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JlabopaTopHnasi padora Nel
N3mepenne TBepaoCTH

Llenv pabomor:

1. TTo3HaKOMUTBCSI C METOJaMH HW3MEPECHHS TBEPIOCTH METAJUIMYECKUX
MaTepUaoB.

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

3. OcBouTh METOAMKY TIEpeBOJa EAMHHUI[ TBEPJOCTH B CIUHUIIBI
XapaKTEPUCTHUK MEXAaHHYECKUX CBOWCTB, IIOJIy4aeMbIX TIPH HCHBITAaHUSIX Ha

pacTsKEHUE.

Kpamkue meopemuueckue ceeoenus:

1. I/IBMepeHI/IC TBCPAOCTH MCTAJNIMYCCKUX MATCPUAJTIOB

PacnipocTpaneHHOCTh WCIIBITAHU I Ha TBEPIOCTD 00BsICHSIETCS
OTHOCHUTEIBHOM MPOCTOTOM M HU3KOW CTOMMOCTBIO UX IIPOBEAECHHSI, BO3MOKHOCTBIO
UCIBITAHUNA MaTEpPHUaJIOB PA3IMYHOM IUIACTUYHOCTH M MPOYHOCTH, HEOOJBITUM
00BbeMOM 00pa3Ii0B, BO3MOKHOCThIO MPOBEJICHUSI N3MEPEHUN HEMOCPEICTBEHHO Ha
netansx. [Ipy ucnpITaHUSIX HA TBEPJOCTh MOTYT OBITH IMOJYYEHBI OIIEHKH WHBIX
MEXaHUYECKUX CBOWCTB, TAKUX KaK MpEAeNl TEKy4eCTH, Mpeaea NPOYHOCTH U
JpyTHeE.

HauGomnbiiee mnpakTUYecKOe 3HAYCHHE HMEIOT CTATUYECKHE WCIIBITaHUS
TBEPJIOCTU BJABJIMBAHHEM B HUCIBITYEMOE TEJIO APYroro, Oojiee TBEPAOro Tena -
uHJeHTOpa [0T anr. indentor, ot yiaT. Iin - B, BHYTph 1 dens ( dentis) - 3y0] (MeTo b
bpunenns, PokBemna, Bukkepca, METOJ MHUKPOTBEPAOETH). 3HAUUTEIHLHO PEKE
WCIIONIB3YIOTCS TMHAMUYECKUE UCTIBITAaHUSI TBEPAOCTH MO OTCKOKY IIapuKa (METOAbI
[llopa, Ilonpan) U emie pexke HCMOIb3YETCS M3MEPEHHE TBEPAOCTH lLapanaHbeM
(cknepoMetpusi). B MammHOCTpOeHHH U MPUOOPOCTPOCHUHM OCHOBHBIM METOJIOM
W3MEpPEHUs TBEPJOCTH SBJSIETCS HW3MEPEHHE TBEPAOCTH BJABIMBAHUEM -

TTFOPOMETPHSI.



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  TMEPHEHAWKYJSIPHO  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 emununm TBepaoctu 1o Bukkepcy,
u3MepeHHou npu Harpyske 100 A (10 xec)).

- mapuKk U3 TBepaoro cmiaa auamerpom 10,0; 5,0; 2,5; 2,0 wau 1,0 am,
uMeroImuid TBepaocTs He meHee 1500 HV10.

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

Fx Iiomanau C(bCpPI‘IGCKOFO oTIieyaTka A u pPaCcCUUTBIBACTCA I10 (bOpMYJICI

0102-F _ 0102-F

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

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

HB(HBW ) =

3anuce pe3yapTaTa U3MEPEHUSI COCTOMT M3 YUCJIOBOTO 3HAYEHMS TBEPIAOCTH
U3 TpexX 3Hadanmx udp, cuMmpoa Teepaoctu no bpunemwro HB(HBW), nnamerpa
HiapyuKa, NPWIOKEHHOIO YCWIMS U TPOJOJDKUTEIBHOCTH BBIIEPXKKU  I0OJ
Harpy3koH, eciu nocieansias ornumvaercs ot (10...15) c¢. Hanpumep, 3anuce 575
HBW 2,5/187/30 o3nauaet TBepaocTh 1o bpunemwtto 575 equHull, U3MEPEHHYIO
P IPUMEHEHUH IIApHUKa U3 TBEPAOrO CILIaBa AMAMETPOM 2,5 mm, IPU YCUIUH
187 kec v IPOAOIKUTENBHOCTH BBIIEPXKKH 10 Harpy3koi 30 c.

[Ipu u3MepeHun TBEPIOCTH MHAEHTOpPOM auamerpoMm 10 mm mpu ycunuu

3000 xec W TPOMOIKUTENHHOCTH BBIAEPXKKH 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 BpuHem o /uis u3MepeHusl UCIOJIb3YIOT IMIAPUKU TOJIBKO U3 TBEPIOTO
criaBa, BO u30exaHue nepopMmaluyd WHACHTOpa, a MpH TBepAocTH MeHee 450
CIMHULl TPUMEHSIOT CTaJIbHbIE IIAPUKU WM MIApUKU U3 TBEPIOro CILjaBa.
MakcuManbHO JOMyCTUMAas TBEPIOCTh METAUIOB MPU NPUMEHEHHH 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 O0paslia 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) JOMyCKaeTCcsl MPOBOAUTh NUIMGOBKON HAa Ha)KJayHOU Oymare
WIM MEJIKUM HanwibHUKOM. [Ipum uCHOJb30BaHMM IIApUKa JuaMeTpoMm lawwm
MOBEPXHOCTh 00pa3lia 10JKHA OBbITh OTIOJIMPOBAHA.

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

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

3. U3mepenue tBepaoctu MeronoM Pokeema (TOCT 9013-59)

CymHocts MeToAa PoxkBeiia 3akiiouyaercs BO BHEIPEHUU B MOBEPXHOCTH
obOpasma (WM H3AENUs) ajJMa3HOr0 KOHyca WM CTajJbHOrO chepruueckoro
HAKOHEYHMKA MO/JI ICUCTBUEM IOCIEI0BATEIBHO MPUIAraeMbIX MPeIBAPUTEIHHOIO
Fo u ocuoBHoro F; ycunuii u B onpeaeneHuu riayOMHBI BHEIAPEHUS WHACHTOPA
MOCJI€ CHATUS OCHOBHOTO ycunus Fi. IlpuHIMNMANBHBIM OTIWYHEM METO/A
U3MepeHus TBepAOCTU 1o PokBemty oT Metona bpuHes 3akirodaercs B TOM, YTO
B Merone PokBemia 3a Mepy TBEpAOCTH NMPUHUMAIOT IJIyOMHY OTHe4YaTrKa, a B

METOIC BpI/IHeJ'IJ'ISI AUAMETP oTIIEIYaTKA.



JIist u3MepeHus TBEPAOCTH HCIIONB3YIOT CIIeUaIbHbIe PUOOPHI (HAIpUMep,
tBepaomep TK — 2). Ilpubopsl momxHBI 00OecrieuynBaTh MPUIOKCHUE YCHIUH,
yKa3aHHbIX B Ta0m.1.

B kadecTBe MHIEHTOpPA HUCIOIB3YIOTCA: AJIMa3HbIM KOHYCHBIM HAaKOHEYHMK
(mkanel A, C); cTalbHOW MIAPUKOBBIM HAKOHEYHHK AraMeTpoM 1,588 MM (IIKaibl
B).

YuciieHHOE 3HAYE€HHE TBEPAOCTH CUMTHIBACTCA CO IIKAJIBI MHAUKATOPA WM
nokasarensi UM(POBOro OTCUETHOTO YCTpocTBa NpuOOpa € OKPYIVICHHEM
pesyaprara 10 0,5 enMHUIBI TBEPAOCTU. 3aMCh PE3YyJIbTaTa U3MEPEHUS COCTOUT
U3 YUCIICHHOT'O 3HA4Y€HWs TBEPJIOCTH M3 TPEX 3HAYAIMX [U(Pp U CUMBOJIA TBEp-
noctu. Hammpumep, 3anucs 65,0 HRC o3nauaet tBepmocts o PokBerty paBHyto 65
YCJIOBHBIM €auHHNAM 1o mkaie C, MOJyYeHHBIM IIPU BIABIMBAHUM AJIMAa3HOTO

HAKOHEYHHUKA B MIOBEPXHOCTh 00pa3ua (u3aenus) ¢ oomum ycuwirem F = 1500 H.

Tabnura 1

YcnoBus HU3MCPCHUA TBEPAOCTH MCTOIOM Poksemna

[llxana | O6o3nauenue | [Ipeasapurensnoe | OcHoBHoe | OOmee | Jnanazon
TBEPIOCTU € IMHMII yewnue Fo, H YCWINE | YCUIIUE | U3MEPEHUs
W3MEpEHUS Fi, 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

OTO6op ¥ MOArOTOBKAa OOPA3LMOB K HM3MEPEHUIO TBEPAOCTH IPOBOJUTCS
aHAJIOTUYHO PACCMOTPEHHBIM B MeToze bpuHens.

TBepaocTs Mo mikage A U3MEPSIOT Ha TBEPABIX CIUIaBaX, Ha METaJUIax IMOcye
MOBEPXHOCTHOM ymHpouHstomed oOpabOTKM, Ha TOHKMX M XPYHNKHX oOpaslax.

TBepI[OCTB no umkaiae B N3MCPAIOT Ha CTAIAX B OTOXIKCHHOM COCTOSAHHMHM, HaA



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

Br160p 11KaIbl OCYIIECTBIAETCS U3 CIECAYIOUNX COOOpaKESHUIA:

-eCclIi TBEPAOCTb OOpa3na (M31eiusi) HEe U3BECTHA, TO IEPBOE H3MEpPEHHE
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 WIKaie B.

B Hacrosimiee Bpemsi MOJIy4€Hbl 3aBUCUMOCTH,  OIMCBHIBAIOIIMX CBSI3b
TBEPAOCTH C XapaKTEPUCTHKAMU MEXaHUYECKHX CBOMCTB, MOJy4aeMbIX MpH
UCTIBITAHUSIX Ha PACTSKEHHE, MOJI3y4ecTh, CONPOTUBIIEHHE YCTaJOCTH, W3HOC,

HCKOTOPBIC U3 KOTOPLIX IIPHUBCACHLI B TabII1.2.

Tabmuma 2
dopMyITBl IEPEBOIA SUHUIL TBEPAOCTH B XapaKTEPUCTHKH

ITPOYHOCTH ITPH PACTSIKCHUN

dopmyia repeBojia [TorpemHoCTh OO0sacTh NpUMEHEHUS

co2 = 3,67 HB-240 ~10 % JlernpoBaHHBIC CTAIM MEPIUTHOTO U

MapTeHcuTHOro knaccoB (HB>150)

co2= 2 'HB ~10 % Toxe (HB<150)
op =345 HB VYriepoaucTble U HU3KOJETUPOBAH -
<10 % ueie ctanu (HB >150)
op =325 + 207 -exp (0,0377 Yriuepoauctele M JISTHPOBAHHBIC
HRC) ~2% KOHCTPYKLUHMOHHBIE CTaJIM B JIUTOM,
ropsiYeKaTaHHOM u

TepMOOOPaObOTaHHOM COCTOSTHUSX




Ortuer

1. Omnpenenuth TBEPAOCTh OOPA3IOB pa3IMYHBIX MarepuanoB. Ha
KaX7I0M oOpas3le TBEpAOCTh M3MEPUTh TPHU pa3a M 3a PE3yJbTaT HU3MEpPEHUil
NPUHATH CpeliHee apuMeTHIecKoe 3HaUCHHE.

2. 3anonHutb Tabmn. 3. s cpaBHEHUS TBEPAOCTH pa3HbIX 00pa3lOB BCe
pe3yJIbTaThl U3MEPEHUM, TOJyUYEHHBIE IIPU 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 MEXaHMUYECKON 00padOTKH Ha TBEPAOCTh METAIIIMYECKOIO

Matepuana. YKaszaTh, KakoW CIOCOO YNpOYHEHHUs CTajell sBIsSIETCS Haunbosee

3 PEKTUBHBIM.
Tabauna 3
Marepuan Tun Harpy3ka, TBepnocThb Ok,
WHJICHTOpAa H HRB | HRC | HB | MIIa
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 Ha3bIBaeTCSA TBEPAOCTHIO METAIOB?

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 cienyeT u3MepsITh TBEPIOCTh ATFOMUHHUEBBIX 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 ONTUYECKYIO CXeMY 151 KOHCTPYKLHIO BEPTUKAIBHOIO
MeTtaiorpaduueckoro mukpockorna MMUM-7

3.3apucoBaTh MUKPOCTPYKTYPBI MUKPOIILTH(OB ¢ TOMOIIBI0 MUKpockona MIM-7

Kpamkue meopemuueckue ceeoeHus:

[Tog MuKpoaHAM30M MOHUMAIOT HM3YYCHHE CTPOCHUS METaUIOB U
CILUTABOB C TIOMOIILI0 METAJIIOTPAPUICCKOTO MUKPOCKOTIA TIPH YBEITUYEeHNN B 50—
2000 pas3.

