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JladopaTtopHasi pa6ora Nel
H3mepenune TBepaocTH

Llenv padomui:

1. [To3HaKOMHTBCS C METOIAMHU U3MEPEHUS TBEPIOCTH METAJUINIECKIX MaTepPHAIIOB.

2. [Ipuobpectn HaBBIKK U3MepeHHsl TBepaocTH MeTtonamu Poksemna (mpubop TK-2) u Bpunenns
(mpubop TI-2).

3. OcBOUTHh METOIWKY NEPEBO/A €AMHUIl TBEPJOCTH B €IMHMIIBI XapaKTEPUCTHK MEXaHMUECKUX
CBOMCTB, OJTyYaeMbIX [IPU UCHBITAHUSIX HA PAaCTsKEHUE.

Kpamkue meopemuueckue ceedenus:
1. I3MepeHue TBEpAOCTH METAINIMYECKUX MaTEPUAIOB

PacripocTpaHeHHOCTh HCHBITAHUH Ha TBEPAOCTH OOBSCHAECTCS OTHOCHTENBHOW NPOCTOTOW H
HHU3KOH CTOMMOCTBIO UX IPOBEAEHMS, BO3MOXKHOCTBIO HCIIBITAHUI MaTepuaoB pa3IMdyHON IIaCTUYHOCTH
Y TIPOYHOCTH, HEOOIBIIIMM 00bEMOM 00Pa3I0B, BO3MOKHOCTBIO TIPOBEACHUS H3MEPEHUN HETIOCPEACTBEHHO
Ha JeTaisix. [Ipy uCTIBITaHUAX HA TBEPAOCTh MOTYT OBITh MOJTYYEHBI OLIEHKH HHBIX MEXaHMYECKUX CBOMCTB,
TaKHX KaK IpeJesl TeKy4eCTH, pees MPOYHOCTH U IpyTHeE.

Haubonpmee mpakThyeckoe 3HAYEHHE HMMEIOT CTAaTHYECKHWe HCHBITaHWA  TBEPIOCTH
B/IaBJIMBAHUEM B HCIIBITYEMOE TEJIO JAPYroro, 0ojee TBEpIOro Teia - uHaeHTopa [oT aHri. indentor, ot nar.
in - B, BHyTph ¥ dens ( dentis) - 3y6] (meroasl bpunemns, Poksema, Bukkepca, MeTox MEKPOTBEpIOCTH).
3HAUUTENBHO PEXE HCIOJB3YIOTCS IUHAMHUYECKHE HCIBITAaHUS TBEPAOCTH IO OTCKOKY IIapHKa (METOHBI
Ilopa, Ilompan) m emie pexe HCIONB3YETCS HW3MEPEHHE TBEPAOCTH IapamaHbeM (ckiepomerpusi). B
MAIIMHOCTPOSHUH U NPHOOPOCTPOSHUH OCHOBHBIM METOIOM HM3MEPEHUs] TBEPIAOCTH SIBIISETCS M3MEPEHHUE
TBEPAOCTH BIABIMBAHUEM - TFOPOMETPHSL.

2. U3mepenne tBepaoctu MetoaoM bpunemrs (TOCT 9012 - 59)

CymHocTts MeToa bpunesuis 3axitodaercsi BO BAABIMBAHMH IIapHKa (CTAJBHOTO WM U3 TBEPAOTO
criaBa) B oOpaser (M31en1e) Mo ACHCTBUEM YCHIINS, IPHIOKEHHOTO MEPIEHINKYIISIPHO TTOBEPXHOCTH 00-
pasiia B TeYeHHE ONPEIEICHHOTO BPEMEHH, U M3MEPEHUH JHaMeTpa OTIIeHYaTKa MOCe CHITHS YCHITHSL.

B kauecTBe MH/IEHTOPA IPUMEHSIOTCS:

- ctTasibHOU mapuk auamerpom 10,0; 5,0; 2.5; 2,0 unu 1,0 sm, umeronuit TBepa0oCTh HE MeHee 850
HV10 (850 emunui TBepmoctr o Bukkepey, usmepennoii npu Harpyske 100 H (10 kec)).

- mapuK u3 TBepAoro cimasa auamerpom 10,0; 5,0; 2,5; 2,0 wim 1,0 My, AMEIOTIHIA TBEPIOCTD HE
menee 1500 HV10.

Teeprocts o bpuHeio nMpy NPpUMEHEHUH CTaJbHOTO MIapHKa 0003HAYar0T CUMBOJIOM [B, a mpu
TPUMEHEHNH IAPUKOM W3 TBEPAOTO CIuiaBa - cuMBojom HBW. Uwucieno teepmocts HB (HBW) pasHa
OTHOIICHHIO MPHWJIOKEHHOro ycuiusi F k miomaan chepudeckoro orneyarka A W pacCUUTHIBACTCS T10

thopmye:

0102 -F 0102 -F

7-D-(D-JD?-d?)

rae F - yeunue, H; D - nuamerp miapuka, My, d - TaaMerp oTnedarka, M.

HB(HBW ) =

3anuchk pesyibTaTa U3MEPEHHs COCTOUT W3 YHCIOBOTO 3HAYEHHS] TBEPIOCTH M3 TPEX 3HAYaIIUX
mudp, cumBoia TBepaoctu 1o bpunemwtro HB(HBW), nuamerpa mrapuka, NpuiioKEHHOTO YCHIIHS H
MIPOIOJKUTENHHOCTH BBIACPIKKH MO Harpy3Koil, eciu nocneasis otnudaercs ot (10...15) c. Hanpumep,
3amuchk 575 HBW 2,5/187/30 o3nauaer TBepaocts no bpuHemtio 575 ennHul, M3MEpEeHHYIO MpH
NMPUMEHEHUH IIapuKa U3 TBEPAOTro CIjlaBa JguamerpoM 2,5 mm, npu ycunuu 187 kec 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 0003Ha4a0T TOIBKO YHUCIOBBIM
3Ha4YCHWEM TBEpPAOCTH M cuMmBoiioM HB wmm HBW, mampumep 185 HB, 620 HBW. Ilpu TBepmoctm
MetaiuioB Oonee 450 eaunnn nmo BpuHem o mis M3MEpeHHs HCHONB3YIOT IAPUKH TOJBKO U3 TBEPAOTO
crjiaBa, BO M30exaHue naedopManyyd HHIOCHTOPA, a NpH TBepAocTH MeHee 450 enuHWI] NPUMEHSIOT



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

OT100p ¥ MOATOTOBKA 00PA3I0B K U3MEPESHUIO COCTOUT U3 CIEAYIONINX 3TAIOB;

1 Ompenensercs HeoOXomuMmas TOJIIMHA oOpasia, KOoTopas MJO/DKHA TIPEBBIMNIATh TITyOWHY
oTIIeYaTka He MeHee 4eM B 8 pa3. B mobom ciydae mocie MCIBITaHWK Ha MPOTHBOMOJIOKHOW CTOPOHE
o0pasiia He JOKHO OBITh 3aMETHO CIIEIOB ehopMaIliy OT HHIIEHTOPA.

2. IToBepxHOCTh 00pasua (M3aenus) A0JKHA OBITh TIAJAKOH, POBHOW U CBOOOJHOW OT OKaJIWHBI WIIN
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 BBIIIep)KKI/I).

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

3. Msmepenne tBepaoctu MerogoM Poksemia (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 MpenBapUTenbHoro Fo n ocHoBHOro Fi ycwiumilt m B ompeneneHun IIyOWHBI 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 bpunenns nuamerp orneyarka.

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

B kauecTBe HHIEHTOpAa MCIOIB3YIOTCSA: adMa3HBI KOHYCHBIM HakoHedHuK (mkaisl A, C);
CTaJIbHOW MIAPHUKOBBIN HAKOHEUHHK JraMeTpoM 1,588 mm (1kanst B).

YucnenHoe 3HaYeHHE TBEPAOCTH CUUTHIBACTCS CO IIKAIBI MHAMKATOpPA MIIHM MOKa3aTels Hu(poBOro
OTCUETHOI0 YCTpOMCTBa Hpubopa C OKpyrjeHueM pesyinbrara 10 0,5 eauHHUbl TBEPAOCTH. 3amuch
pe3yibTaTa U3MEPEHUS COCTOUT U3 YUCIIEHHOTO 3HAUYEHMS TBEPAOCTH M3 TpeX 3Ha4YayX nudp U CUMBOJIA
tBepaoctd. Hampumep, 3amuce 65,0 HRC o3nHauaer TBepmocTh mo PoxBemry paBHyI0 65 YCIOBHBIM
eauHunaM 1o mkane C, MONYYeHHBIM MpPH BIABIMBAaHUM aJIMa3HOTO HAKOHEYHHMKAa B TOBEPXHOCTb
oOpasna (u3nenus) ¢ odomum ycummeMm F = 1500 H.

Tabnuna 1
YciioBus U3MEpEeHUs TBEPAOCTH MeTOJIoM PokBeria
[xaa Oo6o3nauenne | IlpemBapurenpHOE OcHOBHOE Oo6mee Junanazon
TBEPIOCTH €JIHHUII yeunue Fo, H ycuIme ycuime 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 MeTaljiax IOcje 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 mxkane C M3MEPSAIOT HA YIPOYHEHHBIX TEPMOOOPAOOTKOW WIJIM 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 ATOM okaxkeTcss Oonbine 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 MEXAHHYECKHX CBOMCTB,

3aBHCHMOCTH,

OIMUCBIBAIOIINX CBA3b TBEPAOCTU C
MOJIy4YaeMbIX IMPH HCHOBITAHUAX Ha PacCTAKECHUC,

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

Ta0mnura 2

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

®dopmMmyia nepeBoja [TorpemHocThb O0acTh MpUMEHCHUS
co02 =3,67 HB-240 ~10% JlerupoBaHHbBIE CTAIH MEPIUTHOTO U
MapTeHCUuTHOTO KiaccoB (HB>150)
co2= 2'HB ~10 % Toxe (HB<150)
os =345 HB VYriepoaucTeie U HU3KOJIETUPOBAHHBIE CTAU
<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
U3MEPHUTH TPU pa3a U 3a pe3yibTaT H3MEPEeHHI IPHHATH Cpe/iHee apru(MeTniecKoe 3HaYeHHe.

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 omnpenenuTh Mpejesl MPOYHOCTH TPH PACTSDKEHHH JIISI MCCIIETyEeMbIX
craneil. [loryueHHble pe3yIbTaThl 3aHECTH B Ta01.3.

4. Cpenatb BBIBOABI O BJIMAHUM COCTaBa Marepuana, TEPMHUYECKOH, TEpMOMEXaHHUYECKOW W
MeXaHH9IeCKOH 00pabdOTKH Ha TBEPIOCTh METAJUIMYECKOTO MaTepHayia. YKas3arh, Kakoil crmocob
YIPOYHEHUS cTalieil spisiercs: Hanbosee ) (HEeKTHBHBIM.

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

Cranb B XOJIOJHOKATOHHOM COCTOSTHHH

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 o6o3Hauaercst TBeprocTh o Poksenny 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 TBepJOCTh MeTajia TepMOOOpabOTKa, 00paboTKa JaBlIeHHEM?

7. 3anummTe pe3ysbTaT H3MEPeHUS TBEPAOCTH, €CIIH 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. I'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. TMauco W.B. Tlocobue k mabopaTopHbIM paboOTaM IO MATEPUATOBEACHUI0 U TEPMHUYECKOM
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 KOHCTPYKIMIO BEPTHUKAIBLHOTO 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
MeTautorpaduaeckoro MUKpockona npu yseiandaennn B 50—2000 pas.
IIpu nomMonm MUKPOAHATIN3A ONPENEISAIOT:
1) gopmy u pazmep KpUCTAJUIMIECKUX 3€PEH, U3 KOTOPHIX COCTOUT METAJLT WX CILJIaB;
2) W3MEHEHHE BHYTPEHHEIO CTPOEHMS CIUIaBa, MPOMCXOJSAIIEE MOJ BIMSAHHUEM pPa3IUYHBIX PEKUMOB
TEPMHUYECKOH M XHUMHKO-TEPMHYECKOH O0OpabdOTKHM, a TakKe II0CiIe BHEIIHEr0 MEXaHWYECKOTO
BO3JICHCTBHS Ha CIIJIAB;
3) MHKpPONOPOKH METaJIa — MHUKPOTPEUINHBI, PAKOBUHBI U T. IL.;
4) HeMeTaNIMYeCKHE BKJIIOYECHUS — CyIb(QHIbI, OKCHIABI U Ap.;
5) XUMHYECKHHA COCTaB HEKOTOPHIX CTPYKTYPHBIX COCTABIISIONIMX IO WX XapakTepHoil dopme u
XapakTepHOMY OKpAIIMBaHHIO CICHUAILHBIMU PEAKTHBAMHU M B HEKOTOPBIX CIIydasX MPUOIU3UTEIHHO
OTIPEAETSAIOT XUMHUYECKUH COCTAaB U3y4aeMoro CIUIaBa.

Jns MEKPOCKOTIMYECKOTO aHalk3a M3 HCHIBITBIBAEMOTO0 MaTephalia BBIPE3aroT oOpaser ¥ MyTeM
psina onepanuii (uM$oBaHUS, TOTUPOBAHUS, TPABICHUS) JOBOIAT JI0 TAKOT'O COCTOSHHSA, KOT/Ia TIPH pac-
CMOTPEHHH €ro B MeTaJutorpaguiyeckuii MUKPOCKOI BBISBIISIOTCS HEMETAJUIMYECKUE BKITIOUCHHUSI, MEJIKUE
nopsl, rpaduTr B 4YyryHe (mocie HUIM(OBAaHUA U TOJUPOBAHUS) WIM MHUKPOCTPYKTypa (mocie LuIu-
(oBaHMA, IOTMPOBAHUS U TPABJIICHHUS).

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

Takum 00pa3oM, MUKPOCKONMTMYECKHN aHAINW3 COCTOWT: 1) M3 MPUTOTOBIIEHUS MUKPOIUTH(OB U 2)
UCCIIeIOBaHUSI MUKPOILIH(OB C MOMOIIBI0 METAIUIOTPaguIecKOro MUKPOCKOIIA.

Ha BeipesanHoM oOpasle BBIPaBHUBAIOT IOBEPXHOCTh, KOTOpas NpeAHA3HaueHa IS
MHUKpoaHanu3a. I[lomydeHue mIOCKON NOBEPXHOCTH OOCTUraeTCsl ONUJIMBAHHUEM HAIMMIBHUKOM (€CIH
Marepuan MATKUI) WM 3aToykoll Ha abpa3uBHOM Kpyre (eciam mMaTepuan TBepablid). Ilpu 3aTouke
o0pasia u3 3aKaJeHHOW CTalld HEOOXOIMMO CIEANTH 3a TeM, YTOOBI 00pa3ell CHIbHO HEe HarpeBasics, TakK
KaKk IpH 3TOM B TIOBEPXHOCTHOM CIJIO€ MOXET IPOM3OWTH OTIYCK M CTPYKTypa CTalld WU3MEHHUTCS.
IToaTomy mpu 3aTouke oOpa3zer; He0OXOJMMO MEPUOANIECKH OXIIAXKIATh MMOTPY>KEHNEM B BOAY.

