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KaK oqeHHTb npoiiHOCTb 
cTeKnoaonoKHa 
HOW TO EVALUATE STRENGTH FOR DENTAL FIBER REIN
FORCEMENTS 

KaK Mbi ou,euusaeM npoquocTb CTOMaTOJIOruqecKoro MaTepuaJia? MapKeToJioru uc

noJib3YIOT CJIOBO <<npoquocTb>>, qTo6bl npo,ll,aTb MaTepHaJibi, uo qallJ,e scero ynoTpe6-

Jieuue 3TOrO TepMHHa HBJIHeTCH OWH6oqHbiM H He COOTBeTCTByeT nporH03HpyeMOMY 

KJiuuuqecKoMy pe3yJibTaTy. H3secTHbiH yqeubiH B o6JiaCTH MaTepuaJioBe,ll,eHHH npo

lJ>eccop ,ll;.>K.3. fop,li,OH nucaJI B csoeH: KHHre <<HosaH uayKa o npoquocTH MaTepua

JIOB>>, qTO ConpOTHBJieuue Ha H3JIOM- 3TO lJ>aKTOp, KOTOpbiH, KaK npaBHJIO, HBJIHeT

CH 6oJiee Ba.IKHbiM, qeM npoquocTb na H3ru6 HJIH MO,ll,yJib ynpyrocTH npu H3ru6e. 

HMeuno ou onpe,ll,eJIHeT CTPYKTypubiH ycnex MaTepuaJia. 3Ta cTaTbH onucbmaeT, 

KaK OU,eHHTb COUpOTHBJieHHe Ha H3JIOM BOJIOKHa ,li,JIH apMHpOBaHHH. 

onpe,ll,eJieuue yposuH conpoTHBJieHHH ua H3JIOM B apMupyiOIIJ,eM BOJIOKue, 

conpoTHBJienue ua H3JIOM, nomollJ,enue 3nepruu. 

How do we evaluate strength for a dental material? Marketers use the word 

<<strength>> to sell materials, but more often than not, their use of the term strength is 

misleading and lacks relevance for predicting clinical success. The famous material 

scientist Professor J.E. Gordon wrote in his book The New Science of Strong 

Materials that fracture toughness tends to be more important for determining struc

tural success than flexural strength of flexural modulus. This document describes how 

to evaluate the fracture toughness of a fiber reinforcement material. 

defining fracture toughness for fiber reinforcements, fracture toughness, energy 

absorption. 

OLJ,MH 113 seLJ,yruMx MMpOBhrx yqeHhiX B 

o6nacn-1 MaTepnanos, ,Ll)K.3. fopLJ,OH, nn

can B CBOell KHHfe «HOBa5l HayY<a 0 npo':l

HOCTM MaTepManOB>>: «CaMbTH 6onhlllOM 

MHHYC B CTpOMTenhHOM MaTepMane- He 

HeXBaTKa npO':lHOCTM HnM >KeCTKOCTH, XO

T5l 3TO O':leHb BOCTpe6oBaHHbie CBOllCTBa, 

a HeLJ,OCTaTO':lHa5! yLJ,apHa5l npoqHOCTb, TO 

eCTh OTCYTCTBMe COT1pOTMBneHM5l pac

npOCTpaHeHHJO TpelliHH>>. ,[(pyrMMH cno

BaMH, MaTepHanbT noMaJOTC5l He M3-3a He

)J,OCTaTO':lHOH TlpO':lHOCTH Ha H3fH6 HnH 

>KeCTKOCTM, a H3-3a OTCYTCTBH5! M3nOMO

CTOHKOCTH. 

CneLJ,yeT c ocTopo>KHOCThJO nporH03H

pOBaTb KnMHM':leCKMe xapaKTepHCTHKM 

MaTepHana, OCHOBhiBa5lCh nMlllh Ha LJ,aH

HhiX ero TeCTMpOBaHH5l Ha npO':lHOCTb, 

TaK KaK cymecTByeT MHOfO pa3nH':lHbiX 

BH)J,OB npO':lHOCTH. EcnH Mhi XOTMM one

pMposaTb LJ,aHHbTMM o6 onpeLJ,eneHHOM 

BH)J,e npOliHOCTM, npH T1p0fH03e KnHHM

qeCKMX xapaKTepHCTHK MaTepnana He06-

XO)J,MMO CHaqana BhT51CHHTb, KaK MMeHHO 

3TOT BH)J, npO':lHOCTH BnH5leT Ha KnMHM

'!eCKHH 3¢cpeKT. 1.JT06bi orrpeLJ,enHTh HH

TepecyJOlliHll HaC BH)J, ITpOliHOCTH, cneLJ,y

eT onpeLJ,enMTb KnMHH':leceylO npo6neMy. 



