MaTepuasioBeieHUE

[losiiMepbl U TOJTUKOHJEHCALMOHHbIE
MaTepHaJibl



O0aacty npuMeHeHUs

HOJII/IMepr U ITIOJIMKOHAEHCAIITMOHHbIE MdTE€PHAJIbI :

U npuMeHsAI0TCA AJ151 3J1IEKTPHUUECKON U30JSIUY (HalpuMeDp,
[IOJIMCTHUPOJI, TOJIMSTUJIEH, TTOJIMBUHUJIXJIOPHU/T )

U cay»xaT A5 U3roToBJIEHUS 3J1EKTPOU30ISIIMOHHbIX
MaTepHaoB — CJOUCThIX IIJIACTUKOB, PE3HH,
[IJIACTUYECKUX MaCC, KOMIIO3UIIMOHHBIX
CJI0JI0COieprKall X MaTepHUaaoB U Ap.




HOAMMepr

[TOAMMEPOM HA3LIBAETCYH BELLLECTBO,
XAPAKTEPUIYIOLLLEECT MHOTFOKPATHbIM
NOBTOPEHUEM OAHOTO MAU HECKOABKMX
COCTABHbIX 3BEHbEB, COEAMHEHHbIX
MEXAY CODOU B KOAMYECTBE,
AOCTOTOYHOM AAS NMPOSBAECHMUS
KOMMAEKCA CBOMCTB, KOTOPbIU
OCTAETCA NPAKTNYECKM HENIMEHHDBIM
npu AODABAEHUN AMDO YAOAEHUM
OAHOTO MAM HECKOABKMX COCTABHbIX
3BEHbLEB




CTpyKTypHbBIE e AVHULIEI
[10AVIMEPOB

[TOAUMEPLI MOAYHAIOT M3 MOHOMEPOB — BELLIECTB,
KODKAQS MOAEKYA KOTOPbIX CMOCOOHO OOPA30BATH
OAHO AMDO HECKOAbKO COCTABHbIX 3BEHBEB, MAU

OAUTOMEPOB

MOHOMEPbI <‘
o

NOJIMMEP
_ “‘)

MAKPOMOIJIEKYJIIA
MyShared




OauromMmepaer

OAUTrOMEPOM HA3bIBAETCSH BELLLECTBO, MOAEKYADI
KOTOPOro COAEPXAT COCTABHbIE 3BEHb,
COEAMHEHHbIE MOBTOPIOLLIMMCH OOPA30M APYT C
APYITOM, 1 KOMNAEKC CBOUCTB KOTOPOIO U3MEHseTcs
NPu AOOABAEHMM AMDO YAQAEHUM, OAHOTO UAM
HECKOAbKMX COCTABHbIX 3BEHLEB



CriocoObl 110Ay4YeHuUsI

CyLLEeCTBYET ABAO OCHOBHbIX METOAQ CUHTE3A
NOAMMEPOB M3 HU3KOMOAEKYAAPHbBIX COEAMHEHMM:
NOAMMEPU3ALUUS 1 MOAUKOHAEHCALUMUS.




| loanmepusars

MoAMmepuUsaLma — NpoLEeCC OOPA3OBAHMS
MAOKPOMOAEKYA MO LEMHOMY MEXAHUIMY
MNOCAEAOBATEABHbLIM MPOUCOEAMHEHMEM N MOAEKYA
MOHOMEPA M K PEAKLUMOHHOCTOCODHbIM
(QKTUBHBIM) LEHTPAOM MOAEKYA, HOXOAALLIMXCS HO
KOHLLOX PACTYLUMUX LLeneu

[_M _]n + M - [_M _]n+1



HOAMHponMAeH

TEPMOMAACTMYHbBIM AUHEMHbBIM MOAMMED,
MAOKPOMOAEKYAbI KOTOPOTO MMEIOT AMHEUHOE
CTPOEHUE
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[ loankoHaeHCcaITUS

[ToAMKOHAEHCAUMSA - CTYNEHYATbIU NpoLlecc
00PA30BAHMNA MAKPOMOAEKYA B3AMMOAEMCTBUEM
APYI C APYTOM PEAKUMOHHOCNOCODOHbIX LLEHTPOB
BCEX PEAreHToB cMCTEMbI. OBLLLYIO CXEMY
NOAMKOHAEHCALMM MOXHO MPEACTABUTL TOK:
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Oanromepsr




[ loaukoHAaeHcaIIs

MOAMKOHAEHCAUUEN MOAYHAIOT MOAMIAOMPDI (HAMPUMEP,
NOAUSTUAEHTEPETOTAACT — ACQBCAH), MOAMAMMABI,
NOAMYPETAHbI, MOAMKAPBOOHATHI, MOAMCUAOKCCHBI,
NOAMAKPUAQATbI, JOEHOAOTDPOPMAABAETMAHbBIE U
KAPOAMMAOTDOPMAABAETMAHBIE CMOAbI 1 AP.
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ConoanmMepsl

ConosiMMepaMM Ha3bIBAKT M10JIMMEPbI, MAKPOMOJIEKYJIbI
KOTOPBIX ITIOCTPOEHBI 3 d8YX U O0Jiee pa3HbIX MUNO8
MOHOMEPO8.
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Kaaccuduxkanms conoanmepos

1) ctaTucTUYECKHe

3TO COMOJIMMEPHI C
Heynopsiio4eHHbIMHU, CAYYAUHO
pacnpedesaeHHbIMU MOHOMepamu
B MaKpOMOJIEKYJIe




Kaaccuduxkanms conoanmepos

1) CTaTUCTHUYEeCKHue 3TO COINOJIMMEPHI € YNOPSAG0YEHHIM
pacnpedesieHuem
nocjea0BaTeJbHOCTEN MOHOMEPHBIX
3BEHbEB, 00PA3yIOTCS MPHU
peryJaupyeMoM JI03MPOBaHUU
MOHOMEPOB B X0/ie Ipoliecca
CONOJIUMEPHU3aALUHU

2) ynopsiio4yeHHbIe

/I
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Kaaccuduxkanms conoanmepos

1) CTaTUCTUYeCcKue 3TO COMOJIUMEPHI C pecy/1sIPpHO
yepedyrouwjuecsi MOHOMepamu,
o6pa3ymlrecsd B Xo/ie CllelidaJbHO
pa3paboTaHHbIX METO/ 0B
CONOJIUMEPHU3ALUHU

2) ynopsiio4yeHHbIe

3) peryjsisipHbie

.
R



Kaaccuduxkanms conoanmepos

1) craTUCTUYECKHE

2) ynopsiio4yeHHbIe

3TO COINOJIMMEPbI MOCTPOEHHI U3
XUMU4YecKUu pa3HOpPOOHbIX
Cce2MeHMmOo8, KOHIbl KOTOPbIX
COeJUHSITCA APYT C APYTOM

3) peryjsisipHbie

4) 6J10K-CONOJIUMePbI




Kaaccuduxkanms conoanmepos

1) craTUCTUYECKHE

2) ynopsiio4yeHHbIe

3) peryjsisipHbie

3TO CONOJIMMEDPbI, 2/1a8HAS YeNnb
KOTOPBIX IOCTPOEHa U3 MOHOMEPOB
00H020 munda, a 60Ko08ble yenu — 13
MOHOMEPHBIX 3BEHbEB dPY2020
muna

4) 6J10K-CONOJIUMePbI

5) npuBUTHIE




Kaaccuduxkanms conoanmepos

1) craTucTHYeCKHe 3TO COINOJIMMEPHI, 00pasyroiye
cemyamy cmpyKkmypy

2) ynopsiio9eHHbIE

3) peryasapHbie

4) 6J10K-CONOJIUMePbI

5) npuBUTHIE

6) cluMThbie




Kaaccudukanys
[I0OAMMEPHBIX MaTepP1aaOB

1. [IlpoucxoxxaeHue

IIpupoaHbie

* 11e4410A103a
* HaTypPaAbHBIN Kay4dyK



Kaaccudpukanus
[TIOAMMEPHBIX MaTepuaAOB

1. IlpoucxoxxXaeHue

IIpupoaHbie

CUHTeTHUYECKHe

POAYKT
[ieJIeHallpaBJIEHHOT O
XMMH4YECKOT0 CUHTe3a

* @roporaact
e JloamsTuaen

* byrasueHoBbll1 KaydyK
* ®enoadopmasbiermaHas

CMOJaa



Kaaccudukanys
[I0OAMMEPHBIX MaTepP1aaOB

1. Ilpoucxoxaenue

IIpupoaHbie

CUHTeTHUYECKHe

HUTPOLIEA110103a

HUcKyccTBeHHBIE

[10JIYYAKT IIyTEM 00pabOTKHU
(MogupUIIKpOBaHUS)
IPUPOAHBIX IOJTUMEPOB




Kaaccudpukanus
[TIOAMMEPHBIX MaTepuaAOB

2. XuMmnueckoe CTpoeHne

OpraHunyeckue [-CH-CHo—]n [—C-‘H:—T H—],
= CI|
3TO COe/JUHEHUS, N — .

