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JlaGopaTopHasi pabora Nel
HN3mepenne TBepaocTu

Llenwv pabomor:

1. TTo3HaKOMUTBCS C METOJIaMH HW3MEPEHUS TBEPAOCTH METATUYECKHUX
MaTepHaJIoB.

2. llpuoOpecT HaBBIKM HW3MEpPEHUsS TBEPAOCTH MeTogaMu Poxseria
(mpu6op TK-2) u bpunemns (mpudop TIL-2).

3. OcBOUTh METOAWKY TEpEeBOJAA E€OUWHMI] TBEPJOCTHU B €IUHUILIBI
XapaKTePUCTUK MEXAHUYECKUX CBOWMCTB, IMOJYyYaeMbIX TMPU HCHBITAHUSAX Ha

PaCTAXKCHUC.

Kpamkue meopemuueckue C8eOCHU:

1. I/ISMepeHI/Ie TBCPAOCTH MCTAJNIMYCCKUX MATCPHUAJIOB

PacnpoctpaneHHOCTD WCTIBITAHUI Ha TBEPAOCTh OO0BsICHAETCS
OTHOCUTEIIBHOM MTPOCTOTOM M HU3KOM CTOMMOCTBIO UX MPOBEJICHUS, BO3MOKHOCTBIO
UCIIBITAHUN MaTepUalIOB PA3MYHON IJIACTUYHOCTH M TPOYHOCTH, HEOOJIBIITUM
00BeMOM 00pa3IoB, BO3MOKHOCTBIO TIPOBEJICHUSI H3MEPEHUI HEMOCPEACTBEHHO HA
netanax. [Ipy ucnbpITaHUAX Ha TBEPAOCTH MOTYT OBITH TMOJIYYEHBI OIICHKH WHBIX
MEXaHUYECKUX CBOMCTB, TaKUX KaK TMpeAesl TEeKydeCTd, Mpeaea MNPOYHOCTH U
TpyTHE.

Haubonbiiee mnpakTUueckoe 3HAYEHHE MMEIOT CTAaTUYECKHUE HCIIBITAHUS
TBEpPJIOCTH BJABJIMBAHHEM B HUCIBITYEMOE TEJIO APYroro, Ooyiee TBEPAOro Tena -
uHJeHTOpa [oT anr. indentor, ot nat. Iin - B, BHYTpb 1 dens ( dentis) - 3y6] (MeTo s
bpunenns, Pokpemna, Bukkepca, METOJl MUKPOTBEPAOETH). 3HAUUTEIHLHO PEKE
UCIOJIB3YIOTCS TMHAMUYECKUE UCTIBITAHUSI TBEPAOCTHU 10 OTCKOKY HIaprKa (METOIbI
[Hopa, Tlonpan) u emie pexke UCHOIB3YETCSl M3MEPEHUE TBEPAOCTH IapanaHbeM
(cknepomerpusi). B MamMHOCTpOEHUH W MPUOOPOCTPOCHUHM OCHOBHBIM METOJIOM
U3MEpPEHUs1 TBEPJOCTH SBJSIETCS HW3MEPEHHE TBEPAOCTU BJABJIMBAHUEM -

JIIOPOMETPHSL.



2. Usmepenne tBepaoctu MeroaoM bpunemts (TOCT 9012 - 59)

CymHocts MeTona bpunemns 3akiioyaeTcss BO  BJABIMBAHUM  IIapyKa
(cTaJIbHOTO WJIM U3 TBEPJIOTO CIIaBa) B 0Opazel] (M3/1eaue) moj1 1eHCTBUEM YCUITus,
MPWIOKEHHOTO0  TNEPHEeHJIUKYJSIPHO  MOBEpPXHOCTH  o0Opaslla B TEUYEHUE
OTIPEJICIICHHOTO BPEMEHU, M M3MEPEHHH JHhaMeTpa OTIeYaTKa IoCiie CHSITHUS
YCHIIUAL.

B kayecTBe MHJIEHTOpA NPUMEHSIOTCSI:

- cranbHOM mwapuk aumamerpom 10,0; 5,0; 2,5; 2,0 unu 1,0 mm, umerommi
tBepaoctb He Menee 850 HVI10 (850 emunun tBepaoctu mno Bukkepcy,
usMepeHHoi npu Harpyske 100 H (10 xac)).

- mapuk u3 TBepaoro cmiaBa auamerpom 10,0; 5,0; 2,5; 2,0 wim 1,0 am,
uMeronuii TBepaocTh He MeHee 1500 HV10.

TBepnocTs mo bpuHen 0 Npyu NPUMEHEHUH CTAJBHOTO IIapuka 0003HAYAIOT
CUMBOJIOM /1B, a pu NPUMEHEHNH IIAPUKOM M3 TBEPAOIrO CIUIaBa - CUMBOJIOM
HBW. Yucneno tBepaocts HB (HBW) paBHa OTHOIIICHUIO TIPUIIOKEHHOTO yCHITUS

F x miomanu chepudeckoro ornedaTrka 4 U paccuuThiBaeTcs o Gpopmyie:

0102-F 0102 -F

7-D-(D-+D?-d?)

rae F - ycuue, H; D - quamerp mapuka, mm; d - quamerp otredarka, M.

HB(HBW ) =

3anuce pe3yipTaTa U3MEPEHUsI COCTOMT U3 YUCIOBOTO 3HAUYEHMS TBEPIOCTH
U3 TpeX 3HavaImx udp, cuMBoia TBepaocty o bpunemmo HB(HBW), nnamerpa
miapuka, MOPWIOKEHHOTO YCUIUA U NPOAOJDKUTEIBHOCTH BBIIECPKKA O]
Harpy3kou, eciu nociegnss oriuyaerca ot (10...15) c¢. Hanpumep, 3anuce 575
HBW 2,5/187/30 o3nauaet TBepaocTh 1o bpuHemo 575 equHUI], U3MEPCHHYIO
Py IPUMEHEHHUH IIapuKa U3 TBEPJOro CIUIaBa AUAMETPOM 2,5 mm, IPU YCUIUH
187 kec n IpOAOMKUTENHLHOCTH BBIJIEPKKH 101 HAarpy3koit 30 c.

[Ipu u3mepeHun TBEPAOCTH UHIAECHTOPOM auameTpoMm 10 mm mpu ycuinu

3000 xkec W TPOAOIKUTENBHOCTH BbIAEPXKH oT 10 go 15 ¢ TBepaocTh 1O



Bpuneniro 0003Ha4al0T TOJIBKO YUCIOBBIM 3HAYEHUEM TBEPJIOCTU U CUMBOJIOM HB
wm HBW, nanpumep 185 HB, 620 HBW. Ilpu TBepmoctu meramioB 6oiee 450
eAUHUI] 110 BpuHeTto AJi1 u3MEpeHUs UCTIONB3YIOT IIAPUKHU TOJIBKO W3 TBEPIOTO
CIuTaBa, BO M30ekaHue aedopMaluii WHACHTOpA, a MpU TBepAocTH MmeHee 450
CIUHUIl TPUMEHSIOT CTaJbHbIE IIAPUKU WIM IIAPUKA M3 TBEPJOro CIUIABA.
MakcuManbHO JOMyCTUMAash TBEPAOCTh METALIOB TPH TMPUMEHCHHH METOJa
bpunenns B 650 enuuui.

OT60p 1 MOArOTOBKA 0OPA3LOB K UBMEPEHUIO COCTOUT U3 CIAEAYIOLIUX 3TAIOB:

1.Onpenensiercs HeoOxoaumasi TOJIIMHA oOpaslia, KoTopas JOJDKHA
NpeBbIIATh MTyOMHY OTIEeYaTKa HE MeHee 4eM B 8 pa3. B mobom cimyuae mocine
UCIIBITAHUN Ha MPOTHUBOIIOJIOKHON CTOPOHE 00paslia He JTOJDKHO OBITh 3aMETHO
cienoB naeopManuy OT HHIASHTOPA.

2. [ToBepxHOoCTh OOpasua (u3aenus) JOJKHA OBITh TJIAJAKOH, POBHOW W
CBOOOJHOM OT OKaJIMHBbl WIM OKCHJHOW IUIeHKH. OOpaboTKy IOBEPXHOCTH
oOpasna (u3menus) JOIyCKaeTCsl MPOBOJNUTh NUIMGOBKON Ha HaKIauyHOH Oymare
WIM MEJIKAM HaNmWJIbHUKOM. [IpM WCHOIB30BaHMM IIApUKa JUAMETPOM 1am
MOBEPXHOCTh 00pasIia J0JKHA OBITh OTIOJUPOBAHA.

3. Ucnonbiys crangapt 'OCT 9012 — 59 BeiOupatoTcsi onTuMaibHbIC yCUITUS
U3MEpEeHUS (TUaMeTp IapuKa, yCUITNe, JUTUTSTLHOCTD BBIICPIKKH ).

Huamerp otnedatka d HW3MEpSAIOT € TIOMOINBIO HHCTPYMEHTAIBHOTO
MUKPOCKOIIA WJIH JPYTHX CPEJ] H3MEPCHUSI.

3. Usmepenue tBepaoctu MetooM Poksema (TOCT 9013-59)

CymHocThs MeTtona PokBenia 3akirodaeTcss BO BHEAPEHUM B MOBEPXHOCTh
oOpa3zua (WM u3IEIMs) alMa3HOro KOHyca WM CTaJIbHOTO C(EepuyecKoro
HAaKOHEYHHKA MOJ JEHCTBHEM MOCIEA0BATENbHO MPHJIAraeMbIX PEIBAPUTEIHHOTO
Fo u ocHoBHOrOo F1 ycunuii m B ompeaeneHU TiIyOMHBI BHEAPEHUS WHACHTOPA
mocne CHATUA OCHOBHOTO ycwius Fi. [lpuHIMmmansHeiM OTIMYHEM MeTOna
U3MepeHus TBepocTH no Poksemny ot merona bpunernist 3akitouaercss B TOM, 4TO
B Merozae PokBeina 3a mMepy TBEpAOCTH NMPUHUMAIOT IJIyOMHY OTHe4YaTkKa, a B

METOAC BpI/IHeHHH ANaMETP oTnevaTrka.



JU1a n3MepeHusi TBEPIOCTH HCIOJIb3YIOT CIIEHUalIbHbIE MPUOOPHI (HampuMmep,
tBepaomep TK — 2). Ilpubopsl momxHbl 00ecreyuBaTh NPUIIOKEHHUE YCHUIIUH,
yKa3aHHbIX B Ta0.1.

B kadecTBe MHAEHTOpa HUCIOJB3YIOTCA: AJIMa3HbIM KOHYCHBI HAKOHEYHUK
(mikanel A, C); cTalbHOW MIAPUKOBBIM HAKOHEYHHK AraMeTpoM 1,588 MM (IIKaIbl
B).

YuclieHHOE 3HAY€HHE TBEPJOCTH CUUTHIBAETCSA CO IIKadbl MHAUKATOpA WIH
nokasareisi UU(POBOro OTCYETHOrO YCTpoilcTBa NpuOOpa € OKPYIVICHHEM
pesyaprara 10 0,5 eIMHUIBI TBEPIOCTU. 3alUCh PE3yJbTaTa U3MEPEHUS COCTOUT
U3 YUCIICHHOTO 3HA4YeHHs TBEPJOCTU W3 TpeX 3HAYaluxX Hudp M CUMBOJIA TBEp-
noctu. Hanmpumep, 3anucek 65,0 HRC o3nauaet TBepaocTh o PokBemty paBHyto 65
YCJIOBHBIM equHuLIaM 1o mkaie C, MOJyYeHHBIM MPHU BAABIMBAHUM aJIMa3HOTO

HAaKOHEYHHMKA B TIOBEPXHOCTh o0Opasma (u3aenust) ¢ oomum yeunuem F = 1500 H.

Tabmuna 1

YcnoBust usmepenus TBepocTu MeTo1oM PokBeria

[lxama | O6o3nauenue | [IpensaputensHoe | OcHoBHOe | OOmee | uanazon
TBEPAOCTH CIMHHII yeunue Fo, H YCWIHE | YCHIIHE | H3MEPCHUS
U3MEpPEHUs Fi, H F,H €UHULL
TBEPJOCTH
A HRA 100 500 600 20...88
B HRB 100 900 1000 | 20...100
C HRC 100 1400 1500 20...70

OT100op M mMOArOTOBKAa OOpPa3lOB K HM3MEPEHUIO TBEPAOCTU MPOBOIUTCS
aHAJIOTUYHO PACCMOTPEHHBIM B MeTOZE bpuHess.

TBepnocTh no mkane 4 U3MEPSIOT Ha TBEPABIX CIUIABaX, HA METaUIax IOCIE
MOBEPXHOCTHOW YMPOUHSIONMEH 00pabOTKH, HAa TOHKMX W XPYIKHX O0pa3ax.

TBCpI[OCTL 1o Ikaiae B HU3MCPAIOT HA CTAJIAX B OTOXIKCHHOM COCTOJHHH, HaA



LBETHBIX METAJJIaX, €CIM UX TBEpAOCTh He mpeBocxoaut 200 HB. TBepaocTs mo
mkane C HU3MEepAI0T Ha YNPOYHEHHBIX TEPMOOOPAOOTKONM WM IJIACTHUYECKUM
nedopMUPOBAaHUEM CTAJISIX U TYTOIUIABKUX METAJLJIaX U CIIJIaBax.

Bb160p mIKaibl OCyIIeCTBIACTCS U3 CIAEAYIOMUX COOOpaKEHUI:

-€ClId TBEPAOCTh 00pa3ia (M3lenusl) HEe W3BECTHA, TO IEPBOE H3MEpEHUE
cienyer npoBoauTh 1o mkaie C;

-eCIM TBEPAOCTh IpH 3ToM oOKaxkercs Oombine 20 HRC, to 310 wYmcio
MPUHUMAIOT 32 PE3YJIbTaT U3MEPECHHUS;

-ecnu TBepaocTh okaxercs MmeHee 20 HRC, To ciemyeT moBTOPHO U3MEPHUTH
TBEPJOCTh 1O LIKaie B.

B Hacrosimiee BpeMsi TOJIydeHBI 3aBHCUMOCTH,  OIKCHIBAIOIIUX CBS3b
TBEPJIOCTH C XapaKTEePUCTUKAMU MEXAHUYECKUX CBOMCTB, MOJYy4YaeMbIX IIpH
UCIIBITAaHUAX HA PACTSHKEHHUE, MOJ3Y4YEeCTh, COMPOTHUBIIEHHE YCTaJOCTH, H3HOC,

HEKOTOpBIE U3 KOTOPBIX MPUBEIEHBI B Ta0.2.

Ta0muna 2
dopMyIBl IEPEBOIA SIUHUIL TBEPAOCTH B XapaKTEPUCTHKU

IIPOYHOCTH IPU PACTIKEHUU

dopmyJia repeBojia [TorpemrHocTh OO6nacTh IpUMEHEHUS

co2 =3,67/ HB-240 ~10 % JlerupoBaHHbIE CTAIU NEPIUTHOTO U

MapTeHcuTHoro kiaccoB (HB>150)

co2= 2 HB ~10 % Toxe (HB<150)
o = 3,45 'HB YriaepoaucTbie 1 HU3KOJIETUPOBaH-
<10 % Heie ctanu (HB >150)
o =325 + 207 -exp (0,0377 Yriuepoauctele W JIETUPOBAHHBIE
HRC) ~2% KOHCTPYKLUHOHHBIE CTaJIM B JIUTOM,
ropsiaeKaTaHHOM U

TepMOOOPaObOTAaHHOM COCTOSTHUSIX




Ortuer

1.  Onpenenuts TBEPAOCTh 00pa3LOB pa3IuuHbIX MaTepuaioB. Ha
KOKJIOM 00pa3le TBEpPAOCTh U3MEPUTh TPU paza U 3a pe3yibTaT H3MEpPEeHUi
IOPUHATH CpeliHee apu(MeTHIecKoe 3HaUCHue.

2. 3anonHuth Tadma. 3. Jlns cpaBHEHUS TBEPAOCTH pa3HbIX 00pa3lOB BCe
pe3yNbTaThl U3MEPEHMI, OTYUYEHHBIE TPU PA3IMYHBIX HArPy3Kax U Ha pazInyHbIX
HIKajax [MepecyuTarb B TBEPAOCTh 0 bpuHeto.

3. Hcnonw3ys Tabn. 2 onpeAenuTs Mpeaesl MPOYHOCTH MPU PACTSHKEHUU
JUISL KcclleyeMbIX cTaneld. [lomydyenHble pe3ynbTaThl 3aHECTH B Ta0.3.

4., CpenaTh BBIBOJBI O BIUSHUM COCTaBa MaTepuana, TEPMUYECKOM,
TEPMOMEXaHUYECKON U MEXAaHUYECKOM 00pabOTKM Ha TBEPJIOCTh METAILTMYECKOTO

MaTepuaia. YKa3aTh, KakoW CIOcO0 YNPOYHEHHs CTalled sBIETCS Haubosee

3 PEKTUBHBIM.
Tabmuua 3
Marepuan Tun Harpy3ka, TBepnocTsb Os,
UHJIEHTOPA H HRB | HRC | HB | MIIa
Menp
JlatyHb
AJIIOMUHUHT
JropanroMun

CraJjip B X0JO0JHOKATOHHOM
COCTOSSHUH

Cranb B ropAa4cKaTaHHOM
COCTOAHHUU

Crajib B OTOXXEHHOM
COCTOSHUU

Crasp B 3aKaJIEHHOM
COCTOSSHUU

Cranp B OTHYLIEHHOM
COCTOSIHUU




KOHTpOIBHBIE BOIIPOCHI:

1. Yrto Ha3bIBaeTCs TBEPAOCTHIO METAIIIOB?

2. Kak o0o3Hauaetcst TBepocTh 110 PokBemty u bpunemno?

3. B dem paznuiia MeTo1I0B U3MEPEHUS TBEPIOCTH 110 bpuHewo u
Poksemy?

4. KakuMm METOA0M MO>XHO U3MEPUTH TBEPIOCTh 3aKAJIEHHOM cTamun?

5. KakuMm MeTogoMm ciieryeT u3MepATh TBEPIOCTh ATFOMUHUEBBIX JIeTanei?

6. Kak Bauser Ha TBepAOCTh MeTaula TepMooOpaboTka, 00paboTka
JABIICHUEM ?

7. 3anummure pe3yiabTaT U3MEPEHUs TBEPAOCTHU, €CIIH CTPEIKA HHIUKATOPa
TBEPJIOCTH OCTAHOBWJIACH Ha 3HaueHuu 46,75 HRB

8. Tlouemy npu n3MepeHUu TBEPJOCTH HEU3BECTHOTO MaTepHalia Hy>KHO B

Ka4CCTBC MHACHTOPA UCIIOJIB30BATh anmas?

JlaGopaTopHasi pabora Ne 2

MukpocKkonuYeCKM aHAJIU3 MaTepHuajIoB

Ilenv pabomot :

1.MI3y4nTh METOAMKY IPUTOTOBJICHUSI MUKPOILITU(HOB
2.3yunTth OINITUYECKYIO cXemy 151 KOHCTPYKLIHIO BEPTUKAIIBHOTO
MeTtaorpaduueckoro Mukpockorna MUM-7

3.3apucoBaTh MUKPOCTPYKTYPbl MUKPOILIU(OB ¢ TOMOIIBI0 MUKpockona MUM-7

Kpamkue meopemuueckue ceeoenus:

[Togq MuUKpOaHAIM30M TOHUMAIOT HW3YUYEHHE CTPOCHHUS METAJJIOB U
CILJIAaBOB C MOMOIIbIO METAJIIOTpaUuecKoro MUKPOCKOIIA MPU YBEIUYEHUU B S0—
2000 pas3.

IIpy momoiu MUKpoaHaan3a ONpeaeistoT:



1) dopmy u pazmep KPUCTAUITMYECKHUX 3€PEH, U3 KOTOPBIX COCTOUT METAIUT WU
CILJIaB;

2) U3MEHEHUE BHYTPEHHEro CTPOCHHMS CILIaBa, MPOUCXOSIIEEe IMOJ BIUSHUEM
Pa3ITUYHBIX PEKUMOB TEPMUUYECKON U XUMHUKO-TEPMHUIECKON 00pabOTKH, a Takxke
MOCJIe BHEIIIHETO0 MEXaHUYECKOTO BO3/ICUCTBHS Ha CILIAB;

3) MUKPOMOPOKH MeTajljla — MUKPOTPEIIUHBI, PAKOBUHBI U T. I1.;

4) HeMeTaJUIMYeCKHe BKIIOYCHUS — CYIb(QUAbI, OKCHIBI U Jp.;

5)  XUMHMYECKHMU COCTaB HEKOTOPBIX CTPYKTYPHBIX COCTABJISIIOIIUX IO UX
XapakTepHOU (popMe U XapaKTEPHOMY OKPAIIMBAHUIO CHIEIUATbHBIMU PEAKTUBAMHU
U B HEKOTOPBIX CIy4yasx MPUOJIU3UTENBHO OINPESIsIIOT XUMHUYECKHH COCTaB
U3y4aeMoro CIuiaBa.

JIns MUKpOCKOIIMYECKOTO aHAJIM3a U3 UCIBITHIBAEMOr0 MaTepurala BhIpe3aroT
oOpaszelr U myreM psina omnepauuid (UUIMdOBaHUS, TOJUPOBAHUS, TPABICHUSA)
JOBOJIAT JI0 TAKOro COCTOSIHUS, KOIJIa MpU  PACCMOTPEHHH €ro B
MeTauiorpauueckuii MUKPOCKON BBISBISIOTCS HEMETAUTUYECKUE BKIIOYCHUS,
MEJIKHE TOopbl, TpaduT B uyryHe (mociie HUIMGOBAHUS W TOJIUPOBAHUSA) WU
MUKPOCTPYKTYypa (1mocie manudoBaHus, MOJTUPOBAHUS U TPABICHHUS).

[logroroBieHHass MJie MCCIENOBAHUS I0J MHUKPOCKOIIOM IIOBEPXHOCTb
00pasia Ha3bIBACTCA MUKPOULTUDOM.

Takum 00pa3z3oM, MUKPOCKOITMYECKUN aHAIU3 COCTOUT: 1) U3 MPUTOTOBICHUS
MUKponuiipoB U 2)  HccAENOBaHUS ~ MHUKPONUIMPOB €  MOMOIIbIO
MeTaiorpaguueckoro MUKpOCKoIIa.

Ha  BoIpezanHOM  00pasiie  BbIpaBHUBAIOT  MOBEPXHOCTh,  KOTOpas
npeiHa3HaueHa g MuKpoaHanuza. [lonmydeHue TMIJIOCKOM  MOBEPXHOCTH
JIOCTUTAETCS ONMUIIMBAHUEM HATTMIBHUKOM (€CITM MaTepuas MATKHAN) WX 3aTOUYKOU
Ha aOpa3suBHOM Kpyre (eciaw martepuan TBepiblid). I[lpu 3aTtouke oOpasuma wu3
3aKaJe€HHOM CTajdu HEOOXOAUMO CIIEIUTh 3a TEeM, UTOOBl 0Opa3ell CUIILHO He
HarpeBajcs, Tak Kak MpU 3TOM B MOBEPXHOCTHOM CJIO€ MOKET MPOU30UTU OTIYCK
U CTPyKTypa cTaiu u3MeHurtcs. [loaTomy mpu 3arouke oOpaszer; HeoOXOIUMO

NEPUOAUYCCKH OXJIAKAATh IMOIPY’KCHUCM B BOAY.



[TomydeHHYI0 TIIOCKYIO TOBEPXHOCTh 00pa3ia nuindyroT Ha NUTH(POBATBEHOMN
(HaXXTa4HON) MIKYPKE C 3epHAMHU PA3JIMYHBIX Pa3MepoB (HOMEPOB) .

[[InudoBaHre HAUMHAIOT HA IIKYpPKE C O0Jiee KPYIHBIM a0pa3uBHBIM 3€pPHOM,
3aTeM IIOCTENEHHO TMepexoAsIT Ha NUIMdoBaHUE IIKYpKOW ¢ Oojee MEITKUM
abpa3uBHBIM 3€PHOM.