IJpH Oll,eHKe IIpO'iHOCTH MaTepua;ra B CTOMaTO

JIOfM'ieCKOM OTpaCJIM Tpa):(Mll,MOHHO IIOJiaraJIMCh 

Ha IIOKa3aTeJIM IIpO'iHOCTM Ha M3fM6 l1 MO):(YJih yrr

pyrOCTM IIpM M3fM6aHMM. 0):(HaKO, ITO MHeHMIO 

,[()[(.3. fop):(OHa, orrpe):(eJieHHhiM BM):( IIOJIOMOK 

IIpOHCXO):(HT He M3-3a He,[(OCTaTKa IIpO'iHOCTH Ha 

M3fM6, a M3-3a OTCYTCTBMH M3JIOMOCTOMKOCTM. Ta

KHM o6pa30M, eCJIM MaTepHaJI JIOMaeTCH, TO ero 

CJia6biM 3BeHOM 5IBJI5IeTC5I HM3KOe COIIpOTMBJieHMe 

Ha H3JIOM, a He HH3Ka5l rrpo'iHOCTh Ha M3rM6. Hc

XO):(H M3 ::nora: ):(OJI)f(Hhl JIM Mhl B rrepByiO O'iepe):(h 

IIpOBep5lTh MaTepHaJI Ha M3JIOMOCTOHKOCTh, a He 

Ha rrpo'iHOCTh Ha M3rM6? B rrpe):(cTaBJieHHOH eTa

The OTIHChiBaeTCH, KaK Oll,eHMTh COTipOTHBJieHHe 

cTeKJioBoJioKHa Ha H3JIOM. B 3aKJIIO'ieHue onMca

Hhi npeMMymecTBa MaTepuana PM66oH):( 

YnhTpa/Ribbond-Ultra Ha):( Pu660H):( OpM):()f(M

Harr/Ribbond Original H Pu66oH):( Tu3tl'i3M/Rib

bond-THM. 

Ha rpa¢MKe 1 noKa3aHhi '!eThrpexTo'ie'!Hhie pe-

3YJihTaThi TecTa, onpe):(eJIHIOill,ero CBH3h Me)f(ll:Y 

Haiip5l)f(eHHeM l1 ,[(e¢opMall,Me:ti HeapMMpOBaHHOfO 

KOMTI03MTa, KOMTI03MTa, apMMpOBaHHOfO BOJIOK

HOM PM66oH):( YJihTpa, M KOMII03MTa, apMupoBaH

Horo BOJIOKHOM PM660H):( Tu3i1'!3M. CToMaToJio

rM, Bep05lTHO, He ITpMBhiKJIM BM,[(eTh TaKMe rpa¢M

Kl1, KaK 3TOT, c <<3y6'!aThiMH>> KPHBhiMM. fpa¢uKH 

KPHBhiX PM660H):( YnhTpa H Pu660H):( Tu3i1'!3M 

):(eMOHCTpHpylOT 'iaCTOTY l13JIOMOB, a MMeHHO, Te 

nepeBOAbl . 

CJiyqaM, KOr,[(a TpeiiiMHa Ha'iMHaeTCH l1 IIpOXO):(MT 

Ha He60JihiiiOe paCCTOHHMe, HO OCTaHaBJIMBaeTC5l 

6naro):(ap5l yHHKaJihHhiM y3JIOBhiM rrepece'!eHMHM 

BOJIOKHa rrepeBHBO'iHOfO IIJieTeHMH, KOTOpOe 3aiia

TeHTOBaJI Pu660H):(. 3KcrrnyaTall,MOHHhie xapaKTe

pMCTMKM o6pa3ll,OB apMHpOBaHHOfO BOJIOKHa, 

rrpe):(CTaBJieHHhie B ,[(aHHOM MCCJie):(OBaHHH, CIIell,H

¢H'iHhl ):(JIH rrpo):(yKTOB PM66oH):( MMeHHO c rrepe

BHBO'iHhiM rrneTeHMeM. CTeKJIOBOJIOKHO 11 KBapll,e

Boe BOJIOKHO 6y):(YT He3¢¢eKTMBHhiMl1 B rrpe):(OT

BpaiiieHMM pacrrpOCTpaHeHJ15l Tpelll,MH l1 IIp05lB5IT 

ce6H KaK 6onee xpyrrKHM MaTepuan. 

CTOMaTonorM rrpMBhiKJIM BM):(eTh KpMByro <<Ha

rrp5l)f(eHHe - ,[(e¢opMall,M5I>> B TOM BH):(e, B KaKOM 

OHa rrpe):(CTaBJieHa 3eJieHhiM ll,BeTOM Ha ,[(Harp aM

Me. 3TO CTaH):(apTHa5l KpHBaH ):(JIH XpyiiKOfO MaTe

pMarra, KOTOphiM B ,[(aHHOM CJiyqae 5lBJIHeTC5I Heap

MMpOBaHHhiM ¢oTorroJIMMepHhiM KOMII03MT. KpM

BaH H,[(eT paBHOMepHO BBepx M ITOTOM pe3KO l13fl1-

6aeTC5I ITO):( ITp5IMhiM yfJIOM. 3TO yKa3hiBaeT Ha TO, 

'iTO Tpelll,HHa B03HHKaeT B xpyiiKOM KOMII03J1Te, 

TIOTOM ):(OCTHraeT CBOeif KpMTM'ieCKOH ):(JIMHhi H 3a

TeM CTpeMMTeJihHO pacrrpOCTpamreTCH, 'iTO IIpMBO

):(HT K KaTaCTpO¢M'ieCKOH ITOJIOMKe MaTepMaJia. 

na6opaTOpHOe TeCTHpOBaHHe 
MOAynR ynpyrOCTH 

npH H3rH6e aonoKHa 

)KeCTKMe MaTepMaJihl '!aCTO 

lpacjl~K 1. Kpi'!Bble Pl'!66oHA YilbTpa, Pl'!66oHA Tl'13i1'l3M ~'~ HeapMI'!posaHHoro 

