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JladopaTtopHasi pa6ora Nel
H3mepenue TBepaocTH

Ilenv padomui:

1. [To3HaKOMHTBCS C METOIAMHU U3MEPEHUS TBEPIAOCTH METAJUINIECKIX MaTepPHAIIOB.

2. Ilpuobpectn HaBBIKK U3MepeHHs TBepaocTH MeTtonamu Poksemna (mpubop TK-2) u Bpunenns
(mpubop TI-2).

3. OcBouTh METOAMKY IEPEBOAA €AWHUI] TBEPJOCTH B €AMHUIIBI XapaKTEPUCTHK MEXaHHMUECKUX
CBOMCTB, IOJy4YaeMbIX ITPH UCIBITAHUSIX Ha PAaCTsLKEHUE.

Kpamkue meopemuueckue ceedenusn:
1. U3mepeHne TBepAOCTH METAUNINYECKUX MAaTEPUATIOB

PacripocTpaHeHHOCTh HCHBITAHUH Ha TBEPAOCTh OOBSCHAETCS OTHOCHTENBHOW NPOCTOTOW H
HHU3KOH CTOMMOCTBIO MX IPOBEAEHMS, BO3MOXKHOCTBIO HCIIBITAHUI MaTepuaoB pa3IMdyHON MIaCTUYHOCTH
Y MIPOYHOCTH, HEOOJIBIINM 00BEMOM 00Pa3IIOB, BOSMOYXKHOCTBIO MPOBEICHHS U3MEPEHUH HEMOCPEICTBEHHO
Ha JeTaisix. [Ipy uCTIBITaHUSX HA TBEPAOCTh MOTYT OBITh MOTYyYEHBI OLIEHKH UHBIX MEXaHHYECKUX CBOMCTB,
TaKUX KaK Ipeesl TeKy4eCTH, pees NPOYHOCTH U IpyTHeE.

HaunOonpimee mpakTudyeckoe 3HauY€HHE HMMEIOT  CTATHMYECKHE HCIBITAaHUA  TBEPLOCTH
B/IaBJIMBAHUEM B HCIIBITYEMOE TEJIO JAPYroro, 0ojee TBEpIOro Teia - uHaeHTopa [oT aHri. indentor, ot nar.
in - B, BHyTpb ¥ dens ( dentis) - 3y6] (meroasl bpunemns, Poksema, Bukkepca, MeTo1 MEKPOTBEpPIOCTH).
3HAUUTENBHO PEXE UCIMOJB3YIOTCS IUHAMUUYECKHE HCIBITAaHUS TBEPAOCTH IO OTCKOKY IIapHKa (METOMBI
IHopa, Ilompam) m emie pexxe HCIONB3YETCS H3MEPEHHE TBEPAOCTH LapamaHbeM (ckiepomerpus). B
MAaIIMHOCTPOSHUH U TPHOOPOCTPOESHHH OCHOBHBIM METOJOM HM3MEPEHUsI TBEPJOCTH SIBISETCS M3MEPECHUE
TBEPAOCTH BIABIMBAHUEM - TIOPOMETPHSL.

2. U3mepenne tBepaoctu MetogoM bpunemts (T'OCT 9012 - 59)

CymHocts MeToqa bpunenns 3axiovaercss BO BIABIMBAHUM MIapHKa (CTAIBHOTO WM M3 TBEPIOTO
cryiaBa) B oOpaser (M31enue) Mo ACHCTBUEM YCHIINS, IPHIOKEHHOTO MEePIEHINKYIISIPHO TTOBEPXHOCTH 00-
pasua B TeUeHHE ONPEACICHHOT0 BPEMEHH, 1 U3MEPEHNH JaMeTpa OTIIeuaTKa MOCIe CHATHS YCUIIHS.

B xadecTBe MHJCHTOPA IPUMEHSIOTCS:

- ctTasibHOU mapuk nuamerpom 10,0; 5,0; 2.5; 2,0 unu 1,0 mm, umeronuit TBepa0oCTh HE MeHee 850
HV10 (850 emunni tTBepmoctH 1o Bukkepey, usmepennoii npu Harpyske 100 H (10 kec)).

- mapuK u3 TBepaoro ciuiasa auameTrpom 10,0; 5,0; 2,5; 2,0 umm 1,0 mm, AMEIOTIHIA TBEPIOCTD HE
menee 1500 HV10.

Teeprocts o BpuHewo Mpy NpUMEHEHUH CTaJbHOTO MIapHKa 0003HAYaroT CUMBOJIOM HB, a mpu
NPUMCHEHUH IIAPUKOM M3 TBEpJOro cruiaa - cumbosiom HBW. Yucieno teepmocts HB (HBW) paBha
OTHOIICHHIO MPHUJIOKEHHOTo ycuiusi F k ruomaan chepudeckoro orneyarka A W pacCUUTHIBACTCS T10

hopmye:

0102 -F 0102 - F

7-D-(D-vD*—d?)

rae F - yennume, H; D - nuamerp mapuka, My, d - tuaMerp oTmedarka, mu.

HB(HBW ) =

3anuck pesyibTaTa U3MEPEHHs COCTOMT W3 YHCIOBOTO 3HAYCHMS TBEPAOCTH U3 TPEX 3HAYAIIUX
mudp, cumBoia TBepaoctu 1o bpunemtro HB(HBW), nuamerpa mrapuka, NpuioKEeHHOTO YCHIHS H
MIPOOIKUTENHHOCTH BBIACPIKKH 1O Harpy3Koil, eciau nocieasis otnudaercs ot (10...15) c. Hanpumep,
3amuchk 575 HBW 2,5/187/30 o3Hauaer TBephocts mo bpuHemmio 575 eauHun, W3MEpeHHYIO IpH
NPUMEHEHUN LIapuKa M3 TBEPAOro CIUlaBa JuaMmeTpoM 2,5 wmm, npu ycuwimuu 187 xec u
MIPOIOJKUTENIFHOCTH BBIIEPKKH o1 Harpy3Kkoi 30 c.

Ilpu wu3mepenun TBepaocTH wuHAEHTOpoM nuameTpoM 10 mm npu ycunuun 3000 xec wu
NPOJODKUTEIBHOCTH BeIIEpKKU oT 10 10 15 ¢ TBeprocth no bpunenno 0003Ha4al0T TOIBKO YUCIOBBIM
3HaYCHWEM TBEpPAOCTH M cuMmBoiioM HB wmm HBW, manmpumep 185 HB, 620 HBW. Ilpu TBepmoctm
MeTauioB Oonee 450 eaunui] Mo BpuHEWTIO IS M3MEPEHHs MCIONB3YIOT HIAPUKH TOJIBKO M3 TBEPIOrO
criaBa, BO H30ekaHue aedopMaliyd HHIACHTOpA, a NpH TBepaocTh MeHee 450 eAMHMI] MPUMEHSIOT



CTaJIbHBIE MAPUKHU WITH MIAPUKH U3 TBEPOTO CIiaBa. MaKCHMabHO JOMYCTUMAst TBEPAOCTh METAJIIOB ITPH
npuMeHeHun MeToaa bpunenss B 650 enuHmuII.

OT100p 1 MOATOTOBKA 00Pa3LOB K N3MEPEHUIO COCTOHT M3 CIIEAYIOIINX 3TAIOB!

1 Ompenensercs HeoOXomuMmas TOJNIMWHA o0pas3ia, KOTopas MAODKHA TIIPEBBINIATh TITyOWHY
oTIIeYaTka He MeHee 4eM B 8 pa3. B mobom ciydae mocie MCIBITaHWK Ha MPOTHBOMOJIOKHOW CTOPOHE
o0pasia He JOHKHO OBITh 3aMETHO clieIoB AeopMaluy OT HHACHTOPA.

2. IToBepxHOCTH 00pasna (M3aenus) A0JDKHA OBITh TNIAJAKOH, POBHOW U CBOOOMHOW OT OKaJIWHBI WU
okcumHO# TIeHKH. OOpabOTKy MOBEPXHOCTH oOpasma (W3Aeiusi) JOIyCKaeTcs MPOBOIUTH MUTH(OBKOM
Ha Ha)KI[a‘IHOfI 6yMare Wi MCJIKUM HAIIMJIBHUKOM. HpI/I HCIIOJIb30BAHMWMU IapuKa JUaMETpOM 1vm
MOBEPXHOCTH 00paslia TOJKHA OBITh OTIIOJIMPOBAHA.

3. Ucnonb3ys crarmapt [OCT 9012 — 59 BeIOMparoTCsl ONTHMATLHBIC YCHIHS U3MEPEHUs (AraMeTp
mapuka, yCUiIne, JJIUTCIbHOCTb BBIZIep)KKI/I).

Juamerp oTredaTka d U3MEPSIOT ¢ MOMOIIBI0 HHCTPYMEHTAIBHOTO MHKPOCKOIA MIIH JAPYTHX CPEN
U3MEpPEHUsL.

3. M3mepenne tBepaoctu merogoM Pokeemia (TOCT 9013-59)

CymnocTs MeToa PokBenia 3akiodaeTcss BO BHEIPEHNHU B MMOBEPXHOCTh 00pasia (MU U3IeIHs)
QIMa3HOTO KOHYCa WM CTalbHOIO C(EpHUYECKOro HAKOHEYHHMKA MOJ JACHCTBUEM IOCIEeA0BATEIHHO
NpWIaraeMbiX MpeaBapUTenabHoro Fo n ocHoBHOro Fi ycwiumil m B ompeneneHUn IIIyOWHBI BHEIPEHHS
WHJCHTOpA TOCJe CHATHA OCHOBHOTO ycuius Fi. IIpyMHIMNUANBbHBIM OTIMYHEM METOAAa HU3MEpPEeHUs
TBepAaocTH 1mo PokBemny or meroma bpuHemns 3akmiodaercs B TOM, 4TO B MeTozae PokBemra 3a mepy
TBEPAOCTH MPUHUMAIOT IJIyOMHY 0TIeYaTKa, a B MeToe bpuHens nuamerp orneyarka.

Jlst M3MepeHus TBEPIOCTH MCIONB3YIOT ClieluaibHble pubopsl (Hampumep, TBepaomep TK — 2).
[Tpubops! HOMHKHBI 00ECTIEYNBATh MPUIIOKEHUE YCHUIINH, YKa3aHHBIX B Ta0. 1.

B kauecTBe HHIEHTOpAa MCIOIB3YIOTCS: alMa3HBI KOHYCHBIM HakoHeuHMK (mkamsl A, C);
CTaJIbHOW MIAPHUKOBBIN HAKOHEUHHK JraMeTpoM 1,588 mm (1kanst B).

YucnenHoe 3HaYeHHE TBEPAOCTH CUUTHIBACTCS CO IIKAIBI MHAMKATOpPA MIIHM MOKa3aTels Hu(poBOro
OTCUETHOI0 YCTpOMCTBa Ipubopa C OKpyrjeHueM pesyinbrara 10 0,5 eauHUuIbl TBEpAOCTH. 3amKch
pe3yibTaTa U3MEPEHUS COCTOUT U3 YUCIIEHHOTO 3HAUYEHMS TBEPAOCTH M3 TpeX 3Ha4YauX nudp U CUMBOJIA
tBepaoctd. Hampumep, 3amuce 65,0 HRC o3nHauaer TBepmocTh mo PoxBemry paBHyI0 65 YCIOBHBIM
eauHunaM 1o mkane C, MONYYeHHBIM MpPU BIABIMBAHUM ajIMa3HOTO HAaKOHEYHHMKAa B IIOBEPXHOCTb
oOpasna (u3aenus) ¢ odouum ycummem F = 1500 H.

Tabnuna 1
YciioBus U3MEpEeHUs TBEPAOCTH MeTOJIoM PokBeria
[xaa Oo6o3nauenne | IlpemBapurenpHOE OcHOBHOE Oo6mee Junanazon
TBEPIOCTH €JIHHUII yeunue Fo, H ycuIme yCcuime WU3MEPCHUS
M3MEpeHHS Fi, H FH € IUHUL]
TBEPJOCTH
A HRA 100 500 600 20...88
B HRB 100 900 1000 20...100
C HRC 100 1400 1500 20...70

OT160p 1 MoAroToBKa 00Pa3OB K M3MEPECHUIO TBEPIOCTH MPOBOJUTCS AaHATOTUYHO PACCMOTPEHHBIM
B MeToae bpunenns.

Teeprocts Mo mKane 4 W3MEPSIOT Ha TBEPAbIX CIUIaBaX, Ha MeTalIax I0cje MOBEPXHOCTHOM
ynpouHsoneil o0paboTki, Ha TOHKHX W XPYNKHX oOpasmax. TBepaocTh mo mikane B uM3MepsioT Ha
CTaJIsIX B OTOXKKEHHOM COCTOSIHWM, Ha IIBETHBIX MeTajllaX, €Cld UX TBEpAOCTh He npeBocxoaut 200 HB.
Teepmocte 1o mkane C M3MEPAIOT HAa YNPOYHEHHBIX TEPMOOOPaOOTKOW WM  IUIACTUYECKUM
Jne(opMUpOBaHMEM CTAJISX U TYTOIUIABKUX METAJUIax U CILIaBax.

Br160p 1mIKael OCyIIECTBIAETCS U3 CIETYIOIUX COOOpayKeHHMA:

- €CIIM TBepHOCTh oOpasta (M3menus) He M3BECTHA, TO MEpBOE M3MEpEHHE CleNyeT MPOBOAUTH IO
mkaie C;

- €CITM TBEPIOCTH TP ATOoM okaxketcst Oosbire 20 HRC, To 3T0 4mciio MpUHUMAIOT 3a pe3yibTar
W3MEpEHUs;

- ecnit TBepAocTh okaxercss MeHee 20 HRC, To cienyeT moBTOPHO U3MEPHUTH TBEPAOCTD IO IIKAIE
B.



B Hacrosmee Bpems TOIyYeHBI
XapaKTEPUCTUKAMU MEXAHMYECKHX CBOCTB,

3aBHCHMOCTH,

OIMUCBIBAIOIINX CBA3b TBEPAOCTU C
MMOJIydyacMbIX IIpW HUCIIBITAHUAX Ha PaACTIKCHUC,

MOJI3y4€CTh, COMPOTUBIICHUEC YCTAJIOCTH, U3HOC, HCKOTOPBIC U3 KOTOPLIX ITPUBCICHLI B Tabm1.2.

Ta0mnura 2

q)OpMyHLI nepeBoaa €AMHUILL TBEPAOCTU B XapaKTCPUCTUKHA
MMPOYHOCTHU IPHU PACTAKCHUN

®dopmMmyia nepeBoja [TorpemHocThb O0JracTh MpUMEHEHUS
co02 =3,67 HB-240 ~10% JlerupoBaHHbBIE CTAIH MEPIUTHOTO U
MapTeHCUuTHOTO KiaccoB (HB>150)
co2= 2'HB ~10 % Toxe (HB<150)
os =345 HB VriepoaucTeie U HU3KOJIETUPOBAHHBIE CTANU
<10 % (HB >150)
op =325 + 207 "exp (0,0377 'HRC) Yraeponucteie " JIETUPOBAHHEBIE
~2% KOHCTPYKIIHOHHBIE cTanu B JIATOM,
ropsT9eKaTaHHOM u TepMooOpaboTaHHOM
COCTOSIHUSX
Ortuer

1. Omnpemenuts TBEpAOCTH 00pa3LOB pa3IUYHBIX MaTepuanoB. Ha kaxgom oOpasue TBepAOCTb
U3MEPUTH TPU pa3a U 3a pe3ysIbTaT H3MEPEHHI IPHHATH CpetHee apu(MEeTHIECKOe 3HAUCHHE.

2. 3amonHuTh TaON. 3. J{ns cpaBHEHUS TBEPJOCTH pa3HBIX 00pa3IOB BCE pe3yNbTaThl H3MEPCHUH,
NOJTyYEHHBIE P Pa3IMYHBIX Harpy3KaxX M Ha Pa3iUuHBIX LIKaJaX NepecuuTaTh B TBEPAOCTH O

bpunento.

3. Hcrmonw3ys Tabi. 2 ONpeAeiuTh Ipejesl MPOYHOCTH IPH PACTSDKCHHH JUIS UCCIIETyEeMBIX
craneil. [loryueHHble pe3yIbTaThl 3aHECTH B Ta01.3.

4. Cpenatb BBIBOABI O BJIMAHUM COCTaBa Marepuana, TEPMHUYECKOH, TEpMOMEXaHHUYECKOW W
MeXaHH9IeCKOH 00pabOoTKM Ha TBEPIOCTh METAJUIMYECKOT0 MaTepraia. YKas3arh, Kakoil crmocob
YIPOYHEHUS cTaleil spisiercs: Hanbosee () (HEeKTHBHBIM.

Tab6nuua 3
Martepuan Tun Harpys3ka, TBepaocTh Gg,
WHJICHTOpA H HRB | HRC | HB | MIla
Mens
JlaTtyns
AnroMuHUM
HropatioMuH

Cranb B XOJIOJHOKATOHHOM COCTOSTHHUH

Cranb B TropsA4YCKaTaHHOM COCTOSHHUU

CTajb B OTOMOKECHHOM COCTOSIHHH

Crajb B 3aKaJICHHOM COCTOSIHUU

Cranb B OTIIYIICHHOM COCTOSIHUUN

KoHTpoiibHbBIE BONPOCHI:

1. Yro Ha3bIBaETCS TBEPAOCTHIO METAIIOB?

2. Kak o6o3Hauaetcs TBeprocTh o PokBemny u bpunennio?

3. B uem pa3Huia MeTooB n3MepeHus TBepAocTH o bpunemtto u Poksemry?

4. KakuM METOJIOM MOYKHO U3MEPHUTh TBEPAOCTh 3aKaJICHHOM CTaH?

5. Kakum mMeTo0M cienyeT u3MepsiTh TBEPAOCTh aTFOMUHHEBBIX JeTanei?

6. Kak BrusieT Ha TBepJO0CTh MeTaJIa TepMOOOpa0OTKa, 00pabOTKa JaBICHUEM?

7. 3anummre pe3ysbTaT H3MEPEHUS TBEPAOCTH, €CIH CTPEIKa HHIUKATOPa TBEPJOCTH

OCTaHOBMJIACh Ha 3HayeHuu 46,75 HRB




8. Ilouemy mpu U3MEPEHHUU TBEPIOCTH HEM3BECTHOIO MaTepHaja Hy)KHO B KaUeCTBE HHICHTOpA
HUCIOJIb30BaTh ajaMas?

Jlumepamypa:

1.I'OCT 9012-59

2.TOCT 9013-59

3. T'ennep FO.A., Paxmant A.I'. Marepuanosenenue, M., Meramnyprus. 1980. 447c.

4. Camoxoukuii A.M., Kynssckuit M.H. JlaGopaTopHble pa0OTBl MO METAJUIOBEICHHIO U
TepMuyeckoil 00padboTke MetawtoB. M. MammuocTpoenue, 1981, 173 ¢

5. TMaucor W.B. Tlocobue k mabopaTopHbIM pa0OTaM MO MaTEPHATIOBEACHUIO M TEPMHUYCCKOM
00paboTtku MetamioB, M., Merammyprus, 1968, 95¢

JlaGopaTopHasi padora Ne 2
Mukpockonu4ecKuii aHAJIU3 MaTepHaJIOB

Ilenwv pabomot :
1.M3y4uTh METOIUKY MPUTOTOBICHUS MUKPOLILTA(OB
2.M3y4uTh ONTHYECKYH) CXEMY W KOHCTPYKIUIO BEPTUKAIBLHOIO METALIOrpaduyeckoro MHUKPOCKOIa
MUM-7
3.3apucoBaTh MUKPOCTPYKTYPbl MUKPOILTH(OB C MOMOIIBI0 MUKpockoria MUM-7

Kpamkue meopemuueckue ceeoenun:

Ilon MuKpoaHATU30M MOHMMAIOT HM3yY€HHE CTPOCHHMS METAJUIOB M CIUIAaBOB C ITOMOUIBIO
MeTautorpad@udeckoro MUKpockorna npu yseiamdaennn B 50—2000 pas.
IIpu nomMonm MUKPOAHATIN3A ONPENEISAIOT:
1) gopmy u pazmep KpUCTAJUIMIECKUX 3€PEH, U3 KOTOPHIX COCTOUT METAJLT WX CILJIaB;
2) W3MEHEHHE BHYTPEHHErO CTPOEHMS CIUIaBa, MPOMCXOMALIEE MOJ BIMSHHEM DPA3IMYHBIX PEXKHMOB
TEPMUYECKOH M XHUMHKO-TEPMHYECKOH O0OpadOTKH, a TakKe I0Cie BHEIIHEr0 MEXaHWYECKOTO
BO3JICHCTBHS Ha CIIJIAB;
3) MHKpPONOPOKH METaJIa — MHUKPOTPEUINHBI, PAKOBUHBI U T. IL.;
4) HeMeTaNIMYeCKHE BKJIIOYECHUS — CyIb(QHIbI, OKCHIABI U Ap.;
5) XUMHYECKHH COCTaB HEKOTOPHIX CTPYKTYpPHBIX COCTABIIIONIMX IO WX XapakTepHOH ¢opme u
XapakTepHOMY OKpAIIMBaHHIO CICHUAILHBIMU PEAKTHBAMHU M B HEKOTOPBIX CIIydasX MPUOIU3UTEIHHO
OTIPEAETSAIOT XUMHUYECKUH COCTAaB U3y4aeMoro CIUIaBa.

Jns MEKpOCKOTIMYECKOTO aHajii3a M3 HCIBITHIBAEMOTO MaTepHalia BBIPE3aroT oOpaser U MyTeM
psina onepanuii (LU oBaHuUs, MOTUPOBAHUS, TPABICHHUS) JOBOIAT JI0 TAKOT'O COCTOSHHSA, KOT/Ia TIPH pac-
CMOTPEHHH €ro B MeTaJutorpaguiyeckuii MUKPOCKOI BBISBIISIOTCS HEMETAJUIMYECKUE BKITIOUCHHUSI, MEJIKUE
nopsl, rpaduT B 4YyryHe (mocie HUIM(OBAaHHUS W IOJMPOBAHMS) MIM MHUKPOCTPYKTypa (Iocie LuIu-
(oBaHMA, IOTMPOBAHUS U TPABJIICHHUS).

[MogroroBneHHass Ui MCCIIEAOBAHMS IOJI MHUKPOCKOIIOM TIOBEPXHOCTh 00Opas3la Ha3bIBaeTCs
MUKPOUTUDOM.

Takum 00pa3oM, MUKPOCKONMMYECKHH aHANNW3 COCTOWT: 1) M3 MPUTOTOBIEHUS MUKPOIUIH(OB U 2)
UCCIIeIOBaHUSI MUKPOILIH(OB C MOMOIIBI0 METAILIOTpapuIeCcKOro MUKPOCKOIIA.

Ha BeipesanHoM oOpasle BBIPaBHUBAIOT IOBEPXHOCTh, KOTOpas NpeAHA3HaueHa IS
MHUKpoaHanu3a. I[lomydeHue mIOCKON NOBEPXHOCTH OOCTUraeTCsl ONUJIMBAHHUEM HAIMMIBHUKOM (€CIH
Marepuan MSATKUI) WM 3aTOYKoW Ha abpa3uBHOM Kpyre (eciam MaTtepuan TBepablid). Ilpu 3aTouke
o0pasia u3 3aKaJeHHOW CTalld HEOOXOIMMO CIEANTH 3a TeM, YTOOBI 00pa3ell CHIbHO HEe HarpeBasics, TakK
KaKk IpH 3TOM B TIOBEPXHOCTHOM CIIO€ MOXET MPOM3OWTH OTIYCK M CTPYKTypa CTalld HU3MEHHTCS.
IToaTomy mpu 3aTouke oOpa3zer; He0OXOJMMO EPUOINIECKH OXJIKIATh TOTPYKEHHNEM B BOAY.

[Mony4yeHHY0 TUIOCKYIO TIOBEPXHOCTh 00pasiia NuIM( YT Ha NUTHQOBANBEHON (HaXIA9HON) MIKYpKe
C 3epHaMU Pa3IMYHbBIX Pa3MepOB (HOMEPOB) .

