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JlaGopaTopHasi pabora Nel
HN3mepenne TBepaocTu

Llenwv pabomor:

1. TTo3HaKOMUTBCS C METOJIaMH HW3MEPEHUS TBEPAOCTH METATUYECKHUX
MaTepHaJIoB.

2. IlpuoOpecT HaBBIKM HW3MEpPEHUS TBEPAOCTH MeTojaMu 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 c8eOeHUA:

1. H3MepeHHe 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 N3MEPEHUI HETIOCPEACTBEHHO HA
netanax. [Ipy ucnbpITaHUAX Ha TBEPAOCTH MOTYT OBITH TMOJIYYEHBI OIICHKH WHBIX
MEXaHUYECKUX CBOMCTB, TaKUX KaK TMpeAesl TEeKydeCTd, Mpeaea MNPOYHOCTH U
TpyTHE.

Haunbonbiiee mnpakTuueckoe 3HAYEHHE HMMEIOT CTAaTHYECKUE WCIIBITAHMS
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 UCTIBITAHUS TBEPAOCTHU 1O OTCKOKY IIapuKa (METOIbI
[Hopa, Tlonpan) u emie pexke UCHOIB3YETCSl M3MEPEHUE TBEPAOCTH IapanaHbeM
(cknepomerpusi). B MamMHOCTpOEHUH W MPUOOPOCTPOCHUHM OCHOBHBIM METOJIOM
U3MEpPEHUs1 TBEPJAOCTH SBJSIETCS HW3MEPEHHE TBEPAOCTU BJABJIMBAHUEM -

JHOPOMETPHSL.



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,
NPWIOKEHHOTO0  TNEPHEeHJIUKYJSIPHO  MOBEPXHOCTH  o0Opaslia B TEUYEHHUE
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 HV10 (850 emunun TtBepmoctu 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 TBEPAOrO 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

A z.D-(D-VD?-d?)

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

HB(HBW) =

3anuce pe3yibTaTa U3MEPEHUsI COCTOUT M3 YUCIOBOTO 3HAYEHUSI TBEPAOCTH
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¢. Hampumep, 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 mu3mepeHun TBEPAOCTH UHIAECHTOPOM auameTpoM 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 BpuHe o AJ11 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 0OPA3OB K UBMEPEHUIO COCTOUT U3 CIEAYIOLIUX 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 00Opasila HE JOJDKHO 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 MEJIKUM HaNMWJIBHUKOM. IIpM WCHOIB30BaHMM IIApUKa JUaMETpPOM 1iu
MOBEPXHOCTh 00pasIia J0JKHA OBITh OTIOJUPOBAHA.

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

Huamerp otnedatka d HM3MEpSAIOT € 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
HAaKOHEYHUKA MOJ JEHCTBHEM MOCIEA0BATENIbHO MPHJIAraeéMbIX PEIBAPUTEIHHOTO
Fo u ocHoBHOrOo F1 ycunuii m B ompeaeneHU TiIyOMHBI BHEAPEHUS WHACHTOPA
mocne CHATUA OCHOBHOTO ycwius Fi. [lpuHIMmmansHeiM OTIMYHEM MeTOna
U3MepeHus TBeprocT no Pokseny ot merona bpuHesnis 3akitodaeTcst B TOM, YTO
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). IlpuGopsl nomxHbl oOecriedynMBaTh MPUIIOKEHUE YCUIUH,
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 OTCYETHOTO YCTpoiicTBa NpuOOpa € OKPYIVICHUEM
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 mkajne 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 METOE 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. TeepaocTs 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 (M3lenus) HEe HW3BECTHA, 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 Hacrosimee Bpemsi TOJIydeHBI 3aBHCHUMOCTH,  OINMKCHIBAIOIIUX 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 XapPAKTEPUCTUKU

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 pa3IU4HbIX 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 pa3InyHbIX
HIKajax [MepecyuTarb B TBEPAOCTh 0 bpuneto.

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,
TEPMOMEXaHUYECKOW U MEXAaHUYECKOW 00pabOTKM Ha TBEPJIOCTh METAIITUYECKOTO

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
JropanroMux

CraJjip B X0JO0JHOKATOHHOM
COCTOSSHUH

Cranb B ropAa4cKaTaHHOM
COCTOAHHUU

Crajib B OTOXXEHHOM
COCTOSHUU

Crasp B 3aKaJIEHHOM
COCTOSSHUU

Cranp B OTHYLIEHHOM
COCTOSIHUU




KOHTpOIBHBIE BOIIPOCHI:

1. Yro Ha3bIBaeTCs TBEPAOCTHIO METAIIOB?

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 MeTauia 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 anmasz?

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 MUKPOILTU(OB ¢ TOMOIIBI0 MUKpockora MUM-7

Kpamkue meopemuueckue ceeoenus:

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

[Tpu noMonm MUKpoaHaJIk3a ONpPeAeIIsItoT:



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 MEXaHUYECKOT'0 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 OKPAITUBAHUIO CHEIUATbHBIMU PEAKTUBAMHU
U B HEKOTOPBIX CIy4yasx MPUOJIU3UTENBHO OINPESIsIIOT XUMHUYECKHH COCTaB
U3y4aeMoro CIuiaBa.

JIns MUKpOCKOIIMYECKOTO aHAJIM3a U3 UCIBITHIBAEMOr0 MaTepurala BhIpe3aroT
oOpaszelr U myreM psina omnepauuid (UUTMdOBaHUS, TOJUPOBAHUS, TPABICHUSA)
JOBOIAT JI0 TAaKOro COCTOSIHMS, KOIJla TMpU  PACCMOTPEHHH €ro B
MeTauiorpauueckuii MUKPOCKON BBISBISIOTCS HEMETAUTUYECKUE BKIIOYCHUS,
MEJIKHE TOopbl, TpaduT B uyryHe (mociie HUIMGOBAHUS W TOJIUPOBAHUSA) WU
MUKPOCTPYKTypa (Tociie I OBaHus, TOJIMPOBAHUS U TPABIICHUS).

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

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

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 TBepAblid). Ilpu 3aTouke oOpasma u3
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

NEPUOANYCCKH OXJIAKAATH IMOIPYKCHUEM B BOY.



[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 TMepexoAsT Ha NUMdoBaHUE IIKYpKOW ¢ 0Oojee METKUM
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
BOJSIT UM 10 OyMare B HaIllpaBJICHUH, IEPIICHIUKYJISIPHOM K PUCKAM, TTOJIyYEHHbBIM
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 HWCYE3HOBEHUSI 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 nummdoBaTh TakKe CHENUATbHBIMU TACTaMW, HAHECEHHBIMH 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 TOJIMPOBAHUEM YAAISIOT PUCKU U 0OpabaThiBacMasi MOBEPXHOCThH 00-
pasia nojydaercsi OJectsie 3epKaibHOU. [loaupoBaTh MOXKHO MEXaHUYECKUM U

IEKTPOIUTUUECKUM CITOCOOAMHU.



MexaHnuueckoe MOJIMPOBAHUE MPOU3BOJAT HA CHEIUATIBLHOM MOJIUPOBATIHLHOM
CTaHke, OOTSHYTHIM CyKHOM uiu (erpoM. CyKHO CMayuBaIOT MOJUPOBAIBHOU
KUJKOCTHIO.

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

YtoObI NpenoXpaHuTh MOJIUPOBAHHYIO TOBEPXHOCTh OT OKUCIICHHS, 00pa3iibl
XPaHsAT B SKCUKATOPE C XJIOPUCTHIM KaJIbI[UEM.

[Ipn >IEKTPOIUTHYECKOM TMOJIUPOBAHMU B BaHHY C  D3JIEKTPOJIUTOM
MOTPYXKAIT TOJUPYEMbIH o00paszelr , SIBISIONIMICS aHOIOM, W KaToa W3
HepKaBewonien cranud. [ 3IeKTpOJUTUYECKOrOo MOJIUPOBAHUSA PA3TUYHBIX
CTajel, YyT'yHOB U CIUIaBOB LIBETHBIX METAJUIOB NMPUMEHSIOT Pa3JIMYHOTO COCTaBa
AJIEKTPOJIUTHI U PA3IIUYHBIE PEXKUMBI .

IIpr 37IEKTPONUTUYECKOM IMOJUPOBAHUU IOJ JIEMCTBHEM TOKAa B IPOLECCE
AIIEKTPOJIM3a Ha MOBEPXHOCTU METajla o0pa3yeTcs MIeHKa MPOAYKTOB aHOJHOTO
pacTBOPEHHUSI: TOJIIMHA IJICHKM Ha BBICTyNaxX 3HAYUTEIbHO MEHBIIE, YE€M BO
BIIaJIMHAX, TTOATOMY BBICTYIIBI PACTBOPSIOTCA 0OJiee MHTEHCUBHO U MOBEPXHOCTH
00pasia BHIpaBHUBAETCS.

[Ipu 30€KTPOIUTUYECKOM MOIMPOBAHUK MOBEPXHOCTh 00pa3la MOJydaeTcs
0e3 TuieHKH JehOpMHPOBAHHOIO MeETajula M, CIeJO0BaTelIbHO, 0€3 HCKaKEeHMs
CTPYKTYpbl B TIOBEPXHOCTHOM CJIO€, UYTO BO3MOXXHO TNPU MEXaHHUYECKOM
MOJIMPOBAHUHU.

[lo 3epkanbHOIl MOBEPXHOCTH 00pa3la, MOJYUYEHHON MOC]E MOJUPOBAHUSA,
HEJIb3sl CYJIUTh O CTPOCHUU CIUlaBa. TOJBKO HEMETAINIMYECKUE BKIIOUCHUS
(cynbbuasl, OKCUIbI, TpadUT B CEPOM UYTyHE) BCIECACTBHUE MX OKPAIIEHHOCTH 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, coneit. Ilpu TpaBiieHMM HEOJHOPOJHBIE 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 COCTABJISIONIMX — 3€PEH YMCTBIX METAJJIOB, TBEPIBIX
pPacTBOPOB, XMMHUYECKUX COCIUHEHUN. Pa3nuyHble CTPYKTYpPHBIE COCTABIISIIOIIME
00ylaaloT  pa3HBIM  BJEKTPOAHBIM  moTeHuHasoM. Korma monaupoBaHHas
MMOBEPXHOCTh CIUIABA IMOKPBITA TPABUTEIIEM, SBIISIOIIUMCS 3JEKTPOJIUTOM, OJHHU
CTPYKTYpHBIE COCTABIISIONIUE CIIaBa, UMEIOIIKUE OoJiee 3JIEKTPOOTPHULIATEIbHBIN
AJIEKTPOJHBIM TMOTCHIMAN, OyAYT SBISATHCS aHOJAMH M PaCTBOPATHCA, IPYTUe
CTPYKTYpHBIE  COCTaBJISIIOIIME, C Oojiee  MOJIOKUTEIBbHBIM  3JIEKTPOIHBIM
MOTSHIIMAIOM, OyIyT KaToJaMH M COXPaHSATHCS 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
MUKpPOCKOIIE JIy9d CBeTa OyayT T0-pa3HOMY OTPaXaThbCs OT Pa3IMIHO
MPOTPABUBIIUXCS CTPYKTYPHBIX COCTaBIISItOIMX. CTPYKTYypHBIE COCTaBJISIOIINE,
MpOTpaBUBIIKECS €1a00, OTPA3AT B MOJIE 3pEHUSI MUKPOCKOTA OOJIbIIIE Ty4eil cBeTa
u OyIyT KazaTbCAd CBETJIBIMHU; CTPYKTYPHBIE COCTABJISIOIIME, MPOTPABUBIIUECS
CUJIBHO, OTPA3aT B MOJIE 3PEHUSI MHUKPOCKOIIA, BCIEJICTBUE PACCEAHUS CBETA,
MEHbIIIE Jydyel U OyayT Ka3aTbCid TEMHBIMH. TakuM oOpa3om, Ha pa3HHIIE B CO-
CTOSIHUM TIOBEPXHOCTH M KOJIMYECTBE OTPAKECHHBIX JIyYEH U OCHOBAHO BBISBJICHUE
CTPYKTYpHI CILJIaBOB.