KOMn031'!Ta nOA06Hbl AO Harpy3KI'I CL'!Jlbl 1'13rl'!6a B 30 H 

OKa3biBaiOTC5I ):(OCTaTO'iHO xpyrr

KHMM. CTeKJio, KaK B o6neMHOH 

¢opMe, TaK l1 B BM,[(e BOJIOKHa, -

XOpOIIIMH IIpMMep MaTepuana, KO

TOphiH 5IBJI5IeTC5I )f(eCTKMM, HO 

xpyrrKHM. ApMupoBaHHoe cTeKJio

BOJIOKHO ,[(eMOHCTpMpyeT OTHOCH-
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KpaCHbl~ 
P~66oHA YnbTpa / 75 x 100A 
Clo1HVI~ 

TeJihHO BhiCOKMH MO):(YJih yrrpyroc

TH IIpM l13fM6e IIpM TeCTMpOBaHMM 

B Jia6opaTOpHhlX yCJIOBMHX, O,[(Ha-

P•660HA T"3i1"3M / 100 X 100A 
3eneHbli1 
HeapM!.1pOBaHHbiVI KOMn03l-1T 

KO IIpM l1CIIOJih30BaHMl1 apMHpO

BaHHOfO CTeKJIOBOJIOKHa llJIH ITOC

TpOeHHH KOHCTpyKUMM IIp05lBJI5l

eTC5I ero conpoTHBJieHMe Ha M3-

JIOM, KOTOpoe, CKOpee BCero, IIpH

Be,[(eT K IIOBpe)f():(eHMIO MaTepHaJia. 

KaK 11 Bee MH)f(eHephl-KOHCTPYKTopw, 

,[()[(.3. fop):(OH 3HaJI, 'iTO ropa3):(0 ner'ie pa3pa6o-

TaTh rrpo'!HYIO CTPYKTYPY, MCITOJih3YH 3JiaCTH'iHhre 

MaTepHaJihi, '!eM co3):(aBan cTpyKTypy, KOTopa5I 

MMeeT M3JIOMOCTOHKOCTh, MCIIOJih3YH rrpM 3TOM 

)f(eCTKMe MaTepHaJihl. )KeCTKOCTh MO)f(eT 6biTh C03-

):(aHa ITYTeM pa3MemeHJ15l 3JiaCTH'iHhiX BOJIOKOH Ta

KHM o6pa30M, 'iT06hi c¢opMMpOBaTh MHOfOCJIOM

HYIO BOJIOKOHHO-KOMIT03MTHYJO CTPYKTYPY· IlpM

MepoM MHOfOCJIOHHOfO BOJIOKHMCTOfO KOMII03MT-
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• nepeaOAbl 

P1166oH,U YJinTpa rrpo,UOJl)l(aiOT xopomo cpyHKl(HO

HHposaTh flOCJle Tlp05IBJleHI1H rrepBM'!HOfO paC

TpeCKI1BaHI151 BilJlOTb )lO Ill1KOBOH Harpy3Kl1 Ilp11-

MepHO s 120 H. 

Horo MaTepwana JIBJUieTCH HJlOTHoe rrpwKJiewBaHwe 

BOJlOKHa K ITOBepXHOCT11 3y60B. l.JeM ITJlOTHee BO

JlOKHa IlpHJleraiOT K TKaHJIM 3y6a, TeM TOHhiiie 6y

)leT KJleeBOtf WOB l1 TeM Jlyqiiie 6y)leT 3cpQ:>eKT JlaMH

HMpOBaHH1151. Eme O)lMH BapwaHT- wcnoJlh30-

BaHMe MHOfOCJlOi1HhiX BOJlOKOH Tlp11 BOCCTa

HOBJleHJ111 BKJliO'-IeHHhlX necpeKTOB '-leJliOCTeM 

a,Ure3MBHhTM11 KOHCTPYKU:H51M11 Ha BOJlOKOHHO

rpacjl\.1K 3. flepBIII'IHOe paCTpeCKI!IBaHI!Ie VS fliiiKOBaSI Harpy3Ka 

KOMIT03MTHOH 6aJIKe. z 
ro 
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IIp11 TeCTHpoBaH11H MaTepHaJIOB Ha rrpoq

HOCTh B Jla6opaTOpHbiX YCJlOB115IX He BCerna 

MO)I(HO TlpOC'-IMTaTh, KaK 3TJ1 MaTepMaJibl rrpo-

5IB5IT ce65l B KJ1J1HJ1Y:eCKMX yCJlOBJ15IX np11 fl0-

CTpOeHJ111 KOHCTPYKl(11H. B npou:ecce apMwpo

BaHMH BOJlOKHOM ITJlaCTI1'!HOCTb BOJlOKHa Il03-

BOJl5leT flOBTOp5ITh reoMeTpMIO CJlO)I(HblX KOH

TypoB, '-ITO naeT B03MO)I(HOCTb BhlllOJlH5lTh 3cp

Q:>eKTI1BHbie BOCCTaHOBJleHI15I C 3Q:>cpeKTOM JlaMH

HMpOBaHI15I. JIICITOJlb30BaHMe MaTepwaJlOB C MeHb

wetf ITJlaCTH'-IHOCTblO ITpHBelleT K 60JlbllieMy 06be

MY KJieesoro mBa, '-ITO yxy,UWMT 3cp¢eKTHBHY10 

cTpyKTypy soccTaHOBJleHHH. Mni yTBep)l(llaeM, '-ITO 

CTeKJIOBOJlOKHa MMeiOT 60JlbU1e <<ITaMHTH>>, '-leM BO

JlOKHO Pw660H1l, M, CJlellOBaTeJlhHO, C MX ITOMO-

ro 
c; 
s 2 
u 

:W:hlO HeB03MO)I(H0 C031laTb TaKHe Ka'-leCTBeHH bte 

JlaMHHMpoBaHHhie cTpyKTYPhi, KaKHe MO)I(HO Bhi

noJIHMTh c P1166oHn. 