[Ipu momo1u MUKpoaHaan3a ONpeaestoT:



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/ICHCTBUSI HA CILJIAB;

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

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

5)  XMMHYECKUH COCTaB HEKOTOPBIX CTPYKTYPHBIX COCTABJISIIOIIUX 10 UX
XapakTepHOU opMe U XapaKTEePHOMY OKPAIIMBAHUIO CTIICIIMATbHBIMUA PEAKTHBAMU
U B HEKOTOPHIX CIIydasx MNPUOIU3ZUTEIBHO OMPENEISIOT XUMHYECKH COCTaB
U3y4aeMoro CIlIaBa.

JIJis MUKPOCKOTTMYECKOTO aHaJIM3a U3 UCIIBITHIBAEMOTO MaTepraia BhIPE3aoT
oOpazery W myTem psina onepauuid (UuiM@oBaHUs, TMOJUPOBAHUS, TPABIICHUSA)
JOBOJAT J1I0 TAaKOrO COCTOSIHMA, KOIJa IIpU  PAacCMOTPEHHM €ro B
MeTaIOTpaQUUecKuii MUKPOCKOII BBISBISIOTCS HEMETAUTUYECKUE BKIIOYCHHUS,
MeJKUe TOopbl, Tpadutr B uyryHe (mocie HuUiMdOBaHUS U TOJUPOBAHHUA) WIH
MUKPOCTPYKTYpa (1mocie nuudoBaHusl, MOTUPOBAHUS U TPABICHU).

[TonroroBneHHas mJjis MCCIEAOBAHUS TOJI MHMKPOCKOIIOM MOBEPXHOCTb
oOpasiia Ha3bIBAECTCS MUKPOULTUPOM.

TakuMm 00pa3oM, MUKPOCKOITMYECKUM aHAJIU3 COCTOUT: 1) U3 MPUTOTOBJICHUS
MUKponuiuoB U 2)  HCCIENOBAaHUS  MHUKPONUIMPOB €  MOMOIIBIO
METaIIOTPaQHIEeCKOT0 MUKPOCKOTIA.

Ha  BeIpe3anHOM  00pasiie  BBIPAaBHUBAIOT  IOBEPXHOCTh,  KOTOpas
npenHa3HayeHa i MuKpoaHanu3a. llomyueHume IUIOCKOM  MOBEPXHOCTH
JIOCTUTAETCS ONMUIMBAaHUEM HANMJIBHUKOM (€CITM MaTepuas MTKHI) WU 3aTOYKON
Ha aOpa3uBHOM Kpyre (eciau marepuan TBepablil). [Ipu 3atouke oOpasua u3
3aKaJlCHHOM CTajd HEOoOXOAMMO CIICIWTHh 3a TeM, YTOOBI oOpasel CHIBHO HE
HarpeBascs, TaKk Kak IPHU 3TOM B MOBEPXHOCTHOM CIIO€ MOYKET MPOU30MTH OTITYCK
U CTpYKTypa cTanu usMmeHurtcs. llostomy mpu 3arouke obOpasery HEOOXOAUMO

NEPUOAUYCCKHN OXJIAKIAATh 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 IIKYpKOW ¢ 0Oojee METKUM
aOpa3MBHBIM 3€PHOM.

[nudyroT BpyuHyIO0 Ha IMIKYpKE, MOJOXKEHHOW Ha TOJICTOE CTEKJIO, WM Ha
CHeIMANbHBIX HUIM(OBaTbHBIX cTaHKax. [lpu mumdoBanuu BpydHYIO OOpaser
MOJATOTOBJICHHON IJIOCKOCTBIO MPUKUMAIOT PYKOM K HUIM(POBAIBHOW IIKYpKE U
BOJIST UM T10 OyMmare B HalpaBJICHUH, IEPIICHIANKYISIPHOM K PUCKaM, TIOTyYECHHBIM
nociie onmuiauBaHusl HamWiIbHUKOM. [IInmudyioT A0 MOMHOrO MCYE3HOBEHUS PHCOK,
[ocjie 3TOr0 MOBEPXHOCTh oOOpa3la BBITUPAIOT BaToMl (WIM MPOMBIBAIOT),
noBopayuBaloT Ha 90° m numm@yoT Ha WKypke ¢ Ooyiee MEIKUM aOpa3sMBHBIM
36pHOM [0 TIOJHOTO HWCYE3HOBEHMSI PHCOK, MOJYUYEHHBIX OT HPEIbIIyIIEero
nungoBanus. Ilpu 3aMeHe IMIKypKHM OJHOTO pa3Mepa 3€pHUCTOCTH APYyTUM
oOpazel; BBITHPAIOT BaTOM M NoBopauuBalOT Ha 90°, 4yToOBl pPHUCKH TIpH
nocueayromeil o0paboTke MNOJNydYalduCh MNEPHEHAUKYJISIPHBIMA K pHUCKaM OT
npeapayein 00padoTKy.

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 MEXaHnYECKOTO
nuM(oBaHUS aHAIOTUYHA METOAMKE PYUYHOTO IITU(OBAHMUSL.

[Tocne okoHyaHus NUIMQPOBAHUS HA NUIM(POBAIBHON HIKYpPKE CaMON MEIKOM
3€pHUCTOCTH TIOJIMPOBAHUEM YIATSIOT PUCKU U 0OpabaThiBaeMasi TOBEPXHOCTH 00-
pasua mnosydaercs Onecrtdine 3epkaibHOM. [lonnpoBaTh MOKHO MEXaHMYECKUM U

QJICKTPOJIUTUICCKUM croco0amu.



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

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

UToOBI NpeAoXpaHUTh 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
HEpXKaBeromen crand. [ 3JIEKTPOJUTHYECKOTO IOJUPOBAHUS PA3IUYHBIX
CTaJ€il, YyI'yHOB M CIUIaBOB LIBETHBIX METAJUIOB MPUMEHSIOT PA3JIMYHOIO COCTaBa
AIEKTPOJIUTHI U PA3IMYHBIEC PEKUMBI .

[Ipy PAEKTPONMUTUYECKOM MOJIUPOBAHUU TOJ JECUCTBHEM TOKa B Ipolecce
AJIEKTPOJIN3a HA TMOBEPXHOCTU MeTalljla 00pa3yeTcs MJICHKA MPOJAYKTOB aHOIHOTO
pacTBOpPEHUsSI: TOJIIIMHA IJIEHKM Ha BBICTYyNaxX 3HAYUTENIbHO MEHBIIE, Ye€M BO
BIIaJIMHAX, IMOATOMY BBICTYIIBI PACTBOPSIOTCS 0O0Jiee MHTEHCUBHO U MOBEPXHOCTH
oOpasiia BIpaBHUBAETCS.

[Ipu 27€KTPOIUTUYECKOM TMOJIUPOBAHUU MOBEPXHOCTH 00paslia MoJIy4aeTcs
0e3 IIeHKH Je(OpPMHUPOBAHHOTO MeETallla M, CJIEI0BaTENIbHO, 0€3 HCKaKCHHS
CTPYKTYpbl B TOBEPXHOCTHOM CJIO€, 4YTO BO3MOXHO TMPU MEXaHUUYECKOM
MOJIMPOBAHUH.

[To 3epkanbHOI MOBEPXHOCTH O0pasIla, MOJYYEHHOH TMOCe TMOJUPOBAHUSA,
HENb3s CYIUTh O CTPOEHUU CIUlaBa. TOJBKO HEMETAUIMYECKHE BKIIFOUCHUS
(cynpbuasl, OKCUIbI, TpaduUT B CEPOM UYTyHE) BCICACTBHUE MX OKPAIICHHOCTH B
pasnuYHBIC I1[BETa PE3KO BBIJCISIOTCS Ha CBETIOM (OHE TMOJTHMPOBAHHOTO
Mukpourida.llooToMy 17 BBISBICHUS MHUKPOCTPYKTYpPHl TMOJUPOBAHHYIO TI0-

BEPXHOCTh OOpasma MoABEPralT TPABJICHUIO, T. €. ICUCTBHUIO PACTBOPOB KHUCJIOT,



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 COCTaBIIAIOIIUX — 3€PEH YHUCTBIX METAIIOB, TBEPABIX
pacTBOpPOB, XUMHUUYECKUX COCAUHEHUH. Pa3ianyHble CTPYKTYpHBIE COCTABIIAIOLINE
o0JlafjaloT  pa3HbIM  IEKTPOJAHBIM  MoTeHuuanoM. Korma mnonupoBaHHas
IIOBEPXHOCTD CIUIABA IOKPBITA TPABUTEIIEM, SIBJISIOLIMUMCS DJIEKTPOJIUTOM, OJHU
CTPYKTYpPHBIE COCTAaBJISIIOIIME CIUIABA, UMEIOIUE 00Jee IIEKTPOOTPHULIATEIbHBIN
ANEKTPOJHBIN TMOTEHUHUaN, OyayT SIBISATHCA AaHOJAAMH M PACTBOPATHCH, APYrue
CTPYKTYpPHBIE  COCTaBJSIOUIME, C OoJiee MOJOXKHUTEIbHBIM  AJIEKTPOIAHBIM
NOTEHIMAIOM, OyAyT KaTOJAMH M COXPAHATHCS HEM3MEHHBbIMU. 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 HPOTPABIEHHOTO MHUKpoluiMpa Ha MeTauiorpaduueckom
MHUKpPOCKOIIE JIydd CBeTa OyAyT TMO-pa3HOMY OTpPaXKaTbCs OT Pa3IM4HO
IPOTPABUBIIUXCS CTPYKTYPHBIX COCTaBIIOMMX. CTPYyKTypHBIE COCTaBISIOLINE,
IPOTPaBUBIIKECS C1a00, OTPA3AT B MOJI€ 3PEHUSI MUKPOCKOIIa OoJblie JIydel cBeTa
u OyAyT Ka3aThCsi CBETJIBIMU; CTPYKTYPHBIE COCTAaBISIOIINME, MPOTPaBUBIIUECS
CUJIBHO, OTpa3fAT B IOJIE 3PEHUSA MMKPOCKOIIA, BCIIEACTBUE pPaCCEsHUSA CBETAa,
MEHbIIE JIyded U OyAyT KazaTbCsi TeMHbIMU. TakuM oOpa3oM, Ha pa3HULE B CO-
CTOSTHUW NTOBEPXHOCTH M KOJINYECTBE OTPAKEHHBIX JIy4e U OCHOBAHO BBISIBIICHHE
CTPYKTYpHI CILJIABOB.

[IpoAOIKUTENBHOCTD TPABJIEHUS 3aBUCUT OT MApPKHU CTajld U CTPYKTYpHI, HO
OOBIYHO JOCTATOYHA BBIIEPHKKA B HECKOJIBKO CEKYH/I.

[Ipu3HakOM IIPOTPABIMBAHUS SABISETCA MOTYCKHEHHME NMOBEpXHOCTH. [locne
TpaBJ€HUS MUKPOLUIM(p MPOMBIBAIOT BOJOW, MNPOTUPAIOT BATOM, CMOYEHHOU
CIHUPTOM, a 3aT€M MPOCYIIMBAIOT MPUKIIAIbIBAHUEM (PUIBTPOBAILHON OymMaru uiu

JIETKUM IIPOTUPAHUEM CYXOM BaTOM.



B pe3ynbpTaTe TpaBieHHs JOMKHO OBITh YETKOE BBISIBICHUE MUKPOCTPYKTYPBHI.

[Tocnme wm3roTtoBieHHMs MUKpoILIuda HEOOXOAMMO UCCIENOBATh  €ro
MHUKPOCTPYKTYPY C IOMOILbIO ONTHYECKOTO MUKPOCKOIIA.

KauecTBO MHKpPOCKOINa  XapakTEPU3YETCS BO3MOXKHBIM  YBEJIMYEHUEM,

COBCPIICHCTBOM I/1306pa)KCHI/I}I, paspemafomeﬁ CITOCOOHOCTBIO MUKPOCKOIIA.

Puc. 1 Ontuueckas cxema MUKPOCKOIIA

YBenuueHne MUKPOCKOIA PaBHO MPOM3BEACHHUIO YBEIWYCHHN OOBEKTHBA U
okyssipa. OOBEKTUB yBEIMYMUBACT  PACCMATPUBAEMBIA  TMPEAMET, a OKYJSIp
YBEJIMYMBAET JIMIIIb U300paKeHue, TojlydaeMoe OT OOBEKTHBA, U HE J0OaBIIET
K HEMy HHMKaKHUX HOBBIX OCOOCHHOCTEH CTPYKTYpPBI, €CIIM OHU HE BBISIBICHBI
OOBEKTUBOM.

VBennuenue 00bEKTUBA

rne | — onTudeckas jmHa TyOyca, T. €. PacCTOSHUE MEXAY COCCTHUMHU
doxycamu F1 u F7, st mukpockorna MUM-7 ono paBuo 250 aum,

fos — (oKycHOe paccTosiHue 0OBEKTUBA.

YBenuueHue oKyJsIpa, TaK )Ke Kak U JUIS JIYIIbI,

_ 250
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N

rne fo — dokycHoe paccrossHUE OKyIIsIpa.

OO6miee yBenM4eHUE MUKPOCKOTIa
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Paspemaromias crmocoOHOCTh MHKpockoma O (CcrocoOHOCTh —pa3inyarh

MeJIbYalIlne JeTalu MPeaMeTa) XapakTepu3yeTcsl ypaBHEHUEM

rie A — JJIMHA BOJIHBI CBETA B aHICTpEMaXx;
A — gncnoBas anepTypa oObEKTUBA.