[IInupoanne HaYMHAIOT HA MIKypKe ¢ Oosiee KPyHIHBIM a0pa3uBHBIM 3€PHOM, 3aTE€M IIOCTEIICHHO
nepexosiT Ha NUTH(OBaHUE IIKYPKOW ¢ 00Jee MEITKUM a0pa3uBHBIM 36pHOM.

nugyror BpydyHYI0 Ha IIKypKe, MOJOXEHHOW Ha TOJICTOE CTEKJIO, WM Ha CHEeHHATbHBIX
nQoBaNbHBIX  cTaHKax. llpu mmmdoBaHMKM BpyuyHyI0 o0pasen HOATOTOBICHHOW IUIOCKOCTHIO
OPKUMAKOT pPYyKOW K HUIM(QOBAJIBHOW IIKypKe M BOAAT MM 10 Oymare B HallpaBJCHUH,



HNEePIEHIUKYISIPHOM K PHCKaM, MOJIY4YEHHBIM IIOCIe ONWIMBaHUs HanuiabHUKOM. lllnudyror 1o nomHoro
WCYE3HOBEHHUS PHUCOK, IIOCJIE 3TOr0 IOBEPXHOCTh oOpas3la BBITUPAIOT BaToil (MM TPOMBIBAIOT),
noBopaurBaioT Ha 90° m mumyroT Ha WKypke ¢ Oojee METKUM aOpa3sHBHBIM 3€PHOM O MOJHOTO
WCUE3HOBEHHUsI PHCOK, MOJIY4YEHHBIX OT mpexnplgymiero mumdosanus. [Ipu 3ameHe WWIKypKH OZHOTO
pasMepa 3epHHCTOCTH JAPYTHM 00pasell BEITUPAIOT BaTON M MOBOpadnMBaOT Ha 90°, YTOOBI PUCKU TIpH
nocieayoieid 00paboTke NoTy4aauch MEePIEHANKYISIPHBIMUA K PUCKaM OT MpeAbIAyIIeil 00paboTKH.

MoxHO wIUQOBaTh TAaKKE CHEIHATbHBIMU IACTaMH, HAHECEHHBIMH Ha HEOONbLIME JIUCTHI
YepTEeKHOM OyMarm.

Mexanndeckoe NUTH(GOBAHWE OCYIIECTBISETCS Ha CIEMHAIbHBIX NUTH(OBAIBFHBIX MaIlWHAX,
UMCIOLMX HECKOJBbKO KpyroB amamerpoM 200—250 mm, TOpUBOOUMBIX BO BpallleHHE OT
anexTpoaBuratensi. Ha mOBEpXHOCTH KpyroB HaJeBalOT WM HAKJIEHBAIOT HUIM(QOBAIBHYIO ILKYPKY.
MeTtoauKa MEXaHHYECKOTO NUTH(OBAHUS aHAJIOTHIHA METOJUKE PyYHOTO IUTH(OBAHHSL.

[Mocne oxonuyanusi nuMgoBaHUs Ha NUTM(OBATILHON IIKypKe caMOW MEJIKOH 3epHUCTOCTH IIO-
JUPOBaHMEM YIAISIOT PHUCKM M oOpalaTbiBaeMasi MOBEPXHOCTh oOpasla mosyyaercsi OnecTsie
3epKanbHO. [loMpoBaTh MOXKHO MEXaHUYECKUM U DJIEKTPOIUTHIECKIM CIIOCOOAMHU.

MexaHn4ecKoe MOJIMPOBaHNE MPOU3BOAAT Ha CIEIHMAIbHOM MOJMPOBAIBHOM CTaHKE, OOTSHYTHIM
CYKHOM uiu ¢etpoM. CyKHO CMaYMBaIOT HOJIHPOBATBHON KUAKOCTBIO.

Ilocne monupoBaHus oOpasen IMIPOMBIBAIOT BOAOH; IMOJMPOBAHHYIO IMOBEPXHOCTh MPOTHPAIOT
BaTOW, CMOYEHHOH CIIMPTOM, a 3aTe€M IMPOCYIIMBAIOT MPHUKIAJABIBAHNEM (PIIBTPOBATBHON Oymaru wiu
JIETKUM IIPOTHPAHUEM CyXOH BaTOM.

YroOb! IpEenOXpaHUTh MOJMPOBAHHYIO IOBEPXHOCTh OT OKHUCIIEHUs, 00pa3Lbl XPaHsIT B 3KCUKATOPE
C XJIOPUCTHIM KaJIBITUEM.

[Ipu >7€KTPONUTHYECKOM TMOJIMPOBAHUM B BAHHY C 3JEKTPOJUTOM TOTPYKAIOT MOJIUPYEMBIi
oOpaser; , SABJSIOIIMICA aHONOM, M KaTrol M3 Hepxkaseouend cramu. s 3IeKTpOIUTHYECKOTO
MOJIMPOBAHMS PA3IMYHBIX CTalledl, YyTYHOB U CIUIABOB IIBETHBIX METAJJIOB MPHUMEHSIOT Pa3IMdHOrO CO-
CTaBa 3JIEKTPOJIUTHI U Pa3IUYHbIE PEKUMBI .

IIpy >7€KTPONUTUYECKOM MOJHMPOBAHUM IMOJ JEHCTBHEM TOKa B IIPOLECCE JJEKTPONM3a Ha
MOBEPXHOCTH MeTajula 00pa3yercsl IUIEHKa HPOXYKTOB aHOAHOTO PACTBOPEHUS: TOJIIMHA IUICHKH Ha
BBICTyIIaX 3HAYUTENHFHO MEHBIE, YeM BO BIAJWHAX, IOSTOMY BBICTYIBI PACTBOPSIOTCS Ooiee
WHTEHCHBHO U TIOBEPXHOCTh 00pa3iia BEIpABHUBACTCS.

IIpn 3NEKTPOTUTHYECKOM IOJIMPOBAaHMM MOBEPXHOCTh oOpa3uma mnojy4aercss 0e3 IUICHKU
neopMUPOBAHHOTO METallIa |, CIEeIOBAaTeNbHO, 0e3 MCKAXKEHUS CTPYKTYPHI B TIOBEPXHOCTHOM CIIO€, YTO
BO3MOJKHO ITPH MEXaHUYECKOM MOJUPOBAHUH.

ITo 3epkanbHOIl MOBEPXHOCTH 0O0paslia, MOJIYYEHHOH IOCie MOJUPOBAHUS, HENb3S CYAMTH O
CTPOEHUH cIljIaBa. TOJIBKO HEMETAIIIMYECKUE BKIIOUCHHUS (CyIbPUIbI, OKCUIBI, TPA(UT B CEPOM UyTyHE)
BCJIEJICTBUE MX OKPAIICHHOCTH B PAa3JINYHBIE [IBETA PE3KO BBIACISAIOTCSA Ha CBETIOM (DOHE ITOJIMPOBAHHOTO
mukponuiga.llosromy s BBIABICHHS MHKPOCTPYKTYPHl IIOJIMPOBAHHYIO IOBEPXHOCTH 0Opasna
MOJIBEPraloT TPaBJIECHUIO, T. €. JEHCTBHIO pacTBOPOB KHCIOT, mienoued, cosed. I[lpu TpasieHun
HEOHOPOHBIEC YYACTKH METaJIa WU CIIJIaBa CTAHOBITCS BUAUMBIMH T10]] MUKPOCKOIIOM.

CyIIHOCTh Tpoliecca BBISBICHUS CTPYKTYpPhl METAJUIOB M CIUIABOB TPABJIEHHEM 3aKJIIOYaeTcs B
pa3MYHON CTENEHHW PACTBOPEHMSI MM OKPALIMBAHMS OTAEIBHBIX CTPYKTYPHBIX COCTABISAIOLUINX — 3€PEH
YUCTBIX METAUIOB, TBEPABIX pPACTBOPOB, XHUMHYECKHX COENWHEHWH. PaszmudHble CTpYyKTypHBIC
COCTaBIISIIOIIME O0JANAIOT pa3HbIM 3JIEKTPOAHBIM MOTeHHuanoM. Korma monupoBaHHas MOBEPXHOCTD
CIUIaBa TIOKPBITA TPABUTENEM, SBISIOIIMMCS 3JIEKTPOIUTOM, OJHU CTPYKTYpPHBIE COCTABIISIOIINE CIIABA,
uMerole 0Oosiee 3IEKTPOOTPHULATEIbHBIM AJICKTPOIHBIA IMOTEHIMAN, OyAyT SBIATHCS aHOJAMU U
pacTBOPATHCA, JPYTHE CTPYKTYpHBIE COCTABIIAIONIME, C OOJiee IOJIOKUTENBHBIM JJIEKTPOTHBIM
NOTEHIUAIOM, OyIyT KaToJaMH U COXPaHSAThCS HEM3MEHHBIMU. Tak KaK TaKUX aHOIHBIX W KaTOIHBIX
YY4acTKOB MHOr0, TO B pe3yjabTaTe TpPaBICHUS Ha I[OBEPXHOCTH MHKpouumdpa o0pa3yroTcs
MHOTOYHCIIEHHBIE BIAJNHBI U BBICTYTIBI, KOTOPBIE U XapaKTepU3yIOT MEKPOCTPYKTYPY CIUIaBa.

[lpn ocBemieHWH TPOTPABICHHOTO MHKpoOLUTU(a Ha MeTauiorpagpuyeckoM MHUKPOCKOIE JIydd
cBeTa OyAyT MO-pa3HOMY OTPa)KaTbCs OT Pa3IMYHO MPOTPABHBIIMXCS CTPYKTYPHBIX COCTaBIISIOIINX.
CTpyKTypHBIE COCTaBISIOIINE, MIPOTPABUBILUECA CJ1a00, OTPas3siT B MOJE 3PEHHMS MHUKpOCKOHa OoJjblie
my4yeil cBeta W OYyAyT Ka3aTbCs CBETIBIMU; CTPYKTYpPHBIE COCTABIISIONINE, MPOTPABUBIIUECS CUIBHO,
OTpa3sT B MMOJi€ 3PEHUS] MUKPOCKOIA, BCICACTBUE PACCESHUS CBETa, MEHBLIE JIyuell U OyAyT KazaThCs
TEMHBIMH. TakuM 00pa3oM, Ha Pa3HULE B COCTOSHUU MOBEPXHOCTH U KOJIMYECTBE OTPAXKCHHBIX JIydel U
OCHOBAHO BBISIBJICHUE CTPYKTYPBI CIIIABOB.



[IponomKUTENEHOCT TPABIIEHHUS 3aBUCUT OT MAapKH CTAJd M CTPYKTYPHI, HO OOBIYHO JOCTAaTOYHA
BBIZICP)KKA B HECKOJIBKO CEKYHI.

[IpuzHakoM TPOTpaBIMBAHUS SIBISIETCS MOTYCKHEHHE TMOBepXHOCTH. Ilocine TpaBineHus
MUKPOIIUTA(] TPOMBIBAIOT BOAOW, MPOTHUPAIOT BAaTOH, CMOYCHHOM CITHPTOM, a 3aT€M IPOCYIITHBAIOT
NPUKJIaIbIBaHIEM QIIBTPOBATIBHON OyMaru WiH JIETKUM MTPOTHPAHUEM CYXOH BaTOM.

B pesynbTare TpaBieHUs JOMKHO OBITh YETKOE BBISIBIICHUE MUKPOCTPYKTYPBI.

[Mocne n3roToBneHuss MUKpouLTH(a HEOOXOTUMO UCCIEAOBATh €r0 MHUKPOCTPYKTYPY C HOMOIILIO
ONITHYECKOT0 MUKPOCKOTIA.

KauecTBO MHKPOCKOIIa XapaKTEepU3yeCTCAa BO3MOXXHBIM YBCINYCHUEM, COBECPIICHCTBOM

HBO6pa)KCHI/I$I, paspemafomeﬁ CIIOCOOHOCTBIO MUKpPOCKOIA.

Puc. 1 OnTuueckas cxema MUKPOCKOIA

YBennueHne MUKPOCKOTA PaBHO IMPOU3BEACHUIO yBENMUEHUN 0OBeKTHBA M OKyJsipa. OOBEKTHB
YBEIMYMBACT PACCMATPUBAEMBIH MPEIMET, a OKYJISIp YBEIUYHUBACT JIUIIh H300paXKeHHEe, IOIydaeMoe
OT 00BeKTHBa, W He H00aBIIAET K HEMY HHKaKWX HOBBIX OCOOEHHOCTEH CTPYKTYpBI, €CIIH OHH HeE
BBISIBIICHBI OOBEKTUBOM.

VBenuuenne 00bEKTHBA

rae | — onrtuyeckas jmHa TyOyca, T. €. PacCTOSIHUE MEXIY coceqHuMmu (okycamu Fiu Fo, ms
mukpockona MUM-7 ono paBHO 250 mm;

fos — oxycHOe paccTosiHue 0OBEKTHBA.

VYBenuueHue oKyiIapa, Tak *e Kak U JUIsl TyIbl,
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Hpe,Z[MCTa) XAPaAKTCPU3yCTCA YPaBHCHUEM
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rume A — JAJMHA BOJHEI CBETAa B aHTCTPEMAX;

A — 4ducnoBas aneprypa 00ObEKTHBA.

CBeTOBBIC JIy4H OT IEKTPUUYECKON JIaMIThl 1 (prc. 2) MpOXOoAAT depe3 KOIUIEKTOp 2 H, OTPaXKasiCh
OT 3epKaya 3, MomagarT Ha CBETOGUILTP 4 (0OBIYHO KENTHIN I TOMYyICHHUS N300PaKECHUS C PE3KUMH
KOHTYypaMH), 3aTeM Ha amlepTypHyro auadparmy 5 (as orpaHHYEHHS CBETOBBIX IMYYKOB M IOJXYyYCHHS
BBICOKOH 4eTKOCTH M300pakeHus), TuH3Y 6, GoTozaTtBop 7, moneByrw auadparmy 8 (s orpaHUYEHUS
OCBEIIEHHOTO TIOJII PAacCMAaTPUBAEMOI0 y9acTKa Ha MHUKPONUIH(E), MPEIOMISIOTCA TEeHTanpu3Moi 9,
npoxoAsiT depe3 aun3y 10, momagaroT Ha OTpakaTeNbHYIO IIACTUHKY 11 HampaBnsroTcs 00beKTUB 12 U



Ha MUKponutud 13, yCTaHOBICHHBIA Ha MPEAMETHOM cTojiuke. OTpa3uBIIMNCh OT MUKpornumda 13, yam
BHOBbB IIPOXOIAT YCPE3 O6’beKTI/IB 12 U, BBIXOId M3 HETO IMapauICIbHLIM IIYYKOM, IIOIMagar0T Ha OTpa-
JKaTeNbHYI0 TAcTHHKY 11 u axpomaTtuueckyto naun3y 14. [Ipu BU3yaqbHOM HAONIONCHUHM B XOJ JIy4el
BBOJUTCS 3epkayio 15, KoTopoe OTKIIOHSET JIydu B CTOpoHY okyisipa 16. Ilpu dortorpadbupoBanmm
3epKaio 15 BBIKITIIOYAaeTCs BBLABIKEHHEM TyOyca BMECTE C OKYJISIPOM U 3€pKajioM U Jy4YH HalpaBiIsSIFOTCS
HETNOCPEIICTBEHHO K (POTOOKYJsipy 17, MPOXOIAT Yepe3 Hero Ha 3epkayio 18, oT KOTOporo oTpaxaroTcst U
MOMAa aroT Ha MaToBoe cTekio 19, rme m maroT mzoOpaxkenue. s (QUKCHPOBaHUS MHUKPOCTPYKTYPHI
MaToBoe cTeksio 19 3a MeHseTcsT kKacceTol ¢ OTOITACTHHKOM.

Puc. 2. Ontnueckas cucrema Mukpockona MUM-7

Jis HaOMoJieHnsT B TOJIIPU30BAaHHOM CBETE€ B CHCTEMY BKIIIOYAIOT BKIanHOW aHamm3arop 20 u
nossipuzarop 21.

Muxkpockon MUM-7 (puc. 3) COCTOHUT U3 TPEX OCHOBHBIX YaCTEH: OCBETUTENS, KOPITyCa U BEPXHEH
YacTH.

Ocserutens | umeer GoHaps 1, BHyTpU KOXKyxa KOTOPOro HaxonuTcs Jiamna. L{eHTpupoBouHbIe
BUHTBHI 2 CIIy’KaT JUIsl COBMEIICHUSI LIEHTPa HUTH JIAMIIBI C OTITHYECKON OCBhIO KOJIIEKTOPA.

Kopnyc Il muxpockona. B kopiryce MUKpockona HaXOAATCs: TUCK 3 ¢ HAOOpOM CBETO(UIBTPOB;
pyKosiTKa 4 nepekitodeHusi GOTOOKYJISIPOB; TOCAIOYHOE YCTPOUCTBO JIJIsl PAMKH 5 ¢ MaTOBBIM CTEKJIOM
WJIN KacceThl ¢ PoTormacTuHKOM 9 X 12 mm, y3en anepTyp Hoi aAuadparMbl, yKpEIUIEHHBIH 1101 OMIPaBOM
OCBETHUTEIBHOM JIMH3BI 6; KOJIBLO C HAKATKOW 7, CilyXallee Ul U3MEHEHHS TuaMeTpa quadparmsl; BUHT
8, BpaleHHEM KOTOpOTrO cMeliaercst auadparmMa Jisl CO3JaHUs KOCOTO OCBEUICHWs; BUHT 9 st
(buKcaluu MOBOPOTA AaNePTyPHOU Aradparmel.

Bepxwusst yacts |11 Mukpockona nmeer clieyromue JeTajH.

1. Mnmomunatopuslii TyOyc 10, B BepXHEH 4acTH KOTOPOTO PacIoIOKEHO [OCAT0UHOE OTBEPCTHE
ot 00bekTuB. Ha matpyOke WILTIOMUHATOPHOTO TyOyca pacrojioxeHa pamka ¢ JuH3amu 11 jist paboTsl
B CBETJIOM U TEMHOM II0Jie U pyKosTKa 12 ans BkimoveHus aquadparmsl 24 npu pabote B TEMHOM IOJIE;
1o KoXyxoM 13— menrtanpusma. B HwkHel yactu koxyxa 13 pacnosnoxeHbl IEHTPUPOBOYHbBIC BUHTEI
14 nonesoit auadparMel, TramMeTp KOTOPOH U3MEHSIOT Ipy oMoIn moBoaka 15. [Tox koHycom moseBoi
nmuadparmel Haxoautes GoTozaTBop 16.

2. BusyanbHblii (3puTenbHbIil) TyOyc 17, B OTBepcTHE KOTOpPOro BcTamisercs okyisip 18. Ilpu
BH3YaJIbHOM HAOJIOCHUHN TyOyC BIBUTAIOT JO yIopa, a npu (HoTorpadupoOBaHUN BBIIBHUTAIOT €TO JIO
OTKa3a.

3. Ipeametnslit cronmuk 19, xoTtopeld mpu moMomy BUHTOB 20 MOXET MEpeABHIaThCS B IBYX
B3aUMHO IMEPIECHAUKYJIIPHBIX HANPaBICHUSAX. B LieHTpe mpeaMeTHOro CTOJMKA WMEETCS OKHO, B HEro
BCTABJISIOT OJHY M3 CMEHHBIX NOAKIANOK 21 ¢ oTBepcTusaMM pasnuuHoro nuamerpa. Ha mpenmernom
CTONIMKE PACHOJOKEHBl AEp)KATeNM, COCTOALIME W3 BEPTUKAIBHBIX KOJIOHOK 22 W TNPYXKHHALIMX



OPWKUAMOB 23, KOTOPBIMH MHKDPOILIU( NPHKUMAETCs K IOAKIAAKE MPEIMETHOIO CTOJIHKA.
MakpoMeTpuueckuil BUHT 24 CIyKUT IJIs TEPEMEIICHUS MNPEIMETHOTO CTOJHMKA B BEPTUKAIHLHOM
HANPAaBICHUA U STHUM TPOHM3BOIUTCS TpyOas HaBojka Ha (OKyC. 3aKUMHBIM BHHTOM 25 (UKCUPYIOT
OTIpEICTICHHOE TIOJIOKCHHUE TMPEAMETHOTO CTOJIMKA, YTOOBI OH CaMOIPOM3BOJLHO HE omyckaics. Jlis
YCTaHOBKU CTOJMKA 19 Ha HYXHOW BBICOTE Ha KPOHILNTEHHE CTOJMKA HarpaBUpOBaHAa PHCKa, KOTOpas
YCTaHABIMBAETCS IPOTUB TOUKH, HATPABUPOBAHHOMN Ha KOPITYCE MUKPOCKOTIA.

4. MukpoMeTpuuecKuii BUHT 26, ¢ TIOMOIIBI0 KOTOPOTO OOBEKTHB IEPEMENIAIOT B BEPTUKAIBHOM
HaNpaBJIeHHH W TOYHO HABOIAT Ha (oKyc. Pacxom MUKpOMETpHUYECKOW Momayu 3 mM, IIeHa JeleHUs
bapadana — 0,003 s

Puc. 4. O6umwmit  Bux mukpockona MUM-7

OTYET

1.03HaKOMHUTHCS C KOHCTPYKITHEH U ONTHYECKO# cxeMoil Mukpockona MUM-7.
2.3apucoBaTh MUKPOCTPYKTYPBI MUKPOLLIH(OB
2.Cnenatb BBIBOJIBI IO paboTe

Konmponwvnwie 6onpocw.

Uro Takoe MUKPOAHAJIN3 U JUI YEro €ro UCIOJIb3YOT?

Ha3zoBure 3Tansl mpuroToBICHUS! MUKpOLLTU(a

UTo BXOAUT B ONTHYECKYIO CHCTEMY MUKpockora MUM-7?

Uro Ha3bIBalOT OOBEKTUBOM H OKYJISIpOM?

Kak noacuurars oduiee yBeanueHre MUKPOCKOTa?

Yro npezcrasiseT coO00H OCBETUTENbHAS YaCTh MUKpOcKona?

Kakue cTpyKTypHbIE COCTABIIAIOIINE MOXKHO YBHIETh Ha HETpaBJIeHOM Iutnge?

NoukrwbnpE

Jumepamypa:

1.'emnep FO.A. ,Paxmraar A.I'. Martepuanoseaenue, M., Meramyprus.1980. 447c.
2 Jlaxtun FO.M. ,JleontneB B.I1 .Marepuanosenenue, .M., Mamunoctpoenue,1980,405¢



3.Camoxorkuii A.U., Kyassckuit M.H. JlabopaTopHbie paOOTHI IO METAJUIOBEICHUIO U TEPMUICCKOM
o0pabotke MetaioB.M.MamuHoctpoenue, 1981, 173c.

4.ITaucos U.B. [TocoOue k 1ab00paTOpHBIM pabOTaM IO MaTePUATIOBEICHUIO ¥ TEPMHUYECKUIN 00pa0OTKU
MetainoB,M.,Mertamtyprus, 1968, 95c.

JlaGopaTopHas paGora Ne3
HN3ydyenue MUKPOCTPYKTYPHI Kej1e30yIJIepOAUCTbIX CILIABOB (CTAJIN)

Lenv padomor:

1. H3y4uTh MHUKPOCTPYKTYpPHI TEXHHYECKOTO JK€lIe3a, YIJIEPOJUCTHIX CTajeil B paBHOBECHOM
COCTOSTHHH.

2. CXeMaTH4eCcKH 3apuCcOBaTh W ONHCATh HW3y4aeMble MHUKPOCTPYKTYPBHIL.

3. Pa3zo0partb MHUKPOCTPYKTYpHI II0 TUArpaMMe COCTOSHUS KEJIe30—IICMEHTHT.

4. CocraBuTb OTYET O pabdore.

Kpamxue meopemuueckue ceedeHus:

MUKpOCTpYKTypa TEXHHUYECKOTO jKelle3a W YIJIEPOJUCTHIX CTallel i PaBHOBECHBIX YCIOBHI
XapaKTepU3yeTcsl HIDKHEHN JIEBOH YacThIO TUarpaMMbl COCTOSIHUS JKele30-ieMeHTHT (puc. 1).

CmtaBel ¢ comepxanuem 1o 0,02% C naspBaroTcs Texamdeckum xene3om, ot 0,02 mo 0,8% C —
JIO3BTEKTOUAHBIMU cTassiMu U OoT 0,8 1o 2,14% C — 3asBTekTonAHBIMU cTaIsIMU. CIUTaB ¢ COAepIKaHUEM
0,8% C Ha3pIBaeTCs 3BTCKTOMIHOM CTaJbIO.