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

IInupoBanue HaYMHAIOT HA MIKypKe ¢ Oosiee KPyMHBIM a0pa3suBHBIM 3€PHOM, 3aTE€M IIOCTEHCHHO
nepexosAT Ha IUTH(OBaHUE IIKYPKOW ¢ 00JIee MEITKUM a0pa3uBHBIM 3€pHOM.

nugyror BpydyHYI0 Ha IIKypKe, MOJOXEHHOW Ha TOJICTOE CTEKJIO, WM Ha CHEeHHATbHBIX
muQoBaNbHBIX  cTaHKax. llpm nummdoBaHMKM BpydHYIO o00pasel] MHOATOTOBJICHHOH IUIOCKOCTHIO
OPKMMAKOT pPYyKOW K OUIM(OBAJIBHOW IIKypke M BOIIT MM 10 Oymare B HalpasJlICHHUH,



HNEePIEHIUKYISIPHOM K PHCKaM, MOJIY4YEHHBIM IIOCIe ONWIMBaHUs HanuiabHUKOM. lllnudyror 1o nomHoro
WCYE3HOBEHHUS PHUCOK, IIOCJIE 3TOr0 IOBEPXHOCTh oOpas3la BBITUPAIOT BaToil (MM TPOMBIBAIOT),
noBopaunBaioT Ha 90° m mumyroT Ha WKypke ¢ Oojee MeTKUM aOpa3UBHBIM 3€PHOM JO MOJHOTO
WCUE3HOBEHHUsI PHCOK, MOJIY4YEHHBIX OT mpexnplgymiero mumdosanus. [Ipu 3ameHe WWIKypKH OZHOTO
pasMepa 3epHHCTOCTH JAPYTHM 00pasell BEITUPAIOT BaTON M MOBOpadnMBaOT Ha 90°, YTOOBI PUCKU TIpH
nocieayoei 00paboTke NOTy4aIuch MEePIEeHANKYISIPHBIMUA 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,
UMCEIOLMX 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 oxonuanusi nuMgoBaHUs Ha NUTM(OBATIBHON IIKypKEe CaMOW MENKOH 3epHUCTOCTH IIO-
JUPOBaHMEM YIAISIOT PHUCKM M oOpalaTbiBaeMasi MOBEPXHOCTh oOpasla mosyyaercsi OnecTsie
3epKanbHO. [loMpoBaTh MOXKHO MEXaHUYECKUM U DJIEKTPOIUTHIECKIM CIIOCOOAMHU.

MexaHn4ecKoe MOJIMPOBaHNE MPOU3BOAAT Ha CHEIHATBHOM MOJUPOBAIBHOM CTaHKE, OOTSHYTHIM
CYKHOM i ¢etpoM. CYKHO CMayMBaIOT HOJIHPOBAITBHON KUAKOCTBIO.

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

YroOb! IpenOXpaHUTh MOJIMPOBAHHYIO IOBEPXHOCTh OT OKHUCIIEHUs, 00pa3Lbl XPaHIT B 3KCUKATOPE
C XJIOPUCTHIM KaJIBITUEM.

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

IIpy >7€KTPONUTUYECKOM MOJMPOBAHUM IMOJ JEHCTBUEM TOKa B IIPOLECCE JJIEKTPONM3a Ha
MOBEPXHOCTH MeTajula 00pa3yercsl IUIEHKa MPOAYKTOB aHOJHOI'O PACTBOPEHHUS: TOJILMHA IUICHKH Ha
BBICTyIIaX 3HAYUTENHFHO MEHBIE, YeM BO BIAJWHAX, IOSTOMY BBICTYIBI PACTBOPSIOTCS Ooiee
WHTEHCHBHO U TIOBEPXHOCTh 00pa3iia BEIpABHUBACTCS.

IIpn 2NEKTPOTUTHYECKOM IOJIMPOBAaHMM IOBEPXHOCTH oOpa3ma mnojy4aercst 0Oe3 IUICHKH
neopMUPOBAHHOTO METallIa |, CIEeIOBAaTeNbHO, 0e3 MCKAXKEHUS CTPYKTYPHI B TIOBEPXHOCTHOM CIIO€, YTO
BO3MOJKHO ITPH MEXaHUYECKOM MOJUPOBAHUH.

ITo 3epkanbHOIl MOBEPXHOCTH 0O0pasla, MOJIYYEHHOH MOCie MOJUPOBAHUS, HENb3sS CYAUTH O
CTPOEHUH cIljIaBa. TOJIBKO HEMETAIIIMYECKUE BKIIOUCHHUS (CyIb(PUIbI, OKCUIBI, TPA(UT B CEPOM UyTyHE)
BCJIEJICTBUE MX OKPAIICHHOCTH B PAa3JINYHBIE [IBETA PE3KO BBIACISAIOTCSA Ha CBETIOM (DOHE ITOJIMPOBAHHOTO
mukponuiga.llosromy 11 BBIABICHHS MHUKPOCTPYKTYPHl IIOJIMPOBAHHYIO IOBEPXHOCTh 0Opasna
MOJIBEPraloT TPaBJIECHUIO, T. €. JEHCTBHIO pacTBOPOB KHCIOT, mienoued, cosed. [lpu TpasieHun
HEOHOPOHBIEC YYACTKH METaJIa WU CIIJIaBa CTAHOBITCS BUAUMBIMH T10]] MUKPOCKOIIOM.

CyImHOCTh Tpoliecca BbISBICHUS CTPYKTYpbl METAJUIOB M CIUIABOB TPaBJIE€HHEM 3aKJIIOYaeTCs B
pa3nMYHON CTENEHHM PACTBOPEHMSI MM OKPALIMBAHUS OTAEIBHBIX CTPYKTYPHBIX COCTABIISIONIUX — 3€PEH
YUCTBIX METAUIOB, TBEPABIX pPACTBOPOB, XHUMHYECKHX COENWHEHWH. PaszmudHble CTpYyKTypHBIC
COCTaBIISIIONIME OO0JAJAIOT pa3HBIM 3JEKTPOAHBIM MoTeHIHanoM. Koraa mojaupoBaHHAs MOBEPXHOCTD
CIUIaBa TIOKPBITA TPABUTENEM, SBISIOLUIMMCS JIEKTPOIUTOM, OJHU CTPYKTYPHBIE COCTABISIOIINE CIIABA,
uMerole 0Oosiee 3IEKTPOOTPHULATEIbHBIM AJICKTPOIHBIA IMOTEHIMAN, OyAyT SBIATHCS aHOJAMU U
pacTBOPATHCA, JPYTHe CTPYKTYpHBIE COCTABIIAIONINE, C OOJiee IOJIOKUTENBHBIM 3JIEKTPOTHBIM
NOTEHIUAIOM, OyIyT KaToJaMH U COXPAaHATHCS HEM3MEHHBIMU. Tak KaK TaKUX aHOIHBIX M KaTOIHBIX
YY4acTKOB MHOr0, TO B pe3yjabTaTe TpPaBICHUS Ha I[OBEPXHOCTH MHKpouumdpa o0pa3yroTcs
MHOTOYHUCIIEHHBIE BIIQJAWHBI U BBICTYTIBI, KOTOPBIE U XapaKTepU3yIOT MUKPOCTPYKTYPY CILIaBa.

[lpu ocBewmieHWH TPOTPABICHHOTO MHKpOLUIU(a Ha MeTaUIOrpaguyeckoM MHKPOCKOIE JIydd
cBeTa OyAyT MO-pa3HOMY OTPa)KaTbCs OT Pa3IMYHO MPOTPABHBIIMXCS CTPYKTYPHBIX COCTaBIISIOIINX.
CTpyKTypHBIE COCTaBISIOIINE, MIPOTPABUBILKECA CJ1a00, OTPas3siT B MOJE 3PEHHMS MHKpOCKOHa OoJblie
my4yeil cBeta W OYyOyT Ka3aThCs CBETIBIMU; CTPYKTYypHBIE COCTAaBIISIOIIME, NMPOTPABHUBILHECS CHUIIBHO,
OTpa3sT B MMOJi€ 3PEHUS] MUKPOCKOIA, BCICACTBUE PACCESHUS CBETa, MEHBLIE JIyuell U OyAyT KazaThCs
TEMHBIMH. TakuM 00pa3oM, Ha Pa3HULE B COCTOSHUU MOBEPXHOCTH M KOJIMYECTBE OTPAKEHHBIX JIyueil U
OCHOBAHO BBISIBJICHUE CTPYKTYPBI CILIABOB.



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

[IpuzHakoM TPOTpaBIMBAHUS SIBISIETCS MOTYCKHEHHE TMOBepXHOCTH. Ilocine TpaBineHus
MUKPOIITA( TPOMBIBAIOT BOAOW, MPOTHPAIOT BAaTOH, CMOYCHHOW CIUPTOM, a 3aT€M IPOCYIIHBAIOT
NPUKJIaIbIBaHIEM QIIBTPOBATIBHON OyMaru WiH JIETKUM MTPOTHPAHUEM CYXOH BaTOM.

B pesynbTare TpaBieHUs JOMKHO OBITh YETKOE BBISIBIICHUE MUKPOCTPYKTYPBI.

[Mocne w3roToBneHusi MUKpoONLTH(a HEOOXOJUMO UCCIEAOBATh €r0 MHUKPOCTPYKTYPY € TOMOIIBIO
ONITHYECKOT0 MUKPOCKOTIA.

KauecTBO MHKPOCKOIIa XapaKTEepU3yeCTCAa BO3MOXXHBIM YBCINYCHUEM, COBECPIICHCTBOM

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

Puc. 1 OnTuueckas cxema MUKPOCKOIA

YBennueHne MUKPOCKOTA PAaBHO MPOM3BEACHHUIO yBENMMUEHUH 00BEKTHBA 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 IS JTyIbl,
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Pa3pemalou.laﬂ CHOCO6HOCTB MHKPOCKOIIa d (CHOCO6HOCTB pas3imyaThb Menbyanime JAcTalin
Hpe,Z[MCTa) XAPaAKTCPU3yCTCA YPaBHCHUEM

i 2
A

rame A — JAJIMHA 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, MomaaarT Ha CBeTOGUILTP 4 (0OBIYHO KENTHIN IS TOMYyYCHUS N300PaKEHUS C Pe3KUMHU
KOHTypaMH), 3aTeM Ha amnepTypHyro auadpparmy 5 (Aj1si OrpaHHUYCHHsS CBETOBBIX ITYYKOB M TIONyYCHHS
BBICOKOH 4eTKOCTH M300pakeHus), TuH3Y 6, GoTozaTtBop 7, moneByrw auadparmy 8 (s orpaHUYEHUS
OCBEIIEHHOTO TIOJII PacCMAaTPUBAEMOI0 y9acTKa Ha MHUKPONUIHQE), MPEIOMISIOTCS MEeHTanpu3Moil 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 O6TJGKTI/IB 12 U, BBIXOId M3 HETO IMapauICIbHLIM IIYYKOM, IIOMagar0OT 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 BBIABIKEHHEM TyOyca BMECTE C OKYJISIPOM U 3epKajioM M JTyYd HAIpaBIISIOTCS
HETNOCPEIICTBEHHO K (POTOOKYJsipy 17, MPOXOIAT Yepe3 Hero Ha 3epkayio 18, oT KOTOporo oTpaxaroTcst U
MOMAa aroT Ha MaToBoe cTekio 19, rme m matoT mzoOpaxkenue. s (UKCHPOBAaHUS MUKPOCTPYKTYPHI
MaToBoe cTeksio 19 3a MeHseTcsT KacceTol ¢ GOTOMITaCTHHKOM.

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: OCBETHTENS, KOPIyCa 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, CiyXalee Ul U3MEHEHHS TuaMeTpa auadparmsl; 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. Mnmomunatopusii TyOyc 10, B BepXHEH 4acTH KOTOPOTO PaCIOIOKEHO MOCAT0UHOE OTBEPCTHE
ot 00bekTuB. Ha matpyOke WILTIOMUHATOPHOTO TyOyca pacrojioxeHa pamka ¢ JuH3amu 11 jist paboTsl
B CBETJIOM U TEMHOM I0JIe U pyKosATKa 12 ans BkimodeHus: auadparmel 24 npu paboTe B TEMHOM IIOJIE;
1o KoxyxoM 13— menrtanpusma. B HiwkHel yactu koxxyxa 13 pacnosokeHbl 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 KOTOpOro BcTaBisercs 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 TEPICHAUKYJISPHBIX HANpPaBICHUSIX. B LEHTpe MpeAMETHOIro CTOJHMKAa MMEETCSl OKHO, B HETO
BCTABJISIOT OJHY M3 CMEHHBIX NOAKIANOK 21 ¢ oTBepcTusaMM pasnuuHoro nuamerpa. Ha mpenmernom
CTONIMKE PACHOJOKEHBl AEp)KATeNM, COCTOALIME W3 BEPTUKAIBHBIX KOJIOHOK 22 W TNPYXKHHALIMX



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

4. MukpoMeTpHUYeCKuil BUHT 26, ¢ MIOMOIIbI0 KOTOPOTO OOBEKTHB MEPEMEIIal0T B BEPTHKAILHOM
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

1.03HaKOMUTHCS ¢ 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 ONITHYECKYIO CHCTEMYy MUKpockora MUM-7?

Uro Ha3bIBalOT OOBEKTUBOM H OKYJISIpOM?

Kak noacuurars oduiee yBeanueHre MUKPOCKOTa?

Yro npezcrasiseT coO00H OCBETUTENbHAS YaCTh MUKpOcKona?

Kakue cTpyKTypHbIE COCTABIIAIOIINE MOXKHO YBUIETh Ha HETPaBJIeHOM nuinge?

NoukrwbnpE

Jumepamypa:

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



3.Camoxormkuii A.U., Kyassckuit M.H. JlabopaTopHbie paOOTHI IO METAJUIOBEICHUIO U TEPMHUIECKOM
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 CIIABOB (CTAJIH)

Lenv padomor:

1. H3y4uTh MHUKPOCTPYKTYpPhl TEXHHYECKOTO JK€le3a, YTJIEPOJUCTHIX CTajieil B paBHOBECHOM
COCTOSTHHH.

2. CXeMaTH4eCcKH 3apuCcOBaTh W ONHCATh HW3y4aeMble MHUKPOCTPYKTYPBHIL.

3. Pa3zo0partb MHUKPOCTPYKTYpHI II0 TUArpaMMe COCTOSHHUS JKEJIe30—IICMECHTHT.

4. CocraBuTb OTYET O pabdoTe.

Kpamxue meopemuueckue ceedeHus:

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

CmtaBel ¢ comepxanueM 10 0,02% C HaspBaroTcs TexaudeckuM 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 Jkee3a. PacTBOprMOCTh yTiepona B a-)Keie3e rmepeMeHHas (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 cmaBel xene3a ¢ conepxkanueMm a0 0,006% C UMEWT CTPYKTYypy
TOJIBKO TBEPIIOTO pacTBopa yriepoja B a-kemeze, T. €. ¢deppura. Ha puc.2 mana MUKPOCTPYKTypa
(depputa. B crmnaBax ¢ cogepxanuem ot 0,006 10 0,02% C B cBSI3U ¢ MOHM)KEHUEM PAaCTBOPUMOCTH
yIIepo/ia B o-Xelie3e MpH IMOHIKEHUH TeMIlepaTypsl U3 geppura BBIIEISIETCS IEMEHTHT, Ha3bIBAEMbIH
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 3BTEKTOMJHON cTald. MUKpPOCTPYKTypa JO3BTEKTOUIHOW CTaJIU
(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
CTPYKTYpHasi COCTaBIISAIONIAs TO3BTEKTOMIHBIX CTalleil — mepiauT?

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

Ha puc. 4 nana mukpocTpykTypa nepauta. IlepauT — 3TO 3BTEKTOMA — MEXaHH4YecKas CMech
(deppuTa M LEMEHTHTA, MOJydyarolascs B pesynbrare pacnaza aycrenura ¢ 0,8% C. Ilpu TpaBnenun
uda cramu ¢ 0,8% C, T. €. 9BTEKTOWIHON CTaJIM, TTOBEPXHOCTh 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/ICHHS 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 10JIOCYATOrO CTPOEHUs, Oosiee TeMHBIX, 4eM (epput. KonnuectBo nepnaura u gpeppura B
JIOOBTEKTOMTHON CTalM 3aBUCHT OT cojiepaHus yriepona. C yBeNUYEHHEM COJEepKaHUs yriepona
KOJIMYECTBO (peppUTa YMEHBIIAETCS,  KOJIMYECTBO MEPIIUTA yBeIMIrBaeTcs (puc. 5).

