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JlabopaTopHnasi padora Nel
N3mepenne TBepaoCTH

Llenv pabomor:

1. TTo3HAaKOMUTBCSI C METOJaMH H3MEPECHHS TBEPIOCTH METAJUIMYCCKHX
MaTepUaoB.

2. IlpuoOpecTn HaBBIKM W3MEpPEHHs TBEPJIOCTH MeTOAaMu PokBeiuia
(mpubop TK-2) u bpunems (mputdop TII-2).

3. OcBouTh METOAMKY TEPEBOAA E€AMHUIl TBEPAOCTH B EIUHUIIBI
XapaKTEPUCTHUK MEXAaHHYECKUX CBOWCTB, IIOJIy4aeMbIX TIPH HCHBITAaHUSIX Ha

pacTsKEHUE.

Kpamkue meopemuueckue ceeoeHus:

1. I/IBMepeHI/IC TBCPAOCTH MCTAJNIMYCCKUX MATCPUAJTIOB

PacnipocTpaneHHOCTh WCIIBITAHU I Ha TBEPIOCTD 00BsICHSIETCS
OTHOCHUTEIBHOM MPOCTOTON M HU3KOW CTOMMOCTBIO UX ITPOBEAECHHSI, BOZMOKHOCTBIO
UCTIIBITAHUNA MaTepHUaJIOB PA3IMYHOM IUIACTUYHOCTH M TPOYHOCTH, HEOOJBITUM
00BbeMOM 00pa3Ii0B, BO3MOKHOCThIO MPOBEJICHUSI N3MEPEHUN HEMOCPEICTBEHHO Ha
netansx. [Ipy ucnpITaHUSIX HA TBEPJOCTh MOTYT OBITH IMOJYYEHBI OIIEHKU WHBIX
MEXaHUYECKUX CBOWCTB, TAKUX KaK MPEAENl TEKy4eCTH, MPEeea NPOYHOCTH U
JpyTHeE.

HauGomnbiiee mnpakTU4ecKoe 3HAYEHHE HMEIOT CTAaTUYECKHUE HCIBITAaHUS
TBEPJIOCTH BJIABJIMBAHHEM B HUCIBITYEMOE TEJIO ApPYyroro, Oojiee TBEPAOro Teia -
uHJeHTOpa [oT anri. indentor, ot yaT. in - B, BHyTph 1 dens ( dentis) - 3y6] (MeTo s
bpunenns, PokBemna, Bukkepca, METOl MHUKPOTBEPAOETH). 3HAUUTEIBLHO PEKE
WCIIONIB3YIOTCS TMHAMUYECKUE UCTIBITAaHUSI TBEPAOCTH MO OTCKOKY IIapuKa (METOIbI
[llopa, Ilonpan) U emie pexke HCMOIb3YETCS M3MEPEHHE TBEPAOCTH lLapanaHbeM
(cknepoMetpusi). B MammHOCTpOeHHHM U MPUOOPOCTPOCHUHM OCHOBHBIM METOJIOM
U3MEpPEHUs TBEPIOCTH SBJISETCS W3MEPEHUE TBEPAOCTH BAABIMBAHUEM -

TFOPOMETPHSI.



2. M3mepenne tBepaoctu metogom bpunemns (I'OCT 9012 - 59)

CymHocth Metona bpunemns 3akimioyaeTcs BO BAABIMBAHUM — IIAPUKA
(CTaJIbHOTO WJIM M3 TBEPJOTO CIUIaBa) B oOpasell (M3/1eue) moj1 1eHCTBUEM YCUITHS,
NPUJIOKEHHOTO  MEPHEHAWKYJSIPHO  TIOBEPXHOCTH  OOpa3lla B TEUCHHUE
OTIPECIICHHOTO BPEMEHU, M M3MEPEHHHM JMaMeTpa OTIedarka TOocie CHSATHUS
YCHUJIHSL.

B kadecTBe MHJEHTOPA MPUMEHSIOTCSL:

- ctanbHOM mapuk aumamerpom 10,0; 5,0; 2,5; 2,0 umu 1,0 mm, umeronui
tBepaoctb He MeHee 850 HVIO (850 emunun TBepmoctu 1o Bukkepcy,
u3MepeHHou npu Harpyske 100 A (10 xec)).

- mapuK W3 TBepaoro cmiaBa guamerpoM 10,0; 5,0; 2,5; 2,0 wim 1,0 am,
uMeroImuid TBepaocTs He meHee 1500 HV10.

TBepaocTs Mo bpuHENI0 NpyU NPUMEHEHUH CTAJIBHOTO IIapuka 0003HAYaIOT
CUMBOJIOM HB, a npu NPUMEHEHHH IIAPUKOM U3 TBEPJOTO CIUIaBa - CHMBOJIOM
HBW. Yucneno tBepaocts HB (HBW) paBHa OTHOIICHHIO IPHIIOKEHHOTO YCHITHS

F x momanu cepuueckoro ornevatka A U pacCUUTHIBACTCA 1O PopMyIie:

0,102 -F 0102 -F
HB (HBW ) = =

A 7r~D~(D—\/D2—d2)’

rae F - yeunue, H; D - quamerp mapuka, mm; d - quaMerp oTreyarka, M.

3anuce pe3yapTaTa U3MEPEHUSI COCTOMT M3 YMCJIOBOTO 3HAYEHMS TBEPIAOCTH
U3 TpeX 3Hadanmx 1udp, cuMmpoa Teepaoctu no bpunemwno HB(HBW), nuamerpa
mapuka, MPWIOKEHHOTO YCWIMA U MPOJOJDKUTEILHOCTH BBIIECPKKA O]
Harpyskoi, ecnu nocienusas ormmmyaercs ot (10...15) ¢. Hampumep, 3amuch 575
HBW 2,5/187/30 o3nauaet TBepaoCTh 1o bpuHemw o 575 equHull, U3MEPEHHYIO
MpY NPUMEHEHUU IIapUKa U3 TBEPJOrO CIiaBa JUAMETPOM 2,5 MM, IPU YCUIHH
187 xec n IPOAOIKUTEIIBHOCTH BBIJIEPKKH 101 Harpy3koit 30 c.

[Ipu u3MepeHun TBEPJIOCTH MHAEHTOpPOM auamerpoM 10 mm mpu ycunuu

3000 xkec W TWPOAOIKUTENBHOCTH BhIAEpKKU OT 10 mo 15 ¢ TBepmocTh 1O



Bbpunenio 0003Ha4al0T TOJIBKO YUCIOBBIM 3HAUEHUEM TBEPJOCTU U CUMBOJIOM HB
win HBW, nanpumep 185 HB, 620 HBW. Ilpu tBepmoctu mertaiioB 6osee 450
eIMHULl IO BpuHeo uisi u3MepeHusl UCIOJIb3YIOT IMIAPUKUA TOJIBKO U3 TBEPIOTO
cIiaBa, BO M30exaHue nedopMmaluyd WHACHTOpa, a MpH TBepAocTH MeHee 450
CIMHULl TPUMEHSIOT CTaJbHbIE MIAPUKU WM MIAPUKU W3 TBEPIOTO CILIaBa.
MakcuManbHO JOMyCTUMAas TBEPAOCTh METAJIOB IMPU MPUMEHEHHH METOoja
Bbpunemnns B 650 equnui.

OT60p 1 MOATrOTOBKA 00PA3I0B K U3BMEPEHUIO COCTOUT U3 CIEAYIOIIUX 3TAIOB:

1.Onpenensiercss HeoOxoaumasi TOJIIMHA o00paslia, KoTopas JOJDKHA
NPEBBILIATh ITyOMHY OTIeYaTKa HE MeHee 4eM B 8 pa3. B mobom ciydae mocie
UCTBITAHUNA HAa TPOTHUBOIOJIOXKHOM CTOpOHE OOpaslia He JIOJKHO OBbIThb 3aMETHO
cJIeI0B AepopMauu OT UHACHTOPA.

2. [ToBepxHOCTh OOpa3mna (M3aenus) OJDKHA OBITh TIAJAKOW, pOBHOM U
CBOOOJHOW OT OKaJuHbl WJIM OKCHUIHON IJIeHKU. OOpaboTKy MMOBEPXHOCTH
oOpa3na (u3zenus) JOMyCKAaeTCsl MPOBOJAUTh NUIMGOBKON HAa Ha)XXJTayHOM Oymare
WIM MEJIKUM HanwibHUKOM. [IpyM uCHONB30BaHMM IIApUKa JuaMeTpoMm lamwm
MOBEPXHOCTh 00pa3lia 10JKHA OBbITh OTIOJIMPOBAHA.

3. Ucnonb3ys crangapt 'OCT 9012 — 59 BeiOUparoTcss ONTUMAIbHBIE YCHIIUS
U3MEPEHUs (IuaMeTp LapuKa, yCUINE, JUTUTEIbHOCTD BBIIEPIKKH).

Juamerp orneyarka d W3MEpSIFOT € TIOMOIIBEO HMHCTPYMEHTAIBHOTO
MHUKPOCKOIA WIH APYTUX CPE] U3MEPEHHUSL.

3. U3amepenue tBepaoctu MetonoM Pokeemta (TOCT 9013-59)

CymHocts MeToAa PokBelsia 3akiiouyaercs BO BHEIPEHUU B MOBEPXHOCTH
obOpasma (WiaM H3AENTUs) ajJMa3HOrO KOHyca WM CTajJbHOTO Cc(hepruuecKkoro
HAKOHEYHMKA MO/JI ICUCTBUEM IOCIEI0BATEIBHO MPHUIAraeMbIX MPEIBAPUTEIHLHOTO
Fo u ocuoBHoro F; ycunuit u B onpeneneHun riayOuMHBI BHEIPEHUS WHACHTOPA
MOCJI€ CHATUS OCHOBHOTO ycunusa F;. IlpuHIMNHMANBHBIM OTIWYUEM METONA
MU3MEPEHHUs TBEpAOCTU 10 PokBeuty oT Merona bpuHens 3aKkirodaercs B TOM, 4TO
B MeroAe PokBemia 3a Mepy TBEpAOCTH NMPUHUMAIOT IJIyOMHY OTHe4YaTKa, a B

Metonae bpuHesns nmameTp ornevyarka.



JIist u3MepeHrs TBEPIOCTH HCIIONB3YIOT CIIeUaIbHbIe TPUOOPHI (HAIpUMep,
tBepaomep TK — 2). Ilpubopsl momxHBI 00OecreuynBaTh MPUIOKECHUE YCHIWH,
yKa3aHHbIX B Ta0m.1.

B kadecTBe MHIEHTOpPA HUCIOIB3YIOTCA: aJMa3HbId KOHYCHBIM HAKOHEYHMK
(mkanel A, C); cralbHOW IMIAPUKOBBIM HAKOHEYHHK AraMeTpoM 1,588 MM (IIKaibl
B).

YuciieHHOE 3HAYE€HHE TBEPAOCTH CUMTHIBACTCA CO IIKAJIBI MHAUKATOPA WIH
nokasarensi UM(POBOro OTCUETHOTO YCTpocTBa NpUOOpa € OKPYIVICHHEM
pesyaprara 10 0,5 enMHUIBI TBEPAOCTU. 3aMCh PE3YyJIbTaTa U3MEPEHUS COCTOUT
U3 YUCJIEHHOTO 3HAY€HHs TBEPJOCTH W3 TpEX 3HAYalluX LHU(p U CUMBOJA TBEP-
noctu. Hammpumep, 3anuce 65,0 HRC o3nauaet tBepocts o PokBerty paBHyto 65
YCJIOBHBIM €auHHNAM 1o mkaie C, MOJyYeHHBIM IIPU BIABIMBAHUM AJIMAa3HOTO

HAKOHEYHUKA B MOBEPXHOCTh 00pa3ua (u3aenus) ¢ oomum ycuirem F = 1500 H.

Tabnura 1

Y cnoBust n3MEpeHus TBEPIOCTH METOIOM PokBeIuia

[llxana | O6o3nauenue | [Ipeasapurensnoe | OcHoBHoe | OOmiee | Jnanazon
TBEPIOCTU € IMHMII yewnue Fo, H YCWINE | YCUJIUE | U3MEPEHUS
W3MEpPEHUS F,H FH € IVMHUI]
TBEPJIOCTH
A HRA 100 500 600 20...88
B HRB 100 900 1000 20...100
C HRC 100 1400 1500 20...70

OTOéop ¥ MOATrOTOBKAa OOpPA3IOB K M3MEPEHHUIO TBEPJOCTH MPOBOJIUTCS
aHAJIOTUYHO PACCMOTPEHHBIM B MeToe bpunHesns.

TBepaocTs Mo mKane A U3MEPSIIOT Ha TBEPABIX CIUIaBaX, Ha METaJUIax MOCTe
MOBEPXHOCTHOW YIPOUYHSAIOLIEH 00pabOTKM, Ha TOHKHUX M XPYIKHX oOpasmnax.

TBepI[OCTB no umkaiae B U3MCPAKOT Ha CTAIX B OTOKKCHHOM COCTOAHHM, Ha



[BETHBIX METaJlJIaX, €CJIM UX TBEPAOCTh He mnpeBocxoaut 200 HB. Tepmocts mo
mkane C HU3MEpSAIOT Ha YMNPOUYHEHHBIX TEPMOOOPaOOTKON WM MJIACTUYECKUM
Ne(pOPMUPOBAHUEM CTAJSIX M TYTOIUIABKUX METalljlaX U CILIaBax.

Br160p 11KaIbl OCYIIECTBIAETCS U3 CIECAYIOUNX COOOpaKESHUIA:

-eCclli TBEPAOCTb OOpa3na (M3aenus) HEe W3BECTHA, TO IEPBOE HU3MEpPEHHE
CJIEAyET MPOBOAUTS 10 1ikajue C;

-ecM TBEpAOCTh mpu 3ToM okaxercs Oombmie 20 HRC, 1O 3TO umCIO
IPUHUMAIOT 32 PE3yJbTaT U3MEPEHMUS,;

-ecnu TBepaocTh okaxercs meHee 20 HRC, To ciemyeT moBTOPHO M3MEPHUTH
TBEPIOCTH IO MIKaie B.

B Hacrosimiee Bpemsi MOJIy4€Hbl 3aBUCUMOCTH,  OIMCBHIBAIOIIMX CBSI3b
TBEPJAOCTH C XapaKTEPUCTHUKAMU MEXaHWYECKHUX CBOICTB, IMOJY4aeMbIX IPH
UCTIBITAHUSIX Ha PACTSKEHHE, MOJI3y4ecTh, CONPOTUBIIEHHE YCTaJOCTH, W3HOC,

HCKOTOPBIC U3 KOTOPLIX IIPHUBCACHLI B TabII1.2.

Tabmauma 2
dopMyIBl TIEPEBOIa SAUHUIL TBEPAOCTH B XapaKTEPUCTHKN

ITPOYHOCTH ITPH PACTSIKCHUN

dopmyia repeBojia [TorpemHoCTh OO0sacTh NpUMEHEHUS

G2 = 3,67 HB -240 ~10 % JlernpoBaHHBIC CTAIM MEPIUTHOTO U

MapTeHcuTHOro kjaccoB (HB>150)

co2= 2 HB ~10 % Toxe (HB<150)
og =345 HB VYriepoaucTble U HU3KOJETUPOBAH -
<10 % ueie ctanu (HB >150)
o =325+ 207 "exp (0,0377" Yriuepoauctele W JIETHPOBAHHBIC
HRC) ~2% KOHCTPYKLHOHHBIE CTAJIM B JIUTOM,
ropsiYeKaTaHHOM u

TepMOOOpPabOTAHHOM COCTOSTHHSX




Ortuer

1. Omnpenenuth TBEPAOCTh OO0pa3LOB pa3NHYHbIX MarepuaioB. Ha
KaX7I0M oOpa3le TBEpAOCTh M3MEPUTh TPHU pa3a M 3a pPE3yJbTaT HU3MEpPEHUIl
NPUHATH CpeliHee apuMeTHIecKoe 3HaUCHHE.

2. 3anonHutb Tabmn. 3. s cpaBHEHUS TBEPAOCTH pa3HbIX 00pa3lOB BCe
pe3yJIbTaThl U3MEPEHUM, TOJyUYEHHBIE NIPU PA3IUYHBIX HArPy3Kax U Ha pa3InYHbIX
HIKajax MnepecynuTaTh B TBEPAOCTh 0 bpuneio.

3. MHcnonb3ys Tabn. 2 onpenenuTs Npeaes NPpoYHOCTH MPU PACTSKEHUU
JUTSL KicclielyeMbIX cTaneld. [lomydeHHblie pe3ynbTaThl 3aHECTH B Ta0J.3.

4. Cpenate BBIBOJBI O BIMSHHM COCTaBa MaTepHajia, TEPMUYECKOMH,
TEPMOMEXAHUUYECKON U MEXaHMYECKON 00padOTKHU Ha TBEPAOCTh METAIIIMYECKOTO

Matepuana. YKaszaTh, KakoW CIOCOO YNpOYHEHHUs CTajell sBIsSIETCS Haunbosee

3 PEKTUBHBIM.
Tabauna 3
Marepuan Tun Harpy3ka, TBepnocThb O,
WHJICHTOpa H HRB | HRC | HB | MIla
Menn
JlaTtyHp
AJFOMUHUA
J{ropantomuH

Craip B X0J10JHOKAaTOHHOM
COCTOSIHUHU

Craib B ropsiueKaTaHHOM
COCTOSIHUU

Crajib B OTOXKEHHOM
COCTOSSHUH

Cranp B 3aKaJICHHOM
COCTOSSHUH

Crasib B OTHYILIEHHOM
COCTOSIHUM




KOHTpOIBHBIE BOITPOCHI:

1. Yrto Ha3bIBaeTCS TBEPAOCTHIO METAIIOB?

2. Kaxk o6o3nauaercsa tBepaocTh 1o Poksenny u bpunennio?

3. B dem paznuiia METoI0B M3MEPEHUS TBEPIOCTH 10 bpuHemto n
Poxsemy?

4. KakuM METOJ0M MO>XHO U3MEPHUTH TBEPIOCTh 3aKAJIEHHOM cTamu?

5. Kakum MeTomoM ciemyeT u3MepsITh TBEPIOCTh ATFOMHUHHUEBBIX JICTAJICH?

6. Kak Bauser Ha TBepAOCTh MeTaula TepMooOpaboTka, 00paboTKa
JABJICHUEM ?

7. 3anummTe pe3yiabTaT U3MEPEHUS TBEPAOCTH, €CITH CTPEIKA HHANKATOPA
TBEPJIOCTH OCTAHOBMJIACh Ha 3HaueHun 46,75 HRB

8. Tlouemy mpu U3MEpEHUH TBEPOCTH HEU3BECTHOTO MaTepHrasa HyKHO B

Ka4CCTBC HHACHTOPA UCII0JIb30BATh anmas?

JlaGopaTopHasi padora Ne 2

MuxkpockonuyecKuii aHAJIU3 MaTepHaIoB

Ilenv pabomor :

1.3y4nTh METOIUKY MPUTOTOBJICHUS MUKPOILITU(OB
2.13yunth OIITUYECKYIO CXeMy 51 KOHCTPYKLIMIO BEPTUKAIBLHOI'O
MeTtasorpaduueckoro mukpockorna MUM-7

3.3apucoBaTh MUKPOCTPYKTYPbl MUKPOILIU(OB C TOMOIIIbI0 MUKpockonia MUM-7

Kpamkue meopemuueckue ceeoeHus:

[Tog MuKpoaHAM30M MOHUMAIOT HM3YYCHHE CTPOCHUS METaUIOB U
CIUIaBOB C TIOMOIIBIO METAJUIOTPa(UIECKOTO MUKPOCKOTIA TIPH yBEITMUEHUH B 50—
2000 pas.

HpI/I IMOMOIIIKY MHUKpOaHaIn3a OIMPCACIIAIOT!:



1) ¢opmy u pasmep KpUCTATUYECKHX 3€PEH, U3 KOTOPHIX COCTOUT METAJUl MU
CILIIaB;

2) W3MEHEHHE BHYTPEHHEIro CTPOCHMsI CIUIaBa, MPOUCXOJAIIEE O] BIUSHUEM
Pa3IMYHBIX PEKUMOB TEPMUUYECKOM U XUMHKO-TEPMHUUECKONH 00pabOTKH, a TaKkxke
MOCJI€ BHEIIIHETO MEXaHWYECKOTO BO3/ICHCTBUS HA CILIAB;

3) MUKpPONOpPOKU METala — MUKPOTPEUIMHBI, PAKOBUHBI U T. I1.;

4) HeMeTaJUIMYeCKHue BKIIOYEHHUS — CyNb(UIBI, OKCHIBI U Jp.;

5)  XUMHMYECKUH COCTaB HEKOTOPBIX CTPYKTYPHBIX COCTABJISIIONIUX 10 UX
XapakTepHOU opMe U XapaKTepHOMY OKPAIIMBAHUIO CTICIIMATbHBIMUA PEAKTUBAMU
U B HEKOTOPHIX CIydasx MPUOTUZUTEIBHO OMPENESIOT XUMHYECKH COCTaB
U3y4aeMoro CIlIaBa.

JIJis MUKPOCKOTTMYECKOTO aHaJIM3a U3 UCIIBITHIBAEMOTO MaTepraia BhIPE3aoT
oOpaszelr ¥ myTeM psaa orepanui (nuMdoBaHUs, MOJIUPOBAHUS, TPABICHUS)
JOBOJAT JI0 TAaKOrO COCTOSIHMA, KOIJa TIpU  PAacCMOTPEHHM €ro B
MeTaIorpaguuecknii MUKPOCKOII BBISBISIOTCS HEMETAUTUYECKUE BKIIIOYCHHS,
MeJIKhe Topbl, Tpadutr B uyryHe (mocie nuudOBaHUS U TOJTHPOBAHHUSA) WIH
MUKPOCTPYKTYpa (1mocie nnudoBaHusl, MOTUPOBAHUS U TPABICHUA).

[TonroroBneHHas mJjis MCCIEAOBAHUS TOJI MHMKPOCKOIIOM MOBEPXHOCTb
oOpasiia Ha3bIBAECTCS MUKPOULTUPOM.