MUKpPOCTPYKTYpa TEXHHYECKOTO Jkeje3a. PacTBOprMOCTh yTiepona B a-Keie3e mepeMeHHas (CM.
muanio PQ Ha guarpamme xene3o — 1eMeHTUT). C MOHWKEHHUEM TEeMIIepaTypbl PacTBOPUMOCTh
yraepoaa B o-xenese nmoHmkaercs. [Ipu 727° C B a-xkeneze pactBopsiercsa 0,02% C, a mpu KOMHaTHOH
temnepatype 0,006% C. Ilostomy cmnaBel xene3a ¢ coaepxkanueMm Ao 0,006% C uMeT CTpyKTypy
TOJIBKO TBEPIIOTO pacTBOpa yriepoja B o-kemeze, T. €. deppura. Ha puc.2 mana MUKPOCTPYKTypa
(depputa. B crmnaBax ¢ cogepxanuem ot 0,006 10 0,02% C B cBSI3U ¢ MOHM)KEHUEM PAaCTBOPUMOCTH
yIIeposia B o-Xele3e MpH MOHWKEHUU TeMIepaTypsl U3 (eppuTa BBLIETSETCS [IEMEHTUT, Ha3bIBaeMBbIN
TPETUIHBIM. TPEeTHIHBIN IIEMEHTHUT BBIIEISAETCS 10 TPaHUIIaM 3epeH (eppura (puc. 3).

0.006 0.072 0.4 214 6%
4aCTb JAUarpaMmbl COCTOAHUA KEJIC30 — HEMCHTUT

£

Puc. 2. XKenezo — q)eppI/IT (x 200) Puc. 3. Crane ¢ 0,015% C — ¢beppur u
TpeTnuHbii nemMeHTuT (x500)



MUKpPOCTPYKTYpa [O3BTEKTOUAHON M 3BTEKTOUJHON cTaid. MUKpPOCTPYKTypa JOIBTEKTOUJIHOM CTallU
(mo 0,8% C) cocrout u3 deppura u nepauta. MukpocTpykrypa 3prekrouanoit cranmu (0,8% C) cocrout
W3 OHOTO TepiuTa. MUKpOCTpyKTypa ¢eppura mAaHa Ha puc. 2. UTo ke mpeacraBisier co0oil BTopas
CTPYKTYpHas COCTaBIISIONIAs TO3BTEKTOMAHBIX CTallell — mepiauT?

Puc. 4. Osrextomanas cranp c 0,8% C — nepaut (x1000)

Ha puc. 4 nana mukpocTpykTypa nepauta. IlepauT — 3TO 3BTEKTOMA — MEXaHH4YecKas CMech
(eppuTa M LEMEHTHTa, MOJydyarolascs B pesyibraTe pacnaza aycrenuta ¢ 0,8% C. Ilpu TpaBieHun
uda cramu ¢ 0,8% C, T. €. 9BTEKTOWIHON CTalH, IIOBEPXHOCTh UMEET MEePIaMyTPOBBIN OTIIHB, B CBSI3H
C 4eM TaKylo CTPYKTYpy M Ha3BajH nepiuToM. Ha MHKpocTpyKType mepiurta oOIuii cBeTblid GpoH —
(eppuT, BRICTYNAIOIIKE IJIACTUHBI— LEMEHTHT, TEMHBIE MECTa — TEHH. B 3aBHCHMOCTH OT CKOpPOCTH
OXJIQXK/ICHHSI TUTACTUHBI IIEMEHTHTA B MEPIIUTE MOTYT OBITH JJIMHHEE WM KOPOUE U TOJIIIE WK TOHBIIIE.

B 109BTEKTOMIHON CTaH Mociie TpaBlieHus (peppuT BBIBISETCS B BUE CBETIBIX MOJIEH, a IEPIUT
— B BHUJIE [TOJIEH 1OJIOCYATOr0 CTPOEHUsI, Oonee TeMHbIX, 4eM (epput. Konnmuecto nepnura u heppura B
JIOOBTEKTOMTHON CTalM 3aBUCHT OT cojiepaHus yriepona. C yBeNUYEHHEM COJEepKaHUs yriepona
KOJIMYECTBO (peppUTa YMEHBIIAETCS,  KOJIMYECTBO MEPIIUTA yBeIMIrBaeTcs (puc. 5).

[To MEKpOCTPYKTYpE JOIBTEKTOMIHON CTAIM MOKHO MPHOIM3UTENBHO ONPENENUTh COACpKaHNe B
HEll yriepoJia, U 4ero Mo MUKPOCTPYKTYPE HYKHO OPUEHTHPOBOYHO OMPECITUTh IIOMAAb (B MPOICH-
Tax), 3aHUMaeMyto (EepPUTOM U TIEPIIUTOM.B CBsi3u ¢ TeM, 4To B eppUTe pacTBOPEHO OYCHb HEOOJBIIIOE
KOJIMYCCTBO Yyrj€epoaa, MPAKTUYCCKU MOXKHO CHHUTAThb, 4YTO B HOBBTCKTOHHHOﬁ CTajiu BECh YIJICPOL

HaXOoAUTCA B IICPJIUTEC.

Puc. 6. Jloaprekronaneie ctanu — ¢epput u nepiut (x500):
a—20% mnepnuta; 6—40% mnepnuta; ¢ — 70% mnepaurta

F,-0.8
Torna conepxanue yriepona C B CTaly MOKHO ONpenenuTs 1o hpopmyie C = an %
rae Fn — mromane, 3aHnMaemMasi mepauTom, B % .
[Ipeanonoxum, Hampumep, 4uro 30% Bceil mromanu 3ansto Qepputom, 70% — mnepauToM.

70-0.8
Coneprkanue yriepoa B Takoii cramu OynerC = 100 =0.56%

MukpocTpykTypa 3a3BTekTouaHou cranu. Ctanb ¢ cogepxkaHueM yriaepoma ot 0,8 mo 2,14%
Ha3bIBACTCS 3a9BTEKTOMIHON M MMEET CTPYKTYpPY, COCTOSIIYI0 M3 NEpPINTa U BTOPUYHOIO LEMEHTHTA.
BTOpUYHBIN IEMEHTHUT BBIICISACTCS U3 AyCTEHUTA NP OXJIAXKICHUU OT TeMIeparypbl A, (muuus SE) no
temnepatypsl Ari (muaus PSK) (cm. puc .1) BermeacTBHe yMEHBIICHHsST PAacTBOPUMOCTH YIJIepojaa B
ayCTCHHUTE.




[Ipy MenjaeHHOM OXJaXJACHUHM BTOPUYHBIA IEMEHTHUT BBIIENAETCS B BUAE CETKHM IO TpaHUIlaM
3epeH aycrenuta. [Ipu mocTmkeHnu TeMmnepatypsl Al ayCTeHHT TMpeBpaIiaeTcs B mepiuT. B pesynbrare
MEJICHHOT'O OXJIQXK/ICHUS 3a3BTCKTOUIHAS CTAh UMEET CTPYKTYPY

Puc. 7. 3asBrexTonanas cranb ¢ 1,2% C — nepaut u nuementut (x500)

Yem Oosibllie yriiepoja B 3a9BTEKTOMIHON CTalH, TeM 0o0Jiee MACCHBHOW (TOJICTO) MOJydaeTcs
[EMEHTHUTHAs CETKa.
OTYET

1. IIpocMOTpeTh M U3YYUTh MUKPOCTPYKTYPBl TEXHHYECKOTO JK€J€3a U YIIIEPOAMCTBHIX CTajuel
C Pa3NUYHBIM COJIEPKaHUEM YTIIEPOAa B PABHOBECHOM COCTOSIHH.

2. Kaxxayro MUKpPOCTPYKTYpY 3apHCOBaTh .

3. Tlom kaxkao# 3apHCOBaHHON MHUKPOCTPYKTYpOH IaTh MOANHCH C YKa3aHHMEM HauMEHOBaHUS
CIUTaBa, €ro XHUMHYECKOTO COCTaBa, HAMMEHOBAHUS CTPYKTYPHI H YBEINUCHHS.

4. Ha xaxmoi 3aprCOBaHHONW MHUKPOCTPYKTYpE VYKa3aTh CTPEIKaMU pa3iudHble Ga3bl U
CTPYKTYpHBIE COCTaBJISIOIIME U OKOJO CTPEIOK, Ha TMOJIAX, HamucaTh WX HAUMEHOBaHUE.

5. M3o0pasuth aguarpaMMmy COCTOSHHSI KeJle30—LEMEHTHUT, IPOBECTH HAa HEH BEpTHKaJIbHbIC
JUHUH, COOTBETCTBYIOIINE PAacCMaTPUBAaEMBbIM CIUIaBaM, W JaTh ONMCAHHUE IMPOIECCOB IMPEBPAIICHUH,
MPOUCXOAANINX TIPH OXJIAKICHHUH.

Konumponwvusie onpocwt:

1.Kakue crinaBbl Ha3bIBatOTCSI TEXHUYECKUM KeEIe30M ?

2.YUrto npeacTaBisioT coO00H T03BTEKTOUAHEIE, SBTEKTOUTHBIE 1 3a9BTEKTOMIHBIE CTaIN?
3.JlaliTe XapaKTepUCTHUKY CTPYKTYPHOH COCTABIISIONICH- TICPITUAT

4.Kak uzMeHsieTcs CTpyKTypa CTajH MPH YBEIHMUEHUH B HEH KOJU4ecTBa yriepoja?
5.YT1o Takoe TPETUYHBIN [IEMEHTHUT?

6.11o 3aprCOBaHHBIM CTPYKTYpaM OIUIINTE MUKPOCTPYKTYPY JOIBTEKTOUTHON CTAIIN

7. I1o 3apuCOBaHHBIM CTPYKTYpaM OIHIIUTE MUKPOCTPYKTYPY 3BTEKTOMIHOM CTAIN

8. o 3aprcoBaHHBIM CTPYKTYpaM OIUILIUTE MUKPOCTPYKTYPY 3a39BTEKTOUHON CTAIN

Jumepamypa:

1.T'emnep YO.A. ,Paxmrant A.I'. Matepnanosenenne, M., Metanyprus.1980. 447c.

2.Jlaxtun F0.M. ,JleontheB B.I1 .Marepuanosenenue, .M., MammuraocTpoenue,1980,405¢
3.Camoxonxkuit A.W., Kynssckuit M.H. JIabopaTopHbie paGoTHI 10 METAIUIOBEICHHUIO U TEPMUIECKOM
o0Opabotke meraioB.M.MamuHoctpoenue, 1981, 173c.

4 .ITancos U.B. [Tocobue k 1abopaTOpHBIM paboTaM 10 MaTepHATIOBEICHUIO M TEPMHUYECKUI 00paboTKH
MetamioB,M.,Mertamryprus, 1968, 95c¢.

JlaGopaTopHasi paGoTa Ne4
N3yuyeHne MUKPOCTPYKTYPbI 2KeJ1e30yIJIePOAUCThIX CIVIABOB (UYT'yHbI)

Lenv padomor:

1. M3y4uTh MHKPOCTPYKTYPHI: CEphIX M OENbIX UyTYHOB B HETPABJICHOM M TPAaBIECHOM BHUJE.



2. CXeMaTHYeCKH 3apucOBaTh U OMHCATh U3y9daeMble CTPYKTYPHL.
3. CoctaBuTh OTYET 1O padorTe.

Kpamkue meopemuueckue ceedenus:

MuxkpocTpyKkTypa 6eabIX 4YyryHOB

B Oenbix 4yryHax Bech YIJIEpPOJ] HaXOJUTCS B CBS3aHHOM COCTOSIHHMH, T. €. B BHJIE I[EMECHTHUTA.
benplit 9yryH B 3aBHCHMOCTH OT COJEp KaHHs YIJIepoJa pasJensercs Ha AOdBTeKTHueckui (ot 2,14 mo
4,3%C), sprextrueckuii (4,3% C) u 3a’sBrekTHdeckuii (o1 4,3 1o 6,67% C). Bo Bcex Oenplx gyryHax
UMeeTCs [IEMEHTUTHAS IBTEKTHKA (JIe1e0ypuT). DBTEKTUYECKUM OCNBIA YyTyH COCTOUT TOJIBKO U3 OJTHOTO
nene0ypuTa, IO3TOMY PACCMOTPEHHE CTPYKTYPHI O€JI0T0 4yTryHa 1eIecoo0pa3Ho HAYWHAThH CO CTPYKTYPBI
9BTEKTHYECKOTO O€JI0ro UyryHa.

MHUKpOCTPYKTYpa 3BTEKTHYECKOTO OeJoro uyryHa. MHKpPOCTPYKTypa 3BTEKTHYECKOro Oeoro
YyryHa COCTOUT TOJIBKO M3 OHOTO JeneOyputa (LEeMEHTUTHOM 3BTEKTUKHU), oOpasytomerocs npu 1147°
C mpu 3BTEKTHYECKON KPUCTAJUIM3ALMHU KUAKOTO cIlaBa ¢ comepxkanueM 4,3% C u coctosmero (mpu
1147° C) u3 »BTEKTHUECKOr'0 IIEMEHTUTA U ayCTeHUTa, conaepkamero 2,14% C (touka E Ha nuarpaMmme
xKenezo— LeMeHTHT). lIpu mocieayromeM OXJaKICHWH BCIEACTBHE YMEHBLICHUS DPacTBOPUMOCTH
yraepoja B aycreHuTe (inHUSA SE Ha nuarpaMme jkeine30—IeMEeHTHT, puc. 1) U3 aycTeHuTa BBIIEISIeTCs
(kak ¥ B 3adBTCKTOHUIHBIX CTaJIIX) BTOPUYHBIA IIEMEHTUT. BTOPHYHBIM IIEMEHTHUT CIUBAETCSA C
LEMEHTUTOM DBTEKTUYECKUM, MOITOMY B CTPYKTYpE 3BTEKTHUKU HEBO3MOXKHO YKa3aTh, IJI€ HAXOJUTCS B
OTJIENTBHOCTH YBTEKTHYECKHUN IIEMEHTUT ¥ BTOPUYHBIN [IEMEHTHT.

[Ipu 727° C 3BTEKTHUKA COCTOUT M3 IEMEHTHTA (IBTEKTUYECKOTO M BTOPHUYHOTO) M ayCTEHHUTA C
conepxkanuem 0,8% C. Ilpu 3TOM TemmepaType ayCTEHHT MpPEBpallaeTcs B mepiuT. Takum oOpasom,
MOCTIE TIOJIHOTO OXJIAXKICHUS JeneOypuT (IIEeMEHTUTHAsE SBTEKTUKA) COCTOUT M3 LEMEHTHTA W TEepJIUTa
(puc. 2).

MUKpPOCTPYKTYpa JOIBTEKTHYECKOro Oenoro 4vyryHa. J03BTeKTHYECKHUil Oejblii 4yryH HOCie
MOJHOTO OXJIAKACHUS UMEET CIEAYIOIYIO CTPYKTYpY: JeneOypuT (LeMEHTUTHAs 3BTEKTHKA) + MEPIIUT
+ BTOPHYHBIH IIEMEHTUT. BTOpWYHBIN IEMEHTUT BBIIENSAETCS U3 AayCTeHHTa, COIEp Kallero npu
1147°C—2,14% C, a ipu 727° C ;0,8% C.
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Puc. 1. IIpaBas yacTb JguarpaMMbl COCTOSIHUS Puc. 2. DOBrexktmueckuii Oenblii 4yryH

HKEJe30 —IIEMEHTUT

B Oenblx 4yryHax ¢ HH3KHM cojep)kaHueM yriiepona (Onmu3kum K 2,14%) BTOpUYHBIA IIEMEHTUT

BBISBIISIETCS IOCTATOYHO OTYETIIMBO, TaK KaK B TAKUX UyT'yHaX Maio JeneOypura.

C yBenuueHWEM COICp)KaHUs yriepoja, Korga JieneOypuTa CTaHOBUTCS OTHOCUTEIBHO MHOTO,

BTOPUYHBII IIEMEHTUT B CTPYKTypE CIUBACTCS C IIEMEHTHTOM JeneOypura (3BTEKTUUECKUM). MOXKHO

CUUTATh, YTO CTPYKTYPa TAKUX JOIBTEKTUYECKUX OENBIX UyTYHOB COCTOMT U3 Jie[ieOypHuTa (LIEMEHTUTHOM

3BTEKTUKN) U nepiauTa. Ha puc. 3 naHa MUKpOCTPYKTypa JO3BTEKTHUECKOTO O€JI0r0 YyyryHa.
MUKPOCTPYKTYpa 3a3BTEKTHYECKOTO 0Oesioro 9yryna. MUKpOCTPyKTypa 3a3BTEKTHYECKOTO Oeoro

YyTyHa COCTOMT U3 JiefieOypurTa (LIeMEHTHTHOM 3BTEKTUKN) U MIEPBUYHOTO LIeMEHTHTA (puc. 4).
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Puc. 3. HoaBTeKTI/IquKH Puc. 4 3asBTexTrueckuii 6enblil 4yryH —
OeIbIil 9yTYH—TEPIINT U JIeAeOypuT LIEMEHTHT NepBUYHBIN 1 Ieae0yput (x500)
(x500)

MuUKpPOCTPYKTYypa cepbIX Yyr'yHOB

MuKpOCTpYKTYypa cepblx 4yryHoB IIpy paccMOTpeHHH B MHKPOCKOII HETPABJICHOTO MHUKPOILIH(a
Ceporo 4YyryHa XOpOLIO BHIHBI BKJIOUEHHs IUlacTUHYaToro Trpadura (puc. 5).Ha Benmnuumny wu
pacmosiokeHne BKIIOUEHHH rpaduTa BIUAIOT CKOPOCTh OXJIAaXKACHUS, TeMIepaTypa U BPeMs BBLICPIKKU
pacmiaaBICHHOrO YyTyHa Iepel OTIMBKON, XUMHUYECKHH COCTAaB UyryHa, BBEJCHUE B UyI'YH HEKOTODPBIX
npumeceil (MoandukaropoB). Hampumep, CKOpOCTh OXJIaXICHUS BIMSET TaKUM 00pa3oM, 4YTO HpPHU
MIPOYMX PABHBIX YCIOBHUAX IrpauT 00pasyeTcs TeM KpylHee, YeM MeIJIeHHEee OXJIaXICHHE.

i oA At '4-’.1', o
Puc. 5. Bximtouennst mnactunvatoro rpagura. lnudsr Herpasnensie (X100):
a — TPSMOJIMHEIHBIE; 6 — 3aBUXPEHHbIC; B — PO3ETOYHBIC; T — MEKICHIPUTHBIC

- 4 MG
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Puc. 6. ®epputhslii cepriii  Puc. 7 ®epputo-nepautHeiii  Puc. 8 IlepautHbIil cepblit uyTyH —
YyryH — (EppUT U TUIACTHH- CEPBIH YyryH — (eppur + MEPINT U TTACTUHYATHINA Tpadut

yaTelii Tpadut MEePAUTHUIACTUHYATHINA TpaduT

Uem 0oJIbllle TIEPETPEB KUIAKOTO YYTYHA M YEM JIOJbIIEC BPEMs BBIACPKKH MPH 3TOM, TEM MEJIbue
MOJTy4atoTCs TpaUTHBIE BKITFOUSHUSI.
ITocne TpaBnenus B 2—A4%-HOM CIIUPTOBOM PACTBOPE a30THOM KHUCIOTHI METANTMIECKAss OCHOBA B CEPhIX
YyTyHaX OYEHb CXOJHAa C MUKPOCTPYKTYpPOW CTajled M B 3aBUCUMOCTH OT KOJIMYECTBA CBS3aHHOIO
YIIepo/ia MOXKET ObITh (hepPPUTHOMN, PEPPUTO-TICPIIUTHON U MTEPIUTHOM.



TakuMm 00pa3oM, BO3MOXKHBI CIIEAYIOIIME THIBI CTPYKTYP CEpbIX 4YyTryHOB: ¢eppur -+
TUIACTHHYATBIN TpaduT — QeppuTHBIN cepblil UyryH (pHc. 6); GeppuT + NEpIUT + IIACTUHYATHIN rpaduT
— (QeppuTo-IepAUTHBIA cepblii uyryH (puc. 7) (COOTHOIIEHHWE KOonW4ecTBa (eppuTa U IepiuTa B
CTPYKType 4YyTyHa MOXET OBIThb pa3IW4YHBIM, B 3aBHCUMOCTH OT XHMHYECKOI'O COCTaBa U YCJIOBHUH
OXJIQXKICHHS); TIEPIUT + TIACTUHYATHIN rpadUT — MEPIUTHBINA Cepblil UyTYH (pHC. 8).

MUKPOCTPYKTYpa BBICOKOIIPOYHBIX YYTYHOB
ITpu paccMOTpEeHNH B MHKPOCKOI HETPABJICHOTO MHKPOLLTH(A BHICOKOIPOYHOTO YyTyHa XOPOIIO
BHJTHBI BKJTIOUEHUS IIAPOBUAHOTO TpaduTta (puc. 9).

TpaBnenne MukponuHda BBHICOKOIPOYHOTO 4YyryHa MpOM3BOIAT 2—4%-HbIM CIIHPTOBBIM
pacTBOPOM a30THOM KUCIIOTHI.

s

: [ - SSRGS - e
Puc. 10 Beicokonpounsnii uyryn (x100)
a — deppuT v MWAPOBUAHBIN rpadut; 6 — Qepput + nepyiut + MmapoBUAHBIA TpaduT; 6 —
HEPJINT U MIAPOBUAHBIA Tpadur

B BBICOKOIPOYHBIX YyTryHaX MOTYT OBITH T€ K€ THIBI CTPYKTYP, KOTOpbIC OBUIM yKa3aHbl IS
CEepBIX UYyTYHOB, HO IpaduT B 3THX 4YyryHaxX LIapOBUAHBIA. Takum 0Opa3oM, BO3MOXKHBI CIIEIyIOIIUE
TUIIBI MUKPOCTPYKTYpPBl BBICOKOIPOYHBIX YYTYHOB: ()eppuUT + IApoBHAHBIN rpadur — (EeppUTHBINA
BBICOKONPOUHbIA uyryH (puc. 10, a); deppur + mepautr + mapoBUAHBIA Tpadur — QGeppuTo-
NEPIUTHBI  BBICOKONPOYHBIH 4yryH (puc. 10, 6) (cooTHOLIEHHWE MEXIY KOJIMYECTBOM (eppura u
HEePJINTA B BBICOKOIIPOYHOM YYTI'YHE MOXKET OBITh Pa3IMYHBIM B 3aBUCUMOCTH OT XMMHUYECKOT0 COCTaBa U

YCIIOBHIA OXJIAXKICHUS); TIEPIUT + MAPOBUIHBIN TpadUT — MEPIUTHBIN BRICOKONIPOYHKIN 9yTyH (puc. 10,

8).

MHUKpOCTPYKTYpa KOBKHX YyTYHOB IIpu paccMOTpeHHH B MUKPOCKOI HETPABICHOT0 MUKpOILIH(pa
KOBKOTO UyTryHa XOpPOIIO BHJHBI BKIIOYEHHS XJIOMbEeBHIHOTO Tpaduta (yriepoma oTxwura) (puc.
11).Mukponuing KOBKOro uyryHa TpaBar 2—4%-HbIM CIIMPTOBBIM PacTBOPOM a30THON KHCIIOTHI.

