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Obwvekmom uccne0os8aHus S875KMCS 3NACMUYHbIE
KOMNO3UUUOHHbIE CJTIOUCMblE MEKCMUJ/IbHbIE Mamepu-
anel (KCM), codepxmaujue nonuypemaHosyro mMemopa-
Hy, 8bIpabomaxHsle Ha MPUKOMAXHOU NOAUIPUPHOL
ocHose.

lpedmemom uccnedosaHus s8/5emcs yposeHs 80-
doHenpoHuyaeMocmu Mamepuanos, U3MeHswWulcs
8 nNpouecce MHO20KPAMHO20 PACMSIMHEHUS 8 yC/08U-
X NOHUMEHHOU memnepamypsl 8030yxa U pakmopel,
gusgUUE HA He20.

Llenv pabomesl — onpedeneHue ¢akmopos, oka3bi-
sarowux Haubonee cywecmeeHHoe so3delicmaue Ha
yposeHb 8000HenpoHuyaemMocmu 3nacmuyHeix KCM
Ha MpUKOMAxHoOU 0CHO8e Npu MOOenUpPoB8aHUU 3KC-
nayamayuu 018 060cHo8aHUsi MEMOOUKU Npo2HO3U-
p0o8aHus cmabunbHOCMuU Uux 80003aWUMHOU QyHKUUU.

B npouecce pabomel 8binonHeHo uccnedosaHue
cmpykmypel U @u3uko-mexaHudeckux cgoticme KCM.
lpogedeH noaHeili GakmopHsIl 3KcnepuMeHm no uc-
c1edosaHuto  8000HENPOHUUAEMOCMU  31ACMUYHbIX
KCM npu kombuHuposaHHoM 8030elicmguu MHO20-
KpamHo20 pacmsxeHus U NOHUXeHHOU memnepamy-
pbl 8030yXa U NPOAHAIU3UPOBAHbI €20 PE3y/bmambi.

Pe3ynemam pabomesl - 8bisi8neHo0, 4mo 8000He-
NpOHULAEMOCMb INACMUYHBIX KOMNO3UUUOHHbIX C/10-
ucmelx MeMOpPaHHbLIX MamMepuanos HA NoaAu3(pUPHoOU
MPUKOMAXHOU OCHOoge npu UX MHO20KpAMHOM pdac-
mseHuu Ha 10 % om HA4anbHOU O/IUHbI 8 YC/I08USX
NOHUMEHHOU memMnepamypesl 8030yxa 8 0Uand3oHe om
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ABSTRACT

WATERPROOFNESS, COMPOSITE TEXTILE
MATERIALS, MEMBRANE, KNITWEAR, STRUC-
TURE, REDUCED TEMPERATURES, STRETCHING

The article discusses the results of a preliminary
research of factors affecting the level of waterproof-
ness of elastic composite laminates with a membrane
on a knitted basis under repeated stretching at low
temperatures. The materials used in the apparel in-
dustry for the manufacture of waterproof household
clothing and sportswear have been investigated. The
analysis of the influence of the structure of materials,
the number of stretching cycles, temperature on the
stability of the level of waterproofing is carried out.

It is revealed that the waterproofness of elastic
composite laminated membrane materials on a knit-
ted basis when they are repeatedly stretched by 10 %
of the initial length under conditions of low air tem-
perature in the range from 0 °C to -30 °C significantly
decreases with decreasing temperature, regardless of
the number of stretching cycles.
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TEXHONOTUSA U OBOPYAOBAHWME NEFKOM MPOMbIWIEHHOCTU U MALIMHOCTPOEHUS

0 °C 0o muHyc 30 °C cyuecmseHHO CHUXaemcs npu
NOHUXEHUU memnepamypsl He3agucuMo om Kosuye-
CmMea Yuks08 pacmsxeHus.

06nacms npumeHeHUs pe3ybmamog — MeKCmuJib-
Has u weeliHas NpoMbILIEHHOCMb.

Cepbe3Has KOHKYpPEHLMS Ha pblHKE CTaBWUT
nepep TeKCTUIbHbIM MaTepuanoBefeHWEM 334aun
no pa3pabotke HOBbIX MaTepuanos, 06aafatoWmMX
TpebyembiMu (YHKUMOHANbHO-3KCMIyaTaLMOH-
HbIMU CBOMCTBaMM, U UCCNEA0BAHUIO MX CBOMCTB.
CBoKCTBa pa3nMyHbIX MaTepuanoB Haubonee
YAAUYHO PEeanu3ylTcs B MX KOMMO3ULMAX, KOraa
HeLOCTaTKM OAQHOro MaTepuana MOKPbIBAKTCA LO-
CTOMHCTBAMW [APYroro, WM MOSIBASAKOTCS HOBblE
CBOMCTBA, HE MPUCYLIME OTAENbHBIM KOMMOHEHTaM.
Ycnexu B pa3BUTUMM HOBEMLIMX MaTepuanos CBA3a-
Hbl C CO3A4aHMEM C/IOMCTbIX KOMMO3MTOB [1].