MOJIEKYJIbI KOMOPbIX
codepicam amombl
yrJepojia, BoJopo/ia,
a30Ta, KUCJI0POo/Ja, CePHI,
docdopa, rajoreHos, T g
BXO/ISIIIIYi€ B COCTaB MO THAMIHT
IJIaBHOM Lleny U OOKOBBIX
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Kaaccudpukanus
[TIOAMMEPHBIX MaTepuaAOB

2. XuMmnueckoe CTpoeHne

OpranuyeckKue |
L CI an
0111 och OHUTPIIXIOPI
HeopraHuqecxne

\ /

RN
3TO COeJIMHEHUS], KOTOPbIE N B [-S—S—].
He codepi+cam B COCTaBe /
MaKpOMOJIEKYJI AMOMO08 B=—N
yeaepoda 4 \

HITpII Oopa OIIIMEPHAA cepa



Kaaccudpukanus
[TIOAMMEPHBIX MaTepuaAOB

2. XuMmgeckoe CTpoeHue

OpranuyeckKue

)

3TO COeJIMHEHUSs TJIaBHas
MOJIEKYJISIpHAs 1[ellb COCTOUT U3
aTOMOB HEOPraHUYECKHUX
3J1IEMEHTOB (aHaJIOTUYHa 10
CTPOEHHIO0 HEOPraHUYEeCKUM
IIOoJIMMEpPaM ), a O0KOBbI€E I'PYIIIIbI

Heopra}mqecxne

DaeMeHTOOpraHm4deckue
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Kaaccudpukanus
[TIOAMMEPHBIX MaTepuaAOB

3. XuMmnueckoe CTpoeHvie OCHOBHOJ I1eIn

[-CH,-CH1, |
—_ e .‘_ —_

C=N

Kapo6ouenHbie

2TO COeAUHEHU, e/ 1d68HAAA

MOJIEKYJISIpHAs Yenb KOTOPbIX [IOINAKPIIOHUTPILT
COCTOHUT M3 aTOMOB ya/1epoda
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OJINI30MIPEH (HaTypaIbHEIII KayuyK)

ITOJTHITPOIITIICH i



Kaaccudpukanus
[TIOAMMEPHBIX MaTepuaAOB

3. XuMmnueckoe CTpoeHvie OCHOBHOJ I1eIn

—-CH,~CH,-O-

Kap6ouenHsie [ - - T Ju
leTepouenHbie [ONIATIIEHTIIKOE

JTO COG,Z[I/IHEHI:IH B I'V/IABHOU I:_CHE_CHQ_O_CHE_CHE_S_S_]H

MOJIEKYJIAPHOU L[eIU KpoMe T

yrjepoJa npucymcmaeyiom

2emepoamomsl, Kak paBUJIo,

3TO aTOMbI a30Ta, CePbl UJIHN HOHIIC}’HBQHIHHHH KayayK

, | kuciopoza. (THHOKOM) g




Kaaccudpukanus
[TIOAMMEPHBIX MaTepuaAOB

= 3. XMMM4ecKkoe CTpOeHye OCHOBHOI I1eIIn

3TO BbICOKOMOJIEKYJIIPHbIE
coeJMHEHUSs], Y KOTOPbIX B
OCHOBHOM LIeITh ecmb 080lHbIe
U/1U MpoliHble C8A3U,
B3aUMO/JEUCTBYIOIIUE APYT C
JIPYTOM C 06pa3oBaHWEM 0OIIETO
T-3JIEKTPOHHOTI0 00JIaKa.

' Kapo6ouenHbie

l'eTrepouenHbie

[Mo/iMMepaMHu ¢ [-CH=CH-|,
CONPSAKEHHOU CUCTEMOM T
CBsA3eH

v IIOJIIALIETIIIEH



Kaaccudpukanus
[TIOAMMEPHBIX MaTepuaAOB

4. IIpocTpaHCcTBeHHOV KOH(pUIYpaLuyi OCHOBHOM I1eIN

JIuHeliHbIe /
MakKpoMOJIEKY/IbI IMHEHHBIX

[IOJIMMEPOB COCTOSAT U3 Fafiicononne Kecroxkouenusie
0/IUHHbIX HEPA38€eMmaE./1eHHbIX
MO/1EKY/ASPHbIX Yeneli, B
KOTOPBIX COZePrKaTCS

OJIMHAKOBbIE UJIU Q ‘9\9._2?5-2?
HeoJMHAKOBbIe aTOMHbBIE i

Mo
IPyNIUPOBKY (3BEHbA) AupoTaKcanht




Kaaccudpukanus
[TIOAMMEPHBIX MaTepuaAOB

4. IIpocTpaHCcTBeHHOV KOH(pUIYpaLuyi OCHOBHOM I1eIN

JInHeHbIE M M

CraTHCTHHECCKUE Crarucruueckue
KOPOTKOUECNOYECHYNLIC ANHHHOUCTNONCHHME

B MAKpPOMOJIEKYJIAX

pa3BeTBJIEHHBIX IOJIMMEPORB
BBIZEJIAIOT 2/1A68HYI0 (OCHOBHYIO) m
MOJIEKYJIIPHYIO 1I€NIb U 60K08ble ey

Peryaspusie
yenu rpeGueoGpasubie i ‘;‘Y PM“Me




Kaaccudpukanus
[TIOAMMEPHBIX MaTepuaAOB

4. IIpocTpaHCcTBeHHOV KOH(pUIYpaLuyi OCHOBHOM I1eIN

JInHenHBbIE

Pa3sBeTBJ/IEHHBbIE _—g

CaepXxpasseTaaeHHbIC

JAeHApUTHBIE

ﬂeHﬂpI/ITHbIe ITIOJIMMEPDBI B 3dBUCHUMOCTH OT CTPOEHHUA
MAKPOMOJIEKYJIbI PAa34€JIAI0T Hd CBEPXPA3BETBJICHHbBIC
AE€EHAPHUTBI, MOHOAEHAPOHbI U J€HAPHUMEPHI. Henppumepor




Kaaccudpukanus
[TIOAMMEPHBIX MaTepuaAOB

4. IIpocTpaHCcTBeHHOV KOH(pUIYpaLuyi OCHOBHOM I1eIN

CnabGo cluuThLIe IMnoTHO cluMTHIS
Pa3BeTBJ/IeHHbIE
JAeHApUTHbIe
B3auMONpoOHHKaIoIMe
CETKHM
CeTyaThble MakKpoMoJieKyJibl COeJUHAKTCH APYT C

JPyroM XMMHY€ECKHUMU CBSI3SIMH, 00pa3ys
npocmpaHcmeeHHyl0 Cmpykmypy




Kaaccudpukanus
[TIOAMMEPHBIX MaTepuaAOB

5. Ilo TexHO20TUM ITEpepabOTKM

TepmomiacTsl

TepMoniacTU4YHBIE TOJHUMEPHI (TEPMOIJIACTbI) 06/1aJa0T CBOMCTBOM
MHO20KpAmHO hepexodums npu HazpesaHuu 8 COCMOosIHUe pacn/aed,
TO €CTh IIPH NMOBBIIIEHHBIX TEMIIEPATYpPaX OHU HAXOASATCA B
[JIaCTUYECKOM, BA3KO-TEKy4Y€EeM COCTOSIHUH, a IPU MOHMUXKEHHbIX
TeMIlepaTypax [epexosT B TBep/0e (CTEKJI000pa3Hoe UJIU
KPUCTAJIJINYECKOE) COCTOSTHUE




Kaaccudpukanus
[TIOAMMEPHBIX MaTepuaAOB

) TepmomiacTsl

= 5.Il0 TexHoaoruu nepepadOTKI

PeaKTOoImjiacTtsl

TepMopeaKTHBHbIE OJHUMEPHI
(peakTomiacThl), npu Ha2pesaHuu
gblule onpede1eHHbIX, XapaKTEePHbIX

B 3aBHCHMOCTH OT TUIA CBA3YKOIIEr0 PeAaKTOMJIACThI MOAPa3Aes0TCS Ha
deHomacThl (KOMNOO3UIMOHHbIE MAaTepHaJbl HA OCHOBE
dbeHos0popMaibJeruJHbIX CMOJI), aMHUHOILJIACThI (HAa OCHOBE
aMUHOQOpPMaJibJIerMAHbIX CMOJI), 3SNOKCUIIJIACTUKH (Ha OCHOBE 3MOKCUIHBIX
CMOJ1), MOJIN3UPHBIE, TOJIUYPETAHOBbIE U APYTHE MJIACTUKHU




Kaaccudpukanus
[TIOAMMEPHBIX MaTepuaAOB

5. Ilo TexHO20TUM ITEpepabOTKM

TepmomiacTsl TunuiHpIMHA
npeaCTaBUTEJIIMU
3JIAaCTOMEPOB ABJAIOTCA

PeakToniacTsl pe3uHbl (ByIKaHU30BaHHbIE
KOMITO3UIIUHA Ha OCHOBE
Kay4dyKa)

Jd1acToMepsbl

JJjlacToMepaMU Ha3bIBalOT MaTepuaJibl, 06/1adarujue 8bICOKOU
3/1dCMU4YHOCMbIO0, TO €CTh CIIOCOOHOCTBIO K O0JIBIIMM 00paTUMbIM
AedpopMalysaM MpU TeMIlepaTypax 3KCIJyaTaluu




Kaaccudpukanus
[TIOAMMEPHBIX MaTepuaAOB

=  5.IIo TexHoaoruy nepepadOTKM

Croco06bl MoJIy4eHU:

— CUHMe3 6/10K-CON01UMEepPO08, MOJIEKYJIbl KOTOPBIX
COCTOSIT U3 PA3JIMYHBIX [10 XUMHUYECKOMY CTPOEHUIO
1 CBOMCTBaM OJIOKOB: OAUH THUI OJIOKOB

, PeakTo| 00€CieduBaeT 0O0pa3oBaHKeE B MaTepHaJIe XKeCTKOM
TEPMOILJIACTUYHOU Pa3bl, a JPYTrou — 3JIaCTUYHOH,
CIIOCOOHOCTBIO K 60JIBIIIUM 00paTUMbIM

: Jact( AedopMaLUAM;

- co30aHue komno3uyuil co ceorictamu TIII Ha
OCHOBE Kay4yKOB U IJIACTUKOB, B 3TOM CJy4ae
TepmoaJa( CMellleHue IPOBOAUTCA NIPU TeMIlepaTypax, Ha 20-
40°C npeBbIIIAKIIMX TEMIIEPATYPY epexoaa
JIACTUKA B B3KOTEKy4Yee COCTOSIHUE.