Merannnyeckasi OCHOBa KOBKOTO YyryHa MOXeET ObIThb (eppUTHOH, (eppUTO-TIEpIUTHBIA U
MEPIUTHON. B COOTBETCTBUM C 3TUM pa3inuyaroT GeppUTHBINA, (heppUTO-TIEPIUTHBIN U MEPIUTHBINA KOBKUIH
gyTyH (puc. 12). IIpn paccMOTpeHNN B MUKPOCKOT HETPABICHOTO MUKPOIIIH(a KOBKOTO YyTYHA XOPOIIO
BUJHBI BKIIOUYCHUS XJIOMbEBUAHOTO Tpadura (yriepomga ormxwura) (puc. 11).Ilocnme TpaBneHus
METaJJINYECcKasi OCHOBA KOBKOTO YyI'yHa MOXKET ObITh (peppUTHOM, HeppUTO-TIEPIUTHBIA U NEpIUTHOH. B
COOTBETCTBHH C 3TUM Pa3INYalOT (heppUTHBIN, PeppUTO-TIEPIUTHBIA W TEPIUTHBIA KOBKHHA YyTYH (pHC.
12).
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Puc. 11. KoBkuii 4yryH — BKJIFOUEHHUS] XJIOMBEBUAHOTO rpadura (yriiepoaa oTKura), nuiud HeTpaBicH
(x100)

)
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Puc. 12. Koskuit 9yryH:a — QEppUT U yIraepoJ OTKura; 6 — GeppuT -+ mepiauT + yriaepos] OT>KUra
(x200); 6 — mepnuT 1 yraepox orxura (x300)

OTYET

1. IIpocMOTpETh U U3YUUTh MUKPOCTPYKTYPBI Pa3IHUHBIX YyI'yYHOB

2. Kaxxyto MUKpOCTPYKTYPY 3apUCOBaTh .

3. Tlox kaxkao# 3apHCOBaHHON MHUKPOCTPYKTYpPOH JaTh MOAINUCH C YKa3aHHEM HaNMMEHOBaHUS
CIUIaBa, €ro XUMHYECKOTO COCTaBa, HAMMEHOBAHUS CTPYKTYpPHI M YBEIUUECHHUS.

4. Ha xaxmoil 3apHCOBaHHOH MHKPOCTPYKTYpE YyKa3zaTh CTPEIKAMH pPa3WYHble Qa3el U
CTPYKTYpHBIE COCTaBJISIIOIUE U OKOJIO CTPEJIOK, Ha IOJSAX, HalucaTb MX HaMMEHOBaHUE.

5. M3o0pasuth auarpaMMmy COCTOSIHUS JKeJle30—LEMEHTHUT, IPOBECTH HAa HEH BEpTHKaJIbHbIE
JMHUHM, COOTBETCTBYIOIIME paccMaTpUBAcMbIM CIUIaBaM, M JaTh ONHCAHME MPOLECCOB MPEBPAILEHHH,
IPOUCXOAALINX IIPU OXJIAXKACHHH.

Konmponwvnuie 6onpocwi:

1.Kakwue crmaBbl HA3BIBAIOTCS YyTyHAMHE?

2.Yro mpencrasiseT coboi MeTasTMUecKasi OCHOBA y cepbIxX 4yryHoB ? Kakyro ponb B popMUpOBaHUN
CBOMICTB OHa Urpaetr?

3.JlafiTe XapaKTepUCTUKY CTPYKTYPHON COCTABIIAIONICH- JIeIeOypUT

4.Kak n3Mensiercsi CTpykTypa 0eJioro 4yryHa npH yBeJIMUSHHU B HEM KOJIMYECTBa yriepoja?

5.B yem oTnmume GENBIX U CEPhIX YYTYHOB?

6.Kakwue gyryHsI Ha3bpIBalOT KOBKUMH ? KakoBa ux cTpyktypa?

7. Kakue uyryHBI Ha3bIBAIOT BEICOKOTPOUHBIMU ? KakoBa ux crpykrypa?

8. Kakue uyryHbl Ha3bIBal0T OOBIYHBIMU cepbiMu? KakoBa ux cTpykrypa?

Jlumepamypa:

1.T'ennep F0.A. ,Paxmraar A.I'. MarepuanoBenenue, M., Meranyprus.1980. 447c.

2.Jlaxtun F0.M. ,JleontheB B.I1 .Marepuanosenenue, .M., MammraocTpoenue,1980,405¢
3.Camoxorxkuit A.U., Kynssckuit M.H. JIabopaTopHbie paGoTHI 10 METAJUIOBEICHHIO U TEPMUIECKOM
o0pabotke meramioB.M.MamuHocTpoenue, 1981, 173c.

4.ITancos W.B. Ilocobue k 1abopaTOpHEIM paboTaM 10 MaTEPHUATIOBEACHHUIO 1 TEPMUICCKUN 00pabOTKH
MeTtaioB,M.,Mertamryprus, 1968, 95c¢.



JladopatopHas padora Ne 5 TEPMUYECKASA OBPABOTKA

Heab padoTsl

Lenp paboTel — HAyuuTh Y4YAIIUXCS CAMOCTOSATENBHO TPOM3BOJIUTH 3aKaJKy M OTIYCK
YIIIEPOAUCTON CTalN.

B mpornecce BbImogHEHUsT pabOTHl yyaluecs IAOJKHBI M3YyYUTh: YCTPOHCTBO My(enbHOH Meuw;
METOAUKY NIPOBEACHUS U PEXKUMBI 3aKaJIKH U OTILyCKa.

IIpuGopbl, MaTepua bl # HHCTPYMEHT

s mpoBeneHust paboTbl HEOOXOIUMO UMETh: My QENbHYIO TIeUb; TEPMOIIEKTPHUECKUN THPOMETP;
MAacCJISIHYIO BaHHY; COJIIHYIO BaHHY; 3aKaJIOUHBIM O0ak ¢ BOJOH; 3aKaJO4HBIA 0aK ¢ MacioM; npudop Tuma
Pokgenna; 06pasmpl yriaepoaucTol CTaIM — KOHCTPYKIMOHHOW 40— 65 M WMHCTpyMEHTAIBHONH Y9—
V12; knemy; mTaHreHupKyIib; NUi(oBaabHyIo Oymary.

HoaroroBka o00pa3suoB Aas  TepMuyeckoid o0padorku. OOpasnbpl JOKHBL  OBITH
WITUHIPUIECKAE WIH MPSIMOYTOJIbHBIE THaMeTpoM WK TommuHol 10—15 mwm, BeicoTol 15—20 am w3
YIIEPOAUCTON KOHCTPYKUMOHHOM ctamu 40—65 u yriiepoaucToil HHCTpyMeHTalnbHO! cTtanu Y9—VY12.
Ha 60koBoii mOBEpXHOCTH Ka)x10ro odpasia T0HKHO OBITH KJIEHMO MapKH cTand. Mapky craiu oOpasiua
3anuchIBalOT B rpady 2 mpotokona. OOpa3ubl H3MEPSAIOT MPU HOMOLIY IITAaHTCHIMPKYJIS, U PE3YIbTaThl
3aMepa 3anuchBalOT B rpady 3 MpoToKoIa.

Onpenesienne TBePIOCTH YIJIEPOIUCTOH CTAIH B HCXOAHOM (OTOXKKEHHOM COCTOSIHUH

Omnpenenuts TBepHocTh (1o HRB) 06pasmoB B mcxomHoM (OTOXIKEHHOM) COCTOSIHHH, CHIENATh
MEPEBOI TIOTYUYEHHOTO pe3yJIbTaTa Ha TBEPAOCTh 10 HB 1 00a 3HaYCHMS TBEPAOCTH, 3alicaTh B Tpadsl 4
u 5 nporokona. HopMbl TBEpAOCTH B OTOXKEHHOM COCTOSHUM YTJIEPOJUCTON CTaIM IMpPHUBEAEHBI B TaOII.
26.

Tabauya 26 HopMbl TBEpIOCTH YIVIEPOJAMCTOMN CTAJIH B OTOKKEHHOM COCTOSIHUU

TBepnocTs
TBep1oCTh OTOX- N
N OTOXKKEHHOU
Mapka cranu | skeHHOM ctanum | Mapka cranu
cramu HB (ue
HB (ue 0Gonee)
boee)

40 197 Y9 192

45 207 Y10 197

50 217 Y12 207

3akanka 06p33ll0B " onpeacjaeHue TBEpAOCTH erICPOZ[I/ICTOﬁ CTaJIM MOCJI¢ 3aKAJIKH

OoopynoBanue s 3akanku. CranpHble 00pa3ipl HArpeBalOT B My(QeNbHBIX 3JIEKTpoIedax
Pa3JINYHBIX KOHCTPYKIIMM.

OnHa u3 KOHCTPYKIUi MydenbHOU rmeun, yA00HO! B 3KCILTyaTaluy, oka3ana Ha puc. 17.1. [leus
MIPEJICTABIISIET COOOH METAUIMYECKUI KOPITYC 1), BHYTPH KOTOPOTO TIOMeIIeH Myderns, coOpaHHbIH 13

fimky Lo Il
j NIHIHI,

Puc. 17.1. MydenbHas neys
YeThIpeX LIAMOTHBIX IUIMT 2. B Kakmoll miuuTe mMeeTcs MO YeThIpe NMPOAOJIBHBIX Ma3a, B KOTOPBIX
HOMEIIEeHBl HarpeBaTeIbHbIC CITHPAIH 3.
Ha monmy meuun ycraHoBlieHa OT/AENbHAS KepaMHU4ecKas TUTUTKA 4, Ha KOTOPYIO IOMEIIAIOT HarpeBaeMble
obpasupl. [Tpu HEOOXOOMMOCTH KEPaMHUUYECKYI0 IUIMTKY MOXKHO BBIHYTH, MOJOXHTH Ha BBIIBHKHOM



CTOJIMK 5, pacToJIOKUTh Ha ITUTKE 00pasIbl 1 BHOBb IIOMECTUTH B ITe4b. [IpoCTpaHCTBO MEKTY TUIUTAMU
U KOPIIyCOM 3arlOJHEHO TEIIOM3OJAIMOHHEIM MaTepuanoMm. Crepenu pabodass Kamepa 3aKpbIBacTCA
KepaMHUeCKOH Bepie 6 ¢ MeTaumueckoi 00IMBKOM. B 3a/Hel cTeHke e UMeeTcs OTBEPCTHE 7 ISt
YCTaHOBKH T€PMOIMAPHI.

Temmeparypy B eUu PEryIUPYIOT PHIYaKHBIM PEOCTATOM, U3TOTOBICHHBIM B BUC MOJICTABKU & K TICUH.
Peoctar BBOIAT M BBIBOAST TEPEABMKCHUEM PY4YKH 9, pacloiOKCHHOW Ha MpaBod OOKOBOW CTEHKE
MMOJICTABKH, TJIe cAcIaHbl Haanncu « Beemen» u « BeiBemeny.

Ha 3agHedl cTeHKe MOACTaBKH HaxomsaTcsa ABe KieMMbl 10 Ui TOOKITIOUEHWS IMHYpa M TPH
HITerceNbHbIX THe3aa 11 ¢ OykBamu A, 5 u B. Ilpu BKIIIOUEHUH IITEINCEIbHOM BUIKU 12 B rHe3na A u b
MeYb MOTPEOIAET MOIHYI0 MOIIHOCTb, a IIPH BKJIIFOYEHUH B THe31a b 1 B — pabo4yro MOIIIHOCTb.

MakcumanbHas Temneparypa HarpeBa neud 1000° C. Bpemsa pazorpeBa 10 MaKCHUMalbHOM
temnepatyps! 120 mum.

[lepen TeM kak BKJIIOYUTH I€4Yb, PEOCTAT BBIBOIAT, T. €. PY4YKy 9 CTaBAT B KpaiiHee NpaBoe
MOJIOKEHHE, a IITENCceIbHY0 BIIKY 12 BimtouaroT B rHe31a A u b. 3aTreM medpb BKIFOYAIOT B ceTh. Korma
JIOCTUTHYTa MaKCHUMaJibHasi TeMIlepaTrypa, IITENCeNbHYI0 BHIKY 12 mepectaBnsior B THesma b u B
(paboumnii pexxum meun). Ecnu HeoOXoguma MeHbLIas TEMIIEpaTypa, IMOCTEIIEHHO BBOISAT peocTar
NepeIBMKCHNEM pydkn 9 cripaBa HaJlIeBo.

Memoouka nposedenus 3aKanKu

1. Onpenenuts TeMIeparypy 3aKajKd CTalld, MOJB3YSCh JJIS ATOTO HWKHEW YacThIO JHArpaMMbl

Kene30—IieMeHTuT (puc. 17.2). JIns cpemHeyTraepoaucThiX T0IBTEKTOMAHBIX cTajeit (40—65) Hopmais-
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Puc. 17.2. OnTtumansHBI WHTEpBAN TEMIIEPATYp 3aKaJKH YTIEPOTUCTON CTad
HO#l TeMmrepaTypoii 3akanku siBisiercs: temneparypa Ha 30—>50° C Boitie nuaun GS (cMm. puc. 17.2), 1. e.
Acs + (30—50° C), Myt BBICOKOYTIICPOAUCTHIX 3a3BTEKTOMIHBIX cTajei (Y9 — VY12) HopMaibHO#
TEMITepaTypol 3aKaik siBisiercs: temneparypa Ha 30—>50° C Beimie nuanu PSK (eMm. puc. 17.2), 1. e. Ac1
+ (30—50° C). Temmeparypy 3aKajKu 3anucarhb B rpadyy 6 mpoToKoa.

2. OmpenenuTb BpeMs HarpeBa oOpasLoB W3 pacuera 1,5 mun Ha 1 Mm TuaMeTpa MM TOJILWHBI
oOpa3sia u 3amucarh B rpady 7 IpoTOKoIa.

3. OOpa3upl TOMECTUTD B M€4b, HArPETYIO JI0 TEMIIEPAaTyphl 3aKaJKH JJIsl CTAIN JaHHOW MapKu, 1
BBIJICpKATh B Meun TpeOyemoe BpeMs. [lpu HarpeBaHMM 10 TeMIepaTypbl 3akalku oO0pas3loB H3
cramu 40 — 65 ucxomHas QeppUTO-TIEPIUTHAS CTPYKTypa MPEBPATUTCS B CTPYKTYpPY ayCTCHHTA, a B
obpasmax u3 cramu Y9—VY12 mpu temmneparype 3akaiku OyAeT CTPyKTypa ayCTCHHT M IIEMEHTHT, T. €.
YacTh IEMEHTUTA OCTAETCSl HEPACTBOPEHHOM.

4. OOpasupl mocienoBaTeNIbHO OJUH 3a JIPYTMM BBIHYTh M3 IE€YM M OXJIAJUTh B BOAE (4acTh
0o0pa31oB) ¥ B Maciie MpH HEMPEPHIBHOM YHEPTHIHOM JIBIKEHHH 00pasiia B OXJIaKIArOIIeH KUAKOCTH.
[lpu oxnaxxaeHWHM B BOJEC NPOHUCXOAUT pachajg aycTeHuTa ¢ oOpa3oBaHMeM MapreHcuTa. [lpu
OXJIXKJICHUU B Maciie 00pa3yercsl cMeIlaHHas MAPTEHCUTO-TPOOCTUTHAS CTPYKTYpa.

5. O0a Topia 00pa3IoB 3aUUCTUTh Ha NUTH(OBATHHOHN IIKYPKE.

6. OmnpeneanTh TBEPAOCTh 3aKajaeHHBIX 00pa3oB mo HRC u moiydeHHBIN pe3yabTaT 3ammucaTh B
rpadst 8 1 9 mpoToKoa.

OTtnyck 00pa3uoB U onpee/ieHUe TBEPAOCTH YIJIePOANCTOMH CTAJIH MOCJIe OTIYyCKa



OoOopynoBanue 1as ornycka. YroObl oOecmeyuTh pPaBHOMEPHOCTh HarpeBa OOpPasIioB,
HU3KoTeMneparypHslii  otmyck (200° C) Hago TpOBOAMT, B MAacisiHOW BaHHE, CpegHe- W
BBICOKOTEeMIIepaTypHEIi otiryck (300—600° C) — B consgHO# BaHHE. [Ipy OTCYTCTBHH MacCISIHON U CO-
JITHOW BaHH MOXKET OBITh MCIIOJIb30BaHa 3JIeKTpudeckas MmydenbHas neub (cMm. puc. 17.1).

Memoouka nposedenusn omnycka

1. OmnpenenuTts BpeMsl BBIICPXKKH NMPH TEMIeparype OTIycka U3 pacuera 2—3 mun Ha 1 Mm
JraMeTpa WK TOJIIUHBI 00pa3ua u 3anucarts B rpady 10 nporokoma.

2. OOpa3mpl TIOMECTHTh B MacisIHyl0 BaHHY, Harperyio 10 200° C, BeiepxaTte B HeH
HEoOX0JMMOoe BpeMs U OXJIaJUTh Ha BO3AYyXe.

B pesynbrate otnycka npu 200° C npoucXoIuT MpeBpalieHie MapTeHCUTa 3aKalkid B MapTEHCUT
OTITyCKa, CHW)KEHHE BHYTPEHHUX HANPSDKEHUH M XPYITKOCTH; TBEPIOCTh OCTAETCSI MOYTH 0€3 N3MEHEHUH.

3. O6a Topua 3a4ncTUTh Ha NIIH(OBaTBEHON OyMare.

4. Onpegpenuts TBeprocts no HRC u momydenHsiit pesynbrar 3ammucath B rpader 11 u 12
MPOTOKOJA.

5. OOpa3ipl MOMECTUTh B COJIIHYIO BaHHY, HarpeTyto 10 400° C, BbIiepkaTh B Hell HE00X0MMOe
BpeMs M OXJIaAUTh Ha Bo3ayxe. B pesynprare otmycka mpu 400° C mpoucXoOuT NpeBpalleHHe
MapTeHCUTa B TPOOCTHT OTIYCKa (MEJIKOAUCHEPCHYIO (eppUTO-IIEMEHTUTHYI0 CMECh), TBEPAOCTb
CHIDKAEeTCsl.

6. O0a Topua 3a4UCTUTh Ha NITH(OBATEHON MIKYPKE.

7. Ompenenuts TBepmocTh Mo HRC w momydeHHBIN pesyibTar 3amucaTh B Tpadbl 13 u 14
MPOTOKOJIA.

8. OO6pa3upl MOMECTUTh B CONSHYIO BaHHY, Harperyro ao 600° C, BwlaepxaTh B Hel
HEOOXoquMoe BpeMs

W OXJaIWTh Ha Bo3Ayxe. B pesymbprare ormycka mpu 600° C oOpa3yercss copOHUT OTITyCKa,
(eppuTO-LIEMEHTHTHAS CMeCh OoJiee KpyIHas, 4eM TPOOCTHT. TBEpIOCTb elle 0ojiee CHIKASTCS.

9. Ob6a Topua 3a4MCTUTH Ha NUTH(OBATBLHOMN LIKYpPKE.

10. Ompenenuth TBepaocts 10 HRC u monydeHHBI pe3yiabTar 3ammcath B rpadsl 15 u 16

IPOTOKOJIA.
11. TlocTpouTh KpuBbIE BIUAHUSA TEMIIEPATYpPhl OTIIyCKa Ha W3MEHEHHE TBEPJIOCTU 3aKaJIECHHOU
CTaJIM B KOOpIUHATaX TeMIIEpaTypa OTIIycKa — TBepAoCTh (puc. 17.3).
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Puc. 17.3. KpuBsie BIUsSHUSA TEMIIEPATyphl OTIYCKAa HA U3MEHEHUE TBEPIOCTH 3aKaJICHHBIX
YIJIEPOJUCTBIX CTAJICH € PA3IMYHBIM COAECPKaHUEM yriepoaa
IIpoToKO0J TepMHUUYECKOii 00PA0OTKHU YIJIEPOAUCTOM CTATH
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Bpewms | Teepmocts mocne | TBepmocts nocie | TBepmaocTs mocie
BbIepk | otmycka 200° C otmycka 400° C otmycka 600° C

KU IIpH HRC HRC HRC
OTHYCK | 3akanka B | 3akaJk | 3akanka |3akanka| 3akajika B | 3aKajk
€ B MUH BOJIC aB BBOJE |BMacie| Bofe aB
Macie Macie
10 11 12 13 14 15 16

OTueT 0 mpoBeIeHHOH paboTe TO0KEH CoAepKaTh CIEAyIOIIee:

1. Bamanue.

2. Lens paboTHL

3. 3amoJHEeHHbII MPOTOKOJ TEPMUUECKOI 00pabOTKH YTIIEpOJUCTOM CTaNH.

4. Kpussle BIUSHUS TEMIIEpaTyphbl OTITyCKa HAa U3MEHEHHE TBEPAOCTH 3aKaJeHHOHN yTiepoaucToi
CTaJIH.

Jlabopamopnan paboma Ne6
IIPOKAJIHBAEMOCTbD CTAJIEH

1. HEJIb PABOTBI:

1.1. TIo3HaKOMUTBCS C METOJUKON OMpeAesIeHUs] MPOKAIMBAEMOCTH CTaJel METOJ0M TOPIOBOM
3akanku B cooTBeTcTBHU ¢ [OCT 5657 — 69;

1.2. [laTb CpaBHUTENBHYIO OLIEHKY MPOKAJINBAEMOCTH YIJIEPOJUCTHIX U JIESTMPOBAHHBIX CTaJIEH.

2. TEOPETUYECKUE CBEJJEHW A

OObeMHasi 3aKajika CTajled Ha MApTEHCHT SBIISIETCS TJIaBHBIM CIIOCOOOM YNPOYHEHHsS! OONBILIOH
TPYIITBI KOHCTPYKIIMOHHBIX cTaseil. J{is aetaeid, paboTarolix B YCIOBUSIX PACTSHKEHHUS, TPEOYETCs, YTOObI
MapTeHCHTHAsI CTPYKTypa Oblia copMUpOBaAHA TI0 BCEMY CEUCHHUIO AeTayiel (OOJIThI, IITMMIBKH, KOPITYCHBIE
getamd W T.4.). Jns oOecrieueHuss OZHOPOAHOCTH CTPYKTYpPBl OXJIXKICHWE NPHU 3aKaJKe HEoOXOAMMO
MPOBOJIUTH TAKMM O0Pa3oM, YTOOBI M30EKaTh pacraja ayCTeHHTa Ha (EppUTO - KapOMIHYIO cMeCh. DTOrO
MOJKHO JIOCTHYb, €CITU CKOPOCTh OXJIXKICHHS Vo, OyJIeT TPEBBIIATh KPUTHUESCKYIO CKOPOCTh. Kpumuueckotl
ckopocmuio 3akanku Vy,, Ha3pIBACTCSI MUHUMAIBHAST CKOPOCTh OXJIK/ICHHUHU, TIPH KOTOPOW ayCTEHUT ellie He
pacrniagaercs Ha (GeppuTo - KapOUIIHYIO CMECH.

OueBHIHO, YTO YIS TEJT KOHEYHBIX Pa3MEPOB CKOPOCTh OXJIAXKIICHHS HA TIOBEPXHOCTH Beer/ia OoblIIe,
4eM B LieHTpe (pucyHOK 1). Ecm ckopocTs oxaxIeHHs B ICHTpE JIeTaln OOJbIle KPUTHYECKOM, TO BECh 00beM
ayCTEHHUTA NPH 3aKaJIKe NPEBPAaTUTCS B MAapTeHCUT. Eciu B LIEHTpe Tesa CKOPOCTh OXJIAXKICHUS MEHBILIE, YeM
KPUTHYECKAs, TO MapTECHCUT 00pa3yeTcss TOIHKO B TIOBEPXHOCTHBIX CNOSIX, THE Vo > Vip, @ B IIEHTPE ayCTCHHUT
Oyzner pacmamatbest Ha GeppuTo - KapOWaHyr0 cMech. [Ipn 3TOM Teno He MpOKAIMTCS HackBO3b. HemomHyro
MPOKATIMBAEMOCTb  LIENIECOO0Pa3HO PEKOMEH/IOBATh YISl W3NENHH, paloTAIMX B YCIOBUSX HUKIHMYECKOTO

3HAKOIICPEMCHHOI'O HAI'PY’KCHUA, n3ruba wim Kpy4dCHIs1, KOI/la ﬂCﬁCIBYEOHHde HAarpspKCHYT MaKCUMAJlbHbI B
TTOBEPXHOCTHBIX CIIOSX.
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Prcynok 1 — CxeMbl, IOKa3bIBAIOILIHE PA3TNYHYIO CKOPOCTh OXJIKICHHSI TIO CEYEHHUIO M CBSI3AHHYIO C STHM HECKBOZHYIO
TIPOKATMBAEMOCTb: &) JITI0pa paclpeAeTIeHHsI CKOPOCTEeH OXJIKICHHS M0 CSYCHUIO IWIHHIPA TIPH 3aKaIKe;
0) ararpaMMa M30TePMHIYECKOTO MPEBPAIEHAS ayCTEHNTa U CKOPOCTEN OXJIXKACHUS TIPU 3aKallke
LWIAHAPA

ITpokanBaeMOCTh SIBTISAETCS OJTHAM M3 BAKHEWIIIMX TEXHOJOTMYECKMX CBOMCTB CTaed W KOJMYECTBEHHO
XapaKTepu3yeTcsl TIIyOMHON TNPOHWKHOBEHHS 3aKaleHHOW 30HBL [IpokamBaeMOCTh 3aBHCHT KaKk OT
BHYTPEHHHX (XMMHYECKHI COCTaB, pa3Mep ayCTEHUTHOIO 3¢pHa | T.1.), TaK U OT BHEIIHHX (haKTOpOB (MHTEHCHBHOCTD
OXJTKICHNST), & TAkoKe OT TeOMETPHUECKHX Pa3MepOB M Macchl Tefia (OTHOLIEHHE TIOBEPXHOCTH Telia K ero 0obemy). st
OIMCAHWS NPOKAIMBAEMOCTH KaK CBOWCTBA CTAIM, ONPENENICHHE 3TOM XapaKTEPHCTUKH IPOBOMST B CTAHIAPTHBIX
YCIIOBUSIX, ICKITIOYAFOIIHX BIHSIHUE BHENTHUX (DaKTOPOB U Pa3MEPOB 3aKATMBAEMOTO TeJia.