CeToBBIE Jyuyd OT AJIEKTpUuecko sammbl 1 (puc. 2) OpoxXonsiT uepe3
KOJUIEKTOp 2 ¥, OTPaXkasch OT 3epKajia 3, MOMaaaroT Ha CBETOGUILTP 4 (0OBIYHO
KENTBIA I TIOJYYCHHUS H300paXeHUsT C pE3KUMH KOHTYypaMH), 3aTeM Ha
anepTypHyto auadparmy 5 (Uisi OrpaHUYEHUS CBETOBBIX MYYKOB W MOJyUCHUS
BBICOKOM YE€TKOCTH M300pakeHws ), TUH3Y 6, (porozarBop 7, moneByto nuadparmy 8
(It OrpaHMYEHMs] OCBEIICHHOTO IOJs  pacCMaTpMBaeMOro y4yacTkKa Ha
MUKponuiide), MperoMisaioTess meHTanpusMon 9, mpoxonar uepe3 nuH3y 10,
MOMAAI0T Ha OTpaKaTeNbHYIO MIacTUHKY 11 HampaBisioTcs oOwvekTnB 12 u Ha
mukpornud 13, ycTaHOBJICHHBI Ha TMpeAMETHOM cToiuKe. OTpasuBIIUCH OT
mukponutrda 13, Tyuyn BHOBb MPOXOAAT uepe3 0ObeKTHB 12 W, BBIXOIS M3 HETrO
napauieIbHBIM IYYKOM, TIOMAJal0T Ha OTpakaTeNbHYI0 IHacTUHKY 11 m
axpomaTudeckyto JuH3y 14. [Ipu Bu3yaibHOM HaOMIOJICHUU B X0/ JIydeil BBOIUTCS
3epkasio 15, KOTOpoe OTKIIOHSET Jydd B CTOpoHY okymspa 16. Ilpu dotorpa-
dbupoBaHuM 3epKano 15 BBIKIIOYAETCS BBIBIIKEHUEM TyOyca BMECTE C OKYJISIPOM
U 3€pKaJOM W Jy4d HaIpaBISIOTCS HEMOCPEACTBEHHO K (oTrookynsapy 17,
IPOXOJAT Yepe3 Hero Ha 3epkano 18, oT KoToporo oTpakaroTcs W MOMAgaloT Ha
MatoBoe crekiao 19, rtme wm  maror wu3oOpaxkenwe. [ pukcupoBaHUs

MUKPOCTPYKTYpPBI MaTOBOE CTEKJIO 19 3a MeHsieTcs KacceTo ¢ (hOTOMIaCTUHKOM.



Puc. 2. Ontuueckas cucrema Mukpockona MUM-7

Jiis HaOmoeHus B MOJIIPU30BAHHOM CBETE B CHCTEMY BKIIOYAIOT BKJIAIHOM
ananuzatop 20 u nonspuzarop 21.

Mukpockon MUM-7 (puc. 3) CcOCTOMT U3 TpPEeX OCHOBHBIX YACTEil:
OCBETHUTEJsI, KOPIyca U BEPXHEH 4acTH.

Ocsetutens | umeer GoHaps 1, BHyTpH KOXKyXa KOTOPOTO HAXOAUTCS JIaMIIA.
[leHTpUpOBOYHBIE BHHTHI 2 CIyKaT ANl COBMEIICHHS IICHTpAa HUTH JIaMIIBl C
ONTUYECKOU OChIO KOJIJIEKTOpA.

Kopnyc |l mMukpockoma. B kopmyce MHKpOCKONa HaXOASTCS: TUCK 3 C
Ha0OPOM CBETOPHMIBTPOB; PYKOSITKA 4 MEePEeKITI0UeHUs (DOTOOKYISIPOB; IOCATOUYHOE
YCTPOMCTBO JJII PaMKH 5 C MAaTOBBIM CTEKJIOM HUIM KacCeThl ¢ (POTOIIIaCTUHKOM 9
X 12 mm; y3en amepTyp HOW nauadparMbl, YKPEIUICHHBbIA TMOJ OIpaBoil
OCBETUTEJIbHOM JHMH3bI 6; KOJBLO C HAKATKOM 7, ciyXallee s N3MEHEHHs
nuameTrpa auadparmbl; BUHT 8, BpaIlleHHEM KOTOPOTO CMEIaeTcst nuadparma s
CO3JaHUsl KOCOTO OCBEIIeHWsS; BUHT 9 Ui (pUKCAlMM TOBOPOTa arepTypHOU
nuadparmel.

Bepxnsis gacts |1 MuKpockora uMeeT ciieyrome AeTau.



1. Unmomunaropueiii Tyoyc 10, B BepxHell 4acTh KOTOPOTO PacCIoOJIOKEHO
M0Ca0uHOe 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— meHranpu3sMa. B HmwkHedl yacTh Kokyxa 13 pacriosoKeHbl
LEHTPUPOBOYHbIE BUHTHI 14 moneBoil auadparMel, AMAMETP KOTOPOH H3MEHSIOT
npu nomomu noBoaka 15. Ilonm koHycom moneBoil nuadparMbl HAXOAUTCS
dboto3arBop 16.

2. Busyanbnbslii (3putenbHblii) TYOyc 17, B oTBepcTue KOTOPOTO
BcTaBisieTcs:  okymap 18. Ilpu BusyanpbHOM HaOMIOIEHUU TYOyC BIBUTAIOT [0
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 HMEETCS OKHO, B HEr0 BCTaBIIOT OJHY W3 CMEHHBIX
noJKIagoK 21 ¢ oTBepcTHSIMHU paznu4HOrO aAuaMmerpa. Ha mpeameTHOM cTonmke
PacroJIOKEHbl JIep)KaTeIN, COCTOSIILIME U3 BEPTUKAJIBHBIX KOJOHOK 22 W
NPYXUHSIIIUX MPIKUMOB 23, KOTOPBIMU MUKPOILTU( MPUKUMAETCS K MOIKIAIKE
IPEIMETHOTO CTOJMKA. MaKpOMETPUUECKU BUHT 24 CIIy)KUT AJis MepeMelIeHUs
IIPEIMETHOIO CTOJMKAa B BEPTHKAJIBHOM HAMNPABJICHHWM WM 3TUM IPOU3BOJIUTCS
rpy0as HaBojgka Ha (HOKyC. 3aKMUMHBIM BHUHTOM 25 (UKCHPYIOT ONpEAesIEHHOE
MOJIO’KEHUE TPEIMETHOIO CTOJMKA, YTOObI OH CaMOIIPOU3BOJIBHO HE OIMYCKAaJICA.
Hns ycranoBku cronvka 19 Ha HYKHOW BBICOTE Ha KPOHIITEWHE CTOJHKA
HarpaBUpOBaHa  pUCKa,  KOTOpas  yCTaHABIMBAETCS  MPOTUB  TOYKH,
HarpaBUpOBAaHHOM Ha KOPITyCE MUKPOCKOIA.

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

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



Puc. 4. O6muit  Bug muxpockorna MUM-7

OTYET

1.O3HaKOMHUTBCS C KOHCTPYKLIIMEW U ONTUYECKOM cXxemMoi MUKpockorna MUM-

2.3apucoBaTh MUKPOCTPYKTYPbl MUKPOULTH(OB

2.CnenaThb BBIBOJIBI IO paboTe

Koumponwvuuie éonpocw:
1. Yto Takoe MHUKpOaHaIU3 U JIJISl YETO €ro UCTOIb3YIOT?
2. HasoBurte 3Tamnsl NpUroToBIeHUs] MUKpouunda
3. UTo BXOAMUT B ONTHYECKYIO CUCTeMY MUKpockoria MUM-77?

4. Yto Ha3BIBAIOT OOBEKTUBOM U OKYJISIPOM?



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 :KeJ1e30yTJ1epOAUCThIX CIIABOB (CTAJIN)

Ienv pabomer:

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

2.  Cxemaruuecku 3apUCOBATh 51 OITUCAaTh H3y4yaemble
MHUKPOCTPYKTYPHL.

3. Pa3o0parb MUKpPOCTPYKTYphl TIO JHarpaMMe€ COCTOSIHHSI KeJIe30—
LIEMEHTHUT.

4. CocTtaBuUTh OTUET O padoTe.

Kpamkue meopemuuecKue Cc8eOCHUs:

MUKpOCTPpYKTYpa TEXHHUUECKOTO >Kejie3a W YIVIEPOJUCTBIX CTajel s
PABHOBECHBIX YCJIOBHUM XapaKTEPU3YETCS HWKHEH JIEBOW YaCThKO JUarpaMMbl
COCTOSIHUSA JK€JIe30-1IEMEHTUT (puc. 1).

Cnnassl ¢ conepxkanuem a0 0,02% C Ha3bIBAIOTCA TEXHUUECKUAM KEIE30M, 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 TEXHMYECKOI'O KeJe3a. PaCTBOpI/IMOCTB yriaepoga B Q-

Keneze nepeMmeHHas (cMm. JuHuio PQ Ha agumarpamme sxene3o — 1eMeHTuT). C
MOHIKEHUEM TeMITepaTyphl PaCTBOPUMOCTH YIJIEpOAa B O-)KEJIE€3€ MOHMKACTCH.

ITpu 727° C B a-xkene3e pactBopsiercs 0,02% C, a npu KOMHATHOW TeMIiepaType



0,006% C. Tlosromy cmmaBbl xene3a ¢ coaepxkanueMm no0 0,006% C umeroT
CTPYKTYpYy TOJIBKO TBEPJOTO pacTBOpa yriepoia B a-xenese, T. €. ¢epputa. Ha
puc.2 naHa MUKpocTpykTypa depputa. B crutaBax ¢ coxepxkanuem ot 0,006 10
0,02% C B CBSI3M C MOHWKXEHUEM PACTBOPHUMOCTH YIJIEPOAA B O-)KEJIE3€ IPHU
MOHIKEHUM TeMIeparypbl W3 ¢eppura BbIACISETCS IEMEHTHUT, Ha3bIBaeMbIN

TPETUYHBIM. TPETUUHBIA IEMEHTUT BBIJCISICTCS IO TIpaHUIlaM 3epeH deppura

(puc. 3).

Temnepaimypa

I.llillflln' ".?lr l.'-'l,-fﬂ-
Puc. 1. Huwxusga dacthb AuarpaMMbl COCTOSAHUA KCIIC30 — LHCMCHTHT

. \_ i s:b,.;\ ‘;' \“W~Q e
® % g ¥ e L e D
& Fé & 5
o }' ik
ﬁ i

e
B

!fw el e
BT &v \"‘

&.&, )‘z‘*a > 2
"’"’J‘— . X %

// &}\'”\::%; e Ty
L~ L “ 7N

—\}“ L= e Y e NG

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

1 |

dbepput u TpeTuuHbIi 1IeMeHTUT (x500)

MUKpPOCTPYKTYpA HOIBTEKTOUIHON M IBTEKTOMIHOW CTajid. 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

CTPYKTYpHAasi COCTaBJISIOIIAsl JOIBTEKTOUIHBIX CTaJIEH — MEePIUT?



Sl S A
Puc. 4. Oprexrougnas cranb c 0,8% C — nepmiur (x1000)

Ha puc. 4 mana MuUKpoCTpykTypa mepiauta. Ilepaut — 3T0 3BTEKTOMA —
MEXaHUYeCKas cMech ¢eppuTa W IIEMEHTUTA, MOJIYJaroIasics B pe3yJbTare
pacmana aycrenuta ¢ 0,8% C. Ilpu tpaBnenun nummda cramm ¢ 0,8% C, T. e.
HBTEKTOUTHOM CTalii, MOBEPXHOCTh UMEET MEPIaMyTPOBBIM OTJIMB, B CBSI3U C YEM
TaKyl0 CTPYKTYypy M Ha3BajdW MepiauToM. Ha MUKpOCTpyKType mepauta OO0munid
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 BHJIE
CBETJIBIX TIOJICH, a TEPJUT — B BHJE IOJICH I0JIOCYATOTO CTPOSHHUSA, OoJiee
TEMHBIX, 4eM ¢eppuT. KonmmuecTBo nepaura u Gpepputa B JOIBTEKTOUTHON CTAITN
3aBUCUT OT cojepkanus yriepoga. C yBeIMYEHHEM COJEpKaHHUS yriepoja
KOJIMYECTBO (peppuTa YMEHBIIACTCS, a KOJMUECTBO MEPJIMTA YBEIHMUUBACTCS (pHC.
5).

[To MHKpPOCTPYKType MOIBTEKTOMIHOW CTaM MOXHO MPUOIU3UTEIHHO
OTIPEZICTUTh COJACpKAHWE B HEH yriepona, JJIs 4ero Mo MUKPOCTPYKTYpe HYKHO
OPUEHTUPOBOYHO OMPEICTUTH IJIOMIAh (B MPOIEHTAX ), 3aHUMAEMYI0 (PEPPUTOM U
nepauToM.B cBsI3M ¢ TeM, 9TO B (peppHUTE PaCTBOPEHO OUYEHb HEOOJIBIIOE KOJIU-
YECTBO YTIEpOJa, MPAKTUYECKH MOKHO CUUTATh, YTO B JOIBTEKTOMJTHOM CTaJIU

BCCh YTJICPOI HAXOAUTCA B IICPJIUTC.