[nugyroT BpydyHYIO Ha IIKYpKE, MOJOXEHHON Ha TOJICTOE CTEKJIO, WIH Ha
CIICIMAJIBPHBIX NUIH(OBAILHBIX cTaHKax. [Ipm mumdoBaHuM Bpy4YHYIO 00pasell
MOJITOTOBJIEHHOMN IJIOCKOCTBIO MPUAKUMAIOT PYKOM K HUIM(POBAIBHON LIKYpPKE U
BOJISIT UM 10 OyMare B HallpaBJICHUH, NEPHEHANKYIISIPHOM K PUCKAM, TTOJyYEHHbBIM
nocJie onuinBaHusa HamwibHUKOM. [InudyroT 10 MoimHOro MCUe3HOBEHUS PUCOK,
1ocjie 3TOro TIMOBEPXHOCTh 00paslia BBITUPAIOT BaTOM (WM MPOMBIBAIOT),
noBopaunBalOT Ha 90° u mmudyoT Ha MKypKe ¢ 0oyiee MEIKUM aOpa3suBHBIM
36pHOM JIO TIOJIHOTO HWCYE3HOBEHMSI PHUCOK, TOJYYEHHBIX OT MPEAbIAYIIEro
nuiidoBanusa. [lpy 3ameHe MIKYpKH OJHOTO pa3Mepa 3€pHUCTOCTH JIPYyTUM
oOpasenr BBITUPAIOT BaTOM © TOBOpauyuBalOT Ha 90°, 4YTOOBI PUCKH TIPHU
nocienyroueii  00paboTke MONMy4yalnuch NEPHEHAMKYJISIPHBIMU K pPHCKaM OT
npeablaynei o0padboTKH.

MoxxHo num@oBaTh TakKe CIENUATbHBIMU TACTaMU, HAHECEHHBIMU Ha
HEOOJIbIINE JINCTHI YEPTEKHOU Oymaru.

Mexanndeckoe — nuMdoBaHWE ~— OCYIIECTBISETCS  HA  CHEIUAIBHBIX
nuIMOBaIBLHBIX MaIllMHAX, UMEIOIMNX HECKOJIbKO Kpyros auamerpom 200—250
MM, TPUBOJMMBIX BO BpallleHHE OT 3JeKTpojaBurarens. Ha moBepxHOCTh Kpyros
HAJICBAIOT WU HAKJIEWBAIOT NUIM(GOBAIBHYIO MIKYpKY. METoIMKa MEXaHUYECKOTO
nui(oBaHUs aHAIIOTMYHA METOJMKE PYYHOTO HNUTH(OBAHMS.

[Tocne okoHuanus num@oBaHus Ha NUTM(POBATHHON MIKYPKE CaMOM MEJKOM
3€pHUCTOCTH MOJIMPOBAHUEM YAAISIOT PUCKU U 0OpabaThiBacMasi MOBEPXHOCTh 00-
pasia nojydaercsi OJectsie 3epKaibHOU. [loaupoBaTh MOXKHO MEXaHUYECKUM U

IEKTPOIUTUUECKUM CITOCOOAMHU.



MexaHn4yeckoe MOJIMPOBAHUE MPOU3BOIAT HA CIIEHUAIBHOM IOJIUPOBAIBHOM
CTaHkKe, OOTSHYTHIM CyKHOM uiu (erpoM. CyKHO CMayuBalOT MOJUPOBAIBHOU
KUJIKOCTBIO.

[locne monmupoBaHus 00paszer] MPOMBIBAIOT BOJOW, MOJUPOBAHHYIO
MOBEPXHOCTh MPOTHUPAIOT BATOW, CMOYEHHOW CHUPTOM, a 3aTE€M IMPOCYLIMBAOT
MpUKIIaJbIBaHEM (UIBTPOBAILHOM Oymaru WM JIETKUM MPOTUPAHUEM CYyXOHu
BATOM.

YtoObI NpenoXpaHUuTh MOJIMPOBAHHYIO TTOBEPXHOCTh OT OKHUCIJICHHS, 00pa3Iibl
XPaHAT B SKCUKATOPE C XJIOPUCTHIM KaJIbIIAEM.

[Ipn >IEKTPOIUTHYECKOM TMOJIUPOBAHMU B BaHHY C  D3JIEKTPOJIUTOM
MOTPYXKAIT TOJUPYEMbIH o00paszelr , SIBISIONIMICS aHOIOM, W KaToa W3
HEpXKaBeoUlen cTanu. /[ 2IEKTPOJUTHYECKOrO MOJHUPOBAHUS PA3JIMUYHBIX
CTajel, YyTyHOB U CIUIaBOB LIBETHBIX METAJUIOB NMPUMEHSIOT Pa3JIMYHOTO COCTaBa
AIEKTPOJIUTHI U PA3TUYHBIEC PEKUMBI .

IIpr 37IEKTPONUTUYECKOM IMOJUPOBAHUU IOJ JIEMCTBHEM TOKAa B IPOLECCE
AIIEKTPOJIM3a Ha MOBEPXHOCTU METajla o0pa3yeTcs MIeHKa MPOAYKTOB aHOJHOTO
pacTBOPEHUA: TOJILMHA IUICHKA HAa BBICTYNAX 3HAYUTEIBHO MEHBIIE, YEM BO
BIIaJIMHAX, TTOATOMY BBICTYIIBI PACTBOPSIOTCA 0OJiee MHTEHCUBHO U MOBEPXHOCTH
00pasia BHIpaBHUBAETCS.

[Ipu 30€KTPOIUTUYECKOM MOIMPOBAHUK MOBEPXHOCTh 00pa3la MOJydaeTcs
0e3 TuieHKH JehOpMHPOBAHHOIO MeETajula M, CJIEAOBATENIbHO, 0€3 HCKaKEeHMs
CTPYKTYpbl B TOBEPXHOCTHOM CJIO€, YTO BO3MOXKHO TP MEXAHUYECKOM
MOJIMPOBAHUHU.

[lo 3epkanbHOIl MOBEPXHOCTH 00pa3la, MOJYUYEHHON MOC]E MOJUPOBAHUSA,
HENIb3 CYOUTh O CTPOCHUU CIUIaBa. TOJIBKO HEMETAUIMYECKUE BKIIOUYCHUS
(cynbbuasl, OKCUIbI, TpadUT B CEPOM UYTyHE) BCICACTBUE MX OKpPAIIEHHOCTH B
pa3iMuHble [BETa PE3KO BBIACISIOTCI Ha CBETJIOM (DOHE MMOJUPOBAHHOIO
mukpornuiida.llosToMmy s BBISIBICHUS MHUKPOCTPYKTYPHI TOJUPOBAHHYIO T10-

BCPXHOCTb 06pasua moABCPrar0oT TPaBJICHUIO, T. C. I[GﬁCTBHIO PacTBOPOB KHCJIIOT,



nienouent, coneil. Ilpu TpaBiieHMM HEOIHOPOJHBIE YYaCTKM METAJUIa WM CIUIaBa
CTAHOBSITCS BUIMMBIMH T10J] MUKPOCKOIIOM.

CylmHOCTh mpolecca BBISBICHUS CTPYKTYpbl METAJIOB W CIUIABOB
TPABJICHUEM 3AKJIFOYACTCA B PA3JIMYHOM CTENICHU PACTBOPCHMS WJIM OKpAalllMBaHUS
OTACIBHBIX CTPYKTYPHBIX COCTABJISIONUIMX — 3€PEH YMCTBIX METAIJIOB, TBEPIBIX
pPacTBOPOB, XMMHUYECKUX COCIUHEHUN. Pa3nuyHble CTPYKTYpPHBIE COCTABIISIIOIIME
00ylaaloT  pa3HBIM  BJEKTPOAHBIM  moTeHuHasoM. Korma monaupoBaHHas
MMOBEPXHOCTh CIUIABA IMOKPBITA TPABUTEIIEM, SBIISIOIIUMCS 3JEKTPOJIUTOM, OJHHU
CTPYKTYpPHBIE COCTABIISIONIME CIIaBa, UMEIOIIKUE OoJiee 3JIEKTPOOTPHUIIATEIbHBIN
AJIEKTPOJHBIM TMOTCHIMAN, OyAYT SBISATHCS aHOJAMH M PaCTBOPATHCA, IPYTUe
CTPYKTYpHBIE  COCTaBJISIIOIIME, C Oojiee  MOJIOKUTEIBbHBIM  3JIEKTPOIHBIM
MOTCHIIMAIOM, OyIyT KaToJaMH M COXPaHATHCS HEM3MEHHBIMHU. Tak Kak TaKHX
QHOJHBIX M KATOJHBIX YYaCTKOB MHOTO, TO B pe3yjbTare TpaBJICHUA Ha
MOBEPXHOCTH MUKpoLLTUu(da 00pa3yroTCss MHOTOYUCIICHHBIC BIIAJUHBI U BBICTYIIHI,
KOTOPBIE U XapAKTEPU3YIOT MUKPOCTPYKTYpPY CIIaBa.

[Ipu ocBelieHrM TPOTPABICHHOTO MUKpouLIuda Ha MeTamiorpaduyeckoM
MUKPOCKONIE JIydd CBe€Ta OyAyT MO0-pa3HOMY OTpaxaTbCsd OT Pa3IU4HO
MPOTPABUBIIUXCS CTPYKTYPHBIX COCTaBIISItOIMX. CTPYKTYypHBIE COCTaBJISIOIINE,
MpOTpaBUBIIKECS €1a00, OTPA3AT B MOJIE 3pEHUSI MUKPOCKOTA OOJIbIIIE Ty4eil cBeTa
u OyIyT Ka3aTbCAd CBETJIBIMH; CTPYKTYPHBIE COCTaBJISIONIME, MPOTPABUBIIHECS
CUJIBHO, OTPA3aT B MOJIE 3PEHUSI MHUKPOCKOIIA, BCIEICTBUE PACCEIHUS CBETA,
MEHbIIIE Jydyel U OyayT Ka3aTbCid TEMHBIMH. TakuM oOpa3om, Ha pa3HHIIE B CO-
CTOSIHUM TIOBEPXHOCTH M KOJIMYECTBE OTPAKECHHBIX JIyYEH U OCHOBAHO BBISBJICHUE
CTPYKTYpHI CILJIaBOB.

[IpoaomKUTENBHOCTh TPABJIEHUS 3aBUCUT OT MApKH CTAJIM U CTPYKTYPBI, HO
00BIYHO JTOCTAaTOYHA BBIJICPKKA B HECKOJIBKO CEKYH/I.

[Ipu3HakoM NpPOTpaBIMBAHUS SIBJISIETCS MOTYCKHEHUE MOBEpXHOCTH. [locne
TPaBJICHUS MUKPONILIN( MPOMBIBAIOT BOAOW, NPOTHUPAIOT BATOM, CMOYEHHOMU
CIIUPTOM, a 3aTe€M MPOCYIIUBAIOT MPUKJIAIbIBAHNEM (PUIBTPOBAIBLHON OyMaru Wiu

JIETKUM IIPOTUPAHUEM CYXOM BaTOM.



B pe3ynbTaTe TpaBiieHUs JOJKHO OBITh YETKOE BBISBICHHE MUKPOCTPYKTYPBI.

[Tocne wm3roroBneHHs MUKpolLIUpa HEOOXOAUMO HUCCIEN0BaThb  €ro
MUKPOCTPYKTYPY € MTOMOILBIO ONITUYECKOTO0 MUKPOCKOIIA.

KauecTBO MHKpOCKOIIa  XapakTEpPU3yEeTCS BO3MOXKHBIM  YBEJIMYEHUEM,

COBCPIICHCTBOM I/I306pa)K€HI/IH, pa3pema}0mel”4 CITOCOOHOCTBIO MHUKPOCKOIIA.

Puc. 1 OnTuueckas cxema MHUKPOCKOIIa

YBenuueHne MUKPOCKOTA PaBHO TPOW3BEACHHUIO YBEIUYCHHN OOBEKTHBA U
okynsipa. OOBEKTUB YBEJIMYMBACT  pacCMaTPUBAEMbIM  TIpPEAMET, a OKYJIIp
YBEJIMYHMBACT JINIITb H300paKeHUE, ToJydaeMoe OT OOBEKTHBA, U HE J00aBIIsSIET
K HEMYy HHMKaKHX HOBBIX OCOOCHHOCTEH CTPYKTYphlI, €CIH OHHU HE BBHISBIICHBI
00OBEKTUBOM.

VYBennuenue 00bEKTUBA

rne | — onrtudeckas mimHa TyOyca, T. €. PacCTOSIHHE MEXIY COCEIHHMH
dbokycamu F1u F2, nis mukpockoria MUM-7 oHo paBHO 250 mm,

fos — QokycHOe paccTosiHre 00BEKTHBA.

VYBenuueHue OKyJisipa, Tak K€ Kak U JJis JIyIbl,
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rne fox — (okycHoe paccrosiHre OKyJIsIpa.

OO6miee yBeM4eHUE MUKPOCKOTA



Paspemraromass  criocoOHOCTh MuKpockoma d (CocoOHOCTH — pa3iinyaTh

MeJbyalllie JeTaau MpeaMeTa) XapakTepru3yeTcsl ypaBHEHUEM

d=2
A

rie A — JJMHA BOJHBI CBETA B aHTCTPEMAX;
A — 4ducnoBas anepTrypa o0bEKTHBA.

CeToBblE Jydyd OT AJIEKTpUuecKoi sammbl 1 (puc. 2) mpoxonsar uepes
KOJUICKTOp 2 M, OTpaXkasich OT 3epKaja 3, MomanalT Ha CBETOPMIbTp 4 (0OBITHO
KENTBHIA U1 TOJNYyYeHHUs H300paK€HUsi C pEe3KUMHU KOHTYypamH), 3aTeM Ha
anepTypHyro auadparmy 5 (A7 OTpaHUYCHHs] CBETOBBIX ITYYKOB W TOIYYEHUS
BBICOKOM Y€TKOCTU M300paskeHusl ), TUH3Y 6, poTozaTBop 7, moneByro nuadparmy 8
(It OrpaHMYEHHS OCBEIICHHOTO IOJISI paccMaTpUBaEeMOro yd4acTKa Ha
MUKponutide), MmpenoMistoTess neHTanpu3sMoit 9, mpoxomsar yepe3 auH3y 10,
MOMAJAI0T Ha OTpaXKaTeNbHYIO MIacTHHKY 11 HampaBnsiorcs oObekTuB 12 1 Ha
mukponumd 13, ycTaHOBIEHHBI Ha MPEeAMETHOM cToiuke. OTpa3WBIIMCH OT
mukponumda 13, 1yun BHOBb MpOXOAAT uepe3 00beKTUB 12 u, BBIXOIS M3 HEro
napayjieibHbIM Iy4YKOM, TIOMAJal0T Ha OTpaXaTelbHyI0 IIacTUHKy 11 wu
axpoMarudeckyro TuH3y 14. [Ipu BuzyanbHOM HaOMIOCHUH B XOJI JTy4ei BBOJIUTCS
3epkasio 15, KoTOpoe OTKIOHSET Jydu B CTOpoHY OKkymspa 16. Ilpu dotorpa-
dbupoBaHum 3epkango 15 BBIKIIIOYAETCS BBIABUKEHHEM TyOyca BMECTE C OKYJISIPOM
U 3€pKaJoM M JIy4d HaIpaBJsIOTCS HENOCPEICTBEHHO K (orookynsapy 17,
MPOXOJAT Yepe3 Hero Ha 3epkayio 18, oT KOTOpOTOo OTpakaroTCs U MOMANal0T Ha
maroBoe crtekino 19, rme wu maror uzoOpaxkenue. Jna  puxcupoBaHuUs

MUKPOCTPYKTYPBI MaTOBOE CTEKJI0 19 3a MeHseTcs KacceTon ¢ (POTOIUIACTUHKOM.



Puc. 2. Ontuueckas cucrema Mukpockorna MUM-7

Jlyis HaOroeHUS B TMOJISIPU30BAHHOM CBETE B CHCTEMY BKJIIOUAIOT BKJIAIHON
ananmuzatop 20 u nonsipuzatop 21.

Mukpockon MUM-7 (puc. 3) COCTOMT U3 TpPeX OCHOBHBIX YaCTEil:
OCBETHUTEJISA, KOPITyCa U BEPXHEH YaCTH.

Ocgetutens | umeer ¢oHaps 1, BHyTpH KOXKyXa KOTOPOT'O HaXOAUTCS Jiamria.
[{leHTprpOBOYHBIC BUHTHI 2 CIYXKaT IJIsi COBMEIICHUS IIEHTPA HUTH JIAMIIBI C
ONTUYECKOU OChIO KOJUIEKTOPA.

Kopnyc Il Mukpockoma. B kopmyce MHKpOCKONAa HAaXOAATCS: TUCK 3 C
HAO0OpPOM CBETOPMIBTPOB; PYKOSTKA 4 TIEpeKII0YeHUS (POTOOKYIISIPOB; MOCATOYHOE
YCTPOMCTBO NIl pAMKH 5 C MAaTOBBIM CTEKJIOM MJIM KacCeThl ¢ (POTOIIACTUHKON 9
X 12 mm; y3en amepTyp HOW amadparMbl, YKPEIUICHHBIA TIOJ OIMPaBOM
OCBETUTEJIBHOM JIMH3BI 6; KOJBIIO C HAKaTKOW 7, clyXailee sl W3MEHEHUS
auamMeTpa auadparmMel; BUHT 8, BpaIlleHHEM KOTOPOTO CMemaeTcsl nuadparma s
CO3/IaHHSA KOCOTO OCBELIEHHsS; BUHT 9 g (ukcanuu MOBOpOTa anepTypHOU
nuadparmel.

Bepxusis gacts |l Mukpockomna uMeeT clieyrolue AeTallu.



1. Unmomunaropueiii Tyoyc 10, B BepxHel 4acTu KOTOPOTO PaCIOIOKEHO
ocajioyHoe OTBepCTHE Moj 00bekTHB. Ha maTpyOke MiumroMuHaTOpHOTrO TyOyca
pacrnosioxkeHa pamka ¢ JauH3amu 11 s pa®oThl B CBETJIIOM M TEMHOM IOJIE€ U
pykositka 12 nnst BrodeHus auadparMbl 24 mpu paboTe B TEMHOM TIOJIE; IO
KOXXyXxoM 13— meHranpu3sMa. B HmwkHE#l dyacTh Kokyxa 13 pacrosio’keHbl
LEHTPUPOBOUYHbIE BUHTHI 14 mosieBoi Auadparmbl, AHAMETP KOTOPOH HU3MEHSIIOT
npu nomou noBoaka 15. Ilox koHycom moneBoil auadparMbl HaXOIUTCS
dotozaTtBop 16.

2. Busyanbnbiii (3putensHblii) TyOyc 17, B oTBepcTue KOTOPOTO
BcraBmsaercs  okyisip 18. Ilpu BusyanbHOM HaOmoeHUU TyOyC BIBUTAIOT /10
ynopa, anpu Qotorpa@upoBaHUM BBIABUTAIOT €0 A0 OTKa3a.

3. Tlpenmetnsiii ctomuk 19, koropseiii mpu momomu BUHTOB 20 MoxkeT
NEepeIBUTaThCsl B JBYX B3aUMHO MEPHEHIUKYISIPHBIX HalpaBlieHUsxX. B 1meHtpe
IPEIMETHOTO CTOJMKAa HMEETCS] OKHO, B HEr0 BCTaBISIOT OJHY W3 CMEHHBIX
noJKIaA0K 21 ¢ oTBepCTHSIMH pazau4HOro aAuaMmerpa. Ha mpeameTHOM cToiuke
PacCTOJIOKEHBI JIEPIKATENH, COCTOSAIIME W3 BEPTUKANBHBIX KOJOHOK 22 W
IPYKUHAIUX MPUKUAMOB 23, KOTOPHIMH MHUKPOUUTH( MPUKAMACTCSA K TOAKIAIKE
MPEIMETHOTO CTOJIMKA. MakpoOMEeTpUuueCcKril BUHT 24 CIIyUT ISl TIepeMenieHus
IPEIMETHOTO CTOJIMKA B BEPTHUKAJIbHOM HAIMpPABICHUW W ITHM IPOU3BOJUTCS
rpyOasi HaBojgka Ha (OKYC. 3a)KMMHBIM BHHTOM 25 (UKCHUPYIOT OMpEEICHHOE
MOJIOKEHUE MPEIMETHOTO CTOJIMKA, YTOOBI OH CAaMONPOM3BOJBLHO HE OIYCKAJICA.
Hns ycraHoBku cronuka 19 Ha HYXXKHOW BBICOTE HA KPOHIITEHHE CTOJUKA
HarpaBUpOBaHa  pHUCKAa,  KOTOpas  yCTaHaBIMBAE€TCA  NPOTUB  TOYKH,
HarpaBUPOBAHHOM Ha KOPITyCe MUKPOCKOIIA.

4. MukpoMeTpu4ecKuii BUHT 26, ¢ TIOMOIIBIO KOTOPOTO OOBEKTHB
NepPEeMENIaoT B BEPTUKAILHOM HAMpPaBICHUH U TOYHO HABOAAT Ha (okyc. Pacxon

MUKpPOMETPHUUYECKOM nofauu 3 mm, 1eHa aenenus 6apadana — 0,003 mm.



Puc. 4. O6muit  Bua mukpockona MUM-7

OTYET

1.O3HaKOMUTBCS C KOHCTPYKIHMEN U ONTHYECKOM cxeMoi MUKpockona MUM-

2.3apucoBaTh MUKPOCTPYKTYPbl MUKPOILTH(OB

2.CnenaThb BBIBOJIBI IO paboTe

Konmponvnwie éonpocet:
1. Yrto Takoe MUKpOaHAIIU3 U JIJISl YETO €r0 UCIOJIb3YIOT?
2. HazoBwuTe 3Tarms! NpuroTOBICHUS] MEKPONUTH(a
3. UTo BXOJUT B ONITHYECKYIO CUCTEMY MUKpockorna MUM-77

4. Yto Ha3bIBAIOT OOBEKTUBOM U OKYJISIPOM?



5. Kak nmoacunrate o01iee yBeIM4eHHE MUKPOCKOa?
6. Yro npexacrapiseT coOO0M OCBETUTENbHAS YaCTh MUKpPOCKOIIa?
7. Kakue cTpyKTypHbI€ COCTABIISIOIINE MOKHO YBUIETh Ha HETPABICHOM

numde?

JlabopaTopHasi padora Ne3

N3yuyeHne MUKPOCTPYKTYPHI KeJ1e30yIJIePOAUCTHIX CIJIABOB (CTAJIH)

Ilenwv pabomot:

1.  M3yuutrb MHKPOCTPYKTYpPbl TEXHHMYECKOTO >K€je3a,  YIJIEpPOJIUCTBIX
CTaJIE B PABHOBECHOM COCTOSIHUM.

2. (CxemaTuyecku 3apUCOBATh 151 OmnucaTh U3y4aeMble
MUKPOCTPYKTYPHI.

3. Pa3oOpatb MHKPOCTPYKTYpbl MO JuarpaMMe COCTOSIHUS —>Kele30—
LIEMEHTHT.

4. CocrtaBuUTh OTYET O paboTe.

Kpamkue meopemuueckue ceedenusi:

MUKpOCTpYKTYpa TEXHHUUYECKOTO >Kelie3a W YIVIEPOAUCTBIX CTanel Jist
PABHOBECHBIX YCJIIOBUH XapaKTepH3yeTCs HWXKHEW JIEBOM YacThiO JHarpaMMbl
COCTOSIHUS JKeJe30-11eMeHTHT (puc. 1).

Cnnasel ¢ conepxkanuem 10 0,02% C Ha3bIBaIOTCS TEXHUUYECKUM KEIE30M, OT
0,02 mo 0,8% C — nosBrekTouaHbIMU ctajdgMud U oT 0,8 mo 2,14% C —
3a9BTEKTOUIHBIMU cTasisiMU. CIIJIaB ¢ cojiep)KaHUEM
0,8% C Ha3pIBaeTCS ABTCKTOUHOM CTAJIBIO.