TakuMm 00pa3oM, MUKPOCKOTTMYECKUM aHAJIU3 COCTOUT: 1) U3 MPUTOTOBJICHUS
MUKponuiuoB U 2)  HCCIENOBAaHUS  MHUKPONUIMPOB €  MOMOIIBIO
MeTaIIOTrpaguuIecKoro MUKPOCKOTIA.

Ha  BeIpe3aHHOM  00pasiie  BBIPAaBHUBAIOT  IOBEPXHOCTh,  KOTOpas
npelHa3HayeHa Ui MukpoaHanmsa. [loydeHwe TIIIOCKOM  TOBEPXHOCTH
JIOCTUTAETCS ONMUJIMBAaHUEM HANMIIBHUKOM (€CITM MaTepuas MTKHI) WU 3aTOYKON
Ha aOpa3uBHOM Kpyre (eciau marepuan TBepablii). [Ipm 3atouke oOpasua u3
3aKaJlCHHOM CTajd HEOoOXOAMMO CIICIWTHh 3a TeM, YTOOBI oOpasel CHIBHO HE
HarpeBaJics, TaK KaK MpPU 3TOM B TOBEPXHOCTHOM CJIO€ MOYKET MPOU30NTH OTITYCK
U CTpPYKTypa cTanu u3MmeHutcs. llosTomy mpu 3artouke obOpasery HEOOXOAUMO

NEPUOIUYCCKH OXJIAXKAATD IOIPYKCHUEM B BOY.



[TomyueHHy0 MIOCKYIO MOBEPXHOCTh 00pa3ia NUIM(YIOT Ha NUTH(POBATBEHOMN
(HaXXIa4HOM ) MIKYPKE C 3€pHAMHU PA3JIMYHBIX pa3MepoOB (HOMEPOB) .

[InudoBanre HAUMHAIOT HA MIKYpKe ¢ 00Jee KPYIMHBIM a0pa3suBHBIM 3€pPHOM,
3aTeM TIOCTENEHHO TMEepexXoaaT Ha NIIU(POBaHHE HIKYpKOW ¢ Ooriee MEeTKUM
aOpa3MBHBIM 3€PHOM.

[nudyroT BpyuHyIO0 Ha IMIKYpKE, MOJOXKEHHOW Ha TOJICTOE CTEKJIO, WM Ha
CHEeIMANbHBIX HNUIM(OBaTBHBIX cTaHKax. [lpu mmmdoBannu BpydHYIO OOpasel
MOJATOTOBJICHHON IJIOCKOCTBIO MPUKUMAIOT PYKOM K HUIM(POBAIBHOW IIKYpKE U
BOJIST UM T10 Oymare B HampaBJICHHUH, IEPIICHANKYISIPHOM K PUCKaM, TIOTYyYECHHBIM
nociie onmuiauBaHusl HamWiIbHUKOM. [IInmndyioT 10 MOTHOTO MCYE3HOBEHUS PHUCOK,
[ocjie 3TOr0 MOBEPXHOCTh oOOpa3la BBITUPAIOT BaToMl (WIM MPOMBIBAIOT),
noBopaynBalOT Ha 90° m numm@yoT Ha WKypke ¢ Oosee MEIKUM aOpa3uBHBIM
36pHOM [0 TIOJHOTO HCYE3HOBEHMSI PHCOK, IOJYYEHHBIX OT HPEbIIyIIero
nungoBanus. Ilpu 3aMeHe IMIKypKHM OJHOTO pa3Mepa 3€pHUCTOCTH APYyTUM
oOpazell BBITHPAIOT BaTOM M ToOBOopayuBalOT Ha 90°, 4YTOOBI pUCKH TpH
nocyenyromneil  00paboTke MOMyYaIuCh NEPHEHAUKYISIPHBIMH K pPHCKaM OT
npeapayein 00padoTKu.

MoxHo nuM@oBaTh TakkKe CHEIHAJbHBIMH I1acCTaMd, HAHECEHHbIMH Ha
HEOOJIBIITUE JINCTHI YEPTEHKHOU Oymardu.

Mexanndeckoe — nUMQOBAHME  OCYHIECTBISETCS  HAa  CIEIUATBHBIX
NUTM(QOBAIBHBIX MaIIMHAX, UMEIONMX HECKOJIbKO KpyroB muamerpom 200—250
MM, TIPUBOJIMMBIX BO BpallleHHWE OT JJIEKTpojBHraTensa. Ha moBepXHOCTH KPYyroB
HA/ICBAIOT WJIM HAKJICHBAIOT NUIH(OBAIBHYIO MIKYPKY. MeToIuKa MEXaHUIECKOTO
nuM(OoBaHUS aHAIOTUYHA METOAMKE PYUYHOTO IITU(POBAHMUSL.

[Tocne okoHyaHus nUIMQPOBaHUS HA NUIU(POBAIBHON HIKYpPKE CaMON MENKOM
3€pHUCTOCTH TIOJIMPOBAHUEM YAAISIOT PUCKU U 0OpabaThiBaeMasi TOBEPXHOCTH 00-
pasia nosydaercs Onecrtdine 3epkaibHOU. [lonrpoBaTh MOKHO MEXaHMYECKUM U

SJICKTPOIUTUUCCKUM criocobamu.



MexaHnueckoe MOJIMPOBAHKUE MPOU3BOJSAT HA CIEIUATBLHOM MOJIUPOBATILHOM
CTaHKe, OOTSHYTHIM CyKHOM WM ¢eTrpoM. CyKHO CMA4MBAIOT IOJIUPOBATLHON
KUJKOCTBIO.

[locne momupoBaHusi 00pa3ell MPOMBIBAIOT  BOJOM; MOJHUPOBAHHYIO
MMOBEPXHOCTh IMPOTUPAKOT BAaTOW, CMOYEHHOW CHUPTOM, a 3aTE€M MPOCYLIMBAIOT
NpUKJIaJAbIBAHUEM (PUIBTPOBAIBHOM OyMard WM JIETKUM TMPOTHUPAHUEM CYXOH
BATOM.

UToOBI MpeAoXpaHUTh MOJIUPOBAHHYIO MTOBEPXHOCTh OT OKUCIEHUS, 00pa3Ibl
XPaHAT B 9KCUKATOPE C XJIOPUCTHIM KaJIbITUEM.

[Ipr  SJIEKTPOJUTHYECKOM TIOJIMPOBAHMM B BAHHY C  OJIEKTPOJUTOM
MOTPYXKAIOT TOJUPYEeMbId oOpaser] , SBISIIONIUMHCA aHOJAOM, W KaTroj U3
HEpXKaBerwomen craid. [ 3JIEeKTPOJUTHYECKOTO IOJUPOBAHUS Pa3IMYHBIX
CTaJ€il, YyI'yHOB M CIUIaBOB LIBETHBIX METAJUIOB MPUMEHSIOT PA3JIMYHOIO COCTaBa
AIEKTPOJIUTHI U PA3IMYHBIEC PEKUMBI .

[Ipy PAEKTPOTUTHYECKOM TMOJIUPOBAHUU TOJ JNCUCTBHEM TOKa B Ipolecce
AJIEKTPOJIN3a Ha MOBEPXHOCTH MeTalljia 00pa3yeTcs MieHKa MPOAYKTOB aHOJIHOTO
pacTBOpPEHUsSI: TOJIIIMHA IJIEHKM Ha BBICTYyNaxX 3HAYUTENIbHO MEHBIIE, Ye€M BO
BIIaJIMHAX, IMOATOMY BBICTYIIBI PACTBOPSIOTCA 0OJiee MHTEHCUBHO U MOBEPXHOCTh
oOpasiia BIpaBHUBAETCS.

[Ipu 27€KTPOTUTUYECKOM TMOJIUPOBAHUU MOBEPXHOCTH 00paslia MoJydaeTcs
0e3 IIeHKH Je(OPMHUPOBAHHOTO MeETallla W, CIEI0BaTelIbHO, 0€3 HCKaKCHHS
CTPYKTYpbl B TIOBEPXHOCTHOM CJIO€, 4YTO BO3MOXHO TIPU MEXaHUUYECKOM
MOJIMPOBAHUHU.

[To 3epkanbHOM MOBEPXHOCTH O0pasila, MOJYYEHHOH TMOcie MOJUPOBAHUA,
HENb3s CYIUTh O CTPOCHUU CIUlaBa. TOJbKO HEMETAUIMYECKHE BKIHOYCHUS
(cynbduasl, oKCUabl, TpaduT B CEPOM UyTyHE) BCICACTBHE MX OKPAIICHHOCTH B
pasnuYHBIC I1[BETa PE3KO BBIJCISIOTCS Ha CBETIOM (OHE TMOJTHMPOBAHHOTO
mukponuidda.llosromy [ BBISIBIEHUS MHUKPOCTPYKTYPbI MOJUPOBAHHYIO MO-

BEPXHOCTh 00Opa3lia MOJABEPraloT TPABICHUIO, T. €. IEHCTBUIO PACTBOPOB KHCIIOT,



nienouen, coneul. I[lpu TpaBiieHMM HEOTHOPOJHBIE YYACTKH METAJUIA WM CILJIAaBa
CTAHOBATCS BUMMBIMH I10]T MUKPOCKOIIOM.

CymHocTh mponecca BBIABICHUS CTPYKTYpbl METAUIOB M CIUIABOB
TPABJICHUEM 3aKJII0YACTCA B PA3JIMYHON CTENIEHU PACTBOPEHUS WIIM OKPAILVBAHUS
OTJEJIBHBIX CTPYKTYPHBIX COCTABIIIIOIIMX — 3€PEH YUCTBIX METAJUIOB, TBEPIBIX
pPacTBOPOB, XMUMHUYECKUX COCAUHEHUMN. Pa3nnuHbIE CTPYKTYpPHBIE COCTaBIISIFOLIUE
o0JlafjaloT  pa3HbIM  IEKTPOJAHBIM  MoTeHuuanoM. Korma mnonupoBaHHas
IIOBEPXHOCTh CIUIABA IOKPBITA TPABUTENIEM, SBISAIOIIAMCS AJIEKTPOJIUTOM, OJHHU
CTPYKTYpPHBIE COCTaBJISIIOIIME CIUIABA, MMEIOIUE 00Jee IEKTPOOTPHULIATEIbHBIN
ANEKTPOJHBIN TMOTEHUHUaN, OyayT SIBISATHCA AaHOJAAMH M PACTBOPATHCH, APYrue
CTPYKTYpPHBIE  COCTaBJSIOUIME, C OoJiee MOJOXKHUTEIbHBIM  AJIEKTPOIAHBIM
NOTEHIMAIOM, OyAyT KaTOJAMH M COXPAHATHCS HEM3MEHHbIMU. Tak Kak TaKHX
QHOJHBIX M KAaTOAHBIX YYacTKOB MHOIO, TO B peE3yJbTare TpPaBICHUs Ha
MNOBEPXHOCTU MUKpouuihda oOpa3yroTcss MHOTOUHUCICHHbIE BIAJAUHBI U BBICTYIIBL,
KOTOPBIE M XapaKTEPU3YIOT MUKPOCTPYKTYPY CILIaBa.

[Tpu ocBemieHUH MPOTPABIEHHOTO MHKpolUIMpa Ha MeTauiorpaduyeckom
MHUKpPOCKOIIE JIydd CBeTa OyAyT TMO-pa3HOMY OTpPaXKaTbCs OT Pa3IM4HO
IPOTPABUBIIUXCS CTPYKTYPHBIX COCTaBIIOMMX. CTPYyKTypHBIE COCTaBISIOLINE,
IPOTPaBUBIIKECS C1a00, OTPA3AT B [OJI€ 3PEHUSI MUKPOCKOIa OoJblie JIydel cBeTa
u OyAyT Ka3aTbCsi CBETJIBIMU; CTPYKTYPHBIE COCTaBJISIOIIME, MPOTPaBUBIIUECS
CUJIBHO, OTpa3fAT B IOJIE 3PEHUSA MMKPOCKOIIA, BCIIEACTBUE pPaCCEsHUSA CBETAa,
MEHbIIE JIyue u OyAyT Ka3aTbCsi TEMHbIMU. TakuM oOpa3oM, Ha pa3HUIE B CO-
CTOSIHUW MTOBEPXHOCTH M KOJIMYECTBE OTPAKEHHBIX JIy4el U OCHOBAHO BBISIBIICHHE
CTPYKTYpHI CILJIABOB.

[IpoAOMKUTENBHOCTD TPABIEHUS 3aBUCUT OT MAPKHU CTajld U CTPYKTYpHI, HO
OOBIYHO JOCTATOYHA BBIIEPHKKA B HECKOJIBKO CEKYH/I.

[Ipu3HakOM IIPOTPABIMBAHUS SABISETCA MOTYCKHEHHME NMOBEpXHOCTH. [locne
TPaBJICHUS MHUKPOLUIN( MPOMBIBAIOT BOJAOW, HPOTUPAIOT BAaTOM, CMOYEHHOU
CIMPTOM, a 3aTE€M MPOCYIIMBAIOT NPUKIIAAbIBAHUEM (PUIBTPOBAIBLHON OymMaru uiu

JIETKAM IIPOTUPAHUEM CYXOU BATOM.



B pe3ynbpTaTe TpaBieHHs JOMKHO OBITh YETKOE BBISIBICHUE MUKPOCTPYKTYPBHI.

[Tocnme wm3roTtoBieHHMs MUKpoILIuda HEOOXOAMMO UCCIENOBATh  €ro
MHUKPOCTPYKTYPY C IIOMOILbIO ONTUHYECKOTO MUKPOCKOIIA.

KauecTBO MHKpPOCKOIIa  XapakTEPU3YETCS BO3MOXHBIM  YBEJIHYEHUEM,

COBCPIICHCTBOM I/1306pa)KeHI/I51, paspema}omeﬁ CITOCOOHOCTBIO MUKPOCKOIIA.

Puc. 1 Ontrueckas cxema MUKPOCKOIIQ

YBenuueHne MUKPOCKOIA PaBHO MPOW3BEACHHUIO YBEIWYCHHN OOBEKTHBA U
okyJssipa. OOBEKTUB YBEIMYMUBACT  pPACCMAaTPUBAEMbId  TPEAMET, a OKYJSp
YBEJIMYMBAET JIMIIb U300paKeHUe, ToJlydaeMoe OT OOBEKTHBA, U HE J0OaBIIeT
K HEMy HHMKaKHUX HOBBIX OCOOCHHOCTEH CTPYKTYPBI, €CIIM OHU HE BBISBICHBI
OOBEKTUBOM.

VBennuenue 00bEKTUBA
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Pasperaromias  criocoOHOCTh MuKpockoma d  (CocoOHOCTH — pa3nyaTh
MeJIbYalIlne JeTalu MPeaMeTa) XapakTepu3yeTcsl ypaBHEHUEM

P
A
rie 4 — JUIMHA BOJHBI CBETA B aHITCTpEMaXx;
A — gncnoBas anepTypa oObEKTUBA.

CBeToBBIC Jyuyd OT AJIEKTpUUecko sammbl 1 (puc. 2) mpoxonsiT uepe3
KOJUIEKTOp 2 ¥, OTPaXkasch OT 3epKajia 3, MOMaaaroT Ha CBETOGUILTP 4 (0OBIYHO
KENTBIM IS TONydeHUs: H300paKeHUST C PE3KUMH KOHTypamH), 3aTeM Ha
anepTypHyto auadparmy 5 (JUisi OrpaHUYEHUsS] CBETOBBIX MYYKOB W TOJYyUCHUS
BBICOKOM YE€TKOCTH M300pakeHws ), TUH3Y 6, (poTo3aTrBop 7, moneByro nuadparmy 8
(It OrpaHMYEHMs] OCBEIICHHOTO IOJs  pacCMaTpMBaeMOro y4yacTkKa Ha
MUKponuiide), MperoMisaioTess meHTanpusMon 9, mpoxonar uepe3 nuH3y 10,
MOMAAI0T Ha OTPaKaTeNbHYIO MIacTHHKY 11 HampaBisroTcs oOwvekTuB 12 u Ha
mukpornud 13, ycTaHOBJICHHBI Ha TMpeAMETHOM cToiuke. OTpasuBIIUCH OT
mukponutrda 13, Tyuyn BHOBb MPOXOAAT uepe3 0ObeKTHB 12 W, BBIXOIS M3 HEro
napajulebHBIM MTyYKOM, TIONMAJal0T Ha OTpakaTelbHYI TulacTUHKy 11 u
axpomaTuieckyto JuH3y 14. [Ipu Bu3yaibHOM HaOMIOJCHUU B X0/ JIy4deil BBOJIUTCS
3epkasio 15, KOTOpoe OTKIOHSET Jydd B CTOpoHY okymspa 16. Ilpu ¢otorpa-
dbupoBaHuM 3epKano 15 BBIKIIOYAETCS BBIBIIKEHUEM TyOyca BMECTE C OKYJISIPOM
U 3€pKaJOM H Jy4d HaMpaBISIOTCS HEMOCPEACTBEHHO K (orookymsapy 17,
IPOXOJAT Yepe3 Hero Ha 3epkano 18, oT KoToporo oTpakaroTcs W MOMAgaloT Ha
MatoBoe crekiao 19, rme wm  maror u3oOpaxkenwe. [ pukcupoBaHUs

MUKPOCTPYKTYpPBI MaToBOE CTeKJI0 19 3a MeHsieTcs kacceTol ¢ (POTOIIIACTUHKOM.



Puc. 2. Ontuueckas cuctema Mukpockorna MUM-7

Jlnst HaOMroeHusl B MOJIIPU30BAHHOM CBETE B CHCTEMY BKIIFOUAIOT BKJIAAHOU
ananu3zatop 20 u monspuzarop 21.

Mukpockon MUM-7 (puc. 3) cOCTOMT U3 TpeX OCHOBHBIX YACTEM:
OCBETHUTEJIS, KOPIyCca U BEpXHEH YaCTH.

Ocetutens | umeer GoHaps 1, BHyTpH KOXKyXa KOTOPOTO HAXOIUTCS JIaMIIA.
[leHTpUpOBOYHBIE BHHTHI 2 CIyKaT ANl COBMEIICHHS IICHTpAa HUTH JIaMIIBl C
ONTHYECKON OCBIO KOJUIEKTOPA.

Kopnyc |l mMukpockoma. B kopmyce MHKpOCKONa HaXOASTCS: TUCK 3 C
HAa0OpOM CBETODUIBTPOB; PYKOSATKA 4 TIepeKItoueHus: (HOTOOKYISIPOB; MOCATOYHOE
YCTPOMCTBO JIJIsi pAMKH 5 C MaTOBBIM CTEKJIOM WJIM KacCeThl C (POTOMIACTHHKOMN 9
X 12 mm; y3en amepTyp HOW nauadparMbl, YKPEIUICHHBbIA TMOJ OIpaBoi
OCBETUTEJIbHOM JHMH3bI 0; KOJBLIO C HAKAaTKOM 7, ciyXkallee sl W3MEHEHHs
nuameTrpa auadparmbl; BUHT 8, BpaIlleHHEM KOTOPOTo CMeIaeTcsl nuadparma s
CO3JaHUsl KOCOTO OCBEIIeHWS; BUHT 9 Uil (pUKCAlMM TOBOPOTa arepTypHO
nuagpparmsl.

Bepxnsis gacTs |1 MuUKpoCcKkoIia UMEET ClieyIoIue AeTalH.



1. Unmomunaropueiii Tyoyc 10, B BepxHel 4acTh KOTOPOTO PacHoOIOKEHO
M0Cag0uHOe OTBEpcTHE MOJ 00bekTHB. Ha matpyOke MIUIIOMHHATOPHOTO TyOyca
pacrnojokeHa pamka ¢ JuH3aMu 11 nmus paboThl B CBETJIIOM U TEMHOM IIOJIE U
pykosTka 12 st BriaroueHus auadparMel 24 mpu paboTe B TEMHOM IIOJIE; TOJ
KOXyxoM 13— meHranpusMa. B HmwkHedl yacTh Kokyxa 13 pacriosioKeHbl
LEHTPUPOBOYHbIE BUHTHI 14 moneBoil auadparMel, AMAMETP KOTOPOH H3MEHSIOT
npu nomomu noBoaka 15. Ilom koHycom moneBoil nuadparMbl HaXOAUTCS
dboto3arBop 16.

2. Busyanbnbslii (3putenbHblii) TYOyc 17, B oTBepcTue KOTOPOTO
BcTaBisieTcs:  okymsap 18. Ilpu BusyanpHOM HaOmoneHWH TyOyc BIBUTAIOT /10
ynopa, anpu QororpadupoBaHUN BBIJBUTAIOT €TO IO OTKA3a.

3. Ilpenmetnsiii cromuk 19, xoTopsiii mpu momomu BUHTOB 20 MOXKeT
IIEPEBUTATHCS B JBYX B3aUMHO IEPIEHIUKYJSIPHBIX HaIlpaBJICHUSX. B 1eHTpe
IIPEIMETHOIO CTOJIMKA MMEETCS OKHO, B HETr0 BCTaBIIIOT OJHY W3 CMEHHBIX
nonkaagok 21 ¢ oTBepcTHSAMH paznUYHOTrO aAuaMmerpa. Ha mpeameTHOM cTonmke
pacrojoXKeHbl JEp>KaTeNH, COCTOAIIUE U3 BEPTUKAJIbHBIX KOJOHOK 22 U
NPYXUHSIIIUX TPKUMOB 23, KOTOPBIMU MUKPOILTU( MPUKUMAETCS K MOIKIAIKE
IPEIMETHOTO CTOJMKA. MaKpOMETpUYECKHl BUHT 24 CIIy)XKUT AJis MepeMelIeHus
IIPEIMETHOIO CTOJMKA B BEPTUKAJIBHOM HAMNPABJICHHUM M 3TUM IPOU3BOJIUTCS
rpy0as HaBojgka Ha (HOKyC. 3aKMUMHBIM BHUHTOM 25 (UKCHPYIOT ONpEAesIEHHOE
MOJIOKEHUE TPEIMETHOIO CTOJIMKA, YTOOBI OH CaMOINPOM3BOJIBHO HE OIyCKAaJICH.
Jlns ycraHoBkM cToiuka 19 Ha Hy»XHOM BbICOTE Ha KpPOHIITEHHE CTOJIMKA
HarpaBUpOBaHa  pHUCKa,  KOTOpas  yCTaHABIMBAETCS  MPOTUB  TOYKH,
HarpaBUpOBAaHHOM Ha KOPITyCE MUKPOCKOIA.