[To MEKpOCTPYKTYpE JOIBTEKTOMIHON CTATd MOYXKHO MPUOIU3UTENBHO ONPENENUTh COACp)KaHUE 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€poaa, IMPAKTHYCCKU MOKHO CUHUTAaThb, 4YTO B I[O3BTeKTOHI[HOﬁ 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 ONpeaenuTs 1o Gpopmyie 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%

MuKkpocTpyKkTypa 3a3BTeKTOMAHOU cTanu. 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 Ary (muaus PSK) (cm. puc .1) BerencTBHe yMEHBIICHHS PACTBOPUMOCTH YIJIEpOJa B
ayCTCHHUTE.




[Ipy MenjaeHHOM OXJaXJACHUHM BTOPUYHBIA IEMEHTHUT BBIIENAETCS B BUAE CETKHM IO TpaHUIlaM
3epeH aycrenuta. [Ipu mocTmkeHnu TeMmnepatrypsl Al ayCTEHHT MpeBpaIiaeTcs B mepiuT. B pesynbrare
MEJICHHOT'O OXJIQXKICHUS 3a3BTEKTOUIHAS CTaJb UMEET CTPYKTYpPY

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. IIpocMOTpEeTh M M3YYUTh MUKPOCTPYKTYPBl TEXHHUYECKOTO >KEJ€3a MU YIVIEPOAMCTBIX CTajel
C Pa3NUYHBIM COJIEPKaHUEM YTIIEPOAa B PABHOBECHOM COCTOSIHH.

2. Kaxxayro MUKpPOCTPYKTYpY 3apHCOBaTh .

3. Tlox kaxkao# 3apHCOBaHHON MHKPOCTPYKTYPOH NaTh MOANHKCH C YKa3aHMEM HaUMEHOBaHHUSA
CIUTaBa, €ro XHUMHYECKOTO COCTaBa, HAMMEHOBAHUS CTPYKTYPHI H YBEINUCHHS.

4. Ha xaxmoi 3aprCOBaHHONW MHUKPOCTPYKTYpE VYKa3aTh CTPEIKaMU pa3iudHble Ga3bl U
CTPYKTYpHBIE COCTAaBJISIOIIME U OKOJIO CTPENOK, Ha IOJIAX, HamucaTh WX HAUMEHOBAaHHE.

5. M3o0pasuth aguarpaMMmy COCTOSHHSI KeJle30—LEMEHTHUT, IPOBECTH HAa HEH BEpTHKaJIbHbIC
JUHUH, COOTBETCTBYIOIINE PAacCMaTPUBAaEMBbIM CIUIaBaM, W JaTh ONMCAHHUE IMPOIECCOB IMPEBPAIICHUH,
MIPOUCXOAAIINX TP OXJIAXKICHUH.

Konumponwvusie onpocwt:

1.Kakue criiaBpl Ha3bIBaOTCSI TEXHUYECKUM KeJIe30M?

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

4.Kak uzMeHsieTcs CTpyKTypa CTaJH IIpH YBEIMYEHUH B HEll KOJIMYecTBa yriiepoaa?
5.YT1o Takoe TPETUUHBIN [IEMEHTHUT?

6.11o 3aprCOBaHHBIM CTPYKTYpaM OIUIINTE MUKPOCTPYKTYPY JOIBTEKTOUTHON CTAIIN

7. I1o 3apuCOBaHHBIM CTPYKTYpaM OIHIIUTE MUKPOCTPYKTYPY 3BTEKTOMIHOM CTAIN

8. o 3aprcoBaHHBIM CTPYKTYpaM OMUIINTE MUKPOCTPYKTYPY 3a3BTEKTOUAHOMN CTaIH

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.Camoxouxkuit A.W., Kynssckuit M.H. JlabopaTopHbie pabOTHI 0 METAJUIOBEICHHUIO U TEPMHYECKOH
o0paboTke MeTamuioB.M.MammHocTpoenue, 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 2KeJ1e30yIJIePOANCThIX CIVIABOB (4YI'YHbI)

Lenv padomor:

1. U3yunth MHKPOCTPYKTYPBI: CEpPBIX M OENBIX UyTyHOB B HETPABJICHOM M TPABIECHOM BHUJE.



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

Kpamkue meopemuueckue ceedenus:

MukpocTpyKTYypa 0esIbIX YyTYHOB

B OenpIx 4yryHax Bech yIiepoJ HaXOAWUTCS B CBS3aHHOM COCTOSHHH, T. €. B BHJE LIEMEHTHTA.
benplit 9yryH B 3aBHCHMOCTH OT COJEp KaHHs YIJIepoJa pasJensercs Ha AOdBTeKTHueckui (ot 2,14 mo
4,3%C), sprextruecknii (4,3% C) u 3asBrekTudeckuii (o1 4,3 mo 6,67% C). Bo Bcex OenpIx dyryHax
MMEEeTCs IEMEHTUTHAS 9BTEKTUKA (J1e1e0ypuT). DBTEKTHUECKUN O€JIbIi YyTYH COCTOHUT TOJIBKO U3 OJHOTO
nene0ypuTa, IO3TOMY PACCMOTPEHHE CTPYKTYPHI O€JI0T0 4yTryHa 1eIecoo0pa3Ho HAYWHAThH CO CTPYKTYPBI
9BTEKTHYECKOTO O€JI0ro YyryHa.

MHUKpOCTPYKTYpa 3BTEKTHYECKOTO Oejoro uyryHa. MHKpPOCTPYKTypa 3BTEKTHYECKOro Oeoro
YyryHa COCTOUT TOJIBKO M3 OHOTO JeneOyputa (LEeMEHTUTHOM 3BTEKTUKHU), oOpasytomerocs npu 1147°
C mpu 3BTEKTHYECKOH KPUCTAJUIM3ALNHU XKHUAKOTO cIiaBa ¢ comepxanueM 4,3% C u cocrosmero (mpu
1147° C) u3 »BTEKTHUECKOr'0 IIEMEHTUTA U ayCTeHHTa, coaepxkaiiero 2,14% C (touka £ Ha nuarpaMmme
xKenezo— LeMeHTHT). lIpu mocieayromeM OXJaKICHWH BCIEACTBHE YMEHBLICHUS DPacTBOPUMOCTH
yraepoja B aycreHuTe (nHUSA SE Ha nuarpaMme skeine30—IeMEeHTHT, puc. 1) U3 ayCTeHUTa BBIEISIETCS
(kak ¥ B 3a’BTEKTOMIHBIX CTaJsX) BTOPUYHBIN IIEMEHTHUT. BTOPUYHBIA IIEMEHTUT CIIMBAETCS C
LEMEHTUTOM 3BTEKTUYECKHM, [TO3TOMY B CTPYKTYpE 3BTEKTHKH HEBO3MOYKHO yKa3aTh, IJI€ HAXOIUTCS B
OTJIENTBHOCTH YBTEKTHYECKHUN IIEMEHTUT ¥ BTOPUYIHBIN [IEMEHTHT.

[Ipu 727° C 3BTEKTHUKA COCTOWT M3 IEMEHTHTA (PBTEKTHYECKOTO M BTOPUYHOTO) M ayCTEHHUTA C
conepxkanuem 0,8% C. Ilpu 3TOM TemmepaType ayCTEHHT MpPEBpallaeTcs B mepiuT. Takum oOpasom,
1OCJIE TIOJIHOTO OXJIAXKICHUS JieneOypuT (LEMEHTUTHAsE IBTEKTUKA) COCTOMT W3 LIEMEHTHUTA U IEepiIUTa
(puc. 2).

MUKpOCTPYKTYpa JOIBTEKTHYECKOro 0enoro 4vyryHa. J03BTeKTHYECKHUil Oejblii 4yryH HOcCie
MOJHOTO OXJIAKACHUS UMEET CIEAYIOIYIO CTPYKTYpY: JeneOypuT (LeMEHTUTHAs 3BTEKTHKA) + MEPIIUT
+ BTOPHYHBIH IIEMEHTUT. BTOpWYHBIN IEMEHTUT BBIIENSAETCS W3 ayCTeHHTa, COAEPIKAIIETO MpH
1147°C— 2,14% C, aipu 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 ¢ HHM3KHM cojepkaHueM yrieponaa (Omu3kuMm K 2,14%) BTOpUYHBIH LIEMEHTHT

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 IIEMEHTUTOM JeneOypura (3BTEKTUUECKUM). MOXKHO

CUUTATh, YTO CTPYKTYpPa TAaKUX JOIBTEKTUUECKUX OENBIX UyTYHOB COCTOMT U3 JieZieOypHuTa (LIEMEHTUTHOM

3BTEKTUKN) U nepiauTa. Ha puc. 3 naHa MUKpOCTPYKTypa JO3BTEKTHUECKOTO O€JI0r0 YyyryHa.
MUKpPOCTPYKTYpa 3a3BTEKTHUYECKOTO 0Oenoro 4yyryHa. MUKpOCTPYKTypa 3a3BTEKTHYECKOTO Oenoro

YyTyHa COCTOMT U3 JiefieOypurTa (LIeMEHTHTHOM 3BTEKTUKN) U MIEPBUYHOTO LIeMEHTHTA (puc. 4).




RSN

b B ai

Puc. 3. HoaBTeKTI/IquKH Puc. 4 3asBTexTrdeckuii Oenblii 4yTyH —
OeIbIil 9yTYH—TEPIINT U JIeAeOypuT LEMEHTHT NepBUYHBIN 1 neae0yput (x500)
(x500)

MuUKpPOCTPYKTYypa cepbIX Yyr'yHOB

MuKpOCTpYKTYypa cepblx 4yryHoB IIpy paccMOTpeHHH B MHKPOCKOII HETPABJICHOTO MHUKPOILIH(a
Ceporo 4YyryHa XOpOLIO BHIHBI BKJIIOUEHHS IJlacTUH4Yatoro rpadura (puc. 5).Ha Bennumny wu
pacmosiokeHne BKIIOUEHHH rpaduTa BIUAIOT CKOPOCTh OXJIAaXKACHUS, TeMIepaTypa U BPeMs BBLICPIKKU
pacmiaaBICHHOrO YyTyHa Iepel OTIMBKON, XUMHUYECKHH COCTAaB UyryHa, BBEJCHUE B UyI'YH HEKOTODPBIX
npumeceil (Moandukaropos). Hampumep, CKOpOCTh OXJNaXICHUS BIMSET TakKMM 00pa3oM, 4TO IIpu
MIPOYMX PABHBIX YCIOBHUAX IrpauT 00pasyeTcs TeM KpylHee, YeM MeIJIeHHEee OXJIaXICHHE.

A '-.’.i: o
Puc. 5. Bximtouennst mnactunvatoro rpagura. lnudsr Herpasnensie (X100):
a — TPSMOJIMHEIHBIE; 6 — 3aBUXPEHHbIE; B — PO3ETOYHBIC; T — MEKICHIPUTHBIC
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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 NEePIUT-HIUIACTUHYATHIN rpaduT

Yem Oombllie meperpeB KUAKOTO YyTyHa M YeM JOJIbIIEC BPEMS BBIACPIKKU IPH STOM, TEM Mellbue
MOJTy4aroTcs rpad)UTHHIE BKIIOUEHUS.
ITocne TpaBaenus B 2—4%-HOM cIIUPTOBOM PacTBOpPE a30THOM KHCIOTHI METANINUECKasi OCHOBA B CEPhIX
YyryHax OYEeHb CXOJHAa C MHKPOCTPYKTYpOH cTajiei M B 3aBUCHMOCTH OT KOJHYECTBA CBA3AHHOTO
yTaepoaa MOXeT ObITh (GeppUTHOH, QEeppUTO-TIEPIUTHON 1 MIEPIUTHOH.



TakuMm 00pa3oM, BO3MOXHBI CIEAYIOIIUE THUIBI CTPYKTYp CEpBIX UYYryHOB: ¢eppur +
TUIACTHHYATBIN TpaduT — QeppuTHBIN cepblil UyTyH (pHc. 6); GeppuT + NEpIUT + IIACTUHYATHIN rpaduT
— (QeppuTo-IepAUTHBIA cepblii uyryH (puc. 7) (COOTHOIIEHHWE KOonW4ecTBa (eppuTa U IepiuTa B
CTPYKType 4YyTyHa MOXET OBITh pa3lIW4YHBIM, B 3aBHCUMOCTH OT XHMHYECKOI'O COCTaBa U YCJIOBHUH
OXJIQXKICHHS); TIEPIUT + TIACTUHYATHIN rpaUT — MEPIUTHBINA Cephlil 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

: W ERT Tyl 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 YyTyHOB, HO rpauT B 3THX YyTryHax IIapoBUAHBIH. Takum 00pa3oMm, BO3MOXKHBI CIIEIYIOIIUE
TUIIBI MUKPOCTPYKTYpPBhl BBICOKOIPOYHBIX YYTYHOB: (EeppHUT + IapoBHIAHBIN rpaduT — (EeppUTHBIN
BBICOKONPOUHbIA uyryH (puc. 10, a); deppur + mepautr + mapoBUAHBIA Tpadur — QGeppuTo-
NEPIUTHBI  BBICOKONPOYHBIH 4yryH (puc. 10, 6) (cooTHOLIEHHME MEXIY KOJIMYECTBOM (eppura u
HEePJINTA B BBICOKOIIPOYHOM YYTI'YHE MOXKET OBITh Pa3iIMYHBIM B 3aBUCUMOCTH OT XMMUYECKOT'0 COCTaBa U

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

8).

MHUKpOCTPYKTYpa KOBKHX YyTYHOB IIpu paccMOTpeHHH B MUKPOCKOI HETPABICHOTO0 MUKpOLLTH (DA
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 MOXET OBITb (eppHTHOH, (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 XJIOMbEBUAHOrO Tpadura (yriepoma orxwura) (puc. 11).Ilocme 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 (yriiepoja 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 U3YYUTh MUKPOCTPYKTYPBI Pa3INUHBIX TyI'yYHOB

2. Kaxxyto MUKpOCTPYKTYPY 3apUCOBaTh .

3. Tlox kaxkao# 3apHCOBaHHON MHUKPOCTPYKTYpPOH JaTh MOAINUCH C YKa3aHHEM HaNMMEHOBaHUS
CIUIaBa, €ro XUMHYECKOTO COCTaBa, HAMMEHOBAHUS CTPYKTYPHI U YBEIUYEHHUS.

4. Ha xaxmoil 3aprCOBaHHOW MHKDPOCTPYKTYpE YyKa3zaTh CTPEIKAMH pPa3nYHble Qa3el U
CTPYKTYpHBIE COCTaBJISIIOIUE U OKOJIO CTPEJIOK, Ha IOJSAX, HalucaTb MX HaMMEHOBaHUE.

5. M3o0pasuth auarpaMMmy COCTOSIHHSI KeJle30—LEMEHTHUT, IPOBECTH Ha HEH BEpTHKaJIbHbIC
JMHUHM, COOTBETCTBYIOIIME paccMaTpUBAcMbIM CIUIaBaM, M JaTh ONHCAHME MPOLECCOB MPEBPAILEHHH,
IPOUCXOAALINX IIPU OXJIAXKACHHH.

Konmponwvnuie 6onpocwi:

1.Kakwue crmaBbl HA3BIBAIOTCS YyTyHAMHE?

2.Yro mpencrasiseT coboi MeTalIuecKas OCHOBa y cepbIx uyryHoB ? Kakyro ponb B GopMHUpOBaHUK
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.Kakne 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 10.A. ,Paxmtaar A.I'. Martepuanoseaenue, M., Meranyprus.1980. 447c.

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

4.ITancos U.B. Ilocobue k 1abopaTOpHBEIM paboTaM 10 MaTEPHUATOBEACHHUIO M TEPMUUCCKAN 00paOOTKH
MeTtaioB,M.,Mertamryprus, 1968, 95c¢.



JladopatopHas padora Ne 5 TEPMUYECKASA OBPABOTKA

Heab padoTsl

Lenp paboTel — HAyuuTh Y4YAIIUXCS CAMOCTOSATENBHO TPOM3BOJIUTH 3aKaJKy M OTIYCK
YIIEPOAUCTON CTalu.

