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4.1 Boibop MaTepuasioB Jisi KOHCTPYKLIHHA .



BBenenue
B coBpeMEHHBIX YCIOBHSX pPAa3BUTUS OOIIECTBEHHBIX OTHOIICHHWW OJIHUM U3
3HAUUTEIBHBIX (PAKTOPOB HAY4YHO — TEXHOJIOTMYECKOrO0 Mpolecca  SBIsSETCA
COBEpIIICHCTBOBAHUWE TEXHOJOTMU TnpousBoacTBa .IlpeoOpa3oBaHue npou3BOACTBa
BO3MOYKHO B PE3yJIbTaTe CO3JaHMs 00Jiee COBEPIIEHHBIX CPEICTB Tpyda , pa3paboTKu
HOBBIX TEXHOJIOTUH .
BaxxHplM HampaBJI€HHEM HAyYHO — TEXHHUYECKOTO Ipolecca SBIAETCS CO3JaHUE U
IIMPOKOE MCHOJIb30BAHNE HOBBIX KOHCTPYKIIMOHHBIX MaTrepuaioB. B nmpousBoacTse Bcé
LIMPE UCIIOJIb3YIOTCSI CBEPXUYUCTHIE , CBEPXTBEPABIE , )KAPOIPOYHBIE , KOMITO3UITUOHHBIE
, TOpOIIKOBBIE M JIpyrH€ MaTepuaiabl , IO3BOJSIIOIIME PE3KO IOBBICUTH
TEXHOJIOTUYECKHUI YPOBEHb U HAJIEKHOCTH O0OPYAOBAHHUS .
3aKOHOMEPHOCTH ,CBA3BIBAIOLIUE COCTaB U CTPYKTYPY MAaTe€pHaIOB C MX CIIy>KEOHBIMU
XapakTepUCTUKAaMHU , a TaK K€ HM3MEHEHUE CBOICTB MaTEpUAlIOB B YCIOBHUSX HX
DKCIUTYaTallMi U3y4aroTCs MPUKIAJHON HAyKON — MAaTEPUAJIOBEICHUEM .
Jlnst  OONBIIMHCTBA TEXHUYECKMX MAaTEepUAOB KaK METaUIMYeCKHX , TaK U
HEMETAUIMYECKUX XapaKTEPHO KPHUCTAJUIMYECKOE CTPOECHHE. ITO IO3BOJIIET C
eIMHUYHBIX  TO3MIMH  paccMaTpuBaTh  3aKOHOMEPHOCTH  JAeQOpMHUpOBaHUE
KPUCTAJNINYECKOW CTPYKTYPbI M CBOWCTB , ONPEIEICHHBIX NMPUPOAHOU CBSI3H MEKIY
aTOMaMH .
PaumonanpHplii  moaOOp Marepuana W COBEPIIEHCTBOBAHHME TEXHOJOTMYECKHX
IOpOIECCOB UX 00pabOTKM oOOecrneynuBaeT HaAS)KHOCTh KOHCTPYKLUMH ,CHUXKAET
ce0eCTOMMOCTD U TIOBBIIIAET IPOU3BOIUTEIBLHOCTh TPYAQ .
N3yuass aucuumiuny «MartepuajioBeieHbe» B COOTBETCTBUU C (eepalbHBIM
rocyJapCTBEHHbIM 00pa30BaTeNIbHBIM CTAHAAPTOM ,CTYEHTHI TOJKHBI YMETh :
- pacno3HaBaTh U KIACCU(DUIIMPOBATH KOHCTPYKIIMOHHBIC U CHIPHEBBIC MaTepUaIIbI;
- 1O BHEIIHEMY BHJY ,IIPOMCXOXJECHHUIO ,CBOMCTBAM  ONPENEHATh  BHJbI
KOHCTPYKIMOHHBIX MaTepHaJioOB ,BBIOMpATh MaTepuaibl i KOHCTPYKUHUH MO HX
HAa3HAYEHUIO M YCJIOBUSM 3KCIUTyaTalldd , MPOBOJUTH HMCCJIEAOBAaHUS M MUCIBITAHUS
MaTepHalioB , pACCMATPUBATh U Ha3HAYATh ONTUMAJIbHbIEC PEILICHUS 3aaHU ;
3HaTh;
- 3aKOHOMEPHOCTH TMPOLIECCOB KPUCTAIUIU3ALMH U CTPYKTYpOOOpa30BaHUS METAIJIOB U
CIUIaBOB ,0CHOBBI UX TEPMOOOPAOOTKHU CIIOCOOBI 3alIUThl METAJLIIOB
OT KOPpPO3HH ;



- KJIacCU(PUKALIUIO U CITOCOOBI MOMyUYEeHUsSI KOMITO3UITMOHHBIX MaTepUaoB ;

- MPUYUHBI BBIOOPA KOHCTPYKIITMOHHBIX MaTEPHUAJIOB JIJIsi IPUMEHEHUS B TPOU3BOJICTBE
- CTPOEHUS U CBOMCTBA METAJIJIOB , METOJIBI MX MCCIIEIOBAHUS ;

- KJIacCU(PMKALIUIO MaTepUajIoB ,METAJIJIOB U CILJIABOB ,MX 00JIaCTU MPUMEHEHUS ;

- METOJUKY pacueTa ¥ Ha3HAYCHUS PEKUMOB PE3aHbs sl PA3IMYHBIX BUIOB padoT.
BoinosiHeHue 1a00paTOPHBLIX W MNPAKTHYECKHX pPadoT mo JUCHUILIHHE
«MartepuajioBeeHbe» TMO3BOJISECT 3aKPENUTh TEOPETUUECKUE 3HAHUSA CTYIAEHTOB U
MPUBUTH UM HABBIKM CAMOCTOSATEILHOU pabOThI MO UCCIICIOBAHUIO CTPYKTYpP U CBOUCTB
METAJJIOB M CIUIABOB , HEPA3pyIIAIOIIMM METOAOM KOHTPOJS U HCMIOJIb30BAHUIO
JAHHBIX MMKPOAHAJM3a , OCBOCHHMIO HEOOXOAMMOW HJii 3TOT0 ammapaTypbl
MIPOBEJICHUIO OCHOBHBIX OIEPAINi TEOPETHUECKONH 00pabOTKH CIIJIaBOB .

[lepen HauanoOM BBIMOJHEHUS Ja0OPATOPHBIX U MPAKTUYECKUX PAaOOT CTYACHT JIOJKEH
M3yyaTh HACTOSIIME METOJMYECKHME YKa3aHUsi U  BBIOJHUTH MPEIJI0KECHHBIC
PEKOMEHAIUY .

b



1 Oxpana Tpy/aa U TeXHHUKA 0€30MACHOCTH

st obecrieueHuss 0O€30MaCHBIX YCIOBUN MPOBEJACHUS JIaOOpaTOpPHOW  pabOThI
HEeoOXo/lMMa YeTKas OpraHu3auus ¢ MOAJAEpkKaHUE JTUCHUIUIMHBL B IMPOLECCE
NOpPOBEJCHUS YUEOHBIX 3aHATHM ,a Tak K€ 3HAUEHUE U CTPOroe COOIIOACHUE IMpaBUII
TEXHUKU O€3011aCHOCTH

1.1 Ilepen Hauaaom pabOTHI CTYJICHT JOJDKEH :

1.1.1 M3yuuTh TeopeTHUeCcKHil Marepuan Mo TeMe padoThl ,yCTPOWCTBO M MPHUHIIMI
paboThI MPUOOPOB K OOOPYTOBAHHUS .

1.1.2  TloaroroBky nmpuOOpoB U 00OpYJOBaHUS MPOU3BOAUTH TOJBKO IPHU
BBIKJIFOUEHHOM pyOUIIbHUKE .

1.1.3 JlonoxuTh npenoaaBaTesto 00 OKOHYaHUU MOATOTOBKHU K BBIIOJHEHUIO paOOThI U
INPUCOEIUHUTD K HEM TOJIBKO C pa3pelleHus IpenojaBaTesis Win 3aB.Jadoparopue

1.2 Bo Bpemsi paGoThI CTYI€HT [10JIKEH :

1.2.1 CobOmonath mnpaBWiia MOJIB30BAHMS CPEACTBAMU WHIWBUIYAIbHOW 3aIIMUTHI ,
IpaBUJia JIMYHOW FMTUEHBI U COJIEPKaTh B UUCTOTE pabouee MecTo .