4. MukpoMeTrpudyeckuid BHUHT 26, ¢ TIOMOIIBIO KOTOPOTO OOBEKTUB
NEepEeMEeIIaloT B BEPTUKAJILHOM HAIIPaBJICHUU W TOYHO HaBOIAT Ha (okyc. Pacxon

MUKpPOMETPUYECKOU mojaun 3 mm, 1ieHa aenenus 6apadbana — 0,003 ym.



Puc. 4. O6muit  Bug muxpockorna MUM-7

OTYET

1.O3HaKOMUTBCS C KOHCTPYKIMEN U ONTUYECKON cXeMoi MUKpockorna MM-

2.3apucoBaTh MUKPOCTPYKTYPbl MUKPOULTH(OB

2.CnenaThb BBIBOJIBI IO paboTe

Konmponwvnwie éonpocot:
1. Yto Takoe MHUKpOaHaIU3 U JIJISl YETO €ro UCTOIb3YIOT?
2. HazoBuTe 3Tansl NpUroTOBJIECHUS MUKpOILTH(a
3. UTo BXOAMUT B ONTHUYECKYIO CUCTeEMY MUKpockoria MUM-77?

4. Yto Ha3bIBalOT OOBEKTUBOM U OKYISIPOM?



5. Kak noacuurats ob1iee yBelInyeHNe MUKPOCKOMa?
6. Uro mpexacraBisieT co00i OCBETUTENbHAS YaCTh MUKPOCKOIa?
7. Kaxue cTpyKTypHBIE COCTABIISIONIME MOYXKHO YBUAETh HA HETPABICHOM

numde?

JlaGopaTopnasi padora Ne3

N3ydyeHue MUKPOCTPYKTYPHI :KeJ1e30yIJ1ePOAUCTHIX CIIABOB (CTAJIN)

Ienv pabomer:

I. N3yunTh MHKpPOCTPYKTYpPBI TEXHHYECKOIO JKEJI€3a,  YIVIEPOJUCTHIX
CTaJIel B PABHOBECHOM COCTOSIHHM.

2. CxemaTnuecku 3apUCOBATh 51 OIACATh n3y4aemble
MHUKPOCTPYKTYPHL.

3. Pa3o0parb MUKpPOCTPYKTYphl 1O JUarpaMMe COCTOSIHHSI —IKEeJIe30—
LIEMEHTHT.

4. CocTaBuUTh OTUET O padoTe.

Kpamkue meopemuuecKue Cc8eOCHUs:

MUKpOCTpYKTYypa TEXHHUYECKOTO >Kejie3a W YIVIEPOJUCTBIX CTajed s
PABHOBECHBIX YCJIOBHUM XapaKTEPU3YETCS HWKHEH JIEBOW YaCThKO JUarpaMMbl
COCTOSIHUSA JKeJIe30-1IeMEHTUT (puc. 1).

Cnnassl ¢ copepxkanuem a0 0,02% C Ha3bIBAIOTCA TEXHUUECKUM KEJIE30M, OT
0,02 mo 0,8% C — posBrekToumHbiMu craixsMua U ot 0,8 mo 2,14% C —
3a3BTEKTOUIHBIMU CTAISIMU. CIUIaB ¢ Co/IepyKaHUEM
0,8% C Ha3pIBaeTCs APBTEKTOMIHOM CTAIbIO.

MUKpOCTPYKTYpa TEXHHYECKOIO Keae3a. PaCTBOpI/IMOCTB yriaepoga B Q-

xKenesze nepeMmeHHas (cMm. quHuio PQ Ha auarpamme skene3o — 1meMeHTuT). C
MOHIKEHUEM TeMITepaTyphl PaCTBOPUMOCTH YIJIEpOAa B O-)KEJI€3€ TOHMKACTCA.

[Ipu 727° C B a-xene3e pacrBopsercs 0,02% C, a nmpu KOMHAaTHOW TemmnepaType



0,006% C. Iloatomy cmnaBbl kene3a ¢ couaepxkanuem a0 0,006% C umeror
CTPYKTYpYy TOJIBKO TBEpJOTO pacTBOpa yriepoa B a-xenese, T. €. ¢epputa. Ha
puc.2 naHa MUKpocTpykTypa depputa. B crutaBax ¢ coxepxkanuem ot 0,006 mo
0,02% C B CBSI3M C MOHW)XEHUEM PACTBOPHUMOCTH YIJIEPOAA B O-)KEJIE3€ IPHU
MNOHIKEHUHM TeMIEeparypbl W3 ¢epputa BBIACISETCS IEMEHTHUT, Ha3bIBaeMbIU

TPETUYHBIM. TPETUUHBIA IIEMEHTUT BBIJCISICTCS IO TpaHUIlaM 3epeH ¢eppura

(puc. 3).

Temnepaimypa

e 2.0 a4 A

Puc. 1. Huxasas yacTh AuarpaMMbl COCTOAHHUA KCIIC30 — LHCMCHTHT

Puc. 2. Kenezo — deppur (x 200) Puc. 3. Cranb ¢ 0,015% C—

dbeppur u TpeTuuHbIi 1IeMeHTUT (x500)

MUKpPOCTPYKTYpA HOIBTEKTOMAHOW M IBTEKTOMJIHOW CTalii. MUKpPOCTPYKTypa
nosBTekrouaHon cramum (mo 0,8% C) cocrour w3 deppura W TEpIHUTA.
Muxkpoctpykrypa 3BTekTOouIHON cTaimu (0,8% C) cocTOMT M3 OJHOTrO MEpIUTa.
MuxkpocTtpyktypa depputa nana Ha puc. 2. Uto ke npeactasisieT coO0oi BTopas

CTPYKTYpHasi COCTABJISIFOLIAsl JOSBTEKTOUIHBIX CTAJIE — NEpIInT?
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Puc. 4. Oprexrougnas cranb c 0,8% C — nepmiur (x1000)

Kl

Ha puc. 4 mana MuKpocTpykTypa mepiauta. [lepaut — 3710 3BTEKTOMA —
MEXaHWUYeCcKas CMech ¢eppuTa W IIEMEHTUTA, TOJYYaroIIascs B pe3yJbTare
pacmana ayctenuta ¢ 0,8% C. Ilpu tpaBnenun uuuda cramu ¢ 0,8% C, 1. e.
HBTEKTOUTHOM CTalii, MOBEPXHOCTh UMEET MEPIaMyTPOBBIM OTJIMB, B CBSI3U C YEM
TaKyl0 CTPYKTYpy M Ha3BajdW TMepiauToM. Ha MUKpOCTpyKType mepiuta OO0muid
CBETJIbIA (pOH — (PeppuT, BHICTYMAIOMINE TUIACTUHBI— I[EMEHTHUT, TEMHBIE MECTa
— TeHU. B 3aBUCHUMOCTH OT CKOPOCTH OXJIQXICHHUS IUIACTUHBI IIEMEHTHUTA B
MIEPJIUTE MOTYT OBITH JUTMHHEE WJIM KOPOUE U TOJIIIE WIIA TOHBIIIE.

B nosBrekTonmHON cTanmu mocie TpaBieHHs (EPPUT BBHISBISETCS B BUIIC
CBETJIBIX TOJIeH, a TEepIUT — B BHUJAE MOJIEH TMOJOCYATOTO CTPOEHUS, Ooyee
TEMHBIX, 4eM ¢eppuT. KonmmuecTBo nepaura u Gpepputa B JOIBTEKTOUTHON CTAITN
3aBUCUT OT cojepkanus yriaepoga. C yBeIMYEHHEM COJEpKaHHUsS yriaepoja
KOJMYECTBO (peppuTa YMEHBIIACTCS, a KOJMUECTBO NEPJIMTa YBEIHMUUBACTCS (pHC.
5).

[To MHKpPOCTPYKType MdOIBTEKTOMJIHOW CTalM MOXHO MPUOIU3UTEIHHO
OTIPEZICTTUTh COJCpKAHWE B HEH yriiepona, I 4ero Mo MHUKPOCTPYKTYpE HYKHO
OPUEHTUPOBOYHO OMPEICTUTH IJIOMAh (B MPOIEHTAX ), 3aHUMAEeMYyI0 (PEPPUTOM U
nepauToM.B cBs3M ¢ TeMm, 4TO B (eppHUTE PacTBOPEHO OUYCHb HEOOJIBIIOE KOJIH-
YECTBO YTIEpOJa, MPAKTUYECKH MOXKHO CUUTATh, YTO B JOIBTEKTOMJTHOM CTaJIU

BCCh YTJICPOI HAXOAUTCA B IICPJIUTC.



Puc. 6. loaBTekTounnsie cranu — ¢epput u nepaut (x500):

a—20% mnepmuta; 06— 40% mnepmura; 6 — 70% nepaura

Torz[a COACPIKAaHUC YIJICpoaa C B cramm MOXHO OIIPCACIINTE IIO

bopmyiec . 08,
=—%
100

rae F, — miomane, 3aHuMaemasi nepauTom, B % .

[Ipeanonoxxum, Hanpumep, uto 30% Bcel momaau 3auaro dpepputom, 70%
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MUKpPOCTPYKTYpa 3a3BTEKTOMAHON cTanu. CTanb C COAEp’KaHUEM YIJepojia

ot 0,8 10 2,14% Ha3bIBaeTCs 3a3BTEKTOMIHON U UMEET CTPYKTYPY, COCTOSLIYIO U3
NepJUTa M BTOPUYHOIO LEMEHTUTA. BTOpWYHBIM LEMEHTUT BBIIEISAETCA W3
AyCTCHHTA TPH OXJIAXKJACHUU OT TeMmreparypbl A, (muaus SE) no Temmeparypsl
Ary (muams PSK) (cM. puc .1) BelencTBUEe YMEHBIICHUST PACTBOPUMOCTH yIIIepoia
B ayCTECHUTE.

ITpy MenIeHHOM OXJIAKIEHUM BTOPUYHBIM LIEMEHTUT BBIIEISAETCS B BUIE
CEeTKM II0 TrpaHuLaM 3epeH aycTeHuTa. llpu pocTwkeHun Temmeparypbl Al
ayCTEHUT IPEBpaIlaeTCs B MepiuT. B pesynpTaTe MEUIEHHOTO OXJIAXKICHUS

3a3BTEKTOUAHAS CTAIb UMEET CTPYKTYPY



Puc. 7. 3asBrekrouanas ctanb ¢ 1,2% C — nepaut u uemeHTut (x500)

Yem Oomplie yriiepojia B 3a3BTCKTOMAHOW CTalld, TeM Oojiee MacCHBHOM

(TOHCTOﬁ) MOJIy4acTCAa NCMCHTUTHAA CCTKaA.

OTYET

1. IIpocMOTpeTh M M3yYUTh MUKPOCTPYKTYPBI TEXHMYECKOTO JKEle3a U
YIJIEPOAUCTBIX CTaJ€d  C pasiIM4HbIM COAEPKaHUEM YIIepoAa B PaBHOBECHOM
COCTOSIHUHU.

2. Kaxxnyro MEKPOCTPYKTYpPY 3apUCOBATH .

3.  Tlom xaxaoil 3apuUCOBAHHOW MHUKPOCTPYKTYpPOH JlaTb MOAMHUCH C
YKa3aHHEM HaVMEHOBAHUSA CIUIaBa, €ro XUMHYECKOTO COCTAaBa,
HAaVMEHOBAHUs CTPYKTYPBI U YBEJIMYCHUS.

4. Ha kaxIod  3apuCOBAaHHON MHKPOCTPYKTYpE YKa3aTb CTPEIKAMHM
paznuuHble a3kl W CTPYKTYpPHBIE  COCTaBISIIOIIME W OKOJIO CTPEJNOK, Ha
IIOJISIX, HAalKMCaTh WX HAMMEHOBAHME.

5. N3oOpa3uth nuarpamMmy COCTOSIHHS K€JI€30—IIEMEHTHUT, IIPOBECTH Ha
HEW BEPTHKAJIbHBIC JMHUW, COOTBETCTBYIOIIHME pPACCMATPUBAEMBIM CIUIABaM, U

JAaThb OIMUCAHUC IIPOLCCCOB npeBpameHHﬁ, MPOUCXOJAIUX TIPU OXJIAKICHUH.

KOHmPOJleble eonpocwol:

1.Kakune cruiaBbl Ha3bIBAIOTCSI TEXHUYECKUM KEJIE30M?



2.YUTo npeAcTaBisitOT cOO0H JOIBTEKTOUTHBIE, SBTEKTOUTHBIE M 3a9BTEKTOUTHBIC
cTaiu?

3.JlaiiTe XapaKTEpUCTUKY CTPYKTYPHOM COCTABJISIIOINICH - TIEPIUT

4 Kax u3MeHseTCs CTPYKTypa CTaJld NPY YBEJIMYECHUH B HEH KOJIMYECTBA
yriepojaa?

5.4T0 Takoe TPETUYHBIA [IEMEHTHUT?

6.11o 3aprcOBaHHBIM CTPYKTYypaM OMUIIUTE MUKPOCTPYKTYPY TOIBTEKTOUTHOMN
CTaau

7. 1o 3aprCOBaHHBIM CTPYKTYpPaM OMUIINTE MUKPOCTPYKTYPY 3BTEKTOUIHOMN
cTanu

8. I1o 3aprcOBaHHBIM CTPYKTYypaM OMUIIUTE MUKPOCTPYKTYPY 3a3BTEKTOUTHOMN

cTajin

JlabopaTopHnasi padora Ne4

N3yuyeHne MUKPOCTPYKTYPHI KeJ1e30yIJIePOAUCTBIX CIJIABOB (YYT'YHbI)

Ilenv pabomer:

1. M3yunTh MHKPOCTPYKTYpBI: CEpBIX U OEJbIX YYI'YHOB B HETPABJICHOM U
TPaBJICHOM BHJIE.
2. CxeMaTH4ecKH 3apruCcOBaTh U ONMMUCATh U3y4aeMble€ CTPYKTYPHI.

3. CocraBuUTb OTHYET 10 paboTe.

Kpamkue meopemuueckue ceeoeHus:

MukpocTpyKkTypa 6ejIbIX YyIYHOB

B GenbIx yyryHax Bech yIjIepoJ HaXOAWUTCS B CBA3AaHHOM COCTOSIHUH, T. €. B
BUJE LEeMEeHTUTa. benblii 4yryH B 3aBUCHMOCTH OT COJAEpXaHHUsS yriepoja
pasnensiercs Ha no3BTekTuyeckuit (ot 2,14 1o 4,3%C), srektnueckuii (4,3% C) u
3asBTekTHueckul (ot 4,3 g0 6,67% C). Bo Bcex Oenplx 4yryHax HMeEETCs

[IEMEHTUTHAs 3BTEKTUKA (JIeAeOypUT). DBTEKTUUYECKHN OCNbIi YyT'YH COCTOUT



TOJILKO M3 OJHOTO Jeae0ypuTa, MOITOMY PAacCMOTPEHHE CTPYKTYpbl Oenoro
YyTryHa 11e1ecoo0pa3Ho HaYMHATh CO CTPYKTYPBI IBTEKTUYECKOTO O€I0Tr0 UyryHa.

MUKpOCTpyKTypa 9BTEKTHYECKOrO Oenoro 4yryHa. MUKpOCTpPYKTypa
HBTEKTHYECKOr0 O€JIoro 4YyryHa COCTOMT TOJIBKO M3 OJHOro JieaelOypura
(IEeMEHTUTHOM SBTEKTHKH), oOpasyromerocs npu 1147° C mpu 3BTEKTHYECKOM
KpUCTAJUIM3AIMU KUAKOTO cruiaBa ¢ cojepkanueMm 4,3% C u cocrosiero (mpu
1147° C) u3 3BTEKTHYECKOIO IIEMEHTHUTA U ayCTEeHHTa, coiaepxkaiero 2,14% C
(Touka E Ha muarpamme skene3o— 1eMeHTHuT). [Ipu nmocnenyromnemM oxiaxiaeHUH
BCJIC/ICTBHE YMEHBIIICHUSI PACTBOPUMOCTH YIiiepojia B aycreHute (uHusi SE Ha
JqarpaMMe JKele30—IeMEHTUT, puc. 1) U3 aycteHuTa Bbiaenserca (Kak U B
3a9BTEKTOMHBIX  CTaJisIX) BTOPUYHBIA IEMEHTUT. BTOPUYHBIA IIEMEHTHUT
CIIMBAETCSl C I[EMEHTUTOM 3BTEKTHUUYECKHUM, MO3TOMY B CTPYKTYpPE 3BTEKTHKHU
HEBO3MOXHO YKa3aTh, [JI€¢ HAXOJUTCS B OTAEIBHOCTU IBTEKTUYECKHUI LIEMEHTUT U
BTOPUYHBII [IEMEHTHT.

[Ipu 727° C »3BTEKTUKAa COCTOMT U3 LEMEHTUTA (IBTEKTUYECKOTO U
BTOpUYHOTO) M aycreHuta c couepxkanuem 0,8% C. Ilpu stoii Temmepatype
ayCTEHUT IpeBpallaeTcs B NepauT. TakuMm oO0pa3om, MOCie MOJHOTO OXJIaXICHHS
neneOypuT (IIeMEHTUTHAS SBTEKTHKA) COCTOUT U3 IEMEHTUTA U TiepiuTa (puc. 2).

MHUKpPOCTPYKTYpa JIOIBTEKTUYECKOTO Oenoro 4yryHa. JlodBTEKTHUECKUI

Oenplii YyryH IIOCJIE IIOJIHOTO OXJKICHUS HMEET CIEAYIOLYI CTPYKTYypy:
naeneOypuT (LEMEHTHTHAas »HBTEKTUKA) + NEepiAUT + BTOPUYHBIM  I[EMEHTHT.
BTOprYHBII NEMEHTHUT BBIIEIAETCS W3 ayCTEHUTa, coaepiaiiero npu 1147°C—

2,14% C, anpu 727° C —0,8% C.
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Puc. 1. [IpaBast yacTh auarpamMmbl COCTOSIHHS Puc. 2. DBrekTuueckuit
YKEJI€30 —IIEMEHTHUT OebIil UyryH

B Oenbix uyryHax ¢ HHM3KHM cojepkaHueMm yriepoaa (Ommskum Kk 2,14%)
BTOPUYHBIN IIEMEHTUT BBISABISETCS JOCTAaTOYHO OTUETIMBO, TaK KaK B TaKUX
YyyryHax Majio Jieaeoypura.

C yBenMueHHEeM COJAEpXKaHUA yriepoja, Korjga Jieaedyputa CTaHOBUTCS
OTHOCHUTETHLHO MHOTO, BTOPHUYHBIA IIEMEHTUT B CTPYKTYpPE CIIHBACTCS C
IIEMEHTUTOM JieficOypuTa (dBTEKTHYECKHUM). MOXKHO CUHMTaTh, YTO CTPYKTypa
TaKUX JOIBTEKTUYECKUX OEJBIX UyT'YHOB COCTOUT M3 JieneOypurta (IIEeMEHTUTHON
OBTEKTUKHU) W TiepauTa. Ha puc. 3 maHa MUKPOCTPYKTypa HOIBTEKTHUECKOTO

0enoro yyryHa.

MUKpOCTPYKTYpa 3a3BTEKTUYECKOTO 0esloro 4yryHa. MHKpPOCTPYKTypa
3a9BTEKTHUYECKOrO O€JIoro 4yryHa COCTOMT U3 Jenedyputa (LIEMEHTHUTHOU

HBTEKTHKH) U MIEPBUYHOTO IIEMEHTUTA (pHC. 4).

Puc. 3. JloaBTeKTUYECKHIA O€IIBIHA Puc. 4 3a3BTeKTHYECKHM O€IIBIH
YyT'yH — TEPJIUT, JIeAeOypuT YYTYH —I[EMEHTHUT ITEPBUIHBIN
u nemeHTuT (x500) u neneOypurt (x500)



MMuKPOCTPYKTYpa CepbIX YYyI'yHOB

MukpocTpykTypa cepbix 4yryHoB Ilpu paccMOTpeHMHM B MHMKPOCKOI

HETPaBJICHOr0 MHKpouUIMda Cceporo 4YyryHa XOpOIIO BHUIHBI

BKIIFOYCHUA

miacTuHYaroro rpadura (puc. 5).Ha BenwumHy W pacmosio)KeHHE BKIIOYCHUI

rpaguTa BIUSIOT CKOPOCTh OXJIAXACHUS, TeMIlepaTypa W BpeMs BBIICPKKU

PacCIUIaBIEHHOTO YyTr'yHa MEpe]l OTIMBKOW, XUMUUYECKUN COCTaB YyryHa, BBEJICHHE

B YYI'YH HEKOTOpBIX mpumeced (MoIupuKaTopoB).

Hanpumep, cxopocts

OXJIQXKICHUSI BIMSIET TaKUM 00pa3oM, 4TO MPH MPOYUX PaBHBIX YCIOBUSX rpaduT

oOpa3zyeTrcs TeM KpyIiHee, 4UeM MeJIeHHEee OXJIaXIeHHUE.

Puc. 5. BkitoueHnsi MmIacTUHYATOTO rpaq)HTa. U_[J'II/I(bBI Hetrpasiensie (x100):

a — TIpSIMOJIMHEIHBIE; O — 3aBUXPEHHBIE; B — PO3ETOYHBIC; T —

MCKICHIPUTHBIC

Puc. 6.  ®eppurHslil

cepblil uyryH — ¢deppur
U TUIAaCTUHYATHIN rpadut

Puc. 7 ®eppuro-

IIEPIUTHBIN CEPBIM YyTI'yH
dbeppur + mepaur +

MJIACTUHYATHIN TpaduT

Puc. 8 IlepauTHblii cepblit
YYT'YH NepIuT W
IUIACTUHYATHIN TpaduT




Yem Oodipliie meperpes KUAKOTO UyT'yHa U YeM J0JbIle BPeMs BbIICPKKH MPU

3TOM, TEM MEJbYE MOJIy4atoTCs rpaUTHBIC BKIIOUYCHUS.
[locne TtpaBnenuss B 2—4 %-HOM CHOUPTOBOM pPACTBOPE a30THOM KHCIIOTHI
METaJUIMYecKasi OCHOBA B CEPbIX YYIr'yHaX OYEHb CXOAHA C MHKPOCTPYKTYpOM
CTaJiel W B 3aBUCUMOCTHM OT KOJMYECTBA CBSI3aHHOTO YIJIEpOoAa MOXKET OBITh
bepputHOH, HeppUTO-TIEPIUTHON U TTEPIUTHOM.