IIpoY:HOCTh Ha w3r116 - 3TO rrpe,UeJlbHoe Harrp5l

)l(eHHe, KOTopoe crroco6eH Bhillep)l(aTh MaTepHan 

rrpw ero pa3pyiiieHM11 OT H3m6aiOlli,11X CHJl. He cy

:w:ecTByeT YH11BepcannHoro npaswJia llJl5l orrpene

JleHH5l KpHTW:leCKOM TO'-IKI1 B TeCTe Ilp0'-IHOCTJ1 Ha 

113r116. HanpHMep, HeKoTopnre HCIThTTaHM5l rrpo'!

HOCTH Ha J13fl16 Orrpe,UeJl5IIOT Ha'-laJIO pa3pyweHJ151 

C MOMeHTa f105IBJleHM5l <<CKa'!KOB» Ha KpMBOHlle

cpopMal(J1J1. L(pyrwe rrpoTOKOJlhi orrpeneJI5lJOT MO

MeHT pa3pymeHM5l B fll1KOBOH Harpy3Ke - )lO 5% 
necpopMaUJ111 TeCTOBOfO o6pa3l(a. 

EcJiw Tpa,UHl(HOHHhiH cToMaTOJlOD1'!ecKI1i1 TeeT 

IlpO'-IHOCTH Ha l13fl16 Oilpe,UeJl5leT IlpO'!HOCTh Ha 

113fl16 KaK MOMeHT, KOflla KpHBaJI necpopMal(MJ1 

noKa3hiBaeT nepBbie KOJle6aHH51, TO npw TeCTe 

rrp0'-1HOCTI1 Ha 113fJ16 11CflhlThiBaeMOf0 apMHpy!O

mero BOJlOKHa P11660H)l Y JlhTpa rrepsoe rra,Uem-re 

KpHBOH 6yneT 3aperHCTp11pOBaHO Ilpl16Jl11311TeJlb

HO Ha yposHe 32 HniOTOHa (H). 3To rra,UeHHe KpH

BOM ,UecpOpMaiJ;l111 CB5l3aHO C MOMeHTOM f105lBJleHJ151 

rrepBhTX Tpe!UHH B MaTep11ane. 0,UHaKo ropa31lO 

60JlbiiJee 3HaY:eHne HMeeT TO, '-ITO Ilp011CXO)li1T 

ITOCJle B03Hl1KHOBeHI15l 3TJ1X Tpe:W:HH. 3TH IlpOTO

KOJlbl Tpa,UHUHOHHhiX 11CilbiTaH11H IlpO'!HOCTM Ha 

113fl16 He )leMOHCTpHpylOT OKOH'!aTeJlbHylQ KapT11-

Hy. KaK rroKa3biBaeT rpaQ:>HK 3, TeCTOBhte o6pa3UhT 
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IIpo'!HOCTh Ha H3rn6 MaTepHaJla Pn660H1l 

Y JlhTpa nocTnr Jla csoero ITMKa Harpy3KH rrp11 120 H 
111lecJ:>opMal(l111 rrpl1 H3m6e 4,4%. 

L(eQ:>opMal(115l rrp11 113rn6e B 4,4% HaXOll11TC51 B 

rrpe,UeJiax ,UorrycTwMoro lll1ana3oHa necpopMauHn, 

Tipl1 KOTOpOit 60JlhlliHHCTBO JllOlleM C'!HTaiOT npo

Te3 see eme Q:>yHKl(HOHaJihHhiM - np11 Ha,UJle)l(a

:w:eM yposHe ero o6cJI~l1BaHH5l. 

ConpoTHaneHHeHaH3noM 

TecTOBbie o6pa3l(bT apMwpoBaHHoro BOJlOKHa 

PM660H)l nponoJI)I(aiOT BhiTIOJlHHTh cso11 ¢YHKUHH 

lla)l(e TIOCJle B03H11KHOBeH115l HeCKOJlhKHX Tpelli,HH 

- 6Jlaronap51 CBOeH npOY:HOCTH, 113BeCTHOM KaK 

conpoTHBJleHne Ha H3JlOM, 11Jl11 ycTOH'-IHBOCTb K 

pacKaJlniBaH 1110. Pw660H)l o6ecnecmsaeT corrpo

THBJleHne Ha 113Jl0M BCeH BOJlOKOHHO-KOMTI03l1T

HOi1 KOHCTpyKl(HH. KaK OTMe'-lanocb paHee, y'-le

Hble 11 nenaror11 (HarrpHMep, ,[()!(. fop,UoH), pa60Ta

IOlilHe B 06JlaCTI1 BOJlOKOHHO-KOMT103HTHbiX MaTe

p11aJIOB, C'-IMTaiOT COITpOTHBJleHHe Ha l13JlOM 60Jlee 

TO'!HhlM IlOKa3aTeJleM npOMblWJleHHO BhlTIOJlHeH

HOfO apM11pOBaHHH, '-!eM IlpO'-IHOCTb Ha 113fl16 11Jll1 

MOllYJlb yrrpyrOCT11 npl1 113f116e. 