Puc. 6. loaBTekTounnsie cranu — depput u nepiaut (x500):

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

Torz[a COACPIKAaHUC YIJICpoaa C B craay MOXHO OIIPpCACIINTL IIO

F .0.8
opmyiieC =—"——U%
(opmy T

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

[Ipeanonoxxum, Hanpumep, uto 30% Bcel momaau 3auaro dpeppurom, 70%

— nepnutoM. CojiepaHue yriepoja B Takou ctanu OyaeTC = % =0.56%

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 OXJIAXKJICHUU OT Temreparypbl A., (muHus SE) 1o temmepatypsl
Ary (muamns PSK) (cM. puc .1) BelencTBUE YMEHBIICHUST PACTBOPUMOCTH yIIIepoJia
B ayCTCHUTE.

[Ipn MemIeHHOM OXJIaXACHUM BTOPUYHBIN IIEMEHTUT BBIACISACTCS B BUIE
CEeTKM II0 TrpaHuLaM 3epeH aycTeHuTa. llpu pocTwkeHun Temmeparypbl Al
ayCTEHUT IIPEBpAIlaeTCs B NEpJuT. B pesynbraTe MEUIEHHOTO OXJIAXKICHUS

3a3BTEKTOUAHAS CTAIb UMEET CTPYKTYPY



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

Uem Oosbmie yriepojia B 3a3BTEKTOMAHOW CTad, TeM Oo0jiee MacCHBHOU

(TOHCTOﬁ) MOJIy4acTCAa NCMCHTUTHAA CCTKaA.

OTYET

1. TIIpocMOTpeTh M U3yYUTh MHUKPOCTPYKTYPBI TEXHMYECKOTO JKEe3a U
YIJIEPOAUCTBIX CTaJ€d  C pasiIM4HbIM COAEPKaHUEM YIIepoAa B PaBHOBECHOM
COCTOSIHUM.

2. Kaxnyro MUKpPOCTPYKTYPY 3apUCOBATH .

3.  Tlom xaxaoll 3apuUCOBAaHHOW MHUKPOCTPYKTYpPOHl J1aThb MOAMUCH C
YKa3aHHEM HaVMEHOBAHUSA CIUIaBa, €ro XUMHYECKOTO COCTAaBa,
HAaVMMEHOBAHUSI CTPYKTYPbI U YBEIINUCHUS.

4. Ha kaxIod  3apuCOBAaHHON MHKPOCTPYKTYpE YKa3aTb CTPEIKAMHM
paznuuHble a3l W CTPYKTYpPHBIE  COCTAaBJSIIOIIME ¥ OKOJIO CTPENIOK, Ha
MOJISIX, HalKWCcaTh WX HAUMEHOBAHMUE.

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

JAaThb OIMUCAHUC IIPOLCCCOB HpeBpameHHﬁ, MPOUCXOAINUX TIPU OXJIAKACHUU.

KOHmPOJleble eonpocwol:

1.Kakune cruiaBbl Ha3bIBAIOTCSI TEXHUYECKUM KEJTe30M?



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

3.JlaiiTe XapaKTEpUCTUKY CTPYKTYPHOM COCTABJISIIOINICH - TIEPIUT

4 Kax u3MeHseTCs CTPYKTypa CTaJId NPU YBEIMYECHUH B HEH KOJMYECTBA
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 CTPYKTypaM OMUIIUTE MUKPOCTPYKTYPY 3a3BTEKTOUTHOMN

cTajin

JlabopaTopHnasi padora Ne4

N3y4yeHne MUKPOCTPYKTYPHI KeJ1e30yIJIePOAUCTBIX CIUIABOB (YyTyHbI)

Ilenv pabomer:

1. M3yunTh MHKPOCTPYKTYpBI: CEpBIX U OEJbIX YYI'YHOB B HETPABJICHOM U
TPaBJICHOM BHJIE.
2. CxeMaTHh4YeCcKH 3apruCcOBaTh U OMMUCATh N3y4aeMbI€ CTPYKTYPHI.

3. CocraBuUTb OTHYET 10 paboTe.

Kpamkue meopemuueckue ceeoeHus:

MuKpoCTpyKTYpa 0eJIbIX YYyTYHOB

B Genbix yyryHax Bech yIiIiepoJi HaXOJIUTCSA B CBSI3AHHOM COCTOSIHUH, T. €. B
BUJIC IIEMEHTUTAa. benblii 4YyryH B 3aBUCHUMOCTH OT COJEpKaHUS yriepoja
pazaeinsieTcst Ha nosBTekTuueckuit (ot 2,14 no 4,3%C), sBrexktuueckuii (4,3% C) u
3asBTekTudeckui (ot 4,3 10 6,67% C). Bo Bcex OenbIXx YyryHax HMEETCs

LEMEHTUTHAsA SBTEKTUKA (J1eaeOypuT). DBTEKTUYECKHI O€Nblii YyryH COCTOUT



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

MUKpOCTpyKTypa 9BTEKTHYECKOrO Oenoro 4yryHa. MUKpOCTpPYKTypa
HBTEKTHYECKOr0 O€JIoro 4YyryHa COCTOMT TOJIBKO M3 OJHOro JieaelOypura
(LIeMEHTUTHOM SBTEKTHKH), oOpasyromierocss npu 1147° C mpu 3BTEKTUUYECKOM
KpUCTAJUIM3AIUU KUAKOTO cruiaBa ¢ cojepkanueMm 4,3% C u cocrtosiero (mpu
1147° C) u3 3BTEKTHYECKOIO IIEMEHTHUTA U ayCTEeHHTa, coiaepxkaiero 2,14% C
(Touka E Ha muarpamme skene3o— 1eMeHTHuT). [Ipu nmocnenyromnemM oxiaxiaeHUH
BCJIC/ICTBHE YMEHBIIICHUSI PACTBOPHUMOCTH YIiiepojia B aycreHuTe (uHus SE Ha
JqarpaMMe JKele30—IeMEHTUT, puc. 1) U3 aycteHuTa Bbiaenserca (Kak U B
3a9BTEKTOMIHBIX  CTaJsIX) BTOPUYHBIA IEMEHTUT. BTOPUYHBIA IIEMEHTUT
CIIMBAETCSl C I[EMEHTUTOM D3BTEKTHUUYECKHUM, MOITOMY B CTPYKTYpPE 3BTEKTHKHU
HEBO3MOXHO yKa3aTh, 1€ HAXOJUTCA B OTAEIbHOCTU IBTEKTUYECKHI LIEMEHTUT U
BTOPUYHBII [IEMEHTHT.

[Ipu 727° C »3BTEKTHKAa COCTOMT U3 LEMEHTUTA (IBTEKTUYECKOTO U
BTOpUYHOTO) M aycreHuta c¢ couepxkanuem 0,8% C. Ilpu stoii TemmepaType
ayCTEHUT IpEBpaIlAeTCs B MEePAUT. TakuM 00pa3oM, MOCIE MOJHOTO OXJIAXICHHUS
neneOypuT (IIeMEHTUTHAS SBTEKTHKA) COCTOUT U3 IEMEHTUTA U TiepiuTa (puc. 2).

MHUKpPOCTPYKTYpa JIOIBTEKTUYECKOTO Oenoro 4yryHa. JlodBTeKTHUECKHUI

Oenplii YyryH TMOCJE TMOJHOTO OXJKICHUS HMEET CIEAYIOUYyI CTPYKTYpy:
neneOyput (IIEMEHTUTHAs OBTEKTHKA) + TEPJUT + BTOPUYHBIM  IIEMEHTUT.
BTOprYHBIN NEMEHTHUT BBIIEIAETCS W3 ayCTEHUTA, coaepramero 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

YKEJ€30 —IIEMEHTHUT OeJbIi UyTyH

B Oenbix uyryHax ¢ HHM3KHM cojepkaHueMm yriepoaa (Ommskum Kk 2,14%)
BTOPUYHBIN IIEMEHTUT BBISABJISETCS JOCTATOYHO OTUETIMBO, TaK KaK B TaKUX
YyryHax Majio Jieae0ypura.

C yBenMueHHEeM COJAEpXKaHUA yriepoja, Korjga Jieaedyputa CTaHOBUTCS
OTHOCHUTETHLHO MHOTO, BTOPHUYHBIA IIEMEHTUT B CTPYKTYpPE CIIHBACTCS C
IIEMEHTUTOM JieficOypuTa (dBTEKTHYECKHMM). MOKHO CUHTaTh, YTO CTPYKTypa
TaKUX JOIBTEKTUYECKUX OEJIBIX YYT'YHOB COCTOUT M3 JieneOypurta (LIeMEHTUTHOU
OBTEKTUKHU) W TiepauTa. Ha puc. 3 maHa MUKPOCTPYKTypa HOIBTEKTHUECKOTO
0enoro yyryHa.

MUKpOCTPYKTYpa 3a3BTEKTUYCCKOTO 0eI0r0 9yIryHa. MHKpOCT‘pYKTypa

3a9BTEKTHUYECKOTO O€oro 4yryHa COCTOUT U3 Jenedypurta (LEMEHTUTHOU

HBTEKTHKH) U MIEPBUYHOTO IIeMEHTUTA (pHuC. 4).

Puc. 3. JloaBTeKTHYECKHI OCIIBIHA Puc. 4 3asBTeKTHYECKHM OCIIBIH
YyT'yH — TEPIIUT, JIeAeOypuT 9YTYH —I[EMEHTHUT ITEPBUIHBIN
u nemeHTuT (x500) u neneOypurt (x500)



MMuKPOCTPYKTYpa CepbIX YYyI'yHOB

MukpocTpykTypa cepbix 4yryHoB [lpu paccMOTpeHMHM B MHMKPOCKOI

HETPaBJICHOr0 MHKpouUIMda Cceporo 4YyryHa XOpOIIO BHUIHBI

BKIIFOYCHHUA

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

rpaguTa BIUSIOT CKOPOCTh OXJIAXACHUS, TeMIlepaTypa W BpeMs BBIICPKKU

PacCIUIaBIEHHOTO YyTryHa MEpe]l OTIMBKOW, XUMUUYECKUN COCTaB YyryHa, BBEJICHHE

B YYI'YH HEKOTOpBIX mpumeced (MoIupuKaTopoB).

Hanpuwmep,

CKOPOCTh

OXJIQXKICHUSI BIMSIET TaKUM 00pa3oM, 4TO MPHU MPOYMX PaBHBIX YCIOBUSX rpadut

oOpa3zyeTrcs TeM KpyIiHee, 4UeM MeJIeHHEee OXJIaXIeHHUE.

Puc. 5. Bximtouenus tmmactunuaroro rpadura. lnuder werpasnensie (x100):

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

MCKICHIPUTHBIC

Puc. 6.  ®eppurHslil

cepblil yyryH — (eppur
U TUIaCTUHYATHIN rpadut

Puc. 7 ®eppuro-
IIEPIUTHBIN CEPBIM YyI'yH
— deppur + mepaut +
MJIACTUHYATHIN TpaduT

Puc. 8 IlepauTHblii cepblit

YYT'YH NEePIUT
IUIACTUHYATHIN TpaduT

u




Yem Oodipliie neperpeBs KUAKOTO YyT'yHa U YeM J0JbIle BPeMs BbIICPKKH MPU

3TOM, TEM MEJbYE MOJIy4atoTCs rpaUTHBIC BKIIOUYCHUS.
[locne TtpaBnenuss B 2—4 %-HOM CHOHUPTOBOM pPAcCTBOPE Aa30THOM KHUCIOTHI
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 OXJIAXKJICHMHS);

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

MUKpPOCTPYKTYpPa BEICOKOIIPOYHBIX YYT'YHOB

[Ipu paccMOTpeHHH B MHKPOCKOI HETPABJIEHOIO MUKPOILIM(}A BBICOKO-

MIPOYHOTO YyT'YHa XOPOIIIO BUHBI BKIIOUEHHUS MIapOBUIHOTO rpaduTta (puc. 9).
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Puc. 9. BBICOKOHpO‘IHBIﬁ Yyr'yH—BKJIIOYEHUS]  [IApOBHIHOIO rpadwura,

numd werpasieH (x100)

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

CIIMPTOBBIM PACTBOPOM a30THOM KUCJIOTHI.
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Puc. 10 Bsicokomnpounsiit uyryn (x100)
a — (epput u mwapoBUIHBIN Tpadut; 6 — dheppuT + NepauT + MAPOBUTHBIH
rpadut; 6 — MepINT U MAPOBUAHBIN TpaduT
B BBICOKONPOYHBIX UyryHaX MOTYT OBITb T€ K€ THUIBI CTPYKTYp, KOTOpBIE
ObUTM yKa3aHbl U1 CEPBIX YYyT'YHOB, HO TpadUT B TUX UyryHaX IIapOBUIHBIN.
Takum  o0Opa3oM,  BO3MOXHBI  CJHEAYIOIIME  TUIOBl  MUKPOCTPYKTYpbI
BBICOKOTIPOYHBIX YYTYHOB: (eppuT + IIapoBUIHBIN Tpadutr — QeppuTHBINA
BBICOKOIIPOYHBIN uyryH (puc. 10, a); deppur + nepautr + mapoBUAHBIN rpadut
— (eppUTO-TIEPJIUTHBIN  BBICOKOMPOUYHBIM 4yryH (puc. 10, 6) (cooTHomIeHHE
MEXIy KOJUYECTBOM (eppuTa U MEPIUTa B BEHICOKOMIPOYHOM YYT'YHE MOXKET OBITh
pPa3IMYHBIM B 3aBUCUMOCTH OT XMMHYECKOTO COCTaBa M YCIOBHUH OXJIaXICHUSA);
NEepJIUT + MAPOBUAHBIA TPaQUT — MEPIUTHBINA BHICOKOMPOYHBINA uyryH (puc. 10,
8).

