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NCCJIENOBAHME BJIMSIHUSA OTAEJIKHA KOXEBOM TKAHM
HA 9KCIIVIYATALHUOHHBIE CBOUCTBA HIYBHBIX OBUUH
H.H. Hlanouka, E.H. bopucoea, K.IO. Kotimosa, E.B. Cmuprosa

B ctaTbe paccMOTpeHbl HOBble cnocobbl OTAENKN KOXEBOW TKaHM LLIy6HOl71 OBYU1HbI, UX BIIUAHUE Ha SKCrlyaTaunoHHbIe CBOWCTBA,

cAenaHbl BbIBOAbl O BO3SMOXHOCTU UX NPUMEHEHUA.

B Hacrosiee Bpemst u3zienusi U3 myOHOH OB-
YHMHBI IO-TIPEKHEMY OCTarOTCs aKTyaJabHBIMHU. OIHAKO
MOTpeOUTENh MpPEABSIBISET Oosiee BBHICOKHE TpeOoBa-
HHUS K Ka4eCTBY M XY/IOXKECTBEHHOMY O(OPMIICHHUIO

ONISXK/AbI, ee HMHAWBUAyanbHOCTH. HecmoTpst Ha mo-
TpeOuTenbCcKkue TpeOOBaHMsI NPUMEHEHHE JeKopa B
M3EIHAX U3 IIYOHOW OBYMHBI MAacCOBOTO IPOM3BOJI-
CTBA OCTAETCS OTPAHUYEHHBIM U CBOIUTCS K KOXKAHBIM
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QJIeMEHTaM U IIBaM pa3indHol KoHCTpykmmu [1]. B
TO K€ BpeMsI BO3MOXHOCTH JIE€KOPATUBHOM OTIEIKU
KaK KO)KEeBOW TKaHH, TaK U BOJIOCSHOTO IIOKPOBA LIy0-
HOM OBUYMHBI JaJICKO HC MCUCPIIaHbI.

Takum 00pa3oM, pelieHHe 3TOW aKTyaJIbHOM
np06neM1)1 TMO3BOJIUT MNOBBICUTH ITPUBJICKATCILHOCTD
W3JIEHsS 7Sl TOTPEOUTENsI U ero KOHKYpPEHTOCIOC00-
HOCTb Ha PHIHKE.

[lepcnieKTUBHBIM HarpaBiIeHHEM B JaHHOW 00-
JIACTH SIBJISIETCS OCBOCHHE aOCONIOTHO HOBBIX CIIOCO-
00B JEKOPHPOBAHMS W3AEIHN M3 OBYMHHOTO IIOJNY-
(abprkaTa, TaKMX Kak BBDKHTAHWE PUCYHKOB M HA-
MUCEH Ha KOKEBOW TKaHHW, HAHECEHHWE HA KOXKEBYIO
TKaHb KJICEBOM KOMIIO3HLUH C JOOABIEHHEM alIOMH-
HHEBOM ITyJphl, HCIOJIb30BAaHNUE AKPHIIOBBIX KPAcoK
KaK B BHUJC CIUIOIIHOI'O MOKPBLITUA, TAK U B BUIC pas3-
JIMYHBIX OPHAMCHTOB.

C LCJIbIO M3YUYCHUS BJIIMAHWUA HAHHBIX OTIACIIOK
KOXKEBOW TKaHM LIyOHOW OBUMHBI HA €€ AKCILTyaTaly-
OHHBIE CBOICTBa OBLI NPOBENEH psiji UCHbITAaHWN. B
Ka4yecTBe OOBEKTOB MCCIIEAOBaHUS BBICTYNAIN 00pa3-
bl IIyOHOM OBYMHBI O€3 OTIENKH, C BEDKHTAaHUEM 10
KOKEBOM TKaHH, C aJIFOMUHHEBBIM HOKpbITHEM co 100
u 50% 3amomHeHneM 00pa3ia, ¢ MOKPHITHEM KOXKEBOU
TKaHW aKpUJIOBBIMH KPacKaMH IO BCEH MOBEPXHOCTU
u 50% 3anonHeHueM, ¢ ruapooOHOM OTAENKOI.

