BbICLLIEE OBPA3OBAHUE

HOBDbIE
MATEPUAADI
N TEXHOAOT N




T. O. COIINHA,
[B. H. TPO®HUMOB|

HOBbIE MATEPHUAJIbBI
U TEXHOJIOI'NA

YYEBHOE IIOCOBHE



YK 620.22
BBK 30.3473

C69 Commnna T. O. HoBele MaTepuasnbl M TEXHOJIOTHH : yueOHOE mo-
cobue s ByzoB / T. O. Commna, B. H. Tpodumos. — Cauxr-Ilerep-
Oypr : Jlaas, 2023. — 196 c. : wi. — TeKcT : HeNoCpeACTBEHHAIH.

ISBN 978-5-507-47882-8

Mocobue npenHasHadeHO AJIA CaMOCTOSTENbHOM paoThi CTYNEHTOB BY30B Tex-
HAYECKUX HanpaBaeH#i noxroToskH. CoaepxHT 0630p MarepuanoB ¢ 0CoGbIMH CROMCTBAMH,
KePaMHTECKUX, KOMIOSHUHOHHRIX MaTepuarnoB. PacCMOTPEHH METOIL OPOH3BOACTBA
NOPOLIKOB W MPHMEHEHHE H3ZenMil M3 MNopouikos. IlphBeneHa KiaccHduKauma HaHO-
MATEPHAIIOB, TEXHONOTHHA HX NONYICHHA M METOOB Awarsoctuxy. IIpeicTaBleHE! HOBhHIC
MaJIOOTXO/IHEIE U dHeprocleperaiomue TeXHONOrHY MamuHocTpoenns. [Tocobue Brnodaet
3aaHMA A BRITONHEHHA KOHTPOIbHOH paboTs! CTYAEHTOB.

VIK 620.22
BbK 30.3473

Penenienral:
C. A. BE/TOBA —— xawmuaar TeXHMYECKHX HayK, KoneHT JIepMCKOro HAUHOHANBHOTO HCCHEAOBATEIRCKO-
o NOIMTEXHUIECKOro YHABEPCUTETA;
B. B. YAIQWH — xaHgmNaT TEXHMICCKHX HAyK, HAYAILHMK OTJENA TEXHMYECKOH IMPECKIMH
000 «3nexTpoTmxmMani-IIpuBoI».

O6a0xxa
11 Y. TOJIAKOBA

© Yzparenscrio «Jlagsy, 2023

©T. O. Commnna, B. H. Tpopumos, 2023
© Usnarensctio «JIanby, XynoXKecTBEHHOE
odopmnende, 2023



OrNABNEHUE

Cnucok coKpameHHi 3
Beenenne s
Pa3pgen 1.

OCHOBHBIE H BCIIOMOTaTe/IbHbIE MATEPHAIBI

¢ 0coGBIMH CBOHCTBAMH 7
1.1. CriaBbl ¢ OCOGBIME CBOHCTBAMHE ...v.eceviuirisnsinssessssssessisasnnsnssesniassnanes 7

