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The emergence of a variety of textile materials with new properties, the development of computer technology has
changed the traditional approach to the processes of selecting materials, design and producing special clothing. The
article discusses the analytical approach of Russian and foreign scientists in the investigation of insulating properties
of special clothing. Regression modeling techniques, optimization theory with the use of computer technology are
widely used under these conditions. The study examines the different regression models, the results of the correlation,
factor analysis in the calculation of the correlation of various parameters: the total thermal resistance, surface density,
water vapor permeability, air permeability, hygroscopicity, surface filling, total porosity, thickness, water yielding. On
the basis of calculations of required insulation protective clothing, the time of continuous stay in the cold for southern
region of Russia workers engaged in Oil production we have developed a computer program.

Based on the proposed regression model the problem of maximizing the quality criterion has been solved. With the
help of quadratic programming methods we defined: the optimum value of the thickness of the package material, the
thickness of the coating materials, the minimum possible value of air permeability in the end — a target set insulation
materials. Due to this approach it has been possible to establish the maximum acceptable construction of special
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clothing for such conditions, as well as to adapt the process of picking a package of materials for these clothes. The
issue complete materials package and the need to study the properties of thermal insulation materials selected as close
as possible for creating a comfortable working environment are related in this article.

Designing heatproof special clothing includes the processes of its testing under different conditions. One of the
problems to be solved in the course of our tests is an analysis of changes in the thermal fields of workers with different
body masses in the process of employment.

Keywords: The insulating properties of special clothing, materials package, a set of clothes, special clothes design;

regression modeling; optimization theory, the thermal radiation field of a worker, insulation special clothing.

For citation: Tvashchenko I.N., Sevrugina N.I., Shmalko S.P. Analytical approach to the insulation properties of special clothing. Gigiena i Sanitaria
(Hygiene and Sanitation, Russian journal) 2017; 96(4): 324-327. (In Russ.). DOL: http://dx.doi.org/ 10.18821/0016-9900-2017-96-4-324-327

For correspondence: Shmalko Svetlana Petrovna, Assistant Professor of Information Educational Department, Kuban State
University, Krasnodar, 350010, Russia. E-mail: shmalko_sis@mail.ru

Received: 08.11.2016
Accepted: 16.01.2017

UeaweHko U.H., CesprocuHa H.U., LLimanbko C.I1.
AHAJTIMTUYECKME Noaxoabl K M30nALUMOHHLIM CBONCTBAM CMNELMANBHOW OOEXObI

!@I'BOY BO «Kyb6anckuii 2ocyoapcmeennvlil ynugepcumemy Munucmepemea oopazosanust u nayku Poccutickoi @edepayuu,
350040, Kpacnooap,

’HAH YOV BO «Akademus mapkemunea u coyuanbHo-ungopmayuonnvlx mexuonoeuti — UMCHTy Munucmepcmea
obpasosanus u nayku Poccutickou @edepayuu, 350010, Kpacnooap

Tossnenue pazHoobOPA3HBIX MEKCMUTBHBIX MAMEPUATOS C HOBbIMU CEOUCMBAMU, PA3BUMUE KOMIbIOMEPHLIX MexX-
HONO2ULL USMEHUIYU MPAOUYUOHHBII NOOX00 K NPOYECCAM 8bl00pa MAMepuaios, NPOeKmupo8anus U npou3600Ccmed
cneyuanbHoll 00edcobl. B cmamve paccmampusaemes ananumuyeckuil n00OX00 POCCULICKUX U 3aPYOEICHbIX YUEHbIX
6 8ONPOCAX UCCLEO08AHUSL USOIAYUOHHBIX CEOUCME CHEYUATbHOU 00edcObl. B smux yciosusx wupoko npumensiiomest
Memoobl pecpecCUOHHO20 MOOETUPOSAHUS, MeoPUU ONMUMUAYUU C NPUMEHEHUEM KOMNbIOMEPHLIX MexHonocul. B
UCCTIe008AHUU PACCMAMPUBAIOMCS PAZTUYHBIE PE2PECCUOHHBIE MOOENU, PE3VIbINAMbL KOPPENAYUOHHOZ0, YaKmopHO20
AHATU308 8 PACUEMAX 83AUMOCEA3EU PA3TUYHbIX NOKA3ameell: CyMMapHoe meniosoe ConpomugieHie, No8epxXHoC-
HAsL NIOMHOCMb, NAPONPOHUYAEMOCHIb, 8030YXONPOHUYAEMOCb, 2UZPOCKONUYHOCHb, NOBEPXHOCMHOE 3aNOIHEeHUe,
obwas nopucmocms, monwuna, éiacoomoaya. Ha ocnoge nonyuennvix pacuemog Heodxooumo meniouzonsiyuu 3a-
WUMHOU 00€HCObL, BPeMeHU OONYCINUMO20 HENPEPLIBHO20 NPeDLIBANUsL HA X000e PAbOMHUKO8 He(hmedodbLeaIoue2o
NPOU3600CMEA KOICHO20 KIUMAMUYECK020 pecuora Poccuu paspabomana npoepamma onsi DBM.