[IpoaomKUTENBHOCTD TPABJIEHUS 3aBUCUT OT MApKU 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 MPUKIIAJIbIBAHUEM (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  XapakTEPU3yEeTCS BO3MOXHBIM  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  pPAacCMaTPUBAEMBIM  TIPEAMET, a OKYJISIp
YBEJIMYHMBACT JINIITb H300paKeHUE, ToJydaeMoe OT OOBEKTHBA, U HE J00aBIIsSIET
K HEMYy HHMKaKHX HOBBIX OCOOCHHOCTEH CTPYKTYphlI, €CIH OHHU HE BBHISBIICHBI
00OBEKTUBOM.

YBenudyeHne o0beKTUBA
|
N06 = f_
00
rne | — onrtudeckas jumHa TyOyca, T. €. PacCTOSHUE MEXAY COCETHUMHU
dbokycamu F1u F2, nis mukpockoria MUM-7 oHo paBHO 250 mm,
fos — QokycHOe paccTosiHre 00BEKTHBA.

YBenuuyeHue OKyspa, Tak e Kak U IS JIYIIbL,
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OO6miee yBeaM4eHUE MUKPOCKOTa
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Paspemraromass  criocoOHOCTh MuKpockoma d (CocoOHOCTH — pa3iinyaTh

MeJbyalllie JeTaau MpeaMeTa) XapakTepru3yeTcsl ypaBHEHUEM

rne A — JJMHA BOJHBI CBETA B aHTCTPEMAX;
A — 4ducnoBas aneprypa o0ObEKTHBA.

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 OrpaHUYCHHs] CBETOBBIX IYYKOB W TOIYYCHUS
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 HampaBisiorcs oOwvekTuB 12 1 Ha
mukponumd 13, ycTaHOBIEHHBI Ha MPEeAMETHOM cToiuke. OTpa3WBIIMCH OT
mukponumda 13, 1yun BHOBb MpOXOAAT uepe3 00beKTUB 12 u, BBIXOIS M3 HEro
napayjieIbHbIM IMy4YKOM, TIOMAJal0T Ha OTpaXaTelbHyI0 TIIacTUHKy 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 HEMOCPEICTBEHHO 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 doHaps 1, BHYyTpU KOXKyXa KOTOPOTO HaXOJAUTCS JiamIa.
[{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; MOCATOUHOE
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 cMemaeTcst 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 00bekTuB. Ha maTpyOke miuiromMmuHaTopHOrO 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
BcraBisiercs  okyysip 18. Ilpu BusyanbHOM HaOmoeHUU TyOyC BABHUTAIOT 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 CTOJIMKa WMEETCS OKHO, B HETO BCTaBISIOT OJIHY M3 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. MakpoMeTpuuecKuil 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 cronvka 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 MUKPOILTU(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. Yo Ha3bIBAIOT 0OBEKTUBOM 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 KeJ1e30yTIJIePOAMCTHIX CIIABOB (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 JuarpamMMe COCTOSIHUSI >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 a0 0,02% C Ha3bIBAIOTCA TEXHUUYECKUM KEJIE30M, 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 cmnaBsl kene3a ¢ couaepxkanuem 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 YIJIEpOJia B O-)Kele3e MpHu
MOHIKEHUH TeMIepaTtypbl U3 ¢epputa BbIACISICTCS IIEMEHTUT, Ha3bIBaeMbIH

TPETUYHBIM. TpEeTUUYHBIA IIEMEHTUT BBIJEISETCA MO TpaHULlaM 3epeH (epputa

(puc. 3).

Tempepamypa
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Puc. 2. XKenezo — depput (x 200) Puc. 3. Ctanb ¢ 0,015% C —

depput u TpeTuuHbIi IeMeHTUT (x500)

MUKpPOCTPYKTYpa JIO3BTEKTOMJAHON M HBTEKTOMJHOW cTanu. 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

CTPYKTypHasi COCTaBJIAIOIIAs JOIBTEKTOUIHBIX CTAJIEN — MEPIUT?
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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 tpaBnenuu mumda 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 nepauta u ¢peppura B 103BTEKTOUTHON CTAIN
3aBUCUT OT cojepkanus yriaepoga. C yBeTUYEHHEM COJEpKaHUS yTiepoja
KOJIMYECTBO (peppuTa yMEHBIIAETCS, a KOJIMYECTBO MEPIUTA YBETUUUBAETCs (pHC.
5).

[Io MHKpOCTPYKTYyp€ MJOIBTEKTOMIHOM CTaJld MOXXHO HNPHUOIU3UTEIBHO
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 MOKHO 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

Tornpa conepxxanue yraepoga C B cTanmu MOXHO ONPENEIUTH IO

F -0.8
opmyiieC =" —%
(opmy oo P

rie Fn — momane, 3aHuMaeMast mepauToM, B % .
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MUKpPOCTPYKTYpa 3a3BTEKTOMAHON cTanu. CTalb C COIEpKaHUEM Yriaepoiaa

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 YMEHBIICHUST PACTBOPUMOCTH yrilepojia
B AyCTEHUTE.

[Ipn MemIeHHOM OXJIaXJACHUH BTOPUYHBIN IIEMEHTUT BBIICIACTCS B BHUIL
CEeTKM TO TpaHuIlaM 3epeH aycTeHuTa. l[lpu gocTwkeHun TemmnepaTypbl Al
AyCTCHHUT TMPEBpaIlacTCsl B TEpPIHT. B pe3ynbrare MEIJIECHHOTO 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. Ilopg xaxaol 3apuCOBAHHOM MHUKPOCTPYKTYpPOM JAaTh 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, HamucaTbh 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.

KOHmp0Jleble eonpocol:

1. Kakune criaBbel Ha3bIBAIOTCS TEXHUYCCKHUM JKEIE€30M?



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

3./laliTe XapaKTEepUCTUKY CTPYKTYPHOM COCTABIISIIOLIEH- IIEPIUT

4.Kak u3meHsieTcsa CTpYKTypa CTalIM IPU YBEIMYEHUH B HEW KOJIMYECTBA
yriepojaa?

5.YT0 Takoe TpETUYHBIN LIEMEHTUT?

6.110 3apucoBaHHBIM CTPYKTYypaM ONHUIIUTE MUKPOCTPYKTYPY JO3BTEKTOUIHON
cTanu

7. I1o 3apuCOBaHHBIM CTPYKTYypaM OMUIINTE MUKPOCTPYKTYPY IBTEKTOUTHOM
CTaJINA

8. 1o 3apricOBaHHBIM CTPYKTYpaM OMUIIMTE MUKPOCTPYKTYPY 3a3BTEKTOUIHON

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. CxeMaTU4YeCKH 3apUcOoBaTh U OMUCATh U3y4YaeMbl€ CTPYKTYPHI.

3. CocTaBUTb OTYET 10 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 fo3BTekTuyeckuit (ot 2,14 no 4,3%C), s3srektnueckuii (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



TOJIBKO M3 OJHOro JeneOypura, MO3TOMY pPacCMOTPEHHE CTPYKTYpbl O€noro
YyryHa 11eJ1ec000pa3H0 HAYMHATH CO CTPYKTYPhI IBTEKTUYECKOTO OEJIOro 4yryHa.

MUKpOCTpYKTYypa 3BTEKTUYECKOrO Oenoro 4uyryHa. MUKpPOCTPYKTypa
IBTEKTHUUECKOTO0 Oeoro dYyryHa COCTOMT TOJBKO W3 OJHOTO Jiefedypura
(LIEeMEHTUTHOU SBTEKTHKHU), oOpasyromerocs npu 1147° C mpu IBTEKTHYECKOM
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 YMEHBIIICHUS PACTBOPUMOCTH yriepoja B aycTeHuTe (nuHus 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 OTACIBHOCTH 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, MOCIE MOJTHOTO 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 SBTEKTHKA) + MEpJUT + BTOPUYHBIA  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. DOBrexkTudeckuit
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 yBemuyeHHWEM COJEp)KaHUs yriiepoja, 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 JieaeOypura (IIeMEHTUTHOU
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) ¥ IEPBUYHOTO 1IeMeHTHUTA (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 pPaCcCMOTpPECHUKU 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

pacIIaBIICHHOTO YyTyHa MepeJl OTIIMBKOW, XMMUYECKUI COCTaB 4yryHa, BBEJICHHUE

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 minactuHuatoro rpadura. llmuder nHerpasnensie (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 pPAacTBOPE Aa30THOM KHUCIOTHI
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:
bepput + mIaCTUHYATHIN rpa@UT — (PEpPUTHBIN 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 COCTAaBa U YCIIOBUW OXJIAXKICHHS);

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

MI/IKDOCTDVKTVDa BBICOKOIMPOYHBIX YYTYHOB

[Ipu paccMoTpeHMH B MHKPOCKOIN HETPABJICHOTO MHUKPONLIH(a BBICOKO-

MPOYHOI'0 YYT'YHA XOPOIIIO BUIHBI BKIIOUCHHS IIAPOBHIHOTO rpadura (puc. 9).
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Puc. 9. BricOKOmpOYHBIN YyTyH—BKJIIOUEHHUS  MIAPOBUAHOTO Tpadura,
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nuid nerpasnen (x100)

Tpasnenne mukponuirda BEICOKOMPOYHOTO YyryHa MPou3BoAsaT 2—4%-HbiM

CIIMPTOBBIM PACTBOPOM a30THOM KHUCJIOTHI.



Puc. 10 Boicokonmpounsiiit uyryn (x100)

a — GeppuT 1 apOBUAHBIN rpaduT; 0 — deppuT + NepauT + 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  CJIEAYIOUIME  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 KOJUYECTBOM (heppHuTa M MEPIHUTa B BEHICOKOIIPOYHOM 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

HETPABJICHOTO0 MUKponuiuda KOBKOIO YyryHa XOpOIIO BHUAHBI BKIIOUYCHUS
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, pepputo-
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 XJIOMbeBHAHOTO Tpadurta (yriaepoma otrxura) (puc. 11).Ilocme
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. ITpocMOTPETH U U3yYUTh MUKPOCTPYKTYPBI Pa3JINYHBIX YYyT'yHOB

2. Kaxayro MUKPOCTPYKTYPY 3apUCOBATH .

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

4. Ha xaxIoil  3apuUCOBaHHOM MHKPOCTPYKTYpE yKa3aTh CTpEJIKaMU
pasiauuHble a3l W CTPYKTYpPHBIE  COCTAaBJISIIOIIME M OKOJIO CTPEJOK, Ha
NOJIAX, HANHMCATh WX HAMMEHOBAHUE.

