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BBEAEHUE

[Tpu u3yueHun aucUUIUIMHBI «HOBBIE MaTepuaibl» CTyAEHTbl 3HAKOMSITCSI
C BO3MOXXHOCTSIMU U T€HJICHLIUSIMU HCIOJIb30BAHUS U Pa3BUTHUS TEXHOJIOTHH I1O-
JIy4eHHs] METaJUIOB, CIJIABOB U X 3aMEHUTENEeH.

Jlns obecriedeHust yueOHOro mporecca Mo W3y4eHHIO HOBBIX MaTepualioB
HeoOXoarMa TeopeThdecKasl MOATOTOBKAa B 00JacTH XuUMUHU, (QU3NUKH, HU3UKA
TBEPAOTO Tena, TeOpUru OOPabOTKM METalIOB JaBlieHHWEM, KpUCTaIorpaduw,
MeTaJUIOBE/IEHUs, TEPMUYECKO 00pabOTKH U METaJLy prUH.

HeoOxonumel cBefieHHsi 00 MCTOPUM Pa3BUTHUSI HAYKH W TEXHHUKH, Mep-
CTIEKTUBAaX Pa3BUTHS MTPOU3BOJCTBA U OOIIECTBA.

Cogepxanne Kypca MOKET OBITh UCTIONB30BaHO MPHU pa3paboTKe Mmepcriek-
TUBHBIX TEXHOJIOTUI W KOHCTPYKIIM HOBBIX COBPEMEHHBIX MallliH, HHCTPYMEH-
TOB, LITAMIIOB.

3HaHMS OCHOBHBIX TOJIOXKEHUN JUCIUIIMHBI MOTYT OBITh MCIIOJIb30BaHbI B
KypCOBOM U JTUIUIOMHOM IIPOEKTHPOBAHUHU, OXpaHe TpyJa U U3YyUEeHUH IKOJIOTH-
YecKUX 0COOEHHOCTEH MPON3BOCTBA.

Bo Bpems u3yudeHUs NUCLUIUIMHBI CTYJEHT JIOJDKEH I0JIb30BaThCs pabo-
yeil mporpaMMoil U pekoMeHayeMoil nuteparypoil. [Ipu usyuenum marepuana
clielyeT BeCTH KOHCIICKT.

Jucunnnuna «HoBble MaTepHaibl» U3ydaeTcs CTyIeHTaMU—3a0YHIKaMU B
Te4YeHWe OJHOro TpuMecTpa. B TpumecTpe opraHu3yercs UK OO30PHBIX JIeK-
[UH, PaKTUUYECKUe 3aHITHsI, BBITIOIHIETCS] KOHTPOJIbHAs paboTa, BKIIOYArOIIas
3a/aqy U TeOpeTHYecKHe BOMpPOCHl. B KoOHIlE TpuMmecTpa CTYIEHTHI MOTydYaroT
3a4€T.

[enp HACTOSALINX YKa3aHUH—TIOMOYb CTYJ€HTaM B OpraHU3al[ui U3yUeHUs
MaTepuana AUCLUIIIMHBI, B BBIIOJHEHUU KOHTPOJIBbHON pabOThl U IMOJNy4YEeHUU
3auyéTa 1o AUCLHUIIIIUHE.

1 PABOYAS MTPOT'PAMMA KYPCA

Teopetndecknii matepuan AUCUUILIMHBL «HoBBIE MaTepuanbl», nM3ydae-
MBI B TEUEHHE OJTHOI'O TPUMECTPA, PEICTABIEH B JBYX pa3fenax.

1.1 IlnacTmacca. Kepamuka

IIimactmaccsl. Buasl miactMacc.
MeTo bl U3rOTOBJICHUS U3ISIUN U3 IJIacTMAcCC.
Kepamuka.

1.2 HoBble MeTa/LLIHYECKHE MaTepHuaJibl

MerTamindeckue MaTcpHUaJibl.



Cr1ocoOBI M3rOTOBJICHMS YUCTHIX METAJIJIOB.
3aH_[I/ITHLIe IMOKPBITHUA.