1.2.2 BbINOAHATH TOJABKO Ty paboOTy , KOTOpas TOpydyeHa MpenojaBaresieM
(3aB.J1abopaTopueii ).

1.2.3 Ilpm HapyumieHMM U Hemojaakax B paboTe mNpuOOpPOB ,ammaparypbl U
000py10BaHUsI HEMEIJICHHO JI0JIOKUTH MIpernogaBareito ( 3aB.jJjadoparopuei )

1.24 [Ilpu BbINOAHEHUH JA0OPATOPHOM pabOThI HCMONB3YIOTCA MPUOOPH U
obopymoBanue pabotaromme 1o HampspkeHueM 220 m 380B.Onextpuueckuii TOK
MPEACTABIISIIOT CMEPTEIbHYI0 OINAaCHOCTh JUJIS YeJOBEKa , MO3TOMY 3alpeliaercs
IIPUKAcaTbCsl K TOKOBEAYLIMM 4YacTSAM TaK , KaK HApyLIEHUE WX H30JSLHUHA MOKET
IPUBECTH K HECYACTHOMY CIIYYalo .

1.2.5 Ilpu pabote Ha mnpubopax u OOOpPYIOBAHUHU , MMEIOUIMX BpalllaTeIbHOE WU
yIapHOE JIeCTBHE , HEOOXOAMMO 00€CTIeUNTh HAZEKHOE 3aKpETIeHHE 00pa3IloB.

1.2.6 He npou3BOAUTh OCTAaHOBKY ABHXKYILUXCS 4YaCTEH MPUOOPOB BPYUHYIO .

1.2.7 CpeM 00pa3ioB NIPOU3BOAUTH TOJBKO IMOCJE OTKIIOYEHHUS] TPUOOPOB OT CETH JI0
IIOJTHOM UX OCTAHOBKH .



1.3 3anpemaercs caMOBOJIBHO ,0€CIIETBHO BCKPBIBATh aIapaTypy , HAKUMATh KHOTIKA
,BKJTIOYATh TyMOJiepa ,lIPOU3BOJIUThH MYCK MPUOOPOB , HA KOTOPBIX HE paboTaeuib . ITO
MO>KET MTPUBECTU K TPABME WJIM TIOJIOMKE 000PYI0BAHUS .
1.4 B ciyyae nopakeHusl SJIEKTPUUYECKUM TOKOM HJIA TOJyYEeHHSI TPaBMbl HEOOXOAUMO
OKa3aTh MEPBYIO MOMOIIb MOCTPAJaBIIEMYy ,COOOIIUTh 00 ATOM MPENOAaBaTENIO U MPHU
HEO0OXOJAMMOCTHU OTIPABUTH €T0 B OJIMkKalIIIee IeYeOHOe YUPExKACHHE .
1.5 Tlpu BO3HMKHOBEHWH OdYara 3aropaHus HEOOXOIWMO IOCTaBUTh B HW3BECTHOCTH
npenogaBarenis (3aB.1abopaTopueil ) ,0TKIIOYaTh BCE DJEKTPONPUOOPHI ,BHIKIIOUYUTH
pyOWJIBHUK W TPHUHATH MEPhl K €ro JIOKAIU3alluh ,IpU HEOOXOJUMOCTH BBI3BATh
MOKapHYI0 OXPaHy U MPOU3BECTH 3BAKYaLIMIO JTIOJEH .
1.6 ITo oxoOHYaHUIO PA0OTHI CTYAEHT J0JIZKEH :
1.6.1 [105105kUTH MPENoAaBaTENO O 3aBEPIICHUN PAOOTHI U BHIKIIIOUUTD anmnaparypy .
1.6.2 HaBectn mnopsgok Ha paboyeM MecTeé U TMOKUHYTh €ro ¢ pa3peuieHus
npenojaBarens ( 3aB.JjadopaTopueil)

2. OpopmneHue pabotbl n TpeboBaHMA K HeN

2.1. Tocne BbINOJIHEHMA MpPAKTUYECKOM W nabopaTopHbiXx paboTbl  CTyAeHT
COCTaBANAETCA OTYET, KOTopbIN opopmnaeTcs B cooTBeTcTBuM ¢ FTOCT 2.105-95 «Obwme
TpeboBaHMA K TEKCTOBbIM AOKYMEHTaM», TO €CTb Ha /IMCTax CTaHAAPTHOro pasmepa
(210x297) c cobntopeHuem npasun opdorpadun. MepsBbin U NOCAEAYOWMNIA TUCTI
MMELOT PaMKy U OCHOBHYIO noanucb cornacHo NOCT 2.104-68 puc.1, 2.

dopma 2.

OCHOBHaA NOANUCb A5 TEKCTOBbIX JOKYMEHTOB (NepBblit 1 3arnasHbIi)
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2.2. OTYyeT NULLETCA NAaCTON UK YePHUNAMUM YEPHOTO LBETA.

TeKcT ponKeH O6blTb HAaMMCAH YETKUM, MOHATHbIM MOoYepKom. CXxemMbl, 3CKU3,
Tab1UbI BbINOHAIOTCA KapaHAALWOM C MOMOLLbIO YEPTEXHbIX MHCTPYMEHTOB.

2.3.B TeKcTe He AO0/MKHO ObiTb COKPALWLEHUA 33 UCKAKYEHMEM COKpaLLEHW,
ycTtaHoBneHHbIX TOCT 2.316-68.

2.4. 3Ha4yeHMe CMMBONOB U YNCNOBbIX KO3PDMUMEHTOB, BXOAALMX B dopmyny,
AOMKHO OblTb NOACHEHO HenocpeacTBeHHO nog ¢opmynon. [osiCHEHME KaxKaoro
CMMBO/MIA AaeTcs B TOM MNocnefoBaTeNbHOCTU, B KAaKOW npousBoanTca B dopmyre.
MepBaa CTPOKa paclwMdpPOBKM AO0MKHA HauyMHATbCA CO C/AOB «rae» 6e3 aBoetoyua
nocne Hero.

2.5. Mpw ncnonb3oBaHUN AUTEPATYPHbIX, CMPABOYHbIX MaTepManoB He0H6Xo0ANMO
AenaTb CCbI/IKY C YKa3aHMEM CTpaHuL, Homepos, Tabauu. Hanpumep: [2, c.13] nau [2,
Tabn. 15], rae umudpa 2- Homep AUTEPATYpPbl B NEPEYHE UCNONb30BAHHOM NUTEPATYPDI,
NPMBOANMOWM B KOHLE OTYETA.

