HOODED JACKET
_ 0.52 0.44 0.46 0.51 0.26 0.05 0.65 0.16 0.57 0.25
IM = 60RCT/RET
im — water vapor permeability index
0,70
0,65
0.60 .57
D.52 0,51
0.50 - 0,46
0,44
0,40
0,30
0,26 0,25
0,20 0.1¢6
0.10
0,05
o,oo-.‘“...“.I‘..‘.‘..‘.
1 2 3 4 5 6 7 8 =] 10
Fig. 6. Water vapor permeability index, upper body
B. LOWER BODY (LEGSWITHOUT FEET) of body. Results are shown in Table 5 and 6 anghica are

shown in Fig. 7 and Fig. 8. Water vapour permeghbifidex

Similar to the upper part of the body, also in thése, the results are shown in Table 7 and Fig. O

measurements were made for clothing parts usdwdidttom

TABLE 5.
WATER VAPOUR PERMEABILITY, LOWER BODY

2 3 4 5 6 7 8 9 10 11 12
RET
ND ND
2 LEVEL | 2 LEVEL | 2'° LEVEL 2% LEVEL | 2'° LEVEL 27 LEVEL | 27 LEVEL CoLo
UDERWEA | UDERWEA WEAHER
UDERWEAR | UDERWEAR |UDERWEAR| o UDERWEAR |UDERWEAR|
2 | EVEL 2P LEVEL R R CoLb PANTS
UDERWEAR - - UDERWEA 3R c c WEAHER
L OWER BODY 3 LEVEL LEVEL LEVEL R 3 LEVEL LEVEL OLb OLD PANTS
- UNDERWEAR| UNDERWEA [UNDERWEA UNDERWEARIUNDERWEA| WEAHER | WEAHER
(LEGs | 2" LEVEL R R PANTS | PANTS
WITHOUT ~ |UDERWEAR R
Feen o werer | wensen GoRETex
3% LEVEL CoLp
UNDERWEA|  WEAHER PANTS pANTS |GORETEX| SNUGPAK |GORETEX|SNUGPAK |GORETEX|SNUGPAK| — PANTS
PANTS PANTS PANTS PANTS | PANTS | PANTS
R PANTS SNUGPAK | GORE-TEX
PANTS PANTS
M2PA M2Pa/ M2Pa/ M2PA M2Pa/ M2PA M2Pa/ M2Pa/ M2PA M2PA M2P M2Pa/
% % % % % % % % % % % %
A | Pl w | P w P w | P w [ P w | P w [ w | P w | T w | P aw| | w
1st
70.9| 4.5|34.4 16.7| 25.8 28.2 | 17.1) 40.8|15.0| 48.2|24.4 28.4| 20.3| 34.3|18.9 39.6 (19.5 35.0(19.3/41.7(21.8 40.3| 20.6
measurement 38.2
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2nd 72.8| 4.1 |35.4 15.7| 24.1] 26.8 | 15.21 47.7|14.6| 49.9|26.0 26.2| 19.7| 36.2 | 19.3 39.4 (17.9 33.8(16.9/43.0(19.247.6| 19.8
measurement 35.7
3rd 72.5| 4.2 |34.2 16.1| 24.0, 27.1| 17.3/ 41.6/16.1| 46.9|25.6 26.8| 18.2| 39.6 | 17.5 39.6 |18.1{38.7|17.3{ 44.1/21.939.7| 19.1
measurement 37.4
Average |72.1| 4.2 |34.9| 16.2|24.7| 27.3 | 16.4| 43.4|15.2| 48.4(25.4 27.1| 19.4| 36.7 [18.6 39.6 |19.0/35.9(17.8/52.5(21.0 42.5| 19.8
37.2
Average 4.2 16.2 27.3 43.4 48.4 27.1 36.7 39.6 359 | 525 | 425
m2Pa/W
37.2
Coefficientof |y 4| 45| 23 32| 41 27 70 87 38133 43| 56| 73| 5203 |51 71| 72| 25| 7.4]103 3.7
variation % 35
Ret — Lower body, m2Pa/\W
60,0
52,5
50,0 48 4
425
40,0 99.6
f 38,7 359 37
30,0 71
20,0 |
10,0
0,0 o o o
1 2 3 4 5 6 7 8 9 10 11 12
Fig. 7. Water vapor resistance, lower body
TABLE 6
THERMAL RESISTANCELOWERBODY
ReT 1 2 3 4 5 6 7 8 9 10 11 12