Jns  mpakTU4ecKoW OIEHKHM IPOKAIMBAEMOCTH HCHONB3YIOT KPHUTEpUH, Ha3bIBACMBIH
Kkpumuueckum ouamempom D,,, IpencTapisomuil co0ol MakCUMalbHBIN JUaMeTp LIMIMHIPA, KOTOPBIHA
MPOKAJIMBACTCS HACKBO3b B JIAHHOM oOXxJaautenie (Boja, Macio, BO3AyX H T.1.). OYeBWIHO, YTO JIJIs
pa3IMuHBIX oxyaaurtenen D,, Oyaer pa3sHbIM.

J71st 3KCTIEpUMEHTAIBHOTO ONpPEeACICHHUS IPOKATTMBAEMOCTH UCTIONB3YIOT METOJ] TOPLIOBOH 3aKaJIK/
(FOCT 5657-69). Jlns mpoBeieHUsT TOPIIOBOI TPOOBI, IPEIBAPUTEIIHFHO HOPMAJTH30BaHHEIE. CTAHIAPTHHIC
o0pa3sis! (pucyHnok 2) B teuenue (30...50) MuH mporpeBaroT B MEYH J0 TeMIepaTypsl, pEKOMEHIyeMOi
JUIs. HAarpeBa JAaHHOM cTald MoJ 3akaiky. Eciu s ucnbpiTyeMol cTainu yKa3aH WHTEpBall TEeMIIEpaTyp
HarpeBa IOJ 3aKajKy, TO oOOpasell NpOrpeBal0T OO TEMIEPaTypbl, COOTBETCTBYIOLICH BEPXHEMY
3HAYCHUIO 3TOTO HMHTepBana. Jlis UCKIIOYCHUs 00e3yriiepoKWBaHUS M OKUCIICHHS HArpeB BEIyT B
3alIUTHOM aTMocdepe Wi B CIIEHUATbHOM MPUCIIOCOOJICHUH, 00CCIICUNBAIOIIEM 3allIUTy MMOBEPXHOCTH
oOpasua ot okucineHus. [IpogomKUTeIbHOCT BBIACP)KKY IIPU HarpeBe cocTaniiseT 30 MUH.

CrannmapTHbeIii 0Opasell mocje HarpeBa B IeYl OBICTPO MEPEHOCAT B CIICUAIBLHYIO YCTaHOBKY, B
KOTOPOH €T0 OXJIKIAIOT CTPYEH BOABI IO ONPEICIICHHBIM HAIIOPOM TOJBKO C TOpIia (PUCYHOK 2).
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Pucynok 2 YcranoBka (a) u o6pazer (6) st TOpIoBoif 3akanku: 1 - ypaBHUTeNbHAs TpyOKa s
CO3JIaHUs IOCTOSIHHOTO Hamopa; 2 — HaIoOpHBIN 0avyok; 3 - mratuB; 4 — oOpaserr; 5 — corio;
6 — cnuBHAas KOpoOKa.

IMocne momHOro oOXJaxkiaeHus oOpasla MO €ro JABYM JHaMETPaIbHO IMPOTHBOIOJIOKHBIM
oOpasyroniumM conntrdoBeIBatoT miomaaky Ha rnyouny 0,5 mum. [lo mnuHe 3THX mimonianok yepes 1,5 —
3,0 MM m3Meps0T MeToaoM PokBesia TBepaOCTh 1O mikajae C U CTPOAT KPHUBYIO MPOKAIMBAEMOCTH B
koopauHarax TtBepmocts HRC - paccrosame or topma |. Uem MeHbIe MPOKaNIMBAEMOCTh CTalHd, TEM
ObICTpee majaeT TBEPAOCTh NPH YAAJNCHHHM OT Topua. J[as pasHbIX IJIABOK OJHON MapKH CTalu
MoJTy4aeTcsi Habop KPHUBBIX MPOKAIMBAEMOCTH, TaK KaK XUMUUYECKUHN COCTaB CTaJH, a, CIe0BaTEIbHO,
U TMPOKAIMBAEMOCTh MEHSIOTCS B HEKOTOPBIX mpejenax. [103ToMy cCTaib ONpPEACICHHOW MapKu
XapaKTepU3yeTcss MapouyHOU nonocou npokarusaemocmu (pucyHok 3). Wupgexcamu (uudpoBBIMU
MOKa3aTesIMH) TPOKAITUBAEMOCTH MapKH MOTYT CIYXUTh MaKCHMallbHas WJIM MHUHUMAaIbHAs

HRCmaX(IHRCmm) \, wom

MaKCHUMallbHO€ W MHUHUMAJbHOE pAaCCTOSHUE OT TOpIa A0 TOYEK C 3aJaHHON TBEPIOCTHIO

HRC 60 48
(IT——————). Hanpumep, I1— - tBepmoctp 60 HRC Ha paccrosuuu 10 MM ot Topua; [1—— —
I'min : 1 max 10 6:20

tBeprocth 48 HRC wmmeer mecto Ha paccrosHuH oT 6 g0 20 MM. (ompexernsieTrca 1O TOJOCe
MIPOKAJIMBAEMOCTH).

TBCPAOCTb HaA OIMNPCACICHHOM pPACCTOAHUU OT OXJaXAAaCMOTIro TOopLa (H

HRC HRC
HRC s
h
-
I, Mm |, Mm
a) 0)

Pucynoxk 3 KpuBas mpokaaTnBaeMOCTH, TIOCTPOCHHAS 110 TAHHBIM TOPITOBOM ITPOOEI ()
U T10JI0Ca TIpOKaBaeMocTH uist ToH ke ctanu (0). HRCpys; — TBepIoCTh MOMyMapTEHCUTHOM 30HBI.



[pu olleHKe MPOKANTNBAEMOCTH, 3aKAICHHBIMH CUUTAIOT CJIOH, B KOTOPBIX COJIEPKUTCS HE MeHee 50
% MapTeHCcHuTa U OCTaIbHOE TPOOCTHUT (TIorymapTeHcutHas 30Ha (IIM3)) unm cioii co cTpykTypoit 95 %
MapreHcuTa. Ecnu umerorcss naHHble 1mo TBepaoctH S50 (95)-mpomeHTHOro MapTEHCHTHOTO CHOS IS
UCCIIelyeMOW CTaNH, TO, UMesI KPUBYIO MPOKAITUBAEMOCTH, MOKHO OMNPEICIHTh PACCTOSHUE OT TOpIa JIo
COOTBETCTBYIOIIIEH 30HBI h (pucyHOK 3, a).
JlerupoBanue MOOBIMU 3JIEMEHTAMHU, KPOME KOOAJIbTa, YBETHYUBACT TPOKATTUBAEMOCTh CTAJIH.

3. OBBEKTbBI UCCIIEAOBAHNM, OBOPY/IOBAHUNE

OO0mwexTh! uccnenoBanus — o0pasupl craneit 40 u 40X B HOpManIM30BaHHOM cocTosHuH. Harpes
CTaJlell MO/ 3aKaJKy OCYIIECTBIISIOT B KAMEPHBIX MedaxX. TOPLHOBYIO 3aKallKy IPOBECTH Ha CIIEHUAIBHON
ycTaHOBKe. MI3mMepeHus TBepA0CTH MpoBOAAT Ha npubopax tuna TK mo mkane C.

4. BAJAHUE HA PABOTY

1. IIpoBecTH TOPLIOBYIO 3aKalIKy Ha UCCIEIYEMBIX 00pa3lax;

2. Ha nByx comm@oBaHHBIX IUIOLMIAAKAaX H3MEPUTh TBEPHOCTh O0pa3LOB Ha 3aJaHHBIX
PacCTOSIHHSIX OT TopIia (Tadynia);

3. TTocTpouTh KpHUBBIE MPOKATMBAEMOCTH, TpUHUMAs 3a TBepaocTh HRC cpennee 3nHaueHue s
IBYX pe3yJbTaTOB U3MEPEHNU Ha OJJMHAKOBOM PACCTOSIHUHM OT TOPIIA.

5. ITOPAAOK BBIITIOJIHEHM A PABOTbI

1. [IpenBapuTensHO HOPMATM30BAaHHBIE CTAHAAPTHBIE 00Pa3Ibl U3 YTIEPOAUCTON U JETUPOBAHHON
CTallell IOMECTHUTH B IeYb I HarpeBa IoJ1 3aKajKy. Temreparypy HarpeBa BHIOpaTb B COOTBETCTBUU C
MapOYHbIM COCTaBOM CTaJeil M0 CIIPaBOYHHUKY. BpeMms BBIIEPKKU IIPU NAaHHON TEMIIEpaType COCTABIISAET
25 MUH.

2. IIpoBecTy oxnaxxaeHNUEe 00pa3IloB B YCTAHOBKE JIJIsT TOPITOBOM 3aKajIKH.

3. Ha numdoBanHbIX mmomaakax oopasinoB usMeputhb TBepaocth HRC Ha paccTosHUSAX OT TOpIa,
peKOMeHIyeMbIX cTannapToM (Tabnuna). [loaydeHHble pe3yabTaThl 3anucaTh B TAOIUIY.

4. Tlo pe3ynbraTtam u3MepeHUs TBEPAOCTH MTOCTPOUTH KPUBBIE TPOKATTMBAEMOCTH. VIMesl JaHHbIE 110
tBeprocti 50 (95)-TpOIeHTHOTO MAapTEHCUTHOTO CJIOS OINPEACIUTh IOJO0KEHUE ITOIYMapTECHCUTHOU
30HBI ¥ 30HHI 95 % MapTeHcura.

6. COAEP’)KAHUE OTYETA

1. Lenp paboTsr;

2. KpaTkue TeopeTndeckre CBEICHUS;

3. ITopsaa0K BBITOTHEHUSI paOOTHI;

4. Pe3ynbTaThl H3MEpEHHUIA;

5. KpuBble IpoKanBaeMOoCTH AJIsl UCCISAYEMBIX CTaJICH;
6. BriBogeI 110 padore.

Tabnuua — Pe3ynbraTel n3MepeHuit

Paccrosthwe | 1,5 |30 (45 6,0 |75 (9,0 |105 |12,0 | 13,5 |150 | 18,0 | 21,0 | 24,0 | 27,0
OT  TOpIIA,

MM

Cranp 40,

HRC

Cranp 40X,

HRC

7. KOHTPOJIbHBIE BOITPOCHI

1. Yro Takoe mpokanuBaeMoCTh craneit? Kakas pasHUIla MEXIy NPOKATUBAEMOCTHIO H
3aKaJINUBAE€MOCTBIO CTaleh?




2. Kakmwe cymecTBylOT KOJIHYCCTBEHHBIC KPUTEPHU MPOKATUBACMOCTH KOHCTPYKIIMOHHBIX
cranei?

3. Uro moxpa3ymeBaeTcs Mo 3aKaJICHHBIM CJIOEM?

4. Kakwue BHEIIHHUE U BHyTPESHHNE (DAaKTOPHI BIUSIOT HA IMTPOKAITMBACMOCTD CTajICH?

5. B kakux ciygasx Heooxoammo 3Hanue 50 % mpokanuBaeMocTd wiu 95 % mpokanuBaemMocTu?

Jaoopamopnan paboma Ne 7
MHUKPOAHAJIN3 CIIVIABOB HA OCHOBE ME/IM

Heas paGoTsl

Lenp paboThl — HAYYHUTH YUAIIUXCS CAMOCTOSTEIHHO MPOBOJUTh MUKPOAHAIN3 MEAH, JIATYHEH H
OpoH3.

B mpouecce BeImonHEeHUs pabOThl ydaluecs JOJHKHBI U3yYUTh MUKPOCTPYKTYPBI MEJTH, JIATYHEH U
OpOH3 B CBSI3U C TUarpaMMaMH COCTOSTHHSL.

IIpu6opsbl, MaTepuaabl U HHCTPYMEHT

Jns mposeneHuss paboTbl HEOOXOAMMO HMMETh: METAUIOrpadUuecKuii MHUKPOCKOIL, KOJIICKLIHIO
MUKpOILUTH(OB MEH, TaTyHel 1 OpOH3; IUPKYJIb U TNHEHKY.

MukpocTpyKTYpa Meau

MukpocTpyKkTypa AehOpMHPOBaHHOH M OTOXOKEHHOM Menu naHa Ha puc. 1. CTpykrypa —
3epHUCTAS, C HATMYHUEM JIBOHHHUKOB.

Kucmopon ¢ mensio obpasyer coemmnenue Cu.0 (3akuch menm). [lo muarpamMme COCTOSTHHIA
CUCTeMBbI Menb—kuciaopon (puc. 2), npu coaepxanuu kuciopoga 0,39% (3,4% Cu.0O) obpasyercs
sBTekTuka Cu—Cuz0.

B menu, HemocTaTouHO PACKUCIIEHHOW MPH BBIUIABKE, COXPAHSIOTCS BKIIOUYEHHUS 3aKucu meau. Ha
puc. 3 gaHa MUKPOCTPYKTypa JIMTOH Menu (HeTpaBieHbId HUTM(), COOTBETCTBYIOUIAs MO AHArpaMMe
COCTOSIHMI CHCTEMBI MEIb—KHUCI0POJ] SBTEKTHIECKOMY CILIaBY.

Aot

7
’ J b
¥

Puc. 1. MuKpoOCTpyKTYpa Ae(OPMUPOBAHHON H OTOMOKCHHOW MEIH; TPABICHHE COJSTHOKHUCIIBIM
pactBOpoM XiopHOro skemeza (x200)

C

1040 —— -
0 02503905 075 0:%

Puc. 2. JluarpamMma COCTOSIHUS MeEIb—KHCIOPOI
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Puc.3. Mukpoctpykrypa menu, coxepxamein 0,39%
KHCIIOPOJia — 3BTEKTHKA
Cu— EZUzO (X250); mnud HeTpasieH
¢
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Puc. 4. [IlmarpamMma COCTOSHUS MEIh —IIUHK
MukpocTpyKTypa JaTyHeit

Humarpamma cocTOSHMI cHUCTeMBbl Melnb—IHMHK JaHa Ha puc. 4. [IpakTmueckoe mnpuMeHEeHHE
HaXoIiT OXHOGa3HBIE JATYHH C cojaepkaHueM HuHKa 10 39% (o-matyHu) W AByx¢asHble JaTyHH C

A ) B B :
Puc. 5. MukpoctpykTypa a-natynu: a — nutas(X250); 6 — nedhopMupoBaHHas H OTOXIKCHHAsS
(X100); TpaBiieHHE COISHOKHUCIILIM PACTBOPOM XJIOPHOTO Kesie3a

Puc. 6. MukpocTpyKTypa JIMTOH o + -JIaTyHH ¢ 40uHHKa (tuma J162) (x150); TpaBienue
COJISTHOKHUCITBIM PACTBOPOM XJIOPHOTO >Kele3a
MuUKpOCTPYKTYpa d-JaTyHeil. MUKpOCTpyKTypa o-natyHu ¢ conepxanuem 30% uunka (JI70)

JlaHa Ha puc. 5.



MuxkpocTpyKTypa JINTOH o-aTyHU (pHC.5, a) uMeeT ACHAPUTHOE cTpoeHne. CBETIIble y9acTKu —
JACHAPUTEIL, 60FaTbIe MCIbIO, 3aTBEPACBIINE IIEPBBIMU U3 KUIAKOTO COCTOAHHNA, TCMHBIC YUYaCTKU — MEXK-
JEHIPUTHBIE TPOCTPAHCTBA, 00OTALICHHBIC IIMHKOM.

MuxkpoctpykTrypa AeQOpMHPOBAaHHON M OTOXOKEHHOW a-maTyHu (puc.5, 6) uUMeeT 3epHHCTOe
CTPOCHUE U XapaKTEPHBIE TOJIOCKH JBOHHHUKOB.

BcenencrBue pasnuyHONM  OPHEHTHPOBKM 3€peH (AHM30TPONMH) OHHU TPaBATCA C pa3HOU
HMHTEHCUBHOCTBIO, IIO3TOMY IMOJIy4YalOT Pa3INuHYIO OKPAaCKy.

MukpocTpykTypa o + B-naryneii. ['paanneii Mmexmy oqHoda3Ho# a-TaTyHBIO U ABYX(ha3HOH o +
B-matynbio sBrsiercst 39% nuHKa (M. puc. 4).

MuxkpocTtpykrypa o + -naTyHu ¢ comepkanuem I1mHKa 40% B TUTOM COCTOSIHHH JlaHA Ha PUC.
6. CTpyKTypa moxo’ka Ha BUJMAHIITETTOBY CTPYKTYpY JTUTOH CTaH.

MMuKpPOCTPYKTYpPa CJ0KHBIX (MHOTOKOMIOHEHTHBIX) JaTyHell. MHUKPOCTPYKTYPBl HEKOTOPBIX
CIIOJKHBIX JIATYHEH MPUBEIEHDBI HA puc. 7.

e 1 e
Puc. 7. MUKpPOCTPYKTYPBI CIIOKHBIX (MHOTOKOMITOHEHTHBIX) JIATYHEH:

a — nuTas arfoMuHKeBas atyHb JIA77-2 (X75), AeHAPUTHI 0-TBEPIOTO pacTBOpa; 6 — JUTas
*xese3omapranioBuctas Jatynb JOKMip 59-1-1, X 250, a- u B-dasel. Menkue Touku Ha o-dhaze —
BKJIFOUCHHUSI JKEJI€3a; 6 — CBUHIOBUCTAs nuTasg naTyns JIC74-3, X250. [To rpanunam 3epeH o-TBEpAOTro
pacTBOpa BUIHBI TEMHBIE BKIIIOUECHHUS CBUHIIA; & — JINTas aJIOMIHHEBO-HHUKeNeBas taTyHb Tuna JIAHS9-
3-2, X250. TemHusie KpucTasuibl — [-¢a3za, Ha QoHEe KOTOPHIX BUIHBI CBETIIbIC BhIICICHUS o-hasbl,
oOpasyromuecst Mpu pacnaje -KpucTaaioB; TpaBIeHUE COMSTHOKUCIIBIM PACTBOPOM XJIOPHOTO JKene3a

MuxkpocTtpyKkTypa OpoH3

MHUKpOCTPYKTYpa ONOBSHHOM OpoH3bl. YacTh auarpamMmel coctosiHus cuctembl CU—SN naHa Ha
puc..8. Crutomnas nuausi Abdg xapaktepusyeT coCTOsHHE, MONyYalolieecsi MPU OYeHb MEUICHHOM
OXJIAKACHHUU WM OTXKUIC IIOCJIC OTJIIMBKU, TaKU€ YCIIOBUA IIPpU O6BI‘{HOI>'I OTJIMBKE HE AOCTHUIAalOTCA.
[Mynkrupnas nuaust Ab'h xapaktepusyer cocTOsSHHE, KOTOpOE NOJydaeTcs B OOBIYHBIX YCIOBHSIX
ornuBku. LTpux-myHkTHpHas nuHAS (g XapakTepu3yeT COCTOSIHHE, MOJydarouieecss MpH OYCHb
JIINTCIBHOM (TI)ICSI‘II/I IIaCOB) OTXKUTEC.

[lpu coxepkanuu 10 6—7% Sn (neBee Touku h Ha puc..8) MUKPOCTPYKTypa JIUTOH OpOH3BI
COCTOMT W3 HEOJHOPOAHOTO TBEPJOrO O-pacTBOpa; CTpoeHWme JeHaputHoe (puc. 9, a). Ha
MHKPOCTPYKTYPE TEMHBIE MecTa (OCH JSHAPUTOB) OoJee OOTaThl MENBIO, a CBETIIBIE MeCTa (MEX Ty OCHBIC
npocTpaHcTBa) OoJiee GOraThl OJOBOM.

MukpocTpykTypa 3TOH OpOH3BI MOCJIE OTXKHra NMPEICTaBIsIET OJHOPOAHBIE MO COCTaBy 3€pHA
TBEpIOTO a-pacTBopa (puc. 9. 6).

ITpu conepxanun Oombiie 6—7% Sn (mpaBee Touku h Ha puc. 8), HO MenbIe 14% (JieBee TOUYKH
q), Harpumep mipu conepkanuu 10% Sn, 1y1st paBHOBECHBIX YCIIOBHIA I0JDKHA OBITH CTPYKTYpa TBEPJIOTO.
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Puc. 8. Yacthb auarpammbl COCTOSHHUS MEb—OJIOBO

Puc. 9. MukpocTpyKTypa 0JIOBSIHHON OpOH3BI C 5% 0JI0Ba; TpaBlieHHE aMMHUAYHBIM PACTBOPOM JIBOHHON
COJIM XJIOPUCTOW MEIH U XIJIOPUCTOTO aMMOHHUSI:
a — nmTas (X300); 6 ~mnocne omxura (X 150)

#

Puc. 11. Brurouenus SnO; B nutoit ONIOBSHHOI Oponse, ummd He TpanieH (X250)



SBIISIETCS TO, YTO PACTBOPUMOCTD OEpHILIHS B MeIU yMeHbInaercs ¢ 2,7% mpu 866° C no 0,2% mpu 300°
C. Ipwu 3akanke B Bojzie ¢ 800° C ¢ukcupyeTcss HEeyCTOHUNBOE cocTosiHue o-ha3wl wiu o + B-das, a npu
nocnenytomem ctaperu 300—350° C IPOMCXOJIUT BBIIC/ICHUE v-Gasbl.
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Puc. 18. Yacts _JHarpaMMmbl st MeIb—OeprnTnit
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Puc. 19. MukpoctpykTypa 6eprummeBoit 0pon3sl bp.b2 nocne 3akanku u ctaperws (X250);
TpaBJIEHUE COJITHOKHUCIIBIM PACTBOPOM XJIOPHOTO XKele3a

Ha puc. 19 nana mukpoctpykTypa OepuimreBoit 6ponssl bp.b2 ¢ comepxkanuem 2% Oepuius,
Tocie 3aKaiky u ctapeHusi. Ha oHe 3epeH TBepAOro a-pacTBOpa BUIHBI MEJIKHE CBETIIbIC BKIIOYCHUS Y -
¢aser (CuBe).

MeTtoanka nNpoBeeHUsT MUKPOAHAJIN3a

1. IIpocMoTpers M u3yuuTh npu yeenudeHusix oT 200 mo 500 pa3 MUKpPOCTPYKTYpbl MEIH,
JaTyHEH 1 OpOH3.

2. MHUKpOCTPYKTYpHl 3apucoBaTh B Kpyrax auaMmerpom ~60 mm uru 6 KBaapaTtax pasMepoM
~60x60 rm.

3. Tlom xaxmoil 3apuUCOBAaHHON MHUKPOCTPYKTYPOW NaTh MOANHCH C YKa3aHWEM HAUMEHOBaHUS
MeTajyia ¥ CIIaBa, MapKH, XMMUYECKOTO COCTaBa, 00paOOTKH, HAMMECHOBAHHUS BKIIIOYEHUI 1 CTPYKTYPHI,
YBEITHUYECHHUSL.

4. Ha xkaxmoil 3apuUCOBaHHON MHKPOCTPYKTYpe YKa3aTh CTpellKaMH pasindHble (a3l U
CTPYKTYpHBIE COCTABIIAIONINE F OKOJIO CTPEJIOK, Ha TOJSAX, HAIMMCATh NX HANMEHOBAHHE.

