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1. O0mmue moj10KeHUus

KonTtponeHo-usmeputensusle  Matepuanbl (KMM) npennasHaueHsl aiis
KOHTPOJISL U OLIEHKH 00pa30BaTENbHbIX AOCTHKEHUN OOYYarOIIMXCS, OCBOMBIIHX
nporpammy ydeOHo# nucuumnuHbIOII/1.05 MatepuanoBenenue.

KHNM BKIIIOYaIOT KOHTPOJBbHBIE MAaTEPUAIIBI JJIs1 POBEACHUS TEKYILETO KOHTPOJIA
U TIPOMEXKYTOUHOM aTTectanuu B opme qud¢epeHIHPOBAHHOIO 3a4eTa.

KWM pa3paboTanbl HA OCHOBaHUU:
e OI'OC CIIO

TexHu4eckas IKCITyaTanusl MOABHUKHOI'O CoCTaBa
JKCJIC3HBIX TOPOT

23.02.06

® MPOrpaMMbl YUeOHON AUCIUTIIIUHBI
OI1.05 MarepuanoBeeHue

HauMeHo8anue OUCYUNTUHBL, 0Ama YIMEepHcOeHUs




2. PE3YJBTATHI OCBOEHUS YUYEFHON JUCIIUJIUHBI,
HOIVIEZXKAIIUX ITPOBEPKE

2.1. HpO(l)ECCI/IOHaJILH])Ie H Oﬁ[[[l/le KOMIIETCHINH, MNOMJICKAIUEC ITPOBEPKE
IIPpHA BBINNOJHCHUH 3aJaHUA

B pe3ynpraTe KOHTpOJII M OLIEHKH IO MNPOPECCUOHATBHOMY MOIYJIIIO
OCYHIECTBIISIETCSL  MPOBEpPKA  CIEAYIOMHUX MOpOo(PEeCcCHOHANBHBIX W OOIIUX
KOMITIETECHIIUN
OK 1. IloHuMarh CyniHOCTh M COLMAIBHYIO 3HAUYMMOCTH Oynymieil mpodeccud,
IIPOSIBIIATH K HEM yCTOMYMBBIN MHTEPEC.

OK 2. Opranu3oBbIBaTh COOCTBEHHYIO AESATEIBHOCTD, UCXO/S U3 LIEJIU U CITOCOOOB
€€ TOCTUKEHUS, ONPEJICTICHHBIX PYKOBOAUTEIIEM.

OK 3. AHanu3upoBaTh pabOUyyI0 CUTYALHIO0, OCYIECTBIATh TEKYIIMI U UTOTOBBIM
KOHTPOJb, OLEHKY MW KOPPEKIHI COOCTBEHHOW JESTEIbHOCTH, HECTH
OTBETCTBEHHOCTb 32 PE3YyJIbTaThl CBOEH paOOTBHI.

OK 4. OcymectBnsaTh nmouck uHboOpMaluM, HEOOXoauMon s 3PEHEKTUBHOTO
BBINIOJIHEHUS TPO(ECCUOHAIBHBIX 337a4 MPOPECCUOHAIIBHOMN €SI TENIbHOCTH.

OK 6. Paborats B koManae, 3PEeKTUBHO OOIIATHCA C KOJIETaMH, PYKOBOJICTBOM,
KJIMEHTaMHU.

OK 7. HcnonHsATh BOMHCKYIO OOS3aHHOCTb, B TOM YHUCJIE€ C INPUMEHEHHEM
MOJTYYEHHBIX TPO(ECCUOHATBHBIX 3HAHUM (JJIs1 FOHOIIIEH ).

IIK 1.1. ITpoBepATh B3aUMOICHCTBUE y3IIOB JIOKOMOTHBA.

IIK 1.2. [Ipou3BoauTh MOHTaX, pa30OpPKy, COCAMHEHUE U PEryJIUPOBKY dacTeu
PEMOHTHUPYEMOTO 00BEKTA TIOKOMOTHBA.

IIK 2.1. OcymiecTBasTh NPUEMKY U TOATOTOBKY JOKOMOTHBA K PEHUCY.

[1K 2.2. O0ecneunBath ynpaBlIeHUE JOKOMOTHBOM.

I[IK 2.3. OcyimecTBisiTh KOHTPOJIb pPabOThl yCTPOWCTB, Y3JIOB U arperaroB
JIOKOMOTHBA

B pesynbrare ocBoeHUs1 yueOHOM TUCIUIUIMHBI O0yHatOUUNCS TOTKEH Y Mems:

VY 1. Beibupats MaTepuabl j1s IPUMEHEHUS B POU3BOICTBEHHON JEATEIIbHOCTH;
3HaAMmMb:

3 1. OcHOBHBIE CBOMCTBA 00pabaThIBAEMbIX MAaTEPUATIOB;

3 2. CBolicTBa 1 007aCTh MIPUMEHEHUS ANEKTPOTEXHUUECKUX, HEMETANIMUYECKUX U

KOMITO3UIIMOHHBIX MAaTEPHUAJIOB;

3 3. Buasl U CBOMCTBA TOIJIMBA, CMAa304YHBIX U 3aIIUTHBIX MAaTEPUAIIOB



2.2.1 PacnipeneneHue rmokasareyiel OlEeHKH 110 TUIIaM 3aJaHui

Koowt nposepaemwix Mecmo ¢ cmpyxkmype MJIK Tun 3a0anusn

3uanuil u ymenuit, OK,

11K

(uz ®1ocC)

31,V1, Tema 1.1 Ilpakmuueckas

OK2, OK6 Cmpoenue ceoticmea u memoo | pabomaNel (IpunoscenueNe
ucnvlmanue Memaiios u 7), paxmuueckas paboma
cniasos Ne2 (TlpunosicerueNe7).

31 Tema 1.2 Jlabopamopnas paboma Nel
Ocnosvl meopuu cniagos (Ipunocenue Ne 6 )

31,32, V1,0K2, Tema 1.3 Jlabopamopnas paboma Ne2,

OKo, IIK 1.1, IIK1.2 | XKene3zoyanepooucmowie cnnaewi | Jlabopamopnas paboma Ne
3, Jlabopamopnas paboma
Ne 4,

Jlabopamopnas paboma Ne 5
(IIpunosicenue Ne 6)

31, IIK2.1, I[IK 2.2 | Tema 1.4. Ilpaxmuueckas paboma No2
Tepmuueckas oopabomka (Ipunoocenue Ne 7)

31, IIK2.1, [IK 2.2 | Tema 1.5 Ilpaxmuueckas paboma Ne 3
ll@emele memaiiyivl (Hpuﬂogfce].[ue No 7)

31, IIK2.1, I[IK 2.2 | Tema 1.6 Ilpaxmuueckas paboma Ne 4
Teepdble cnjaessl U (HpuﬂogfceHue No 8)
MUHepanokepamuyeckue
mamepuanbvl

31, IIK2.1, [IK 2.2, | Tema 1.7 Ilpaxmuueckas paboma Ne 5

IIK 2.3 Hememannuueckue (IIpunosicenue Ne 8)
mMamepuanbvl

31, IIK2.1, IIK 2.2, | Tema 1.8 Ilepcnekmusol Yemuuwii onpoc

IIK 2.3 Pazeumusi Mamepuaio8eoeHus




3. KIBMEPUTEJIBHBIE MATEPUAJIBI JISA OHUEHNBAHUSA
PE3YJBTATOB OCBOEHUS YYESHOM JUCIUIIINHBI

3.1 3apganusi 151 NOBeJeHUS] TEKYHIEr0 KOHTPOJS: TECThl, KOHTPOJLHEIE
paboThI, TabopaTopHBIC PadOTHI, TPAKTUYECKHUE pabOTHI, OIIPOC.

s kasxcoozo euda pabomsi pacnucvl8aromcs Kpumepuu OYeHKU, 3a0anus Mo2ym
Ovimb ohopmieHbl 8 BUde NPUNONCEHUL NOO CKBO3HOU Hymepayuel no 6cCemy
KUMy

3.2 3ajaHus 1J1s NPOBeJAeHUs IK3aMeHa
(npusooumcs nepeyerb 80NPOCO8, NPAKMUYECKUX 3A0aHUU, U M.O.)
®opma nuddepeHIpPOBAHHOTO 3aUeTa : MPOBOJUTCA B YCTHOU (popme.

MaxkcumalibHOE BpEMSsI BBITIOJTHEHHUS 3a/TaHUS: 6 YacoB.

HNcTounuku uH(opMmaiuu, pa3pelIEHHbIE K HCIIOJIb30BaHUIO Ha
mudepeHIMpOoBaHHOIO 3a4eTa, 000py/I0BaHUE: TAOJIUIIbI, CXEMBI.

s kascoozo suoa pabomsl pacnucvul8aromcs Kpumepuu OYyeHKuy, 3a0anusi Mo2ym
Obimb ohopmiieHbl 8 BUOe NPUNONCEHUU NOO CKBO3HOU Hymepayuel no 6cemy
KUMy

Ouenka ocBoeHUs Y4eOHOM JUCUMIIMHBI

[IpenMeTOoM OIIEHKM CyXaT 3HaHUA U yMeHUs, npeaxycmoTpeHHbie OI'OC
CIIO no pgucuunnuue OILOS MarepuanoBeieHME W HamNpaBiICHHBIE Ha
dhopMupoBaHue 00ITUX U MPO(YECCUOHATBHBIX KOMIETEHITUH.

B cucreme oneHKr 3HaHWI Y1 YMEHUN UCHOJIB3YIOTCS CIEAYIOIINE KPUTCPHHU:

= «OTIMYHO» — 3a TIIyOOKO€ M TOJHOE OBJAJIEHUE COJCpPKaHUEM
y4eOHOro Marepuaia, B KOTOPOM CTYJEHT JIETKO OPUEHTUPYETCH,
BJIQJICHUE TOHATUMHBIM anmapaTtoM 3a YMEHHE CBS3BIBATH TEOPUIO C
MpaKTUKOM, pemarb NpakTUYeCKHWe  3aJayd, BbICKa3blBaThb U
00OCHOBBIBaTh CBOM CyxjaeHUS. OTiIM4Has OTMETKa Mpeanojaract
rPaMOTHOE, JIOTUYHOE H3JI0KEHHE OTBeTa (Kak B YCTHOW, Tak U B
MHUCbMEHHOM (hopMe), KaueCTBEHHOE BHEIIHEE O(POpMIICHHUE;

= «Xopomo» — eciu CTYJACHT IMOJIHO OCBOWJ Y4YeOHBI MaTepual,
BJIaJICET TMOHATHUIHBIM allapaTtoM, OPUEHTHUPYETCI B HU3YYCHHOM
Marepuale, OCO3HaHHO MPUMEHSET 3HAHUS JJIs1 PEUICHUS MPAKTUYECKUX
3a/la4, rpaMOTHO H3Jaraer OTBET, HO cojepxaHue U (popMa oOTBeTa
MMEIOT HEKOTOPbIE HETOUYHOCTH;



= «Y10BJIETBOPUTEJBHO» — €CIIM CTYJEHT OOHAapy)XKMBaeT 3HAHUE U
MOHMMAHHE OCHOBHBIX MOJIOXKEHUW y4eOHOro Marepuasna, HO H3Jaraet
€ro  HEMOJHO, HEMOCJIEeAOBaTeIbHO, JOMyCKAaeT HETOYHOCTH B
OomnpeNeNieHue TMOHATUM, B TNPUMEHEHUU 3HAHUM JIsl  pEIICHUS
MpaKTUUYECKUX 3a7a4, HE YyMEeT [0Ka3aTellbHO OOOCHOBaTh CBOM
CYXXJICHHUS;

= «Hey0B1eTBOPUTENBHO» — €CIIH CTYJAEHT UMEET pPa3pO3HEHHBIE,
OeccucTeMHbIC 3HaHUS, HE YMEET BBIACISThH IJIaBHOE U BTOPOCTETNEHHOE,
JOMYCKaeT ONIMOKH B OMNpPEACIICHUE MOHATHI, UCKa)XaeT UX CMBICIH,
OecropsiZIOUHO U HEYBEPEHHO M3JIaraeT MaTepual, He MOXET NPUMEHSATh
3HaHUS JUIS PElIeHUs MPaKTUYECKUX 3ajad; 3a IOJHOE HE3HAHUE U
HEMOHUMAaHUE y4eOHOTr0o MaTepualia Uik OTKa3 OTBEYATh.

Hpuioxenue Nel.



Tect Nel mo teme « CTpoeHne CBOMCTBA U METOJ HMCNbITAHUE METAJJIOB M
CILIABOBY.

HNucTpyKuus:

JlanHasi paboTa TPOBEpPSET OCHOBHBIC TOHSATHUS TEMBbI: MO4YeMy MeETaJUIbI
OTHOCSITCSI K MeTajla, CTPOCHHUE, XUMHUUYECKHE, (PU3MYECKHe, MeXaHH4YeCKHue,
TEXHOJIOTHYECKHE CBOMCTBAa MeTamioB, JlBa Bapuanta. I[IpaBUibHBIN OTBET
orienuBaetcs B 1 6ami. Bes paboTa orneHnBaeTcs B 7 0alioB.

Kpurepuu oneHuBaHusi:

7 0alI0B — OIIEHKA «5»

6 0aI0oB — OIcHKA «4»

5 -4 0annoB — OIeHKA «3»

MeHee 4 0anIoB — OIEHKa «2».

Tect Nel mo teme «CTpoeHHMe CBOWCTBA M MeTOJ HCHbITAHHE METAJIOB M
CILJIABOB).
Bapuanr 1.

1. XUMHYECKHH DJIEMEHT, TO:

a) Marepusi, cocTosiasi U3 OJJUHAKOBBIX AaTOMOB;
b) XumMuueckoe COeTMHEHNUE C KHUCIOPOI0M;
¢) CnaB MeTaIOB M HEMETAJIJIOB.
2. K mertanmaMm OTHOCSAT XUMHYECKHE AJIEMEHTHI 00J1a/1at0IINe:
a) Marautusmom;
b) CnocoOHOCThIO U3TyYaTh raMMa-1yuu;
c) DIEKTPONMPOBOIUMOCTHIO.
3. K rpymmne 61aropoaHbsIX METAIJIOB OTHOCSIT:
a) He okucnsromniyecs B MpUPOIHBIX YCIOBUSIX;
b) MeTamibl, peiKo BCTPEUAIOIIHAECS B MPUPOJIC;
c) Mmeroiirie BEICOKYIO YUCTOTY MOBEPXHOCTH.
4. DNIEKTPONPOBOIUMOCTH METAIOB 00ECTICYUBACTCS HATUUHUEM:

a) Kpucraminueckoi pemeTku;



b) CunbHOM MEKaTOMHOM CBSI3bIO;
c) CBOOOMHBIX AIICKTPOHOB.
5. MarautuzMoM 00J1aJatoT ClIeAYOMINE METAIIIbL:
a) Xeneszo, HUKEb, KOOOJBT;
b) AntoMuHuit, Meab, BOJIbPpam.
¢) 30J10TO, CBHHEII, KaJTUH.
6. K MexaHM4ecKHM CBOMCTBAM Me€TajlaM OTHOCAT:
a) TermmonmpoBOIHOCTS;
b) IIpouHocTs;
c) MarauTusm;
d) TBepmocTs;
e) JKapocToHKoCTb;
f) VYnapHas BA3KOCTB;
g) IlnactuyHOCTS.
7. CnnaBbl METAJUIOB MOJIYYAKOT C LIENBIO:
a) IlomydeHust Matepualia ¢ Hy’KHbBIMU CBOMCTBaMHU;
b) Hcnonbs3oBaHue AenIeBbIX MATEPUATIOB;

c) CHmxeHne ce0eCTOMMOCTH U3CTUH.



Tect Nel mo teme «CTpoeHuMe CBOCTBA M MeTOJ HCHbITAHHE METAJIOB M

CILIABOBY.
Bapuanrt 2

YpoBeHb KadeCcTBa CIUIaBa OMPEACIISICTCS HATHIUEM:
a) BpenHpIX mpumecei;
b) OmnoBa u Bonbdpama;
c) Yrnepona.
XumMuueckasi KOppo3us METauIoB 00yCIOBJICHA:
a) Hammumem BO371yXa M IapoOB BOIBI;
b) OtcyrcTBHEM HMOUTUTOPOB;
¢) Hammumem XxuMudecKku akTHBHOW CPEJIbI.

XUMUKO-TepMUUeckasi 00paboTKa METANIOB CBA3aHa C
IIPOLIECCOM:

a) IloBepXHOCTHOrO HACHIIICHUS APYTUMHU dJIEMEHTaMU;

b) HarpeBoM u OBICTPBIM OXJIaXKJIECHUH B XUMHUKaTaX;

¢) XUMHYECKOro B3auMOJACHCTBUS IPU BHICOKUX TEMIIEPATypax.
Koppo3noHHasi CTOUKOCTh psijla METaJJIOB U CIIJIABOB CBA3aHA:
a) BbICOKON XMMUYECKOW HHEPTHOCTHIO;

b) Hanuuuem peppoMarHuTHBIX CBOUCTB;

¢) Hanuunem mpoyHON OKCUIHOM IJICHKHU.

AHTHUQPUKIIMOHHBIE MAaTEPHUAIBI UCTIONB3YIOTCS B KAYECTBE:

a) IloaMIMITHUKOB CKOJIbKEHUS;

b) IoaAmUITHUKOB KaYEHUS;

¢) M3HococToiikoro matepuana.

10



6. OO6paboTKe JaBICHUEM MOABEPIal0TCsS METALIBI 00JIaar0IIHe:
a) JlocTaTo4HO# TBEPIOCTHIO;
b) JlocTaTouHOM yHIpyrocThio;
¢) JlocTaTo4HOM MIaCTHYHOCTHIO.
7. llpoaykuuein mMpOKaTHOTO MPOU3BOJICTBA ABJISIOTCS:
a) CopToBoO#1 MpoKar;
b) OtnuBkwy;

c) bangaxu.

11



OtBetrbl K Tecty Nel mo teme «CTpoeHHe CBOMCTBA U MeETOJ HMCHbITAHHUE

METAJJIOB U CIIJIABOB)».

Bapuanr 1.
1 —a.

~N N W
L]
P OP oo

Bapuanr 2.
I —a.

—C
—a.
—C

NN DB
|
o

|
® o
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Tect Ne 2 mo Teme: « L{BeTHbIE MeTAJLJIbI M CILIABBI»

HNucTpyKuus:

JlanHasi pa®oTa mpoOBEPsSEeT OCHOBHBIC MOHSATHS TEMbI: IBETHBIC METAIIBI U HX
CIIJIaBbI, CBOMCTBA, 00J1aCTh IPUMEHEHHUS [IpaBuiIbHBIN OTBET OLICHUBACTCS B
1 6ann. Bes paboTta orieHuBaeTcs B 7 6ajjioB.

Kpurepuu oneHuBaHusi:

7 0alI0B — OIIEHKA «5»

6 0aI0B — OIleHKA «4»

5 -4 0annoB — OIleHKA «3»

MeHee 4 0anI0oB — OIleHKa «2».

1. MGI[HYIO IMPOBOJIOKY IJIsI U3TOTOBJICHHA KATYUICK U ITPOBOJIOB
IMMOJIYy4aroT B ITPOLECCC:

a) Bonouenue;
b) IIpeccoBanmusi;
c) IlpokarsiBaHms.

2. HaTYHB — 9TO CIUIaB MU, rA¢ OCHOBHBIM JICTUPYIOIITUM
DJICMCHTOM ABJIACTCA:

a) OmnoBo;
b) CsuHerr;
c) Llunk.

3. B kakux OpoH3ax B Ka4e€CTBE JICTUPYIOIIETo AJIEMEHTa
HCIIOJIB3YIOT IIUHK:

a) OJIOBSIHUCTBHIX;
b) bupunnuesix;
c) CBUHIIOBUCTBIX.

4. Tlouemy aJIFOMUHUIN HE UCIONB3YIOT, KAK KOHCTPYKIIMOHHBII
Marepuail B MAaIlIMHOCTPOCHHM:

a) Hn3-3a HEAO0CTATOYHOI'O KOJIMYCCTBA ,

13



0) UMEET BBICOKYIO TETIONPOBOAHOCTH;
C) HEJOCTATOYHbIE MEXaHUYECKUE CBOMCTRA.

5. Tloyemy aqIOMUHUIN U €T0 CIIABHI TPEOYIOT CHEITUATBHBIX
croco0OB CBapKU:

a) HAJIM4YMe MPOYHON OKCUHOU MJIEHKH;
0) UMeeT CPaBHUTEIBHO HE BBICOKYIO TEMIIEPATypy IJIaBJICHNUS;

C) CBApOYHBIN IIIOB UMEET BHICOKYIO TBEPIOCTb.

6. B xako¥ IpOMBIIIJIEHHOCTH UCITIOJIb3yETCS TUTAH:

a) THUILIEBOM;

0) JIeTKOM;

C) aBHa- M PaKETOCTPOCHUH.

7. TloueMy Menp MCHOJIB3YIOT JIEKTPOTEXHUKE:

a) OoJblnasi MPOBOAUMOCTh, CTOMKOCTh K aTMOC(HEPHON KOPPO3UU;
0) xoporo oOpabaTbiBaeTCH;

C) XOpOIIIO HAMATHUYUBAETCS .

OTtBeTtnl Kk TecTy Ne2 o Teme «IIBeTHbIe MeTANJIBI M CIJIABBI»

Bapuanr 1.
I —a.

|
e o

|
e

NN W
.Cl) |

|
e
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Tect Ne3 mo Tteme «IIponu3BOACTBO YYyTryHA U CTAJTWD).

HNucTpyKuus:

JlanHas pa®oTa npoBepseT OCHOBHbBIE MOHSTUSL TEMbI: UYT'YH, CTajlb, IPOU3BOJICTBO
yyryHa u ctanu. J[Ba BapuanTa. [IpaBuibHbIl OoTBET oueHuBaercs B 1 Oami. Bes
pabota orenuBaeTcs B 10 6anos.

Kpurepuu oneHuBaHmusi:

10 GanmoB — o1eHKa «5»

9-8 6anoB — oIeHKa «4»

7 -5 6annoB —o1eHKa «3»

MeHee 5 0aJIoB —OLIEHKA «2».

Tect Ne3 mo teme «IIpon3BOACTBO YYyTryHA U CTAJIW).

Bapuanr 1.

1.B uyryHe MoryT coaep>kaThCs IPUMECH:

a) yriepoja;

0) HaTpus;

B) KPEMHUS;

T') KaJabIusi;

1) cepel;

e) pocdopa;

) Maprasiia.

2. Ileub 171 BHIMUIABKY CTAJIM HA3bIBACTCS:

a) MapTEHOBCKOI;

0) TOMEHHOM;

B) AJICKTPOTMEUBIO.

3. dmroc — 310

a) NOOOYHBIN JIETKOIJIABKUM MPOIYKT JOMEHHOTO MPOU3BOACTBA;

0) UICTOYHUK TeIIa ¥ UCXOJITHOE BEIIECTBO JJIsl MOMYYESHHs] YTapHOIO rasa;
B) BOCCTAHOBUTEIh OKCH/JIA YKeJIe3a MPH BBITUIABKE CTAJIH;

I') BEIIECTBO, NEPEBOASAIIEE MYCTYIO MOPOJIY B COCTAB JIETKOILJIABKUX COCIMHEHUH.
4. PackuciuTens —3TO

a) NOOOYHBIN JIETKOIJIABKUM MPOIYKT JOMEHHOTO MMPOU3BOACTBA;

0) UICTOYHUK TEIIa ¥ UCXOJITHOE BEIIECTBO JJIsl MOMYYESHHS] YTapHOIO rasa;
B) BOCCTAHOBUTENh OKCH/JIA YKEJIe3a MPH BBITUIABKE CTAJIH;

I') BEIIECTBO, IEPEBOASAIIEE MYCTYIO OPOY B COCTAB JIETKOILJIABKUX COCAMHEHUH.
5. B npou3BOACTBE Uyr'yHa UCIIOJIb3YIOT

a) BO3IyX;

15



0) ¢urochr;

B) KHCJIOPOJ;

I') KOKC;

1) YIJIEKUCIBIN Tas3;

€) JKEJIE3HbIE PYbL;

) CTaJIbHOW METaJIJIOIOM;
3) NIPUPOIHBIN Ta3;

1) PACKUCIUTENH;

K) HUTaKU.

16



Tect Ne2 mo teme «IIpon3BoACTBO YyIryHAa H CTAJIWY.

Bapuanr 2.

1. B cramm MoryT conep:KaTbCs IPUMECH:

a) yriepoja;

0) HUKEIS;

B) KPEMHUS;

T') KaJabIusi;

1) Cepel;

e) pocdopa;

) Maprasiia.

2. Ileub a1t BRIJIABKY YyTYHA HA3BIBACTCSI
a) MapTEHOBCKOI;
0) TOMEHHOM;

B) AJIEKTPOMEYBIO.
3. llnak — 310

a) NOOOYHBIN JIETKOIJIABKUM MPOIYKT JOMEHHOTO MPOU3BOCTBA;
0) UICTOYHUK TeIIa ¥ UCXOJIHOE BEIIECTBO JJIsl MOJMYYEeHHs] YTapHOIO rasa;
B) BOCCTAHOBUTEb OKCH/JIA YKEeJe3a MPH BBITUIABKE CTAJIH;

F) BCUICCTBO, IICPCBOIANIICC ITYCTYHO ITOPOAY B COCTAB JICTKOIVIABKUX COGHHHGHHﬁ.

4. Kokc — 310

a) NOOOYHBIN JIETKOIJIABKUM MPOIYKT JOMEHHOTO MPOU3BOACTBA;
0) UICTOYHUK TeIIa ¥ UICXOJITHOE BEIIECTBO JJIsl MOTYUYESHUs] YTapHOIO rasa;
B) BOCCTAHOBUTEh OKCH/JIA YKEeJIe3a MPH BBITUIABKE CTAJIH;

I') BEIIECTBO, NEPEBOASAIIEE MYCTYIO OPOJIY B COCTAB JIETKOILJIABKUX COCAMHEHUH.

5. B mpou3BOACTBE CTanu UCIOJIB3YIOT
a) BO31yX;

0) ¢urochr;

B) KHCJIOPOJ;

I') KOKC;

1) YIJIEKUCIBIN Tas3;

€) JKEJIE3HbIE PYbL;

’K) CTaJIBHOM METaJNIOJIOMOM;
3) IPUPOJIHBIN Ta3;

1) PaCKUCIUTENH;

K) HUTaKU.
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OT1BeTHI K TECTY Ne2 mo teme ((HpOI/ICiBO)]CTBO YyIr'yHa 1 CTaJN».

Bapuanur 1. Bapuanr 2.
1. a,B,1,e,xkK. 1. a,0,x.
2. a,B. 2. 0.
3. 1. 3. a.
4. B. 4. 6.
5. a,0,r,e,3. 5. 0,B,K,H.



Hpuioxenue Ne 3.
IIpoBepounas padora Nel mo teme «Buabl cTajin, CBOMCTBA, MAPKH».

HNucTpyKkuus:
JlanHas paboTa mpoBepsieT OCHOBHBIE MOHITHS TEMbI: MAaPKUPOBKA YIIEPOAUCTBIX
M JIETUPOBAaHHBIX  CTaJed,  CBOWCTBA  aBTOMATHBIX,  HEPKABEIOLIMX,

MHCTPYMEHTANIbHBIX cTasnieil. /[Ba BapuanTa. 3amanue Nel oreHuBaercs B 2 Oania,
3amanue No2 — B 2 Oanna, 3aganue Ne3 — B 2 6amna. Best paboTa onieHuBaercs B 6
0aoB.

Kputepun oneHnBaHus:

6 0aIoB — OLIEHKA «5»

5 GamioB — oneHKa «4»

4-3 GamioB —o1EeHKa «3»

MeHee 3 0aJIoB —OLIEHKA «2).

Bapuanr 1.
1. MapkupoBKa yriepoJIUCThIX KOHCTPYKIIMOHHBIX CTaJCH.
2. B ueM 3akiodaeTcsi 0COOCHHOCTh ABTOMATHBIX CTajeil?
3. HazoBute crtanum u cojaBbl, o0Onajaromue ocoObiMH  (U3UUYECKUMU
CBOWCTBAMH.
Bapuanr 2.
1. Kak MapkupyrT J€rupOBaHHBIE CTAIN?
2. KakoB cocTaB KOppO3HMOHHOCTONKHUX (HEPKABEIOIMIHNX) CTaIei?
3. Pacckaxute 0 CBOMCTBaX MHCTPYMEHTAIBHBIX CTaJICH.
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OtBerbl K mnpoBepouyHOil padore Nel mo Tteme «Buabl cranu, cBOMCTBAa,
MapKu».

Bapuanur 1.

1. Ctanp MapKupyHOT JBY3HAUYHBIMH YHCIIAMH, KOTOpPbIE O0003HAYAIOT
cCollep)KaHKe yriiepoJa B COTBIX JOJIAX MPOIECHTA, W TIOCTABISIOT C
TrapaHTUPOBAaHHBIMH  TIOKA3aTEIsIMA  XUMHUYECKOTO  COCTaBa W
MEXaHMYEeCKUX CBOMCTB. 1o cTeneHu pacKuciIeHUs CTalb MOAPA3ICISIOT
Ha KUISIYIo (KM), MOJYyCHOKOMHYIO (TIC), CHOKOMHYI0 (0€3 yKazaHus
uHaekca). byksa I' B Mapkax craield yKa3blBaeT Ha IIOBBIIICHHOE
coaepkanue mapranua (10 1%).

2. ABTOMatHble  CTadd  O0JANAalOT  XOpOIIe W TOBBIMICHHOU
oOpabaTeiBaeMOCThIO pe3anueM. OHU TpeaHa3HauYeHbl B OCHOBHOM JIJIS
M3TOTOBJIEHUS JIeTallel MaccoBoro nmpousBoactsa. [Ipu o6paboTke Takux
CTajell Ha CTaHKax-aBTOMaTax o0pa3yeTcsl KOPOTKasi U MeJIKasi CTPYKKa,
CHUXKAETCSI  pacxojJ  PEeXylero MWHCTPYMEHTa U  yMEHBIIAeTCs
IEPOXOBATOCTh 00PaOOTaHHBIX TOBEPXHOCTEH.

