PUn3nKo-mexaHndeckume
CBOMUCTBA CbIpb4

4 3.e., 3a4YEeT C OLEHKOW

CT. npen. Kad. « TeXHUKa U TEXHOMOIMM1 NULLIEBLIX NPON3BOACTB»

[opoeeBa Hagexxna BanepbeBHa



JINTEPATYPA = https://ntb.donstu.ru/

» OcHOBHaA:

a

Yncrakos, U.A.
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Yncrakos, U.A.

DU3MKO-MEXAHMIECKME CBOMCTBA CbIpbA 1 rOTOBOM MPOAYKLMM MULLEBbIX
NPOM3BOACTB : Yueb. nocobme. 4.2 : OPU3UKO-MeXaHUHeCKMe CBOMCTBA CbIPbA U
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COCTaB U CTPYKTypa nuweBbix matepuasnoB / U. A. Yictaxkos; AI'TY. - PoctoB H/ /.
AU ArTY, 2001. - 70 c. : mn. - ISBN 5-7890-0158-0 : 23-00.
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BBEOEHWUE

[Tpy NPOEKTUPOBAHUN MALLUUH U annapaTtoB HEODXOANUMO YYUTbIBATb
BaXKHeunwmne on3nyeckme CBOMCTBa NULLEBLIX NPoayKToB. [Nna Hay4yHo
0DOCHOBaHHOIO y4YeTa 3TUX CBOUCTB B PasfnmnyHbIX 061acTax TEXHUKN U
TEXHOSTOrMN NULLEBLIX NPOU3BOACTB HEOBXoAMMa cucTtemaTusauns
OAHHbLIX O PU3NKO-MEXaHUYECKMX XapaKTepMUCTMKaxX NPoaYyKTOB

OCHOBHbIe hU3UKO-MexaHU4YeCcKue ceolcmaa MOXHO
KnaccudmnumpoBaTb MO XapakTepy NPUNOXeHUs K NpoayKTy BHELWHUX
YCUNUU N BbI3blBaeMbIX UMW aedpopmMaLmnax:

O cOBUroBble CBOUCTBA MPOSBNAIOTCSA NPU BO3OENCTBUN KacaTeSlbHbIX
YCUNUNA,

) KOMMPECCUOHHbIE - NPY BO3AENCTBUN HOPMarbHbIX YCUINUN

) NOBEPXHOCTHbIE - NPU COBUIe UM OTPbIBE NPOAYKTa OT TBEPAOMN
MOBEPXHOCTU




OCHOBHbIE 3AKOHOMEPHOCTW
OEPOPMUPOBAHUA U
TEHEHUA NMUWLEBBIX MPOAYKTOB U CbIPbA

Knaccmnyecknmm obbektamu NHXeHEPHOU ON3NKO-XUMUNYECKOM
MEXaHUKWN ABMAKTCA OUCepCHbIE cucmeMbl, COCTOALNE U3 OABYX U
bornee gas.

B HUX ancnepcuoHHON cpeaon ABNAeTCs HenpepbiBHaA dpasa,
ancnepcHon ason - pasapobneHHasa gasa, CocTosILasa U3 Yyactuu,
He KOHTaKTUPYOLLKUX OPYr C APYrOM.

AucnepcuoHHan
cpeaa

YacTtuua

AnucnepcHoOn

MoBepxHOCTb pasaena

da3




Knaccudpumkauma nuweBbiX AUCNEPCHbIX CUCTEM

AvucnepcnoHHaa | [AucnepcHas Ha3sBaHue Mprmepbl
cpeaa dasza CUCTEMbI

TBepaan [biNb, AbIM, CyxoMr nopoLioK (MOJIOKO,
MOPOLLIOK MYKa, Kakao) B BO3ayxe
KuaKas TymaH Ancnepcma MoioKa
B Pacnbl/IMTENIbHOM CYLUMIKE
[a3006pa3Has -

Kuakoctb TBepgan CycneH3unsa [110400BOLHbIE COKM C MAKOTHIO,
6yNIbOH, pacn/iaBAEHHbIN XUP C
6eNKOBbIMM YaCTMLAMM,
KonbacHbIM hapll, CbIpKOBas Macca

Knakas IMYIbCUA Macno B Boge, MOJIOKO Npu
BbICOKMX Temrneparypax
[a3006pa3Has MeHa KpeMm, B36UTbIE C/IMBKU
TBépaoe Teno TBepaan TBépaan 3aMOpOXXeHHaA MblleYHas
CYCNeH3uA, CrniaB TKaHb
Kuakasa TBéppan CnnBoYyHoOe Macio, HaTUBHas
AMYJIbCUA MbILLEYHaA TKaHb
[a3006pa3Has [MopucTtoe Teno Cblp, B36MTbIM M KOAry/IMpOBaHHbIM

MENaHX, KOCTb




» [lpn Manoun KOHUEHTpaunm cuctemMma ABnsieTcs
NEerkoTeky4yeu, XmuakoobpasHonu U He UMEET BblPaKEHHbIX
Yyrpyro-niacTu4HbIX CBOUCTB.

» Takum obpasom, NuLLEeBbIE NPOAYKTLI B HATYparieHOM BUae
1N B BUOe ONCNepcun MMeKT onpeneneHHoe CTPoeHne, T. e.
CTPYKTYpPY, KOTOpas xapakrepusyeTca BUOOM CBA3EeN Mexay
ee areMeHTamMn n obycrnoBnMBaET NPOABIIEHNE TEX UM
NHbIX PN3NYECKMUX CBOUCTB.




CTPYKTYpbl NULLEBbIX NPOAYKTOB

(N0 XapaKTepy CBA3EN MEXKAY MX dNIEMEHTAMM)

KoHaeHCcaLUMoHHO-
KpUCTaNIM3aLMOHHbIE

KoarynsiuMoHHble CTPYKTYpbI

- HA/IMYME KOHTAKTa MeXay - cylectByet XuMmn4yeckoe B3aMMOﬂ,el‘;1CTBMe
YyacTuluamMM 3a cyeT cun BaH-aep- MeEXKAY HaCTLaMK
Baasibca - YaCTMLbl M MPOCIONKM Cpeabl
- KOHTAKT UAET Yepe3 NPoC/IOMKY NpeAcTaBsAoT 0AHY a3y (MOBEPXHOCTb ‘
cpeabl (NOBEPXHOCTb pa3jena pasgena a3 He coxpaHseTcs) 4
coxpaHAaeTcs) - MOr'yT 06pa30BbIBaTbCA U3 KOarynALMOHHbIX
- 061a4a10T CNOCOBHOCTBIO K npu yaaneHnn gucnepcruoHHON Cpebl
CaMOrpon3BOJIbHOMY - B npouecce ob6pa3oBaHMA UX MPOYHOCTb
BOCCTAHOBJIEHMIO NOCJI€ pa3pyLUEHNA yBe/IMYMBaeTCA
(TMKcoTponuA)

- ABNAOTCA HEObpaTUMbIMU (He
- MOT'YT UMETb TBEPAO- U BOCCTAHaB/IMBAKOTCA MOC/1€ MEXAHNYECKOro

BO3JEUCTBUSA)

>|<|4p,|<oo6pa3Hoe COCTOAHME /




®OPMA CBA3U BINTATU C CYXM BELWWECTBOM 1C

XMMHUYECKAA

O6yCJ'IOBI'IeHa MOHHbIMA NN
MONEKYNAPHbIMU
B3aMMOAENCTBUAMU B

rMApaTHbIX 060/104KaxX UK

YAANAETCA U3 NPOAYKTa
npokainBaHNEM UJIN B

pe3Ko oT/in4aeTcAa no

OU3NKO-
XMMNYECKAA

06YyCN0B/IEHa aAcopbument Blaru B

yAanserTca U3 matepuana
MCNapeHueMm, aecopoumen
6

OU3NKO-
MEXAHUYECKAA

(A N

00yCNoB/IEHA yAeprKaHNEM
BNaruv B Ss4EMKax CTPYKTYpbl
(MMMOGMIM3aUMOHHAA), B
MMKPO- M MaKpoKanuansapax u
NpUIMNAHUEM ee K

- D

yAanaeTca U3 martepuana
ucnapeHuem mam

MeXxaHMYeCKMMM cnocobamm
(omkartme,




CTPYKTYPHO-MEXAHUYECKWUE CBOUCTBA
(no BuAy NpunoxeHusa ycunumm)

CABUroBble
CBOMUCTBA

/ N

XapaKTepM3yoT
noseAeHue
obbema
npoAyKTa npu

O6beMHble
CBOMCTBA

a p

onpeaenstoT
noseaeHMe o6bemMa
npoAyKTa npu
BO3ENCTBUM Ha
HEro HopmMasbHbIX

HanpsaXXeHuu B

[loBEpXHOCTHbIE
CBOMCTBA

/XapaKTepu3ytoT Y
noseaeHue
MOBEPXHOCTH
NPoAYyKTa Ha rpaHuLe
paszena Cc APYrum,
TBEPAbIM
MaTepMaIom Npwm
BO3/EeMCTBUM




» [lnsa peweHna MHOrMx 3agady cBs3aHHbIX C MEXaHUYECKOW
nepepaboTkon pasnnyHbIX MULLEBBLIX NPOAYKTOB,
HeobXoanMO 3HaTb Kak BeayT cebsl noa Harpyskamu mn rnpu
nedopmMmnpoBaHuUn 3TN Matepuansi.

» /3yyeHnem aTnx CBOMCTB 3aHUMAaETCH UHXKeHepHas
peonorus.

» [peyeckoe rhios - TeyeHue, NOToK.

» Peornornsa - aTo Hayka o gedpopmaumm n TeHeHUm
Pa3NNYHbIX TEn.



Peornoruna BknoYyaeT aBa pasgena.

TeopeTuyeckas peonorus (peHoMeHonorn4yeckas peornorus Unm
MaKpOPEOSIOrns) MOXET paccMaTpuBaTbCs Kak 4acTb MexXaHWUKu
CMOXHbIX CPeAl, OHa 3aHMMaET NPOMEXYTOYHOE MONOXEHNE MeXay
rMOpPOMeXaHUKOM U TEOPUSIMU YNPYTroCTH, NIacTUYHOCTU U
nonsyyectn. AHaNMTUYECKNUM NyTEM OHa ycTaHaBNMBaeT
3aBUCUMOCTU MeXAYy AENCTBYIOLLIMMU Ha TENO MEXaHUYECKNMMU
HaNpPsXKeHUsIMK, Bbl3biBaeMbIMU AecdopMauusaMmn n nx
N3MeHeHusiMm Bo BpemeHn. OCHOBHOE BHMMaHMe obpallaeTcs
Ha CNOXHoe penakcalnoHHOe NoBedeHne BeLLeCcTBa, Hanpumep,
KOria 04HOBPEMEHHO NMPOSABNSAKTCA BA3KNE U YNpyrne CBOMCTBA
N1 BA3KME N NIiacTUYeCcKkne CBONCTBA.

JKcnepumeHTanbHaa peosnorua (peomMeTpusa) paccmaTtpmBaeT
pasfnyHbIE PEONOrMYEeCKNe CBOMCTBA BELLECTB C MOMOLLbIO
cneymanbHbIX NPUOOPOB U UCNbITATESNbHbLIX MaLLUWH, onpeaenser
METOObl UCMbITAHUMN.



OCHOBHbIE 3AJAYYN NHXXEHEPHOW PEOJIOI MU
NMALLEBBLIX NMPON3BOOCTB

o Onpep,eneHme OCHOBHbIX p€0JI0rM4YeCKNX XapaKTEPUCTUK MULLEBbLIX MaTEPHNAZIOB U
YyCTaHOBJ/1€EHHNE UX USMEHEHUNA OT Pa3/IMYHbIX TEXHO/TIOMMHECKUX CbaKTOpOBZ

o N/INTENbHOCTb MEXAaHUYECKOM 06pabOoTKM, TEMNEPATYPbI, BAAXHOCTU U Ap.

« Pa3paboTka MeTo/10B M NPUBOPOB A/19 U3SMEPEHMA PEOIOTMYECKMX (CTPYKTYPHO-
MEXAHMYECKMX) XapaKTEPUCTUK MMLLIEBbIX NPOAYKTOB

« Pa3paboTKka MexaHMYeCcKMX Moaenien AN1a peasibHbiX MULLEBbLIX NPOAYKTOB

« OnpeaeneHue 3TasIoHHbIX MOKa3aTeIel peosIorMYECKUX XapaKTEPUCTMK, YCTaHOB/IEHUE
CBSI3U PEOJIOTMYECKMX XapaKTEPUCTUK CbiPbA M FOTOBbIX NPO/YKTOB

 YnpaBJieHUE CTPYKTYPOM M KaYeCTBOM MPOJYKTOB

» KoMnnekcHoe nccnegosaHme pa3/INMY4HbIX d)M3W-IeCKMX XapaKTeEPUCTUK A/14 YCTAHOBJIEHMA
dHaJIormm nx U3MeHeHnA, gna MmogesimposaHmAa, nNporHO3nMpoBaHMA, pacy4eTa U
KOHCTpPYUpOBaHMA NMPOAYKTOB C 3apaHee 3ajaHHbIMKU TEXHOJIOTMYECKMMHA MOKa3aTe/IAMHU

» Pa3zpaboTKa Hay4HO-060CHOBaHHbIX METOA0B pacyeTa 060pyaoBaHUA

) { ¢ € € {4



D U

HarHeTaHWe NULLIEBbIX Macc (X/iebonexkapHoe, 6apaHOYHOE U MaKapOHHOE
TECTO, KOHAMTEPCKME MacChbl, dapll, NacTbl U T.4.) pas/IM4HbIMK PaboOYMMMU
OpraHamM (LLHEKaMM, BaJIKaMM, MJIYHXKEPAMM, LIECTEPHAMU U T.A.);

BbINPECCOBbIBaHME MAcC Yepe3 hopMyIoLLME OTBEPCTUS MaTpuUL, ANS
NpUAAHNA U3AENTNAM HE0BXOAUMOM (DOPMBI, MPUYEM HYaCTO BblAaB/IMBAHME
NPOU3BOAUTCA OJHOBPEMEHHO Yepe3 60/bLLOE KOIMYECTBO OTBEPCTUM, U B
3TUX CNyYasax obecneyeHme paBHOMEPHOCTU CKOPOCTEN UCTEYEHUSA U3 BCEX
OTBEPCTUM NO (PPOHTY MATPULIbl ABNAETCS BECbMA BaXKHbIM;

LUTAaMMNOBaHWE YNpyro-naacTUYHO-BA3KMX MacC ANA NpuaaHMAa Usaemam
Tpebyemon hopMbl MM HAHECEHMS pesibePHOr0 PUCYHKA;

TPaHCMNOPTUPOBAHME BA3KMUX M BA3KO-MJIACTMYECKMX MACC MO KaHalam
Pa3/IM4YHOro Npopmana, ANUHbI U AMAMETPA;

CMEeLUMBaHME ABYX UJIM HECKOJIbKMX KOMMOHEHTOB /151 MOJIyYeHUs
OZJHOPO/HbIX CMECEMN;

pe3aHue nosychabpuKaToB M roTOBbIX NPOAYKTOB;

Apob6ieHne, cenapupoBaHue, 6puUKeTMpoBaHMe, WTabesmpoBaHMe U
HEKOTOpble Apyrue npoueccsol.