5. H300pa3uth quarpamMMbl COCTOSHUM (MJIM MX YacTH) CIUIABOB MEIb—KHCIOPO], MEIb—IIUHK,
MeIb—OJIOBO, MeIb—CBHUHEI, MeJb— OepWUIMH, TPOBECTH HA HHUX BEPTUKAJbHBIE JIMHUH,
COOTBETCTBYIOIINE pacCMaTPHBA€MbIM CIIaBaM M JaTh OMNMCAHWE MPOIECCOB, MPOUCXOIAIINX MpPHU
OXJIAKACHUH.

CocTraBJjieHHne 0T4eTa

OT4er 0 MPOBEACHHOI paboTe MOIHKEH COJIePKaTh CIEAYIOIIee:

1. 3apanwe.

2. llenb paboTHI.

3. PucyHK# BKIIOYEHHH W MHKPOCTPYKTYP C COOTBETCTBYIOUINMH TOSCHEHHUSIMH (TIPUMEP CXEMBI
3apHUCOBKH MUKPOCTPYKTYPHI ITOKa3aH Ha puc. 20).



Puc. 20. Cxema 3apuCOBKH MUKPOCTPYKTYPBI JINTOW OJIOBIHHOM OpOH3bI ¢ 5% 0J710Ba — JCHIPUTHI
TBEPJOTO 0-pacTBopa. TpaBieHne aMMHAYHBIM PACTBOPOM JIBOMHON COJIH XJIIOPUCTON MeIU 1
xmoprcroro ammonus (X300)

4. JluarpaMMBbl COCTOSIHUM (MJIM UX 9aCTH) CIIABOB MEIb—KHUCIOPO, MEIb—IIUHK, MEb—OJIOBO,
Meb—CBHHEI, MeAb—OepPWUIHN ¢ YKa3aHHEeM Ha HUX PacCMaTPUBaEMBIX CIUIABOB W OMUCAHUEM IPO-
MCXOSIIUX MPOIECCOB MPEBPAIIEHUH MPU OXIIAXKICHUH.

Jabopamopnaa paboma Ne 8
MHUKPOAHAJIN3 CIIJIABOB HA OCHOBE AJITIOMUHUSA

Heab padoTsl

Lens pabOThl — Hay4YUTh YYalIUXCsl CAMOCTOSTEIBHO MPOBOJUTH MUKPOAHAIIN3 aJIOMHHUEBBIX U
MarHueBbIX CIIJIABOB.

B nporiecce BbImogHEHN paboOThl ydaluecs JOHKHBI H3YYUTh MUKPOCTPYKTYPbI aIFOMUHUEBBIX U
MarHMeBbIX CILIABOB B CBSI3H C IMarpaMMaMH COCTOSTHUSL.

Ipu6opsl, MaTepUanbl 1 HHCTPYMEHT

s nposeneHuss paboThl HEOOXOAMMO HMMETh: METALUIOrpadUuecKuil MHUKPOCKOIL, KOJIIEKIHIO
MUKPOIUTA(OB aTFOMUHUEBBIX M MATHUEBBIX CIUIABOB; ITUPKYJIb M JTHHEHKY.

MuEKpPOCTPYKTYpa aTIOMHUHUEBBIX CIJIABOB

MuxkpocTpykTypa cuiymuna. CwiyMHHaMHM Ha3blBalOT CIUIABBl ATIOMUHHUS C KPEMHHEM C
conepxanueM 6—13% Si. Ipu comepxanuu 11,6% Si 0Opasyercst IBTEKTHKA U3 KPHUCTAILIOB TBEPAOTO
pacTBopa KpeMHHs B aJiOMUHHHU (a) u KpuctawioB kpemuus (Si) — a + Si (puc..l). CunymuH ¢
coJiepyKaHUEeM KPEMHHUSI, OJTM3KUM K DBTEKTHYeCKOMY coctaBy (cmiaB AJI2 ¢ 10—13% Si), B ocHOBHOM
COCTOMT M3 IBTEKTUKH M HEOOJBIIIOTO KOINYECTBA H30BITOYHBIX KPUCTAILIOB a HIIH Si.

Ha puc..2, a mana mukpocTpykTypa cuiymuna ¢ 12% Si (3asBrekrudeckuii cruiaB). CTpykTypa
COCTOMT M3 KPHCTA/UIOB KpeMHus (Oesble) U 3BTEKTHKH a + Si rpy0oro cTpoeHusl, B KOTOPOH KpeMHHI
HaXOOUTCs B BUAE KPpyHHbIX MIJ. CHIyYMHH C TakoW CTPYKTypoi oOnajgaeT HM3KMMU MEXaHWYEeCKUMH
CBOMCTBaMHU.
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Puc..1. lnarpamma cocTOsSTHUS aIIOMUHUI— KpPEMHUH
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Puc. 2. MukpoctpykTypa amomuareBoro casa AJI2 (x200); TpaBieHre pacTBOPOM
(hTOPUCTOBOAOPOTHON KHUCIIOTHI B BOJE: @ — JINThE HEMOIU(DHUIIMPOBAHHOE, O — JINTHE
MOIU(UITIPOBAHHOE

Ecnu B JKHAKWN CIJIaB MEpe]] ero KpHCTauih3aiidei BBecTH Hebousbinoe kommdectBo (0,01—0,1%)
HATpHs, 5TO MPHUBOAUT K M3MEJbUCHHUIO BKIIOUCHUH KPEMHHS M 3HAYMTENHbHOMY YIIYUIICHHUIO MEXaHH-
YECKUX CBOWCTB CHJIYMHHA. JTOT TPOIECC HCKYCCTBEHHOTO PEryJIHpOBaHHS pPa3sMepoB U  (POPMBI
Ha3bIBACTCSA MOJAU(PUIUPOBAHUEM.

XapakTepHbIM SBISIETCA TO, YTO MNPH MOAM(DUIMPOBAHUM CHIYMHHAa HAaTPUEM CHIDKAeTCs
TEeMIIepaTypa KPUCTAUIM3ALUMN KPEMHHUS U SBTEKTHKH, TOYKAa O3BTEKTHUKH CABHUIAETCS BIPAaBO U
3a3BTEKTUYECKHUH CIIaB CTAHOBHUTCS JOIBTEKTHUECKUM (pHC..3).

Ha puc..2, 6 nana MukpocTpyktypa cuitymuHa ¢ 12% Si mocie ero MomIu(puIMpOBaHUs HATPHEM.
CrpykTypa 3TOro cruiaBa 10 MOIU(HUUUPOBaHUS OblIa 3a3BTEKTHUYECKOH, a IOcie MOAW(UIMPOBAHUS
cTana JO3BTEKTUYECKOM.

CTpyKTypa COCTOHUT M3 MEPBUYHBIX JIEHAPUTOB TBEPAOrO pacTBOpa KpEeMHHsS B aJllOMHUHUHU (a)
(Oenbie) v HBTEKTUKH a + Si TOHKOT'O CTPOCHHS.

MHUKpPOCTPYKTYpa alIOMUHHEBOMEIHBIX CIUIaBOB. YacTb JuarpaMmbl COCTOSIHMHM CIUIABOB
ATIOMHHUA—Me/Ib 10 KOHIIEHTpAIMU, OTBeYaroniel xuMnaeckomy coeaunenuio CUAl,, nana ma puc. 4.
Wnave ee MOKHO Ha3BaTh Auarpammoii coctosiuii cucrembl Al—CUuAl.
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Puc. 3. luarpaMMa cOCTOSIHUSA CITJIABOB ATIOMUHUIH—KpPEMHUN (ITyHKTUPOM MOKA3aHO CMEIICHHE
JIMHUH MOCIIe BBEACHUS MOIU(BUKATOpAa — HATPHUSA)
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Puc..4. Yacte aumarpaMMbl COCTOSIHUSA aQIIOMUHUN—MeEb
AnoMUHNEBOMEHBIN cIiiaB, HanpuMep ¢ 4% Cu, nMeeT clienyrone MUKPOCTPYKTYPBIL:
a) mocie OTKWra — 3€pHa TBepaoro da-pactsopa memu B amomuanu (0,1% Cu) m TodeyHBIC
BKJTIOUEHUsI XuMuueckoro coeaunenus CUAl (puc. 5, a);
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Pnc 5. MHKpOCTpYyKTypa aJrOMUHHEBOTO crutasa ¢ 4% Mean
a — mocne omkura rmpu 360° C; 6 — mocite 3akanku B Bojie oT 530° C; ¢ — mociie 3aKallku B BOJIC U
HCKYCCTBEHHOTO CTapeHH;I an 250° C; TpaBneHme paCTBopOM (I)TOpI/ICTOBOI[OPOI[HOI/I KHCIIOTEI B BOJIE

Puc. .6. MHKpOCprKTypa z[ypanIoMnHa I[l (X200) TpaBJIeHHe paCTBOp0M (hTOpUCTOBOIOPOAHOI
KHUCJIOTBI B BOJIE: @ — TIOCJIE OT)KHTra; 0 — Mmocjie 3akaJlkd B Boie OT Temreparypy 540°C

0) mocine 3akanku B Boge ¢ 530° C — 3epHa TBepAOro a-pacTBopa (MEpechIICHHOr0) MEAU B
amromuann (4% Cn) (puc..5, 6).

Ilpu HarpeBe BkimtoueHHs CHAl, pacTBOPWINCH B aNIOMHUHHHU, W OBICTPBIM OXJIQXKICHHEM OBLI
3a(MKCUpPOBaH NepECHILIEHHBIH TBEPABII 0-pacTBOp;

B) MOCJE 3aKJIKKM M HMCKyCCTBEHHOro crapeHus mnpu 250° C — TBepablil 0-pacTBOp Menu B
AIFOMHUHUH U TOYEYHBIC MEJIKOIUCIEPCHBIC BKIIIOUSHHUs XuMudeckoro coequnenus CUAls (puc. 5, 6); atu
BKJIFOUEHUSI BBIICJIMIINCH U3 TBEPIOIO 0-PacTBOPA B IIPOLIECCE UCKYCCTBEHHOI'O CTAPEHHUS.

MukpocTpyKkTypa aypaiioMuHa. JlypalloMMH XapakTepu3yeTcsl CJICOYIOUIMM CpPEIHUM
cocraBoM: 4% Cu, npumepto o 0,5% Mg, Mn, Si, Fe, ocranbHoe — amromuHuii. Takoil qropamroMuH
Ha3pIBaeTCsA HOpMaNTbHBIM (Mapka [[1). Hamuume 3THX 31eMEHTOB MPUBOIUT K 00pa3oBaHUIO psima (has,
pacTBOpUMBIX Ipu Harpese (ympounstonux), Hanpumep CuAly, Mg:Si, Al,CuMg (Tak Ha3siBacmas (asza
S), u HepacTBOpuMBIX, HanpuMmep FeAls, CuFeAl (tak HazpiBacmas daza N), (MnFe) Als.

MukpocTpykrypa aypaitoMuHa mociie oTkura mpu 360° C (puc.6, a) COCTOUT U3 TBEPIOTO a-
pacTBopa  BKIIIOUEHHI Pa3IMUHBIX MIEPEUNCICHHBIX BhILIE (a3.

MHUKpOCTpYKTypa IypalioMHHa Mocie 3akaiaku B Bozxe ot 510° C (puc..6, 6) coCTOUT HU3 3epeH Te-
PECHIIIIEHHOTO TBEPJIOTO O-pacTBopa (Oenble) U BKIFOYEHUH (TEMHBIE), HE PACTBOPHUMBIX B AIFOMHHUHU
mpu Harpese ¢a3 (KEIe3UCTHIX K MAPTAHIIOBUCTHIX COSAMHCHIH ).
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Puc. 7. HauanpHbIe 00nacTH AUarpaMM COCTOSIHHSL MAarHHUsL € Pa3lIMYHBIME dJIeMEHTaMHU
MuKpoCTPpYKTypa MarHueBbIX CILJIABOB
MarHueBsle CIUIaBbl COJAEpKAT KPOME MarHus TakKe aJllOMUHMM, IMHK U MapraHeu. Ha puc. 7
JlaHbl HAaYaJIbHBIC O0JIACTH IUArpamMM COCTOSIHMU C allOMUHHEM, IIMHKOM, MaprasieM. Kak BumHO, Bce



3TH 3JI€MEHTHI 00J1aJJaf0T OIPaHUYIECHHON [T03TOMY IIPH ONIPEACIICHHOM XUMHUYECKOM COCTAaBE MarHUEBbIE
CIUTaBBI CIIOCOOHBI TIOJIBEPraThCsl TEPMUUYCCKON 00pabOTKe (3aKaIKe U CTAPCHHUIO).

Ha puc.8, a 1ana MUKpOCTpYKTypa JIMTEHHOr0 MarHueBoro ciuiaBa mMapku MJIS (7,5—9,0% Al,
0,2—0,8% Zn; 0,15—0,5% Mn; ocTtanpbHOEe — MarHuii) MOCJIE JTUTHSI.

CTpyKTypa COCTOWT W3 a-TBEPIOTO PacTBOpa CIOKHOTO COCTaBa (CBETJIOE IOJIC) M BKIIOUCHHMA
Mg4A|3.
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Puc..8. MukpocTpykTypa TMTEHHOr0 MarHueBoro cmiaasa MJIS:
a — TI0CTIe JINThS; 0 — TOCIIe OTXKHTA | 3aKkaiku (X250); TpaBlIeHHE pacTBOPOM IABEICBOM KUCIOTHI B
BOZIE

T

Puc. 9. Cxema 3aprCOBKYA MUKPOCTPYKTYPhI ATFOMHUHUEBOTO cruiaBa AJI2, MonupUIIMpOBaHHOTO HATPUEM
— JICHJPUTHI TBEPIOTO PACTBOPA KPEMHUS B IIOMUHUH (2) U 9BTeKkTHKa a + Si. TpaBieHune pacTBOpoM
(TopucTOBOIOPOAHOI KHCIOTHI B Boae(x200)

Crpykrypa 3toro crutasa (MJIS) mocie nuddysuonnoro omkura npu 360° C u 3akanku ot 410—
415° C c oxnaxJIeHHEM Ha BO3AyXe NMpHBEICHA Ha puc. 8, 6. BHyTpH 1 1O rpaHUIaM 3epeH (-TBEPIOTO
pacTBOpa BHIHBI BKJIIOUEHHMsS MapraHIOBHCTOW ()a3bl M OCTATKHM HEPACTBOPHUBILEIOCS COEIUHEHUS
Mg4A|5.

MeTtoanka npoBeaeHHs MUKPOAHAJIN3a

1. IIpocMOTpeTh W H3YYUTb MHUKPOCTPYKTYPBHI AJIFOMHUHUEBBIX M MAarHUEBBIX CILIABOB.

2.  MUKpOCTPYKTYpHI 3apucoBaTh B Kpyrax nuamerpoMm ~60 myu WM B KBaapaTax pasMepoM
~60X60 mm.

3. Ton xaxmol 3apucOBaHHOW MHUKPOCTPYKTYPOH AaTh MOANUCH C YKa3aHHMEM HaMMEHOBaHUSI
CIUIaBa, MapKu, XUMUYECKOTO cOCTaBa, 00padOTKH, HAUMEHOBAHUS CTPYKTYPbI, YBEIHUCHHUS.

4. Ha xaxaol 3apuCOBaHHON MHUKPOCTPYKType YKa3aThb CTpeJKaMd pa3iudHble (asbl U
CTPYKTYpHBIE COCTaBJISIONINE U OKOJIO CTPEJIOK, Ha TOJISAX, HAMUCATh UX HAUMEHOBAHHE.

5. W3oOpasute auarpaMMmbl COCTOSSHMM (WJIM WX YacTH) CIDIABOB aIlFOMUHUH—KPEMHHHA H
ATIOMHUHAA—MeIb, MPOBECTH HA HUX BEPTHKAIBbHBIE JWHUH, COOTBETCTBYIOUINE pPaccMaTpPHBAEMBIM
CIUTaBaM, U JaTh ONHCAHUE MPOLIECCOB MPEBPAIICHUH, MPOUCXOAANINX MPU OXJIAKIACHUU.

CocraBiieHHe 0T49eTa

OT4eT 0 MPOBEIEHHOM padoTe JOIKEH COACPIKATh CIICIyIONIee:

1. 3apanue.

2. Ilenb paboTHI.

3. PucyHKM MHKpPOCTPYKTYP C  COOTBETCTBYIOLUIMMHU  MOACHEHHSIMHU (TIpUMEP CXEMBbI
3apHCOBKM MHKPOCTPYKTYpPBI IIOKa3aH Ha puc.9).



4. JluarpamMMbl COCTOSTHHM (MJTH MX YaCTH) CIUIABOB aTFOMHUHHH— KPEMHUU U aTFOMHHHA—MENb C
YKa3aHUMEM Ha HUX paCCMaTpUBACMBIX CIUIABOB U OIMHMCAHUEM IMPOUCXOAAINHNX IPOILECCOB npeBpaLueHMﬁ
P OXJIAKICHUH.

JladopaTopHas padoTa Ne 9
JIEJIOBASI UITPA: BBIBOP MATEPUAJIOB 1 TEPMAYECKOM OBPABOTKH IS
JETAJIEM HHCTPYMEHTAJBHOT' O ITIPON3BOJICTBA

1. HEJIb PABOTHBI:
1.1. O3HaKOMHUTECS C CYIIHOCTBIO 3aKAJKH CTAJIM M YCIOBUSAMH €€ TEXHUIECKOTO IPUMEHEHHS

1.2. Omnpenenenre ONTUMAIBHOW TEMIIEpaTyphl HarpeBa MoJI 3aKalIKy YIJIEPOIUCThIX CTaJei.

2. TEOPETMYECKUE CBEJEHUNA

3akanka — TepMrUYecKas 00padoTKa, 3aKITI0YAIOIIAsCS B HATPEBE BEIIIE TEMITEPATYPHI (ha30BBIX
MIPEeBpAIIeHNH W TeMIIEPaTypbl paCTBOPEHHUS N30BITOUHBIX (a3, B BRIACPIKKE U MOCIEAYIOIIEM
OXJIAKICHUU CO CKOPOCTBIO, MTPEBBIIAONIEH KpUTHYeCcKyt0. CITOCOOHOCTh CTaJIH MOBBIIIAThH

TBEPAOCTD B PC3YJIbTATC 3aKAJIKU HA3BIBACTCA 3aKaJIUBACMOCTBIO.

Ha3nauenue 3axkaiku — noiny4eHre BBICOKOM TBEpAOCTH U MpovyHOCTH. Ilnactudeckue cBoiicTa u
BA3KOCTb IOCTIE 3aKaJIKH HU3KHE.

OcHOBHbBIE TapaMeTphl 3aKaJKHM — TeMIepaTypa HarpeBa, BpeMs BBIIEPKKH M CKOPOCTh
OXJIAXKICHHUS.

TemmnepaTypa HarpeBa W BpeMs BBLICPKKH JOJDKHBI OBITh TaKUMH, YTOOBI MPOU3OILIH
HeoOXoauMble (ha30Bble MpEBpallleHHs, HalpuMep oOpa3oBaHHWE BBICOKOTEMIIEpAaTypHOUW (a3el —
ayCTCHUTA.

MapTeHCUTHOE TIpeBpalleHre HabMoqaeTcs Py 3aKake B cTamax. OHO MPOUCXOOUT TPU OYEHB
OBICTPOM ¥ HEMPEPHIBHOM OXJIAKIACHHM B HHTEpBaje Temmneparyp Havana (M,) u koHma (M)
MpeBpalieHusi, YToOBl TOAABUTH BO3MOXKHBIE AWU(D(Py3HOHHBIE MPOIECCH O00pa30BaHUS TEPIUTHBIX
cTpykTyp. Ha cxeme mmarpamMMmbl M30TEpPMHUYECKOrO MpPEBpAIIEHUS ayCTeHHWTa (PHCYHOK 1.) yCIOBHO
[I0Ka3aHa 00JIacTh MApTEHCUTHOIO IPEBpAILEHHs. YCJIOBHO, TaK KaK B IIOAABISIOIIEM OOJBIIMHCTBE

craiei MapTEHCUTHOC MPCBPALICHNUC B U30TCPMHUYCCKUX YCIIOBUAX HE PA3BUBACTCA.
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Pucynoxk 1. luarpaMMa H30TEpMHUYECKOTO paclaja ayCTeHUTA.
Vo <V, <Vi

B yrimepoaucThix cranmsx, coaepxainux 6osee 0,6 % C, npu oxnaxaenuu a0 temneparypsi 0 °C B
CTPYKTYpPE MOKET OCTaBaThCsl HEKOTOPOE KOJMYECTBO ayCTCHUTA (OCTATOUHBIH ayCTEHHUT Aocr).

MuHHMaNTbHAsT CKOPOCTh OXJIAXKJCHHUS, MPH KOTOPOH ayCTEHWT MpEeBpallaeTcs B MapTEHCHUT,
Ha3bIBAIOT KPHUTHUYECKOW CKOPOCThIO 3akaiku V.. Ee MOoXHO onpeaenuts 0O JUarpamme
HM30TEPMHYECKOTO IMPEBpaIICHHsI ayCTeHUTa (PUCYHOK 1.), Kak kacarenpHyo K C — 00pa3HOit KpHUBOM.

Kputnueckas ckopocTh OXJIaXKIACHHS 3aBHCUT OT COACPIKAHUSA yriaepoaa B cTainy (Tabdmuma 1)

Tabnuma 1 - TBEpaocTh cTanmy, OXIKIACHHON C KPUTHUECKON CKOPOCTHIO

ConeprkaHue yrieposa, Teepnocts HB Kpurnueckas cKopocTb
% OXJIXKCHUS, TPpajl/c
0,025 150 33000
0,2 352 1200
0,4 534 600
0,8 627 200

CKopocTh OXJ@KAEGHUS B CIOKOWHOW Boje coctasiusier 600 rpan/c, crenoBarenbHO,
MHUHHMAJIEHOE COAEPKaHHe YIJIEpoia B CTaNIM JUIA 3aKaJKH B BOJIE TOJDKHO ObITh He MeHee 0,4 %.

MapreHcuTHOE TpeBpalieHHe — 3TO Oe3au(Qy3UOHHBIA NPOLECC, a MaApMeHCUm — 3TO
NIepECHILICHHBI TBEPBI pacTBOp BHEIpeHUs yriepoia B o — Fe. B mpomecce mMapTeHCHTHOTO y—a
MIpEeBpaIIeHUs YIJIEpO OCTAaeTCsl B TBEPIOM pacTBOpPE, MCKakas KPUCTAUTMYECKYIO pemeTky a - Fe, Tax
KaK ero pacTBOPUMOCTH B o - F€ 3HaYNTeNhHO MEHbIIE, YeM B Y — Fe. MapTeHCHUT UMeeT TeTparoHaJIbHYI0
MIPOCTPAHCTBEHHYIO PELIETKY.

CBoiicTBa MapTEHCUTa CTaJieil 3aBHCHUT OT KOJMYECTBa PAaCTBOPEHHOI'O B HEM YIJIEpoja: C
YBEIMYEHUEM KOJIMYECTBA yTIIepoia BO3PACTAET TBEPAOCTh U XPYTIKOCTb.

g onpeneneHust ONTHMAaIbHON TEMITEpaTyphl HarpeBa, MO3BOJISIONIEH TTOTYYUTh MaKCHUMAIbHYIO

TBEPIOCTH CTAJIH MPHU 3aKaJKe, HCIIOIB3YIOT JUarpamMmy coctosaus Fe - FesC (pucyHok 2).
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Pucynok 2 «CtanbHO# ydacTok» AuarpamMmmsl coctosiHus Fe - FesC

Ha pucynke 2 TuHIM 03HAYAIOT COBOKYITHOCTH KPUTHIECKUX TEMIIEPATyp U TIPU HarpeBe

0003HavarTCs cieayonum oopazom: muHus PSK - A¢;, nmunus GS - A¢s, muaust ES — Aem.