Ha ocnosge npeonosicennoii pecpeccuontoll Mooenu peutena 3a0a4a Makcumuzayuu kpumepus kavecmsa. Memooamu
K8AOpAmMu4ecko2o0 NpocpAMMUPOBAHUs ONpeOelieHbl: ONMUMAIbHOE 3HAYeHUe MONWUHbL NaKemd MAamepuaios,
MOMUUHBL NOKPOGHBIX MAMEPUANIO8, MUHUMAIBHO GO3MONCHOE 3HAYCHUE B030YXONPOHUYAEMOCMU, 8 Umo2e —
NPOZHO3UPYeMAds MenIoUusoNaAyUs KoMniekma mamepuanos. bnazooaps maxomy nooxody okasanocb 603MONCHbIM
VCMAHOBUMb MAKCUMAILHO NPUEMIEMYIO OJIsL 3A0AHHBIX YCL0BULL KOHCIPYKYUIO KOMIIEKMA CREYUATbHOU 00edicobl, d
max sice a0anmupo8ams POYECc KOMIAEKMAYUU NAKema Mamepuanos oiisi OauHol 00excovl. B npedocmasnennoi cma-
mMbe COOMHOCUMCSL BONPOC KOMNIEKMAYUU NAKEMA Mamepuaios U HeodXo00UMOCm UCCIe008aHUS MENLOU30NAYUOHHBIX
CBOUICME BLIOPAHHBIX MAMEPUANIO8, MAKCUMATLHO NPUOTUHCEHHBIX K CO30AHUIO KOMPOPMHBIX YCA08UL MPYOd.
Ipoexmupoganue menio3auumHoll CReyUaIbHOU 00exHCObl 8KIYAem 8 CeOs NPoYeccsl ee UCNIMAHUL 8 PA3TUYHBIX
yenosusx. OOHa U3 3a0au, peulaemvix 6 NPOYecce HAWUX UCNbIMAHUL — MO AHAIU3 USMEHEHUL Menio8blxX nojell
PAOOMHUKO8 C PASTUYHBIMU MACCAMU Mend 8 npoyecce mpyooeot 0esmeibHOCHIU.

KnioueBbie CHOBa: U30IAYUOHHBIE CEOUCMEA CRHEYUANLHOU 00eHCObl, NAKem MAmepuailos, KOMNIEKm 00exobl; npo-
EeKMUpPOBaHUe CNeyuanbHOU 00exHCcObl, PecPecCUOHHOe MOOETUPOSAHUe, Meopust ONMUMU3AYUU,
meniosvie nois paboOMHUKA,; MeNTOUSONAYUA CREYUATLHOL 00eHCObL.

Jna yumuposanusn: Ivashchenko IN., Sevrugina N.I., Shmalko S.P. Analytical approach to the insulation properties of special clothing.
Tueuena u canumapus. 2017; 96(4): 324-327. DOLI: http://dx.doi.org/10.18821/0016-9900-2017-96-4-324-327

Introduction

Maintaining thermal homeostasis of a person may be possible if
you use multilayer special clothing, as human activity is constantly
in contact with the environment. Russian and foreign scientists often
turn to the subject of the insulating capacity of clothing. Despite this
universal recommendations of the analytical approach to the rational
structure of materials package in the complete insulation of special
clothing at a given time do not exist.

Material and methods

The development of computer technology and the emergence
of textile materials with new properties have significantly changed
traditional approaches to the processes of designing and producing
special clothing. Under these conditions, the methods of regression
modeling and optimization theory are widely used [1-6, 9].