MUKpPOCTPYKTYpa TEXHMYECKOTO 3kesie3a. PacTBOpUMOCTH yriepoja B o-

xene3e mepeMmenHas (cM. nuHu0 PQ Ha mmarpamme skene3o — memeHTHT). C
MOHI)KEHUEM TEeMIIepaTypbl PacTBOPUMOCTh YIJIEpoAa B 0-)KeJie3e MOHMKAETCH.

[Tpu 727° C B a-xkene3e pacrBopsiercs 0,02% C, a nmpu KOMHATHOW TEMIIEpAType



0,006% C. Tloatomy cmnaBbl xkeneza ¢ coaepxkanuem a0 0,006% C umeror
CTPYKTYpY TOJIbKO TBEpJOTO pacTBOpa yriepojia B a-xkenese, T. €. ¢eppura. Ha
puc.2 naHa MUKpPOCTpyKTypa ¢eppurta. B cmnaBax c¢ coxepxkanuem ot 0,006 no
0,02% C B cBsI3M C NOHUKEHUEM PACTBOPUMOCTU YIJIEpOJa B O-)Kele3e MpHu
MOHIKEHUHM TeMIepaTtypbl U3 ¢epputa BbIACISICTCS IIEMEHTUT, Ha3bIBaeMbIH

TPETUYHBIM. TpEeTUUYHBIA IIEMEHTUT BBIJEISETCA MO TpaHULlaM 3epeH (epputa

(puc. 3).

Tempepamypa
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Puc. 1. HuxHsgs 4yacTe JauarpamMMbl COCTOSIHUS KEJI€30 — LIEMEHTUT
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Puc. 2. XKenezo — depput (x 200) Puc. 3. Ctanb ¢ 0,015% C —

depput u TpeTuuHbIi IeMeHTUT (x500)

MUKpPOCTPYKTYpa JIO3BTEKTOMJAHON M JBTEKTOMJHOW CTaIW. MUKPOCTpYKTypa

nolaBTekTonaHo cramm (mo 0,8% C) cocroutr w3 depputa U MepaUTA.
Mukpoctpykrypa 3BTekTonaHon ctanu (0,8% C) cocTouT U3 OAHOrO MEpIuTa.
MukpocTtpyktypa dhepputa gana Ha puc. 2. Uto ke mpeacTasiseT coboi BTopas

CTPYKTYpHAasi COCTABJISIONIAs IOPBTEKTOUAHBIX CTAJIEH — NEPaUT?
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Puc. 4. DOBrexroumnas cranb ¢ 0,8% C — nepaur (x1000)

Ha puc. 4 mana mukpoctpykrypa nepaura. llepnutr — 310 3BTEKTOMT —
MEXaHU4ecKass cMechb (QeppuTra M IEMEHTUTa, NOJydarouascsi B pe3yJibTare
pacnaga ayctenuta ¢ 0,8% C. Ilpu tpaBinenuu numda cramu ¢ 0,8% C, 1. e.
ABTEKTOUJIHOM CTalld, TOBEPXHOCTh UMEET MepIaMyTpPOBBI OTJIUB, B CBSA3H C YEM
TaKyl0 CTPYKTYpy W Ha3BaliM nepiauToM. Ha MUKpOCTpyKType mepiura OoOImuid
cBeTJIbI (GOH — (PeppuT, BBHICTYMAIONINE TIACTHHBI— I[EMEHTHUT, TEMHBIE MECTa
— TeHU. B 3aBHCHUMOCTH OT CKOPOCTH OXJIQXJCHHS IUIACTUHBI LIEMEHTHTA B
HEePIUTE MOTYT OBITh JTMHHEE WM KOPOYE U TOJILIE WU TOHBIIIE.

B 103BTEKTOMIHON CcTanu mociie TpaBieHUs (EpPpUT BBISIBISIETCS B BUIE
CBETJIBIX TOJIEH, a NEPJUT — B BHUJAE MOJEH MOJ0OCYATOrO CTPOEHHUs, Ooliee
TEMHBIX, yeM pepput. KonnuectBo nepiura u peppura B T03BTEKTOUTHON CTAIN
3aBUCUT OT cojepkanus yriaepoga. C yBeTUYEHHEM COJEpKaHUS yTiepoja
KOJIMYECTBO (peppuTa yMEHBIIAETCS, a KOJIMYECTBO MEPIUTA YBETUUUBAETCs (pHC.
5).

[Io MHKpOCTPYKTYyp€ MJOIBTEKTOMIHOM CTaJld MOXXHO HPUOIU3UTEIBHO
ONPEIEIUTh COJEPKAHUE B HEH yIIIepoJa, Ul YEro 10 MUKPOCTPYKTYPE HYKHO
OPUEHTHUPOBOYHO OMPENIETUTH IJIOMIAb (B MPOIEHTAX ), 3aHUMAEMYIO (PEPPUTOM U
nepauToM.B ¢Bs3M ¢ Tem, uTo B (heppuTe pacTBOPEHO OYEHb HEOOJBIIOE KOJIHU-
YECTBO YTIJIEPOJa, NPAKTUYECKH MOYKHO CUUTATh, YTO B JO3BTEKTOMJHOW CTaIN

BECh YIVIEPOJ HAXOAUTCS B MIEPIINTE.



Puc. 6. JloaTektrouabie ctanu — Gepput u nepaut (x500):

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

Torpa conepxxanue yraepoga C B cTaad MOXHO ONPENETUTH IO

F -0.8
opmyiieC =—"2——%
(1) pMYy 100

rie Fn — momane, 3aHuMaeMast mepauToM, B % .

[Ipeanonoxum, Harpumep, uyto 30% Bcel uiomaau 3ausato geppurom, 70%

o 70-0.
— nepautom. Cozep>kaHue yriiepoaa B TAKOW cTaimu OyaeTC = % =0.56%

MUKpPOCTPYKTYpa 3a3BTEKTOMAHON cTanu. CTalb C COIEpKaHUEM Yriepoaa

ot 0,8 10 2,14% Ha3bIBaeTCs 3aPBTEKTOMAHON U UMEET CTPYKTYPY, COCTOSIIYIO U3
NepauTa ¥ BTOPUYHOTO IIEMEHTHTA. BTOPUYHBIA IEMEHTHT BBIICISICTCS U3
ayCTEHUTA MPHU OXJIAXKJICHUU OT TeMIepaTrypbl Ac, (muHus SE) 10 TemmepaTypsl
Ary (muuus PSK) (cM. puc .1) BeaeacTBUE YMEHBIIICHUST PACTBOPUMOCTH yTIiIepo/ia
B AyCTEHUTE.

[Ipn MemIeHHOM OXJIaXJACHUH BTOPUYHBIN IIEMEHTUT BBIICIACTCS B BHUIL
CEeTKM TO TpaHuIlaM 3epeH aycTeHuTa. l[lpu gocTwkeHun TemmnepaTypbl Al
AyCTCHHUT TMPEBpaIlacTCsl B TMEpPIHT. B pe3ynbrare MEIJICHHOTO OXJIKICHUS

3a3BTEKTOMIHAS CTAJIb UMEET CTPYKTYPY



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

Yem Oousbllie yriepoaa B 3a3BTEKTOMAHOM CTanu, TeM OoJjieeé MacCHBHOMN

(ToJNICTOM) MOJTy4aeTCs IEMEHTUTHASI CETKA.

OTYET

1. IIpocMOTpeTe M M3YyYUTh MHUKPOCTPYKTYpPbl TEXHHUYECKOIO JKele3a U
YIJIEPOAUCTBIX CTAJE€l  C pa3iMYHBIM COAEP)KAHUEM YTIEPOJAa B PABHOBECHOM
COCTOSIHUU.

2. Kaxxyro MEKpPOCTPYKTYpY 3apUCOBATh .

3.  Ilog xKaxmoW 3apuCOBAHHOW MHUKPOCTPYKTYPOM JaTh TMOIIUCH C
yKa3aHUEM HaMMEHOBaHHUS CIUIaBa, ero XUMHYECKOTO COCTaBa,
HAaVMEHOBAHUS CTPYKTYPbI U YBEIUUECHUS.

4. Ha xaxIOM  3apUCOBAHHOM MHKPOCTPYKTYpE YKa3aTh CTpEJIKaMu
pasnuuHble a3l W CTPYKTYpPHBIE  COCTAaBJISIIOIIME M OKOJO CTPENOK, Ha
NOJISIX, HamnucaTh WX HAMMEHOBAHME.

5. U300pa3uth aAuarpamMmy COCTOSIHUS JK€JI€30—IIeMEHTHUT, MPOBECTH HA
HEll BEPTUKAJbHBIE JIMHUW, COOTBETCTBYIOIIME PACCMATPUBAEMBIM CIUIABAM, U

JIaTh OMMCAHKE MPOLIECCOB MPEBPAICHUN, MTPOUCXOANIIUX TPU OXJIKICHUH.

KOHIMPOJleble e8onpocol:

1. Kakune criaBbel Ha3bIBAIOTCS TEXHUYCCKHUM JKEIE€30M?



2.Yt0 npeacTaBisitOT COO0M 10BTEKTOUIHBIE, SBTEKTOUIHBIE U 3a9BTEKTONIHbIE
cranu?

3./laliTe XapaKTEepUCTUKY CTPYKTYPHOM COCTABIISIIOLIEH- IIEPIUT

4.Kak u3MeHseTcsa CTpYKTypa CTalIM [PU yBEIUYECHUH B HEW KOJINYECTBA
yriepojaa?

5.YT0 Takoe TpETUYHBIN LIEMEHTUT?

6.110 3apucoBaHHBIM CTPYKTYypaM ONHUIIUTE MUKPOCTPYKTYPY JO3BTEKTOUIHON
cTanu

7. I1o 3apuCOBaHHBIM CTPYKTYypaM OMUIINTE MUKPOCTPYKTYPY IBTEKTOUTHOM
CTaJINA

8. 1o 3apricCOBaHHBIM CTPYKTYpaM OMUIIUTE MUKPOCTPYKTYPY 3a9BTEKTOUTHON

CTalln

JlaGopaTopHnas padora Ne4

N3yyeHue MUKPOCTPYKTYPHI KeJ1e30yTJIePOIUCTHIX CIJIABOB (UyT'yHbI)

Ilenv pabomot:

1. W3yuuTh MUKPOCTPYKTYpPBI: CEPBIX U OENBIX UyT'YHOB B HETPABJICHOM H
TPaBJIICHOM BHJIE.
2. CxeMaTH4YeCKH 3apUCOBATh U OMUCATh U3yYaeMbl€ CTPYKTYPHI.

3. CocTaBUTb OTYET 1O padoTe.

Kpamkue meopemuueckue ceedenusi:

MuxkpocTpyKkTypa 0ejibIX YyI'YHOB

B Genpix uyryHax Bechb yriiepoJi HaXOJIUTCA B CBSI3AHHOM COCTOSIHUH, T. €. B
BUJE LEMEHTUTA. DbeNblii 4yryH B 3aBUCUMOCTH OT COJEpX aHUs yrjiaepoaa
paznensercs Ha f1o3BTekTudyeckuit (ot 2,14 no 4,3%C), 3Brektnueckuii (4,3% C) u
3asBTekTnyeckuii (ot 4,3 mo 6,67% C). Bo Bcex Oenblx yyryHax uMeeTCs

[EMEHTUTHAsl SBTEKTHUKA (1eAeOypuT). DBTEKTUUYECKUM O€NbIH YyTyH COCTOUT



TOJNBKO M3 OJHOTO Jene0ypuTa, MOITOMY PAacCMOTPEHHE CTPYKTYphl Oeoro
YyryHa 11eJ1ec000pa3Ho HAUMHATH CO CTPYKTYPhI IBTEKTUUYECKOTO OEJIOro 4yryHa.

MUKpOCTpYKTYypa 3BTEKTUYECKOrO Oenoro 4uyryHa. MUKpPOCTPYKTypa
IBTEKTHUUECKOTO0 Oeoro dYyryHa COCTOMT TOJBKO W3 OJHOTO Jiefedypura
(LIEeMEHTUTHOU SBTEKTHKH), oOpasyromierocss npu 1147° C npu 3BTEKTUYECKOMN
KpUCTAIIIM3AIMU KUJKOTO cruiaBa ¢ coaepxkanueMm 4,3% C u cocrosiero (npu
1147° C) u3 3BTEKTUUYECKOTO IIEMEHTHTa M ayCTeHuTa, cojaepsxkariero 2,14% C
(Touka E Ha amarpamme sxene3o— 1ieMeHTHuT). [lpu nmocnenyromem oxiaxaeHuu
BCJICAICTBUE YMEHBIIICHHUS PACTBOPUMOCTH YTiepoja B aycTeHuTe (MuHus SE Ha
TUarpaMMe Kene30—IeMEHTUT, puc. 1) u3 aycTeHuTa BbIAEIsSeTCS (Kak U B
3a3BTEKTOUJIHBIX  CTajsAX) BTOPUYHBIA I[IEMEHTUT. BTOpUYHBIA [EMEHTHUT
CIIMBAETCSI C LEMEHTUTOM D3BTEKTHUYECKHM, MO3TOMY B CTPYKTYpE 3BTEKTHKHU
HEBO3MOXHO YKa3aTh, IJIe HAXOAUTCS B OTACIBHOCTU 3BTEKTUYECKUM IEMEHTUT U
BTOPUYHBII [IEMEHTHUT.

IIpu 727° C »3BTEKTHKA COCTOUT U3 I[EMEHTUTA (IPBTEKTUYECKOTO U
BTOPUYHOT0) M aycteHuta c coaepxkanueMm 0,8% C. Ilpu sToli Temmepatype
AyCTCHHT TIPEBpAIACTCS B MEpaHT. Takum 00pa3oM, MOCIIe TTOJTHOTO OXJIAXKICHUS
neneOyput (1IeMEHTUTHAS SBTEKTHKA) COCTOUT U3 IEMEHTUTA U TiepiuTa (puc. 2).

MUKpPOCTPYKTYpa JOIBTEKTHYSCKOr0 Oea0oro 4yryHa. JlOABTEKTUUECKHI

OeNblil 4yryH IOCIE€ IIOJHOIO OXJAKIEHUS HMMEET CIEIYIOLUYI CTPYKTYpY:
neneOyputr (LEMEHTUTHAs HBTEKTHKA) + MEpJUT + BTOPUYHBIM  LIEMEHTHT.
BTOpH4HBII IEMEHTUT BBLACISIETCS W3 ayCTEHHWTA, comeprkaiero npu 1147°C—

2,14% C, anpu 727° C —0,8% C.
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Puc. 1. IlpaBas yacTb JauarpamMMbl COCTOSHUS Puc. 2. DOBrexTHuecKuit
KeJe30 —IIEMEHTUT OeJbIid YyTyH

B Oenpix yyryHax ¢ HHU3KUM cojepkaHueMm yriepona (Ommskum k 2,14%)
BTOPHYHBIN IIEMEHTUT BBISBISETCS JOCTATOYHO OTYETIWBO, TaK KaK B TaKHUX
YyryHax majo jeaeOypura.

C yBenuyeHHWEM COJEpKaHUs yIiiepoja, Korjaa JefeOypura CTaHOBUTCS
OTHOCHUTEILHO MHOTO, BTOPHUYHBIA IIEMEHTUT B CTPYKTYpE CIHBACTCS C
[IEMEHTUTOM JiefAeOyputa (IBTEKTUYECKHM). MOKHO CUuTaTh, 4YTO CTPYKTypa
TaKAX JOIBTEKTHUECKUX OCNBIX YYT'YHOB COCTOUT W3 JieaeOyputa (IeMEHTUTHON
IBTEKTUKH) M mepnuta. Ha puc. 3 nmaHa MHKpPOCTPYKTypa IJOIBTEKTUYECKOTO

0enoro yyryHa.

MUKpPOCTPYKTYpa 3a3BTEKTUYECKOr0 Oesoro 4yryHa. MHKpOCTPYKTypa
3a9BTEKTHYECKOTO O€Ioro 4uyryHa COCTOUT U3 Jenedyputa (LIEMEHTUTHOU

ABTEKTUKH) U IEPBUYHOTO IIeMEHTHUTA (puc. 4).

Puc. 3. JloaBTeKkTHUECKUA OembIit Puc. 4 3asBrexTndeckuii 6enbii
YyTryH — MEPJIUT, JeaeOypuT YyT'yH —IIEMEHTHUT MTePBUYHBIN
u 1ieMeHTuT (x500) u neaeoyput (x500)



MHuKpOCTPYKTYpa cepbIX YYI'YHOB

MUKpPOCTPYKTYpa CEPhIX YYI'YHOB HpI/I pPaCcCMOTpPECHUHUN B MHKPOCKOII

HETPABJICHOIO0 MHKpOLUUIM(Aa Ceporo 4YyryHa XOpOLIO BHJIHbI

BKIIFOUCHUA

miacTuHYaToro rpadura (puc. 5).Ha BenwumHy W pacnoyioKEHHE BKIIOYCHUI

rpaguTa BIUSIOT CKOPOCTh OXJIAXKACHHS, TeMIeparypa U BpeMs BBIIECPKKU

pAaCIUIaBICHHOTO YyT'yHA MEpe] OTIMBKOW, XUMUYECKUN COCTAB UyTr'yHa, BBEJICHUE

B UyTryH HEKOTOPHIX TmpuMeceil (MomuduxaTopos).

Hanpumep, ckopoctb

OXJIQXKJICHUSI BIMSIET TAKUM 00pa3oM, 4TO MPHU MNPOYUX PaBHBIX YCIOBUSX rpadut

oOpa3zyeTcsi TeM KpyIHee, 4YeM MEIJIEHHEE OXJIaKICHUE.

Puc. 5. Bkmtouennst miactuHuatoro rpadura. llmudsr Hetparnensie (x100):

a — TIPSIMOJIUHEHbIE; 6 — 3aBUXPEHHBIC; B — PO3ETOYHBIC; T —

MCKACHIPUTHBIC

Puc. 6. ®eppurHsblii
cepblii uyryn — deppur
U TUTACTUHYATHIN rpadut

Puc. 7 Oeppuro-
MEPJIMTHBIA CEpPbId YyTYH
— deppur + mepaut +
TJIACTHHYATHIN Tpadut

Puc. 8 IlepnauTHblii cepblit
YyTyH NEPIUT U
IJIACTUHYATHIN rpadut




Yem OombIIIe MTEpErpeB KUAKOTO UyTyHA M YeM JI0JIbIIE BPeMsl BBIICPKKH MPU

3TOM, TEM MEJIbU€ M0JIy4atoTCs rpa(pUTHBIE BKIIOUYEHHUS.
[Tocne TtpaBnenuss B 2—4 %-HOM CHHUPTOBOM pPACTBOPE Aa30THOW KHCIOTHI
METaJNINYECKasi OCHOBA B CEPBIX YYI'yHaX OYEHb CXOJHA C MHKPOCTPYKTYpPOH
CTaJied MU B 3aBUCUMOCTH OT KOJMYECTBA CBA3aHHOIO YIJIEpOJa MOXKET OBITh
(beppUTHOH, PEepPPUTO-TIEPIUTHOMN U MEPIUTHOM.

Takum 00pazom, BO3MOXKHBI CIEAYIOUINE THUIBI CTPYKTYpP CEpBIX YYT'YHOB:
depput + macTUHYATHINA rpaduT — (PEpPPUTHBIN cepblil UyTryH (puc. 6); deppur +
NepJuT + MIACTUHYATHIA Ipa@uUT — (QeppUTO-NEPIUTHBIA cepblil yyryH (puc. 7)
(cooTHOIIEHNE KOoMMYecTBa (peppUTa U NEpauTa B CTPYKType UyryHa MOXKET ObITh
pPa3IMYHBIM, B 3aBUCUMOCTH OT XMMHUYECKOI'O COCTaBa U YCIOBUW OXJIAXKICHHUS);

NEPJIUT + MIACTUHYATHIN TpaUT — MEePIUTHBINA CephIii UyTyH (puc. 8).

MI/IKDOCTDVKTVDa BBICOKOIMPOYHBIX YYTYHOB

[Ipu paccMoTpeHMH B MHKPOCKOIN HETPABJICHOTO MHUKPONLIH(a BBICOKO-

MIPOYHOI0 YyT'YHa XOPOIIIO BUJIHBI BKJIFOUEHHUS IApOBUIHOTO rpaduta (puc. 9).

—
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Puc. 9. BpicOKOmpOYHBIN YyryH—BKJIIOUEHHUS  MIAPOBUAHOTO Tpadura,

&
@ @

&

nuid nerpasnen (x100)

Tpasnenne mukponuirda BEICOKOMPOYHOTO YyryHa MPou3BoAsaT 2—4%-HbiM

CIIMPTOBBIM PACTBOPOM a30THOM KHUCJIOTHI.



Puc. 10 Boicokonmpounsiiit uyryn (x100)

a — deppuT 1 apOBUAHBIN rpaduT; 0 — deppuT + NepiauT + mapoBUIHBINA
rpaduT; 6 — MEepIaUT U MAPOBUIAHBIN Tpadur

B BBICOKONPOYHBIX YYTyHaX MOTYT OBITh T€ € THUIIBI CTPYKTYpP, KOTOpbIE
ObUIM yKa3aHbl JJI1 CEPBIX YYyT'YHOB, HO TpadUT B 3TUX UyTryHaxX MIAPOBUIHBIN.
Takum  00Opa3oM,  BO3MOXHBI  CJHEIYIOIIME  TUIOBl  MHUKPOCTPYKTYpBI
BBICOKOMIPOYHBIX UYYTYHOB: (eppUT + IIApOBHAHBIN TpapuT — GEeppUTHBINA
BBICOKOTIpOYHBIN 4yryH (puc. 10, a); depput + nepnur + mapoBUIHBIN rpaduT
— (eppuTO-NIEPIUTHBIN  BBICOKONPOUYHBIN 4uyryH (puc. 10, 6) (cooTHoIlEeHHE
MEX]Iy KOJUYEeCTBOM (eppuTa H MEPIUTa B BEICOKOIIPOYHOM YYT'YHE MOKET OBITh
pa3IMyYHbIM B 3aBUCUMOCTH OT XMMHYECKOI'O COCTaBa U YCIIOBUH OXJIaXACHUS);
NEPJIUT + MAPOBUIHBIN TpapUT — MEPIUTHBIM BRICOKONPOUYHBINA uyTyH (puc. 10,
8).

MUKpPOCTPYKTYpa KOBKHMX YYT'YHOB HpH PaCCMOTPCHUN B MHKPOCKOII

HETPaABJICHOI0 MHUKpouuinda KOBKOTO YyryHa XOpOIIO BHUAHBI BKIIOUCHUS
xJonbeBUAHOTO Tpaduta (yriaepoga omxkwura) (puc. 11).Mukponund xoBKOTO
yyryHa TpaBsT 2—4%-HbIM CIUPTOBBIM PACTBOPOM a30THOM KUCIIOTHI.
Mertannudeckass OCHOBa KOBKOT'O YyTr'yHa MOXET ObITh (eppuTHOi, Ppepputo-
NEPJIUTHBIA W TEpPIUTHOW. B COOTBETCTBHHM C 3THM pa3nuyarOT (EppUTHBIH,
beppuTO-NIEPIUTHBINA U MIEPIUTHBIN KOBKUM uyTyH (puc. 12). [Ipu paccmorpennu B
MUKPOCKOIT HETPABJICHOTO0 MHKponuinda KOBKOTO UYryHa XOPOIIO BHJIHBI
BKJIFOUEHHUS XJOMbeBHAHOrO Tpadurta (yriaepoma otxkura) (puc. 11).Ilocne
TpaBJICHUs] METAJJIMYECKasi OCHOBA KOBKOT'O YyryHa MOXET ObITb (DEppUTHOM,
beppuTO-NICPIUTHBIA W TEPIUTHOW. B COOTBETCTBUM C JTHUM pa3IMYarOT

beppuTHBIi, GeppPUTO-TICPIUTHBIN U MEPIUTHBIN KOBKUM YyTYH (puc. 12).
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Puc. 11. KoBkuii 4yryH — BKJIIOUYEHHUS XJIONBbEBUIHOTO rpaduTa (yriepoaa

omkura), nutug HetpasieH (x100)

ot

Puc. 12. KoBkwuii uyryH:a — ¢depput u yriepon omxwura; 6 — deppur +

nepauT + yraepona orxura (x200); 6 — nepaut u yriepon otxkura (x300)

OTYET

1. IIpocMOTpETh M U3YUUTh MUKPOCTPYKTYPBI Pa3IMYHBIX UyT'YHOB

2. Kaxayro MUKPOCTPYKTYPY 3apUCOBATH .

3. Ilom xaxaoill 3apuCOBAHHOM MUKpPOCTPYKTYpPOM JAarh NOANHCH C
yKa3aHUEM HaVMEHOBAHUS CIUIaBa, ero XUMHUYECKOTO COCTaBa,
HAaUMEHOBAHUS CTPYKTYPbI U YBEITUUECHUSI.

