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In mountain tourism conditions, clothing is simultaneously exposed to low temperatures, wind, precipitation,
and a complex of mechanical loads (tension, bending, twisting, abrasion), which are cyclical in nature and are
unevenly distributed over the product zones. The paper proposes a method for selecting clothing material packages
(shell, insulation, and lining) for mountain tourists, taking into account a combination of external operating factors
(temperature, humidity, wet cooling and freezing, wind and abrasive load) and internal factors (level of heat
production, sweating, dynamic movements, and local pressures). The method is based on the zoning of clothing
structural elements according to the types of operational loads and the use of a multi-criteria selection matrix that
includes experimentally determined indicators: residual deformation under cyclic loading, the rheological
characteristics of insulation materials under perpendicular compression in dry and moist conditions, and the fatigue
resistance of material packages under combined effects of tension, torsion, and abrasion. The obtained results show
that moisture and subsequent exposure to climatic conditions significantly change the deformation properties of
insulation materials: natural materials exhibit an increase in rigidity, while synthetic insulation materials maintain
more stable performance characteristics. It has been established that packages with synthetic insulation based on
Thinsulate have minimal residual deformation in the elbow area and increased resistance to fatigue wear, which
justifies their rational use in clothing for mountain tourism.

Keywords: mountain tourism, autumn clothing, material package, wear resistance, operational
factors, abrasion, fatigue wear.
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B ycnosusax zopnozo mypusma odexcoa 00Ho8pemeHHO noogepzaemca Oelicmeuto HUKUX memnepamyp, éempa,
ammocghepnvix 0cadKkoe U KOMni1eKca MeXanu4ecKux Hazpy3oK (pacmsasicenue, uszuo, KpyueHue, ucmupanue), Komopbole
HOCAM YUKAUYECKUI XapaKmep U pacnpeoensaiomcsa no 30Ham uzoenusn nepasnomephno. B pabome npednoscen cnocod
6b100pa nNaKemos mMamepuanos 00excovl (000104Ka — ymenaumenb — ROOKIAOKA) O 20PHOZ0 MYPUCIA C YHenom
COBOKynHOCMU GHEWHUX (DAKMOPoe IKcnayamayuu (memnepamypa, 6G1a)NCHOCHb, MOKpoe oXiajycoenue u
3amopajicueanue, 6empoeas U adpazueHAs HAZPY3Ka) U GHYMPEHHUX (aKkmopos (Ypoeenv menaionpooyKyuu,
nomoomoenenue, OUHAMUKA OBUNICEHUIL, JIOKATbHble 0asienusn). Memoo ocHosan Ha 30HUPOGAHUU KOHCHPYKMUGHBIX
/1eMEHM 08 00e)CObl N0 MUNAM IKCHIIYAMAYUOHHBIX HAZPY30K U HPUMEHEHUU MHOZOKDUMEPUATbHOT MAMPUL b 66100pd,
eKNIOUalOuell IKCHEPUMEHMATILHO Onpedeiaemble NOKA3AMENU: OCMAMOUHYI0 Oehopmayuio npu UUKIUYECKOM
HazpysrceHun, peonozuiecKue XapakmepucmuKku ymenaumeneil HPU NEPREHOUKYIAPHOM CHCAMUU 6 CYXOM U
VENANHCHEHHOM COCMOAHUU, A MAKXHCe YCMANOCHHYI0 U3HOCOCHOUKOCHb NAKEMO08 Mamepuanos npu co4emaHHoM
6030eiicmeuu pacmasxcenus, Kpyuenua u ucmupanus. Ilonyuennvie pesynibmamol NOKA3blealOM, YMO yenax;cHenue u
nocieoyrouiee 6030elicmeue KIUMAMUYECKUX YCO6UIL CYWECMEEHHO UMEHAIOM Oehopmayuonnvle ceoiicmea

184


https://doi.org/10.48184/2304-568X-2026-3-184-1
mailto:Zh.usenbekov@mail.ru
mailto:Zh.usenbekov@mail.ru
https://orcid.org/0000-0003-0221-1226
https://orcid.org/0000-0003-1563-2783
https://orcid.org/0000-0003-3659-2979

AJIMATBI TEXHOJIOTHSUIBIK YHUBePCUTeTiHIH xadapmbicsl. 2026. Ne3.