2 LEVEL | 2% LEVEL 2'° LEVEL 2 LEVEL | 2 LEVEL | 2 LEVEL | 2 LEVEL
UNDERWEAR| UNDERWEAR | UNDERWEAR UNDERWEAR|UNDERWEAR/UNDERWEAR|UNDERWEAR!
2'° LEVEL 2'° LEVEL CoLb Coto
UNDERWEAR UNDERWEAR| CoLbp CoLb WEAHER | WEAHER
3P LEVEL | 3P LEVEL 3 LEVEL 3P LEVEL | 3% LEVEL PANTS PANTS
L OWER BODY WEAHER WEAHER
UNDERWEAR| UNDERWEAR | UNDERWEAR UNDERWEAR(UNDERWEAR|
(LEGS 2ND LEVEL PANTS PANTS
WEIEI-!E(?I—L;T UNDERWEAI Colb CoLb
CoLb WEAHER WEAHER
3P LEVEL PANTS PANTS GORETEX SNUGPAK | GORETEX SNUGPAK GORETEX | SNUGPAK | GORETEX
WEAHER
UNDERWEAR PANTS PANTS PANTS PANTS PANTS PANTS PANTS
PANTS SNUGPAK | GORETEX
PANTS PANTS
M2MK/
M2MK/W M2MK/W M2MK/W M2MK/W M2MK/W M2MK/W | M2MK/W M2MK/W | M2MK/W M2MK/W | M2VK/W W
1st 38.1 115.2 215.8 374.5 183.4 23.1 342. 1154 375(8 123.6 300.7 90.8
measurement
2nd 38.1 122.8 212.7 377.1 182.5 26.3 352.% 102/0 376l1 135.6 281.3 97.9
measurement
3rd 33.6 115.5 22.2 354.4 184.4 23.4 376.9 10.9 3349 243 295.0 100.8
measurement
Average 36.6 117.9 216.9 368.7 183.5 24.3 357.1 1071 3622 127.8 289.0 96.5
Average 0.04 0.12 0.22 0.37 0.18 0.02 0.36 0.11 0.36 0.13 0.29 0.10
m2Pa/W
?‘l’e)fage 0.24 0.76 1.40 2.38 1.18 0.16 2.30 0.69 2.34 0.82 1.86 0.62
Clo,
Coefficient of 7.0 3.7 2.2 3.4 0.5 7.3 5.0 6.8 6.5 5.3 5.9 5.4
variation %
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Rct — Lower body, clo
2,50
238 250 234
2,00 1,86
1,50 1,40
1,00
0,82
0,76
0,69
0,50
D, 24
] 0, ‘16
0,00 ~ T T— T T
1 2 3 4 5 7 8 9
Fig 8. Thermal resistance, lower body
TABLE 7
WATER VAPOUR PERMEABILITY INDEX, LOWER BODY
im 1 2 3 4 5 6 7 8 9 10 11 12
2 LEVEL | 2 LEVEL | 2'° LEVEL 20 L EVEL 2 LEVEL | 2" LEVEL | 2" LEVEL | 2" LEVEL | 2" LEVEL
2 LgvEL [UNDERWEARUNDERWEAR UNDERWEAR| oo - | UNDERWEAR| UNDERWEAR| UNDERWEAR| UNDERWEAR|UNDERWEAR CoLp
WEATHER
UNDERWEA d d d 3% LEVEL d d d Cold coo PANTS
3evel | 3%level | 3%level |ynperwear| 3¢ level | 3%level | 3level WEATHER
L OWER BODY weather PANTS
Lower body (Lecs underwear| underwear| underwear underwear| underwear| underwear pants
(legs without | witHouT Cold Cold
feet) FEET) weather | weather cold
3%level | 3%level pants pants wegther Gore-Tex | Snugpak | Gore-Tex | Snugpak | Gore-Tex | Snugpak
underwear Underwear Snugpak | Gore-Tex pants pants pants pants pants pants pants
pants pants
im=
60RCURet 0.5 0.4 0.5 0.5 0.2 0.1 0.6 0.2 0.6 0.1 0.4 0.2
ct/Re
im — Lower body
0,7
06
06 0.6
0,5 0.5
05 - 0.5
0,4
0.4
0,4 -
0,3 -
0,2
02 - 0,1 0,2
01 7 0,1
0,0 + T T T T T T T T T T I T T T T T T T T T T
1 2 3 4 5 6 8 9 10 11 12