Takum 00pa3oM, BO3MOXXHBI CIEIYIOUIUE THUIIBI CTPYKTYpP CEPBIX UYTYHOB:
dbeppuT + macTuHYaThIN rpaduT — GEeppUTHBIN cephiii uyryH (puc. 6); deppur +
nepauT + MIACTUHYATHIA rpapuT — (eppUTO-NEPIUTHBIN cepblil uyryH (puc. 7)
(cooTHOIIEHHE KOMMYECTBA (peppUTa U NEPIUTA B CTPYKTYpPE UYTyHA MOXKET OBITh
pa3JINYHBIM, B 3aBUCUMOCTH OT XMMHYECKOI'O COCTaBa M YCIIOBUW OXJIAXKJICHMUS);

NEPJIUT + MIACTUHYATBIA TpaUT — NEPIUTHBIN cephlil UyryH (puc. 8).

MUKpPOCTPYKTYpPa BEICOKOIIPOYHBIX YYT'YHOB

[Ipn paccMOTpeHHH B MHKPOCKOI HETPABJIEHOIO0 MUKpOIUIM(}a BBICOKO-

MIPOYHOTO YYT'YHA XOPOIIIO BUHBI BKIFOUEHHUS MIAPOBHUIHOTO TpaduTta (puc. 9).

Gl
LY "
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Puc. 9. BbICOKONPOYHBIA YyTyH—BKJIIOYEHUS  IIApOBUAHOrO Tpadura,

&
@

&

numd werpasieH (x100)

Tpasnenre Mukpouu@a BHICOKOMIPOYHOTO YyryHa Mpou3BoJsT 2—4%-HbIM

CIIMPTOBBIM PACTBOPOM a30THOM KUCJIOTHI.
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Puc. 10 Bsicokonpounsiii uyryn (x100)

a — (epput U wapoBUIHBIN Tpadut; 6 — dheppuT + NepauT + MAPOBUTHBIH

rpaduT; 6 — MEPIUT U MAPOBUIHBIN TpaduT

B BBICOKONPOYHBIX YYryHAaX MOTYT OBITh T€ K€ THUIIBI CTPYKTYp, KOTOpbHIE
OBLTM yKa3aHbl IS CEPHIX YYT'YHOB, HO TpaUT B ATUX UyTyYHax IIapOBHIHBIN.
Takum  00pa3oMm,  BO3MOXHBI  CJEAYIOIIME  TUIBI  MHUKPOCTPYKTYPbI
BBICOKOTIPOYHBIX YYTYHOB: (eppuT + IIapoBUIHBIN Tpadutr — QeppuTHBIN
BBICOKOIIPOYHBIN uyryH (puc. 10, a); deppur + nepautr + mapoBUAHBIN rpadut
— (eppUTO-TIEPJIUTHBIN  BBICOKOMPOUYHBIM 4yryH (puc. 10, 6) (cooTHomIeHHE
MEXIYy KOJIUYECTBOM (heppuTa U MEPIUTa B BEICOKOIIPOYHOM YyT'YHE MOKET OBITh
Pa3IMYHBIM B 3aBUCUMOCTH OT XMMHYECKOTO COCTaBa M YCIOBHUH OXJIaXICHUSA);
NEepJIUT + MAPOBUAHBIA TPaQUT — MEPIUTHBINA BHICOKOMPOYHBINA uyryH (puc. 10,
8).

MUKpOCTPYKTYpa KOBKHX YYT'YHOB HpI/I PaCCMOTPCHHUHN B MHKPOCKOII

HETPABJICHOT0 MHKpOLUIM(a KOBKOTO 4YyryHa XOpOIIO BHUAHBI BKJIIOYCHUS
XJonbeBUAHOTO TrpaduTta (yriepomga omxkwura) (puc. 11).Mukpornumd KOBKOTO
YyryHa TpaBsT 2—4%-HbIM CIUPTOBBIM PACTBOPOM a30THOU KHUCIIOTHI.
Mertannuyeckass OCHOBa KOBKOT'O UyTr'yHa MOXET ObITh (heppUTHOH, dheppuTo-
NEPIUTHBIM W MEepJUTHOW. B COOTBETCTBHMU € 3THM pas3inyaroT (EppUTHBIH,
(beppuTO-NEepAUTHBIA U NEPIUTHBIN KOBKUN 4yTYyH (puc. 12). [Ipu paccMoTpenuu B
MUKpPOCKOIT HETPaBJIEHOTr0 MHKpoLUIM(da KOBKOTO YYryHa XOpPOUIO BHJIHBI
BKJIFOUCHHS XJIOMbeBUAHOTO Trpadurta (yriepoga orxura) (puc. 11).Ilocne
TpaBJ€HUS METaJUIMYecKass OCHOBa KOBKOTO YyryHa MOET ObITh (heppUTHOM,
beppuTO-NIEPIUTHBIA W TEPIAUTHOW. B COOTBETCTBUM C 3THUM pa3IMyaroT

beppuTHBIN, GeppUTO-TIEPIUTHBIA U MEPIAUTHBIN KOBKUH 4yryH (pHc. 12).



e

Puc. 12. KoBkuit uyryHn:a — dbepput u yriaepos omxura; 0 — deppur +

nepauT + yriaepon omxura (x200); 6 — nepauT u yraepoa orxura (x300)

OTYET

1. IIpocMOTpeTh U U3YYUTh MUKPOCTPYKTYPBI Pa3IMYHbIX YyTYHOB

2. Kaxnyro MUKpPOCTPYKTYpY 3apUCOBATh .

3. Ilom xaxaod 3apuCOBAHHOW MHUKPOCTPYKTYPOM [IaTh NOAMHUCH C
yKa3aHUEM HauMEHOBaHUs CIUIaBa, ero XUMHUYECKOTO COCTaBa,
HAaUMEHOBAHHUS CTPYKTYPbI U YBEJINYEHUSI.

4. Ha «xaxnoll  3apuCcOBaHHOM MHMKPOCTPYKTYpE YKa3aTh CTPEIKaAMU
pasznuuHble a3kl W CTPYKTYpPHBIE  COCTAaBJISIIOIIME UM OKOJO CTPEJOK, Ha
MOJISIX, HANKMCaTh WX HAMMEHOBAHUE.

5. N3oOpasuth nuarpamMmy COCTOSIHHS KEJI€30—IIeMEHTHUT, TPOBECTH Ha
HEll BEPTUKAJIBHBIE JIMHUH, COOTBETCTBYIOLIME PACCMATPUBAEMBIM CIUIaBaM, U

JIaTh OMKMCAHKE TPOIIECCOB MPEBPAIICHUN, MTPOUCXOAIINX TMPU OXJIKICHUH.



Konumponwvnsie gonpocwi:

1.Kakue crijiaBbl Ha3bIBAIOTCS YyryHaMu?

2.YTo npeAcTaBisieT co00i MeTaJlsTM4ecKasi OCHOBa y cephix uyryHoB ? Kakyro
poJib B (hOpMUPOBAHUH CBOWCTB OHA UTPACT?

3.JlaiiTe XapaKTepUCTUKY CTPYKTYPHOM COCTABIISIONICH- JIeAeOypHUT

4.Kak u3MeHsieTcsa CTpyKTypa Oesioro yyryHa npy yBEJIMUYEHUH B HEM KOJIMYECTBA
yriepoaa?

5.B dyem oTiinure OeNbIX U CePhIX YYT'YHOB?

6.Kakune 4yryHbl Ha3pIBatOT KOBKMMH ? KakoBa ux cTpykrypa?

7. Kakue uyryHbl Ha3bIBatOT BbICOKOTIpOUHbIMU ? KakoBa ux crpykrypa?

8. Kakue uyryHbsl Ha3pIBalOT OOBIYHBIMU cepbiMU? KakoBa ux cTpykrypa?

JlabopaTtopnasi pa6ora Ne 5

Tepmuyeckass 00padoTka

eab padoThl

[enab paboThl — HAYUYUTh yYALUXCS CAMOCTOSATEIBHO MPOU3BOIUTH 3aKAJIKY
Y OTITYCK YTJIEPOJINUCTOU CTaIu.

B nporecce BbinonHeHUs: pabOThl yyaluecs JO0JKHBI U3YyUUTh: YCTPOHCTBO
My(penbHOM Meun; METOANKY MPOBEICHUS U PEKUMbI 3aKaJIKU U OTITYCKA.

IIpudopsl, MaTepuaibl U HHCTPYMEHT

Jns  mpoBeaeHuss pabOThl  HEOOXOAMMO UMETh: MY(ENbHYIO I€Yb;
TEPMODJIEKTPUUYECKUNA TUPOMETP; MACIISIHYIO BaHHY; COJISIHYIO BaHHY; 3aKaJIOYHBIN
O0ak ¢ BOOW; 3akalouyHBIA Oak ¢ MacioMm; mpubop Tuma PokBemna; oOpasiisl
YTJIEPOAUCTON CTalll — KOHCTPYKUMOHHOM 40— 65 U MHCTpyMEeHTaIpHOH Y9—
V12; knemu; mTaHreHIUPKYJIb; NUTH(GOBAIBHYIO Oymary.

IMoaroroBka o0pa3iuoB AJsi TepMUUYecKoil 00padoTKku. OOpas3Ibl JOHKHBI
OBITh LWJIMHAPUYECKUE WM MPSAMOYIOJbHbIE JUAMETPOM WK ToauuHon 10—15
mm, BbICOTOM 15—20 mm u3 yriepoaucToil KOHCTpyKUMOHHOW ctanmu 40—65 u

YTJIEPOAUCTON MHCTpYMEeHTaIbHON cTanu Y9—VY12. Ha GokoBO MOBEpXHOCTU



KOKI0TO 00pasiia MODKHO OBITh KJIEHMO Mapku cTand. Mapky cramm oOpasia
3aMuUChIBAtOT B rpady 2 mpoTtokosia. OOpas3ilbl U3MEPSIOT TP MOMOIIU IITAHTCH-
ITUPKYJIS, B PE3yJIbTaThl 3aMepa 3alUChIBAlOT B rpady 3 mpoTokoa.

OnpenesieHue  TBEPAOCTH  YIJIEPOAUCTOH CTaJM B HCXOJHOM
(0TOKKEHHOM COCTOSIHUH

Omnpenenuth TBepaocth (o HRB) 00pa3ioB B HCXOJHOM (OTOXKKEHHOM)
COCTOSIHUH, CENATh MEPEBOJ] MOJYYCHHOTO Pe3yIbTaTa Ha TBEPIOCTh 0 HB u 00a
3HA4YCHHs TBEPJOCTH, 3amucath B rpadsl 4 u 5 mporokosna. HopMbl TBepmocTn B

OTOK’KEHHOM COCTOSIHUM YTJIEPOJIMCTON CTalld MPUBEACHBI B Ta0JI. 26.

Tabnuua 26 Hopmbl TBep10CTH YTIIEPOAUCTOMN CTAINA B OTOXKEHHOM COCTOSIHUU

TBepnocTh
TBepaocThb
OTOX-
Mapka | OTOXKEHHOU
Mapxka cranu| KEHHOU
cTajau cranmu HB (ue
cranu HB
Ootee)
(ue Oouee)
40 197 Y9 192
45 207 Y10 197
50 217 V12 207

3akasika o0pa3uoB U onpeae/ieHue TBEPAOCTH YIJIEPOAUCTON CTAIN MOCJIe

3aKaJIKu

OO6opynoBanue s 3akajku. CTanbHble 00pa3ibl HArPEBAIOT B My (PeEIbHBIX
AIIEKTpONEYax Pa3IM4YHbIX KOHCTPYKIIUH.

Omna u3 KOHCTPYKIUMKA MydenbHON Teun, yAoOHOW B JKCIUTyaTalluw,
nokazaHa Ha puc. 17.1. Iledp mpexacraBmsieT coOoil Metaumueckui kopmyc 1,

BHYTPHU KOTOPOTO MOMeIeH My]esnb, COOpaHHBbII U3



(T
mmﬂn

l‘ “Hmu

;ll‘

|
m»uumuum

Il 10
Puc. 17.1. MydenbHas meub

YeThIpeX IMIAMOTHBIX KT 2. B KaxI0#l MIMTe UMEETCs MO YEThIpe MPOAO0IBHBIX
1asa, B KOTOPBIX TIOMEIICHBI HarpeBaTeIbHbIE CIIUPATH 3.

Ha momy meun ycraHoBiieHa OTHEIbHAs KepamMudecKkas IUIMTKa 4, Ha KOTOPYIO
MOMEIIAI0T HarpeBaeMble 00pasibl. [Ipr HEOOXOAMMOCTH KEPAMUYECKYIO TUTUTKY
MOYHO BBIHYTh, MOJOXXHUTh Ha BBIIBUAKHON CTOJMK 5, PaclojOXHUTh Ha TUIUTKE
00pa3iibl 1 BHOBB MTOMECTUTH B TeUb. [IpoCTpaHCTBO MEXK Y IIIUTAMU U KOPITYCOM
3al0JIHEHO TEIJIOM30JISIIMOHHBIM ~ MaTepuanoMm. Croepeau pabodass Kamepa
3aKpBIBACTCS KEpaMUYECKOM JBepliel 6 ¢ MeTalmm4yeckoil oOmmBKod. B 3amneit
CTEHKE ME€YM UMEETCSI OTBEPCTUE 7 JIJIsi yCTAHOBKU TEPMOMAPHI.

TeMmneparypy B IeUu PEryIUPYIOT PhIUaKHBIM PEOCTATOM, U3TOTOBJICHHBIM B BU/JIC
nojacTaBku 8§ x meuyu. PeoctaT BBOAST W BBIBOJAT IMEPEABMIKEHUEM PYYKH 9,
pacIooKeHHOW Ha TpaBOd OOKOBOM CTEHKE MOJACTaBKH, TNI€ CHeaHbl HAIAIUCH
«BBenen» n «BriBenen.

Ha 3amgneii cTeHke moACTaBKU HaXoAsATCs JABe KiaemMMbl 10 11st mogKTroueHus
IIHypa W TpHU IITenceabHbiX THe3na 11 ¢ OykBamu 4, b u B. Ilpu BrioueHuu
mrencenbHoN BWIKK 12 B THe31a A u b medb moTpedIiseT MOMHY0 MOIIHOCTD, a
MIpU BKJIFOYEHUHU B THe37a b U B — pabouyro MOITHOCTb.

MakcumanbHas temrneparypa HarpeBa neuun 1000° C. Bpems pasorpeBa a0
MaKCUMaJIbHOU TemnepaTtypsl 120 mum.

[lepen TeM Kak BKJIIOYUTH I€Ub, PEOCTAT BBIBOSAT, T. €. PyUKy 9 CTaBsT B
KpaiiHee MpaBoe IMOJIOKEHHE, a IITENCENbHYI0 BUIKY 12 BKIIIOYAIOT B rHe3qa A U

b. 3arem neus BkIOUYalOT B ceTh. Korjga mocTuruyta MakcuMalibHasi TEMIIEPATypa,



HITETICETbHYI0 BIWIIKY 12 mepecTaBisitoT B rHe3a b u B (pabouuii pexxuM medn).
Ecniu HeoOxonuMa MeHbIIas TeMIlepaTypa, IOCTENEHHO BBOAST pPeEOCTar

nepeaBKeHeM pydku 9 cripaBa HajeBo.
Memoouka npogedeHus 3aKaaIKu

1. OnpenenuTs TeMnepaTypy 3aKajKu CTalld, MOJIb3YSCh JJI1 3TOTO HUXKHEH
YacThIO JIMarpamMMbl kene30—ieMeHTUT (puc. 17.2). g cpeaHeyraepoaucThiX

JIOABTEKTOUIHBIX cTajnel (40—65) Hopmab-
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Puc. 17.2. OnTuMaibHBIA HWHTEpPBAI TEMIEPATYP 3aAKAJIKH
YTJIEPOAUCTON CTalH

HOM TeMIepaTypor 3akajku sBiserca temrneparypa Ha 30—50° C Belllle JTUHUU
GS (em. puc. 17.2), 1. e. Acz + (30—50° C), Mg BBICOKOYTICPOIMCTHIX
3a3BTEKTOMAHBIX cTasied (Y9 — V12) HopManbHOM TemmepaTrypod 3aKaiku
spisercs: Temrneparypa Ha 30—50° C Beime simann PSK (em. puc. 17.2), T. e. Acy
+ (30—50° C). TemnepaTypy 3aKaJIku 3amucarh B rpady 6 mpoTokoJa.

2. Ormpenenuth BpeMs HarpeBa oOpasioB u3 pacuera 1,5 mum Ha 1 mm
JTaMeTpa WK TOJNIIMHBI 00pa3lia U 3anucarh B rpady 7 mpoTokoJia.

3. OOpa3zubl MOMECTUTh B M€Yb, HArpeTyIO 0 TeMIEPATYypbl 3aKaJKH IS
CTaJIM TaHHOW MapKH, ¥ BbIAEpKaTh B ey TpeOyemoe Bpems. [lpu HarpeBanuu
JI0 TeMIlepaTypbl 3akalku oOpasuoB u3 cramu 40 — 65 ucxonHas Qeppuro-

NEepIUTHAasE CTPYKTypa TMPEBpPaTUTCS B CTPYKTYpy ayCTEHHTa, a B oOpaslax M3



cranu Y9—VY12 mpu Temmeparype 3aKkaikud OyaeT CTPYKTypa ayCTeHHT H
HEMEHTHT, T. €. YaCTh IIEMEHTHTA OCTAETCS HEPACTBOPEHHOIA.

4. OO0pa3upl MOCIEA0BATEIBHO OJUH 3a IPYTMM BbIHYTh U3 II€UU U OXJIAJUTh
B BOJI€ (Y4acTh 00pa3loB) U B Macje NpU HENPEPHIBHOM 3HEPTUYHOM JIBHXKCHHUH
oOpasuia B oxyaxaaromei >xuakoctd. Ilpu oxmaxkaeHuu B BOJE NMPOUCXOAUT
pacmajg aycreHuta ¢ oOpa3oBaHueM MapTeHcuTa. I[lpu oxmaxaeHuu B Mmacie
o0Opa3yeTrcsi CMEeIIaHHass MapTEeHCUTO-TPOOCTUTHAS CTPYKTYpa.

5. O0a Topua 00pa31oB 3aUNCTUTh HA NUIH(OBATIBLHON HIKYPKE.

6. OrmpenenuTs TBEPAOCTh 3aKaleHHBIX 00pasnoB mo HRC u momy4eHHbIH

pe3yabTar 3anucath B rpadsl 8 u 9 npoTokoa.

OTHyCK 06pa3u0B U ONIPEACICHUE TBEPAOCTH yI‘J’IeI)OIll/ICTOﬁ CTaJIm mocjie

OTIIyCKA

OO6opynoBanme Ajsi ornycka. YtoObl o0ecnednTh paBHOMEPHOCTh HAarpeBa
oOpas1oB, Hu3KoTeMIiepaTypHbiii otinyck (200° C) Hago MpoOBOIUTH B MACISHOMN
BaHHE, CpelHe- U BbICOKoTeMIiepaTypHbiil otmyck (300—600° C) — B constHOU
BaHHe. [Ipn OTCYTCTBMM MACIISTHOM M COJISTHOM BaHH MOXKET OBITh MCIOJIb30BaHA
NeKTpuueckas mydenbHas neds (cMm. puc. 17.1).

Memoouka npogedenus omnycka

1. OnpenenuTh BpeMs BBIICPKKH MPU TEMIEpaType OTIIyCKa U3 pacyera 2—
3 mun Ha 1 mm aMaMmeTpa WIM TOJIIMHBI oOpasiia W 3amucatb B rpady 10
MPOTOKOJIA.

2. OOpa3upl NOMECTUTh B MACISIHYIO BaHHy, Harperyio go 200° C,
BbIJIEPKaTh B HEW HEOOXOAMMOE BpeMs U OXJIAJUTh Ha BO3TyXE.

B pesynbrare otnycka npu 200° C nmpoucxXoAuT MPEBpallleHHE MapTEHCUTA
3aKaJKU B MAPTEHCUT OTITYCKA, CHUKEHUE BHYTPEHHUX HANPSHKEHUN U XPYIIKOCTH;
TBEPJOCTh OCTAETCS MOUTU O€3 U3MEHEHUH.

3. O06a Topua 3a4MCTUTH Ha NUTU(POBAILHON Oymare.



4. Onpenenuts TBepAocTh mo HRC u momydeHHblil pe3ynbrar 3amucaTh B
rpadsr 11 u 12 mpoTokona.

5. OOpas3iibl MOMECTUTH B COJIIHYIO BaHHY, HarpeTyto 10 400° C, BelepkaTh
B HEell HEOOXOAMMOE BpeMs U OXJIQJAWTh Ha BO3Ayxe. B pesynbrare oTmycka mpu
400° C mpouCXOOWT TIPEBpALlEHHE MApPTEHCUTAa B TPOOCTUT OTIYCKa
(MenkonucnepcHyo GeppUTO-IIEMEHTUTHYIO CMECh), TBEPIOCTh CHUKACTCSI.

6. O0a TopIa 3a4MCTUTH Ha NUTU(POBATBLHON HIKYpKE.

7. Omnpenenuts TBepaocTh Mo HRC u monydeHHBIM pe3ynbTar 3amucaTh
B rpadsl 13 u 14 nporokona.

8. OOpa3ibl MOMECTUTH B COISIHYIO BaHHY, HarpeTyto 10 600° C, BeliepKaTh
B HeW HeoOXoAaumoe BpeMs

U OXJIaJuTh Ha Bo3ayxe. B pesynbrare ormycka mpu 600° C oOpasyercs
copoUT oTiycka, (heppUTO-LIEMEHTUTHAsI cMech OoJiee KpylHas, YeM TPOOCTHUT.
TBepaocts emie 0osiee CHIXKAETCS.