4. Ha xaxIod  3apUCOBAHHOW MHKPOCTPYKTYpE YKazaTh CTpelKaMu
paznuyHbie a3kl U CTPYKTYpHBIE  COCTaBISIOIIME U OKOJIO CTPEJIOK, Ha
NOJIAX, HANHMCATh WX HAMMEHOBAHUE.

5. M306pa3uth auarpamMmy COCTOSIHMSI XKeJIe30—IIEMEHTHUT, IPOBECTU HA
HEl BEpTUKaJbHbIE JIMHUU, COOTBETCTBYIOLME PAcCMATPUBAEMBIM CIUIABAM, U

AaTh OIMMMCAaHUC IIPOLCCCOB HpeBpameHHﬁ, MNPOUCXOAIIUX TIIPU OXJIAXKICHUH.



Konumponwnwie éonpocot:

1.Kakue cruiaBbl Ha3bIBAIOTCS YyryHamu?

2.Yto npenacrasisieT cO00M MeTajlInuecKkas OCHOBA y cephiX yyryHoB ? Kakyro
poJib B hOpMUPOBaAHUH CBOMCTB OHA UTPACT?

3.JlaliTe XapaKTepUCTUKY CTPYKTYPHOM COCTABIISIONICH- JIeeOypUT

4.Kak u3MmeHsieTcsi CTpyKTypa 0eoro 4yryHa rpu yBEJIUYEHUU B HEM KOJIUYECTBA
yriepojaa?

5.B ueM oTiinume GenbIX U CephIX YYTyHOB?

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

7. Kakuie 4yryHbl Ha3bIBalOT BEICOKONTpOUHbIMH ? KakoBa ux cTpykrypa?

8. Kakue uyryHsl Ha3bIBalOT OOBIYHBIMU cepbiMH? KakoBa Ux cTpykTypa?

JlabopaTopHasi padora Ne 5

Tepmuueckass 00padoTka

eab padoTsl

Llenb paboOThl — HAYYHUTH yUYAIIUXCS CAMOCTOSITENBHO MPOU3BOJIUTE 3aKaJIKy
Y OTITYCK YTJIEPOJAUCTOU CTaIH.

B npouecce BeIMogHEHUsT pabOThl yyalluecs JOJKHBI U3YUUTh: YCTPOUCTBO
My(enbHOI Meyn; MEeTOAUKY MPOBENCHUS U PEKUMBI 3aKaJIKH U OTITYCKA.

IIpubopsl, MaTepuaabl # HHCTPYMEHT

Jis  nmpoBeneHuss pabOThl  HEOOXOAMMO UMETh: MYy(QENbHYIO I€Yb;
TEPMORJIEKTPUUYECKUI MUPOMETP; MACISIHYIO BaHHY; COJISIHYIO BaHHY; 3aKaJOYHbIN
0ak ¢ BOJOM; 3akaliouHbld Oak ¢ Maciom; npubop Tuna Poksemna; oOGpasibl
YTIEPOJUCTON CTAIM — KOHCTPYKUMOHHOW 40— 65 M MHCTpYMEHTAIbHON ¥Y9—
V12; kiemu; mTaHreHIUPKYJITb; NTUTH(OBAIBHYIO OyMmary.

IHoaroroBka o0pa3umoB AJsi TepMUYecKoii 00padoTku. OOpa3Ibl JOKHBI
OBITh LHMJIMHAPUYECKHE WIH NPSIMOYTOJbHBIE AUAMETPOM MM ToaumuHOM 10—15
mm, BoicoTON 15—20 mm w3 yriepoaucTodl KOHCTPYKIIMOHHOUM ctanu 40—65 u

YIJIEPOAUCTON MHCTpYMEHTalbHOU cTanu Y9—VY12. Ha OokoBOI MOBEpXHOCTU



KaXJI0ro o0paslia JOJKHO ObITh KiIeMMO Mapku ctand. Mapky cramu oOpasna
3anuchiBatOT B rpady 2 nportokosia. OOpasubl U3MEPAIOT MPU MOMOIIY IITaHTeH-
HUPKYJIS, U PE3yIbTaThl 3aMepa 3aMuchiBatOT B rpady 3 npoToKoa.

Omnpenenenne  TBepAOCTH  YIJIEPOAMCTOM CTAJIM B HCXOJHOM
(0TOXKKEHHOM COCTOSIHUH

Omnpenenmuts TBepaocth (1o HRB) o0pa3ioB B HUCXOAHOM (OTOXIKEHHOM)
COCTOSIHUH, CIENIaTh MEePEBO/] MOJIYYCHHOTO pe3yiIbTaTa Ha TBEpAOCTh o HB u 00a
3HAYCHUSI TBEPAOCTH, 3amucaTh B rpadsl 4 u 5 nporokona. HopMbl TBepaocTu B

OTOXOKEHHOM COCTOSIHUM YTJIEPOAUCTON CTaau NpUBEACHBI B Ta0I. 26.

Ta6nua 26 HopMbl TBEpAOCTH YTIAEPOIUCTON CTAI B OTOMXOKEHHOM COCTOSTHUU

TBepaocTh
TBeprocTtsb
OTOX-
Mapka | OTOXKEHHOU
Mapka cranu| KEHHOU
CTaau cranu HB (ue

craim HB
Ooutee)
(1e 6omee)
40 197 Y9 192
45 207 Y10 197
50 217 Y12 207

3akaJika o0pa3ioB U onpeaejieHrne TBEPAOCTH YIJIEPOIUCTO CTAIH MOCTe

3aKaJKH

Oo6opynoBanue 1is 3akajku. CTanbHbie 00pa3Ibl HATPEBAIOT B MYy PEIbHBIX
AIIEKTporeyax pa3aTuyHbIX KOHCTPYKIIH.

OnHa W3 KOHCTPYKIMHA My(QenbHOW Tmeud, yAOOHOW B IKCIUTyaTaluH,
nokazana Ha puc. 17.1. Ileup mpexacraBiser cobol MeTamuueckuii xopmyc 1,

BHYTPH KOTOPOTO MOMELIEH MYy (eb, COOpaHHbIN U3
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Puc. 17.1. MydenbHas neusb
YEeThIpEX MIAMOTHBIX TUTAT 2. B KaXI0#l TIMTEe MMEETCS MO YEThIPE MPOIOTBHBIX
nasa, B KOTOPHIX TIOMEIIEHBI HarpeBaTeIbHbIC CIIUPATH 3.
Ha mony meum ycraHoBiieHa OT/AelbHAs KepamMHYecKas IUIUTKa 4, Ha KOTOPYIO
MOMEIIAI0T HarpeBaeMbie 00pa3ibl. [Ipy HEOOXOAUMOCTH KEPAMHUYECKYIO TUIUTKY
MOYHO BBIHYTb, IMOJOKHTh Ha BBIIBUKHON CTOJMK 5, PacloOJOKHTh Ha IUIUTKE
00pa3Ibl 1 BHOBb MOMECTUTH B Meub. [IpocTpaHCTBO MEXTy TIJIUTAMU U KOPITYCOM
3aMOJHEHO TEIUIOM3OJSIUOHHBIM ~ MarepuanioM. Cnepenu pabodas Kamepa
3aKpBIBACTCS KEPaMUYECKOM JBeplei 6 ¢ MeTtarmmdeckoil obmmBkod. B 3annei
CTEHKE MEYN UMEETCS OTBEPCTUE 7 JJIsl YCTAHOBKHU TEPMOIIAPHL.
TemnepaTypy B I€UH PETYIUPYIOT PIYAXKHBIM PEOCTATOM, U3TOTOBJIICHHBIM B BUJIE
noAcTaBku 8§ x meudr. Peoctar BBOIAT W BBIBOAST MEPEIBUKEHUEM pPydku 9,
pacrojoKeHHON Ha mpaBOM OOKOBOW CTEHKE MOJACTaBKH, TJI€ ClIeJIaHbl HAJIUCH
«BBenen» u «BriBeneny.

Ha 3aaHeit cTeHke MocTaBKyU HaxoAsATCs ABe KieMMbl 10 11 moakIroYeHus
IIHypa ¥ TPH INTencenbHbIX THe3ma 11 ¢ OykBamu 4, K u B. Ilpu BItoueHuun
mTenceabHol BUIKUA 12 B THe3na 4 i b nieub moTpeOIIsieT MOTHYH0 MOITHOCTD, a
MpU BKJIFOYEHUH B THe31a b u B — pabo4yro MOITHOCT.

MakcumanbHas Temreparypa Harpea neuu 1000° C. Bpems pasorpeBa 1o
MaKCUMaJbHOU Temmepatypsl 120 mum.

[lepen TeM Kak BKIIOUWTH TI€Yb, PEOCTAT BBIBOJSAT, T. €. PyUKy 9 CTaBsT B
KpaiiHee MpaBoe MOJIOKEHHE, a MITETCENIbHYI0 BIIIKY 12 BKIIIOUalOT B THe31a A U

b. 3arem neus BKIOYarOT B ceTh. Korga 1ocTUrHyTa MakcumasbHasi TEMIIeparypa,



HITETICEIbHYIO0 BIIIKY 12 mepecTaBisitoT B rHe3Aa b u B (pabouuii pexuM medn).
Ecin HeoOxoauma MeHbIIas TeMIlepaTypa, IIOCTEIIEHHO BBOAST peocTar

nepenBKeHHEM pydkd 9 cripaBa HaJeBo.
Memoouxa npoeedenus 3aKanIKu

1. OnpenenuTs TeMIiepaTypy 3aKajlk{d CTAJU, MOJb3YSACh IS 3TOTO HHUYKHEU
YacThIO JIMAarpamMMbl skene30—IieMeHTUT (puc. 17.2). lng cpeaHeyraepoaucThiX

JIO3BTEKTOUIHBIX cTajnel (40—65) Hopmaib-
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Puc. 17.2. OnTtumanbHbli HMHTEPBAI TEMIEPATYP 3aKAIKU
YIJIEPOJMCTON CTalu

HOM TemmepaTypoyr 3akajku saBiserca teMreparypa Ha 30—50° C Bbllle TUHUU
GS (cm. puc. 17.2), 1. e. Acz + (30—50° C), Jlns BBICOKOYTIJIEPOIUCTHIX
3a3BTEeKTOMAHBIX cTaned (Y9 — VY12) HopmanbHOIl TeMIlepaTypoil 3aKaiku
apngercs temrepatypa Ha 30—50° C Boiie iuaun PSK (em. puc. 17.2), T. e. Aci
+ (30—50° C). TemrepaTypy 3aKallku 3amucath B rpady 6 IpoTOKOJIA.

2. Omnpenenuth BpeMsi HarpeBa oOpasioB u3 pacdera 1,5 munm Ha 1 Mmm
JTMaMeTpa Uiy TOJIIHMHBI 00pa3lia u 3anucarth B rpady 7 mpoTokoa.

3. OOpasiubl MOMECTUTh B T€Yb, HATPETYIO JI0 TEMIIEPATyphl 3aKAJIKH IS
CTaJIM TAaHHOW MapKH, U BbIJEpKaTh B ey Tpedyemoe Bpemsa. [lpu HarpeBaHuu
70 TEMIIepaTyphl 3akalku oOpa3noB u3 cramu 40 — 65 ucxomuas Qepputo-

NEepJIUTHAS CTPYKTypa TMPEBpPATUTCA B CTPYKTYpy ayCTEHHUTa, a B o0Opaslax u3



cramu Y9—V12 npu Ttemneparype 3akajgku OYyJIET CTPYyKTypa ayCTEHHT U
LEMEHTHUT, T. €. 4YaCTh LIEMEHTUTA OCTAETCSI HEPACTBOPEHHOI.

4. OO6pa3upl NOCIEeI0BATENBHO OJIMH 32 JPYTUM BbIHYTh U3 €YU U OXJIAJUTh
B BoJie (4acTh oOpa3loB) U B Maciie NPy HENPEPHIBHOM HEPIHUHOM JIBUKEHHUH
oOpa3ua B oxjiaxpiatrouied xuakoctu. [lpu oxyaxaeHun B BOJE MPOUCXOAUT
pacmajy aycreHuTa C oOpa3oBaHMeM MapTeHcuTa. lIpum oxnaxxaeHuw B Macie
oOpa3yeTrcs CMelIaHHasi MApTEHCUTO-TPOOCTUTHAS CTPYKTYpa.

5. Oba Topia 00pa3OB 3aYUCTUTH Ha NLTU(OBATBLHON IIKYpKE.

6. OrmpenenuTsh TBEPAOCTH 3aKajeHHBIX 00pasnoB no HRC u momydeHHbIi

pe3yibTaT 3anucath B rpadsl 8 1 9 mpoTokona.

Otnyck 00pa3uoB U onpeaejeHue TBEPAOCTH YIJIePOAUCTOI CTAIN MOCae

OTIyCKa

OO6opynoBanue ajsi ormycka. YToObl oOecnieunTh PAaBHOMEPHOCTh HarpeBa
00pa3ioB, HU3KoTeMIIepaTypHbliii oTnyck (200° C) Hamo MpoOBOAUTH B MAaCSHOU
BaHHE, Cpe/lHe- U BbicokoTeMmneparypHbiil otmyck (300—600° C) — B consiHOM
BaHHE. [Ipu OTCYTCTBHHM MAaCISIHOM W COJISTHOW BaHH MOXXET OBITh MCIIOJIb30BaHA
JNIeKTpUuecKas MyenbHas nedsb (cM. puc. 17.1).

Memoouka nposedenus omnycka

1. OmnpenenuTh BpeMs BBIICPKKHU MPU TEMIIEpaType OTIyCKa U3 pacuera 2—
3 mun Ha 1 mm auameTpa WM TOJNIIMHBI OOpa3ma W 3ammcatb B rpady 10
MPOTOKOJIA.

2. OOpasupl MOMECTUTH B MAacCsSHYIO BaHHY, Harperyio jgo 200° C,
BBIJICP)KATh B HEW HEOOXOAMMOE BpEeMs U OXJIATUTh Ha BO3yXe.

B pesynberare otnycka npu 200° C nNpoucxoauT MpPEBpallEeHHE MApTEHCUTA
3aKaJKU B MAPTEHCUT OTITyCKa, CHIKEHUE BHYTPEHHUX HANPSHKEHUN U XPYIKOCTH;
TBEPAOCTH OCTACTCS MOYTH O3 U3MEHEHUIA.

3. OO0a Topiia 3a4uCTUTh Ha NUTUQOBATLHON Oymare.



4. Omnpenenuts TBepaocth no HRC u momydenHslil pe3ynbrar 3amucaTh B
rpadsl 11 u 12 npoTtokona.

5. OOpa31bl MOMECTUTH B COJISIHYIO BaHHY, HarpeTyto A0 400° C, BeiiepKaTh
B Hell HeoOXoAMMOe BpeMs U OXJIaJAWTh Ha Bo3Ayxe. B pesynbrare oTmycka mpu
400° C mpoucXoguT TMpeBpalleHUE MApPTEHCUTa B TPOOCTUT OTIYyCKa
(MenkoucnepcHyo (eppUTO-UEMEHTUTHYIO CMECH), TBEPIOCTh CHUKACTCS.

6. O6a Top1a 3a4UCTUTH Ha NMITH(HOBATHEHON MIKYPKE.

7. Omnpenenuts TBepaocTb Mo HRC u monydyeHHBId pe3ysbTar 3amucaTh
B rpadsl 13 u 14 nporokona.

8. OOpa31ipl MOMECTUTH B COJISIHYIO BaHHY, HarpeTyto 10 600° C, BeiaepxkaTh
B Hel HeoOXoaumoe BpeMs

U OXJIaJUTh Ha Bo3ayxe. B pesymprate ormycka mpu 600° C obpasyercs
copOuT OTIyCKa, (PeppUTO-IIEMEHTUTHAsI CMeCh OoJiee KpymHasi, YeM TPOOCTHUT.
TBepaocTh enie Ooee CHUKAETCS.

9. Ob6a Topra 3a4nCTUTh Ha NUIH(OBAITBHON IIKYPKE.

10. Omnpenenuts TBepAoCcTh MO HRC 1 nmosydeHHBI pe3ynbTar 3amucaTh
B rpadsl 15 1 16 mporokona.

11. IlocTponuTh KpHBBIE BIMSHHUS TEMIIEpAaTypbl OTIIyCKa Ha W3MEHEHHE
TBEPAOCTH 3aKAJICHHOW CTaJId B KOOpJMHATaX TeMIlepaTypa OTIycKa —

TBEpAOCTH (puc. 17.3).
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Puc. 17.3. KpuBble BausiHUs TEMIIEpATyphl OTITyCKA HA U3MEHEHUE TBEPIOCTU

3aKAJICHHBIX YITICPOAUCTBIX cTajeu ¢ Pa3JINYHBbIM COACPKAHHUCM YIJICpOda



IIpoToxkos TepMuYecKoil 00padOTKH yIrIepoaAMCTON CTaIu
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OTtueT 0 MpoBeIeHHON padOTe JOJIKEH COJEpKaTh CIAEAYIOIEE:

1. 3angaunue.

2. llenb paboTHI.

3. 3amosHeHHBIH MPOTOKOJ TEPMUUYECKON 00pabOTKH yTIAepOAUCTOMN CTaH.

4, KpI/IBble BJIMAHUA TCMIICPATYPBI OTIIYCKAa HAa HU3MCHCHHC TBCPAOCTH

3aKaJICHHOM yIJIEPOAUMCTON CTAIIH.




JlabopaTtopHas pabota Ne6

[TpokanmBaeMoCTh cTanen

1. HEJIb PABOTHI:

1.1. [To3HAaKOMHUTBCSI ¢ METOAMKOM ONpEIeTICHUs] MPOKATMBAEMOCTH CTaJIeH
METOJIOM TOP1I0BO# 3akanku B coorBeTcTBHH ¢ ['OCT 5657 — 69;

1.2. JlaThb CpaBHUTENBHYIO OIEHKY IPOKAIMBAEMOCTH YTJIEPOAMCTHIX U

JIETUPOBAHHBIX CTAJIECH.

2. TEOPETUYECKUE CBEJAEHUA

OObemHasi 3akajKa CTajleii Ha MapTeHCUT SBISIETCS TJABHBIM CIIOCOOOM
yOpouHeHUs: OOJIBIION TPymmbl KOHCTPYKIIMOHHBIX —crajei. Jlns  geraneid,
paboTaromuX B YCIOBUAX PACTSHKEHUS, TpeOYyeTCs, 9TOOBI MAPTEHCUTHAS CTPYKTYpa
Obuta copMHpPOBaHA TIO BCEMY CEUEHHIO jeTayieil (OONThI, MIMIIBKH, KOPITYCHBIE
netand u T.4.). Hns obecriedeHWs OMHOPOTHOCTH CTPYKTYPHI OXJIAKICHHE TIPH
3aKalKe HEOOXOAMMO TIPOBOAWTH TaKUM 00pa3oM, 4YTOObI W30EekKaTh pacraaa
aycTeHuTa Ha (EeppuTo - KapOUIHYIO CMECh. ITOT0 MOXKHO JIOCTHYb, €CIIU CKOPOCTh
oxyiaxaeHus: Vo, OyleT TpeBbIaTh KPUTHUYECKYIO CKOpPOCTh. Kpumuueckou
ckopocmuto 3axanku Vi, HA3BIBACTCS MUHUMAIBHAS CKOPOCTh OXJIKIACHUH, TIPU
KOTOPOH ayCTEHUT ellle He pacriagaeTcs Ha PeppuTo - KapOUTHYIO CMECh.

OdeBHUIHO, YTO JJIsI TE€T KOHEYHBIX Pa3MEpPOB CKOPOCTh OXJIAKICHHUS Ha
MIOBEPXHOCTH BCEria OOJIbIIIE, 4eM B IIeHTpe (prcyHOK 1). Ecim ckopocTh oxNaxIeH!us B
IICHTpE JeTanyd OOJIbIIe KPUTHYECKOW, TO BECh OOBEM ayCTCHHWTA TIPU 3aKaJIKe
NIPEBPATUTCSI B MAPTEHCUT. ECITM B TIEHTpE Tena CKOPOCTh OXJIKICHUST MEHBIIIE, YeM
KPUTHYECKAs, TO MAPTEHCUT 00Pa3yeTCsi TOIBKO B MOBEPXHOCTHBIX CIOSX, TTIE Vox: > Vi,
a B IIEHTPE ayCTEeHUT OyAET pacnaaarhes Ha GeppuTo - KapOuaHyro cMech. [Ipu aTom
TEJIO HE TMPOKAIUTCS HACKBO3b. HEMONHYI0 MpPOKAIMBAEMOCTh —IIEIECO00pa3HO

PCKOMCHIOBATH JJIA HS,HGHHﬁ, pa6OTHIIII/IX B YCIIOBUAX OUKIHYCCKOI'O



3HAKOIIEPEMEHHOI'O HArpyXeHus, W3rubda WIM KpyYeHHs, KOrja JCHCTBYIOLIME

HaIPsDKCHUA MAKCUMAJIbHBI B IIOBCPXHOCTHBIX CJIOAX.

VOXJ'I.
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Pucynok 1 — CxeMbl, MOKa3bIBAIOIIME PATUYHYIO CKOPOCTh OXJIAKICHHS 110 CEYCHUIO 1
CBSI3aHHYIO C 3TUM HECKBO3HYIO MIPOKATMBAEMOCTb: @) 3II0PA pacipeieeHus
CKOPOCTEH OXJIAXKICHHS TI0 CEYCHUIO MUITUHPA TP 3aKayKe; 0) quarpaMma
M30TEPMHUUECKOTO MPEBPAICHHS ayCTCHUTA U CKOPOCTEH OXJIXKICHUSI TIPU

3aKaJIKC TUJIIMHApPA

[TpokaBacMOCTh SIBJIIETCS. OJHMM W3 BAKHEHMIIMX TEXHOJIOTMYECKMX CBOMCTB
CrTaJied ¥  KOJMYECTBEHHO  XapaKTepuzyercss TIIyOMHOW MNPOHUKHOBEHUS
3aKaJIeHHOW 30HBI. [IpoKanrBaeMOCTb 3aBUCHUT KaK OT BHYTPEHHUX (XUMHYECKHI COCTaB,
pa3Mep ayCTEHHUTHOTO 3€pHAa W T.J.), TaK U OT BHEMHHUX (HaKTOPOB (MHTEHCHBHOCTH
OXJIOKICHUS), a Taloke OT TCOMETPUUECKHX pa3sMEpOB M Macchl Tefla (OTHOIICHUE
MIOBEPXHOCTH TeJla K ero o0bemy). st onvcaHusi NpOKaIMBaeMOCTH KaK CBOMCTBA CTalH,
OIPEACIICHUE 3TOM XaPAKTEPUCTUKU MPOBOJAT B CTAHJIAPTHBIX YCIIOBUSIX, NCKITFOYAROLIMX
BIIMSIHYE BHEITHUX (DAKTOPOB 1 Pa3MEPOB 3aKATTMBAEMOTO TeJa.