3. JlerupoBaHHBIE KOHCTPYKLIHMOHHBIE CTAJIM - 3TO CTaJIH, KOTOpBIE
coAepKaT OJWH WM HECKOJBKO JETMPYIOMHNX 3JEMEHTOB, KOTOpBIE
MPUJIAIOT UM CIICIMaJIbHBIE CBOMCTBA. JIernpyronme 31eMEeHThl BBOJAT B
CTajgb JUIsl TIOBBIICHUS €€ KOHCTPYKIIMOHHOW MPOYHOCTH. Bunpbl:
LEMEHTYEMBbIE, YIyUYIIa€MbI€, BEBICOKOIIPOYHBIE.
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OtBerbl K mnpoBepouHoil padore Nel mo Tteme «Buabl cranu, cBOMCTBAa,
MapKu».

Bapuanr 2.

1. JlerupoBaHHBIE CTalli — ATO CTaJIM, B COCTAB KOTOPBIX BXOJIAT
CIELUAIbHO BBEACHHBIE JJIEMEHTHI MJIA TMpUJaHus €l TpeOyeMbIX
CBOWCTB. Mapka JEerupoBaHHOW KA4YECTBEHHOM CTAJIM COCTOUT W3
couetanusi OykB U 1HU}p, 0003HAYAIONIUX €€ XUMHYECKHM COCTaB.
Jlerupyroiire 3I€MEHTbl UMEIOT cleaytoniue ooo3HaueHus: XxpoM(X),
nukens(H), mapranen(l’), kpemuuit (C), monudnen(M), Bosbdppam
(B), turan(T), amomunuii (}O), Banaguit (®), meap (), 6op (P),
koOaneT (K), HuoOuii (b), mupkonuii (LI). [ludpa, crosmas mnocne
OYKBbBI, YKa3bIBa€T Ha COJIEp)KAHHUE JETUPYIOIIETO »>JEMEHTa B
nporeHTax. Eciu nudpa He ykazaHa, TO JIETUPYIOLIETO 3JIEMEHTA
coaepxutrca 10 1,5%. BpICOKOKaueCTBEHHBIE JIETUPOBAHHBIE CTaJU
MMEIOT B KOHIIE MapKu OyKBY A, a 0co00 BbicOKOKauecTBeHHbIe — [11.
Hampumep, crans mMapku 95X18I11 — 0cob60 BBICOKOKaue€CTBEHHAS,

BBITIJIABJICHHAS METOI0M AJICKTPOIIIAKOBOTO neperiaBa,
conepxkut0,9-1,0% yrunepona; 17-19% xpoma; 0,030% docdopa u
0,015% cepsi.

2. Koppo3noHHOCTOMKON (MM HEpIKaBeIoIel) Ha3bIBAIOT CTallb,
00JIaJalONIYI0 BBICOKOM XUMHUYECKOW CTOMKOCTBIO B arpecCHUBHBIX
cpenax. Koppo3HMOHHOCTOMKHE CTadd IMOJYy4YarT JETHPOBAHUEM
HU3KO- U CPETHEYIJIEPOJUCTHIX CTalieil XpOMOM, HUKEJIEM, TUTAHOM,
ATIOMUHUEM, MapraHieM. AHTUKOPPO3MOHHBIE CBOICTBAa CTaJISIM
NpUAAIOT BBEJACHUEM B HUX OOJIBIIOTO KOJIWYECTBA XpOMa MJIU Xpoma
u Hukens. Haubonbliee pacnpocTpaHeHUE MOMYYWIM XPOMUCTHIE U
XPOMOHHUKEJIEBIE CTaJH.

3. HCTpyMeHTalbHbIE CTalld MpeJAHA3HAYEHBl JJISI HW3TOTOBJICHUS
CIEAYIOIIMX  OCHOBHBIX  TPYNI  HHCTPYMEHTA:  PEXYIIEro,
U3MEPUTENBHOTO M mTamnoB. OO5IalaloT BBICOKON TBEPAOCTHIO,
M3HOCOCTOMKOCTBIO 151 TEIUIOCTOMKOCTBIO, XOpouIeu
MPOKAJIMBAEMOCThIO, OOJbIIEH TMIACTUYHOCTHIO B  OTOXOKEHHOM
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COCTOsAHUU, 3HAYUTEJILHOMN IMPOYHOCTBIO B 3aKAaJICHHOM COCTOSHHH,
BBICOKMMH PCKYIIUMHU CBOMCTBA.

IIpoBepounas padora Ne2 nmo teme «Crtajib, BUABI CTAJIHN.

HNucTpyKuus:

JlanHast paboTta mTpoBepseT yMEHHWE YUTaTh MapKd CTanW. [pu BapuaHTa.
[IpaBunbHbIN O0TBET olleHUBaeTcs B 1 Oamn. Bes pabota orieHuBaercs B 8 6ajios.
Kpurepuu oneHuBaHusi:

8 0amIoB — OLIEHKA «5»

7 6anIoB — OIICHKA «4»

6 - 40amna — omeHKa «3»

MeHee 4 0aIoB — OLICHKA «2.

IIpoBepounas padora Ne2 nmo teme «Ctajib, BUABI CTAJIHN.

Bapuanr 1.
Pacmmudpyiite:

1) Ct0

2) Cr4kn

3) bCrlcn

4) bCrbcn

5) BCt3I'nc

6) 15XA

7) 25XI'™M

8) 12X18H9.
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IIpoBepounas padora Ne2 nmo teme «Crtajib, BUABI CTAJIHN.
Bapuanr 2.
Pacmmmdpyiire:
1) Crlkn
2) Cr4nc
3) BCt2kn
4) BCrlkn
5) BCr4kn
6) 18XT
7) 20X2H4A

8) 12X18HOIT.

IIpoBepounas padora Ne2 nmo teme «Crtajib, BUABI CTAJIHN.

Bapuanr 3.
Pacmmdpyiire:

1) Crlnc

2) Cré4cn

3) bCt2mnc

4) BCrlnc

5) BCr4nc

6) 20XH

7) 18X2H4MA

8) 04X18H10.
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OTtBeThI NpoBepoYHOi padoThI Ne2 o teme «CTajib, BUABI CTAI).
Bapuanur 1.

1. C10 —crtans rpynnst A, mapku Ct0;

2. Cr4xkn — crans rpynnsl A, mapku Ct4, kunsmas;

3. bCrlcn — crans rpynnst b, mapku Ctl, criokoitHas;

4. bCrb6cn — crans rpynnsl b, mapku Ct6, criokoitHas;

5. BCr3I'nc — ctane rpynnsl B, mapku CT3, ¢ HOBBIIIEHHBIM COAEPKAHUEM
Maprasiia, roJayCrnoKOWHas;

6. 15XA — BBICOKOKaYECTBEHHAs JIETMpOBaHHasi cTajib, coaepxut 0,15%
yriepoaa, 1o 1,5% xpoma;

7. 25XI'M — nerupoBaHHas ctaib, comaepxut 0,25% yrnepoaa, no 1,5 %
XpoMa, MapraHiia, MOJIuOeHa;

8. 12X18H9. — nerupoBanHas ctanb, comepxut 0,12% yraepoma, 18%
xpoma, 10 9% HUKes.

Bapuanr 2.

. Crlkn — crane rpynmnel A, mapku Ctl, kunsmas;

. Crdnc — crans rpynmnsl A, mapku Ct4, N0JIyCIIOKONHAS;
. bCT12xn — ctans rpynnsl b, mapku Ct12, kunsmas;

. BCtlkn — ctane rpynnel B, mapku Crl, kunsnias;

. BCr4xn — ctane rpynnel B, mapku Ct4, kunsnias;

18XI" — nerupoBanHas ctanb, coaepxut 0,18 % yrnepona, no 1,5% xpoma,
MapraHiia;

. 20X2H4A — BBICOKOKa4€CTBEHHAsl JeTUpOBaHHasA cTajb, coaepxut 0,20%
yriepoaa, 2% xpoma, 4% HUKes;
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8. 12X18HIT — nerupoBanHas cranb, conepxkut 0,12% yrnepona, 18% xpoma,
9% nHukensa, 1o 1,5% turana.

Bapuanr 3.

I. Crloc — crans rpynnst A, Mapku Ctl, nmonycnokonHasi;

2. Cr4cn — crane rpynnsl A, mapku Ct4, CIIOKOHAas;

3. bCr2nc — cranb rpynnsl b, Mapku CT2, monycrnokonHas;
4. BCrlnc — crans rpynnel B, mapku Crl, nomycnokoitHas;
5. BCr4nc — crans rpynnsl B, mapku Ct4, nonycrnokonHas;

6. 20XH — nerupoBanHas cranb, comgepxut 0,20% yramepoma, no 1,5%
XpoMa, HUKEJIS;

7. 18X2H4MA — BBICOKOKAYECTBEHHAs JIETUPOBAHHAsI CTajlb, COACPKUT
0,18% yraepona, 2% xpoma, 4% uukens, 10 1,5% MonubaeHa.

8. 04X18H10 — nerupoBanHas crtaib, coaepxkutr 0,04% yraepona, 18%
xpoma, 10% Huxens.
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IIpoBepounasi padora Ne3 no teme «IlBeTHBIE MeTAJIBI M CIJIABBI».

HNucTpyKuus:
Jlannas paboTa mpoBepsieT YMEHHE UYUTATh MAapKW IBETHBIX METAJJIOB M 3HAHUS
cBOMCTB HBeTHBIX cruiaBoB. lllects BapuanToB. 3amanue Nel onenuBaercs B 2
Oamna, 3amanue No2 — 5 6amnoB. Bces paboTta ornieHuBaeTcst B 7 6ajjioB.
Kpurtepuu onennBanus:
7 6aisIOB — OLIEHKA «5»
6 O0aJIJIOB — OLICHKA «4»
5 — 4 6anna — oueHka «3»
MeHee 4 0asIoB — OIEHKa «2».
Bapwuanr 1.

1. Ha3zoBure cBOWCTBA, XapaKTEPHBIE JJI1 TATAHOBBIX CILIABOB.

2. Pacmudpyiite: AMuM, AJl4, JTIAXKM1-66-6-3-2, T1250A, JOKMu-57-1,5-
0,75.

Bapuanur 2.
1. Kakumu ocoObiMU CBOMCTBaMU 00J1aJ1al0T CILJIaBbl MEJU C HUKEIEM?
2. Pacmudpyiite: AMr2M, AJI9, bpOLICH3-7-5-1, [IOCCy-4-6, [IMI11-54.
Bapuanr 3.
1. Yto Takoe OPOH3BI U KaK UX MAPKUPYIOT?
2. Pacmudpyiite: AMr2H, AJI108, bpOLIC5-5-5, ITOCCy-18-2, [IMII-48.
Bapuanur 4.
1. Kak mapkupyroT naTyHu?
2. Pacmmudpyiite: AMr3M, AJIS, JI90, ITIOCCy-40-2, [IMI11-36.
Bapuanr 5.
1. HazoBuTe OCHOBHBIC TPYNITBI MEIHBIX CILIABOB?
2. Pacmmdpyiite: AMrSM, JI80, bpAXX9-4,I10CCy-30-0,5; MuH-48-10.
Bapuanur 6.

1. Yrto Takoe npunou?
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2. Pacmudpyiite: AJI2, JIMKS55-3-1, bpAMi 10-2, TIOC-61, TIMII-48.
OTtBeThI IpoBepoYHOi padoThl Ne3 1o Teme «L{BeTHbIE MeTAJIIBI M CIIABBDY.
Bapuanur 1.

1.BbicoKkHe MeXaHUYECKHE CBOMCTBA, KOPPO3UOHHASI CTOMKOCTh C MaJlon
IJIOTHOCTBIO, CIUIABBI XOPOIIO MOAAAI0TCS TOpsiueld U XOJ0HOH 00paboTKe
JaBlieHHEM, 00pabOTKe pe3aHUEM, UMEIOT YJIOBIETBOPUTEIbHbBIC TUTECHHbIE
CBOICTBa, XOPOIIIO CBAPHUBAIOTCS B CPEeIe MHEPTHBIX ra30oB. CIIIaBbI
YAOBJIETBOPUTENHHO paboTaloT Mpu Temmneparypax a0 350-500.

2.AMuM - cruiaB allOMUHHUS ¢ MApPraHIEM, OTOKKEHHBIN CILIaB,
AJI4 — antOMUHHEBBIN JIUTEUHBIN CIUIaB, MAPKU4, COOEPKUT KPEMHHUIA;

JTIAJKMu-66-6-3-2 — antoMAHUEBOKEIIE30MAPTaHIIOBUCTAs JIATYHb, COIEpKAIIas
66% wmenn, 6% amomunus, 3% xenesa, 2% maprasia, OCTalbHOE I[IUHK;

[1250A — onoBssHHO-CBUHIIOBBIN TTpunoi, 80% 01080,20% LIHUHK;

JDKMu-57-1,5-0,75- menHo-uMHKOBBIN mpunion, 57%wmens, 1% wmapranen, 1%
JKeJIe30, OCTaJIbHOE IUHK.

Bapuanr 2.

l.MenHo-HUKENEeBbIE CIUIABbI — 3TO CIUJIaBBl HAa OCHOBE MEAU, B KOTOPBIX
OCHOBHBIM JIETUPYIOIIAM KOMIIOHEHTOM SIBJISIETCSI HUKEIb. K HHUM OTHOCHTCS
KYHHAIIU, HEU3UIbOEPhl, MEIbXUOPHI, KOTIEIb, MAHTAHWH, KOHCTAHTAaH.

2. AMr2M - cnnaB ajllOMUHUS MarHM€M W MapraHleM, Mapka 2, OTOXKEHbIU
CILJIaB.

AJI9 — nuTelHBIN aTIOMUHUAEBBIN CILUIAB ¢ KPEMHUEM, HOMED CIUIaBa 9.

bpOILICH3-7-5-1 — Opon3a coaepxkut 070B03%, 1uHka 7%, ceunen 5%, HUKEIb
1%, octanbHOE Meab(84%).

[TOCCy-4-6 — npumnoii: onoBo 4%,cypema 6%, octanbHoe cBuHel (90%).
[IMII-54 — MmegHO-UMHKOBBIN npunoit: 54% mean, OCTaIbHOE IIUHK.

Bapuanr 3.
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1.bpoH3BI — 3TO CILUTaBBI MEAW C OJIOBOM, AIFIOMHUHHEM, KPEMHHUEM, MapraHIeM,
CBUHIIOM, OepwimueM. bpoH3bl MapkupytoT OykBamu bp, mnpaBee cTaBsT
ANIEMEHTHI, Bxoasimue B 0pon3zy: O — onoso, I — nuuk, C cBuHen,, A — aTlOMUHUH,
K- xenezo, , M — mapranen. 3aTteM CTaBAT IUQPBI, 0003HAYAIOIINE CpEIHEE
COJIepKaHME AJIIEMEHTOB B MPOILIEHTaX, Iudpy, 0003HAYAIONIYIO COAEpPKaHUE MEIN
B OpOH3€ HE CTaBAT.

2.AMr2H — cnjaB ajdlOMHHUS C MarHbMeéM M MaprasHieM, HoOMep cruiaBa 2,
HarapTOBaHHBIN.

AJI108 — amromuHMEBBIN ciuiaB, HoMep 108.

BpOLIC 5-5-5 — OpoH3a coaepXuT 0JI0Ba, IIMHKA, CBUHIIA 110 5%, OCTaIbHOE MEb
(85%).

ITOCCy 18-2- mpunoii: onoso 18%, cypsma 2%, ocransHoe cBurel 80%.
[IMI] 48 — megHO-UMHKOBBIN npunoii: 48% Menb, ocTanbHOE HUHK 52%.
Bapuanur 4.

1.CnmaB 0003HayaOT HavyaubHOM OykBOW JI — nmaTyHb. 3aTeM CleqyIOT NEpBbIE
OYKBBI OCHOBHBIX 3JIEMEHTOB 00Opasyromux cmiaBos: L[ —muHK, O- onoBo, M1y —
Mmapraser, K — xene3o, ® — ¢pocdhop, b — Oepunuii.

2.AMr3M - cIuiaB aqOMUHHS ¢ MATHUEM M MapraHieM, HOMEp 3, OTOXKKEHHBIN.
AJI8 — aItOMUHUMEBBIN CIJIaB C MarHueM, HOMepS.

JI90 - natynb (TOMIAK)

I[TOCCy-40-2 — npunoii: 010B040%, cyppMa 2%, octanbHoe 58% CBHUHEL.
[IMI-36 — MmegHO-UMHKOBBIN npunou: 36 % mMenp, octanbHOE HUHK 64%.
Bapuanur 5.

1.OcHOBHBIE TpyNIbl MEIHBIX CIUIABOB: JIATYHU, OpOH3BI, CIUJIaBbl MEIU C
HUKEJIEM.

2. AMrSM — ciuiaB antOMUHHS ¢ MAaTHUEM M MapraHleM, HOMEP 5, OTOXKKEHHBIN.
JI80 — mpocrtast 1aTyHb (MOTyTOMIMAK).

BpAK9-4 — 6ponza: antomunuit 9%, xeneso 4%, octanbHoe meap 87%.
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[TOCCy-30-0,5 — mpumnoii: onoso 30%, cypsma 0,5%, ocranibHOE cBUHEL 69,5%.

MuH-48-10 — npunoii: 48% menp, Hukenb 10%, octanbHoe HUHK 42%.

Bapuanur 6.

1.ITpunoii — 3TO MeTaIbl WIHM CIUIABBI, UCIIOJb3YyEMbIE MPU MANKE B Ka4eCTBE
CBSI3KM MEXIYy coeauHsieMbiMu aetansimu. [lpumou wumeror 0Oojee HUBKYIO
TeMIIEpaTypy IUIABJICHUS, YEM COCIUHSAEMbIE METAJLIBI.

2.AJI2 — aITOMUHHEBBIN TUTECUHBIN CIIJIaB, HOMED 2.

JIMIKS5-3-1 — xene3omapraHuoBucTas jJaTyHb, coiepxamas 55% wmeau, 3%
Mapranua, 1% sxenesa, ocranpbHoe HUHK 41%.

bpAMr 10-2
ITOC-61 — osoBAHHO- CBUHIIOBBIN TTpunoit: 60% onoBo, cBunel 40%.
[IMII-48 — MmegHO- IMHKOBBIN Npunoii: 48% meap, octanbHOE HUHK 52%.

BbpAMi 10-2 — 6pon3a : amomunuit 10%, mapraunen 2%, octansHoe Menb 88%.
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Hpuioxenue Ne 4.

Onpoc Nel mo teme «CTpoeHme, CBOMCTBA M METOAbI HMCIbLITAHUS

METAJJIOB M CIIJIABOB)».

KOHTpO.]]]JHbIe BOIIPOCBI:

1.

2.

O6pabaTeiBaeMOCTh JeTajel U U3/1eIuii Ha TOKAPHBIX CTaHKaX.

OO6pabaTpiBaeMOCTh JieTalled W U3JIENUM Ha TOKAPHO-KAPYCEIbHBIX
CTaHKaXx.

O6pabaTeiBa€MOCTh JeTaje U U3/IeNIUid Ha PACTOYHBIX CTaHKaX.

O6pabaTbhiBaeMOCTb JieTajeii Ha TOKAPHO-PEBOIBBEPHBIX CTAHKAX.
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OT1BeTBbI HA KOHTPOJBHBIC BOIIPOCHI IO TeMe«CTpoeHue, CBOlCcTBA U METOAbI
HCIIBITAHHUA METAJIJIOB H CILIABOB)».

1.

ToxapHBIil CTaHOK MpeaHa3HAUYEH I 00paOOTKH 3arOTOBKH M3 METAJIOB U
ApyTHX MaTepwalioB B BHUAEC Tel BpameHus. Ha TokapHOM cTaHKe
MPOU3BOMAT TOUYCHHWE TOBEPXHOCTEH, Hape3aHwe pe3b0d, CBepiIeHHE,
3CHKEpOBaHKME, 3CHKEPOBAaHHWE M pa3BepThHIBaHHE. [JIaBHOE JIBIIKCHHE
(BpamiatenbHOE)  OCYIIECTBISETCA  3arOTOBKOW, JBWKEHUE  MOJAud
(moctynaTenbHOE) — PEXYIIUM HWHCTPYMEHTOM. Pa3nmnuaroT TOKapHBIC
CTaHKA BHWHTOPE3HBIC, PEBOJIBBEPHBIC, KapyCENbHBIC, MHOTOPE3IOBEIE,
IICHTPOBAJIbLHO-OTPE3HBIC M CICIIUATN3UPOBAHHEIC.

KapycenbHblli CTaHOK, METALUIOPEKYLIMA CTAHOK TOKApHOM TPYyNIBI C
BEPTUKAIBHBIM pACIOJOXKEHUEM IIOUHAEHS 71 00paOOTKU KPYIMHBIX
3arotoBok. KapycenbHass mneuyp Uil HarpeBa Nepell KOBKOW MEJKHX
METAJUIMYECKUX 3arOTOBOK, KOTOPBIE PACIOJIaraloTcs Ha JUCKOBOM
BPAIAIOIIEMCS TTOAY.

PacrouHblii  CTaHOK, METAUIOPEXKYIUMA  CTAHOK 11  0o0paboTKU
(pacTaunBaHus1) BPAILAIOIKUMCS PEXYLIIUM HHCTPYMEHTOM IPEIBAPUTEIBHO
MOJIYYeHHBIX OTBepcTUi. MHorna ucnonp3yercs g 0OTauMBaHUS TOPLOB
AeTayel, (ppe3epoBaHUs IJIOCKOCTEHM W T.N. Pa3nnuaroT ropu3oHTaIbHO-
pacTouYHbIe, KOOPAUHATHO-PACTOYHBIE U aJIMA3HO-PACTOYHBIE CTAHKH.

TokapHO-pEBOJILBEPHBIM  CTAHOK. METAJUIOPEKYIIMM CTAaHOK, OOBIYHO
TOKApPHOW  TPYIIbI, C  PEBOJBBEPHON TOJOBKOW  (BEpTUKAILHOM,
TOPU3OHTAIIBHOM WM HAKJIOHHOW); WHOT/A TPUMEHSIOTCS CBEPJIHIbHBIC
peBOJIbBEpHBIE CTaHKU. PeBosbBepHas rojioBka, 0apabaH WM JHUCK, Yy3€l
METAJJIOPEKYIIEro CTaHKa (PEeBOJBBEPHOr0, KapycelabHOrO W Jp.), B
rHEe3/1aX KOTOPOTro 3aKPeIUISIIOTCS MapajljIebHO WIM NEPHeHANKYISIPHO OCH
MOBOPOTA PEBOJIbBEPHON TOJIOBKM HECKOJBKO PEXYIIUX HHCTPYMEHTOB,
ONTUYECKUX CUCTEM U T.JI., IEPEMEIIAIOIINXCS TTPU MOBOPOTE.
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Onpoc Ne2 o teme «OCHOBBI TEOPHH CILIABOBY.

KOHTpO.]]]JHbIe BOIIPOCHI:

)
2)
3)
4)

S)

6)
7)

8)

Uto Takoe meTamnyeckue cruaBbl? [IpuBenuTe mpuMepsl CILIaBOB.
Jlaiite onpeneneHue ¢asbl.

Uto m300pakaroT JuarpaMMbl COCTOSIHUS CILIaBOB?

UTO Ha3bIBAIOT YYT'YHOM U CTaJIbIO?

Kakue mpeBpamieHus B cIulaBax MOPOUCXOMAST TMpPU  MEPBUYHOM
KpUCTaJUIU3alun ?

Uto Takoe BTOpUYHAA KPUCTAIIN3ALUSA?

B udem ocobGennoctu ctanu, conepxamiei 0,8% yriaepoaa, u 4yrysa,
coaepxkauero 4,3 % yriepona?

B dem 3akimroyaeTcs MNpPAaKTUYECKOE 3HAYCHUE JUArpaMMbl KEJI€30-
HEMEHTHUT?
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OTtBeTBHl Ha KOHTPOJIBHBIC BOIIPOCbI II0 TEME «OCHOBBI TCOPpUH
CILIABOB».

)

2)

3)

4)

S)

MeTanIn4eckuM CIUIaBOM HAa3bIBAIOT CJIOKHOE BEIIECTBO, MOTYYCHHOE
CIUTaBJICHHEM (WM CIIEKAaHUEM ) HECKOJbKHX METAJIJIOB WM METAJUIOB C
HeMeTautlamu. Hampumep, wmsarkas wmeap ¢ JA00aBIECHHEM 0JIOBa
npeBpamjaercs B Ooisiee TBepAyro Opon3y. Ilpu »Tom yiydinatorcs
OKCIUTyaTallHOHHBIE W TEXHOJIOTMYECKHUE CBOWCTBA METALTUYECKOTO
Matepuana. [Ipumepsl: 1aTyHb, OpoH3a, YyTYH, CTAIb.

@®a30l Ha3bIBAKOT OJHOPOJHYIO YACTh CHCTEMBI, UMEIOLIYI0 OJUHAKOBBII
COCTaB OJIHO M TO K€ arperaTHoe COCTOSHHE M OTHEJIEHHYI OT
OCTAJIbHBIX YacTed CHCTEMBbI IMOBEPXHOCTBIO pa3jesia, MpH Mepexoje
yepe3 KOTOPYI0 XHMHYECKHM COCTaB WM CTPYKTypa BEIIECTBa
U3MEHAIOTCA CcKaukooOpa3Ho. CoOBOKYMHOCTHh (a3, HAXOASIIUXCS B
PAaBHOBECHMU TIPU OMNPENEICHHBIX BHEIIHUX YCJIOBUSX (JIaBJICHUH,
TeMIlepaType), Ha3pIBaloT cucteMoil. Hanpumep, olHOpOaHAs KUIKOCTh
(pacmiaBieHHBIM MeTaui) sBiseTcs OJaHO(Aa3HOM cucTemMoil, mpu
KpUCTaJUIM3allMd YUCTOrO MeETajla CHUCTEMa COCTOUT M3 JBYX (a3:
KUJIKON (pacruiaBieHHBIH MeTan) u TBEPAOU (3epHa
3aKPHUCTAJUIM30BABILIEIOCS METAJLIA).

JluarpaMMbl ~ COCTOSIHMSI ~ TIPEJICTABISAIOT  cO00OM  Tpaduyueckoe
n3o0paxkeHrne (a3zoBOTO COCTOSHHSI CIJIABOB B 3aBHCHUMOCTH  OT
TEeMIIepaTypbl U KOHIICHTPAIlMA KOMIIOHEHTOB. J[MarpamMMbl COCTOSHUS
CTPOST Il YCJIOBHM paBHOBECHS, T.€. TAaKOTO COCTOSHHUS CIUIaBa,
KOTOPOE JOCTHTACTCS IPH OYCHb MAaJbIX CKOPOCTSIX OXJIAKJICHHS WIH
JUTMTCIIPHOM HarpeBe. B OOJIBIIMHCTBE CllydaeB CIUIABBI HAXOIATCS B
METacCTaOMIIBHOM COCTOSIHWH, T.€. B COCTOSHUU C OTPaHUYCHHOU
YCTOMYHUBOCTBIO.

CnnaBel ¢ coaepxanueM yriaepoaa 1o 2,14 % Has3pBaloT cTanplo, a OT
2,14% no 6,67% - auyryHoMm.

[lepBuuHasi KpuCTa/NIM3alUsl — H3TO 3aTBEPACHHUE >KUJKOTO CIUIABA,
KOTOpPO€ HAUMHAETCS TMpU TEeMIEpaTypax, COOTBETCTBYIOIIUX JIMHUU
nukBuayca AC/l. B pesynbrare mEepBUYHONW KPHUCTAUIM3ALMUA BO BCEX
CIIJIaBaX C cojiep)kaHueM yrieponaa no 2,14%, T.e. B ctaisix, oOpazyeTcs
onHo(azHasi CTPyKTypa — aycTeHUT. B cmiaBax ¢ coaepx’aHuem
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6)

7)

8)

yraepona 6onee 2,14%, T.e. B uyryHax, npu MepBUYHON KPUCTATUTU3ALNU
oOpa3zyeTcs 3BTEKTHKa Jieae0ypuTa.

Bropuunass kpuctammsanus - NPEBpAIIEHHE B TBEPAOM COCTOSIHUU
MPOUCXOAAT BCIIEICTBUE MEPEXOA JKEJIe3a U3 OJHOM AJUIOTPOIUYECKOU
Moau(pUKalUU B JIPYTYI0O U B CBA3M C U3MEHEHUEM PACTBOPUMOCTH
yriiepojia B aycTeHUTe U (heppure.

Crans, cogepxamyto 0,8% yriepona, Ha3bIBalOT 3BTEKTOMIHOU. CTaiu,
coaeprKalue or 0,02% nmo 0,8%  yrmepoma,  Ha3bIBAIOT
N03BTEKTOMIHBbIMU, a OT 0,8 mo 2,14% yrinepoaa — 3a3BTEKTOUIHBIMH.
benslit uyryH, conepxamunii 4,3% yriiepoaa, Ha3bIBalOT Y BTEKTUYECKUM.

JluarpaMma  COCTOSIHMSI  JKE€JI€30 - IIEMEHTUT HMEEeT OOJIbIIoe
MpakTUYeckoe 3HadueHue. Ee MpuUMEHSIOT IS ONMpeaesieHUs TeTUIOBBIX
PEKUMOB TEPMHYECKOM 0OpabOTKH W ropsuei oOpabOTKH HaBICHHEM
(KoBKa, ropsiyasi MTaMIOBKA, MPOKATKA) KEJIE30yTIEePOAUCTHIX CIIJIABOB.
Ee ucnonp3yroT Takke B JUTEHWHOM NPOU3BOJCTBE JISI OMNpE/EICHUS
TEMIEpaTyphbl IUIABJIEHUS, YTO HEOOXOIMMO NJii HA3HAUCHMS DPEeXUMa
3QJIMBKH JKUJIKOTO 5KEJI€30yTIEPOIUCTOrO CIIaBa B IUTEUHBIE (POPMBI.