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

AaTh OIMMMCAaHUC IIPOLCCCOB HpeBpameHHﬁ, MNPOUCXOAIIUX TIIPU OXJIAXKICHUH.



Konumponwnwie éonpocot:

1.Kakue cruiaBbl Ha3bIBAIOTCS YyryHamu?

2.Yto npenacrapisieT coO0M MeTauInuecKas OCHOBa y cephiX uyryHoB ? 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 Ha3pIBalOT KOBKUMH ? 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 yUAIIUXCS CAMOCTOSITENILHO MPOU3BOJIUTH 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  mpoBeneHHss pabOThl  HEOOXOAMMO HUMETh: MY(EIbHYIO 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; mTaHreHIUPKYJIb; TUTH(GOBAIBHYIO 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 MHCTpYMEHTaIbHOU 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  YIVIEPOAMCTOM  CTAJIM B HCXOJAHOM
(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. HopMbel TBepaocT 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)
(ue 6oee)
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 MyQenbHOH Tmeud, yJOOHOH B JKCIUTyaTaluH,
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
masa, B KOTOPBIX TIOMEIIEHBI HarpeBaTeIbHbIC CIIUPAH 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 MIOMECTUTH 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 [€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 3aaneit cTeHke mojacTaBKu HaxoAsaTCs ABe KieMMbl 10 11 moakiIroYeHus
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 Temrepatypa Harpea neuu 1000° C. Bpemsa 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 MakcumasibHasi 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 3aKalKd CTAJH, MOJIb3YSCh U1l 3TOTO HUYKHEH
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 TemIepaTypor 3aKajku sABiseTcsa Ttemreparypa 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 Boimie iuaun PSK (em. puc. 17.2), T. e. Aci
+ (30—50° C). TemrepaTypy 3aKalIku 3aucath 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



cramn Y9—V12 npu Ttemmneparype 3akajgku OyJIeT CTPYKTypa AayCTEHHT 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 oxjiaxpiarouied xuakoctu. Ilpu oxnaxaeHuu 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 mo 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, HU3KOoTeMIIepaTypHbliii oTnyck (200° C) Hamo MpoOBOAUTH B MAaCISHOU
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. OnpenenuTs BpeMs BBIICPXKKHU MPU TEeMIIEpaType 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 pesynbrare otnycka npu 200° C npoucxoauT MpeBpallleHHe 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 mpoucXOauT TMpeBpalleHUE MapTeHCUTa B TPOOCTUT  OTIIyCKa
(MenkoaucnepcHyo (eppUTO-UEMEHTUTHYIO CMECH), TBEPIOCTh CHUKAECTCS.

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 A0 600° C, BeinepxkaTh
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 3a4MCTUTh Ha NUIU(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 ¢ Pa3JIN9HbIM COACPKAHHUCM YIJICpOJa



IIpoToxkos TepMuYecKoil 00padOTKH yIrIepoaAMCTON CTaIu

S Teeproctb B | O
- =
§ HCXOTHOM > & TBepmocTh mocie
: = 5 3 3 = E
) s 2 = COCTOSIHUH 2 2 5| zakanku, HRC
= (&) < < 1) e
o o 5 g < 5 ¥
= X = Q (aF sl §
2 %‘ 8« 8 a‘ = 7
= 2 © | HRB HB % 2= 8| BBome |B Macie
o
s z 2
== (5}
F
1 2 3 4 5 6 7 8 9
[IponomxeHue
Bpems TBepnocTh nocie TBepaocTh mocie TBepnocTs nocie
Beiiepkku | ormycka 200° C HRC | ormycka 400° C HRC | otmycka 600° C HRC
pu 3akajka B | 3akajnka B | 3akanka | 3akajka B |3akajka B | 3aKajiKa B
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OTt4eT 0 mpoBeIeHHOM pad0Te MOJDKEH COACPKATh CIIEYIONIee:

1. 3angaunue.

2. llenb paboTHI.

3. 3amosHeHHBIH MPOTOKOJ TEPMUUYECKON 00pabOTKH YTIEPOAUCTOMN CTAIH.

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# 3aKkanku B cootBeTcTBHH ¢ [[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 TPymHmbl KOHCTPYKIMOHHBIX —craje. Jlus  jgeraneid,
paboTaroNMX B YCIOBUSAX PACTKEHUS, TPEOyeTCsl, UTOObI MApTEHCUTHAS CTPYKTYpa
Obuta copMHpPOBaHA TIO BCEMY CEUEHHIO JaeTayiedl (OONThHI, MIMIIBLKUA, KOPITYCHBIC
neranu u T.4.). [ng obOecnieueHuss OTHOPOAHOCTH CTPYKTYpBI OXJIQKICHUE TPH
3aKalKe HEOOXOAMMO TIPOBOAWTH TaKUM O0pa3oM, 4YTOOBI W30EkKaTh pacraaa
aycTeHuTa Ha (EeppuTo - KapOUIHYIO CMECh. ITOT0 MOXKHO JIOCTHYb, €CIIU CKOPOCTh
oxynaxaeHusi Vo, OyleT TpeBbIaTh KPUTHUYECKYIO CKOpPOCTh. Kpumuueckou
ckopocmbto 3axkanku V., HA3bIBACTCS MUHHMAJbHAsI CKOPOCTh OXJAXKIACHWUU, TPU
KOTOPOM ayCTEHUT €IlIe He pachaaeTcsi Ha PeppuTo - KapOUIHYIO CMECh.

O4eBUAHO, YTO AJi1 TEI KOHEYHBIX Pa3MEpPOB CKOPOCTh OXJIKJCHUS Ha
MIOBEPXHOCTH BCEria OOJIbIIIE, 4eM B IIeHTpe (prcyHOK 1). Ecim ckopocTh oxNaxIeH!us B
LHEHTpE JeTald OoJblle KPUTHYECKOW, TO BECh OOBEM ayCTeHHWTa NpU 3aKalike
MPEBPATUTCS B MAPTEHCUT. EClii B IIEHTpe Tena CKOPOCTh OXJIAXKICHUSI MEHBIIIE, YeM
KPUTHYECKAs, TO MAPTEHCUT 00Pa3yeTCsi TOIBKO B IIOBEPXHOCTHBIX CIOSAX, TTIE Vox: > Vi,
a B IIGHTpE ayCcTeHUT OyneT pacnaaarhes Ha (GeppuTo - KapOuaHyto cMech. 1lpu stom
TEJI0O HE MPOKAJIUTCS HAcKBO3b. HENOIHYI0 NpPOKAIMBAEMOCTh LIEIECO00pPa3HO

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



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

HaIPsDKCHUA MAKCUMAJIbHBI B IIOBCPXHOCTHBIX CIIOAX.

VOXJ'I.
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Pucynok 1 — CxeMbl, MOKa3bIBAIOIIME PATUYHYIO CKOPOCTh OXJIAKICHHS 110 CEYCHUIO 1
CBSI3aHHYIO C 3TUM HECKBO3HYIO IPOKATMBAEMOCTb: @) 3ITI0PA pacipeieseHus
CKOPOCTEH OXJIAXKICHHS TI0 CEYCHUIO MUITUHPA TP 3aKayKe; 0) quarpaMma
HM30TEPMHUUECKOTO MPEBPAICHUS ayCTCHUTA U CKOPOCTEH OXJIXKICHUSI TIPU

3aKaJIKC TUJIIMHApPA

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

Jnd mpakTUYecKOoM OLIEHKM IPOKAJIMBAEMOCTU HCHOJIB3YIOT KPUTEPUH,
Ha3bIBa€MbI  Kpumuueckum  ouamempom D.p, mnpencraBisitomuii  coOoi

MaKCUMAaJIbHBIN AUaMCTpPp ONUJINHAPA, KOTOpBIﬁ 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
UMHTEpBaJ TEMIlepaTyp HarpeBa IOJ 3aKajlKy, TO o00pas3el MporpeBaroT [0
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 OKHCICeHUS. [IpoJoKUTETFHOCTh BBIAEPKKH TPHU
Harpese cocTaiigeT 30 MuUH.

CranmapTHplid oOpasel] IOcJe HarpeBa B Me4Yd OBICTPO TEPEHOCIT B
CHEIUATbHYI0 YCTAaHOBKY, B KOTOPOM €ro OXJXIAlOT CTPyell BOABI MO

OTPEICICHHBIM HAIOPOM TOJIBKO € TOpIia (PUCYHOK 2).
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Pucynok 2 Ycranoka (a) u obpazerr (6) 17151 TOpIoBoO# 3akayiku: 1 -
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3 - mrtatuB; 4 — oOpazelr; 5 — coruo;



6 — cauBHas KOpoOKa.

[Tocne mosHOTO OXJaXJaeHUs oOpas3a IO ero JABYM JAHAMETPATIbHO
MIPOTUBOIOJIOKHBIM 00pa3yomuM CONTU(OBBIBAIOT IUIOMIAAKKH 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 MeHbIIe MPOKaIMBaeMOCTh CTaJIH,
TeM OBbICTpee MajaeT TBEPJAOCTh MPH YIAJICHUU OT Topua. s pa3HBIX IIaBOK
OTHOW MapK{ CTald TOJIy4aeTcs HaOOp KPHUBBIX MPOKAIMBAEMOCTH, TaK Kak
XUMHUYECKUI COCTaB CTajH, a, CIIeJOBATEIIbHO, H TIPOKAJTUBAEMOCTh MEHSIOTCS B
HEKOTOPBIX mpesnenax. [loaToMy cTanb OmpeneleHHOW MapKd XapaKTepu3yeTcs
MapoOYHOU nosocoli npoxarusaemocmu (pucyHok 3). MHmekcamu (1iu¢poBBIMHU
NOKa3aTeIsIMH) TTPOKAIMBAEMOCTH MAPKHA MOTYT CIIY)KHUTh MakKCHMalbHas WU

MUWHHMAJIbHAA TBCPAOCTH Ha OIPCACICHHOM pPACCTOAHHMH OT OXJaXIAaCMOIo

TOpLIa (H HRCmax (IHRCmin )

), HNJIN MaKCUMAaJIbHOC U MUHUMAJIbHOC PACCTOAHHUC OT

HRC

60
———— ). Hanpumep, I1— -
Imin:lmax) p p 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 1o 20 Mm. (ompeaensercs IO TMOoJIOCe

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 MPOKATUBAEMOCTH, 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 TBepaoct 50 (95)-nmponeHTHOro MapTEHCUTHOTO CIIOS
JUISL  WCCIIETyeMOW CcTalld, TO, HMES KPHUBYIO TMPOKAJTMBAEMOCTH, 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 nccnenoBanus — oopasmpl ctanei 40 u 40X B HOpMaTM30BaHHOM
cocTossHUU. HarpeB craneit moja 3akajiKy OCYIIECTBJISIOT B KaMEpPHBIX Iedax.
Top110By10 3aKaJIKy TPOBECTH Ha CHENMANIBHON ycTaHOBKE. MI3MepeHust TBep1ocTu

poBoAT 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, NMpuHUMas 3a TBepaocTth HRC
CpeHee 3HaYeHHE NI ABYX Pe3yJbTaTOB U3MEPEHUN Ha OJJMHAKOBOM PacCTOSHUU

OT TOpLa.