2 3AJTAHUSI K KOHTPOJIbHOM PABOTE

B nporecce msydenns aucuuininHbl «HOBBIE MaTepHaNbI» CTYAEHT JO0J-
’KE€H BBITIOJHUTH KOHTPOJBHYIO PaboTy, YTO SBISIETCS HEOOXOIUMBIM YCIOBHUEM
nonyuenus 3auéra. KonTponbHas paboTa BKIIOYAeT OIHY 3aJady M JBa Teope-
TUYECKUX Bompoca. JlaHHbIe K 3a7jaue 1 HOMepa TEOPETUUECKUX BOTIPOCOB TPHU-
BeJleHbI B Tabymite 1. Homepa BapraHTOB BRIOUPAIOTCS TTO TIOPSIKOBOMY HOMEPY
B CITMCKE TPYTIIBI WU 3aJAI0TCS MPEToIaBaTeNIeM.

Uznoxenune perieHUs: AOHKHO OBITh YETKUM, ¢ HEOOXOJUMBIMU TOSICHE-
HUSMH 1 000CHOBaHUSIMU. OTBETHI JOJKHBI OBITH JOBEICHBI 10 YACIECHHBIX pe-
3yJIBTATOB.

[Ipn odopmieHnn paboOThl 3amUCHIBAETCsS YCIOBHE 3afaud, a 3aTeM—
pelIeHre co BceMU He0OXOIUMBIMUA 0003HAYCHHSIMH.

PucyHKky ciemyeT BBIMONHITH C COOJIOJIGHWEM OCHOBHBIX TpeOOBaHMI
ECK/I. KontponbHast pabora nokHa ObITh HamucaHa Ha juctax gopmara A4
YepHUJIaMH ([TaCTOM) CHHETO MUJIM YEPHOTO I[BETA.

Tabnuua 1 - HexooHwvie oanHvie k 3a0aue u meopemuyecKue 60Npochl

MNe ga- D, H, t, | to, ts, Teopemuueckue
puanma Cmaae MM | MM d c c c 60npoChL
1 2 3 4 5 6 7 8 9
1, 26 V10A 360 | 1180 0,10 1| 10 50 1,16
2,27 Crt6 1290| 3150| 0,15| 2 6 20 2,17
3,28 v8 520 | 1360 0,20| 1 8 40 3,18
4,29 45 1170 2860| 0,25| 2 5 50 4,19
5,30 35 600, 15400,30| 1 4 25 5,20
6, 31 20 2080 4900/ 0,10| 1 5 40 6, 21
7, 32 Cr3 430 | 1760 0,15 3| 15 50 7,22
8, 33 bCrlkn 1120|2730 0,20 4| 20 50 8, 23
9, 34 XB2C 470 | 1350 0,25 1| 10 40 9, 24
10, 35 XC 1760| 3770| 0,30| 5| 20 50 10, 25
11, 36 3XI'CA 870 | 2150 0,10 2| 10 40 11, 26
12, 37 6@ 2A 1220| 2850| 0,15| 1 5 30 12, 27
13, 38 5%2 360 | 1540 0,20| 5| 10 25 13, 28




IIponomxkenne Tabnuisl 1

1 2 3 4 5 6 7 8 9
14, 39 1XH3A | 1050|2330| 0,25 2| 20 40 14, 29
15, 40 [IX15 1855 4350| 0,30 3| 6 30 15, 30
16, 41 1XCHA | 450 | 1950 0,10| 1 5 25 1, 30
17,42 14H 1120} 2510| 0,15 2| 10 25 2,29
18, 43 4K 660 | 1680 0,20 1| 10 50 3,28
19, 44 2X 1220| 3020| 0,25| 4| 25 50 4,27
20, 45 P18 1960 4220| 0,30 3| 15 40 5, 26
21,46 | X18H12M2T | 550 | 1410 0,10 4| 20 50 6, 25
22,47 | OX18H10T | 980 | 2470 0,15 4| 15 40 7,24
23,48 | X18HOT | 1570|3870/ 0,20 8| 20 50 8, 22
24,49 | 1&X1/H2 | 490 | 2230 0,25 1| 4 40 921
25,50 4X13 740 | 1800 0,30, 2| 10 50 10, 20

2.1 3agaua

HUcxonuble maHHbBIE:
- owutet u3 cruiasa X20H8O0;
-mmocie ocaaku awametp HemokoBa D =152( mMm, BeIcOTa HemoKoBa
H =219C mm;
- cTereHb nedopmaruu Ha nociiegHem Haxume £ =01;
- BpeMs JedopMalii Ha TocieaHeM Haxume (Tpu cimydas): t; =1c, t, =10c,
t; =50 c.