34



Onpoc Ne3 o reme «Tepmuueckast 00padoTka».
KouTpoJsibHbIe BOIPOCHI:

1) PacckaxuTe O mpeBpallleHUsIX, MPOUCXOAIINX B CTalu IPU €€ HAarpeBe U
OXJIQXKJICHUHU.

2) Yro nmpexacTaBisieT cO0O0 MapTEHCUTHAS CTPYKTYpa 3aKaJ€HHOU cTanu?
3) HazoBuTte OCHOBHBIE BUAbI TEPMHUUECKON 0OPaOOTKH.

4) JlaiiTe ompeaesieHre 3aKaTuBaeMOCTH U MPOKATMBAEMOCTH CTaJIH.

5) Ilepeuncnure OCHOBHbIE Ne(PEKTHI TEPMUUYECKOM 0OpabOTKH.

6) Pacckaxxute o TepMOMEXaHUYECKON 00paboTKe CTaH.

7) B yeM cymHOCTh XMMUKO-TEPMUUYECKON 00pabOTKU cTanu?
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OTBeTbl Ha KOHTPOJIbHbIe Bompockl mnmo Teme «TepMuueckasi
00padoTKa»:

l.HarpeB cTtanu npu TEepMUYECKOW OOpPabOTKE HCMONB3YIOT JUISl IMOJTYYEHUS
aycteHuTa. CTpyKTypa TO3BTEKTOUIHON CTajdd MPU HArpeBe €€ OO0 KPUTUUECKOU
TOYKU Ac; COCTOUT M3 3epeH mepiuta u ¢depputa. B Touke Ac; TPOUCXOIUT
MPEBpAIEHUE TIEPIUTA B MEIKO3EPHUCTBIN aycTeHUT. [Ipu nanpHeimeM Harpese
M30BITOYHBIN (DEPPUT paCTBOPSAETCS B AyCTEHUTE U MPEBPAIICHUS 3aKaHYMBAIOTCSL.
Takum >xe 00pa3oM MNPOUCXOASAT MNPEBpAIlCHUsS IPU HATPEBE 3a3BTEKTOUIHOM
CTajiv, HO C TOW JIMIIIb PA3HULIEH, YTO MPH JATbHEUIIEM MOBBIIIEHUHA TEMIIEPATYPbI
OT TOYKU Ac; A0 TOUYKU A, B ayCTEHUTE HAUMHAET PACTBOPSITHCA M30BITOUHBIN
LEMEHTUT (BTOpUYHBbIN). JlanbHEHIINNA HATPEB CTAIM WIH YBEJIUYCHUE BBIJCPIKKU
MPUBOJIUT K POCTY ayCTEHUTHOro 3epHa. [lpm HarpeBanum cramd 1o 930° C B
YIIIEPOJCOACPHKAILIECH CMECU U BBIJICPKKE NP JAHHOW TEMIIEPATYPE B TEUEHUE & U
MMOBEPXHOCTHBIM CJIOM €€ HACBIIMAETCA YIIEPOAOM M3 AayCTEHHUTA BBIICISIETCA
MAOBITOYHBIN [IEMEHTUT, KOTOPBINA pacmnojliaraeTcs 1Mo rpaHUIlaM 3€peH ayCTeHHUTa B
BUJIE CETKHU.

[Ipy oxnakaeHuu CTaiM, MpeBapUTEIbHO HArPETOM 10 ayCTEHUTHOTO COCTOSHUS,
ayCTEHUT CTAHOBUTCS HEYCTOMYMBBIM — HAUYMHAETCSA €ro mpeBpaiieHue. Takoe
MpeBpaIleHNe MOXKET HadyaThCs TOJBKO JHUIIb MPH HEKOTOPOM MEPEOXIIAKIACHUU
aycrenuta. Jlisg ciydas 3OBTEKTOMJAHOM  YIIIEPOJUCTON CTaldud ayCTEHUT
MPEeBPATUTCS B MEPJIHT, T.€. B MEXaHMYECKYIO0 cMech (epputa u nementuta. [lpu
ATOM, C OJIHOM CTOPOHBI, YEM HHUXKE TeMIepaTypa MpeBpallleHHs, TeM OOJIbliie
MepeoxJIaKIeHUe U TeM ObIicTpee OyJeT MPOUCXOIUT MpEeBpallleHUuEe ayCTeHUTa B
nepaut. C Apyroil CTOPOHBI, 3TO MPEBpaIlleHHEe COMPOBOXKIAaeTC TUDHy3nOHHBIM
nepepacnpeesicHueM yriepoja U 4eM HIDKE TeMIepaTypa MepeoxJIaKICHUs, TeEM
MeJIJIEHHEee MpoTekaeT mnpouecc Auddy3uu, 4TO B CBOIO OYEpedb 3aMeIseT
MpEeBpaICHUE ayCTEHUTA B IEPJIUT.

2.MapTeHCUT ABISETCS OCHOBHOM CTPYKTYypOoW 3akajeHHoW cramu. OH umeer
BBICOKYIO TBEPJIOCTh, 3aBUCSIIYIO OT COJAEPkKaHUA yriaepoja B craiu. Yem Ooibliie
COAEPKUTCS yIIIEpoJa B MAapTEHCUTE, TEM BBIIIE TBEPAOCTh CTald. MapTeHCUT
MMEET XapaKTEPHOE HTOJIbYATOE CTPOCHUE, YEM MEJIbYE 3€pHA ayCTCHUTA, TEM
MEJIbY€ TMOJIYYaOTCS WIJIbI MapTEHCUTAa, Takas CTPYKTypa XapakKTepHa A
MPAaBUJIBLHO 3aKAJICHHOW CTAJIH.
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3. Tepmuueckoii 0O0paOOTKON HA3BIBAIOT TEXHOJIOTUYECKHUE IMPOIECCH TEIJIOBOTO
BO3JEHCTBHUS, COCTOAIINE U3 HATPEBA, BBIACPKKU U OXJIAKICHUS METALIHYECKHX
U3JICNIUN TI0 OMPEECTIEHHBIM PEXXUMaM C IEIbI0 U3MEHEHUSI CTPYKTYPhI U CBOMCTB
CILUIaBa.

4.3akanka — OTO TMpolEcC TEepMUUYECKON 00paboTKu, Mpu KOTOPOM cCTalb
HArpeBaroT JI0 ONTUMAIBHOU TeMIIEpaTypPhl, BEIACPKUBAIOT MPU ATON TeMIepaType
1 3aTeM OBICTPO OXJIAKIAIOT C IEJBI0 TOJyYCHHs] HEPABHOBECHOW CTPYKTYpHI. B
pe3ysbTaTe 3aKaJKH TIOBBIMIAETCS TPOYHOCTh W TBEPAOCTh W TMOHWKACTCS
MJTACTHYHOCTh KOHCTPYKITMOHHBIX M HHCTPYMEHTAIBHBIX CTale W CIUlaBoB. B
KaueCcTBE 3aKAJIOYHBIX CpeJ HCIOJB3YIOT BOMY, BOIHBIC pPacTBOPHI COJIEH,
IeJI0YEH, MAcjIO M PaCIUIaBICHHBIC COJIM, UMECIOIINE PA3THIHYIO OXJIAXKIAIOTYIO
CIOCOOHOCTh.  3aKalMBa€MOCTh — 3TO CIIOCOOHOCTh CTajdu MPUOOpETaTh
MaKCHUMaJIbHO BBICOKYIO TBEPJIOCTh IOCIIE 3aKaJKH. 3aKaJuBAa€MOCTh 3aBUCHUT
TJIaBHBIM 00pa3oM OT COJEpKaHUs yIiiepoja B CTAJW: 4eM OOJbIIe yriaeposaa, TeM
BEIIIIE TBEPJOCTh. [IpoKkaTmBaeMOCTh — 3TO TUIyOMHA MPOHUKHOBEHUS 3aKAJICHHOMN
30HBI, T.€. CIIOCOOHOCTh CTaJld 3aKallMBaThCA HA OMNPEACICHHYIO TIyOHHY.
[TpokaMBaeMOCTh 3aBUCHT OT XUMHUYECKOTO COCTaBa CTAJIHM, Pa3MEpPOB ACTalICH U
YCIOBHM OXJIaXKICHUS.

5.Jedextsl Tepmuyeckoir 00paboTKuU: NePEKThl OKUCICHUS, 00€3yTiIepOKUBAHUE,
neperpeB u mepexor mertamna. JlepekTsl mpu 3akanke: 3aKaJOYHbIC TPEUIUHBI,
nedopmaris 1 KopoOJIeHHE JeTalel, MITKHUE TIATHA, HU3Kas TBEPJOCTh, IIEPErpes,
HEJIOTPEB.

6.Tepmomexannueckas oOpaborka (TMO) — MeTol yHOpOYHEHHsS CTajdu Mpu
COXpaHEHHHM JOCTATOYHOW TIJIACTUYHOCTH, COBMENIAIONIMM  MJIACTUYECKYIO
nedopMalMio U YIPOUHSIOUIYI0O TEPMUUYECKYI0 OOpabOTKy (3aKaliky U OTIYCK).
I[Ipu TMO nedopmaruu moJBEpraiOT CTAlb B ayCTEHUTHOM COCTOSIHUH, a MpHU
MOCJHEAYIONIEM OBICTPOM OXJIAXIECHUH (POPMHUPOBAHUE CTPYKTYpPbl 3aKaJC€HHOU
cTaiu (MapTEeHCUTA) MPOUCXOINUT B YCIOBUSX HAKIIENa ayCTEHUTA, B CBSI3U C YEM U
MOBBHIIAIOTCS  MEXaHW4Yeckue cBoiicTBa crtanu. [lpm TepMoMexaHHuecKOU
00paboTKe CTadu MOBBIIICHHE MPOYHOCTH OOBSACHSIETCS TEM, UYTO B pPE3yJIbTaTe
nedopMalvi ayCTEHUTa MPOUCXOIUT JpoOieHue ero 3epeH. llpu mocnemyroueit
3aKajike U3 TaKoro ayCTeHHTa 00pa3yroTcs 0osiee MENKHUE MIACTUHKUA MapTEHCUTA,
YTO MOJOXKUTEIHHO CKa3bIBAETCS HA MIIACTUUYECKUX CBOMCTBAX U BSI3KOCTHU CTaJU.

7. X¥UMHKO-TepMHYECKasi 00paboTKa — 3TO MPOIECC XMMUUECKOTO M TEPMUUECKOTO
BO3/ICVCTBUS HA MOBEPXHOCTHBINM CJIOM CTAIM C LEIBIO N3MEHEHUS COCTaBA,
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CTPYKTYPBI U CBOHCTB. XUMHUKO-TEPMHUIECKass 00pad0TKa MOBBIMIAET TBEPIOCTh
MOBEPXHOCTH CTaJIH, €€ U3BHOCOCTONKOCTh, KOPPO3ZUOHHYIO CTOMKOCTb,
KHCIIOTOYCTOMYMBOCTb U APYIHe CBOMCTBA. XUMHUKO-TEpMHUUEcKasi o0paboTka
OCHOBaHA Ha MU (Py3uH aTOMOB PA3TUIHBIX XUMHIECKUX DJIEMEHTOB B
KPUCTAJTMYECKYIO PEIIETKY JKeJjie3a MPU HarpeBe B Cpejie, CoaepKalieit 3T
3JIEMEHTBI, OHA COCTOUT M3 TPEX MPOIIECCOB: AUCCOIIUAINHN, abCOpOIHH,
muddy3un. Hanbomee pacpocTpaHEHHBIME BUAAMH XUMHUKO- TEPMUIECKOM
00paboTKHU ABISETCS LIEMEHTAIUS (HACBIIEHUE TOBEPXHOCTHOTO CIIOS
YTIIEPOJIOM ), IHaHUPOBaHuE (YTIEPOIOM U a30TOM), OopupoBaHue (6opom),
aNUTUPOBaHUE (ATIOMUHUEM).
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[puioxenue NeS.

3apanus 1uddepeHpoBaHHOIO 3a4eTa MO npeamery «MarTepHaoBeIeHUA»
HNucTpyKuus.

JuddepeHmpoBadHHbIil 3a4eT MPOBOJUTCA B BHAE NMUCBMEHHON palOTHI,
paccunTaHHOW Ha 45 MUHYT. OTO 3 BapuaHTa, B KaXXJIOM BapHaHTE 5 BOIPOCOB.
[IpoBepstorcst cneayromue Tembl Kypca: «CTpOEHHE W CBOWCTBA METAJLIOBY,
«OCHOBBI TEOPHUH CILIABOBY, «Kene30yriepoaucToie CILIaBbl», «YTIEPOAUCTHIE U
JerupoBaHHble cTanu», «OCHOBBI TEPMUUYECKON 00paboTKm», «lIBEeTHBIE METAIIBI
u cruaBb», «Hemetamnuueckue marepuanby. OTBETHI JOJKHBI OBITh MOJHBIMU U
Pa3BEPHYTHIMHU.

Bapuant Nel.
l.Pacckaxkute 0 KpUCTAIUIM3alMU METAJIOB.
2. UyryHbl, OCHOBHBIE€ BUJIbI, MAPKUPOBKA, MPUMEHEHUE.
3. Ha3zoBuTE OCHOBHBIE BUIbl TEPMUUYECKON 0OPaOOTKH.
4. JIaryHb, BU/Ibl, MAPKUPOBKA.
5. JlaTb onpeaeneHue miacTMaccaM U KakOBbl X OCHOBHBIE CBOMCTBA?

Bapuant Ne2.
1.JlaTp onpeneneHre amioTPONHUHU METAIIIIOB?
2.Crtanu, OCHOBHBIE BUbI, MAPKUPOBKA, MIPUMECHEHHE.
3. TepmomMexanuueckasi 00pabOTKa CTau.
4.bpoH3a, BUIbl, MAPKUPOBKA
5. JlaTb onpeaeneHue - pe3uHa U KaKOBBI €€ CBOMCTBA?

Bapuant Ne3.
1. Kakumu MeTo1amMu U3y4aroT CTPOCHUE METAIIIOB?
2. Ilepeyncanute TEXHOJIOTHYECKHE CBOMCTBA METAJIIIOB.
3. B yem CymHOCTh XUMHUKO-TEPMUYECKOU OOpabOTKHU CTaju.
4. IIpumnown, BUAbI, MAPKUPOBKA.
5.JlakokpacouHble MaTepualibl, 00JaCTU MPUMEHEHUS.
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OtBernl 3anaHuil TU(PepeHUNPOBAHHOIO 3aderano mnpeaMery «OCHOBBI
MaTepuajoBeleHUsD)

Bapuanr 1.

1. Tlepexon u3 KUJIKOTO COCTOSIHUSI B TBEpAO€ (KPUCTAIMYECKOE) HA3bIBAIOT
kpuctaiuzanuend. [lpomecchl KpucTamiu3aluu 3aBUCAT OT TeMIlepaTypbl U
MPOTEKAIOT BO BPEMEHH, TO3TOMY KPHUBBIE OXJIAXKJEHHUS CTPOATCS B KOOpPAMHATAX
temneparypa — Bpewms. [Ipomecc kpucraminzaluu COCTOUT U3 ABYX CTaJuil:
3apOXKIACHUS KPUCTALIOB (3apOAblllie WU LEHTPOB KPUCTAIIU3AIMU) U POCTa
KPUCTAIIJIOB U3 3TUX 1eHTpoB. Ha oOpa3oBaHue NEHTPOB KPUCTAUIM3ALMH BIHUSIET
U CKOPOCTh OXJaKJIeHusi. YUem BbIlIE€ CKOPOCTh OXJAXKICHHS, TEeM OOJIbliie
BO3HUKAET [IEHTPOB KPUCTAJUTU3AIINH U, CJI€I0BATEILHO, MEJIbU€ 3€PHO METaJlIa.

2. YyryH — 3T0 cruiaB xkefesa ¢ yraepojaom oonee 2,14%, kpeMHUeM, MapraHiieM,
cepoit u pochopom. IlepenenpHblil YyryH UCHONB3YIOT IJIsl Mepeesa Ha CTajb.
JluTeliHpld 4YyryH TpelIHa3HAY€H MJig NPOU3BOACTBA (HACOHHBIX OTJIMBOK
cnoco0aMu  JUThSI Ha MAIIMHOCTPOUTENbHBIX 3aBOJIaX, UMEET MOBBIIICHHOE
coaepxanue kKpemHus (mo 2,75-3,25%). deppociiaBel — CIUTaBBI JKejie3a ¢
MOBBIIIEHHBIM COJIEpKAHUEM MapraHila, KpeMHHS, BaHaJus, TUTaHA U JPYTrUx
MeTaIoB. WX NpUMEHSIOT Uil PACKUCICHHS W TMPOU3BOJACTBA JIETUPOBAHHBIX
ctaieil. benble 4YyryHbl OY€Hb TBEPAbIE U XPYNKHUE, IUIOXO 00padaThIBalOTCS
PEXYIIMM HWHCTPYMEHTOM, UJyT Ha MEperiaBKy B cTaib. Cepble YyryHbI — 3TO
TUTEHHBIA 4YyryH. BBICOKOMpPOYHBI YYryH MPUMEHSIOT JUIsli HW3TOTOBJICHUS
JeTajiell MaliuH, paboTalOMINX B TSDKENBIX YCIOBHSX, JIETall MPOKATHBIX CTaHOB,
MapoBbIX TYypOWH, TPaKTOpOB, aBTOMOOWeW. KOBKMI YyryH NOpPUMEHSIOT B
aBTOMOOMJIBLHOM, CEbCKOXO03IMCTBEHHOM U TEKCTUJIBHOM MAIlIMHOCTPOCHUH.

3. Tepmudeckoit 00pabOTKOM Ha3BIBAIOT TEXHOJIOTHYECKHE IMPOIECCHl TEIJIOBOTO
BO3JICUCTBUSI, COCTOSIIIINE M3 HArpeBa, BBIACPKKU U OXJIAKACHUS METATUITMYECKUX
U3JICNIUN TI0 OMPEETIECHHBIM PEXXUMaM C LEIbI0 U3MEHEHUS CTPYKTYPhI U CBOUCTB
cruiaBa. OTXKUT — 3TO MPOIIECC TEPMUUYECKOU 00pabOTKH, COCTOAIIMI B HarpeBe
CTalu 1O OMNPEICIICHHOW TEeMIIepaTyphl, BBIAEPKKE MPU HEH U MOCIEAYIOIIEM
MEJIJIEHHOM OXJaXXJCHUU C LIEJIbI0 MOJMy4eHUs: 0ojiee PaBHOBECHOM CTPYKTYPHI.
Hopmanuzanuss — tepMmuyeckas omepaiusi, Ipud KOTOPOW CTajdb HArpeBaroT [0
TeMIIEpaTypbl Ha 30-50° C Bbrmre KPUTUUYECKUX TOYECK, 3aTEM BBLIACPKUBAIOT IPU
ATOM TeMmepaType U OXJaXJAlT Ha CIOKOMHOM BO3JIyXe. 3aKajika — 3TO MPOoIece
TepMHYECKOM 00paboTKe, MpHU KOTOPOM CTaldhb HArpeBalOT 10 ONTHMAaJbHOM
TEMIEPATYPHI, BBIACPKUBAIOT IPHU ITOU TEMIIEpaType U 3aTEM OBICTPO OXJIAXKAAIOT
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C LIEJIbIO MOJIYYECHHUSI HEPAaBHOBECHOW CTPYKTYpPhl. OTIYCK — IPOLIECC TEPMUYECKOU
00pabOTKH, COCTOAINIUN B HArpeBe 3aKAJICHHOW CTalu N0 TEeMIEepaTypbl HIXKE
KPUTUYECKOM TOYKH, BBIAEPKKE MPH OBTOW TEMIEpPAType M MOCIECAYIOUIEM
OXJIAXKICHUMU.

4. JlaTyHb — 3TO JBOWHBIC WM MHOTOKOMIIOHEHTHBIE CIUIaBbl HA OCHOBE MEJH, B
KOTOPBIX OCHOBHBIM JIETUPYIOLIUM 3JIEMEHTOB siBjisieTcs UHK. CriyiaB 0003Ha4aoT
HavaiabHOM OykBoil JI — naTyHb. 3areMm cCileAylOT MepBblie OYKBBI OCHOBHBIX
AleMEHTOB oOpasyroomux craBoB: L[ —muuk, O- omoBo, M1y — mapranen, X —
xenezo, ® — dochop, b — Oepunnmit. JlaTyHu NOCTaBISIIOT B BUIE
nonypadbpukaToB — MPOBOJOKHU, MPYTKOB, JICHT, MOJOC, JUCTOB, TPYO U JIPyTrux
BHUJIOB MPOKATHBIX M MPECCOBAHHBIX M3AeAuM. JlaTyHH HIMPOKO MPUMEHSIOT B
o011IeM ¥ XMMHUYECKOM MaIllMHOCTPOEHUHU.

5.IInactuueckue macchl (IJIACTMACChI) — HEMETAUIMYECKHE KOMITO3UIIMOHHBIC
MaTepualbl Ha OCHOBE MOJIMMEPOB (CMOJ), CIIOCOOHBIE MO/ BIUSHUEM HArpEeBaHUS
U naBieHuss GOPMUPOBATHCS B U3MEIUS U YCTOMYMBO COXPAHITH B PE3yJIbTAaTe
OXJaXJCHUs WIM OTBEPXKICHUS TMpujaHHyro uM Qopmy. Jng mmactmace
XapaKTepHbl Mallasg IUJIOTHOCTh, BBICOKAs YCTOWYMBOCTH NPOTUB KOPPO3UH, B
OOJIBIIMHCTBE CIIy4acB HHU3KUU ko3 puiuent TpPEHHS, BBICOKHE
ANEKTPOU3OISAIMOHHBIC, TEIIOU30ISIUOHHbBIE U JIeMI(UPYIOLIME CBOWMCTBA,
JEKOpaTUBHOCTh. HepocTaTku: HU3KUE TEIUIOCTOMKOCTh M TEIUIOMPOBOIHOCTD,
TUTPOCKOMUYHOCTD, CKIIOHHOCTh K CTAPEHUIO U CHHXKEHUIO TPOUYHOCTHBIX CBOMCTB
MO/ BO3/ICHCTBUEM TEMIIEPATYPhI, BPDEMEHU U PA3IUYHBIX CPEI.

Bapuanr 2.

l.AnnoTtponueii, uiu nONUMOP(PU3MOM, HA3bIBAIOT CHOCOOHOCTH MeTajla B
TBEPAOM  COCTOSSHUM  WMETh  DPA3JIUYHBIE  KPUCTAUIMYECKUE  (HOPMBL.
AJtoTponruecKue MpeBpalieHusi UMEIOT MHOTHE METAJUTBI: JKEJIe30, 0JIOBO, TUTaH
u ap. Ilpm ammoTpornuyeckux MPEeBPAICHHUSIX MPOUCXOIUT W3MEHEHHE CBOWCTB
METAJJIOB — U3MEHEHHE 00beMa METaJIOB (OCOOCHHO XapaKTEpHO JjIsi OJIOBA) U
PacTBOPUMOCTH yriiepoja (XapaKTepHO IS KeJe3a).

2. Cranp — 3TO cmiaB »kene3a c coaepxkanueM yriepona a0 2,14%. Cramum
KJIaCCU(ULUPYIOT MO XMMHYECKOMY COCTaBY, HAa3HAUCHUIO, KaueCTBY, CTEIEHU
packucieHuss u cTpykrype. llo Xumuyeckomy cocTaBy: YriaepoaucTass H
nerupoBaHHas. [[o Ha3HaueHHIO: KOHCTPYKIMOHHBIE, HHCTPYMEHTAJIbHbIC, CTalu
crenuanbHoro  HasHaueHus. I[lo  kayecTBy: OOBIKHOBEHHOIO  KaudecTBa,
KaueCTBEHHbIE, BHICOKOKAUYECTBEHHBIE M 0COOOBBICOKOKauecTBEeHHbIE. [10 cTenenu
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PACKHUCIICHUS: CHOKOWHBIE CTajd, KUIISIIME, TMOJYyCIOKOMHbIE cTain.CTalb
MapKUPYIOT ABY3HAUHBIMHU YUCJIAMU, KOTOpPbIE 0003HAYAIOT COJIEpKaHUE YIiiepoa
B COTBHIX JOJSX MPOIIEHTA, W TOCTABJISIOT C TapaHTHPOBAHHBIMHU ITOKA3aTEIISIMU
XUMHUYECKOTO COCTaBa U MEXaHUYECKUX CBOUCTB. [10 CTEmeHn pacKUCICHUS CTallb
MOAPA3ACIAIOT HA: KUMAMYIO (KII), MOJYyCHOKONHHYI (TIC), CcrokoiHyw (0e3
yKazaHusi uHAekca). bykBa [’ B mapkax craiieil yka3blBae€T Ha MOBBIIICHHOE
cogepkanue wmapranna (mo 1%). IIupoko NOpUMEHSIOT B MalIMHO- W
MpUOOPOCTPOCHUHU, CTPOUTENLCTBE, a TaKXke [JI1 W3TOTOBJICHHUS Pa3IMIHBIX
MHCTPYMEHTOB.

3.Tepmomexannueckas oOpaborka (TMO) — MeTol yHOpOYHEHHs CTajdu Mpu
COXpaHEHMHM JOCTATOYHOW TIJIACTUYHOCTH, COBMENIAIONIUM  MJIACTUYECKYIO
nedopMalvio U YIPOUHSIOUIYI0O TEPMUUYECKYI0 OOpabOTKy (3aKaliky U OTIYCK).
I[Ipu TMO nedopmaruu MoJIBEPrarOT CTAlb B ayCTEHUTHOM COCTOSIHUH, a MpHU
MOCJHEAYIONIEM OBICTPOM OXJIAXIECHUH (POPMHUPOBAHUE CTPYKTYpPHl 3aKaJE€HHOU
cTaiu (MapTEHCUTA) MPOUCXOIUT B YCIOBUSX HAKIIENa ayCTEHUTA, B CBSI3U C UEM U
MOBBIIAIOTCS  MEXaHW4Yeckue cBoiicTBa crtanu. [lpm TepMoMexaHHuecKon
00paboTKe CTadu MOBBIIICHHE MPOYHOCTH OOBSACHSIETCS TEM, UYTO B pPE3yJbTaTe
nedopMali ayCTEHUTa MPOUCXOAUT JpobieHue ero 3epeH. llpu mocnemyromeit
3aKajike U3 TaKoro ayCTeHHTa 00pa3yroTcs 0osiee MENKHUE MIACTUHKYA MapTEHCUTA,
YTO MOJOXKUTEIHHO CKa3bIBAETCS HA MIIACTUUYECKUX CBOMCTBAX U BSI3KOCTHU CTaJU.

4.BpoH3BI — 3TO CIUIABBI MEAU C OJIOBOM, AIIOMHHHEM, KPEMHHUEM, MapraHIeM,
CBUHIIOM, OepwinueM. bpoH3bl MapkupyioT OykBamu bp, mnpaBee cTaBsT
AJIEMEHTHI, Bxoasiue B Opon3y: O — onoso, 1| — muuk, C cBuHel,, A — alTlOMUHUH,
K- xenezo, , My — mapranen. 3aTeM CTaBAT IUQPBI, 0003HAYAIONINE CpEIHEE
COJIepKaHME AJIIEMEHTOB B MPOILIEHTaX, Iudpy, 0003HAYAIONIYIO COAEPKAHUE MEIU
B OpoH3e HEe cTaBAT. Buabl: OJIOBSIHHBIC, AIIOMHHHEBBIC, MapraHTOBHUCTHIC,
CBHHIIOBHUCTBIC, OCpUIIITNEBBIC, KDEMHHUCTHIE.

5.Pezuna  —  OPOAYKT  XUMHYECKOrO0  MpEBpallCHUS (ByJIKAaHU3AIUHN )
CUHTETUYECKOTO M HATypaJlbHOTO KayuyykoB. Pe3mHa oOnagaeT BBICOKOH
3JACTUYHOCTBIO, YTO TO3BOJISICT M3JCIUSIM M3 HEe BBIACPKHUBATh 3HAUYMTEILHBIC
nedopmManuu. INACTUYHOCTh COYETAETCSI C BBICOKUM CONPOTHUBIICHUEM pPa3phIBY,
WCTUPAHUEM, CIIOCOOHOCTBIO MOTJIONIAaTh KOJIeOaHusl, ra3o- "
BOJOHETTPOHUIIAEMOCTBIO, XAMHYECKOU CTOMKOCTBIO u LICHHBIMU
TURJIEKTPUIECCKUMH CBOMCTBAMM.

Bapuanr 3.
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1.MeTo1bl U3yUYEHUSI METANIOB: MAaKpO- U MUKpPOAHAaJIU3a, PEHTT€HOBCKOI0, a
TaKxke 1ePeKTOCKONUU (PEHTI€HOBCKOM, MarHUTHOM, YIbTpa3ByKoBoi). MeToaom
MaKpoaHaJIN3a U3y4aeTcss MaKpOCTPYKTYpa, T.€. CTPYKTypa, BUIUMAs
HEBOOPYKEHHBIM TJIa30M WA C TIOMOIIBIO JIYIIbI, IPU 3TOM, IIPU 3TOM
BBISIBJISIIOTCS KPYIHBIE 1€(EKThI: TPELIUHBI, yCaJ0YHbIE PAKOBUHBI, TA30BbIC
My3bIpH, a TAaK’K€ HEPABHOMEPHOCTh PACTIPEICIICHHS TPUMECE B MeTaJlIe.
MukpoaHaliu3 BBISIBISIET CTPYKTYpPY MeTalljla Wi CIlaBa o MUKpouutudam,
MIPUTOTOBJICHHBIM TaK ke, KaK U JJIs1 MaKpoaHalu3a, HO JIOMOJIHUTEIHHO
OTHOJIMPOBAHHBIM JI0 3€pKaIbHOTO Osiecka. C MOMOIIbIO PEHTI€HOBCKOTO aHaIN3a
M3Y4YaloT aTOMHYIO CTPYKTYPY METAIIJIOB, TUIIBI U MTapaMETPhl KPUCTATIITUYECKUX
PEUIETOK, a Takke AeEeKThl, JexKalnue B ryouHe. DTOT METO/l, OCHOBAH Ha
nudpakiuu peHTI€HOBCKUX Jydel (raMma-iayueil) psjaaMu aTOMOB
KPUCTAINTMYECKOU PELIETKH, TO3BOJISIET OOHAPYXKUTH A€(EKThI (IOPUCTOCTD,
TPEUIUHBI, Ta30BbI€ MYy3bIPH), HE pa3pylias MeTaJsl. MarHUTHBIM METOJIOM
UCCIENYIOT Ne(PEeKThl B MATHUTHBIX METa/IaX Ha TITyOUHE 10 2MM.

