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(54) OBbEMHBIM TKAHBIM OT HE-TEILTIO3AIIUTHBI I MATEPHUAJT

(57) Pedepar:

[None3nast MOJIeIb OTHOCUTCSI K KOMITO3UIIMOHHBIM OTHE-TEIIO3alMTHBIM MaTepHaiaM U
MOXXET OBITh HCHOJNB30BaHA NPH M3TOTOBJICHUH CIENUAIbHON 3alMTHON OJEXKIbI
MOXapHOTO, TpeOylomeld TMOBBIIIEHHONH CTOWKOCTH K BO3ACHCTBHIO WHTEHCHUBHOTO
TEIJIOBOTO M3IY4E€HUS, OKPYXKAIOWEH Cpelbl ¢ BBICOKOI TeMIepaTypoil, KpaTKOBPEMEHHOIO
KOHTaKTa C OTKPBITHIM IIJIaMEHEM M HarpeThiMH MpeIMeTaMH, MEXaHUYECKHX H JPYTUX
OMacHBIX (PaKTOPOB, BO3HHKAIONMX TPH TYMCHHH MoxkapoB. OOBEeMHBIH TKaHBIH OTHE-
TEIJIO3AIMTHBIN MaTepuan, CcOCTOAUMN U3 OOBEAMHEHHBIX OTHE3aIMTHOrO CJIOS U3
apaMHAHBIX HUTEH M TEIJIOM30JMPYIOIEro CJIOS, BBIMOJHEHHOTO H3 TEPMOCTOHKUX
CHHTETHYECKUX HUTEW, COCIMHEHHBIX OPYr C JAPYroM TakK, 4YToOBl pacmoJyiaraTbCs Ha
pPacCTOSIHHM 5+2 MM [Ipyr OT ApYyra IOCPEACTBOM MEpPEeMBbIUeK, KOTOpPHIE BBITTOTHEHHI W3
apMHUpPOBaHHBIX HUTEH TonumHou 0,1+1 MM U3 Heroproyero MaTepuaina, Ha OTHE3alUTHBIN
CII0it ¢ pOHTANBHOM CTOPOHEI HAHECEHO IUNICHOYHOE MOKPHITHE U3 KPEMHHIOPTaHUIECKOTO
MOJIMMEPA, a TEIJIOM30IUPYIOIMH CJIOM ¢ THUIBHOW CTOPOHBI COEAMHEH C FMIMEHUYECKUM
CI0€M M3 XJIOMYaTOOYMaKHBIX HHUTEH, MNPONUTAHHBIX OMOLMUAHBIM PAaCTBOPOM.
ApMHUpPOBaHHBIE HHUTH BBINOJHEHBI M3 apaMHUIHBIX, KPEMHE3eMHBIX HJIM 0a3ajJbTOBBIX
BOJIOKOH. KpeMHUHOpraHW4YecKHuid TMOJIMMEP COJCPKUT OTpaxkaroumii uH@paKpacHoe
U3JIy4eHUE MUIMEHT. TeXHUYECKUU pe3ylbTaT: MOBBIIIEHHE MEXaHMYEeCKOH NpOYHOCTH
Marepualia MpH MOBBIIIEHUH OTHE3AIMTHBIX CBOMCTB M CHHXXCHUM TEMIONPOBOJHOCTH
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[Tone3Hast MOJI€Ib OTHOCUTCS K KOMIIO3UIIMOHHBIM OTHE-TEIJIO3aIMTHBIM MaTepruaiam 1
MOJKET OBITh HCIOJIb30BaHA MMPHU U3TOTOBJICHUHU CIICIIUATBHON 3alIMTHON 01eMKIbI
M0XapHOro, TpeOylomel MOBBIMEHHONH CTOHKOCTH K BO3/A€HCTBUIO HMHTEHCHBHOTO
TENJIOBOTO U3NYUYEHU I, OKPYXKAIOIIEH Cpebl C BRLICOKOW TeMIepaTypoil, KpaTKOBPEMEHHOTO
KOHTaKTa C OTKPBITHIM MJIaMEHEM U HarpeThIMH NpeAMeTaMu, MEXaHUYECKUX U IPYTUX
OTIaCHBIX (JaKTOPOB, BOSHUKAIONIMX MPU TYLIEHUHU TTOKAPOB.

