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MPO30POBA OJIbI'A BUKTOPOBHA BEJIYIIIUA CIEITUAJIUCT
UCIBITATEJIbHOM JIABOPATOPUH

Toxuposa 3uénaxon 3uéBy I IUH KU3H

Cmyoeumxka |l-xypca epynnot 8p-21

Tawxenmckuil uHcmMumym meKCmuabHOU U JIE2KOU NPOMBIULIEHHOCIU
Tawxkenm, Pecnyonuxka Y36exkucman

AHHOTAUMA. NpU OKCHAYAMAyuu MeKCMUIbHbIX U30eIUll BO3HUKAEem U3HOC Om
ucmupanus uzoenutl 06 okpydcarowue nosepxnocmu. Mcmupauwue — 3mo mexaHuueckoe
paspyuleHue no8epXHOCMU MEeKCMUITbHbIX MAMEPUATIO8 NPU MPEHUU.

KuroueBble ciioBa: cmotikocms K ucmupanuro, memoo Mapmunoeuinia, mpukomaxicHvle
NOJIOMHA PA3TUYHO20 BOJIOKHUCIO20 COCMABA, ONOPHASL NOBEPXHOCb.

CTONKOCTh TEKCTWJIBHBIX MaTepUajoB K MCTUPAHUIO — 3TO OAMH HMX OCHOBHBIX
MoKasareseil, KOTOPBI XapaKTepuzyeT €€ MPOYHOCTh. IJTOT TMOKa3aTelb 3aBHUCHUT OT
pa3nuuHbIX (QakTopoB. bonbiioe BAMSHUE ~ UMEET CTPOEHHS TOBEPXHOCTU TKaHH,
BOJIOKHHCTBI COCTaB M MPOJOJKUTEILHOCTh BO3JCHCTBUS, KOTOPOE B KOHEYHOM HTOTE
NPUBOJIUT K €€ pas3pylIeHUI0 B PAa3IMYHBIX YacTaX oJexabl. [locKoJIbKy oaexnaa
W3HAIMBAETCS MPEUMYIIECTBEHHO HA JIOKTSAX, KOJEHSX, MO IIaroBbIM LIBaM OpIOK, KpasMm
KapMaHOB, BOPOTHHKY, MaH)Ke€TaM WM HH3y PYKaBOB, TO M3-3a HEPAaBHOMEPHOTO HM3HOCA
u3Jieare MPUXOJUT B HETOJHOCTh MI3HOC HauMHAeTcs ¢ M3HOCAa HUTEW Ha JIMLEBOM CTOPOHE
TEKCTUJILHOTO MaTrepuaya, KOTOpble O0pa3yloT BEpIIMHAMHM CBOMX H3rMOOB OIMOPHYIO
MOBEPXHOCTh. UeM OoJbllle OMOpHas MOBEPXHOCTh, TEM BBINIE €€ HM3HOCOCTOWKOCTh. B
IpoLecce HOCKA UCTUPaHUE MPUBOIUT K MOTEPE IKCIUTyaTalIMOHHBIX CBOMCTB M YXYAILEHUIO
BHELIHETO BUJA.

Tect Ha wucTUpaHWe — CTaHJApPTHAs METOJIMKA JUIS OMNpEICNICHUs YPOBHS
M3HOCOCTOMKOCTU Marepuana. [IpuMeHseTcs Mo OTHOIICHUIO K OJIEKHBIM , TPUKOTAKHBIM
MOJIOTHAM, TKaHSIM, HaIOJIbHBIM MOKPBITUAM, MEOSITHHBIM MaTEepHAIIaM.

ConpoTuBiIeHHE HUCTHPAHUIO — CIIOCOOHOCTh TKaHW MPOTHBOCTOATH HCTHUPAIOIINM
BO3JICHCTBUSAM. DTOT TOKa3aTelb OINpPEAENsIOT Ha CHelUalbHBIX MpubOopax, rae obpaszern
TKAaHM [OABEPraroTCsS TPEHUIO O IIEPOXOBATYIO TIOBEPXHOCTh

Meton Maptunieina sBIsE€TCS OJHUM U3 METOAOB IUIOCKOTO MCTHPAHUS U LIUPOKO
UCIOJIb3YeTCs JUIsl TECTUPOBAHMS HM3HOCOCTOMKOCTH OJEXKIbl M JIOMAIIHEr0 TEKCTHIIA,
JICKOPATUBHBIX TKaHEeH 1 MeOeH.