5. [IOPAAOK BBITOJIHEHW A PABOTBI

1. TIlpeaBapuTeabHO HOpPMAJIU30BaHHBIE CTaHJIApPTHBIE O00pa3lbl U3
YIJIEPOAUCTON W JIETUPOBAHHOM CTaj€dl NOMECTUTh B IM€4Ub JUIsl HarpeBa IO
3aKajky. TeMrmeparypy HarpeBa BHIOpaTh 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 mumndoBanabix miomankax odpaso m3mepuTh TBepaoct HRC Ha
pacCTOSIHUSAX OT TOpIa, PEKOMEHAYEMBIX cTaHaaptoM (Tadnuna). [lomydeHHsie
pE3yNIbTATHI 3aMKUCATh B TAOTUITY.

4. Tlo pe3ynbraTaM M3MEPEHHS  TBEPAOCTH IOCTPOUTH  KPHUBBIE
npokanuBaemMocTu. WMwmes ganneie no TBeppoctd S50 (95)-mpoiieHTHOTO
MApPTEHCUTHOTO CJIOSI ONPEAEIUTDH IMOJOKECHUE 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 IPOKaIMBAEMOCTH JUJISl UCCIIEYEMBIX CTaJIEH;

6. BeiBosibl 110 pabore.



Ta6numa — Pe3ynbTaThl n3MepeHu

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 crane? Kakas pasHuna wmexmy
MPOKAJIMBAEMOCTBIO U 3aKAIMBAEMOCTBIO CTaIei?

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 cnmydasx HeoOxoaumo 3HaHue 50 % mpokanuBaemoctu 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 BbimosnHeHus ~pabOThl  ydamuecs — JOJKHBI  M3YYUTh

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




IIpuGopsl, MaTepuaJ bl # HHCTPYMEHT

Jis  npoBeneHuss paboThl HEOOXOJIMMO UMETh: MeTaulorpapuuecKui
MHUKPOCKOIT; KOJUIEKIIMIO MHUKpOULIU(OB MeAH, JaTyHed W OpOH3; LUPKYJb M
JIAHEHUKY.

MukpocTpyKTYpa 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
(HeTpaBlieHbI 1UIM(}), COOTBETCTBYIOIIAs MO JUArpaMME COCTOSHHM CHUCTEMBI

MCAb—KHUCIIOPOA 3BTCKTUUCCKOMY CILIABY.

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

TpaBJICHUE COJITHOKHCIIBIM PacTBOpOM XJiopHoro xenesa (X200)

5
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Puc. 2. [Ilmarpamma COCTOSIHHASI MeEIb—KHUCIOPOL



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

Cu— Cu20 (X250); nuud HeTpaBiIeH

°C
1083

900

700

500

J00

0 20 &7 60 Zn %

Puc. 4. JluarpamMma COCTOSIHUSI MEIb —IIMHK

MukpoCTpyKTYpa JaTyHel
Jmarpamma COCTOSIHHI CHCTEMbI MeIb—IIMHK J1aHa Ha puc. 4. [Ipaktuueckoe
MPUMEHEHUE HAXOIAT oAHO(a3HbBIE JATyHU ¢ cojepkanueMm muHKa 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 W oToxokeHHas (X100); TpaBieHUE COMSTHOKUCITBIM

PacTBOPOM XJIOPHOTO Keje3a

Puc. 6. Mukpoctpykrypa sutoit 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.

MukpocTpyKTypa JUTON o-IaTyHU (pHUC.5, a) UMEET JACHIPUTHOE CTPOCHUE.
CBeTiible y4aCTKU — JCHAPUTHI, Ooratble MEIbI0, 3aTBEPACBIIME IMEPBBIMU M3
KUJKOTO COCTOSIHHS; TEMHBIE YYaCTKH — MEXKJICHIPUTHBIE IIPOCTPAHCTBA,
oOorareHHbIe [ITHKOM.

Muxkpoctpykrypa aehOpMHUPOBAHHON M OTOXXKEHHOW a-naTtyHu (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.

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

JaTyHBIO U IByX(a3Hou o + B-maTyHbto 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.

MHUKpPOCTPYKTYpPa 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-ha3sl.
Menkue Touku Ha a-(pa3ze — BKIIOYEHUS jKelle3a; 8 — CBUHIOBUCTAs JIUTas
natyHs JIC74-3, X250. Ilo rpanuiam 3epeH a-TBEPAOTO pPacTBOpa BUIHBI TEMHBIE
BKJIIOUEHUS CBUHIIA; 2 — JINTas aJIFlOMUHUEBO-HUKeeBas aTyHb Tuna JIAHS9-3-
2, X250. Temubie kpuctaiisl — B-daza, Ha GoHE KOTOPBIX BUIHBI CBETJIBIC
BBIZICNICHUS 0-(Da3bl, 00paszyromuecs Mpy pacmnane B-KpucTauioB; TPaBICHHUE

COJIITHOKHCJIBIM paCTBOPOM XJIOPHOI'O KCJIC3a

MuxkpocTpykTypa OpoH3

MukpocTpykTypa OJOBSHHOM OpoH3bl. YacTb auarpamMmbl COCTOSHUS

cuctembl CUu—Sn manma nHa puc..8. Cmtommnas nuaus AbdQ xapakrepusyer

COCTOAHHEC, IIOJIydaromeecCsa IIPpU OYCHb MCIJICHHOM OXJIAXKACHUMU WM OTXHUIC



MOCJIC OTJIWBKH; TAaKWE YCJIOBHUS TPU OOBIYHOW OTJIIMBKE HE JIOCTUTAIOTCA.
[Tynktupnas nuaus Ab'h xapakrepusyeT cocTOsiHHME, KOTOpOE NOJy4aercs 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 COCTOUT W3 HEOJHOPOJHOIO TBEPIOIO O-PACTBOPA; CTPOCHUE
neHaputHoe (puc. 9, a). Ha MUKpoOCTpyKType TemMHble MecTa (OCHU JCHAPUTOB)
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 6osbe 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 COCTOSHMUS MEIb—OJIOBO



Puc. 9. MukpocTpykTypa 0510BIHHON OpOH3bI ¢ 5% 0J10Ba; TpaBIeHUE aMMUAaYHbIM
pPacTBOPOM JBOMHOM COJIM XJIOPUCTOW MEAU U XJIIOPUCTOTO aMMOHHSL:

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

Puc. 10. MukpocTpykTypa JuToit ooBsiHHON OpoH3bI ¢ 10% onoBa (x1000);

TPaBJICHUC COJITHOKHCIIBIM PpaCTBOPOM XJIOPHOTIO 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 mo 0,2% mpu 300° C. Ilpu 3akanke B Boje ¢ 800° C dukcupyercs
HEYCTOMYUBOE 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. MukpoctpykTrypa O6epuiiiiueBoii Opon3sl bp.b2 nocre 3akanku u

crapenus (X250); TpaBiieHUE COJISTHOKUCIIBIM PACTBOPOM XJIOPHOTO JKeJjie3a

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

MeTtoauka npoBeaeHHs MUKPOAHAJIHN3A

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
KBajipaTax pazmepom ~60x60 s

3.  Tlom xaxaod 3apuUCOBAHHOW MHUKPOCTPYKTYpPOHl JaTb MOAMUCH C
yKa3aHWEM HaMMEHOBAaHUS METajula U CIlJlaBa, MapKd, XHMHYECKOI'O COCTaBa,

00pabOTKH, HANMEHOBAHUS BKIIFOUEHUI U CTPYKTYPBbI, YBEITUUECHUSI.



4. Ha xaxnoW 3apuCOBaHHOM MMKPOCTPYKTYpE yKa3aTb CTpeEIKaMu
paznuyHbie Ga3bl U CTPYKTYPHBIE COCTaBIIAIONIME M OKOJO CTPENOK, 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 BEPTUKAJIbHbIE JUHUU, COOTBETCTBYIOLIME pPAaCCMAaTPUBAEMbBIM
CILJIaBaM M JIaTh OMKCAHUE MPOIECCOB, MPOUCXOIAIINX MTPU OXJIAXKICHUU.

CocrasiieHue or4yera

OTt4eT 0 IpoBeIEHHOM padOTe NOJKEH COACPHKATh CIENYIOLIEe:

1. 3apmanue.

2. llenb paGoTHI.

3. PUCYHKHM BKIIOUEHUH M MHUKPOCTPYKTYpP C COOTBETCTBYIOIIUMU

MOSICHEHUSIMU (TTPUMEP CXEMBbI 3aPUCOBKM MUKPOCTPYKTYPHI IOKa3aH Ha puc. 20).

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

4. JlmarpaMmbl COCTOSIHUM (MJIM WX YAacTH) CIUIAaBOB 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 padora Ne 8

MI/IKpoaHaJII/I3 CILIAaBOB HA OCHOBC AJIIOMHUHHUA

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 CBSI3U C JMAarpaMMaMu
COCTOSIHUS.

IIpubopsl, MaTepuaJIbl U HHCTPYMEHT

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

MukpocTpyKTYypa aJIOMUHUEBBIX CIJIABOB

MukpocTpykTrypa cuiaymuna. CHlyMIHaAMH Ha3bIBAIOT CIUIABBI ATFOMUHISI
¢ 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 ¢ coaepxaHueM KpeMHUSsI,
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
crtaB). CTpyKTypa COCTOMT M3 KPHUCTAIOB KpeMHHUs (Oesible) 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 antoMmuaueBoro crasa 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 NPUBOAUT K W3MEIHUYEHUIO BKIIIOYEHUUN
KPEMHUS U 3HAUUTEIbHOMY YIYUYIICHUIO MEXaHU-YECKUX CBOMCTB CHIIyMHHA. DTOT
NPOIECC HMCKYCCTBEHHOTO PETYJIMPOBAHHUS pa3MepoB H (QOPMBI Ha3bIBACTCS

MOIU(PUITUPOBAHUEM.

XapakTepHBIM SIBJIICTCS TO, YTO MPU MOIUDUIIMPOBAHUN CHITYMHUHA HAaTpHUEM
CHWKACTCS TeMIeparypa KPUCTAUIM3AIMM 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 HaTpueM. CTpyKTypa 3TOro CIiulaBa J0 MOIUGUIIUPOBAHUS

ObLJ1a 3a9BTEKTHUYECKOM, a TI0c/Ie MOAU(PUIMPOBAHUS CTaNIA JOIBTEKTUYECKOM.



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

MuKpocTpykTypa aJlOMHHHEBOMEIHBIX CIDIaBOB. YacTh JauarpaMmbl
COCTOSIHMM  CIUIABOB ~ AJIIOMHUHUKA—MeEAb 1O KOHIIEHTPAlWH, OTBEYAIOILIEH
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 MOCIe BBECHU MOANU(PUKATOpa — HATPHUS)
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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 coeaunenus 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; TpaBiieHHME pacCTBOPOM

(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
3aKAJIKK B Boje OT Temmeparypy 540°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) TOCJIC 3aKaJIKU U HCKYCCTBEHHOro ctapeHusi 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.