9. O0a Topua 3a4MCTUTh Ha NUTM(POBAIBHON HIKYpPKE.

10. Omnpenenuts TBepaocTh 1m0 HRC u monydeHHBIA pe3ynbTaT 3amucaTh
B rpadsl 15 u 16 nporokona.

11. TlocTponuTh KpuBBIE BIUSHUS TEMIIEPATypbl OTIIyCKa Ha W3MEHEHUE
TBEPAOCTH 3aKAJICHHOW CTaJIM B KOOpJAMHATaX TEMIIepaTypa OTIlyCKa —

TBepAOCTh (puc. 17.3).

HRC

60

0 204 408
Temnepamypa o

//y;an
Puc. 17.3. KpuBbie BIUSHHS TEMIEPATYpbl OTIIyCKa HA U3MEHEHHUE TBEPOCTH

3aKAJICHHBIX YTJICPOAHUCTBIX cTajeu ¢ Pa3IMIHBbIM COJACPIKAHHUECM YTJICPOAAa



IIpoTokoJ TepMuyecKoii 00padOTKHU yIriIepoaAUCTON CTaIH
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Bpewms TBepmocTs nocie TBepaocTs nocie TBepmocts nocie
Bbiiepkku | oTmycka 200° C HRC | ormycka 400° C HRC | otriycka 600° C HRC
npu 3akajnka B | 3akajka B | 3akajka | 3akajika B |3akajka B | 3aKajika B
OTIIYCKE B BOJIE Macie | B BOJAE Macie BOJIE Macie
MUH
10 11 12 13 14 15 16

OTtyeT 0 MpoBeCHHON padoTe JOJKEH COJepkKaTh CleAyoIIee:

1. 3aganue.

2. llenp paboTHI.

3. 3anoJHEeHHBIN NPOTOKOJ TEPMUUECKON 00paOOTKH yIiIepOIUCTOMN CTAIIH.

4.  KpuBble BIusSHUSA TeMOEpaTypbl OTIIyCKa Ha M3MEHEHHE TBEPIOCTH

3aKaJICHHOM YIJIEPOAUCTOM CTaJIu.




JlabopaTtopHas pabota Ne6

[IpokannBaeMOCTh cTanen

1. IIEJIb PABOTHI:

1.1. Tlo3HaKOMUTBCS C METOJUKON OMpPEACIICHUS MPOKAIMBAEMOCTH CTaJieH
METOJIOM TOpI110BO# 3akayiku B cooTBeTcTBUU ¢ ['OCT 5657 — 69;

1.2. JlaTh CpaBHUTEIBHYIO OIEHKY MPOKAIUBAEMOCTH YTIAECPOJAUCTBIX U

JICTUPOBAHHBIX CTalieh.

2. TEOPETUYECKUWE CBEAEHUA

OObeMHast 3akalika CTajel Ha MapTEHCUT SBISICTCS TJIABHBIM CIOCOOOM
VIIPOYHEHHUsI OOJBIION TPYIIBI KOHCTPYKIMOHHBIX —craneil. [l ;eranei,
paboTaroIIMX B YCIOBUSIX PacTsHKEHHUs, TpeOyeTcs, 4To00bl MApTEHCUTHAS CTPYKTYpa
ObUT1a chopMHUpoBaHa MO BCEMY CEUEHHIO AeTajieil (OONThI, IIMUIBKU, KOPITYCHBIE
neram u T.0.). Jns obOecnieueHuss OTHOPOMHOCTH CTPYKTYPhI OXJIKICHUE TPH
3aKaJKe HEOOXOAMMO TMPOBOAWTH TakKUM OOpa3oM, 4YTOObI HM30€XaTh pacrajaa
aycTeHuTa Ha (eppuTo - KapOUIHYIO CMECh. ITOTO MOXKHO JOCTUYb, €CIIU CKOPOCTh
oxJaxnaeHus: V,, OyIeT TpeBbIIaTh KPUTHUYECKYIO CKOpOCTh. Kpumuueckoii
ckopocmwvio 3axkanku V,,, HA3bIBACTCd MUHHUMAIBHAsA CKOPOCTh OXJKIACHHH, IIPU
KOTOPOM ayCTEHUT €Il He pachagaeTcsi Ha GeppuTo - KapOUIHYIO CMECh.

O4eBUIHO, YTO JJIs TEl KOHEUHBIX Pa3MEPOB CKOPOCTh OXJIKICHHUS Ha
MOBEPXHOCTHU Bceryia 0oJbliie, 4eM B 1eHTpe (pucyHoK 1). Eciu ckopocTh OXJIaKIeHMs B
IEHTPE JeTamd OOJbIlle KPUTHUYECKOW, TO BECh OOBEM ayCTCHHWTA TPU 3aKallKe
MIPEBPATUTCS B MAPTEHCUT. EClIM B LIEHTpE Tejla CKOPOCTh OXJIAKICHUS MEHBIIE, YeM
KPUTHYECKAs, TO MAPTEHCUT 00Pa3yeTCs TOIBKO B MIOBEPXHOCTHBIX CIOSIX, TIIE V0, > V,),
a B IICHTPE ayCTEHUT OyJIeT pacraaarhcs Ha eppuTo - KapouaHyto cMmech. [Ipu aTom
TEJI0O HE TMPOKAIUTCS HACKBO3b. HEMoNHy0 MpOKAIMBAEMOCTh — 1IEIECO00Pa3HO

PECKOMCHIOBATH JJIIA H3I[€J'IPII>1, pa60T$IHII/IX B YCJIIOBUAX MUKIMYCCKOI'O



3HAKOMEPEMEHHOTO0 HarpyKeHus, W3ruba WIM KpyYeHHs, KOI[a JEHCTBYIOIIHE

HaIPsZKCHIS MAKCUMAJIBHBI B TIOBCPXHOCTHBIX CJIOAX.

VOXJ'IA

entp
IHIAHAPA
Vi
M
0 i \ \
i | l lgt
3akalicHHas 30Ha 3akajeHHas 30Ha THosepxnocTh Vi
LWIMHIpA
He3akanennas 30Ha
a) 6)

Pucynok 1 — CxeMmpbl, OKa3bIBAIOLIHE PATUYHYIO CKOPOCTh OXJIAKACHHUS 1O CEUYEHUIO 1
CBSI3AHHYIO C 9TUM HECKBO3HYIO MPOKATMBAEMOCTS: &) 3ITI0pa pacipeiesieHus
CKOPOCTEN OXJIAXACHUS 10 CEYEHUIO LIUJIMHpA MPH 3aKaike; 0) quarpamMmma
U30TEPMHUUYECKOTO MPEBPAILICHHS ayCTEHUTA U CKOPOCTEN OXJIAKICHUS TTPU

3aKaJIKC OUJIMHApPA

[IpokamMBaeMOCTh SIBIICTCS OIHUM W3 BAKHEWMIIMX TEXHOJIOTWMYECKUX CBOMCTB
CrTaJied ¥  KOJMYECTBEHHO  XapaKTepusyercs TIyOMHOW MPOHUKHOBEHHUS
3aKaJeHHOW 30HBI. [IpoKaIrBaeMOCTb 3aBUCHT KakK OT BHYTPEHHHX (XMMHYECKHUI COCTAB,
pa3Mep ayCTeHMTHOIO 3€pHa M T.JI.), TAK U OT BHEHIHUX (DaKTOPOB (MHTEHCUBHOCTH
OXJIAKIICHUST), a Takke OT TEOMETPUUYECKMX PasMEpPOB M MAacChl Tejia (OTHOIIICHHE
MIOBEPXHOCTH TeJa K ero o0bemy). Jiist onmcaHust MpoKaIMBaeMOCTH Kak CBOMCTBA CTalH,
ONpEZIENIEHNE 3TOM XapaKTEpPUCTUKHU TPOBOIAT B CTAHAAPTHBIX YCIIOBHUSIX, UCKITFOUAOIIMX
BIIMSHYE BHEIIHMX (DaKTOPOB U Pa3MEPOB 3aKATMBAEMOTO TENA.

Jns mpakTUYEeCKOM OLIEHKW MNPOKAJIMBAEMOCTH HCHOJB3YIOT KPUTEPUH,
Ha3bIBAEMbIM  kpumuyeckum  ouamempom D, — mpencrapasromui  cobOoii

MaKCHUMAaJIbHBIN ANaMCTPp NWJIMHAPA, KOTOpBIﬁ IMPOKAJIMBACTCA HACKBO3b B JJTAHHOM



oxjiaautene (Boaa, Macio, BO3AYX M T.A.). OuUeBUAHO, YTO MJisl PaA3IMYHBIX
oxnagurenei D,, OyneT pa3HbIM.

JUIst  SKCMEPUMEHTANBHOTO OMPEACICHHUs] TPOKAIUBAEMOCTH HCIOIB3YIOT
meton ToproBoi 3akanku (I'OCT 5657-69). Jlns mpoBeaeHus: TOPIIOBOM MPOOHI,
MpeIBapUTEIIbHO HOPMAJIM30BaHHbIE. CTaHJApPTHBIE OOpaslbl (PUCYHOK 2) B
teyeHue (30...50) MuUH mporpeBaroT B MU J0 TEMIIEPATypbl, PEKOMEHIYEMOM Jis
HarpeBa JAaHHOW CTaldu IMOJ 3aKaiKy. EciM Ui HCnbITyeMOW CTanM yKas3aH
WHTEpBaJ TEMIIepaTyp HarpeBa IO/ 3aKajlKy, TO 0O0paszel] MNporpeBaroT [0
TEMIIepaTypbl, COOTBETCTBYIOIIEH BEPXHEMY 3HAYEHHUIO ATOro uHTepBana. s
UCKIIIOUEHUS O0€3YyIJIEpOKMBAaHUS M OKHUCICHHMS HarpeB BEAYT B 3alUTHON
atMoc(epe WM B CHELMAIBHOM MPUCIOCOOJIEHUH, OOECHEUMBAIOIIEM 3aIIUTY
MOBEPXHOCTU 00pa3na OT OKHCIeHUs. [IpoJoIKUTENbHOCTh BBIIECPXKKU NpU
HarpeBe cocTaBiisieT 30 MUH.

CranpapTHbli 0Opasell IOclie HarpeBa B MEYdM OBICTPO MEPEHOCAT B
CHEIUAIbHYI0 YCTAaHOBKY, B KOTOPOM €ro OXJaxAalT CTpyel BOABI IMOA

OTMpeIeJICHHBIM HAIlOPOM TOJIBKO ¢ TOpIa (PUCYHOK 2).
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Pucynox 2 YcranoBka (a) u obpaserr (0) 115t TOPIIOBO# 3aKayku: 1 -
ypaBHUTEJIbHAS TPYOKa /ISl CO3aHMsI TIOCTOSTHHOTO HAropa; 2 — HaloOpHbI 0avoK;

3 - mrratuB; 4 — oOpaselr; 5 — comio;



6 — cnuBHas KOpoOKa.

[locne mnosnHOro oxjaxiaeHus oOpa3na IO €ero JABYM JAUaMETPaTbHO
POTHBOIIOJIOKHBIM 00pa3yIoUM CONUIM(OBBIBAIOT IUIOMAAKU Ha Tiayouny 0,5
MM. [lo amuue sTux nnomanok yepes 1,5 — 3,0 MM uzmepsitotr metooM Poksera
TBepAOCTh MO MmiKase C W CTPOST KPUBYIO MPOKATMBAEMOCTH B KOOpAMHATaX
tBepaocth HRC - paccrosiaue ot Topma |. Uem MeHbIe MpoKaaIMBaeMOCTh CTAIH,
TeM ObICTpee MmajaeT TBEPJIOCTh MPHU yAaleHUuu oT Topua. s pasHbIX IMJIaBOK
OJTHOM MapKu CTajlid MOJIy4aeTcsi HaOOp KpPHUBBIX MNPOKAIMBAEMOCTH, TaK Kak
XUMHYECKUH COCTAB CTajH, a, CJIEJOBATEIbHO, U TPOKAINBAEMOCTh MEHSIOTCS B
HEKOTOpBIX mnpenenax. I[loaToMy cranb ONpenesieHHOW MapKd XapaKTepHU3yeTcs
Mapo4HOU nosnocoti npoxanusaemocmu (pucyHok 3). Mnnekcamu (1iupoBBIMU
noKazaTeasiMHi) NPOKAJINBAEMOCTH MAPKU MOTYT CIYKHTh MakCHUMajbHas WU

MHHHMAJIbHAsA TBCPAOCTb Ha OIIPCACICHHOM PACCTOAHHH OT OXIJIAXKIACMOI'O

HRC __ (HRC _ )
topua (I1 - mo 2 ), MJTM MaKCUMAaJIbHOE ¥ MUHUMAJIbHOE PACCTOSHUE OT
|
. HRC 60
TOplla M0 TO4YeK ¢ 3amaHHoi TBepmocThio (II—————). Hampumep, 11— -
I min 1 max 10

tBepaoctb 60 HRC Ha paccrosauu 10 MM oT Top1a; ne - tBepaoctb 48 HRC
6:20

UMEEeT MeCcTO Ha paccrosHur ot 6 g0 20 mm. (ompenensieTcs MO MOJoce

MIPOKAIIMBAEMOCTH).



HRC HRC

HRC s

I, MM [, Mm
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Pucynox 3 KpuBasi npokaiuBaeMOCTH, MOCTPOEHHAS 10 IAaHHBIM TOPIIOBOM MPOObBI
(a) 1 mosioca mpokauBaemMocTu i Tor xe ctanu (6). HRC,,; — TBepocTh

MOJTyMapTEHCUTHOU 30HBI.

[Ipy oLeHKE NPOKAIMBAEMOCTH, 3aKaJE€HHBIMH CUUTAIOT CIIOM, B KOTOPBIX
cogepxkurcss He MeHee S0 % MapTeHCHMTa W OCTAIBHOE  TPOOCTHUT
(momymaprencutHas 3oHa (IIM3)) unu cioit co ctpykrypoit 95 % mapteHcuTa.
Ecnu umerotcst nannsie 1o TBepaoctd 50 (95)-nporeHTHOro MapTeHCUTHOTO CIIOS
JUISL  UCCIIElyeMOM CTalli, TO, HMES KPUBYIO MPOKAJIMBAEMOCTH, MOXHO
OIPEJICIIUTh PACCTOSHUE OT TOPIIA IO COOTBETCTBYIOINIEH 30HbBI h (pucyHoK 3, a).

JlerupoBaHue JIOOBIMH 3JIEMEHTAMH, KpPOME KOOallbTa, YBEJIWYUBAET

IMPOKAJINBACMOCTDb CTAJIH.

3. OBBEKTHI UCCIIEJOBAHNMA, ObOPYJIOBAHUE

OO0BekThl uccnenoBanus — 00pasubl ctaieit 40 u 40X B HOpMaTU30BaHHOM
coctossHuM. HarpeB craneil moj 3akajiky OCYIIECTBJISIOT B KaMEpPHBIX TIeYax.
TopI1oByI0 3aKalIKy MPOBECTH HA CHECITUAIBHONW YCTaHOBKE. M3MepeHus TBEpA0CTH

npoBoAT Ha ipubopax tuna TK no mxane C.

4. SBAJAHUE HA PABOTY

1. [IpoBecTH TOPIOBYIO 3aKAJIKy Ha UCCIEAYEMbIX 00pa3lax;



2. Ha aByx conum@oBaHHBIX JIOMAIKAX U3MEPUTH TBEPIOCTH 00pA3IOB HA
3aJIaHHBIX PACCTOSIHUSAX OT TopIia (Tabauia);

3. TlocTpouTh KpHBBIE MPOKATMBACMOCTH, NMpUHUMas 3a TBepaocth HRC
CpeIHee 3HAYCHHE IS IBYX PE3YJIbTaTOB M3MEPEHUN HA OJMHAKOBOM PACCTOSTHUH

OT TOopIa.

5. IOPAAOK BBIITOJIHEHW A PABOTBI

1. TlpenBapuTenbHO HOPMAIM30BaHHBIE CTAHAAPTHBIE  OOpa3Ubl U3
YIJIEPOJUCTONM W JIETUPOBAHHOM CTajeld IOMECTUTh B T€Yb JJIsI HAarpeBa IO
3akasiky. TemrepaTypy HarpeBa BbIOpaTh B COOTBETCTBHM C MapOYHBIM COCTaBOM
CTaJey MO CIPABOYHUKY. BpeMs BBIAEPKKY NPHU JAHHOM TEMIIEPAType COCTABISAET
25 MUH.

2. [IpoBectu oxnaxkaeHNE 00pa3lOB B YCTAHOBKE ISl TOPLIOBOM 3aKaIKy.

3. Ha mmudoBanHbIX miomaakax oOpas3uoB usmeputbh tBepaoct HRC Ha
paccTosiHUSAX OT TOpIla, PEKOMEHAYeMbIX cTaHnapToM (Tabiuua). IlomyueHHble
pe3yNbTaThl 3aMKcaTh B TAOIUILY.

4. TIlo pesympraraM M3MEpPEHUsT TBEPJOCTH IOCTPOUTH  KpPHUBBIE
npokanuBaeMoctd. HWmes nanneie 1o TBepaoctd 50  (95)-mporieHTHOro
MAapTEHCUTHOTO CJIOS ONPEAEIUTH MOJIOKEHNE MOITYMAPTEHCUTHOM 30HBI M 30HBI

95 % mapTteHcura.

6. COAEP’)KAHUE OTUETA

1. Ilenb paboThI;

2. Kparkue TeopeTudyeckue CBEJICHUS;

3. [Topsiiok BBITIOTHEHUS paOOTHI;

4. Pe3ynbTaThl U3MEPEHUN;

5. KpuBble npoKanmBaeMOCTH IJI HCCIIENYEMBIX CTaJEH;

6. BeiBo1bI 110 paborTe.



Tabnuua — Pe3ynbrarsl M3MepeHnui

Paccrosn |1, |3, |4, |6, |7, |9, |10, |12, |13, |15, |18, |21, |24, |27,
ue or|5 |0 |5 [0 |5 |0 |5 0 5 0 0 0 0 0
TOpIIA,
MM

Craip 40,
HRC

Cranb
40X,
HRC

7. KOHTPOJIbHBIE BOITPOCHI

1. Yro Takoe mpokamuBaeMocTh cranedi? Kakas pasHula Mexay
IIPOKAJIMBAEMOCTBIO U 3aKAIIMBAEMOCTBIO CTaJIEH?

2. Kakue CymecTBYIOT KOJIMUYECTBEHHbIE KPHUTEPUH IPOKATUBAEMOCTU
KOHCTPYKIIMOHHBIX CTaJIeh?

3. Uro moapasymeBaeTcs oI 3aKaJIEHHBIM CJI0eM?

4. Kakue BHeumIHME M BHYTpeHHHE (DAKTOpPHI BIMSIOT Ha MPOKAJIMBAEMOCTb
cranemn?

5. B kakux cmydasx HeoOxonumo 3HaHue 50 % mnpokanuBaemoctu win 95 %

MIPOKAJIMBAEMOCTH ?

JlabGopaTopHasi padora Ne 7

Mmcpoana.ﬂm CILIAaBOB HA OCHOBE M¢eIMN

eab padoThl

[learr paboTBl — HAy4YUTh YyYaIIUXCS CaMOCTOATEIBHO MPOBOJIUTH
MUKpOaHaIN3 MEH, JJaTyHell 1 OpoH3.

B mpouecce BbimosHeHHsT  pabOThl  ydamiudecs  JOJDKHBI — WM3Y4YUTh

MUKPOCTPYKTYPBI ME/IH, JaTyHEH 1 OPOH3 B CBA3M C JUarpaMMaM# COCTOSIHUA.




IIpubopsbl, MaTepuaabl H HHCTPYMEHT

Jis  mpoBeneHust paboOTbl HEOOXOAMMO HMMETh: MeTauiorpadudecKuit
MHUKPOCKOIT; KOJJIEKLIMIO MHUKpPOUUIM(OB Menu, JaTyHeW U OpoH3; LUPKYIb U
JIMHEUKY.

MuKpoOCTPYKTYpa Meau

MuxkpocTpykrypa neopMHUpOBaHHONW U OTOXKKEHHOW MEIU JaHa Ha puc. 1.
CtpyKTypa — 3€pHHCTAsl, C HATMYHEM JIBOMHHUKOB.

Kucnopon ¢ wmenpto obOpazyer coeaunenue Cu,0 (3akuce Mmemaum). Ilo
JMarpaMMe COCTOSIHMM CHUCTEMbI MeIb—Kuciaoposa (puc. 2), Mpu coAep>KaHuu
kuciopozna 0,39% (3,4% Cu,0) obpasyercs sBrekTuka Cu—Cu,0.

B Meaum, HEIOCTaTOYHO PACKUCICHHOW IIpU BBIUIABKE, COXPAHSIIOTCA
BKJIIOYEHHs 3akucu Menu. Ha puc. 3 1maHa MUEKPOCTpYKTypa JIMTOW MeIu
(HeTpaBieHbll 1UIM(), COOTBETCTBYIOIIAsl MO AMATPAMME COCTOSIHUM CHCTEMBbI

MCAb—KHUCI0OPOA 9BTCKTHUYCCKOMY CILIABY.
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Puc. 1. MukpoctpykTypa neQOpMHUPOBAHHON U OTOAOKCHHOW MEJH;

TpaBJICHUE COJITHOKHCIBIM pPacTBOpOM XJopHoro sxkeneza (X200)
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Puc. 2. JluarpamMmma CcOCTOSIHUSI MeEIb—KHUCIOPOT



Puc.3. Mukpoctpykrypa Mmenu, coxepxameid 0,39%
KHCJIOpOAa — ABTEKTUKA

Cu—Cu,O (X250); nuud HerpaBieH
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Puc. 4. JluarpamMma COCTOSIHUSI ME€Ib —IIMHK

MuKpocTpyKTYpa JIaTyHeH
Jlnarpamma COCTOSTHUM CHCTEMBI MeAb—IIMHK J1aHa Ha puc. 4. [IpakTudeckoe
MPUMEHEHUE HaxOoAAT oAHOo(a3HbIC JIATYHH C cojAep)kaHueM HuHka a0 39% (a-
JaTyHU) U AByX(a3HbIE JIATYHU C coJepkaHueM HuHka oT 39 mo 45% (o + PB'-

JaTyHH).