ymenaumeneil: HAMypaaibHble MAMEPUATbl XAPAKMEPUIYIOMCA POCIOM HCECHIKOCHIU, MO020a KAK CUHMmemuuecKue
ymenaumenu coXpaHaiom 6osee cmaouibHble IKCRIAYAMAYUOHHbIE XAPAKMEPUCMUKY. YCIMaH06neno, Yno nakemsl ¢
cunmemuueckum ymenaumenem Ha ocnoge Thinsulate o6nadaiom munumansHoil ocmamouHoll degpopmayueii 6 30ne
JIOKME6o20 ceuda U NOGLIUEHHON YCHIOUYUGOCHbIO K YCHMAIOCHHOMY U3HAWUGAHUIO, YMO 000CHOBLIGAEH UX
PAyUOHANIbHOE NPUMEHEHUE 8 00€HCOe ONIAL 20PHO20 mypusma.

KuroueBbie ciioBa: ropHblii TYpU3M, OCEHHSISl OJeK1a, MaKeT MATepPUAI0B, H3HOCOCTOMKOCTD,
IKCILTyaTallHOHHBIE (PAKTOPbI, a0pa3uBHBII H3HOC, YCTAJIOCThHBII H3HOC.
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Tay mypusmi yncazoaiivinoa Kuim 0Oip mes2inde momen memnepamypaza, dceize, AmMoc@epanvik, HeaybiH -
WAWBIHRA HCIHE MEXAHUKAIBIK JHCyKmemenep KeuieHine (co3vluy, uiny, oypaiy, mosy) yuiolpaiiovl, o1ap yukioik
cunamma 001a0bl JicoHe OHIMHIN aiumakmapvina Oipkenki 001iHOeldi. JKymvicma coipmKbl naioanamy
axkmopnapvinotyy (memnepamypa, vli2anoblibvlK, ObIMKbLL CATIKbIHOAMY JCIHE MY30amy, JHcel JHcaHne adpazuemi
JcyKkmeme) dcane iwKi hakmopnapowviy (dicolily OHiMOepiniy 0eHzeili, mepey, K032aablc OUHAMUKACYL, Hcep2inikmi
KbICbIM) JHCUBIHIMBIZbIH eCKepe OMbIPbli, may mypucmepi yuwiin Kuim mamepuaioapvlHbly nakemmepin (Kaovlk —
oKwaynay — mecey) mawoay ao0ici YColHblIAH. OO0IC HCYMbBIC HCyKmemeepiniy mypaepi 0oibiHua KuimMHiH
KYPolIbIMObLK JleMeHmmepin aimaxkmapea 6oJiyze yHcane IKCHEPpuUMeHmanovl mypoe anvlKmaiean Kopcemxiuimepoi
KaMmumusli manoayovlyy Kon o1uemoi Mampuyacobli Koa0anyea He2izoenzen: YUKk dcyKkmeme Ke3inoezi Kauiowvlk
depopmanusn, Kypax dHcoHe blIANO0AH2AH Ke30€ NEPREeHOUKYNADP Kbicy Ke3inoeci OKuiaynayowlH peoioZUAIblK
CUnammamanapsvl, COHOAU-ax, CO3blay, OYpany dHcaone mo3yowlH, OipjlecKeH acepinen mamepuandap naxemmepiniy
wapwayza me3simoinici. Homuowcenep u112an0anovlpy cone KiuMAmmoulK Hca20aunapovly Keuinzi acepi
OKWaynayowty, 0eopmayuAnblK Kacuemmepin aumapiviKmaii o3zepmeminin Kopcemeoi: maduu mamepuanoap
KAmmol1bIKMblY OCYiMeH CURAmmanaosl, a1 CUHMEMUKAIbIK OKWAY1ay mYpaKkmol OHiMOIIK cUnammamaiapvli
cakmaiiovl. Thinsulate nezizinoezi cunmemuKanvlK OKWAy1ay naKkemmepi wiblHmMax, oOy2ily aumazolH0a MUHUMAIOb
KA10bIK OehopManyuaza Heone wmapuiaya mo3imoiiikmin H#co2apuliayblng ue eKeHoici aHblKmanovl, Oy onaposl may
mypusmi yuiin Kuimoe ymuimowl K0J10aHy0bl He2i30elioi.

Herisri ce3nep: Tay Typu3mi, Ky3ri KuiM, MaTepuaagap nakeTi, To3yra Te3imMAailik, maigamsany
(axTopaapsl, KakaKThl TO3Y, IIAPIIAT TO3Y.

Introduction properties of the product as a whole.

