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Abstract. In the exploitation of clothes, the package of materials that make it up can be in a dry, wet or chilled state, as well as move from one state to another. For the study of thermal conductivity of packages of materials (textiles, knitwear and non-woven fabrics, leather, fur) clothing developed a special device that allows you to explore samples that are in different states, characteristic of the operation: deformed, moistened, cooled; carry out measurement of test parameters and fixation of results in an automated mode. The device and software of this method are protected by a patent for a utility model and a certificate of registration of a computer program.
The paper proposes a method and device for studying the thermophysical characteristics of materials and packages of clothing materials in the unsteady thermal conditions. The device was developed by the method of regular heat flow, and is a body made of a material with known thermophysical properties, divided into two compartments of the same volume using a partition (wall) on which the sample under study (material, material package) is fixed. In the method, air acts as a heat carrier, which is supplied to the compartments by means of hair dryers (“cold” and “hot”), allowing for controlled heat supply to a given area, which ensures the unidimensionality of the heat flow. In the device, a specially developed program records the parameters at which the study was carried out, into a computer and used them to calculate the thermophysical characteristics of the studied sample (material, or material package). The test is reduced to fixing the temperature change over time at one point of the sample and calculating the desired thermal values ​​using the general laws of heat transfer. Thus, according to this method, depending on the conditions of research, and the object of study, the following characteristics can be obtained: thermal conductivity λ, thermal diffusivity a, total thermal resistance of a material package R sums, convective heat transfer coefficient α. These characteristics in various forms are included in the calculations of the temperature loss of clothing, the heat loss of clothing, as well as the leakage of a device for measuring the thermophysical properties of a material. Test specimens may be rigid, semi-rigid or soft. The material from which the samples are made may be uniform or non-uniform, isotropic or anisotropic. In some cases, the problem of eliminating direct contacts of the elements of the refrigerator and the heater with the sample can be solved, which leads to the elimination of the deformation of the sample under study.
The basis of the device based on the principle of Le Chatelier - Brown. The thermal conductivity of packages, including such materials as gabardine, cotton wool, synthetic winterizer, leather, fur, and knitwear, was measured using the developed test complex in the “CentexUZ” certification laboratory of the Tashkent Institute of Textile and Light Industry. Taking into account the processing of research results and compliance with their confidence accuracy, the following results were obtained. The proposed device allows you to set modes and measure the parameters characterizing the thermophysical properties of materials used in the manufacture of clothing and their packages. The device provides high reproducibility of results: the coefficient of time variation over which the required temperature in the range from + 50 ° C to -50 ° C is reached is from 7% to 10% depending on the rated performance of the device, which is acceptable for this type of research. The device allows with high accuracy to record the temperature change in the sample, record and save the results. The thermophysical properties of packages of materials including cotton wool are investigated, and the values ​​of the heat transfer coefficient during convective heat transfer are obtained. The developed device allows to carry out studies of the thermophysical properties of materials for clothing and their packages, ensuring that I require accuracy (up to 10%), adopted in studies in light industry. The results obtained allow us to formulate and solve the problem of choosing materials in packages, taking into account changes in the user's comfortable state.
The research results confirmed the possibility of using a new device and computer software during testing of textile materials, and the obtained data on the thermal conductivity of a number of materials in various physical and technical conditions are of great interest for the design of thermal protective clothing, including determining the conditions for drying clothes in the process of leaving.
Keywords − Measuring devices, heat conductivity, textile materials, clothing packages.
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[Tone3Hass MOJETb OTHOCHTCA K OOJAaCTH TEro(pU3NYecKUX MCCIe0OBaHUi 1 MOXKET ObITh MCIOJIb30BaHA JUIA
OIpe/Ie/IeHHs! TeIUIONPOBOAHOCTH Ae(OPMHUPYEMbIX MaTepUaoB, HaNpuMep, TKaHel (rabapam, cuTell, Bara, BaTHH,
CHUHTEIIOH U Ap.).

U3BECTHO YCTPOICTBO JUIS ONpe/esieHus TeIIONPOBOAHOCTH MaTepHaloB, BKIOYAIOLIEe HccieayeMblii obpa-
3ell, Harpesareib Ul pasorpesa obpasua W u3Mepurenu TemmepaTyphl [B.A. Ocumosa ODKCIepuMeEHTAIbHOS
HCCIIeI0BaHKe MPOLECCOB TerIoobMeHa, MockBa, 3. « QHeprusy, 1969 r., ctp. 194].