B mpornecce BbImogHEHUs pabOTHl yyaliuecs NODKHBI M3YyYUTh: YCTPOHCTBO My(enbHOH meuu;
METOAUKY NIPOBEACHUS U PEXKUMBI 3aKaJIKH U OTILyCKa.

IIpuGopbl, MaTepua bl # HHCTPYMEHT

s mpoBenenust paboTbl HEOOXOIUMO UMETh: My(QENbHYIO IeUb; TEPMOIIEKTPUIESCKUN THPOMETP;
MAacCJISIHYIO BaHHY; COJIIHYIO BaHHY; 3aKaJIOUHbII Oak C BOJOH; 3aKaJIOYHbIM Oak ¢ MacioMm; npubop Tuna
Pokgenna; 06pasmpl yriaepoaucTol CTaIM — KOHCTPYKIMOHHOW 40— 65 M WMHCTpyMEHTAIBHONH Y9—
V12; knemy; mTaHreHupKyIib; NUi(oBaabHyIo Oymary.

HoaroroBka o00pa3suoB Aasi  TepMuYeckoid o0padorku. OOpa3nbpl 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 60okoBoii mOBEpXHOCTH Ka)x10ro odpasia JOIHKHO OBITh KIeHMO MapKH cTayid. MapKy cranu o0Opasna
3anuchIBalOT B rpady 2 mpotokona. OOpa3ubl H3MEPSAIOT MPU HOMOLIY IITAaHTCHIMPKYJIS, U PE3YIbTaThl
3aMepa 3anuchBalOT B rpady 3 MpoToKoIa.

Onpenesienne TBePIOCTH YIJIEPOIUCTONH CTAIH B HCXOAHOM (OTOXKKEHHOM COCTOSIHMHU

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

Tabauya 26 HopMbl TBEPIOCTH YIVIEPOAMCTON CTAJIM B OTOKEHHOM 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 06p33IlOB U onpeaejieHue TBEePA0CTH yr.ﬂepozmcmﬁ CTAJIM MOCJIC 3aKAJIKHU

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

OnHa U3 KOHCTPYKIUi My(denbHOH meun, yA00HOH B 3KCILTyaTaluy, oka3ana Ha puc. 17.1. [eus
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 ycraHOBJIeHa OTHENbHAS KepaMuieckas IUIMTKA 4, Ha KOTOPYIO OMEIIAIOT HarpeBaeMbie
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 KOPITyCOM 3alOJHEHO TEIUIOM30JISIMOHHBIM MaTepuanoM. Croepeau pabouas kamepa 3aKpbIBacTCs
KepaMHUeCKOH Bepie 6 ¢ MeTaumueckoi 00IMBKOM. B 3a/Hel cTeHke e UMeeTcs OTBEPCTHE 7 ISt
YCTaHOBKH T€PMOIMAPHI.

Temmneparypy B eUu PEryIUPYIOT PHIYaKHBIM PEOCTATOM, U3TOTOBICHHBIM B BUC MOJICTABKU & K TICUH.
Peoctar BBOIAT M BBIBOAAT TEPEABIKCHUEM PY4YKd 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
HITernceNbHbIX THe3aa 11 ¢ OykBamu A, 5 u B. [Ipu BKIFOUEHUH 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 MpaBoe
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
(pabounit pexum meuu). Ecim HeoOXojuMa MEHbIIAas TEMIIEpPaTypa, IOCTEICHHO BBOAST PEOCTaT
NepeIBMKCHNEM pydkn 9 cripaBa HaJlIeBo.

Memoouka nposedenus 3aKanKu

1. Onpenenuts TeMIepaTypy 3aKajlKd CTalld, TMOJb3YSICh IJIS 3TOTO HIDKHEH YacThI0 JIUarpaMMbl

Kene30—IieMeHTuT (puc. 17.2). JIns cpemHeyTaepoaucThIX TOOBTEKTONAHBIX cTanei (40—65) HopMais-
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Puc. 17.2. OnTtumansHBI WHTEpBAN TEMIIEPATYp 3aKaJKH YTIEPOTUCTON CTad

HOW TemIepaTypoi 3akaik siBisieTcs temneparypa Ha 30—50° C Beie nuanu GS (cm. puc. 17.2), 1. e.
Acs + (30—50° C), Myt BBICOKOYTIICPOAUCTHIX 3a3BTEKTOMIHBIX cTajeid (Y9 — VY12) HopMaibHO#
TEMITepaTypol 3aKaik siBisiercs: temneparypa Ha 30—>50° C Beimie nuanu PSK (eMm. puc. 17.2), 1. e. Ac1
+ (30—50° C). TemmepaTypy 3aKajku 3amucarh B rpady 6 mpoToKoa.

2. OmpenenuTb BpeMs HarpeBa oOpasLoB u3 pacuera 1,5 mun Ha 1 Mm TuaMeTpa WM TOJILMHBI
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 Tpedyemoe Bpems. [lpu HarpeBanMm [0 TeMmmeparypbl 3akajkd o0pas3loB 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 IIEMEHTUTA OCTAETCSl HEPACTBOPEHHOM.

4. OOpasupl MocieIoBaTeNIbHO OJUH 3a JIPYTMM BBIHYTh M3 I€YM M OXJIATUTh B BOAE (4acTb
0o0pa31oB) ¥ B Maciie MpH HEMPEPHIBHOM YHEPTHIHOM JIBIKEHHH 00pasiia B OXJIaKIArOIIeH KUAKOCTH.
[lpu oxnaxxaeHWM B BOJEC NPOUCXOAUT pacmaja aycTeHUTa ¢ oOpa3oBaHHMEM MapTeHcuTa. [lpu
OXJIXKJICHUU B Macye o0pa3yercsl cMeIaHHas 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.
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OTtnyck 00pa3uoB U onpee/ieHue TBePAOCTH YIJIePOAUCTOMH CTAJIH MOCJIe OTIIyCKa



OoOopynoBanue 1as ornycka. YroObl oOecmeyuTh pPaBHOMEPHOCTh HarpeBa OOpPasIioB,
HU3KoTeMneparypHslii  otmyck (200° C) Hago TpOBOAMT, B MAacisiHOW BaHHE, CpegHe- W
BBICOKOTEeMITepaTypHEIi otiryck (300—600° C) — B consgHO# BaHHE. [Ipy OTCYTCTBHH MacCISTHON 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 00pa3na 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 nmpoucXoIuT MpeBpalieHie MapTeHCUTa 3aKajlkil B MapTEHCUT
OTITyCKa, CHW)KEHHE BHYTPEHHHUX HAIPSDKEHUH M XPYITKOCTH; TBEPIOCTh OCTAETCSI MOYTH 0€3 U3MEHEHUH.

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

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

5. OOpa3ipl TOMECTUTH B COJSIHYIO BaHHY, HarpeTyto 10 400° C, BeaepKaTh B Hel HEOOX0MMOe
BpeMs M OXJIaAUTh Ha Bo3ayxe. B pesynprare otmycka mpu 400° C mpoucXoOuT NpeBpalleHHe
MapTeHCUTa B TPOOCTHT OTIYCKa (MEJIKOAUCIEPCHYIO (eppUTO-IIEMEHTUTHYI0 CMECh), TBEPAOCTb
CHIDKAEeTCsl.

6. O0a Topua 3a4UCTUTh Ha NITH(OBAIEHON IIKyPKE.

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
HEOOX0qMoe BpeMs

W OXJaIWTh Ha Bo3Ayxe. B pesymbprate oTmycka mpu 600° C oOpasyeTcs cOpOHT OTITyCKa,
(eppuTO-LIEMEHTHTHAS CMeCh OoJiee KpyIHas, 4eM TPOOCTHT. TBEpIOCTb elle 0ojiee CHIKASTCS.

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

10. Ompenenuts TBepaocts 1o HRC u monydeHHpIii  pe3yiapTaT 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).

HRC L \
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Temnepamypa omnycna
Puc. 17.3. KpuBbie BIUsSHUS TEMIIEPATyphl OTIYCKa 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. 3amoJgHEeHHbII MPOTOKOI TEPMUIECKOH 00pabOTKN yTIIEpOIUCTOMN CTAJIH.

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

Jlabopamopnan paboma Ne6
IIPOKAJIHBAEMOCTbD CTAJIEH

1. HEJIb PABOTBI:

1.1. TIo3HaKOMUTBCS C METOJUKOM OMNpeAesIeHUs] MPOKAIMBAEMOCTH CTajedl METOJIOM TOPIIOBOM
3akanku B cooTBeTcTBHU ¢ [OCT 5657 — 69;

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

2. TEOPETUYECKUE CBEJJEHW A

OObeMHasi 3aKajika CTajledl Ha MApTEHCHT SBIISIETCS TVIaBHBIM CIIOCOOOM YNPOUYHEHHsS! OONBIIOH
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.). Jnsa oOecrieueHuss OAHOPOAHOCTH CTPYKTYpPBl OXJIaXKIEHWE NPH 3aKajKe HEoOXOAUMO
MPOBOJIUTH TAKMM O0Pa3oM, YTOOBI M30EKaTh pacraja ayCTeHHTa Ha (EppUTO - KapOMIHYIO cMeCh. DTOrO
MOJKHO JIOCTHYb, €CITU CKOPOCTh OXJIKICHHS Vo, OyJIeT TPEeBbIIATh KPUTHUESCKYIO CKOPOCTh. Kpumuueckotl
cxopocmuio 3akanku Vi, Ha3pIBACTCSI MUHUMAIBHASI CKOPOCTh OXJIKICHUH, IPH KOTOPOH ayCTEHUT elle He
pacrniagaercs Ha (GeppuTo - KapOUIIHYIO CMECH.

OueBHIHO, YTO YIS TEJT KOHEYHBIX Pa3MEPOB CKOPOCTh OXJIAXKIICHHS HA TIOBEPXHOCTH Beer/ia OoblIIe,
4eM B LieHTpe (prcyHOK 1). Ecim ckopocTs oxnaxaeHus B ICHTpE JIETaln OOJbIle KPUTHUESCKOH, 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 - KapOWaHyI0 cMech. [Ipr 3TOM Teno He MpOKAIUTCS HackBO3b. HemomHyro
MPOKATIMBAEMOCTb  LIENIECOO0Pa3HO PEKOMEH/IOBATh YISl W3NENHH, paloTAIMX B YCIOBUSX HUKIHMYECKOTO

3HAKOIICPEMCHHOI'O HAI'PY’KCHUA, n3ruba wim Kpy4dCHIs1, KOI/la ﬂCﬁCIBYEOHHde HAarpspKCHYAT MAaKCUMAJIbHBI 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 OXJIaKICHHS M0 CSYCHUIO WIHHIPA TIPU 3aKaJKe;
0) ararpaMMa M30TePMHIYECKOTO MPEBPAIIEHHS ayCTEHNTAa U CKOPOCTEH OXJITKACHUS TIPH 3aKallKe
LWIAHAPA

ITpokanBaeMOCTh SIBTISAETCS OJTHAM M3 BAKHEWIIIMX TEXHOJOTMYECKMX CBOMCTB CTaed W KOJMYECTBEHHO
XapaKTepu3yeTcsl TIIyOMHON TNPOHWKHOBEHHS 3aKaleHHOW 30HBL IIpokamBaeMOCTh 3aBHCHT Kak OT
BHYTPEHHHX (XUMHYECKHI COCTaB, pa3Mep ayCTEHUTHOIO 3¢pHa | T.1.), TaK U OT BHEIIHKX (haKTOpOB (MHTEHCHBHOCTD
OXJTKICHNST), & TAkoKe OT TeOMETPHUECKHX Pa3MepOB M Macchl Tefia (OTHOLIEHHE TIOBEPXHOCTH Telia K ero 0obemy). st
OIUCAHKS TIPOKATIMBAGMOCTH KaK CBOWCTBA CTIH, ONPECNICHHE 3TON XapaKTepHCTUKH TPOBOJST B CTAHIAPTHBIX
YCIIOBUSIX, ICKITIOYAFOIIHX BIHSIHUE BHENTHUX (DaKTOPOB U Pa3MEPOB 3aKATMBAEMOTO TeJia.

Jns  mpakTU4ecKoW OIEHKHM IPOKAIMBAEMOCTH HCHONB3YIOT KPHUTEpUH, Ha3bIBACMBIH
kpumuueckum ouamempom D.,, TPeNCTaBIsIoNui co00l MaKCUMAIbHBINA TUAMETp IHIHH/PA, KOTOPbI
MPOKAJIMBACTCS HACKBO3b B JIAHHOM oOXxJaautenie (Boja, Macio, BO3AyX H T.1.). OYeBWIHO, YTO JIJIs
pa3IMuHBIX oxyaaurtenen D,, Oyaer pa3sHbIM.

JJ1st 3KCTIEpUMEHTAIBHOTO ONpPEAEICHUS TPOKATUBAEMOCTH UCTIONB3YIOT METOJ] TOPLIOBOHM 3aKaJIKH
(FOCT 5657-69). Jlns mpoBeieHUsT TOPIIOBOI TPOOBI, IPEIBAPUTEIIHFHO HOPMAJTH30BaHHEIE. CTAHIAPTHHIC
o0pa3sis! (pucyHok 2) B teuenue (30...50) MUH mporpeBaroT B HeUH J0 TeMIEpaTypbl, PEKOMEHYEeMOit
JUIS HAarpeBa JAaHHOM CTald MOJ 3aKaiky. Eciu 1jIst HCIBITyeMOW CTalli yKa3aH MHTEpBAJl TEMIIEPATyp
HarpeBa TOJ| 3aKalKy, TO oOpasel] MPOrpeBalOT [0 TEMICPATYPhl, COOTBETCTBYIOIICH BEPXHEMY
3HAYCHUIO 3TOTO HMHTepBaia. JIis UCKIIOYCHUS 00E3yTIIEPOKUBAHHS M OKHUCICHHS HArpeB BEIyT B
3al[UTHON aTMOoc(epe WK B CIEIUAIBHOM MPUCIIOCOOJICHHH, 00CCIICYMBAIOIIEM 3aIUTy MOBEPXHOCTH
obpasna oT okucieHus. [IpoJoKUTEIBHOCTD BBIZICPIKKH TIPU HArpeBe coctaniseT 30 MUH.

CrannmapTHbIii 00pasell mocie HarpeBa B IIeUd OBICTPO MEPEHOCAT B CIEIUANBHYIO YCTAHOBKY, B
KOTOPOH €T0 OXJIKIAIOT CTPYEH BOABI IO ONPEICIICHHBIM HAITOPOM TOJIBKO C TOPIA (PUCYHOK 2).
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Pucynok 2 YcranoBka (a) u o6pazer (6) st TOpIoBoif 3akanku: 1 - ypaBHUTeNbHAs TpyOKa s
CO37IaHUs IOCTOSIHHOTO Hamopa; 2 — HaIOpHBIN 0avyok; 3 - mratuB; 4 — oOpaselr; 5 — corio;
6 — cnuBHAas KOpoOKa.

[Mocne momHOrOo oOXJaxIeHus oOpasla MO €ro JABYM JHAMETPaIbHO MPOTHBOIOJIOKHBIM
oOpasyroniumM conntrdoBeIBatoT miomaaky Ha rnyouny 0,5 mum. [lo mnuHe 3THX mimonianok yepes 1,5 —
3,0 MM H3MepsoT MeToaoM PokBeria TBepaoCTh 1o mkajge C U CTPOAT KPHUBYIO IMPOKAIMBAEMOCTH B
koopauHarax tBepmocts HRC - paccrosame ot topma |. Uem MeHbIe MPOKANIMBAEMOCTh CTalH, TEM
ObICTpee majaeT TBEPAOCTh NPH YAAJNCHHHM OT Topua. J[as pasHbIX IJIABOK OJHON MapKH CTalu
MoJTy4aeTcsi Habop KPUBBIX MPOKATMBAEMOCTH, TaK KaK XUMHUUYECKUHN COCTaB CTaJH, a, CIe0BaTEIbHO,
U TMPOKAIMBAEMOCTh MEHSIOTCS B HEKOTOPBIX Mpezeiax. I103ToMy cTajab ONPEACICHHOH MapKu
XapaKTepU3yeTcss MapouyHOU nonocou npokarusaemocmu (pucyHok 3). Wupgexcamu (uudpoBBIMU
MOKAa3aTeJIsIMH) TPOKAIMBAEMOCTH MapKH MOTYT CIYXHTh MaKCHMajbHas WM MUHUMAallbHas

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 Ha OMNPCACICHHOM pPACCTOAHHH OT OXJIAKJAAaC€MOI'0 TOpHa (H

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

Pucynoxk 3 KpuBas mpokaanBaeMOCTH, ITOCTPOCHHAS IO TaHHBIM TOPITOBOM MTPOOEI ()
U TI0JI0Ca TIpoKaBaeMocTH it ToH ke ctanu (6). HRCpys; — TBEpIoCTh MOMTyMapTEHCUTHOM 30HBI.