OnpeneneHue )XKeCTKOCTH U yIPYTOCTH MIPOBO-
muinock Ha mpubope IDKY-12M cormacuo T'OCT
8977-74 [2]. lna BBIABIEHUS CTOHMKOCTH K HUCTHpa-
Huto Ha npubdope AN T-M nucnonap30Bamuchk 00pasisl B
CYXOM M MOKPOM COCTOSIHHHM, (PHKCHpPOBAIOCH KOJIH-

YECTBO IIUKIJIOB J0 MIEPBOTO CIUPA MOKPHITHSA, a TAKKE
notepst Macchl oopasiom nocie 4500 muxos [3]. Hc-
CJIeZIOBaHUE YCTOWYMBOCTH K MHOTOKPAaTHOMY pacTs-
JKCHHIO  TMPOBOJWIOCH HA  pa3pbIBHOW  MaIlIMHE
PT-250M nyrem onpeneneHusi ocraTouHoi nedopma-
uuH (€, %) nocae 50-kpaTHOrO OJJHOOCHOTO PacTskKe-
HUSA oOpasna Ha 15% OT ero 3aXKMMHOW JUIMHBI U
30 mMuH oTabixa. ['Urpockonuueckue CBOMCTBA BKIIIO-
Yally ONpe/elicHHEe yrila CMaYHBAaHUS NP HAHECCHHUU
Ha oOpaseln Karm BOIBl U THAPOPOOHOH crocoOHO-
CTH IIyTEM 3aMEpPOB BPEMEHH BIIMTHIBAHUS Karelb
BOJBI TIOBEPXHOCTHIO 00pasma.

[TomyueHHBIE pe3ynbTaThl OKA3aJH, YTO HaHe-
CEHHE Ha KO)XEBYIO TKaHb OBUMHBI KaKOTO-THOO MO-
KPBITUSL WM PHCYHKA C TIOMOIIBIO BBDKHTAHHSA IPH-
BOJIUT K PE3KOMY MOBBIIICHUIO €€ JKECTKOCTH (puc. 1)
u ynpyroctd. Kpome Toro, naHHble HCCIEIOBaHUMN
TOBOPAT O 3aBUCUMOCTH MEXIY KECTKOCTHIO U YIIPY-
TOCTBIO KOJKEBOM TKaHU, T.€. BO3PACTaHHE KECTKOCTH
MPHUBOJHUT K POCTY YIIPYTOCTH.

[oBbIIeHUE KECTKOCTH 00pasla Mpu HaHEeCe-
HUH TOKPHITHS O0YCIIOBJICHO, TPEXKIE BCETO, YBEIH-
YeHWEM ero TOIIIWHBL, a TaKkke OOpa3oBaHHEM Ha
MMOBEPXHOCTH KOXEBOW TKaHU IJIOTHOW MajomopHuc-
TOW CTPYKTYpPHI, O0JIAAAONIe BRICOKOH YIPYTOCTBIO.
OKCHEPUMEHTAIBHO MOATBEP)KIAETCS, YTO YeM OO0JIb-
1ie IUIONIAa/b, 3aHUMaeMas IMOKPBITHEM, TEM BBIIIE
JKECTKOCTh 00pasiia.

BrIcokast KeCTKOCTh aTFOMUHHEBOTO TOKPBITHS
BbI3BaHA OCOOCHHOCTSMH €ro COCTaBa, a WMCHHO,
MPUMEHEHHEM MEJIKOTUCIICPCHOTO MOPOIIKA METalIa.
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180
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5 140 1 122,96
2150 105,76
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: i
% 20 n
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[ly6Has [ly6Has LlyOHas LlyOHas [ly6Has [ly6Has
oBunHa 6e3 OBUHHA C OBYHMHA C OBUHMHA C OBYHMHA C OBUHHA C
OT/IENKH BBDKHTAQHHEM — AIFOMHHUEBBIM AIFOMHHHEBBIM  [OKPBITHEM HOKPBITHEM
10 KOXKEBOM TMOKPBITUEM TMIOKPBITUEM AKPUJIOBBIMU AKPHJIOBBIMU
TKaHU (100% (50% Kpackamu  Kpackamu (50%
3aIOJTHEHHE)  3aIlOJHEHHE) (100% 3aI0JIHEHHUE)