HeocTaTKOM JaHHOTO YCTPOHCTBO SABJISETCS CIOKHOCTb ONpEAENeHNs MCKOMOM XapaKTepHCTUKHU (TEMIonpo-
BOJIHOCTH) M3-3a HECTALIMOHAPHOTO METO/1a.

B 1pyroM W3BECTHOM YCTPOWCTBE JUIsi OIpENeNIeHHs] TEIUIONPOBOAHOCTH Je()OPMUPYEMBIX MaTepHalos,
BKJIIOYAIOIIEE KOPITYC, C PACIOJIOKEHHBIM BHYTPH HEro HarpeBaTesieM, XOJOAMJILHMKOM, MEXIY KOTOPBIMH pacro-
JIOKEH HCCllelyeMblit mtockuit o0pasel U JaTYMKU U3MEPEHHs TEMIEPaTyphbl M TEIJIOBOIO MOTOKA, YCTAHOBJICHHbIC Ha
TOPLIEBBIX [OBEPXHOCTAX XOJOAMIBLHIKA U HArpeBaTesis, KOHTaKTHPYIOLIMX ¢ HcclieyeMblM obpasuom [B.A. Ocuriosa
DKCIepUMEHTAJILHOE MCCIIEI0BAHIE MPOLIECCOB TerooOMeHa, Mocksa, u3i1. «Dueprusy, 1969 r., ctp. 41].

HeocTaTkoM yKa3aHHOTO YCTPOWCTBA SBJIAETCA HM3KAs TOYHOCTbH ONPEIEJICHHs TEILTONPOBOAHOCTH Aedop-
MHpPYEMbIX MaTepHaIOB M3-3a HEJOCTATOYHON TOYHOCTH OIpEeseHHs TOJIIMHBI HCCIaeayeMoro obpasia, BelninHa
KOTOPOI BXOAUT B pacyeT Ko3((HLHeHTa TEIUIONPOBOAHOCTU MaTepuana. Jlego B TOM, 9TO IpH IPHXKATHU
XOJIOAMJIbHHUKA K HUCCIIeyeMOMY 00pasily MPOUCXOAHUT ero aAedopMalus 1 HaYMHAET MEHATHCA CTPYKTYpa MaTepHaa.
CTaHOBUTCSL He SICHBIM, TEIUIONPOBOJHOCTh KAKOTO MaTtepuaa omnpenensrcs. Eciau XONoauibHUK HE NMPIWKHUMATh K
00pasity, B 9TOM Cily4ae Ha FPaHKLE MEX/Y XOJIOJMIBHIKOM U HarpeBaTesieM o0pa3yeTcs BO3/yIIHbII 3a30p, KOTOPbIH
CYIIECTBEHHO CHM)KAET TOYHOCTH OIPEIEJIEHHs TEIIONPOBOJHOCTH M3-3a BBHICOKOrO TECPMHUYECKOTO CONMPOTHUBIICHMS
3TOrO 3a30pa.

Crannaprasiit npubop ([Kykun I'.H., Conosses A.H. TekcrunbHoe MarepuanopeiecHue- Mocksa: Jlerkas
uHayctpus, 1967- 227 crp.], TOCT 6068-51) npemycmarpuBaeT W3MepeHHE CTALMOHAPHOrO (YCTAHOBHMBILIErOCs BO
BPEMEHH) TEIUIOBOTO IOTOKA MPH IMOCTOSHHONM pa3sHUIE TeMIrepaTyp ABYX MOBEPXHOCTEH, pa3/eeHHbIX HCIILITYEMbIM
n3zeneM. [Ipubop cocToMT W3 HarpeBatells, Pa3orpeBaeMoro 0 ONPEIEJEeHHON TeMIeparypbl M XOJOAWIbHHKA,
OXJIQKZAEMOro BOJOI. Mexay HHMHM 3aKJIaJbIBAIOT HCIBIThIBAEMbIH 00pasen. MOLIHOCTL  AJIEKTPOIHEPIUH,
pacxojyeMoit paboyeil 3JIEKTPOIUIMTONM W TpeBpaliaeMoil B TEIUIOBOM MOTOK, MAyLIeH K OXJakjarouieil Kamepe,
M3MEPSIOT BOJIBTMETPOM M aMIIEPMETPOM. Perynupys peocTaToM HarpeB 3JIEKTPOIUIMTBI M W3MEHEHHEM LUPKYJIALNH
BOJIBl -OXJIQXKIEHHE KaMepbl, JOOMBAIOTCSA IIPU IIOCTOSHHOM PACXOMAE JIEKTPOIHEPIMU IOCTOAHCTBA TEMIEPaTyp,
KOTOpPbIE U3MEPAIOT C TIOMOIIBIO TEPMOap.