JInst Bcex BapMaHTOB TemIieparypa JeopMaruu cienykomas (Tpu ciy-
vas): T, =900°C; T, =1000°C; T, =1200C.

OnpenenuTs ycuine rUApaBIdYecKoro mpecca Mpu ocajke ousuieTa u mo-
CTPOUTH rpauKu 3aBUCUMOCTH P = f(é‘) uP= f(T,°C).

2.2 TeopeTnyeckne BONMPOCHI

1 Bricoko- U HU3KOMOJIEKYIsipHbIe coequHeHus. [Ipumepsl. Yem oHM OTiIH-
yarorcs ?

2  Tpu dbopmMbl MAaKpPOMOJIEKYT.

3  Tepmormactsl 1 peakroriacTel. CXOJICTBO U pa3Ivyus.

4 Tlnactmaccsl. Knaccuduxamms. Pasusie rpynmesl. [Ipumepsr.

5  CocraBnstolye ciI0XHbIX maactMmacc. [Ilpumepsr.
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[Tpumepb! peakTo- U TEPMOIUTACTOB.

CxeMa JuThs IO JaBJI€HUEM TEPMOILJIACTOB.

CxeMa dKCTpy3uHr TEPMOILIACTOB.

JIBe cxeMbl. ¢popMoBaHUe B Tipecc-(hopMax M JIUThE TOJ JaBICHUEM peak-
TOTLJIACTOB.

10 Cxewmsbl ¢opmoBaHMs JeTajeil U3 JTUCTOBBIX IIACTMACC BBITSKKOW U THO-
KO.

11 Cxembl U3roTOBJICHUS JleTalleld U3 JINCTOBBIX MJIACTMACC MHEBMATUYECKUM
¥ BaKyyMHBIM ()OPMOBaHHEM.

12 TlpeumyriecTBa ¥ HEAOCTATKU U3/ENUN U3 TIIACTMACC.

13 Knaccudukanus KepaMmuKy.

14 Yro takoe kepmeTsl ? [Ipumepsr.

15 [TIlpeumymiecTBa u HEIOCTATKU U3IEIIUNA U3 KEPAMUKH.

16 Heob6xomumMocTh B cBepXuucThIX Marepuanax. [Ipumepsi. CriocoObl u3ro-
TOBJICHHUSI CBEPXUYUCTHIX MaTEPHAIIOB.

17 Merton 30oHHO#M TtaBku. Cxema. CyTb.

18 Meron BITSTHBaHUS KpUCTAIIOB U3 paciuiaBa. Cxema. CyTb.

19 TopusoHTanbHas W BepTUKalbHas (OecturesibHas) 30HHas IiaBka. Cxom-
CTBO U Pa3INYHsI.

20 Meton CBC. Cxema. CyTb. OTiiiure OT 0OBIYHOTO ropeHusi (¢ H30BITKOM
KHCIIOPOJIa).

21 Tlpumeps! ucnons3oBanus Mmeroaa CBC.

22 HeoO0X0mWMOCTh B 3allUTHBIX MOKPHITHSIX. TpeOoBaHMs K 3alUTHBIM II0-
KPBITHSIM.

23 MWuruburopsl. Haznauenwue.

24 T opsane MOKPBITHS.

25 KoHBepcHOHHBIE TOKPBITHS.

26 T'aspbBaHUYECKHUE TTOKPBITHS.

27 Tepmonuddy3noHHBIE TOKPHITHS.

28 T'azoTepmMuyecKue MOKPBITHS.

29 MexaHOTepMUYECKUE TTOKPBITHS.

30 Jlakokpaco4Hble, TOJMMEPHbIE U TYMMUPOBOYHBIE TTOKPHITHSI.

©O© oo~N®

3 IIPUMEP BBIIIOJTHEHUS KOHTPOJILHOM 3AJAUYN
3aganue

Hcxonnnle naHHEBIE:.