CYIIHOCTBb METOJA

TexctunpHblli  0Opazerny Kpyrioi Qopwmbsl, omnuceBamomuili  ¢urypy Jluccaxy,
MOJIBEPraloT MCTHUPAHUIO a0pa3WBHBIM MaTepHUaJiOM IOJ Harpy3koil. B 3aBucumoctu OT
npumensemoro merona ( 'OCT I1SO 12947.2, TOCT ISO 12947.3, TOCT ISO 12947.4) B
JepKaTeNb POo0 3ampaBIIAIOT MO0 caMm MaTepual, Tu60 abpa3uB, CBOOOAHO BpAIIAIOIIUNACS
BOKPYT CBOEH OCHU MEPIEHIUKYISIPHO K TOPU3OHTAIBHOMN MIIOCKOCTH.
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s TpukotaxHbXx mojoteH BbiOpan merox 'OCT 1SO 12947.2, B xotopom mpobda
Kpyrioii ¢opMbl, YCTAHOBIIEHHOW B Jiepkarene sl mpo0, Tpetcst 00 abpa3uBHBIA MaTepual.
CrerneHb CTOMKOCTH K MCTUPAHUIO OMPEACNIIETCS YUCIOM IIMKJIOB, COBEPIaeMbIX 00pas3ioM
POOBI 10 pa3pyLIECHUS.

OnpoboBaHa METOJMKA OMpENEICHHUs] CTOMKOCTH K MCTUPAHUIO TPUKOTAXKHBIX TOJOTEH
Pa3IMYHOIO BOJOKHHCTOro coctaBa. CyIIHOCTh METO/Aa 3aKIYacTcsl B ONPEACICHHUU
KOJIMYECTBA LIUKIIOB UCTUPAHHUS, KOTOPBIE BBIAEPKUT 00pa3ell K MOMEHTY pa3pyIlLEHUs.
CtpykTypa TPUKOTAXXHOTO TIOJIOTHA SIBIISIETCS TJABHBIM  (PaKkTOpoM, KOTOPBIi
onpezenseT CiayKeOHble XapaKTePUCTHKU M3JEINi. DTH MOKa3aTeau 3aBUCAT OT MHOTHX
(bakTOpOB: BOJOKHUCTBIN COCTAB, NMEPEIUIETEHUE, TOBEPXHOCTHON TIIOTHOCTH U OTEIIKH.
Tect mo MapTunaeiiny npoxoauT cienyromuM odpazoM. [lepen HawaoM HCTIBITAHHIA
BbIpe3atoTcs 6 00pa3loB C MOMOIIBIO CHEIUAJIBHOTO pe3aka M Ha JUCK HaKJIaJbIBalOT
oOpaszell HCHBITBIBAEMOro MaTepuaina. Kpas 3akperuisioT B CHEIHalbHBIX KOJbIAX , |
yCcTaHaBiIMBaeTCsA Ipy3. Ha HmkHeM nucke 3akperuisiercs HWCTHPAOIIas MOBEPXHOCTh -
cnelnuaibHas a0pa3suBHas TKaHb. /luck ycrtaHaBnuBaeTcs B Hocutelnb. [locie BkitoueHUs
npubopa HOCHTENb HAYWHAET BPAIIATBCA CO CKOpocThio 47,525 o6/mMun. bmaromaps
OKCLEHTPUYHOMY DPACIOJIOKEHUIO JUCKOB BCE TOYKH ITOBEPXHOCTH TKAaHU I1OJBEPraroTCs
BO3JICHCTBUIO HCTUPAIONIMX YCWIWH B pa3HbIX HampaBleHusx. Jluck c abpa3uBoMm
MPOU3BOJUT JIBIDKEHHUS B BHUJE BOCBMEPKH, UYTOOBI JIOOMTHCS HCTUPAHHS BO BCEX
HaIlpaBJICHUAX IUIETCHUS, JABUKEHUS COBEPIIAKOTCA C OINpeleieHHBbIM naBieHueM. OnHa
Takas «BOCBMEPKa» COCTaBISAET OJWH LIUMKJI NPOBEpKU. Bo Bpems TecTa TKaHb MOCTOSIHHO
MIPOBEPSIIOT HA M3HOC, UCIBITAHUE 3aKAHYMBAETCS, KOI/IA HA TKAHU MOSBISIIOTCS BUAUMBIE
MTOBPEXKACHUE, TAKHE KaK pPBaHblE HUTU WM UCTHpaHue Bopca. Kak TOIBKO B UCIIBITBIBAEMOM
oOpa3ie MOSBIISETCS pa3pylIeHHe CTPYKTYpbl oOpasiia, NpOoIecC OCTaHABIMBACTCA U
3aIMCBHIBACTCS KOJUYECTBO LIMKIIOB BPAILICHUsI, KOTOPBIM MOKAa3bIBAETCS HA JUCILIEE.