CorrpoTMBJleHHe Ha l13JlOM - 3TO cnoco6HOCTh 

MaTepHMa noMep)I(HBaTh cTpyKTYPHYIO u:eJIOCT

HOCTh, HeCMOTp5l Ha IlOBpe)l(lleHT151 BflOCJle)lCTBHe 

pacTpecKI1BaHH5l. Korna ocTaHaBJlHBaeTcH KaTacT

poQ:>H'!ecKoe pacrrpocTpaHeHHe TpelilHH, no)lllep

)l(l1BaeTcH l(eJlOCTHOCTb MaTepMMa l1 OH IlpOllOJl

)l(aeT cpyHKl(l10Hl1pOBaTb, '!TO ,UeJlaeT B03MO)I(HblM 

ero ,UaJlhHetfwyiO KJll1Hl1'!eCKY10 3KCITJlyaTaU:MlO. 

ConpoTHBJleHne Ha l13JTOM, 11Jll1 ycTOM'-IHBOCTb 

K pacKaJlbiBaHHIO - 3TO He TepMHH, KOTOpbiM 

06bi'!HO U111pOKO l1CITOJlh3yeTC51 B CTOMaTOJlOfl111, 

HO 3TO TepMHH, KOTOpblH Mbl HHCTT1HKTI1BHO 3Ha

eM. O'!eHh pacnpocTpaHeHHhTM rrpHMepoM yCToit

'-IHBoro K pacKaJlbiBaHHIO MaTepwaJia HBJl5leTCH 



.LJ,pesecMHa. B ,ll,pesecMHe ecTh MHO)J(eCTBO Tpelli,MH, 

HO MX HaJIM':IMe, KaK rrpaBl1JIO, He IlpMBO,ll,MT K IlOJI

HOMy pa3pyWeHMIO 3TOfO MaTepHaJia. )l,pyfl1M 

IlpMMepOM MaTepMaJia, YCTOH'll1BOfO K paCKaJlbiBa

Hl1IO, 5IBlliliOTC51 TKaHl1 3y6a. 3a'!aCTYIO 3y6hi MMe

IOT MHO)J(eCTBeHHbie Tpelll,l1Hhl, TeM He MeHee, 11X 

Cylll,eCTBOBaHMe He 03HaLJaeT, 'ITO OHM 06513aTeJib

HO pacnpOCTpaH51TC5l ITO BCeMy 06'heMy 3y6a M OH 

6y.LJ,eT IlOJIHOCThiO pa3pyweH. 

norno~qeHHe 3HeprHH 

YcTOHLJl1BhiH K pa3pyweHM5JM MaTepMaJI crroco-

6eH Bhi.LJ,ep)J(l1BaTb IlOBpe)J(,ll,eHI151 M He pacrra.LJ,aTbC51 

IlOJIHOCTbiO. )l,JIH TOfO LJT06hi Bhl3BaTb ,ll,aJlbHeHWee 

pacrrpocTpaHeHMe Tpelli,MH, Tpe6yeTCH see 6oJihrne 

11 60Jihrne 3HeprHM. TaKoe corrpoTHBJieHHe Ha M3-

JIOM OTpa)J(eHO Ha rpa¢l1Ke 3y6'laTbiMI1 KOJie6aHI15l

Ml1 Ha Kpl1BOH, KOTOpa5l .LJ,eMOHCTpMpyeT ypoBeHh 

COilpOTI1BJieHM5l Ha l13JIOM BO BpeM51 TeCTMpOBaHM51 

o6pa3IIOB apMMposaHHoro BOJIOKHa PH66oH.LJ,. Ka)J(

.LJ,oe HOBOe pacTpeCKMBaHMe Tpe6yeT 3HeprMI1, M 

Ka)J(,ll,Oe KOJie6aHHe BBepx Ha Kp11BOH, npe,ll,CTaBJieH

HOH Ha rpa¢l1Ke 4, .LJ,eMOHCTpHpyeT 3Heprl1IO, KOTO

pa51 rromomaeTcH MaTepl1aJIOM rrepe.LJ, HOBhiM pac

TpecKMBaHHeM. E.LJ,HHM'IHbTe Tpelli,HHhl KYITHPOBa

Hhi M OCTaHOBJieHhl Ha ypOBHe )J(eCTKMX y3JIOBhiX ne

perrJieTeHHH BOJIOKHa P1166oH.LJ,. 

EcJIM Mhi paccMoTpHM ITMK KpMBOH no P1166oH.LJ, 

YJihTpa, TO yBVI.LJ,MM cKyLJeHHOCTh TaKHx MOMeHTOB 

pacTpecKMBaHM5l. KoJIMLJeCTBO 3HeprVI11, KOTopaH B 

pe3yJihTaTe Tlpl1BO,ll,l1T K pa3pyrneHI1IO MaTepMaJia, 

oTpa)KeHo He Ha nHKe KpMBOH (rrpMMepHo 120 HhiO

TOHOB). Ha caMOM .LJ,eJie 3To CYMMapHaH 3HeprHH, 

KOTOpa5l l13MepHeTC51 COBOKynHOCThiO ,ll,JIMH BCeX 

nocTynaTeJihHhiX KOJie6aHl1H KpMsotf ssepx. Tpa.LJ,M

liMOHHhre npOTOKOJihl VICITbTTaHMH IlpOLJHOCTM Ha 

l13fl16 He cpl1KCI1pyiOT 3TOT cpeHOMeH COBOKynHOH 

3Hepfl111 Ilpl1 TeCTI1pOBaHMM apMMpOBaHHOfO BO

JIOKHa Ha y.LJ,apHyiO B513KOCTb. 