Mountain tourism is a type of sporting activity The aim of this work is to study the wear
with increased demands on the functional and resistance of material packages of autumn clothing
performance characteristics of clothing [1, 2, 3, 4]. In for mountain tourism, taking into account external
the fall season, operating conditions are characterized and internal operating conditions, as well as to assess
by significant temperature fluctuations, exposure to the fatigue wear resistance of multilayer textile
precipitation, wind loads and a high probability of systems.
mechanical damage to clothing [5, 6] when in contact Materials and methods
with rocky surfaces, vegetation and elements of Operating conditions and wear factors. The
tourist equipment. use of clothing in mountain tourism conditions is

The wear resistance of material packages is accompanied by the simultaneous influence of a
one of the key indicators of the reliability of clothing complex set of factors that determine the intensity of
for mountain tourism athletes, since the destruction or material wear [2, 5, 6, 7, 8, 9]:
degradation of one of the layers leads to a decrease in » mechanical stress (stretching, bending,
the protective, thermal insulation and ergonomic compression, torsion, friction);
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» abrasive wear from contact with rocks, soil,
and equipment;

e climatic  stress  (low
precipitation, wind);

« moisture loads caused by rain, wet snow, and
sweating;

» multiple loading cycles leading to fatigue
failure of the fibers.

The combined effect of these factors creates a
complex stress-strain state of the package materials
and requires an integrated approach to assessing their
wear resistance.

Research objects and methods

The research object is autumn clothing for

temperatures,

Table 1. Structure of the studied material packages

mountain tourism athletes used in the mountainous
and foothill regions of the Republic of Kazakhstan.

Structure of material packages. The study
examined typical material packages for tourist
clothing, including:

e outer layer (dense woven and membrane
synthetic materials);

e insulation layer (synthetic fiber fillers);

e lining layer (knitted and woven materials).

The formation of packages was carried out
taking into account the technological compatibility of
materials and their functional purpose. Table 1 shows
the composition of the studied packages (fragment).

Package Number The outer layer Insulation layer The lining layer
11 Polyamide fabric with PU Synthetic insulation Polyester knitwear
coating (polyester)
112 Membrane fabric Holofiber Woven Polyester
113 Thick synthetic fabric Synthetic insulation High-density knitwear

Methods for assessing wear resistance.

Standard methods according to GOST and
ISO were used, as well as an experimental setup
[10-12]. The wear resistance of the material
packages was assessed using the following
methods:

« abrasive and fatigue wear tests based on
the number of cycles until surface failure;

« determination of the tensile strength of the
package before and after exposure to wear factors;

« analysis of changes in the mass and
structure of materials after testing;

« visual assessment of damage to fibers and
interlayer bonds.
The tests were conducted on an experimental
setup that simulates the conditions of clothing use
in autumn mountain hikes. Unlike the standard
Martindale abrasion methods, the setup used
allows for the evaluation of the mechanism of
fatigue wear under the volumetric stress state of
the package. The degree of wear was assessed by
the decrease in the breaking strength of the
package of materials before and after the impact.
At the same time, to quantify the wear resistance

Table 2. Tensile strength of bags before and after testing

of the packages of materials, the indicators of the
coefficient of preservation of the strength of the
package, the indicator of wear, which charac-
terizes the relative decrease in strength and the
integral indicator of wear resistance of the
package were used.

The main criterion of wear resistance is adopted
by the coefficient of preservation of the tensile
strength of the package of materials:

Pafter
K, =2 =*"
" Pbefore
where:
Pretore — breaking force of the package before
testing, H;

Paser — the breaking strength of the package after
exposure to wear and tear factors, H.

According to the results of the experimental
study, the coefficients of tensile strength
preservation for the packages under consideration
are as follows (Table 2).

Package Number Phefore, H Pater, H Kin
11 820 710 0,87
112 790 640 0,81
113 860 770 0,89
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When Ki, > 0.85, the material package is
considered wear-resistant [10].

The degree of degradation of the material
package as a result of operational influences is
characterized by the wear indicator. The wear
indicator | reflects the relative decrease in
durability and is determined as a percentage using

Table 3. Wear rates of material packages

the following expression:

_ Ppefore — Pafter

I -100 %
Pbefore
The wear rate for the packers under

consideration is shown in Table 3.