Fig. 9. Water vapor permeability index, lower body
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C. Head Rct - Head, m*K/W
Water vapour resistance is shown in Table 8 and Hig 300
thermal resistance in Table 9 and Fig.11, but wagyour 2,53
permeability index in table 10 and Fig.12 250
TABLE 8 200
WATER VAPOUR RESISTANCEHEAD
Ret 1 2 3 150
Cold weather| Cold weather 0,98
Cold weather hat hat 1001 0,76
Head
hat Snugpak Gore-Tex
hooded 050
1st measurement | 34.7 16.9 18.3| 50.4 16.9 41.¢
2nd measurement 32.9 | 17.2 | 17.0| 57.2] 188 38. 0.00 - . ) L !
3rd measurement| 33.4 16.9 18.2 50.7 17.8 41.5
Average 33.7 | 170 | 178 | 528 | 179 | 404 _ _
Average 170 52.8 40.4 Fig. 11. Thermal resistance, head
m2Pa/W
Coefficient of
variation % 28 |10 | 51 | 72 | 51| 49 TABLE 10
WATER VAPOUR PERMEABILITY INDEX, HEAD
Ret - Head, m2Pa/W im ! 2 3
Cold weathe€Cold weather
60,0 Cold weathdr _ hat hat
528 Head
: hat Snugpak | Gore-Tex
50,0 hooded
im=
404 0.5 0.4 0.2
400 60Rct/Ret
30,0
i, - head
200 —17.0 06
100 - 05 1
04
00 - T 1
1 2 3 03 |
Fig. 10. Water vapor resistance, head 021
0.1 A
TABLE 9 00 .
THERMAL RESISTANCE HEAD 1 2 3
Rct 1 2 3
Fig. 12. Water vapor permeability index, head
Head Cold Cold weather Cold weather hat
weather hat
hat Snugpak Gore-Tex D. Neck
hooded . . .
1st 1525 2094 123.2 Water vapour resistance is shown in Table 11 agd 1,
measurement thermal resistance in Table 12 and Fig. 14, buewaapour
2nd 1558 364.4 124.7 permeability index in Table 13 and Fig. 15.
measurement
3rd 146.4 404.4 107.8
measurement
Average 151.6 391.7 117.9
Average 0.15 0.39 0.12
m2Pa/W
Average 0.98 2.53 0.76
(clo)
Coefficient of 3.1 6.1 7.4
variation %
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TABLE 11.
WATER VAPOUR RESISTANCENECK Rt - Neck, clo
Ret 1 2 3 4 4,00
3rd level 3rd level 3rd level 250
underwear | underwear | underwear
3,00
Neck 3rd level Cold weathef Cold weathe :
underwear | Cold weathe jacket jacket 2,50
jacket Snugpak | Gore-Tex
hooded jacket 2,00
1st measurement 543 9.2 31.0 324 125 58.1 13.7 56.7 150
2nd measurement 52.4 9.8 224 314 144 521 150 56.0
1,00
3rd measurement 53.4 9.5 222 31.0 14. 49.8 14.1 535 ’
Average 53.4 9.5 220 314 13.1 53.3 143 554 0.50 -
Average 4 ]
m2Pa/W 9.5 31.6 53.3 554 0,00 1 ‘ T ) 5 p
Coefficient of
Variation % 14 30 24 22 78 08 45 30
Fig. 14. Thermal resistance, neck
Ret - Neck, m?Pa/W
80,0
533 554
500 TABLE13
WATER VAPOUR PERMEABILITY INDEX, NECK
40,0
315 im 1 2 3 4
30,0 3rd level 3rd level 3rd level
underwear| underwear| underwear
200 Cold weather Coold
os Neck 3rd level _ weather
100 ‘ underwedCold weathgr jacket )
: . jacket
jacket
00 j Snugpak | Gore-Tex
‘ 1 2 3 4 hooded jacket
im = 60Rct/Ret  0.49 0.51 0.61 0.24
Fig 13. Water vapor resistance, neck
TABLE 12
THERMAL RESISTANCE NECK
im - Neck
Ret 1 2 3 4
3rd level 3rd level 3rd level 0.70
underwear | underwear | underwear
0,60
3rd level Cold weathef Cold weathe
Neck underwear| Cold weathef___Jacket jacket 0,50
jacket Snugpak | Gore-Tex
hooded jacket 0,40
1st measurement70.3 266.5 554.0 222.8 0,30
2nd measuremer|82.3 269.1 563.9 223.4 020
3rd measuremeni78.8 269.4 516.9 224.7 010
Average 77.1 268.3 544.9 223.6 0.00 : : : :
Average ! 2 ® 4
m2Pa/W 0.08 0.27 0.5 0.22
'g:‘l’g)rage 0.50 1.73 352 1.44
. Fig. 15. Water vapor permeability index, neck
Coefficient of g 0.6 45 0.4
\variation %
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V.CONCLUSIONS