[pon3BOACTBO KOMMO3WULLMOHHBIX MaTepunanos
ABNAeTCd Ha CerO,EI,HFILIJHMﬁ AeHb O4HMM U3 NpUO-
PUTETHbIX HaMpPaBNE€HUM pPa3BUTUSN TEKCTUIbHOM
npomblwneHHocTn. OTeyecTBEHHas TeKCTWbHAA
MPOMBILNEHHOCTb OTCTAeT OT MUPOBbLIX IMAEPOB
no obbemMaM M KayecTBy BbIMyCKAeMoOW NPOAyK-
LMK, OLHAKO HabMAAETCS YCTOMYMBAS TEHAEHLMS
pa3BUTUS UMEHHO 3TOro cekTopa. [losToMy ocoboe
3HayeHMe NpUOoBpPEeTalT HayuyHble UCCNeLOBaHMS,
HanpaBfieHHblE HA aHanM3 B3aMMOCBA3W CTPYKTYp-
HbIX XapaKTepUCTUK KOMMO3ULMOHHBIX MaTepua-
JIOB U UX CBOMCTB.

[laHHOe uccnenoBaHMe NOCBSLLEHO BOLOHENpO-
HMUuaeMbliM KOMNO3ULUMOHHbBIM TEKCTUIbHBIM MaTe-
pvanaMm, BblpabOTaHHbIM Ha TPUKOTAXHOM OCHO-
BE, UCMOJIb3yEMbIM A5 NPOM3BOACTBA ObITOBOM U
CNOPTMBHOM BOAO3aWMTHOW opexnabl. Mccnepye-
Mble MaTepuanbl NpeacTaBnatoT coboi obbeMHoe
CoYeTaHMe TPUKOTAXKHbIX NMONOTEH U TOHKOM pacTs-
XMMOW NOMMMEPHON NnieHkn — MeMbpaHbl, 06nasa-
toLLe CMOCOBHOCTbID MPOMYCKaTb Mapbl BAAruU, HO
NpensTCcTBOBaTb NMPOHMKHOBEHMIO BOAbI M MOTOKA
BO34yxa. BapnaTMBHOCTb COCTaBa U CTPYKTYpbl TPU-
KOTa>XHbIX MOJIOTEH M CNOCOBOB CKpenneHns Cloes
KOMMO3MTa Mexzy cob0i OTKPbIBAET BO3MOXHOCTU
NoNyYeHUs LWMpoYaiLlero accopTMMeHTa HOBbIX
MaTepuanoB, 006NafalOWMX LEHHbIMKM MNOTPetU-
TENbCKUMM CBOMCTBaMM: PaCTSXKMMOCTbIO, BOAO- U
BO3JyXOHENPOHMLAEMOCTbIO, MapONpPOHULAEMO-
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CTbto. 1N obecneyeHnss BbICOKOTO KayecTBa ofe-
XObl TAaKOM YHWKanbHbIA Habop CBOMCTB MaTepu-
anoB [J0/MKeH OblTb OTHOCUTENbHO CTabUIbHBIM BO
BpPEMEHM KaK MO HOMEHKNaType, Tak U Mo YPOBHIO
ONnpefenstoLLMX Ka4UecTBO NoKa3aTenen.

[ns BOAOHENPOHULAEMbIX KOMMO3ULMOHHbIX
CNOUCTbIX MaTepuanos ¢ MeMmbpaHoi (KCM) ocHoB.-
HbIM KpUTEPUEM WM3HOCOCTOMKOCTU SIBNSIETCS CHU-
YKEHWEe YPOBHS BOAOHENPOHULLAEMOCTHM B npoLiecce
akennyaTaumm. K. Tywura [2] w 10.C. Wycrtos [3]
YKa3blBalOT Ha 3HAYMMOCTb METoAa MOAENMpo-
BaHMUSI 3KCMIyaTaLMOHHOIO M3HOCA TEKCTUIIbHbIX
MaTepuanoB B N1abOpaTOPHbIX YCIOBUAX U HEob-
XOAMMOCTb €r0 UCMO/b30BAHMUS B LLeNSX NPOrHo3u-
poBaHMS KayecTBa WBeMHbIX n3genuin. OcobeHHo
Ba)XXHbl TaKMe UCCIef0BaHWS A1 HOBbIX Manousy-
YeHHbIX MaTepuanoB. OgHako Moka He BbISBNEHA
3HAaUMMOCTb BNIMSHUS MEXaHWYeCcKuXx (HaKTopoB
M3HOCA (pacTsKeHWe, MHOTOKpaTHbIA M3runb, uc-
TUpaHWe U Tak Janee) U abUOTUYECKUX (PAKTOPOB
cpenbl (TeMnepaTypa, BNAXKHOCTb) Ha CTabUIbHOCTb
ypOBHS BogoHenpoHuuaemoctn KCM npu ux oa-
HOBpPEMEHHOM BO34ENCTBMM Ha Matepuan. Takxke
He CHO, B KakOM [Mana3oHe KOAMYeCTBa LMKIOB
BO3[EMCTBUS MPOUCXOAUT 3HAUMMOE CHUXKEHUE
YPOBHS BOLOHEMPOHMLAEMOCTU 3n1acTuYHbIX KCM
M Kakue CTPYKTypHble 0COBEHHOCTM UM CBOMCTBA
KCM HyXHO yuuTbiBaTb Npu HOPMMPOBAHMU Bbl-
6OpKM MaTepuanoB ANs UCCIenoBaHUS 3KCnayaTa-
LIMOHHOI0 M3HOCa.