Package Reduced strength, % Assessment of wear resistance
1 13,4 high
112 19,0 average
113 10,5 high
An integral indicator was used for a rational are packages that combine a wear-resistant

comprehensive assessment of the multilayer
structure:
n
W = a;- Ki
i=1

where:

Ki — the coefficient of preservation of the
strength of the i-th layer;

a;— layer weight ratio,;~; a;= 1;

n — number of layers per package.

The most stable characteristic s
demonstrated by package P1, which indicates an
optimal distribution of stresses between the layers.

Results and discussion

The data obtained are consistent with the
results of domestic and foreign studies [8, 9, 13,
14, 15]. The test results showed that the most
wear-resistant materials are packages of
materials with an outer layer based on dense
synthetic fabrics with a protective coating. Such
materials demonstrate high resistance to abrasive
wear and maintain the integrity of the structure
during repeated friction cycles.

Insulation layers based on synthetic fibers
are characterized by satisfactory shape stability,
but partial reduction of thermal insulation
properties is observed at increased humidity, which
is consistent with the results of previous studies.

Lining materials with increased surface
density contribute to a more even distribution of
loads and reduce the intensity of wear of the
internal layers of the package. A comprehensive
analysis has shown that the wear of one layer leads
to accelerated destruction of the entire system of
materials, which confirms the need for a systematic
approach to the design of clothing packages.

Conclusion

The study allowed to establish the basic
patterns of wear of packages of materials of autumn
clothes of athletes of mountain tourism. The most
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outer layer, a moisture-resistant insulation and a
durable lining material.

The obtained results can be used in the
design and modernization of tourist clothing [16,
17], as well as in the development of recommen-
dations for selecting materials in order to increase
the reliability and durability of products.

REFERENCES

1. T.H. Kykun. TexHomorus mBeHHbIX H3/e-
nui : yueO. mocobue. — M.: JlermpomObITH3 AT, 2019. —
320 c.

2. C.B. EpmakoB. DKkciulyaTtallMuOHHbIE CBO¥i-
CTBa TEKCTWJIBHBIX MaTepHaJoB : yueb. mocobue. —
CII0. : ITpodeccus, 2020. — 288 c.

3. J. Fan, L. Hunter. Engineering Apparel
Fabrics and Garments. — Cambridge : Woodhead
Publishing, 2009. — 416 p.

4.  K.L. Hatch Textile Science. — New York :
Fairchild Books, 2013. — 512 p.

5. Tarent Pecrrybmmxu Kaszaxcram Ne 4212.
Croco06 wmccnenoBaHusi HM3HOCOCTOWKOCTH TAKETOB
MaTepuasgoB OJIEKIbl U YCTPOMCTBO HJisi €ro ocy-
mectienus / C.K. Hypb6ait, )K.A. Ycenbekos, C.K. Jlo-
nanauaa, A. Kanmarymel. — HUHWC PK, omy6m.
06.03.2019.

6. 1SO 12947-1:1998. Textiles — Determi-
nation of the abrasion resistance of fabrics by the
Martindale method. Part 1: Martindale abrasion testing
apparatus. — Geneva: 1SO, 1998.

7. K. Slater. Textile Testing and Quality
Control. — Boca Raton: CRC Press, 2017. — 312 p.

8.  B. Saville. Physical Testing of Textiles. —
Cambridge: Woodhead Publishing, 2008. — 384 p.

9. J. Hu. Structure and Mechanics of Woven
Fabrics. — Cambridge: Woodhead Publishing, 2004. —
312 p.

10. TOCT 9733.27-83. MatepHaibl TeKCTUIIb-
Hple. MeToapl HCHBITAHWMH Ha u3HOC. — M.: M3a-Bo
craaapTos, 1984. — 12 c.

11. 1SO 12947-2:2016. Textiles — Determina-
tion of the abrasion resistance of fabrics by the



AJIMATBI TEXHOJIOTHSUIBIK YHUBePCUTeTiHIH xadapmbicsl. 2026. Ne3.

Martindale method. Part 2: Determination of specimen
breakdown.

12. 1S0O 11092:2014. Textiles — Physiological
effects — Measurement of thermal and water-Saville B.
Physical Testing of Textiles. — Cambridge: Woodhead
Publishing, 2008. — 384 p.

13. A.H. BapanoB Onexna Iuisi SKCTpeMab-
HBIX yenoBuid. — M.: Mudpa-M, 2021. — 256 c.

14. K.A. Ycen6ekos, C.K. Hyp6aii, E.A. Amu-
moBa HccnenoBaHue CBOWCTB yNAaKOBOK 3MMHEH
omexel cnoprcMeHoB // 3Bectus By3os. TexHomorus
TEeKCTHIIbHOU npombinuieHHOCTH. — 2017. — Ne 4 (370).
—Ic. 200-202.