2.6. OtyeTbl No nabopaTopHbIM paboTam U NPaAKTUYECKMM 3aHATUA CKAAAbIBAKOT
no nopaaky u 6powtopytoT. Ha 0610kKe yKasbiBatoT (cm. obpaseL).

Mo pe3ynbTaTam Kaxaon paboTbl NPOBOAUTCA 3a4YET.
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Tema pabotbi

MWKPOCKONUYECKUI aHaNuM3

Lenb pabotbl

ObyyeHus

- 03HAaKOM/IEHWNE C METOANKOM NPUTrOTOBAEHUS WANGDOB;
-U3yYeHmre yCTPOMCTBA MUKPOCKONA;

-O3HaKoOm/1eEHNE C OCHOBHbIMU TMpPaBUIaMn MNOJNb30BaAHMA MUKPOCKONMOM "

obpalleHnsa c HUMMK.

BocnutaTtenbHas

- BOCMUTATb Yy CTYyAEHTOB 3HAYMMOCTU I'IpO(I)eCCMOHaﬂbeIX NPaKTU4YeCKnX

HaBbIKOB;
-BOCMMUTAHWE MOJIOXKUTENIbHOTO OTHOLLEHMA K Npoueccy NpuobpeTeHna 3HaHWI;

-BOCnuUTaHne gncCunnanHMpPOBaHHOCTHN.

Pa3BuTusa

- ymeHusa yyebHoro Tpyaa.

3apaHue



3.1. O3HAaKOMUTbLCA C METOANKOM MPUrOTOBAEHMA WANPOB.

3.2. U3yunTb ycTpoictBo mmnkpockona MMM-6(MUM-7).

3.3. O3HAaKOMMUTbCA C OCHOBHbIMW NPaBUIAMUN NOb30BAHNA MUKPOCKOMOM U
obpaleHna c Hum.

3.4.CocTaBnATb OTYET.

MpoAaoMKUTENbHOCTb pa 60TbI

MpoaoNXKUTENbHOCTb — 2 4aca

MartepuanbHoe obecneueHue

5.1. Mukpockon MUM -6(MNM-7).

5.2. lUnndoBanbHbIN CTaHOK.

5.3. MMoAnpoBaHHbIN CTAHOK.

5.4.Habop ob6pa3LoB meTanna 4na NPUroToBAEHNA MUKPOLWANGOB.
5.5.PeaKtmBbl gna NpUrotToBAeHNA MUKPOLW/INGOB.

5.6. KnaKoctn gna npombiBKM MUKpPOLANGOB.

5.7.CTeknaHHble nan dappoposblie EMKOCTU ANA XKULKOCTEMN.

5.8.®unbTpoBanbHaa bymara.

6 KparTkue TeopeTHYecKHe CBeIeHUs

MKTY.MB Ol104.001 J1P

N3m.

Jluem Ne dokym. [Modnucs] Hamal
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6.1 Haznayenume MUKpOaHaIU3a
Mo MMKPOAHANN30M NOHUMAIOT U3yYEeHME CTPOEHMA META/IZIOB U CM/1aBOB

C NOMOLLbO MeTannorpaduyeckoro MMUKpockona npu yesenmyeHum B 50-2000

pas/
ﬂpM nomMoLwn MMKpoaHasin3da onpeaenatoT.

1) dopmy n pasmep KPUCTANANYECKMX 3EPEH, U3 KOTOPbIX COCTOUT MeTanN

WIW CnNas;

2) M3MeHeHWe BHYTPEHHEro CTPOEHMs CchnaBa, npoucxogsllee nopg,
BAUAHMEM PA3/INYHBIX PEXKUMOB TEPMUYECKON W  XUMUKO-TEPMUYECKOM

06paboTKM, a TaKKe Nocse BHELWWHEro MexaHM4Yeckoro Bo34eicTBmMA Ha CNAas;
3) MMKPOMOPOKKN MeTanna PakoBUHbI U T. N.;

4) HemeTaN/MYecKMe  BKAOYEHUA  cynbduabl, OKUCAbI WU Ap.
MMWKPOCKONUYECKUIA aHANN3  BKAKOYAET MPUroTOBNEHME MUKPOLWANGDOB M

nccnefoBaHMe Nx C NOMOLLLbIO MeTannorpadmnyeckoro MMKpocKona.
6.2 MpurotoBneHne mukpownmdpos

Mukpouwnugom HasbiBaeTcA obpasel, meTanna, NOBEPXHOCTb KOTOPOro

noarotos/sieHa An1Aa MMKPOaHa/1n3a.

B 3aBMcMMOCTM OT Uenun mccnenoBaHma n GopmMbl UCCneayemon aeTtanu

BbIGMpPaAOT MecTo Bbipe3kn obpasua.

Pasmepbl n popma obpasuya. Ya06HOM ABAsSETCA UMANHApPUYecKaa dopma
obpasua gnametpom 10-12 mm u BbicoToi 0,7-0,8 Hanpumep gnameTpom 12 mm
n Bbicoton 10 mm (puc. 1, a). YOobHblI TakKe npAMoyrosbHble 06pasLpl,

Hanpumep, ¢ Naowaabio ocHoBaHUA 12 x 12 mm 1 BbicoToin 10 mm (puc. 1, 6)

Jlucm
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Puc. 1. HopmanbHble pasmepbl MmeTannorpaduyecknx obpasuos (a u 6) n npucnocobneHuns gan
MOHTMPOBAHUA 06Pa3LLOB Masoro pasmepa (6 u e)

MonyyeHne nnockou nosepxHocTu obpasua. Ha BbipesaHHOM obpasue
BblIPaBHMBAIOT MOBEPXHOCTb, KOTOpasA MpeAHa3HayeHa AnA MMKpoaHau3a.
MonyyeHMe NNOCKON MOBEPXHOCTM AOCTUraeTcA OMWUIMBAHMEM HANWUIbHUKOM
(ecnn maTepuan mMArkuiA) nM 3aTodykor Ha abpasmMBHOM Kpyre (echm martepuan

TBEPAbIN).

LLUnndpoBaHMe HaAUYMHAOT Ha LWKypKe c 6osee KpynHbiIM abpa3nBHbIM
3epHOM, 3aTeM NOCTEMEHHO NePexoaAT Ha WKYPKY ¢ bonee menknm abpasmeHbIM

3epHOM.

LUnndyoT BpyYHYIO Ha LWKYpPKe, NMOOXKEHHOW Ha TONCTOe CTEKNO, UM Ha
cneumanbHbIX WAMPOBaANbHbIX CTaHKax. lMpu wamdpoBaHMM Bpy4vHYtO o0bpasel,
NOAroTOB/IEHHOM MNJIOCKOCTbIO MPUMKMMAIOT PYKOM K WANGDOBANbHOM LUKYPKE U
BOAAT MM no Oymare B HanpaBAeHWM, NEpPneHAUKYNAPHOM K pPUCKaM,

NOAYy4YEHHbIM NMocne onnManBaHMA HafMmMIbHUKOM.

MoXHo LLIJ'IVICI)OBaTb TaKXe cneuunanbHbiMn nactamm, HaHeCeHHbIMU Ha

HeboNbLUMe NNCTbl YEPTEXKHOM Bymaru.

MexaHuyeckoe  WAnMdOBAHME  OCYLLECTBAAETCA  Ha  CheunanbHbIX

LUI'IM(I)OBaJ'IbeIX MallnHax.