3a1I0JTHEHHUE)

Puc. 1. Ilokazare/n kecTKOCTH 00pa310B IIy0OHOH OBYMHBI C PA3IHYHBIMH BHJAMH OTACJIKH

[Ipu BBDKMIraHMM HKECTKOCTh 0Opasiia Bo3pac-
TaeT B MEHbBILEH CTerneHH, T.K. AaHHas OTAENKa IO-
3BOJISICT MOJYYUTh PUCYHOK B BHJE HAIIKCH WJIU Op-
HaMeHTa, T.€. 3aIl0JIHEHNE TIOBEPXHOCTH 00pasua co-
craBisier 50 % U MeHee, KpOME TOro, Ha KOXKEBYIO
TKaHb HE€ HAHOCATCS KaKI/Ie-HI/l60 JOIIOJITHUTECIIbHBIC
XUMHYECKHE KOMIO3HMIUU. [IOBBIMICHHE KECTKOCTH

BBI3BAHO YACTHYHBIM CBAPUBAHHEM BEPXHETO CIIOS
KOYKEBOW TKAHH MPH MTOJTYYCHUH OTICIIKH.

OrmnpezieneHne CTOMKOCTH K UCTHPAHUIO TIOKa-
3aJ10, YTO B CYXOM COCTOSIHUH OT/JAENKU BBIIEPKUBAIOT
Oostblliee KOJMYECTBO MUKIIOB J0 HaYalla pa3pylIeHus
(3a MCKJIIOUEHHUEM aTFOMUHHEBOTO MOKPBITHS), YeEM B
YBJIaXXKHEHHOM (pHuC. 2).
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Puc. 2. Tloka3areju CTOHKOCTH K UCTUPAHUIO PA3JIMYHBIX BU/IOB OT/AEJKH HA IIyOHOIl OBUHHe
MPH CYyXOM H MOKPOM TPEeHUH

AKpHIIOBOE TOKpBITHE, OyIy4H IO CBOCU MpH-
poac J0CTaTOYHO I'IaIKUM U IJIOTHBIM, IO/ IleﬁCTBH-
eM abpa3uBa MoABEpraeTcsi cB0eo0pa3HO OJIIMPOBKE,
B pe3yJbTare MOBBIMACTCS YCTOHYMBOCTh K TPEHHIO.
B yBna)XXHEHHOM COCTOSHUH JaHHAsl OTACIIKA HauMe-
Hee YCTOWYMBA K MCTHPAHHIO, YTO CBSI3aHO C BOJHOM
OCHOBOM aKkpujoBbIX Kpacok. Ilpum yBIaxHeHUU
CTPYKTYypa IOKPBITUSI CTAHOBUTCS MEHEE CTaOMIBHOM,
IPOYHOCTB OTIEIKH CHIDKAETCS.

OOpaszery ¢ BBEDKMIaHHMEM TAaKKe IOKa3bIBAET
BBICOKYIO CTOMKOCTB K CyXOMY TPEHHIO. DTO BBI3BAHO
Fﬂy6OKl/IM MMPOHUKHOBCHUEM HACAaJIKW BBDKHUIAIOUICTO
npubopa B CTPYKTYpPY KOXKEBOI TKaHH MPH MOTyde-
HUM PUCYHKAa. B yBIaXHEHHOM COCTOSIHUH CTOMKOCTh
K MCTHUPAHHUIO CHIDKAETCS W3-3a NECTPYKTYPHUPYIOLIe-
ro, Pa3phIXJSIOIICTO JACHCTBUS BOIBI HA KOMKEBYHO
TKaHb OBYHHBIL

OO0paser; ¢ aTIOMUHUEBBIM ITOKPHITHEM BEIET
cebs aOCONIOTHO TPOTHBOMIOJIOXKHEIM 00pazoM, IO
CPaBHEHHUIO C JPYIMMH BHIAMH OTIENKH. B cyxom
COCTOSIHMU OH HauMEHee YCTOHYMB K MCTHPaHHIO. DTO
OOBSACHAETCS EPOXOBATON MOBEPXHOCTHIO IOKPHITHS
U3-32 YaCTHIl METalIa, B pe3yJbTaTe yero odecrneyu-
BaeTcs Xopollee crervieHre abpasusa u oopasua. [pu
MOKpPOM HUCTHPAHWU BOAA BBICTYIACT B Ka4Y€CTBE
CMa3KH, YMEHbIIIasi TPEHHE, COOTBETCTBEHHO aJFOMH-
HHEBOE MOKPHITUE BBIICPKUBACT OOJIbIICE KOTHMYECT-
BO LIUKJIOB.