B usBecTHOM ycTpoiicTBe st ompenenenus [RU 116641] teronpoBogHocTH AePOPMUPYEMbIX MaTEpHaOB,
BKJIIOYAIOLIEe TePMETHYHbI KOpIyC C OXJXKOAIOUIMM YCTPOWCTBOM M HarpeBaTelieM, MNpe/Ha3HAuYCHHBIMH JUIA
YCTaHOBKH MEX/y HUMM 00pa3siia TKaHU, AaTYMKHM U3MEPEHHs TEMIEPaTyphbl M TEMJIOBOIO IOTOKA, KOHTAKTUPYIOILIE C
UCIBITYeMbIM 0Opa3uoM. Ha HarpeBartelsie NeprneHIUKyIAPHO €ro TOPLEBOH MOBEPXHOCTH 3aKPEIJIEHbI OrpaHUYNTEIIH,
IIPY 3TOM BBICOTA OTPaHNYMTENIEH MEHbIIE TOJIMHBI CCIIeyeMOoro o0opasia. OrpaHHUHTENH MOTYT OBITh BBITOJHEHBI
U3 MaTepualia ¢ HU3KUM K03((QULMEHTOM TeIUIONPOBOXHOCTH, HAaIpUMep, KBapLEBOro cTekaa. Beenenue B yCTpoicTBo
OTpaHMYHTENEH MO3BOJSAET KCKIIOYUTh M3JIHMIIHEI0 JAedopManuio uccieayeMoro obpasiua M JIMKBHAMPOBAThH
BO3/LyILLIHbIE 3a30pbl HA IPAHKLIE MEKIY MCCIEyeMbIM 00pa3LiOM C OJJHOM CTOPOHBI ¥ XOJOAMILHUKOM U HarpeBaTesieM
C Apyroii cTopoHsl. JlaHHOE YCTPOICTBO NPUHATD 3a OiMKaiIuii IPOTOTHIL

OCHOBHBIM HEJIOCTATKOM JaHHOTO YCTPOHCTBA ABJISETCS 3HAYNTENbHBbIC AeopMally HCciesyemMoro odpasua
u3-3a JIaBJICHUS OXJIQXKAAKOIIEr0 YCTPOMCTBA IOCPEACTBOM rpy3a. XOTA BBEACHHBIH OrpaHHYMTE]b YMEHbLLIACT
BeJMYMHY Jeopmalyiu oOpasia B yCTaHOBKe. TOUHOCTh U3MEPEHUsl 3HAYMTEILHO YMEHBIIAETCSI.

3anaueii MOJIE3HOM MOMIENM SABJISETCS YBEIMUYEHHE TOYHOCTH ONPENEICHHUs TEeIUIONPOBOJHOCTH Je(pOpMUpYIO-
IMX MaTepUaIOB, B YaCTHOCTH TKaHel (rabap/iiH, CUTell, BaTa, BATUH, CUHTEINOH U 1p.).

IlocTaBneHHas 3ajada pelaeTcs ITyTeM HCKIIOYEHUs NPAMBIX KOHTAKTOB JJIEMEHTOB OXJAX/AIOLIEro
YCTPOIiCTBa U HarpeBaTels ¢ 00pa3LoM, YTO PUBOAUTH K JIMKBHAALMH Ae(OopMaliy n3yuyaeMoro odpasua.