Knaccudoukauumsa matepmanoB NULLIEBOU
NPOMBbILLIEHHOCTU

>

Knaccudukauua peonornyeckux ten, npegnoxeHHas lopdbartosbim A.B., no
BENMMYMHE OTHOLLEHUA NPEeaEeSibHOro HanpsXXeHnst casura K X ninoTHOCTU U
yckopeHuto csoboaHoro nageHus [6,/(p-g)], kotopoe npeacrasnsdeTr cobon mepy
CNoCOBHOCTU BELLECTBA COXPaAHATb CBOKO popmy

0ol (p-0),M Mewnee 0,005 {0,005-0,02 [0,02-0,15 |boinee 0,15

Haumenoanue | Ctpykrypabie | Kunkue ['ycTeie TBépupie
BEIIECTBA KUIKOCTH IaCTBI IaCTBI TENa

Hwukonaes npeanoxumn obo6LEHHYIO Knaccudukauuo (oT TBEPAOro 40 UCTUHHO-
BA3KOIO COCTOSAHMA) NO BENUYMHE MEXAHNYECKNX CBOMNCTB: MOAYIEN YNPYrocTy,
BA3KOCTU 1 Ap.

K nepBow rpynne OTHOCATCA TBEPAbIE U TBEPAOOOPA3HLIE Tena (TBEPAbIN XUP,

Lernble TKaHW Msica, cyxapu, NevYeHbe U Nnp.), Ko BTOPON — TBEPAO-KMUAKMNE (MSACH
doapLu, TBOpOr, CTYAHN, My4YHOE TECTO M NP.), K TPETbEN — XKNUAKOODOPAa3HLIE K
XXUOKOCTU (pacnnaBreHHbIN XUp, OyrbOoHbI, MOSTOKO, MEA, BoAa U Mnp.).



» XXudkue mena (udkocmu) — maTepuansl, coagepxalune ogHy daasy,

» Xudkoobpa3Hbie mesia — matepuarnsbl, NPOSBNSAOLME B NU3OTEPMUYECKOM

TexHn4yeckaa knaccudukauma matepmano

obnagatoT TEKYYECTbIO, NPUHMMAaOT OpMY cocyaa, ABMAKTCS
KOHOEHCUPOBAHHBLIMU ANCNEPCHBIMU CUCTEMAaMU, CBSA3aHHbIMU
NpPeENMyLLECTBEHHO LIEHTpanbHbiM1 BaH-aep-BaanbcoBbiMu cunamu,
OCHOBHbIM CBOWUCTBOM KOTOPbIX SIBMAETCA BSA3KOCTb — NOCTOSAHHAsI BENUYNHA
B u3oTepmMmmnyeckom npouecce. (1 - 3)

npoLecce B 3aBUCUMOCTU OT AedPOopMaLMOHHOIO COCTOSAHUA 3P EKTUBHYIO
BA3KOCTb, 3aBMCALLYI OT CKOPOCTU gedpopmauumn, NfiacTUYHOCTb, ABMSAKOTCAH
MHOroasHbIM1U AUCNEPCHBIMN CUCTEMAaMK C KoarysnsiyMoHHOW nmbo
KoarynaunoHHO-KpUcTannmsaumMoHHOW CTPYKTYpaMu, B KOTOPbIX 4EUCTBYIOT
pasHoObpa3HbIe Mo Npupoae NOBEPXHOCTHbIE CUSIbl, OCHOBHbIMM
CBOWUCTBaMM KOTOPbIX ABNSATCA 9dEKTUBHAA HBIOTOHOBCKAs UK
nracTuyeckas BA3KOCTb U NpeaenbHoe HanpsXeHue casura (npegen
Teky4yecTtn). (4 - 7)



TexHnyeckas knaccudukauma marepuanon

» Teepdbie mesa — 0O0bLEKTLI, ANNTENBHOE BPEMSI COXPAHSIOLLIME CBOO
doopmy Npu OTCYTCTBUU PUIUYECKUX UITN XUMNYECKNX BO3OEUCTBUM,
SABNSOWNECH KpUCTannNmM3ayMoHHbIMM NIMOO KOHAEHCALMOHHO-
KpucTannmsaumoHHbIMU OUCMEPCHbIMU CUCTEMAMM, OCHOBHbLIM CBOVUCTBOM
KOTOPbIX ABMAETCA MPOYHOCTb, 00yCrnoBneHHas NPenMyLeCcTBEHHO
OVUCMNEePCUOHHBIMW CUMaMy B3aMMOLENCTBUA MeXay YacTmuamu TBepaou
dasebl. (8 - 10)

» Cbiny4yue Mmamepuarsibl — COBOKYMHOCTb TBEPAbLIX Tes, NPOABMAAOLLAS
cneunduyeckmne CBOMNCTBA, XapakTepHble Kak O XXNOKOCTeN (TeKy4yeCTb M
CNOCOOHOCTb NpUHMMAaTbL popMy cocyaa), Tak U Angd TBEPAbIX TeN B
YCNOBUSAX HaNPSA)XEHHOINo COCTOAHUSA, ABNSAOLWMECH UCNepCHbIMA
cucTeMamMn «TBEpPAOE TEMNO - ra3y, B KOTOPbIX ONpeaensatoLLyto porb
NrparoT NOBEPXHOCTHbLIE CUSTbl B3aUMOLEWUCTBUSA MeXay YacTuuamm
(oToenbHbIMU TBEPABLIMU TEMAMU), a TakKe — COOTHOLLEHME Beca YacTul, U
CWI1 NOBEPXHOCTHOIO B3aMMOLEUCTBUSA MEXAY HUMMN.




“ AucnepcHasn MpoaykT (cbipbe, nonydadbpukar) TunnyHble peonornyeckue cCBoMcTBa
cucrtema

1 Ywucrtasa xmgkoctb Bopga, cnvpt, macrno HbloTOHOBCKasA BA3KOCTb
2 Yuctein pacnnas  PacnnaBneHHble Xupbl (Kakao- [MpenmyLLeCcTBEHHO HBIOTOHOBCKAsH BA3KOCTb
Macrio), pacnnasBneHHbIn caxap
3  WCTUHHBIN Conesble 1 caxapHble pacTBOpbl, To xe
pacTeBop 9KCTPaKTbl, MMBO, HANUTKK
4 KonnoungHbin BenkoBble pacTBOpbl, MyTHbIE HbloTOHOBCKasA BA3KOCTb, BO3MOXHbI
pacTeop PPYKTOBLIE U AroAHbIE COKN BSA3KOYMNPYroCTb, TUKCOTPOMNUSA
5 KngkoobpasHaa CycneHsuun (kakao, PpyKTOBbIE U HbloTOHOBCKasA N HEHbIOTOHOBCKAas BA3KOCTb,
OBOLLHbIE COKW, CYrbl), SMYNbCUN TUKCOTPONUS, BA3KOYMNPYrocTb

(MONoko, CNUBKN, ManoHe3)
6 [lactoobpasHas  PpykToBoe ntope (A0r0YHbIN MycC),  HeHbITOHOBCKasA BA3KOCTb, TUKCOTPOMNUS,

OpPEXOBbLIN MyCC, TBOPOT, hapLu peonekcusi, BA3KOYNpYyrocTb
7 CBsA3aHHas Macno, neHHas macca, xene, Tecto, [lnacTtnyHas BA3KOCTb, obpaTnmas un
Msirkas NOrypT, Ccyn, NawTeT, KapTodensHoe HeobpaTumasa TUKCOTPONUS, YrpyrocTb,
nope BSA3KOYMNpPYrocTb
g8 CBsAsaHHas Msakunw xneba, BapeHas konbaca, YnpyrocTb, nfiactTuyHasa BA3KOCTb,
nonyrteepaas BapeHbIN KapTodenb BSA3KOYMNPYrocTb
9 [lpoyHas Ceexue a6noku, rpyumn, kaptodens, YNpyrocTb, NnacTuyHasi BA3KOCTb,
orypupl, Msico, xnebobyrnoyHble BSI3KOYMpPYrocCTb

NPOAYKTbl ANUTENBHOIO XPaHeHUs,
Lokonan, KoHdETbI

10 TBeppas Kapamenb, 3epHo, sapa opexos, YnpyrocTb, TBEPLAOCTb, BbICOKAS TEKYHECTb U
MaKapOHHble N3aenusi, MOpPKOBb NPOYHOCTb, XPYNKOCTb




OCHOBHble MOHATUA U ornpeaesieHnAda peoJiorum

» Peosiorusa - Hayka o agecdopmMauum u TeYEHUU Pa3IMYHbIX
Ten

» Jledbopmaums - OTHOCUTENIbHOE CMELLLEHME YacTul
MaTepPUAZIbHOro Tesa, NP KOTOPOM HE HapyLLAeTcs
HenpepbIBHOCTb CAMOro Te/a

[lpn aedopmaumm 06bIYHO MPOMCXOANT UBMEHEHUE
(dopMbI UK pa3MepoB

» OCHOBHbIE peoJsiorM4yecKkune CBOMCTBA MaTepUnaJioB -
ynpyroctb, na1aCtmM4HOCTb, BA3KOCTb U NMPOYHOCTb




TepMuUHbI 1 onpeaeneHna peoiormm

» OTHocMTenbHaa gedopmauma € npeacTaBaseT cob60M OTHOLLIEHME
abcontoTHoM Al (M) K nepBoHayva/ibHbIM pa3mepam Tena [ (M), T.e.
E=—

[

» /Jedopmaumm MOryT U3MEHATLCS BO BpEMEHM Y (C) NPU HEYCTaHOBMBLUEMCS

npoLecce, Npu yCTaHOBMBLUEMCA npolecce AedoOpMUPOBAHUSA M3MEHEHUE
Aedopmaumm B €AIMHULY BPEMEHU NOCTOSAHHO.

» Bce 310 onmcbIBaeTCA NOHATUEM «CKOPOCTb Aedopmaummn> Y (1/c)




TepMuUHbI 1 onpeaeneHna peoiormm

r( JIE®@OPMAILINS )1

yopyras IIaCTUYECKAast
nedopmarys, KOTopas ucue3aer nedopmanus, KOTOpas COXPAHAETCS
[IOCJIE MPEKPALIECHUS IEUCTBUS IIOCJIE NPEKPALIECHUS JEUCTBUA
Ha TEJIO BHEUIHUX CUJT Ha TCJIO BHCIIIHUX CHUJI

» OcTaToyHble JedopMaLMm, HE COMPOBOXKAAOLWMECS pa3pyLIEHMEM
MaTepuasa, Ha3blBalOTCS NJIACMUYECKUMU, a CaMM1 MaTepuabl -
NJ1IaCMUYHbIMU.




TepMuUHbI U onpeaeneHus peonormm

» Ynpy2ocmb - CBOMCTBO NPaKTUYECKM
MIrHOBEHHO MOJIHOCTbIO
BOCCTaHaB/IMBaTb NepBOHaYa/IbHblE
pasmepbl NP1 MFHOBEHHOM CHATHE
MPUIO}KEHHOM HArpy3KM (OCTATOYHbIE
Aedopmaumm oTCYTCTBYIOT).

» BA3KoCcmblo Ha3blBaeTCA Mepa
COMPOTMBJ/IEHMSA TEYEHMIO KUAKOCTMH;
OHa paBHA OTHOLLEHMUIO HaNPAXKEHUA
cABUra K CKOpoCTu caBura.
TeKy4yecmbo Ha3blBaeTCA BE/IMYMHA
obpaTHas BA3KOCTU

10W-40

15W-40




TepMuUHbI 1 onpeaeneHna peoiormm

» [1nracmuyHocmsb Bbi3biBaeTCA JedopMaLMEN, T.€. OTHOCUTEIbHbIM
CMELLIEHMEM YaCTUL,, NPU KOTOPOM HE HapyLLIAeTCs HENpepPbIBHOCTb
camoro Tena. MaacTMYHOCTb - 3TO CMNOCOBHOCTb TE€Yb NMPU HAMPAXKEHMM
BbllLIE KPUTUYECKOrO, HA3bIBAEMOIO NPEAETIOM TEKYYECTU, OBHAPYKMBas
Pa3BMBalOLLMECA BO BPEMEHMU OCTaTOYHblE Aedopmaumu. Mpu
HaNPAXEHMM HMMKE KPMTUYECKOoro, TeNo BeaeT ceba Kak ynpyroe.

&F

/.

S 7




TepMuUHbI 1 onpeaeneHna peoiormm

» HanpsaxeHue. Mo AEUCTBMEM BHELLHUX CUA NMPOUCXOIMNT U3MEHEHUE
dopMbl U pasMepoB Tena. Bce peanbHble Tena gedbopmupytotcs. BeanumHa
M XapaKTep AedopMaLum 3aBUCAT OT CBOMCTB MaTepmana, ero opmbl 1
MPUJIONKEHUA BHEWHUX cMl. [lecdopMaums Tena ConpoBOKJAeTCS
BO3HMKHOBEHMEM BHYTPEHHMX CUJ1 B3AUMOAEMCTBUA MEXKIY YaCTULLAMM
Tena. Mepor MHTEHCUMBHOCTM BHYTPEHHMUX CUA ABNAETCA HanpsxeHue P.