Jnd mpakTUYecKOM OLICHKU MPOKAJIMBAEMOCTU HCHOJIB3YIOT KPUTEPUH,
Ha3bIBa€MbI  Kpumuueckum  ouamempom D.p, mnpencraBisitomuii  coOoi

MaKCUMAaJIbHBIN AUaMCTp ONUJINHAPA, KOTOprfI IMPOKaJINBACTCA HACKBO3b B IdHHOM



oxJjlagurene (Boaa, Maciio, BO3AyX U T.1.). OUeBUAHO, YTO ISl PA3TUUYHBIX
oxyagurenen D, OyaeT pa3HbIM.

JUist 3KCHEepUMEHTANbHOTO OINPEACNICHUs] MNPOKAIMBAEMOCTH HCIOJIb3YIOT
meton toproBoii 3akanku (I'OCT 5657-69). [lnst mpoBeneHus TOPIIOBOW MPOOHI,
peIBapUTEILHO HOPMAIM30BaHHBIC. CTaHIApTHBIE OOpaslbl (PUCYHOK 2) B
tedeHue (30...50) MUH mporpeBaroT B €YU JO TEMIIEPATYPbl, PEKOMEHIYEMOM 115
HarpeBa [JaHHOM CTalM IOJ 3aKalky. Ecimm s ucnbITyeMOW CTalld yKa3aH
WMHTEpBaJ TEMIlepaTyp HarpeBa IMOJ 3aKajlKy, TO o00pas3el MNporpeBaroT a0
TEMIIepaTypbl, COOTBETCTBYIOIIEH BEPXHEMY 3HAYEHUIO 3TOro uHTepBana. s
UCKITIOUCHHUS O00€3yIJIepO’KUBaHUSI W OKHCIICHHUS HarpeB BEAyT B 3alllUTHOM
atMocepe WM B CHEUUAIBHOM MPUCTOCOOJIECHUU, 00ECTIEYMBAIOIIEM 3aIUTY
MOBEPXHOCTH 00pa3la OT OKHCICHUS. [IpoJoKUTETFHOCTh BBIAEPKKH TPHU
Harpese cocTaiigeT 30 MuUH.

CranmapTHplid oOpasel] IOcJe HarpeBa B Me4Yd OBICTPO TEPEHOCIT B
CIICIMAJIBHYI0 YCTaHOBKY, B KOTOPOM €ro OXJaXJIalT CTpyed BOABI MOJ

OTPEICICHHBIM HAIOPOM TOJIBKO C TOpIia (PUCYHOK 2).
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Pucynok 2 Ycranoka (a) u obpazers (6) 17151 TOpIOBOM 3akaniku: 1 -

&
1

ypaBHUTEJIbHAsS TpyOKa /Jis CO3/1aHus TOCTOSIHHOTO HAopa; 2 — HAITOPHbBIN 0avoK;

3 - mrtatuB; 4 — oOpazelr; 5 — coruo;



6 — cauBHas KOpoOKa.

[Tocne mosHOTO OXJaXJaeHUs oOpas3a IO ero JABYM JAHAMETPATIbHO
MIPOTUBOMOJIOKHBIM 00pa3yomuM cONTU(OBBIBAIOT IUIOMIAAKKA Ha Tiayouny 0,5
mM. [lo qymHe 3TuX miomanok depes 1,5 — 3,0 Mmm u3mepsroT MmerooMm Poksera
TBepAOCTh Mo mKaie C W CTPOSAT KPUBYIO MPOKATMBAEMOCTH B KOOPJIWHATAX
tBepaocth HRC - paccrosaue ot topma |. Uem MeHbIe MpOKaIMBaeMOCTh CTaJIH,
TeM OBICTpee MajaeT TBEPAOCTh MPHU yAAICHUU OT Topua. JJs pa3HBIX IJIaBOK
OTHOW MapK{ CTald TOJIy4aeTcs HaOOp KPHUBBIX MPOKAIMBAEMOCTH, TaK Kak
XUMHUYECKUI COCTaB CTajH, a, CIIeJOBATEIIbHO, H TIPOKAJTUBAEMOCTh MEHSIOTCS B
HEKOTOPBIX Mpesnenax. [10o3ToMy craiib ompeneneHHOH MapKu XapaKTepu3yeTcs
MapoOYHOU nosocoli npoxarusaemocmu (pucyHok 3). MHmekcamu (1iu¢poBBIMHU
NOKa3aTeIsIMH) TTPOKAIMBAEMOCTH MAPKHA MOTYT CIIY)KHUTh MakKCHMalbHas WU

MUWHHMAJIbHAA TBCPAOCTH Ha OIPCACICHHOM pPACCTOAHHMH OT OXJaXIAaCMOIo

HRCmaX(HRCmm))
>

topua (I1 I

HNJIN MaKCUMaJIbHOC U MUHUMAJIBHOC paCCTOAHUC OT

HRC

60
—) HaHpI/IMep, = -
I min : 1 max 10

TOopla A0 TO4YeK C 3amaHHOW TBepaocTbio (II

tBeprocth 60 HRC Ha paccrossauu 10 MM ot Top1ia; H% — tBepaocth 48 HRC

HMEET MECTO Ha paccTosHuu OT 6 10 20 M. (ompeaensercs IO MOJIoce

IPOKAIMBAEMOCTH).



HRC HRC

HRCs

I, MM I, MM
a) 0)

Pucynok 3 KpuBas mpokaamBaeMOCTH, IOCTPOSHHASI 110 JTAHHBIM TOPIIOBOH MPOOEI
(a) 1 mostoca mpokamBaemMocTu 1yt Tor xe ctanu (0). HRC,w; — TBepaocTh

IIOJIyMapTEHCUTHOU 30HBI.

[Ipu oneHke MPOKaTMBAEMOCTH, 3aKaJCHHBIMU CUUTAIOT CJIOHU, B KOTOPBIX
cogepxkurcsi He MeHee 50 % MapTeHcMTa UM OCTaJIbHOE  TPOOCTHUT
(momymaptencutHas 3oHa (IIM3)) unu cnoit co ctpykrypou 95 % mapreHcura.
Ecnu umerorcs nannsie o Bepaoct S50 (95)-nmponeHTHOro MapTEHCUTHOTO CIIOS
JUISL  WCCIIeTyeMOW CTalld, TO, HMES KPHUBYIO MPOKAJTMBAEMOCTH, MOXXHO
OTIPEICIIUTh PACCTOSTHUE OT TOPIIA 10 COOTBETCTBYIOIICH 30HBI h (pucyHOK 3, a).

JlerupoBanue JOOBIMH dJEMEHTAMHU, KpoMe KoOanbTa, YBEIUYHBACT

MMPOKaJINBACMOCTDL CTaJIN.

3. OBBEKTHI UCCIIEJOBAHNM A, ObOPY/JOBAHUE

OO0bexTh nccneaoBanus — obpasmpl ctanei 40 u 40X B HOpMaIU30BaHHOM
cocTossHUU. HarpeB craneit moja 3akajiKy OCYIIECTBJISIOT B KaMEpPHBIX Iedax.
Top110By10 3aKaJIKy TPOBECTH Ha CHENMANIBHON ycTaHOBKE. MI3MepeHust TBep1ocTu

npoBoAT Ha pubopax tuna TK mo mkane C.

4. BAJAHUE HA PABOTY

1. [IpoBecTH TOPIOBYIO 3aKaJIKy Ha UCCIEAYEMbIX 00pa3Lax;



2. Ha nByx conutnpoBaHHBIX IUIOMIAIKAX U3MEPUTH TBEPIOCTh OOPA3IOB HA
3aIaHHBIX PACCTOSHUSIX OT Topiia (Tadauna);

3. IlocTpouTh KpHUBbIE NMPOKAIUBAEMOCTH, NMpuHUMAas 3a TBepaocTb HRC
CpeHee 3HaYeHHE NI ABYX Pe3yJIbTaTOB U3MEPEHUI Ha OAMHAKOBOM PAcCCTOSHUU

OT TOpLa.

5. [IOPAAOK BBITOJIHEHW A PABOTBI

1. TIlpeaBapuTeabHO HOpPMAJIU30BaHHBIE CTaHJIApPTHBIE O00pa3lbl U3
YIJIEPOAUCTON W JIETUPOBAHHOM CTaledl MOMECTUTh B I€Yb ISl HAarpeBa MOJ
3aKanky. TeMreparypy HarpeBa BbIOpaTh B COOTBETCTBHUU C MAPOYHBIM COCTaBOM
CTaJIel 10 CIIPAaBOYHHKY. BpeMs BBIIEPKKH ITPU TAHHOW TEMIIEPATYPE COCTABIISET
25 MHUH.

2. IlpoBecTu oxJaxaeHrue 00pa3lioB B YCTAHOBKE JIJIsl TOPIIOBOM 3aKaJIKH.

3. Ha mumndoBannabx miomankax odpasmnoB udmMeputh TBepaocth HRC Ha
pacCTOSIHUSX OT TOpla, PEKOMEHAYEeMbIX cTaHgaptoM (Tabnuna). [lomydeHHbIe
pE3yNIbTATHI 3aMKUCATh B TAOTUITY.

4. Tlo pe3ynbraTaM M3MEPEHHS  TBEPAOCTH IOCTPOUTH  KPHUBBIE
npokanuBaemMocTu. WMwmes ganneie no TBeppoctd S50 (95)-mpoiieHTHOTO
MApPTEHCUTHOTO CJO0SI ONPEAEIUTDH IMOJOKEHUE MOJYMAPTEHCUTHOM 30HBI U 30HBI

95 % MmapreHcura.

6. COUEP’)KAHUE OTHETA

1. Lleas paboThI;

2. Kpatkue TeopeTudecKkue CBECHUS;

3. [lopsiiok BBIMONHEHUS pabOThI;

4. Pe3ynpTarsl U3BMEPEHUM;

5. KpuBble IPOKIIMBAEMOCTH JIJIS1 UCCIIEYEMBIX CTaJIEH;

6. BeiBosibl 110 pabore.



Ta6numa — Pe3ynabTaThl n3MepeHui

Paccrostw |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

Crainp 40,
HRC

Crainp
40X,
HRC

7. KOHTPOJIbHBIE BOIIPOCHI

1. Yto Takoe mpokamuBaemMocTh cranei? Kakas pazHuna wmexuay
MPOKAJIMBAEMOCTBIO U 3aKAIMBAEMOCTBIO CTajIei?

2. Kakue cCylecTByloT KOJIMYECTBEHHbIE KPUTEPUH IPOKATIMBAEMOCTH
KOHCTPYKIIMOHHBIX CTaJICH?

3. Urto moapasymMmeBaeTcs Mo/l 3aKaJCHHBIM CI0eM?

4, Kakuve BHEIIHUE U BHYTPEHHHE (PAKTOPHI BIUAIOT HA MPOKAJTUBAEMOCTh
cTaneu?

5. B kakux cnydasx meo6xoaumo 3HaHue 50 % mnpokanuBaemoctu win 95 %

IIPOKAJIMBAEMOCTH ?

JlabopaTopHnasi padora Ne 7

MHKpOﬂHaJ'II/B CILIAaBOB HA OCHOBC MeaM

Hean padoTsl

[lear paboOTBl — Hay4YWTh YYalIUXCsl CaMOCTOATEIBHO IPOBOJIUTH
MUKpOaHaIN3 MEH, JJaTyHeill 1 OpoH3.

B mpomecce BbimonHeHHss pabOTHl  ydamuecs ~ JOJDKHBI  HM3YYUTh

MUKPOCTPYKTYPBI ME[IH, JIATYHEH U OpPOH3 B CBSI3U C AMArpaMMaMH COCTOSIHUSI.




IIpuGopsl, MaTepuaJ bl # HHCTPYMEHT

Jis  npoBeneHuss paboThl HEOOXOJIMMO UMETh: MeTaulorpapuuecKui
MHUKPOCKOIT; KOJUIEKIIMI0 MHUKpOULIU(OB MeAH, JaTyHed u OpoH3; LUPKYJIb U
JIAHEHUKY.

MuKkpoCTpyKTYpa Meau

MukpocTpykrypa 1eOpMHUPOBAaHHOM U OTOXCKEHHOM MENIM JlaHa Ha puc. 1.
CtpykTypa — 3€pHUCTasA, C HATMYUEM JIBOMHUKOB.

Kucnopon ¢ wmenpto obpasyer coeauHenue Cu.0 (3akuce wmemu). Ilo
JMarpaMMe COCTOSIHUM CHUCTEMBI MeIb—KHUCIOopoa (puc. 2), IpU COAECpPKAHUU
kucnopoza 0,39% (3,4% Cu20) obpasyercs sBrekTrka Cu—Cu20.

B Menu, HeIOCTaTOYHO PACKUCICHHOW TMpPU BBHIIUIABKE, COXPAHSIOTCSA
BKJIIOUEHHUs 3akucu Menu. Ha puc. 3 1naHa MUKPOCTPYKTypa JIMTOW MeIu
(HeTpaBieHbI 1UIM(}), COOTBETCTBYIOIIAs MO JUArpaMMe COCTOSHHM CHCTEMBI

MCAb—KHUCIIOPOA 3BTCKTUUCCKOMY CILIABY.

Puc. 1. MukpocTpykTypa ne@OpMUpPOBAaHHOM U OTOXIKEHHOM MEIH;

TpaBJICHUE COJITHOKHCIIBIM PacTBOpOM XJiopHoro xenesa (X200)
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Puc. 2. [Ilmarpamma COCTOSIHHASI MeEIb—KHUCIOPOL



Puc.3. Mukpoctpykrypa meau, coaepxamieid 0,39%
KHCIIOpOJa — 3BTEKTUKA

Cu— Cu20 (X250); nuud HeTpaBiIeH
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Puc. 4. JluarpamMma COCTOSIHUSI MEIb —IIMHK

MukpoCTpyKTYpa JaTyHel
Jmarpamma COCTOSIHHI CHCTEMbI MeIb—IIMHK J1aHa Ha puc. 4. [Ipaktuueckoe
MpPUMEHEHUE HAXOIAT oAHO(a3HbIE JATyHU C cojepkaHueMm IuHKa 10 39% (o-
JaTyHu) W AByX(}as3Hble JaTyHH ¢ cojaepkaHueMm nuHka ot 39 mo 45% (a + PB'-

JaTyHH).



Puc. 5. MukpoctpykTypa a-natyHu: a — nutas(X250); 6 —
nedopmupoBaHHas U oToxokeHHas (X100); TpaBieHUE COMTHOKHCIBIM

PacTBOPOM XJIOPHOTO Keje3a

Puc. 6. Mukpoctpykrypa iutoit o + B-natynu ¢ 40% nunka (tuna JI62)

(x150); TpaBiieHHE CONSTHOKUCIBIM PACTBOPOM XJIOPHOTO JKEJe3a

MukpocTpyKTypa  O-JaryHed. MUKpOCTpyKTypa O-JJaTyHU C  CO-
nepxxanueM 30% uunka (JI70) nana Ha puc. 5.

MHUKpPOCTPYKTYypa JUTON O-TaTyHHU (pUC.5, @) WMeeT ACHIPUTHOE CTPOCHHE.
CBeTiible y4aCTKU — JCHAPUTHI, Ooratble MEIbI0, 3aTBEPACBIIME IMEPBBIMU M3
KUJKOTO COCTOSIHHS; TEMHBIE YYaCTKH — MEXKJICHIPUTHBIE IIPOCTPAHCTBA,
oOorareHHbIe [ITHKOM.

Muxkpoctpykrypa aeOpMHUPOBAHHON M OTOXKEHHOW a-naTyHu (puc.S, 6)
MMEET 3EPHUCTOE CTPOCHUE U XAPAKTEPHBIE MOJOCKU JIBOMHUKOB.

BcenenctBue pa3nnyHoil OpUEHTUPOBKHU 3€PEH (AHU30TPOIIMU) OHU TPABSITCS C
Pa3HOM MHTEHCHUBHOCTBIO, IOITOMY IOJIYYaOT PA3IMYHYIO OKPACKY.

MuxkpocTpyktypa o + B-jgaryHeil. ['panuineit Mexay oaHodazHOU o-

JaTyHBIO U IByX(a3Hou o + B-1maTyHbto sBisiercs 39% nuHka (cM. puc. 4).



Muxkpoctpykrypa o + B-matynu c comepkanueMm 1uHKa 40% B nuTom
COCTOSIHMU JAaHa Ha puc. 6. CTpyKTypa moxoxa Ha BUIAMAHIITETTOBY CTPYKTYpPY
JIUTOM CTaJIH.

MHUKpOCTPYKTYpPa CJI0KHBIX (MHOTOKOMIIOHEHTHBIX) JiaTyHeill. Muk-

POCTPYKTYpPbI HEKOTOPBIX CJIOKHBIX JJATYHEN MIPUBEICHBI HA puUC. 7.

el

Puc. 7. MUKPOCTPYKTYPHI CIIOKHBIX (MHOTOKOMIIOHEHTHBIX ) JIATYHEH:

a — nurtas anroMuHueBast 1atynb JIA77-2 (X75), neHapuTsl 0-TBEPOTO PacTBOPA;
0 — nuras xene3omapranuoBuctas satynb JOKMi 59-1-1, X 250, a- u B-¢da3sl.
Menkue Touku Ha a-(pa3ze — BKIIOYEHUS jKelle3a; 8 — CBUHIOBUCTAs JIUTas
natyHs JIC74-3, X250. Ilo rpanuiam 3epeH a-TBEPAOTO pPacTBOpa BUIHBI TEMHBIE
BKJIIOUEHUS CBUHIIA; ¢ — JINTas aJIIlOMUHMEBO-HUKeseBas aTyHb Tuna JIJAHS9-3-
2, X250. Temubie kpuctayisl — B-dasa, Ha GoHE KOTOPBIX BUIHBI CBETJIBIC
BBIZICNICHUS 0-(Da3bl, 00paszyromuecs Mpy pacmnane B-KpucTauioB; TPaBICHHUE

COJIITHOKHCJIBIM paCTBOPOM XJIOPHOI'O KCJIC3a

MuxkpocTpykTypa OpoH3

MukpocTpykTypa OJOBSHHOM OpoH3bl. YacTh auarpamMmbl COCTOSIHUS

cuctembl CUu—Sn manma nHa puc..8. Crmtommnas numaus AbdQ xapakrepusyer

COCTOAHHEC, IIOJIydaromeecCsa IIPpU OYCHb MCIJICHHOM OXJIAXKACHUMU WM OTXHUIC



MOCJIC OTJIWBKH; TAaKWE YCJIOBHUS TPU OOBIYHOW OTJIIMBKE HE JIOCTUTAIOTCA.
[TynktupHas ymaus Ab'h xapakrepusyeT cocTosiHHME, KOTOpOE MOJy4aeTcs B
OOBIUHBIX YCIOBUAX OTIMBKH. IlITpux-nyHKTHpHas jauHUsS (g XapakTepusyer
COCTOSIHHE, TTOJTYJaroIeecs IPU OYEHB JUIUTEIHLHOM (THICSYH YacOB) OTXKHUTE.

[Tpu comepskannu 10 6—7% Sn (i1eBee Touku h Ha pucC..8) MUKPOCTPYKTYypa
JUTOW OpOH3BI COCTOMT W3 HEOJHOPOJHOTO TBEPIAOTO O-pPacTBOPA; CTPOCHUE
neaaputHoe (puc. 9, a). Ha MuKpoCTpyKType TemHBbIE MecTa (OCH JEHIPUTOB)
Oosee OoraTbl MeAblO, a CBETJbIe MecTa (MEXIYOCHBIE MPOCTpaHCTBA) Oosee
OoraThl OJIOBOM.

MukpocTpyKTypa 3TOi OpOH3BI MOCJIE OTXKUTA MIPEACTABIIAECT OJJHOPOIHBIC 110
COCTaBYy 3€pHa TBEPJAOro a-pactBopa (puc. 9. 6).

[Tpu conepxannu 6osbie 6—7% Sn (mpaBee Touku h Ha puc. 8), HO MEHBIIIE
14% (neBee Touku (), Hampumep mpu cojepxkanun 10% SN, s paBHOBECHBIX
YCJIOBUH JOJIKHA OBITh CTPYKTYpa TBEPAOTO.
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Puc. 8. Yacte nmarpamMmel COCTOSHMS MEIb—OJIOBO



Puc. 9. MuxkpocTpykTypa 0J10BIHHON OpOH3bI ¢ 5% 0J10Ba; TpaBICHUE aMMHUAaYHBIM
pPacTBOPOM JBOMHOM COJIM XJIOPUCTOW MEAU U XJIIOPUCTOTO aMMOHHSL:

a—mutas  (X300); 6 ~mnociae omxkura (x 150)

Puc. 10. MukpocTpykTypa JIuToi ojoBsiHHON OpoH3bl ¢ 10% onosa (x1000);

TPaBJICHUC COJITHOKHCIIBIM PpaCTBOPOM XJIOPHOTI'O KCJIC3a

Puc. 11. Bxmrouenus SNO2 B IUTOM 0JIOBSHHON OpoH3e, nuind He TpaBieH

(x250)

SBJISIETCSI TO, YTO PACTBOPUMOCTH OCpWIIIUS B MEeAM yMeHbInaercs ¢ 2,7% mnpu
866° C nmo 0,2% mpu 300° C. Ilpu 3akaike B Boje ¢ 800° C dukcupyercs
HEYCTOWYUBOE COCTOsTHUE 0-(ha3wl wiH o + B-ha3, a mpu mocIeayroneM CTapeHun

300—350° C npoucxouT BbiAeseHue y-(hasbl.
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Puc. 18. Yacte namarpaMmbl COCTOSIHUS MeJIb—OCPHILIAMA

Puc. 19. MuxkpoctpykTrypa O6epuiiiiueBoi 6pon3sl bp.b2 nocre 3akanku u

crapenus (X250); TpaBieHUE COISTHOKUCIBIM PACTBOPOM XJIOPHOTO JKejie3a

Ha puc. 19 nmanma wwmkpocTpykTypa OepuineBord Oponsel bp.b2 ¢
cojepxkanueM 2% Oepusuids, mocie 3akajiku M crapeHus. Ha Qone 3epen
TBEPJIOTO (-pPACTBOPA BUIHBI MEJIKUE CBeTiIbIe BKtoueHus Y -¢pasbl (CuBe).

Meroanka npoBeeHusi MUKPOAHAIN3A

1. TIlpocmorperp um u3yuuth npu yBennudeHusx oT 200 mo 500  pas
MUKPOCTPYKTYPBI MEJIH, JIATYHEN U OPOH3.

2.  MUuUKpOCTpYKTYphl 3apucoBaTh B Kpyrax auamerpom ~60 mm uiu 6
KBagparax pasmepom ~60x60 mm.

3. Tlom xaxmoil 3apUCOBAHHOW MHUKPOCTPYKTYpPOM JaTh MOAMHUCH C
yKa3aHMEM HAMMEHOBaHUS METallla M CIUIaBa, MAapKd, XHUMHYECKOIO0 COCTaBa,

00pabOTKH, HANMEHOBAHUS BKIIFOUEHUI U CTPYKTYPBbI, YBEITUUECHUSI.



4. Ha xaxnoW 3apuCOBaHHOM MMKPOCTPYKTYpE yKa3aTb CTpeEIKaMu
paznuyHbie Ga3bl U CTPYKTYPHBIE COCTaBIIAIONIME U OKOJO CTPENIOK, Ha TMOJISX,
HanucaTh UX HAMMEHOBAHUE.

5. W3o0pa3uth AuarpamMmbl COCTOSIHUWA (WJIM MX YacTH) CIUIAaBOB MEIb—
KHUCIIOPOJ, MeIb—IMHK, MEJIb—OJOBO, MEJIb—CBHUHEI, MeIb— OepUILIUH,
IPOBECTH HAa HUX BEPTHKAJIbHBIE JUHUHU, COOTBETCTBYIOIIME PACCMaTPUBAEMBIM
CIUIaBaM M J1aTh OMKCAHUE MPOIECCOB, MPOUCXOAIINX MTPU OXJIAXKICHUU.

CocrasiieHue or4yera

OTt4eT 0 IpoBeIEHHOM padOTe NOJKEH COACPHKATh CIENYIOLIEe:

1. 3apmanue.

2. llenb paGoTHI.