MUKpPOCTPYKTYpa KOBKHX YYT'YHOB HpI/I PaCCMOTPCHHUN 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 a30THOM KUCIIOTHI.
MeTtanmyeckas OCHOBa KOBKOTO UyT'yHa MOXKET ObITh eppUTHOH, peppuTo-
NEPIUTHBIN W TMEepJUTHOW. B COOTBETCTBHMU € 3THUM pas3inyaroT (HEppUTHHIH,
(beppuTO-NEepAUTHBIA U NEPIUTHBIN KOBKUN 4yTYyH (puc. 12). [Ipu paccMoTpenuu B
MUKPOCKOIT HETPaBJICHOT0 MHKpoUUIMda KOBKOTO YYyryHa XOpPOUIO BHJIHBI
BKJIFOUCHHS XJIOMbeBUAHOTO Trpadura (yriepoma orxura) (puc. 11).Ilocne
TpaBJ€HUS METaJUIMYecKasi OCHOBa KOBKOIO YyryHa MOXET ObITh (heppHUTHOMH,
beppuTO-NEpIUTHBIA W TEPIAUTHOW. B COOTBETCTBUM C 3TUM pazIMyaroT

(beppuTHBIN, GeppUTO-TIEPIUTHBIA U MEPIAUTHBIN KOBKUHM UyTyH (puc. 12).
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Puc. 12. KoBkuit uyryHn:a — dbepput u yriaepos omxura; 0 — deppur +

nepaut + yraepon orxura (x200); 6 — nepiut u yraepon orxkura (x300)

OTYET

1. IIpocMOTpeTh U U3YYUTh MUKPOCTPYKTYPBI Pa3IMYHbIX YyTYHOB

2. Kaxnyro MUKpPOCTPYKTYpY 3apUCOBATh .

3. Ilom xaxaod 3apuCOBAHHOW MHUKPOCTPYKTYPOM [IaTh NOAMHUCH C
yKa3aHUEM HAaUMEHOBaHUs CIUIaBa, ero XUMHYECKOTO COCTaBa,
HAaUMEHOBAHHUS CTPYKTYPbI U YBEJINUECHUSI.

4. Ha xaxzaoW  3apuCOBAaHHOW MHKPOCTPYKTYpE YKa3aTh CTpPEJIKaMU
pasznuuHble a3kl W CTPYKTYpPHBIE  COCTAaBJISIIOIIME UM OKOJO CTPEJOK, Ha
NIOJIIX, HANKMCAThb WX HAMMEHOBAHUE.

5. N3oOpasuth nuarpamMmy COCTOSIHHS >KEJe30—IIEMEHTHT, TIPOBECTH Ha
HEll BEPTUKAJBHBIE JIMHUH, COOTBETCTBYIOLIME PACCMATPUBAEMBIM CIUIaBaM, U

JIaTh OMKCAHKUE MPOIIECCOB MPEBPAIICHUN, TPOUCXOIANINX TMPU OXJIKICHUH.



Konumponwvnsie gonpocwi:

1.Kakue crijiaBbl Ha3bIBAIOTCS YyryHaMu?

2.YTo npeAcTaBisieT co00i MeTalllTnueckasi OCHOBa y cepbix 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 oTiiumne OGeNbIX U CePhIX YYTYHOB?

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

Heab padoThI

[enb pabOThl — HAYUYUTh yYALIUXCS CAMOCTOSATEIBHO MPOU3BOIUTH 3aKAJIKY
Y OTITYCK YTJIEPOJINUCTOU CTaIu.

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

IIpudopsl, MaTepuaibl U HHCTPYMEHT

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

IMoaroroBka o0pa3iuoB AJsi TepMUUYecKoil 00padoTKku. OOpas3Ibl JOHKHBI
OBITh LMJIMHAPUYECKUE WIH NPAMOYTOJIbHBIE IUAMETPOM WM TojuuHou 10—15
mm, BbicoTor 15—20 mm M3 yraepoaucToil KOHCTPYKIHOHHON ctamu 40—65 u

YTJIEPOAUCTON MHCTpYMEHTaIbHOU cTanu Y9—Y12. Ha OokoBOI MOBEpXHOCTU



KOKI0TO 00pasiia MODKHO OBITh KJIEHMO Mapku cTand. Mapky cramm oOpasia
3aMuUChIBAtOT B rpady 2 mpoTtokosia. OOpas3ilbl U3MEPSIOT TP MOMOIIU IITAHTCH-
ITUPKYJIS, B PE3yNIbTaThl 3aMepa 3aluChIBAlOT B rpady 3 MpoToOKoIIA.

OnpenesieHue  TBEPAOCTH  YIJIEPOAUCTON  C€TAJIM B HCXOJHOM
(0TOKKEHHOM COCTOSIHUH

Omnpenenuth TBepaocth (o HRB) 00pa3ioB B HCXOJHOM (OTOXKKCHHOM)
COCTOSIHUH, CENaTh MEPEBOJ] MOJYICHHOTO Pe3yIbTaTa Ha TBEPIOCTh 0 HB u 00a
3HA4YEHUs TBEPJOCTH, 3amucath B rpadsl 4 U 5 mporokona. HopMer TBepmocTu B

OTOK’KEHHOM COCTOSIHUM YIJIEPOJIMCTON 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
OoJtee)
(ue Oouee)
40 197 Y9 192
45 207 Y10 197
50 217 V12 207

3akasika o0pa3uoB U onpeae/ieHue TBEPAOCTH YIJIEPOAUCTON CTAIN MOCJIe

3aKaJIKn

OO6opynoBanue s 3akajku. CTanbHble 00pa3ibl HArPEBAIOT B My (PeEIbHBIX
AIIEKTpONEYax Pa3IN4YHbIX KOHCTPYKIUH.

Omna u3 KOHCTPYKIMH My(denbHOM Tmieun, yAoOHOW B JKCIUTyaTalluw,
nokazaHa Ha puc. 17.1. Iledp mpexacraBmsieT coOoil MeTaumMueckuit xopmyc 1,

BHYTPHU KOTOPOTO MOMeIleH My]esb, COOpaHHBbIH U3
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Puc. 17.1. MydenbHas meub
YeThIpeX IMAMOTHBIX MIUT 2. B KaxI0# MIMTe UMEeTCs MO YeThIpe MPOAOIBHBIX
1asa, B KOTOPBIX TIOMEIICHBI HarpeBaTeIbHbIE CIIUPATH 3.
Ha momy meun ycraHoBiieHa OTHEIbHAs KepamMudecKkas IUIMTKa 4, Ha KOTOPYIO
MOMEIIAI0T HarpeBaeMble 00pasibl. [Ipr HEOOXOAMMOCTH KEPAMUYECKYIO TUTUTKY
MOHO BBIHYTh, MOJOXXHUTh Ha BBIABUXKHOW CTOJUK 5, pACHOJIOXKUTh Ha TUIUTKE
00pa3iibl 1 BHOBB MTOMECTUTH B TeUb. [IpoCTpaHCTBO MEXK Y IIIUTAMU U KOPITYCOM
3al0JIHEHO TEIJION30JISIIMOHHBIM ~ MatepuanoMm. Choepeau pabodass kamepa
3aKpBIBACTCS KEpaMUYECKOM JBepliei 6 ¢ MeTalimiyeckoil oOmmuBkod. B 3amneit
CTEHKE ME€YU UMEETCSI OTBEPCTUE 7 JIJIsl yCTAHOBKHU TEPMOTIAPBHI.
TeMmneparypy B eUu PEryJIUPYIOT PhIUaKHBIM PEOCTATOM, U3TOTOBJICHHBIM B BUJIC
nojacTaBku 8§ x meuyu. PeoctaT BBOAST W BBIBOJAT IMEPEABMIKEHUEM PYYKH 9,
pacIooKeHHOW Ha TpaBOd OOKOBOM CTEHKE MOJACTaBKH, TNI€ CHeaHbl HAIAIMUCH
«BBenen» n «BriBeneny.

Ha 3amgneii cTeHke moacTaBKu HaxoAsTcs ABe kiemMmbl 10 11st mogkitoueHus
IIHypa W TpU ITenceabHbiX THe3na 11 ¢ OykBamu 4, b u B. Ilpu BxioueHuu
mTencenbHor BUIIKU 12 B rHe3na A u b medb nmoTpedIiseT MOTHYIH0 MOIIHOCTD, a
MIpU BKJIFOYEHUHU B THe37a b U B — pabouyro MOITHOCTb.

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

[lepen TeM Kak BKJIIOYUTH I€4Yb, PEOCTAT BBIBOISAT, T. €. PyUKy 9 cTaBsT B
KpaiiHee MpaBoe MOJIOKEHHE, a MITENCENbHYI0 BIIIKY 12 BKIIIOUAIOT B THE37a A U

b. 3arem 1nieub BKIIFOYAIOT B CETh. KOFI[EI JOCTUTHYTa MaKCMMaJIbHasd TEMIICPpaTypa,



HITETICETbHYI0 BIWIIKY 12 mepecTaBisitoT B rHe3na b u B (pabouuii pexuM medm).
Ecniu HeoOxonuMa MeHbIIas TeMIlepaTypa, IOCTENEHHO BBOAST pPeEOCTar

nepeaBKeHeM pydku 9 cripaBa HajeBo.
Memoouka npogedenus 3aKanIKu

1. Onpenenuts TeMnepaTypy 3akajKu CTalld, MOJb3YSICh JJIi 3TOr0 HUXKHEU
YacThIO JIMarpamMMbl skene30—ieMeHTUT (puc. 17.2). Jlng cpeaHeyraepoaucThix

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

HOM TeMmIepaTypor 3akajku saBiserca temrneparypa Ha 30—50° C Bblllle JTUHUU
GS (cm. puc. 17.2), 1. e. Acs + (30—50° C), Hdisg BBICOKOYTICPOIMCTHIX
3a3BTEKTOMAHBIX cTaneid (Y9 — V12) HOopManbHOW TeMmmeparypod 3aKaiku
apisgercs: Temrneparypa Ha 30—50° C Beime siuanu PSK (em. puc. 17.2), T. e. Aca
+ (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 TOJIIMHBI 00pa3lia v 3anucarh B rpady 7 mpoTokoJia.

3. OOpa3zubl MOMECTUTh B M€Yb, HArPETYIO 10 TEMIEpaTypbl 3aKaJKH IS
CTaJIM TaHHOW MapKH, ¥ BbIAEpKaTh B ey TpeOyemoe Bpems. [lpu HarpeBanuu
JI0 TeMmrepaTypbl 3akajlku o00pa3noB wu3 ctaimu 40 — 65 ucxomnas deppuro-

MEepJIUTHAS CTPYKTypa TMPEBPATUTCS B CTPYKTYpPy ayCTEHHUTa, a B o0Opaslax u3



cranu Y9—VY12 mpu TemmepaType 3aKkaikud OyIeT CTPYyKTypa ayCTeHHT H
HEMEHTHT, T. €. YaCTh IIEMEHTHTA OCTAETCS HEPACTBOPEHHOIA.

4. OO0pa3upl MOCIEA0BATEIBHO OJUH 3a IPYTMM BbIHYTh U3 II€UU U OXJIAJUTh
B BOJI€ (YacTh 00pa3loB) U B Maciie IPU HENPEPHIBHOM 3HEPTMYHOM JBHKEHUU
oOpaslia B oxyaxjaarouie *XuakocTu. llpum oxmaxneHun B BOJAE MPOUCXOIUT
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 3aKajeHHBIX 00pasioB mo HRC u momydeHHsbIH

pe3yabTar 3anucath B rpadsl 8 u 9 npoTokoa.

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

OTIIyCKA

OO6opynoBanme aast ornycka. YtoObl 00ecniednTh paBHOMEPHOCTh HArpeBa
oOpas1oB, HU3KoTeMIiepaTypHblii otnyck (200° C) Hajo NpoBOIUTH B MACIISHOMN
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 mMm OuameTpa WIM TONIMUHBI OOpasia W 3amucath B rpady 10
POTOKOJIA.

2. OOpa3upl NOMECTUTh B MACISIHYIO BaHHy, Harperyio go 200° C,
BbIJIEPKaTh B HEW HEOOXOAMMOE BpEMsI M OXJIAIUTh HA BO3IyXE.

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

3. O0a Topua 3a4MCTUTh Ha NIIU(POBAILHON Oymare.



4. Omnpenenuts TBepaocTs no HRC u momydeHHblil pe3ynbTar 3amucarh B
rpadsr 11 u 12 mpoTokona.

5. OOpas3iibl MOMECTUTH B COJISIHYIO BaHHY, HarpeTyto a0 400° C, BeiiepkaTh
B Hell HEOOXOAMMOE BpeMs U OXJIQJAWTh Ha BO3Ayxe. B pesynbrare oTmycka mpu
400° C mnpoUCXOOWUT TPEBpAIICHHE MApTEHCUTa 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. OO0paslibl MOMECTUTH B COJISIHYIO BaHHY, HarpeTyto 10 600° C, BeinepxaTh
B HeW HeoOXoAaumoe BpeMs

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

9. Ob0a Topua 3a4MCTUTh Ha NUIM(POBATBHON HIKYpPKE.

10. Omnpenenuts TBepaocTh 1m0 HRC u nomyuyeHHbld pe3ynapTaT 3amucarhb
B rpadsl 15 u 16 nporokona.

11. TlocTponuTh KpuBBIE BIUSHUS TEMIIEPATypbl OTIIyCKa Ha W3MEHEHUE
TBEPAOCTH 3aKAJICHHOW CTaJM B KOOPJIMHATax TEMIIEpaTypa OTIIyCKa —

TBepAOCTh (puc. 17.3).