- omsutet u3 crutaBa X20H80;

-mmocie ocaaku awameTtp HemokoBa D =152(C mMm, BeIicOTa HemoKoOBa
H =219C mm;

- cTerneHb nedopmaruu Ha nocieaHem Haxnme £ =01,

- BpeMsl edopMalvy Ha mocieaHeM Haxume (Tpu ciydvas): t; =1c, t, =10c,

t3 =50 c.



JInst BceX BapHaHTOB Temriieparypa aedopMaiuu cieayorias (Tpu ciy-
gast): T, =900°C; T, =1000°C; T3 =1200°C.

OnpenenuTh ycuiire THAPABINYECKOTO Mpecca MpH OcajiKe OuyuieTa u 1o-
CTPOUTH rpauKu 3aBUCUMOCTH P = f(é‘) uP= f(T,°C).

Pemenue

[To Tabmmie A.1 611 ompenenén mpenen Tekydectu criaBa X20H80 co-
OTBeTCTBeHHO Ipu Temneparype 900, 1000, 120C":

O =53,21IMlIla, 0, = 32,242IMI1a, 0., = 11,1621IMI]a.

CxopocTh AeopMaliii Ha TOCIeJHEM Ha)KMMe pacCUUThIBaeTCs 1o (op-
MyJie

rae £ - creneHsb AedopManuy,

t - BpeMst feopMalivy Ha MocjielHeM HakKUMe.

Bpewms nedopmannu Ha nociegHeM HakuMme Ul TpEX ciaydaeB OyzeT co-
oTBeTCTBOBaTh: t1, t, U t5. Torma ckopocts gedopmanuu ans TpEX ciaydaen Oy-
JIET paBHa:

=f=9 pim1mote
t, 10

=5 =0 oo1=1m072c
t, 10

.= =9 h002=2m073:
t; 50

Conpotusienne gepopMaii pacCUUTHIBAETCs MO GopMyIie
0=0:N, 1)

rae 0. - Ipefell TeKy4ecTH CIUIABa,;
N - K03 PHUIHEHT OTHOCUTENBHOTO YIIPOUHEHHUS.
3Hast cTeneHb AeopMalvu £ U CKOpocTh Aedopmanun &1, &5, &5 (s
TpEX ciydaeB), U3 TpadukoB puc. A. 1 mis tpéx temneparyp T;, T,, T3 Obum

ompesieNieHbl 3HaUYeHHs] Kod(duimenta oTHocutenbHoro ynpounenus N. Tak,
OBUIM TIOJYYeHBI cleayrolie 3HadeHus napamerpa N mpu temmeparype (ode-



PEMHOCTH olpeeNieHus U3 rpadUKOB 3HAUYCHUH KOAPGUIIUEHTa OTHOCUTEIHHOTO
yrnpouHenus s ciiaBa X20H80 npuBenena Ha puc. 1):

900°C - Ny, = 40, Ny, = 30, Njp = 28;
1000T - N, = 34, Ny, = 28, Nos = 26;
12000(: - N31: 2,8, N32 = 2,4, N33 = 2,2

Torna, cienys dopmyne (1), Obutn ompeseseHbl ClEAYIONIHe 3HAUCHHUS
COTIPOTUBIIEHUS AePopMali C YUYETOM 3HAUCHUH MpeNeioB TeKy4YecTH CIijlaBa
X20H80 un k03¢ HUILIMeHTOB OTHOCUTENBHOTO YNPOUYHEHUS A TPEX Temrepa-
TYp:

013 =0uN,;=53,21-4,0 = 212,8MI1a;
01, =01 N,,=53,21-3,0 = 159,681 1a;
013 =0 11N 5= 53,21-2,8 = 148,9¥I1a;
021 =01N,, = 32,24-3,4 = 109,611a;
02 =0 N,,=32,24-2,8 = 90,2FI1a;
O3 =0 N,3=32,24-2,6 = 83,8MI1a;
031 =01Ny,=11,16-2,8 = 31,261 1a;
O3, =0 1N5,=11,16-2,4 = 26,781l a;
033 =0 1sNg=11,16-2,2 = 24,5b/11a.