rpacp1t1K 4. CyMMapHa!l lHepnl!l 
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gecpopMaU.It1~ np111 1113r1116e (%) 

Pa6oTa pa3pyweHHR 

Ba)l(HbiM KpMTepHeM B MaTepHaJIOBe.LJ,eHMH HBllil

eTCH pa6oTa pa3pyrneHM5l. Pa6oTa pa3pyrneHM5l - 3TO 

nepeaoAbl • 

KOJIM'leCTBO 3Heprl111, KOTOpOe rpe6yeTC5I ,ll,llil pa3py

WeHl15J MaTepMaJia. IlrrOIIJ.a.LJ,h IlO,ll, Kpl1BOH «HanpH

)J(eHMe - .LJ,ecpopMalll151>> npe.LJ,cTaBllileT co6otf KOJIH

LJeCTBO 3Heprl1l1, He06XO,ll,l1MOe ,ll,llil pa3pyrneHM51 Ma

TepHaJia. Ha rpa¢11Ke 5 MO)KHO ysM,ll,eTb, ':ITO ,ll,llil pa3-

pyweHMH o6pa3u:os apMHposaHHoro BOJIOKHa PM6-

6oH.LJ, Y JihTpa Tpe6yeTcH ropa3.LJ,O 6oJihwe pa6oThi pa3-

pyweHM51 ( 06IIJ.a5l IlJIOIII,a.LJ,b IlO,ll, Kpl1BOH), '!eM ,ll,llil 

HeapMMpOBaHHblX KOMTI03MTHhlX o6pa3U:OB. 
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rpacp1t1K 5. Pa6oTa pa3pyweHI1!1 
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rpacp1t1K 6. Pa3fll1'll1!1 Me>KAY pa6oTaMI1 pa3pyweHI1!1 
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P1.1660HA 
YnbTpa 

CTeKnosonoKHO 

gecpopMaL(~t~~ np~t~~t~3r~t~6e (%) 

fpacpMK 6 IT03BOllileT cpaBHMTh Tl1Tll1'-1HyiO KpM

ByiO npOLJHOCTI1 Ha M3fM6 y apMI1pOBaHHOfO CTeK

JIOBOJIOKHa C O,ll,HOHarrpaBJieHHbiMM BOJIOKHaMM M 

KpHByiO rrpolfHOCTM Ha H3rM6 y P1166oH.LJ, YJibTpa. B 

cpaBHeHMM C HeapMI1pOBaHHbiM KOMil03l1TOM CTeK

JIOBOJIOKHO yseJIM'lMBaeT npO'lHOCTb Ha 113fl16 M MO-

)J(eT .LJ,a)J(e yseJII1':111Tb MO.LJ,YJih ynpyrOCTVI 

npM l13rM6e. YKpenJieHMe cTeKJIOBOJIOK

HOM, B03MO)KHO, .LJ,aeT 60JihlliyiO np0'-1-

HOCTb Ha H3rM6, 'leM PM66oH.LJ, YJibTpa. 

O.LJ,HaKo KaK M B pa6oTe c xpynKMM MaTe

pHaJIOM, eCJil1 CTeKJIOBOJIOKHO XOTb He

MHOfO TIOBpe)J(,ll,aeTCH, TO pa3pyrnaeTC51 

ITOJIHOCTbiO. 

KaK BM.LJ,HO Ha rpa¢HKe 6, MaTepMaJI 

MO)J(eT M.MeTb 60Jiee BbiCOKyiO npO'lHOCTb 

Ha l1.3fM6 M, B03MO)KHO, TaK)J(e 6oJiee Bbi

COKMH MO.LJ,yJih ynpyrOCTl1. Ilpl1. M3fM6e, 

LJeM .LJ,pyrotf MaTepM.aJI, HO 3Tl1 6oJiee Bbi

COKMe TIOKa3aTeJIM .LJ,aHHblX BM,ll,OB npO'lHOCTM He 5JB

JI5JIOTC5l 3aJIOfOM ycrrelliHOfO TIOCTpOeHM51 KOHCTpyK

U:l111. 06maJI TIJIOIIJ.a,Llb no.LJ, KpMBOH P11.66oH.LJ, YJibTpa 

HaMHOfO 60Jibllie, '!eM 06Ill,a5l IlJIOIIJ.a.LJ,b IlO,ll, TMITM'l-

7"1 



• nepeBOAbl 

HOM KpMBOM CTeKJIOBOJIOKHa C O)J,HOHanpaBJieHHbiMM 

BOJIOKHaMM, 3TO YJ(a3bmaeT Ha TO, ':ITO PM66oH.n 

YnbTpa 6bTJI 6hr 6onee CTOMKMM K nonoMKaM. Ll,)l(. 

fop)J,OH, Bep05ITHO, CKa3aJI 6hi , ':ITO B 3TOM c.n:yqae Ma

Tep11aJI C 6onee HM3KOM npO':IHOCThlO Ha M3m6 (PM6-

60H)J, YnbTpa) 6y.neT .neMOHCTpMpoBaTh 6onee MM

TeJibHbiM KJIMHWieCKMM3<:j:><:j:>eKT, ':!eM apMMpOBaHHOe 

CTeKJIOBOJIOKHO, IIOCKOJibKY OH 6onee CTOMKMM K TIO

JTOMKaM. 