Puc. 5. Mukpoctpykrypa a-naryHu: a — naurtasi(X250); 6 —
nedopmupoBanHas U oToxokeHHas (X100); TpaBieHHe CONSTHOKUCTBIM

pPacTBOPOM XJIOPHOTO JKeJe3a

Puc. 6. Mukpoctpykrypa nutoi o + B-natynu ¢ 40% uunka (tumna J162)

(x150); TpaBieHKe CONTHOKUCIBIM PACTBOPOM XJIOPHOTO KeJe3a

MukpocTpyKkTypa  0-jaryHeil. MUKpPOCTpyKTypa o-JJaTyHU C  CO-
nepxkanueM 30% uunka (JI70) nana Ha puc. 5.

MuUKpoCTpyKTypa JUTOW 0-JaTyHU (pHUC.5, a) UMEET ACHAPUTHOE CTPOCHHE.
CBeTiible y9acCTKH — JACHAPHUTHI, OOTaThie MEIbI0, 3aTBEPJACBIIHME IEPBHIMHU W3
XKUIKOTO COCTOSIHUSI; TEMHbBIE YYaCTKM — MEXICHJIPUTHbIE TPOCTPAHCTBA,
o0oralieHHbIe ITUHKOM.

MukpocTpykTypa aeGopMHUpOBaHHON U OTOXOKEHHOM a-latryHu (puc.5, 6)
MMEET 36pPHUCTOE CTPOEHUE U XapaKTEPHBIE IMOJIOCKHU JIBOMHHUKOB.

BceneacTBue paznuiHO OpUEHTUPOBKU 3€pEH (AaHU30TPOIIMM) OHU TPABSITCS C
Pa3HON MHTEHCUBHOCTBIO, TOATOMY MOJIYYalOT PA3IMUYHYIO0 OKPACKY.

MukpocTpykrypa o + B-naryHeil. ['panuneir Mexay oaHodasHOW -

JaTyHbIO U IBYX(ha3HoU o + B-naryHbto sBisiercs 39% uunka (cM. puc. 4).



MuxkpoctpykTypa o + B-nmatyHu c copepxkanuem 1uHKa 40% B nutom
COCTOSHMH AaHa Ha puc. 6. CTpyKTypa MOX0Ka Ha BUIMAHIUTETTOBY CTPYKTYpY
JIUTOM CTalH.

MMUKPOCTPYKTYpPa CJI0KHBIX (MHOTOKOMIIOHEHTHBIX) JaTryHeil. Muk-

POCTPYKTYpPBbI HEKOTOPBIX CIIOKHBIX JIATYHEW MPUBEACHBI HA pUC. 7.

4

Puc. 7. MUKpOCTPYKTYPHI CIIOKHBIX (MHOTOKOMIIOHEHTHBIX ) JTATYHEH:

a — nuTas anroMuHueBas natyHb JIA77-2 (X75), neHaApuThl 0-TBEPAOTO PacTBOPA;
0 — nuTas kene3omaprannoBuctas natynb JOKMi 59-1-1, X 250, a- u B-hassrl.
Menkue Touku Ha o-(a3ze — BKIIOYCHUS Kelle3a; 6 — CBUHIIOBUCTAsS JTUTAs
natynb JIC74-3, X250. 1o rpanuiiam 3epeH a-TBEPIOrO pacTBOPA BUIHBI TEMHbBIE
BKJTFOUCHHS CBUHIIA; 2 — JINTas aTIOMHHUEBO-HUKENEeBas natyHb tumna JIAHS9-3-
2, X250. Temusie kpucTtamisl — B-¢a3za, Ha PoHE KOTOPHIX BUIHBI CBETIIbIC
BbIJIeTICHU 0-(pa3bl, oOpasyromuecs npu pacrnaje f-KpucTajiioB; TPaBJICHHUE

COJIIHOKHCIIBIM PACTBOPOM XJIOPHOTO XKee3a

MukpocTpykTypa 6poH3

MuUKpoCTpyKTypa OJOBSHHOW OpoH3bl. YacTh AuarpaMmbl COCTOSTHUS

cucteMbl CU—SNn nana Ha pwuc..8. Crutomnas nuHus Abdq xapakrtepusyer

COCTOSIHUC, IOJIydaromeeCsa IIPpU OYCHb MCIJICHHOM OXJIAKACHUW HWIINW OTKUIC



nocjie OTJIMBKH; TaKHE YCIOBUS NpU OOBIYHON OTJIIMBKE HE JIOCTHTAIOTCA.
[Tynktupras muHust Ab'h XapakTepusyeT COCTOSHHE, KOTOpOe IOJy4aeTcss B
OOBIYHBIX YCJIOBUSX OTIMBKH. IlITpux-myHKTUpHas nuHHS (Q XapakTepusyer
COCTOSIHUE, TTOJIyYaloIlleecsl IPU OUYCHb JJIUTEIbHOM (THICSYU YACOB) OTXKUTE.

[Tpu comepskanuu 10 6—7% Sn (1eBee Touku h Ha puC..8) MUKPOCTPYKTypa
JUTOM OpPOH3BI COCTOUT W3 HEOJHOPOJHOIO TBEPIOIO O-PAaCTBOpPA; CTPOCHHUE
neHaputHoe (puc. 9, a). Ha MUKpOCTpyKType TeMmMHble MecTa (OCHU JACHAPUTOB)
Oosiee OoraThl MejbI0, a CBETJIbIE MecTa (MEXIYOCHBIE IPOCTpaHCTBA) Oosee
OoraThl OJIOBOM.

MuxkpocTpyKTypa 3T0i1 OpOH3BI MOCIIEe OTXKUTA MPEACTABISAECT OJHOPOIHBIC 10
COCTaBy 3€pHa TBEPJIOTO a-pacTBopa (puc. 9. 6).

[pu conepxannu 6onbme 6—7% Sn (mpasee Touku h Ha puc. §), HO MEHBbIIIE
14% (neBee Touku (), Hampumep mpu coaepxanund 10% SN, 111 paBHOBECHBIX

YCIJIOBUM JTOJKHA OBITH CTPYKTYpa TBEPOTO.
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Puc. 8. Yacrtsp AuarpaMmbl COCTOSAHHA MEAb—O0JIOBO



Puc. 9. MukpoctpykTypa 0JIOBSHHON OpOH3BI ¢ 5% 0JI0Ba; TpaBIeHNE aMMHAYHBIM
pPacTBOPOM JABOWHOW COJIM XJIOPUCTOU MEAU U XJIOPUCTOIO AMMOHHSL:

a— matas  (X300); 6 ~mocme omxkura (x 150)

Puc. 10. MukpocTtpykTypa IuToi ofoBsHHON OpoH3bI ¢ 10% onosa (x1000);

TPaABJICHUC COJITHOKHCIIBIM PpaCTBOPOM XJIOPHOIO KEJIC3a

Puc. 11. Bxmrouenust SNO, B TUTOH OJOBSIHHOW OpoH3e, mnumd He TpaBicH

(x250)

ABJIAETCA TO, YTO PACTBOPUMOCTh OepHIUIMS B MeOU yMeHbliaetcs ¢ 2,7% npu
866° C no 0,2% npu 300° C. Ilpu 3akanke B Boje ¢ 800° C dukcupyercs

HEYCTOWYNBOE COCTOsSTHUE o-(a3bl uiau o + B-das, a mpu mociemyronemM cTapeHun

300—350° C mpoucxoauT BeIAeIeHHE Y-(Da3bl.
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Puc. 18. Yacte nuarpamMmbl COCTOSIHUS MeEIb—OEpUILIAN

Puc. 19. Mukpoctpykrypa 6epuiiiueBoit 6pon3sl bp.b2 nocne 3akanku u

crapenust (X250); TpaBieHHE COISTHOKUCIBIM PaCTBOPOM XJIOPHOTO JKeJe3a

Ha puc. 19 pana wukpoctpykTypa OepuiueBoid Oponsel bp.b2 ¢
conepkanueM 2% Oepuiuius, mocie 3akaiku v crapeHus. Ha Qone 3epen
TBEPJIOTO O-pACTBOPA BUIHBI MEIIKHE CBETIIbIC BKIOUeHUs Y-pa3sl (CuBe).

MeTtoauka npoBeieHuss MUKPOaHAJIU3A

1. TIlpocmotpers u u3yuuth npu yBeaumueHusx oT 200 go 500  pas
MUKPOCTPYKTYPBI ME/IH, JaTyHEH 1 OpOH3.

2.  MukKpoCTpyKTypbl 3apHcoBaTh B Kpyrax auamerpoM ~60 mm wiu 6
KkBajparax pazmepom ~60x60 rum.

3. Ilom xaxaod 3apuCOBAHHOW MUKPOCTPYKTYPOM [JaTh NOAMHUCH C
yKa3aHWEM HaNMEHOBaHUs MeTajla M CIUIaBa, MapKh, XMMHUYECKOTO COCTaBa,

00pabOTKH, HAUMEHOBAHUS BKIIOYSHHUI U CTPYKTYPBI, YBETUUCHUSI.



4. Ha xaxnoill 3apuCOBaHHONM MHMKPOCTPYKTYpE YyKa3aThb CTpPEIKAMHU
pa3nuuHbie Ga3bl U CTPYKTYpHBIE COCTABISIOUIME M OKOJIO CTPENOK, Ha MOJIAX,
HaIlMCaTh UX HAUMEHOBAHUE.

5. M3oOpa3uth auarpaMMbl COCTOSIHUM (MJIM MX YacTH) CIJIABOB MEIb—
KHUCIIOPOJZl, MeIb—IIMHK, MEIb—O0JIOBO, MEIb—CBHUHEL, MeIb— OepUUIMA,
IIPOBECTH HAa HUX BEPTUKAIBHBIC JIMHUM, COOTBETCTBYIOIIME PACCMATPHUBAECMBIM
CIUUIaBaM M J1aTh ONKUCAHUE IIPOLIECCOB, MPOUCXOIAIINX IIPU OXJIAKICHUN.

CocraBiieHue oT4yera

OTt4eT 0 IpoBeIEHHON padOTe NOIKEH COAECPKATh CIEAYIOLIEE:

1. 3amanue.

2. lens paboThL.

3. PuCcyHKrM BKIIIOYEHMH M MHKPOCTPYKTYP C COOTBETCTBYIOIIMMH

MOSICHEHUSIMU (TIPUMEP CXEMBI 3aPUCOBKH MUKPOCTPYKTYPHI ITOKa3aH Ha puc. 20).

Puc. 20. Cxema 3apucOBKH MUKPOCTPYKTYPHI JTJUTON OJIOBSIHHOM OpOH3BI ¢ 5%
0JI0Ba — ACHAPUTHI TBEPJIOTO O-pacTBopa. TpaBieHne aMMUAYHBIM PACTBOPOM
JBOMHOM COJIM XJIOPUCTOM Meau U XjiopucToro aMMmoHus (X300)

4. JlmarpamMMbl COCTOSSHUM (MJIM WX YacTH) CIJIABOB MEIb—KHUCIOPO/,
MeJIb—IIMHK, MEIb—OJI0BO, MEJIb—CBUHEI], MEIb—OCpPUUIMI C yKa3aHUEM Ha
HUX pPAacCMaTpUBAEMBIX CIUIABOB M ONHCAHUEM MPOUCXOASIIMX MPOIECCOB

MIPEBPALIECHUN NIPU OXJIAXKICHUU.



JlabopaTopnas paGora Ne 8

MnKpoaHa.ﬂm CIINIAaBOB HA OCHOB€ AJIIOMHUHUSA

Heab padoThI

[lear paboOTBl — Hay4YWTh YyYalIUXCsl CaMOCTOATENBHO IPOBOJIUTH
MUKPOAHATIN3 ATIOMUHHEBBIX 1 MarHUEBBIX CILIABOB.

B mpouecce BbimosHeHHs — pabOThl  ydamiudecs — JOJDKHBI — WU3YYUTh
MUKPOCTPYKTYPHl ATIOMUHHEBBIX M MarHUEBBIX CIUIABOB B CBSI3U C JHAarpaMMaMuy
COCTOSIHHSI.

IIpubopbl, MaTepuaabl U HHCTPYMEHT

Jns  npoBeneHus padbOTbl HEOOXOJMMO HMETh: MeTaJiorpaduyecKuil
MHUKPOCKOIT; KOJUIEKIUI0 MHUKPOIUIM(OB aTOMUHUEBBIX U MAarHUEBBIX CILIABOB;
UPKYJIb U JTUHEHKY.

MukpocTpyKTYypa aTlOMUHHEBBIX CILUIABOB

MukpocTpykrypa cuiymMmuHa. CUulyMrUHAMU Ha3bIBAIOT CIUJIABBI ATFOMUHUS
¢ KpeMHueM ¢ coaeprkanneM 6—13% Si. Ilpu conepxanuu 11,6% Si obpasyercs
IBTEKTHKA W3 KPUCTAJUIOB TBEPAOTO pacTBOpa KpPEeMHHsI B alOMUHUU (a) U
KkpuctauioB kpemuus (Si) — a + Si (puc..1). CHIyMuH ¢ coliepkaHHEeM KpEeMHHUS,
ONMM3KUM K IBTeKTHUeCKOMYy cocTaBy (cmiaB AJI2 ¢ 10—13% Si), B ocHOBHOM
COCTOMT U3 3BTEKTHKHU U HEOOJBIIOTO KOJINYECTBA N30BITOUHBIX KPUCTAIJIOB a WU
Si.

Ha puc..2, a nana mukpoctpykrypa cuiymuHa ¢ 12% Si (3a3BTekTHUYeCKUI
criaB). CTPyKTypa COCTOMT M3 KPUCTA/UIOB KpeMHHMs (Oesbie) ¥ 9BTEKTHKH a + Si
rpy0OTO CTpPOCHHUSA, B KOTOpPOH KPEMHHUU HAXOAWTCA B BHUAE KPYMHBIX WIIL.

CUIIyMUH C TaKOW CTPYKTYpOil 00J1aJaeT HU3KUMHU MEXaHUYECKIMH CBOMCTBAMHU.
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Puc..1. lnarpamma coCTOSIHUS AIFOMUHUN— KPEMHUN

Puc. 2. MukpoctpykTypa anromuaueBoro ciiaBa AJI2 (x200); TpaBnenue

pacTBOPOM (PTOPUCTOBOIOPOAHON KHUCIOTHI B BOJIE: d — JINTHE
HEeMO U (pUITMpPOBaHHOE; O — JTUTHhE MOIUDUITUPOBAHHOE
Ecnmu B kuumkuil crjaB mepen ero KpucTauiM3alued BBECTH HEOOJbIINOe
komuuectBo (0,01—0,1%) HaTpusi, 3TO NPUBOAUT K W3MENBUYCHHIO BKIIFOUECHUU
KPEMHUS U 3HAUUTEIBHOMY YIIYUILIEHUIO MEXaHU-YECKHUX CBOWCTB CHIIyMHUHA. JTOT
IPOLECC HMCKYCCTBEHHOT'O pETYJIMPOBAHUS pa3MEepoB M (POpPMBbI Ha3bIBAETCS
MOAU(PUIIUPOBAHUEM.

XapakTepHBIM SBJISIETCS TO, YTO MPU MOIUDUIIMPOBAHUN CHIIyMHUHA HATPUEM
CHW)KAeTCsl TeMmIeparypa KpUCTAUIM3allMM KPEMHUST W OBTEKTHUKH, TOYKa
HBTEKTHUKM CJBUTAETCA BOPAaBO M  3a’BTEKTHUYECKUH CIUIaB  CTAHOBUTCS
JIOABTEKTHUYECKUM (puc..3).

Ha pwuc..2, 6 nmama MukpocTpykrypa cuiymumHa ¢ 12% Si mocne ero
mMonupuuupoBanus HatpueM. CTpyKTypa 3TOro CIulaBa 10 MOIUGUIIMPOBAHUS

ObLTa 3a3BTEKTHUECKOM, a Mocie MOAU(UIIMPOBAHUS CTala JOIBTEKTUYECKOI.



CtpykTypa COCTOUT U3 MEPBUYHBIX JICHAPUTOB TBEPAOrO PACTBOPA KPEMHUS
B QTFOMUHUH () (OebIe) U OBTEKTUKH a + S TOHKOTO CTPOCHUSI.

MUKpOCTPpYKTYypa  QIIOMUHHUEBOMEIHBIX CIUIaBOB. YacTh  auarpammbl
COCTOSIHMM  CIUIABOB ~ AIIOMUHUW—MEAb 10 KOHIIEHTPAllMK, OTBEYAIOIICH
xumuueckomy coeaunenuio CUAl,, nana Ha puc. 4. MHadye ee MOXKHO Ha3BaTh

nuarpammoit coctosiauii cucrembl Al—CUAl,.
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Puc. 3. lnarpamma cOCTOSTHUS CIUTABOB AIIOMUHUNH—KPEMHUH (ITyHKTHPOM

MOKa3aHO CMEIICHHUE TUHUH 1MOCie BBeICHUS MOU(PUKATOpa — HATPUS)
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Puc..4. Hacte aumarpaMmbl COCTOSIHUSA AFOMUHUA—MENb
AmoMHUHMEBOMENHBIN cIUIaB, HampuMep ¢ 4% Cu, uMeer ciaeayroume
MUKPOCTPYKTYPBI:
a) MOCJe OT)KUTa — 3€pHa TBEpPAOro o-pactBopa meau B amomuuuu (0,1%

Cu) 1 TOYeUHbIC BKIFOUEHHUS XuMudeckoro coenuuerust CUAl, (puc. 5, a);




Puc. 5. MukpocTpyKkTypa aJlloOMUHUEBOTO ciuiaBa ¢ 4% Meau:
a — nocine orxura npu 360° C; 6 — nociie 3akanku B Boge ot 530° C; 6 — nocne
3aKaJIKM B BOJE U UCKYCCTBEHHOro crapenus rnpu 250° C; TpaBieHUE pacTBOPOM

(TOPUCTOBOAOPOTHOM KHCIOTHI B BOJE
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Puc. .6. Muxkpoctpykrypa aypamomuna /{1 (X200); TtpaBieHue pacTBOpoM
(pTOPUCTOBOAOPOIHOM KHUCIOTHI B BOJIE: @ — MOCE OTXKHUIra; 0 — mocie
3aKaJIku B Bojae OT Temmeparypy 540°C

0) mnocne 3akaiku B Bojme ¢ 530° C — 3epHa TBEpAOro oO-pacTBopa
(nepeckiienHoro) Meau B antomunuu (4% Cu) (puc..5, 6).

[Mpu Harpese BkimtodeHus CuAl, pacTBOpHUINCH B aIIOMUHUH, W OBICTPHIM
OXJIaXKJIeHHEM OblT 3a)MKCUPOBAH NEPECHILIEHHBIN TBEP/IbIi 0.-pacTBOD;

B) IOCJE 3aKaJKU U UCKYCCTBEHHOro crtapeHus npu 250° C — tBepablii o-
pacTBOp MeIM B AIIOMUHUM U TOYEYHBIE MEJIKOJUCIIEPCHBIE BKIIIOYEHUS
xumudaeckoro coeauHerus CUAl; (puc. 5, 6); 3TH BKIIOYCHHS BBIACIWINCH U3
TBEPJOTrO 0.-pPacTBOPA B MPOLECCE UCKYCCTBEHHOIO CTAPEHUS.

MuxpocTpykrypa AYpAJTIOMHUHA. Hypantomun XapaKTepusyeTcs
CIeAyIoMM cpeaHuM coctaBoM: 4% Cu, npumepno mo 0,5% Mg, Mn, Si, Fe,
OCTaJIbHOE — ATIOMUHUNA. Takoil AIOpalfOMUH HA3bIBAETCS HOPMAJbHBIM (Mapka
J[1). Hanuuue 3TUX 3J1EMEHTOB MPUBOAUT K 00pa30BaHMIO psia (a3, pacTBOPUMBIX
npu HarpeBe (ympounsitornmx), Hampumep CuAl,, Mg,Si, AlL,CuMg (tak
HaspiBaeMasi (aza S), u HepacTBopuMbIX, Hampumep FeAl;, CuFeAl (tak
HaspiBaemas ¢aza N), (MnFe) Alg.

MukpocTpykTypa aypaitomuHa nocie omxura npu 360° C (puc.6, a) cocrout

M3 TBEPAOro a-pacTBopa U BKJIIOUCHUH PA3INYHLBIX IIEPCUNCICHHBIX BBIIIC (1)33.



MukpocTpykTypa AypaltoMuHa rnocie 3akaiku B Bojae ot 510° C (puc..6, 6)
COCTOUT U3 3€pPEH MNEPECHIINICHHOTO TBEPAOro a-pacTBOpa (Oenbie) U BKIIOYEHUN
(TemMHBIE), HE PACTBOPUMBIX B aJTIOMUHHUU MPU HarpeBe (a3 (3KeIe3UCThIX U Map-

TaHIIOBUCTBIX COCTMHEHUM ).

i Y A
flecupywumutt 34EMEHM

Puc. 7. HauanpHble 00acTu JuarpaMm COCTOSIHUSL MarHuas ¢ pas-
JUYHBIMU AJIEMEHTAMHU
MHuKpOCTPYKTYpa MarHMeBbIX CILIABOB

MarnueBsie CIUIaBbI COJIEPXKAT KPOME MarHusl Tak)Ke aJlOMUHUN, IUHK U
mapranen. Ha puc. 7 nmaHbpl HavalbHblE O0JIACTH JUArpaMM COCTOSIHUM C
ATIOMUHUEM, IIMHKOM, Mapraniem. Kak BHIHO, BCe ATH 3JIEMEHTHI 001alaroT
OTPAaHUYECHHOW MO3TOMY MpPHU OMNpPEIETEHHOM XHMHYECKOM COCTaBE MAarHUEBBIC
CIJIaBBI CITOCOOHBI MTOJBEPraThCs TEPMHUECKON 00pabOTKe (3aKaJIKe U CTAPEHHUIO).

Ha puc.8, a nana MukpocTpykTypa JUTEHHOr0O MAarHMEBOrO CIJIaBaA MApKH
MJI5 (7,5—9,0% Al; 0,2—0,8% Zn; 0,15—0,5% Mn; ocraibHOe — MarHuii)
MOCJIE JIUTHSI.

CTpykTypa COCTOMT M3 a-TBEPJOrO PacTBOpa CJIOKHOTO COCTaBa (CBETJIOE

noje) u BriaroueHuit MgAl3.