MuxkpocTpykTypa AypaJIOMHUHA. Jypantomux XapaKkTepuszyeTcs
cienyromuM cpeaauM coctaBoM: 4% Cu, npumepro 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), Hampumep 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 BKIIOUCHUN PA3IMYHBIX EPEUNCICHHBIX BhIIE (a3.



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

TaHIIOBUCTBIX COSJTMHEHUN).

2 %
Necupyrwumuu 34EMEHM

Puc. 7. HauanbpHble 001acTl [uarpaMM COCTOSIHUSL MarHus ¢ pas-
JUYHBIMU AJIEMEHTAMHU
MuKpoOCTPpYKTYpa MarHveBbIX CILIABOB

MarHueBbie CIUIaBbl COJEPKAT KPOME MarHus TAaKXKe aTOMUHUN, IUHK U
mapranen. Ha puc. 7 paHsl HavalbHble O0JACTH JUarpaMM COCTOSIHHM C
AIIOMUHUEM, LIMHKOM, MapranueMm. Kak BHJIHO, BC€ 3TH AJIEMEHTBI 001alaroT
OTPAaHUYECHHOW MO3TOMY MPHU OMNPEIECICHHOM XHMHUYECKOM COCTaBE€ MarHUEBbHIE
CILJIaBbI CITOCOOHBI MOJIBEPraThCs TEPMHUUECKON 00padOTKe (3aKaJIKe U CTAPEHUIO).

Ha puc.8, a nana MukpocTpykTypa JUTEHHOI0O MAarHHUEBOrO CIUIaBa MapKu
MJI5 (7,5—9,0% Al; 0,2—0,8% Zn; 0,15—0,5% Mn; ocrajgpHOe — MarHuii)
MOCJIE JTUThSI.

CtpyKkTypa COCTOUT M3 a-TBEPJOTO PacTBOpa CJOKHOIO COCTaBa (CBETJIOE

noJjie) u BriroueHuit MgsAls.

\ )
.. J

Puc..8. MukpocTpyKkTypa JIUTEITHOTO MaruueBoro criasa MJIS:



a — 1ocJe JIUThs; 0 — rmocse orxura 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 (PTOPHCTOBOIOPOTHOMN
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 BHJAHBI BKIHOYCHUS
MapraHI[OBUCTOH (a3bl U OCTATKH HepacTBOpHUBIIerocs coeaunenus MgsAls.

MeTtoauka npoBeAeHUss MUKPOAHAJIU3A

1. TIIpocMoTpeTh ¥  U3Yy4YUTh  MHUKPOCTPYKTYpPHl AJTIOMHUHHUEBBIX WU
MarHueBbIX CIIJIABOB.

2. MuKpOCTpyKTYyphl 3apucOBaTh B Kpyrax auameTrpom ~60 mm umu B
KBagparax pasmepom ~60X60 rm.

3. Tlom xaxmoili 3apuCOBAHHOW MUKPOCTPYKTYpPOW JaTh MOMAMKCH 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
JIMHUH, COOTBETCTBYIOIME PAacCMaTpUBAaEMbIM CIUIaBaM, W JaThb OIMCAHUE
IIPOLIECCOB IPEBPALIECHUN, IMPOUCXOIAIINX IIPHU OXJIAKICHUU.

CocrasiieHune or4yera

OTtuer 0 NpoBeIEHHOM padOTe NOJKEH COACPHKATh CIENYIOLIEe:

1. 3ananue.

2. Ilenb paGoTHI.

3. PHCYHKM MHKpPOCTPYKTYp €  COOTBETCTBYIOUIMMH  IOSCHEHUSAMH
(mpuMep cXeMbl 3apUCOBKM MHUKPOCTPYKTYpPbl TOKa3aH 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 IIpH OXJIAKIACHUMU.

JlaGopaTopHnasi pab6ora Ne 9

HOCTpOEHI/Ie TEPMOMEXAHNIECCKUX KPUBLIX IMOJINMMEPOB

1. HEJIb PABOTDI:
OCBOUTBH METOJIUKY CHATHS TEPMOMEXAHUYECKUX KPUBBIX Ha pudope Buka.
OnpenenuTs TeMIIEpaTypbl IEPEXOI0B: TEMIEPATYPY CTEKIOBAHUS U TEMIEPATYPY

TCKYUYCCTH AJIAA TCPMOINIACTUYHBIX ITOJIMMCPOB.

2. TEOPETUYECKHUE CBEJIEHSA

Paznuunst B CBOMCTBaX MOJMMEPOB  OOYCJIOBIEHBI  CTPYKTypOH  HX
MaKpOMOJIEKYJ, KOTOpbI€ TMPEACTaBISAIOT COOOM LIEMOYKH, COCTOSAILIUE U3
OTJIETIbHBIX 3BE€HbEB. [[IMHa 11enu B HECKOJIBKO ThICSY pa3 00JIbIIE UX MONEPEYHOrO
CEYEHMs], I0ATOMY MAKPOMOJIEKYJIAM IOJUMMEPA CBOMCTBEHHA T'MOKOCTh, KOTOPAs
SBJISIETCS. OJTHOM M3 OTIMYMTEIbHBIX OCOOCHHOCTEN MOIMMEPOB. MaKkpOMOJIEKY bl

MOJINMEPOB MOTYT UMETh JIMHEHWHYIO, PA3BETBICHHYIO WIIH CETYATYIO0 CTPYKTYpPY (



PUCYHOK 1).

Pucynok 1. CTpykTypa MaKkpoMOJIEKYJI B IOJIUMEPAX:

a - INHeMHas1, O — pa3BeTBIICHHAS, B - ceTYaTas

BayTpu MakpoMOJEKyJIbl MEXAY aTOMaMH BO BCEX TPEX CIIydyasX IEUCTBYIOT
MPOYHbIE KOBAJICHTHBIE CBSI3U. Y IIOJUMEPOB O JMHEWHOW W pPa3BETBICHHOMU
CTPYKTYPOH, K KOTOPBIM OTHOCSTCS TEPMOIUIACTBI, MEXKIY MaKpOMOJIEKyJIaMU
JEUCTBYIOT HENPOuHble BaH-nep-BaanbCcoBbl CBSA3M, TO MO3BOJISET UM IIPU HAPEBE
pacCIUIaBIATHCSA A0 BBICOKOBA3KOM KUJIKOCTH, a IPU OXJIAKICHUY BOCCTAHABIIUBATD
CBOU CBOMCTBA. Y NOJMMEPOB C CETYATOM CTPYKTYpOW — PEAKTOIUIACTOB - MEKIY
MaKpOMOJICKYJIaMU JCHCTBYIOT TJIAaBHBIM 00pa3oM IMPOYHBIE KOBAJCHTHBIC CBSI3H,
Y10 JIUIIAET WX CIOCOOHOCTH pa3MArdyaThCsl MPU MOBBIIMICHUU TeMmIieparyphl. [Ipu
JOCTHKEHUHU IOCTATOYHO BBICOKOM TEMITEPATYPhl OHU Pa3pyILIAKOTCS.

MexaHndeckue CBONCTBA MOJMMEPOB (YIPyTrHe, MPOYHOCTHBIC) 3aBUCAT KaK OT
ux (puznueckoil CTPYKTYphl, TaK U (PU3UUYECKOTO COCTOSHUS, TEMIIEPATYphl U T.I.
[Tonmumephbl MOTYT HAaXOJUTHCS B TpeX (PU3UUECKUX COCTOSHUSAX: CTEKIO00Pa3HOM,
BBICOKOAJIACTUYECKOM UM BSIBKOTEKyueM. (OCHOBHOW NIPUYMHOW HW3MEHEHUS
COCTOSIHUSL SIBJISIETCS TEILJIOBasi SHEPrusi, KOTOpas MPUBOIUT B KoJieOaHHUE IIETH
MaKpOMOJIEKYIL.

JInsi OLEHKM OCHOBHBIX TEXHOJOTMYECKUX M SKCIUTyaTalMOHHBIX CBOMCTB
MOJIMMEPOB HEOOXOAUMO 3HATh TeMIEpaTypHble 00JIaCTH Mepexoja MOJIUMEPOB U3
CTEKIIO00PA3HOTO COCTOSIHUSI B BHICOKODJIACTUYECKOE U M3 BHICOKOAJIACTUYECKOTO B
Bsi3koTekydee. OOHapykuTh O3TU (UBHUYECKHE HW3MEHEHHUS BO3MOXHO C

HCITIOJIB30BAHUCM TCPMOMCXAHUYCCKOTO METOAd, CYHIHOCTH KOTOPOI'O 3aKIHOYACTCA



B ONpEIEICHUU AePOPMUPYEMOCTH MOJMMEPA IOJ JECWCTBHEM HEU3MEHHOH M
MaJIOH MO BEJIUYMHE Harpy3KHu.

Kaxnomy ¢puznueckoMy COCTOSHHIO COOTBETCTBYET CBOM TuIl fedopmanuu. B
CTEKJI000pa3HOM COCTOSIHWM HAOJI0TAaeTesl TOJBKO ympyras aedopmamust Egq, .
ATOMBI, BXOZSIINE B COCTaB MOJEKYJSPHOW LEMH, COBEPILAIOT KojeOaTelnbHOe
JBUKEHHE OKOJIO IOJIOKEHMSI PaBHOBECHSI: JBUKCHHS 3BEHBEB M IE€pEMEIECHUE
MaKpOMOJIEKYJl HE€ MpPOHUCXOAMT. Brllie TemmepaTypbl CTEKIOBaHHUS K 3TOH
nehopmary 100aBIAETCA BBICOKOIIACTHYECKAs cOCTaBisiomas &go,., KOTOpas
IIPEBOCXOJUT YIPYIYIO COCTAaBIISIIOILYIO B ThICSYM pa3. Poct gedopmanum 3aech
00BSCHAETCS pacpsIMICHUEM JUIMHHBIX U 3aIlyTAHHBIX MAKPOMOJIEKYJI.

B Bs3KOTEKyueM COCTOSHUM BBISBISIETCA €lIe OJHAa COCTaBJsIoIIas
nehopmarnu — Bs3Kas €., KOTOpas OOYCIOBIMBACT pa3BUTHE HEOOPATHMOM
nepopMaluy, CBSI3aHHOW C IEPEMEIICHHMEM MAaKpOMOJEKYJI OTHOCUTENIBHO JPYr
apyra. B obmeM ciydae aedopmarnysi TEpMOILIaCTUYHOIO MOJIMMEpPA COCTOUT M3
TPEX COCTaBISAIOLIUX, KOTOPHIE UTPAIOT Pa3IMUHYIO POJb IPU HU3KUX U BBICOKHUX

TeMIiepaTypax:

€= Eynp. +Eon + &g

[TpousBens usmepenus nedopmaiuu odpasiia npu pa3IudHbIX TEMIEpaTypax,
MOHO TOJYyYUTh €€ TEMIIEPATYpPHYIO 3aBHCHUMOCTb, KOTOpas XapaKTephu3yeTcs
TEPMOMEXaHUUYECKON KpuBOW. OCHOBHBIMM MapamMeTpaMyd TEPMOMEXAHUYECKOTO
MeTO/a SBJISIOTCS TUIT OCYIIECTBIsIEMON nedopMaliniu, peKUM HarpeBa, BeJIMUUHA
NpUIaracMoro HampsDKEHUsT M XapakTep €ero BO3AeHCTBUS (TIPEPBIBHBIM WU
HEIPEPBIBHBIN).