3. PUCYyHKH BKIIOUEHUH UM MHUKPOCTPYKTYP C COOTBETCTBYIOIIUMU

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

Puc. 20. Cxema 3aprucOBKH MUKPOCTPYKTYPBI JIUTON OJIOBIHHON OpOH3BI € 5%
0JI0Ba — JICHAPUTHI TBEPJIOTO O-pacTBopa. TpaBieHne aMMHAYHBIM PACTBOPOM
JIBOMHOM COJIM XJIOPUCTON Meau U xjtopuctoro amMoHwus (X300)

4. JlmarpamMmbl COCTOSIHUM (MJIM WX YacTH) CIUJIaBOB MEIb—KHUCIOPO/I,
MeJIb—IIMHK, MEJIb—OJI0BO, MEIb—CBHUHEIl, MEIb—OCPUUINI C yKa3aHUEM Ha
HUX pacCMaTpPUBAaEMbIX CIUIAaBOB M OMUCAHWEM MPOUCXOMISIIMX TPOIECCOB

MPEBPALCHUN NTPU OXJIAKICHHUH.



JlabopaTopnass pabdora Ne 8

MI/IKpoaHaJII/I3 CILIAaBOB HA OCHOBC AJIIOMHUHUA

eab padoThl

[lenp paboOTBl — HAYYHTHh YYAIIUXCS CAMOCTOATEIHHO MPOBOIUTH
MUKpOaHaJIN3 AJIFOMUHUEBBIX 1 MAarHUEBBIX CILJIABOB.

B mpomecce BeIMONHEHHS ~ palbOTHl  ydamiuecs  JODKHBI — U3YYHUTh
MUKPOCTPYKTYPBl QTIOMHUHHEBBIX ¥ MarHUEBBIX CIUIABOB B CBSA3H C JUarpaMMaMu
COCTOSIHUS.

IIpudopsl, MaTepuaIbl U HHCTPYMEHT

Jis  mpoBeneHUs paboOThl  HEOOXOAMMO HMMETh: MeTauiorpapuuecKuii
MUKPOCKOIT; KOJJIEKIIMI0 MHUKPOLUUTU(OB aTIOMHUHUEBBIX M MAarHUEBBIX CIUJIABOB;
LUPKYJIb U JTUHEUKY.

MukpocTpyKTYypa aJIOMUHUEBBIX CIJIABOB

MukpocTpykTrypa cussymuna. CHlyMHHAMH HA3bIBAIOT CIUIABHI AJTFOMUHHS
¢ kpemHHEeM ¢ coaepxkanrem 6—13% Si. IIpu conepkanuu 11,6% Si o6pasyercs
IBTEKTHKA W3 KPHUCTAJUIOB TBEPJIOrO pacTBOpa KpPEMHHUS B alOMHHHHM (a) U
kpuctauioB kpemuus (Si) — a + Si (puc..1). CuiayMuH ¢ cojepKaHueM KpEeMHHSI,
ONMM3KUM K IBTeKTHYeCKOoMYy cocTaBy (cmaB AJI2 ¢ 10—13% Si), B ocHOBHOM
COCTOWT M3 3BTCKTUKU U HEOOJBIIOTO KOJTHYECTBA U30BITOYHBIX KPUCTAIIOB a WIIH
Si.

Ha puc..2, a nana MukpocTpyktypa cuinymMuHa ¢ 12% Si (3a3BTeKTHUYECKUiA
crutaB). CTpyKTypa COCTOUT M3 KPHUCTANIOB KpeMHHs (Oesbie) U 9BTEKTHKHU a + Si
rpyooro crpoeHus, B KOTOPOW KPEMHHH HAXOAUTCS B BUJE KpPYIHBIX ML

CunmyMHH C TaKoM CTPYKTypoO# o0JagaeT HU3KUMH MEXaHUYECKUMH CBOMCTBaMHU.
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Puc. 2. MukpoctpykTypa anromuaueBoro criasa AJI2 (x200); TpaBnenue
pacTBOpOM (PTOPUCTOBOIOPOAHON KHUCIOTHI B BOJIE: @ — JTUTHE
HEMOAU(PUITUPOBAHHOE; 0 — JUThE MOIU(DHUIIPOBAHHOE

Ecnmn B JKMIOKMA CIUlaB Tepea ero KpUCTAUIM3aIlMeil BBECTH HEOOJIbIIOe
konuyectBO (0,01—0,1%) HaTpus, 3TO OPUBOAUT K H3MEIBUYEHUIO BKIIIOYEHUUN
KPEMHUS U 3HAUUTEIbHOMY YIYUIIEHUIO MEXaHU-YECKUX CBOMCTB CHIIyMHUHA. DTOT
NPOIECC HMCKYCCTBEHHOTO PETYJIMPOBAHHUS pa3MepoB H (QOPMBI Ha3bIBACTCS
MOIU(PUITUPOBAHUEM.

XapakTepHBIM SIBJIICTCS TO, YTO MPU MOIUDUIIMPOBAHUN CHITYMHUHA HAaTpHUEM
CHWKACTCS TeMmIeparypa KPUCTAUIM3AIMK KPEMHUS W OBTCKTHUKH, TOYKa
OBTEKTUKH CJBUTACTCS BIPABO W  3a3BTEKTUYECKHM CIUIAB  CTaHOBUTCS
JIOIBTEKTHYECKUM (puc..3).

Ha pwuc..2, 6 mama mumkpoctpykrypa cuiaymumHa ¢ 12% Si mocie ero
MoauduiupoBanus HaTtpueM. CTpyKTypa 3TOTO CIUiaBa 10 MOAUGHUIIMPOBAHUS

ObLJ1a 3a9BTEKTHUYECKOM, a T0ciie MOAU(PUIMPOBAHUS CTaNIAa JOIBTEKTUYECKOM.



CTpyKTypa COCTOUT W3 MEPBUYHBIX JCHIPUTOB TBEPIOTO PACTBOPA KPEMHHS
B ayltoMuHUH () (Oesbie) U IBTEKTHKH a + SI TOHKOTO CTPOCHHSI.

MuKpoCTpyKTypa aJlOMHHHEBOMEIHBIX CIUIaBOB. YacTh JauarpaMMbl
COCTOSIHUM  CIUIABOB ~ AJIIOMHUHUW—MeENb 1O KOHIIEHTpPAlWH, OTBEYAIOIIEH
xuMudeckoMy coeaunenuto CUAlx, nana Ha puc. 4. MHaue ee MOXHO Ha3BaTh

nuarpamMmont coctostauit cucreMbl Al—CUAlo.
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Puc. 3. Jluarpamma cOCTOSIHUS CIUIABOB ATFOMHUHUNH—KPEMHHUM (ITYHKTUPOM

MOKa3aHO CMEIIEHUE JIMHHUK 1MOCIIe BBEIEHU MOANU(UKATOpa — HATPHUSI)
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Puc..4. Yactb auarpaMMbl COCTOSIHUSI QJIIOMUHUHA—MENb
AIOMUHUEBOMENHBIN craB, Hanpumep ¢ 4% Cu, uMeer crieayrolue
MUKPOCTPYKTYPHI:
a) Mmocje OTXKHUra — 3€pHa TBEPJOro a-pactBopa meau B amomuuuu (0,1%

Cu) ¥ ToueuHbIe BKIIIOUEHUsT XuMuueckoro coeaunenns CUAlz (puc. 5, a);




Puc. 5. MukpocTpyKkTypa altoMUHUEBOTO ciuiaBa ¢ 4% wmeu:
a — nocne orxkura mpu 360° C; 6 — mocne 3akanku B Boje oT 530° C; 6 — mnocie
3aKAJIKU B BOJIE U UCKYCCTBEHHOTO cTapeHus npu 250° C; TpaBieHUE pacTBOPOM

(bTOPUCTOBOAOPOTHON KUCIOTHI B BOJIE
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Puc. .6. Mukpoctpykrypa aypamomuna J[1 (X200); TpaBiieHre pacTBOPOM
(GTOPUCTOBOAOPOTHON KHUCJIOTHI B BOJIE: @ — IMOCE OTXKHUTra; 0 — mocie
3aKJIKK B Bojae oOT Temmeparypy 3540°C

6) mocne 3akamku B Bojge ¢ 530° C — 3epHa TBEpPIOrO O-pacTBOpa
(mepeckiieHHoro) Meau B antomuuuu (4% Cu) (puc..5, 6).

[Mpu Harpee BkimoueHuss CuAly, pacTBOpHINCH B QIIOMUHUU, M OBICTPBIM
OXJIQXKJICHHEM ObLT 3aUKCHPOBAH MEPECHIIEHHBIN TBEPIbIi 0.-pPaCTBOD;

B) TIOCJIC 3aKaJIKU W HCKYCCTBEHHOro ctapenusi npu 250° C — TBepabli o-
pacTBOp MeIM B QJIIOMHUHUM M TOYCYHBIE MEJKOJUCIEPCHBIC BKIIOUYCHUS
xumuueckoro coeaudenus CUAlz (puc. 5, 6); 9TH BKIIOYCHHS BBIACIUINCH U3
TBEPOTO 0-PACTBOPA B MPOIIECCE UCKYCCTBEHHOT'O CTApEHMUSI.

MukpocTpyKTypa AYPATIOMHHA. Hypantomun XapaKTEepU3yeTcs
cienyromuM cpeaauM coctaBoM: 4% Cu, npumepno mo 0,5% Mg, Mn, Si, Fe,
ocTajibHOe — amtoMUHMNA. Takoil JropaidtoMUH Ha3bIBA€TCs HOPMaJIbHBIM (Mapka
J1). Hanuaue 5TUX 3J1€MEHTOB MPUBOJAUT K 00pa30BaHUIO psana (a3, paCTBOPUMBIX
npu HarpeBe (ympounsitomux), Hanpumep CuAl,, Mg.Si, AlLCuMg (tak
Ha3piBacMmas (a3a S), m HepacTtBopuMblX, Hampumep FeAls, Cu.FeAl (tak
HaszbiBaemas gaza N), (MnFe) Als.

MukpoctpykTypa aypaintomuHa nocie oxura npu 360° C (puc.6, a) coctout

U3 TBEPJIOTO a-pacTBOPA M BKIIOUECHUN PA3IMYHBIX EPEUNCIICHHBIX BhIIE (as3.



MukpocTpyKTypa aypatoMuHa mociie 3akanku B Boae oT 510° C (pwuc..6, 6)
COCTOMT U3 3€pPEH NEPECHIIIEHHOTO TBEPAOIO -pacTBopa (Oeiible) U BKIIOUEHUMN
(TeMHbIE), HE PACTBOPUMBIX B aJIOMUHUU MpU Harpese (a3 (KeIe3UCTbIX U Map-

TaHIIOBUCTBIX COSJTMHEHU).

2 %
Necupyrwumuu 34EMEHM

Puc. 7. HauanbHble 001acTH JuarpaMM COCTOSIHUSL MarHus C  pas-
JUYHBIMU AJIEMEHTAMHU
MuKpoOCTPpYKTYpa MarHveBbIX CILIABOB

MarHueBbie CIUIaBbl COJEPKAT KPOME MarHus TAaKXKe aTOMUHUN, IUHK U
mapranen. Ha puc. 7 maHpl HadanbHble 00JIACTH JAWArpaMM COCTOSIHUK C
ATIOMUHUEM, LIMHKOM, Mapranuem. Kak BHAHO, BC€ 3TH 3JEMEHTHI 00JadaroT
OTPAaHUYECHHOW MO3TOMY MPHU OMNPEIECICHHOM XHMHUYECKOM COCTaBE€ MarHUEBbHIE
CILJIaBbI CITOCOOHBI MOJIBEPraThCs TEPMHUUECKON 00padOTKe (3aKaJIKe U CTAPEHUIO).

Ha puc.8, a nana MukpocTpykTypa JUTEHHOIO MAarHMEBOrO CILUIABa MapKu
MJI5 (7,5—9,0% Al; 0,2—0,8% Zn; 0,15—0,5% Mn; ocrajgpHOe — MarHuii)
MOCJIE JTUThSI.

CTpyKkTypa COCTOMUT M3 a-TBEPAOTO PacTBOpA CIOKHOIO cOCTaBa (CBETIIOE

noJjie) u BriroueHuit MgsAls.
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Puc..8. MukpocTpyKkTypa JIUTEITHOTO MaruueBoro criasa MJIS:



a — 1ocJe JUThs; 0 — rmocie orxkura 1 3akainku (X250); TpaBiieHHE pacTBOPOM

H.I&BCJ'IGBOﬁ KHUCJIOTBI B BOAC

Puc. 9. Cxema 3apucoBKU MUKPOCTPYKTYPhI AIFOMUHHEBOTO criaBa AJI2,
MOAUGUIIMPOBAHHOTO HATPUEM — JICHAPUTHI TBEPJIOTO PACTBOPA KPEMHHUS B
amfOMUHKH (a) 1 9BTeKTHKA a + Si. TpaBieHue pacTBOpoM (PTOPHCTOBOIOPOTHOM
KHCJIOTHI B BOJ1e(x200)

Crpykrypa storo cmiaBa (MJIS) nocie nuddy3nonnoro orxura npu 360° C
u 3akanku otT 410—415° C ¢ oxnaxaeHueM Ha BO3JyXe MPUBEAECHA Ha puc. 8, 0.
BHyTpyu W 1o rpaHuIIaM 3€peH O-TBEPJOr0 pacTBOpa BHJHBI BKIHOYCHUS
MapraHI[OBUCTOHN (a3bl U OCTaTKH HepacTBopuBIIerocs coeauaenus MgsAls.

MeTtoauka npoBeAeHUss MUKPOAHAJIU3A

1. TIIpocMoTpeTh ¥  U3Yy4YUTh  MHUKPOCTPYKTYpPHl AJTIOMHUHHUEBBIX WU
MarHueBbIX CIIJIABOB.

2. MuKpoCTpyKTyphl 3apucOBaTh B Kpyrax auameTrpom ~60 mm umm B
KBagparax pasmepom ~60X60 rm.

3. Tlom xaxmoili 3apuCOBAHHOW MUKPOCTPYKTYPOW JaTh TMOMANKCH C
yKa3aHUEM HAaMMEHOBaHMS CIUIaBa, MAapKH, XUMHYECKOIO COCTaBa, oOpabOTKH,
HAaWMEHOBAHUS CTPYKTYPHhI, YBEIIMUCHHUS.

4. Ha xaxnmoW 3apucOBaHHOW MUKPOCTPYKTYpPE YyKa3aTh CTpEIKaMHU
paznuyHbie Ga3bl U CTPYKTYpPHBIE COCTaBIIAIONIME U OKOJO CTPENOK, Ha TMOJISX,

Ha1rmmcaTb X HAMMCHOBAHUC.



5. N300pa3uTh amarpaMMbl COCTOSHUW (WJIM WX 4YacTH) CIIaBOB
ATIOMUHUA—KPEMHUN W QJIIOMUHUI—MeEb, MPOBECTM HA HUX BEPTHUKAJIbHbBIC
JMHUH, COOTBETCTBYIOIME PAacCMaTpUBAEMbIM CIUIaBaM, U JaThb OIKMCAaHUE
IIPOLIECCOB IPEBPALECHUN, MTPOUCXOIAIINX IIPH OXJIAKICHUU.

CocrasiieHune or4yera

OTtuer 0 NpoBeIEHHOM padOTe NOJKEH COACPHKATh CIENYIOLIEe:

1. 3ananue.

2. Ilenb paGoTHI.

3. PHCYHKM MHKpPOCTPYKTYp €  COOTBETCTBYIOUIMMH  IOSCHEHUSAMH
(mpumep CcXeMbl 3apUCOBKHM MUKPOCTPYKTYphI MOKa3aH Ha puc. 9).

4. JmarpamMmbl COCTOSIHUM (MJIM UX YaCTH) CIJIABOB aTIOMUHUM— KPEMHUU U
ATIOMUHUHA—MeEb C YKa3aHUEM Ha HUX PACCMATPUBAEMBIX CIUIABOB M ONMCAHUEM

MMPOUCXOIAINX ITPOLICCCOB HpeBpaHleHI/Iﬁ IMIpH OXJIAKIACHUMU.

JlaGopaTopHnasi pab6ora Ne 9
JlesqioBast urpa: BLIOOP MaTepPHUAJIOB M TEPMUUYECKOI 00padOTKH ISt

AeTajieil HHCTPYMEHTAJIbHOI0 MPOU3BO/ICTBA

1. HEJIb PABOTDI:

1.1. O3HaKOMHTBCS C CYIIHOCTBIO 3aKajJKH CTajld U YCIOBUSAMH €€
TEXHUYECKOT0 TPUMEHEHUS

1.2. OnpeneneHue ONTHUMAIbHOM TeMIEpaTypbl HAarpeBa MO 3aKaJKy

YIJIEPOJUCTBIX CTAJIEH.

2. TEOPETUYECKHUE CBEJJEHUA

3akainka — TepMHUecKas 00paboTKa, 3aKII0YAIOIIAsCS B HATPEBE BHIIIIEC
TeMIiepaTypbl (a30BbIX MPEBPAIICHUHN HIIA TEMITEPATypPhl pACTBOPCHUS

M30BITOYHBIX (1)8,3, B BBIACPIKKC U IMOCJIICAYIOIMIEM OXJIAXKICHUHN CO CKOPOCTHIO,



npeBbIIaroiIe KpuTudeckyro. CrnocoOHOCTh CTaau MOBBIIIATH TBEPOCTh B

PE3YIIBTATC 3dKAJIKH HA3bIBACTCA 3aKaJIMBACMOCTLIO.

Ha3nauenue 3akajJku — TMOJy4YeHUE BBICOKOM TBEPIAOCTH W MPOYHOCTH.
[ImacTuyeckue CBOMCTBA U BSI3KOCTD IOCIIE 3aKaJIKU HU3KHE.

OcHOBHBIE MMAPAMETPHI 3aKAJIKU — TEMIIEpATypa HAarpeBa, BPEMs BBIIEPKKH
Y CKOPOCTB OXJIAXKJCHHS.

Temneparypa HarpeBa U BpeMs BBIICPKKU JOJKHBI OBITh TaKHUMH, YTOOBI
IpoOU30LLIM HeoOxoauMble (ha30Bbie MpeBpalleHus, Hanmpumep o0pa3oBaHUE
BBICOKOTEMIEPATYpHOH (Da3bl — ayCTEHUTA.

MapTteHcuTHOE MpeBpaiieHre HaOmogaeTcs mpu 3akaike B cramsiax. OHO
MPOUCXOJUT TPU OYECHb OBICTPOM U HEMPEPHIBHOM OXJIAXKIECHUM B HHTEpBaje
TemriepaTtyp Haudana (M,) u xoHma (M) mnpeBpaileHus, YTOOBI TOJABUTH
BO3MOXHBIE AU Y3HOHHBIE MPOIecChl 00pa3oBaHus MEPIUTHBIX CTPYyKTyp. Ha
CXeMe JuarpamMMbl H30T€PMHUYECKOTO IMpeBpallleHus aycTeHuTa (pucyHok 1.)
YCJIIOBHO TIOKa3aHa 00JacTh MapTEHCUTHOTO MPEBpAIICHHs. Y CIOBHO, TaK KaK B
MOJABJISIONIEM  OOJIBIIMHCTBE  CTallel  MapTEHCUTHOE  MPEBpaAlllCeHHUE B

HN30TCPMHUUCCKHX YCIOBHAX HC PAa3BUBACTCA.
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Pucynok 1. Jluarpamma H30T€pMUYECKOTO paciaaa ayCTeHUTA.




B yraeponuctoix cransix, coaepxkaiux 6oisee 0,6 % C, npu oxJIaxJIeHUH 10
temriepatypbl 0 °C B CTPYKType MOMKET OCTaBaThCsi HEKOTOPOE KOJIMYECTBO
aycTeHUTa (OCTATOYHBIN ayCTCHHUT Aocr).

MunuMaiibHass ~ CKOPOCTh  OXJIAKJECHUSA, NpPU  KOTOPOU  ayCTECHHUT
IpeBpallaeTcs B MapTEHCHUT, HA3bIBAIOT KPUTUUECKONU CKOPOCTHIO 3aKaiku V,. Ee
MOXHO OINpPEJEIUTh MO JUarpaMMe H30TEPMHUUYECKOTO MPEBpAllCHUs ayCTEHUTA
(pucyHok 1.), kak kacaTenbHy0 K C — 00pa3HO KpUBOH.

Kputndeckas cKOpoCTh OXJaXIACHHUS 3aBUCUT OT COJCpKaHHs yriepoja B

ctanu (Tabmnuma 1)

Ta6muma 1 - TBEpIOCTh cTaNU, OXJIAXKIEHHON C KPUTHUYECKON CKOPOCTHIO

Conepxanue yriepoaa, Teepnocts HB Kpurtnueckas ckopocts
% OXJIQXCHUS, TPaj/C
0,025 150 33000
0,2 352 1200
0,4 534 600
0,8 627 200

CKOpOCTh OXJIAXKJECHHS B CIOKOMHON Bojae cocraBimsger 600 rpan/c,
ClIeI0BaTeIbHO, MUHMMAIBHOE COZICP)KaHNE YTIIepoJia B CTAIIN JUTSI 3aKAJIKH B BOJIC
IOJKHO OBITE He MeHee 0,4 %.

MapteHcuTtHoe TipeBpamieHne — 3To 0e3nudPy3uoHHBIA Tpoliece, a
Mapmencum — 3TO TIEPECHIICHHBIA TBEPABIA PAaCTBOP BHEAPEHUS yTIEpoJa B o —
Fe. B mporiecce MapTEeHCUTHOTO y—>@ TIPEBPAIICHHS YIJIEPOJ OCTACTCS B TBEPJAOM
pacTBOpe, WCKakas KpPHCTALUIMYECKYI0 pemeTrky o - Fe, Tak Kak ero
pacTBOPUMOCTh B ¢ - Fe 3HauuTeNnbHO MEHbINe, YeM B y — Fe. MapreHcuTt nMeer
TEeTparoHAIBHYIO IPOCTPAHCTBEHHYIO PEIICTKY.

CBoiicTBa MapTEHCHTa CTaJeil 3aBUCUT OT KOJIMYECTBA PACTBOPEHHOTO B
HEM YIJIEpOJa: C YBEIMYCHUEM KOJHMYECTBA YTiepoja BO3pacTaeT TBEPAOCTh H

XPYNKOCTb.




Jlns onpeneneHnst ONTUMAIbHOM TEMIIEPATYPBI HATPEBA, MO3BOJISIOMIEN
NOJIYYUTh MAKCHUMAJIBHYIO TBEPAOCTh CTAJIU IIPH 3aKAJIKE, UCIIOJIb3YIOT

nuarpammy coctosiuus Fe - FesC (pucyHok 2).

1147 °C
E
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| 7271 °C
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Pucynok 2 «CranbHOl ydacTok» auarpaMMmel coctosiaus Fe - FesC

Ha pucyHke 2 THHHHA 03HAYAIOT COBOKYITHOCTh KPUTHYECKUX TEMITEpaTyp U
pu HarpeBe 0003HavarTCs crieayronmm oopaszom: auaus PSK - Ac;, muaus

GS - A¢s, nuang ES — Aen.

HarpeB 103BTEKTOMAHON CTaly HUXKE Ac3, HO BbIIIE Ac; TPUBOIUAT K HEMOJIHON
3aKajike. AyCTEHUT, IIOCJIE PE3KOr0 OXJIaXKJACHUs, TPEBPATUTHCS B MAPTEHCHT,
HO HapsAy ¢ MApTEHCUTOM, COXPAHSIOTCS HE MPETEPIeBIINE MPEeBpaIleHUs PU
HarpeBe 3epHa Mmsrkoro ¢epputa (80 HB). Harpes o Temmneparypsi
3HAYMTEJILHO BBIIIE A3, MOXKET BbI3BATh NIEPETPEB WIIH MEPEIKOT.
CrenoBaTenbHO, ONITUMAaJbHAS TEMIIEpATypa HarpeBa noj 3akaiky - Ac; + 30 +

50 °C.