VY AbTpa3ByKOBBIM METOJOM OCYIEeCTBAsAETCA 3P(HEKTUBHBIA KOHTPOIb KaueCTBa
MeTalljia U3JIeJIuid U 3aTOTOBOK MPAKTUYECKUX JIFOOBIX Pa3MEPOB.

2. TexHonMorn4eckre CBOMCTBA METAJIJIOB: 00padbaThIBAEMOCTh PE3aHUEM,
CBapUBAEMOCTh, KOBKOCTb, TUTCHHBIC CBOMCTBA, KHUIKO-TEKY4eCTh, yCaKa,
JTUKBAITHS.

3.Xumuko-tepMuueckas 00paboTka — 3TO MPOILECC XUMMUYECKOTO U TEPMHUUYECKOTO
BO3/ICHCTBUA HA MOBEPXHOCTHBIN CJIOM CTAJIM C LIEJIbIO U3MEHEHHS COCTABA,
CTPYKTYPbI U CBOMCTB. XUMHUKO-TEpMHUUECKasi 00pabOTKa MOBBIIIAET TBEPAOCTh
MOBEPXHOCTH CTAJIH, €€ U3HOCOCTONKOCTh, KOPPO3ZUOHHYIO CTOMKOCTD,
KHCJIIOTOYCTOMYHUBOCTH U APYTUE CBOMCTBA. XUMHUKO-TepMUUECKasi 00paboTKa
OocHOBaHa Ha MU} Py3un aTOMOB PA3IUUHBIX XUMUUYECKUX DJIEMEHTOB B
KPUCTAJUTMYECKYIO PEIIETKY JKeJie3a IIPU HarpeBe B Cpelie, CoAepKallei 3T
3JIEMEHTBI, OHA COCTOUT M3 TPEX MPOIIECCOB: JUCCOLMAIIMN, AOCOPOITHH,
nuddysun. Hanbomnee pacnpocTpaHEHHBIMU BUAAMU XUMUKO- TEPMUYECKOM
00paboTKHU ABISETCA LIEMEHTAlUSI (HACBIIIEHUE TOBEPXHOCTHOTO CJIOS
YTIEpOIOM ), IMaHUPOBaHUE (YTIEpPOIOM U a30TOM ), OopupoBaHue (6opom),
aNUTUPOBaHUE (ATIOMUHUEM).

4.ITpumoi — 3T0 METAJUIbI WX CILUIABBI, UCIIOJIb3YEMbIEC P NAWKE B KAYECTBE
CBSI3KM MEXKAY COeMHAeMbIMU AeTansiMu. [Ipunoun umerot 6osiee HU3KYIO
TEMIEPATypy IJIABICHUS, YEM COEUHAEMbIE METaIbl. BUbI: OJIOBSHHO-
CBUHIIOBBIE, OJIOBSIHHBIE, METHO-ITMHKOBBIE. O003HauaT OykBoii I1, coctaB O —
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o510B0, C — cBuHen, Cy — cypbMa, UG PhI B KOHIIE MAPKHU MPOLIEHTHOE
coJiep>KaHue.

5.JIakokpaco4YHbI€ MOKPHITUS TPUMEHSIOT JIJIS 3aIUThl METAINIMYECKUX U
HEMETAJUTMYECKUX U3JICINI U KOHCTPYKIUK OT pa3pylIaroero BO3ACHCTBUA
(KOoppo3uM ¥ THUEHHMS ) BHEIITHEH CPEJIbl, a TAKXKE JJIS DJIEKTPO-U3OJIAIUN U
JEKOPATUBHOM OTJIENIKH MOBepXHOCTEH. OHU JeIIeByIe U 4acTo 0osiee JOITOBEUHbI,
YEeM JIPYTUe BUJIbI 3aIIUTHBIX MOKPBITUN. Pa3nyaroT Tpu OCHOBHBIX BH/IA
JTAKOKPACOYHBIX MAaTEPHUAIOB: MACIISIHBIE KPACKH, JIAKU, SMaJIN. MacisiHbIe KpaCKU
— 3TO CYCIIEH3HMH, TPUTOTOBJIEHHBIC TIIATEIBHBIM PACTUPAHUEM MUHEPATIbHBIX WUJIU
OpraHUYECKUX MUTMEHTOB B MacyiaX, KOTOPBIE CIy>KaT IIIEHKOOOpa30BaTeISIMHU.
JIaku — 3TO pacTBOPHI €CTECTBEHHBIX HJIM CHHTETUYECKUX CMOJ B PA3JIMUHBIX
PacTBOPUTENAX. DMajieBble KpacKu ( MM 3Maju) — 3TO PacTBOPHI JIAKOB B
OPraHUYECKUX PACTBOPUTEIISIX C J0OABKOM MUTMEHTOB.
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puiioxenue Ne6.

Tpe6oBaHus K BHINOJIHEHUI0, 0POPMJIEHHIO J1a00PATOPHBIX PadoT,
KPUTEPHUH OLICHOK.

[enbro m1abopaTopHbIX pabOT SABISIETCS YIIyOJIEHHE U 3aKpeTUICHUE 3HAHUH,
MOJIYYCHHBIX Ha TEOPETUYECKHX 3aHATHSIX IO OCHOBAM MaTepUajOBEACHHUS.
JlaGoparopHsie paboThl  QOPMHUPYIOT U PaA3BUBAIOT YMEHHS moa0upaTh
MaTepHallbl TI0 WX HA3HAYEHUIO, YCIOBUSM 3KCIUTyaTalldd, MPUMEHSITh WX TMPHU
BBITTOJTHEHUN PadoT, a TakKe NMPUBHBAIOT MPAKTUYSCKUE HABBIKH HCCIICIOBAHUS,
pacdeTa U KOHTPOJIS.

Coneprxanue 1a00paTOpHOI PabOTHI COCTABIISIIOT:

- TemMa paboThI;

- 1Ie7b paboTHhI;

- PEeKOMEHIAIINH JIJIS1 BBITOJIHEHUS Pa0OTHI;

- IepevYeHb UCTIOIB3YEMbIX MaTepHUaIOB, MHCTPYMEHTOB, 00OpPYIOBAHWS;
- IOPSZIOK BBIOJIHEHUS PaOOTHI,

- BBIBOJI O IIPOJIeNIaHHOM padoTe.

IIpaBuiia gonycka CTYACHTOB K JIA0OPAaTOPHBLIM padoTam
[lepen Tem Kak MPUCTYNHUTH K BBHIMOJHEHUIO J1a0OpPAaTOpPHOM pabOThI, CTYIEHT
JOJIKEH:

1. IIpolTu UHCTPYKTaX MO TEXHUKE OE30MaCHOCTH.

2. YcBOUTH KpaTKUE TEOPETUUECKHUE CBEICHUS 110 TEME.

3. YcBOUTh METOJNUKY BBINOJHEHUS pPabOThI, a TakkKe CIOCOObI

MPEICTABICHUS] TOJYYCHHBIX JTaHHBIX.

CryneHTbl, HE BBINOJHUBIIME  JabopaTopHble padOThl, K aTTECTallUh IO
3aBEPIICHUIO0 YUYEOHOU AUCIUILIUHBI, HE JOIMYCKAIOTCS.

IIpaBuia no TexHuKe 0€30MACHOCTH /JISl CTY/IEHTOB NPHU MPOBeAeHUN
J1a0opaTopHbIX padoT

1. JlaGopatopHbie pabGOTHI MPOBOASATCS MOA HaOMIOJAeHHEM TMpenojaaBatens. K
BBITIOJTHEHUIO JTA0OPATOPHBIX  PabOT CTYJEHTHI JOIMYCKAIOTCS TOJBKO MOCTe
MPOCIYIIMBAHUS MHCTPYKTAXKa MO TEXHUKE OE30MaCHOCTH U MPOTUBOIONKAPHBIM
MepaM. [lociae MHCTpyKTaxa KaKIbId CTYACHT PAaCHUCHIBACTCS B CIEIUATbLHOM
KypHaJie uin OJaHKe.
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2. Bce naboparopHbie pabOThl MPOBOIATCA 3a NapTaMu y4eOHOro KaOWHeETa.
Crynentam  He paspemiaercss 0e3 yBaXUTEIbHOMW MPUYUHBI OTIY4YaTbCs U3
KaOWHETa J0 MOJTHOTO OKOHYaHUSI Ta0OPaTOPHBIX PpadoT.

3. Ha pabGouem MecTe HOJIKHBI HaXOAUTHCS TOJIBKO HEOOXOAWMBbIE IJi PabOThI
MaTepuabl 1 UHCTPYMEHTHI.

4. HeoO6xoauMO CIEIUTh 32 YUCTOTOM paboyero MecTa.

5. Ilocne 3aBepuieHUs pabOTBHI CTYIEHTHI 00s3aHBI COOpaThb HMHCTPYMEHTHI,
MaTepualbl, METOJUYECKHE MOCOOUS U CaTh UX MpenoaaBaTeto, yopaTs pabouee
Mecto. B ciyuae morepu mocoOui, mopuu MaTepUaiIbHBIX IIEHHOCTEH KaOuHeTa
oOyyaroiuecst HeCyT MaTepUaIbHYI0 OTBETCTBEHHOCTD 32 HUX.

6. Ilpu HapyuieHn TpeOOBaHUN TEXHUKU O€30MACHOCTU CTYJIEHT OTCTPAHSETCS OT
JadbHEUIIEro BBIMOTHEHUS JabopaTopHOil paboThl. Ecniu AeiicTBUS CTyJeHTa He
MPUBEIIA K CEPhE3HBIM MOCIEACTBUSM, TO OH MOKET OBITh BHOBb JOMYIIEH K
1a00paTOPHBIM 3aHSTUSM JIUIIb MTOCJIE TOBTOPHOTO MHCTPYKTAXKa.

IIpaBusia BbINOJHEHHUs J1a00pPaTOPHBIX padoT

1. K BbimonHEHUI0 7a0OpaTOPHBIX  pabOT CTYAEHTHI JOMYCKAIOTCSA MOCIE
MPOBEJCHUS MHCTPYKTaxa IO TexHuke Oe3zonacHocTu. CTyneHT Hecer
MaTepHAIbHYI0 OTBETCTBEHHOCTb 3a IOJIOMKH U MOBPEXKICHHSI, BOZHUKIIIHE 110 €r0
BUHE.

2. K paborte pomyckarTCs CTYIEHTbI, YCBOUBIIHE TEOPETHUECKHI MaTepual,
METOJIUKY BBITTOJIHEHHSI pabOThI Ha JIA0OPATOPHBIX 3aHATUSX.

3.JIaGopaTopHble pabOTHI BBIIOJHSAIOTCS KaKIbIM CAMOCTOSITENIBHO.

IIpaBuiaa opopmiieHus1 J1adopaTopHbIX padoT

CryAeHTBl BBINIONHSIOT JJA0OpAaTOpHbIE pa0OTBHl B  CHEHHUAIBHBIX TETPAIAX B
KJIETKY 18 ymmcToB.

OO6muit an opopmileHUs 1aOOPaTOPHBIX PadOT:

YKa3bIBAIOT TEMY U 1IEIb JaHHON paboThI;

YKa3bIBalOT PCKOMCHAAIINU IJIS1 BBIITOJIHCHUSA pa6OTI>I;

MPUBOJIST CIIUCOK UCIOJIB3YEMBIX MAaTEPUATIOB, UHCTPYMEHTOB, 000PYA0BaHU;

opopMIIAIOT pabOTy, OPUEHTHUPYSCHh Ha MOPSJAOK BBINOJHEHUS PAOOTHI, WIH
3aMOTHAIOT TaOIUITY;

- MMOKa3bIBAIOT HauOoJiee BaXKHbIE /ISl TOHUMAHUSI CYIIIHOCTU PA0OThl PUCYHKH;

- IEJIal0T BBIBOBI MO padoTe.

Kpurepuu ouenku jiaboparopHbix padoT
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JlaGopatopHasi paboTa CUMTAETCA BBINOJHEHHOW, €CIM CTYJEeHT HaOpal
MPOXOJHON Oaliyi, KOTOPHIA COCTABISET MOJOBUHY MAaKCUMaJbHOIO KOJHMYECTBA
0aJIoB.

Jlyist otileHuBaHUS pabOTHI MPUJIAraeTCsl ATANOH U IIKaia OLICHOK.

Ouenka «5» cTaBUTCA B TOM Clly4ae, €CJIU CTYICHT:

- BBIIOJNHSET paboTy B IMOJHOM OOBEME C COOJIIOICHHEM HEOOXOAUMOM
MOCJIEeI0BaTEILHOCTH;

- CaMOCTOSITEIbHO U palMOHAJbHO TMOAOMpAaeT HEOOXOAUMBIE MaTepHualbl,
MHCTPYMEHTHI; BBIMOJIHSIET 3aJlaHUSl B YCIOBUSX M PEXKUMaxX, 00eCleUrnBaIOIINX
MOJIyYEHUE NPaBWIbHBIX pE3yJbTaTOB W BBIBOJOB; COOJIOJaeT TpeOOBaHUS
0€30MacHOCTU TPYAa;

- B OTUETE MPABWIHHO U aKKYPATHO BBITIOJIHSET BCE 3aMUCH, TAOIUIIbI, PUCYHKH.
Ouenka «4» - BBIIOJTHEHBI TPEOOBAHUS K OIIEHKE «5», HO JOMYIIEHBI HEIOYEThI U
Herpyoble OIIHOKH.

Ounenka «3» - pe3ynbTaT BBINOJHEHHOW YAaCTH TAKOB, YTO MO3BOJISIET MOIYYHUTh
MpaBUJIbHBIC BHIBOJIBI. HO B XO/1€ BBINMOTHEHUS 3a/JaHUM ObLITU JOMYIIEHBI OIIUOKH.
Ouenka «2» - pe3yiabTaThl HE MO3BOJIAIOT CAENATh MPaBUIBHBIX BHIBOJOB, 33/IaHUS
BBITIOJTHSUTUCH HEMIPABUIIBHO.

Ouenka «1» - CTyJI€HT COBCEM HE BBINOJIHUI padoTy.

Bo Bcex cnmyyasix olleHKa CHMXKAETCS, €Clii CTYAEHT He coOytofaeT TpeOoBaHUs
0€30MacHOCTU TPYAa.
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JlabopaTtopHas padora Nel «Koppo3usi MeTasioB. Crioco0bl 321U ThI».

Hens: 1. M3yuyeHne KOppO3MOHHON YCTOMYUBOCTH OKUCHBIX TIJIEHOK.

2. W3meputh 3amuTHOE ACHCTBUE W WHTUOUTOPHBIM 3(DPEKT ypoTponuHA U
KeJaaTUuHa.

[IpuGopsl u peakTuBbl: cranbHble MmuactuHku, 0,1 M pactBop CuSOsM5H,0,
pactBop mis okcugupoBanus, 4 M pacrBop HCI, yporponuH, Tuapo30ib
KEJIaTUHA, CIIUPT, AllETOH.

Xoa paOoThI.
1. 3amUTHBIC OKCHJIHBIC TJICHKH M MX HCIBITAHHUE.

CranbHyI0 TUJIACTUHKY THIATEIBHO OYMCTHI HaxaauHou Oymaroi, Harpen omuu
KOHel miuacTuHku. [lo Mepe HarpeBaHus TUIACTUHKHA HA HEW MOSBIISIOTCS LIBETA
noo6exanoctu. [Tocne 3TOro MIaCTUHKY CHSIJI C OTHS M OXJIaIHIL.

Ha oxnaxJeHHy0 TMJIACTUHKY IO JIJIMHE IJIACTUHKKM HAHEC MO Karule pacTBopa
MeJIHOTrO Kyrnopoca. [1o ckopocTu MosIBAEHUSI MEHOTO HajeTa CyAWII O 3alllUTHBIX
CBOMCTBaX pa3JIMUHbIX YUYaCTKOB OKCUJIHOM IJIEHKHU, 00pa3yromieiicss Ha MeTaJle.

2. OxkcuaupoBaHUe.

Harpen npuroToBieHHBIN 111 OKCUAUPOBAHUSL PACTBOP 10 KUIICHUS W OIYCTHUI B
HEro crajibHble IacTUHKHU Ha 20 - 30 MUHYT MMOKa OHU HE MPUOOPETYT KPACUBBIN
YEpHBIA LBET C CHHEBATBIM OTTEHKOM, MOCJIE€ 3TOTO BBIHYJN IUIACTUHKH U3
pacTBOpa, THIATEIBHO MPOMBLI UX.

CpaBHI/IJ'I 3allIUTHBIC CBOMCTBA OKCHUAWPOBAHHBIX INNIACTHHOK C INIACTHMHKaAMM
HCOKCUAUPOBAHHBIMHA, IJI 4€TO IIOMCCTHII HAa IIOBCPXHOCTH IINTACTHMHOK II0 KaIlJIC
pacTtBOpa MEAHOTO KYIIOpoCa U OTMCTHUJI BPEM: ITOABJICHUSA MCIHOI'O IIAATHA.

3. 3auuTHBIE CBOMCTBAa UHTMOUTOPOB KUCIOTHOM KOPPO3HH.
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B Tpu crakana nanun no 80 mul. pacTBOpa KUCIOThL. B mepBbiit cTakan nqo6asuin 1
r. YpOTpolhHa, B CICAYIOIIMN 2 T. JKEJIAaTUHA, a TPETUM CTaKaH OCTAaBWJI A
KOHTpOJIA. PacTBOpBI B CTakaHax TIIATENBHO pa3MEIIA CTEKISTHHOW MOJIOYKON H
MIOMECTUJI CTakaHbl B TepmoctaT. [locie Toro kak Temmeparypa B CTakaHax
pocturger 60°C, B HHMX Ha KpIOYKaxX IIOMECTHJI IUIAQCTUHKM W3 CTalH,
MpeABApUTEILHO BBIUUIIEHHBIE 10 OJieCKa HaXKIauHOM OyMaroii, BEITEPThIE BaTOM,
CMOYEHHOM alleTOHOM M B3BCIICHHBIE HA AHATUTUYECKHUX BECAX.

Uepes 3 yaca MIaCTUHKY M3BJIEK U3 PACTBOPOB, IPOMBLI BOJAOH, MPOTEP all€TOHOM
Y B3BECWUJI HAa aHAJIMTHUYECKUX Becax. Pe3ynbTaThl 3aHec B TAOIHUILY:

Ycnosus onbiTa Macca [Toreps B Ilnomans CxopocTh
IUIACTUHOK  Macce IUIACTUHKA  PACTBOPEHMUS
Jlo ombita  Ilocne
OIIbITa
Yporponuu+HCI 10,355 10,328 0,027 12,5 0,00108
Kenarun+HCl 10,42 10,367 0,053 12,5 0,00212
HCl 10,34 9,956 0,384 12,5 0,01536

Z=(vo-V)/vy

BriBoa: B xo0/1e pabOTHI OBLIO YCTAHOBJIEHO, UTO 3alUTHOE JIEUCTBUE YPOTPONHHA
93%, a xxenatuna 86%. OxcuaupoBanue OyJeT 3aMeJISITh TPOLIECC KOPPO3HUHU.
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JlabopaTtopHas padora Nel «Koppo3usi MeTasioB. Crioco0bl 321U ThI».

1.1 Hesab npoBeaeHus J1adopaTopHOM padoThI

VY cTaHOBUTH BIMSIHUE TEMIIEPATYPhl HA CKOPOCTh OKUCJICHUS YTIAEPOIUCTON
CTaJIu U paccuuTaTh 3 (PEKTUBHYIO SHEPTUIO aKTUBAIIUU TTpoIlecca.

3aauy MpoBeACHUS 1abOpaTOPHOM PabOTHI COCTOAT B TOM, YTOOBI
3HamMp: METOJl ONpENeNIeHHs] CKOPOCTH KOpPpO3UU MeTaula 10  IBeTaM
MOOCKANOCTH;
ymemp: CaMOCTOSITEIBHO MPOBOJUTH HCCIEIOBAHHME BIUSHHUS TEMIEpaTyphl Ha

CKOPOCTBb OKHCIICHHUA, pAaCCUNUTBIBATh S9HCPIHUIO AKTHBAIIUHK IIPOLICCCA.

1.2 OcHOBHBIE TCOPETHYICCKUC NMMOJTOKCHUA

BonpmmHCTBO MeTalsioB MpH BBICOKUX TeMIleparypax B atMocdepe
TEPMOJMHAMHUYECKH HEYCTOMYMBBI MO OTHOLICHUIO K Kuciaopony. Ha wux
MOBEPXHOCTH OOpa3yrTCAd OKCUAHBIC MJICHKH, 3alIUTHBIE CBOMCTBA KOTOPHIX B
3HAYUTEIBHON MEPE ONPENEISIOT KAPOCTOUMKOCTh METAJNIOB U CILUIABOB. TONIIMHA
OKCHJIHBIX IUNICHOK MOYKET U3MEHATHCA B OUEHDb IIUPOKUX MPEAECIax.

[IpuHATO pa3nuyaTe TOHKHAE, CPEAHUE U TOJICTHIC TUIEHKHU. TOJIIMHA TOHKUX
IUICHOK - OT MOHoMoyekyJsipHou a0 0,04 mkm. Takue mieHKM Ha MeTajie
HEBUJMMBI U UX HAJUYUE MOXKET ObITh YCTAHOBJIEHO ONTHYECKHUMHU METOJaMU C
MPUMEHEHUEM TMOJISIPU30BAHHOTO CBETA WM C IOMOIIBK PAJHMOAKTUBHBIX
unaukaTopoB. TonmuHa cpeauux mieHok (0,04 - 0,5 MkM) cornocTaBuMa ¢ JINTMHOU
BOJIHBI BUJIUMBIX cBeTOBBIX Jyueit (0,04 <A<0,75 MkM). DTU MICHKU SIBIASIOTCS
BUIUMBIMU  Ojarojiaps HMHTEP()EPEHIIMOHHOMY  OKpAaIllUBaHUIO, TO €CTh
BO3HUKHOBEHUIO TaK HA3hIBAEMBIX I[BETOB MOOEKATOCTH. TOJICThIEC TUIEHKH UMEIOT
tonmuHy 6osiee 0,5 MKM U BUJIHBI HEBOOPY>KEHHBIM T'JIa30M.

Nutepdepeniimonnpie  1BeTa MOOEKANOCTA  TMO3BOJISIIOT — ONPEETUTh
TOJUIMHY TOJIy4aeMbIX Ha METAJUIC IUICHOK. MeEXaHW3M TMOSBJIEHUS LIBETOB
Mo0EeXaJIOCTU MOXKHO OOBSICHUTH cleayrmum oo0pa3zom. [loramenue cBeta
BCJIEJICTBUE HMHTEp(EpeHIMU ABYX Jydeld CBeTa, KOTOpbIE HajlararoTcsl JIPyr Ha

apyra, € I[HHHOﬁ BOJIHBI A MMpOUCXOAUT, CCJIM OTH ABa Jyda CMCIHICHBI OAMWH
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OTHOCHUTCJIBHO JPYTroro Ha IIOJIOBHHY (1)33131, TO C€CTb Ha HCIAPHOC YHCIIO

A 3.5
ITOAYBONH: —, — A, —A U T.II.
YRR ey M A

IIycts nBa nyda MpOXOAST CKBO3b NMPO3PAYHYIO IUIEHKY Ha MOBEPXHOCTH
MeTalljia, OTPaXKasCh OJMH OT BHENIHEW IMOBEPXHOCTU IJIEHKU (pucyHok 1.1,
nuHuu 1, 2), Apyroil - HENOCPEACTBEHHO OT MOBEPXHOCTH METalla, IPOIs yepes

Hee (pucyHok 1.1, nunuu 3, 4).

. /

S n7eHKa

/ memann

Pucynok 1.1 — Cxema unrepdepeniuu gyueii cBeta

Kak 310 BMAHO H3 pHCYHKa, pa3ivu4yue B XOAE OTUX JABYX JIy4deu
ompenensercss ABOMHON TONIIMHOW TUIEHKH S (IpU MaJeHUU Jiyda MOJA YrioM
Onu3kuM K mpsimomy). Ecnu yuecTb, 4TO JJIMHA CBETOBOM BOJHBI B MPO3payHOM
cpezie cokpaiaercsi B 00yclnoBiIeHHOE KOA(DPUIMEHTOM MPETOMIICHUS YUCTIO Pas3,
TO YCJOBHS TOTalllCHUs] JAHHOTO Jyda C JJIMHONM BOJHBI | AN TUIEHKH C
MoKa3aTeaeM MpPesIOMJIEHUSI N OyAYT YJIOBIETBOPATHCS, €CIU TOJIIMHA TUICHKUA S
OyJleT OTBEUYaTh CIEIYIOIIUM 3HAYCHUSIM:

A 3A
S=—; S=—wurtn (1.1)

4n 4n
[To o>tuM QopMynaM MOXKHO ONPEASTHTh S, €ClIH YCTaHOBHUTH
WHTEPPEPEHIIMOHHOE  TOTallleHne  Jydya  TOpH  OCBEHIEHWH  oOpasia

MOHOXPOMAaTHYECKHM CBETOM. TaKkue u3MepeHus Ol TpoBeaeHbl (Tadmauma 1.1).
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Jlanuble, mpuBeeHHbIe B Tabnuie 1.1, mpeacTaBisitoT co00M TOMIUHBI OKHCHBIX
IJIEHOK Ha jKejie3e, Ha KOTOPOM TOJIyYEHBI I[BeTa MOOEKAIOCTU MPU HArpeBaHUU

oOpasiia Ha BO3/yXe.

Tabnuma 1.1 - TommmHaa OKCUIHBIX IUIEHOK HA JKEe3e

LBeT mmeHkn S, MKM
JKEJITBIN 0,046
OpaH>KEBbIN 0,052
KpacHBIN 0,058
(buoneTOBBIN 0,068
CUHUI 0,072

3Hadg TOJIIMHY IUICHKA W TPOJOJKUTEIBHOCTh IIpolecca OKHCIICHUS,
MOYHO PacCUUTATh CKOPOCTh I'a30BOM KOPPO3HUHU.
B cootBercTBUM ¢ ypaBHEHHMEM AppEeHUYCa CKOPOCTh Ta30BOM KOppo3uu V

AaBysieTCs (PyHKIMEH TeMIepaTyphbl:
Ea

V=K, e kT, (1.2)
rae - Ky - koncranra ckopocty, E,- adpexTuBHas sHEprys akTUBAIMU TIpoliecca.
OkcuaHble TJIEHKH MOTYT ObITh CIUIONIHBbIE WM HeCIUTomHbie. [unmuur u
benBoptc copmynupoBaau ycioBHs, MPU KOTOPHIX OOpPa3yrOTCs CIUIOIIHbBIC
MJIEHKH, CIOCOOHBIE TPENSTCTBOBATh JadbHEUIIIEMY OKUCICHUIO METAaJLIa.
Ecnu MonexynspHbiil 00beM oKcHlla 0003HAUUTD Vo, @ 00BEM MeTaIa Ve,

TO MOKHO 3aIllMCaThb YCJIOBUC CIIJIOIMTHOCTU:

\Y%
1<—%<25 1.3
V. (1.3)
CooTHonieHne —>- MOXHO paccuuTaTh o popmyre:
\Y% M, -
OK __ 0K p Me , (1 4)

Vme _m'pox 'Ame
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rae My — MOJEKyJsipHas Macca OKCHIIA, Pye — IUIOTHOCTh METaNIA, Pox
IUIOTHOCTh OKcHaa, A,. — aTOMHasg Macca MeTala, m — KOJHWYECTBO aTOMOB

ME€Talllila B OKCHUIC.

VOK o
Ecmn —%<1 - 1o mjIeHKa HE MOKET OBITH CINIOITHOM.

ME

L ~ VOK
Poct mopucToil  (HE3alIUTHOW) TJIEHKH (COOTHOIIEHUE <1)

ME
KOHTPOJUPYETCS CKOPOCTHIO XMUMHUYECKOH pEaKIMu OKHUCJICHHS MeTalia
(KMHETUYECKUN KOHTPOJb TPOIlecca) M MPOTEKaeT BO BPEMEHH IO JIMHCHHOMY
3aKOHY:
h=k-t.
(1.5)

<2)5) W OKa3bIBaeT

OK

Ecnmu mnnmenka crmiomHas (cooTHomeHHe 1<

Me
COHpOTHBHeHI/Ie HpOHI/IKHOBeHI/IIO KI/ICHOpOI[a K MeTaHHy, TO pOCT OKCHI[HOﬁ
IIJICHKH OIIMCBIBACTCIA Hapa6OHquCKHM 3aKOHOM:
2
h = k"1, (1.6)

Vv
Yacto pocT TOHKHMX OKCHUIHBIX IICHOK (COOTHOMIeHHWE |<—*<1,7) Ha

ME

METaJUIaX MPU HU3KUX TEMIIEPATypax M Ha MEPBBIX CTAIUSIX OKUCICHUS METAIJIOB

MIPU BBICOKUX TEMIIEpATypax COMPOBOXKIAECTCS OOIBIIUM CAMOTOPMOXKEHHUEM BO
BPEMEHH, TOTJ]a BBITIOJIHAETCS JTOTapU(PMUUECKUN 3aKOH:

h=kIn . (1.7)

OkucneHne METauloB B PA3IMYHBIX TEMIEPATypHBIX HHTEpPBajax

MPOUCXOAUT MO-pa3HOMY. JIMHEWHBIN 3aKOH OKUCJICHUS XapaKTEepPEH ISl HaTpus,

KaJIbIMsl, MarHusi; napaboJuyeckuii — [  Meau, JKele3a, HHUKENs;

norapumMudeckuil — s aTOMUHUA, [IMHKA, XpoMma. Hanmpumep, pocT MJIEHKU Ha

xenese npu temmnepatypax 10 400°C npoucxoauT o JorapupmMuyecKkomMy 3aKOHY,

a B uaTepBaiie 500-1100°C — mo mapaboandeckoMmy.