Individual soldier protection system complies withe
quality of NATO AECTP-230 Latvian climatic regior30 -
C1 (up to 3 clo).

It is necessary to increase the level of qualitynaividual
soldier protection systems in compliance with NAABCTP-
230 arctic climatic regions of C2 - C4 (3 to 4.6)cl
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At the same conditions laminates reduce RCT, is&reayeta Abele

RET and decrease im.
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Igors Sitvienkins, Ausma Viumsone, Una Zarha, Iveta Abele. Kaujas individualas aizsardabas sistma. Siltumizolacijas Ry , adens tvaika pretestbas
Ret Un dens tvaika caurlaidibas i, funkcionalo atsawtu novert gjums

Latvijas Republikas Naciatie Brunotie sgki ir izveidojusi Kaujas individalas aizsardibas sistmu (KIAS), kura nodroSina aizsaitier pret nmaksiigo un
dabigo apdraugiumu, ar ko karaws sastopas milito opeaciju rajonos vig pasaul. Fetnieki no Nacioalajiem Brujotajiem spkiem sadartba ar gEtniekiem
no Rigas Tehnisiks universiites ir uzakuSi KIAS pilnveidoSanas programmu. Pamatojotiesiepriek&jos pEtijumos iegditajiem rezulitiem, Etnieki ir
uzsakusi KIAS pilnveidoSanu katra funkcialaja atsaugé. Viena no prioriirajam funkcioralajam atsauém, kam @tnieki ir pieversusi uzmafbu Saj petijuma, ir
KIAS siltuma izoficijas funkcionla atsauce. &nieki ir izpetijusi KIAS siltuma izoicijas kvaliiti un to atbilsibas imeni NATO normawvo dokumentu
pragbam. Retnieki ir veikuSi eksperimentus uz vaku KIAS ietilpstoSu mateditehnisko Tdzeu sknu kombiraciju dazdas kermeya ddas — gald trijas
kombiracijas, kakh ¢etras kombiracijas, kermena augSdia (rokas bez plaukam) desmit kombifcijas, kermeia lejasdéa (kajas bez pdam) divpadsmit
kombiracijas, ko t pielieto pret aukstumu igermaya siltuma zudumu na@vSanai. Par pamata apdrajuonu tika iz\eEletasara gaisa temperiaas klimatiskajs
zoras CO, C1, C2, C3, C4 — keja diapazoa no — 6C lidz — 57C saskaa ar NATO AECTP-230 ,Climatic conditions”, kas ietveed af NATO STANAG
4573 ,Design criteria for arctic clothing” pibas KIAS aizsardbai lidz — 50C. Klimatiskas zonas CO — C4 ietver $eNBS operaciofilos dartibas rajonus, ko
paredz Valsts Aizsaratzas koncepcija. Saskaar [Etijumu rezulatiem KIAS kvalitates imenis atbilst klimatiskajiem ggoniem CO — C1 — kafja temperatras
diapazoia — 6°C lidz — 33C. KIAS kvalitite pidauj sasniegt siltuma izadiju lidz R, = 3 clo jeb 0,46 m2K/W pie attitgas KIAS ietilpstoSo mataftehnisko
Itdzeu komplekacijas. Pie 8das komplekicijas pretesba aidens tvaika izvadei ir 53.9 m2Pa/\iitlens tvaika caurlaidas indekssyiir 0.51. KIAS siltuma
izolacija kopuna varigjama diapazanno R; = 0.16 1dz 3 clo. KIAStudens tvaika preteista varéjama diapazanno 4.2 idz 58.5 m2Pa/W, savak udens tvaika
caurlaidbas indekss vagjams no , = 0.05 idz 0.65. Seciits, ka KIAS kvalifites imenis neatbilst klimatiskan zoraim C2 — C4, kam saskaar 1SO 11079 ir
nepiecieSama siltuma izofja no 3 1dz 4.5 clo. Btjjuma konstaéts, ka pie vieadiem apsikliem membiinas lamiati samazina R, palielina R; un samazina.i

Hrops HIuTBénkun, Aycma Buimiomcone, Yua 3apuna, HBeta Aoese. boesas Cucrema UnanBuayansnoii 3amutel. McciienoBanne GpyHKIHOHATIBHOTO
OTKJIMKA TEeIVIOH30/10HH R, CONPOTHBIIEHHS BOASHOTO Napa Re;, HHAeKca IPOHHIIAEMOCTH BOASHOIO NAapa im