Harpes 3a3BTEKTOMIHOM cTalu 101 3aKaJIKy HIKE Ac; HE BBI3OBET 00pa3oBaHus
ayCTEHUTA U, CIEA0BATEIBHO, PE3KOE OXJIAKICHUE HE IIPUBEIET K 3aKaJIKE.
Crainb ocTaercst OTHOCUTENIbHO MTKOM. HarpeB Bbllie Acm BBI30BET

PACTBOPCHUC IECMCHTUTA BTOPUYHOT' O, POCT 3€pHA ayCTCHHUTA U, KaK CJICACTBHUC,



MOHM)KEHUE TBEPAOCTH MOCIe 3aKanku. [loaTomy onTuManbHON TeMnepaTypoun

HarpeBa noJ 3aKajky siisgercsa temmeparypa Ac; + 30 + 50 °C.
CxeMbl ITpeBpAILEHUN YIIIEPOANCTHIX CTAJNIEH IPU HATPEBE U 3aKaJKE:
Jlosemexmouonvle cmanu:

Haepes oxnanxcoenue

Ac;+30+50°C O+ —> A+ > M+ ® (D oueHn

MHFKHﬁ, CJICO0OBATCIbHO, HU3KAasd

TBEPJIOCTh CTAJIN)

nazpes oxnadcoenue
> A ? M — onTuMasibHas

Ac;+30+-50°C D +II

TeMIlepaTypa Harpesa MoJ| 3aKajiKy

Demekmouonvie cmau.

Hazpes oxnascoenue

Ac; +30+50°C 11 > A > M — onrtuManbHas

TeMIlepaTypa HarpeBa 1oJ| 3aKajiky

3asémexmoudnvle cmanu:

0xXNadcoeHUe

Acr+30+50°C TT+ 1 ———> A +1y > M+ I (I

OYE€Hb TBEPJbIH, CICIOBATEIIBHO,
BBICOKAsI TBEPAOCTh CTaJIH) —
ONTUMAaJIbHAs TEMIIEPATYpPA HArpEBa

MOJ1 3aKaJIKy

Hazpes oxnascoenue

Am+30+50°C TI1+ L > A > M (pacTBOpeHHE

HNEMCHTHTA, POCT aYyCTCHUTHOT' O
3CPHA, CJICI0BAaTCIbHO, TBCPAOCTD

HIDKE, yeM y M + L1 ).



CymiecTByer JBa BHJA 3aKalKu — oOvemHas u nosepxuocmuasd. llpu
00BEMHOM 3aKalIke 3aKajJuBaeTCad BeChb 00beM M3/enus (CKBO3HAs 3aKajka), a Mpu
MOBEPXHOCTHOM — TOJIBKO IOBEPXHOCTHBIE cJIoW. J[Jis 0O0beMHOI 3aKajku B
3aBUCHUMOCTH OT TE€MIIEPATYphl HarpeBa pa3inyaroT MOJIHYIO 3aKalKy (CTpYyKTypa
MOCJIe 3aKaJKH - MApTEHCUT) M HEMOJHYI0 3aKalKy (B CTPYKType MOMHUMO

MapTeHCcHUTa coxpansercs Bropas (paza — @ umm L1).

3. OBBEKTBI UCCJIEAOBAHUIS, ObOPYJIOBAHUE

OO0nexth uccienoBanusg — ctaau Ct3, 40, Y10 B 0TOKKEHHOM COCTOSHUH.
Tepmuueckyro 00pabOTKy MPOBOASAT B KaMEpHBIX Ieuax. M3mepeHus: TBepocTH

poOBOJAT Ha pubopax tumna TK.

4. 3BAJAHUE HA PABOTY

1. TIpoBecT H3MEpPEHUS TBEPAOCTH 00pa3IOB B OTOXIKEHHOM COCTOSIHHH,
2. Ilpomectu 3akanky craneit ot 700, 750, 850u 920 °C;
3. TlpoBecTn u3amMepeHus: TBEPIOCTH 00PA3IOB B 3aKAJICHHOM COCTOSIHUH;

4. OnpenenuTh CTPYKTYpPY CTajiel B 3aKaJICHHOM COCTOSIHUU.

5. TOPAOK BBIIIOJIHEHUA PABOTDI

1. O3HaKOMUTBCS C KPAaTKUMU CBEJICHUSIMU U3 TEOPUH.

2. U3meputh TBEpIOCTH 00pa31oB, U3roToBIEHHbIX U3 ctasiei C13, 40, Y10 B

OTOXOKEHHOM COCTOSIHMM. [loydeHHbIe pe3yIbTaThl 3aHECTH B TA0IUILY 2.

3. Harpetb 00pasiisl Bcex Mapok ctanu o temneparyp 700, 750 850u 920 °C,

BbIJIEpKATh B €4 20 MUH. U 3aKAJIUTh OXJIAXKICHUEM B BOJE.

4. Metogom Poksemta (TOCT 9013-59) usmeputs TBEpOCTh 0OPA3IIOB TOCIIE

3aKaJIKU U pe3yJIbTaThl U3MepeHui 3anectu B Tadnuily 2. [lomyuennsie



3HaYeHus TBepAOoCTH nepeBect B HB, ncnonbe3ys ciennanbHyo TaOIuILy

nepeBoaa 3HAYCHUM TBép,ZIOCTI/I, OHpG,IIeJIﬂeMOﬁ Pas3’In9YHbIMU MCTOOAMU.

5. Ykazarb npeanonaraeMyro cTpykrypy craneit Ct3, 40, Y10, nosyyeHHyto B

pe3yJIbTaTe 3aKaJIKU OT PA3TUYHBIX TEMIIEPATYP.

6. [TocTpouTs rpaduk 3aBucuMocTH TBepocTH HB 0T Temneparypsl HarpeBa

O] 3aKAJIKY CTaJIEH.

7. Ilpoananu3upoBaTh U3MEHEHUS CTPYKTYPbI U TBEPAOCTU CTAJIEN B
3aBUCUMOCTH OT TEMIIEPATYPhl HarpeBa Mo 3aKajKy U MapoOYHOTO

XUMHUYECKOTO COCTABA MCCIIEyEMBIX 00pa3IOB.

8. CI[GJ'I&TL BBIBOJBI 110 pa60Te H IIOATOTOBUTH OTUYCT.

6. COAEP’)KAHUE OTYETA

1. [lenb paGoThi;
1. KpaTkue TeopeTHdeCcKue CBEICHUS;
2. Pe3ynbTaThl U3BMEPEHUN;

3. I'paduk 3aBucumoctu TBepaocTH HB 0T TemmepaTypsl HarpeBa moj 3aKajiky

T3aK ;

4. BbIBOJIBI IO paboTe.



Tabnuua 2 — Pe3ynbrarel n13MepeHui

Mapka

cTajin

HB
CTaIu
IIOCJIE

OT>KHUra

Tsar, °C

TBepnocts cranu

ITOCJIC 3aKaJIK1

HRB HRC

HB

MukpocTpykTypa
CTaJIM TOCJIE

3aKaJIKH

Ct3

700

750

850

920

40

700

750

850

920

Y10

700

750

850

920

7. KOHTPOJIBHBIE BOITPOCHI

1. Uro Ttakoe wmaprtencutr? Kakue ycnoBusi ero obOpazoBanusi? Kakas

KpUCTAJNIMYECKas pelIeTKa y MapTeHCUTa?

2. Kakas cTpykrypa OYIUT Yy JO3BTEKTOMJIHOM,

3aPBTEKTOMIHON CTAJIEN ITOCIIE ITOJIHON U HEMOJIHON 3aKaJIKu?

OBTEKTOMIHON WU

3. Kak BinusieT cojiepkaHue yriepoja B CTald Ha BBIOOP CKOPOCTH

OXJaXAeHUS?

4. C xakou CKOPOCTBIO CIICAYCT OXJIAXKIAATDh CTAJIb, YTOOBI OHA 3aKAJINIACh?




JlaGopaTopHnasi padora Nel(

Hemerannunveckue MaTepualbl.

YacrTb l.HOCTpoeHI/le TEPMOMECXAaHNICCKUX KPUBLIX IMOJINMEPOB

1. HEJIb PABOTDI:
OCBOUTH METOJIUKY CHATHS TEPMOMEXAHUYECKUX KPUBBIX Ha pubope Buka.
OnpenenuTes TeMIIEpaTypbl IEPEXOI0B: TEMIIEPATYPY CTEKIOBAHUS U TEMIEPATYPY

TCKYUCCTH JJIA TCPMOINIACTUYHBIX ITOJIUMCEPOB.

2. TEOPETUYECKHUE CBEJIEHSA

Paznmuuns B CBOWCTBaX MOAUMEPOB  OOYCIIOBIEHBI  CTPYKTYpOH  HUX
MaKpOMOJIEKYJI, KOTOpbI€ TPEJCTaBISAIOT COOON IEMOYKH, COCTOSIIIUE U3
OT/ICJIbHBIX 3BE€HbEB. J[JIMHA 11eNM B HECKOJIBKO THICAY pa3 OO0JIbIIE UX MOMEPEUHOTO
CEYEHHs, MOATOMY MaKpOMOJIEKYJlaM IMOJMMepa CBOMCTBEHHA T'MOKOCTh, KOTOpas
SBJISIETCS OJTHON M3 OTJIMUUTEIIBHBIX OCOOCHHOCTEH MOIUMEpPOB. MaKpOMOJIEKYJIbI
MOJIMMEPOB MOT'YT UMETh JIMHEHHYI0, PA3BETBICHHYIO WM CETYATYIO0 CTPYKTYpPY (

pUCYHOK 1).
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Pucynok 1. CTpykTypa MaKkpoMOJIEKyJ B IOJIUMEPAX:

a- HHHeﬁHaH, 0— Pa3BCTBJICHHAA, B - CCTUYATAA

BayTpr MakpoMoOJIeKyJbl MEXKY aTOMaMH BO BCEX TPEX CIydasX IEUCTBYIOT
IIPOYHBbIE KOBAJIEHTHBIE CBS3U. Y IIOJUMEPOB O JIMHEHMHOW M Pa3BETBIICHHOU

CTPYKTYpOH, K KOTOPBIM OTHOCSITCSI TEPMOIUIACTBI, MEXAY MAKPOMOJEKYJIaMU



NEHCTBYIOT HENPOYHble BaH-nep-BaanbcoBbl CBA3M, TO MO3BOISAET UM NP HArpeBe
PaCIUIaBIIATHCS 10 BBICOKOBSI3KOM KUAKOCTH, a IIPU OXJIaXKI€HUHA BOCCTAHABINBATH
CBOM CBOWCTBA. Y IOJUMEPOB C CETYATOM CTPYKTYPOU — PEAKTOILIACTOB - MEXKAY
MaKpOMOJIEKYJIaMH JIEHCTBYIOT TJIaBHBIM OOPa30oM MpPOYHbIE KOBAJICHTHBIE CBS3H,
YTO JIMIIAET UX CHOCOOHOCTH pa3MsArdarhCs MpHU MOBBILIEHUU TeMieparypsl. [Ipu
JOCTHKEHHUH JOCTATOYHO BBICOKOM TEMIIEpPATyphbl OHU Pa3pyILLAOTCS.

MexaHndeckue CBOMCTBA MOJMMEPOB (YIPyTrHe, IPOYHOCTHBIE) 3aBUCAT KaK OT
uX (PU3UYECKON CTPYKTYpPHI, TaK U (U3HUECKOTO COCTOSIHHS, TEMIIEpaTyphl U T.1.
[Tonmumepbl MOTYT HaxOIUTHCS B TPEX (PU3UYECKUX COCTOSHUAX: CTEKIO00pa3HOM,
BBICOKODJIACTUYECKOM UM BA3KOTEeKydeM. (OCHOBHOM NPUYMHON HW3MEHEHMS
COCTOSIHUSI SIBJISIETCSI TEIUIOBAasi HHEPrus, KOTOpas MPUBOAUT B KoJieOaHUE ILEenH
MaKpOMOJIEKYI.

JUIsL OLIEHKM OCHOBHBIX TEXHOJOTMYECKHX M JKCIUIYyaTallMOHHBIX CBOMCTB
NOJINMEPOB HEOOXOJIMMO 3HATh TEMIIEpaTypHbIe 00JIaCTU Nepexoa MOJIUMEPOB U3
CTEKJI000pa3HOT0 COCTOSIHUS B BHICOKO3JIACTUUECKOE U U3 BHICOKO3JIACTUUECKOTO B
Ba3KkoTekydee. OOHapy X UTh 3T (U3HUECKHME U3MEHEHHS BO3MOXHO C
UCIIOJIb30BAHUEM TEPMOMEXAHHYECKOTO METOJIA, CYIIIHOCTh KOTOPOr'0 3aKIIF0YAETCS
B OIpeAeneHU JehOopMUPYEMOCTH MOJMMEpa MOJ JEHCTBUEM HEU3MEHHOM U
MaJIof N0 BEIUYUHE HArPY3KH.

KaxxgoMy ¢uznyeckoMy COCTOSIHUIO COOTBETCTBYET CBOU TuN Aedopmaryu. B
CTEKJIO00PAa3HOM COCTOSHMM HAOJIONAeTCst TONBKO ynpyras aepopmanust &, .
ATOMBI, BXOJSIIME B COCTaB MOJIEKYJSIPDHOW IIeNH, COBEpIIAIOT KojebaTelbHOe
JBUKEHUE OKOJIO TOJIO)KEHHSI PABHOBECHS: JIBM)KEHMSI 3BEHBEB M IIEPEMELIECHUE
MaKpOMOJIEKYJl HE€ IIPOMCXOAMT. Bplle TemmepaTypbl CTEKIOBAHUS K 3TOH
nehopmary 100aBIAETCS BBICOKOIIACTHYECKAsT COCTABISIOMAS Egsyp., KOTOPAsS
IPEBOCXOJUT YIPYTYIO COCTABIISIIOILYIO B ThicsiuM pa3. Poct nedopmarnuu 31ech
00BSACHSETCS paclpsIMICHUEM JUIMHHBIX U 3aIIyTAHHBIX MAaKPOMOJIEKYI.

B BsA3KOTEKyueM COCTOSHUM BBISBISIETCA €HIE€ OJHA COCTaBJISAIOIIAs
nedopmanmu — Bs3Kas ..., KoTOpas OOYCIIOBIMBAET pa3sBUTHE HEOOPAaTHMOI

nepopMaIui, CBSI3aHHOW C TEpEeMEIICHHMEM MaKpPOMOJEKYJ OTHOCUTENBHO IPYT



apyra. B obmem ciydae aedopmarusi TEpMOIUIACTUYHOTO MOJMMEPAa COCTOUT U3
TpPeX COCTABISAIOIINX, KOTOPhIE UTPAIOT PA3IUYHYIO POJb MPU HU3KUX U BBICOKUX

TeMIlepaTypax:

E = E + EEEIJL + EE.‘F.IE.

yop.

[TpousBens usmepenus nedopmaiuu odpasiia npu pa3IndHbIX TeMIEparypax,
MOHO TMOJYyYUTh €€ TEMIIEPATYpPHYIO 3aBHCHUMOCTb, KOTOpas XapaKTepU3yeTcCs
TEPMOMEXaHUUYECKON KpuBOW. OCHOBHBIMM MapamMeTpaMyd TEPMOMEXAHUYECKOTO
METO/1a SIBJIAIOTCSI TUI OCYIIECTBISIEMON edopmaliuu, pexuM HarpeBa, BeTudnHa
NpUIaracMoro HampsDKEHUsT M XapakTep €ero Bo3AeCTBUS (IPEPHIBHBIM WU
HEIPEPBIBHBIN).

Ha pucynke 2 mpeacTaBieHbl TEPMOMEXaHUYECKHE KpPHUBBIE IOJIUMEPOB.
KpuBass tuna I xapakTtepHa [ TEpMOIUIACTUYHOTO TOJIMMEpPA - BUHUILIACTA,
KOTOPBI C U3MEHEHHEM TeMIIepaTypbl UCHBITAHUM MOXKET HAXOAUTHCS B TPEX
(UBUYECKUX COCTOSIHUSX, YTO COOTBETCTBYET TPEM y4acTKaM TEPMOMEXaHUYECKOM
kpuBoi. Ilepexon W3 OMHOTO (PU3UYECKOTO COCTOSIHMSI B JIPYro€ HA3BIBACTCS

TEMIIEpaTypHBIM TEPEX0JIOM, & CPEJIHUE TeMIEepaTyphbl MEPeXOIHBIX oOiacTeu -

TeMIlepaTypaMu Nepexo0B.
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Pucynok 2. TunuuHble TEPMOMEXaHUUECKUE KPUBBIE HEKPUCTAIITUYECKOTO
nuuneriHoro (1), cetyatoro (2) u kpucraiuueckoro (3) nonumepos: I, I, 1 —
30HBI, COOTBETCTBEHHO, CTEKJI000Pa3HOT0, BEICOKOAIACTHIECKOTO U
BSI3KOTEKYUYETO COCTOSIHUNA HEKPUCTATUIMYECKOTO U KPUCTAIIAYECKOTO
noumepoB; Te, Tux, Tr, Tx — TEMIIEpATYypBI, COOTBETCTBEHHO, CTCKJIOBAHMS,

IJIaBJICHUS, TCKYUYCCTH U Hadajla XUMHUYCCKOI'0 PA3JI0KCHHUA

OnHMMH U3 OCHOBHBIX XapaKTEPHUCTHK MOJHUMEPOB SIBISIOTCS TEMIIEPaTypbl
NEPEXO/IOB: TeMIepaTypa cTeknoBaHusd Tc, Temmeparypa TekKydyecth Tt U
TeMmIeparypa  ImasileHHss  Try,  KOTOpBIE  ONPENENsAOT  ONTUMAJbHBIE
TEMIIEPATypPHbIE PEXUMBI DKCIUTyaTallMM MOJIMMEPHBIX MAaTEpUAIOB U HX
nepepabOTKU B U3/IENUS Pa3HBIMU METOIAMH.

B MammHOCTpOEHHMH TIOJIMMEPBI  MCHOJB3YIOTCS, Kak MpaBuUiIo, B
cTeksiooopazHoM (Huke Tc) W BBICOKO3IAcTUUECKOM (HMKE TT) COCTOSHUSX.
[lepepaboTka uX B U3AENAMS METOJAMHU JHThbS TMOJ JaBICHUEM, 3KCTPY3HH
(BpIIABIMBAHMS) WIM TOpSAYEH IITAMIOBKH OCYLIECTBISETCS B BSA3KOTEKYUYEM
(Bbize Tt) U, pexe, B BHICOKOJIACTUYECKOM COCTOSIHUSIX.

KpuBas 2 xapakrepHa miIsd mOJMMEpPAa C JUHEUHOM CTPYKTYpOH
MaKpOMOJIEKYJI, KOTOPBIM BIUIOTH O TEMIIEPATYpPhI IUIABAEHUSA Tru1 HAXOIUTCS B
TBEpAOM cocTossHuM. IIpu temmeparype T 3TOT TEPMOIUIACTUYHBIM MaTepUAll

TUTABUTCS U AepopMalius CKaYKooOpa3HO BO3pacTaeT.



3. METOJUKA U3MEPEHUN

Mertonuka  CHATHS  TEPMOMEXAHWYECKUX  KPUBBIX  TEPMOILIACTHIHBIX
MaTEepHaioB OCHOBAaHA Ha WU3MEpeHWH uX nedopmaruii, BO3HHKAIONIMX B
pe3yibTaTe MNEePUOAUYECKOTO BIABIWBAHUS IMJIMHIPUYECKOTO HAKOHECYHHKA C
MOCTOSTHHOM CcuUJION B oOpasel, HarpeBaeMblii co ckopocThio 1-2 °C/mun. s
CHSITUS TEPMOMEXaHUYECKUX KPUBBIX HCIONB3yeTcs mpubop Buka (mompoOHoe
omnucaHUe KOTOPOro JaHO B mpeabiayliei padote). OOpas3isl 1ehOpMHUPYIOT TIPU
HanpsokeHud, paBHoMm 0,2-0,3 MlIla. Harpykenne HMIMHIPHYECKOTO WHIACHTOPA C
TUIOMIAABI0 OCHOBAHHS 1 MM? npoBoaAT B ToueHue 10 ¢ depe3 kaxasie 10 °C (mus
TEPMOCTOMKHMX mMoJuMepoB) wiu uepe3 S5 °C (mis MeHee TEePMOCTOUKHUX
MOJINMEPOB), HAYMHAS C KOMHATHOW TEeMIMepaTyphl, a (PUKCHPYIOT JTOCTUTAEMYIO
IpU JTaHHOW TeMIlepaType 3a 3TO BpeMs JIedopMaiuio ¢ MOMOIIbI0 WHIUKATOPA
4acoBOI'0 THIIA.

JIJist uCIBITaHMsI UCTIONB3YIOT IMWIMHAPUYECKUE (WM KBaJpaTHBIE) 00pasiibl
nuametpoM (ctoponoit) 10-20 MM wu TommmHOM 6-8 wmwm. Ilpu wucneiTaHun
IUICHOYHBIX ~ MAaTepuajoB  oOpaslbl  MOJYyYarOT IMyTeM Habopa MakeTa
COOTBETCTBYIOIIEH TONMIIMHBL. [ modydeHuss CTaOWUIbHBIX JaHHBIX  JUIS
pa3IuMYHbIX 00pPa3OB M3 OJHOIO M TOTO K€ MaTepualia U3roTaBIMBaIOT 00pa3lbl
OJINHAKOBBIX Pa3MEpOB.

HcnpiTanust MPOBOJAT B JKHJKOCTHOM  TEPMOCTaTeé B KadyecTBE
TeIJIonepeAaroned XUAKOCTA MOTYT OBITh HCIOJB30BaHbI TpaHCcPopMaTOpHOE
Macjo, TJIHIEPUH W JAPYTHE >KUJIKOCTH, KOTOphIE HE OKa3bIBAIOT BIMAHUS Ha
U3MEpSIEMYyI0 BeUYMHYy. TeMrmeparypy B Mpoliecce HU3MEpeHUN (PUKCUPYIOT 0
MOKa3aHUSIM TepMoMeTpa ¢ TouHocThio + 1,0 °C.

[lo nanHbIM wu3MepeHus AedopMalMM CTPOSIT KPHUBYH 3aBUCHUMOCTHU
nedopManus-TeMieparypa M ONPENeNsioT Trpaduyecku 1o mneperudbam Ha
TEPMOMEXAHUYECKON  KpPUBOM  TeMIlepaTypbl  IEPEXOJIOB:  TeMIepaTypy

crexioBanus Tc, Temneparypy Tekydectd Tt u Temneparypy riaBiaeHus T



4. OBBEKTBI UCCIIEHOBAHIA, ObOPY IOBAHUME

OO6pa3upl: 00pa3ibl TEPMOIUIACTUYHBIX TMOJIUMEPOB: MOJTUMETUIMETAKPUIIAT
(OpreTeKIIo), MOJIMBHHUIIXIIOPHUT, TTOJIUCTHPOI.
Ob6opynoBaHue W MaTepHallbl:  U3MEPUTEIbHBIM  WHCTPYMEHT -

HITAaHT€HUUPKYJIb; TpuOop Buka, Tepmocrar, TepMOMETP.

5. 3AIAHUE HA PABOTY
1. [TogroroBuTh 00pa3Lbl AJI UCIIBITAHUMN;
2. Ha ocHOBaHMM NOJyYEHUSAX JAHHBIX MOCTPOUTH TEPMOMEXAHUUECKYIO KPHUBYIO

JUTSL KQXI0T0 MOJTMMEPHOT0 MaTepuania.
6.T1IOPAJIOK BBIITOJIHEHVA PABOThI

1. IsmepuTth BeIcOTy 00Opasma 1y ¢ Tounoctsio 10 0,1 MMm.

2. OOpas3ern| U3 IacTMacChl YCTAaHOBUTh HA OCHOBaHUM LITAaTHUBA MPUOOpa Mo
HEHATPYKEHHBIM HWHACHTOPOM TaKUM OOpa3oM, YTOObI WHACHTOP HAXOIUJICS B
LEHTPE WM HA PACCTOSSHUM HE MEHEee 3 MM OT Kpas oOpasia.

3. Ilpubop Buka ¢ oOpa3iniom norpy3uth B *KUJIKOCTHOU TepmocTtat. CTpernka
WHJIMKATOpa MepeMenIeHUH J0KHA COOTBETCTBOBATH HYJIEBOMY TOJIOKEHHUIO.