[pu olleHKe MPOKANTNBAEMOCTH, 3aKAICHHBIMH CUUTAIOT CJIOH, B KOTOPBIX COJIEPKUTCS HE MeHee 50
% MapTeHCHUTa U OCTAIbHOE TPOOCTHUT (TIoymapTeHcuTHas 30Ha (IIM3)) umm cioii co cTpykTypoit 95 %
MapreHcuTa. Ecnu umerorcs nanHble mo TtBepaoctr 50 (95)-mpomeHTHOro MapTEHCHTHOTO CHOS IS
UCCIIelyeMOW CTaNH, TO, UMesI KPUBYIO MPOKAITUBAEMOCTH, MOKHO OMNPEICIHTh PACCTOSHUE OT TOpIa JIo
COOTBETCTBYIOIIIEH 30HEI 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 MOJ 3aKaJKy OCYIIECTBIISIIOT B KAMEPHBIX Mevyax. TOPHOBYIO 3aKalKy MIPOBECTH Ha CIIENUAIBHON
ycTaHOBKe. MI3mMepeHus TBepA0CTH MPoBOAAT Ha mpubopax tuna TK mo mkane C.

4. BAJAHUE HA PABOTY

1. IIpoBecTH TOPLIOBYIO 3aKalIKy Ha UCCIEIYEMBIX 00pa3lax;

2. Ha nByx comm@oBaHHBIX IUIOLMIAAKAaX HW3MEPUTh TBEPAOCTh 00pas3loB Ha 3aJaHHBIX
PacCTOSIHHSIX OT TopIia (Tadynia);

3. TTocTpouTh KpHUBBIE MPOKAINBAEMOCTH, MIpHUHUMAs 3a TBepaocTh HRC cpennee 3HaueHue s
IBYX pe3yJbTaTOB U3MEPEHNU Ha OJJMHAKOBOM PACCTOSIHUHM OT TOPIIA.

5. ITOPAAOK BBIITIOJIHEHM A PABOTbI

1. IlpeaBapuTeIbHO HOPMAIU30BaHHBIE CTAHIAAPTHBIC 00Pa3Ibl U3 YTIIEPOJUCTON U JIETMPOBAHHOM
cTallell IOMECTHUTH B IeYb ISl HarpeBa IO 3aKaliky. TemmepaTypy HarpeBa BbIOpaTh B COOTBETCTBUU C
MapOYHbIM COCTaBOM CTaJ€il M0 CIIPaBOYHMKY. BpeMs BBIIEPKKU IPU AAHHOU TEMIIEPAType COCTABIISAET
25 MUH.

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

3. Ha numdoBanHbIX mutomaakax oopasnoB usMeputh TBepaocTh HRC Ha paccTosHUSAX OT TOpIa,
peKOMeHIyeMbIX cTannapToM (Tabnuna). [loaydeHHble pe3yabTaThl 3anucaTh B TAOIUIY.

4. Tlo pe3ynbraTam U3MepeHHs TBEPAOCTH IMIOCTPOUTH KPUBBIE MPOKATMBAaeMOCTH. VIMest 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. KpuBbie IpoKainBaeMOCTH JIsi UCCIICAYEMBIX 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 mpokaiuBaeMoCTh craneii? Kakas pasHUIla MEXIy NPOKAINBAEMOCTHIO H
3aKaJINUBAE€MOCTBIO CTaleh?




2. Kakmwe cymecTByIOT KOJWYCCTBCHHbIC KPUTEPHU MPOKATUBACMOCTH KOHCTPYKIIHOHHBIX
cranei?

3. Uro moxpa3ymeBaeTcs Mo 3aKaJICHHBIM CJIOEM?

4. Kakwue BHEIIHHUE U BHyTPEeHHNE (DAKTOPHI BIUSIOT HA IPOKATMBAEMOCTD CTaJICH?

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

Jaoopamopnan paboma Ne 7
MHUKPOAHAJIN3 CIIVIABOB HA OCHOBE MEJHN

Heas paGoTsl

Lenp paboThl — HAYYHUTH YUAIIUXCS CAMOCTOSTEIHHO MPOBOJUTh MUKPOAHAIN3 MEAH, JIATYHEU U
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
MUKpOIUIH(OB MEH, TaTyHel 1 OpOH3; IUPKYJIb U TNHEHKY.

MukpocTpyKTYpa Meau

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

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

B menu, HemocTaTouHO PACKUCIIEHHOW MPH BBILIABKE, COXPAHSIOTCS BKJIIOUYEHHUS 3aKucu Meau. Ha
puc. 3 gaHa MUKPOCTPYKTypa JIMTOH Menu (HeTpaBJeHbId HUTM(), COOTBETCTBYIOLIAs MO AMarpamme
COCTOSIHMI CHCTEMBI MEIb—KHUCI0POJ] SBTEKTHIECKOMY CILIaBY.

Aot

7
’ J b
¥

Puc. 1. MukpocTpykTypa nehOPMHUPOBAHHON ¥ OTOMOKCHHOW MEJHU; TPABICHUE COMSTHOKUCIBIM
pactBOpoM XiopHOro skemeza (x200)

C
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Puc. 2. JluarpamMma COCTOSIHUS MEIb—KHCIOPOI
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Puc.3. Mukpoctpykrypa menu, coxepxamein 0,39%
KHCIIOPOJia — 3BTEKTHKA
Cu—Cu0 (X250); mutug HeTpaBieH
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Puc. 4. [IlmarpamMma COCTOSHUS MEIh —IIUHK
MukpocTpyKTypa JaTyHeit

Humarpamma cocTOSHMI cuUCTeMBbl MelIb—IMHK JaHa Ha puc. 4. [lpakTuueckoe npuUMeHEHHE
HaXoIiT OXHOGa3HBIE JATYHH C cojaepkaHueM HuHKa 10 39% (o-matyHu) W AByx¢asHble JaTyHH C

i 1 ) PRt AL
Puc. 5. MukpoctpykTypa a-natynu: a — nutas(X250); 6 — nedhopMupoBaHHas H OTOXIKCHHAsS
(X100); TpaBnenue COJIAHOKHUCIIBIM PaCTBOPOM XJIOPHOTO JKene3a

Puc. 6. MukpoctpykTypa nmutoi o + B-natynu ¢ 40% nunka (tuna J162) (x150); TpaBnenne
COJISTHOKHUCITBIM PAacCTBOPOM 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, 3aTBEPACBIINEC IIEPBBIMU U3 XUIAKOTO COCTOSAHHA; TCMHBIC YYaCTKU — MEXK-
JEHIPUTHBIE TPOCTPAHCTBA, 00OTALICHHBIC IIMHKOM.

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

BcenencrBue pasnuyHONM  OPHEHTHPOBKM 3€peH (QHM30TPONHH) OHHU TpaBATCA C pa3HOU
HMHTEHCUBHOCTBIO, IIO3TOMY IMOJIy4YalOT Pa3INuHYIO OKPAaCKy.

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

Mukpoctpyktypa o + B-matyHu ¢ cogepkanueM LuHka 40% B TUTOM COCTOSIHWM JaHa Ha PHC.
6. CTpyKTypa moX0’ka Ha BUJMAHIITETTOBY CTPYKTYpY JTUTOH CTaJIH.

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

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

a — TUTas aTroMuHUEBas JaTyHb JIA77-2 (X75), AeHIpUTHI 0-TBEPIOTO pacTBopa; 6 — auTas
*xese3omapranioBuctas Jatynb JOKMip 59-1-1, X 250, a- u B-dasel. Menkue Touku Ha o-dhaze —
BKJIIOUCHHUSI JKE€JI€3a; 6 — CBUHIOBHUCTAs nuTasg naTyns JIC74-3, X250. [1o rpanunam 3epeH o-TBEpAOro
pacTBOpa BHIHBI TEMHBIE BKIIIOUECHHUS CBUHIIA; & — JINTas aTIOMHHHEBO-HHUKeNeBas taTyHp Tuna JIAHS9-
3-2, X250. TemHusie KpucTasuibl — [-¢a3za, Ha QoHEe KOTOPHIX BUIHBI CBETIIbIC BhIICICHUS o-hasbl,
oOpasyrommuecst Mpu pacnaje -KpucTauioB; TpaBICHUE COTHOKUCIIBIM PACTBOPOM XJIOPHOTO Kelie3a

MuxkpocTtpyKkTypa OpoH3

MHUKpOCTPYKTYpa OJNOBSHHOM OpoH3bl. YacTh auarpamMmel cocTosiHus cucteMbl CU—SN naHa Ha
puc..8. Crutomnas nuausi Abdg xapaktepusyeT coCTOsHHE, MONyYalolieecsi MPU OYeHb MEUICHHOM
OXJIAXKACHUU WM OTXKUIC IIOCJIC OTJIMBKHU; TAaKUEC YCIOBUA IIpU O6I)I‘IHOI>'I OTJIMBKE HE AOCTHUIAalOTCA.
[Mynktupnas snuaust Ab'h xapaktepusyeT cocTosHHE, KOTOpOE MOJIydYaeTcss B OOBIYHBIX YCIOBHSX
ornuBku. LTpux-myHkTHpHas nuHAS (g XapakTepu3yeT COCTOSIHHE, MOJydarouieecss MpH OYCHb
JIINTCIBHOM (TI)ICSI‘II/I IIaCOB) OTXKHUTIC.

[lpu coxepkanuu 10 6—7% Sn (neBee Touku h Ha puc..8) MUKPOCTPYKTypa JIUTOH OpOH3BI
COCTOMT W3 HEOJHOPOJHOTO TBEPJOro O-pacTBOpa; CTpoeHume neHaputHoe (puc. 9, a). Ha
MHKPOCTPYKTYPE TEMHBIE MecTa (OCH IEHAPUTOB) OoJiee OOraThl MEIBIO, a CBETIIBIC MeCcTa (MEXKIYOCHBIC
npocTpaHcTBa) OoJiee GOraThl OJOBOM.

MukpocTpykTypa 3TOH OpOH3BI MOCJIE OTXKHra NPEACTaBIsIET 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 TBEPIOTO.
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Puc. 8. Yactp amarpaMMBbI COCTOSHUS MEIb—OJIOBO

Puc. 9. MukpocTpyKTypa 0JIOBSIHHON OpOH3BI C 5% 0JI0Ba; TpaBlieHHE aMMHUAYHBIM PACTBOPOM JIBOHHON
COJIU XJIOPUCTOM MEJIM U XJIOPUCTOTO aMMOHHUSI:
a — nmTas (X300); 6 ~mnocne omxura (X 150)

#

Puc. 11. Brurouenus SnO; B nutoit ONIOBSHHOI Oponsze, Mg He TparieH (X250)



SBIISIETCS TO, YTO PACTBOPUMOCTH OepHIUTHS B MW yMeHbInaercs ¢ 2,7% mpu 866° C mo 0,2% npu 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-¢assl.
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Puc. 18. Yacts _JHarpaMMmbl st MeIb—OeprnTnit
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Puc. 19. MukpoctpykTypa 6epuiumreBoi 6pon3s! bp.b2 nocne 3akanku u craperus (X250);
TpaBJIEHUE COJITHOKHUCIIBIM PACTBOPOM XJIOPHOTO XKele3a

Ha puc. 19 nana muxpoctpykTypa OepuueBoii 6ponssl bp.b2 ¢ comepxkanuem 2% Oepuius,
Tocie 3aKaiky u ctapeHusi. Ha oHe 3epeH TBepAOro a-pacTBOpa BUIHBI MEJIKHE CBETIIbIC BKIIOYCHHS 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, XMMAYECKOTO COCTaBa, 00pabOTKH, HAMMEHOBAHUS BKIIIOUEHHUH U CTPYKTYPBI,
YBEITHUYECHHUSL.

4. Ha xkaxmoil 3apuUCOBaHHON MHKPOCTPYKTYpe YKa3aTh CTpelKaMH pa3iudHble (a3l U
CTPYKTYpHBIE COCTABIIAIONINE F OKOJIO CTPEJIOK, Ha TOJSAX, HAIMMCATh NX HANMEHOBAHHE.

5. H300pa3uth quarpamMMbl COCTOSHUM (MJIM MX YacTH) CIUIABOB MEIb—KHCIOPOJ, MEIb—IIUHK,
MeIb—OJIOBO, MeIb—CBHUHEIN, MeAb— OepWUIMd, TPOBECTH HAa HHUX BEPTUKAJIbHBIE JIMHUH,
COOTBETCTBYIOIINE pacCMaTPHBA€MbIM CIIaBaM M JaTh OMNMCAHWE MPOIECCOB, MPOUCXOIAIINX MpPHU
OXJIAKACHUH.

CocTraBJjieHHne 0T4eTa

OT4er 0 MPOBEACHHOH paboTe MOIHKEH CoJIepKaTh Cielyolee:

1. 3apanwe.

2. llenb paboTHI.

3. PucyHK# BKIIOYEHHH W MHKPOCTPYKTYDP C COOTBETCTBYIOIUMH MOSCHEHUSAMH (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
xmopuctoro ammonus (X300)

4. JluarpaMMBbl COCTOSIHUM (MJIM UX 9aCTH) CIIABOB MEIb—KHUCIOPO, MEIb—IIUHK, MEb—OJIOBO,
Meb—CBHHEI, MeAb—OCPIWUIHN ¢ YKa3aHHEeM Ha HUX PacCMaTPUBAEMBIX CIUIABOB W OMHCAHUEM 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 IMAarpaMMaMH COCTOSTHUSL.

Ipu6opsl, MaTepUanbl 1 HHCTPYMEHT

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

MuUKpPOCTPYKTYpa aTIOMHUHUEBBIX CIIJIABOB

MuxkpocTpykTypa cuiymuna. CwiyMHHaMHM Ha3blBalOT CIUIABBl ATIOMUHHUS C KPEMHHEM C
conepxkanueM 6—13% Si. Tlpu comepxannu 11,6% Si 0OpasyeTcsi IBTEKTHKA U3 KPHCTAIIOB TBEPOTO
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 MM Si.

Ha puc..2, a mana mukpoctpykTypa cuiaymuna ¢ 12% Si (3asBrexkrtuueckuii cruia). CTpykTypa
COCTOMT M3 KPHCTA/UIOB KpeMHus (Oesble) U 3BTEKTHKH a + Si rpy0oro cTpoeHusl, B KOTOPOH KpeMHHI
HAXOJIUTCs B BUAE KPyHHbIX Mril. CHIYMHH C TaKOW CTPYKTYpOH 00jagaeT HM3KMMU MEXaHWYEeCKUMH
CBOMCTBaMHU.
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Puc..1. lnarpamma cocTOsSTHUS aIIOMUHUI— KpPEMHUH
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Puc. 2. MukpoctpykTypa amomuaneBoro ciasa 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 MPUBOAUT K M3MEIbUCHHUIO BKIIOUCHUH KPEMHHS M 3HAYMTENHHOMY YIIYUIICHHUIO MEXaHH-
YECKUX CBOWCTB CHJIYMHHA. JTOT MPOIECC HMCKYCCTBEHHOTO pETYJIHpPOBAaHUS pa3MepoB U (OPMBI

Ha3bIBACTCSA MOJAU(PUIUPOBAHUEM.