Puc. 1. TIoArotoBKa i HCOLITAHUSA 00PAZHOB HA YCTOMYNBOCTL K
HCTHPAHIO Ha npudope M 2353

JUis m3ydeHusl CBOWCTBA  TPUKOTaXKa Yy OTOOpaHHBIX 0Opa3loB ObUIM ONpEAETICHBI
CTPYKTYpHblE W (PUM3MUECKHE T[OKa3aTeJd MpPU IOMOIIUM COBPEMEHHOI0 000pYyI0BaHUS
VYyebHo- McnbiTarenbHoM TabopaTopuu Mpu TalIKeHTCKUHA UHCTUTYT TEKCTUIILHOM U JIETKOMN
MPOMBIIIJIEHHOCTH, PErJIAMEHTUPOBaHHbIE B OOLIEM TEXHUYECKOM periameHte «O
be3zonacHoCTH IPOYKIIMH JIETKOH TPOMBIILIIIEHHOCTH.
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[Tepen mpoBeeHNEM UCTIBITATEIBHBIX PAOOT, 00pPA3IBI BBIAEPIKUBATUCH B HOPMATBHBIX
KInMaTHdeckux ycnoBusx cormacao 'OCT MCO 139-2014.

OOBexTaMu HCCJIICAOBAaHHU B JaHHOU pa60Te CIIYKUIN CclIcayromuc 06pa3u51
TPUKOTAXHBIX IMOJIOTCH, TPUBCICHHLIX B Ta6n1/1ue1:
Talanma |
Hanvenonanne Boaoknwerai Toammuna, TToBepXROCTIAR IO TROCTY,
MATCpRAIA cocTas, %o 1] rid
1. TpuroTnaHDE 100% x/6 mpman 0.7 230.0
NOJOTHO
2. TPHROTAKHOE T5% /0 npaxa 0.6 228.0
MOI0THO _23% noamscrep )
3. TpuroTARHDE 50% x/0 npaEn 0.6 226.0
NOTOTHO 50% noamEscTep
i. TpuEOTARHOR S0% mepcraHOe 0,75 236.0
NOIOTHO BONOKHO
$0% moaracTep
$. TpuroTRAHOC 100% cHHTETHYCCKOC 0.3 234.5
NOJ0THO BOOKHO(BKpILT)
6. TPHKOTAAHOE 50% x/6 npaxka 0.8 2295
TI0THO $0% meax
Pesyanrarn nermarami
TalmHm 2
HanMenoRanEe MaTepuais Boaoxumcruii cocras, %o Koanqecrso