4. BKJIIOYUTH TEPMOCTAT C TEPMOPETYIHPYIOIIUM YCTPOWCTBOM, 3ajaB
CKOPOCTH TMOBBITICHUS Temneparypsl 1-2 °C/MuH.

5. Hauunas ¢ komHaTHOM Temnepatypsl yepe3 kaxpie 5-10 °C B 3aBucCUMOCTH
OT Marepuana, MpPoU3BOAUTH naepopmupoBaHue obOpasua B Teuenwe 10 ¢ mpu
Hanpspkeaun 0,3 MIla, duxcupys npu 5TOM TMOKa3aHUS MHIMKATOpa TIO
NPOHUKHOBEHUIO HWHJAEHTOpa BrIyOb oOpasma ©a Bemuuuny Ah  (mwm).

OrtHocutenbHas jgedopmanuss &€ oOpasna MNpW  BAABIMBAaHWU  HHAEHTOpA

Ah
ompenensercs o Gopmyne £ = — 100%, e hy - ncxomHast BeicoTa 00pasiia, Koria
a

CKMMAIOIAsl Harpy3Ka paBHa HYJIIO.

6. HM3MmepeHus MNpEeKpallaloT MO JOCTUKEHUU TEMIIEPATYphbl IUIABICHUS



HOJIMMEpa, O YeM CBUJIETEILCTBYET pe3Koe yBeslndeHue aedopmarun odopasua.

7. U3menenue paedopMupyeMOCTH OOpa3LOB OCTAIbHBIX IOJUMEPHBIX
MaTepuajoB B IPOLIECCE HarpeBa IPOBECTH coryacHo mm. 1-6. PesynbraThl
U3MEpEeHM 3aHEeCTH B TaOIUILY.

8. Ha ocHOBaHMM TOJY4YEHHSX IAHHBIX MOCTPOUTH TEPMOMEXAHHUECKYIO
KPUBYIO IJIs1 KaXJIOTO TMOJMMEpPHOTO MaTepHuaja M IO TeperndaM Ha KpUBOM
& = f(T) onpenenuth TeMIepaTypbl MEPEXO]0B: TEMIIEpaTypy CTekioBanus Tc,

TEMIIEpATYpy TeKydecTu Tt u Temneparypy miaBiaeHus T

Tabnuua [lokazaTenu neopMupyeMOCTH MOTUMEPOB MPU HATPEBE U UX

TeMIIepaTyphl epexoia

Ne | [TomumepHbIi Temneparypa, °C | Temnepa- Temnepa- | Temnepa-

/11| MaTepuan Typa Typa Typa

Hedhopmanus €, % | CTEKIOBaHUA, | TEKYYECTH, | IIJIaBJICHNUS,

Tc, °C Tr, °C Tr, °C

5. COHEP’)KAHUE OTHETA

B otdere HeoOXoAMMO ommMcaTh CYUIHOCTh TEPMOMEXAHHYECKOTO METOJa,
IPUBECTU cxeMy AedopMHpOBaHUs o0pasla, TaHHbIE 00 UCCIEAYEMOM MaTepuare.
OTueT MOJIKEH BKIIIOYATh TAOJIMIy U MOCTPOCHHBIE TEPMOMEXAHUUYECKHE KPHUBBIC
JUISl PA3JIMYHBIX MAaTEPHUATIOB. AHAIU3HUPYS MOJYYEHHBIE JaHHBIE 10 TEMIIEpaTypam
IIEPEX0/1a, COCTABUTh PEKOMEHIAMH IO TEMIIEPATyPHOMY PEXUMY IKCIUTyaTalluu

I/IBJICJ'II/Iﬁ N3 ITOJIMMCPOB U UX Hepepa60TKH.

6. KOHTPOJIbHBIE BOITPOCEHI

1. Kak Biausier cTpyKTypa MakpOMOJIEKYJIbl IMOJIUMEPOB HA UX (PU3UKO-




MEXaHUYECKHE CBOMCTBA?

2. JlaTh KpaTKyl0 XapaKTepUCTUKY (PU3MUECKUX COCTOSTHUM MOJIMMEpa.

3. B uyem 3akirodaercst CyuiHoCTb TEPMOMEXAHUYECKOTO MEeTO1a?

4, YTo Ha3bIBAETCS TEPMOMEXAHUUECKON KPUBOIL?

5.  Kak ompenenuth Temmeparypbl mepexoioB mnonumepoB? Kakyro

I/IHCI)OpMaI_II/IIO OHH JAar0T O TCXHOJOTHYCCKHUX U JKCINTYaTaAllMOHHBIX cBoicTBax”?

Yacte 2.

Tepmuueckoe pacmiupeHue MmarepuanoB. OnpeaeseHue BeJUINHBI

TeMIIepaTypHOro Ko3ppuuuenrta JuHeHoro pacmuupenus (TKJIP)

1. EJIb PABOTBI

1. U3yuuth Metoaunky uzMepenus BennunHsl TKJIP Ha nHaukaropHom
JIUIIATOMETPE.

2. Onpenenuth BenuunHbl TKJIP MeTanminueckux U HeMeTaUTMUYEeCKUX

MaTepuanoB.

2. TEOPETUYECKHWE CBEAEHA

Tennodusndeckue CBOWCTBA MaTEpPUATIOB HMMEIOT Ba)XXHOE 3HAYCHHUE IS
ONpENECICHNS MPAKTUUECKON MX LEHHOCTU. BcrencTBue TEmIoBOTrO paclIupeHus
BO3MOXXHO BO3HUKHOBCHHME TEPMHMUYECKUX HAIPSHKEHUA B MECTax COIPSKEHUS
JEeTAJIE WIM CJIOEB M3 Pa3HOPOJHBIX MAaTEpUANIOB, YTO MOXET IPUBECTU K
BO3HUKHOBEHUIO TPEIIMH M PAa3pyUIEHHUIO 23JEeMEHTOB KOHCTpykuuii. TKJIIP
TPaJMIIMOHHBIX MAaTEPUANIOB (CTaJIM, AIFOMUHUS, OPOH3BI, JIATYHU) U TIOJIMMEPHBIX
MaTepuajoB OTJIMYAKOTCA B cpefHeM B 10 pa3, 4TO CO31AaeT CEpbE3HbIE TPYAHOCTH
Ipy KOHCTPYMPOBAHWHM U OKCIUTyaTalldd OwWMaTrepuanoB, TA€ HEW30eKHBIM
ABJISIETCS HEMIOCPEICTBEHHBIN KOHTAKT MaTepuasioB ¢ pazanuHeiMu TKJIP. Ognako

3HaueHue TKJIP moamMepoB MOXKHO PE3KO IMOHM3UTh Kak 33 CUET BBEJICHUA



HAITOJTHUTENEH, TaK U 32 CUET U3MEHEHHUsI CTPYKTYpPBI OJIMMepa. B Takux ciydasx
CTpPEMATCS MO BO3MOXKHOCTH K MAaKCUMaJIbHO OJM30CTH TEMI0(PU3NIECKUX
XapaKTEPUCTHK COIPATaEMbIX MAaTE€pPUaJIOB BO BCEM HHTEPBAIM TEXHOJOIMYECKHUX
Y DKCIUTYaTallMOHHBIX TEMIIEPATYD.

Peakuus marepuana Ha TEIUIOBOE BO3JCUCTBHUE CBfA3aHA C BHYTPEHHUMU
CTPYKTYPHO-MOJIEKYJIIPHBIMH TEPECTPOEHUAM. TaK, IPU HArpeBaHUU METAIIOB
BCJICICTBUE YBEJIMYECHUSA MEXATOMHOI'O PACCTOSHUS B KPUCTAJUIMYECKON PELIETKU
YBEIMYMBAECTCS O0OBEM Tella U yMEHbBIIAETCS IUIOTHOCTh. TerioBoe paciiupeHue
TBEPABIX TEJI YHUCICHHO XapaKTEepU3yeTcs TeMIepaTypHbIM KO3 (OUIHMEHTOM

o0beMHOrO pacuupenus. HermpepblBHOE pacuiupeHue Mpu HarpeBe OMUCHIBACTCS

dbopmynon

V, = V(1 + (T, — Ty)) (1)
rae V; u V; — o0beM Tena Mpu HAJTUYHOW M KOHEYHON M KOHEUHOU TemIepaTypax

Ty ¥ T, COOTBETCTBEHHO; £ — KOA()PUIIMESHT 00BEMHOI'0 PaCIIUPEHUS.

Paznmuuaror cpegHuii K03(pGUIUEHT pacIIUPEHUsi, OTHOCAIIUNUCS K HEKOTOPOMY

HHTCpBAJIIy TCMIICPATYP,

E:L-'l—wﬂ_1[1] 2)

T, —Ty FD rpaj

Y UICTUHHBIA KO3(PPUITMEHT pacIupeHusi, OMPEISICHHON TeMITepaType,

p=> 2 ] 3)

HOCKOJILKy HCIIOJIB30BAaTh HI/IKHOMeTpI/I‘{eCKI/Iﬁ NN FH,ZIpOCTaTI/I‘ICCKI/Iﬁ
MCTOZ IIPpHU IIOBBINICHHBIX TEMIICPATypax HCJIb34A, Ha IIPAKTHKC HU3MCPAIOT
U3MEHECHUSI JIMHEHHBIX pasMCpoB U 3aTCM BbIYUCIAKOT COOTBCTCTBYROIIHC

U3MEHEHUA 00bEMA.



JlnuHa oOpasia u3MeHseTcsl IpU HarpeBe Tak, YTo

3= lg[1+ a(Ty — Ty)l, (4)
rjae lyu l; — ninuHa oOpasiia Mpu Ha4albHBIX U KOHEUHBIX TeMiiepaTypax Tqu Ty a

— K03 GUIIUEHT TUHEHHOTO pacIIuPEHHUS.

[Ipu 5TOM UCTUHHOE U CpeHEE 3HAYEHUSI TEPMUIECKOTO KO3 dUIIEeHTA

muneriHoro pacimpenus (TKJIP) onpenensitoT cooTBETCTBEHHO, Kak

o=t 2 [ ©

(6)

JUIsi M30TPOIHBIX B OTHOIICHUU TEIUIOBOIO pPACLIMPEHUs MAaTepUalioB C
KyOM4eCKON KPUCTAIUTMYECKON PEIIETKON JIMHEWHbIH U 00beMHBIA KO3(PPUIIUEHT
pacIIMpEHUs] CBSI3aHbIl 3aBHCHMOCTBIO f =3a, f=3a& , YTO MO3BOJISIET
paccMaTpuBaTh UX KaK PAaBHOLICHHBIE XapaKTEPUCTUKH.

JUis aHM30TPONHBIX MaTEpUAIOB HEKYOMUYECKHX CHUCTEM paCHIMPEHHUS 110
pa3IMYHBIM ~ KPUCTAJIOTPA(HUUECKUM  HaAmpaBlIEHUSIM B O0IIEM  ciydae
HEOJIMHAKOBO. Ecnu 0003HAYUTh Kod(ppunreHT BJIOJIb TJIaBHOU
KpHUcTajuiorpauyeckol ocu @), a JUIsl HalpaBlIeHUs, NEPHEHIUKYIIPHOMY
TJIABHOMY @;, CBSI3b MeEXAy KodpduuueHtoM oOBEMHOro pacummupeHus £ u
JTUHENHHBIMU KO3 (PULIMEHTaMU @ | u &, BBIpa3uTcs: f = a | + 2a; .

MOHOTOHHOE IIIJTaBHOE M3MEHEHHE pa3sMEpOB Tella IIPU  HArpeBaHUU
XapaKTEPHO TOJIBKO JUISl TEMIIEPATYPHBIX HHTEPBAJIOB, IJI€ OTCYTCTBYIOT (pa30BbIE
OpeBpalleHus, Tak  Kak  (a30oBble  IPEBpALICHUS  COMPOBOXKIAIOTCS
CKauKOOOpa3HbIM U3MEHEHUEM y1eJIbHOro 00beMa U BenmuuHbl TKIIP.

N3ydyeHneM W3MEHEHMs pa3sMEpOB TeJl, CBA3aHHBIX C HAarpeBOM U

OXJIAXKACHUEM, 3aHHUMACTCA ANJITATOMCTPHA, a CIICuaJIbHO



BBICOKOUYBCTBHUTEJIbHBIE MPUOOPHI, CIy)KalUME JUIsl HMCCIEIOBAaHUSA TEIIOBOTO
paclIUpEeHns, HA3bIBAIOTCA JUIATOMETPAMU.

MeTtonbl onpeneneHus Ko3(OUIMEHTOB TEPMHUYECKOTO PACIIMPEHUS MOXKHO
pa3leNInTh Ha IBE€ OCHOBHBIEC TPYIIIBL:

1. AOGcomtorabie MeTonbl u3Mepenus TKIIP, korna uaMeHeHus: IuHbl Al Ipu
W3MEHEHUH TEMIIEPATYPbl HA BEIUYUHY ATU3MEPSAIOTCS HE3aBUCUMO OT

TEIJIOBOTO PACIIUPEHUS] M3MEPUTEIBHOTO YCTPOMCTBA WJIM JAeprKaTems
oOpasna.

2. OTHOCUTENbHBIE METOJIbI HW3MEpPEHUs, OCHOBAHHBIE HAa CpPaBHEHUU

koappurrenTa pacIpeHust UCCIIENYEMOTO Marepuala c
KO3 (PHUIIMEHTOM STaJJOHHOTO BEIIECTBA.

HemnocpencrBenHoe u3MepeHHe W3MEHEHHs MJIUHBI 00pas3lia B Mpolecce
HarpeBa AaOCOJIOTHBIM METOJOM OTHOCUTCA K CPAaBHUTEIBHO  CJOKHBIM
METPOJIOTUYECKHUM 33/1adyaM, YTO OTPAHUYUBAET €r0 IPUMEHEHHUE.

OTHOCHUTENIbHBIE METOAbl MOJYYHJIM IIMPOKOE pacHpoCTpaHEHUE B
nabopatopHoil mpakTuke. KX mnpumensror kak st ompeneneHus TKJIP,
UCIIOJIb3yeMbIX B WH)KEHEPHBIX pacueTax, Tak W JJs HCCieNoBaHusA (ha30BBIX
npeBpamieHuil. Ilo wu3MeHeHuo Ko3(h@UIMEeHTa TEPMUYECKOIO pPACIIUPEHUS
NOJINMEPHOT0 MaTephalla U €ro TeMIIEpaTypHON 3aBUCUMOCTH MOYKHO CYIUTBH O
npoleccax MepecTpOrKN MOJIEKYJIIPHON CTPYKTYpPBI, MPOLECCOB MOJIMMEpU3aIuU
U CTPYKTYPHOTO CTEKJIOBAHHS.

BONBIIMHCTBO  OTHOCUTENBHBIX METOJIOB OCHOBAHO Ha IPUMEHEHHUU
U3MEPUTEILHOTO YCTPOMCTBA, COCTOSIIEIO W3 IMJIMHIpUYEcKoro oOpasua 3,

noMenieHHoro B Tpyoky 1 (puc. 1).

Puc.1. CxemaTtnueckoe n3o0pakxeHUEe H3MEPUTENBHONU TPYOKH TUTIATOMETPA.



B npouecce usmepeHuil CpaBHUBAIOT BEIUYMHY TEPMUYECKOIO PACIIUPEHUS
o0Opa3ua M3 HCCIEAyeMOro Marepuaja C TEIUIOBBIM paclIMpeHUEM TpyOku, B
KOTOpOM OH mnomeniaercs. TpyOKy HM3roTaBiMBaIOT M3 ATAJIOHHOTO BELIECTBA,
KoTopoe oOnamano Obl HM3KUM U mocTosHHBIM TKJIP B mmpokoM nuamazone
TemIiepaTyp. Takum Marepuanam MOXKET CIYKUTbh IUIABJICHBIA KBapl, KOTOPBIA
UMEET TOCTOSHHBIA KO3(Q(QUUUEHT JHHEHHOrO0 paCIIMPEHHUs, COCTABIISIOLIUN
(0,55-0,56)- 107°K~* p unTepsane Temneparyp ot 0 o 1100 °C.

[Ipu u3mepenusix obpaser; 3 nomemarT B TpyOKy 1 ¢ 3amasHHBIM JHOM Tak,
yTOOBl MEXAY O00pa3loM M CTEHKaMU TPYOKH COXpaHsCs HEOOJbIION 3a30p.
HuxHioro yacte TpyOkHM ¢ 00pa3lioM MOMENIAIOT B HAarpeBaTeIbHYIO IE€Yb WIH
BaHHY TakKMM 00pa3oM, YTOOBI TEMIIEpaTypa Mo AjJuHe 00pasia Oblja MOCTOSHHOM.
Bepxusiss wacte TpyOku | BbIBeeHa M3 HarpeTol 30HBI M MOXET HMETh
KOMHaTHY!0 Temneparypy. Hag o6pa3noM B TpyOke MOMeEIIaroT KBapLeBbli IITOK
TOJIKaTeNNb 2, KOTOPBI HAaXOIWUTCA B TE€X K€ TEMIEPATyPHBIX YCIOBHSX, YTO U
OKpY’Karolllas €ro 4acTh TPyOKH, U UX TEIJIOBOE pacUIMpEeHUe OJUHAKOBO. Takum
00pa3oM, OTHOCUTEIBHOE CMEIEHHWE BEPXHEro TOpLAa CTEPXKHS U Kpas TpyOKu
ONpENENseTC TOJBKO pAa3HOCTBIO Y/UIMHEHMI oO0Opa3la M OKpy)Karoulell ero
HIDKHEW 4YacTH TpPyOKH, HaXOAAIIUXCS B HU30TEpMUYECKOM Kamepe. 3Has
KO3 (PUIMEHT JIMHEWMHOrO0 paclIMpeHus] MaTepuaia TpyOkH (MJIaBJIEHBIA KBapil),

nerko paccuurats TKJIP uccnenyemoro marepuana.
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Puc.2. CxemaTnueckoe n300pakeHne UHANKATOPHOTO JUIaTOMETpA.



[TpocreitmuM nmpubOpOM 171 W3MEPEHUH TEPMHUYECKOTO PACIIUPEHUS
SBIISIETCS. MHAMKATOPHBIM aunaTtoMmerp (puc. 2). Ilpubop cocTtout m3 KBapueBoi
TpyOku 1, Toykarens 2, MHAMKATOPHOIO MHUKpPOMETpa 3 W HM30TEPMHUUYECKOU
KaMepbl 5 (HarpeBaTellbHas Ie4b, TEPMOCTAT ¢ MacioMm). TemmepaTypy oOpasua
U3MEPSIOT B I€YM TepMomapoi 4, ropsueil crail KOTOpbIi BCTaBJIE€H B HEOOJbIIOE
OTBEpCcTHE B 00pasle; B TepMocTate — TepMomeTpoM. Eciau mpu HavyalbHOU
KOMHATHOM TeMIEpaType HWHAUKATOPHBIM MHUKPOMETpP IOKa3bIBACT YIUIMHEHUE
oOpa3ua, paBHOE HYyJIO, TO IIpU IMOBBIILIEHHOW TeMIepaType IOKa3aHUs
MHKpoMeTpa S OyAeT oIpenenaTbcs pPa3sHOCTbIO YUIMHEHHs o0pas3noB Al, u
KBapLEBOl TpyOku Alr. BenmuunHa TepMuueckoro yJUIMHEHHs oOpaslia IpH 3TOM

MOJKET OBITH IMPEACTABJICHO BBIPAKCHUCM

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

13 KOTOpOro nojiyuniu senuuuny TKIIP

1d(l,) 1 d(y)
a=— =— +
l, dT 1, dT

1 dS
—_—, 8
I, dT (8)

rjae l, — HaudanbHas JJIMHA o0pasiia.

[IepBoe cnaraemoe B mpaBoM 4acTu ypaBHeHHs paBHO BennunHe TKJIP kBapua.
[ToaToMy OKOHYATETHHO BBIpAXKEHHE 7151 KO3 (DULIMEHTa TMHEHHOTO pacIIupEHUs

uccienyeMoro odpasiia Marepuana OyJeT UMETh BU]I

3. OFBEKTHI UCCJIIEJJOBAHIM A, ObOPY IOBAHUE
OO6pas1pr:
— 00pas3ibl METAJLIOB, IOJMMEPHBIX MATEPUAJIOB.
O6opynoBaHue ¥ MaTepPUAIIBIL:

— U3MEPUTEIIbHBI HHCTPYMEHT



— IUTAHTEHIUPKYJIb

— HarpesaTesbHas 11e4b

— TEpPMOCTaT

— UHJAUKATOPHBIN JUIATOMETP

— TEPMOMETP

4. 3BAJAHUE HA PABOTY

Hcnonp3yst HMHAMKATOPHBIM — THJIATOMETP,  ONPENEIUTh  TEPMUYECKUI
KOX(QGUIUEHT  JIMHEHHOro  paclmMpeHuss  oOpa3loB  METAUIMYECKUX U
HEMETAJUIMYECKUX MATEPHUAIOB.

DKclepuMEHTaNIbHBIE JaHHbIE rpaduuecku NpeacTaBUTh B Buje § = f(T). Ha
KPUBOM 3aBUCUMOCTH 5 = f(T)BpIOpaTh JOCTATOYHO JUHEHHBIM Y4YacTOK, TOTJa
onpenaensemoe 3HaueHue TKJIP Oyaer sBAATbCS UCTUHHBIM 3HAYEHUEM IS
CpeaHeN TeMIIEpaTyphl TEMIIEPATYPHOIO MHTEPBAa:

AS=S5,—5;AT=T,—T,.

Pacuer TKJIP ucciemxyeMbrx MatepraioB mpousBecTd mo hopmyie (9).

5. TOPAIOK BBIIIOJIHEHNA PABOTDI

1. U3meputh nanuHy wuccienyeMbix o0pas3uoB. BcraButh o0pasern; B
KBapIEBYIO TPyOKYy TOJOBKH AWjaToMeTpa. Jlajgee ToioBKy auinaromeTpa
C METAJUIMYECKUM O00pa3loM IOMECTUTh B TpyOuaTyr0 medb, a ¢
00pa3IoM MOJIMMEPHOT0 MaTepuaga — B TepMOCTaT. BKIOYUTH meub U
TEPMOCTAT.

2. IlpousBecTn u3MepeHUE TMOKAa3aHUM MHMKpOMETpa NpU HarpeBe B
JMana3oHe TeMIeparyp oT KoMHaTHO# g0 600 °C merammuyeckoro
oopasua ¢ untepBanoM uepes 40 — 50 °C. Ilpu marpese oOpasua us3
nonuMmepHoro marepuana msmepenue S(T) Bemonnuts uepes 10 °C B

MHTEpBANE TEMIIEPaTyp oT KomHaTHoi 10 100 °C.



6. COUEP’)KAHUE OTYHETA

1. 3nayenne S(T) 3amucarh B BHJE TaOJHUIbI, MOCTPOUTH IpaduK s
KQKJI0I'0 MCCIIEYyEMOr0 MaTepuaa.

2. Haiitu 3aauenust TKJIP MeTanioB u HeMeTaLTMYSCKUI MaTepUasoB.

3. ComnocrtaButp 3Hauenus TKIJIP wucciemyemplx MaTepuaaoB U CIeNaTh

BBIBOJIBI 110 paboTe.

7. KOHTPOJIBHBIE BOITPOCHI

1. Hackonpko omimyaercs mnopsaok 3HadyeHud TKJIP wmeramnoB wu
MOJIMMEPHBIX MAaTePUATIOB?

Kak moxHo nonusuts TKJIP miactmacc?

KakoBa nprupoaa TepMHU4ECKOr0 pacIupeHus?

KakoB npuHIMN ycTpoiCcTBa MHAUKATOPHOIO TUjaTomerpa’?

A

Kakyro ¢usndeckyto xapakTEepUCTHKy HEOOXOJMMO YYMTHIBATH MpU

KOHCTPYHPOBAHUU U IKCILTyaTallud OMMaTEepUaIOB U MTOYeMy?
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