[poBeneHHble paHee aBTOpaMu CTaTbM MccCne-
[lOBaHMS MOKasanu, YTo CHUXEHME BOLOHENPOHU-
LLAeMOCTU MOC/e BO3LENCTBUS KOMOUHMPOBAHHbIX
MeXaHWYEeCKMX Harpy3ok M MOHWXEHHOM TeMnepa-
Typbl anst KCM, BbipaboTaHHbIX HA TKAaHOW OCHOBE,
MoxeT gocturatb 60 % OT Ha4YanbHOro YpOBHS 3a
HEeCKONbKO AeCATKOB ThbicaY LMkIoB. CylecTBeH-
HOoe B/IMSHME HA YPOBEHb BOAOHEMPOHULAEMOCTH
npyv MOAENMPOBAHUM IKCMIYaTaLMOHHBIX Harpy-
30K OKa3biBaeT cTpykTypa KCM, cnocob mx npous-
BOACTBA M T1N MeMbpaHbl [4]. Pactsxxumble KCM Ha

83



TEXHONOMUA WU OBOPYAOBAHWME NEFKOWM MPOMBIWIEHHOCTU U MALMHOCTPOEHWUSA

TPUKOTAXXHOM OCHOBE B YNOMSHYTbIX UCCIEA0BAHU-
AX HE NPUHUMAIN y4aCTUA.

B ucTouyHMKax nutepaTypbl BOMPOChbI M3HOCO-
CTOWKOCTM  BOLOHEMNPOHULAEMbIX  PACTSIXKMUMbIX
KCM wnpoko He ocCBeLLeHbl, HO aKTyasbHOCTb UX
beccnopHa: MMEHHO Takue MaTtepuanbl HaxoasT-
€S Ha nuKe noTpebuTenbCKUX NPeanoyvTeHUi Kak
obecneunBarolLe BbICOKOE KayecTBO M KoMdopT
npu 3KCTPeManbHOM ypOBHe BOA03aLMThI. [103T0-
My UCCnefoBaHUe M aHanu3 GaKTOpOB, BAMUSIOWMX
Ha BOJOHEMPOHMLAEMOCTb pacTskumbix KCM B
YCIIOBUSIX, MOAENMUPYHOLWMX SKCMTyaTaLMOHHbIE, aK-
Tya/bHO U CBOEBPEMEHHO.

Lenbto pabotbl 9BnseTCs uccneaoBaHue BAus-
HWS COBMECTHOrO BO3AEMCTBUSI PACTSHKEHMUS U
NMOHMXKEHHOM TeMnepaTypbl Ha YPOBEHb BOLOHE-
NpoHULaeMocTn 3nacTuuHbix KCM Ha TpuKoTax-
HOM OCHOBE MpW MOAENUPOBAHUM SKCMayaTaLum
ONs onpeneneHvs Haubonee 3Haummoro dakTtopa,
3aKOHOMEPHOCTU ero BAWUSHUS U (HOPMUPOBAHMUS
pekoMeHJaumMih No MeToAMKE MPOrHO3UPOBAHMUS
CTabUNbHOCTM UX BOA03ALMTHOM DYHKLMK: BpEMS
UCMbITaHWs, AMAnNa3oH BapbMpOBaHUS (GAKTOPOB,
dhopMunpoBaHme BbIBOPKMU.

Cpenu Bnusiowmx GakTopoB BblAeNeHbl CNeAYH-
wue: ctpyktypa KCM, BogonornowieHne meMbpaH-

HOro €105, KONMUYECTBO LMKIOB PACTSXKEHUS, TEM-
nepatypa. [lns peanusaumm uenu MooenupoBanu
MHOrOKpaTHOe pacTshkeHMe MoMoTEH NPU OLHOBPe-
MEHHOM BO3[eMCTBUMN MOHWXKEHHbIX Temnepatyp. B
KayecTBe 06bEKTOB MCCNEA0BaHMS BbIOpaHbl ABYX-
C/TIOMHbIE U TPEXCIOWHbIM KOMNO3ULMOHHbIE MaTe-
puanbl C TEKCTUAbHBIMU CTOSIMW OAHOTO BONOKHM-
CTOro COCTaBa WM OAMHAKOBOrO MNepeneTeHus], C
rMMOpodUIbHOW  HEMOPUCTOM  MONMYPETaHOBOM
MeMmbpaHon. O6pasubl 061343a10T NPUMEPHO OAMU-
HaKOBbIMMW 3HAYeHWsMM MOKasaTtenen, onpenens-
IOLLLMX KayecTBO CBOMCTB — MaponpoHMLLAEMOCTU U
BOJOHENMPOHMLAEMOCTU — U UCMOMNb3YHOTCA B LUBEN-
HOM MPOMBILNEHHOCTM 419 U3rOTOBNIEHMS BbITOBOM
M CNOPTMBHOM HenpoayBaeMOW HernpoMOKaemMoMm
KOMMOPTHOW ofexAbl TPETbEr0 CN0S, IKCMIyaTUpy-
€MOM B LUIMPOKOM AManasoHe TeMneparyp.

Crpyktypy KCM unccnenosanu MeTogoM CKaHM-
pylolier anekTpoHHOM Mukpockonuu (CIM)] co-
ctaB - MetogoM UK-cnekTpockonuu. TexHmuyeckune
XapaKTepUCTUKM MUKPOCKONA: paspellerne 3 wm,
yBenunyeHne x4-1000000, MakcuManbHbIn pasmep
kagnpa 4096x4096 nuxceneil.