Jdas xoppecnongenuuu: [lmarvko Ceemnana Ilemposna,
KaHJ. NeJ. HaykK, 7ol kad. MH(POPMAIMOHHBIX 00pa3oBaTEIbHBIX
texHonoruit KyoIl'Y, 350040, Kpacuomap. E-mail: shmalko sis@
mail.ru

Results and discussion

Regression analysis of dependency is widespread, it provides an
information basis for selecting structural funds to ensure dynamic
matching clothing, a study [1] used the mathematical model of mul-
tiple regression and quadratic nonlinear regression changes measur-
able traits in the dynamics, depending on the amplitude of the angle
changes in the segments of the upper and lower extremities. Since the
distance from the waist line to infrabuttock crease (folds in flexion
(extension) leg at the knee joint, while torso is (1):

Y, =52+ 1.828X, + 1.305X,. (1)

At the bend of the trunk with horizontal abduction (powered)
hand in the shoulder joint of the back length to the waist (2) and the
width of the back (3) have the form:

Y, =2.324 +0.016X, + 0.047X;; ®)
Y, = 15.18 + 0.000007X,% — 0.004X,2 - 0.00003X X, + 0.749X,. (3)

The studies have been carried out and performed predicting the
thermal resistance of knitted fabrics [2] using correlation analysis,
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conducted sensitivity analysis and calculated optimization (mini-
mum and maximum values) of the parameters the properties of such
webs, of which these are the surface density and heat capacity by the
National Pakistan Textile University (4, 5, 6).

R, =-23411+3.117T + 117.97C+7.73/ - 17.57 C* - 0377, 4)
R, =-27142+110.64C+211.33-0.05m — 13.85C*+0.0002m’ - 37.65Cxt + 0.05Cxm — 0.24xm; (5)
R =-15744+2.61Tt+40.82C-38.311+274921 - 0.23m - 0.05Tt + 16.23Cx — 98.88Cxr +0.08. (6)

The Hong Kong Polytechnic University studied clothing insula-
tion taking into account the wind using anthropoid thermal manne-
quin simulating the heat and mass transfer between the human body
and the environment [3], developed and subjected to extensive analy-
sis of the regression model (7,8), revealed that clothing insulation
decreases with an increase in the wind speed and the speed of human
walk. However, the climate chamber with human participation gives
more realistic results, but it requires sophisticated equipment.

I, 1 7
I, C 14027 Vpina T 1.8V = Vo)
R, 1 (3)
R, 1+032(F,0+ L8V, = V)

The Indian Institute of Technology studied the properties of
multi-layered clothing and packages used materials [4]. A mathemat-
ical model for predicting the comfort of the human condition (9) was
established and experimentally confirmed. It is conducting a study of
heat transfer through different materials packages to suit the air gap
between them, but the climatic conditions were taken into account.

oT _ 0 ( 8T) oq, )

C, — = —| - =
P o axkfax ox

The Rumanian National Institute of Research and Development
Studies textile laminates packages containing aramid and viscose fi-
bers to protect against high temperatures [5]. As a result, it created and
experimentally verified mathematical model to assess the comfort of
special clothing using indicators of air permeability and water vapor
permeability, but excluding the impact of climatic conditions (10).

R, =243.88x* + 944.61x + 7595.7. (10)

JE PTUTK =101 X]

Previously, we have carried out the studies to establish the effect
of harmful production and climatic factors on the human body [6], as
well as a package of advanced materials to protect against the cold
[7], coating and thermal insulation materials with different combina-
tions of fibers in structures taking into account climatic conditions
and the energy expenditure operating. On the basis of calculations re-
quired insulation protective clothing, the time allowable continuous
stay in the cold for workers of Oil production from southern region of
Russia the computer program was developed (Figure 1).

Then, factor analysis of the relationship between indicators of
thermal parameters of coating materials heat-shielding clothes was
carried out [8, 9], among them are the total thermal resistance, sur-
face density, water vapor permeability, air permeability, hygroscopic
property, surface filling, total porosity, thickness, water yielding.

We obtained regression models listed relationships: the quadratic
regression relationship (Figure 2) of the total thermal resistance of
the air permeability of the coating materials (X) and the thickness (Y)
and an equation was got (11):

U= 02625 + 1.1451X — 0.0001Y — 0.741.X* 20.005 4XY — 3.011+10°Y2 (11)

The correlation index is relatively high, it is equal to 0.98. Insig-
nificant factors are: the linear term for breathability (o = 0.94), the
quadratic term for the air permeability (o = 0.57). The significance of
all the members of the regression for the thickness, great importance
is the high level of importance to the members of the pair to the thick-
ness and air permeability (o = 0.33). Therefore, from the model (11)
the linear and quadratic terms with breathability were driven and the
following regression model was obtained (12):

U=0.2048 + 1.3470X — 0.8293X*> — 0.0090Y.X. (12)

All parameters of the model are significant. The maximum level
of significance of 0.0017. Correlation index fell slightly to 0.979, the
relative accuracy of the forecast is 4% (Figure 2,3).