CyLHOCTb yCTPONHCTBA 00BACHAETCS TEM, YTO KOPITYC BbIMIOJIHEH TEPMETUYHBLIM, B CEPE/INHE KOPITYCa BbIIOJIHEH
na3 /Ui YCTAaHOBKU PaMKH, KOTOpas MMEET IPOBOJIOYHbIE CETKH, HANpUMEp M3 JIECKH, JUIA YCTAHOBKU MEXKIY HUMH
oOpa3slia TKaHU Ha CETKAaX YCTAHOBJICHHbBI NAaTYMKH TEMIEpaTypbl W TEIUIOBOrO MOTOKA, CBEPXY M CHM3Y Kopmyca
MIMEIOTCSl OTBEPCTHS B BH/E YCEUEHHOIO KOHYCa ¢ KPHBOJMHEHHOI oOpasyiollei, K KOTOPbIM € BHEIIHEH CTOPOHbI
KOpITyca MOJAKIIOUEHBI CBEPXY OXJIAXAAIOIlee YCTPOMCTBO M HAarpeBaTelb CHH3Y, BBINOJIHCHHBIE B BHIE (EHOB,
OCHAILEHHBIX JICKTPOHHBIMU BATTMETPAMHU.

[TpUYUHHO-CNIEICTBEHHAS CBA3b OOBACHAETCS TEM, YTO 3a CYET YCTAHOBKM (PEHOB HA BEPXHEH WU HIDKHEN
MOBEPXHOCTAX YCTPOIiCTBA MCKJIFOYAIOT MPSAMbIE KOHTAKTBI C MCCJICAYEMBbIM MaTePHaJIOM U IMPU 3TOM YBEJIMYMBACTCA
TOYHOCTb U3MEPEHHs TEIUIONPOBOJIHOCTH 1Ie(OPMHUPOBAHHBIX MATEPHAJIOB.

[osie3Hast MOZENb TOSICHSETCS YEPTEKOM, Iie Ha (ur. 1-06muit BUI ycTpoiicTBa B paspese, Ha pur.2- paspes A-
A Ha ¢ur. 1.

VCTpoMCTBO JUIs ONpejeNieHns TEIIONPOBOAHOCTH Ae(pOPMUPYEMBIX MaTepHaIoB COAEPKUT Kopmyc | u3
IUIACTMKOBOIO MaTepuaia, paMKy 3 ¢ NpOBOJOYHbIMHU (U3 Jieckn) ceTkamu 13 u 14, MexXIy KOTOPbIMU YCTaHABIMBACTCA
UCCIIeyeMblii 00BEeKT (TKaHb) 2, 10 CepenHe TKaHW 2 yCTaHOBJIEHb! JaTunky 10 n 15 juis nsmMepeHus TemMmneparyp u
TEIIOBOrO N0TOKA. Pamka 3 ycTaHaBiuBaeTcs B rasy 1o cepeanHe kopmyca 1. Kopnyc 1 uMeeT BEpXHIOIO 8 ¥ HIKHIOI
9 KaMepsl, a TaKKe BEPXHIOI 6 U HIDKHIOKW 7 KOHUYECKHE OTBEPCTUS C KPHBOJIMHEHHBIMU 00pasyIOMMH, K KOTOPbIM
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repMeTHYHO MpHKperUiensl TpyObouku 5 BepxHero ¢ena 16 (X0I0auiIbHHUKA) JUIS MOJAYM OXJIAXKAECHHOIO BO3yXa M
TpyOouku 4 HmwkuHero (ena 17(narpesarens) Ui MOJa4d HArpeToro BO3AyXa. OJIEKTPOHHbIE BaTTMeTphl 11,12
npeaHasHadeHbl I n3MepeHnst noTpedisemMoit MomHocTu penamu 16 u 17.