Ha pucynke 2 mpencTaBiieHbl TEPMOMEXAaHUYECKHE KPHUBBIE IOJTUMEPOB.
KpuBass tuna I xapakrtepHa [ TEpMOIUIACTUYHOTO MOJIMMEpPA - BUHUILIACTA,
KOTOPBIM C M3MEHEHUEM TEMIIEPATyphl UCIBITAHUNA MOXET HAXOAUThCA B TPEX
(UBUYECKUX COCTOSIHUSX, YTO COOTBETCTBYET TPEM y4acTKaM TEPMOMEXaHUUYECKOU

kpuBoil. Ilepexox u3 0mHOTO (U3UYECKOTO COCTOSIHHS B APYroe Ha3bIBaeTCS



TEMIEPATypHbIM MEPEXOI0OM, a CPEJAHHE TEeMIIepaTyphl MEPEeXOTHBIX 00JIacTei -

TeMIlepaTypaMu MepexoioB.

1 1 i
(
r I
2
3
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Prcynok 2. Tunnysele TEpPMOMEXAHUYECKUE KPUBBIE HEKPUCTAIIINYECKOTO
muHelHoro (1), ceruaroro (2) u kpuctamuyeckoro (3) nonmumepos: I, 11, 1 —
30HBI, COOTBETCTBEHHO, CTEKJI000PAa3HOr0, BBICOKOAIACTHYECKOTO U
BA3KOTEKYYETO COCTOSHUM HEKPUCTAIUIMYECKOTO ¥ KPUCTALIINYECKOTO
nosumepoB; Tec, Tux, Tr, Tx — TEMIIEpATYPBI, COOTBETCTBEHHO, CTEKJIOBAHUS,

IJIaBJICHUA, TCKYYCCTHU U HaA4aJ1da XUMHUYCCKOI'0 PA3JIOKCHUA

OnHMMM M3 OCHOBHBIX XapaKTEPHUCTHK MOJHUMEPOB SBISIOTCS TEMIEPaTypbl
NIEPEXO]0B: TeMIleparypa cTekioBaHus Tc, Temmeparypa Tekydectd Tt u
TeMmreparypa  IaBileHuss  Try,  KOTOpbIE  ONPENEsOT  ONTUMAJbHBIE
TEMIIEpATypHbIE PEXKHUMBI SKCIUTyaTallMd [OJUMEPHBIX MaTE€pUaIOB MU HUX
nepepaboTKU B U3JENHS Pa3HBIMU METO/IAMHU.

B MammHOCTpOEHHMHM TIOJIMMEPBI  HMCIHOJB3YIOTCS, Kak IpaBUjo, B

cTekiiooopazHoM (Hmke Tc) W BBICOKO3JACTHUYECCKOM (HMKE TT) COCTOSHUSX.



[lepepaboTka uX B H3AENAHMS METOJAMHU JIMThS MOJ JaBICHUEM, 3KCTPY3HH
(BBIIABJIMBAHMSI) WJIM TOpSYEH IITAMIIOBKM OCYIIECTBISIETCS B BSI3KOTEKyuYeM
(Beimze Tt) U, pexke, B BBICOKOJIACTUUECKOM COCTOSTHUSX.

KpuBass 2 xapaktepHa [l T[OJMMEpa C JIMHEWHOW CTPYKTypou
MaKpOMOJIEKYJI, KOTOPBIM BIUIOTH O TEMIIEPATYpPhI IUIaBiI€HUA Tryr HAXOIUTCS B
TBepaoM cocTtosiHuu. IIpm Temmneparype Trn 3TOT TEpMOIUIACTHYHBIA MaTepHall

TUTABUTCS U IepopMalius CKaukooOpa3HO BO3pacTaeT.

3. METOJIMKA U3MEPEHUI

Mertonuka  CHATUS  TEPMOMEXAHUYECKHUX  KPUBBIX  TEPMOILIACTUYHBIX
MaTepUaioB OCHOBaHAa HAa U3MEPEHUH UX JAepopmManuil, BO3HHUKAIOIIMX B
pe3yJibTare MNEPUOJIUYECKOTO BIABIUBAHMUS IUIMHIPUYECKOIO HAKOHEYHUKA C
MOCTOSIHHOM CcUJIo B oOpasel, HarpeBaeMblii co ckopocthio 1-2 °C/mun. s
CHATUS TEPMOMEXAaHUYECKUX KPUBBIX HCIONb3yeTcs npudop Buka (moapoOHoe
OMHCaHUe KOTOPOTO JaHO B Mpeabiaymiei padote). O0pasinl 1ehOpMHUPYIOT TIPH
Hanpsbkenuu, pasHom 0,2-0,3 MIla. Harpyxenue nuiIMHAPUYECKOTO MHICHTOPA C
II0mans ocHoBaHus 1 MM? mpoBoaar B Touenue 10 ¢ wepes kaxasie 10 °C (ms
TEPMOCTOMKHX TMONMUMEpoB) wianm uepe3 5 °C (ana MeHee TEepMOCTOMKUX
NOJINMEPOB), HAUMHAsI C KOMHATHOW TeMMeparypbl, a (PUKCUPYIOT JTOCTUTAEMYIO
pU JTaHHOW TeMIlepaType 3a 3TO BpeMs AedhopMaIiio ¢ MOMOIIbI0 WHIUKATOPA
4acOBOI'O THUIIA.

JUist ucObITaHMUsT UCHOJIB3YIOT UMIMHAPUYECKHE (MM KBaJpaTHbIE) 00pa3iibl
muamerpoM (ctoponoii) 10-20 mm u TommuHON 6-8 MM. Ilpu ucneITanum
IUICHOYHBIX ~ MaTepuajoB  oOpaslbl MOJyYaroT IMyTeM Habopa MakeTa
COOTBETCTBYIOIIEH TONMMHBL. JIns monydeHuss CTaOWIbHBIX JaHHBIX  JUIsS
Pa3IUYHBIX 00Pa3IOB U3 OJHOTO M TOTO K€ Marepuaia W3rOTaBIUBAIOT 0Opa3Ilbl
OJIMHAKOBBIX Pa3MepOB.

HcnbiTanusi MpPOBOJAT B JKUJAKOCTHOM  TEPMOCTaTeé B  KauyecTBE
TEIUIoNepeatoel KUJIKOCTH MOTYT OBITh HMCIOJIb30BaHbl TpaHc(opmMaTOpHOE

Macjio, IIMOCPUH KW APYIru€ KHUAKOCTH, KOTOPLIC HEC OKa3bIBAIOT BJIIMAHUSA Ha



U3MEpSCMYI0 BEIMYMHY. TeMmIepaTypy B MpoOIecce H3MEpPEeHUN (PUKCUPYIOT IO
MOKa3aHusAM TepMoMeTpa ¢ TouHocThio £ 1,0 °C.

[To nmaHHBIM wu3MepeHUs AcPOPMAIMH CTPOST KPHUBYIO 3aBUCHUMOCTH
nedopManmsa-TeMIIepaTypa M ONPEACISoT TIpaduyeckd 10 Tmepermdbam Ha
TEPMOMEXaHUUECKON  KpPUBOM  TeMIlepaTypbl  IEPEXO0JIOB:  TeMIepaTypy

crexsioBanus Tc, Temreparypy TeKkydectd Tt 1 reMmneparypy miaBieHus 1.

4. ObBBEKTBI UCCIIEJOBAHNM A, ObOPYIOBAHUE

OOpa31pl: 00pa3ibl TEPMOIIACTUYHBIX MOJMMEPOB: MOJIMMETHIMETAKpUIIAT
(OprcTeKIIo), MOJIUBUHMIXIOPHU, TIOJTHCTUPOIL.
O6opynoBaHne W MaTepuaibl:  U3MEPUTENbHBII ~ MHCTPYMEHT -

HITAaHTeHIUPKYJIb; Tpubop Buka, Tepmocrtar, TepMoMeTp.

5. 3AJAHUE HA PABOTY
1. [ToaroToBUTH 0OpA3IIKI I UCTIHITAHUI;
2. Ha ocHOBaHMM MOJYYEHHUSIX JAHHBIX MOCTPOUTH TEPMOMEXAHUUYECKYIO KPHUBYIO

I KaXKA0Tr 0o ITOJIMMCPHOI'O MaTCpuaia.

6. TIOPAIOK BBITIOJIHEHVS PABOTHI

1. Usmeputs BBICOTY 00pasiia 1y ¢ TogurocThio 10 0,1 MM.

2. Obpaser| U3 MIacTMacCchl YCTAaHOBUTh HA OCHOBAHHMHM IITaTHBA MPUOOpaA MO
HEHArpy>kK€HHbIM HMHAEHTOPOM TakuM oOpa3oM, YTOObl MHAEHTOP HAaXOJIWJICS B
LIEHTPE WIN Ha PacCTOSIHUU HE MEHee 3 MM OT Kpast oOpasia.

3. Ilpubop Buka ¢ oOpa3noM nmorpy3uth B KUJIKOCTHOM TepmocTtat. CTperka
MHIMKATOpa MepeEMELIEHUI JOKHA COOTBETCTBOBATH HYJIEBOMY ITOJIOKEHUIO.

4. BKJIIOYUTH TEPMOCTAT C TEPMOPETYIUPYIOIIUM YCTPOWCTBOM, 3aJaB
CKOPOCTb MOBBIIIEHUS Temneparypsl 1-2 °C/MuH.

5. Haunnast ¢ koMHaTHO# TemmepaTypsl uepe3 Kaxabie 5-10 °C B 3aBUCUMOCTH



OT Marepuaia, Mpou3BOIUTH AeopmupoBanue obOpasma B teyenue 10 ¢ mpu
Harpspkernn 0,3 MIla, dukcupys mnpu 3TOM TIOKa3aHUs WHAWKATOpa IO
MPOHUKHOBEHUIO HWHAEHTOpa BIyOh oOpasma ©a BenmmuuHy Ah (mwm).

OtHocutenbHas gedopmanuss & obpasna TNpH  BIABIMBAHWKM — HHICHTOpA

Ah
omnpeaensercs mo popmyie £ = — 100%, rae hg - ncxomHas BeIcOTa 00pasiia, Koraa

4]

CXKMMaroIasi Harpy3Kka paBHa HYJIIO.

6. HM3mepeHus TmpeKpamamT MO0 JOCTHKEHUHM TEMIepaTyphbl IUIaBJICHUS
noJIMMepa, 0 YeM CBUACTEILCTBYET PE3Koe yBeInueHue Aedopmaluu oopasia.

7. Wsmenenue naehOpMUPYEMOCTH OOpA3IOB OCTAIBHBIX IOJUMEPHBIX
MarepuajoB B IMPOIECCe HarpeBa IPOBECTH corjacHo mm. 1-6. PesynbTarhl
WU3MEPEHUN 3aHECTH B TaOUILY.