. Tepmoi




Kaaccndnkanys no
VICTIOAB3YEMBIM CBS3YIOIIUM

ITomMMepHbIe MaTepHUaJIbI — 3TO, B
OOJIBIIUHCTBE CJIy4aeB, MHOTOKOMIIOHEHTHbIE
CHUCTEMBbI, OCHOBOM KOTOPBIX SABJISETCA IOJIUMED
WJIA CMECH IOJIUMEPOB.




Kaaccndukanys no
VICTIOAB3YEMBIM CBS3YIOIIUM

ITomMMepHbIe MaTepHUaJIbI — 3TO, B
OOJIBIIUHCTBE CJIy4aeB, MHOTOKOMIIOHEHTHbIE
CHUCTEeMbI, 0CHOBOU KOTOPBIX SAABJISIETCH IMOJIUMEDP
WJIA CMECH IOJIUMEPOB.

1) [l.1acTMaccel

[lnacTudeckure Macchl (IIJIACTMACChI) — 3TO
MaTepuaJbl, IpU pOPMHUPOBAHHE KOTOPHIX
B KaueCTBe CBA3YIollero (MoJMMepHOU
OCHOBBI) UCNOJIb3YOTCHI TEPMOIJIACTHI U
peaKTOI/IACThI.




Kaaccndukanys no
VICTIOAB3YEMBIM CBS3YIOIIUM

ITomMMepHbIe MaTepHUaJIbI — 3TO, B
OOJIBIIUHCTBE CJIy4aeB, MHOTOKOMIIOHEHTHbIE
CHUCTEeMbI, 0CHOBOU KOTOPBIX SAABJISIETCH IMOJIUMEDP
WJIA CMECH IOJIUMEPOB.

1) [lnacTMaccel

2) PesnHOBBIE CMecH

B KauecTBe CBA3YOUUX IOJMMEPOB /IJ1s1 pe3MHOBBIX CMeceH
BBICTYIAKOT 3J1aCTOMepPhI (KaydyyKH ). [IpoAyKT ByJIKaHHU3aLUH
pPE3UHOBOW CMECH, KaK MPAaBUJIO, HA3bIBAIOT PE3UHOU.




Kaaccudnkanus 1o Ha3Ha4eHU IO

1) ob11ero Ha3HaA4Y€eHUS

MaTepuaJbl 1Ji1 U3TOTOBJEHUS O0IeTEXHUYECKUX U3/ EJINU,
paboTaIIKX, KaK IPaBUJIO, B YCJIOBUSIX MEXaHHUYECKHUX
Harpy30K CTaTHUYE€CKHUX UJIU JUHAMHYECKUX



Kaaccudukanys mo HasHa4YeHNIO

1) ob1iero HasHaYeHUs

2) Macj00eH30CTONKHUE

MaTepuasbl IpeHa3HAYEHHbIE J1J11 pa00ThI B YCJIOBUSX
BO3/lEMCTBUS HEPTH, YIJIEBOAOPOJHBIX MaceJl, 0eH3WHa U
OJ00HBIX Cpe/l



Kaaccudukanys mo HasHa4YeHNIO

1) ob11ero Ha3Ha4YeHUs

2) MacJ00eH30CTOMKHE

3) TemJI0OCTOHUKHUE

MaTepuaJibl NpeAHa3HaYeHHbIE [Jis pabO0ThI B YCJAOBUAX
[IOBBIIIIEHHBIX TEMIIEPATYP



Kaaccudnkanus 1o Ha3Ha4eHU IO

1) ob11ero Ha3Ha4YeHUs

2) Macs106eH30CTOMKUE

3) TENJIOCTOUKHUE

4) arpecCUBOCTOMKHE

MaTepuasbl IpejHa3HAYEHHbIE JJI1 pa00ThI B YCJOBUSX
BO3/JIEMCTBUSA KUCJIOT, LlleJIOYEHN, paCTBOPOB ps/jia COJIEH,
OKHUCJIMTEJbHO-BOCCTAHOBUTEJIbHBIX CPE/]



Kaaccudnkanus 1o Ha3Ha4eHU IO

1) ob11ero Ha3Ha4YeHUs

2) Mac/J00eH30CTOMKUE

3) TENJIOCTOUKHUE

4) arpeccuBOCTOMKHE

5) 3JIEKTPONPOBO/IHbIE

MaTepI/IaJIbI HMMEIe HEBBICOKOE yaAe/IbHOE COIIPOTHUBJIEHHE



Kaaccudnukanus 1o Ha3Ha4YeHUIO

1) ob1Iero Ha3Ha4YeHUs

2) Mac/Ji00eH30CTOMKUE

3) TENJIOCTOMKHUE

4) arpeccuBOCTOMKHE

5) 3JIEKTPOINIPOBO/IHbIE

6) MEAULIMHCKOTO U IIHUIIEBOr0 Ha3HAYEHUS

MaTepuaJsibl IPUMEHSOIMECH B IUIIEBOU U MEUIIUHCKOU
[IPOMBIIIJIEHHOCTH



Kaaccudnukanus 1o Ha3Ha4YeHUIO

1) o611ero Ha3Ha4YeHUs MaTepuaJibl
npeJHa3HA4YeHHbIE
2) MacJ00eH30CTOMKUE JJ11 pabGOTHI B
YCJIOBUSIX HU3KHUX
3) TEemJIOCTOMKHUE TeMIlepaTyp

4) arpeccuBOCTOMKHE

5) 3JIEKTPOINIPOBO/IHbIE

6) MEAULIMHCKOTO U IIHUIIEBOr0 Ha3HAYEHUS

7) MOPO30CTOMKHE




Crioco0n1 MoanpMKaLUn
MaKpPOCTPYKTYPHI IIOAVMEPOB

OCHOBHBIM TEXHOJIOTHUYECKUM IIPHUEMOM, I1O3BOJISKOIUM
NPUHIUIINAJIbHO U3MEHHUTb MAaKPOCTPYKTYPY MOJIUMEPHOTO
MaTepHaJia, MU ero CBOMCTBA SBJISETCS BBeleHHe B HETO
pPa3/IMYHbIX HANIOJIHUTE/IeU




Kaaccudnkanusa Hart0AHEHHBIX
[IOAMMEPOB I10 CTPYKTYPHOMY
ITPUHLINITY

1) nucnepcHO-HAINOJIHEHHbIE

I‘33006p33HbIe, KAUOAKNE, TBepAbI€ 1 KOPOTKOBOJIOKHHUCTbBIE
HAIIOJIHUTEJIN




Kaaccudnkanusa Hart0AHEHHBIX
[IOAMMEPOB I10 CTPYKTYPHOMY

HpI/IHLH/IHy
3 qi%f
st
Saesisanns s
1) aucniepcHO-HANOJIHEHHbIE TR TRRTIE
W -

2) apMHpOBaHHBIE

[losiMMepbl HalOJIHEHHbIE HEMPEPBIBHBIMU (:i:ie%
OpPUEHTUPOBAHHBIMU B OJTHOM, B /IBYX U B TPeX
HallpaBJIeHUSX BOJIOKHAMU, TKAaHAMU, IIJIEHKAMU, JIMCTAMU,

CETKaMHU U APYI'UMHU MaTE€pPpHAJZIdMH, CO3JdI0IINMHU KdpPKacC




Kaaccudnkanusa Hart0AHEHHBIX
[I0AMMEPOB I10 CTPYKTYPHOMY
IIPUHIUITY

1) nucnepcHO-HAINOJIHEHHbIE

2) apMHpOBaHHBIE

3) B3aUMOIIPOHHUKAIIIHE CUCTEMBI

CMecH OJIMMEPOB, UMIIPETHUPOBAHHbIE MaTepPUaAJIbI



Pu3ndeckoe COCTOSTHHUE ITIOJINMEPOB

OTJIMYMTE/IbHOW 0COOEHHOCTBIO NOJIMMEPOB SIBJISIETCS TO, YTO HUX
HeJIb35 CTPOro OTHECTH K KPUCTA/JINYE€CKUM UJIH aMOPPHbIM

BelmecreaM.

KpH(-'III(’I."?.71["/(’(“7\"()(’ COCHIOAHLLE
eelfecnieda

X
XX XXX X
S
IJTO CBA3aHO C TEM, YTO JlaXKe B
KPUCTAJIJIMYECKUX ITOJIUMEPAX
BCera MPUCYTCTBYeT HEOOJIbILOE
KOJINYeCTBO aMOp(PHOM
HeynopsiJ04eHHOHU (pa3bl.

Amoproe cocmoanite
gelifecied

B amopQHBIX mo/IMMepax HA060POT
BCer/Ja NpUCYyTCTBYeT He00/1bIlloe
KOJINYECTBO YaCTUYHO
yIHOPAAOYEHHBIX MAKPOMOJIEKYJI
(no 20 %), KoTOpbIe MOTYT SAABJISATHCS
B JAJIbHEWIIIEM LIeHTPaMH
KpUCTaJLJIM3alUU IIOJIUMeDpa.



dusryeckoe COCTOSIHUE NOJIUMEPOB

TakuM 06pa3oM, moJUMephl MpaBUJIbHEE ObLJIO Obl HA3bIBATh —
«aMOPPHO-KPUCTA/LTINYECKHE»




DPUu3uKo-MmexaHuyecKue CBOUCTBA
[OJIUMEPOB

PU3UKO-MexaHUYEeCKUEe CBOMCTBA ITIOJIMMEPOB OIIPpeaAeJd0TCA, B
OCHOBHOM, UX AJIMHHOLE€IMOYE€YHbIM CTPOCHHUEM.