MHTepnpeTtaumsa pesynstatoB COM un MK-cnek-
TpOCKONWK uccneayemblx 06pasLoB NpeacTaBaeHa
B Tabnuue 1. MukpodoTtorpadmm obpasuos npea-

Tabnuya 1 - Xapakmepucmuka cmpykmypsl 00beKkmos uccae008aHusi

Homep o6pasua
(apTukyn)

XapakTepucTiKa cTpyKTypbl 06pasua

(3L-Cor)

(QL-Sin)

(2L-Gr)
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JIvueBas M M3HAHOYHAs CTOPOHA MaTtepuana — MoAM3UPHOE TPUKOTAXKHOE MONMOTHO NepeneTe-
HWUS KYNUMPHas rnaapb TonwmHon 240 mrm C NNOTHOCTbIO BSi3aHWs Mo ropu3oHTanu 410 neTenbHbix
CTON6UKOB, N0 BepTMKanu — 348 netenbHbIx psaoB. [onoTHa coefmHeHbl MeMbpaHoi U3 noanypeTa-
HOBbIX /MK NoNM3OUPypeTaHANM30LMAHATHBIX NOIMMEPOB B BUAE HEMOPUCTOM 0ObEMHOM NNEHKM,
TonwuHom okono 10-20 mxm. CoefmHeHMe CNOeB CO CTOPOHbI M3HAHOYHOIO MOIOTHA NPAaKTUYECKM
CM/IOWHOE C NPOHUKHOBEHMEM NOIMMepPa MeMBpaHbl B MEX(OWUIAMEHTHOE NPOCTPAHCTBO, CO CTOPOHbI
JIMLLEBOTO MOJIOTHA — TOYEYHOE MO OMOPHbLIM MOBEPXHOCTSIM NETeNb

JlnueBas cTopoHa MaTepuana — JIMCTOBAS MOHOMMTHAs HernopucTas MembpaHa TOMWMHOM OKONO
35 mrm V3 NOAMYPETAHOBLIX M/MIM NOAUIDUPYPETAHAUN30LMAHATHBIX MONMMepOoB. M3HaHOUYHas
CTOPOHa — NOAN3(UPHOE TPUKOTAKHOE MOMOTHO NEPensIeTeHUs KynnpHas rnafb TonwmuHoi 300 mrm
C NNOTHOCTbIO BS3aHMS MO ropu3oHTanu 380 neTenbHbIX CTONOUKOB, MO BepTuKanu — 290 neTenbHbIX
panoB. CkpenneHue TeKCTUABHOMO NOIOTHA C MeMBpPaHOW TOYeUHOE MO OMOPHbLIM NMOBEPXHOCTIM

Jlnuesas ctopoHa MaTtepuana - NMCTOBAsi MOHOMUTHAs Hernopucras mMeMbpaHa TONLWMHOW OKONo
25 mKm V3 NONMYpPETaHOBbLIX M/MNN NOAMIPUPYPETAHAMM3OLMAHATHLIX NOAMMEPOB. M3HaHOYHas
CTOPOHa — NOAN3GhUPHOE TPUKOTAKHOE MONOTHO NepenieTeHns KynnpHas rnasb tonwmuHon 300 mrm
C NNOTHOCTbIO BSA3aHMS N0 ropusoHTanun 280 neTenbHbIX CTONOUKOB, MO BepTMKanu — 280 neTenbHbIX
papno.. CkpenneHue TeKCTUNBHOMO NOIOTHA C MEMOPAHOM TOYeYHOE MO OMOPHbLIM MOBEPXHOCTIM
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CTaB/IeHbl Ha pucyHKax 1 un 2.

JInuesoii cnoii MemOpana H3nanouHslii cn1oii

PucyHok 1 - Cmpykmypa obpa3suya N2 1

MemOpana

HM3HaHouHbIIT c10i11

PucyHok 2 - Cmpykmypa obpa3suyos N2 2, N¢ 3
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XapakTepucTuka 06pasuLoB M MokKasatenu ux
(OU3NKO-MEXAHUYECKMX CBOMCTB MpeacTaB/eHbl B
Tabnuue 2. MNMpu uccnenoBaHMm nokasatenen ou-
3UMKO-MEXaHUYeCKUX CBOWCTB MCMOMb30BaAN HOP-
MaTMBHYH 0asy, ykasaHHyl B Tabnuue 2, 1 nose-
peHHoe 000pyAOBaHWE WCMbITATENILHOrO LIEHTPA
YO «BI'TY».

YunTbiBas WU3NOXKEHHble B JUTEPATYPHbIX MWC-
TOYHMKax [5, 6, 7] coobLieHns O BAUSHUM HA W3-
HococTtonkocTb KCM  cteneHn ruapoduibHOCTH
nonuMepa MembpaHbl, NPOBOAWUAN UCCNE0BaHUE
BOLOMOIOLWEHNS MeMOpaHHOro (CNog, OTAenss
ero cBOOOAHBIN Kpai OT TEKCTUIIbHbIX CIOEB BAOJb
KpOMKM 06pasLoB.

[ns nccnepoBaHus nokasartens BOLOHENPOHU-
LLaeMOCTU MCMONb30BaAN HOBbLIM nMpubop, paspa-
60TaHHbIV B paMkax 3agaHua 6.81 TMHN «®uzsu-
yeckoe MaTepuanoBefeHue, HOBble MaTepuanbl U
TEXHONIOTMMY», BbIMOMHAEMOro MO MOAMpOrpamMMe
«[MonumepHble MaTepuanbl U TEXHONOTUMU» HA TEMY
«Pa3paboTka MeToAMKM OLEHKM M MPOrHO3MpOBa-
HWe CBOWCTB NMONMMEPHbIX KOMMO3ULMOHHBIX C/10-
UCTbIX MaTepuanosy». [pnbop npowen anpobaumto
B McnbiTaTeNibHOM LeHTpe YO «BITY» 1 ncnonb3y-
eTca ANg UCCIefOoBaHWS BOLOHENPOHULLAEMOCTH
KCM, BbloepxumBatowmx 6e3 npoMokaHus nasne-
Hue Boabl cBbiwe 500 Klla.