VI3BecTeH MHOTOCIIOMHBIA OTHE3aMTHBIN MaTepuan it onexas! (IlaTeHT Ha mone3Hyro
Mozenb RU Ne10182, MITK D03D 15/00, 1999 1), BEIMOJIHEHHBIH B BHJIC T1aKeTa,
COZIepIKaIero OrHE3aMTHBIN CII0M U3 TEPMOCTOMKNUX BOJOKOH U MUHUMYM OJMH
TETUIOU30IMPYIONIMH CI0H U3 HaTypaJbHBIX BOJIOKOH, JOIOJHUTEIBHO COACPIKALIM i
BOJIOU30JIUPYOUIMHA ciiol. OTHE3alMTHBIN CIIOW BHITTOJHEH B BHUJIE HETKAHOTO
UIIIOTPOOMBHOTO TEPMOCTOMKOTO MOJOTHA U3 BBICOKOMOIYIbHBIX BOJIOKOH THIa CBM,
TEPJIOH, apMOC, Ha OTHE3AIMTHBINA CIIOH MyTeM NPOMa3Kh U TepMOOOpadOTKN HaHECeH
BOJOU30IHUPYIOMMHA TOTHMEPHBIHA CIIOH, a TEIION30JINPYIOIE CI0OM 00pa30BaHBI CIOSIMHA
HIEPCTAHOTO BaTUHA, IPUMBIKAIOIIETO K OTHE3alMTHOMY CJIOI0 U CIIOSIM U3
XJIOMYaTOOYMaXKHOW TKaHH, IIPH 3TOM CJIOH OOBESIUMHEHBI B TAKET PO BKOH.

HenocraTkom aTOr0 Marepuaia sBisSeTCsS OTHOCUTENBHO HU3KUE TETIJION30IUPYIONIHE
CBOICTBA, MOCKOJIbKY B KaU€CTBE TEIJIOU30JIMPYIONIMX HCIOJIB3YIOTCS CJI0M, 00pa3oBaHHbIE
CJIOSIMU LIEPCTSIHOTO BaTHHA, KOTOphIe HE 001a1al0T BEICOKUMHU TEJIOU30IHPYIOIM MU
CBOWCTBAMH U HEMOCPEIACTBEHHO MPUJIETAIOT K OTHE3AIMTHOMY CJIO0I0, © OTHOCUTEIBHO
HHU3KUE OTHE3aIMTHBIE CBOWCTBA, MOCKOJIBKY PU JTyI€BOM H KOHTAKTHOM BO3ACHCTBUH C
TOPSYUMHE CpellaMi He 00ecIIeunBaeTCsl JIOKATH3AI s BO3ACHCTBUS, H OHO
pacrpocTpaHseTcs 10 OBEPXHOCTU TKaHU. Kpome Toro, Tak e HelOCTATOK yKa3aHHOTo
MaTepualia 3aKIo4aeTcsi B OTHOCUTEIbHO HU3KOW MEXaHMYECKOH MPOYHOCTH MaTepHasa.

UzBecren ornesaumtHbd MaTepuan (IlarenTt Ha mone3nyro moaens Nel74909, MITK
DO03D 15/12, 2017 r.) npuHSATHIH 32 TPOTOTHI, COCTOSIIMN M3 BHEIIHETO OTHE3aIMTHOTO
CJI0S U TEIJIOM30JIMPYIOIIET0 €105, 00beANHEHHBIX MPOIIMBKOH, MEX/1y KOTOPBIMH BBEJCH
TEMJIO3aIMTHBIA CJIOM, BHITOJHEHHBIH U3 TEPMOCTOMKUX BOJIOKOH HETKaHOTO MaTepuaa,
MpUYeM BHEIIHUN OTHE3AIMTHBIN CJIIOW BBHIMTOJHEH U3 apaMUIHONW TKAHU M MPOBOJIOKOHEH
HUDIONMPOOUBHBIM CITOCOOOM TEPMOCTOWKHMH BOJOKHAMH TETLIO3AMIMTHOTO CIIOSI.
Tenmon3onupyrommii cIOi BHIMOIHEH U3 IEPCTSIHBIX BOJOKOH, XJIONKOBBIX BOJIOKOH,
JIbHSHBIX BOJIOKOH. B KauecTBe TEPMOCTOMKUX BOJIOKOH MCIIOJIb30BAHBI OKUCIICHHBIE
MOJTMAKPHJIIOHUTPUIIbHBIE BOJIOKHA, apaMUIHbIC BOJOKHA, 0a3abTOBbIE BOJOKHA,
KpeMHE3eMHBbIE BOJOKHA.