Harpes mosBTeKTONIHON CTaH HIKE A3, HO BBITIE Ac; MPUBOIUT K HETIOTHOM 3aKajike. AyCTCHHUT,
MOCJIE PE3KOr0 OXJIAXKACHUS, IPEBPATUTHCS B MAPTEHCUT, HO HAPSAy C MapTEHCUTOM, COXPaHAIOTCS HE
MIpeTepIIeBIINe MPEeBPaIleHHs TPH Harpese 3epHa msarkoro ¢epputa (80 HB). Harpes no
TEMIIEpaTypbl 3HAUUTEIBHO BBILIE A3, MOXKET BBI3BATh NEpErpeB wiu nepexor. CneroBaTenbHoO,

ONTUMAJIbHAS TEMIIEpaTypa HarpeBa moj 3akanky - Acz + 30 + 50 °C.

HaneB 333BTCKTOPI,Z[HOI>1 CTaJIu IOJ 3aKaJIKy HHXKC Aci HE BBI30BET O6p8.30BaHI/I$I ayCTCHUTA U,
CJICAOBATCIIBHO, PE3KOC OXJIAXKACHUC HE NPHUBCJCT K 3aKaJIKE. Cranpb ocTaeTcs OTHOCUTEIBHO MSTKOM.
HarpeB BBIIIC Acm BBI3OBCT PACTBOPCHUC IECMCHTUTA BTOPUYHOI'O, POCT 3€pHA ayCTCHUTA U, KaK
CJICACTBUC, MOHUKCHUC TBECPAOCTH IMOCJIC 3aKaJIKHU. HOBTOMy ONTUMAaJIbHOMN TeMnepaTypoﬁ HarpeBa

0[] 3aKaJIKy siBjsiercs Temneparypa Ac; + 30 + 50 °C.
CxeMmbl IpeBpalleHUi yIIepoAUCThIX cTalel IPU HAarpeBe U 3aKallKe:
Losemexmoudnvie cmanu:

Haepes OXLaNHCOeHUe \

Ac;+30+50°C O+ ———> A+® > M + @ (P oueHb MATKHIA,

CJICO0BATCIIbHO, HU3KAs TBEPAOCTDH CTaJ'II/I)

Haepes ) OXILaxcOeHue

Ac;+30+50°C Dd+1II 7 M — onTuMalibHasi TeMIeparypa

HarpeBa 1o/ 3aKajiky

DemexmouoHvle cmau.



Hazpes oXnaxNcoene
Ac; +30+50°C 1II 7 A 7 M — onTuManbHas TeMrepaTrypa

HarpeBa 1o 3aKajiky

3asemexmoudnvie cmanu.

Haepes OXILaxcoeHue \

Ac; +30+50°CII+ 1 —> A+ Ly 7 M+ L (L) oueHs TBEPIBIi,

CJICA0BATCIBbHO, BLICOKAA TBEPAOCTDH CTaJ'II/I) -
OITUMaAJIbHAd TEMIICpaTypa HarpeBa noa

3aKaJKy

Haepes \ OXILaNcOeHUe

\
>

Am+30+50°C TII+ L 7 M (pacTBOpEHHE LIEMEHTHUTA, POCT
ayCTEHUTHOT'O 3¢pHa, CIII0BATEIBHO,

TBEPAOCTh HIDKE, 4eM y M + L ).

CymecTByeT aBa BUAA 3aKalKH — oOvemHas u nogepxnocmuas. llpu o0beMHOH 3akanke
3aKaJMBaeTcs BeCh 00beM H3AeHs (CKBO3HAsS 3aKajiKa), a P MOBEPXHOCTHON — TOJIBKO IMOBEPXHOCTHEIE
cion. [{nsg oObeMHOH 3aKalKy B 3aBHCUMOCTH OT TEMIIEpAaTyphl HarpeBa pa3iuyaloT MOJHYIO 3aKajKy
(cTpykTypa mocie 3akajKd - MapTeHCUT) W HEMOJHYIO0 3aKalKy (B CTPYKType MOMHMO MapTEeHCHTa

coxpamnsiercst Bropas (aza — @ wm 11).

3. OBBEKTBI UCCIIEAOBAHNM A, ObOPY/IOBAHUE

O0bexTel ucciemoBanus — cramum Ct3, 40, Y10 B OTOXKEHHOM COCTOSHHUH. TepMHYECKYIO

00paboTKy MPOBOSAT B KAMEPHBIX Ieyax. M3MepeHus: TBep0oCTH MIPOBOAAT Ha npubopax tuna TK.

4. 3AJAHUE HA PABOTY

[IpoBecTu u3mepeHus: TBEPOCTU 00PA3IIOB B OTOKKEHHOM COCTOSHUMY;
IIpoBectu 3akanky craneii ot 700, 750, 850u 920 °C;

HpOBeCTI/I HU3MCPCHUA TBEPAOCTU 06pa3u013 B 3aKaJICHHOM COCTOSHHWMH,

M 0w oE

OrnpeaenuTs CTPYKTYpPY CTalel B 3aKaJCHHOM COCTOSHUH.

5. [TOPAAOK BBIITIOJIHEHM S PABOTbI

1. O3HaKOMHTBCA C KPATKUMHU CBEACHUAMHU U3 TEOPUH.



2. V3meputhb TBEpIOCTH 00pa3IoB, H3rOTOBICHHBIX n3 ctajei Ct3, 40, Y10 B 0TOXKEHHOM

COCTOAHHUU. HOJ'IyLIeHHLIG PE3yJIbTaThl 3aHCCTU B Ta6J'II/II_Iy 2.

3. Harpeth 00pa3iibl Becex Mapok cranu o temmepatyp 700, 750 850u 920 °C, Boiaepxkath B neun 20

MUH. " 3aKaJIMTh OXJIAXKJACHUCM B BOIC.

4. Meronom Poksemia (TOCT 9013-59) uzmepuTs TBEpAOCTh 00PA3LOB MOCTE 3aKAJIKH U PE3YJIbTaThI
U3MepeHuit 3aHecTH B Tabnuily 2. [TomyueHHble 3HaUeHUs TBepAOCTH nepeBecty B HB, ncnonb3ys

CHeHHANbHYIO TaONUIy TIepeBOa 3HAUEHUH TBEPAOCTH, ONpEAEIsIeMOr Pa3TMIYHBIMI METOAAMHU.

5. YkazaTh npeamnonaraeMyo cTpykrypy ctaneir Ct3, 40, Y10, monydeHHyI0 B pe3yabTaTe 3aKaakd OT

pa3IMYHBIX TEMIIEPATYP.
6. IloctpouTts rpaduk 3aBucuMocTn TBeproctr HB ot TemmepaTypsl HarpeBa 1o 3aKajKy CTalew.

7. IIpoaHanu3upoBaTh U3MEHEHUS CTPYKTYPBI U TBEPAOCTHU CTAJIEH B 3aBUCUMOCTH OT TEMIIEPATYPhI

HarpeBa 1o 3akajiKy 1 MapO4YHOIro XUMHYCCKOro COCTaBa UCCIIEAYEMBIX 06p33HOB.

8. CrmenaTh BBIBOIIBI IO PabOTE M MMOATOTOBUTH OTYET.

6. COOEP’KAHUE OTYETA

1. Lenp paboTsr;

1. KpaTkue TeopeTnueckre CBEACHNUS;

2. Pe3ynbTaTel M3BMEpEHU;

3. I'paduxk 3aBucumoctH TBepaocTi HB oT TeMneparypbl HarpeBa nof 3akaiky Taac

4. BoiBojiBI 110 padoTe.

Tabnuia 2 — Pe3ynbTaThl U3MEpeHUH

Mapka HB cranu Taax, °C TBepmocts cTanu MukpocTpyKTypa
CTaIlu nociue MOCJIE 3aKAJIKH CTaJlu 1OCIe
OT)KHUTA HRB HRC HB 3aKaJIKH

700

c3 750

850

920

700

40 750

850

920




700

Y10 750

850

920

7. KOHTPOJIBHBIE BOITPOCHI

1. Uro takoe mapteHcuT? Kakue ycimoBus ero oopazoBanus? Kakas KpucTalTmaeckas pemerka y
MapTeHcura?

2. Kakas ctpykTypa OyAHT y H03BTEKTOMAHOW, 3BTEKTOUAHOM M 3a3BTEKTOMAHOM CTajiei mocie
MIOJIHOM M HETIOJTHOU 3aKanKu?

3. Kak BnusieT copeprkaHue yriepoja B CTAIM Ha BBIOOP CKOPOCTH OXJIaXIECHHUS?

4. C xakon CKOPOCTBIO CJICAYCT OXJIaXKAaTh CTaJIb, 4TOOBI OHA 3aKAINIACH?

Jabopamopnan paboma Nel(

HEMETAJUIMYECKHUE MATEPUAJIBI.
Yacts 1.IIOCTPOEHUE TEPMOMEXAHUYECKHUX KPUBBIX IIOJIMMEPOB

1. HEJIb PABOTHBI:
OcCBOHTH METOJHMKY CHATHS TEPMOMEXaHNYIECKIX KPUBBIX Ha mpubope Buka.
OnpenenuTs TeMIepaTyphl IMEPEXONI0B: TEMIEpaTypy CTEKJIOBaHHWA W TEMIIEpaTypy TEKydYecTH s

TEPMOIUIACTUYHBIX ITOJIMMEPOB.

2. TEOPETUYECKHWE CBEJIEHA

Paznuuus B cBoMcTBaX MOJIMMEPOB OOYCIIOBJIEHBI CTPYKTYpOH HX MAaKpOMOJIEKYJ, KOTOpbIE
NPEACTaBIAIOT cOOOH LIENOYKH, COCTOSIIIUE U3 OTIAEIbHBIX 3BCHbEB. [IJIMHA 1IeNT B HECKOJIBKO THICSY pa3
Oonplie WX MOMEPEYHOTO CEUYCHHMS, I[MOITOMY MAaKpOMOJIEKyJaM IIOJMMepa CBOWCTBEHHA T'HMOKOCTS,
KOTOpas SIBIISIETCS OAHOM M3 OTJIMYUTENBHBIX OCOOCHHOCTEH MOJMMEpOB. MakpOMOJIEKYJIbl HOIUMEPOB

MOTYT UMETh JIMHEHHY0, PA3BETBICHHYIO WIN CETUATYIO CTPYKTYpY ( pUCYHOK 1).




Pucynok 1. CTpykTypa MakpoOMOJIEKYJl B OJIUMEpax:

a- HHHCﬁHaﬂ, 0— Pa3BCTBJICHHAs, B - CCTUATAA

BryTpr MakpoMoJieKyIbl MEX/y aTOMaMH BO BCEX TPEX ClIydasx AECHCTBYIOT MPOYHBIE KOBAJIEHTHBIE
CBSA3U. Y IONMMEPOB O JIMHEHHOM U Pa3BETBICHHON CTPYKTYpPOH, K KOTOPBIM OTHOCATCS TEPMOILIACTSI,
MEXJly MakpoMoOJIeKyJaMu IeMCTBYIOT HempouHble BaH-nep-BaanbcoBbl CBA3M, TO MO3BOJISET UM IPU
HarpeBe pacIIaBIATHCA [0 BBICOKOBSI3KOM MKHIKOCTH, a TpU OXJAKJICHHUM BOCCTAaHABJIMBATH CBOHU
CBOWCTBA. Y TOJMMEPOB C CETYATON CTPYKTYpOH — PEAKTOILUIACTOB - MEXIYy MAaKpOMOJIEKYJIaMHu
JEHCTBYIOT IJIaBHBIM 00pa30oM MPOYHbIE KOBAJIEHTHBIE CBSI3H, YIO JIMIIAET X CIIOCOOHOCTH Pa3MsTrdaThbCs
IpH TOBBIIICHWH TeMmmepaTypsl. Ilpm mocTMKEHMHM JOCTATOYHO BBICOKOH TeMmImepaTypsl OHH
pa3pyLarTcs.

MexaHn4eckne CBOICTBa MONHMEPOB (YNpyTHe, MPOYHOCTHBIE) 3aBUCAT KaK OT WX (PU3UIECKOM
CTPYKTYPBI, TaK U (U3HUUECKOTO COCTOSHUS, TeMIeparypsl U T.X. Ilonumepsl MOTYyT HaXOIUTBCA B TPEX
(hU3MUECKUX COCTOSHUSX: CTEKI000pa3HOM, BBICOKORJIACTUYECKOM U BSI3KOTeKyueM. OCHOBHOM NPUYMHOM
U3MEHEHHUS] COCTOSHUS SIBJISIETCSl TEIJIoBas »JHEpPrus, KOTOpas MPUBOAUT B KojeOaHHE LENH
MaKpOMOJIEKYII.

Jlnsi OLIEHKHU OCHOBHBIX TEXHOJIOTMUECKUX M JKCILTyaTallMOHHBIX CBOMCTB HOJIHMEPOB HEOOXOIUMO
3HaTh TeMIepaTypHble 00JacTH mepexoja IMOJMMEPOB M3  CTEKIOOOpa3HOIO  COCTOSIHHSA B
BBICOKORJIACTHYECKOE M U3 BBICOKOAJIACTUYECKOTO0 B Bsi3KoTeKydee. OOHApyX HUTh 3TH (U3NUECKHUE
U3MCHEHHMS BO3MOJKHO C HCIIOIB30BAHUEM TEPMOMEXAHMYECKOIO METOAd, CYIIHOCTb KOTOPOrO
3aKIII0YaeTCs B ONpeAeSeHnH Ae(OpMUPYyEMOCTH TOIUMeEpa MoJI ACHCTBIEM HEM3MEHHON W MaJIOW 10 Be-
JIMYMHE HATrPy3KH.

Kaxnomy (uznueckoMy COCTOSIHUIO COOTBETCTBYET CBOHM Tuml jedopmaruu. B crexinooOpazHOM
COCTOSIHMM HaOIOZaeTcss TOJBKO ymopyras JaedopMarius Evnp_. ATOMBI, BXOHAIINE B COCTaB

MOJ'IGKy.TIHpHOﬁ ey, COBEpUIa0T KoJiebaTeIbHOe JABWXXCHHUEC OKOJIO ITOJIOKCHUA PABHOBCCUS: IBUIKXCHUSA

3BCHBCB M INCPCMCHICHHUEC MAKPOMOJICKYJ HE HIPOHUCXOAMT. Breime TEMICPATYPbl CTCKIIOBAHUSA K JTOH

nepopManuy 106aBISETCS BHICOKOIIACTUYECKAS COCTABIAIOMAs Egs;; , KOTOPAS MPEBOCXOJUT YIIPYTYIO
COCTABJISIIOIIYIO B THICSYM pa3. Poct medopmammm 371eCh OOBSCHSAETCS PACHPSIMIICHHEM JUIMHHBIX H

3aITyTaHHBIX MAaKpOMOJICKYJI.

B BsI3KOTEKYy4YE€M COCTOSIHUM BBISBISCTCS €IIE OJHA COCTABJISONIAs JehopMaI[UK — BsI3Kas 835:13.'
KOTOpass OOyCJIOBIWBaeT pa3BUTHE HeoOpaTUMoW JedopMannd, CBSA3AHHOW C  IEepEeMEIICHUEM
MaKpOMOJIEKYJI OTHOCHTEJILHO JIpyT JApyra. B obmem citydae aedopmaius TepMOILIACTUYIHOTO TTOJIMMEpa
COCTOMT W3 TpPEX COCTABISIONIMX, KOTOPBIE WIPAIOT PAa3IMYHYI0 pPOJb IMPH HU3KUX M BBICOKUX

TeMIIeparypax:

E= ‘Synp. + Egon. + Egas,



[TpousBens u3mepenus nedopManuy odpasLa Mpyu pasIHyHBIX TEMIIEPaTypax, MOYKHO MOJyYUTh €€
TEMIEPATYpHYIO 3aBUCUMOCTb, KOTOpas XapaKTepU3yeTCs TEepPMOMEXaHWYEeCKONH KpuBOH. OCHOBHBIMH
napamMeTpaMu TEPMOMEXAHWYECKOTO METOJa SBISIOTCS THUII OCYIIECTBIISIEMOH AedopMaluy, PeKUM
HarpeBa, BEJIWYMHA IPUIIAraéMOro HANpPsDKEHUS W XapakTep €ro BO3ACHCTBUA (IPEpBIBHBIA WIIH
HENpPEepBIBHBIN).

Ha pucynke 2 mpencraBiieHbl TepMOMEXaHUUYECKUE KpuBbIe monuMepoB. Kpusas tumna I xapakrepHa
JUIsl TEPMOIUIACTUYHOIO IIONMMEpPA - BUHUIUIACTA, KOTOPBIM C M3MEHEHUEM TEMIIEPATypbl HCIBITAHUMN
MOXXET HaxOOUTbCI B TpeX (HU3MUECKUX COCTOSHHSX, YTO COOTBETCTBYET TpEeM YydYacTKam
TepMOMeEXaHN4YecKoi KpuBod. Ilepexonq M3 omHOrOo (QHU3MUECKOTO COCTOSHHSA B JIpyroe Ha3bIBaeTCs
TEMIEPaTypHBIM IIEPEXO/I0OM, a CpEeNHHE TeMIepaTyphl TEePEXOAHBIX O0JlacTe - TeMmIepaTypamu

HIePEXO/I0B.
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Pucynok 2. Tunuuxsie TepMOMEXaHHUECKNE KPUBBIE HEKPUCTAIIIMYECKOT0 JTUHEeHHoTO (1),
ceryaroro (2) u kpuctasumueckoro (3) momumepos: |, I1, 111 — 30HBI, COOTBETCTBEHHO, CTEKIO000Pa3HOTO,
BBICOKO3JIACTUYECKOr0 U BSI3KOTEKYUYETr0 COCTOSHUN HEKPUCTAINIMYECKOTO U KPUCTAIUIMYECKOTO
noaumepoB; Te, Tua, Tr, Tx — TEMOIEPATYpPBI, COOTBETCTBEHHO, CTEKJIOBAHUS, TIJIABJICHUS], TEKYUECTH 1

Haydajla XUMHUYCCKOI'0 pa3IOoKCHUA

OmHMMH W3 OCHOBHBIX XapaKTEPHCTUK TOJIMMEPOB SBISIOTCS TEMIIEPaTyphl IE€PEXOJI0B:
TeMIiepaTypa crexioBaHus Tc, Temneparypa TekydecTd Tt M Temmneparypa IuiaBieHUs T, KOTOpbIE
OIPEIENAT ONTUMAJIbHBIE TEMIIEPATYPHBIE PEKUMBI 3KCIUIyaTallMd IOJIMMEPHBIX MAaTepUallOB U HUX
nepepaboTKH B U3ICIHSI Pa3HBIMH METOAMH.

B mammHOCTpOeHHH NOJIMMEpPHI HCIOJB3YIOTCS, KaKk MpaBWIO, B cTekiIooOpasHoM (Hmwke Tc) u
BhICOKOAIacTHYeckoM (Hmwke Tr) cocrosHmsax. [lepepaboTka MX B H3AeNUsl METONAMM JIMThS MOJ
JIaBIICHUEM, 3KCTPY3UM (BBIIABIUBAHUA) WM TopsdYel IITaMIIOBKM OCYIIECTBISAETCS B BA3KOTEKydeM
(Bbize Tt) U, pexe, B BBICOKORIIACTUIECKOM COCTOSHUSIX.

KpuBas 2 xapakTepHa It TOIUMepa ¢ TMHEHHON CTPYKTypOi MakpOMOJIEKYJI, KOTOPBI BIUIOTH JI0



TEeMIIepaTyphl I1aBiaeHus Tr HaxoAuTcs B TBepAoM coctosiHud. [lpu temmepatype T 9TOT Tepmorac-

THUYIHBII MaTepuall IIaBUTCA U ,Z[e(l)OpMaLII/ISI CKa‘lK006p33HO BO3pacTacrT.

3. METOJIMKA U3MEPEHHII

Metoanka CHATUSI TEPMOMEXAaHHMYECKHX KpPUBBIX TEPMOIUIACTUYHBIX MAaTepUalloB OCHOBaHa Ha
u3MepeHnn ©X JAedopMaluii, BO3ZHUKAIOIIMX B pe3yibTaTe MEPHOAMYECKOTO  BAABIMBAHUS
UIUHIPUYECKOTO HAKOHEYHHMKA C TOCTOSHHOW CHiio B oOpasell, HarpeBaeMblii cO CKOPOCThIO 1-2
°C/muH. st cCHATHS TepMOMEXaHMUYECKHX KPUBBIX HCIONB3yeTcs nmpubop Buka (mogpoOHoe ommcanue
KOTOPOT0 JaHo B mpeapiayiei padore). OOpasiisl qepopMUPYIOT Npu Hanpspkerud, papaom 0,2-0,3 MITa.
HarpyskeHne IMIMHAPHYECKOTO MHAEHTOpA C ILIOMIAAbI0 OCHOBaHMS 1 MM’ TpoBonaT B ToueHme 10 ¢
yepe3 kaxzasle 10 °C (mns TepMocTOWKHX ToiuMepoB) wimm depe3 5 °C (s MeHee TepMOCTONKHX
NOJIMMEPOB), HAuyMHas C KOMHATHOM TeMIeparypsl, a (UKCUPYIOT [IOCTUTaeMylo IIpH JaHHOU
TEMIIEpaType 3a 3TO BpeMsl Je(OpMaIHIO ¢ TIOMOIIBIO HHANKATOPa YaCOBOT'O THUIIA.

JI71st MCIBITaHUS MCTIOIB3YIOT MUIHHAPUIECKe (MIN KBaJpaTHBIE) 00pasibl JHAMETPOM (CTOPOHOM)
10-20 MM u TommuHON 6-8 MM. [Ipu HCHBITAHWH IUIGHOYHBIX MaTEpUAIOB 0Opa3lbl MOJMYYaloT IIyTeM
HaOopa MakeTa COOTBETCTBYIOLICH TONIIMHBEL. JIs moiydeHHs CTaOWIBHBIX OAHHBIX JUIS Pa3lUYHBIX
00pa3LoB U3 OJHOTO M TOTO K€ MaTepuasa H3rOTaBIMBAIOT 00pa3lbl OANHAKOBBIX Pa3MEpPOB.

HcnpITanust IpOBOAST B KHUIKOCTHOM TEPMOCTATe B Ka4eCTBE TEIUIONEPEAaonIel >KUAKOCTH MOTYT
OBITH MCIIONIL30BAaHBI TPaHC(HOPMATOPHOE MACIIO, TIUIEPHH H JIPYTHe KHUIKOCTH, KOTOPBIE HE OKa3bIBAIOT
BJIMSIHUSL HAa U3MeEpsieMylo BelMunHy. Temmeparypy B mpoliecce U3MepeHuil PUKCUPYIOT MO MOKa3aHUsM
TepMomeTpa ¢ TouHocThio + 1,0 °C.

ITo manHBIM H3MepeHUs NeQOopMaliH CTPOAT KPUBYIO 3aBHCHUMOCTH jAedopManus-TeMiepaTrypa u
OTIPENENSIOT Tpaduyeckn Mo meperudaM Ha TEPMOMEXaHWYECKOW KPWUBOW TEMIIEPATyphl MEPEXOJIOB:

TeMIlepaTypy crekioBanus Tc, Temneparypy TekydecTd Tt u Temneparypy miaBieHus T

4. OFBEKTHI NUCCIIEAOBAHUS, ObOPYJJOBAHUE

O6pasupl:  00pa3ibl TEPMOIUIACTUYHBIX  IOJUMEPOB:  MOJMMETHIMETAKpUiIaT — (OprcTekio),
HOJIMBUHWIXIJIOPH, TOTUCTUPOIL.
OO0opynoBaHue W MaTepUasibl: W3MEPUTEIBHBIM WHCTPYMEHT - IITAaHT€HUMPKYJb; npubop Buka,

TEpMOCTaT, TEPMOMETP.

5.3AJJAHUE HA PABOTY
1. [loaroToBUTH 0OPA3IBI AJIs UCTIBITAHHIA;
2. Ha ocHOBaHMM TONMYYEHHUSAX JAHHBIX IOCTPOUTH TEPMOMEXAHUYECKYIO KPHUBYIO HJSI Ka)JOTO

MMOJIMMEPHOr'0 MaTepuaa.