Ona pactsskmMbix KCM Ha TPUKOTaXXHOM OCHO-
BE 0COObIN MHTEpeC NpencTaBnsieT BO3MOXHOCTb
UCCNIEN0BAHUS BIUSIHUS PACTSXKEHWUS B Pa3fIMYHbIX
TeMMNepPaTypHO-BAAXHOCTHBIX YCIOBUAX Ha ypo-

Tabnuya 2 - Qusuko-mexaHuyeckue ceolicmaa 06pasyo8

Homep o6pasua
O6Lwas ToNWwuHa, mm
MoBEpPXHOCTHAs NNOTHOCTb, 2/ M2
BonoHenponuuaemocts, MITa
MaponpoHuULaemMocTb, 2/m?/244
BoponornouweHne membpaHsl, %

Xectkoctb, mxH-cm?

PacTsskMMOoCTb Npu Harpy3kax | neTenbHbIX CTONOMKOB

MEHbLlE Pa3pbIBHbIX, %,

NneTe/ibHbIX PAOOB
B HanpaBneHnu: pAA

Heo6paTMMa;| ﬂ'eq)opMang, neTenbHbIX CTONOMKOB

%, B HanpaBneHuu: neTeNbHbIX PAAOB
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BEHb WX BOAOHenpoHuuaemocTu. [ina obecneye-
HWS TAaKOM BO3MOXHOCTM COTPYLHMKAMKU Kadeapsl
«TexHuyeckoe perynmMpoBaHue M TOBapOBeAEHME»
YO «BI'TY» paspaboTaHa MeToAMKa M YCTAaHOBKA,
npepcTaBnsowas cobovi GnekcomeTp, yCTaHOB-
NEHHbIN B KIMMaTMYeckon kamepe [8]. MeToamka
npennonaraet MOAENMPOBAHWE 3KCMyaTalMOH-
HbIX MEXaHMYeCKMX Harpy3ok B K/IMMaTU4eCKOM
Kamepe npu BO3LEWCTBMM HA MaTepuanbl nboro
3alaHHOTO KONMYeCTBa LUMKNOB U3rnba unm pacrs-
KEHWS B AManasoHe TemMnepatyp oT MuHyc 40 °C
o nntoc 150 °C npu pasnnMyHOi BNAXHOCTU B CO-
OTBETCTBMM C Ha3HayeHneM MaTepuana [9].

[lna peanusaummn Lenu MccnefoBaHUs Ha OCHO-
BaHMM aHanM3a MCTOYHUKOB nuTepatypbl [2, 10,
11, 12], cBoicTB M 061aCTU NpUMeHeHnst 06beKToB
MCCnenoBaHUs YCTaHABAMBANMU CedykoLimMe Heus-
MEHHbIe yCnoBMUS onbiTa: pactskeHune (10+1) % ot
nepBOHAYaNbHOW AMHbI NPO6bl, CKOPOCTb BO3AEN-
ctBus (120£5) uMKNOB B MUHYTY.

CxeMma HarpyxeHus 06pasLoB NpeacTaBieHa Ha
pucyHke 3.[1ns onbiTa BbIKpanBanu no Tpu nNpsMo-
Yro/ibHble 3/IeMeHTapHble Npobbl Kaxaoro obpasua
pasmepoM 70x230 mm. AnuHHag ctopoHa npobbl —
B HanpaBneHuu Hambonbliei pactsxmumoctn KCM
(BRONb NETENbHbIX PSA0B ANs BCEX Tpex 06pa3LoB).
Xon, NOABMXKHOIO 3aXMMa YCTaHaBAMBANAM B COOT-
BETCTBUM C 3aNNaHUPOBAHHBIMU YCIIOBUSIMU OMbITA.

[lna oueHKM CTeneHn COBMECTHOTO BUSHUS
MHOTOKPaTHOrO PACTSXKEHUS U MOHUXKEHHOW TEM-
nepaTypbl BO3Zlyxa Ha CTabunbHOCTb YPOBHS BOAO-

1 2 3 MeToa ucnbiTaHuit
0,45 0,35 0,25 MOCT 12023-93
148 134 98 [OCT 8845-87

1,00 0,80 1,00
1048 1056 1074

FOCT 413-91
roCT P 57514-2017

26 5 4 IOCT 3816-81
196 123 97 roCT 10550-93
15 16 21
20 17 23
FOCT 8847-85
0 0,5 0,5
0 0 0,5
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NOABWXHBIN 3aXu

Xoa 3axuma

PucyHok 3 - Cxema HazpymeHus 06pazyos

\_ .
HenpoHuuaemoctn KCM npoBoamnnu nonHbin dak- nomoLubo Nnporpammsl «Statistica for Windows» no
TOPHbIA 3KCNepuMeHT. BapbupoBanu cnegyrowime METOAMKE, U3NI0XKEHHOM B UCTOYHMKe [13].
(akTopbl: TeMNepaTypy B KIMMaTUUYECKOW Kamepe YpaBHeHUs perpeccuu Ons uccienyembix 06-
M KONWYECTBO LMKIOB pacTsxkeHus. 1o u nocne Mo- pasuoB nmetoT Buz (1, 2, 3):