Hanmonansneie Boopykennbie cuiibl (HBC) JlarBuiickoit Pecriy6onuku co3nanu boesyro Cucremy Unnusunyansnoit 3amutel (BCU3), koTopas obecrieunBaet
3aIUTy OT MCKYCCTBEHHBIX M €CTECTBEHHBIX YIPO3 ¢ KOTOPBIMM COJIIAT CTAIKUBAECTCA B palioHaX NMpOBUICHMS onepauuii no Bcemy mupy. Mccenenosarenu us3
HaumonansHeix Boopy»KeHHBIX CHII COBMECTHO € HcclieqoBaTemsiMu u3 Pinkckoro TexHHYecKoro YHuBEpcHTETa Havyald MpOrpamy Mo YIyYIIeHHIO O0eBOi
Cuctemsl MuamBuayansHoit 3ammTel. OCHOBBIBAACh HA pe3yibTaTax MPOLUIBIX HCCIEAOBAHMIA, CMCUHANTUCTHl HAyald YIyYlIIEHHE CHUCTEMBI B KaXIOM
(yHkuMOHaNEHOM OTKJIMKE. CrelMaNiCThl MCCIEIOBAIM  YPOBHHM TEIUIOM30JIUMOHHOr0 kayectBa bCHU3 u ux coorserctBue HopmatuBam — HATO.
HcenenoBatenn MpoBey 3KCIEPUMEHTHI Ha PA3IMYHBIX KOMOMHAIMAX MaTepHalbHO-TEXHHUYECKUX CPEICTB BXOAAMMX B coctaB bCH3 B pa3snMyHBIX 4acTAx
Tena — rojioBa B TPEX KOMOHMHALMSAX, IIes — B YEThIPEX KOMOMHALWMAX, BEPXHss YacTh Tena (pyku 0e3 janoHei) B AecsSTH KOMOMHALMSX, HIDKHSS 4acTh Teia
(noru 6e3 cror) B ABEHaALATH KOMOMHALMAX, KOTOPBIE B OCHOBHOM IPUMEHSIOT JUIS 3AIIUTHI NPOTHB X0J10/1a U [UTS NPEJOTBPAIIEHHS TEIUIONOTEPh OPraHU3MOM
pazmanueii. 3a OCHOBY BUJA yrpo3 OblIa MPUHATA TEMIIEPATypa BO3AyXa B KIMMaTHIeckuX 30Hax CO, C1, C2, C3, C4 »-o6mem muanasone ot — 6°C no — 57°C
B coorBercenu ¢ NATO AECTP-230 ,Climatic conditions”gkmouaromuii B8 cedst takoke NATO STANAG 4573 ,Design criteria for arctic clatiy”