15. G. Havenith, I. Holmér, K. Parsons
Personal factors in thermal comfort assessment //
Climatic Change. — 2002. — Vol. 52. — P. 63-76.

16. Y. Li The science of clothing comfort
/[Textile Progress. — 2001. — Vol. 31, No. 1-2. — P. 1-135.

17. A. Das, R. Alagirusamy Science in
Clothing Comfort. — New Delhi: Woodhead Publishing
India, 2010. — 364 p.

REFERENCES

1. G.N. Kukin Tekhnologiya shveynykh
izdeliy: uchebnoye posobiye. [G.N. Kukin Technology
of garments: a tutorial] // M.: Legprombytizdat, 2019. —
320 p. (In Russian)

2. S.V. Yermakov Ekspluatatsionnyye svoy-
stva tekstil'nykh materialov: uchebnoye posobiye.
[Ermakov S.V. Performance properties of textile
materials: a tutorial] // St. Petersburg: Profession, 2020.
- 288 p. (In Russian)

3. J. Fan, L. Hunter Engineering Apparel
Fabrics and Garments. — Cambridge: Woodhead
Publishing, 2009. — 416 p.

4. K.L. Hatch Textile Science. — New York:
Fairchild Books, 2013. — 512 p.

5. Patent Respubliki Kazakhstan Ne 4212.
Sposob issledovaniya iznosostoykosti paketov mate-
rialov odezhdy i ustroystvo dlya yego osushchestvleniya
/ S.K. Nurbay, ZH.A. Usenbekov, S.K. Lopandina,
A. Kanatuly. [Patent of the Republic of Kazakhstan No.
4212. Method for studying the wear resistance of
clothing material packages and device for its
implementation / S.K. Nurbay, Zh.A. Usenbekov,
S.K. Lopandina, A. Kanatuly] // National Institute of
Intellectual Property, published 06.03.2019. (In
Russian)

188

6. 1SO 12947-1:1998. Textiles — Determina-
tion of the abrasion resistance of fabrics by the
Martindale method. Part 1: Martindale abrasion testing
apparatus.

7. K. Slater Textile Testing and Quality
Control. — Boca Raton: CRC Press, 2017. — 312 p.

8.  B. Saville Physical Testing of Textiles. —
Cambridge: Woodhead Publishing, 2008. — 384 p.

9. J. Hu Structure and Mechanics of Woven
Fabrics. — Cambridge: Woodhead Publishing, 2004. —
312 p.

10. GOST 9733.27-83. Materialy tekstil'nyye.
Metody ispytaniy na iznos. [GOST 9733.27-83. Textile
materials. Wear test methods] // Moscow: Publishing
house of standards, 1984. — 12 p. (In Russian)

11. 1SO 12947-2:2016. Textiles — Determina-
tion of the abrasion resistance of fabrics by the
Martindale method. Part 2: Determination of specimen
breakdown.

12. 1SO 11092:2014. Textiles — Physiological
effects — Measurement of thermal and water- B. Saville
Physical Testing of Textiles. — Cambridge: Woodhead
Publishing, 2008. — 384 p.

13. A.N. Baranov Odezhda dlya ekstremal'nykh
usloviy. [A.N. Baranov Clothing for extreme
conditions] // M.: Infra-M, 2021. — 256 p. (In Russian)

14. ZH.A. Usenbekov, S.K. Nurbay Ye.A. Ashi-
mova Issledovaniye svoystv upakovok zimney odezhdy
sportsmenov. [Zh.A. Usenbekov, S.K. Nurbay,
E.A. Ashimova Study of the properties of packaging for
winter clothing for athletes] // News of Universities.
Textile Industry Technology. - 2017. - No. 4 (370). - Ps.
200-202 (In Russian)

15. G. Havenith, |. Holmér, K. Parsons Per-
sonal factors in thermal comfort assessment // Climatic
Change. — 2002. — Vol. 52. — P. 63-76.

16. Y. Li The science of clothing comfort
[/[Textile Progress. — 2001. — Vol. 31, No. 1-2. — P. 1-
135.

17. A. Das, R. Alagirusamy Science in Clo-
thing Comfort. — New Delhi: Woodhead Publishing
India, 2010. — 364 p.