MonuposaHue nosepxHocTu obpasua. Nocne oKoHYaHUA WANPOBaAHUA Ha
WANGPOBANbHOWN LUKYPKE CaMON MENIKOM 3epHUCTOCTM MONMPOBAHMEM YAANAOT

puckn wun obpabaTbiBaemana noBepxHOCTb o06pasua nonyyaetrca 6Gnectauwe

Jlucm

MKTY. MB ONO4. 001 11P

n3m.

Jlucm Ne dokym. lMoonuck ﬂama|




3epKaan017|. nOﬂMpOBaTb MOXHO MeXaHU4YeCKMM U 3INNIEKTPOSIUTUHECKUM

cnocobamu.

MexaHun4yeckoe noAMpoBaHue npoun3BoaAT Ha cneyyanbHOM
NONMPOBA/IbHOM CTaHKe (puc. 2) c Kpyrom 1 gnameTtpom 200-250 mm, 06TAHYTbIM

CYKHOM Un peTpom.

MonupoBanbHbIMM COCTaBaMM ABASAIOTCA B3BELIEHHbIe B BOAE MeEsIKME
NMOPOLLKMN OKUCK aNtoOMUHUA (TTMHO3EeM), OKUCb XPOMaA, OKUCH Kenesa (KpoKyc) m
OKUCb MarHua (marHesus). Mocne nonmpoBaHus obpasel, NPOMbIBAlOT BOAOW;
NO/IMPOBAHHYO MOBEPXHOCTb MPOTUPAIOT BATOM, CMOYEHHOM CMMPTOM, a 3aTem
NPOCYLWMBAOT MNPUKAaAbIBAHMEM  (UALTPOBANBHOM Bymaru WAM  NEerkum

NPOTMPAHNEM CYXOI BaTOMN.

TpaBneHue. Mo 3epKasbHOM NOBEPXHOCTM 06pasua, NOAYYEHHOW nocne
NOJINPOBAHUA, HENb3A CYyAUTb O CTPOEHMWU CniaBa. TONIbKO HeMeTananyeckme
BKAtOYEHUA (cynbduabl OKcuAapbl, rpaduT B CEPOM UYyryHe) BCAEACTBME MX
OKpPaLLEeHHOCTU B pas3/IMyHble LBEeTa pPe3KOo BbIAENATCA Ha CBeTNIoOM ¢oHe

NONIMPOBAHHOIO MUKpoLwAnda.

[na BbIABNEHMA CTPYKTYpbl MeTanna wWwiamd Hy)KHO Mnocie MnoaMpoBaHUA
NoABEPrHyTb TPAB/IEHUIO, HaANPUMeEpP, KaKoM-TMbO KUCNOTOM, pPacTBOPEHHON B

3TUNOBOM CMpTe UK BoAe. [leiicTBMEe KMCNOT OCHOBbIBAETCA Ha PeaKLMmn Tuna
Fe+2H-—Fe-- +Ha.

MoBepxHOCTb wWAKda cnnasa, MNOTPYKEHHOrO B PEaKTUB (3/1EKTPOAUT),
npeacTtaBnaeT cobo MHOro31eKTPOAHbINA raibBaHUYECKUIA INEMEHT, COCTOALLUMN

13 601bLWOro Yncna MUKPOCKOMNYECKUX INEKTPOAOB.

CTPYKTypHbIe 31eMEeHTbI cnnaea, KoTopble nmetoT Hanbonee
3NEeKTPOOTPULLATENIbHbIM 3NEeKTPOAHbIN noteHuman, urpatoT po/b

MMUKPOCKOMMUUYECKMX aHOA0B M pacTBopstoTcs, 0bpasysa BnagMHbl Ha NOBEPXHOCTU
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wanda, a y4acTKu, ABAAIOLIMECA KaTOAaMM, OCTAlOTCA HEU3MEHHbIMWU. Takum
obpasom, B pesysibTaTe TPaBNEHMA HA NOBEPXHOCTM Wanda 0b6pas3yoTcsa BbICTyMbI
M BNAAMHbI, XapaKTepusylolwmMe MUKPOCTPYKTYpYy cnnasa. [nAa TpaBaeHus
MUKPOLWINGOB MPUMEHAIOT BeCbMa MHOro peaktTusoB. [pusBedaem Haubonee

ynoTpebuTenbHble N3 HUX.
Ona ctaneu v yyryHos
a) 5%-Hbi pacteop HN 3TUI0BOM CNMNPTE;
6) 4%-Hbl1 pacTBOP MUKPUHOBOM KUCNOTbI B CNNPTE;

B) MMKPAT HAaTpUA (MMKPMHOBAS KMCNOTA U €AKUIN HATP) — CTAaHAAPTHbLIN

PeaKTUB, NPUMEHSEeTCA ANA TOro, YTobbl OTANYNUTL LLEMEHT OT GpeppuTa;

[) peaKkTuB ANa TpaBneHUs HepKasetowmx ctanen: 3 yact HCl n 1 yactb

HN peaktnsom nonb3yroTca Yepes 24 yaca Nocne NPUroToBiEHUN.
Ona antommHueBbIX CNAABOB
e) 0,5%-Hbll pacTBOp GTOPUCTON KUCNOTbI B BOAE;
) cmecb kKucnot 1% HF, 2.5% HN , 1,5% HCI, 95% H-O.
Ana meaHbIX cNNaBoB
3)8%-HbliA aMMKaYHbIN pacTtBop CuC 2;

n) 3%-Hbin pacteop FeC B 10%-Hom pactsope HCI.

puc. 2. MonnpoBanbHbIi CTaHOK



YKa3zaHHble peaKkTMBbl MNPW MO/b30BAHUU HANMBAOT B HebOAbLUYIO
bapdopoBy0 MAM CTEKNAHHYIO Yalwky. [lepen TpaBneHMEM MNOAMPOBAHHYIO
NOBEPXHOCTb WAnda C Uenbio 06e3KMpMBaHUA NPOMbIBAIOT CMMPTOM, a 3aTem
WAnd NorpyKatT Ha HENPOAO/IKUTENbHOE BPeMSA (Yallle HAa HECKOJIbKO CEKYHA) B
peakTnB. MHorga uenecoobpasHo peakTMB HaHOCUTb Ha NOBEPXHOCTb Wanda npu
MOMOLLM KanesbHULbI, MUMNETKM UAM BaTKM Ha CTEKNAHHOM nanouyke. Bpems

TPaBAEHMA PA3/IMYHO ANA PA3HbIX

CNNaBoOB WU CTPYKTyp. Mocne TpaBieHuAa wWand NPOMbIBAlOT CHayana BOAOM, a

3aTemM CMMPTOM M cyLllaT NpuKaaabiBaHnem K GunbTpoBanbHoOM bymare.

PaccmaTtpuBan NpoTpaBAeHHbIN WAng noa MUKPOCKONOM, onpeaensitot
CTPYKTYpbl. Hanprmep, OTOMMKEHHYIO A03BTEKTOUAHYIO CTaNlb, CTPYKTYPa KOTOPOM
COCTOUT 13 NepanTa n pepputa, NPOTPaBUTb 4%-HbIM PACTBOPOM NMUKPUHOBOM
KMCNOTbI B CNMPTE, TO NO4 MUKPOCKOMNOM NepanT byaeT UMeTb BUA, TEMHbIX
3epeH, a peppuT-cBeTNbiX. ONTUYECKM HEOAMHAKOBYHO OKPALLMBAEMOCTb 3€PEH
nepanTa n peppuTta MoX¥KHO 06BACHUTL TEM, YTO OT heppuTa lyyel ceeTa
OTPasnaoCh B 06bEKTUB 3HAUYUTENBHO 6O/bLUE, YEM OT NEP/IUTA, T.€.3epHa
nepaMTa UMelT MEHEE POBHYIO MOBEPXHOCTb, U MHOTO N1y4elt BCieACTBME UX

paccenBaHUA HE NOMNaao B 06bEKTUB.