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

Ha puc..2, 6 nana MukpocTpyktypa cuirymuHa ¢ 12% Si mocie ero MoIu(puIMpOBaHUs HATPHEM.
CrpykTypa 3TOro cIuiaBa 10 MOIUGHUUUPOBaHUS OblIa 3a9BTEKTHUYECKOH, a IOCie MOAW(UIMPOBAHUS
cTana JO3BTEKTUYECKOM.

CTpyKTypa COCTOHUT M3 MEPBUYHBIX IEHAPHTOB TBEPAOIrO pacTBOpa KPEeMHHMsI B aTIOMUHUH (a)
(Oenbie) v HBTEKTUKH a + Si TOHKOT'O CTPOCHHS.

MHUKpPOCTPYKTYpa alIOMUHHEBOMEIHBIX CIUIaBOB. YacTh [IuarpaMmbl COCTOSHHM CIUIaBOB
ATIOMHHUA—Me/Ib 10 KOHIIEHTpAIMU, OTBeYaroniel xuMnaeckomy coeaunenuio CUAl,, nana ma puc. 4.
Wnave ee MOXKHO Ha3BaTh Auarpammoii coctosiauii cucrembl Al—CUuAl.
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Puc. 3. luarpaMMa COCTOSIHUSA CIIJIABOB ATFOMUHUIH—KpPEMHUN (ITyHKTUPOM MOKA3aHO CMEIICHHE
JIMHUH MOCIIe BBEACHUS MOIU(BUKATOpAa — HATPHUSA)
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Puc..4. Yacte aumarpaMMbl COCTOSIHUSA aQIIOMUHUN—MeEb
AnoMUHHEBOMEIHBIN cIiiaB, HanmpuMep ¢ 4% CH, UMeeT cIeIyoIHe MUKPOCTPYKTYPBIL:
a) mocie OTKWra — 3€pHa TBepaoro da-pactsopa memu B amomuHuH (0,1% Cu) u TodeyHBIC
BKJTIOUEHUsI XuMuueckoro coeaunenus CUAl (puc. 5, a);
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Pnc 5. MHKpOCTpYyKTypa aJrOMUHHEBOTO crutasa ¢ 4% Mean
a — nocne omkura rnpu 360° C; 6 — mocite 3akanku B Bojie oT 530° C; ¢ — mociie 3aKallku B BOJIEC U
HCKYCCTBEHHOTO CTapeHH;I npn 250° C; TpaBneHue paCTBopOM (bTOpPICTOBOI[OpOI{HOI/I KHCIIOTEI B BOJIE

Puc. .6. MHKpOCprKTypa z[ypanIoMnHa I[l (X200) TpaBJIeHHe paCTBOp0M (hTOPUCTOBOIOPOTHOM
KHUCJIOTBI B BOJIE: @ — TIOCJIE OT)KHra; 0 — Mmocjie 3akalkd B Boae OT Temieparypy 540°C

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

ITpu HarpeBe BiimoueHus CuAly pacTBOPHINCH B ANIOMHHHMH, W OBICTPBIM OXJIQKIEHHEM OBLI
3a(MKCUpPOBaH NepECHILIEHHBIH TBEPABII 0-pacTBOp;

B) MOCIE 3aKAIKH M HMCKycCTBEHHOro crapeHus mpu 250° C — TBepablil 0-pacTBOp Menu B
ATFOMHUHUH U TOYEYHBIC MEJIKOIUCIEPCHBIC BKIIIOUSHHUsI XuMudeckoro coequnenus CUAls (puc. 5, 6); atu
BKJIFOUEHUSI BBIICJIMIINCH U3 TBEPIOIO 0-PacTBOPA B IIPOLIECCE UCKYCCTBEHHOI'O CTAPEHHUS.

MukpocTpyKTypa aypaiioMuHa. JlypalioMMH XapakTepu3yeTcsi CICOYIOUIMM CpPEIHUM
cocraBoM: 4% Cu, npumepto o 0,5% Mg, Mn, Si, Fe, ocranbHoe — amromuHuii. Takoil qropamroMuH
Ha3bIBaeTCsA HOpMaIbHBIM (Mapka [[1). Hammame 3THX 31eMEHTOB MPUBOIAUT K 00pa3oBaHUIo psima (has,
pacTBOpUMBIX Ipu Harpese (ympounstoumx), 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 u BKIIIOUEHHI Pa3IMUHBIX MIEPEUNCICHHBIX BhILIE (a3.

MHUKpOCTpYKTypa IypalioMHHa Mocie 3akaiaku B Bozxe ot 510° C (puc..6, 6) coCTOUT HU3 3epeH Te-
PECHIIIIEHHOTO TBEPIOTO O-pacTBopa (Oenble) U BKIFOYEHUH (TeMHBIE), HE PACTBOPHMBIX 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
MarHueBble CIUIaBbl COJAEpKAT KPOME MarHus TakKe aJllOMUHHMM, IMHK U MapraHeu. Ha puc. 7
JlaHbl HAaYaJIbHBIC O0JIACTH IUArpaMM COCTOSIHHN C alllOMUHHEM, IIMHKOM, MaprasieM. Kak BuAHO, Bce



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

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

CTpyKTypa COCTOMT M3 a-TBEPIOTO PacTBOpa CJIOXKHOTO COCTaBa (CBETIIOE TOJIE) M BKIIFOUCHUU
Mg4A|3.
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Puc..8. MukpocTpykTypa TMTEHHOr0 MarHueBoro crinasa MJIS:
a — TI0CTIe JINThS; 0 — TOCIIe OTXKHTA | 3aKkaiku (X250); TpaBlIeHHE pacTBOPOM IABEICBOM KUCIOTHI B
BOZIE

T

Puc. 9. CxeMa 3aprCOBKY MUKPOCTPYKTYPhI ATFOMHUHHUEBOTO ciiaBa AJI2, MOTUUITMPOBAHHOTO HATPHEM
— JICHJPUTHI TBEPIOTO PACTBOPA KPEMHUS B IIOMHHUH (@) U 9BTeKTHKA a + Si. TpaBieHne pacTBOpoM
(TopucTOBOIOPOAHOI KHCIOTHI B Boae(x200)

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

MeTtoanka npoBeaeHHs MUKPOAHAJIN3a

1. IIpocMOTpeTh W H3YYUTh MHKPOCTPYKTYPBI AJJFOMMHHEBBIX M MarHUEBBIX 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, 00pabOTKH, HAUMEHOBAHUSI CTPYKTYPBbI, YBEIHYCHUSI.

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

5. W3oOpasute auarpaMMmbl COCTOSSHMK (WJIM WX YacTH) CIDIABOB AFOMHHUH—KpPEMHHHA H
ATIOMHUHAA—MEIb, MPOBECTH HA HUX BEPTHKAIBbHBIE JWHUH, COOTBETCTBYIOUINE paccMaTpHUBaeMbBIM
CIUTaBaM, U JaTh ONHCAHUE MPOLIECCOB MPEBPAIICHUH, MPOUCXOAANINX MPU OXJIAKIACHUU.

CocraBiieHHe 0T49eTa

OT4eT 0 IPOBEICHHOM paboTe MOKEH COMEPIKATh CIeAYIOIIee:

1. 3apanue.

2. Ilenb paboTHI.

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



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

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

1. HEJIb PABOTHBI:
1.1. O3HaKOMHUTBCS C CYIIHOCTBIO 3aKAJKH CTAJN M YCIOBUSIMH €€ TEXHUIECKOTO IPUMEHEHHS

1.2. Ompenenenre oNTUMAIBHONW TEMIIEpaTyphl HarpeBa Mo 3aKajiKy YIJIEPOAUCTHIX CTaJei.

2. TEOPETMYECKUE CBEJEHUNA

3akaika — TepMHIecKas 00paboTka, 3aKITI0YAIOIIAsICS B HarpeBe BEIIIEC TeMITepaTyphl Pa30BbIX
NPEBPAIICHUI WM TEMIIEPATYPhl pACTBOPEHHS U30BITOUHBIX (Da3, B BHIACPIKKE U MOCIEIYIONIEM
OXJIKACHUU CO CKOPOCTBIO, MTPEBBIIAONIEH KpUTHYeCKYt0. CITOCOOHOCTh CTaJIH MOBBIIIATH

TBEPAOCTD B PC3YJIbTATC 3aKAJIKU HA3BIBACTCA 3aKaJIUBACMOCTBIO.

Ha3nauenue 3akaiku — nony4eHre BBICOKOM TBEpAOCTH U Mpo4yHOCTH. [TnacTudeckue cBoiicTa n
BA3KOCTb IOCTIE 3aKaJIKH HU3KHE.

OcHOBHBIE TapaMeTphl 3aKaJKHM — TeMIepaTypa HarpeBa, BpeMs BBIIEPKKH MU CKOPOCTh
OXJIAXKICHHUS.

TemmnepaTypa HarpeBa W BpeMs BBLICPKKH JOJDKHBI OBITh TaKUMH, YTOOBI MPOU3OILIH
HeoOXxoauMble (ha30BbIe MPEBpAIlleHHs, HalpuMep oO0pa3oBaHWE BBICOKOTEMIIEpaTypHOU (a3el —
ayCTCHUTA.

MapTeHCUTHOE TIpeBpalleHrne HaOMoJaeTcs Py 3aKayike B ctamax. OHO MPOUCXOIUT TPU OYEHb
OBICTPOM ¥ HEMPEPHIBHOM OXJIAKIACHHM B HHTEpBaje Temmneparyp Havana (M,) u koHma (M)
MpeBpamieHusi, YToOBl TOAABUTH BO3MOXKHBIE AW(D(y3rOHHBIE MPOIECCH O00pa30BaHUS TEPIUTHBIX
cTpykTyp. Ha cxeme mmarpamMMmbl M30TEPMHUYECKOTO MPEBpAIIEHUS 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 cransx, coaepxainux 6osee 0,6 % C, npu oxnaxaenuu a0 temneparypsl 0 °C B
CTPYKTYpPE MOKET OCTaBaThCsl HEKOTOPOE KOJMYECTBO ayCTCHUTA (OCTATOUHBIH ayCTEHHUT Aocr).

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

Kputnueckass ckopocTh OXJIaXKIACHHS 3aBHCUT OT COACPIKAHUA yriaepoaa B cTainy (Tabmuma 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,
MHUHHUMAJIEHOE COIEPKaHHe YIJIEpoia B CTaNIM JUI 3aKaJlIKH B BOJIE JOJDKHO ObITH He MeHee 0,4 %.

MapreHcuTHOE TpeBpalieHHe — 3TO Oe3au(Qy3UOHHBIA NPOLECC, a MaApMeHCUm — 3TO
NIepECHILICHHBI TBEP/BI pacTBOp BHEIpeHUs yriepoia B o — Fe. B mpomecce MapTeHCHTHOTO y—a
MIPEeBpaIlIeHus YIJIEpO OCTAaeTCsl B TBEPIOM pacTBOpE, MCKakas KPUCTAUTMYECKYIO pelieTky a - Fe, Tax
KaK ero pacTBOPUMOCTH B o - F€ 3HaUNTEeNsHO MEHbIIE, YeM B Y — Fe. MapTeHCUT UMeeT TeTparoHaJIbHYI0
MIPOCTPAHCTBEHHYIO PELIETKY.

CBoiicTBa MapTEHCUTa CTaJieil 3aBHCHUT OT KOJMYECTBa PAaCTBOPEHHOI'O B HEM YIJIEpoja: C
YBEMYEHNEM KOJIMYECTBA yTIepoia BO3PACTaeT TBEPIOCTb U XPYIIKOCTb.

g onpeneneHust ONTHMAaIbHON TEMITEpaTyphl HarpeBa, MO3BOJISIONIEH TTOTYyYUTh MaKCHMAaJIbHYIO

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

0003Ha4arTCs cieayonuM oopazom: muHaus PSK - A¢;, nmunus GS - A¢s, muaust ES — Aem.

HarpeB mosBTeKTOMIHON CTaH HIKE A3, HO BBITIE Ac; MPUBOIUT K HETIOTHOM 3aKajike. AyCTCHHUT,
MOCJIE PE3KOr0 OXJIAXKACHUS, IPEBPATUTHCS B MAPTEHCUT, HO HAPSAy C MapTEHCUTOM, COXPaHAIOTCS HE
MpeTepIIeBIINe MPEeBPAIeHNs ITPH Harpese 3epHa msarkoro ¢epputa (80 HB). Harpes no
TEMIIepaTypbl 3HAUUTEIBHO BBILIE A3, MOXKET BBI3BATh MEpErpeB Wiu nepexor. CneroBaTenbHo,

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

HaneB 333BTCKTOPI,Z[HOI>1 CTaJIu IOJ 3aKaJIKy HHUXKE 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 TBCPAOCTH IMOCJIC 3aKaAJIKHU. HOBTOMy OINTUMAaIbHOM TeMnepaTypoﬁ HarpeBa

0[] 3aKaJIKy siBjsiercs Temneparypa Ac; + 30 + 50 °C.
Cxembl IpeBpallieHUH yIIepoAUCThIX cTajel IPU HArpeBe 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
ayCTCHUTHOT'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 oObeMHOI 3aKalKku 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

O0bekTel uccnemoBanuss — cramum Ct3, 40, Y10 B OTOXKEHHOM COCTOSHHUH. TepMHYECKYIO

00paboTKy MPOBOSAT B KAMEPHBIX Neyax. Mi3MepeHus: TBepA0CTH MPOBOIAT Ha pubopax 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

OrnpenenuTs CTPYKTYpY CTaleH B 3aKaJCHHOM COCTOSIHUH.

5. [TOPAAOK BBIITIOJIHEHM S PABOTbI

1. O3HaKOMHTBCA C KPATKUMHU CBEACHUAMHU U3 TEOPUH.



2. 3meputhb TBEpIOCTH 00pa3IoB, U3roTOBIEHHBIX u3 ctanei Ct3, 40, Y10 B 0TOXKEeHHOM

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 3aHecTy B Tabnuily 2. [lomyueHHble 3HaUeHUs TBepAO0CTH nepeBecty B HB, ncnons3ys

CHeHHANbHYIO TaONUIy TIepeBOa 3HAUEHUH TBEPAOCTH, ONpEAEIsIeMOr Pa3TMIYHBIMI METOAAMHU.

5. YkazaTh npenmnonaraemMyo cTpykrypy ctaneir Ct3, 40, Y10, monydeHHYIO B pe3yabTaTe 3aKaKd OT

pa3IMYHBIX TEMIIEPATYP.
6. IloctpouTts rpaduk 3aBucumocTr TBeproctr HB ot TemmepaTypsl HarpeBa Mo 3aKajKy CTalew.

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

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

8. CrmenaTh BBIBOIBI IO PabOTE M MMOATOTOBUTH OTYET.

6. COOEP’KAHUE OTYETA

1. Lenp paboTsr;

1. KpaTkue TeopeTnueckre CBEACHNUS;

2. Pe3ynbTaTel M3BMEpEHU;

3. I'paduk 3aBucumocTH TBepaocT HB oT Temneparypbl HarpeBa oA 3akaiky Taac

4. BoiBojiBI 110 padoTe.

Tabnuia 2 — Pe3ynbTaThl U3MEpEeHUH

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 IH03BTEKTOMAHOW, 3BTEKTOUAHON M 3a3BTEKTOMAHOM CTajieil mocie
MIOJIHOM M HETIOTHOU 3aKanKu?

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

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

Jabopamopnasn paboma Nel(

HEMETAJUIMYECKHUE MATEPUAJIBI.
Yacts 1.IIOCTPOEHUE TEPMOMEXAHUYECKHUX KPUBBIX IIOJIMMEPOB

1. IIEJIb PABOTBI:
OcCBOHTH METOJHMKY CHATHS TEPMOMEXaHNYIECKIX KPUBBIX Ha mpubope Buka.
OnpenenuTs TeMIepaTyphl IEPEXOJIOB: TEMIIEpaTypy CTEKJIOBAHWS W TEMIIEpaTypy TEKy4YecTH s

TEPMOIUIACTUYHBIX ITOJIMMEPOB.