[ennMpoBaHMs 3KCNIyaTauMOHHOro U3HOCa NpOBO-
OMAN nccnenoBaHue BogoHenpoHuuaemoctn KCM.
[nanasoH BapbMpoBaHUs HaKTOPOB yCTaHABAMBA-
N UCXOAS M3 OMbiTa MpeablayLmnX UCCef0BaHNM
KCM Ha TKaHOM OCHOBe U Mpefnonaraemblix ycno-
BMI 3KCNNyaTalMu MaTepuasnos. Y, =0,687 +0,069- X,+0,002- X : (2

YnpaBnsiemble $akTopbl U YPOBHM WX Bapbu-
poBaHMs npeacTaBneHbl B Tabnuue 3. Matpuua
NNAaHUPOBAHMS SKCNEPUMEHTA NPeacTaBNeHa B Ta-
6nuue 4. Pe3ynbratbl 3KCnepmMMeHTa 06paboTtaHbl ¢

Y,=0,687+0,024- X, ; 1)

Y, = 0,560+ 0,056 - X, +0,001- X . (3)

Tabnuya 3 - Ynpasnsiembie pakmopsl U yposHU UX 8apbUPOBAHUS

0603HaueHne U HauMeHOBaHUe YpoBHU BapbUpPOBaHUS
UntepBan
¢akTopos -1 0 +1
X1 — pacTsKeHue, LMKIbl 20000 60000 100000 40000
kXZ - TeMnepatypa Bo3ayxa, 'C -30 -15 0 15 )
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TEXHONOMUA WU OBOPYAOBAHWME NEFKOWM MPOMBIWIEHHOCTU U MALMHOCTPOEHWUSA

Tabnuuya 4 - Mampuua nnaHupo8aHus 3KkcnepumeHma

KoaupoBaHHble 3HaueHus

N X Xz X |
n/n Pacmxieuue Temnepatypa | PactskeHue,
BO3AyXa LMKNbI
! 1 +1 20000
2 1 0 20000
5 1 -1 20000
4 0 +1 60000
> 0 0 60000
¢ 0 -1 60000
! +1 +1 100000
8 1 0 100000
o 1 -1 100000

OueHka kauecTBa Mopenei nokasana, 4to pe-
rpeccMoHHas Momenb (1) obwvsacHseT 84 %, mopenb
(2) - 98 %, mopenb (3) - 95 % amcnepcum.

Mcxops 13 aHanmsa Ko3pdMLUMEHTOB BCEX MO-
[lenei, MOXXHO CeNnaThb BbIBOS, YTO Ha CTabUNbHOCTb
YPOBH$ BOLOHEMPOHMLLAEMOCTU UCCNeayeMbIX 3na-
ctuHbIX KCM npu Mx MHOTOKpaTHOM pacTsXXeHuu
B YCNOBMAX MOHWXEHHOM TemnepaTypbl BO3Ayxa
6onblue Bcero BAMSIET Temnepatypa - YeM OHa
HUXeE, TEM HUXE 3HaYeHne BOLOHENPOHULAEMOCTH
0b6pasua nocse KOMOUMHUPOBAHHOTO BO3ENCTBUS.

B BbIOpaHHOM AMana3oHe MHOrOKpaTHbIX pac-
TSDKEHUIM NPWU YCTAHOB/IEHHONM B OMbITE BEIMUYMHE
pacTshxeHuns 10 % KonMuecTBO LMKIOB Harpy>KeHus
POSM MPAKTUYECKM HE UTPaEeT, NOCKONbKY KO3IPdU-
UMEHTbI NpK nepeMeHHon X, (pacTskeHne) HesHa-
YUMBI.

KoppensiuMoHHbIM aHann3 pesynbraToB 3KCne-
pVYMEHTa MoKasan, YTo CBA3b BOAOHENPOHMLAEMO-
CTM W1 TemnepaTtypbl NMHEWHas, NpsMas U TecHas.
MonyyeHbl KO3DPULMEHTbI TMHENHON KOppenauun
nns tpex obpasuos 0,92; 0,86 1 0,85 cootBeTcTBEH-
HO. CBSI3b C KONMYECTBOM LIMK/IOB HarpyXeHus ans
BCEX Tpex 00pasuoB npakTuyecku He Habnwoga-
eTcs — KoadhdunuUMeHTbl coctaBman: MuHyc 0,19; Mu-
Hyc 0,07 n muHyc 0,11 cooTBeTcTBEHHO. [TOBEPXHO-
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HartypanbHbie 3HaueHus

r.] 0 0
g 3 g S g 3
3 a S~ 3
= = =
X, I Iz | Wiz
Temnepartypa o © Q Qm
| = | =R E 0
Bo3ayxa, ’C 2R 2R 2R
5 £5| :38
o o o
0 1,00 0,76 0,70
-15 0,26 0,00 0,00
-30 0,00 0,00 0,00
0 0,60 0,70 0,50
-15 0,22 0,00 0,00
-30 0,00 0,00 0,00
0 0,60 0,60 0,48
-15 0,20 0,00 0,00
-30 0,00 0,00 0,00

CTW OTKNIMKA A8 UccneayeMblix 06pa3LoB nokasa-
Hbl Ha pUCYHKax 4-6.