HenocraTok mpoTtoTuna 3aKio4aeTcs B OTHOCUTEIBHO HU3KOH MeXaHHUYeCKOU
MPOYHOCTH MaTepHaia MPH MCIOJb30BAaHUHU YKa3aHHOTO MaTepuaia AJs NOIMHBa OJekKIbI
MOXKapHOTOo, IpH paboTe B Takoi ojexae B 00JacTIX KOJEHEH U JTOKTeH GopMUPYIOTCS
30HBI HATSKEHHSI MaTepualla U 30HbI 3aJI0MOB M CKJIAJI0K, B KOTOPBIX MaTepHall yrpayuBaeT
CBOM KauecTBa. Tak ke HEJJOCTATKOM SIBJISIIOTCS OTHOCUTEIHHO HU3KUE TENI0N30IUPYIOIHE
CBOIICTBA, MOCKOJIbKY B KaU€CTBE TEIJIOU30JIMPYIOILIET0 HUCIOIb3yeTCs CIIOH, BBINOJTHESHHBIH
U3 MIEPCTIHBIX BOJIOKOH, XJIOMKOBBIX BOJIOKOH, JIbHSIHBIX BOJIOKOH.

3amaueil, KOTOpast pelaeTcs B MOJIE3HOW MOJEINH, SIBJISETCS cO3JaHue OTHE3alMTHOTO
BOJOHEIIPOHHIIAEMOT0 MaTepHaa ¢ BBICOKOH MEXaHMYECKOH MPOYHOCTBIO, BEICOKUMHU
OTHE3aIMTHBIMU CBOMCTBAMH M MAJIOH TEMJIOMPOBOTHOCTBIO.

TexHuyeckui pe3ynsraT 3aKI04aeTCs B IOBBIMIEHUY MEXaHUYECKOW IIPOYHOCTH
MaTtepualia mpH MOBBIIIEHUH OTHE3AIMTHBIX CBOWCTB U CHU)KEHUH TEIJIONPOBOIHOCTH
MaTepuana.

TexHU4YeCKU pe3ynbraT JOCTUTAETCA TEM, YTO OOBbEMHBIN TKaHBIM OTHE-TEeIJI0O3alMTHbIH
MaTepuall, COCTOAUMN U3 00BbEINHEHHBIX OTHE3AIMTHOIO CJIOS U3 apaMHUIHBIX HUTEH U
TEIJION30JIMPYIOILETO €105, BHIMOIHEHHOTO U3 TEPMOCTOWKMX CHHTETUUYECKUX HUTEH,
COEJMHEHHBIX JIPYT C IPYrOM TaK, YTOOBI pacIiojiaraThCsi Ha pacCTOSHHUU 5+12 MM apyr oT
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JIpyra nocpesiCTBOM IepEMbIYEK, KOTOPbIE BHITTOJIHEHBI U3 apMUPOBAHHBIX HUTEH
tonumHou 0,1+1 MM M3 HEroprodero MaTepuaia, Ha OTHE3alMTHBIN CIION ¢ PpOHTANBHON
CTOPOHBI HAHECEHO MJIEHOYHOE MOKPBITHE U3 KPEMHHUIOPraHMYeCcKOTO MOJINMeEpa, a
TEIJIOU30IUPYIOLMH CI0M € ThUIBHON CTOPOHBI COEAMHEH C TUTHEHUUYECKUM CIIOEM M3
XJIOMMYaTOOYMa)KHBIX HUTEH, TPOMUTAHHBIX OMOLHIHBIM PACTBOPOM. ApMHUPOBaHHBIE HUTH
BBITTOJTHEHBI U3 apaMUIHBIX, KPEMHE3EMHBIX UITH 0a3aTBTOBBIX BOJIOKOH.
KpemHUIIOpraHnYecKui MOTMMeEp COIEPKUT OTPAKAIONI HH(pakpacHOe U3IydeHHE
MUTMEHT.