¥/,

AN

[J1aBHBIM CBOMCTBOM AJIMHHBIX MAKPOMOJIEKYJT ABJIAE€TCA UX I‘I/IGKOCTB,

3dBUCAIllaA, B OCHOBHOM, OT TEMIIEPATYPbI
°



BausgHue TeMIiepaTyphbl
Ha gedpopMalLMI0 IMOJIMMEPOB

TepMoMexaHn4YecKasi KpMBas — 3TO 3aBUCUMOCTb BeJIMUUHBI
AepopMalMM IPU NOCTOSIHHOM Harpy3ke OT TeMIlepaTyphbl 06pas3iia.

Puc. 18 Cxema yCTaHOBKH 21 CHATHA TEPMOMEXAHHYECKHX KPHBBIX



BausgHue TeMIiepaTyphbl
Ha gedpopMalLMI0 IMOJIMMEPOB

TepmoMexaHHYecKasg KpuBasg aMOpQHOTo MoJinMepa

™

Temnepartypa J

[ Jedop

/T o

B 3aBMCHMOCTHU OT TeMIIEPATYPhI, MOJIUMEPHOE BEIIECTBO
HaXOJAMUTCS B OJHOM U3 PU3NUYECKHUX COCTOSHUU:
CTEKJIO0Opa3HOM, BbICOK03JIACTUYHOM, BSI3KOTEKYYEM.




BausgHue TeMIiepaTyphbl
Ha gedpopMalLMI0 IMOJIMMEPOB
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O6usacTs (I) xapakTepusyeTcs MaJlod BEJIMUMHOM AedopMaluy, a ee BeJIMUMHA
NpoNopLMOHaJIbHa TEMIIEPATYPE, TO ECTh MMOJIUMED BeeT cebsl KaK 00bIYHOE
TBEp/l0e TeJ10, N0AYUHAACL 3aKOoHY T'yKa.

[lonmeps! npy TeMnepaTypax HUxe T, 10400HbI CUIMKATHBIM CTEKJIAaM
(npo3payHbl, XpyIKH U T.A.), COCTOSTHHE NTOJIMMepa B 3TOM 00J1aCTH Ha3bIBAeTCS
CTEKJIO00Pa3HbIM cOCTOsIHMEM; T - TeMnepaTypou CTeKJI0BaHUS.




BausgHue TeMIiepaTyphbl
Ha gedpopMalLMI0 IMOJIMMEPOB
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O6uacts (II) mexpy T, u T (TeMnepaTtypa TeKy4eCTH )
XapaKTepU3yeTCcd TaKKe He3HAYUTeJIbHbIM U3MeHEHHUEM
Aedpopmanuu ot TemnepaTtypsl. OHAKO, B 3TOU 06J1aCTH
Aedopmanus MOoJUMEPOB UMEET OOPATUMBIU XapaKTep.
CocTosiHUE NTOJIMMEpPa B JAHHOU 00J1aCTU Ha3bIBAETCH
BbICOKO3JIACTUYECKUM COCTOSIHUEM.



BausgHue TeMIiepaTyphbl
Ha gedpopMalLMI0 IMOJIMMEPOB
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[lepexon mosiMMepa U3 CTEKJI000Pa3HOTO
COCTOSIHUSI B BBICOKO3JIAaCTUYECKOE MPOTEKAET
B HEKOTOPOM TeMIepaTypHOM UHTepBaJe,
TO Ha MPaKTUKe HabJ/0AaeTcs
BO3HUKHOBEHUE MEPEXOJHON 006J1aCTU MEXAY
3TUMH COCTOSAHUAMU (06J1acTsh I1.0.)



BausgHue TeMIiepaTyphbl
Ha gedpopMalLMI0 IMOJIMMEPOB

O6uacts (III) Beiie TemnepaTypsbl TekydecTH (T1) xapakTepusyeTcs
3HAYUTEJIbHbIM YBeJIMYeHUEM JlepopMaliiu C POCTOM TeEMIIepaTyphl,
npuyem aedpopmMmanusa Heo6paTUMa, TO ECTb ITIOJIUMED TEYEeT.
[loaTOMy aHHOE COCTOSIHME MOJIMMEPA Ha3bIBaeTCs BA3SKO-TEKYYUM
COCTOSIHMEM




BausgHue TeMIiepaTyphbl
Ha gedpopMalLMI0 IMOJIMMEPOB

[Ipu pasibHeMIleM yBeJIUYEeHU U
TemrnepaTypbl Beiiie Ty (Temnepartypa
JIECTPYKIIMHM ) HAUMHAETCS TepMUYeCcKast
AECTPYKIHUA I0JIMMEPHON MAaTPUILbI.




[lepepaboTKa NOJIMMEPOB:
CTEeKJIO0Opa3Hoe COCTOSTHHE.

B cTek/1000pa3HOM COCTOSIHUM MOJIMMEPHI 00J1aJal0T
BbICOKMMH BSI3KOCThIO (= 1012 H-c/M?) 1 Moy/ieM yIIpyrocTu
(= 103 MIla). [ToiuMepbl B 3TOM COCTOSIHUU MOXKHO
nepepadaTbiBaTh PpACTBOPHOM TEXHOJIOTHUEN WU
MeXaHU4YeCKO 06pabOoTKOM.

[To MexaHHYeCKOMY MOBEJIEHUIO
CTEKJI006pa3Hoe COCTOSIHUE MOYKHO
pa3fiesnThb Ha Xpynkoe (o6Jacthb I1A),
peasiiayeMoe Mpu TeMIilepaTypax
HUKe TeMIlepaTypbl XpynKocTHU (Typ),
Y HEXPYIKOe, XapaKTepU3yeMoe TeM,
4YTO IPU MeIJIEHHOM PaCTSKEHUHU J

I .0, I I

IIPOUCXOAUNUT BbITAMXKA IIOJIUMEPA.




[lepepaboTKa NOJIMMEPOB:
BbICOK03JIaCTUYECKOE COCTOSTHHE.

BbicOKO3/1acTHYECKOE COCTOSTHUE TTOJIMMEPOB XapaKTEePU3YETCS TEM,
4YTO MPU UX JePpopMallMu JOMHUHUPYIOUIUM BUAOM JepopMaluu
SIBJISIFOTCS OOJIbIIIKE YIIPYTUe (BbICOKO3JACTUYECKHUE) epOpMallHH.

Y JIMHEWHBIX OJIMMEPOB U Kay4yKOB
Ha BbICOKO3JIaCTUYECKYIO
JedopMalyio HaK/JaaJbIBaOTCS
3HAYUTEJIbHbIE

HeoOpaTUMBbI€ (MJIaCTUYECKUE)
Aedpopmanuu. [loaToMy B IaHHOM CO-
CTOSIHUM BO3MO>KHa IlepepaboTKa
HEKOTOPBIX MOJIUMEPOB IHEBMO- U
BAaKYYMHbIM pOpMOBAHHUEM.




[lepepaboTKa NOJIMMEPOB:
BSI3KO-TeKy4ee COCTOSTHHE.

Bs3Ko-TeKy4yee COCTOSTHHE — OJTHO U3 OCHOBHBIX PU3NUYECKUX COCTOSTHUH
[I0JIMMEPOB, IPYU KOTOPOM BO3J€UCTBHE HA [TIOJIMMEPHOE TeJ10
MeXaHUYEeCKHUX CUJI IPUBOAUT K Pa3BUTHUIO, B OCHOBHOM, HEOOPATUMBIX

Aedopmanui.

[Io Mepe yBesinueHUA MOJIEKYJIAPHOU
MacChl, BO3pacTaeT BA3KOCTh
[OJIUMepPa, 3aTPYAHAETCA pa3BUTHE
MJIAaCTUYECKUX JlepopMalui,
yBeJIMYUBAETCA CKJIOHHOCTh K
HAKOIIVIEHUIO BHICOK03JIACTUYECKHUX
AedpopManuu, COXpaHSIOINUXCS B

&l I 1.0, I

| | rOTOBOM M3/I€JIMU U BJIUSAKOLIMX HA
T T T ero 3KCIJIyaTallUOHHbIE CBOUCTBA.
P ¢ T 4 B pesysibTaTe 3TOT0 BO3HUKAET

HEOOXO0IMMOCTb MEHATH PEXKUM
GOpMOBaHHUA WU JAXKe CaM METO/
nepepaboTKHU.




BausgHue TeMIiepaTyphbl
Ha gedpopMalLMI0 IMOJIMMEPOB

TepMOMeXaHI/I‘IeCKaH KpHUBaAd KPUCTAJIJIMYECKOI'O ITIOJIMMEPA
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B 3aBUCMMOCTH OT TeMnepaTyphbl, IOJUMEPHOE BELIECTBO
HaXOJWUTCS B OJHOM M3 QU3NYECKHUX COCTOSTHUU:
cteksioobpasHoM (I), BeicokoasactuyHoM (II), Baskorekydem (III)




HaagMosieKy/idapHOe CTpOeHHe
[IOJINMEPOB

CTpyKTypa MoJIMMePHOI'0 MaTepHraJia CKJIaJIbIBAeTCs U3 CTPYKTYPhI
MOJIEKYJT U HAZAMOJIEKYJISIPHOU CTPYKTYpPbl — B3AMMHOM YKJIAAKH

MaKpPOMOJIEKYJI B I0OJIMUMEPHOM BellleCTBe
A B Y.