P = Lim ar (1.1).
AF=0 A F

rae AP - BHYTPeHHAA CUNa;

AF - aneMeHTapHasa naowagka




N3 Kypca MeXaHMKMU

[ToHATNE HanpsXXeHUA

lMonHbIM MexaHUYeCcKUM HanpsixeHueM Ha3blBaloT
OTHOLLUEHWNE paBHOAENCTBYOLLEN BHYTPEHHUX cun dR
AEeNCTBYIOLLEN Ha Manblil 3fleMeHT BbiOpaHHOoro
ceYyeHus K nnowaau aToro aneMeHTa dA.

dR
= M —
dA — 0 9A
HopmansHeIM HanpsixeHueM Ha3blBaeTCA OTHOLLEHWE
HopManbHbIX cun dN AelCTBYIOWMNX HAa Manblil 3f1eMeHT
BblIBpaHHOro ceveHuss K nnowjaan atoro ceveHus dA:

. dN
o= —
lim~

KacamenbHbIM HanpsixeHueM Ha3blBaeTCA OTHOLWEHNe
KacaTenbHbIX cul dQ AeNCTBYOWNX HA Marnblid 3NeMeHT
Bbl6paHHOl'O ceYvyeHus K nnowagun dA aToro anemeHTa.

)
dA—0 dA

HopmanbHble o 1 KacaTelbHble 7 HanpsXXeHUs SBNAKTCA COCTaBNALWMMUN

MONTHOIMo HanpsXeHus p.
p=vVor+7’

T =




TepMuUHbI 1 onpeaeneHna peoiormm

JNIEMEHT B YCJIOBUSX 06 EMHOIO HAMPAXKEHHOIO COCTOSAHUSA MOXKET BbITb
M306parkeH B BME Napajsienenunesa

[poeKLUMs NOJIHOro HanpsA*KeHMS Ha HOPMasib HAa3bIBA€TCA HOPMaJlbHbIM
Hanps*XeHMEM - G; COCTABJIAIOLWAS B MJIOCKOCTU CEYEHMA - KacaTesibHbIM
Hanps*KeHMeM - T.

Z § oy

X

Gx, Oy, Gz - HOpMaJIbHbIE HaIIPs/KEHU;
Toxs Txzs Tzys Tyzs Txys Tyx - KACATEIIBHEIE HAIIPSKEHHA.




TepMuUHbI 1 onpeaeneHna peoiormm

» HanpsaeHue cosuza - CONPOTUBJIEHUE TENlA AENUCTBMIO MPUIOKEHHOM
cuibl. HanpsskeHue caBura paBHO OTHOLLEHMIO MPUJIOKEHHOM CUJIbI K
BE/IMYMHE NJoWaam caBura. MMHUManbHasa cuna AJ1a OCyLLEeCTB/IEHUS
cABUra onpeaenseTcs npeaebHblM HanpsxkeHnem casura t,. [pu casure
n3MeHseTca popma Tena npu NocToasHHoM o6beme. CABUM NosyyaeTcs oT
NENCTBUA Ha rPaHAX 3/IEMEHTA KacaTe/ibHbIX HAMPSXEHUN T

» Buabl caBura: a) - McxogHoe cocTosaHue, 6) - NPOCTOM CABMI, B) - YMCTbIM CABMI

y A YA o




TepMuUHbI 1 onpeaeneHna peoiormm

» [IpM MrHOBEHHOM BO3JEMNCTBUM NIt06asA BS3KaA KMAKOCTb BeJeT cebs KaK
TBEP/OE TENO, A NPU MEAJIEHHbIX BO3JEMNCTBMSX OHa ycnesaeT
penakcMpoBaTb U BEAET Ceb6S KaK XMAKOoe TeNo. ITO ABJIEHME Ha3blBAETCSA
¢da30BbIM NEPEXOLOM.

» Penakcayus [nat. relaxatio - ocnabsieHue, yMeHblUeHne] -
CaAMOMNPOM3BOAJIbHOE NAZEHME HAMPSKEHUMN B TENE, AIMTENIbHOE BPEMS
HaxXoAALWMMCA NoA Harpy3Kou. JTa Be/IMYMHA onpeaenaeTca ynpyrom
YacTblo 06len aecpopMaLum, KoTopas AOCTUraeTca He cpa3y, a
NOCTENEHHO (B Te4YeHMe BpeEMEHU penakcaumm t).




TepMuUHbI 1 onpeaeneHna peoiormm

» [lpouecc penakcaumm MOXKHO NPeACTaBUTb KaK Noa3y4yecTb,
NPOTEKAIOLLYIO MPU YMEHbLLIEHMM HanpsixKeHun. Penakcaums npuBoamT K
«3aKpenieHmo» aedopmalmm, K NoCTENEHHOMY NPEBPALLEHMIO YIIPYroM
AedopMaLmm B OCTAaTOUHYHO NAACTUYECKYHO

G

HanpaxeHue

Bpema ¢
KpMBaFI penakCcauumu HaI'IpFIH{eHMﬁ




N3MeHeHne aedpopMaumm € B TeyeHue
BpeMeHu t noa 4EUCTBUEM HArpy3KuM

o

A=k’

AB - yyacToK ynpyrmx aedopmaumum npu
HarpysKu;

bB - y4acTOK niacTMyeckmx
Aedopmaumi;

Bl - y4aCcTOK BOCCTAHOB/IEHMSA YNPYrMX
AedopMaLum Npu Harpyske;

B - TOYKa CHATUA HarpyskMu.

» [lon3yyecmsb - NocTeneHHoe

HapacTaHMe BO BpeMeHM t cyMMapHoOM
AedopmMaumu € (y4acToK bB).

Ynpyzoe nocsnedelucmsue uiu
3/1aCMUYHOCMb - U3MEHEHME YNPYrom
AedopmMaumm BO BpEMEHM, Korga oHa
WM NOCTENEHHO HapacTaeT Ao
HEeKOTOpOro rnpegesa nocne
NPUNOXKEHMA HAarpy3kn (BOCCTAHOBJIEHUE
CTPYKTYpbl), WU NOCTENEHHO
YMEHbLUAEeTCA MNocae ee CHATUA
(pa3spyweHue CTPYKTYpbl) (y4acTku Ab un
BIN).



MopgenupoBaHue peonorn4eckoro
noBegeHus Ten

» HarnagHoe npejcTaBneHUE O XapaKTEPE U3MEHEHMS HaNPSXKEHUN U
Jecdopmaumm cpeabl B 3aBUCMMOCTM OT BapuaLuM, onpeaenawmx ee pusmko-
MEXaHMYEeCKMEe CBOMCTBA NPM MEXAHMYECKOW BO3AEUCTBUM, Jal0T

peosiorM4yeCcKne Moaenn.




neanbHble MOOEnu

» Mogenblo udeasibHO-yripy2020 TBEPAOro Tena sABAAeTCsa Npy)XuHa, unmn Teno
['yka. CoOTBETCTBYIOWEN MaTEMATUYECKON MOLENLIO ABMNAETCHA peoriormyeckoe
ypaBHEHME I'YKOBCKOro TBEpAOro Tena asig NnpocToro casura

—\WW—

roe G - moaynb caBura

=Gy, rf

» [na pactaxeHua-cxaTtud

oc=F¢,

roe E - moaynb ynpyroctu

Peonornyeckon KOHCTaHTOW siBNsieTca moaynb casura G. HanpskeHue,
BO3HUKaAeMoe B 3TOM Terne, NpsiMonponopunoHanbHoO gedpopmauymn




neanbHble moaenu

» MexaHundyeckon moaenblo udeasibHO 8513KOU XXWOKOCTU SABNAETCS
rmapasnnyeckmin nopeHb, unu teno HetoToHa. CoOTBETCTBYIOLLEN
MaTeMaTUYEeCKON MOLESbIO ABMAETCHA Peosiormyeckoe ypaBHEHME COCTOSAHUS
HBLHOTOHOBCKOrO Tena Ans npocToro casura

T =1y
rae n - BA3KOCTb
T

=

M

» Peornornyeckon KOHCTaHTOM ABMNAETCH BA3KOCTb 7). Hanps»xeHue, BO3HUKaloLLee
B 3TOM Tene, NpsaMonponopumoHarnbHO CKOPOCTU cABUra




neanbHble MOOENu

» Moaoenb udeasibHornsIacMU4YHO20 TeNa n3obpaxaeTca B BMAE napbl TPEHUS U
onpependetca kak Teno CeH-BeHaHa.

» [loBegeHue ero, nog Harpyskon, criegyroLlee: 4o TeX rnop, noka BernmynHa nNpunoXeHHoro K
HEMY HaNpPSXKEHUS NEXUT HUXKE HEKOTOPOro KPUTUYECKOTO 3HAYEHUS NpeneribHoro
HanpshkeHnsa casura o, (t;) (Npegena TekydecTu), matepuarn OCTaeTCs XECTKUM; B TOT
MOMEHT, KOorfa HanpsKeHne JOoCTUraeT npeaerna Teky4ecTu, HaynmHaeTca nnactuyeckoe
TedyeHne maTepmana rnpm NOCTOSAHHOM Harnps>KeHUn (MpUMepom ABNSETCA NIACTUIIUH).

» Mogenb ngeanbHo nnactuyeckoro tena CeH-BeHaHa MoXeT ObITb npeacrtaBrieHa B
Bnae arnemMeHTa, nexawero Ha niockoCctTn, C NOCTOAHHbIM MO BEJTUHMUHE TPEHNEM. Teno He
Ha4vnMHaeT ABUratbCA OO TEX MOpP, MNOKa HanpaxXeHne casura He npeBbICUT NpegeribHoro
HarpaxeHna casura. [Mocne 3Toro anemMeHT MOXET ABUraTbCs.

[ V.Y

70 T

» Peonornyeckoe ypaBHeHue OydetT UMeTb BUL: 7 =T




MOOENNPOBAHWE PEONTIOMMYECKMX CBONCTB
CTPYKTYPUNPOBAHHbBIX CUCTEM

» MHoroobpasHble peoriorm4yeckne cBoMCTBa peanbHbIX Ten, B TOM YMCIEe U
CTPYKTYPUPOBAHHbIX MULLIEBBLIX MACC, MOXHO MOAENUPOBaTh C MOMOLLIbO
Pa3NUYHbIX COYETaAHUI PACCMOTPEHHbIX naeanbHbIX Modenen. CrnoxHble
MOJENN COCTOSAT U3 HECKOMNbKUX MaeanbHbIX Moaernen (aremMeHToB),
coeaMHeHHbIX Mexay cobon nocrneaoBaTenbHO UNKW NapannenbHo

41’

I 1
L T
I -

(2

[TocnemoBaTenpHOE (a) W Hapa/lieIbHOE COEIHHEHNE
3J1€MEHTOB (0) peoJOrHYeCKUX MO IeIeil




MOOENNPOBAHWE PEONTIOMMYECKMX CBONCTB
CTPYKTYPUNPOBAHHbBIX CUCTEM

» [lpn nocrnenosaTenbHOM COeAVHEHNN ANEMEHTOB MosiHas Harpyska P
NPUXOONTCS Ha KaXablW ANEMEHT, a nonHas gedopmMauns Unm ee CKOpoCTb
CKknagbiBatoTca 13 gedopmanmm n CKOPOCTEN COCTaBMSOLWLNX IIEMEHTOB:

P=P,=P,=..=P,
Y=Y Y, T Y,
y=v, ty, v

> npl/l naparsiesibHoM coeanHeEHNN 3JTIEMEHTOB p,eqaopmau,mm N NX CKOPOCTH
OAMHaKOBbI OJ14 BCEX 3JIEMEHTOB, a MNoJiIHaAd Harpy3ka P cknagbiBaeTcs u3
Harpy3o0K OoTAes1bHbIX 3JIEMEHTOB.

P=P,+P,+..+P,
Y:’Y] :'Yz :"':’Yn
y=y, ty, ety




CnoXXHble Unn coctaBHble MOOENN

» Mopgenb ynpy2o-naacmu4ecKko20 mersa, norydaeTtcs npu
nocnenoBaTenbHOM COeQMHEHUM YNPYroro anemeHTa yka u
nnacTuyeckoro anemeHTa CeH-BeHaHa.

[pn T < 1y ynpyroe coctosHue t = Gy

[1pu T = 77 NNacTU4eckoe TedeHne




Moaenb MakcBenna

» Mogenb ynpyao-esi3k020 penakcupyrouie2o mena Makceernna
npeacTaBnsieT cobon nocnegoBaTeribHoe coeguHeHne Moaenen
'YKOBCKOIO M HbIOTOHOBCKOIO Ter.

» W3 ycnoBus, 4TO cymmapHas gedopmMmauusi y paBHa cymme
aecopmMaumii ynpyroro yr U BA3KOro y,; 3IEMEHTOB, C YY4ETOM

3aBMCUMOCTEN
YM =Yr tVu
Tr = Gy, iy, npogeddpepeHIUPOBaB N0 BpeMeHH, it = Gyt
Ty = NVu

> I'IpM nocriegoBaresibHoOM coeaAnNHEHNN HaNnpAaAXeHnA paBHbl B noodom
ceyeHnn CnCctemMbl, a ,u,ecpopmau,vm — CKNnaablBakOTCA.
T T
y=c-+t-




Moaoenb MakcBenna

| » [1na 3Ton Moaenn xapakTepHbl ABa SABMNEHUS:
NON3y4ecTb N penakcauunst Hanps>KeHU.