B cyxom cocrosiHum Goliee BCero Maccy Tepser
oOpazer 0e3 OTHENKH, 3aTeM 00pasell ¢ BEDKUTaHHEM,
C IIOMHUHHEBBIM IOKPBITHEM, C aKPUJIOBBIM IOKPBI-
tHeM. Takue IoKas3aTelaH BhI3BAaHBI NEPBOHAYAILHBIM
HCTHPAaHHEM IOKPBITHS, a TaKoKe MPOYHOCTHIO 3aKpe-
IVIGHUsT OTZEJIKM Ha oOpasue. B Mokpom cocrosHun
oOpazer; 6e3 OTHENKH M C BBDKUTAHHEM 00pa3oBaliv
JeIpy 10 4500 1MKIIOB, a ¢ aTIOMHHHUEBBIM M aKpHIIO-
BBIM TIOKPBITHEM MOTEPSUTH B Macce COOTBETCTBEHHO

3,62 n3,35T.

Ha pucynke 3 mnpejactaBieHbl pe3yJbTaThl OM-
peneneHuss yCTOMYMBOCTU K MHOIOKPAaTHOMY pacTsi-
JKCHHIO.

Kak BuHO W3 mquarpaMMbl, HaHECEHHE Ha KO-
JKEBYIO TKaHb ITyOHOW OBYHMHBI CIUTONIHOTO ITOKPHI-
TUd, a Takxke ¢ 50 % 3amnosHeHueM NPUBOJUT K CHU-
JKCHHIO OCTATOYHOW HWKIMYECKOW nedopmanui M,
CJIEIOBATEIIFHO, TOBEHIMICHUIO €€ (OPMOYCTOHIUBO-
ctu. TakuMm o00pa3oM, B H3JAEIUHA 3TO OOECHEHHT
00JBIIyI0 CTAOMIIBHOCTH Pa3MEpOB €ro y4acTKOB, a
3HAYUT, OOJIee JONTHIA CPOK CITYKOBI.

OmnpeneneHue yria CMadlBaHUs MMOKA3aJi0, 4TO
o0pa3zell ¢ aJFOMHHUAEBBIM OKPBITHEM 0013 aeT Hau-
Oounbimm yriom cmauuBanus (137°), ¢ rugpodoOHOi
otaenkod — 120°, 6e3 ormenku — 77°, ¢ akpHIOBBIM
nokpsitTueM — 40°. Kak u3BecTHO, €Clid Yroj cMayu-
BaHus cocTaBisgeT 90°—180°, MOBEPXHOCTb CUUTAETCSA
HecMmaunBaeMort. OmHaKo, aHATH3UPYs (opMy Karuid,
MOKHO CHeNaTh BBIBOJ, 4YTO TuUApodoOHas oThenka
npugaeT OONBIIYI0 HECMAuYUBAEMOCTh, UeM AaJFOMH-
HHUEBas, a 10 aKPUIOBOMY ITOKPBITHIO KaIUIsi pacTeKa-
€TCsI, HO IOBEPXHOCTh HE CMAYMBACTCSI.

OOHOBpPEMEHHO IMPOBOIMINCH 3aMEphl BpeMe-
HU BOUTBIBaAHUSA KalUIA BOABI MOBEPXHOCTBHIO 06pa311a
LlIy6HOI7[ OBYHUHBLI C pa3JINYHBIMU BUJAaMH OTACIIKHA.