HagMmousekyndapHad
CTPYKTypa NMOoABJAETCA
[0/, BJIMTHUEM CUJI
NPUTIXKEHUSA MeXAY
MOJIEKYJIaMH U
TEINJIOBOTO ABUXKEHUA
caMHUX MOJIEKYI.




HaagMosieKy/idapHOe CTpOeHHe
[IOJINMEPOB

HaunboJiee xapaKTepHOU U BaXKHOU GOPMOU TEIJIOBOTO JIBUKEHUSA
MaKpOMOJIEKYJI SIBJISIIOTCS MOBOPOTHI YaCTEX MOJIEKYJI 10 OTHOLIEHU IO

APYT K ApYTY.

['2aBHas 11€11H PaBHOBecHOMY

COCTOSIHUIO
MaKpOMOJIEKYJIbI
COOTBETCTBYIOT
oInpe/ieJIeHHble 3HAYEHU S
YIJIOB MEX/y CBSAI3IMU B
ee IVIaBHOU Lienu

CxeMa IIOBOPOTOB BOKPYT CBSI3eH B I'JIaBHOU eI MaKpOMOJIEKYJIbI
([



HagMmoJuiekysispHOe CTpOeHHe
[IOJIUMEPOB

MakpoMoJIeKyJibl B TOJIUMEPHOM
BellleCTBE He YIIaKOBAaHbBI IJIOTHO, U
Mepou IVIOTHOCTH YIIAKOBKH
ABJIE€TCS CBOOOAHBIA 00BEM, TO
eCTb Pa3HOCTb MEXY
baKTHUYECKUM Y/IeJIbHBIM 00'beMOM
BellleCTBA ¥ TEOPETUYECKUM
yJleJIbHbIM 00’ b€MOM MPU CAMOU
NJIOTHOM yIaKOBKe.

[Ipy HarpeBe cBOOOJHBIN
00'bEM YBEJIMYUBAETCS




HagMmoJuiekysispHOe CTpOeHHe
[IOJIUMEPOB

MouJieKyJIIpHas CTPYKTYpa NOJIMMepPa OCTAeTCd HEU3MEHHOU B X0/ie
pPa3JIMYHbIX PU3HNYECKHUX NIPoleccax (pacTBOPEHUs, CTEKJIOBAHMS,
KpUCTAJIJIM3alMsl, HAarpeB U JIp), B TO BpeMs KaK HaJMOJIEKYJIIpHas
CTPYKTypa MoJIMMepa B TAKKUX NPOLECCAX JIETKO U3MEHSETCH.

CrepxHEBHIHEIE.
Tubxue NaI0YKONOZO0HEIE
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PazbasieHHem (] ) /-5 PasbaBnennsrit
U\ ':\l x L)
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Bricokas AT, < Bricokas
KOHLIEHTPAILHA Il e KOHLEHTpalHAg
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BpameHHeM BpaIIeHHH
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BEITAHYTBIC LICITH

BEITAHVTEIC LICIIH



HaagMosieKy/idapHOe CTpOeHHe
[IOJINMEPOB

1) HepaBHOBECHBIE
Ha/IMOJIEKYJISIPHbIE
CTPYKTYpPbI DX HarpeBe
BbIIlIe TEMIIEPATYPhI
crekysioBaHud (T)
3aMeHAITCA
pPaBHOBECHBIMU.

2) Ilpu oxJ1aXXJleHU Y HUXKe TeMIepaTyphbl
creksoBanud (T), B MaTepuasie nosuMepa
JIETKO PUKCUPYIOTCSI HEPAaBHOBECHbIE
HAAMOJIEKY/ISIPHBbIE CTPYKTYPBhI.




HaagMosieKy/idapHOe CTpOeHHe
[IOJINMEPOB

Eciiv pacTAHYTb HarpeThbIM BhILIE
T, TepMONJIaCTUYHBIN IOJIUMEP Y,
He CHUMas Harpy3KH, OXJIaJUTh
ero Hmxe T, TO
BbICOKO03JIaCTUY€ECKOE COCTOSTHHE
«3aMOPAKUBAETCH», BBITAHYThIE
MaKpOMOJIEKYJIbl COXPAHSAT CBOIO
bopMy U ocje CHATHUS Harpy3KH.
OpueHTan g MOJIEKYJI 10
HallpaBJIEHUIO PACTATWBAOUIETO
YCUJINSI O0YCJIOBJIUBAET
AHU3O0TPOIUIO CBOVICTB.




Kpucranindyeckue CTPYKTYPBhI,
00pa3yrlMecs B II0JHUMepax

Kpucrannnyeckut nojmmep

v

Jlamenu

JlamMmeJIM — 3TO MJIaCTUYHbIE KPUCTAJJIUTHI, KOTOPbIE
00pa3yTcs B pe3ysibTaTe CKAaJbIBaHUS MOABUKHbIX
MaKpOMOJIEKYJI [IOJIUMEPOB.

TosmuyHa s1aMesiv 06b14HO cocTtaBasgeT 100-150 A, a
IIAPUHA U JJIMHA MOTYT JIOCTUTaTh HECKOJIbKUX
MUKPOMETPOB.

CTerneHb KPUCTAJJIMYHOCTHU JIaMEJITPHBIX
MOHOKPHUCTAJIJIOB COCTABJISIET, KaK mpaBuJio, 75-85 %.




Kpucranindyeckue CTPYKTYPBhI,
00pa3yrlMecs B II0JHUMepax

Kpucrannnyeckut nojmmep

v

Jlamenu

C noBbILLIEHHWEM TeMIlepaTypbl U JaBJIEHUS
KpUCTa/IJIN3alliu BbICOTA JIaMeJIK BO3pacTaer.

JlJ1s1 MHOTHUX IMOJIMMEPOB CYILeCTBYET NpsAMas
3aBUCUMOCTb MEXY JAJIMHOHW CKJAaAKHU U 00pPaTHOU
BeJIMYMHOW PA3HOCTU MeXy TeMIepaTypaMu
NJIaBJI€eHUSA U KpUCTaIM3aluu (3 deKT
nepeoxJaXKaeHHUs ).




Kpucranindyeckue CTPYKTYPBhI,
00pa3yrlMecs B II0JHUMepax

Kpucrannnyeckut nojmmep
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HagMmoJuieKysdpHbIe CTPYKTYPEI

dopMbI HAAMOJIEKY/ISIPHBIX CTPYKTYP:
1) onpegensioT KoMIieKC GU3UUYECKUX CBOMCTB IOJIMMEPHOrO TeJia

2) 3dBHUCAT OT XUMHUYE€CKOI'O CTPOEHHUA MAdKPOMOJIEKYJIL.

MakpoMoJieKyJibl OJIMMEPOB B
BBICOKO03JIaCTU4Y€CKOM COCTOSIHHMH 00J1a/1al0T
JIOCTATOYHOU F'MOKOCTBIO U 3aMEeTHOU

MOJ BU?KHOCTBIO.

[To3TOMY 3J/1EMEHTHI
HaZMOJIEKYISIPHBIX CTPYKTYP
3/IaCTOMEPOB MeHee CTaOUIbHbI
Y MeHee BbIpaXKeHbI, YeM B
)(tN—R—T—gr—OM’Ebf (>—Ic|'—r|<—R—.\’('() CTEKJI000pas3HbIX, a TeM O0Jiee B
H H KPHUCTa/IJINYECKHUX MOJTUMEPHBIX

Npenonumep
+ HO—A—OH TeJIaX.
CrpyxTypupyiOwmi arenr



AMopQHBbIe IOJIMMEPHI

1) PacniosioxxeHne MoJIeKyJ Jake B HI3KOMOJIEKYASIPHBIX *KUJIKOCTSX HE
IIOJIHOCTBHIO XaOTUYHO U XapaKTePU3YETCHA OJIMAKHUM NMOPALKOM, KOTOPbIX
00yCJIOBJIEH 3HEPTUel MeKMOJIEKY/JIAPHOro B3auMOAeuCTBUA MOJIEKYI,
KOTOpasi BO3pPacCTaeT C YBeJUYEHUEM [JIMHBI MOJIEKY.I;




AMopQHBbIe IOJIMMEPHI

2) BbICOKAA CKOPOCTb KPpUCTAJIJIM3dllUHU B IIOJIMMEPAX ITIO3BOJIAET
I[IpeaInoJyoxKUTb, 4YTO yKe B aMOp(l)HOM COCTOAHHUH Ha6JII-O,£[aeTCH
yhnopAaao0o4e€HHO€ PACIIOJIOKEHHU € L EITHbIX MOJIECKYJI;
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3mnex (MoHOMEp) MNapHise CBAM OTAENSIOTCA Monvatunes




AMOp@pHBIE NTOJTUMEPDI

3) CyiiecTByeT NpuUMepPHOe paBeHCTBO KO3(PPUIIMEHTOB YIAKOBKH /JI51
aMOpP@HBIX U aMOPPHO-KPUCTANINYECKUX TOJUMEPOB.