CnepoBatenbHO, [AOEeNCTBME peakTMBA Ha  Pa3/iNyHble  CTPYKTYpPHble
cocTaBialowMe HeoguHakoBo. [epan  6yayun  AByxdpasHOM  CTPYKTypon,
noagsepraetca 60nblIEMY 3/1IEKTPOXMMUYECKOMY pacTBopeHuto yem depput. Ha
3TOM pasHMLUE B COCTOAHUM MOBEPXHOCTU U KONMYECTBE OTPAXKEHHbIX y4yen u

OCHOBAHO BbIfIB/IEHNE CTPYKTYPbI CNAaBa.

B pesynbtate TpaBnenua wnmdpa 4%-Hbim pactBopom HN B cnupte
rpaHuubl 3epeH ¢eppuTa BbLITPABAAKOTCA CUAbHEe W AatoT yraybneHma. dTu
yrnybneHus, COOTBETCTBYIOLLME FPAaHMLAM 3epeH, BCNeACTBUE PacCEMBAHMA CBETA

KaXXyTCA Ham noa MUKPOCKONMom B BuUAe TEMHDbIX NNHWIA.  Pa3nnyHas
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OKpalKnBaemMocCTb 3epeH depputa 0O6BACHAETCS UX aHM3oTponuen. B ceueHuun
wnnda 3epHa Pepputa nepepesaHbl MO PaA3AMYHbIM  KpUCTannorpadmnyecknm
NJIOCKOCTAM, @ TaK KaK CBOMCTBA 3epeH B Pa3/IMYHbIX CEYEHUAX HEOANHAKOBDI, TO
M PacTBOPEHME KaXKAOoro 3epHa noj AeWCTBMEM peakTMBa pPas/iMyHo. To 3epHo,
KOTOpOe NpPOTPATMU/IOCh CUJIbHEE, KaXKeTcA TemHee MpW paccMaTpuBaHUKW MOA
MUKPOCKOMOM, TaK KaK OHO MNoc/ie OTpParkeHWA OT Hero cBeTa AaeT b6osbliee
paccenBaHue nyyei. B pesynbtate nog MUKPOCKOMOM BMAAT 3€PHA Pa3/IMYHbIX

OTTEHKOB: OT APKO- CBET/IbIX 40 COBeEPLUEHHO TEMHbIX.

CxeMa, MOsICHSIIOIIAs BUIUMOCTh TPaHull 3epeH deppura
10/ MUKPOCKOIIOM

Texnndeckoe kene3o; 3epHa (epputa C SICHBIM
ouepTaHMeM WX rpaHui. TpasiaeHue  4%-HbIM
pactBopoMm HN B ciupte

6.3 Obuwee ycTPOICTBO METAaNZIOMUKPOCKONA U NPAKTUKA NO/Ib30BaHUA UM

CYIJ.I,ECTBVI-OT ABa cnocoba MUKPOCKOMMN4YeCcKoro nccnengosaHUA:

nccnegosaHue B npoxogAalem CBeTe N B OTpaKeHHOM CBETE.

MuKpocKonbl, paccmaTpuBarolwme npeameTbl B NpoxogAuwem cseTe,
Ha3blBalOTCA Guonormyeckumn. buonormnyeckme MUKPOCKOMblI MPUMEHAIOTCA B
Takux obnacrax HayKu1, Kak meguLnHa, 6MOI'IOI'MFI, rge nccnegyemble npeameTtbl

NPO3payHbl.

MuKpocKonbl, paccmaTpusalolme npegmeTbl B OTpPa*XeHHOM CBeTe,

Ha3biBakOTCA MemaﬂﬂOZPGCf)U"IeCKUMU NN memasi/IOMUKpoCKornamu.

Jlucm

MKTY. MB ONO4. 001 NP

n3m.

Jluemj Ne dokym.Ne | lNodnuck ﬂama|




MeTannoMMKPOCKOMbI MPUMEHSAIOTCA MPU U3YYEHUM CTPYKTYPbl METANN0B U

CNAaBOB, T. €. HEMPO3PaYHbIX NPeaMETOB.
BepTuKanbHble metannorpadpuueckme mukpockonot MUM-6 MMUM-7

BepTuKanbHbIW  meTannorpadpuyecknin  mmkpockon MUM-6 wumeetr B
HacToAlee BPemMsi LWMPOKoe npumeHeHMe. C  ero MOMOLWbIO  MOMKHO
paccMaTpuBaTb MUKpoOwnMdbl HEe TONbKO B CBETAOM MO/Ae, HO U B
NoNAPM30OBaHHOM  CBeTe, a TakXe npousBoauTb  doTorpadmpoBaHmne
MMUKPOCTPYKTYpPbl. OH AaeT nNpu HenocpeacTBEHHOM (BM3yanbHOM) HabawoaeHUU

yBennyenme o 950 pa3 npu potorpadpupoBaHum go 1416 pas.

MI/IKPOCKOH COCTOUT n3 TpEX

OCHOBHBIX YaCTEH:
a) HIDKHETo Kopiyca 1 u ocHoBaHus 2;

0) coOCTBEeHHO  MHKpocKoma 3 ¢
WITIOMAHATOPHBIM TyOyCOM 4, BHU3yaJbHBIM
TyOycoOM ®  OKYJSIpOMJS, TPEIMETHBIM
CTOJIMKOM 6, MEXaHU3MOM TpyOoi HaBOJKHU
Ha (POKyC 7 MU MHUKPOMETPHYECKUM BHUHTOM

8;

B) OCBETUTEIBLHOTO  ycTpoiictBa 9,

3aKpEIJIEHHOr0 Ha KpoHITeiHe /0.

B Tabnvue 1 npuseaeHbl yBENMYEHNA MUKPOCKOMA NPU HEMOCPEeACTBEHHOM
HabnaeHUU Npu poTorpadmMpoBaHNM, a TaKKe ONTUYECKME AaHHbIe 06bEKTMBOB

N OKYNAPOB.
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Nccnepyemoin waneg  nomewaerca Ha npeaMeTHbIN CTONINK
6NONMPOBAHHON MPOTPaABAEHHOM MNOBEPXHOCTbIO BHM3. [pybyto HaBoOAKYy
(poKycupoBaHMe) obbeKTMBa Ha pe3Koe M30bpaxkeHwe npeameTta nNpovsBoaAT
NOAHMMAHMEM WU ONYCKAaHMEM MNpPeaMETHOro CTO/MKA NOCPeacTBOM BUHTA 7,
Habnogaa npu 3TOM B OKY/AAP 33 YETKOCTbHO M30bpakeHuA. 3aKpenus C
NMOMOLLbIO BMHTA NOJIOXKEHME NPeAMETHOro CTO/IMKA, TOYHYIO HAaBOAKY Ha POKyC
OCYLLEeCTBAAIOT  MOCPeacTBOM BPalleHMA  MWKPOMETPUYECKOrO  BMHTA
8.MpeaMmeTHbIN CTONNK co wandom nepeasBuraeTcs npuv nomouwm BuHTOBII.
YBeNnYeHne MUKpOCcKona noabupatoT nytem KombuHaumm o06bEKTUMBOB U
OKYNAPOB, NEPEMHOXKAA UX COBCTBEHHbIE YBE/IMYEHUA UM NONb3YACL Tabanuen

1.