8. Ha ocCHOBaHMM TIOJYyYEHHUSX JAHHBIX IOCTPOUTH TEPMOMEXAHUUYECKYIO
KPUBYIO JUISI KaXXJOTro IOJMMEpPHOIO MaTepuajia M IO IeperudaM Ha KpHUBOM
E = f(T) ompenenuth TeMIEPaTyphl IEPEXOIOB: TeMIepaTypy crekioBanus Tc,

TeMIiepatT TeKyuYecTd 11 U TeMnepar 1aBiaeHus 1o
YpPY y YpPY

Tabnuna [TokazaTenu neopMupyeMOCTH TTOTUMEPOB MPU HATPEBE M UX

TEMIIEPATYPhI IEPEXO/1a

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

TI/T1| MaTepuan Typa Typa Typa

Jledopmanust g, % | CTCKIIOBaHUsI,| TEKYYECTH, | IUTABICHHUS,

Tc, °C T, °C Trn, °C

5. COJEP’)KAHUE OTYHETA
B ortuere HeoOXoIMMO OmMHMCaTh CYIIHOCTh TEPMOMEXAHHYECKOTO METO]a,

IIPUBECTU cXeMy Ae(opMUpoBaHus 00pasla, JaHHbIE 00 UCCIIEyEMOM MaTepHale.




OTueT JoMKEeH BKIIOYATh TAOJMIly W MOCTPOCHHBIE TEPMOMEXaHHMUYECKHE KPHUBBIC
JUISL PA3JIMYHBIX MaTEPUAIOB. AHAIIM3UPYS MOJYyYEHHBIE JaHHBIE TI0 TEMIIEPATypam
NIEPEX0/1a, COCTABUTh PEKOMEHIAIMH IO TEMIIEPATYPHOMY PEXUMY IKCIUTyaTallMU

U3JIeTNI U3 TTOJIMMEPOB U UX MepepaboTKH.

6. KOHTPOJIBHBIE BOITPOCHI

1. Kak Bnusier cTpyKTypa MakpOMOJIEKYJIbl MOJUMEPOB HA UX (DU3UKO-

MEXaHUYECKHE CBOMCTBA?

2. JlaTb KpaTKyIO XapaKTepUCTUKY (PU3MUECKUX COCTOSIHUM MoJIMMepa.

3. B dem 3akir04aeTcs CyniHOCTh TEPMOMEXAHUYECKOTO METOAA?

4, YTo Ha3bIBAETCS TEPMOMEXAHUYECKON KPUBOIL?

5.  Kax onpenenutrs Temneparypbl nepexonoB mnonumepoB? Kakyro

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

JlaGopaTopHas padora Nel(

Tepmuueckoe pacmmpenue MmarepuanoB. Onpenenenne BeJMUYHMHbI

TeMIepaTypHOro Ko3gppuuuenrta JuHeiHoro pacmupenus (TKJIP)

1. HEJIb PABOTBI

1. U3yuuts Meroaunky uzmepenus senuunHbl TKJIP Ha nunaukaropHom
JIUAJIATOMETPE.

2. Onpenenuts BenmunHbl TKJIP MeTammmyecknx 1 HeMETaNTMUECKUX

MaTepuaoB.

2. TEOPETUYECKUE CBEAEHA

TGHJ'IO(I)I/IBI/I‘-IGCKI/IG CBOMCTBA MaTcpuaJioB HMMCHOT BAaAXHOC 3HAUYCHHC JIA
OIIPCACIICHUA Hp&KTH‘ICCKOﬁ HNX IHCHHOCTH. BCJIGI[CTBI/IC TCIJIOBOI'O paCHIMPCHUA

BO3MOXHO BO3HHKHOBCHHUC TCPMHNYCCKHX HaHpH)KCHI/Iﬁ B MCCTax COIIPAKCHUA



JeTajJed WIM CIIOEB W3 PA3HOPOAHBIX MATEpPUAIIOB, YTO MOXET IPHUBECTH K
BO3HUKHOBEHUIO TPEIIMH M Pa3pylIEHUIO0 3JIeMEHTOB KoOHCTpykuuii. TKIIP
TPaJULIMOHHBIX MAaTEPUANIOB (CTAJIM, AIFOMUHUS, OPOH3BIL, JIATYHU) U MOJUMEPHBIX
MaTepHUAJIOB OTIAMYAIOTCSA B cpeaHeM B 10 pa3, 4To co3/1aeT cepbe3Hble TPYIHOCTH
Ipyu KOHCTPYMPOBAHUM U OKCIUIyaTalldd OuWMaTrepuanoB, TIJ€ HEU30eKHbIM
SBJISIETCA HENOCPEACTBEHHBINM KOHTAKT MaTepuanos ¢ paznuynbivu TKIIP. OxgHako
3HaueHne TKJIP monmMepoB MOXHO pPE3KO IMOHU3WTh Kak 3a CUET BBEICHUSA
HaIlOJIHUTENEHN, TaK U 32 CUET U3MEHEHHS CTPYKTYpPhI oumepa. B Takux ciyyasx
CTpPEMSITCS MO BO3MOXHOCTH K MaKCUMaJIbHO OJHM30CTH TEIIOPU3NYECKUX
XapaKTEPUCTUK COMPATAaEMbIX MaTEPUATIOB BO BCEM MHTEPBAIM TEXHOJOTMUYECKUX
Y DKCIUTYaTallMOHHBIX TEMIIEPATYD.

Peaknys marepuana Ha TEIUIOBOE BO3JECUCTBHE CBf3aHA C BHYTPEHHUMU
CTPYKTYPHO-MOJIEKYJIIPHBIMU TEPECTPOEHUAM. Tak, IpU HarpeBaHUU METAJLIIOB
BCJICJICTBUE YBEJIMYECHUS MEXKATOMHOI'O PACCTOSHUSA B KPUCTAIUIMYECKON PEIICTKU
YBEJIMYUBACTCSI 00bEM TeJla U YMEHBIIAeTCsA IUIOTHOCTh. TemoBoe pacumpeHue
TBEPABIX TEJNI YHUCICHHO XapaKTEepU3yeTcs TeMIepaTypHbIM KO3(POUIIMEHTOM

00beMHOro pacuiupenusi. HenpepblBHOE paclIMpeHUe MpPU HArpeBe ONMHUCHIBACTCS

dbopmyoit

v, =V, (1+B(T, — T,)) (1)
rae V; u V; — o0beM Tesa NMpy HATMYHOM W KOHEYHON U KOHEUHOH TemIepaTypax

Ty U T4 COOTBETCTBEHHO; f — KO3 (ULHUEHT 00bEMHOIO PACIIUPEHHUS.

Paznuuaror cpegHuii K03(pQGUUUEHT paclIUpeHus, OTHOCAIIUNUCA K HEKOTOPOMY

VHTEPBAJLy TEMIIEPATYD,

F=1—7 'F[ ] (2)
1~ 1p V¥p Lrpand

Y UCTUHHBIN KO3(PPUIMEHT pacliupeHusi, ONpeeIeHHOW TeMIlepaType,



(3)

ITockonbKy HCIONB30BaTh NUKHOMETPUYECKHM WM TUIPOCTATHUYECKHUI
METOJ TpPU TOBBIIIEHHBIX TEMIIEPATYpax HENb3s, Ha MPAKTUKE H3MEPSAIOT
W3MEHEHUS JIMHEMHBIX pPa3MEPOB M 3aT€M BBIYUCIAKOT COOTBETCTBYIOIINE
U3MEHEHHs 00beMa.

JliinHa 0Opasiia u3MEHAETCs IPU HarpeBe Tak, 4To

I, =11+ a(T, — Tyl (4)
rae lyu l; — nnuHa oOpasia Npu Ha4aJIbHBIX U KOHEUHBIX TeMIiepaTypax Tqu Ty, a

— K03 GUIUEHT TMHEHHOTO pacITUPEHHUS.

[Ipu 5TOM UCTUHHOE U CpeHEe 3HAUEHUS TEPMHUUECKOTO KO3 duiireHTa

nuHeriHoro pacmpenus (TKIIP) onpenensitoT cOOTBETCTBEHHO, KaK

e=12[2] ®

(6)

JIJIsS M30TPOIHBIX B OTHONICHWH TEIUIOBOTO PACIIUPEHUS MAaTepUajoB C
KyOMYEeCKON KPUCTAIUTMYECKON PEIIETKON JIMHEWHBIH U 00beMHBIA KOI(PPUIIUEHT
pacIIMpEHUs CBS3aHbI 3aBUCHMOCTBIO f =3a, [ =3& , YTO MO3BOJISIET
paccMaTpuBaTh MX KaK PaBHOIICHHBIC XapaKTEPUCTHKHU.

JIJIS aHW30TPONHBIX MAaTEPHATIOB HEKYOWYECKMX CHCTEM pPaCIIMPEHUS I10
pasIUYHBIM  KpHCTAUIOTPAaUUYSCKUM  HANpaBiICHUSIM B  O0IIeM  clydae

HEOJUHAKOBO. Ecmu 0003HAYUTh KodhpurmeHT BJI0JIb TJIaBHOM

KpucTajiorpaguyeckol ocu @), a JUIsl HanpaBieHUs, MEPHEHIUKYJIIPHOMY



TJIABHOMY @;, CBSI3b MeXAy KodpduuueHtom oOBEMHOro pacmupenus f u
JUHEHHBIMU KO3 (GULMEHTAMU | 1 @, BBIpa3sUTcs: § = a + 2a;.

MOHOTOHHOE IUIaBHOE M3MEHEHHE pa3MEpPOB Tejla IIPU HArpeBaHUU
XapaKTEPHO TOJIBKO JUIsl TEMIIEPATYPHBIX UHTEPBAJIOB, IJI€ OTCYTCTBYIOT (ha30BbIE
OpeBpalleHus, Tak  Kak  (a3oBble  MPEBPALICHUS  CONPOBOXKIAIOTCA
CKauyKOOOpa3HbIM U3MEHEHUEM y1elIbHOro 00beMa U BennuuHbl TKIIP.

N3ydyeHneM W3MEHEHHs pasMEpOB TeJl, CBA3AHHBIX C HAarpeBOM H
OXJIAXKICHUEM, 3aHUMAETCs JUIIaTOMETPUS, a CIIELIMAIIBHO
BBICOKOUYBCTBHUTEJIbHBIE MPUOOPHI, CIYy)KalUME JUIsl HMCCIEIOBAaHUSA TEIIOBOTO
pacIIMpEeHNs], HA3bIBAIOTCS AUIATOMETPAMU.

MeTtonbl onpeneneHus Ko3G(OUIMEHTOB TEPMHUUECKOTO PACIIMPEHUS MOKHO
pa3AeuTh Ha 1B€ OCHOBHBIE IPYIIIILL:

1. AOGcomtotrabie MeTonbl u3Mepenus TKIIP, korna uaMeHeHus: IuHbl Al Ipu
W3MEHEHUH TEMIIEPATYPbl HA BEIUYUHY ATU3MEPSAIOTCS HE3aBHCUMO OT

TEIJIOBOT'O PACIIUPECHUS] U3MEPUTEIBHOTO YCTPOMCTBA WIIM JIepKaTess
oOpasna.