Puc..8. MukpocTpyKkTypa JIUTEeHOro MaruueBoro criasa MJIS:



a — TocJIe JUThs; O — mocie oTKura 1 3akaiku (X250); TpaBieHHe pacTBOPOM

IIaBEJICBOI KHUCJIOTHI B BOJIE
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Puc. 9. Cxema 3apucoOBKM MUKPOCTPYKTYPBI ATFOMUHHUEBOTO criaBa AJI2,
MOJU(ULIMPOBAHHOTO HATPUEM — JIEHJPUTHI TBEPAOTO PacTBOpa KPEMHHUS B
AIIOMUHUHY (2) U 3BTEKTHKA a + Si. TpaBneHune pacTtBOpoM (HTOPUCTOBOIOPOTHON
KHUCIIOTHI B BOJ1e(x200)

Crpyktypa atoro cruiaBa (MJIS) nmocne nuddysmnonnoro omxkura npu 360° C
u 3akanku ot 410—415° C ¢ oxnaxaeHueM Ha BO3JyXe MpUBEAEHA Ha puc. 8, 0.
BHyTpr ¥ 1o TrpaHMIlaM 3€peH O-TBEPAOrO pacTBOpa BHUIHBI BKJIIOYEHUS
MapraHIoBUCTOM (ha3bl M OCTATKH HepacTBopuBIIerocs coeauaenus Mg,Als.

MeToauka npoBeaeHs MUKPOAHAJIN3A

1. TIIpocMOTpeTh H  HW3YyYUTh MHKPOCTPYKTYpPHl ATIOMHUHUEBBIX H

MAarHveBBIX CILJIABOB.

2.  MuKpocTpyKTyphl 3apucoBaTh B Kpyrax auametrpoMm ~60 mm wumd B
KBagpaTax pazmepom ~60X60 rm.

3. ITon xkaxaou 3apuUCOBAaHHOM MHUKPOCTPYKTYPOW JaTh IIOJANUCH C
yKa3aHUEM HAWMMEHOBAHMS CIUIaBa, MapKH, XMMHUYECKOTO COCTaBa, 00pabOTKH,
HAaNMEHOBAHUsS CTPYKTYPBbI, YBEIIMUCHHUS.

4. Ha xkaxaou 3apucoBaHHOM MHMKPOCTPYKTYpE YKa3aTb CTpEIKaMu

paznuyHbie a3kl U CTPYKTYPHBIE COCTABISIONIME M OKOJIO CTPEJIOK, Ha TMOJSX,

HammMcaTh X HAMMCHOBAHMNC.



5. N300pa3uth guarpaMmbl COCTOSHUM (WJIM WX YacTH) CIUIABOB
ATIOMUHUN—KPEMHUNA W aJTIOMUHUU—ME/b, MPOBECTH HA HUX BEPTUKAIBHBIC
JUHUAHA, COOTBETCTBYIOIIME PACCMATPUBAEMBIM CIUJIaBAM, U JaTh OMNMUCAHUE
MPOLIECCOB MPEBPALICHUN, MPOUCXOIAIINX IMPHU OXJIAXKICHUU.

CocraBienne or4yera

OTt4et o poBeIeHHOM padOTe NOKEH COAEePKaTh CIeAyIolIee:

1. 3ananue.

2. llenb paboTHI.

3. PucyHkm MHUKPOCTPYKTYp €  COOTBETCTBYIOIIUMHU  MOSACHECHUSMH
(mpuMep cXeMbl 3apUCOBKH MUKPOCTPYKTYpPbl TMOKa3aH Ha puc. 9).

4. JluarpamMmbl COCTOSTHUM (MJIM UX YaCTH) CIUIABOB aIFOMUHUI— KPEMHUH U
ATIOMUHUIN—MED C YKAa3aHUEM Ha HUX PACCMATPUBAEMBIX CILUIABOB U OMUCAHUEM

MMPOUCXOIAIINX IIPOLICCCOB HpeBpaHleHI/Iﬁ IIpHU OXJIAKACHHU.

JlaGoparopHasi pabora Ne 9

HOCTpoeHHe TEPMOMEXAHUICCKHX KPUBLIX IIOJIMMEPOB

1. HEJIb PABOTBI:
OcCBOUTb METOJIMKY CHSTHS TEPMOMEXaHMUECKUX KPUBBIX Ha npudope Buka.
OnpenenuTps TeMIepaTypsl NEPEXOAOB: TEMIIEPATYPY CTEKIIOBAHUSA U TEMIIEPATYPY

TCKYUYCCTH OJIA TCPMOINIACTUYHBIX ITOJIUMCPOB.

2. TEOPETUYECKUE CBEJIEHSA

Paznmuuuga B cBoOMCTBaX MOJUMEPOB  OOYCIIOBIEHBI  CTPYKTYpOH  HX
MaKpOMOJEKYJ, KOTOpbI€ TMPEACTABISAIOT COOOW IIEMOYKH, COCTOSIIHE U3
OTJEJIbHBIX 3BE€HbEB. J[JIMHA 11eTIH B HECKOJIBKO ThICSIY pa3 00JIblle UX MONEPEYHOro
CEUEHUs1, TIOATOMY MaKpOMOJIEKYJaM IOJIMMepa CBOMCTBEHHAa I'MOKOCTb, KOTOpas
SBIISIETCSL OJTHOM M3 OTIMYMTEIBHBIX OCOOCHHOCTEH MOIMMEpPOB. MaKpOMOJIEKYIIbI

MOJIMMEPOB MOTYT MUMETh JIMHEWHYIO, PA3BETBICHHYIO WJIH CETYATYIO CTPYKTYpPY (



PUCYHOK 1).

Pucynok 1. CTpykTypa MakpoMOJIEKYJI B IOJIUMEPAX:

a - JINHEiHas, O — pa3BETBIICHHAS, B - c€TYaTas

BHyTpHn MakpoOMOJIEKYJIBI MEKy aTOMaMH BO BCEX TPEX CIIy4asX AEHCTBYIOT
IIPOYHBIC KOBAJIECHTHBIE CBS3H. Y TMOJHMEPOB O JIMHEWHOW W Pa3BETBICHHOMN
CTPYKTYpOH, K KOTOPBIM OTHOCATCS TEPMOILIACTBI, MEXIY MaKpPOMOJIEKYJIaMHU
JNEHUCTBYIOT HENPOUYHbIe BaH-nep-BaanbcoBbl CBA3M, TO MO3BOJISET UM IIPU HAIPEBE
PaCILIABIATHCSA 10 BBICOKOBS3KOM KUIKOCTH, a IIPU OXJIAKICHUN BOCCTAHABIUBATH
CBOU CBOWCTBA. Y IOJMMEPOB C CETYATOM CTPYKTYPOU — PEAKTOIIACTOB - MEXKIY
MaKpOMOJIEKYJIaMU JEHCTBYIOT TJIaBHBIM 00pa3oM IMpPOYHbIE KOBAJICHTHBIE CBS3H,
YTO JIMILIAET WX CHOCOOHOCTH pa3MArdarbcs MpU MOBBIMIEHUU TemrepaTypsl. [lpu
JOCTUKEHNUH TOCTATOYHO BBICOKOM TEMITEPATypPbl OHU Pa3pyIIatOTCS.

MexaHudeckre CBOMCTBA MOJIUMEPOB (YIPYTHe, IPOYHOCTHBIE) 3aBUCT KAK OT
X (U3NYECKON CTPYKTYpHI, TaK U (PU3MUECKOrO COCTOSIHUS, TEMIIEpaTypbl U T.[.
[Tonumepbl MOTYT HaXOIUTHCS B TpEX (PU3UYECKUX COCTOSHUSX: CTEKIO00PA3HOM,
BBICOKOJJIACTUYECKOM UM BA3KOTeKydeM. (OCHOBHOW NPUYMHON HU3MEHEHHUS
COCTOSIHUS SABJISIETCSI TEIJIOBasi HEPrusi, KOTopas NPUBOAUT B KoJieOaHUE LIeNH
MaKpOMOJIEKYL.

JIns OLEHKH OCHOBHBIX TEXHOJIOTMYECKMX M DKCIUIyaTallMOHHBIX CBOWCTB
MOJINMEPOB HEOOXOJIMMO 3HATh TEMIIEpaTypHbIe 00JIaCTU NEepexoja MOJIUMEPOB U3
CTEKJI000Pa3HOTO COCTOSIHUS B BHICOKO3JIACTHUECKOE U U3 BHICOKOJIACTHUECKOTO B
Bs3KoTekyuee. OOHapyX uTh 3TH (U3MUECKHE HU3MEHEHUS BO3MOXHO C

HCIIOJB30BAHUEM TEPMOMECXAHUYCCKOTO METOAA, CYNIHOCTb KOTOPOI'O 3aK/IH0YacTCsa



B OmpeneneHuu AeOpMUPYEMOCTH TOJIMMEpPA IOJ] JNCUCTBHEM HEM3MEHHOW M
MaJiol o BEJIMYMHE HArPY3KH.

Kaxnomy ¢puznueckoMy COCTOSIHHIO COOTBETCTBYET CBOM Tum nedopmanuu. B
CTEKJIO00Pa3sHOM COCTOSHMHM HAOJIOAeTCs TONBbKO ynpyras aepopmamust &, .
ATOMBI, BXOJSIIME B COCTaB MOJIEKYJSIPHOM LI€MH, COBEPIIAIOT KoJieOaTelbHOE
JIBUKEHUE OKOJIO TIOJIOKEHMSI PABHOBECHsI: JBM)KCHHSI 3BEHBEB M IEpEMEICHUE
MaKpOMOJIEKYJl HE MPOUCXOAUT. Bplllle TemmepaTypbl CTEKJIOBaHUS K HSTOH
nedopmaly 100aBIAETCA BBICOKOIJIACTHYECKAss COCTaBstomas &g., , KOTOpas
MPEBOCXOAUT YIPYTyI0 COCTABISIONIYIO B ThIcAuu pa3. PocT medopmanuu 3nech
OOBSICHSIETCS pACTIPSAMIICHUEM JIJTMHHBIX U 3aITyTaHHBIX MAaKpPOMOJIEKYI.

B BS3KOTEKyYe€M COCTOSIHHM BBISBIAETCS €II€ OJHAa COCTaBIIAIOLIAS
nedopmann — BsA3Kast E.5., KOTOpas OOYCIIOBIMBAET pa3BUTHE HEOOPATHMOMU
nedopmaliiy, CBS3aHHOW C TMEPEMENICHHEM MaKpPOMOJIEKYJI OTHOCUTEIBHO JIPYyT
apyra. B obmewm cimydae aedopmanusi TEPMOIUIACTHYHOIO MOJKMMEpPA COCTOUT W3
TpeX COCTAaBJIAIONINX, KOTOPHIC UTPAIOT PA3IMUHYIO POJIb MPU HUZKUX U BBICOKUX

TeMIepaTrypax:

€= Eynp. + € + s

[Tpoussens usmepenus negopmaiu oopasia Mnpu pazInyHbIX TEMIlepaTypax,
MOXHO TMOJYyYUTh €€ TEMIEPATYPHYIO 3aBUCHUMOCTb, KOTOpas XapaKTepU3yeTcs
TEPMOMEXAHUUYECKOW KpUBOW. OCHOBHBIMHM IapaMeTpaMu TEPMOMEXAHUYECKOTO
METO/Ia SBJISIFOTCS THUI OCYIIECTBIISIEMON nedopmariuu, pexuM HarpeBa, BeTUINHA
MpUIaracMoro HampsDKEHUS M XapakTep €ero BO3ACUCTBUS (TIPEPHIBHBIA WM
HEIPEPbIBHBIN).

Ha pucynke 2 mnpeacTaBlieHbl TEPMOMEXAHUYECKHE KpPHUBBIE IOJIUMEPOB.
KpuBas tuna I xapakTepHa Juisi TEPMOIUIACTMYHOTO MOJUMEpa - BHUHMILUIACTA,
KOTOPBIM C M3MEHEHHEM TEMIIEPATyphl UCIHBITAHUA MOKET HAaXOJUThCS B TpPEX
(bU3NYECKUX COCTOSIHUSIX, YTO COOTBETCTBYET TPEM y4acTKaM T€PMOMEXaHUUYECKOU

KpHBOﬁ. H@pﬁXOI{ Hn3 OJHOTIO (1)I/ISI/I‘{€CKOI‘O COCTOSAHHUA B APYroc€ HA3bBIBACTCA



TEMIEPATYPHBIM MEPEXO/IOM, a CpPeIHHE TeMIepaTypbl MEPEXONHBbIX oOnacTe -

TeMIIepaTypaMHt MePEX0/I0B.
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PucyHok 2. TunnuHble TEPMOMEXAHUUECKUE KPUBBIE HEKPUCTAIINYECKOTO
muHelHoro (1), ceruaroro (2) u kpuctammdeckoro (3) momumepos: I, 11, 111 —
30HBI, COOTBETCTBEHHO, CTEKJI000Pa3HOr0, BBICOKO3IACTUUYECKOTO U
BS3KOTEKYYETO COCTOSSHUN HEKPUCTAIIIMYECKOTO U KPUCTAJUTUYECKOTO
noumepos; T, Ty, Ty, Tx — TemMIiepaTypbl, COOTBETCTBEHHO, CTEKJIOBAHMS,

IUIaBJICHHA, TCKYUYCCTH U Ha4Yalla XUMHUYCCKOI'O Pa3JI0KCHUA

OnHYMH M3 OCHOBHBIX XapaKTEPUCTUK MOJUMEPOB SIBISIOTCA TEMIIEPATYpPhI
[IEpEXOJ0B: TEMIleparypa CTekiIoBaHus T¢, Temmeparypa Tekydecth Tp H
TeMmreparypa  IUIaBlIeHUss Iy,  KOTOpbIE  ONPENENAIOT  ONTHUMAJIbHBIC
TEMIICPATYpHbIE PEXUMBl JOKCIUIyaTallUd IMOJMMEPHBIX MaTepUaJIOB M HUX
nepepaboTKU B U3ENHS Pa3HBIMH METO/IAMHU.

B MammMHOCTpOEHHMHM TIOJIMMEPBI  UCIOJIB3YIOTCS, Kak I[paBUiIO, B

CTeKJI000pa3HoM (Hmke Tc) M BBICOKOdJACTUUECKOM (HMKE Tt) COCTOSHUSX.



[lepepaboTka ux B uU3IEAMs METOJAMU JHUTbS TOJA JABJICHUEM, 3KCTPY3UHU
(BpLIABIMBaHMS) WM TOpSAYEH IITAMIIOBKM OCYIIECTBISIETCSA B BS3KOTEKYyYEM
(Beire Tt) U, pexke, B BBICOKOJIACTUYECKOM COCTOSIHUSX.

KpuBas 2 xapakrepHa i TMOJMMEpPAa C JIMHEWHOM  CTPYKTYpOH
MaKpOMOJIEKYJI, KOTOPBIM BIUIOTH 0 TEMIIEPATYpPHI IUIABIEHUA Ty HAXOIWUTCS B
TBepoM cocTosiHud. [lpu Temmneparype Ty 3TOT TEpMOIUIACTHYHBIA MaTepHall
IUTaBUTCA U AePopMaliis CKaukooOpa3HO BO3pacTaerT.

3. METOJIMKA N3MEPEHUI

Metonuka  CHSITHSL ~ TEPMOMEXAHUYECKMX  KPUBBIX  TEPMOIUIACTUYHBIX
MaTepuaJioB OCHOBaHA Ha W3MEPEHMH UX JAepopMaldid, BO3HUKAIOIIUX B
pe3ynbTare MEepUOANYECKOTrO BIABIMBAHUS LIMJIMHIPUYECKOTO HAKOHEYHHKA C
MOCTOSIHHOM CUJION B 0Opasel], HarpeBaeMblii co ckopoctbto 1-2 °C/muH. [ns
CHSITUSI TEPMOMEXAHMYECKUX KPHUBBIX HCIOJIb3yeTcs: mpubop Buka (mogpobHOe
OMHCAaHWE KOTOPOro AaHO B mpeapiaylied padote). OOpasipl AepOpMUPYIOT MpU
Hanpsbkenuu, pasHom 0,2-0,3 MIla. Harpyxenne MuIMHAPUYIECKOTO UHIIEHTOPA C
IUIOIIA/bI0 OCHOBAHMS 1 MM npoBoasT B ToueHue 10 ¢ uepes kaxasie 10 °C (mis
TEPMOCTOMKUX moJiuMepoB) win uepes S5 °C (a1 MeHee TEepMOCTONKHUX
MOJINMEPOB), HAUMHAS C KOMHATHOM TeMIEpaTyphl, a (PUKCUPYIOT JIOCTUTAEMYIO
IpU JaHHOW TeMIlepaType 3a 3TO BpeMs JAedopMaliuio ¢ MOMOUIbI0 MHIUMKATOPA
4acOBOT'O THUIIA.

J{ns ucbITaHUST UCTIONB3YIOT MWJIMHAPUYECKUEe (WM KBaJpaTHBIE) 00pa3libl
nuameTpoM (ctoponoi) 10-20 mm u TtommuHoM 6-8 mM. Ilpu wucnbeiTanuu
IJICHOYHBIX ~ MaTepuajoB  oOpaslbl  MOJyYaroT IyTeM Habopa  IMakeTa
COOTBETCTBYIOIIEH TOMIMIMHBLI. JIJIsT MOJdydeHWsT CTaOWIBHBIX JaHHBIX IS
pa3TUYHBIX 0OpAa3IOB M3 OJHOTO M TOTO K€ MaTepHalia M3roTaBIMBAIOT 0Opa3Ilbl
OJIMHAKOBBIX pa3MepOB.

HcnbiTanuss  NOpoBOAAT B KUAKOCTHOM  TEPMOCTATE B KAadyeCTBE
TEIUIONEPENAOIEH >KUIKOCTH MOTYT OBITh HCIOJB30BaHBI TpaHC(HOpMaTOpHOE

Macjlo, TJIMLEPUH WU JPYTUe >KUAKOCTU, KOTOPbIE HE OKa3bIBAIOT BIIMSAHUA HA



U3MEpSEMYI0 BeNIMYMHY. Temmeparypy B IpoLecce U3MepeHUil (UKCHUPYIOT IO
MOKa3aHUsM TepMoMeTpa ¢ TouHocThio + 1,0 °C.

[lo panHbIM wu3MepeHHs JAedopManuu CTPOST KPHUBYIO 3aBUCHMOCTHU
nedopMmarus-TeMrnepaTypa M ONpeAensaioT Trpaduyeckn 1o TneperubaMm Ha
TEPMOMEXAaHUYECKOW  KPUBOW  TeMmIlepaTrypbl  IEpeXOJ0B:  TEMIIEepaTypy

cTekioBaHus Tc, TeMneparypy Tekydectd Tt u Temneparypy ruiaBieHus Ty

4. OBBEKTBI NCCJIIEAOBAHIS, OOPY IOBAHUE

OOpa3upl: 00pa3lbl TEPMOIIACTUYHBIX MOJUMEPOB: MOJIUMETUIMETAKPUIIAT
(OprcTeKIIo), MOJIMBUHUIIXIIOPHUI, TIOJTMCTUPOIL.
OOopynoBaHne W MaTepHallbl:  U3MEPUTEIbHBIM  HWHCTPYMEHT -

HMITaHTeHIIUPKYJIb; Tpubop Buka, Tepmoctar, TepMoMeTp.

5.3AJIAHUE HA PABOTY
1. [ToagroToBUTH OOpA3LIbI AJIs UCIILITAHUMH;
2. Ha ocHOBaHWY MOJYYEHUSX JAHHBIX MOCTPOUTH TEPMOMEXAHHUECKYIO KPHUBYIO

I KaKA0I'o IIOJIMMEPHOI'O MaTCpHraja.

6. TTOPAIOK BBITIOJIHEHMS PABOTBI

1. I3smeputs BBICOTY 00pasiia iy ¢ Touroctsio g0 0,1 M.

2. O0pa3zen 13 MIACTMAcChl YCTAHOBUTh HA OCHOBAHUM IITaTHBA MPUOOpaA MO
HEHArpy>KEHHbIM HMHJEHTOPOM TaKHUM OO0pa3oM, YTOOBI MHIASHTOP HAXOJWJICS B
IIEHTPE WIN HA PACCTOSIHUM HE MEHee 3 MM OT Kpasi oOpa3Iia.

3. [Ipubop Buka ¢ 06pa3noM morpy3uth B KUAKOCTHOU TepmocTat. CTpenka
WHANKATOpa MePEMEIICHUN T0KHA COOTBETCTBOBATH HYJIEBOMY MOJIOKEHHIO.

4. BKJIIOYUTH TEPMOCTAT C TEPMOPETYIHPYIOLIUM YCTPOWCTBOM, 3aJaB
CKOpPOCTb MOBBIIIEHUS TemnepaTypsl 1-2 °C/muH.

5. HauuHas ¢ komHaTHOM Temneparypsl uepe3 kaxpie 5-10 °C B 3aBucMMOCTH



OT MaTepuana, MPOM3BOAHUTH AepopMupoBaHue obOpasua B TeueHue 10 ¢ mpu
Hanpsokenuun 0,3 MIla, duxcupys npu >STOM MOKa3aHHs HHAWKATOpA IIO
IPOHUKHOBCHUIO HHAEHTOpa BIyOh oOpasma Ha BenmumuunHy Ah  (mwm).

OtnocutenbHas gaedopmanms & o0Opasna I@pd  BAABIMBAHUM  HHAECHTOPA

Ak
ompenensiercs mo gopmyie £ = — 100%, tne hy - vcxomHas BeICOTa 00pasia, Koraa
o

CKMMAIOIIAsl Harpy3Ka paBHa HYJIIO.

6. M3mepeHusi MNpeKpamarloT MO JOCTUXKEHUHM TEMIEPATyphl IUIABJICHUS
MOJIUMEPA, O YEM CBUJICTEILCTBYET PE3KOE YBelInYeHue Aedopmaiiru oopasia.

7. W3meneHnue aedopMUPYEMOCTH O0Opa3lOB OCTAIBHBIX MOJUMEPHBIX
MaTepUajioB B IMPOLECCE HarpeBa MPOBECTH corjacHo nm. 1-6. Pe3ynpTarhl
MU3MEPEHUI 3aHECTH B TAOJUILY.