UHKI0B HCTHPARNR
100% x/6 npx#a 9700

75% x/6 npexa
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HJBI TCKCTUJIBHBIX MAaTCpHUaJiOB, UCIIOJIB3YCMBIX JISI OACKIBI, HepBLIﬁ BUJ] pa3pyHICHUA
ABIIIeTCS OoJiee XapaKTepHBIM W MPOTEKAeT CIeAYIoIUM oOpa3oMm. B HaudanmpHON cTaauu
HCTHUPaHUs B3aUMOJICHCTBYIOIIUE SJIEMEHTHl Je(opMUPYIOTCA YNpyro 0e3 pa3pyllieHHs.
3aTeMm TAHI'CHIUAJIBHBIC, CHJIIbI, IMPHUKIIAJAbIBACMBIC K MaTCpuaily H I[CﬁCTByIOH.[PIC B
PA3JIMYHBIX HAIIPABJICHUAX, IPUBOAAT K MHOIOKPATHOMY PACTSXKCHUIO OOAHHUX MW CXKATHIO
IPYrUX MHUKpPOY4YaCTKOB Marepuaia, 4YTO B KOHIIE KOHILOB BbI3BIBAET YCTAJIOCTHOE
paspylieHue OTPE3KOB BOJIOKOH, PACIOJIOKCHHBIX Ha TpeOHAX BONH HuUTeW. HaumnHaercs
paspylieHue TAyOMHHBIX CJIOEB Marepuaja: BOJIOKHA, paCHICIUICHHbIE B MPOJOJIHLHOM
HaITpaBJICHUHW, PAa3ACIIAIOTCA HAa YaCTHU, MPOUCXOAUT UX NMOCTCIICHHOC BLIITAJICHHUC. TOJ'HJ_II/IHa
MaTcpuajia, CHadajla BCICACTBUC PA3PLIXJICHUA TMMOBCPXHOCTHBIX CJIOCB YBCIMYMUBAIOIIAACH,
cHOBa yMmeHblIaetcs. [IpoucxonuTt morepss Macchl MaTepHalna, KOTOPbIA CTaHOBHUTCS Ooiiee
PEIKUM U, HAKOHELI, Pa3pyLIacTCs.

Taxum oOpaszom, pa3pylieHne HUTEH TKaHEeW U TPUKOTa)ka MPU UCTUPAHUH TTPOUCXOJIUT
B PE3YJIbTATC YAAJICHHUA KOPOTKHX YYACTKOB BOJIOKOH IIO MCPC UX PA3PYHICHHUA BCIICACTBHUC
pacuIeTIeH!s], MUKPOCPE3aHUs U PeXe yAaJIeHUs BOJIOKOH U3 MPsDKU 0e3 ux paspymieHus. B
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TPUKOTAXXE€ pa3pblB HUTEH OT MCTUPAHHS NMPUBOIUT K CHYCKY METeNb, B PE3ylbTaTe YEro
pas3pyllIeHne TPUKOTaXKa M0 UCTEPTHIM MECTaM IIPOUCXOAUT CKOPEE, UeM TKaHEH.

B TpukoTtaxke ¢ HauecoM, a TakKe B BAJEHBIX TKAHAX M3HOC HAYMHAETCA C BOJIOKOH
BOpca Win (puiIbIia, KOTOPhIE IO MEpe pa3pyLIeHHs BHIMAAAIOT U3 MaTepuana. [IpumepHo Tak
K€  TIPOMCXOIUT  pa3pyllleHWe  MNpPOIIMBHBIX  HETKAHBIX  MAaTEepHaJoB:  CHaydaja
pa3noxMaynBaeTCcs TOBEPXHOCTh MaTepHaia, a 3aTeM IOCTENEHHO BBINANAI0T BOJOKHA
BaTKH, B PE3yJIbTATE Yero 00HAKAIOTCS MPOIIMBHBIE HUTH U HAYMHAETCS Pa3pyIlICHHUE CaMOTO
Kapkaca.