1.1.1. CrinaBe ¢ 0cOGBIMH TEIUIOBBIMU ¥ YIIPYTUMH CBOHCTBAMH ........ 7
1.1.2. CnnaBsl ¢ pernaMeHTHPYEMBIM TEMIIEPATYPHBIM
K02(hPUITHEHTOM THHEHAHOTO PACHIMPEHMSA ...oevveeevrenrereirnorsssessonsoneennne 9
1.1.3. Cru1aBsl ¢ TOCTOAHHBIM MOTYTEM YIIPYTOCTH ..vvvvvireninrunnsninsnens 11
1.1.4. Cru1aBbl € HAMATEIO QOPMBL.....ccveeeermreeriesrmssmssessnissesinesesssesssens 12
1.1.5. PaiHalliOHHO-CTOMKHE MATEPHATIBI .....covriersenseressnsnsiessasnasinranns 14
1.1.6. AMOpQHEIE METATHUECKHE CILIABBL ....ovevirenrereresreressasinennarasenes 16
1.1.7. CBepXTIpOBOJAIIHE MATEPHAMBL......evivirreriasercrsssesnsssanarnarirenans 17
1.1.8. MaTepuaunsi co ClleLIHAIbHBIMH MATHHTHBIMH CBOHCTBAMH ...... 19
KOHTPOTBHBIE BOIMPOCEL...vevisisimrnssonsnseiossisnssssnsissesesesssssisssassones sswEEeR 22
1.2. KepaMHUECKHE MATEPHATIBL 1uuvireiviremisisrerensssanineostsrssertsessssasesasiensons 23
KOHTPOJIBHEIE BOIPOCHL......covvtimtirisnsiisisserinsesnsssssssssessssosssasssnssarnsases 29
1.3. KOMIO3HIIMOHHBIE MATEPHATIBI 1ovevvsvrinsresmveesnnssseresessestorenssnsisiaansons 30
1.3.1. JucnepcHO-YIIPOYHEHHBIE KOMIIOSHIHOHHEIE MATEPHAIHL ....... 33
1.3.2. BONOKHHCTbIE KOMITO3HIITHOHHBIE MATEPHAIIBL...ccuivtrriierniriiransns 35
1.3.3. CIIOBCTBIE KOMITOZHTBL c.vivorrsusirneississeressesisnssasssssasansen TN 44
KoHTpOJIbHBIE BOIPOCH........... e et s s 46

Pa3zgen 2.

I'pynnbi METOI0B NPOM3BOACTBA METALIMYECKHX IIOPOLIKOB ...oveue.r. 48
2.1. HpumeHeHye H3ACAUH ITOPOIIKOBOM METALTYPIHH ...ovcvvivnrivinnrencons 48
2.2. TexHONOryA NPON3BOACTBA M3AETUN U3 MOPOIIKOB. ...overirsrrrsrnrrines 55
KOHTPONBHEIE BOMPOCHL ::::visususivs sisssssessssess sarisissivisessamanmevsasissasavansanenss 71

Paiznen 3. HanomatepuaJibl H HAHOCTPYKTYPHEIC IIOKPBITHA.

TexHO10THH NOTy4eHHS HAHOMATEPRAIOB 72
3.1. HaHOCTPYKTYPHBIE MATEPHAIIBE .......cuiisrirerersisenensnnarasians w72

3.1.1. HaHOKIACTEPHI......cocrireinvirn .73
3.1.2. HaHOKpHCTANHI ... .73
3.1.3. DYIUIEPEHBL. ....covnvrvinirsriiisniinibibinirissisesensns .74
B 1.4 HABOTDYOKIY ... .cu0csisessswssionsss i1 5505505057536 0 40030000 4T8 VI GLaFRRESY 75



g I o Y0370 0[] 2 T — 75

3.1.6. HAHOMOHERYITBL :vcsuvessssvinsossmsesmssosmsonsssnsssissvssins e i isavensone 71
3.1 7. HAHOTOPOTIIH, ooy isoenvamemmssammpsypeps oo agavvenvie 78
3.1.8. HAHOTIOKPBITHS .....c..ovevenimimnensnmresessininesisniasssssnessssssesessssssessnsens 79
3.1.9 HAHOKOMITOBHTBL......covrveritsniincrisesnrssissessssisesssssssssissesassensesenssnens 86
3.1.10. HaHOIIOPHCTBIE MATEPHAIIBL........ccrrersrrerinsnsareonesissesseressesisonens 93
3.1.11 HaHOCTPYKTYPHBIC HHIKOCTH ...ovvervireinreriveerminenssioreniesereesisssnes 94
3.2. TeXHOMOTHH MOTYIECHHS HAHOMATEPHATIOB .....oovvmviineiinentisnneranianns 95
3.2.1. TexHoiOrUY NMOJTy4EHNUA HAHOKIIACTEPOB,
GYIIEPEHOB M HAHOTPYOOK ...ccovenecreccrrsvinnnnes