OnpeAelleHMe np••••w 

KIIMHMII8CKMX H8YA811 B YCTOHIIMBOM 

K paCKallbiBBHMIO M&TepMane 

c BIIICOKOii YACIPHOii BA3KOCTbiO 

Xoporno BbinOJIHeHHbre apMMpoBaHHbre a.nre-

3MBHbre KOHCTPYKU1111 M HaKJia.UKM 6y.nyT npo.non

)l(aTb <:j:>yHKUHOHMpOBaTb )J,3)1(e IIOCJJe IIMKOBOH 

Harpy3KM Ha HMX. 0Hl1 <:J:>YHKU110HMpyiOT )J,OJT)I(HblM 

o6pa30M , TIOKa He COfHyTCH )],0 TaKOM CTeneHH , ':ITO 

CHI1311TC5f ypoBeHb 11x np0113BO.UMTeJJhHOCTM. Ka)I(

.UbiM KJTMHM':IeCKHM CJiylJaM MH,lJ,MBM.UyaneH , 11 B 

K a)I()J,OM KOHKpeTHOM KJIMHI1':1eCKOM CJiyqae Bpaq 

MJIH nauMeHT CaMOCTOHTeJTbHO OIIpe.nemiiOT C60M B 

<:j:>yHKUMOHMpoBaHHH H3-3a CTPYKTYPHOii .ne<:J:>op

MaUHH. CTeneHb cTpYJ<TypHoii.ne<:j:>opMaUMH B o .n

HOM CJT)"lae MO)I(eT 11MeTb a6COJTIOTHO .npyroe orrpe

)J,eJieHMe KJIMHWieCKOM 3<:j:><:j:>eKTMBHOCTM , ':!eM 3Ta 

)l(e CTeneHb .ne<:j:>opMaUMM B .npyroM cny'!ae. 

lpacjlVIK 7. OnpeAeneHiile Knli1Hii1'lecKolil HeyAa'llil 
(P111660HA YnbTpa) 
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AecjlopMaljVIH npVI Vl3rV~6e (%) 

fpa<:j:>MK 7 )J,eMOHCTpMpyeT KpMBbie 3aBMCMMOCTM 

.ne<:j:>opMaU1111 OT HarrpiDK.eH1151. 3a TIYHKT11pHOH JTI1HI1-

eti , YJ<a3biBalOIUMe fl1IIOTeTH.'!eCKYIO TO'!KY, r.ne 

KOHCTPYKU1151. Bbi:i1.neT M3 3KCIIJiyaTaU1111113-3a M3fM-

6a. B 3TOT MOMeHT pa6oTa pa3pyrneH1151. MO)I(eT 6hiTb 

onpe.neneHa M3MepeHMeM o6IIIei1 rrnorua.nM rro.n 

KOHKpeTHOH Kp11BOH HanpiDK.eH1151. - .ne<:j:>OpMaUHM. 

Bo3MO)I(HO, ycTOii':IHBhrii K pacKony MaTepHan ~e 

)J,OCTHT CBOeti MaKCMMaJihHOM Harpy3KM, HO IIpH 3TOM 

OH BCe erue MO)I(eT 6biTb B KJIMHH':IeCKOM 3KCnJiyaTa

l11111 - )J,3)1(e npM IIpi1BbillleHI1M MaKCHMaJibHO )],0-

nyCTHMOH Harpy3KM. Tpa.nMUHOHHbie npoTOKOJihi 

TecToB Ha H3rl16 He y':IHThiBaiOT 3Toro 5IBJieHM5f. 

lpacjlVIK 8. OnpeAeneHiile Knli1Hii1'leCKolil HeyAa'llil 
(P111660HA T1i13lil'l3M) 
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AecjlopMa l1V15l npV1 Vl 3rV16e (%) 

fpa<:j:>HK 8 IIOK33biBaeT pa60TY pa3pyrueHIDI (o6-

IUa51. nnorua.nh no.n KpH.Boi1) B P1166oH.n Tl13i1'!3M. 

npeMMyllleCTBa PM660HA YnbTpa 
HaA PM660HA TM3iii3M 
M PM66oHA OpMAJKMHan 

XoTH crreuHanHCThi no BOJIOKOHHOMY KOMTI0311-

TY C':II1TalOT y.napHYIO B51.3KOCTh 6onee Ba)I(HOM xa

paKTep11CTI1KOH MaTep11ana, '!eM npOLJHOCTb Ha 113-

fl16 M MO.UYJTb yrrpyrOCTl1 np11 113fM6e, 3TO He 03Ha

qaeT, ':ITO IIOCJTe)J,HHe xapaKTepMCTI1KI1 He Ba)I(Hbi. 

Mo.nynh ynpyrocTM rrpH l13rH:6e HBJIHeTCH Me

poii )l(eCTKOCTM, ':ITO 0 3HalfaeT COTipOTI1BJTeHHe Ma

TepMana Ha 113fl16 HJIM , eCJIH C<:j:>OpMyJIMpOBaTb 3TO 

11Halfe, - e ro CKOpOCTb M3fl16aHMH. 

P1166oH.n YnhTpa co'!eTeT B ce6e o.nHoBpeMeHHO 

npo':IHOCTb 11 conpoTHBJTeHH:e Ha l13JIOM. TpaeKTO

pH:H Kp11Boi1 P11:66oH.n Y JJbTpa Jie)I(HT npaKTH':IecKM 

no IIpHMOM 11 rrapanneJibHa aHaJIOfl1'!HOH Kpl1BOH 

XpyriKOfO , HeapM11pOBaHHOfO KOMII03MTa. 