VYcunue npecca paccuuTbiBaeTcs Mo (hopmyie
P= 0(1+ 017%) F,

rjae 0 - CONpOTUBIICHHUE AehopMalliu;
D u H - nuameTp u BrICOTa HEJIOKOBA TOCJIE OCAJIKH;

D2
F - miomans nonepeyHoro ceueHus HeJ10KoBa mocjie ocaaku, F = .
Toraa ycunue npecca paBHO:
P=0,1| 1+ O;I.72 F =212,84:1+ O,’L?l520 -]T'L5202 =431,57/MH;
H 2190 4
P, = 012(1+ 0,172) F = 159,63E1+ 0,171520) -MSZOZ = 323,68MH;
H 2190
P3= 013(1+ Ol?RJ F = 148,99E1+ 0,171520) -MSZOZ = 302,1MH;
H 2190 4
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= _021(1+ 01 Bj = 109,62E1+ 0,171520) 520 _ 222 27MH:
H 2190) 4

P,, = 022(1+ 0175) =90 27(1+ 0171520) 520 _ = 183,04MH:;

Py =0y 1+ 0172 |F = 83,82[ 1+ 017222 ”15202 = 169,96MH:;
H 2190

P31 =031+ 0172 F =31,25;1+ 1520 H15202 = 63,36MH;
H 5100
D 1520 7715202

Pay =0a| 1+ 017— |F = 1+ 017 = 54,3MH;

32 32( oty ( ! 2190)

Pys =a33(1+ 0,175) F = 24,55{1+ 0171520j ”15202 = 48,78MH.

TNoctpoennsie rpapuxy 3aucumoctu P = f(£) u P= f(T,°C) npencras-

neHsl Ha puc. 2. Kak BUAHO U3 TpaduKoB, C yBeJIMUEHUEM CKOPOCTH Aedopma-
M & W yMEHBIIIEHNEM TeMIlepaTypbl | B paccMaTpyBaeMbIX Ipejesiax MPOuC-
XOJIAT yBETMYCHHE YCUITUS OCAIKN HETOKOBA.
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£=10%

15 & =10%

10%

a—900T; 6 — 1000C; B — 1200C
Pucynok 1 - Onpenenenue 3HaueHut K03 hUliieHTa OTHOCUTEIBHOTO
ynpounenus criaBa X20H80 mpu Temmniepatype nedopmaruu
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ITPHJIOXXEHME A
CrnpaBo4HbIe JaHHBIE

Tabnuua A.1 - 3asucumocms om memnepamypul npedena mexyuecmu
mamepuana 0O , Mlla

Mapka Temnepatypa, "C
Marepuaia 800 900 1000 1100 1200
Y10A 43,6 25,0 13,40 7,84 5,68
Ct6 40,7 23,70 13,20 7,80 5,66
V8 40,2 22,50 12,60 7,70 5,63
45 37,2 22,26 12,26 7,60 5,60
35 29,92 21,25 11,88 7,40 5,50
20 28,64 21,15 11,64 7,20 5,45
Ct3 27,44 21,00 11,55 7,00 5,40
BCtlkm 15,00 16,66 8,60 5,56 4,20
5XB2C 47,20 30,68 18,64 10,00 7,04
9XC 44,80 29,86 17,56 9,94 6,92
30XT'CA 42,80 28,24 16,72 9,36 6,80
60C2A 41,68 26,44 15,48 9,14 6,74
55C2 40,88 25,56 15,00 8,80 6,32
12XH3A 40,80 25,16 14,80 8,30 6,22
IX15 40,77 24,18 14,20 8,00 6,10
15XCH/] 40,65 24,08 13,80 7,88 5,87
14I'”H 40,33 23,80 13,78 7,78 5,67
40X 40,00 23,76 13,38 7,76 5,62
20X 35,36 21,20 12,40 7,60 5,46
P18 - 44,13 27,20 13,40 10,11
X18H12M2T - 43,33 26,44 13,15 9,88
08X18H10T 55,12 43,12 26,20 13,04 9,56
X18HIT 52,22 41,14 22,00 12,11 9,18
14X17H2 49,20 31,96 18,64 10,96 7,38
40X13 47,92 31,84 17,20 9,84 6,80
X20H80 - 53,21 32,24 16,72 11,16
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