NHTerpnpyem 310 ypaBHEHME NPU HYNEBbIX

|
|
0 “PI | » 1) [Monay4vecTb, T = const
|
|
I Ha4anbHbIX YCNOBUSX, MOMy4YaeM:

T
=—t
4 n

» 2) Penakcauus, y = const

T , T_
c + ;—0
» PelunB 3T0 ypaBHEHME, NONYy4YNM

t
T =Tge 9,

0 = g - Nepvop penakcauun (Bpems, 3a KoTopoe

HanpsXxeHne nagaet B 2,7 pas)




Moaoenb ®ourta-KenbBmHa

» Teno KenbsuHa unu @oliama (ynpyroe nociaeaemcTBume)
T nosly4yaeTcs nNpu napannesibHoM CoeMHEHUM YNPYroro 1 BA3KOro

3/1eMEeHTOB. B 3TOM c/lyyae cymmapHoe HanpsXeHue paBHO CyMMme
HaNpAX}eHUM T, 1 13, M AedopMaLmsa YNpyroro 31eMeHTa paBHa
AedopMaumm BA3KOro 31EMEHTA

1 T =Gy +ny
» [lpu t = const, 1.e. y, = 0:

. _at
\b y =51 —e ") —Kpneas nonsy4ectu

BeanMHa G/n = t, XapaKTep13yeT CKOPOCTb 3aTyXaHMs
Aedopmaumm U MOXKET bbiTb Ha3BaHa KO3 @PUUUEHMOM 3amyXaHus

V4 » Ecim B TedyeHune BpemeHu t=t, , CHATb Harpy3sKy, KoTopas 6blsia
npunoxeHa npu t=0, To B pelweHnn audpdepeHumanbHOro
YPaBHEHUA NpPH t>t1 cneayet npuHATb =0, TOrAa NOay4YMm

MocTeneHHoe HapacTaHWe AedopmaLym NpM NOCTOAHHOM
HarpysKe, XapakTepu3yHLencsa NepBoi BETBbIO KPMBOM MU
nocsiefoBate/lbHOe yMeHbLUeHWe AedopmaLmm Nocae CHATUA
Harpy3Ku, Ha3blBAeTCA YNPYrum NocneaemcTBUEM UK
3/1TaCTUYHOCTbIO




Teno LLIBegoBa - buHrama

» [lpumep es3KkonIacmMu4YHO20 Tena, coveTaroLLLero CBOMCTBa BA3KOCTU U
MNNacTUYHOCTU

rlpMKJ'Ia,EI,bIBaeM HanpaxXeHne - HeT Te4eHUA Jaxe C Manowu CKOPOCTbHO.
YBenunyumnBaem HanpsaxeHne - BCe eLlle HEeT. 1 BOT, N0 OOCTUXKEHNN onpeﬂ,eneHHoﬂ
BEJIN4YUHDbI T HQYUHAETCA BA3KOE TEHEHNE C KAKUM-TO 3HA4YEHNEM BA3KOCTW,
Ha3blBaeéMoe B JaHHOM CJly4ae NacTU4ECKON BA3KOCTbIO Uy

T =To + UnpV

{ i A

IT o T




KnaccuduKauma peosiormyeckmx Moaesien nuLleBbIX cpej

CumBon MexaHun4yecKas Peonoruyeckas MaTtemaTHnyeckas NpuMeyaHue
moaenb KpuBas moaenb
(rpacpuK Te4eHuUA)

1. aeanbHble Tena

1 H G d =Gy Moaenb
_/VVV\/_ UM TBEPAOro Tena
o= Fe¢ 'yka, ynpyroe
¥

TEeno
2 N T=ny Mopaenb

.
- naeasibHo
BA3KOM

UIKOCTH

HbloTOHA

o

3 StV - T Mogenb
naeanbHO
NNacTUYECKOoro
Tena Ceh-

> BeHaHa

Il
S
o

Ta




CuMBO/IbHaA MexaHn4yecKas Peonoruyeckas MaTtemaTnyeckas NMpumevaHue

¢dopmyna mozenb KpuBas mozenb
(rpacpmK TeyeHns)

2. CnoxHble (CocTaBHble MOAE/IN)

1 U=G-StV npu T < 7, ynpyroe Mogenb ynpyro-
COCTOAHME, naacTmyeckoe
PN T = To Teno
nnactn4yeckoe
TeydyeHune
2 M=N-H T T Mogenb
Yy == + — MackBenna
G 7
3 K=HIN T=Gy +ny Mogenb
KenbBuHa -
dourta
4 SchwB=NIStV i ¥ T="1y+ U,y Mopenb
LlIsepoBa -

|_CIJ brHrama

-]

Te




3agaun

» /[na moaenu, cocTosilien M3 TPEX SNIEMEHTOB:
> 1) 2) 3) %o

= |

> OI'Ipe,D,e}'IMTb BUJ COeMHEHUA 3/IEMEHTOB (MocieoBaTe/IbHOE MU NapasesibHoe) CyMMapHoe
HarnpAaxeHune ,El,e(bOpMaLl,MM 7 p,ecbopMau,mo npu pas/iItdMHOM COEJUNHEHUN SNNEMEHTOB TPEX MOAeﬂeﬁ.
M306pa3l4Tb cxXematnyeckn coeamHeHnAa sanemMeHToB C YKadaHMeM YUNCTIEHHbIX 3HaYeHUM Y, T

Homep 3agaum Ne Mmogenu Aedopmaums, Y HanpsaxeHue gedopmaummn, T
1 1 0,03 0,8
2 0,03 0,9
3 0,03 1,1
2 1 0,06 0,08
2 0,06 1,0
3 0,06 1,1
3 1 0,09 0,9
2 0,1 0,9
3 0,2 0,9
4 1 0,09 0,8
2 0,09 1,0
3 0,09 2,3
5 1 0,1 0,8
2 0,1 1,1
3 0,1 3,4




Ba3kocTb

%
Mepa COornpoTuBiIeHUA TEYEHNIO X KNAKOCTU

- [loBegeHue }KMAKOCTU C MaIoM
BA3KOCTbIO

- [MoBegeHMe }¥MAKOCTU C 6OJIbLLOU
BA3KOCTbIO




BAa3KkoCTb

Hu3kan BA3KocTb Bbicokan BA3KOCTL

Apaxucosoe
Macsio

E
Cr&meuuoe
— OIIO KO
PacturenbHoe
macso

Bopa




[InHamMmn4yeckaa BA3KOCTb

*kOadPULMEHT BHYTPEHHEIO TPEHUS

» EauHMuen namepeHms 3ToM BA3KOCTU ABNIAETCA NacKasb B cekyHay (Ma*c).
OU3NYECKUIM CMBICST COCTOUT B CHUKEHMM [aBJIEHUA B €IMHMLY BPEMEHM.
/IMHaMMYecKas BSA3KOCTb XapaKTEPU3YET COMPOTUBJIEHUE KMAKOCTU (MU ra3a)
CMELLIEHUIO OJHOTO CJ1051 OTHOCUTEJIbHO pYroro

E
TP
n =—,[Ila = c|
Sv
» /JIMHamMmyecKasa BA3KOCTb 3aBUCUT OT TemnepaTypbl. OHa yMeHbLIaeTca npu
NOBbLIWEHUM TEMMNEPATYPbI 1 YBE/IMYMBAETCA MPU NOBBILLEHUN AABNEHMS.

X A «—] dv
)>
)
>)
dx = ))
—
_)




Tabnuua BA3KOCTU BOAbI

Temnepatypa, °C n, 10-¢ NA*c
0 1797
10 1307
20 1004
30 803
40 655
50 551
100 284
110 256
120 232
130 212
140 196
150 184




Tabnuua BA3KOCTU NpoayKToOB Ans nogdbopa Hacoca

HanmeHoBaHMe XKMAKOCTHU

Temnepatypa, °C

BaskocTtb, MIA*c

Boaa 20 1
AnKorosb 20 1,2
Monoko 20 3

Cok 20 55-75
Mén 40 2.500
OpyKTOBbIE KOHLIEHTpAaTbI 20 1.600
xem 20 8.500
[ noko3a 35 20.000
PactutenbHoe Macsio 20 2.000
LLlokonapg 50 17.000
Ketuyn 20 1.500
WNorypTt 40 152
TomartHaA nacra 20 4.000
n1uepuH 20 1.500




KnHematmnyeckasa BA3KOCTb

» WMHAEKC, KOTOPbIM OTOGPAXKAET OTHOLLIEHME abCOJIIOTHOrO NoKasaTtes BELEeCTBa
K €ro nJIoTHOCTM NpU YCTaHOBJIEHHOM TeMNepaType

v =1 Im2/q]
p
t° V, m/c? t° V, Mm/c?
4 0,015676 17 0,010888
] 0,013873 18 0,010617
12 0,012396 19 0,010356
14 0,011756 20 0,010105
16 0,011177 22 0,009892




Buabl XXugkocten

CyLI.l,eCTByeT YyeTbipe KJ/laCCa H’(M,D,KOCTQM KOTOPbl€ MEHAIOT CBOIO BA3KOCTb MNpU
nepemMewmBaHmn, U O4AUH, KOTOprM He MeHAeT CBOMX CBOMUCTB:

>

JIMHEUHO-BA3KUe (HbIOTOHOBCKMe) KNUOKOCTU HE 3aBNUCAT OT aMNnMTyAdbl 1 TUMNaA
ABUXEHNA, KOTOPOMY OHU NoABEPraroTCA. TUNUYHbIE AN1A 3TOro KJjlacca XMAKOCTHU -
MUHEPaJIbHOE MaCJ10 1 BOJ4,

AMNaTaHTHble (BA3KOCTb PacTéT, C pOCTOM CKOPOCTU CABMIa) XMAKOCTM MOBbILLAIOT
BA3KOCTb NPU NEpeMELLIMBAHMM, HEKOTOPbIE M3 3TUX KUIKOCTEM MOTYT CTaTb MOYTH
TBEPbIMM BHYTPM Hacoca uam Tpy6onpoBoza. Bcem u3BecTHO, YTO Npu
NnepemelLnBaHMM CJIMBKU NpeBpaLaloTcA B Mac/1o. KOHAUTEPCKME CMECH, TIMHUCTbIE
MaccCbl U NMPOYME CHUJIbHO 3arO0JIHEHHbIE XUAKOCTH JIENAl0T TO ¥KEe CaMoe.

NAACcTUYHAA KULKOCTb MMEET NpeileNl TEKYYECTM, KOTOPbIM JO/IKEH BbiTh NPEBbILLIEH
A0 Ha4ana ABMKEeHMA NoToKa. C 3T0ro MOMeHTa No Mepe NoMeLUMBaHKUA BA3KOCTb
6yAeT yMeHblLaTbCcA. TOMaTHbIM KeTYYnN - N4l NPUMEP TaKoM KMIKOCTH;

ncesgon/iactnu4HaA *XMAKOCTb MNOKasblBa€T CHUXKEHNE BA3ZKOCTHU C YBEJIMHEHNEM
nepemewmnBaHnA, HO y HeEe HET npeaesia TEKYy4YeCTH, B 3TY KaTeropmio nornagakoTt
MHOIr'ne smyJibCmu;

TUKCOTPOMHbIE XUAKOCTM NMPOABAAIOT YMEHbLUAOLLYIOCA BA3KOCTb C YBE/IMHEHUEM
NnepemelLMBaHMA, HO BA3KOCTb, MpU JII060M onpeaesIeHHOM CKOPOCTU [IBUKEHMS,
MOXET 3aBMUCETb OT NpeablAyLIero nepemeLUnBaHMA XMAKOCTH. Mprumepamu
TUKCOTPOIMHOM KMIKOCTH ABNAIOTCA: KJIEM, HEKaNe/ibHas Kpacka, CMasKa,
COeZIMHEHMA LIE/III0103bl, MbIJIO, KpaxmaJ/ibl M CMOJIA.



Te4yeHne XMAKOCTU B TPYOe.
JlaMMHapHOEe TeYyeHMe XMNOKOCTHU

» ECnn XXnakocTb Kak bbl pasgensieTcsl Ha Crnowu, KoTopble
CKOMb3AT OAPYr OTHOCUTESIbHO ApYyra, He nepemMeLlnBasChb,
Takoe TeYyeHue Ha3blBaloT JlaMUHapHbIM (CITOUCTbIM).

» Ecnu B namMmHapHbIM NOTOK BBECTWU NOAKPALLUEHHYHO
CTPYWUKY, TO OHA COXPaHSAETCs, He pa3MblBadACh, Ha BCEW
ONVHE NOTOKa, TaK KakK YaCTuLbl XXUOKOCTU B
namMmMHapHOM NOTOKe He NepexoadaT U3 O4HOro Cnos B
apyron. JlammHapHoe TeyeHne ctaunoHapHo




[IpM3HaKM NaMMHApPHOro Te4YeHus

CKOPOCTU B KaXXOOM CevYeHnn TpyObl
napannenbHbl Apyr aApyry;

CKOPOCTM YacTuL, XXNMOKOCTU MEHSOTCS OT
TBEPAbIX rPaHnL, BHYTPb NOTOKa Mo
napabonnyeckomMy 3aKOHY;




TypbyneHTHOe Te4yeHue

» [lpun yBENNYEHNN CKOPOCTU UMK NOMEPEYUHbIX Ppa3MepoB
NOTOKa XapakTep Te4deHUs1 CyLLeCTBEHHBIM 0Opa3om
n3MeHsieTca. Bo3HMKaeT aHeprmyHoe nepemMellinBaHue
XnAKoCcTU. Takoe TedeHne HasbiBaeTcs mypbyrneHmHbIM.
[Tpn TYypOYNEHTHOM TEYEHNN CKOPOCTb YaCTULL B KaXXQ0M
OAaHHOM MecTe Bce BpeMsi uaMmeHdaeTcst 6ecnopsaaoyHbIm
obpa3om — TeveHne HecTaumMoHapHO

» Ecnu B TypOyneHTHbIN NOTOK BBECTU OKPaLUEHHYO
CTPYWKY, TO y>ke Ha HEDONbLUOM PacCTOSIHMM OT MecTa ee
BBEJEHMNSA OKpaLLlEeHHas XXNOKOCTb paBHOMEPHO
pacnpenensaeTcsd No BCEMY CEYEHUI0 NMOTOKA




[Ip13HaKM TYpOY/IEHTHOro (BUXPEBOIr0) TEYEHMA

XaoTHMYeCcKoe, KpamHe
HeperyaspHoe,
HeyrnopsaJ04YeHHoe TeYyeHne
YKUAKOCTH

CpeaHssi CKOPOCTb YacTu
XXMOKOCTU pe3Ko Bo3pacTaeT B
norpaHN4YHOM CINOE U1 MoYTU He
MEHSeTCs BAanu oT rpaHuL
noToka




Yrcno PerHonbAaca

»  AHIIMMCKUMM MeXaHMK, DU3MK M MHKeHep Ockap PenHonbac yctaHoBun (1876
— 1883 rr.), YTO XapaKTep TeYEHMS 3aBMCUT OT BEIMUYUHDBI, HE UMEIOLLIEN
Pa3MEepPHOCTbIO, M Ha3blBaeMOM YMcioM Re

,0 ‘D - d P - NNOTHOCTb XXNAKOCTY
R = v - CKOPOCTb €& TeYeHUs
e

n d - guameTp TpyObl
7 - KoadppuumeHT abCconoTHOW (AMHAMUYECKOW)
BA3KOCTU

3HauyeHUe, IPU KOTOPOM IPOUCXOAUT Nlepexo i JaMUHAPHOT'0 TEYEeHUs B
TypOysieHTHOe ([Jis TIaJKUX UJINHAPUYECKUX TPYO)

Rey, = 2300




Moaesib BA3KOro noBeaeHMs XMIKOCTH




BbiBoa dpoopmynel [lyazenns

PaCCMGTpMBaH ﬂaMMHaprlﬁ M3OTepMMHECKMF1 CTaLI,HOHaprIﬁ OCECHMMETquHbIﬁ NOTOK Cpedbl B
prﬁe, Nerko no ypaBsHeEHUKO paBHOBECUA ONpeae/inTb HanpAaxXeHne cagura B ntobom KoakcnanbHOM

cnoe TpybblI:

(p,—p)rr-=2zrLt=0

Apr
Z r=%; Ap = p, — p
FA€ T — HalpaXxXeHue CABUIa Ha LI,MAMH,B,leleCKOFI NOBEPXHOCTHU yUYaCTKa MNOTOKA,
I' = papuyc MbICAEHHO Bblpe€3aHHOIo ULMAMHAPHUYECKOIO OCECUMMETPHUYHOIO YY4aCTKa MNOTOKa,
pPaBHOBECKE KOTOPOIO paCCMaTpUBaETCA,
L - pacctosiHie mexay nonepeyHbiMy ceueHUs MU TpyObl;
pl,p2 - AaBA€HWUE B HA4YaAbHOM U KOHEYHOM MNOMNEPEYHbIX CEYEHUAX prﬁbl.