3TO YJ(a3biBaeT Ha TO, ':ITO ero MO.UYJih ynpyrOCTI1 

Tip11 M3fl16e 5IBJTHeTC5.1 TaKMM )l(e, K3K 11 y o6pa3UOB 

HeapMH:poBaHHoro KOMII0311Ta . HeapMMpoBaHHbr:H 

KOMII03MT pacTpeCKMBaeTCH np11: Harpy3Ke B 30 H. 

KpHBaH P1166oH.n YnhTpa rrp11 TaKoii Harpy3Ke ocTa

eTCH OTHOCHTeJTbHO IIpHMOH, TIOKa Harpy3Ka He )J,OC

TH:raeT 85 H , rrocne 3Toro cKopocn l13rH6a Kpl1Boi1 

P1166oH.n YnbTpa cyliieCTBeHHO MeHH.eTcH. XoTH 

cKopocTh l13m6amtH Kp11Boi1 P1166oH.n YnhTpa 11: M3-

MeHMnach Ha ypOBHe Harpy3Kl1 85 H, HO no-rrpe)I(

HeMy .UBH:)I(eTcH BBepx no o6ruei1 TpaeKTOpMH 11 .noc

TMraeT rrp11MepHo 120 H rrp11 .ne<:j:>opMaU1111 B 4,4%. 
PM66oH.n TM3i1':I3M MMeeT TaKo:ti )l(e MO,lJ,YJJb yn

pyrocTH: np11 113r116e, KaK 11 P1166oH.n YnhTpa, HO 

TOJibKO .no ypoBIDI Harpy3KM B 34 H. llp11: Harpy3Ke 

CBhrrne 34 H o6ruee HanpaBneHMe KpH:Boii CYIIIeCT

BeHHO MeHHeTcH. HecMoTpH Ha To, ':ITO P1166oH.n 

OpM.U)I(MHan He yqacTBOBan B recT11poBaHI1M, y 3TO

ro npo.nyKTa 6hiJI 6hr 6onee Hl13KMi1 rroKa3aTeJib MO

.nynH ynpyrOCTM IIp11113fM6e 11 IIOKa3aTeJib IIpO'IHOC

TH Ha M3m6. KaK 11: .npyrHe npo.nYJ<Thr PH:66oH.n, 

P11:66oH,1J, Opl1,1J,)I(MHan noKa3an 6bi 3Ha':IMTeJihHO 5o

nee BbiCOKMe 3Ha':IeHM5f y.napHOH B513KOCTM, ':IeM He

apM11pOBaHHble TeCTOBbie o6pa3Ubi. 



lpa<jJVIK 9. MoAynb ynpyrocn1 j >KecTKOCTb(P1-166oHA YnbTpa) 
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ge<jlopMal(VI~ npVI V131V16e (%) *-nVIHI-1~ , noKa3biBaiOll(a~ TpaeKTOpi-110 KpVIBOVi 

Pn66oHLJ: YnbTpa nMeeT 6onee BbiCOKH:ti MOLJ:YJib 

yrrpyrocTM rrpM M3rM6e, qeM Pn660HLJ: TM3ti'!3M H 

Pn66oHLJ: OpHLJ:)!(HHaJI. IlHKOBaH Harpy3Ka y Pn6-

60HLJ: Ynhrpa HaMHoro Bblille, qeM y Pn660HLJ: 

Tn3ifq3M n y PH660HLJ: OpHLJ:)KJi[HaJI. HeMaJIOBa)l(

HO I1 TO, 'iTO eCJIH Mbl l13MepHM 06ll1yl0 TTJIOUJ,aLJ:b 

TTOLJ: KpMBblMM llpH llHKOBblX Harpy3KaX, TO YBHLJ:HM, 

'iTO y Pn660HLJ: YnbTpa 3Ta IIJIOll1aLJ:b HaMHoro 6onb

rue, 'ieM y LJ:pyrHX o6pa3UOB. 3TOT cj:>aKTOp CBMLJ:e-

nepeBOAbl . 

lpa<jJVIK 10. MoAynb ynpyroCTI-1 / >KecTKOCTb (P1-166oHA Tt.13ai!Y3M) 
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ge<jlopMal\VI~ npVI l-131!-16e (%) * -nVIHI-1~. noKa3biBaiOll(a~ TpaeKTOpi-110 Kpi-1BOVi 

TeJibCTByeT Tal()l(e 0 6onee BbiCOKOM IIOKa3aTeJTe pa-

60Tbi Ha pa3pyrnemTe. Y Pn66oHLJ:a YnhTp a ecTb n 

LJ:pyrHe npenMymecTBa. OH TOHbiiie n YLJ:06Hee LJ:JTH 

nauHeHTa, a Tal()l(e nMeeT nyqiiine xapaKTepncTHKH 

nnacrw-IHOCTH. XopOIIIHM ypoBeHb rrnacTM'iHOCTH 

MaTepHaJia TT03BOJUieT 6onee 'ieTKO IIOBT0p 5.1Tb KOH

Typbl 3y60B, a 3TO LJ:aeT B03MO)l(H0CTb CLJ:eJiaTb 6oJTee 

TOHKl1M KJieeBOM IIIOB I1 IIOJiyqHTb JiyqiiiMM 3cj:>cj:>eKT 

naMHHI1pOBaHM5f. 
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