2. TEOPETUYECKHWE CBEJIEHA

Paznuuus B cBoMcTBaX MOJIMMEPOB OOYCIOBJIEHBI CTPYKTYpOH HX MAaKpOMOJIEKYJ, KOTOpbIE
NPEACTaBIAIOT cOOOH LIENOYKH, COCTOSIIIUE U3 OTIAEIbHBIX 3BCHbEB. [IJIMHA 1IeNT B HECKOJIBKO THICSY pa3
Oonplie WX MOMEPEYHOTO0 CEYCHHMs, MOITOMY MAaKpOMOJIEKyJaM IIOJMMepa CBOWCTBEHHA T'MOKOCTB,
KOTOpas SIBIISIETCS OAHOM M3 OTJIMYUTENBHBIX OCOOCHHOCTEH MOJMMEPOB. MakpOMOJIEKYJIbl HOIUMEPOB

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




Pucynok 1. CTpykTypa MakpoMOJIEKyJl B IOJIUMEpax:

a- HHHCﬁHaﬂ, 0— Pa3BCTBJICHHAs, B - CCTUATAA

BryTpr MakpoMosieKyIbl MEXy aTOMaMH BO BCEX TPEX CIIydasx AECHCTBYIOT MPOYHBIE KOBAJIECHTHBIC
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 MHIKOCTH, a TpPU OXJAKJISCHHUM BOCCTAaHABJIMBATH CBOHU
CBOWCTBA. Y TOJMMEPOB C CETYATON CTPYKTYpOH — PEAKTOILUIACTOB - MEXIYy MAaKpOMOJIEKYJIaMH1
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 (PU3UUECKOTO COCTOSHUS, TeMIeparypsl U T.1. Ilonumepsl MOTyT HaXOAUTBCA B TPEX
(hU3MUECKUX COCTOSHUSX: CTEKI000pa3HOM, BBICOKORJIACTUYECKOM U BSI3KOTeKyueM. OCHOBHOM NPUYMHOM
U3MEHEHHUS] COCTOSHUS SBISIETCS TeIJIoBas »JHEpPrus, KOTOpas IPUBOAMUT B KojebaHHWE LENH
MaKpOMOJIEKYII.

JInsi OLIEHKHU OCHOBHBIX TEXHOJIOTMUECKUX M JKCIUTyaTallMOHHBIX CBOWCTB MOJIMMEPOB HEOOXOIUMO
3HaTh TeMIepaTypHble 00JacTH mepexoja IMOJMMEPOB M3  CTEKIOOOpa3HOIO  COCTOSIHHSA B
BBICOKORJIACTHYECKOE M M3 BBICOKOAJIACTUYECKOro B Bs3KoTeKyudee. OOHApYX HUTh 3TH (U3UUECKHUE
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 COCTOSIHHIO 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

neopManuy 106aBISETCS BHICOKOIIACTUYECKAS COCTABIAIOMAs Egs; , KOTOPAsS MPEBOCXOJUT YIIPYTYIO
COCTABJISIIOIIYIO B THICSYM pa3. Poct medopmammm 371eCh OOBSCHSAETCS PACHPSIMIICHHEM JIMHHBIX H

3aITyTaHHBIX MAaKpOMOJICKYJI.

B BsI3KOTEKYy4eM COCTOSIHUM BBISBISCTCS €IIE OJHA COCTABJISIONIAs JehOpMaIlUU — BSI3Kast 835:13.'
KOTOpass OOyCJIOBIWBaeT pa3BUTHE HeoOpaTUMoW JedopMannd, CBSA3AHHOW C  IEepEeMEIICHUEM
MaKpOMOJIEKYJI OTHOCHTEJILHO JIpyT Jpyra. B o0mem cityuae aedopmarust TepMOIIIACTHYHOTO MOJIUMepa
COCTOMT M3 TpPEX COCTABISIONIMX, KOTOPBIE WIPAIOT PAa3IMYHYI0 pOJb TMPH HHU3KMX W BBICOKHX

TeMIIeparypax:

E= ‘Synp. + Egon. + Egas,



[TpousBens u3mepenus nedopManuy odpasLa Mpyu pasIHyHBIX TEMIIEPaTypax, MOYKHO MOJyYUTh €€
TEMIEPATYpHYIO 3aBHCUMOCTh, KOTOpas XapaKTepU3yeTCs TEepPMOMEXaHWYEeCKOH KpHBOH. OCHOBHBIMH
napamMeTpaMu TEPMOMEXaHWYECKOTO METoJa SIBISIOTCS THUI OCYIIECTBIISIEMOH aAedopMaluy, 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 UCIBITAHUMN
MOXXET HaxOOUTbCI B TpeX (HU3MUECKUX COCTOSHHSX, YTO COOTBETCTBYET TpEeM YydYacTKam
TepMOMeEXaHN4YecKoi KpuBod. Ilepexonq M3 omHOrOo (QHU3MUECKOTO COCTOSHHSA B JIpyroe Ha3bIBaeTCs
TEMIEPaTypHBIM TIEPEXO/OM, a CpeIHHE TeMIepaTyphl NEePEeXOAHBIX OOJlacTel - TeMmIepaTypamu

HIePEXO/I0B.
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Pucynok 2. Tunuuxsie TepMOMEXaHMUECKHE KPUBBIE HEKPUCTAIIIMYECKOTo JuHeitHoro (1),
cetyaToro (2) u kpuctamumueckoro (3) nomaumepos: I, 11, 111 — 30HbI, COOTBETCTBEHHO, CTEKI000pa3HOTO,
BBICOKO3JIACTUYECKOr0 U BSI3KOTEKYUYETr0 COCTOSHUN HEKPUCTAINIMYECKOTO U KPUCTAIUIMYECKOTO
noaumMepoB; Te, Tua, Tr, Tx — TEMIIEPATYpBI, COOTBETCTBEHHO, CTEKJIOBAHUS, TUIABJIEHHUA, TEKYUYECTH U

Haydajla XUMHUYCCKOI'0 pa3IOoKCHUA

OmHMMH W3 OCHOBHBIX XapaKTEPHCTHUK TIOJIMMEPOB SBISIIOTCS TEeMIIEpaTypsl IEpPEeXO0JI0B:
TeMIiepaTypa crexioBaHus Tc, Temneparypa TekydecTd Tt M Temmneparypa IuiaBieHUs T, KOTOpbIE
OIPEIENAT ONTUMAJIbHBIE TEMIIEPATYPHBIE PEXKUMBI 3KCIUIyaTallMK IIOJIMMEPHBIX MAaTEpUAlIOB U HUX
nepepaboTKH B U3ICIHSI Pa3HBIMH METOAMH.

B mammHOCTpOeHHH NOJIMMEpPHI HCIOJB3YIOTCS, KaKk MpaBWIO, B cTekiIooOpasHoM (Hmwke Tc) u
BhICOKOAIacTHdeckoM (Hmwke Tr) cocrosHmsax. [lepepaboTka MX B H3eNUsl METONAMM JIMThS MOJ
JIaBIICHUEM, 3KCTPY3UM (BBIAABIMBAHUA) WM TOpsAYei IITAaMIIOBKM OCYIIECTBISETCS B BA3KOTEKY4YeM
(Bbize Tt) U, pexe, B BBICOKORIIACTUIECKOM COCTOSHUSIX.

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



TEeMIIepaTyphl IU1aBiaeHus Trn HaxoAuTcs B TBepAoM coctosiHud. [lpu temmepatype T 9TOT Tepmoriac-

THUYHBIN MaTepHuall IJIaBUTCIA U ,Z[e(l)OpMaLII/ISI CKa‘lKOO6pa3HO BO3pacCTacT.

3. METOJIMKA U3MEPEHHII

Metoanka CHATHS TEPMOMEXAaHMYECKUX KPUBBIX TEPMOIUIACTUYHBIX MaTepUallOB OCHOBaHa Ha
u3MepeHnn ©X JAedopMaluii, BO3ZHUKAIOIIMX B pe3yibTaTe MEPHOAMYECKOTO  BAABIMBAHUS
UIUHIPUYIECKOTO HAKOHEYHHMKA C TMOCTOSHHOW cHiiol B oOpasell, HarpeBaeMblii cO CKOpPOCThIO 1-2
°C/muH. st cCHATHS TepMOMEXaHMYECKHX KPUBBIX HCIONB3yeTcs nmpubop Buka (mogpobHoe ommcanue
KOTOPOT0 JaHO B mpeapiayieii padore). OOpasiisl qepopMUPYIOT Npu Hanpspkerud, papaom 0,2-0,3 MITa.
HarpyskeHne IMIMHAPHYECKOTO MHAEHTOpA C ILIOMIAAbI0 OCHOBaHMS 1 MM’ TpoBonaT B ToueHme 10 ¢
yepe3 kaxzasie 10 °C (mns TepMocTOWKHX mHoiuMepoB) mmn deped 5 °C (Uit MeHee TEepMOCTOMKHX
NOJIMMEPOB), HAauyMHAasi C KOMHATHOM TeMmeparypsl, a (UKCHUPYIOT [IOCTHUTAaeMyI0 IIpH JaHHOH
TEMIIEpaType 3a 3TO BpeMsl Je(OpMaIHIO ¢ TIOMOIIBIO HHANKATOPa YaCOBOT'O THUIIA.

JI71st MCIBITaHUS MCTIOIB3YIOT MUIHHAPUIECKe (MIN KBaapaTHBIE) 00pasibl JHaMETPOM (CTOPOHOM )
10-20 MM u TommuHON 6-8 MM. [Ipu HMCHBITAaHWMU IUIEHOYHBIX MaTEpUANOB 0Opa3lbl MOMYYaroT MyTeM
HaOopa MakeTa COOTBETCTBYIOLICH TONIIMHBEL. JIs moiydeHHs CTaOWIBHBIX OAHHBIX JUIS Pa3lUYHBIX
00pa3LoB U3 OJHOTO M TOTO K€ MaTepuasa H3rOTaBIMBAIOT 00pa3lbl OANHAKOBBIX Pa3MEPOB.

HcnpiTanust TpOBOASAT B KHUIKOCTHOM TEPMOCTATe B KadeCTBE TEIUIONEPEAAIOICH KUAKOCTH MOTYT
OBITH MCIIONIL30BAaHBI TPaHC(HOPMATOPHOE MACIIO, TIUIEPHH H JIPYTHe KHUIKOCTH, KOTOPBIE HE OKa3bIBAIOT
BJIMSIHUSL HAa U3MeEpsieMylo BelMuMHy. Temmeparypy B mpolecce U3MEpeHUil PUKCUPYIOT MO MOKa3aHUsIM
TepMomeTpa ¢ TouHocThio + 1,0 °C.

[To manHBIM H3MepeHUs NeQOopMali CTPOAT KPHUBYIO 3aBHCUMOCTH jAedopManus-TeMiepaTrypa u
OTIPENENSIOT Tpaduyeckn Mo meperudaM Ha TEPMOMEXaHWYECKOW KPWUBOW TEMIIEPATyphl MEPEXOJIOB:

TeMIlepaTypy cTekioBanus Tc, TemnepaTypy TekydecTd Tt u Temneparypy miaBieHus T

4. OFBEKTHI NUCCIIEAOBAHUMS, OBOPYJIOBAHUME

O6pasupl:  00pa3ibl TEPMOIUIACTUYHBIX  IOJUMEPOB:  MOJMMETHIMETAKpUiIaT — (OprcTekio),
HOJIMBUHWIXIJIOPH, TOTUCTUPOIL.
O0opynoBaHue W MaTepUalibl: U3MEPUTEIbHBIM MHCTPYMEHT - IITAaHT€HUMPKYJb; npubop Buka,

TEpMOCTaT, TEPMOMETP.

5.3AJAHUE 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 MMm.

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

3. Tlpubop Buka c o0pasmoM mOTpy3uTh B JKUAKOCTHOW TepmocTar. CTpenka WHIWKATOpa
MepeMeIIeHNH JOKHA COOTBETCTBOBATH HYJIEBOMY IOJIOXKEHHUIO.

4. BKIIIOYUTH TEPMOCTAT C TEPMOPETYIHMPYIOLIMM YCTPOWCTBOM, 3aJaB CKOPOCTb MOBBIIICHHUS
temmeparypsl 1-2 °C/mMuH.

5. Haumnast ¢ xoMHaTHOW Temmeparypbl uepe3 kaxzaple 510 °C B 3aBHCMMOCTH OT MarepHaia,

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

MOKa3aHud HWHAUKATOpAa MO IMMPOHHMKHOBCHUIO HWHACHTOpPA BFJ'Iy6I> 06pa3ua Ha BCIUYUHY Ah (MM)

OtHocutenbHast aedopmanus £ oOpasua MpHW BAABIMBAHWUM WHIEHTOpa ompexaessiercs mo ¢opmyie

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

0

6. V3MepeHHs TNPEKpaIIalOT MO JOCTIDKEHHM TEMIepaTypbl IUIABICHUS TONMMEpPa, O YeM
CBHUJICTEIILCTBYET PE3KOE yBeNUUeHue nedopmaryu odpasma.

7. W3menenune nedopMupyeMOCTH OOpa3lioB OCTaJbHBIX MOJMMEPHBIX MAaTEpUANIOB B Ipolecce
Harpera MpPOBECTH COTJIaCHO M. 1-6. Pe3ynbTaThl M3MEpEHUI 3aHECTH B TaOJIHUILY.

8. Ha ocHOBaHMM MOSyuYEHHUSX AAHHBIX MOCTPOUTH TEPMOMEXAHMUECKYIO0 KPHUBYIO I KaXXIOTO
TOJTMMEPHOTO Matepuana u no neperudam Ha kpusoit € = f(T') onpenennts TeMnepatypbl Mepexo10B:

TEeMIIepaTypy cTekiioBaHus Tc, TeMnepaTrypy Tekydecty Tt u Temneparypy 1uiasiieHus T

Tabnuua [Nokasatenu aeopMUpPyeMOCTH MTOJUMEPOB MPU HATPEBE U UX TEMIIEPATYPhI IIepexoja

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 ommcaTh CYLIHOCTh TEPMOMEXAaHMYECKOTO METOJa, IPUBECTU CXEMY
negopmupoBanus obpasua, gaHHble 00 uccneayeMoM Mmarepuane. OT4eT OOJbKEH BKJIIOYATh TaOMUIy U

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




JaHHBIC IO TEMIICpAaTypaM IMCpexoaa, COCTABUTb PCKOMCHAAIIMU TII0 TCMIICPATYPHOMY 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 XapaKTepUCTHKY (PU3NIECKIX COCTOSTHUN TOJIMMEpa.

3. B uewm 3axirodaeTcs CymHOCTh TEPMOMEXaHUIECKOTO MeTo1a?

4. Urto Ha3bpIBaeTCS TEPMOMEXAHUYECKOW KPUBOM?

5. Kak ompenenuts Temmneparypsl nepexonoB noiauMmepos? Kakyro nHpopMaIuio OHN 130T O

TEXHOJOTUYECKUX U SKCILTYyaTallMOHHBIX cBolicTBax?