BeiBog doopmynbl [lyazenns

» W3 ypaBHeHUA HbloTOHA

rﬂ_P— ]'nf'— nd_V
21 dr

rae V - CKOpoCTb TEYEHUSA KMIKOCTH;

N - BA3KOCTb.

» HWHTerpupys
AP

dav = rdr
21ln
> MOJyYnM
v=2F 2




BeiBog doopmynbl [lyazenns

» [loCTOAHHYIO MHTErpmMpoBaHUA HaxoaAaT m3 ycnoeua r = RV = 0, Toraa:

_E 2 2
V_ﬁlln(R )

rae R - paguyc kanunnspa

» PacnpegeneHne CKOpoCcTu byaeTt napaboamnyecknum. Pacxog Q moxeT 6bITb
NoJly4eH UHTErpnupoBaHUEM YPaBHEHUA:

Q = [ VdF

rae dF=2rnrdr - 3nemMeHT naowaan.




JIaMMHapHOe TeYyeHMne XUIAKOCTU buHrama -
LliBeaoBa
T=Tp — Ny
rae ng,, - BA3KOCTb NJ1aCTU4HO-BA3KOIo T€J1a buHrama - LLlBe,D,OBa.

» [lpeactasnaa t =rAP/2L v y = dV/dr, nony4umm:
n.dvV  APn
= — 1:,1_,
dr 2L

» WHTerpmposaHue gaet

2
Ny V = &:: — 1,1+ C

» [locTtoaHHyo C onpeaenaem 13 yCcaoBUA NPUAMNAHMA MaTepMana K CTEHKe
umunmugpa npy r=R, V=0

2
C :—ﬂPR + 1R
4L




JlaMMHapHoe TeyeHue XUAKOCTU brHrama -
LliBeaoBa

» Ot6pacbiBas 3HaK MUHYC, MOIYYUM

N = i[(ﬂ 1—11)%—“(& —r)}

» M3 ncxoaHOro ypaBHeEHMA BMAHO, YTO nNpu APry/2L = 1. (Mpon3BoAHasA CKOPOCTH
paBHa Hyn0), dV/dr = 0. 370 yKasblBaeT Ha TO, YTO MpU I < ry, €CTb ABUXKEHUE C
MOCTOAHHOM CKOPOCTbO, HO TEYEHME OTCYTCTBYET, T.€. HET OTHOCUTENIbHOIO
CMeLEHMA CNoEB. ITO FOBOPUT O TOM, YTO OKOJI0 OCU TeNo ByaeT ABUraTbCs
KaK »XecTKoe, U, rae t < t., Np1 3TOM paamyc XecTkoro agpa R, onpegensaerca
YPaBHEHMEM:

2L 17
AP

R , =




JIaMMHapHOe TeYyeHMne XUIAKOCTU buHrama -
LliBeaoBa

» CKopoCTb V, }KECTKOro UMIMHAPA HAX0AUTCA NOACTAHOBKOM Iy BMECTO ' U T =
APro/2L

AP(R —-1,)°

V, =
4L n

» Pacxoa Q MOXKeT 6bITb BbISCHEH KaK CyMMa [IBYX PAacXo/l0B; B LieHTPa/ibHOM
30HE CO CKOpPOCTbio Vy M B OCTaJIbHOM YaCTM CEYEHUS C NEPEMEHHOM
CKOpOCTblo V pacxo paBeH:

R
Q=71 Vo + [27rVdr

o




JIaMMHapHOe TeYyeHMne XUIAKOCTU buHrama -
LliBeaoBa

» nocae NoACTAHOBKM BblpaxkeHuM Vy, V, r 1 MHTErpUpPOBaHUSA, HaXOAMM

Q_nR“,ﬁP 8t 16( L )
SLn. | 3RAP 3 | RAP

YpaBHeHMe byknHrema - PerHepa




AAINe3NA, AYTOIe3nA N KOre3anA NMAULLEBDBIX MACC

» AOdeze3ueu, Unv NpUAMNAHUEM, HA3bIBAlOT ABJIEHWE, KOTOPOE BO3HMKAET NpU
KOHTaKTe ABYX Pa3HOPOAHbIX Te/l. DTOT KOHTAKT MPOUCXOAUT Ha FpaHMue
pasgena gas. Agresma OTHOCUTCA K NOBEPXHOCTHbIM ABNeHUAM. OHa
XapaKTepu3yeT CBA3b MEXKAY ABYMSA Te/laMU; A8 HapyLLUEHUA 3TOM CBA3M
He06X0AUMO BHELLHEE BO3AEUCTBME. AAre3ns BO3HMKAET NPU KOHTAKTE [BYX
TBEPAbIX TE€JI, A TAKKE NMPU KOHTAKTE XKUAKOCTEN C TBEPAbIMU TenamMM. OHa
onpeaensaeT CBA3b MULLEBbIX MAacC C MOBEPXHOCTAMM TEXHOIOMMYECKOro
060pyA0BaHUA (EMKOCTU, TPAHCMOPTEPbI, TPYO6ONpPOBOAbI, apMaTtypa u T. A.) U
BbICTYNaeT Kak ConyTCcTByoLWee ABJIEHUE MO OTHOLIEHUIO MPaKTUYECKU KO BCEM
MULLEBbIM MaCCaM.

» C yyeTOM METOJ0B OLLEEHKU U OCOBEHHOCTEN Pa3/IMYHbIX BUJOB aAresmm,
cnoco60oB onpeaeneHms BeJIMYUHbI aAre3mm MU CBOMCTB MMLLEBbIX MAacC HaM
npeAcTaB/IAeTCa LenecoobpasHbiM pa3iMyaTh aAre3mto Cbinyymnx, ynpyro-
M/ITACTUYECKMX U KMUIKUX NPOJYKTOB




Knaccudukaumsa nuLLEBbIX Macc € y4eToMm

0COOEHHOCTEN UX aare3nn

ITnmessie | I pannna | Ilmommane PoracTBeHHEBIC
IIpencraButenn
Macchl daz KOHTaKTa SIBJICHUS
Macio pacTHUTEIIBHOE,
BUHHO-BOJOYHBIC  H3ICIHA,
Kunkue 0e3aJIKOroJbHBIE  HAIIUTKH,
K-—T,> CroaonrHas Kores3usa
(puc.1.1) COKH, MOJIOKO, ITHIIIEBHIE
AMYJIBCHH (MalioHe?3),
pacTBOPHI, JKUIKHE TO0OaBKU
Tecto, KOoH]eETHBIE MaccChl,
KpeMBbI, TIIacThl, MSICO H
Ympyro- P ’ ’
MSICHBIE H3JICIHs, pBIOa H
II1acTU4decC
T, —-T, » » pBIOHBIE W3OENHsI, TBOPOT,
KHE
CIMBOYHOE  Macjo CBI
(puc.1.2) : P
MaprapHH, JIKeMbl, BapcHbE,
OBOIMH, PPYKTEHI
Myka, Kpymna, caxap,
Kpaxmaj, coJb, kKode, dgan
Crrryune IIpepriBHC- P ’ . be, ’
T, —1T> AyTore3us KaKao, SHYHBIA IOPOIIOK,
(puc.1.3.) Tas
CyXOoe  MOJIOKO, JOEeTCKOe
NHUTAaHHUE
B Bune CrIp, KoIOacHBIE WU3ASIHA,
IIEHOK T, 1> Crotoninasg Koresusa MOJIOYHBIE IIPOAYKTEI U JIp.

(puc.1.4)




» AAresus }KMAKOCTU OCYLLECTBSETCA Ha rpaHMLe pa3jena C TBEPAbIM TEJIOM.
KMIKOCTb MOXKET HAXOAMUTbCS B EMKOCTU, 06pa3oBbiBaTb HA TBEPAOM
MOBEPXHOCTM Kamn UM NAeHKM. [pu 1106oM KOHTAKTE XMAKOCTM C TBEPAOM
MOBEPXHOCTbIO BO3HMKAET a/ire3ms, HO He BO BCEX C/y4asX OHa byJeT
onpejenatb NoBeAeHMe XUIKOCTM Ha rpaHuLe pasaena ¢das. OcobeHHOCTH
3TOro BMAa aAre3uu obycsioBJIeHbl CMOCOBHOCTLIO }KUAKOCTU KOMUPOBATb

penbed TBEPAOM NOBEDXHOCTU M 06DA30BbLIBATb 10BO/IbHO 3HAYMTENBHYIO
NowWaAb KOHTE

CxemMa 06pa30BaHMA MOBEPXHOCTHOIO HATAXKEHUSA KMIKOCTH




» AAresus ynpyro-niaacTMY4eCKmMX NMULLEBbIX MACC PeasIM3YEeTCS HA rpaHuULLe
pasjena AByX TBEpAbIX TeN. YNpyro-niacTM4eckue tesa o61aaatoT
aHOMa/IbHOM BA3KOCTbI. BA3KOCTb NOZ06HBIX TENT U3BMEHSAETCA B 3aBMCUMOCTH
OT HanpsXeHus caBMra, CBOMCTB Macchbl M Apyrmx dakTopos. [puymHa
HEMOCTOSAHCTBA BA3KOCTM 3aK/II0YAETCA B OCOBEHHOCTSX CTPYKTYpPbI YNpyro-
NIACTUYECKUX TE.

» YnpyronaacTMyecKMe NULLEBbIE MACChl, KaK U XUAKME, 06pa3yoT Ha rNaJkKMxX
TBEPAbIX MOBEPXHOCTAX CMJIOLLIHYIO NOWAaAb KOHTaKTa. Ana dopmupoBaHms
N/I0LLAAM KOHTaKTa 3TMX MACC B OT/IMYME OT KMUAKOCTM NOTpebyeTca 6osee
3HauYuTeNbHoe Bpems. Kpome Toro, ynpyroniactMyeckmMe Macchl He
pacTeKalTCA Mo NOBEPXHOCTU, COXPaHAS NMPM 3TOM J0BOJIbHO KOMMNAKTHYHO

opMmy.




> AAresusa cbiny4Ymx NULLEBbIX MacC OCYLLECTB/IAETCA MO rpaHMLe pa3jena [ByX
TBepAbIX Ten. Cbinyyne matepuasbl, Kak M BA3KOMNIACTUYECKUE, CMIOCOGHDI
NPOTMBOAENCTBOBATb BHELLUHEMY AaBAeHU0. OHU MOTYT T€Yb, HO TEYEHME ITUX
MaTEPUAJIOB CYLLIECTBEHHO OT/IMYAETCS OT TAKOBOIO CMJIOLIHbIX TE€J, K KOTOPbIM
OTHOCATCA XUAKOCTb M YNpyronjacTMyeckme tena. YacTuupbl, cocTaBaawoLme
Cbinyyune Tena, nepemMelLalnTca Apyr oTHoCcUTeNbHO Apyra. B oTanyme ot
YKUJKOCTU M YNPYronaacTUYECKUX TeN CbiMyyne NMULLEBbIE MACChl HE UMEIOT
CMJIOLLIHOM MJIOWAAM KOHTaKTa C TBEPA0M NMoBEPXHOCTbIO. [1/101alb KOHTaKTa
peasiM3yeTcs Mo OTHOWEHMIO K YaCTMLLAM, COCTABIAIOLLMM CbINyYMM MaTepma.




» EcTb ewe oanH BMA aaresmu, KOTOpbIM CBA3aH Kak C TEXHOJIOTMEN MoyYeHMs HEKOTOPbIX
MULLEBBLIX NPOAYKTOB, TaK U C 60pb60M MPOTUB MOBbLILUEHHOM aAre3uu NuLLEBbIX Macc. Peub
naeT 06 aaresum naeHoK. MpuannLwyto NAeHKY 06blYHO Ha3blBalOT aZre3vBOM, a OCHOBY, K
KOTOPOM OHa NpMAMIIA, - CYyGCTPATOM.

—--—--——1'!"" -
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Aaresma (a) 1 oTpbIB NAEHOK (6)

» AJresus nNieHoK B NMULLEBOM NMPOMbILLJIEHHOCTHM NPOABAAETCA B [IBYX acnektax. MepBbii U3 HUX
CBA3aH C 0CO6EHHOCTAMM HEKOTOPbIX MULLEBLIX MPOAYKTOB M TEXHONOTMM UX M3rOTOB/IEHUS.
Tak, aaresms NjaeHoK LIMPOKO MCMO/b3YEeTCS B CbipOBApeHUM. MIeHKA HE TO/IbKO COXpaHseT
CbIp, HO M aKTMBHO Y4acTBYeT B MPOLECCE ero Co3peBaHuA.

» BTOpoM acneKT aaresmm NEHOK CBA3aH C NPUMEHEHUEM aHTUAAr€3MOHHbIX MOJIMMEPHbIX
mMaTepuasioB. X MCNonb3yoT Ans 60pbobl C agresmen Cbiny4ymx M 0CO6eHHO
yNpyronaacTUYeCKMX NULLEBbLIX Macc. MoMMepHbIM MaTepua BbINOJHAET PoJib aJresmsa.
Aaresua ero K cybcTpaty, T. €. K MOBEPXHOCTU TEXHOJIOMMYECKOro o6opyaoBaHMA, onpegensaeT
BO3MOHOCTb NPaKTMYECKOr0 UCMOJIb30BaHUA MNOMMEPHbIX aHTUAAr€3MOHHbIX MaTepUasIoB.




CBA3b aAresum C Koresmeu U aytoresmen

» BamsaHMe 06bEMHbIX CBOMCTB MMLLEBbLIX MAacC Ha MOBEPXHOCTHbIE CBOMCTBA
MOXHO NpocaeauTb, paccMaTpMBas COOTHOLLEHME aAre3nm U Koresmu.