1.3 IIpubGopbl M NPUHANIEKHOCTH
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IIpubopsi: Tepmomapa tuna XA, BoibTMETp-ammnepmerp Ttuna M2020,
CEKYHJIOMED, JIEKTPUUECKAs TUIUTA.
Hpunapnaexnoctu: odpasusl cranu 200x20x1,5 MM, HaxgauHas Oymara

JUTSL 3a4UCTKU 00pa3IoB, ATAJOHHBIM 00pa3ell, MITaTUB AJI 3aKuMa o0pasia.

1.4 Ilopsiaoxk npoBegeHUust padoThI

1.4.1 CobOpath 3KCIEPUMEHTAIBHYIO YCTAHOBKY B COOTBETCTBUU CO CXEMOI,

KOTOpas NpUBEJCHA HA pUCYHKE 1.2.

~220 B

1 — oOpa3zen, 2 — TepMonapa, 3 - s3neKTpuyecKas IiInuTKa,

4 — BOIBTMETP-aMIIEPMET]P

Pucynok 1.2 — Cxema 3xkciepuMeHTaIbHON YCTAaHOBKHU

1.4.2 3aunctuth O0Opazen 10 Onecka u MpoTepeTh (UIBTPOBAIBLHOU
Oymarom.

1.4.3 BxIOYUTH DSJEKTPOILIUTKY U BblAepxkaTh 10-16 MuH., YTOOBI
MOBEPXHOCTh IJIUTHI HAarpenach, MOJIOKUTH 00pas3ell Ha IUIMTY TakK, YTOObl OH

IUIOTHO IPHJICTAT K IIOBCPXHOCTH, OAHOBPCMCHHO BKIIOYKUB CCKYHAOMCED.
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1.4.4 YcTaHOBUTH Ha MOBEPXHOCTH 0Opasiia Tepmonapy (TepMmoriapa J0JKHA
KacaTbCs MTOBEPXHOCTH 00pasIia).

1.4.5 C nosiBIeHWEM CHHErO I[BeTa MOOEKaJIOCTH Ha MOBEPXHOCTH OOpasIa
(CpaBHUTH C JTaJOHOM) BBIKIIOUUTH CeKyHaomep. JlanHbie (T - Bpems [0
MOSIBJICHUSI CHHETO CBETAa W t - TeMIeparypa Ha TMOBEPXHOCTH 00pasia B MOMEHT
MOSIBJICHUSI CHHETO IBeTa) 3aHecTH B Tabmuity 1.2. TIOBTOPUTH SKCHEPUMEHT C

JIpYruMu 00pa3liaMu Mpu IBYX APYTUX 3HAYCHUSX TEMIIEPaTypHhl.

Tabnuma 1.2 — DkcniepuMeHTaIbHbIC JAHHbBIC

Bpems no CxopocTtb
Temneparypa MOSIBJICHUS oOpa3oBaHus Ea,
Ne n/m /T | 1gV
CHUHETO IIBETa TJICHKH, kJIX/MOJTb
t°C | T,°C| ¢ qac. MM/4ac

1.5 O0padoTKa IKCIIEPUMEHTAJIbHBIX TAHHBIX

[locne n3Mepenuii U pacueToB 3anoaHUTh Tabnuiy 1.2.
[To mony4eHHBIM JTaHHBIM MOCTPOUTH rpaduk B koopaunarax IgV - 1/T u

onpenenuth 3PPEeKTUBHYIO YPHEPTUIO AKTUBALIMY O opmyie:

E, =2303-R-A, x/[>x/Moub, (1.8)
rac
lgV, —1gV
A= & 12 ? ! . Vo>ViuT>T, . (19)
T,

Crenatp BBIBOJIBI O BIMSIHAM TEMIIEPATYPBI HA CKOPOCTh ra30BOM KOPPO3UHU.

1.6 3aganue Ha cCaMOCTOATEIBLHYIO PadoTy

[lo Mmarepuanam nexkuuii ¥ y4eOHOW IJHUTEPATYyphl HU3YYUTH BOIPOC O

BIIMSIHUH TEMIIEPATYPbl HA CKOPOCTh Fa30BOM KOPPO3HH.
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1.7 KoHTpOJILHBIEC BONPOCHI

Uto Ha3bIBAETCSI XUMUYECKON KOPPO3UEH?

UTo Ha3bIBaETCS ra30BOM KOPPO3UEH?

UTo sABIAETCA KPUTEPUEM BO3MOKHOCTH MPOTEKAHUS ra30BOM KOPPO3UU?
Kak knaccupuuupyrot mieHKyu Ha MeTaJljlaX Mo TOJIIIUHE?

[1o xakoMy YpaBHEHUIO OIMPEAEIAIOT YHEPTUIO aKTUBAIUN ?

Kak BnusieT Temneparypa Ha CKOPOCTb OKHACIIEHUS YIJIEPOAUCTON CTAIN?

JI KakuX METAJIJIOB BBIMOJIHSACTCS JIMHEWUHBIA 3aKOH POCTA IJICHOK?

® NNk

JI71s1 KaKuX METaJIOB BBIMOJIHAETCS MapadoInIecKuil 3aKOH pOCTa TIICHOK ?

NS

JIJ1st KaKuX MJIEHOK XapaKTEpPHO MOSIBICHUE 1IBETOB MO0OEKaIOCTU?

10. Kakum o0pa3om MOATrOTaBIMBAIOT OOpa3Ibl K BBHIMOJHEHUIO J1aOOpaTOPHOU
paboThI?

11.  Kakue npubOpsl UCHIOJIB3YIOT MPHU BBIMOIHEHUH J1a00paTOPHOIl paboThI?
12.  KakoBa TonmuHa OKCUIHBIX IIJIEHOK Ha XkeJe3e?

13. Kak paccuuThIBarOT CKOPOCTH Ta30BOM KOPPO3UM ?

14. Yro nmoka3piBaeT ypaBHeHUE AppeHuyca?

15. Kakne MexaHu3Mbl pOCTa MIIEHOK BbI 3HAETE?

16. B kakux ciiy4yasix BbIIOJTHSETCS JIOrapu(pMUUECKUN 3aKOH POCTa MIICHOK ?
17. B Kakux ciy4dasix BBIINOJHAETCA CTEIIEHHON 3aKOH POCTa IUIEHOK?

18. IlosicHuTe CyTh ypaBHEHHS DBaHCA.

19. Kakue mieHKH IBISIOTCA HE BUAUMBIMH?

20. Kakwne 1mieHKH SIBISIOTCS BUIUMBIMA
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JlaGoparopHasi pabGora Ne 2

no reme «Buabl cTanu, cCBOicTBa, MAPKH
Heas pabGorbl: M3yunTh KiaccupuKaiuioo, MUKPOCTPYKTYpY, CBOMCTBa U
Ha3HA4YCHUE CTAJIEU U YyT'YHOB.

1. KPATKHUE CBEJIEHUSA U3 TEOPUU

B MammHOCTpOEHUM HCTONB3YIOTCA JETalld U3 3aroTOBOK, MOJYyYEHHBIX
criocobamMu 00pabOTKU JaBiieHHeM uiu JuTbeM. Lllupokoe mpuMeHeHHe HUMEIOT
ctanu. Ctanu ABISIOTCS Je(opMHUpyEeMbIM MaTepuanioM, HHOTJA HPUMEHSETCS
CTalbHOE JNUThE. [IpuMephl HCMNOIB30BaHUS HSTUX MaTEPUATIOB JIaHBl HUXKE.
JlerxoBoit aBToMoOMIIb cpeaHero kinacca Mmaccor 1000...1100 xr umeeT aetanu u3
pa3HBIX cTayied, coctapisromue 57...60 % ero maccel (CIIA, 3amagnas EBpoma).
B crankocTpoenun oOias Macca 4yryHHbIX jJeTaneit paBHa B cpennem 70...80 %
OT MacChl METAJUIOPEKYIIETO CTaHKa.

OCHOBY XMMHMYECKOTO COCTaBa CTAJI€ M YYTYHOB COCTAaBIIAET JKEIIE30 C
nobaBkamu yriepoaa menee 2,14 % (ctamm) unu Oonee 2,14 % (uyryssi). VY
MHOTHUX MAapoK JTUX MaTepUalOB JOMOJHUTEIBHO COJEPKATCA JETUPYIOIINE
XUMUYECKUE 3JIEMEHTHI (XpOM, KpEMHHI, MapraHel, HUKelb, MOJUOJEH U Ip.).
[lepeyeHb OCHOBHBIX BHJOB CTajJ€il U UyTyHOB MO FOCYIapCTBEHHBIM CTaHIapTaM
npuBeieH B TaOin. 1. B MamMHOCTpOGHMHM MPEUMYIIECTBEHHO NPUMEHSIOTCS
KOHCTPYKIIHOHHBIE CTalM W OTJIMBKU U3 UYT'yHOB, HCIOJIb3yEMBbIE IJIS
M3TOTOBJICHUS JIeTajlel MAIlIUH U PA3JIMUHBIX COOPY>XEHUH, U UHCTPYMEHTAJIbHbIC
CTalu i1 METAUIOPEXKYIIUX, IITAMIOBBIX, HW3MEPUTEIBHBIX U APYTUX
MHCTPYMEHTOB.

[Ipu W3ydeHHH CTPOEHUSI M OMNPEACIICHHH KauecTBAa METAINTMYECKUX Ma-
TEpUAJIOB B MATEPUATIOBEJICHUHM IIMPOKO HCIOIb3YETCSI MHUKPOCTPYKTYPHBIN
aHaIu3.

MukpoaHaan3 - HU3y4YE€HHE CTPOCHHUS MOBEPXHOCTEW  HUIM(POBAHHBIX,

MOJIMPOBAHHBIX W MPOTPABICHHBIX OO0pa3loB - MUKPOUUIM(GOB C TOMOIIBIO
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MeTaIorpaUuecKux ONTUYECKUX MHUKPOCKOIOB MPHU YBEIUYEHUSIX OOBIYHO OT
x100 mo x1000.

HaGntomaemoe mpu 3TOM CTpOEHHE MOBEPXHOCTH IUiMda Ha3bIBaeTCs
MuKpocmpykmypoi. MUKpPOCTPYKTypa pa3HbIX 10 XUMHUYECKOMY COCTaBYy
MaTepuagoB W TMOCIE UX pa3aIuyHOM 0OpabOTKM OTIMYAEeTCs IO pas3Mmepy,
reOMEeTpUYecKod (¢opme, 1BETY, B3aUMHOMY pACIOJIOXEHUIO OTACIbHBIX
CTPYKTYPHBIX COCTABIISIOIINX

MukpoaHaliu3 OCHOBAaH Ha HCHOJb30BAHUM 3aKOHOB OTPAXKEHHUS U TIOT-
JIOIIEHUSI CBETOBBIX JIy4el OT MOBEPXHOCTU HEMPO3PAUYHBIX METATUTMYECKUX
MarepuanoB (puc. 1). IlonmupoBanHass MeTajinuecKass MOBEPXHOCTb OTpa)k)aeT
HaIpaBJICHHBIC HA HEE TMEPICHIUKYISIPHO CBETOBBIC JIYIHM W BHUJIHA B OKYJISIP
MUKpOCKONa Kak cBernas. [lpy Hamuuumu B MaTepuane HEMETaUTMYeCKUX
COCTaBJIIIONIMX CTPYKTYpPhl OHHU BHUJHBI KaK TEMHBIE, TaK KaK IMOTJIOMIAIOT
CBETOBBIC JTyUH.

Cranu, MoJy4yaembie KHUCJIOPOJHO - KOHBEPTOPHBIM,
AIEKTPOCTANECIUIABUIb-HBIM U IPYTUMHU CIOCO0aMH, COIEPKAT HeMemaiiuuecKue
6KI0YeHUA. DTO XUMHUUECKUE COCMHEHHSI METaJUIOB (Keme3a, alllOMUHUS, U JP.)
C HeMeTaJIaMHu (CepoM, KHUCIOPOIOM, a30TOM H Jp.).

Ta6numna 1. [lepeueHb OCHOBHBIX PA3HOBUIHOCTEH CTajieil 0 roCyAapCTBEHHBIM

CTaHJapTaM
NeNe 'OCTa HaumeHoBaHue ctangapra
380-88 Cranp yrinepoaucrtasi 0ObIKHOBEHHOTO KauecTBa. MapkH.
535-88 [Ipokatr copToBOif ¥ (pacOHHBIA W3 CTaIM YrICPOAUCTON OOBIKHOBEHHOTO
kauecTBa. OOIIME TEXHUYECKHUE YCIOBUSL.
1050-88 [Ipokatr copToBO#, KanMOPOBAaHHBI CO  CHEIUATBHON  OTIENKOM

IOBEPXHOCTH M3 YIVIEPOJUCTON KAaYECTBEHHOM KOHCTPYKLIMOHHOM CTasH.
OO01ue TeXHUYECKHE YCIOBHUS.

1414-75E [IpokaT W3 KOHCTPYKLIMOHHOH CTajdM BBICOKOH 00pabaTeiBaeMOCTH
pe3anueM. TexHuueckue ycaoBus

1435-90 IIpyTKH, 110JIOCEI U MOTKH U3 HHCTPYMEHTAJILHON HEJIETUPOBAHHOM CTAJIN
IIpokat U3 nerupoBaHHON KOHCTPYKIIMOHHOM cTaiau. TexHuuecKkue ycaoBus

4543-71 Cranu  BBICOKOJIETUPOBAHHBIE U CIJIaBbl  KOPPO3MOHHOCTOWKHE,
KapOCTOMKHE U )KapomnpoyHble. Mapku.

5632-72 IIpyrkm ¥ 1OJIOCBI W3 HHCTPYMEHTAIBHOW JIETUPOBAHHOM  CTaJIH.

Texnudeckue YCJIOBUA
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5950-73 IIpokaTr u3 peccopHO-IPYKUHHON YIJIEPOAMCTON M JIETUPOBAHHOM CTalH.
TexHu4YecKue yCcioBus.
14959-79 [TpyTku 1 moJ0CH U3 OBICTpOpEKyYLIeH cTau. TexHuYecKre yCaoBHsL.

19265-73

1 _) a b
Puc. 1. Cxema oTpakeHUs CBETOBBIX JIYYEH OT MOBEPXHOCTHU
MOJIMPOBAHHOTO (@) U MOJIBEPTrHYTOTO TpaBlieHHo (0) MuKpouuuda.

OCHOBHBIMU BHJaMU HEMETAUIMYECKUX BKIIOYEHUW B CTald IO
I'OCT 1778-70 sBnsOTCA OKCHUIbBI, CYJIb(QUABI, CUIUKATBI, HUTPUABI U
kapOoHuTpuasl (MnS, Si0O,, TiN, nFeO-mMnO-pSiO, u ap.). Okcuabl U HUTPUIBI
SABJISIIOTCS. XPYNKUMU M MPU MPOKATKE CTAIM PaCcIoyiaraloTcsa B BUAE CTPOYEK WUIIU
paccpeoOTOYEHHBIX TOYEUHBIX YacTUll. [lnacTuunsie Cynbpuasl MoaydaroT GopMy
MPOJOATOBATHIX JUH3. CUIMKATBl UMEIOT CJIOKHBI XUMUUYECKUN COCTaB U MOTYT
OBITh IJIACTUYHBIMU WA XPYTKUMH.

[Tocne TpaBieHus nuMda XMMUYECKUM PEAKTUBOM Pa3JIMUHbIE CTPYKTYP-
HBIE COCTABJISIONINE MaTepuania pacTBOPSIOTCA B pa3HOUM CTENEHU, T.€. BOSHUKAET
HEKOTOpBI penbed MNOBEPXHOCTH (HAJUYME  BBICTYNAIOIMIUX U YrIyOJIeHHBIX
ydacTkoB). Ha oTnenbHbIX yyacTKax 3TOro peiibeda CBETOBBIC YU OTPAXKAIOTCS B
Pa3HOM CTENEHH U YYACTKU MOBEPXHOCTH HUIM(A BUAHBI B OKYJISIP KaK CBETIbIE U
TEMHbBIE PA3JIMYHBIX OTTCHKOB.

Jlanubie 0 ()a30BOM CTPOCHHH U CTPYKTYpPE MaTepuaIoB B PaBHOBECHOM
COCTOSIHUU TIOJIy4YalOT U3 MPUBEICHHBIX B YUCOHMKAX U CIPABOYHUKAX JAHATPAMM
cocTostHusl. Takue aAuarpaMmbl COCTOSIHUS B KOOpAMHATaxX «TeMIiepatrypa -
XUMUYECKUH  CcOCTaBy»  cojepkaT uHpopmanuioo o0 (¢azax (MepBUUYHBIX
COCTaBJISIIOIINX MHKPOCTPYKTYpbI), UMEIOIIUXCS B OTACIbHBIX 00JACTAX Aua-
rpaMM, pa3JeiCHHBIX CIUIOMIHBIMA JUHUSIMU. OTH JAHHBIE OTHOCSTCS K pPaB-
HOBECHOMY COCTOSIHMIO CIUIaBOB. IIpyMEHUTENbHO K CTalsM U 4YyryHam

aunarpaMma COCTOSAHUS KEIIC30 — YyIIJICPpOa JaHa Ha puc. 2.
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Puc. 2. Jluarpamma cOCTOSIHHS 3K€J1€30 — YIIIepoa
MertactabunbHasi JauarpamMma COCTOSIHUSI JKEJIe30-yIJIepOoJ, OTHOCUTCA K
CIy4ar) MOJHOM pPACTBOPUMOCTH KOMIIOHEHTOB B YKHJIKOM COCTOSIHUM BBIIIE
nuauM JikBuayca ABCD u orpaHnyeHHON pacTBOPUMOCTH YIJIEpoaa B XKEJIE3€ B
TBEPJIOM COCTOSTHUU. Y kKeJe3a HabII0JaloTCs ABa MOTUMOP(PHBIX MPEBPAILICHHUS:
tg tn
Fe, 2 Fe, ; Fe, 2 Fe,

Keneszo moamdukanuii o0 1 Yy HUMEET COOTBETCTBEHHO KPHUCTANIMYECKUE
pemetkn oobemolieHTpupoBaHHoro ky6a (OLIK) u rpaHenieHTpupoBaHHOTO KyOa
(I'IK). B cBsiz3m ¢ HanuuyueM Yy Keje3a MOIUMOP(HBIX MpEBpallleHU Ha
IUarpaMMe COCTOSIHUSL JKEJIe30-yIJIepoJi OoOpa3ylroTcsi Tpu 00JIaCTH TBEPJbIX
PacTBOPOB YTIIEPO/Ia B HKeEJe3e:

- obmacts NJESGN TBepmoro pactBopa y (aycrenuta A), T.e. pacTBopa
yraepoaa B Fe,(I'LIK);

- nBe oonmactu QPGQ u AHNA TBepnoro pactBopa oo (peppura @), T.e.
pactBopa yraepona B Fe,(OLK).

B npaBoit yacTu MeTacTaOMIBHON JUarpaMMbl COCTOSIHUSI JKEJI€30-YTIepol
umeetcst y3kas obnactb DFKLD TtBepmoro pactBopa HEOOJBIIOrO KOJWYECTBA
’Kenesa B xumuueckoM coenunennu FesC, 1.e. nementura L.

CrnenoBatenbHO, B CIJIaBaX METACTAOMIBHON AHarpaMMbl COCTOSIHUS KeEI€30-
YTIEpO/ CYIIECTBYIOT cieayromue (as3bl: KUAKAN pacTBOp Yriepojia B Kelese,
bepput, aycteHuT, meMeHTUT. OcTaiabHble O00JACTH JUarpamMMbl COCTOSIHUS,
OTPaHUYCHHBIC CIUIONIHBIMU JIUHUAMHU, SBJSIIOTCS ABYX(a3HBIMH, T.€. COCTOST U3
TEX WJIM UHBIX JIBYX (ha3.

Ha pawmarpamme CoOCTOSIHUSIT HUMEIOTCA TaKXe TOPU30HTAJIbHBIE JIMHUU
Tpex¢a3HbIX PaBHOBECUM MpPHU MOCTOSHHBIX TEMIEpaTypax, rie¢ B PaBHOBECHOM
COCTOSIHUU CYIIECTBYIOT 1O TpH (a3bl:

e JmHUsA HIB meputexkTnueckoro npeBpanieHus:

t
HJB

e
KB + OHA,

o juHUA ECF 3BTEKTHYECKOTO MPEBPAIICHUS:

t
ECF

—
Kce e (Ae + L) (aBTekTuka-nenedypur JI)

e juHUA PSK 3BTEKTOMIHOTO MPEBPAIICHUS:
t
PSK
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—
Ag e (Op + Lk) (3BTEekTOMA - iepauT I1)

B cmnaBax xene3o — yriiepoj - KpeMHUN B 3aBUCUMOCTH OT KOJIMYECTBA
yriepojga W KPEMHHUS, UHUCICHHOW BEIUYUHBI CKOPOCTH  OXJIAKJICHHS
CYILIECTBOBYIOT JIB€ PA3HOBUIAHOCTH JIUarpaMMbl COCTOSIHUSL KEJI€30-yriIepo.:
MeTacTabmibHas (3KeJie30-1IEMEHTHUT) U cTabuiibHas (3kene30 - rpadur).

VY craneit B paBHOBECHOM COCTOSIHUM UMEIOTCS CleayIomue (a3bl:

AKuakuii pacteop (7K) Ha ocHOBe xkeresa.

@eppur (P)- TBEpABIM pacTBOP YIJIEPOAA W JIETUPYIOUIMX 3JIEMEHTOB B
xeneze Fe,C KpuUCTaIMYecKOW peneTko OOBEMHO-IIEHTPUPOBAHHOTO Ky0Oa
(OLIK). ®eppur wumeer TtBepaocth HB 80-90,mmactuued (OTHOCHTEIBHOE
ymiuaerue 50 %).

AycreHuT (A) - TBEpABIA PACTBOP YIVIEPOJA W JIETUPYIOIIUX SJIEMEHTOB B
xenese Fe, ¢ kpuctammnyeckoi pemeTkoi rpaneneHTpuposantoro kyoa (I'LK).

Hementut (L) -pacTBOp HEOOIBIIOTO KOJUYECTBA Kejle3a B KapOuie xxenes3a
F€3C.

OO6pa3yrorcs Takke U 00Jiee CIOXKHBIE CTPYKTYPHBIE COCTABJISIONINE
u3 1ByX (ha3, HaOIr0jaeMble B MUKPOCTPYKTYpE:

Iepautr (II) B Buae TeMHBIX (KOPUYHEBBIX) YYACTKOB, COCTOAIIUNA U3
(GeppuTHOI OCHOBBI M KPUCTAJIUIOB IIEMEHTHUTA IUJIACTUHYATONM  (POpMBbI
(mtactTuH4aThil nepaut). OH 00pa3yeTcs Npu MEAJICHHOM OXJIaXJICHUU B CTANISIX U
YyryHax B pe3yibTaTe ciaeAyrouero (pazoBoro npeBpamieHus: ayCTeHUTa:

t

psk
e

AD + 11 (IT)
Oco60if TepMuueckoil 00pabOTKOM MOXKET OBITh MOJYYEH 3EPHHUCTHIN
MEPJIUT, COCTOAIINN U3 (heppuTa U YaCTHUIl IEMEHTUTA B (DOPME MEJIKUX 3€pEH.
JleneoOyput (JI) B Buae MeCTphIX O€TO-TEMHBIX YYaCTKOB, COCTOSAIIUNA W3
0esioro IIEMEHTHUTA -OCHOBBI M TEMHOTO TMEpJUTa B BHJAE OKPYIJIbIX WU
yanHeHHbIX yactull (Hmke 727°C). Beime temnepatypbl 727°C 3TOT Jiene0yput

COCTOUT U3 HICMCHTUTA U ayCTCHHUTA !
t
ecf

—
KA + 11 (JI)

MHOrouYrcieHHbIe CTAId Pa3HBIX MapoK, OTIMYAIOIIHUECS XUMUYECKUM
COCTaBOM, [0 MUKPOCTPYKTYPE B PABHOBECHOM COCTOSIHUU PA3ACISIIOTCS HA IIECTh
OCHOBHBIX CTPYKTYpPHBIX KilaccoB (Tabn. 2).. DopMmbl BKIIOYEHUU Tpaduta
MOKa3aHbl Ha puc. 6.

Tabnuma 2. CTpyKTypHBIE KJIACCHI CTalIel B pABHOBECHOM COCTOSIHUU
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CrpykTypHBIi XUMHUYECKUMN COCTaAB Mukpo- Tumnosoe
KJIACC CTAJIH CTPYKTYypa MIPUMEHECHUE B
Yraepon Tunuyueie MAalllHHOCTPOECH
C JIETUPYIOIINE 1705
AJIEMEHTHI
J103BTEKTOMTH Cp<C<Cs Cr, Mn, Niu Oeppur + KoncTpykunon
bIE CTAJIN Ip. MEePIUT HBIE CTAJINA
DBTEKTOUHbBIE C=Cs Cr, W,V [Tepsut NucTpymMeHTAIBD
cTaiu U Jp. HBIE CTAJIA
3a’BTEKTOUIH Cs<C<Cg Cr [Tepmut n NucTtpymeHTann
bIE CTAJIN KapOuIbI HBIE CTAJIA
BTOPHUYHBIEC
Cram Cp<C<2,14% Xpom, Ilepiur, NHcTpyMeHTab
KapOUIHOTO BOJb(ppam KapOUIbI HBIE CTaIA
(nexedypuTHOrO) (10 6...12 %) | nepBUYHBIE U
KJjacca
BTOPUYHBIE
Cranmn Huxkenp, AycTeHur Koppoznonno-
ayCTEHUTHOTO Maprasen (10 | JIETHPOBAaHHBIA | CTOMKHE CTaJIH.
KJlacca Hecsatbie 13...20 %) ’KapomnpouHnsie
nonu % u CTaJIN
Cramu MCHCC Kpemuwuii, deppur DIIEKTPOTEXHUY
dbeppuTHOTO XpOoM JIETUPOBAHHBIN €CKHUE CTaJIH.
KJjiacca Kucnorocroiku
€ CTauu

CBCI{CHI/IH 0 XapaKTCPHBIX MCXAHHUYCCKHX CBOMCTBAX YIJICPOAUCTBIX

crajieit B Tadu. 3.

Tabnuua

3.

Mexannueckue

(6e3 ynpouHsoIIel TepMUYECKoil 00paboTKN).

CBOICTBA

cTajIeun

HaunmenoBanue marepuana

Mexannueckue CBOUCTBA

MpeAe IPOYHOCTH MPHU
pactsxenun, Mlla

yaiHeHue, %

YFHCPOI[I/ICTBIC KOHCTPYKIMOHHBIC CTAJIN

321...676

2...15

2. MATEPUAJIBHO - TEXHUYECKOE OBECIIEYEHUE PABOTbI

B pabGote
MUKPOLLITU(]OB.
OCHOBHBIMH WX YaCTSIMHU  SIBJISTFOTCSI:
MPEAMETHBIA CTOJIMK JJIS YCTAaHOBKH MUKpountuda,

KOJJICKIINH
KOHCTPYKIHWH.

HCTIOJIB3YIOTCS
MuKpOCKOIbI

MeTaiorpaduieckue
BBIITYCKAIOTCSI
OCHOBAaHHE,

MEXaHHU3MBbI

MHUKPOCKOIIBI H

pa3IUYHOMN
KOpITYC,
rpyooii
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(OKYCHUPOBKM C MaKpOBHHTOM M MHKPOMOAA4YM C MUKPOBHHTOM JUIsl TOYHOMU
HaBOJIKU Ha (hOKYC, ONTUYECKAsi CUCTEMA, OCBETUTEb.

CnocoOGHOCTh ONTUYECKON CUCTEMBI MUKPOCKOIA U300paxaTh pa3iaeibHO

JIBE€ TOYKHU (paspenaroiniasi CmocoOHOCTh O, MKM) ompeaeseTcs o popmyle:
d=A/2A; (A =nsin (a/2)),

r7ie A - JJIMHA BOJHBI CBETOBBIX JIy4ei, MKM; N - OKa3aTeJb MPEIOMICHUS
CBETOBBIX JIy4eil cpeioil, HaXOoMsIIecs MeXIy MOBEPXHOCThIO MUKpouuiuda u
OOBEKTUBOM MHUKPOCKOIMA; O- OTBEPCTHBIM Yyroia OOBEKTHMBa; A - 4HCIOBas
anepTypa mukpockomna (o0erano A= 0,17...1,25). IIpu A = 1,25 u A= 0,55 Mxm
JUISL BUAUMBIX JIyded CHEKTpa MHUKPOCKON TMO3BOJISIET BHUAETh CTPYKTYpPHBIE
cocTaBJsitoIIKe pazMepoM O = 0,2 MKM.

3. HOCHEJOBATEJIBHOCTD BbIINIOJIHEHUA U OBPABOTKA
IKCHHEPUMEHTAJIBHBIX JTAHHBIX

[IpakTudeckast 4acTh pabOTHI 3aKIIOYAETCS B U3YUYEHUU MUKPOCTPYKTYPBI
CTajed W YyryHOB, KaK MpaBuio, Npu yBeaumdeHun mukpockoma x100, a B
HeKoTophIX chyvasx g0 x600. CryaeHTaM NOpenoCTaBISIIOTCS J1abopaTOpHbIE
KOJUIEKIIMM MUKPOIUTU(OB, MOATOTOBICHHBIC JIJII UCCIIEIOBAHUIMA.

[IpeaBapuTenbHO CTYJIEHTHI 3HAKOMATCS C YCTPOMCTBOM U paboToi
MHUKPOCKOTIA O] PYKOBOJCTBOM MpenojiaBaTenis u JadopanTa. s paccMoTpeHus
MUKPOCTPYKTYpPhl TUIM(}, 3ampecCOBAHHBIH B IUIACTUIMH HAa CTEKJISHHOU
IJJACTUHKE, YCTAaHABIMBAETCS HAa MPEIMETHBIM CTOJMK Mukpockona. Ilocne
BKJIIOUEHHUSI HCTOUYHHMKA CBETa IPOBOJUTCS HABOJIKAa Ha (POKYC CHauaja ¢ MOMOIIbIO
MakpoBUHTa, a 3areM Oojiee TOYHO MHUKpOBUHTOM. Jlamee wu3ywaercs
MUKPOCTPYKTYypa NUIM(OB TUMOBBIX CIJIABOB, OMMCAHUE KOTOPBIX JaHO B TaOII. 8.
C momoIbI0 OMUCAHUS, CXEM MHUKPOCTPYKTYp (puc. 3) U HaXOISAUIUXCS B
naboparopuu (dororpaduil ycTaHaBIMUBAIOT, KaKU€ CTPYKTYPHBIE COCTABIISIONIHE
MMeEEeT Kax bl oOpasel], HAMMEHOBAHUE, COCTaB U CTPYKTYPHBIN Kiacc.