BecnopsiiouHoe pacnoJsioxkeHre MaKpOMOJIeKY/I BbI3bIBAET 06pa3oBaHUe
MHO>X€eCTBa MYCTOT, KOTOPble MOTYT MPUBECTU K PHIXJIOCTH YIIaKOBKU U MaJIOU
MJIOTHOCTH aMOPQPHBIX IOJIMMEPOB, UYTO MPOTUBOPEYUT IKCIIEPUMEHTAbHbBIM
JlaHHbIM

TN FIYVD
KosinuecTBEHHOM XapaKTEPUCTUKOU MJIOTHOCTH YIIAKOBKHU CJAYKUT KO3PDUIIMEHT
YIIaKOBKH, KOTOPbIW Mpe/iCTaBJsIeT COO0M OTHOIIIEHHE COOCTBEHHOT'0 00'beMa aTOMOB,

BXOJSALIUX B MOJIEKYJY, K MCTUHHOMY 00'b€MY TBEPZOrO0 TeJIa, ONpeAesisieMOMYy Ha
OCHOBAHHWM 3KCNIEPUMEHTA/bHBIX JAHHBIX 110 MJIOTHOCTH MOJIMMepa




AMopQHBbIe IOJIMMEPHI

4) DJIeKTPOHHO-MHUKPOCKONINYECKUE HAOIIOJeHHA TOKA3bIBAKOT, YTO
pacroJioKeHU e 1eMHbIX MOJIEKYJ B IOJIMMEPAX COOTBETCTBYET B OJHUX
C/y4yasix CUCTEME MOJIEKYJ], CBEPHYThIX HA Ce0sl B KJIYOKH, a B PYTUX —
YAJIMHEHHBIM YIIOPSAA04YEHHBIM 00pa30BaHUSM, IPeACTaBJSIOIUM COO0H
accouMaThl MAaKPOMOJIEKYL.




MaKpOoCTpyKTypa OJIMMEPHBIX
KOMITIO3HUTOB

[loiMMepHbIe KOMIIO3UIIMOHHbIE MaTepHaJIbl ABJASIOTCS reTepodasHbIMU
CUCTeMaMH, NN0JIy4YeHHbIMHU U3 JBYX WX 60Jiee KOMIIOHEHTOB (COCTaBHBIX
yacTer WU UHTPeJUEeHTOB), Ile OAUH KOMIIOHEHT SIBJISIETCSI MaTPUILIEN, B
KOTOPOU onpejieJieHHbIM 00pa3oM pacnpezeseH (AUcineprupoBaH) Apyrou
(uiu gpyryve) KOMIIOHEHTDI, OT/IeJIEHHbIE OT MaTPUIIbl FPaHULIEN pa3aea.

Kaxx1b11 KOMIIOHEHT
KOMII03MTa 3aHUMAeT CBOH
00b€EM, TO €CTh HAXOAUTCH B
BU/JIE€ OTAEJIbHOU {asbl, ¥ MPHU
3TOM CBOMCTBA KaXKJ10H
OTAeJIbHOM Qa3bl TAKUE Ke, KaK
CBOMCTBA KOMIIOHEHTA, B3ITOTO
B OTAEJbHOCTH.




MaKpOoCTpyKTypa NOJMMEPHBIX
KOMITIO3HUTOB

OCHOBHBIM T€XHOJIOTUYECKHUM MPUEMOM, [103BOJISIOIIMM NPUHIIUIHATIbHO
M3MEHHUTb MAaKpPOCTPYKTYPY MOJIUMEPHOT0 MaTepHaJia U ero CBOMCTBa,

ABJIA€TCAd BB€A€HHUE B HEIr'O PA3/IMYHbBIX HAINOJIHUTeJIeHn

_~ Morecnon
NOHTMOPHNNNOHATS

L YHacTox yenoysu
T nONUMEDA-HANGNWWTENA
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0
‘H

(Ha npusepe Nylon MXD 6)

(®azosopaspeneHHBIN
MHKPOKOMMO3NT ~

OTAeNbHBIE KPNCTanANTbI
MOHTMOPWNNOHWTS B CMECh
Monumep He NPoHWKaeT MeXay
CHAMKATHBIMW NAACTHHAMMW
Paamepol 10-20x70-1000 xm

WMuTepKanupoBaMHbIA -
OTARNBHBE KPUCTaNNNTLI
MOHTMOPWNNOHWUTE B CMECK.
B3aumuoe pacnonoxenune
CUNUKATHBIX NN3CTUH
COXPaHABTCA,

Paamepet 15-20x70-1000 #m

IKCHONUMPOBAHHBIA —
OTALNBHBIE CHNKKATHBIE
NN3CTUHBE Xa0TUYHO
pacnpefienexsl B nonumepe.
Paamepbl 1-2x70-1000 um

Bapbupyd KoJu4ecTBO
BBEeJJeHHOI'O HAIlOJIHUTEJIH,
pa3Mepbl U GOpPMY ero
YaCTHUL, COCTAB U TaK
Jlajiee, MOXKHO M0JIy4aTh
NOJIMMEPHbIe KOMITO3ULIUU
C He0OXOAUMBbIMH, 3,
cJleloBaTeJIbHO, U
»KeJlaeMbIMU TEIJIOBBIMU U
MeXaHU4YeCKUMU
CBOMCTBAMU.




MaKpOoCTpyKTypa NOJMMEPHBIX
KOMITIO3HUTOB

Hanmo/iHeHMe NoJIMMEePOB - 3TO UX COUeTaHUE C TBEPABIMU, )KUJKUMH U
ra3oo6pasHbIMM OPraHMYECKUMU U HEOPTaHUYECKUMHU BellleCTBaMU, KOTOPbIE
pacrpezesisiloTCs B HelpepbIBHOU ¢a3e moauMepa (MaTpHUlle) U 3alIOJHSIOT €€
00'beM C 0O0pa3oBaHHWEM reTepoPpa3HON CUCTEMBI.

HanosiHuTe 1M BBOJAAT B IIOJIMMEDPHLI C

Yactuya nomaepa
HaHouacvua kepammnkm

Cnoit nonmaiepa Ha rpasuue
€ MOAVPULMPYIOU(EH HacTULeit i

I[eJIbIO:

CO3/IaHUS HOBBIX MTOJUMEPHBIX
MaTepHraJioB C KOMIIJIEKCOM IIeHHbIX
3KCIJIyaTallMOHHbIX CBOUCTB;
YJIy4dIleHUs] TEXHOJIOTUYECKUX CBONCTB
Y repepabaTbiBa€eMOCTH HaAMOJIHEHHbIX
10JINMEPOB;

yJellleBJIeHHsI MaTepHaJioB;
YTHUJINU3AIUH OTXOJ0B U PellleHUs
5KOJIOTUYECKHUX 3a/ay;

paciipeHus CbipbeBOH 6a3bl 1
aCCOPTHMEHTA HaMOJHUTEJEMN.



HamosiHUTEJIU MOTYT

1) U3BMEHATb TEKY4eCTb OJIUMEpPA

2) yay4uuTh GOPMYyeEMOCTDb U
GOpPMOYyCTONYMBOCTD




Hamo/siHUTEJIU MOTYT

3) CHU3UTb TEPMHUYECKYIO U
MeXaHUYEeCKYI0 YCaJIKy, TEMJIOBOE
pacliMpeHue, FOPYeCThb

4) UI3SMEHMUTHD B LIUPOKUX NpeJiesiax
bGU3UKO-MeXaHUYECKUE, XUMHUYECKUE,
3JIEKTPO- U Tel10prU3ndecKue, a
TaK>Ke ONTHUYECKHE CBOMCTBA
M0JIMMEPHBIX MaTepPUaJIOB.




HamosiHUTe1U

BBe,Z[eHI/Ie HaIlOJIHUTeJIeU ConpoBOXKaAadeTCd OAHOBPEMEHHDbLIM YJIyHlII€CHHUEM
OAHHUX XapPaKTEPUCTHUK HAIIOJIHEHHOT'O MaTepHUaJia U CHUXKEHHUEM [JPYTHUX.

Hanpumep, >keCTKUU TBEP/IbIK HANNOJHUTEJb OBbIIIAET MOAYJIb
YIPYroCTH MaTepUaJsia, HO CHUXKaeT JepopMaluio.

[ToaTOMy BbIOOD HAIOJIHUTEJIS, €TO
CoJlep>KaHus BCer/ia BJsieTCs
ONTUMH3ALUOHHOM 3aja4yen.




HanoJsiHUTe1U

BeinyckaeMble NPOMbIIIJIEHHOCTbIO HAIOJHUTEJU MOXXHO Pa3eJIuTh MO
pasMepaM U CTPYKTYpPE Ha YEThIPE OCHOBHBIX BU/IA:

1) nucnepcHble (MOpoOIIKOOOpa3Hbie)  2) BOJIOKHUCTbIE (BOJIOKHA, HUTH,
KTYTBI U T. [1.);

4) o6'beMHbI€e (KapKaCHbIE) C
HeNnpepbIBHOU TPEXMEPHOU CTPYKTYPOU
(06'beMHBbIE TKAHH, BOMJIOK, CKEJIETHbIE
Y IOPUCTbIE KapKachl).

3) auctoBblie (MJIEHOYHBIE) C
3aJlaHHOM CTPYKTYpOH (TKaHH,
oymara, JIEeHTbI, JIMCThI, IIJIEHKH,
CEeTKH); S




ApMUpYOILIHMe HAIOJIHUTEIH

Marepuanst, HANONHEHHbIE
NopowKooGpasHLIMK
YacTuuamu
OpaHoHanpasneHHbIe marepuans
Martepuans \5'/(‘ —— | Marepvans
Ha OCHOBE HUTEN, —— ——_{ waocnose sonokon
XIYTOB, NEHT B SR 2
—_—

Tkauw, NepexpecTHo ,:'; Mnetensie marepuanst,
YNOXEHHBIE HUTU W :; nepekpecTHo
APMMPOBAHHLIE MU :; YNOXEHHbLIE HUTKU U
Marepwansi SSd apMUPOBaHHLIE UMW
marepuans
C xaoTu4eckum pacnonoxeHuem BONOKOH/HUTER B NNOCKOCTH
HerxaMbie Bymary, apMuposaHHbie
marepuans y BONOKHAMM NNEHKY
/

Ha OCHOBE HUTEN e )/

C xa0TU4ECKUM PaCcNoNoXEHUEM BONOKOH B NPOCTPaHCTBE

Marepuans,
apMMpOBaHHbIe
BONOXHAMW




[InacTudUKaTOpPHI

OJHMM K3 BaXKHEUIIHNX METOA0B MoAU(PUKALMH 10JTMMEPOB SABJISIETCS
mJ1IacTu@UKanus - u3MeHeHHe CBOMCTB MOJIMMEPOB MyTEM BBeJIEHUS

B KOMITIO3UIIMYU HU3KOMOJIEKY/ISAPHBIX A00ABOK — IJIACTUPUKATOPOB, U3-
MEHSIOIUX BA3KOCTb CUCTEMbI, THOKOCTh MaKpPOMOJIEKYJI, TOIBUKHOCTb

HaJMOJIEKYJISAPHBIX CTPYKTYP.
1) IlnacTudukaTopbl 06JI€ETYAOT

JIUCIIEPTUPOBAaHME UHTPENUEHTOB,
CHWXKAIOT TEMIIepaTypy
TEXHOJIOTUYECKOM 00pabOTKHU
KOMIIO3UIIMH, 6J1arONPUSATHO
CKa3bIBalOTCS HA MOPO30CTOUKOCTHU
MIOJIMMEPOB, IPU 3TOM YaCTO YXyAllIas
MX TEMJO0CTONKOCTb.