» Koeze3us o3Ha4yaeT CBA3b BHYTPM JIaHHOrO TeNa, T.€. B npejesiax oaHoM dasbl;
CBS3b MMLLIEBOM MACChl C TBEPAOM MOBEPXHOCTbIO MO MJIOCKOCTU AA

XapaKTeEpPHU3YETCA a,qre3l4ef/'1.
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CBA3b aAresum C Koresmeu U aytoresmen

» OJHOBPEMEHHO CYLIECTBYET CBSA3b BHYTPU CaMOM NULLEBOM MAacChl, KOTOpas Ha
PMC. @ NPOXOAMT MO MJIOCKOCTU bb M XapaKTepu3yeT Koresmro 3ToM Macchl.

» B cnyyae aaresumn uMeeT MecTo rpaHuua pasgena das, A4 Koresmm nogobHas
rpaHMLUa OTCYTCTBYET. B 3TOM 01Ha 13 XapaKTEpPHbIX 0COGEHHOCTEN KOresmu,
ee NpMHUMnuasbHoe oTan4yme oT aaresrm. CoOoTHOLEHME aAre3nmn 1 Koresum
onpeaensieT yC/I0BUE YAANEHMA KUAKMX U, B 6O/IbLLIOM CTENEHM, YNPYro-
NTACTUYECKUX MULLEBBIX MACC MNMPU HapyLLIEHUM UX KOHTaKTa C TBEP/I0M
MOBEPXHOCTbIO.

» [lpn chaboun aaresmm no OTHOLLIEHUIO K KOre3mm NPOMCXOAMT HapyLLUEHME
B3aMMOJEMNCTBMS MO NJIOCKOCTM AA U aZiIr€3UOHHbIM OTPbIB (CM. puc. d). MNpu
He3HaYMTEJIbHOM KOresmm, yCTynatwLwen aaresmm, oCyLLecTBAAEeTCS
KOre3moHHoOe ygaJieHue Macchl (CM. pUc. 2).



CBA3b aAresum C Koresmeu U aytoresmen

» CoOTHOWeEHME aare3nm U Koresmm 1 TMn oTpbiBa MOXHO ornpeaesimTb
KO/IMYECTBEHHO. AZire3mio OLueHMBAIOT C MOMOLLbIO paboTbl - W, 53 AU CUbI -
F_.5, HEOOXOAMMOM ANS pa3beANHEHUA KOHTAKTUPYIOLMX MEXAY COH0M
Pa3HOPOAHbIX TEN, a KOre3m, COOTBETCTBEHHO, C NMOMOLLbIO paboTbl - W, . nin

cunbl - F,,,, HEO6XOAMMOW ANA pa3pyLUEeHUs OAHOPOAHbIX Ten. MNpu HapyLleHuu

FPaHMLbl pa3gena no nNJaockoctu AA (CM. puc.), B Csly4ae aare3moHHOro

yAdaneHnAa, COOTHOLLEHNE MeX Y ap,re3l4e|71 n KOFGBMGH 6yp,eT cneayrowmnm:
Waa< onz’Faa<F

Koe °

» YCN0BUA HapYyLLUEHUSA KOre3umu OJHOrO U TOTO KEe TeJla MOXKHO NpeACTaBUTb B
BMIe:

Waa>WKoe’Faa>FKoa°



CBA3b aAresum C Koresmeu U aytoresmen

» AAresms CbinyyYnx NULLEBbLIX MACC HEPA3PbIBHO CBSA3aHA C TAKUM ABNIEHMEM, KaK
aymoze3us (CBSi3b OAHOPOAHbIX No hopMe MM Npupoe Ten).

» B pgaHHOM ciiyyae peyb MAET 06 ayToresum YacTul, T.e. CBA3U MeXAY CO60M
4acTML, CbIMyYMX NULLEBBLIX MacC. Aaresusa c/10d YacTul, COCTaB/IAWMX
CbINY4YM MaTEPMA, OCYLLECTBASETCA MEXKAY YAacTMLAMM M MOBEPXHOCTLIO NO
NIOCKOCTU AA (CM. puC.). Aaresms oTAesibHOM YacTuLbl MOKa3aHa B 1IEBOU
BEPXHEM YACTU PUCYHKA. YacTuLbl NPUAMMLLErO CI0A CBA3AHbI MEXKY COOOM
CMJIaMM ayToresmm. Aytoresms napbl COCeHMX YacTuML, MOKa3aHa B BEPXHEMN

NpPaBoOM YacTu puc. AyToresms co8a 4acTuL, NPOXOAMT MO rpaHULIE pa3zena
(MHMA BB) BHYTPM Cbiny4Yel Macchl.




OU3NUKO-MEXAHUYECKUE
CBOMUCTBA
CbINMYYNX MATEPUAJIOB U

CMECEMN




Knaccudukaumsa cbiny4ymx matepmasno

» CbINyYMMM HA3bIBAKOTCS TaKME MaTepmalibl, KOTOpPblE COCTOAT U3
YaCTHL, MEXKIY KOTOPbIMM OTCYTCTBYIOT MOJIEKY/ISIPHbIE CBA3M

» O6pabaTbiBalOTCA, TPAHCMOPTUPYIOTCS, AO3MPYHOTCA U
pacacoBbIBAOTCS B CbiMyYEM COCTOSHUU: YaM, 3€PHO, KpYnbl,
Kakao, Kode, caxap, MyKa, MaKapoHHble U3aenus

» Haunbosiee BaKHbIMM XapaKTEPUCTUKAMM CbIMyYMX MaTEpPUAJIOB,
onpeaenArwmMMM 60/bLUMHCTBO UX (PU3MKO-MEXAaHNYECKUX
CBOWUCTB, SIBJIAIOTCS 06 beMHas Macca, pasmepbl 1 popma
4yacTmy. BMecTe BCe 3TU XapaKTEPUCTMKU onpeaensatot
cbiny4ecmb MaTepuanoB. HaumeHee Cbiny4ynMMn SBNAIOTCA
MNOPOLLKM M1 NbINEBUAHBbIE MaTepUabl. KyCKoBble U TAXKE bl
MaTepuanbl Hanmbonee NoABUNKHbI.



Knaccudukauma maTepruanos no ceiny4yecTu

M [ pynna Pazmep ObbemHan ChinyyecTb
rp. MaTepuanoe YyacTul, MM | Macca, Krf/m? (Teky4decTb)
1 KpynHOKYCKOBbLIE bonee 150 600 — 2500 JlocTaTouHasn
2 KyCKOBLIe o0 — 150 200 — 2000 flocTaTo4dHasn
3 MenKoKyCKOBble 10 — 50 400 — 1500 JlocTaTouHO XopoLwas
4 3EepPHUCTbIE 0,5-10 300 — 1500 Xopowa#s
J [MopowkoobpazHble 0,03 -0,5 200 — 1000 SaTpyaHUTENbHaA
) [TbineBUOHLbIE MeHee 0,05 100 — 500 BecbMa 3aTpyOHWUTENb-
Ha#dA
7 XNnonbeeuaHble BonokHa, 20 =300 To e
YeLy KM,

XNorpA




OcHOBHble XapakTepUcTUKu CM,
onpeaenawowme nx PMC

13 MHOFr006pa3na CBOMCTB ChiMy4YMX MaTepPMasIOB A1 BbiGopa
PaLUMOHaJIbHbIX TEXHOJIOMMYECKMX MPOLECCOB U KOHCTPYKTUBHbIX
napamMeTpoB pabo4ymx opraHoB Hanbosiee BaXKHbIMMU ABNAIOTCA:

0o6beMHaA Macca U NJI0OTHOCTb MaTepuana,

pa3mepsbl, popma vyacTumu,

NOPUCTOCTb YaCTML, U NOPO3HOCTb HACLIMHOIo MaTtepuana,
YroJl eCTeCTBEHHOro OTKOCa,

CNEXUBAEMOCTb U KOMKYEMOCTb,

CKJIOHHOCTb K CBOJ006pa30BaHMIo,

BJIAXKHOCTb, Mbl/IEHNE,

KopoaupytoLmMe CBOMCTBA,

CKJIOHHOCTb K CAaMOBO3ropaHuto 1 S40BUTOCTb U Ap.

VVVVVVYYVYYVYY




O6bemMHada Macca

» 3HaHMe BeNUYUHbI 06EMHOM MACCbl HEOBXOAMMO ANSA
onpeJenieHns OCHOBHbIX Pa3MEPOB TEXHOJIOFMYECKUX EMKOCTEMN,
[103aTOPOB, BECOBbIX OYHKEPOB, BMYCKHbIX BOPOHOK U T.A.
Pa3MepHOCTb 06bEMHOM MACChl BblpaxkaeTcs B Kr/m3.

» Pasnnualor 06bEMHYIO Maccy rnpm cBO60JHOM HACLIMKE U ANS
YMJIOTHEHHOIO HACbIMHOrO MaTtep1ana.

» B TexHonornyeckmx npoueccax HacbinHbie Matepmanbl 0ObIYHO
HanNpaB/IAOTCA N0 KOMMYHMKaLMAM CAaMOTEKOM B CBOOOAHO
HaCbIMaHHOM COCTOSAAHMU, a NOABEPralTCA NPUHYANUTESIBHOMY
YNJIOTHEHUIO INLLIb HA HEKOTOPbIX KOHEYHbIX ornepaumax npu
HanoJIHEHMM FOTOBbIM NPOAYKTOM Tapbl (HaNpumep, Npu pa3Becke
MYKM M 3aTapMBaHUS ee B MeLLKMK). [103TOMYy OCHOBHOE BHMMaHUe
6yaeT yaesneHo 06bEMHOM Macce MaTepmasioB NMpu CBO6OAHOM
HacCbIMKe.




OEbeMHaA Macca CeINYYHX MaTepHanos

MaTepsan ObweMHan Macca, ki

Eobbl 290 - 800
Buka 800 - 850
BrHHBIE Aroasl 470

[opox 7ol - 800
[peyuxa 640 — 700
pyea Jal

Kormbuxopm paccuinHoi 350 - 650
Kpaxman 270

Kpvna rpedHesan 200 - 700
Kpvna MasHas 600 - 800
Kpyna oecAHad 200 - 700
Kyveypy=a J00 - 750
Myka NweHM4Han, Bfc 550 — 600
Myra nuedudHanA, Hfc 300 — 400
Myka pwaHas, Bc 450 — 500
Mvra puaHas, Hc 300 — 400
Myka oscAHas 450 — 640
Myka a4mMedHaq 280

Deec 290 - 500
MNogconHyx 280 — 420
Mpoco 660 — 850
NwexHKya 650 — 810
Mwexo 200 - 700
PuUC 500 - 700
Poxb 650 - 790




» O6BbEMHaA Macca ANnA KOHKPETHOro CbiNy4yero Matepuasa He MMeeT
NOCTOAHHOro 3HayeHusa. KonebaHne 06 beMHOM MaccCbl 3aBUCUT OT
rpaHyJIOMETPUYECKOro CoCcTaBa MaTepuasia: OT pa3MepoB YaCTUL, HAJIMYUA
YacTML, pa3HOM BE/IMYUHDBI B OOLLEM KOZIMYECTBE MATEPMA/IA, €0 BIAXKHOCTH U
T.A.

» KonebaHna 06beMHOM MacCCbl OIHOrO M TOFO € MaTepuana MOryT A0CTMUraThb
200-250%. Y paga mateprvanoB 06beMHaA Macca CUJIbHO U3MEHAETCA OT
coAep:aHus Bnaru. 3aBUCMMOCTb HE OCTAeTCA NOCTOAHHOM ANA MaTepPMasIoB
Pa3/IM4YHOr 0 rpaHy/I0MeTPMYECKOro CocTtaBa, y 04HOpa3MepHbIX Mo-
POLLKOOOpPA3HbIX M MblJIEBUAHBIX MaTEPHUAIOB C YBEIMYEHUEM BNIAXKHOCTH
Hab0AaeTCA YMEHbLLUEHME 06BEMHOM Macchl. KpynmHOCTb YacTuL, maTepmana
TOXe pe3Ko BAMAET Ha M3MEHEHME 06 BEMHOM MACChI
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M=meHeHre 00BLMHOH MACCH 0§ OOHOPOOHOMD o
NopowkooSpasHOrD MaTepMana & SaEWCHMOCTIA OT BNasHoCTH W Ppaxquu -

MzMeHeHre 0dBEMHON MACos! MAaTEDKANA
B SABMCMMOCTH 0T KEYMHOCTH YacTky




[ThOoTHOCTDb

>

rae p,, - NJIOTHOCTb XXMAKOCTU, 3aMOJHAOWEN NMUKHOMETP (A0 PUCKM), KI/M3;

B/M3Koe K 06 bEMHOM MAacce MOHATUE - 3TO MJIOTHOCTb. Yalle Bcero ero oTHoCAT K
CBOMCTBaM OT/l€/IbHbIX MAaTEPMAJIOB, U3 KOTOPOro NMoJlydeH KYCKOBOM MaTepuan, Uam
KOHr/loMepaTaM (6pMKETaM U rpaHyJ/iam), MoJTlyYEeHHbIM M3 CbINMyYnX MaTeEpPMaIoB

lMromHocmb - 3TO KOJIMYECTBO BELLECTBA, 3aK/IOYEHHOE B €[MHMLE 06beMA p (KIr/M3).
OAMH 13 METO0B ONpeAeNeHMS NIOTHOCTU - MUKHOMETPUYECKUM.

MNOTHOCTb CyXOro BewecTBa p. , onpeaenserca 13 Gopmybl:

_ Gy
X G G, -Gy

.I'I:'lf.',d'

G, - Macca NMKHOMeTpa, 3amnoJIHAEMOro XUAKOCTbIO, Kr;
G, - Macca obpasua, Kr;
G; - Macca NMKHOMETpa C 06pasLOM M KUAKOCTbIO, HAIMTOM A0 PUCKM, K

[py NpeccoBaHUM CbIMyYMX MATEPUANIOB, MX BPUKETUPOBAHMM U FPAHYIMPOBAHMM
JOCTUIHYTb MMKHOMETPUYECKOM MJIOTHOCTU NMPAKTUYECKM HEBO3MOXKHO, TaK KaK YacTb
BO3/lyXa OCTAETCH B CUCTEME Kamnu/IISPOB.