B nocnegHee BpemMA OTEeYEeCTBEHHOW NPOMbIWNTIEHHOCTBIO BbINyLEH bonee

COBEPLUEHHbI BEPTUKANbHbIN MUKpockon MUM — 7.

Tabnuya 1
IIpocTeie  OKyJsipbl | OKyJISIpBI IS
JIA BHU3YAJILHOI'O oTorpa@upoOBaHMsL
Cucrema OOBEKTUBBI A M P pacup
HaAOJIFOIEHUS
CobOctBennoe | YwmcnmoBas | AM-11. M-10. M-11. AM-32. AM-33.
YBEIMYEHUE aneprypa X7 X10 X 15 X6.5 X10
Cyxas 9 0,20 63 90 135 86 134
» 21 0,40 147 210 315 201 313
» 40 0,65 280 400 600 383 596
HNmmepcuonHas 95 1,25 665 950 - 909 1416
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OnTuyecKkaa cxema xoga nyvyen 8 mmkpockone MUM-6.
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I-mukpownme; 2- NCToYHUK cBeTa (1amna 20 em npwu 8 8); 3- KONNEKTOP; 4- OTKUAHbIE CBETOPUNBLTPDI
(3eneHbl, KenTblid, CUHUIA, OPaHKEBbIN); 5- NonApusaTop AN Haba4eHUA B NONAPU30OBAHHOM CBETe
HeMEeTaIIMYECKMX BKIOUYEHUN B Wandax; 6- TMH3a UANIOMUHATOPA; 7- NoyMaToBas NiacTMHKa; 8 n 9 —
NnH3bI; 10- npo3payvyHan NAACTUHKA; 11- oTparkaTtesibHaA NpM3ma;

12-06beKkTuB; 13-poTooKkynap; 14- 3epkano; 15- matoBoe cTekno poTokamepsl; 16-okynsap; 17-
aHanusatop; 18- aneptypHas anadparma; 19- nonesas anadparma.

Obuee pyKoBOACTBO K 06paLLEHUIO C MMKPOCKONAMM
MuKpockon ABAAETCA TO4YHbIM  MNpubopom, Tpebylowmm  camoro
aKKYpaTHOro M OCTOPOXKHOro obpauweHua ¢ HUM. lpexae 4yem NPUCTYNUTb K
paboTe C MMKPOCKOMNOM, HY*KHO CHayana 03HAaKOMMUTbLCA C €0 YCTPOMCTBOM, T.€.
C ero CXxemoM, C OTAeNbHbIMU OCHOBHbIMM YaCTAMM, C UX B3aUMHbIM

pacnonoxeHnem " HasHa4yeHnem.
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1. Pabotas C MMUKPOCKOMOM, HenNb3a [AONyckaTb ObICTPbIX WU PE3KUX
ABUXEHUIM (pbIBKOB) MNpM HaBoaKe 06beKTMBa Ha ¢GOKYC, NpM YCTAaHOBKE W
nepemeHe ONTUKU (0OBLEKTMBOB M OKynApos). Ecan BpalleHWe MaKpo- u
MWKPOBMHTOB MOYeMy-IMO60 3aTpyaHEHO, TO HeNb3A MNPUMEHATb CUAYy W
CTPEMMUTBLCA BO YTO Obl TO HX CTA/I0 NOBEPHYTb BMHT, TaK KaK 3TO MOKET NOBAEeYb

3a coboi cmAaTne pesbbbl, T.e. NOPYY MUKPOCKONa.

2. EcnnM KOHCTPYKUMA MMKPOCKONA TaKOBa, 4YTO NpeaMeTHbIA CTONMK
MWKpPOCKOMa HaxoauTca nog o6bekTMBOM, TO NpU HaBoAKe Ha ¢GOKyc BO
nsbexaHne yaapa OGPOHTANbHOM JIMH3OM O0O6BEKTMBA O  MNOBEPXHOCTb
MUKpoLwwnmda cnenyet CHayaa NpyM NOMOLLM MAaKPOBUHTA NPUBAN3NUTD OOBEKTMB
KaK MOXHO 6/1MXe K NOBEPXHOCTM MUKpowauda (cmoTpa npu 3sTom Ha 06beKTUB
n wnnd), a 3aTem Meg/IeEHHbIM NOAHMMaHNEM 06beKTMBA BBEPX C MOMOLLbIO TOr0O
K€ MaKpOBWHTa NPOU3BECTU HABOAKY Ha ¢oKyc. Mpu HebpekHOM obpalLeHnmn ¢
MWKPOCKOMOM yaap O PppPOHTaNbHYO NINH3Y 06bEeKTMBA NpU HaBOAKe Ha ¢GOKYC
BO3MOXEH TakXe (npaBaa, C MeHbllei cuao) U B TOM CAyyae, ecau

NpPeaMETHbIA CTONMK MUKPOCKOMNA HAaXxoaMTCA Hag 06 bEKTUBOM.

3. Henb3a Ha npeameTHbI CTO/IMK MUKPOCKONA CTaBUTb WANG, He
MPOCYLWEHHbIN NOC/e TPAaBAEHMA, TaK KaK TPaBALLNIA peaKkTMB (pacTBOpP KMCNOTbI U
T. N.), CTeKaa co wanda Ha 06BEKTUB, MOXKET NONOPTUTb PPOHTANbHYIO INH3Y U

onpaBy 0OBEKTMB, a TaKXKe NpPeaMEeTHbIN CTO/IMK MUKPOCKOMa.

4. TInocKOoCTb paccmaTpuBaemoro wanda [ONAXKHA ObiTb YCTaHOB/EHA
nepneHAMKYNSsPHO OCWM  MMKPOCKOMa, WHaye W30b6parkeHuMe uccnengyemon

CTPYKTYpbl He ByaeT paBHOMEPHO YETKUM, @ ByAeT UCKaXKEHHbIM.

5. H1 B KOem cnyyae Henb3a BOAMTb WAMPOM NO CTONMKY U TporaTb ero

NOBEPXHOCTb Ma/J/ibLamMmu.

6. bes pykoBoaAUTENA HENBL3A TPOratb OTBETCTBEHHbLIE YAaCTU MUKPOCKOTMa,

Kpome MaKpo- U MUKPOMETPUYECKUX BUHTOB N BUHTOB NpeagmMeTHOro CtTo/inka, Tak
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KaK MUKPOCKON OTperyimpoBaH wu cmelleHune yacTtemn nPUBOAUT K TPYAHO

BbINOHAEMOM paboTe No HOBOW perynmpoBKe.

7 Nopapaok BbiNONHEHUA PaboTbl

7.1. U3yunTb YCTPOMCTBO M paboTy MMKpOCKoNa.
7.2.MpnrotoBUTb MUKpOLWNG.

7.3.UccnepoBatb MUKpPOLWANG C NMOMOLLbIO MeTaNIorpaPpmuyecKoro MMKpPoOCKona

8 Bonpocbl N8 camonpPoBepPKHU

8.1. Kakue meTtoapl U cnocbbl UccieaoBaHUA CTPYKTYP METannoB U CNAaBoB

NPUMEHAIOT Ha NPAKTUKe?
8.2. Yto TaKkoe « MUKpowand»? B yem CyLHOCTb ero N3roToBAEHUN?
8.3. Kakune peakTnsbl NPMMEHALIOT ANA TPAaBAEeHNA MuKpownmda ?

8.4. Kakue npubopbl NPUMEHAIT A1A MUKPOCKONKMYecKoro aHanmsa? Kakue

MWKPOCKONMbI Ha3blBalOT MeTannorpapuyeckumm?