AHanu3 nonyyeHHbIX Moaenen u NOBEPXHOCTEN
OTK/IMKA MOKa3asl, YTO OHM Pa3NIMYalOTCs AN Tpex-
C/IOMHOMO M OBYXC/MOWHbIX 06pa3uoB. Ona Tpex-
cnoiHoro obpasua N2 1 mn3yyaemas 3aBUMCUMOCTb
JIMHEMHAa U NOBEPXHOCTb OTKAMKA poBHasg. Obpa-
3ew, N2 1 nokasan Hanbonee CTabuNbHbIM YPOBEHb
BOLOHEMPOHMLAEMOCTM M3 Tpex McCnemyembix
obpazuoB. OH obnapaeTt 6onbliei TONWMHON W
YKEeCTKOCTbH, B 0OLLEN ero ToNWMHe A0S TONLWMHbI
MeMbpaHbl HaumeHbwas (1:20 npotve 1:9 n 1:12).
Kpome TOro, MembpaHa 3toro obpasua obnagaet
HanboNblIMM BOLOMOIOLWEHMEM CPpean uccieny-
eMbIx 06pa3uos (26 % npotmB 4 % n 5 %), T0 ectb
O4YeHb ApKO nposgsaseT rmapodunbHOCTb. 1noT-
HOCTb BSi3aHMS y 3TOro obpasua Hanbonbluas, CBs3b
CNoeB Apyr C Apyrom 6onee BblpaXeHa — CO CTO-
POHbl U3HAHOYHOIO MOJIOTHA coeAnHeHe MeMbpa-
Hbl C TEKCTU/IEM He MOBEPXHOCTHOE, a 06beMHOe.
Bce 3t ocobeHHOCTM, BO3MOXKHO, 00YC/I0BIMBAKOT
HanbOoNbLUYK  3KCMIYaTaLMOHHYI0  YCTOMYMBOCTb
[aHHoro obpasua. B npouecce ucnbitaHuin npu Ha-
6n100eHNM 33 XOLOM OMbITOB ObIIO OTMEYEHO, YTO
obpazew, N2 1 npy KOMBUHMPOBAHHOM BO34ENCTBUM
TemnepaTypbl HUxKe MUHYC 15 °C u MHOrokpaTHo-
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TEXHONOMMA M OBOPYIOBAHWE NNETKOM MPOMBIWJIEHHOCTU U MALLMHOCTPOEHKA
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PucyHok 5 - MosepxHocme omknuka obpaszua N° 2
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TEXHONOMUA WU OBOPYAOBAHWME NEFKOWM MPOMBIWIEHHOCTU U MALMHOCTPOEHWUSA

BoaoHeNPOHHIIAEMOCTb. MIla

PucyHok 6 - [TogepxHocme omkauka obpaszya N° 3

ro pacTsHKEHUS OCTaBasCs MIACTUYHBIM, B TO BPEMS
KaK OBYXC/OMHble 06pasubl N2 2 1 N2 3 yxe npu
Temnepatype MuHyc 10 °C CTaHOBUAMCH XKECTKMMM,
a nocne NoHWXeHUs TeMnepaTypbl 4o MuHyc 15 °C
Ha HWMX MOSBASSIUCH TPELLMHbI MEMOPAHHOMO €O,
3aMeTHble HEBOOPYXXEHHbIM rna3oM. Ha noBepxHo-
CTX OTKAMKA Mbl HAbMAAEM MIaBHbIM Mepexos,
OT JIMHEWHOM 3aBUCUMOCTU K CIIAXXEHHOM KPWUBOW
BTOPOro MoOp$Ka, XOT B PeanbHOCTU — 3TO KOH-
KPeTHbI MOMEHT, NOC/Ie KOTOPOro maTepuan Cra-
HOBM/ICA NPOHWMLAEMbIM AN BOAbl, MPOCTO OH He
6bin 3aMKCMpOBaH M3-3a OONbLWIOr0 MHTEpBana
BapbMpoBaHUg TemnepaTypbl. O4eBMAHO, YTO HU-
KaKOro MoBbILLEHUSI BOAOHEMNPOHULLAEMOCTH Noc/e
ee CHWXKEeHUS [0 HyNs He npoucxoaumt. To ecTb ume-
€T MeCcTO CKOpee SIMHENHAs 3aBUCUMOCTb, HeXenu
KBagpaTuyHas. lNpu nameHeHnn mogenen 2 n 3 Ha
JIMHENHbIE 3HaYeHUs1 KO3DPULMEHTOB AeTepMUHA-
umMm coctaBunmn 73 % mn 71 % cooTBETCTBEHHO.

B pesynbrate BbINOMHEHHOrO aHanm3a ¢akTo-
pPOB MOXHO CAenaTh CneaytoLime BbiBOAbI:

- ABYX(AKTOPHbIA AUCNEPCUOHHBIM  aHanu3
MOKa3blBAET, YTO COBMECTHOE B/IMSIHME MOHMXKEH-

=05
<05
<04
B <03
[C1=02
B <01
<0

HOW TeMnepaTypbl U PaCTSHKEHUS BIMSET HA BOLO-
HenpoHnuaemocTb 3nactuyHbix KCM u Haubonee
CylLecTBEHHOE BO34EeNCTBME MPU MX MHOrOKpat-
HOM pacTskeHnn Ha 10 % OT HavyanbHOM ANUHBI
B YCUIOBMAX MOHWMXEHHOM TemnepaTtypbl BO34yXa
B auanasoHe ot 0 °C go MuHyc 30 °C okasbiBa-
eT Temnepatypa. [103ToOMy Ang NporHo3upoBaHuUs
BOAOHENPOHMULAEMOCTU M3LENUM U3 TaKMX MaTe-
pUanoB Mpu MOHMXEHHOM TemnepaType BO34yXa
[OCTaTOYHO BbIMOMHWUTb MUCMbITAHUE HA KOMOMU-
HMPOBaHHOE TepMOMEXaHMYecKoe BO34ENCTBUE
npu 3KCTpeMasnbHOM TemnepaType 3KChayaTauuu,
noasepras o6pasupbl 20 000 LUMKNOB paCTKEHMS.
Takoe ucnbiTaHMe 3aMMeT Bcero 2,5 yaca, a no ero
pe3ynbTaTaM MOXHO OyaeT NporHo3npoBaTh U3Me-
HeHne YpOBHS BOAOHENPOHMLLAEMOCTM MaTepuana
B ananasoHe ot 20 000 po 100 000 umknos pac-
TSDKEHMS, YTO NPUBAN3UTENIbHO COOTBETCTBYET 4-5
MecsuaM Hocku [2];