Bonee nonpobHas olieHKa MUKPOCTPYKTYPHI CTajeH, MPOBOJUTCS O Clie-
nytomemy rocyaapcrBeHHomy ctaHgapty: ['OCT 8233, Cramb. 3TanoHbl
MUKPOCTPYKTYPBI.

[lyTeM cpaBHEHHSI MUKPOCTPYKTYPbl H3y4aeMOW CTalyd CO IIKaJIaMHu
ctpyktyp ['OCT, ompenensieTcss KOTWYECTBEHHAsT XapaKTEPUCTUKA WM HOMEDP
O0ajsla MO COOTBETCTBYIOIIEMY MpH3HaKy. [IpUMEHHUTENBHO K pPaBHOBECHOMY
cocrossiHnio craBa ucnonb3oBanue ['OCT 8233 mo3Bonsier oOmpenenuThb
MPOIIEHTHOE COOTHOIIECHUE MEXAYy (EeppUTOM U MEPIUTOM B JIOIBTEKTOUIHBIX
CTalsIX, COOTHOUIIEHHWE KOJMYECTBAa IUIACTUHYATOTO W 3€PHUCTOTO MEPIIUTA,
JUCTIEPCHOCTh ~ IJIACTUHYATOrO0 M 3€pHUCTOro  mnepiuta. Jlnsg  oleHKH
HEMETANIMYECKUX  BKIIOYEHUW U pa3NUyHBIX  BUJOB  HEOJHOPOJIHOCTHU
MUKPOCTPYKTYPhI B CTalsiX UMEIOTCA OT/AENIbHbIE TOCYAapCTBEHHbIC CTaHIAPTHI:
I'OCT 1763-68, 'OCT 1778-70, 'OCT 5640-68.

Knaccuduxanus YYT'YHHBIX OTJIUBOK o MUKPOCTPYKTYpE
METAJJTMYECKOW OCHOBBI U T'PA(UTOBBIM BKJIIOUEHUSIM BENETCS MO CIEAYIOIIEMY
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rocynapctBeHHOMY cTanaapty: ['OCT 3443-87. OTIMBKY U3 YyTyHA C Pa3IMYHOMN
dbopmoit rpadputa. MeToabl onpeaeneHus: CTPYKTYpHI.

NmMest konMuecTBEHHbBIE TaHHBIE B MPOILIEHTAX O IUIONIAJ1, 3aHUMAeMOM B
nuide CrjiaBa pa3IuyHbIMU CTPYKTYypHbIMHU coctaBistomumu (I1 - mepnur, 1 -
uemeHTuT, JI - neneOyput, I' - rpaduT), MOXKHO BBIITOTHUTH PACUET MPUMEPHOTO
KOJIMYECTBA .yIJIepoJia B CTAISAX U YyryHax IO cieayrouei oomen popmyIe:

C= 0,811 +6,6711 +4,3J1/ 100 + 301" /100, %

B nosBTekTHUecKUX O€NbIX YyryHax JUisl OINpeeTeHUS COOTHOIICHUS
mexay I1 u I mpunsto: ecnu 11 + I, = 100 %, To komuuectBo I1 cocraBuset 80 %,
a neMenturta sropuunoro 20 % ( I1=4L1,)

Briuucnenuss mo mnpuBelneHHOW ¢Gopmylie ACHCTBUTENbHBI [l CIUIABOB,
HaXOJSAIINXCSI B PABHOBECHOM COCTOSTHUU.

[Iprimepsbl BEIYMCIIEHUM:

Cranp nosBrexrongHas: 40 % II; 60 % ®: C = 0,8 -40/100 = 0,32 %.

Cransb 3a3BTeKkTougHas: 88% II; 12 % L1,:C = 0,8 -88/100 +6,67-12/100 = 1,50
%.
Yyryn YIII: 30 % I1; 58 % ®; 12 % I': C= 0,8 -30/100 + 30 -12/100) =3,84 %.
YyryHn Oenbiii no3srexkruyeckuid: 40% JI; 60 % (I1+1L,), To ectb 48% I u 12%
L:
C=0,8 - 48/100 + 6,67 - 12/100 + 4,3 - 40/100 = 2,9 %.
Yyryn 6enblii 3a3BTekTuueckuii: 60 %L;; 40 % JI:
C=6,67-60/100 + 4,3 - 40/100=5,7 %.

Tabnuua 4. [lepeuenb MUKpOIUTUQPOB CTaJIEH U YYTYHOB U3

71a00paTOPHBIX KOJIJIEKINH (TUTIOBBIE TPUMEPHI).
NoNe Xumudeckui cocras, % | CtpykrypH| Onucanue
Marepuan YIJIEPO Ipyrue BIM KJIACC | MUKPOCTPYKTYP
MUKPOIII hi§ KOMITOHEHTBI bl
nuda C
1 2 3 4 5 6
YIJIEPOAUCTBIE CTAJIN
I. [Yraepomucras 0,20 - JloaBTEeKTOM (CBETIIBIE 3€pHA
Ka4eCTBEHHAs nmHas cTtanb (pepputa u
KOHCTPYKIIMOHHAS TEMHbBIE YYACTKU
ctaib 20, repJnTa
I'OCT 1050-88
3. HHcTpymeHTaIbHAsA 0,80 - OBTekTOuAH[[ lepauT
HEeJIernpoBaHHAas CTalb asi CTallb  [JIACTUHYATHIN
Y8, I'OCT 1435-90
4. |HMHCTpyMEHTaNIbHas 0,80 - OBTeKkTOouAH[ [epuT
HEJIEernpOBaHHAas CTalb ast CTallb  3EPHUCTHIM
V8, I'OCT 1435-90,
ITOCJIE OTXKUTA
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MHCcTpyMeHTalIbHAS 1,00 - 3a’BTEKTON ([ €MHBIE YUaCTKH|

5. |HelerupoBaHHas CTaJb NHas CTallb [IepIUTa U
V10, I'OCT 1435-90 CBETJIas TOHKAs

ceTKa
BTOPUYHOTO
[IEMEHTHUTA
KOHCTPYKIMOHHBIE CTAJIN C CTPYKTYPHBIMUA
HEOJHOPOJHOCTAMUA

7. |Cranp 0,40 - JloasrexkTon Kpyrasie
KOHCTPYKIIMOHHAS NTHAsl CTallb [TE€MHBIE YYACTKU
rocJje neperpena rnepauTa u

CBeTIas
[IUPOKask CeTKa
bepputa

8. |Cranb 0,25 - JloaBrekrou [lepaut u
KOHCTPYKIIMOHHAS C nmHas ctanb |(peppur
MOJIOCYATOCTHIO [PACIIOIOKEHbI B
(dheppuTO-NIepAUTHON BUJIC
CTPYKTYpbI YepeayIOIINXCs

MoJIoC.

9. [Cranp 0,80 - OBTeKTOUAH[[ lepauT B
MHCTPYMEHTAJIbHAS C ast CTallb  (CepALIECBUHE,
00€e3yTIIepOKMBAHUEM dbepput u
MOBEPXHOCTHOTO CJIOSI MEepJIUT B

MOBEPXHOCTHOM
cioe
OBPA3EIL CTAJIN C HEMETAJUIMYECKNUMU BKIIFOUEHUAMUA

10. |Cranb ¢ JAHHBIX - - TeMHbIe
HEMETAJNTMYECKUMU HET HEMETaLINYECKU
BKJIIOYEHUSMU € BKJIFOUCHUS,
(TTOJTMpPOBaHHBIN LT (D BBITSIHYTBIE T10
0e3 TpaBJIeHUS) HapaBJICHUIO

nedopmaruu
JIETMPOBAHHBIE CTAJIN
34. |lerupoBaHHas 0,40 0,8...1,1 Cr | Ho3srekT [I'emHbIE yyacTKH
KOHCTPYKIIMOHHAS OWJHAs  |[MepiuTa U
ctanb 40X, cTajb CBETJIbIN eppuT
['OCT 4543-71
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38. |AHCcTpyMEeHTanbHas 2,0 |11,5...13,0 Cr Cranb [Tepiut
IIeripoBaHHAs CTajlb KapOWTHOT'O MEJIKO3E€PHUCTHIH
X12, Kjacca , KpYIIHbIE Oebie
'OCT 5950-73 [MEpBUYHBIE
KapOuJIbl U 0oJieq
MeJKUE
BTOPUYHBIC
KapOWIbI
39. |Koppo3uOHHOCTOMKasI | MEHEE 16...18 Cr |Crainb CBeTIbIie 3epHa
ctayb 12X17, 0,12 (heppUTHOT [IETHPOBAHHOTO
'OCT 5632-72 o k1acca  (bepputa
40. |[KopposuonHoctorkas | menee | 17...19 Cr; (Cranb CBeTIbie 3epHa
ctanb 12X18HI10T, 0,12 9...11 Ni; QyCTEHHWTH [IETHPOBAHHOTO
I'OCT 5632-72 He Oojiee  oro Kjacca [@ycTeHUTa
0,5Ti
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[Iponomxkenue puc. 7.

[Iponomxkenue puc. 7.
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puc. 3.

4. COAEP)KAHUE OTUYETA
Utorn nposeneHHoil paboOThl OPOPMIISAIOT B OTYETE, KOTOPBIM TOJKEH
COAEPKaTh CICAYIOIINE Pa3IeIIbl:

1 .enp pa®oTHI.

2 . O6opynoBaHue, IprUOOPHI U MaT€pPUAJIbI, UCTIOIB30BaHHBIE MTPU BBHIMOJHEHUU

paboTHI.

3. TeopeTrnueckue NMOMOKEHUSA: MOHATUE O MUKPOAHAIIN3E U MUKPOCTPYKTYpE.
Xapaktepuctuka (a3 M CTPYKTYpPHBIX COCTAaBISAIONIMX CTajJed M YYTryHOB.
[IepeuuciieHue CTpyKTYPHBIX KJIACCOB CTAJIEN U YYT'YHOB.

4 . MeTtoaunka npoBeaeHUs: pabOTHI U MOTYyUYCHHBIE PE3yJIbTAThl. 3aPUCOBKA CXEM
MHUKPOCTPYKTYP BCEX M3YUYEHHBIX CIUIABOB, HAUMEHOBAaHME U MapKa Marepuaia,
COCTABJIAIOIINE CTPYKTYPBI, XUMUUYECKUN COCTAB.

B koHIEe 3aHATHMA mNOpenojaBaTedb IYTEM YCTHOTO OIPOCa IPOBEPSET
YCBOEHHUE 3HAHHUM CTYAEHTAMU 10 BONPOCAM JJIsI CAMOIIPOBEPKH.
OdopMmieHHbIE OTUYETHI MPOBEPSIOTCS U MOAMUCHIBAIOTCS MPENOJaBATEIIEM.

BOITPOCHI JJ5 MOATI'OTOBKU K PABOTE U CAMOITPOBEPKH

1 . IloHsiTHE MUKpOAHAIN3a U MUKPOCTPYKTYPbI MATEPUAJIOB.

2 . Kakue oCHOBHbBIEC YaCTU UMEET MeTauiorpauuecKuii MUKpOCKOI?

3.B kako#l mociaegoBaTEIbHOCTH MPOBOAMUTCS PACCMOTpPEHUE MHUKpouuiuda u
M3YUYE€HHUE MUKPOCTPYKTYpbI?

4 . Y10 NOHMUMAETCS O] YUCIOBOU anepTyporl MUKpOCKoma?

5 . I3 KakuX XUMHYECKUX AJIEMEHTOB (KOMIOHEHTOB) COCTOSIT CTAJIM U UyT'yHbI?

6 . Uto npencTaBisitoT co00il heppuT, IEMEHTHUT, IEPIUT, JIeAeOypUT?

7 . Kakue cTpyKTypHBIE KJIACChl UMEIOT CTAIN U YyT'yHbI?

8 . Kakyto reomeTpudeckyro GopMy UMEIOT BKJIIOUEHHUS TpaduTa B UyryHax
UIll', BUILLT, UXT, UYBT?
9 .IlpruMeHeHrne 1 MEXaHUYECKNE CBOWCTBA CTAJIEH U YyTYHOB.

PEKOMEHIAYEMAS JIUTEPATYPA

OcHoBHas:

®etucos, I'.Il. MarepuanoBeaeHue M TEXHOJIOTHS METAJUIOB: y4eO. IS
CTyI€HTOB MamuHocTp. creu. By3oB / [.II. ®etucoB, M.I'. Kapnman, B.M.
Martromun; nox pen. I'.I1. detucosa. — 3-¢ uza., ucnp. u gon. — M.: Belcil. k.,
2005. 862 c.

JlonmonuutenpHas:

Apzamacos, b.H. Marepuanosenenue: yue0. nis By3oB / b.H. Apzamacos [u
np.]; mox oom. pea. b.H. Ap3amacona, I'.I'. Myxuna. — 7-e¢ u3a., crepeoturn. — M.:
N3p-Bo MI'TY um. H.O. baymana, 2005. 648 c.
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JlaGoparopHasi pabGora Ne3

no teMe «O3HaKOMJIeHHE CO CprKTypOﬁ U CBOMCTBaAMH IIBETHBIX
METAaJJIOB».

Heab padoThl: U3YyUUTH KIACCUPUKAIINIO, MUKPOCTPYKTYPY, CBOMCTBA U
Ha3HAYEHHUE TUMOBBIX IBETHBIX CIJIABOB MAIITMHOCTPOCHHS.

1. KPATKHME CBEJAEHMUSA U3 TEOPUUAU

K uBeTHbiM OTHOCHUTCA OOIIMpHAs Tpynna METALUIOB CIEAYIOIINX
KJIaCCOB:

- Jezkue METaJIbI SIBIISIFOTCSI OCHOBOI1 CIJIABOB JUJISE
MAIIMHOCTPOEHUS, CYAOCTPOCHUS, CAMOJETOCTPOCHUS. IJTO MPEUMYIIECTBEHHO
AJTIOMHUHUN U TUTaH, PEKE MarHUi;

- JlecKonniaexkue METAIUIbl TPEUMYIIECTBEHHO HWCHOJB3YOTCA A

M3TOTOBJICHUS AaHTU(PUKIMOHHBIX CIUIABOB: 3TO CBUHEII, OJIOBO, IIMHK. Takue
CIUIaBbl 4YacTO B BHUJIE TOHKOT'O CJIOSi HAHOCSATCS Ha pabouylo IMOBEPXHOCTh
CTaJbHOM OCHOBBI MOAIIMITHUKOB CKOJIbKEHHUS MAlllMH ¥ MEXaHU3MOB,;

- pedKo3zemellbHble METaUlbl MPUMEHSIIOTCS B KayecTBe J00aBOK K
Pa3IMYHBIM CILIaBaM (CTaJISIM U AP.) C LEJbI0 YIYyUIIEeHUSI UX CBOMCTB;

- bOnazopoouvie MeTamabl  (30]10TO, cepedpo, TIUIaTHHA ©  Jp.)
HCIIOIB3YIOTCS B AJIEKTPOTEXHUKE, JIEKTPOHUKE, PAIUOTEXHUKE;

- YpaHo8vle METAILIbI MOJYYWIN MPUMEHEHHE B aTOMHOM YHEPTEeTUKE;

- myeonniaekue MeETAIIbl (HUOOWM, TaHTal, MOJUOAEH, BOIb(paM)
MPUMEHSIOTCS ISl U3TOTOBJICHMS H3ACIUM, padoTarommux Hpu 0C000 BBICOKUX
temneparypax no 1500...2000 °C.

N3 nBeTHBIX METaNIOB HAaMOOJIbIIIEE UCIOJIb30BAaHNE UMEET ATIOMUHUIL,
COZEpKaHUE KOTOPOTO B 3€MHOM Kope paBHO 8,8 %. AJNIOMHHUEBBIC CILIABBI
MPUMEHSIIOT JUIsi KYy30BOB, paMm, D3JIEMEHTOB JBEped, paguaTopoB, KOJEC
aBTOMOOMJICH, OJIOKOB IHMJIMHIPOB, TOJOBOK OJIOKOB, IOPIIHEH JBUTATENICH
BHYTPEHHETO CTOpaHus U IPYTHUX JeTajei MallluH.

ANIOMHHUEBBIE  CIUIaBBI ~ OCTAIOTCS  OJHUM W3  OCHOBHBIX
KOHCTPYKIIMOHHBIX MAaTepHAJIOB B MPOU3BOJCTBE JIETaTeNbHBIX anmnaparoB. M3 Hux
U3TOTOBJISIIOT 3JE€MEHTHl KOHCTPYKIMNA CaMOJIETOB, BOCIIPMHUMAIOIINE JIEHCTBUE

MCXaHNYCCKUX CHJI. INITaHTOYThI, JIOHXXCPOHLI, HCPBIOPLI U AP. CmiaBel B BUAC
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JUCTOB MPUMEHSIOT JJisi OOIIMBKU KOPIIYCOB PAKET M CAMOJIETOB, U3TOTOBJICHUS
TOIUIMBHBIX M MAaclAHbIX 0akoB (CIUlaB aTlOMHUHUN-MarHui, AypaatOMUH,
ATIOMUHUM - JUTUEBBIC CIUIaBbl U Jp.). [IOKOBKM M IITaMIOBKHM TMOJYYalOT U3
KOBOYHBIX cr1aBoB Mapok 1360 (AK6) u 1380 (AKS). B cepuiiHoM mpou3BOJCTBE
OCBOCHBI HOBBIC aJIOMUHUEBBIC CIUIABbI, HMEIOIIME B JBAa pa3a MEHbIIEe
CoJIep>KaHKME BPEIHBIX MPUMECEH U MOBBIINIEHHOE COMPOTUBIICHHE K 00pa30BaHUIO
TpenuH. U3 3TUX CIIaBOB MPOMBINLIEHHOCTh MPOU3BOIUT JUCTHI JJIUHOU 110 9
METPOB U TUTUTHI JUIMHOM 10 25 METPOB.

Pacmmpsiercss mpuMeHEHHE TUTAHOBBIX CIUJIABOB IMPEUMYIECTBEHHO B
CYyIOCTPOCHUU U aBUAIMOHHON TexHuke. CIuiaBbl OOBIYHO MOIYYalOT CIOCOOOM
BAKYYMHO-IyTOBOM TIUIaBKM C PacXOAYEeMbIM DJIEKTPOJIOM. BrlmaBisemsbie
TUTaHOBbIE cIUTKH uMeroT auamerp 500..800 mMm, maccy 5..8 TOHH U Janee
moABepraroTcs o0paboTKe JaBJICHUEM: KOBKE HAa MOJIOTaX, MPOKATKE HAa CTaHaxX U
np. OcCHOBHBIMH BHJIaMH Je()OPMUPYEMBIX THUTAHOBBIX MOIY(PadbpUKaTOB
SBJISIIOTCS TOKOBKH, IITAMIOBKY, NPYTKH, TPO(HIH, TPYOBHI.

Ha ocHoBe anoMuHMs, MeIu, MarHusi, TUTaHA W HEKOTOPBIX APYTHUX
IBETHBIX METAUIOB pa3pabOTaHbl CIUIABBI, MEPEUYECHb OCHOBHBIX BHUOB, KOTOPBIX

10 TOCYAapCTBEHHBIM CTaHAApTaM MpUBEJEH B Ta0M. 1.

Ta6muma 1. IlepeueHb OCHOBHBIX Pa3HOBHIHOCTEH MPOMBIIUICHHBIX
LBETHBIX MAaTEPHUAJIOB 10 TOCYIAPCTBEHHBIM CTaHAApPTaM

Noe I'OCTa HanmeHnoBaHue cTtangapra
493-79 Bpon3sl 6e30m0BaHHBIC TUTEHHBIE. Mapku
613-79 BpoH3b1 0510BsIHHBIE JINTEVHBIE. Mapku
1320-74 baOOuTHI 0JIOBSIHHBIE U CBUHIIOBBIE. TE€XHUYECKHE YCIOBHS
1583-89E CnuaBbl antOMUHHUEBBIE JIUTENMHBIE. Mapku
2856-79 CnuiaBbl MarHueBbI€ IUTENMHBIE. Mapku
4784-74 AJOMUHUN U CIUIaBbl AIIOMUHUEBBIE nedhopMupyembie. Mapku
5017-74 BpoH3bl on0BsiHHBIE, 00pabaTbiBaeMbie 1aBieHuEeM. Mapku
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14957-76 CmiaBel MaraueBblie Aedhopmupyembie. Mapku

15527-70 CrmuiaBel METHOLIMHKOBBIE (JIaTyHH ), 0OpabaThiBaeMbIE JaBICHUEM.
Mapxu

17711-80 CrmuiaBel METHO-LIIMHKOBBIE (JIATYHH) TUTEWHbIe. Mapku

18175-78 Bpon3sl 6e3omoBsiHHBIE, OOpabaThiBaeMble JaBlieHHeM. Mapku

19807-91 Tutan u criaBsl TATaHOBBIE JehopMupyeMbie. Mapku

28873-90 CrmuiaBel Ha OCHOBE TSIKEJNBIX I[BETHBIX METAIIOB, 00padaThiBacMbIe
naBlieHueM. Y HUDUIIMPOBAHHBIE MapKHU.

Ornrcanne MUKPOCTPYKTYP IIBETHBIX CILJIABOB JIA0OPATOPHOMN KOJIIEKIIMU
nuindoB 1aHO B Tabd. 2, a CXeMbl MUKPOCTPYKTYp MpHUBEACHbI Ha puc. 1.
[IpumensieMble B COBPEMEHHOW TEXHUKE IIBETHbIE MaTepuajibl Ha OCHOBE
ATIOMHUHMS, MEAW, THUTaHAa U JPYTUX METAJIOB  MOAPA3ACNSIIOTCS  Ha
nedopmupyembie U autedHble. W3 dedhopmupyemvix cnnasoe monyyaroT
Pa3IMYHBIMU CIIOCOOAMM TOPSYEH M XOJIOJHOU 00paOOTKM JaBJICHHEM KOBaHbBIC U
IITAMIIOBAHHBIE 3arOTOBKHU, MPYTKU, JTUCTHI U Tpoune mnoiydadpukarsl. OCHOBY
UX CTPYKTYPBI COCTaBJISIFOT TBEPbIE PACTBOPHI.

Jletanu w3 JumetiHbiX CNn1agoé HE 00padaTHIBAIOTCS JaBICHHEM H
CTaBSITCSl B KOHCTPYKIIMIO MAIIIMH B JIATOM COCTOSIHUU B BHUJI€ (PAaCOHHBIX OTJIMBOK.
JIist M3rOTOBJIEHUST W3 HHUX OTJMBOK OHU JOJDKHBI 00J1aaTh XOPOIIUMH
JUTEUHBIMU TEXHOJIOTUYECKUMH CBOMCTBAMU: BBICOKON CIOCOOHOCTBH >KHAKUX
CIUIABOB K 3aIOJHEHUIO MOJOCTEN TUTEHHOU (HOPMBI (KMIAKOTEKYUYECThIO), MaJIon
ycaaKou, HeOOJIbIIION CKIOHHOCTHIO K 00Pa30BaHUIO TPEIUH U JIP.

Tabmumna 2. Ilepeuenbp 51a0OpaTOPHOM KOJJIEKIIMM MHUKPOUUIU(OB IBETHBIX
CILJIaBOB

Ne HaumenoBa | Mapka I'oCT Xumuueck | O6pabotka | CTpyKTypHBIE
nunda HUE uii cocTas, CcIiaBa COCTaBJIAIOLINE
%
42 Hypantomu 1160 4784-74 | Al-ocHoBa; Orxur OL-pacTBOp U
H 3,8...4,8Cu; YACTHIIBI
1,2...1,8Mg MHTEpPMETAIN
5 HOB
0,3...0,9Mn
43 Menno- JI68 15527-70 Cu - XonoaHas 3epHa
IIMHKOBBIN ocnoBa 30- |nedopmauus | o-pacTtBopa C
CIIJIaB 337Zn U OTXKUT IBOMHUKO-
(1atyHp) BBIMU
KpHUCTaJJIaMH
(cBetibie U
TEMHBIE)
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OTxUT

44 | Turanossii | BT3-1 19807-91 | Ti-ocHoBa; 0-pPacTBOp
CIUIaB 5,5...7Al (cBeTIBIH) M P-
2...3Mosl; pacTBop
2...5Cr; (TeMHBI)
0,15...0,4
Si;
0,2...0,7
Fe.
45 Cunymun AK12 1583-89E | Al-ocHoBa; | JIuteé Ge3 OBTEKTHKA
10...13 Si | mogudumnmp (otSi) u
OBaHUs KPYITHbIC
KpUCTaJUIBI Si.
46 Cunymux AK12 1583-89E | Al-ocHoBa; JIuteé ¢ HucnepcHas
10...13 Si | mogudumup HBTEKTHKA
OBaHHEM (ot+Si)u a-
pactBopa
(cBeTbIil)
47 Marnuessl MUJI5 2856-79 Mg — JIuteé n Ilepenaceliex
U cIuiaB OCHOBA 3aKalika HBIA OL-
7,5...9 Al; pacTtBop u
0,2. . 0,8 Mg4Al3
/n;
0,15...0,5
Mn.
48 bpon3za bpO10® - Cu - JIuteé JleHIpuTHI .-
OJIOBSIHHAs 1 OCHOBA pacTBoOpa
9...11 Sn; (TemHBIC),
08...1,2P SBTEKTOM/I
(cBeTblil) U
Cu3P
49 bab6ur b8&3 1320-74 Sn — JInuteé oL-pacTBop,
OCHOBA; CBETJIIbIC
10...12 Sb; KpYIHBIE
5,5...6,5Cu KPUCTAILIHI 3 U

menkue CuszSn
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Puc. 1. CxeMbl MUKPOCTPYKTYp LIBETHBIX CILIABOB.

[IInpokoe KCTONB30BaHUE MOTYUUIIM MAaTepHalbl aTIOMUHUN — MEIb —
MarHvii, JOMOJHHUTEIbHO JIETUPOBaHHBIE MapraHieMm (Jypartomuuvl). B
OTOXOKEHHOM COCTOSIHUM Tpu cojepxanuu 3,8...4,8 % Meaum MUKPOCTPYKTypa
IypallOMUHOB COCTOUT M3 O - TBEPJOrO0 pPacTBOpa MEAu B AJTIOMUHUU H
BTOPUYHBIX JAUCIEPCHBIX BKIIOYEHUN MHTEepMeTamnyeckux coeanHeHuit CuAl, ,
AlL,CuMg (S-da3nl).

Haubonee  pacnpoctpaHeHHbIMH  AeHOPMUPYEMBIMHU  MEIHBIMU
CIJIaBaMHu
ABIIAIOTCS MEOHO-UUHKOGble cniaepl (1aTyHU). J[ByXKOMIIOHEHTHBIE CIUIABBI
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UAHK Tpu colepkaHuud A0 39 % LIMHKa UMEIT MUKPOCTPYKTYPY M3 OJHOIO
O.-TBEPAOTO pacTBopa LMHKA B Meau (natyHb JI68). MuxkpocTpykTypa obpasia,
MOABEPTHYTOrO0 XOJOJHOU JedopMalil M PEKPUCTATUIM3ALHMOHHOMY OTXKUTY,
COCTOUT W3 PABHOBECHBIX 3€PEH TBEPJIOrO0 PacTBOpa O, UMEIOIIUX BCIEACTBUE
aHU30TPONUHU (3aBUCUMOCTU CBOWMCTB OT HAIpaBlEHUS) pPa3JIMYHbIA LBET OT
CBETJIOTO JI0 PpAa3HbIX OTTEHKOB TEMHOTO. OTH JIATYHH HPUMEHSIOTCA s
MOJIyYEHUS JICHTBI, TPYOOK.

VY natyHei ¢ conepxkanuem 39...46 % nMHKAa MUKPOCTPYKTYpa COCTOUT
U3 3€pEH O - TBEPAOro pacTBopa u ¢asbl ' (yHopsaI04eHHbIN TBEPIbIA pacTBOp Ha
ocHoBe coeauHeHus CuZn). Takue AByxdazHble JIaTyHM HMEIOT HOBBIIIEHHYIO
MPOYHOCTh MPU MOHUKEHHOU TMJIACTUYHOCTU U U3TOTOBISIOTCS B BHUJIE NMPYTKOB U
Apyrux noiypadpuKaToB.

BonbmmHcTBO MeopMUpyeMBbIX MPOMBIIIIECHHBIX MUMAHOBHIX CNIABO8
MOJIY4al0T TIOCJIE OTKUT'a MUKPOCTPYKTYPBI U3 O - pacTBOpa WK O[3 - pacCTBOPOB
Ha OCHOBE THUTaHa. TBepAbld pacTBOpP o Ha OCHOBE TioL UMEET reKCaroHaJbHYIO
KPUCTAJTMYECKYIO PEIIeTKY, [3- pacTBop Ha ocHoBe Tif} - pemieTky 00beMHO-
LEHTPUPOBAHHOTO KyOa. TuTaHOBbIE CIUIaBBl XapaKTEPU3YIOTCS  BBICOKOM
yAEIbHON NPOYHOCTHIO, XOPOILIEH COMPOTUBIIIEMOCTHIO KOPPO3HH.