2. OTHOCUTENbHBIE METONIBI HW3MEPEHMs, OCHOBAHHBIE HAa CpPaBHEHUU

kod(pdunmreHTa paciypeHus UCCIIENYEMOTO Marepuana c
K03 (PUITMEHTOM STaJJIOHHOTO BEIIECTBA.

HemnocpencrBenHoe u3MepeHHe W3MEHEHHUsS JIMHBI 00pas3ia B MpoIecce
HarpeBa AaOCOJIOTHBIM METOJIOM OTHOCHTCSI K CpPaBHUTEIBHO  CJIOKHBIM
METPOJIOTUYECKHUM 3aJladyaM, YTO OTPAHUYUBAET €r0 IPUMEHEHHE.

OTHOCUTENBHBIE METOABl  MOJYYWJIM IIUPOKOE PACIPOCTPAHCHHE B
nabopatopHoil mnpakTuke. Mx mnpumenstor kak s onpenenenust TKIIP,
UCIOJIb3yeMbIX B WH)KEHEPHBIX pacueTax, Tak W JJs HCCieNoBaHUsA (ha30BBIX
npeBpanienuii. [lo u3meHeHuro Kod(PUIMEHTA TEPMHUECKOTO paCHIUPEHUS
MOJIMMEPHOTO MaTepuajia U €ro TEMIIEPAaTypHOH 3aBUCHMOCTH MOKHO CYJIUTh O
MPOLIECCaX MEPECTPONKH MOJIEKYISIPHON CTPYKTYpPBI, IPOLIECCOB MOJUMEPU3ALUN

U CTPYKTYPHOTO CTEKJIOBAHHS.



BOJIBIIMHCTBO  OTHOCHUTEIBHBIX MCTOJZ0OB OCHOBAaHO Ha J[PHUMCHCHUU
HU3MCPUTCIBbHOTI'O YCTpOﬁCTBa, COCTOAIMCTO M3 HUIMHAPHUYICCKOIO 06pa3ua 3,

NOMEILIEHHOro B TpyOKy 1 (puc. 1).

Puc.1. CxemaTnueckoe n3o0paxeHne U3MEepUTEIbHOU TPYOKU JUIaTOMETpa.

B mporecce n3mepeHnii CpaBHUBAIOT BEITUYMHY TEPMHUECKOTO PaCIINPECHHS
oOpaslia M3 HCCIeayeMOro Marepuaja C TeIJIOBBIM paclIUpeHueM TpyOKu, B
KOTOpOH OH mnomeniaeTcsi. TpyOKy HM3roTaBIMBAaIOT M3 ATAJIOHHOTO BELIECTBA,
KoTopoe oOnagano Obl HM3KMM M mnoctosHHbIM TKJIP B mmpokom auanazoHe
Temneparyp. Takum marepuaiaMm MOXKET CIIYKUTh IUIABJICHBIM KBapl, KOTOPBIN
UMEET TOCTOSHHBIA KO3(PQGUUMEHT JMHEHMHOro pacHIMpPEHUs, COCTABIISIIOLIUI
(0,55-0,56)- 107*k~* B unTepsane Temneparyp ot 0 go 1100 °C.

[Ipu u3mepenusix obpazer; 3 momemaroT B TpyOKy 1 ¢ 3amasHHBIM JHOM Tak,
qTOOBl MEXAYy 0O0paslloM W CTEHKaMH TPYOKH COXpaHsICS HEOOIBIION 3a30p.
HwxHioto yacth TpyOKH ¢ 0Opa3loM MOMEUIAIOT B HArpeBaTENIbHYIO ME€Yb WU
BaHHY TaKMM 00pa3oM, YTOOBI TEMIIEpaTypa Mo AjJuHe 00pasiia Obljia MOCTOSHHOM.
Bepxusis wacth TpyOkm | BBIBeleHa W3 HArpeTOM 30HBI U MOXKET HMETh
KOMHaTHYI0 Temneparypy. Haa o6pas3iioMm B TpyOke mOMeENaroT KBapLeBbli IITOK
TOJIKAaTeIh 2, KOTOPBIA HAaXOJUTCS B TEX XK€ TEMIEPaTypHBIX YCIOBHUAX, YTO U
OKpY’Karolias €ro 4acTb TPyOKH, U WX TEIJIOBOE PaCUIMPEHUE OJUHAKOBO. TakuM
00pa3oM, OTHOCUTEIBHOE CMEIEHHWE BEPXHETO TOpIAa CTEPXKHS U Kpas TpyOKu
OTIpEeICNSACTCS TOJBKO PA3HOCTHIO Y/UIMHEHHH oOpa3lia M OKpY)KalmehH ero
HUOKHEH dYacTH TPYOKW, HAXOIMMIMXCS B HM30TEPMHUUYECKOW Kamepe. 3Has
KOA(pUIIMEHT JTMHEHHOTO pacIlIupeHus] Marepuaia TpyOku (IUIaBJIICHBIM KBapiI),

nerko paccuntath TKJIP uccnengyemoro marepuana.



Puc.2. Cxematnueckoe n300pakeHne MHAUKATOPHOTO AUJIATOMETpA.

[Ipocreiimium  npuOOpoM i U3MEPEHUM TEPMUYECKOI0 PACIIMPEHUS
SBJISICTCSI MHANKATOPHBINA maunatroMerp (puc. 2). [Ipubop coctout u3 KBapieBoit
TpyOku 1, Tonkarens 2, WHAMKATOPHOIO MHUKpOMETpa 3 U HM30TEPMHUUYECKOU
KaMmepsl S5 (HarpeBaTenbHas Ieub, TEPMOCTAT ¢ MacioMm). TemmnepaTypy obOpasna
U3MEPSIOT B I€YM TepMomapoi 4, ropsyeil crail KOTOpbIi BCTaBJIEH B HEOOJbIIOE
oTBepcTHE B 0Opasiie; B TepMocTare — TepMomeTpoM. Eciau mpu HavanbHON
KOMHATHOM TeMIlepaType HHIMKATOPHBIA MHUKPOMETP ITOKa3bIBAET YJJIMHEHUE
oOpaslia, paBHOE HYJIO, TO TMpU T[OBBIIICHHOW TEMIlepaType MOKa3aHUs
MUKpOMETpa S OyJeT OIpenensThCs Pa3HOCThIO YUIMHEHUs o0OpasuoB Aly u
KBapLEeBOil TpyOku Alr. BenmuunHa TepMuueckoro yJUIMHEHHs oOpaslia IpH 3TOM

MOJKET OBITH MpCaACTABJICHO BbIPAXKCHUCM

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

13 KOTOpOro nojiyuniu sennuuny TKIIP

o

_1d(l)_1dlt)

1 ds
Il dr 1. dT ' 1.dT’ (8)
o o W]

rjae I, — HaudanbHas JJIMHA o0pasiia.



[lepBoe cnaraemoe B mpaBOM 4acTH ypaBHeHUs paBHO BennunHe TKJIP kBapha.
[ToaToMy OKOHYATEIBHO BBIpaXXEHUE ISl KOO (ULIMEHTa TMHEWHOTO pacIliupeHMs]

ricciIeyeMoro oopasia Matepuaia OyAeT UMeTh BU

rx=er—|—i—— (9]

3. OFBEKTHI UCCIIEJOBAHU A, OBOPYJOBAHUE

OO6pa3sipbl:

— 00pas3Isl METAIJIOB, MTOJIMMEPHBIX MAaTEPUAJIOB.
O6opynoBaHue U MaTepUabIL:

— W3MEPUTEIIbHBI HHCTPYMEHT

— IITAaHTEHITUPKYJIb

— HarpeBaTebHas 1eYb

— TepMOCTaT

— WHJIUKATOPHBIN TUIIATOMETP

— TEPMOMETP
4. 3BAJAHUE HA PABOTY

HUcnonb3yss WHAMKATOPHBIA  JUIATOMETP,  ONPEACIUTh  TEPMHYECKHI
KOO(PPUIIMEHT  JUHEWHOro  paclIupeHusi  00paslloB  METAIMYECKUX U
HEMETAJUIMYECKUX MATEPUATIOB.

DKcrnepUMeHTANIbHbIE JTaHHbIE TpadUyecKu MPeacTaBUTh B Bujae S = f(T). Ha
KpUBOM 3aBUCUMOCTH 5 = f(T)BbIOpaTh AOCTATOYHO JMHEHHBIM Y4YacTOK, TOrJa
onpenensiemoe 3HaueHwe TKJIP Oyaer sSBISITHCS HCTUHHBIM 3HAYCHHEM IS
CpeIHeN TeMIepaTypbl TEMIIEPATYPHOrO MHTEpBaa;

AS=S5,—S;AT=T,—T,.

Pacuer TKJIP uccnemyeMbix MmaTepuaioB nmpoussectd no Gopmyie (9).



5. IIOPAAOK BBITOJIHEHW A PABOTBI

1. U3meputh nanuHy wuccienyeMbix o0pa3uoB. BceraButh o00pazern B
KBapLEBYIO TPyOKy T'OJOBKH AujaTOMeTpa. Jlanee roioBKy auinaromeTpa
C METAIMYECKUM oO0Opa3loM IIOMECTUTh B TpyOuaTyr0 Iedb, a C
o0pa3LoM MOJIMMEPHOTO MaTepralia — B TEpMOCTaT. BKIIIOUUTH Meub U
TEpMOCTAT.

2. TlpousBectT wu3MepeHUE IMOKa3aHUM MUKPOMETpa TMpH HArpeBe B
JWana3oHe TeMIIepatyp oT KoMHaTHO# g0 600 °C merammudeckoro
oopasna ¢ maTepBanom udepes 40 — 50 °C. Ilpu Harpese oOpasua u3
noaumepHoro Marepuana usmepenue S(T) Bemonnuts uepes 10 °C B

MHTEpBAJle TEMIIEPATyp oT KoMHaTHoi 10 100 °C.

6. COAEP’)KAHUE OTUETA

1. 3unayenne S(T) 3amucarh B BHJAE TaOJHUIbI, MOCTPOHUTH IpaduK s
KQKJIOr0 MCCIIELYyEMOr0 MaTepuaa.

2. Haiitu 3nauenust TKJIP meTannoB u HeMeTaNIMYECKU MaTEPUATIOB.

3. ConocraButh 3Hauenus TKJIP wucciemyemblx MaTepuaaoB U CHENaTh

BBIBOJIBI 110 paboTe.

7. KOHTPOJIBHBIE BOITPOCHI

1. Hackonpko omimuaercs mnopsaok 3HadyeHudd TKJIP  wmeramnoB wu
MOJIMMEPHBIX MAaTepUATIOB?

Kak moxxHo nonusute TKJIP mnactmacc?

KakoBa npupoaa TepMUYECKOr0 pacIIuPEeHUs?

KakoB nprHIMN yCcTpONCTBa UHAUKATOPHOIO IujaTomerpa’?

o B W

Kakyto ¢dusndeckyo XapakTEepUCTHKy HEOOXOJMMO YYMTHIBATH IpU

KOHCTPYUPOBAHUU U IKCIUTyaTallud OMMaTepuaioB U noyemy?
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