- BAuaHue cTpykTtypbl KCM Ha cTtabunbHoCTb
BOAOHENPOHMULLAEMOCTM B YCJIOBMSX MHOTOLMKIIO-
BOr0 PACTKEHMS MPU NMOHWKEHHOM TemnepaType
BO34yXa MPOCAEXMBAETCS B MNJaHe COOTHOLUEHUS
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TONWMH MeMBpaHbl U TEKCTUAS, TUMA CBSA3U CI0EB
ApYr C ApPYroMm, NIOTHOCTU BA3AHUA TEKCTU/IbHbIX
CNI0€B, HO A,0/IKHO ObITb M3y4eHO Ha Bonbluel Bbl-
6opke 06pa3uoB;

— pe3ynbTaTbl UCMbITAHWIA MOKA3aau, YTO MeM-
b6paHa obpasua ¢ 6onee CTabubHLIM YpPOBHEM
BOAOHENPOHMLAEeMOCTM o0bnagaer Hanbonblwmnm
BOZLOMOI/IOLLEHMEM CpefiM nccnenyemMbix 06pasLoB,
MO3TOMY BO3MOXHO, YTO MeMBpaHbl C BbICOKOW CTe-
NeHbl r’MAPOPUILHOCTM Bonee yCTOMUYMBBI K BO3-
LeViCTBMIO MOHWXKEHHbIX TeMneparyp;

— ANS fanbHENLLIUX UCCIea0BaHMUI CBOMCTB 3na-
cTuHbIX KCM npu MofenupoBaHumM 3KCnyaTauum
B YC/IOBUAX MOHWXXEHHOM TemnepaTtypbl BO34yXxa
HeobxoamMMo (OpMMPOBATL OTAENbHbIE BbIOOPKM
CXOXMX MO CTPYKTYPHbIM NOKasaTensM Matepuanos
C PasnUyHbIM COOTHOLIEHWEM TONLWMH MeMbpa-
Hbl M TEKCTWUNSA; C Pa3/IMYHbIM TUMOM CBA3W C/I0EB
ApYr C ApYroM; C pas/IM4HOMN MAIOTHOCTbIO BA3aHMA
CN0eB; C Pa3/MYHOM CTeneHb MMAPOMUIBHOCTH
MeMObpaHbl. [TpUMeHas nocnefoBaTeNlbHO K TakuUM
Bbibopkam KCM MopenupoBaHue 3Kcnayatauuu
npu 20 000 umuknoB pactsxkeHus Ha (10%1) % ot
HayanbHOM ANUHBI €O cKopocTbio (120£5) umknos
B MUHYTYy B YC/IOBMAX TeMmnepaTypbl 3KCnyaTa-
LMK, MOXKHO OY[eT YyCTaHOBWUTb 3aKOHOMEPHOCTb U
CTeneHb BAMAHMA APYrnx (HakTOpOB, KOTOPble Npu
MUIOTHOM MCCNeaoBaHUM NposBUAM cebs [OCTON-
HbIMU BHUMaHMS.
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TakuM 06pa3oMm, npakTMyeckas 3Ha4MMOCTb Bbl-
NONHEHHOM paboTbl 3aKNKYAETCS B TOM, YTO yCTa-
HOBNEH BMWA 33aBUCMMOCTU YPOBHS BOAOHEMPOHU-
uaemoctu pactskumbix KCM ot TeMnepaTypbl npu
MOAENMPOBaHUM MX IKCNyaTauuMu B AMANasoHe
ot 0 °C no MuHyc 30 °C - nuHelHas; onpeaeneHo
KONMYECTBO LIMKIOB UCMbITAHUS U YCIOBUS MOAe-
JIMPOBaHMs 3KCMyaTaLuu, NO3BONSLLME 33 OTHO-
CUTENbHO KOPOTKOE BPEMS MONYYMTb pe3ynbraThl,
NpUrogHble AN NPOrHO3MPOBAHWUS YPOBHS BOLO-
HenpoHuuaemoctn KCM, yto obecneyumBaeT paum-
OHasbHbIM BbIOOp MaTepuanoB B MakeT LUBEMHbIX
nsgenunit. HameyeHsl npuHUMnbl HOPMUPOBAHMS
BblIbopok KCM ans uccnepoBaHms GakTtopos, BO3-
MOXHO BMSIOWMX HA CTabuNbHOCTb BOLOHENPO-
HuuaemocTn anactnyHbix KCM npu skcnnyataumm
B YC/IOBMAX MOHMXKEHHOM TeMNepaTypbl BO3A4yXa.

*ncnbiTanus nposogunu B benopycckom pecny6nm-
KaHCKOM LLeHTpe 30HA0BOM MUKPOCKONUU MHCTUTY-
Ta MEXaHUKU METANNIONOAUMEPHBIX CUCTEM UMEHMU
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eM Nexus 5700 u nporpamMmHbiM obecneyeHnem
OMNIC 7.1.
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