[[Iupokoe NpUMEHEHNE UMEIOT JUTECUHBIE CIUIABbl ATFOMUHUN-KPEMHUN
(cunymunot). Y 3a3BTEKTHUYECKOTO CIIJIaBa MUKPOCTPYKTYpPa COCTOUT U3 IBTEKTHKHU
U TEPBUYHBIX O0Jie€ KPYIMHBIX KPUCTAIJIOB KPEMHHUSI, HAMpUMEp, Y CHUIyMHUHA
AKI12. OBTekTHKa MpeaCcTaBisieT COO0M CMECh Ol - TBEPAOr0 pacTBOpa KPEMHUS B
ATIOMUHUM WM TPYObIX WroNbYaThIX KPUCTAIJIOB KPEMHHS, HTPAIOIIMX POJb
BHYTPEHHUX HAApPe30B (KOHIUEHTPATOpPOB HampsikeHus). [Ipu monudunupoBanuu
KUIKOTO cuinymuHa Hatpuem B komumuectBe 0,05...0,08 % sBTekTHKa
U3MeIbYaeTCsi M COCTOUT M3 O pPacTBOpa U MEIKUX 3€pEeH KPEMHUS.
MukpocTpykTypa MOIU(PUIIMPOBAHHOTO JOSBTEKTUYECKOTO CHIIYMHUHA HMMEET
MEPBUYHBIC CBETJIbIE JCHAPUTHI TBEPIOTO pacTBOpa O U MEIKO3EPHUCTYIO
ABTEKTUKY. M3MenbueHue 3BTEKTUKH U OTCYTCTBHE B MHUKPOCTPYKTYpPE TPYyOBIX
KPUCTAIIJIOB TEPBUYHOTO XPYIMKOTO KPEMHHS TMO3BOJSET HECKOJBKO IMOBBICUTH
MPOYHOCTh M  IUJIACTUYHOCTh  cuiyMuHa. CHIYMUHBl TNPUMEHSIOT A
W3TOTOBJIEHUS (PACOHHBIX OTIMBOK CIIOKHOU (DOPMBI.

W3 nuTelHbIX CIJIaBOB MEIU UCIIOIL3YIOTCS HAauboJiee UPOKO OPOH3bI.
JIutast onoBsiHHAsA OpOH3a C COAEPKaHUEM 0JI0Ba 110 5...6 % nMeeTr CTpYKTypy
0. - TBEPAOTO pacTBOpa OJIOBA B MEAW C PA3BUTOM JCHIAPUTHON JIMKBaIlUECH.
MukpocTpyKTypa JHUTOW OpOH3BI, cojepxkainiei O6omee 6 % onoBa, COCTOUT U3
JIEHIPUTOB TBEPJIOTO PACTBOPA O U U3BHIIUCTHIX CBETJIBIX BKIIOUEHUH XPYMKOIO
ABTEKTOM 1A (IUCTIEPCHON cMecH ABYX (a3: o - pactBopa u Cuz;Sng (5-(hassl)).

OnoBsinHast 6poH3a, packucieHHas Gochopom, TOMOIHUTEIHHO UMEET B
MUKPOCTPYKTYpE HEOOJbIINEe BKIOUEHHUS XuMuueckoro coeauHenus CusP
CBETIIO-TONyOOro 1Bera, Hampumep, Oponza Mapku bpOl10d1. OnoBsiHHbBIE
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OpOH3bl TMPUMEHSIOTCS JUISI M3TOTOBJIEHUS CIHOXHBIX MO (opMe OTIMBOK,
MOAIIUITHUKOB CKOJIbXEHUS, ApMATYPHI.

W3 macnuegvix MUTEHHBIX CIUIABOB HaWOOJiee MIMPOKO HUCIOIb3YIOTCS
CIUIaBbl MarHuid — alIOMMHUKA — UHWHK, Hamnpumep, mapku MJIS. B murtom
COCTOSIHUM MUKpPOCTpPYKTypa cruiaBa MJIS cocTtoutr m3 o -TBEpPAOrO pacTBOpa
ATIOMHUHUS U [IMHKA B MATHUU U BKJIIOYEHUM XPYNKOTO XMUMHUYECKOTO COCTMHEHUS
MgsAl;. IIpumenenne anmutenpbHOro HarpeBa omMBOK Ipu 400 °C mpuBOAUT K
PACTBOPEHUIO YAaCTH BKIIOUEHUN XMMUYECKOTO COCIMHEHUSI B TBEPJIOM PacTBOPE,
YTO MO3BOJISICT MOBBICUTH IIACTUYECKUE CBOMCTBAa. OXJIaXJIE€HHE B BOJE JaeT
MEPEHACHIIIECHHBIN oL -pacTBOp ¢ yactunamu MgsAl; (3akanka).
MarHueBbIe CIUIABEI XapaKTePH3YIOTCs HeOombIIoil moTHOCTHO (1,7 r/em’).

JInst  3a7uMBKM  BKJAJBIIIEH MOAIIUITHUKOB CKOJIBXKEHUS IIHPOKOE
MIPUMEHEHUE MOJYUYUIIM CIUIaBbI OJIOBO — CypbMa — MEJb, HAIPUMED, OJI0GAHHbBILL
06a66um Bb83. MukpocTpykTypa 06abOWTa COCTOUT W3 MSITKOTO O -TBEPJOIO
pacTBOpa CypbMbI B OJIOBE M KPYITHBIX CBETJIBIX KPUCTAILJIOB YHOPSAOUYEHHOU [3'-
(da3pl Ha OCHOBE XHMMHUYECKOrO COEIMHEHUsS SnSb ¢ BBICOKON TBEPIAOCTHIO.
BBengenue HeOONBIIOTO KOJIMYECTBA MEAM OOECIEUMBACT KPUCTAIUIU3AIMIO B
KUJKOM pacTBOpe OJOBa C CYpbMOM pa3BETBICHHBIX JIEHIPUTOB paHee
3aTBEpACBAONIET0 XuMUueckoro coeauHeHus Cuz Sng, KOTOpbIE MNPEMSITCTBYIOT
JUKBAIIMU B CIUIaBE MO TWIOTHOCTH ("'BCIUIBIBaHMIO") KpUCTAIOB [3'- (hasbl.

Hanuuyue B MUKpOCTpYKType 0ab0OUTa MATKOMU, IMJIACTUYHOW OCHOBBI U3
pacTBopa O, U BKJIIOUYEHHH KPUCTAIJIOB XUMUYECKUX COCIMHEHUN C BBICOKOM
TBEPJIOCTHIO 00ECIIeYMBAET COUETaHHE MPUPAOATHIBAEMOCTH MOUIUITHUKA K Bally
C HM3HOCOCTOMKOCTHIO M HEOONBIIOW KOAI(P(PUIMEHT TPEHUs MEXKIYy BaJIOM U
MOAIIUITHUKOM MPY HAIMYUU KUJKOCTHOTO TPEHUSI.

2. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYUEHHUE
PABOTbI

B pabote wucnonb3yrorcs — MeTaUIOrpauyecKue MHUKPOCKOIMBI U
KOJUIEKIIMY MUKPOILTH(OB.

3. MNOCJIEJOBATEJBHOCTD BBIITIOJIHEHUA 1 OBPABOTKA

IKCHHEPUMEHTAJIBHBIX JTAHHBIX

[IpakTudeckass  yacTh  pabOThl  3aKjdOYaeTCs B HU3YyYCHUH
MUKPOCTPYKTYPhl TUIOBBIX I[BETHBIX CIJIABOB MAIIMHOCTPOCHHUS: alFOMUHUEBBIX,
MEIHBIX, TUTAHOBBIX, MAarHMEBBHIX, 0a0OuWTa. MuUKpoaHaIW3 MPOBOAUTCS, KakK
MpaBwio, Npu yBeaudeHun Mukpockona x 100. CrtyaeHTam npegocTaBiisieTcs
nabopaTtopHas KOJUIEKIUS MUKPOLIIU(OB, TOATOTOBICHHBIX JIJIsl aHAK3a.

[Ipyn u3ydeHUUu MHUKPOCTPYKTYpPHI C MOMOIIBIO ONMUcaHus B Tadna. 1 u
CXeM MHUKPOCTPYKTYp (puc. 1) ycTaHaBIMBaIOT, Kakhe CTPYKTYpHbIE
COCTaBISIIOIIME MMEET KaxAblii oOpa3el]l, HAaUMEHOBAHHE U MapKy CIUIaBa,
XUMHUYECKHI cocTaB U 00paboTKY.

4. COAJEP)KAHUE OTYETA
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Urtorn mpoBegeHHol paboThl 0QOPMIISIIOT B OTYETE, KOTOPBIM JOJIKEH
coJiepXkaTh CIEIYIOIINE pa3iebl:

1. Ileas paGoTHI.

2. ObopyaoBanue, MNpuOOpPbHl W MaTepUaibl, MCHOJb30BAaHHBIE MIPHU
BBITIOJTHEHUUPAOOTHI.

3. TeopeTuyeckue MOJIOKEHUS: MEPEUEHb KIACCOB LIBETHBIX METAILIOB;
KpaTKUE CBEJCHUSI O TUIMOBBIX JUTEUHBIX U J€POPMUPYEMBIX IIBETHBIXCIUIABAX
MaIlIMHOCTPOECHUS.

4. Metonuka mpoBeAeHUS pabOThl W MOJYYEHHBIE PE3YJIbTATHI.
3apuCcOBKa CXE€M MHKPOCTPYKTYpP BCEX LIBETHBIX CIUIABOB KOJUICKIMM HITU(OB;
HAaUMEHOBAHUE CIUIaBa, MapkKa, XMMHUYECKHH cocTaB, 00pabOTKa, CTPYKTYpHbIE
COCTABIISIOIIIHE.

B koHue 3aHsATHS mpenojaBaTelb MyTeM YCTHOTO OMNpoca MpPOBEpSET
YCBOGHHE 3HAHUUW CTYJIEHTaMU MO BOIpocaM g camornpoBepku. OgopmiieHHbIE
OTUYETHI TPOBEPSIOTCS U MOANUCHIBAIOTCS MPENOJABATEIIEM.

BOITPOCHI AJIAA MOATI'OTOBKH K PABOTE U CAMOIIPOBEPKHA

1. Kak xknaccuuuupyroTcsi IBETHBIE METaJUIbI?

2. T'me npuMeHSIOTCS penKo3eMellbHbIe, OJaropojiHble, YypaHOBbIE,
TYTOIUIABKUE, JIETKKE, JIETKOILJIABKUE METAJIIIbI?

3. Kakue TunuuHbIE IBETHBIE METAJUIBI HCIOJB3YIOTCS B KauecTBE
OCHOBBI JIJIsl CO3/IaHUSI KOHCTPYKIIMOHHBIX MAaTEPUAIOB MAIIMHOCTPOCHUS ?

4. Kakue 1BETHbIE METAJUIbI MPUMEHSIIOTCS B KAayeCTBE OCHOBBI
JUTSl aHTU(DPUKITUOHHBIX CIIABOB MOAIIMITHUKOB CKOIbKEHUS ?

5. Kakoe mnpuMeHeHME HaXOIUT aJIOMUHHH M €ro CIUIaBbl B
MAaITUHOCTPOCHUM ?

6. Kakue TpeOoBaHUS  MOPEOBABISAIOTCS K  MUKPOCTPYKTYpE
nedhOopMUPYEMBIX U TUTEUHBIX I[BETHBIX CIJIABOB?

7. Kakyro  MHKpPOCTPYKTYPY JOJDKHBI HMETh aHTU(PUKIIMOHHBIE
CILJIaBBI?

8. Uto mpeacTaBisieT co00il TBEpABIA pacTBOP Ol B IypaTtOMUHaX ?

PEKOMEHAYEMAS JIUTEPATYPA

OcHoBHas:

®etucos, ['.Il. MaTtepuanoBefeHue U TEXHOJIOTUS METAILIOB: yueO. AJis
CTyIeHTOB MamuHocTp. cnend. By3oB / ['.II. ®derucos, M.I'. Kapnman, B.M.
Martromun; nox pen. I'.I1. detucosa. — 3-¢ uza., ucnp. u gon. — M.: Belcil. mik.,
2005. 862 c.

JlonmonuurenpHas:

ApzamacoB, b.H. Marepuanoseaenue: yue6. nns By3oB / Bb.H.
ApzamacoB [u np.]; nox oobm. pea. b.H. Ap3zamacora, I'.I'. Myxuna. — 7-e u3f.,
crepeotunt. — M.: 3a-so MI'TY um. H.D. baymana, 2005. 648 c.
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JlaGoparopHast paGora Ne4
1o teMe «O3HaKoMJIeHHe ¢ BJAMAHUEM J1eopManii HA MeXaHUYeCKHe
CBOMCTBA META/UIOB U CILJIABOB)
eas padoTbi:

1. I3yuuTh BIUSHUE MJIACTUYECKOU Jeopmaliuu Ha CTPYKTYPY U MEXaHUUYECKUE
CBOWCTBA METAJLIOB.
2. 3yunTh BIUsSHUE HarpeBa Ha CBOMCTBA Ae()OPMUPOBAHHOIO METaILIA.

OﬁOpYIlOBaHHe H MaTepualibl 1Jd BbIIIOJHCHUA paﬁoTbI

1. HarpeBaTenpHbIe MEYM C TepMomapaMH M aBTOMATHYECKUMU MPUOOpaMU s
peryJIMpOBaHUs TEMIIEPATYPHI.

2. IIneBMaTHYEeCKUM KOBOYHBIA MOJIOT.

3. Tepnomeps! bpunens TII-2.

4. O6pa3Ipl TEXHUYECKH YUCTOU MEIH.

ITopsinoxk BBINOJHEHUS] PAOOTHI

1. O3HaKOMUTBLCSA C OCHOBHBIMM MOJIOKEHUSIMU PAOOTHI.

2. BBINOJIHUTH B COOTBETCTBUM C 33JJTaHHEM IKCIIEPUMEHTATBHYIO YaCTh PA0OTHI.

3. I[Ipoananu3upoBaTh MOJYYEHHBIE PE3YJIbTAThl U HA OCHOBAHUHU TEOPETUYECKOTO
Martepuana cJeiaaTh He0OXOUMbIE BHIBO/IBI.

4. BpmogHUTh OJHY U3 3adad (IO YyKa3aHUIO MpernojiaBaTesisi) U TMOSICHUTH
peueHue.

OcHOBHBIE NOJIOKEHHUS

1. lnacTuyeckas aedopmManus MeTalIOB

BaxueiimuM u HaumboJjiee XapaKTEpHbBIM CBOMCTBOM METAJIOB SIBISIETCS
naacmuyHocms — CIOCOOHOCTh TIpeTeprneBarh OoJblnyl0 Aedopmaliio 6e3
paspymieHus. B couyeraHum C BBICOKOW MPOYHOCTBIO 3TO CBOMCTBO J€JaET
METaJJIbl HE3aMEHUMBIMHU JJIsI COBPEMEHHOW TexHHKU. Eciu nedopmanus
METAJIOB MCUYE3AET MOCJIE CHIATUSA HArPy3KH, TO 3TO ynupyzasn oegopmayus, a eCiiu
OCTAeTCs, TO ITONIACMUUECKan 0edhopmanyus.

[Tpu ynpyrom aedopMupoBaHUHU MO JEHCTBUEM BHEIIHEH CUIIbI
M3MEHSETCS PACCTOSHUE MEXKIY aTOMaMHU B KPUCTAJUIMYECKOMN pemeTke. CHATHE
Harpy3Ky yCTpaHseT IPUYNHY U3MEHEHUS MEKATOMHOI'O PACCTOSHUS, aTOMBI
CTAHOBATCS Ha MIPEXKHUE MECTa, U leopmalius ucuesaer.

3HaYuTENBHO 00JIEe CIOKHBIN MPOLECC MPEACTABIISIET COOOM MIACTUYECKOE
nedhopMUpOBaHHE, KOTOPOE OCYIIECTBIISIETCS MPU HAMIPSIKEHUSX, OOTBIITUX
rpejiesia yupyrocTd MeTauia.
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B xoHeyHOM mTOTEe miactuueckas Jaegopmalusi NpeacTaBiseT co0ol caBuUr
OJHOM 4YacTH KpHUCTA/UIa OTHOCUTEIBHO Jpyrod. KakoB ke MexaHu3Mm
IJIaCTUYECKOro caura? ECTeCTBEHHO MPENOa0KUTh OJJHOBPEMEHHOE CMEIICHUE
BCEX aTOMOB OJIHOTO CJIOSI MO OTHOLIEHUWIO K aTOMaMm COCEJHEro CIIosA IO
miockoctu cnura MM (puc. 1), — Tak CKOJB3SIT OyMa)KHbIE€ JUCTHI B Mayke
OyMmaru npu CIBUTe €€ BEpXHEH 4acTu. YCHuiue, KOTOpOe HaJl0 MPHIOKUTH IS
OCYIIECTBJICHUS] TAKOTO CABUTA, MOXKHO MOJICUATATH U TAKUM 00pa3oM OMpeAeInTh
TEOPETUYECKYI0 MpouHOCTh. Takoit pacuer Obu1 caenan S.U. dpenkenem, u
MOJIYYUJIOCh, UTO JUIS Keje3a MPOYHOCTh A0JKHA ObITh paBHa 1300 KIC/MM’, TOT/Ia
KaK B ACHCTBUTEIBHOCTH IHPEaeN MPOYHOCTH kelesa 15 kre/mm’, T.e. B 100 pas
MEHBLIE.

OObsicHeHHE  pealbHOTO MEXaHM3Ma CABUIOBBIX IPOLECCOB  JaeT
TeopusioucioKayuil— ocob0ro pojaa JUHEHMHBIX HECOBEPLICHCTB (l1e(EeKTOB)
KpUCTAJNIMYeCKo pemreTku. [IpeacTaBieHus o IUCIOKAIUSAX OBUIM BBEJCHBI B
METAIOPU3UKY UL TOro, 4YTOOBl OOBSICHUTH HECOOTBETCTBUE  MEXIY
HaOJII0laeMO M TEOPETUYECKOM MPOYHOCTHIO M OMUCATh ATOMHBIA MEXaHU3M
CKOJIbXKEHUSI TpH IJIacTUYeckor aedopmanuu KpuctaioB. Eciu Ha mepBbIX
JTamax pa3BUTUA ATOM TEOPUU TMPEACTABICHUS O AUCIOKAUUSIX ObLIU
MPEANOJIOKUTEIbHBIMUA, TO 3aT€M ObUIM MOJYYEHbl MPSIMbIE JOKa3aTEIbCTBA HUX
CYILIECTBOBAaHMS, a B HACTOSIIEE BpPEMsI HMMEIOTCSI MHOTOYHUCIICHHBIE JaHHBIE
HaOII0/ICHUS AUCTOKAIUH.

Haunbonee mpocTroli W HarisaHBIM CcrocoO0 oOpa3oBaHMUS IHUCIOKAIMN B
KpucTtaiie — caABUr (puc. 2, a). Ecnu caBur npousoiiien TOJIbKO B YaCTH MIOCKOCTH
CKOJIB)KEHHUS M OXBaThIBaeT momaaky ABCD, To rpanuna AB Mexy y4acTKOM,
I7Ie CKOJIbKEHHE YK€ IMPOMU30ILLI0, WU HEHApPYIIEHHBIM YYacTKOM B IIJIOCKOCTH
CKOJIbXEHUSI U OyJeT AucioKalnueil. ATOMHas IUIOCKOCTb, MEPIEHANKYISpHAs K
IJIOCKOCTU CKOJBXEHHUSI U MPOXOJsllas uepe3 AB, sBiseTcs Kak Obl JUIIHEN U ee
Ha3bIBAIOT IKCMPANIOCKOCMbIO, a HUCIOKalu AB — Kpaeeoit oucioxauueil,
o0o3HayaemMoil 3HakoM . BO3MOXHBI M Japyrue BUIbI JUCIOKAILMM, HarpuMmep,
eunmoeana (puc. 3, a) wim cmewannasa (puc. 4, a).BunToBas gucIoKarus
MOJIyynsa CBO€ Ha3BAaHUE M3-3a TOTO, YTO KPHUCTAUI MPU 3TOM MOXKHO CUUTATh
COCTOSIIIMM M3 OJHOW AaTOMHOM IUIOCKOCTH, 3aKpPYYEHHOW TI0 BHHTOBOM
MOBEPXHOCTH BOKpYr auciokauun AB (puc. 3, a). HerpynHo BuaeTh, Kak
JIBUKEHHE JUCIOKAIlMN 4Yepe3 KPUCTAII BBI3BIBAET OCTATOUYHYIO AedopMalnio
kpuctaina (puc. 2-4 0, B, r). [lepeMenienre AUCIOKAUNA MPOUCXOAUT MO CXEME,
M300paXeHHOM Ha puc. S5, U3 KOTOPOro BHUAHO, YTO TMIPU MEpPEMEIICHUU
JUCJIOKAIUA HA OJJHO MEKATOMHOE PACCTOSIHUE KaXKJIbI aTOM HKCTPAILIOCKOCTH U
IJIOCKOCTU B HUKHEW 4acTH KpHUCTallia IEPEMENIAeTC Ha 3HAYUTEIbHO MEHBIIYIO
Benuuuny. [Ipu noouepegHom, sctaeTHOM NEpeMENIEHUN aTOMOB Ha pacCTOSIHUSA
MEHbIIIE MEXATOMHOI'O, TUCIOKAIMS CKOJIb3UT Ha OOJbIIME PACCTOSHUS 4Yepe3
BeCh Kpuctaii. Ecniu mpu ofHOBpeMEeHHOM CABUIe BEpXHEN YacTH KpUCTaJLIa Mo
OTHOILIIEHUIO K HIKHEH HEOOXOAMMO MPEOJIONETh MEXKATOMHBIE CBA3U MEKIY
BCEMHU T'PaHMYHBIMH aTOMaMHU MO 00€ CTOPOHBI OT IJIOCKOCTU CKOJIBKEHHS (CM.

80



puc. 1), TO NpH mNepeMelIeHUM JTUCIOKAIMH B COCEIHEE IIOJ0KEHUE
Pa3phIBAIOTCA MEXKATOMHBIE CBSI3HM TOJIBKO MEXKYy JBYMs IIEIOYKaMH aTOMOB (pHcC.
5). ImeHHO 3>TUM OOBSICHSAETCA HHU3KOE OIBITHOE 3HAYEHHE KPUCTAJUIMYECKOTO
CKaJIBIBAIOIIETO HATIPSKCHUS.

Nedopmauuma

£=0% £=30% £=60%
CBOVICTB, o6, O £=30% e=60 %

Puc. 6. I3MmeHeHue CTpYKTYphI U CBOWCTB I[e(bOpMI/IpchaBHHOFO MeTasia
B 3aBUCUMOCTH OT CTENEHU JedopMaLiuu
Gg—Npenen NPpoyYHOCTH,
NuTepecHO, 4YTO W B JKMBOW NPUPOJE HCIOJIb3Y
MPUHLUI JBUXKEHUS, HAapUMEp, 3MEU U TYCEHHUIIbI 001 0 — OTHOCUTENbHOE T
o0pa3oBaHusl CKIAJIKU («IOJOXKUTEIBHON HUCIOKAIIL u
NPOABIKEHUS STOW CKIIAJKH B CTOPOHY T'OJIOBBHI. N

2. Hakien m peKpHCTANIM3ANUA METAIOB 0

Haubonee BrneyaT/SIIOIIUM CBOWCTBOM METAJUIOB MPHU  IJIACTUUYECKOU
neopmarun  sBasgeTcs AeOpMaIllMOHHOE YIPOYHEHHUE, WIM CIOCOOHOCTH
METAJIJIOB CTAHOBUTKLCA NpouHee npu aedopmanuu. M3 AuciIoKanmoHHON Teopuu
cleayeT, 4YTO JUIsi YIPOUHEHHS METAIOB HEOOXOAMMO KaKMM-TMOO 00pazom
3aTpyJHUTh JABWXKEeHHE aAuciokauuil. CyllecTByeT HECKOJbKO CIoco0O0B
3aKperUIeHUs JUCIOKalUi, OJTUH U3 KOTOPBIX ABJsieTcs nedopmainimonHsiM. Panee
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PacCMOTPEHHOE TMPOCTEHIIEE BBEACHHE IUCIOKAIIMA B KPUCTAUI MPU CIBUIE
MOKa3bIBAa€T, YTO IUIaCTHUYecKas JedopMalrusi yBEIMYMBAET KOJUYECTBO
JTYCIIOKAIMM B KpucTauie. YeM cuiabHee BO3JEUCTBHE HAa METaJUI, TeEM OOJIbIIE B
HeM oOpasyercs nuciokanuii. Ha HaganbHOU cTaguu AedopMaliys MpoOuCcXoauT 3a

CBOWCTBA, Gy, O

T

CYET CKOJBXKEHHS OTHOCUTEIHbHO HEOOJBIIOTO KOJMYECTBA JucioKanui. B
npoiiecce 1eOPMUPOBAHUS OHH IBUKYTCS YEPE3 KPUCTAILT U MOT'YT 3aKPETUIATHCS
Pa3IMYHBIMUA  MPENATCTBUAMU. TaKue 3aKpeIUICHHbIE JUCIOKAlUH  CaMHU
3aTPYIHSIOT JBW)KCHHE BHOBb BO3HUKIIMX JHCJIOKalMi, T.€. CO34aeTcCA
YOPOYHEHUE CAMUMHU AUCIOKAUsIMU. B 3ToM ciydae roBopsT 00 YNpOYHEHUU
nedopManmel WM MOPOCTO O Hakiaenemetamna. llnactuueckas nedopmarus
OKAa3bIBAECT CYLIECTBEHHOE BJIMSIHNE HA MEXAHWYECKHE CBOWMCTBA METAlIa U €r0

CTPYKTYpY (puc. 6).

Puc. 7. I3meHeHne CTPYKTYpHI U CBOWCTB A€(pOPMHUPOBAHHOTO METalIa
IIpU HarpeBe

Ha puc. 6 nokazaHo, Kak noj AEUCTBUEM MPUIIOKECHHON HATPY3KH 3€pHA, U3
KOTOPBIX COCTOSAT BCE TEXHUYECKHE METAJUIbl, HAYMHAIOT Ae(OpPMUPOBATHCS U
BBITATUBATHCS, COXpaHsisd CBOM 00beM. ITO CTPYKTYPHO HEYCTOMUUBOE COCTOSIHUE.
KpomMe TOro, BHyTpM KaXXJIOro 3€pHa M IO €ro rpaHUllaM COCPEIOTauyHuBaECTCs
00JIBIIIOE KOJUYECTBO JUCIOKAIIUM, TIJIOTHOCTh KOTOPBIX BO3PACTAET C 10°-10" em™
U1l Hele(opMHUPOBAHHOTO MeTasia A0 10"°-10" em™ mmst nedopmupoBanHoro. To
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€CTh,  KpUCTAJZIMYECKass  pelieTka  3€peH  CTAHOBUTCS  HUCKaXEHHOM,
HecoBepieHHOU. C yBeIuYeHUEM cTeneHu AedopMalny HakJen yBeJInunBaeTcs, a
MJIACTUYHOCTh YMEHBIIIAETCSI, YTO MPUBOJUT MPHU OOJIBIION CTENeHu aAedopManuu
K BO3HUKHOBEHHIO TPEIINH U Pa3pylICHUIO.

Jlnst cHsaTUS Hakjena neQopMHUpyeMblid METajl HarpeBaloT, B Pe3yiabTaTe
MPOUCXOJAT TMPOLECCHl TEepepacnpeieieHuss W YMEHBIICHHUS KOHIICHTPAIUU
CTPYKTYPHBIX HECOBEPIUEHCTB: 6036pamd, NOIULOHUAUUU WPEKPUCMATTUIAYUU.
3aKIIOUUTENIbHBIM U CHUJIBHO  JICUCTBYIOIIUM  MPOIECCOM, MEPEBOISIIUM
HaKJICIAaHHBI METall B YCTOMYUBOE COCTOSIHUE, SIBISCTCAPEKPUCHMANTUZAUUA —
MPOIIECC MOJHOM MM YaCTUYHOW 3aMeHbI Ae()OPMUPOBAHHBIX 3€pEH JaHHOU (a3bl
apyruMu, OoJee COBEpPIICHHBIMM 3epHamMu Touh ke ¢a3el  (puc. 7).
Pexpucrannuzanusi 3akiaioyaeTcs B 3apOKJICHUM HOBBIX, 00Jie€ COBEPIICHHBIX
3€pEH U UX POCTE 3a CUET MEHEE COBEPILICHHBIX, T.€. PEKPUCTAILIN3AIUS SBIISIETCS
1 Py3nOHHBIM MTPOIIECCOM, TPOTEKAIOIINM BO BPEMEHH.

Hanmenbmyto  TemmnepaTypy, TMNpH KOTOPOM  HA4YMHAETCA  IPOLECC
PEKpUCTAIIIU3AIMU U TPOUCXOAUT Pa3yNpPOUYHEHHUE, HA3BIBAIOT MeEMHepamypoil
pekpucmanausayuu. Mexny Temmepatypodl pekpucramumsauun  (7,) u
temneparypoil miasieHusi (7y;) METasIOB CYHIECTBYET MIpocTash 3aBUCHUMOCTb,
onpeaeneHHas MertauioeqomM A.A. bouBapowm:

T, = o- Ty, (K).
Hwxe npuBenena temmeparypa peKpucTalIM3alii METANIOB U CTUIABOB:
T, = (0,1 + 0,2)-T};; — AN YUCTBIX METAILIOB,
T, = 0,4-T;, — 1151 TEXHUYECKH YUCTHIX METAJUIOB,
T, = (0,5 + 0,6)-T},; — ans craaBoB (TBEPABIX PACTBOPOB).

Temneparypy Hayasia pEeKpUCTaILIA3AIUN ONPEIEIAI0T
MeTaIorpaUuecKuM U PEHTTEHOCTPYKTYPHBIM  METOJaMHU, a Takke Mo
U3MEHEHUI0 CBOMCTB. Eciu 7, onpenensror 1o M3MEHEHUIO TBEPAOCTH, TO 3a T
MPUHUMAIOT TEMIEpPaTypy, MpPU KOTOPOM NPUPOCT TBEPAOCTHU, CO3AAHHBIN
nedopmarent, yMmeHbI1aeTcs BABOE (CM. puc. 8).