CyIHOCTb M0NE3HON MoJenu nosicHseTcs yuepTeskoM. OObeMHBIN TKaHbIH OTHE-
TEIJIO3AIMTHBIN MaTepuall, KOTOPbII N3roTaBIMBAIOT CIIOCOOOM 0OBEMHOTO TKa4ecTBa,
COCTOUT U3 00BEIMHEHHBIX OTHE3AIIMTHOTO ¢JI0s 1, Ha KOTOPBIH ¢ PPOHTAIBHON CTOPOHBI
HAaHECEHO IJICHOYHOE MOKPBITHE 2, U TEIJIOU30JIUPYIOLIEro ¢0s 3 ¢ ThIIBHOW CTOPOHBI
COEMHEHHOI0 ¢ TUTHeHnYecKuM cioeM 4. OrHe3anmTHbIN cioif 1 BRIIIONHEH U3
apaMUIHBIX HUTEH. Tennon3oaupyommii cioi 3, BRIMOJIHEHHBIH U3 TEPMOCTOMKUX
CHHTETHYECKUX HUTEH, HallpuMep, MOJIUIPUPHBIX, MOJTUAMHIHBIX, TOTHIPOMHUICHOBBIX.
OrHe3anMTHBIN c10# 1 U TENI0M30MUPYIOLWMH CII0H 3 COeqUHEHBI APYT C IPYrOM TaK,
4TOOBI pacrojararbcs Ha paccTossHuu L=5+12 MM apyr oT Apyra NocpeACTBOM MEpPEeMbIUCK
5. [lepeMbluku 5 BHITOTHEHBI U3 apMUPOBAHHBIX HUTEH Tonumuou 0,1+1 MM u3
HEropiouero Mareprana. ApMUpPOBaHHBIE HUTH IEPEMBIUEK 5 BHIMOTHEHBI U3 apaMUIHBIX,
KpeMHEe3eMHBIX NN 0a3aIbTOBBIX BOIOKOH. Ha oraesanmTHBIN cnoit 1 ¢ pporTambHON
CTOPOHBI HAHECEHO MJIEHOYHOE MOKPHITHE 2 U3 KPEMHHHOPTraHUYECKOTrO IOJIuMepa.

Tenmousonupyrommii ciioi 3 ¢ THIIBHONW CTOPOHBI COEJUHEH C THTHEHUYECKUM CII0eM 4,
BBITIOJIHEHHBIM U3 XJIONTYaTOOYMaXKHBIX HUTEH, IPONUTAHHBIX OMOLUMIHBIM PACTBOPOM,
M103BOJIsIeT 00ECHEeYUTh JOMOTHUTEIbHYIO TEIJIOBYIO 3aIMTY U KOMGOPTHBIE YCIOBUS AJIs
KOHTaKTa MaTepuasa ¢ TeJIOM YeJ0BeKa.

Hcnonw3yercs orHe3alMTHBIA MaTepual CIeAYIIMM 00pa3oMm.

OOBEeMHBIN TKaHBIH OTHE-TEIJIO3AMMTHBIH MaTepuall, KOTOPbIH M3rOTABIUBAIOT
c110co60M 00BEMHOTO TKaYeCTBA, COCTOUT U3 0OBEANHEHHBIX, OTHE3AMITHOTO CII0s 1
IJIEHOYHOE MOKPBITUEM 2 U TEIJIOU30JIUPYIOLIETro ¢JI0sl 3 COEAUHEHHOIO ¢ TUTHEHUYECKUM
cioeM 4, COeANHEHHBIX APYT C IPYrOM TaK, 9TOOBI paciojaraTbes Ha pacCTOSHUHU 5+12 MM
JIpYT OT Opyra IIOCPeACTBOM IepeMblueK 5. BrlnoaHeHne orue3ammTHOro ci1os 1 u3
HETOpIOUUX apaMHUIHBIX HUTEH, 103BOJIseT 00eCneYnTh He0OX0AUMbIe TOKa3aTeNH 3aIliThI
OT KPaTKOBPEMEHHOI'0 BO3JI€HCTBUS OTKPHITOTO MJIAMEHHU, a TAKKE MEXaHHUYECKUX
Bo3zciicTBuid. JIJist oOecredueHus 3alMThl OT MONAaJaHKsl BJIaTH B MaKeT MaTEpHaIoB Ha
OTHE3AIMTHBIN CI0¥ 1 HAaHECEHO MOIMMEPHOE IICHOYHOE MOKPBITHE 2 U3
KPEeMHUHOPTaHUYECKOTO IMOJIMMEpa C OTPAKAIIIMM HH(PpaKpacHOE U3IIydeHHE TUTMEHTOM.
OrHe3anmTHBIN cnoi 1 u Tennon3onupyoumi cioil 3 pacnonararoTcs Ha pacCTOSHUU
5+12 MM Apyr oT Apyra HOCpeICTBOM IepeMblueK 5, 00pa3ys JONOIHUTEIbHbIH
TEIUIOU30IMPYIOIIMI MEXCIOWHBIN 3a30p, 00eceYBaONMKi 3alMTY OT MOBBIIIEHHBIX
TEIUIOBBIX BO3ACHCTBUI OKPYKAIOIIECH cpefibl. 3a CUET YIPYrOCTH IepeMblueK 5,
BBITIOJIHEHHBIX U3 apMHUPOBaHHBIX HUTEeH TonumHou ot 0,1 1o 1 MM obGecrieunBaeTcs
BBICOKAsI MEKCIOWHAS TPOYHOCTH B OBICTPOE BOCCTAaHOBIEHHE (GOPMBI MaTepuaia mocie
MEXaHWYECKOTO BO3JEHCTBYS, HAIPUMED, claBIuBaHus. DU3NKO-MEXaHHIECKHE
nmokasaTeixn 00bEMHOTO TKAHOTO OTHE-TeIJIO3AMMTHOTO MaTepraja MOXKHO PeryiinpoBaTh 3a
CYEeT M3MEHEHUS TOJIIMHBI ADMUPOBAHHBIX HUTEH MEepeMbIUeK 5, a TAKKE UX IJIOTHOCTH.