T
HALC

60

0 20 { i
Temnepamypa omnycka

Puc. 17.3. KpuBble BausiHUS TEMITEpATyphl OTIIYCKA HA U3MEHEHNE TBEPIOCTU

3aKAJICHHBIX YTJICPOJAHUCTBIX cTajieii ¢ Pa3siIMIHbIM COJACPIKAHHUEM YTJICpOaa



IIpoTokoJ TepMuyecKoii 00padOTKHU yIriIepoaAUuCTOM CTaIN
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[Iponomxenue
Bpewms TBepmocTs nocie TBepaocTs nocie TBepmocts nocie
Bbiiepkku | oTmycka 200° C HRC | ormycka 400° C HRC | otriycka 600° C HRC
npu 3akanka B | 3akayika B | 3akaJika | 3akajka B |3akajika 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. 3anoJHEHHBIN NPOTOKOJ TEPMUUECKON 00paOOTKU yriaepoIUCTOM cTamu.

4, KpI/IBI)Ie BJIMSIHUA TEMIICPATYPBI OTIIYCKa Ha HW3MCHCHUC TBCPIAOCTHU

3aKaJICHHOM YIJIEPOAUCTOM CTaIu.




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. JlaTb CpaBHUTEIBHYIO OIEHKY MPOKAIMBAEMOCTH YIJIEPOJUCTBIX U

JICTUPOBAHHBIX CTalieh.

2. TEOPETUYECKUWE CBEAEHUA

OObeMHast 3akajika CTajed Ha MapTEHCUT SBISIETCA TJIaBHBIM CIIOCOOOM
VIIPOYHEHUsI OOJBIION TPYIIbl KOHCTPYKIMOHHBIX —crayiedl. [lns  jeraneid,
paboTaroIIMX B YCIOBUSIX pacTsHKEHHUs, TpeOyeTcsi, 4To0bl MApTEHCUTHAS CTPYKTYpa
ObUIa chopMHUpoBaHa MO BCEMY CEUEHHIO AeTajeil (OONThI, MIMUIBKUA, KOPITYCHBIS
neram U T.J.). Jnsg obOecnieueHHs OTHOPOMHOCTH CTPYKTYPhI OXJIQKICHUE IPU
3aKaJKe HEOOXOAMMO TMPOBOAWTH TakKUM OOpa3oM, 4YTOObI HM30€XkaTh pacrnajaa
aycTeHuTa Ha (eppuTo - KapOUIHYIO CMECh. ITOTO MOXKHO JOCTUYb, €CIIU CKOPOCTh
oxJaXneHus: V,, OyIeT mNpeBblaTh KPUTHUYECKYI0 CKOpOCTh. Kpumuueckoii
ckopocmbio 3axkanku V., Ha3bIBACTCd MHUHHMAaJIbHAs CKOPOCTb OXJIAXKIEHWH, IIPU
KOTOPOM ayCTEHUT €Il He pachagaeTcsi Ha GeppuTo - KapOUIHYIO CMECh.

O4eBUIHO, YTO JJI1 TE1 KOHEUHBIX Pa3MEpPOB CKOPOCTh OXJIKICHHUS Ha
MOBEPXHOCTHU BCer/ia 0oJbliie, 4eM B LieHTpe (pucyHOK 1). Eciu ckopocTh OXJIaKICHHS B
IEHTPE JeTamd OOJbIlle KPUTHYECKOW, TO BECh OOBEM ayCTCHHMTa TPU 3aKaJIKe
MIPEBPATUTCS B MAPTEHCUT. EClIM B IIEHTpE Tejla CKOPOCTh OXJIAKICHUS MEHBIIIE, YeM
KPUTHYECKAs, TO MAPTEHCUT 00Pa3yeTCs TOIBKO B MIOBEPXHOCTHBIX CIOSIX, TIE Vi, > Vi),
a B IICHTPE ayCTEHUT OyJIeT pacraaarhcs Ha eppuTo - KapouaHyto cMeck. [Ipu sTom
TEJI0O HE TMPOKAIUTCS HAcKBO3b. HEMOIHyI0 MpOKAIMBAEMOCTh —IIEIECO00pPa3HO

PEKOMEHJIOBAaTh Ui W3ACNUM, padOTAMX B YCIOBUAX  IMKIMYECKOTO



3HAKOMEPEMEHHOTO0 HarpyKeHus, W3rubda WIM Kpy4eHHs, KOIJa JeHCTBYIOIIHE

HaIPsZKCHIS MAKCUMAJIbHBI B TIOBCPXHOCTHBIX CJIOAX.

VOXJ'I.

entp
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Pucynok 1 — CxeMbl, IOKa3bIBAOLIME PATUUHYIO CKOPOCTb OXJIAXKICHHS 110 CEUCHUIO U
CBSI3aHHYIO C 3TUM HECKBO3HYIO POKAIMBAEMOCTB: @) 3II0pa pacipeesIeHus
CKOPOCTEN OXJIAXJACHUS 110 CEYEHUIO LIUJIMHpPA MPHU 3aKajKe; 0) [uarpamMmma
U30TEPMHUYECKOT0 MPEBPALLEHUS ayCTEHUTA U CKOPOCTEN OXJIaXKICHHSI U

3aKaJIKC OUJIMHApPA

[IpokamMBaeMOCTh SIBISICTCS OIHUM W3 BAKHEMIIMX TEXHOJIOTMYECKUX CBOMCTB
CTaJiei ¥  KOJMYECTBEHHO XapaKTepu3yeTcs TJIYOMHOW MPOHUKHOBEHHMS
3aKaJIeHHOMW 30HBI. [IpoKaMBaEMOCTb 3aBUCHUT KaK OT BHYTPEHHUX (XMUMHYECKHI COCTaB,
pa3Mep ayCTEHHUTHOTO 3€pHa W T.J.), TAK U OT BHEMHHUX (DAKTOPOB (MHTEHCHUBHOCTD
OXJIUKACHUS), a TaKkKe OT TeOMETPUYECKMX pa3sMEpOB M Macchl Tena (OTHOLIEHUE
TIOBEPXHOCTH TeJia K ero o0bemy). [IJist onrcaHust mpoKaIMBaeMOCTH KaK CBOKMCTBA CTaJIH,
OIPEIENIEHUE 3TOM XAPAKTEPUCTUKK MPOBOAAT B CTAHIAPTHBIX YCIIOBHUSIX, UCKITFOYAIOIIAX
BIIMSIHHIC BHEITHUX (DAKTOPOB M Pa3MEPOB 3aKaIMBAEMOTO TeJia.

Jns mpakTUYEeCKOM OLIEHKW MNPOKAJIMBAEMOCTH HCHOJB3YIOT KPUTEPUH,
Ha3bIBaeMbll  kpumuueckum  ouamempom D,,, — npeacraBisoomuil  coboi

MAaKCUMAJIbHBIN JUAMETP LUINHIPA, KOTOPBIM MPOKAIUBAETCA HACKBO3b B JAHHOM



oxJjlaautene (Boaa, Macio, BO3AyX U T.1.). OUeBUAHO, YTO JUISl Pa3IUUYHBIX
oxyagurenen D,, OyneTr pa3HbIM.

JUIst  DKCIIEPUMEHTANIBHOTO OMNPEACTICHHUs] MPOKAIUBAEMOCTH HCIOIB3YIOT
Meron topuoBoit 3akanku (I'OCT 5657-69). [Ins npoBeneHus TOPLOBOW MPOOBI,
NpEeABApUTENIbHO HOPMAJIM30BaHHbIE. CTaHJIApTHbIE OOpaslbl (PUCYHOK 2) B
teyeHue (30...50) MUH porpeBaroT B MeUr JO TEMIIEPATypPbl, PEKOMEHIYEMOU s
HarpeBa JAaHHOW CTaldu IMOJ 3aKaiKy. EciM Ui HCnbITyeMOW CTanM yKas3aH
WHTEpBaJ TEMIIepaTyp HarpeBa mOJ 3aKajlKy, TO 0Opasel] MpOrpeBaroT [0
TEMIIepaTypbl, COOTBETCTBYIOIIEH BEPXHEMY 3HAYEHHUIO ATOro WHTepBana. 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 IE€YU OBICTPO MEPEHOCSAT B
CHEIUATIbHYI0 YCTAaHOBKY, B KOTOPOM €ro OXJaxAalT CTPyel BOJABI O]

OTIPEJICTICHHBIM HAIIOPOM TOJIBKO € TOpIIa (PUCYHOK 2).
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Pucynox 2 YcranoBka (a) u obpaserr (0) 115t TOPIIOBO# 3aKayku: 1 -
ypaBHUTEIbHAS TPYOKa /TSl CO3/IaHUS IIOCTOSTHHOTO Haropa; 2 — HaIlOPHBINA 0avoK;

3 - mrtatuB; 4 — oOpazelr; 5 — coro;



6 — cmuBHas KOpOOKa.

[locne mnosHOro oxjaxiaeHus oOpa3na MO €ro JABYM JAUaMETPaIbHO
POTHBOIIOJIOKHBIM 00pa3yIoUM CONUIM(OBBIBAIOT IUIOMAAKU Ha Tiayouny 0,5
MM. [lo anmuue aTux nnomanok yepes 1,5 — 3,0 MM uzmepsitotr metooM Poksera
TBepAOCTh MO MmiKase C W CTPOST KPUBYIO MPOKATMBAEMOCTH B KOOpPJMHATAX
tBepaocth HRC - paccrosiaue ot Topra |. Uem MeHbIle mpokaaTnBaeMOCTh CTalH,
TeM ObICTpee MmajaeT TBEPJOCTh MPHU yAaleHUuu oT Topua. s pasHbIX MIaBOK
OJIHOM MapKu CTajli MOJIy4aeTcsi HaOOp KpPUBBIX MPOKAIMBAEMOCTH, TaK Kak
XUMHYECKUH COCTAB CTajH, a, CJIEJOBATEIbHO, U TPOKAINBAEMOCTh MEHSIOTCS B
HEKOTOpPBIX npenenax. 11o3ToMy cranb onpeneneHHONW MapKu XapakTepusyercs
Mapo4HOU nosnocoti npoxanusaemocmu (pucyHok 3). Mnnekcamu (1iudppoBBIMU
noKazaTeasiMHi) NPOKAJINBAEMOCTH MAPKU MOTYT CIYKHTh MakCHUMajbHas WU
MHUHUMAaJbHasg TBEPAOCTh HA OINPEACICHHOM PAaCCTOSHHUM OT OXJIAXIaeMOIro

HRC, . (HRC ;.)
I

topua (I1 ), HJIM MaKCHMaJIbHOEC U MUHUMAJIbHOE PACCTOSIHUE OT

HRC

60
I min : I max ). Hanpimep, HE )

TOplla 10 TOYeK ¢ 3amaHHou TBepaocThio (I1

tBepaoctb 60 HRC Ha paccrosauu 10 MM oT Top1a; H% — tBepaoctsh 48 HRC

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

NPOKATMBAEMOCTH).



HRC HRC

I, MM I, MM
a) 0)

Pucynok 3 KpuBas mpokanmBaeMOCTH, IIOCTPOSHHAS 110 TaHHBIM TOPIIOBOM MPOOKI
(a) 1 mosioca mpokauBaemMoctu s Tor xe ctanu (6). HRC,y; — TBepoCTh

MOJTyMapTEHCUTHOU 30HBI.

[Ipy oLeHKE NPOKAIMBAEMOCTH, 3aKaJCHHBIMH CUUTAIOT CIIOH, B KOTOPBIX
cogepxkurcss He MeHee S0 % MapTeHCHMTa W OCTAIBHOE  TPOOCTHUT
(momymaprencutHas 3oHa (IIM3)) unu cioit co ctpykrypoit 95 % mapteHcuTa.
Ecnu umerotcst nannsie 1o tTBepaoctu 50 (95)-nponeHTHOro MapTeHCUTHOTO CIIOS
JUISL  WCCIIEyEMOM CTalld, TO, HMEs KpPHUBYI MPOKAIMBAEMOCTH, MOXHO
OIPEJICIIUTh PACCTOSHUE OT TOPIIA IO COOTBETCTBYIOINIEH 30HbBI h (pucyHoK 3, a).

JlerupoBaHue JIOOBIMH 3JIEMEHTAMH, KpPOME KOOallbTa, YBEJIWYUBAET

IMPOKAJINBACMOCTDb CTAJIH.

3. OBBEKTHI UCCIIEJOBAHNMA, ObOPYIOBAHUE

OObexThl uccnegoBanusi — 0opasisl craneit 40 u 40X B HOpMaIM30BaHHOM
cocrostHuM. HarpeB crajneil moj 3akajKy OCYIIECTBIISIIOT B KaMEpHBIX IEYax.
TopuoByio 3akajKy NpoBECTH Ha CHEUUANIbHON ycTaHOBKe. VI3MepeHus TBepAaoCcTH

npoBoaAT Ha pubopax tuna TK no mkane C.

4. SAIAHUE HA PABOTY

1. IIpoBecTu TOPLOBYIO 3aKaJIKy Ha UCCIEAYyEeMbIX 00pa3lax;



2. Ha nByx conumdoBaHHBIX TJIOMAIKAX U3MEPUTH TBEPIOCTh 00pa3IoB Ha
3aJIaHHBIX PACCTOSIHUSAX OT TopIia (Tabauia);

3. TlocTpouTh KpHBBIE MPOKATMBACMOCTH, NMpHHUMas 3a TBepaocTh HRC
CpeIHee 3HAYCHHE JJI IBYX PE3yJIbTaTOB U3MEPEHUN Ha OJMHAKOBOM PACCTOSHUHU

OT TOopIa.