TpeGosanus no BCH3 1o — 5FC. Knumaruueckue 30ns CO — Cdpimoualor B ceGa oneparponubie paiionsi HBC B cooTsercTun ¢ I'ocymapcTBeHHOl
000pOHHOI KOHLenuue. B cooTBeTcTBUM C pe3yibTaramu uccienoBaHusi kauectBo BCU3 coorBercByer kimMartudeckum peruonam CO — Cl oOwmem
nmanasone ot — 6°C 10 — 32C. Kauectso BCU3 no3BonsieT A0CTHYb Teruion3osiuun 10 Ry = 3 clowm 0,46 m2K/Wnp# COOTBETCTBYIOIIEH KOMOHHALH
MaTepHalbHO-TEXHUUYECKUX CPEACTB, BXoaamux B coctaB BCU3. B naHHOi KOMOMHAIMM CONMPOTHBIEHHE BBIBOLY BOISHOTO Mapa cocTaBisseT Re = 53.9
m2Pa/W,uHJeKC NPOHUIIAEMOCTH BOJISIHOTO Mapa COCTaBisieT im = 0.51.BCU3 obmas Tennon3osnuu u3mMeHsercs B auanasone Ry = 0.16 1dz 3 clo.bCHU3
COMpPOTHBIICHHE BBIBOAY BOJSHOrO Mmapa coctasisiet 4.2 10 58.5 m2Pa/We cBoro odepe b MHIEKC MPOHUIIAEMOCTH BOSIHOTO Mapa COCTaBIseT im = 0.0510 0.65.
bbbt crnenmaH BBIBOA O HEOOXOAMMOCTH TOBBIIEHUS YpoBHS kadectBa BCU3 st cooTBeTcTBMsS KimMaTtuueckuM pernoHam C2 — C4,B KOTOPHIX YpOBEHb
kauectBa BCU3 nomkeH coorBercTBoBarh oT 3 10 4.5 Clo.B uccnenoBanny takxke OBLIO YCTAHOBJICHO, YTO MEMOpPAHHbIC JJaMUHATHI PU PABHBIX YCIOBUSX
CHIJKAIOT TEIUION30JALMIO Ry, yBEINUMBAIOT CONPOTHBIICHHUE BBIBOIY BOJSHOTO Mapa Ret M YMEHBIIAIOT HHAEKC HPOHUIIAEMOCTH BOJISHOTO 11apa im.
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