CyllecTByeT TaKoe MOHATME HACbINHAA NJIOMHOCMb p,, [Kr/Mm3] - 3T0 BEC eAnHMLBbI
o6bema CBO60O/IHO HACbINAHHOIrO MaTepMana



[lopO3HOCTb, MOPUCTOCTb

>

CNnoM 3epHUCTOr0 CbINyYero martepuana 3aHMMAeT 60/1bLUMM 06BEM, YEM CMJIOLLHOM
KYCOK TBEP/IOro Tefla, M3 KOTOPOro MoJlyYeHbl YacTULbl. DTO BbI3BAaHO NMOSIBJIEHUEM B
CNoe CBOGOAHbIX MPOCTPAHCTB MeXAYy 3epHaMu. OTHOLLIEHME CYyMMapHOro obbema Vv,
MPOCTPAHCTB MEXAY YaCTULLAMM K KOHEYHOMY 06L1eMY 06beMY V C/10a Ha3biBaeTCA
NOpO3HOCMbIO U 0603HaYaeTCAa yepes &: 1

B

rae Vg - 06beM YacTuL, TBEPAOro BeLeCcTBa B C/I0€;
V, - CYMMapHbIM 06beM NPOCTPAHCTBA MEXKAY YacTULLaMM;
V - 06WHMN 06BEM.

[TOpPO3HOCTb 3aBUCUT OT BJIAXXHOCTM MaTepumasia 1 BbICOTbI JiIeXKallero cBepxy CJof
mMaTepuasa. OHa namMeHsetca B npegesax 0<E<1. HacbinHaa naoTHOCTb p,, M MOPO3HOCTb
CBA3aHbl cooTHoweHneM (1-&)p, + Ep., FA€ p, U p. COOTBETCTBEHHO MJIOTHOCTb
MaTtepuana 4acTuu U cpefbl.

PeasibHble CbinMy4YMe MaTeEpUasibl COCTOST HE M3 OJHOPOAHbIX 3€PEH, a NpeACTaBAsAT
COBOM CIOXKHYI CMECb M3 pa3HbIX MO pa3MepPaM YacTuL, MMEKLMX BHYTPEHHUE MUK
- M MaKpOKaNUANSAPbI, a TAKXKE TPELUMHbI U LLESIU, 3aMOJIHEHHbIE BO3/YXOM.



[loBEpXHOCTHbIE CBOUCTBA. TpEHME

» MHOrne TEXHONOrMYECKME NPOLECCHI MULLLEBOrO NPOM3BOACTBA (MPECCOBaHME,
CMelUMBaHMe, A03MPOBaHUE) CBA3aHbl C NEPEMELLEHMEM YACTMUL, NOA
BO3JEMCTBMEM JEMNCTBYIOLMX BHELLUHMX CHUJT U NPEOJONIEHUEM CUN TPEHUSA KaK
BHELUHEro, Tak M BHYTPEHHETO.

» [lpouecc TpeHUsa YacTUL, ABNSETCA C/I0KHbBIM, €r0 MPOTEKAHUE 3aBUCUT OT BHELLHMX
(haKTOpOB: NpUPObl NAp TPEHMA; UCXOAHOM LLIEPOXOBATOCTMU U BOJIHUCTOCTU TEN;
MPOMEXKYTOYHOM U OKPYKAIOLLEN CPe/ibl; HAarpy3Km; CKOPOCTH (CKOJIbXKEHMS,
KaYyeHus, KpyYeHUs); MCXOJHOM TEMMNEPATYPbl M BJIAXKHOCTH, a TaKkKe OT
BHYTPEHHUX (DAKTOPOB, BO3HUKAIOLWMX B MPOLLECCE TPEHUSA YaCTHL,: M3SMEHEHME
CBOMCTB MOBEPXHOCTHbIX C/I0EB YacCTHL,, MUSMEHEHME LLUEPOXOBATOCTU U
BOJIHUCTOCTM YacTuL, B pe3ysibTaTe MX B3AUMOAENCTBUS; TEMJIOBbIAENIEHME MPU
TPEHMM (TEMMEPA-TYPa U TEMNEPATYPHbIM MPAAUEHT HA MMKPO- M MAaKPOYPOBHE);
pa3pyLLUEHUE NMOBEPXHOCTEMN YACTUL, B 30HE TPEHUSA. YYecTb Bce haKTopbl B OT-
J€/IbHOCTM HE Npe/ICTaBASAEeTCA BO3MOXKHbIM, NMO3TOMY MOJ/Ib3YOTCA YCPEAHEHHbI
XapaKTEPMUCTUKAMM, MOSIYYEHHBIMU B ONPEAENEHHbIX YC/IOBUAX.




[loBEpXHOCTHbIE CBOUCTBA. TpEHME

» KoaggpuyueHm mpeHusa onpeaenserTcs 3KCNEpPMMEHTa/IbHO A1 COOTBETCTBYHOLLEN
MOBEPXHOCTM M MNOACUYUTLIBAETCA MO popmyie

F

ra
I=e=%

rae t - KacaTeslbHoe HanpsaXXeHue B NMJI0CKOCTU caBura, la;
G- HOpMaJibHOE HanpAXeHue Ha YPOBHE MI0CKOCTU CABUra, [la;
F - cuna TpenHuna, H;
N - cMna HoOpMasibHOro gassieHmA, H.

»  Ko3dpdDUUMEHT BHYTPEHHENO TPEHMSA AN MPUMEHAEMbBIX PAabOYMX MOBEPXHOCTEM,
60/1blLe, YEM BHELWHEro, 1 06a YMEHbLIAKTCA NpU yBeJIMYEHUN HOPMAJIbHOIO
AaBsieHUA.




[loBEpXHOCTHbIE CBOUCTBA. TpEHME

» Pa3nuyaloT cTaTtMYyeckMm M AMHAMUYECKMA KO3 DUUMEHTDI TPEHUSA

» CraTnyeckumn KoadduumeHT TpeHua f_. onpegensetca no popmyne

Flf-'.i'ﬂ
fon =2

rae F., - cuna TpeHus B HavabHbIM MOMEHT caBura, H;
N, - CMa1a HOpMaJIbHOrO AAaB/IEHWMA B HaYaJIbHbIM MOMEHT caBura, H

» [AnHamMuyeckun KoadhduumeHT TpeHusa f, onpeaenaeTca no aHanorM4yHom opmye

Fp
fﬂ_Nlr

rae Fp - cuna TpeHua B nepuos ABuXKeHuA, H;
N, - cM/1la HOpMaZIbHOro JaB/eHMA B Nnepmoj ABMKeEHMA, H
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FAEHOHMOCTE KoadduureHTos TpeHuA nokoA fo v nekeseHnA fo duTockipeA
OT HopManeHoro aaeneHWR P (a), enassocr W {6) w Temnepamypwl t (B)




CnexXmBaemMoCTb, KOMKYEMOCTb,
CKJIOHHOCTb K CBOZI006pa30BaHMIO

P 37O XapaKTEPMCTMKM MJIOXOM CbinyyYecTn maTepmana. OT cbinyy4ecT Uan
NOABUXHOCTU MAaTEPMAJIOB, T.€. CMOCOBHOCTM MPU U3BECTHbIX YC/I0BMAX 06PA30BbIBaTh
CTPYI0, TEKYLLYIO MOJ, AEMCTBMEM CUJIbl TAXKECTU, 3aBUCUT XapaKTep ABUKEHUSA
MaTepuana B NMPOLECCE €ro TEXHOJIOrMYECKOM 06PabOTKM.

» MHorue maTtepmalibl CKJI0HHbI 06pa30BbIBaTh CBOAbBI, T.€. 3aBMCaTb HaJ, BbIMYCKHbIM
OTBEPCTMEM MPU TEYEHUM M3 BYHKEpPA, BOPOHOK M T.M.

e A

ObpasosaHue ceoaoe B DyHKEpE




CnexXmBaemMoCTb, KOMKYEMOCTb,
CKJIOHHOCTb K CBOZI006pa30BaHMIO

» [ocne o6pa3oBaHUA CBOJA JaJ/IbHENMLLEE MCTEYEHUE MaTepUasia NpeKpaLlaeTcs 1
MO’KET BO306GHOBNATLCS TOJIbKO MOC/e pa3pylueHms cBoga. O6pa3oBaHMIio CBOIOB
CNOCOGCTBYIOT BbICOKMM KO3(PPUUMEHT TPEHUS MEXKAY YaCTULLAMM, C/IEXKMBAEMOCTb,
KOMKYEMOCTb U JIMMKOCTb (aZre3MoHHblE CBOMCTBA MOBEPXHOCTEMN YacTuL).

» Ha cneXXmMBaemMoCcTb HEKOTOPbIX MAaTEPUAJIOB B/IMAET AIMTE/IbHOCTb MX XpaHeHus. Tak,
HanpUMep, NpU HENPOAOJIKMTENbHOM XPAHEHMM B TeYeHue 2-3 AHEN B ByHKepe
MYKOMOJIbHO-KPYMsiHbI€ OTXO/bl HE TEPSAIOT ChIMYYeCTU, HO NpU 6osiee ANUTENbHOM
XPAHEHMM OHM CIEKMBAOTCA M 06pasyoT cBoAbl. [eHUYHbIe OTPYGU NpU
ANMTENIbBHOM XPaHEHMM B CMI0CaX HE TOJIbKO CTOAT OTBECHOM CTEHOM, HO M He BCerja
Cpa3sy OTBa/IMBAOTCS NPU HEGO/IbLLOM MOAKOCE B TOJILLE HAChINM.

» CBoJbl MOTYT 06pPa30BbIBATLCS TaKKe BC/EACTBUE HEAOCTAaTOYHO 60/1bLLOMO pa3mepa
BbIMYCKHOI0 OTBEPCTMS, HE COOTBETCTBYHIOLLENO pa3sMepY KYCKOB J03MPYEMOro
martepuana.




UcTe4yeHMe Ccbiny4Ymnx mMacc

P [pouecc A03MPOBaHMA CbiNy4YMX MaTEPUAJIOB CBA3AH C TPAHCMOPTMPOBAHUEM €r0 Mo

KOMMYHMKALMAM U NoJadven K go3atopaM. K TOYHOCTM J03MpoBaHMS, a
cnefoBaTeslbHO, M MoAA4Ye MaTepPUasIoB NPebsaBAAIOTCA BECbMA KECTKUE
Tpe6oBaHMA. [lo3MpyeMble MaTepUasibl XPaHATCA B GYHKEpPaX BblllE JO3UPYIOLLMX

YCTPOMCTB M NOAAIOTCH K HUM CAMOTEKOM

Biabi WCTEHEHMA ChiMyHXY MaTEpHAnoE M3 ByHKEDOB: @ - HOPMANbHLIA;
B - MMOPaENHYECKWA; B - NpY DOKOE0H pasrpysKe




UcTe4yeHMe Ccbiny4Ymnx mMacc

» HopmasibHbIl B8UO ucmeyYyeHus, Npy KOTOPOM MaTepUa
NBUXKETCA B BUAE CTOJI6Q, PACMOIOKEHHOr0 Haj, OTBEPCTUEM
McTeYeHms.

» [udpasauyeckuli 8uG ucme4yeHuUs, NpuU KOTOPOM BECH CbINMy4miu
NPOAYKT B OYHKepe ABUXKETCA BHU3 MOAOOHO XKMAKOCTHU.

» bokosoe ucmeyeHue nNpoucxoamT Nnpu 60KOBOM pasrpysKe
BbyHKepa U ABNAETCA YaCTHbIM C/lydYaeM HOPMaJibHOro BMa
MCTEYEHMS.



CBA3b NapaMeTpoOB UCTEYEHUA CbIMy4M
MaTepuasioB C KOHCTPYKTUBHbIMM
napaMeTpamMu o60pya0BaHUA

» Becnepe6oiHbIM MOTOK MaTepmana M3 bByHKepa ob6ecrneynmBaeTca COOTBETCTBYIOLLEN

BE/IMYMHOM BbIMYCKHOIo OTBEPCTUA. Yem 60/bLLIE BbIMYCKHOE OTBEPCTHE, TEM JTyHlle
UcTevyeHne Matepumasia.

» C yBeJIMYEHUEM OTHOLLEHUSA AMAaMETPa BbIMYCKHOro OTBEPCTMS BYHKEPA K AMAMETPY
KyCKa maTepuasia MHTEHCMBHOCTb MCTEYEHMS MaTeEpMana TakKe Bo3pacTtaeT. Kak
NpaBu/I0, AUAMETP BbIMYCKHOro OTBEPCTMS JOIKEH 6bITb B 4-5 pa3 60/blle AMameTpa
HauboIbLLErO KYCKa MaTepuana. [1pu 3ToM BbINMYyCKHOE OTBEPCTHE AeNaeTca TEM
60/iblle, YeM OCTPEE YacTULbl MaTepHana.

» [lponyckHaa cnoco6HOCMb BbIMYCKHOro OTBEPCTUA MPU YMEHbLUAKOLWEMCA AMaMeTpe
KyCKa MaTtepuana yBeamymBaeTca TeM 6oblle, YemM 60/blie YaCcTULbl MaTepuana
npubauKarTca K dopme wapa.

» UHMeHcusHOCMb UuCmMe4YeHUs YBENNYMBAETCS TaKKe NPU YMEHbLLAKLLEMCS
KoadduumeHTe TpeHus f Mexay MaTeprasioM M CTEHKAMM BYHKepa M Npwm
BO3pacTaHWM 06BEMHOM MacCbl MaTepuana q.




CBA3b NapaMeTpoOB UCTEYEHUA CbIMy4M
MaTepuasioB C KOHCTPYKTUBHbIMM
napaMeTpamMu o60pya0BaHUA

P B TEXHOMIOrMYECKUX MPOLECCAX MULLEBbLIX MPOU3BOACTB CbiMy4Mii MaTepMan U3
XpaHMAULL, NoJaeTCA CaMOTEKOM MO esobam 1 Tpybam. M3nuwHmne nepernosl m
MOBOPOTbI KOHCTPYKLIMM MELLAOT HOPMaJIbHOMY MCTEYEHUIO MaTeEpPMAoB. B mecTax
nepesoma nojarLmx yCTPOMCTB MaTEPMaA/l CHUMKAET CKOPOCTb, YTO NPAKTUYECKMU
MOXET NPMBECTMU K "3aO6MBAHUI0" KOMMYHMKALIUHA.

» Tpy6bl 4ONYCKAOT MEHbLUME YI/ibl HAK/IOHA, YeM MPAMOYIOJibHbIE Xenoba,
BC/1IeACTBME OTCYTCTBMA Y HMUX ABYIPaHHbIX Yr/10B, B KOTOPbIX 3aCTanBalOTCA
Martepuasibl, 0CO6EHHO NOPOLLIKOOOpasHble.