7. BUBJIMOT' PAGUYECKUI CITMCOK
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TEPMHUYECKOE PACIHIUPEHUE MATEPUAJIOB. OIPEJEJEHUE BEJIMYNHbI
TEMIEPATYPHOI'O KOD®P®UIIUEHTA JINHEHHOI' O PACIIIUPEHMSI (TKJIP)

1. HEJIb PABOTBI
1. U3zyuuts Metoauky uzMepenus BennuuHsl TKJIP Ha HHAMKAaTOpHOM JAUIaTOMETpE.

2. Ompenenuts BennurHbl TKJIP MeTammnueckux 1 HeMeTAIUTHYECKUX MaTepHaJIoB.

2. TEOPETUYECKHUE CBEJJEHA

Termogu3udeckne CBONCTBA MaTepHAOB HMEIOT BaXHOE 3HAYEHHWE [UIS  OIpeNeIeHHUs
MPAKTHYECKOM WX IIEHHOCTH. BCIeACTBHE TEIUIOBOTO pACIIMPeHHsS  BO3MOXKHO BO3HHMKHOBEHHE
TEPMHUYECKUX HAIMPSDKEHUI B MECTaxX COMPSDKEHUS JETalel WK CI0EB U3 Pa3HOPOJHBIX MAaTEpHUAIOB, UTO
MOXET MPUBECTH K BO3HUKHOBEHHIO TPEUIMH W Pa3pylUIEHUIO 3JeMEHTOB KoHCcTpykumit. TKIIP
TPaOULIMOHHBIX MAaTepHajoB (CTadd, AJIIOMHUHMA, OpPOH3BI, JATyHH) W TIOJIMMEPHBIX MAaTepHaoB
oTanyaoTcs B cpenHeM B 10 pas, 4TO co3maeT cephe3Hble TPYAHOCTH IPH KOHCTPYHMPOBAHUU H
IKCIUTyaTalluu OMMAaTepualioB, I€ HEM30EKHBIM SIBISETCS HEIMOCPEACTBEHHBIH KOHTAaKT MaTEepPHajoB C
paszmuunbiMu TKJIP. Onnako 3Hauenue TKJIP nonnMepoB MOKHO pe3KO MOHU3UTH Kak 3a CUET BBEACHUSA
HaNOJHUTENEH, TaK M 3a CUYET M3MEHEHWs CTPYKTyphl noimMmepa. B Takux ciaydasx cTpeMarcs Mo
BO3MOXXHOCTH K MaKCHMAJIbHO OJIM30CTH TEIUIOPHU3MUECKUX XapaKTEPUCTUK CONPSTracMbIX MaTepUallOB
BO BCEM MHTEPBAJIM TEXHOJIOTMYECKUX U 3KCILTyaTallMOHHBIX TEMIIEPATYP.

Peakuuss wmarepuana Ha TEIJIOBOE BO3JEMCTBHE CBsi3aHA C BHYTPEHHHUMH CTPYKTYpHO-
MOJIEKYJIAPHBIMU  IIepecTpoeHusiM. Tak, TpHM HarpeBaHWM METAJUIOB BCIIEACTBHE YBEIHUEHUS
MEXaTOMHOTO PAaCCTOSHUS B KPUCTAJUIMYECKOW DPELIETKH YBEIMYMBAETCS 00BEM Tella M YMEHBIIIAeTCs
IUIOTHOCTh. TeIUIoBOE pacUIMpeHHe TBEPAbIX TeJl UYHCIEHHO XapaKTepU3yeTcs TeMIlepaTypHbIM

ko3 PurmenToMm 00BEeMHOrO pacmMpeHusi. HempepblBHOE pacIIMpeHHE IMPH HArpeBe ONHCHIBACTCS

hopmyoin
V=10 + (T —T)) 1)

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

COOTBETCTBEHHO; f — KO3 PUIIMEHT 00BEMHOTO pacIINPEHHS.

Pasnuuaror cpeanii KO3 GUIKUEHT paclIMpeHus], OTHOCSAIINNCS K HEKOTOPOMY MHTEpBaIly TEMIIEPaTyp,
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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 MCTOJ IIPHU MOBBIIICHHBIX
TEMICPATypax HECJIb35, Ha MPAKTUKE HU3MEPAIOT M3MCHCHUA JIMHEHHBIX pPa3MEPOB U 3aTEM BbIYUCIIAIOT
COOTBCTCTBYIOIIINC U3MCHCHUSA o0BeMa.

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

I3 =1l[1+a(T; =Tyl (4)
rae lym [y — nnuHa o0pa3sia mpH HavallbHBIX U KOHEYHBIX Temreparypax Tiu Ty, & — ko3hdurment

JIMHEWMHOTO paCIIUPEHHUS.

HpI/I 9TOM UCTUHHOC U CPEAHEC 3HAYCHUA TCPMUICCKOT'O KOB(l)(l)I/II_II/ICHTa JIMHEHHOT O

pacmupenus (TKJIP) onpenenstor cooTBETCTBEHHO, Kak

1dl [17,
ﬂf—?E E}, (5)
"= T, @

Jns W30TPONMHBIX B OTHONIEHWH TEIUIOBOTO pACHIMPEHHs MaTepHaliOB C KyOHUYecKOi
KPUCTAJUIMYECKOW PEIIeTKOM JUHEWHBII ¥ O0O0beMHBId KOX((OUIMEHT paCIIUPEeHUs CBS3aHbI
3aBMCUMOCTBIO ff = 3@, f = 3@ , 4TO M03BOJISIET PACCMATPUBATH UX KaK PABHOLICHHBIE XapaKTEPUCTUKH.

[ aHW30TPOMHBIX MAaTepUaloB HEKyOMYECKMX CHCTEM PACHIMPEHUs 10  Pa3IUYHBIM
KpHcTaJuIorpaguyeckuM HarpaBiIeHUsIM B 0OLIeM cilyyae HeOJUHAKOBO. Ecny 0603HaunTh KO3 UIKEHT
BJIOJIb [JIABHOW KPUCTA/IIOrpahuueCKON OCH @ |, & JUIs HANPABIICHUS, TIEPIICHUKYIAPHOMY TJIABHOMY &,
CBSI3b MeXIy KodpduumeHToM o00BeMHOTO pacumpeHuss ff W JUMHEWHBIMH KO3 QHIMEHTaMH
@) H @ BeIpasutTes: f = a )+ 2a,.

MOHOTOHHOE IIIaBHOE H3MEHEHME pa3MEpOB TeJla IPH HArpeBaHUM XapaKTEPHO TOJbKO IS
TEeMIEepaTypHBIX HHTEPBAJIOB, I/Ie OTCYTCTBYIOT (ha30BBIE MPEBPAIICHHS, TaK Kak (a30BbIe MPEeBpAIICHUS
COTIPOBOXKIAFOTCSI CKAYKOOOPa3HBIM H3MEHEHUEM Y IeIbHOTO 00beMa 1 BemuauHbl TKJIP.

Wzydyennem w3MeHEHHS pa3MepOB Tell, CBA3AHHBIX C HAarpeBOM M OXJaXJCHHWEM, 3aHUMAeTCs
IWIaTOMETPHSI, a CHEIUaJbHO BBICOKOUYYBCTBUTEIBHBIE TNPHUOOPHI, CIIy)Kallue Ui WCCIETOBAHUS
TEIUIOBOT'O PacIIUPEHNs, Ha3bIBAIOTCS TUIATOMETPAMH.

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 PaCIIUpPEHUS

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

HenocpencTBeHHOE M3MEepeHHE W3MEHEHHWs JUIMHBI 00paslia B Mpoliecce HarpeBa aOCONIOTHBIM
METOJIOM OTHOCHTCS K CPaBHUTEILHO CJIOXHBIM METPOJOTHMYECKUM 3aJayaM, YTO OTPAaHUYMBAET €ro
NpUMCHEHHE.

OTHOCUTENEHBIE METOBI MONYYHIIN IIMPOKOE PAaCcIpOCTpaHEHHE B JIA0OPaTOpHOH mpaktuke. Mx
NpUMEHSIOT Kak Juist ompenenenus TKJIP, ucnonmp3yemblXx B HHXKEHEPHBIX pacueTax, TaK W JJs
uccnenoBanusi ($a3oBbIX mnpespaiieHuil. [lo n3MeHeHnio kodpduIMEeHTa TEPMHUYECKOTO pPACIIUPEHHS
MOJMMEPHOTO MaTepualia M ero TeMIepaTypHOi 3aBUCIMOCTH MOYKHO CYJHTh O TMPOLECccax MepecTpOrKH
MOJIEKYJIIPHOU CTPYKTYPBIL, IPOLIECCOB IOJUMEPU3ALUN U CTPYKTYPHOI'O CTEKIIOBAHUS.

BoIbIIMHCTBO OTHOCUTEIBHBIX METOA0B OCHOBAHO Ha NPUMCHCHHUU U3MEPHUTCILHOI'O yCTpOﬁCTBa,

COCTOSIILIEr0 U3 IUJINHAPHUIECKOTo oopasua 3, moMelieHHoro B Tpyoky 1 (puc. 1).

Puc.1. Cxemarndeckoe n300pakeHIe N3MEPUTEITHLHON TPYOKH TUIIaTOMETpA.

B mpouecce wu3MepeHMii CPaBHUBAKOT BEIMYMHY TEPMUYECKOTO pacUIMpeHus obpasia u3
MCCIIEyEMOTO Marepuaia ¢ TEIUIOBBIM pACHIMPEHUEM TPYOKH, B KOTOPOM OH mnomemnaercs. TpyOky
M3rOTABIIMBAIOT M3 STAJOHHOIO BEIIECTBA, KOTOPOE 00Nanano Obl HU3KMM U mocTossHHbIM TKJIP B
IIMPOKOM JiManasoHe temreparyp. TakuM marepuanam MOKET CIIyXKUTh IUIABJIEHBIA KBApI, KOTODBIH
¥MeeT TOCTOSHHBIA Ko>((HUIMEHT NuHeiiHOro pacmmpenus, coctasistomuii (0,55-0,56) 107K~ B
uHTepBane Temmeparyp ot 0 o 1100 °C.

[pu u3mepeHusix obpasell 3 MOMEMAOT B TPyOKy 1 ¢ 3amasHHBIM JHOM Tak, 4TOObI MEXIy
00pa3loM M CTEHKaMU TPYOKH COXpaHsuics HeOOJbIIOM 3a30p. HikHIO yacTh TpyOKH ¢ 06pasiom
IIOMEIAIOT B HATPEBATENBHYIO [€Yb MM BAHHY TAKMM 00pa3oM, 4ToObI TEMIIEpATypa Mo JUIHHE 0Opasia
ObUIa MOCTOSHHOM. BepxHsis yacTh TpyOKH 1 BbIBE/IeHA M3 HATPETOM 30HBI U MOYKET UMETh KOMHATHYIO
temneparypy. Hajx 06pasiiom B TpyOKe MOMEIIAIOT KBAPLEBBI IITOK TOJIKATEND 2, KOTOPHIA HAXOAUTCS B
TeX )K€ TEMIIEPATYPHBIX YCIOBHUSX, YTO M OKPYIXKAKOIIAsl €T0 Y4acTh TPYOKH, M UX TEIJIOBOE PACUIMPEHUE
onuHakoBo. TakuM 06Gpa3soM, OTHOCHTENLHOE CMEIIEHHE BEPXHETO TOPLA CTEPXKHS M Kpas TPyOKH
ONPENENAETCS TOJBKO PA3HOCTHIO YUIMHEHMH 00pasiua M OKPYKAIOUIEH €ro HWKHeHW dacTu TpyOKw,
HAXOJAMIMXCA B M30TEPMUYECKON Kamepe. 3Has KOX()(QUIMEHT JMHEHHOIO PACHIMPEHHS MaTepHasa

TpyOKH (TJIaBJIeHBIH KBapI), 1erko paccuntarh TKJIP uccnenyemoro marepuana.



Puc.2. Cxematudeckoe n300pakeHne MHANKATOPHOTO JHIATOMETPA.

[Ipocreiimum puboOpoM TSI U3MEPEHUN TEePMUYECKOTO PACIIUPEHUS SBISETCS HHINKATOPHBINA
munatometp (puc. 2). Ilpubop cocrouT u3 KBapueBod TpyOku 1, ToikaTens 2, HWHIUKATOPHOTO
MHUKpOMeETpa 3 1 U30TePMHUUECKOI KaMepsl 5 (HarpeBaTenbHas 1eyb, TEPMOCTar ¢ Maciom). Temmneparypy
o0pasiia U3MepsIoT B IeYH TepMomnapoii 4, TOpsSUel craii KOTOPBIA BCTAaBIIEH B HEOOJIBIIOE OTBEPCTHE B
o0pa3ie; B TepMocTaTe — TepMoMeTpoM. Eciii mpy HadanpbHON KOMHATHOW TeMIepaType HHIUKATOPHBIN
MHUKPOMETP IIOKa3blBae€T yIJIMHEHHE o00pasla, paBHOE HYJIO, TO IIPH IOBBIIIEHHOH TeMIeparype
MOKa3aHUsI MHUKpoOMeTpa S OyJeT OmNpenessThCsl Pa3HOCThIO YJUIMHEHUs o0pasuoB Aly M KBapueBoit
TpyOku Aly. BennumHa TepMHYECKOro YAIMHEHUS OOpasla INpH 3TOM MOXKET OBITh HPEICTaBICHO

BBIPA’)KCHUCM

ALy (T) = Alp(T) + S(T), (7
U3 KoToporo nonyuywin Bennuuny TKIIP
1d(l 1dil 1ds
Lo 1dly _1dlp 1ds @
ly dT Iy dT 1, dT

rie ly — HavanbpHas JJIMHA 00pasiia.

ITepBoe cnaraemoe B mpaBoii yactu ypaBHeHus pasHo BenmunHe TKIIP kBapma. [losToMy okoHUATENBHO

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 AWJIATOMETP, ONPEAETUTh TepMUYECKH KOd(D(UIMEHT JIHHEHHOTO
pacmupeHus o0pas3oB METAUTMYECKUX U HEMETANTHIECKUX MaTepPHAaJIOB.

OKcliepUMEHTAIbHBIE JaHHble Tpaduuecku npeactaButb B Buge S = f(T) . Ha kpusoit
3aBucuMocTd § = f(T)BbIOpaTh MTOCTATOYHO JUHEHHBIN y4acTOK, Toraa ompeaenseMmoe 3HadeHue TKIIP
OyZerT SBIATHCS UCTUHHBIM 3HAYCHUEM Ul CPEHEH TeMIepaTyphl TEMIIepaTypPHOro HHTEpBaja:

AS =8, —S;; AT=T,—T,.

Pacuer TKJIP nccnenyeMbIx MaTepualioB mpou3BecTyu 1o Gopmyie (9).

5. ITOPAJOK BBIITIOJIHEHMA PABOTbI

1. Usmeputh niamHy HccneayeMbix 00pa3uoB. BcraBuTh oOpasen B KBapLEBYIO TPyOKY TOJIOBKH
aunatomerpa. Jlanee TONIOBKY IMIATOMETpa € METALUIMYECKUM O0O0pasloM IOMECTUTh B
TpyOUaryro mneup, a ¢ 00pa3oM MOJTUMEPHOTO MaTepraia — B TEPMOCTAT. BKIFOUUTH medb U
TepMOCTaT.

2. TlpousBecTn m3MepeHHe NMOKAa3aHUI MUKpPOMETpa MPH HarpeBe B AMANa3oHe TEMIepaTryp OT
koMHaTHO# 10 600 °C MeTammueckoro obpasma ¢ mHTepBanoM uepes 40 — 50 °C. Tlpu

0
HarpeBe oOpasua u3 nonumepHoro matepuana 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 TAOJIMIIBI, TOCTPOUTH IpaduK sl KakI0r0 HCCICIYyEMOro
MaTepuana.
2. Haiitu 3nauenust TKJIP metannoB u HeMeTaNTMUECKUI MaTepHaIOB.

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

7. KOHTPOJIBHBIE BOITPOCBI



Hackonpko otnuyaercs nopsaok 3Hauennii TKJIP MeTanioB u monuMepHbIX MaTepHanoB?
Kak moxxno nonusuts TKJIP mtactmacce?
KaxoBa nmpupona TepMHUECKOro paciupeHus?

KakoB mpuHIUT yCTpoHCTBa HHAMKATOPHOIO AUIaTOMeTpa?

o b~ e

Kakyio ¢usndeckyro xapakTepUCTHKYy HEOOXOOUMO YUHUTBHIBATH MpPU KOHCTPYHPOBAHHU H

3KCIUTyaTalluu OMMaTepHuasoB U nodemy?
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