2) HekoTopblie nacTUPUKATOPbI MOTYT

OZHUM M3 HauboJiee PacIpoOCTPaHEHHbIX IIOBBILIATH YCTOUNIHUBOCTD IIOJIMMEPOB K
apadgetca JUBYTU/IPTAJIAT - 6ecuyBetHaa OTHEBbBIM, CBETOBBIM H TEPMHUYIECKUM
YKUJIKOCTb, HE NMeoLas 3amaxa, BO3/1€ICTBUSIM.

npeacraBjadeT CoO0M BBICOKO KHUIIAIIYIO
KHUOKOCTDb, IPAKTHUYE€CKHU HE PACTBOPHUMYIO B

BoJie
o (]



[InacTudUKaTOpPHI

[lnacTudurkaTopbl NOApPaA3AENATCSA HA ABE I'PYIIIIbI:

1) [llmacTupUKaTOPBHI - BElECTBA,
XOpOIIO COBMEIAIIHAECH C e
[IOJIMMEPOM, MIOHUKAKLIME UX LCHIBRATY
TeMIIepaTypy CTEKJI0BaHHUA, =
YJIy4lIaoIye 3JIaCTUIHOCTD U
MOPO30CTOUKOCTb.

2) MAryuTeJim - BellleCTBa,
ob6Jieryarlire nepepadboTKy 1
CHHXKAKIUe BA3KOCTb IOJHMEPHBIX
KOMITO3UIIMM, HO He BJIXAOLUE Ha
MOPO30CTOHUKOCTb.




TpeboBaHUA K ns1acTUPUKaTOpPaAM

NI L

AN

COBMECTUMOCTbD C IOJIMMEPAMHU;
XMMHYecKasi U TepMUYeCKasi CTOMKOCTb MPH
repepabOTKe U 3KCIIJIyaTalluu U3eJINH;
HU3Kas JIeTY4eCTh;

OTCYTCTBHE HENIPUSTHOTO 3aMaxa;

HU3Kasi TOKCUYHOCTB;

MaJioe M3MeHeHHe BSI3KOCTH B LIIMPOKOM HMHTEepBaJie
TeMIIepaTyphl;

He3HauYMTeJbHOE BJIHSIHUE HAa KUHETUKY
CTPYKTYPUPOBAHMUS;

HU3Kasi CTOUMOCTb.



Cnoco6kl niacTUPUKaLUHU

pacTBOpEeHHUEM I10JiMMepa B pacTBOPE IJIaCTUPHUKATOPaA
(MpoU3BOACTBO IJIEHOK, HCKYCCTBEHHOM KOXH, JJAKOKPACOYHBIX
MaTepHaJioB);

copouMeH mIacTuPrUKaTopa NOJMMEPOM U3 IMYJIbCUU UJIH
pacTBOpPOB M1acTudUKaTopoB (nactukanud [1BX, T1A,
IPOU3BOAHBIX LEJJIFOJIO3bI U AP.);

A00aBJIEHUEM IJIaCTUPUKATOPa K MOHOMEpPaAM nepej,
noJiMMepusanyeu 1iv NoJuKoHJAeHcaneH (maacTudrKanus
OPC, kapbamu0PpopMaIbIerUAHbIX OJIUTOMEPOB, MOJUIPUPOB;
[IMMA u np.);

BBeAeHHUeM IJIacTUPUKATOPa B IMYJ/IbCHIO IOJIMMeEPaA fepe/, ero
BblZleJIEHHEM U IlepepaboTKou (nyactukanuda [1BX, monyyenue
MacCJIOHAIOJIHEHHBIX Oy Ta/IueH-CTUPOJIbHBIX KAY4yYKOB U Jp.);
HENoCpeICTBEHHOM NMepepadoTKOM ojimMepa €
IJIACTUPUKATOPOM (M3rOTOBJIEHHE PE3UHOBBIX CMECEH,
NPOU3BOJCTBO IJIACTHU30JIEW, U3]€JIMM U3 HUTPATA LeJJII0JI03bI U

Ap.).



CTabuM3aTophI

B npoiiecce nepepaboTKH, XpaHEeHUs IOJUMEPOB U IKCIJIyaTalluU
U3eJui U3 HUX MIPOUCXOUT U3MEHEeHH e XUMHNYeCKUX U PU3UKO-
MeXaHU4Y€eCKHX CBOMCTB.

OCHOBHbIE IPUYUHBI UBMEHEHUH U
KaK CJIe[JCTBHUE «CTapeHUue» U3JieJIuu
M3 IOJIMMEPOB SABJISKOTCS:

. OKHCJIEHHE [10JIUMEPOB;

. BO3JeMCTBHE TEIJIa;

. BO3JEICTBHE CBETA;

. BO3JIEMCTBHE U3JIYYEHUS;

. MEXaHUYECKHUX AepopMaLui.

Ul - W N =




Buabl crapeHud

* TeIlJIOBOE — CTApEHUE B pe3yJibTaTe OKUCJEHUS,
AKTUBUPOBAHHOTO MOBBIIIIEHHOU TEMIIEPATYPOU

* YTOMJIEHHE — CTApPEHUE B pe3yJibTaTe OKUCIUTEJbHbIX
[IPOLIECCOB,

* AKTUBUPOBAHHBIX MEXaHUYECKHUM BO3/IEMCTBUEM;

* CBETOBOE — CTApPEHUE B pe3yJbTaTe OKUCJIEHUH,
AKTUBUPOBAHHOTIO YJIbTPA(QUOJIETOBbIM U3JIyYEHUEM;

* 030HHOE - CTapeHUEe, OKUCJIUTEJIbHBIE MTPOILECCHI
KOTOPOTO0 MPOTEKAIOT B pe3yJibTaTe BO3JENUCTBUSA 030Ha;

* paJUWalMOHHOE — CTapeHue 10/, BO3JeUCTBUEM
MOHU3UPYIOIIHUX U3JTYYEHUH.

Jla1s1 3a1UThI MOJIMMEPOB OT CTapEHMS IPUMEHSIOT CIIelMa/IbHbIE
BellleCTBa — CTA0OMUJIM3ATOPHI (IPOTUBOCTAPUTEJIH).




Ctabusin3aTopbl. AHTUOKCH/IAHTHI

AHTHOKCHUJIAHTHI 10 MEXaHU3MY JEUCTBUS JeJITCH Ha
JIBE€ FPYIbI:

1) G/10KMpyWOIIMe CTAaOU/IU3ATOPLI — BELECTBA,
OAABJISIOIIKE 00pa3ylolhe CBOOOAHbIX PaJUKaAJIOB
(Kak nmpaBUJIO, apOMaTHUYECKHE aMUHbI, PEHOJIBI C
pa3BeTBJIEHHbIMU aJIKUJIbHBIMU 3aMECTUTEJISIMU );

2) npeBeHTHUBHbIE aHTUOKCUAAHTDI — BEIIECTBA,
BbI3bIBAIOIIME PA3JIOKEHHE 00PA3YIOIIUXCS B
[IOJIMMEPE NEPBUYHBIX MPOAYKTOB OKUCJIEHUS
(cynbduabl, MepKanTaHbl, THOPOC)ATHI).



CTabu/IM3aTOPHkI.
[I[poTUBOYyTOMUTEHU

B kauecTBe NPOTUBOYTOMHUTEJIEN OOBIYHO HCIOJIb3YIOTCS

MHTUOMTOPHI TEPMUYECKOTO CTapEHHS], KOTOPbIE

3¢ GEKTUBHO 3alIMIAIOT MTOJIUMEPDI B YCJIOBUAX

JMHAaMHU4Y€eCKHUX Harpy3okK.

JI1d mosly4eHus 3J1aCTOMEPHbBIX KOMIIO3UILUM, pab0TarIUX

B YCJIOBHSIX MHOTOKPATHBIX AepopMalui, HE0OOX0AUMO:

* CO3JlaHUE CTPYKTYP, 00eCIeYnuBaAKIUX COXPAaHEHHE
[IPOCTPAaHCTBEHHOM CETKHU B MPOILecCe YTOMJIEHHS
(CLUMBKM ONTUMAJIbHOHN CYJIbPUAHOCTH);

* IMIOBBbIIIEHHbIE JO3UPOBKU HHTUOHUTOPOB,
NPeNnATCTBYIOIUIMX PAa3BUTHIO TEPMOOKHCINUTE/NbHBIX
[IPOILLECCOB;

* BbICOKas AUPPY3UOHHASA CIIOCOOHOCTh HHTMOUTOPOB.