» Yem 60sibLIE NPOLEHT MEJIOYMN COAEPKMUT TPAHCMOPTMPYEMBIM MaTepua, TeM 60Jiblue
AOIKEH ObITb Yroa1 HAaKJIOHA Xeioba K rOpMU30HTY.




» HaumeHblume JonyCTMMbIE Y2/Ibl HAKJ/IOHA MexXHOoJ102u4ecKux nosepxHocmeli
(*kenobos) A4/11 HEKOTOPbIX MaTepuanos:

TpaHCNopTHRYEMbIA Yron HaknoHa TpaHcnopTHpye- ¥ron HaknoHa
MaTEpKan CTaNsHOr Mullé MaTepran CTanLHOM
wenoba, rpan, wenoba, rpag,
[pedqsxa 26 Mecokx 50
KamMeHHaA conk 40 Mpoco 22
Kyeypy3a 22 MwerKua 26
Myka nwesuyHan 44 MNwero 25
Oeec 22 Yai 50 — 70
Cmpyn 37 AuyMeHb 21

» /A nepeBsHHbIX KOHCTPYKLUMM YroNl HAKNOHA NPUHUMAETCA 60JIbLUIMM, YeM ANS
CTaJIbHbIX, MPMMEPHO Ha 5°. /n1A BaXKHbIX MAaTEPMAJIOB YI/lbl HAK/IOHA TaKXKe
HECKOJIbKO YBEIMYMBAIOTCSA, MPM 3TOM YEM MEHbLLIE pa3Mep KYCKOB, TEM 60oblLe
JOKEH BbITb NMPUHSAT Yro/l HaKJ/IoHa.




YnNAoTHeHUe CbiNny4YnMXx MaTepuasioB

Ha BbI6GOp KOHCTPYKTUBHbIX NapameTpoB 060pyA0BaHMS AJ1A YNJIOTHEHUS
CbIMy4YMX MaTePUAIoB M ONTUMAJIbHbIX PEXKMMOB paboTbl paboyMx OpraHoB
pellarllee BAMSHME OKasblBalOT CBOMCTBA MaTEPUAJIOB, M3 KOTOPbIX BarKHOE
3Ha4YeHME UMEIOT

> CTPYKTYPHO-MEXaHMYeckue
» CABMUIO-peoormyeckue
> TEXHOJIOTMYECKME CBOMCTBA

Mo BMAY NPUJIONKEHUA YCUIUA UM HAMPAXKEHUA K NnepepabaTbiBaEMOMY
MaTepuasy 3TM CBOMCTBA AE/IATCS Ha TP rpynnbi:

» 0O0beMHble
» NOBEPXHOCTHbIE

» CABUroBble




YnNAoTHeHUe CbiNny4YnMx MaTepuasioB

» O6beMHble CMPYKMYpPHO-MexaHuU4YecKue csolicmaa onpeaensaoT
NnoBeIeHME CbINy4yero Tena npy Bo3AeMCTBMM Ha HEFO HOPMAslbHbIX
HanpsX€HUM B 3aMKHYTOM NPOCTPAHCTBE MU MEXKAY ABYMS
NIACTUHAMM.

» O6beMHble CBOMCTBA 3€PHUCTLIX U BOJIOKHUCTbIX TBEPAbIX TEN
06yC/I0BNIEHBI pa3Mepamu M HOPMOM YacTmL,, COCTOAHUEM
MOBEPXHOCTU U BHYTPEHHEN CTPYKTYPOU MaTepmasioB. OHM COCTABASAIOT
60/1bLLYI0 FPYMNY CBOMCTB, TPEOYOLWMX CNeLmabHbIX METOAUK MX
OLIEHKM C NPUMEHEHMEM COOTBETCTBYIOLLEN anmnapaTypbl.

» K TakuMm cBOMCTBaM OTHOCATCA: 06beMHAsA Macca g, NJIOTHOCTb p,
MOPO3HOCTb &, MOPUCTOCTb &', BHYTpeHHee TpeHue f, 1 ap.




YnNAoTHeHUe CbiNny4YnMx MaTepuasioB

» [losepxHocmHble csolicmsa ynJI0mHAeMbIX

mamepuasios - XxapakTepusylT MoBeaeHME NOBEPXHOCTU
Te/la Ha rpaHuue pa3sjgensa C ApyrMm TBepabiM MaTepuaioMm
NpyY BO3AEMCTBMU HOPMA/IbHbIX (aAre3ms) M KacaTesibHbIX
(BHELUHEE TPEHUE) HAMPSAXKEHMMU, BO3HUKAIOLWMX NPU
paboTe paboymx opraHoB MpPeCcCyLLMX YCTPOMCTB.




YnNAoTHeHUe CbiNny4YnMx MaTepuasioB

» KpynHocmb Yyacmuy ucxoOHbIX Mmamepuasios. 13 MONEKYNSPHOU TEopUM
YNIOTHEHUA BbITEKAET, YTO HanboJiee NJI0THaA ynakoBKa YacTuL OCTUraeTca
Npu Hanbonee TOHKOM M3MeSIbY4EHMU UCXOAHOro npoaykTa. OHO BedeT K
YBE/IMYEHMIO CYMMAPHOM MOBEPXHOCTU YacCTML, M NJIOWAAM KOHTAKTOB, Yepes
KOTOpYIO NpoABAAETCA AEUCTBME CUJI CLUENJIEHMA, YTO NPMBOAMUT K MOBbILLIEHMIO
MNNOTHOCTU MOHOJIMTOB. B CBOIO o4epesb, NNOTHOCTb p onpegenaeT NPoYHOCTb
[, nonyyYeHHbIX npeccoBaHMeM mMoHomToB. t0.B. Moakon3uH ycTaHoBMA
CNneayLy 3KCnepuMeHTasibHYyH 3aBUCUMOCTb:

T ,=98.5-44.10° 170 p,
rae | - pasmep npeccyembix YacTuy

» Takum 06pa3om, Hambosiee NPOYHbl MOHOJIUTbI M3 MYYHMCTbIX M MbIIEBUAHbIX
MAaTepUasioB, HaMMEHEee NPOYHbI MOHOIUTbI, ECZIU B HUX HE BBOAUTH
CBSI3YHOLUME KOMIMOHEHTbI (Meflacca, WP M Ap.), COCTOSLIME U3 BOJIOKHUCTbIX
KOMIMOHEHTOB U CEYKM MaTEPUAJIOB PACTUTEJIBHOIO MJIM OPraHMYECKOro
MPOUCXOXKIEHUA.




YnNAoTHeHUe CbiNny4YnMx MaTepuasioB

» BiiaxkHOCMb UCXOOHbIX MAMEPUAJIOs B 3HAYUTE/IbHOM MEPE onpefieNnseT Kak
Ka4yeCcTBO MOJIy4aEMbIX MOHO/IMTOB, TaK U 3KOJIOFMYHOCTb TEXHOIOTMYECKUX
NpOLIeCCOoB.

» B 3aBMCMMOCTU OT (PU3MYECKOrO COCTOAHUSA BOA MOXKET BbIMOJIHATL POJib
niacTMdUKaTopa U CBA3YIOLLENO BELECTBA, CNOCOBCTBYIOLErO 60/1€€ TECHOMY
CO/IMKEHMIO YACTMLL M 06PA30BAHUI0 COOTBETCTBYIOLMX CBA3EM, HANPUMEP,
60J1ee NpoYHbIX BpMKETOB. Hapsaay € 3TMM B APYrMx YC/IOBMSX BOAA MOXKET
BbIMOJ/IHATb POJIb PACK/IMHMBAIOLLErO T€NA M NPOTUBOAENCTBOBATD YMJIOTHEHMIO
mMatepuana, Jenas ero 6onee ynpyriMm M HEMNOAAT/IMBbIM CMPECCOBbIBAHUIO.
YCTAHOBNEHO, YTO /1 KaXXJ0ro MCXOHOro MaTepuaia CyLeCcTBYET 30Ha
OMTMMaJIbHbIX TEXHOJIOTMYECKUX PEXMMOB, COOTBETCTBYIOLLMX ONpee/IeHHOM
BNAXKHOCTK. [1peBblllEHME BNAXKHOCTU NPUBOAUT K YMEHBLLEHMIO MIOTHOCTU p U
NPOYHOCTM MOHOAMTOB [, NOKasaTesib KpolMMocTH K, pacTeT, a He06x0-
JMMOE npunaraemMoe aaBneHue P ocTaeTcs HeM3MEHHbIM. YacTULbl MCXOAHOIO
NMPOAYKTa OT BJIA*KHOCTU HAbyXaloT, YBEJIMYMBAETCHA 06BEM MX MACChI.




YnNAoTHeHUe CbiNny4YnMx MaTepuasioB

3EHOMMOCTE AAENeHHA P NpeccoBaHia, NNOTHOCTH £, KPOWMMOCTK K TPagy T MyEH
$HTOMATEPHATOE (TPABAHHCTEIX, H EOPMOERIX PACTEHHH) OT BIZEHOCTH W




YnNAoTHeHUe CbiNny4YnMx MaTepuasioB

» Temnepamypa ucxoOHbIX MAMepUas08 TaKXKe BAUSAET Ha NpOTEKaHME
npoLecca yniaoTHeHus. MNpu ynioTHEHMM MaTepuasia YacTb MEXaHMYECKOM
PaboTbl, 3aTpaYMBaEMOM Ha ero aedopmaLmio U NeEpPEMELLEHME BAO/Ib KaHaNa,
nepexoauT B Tenaoty. O6pa3syoLanacs Teniota yBeMYMBAET CTEMNEHb HarpeBa
CKMMAEMOro matepuasa U Matpuubl. Mpu yBennmyeHmMm temnepaTypbi
NPeCccoBaHUA HabMOAAETCA MOJIOKMUTESIbHOE YMEHbLUEHME SHEPrOEMKOCTHU
npoLecca, yBeJIM4eHme Npou3BoAUTENIbHOCTU 060PY/I0BAHUA U YMEHbLLEHUE
M3HOCA MATpPMLbI.

» [lpu Temnepatype Bbiwe 300 K noBbilweHWe AaB/IeHUA TaKKe cnocobCcTeyeT
YMEHbLLEHUIO BA3KOCTU BO/bl, B pe3y/ibTaTe YNJIOTHAEMbIM MaTepuan
CTAHOBMUTCA 60s1ee NNacTUYHbIM U lerye noggaetca gedopmaumu.

» [lony4yeHHble MOHONUTLI, ABNAACH elle nonydabprkaTtamMu, TPeEGYIOT
HeMeaNleHHOro oxnaxaeHus. OxnaxaeHMe CnocobCTBYET COKPALLEHMIO
nepuoja ynpyroro nociefleMcTBua, a TaKKe 3aBepPLUEHMIO PeTaKCALMOHHbIX
NpOLECCOB BHYTPU MOHOJIMTOB M MOBbLILLEHMIO UX MPOYHOCTH. B pe3ynbTaTe
OXNaXAeHUA BNaXXHOCTb 6pPMKETOB CHUXKaeTca Ha 1,5-3%, 1 OHM CTaHOBATCH
60/s1€€ NPOYHbIMM.




YnNAoTHeHUe CbiNny4YnMx MaTepuasioB

>

Tennogu3uyeckue csolicmsa npeccyeMbix mamepuasnos. Ana TeNN0BbIX
pacyeToB NpoLiecca NpeccoBaHUA HEOBXOAUMO UMETb YMCNEHHbIE 3HAYEHUSA
XapaKTEPMCTUK TEMTOPUIMYECKUX CBOMCTB, KOTOPbIE MOTYT 6bITb HaMAEHDI
TOJIbKO 3KCMEPMMEHTA/IbHbIM NMyTeM. K OCHOBHbIM TEN/I0(PM3MYECKUM
XapaKTEPUCTUKAM OTHOCATCA: KO3 DULMEHTbI TENIONPOBOAHOCTH A,
TeMnNepaTyponpoBOAHOCTH o, YAebHOM TennoeMkocTu C. B xoae npouecca
NPEeCcCoBaHMUA 3TU XapPaKTEPUCTUKM, B 3HAYMTEJSIbHOM CTEMNEHN MEHAIOTCS B
3aBUCMMOCTM OT BAaxKHocTU W, Temnepartypbl t0 1 npunorkeHHoro aaBnexHms P.

YcTaHoB/IEHO, YTO C MOBbIWEHWEM TeMNepaTypbl U BAAXXHOCTH BCE
Tenaouanyeckme XxapakTePUCTUKU CbiNYUUX MULLEBBLIX MaTepmaioB
BO3pacTalT. ITO 06BACHAETCA TEM, YTO NMpu BAaxXHoCTU W Hu1Ke 14% Boja
MNPOYHO CBA3aHa C TBEPAbIMM YacTULAMM MCXOLHOIO NMPOAYKTa, OCHOBHYIO POJib
B TEMNJI006MEHE MUIpatoT TBEPAbIM CKENET MaTeEpMasia U BO3ayX,
TenaonpoBOAHOCTb KOTOPOro B 25 pa3 MeHbLUe TenJionpoBOAHOCTM BOAbI.

YrcneHHble 3Ha4YeHUA KOIPDULMEHTOB HEBEIMKU M CcOCTaBAAT: a=(19-20)102
[M2/9C] 1 A=(6-7)102 [BT/(M-°C)].



YnNAoTHeHUe CbiNny4YnMx MaTepuasioB

» C yBe/IMYeHMEM BNAXKHOCTH YCUIMBAETCA MAaCCOOOMEH, U TENI0NPOBOAHOCTb
3aMEeTHO BO3pacTaeT, TaK Kak BoJa He TOJIbKO 3aroJ/IHAET NOopbl MeXAY
4YaCTULAMMU, HO U MPOHUKAET B MUKPOKANMANAPDI, YBEIMYMBAA NPU STOM
NowWab KOHTAaKTHOM NOBEPXHOCTU M CO3aBas 6osiee 61aronpuUsATHbIE
YC/I0BMA ANA nepejaym Tenna.

» YpaenbHasa TennoemMKkoctb C ¢ yBennyeHuem BnaxkHoctu W 1 tTemnepatypbl to
TOXKe BO3pacTaeT M, HanpuMep, A1 KOMOUMKOPMOBbBIX CMECEN MOXKET
Konebatbcs ot (17-18)102 Ax/ (kr-rpaa) npy W=17% n t°=293 K po (21-22)102
A/ (Kr-rpag) npu W = 22% 1 t%=373 K