The problem of optimal choice of materials for the package
comfortable working conditions in the tested clothes was posed and
solved [10]. Insulation special clothing was selected as a quality cri-
teria. Equations connection optimization problems were obtained
by regression analysis of the correlation between the structural and
thermal parameters set heatproof materials multilayered garments,
such as insulation, surface density, air permeability, thickness of the
coating material that is acceptable for a given packet of materials and
ambient temperature. Quadratic regression
equation (13) for heat insulation kit (U) of

KnumaTuueckuv pervoH (nosc): _9_|

the package thickness (X), the thickness of

Texronorua GopMUpoBaHIA the coating materials (Y) and the air permea-
1y Y e bility (Z) was recieved:
Temneparypa, °C e s U=0,77Y+0,035X- 0372~  (13)
Fiz00 Aeaccasa Pla) ~0,00045X2 — 0,0064ZY — 0,0128 ¥ X.
' a;‘::;:%;? H Correlation index obtained according to
SRR TONENE) B b R =0,998; analysis shows the relative resid-
126.00 _— ual prediction error is less than 1.5%. Figure
*)- 4 is represented as graphically illustration of
Bo3LyxoMpoH. BHeLUH. C11., kyG.AMAKE.MC): obtained quadratic correlation (13).
07.0 Based on the proposed regression model
y we solved the problem of maximizing the
CropocTb BeTpa. Mjc: quality criterion. With the help of quadratic
01.0 methods programming we defined: the opti-
mal value of the package material thickness
~beayusTaBetpa: CyveTom BeTpa: equal to 29.5 mm; the optimum value of the

Tennous. komnn. CU3.(°C*kB.M)/BT:

l0.4921

CpenHeB3B. TOJIL.KOMIJI., MM:

Cxema |

|0.5289
[i1.053

Tennous. komnn. CU3.(°C*kB.M)/BT:

CpenHeB3B. TOJIL. KOMIJI..MM:

thickness of the coating materials — 0.664
mm; the minimum possible value of air per-
meability — 0 dm*/m?s; and the predicted in-
sulation toolkit — 0.777 cm*/W.

Due to the results it appeared the possi-

ik bility of more accurately performing calcu-

|

OMyCTUMOE BPeMaA NPUG. B KOMMNA., Y.
.62

a

lations of the thickness of coating materials
which allow determining in the design of
clothing materials package with maximum
insulation, meeting all modern require-
ments. So accounting principles for the for-

OTmeHa |

Figure 1 — Technology of forming adjustable structure of heat-shielding clothes with thermo-physical

parameters.
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mation of thermal insulation, heat preserva-
tion of homeostasis due to the properties of
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air permeability, water vapor permeability, and others that providing
«breathingy properties of clothes it can achieve proportionality com-
pliance of basic hygiene principles, reduce the impact of negative
factors of the environment, preserving health.

Designing heat protective clothes for work includes its testing
under different conditions. One of the problems to be solved in the
course of our tests is the definition of change of thermal field workers
with different body masses in the course of employment.

The uniform «oilman» has been created at the department of ar-
chitecture and design of the Kuban State University. It is designed for
people working outdoors in harsh environments with rapid tempera-
ture changes. At this stage of the research we studied the thermal ra-
diation of the human field (thermal load), provided the suit «oilman»
for people with different body masses in conditions close to comfort-
able. The studies were carried out at the Department of Physics and
Information Systems of the Kuban State University with a thermal
imager «testo 885-2», the data were processed and analyzed thermal
images using specialized software Testo IRSoft.

Thermal image of a man (Figures 5 and 6) is divided into seg-
ments containing the open areas of the body and limbs closed. The
thermograms obtained after intense movements differ from thermal
images alone. Thermal radiation of the human field is higher than the
intensity of his physical activity.

Fixed the maximum temperature in each segment — hot spot (HS).
In each sector, it is individual and varies with the human moving.

Conclusion

In recent years much in the traditional approach to the design and
production of special clothing has changed. More and more develop-
ers are trying to use a theoretically informed choice multilayer pack-
age clothing materials, taking into account the relationship between
the structural and thermal parameters of materials, using different
mathematical methods, such as regression modeling, optimization
theory, computer technology. Taking into account all the effects of all
the parameters and properties of the heat-shielding clothes is a dif-
ficult task, but the rational combination of layers of materials on the
principle of unity and the coherence properties of the body provides
reliable adaptation to changing conditions with light weight clothing.
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