Takum oOpa3oM, BO BCeX MarepHajax TMpEeXIe BCEro HCTHUPACTCS WX OMOpHAs
NOBEpXHOCTh. [lo3TOMYy OT ee pa3smMepoB U CTPYKTYpbl B OOJBIION CTENEHU 3aBUCHUT
yCTOMUMBOCTh MaTepuajaoB K wuctupaHuto. C yBeJIMYEHHEM OMNOPHOH MOBEPXHOCTHU
MaTepualia MHTEHCUBHOCTh €€ HM3HOCa MajaeT, TaK KaK yJIeNbHOE IaBJIIEHHWE Ha IJIOMIalb
KOHTAaKTa, a CJEeJ0BaTeNbHO, M HCTHpAIOIIME YCWIHA PacHpelessioTcs Ha OOJIbLIYIO
WIomanas. Tak Kak i W3HAIIMBAaHUS EIWHUIBI 0o0beMa KaXIoro Tema Tpedyercs
OTIPENIETICHHOE KOJIMYECTBO PAa0OTHI, TO €CTECTBEHHO, 4YTO C YBEJIHMYEHHEM OMOPHOU
MOBEPXHOCTH M3HOC TKaHU MIPOUCXOAUT MEJIJICHHEE.

Ha ckopocTh m3HOCa TKaHEW OKa3bIBaeT BIUSHUE BHICOTA peibeda U paanyc KpUBU3HBI
BOJIH HHUTEH, 0Opa3yloUIMX OMOpPHYIO NMOBepXHOCTh. [lpu penbede moBepxHOCTH ¢ Oonee
IUTABHBIMM M3rM0aMu HUTEH, MaTepuall OKa3blBaeT Jydlllee CONPOTHUBICHHE JAEHCTBUIO
uUCTHparommx ycunuii. Hampumep, B Tiagkux (IDIOCKMX) TKAaHSIX MPH3HAKA H3HOCA
MOSIBIIIIOTCS TMO37HEE, YeM B TKAaHAX C pPEIbe(HO BHICTYNAIONIMMH TEPEKPHITHSIMHU Ha
TTOBEPXHOCTH.

Tak kak W3HOC  TPHUKOTaXa OT HWCTUPAHUS CBSA3aH C TOTEPEed WX MAacChl, TO,
€CTECTBEHHO, YeM JIyullle 3aKperyieHbl BOJIOKHA B O0IIEH CTPYKType TKaHHU, TEM JIOJIbIIE OHU
HE BBIMAJAIOT U3 HEE TIPU UCTUPAHUU U, CIICTOBATEIBHO, TOJIBIIE HE pa3pylIaeTcs MaTepual.
[TosTomy Oousbiioe BIMSIHHE HAa HM3HOCOYCTOWYMBOCTh TKAaHEH W TPUKOTaKa OKAa3bIBAET
MPOYHOCTH 3aKPEIJICHHUs] BOJIOKOH B CTPYKType MarepHalia, 3aBUCSIIAs OT JJIMHBI BOJOKOH,
TOJIIIIMHBI ¥ KPYTKH TPSIKH, TIEPETUICTEHHSI, ITIOTHOCTH PACIONOKEHUS HUTEH, JITUHBI HUTH B
neTyie TPUKOTaXxa, a Takke OT XapakTepa 00pabOTOK, KOTOPHIM MaTepHasbl MOABEPratoTCs B
mporeccax OTAEIOYHBIX omnepanuid. OHAKO CIUIIKOM OOJbIas CTENEHb 3a)KMMa BOJOKOH
MOJKET TMOBBICUTH JKECTKOCTh TKAaHM, YTO TPUBOAHMT K OOpPA30BAHHUIO B ONIEKIE JKECTKHUX,
OBICTPO MCTUPAIOIIUXCS CKIAIOK.