5. IOPAAOK BBIITOJIHEHW A PABOTBI

1. TlpenBapuTenbHO HOPMAIM30BaHHBIE CTAHAAPTHBIE  OOpa3Ubl U3
YIJIEPOIUCTON W JIETUPOBAHHOW CTajed IOMECTUTh B NE€Yb Uil HarpeBa Moj
3akasiky. TemrepaTypy HarpeBa BbIOpaTh B COOTBETCTBHM C MapOYHBIM COCTaBOM
CTaJeH MO0 CIPABOYHUKY. BpeMs BBIAEPKKY NPHU JAHHOM TEMIIEPAType COCTABISAET
25 MUH.

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

3. Ha umudoBanHbIX Mmiomaakax oOpa3uoB u3meputb TBepaoctb HRC Ha
pPacCTOSHUSAX OT TOpLA, PEKOMEHAYeMBIX cTaHaapToM (Tabmuima). [lomydeHHble
pe3yNbTaThl 3aMKcaTh B TAOIUILY.

4. Ilo pesympraraM M3MEpPEHUs TBEPJOCTH IOCTPOUTH  KpHUBBIE
npokanuBaeMoctd. HMmes nmanneie 1o TBepaoctd 50 (95)-mpoieHTHOro
MAapTEHCUTHOTO CJIOS ONPEAEIUTH MOJIOKEHNE MOITYMAPTEHCUTHOM 30HBI M 30HBI

95 % mapTteHcura.

6. COAEP’)KAHUE OTYUETA

1. Ilenb paboThI;

2. Kparkue TeopeTudyeckue CBEJICHUS;

3. [Topsiiok BBITIOTHEHUS paOOTHI;

4. Pe3ynbpTaThl U3MEPEHNN;

5. KpuBbie TpOKAIIMBAEMOCTH ISl KCCIIEAYEMBIX CTAJIEH;

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 craneil? Kakasg pasHuna Mexay
IIPOKAJIMBAEMOCTBIO U 3aKAIIMBAEMOCTBIO CTaJIEH?

2. Kakue CymecTBYIOT KOJMYECTBEHHBIE KPUTEPUH IPOKATUBAEMOCTU
KOHCTPYKIIMOHHBIX CTaJIeh?

3. Uro moapasymeBaeTcs MoJ1 3aKaJIEHHBIM CJI0eM?

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

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

MIPOKAJIMBAEMOCTH ?

JlabGoparopHasi pabora Ne 7

MnKpoaHanm CILIAaBOB HA OCHOBE M¢eIMN

eab padoThl

[learr paboTel — HAy4YUTh YYAIIUXCS CaMOCTOATEIHLHO MPOBOJIUTH
MUKpPOAHAIN3 MEJIU, JaTyHEeH U OpOH3.

B mpomecce BeImosHeHHMss ~pabOThI  ydamuecs  JOJDKHBI — HM3YYUTh

MUKPOCTPYKTYPBI MEJIH, JIATYHEH U OPOH3 B CBSI3H C JUArPaMMaMH COCTOSHUS.




IIpubopsbl, MaTepuaabl H HHCTPYMEHT

Jis  mpoBeneHust paboOTbl HEOOXOAMMO HMMETh: MeTauiorpadudyecKuit
MHUKPOCKOIT; KOJJIEKLIMIO MHUKpPOUUIM(OB Menu, JaTyHed M OpoH3; LMPKYIb U
JIMHEUKY.

MuKpoOCTPYKTYpa Meau

MuxkpocTpykrypa n1ehopMHUpOBaHHON U OTOXKKEHHOW MeIU JaHa Ha puc. 1.
CtpyKTypa — 3€pHHCTAsl, C HATMYHEM JIBOMHHUKOB.

Kucnopon ¢ wmenpto obOpazyer coeaunenne Cup0 (3akuce Mmeaum). Ilo
JMarpaMMe COCTOSIHMM CHUCTEMbl MeIb—Kuciaopoa (puc. 2), Mpu COAEp:KaHUU
kuciopozna 0,39% (3,4% Cu,0) obpasyercs sBrekTuka Cu—Cu,0.

B Meau, HEIOCTaTOYHO PACKUCICHHOW IIPU BBIUIABKE, COXPAHSIOTCA
BKJIIOYEHHs 3akucu Meau. Ha puc. 3 1maHa MUEKPOCTpYKTypa JIMTOW MeEIu
(HeTpaBieHbll 1UIM(), COOTBETCTBYIOIIASl MO AMArpaMMe COCTOSIHUM CHCTEMBbI

MCAb—KHUCI0OPOA 9BTCKTHUYCCKOMY CILIABY.

8

Puc. 1. MukpoctpykTypa aepOpMUPOBAHHON U OTOAOKCHHOW MEJH;

TpaBJICHHE COJISTHOKHMCIIBIM —pPacTBOpOM XJopHOro skeie3a (x200)

c
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Puc. 2. [Inarpamma cCOCTOSIHUS MEIb—KHUCIOPO/I



Puc.3. Mukpoctpykrypa Mmenu, coxepxameid 0,39%
KHCIIOPOJia — IBTEKTHUKA

Cu—Cu0 (X250); nuud HerpaBieH

T
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Puc. 4. JluarpamMma COCTOSIHUSI ME€Ib —IIMHK

MuKpocTpyKTYpa JIaTyHeH
Jlnarpamma COCTOSTHUM CUCTEMBI MeAb—IIMHK J1aHa Ha puc. 4. [IpakTudeckoe
MPUMEHEHUE HaXOAAT OAHO(a3HBIC JIATYHHU C cojepkaHueM HuHka a0 39% (o-
JaTyHU) U AByX(a3Hble JIATYHU C cojepkaHueM IHKa oT 39 no 45% (o + B-

JaTyHH).



Puc. 5. Mukpoctpykrypa a-naryHu: a — naurtasi(X250); 6 —
nedopmupoBaHHas U oToxokeHHas (X100); TpaBiieHUE CONSTHOKUCIBIM

pPacTBOPOM XJIOPHOTO JKeJe3a

Puc. 6. Mukpoctpykrypa nutoii o + B-narynu ¢ 40% uunka (tuma J162)

(x150); TpaBieHrEe CONTHOKUCIBIM PACTBOPOM XJIOPHOTO JKeJe3a

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

MUuUKpoCTpyKTypa JUTOW 0-I1aTyHu (pHUC.5, a) UMEET ACHAPUTHOE CTPOCHHUE.
CBetrble Y4acTKH — JCHAPUTHI, OOraThie MEAbI0, 3aTBEpPJCBIINE TMEPBHIMU M3
KUIKOTO COCTOSIHUSI; TEMHBIE YYaCTKM — MEXJICHJIPUTHbIE TPOCTPAHCTBA,
00oTaleHHBIE ITTHKOM.

MuxkpocTpykTypa nehopMHpOBAaHHOW W OTOXOKEHHOW a-jatyHu (puc.5, 6)
MMEET 36pPHUCTOE CTPOEHUE U XapaKTEPHBIE IMOJIOCKHU JIBOMHHUKOB.

BcenencrBue pa3nuuHoit OpUeHTUPOBKH 3€peH (AHU30TPOIIUN) OHU TPABATCS C
Pa3HON MHTEHCUBHOCTBIO, IOATOMY MOJIYYaIOT PA3IMYHYIO0 OKPACKY.

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

JaTyHbIO U IBYX(da3HoM o + B-naryHbto sBisercs 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 CJIO0KHBIX (MHOTOKOMIIOHEHTHBIX) JaTryHeil. Muk-

POCTPYKTYpPBbI HEKOTOPBIX CJIOKHBIX JJATYHEN MIPUBEACHBI HA pUC. 7.

i

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-(pa3ze — BKIIOUYCHUS Kelle3a; 6 — CBUHIIOBUCTAS JTUTAs
natynb JIC74-3, X250. 1o rpanuiiam 3epeH a-TBEPIOrO pacTBOPA BUIHBI TEMHbBIE
BKJTFOUCHHS CBUHIIA; 2 — JINTas aTIOMUHUECBO-HUKENEeBas naryHb tuna JIAHS9-3-
2, X250. Temuble kpucTayisl — [-hasza, Ha POHE KOTOPHIX BUIAHBI CBETIIBIC
BbIIETICHUS 0-(ha3bl, 00pas3yroluecs Ipyu pacmaje f-KpUcTalljioB; TPaBJICHUE

COJIIHOKHCJIBIM PACTBOPOM XJIOPHOTI'O KCJIC3a

MukpocTpykTypa 6poH3

MuKpoCTpyKTypa OJOBSHHOW OpoH3bl. YacTh AuarpamMmbl COCTOSIHUS

cuctembl Cu—Sn pgana Ha puc..8. Crmomnas yuaus Abdg xapakrepusyer

COCTOsIHUC, IIOJIydaromeecsa IMpH OYCHb MCIAJICHHOM OXJIAKACHUU WM OTXKUIT



nocjie OTJIMBKH; TaKHE YCIOBUS NpU OOBIYHON OTJIIMBKE HE JIOCTHTAIOTCA.
[Mynktupras muaust Ab'h xapakTepusyeT COCTOSIHHME, KOTOpOe MOJydaercs B
OOBIYHBIX YCJIOBUSX OTIMBKH. IlITpux-myHKTUpHas nuHHS (Q XapakTepusyer
COCTOSIHUE, TTOJTyHaloIlleecsl IPU OUYCHb JJIUTEILHOM (THICSYU YACOB) OTXKUTE.

[Tpu comepskanuu 10 6—7% Sn (J1eBee Touku h Ha pucC..8) MUKPOCTPYKTYypa
JUTOM OpPOH3BI COCTOUT W3 HEOJHOPOJHOTO TBEPJOTO O-PacTBOpPA; CTPOCHHUE
neHaputHoe (puc. 9, a). Ha MUKpOCTpyKType TeMHbIE 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. UYacTe auarpamMmbl COCTOSHHUSI MEAb—OJIOBO



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

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

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

TPaBJICHUC COJLITHOKHUCIIBIM PaCTBOPOM XJIOPHOTO KCJIC3a

Puc. 11. Bxmrouenust SNO; B TUTON  OJIOBSIHHOW 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 Boge ¢ 800° C duxcupyercs

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

300—350° C mpoucxoauT BeIACICHHE Y-(Da3bl.



o

1083

1000
Gl
900 866 o =

800 ——

700 T 1

600

3
|
) ] ] (D T ] ] i |

f
|
gl { !
7] 8 10 Be 7

S

o

Puc. 18. Yacte nuarpamMmbl COCTOSIHUS MeEIb—OEpUILIAN

s

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

crapenust (X250); TpaBieHHE COISTHOKUCIBIM PacTBOPOM XJIOPHOTO Kelle3a

Ha puc. 19 pana wukpoctpykTypa OepuiueBoid Oponsel bp.b2 ¢
cogepkanueM 2% Oepuiuins, mocie 3akaikd U crapeHus. Ha ¢one 3epen
TBEPJIOTO O-pAaCTBOPA BUIHBI MEIIKHE CBETIIbIC BKIOUeHUs Y-pa3sl (CuBe).

MeTtoauka npoBeaeHs MUKPOAHAIU3A

1. TIlpocmotpers u wu3yuuth npu yBeauueHusx oT 200 go 500 pas
MUKPOCTPYKTYPBI ME/IH, JaTyHEH 1 OpOH3.

2.  MukKpoCTpyKTypbl 3apHcoBaTh B Kpyrax auamerpoM ~60 mm wiu 6
KBajJpaTax pazmepom ~60x60 ym.

3. Ilom xaxaod 3apuCOBAHHOW MUKPOCTPYKTYPOM [JaTh NOAMHUCH C
yKa3aHUEM HaMMEHOBAHUS MeETajula W CIUIaBa, MapKH, XUMHYECKOIO COCTaBa,

00pabOTKH, HANMEHOBAHUS BKIOYEHHUH U CTPYKTYPBI, YBEIUUYCHUSI.



4. Ha xkaxaoill 3apuCOBAaHHONM MHMKPOCTPYKTYpE YyKa3aThb CTPEIKAMHU
pa3nuuHbie a3bl U CTPYKTYpHBIE COCTaBISIOUIME M OKOJIO CTPENIOK, Ha MOJIAX,
HaIucaTh UX HauMEHOBaHUE.

5. M3oOpa3uth auarpaMMbl COCTOSIHUM (MJIM MX YacTH) CIJIABOB MEIb—
KHUCIIOPOJl, MEAb—IIMHK, MeIb—OJIOBO, MeIb—CBHUHEI, MeIb— OepuILIniA,
MIPOBECTH HA HUX BEPTUKAJIbHBIC JMHUHU, COOTBETCTBYIOIIHE PACCMATPUBAEMBIM
CIUIaBaM M J1aTh ONMCAaHUE NPOLECCOB, TPOUCXOIAIINX IPH OXJIAXKICHUU.

CocraBiieHue oT4yera

OTt4eT 0 IpoBeIEHHON padOTe NOIKEH COAECPKATh CIEAYIOLIEE:

1. 3amanue.

2. lens paboThL.