8. Ha ocHOBaHuMM MONy4YEHUSX JAHHBIX MOCTPOUTH TEPMOMEXAHHUYECKYIO
KPUBYIO JUISl KaXJOro TOJMMEPHOrO Marepuaia U IO TMeperudamM Ha KpHUBOU
£ = f(T) onpenenuts TEMIEpaTypsl MEPEXOI0B: TeMIeparypy crekioBanus Tc,

TEMIIEPATYPy TEKy4decTH Tt U TemmepaTypy IiaBieHus Ty

Ta6nuna [lokazarenu neopMUpyeMOCTH MTOIUMEPOB IIPU HATPEBE U UX

TeMIEpaTyphl Iepexoia

Ne | ITonumepHslii Temneparypa, °C | Temnepa- Temnepa- | Temmnepa-

/11| MaTepual Typa Typa Typa

Jedopmanus €, % | CTCKIOBAHUsL, | TCKYYCCTH, | TUTABICHUSL,

TCa °C TTa °C TH.H) °C

5. COAEP)KAHME OTHETA
B ordere HeoOXOAMMO oOmHMCaTh CYIIHOCTh TEPMOMEXaHHYECKOIO METOo[a,

IPUBECTH cXeMy eopMUpoBaHMsl 00paslia, JaHHbIe 00 MCCIeayeMOM MaTepuae.




OTueTr MOJKEH BKIIOYATh TAONUIy U MOCTPOCHHBIE TEPMOMEXAHUYECKHE KPHUBBIC
JUISL PA3IMYHBIX MATEPUAIOB. AHAIM3UPYS NOJYYEHHBIE JaHHBIE 10 TEMIIEpAaTypam
[Iepexo01a, COCTaBUTh PEKOMEHIALMH 110 TEMIIEPATYPHOMY PEXUMY DKCIUTyaTalluu

W3JIETUI U3 MTOJIMMEPOB U UX MEepEepadbOTKH.

6. KOHTPOJIbHBIE BOITPOCHI

1. Kak BiuseT CTpyKTypa MaKpOMOJIEKYJIbI MOJUMEPOB Ha MX (DU3UKO-

MEXAaHUYECKHE CBOMCTBA?

2. JlaTh KpaTKyIO XapaKTEPUCTUKY (PU3NUECKUX COCTOSHHUM MOIUMEDPA.

3. B uem 3akimoyaeTcs CylmHOCTh TEPMOMEXAHMUECKOIO MeTO1a?

4. YTo Ha3pIBAETCS TEPMOMEXAHUUECKON KPUBOM?

5.  Kax ompenenutrs Temmeparypbl mepexonoB mnoiumepoB? Kakyro

I/IH(bOpMaI_[I/IIO OHH OAr0T O TCXHOJIOTHYCCKUX U JKCINIYAaTallHOHHBIX cBolicTBax?

JlaGopaTopnas padora Nel(

Tepmuueckoe pacmmpeHue marepuanoB. OnpeneneHne BeJUYMHbI

TeMnepaTypHoro ko3gguuuenra JuHeitnoro pacmupenus (TKJIP)

1. HEJIb PABOTBI

1. M3yuuts Metoauky uzmepenus Bennuunsl TKJIP Ha unnukatopHom
JIUJIATOMETPE.

2. Onpenenuthb BennunHbl TKJIP MeTammndecknx U HEMETaNIMUECKUX

MaTepuaoB.

2. TEOPETUYECKHUE CBEJIEHA

TCHHO(I)H?)PI"I@CKI/IG CBOMCTBaA MaTepuaJIoB HMCIOT BaAXHOC 3HAYCHHUC OJIAd
OIpCACIICHUA HpaKTquCKOﬁ X HOCHHOCTH. BCHGI{CTBI/IG TCINJIOBOT'O0 paCHIMPCHUA

BO3MOXHO BO3HHMKHOBCHHC TCPMHYCCKHUX HaHpﬂ}KeHHﬁ B MCECTax COIPAXKCHUA



JeTajled WIM CIIOEB W3 Pa3HOPOAHBIX MATEpUANIOB, YTO MOXET IPUBECTH K
BO3HUKHOBEHUIO TPEUIMH W pPa3pyLICHUIO JJIEMEHTOB KOHCTpykuuu. TKIIP
TPaJULMOHHBIX MaTEpUajoB (CTaIH, aTFOMUHMSI, OPOH3BL, JIATYHN) U TIOJTUMEPHBIX
MaTEepUAJIOB OTJIMYAIOTCSA B cpeaHeM B 10 pas, 4To co3maeT cepbe3HbIe TPYIHOCTH
OpU KOHCTPYMPOBAaHMM U JKCIUTyaTallud OWMaTepuajioB, TJ€ HENU30€kKHBbIM
SBJIIETCS] HEIIOCPEACTBEHHBIN KOHTAaKT Marepuanos ¢ pasinuabiMu TKJIP. OgHako
3HaueHne TKJIP moamMepoB MOXHO PE3KO TMOHM3UTh KaK 3a CUET BBEACHUA
HAITOJIHUTEJIEH, TaK U 34 CYET U3MEHEHHMsI CTPYKTYpPBI nojmMepa. B Takux ciayyasx
CTPEMSTCS 1O BO3MOXHOCTH K MAaKCHUMaJIbHO OJIM30CTH TEMIO(PU3NYECKUX
XapaKTEPUCTHUK COIPATAEMbIX MAaTEPUAIIOB BO BCEM MHTEPBAIN TEXHOJIOTUYECKUX
Y DKCIUTYaTallMOHHBIX TEMIIEPATYD.

Peaknnst marepmana Ha TEIUIOBOE BO3JCHWCTBHE CBfi3aHA C BHYTPEHHHUMH
CTPYKTYPHO-MOJIEKYJIIPHBIMU II€PECTPOCHUSAIM. Tak, IpU HArpeBaHUU METAIIOB
BCJICJICTBUE YBEIIMUYECHUSA MEXATOMHOIO PACCTOSHUS B KPUCTAJUIMYECKON PELICTKU
YBEIMYMBAETCS OOBEM TelNa U YMEHBUIAETCS MIIOTHOCTh. TEIIOBOE pacHIMpeHue
TBEPAbIX TEJ YHUCJIEHHO XapaKTepu3yeTcsi TeMIepaTypHbIM Ko3(p(UIUEeHTOM
00BeMHOTO pacuupenus. HempepblBHOE pacuIMpeHne NpH HarpeBe OMHCHIBACTCS

dbopmyroit

Vy = V(1 +B(Ty —Ty)) (1)
rae V, u V; — o0beM Tena Mpu HATMYHOM M KOHEYHOW M KOHEUHOUN TeMIiepaTypax

Ty ¥ T4 COOTBETCTBEHHO; f — KO3 (HULUEHT 00BEMHOT0 PACIIUPEHHUS.

Pazmuuator cpeanuii k0dQGUIMEHT paCIIUPEHUs, OTHOCAIIUNUCA K HEKOTOPOMY

WHTEpBaIy TEMIIEpaTyp,

F=1—7 'F[ ] (2)
1~ 1p Vp Lrpafd

Y UICTUHHBIN K03 (PULIMEHT pacInpeHus, ONpeieIeHHON TeMrepaType,



p=> T[] 3

[TockonbKy HCIIONB30BaTh NUKHOMETPHUYECKUN WM TUIPOCTATHYECKHUI
METOJI TpPU TOBBIIMICHHBIX TEMIIEPATypaxX HeJIb3d, HAa TMPAKTUKE HW3MEPSIOT
W3MEHEHUS JIMHEHHBIX pa3MEpPOB M 3aT€M BBIYMCISIIOT COOTBETCTBYIOIINE
M3MeHEeHus o0beMa.

I[JII/IHa 06pa311a HU3MCHACTCA IIPU HAIrpCBC TaK, 4YTO

Ly = ln[1+ fx(Ti_ Ta]]: (4)
rae lyu lg — nrHa o0pasiia MpH HavajlbHBIX U KOHEYHBIX Temreparypax T,u Tg; a

— K03 ULKEHT JUHEHHOTO pACILIMPEHUS.

[Ipu 5TOM UCTUHHOE U CpeHEE 3HAUEHUS TEPMHUUECKOTO KO3 duiieHTa

nmuuelriHoro pacimmpenus (TKJIP) onpenensitor cOOTBETCTBEHHO, KaK

=22 (2] ©

(6)

JIsl M30TPOIHBIX B OTHONICHWHM TEIJIOBOTO PACIIMPEHUS MaTEPHAIIOB C
KyOMYeCKON KPUCTAUIMYECKON PEIIETKON JIMHEHHBIA U 00BEeMHBIN KOIPPUITUEHT

pacliMpeHus CBs3aHbl 3aBUCUMOCTBbIO [ =3a, [ =3& , YT0 IO03BOJISET
paccMaTpuBaTh UX KaK PaBHOLIEHHBIE XapaKTEPUCTHUKHU.

JIst aHU3OTPOIHBIX MAaTEpUAJOB HEKYOMYECKHUX CHCTEM PACHIUPECHHS TI0
pa3IMYHBIM ~ KpUCTA/UIOTpaUUeCKUM  HampaBJeHUSIM B O0IIEM  cliydae
HEOJIMHAKOBO. Ecmn 0003HAYUTh KO3 PuimeHT BJ0JIb IJIAaBHOU

KpucTayorpaguyeckod ocu @, a A8 HalpaBleHUs, NEPHEHIUKYIIPHOMY



TJIaBHOMY @;, CBsI3b Mexay Kod(dduuuentom oObeMHOro pacmupeHus f u
JTMHEWHBIMH KO3 GHUIINCHTAMU & | i &, BBIPA3UTCS: f = a + 2a, .

MoOHOTOHHOE TMJIaBHOE M3MEHEHHE pa3MepoB Tela MpU HarpeBaHUU
XapaKTepHO TOJBKO JJISl TEMIIEPaTypPHBIX UHTEPBAJIOB, IJie OTCYTCTBYIOT (pa3oBbIe
npeBpalieHus, Tak  Kak  (a3oBble  MPEBpALICHUS  COMPOBOXKIAIOTCS
CKa4uKo0Opa3HbIM U3MEHEHUEM yAeTIbHOT0 00beMa 1 BenuunHbl TKIIP.

W3ydyeHneM M3MEHEHUS pa3MepoOB TeN, CBSA3aHHBIX C HarpeBOM H
OXJIQXKJICHUEM, 3aHUMaeTCs TMIATOMETPHS, a CHELHATbHO
BBICOKOUYBCTBUTEJIbHBIE MPHUOOPHI, CIy)KallUe I HCCIEIOBAHUS TEIJIOBOIO
paciMpeHusi, Ha3bIBAIOTCS AUJIATOMETPAMH.

Metonas! onpeneneHust KO3((UIUEHTOB TEPMUYECKOTO PACIIUPEHUS MOYKHO
pa3aenuTh Ha IB€ OCHOBHBIEC TPYIITIB:

1. AOGcomotHbie MeTobl u3Mepenust TKJIP, korna namMeHeHus IiauHbl Al Ipu
W3MEHEHUU TEMIIEpATypbl Ha BEJIMYMHY ATU3MEPAIOTCS HE3aBUCUMO OT

TEIUIOBOTO PACIIMPEHUS] U3MEPUTEIBHOTO YCTPOMCTBA WIIM JI€piKaTels
oOpasra.

2. OTHOCHUTENBHBIE METOIbl HM3MEPEHHs, OCHOBAHHBIE HAa CpPaBHEHUU
koadurenTa paclupeHus UCCIIEyEMOTO Marepuasa c
K03((PUIIMEHTOM 3TaTOHHOIO BEILIECTBA.

HenocpenctBeHHoe wu3MepeHHMEe H3MEHEHHMs JUIMHBI Oo0pa3lia B Ipolecce
HarpeBa aOCOJIOTHBIM METOJOM OTHOCUTCS K CPAaBHUTEIBHO  CJIOXKHBIM
METPOJIOTUYECKHUM 33]a4aM, YTO OTPAHUYUBAET €ro IPUMEHEHHE.

OTHOCUTENbHBIE METOABl MOJYYWJIM UIMPOKOE PpPACHPOCTPAHECHHE B
nabopatopHoil mpakTuke. Mx mnpuMenstor kak s onpenenenus TKIIP,
UCIIOJIb3YEMbIX B HMH)KEHEPHBIX pacuerax, Tak W MJis HUccieloBaHusd (ha30BbIX
npespauieanii. [lo u3mMeHeHMto kod(duIMeHTa TEPMHUUECKOrO PpacHIMpEeHUs
MOJIMMEPHOTO MaTepvaa U ero TeMNepaTypHOW 3aBUCUMOCTH MOKHO CYJIUTH O
poleccax MepecTPOMKU MOJIEKYJIIPHOM CTPYKTYpPhI, IPOLECCOB MOIUMEPH3ALNN

U CTPYKTYPHOTO CTEKJIOBAHMSI.



BOJABIMIMHCTBO OTHOCHUTENBHBIX METOJOB OCHOBAaHO HAa NIPUMEHEHUU
U3MEPUTENIBHOTO YCTPOMCTBA, COCTOSIIEr0 M3 LWIMHIpPUYECKOro obOpasua 3,

MOMEIIEHHOT0 B TPYOKy 1 (puc. 1).

Puc.1. CxemaTnueckoe n3o0pakxeHUE U3MEPUTEIHLHON TPYOKH TUIIATOMETPA.

B nporiecce uamepeHuii cpaBHUBAIOT BETUYMHY TEPMUUYECKOTO PACIIUPEHUS
oOpa3la M3 HCCIEAYeMOro MaTepuajga C TEIUIOBBIM pacIIMpeHHEeM TPYOKH, B
KOTOpOoH OH mnomerniaercsi. TpyOKy H3rOTaBIMBAaIOT M3 AITAJIOHHOTO BEIIECTBA,
KoTopoe obnanano Obl HM3KMUM M ToctosiHHbIM TKJIP B mmpokom auamnazone
temreparyp. TakuM marepuanaM MOXKET CIYKUTh IUJIABJICHBIM KBapll, KOTOPBIN
UMEET TIOCTOSIHHBIN KO3(P(GUIMEHT JHMHEWHOrO0 pacCIIMPEHUs, COCTABJISIIONTUI
(0,55-0,56)- 107k ~* B uHTepBane Temmeparyp ot 0 xo 1100 °C.

[Tpu u3mepenusix odbpaser] 3 noMmemarT B TpyOKy 1 ¢ 3amassHHBIM JHOM Tak,
4TOOBI MEXAY OOpa3loM U CTEHKaMU TPYOKM COXpaHsuICS HEOOJBINON 3a30p.
HuwxHioro yacte TpyOKH C 00pa3lioM MOMENIAIOT B HarpeBaTeNIbHYIO IME€Yb WIIU
BaHHY TaKHM 00pa3oM, YTOOBI TEMIIEpaTypa Mo AJuHe 00pasiia Oblia MOCTOSTHHOM.
Bepxusis 4dactb TpyOku | BbIBeleHA W3 HArpeToll 30HBI U MOXET HMETh
KOMHaTHYI0 Temreparypy. Hag o6pasiiom B TpyOKe MOMEMNIar0T KBapIEBHIN IITOK
TOJIKATENh 2, KOTOPHI HAaXOJUTCA B TE€X K€ TEMIEPATYPHBIX YCIOBHSIX, UYTO U
OKpY’KaroIas ero 4acTh TPYOKH, U UX TEIUIOBOE pacCIIMpEHUE OAMHAKOBO. Takum
o0pa3oM, OTHOCHTEJIBHOE CMEIICHHE BEPXHEro TOpIa CTEPKHS U Kpas TPyOKH
OTIpeIeISIETCSl TOJBKO PA3HOCTHIO YUIMHEHHWH o0pasila W OKPYXKaoIIeH ero
HIOKHEH 4YacTH TpYOKH, HaXOIANIUXCS B HM30TCPMHUCCKOW Kamepe. 3Has
KOA(O(PHUIMEHT JIMHEWMHOTO paclIMpeHusi MaTepuaia TpyOku (TUIaBIICHBIN KBapiI),

nerko paccuutath TKJIP uccnenyemoro marepuana.



Puc.2. CxemaTnueckoe n300paxeHre HHANKATOPHOTO JUIATOMETPA.

[TpocreiiuM npubOpoM s H3MEPEHUN TEPMHUUYECKOTO pacIIUpEeHHs
ABJISIETCA WHAUKATOPHBIN AunatoMmeTp (puc. 2). IIpubop cocTouT M3 KBaplEeBOM
TpyOKku 1, Tonkarenss 2, MHAMKATOPHOIO MHKPOMETpa 3 M H30TEPMUYECKOU
Kamephl S5 (HarpeBaTedbHas Ie€Yb, TEPMOCTAT ¢ MaciioM). TemmepaTypy obOpasna
U3MEPAIOT B I€YU TepMOoIapoit 4, ropsiueil crnail KOTOpblid BCTaBJIEH B HEOOJBILIOE
oTBepcTHe B oOpasiie; B TepMocTare — TepMoMmeTpoM. Ecim mpu HavambHOM
KOMHATHOM TeMIlepaType HHAMKATOPHBIA MHUKPOMETP MOKAa3bIBACT YIJIUHEHUE
oOpas3lja, paBHOE€ HYJIIO, TO TpU TMOBBIILIEHHOW TeMIepaType IOKa3aHUs
MUKpOMeTpa S OyJeT ONpeAensiThCs Pa3HOCTHIO YJIMHEHUs o0pasioB Aly u
KBapleBoil TpyOku Aly. BennumHa TepMUYECKOTO YJJIMHEHUS 00pas3ua Mmpu 3TOM

MOKET OBITh MPEICTABICHO BHIPAKECHUEM

ALy(T) = Al (T) +5(T), (7)

13 KOTOpOro noiayuunsia senuunny TKIIP

o

_1dQy)_1dly),

1 ds
1. dr 1. dT 1.dT’ (8)
o o W]

rjie |, — HavajgbHas JJMHa 00paslia.



IlepBoe cnmaraemoe B mpaBod 4acTu ypaBHeHHs paBHO BennunHe TKJIP kBapma.
[ToaToMy OKOHYATENBHO BhIpaXKeHHE A Kod(puineHTa TMHEHHOTO pacIupeHus

HCCICAYCMOI'O o6pa3ua MaTcpuaia 6y,Z[€T HUMCTBb BU/J]

ﬂ!=ﬂfH+i—— [9]

3. OBBEKTHI UCCJIEJOBAHUMS, ObOPY1OBAHUE

OO6pa31pl:

— 00pa3ibl METaJIOB, TOJIUMEPHBIX MaTEPUAIIOB.
ObopynoBaHHe U MaTepUAIIBL:

— W3MEPUTEBHBIN HHCTPYMEHT

— IITAaHTCHITUPKYJIb

— HarpeBaresbHas MeYb

— TEepMOCTaT

— WHJIUKATOPHBIA JUIATOMETP

— TEPMOMETP
4. 3BAJAHUE HA PABOTY

Hcnonb3yss HMHAMKATOPHBIM  IHAJIATOMETP,  ONPENEIUTh  TEPMUUYECKUI
KodhPUIIMEHT  JAMHEWHOrOo  pacmUpeHuss  Oo0pa3loB  METAUIMYECKUX U
HEMETAIUIMYECKUX MATEPHUATIOB.

DKcrniepuMeHTANIbHBIE JTaHHbIe TpaduyYecKu MpecTaBuTh B Buje S = f(T). Ha
KpUBOW 3aBUCUMOCTH 5 = f(T)BBIOpaTh JOCTATOYHO JIMHEWHBIN y4acTOK, TOTIA
onpenensemoe 3HaueHue TKJIP Oyner sBISATHCS HCTUHHBIM 3HA4YCHUEM IS
CpEdHEN TEMIIEPATYPHI TEMIIEPATYPHOrO UHTEpBAIA:

AS=5,—S;AT=T,—T,.

Pacuer TKJIP uccnemyembix MmaTepuaioB nmpoussectd no Gopmyse (9).



5. [IOPAAOK BBIITOJIHEHW A PABOTBI

1. U3meputh [auHYy wuccienyeMbix o0pa3ioB. BcraBuTh o00pazen; B
KBaplEBYIO TPYOKYy TOJOBKH AuaToMeTpa. Janee roinoBKy auinaromeTpa
C METAJUIMYECKUM 00pa3lioM IOMECTUTh B TpyOuaTylo Imiedb, a C
o0pa3loM MOJIMMEPHOTO MaTepraia — B TepMOCTaT. BKIIIOUUTH 1eub U
TEpMOCTAaT.

2. IlpousBecty wu3MepeHUE TIOKA3aHUM MHUKpOMETpa IpU HarpeBe B
[MAna3oHe TEMIepaTyp OT KoMHaTHOH 10 600 °C Meramtmdeckoro
obpasua ¢ maTepBagoM uepes 40 — 50 °C. Ilpm mHarpese o6pasia u3
nojauMepHoro Marepuana udmepenue S(T) BBINOIHUTH yepe3 10 °C s

MHTEpBasIe TEMIIepaTyp oT KoMHaTHoit 10 100 °C.

6. COUEP)KAHUE OTYETA

1. 3nauenue S(T) 3amucaTh B BHAC TaOJUIlBI, MOCTPOUTH TpapuK s
Ka)KJI0T0 MCCIIENYEMOr0 MaTepuaia.

2. Haiitu 3nauenust TKJIP meTanioB u HeMeTaUTMYECKU MaTEPUATIOB.

3. ComocraButh 3HaueHus TKJIP uccnemyembix maTtepualioB W caenaTh

BBIBOJIBI IO padoTe.

7. KOHTPOJIBHBIE BOITPOCHI

1. Hackonbko otnuyaerca mnopsiaok 3HaueHud TKIJIP  wmeramioB u
MOJIMMEPHBIX MATEPUAIIOB?

Kak moxHno nonusuts TKJIP minactmacc?

KakoBa npupoaa TepMUYECKOro pacliupeHus?

KakoB nmpuHIMN yCTpOWCTBa MHAUKATOPHOTO AUJIaTOMETpa?

o Bk w

Kakyio Qusnyeckyro XapakTEepUCTUKy HEOOXOAMMO YUWUTHIBATh IPHU

KOHCTPYUPOBAHUU U IKCIUTyaTallud OMMaTepuaioB U noyemy?
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