8.5 B yem npuHuUMn paboTbl meTannorpapuruyeckoro MMKpockona?
9 CopeprkaHue oT4yeTa

OT4yeT A0MKEH COAEepPKaTb:

-KpaTKoe onucaHue yCTPOMCTBA MMUKPOCKONa;

-ONTUYECKYIO CXEMY XOZa /Iy4elt B MUKPOCKONE;

- KpaTKoe onucaHue obpaLLeHmna C MUKPOCKOMOM;

-3CKN3 MMKpOLLIl'IVICI)a M KpaTKoe OonncaHne ero usarotoBieHuA,

-nocnenoBaTeNIbHOCTb NPOBEAEHMA UCCIeA0BaHMA MUKPOCTPYKTYPbI;
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JlabopaTtopHas padora Ne2

«UAcnbiTaHUEe HA TBEPAOCTH 110 bpuHeLTI0»
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1 Tema pa6oTbi
UcnwiTanue Ha TBepaOCTh 10 bpuneio.
2 Ieas padoThI
OO6yuenue :
- U3yYEHUE CXEMbI UCIIBITAHUS METAJJIOB (CIJIaBOB) HA TBEPAOCTh 0 bpuHemo ;
- U3y4YEHUE YCTPOUCTBA aBTOMATUUYECKOTO PHIUAXKHOTO MPECCa;

-03HAKOMJIEHUE C METOAUKOW OMPEAEIICHUS TBEPIOCTH METAIIIIOB (CIJIaBOB) 1O
bpunenmro.

BocmmrarennHas :

- BOCIIUTAHUE Y CTYJICHTOB 3HAYUMOCTHU MTPOECCUOHATIBHBIX TPAKTUUECKUX
HaBBIKOB ;

- BOCITUTAHUE TTOJIOKUTEIIBHOTO K MIPOIIECCY MPUOOPETEHUS 3HAHUH ;
- BOCIIUTAHUE TUCIIUTUTMHUPOBAHHOCTH .
PazButne :
- yMeHHUe yueOHOTro Tpyaa
3 3apanmue
3.1 M3yunTh cXeMy UCHBITAHUS METAIIJIOB (CIUIABOB) HA TBEPAOCTh IO bpuHemto.

3.2 . I3y4uTh yCTPOMCTBO aBTOMAaTHYECKOTO PHIYAKHOIO Ipecca.

3.3 3yuuTh METOAUKY OMpPEAEIICHHS TBEPAOCTH METAIIOB (CILJIABOB) MO
bpunenno.

3.4 CocTaBUTH OTYET.
4 IIpoao/KUTEJBbHOCTH PA0OTHI
[TponomkuTenbHOCTD — 2 Yaca
5 MarepuaabHoe obecnieyeHmne
5.1 ABromaTnyeckuil peryaxxHbiil npecc tuna bpunenns TIL-2
5.2 OOGpa31isl 115 UCTIBITAHUS .
5.3 Jlyna nng uaMepeHus q1uamerpa OTIieuarka .
5.4 HanunbHuk ,nuin(oBaIbHBIN CTaHOK , IUTM(oBaibHAs Oymara.

6 Kparkue Teopernyeckue cBeIeHUs

6.1 CxeMa ucnpITAHUS M BeJIMYMHA TBepaocTH Mo bpunessro

. . - - . IIKTY.MB OI1104.002JIP
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HcnbiTanue Ha TBepAOCTh 0 bpuHe110 npon3BoauTcs
B/aBJIMBAaHMEM B HCIBITYeMblil 00pa3el CTAJIbHOI0 3aKaJEHHOI'0
LIAPUKA ONPeEAEJeHHOr0 AMaMeTpa 1o AeHCTBUEM 3aJaHHOI
HAIPY3KH B TEYEHUN HEKOTOPOIr0 BPEMEHH.

CxeMa MCHBITAHUSA AaHa HA PUCYHKE 1.

D e

Pucynok 1 Cxema ucnbITaHUSI HA TBEPAOCTDb MO cnnoco0y bpunesis

B pe3yabTarte BIaBJIMBaHMS IIAPUKA HA MOBEPXHOCTH 00pa3ua
MoJIy4aeTcsi 0Tne4YaTok (JiyHka) . Yucsao tBepaoctu no bpunesiio ,

o0o3Hauaemoe HB= , Mna , kr / mm? /
I'ne P —narpy3ska, H;
F — niomanap oTnevyaTKa , Mm>
Iiaomwaas F maposoro cermenra
F=IID:-h,
I'ne D — nnaMeTp BAABJIMBAEMOI0 HIAPUKA , MM ;
h — rinyOuHa oTnevyarka ,MMm .

Tak kak riiy0OuHy oTne4aTrka h uaMepuThb TPpyAHO ,a ropas3ao npoiie
U3MEPUTH AuaMeTp ornedyarka d , To uesecoodpasno h Beipasuthb
yepe3 auamerp mapuka D u orneyarka d :

h=(D- V(D*-d?) /2

Torga F=1IID - (D - V(D*—d? /2 , a uncao TBepaoctn no Bpunetio
OymeT xapakTepusupoBatbest popmyaoii HB= 2P/IID(D- vV (D*—d?) .



6.2 Be16op nquamerpa mapuka u Harpyska .

[Tapuku paznuunoro guamerpa (D= 10;5 u 2.5 MM) IpuMEHSIIOT B
3aBUCHUMOCTH OT TOJIIIUHBI UCTIBITYeMOro Matepuaia ( 5, ¢. 50)

Harpy3ky P BbiOHMparoT B 3aBUCMMOCTH OT Kau€CTBa UCIIBLITYEMOTO
matepuaina o gopmyie : P=K-D?,

I'me P -mnarpyska, H ;
D - quameTp mapuka , MM ;
K- nmocrositHHas 11t JaHHOTO MaTepUalia BEIUYMHA ,paBHas 300;100

Hampumep npu TonmumHe ucnpiTyemMoro oopasia 10 MM U3 4epHOTO
metauia K=100 , nuamerp mapuka D= 10 Mmm ,Harpy3ka

P=100 -D*= 100 -10*= 10 000 H.
6.3 IIpubop 15 ucnbITaHUs Ha TBEPAOCTh 0 bpuneto

Haubomnee pacnpocTpaHeHHBIM IPUOOPOM JIJIsI UCTIBITAHUS HA TBEPIOCTh

1o bpuHeIto sABIAeTCS aBTOMAaTUYECKHI PhIYayKHBIH Mpecc (PUCYHOK 2).

B 3aBuCHMOCTH OT TPY30B , YCTAaHOBJICHHBIX Ha IMOJBECKE ,CO3/IACTCS
pasznuuHas Harpy3ka ( 5, c. 50) .

Jlucr
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Pucynok 2 - CxeMa aBTOMaTU4€CKOT0 PhIYaKHOTO Mpecca JJs
ONPEJICIICHUS] TBEPIAOCTH :

l-craHnHa ; 2-3KCHEHTPHUK ; 3-BUHT ; 4-CTOJIMK ; S-HCIBITyeMbId oOpaserr ; 6-
HAKOHECYHHK C IIAPUKOM ; 7-IIMUHAENb ; 3-mpyxuHa ;9-maryH ; 10-peryar ; 11-
noaBecka ; 12-rpy3sl ; 13-anextpoasuratens ; 14- ykazaTenab (KOHTpPOJIbHAs
JaMIiouka) ; 15-pykosiTka .

Hszm.

JIuct

Ne okym.