3. PUCyHKM BKIIOYEHMH M MHKPOCTPYKTYP C COOTBETCTBYIOIIMMU

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

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

4. JluarpamMMbl COCTOSIHUM (MJIM WX YacTH) CIUJIAaBOB MEIb—KUCIOPO,
MeJIb—IIMHK, MEIb—OJI0BO, MEJIb—CBHUHEI], MEIb—OCpPUUIMI C yKa3aHUEM Ha
HUX pPAacCMaTpUBAEMBbIX CIUIABOB M ONHCAHUEM MPOUCXOASAIIMX TPOIECCOB

MIPEBPALIECHUN NIPU OXJIAXKICHUU.



JlabopaTopnass paGora Ne 8

MnKpoaHa.ﬂm CIINIAaBOB HA OCHOB€ AJIIOMHUHUSA

Heab padoThI

[leaxr paboOTBl — HAy4YuTh YYalIUXCS CaMOCTOATENHbHO IPOBOJIUTH
MUKPOAHATIN3 ATIOMUHHEBBIX 1 MarHUEBBIX CILIABOB.

B mpouecce BbimosHeHHs — pabOThl  ydamiudecs — JOJDKHBI — WU3YYUTh
MUKPOCTPYKTYPHl QTIOMUHHEBBIX ¥ MarHUEBBIX CIUIABOB B CBSA3HM C JUarpaMMaMu
COCTOSIHHSI.

IIpubopbl, MaTepuaabl U HHCTPYMEHT

Jns  npoBeneHus pabOTbl HEOOXOAMMO HMETh: MeTaJiorpaduyecKuil
MUKPOCKOIT; KOJUICKIIMI0 MHUKPOLUUIU(OB aTIOMHUHUEBBIX M MarHUEBBIX CIIJIABOB;
UPKYJIb U JTUHEHKY.

MukpocTpyKTYypa aJlOMUHHEBBIX CILUIABOB

MukpocTpykrypa cuiiymMuHa. CUTyMHUHAMU Ha3bIBAIOT CIUJIABbI AJTFOMUHUS
¢ KpeMHueM ¢ coaepkanneM 6—13% Si. Ilpu conepxanuu 11,6% Si oO6pasyercs
IBTEKTHKA W3 KPUCTAJUIOB TBEPAOTO pacTBOpa KpPEeMHHsI B alOMUHUU (a) U
kpuctauioB kpemuus (Si) — a + Si (puc..1). CUIyMuH ¢ coaepKaHUEeM KPEMHHS,
ONMM3KUM K IBTEKTHUeCKOMY cocTaBy (cmiaB AJI2 ¢ 10—13% Si), B ocHOBHOM
COCTOMT U3 3BTEKTUKHU U HEOOJBIIOTO KOJINYECTBA NU30BITOUHBIX KPUCTAIIOB a WU
Si.

Ha puc..2, a nana mukpoctpykrypa cuiymuHa ¢ 12% Si (3a3BTekTHUYSCKUI
criaB). CTpyKTypa COCTOMT M3 KPUCTAUIOB KpeMHHS (Oebie) U 9BTEKTHKH a + Si
rpy0OTO CTpOCHHS, B KOTOPOW KPEMHHH HAXOAWTCS B BHUIEC KPYMHBIX WL

CUIIyMUH C TaKOW CTPYKTYpOil 00J1aJaeT HU3KUMHU MEXaHUYECKIMH CBOMCTBAMHU.
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Puc. 2. Mukpoctpykrypa antomuHueBoro criasa AJI2 (x200); TpaBieHue
pacTBOPOM (PTOPUCTOBOIOPOAHON KHUCIOTHI B BOJE: d — JINTHE
HEeMO U (pUITMpPOBaHHOE; O — JTUTHhE MOIUDUITUPOBAHHOE

Ecnmu B kuumkuil crjaB mepen €ro KpucTauiM3alued BBECTH HEOOJbIIOe
komuuectBo (0,01—0,1%) HaTpusi, 3TO NPUBOIUT K H3MENBUYCHHIO BKIIFOUECHUU
KPEMHUS U 3HAYUTEIBbHOMY YIYUIICHUIO MEXAHU-YECKUX CBOMCTB CHITyMUHA. DTOT
MPOIIECC KMCKYCCTBEHHOTO PETYJIHPOBAHUS pPa3MepoB U (HOPMBI HA3BIBACTCS
MOAU(PUIIPOBAHUEM.

XapakTepHBIM SBJISETCS TO, YTO MPU MOIUDUIIMPOBAHUN CHIIyMUHA HATPUEM
CHIDKAeTCsl TeMIleparypa KpUCTAUIM3AIMM KPEMHHUST M OBTEKTHUKH, TOYKa
OBTCKTUKH CJIBUTACTCS BIOPaBO U  3ad9BTEKTUYECKUW CIUIAB  CTAaHOBUTCS
JIOABTEKTHUYECKUM (puc..3).

Ha pwuc..2, 6 maHa MukpocTpykTypa cuiaymmHa ¢ 12% Si mocie ero
MoauduiupoBanuss HatpueM. CTpyKTypa 3TOTO CIUiaBa 10 MOAUGMHUIIMPOBAHUS

Obl1a 329BTEKTHYECKOM, a TTOCIIe MOAU(DUITUPOBAHUS CTaTA TOIBTEKTUUECKOM.



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

MUKpOCTpYKTYypa QJIIOMUHUEBOMEIHBIX CIUIaBOB. YacTh auarpamMmbl
COCTOSIHMM  CIUIABOB ~ AIIOMUHUW—MEAb 10 KOHIIEHTPAllMK, OTBEYAIOIICH
xumuueckoMy coeaunenuio CUAl,, nana Ha puc. 4. MHadye ee MOKHO Ha3BaTh
nuarpammoit coctosiauii cucrembl Al—CUAl,.

t

Al

716 Si %
Puc. 3. lnarpamma cOCTOSTHUS CIUTABOB AIIOMUHUNH—KPEMHUH (ITyHKTHPOM

MOKa3aHO CMEIICHHUE TUHUH 1MOCie BBeICHUS MOU(PUKATOpa — HATPUS)
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Puc..4. Hacte aumarpaMmbl COCTOSIHUS AIFOMHUHUA—MENb
AIOMUHHUEBOMENHBIN cIiaB, Hampumep ¢ 4% Cu, uMmeeT cieayrlue
MUKPOCTPYKTYPBI:
a) MoCJe OT)KUTa — 3€pHa TBEpAOro o-pactBopa meau B amomuuuu (0,1%

Cu) 1 TOYeUHbIC BKIFOUEHHUS XuMudeckoro coenunerust CUAl, (puc. 5, a);
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Puc. 5. MukpocTpyKkTypa antoMUHUEBOTO ciuiaBa ¢ 4% wmenu:
a — nocine orxura npu 360° C; 6 — nociie 3akanku B Boge ot 530° C; 6 — nocne
3aKaJIKM B BOJIE M UCKYCCTBEHHOTO0 ctapeHus rnpu 250° C; TpaBieHHE pacCTBOPOM

(TOPUCTOBOAOPOTHOM KHCIOTHI B BOJE
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Puc. .6. Muxkpoctpykrypa naypamomuna [[1 (X200); TpaBieHue pacTBOpom
(pTOPUCTOBOAOPOIHOM KHUCIOTHI B BOJIE: @ — MOCE OTXKHUIra; 0 — mocie
3aKaJIkKu B Bojae OT Temmeparypy 3540°C

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

[Mpu Harpese BkimtodeHus CuAl, pacTBOpPHUINCH B QIIOMUHUHU, M OBICTPHIM
OXJIaXKJIEHHEM OblIT 3a)MKCUPOBAH NEPECHILIEHHBIN TBEP/IBII 0.-pPacTBOD;

B) IOCJE 3aKaJKU U UCKYCCTBEHHOro crtapeHusi npu 250° C — TtBepablii o-
pacTBOp Me€IM B ANOMHUHUM M TOYEYHBIE MEJIKOJUCIIEPCHBIE BKIIOUYEHUS
xumudeckoro coeauHerus CUAlz (puc. 5, 6); 3TH BKIIOYCHHS BBIACIWINCH U3
TBEPJOTrO 0.-pacTBOPA B MPOLECCE UCKYCCTBEHHOIO CTAPEHUS.

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

MukpocTpykTypa aypanomuHa nocie omkura mnpu 360° C (puc.6, a) cocTout

U3 TBEPJOr0 a-pacTBOpa U BKIIOUEHUN Pa3IMYHbIX MEPEUUCICHHBIX BbIIE (a3.



MukpocTpyKTypa IaypafoMuHa mociie 3akanku B Boae 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 COSTUHEHUM ).

o mar g 2%
Nlecupyroumul 34EMEHM

Puc. 7. HauanpHble 00acTu JuarpaMM COCTOSIHUSL MarHus ¢ pas-
JUYHBIMA 3JICMEHTAMHU
MHuKpOCTPYKTYpa MarHMeBbIX CILIABOB

MaraueBble CIUIaBBl COJEPKAT KpOME MarHus TaKXKe aTIOMUHUN, MUHK U
Mapranen. Ha pwuc. 7 nmanel HavajgbHble OOJIACTH JUarpaMM COCTOSHUM C
ATIOMUHUEM, ITUMHKOM, MapraHieM. Kak BHIHO, BCE ATH 3JIEMEHTHI 00JIaIafoT
OTPaHUYCHHOW ITOATOMY IPU OMPEACICHHOM XHMHYECKOM COCTaBE MarHUCBBIC
CIJIaBBI CITOCOOHBI MOJBEPraThCs TEPMHUECKON 00pabOTKe (3aKaJIKe U CTAPEHHUIO).

Ha puc.8, ¢ maHa MHKpPOCTPYKTypa JUTEHHOTO MarHWEBOTO CIUIaBa MapKu
MJI5 (7,59,0% Al; 0,2—0,8% Zn; 0,15—0,5% Mn; ocraibHOe — MarHmii)
MOCJIC JIUTHSI.

CTpyKTypa COCTOHMT W3 a-TBEPJOrO pacTBOpa CIOKHOTO cocTaBa (CBETIIOE

noJie) u BKimouenuii Mg,Als.

B Wow e
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Puc..8. MukpocTpykTypa JUTEHHOro MaruueBoro cruiapa MJIS:



a — TocJIe JUThs; 0 — mocie oTKura 1 3akaiku (X250); TpaBieHHe pacTBOPOM

IIaBEJICBO KUCJIOTHI B BOJIE

Puc. 9. Cxema 3apucoOBKM MUKPOCTPYKTYPBI ATFOMUHHUEBOTO criaBa AJI2,
MOJU(ULIMPOBAHHOTO HATPUEM — JIEHJPUTHI TBEPJOTO PacTBOpa KPEMHHUS B
AIFOMUHUHY (2) U 3BTEKTHKA a + Si. TpaBneHune pactBOpoM (HTOPUCTOBOIOPOTHON
KHUCIIOTHI B BOJ1e(x200)

Crpyktypa atoro cruiasa (MJIS) nocne nuddysmonnoro orxkura mpu 360° C
u 3akanku ot 410—415° C ¢ oxnaxaeHueM Ha BO3JyXe MpUBEAEHA Ha puc. 8, 0.
BHyTpy ¥ 1o rpaHMIAaM 3€peH O-TBEPAOrO0 pPACTBOpPA BHJHBI BKIKOYEHUS
MapraHIoBUCTOM (ha3bl M OCTATKH HepacTBopuBIIerocs coeauHeHus MgsAls.

MeToauka npoBeaeHs MUKPOAHAIU3A

1. IlpocMoTperb M  HW3Yy4UTh  MHKPOCTPYKTYpPbHl AIOMUHHUEBBIX WU
MarHueBbIX CILJIABOB.

2. MuKpoCTpyKTyphl 3apucoBaTh B Kpyrax auametrpom ~60 mm wumd B
KBagpaTtax pazmepom ~60X60 rm.

3. ITon xkaxaou 3apuUCOBAaHHOM MHUKPOCTPYKTYPOW JaTh IIOJANUCH C
yKa3aHWEM HaUMEHOBaHUS CIUIaBa, MapKH, XMMHUYECKOrO0 COCTaBa, 0OpabOTKH,
HAaMMEHOBAHUS CTPYKTYPHbI, YBEITUUCHUSI.

4. Ha xkaxaoW 3apuCOBaHHOW MUKPOCTPYKTYpPE YKa3aTh CTPEIKaMU
paznuuHble (a3bl U CTPYKTYpHBIE COCTaBJISIOUIME M OKOJIO CTPEJIOK, Ha MOJIfX,

HaImmMcaTh UX HAUMCHOBAHUC.



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

Cocrasienune or4yera

OTt4et o poBeIeHHOM padOTe NOKEH COAEePKaTh CIeAyIolIee:

1. 3ananue.

2. llenb paboTHI.

3. PUCYHKM MHUKPOCTPYKTYp C  COOTBETCTBYIOIIUMHU  IOSACHECHUSMH
(mpuMep cXeMbl 3apUCOBKH MUKPOCTPYKTYpPbl TMOKa3aH Ha puc. 9).

4. JlnarpamMmbl COCTOSTHUM (MJIM UX YacTH) CIUIABOB aIFOMUHUN— KPEMHUH U
ATIOMUHUN—MEB C YKAa3aHUEM Ha HUX PACCMATPUBAEMBIX CILUIABOB U OMUCAHUEM

MMPOUCXOIAIINX IIPOLICCCOB HpeBpaHleHI/Iﬁ IIpHU OXJIAKACHUMU.
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