W3 nmarpammbl Ha puc.4 BHUAHO, YTO LIyOHas
OBUYMHA 0€3 OTHEeNKH He o0namaetT TuapoPoOHOil cro-
CcOOHOCTBIO (CpelHee BpeMsl BIIMTHIBAHUS COCTABIISIECT
10,33 ¢). D10 CBsI3aHO C PBHIXJIION CTPYKTYPOH KOXKe-
BOI TKaHH, cofepikameld OOoJbIIoe KOIWIECTBO TI0p,
gepe3 KOTOphIe BO/Ia IPOHUKAET B €€ TOJLY.

bnuskumu  pyr k apyry mo ruapohoOHOCTH
SIBIISIFOTCSL TIOKPBITHS aJIOMHHHEBOE W aKPHIIOBOE,
€CJIN OCHOBBIBATHCSI HA MAKCHMAJBHBIX ITOKAa3aTesX.
Cpennee xe 3HaueHHe, Oojee 00bEKTHBHOE, TOBOPUT
0 HU3KOW THAPO(GOOHON CIIOCOOHOCTH ATFOMHUHHEBO-
r'0 MOKPBITHS, YTO, CKOPEE BCEro, CBA3aHO C HATHYHU-
€M HEKOTOPOTO KOJUYECTBA MOpP B €ro CTPYKTYpe.
IunpooOHOCTH aKPUIOBOTO MOKPBITUS MOXKHO OIIe-



HUTh KaK CPEJHIOI0», YTO TaK K€ OOBSICHACTCS HAJIH-
YHEeM MHUKPOIOpP MOKPBITHS, HO B MEHBLIEM KOJINYe-
CTBE, 4eM y amoMuHHeBoro. CaMoe UIMTENbHOE MO-
[JIOIICHUE BOJBI HAOJIIOMaeTCs y 00pasia, MOKPhITO-
ro OECI[BETHOW KpacKoil ¢ BOJOOTTAIKHBAIOIIUMHU
CBOWCTBaMH.

BbIBO/IbI

1. Bce paccMOTpeHHbIE BUJIbI OTAEIKH TOBBI-
LIAIOT )KECTKOCTh KOXKEBOW TKAHHU, YTO TOBOPUT 00 UX
OrpaHMYCHHOM mpuMeHeHun B wu3nenun. OaHAKO
TaKXKE 3TO JAAET BO3MOXKHOCTh HUCIIOIBb30BATh HIKYPhI U

E
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TOTIOTPAHUUIECKIE YIACTKHA C TOHKOHM, PBIXJION KOXe-
BOH TKaHBIO OJlarofaps ee ypoyHEHHIO.

2. IlpnMeHeHne OTAEIOK CIOCOOCTBYET HOBBI-
IIEHUI0 H3HOCOCTOMKOCTH MOBEPXHOCTH KOXEBOH
TKaHH U U3JICITIHS B 1IEJIOM.

3. Uznenue c¢ ormenkamu obnamaer Oosblieit
(hOopMOYCTOHYMBOCTHIO.

4. OtzenKy NOBBILAIOT THAPOGOOHOCTD M3/IENHSL.

5. IlpumeHeHne pacCMOTPEHHBIX BHIOBOT/E-
JIOK CIIOCOOCTBYET TOBBIMICHUIO CPOKa CIYKOBI M37e-
JIMS M €70 KOHKYPEHTOCIIOCOOHOCTH Ha PBIHKE.
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ATIOMMHHEBBIM
HokpbITHeM (50%
3aI0/HEHHE)

TOKPBITHEM TIOKPBITHEM
AKPHIIOBBIMH KPACKaMH aKpHJIOBBIMH KPacKaMH

(100% 3amonueHue) (50% 3anonHeHue)

Puc. 3. IToxa3aresm ocTaTO4HOI IUKIMYecKoii nedopMany 06pa3LOB LIyOHOI OBUHHBI
€ PaIHYHBIMH BUIAMH OTIEJIKH H 3aNI0JJHEHHEM NOBEPXHOCTH
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OTACIKHA ATIOMHHHUEBBIM ITOKPBITHEM  TTOKPBITHEM aKpPHIIOBBIMUA

KpacKamMu

a’3pO30JIbHBIM HAHECEHHEM
THAPOpOGHOr0 OKPHITHS

Puc. 4. Bpemst BIMTBHIBAHMS KAILTH BOJbI MOBEPXHOCTHIO 00pa3La IIy0HOI 0BUMHBI € PA3THYHBIMI BHIAMH OT/IeJIKH
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