AHBL _ _ >
JaHBf2 |
TEE L T

4
tp

MIepaTypa HarpeBa

Puc. 8. Onpenenenue Temneparypbl peKpUCTaNIA3aLH
110 U3MEHEHUIO TBEPJOCTH NPU Harpene

Temmneparypa pekpuctaiu3aluu HE0OXOauMa JIsi Ha3HAUYEHHS] PEKUMOB
PEKpUCmANIU3aUUOHHO20 OMMCU2A— TEPMUUECKON OOpabOTKU [JIsi CHSATHUS
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Haksena. Temmeparypa TakKoro OTKHTa JODKHA OBITh BBIIIE TEMIIEPATYpPhI
PEKPUCTAILTA3AINHY JIJIST JAHHOTO CTUIaBa.

Benmnuuna PEKPUCTAIUTM30BAHHBIX 3epeH (3epeH nociie
PEKPUCTAIUTM3ANMOHHOTO  OTKMTa) OYEeHb CHJIBHO 3aBUCUT OT CTEIEHHU
nedopmarnuu (puc. 9).

CymectByer HebOosbias crenenb Aedopmannu (1o 10 %), Ha3piBaeMas
KPUTHYECKOHN, MpU KOTOPOMl pasmep oOpa3yrouierocs peKpUcTaIUu30BaHHOTO
3epHa B HECKOJBKO JIECSITKOB pa3 MPEBBIMIAET HCXOAHOE, HeaehOopMUPOBAHHOE
3epHO. DJTO SIBJIICHHE IOBCEMECTHO BCTpEUYaeTcsi B TEXHHUKE, e aepopmarius
u3Mensiercss or 0 U 70 OONBIIUX CTETNEeHEH, M €ro CieIyeT YYUThIBaTh T.K. B
HEKOTOPBIX CIIy4dasx YKPYIMHEHHE 3€pHAa HEXENaTelbHO (CHUIBLHO CHIIKAETCS
yAapHas BA3KOCTb), a B JpYrux OJaronpusiTHO (TMOJydeHUue TpeOyeMbiX
AJIIEKTPOMArHUTHBIX CBOKCTB, MOBBIIICHHUE KaPOIIPOIHOCTH ).

Beanuuna

I
|
I
I
|
—
|
1

Expur. Hedbopmarnms

Puc. 9. Biiusnue crenenu negopmanuu Ha BEIUYUHY PEKPUCTAIIIM30BAHHOTO
3epHa

Pexpucramnuzanuss B 00JacTH KPUTHUUYECKOM cTenmeHu Jedopmaruu
oOycnoBieHa OObEeIUHEHUEM TIpymnn 3epeH B oAHO. C yBeIMYEHUEM CTETEeHU
nedopMaluy BeIMYMHA PEKPUCTANIM30BAHHOTO 3€pHA YMEHBIIIAETCS, YTO CBSI3aHO
C YBEJIMYEHUEM LIEHTPOB PEKPUCTAILTHA3ZAIUU.

[lo Temmeparype peKpUCTAUIM3ALMNKN PA3TUYAIOT XOJIOJHYIO U TOPSIUYIO
IJIACTUYECKYIO AedOpMAII0 METAJIOB.

Xonoounanoeghopmayusa — nedopmanusa mMetamia, KOTopas OCYIIECTBISIETCS
Ipu TeMIepaType HUXKE TeMIepaTypbl pekpuctauinzanuu. [lpu xomnogHoi
nedopMalvi yBEIUYMBACTCA TJIOTHOCTh JAMCIIOKAIlMi, 3€pHA BBITSITUBAIOTCS B
HarpaBJICHUM Je(opMaiiiu, YBEJIMYMUBAETCA MPOYHOCTh METAIJIA M CHIKAETCS
MJIACTUYHOCTD.

Topauaa oegpopmauus — nepopmanys MeTaaaa, KOTOpas OCYIIECTBIISICTCS
Npu TeMIepaType BbIIE TeMmmepaTypbl pekpuctaumzauuu. [lpu ropsueit
00paboTke naBiieHreM (IIpOKaTKe, KOBKE, IITaMIIOBKE, IPECCOBAHUM) YIIPOUHECHHUE,
co3JaBaemMoe B Ipouecce  aepopmariuu, CHMMAaeTcs B pe3ysbTaTe
pEKpUCTAIIIU3AIMU B X0/i€ caMoil AedopMalluu.
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3agaHus J1JIS BBINOJHEHHUSI PadoThI
(nna moarpymsl 2-4 yenoBeKa)

1. Onsa oOpasnoB menu, aedopmupoBaHHbIX Ha 30-40 %, ompenenauThb
TEMIEPATypy PEeKpPUCTAIUIN3ANN MEAU IO U3MEHEHUIO TBEPAOCTHU IMOCJE Harpena
Ha pa3IMuHYyl0 TeMmieparypy (mo rpaduyeckoil 3aBUCUMOCTH «TBEPJIOCTb —
TeMmreparypa»). 3a LEHTp TEeMIEpaTypHOrOo HHTEpBaja NPHUHATH TEMIEpaTypy
peKpUCTAIIM3allMM  Meau, onpeaeleHHyro 1o Qopmyne A.A. bousapa.
TemmnepaTypHblif IIar oOT I[EHTpa HWHTEpBaJla B CTOPOHY YMEHBIICHUS U
yBennueHusa temneparypbl npuHate S0 °C. Temneparypa nnasinenus meau 1083
°C. CpaBHUTE TEOPETUYECKYIO TEMIIEPATYPy PEKPUCTALIM3ALNUU MEIH C
OnpeJieSICHHON B pa0oTe U OOBSICHUTE IPUUUHY Pa3TUUHSL.

2. IlpoBecTtu xonoaHy0 aedopmannio o0pas3oB TEXHUYECKH YHCTOM MeIu
Ha pa3IMYHYI0 CTENeHb JedopMalvi U ONPEACIUTh H3MEHEHHE TBEPJOCTHU
ne(opMupOBaHHBIX 00PA3IOB B 3aBUCUMOCTH OT CTETICHHU Je(OpMaIlHH.

Crenens aedopmaluu paccuuThIBaeTcs o hopmylie:

T &=(ho— hx)-100/ ho, %, e

rae hy — ToanmHa odpasna 10 aedopmaliu,
hx — TonuHa oOpa3iia mocie aehopMarum.

Pe3ynbTaThl M3MepeHuil BHECTH B Tabiuily | u mocTpouTh rpaduyuecKyro
3aBUCUMOCTH TBEPJIOCTU OT CTETNIEHH e OpMaITiH.

Tab6m. 1
No Hcxonnas Koneunas CreneHb TBepnocts, | [Ipumeuanue
I/II | TOJIIUHAA, TOJIIMHA Ak, | nedopmanmuu &, HB
MM MM %

3. IlpoBecTu ropsauyto aepopmaiuo o0pa3oB TEXHUYECKH YUCTOU MEIU Ha
pa3liUuHyl0 CTeMeHb JedopMalv U  ONPENEIUTh HU3MEHEHHE TBEPJOCTHU
ropsueeopMUpPOBAHHBIX O0OpPa3OB B 3aBUCUMOCTH OT CTENEHH AedopMaluu.
Pe3ynbTaThl W3MepeHUid BHeCTH B Tabnuily | W MOOCTpoUTh TrpadUyuecKyro
3aBUCUMOCTb TBEPJAOCTH OT CTEIEHU Topsiueit gedopMarium.

4. XonoanoaepopMupoBaHHBIE 00pa3sIsl Men MOJBEPTHYTh
PEKPUCTAIITU3AIMOHHOMY OTXKUTY B TeueHHe 10 MUHYT U ONpeaeauTh U3MEHEHUE
TBEPJIOCTH OTOXKEHHBIX OOpa3llOB B 3aBUCUMOCTH OT CTEMNEHU Aepopmaluu.
PesynbTaThl W3MepeHuil BHeCTH B Tabmuily | W mOOCTpouTh rpaduyuecKyro
3aBUCUMOCTb.
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3agaun

1) OObsicHuTE CTapUHHBIA LUPKOBOM HOMEP: MOYEMY COTHYTYIO CHIIAYOM
MOJKOBY MPEJIarajJoch pa3orHyTh 3pUTENsAM, a HE HA000pOoT?

2) Jetanu W3 HU3KOYTJIEPOAUCTOM CTald, MOJIyYEHHbIE IITAMIIOBKON B
XOJIOAHOM COCTOSIHUM, UMENHU TMOCJEe IITAaMIOBKH HEOJMHAKOBYIO TBEPIOCTH B
pa3IUYHBIX ydacTkax: oHa kosiebanachk ot 120 HB no 200 HB. TBepaocTh cTanu
no wmramMnoBku coctaBisna 100 HB. OObACHUTH, MOYEMY CTaldb MOJy4HIIa
HEOJMHAKOBYIO TBEPIOCTb.

3) OOBbSICHUTH, MOXHO JM OTJIUYUTH MO MHUKPOCTPYKTYpE METal,
neOpMUPOBAHHBIA B XOJIOJJHOM COCTOSIHMU, OT MeETasia, 1e(OpMHUpPOBAHHOTO B
ropsiueM COCTOSIHUM, U YKa3aTh, B YEM 3aKJTI0UAETCS PA3IMUUe€ MUKPOCTPYKTYPHI.

4) Tpu oOpasna HU3ZKOYTIEPOAMCTOM CTald MOJBEPrajkCh XOJOJHOU
nedopmanuu: nepBbii Ha 5 %, BTOpod Ha 15 %, Tpetwit Ha 30 %, a 3aTem
HarpeBanuch 10 700 °C. Yka3aTp, B KakoM oOpa3siie copmMupyercs 6ojiee KpymHoe
3€pHO U KaK BIIUSIET POCT 3€pHA HA CBOMCTBA CTaJIH.

5) OObsAcHUTH, TIOUYEMY TMpU TrOpsiueil oO0paboOTKe [aBIICHHEM HE
PEKOMEHAyeTCsl TPOBOJAUTH MOCIEAHION OMEPAIlUI0 C MAJION CTENEHBIO 00KaTHsl U
KaK MOXeET Takas AedopMalus BIUSTh Ha BEJIMYMHY 3€pHA U CBOMCTBA MeTasuia.

6) OOBSICHUTD, MOKHO JIU CO3/1aTh 3HAUYUTEJILHOE YIIPOUHEHUE CBUHIIA, €CIIU
€ro MoABepruyTh AehopMaluy Npyu KOMHATHOM TeMIepaType.

(tusPb=327,4 °C.)

7) Vkazarh, Kak TOBJUACT Ha 3HA4YCHHWE TBEPJOCTH, OMPEACICHHOM,
HarpuMep, IIapukoM 1o bpuHemn o, MOBTOPHOE H3MEPEHHE Ha YYacTKe, B
HETMOCPEACTBEHHON OJM30CTH OT HETO.

8) BornoueHue MPOBOJOKKA MPOBOJSAT B HECKOJBKO mepexonoB. Ecmu
BOJIOUECHHE BBHITIOJHSIOT 0€3 MPOMEKYTOUHBIX ONIEpalluii OTXKUTa, TO TPOBOJIOKA Ha
MOCJEeAHUX Mepexoaax /aeT pa3pbiBbl. OOBICHUTH TPUUUHBI PA3pPHIBOB U yKa3aTh
MepBI I MPETyIPEXKIACHUS ITOTO.

9) IlpyTtok naryHu mocie u3ruba B XOJOJHOM COCTOSTHUU MOABEPraroT
pEeKpUCTAIIM3AIMU [JI1 CHATHUS Hakjemna. YkKa3arb, OyIeT JIM MNPYyTOK Iocie
pPEKpUCTAITN3AIlMY UMETh OJIMHAKOBBIE IO pa3Mepy 3€pHa M0 BCEMY CEUCHMUIO.

10) OOBsACHUTD, K KaKOMYy BUIY Je(opMaIiuu — XOJIOJHOU WM Topsuend —
HaJI0 OTHECTH:

MPOKATKY 0J0Ba MIPU KOMHATHOU Temnepatype (f;; Sn = 232 °C);

nedopmaruro ctanu mpu 400 °C (¢, cramu = 1500 °C).

Coaepxkanue or4dera

HaunmeHnoBaHue u 11716 paOOTHI.

O6opyaoBaHue U MaTepHUalbl, UCTIOIb3yEeMbI€ B paboTe.

3. OcHOBHbIE MOJIOXKEHUS 1O AchopMallUM, HAKJIENYy U PEKpUCTAIIM3AIUU
METaJIOB (KPaTKo).

N —
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4. Onucanue >KCIePUMEHTATBLHON YaCTU pa0OThI U MOJYYEHHBIE PE3yJbTaThl C
HEO0OXOUMBIM rpadUueCKUM MAaTEpPUAIIOM, AaHAJIM30M, BHIBOJAMU.
5. O0GOCHOBaHHOE pellIeHHE YKa3aHHOW MpenoaaBaTeeM 3a1auH.

JlaGoparopHast paGora Ne§
1o teMe «O3HaKOMJIeHHe ¢ BJIUSHUEM Pa3JIMYHbIX YCJIOBHIl HA CBOIICTBA
CMAa304HbIX MATEPUAIOBY.
Heab:1. O3HaKOMIIEHHE C METOAUKON ONPEAECICHHS TEMIIEPATYPhl KalIeIaACHHUS.
2. 3akpemieHue 3HaHUM MO (PU3UKO-XMMHYECKUM CBOMCTBAM OCHOBHBIX MapoK
IJTACTUYHBIX CMa30K.
OoOopynoBanue padouero mecra .
OOpa3upbl HUCHOBITYEMBIX IUIACTUYHBIX CMAa30K, MpUOOp sl  OmNpejeieHus
TeMIIEpaTyphl KAIUIENaJeHusl, CTEKJISIHHAS €MKOCThb, HArPEBATENBHOE YCTPOUCTBO,
CTEKJIIHHAsi  IJIACTUHKA, MNPOOUPKH,  CTEKJISHHAs  Majoyka,  IINaTelb,
JTUCTUJUIMPOBaHHAs BOJIA, IEHETPOMETP, OCH3UH, CEKYHOMED.
Iopsiniok BbINMOIHEHUST PadOTHI.

1. O3HaKOMUTBLCSA C OCHOBHBIMU MOJIOKEHUSIMU PAOOTHI.

2. BBIOJIHUTH B COOTBETCTBUM C 3aJJTaHHEM IKCIIEPUMEHTATBHYIO YACTh PA0OTHI.

3. I[Ipoananu3upoBaTh MOJYYEHHBIE PE3YJIbTAThl U HA OCHOBAHUHU TEOPETUYECKOTO
Martepuala cJeiaaTh He0OX0JUMbIE BHIBOIBI.

4. 3anoaHuTh Ta0IuILy.

CTyneHTsl NPUTOTaBIMBAIOT JBA BHJAA CMAa30K B COOTBETCTBUU HOIPEICISIOT
CJIeIYIOIINE OCHOBHBIE MOKA3aTeNd KaueCcTBa CMa30K: KOJIJIOMAHASI CTAOUIBHOCTD,
MEHeTpalus; TeMIleparypa KaruienajeHus. PesynbTaThl 3aHocaT B Tabn. l.u
(GOpMyYIUPYIOT BBIBOABI O BIUSHUU PEUENTYPbl U TEXHOJOTUM MPUTOTOBICHUS
CMa30K Ha UX Ka4€CTBO.

Taomuna 1 I[Toka3zarenu kauecTBa MJIACTUYHOM CMa3KHU

[Tomy4eHHBIA POAYKT

Iloka3arenu kayecTBa " 5

Temmneparypa kartenagenus, °C

[TeneTpanus, MM

Konmouanas ctabuibHOCTD, % OTIPECCOBAHHOTO
Mmacnia

KOHTpOJ]bH]JIe BOIIPOCHI
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1. CoctaB u cTpyKTypa CMa30K.
JucnepcuoHHas cpefa u qucnepcHas (asa.
Knaccudukanus cmazok.

OG6nacTu MpUMEHEHHUS CMa30K.

A S

OcCHOBHBIE IPEUMYIIECTBA U HEAOCTATKH CMAa30K MO CPABHEHUIO C KUIKUMHU
Y TBEPABIMU CMa30YHBIMH MaTepHUATaMHU.

6. OCHOBHBIE CTaUH TPOU3BOJICTBA CMA30K

7. Tloka3zarenu kayecTBa CMa30K

8. BiusiHHe OCHOBHBIX PEIENTYPHO-TEXHOJIOTUYECKUX (PaKTOPOB Ha

CTPYKTYpPY U OCHOBHBIE CBOMCTBA CMa30K.

Coaep:kanme oryera.
1. HaumeHnoBanue u 1€ padboThI.
2. O6opynoBaHue U MaTepualbl, UCIIOJIb3yEMbIE B paboTe.

3. OCHOBHBIE TIOJIOKEHHUS O CMAa30YHBIX MaTepualax (KpaTko).

4. Onucanue SKCIEPUMEHTAIBHOM YacTU pabOThl M TMOJTYyUYECHHBIE PE3YJIbTaThl C
HEOOXOUMBIM rpadUueCKUM MAaTepUAIIOM, AaHAJIM30M, BHIBOJAMU.

5. O00CHOBaHHOE pEIICHUE YKa3aHHOW Mpeno/iaBaTesieM 3a/1auu.

JlaGoparopHuast paGora Ne §
no rteme «HemeTanibl: CBOMCTBA, BUIbI, MAPKID).

1 Heab padoTsl

O3HaKOMUTBCS C TEXHOJOTHYECKUM IPOLECCOM HU3TOTOBICHUSA IETAIECH M3
MPECCHOPOLIKOB  METOAOM TOpPSIYETO0  MPECCOBAHUSA, ONPEACIUTh  MPEAeI
MIPOYHOCTH, YACIbHYIO IPOUYHOCTD MPU CKATUH, OOpaslia.

2 Teopernyeckas 4acTh

O01mme cBeieHNns 0 MJjIacTMaccax

K mnnactMaccam OTHOCHUTCS Marepuall COCTOSIIMN JUOO M3 UYHCTHIX

MOJIMMEPOB, MO0 M3 CMECHU MOJIUMEPOB C HAMOJHUTENISAMH, IUIacTU(UKATOPAMH,

CTa6I/IHI/I3aT0paMI/I, KpaCuTCIIsIMH, CMAa309YHbIMH U JPYTIMMHU BCIICCTBAMMU.
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B 3aBucUMOCTHU OT MOBEICHUS MOJIUMEPHBIX COCTMHEHUN MPU HArPEBAHUU UX
MOAPA3AEIAIOT Ha IBE TPYIIIbI: TEPMOIUIACTUYHBIE U TEPMOPEAKTUBHBIE.

TepmomiacTuuHble  COCIMHEHUSI  OpU  HArpeBaHUM  OPHOOPETAIOT
IJIACTUYHOCTh, a MpPHU OXJaXJACHUU BHOBbH BO3BpALAIOTCS B YINPYTrO-TBEPIIOE
COCTOSIHUE.

[lonumepsl 3TOHM Tpynmbl 4alle HWMEIOT JHHEHHYI0 WM Pa3BETBICHHYIO
CTPYKTYpPY M  XapaKTepHU3yIOTCS BBICOKOM MPOYHOCTHIO, HE3HAYUTEIHHOMN
YOPYrocThl0 K IutacTUdeckod nedopmanuu. K rpynme TepMOIIacTUYHBIX
MOJIMMEPOB OTHOCSITCS MOJIUCTUPOII, MOJIMATUIICH, MOJIMAaMUILIMH,
MOJIMBUHUIIXJIOPUIBI U JIP.

TepMopeakTUBHBIE COCAMHEHUSI TIPU HATPEBAHUM JIETKO MEPEXOJAT B BSI3KO-
TeKydee COCTOSIHHE, HO C YBEIMYEHUEM TMPOJOJDKUTEIHOCTU HAarpeBaHUs B
pe3yiabTaTe XUMHUYECKMX peaklnil mepexoAsT B TBEPAOE, HEPaCTBOPUMOE
cocTostHuE. MakpoMOJIeKyIbl ATUX MaTEPUANOB CBSI3aHbI MEXIY COOOW B Tpex
MIPOCTPAHCTBEHHBIX HAMIPABIICHUSX, UTO IPUAAET MOJIUMEPY BHICOKYIO TBEPJOCTh U
00yClaBIMBaeT CHIKEHHUE IMJIACTUYHOCTU. K HUM OTHOCATCS CMOJBI Ha OCHOBE
[JIMIEpUHA W MHOTOOCHOBHBIX KHCIJIOT, CMOJIbI (peHos0(hapMOIbLETHIIUHbIE,
MOYEBHUHOAJbJICTUIHBIE, STOKCUTHBIE U .

CymectByeT psn cmocoOoB mepepadoTke moaypaOpukaToB B H3ICIHS.
OCHOBHBIE U3 HUX:

- TI'opsiuee mnpeccoBanme. IlpumeHnsieTcss B OCHOBHOM i IepepabOTKU
TepMOpEaKTUBHBIX TuiacTMacc. [lpu s3Tom kak popMupoBanue, Tak U OTBEpACHUE
U3IeNU  MPOUCXOIUT B Harpetoil mpecc-popme. Ilpouecc mnpeccoBaHus
OCYIIECTBIISIETCSL HA OOBIUHBIX THIPABINYECKUX MTPECCaX.

- Jlutbe moa naBjenueM. OJIHUM W3 OCHOBHBIX CHOCOOOB MepepabOTKu
TEPMOIUIACTUYHBIX IacTMacc. JIuThe TOA  JaBi€HUEM MPOBOAUTCS HA
CIEUUANIbHBIX  JINTHEBBIX  MAIlIMHAX, pal0OoTalolMUX AaBTOMAaTHUYECKH WU
nojlyaBToMaTuyecku. PacmiiaB monumepa M3 HWIMHApPA MAalIMHBI MOAAETCA B

OXJIaXIACHHYIO Mpecc-(popMy Tlie OH 3aTBEpAEBacT U 00pa3yeT U3eiue.
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Pucynok 1 - Cxema ropsiuero npeccoBaHusl.
1 - maTpuua, 2 - mogorpesareny, 3 - mpecc-maTepual, 4 - myaHCOH,

5 —nopuieHb, 6 - AeTalb, 7 - BEITAJKUBATENb

Pucynok 2 - Cxema nponecca JuThs MO JaBICHUEM HA YEPBAYHON MAILIMHE.
1,3 - monydopmsl, 2 - KaHAIIBI 151 OXJIAXKACHUS, 4 - IEHTPaJIbHBIN KaHal
MI0/Ia4u Macchl, 5 - HarpeBaTellb, 6 - OyHKEp-NIPUEMHUK,

7 — no3arop - macTudukarop, 8 - MOpIIeHb, 9 - HarpeBaTeNbHBIA UIUHIP.
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Pucynok 3 - Cxema 0gAHOYEPBSIYHOTO IKCTPYyAEpA.
1 - uepBsik, 2 - OyHkep, 3,4 - KaHaJd OXJIAXICHUS, 5 - HarpeBaTeNIbHBIN

LUJUHAD, 6 - DKCTPY3UOHHAS TOJIOBKA, 7 - MyHIIITYK.
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Pucynok 4 - Cxema M3roToBJI€HHUS MIACTMACCOBBIX U3JAEIUIN MPECC-IIUTHEM.

1 - 3arpy3ounas kamepa, 2 - myaHCOH, 3 - Ipecc-MaTepua,
4 - TUTHUKOBBIN KaHaJ, 5 - paboyas MOJIOCTb.
- Jkcrpy3usi. OCylliecTBIASETCS HAa BUHTOBBIX (YEPBAYHBIX, ITHEKOBBIX)

MalllMHaX TEPMOIUIACTUYHBIX  MaTepHalioB M Ha MNPOGUIBHBIX MTPOU3BOIUTCS
BUHTOM, a Y HEMIPOPUIBHBIX IPOLIECCOB - MOPUTHEM WU TLTYHKEPOM.

- Ilpecc - JauThbe BBIMOJHAETCS Ha CHOEIUANBHBIX Tmpeccax. Cxema
W3rOTOBJIEHUA M3JE€IMM TOKa3aHa Ha pwuc.23. 3arpy3ouHas kamepa |
MPECCINTHEBOM (POPMBI OTHENeHAa OT O(QOPMIISIONICH OJHHM WM HECKOIbLKUMHU
Y3KUMHU JINTHUKOBBIMU KaHanamu 4. J[aBieHus B Haualie MpeccoBaHUs NepeaacTcs
IyaHCOHOM 2 TOJIbKO Ha MaTepuall B 3arpy3o4Hor kamepe. lIpecc-marepuan 3 u3
3arpy304HOM KaMephl IOCIe pa3orpeBa €€ U Mepexoja B TEKydyee COCTOSIHUE

MMOoCTymacT I1oa AaBJICHUCM B O(l)OpMJIHIOIHYIO MOJIOCTh 5 4Cpe3 JIMTHHUKOBEIC
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KaHAJIbI.
- KanawapupoBanme. Ilpomecc, mnpu  KOTOPOM  pa3MsATUYCHHBIN

TEPMOTUTACTUIHBIA MaTeprajl MPOIyCKAETCS Yepe3 3a30p MEXKIY BPAIIarOIINMUCS
BaJTUKAMH.

- Mexanuuyeckasi o0padoTka, cBapka, CKiienBanue u T.1. lIpumenstorcs
JUTST TIOMYyYeHUs W3ACIUNA W3 TOAEIOYHOTO0 Marepuajia, B KadecTBe KOTOPOTO
WCIIOJIb3YeTCs TUTUTKA, JIUCT, TPpyOa, MIIeHKA  T.I.

- Hanbuienue. [lokppiTHE METAUIOB TUTACTMACCaMU C IIEJTBIO TIOBBITICHUS
UX CTOMKOCTHU B arpeCCUBHBIX cpejiax (3alura OT KOppOo3un).

3aganue mo jJadoparopHoii padore
UccnenoBanne (HU3NKO-MEXaHMYECKUX CBOMCTB  IUIACTMAcC, IHAMETPOM

10mM u BeICOTOM 15MM.

4.MarepuajibHOe oOecrieueHue onbiTa

4.1. OOpas31isl miacTMacc.

4.2. MepHbIi CTaKaHYHUK.

5. Ilopsiiok BBINOJHEHHSI pa0OTHI.

UccnenoBanne ocymiecTBisercss Ha 3-x oOpasnax (U3MKO-MEXaHUYECKUX
CBOICTB IU1acTMacc, AuaMeTpoM 10Mm 1 BeICOTOM 15MM.

Tabmnura 1

Mapka mmactmacestl | K-18-2 | K-119-2 | K-18-53 | BosmokHut | AMHHOMIIIACT

V nesLHEIT Bec
1,73 1,73 2,16 1,79 1,85
obOpa3iia

5.1 TIloaroroBka Kk padore

5.1.1. IIoArOTOBUTH TEOPETUUYECKUE PA3AEIBI TUCHUATLINHBI

5.1.2. BnHuMmaTenbHO O3HAaKOMUTCA C 3aJaHUeM, OOOpYyJAOBAHHEM U
MHCTPYMEHTOM, UCIIOJIb30BAaHHBIMU B paboTe.

5.1.3. 3yuuts cxemy u onvcanue J1adbopaTropHO yCTaHOBKHU

5.1.4. I3yunuth METOAMKY BBHITIOTHEHUSI PAOOTHI

5.1.5. OdopmuTth oTUET 1O padore.
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5.1.6. TexHuka 0€30MaCHOCTH:

- Hcnertanue o0pasiioB Ha paspyllieHUE MPOU3BOAMUTCS Ha IMpecce C
MPEIOXPAHUTEIIBHON CETKOM.

5.2 IIpoBeaenue padoThbl

OnpenenuTs BETUYUHY pa3pyliaronieil Harpy3ku no gopmyrne:

P=PyonFy

rie Pyoy — ITOKA3aHUS MAHOMETpA KI/CM’,

2
F, — mmomanps nopuHs npecca, paBHas 26,4 cm”,

[Ipenen npoyHOCTH NIPU CKATUU ONpeaeseTcs o hopmylie:
yc=P/F
rae P — paspymaromas Harpyska, Kr,
F — IUI0Mma b MOMEPEYHOro CeYeHNs 00pasia 10 UCIIBITAHMS, CM°
3a pe3ynbTaT HCHOBITAHUS NPUHUMAETCS CpelHee apuPpMEeTUUecKoe BCEX
ONPEICIICHUN.
Omnpenelienne yeabHO MPOYHOCTH MPHU C:KATHH
VYnenpHas OpoOYHOCTh — MpeAesl MPOYHOCTH, OTHECEHHBIH K YACIbHOMY
BECY, B3ATOMY Kak Oe3pa3MepHas BeIMYHHA. YJeiabHas MPOYHOCTh MPHU CHKATUU
ompenaensercs mo Gopmyre:
y=yc/T
e yc-peael IPOYHOCTH IPU CKATHH, KI/CM’
I - yelbHast Macca oOpasia (0e3pa3MepHasi BEIUYMHA, HAXOAUTCS U3
TaOauIe 1).
5.3 Oopaborka pe3yJbTaToB
KoneuHol 1ienpi0 pe3ylbTaTa 3KCIEPUMEHTA SIBISIETCS pacdeT pe3yJbTaToB
MAaHOMETPA, BEJIMYMHBI Pa3pyLIAOMIEH HArpy3Kd, YyJAEJIbHOM NPOYHOCTH. 3a
pe3yiabTaT  UCHOBITAHUS  NPUHHUMAETCA  CcpelHee  apu(MEeTHUYEeCKoe  BceX
ONPEICIICHUN.

6 Otuer mo padore
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OTtuer T0MKEH CONEPKATH:

- 3aJIaHue M0 JabopaTopHOl padoTe;

- OMKUCAHUE U CXeMY JIa0OpaTOPHON YCTAaHOBKHU;

- opMyIBI

- pe3ynbTaThl O00paOOTKM HSKCIEpUMEHTAa C OMNHCAaHHWEeM TMpolecca X
MOJTYyYEHUS.

KoHTpoJibHbIE BONIPOCHI.

1. UYem oTiiyaeTcst HOJUMEP OT MIACTMACCHI?
[lepeuncnure MeToabl epepaboTKe MIacTMacc.
Meton 3KCTpy3HHu.

MeTton rpeccauThbs.
JIUTHE MOJ] JABJICHUEM.

Knaccudukanus miactMacc 1o ux MOBEACHUIO ITPH HarpeBe.

A B

HpeI/IMYIHCCTBO mIacTMacce nepea METAIIMYCCKNMHU MaTCpruaIaMHU.
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