3.2.2. TexHOMOTNM NOIY4YCHHA HAHOBOIOKOH. .....
3.2.3. TexHOJIOrHH NONTYYECHUA HAHOTIOPOIIKOB. ...
3.2.4. TexHOJIOTrMH NTOJIY4ECHHS HAHOIIOKPBITHA .....
3.2.5. TeXHOIOTHH MOIIydCHUS HAHOKOMIIO3HTOB ..... .
KOHTPOIBHBIE BOIPOCH ....vvvivirviarisissessesrenssmsosseresssmsssseresnsserssnesonnes

Pa3nen 4. CoBpeMeHHbIE MATOOTXO/AHDIE,
IHeprocheperaonge H 3K0JI0rA9eCKH YHCThIE TEXHOJOTHH ....convves 132

4.1, TexHoorusa H3TOTOBICHHUA H3ICTHA

M3 HOPOMIKOBBIX MATEPHAIOB METOMAMH JIUTBS ..vcvrivirenrenrensenseraensonnes 132
4.2. TexHomorug U3rOTOBJICHUSA H3HCIHI
METOOM CBapKH TPEHUEM C NepeMemHBaHuEM
KOHTPONBHEBIE BOTIPOCHL ......ceeeverimeirentreecesississssesssssssiossesmsssnsssssssosssess

Pasnen 5. /[HarHocTHKA MaTepHaJI0B
H 00LEeKTOB MAIUMHOCTPOHUTEIBHBIX TPOGH3BOKCTB cucecrsurnsesasesssnarseres 142

5.1. IMarHocTHKa IOPOHIKOB

M M30ENMI W3 TOPOIIKOBBIX MATEPHATOB ....evvverierisserisussaesssaesisasssenssnes 142
5.1.1. Mertoas! onpeaenenus ob1mx CBOHCTB NOPOINKOB
W OPONIKOBBIX MBREIHE . coosvessessvussssusssossmmsmmenssesrassusnrarossessossansasenyen 143
5.1.2. MeTtoag! onpeieeHus yaeAbHOM MOBEPXHOCTH NIOPOIIKA...... 144
5.1.3. MeTos! HCCHe[0BaHUA KATWUIAPHLIX CBONCTB
5.2. [lnarHOCTHKA HAHOCTPYKTYPHBIX MATEPHATIOB. ....cvverrreerirrersarsenss
5.2.1. PeutreHorpaduueckuii KOHTPOJb FePEKTHOCTH
H CTPYKTYPBI MATEPHAIIA. ....cveurnisriisresinssemssesmssssormsesssrarosensisssesssssen 147
5.2.2. KoHTpOIE MUKPOCTPYKTYPHEI
# MOPGhOIOTHMH MOBEPXHOCTH OBBEKTOB........evvrirmvreniieneneniesiarensens 154
5.2.3. MeTtozp! HCCIEAOBaHUA KOPPO3UOHHOHN CTOMKOCTH ......vcvvveenes 160
5.2.4. MeTosl HCCIEJ0BAHUA TPUOOIOTHIECKHX CBOMCTB......c.cuvve. 168
5.2.5. MeTos1 OLEHKH anTe3HOHHOM TMIPOTHOCTH ..o.veenvirennirirareneennns 171
5.2.5.1 MeToae! OLIEHKH aAre3HOHHOH
TIPOYHOCTH KOMITO3HLIMOHHBIX MATEPHAIIOB. ......oirvimerrmrierennisrismensens 171

194



5.2.5.2. MeToap! OIEHKH aAT€3HOHHOM

IPOYHOCTH HAHOIOKDPBITHI] . ..vcviiierineririnreesieinestsresenssnnsnssessssonssunnenns 173
5.2.6. Metonsi onpenencHus GU3HKO-MEXaHUYECKHX CBOMCTB ........ 175
KOHTPOMBHEIC BOMPOCKT suss: csovsrismussssnsssssssnisssassssississ s ismmeaisamssassasan 177
KonTpoannas pabora mo kypcy
«HoBble MaTepuaIbl H TEXHOJOTHH» 179
Cnucok 1ureparypsl 184

195