6.I10PA/IOK BbINIOJIHEHMA PABOTDBI

1. Usmeputh BricOTy 00Opasiia hO ¢ TogHOCTHIO 10 0,1 MM.

2. Obpazeny U3 miacTMacchl yCTAaHOBUTh HA OCHOBAHHMHM INTaTHBAa NPUOOpa MOJA HEHArpyXEHHBIM
MHJIEHTOPOM TaKUM 00pa3oM, YTOOBI HHIACHTOP HaXOIWICS B LIEHTPE WK HAa PACCTOSIHUU HE MEHee 3 MM
OT Kpas oOpasua.

3. Tlpubop Buka c o0pa3suoM mOTpy3uTh B JKUAKOCTHOW TepmoctaT. CTpenka HWHIMKATopa
MepeMeIIeHNH JOKHA COOTBETCTBOBATH HYJIEBOMY IOJIOXKEHHUIO.

4. BKIIIOYUTH TEPMOCTAT C TEPMOPETYIHPYIOLIMM YCTPOWCTBOM, 3aJaB CKOPOCTbH MOBBIILICHHS
temmeparypsl 1-2 °C/mMuH.

5. HaumnHast ¢ xoMHaTHOW Temmeparypbl uepe3 kaxzaple 510 °C B 3aBHCHMOCTH OT Marepuana,

pou3BoaANTh nedopmupoBanue obpasma B reuenne 10 ¢ npu Hanpsoxernn 0,3 Mlla, pukcupys npu sTom

MOKa3aHud HWHAUKATOpAa MO IMMPOHHMKHOBCHUIO HWHACHTOpPA BFJ'Iy6L 06pa3ua Ha BCIWYUHY Ah (MM)

OtHocutenbHast aedopmanus £ oOpasua MpH BAABIMBAHUM WHIEHTOpPa ONpejaensercs mo ¢opmyne

Ah
E= o 100%,rmehg - ucxonnas BeicoTa 06pa3ia, KOT/Ia CKUMAIONIAS HATPY3KA PABHA HYIIO.

0

6. V3MepeHHs TMPEKpAIIAlOT MO JOCTHXKCHUHM TEMIIEPATyphl IUIABICHUS TONUMEpPa, O YeM
CBHUJICTEIILCTBYET Pe3KOe yBeNnueHue Aedopmariu oopasia.

7. W3menenune nedopMupyeMOCTH OOpa3lioB OCTaJbHBIX MOJMMEPHBIX MAaTEpUANIOB B Ipolecce
HarpeBa MpPOBECTH COTJIaCHO M. 1-6. Pe3ynbTaThl H3MEpEHUI 3aHECTH B TaOJIHUILY.

8. Ha ocHOBaHMM TOSyuY€HHUSIX AAHHBIX MOCTPOUTH TEPMOMEXAHHMUECKYIO0 KPHMBYIO IS KaXKJIOTO
TOJTMMEPHOTO Matepuana u no neperudam Ha kpusoit € = f(T') onpenennts TeMnepatypbl Mepexo10B:

TEeMIIepaTypy cTekyoBaHus Tc, TeMmnepaTrypy Tekydecty Tt u Temneparypy IuiaBiieHus T

Tabnuia [okasatenu aeopMupyeMOCTH TOJTUMEPOB IPU HATPEBE U MX TEMIIEPATypPhl Iepexo/ia

Ne | TTonumepHsIit Temmnepartypa, °C Temnepa- Temnepa- Temnepa-
/T | MaTepuan Typa Typa Typa
CTCKJIOBAaHUA, TCKYYECTH, IIJIABJICHUA,

edopmarus €, %
Alebop Te, °C Ty, °C Ti, °C

5. COAEP)KAHUE OTYETA
B oryere HE0OX0AMMO oOmucaTh CYLIHOCTh TEPMOMEXAHMYECKOTO METOJa, HPUBECTU CXEMY
negopmupoBanus obpasua, gaHHbe 00 uccaeayeMoM Marepuane. OT4eT NOJbKEH BKII0YaTh TaONULy U

MMOCTPOCHHBIC TEPMOMEXAaHNYCCKUC KPHUBBIC I PA3JIMYHBIX MATCPUAJIOB. AHaJ'II/I3I/Ipy$I IMMOJTYYCHHBIC




JaHHBIC 10 TEMIICpATypaM ICpexoaa, COCTABUTb PCKOMCHAAIIMU TII0 TCEMIICPATYPHOMY PCKUMY

IKCILITyaTalluu PI3):[€J'IPII>1 U3 IMOJIMMCPOB U UX nepepa60TI<H.

6. KOHTPOJIbHBIE BOITPOCBI

1. Kak BimsieT CTpyKTypa MakpOMOJEKYJbl MOJMMEPOB Ha HX (DU3HKO-MEXaHUYECKHUE
cBolicTBa?

2. JlaTh KpaTKyro XapaKTepUCTUKY (PU3NIECKIX COCTOSHUN MOJIMMEpa.

3. B uewm 3axirodaeTcs CymHOCTh TEPMOMEXaHUIECKOTO MeTo1a?

4. Urto Ha3bpIBaeTCS TEPMOMEXAHUYECKOW KPUBOM?

5. Kak onmpenenuts Temneparypsl nepexonoB noianmepos? Kakyro nHpopMaiuio oHA 130T O

TEXHOJOTUYECKUX U SKCILTYyaTallMOHHBIX cBoiicTBax?
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TEPMHUYECKOE PACIHIUPEHUE MATEPUAJIOB. OIPEJEJEHUE BEJIMYNHbI
TEMIEPATYPHOI'O KOD®®UIIUEHTA JIUHEHHOI' O PACILIUPEHMSI (TKJIP)

1. HEJIb PABOTBI
1. W3zyuuts Metoauky uzMepenus BennuuHsl TKJIP Ha mHIMKaTOpHOM AUIIaTOMETE.

2. Ompenenuts BennurHbl TKJIP MeTammnueckux 1 HeMeTAIUTHYECKUX MaTepHaJIoB.

2. TEOPETUYECKHUE CBEJJEHA

Termodusudeckne CBONCTBA MaTepHAIIOB HWMEIOT BaXHOE 3HAYCHHWE MJIs1  OINpeAeeHUS
MPAKTHYECKOM WX IIEHHOCTH. BCIENCTBHE TEIUIOBOTO pacIIMpeHHs  BO3MOXKHO BO3HHKHOBEHHE
TEPMHUYECKUX HAIMPSDKEHUI B MECTaxX COMPSDKEHUS JETalel WK CI0EB U3 Pa3HOPOJHBIX MAaTEpHUAIOB, UTO
MOXET MPUBECTH K BO3HUKHOBEHHIO TPEIIMH M Pa3pylIEHHIO 3JIeMeHTOB KoHcTpykumil. TKIIP
TPaOULIMOHHBIX MAaTepHajoB (CTall, AJIIOMHUHHSA, OpPOH3BI, JAaTyHH) U MOJUMEPHBIX MAaTepUaIOB
oTanyaoTcs B cpenHeM B 10 pas, 4TO co3maeT cephe3Hble TPYAHOCTH IPH KOHCTPYHMPOBAHUU H
IKCIUTyaTalliu OMMAaTepualioB, I€ HEM30EKHBIM SBISIETCS HEMOCPEACTBEHHBIM KOHTAaKT MAaTEpPHajOB C
pazmuunbiMu TKJIP. Onnako 3Hauenue TKJIP nmonnMepoB MOKHO pe3Ko MOHM3UTH Kak 3a CYET BBEJICHUS
HaNOJHUTENEH, TaK M 3a CUYET M3MEHEHWs CTPYKTyphl noimMmepa. B Takux ciaydasx cTpeMarcs Mo
BO3MOXHOCTH K MaKCHMAJIbHO OJIM30CTH TEIUIOPU3NUECKUX XapaKTEePHUCTUK CONPATaeMbIX MaTEpUalIOB
BO BCEM MHTEPBAJIM TEXHOJIOTMYECKUX U 3KCITYaTAllMOHHBIX TEMIIEPATYP.

Peakuuss wmarepuana Ha TEIJIOBOE BO3JEMCTBHE CBsi3aHA C BHYTPEHHHUMH CTPYKTYpHO-
MOJIEKYJIAPHBIMU  IIepecTpoeHusiM. Tak, TpHM HarpeBaHWM METAJUIOB BCJIEJACTBHE YBEITHMUEHUS
MEXaTOMHOTO PAaCCTOSHUS B KPUCTAJUIMYECKOW PELIETKH YBEIMYUBACTCS 00BEM Tela M yMEHBIIACTCS
IUIOTHOCTh. TeIUIoBOE pacUIMpeHHe TBEPAbIX TeJl UYHCIEHHO XapaKTepU3yeTcs TeMIlepaTypHbIM

ko3 dunmenToMm o0bEeMHOr0 pacumMpeHus. HenpepblBHOE paciiupeHre MpHU HarpeBe ONHCHIBACTCS

hopmyoin
V=10 + (T —T)) 1)

rne ¥p u ¥} — o0Obem Terna mpu HATUYHOM M KOHEYHONM M KOHEYHOM Temmeparypax Ty, um Ty

COOTBETCTBEHHO; f — KO3 PHUIIMEHT 00BEMHOT0 paCIINPEHHS.

Paznuuarot cpeanii KO3(GUIHUEHT pacHIMPEeHUs], OTHOCAIIMKCS K HEKOTOPOMY HHTEpBaIly TEMIIEpaTyp,

g =

et ] @)

Ty =Ty W Lrpag

Y UCTHHHBINA K03()(UIMEHT paclIupeHusi, onpeIeieHHON TeMIeparype,
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HOCKOJ’IBKy HCII0JBb30BAaTh HHKHOMCTpI/ILIGCKI/Iﬁ nin FI/I,Z[pOCTaTI/I‘IeCKI/Iﬁ MCTO/J IPU MNOBBIIICHHBIX
TEMICPATypax HECJIb35, Ha MPAKTUKE HU3MEPAIOT M3MCHCHUA JIMHEHHBIX pPa3MEpPoOB U 3aTEM BBLIYUCIAKOT
COOTBCTCTBYIOIIINC U3MCHCHUSA o0BeMa.

J__IJ'II/IHa 06pa3ua HU3MCHACTCA IIPU HArpeBC TaK, 4YTO

I3 =1l[1+a(T; =Tyl (4)
rae lym [y — nnuHa oOpasia mpH HavallbHBIX U KOHEYHBIX Temreparypax Tiu Ty, & — ko3hdurment

JIMHEWMHOTO paCIIUPEHHUS.

HpI/I 9TOM UCTUHHOC U CPEAHCC 3HAYCHUSA TCPMUICCKOT'O KOB(bq)I/ILII/IeHTa JIMHEHHOTO

pacmupenus (TKJIP) onpenenstor cooTBETCTBEHHO, Kak

1dl [17,
ﬂf—?E E}, (5)
"= T, @

Jns W30TPONMHBIX B OTHONIEHWH TEIUIOBOTO pACHIMPEHHs MaTepHaliOB C KyOHUYecKOi
KPUCTAJUIMYECKOW PEIeTKOW JUHEWHBIH ¥ OObeMHBIA KOX(P(OUIIMEHT paCIIUPEeHUs CBS3aHbI
3aBHCUMOCTBIO ff = 3@, f = 3@ , 4TO MO3BOJISET PACCMATPUBATE UX KAaK PABHOLICHHBIE XapaKTEPHCTHKH.

[ aHW30TPOMHBIX MAaTepUaloB HEKyOMYECKMX CHCTEM PACHIMPEHUs 10  Pa3IUYHBIM
KpHcTaJuIorpaguyeckuM HarpaBiIeHUsIM B 00LIeM cilyyae HeoJMHAKOBO. Ecnu 0603HaunTh KO3 GUIreHT
BJIOJIb [JIABHOW KPUCTAIIIOrpahUuECKON OCH @ |,  JUIs HANPABIICHUS, TIEPIICHIUKYIAPHOMY TJIABHOMY &,
CBSI3b MeXIy KodpduumeHToM o00BeMHOTO pacupeHuss ff W JUMHEWHBIMH  KO3(QQHIUEHTAMH
@) H @ BeIpasutTes: f = a )+ 2a,.

MOHOTOHHOE IIIaBHOE H3MEHEHME pa3MEpOB TeJla IPH HArpeBaHUM XapaKTEPHO TOJbKO IS
TEeMIEepaTypHBIX WHTEPBAJIOB, I/Ie OTCYTCTBYIOT (ha30BBIE MIPEBpAIICHNS, TaK Kak (a30BbIe MPEBPAIICHUS
COTIPOBOXKIAFOTCSI CKAYKOOOPa3HBIM U3MEHEHUEM Y IeIbHOT0 00beMa 1 BenmmauHbl TKJIP.

Wzydyennem w3MeHEHHS pa3MepOB Tell, CBA3AHHBIX C HAarpeBOM M OXJaXJCHHWEM, 3aHUMAeTCs
JTUIaTOMETPHSI, a CIHEeIUaTbHO BBICOKOUYBCTBUTENBHBIC NPUOOPHI, CIyXallue IS HCCIIEIOBaHUS
TEIUIOBOT'O PacIIUPEHNs], Ha3bIBAIOTCS TUIATOMETPAMHU.

Meronsl onpeaeneHus: K03(pQUIMEHTOB TEPMUYECKOTO PACIIMPEHHS MOXKHO pa3leiTh Ha [BE

OCHOBHBIC I'pYIIIIBI:



1. A6comorabie Meroasl usmepenus TKJIP, korma wusmeHeHus aauHbel Al 1pu M3MEHEHHH
TeMrepaTtypsl Ha BenuuuHy AT H3MepsioTCs HE3aBHCHMO OT TEIUIOBOTO PACHIMpPEHUS

WU3MEPUTEIHHOTO YCTPONCTBA WITH JIepKaTels oOpasia.
2. OTHOCHUTENBbHBIE METOIBI M3MEPEHUS, OCHOBAHHBIE Ha CPAaBHEHUH KO3(PDUIINEHTA PACITUPCHUS
HCCIIeyeMOT0 MaTepraia ¢ K03 GHUITHEHTOM 3TaJJOHHOTO BEIeCTRA.

HenocpencTBeHHOE M3MEpeHHE W3MEHEHHWs JUIMHBI 00pa3lia B Mpollecce HarpeBa aOCONIOTHBIM
METOJIOM OTHOCHTCS K CPaBHUTEILHO CJIOXHBIM METPOJOTHMYECKUM 3aJayaM, YTO OTPAaHUYMBAET €ro
NpUMCHEHHE.

OTHOCUTENEHBIE METOBI MOJYYHIN IIMPOKOE PACIpPOCTpaHEHHE B JIADOpaTOpHO# mpakTuke. Mx
NpUMEHSIOT Kak Juis ompenenenus TKJIP, ucnonmp3yemblx B WHXKEHEPHBIX pacyerax, TaKk W JUIs
uccnenoBanusi ($a3oBbIX mnpespaiieHuil. [lo n3MeHeHnio kodpduIMEeHTa TEPMHUYECKOTO pPACIIUPEHHS
MOJMMEPHOTO MaTepHuajia U ero TeMIepaTypHOH 3aBUCHMOCTH MOYHO CYIHTh O TMPOLEccax MepecTpOrKH
MOJIEKYJIIPHOM CTPYKTYPBI, IIPOLIECCOB MOJIMMEPU3ALIUU U CTPYKTYPHOI'O CTEKJIOBAHUSI.

BoIbIIMHCTBO OTHOCUTEIBHBIX METOA0B OCHOBAHO Ha NPUMCHCHHUU U3MEPHUTCILHOI'O yCTpOﬁCTBa,

COCTOSIIIETO M3 HWIMHAPHYECKOTO 00pa3na 3, moMemeHHoro B Tpyoky 1 (puc. 1).

Puc.1. Cxemarndeckoe n300pakeHIEe N3MEPUTEITHLHON TPYOKH TUIIaTOMETpA.

B mpouecce wu3MepeHMii CPaBHUBAKOT BEIMYMHY TEPMUYECKOTO pacUIMpeHus obpasia u3
MCCIIEyEMOTO MaTepuaja ¢ TEIUIOBBIM paCUIMPEHUEM TPYOKH, B KOTOPOM OH mnomemaercs. TpyOky
M3rOTABIIMBAIOT M3 STAJOHHOIO BEIIECTBA, KOTOPOE 00Nanano Obl HU3KMM U mocTossHHbIM TKJIP B
IIMPOKOM JiMana3oHe temreparyp. TakuM marepuanam MOMKET CIIyXKUTh IUIABIEHBIA KBApIl, KOTOPBIH
¥MeeT TOCTOSHHBIA Ko>((HUIMEHT NuHeiiHOro pacmmpenus, coctasistomuii (0,55-0,56) 107K~ B
uHTepBane Temmeparyp ot 0 o 1100 °C.

[pu u3MmepeHusix obpasen; 3 MOMEIAT B TPyOKy | ¢ 3amasHHBIM JHOM Tak, 4TOObI MEXIY
00pa3loM M CTEHKaMU TPYOKH COXpaHsuics HeOOJbIIOM 3a30p. HikHIO yacTh TpyOKH ¢ 06pasiom
MIOMEIAIOT B HATPEBATENBHYIO M€Yhb MM BaHHY TAKUM 00pa3oM, 4To0bl TEMIIEpATypa o JUIMHE 00pasia
ObUIa MOCTOSHHOM. BepxHsis yacTh TpyOKH | BbIBEJIEHA U3 HATPETOM 30HBI M MOXKET UMETh KOMHATHYIO
temneparypy. Hajx 06pasiiom B TpyOKe MOMEIIAIOT KBAPLEBBI IITOK TOJIKATEND 2, KOTOPHIA HAXOAUTCS B
TeX )K€ TEMIIEPATYPHBIX YCIOBHUSX, YTO M OKPYIXKAKOIIAsl €r0 YacTh TPYOKH, M UX TEIIOBOE PACHIUPEHUE
onuHakoBo. TakuM 06Gpa3soM, OTHOCHTENLHOE CMEINEHHE BEPXHErO TOPI@A CTEPKHA M Kpas TPyOKH
ONPENENAETCS TOJBKO PA3HOCTHIO YUIMHEHMH 00pasiua M OKPYKAIOUIEH €ro HWKHeHW dacTu TpyOKw,
HAXOJAMIMXCA B M30TEPMUYECKON Kamepe. 3Has KOd()(UIMEHT JUHEHHOrO pACIIMPEHHS MaTepHasa

TpyOKH (TJIaBJIeHBIH KBapI), erko paccuutarh TKJIP uccnenyemoro marepuana.



Puc.2. Cxematudeckoe n300pakeHne MHANKATOPHOTO JHIATOMETPA.

[Ipocreiimum pubopoM TSI U3MEPEHUH TEPMHUYECKOTO PACIIUPEHHS SBIIAETCS WHANKATOPHBIHN
mutatometp (puc. 2). Ilpubop cocronT u3 KBapueBol TpyOku 1, TonkaTtens 2, WHAMKATOPHOTO
MHUKpOMeETpa 3 1 U30TePMHUUECKOI KaMepsl 5 (HarpeBaTenbHas 1eyb, TEPMOCTar ¢ Maciom). Temmneparypy
o0pasiia U3MepsIoT B IeYH TepMomapoii 4, TOpsSUeH crali KOTOPBI BCTaBJICH B HEOOJBIIIOE OTBEPCTHE B
oOpa3ie; B TepMocTaTe — TepMoMeTpoM. Eciii py HadanpbHON KOMHAaTHOW TeMIIepaType HHIANKATOPHBIH
MHUKPOMETP IIOKa3blBae€T yIJIMHEHHE o00pasla, paBHOE HYJIO, TO IIPH IOBBIIIEHHOH TeMIeparype
MOKa3aHUsI MHUKpoOMeTpa S OyJeT OmpenessaThCsl Pa3HOCThIO YJ/UIMHEHUs o0pasuoB Aly M KBapueBoit
TpyOku Aly. BennmumHa TepMHYECKOro YIMHEHHS oOOpasla NpH 3TOM MOXKET OBITh HPEICTaBICHO

BBIPA’)KCHUCM

Al (T) = Al (T) + S(T), (7)

U3 KoToporo nonyuywin Bennuuny TKIIP

_1d(ly) 1d(y) 1dS
*=1,ar I, dr 'L ar

(8)

rie ly — HavanbpHas ArHaA o0pasia.

ITepBoe cnaraemoe B mpaBoil yactu ypaBHeHus paBHo BenmuuHe TKIIP kBapia. IlosTromy oxoHUaTEIHHO

BhIpaXeHUe Uil Ko3(duiMmeHTa JMHEHHOrO pacIIMpPeHHs HCCIeIyeMOoro obOpasiia marepuayia OyneT

HUMETDb BUJ
1 dS
& =dag+— == (9)
81, dT

3. OBBEKTHI UCCIIEAOBAHN A, OBOPYJOBAHUE
OO06pasIet:

— 00pasIIsl MEeTAIIOB, IOJTMMEPHBIX MaTEPHAJIOB.



ObopynoBaHue U MaTepUaIbL:
— U3MEPUTEIIbHBIA HHCTPYMEHT
— IITaHTCHUUPKYJIb
— HarpeBaTellbHas 1eyb
— TepMocTar
— WHIUKATOPHBIN TUIaTOMETP

— TepMOMETP

4. 3AJAHUE HA PABOTY

Hcnonp3ysi MHANKATOPHBIA AWIATOMETP, ONPEAETUTh TEPMUYECKHH KO3(PPHUIHEHT IHHEHHOTO
pacmupeHus o0pas3oB METAUTMYECKUX U HEMETANTHIECKUX MaTepPHAaJIOB.

OKcliepUMEHTAIbHBIE JTaHHble Tpaduuecku npeactaButb B Buge S = f(T) . Ha kpuBoit
3apucuMocTd § = f(T)BbIOpaTh TOCTATOYHO JUHEHHBIN y4acTOK, TOraa ompeaeiseMmoe 3Hauenue TKJIIP
OyZerT SBIATHCS UCTUHHBIM 3HAYCHUEM Ul CPEHEH TeMIepaTyphl TEMIIepaTypPHOro HHTEpBaja:

AS =8, —S;; AT=T,—T,.

Pacuer TKJIP nccnenyeMbIx MaTepualioB Mpou3BecTu o Gopmyie (9).

5. ITOPAJOK BBIITIOJIHEHMA PABOTbI

1. Usmeputh nauHy HccnenyeMbix 00pas3uoB. BcraBuTh oOpasen B KBapLEBYIO TpyOKY FOJIOBKH
aunatomerpa. Jlanee TONIOBKY IMIATOMETpa € METALUIMYECKUM O0O0pasloM IOMECTUTh B
TpyOUaryro mneup, a ¢ 00pa3oM MOJTMMEPHOTO MaTepraia — B TEPMOCTAT. BKIFOUUTH 1edb U
TepMOCTaT.

2. TlpouwsBectn m3MepeHHE NOKa3aHU MUKPOMETpaA MpU HAarpeBe B JAWANa30HE TEMIIEpPaTyp OT
koMHaTHO# 10 600 °C MeTammueckoro obpasma ¢ mHTepBanoM uepes 40 — 50 °C. Tlpu

0
HarpeBe oOpasua u3 nosumepHoro martepuana usmepenue S(T) BoimonauTh uepe3 10 °C B

MHTEepBalle TeMIepaTyp oT KoMHaTHoi1 10 100 °C.

6. COOEP’)KAHUE OTYETA

1. 3uauenue S(T) 3amucath B BUjE TaOJIMIII, TIOCTPOUTH IpaduK ISl KaKI0r0 HCCIECIyEMOro
MaTepuana.
2. Haiitu 3nauenust TKJIP MeTannoB U HeMeTaLTNUECKUI MaTepHaIoB.

3. ComnocraButh 3nauenus TKJIP HCCICAYCMBIX MAaTCPUAJIOB U CACIIATH BBIBOJLI 110 paGOTe.

7. KOHTPOJIBHBIE BOITPOCBI



Hackonpko otnuyaercs nopsaok 3HadeHnii TKJIP meTanioB u monuMepHbIX MaTepHanioB?
Kak moxxno nonusuts TKJIP mtactmacce?
KaxoBa nmpuposia TepMHUECKOT0 paciiipeHus?

KakoB mpuHIUT yCTpoHCTBa HHAMKATOPHOIO AUIaTOMeTpa?

o b~ e

Kakyio ¢usndeckyro xapakTepUCTHKYy HEOOXOOUMO YUHUTBHIBATH MpPU KOHCTPYHPOBAHHU H

3KCIUTyaTallui OMMaTepHuasoB U nodemy?
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