MexaHHU4YecKHUe CBOUCTBA

MexaHU4YeCKMMM CBOMCTBAMH Ha3bIBalOT TaKHE, KOTOPhIE
XapaKTepU3yIT CIOCOOHOCTh MaTEPUAJIOB
COIPOTUBJIAThCA MEXaHUYECKHM Harpy3Kam.

OCHOBHBIMHM Me€XaHUYECKMMHU MOKA3ATEJISIMU NIOJIMMEPOB CAYKAT
napaMeTphbl IPOYHOCTHU, TBEPAOCTb U TPUOOTEXHUYECKUE
XapaKTePUCTHUKH.

ITU XapaKTEePUCTUKU He ABJSIIOTCS «UYUCTbIMU» KOHCTAHTaMH
MaTepHaJioB, HO CYyI[eCTBEHHO 3aBUCAT OT GOPMbI, pa3MepPOB U
COCTOSIHHS IOBEPXHOCTH 00PaA310B, a TaKXKe PEXKHUMOB UCIbITAHUHY,
peXx/e BCero CKOPOCTU HArpy»KeHHUsl, TeMIiepaTypbl, BO3[elCTBUS

cpen U psjia Apyrux GakTOopOB.



MexaHHU4YecKHUe CBOUCTBA

[IpOYHOCTB - CBOKVICTBO MaTEPHUAJIOB COITPOTHUBJISTHCS
pa3pyllIeHHI0, a TAKXe HEOOPAaTHUMOMY U3MEHEHHIO
GOpMBbI IO, [EUCTBHEM BHEIIHUX HArpy3o0K. [IpodyHOCTH
00yCJIOBJIEHA CUJIAMH B3aUMOAENCTBHUS aTOMHBIX YaCTHI],
COCTaBJISIIOIMX MaTepHaJl.

HdedpopMupoBaHUue — N3MEHEHUE OTHOCUTEJIbHOTO
pacroJioKeHHUs 4acTHull B MaTepurasie. HauboJsiee npocThbie
ero BU/J bl — pacTsPKEHUE, CKaTHe, U3THU0, KpydeHHe, C/IBUT.
llebopManys — usMeHeHHe GOPMBI U pa3MepPOB 06pasiia
WJIU ero 4acTel B pe3yJibTaTe AePOopMUPOBaHUS.



MexaHHU4YecKHUe CBOUCTBA

OTHOCUTe/IbHAA AedopMalUs — OTHOILIEHUE

pypalleHus AJUHbI 00pa3ia K ero nepBoHavyaJbHOH
JUINHE:

] —] 0 rae [ u l,— favHa obpasua
o = o -100 %, nocse fepopMUpPOBaAHUA U
[ MCXO/HAs

0

JdedopmManuio Ha3bIBAIOT YOPYTrOM, eCJIU OHA HCYe3aeT Iocje
CHAITHUSA HArpy3KH, MY MJIACTUYECKOM, eC/IM OHA HeoOpaTUMa, TO
eCTb He hcye3aeT I0CJie CHATHSA Harpy3KH.

[lnacTuyeckMMU cBOMCTBaMHU MAaTepPHUaJIOB IIPHU MaJIbIX
,[Lefl)OpMaLU/IHX 4aCToO npeHe6pera10T.



MexaHHU4YecKHUe CBOUCTBA

Yc/10BHASA NPOYHOCTD IIPU PACTSXKEHHUH — HANIPSIXKEH U4,
COOTBETCTBYIOIME MAKCUMAJIbHOMY (B MOMEHT
pa3pylleHHs 006pasiia) 3HaYEeHUI0 Harpy3KHU.
OnpepnesisseTcs, Kak OTHOIIIEHUE CUJIBI, IIPU KOTOPOU
pa3pyluaeTcd obpasell, K IepBOHaYa/JbHOU IJIOIAAH
[IOIIEPEYHOro CeYeHUs obpa3ia:

P rae P — HarpyskKa npu pasphbIBe,
Op =— ° S, — IJI01Aalb IOIIEePEYHOI0 CeYeHUd
S, o6pas3sia.

HcmuHHbIII npedes1 NpOYHOCMU - OTHOIIIEHHE PaCTATUBaKOIIeN

CUJIbl HENTOCPE/ICTBEHHO Nepe/i pa3pblBOM K HaUMEHbIIIeH NJI0aAU
[IOMEepPevYHOoro ceyeHus obpasia.



MexaHHU4YecKHUe CBOUCTBA

[Ipeaes NpOYHOCTU NPU U3rU6E XapaKTEPUIYETCH
M3TrMOaIUM Halpsi>)KeHHeM, BO3HUKAKIUM B MOMEHT
pa3pylleHHs 00pa3ia, IOMEIEHHOT0 MEX Y ByMs
OIIOpaMU:

3PL
2bh’

Oy =

rae P - Harpyska,
JleCTBYIOIlasl HAa obpa3sel| B
MOMEHT pa3pylIeHUs;

L - paccTosgHue MeX Ay
Oonopamu;

b - mMpurHa 06pasia,

h - TonmyHa obpasua.




MexaHHU4YecKHUe CBOUCTBA

[loBepXHOCTHAsA MPOYHOCTh (TBEPAOCTD) XapaKTEPU3YETCH
CIIOCOOHOCTBIO MaTepHaJia COMPOTUBJIATHCS BHEAPEHUIO
MHOPOJHOTO TeJIa.

a) HAKOHCYHHK 0)

TBeppocTh & O
OLlEHUBAETCS KaK KpenieHne X/
OTHOILIEHHE CUJIbI, S F
BHEJIPSIIOLIEH B 06pa3eu o ¥ 65.03°
boJiee TBepJ0e TeJo — p——
WHAEHTOD, K pasMepy

OTIEeYaTKa,

06pa3oBaBIIErocd MNpu

€ro BHEIpeHHnH. Q@ /
4~ 136°



MexaHHU4YecKHUe CBOUCTBA

TBepaocTh gBJISIETCA MEXaHUYECKOM XapaKTEePUCTUKOM
MaTepUaJioB, KOMIIJIEKCHO OTpaKalolller UX IPOYHOCTh,
JIACTUYHOCTD, a TaKXKe CBOMCTBA MOBEPXHOCTHOTI'O CJ05
06pa310B.

TBepAOCTH NOJIMMEPHBIX KOMIIO3UIUH onpe/iesisieTcs o
BJaBJMBAHHIO B MaTepHaJl CTaJbHOTO LIapUKa MO/
3aJlaHHOM HAarpy3KoH U W3MEepPEeHUI0 IJIYOUHbI ero
BJlaBJIMBaHUS B IOBEPXHOCTb 00pa31a yepe3
omnpejieJieHHOE BpeMsl IeMCTBUS Harpy3KHU MpH
MCIIbITAHHUH.



MexaHHU4YecKHUe CBOUCTBA

TBepaocTh My1acTMacc onpeienseTcs, Kak IpaBuJo, 1o
bpunesto ('OCT 4670-91 1 ISO 2039-1:2001) nipu
Harpy3kax 0,5-2,5 kH Ha mapuk guamerpom 5 MM H
BbIpaxkaeTcs B MIla (kH/m?).

[Ipy 3Kcnpecc-UCIBITAHUAX TBEPOCTD ONPEESEeTCS 10 METOAY
[opa (I'OCT 263-75 u I'OCT 24621-91), KoTOpbIY 3aK/I0YAETCA B
3aMepe IVIyOWHbI BHEPEHWS UHAEHTOPA B GOPME UTJIbI IO/
onpezeJeHHOM Harpy3Kou, NPpU 3TOM TBEPAOCTh BbIPAXKAETCH B
YCJIOBHBIX €JJUHUIIAX.



MexaHHU4YecKHUe CBOUCTBA

JJIACTUYHOCTD 10 OTCKOKY - CIIOCOOHOCTb IMOJIMMEPHOU
KOMITO3UI[MM BO3BpalllaTh 4YaCTbh 3HEPTUHU, COOOIEHHOU

[IPU yaapax, TOJYKaX U JPYTrUuX KPpaTKOBpPEMEHHbIX
BO3/EUCTBUSIX

6 =L 00= 1002 125%% 10
W h 1—cose,

rae W - sHeprud yaapa, 3aTpadyeHHas

Ha fedopmayuro obpasua; W, -

3HEpPTrHs, BO3BpallleHHas 00pa31oM;

h, - BeicoTa naseHusd; h, - BeicoTa

OTCKOKAa MasiTHUKaA OT 00pas1ia;

0, — YroJI NaJleHus MasgsTHUKA;

0L, — YTOJI OTCKOKA MasgiTHUKA




MexaHHU4YecKHUe CBOUCTBA

[lon3y4yecTh - HeNpepbIBHOE MJIACTUYECKOE
JedopMHUpOBaHUE MaTepPUAJIOB M0/l AeICTBUEM
IOCTOSIHHOM Harpy3kHu. JIto6ble TBep/ible MaTepUaJibl B
TOW UJIM NHOM Mepe MOoABEPKEHbI M0JI3y4eCTH BO BCEM
Jvana3oHe TeMIlepaTyp NepepadbOTKH U 3KCIJIyaTallHH.

[Ipeaes moi3y4yecTu — HAUOOJIbIIEE HANPSIHCEHUE, TIPU
KOTOPOM CKOPOCTb HUJU AedpopMalus MoJI3y4ecTH 3a
onpene/ieHHbIM NPOMEXKYTOK BpEMEHU He MPEBBIIIAET
3HAY€eHMSl, YyCTAaHOBJIEHHOI'0 TEXHUYECKHUMHU YCJIOBHUSIMHU.