VYerpoiictBo paboTaer cnenyromuMm obpazoM. M3ydaemslii oOpasely TKaHM 2 yCTaHaBIMBA€TCH B ILIACTHHKE
MEK/Ly TIPOBOJIOYHBIMHU ceTkamMu 13 u 14. Pamka 3 ycraHaBiIMBaeTcs B a3y Kopmyca | M IUIOTHO 3aKperuisercs (Ha puc.
He yka3aHo). YcranaBnusaiorcs ratuukv 10 m 15 g u3aMepeHus Temmeparyp M TEMJIOBOrO NMOTOKAa HAa BEPXHEH U
HIDKHEH MOBEPXHOCTAX (TOukax) obpasua TkaHu 2. XOJOIHBIM BO3MyX MOCTYMaeT MoJKIoueHneM ¢ena 16 (xorno-
JIIbHUKA) vepe3 TpyOoukn 5 u oTBepcTue 6 Koprmyca 1 B BepxHioio kamepy 8. Ilpm 5ToM BepxHss NMOBEPXHOCTH
o0pasla TKaHu OXJIAXKIACTCS 10 ONpEe/IeleHHO Temmeparypsl. Harperblii Bo3yX IOCTymaeT OT HWiHero (ena 17
(narpesatesis) yepe3 TpyOOUKH 4 M HIJKHEr0 KOHUYECKOro OTBepCTHsA 7 B HUKHIOIO Kamepy 9. ITpu aTOM HarpesaeTcs
HIDKHSAS TIOBEPXHOCTh oOpasia Tkanu 2. ITorpebnsemble MomHOCTH (GeHOB 16 u 17 u3MepsioTcs MOCPEICTBOM
3JIEKTPOHHBIX BaTTMETPOB 11 1 12. 3HauyeHus TeMIeparyp, TEIIOBOrO MOTOKA U MOIHOCTH (DMKCUPYIOTCS MO BPEMEHH.
TTocTyneHne XOM0HOTO ¥ HATPETOTO BO3/yXa PEryIupytoTcs (ynpasiisioTcs) ClIeUaIbHEIMI YCTPOHCTBaMH, (peHamMu
16 m 17.

BesnnduHa TEIUIONPOBOAHOCTH TOCIE YCTAHOBIEHHS CTAllMOHAPHOINO pPEXHWMa HarpeBa ONpEeNsercs 0
tdopmye:

P L o
AT’

rae: A - TEMIONPOBOJHOCTh HCCleyeMoro oOpasia;

J - TOJILIMHA UCCIIeIyeMoro obpasia;

q - TEIJIOBOM NMOTOK OT HAarpeBaTels;

AT - nepenaj TeMIepaTypsl 10 TOJIIIHHE HCCIeLyeMoro oopasua.

ABTopamu Oblia NpoBeieHa YKCIepUMEHTAIbHAS IPOBEPKa 3asABIAEMOr0 TEXHUYECKOTIO PEIIEHNS, MOKa3aBIuast
XOpOLINE pe3ylbTaThl. B pe3ysbrate TOCTHraeTcs MOBbIIEHHE TOUHOCTH ONPE/ICICHUs TEMIONPOBOIHOCTH (rabapauH,
Bara ¥ zip.) Matepuaios Ha 10+12%.

®OPMVJIA TIOJIE3BHOM MOJIEJIU

VCTpoicTBO JUlst ONpeie/ieHUst TEIIONPOBOHOCTH Ae(hOPMHUPYEMBIX MaTEepHaIOB, BKIIOUAIOIIEE TePMETHIHBIN
KOpIYC C OXJaKJIAIOLIMM YCTPOHCTBOM M HarpeBaTesieM, Mpe/Ha3HauYeHHbIMH JUIS YCTaHOBKM MEXJy HuMMM oOpa3ua
TKaHH, JATYUKM M3MEPEHHsSl TeMIepaTypbl W TEIUIOBOrO IMOTOKA, KOHTAKTHPYIOIIME C MCHBITYEMbIM 00pasiom,
oTnAUMYauUeecs TeM, 4YTO B CEepeJMHE KOPIyca BHINOJHEH Ma3 JUIl YCTAHOBKM PaMKH, KOTOpas MMEET
NIPOBOJIOYHBIE CETKM, HANPUMEP M3 JIECKH, [UIs YCTAHOBKM MEXIy HMMHU 00pasla TKaHHM, Ha CETKaX YCTaHOBJICHBI
JATYHKI TEMIIEPATYPbI ¥ TEIJIOBOTO MOTOKA, CBEPXY M CHU3Y KOPITyca UMEIOTCSl OTBEPCTHS B BU/IE yCEYEHHOIO KOHYCa
C KpMBOJMHEITHOH 0Opasyroleil, K KOTOpPbIM C BHEUIHEil CTOPOHBI KOpIlyca NOAKIIOYEHbl CBEPXY OXJaXIaollee
YCTPOHCTBO M HATpEBATEb CHU3Y, BBITONHEHHbIE B BUE (PEHOB, OCHAIIEHHBIX 3JI€KTPOHHBIMU BATTMETPAMH.

(56) 1. SU 506793
2.SU 57431
3. RU 104726
4.RU 116641

ArentcTBo no MuresuiekTyanbHoii coocTBeHHOCTH PecnyOiukn Y3oexkucran
100000, TamkenT, npocrnekT MycTakmuIuK, 59
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