OTnenky, TOBBIMIAIONINE JKECTKOCTh TKaHEH, TakKe NPUBOAAT K YMEHBIICHUIO
MPOYHOCTH TKaHEH, K MCTHpPAHUIO, OCOOCHHO 1o crubam. Tak, HampuMmep, yMEHBIIaeTCs
MPOYHOCTh K UCTHPAHHUIO CaTHHA IOCIE THUCHEHHUS. 3HAYUTENBHO IMagaeT YCTOWYHBOCTH K
UCTHPAHUIO BCEX TKAHEH IOCIIe OTIENKH «CTHpail — HOCHW». Marepwanbl I OIIEXKIIbI,
HA/ICTICHHbIE OOJBIIMMHU YIPYTUMH U 3JNACTUYECKHUMU JedopManusmMu, oO0Iagaronme
THOKOCTBIO M MATKOCTBIO, OKa3bIBalOTCs OoJjiee yCTOWYMBBIMU K TpeHuto. Iloa naBnenuem
TPYIIMX TMOBEPXHOCTEH OHU JIETKO CKMMAIOTCS, IPOPMHUPYIOTCS, penbed MX MOBEPXHOCTH
M3MEHSETCs, BOJIOKHA HE COMPOTHBISIOTCS TEPEMEIIEHHIO B TOJE CHJI TPEHUS — HW3HOC
TaKUX MaTe€pHUajoB OT UCTUPAHUS POUCXOJUT MEJICHHEE.

3aKIr04YeHHE:
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JIabopaTopHble HCIBITAaHUS TOJIBKO YAaCTUYHO BOCIPOM3BOAAT M3HOC Marepuaja OT
UCTHpaHMs, HaOJt0JaeMblil B IIpoliecce IKCIuTyaTauuu usaenus. [lpu Hocke u3nenuii TkaHu u
TPUKOTAX PA3pPYyILAIOTCS B PE3yJbTaTe JAJIUTEIbHBIX, HO CJIA0BIX UCTHPAIOIIMX BO3JEHCTBHIL.
[ukibl BO3IeHCTBUN pa3aeneHbl OOJIBIIMMU MIPOMEKYTKaMu BpeMeHH. Ha nmpubopax HuKIIbI
VCTUPAHUS CIENYIOT HACTOJIBKO YacTO, YTO HACTYNAET MPEXIACBPEMEHHAs IUHAMUYECKas
YCTaJIOCTh BOJIOKOH. Y MEHBIIAIOTCSL YIPYIHE U AJIacTUYeCKue fedopMaliu, 4To IPUBOJIUT K
YXYALICHUIO paclpeleleHsl CHUJ  CONPOTUBIEHUS MCTHPAHUIO U YCKOPSIET IMpoliecc
paspymenuss oOpaszua. OpHuM M3 HauOosee BaXKHBIX (DAKTOPOB, BIMAIOIIUX Ha
M3HOCOCTOMKOCTh TPUKOTAXHBIX MOJOTEH, SIBISETCS COAEPKAHUE CHHTETUYECKUX BOJIOKOH.
Hekotopble BoJOKHAa MO cBoed mpupoje Oosiee yCTOMUMBBI K HCTUPAHMIO, YEM JIpYyTHeE.
Hanpumep, nonusctep 0067a1at0T BBICOKOW CIIOCOOHOCTBIO MOIJIONMIATh HEPIHI0 (TO €CTh
YIApHYIO BA3KOCTh), YTO CIOCOOCTBYET CTOMKOCTH K UCTUPAHUIO TOJOTEH, U3TOTOBJIEHHBIX
U3 3TUX BOJOKOH. IIpoaHanu3upoBaB pe3yibTaThl UCIIBITAHUM, MOXEM YTBEpPXKAATb, YTO
HaumOojee YCTOWYMBO K HCTUPAHUIO MOJOTHO M3 MPSXKHU, /1€ IPUCYTCTBYET  OOJBIIMIA
npoueHT nojudcrepa ( oOpasubl Ne3 Ne4 NoS5). VcTOWYMBOCTH K HUCTUPAHUIO MOJOTEH M3
TakOM NpsDKM JUIS BCEX MEPEIUIETEHHM HAMHOIO BBILIE, YEM Y OCTaJbHBIX IIOJIOTEH.
Xopomiasi yCTOMYMBOCTh K HMCTHPAHUIO Yy TMOJIOTEH U3 wepcTd U monudcrepa. Camblil
BBICOKMI TIOKa3aTelb HWCTUPAHHUS Yy aKkpujaa, HO Yy OJTOr0 IIOJOTHA OYEHb BBICOKAs
MUJUINHTYEMOCTD.

CIIMCOK UCIHTOJIb30BAHHbBIX HCTOYHHUKOB:
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