lurnenunyeckuii cioi 4 13 XJI0MYATOOYMaXKHBIX HUTEH, TPOTTUTAHHBIX OWOLIM JHBIM
pacTBOpoM, obecrieunBaeT ONTUMAJIbHbIE YCIOBUS PabOThl B OJI€XK /1€, BHIIIOIHEHHON U3
3asBJISIEMOT0 MaTepHana.

Taxum oO6paszoM, OGiarogaps BBEJECHHBIM YCOBEPILEHCTBOBAHMM IOCTHTAETCs TpeOyeMblit
TEXHUYECKUH pe3ylbTaT, 3aKTI0Yal0oNIiCs B TTOBBIIIEHNH MEXaHUUECKUX U OTHE3aIM THBIX
CBOICTB MaTepuaia, U CHUKEHUHU €Tr0 TeIJIONPOBOIHOCTH.

dopmyna N0JIe3HOU MOAEIH

1. OObeMHBIN TKaHBIH OTHE-TEIIO3aIMTHBIH MaTepral, COCTOSIIMN U3 00beIMHEHHBIX
OTHE3aLMTHOIO CJI0S U3 apaMUIHBIX HUTEH U TEIJIOU30IUPYIOILETO CI0sI, OTIMYAIOIMHCS
TE€M, YTO OTHE3AIMTHBINA CI0N U TEMIOU30JUPYIOIMMU CI0N, BHIMTOTHEHHBIN U3
TEPMOCTOHKUX CHHTETHYECKHX HUTEH, COeANHEHBI APYT C APYrOM TaK, 9TOOBI
pacrosiaraTbCs Ha pacCTOSIHUU 5+12 MM Apyr OT Apyra NoCpeACTBOM I1E€PEMbIUEK, KOTOPbIE
BBITIOJIHEHBI U3 apMUPOBaHHBIX HUTEH TosnmHOo# 0,1+1 MM K3 Heroproyero marepuaina, Ha
OTHE3aIMMTHBIN CIIOW C (PPOHTANBHOIN CTOPOHBI HAHECEHO IIJICHOYHOE MOKPBITHE U3
KPEMHHHOPraHMYECKOTO MOJIMMEPA, a TENIOU30JUPYIOIMH CIIOH C THIIIBHOW CTOPOHBI
COEIMHEH C TUTUEHUYECKUM CJI0EM U3 XJIOMYaTOOyMaXKHBIX HUTEH, NPONMUTAHHBIX
OUOLMIHBIM PACTBOPOM.



2. OObeMHBIN TKaHBIH OTHE-TEIJI03aUMTHBIM MaTepuall 1o 1. 1, OTInYarIHics TeMm,
YTO apMHPOBAHHBIE HUTH BHITIOJTHEHBI U3 apAMU/IHBIX, KPDEMHE3EMHBIX U 0a3aJIBTOBBIX
BOJIOKOH.

3. OObeMHBII TKaHBII OTHE-TeMI03aMUTHEIM MaTepHal 1Mo M. 1, OTINYAIOMHIACS TeM,
YTO KPEMHUHOPTaHMYECKH I OIUMEp COAEPKUT OTPAKAIOIMH HHPPAKPACHOE HIITyICHHE
TTUTMEHT.
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