Iloamuce

Jlara
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6.3 IloaroroBka npecca u NPOBEICHUE UCTIBITAHUI

6.3.1 YcranoBuTh Ha OABECKY 14 Tpy3bI 15, COOTBETCTBYIOIIME BEIOPAHHOM /115
WCIBITAHUW HArPy3Ke .

6.3.2 HakoHEYHUK C IapyKaMu BCTABUTH B IIMUHJETb 2 U YKPETUTH .

6.3.3 Ha cromuk 4 mnocTaBUTh HCHOBITYeMbId oOpazerny 5. OOpazeln A0JxKeH
IJIOTHO JIeXKaTh Ha CTONMKE . [[eHTp oTmeuyaTka MOJDKEH HAaXOMWUTHCS OT Kpas
oOpasIiia HapacCTOSIHUU HE MEHEe AHaMeTpa IIapHKa .

6.3.4 Bpamjaem MaxoBUK NOAbEMA IIMUHJIEIS 7 TI0 YaCOBOM CTpEJIKE MOJIHUMEM
CTOJIMK 4 M IprKuMaeM o0pasell 5 K mapuKy 3 ,IpoaoKaeM BpallaTh MaXOBHUK

70 y1mopa .
6.3.5 HaxxuMaem KHOITKM IyCKa BKJIIOYAEM 3JIEKTPOJBUTATEND .

6.3.6 Kor):[a pbrdar € rpysaMu JOCTUTACT HCXOJHOTO ITOJIOKCHUA , OITYCTUTD
CTOJIMK 4 ¥ CHATH C HETO 06pa3eu S5¢ IMOJTYYCHHBIM OTIICHATKOM .

6.4 Meroauka u3MepeHus OTIeYaTKa u ONpeAeIeHue TBEPAOCTH 110 bpuHento

M3mepenust oTredaTka OCYIIECTBIISETCS ¢ TTOMOIIBIO JIYTIBI , HA OKYJIAP KOTOPOH
HaHEeCEeHa U3MEpUTEIIbHAS IIKajla ¢ TOUHOCThIO 0 0.05 MM (5,¢.52...53).

Bennuuna tBepaoctu no bpunemnto HB onpenensercs Ha npakTuke ¢
ucnoJib3oBanueM Tadnuusl (5,¢.172) . Tak , HanpuMmep , IpU AUAMETPE OTIEeYaTKa
d=4.00 mm ,Harpy3ke P= 300 2 ,;rne D — nuameTp mapuka ,MM, TBEpJOCTh
HB=2290 H.

7 IlopsiaoK BBINOJHEHHUSI PadoThI

7.1 VI3yunTh CXe€My UCIBITaHUS METAJIJIOB (CIUIAaBOB) Ha TBEPAOCTH 10 bpuHeto
,pacueTHbie (POPMYIIBI .

7.2 O3HaKOMUTCS C MPUOOPOM JJIsl UCTIBITAHUS Ha TBEPOCTh 10 bpuHemo .
7.3 IpOM3BECTH MOJATOTOBKY 00pasiia .

7.4 TlpousBecTy MOJATOTOBKY MPUOOpA JIJIsi UCIIBITAHUS HA TBEPJIOCTh K paboTe .
7.5 IlpoBecTH UCTIBITAHUS , ONIPEACIIUTH TBEPAOCTh 00pasiia .

7.6 Ilomy4deHHbIE JaHHBIE 3aHECTU B IPOTOKOJI UCIIBITAHUH .

I[IKTY.MB 0OI104.002JIP
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Ne | Marepuarn; | VYcnosus JnameTp oneyarka ,MM Teepnocts HB

UCITBITaHUS
TommuHa
(nnameTp OTIIEYaTOK OTIICYATOK cpenHee
oOpasma,Mmm
[rapukKa
,MM) 1-i1 2-i 3-i 1-i 2-# 3-i
1 2 3 4 5 6 7 8 9 10

8 Bompocsl Ajis1 caMOnpoBepKHU
8.1 Uto Takoe TBEpAOCTH ?
8.2 Kakumu ciocoOHOCTSMH OTNpeeNsieTcs TBePAOCTD 7
8.3 Kak mpoBOAMTCS UCIIBITAHKE HA TBEPIOCTH 110 bpuHeno?

8.4 Ot 4yero 3aBUCHUT JUAMETP IIAPUKA U BEJIMYMHA HATPY3KHU ITPU UCIIBITAHUN
MeTo10M bpunens ?

Pexomenayemas iureparypa

1 Anmacknn A.M ,3yeB B.M. MarepuanoBeeHre U TEXHOIOTHS MATEPUAJIOB .-
M.:NJ1 «POPYM-UHDPA-M»,2015.

2 OBuunnHuKOB B.B. Metamnosenense —M.:N1JI « DOPYM — UHOPA-M» , 2015.

3 Jlaxtun IO.M , JleontbeBa B.I1. MaTtepuanoBeaense. — M.: MammHocTpoeHueE,
1990.

4 Ky3bmuH B.A. n.1p. TexHOJIOTUSI METAJIJIOB U KOHCTPYKIITMOHHBIE MaTEPUAIbl —
M.: Mamnoctpoenue ,1981.

5 Camoxouxuit A. ,Kynssckuit M.H. JIlaGoparopubsie paOoThI 110
METAJIJIOBEICHBIO U TEPMUYECKUE 00pa0OTKH MEeTAIIIOB .-M.:MamuHocTpoeHue,
1981.
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1 Tema padoTbI
HcnpiTanue Ha TBEpIOCTH O PokBemny .
2 Ieab padoThbI
OO6yuenue :
- U3yYEHUE CXEMbI UCIIBITAaHUS METAJLIOB (CIJIaBOB) HA TBEPJOCTh M0 PokBewy ;
- O3HAKOMJICHHE ¢ yCTpoicTBOM npubopa tuma Poksemna TK-2

-03HaKOMJIEHHE C METOAMKOM OIpeiesieHUs TBEpAOCTH METAIOB (CIIABOB) MO
Poxsemnny .

BocnurarenasHad :

- BOCIUTAHUE Y CTYACHTOB 3HAUMMOCTH POQPECCUOHATBLHBIX MPAKTUYECKUX
HaBBIKOB ;

- BOCIIMTAHHE TTOJIOKUTEIHHOTO K MPOIIECCY MPUOOPETEHNUS 3HAHUH ;
- BOCTIMTAHHE TUCIUTIIMHUPOBAHHOCTH .

PazButne :

- yMeHHue yueOHOTOo Tpyaa

3 3aganue

3.1 U3yuuTh cXeMy UCIBITAHUS METAJIJIOB (CIJIAaBOB) Ha TBEPJAOCTH 110 PoKBeITy.

3.2 O3HaKOMUTKCS ¢ ycTpoiicTBoM npudopa TK-2.

3.3 V3yuuTh METOAUKY ONpPEACICHHS TBEPAOCTH METAIIOB (CILJIABOB) MO
Poxsemnny.

3.4 CocTaBUTH OTYET.
4 TIpoao/KUTEJBbHOCTH PA0OTHI
[IpoaomKUTENBHOCTD — 2 Haca
5 MarepuaJjibHoe o0ecrneyeHue
5.1 ABromaTuyeckuil peryaxHsbiil npecc tuna bpunenns TIL-2
5.2 OOpa31ibl 1151 UCTIBITAHUS .
5.3 Jlyna nia u3mepeHus q1uamerpa OTIieuarka .

5.4 HanunbHuk ,nuid(oBalibHBIN CTaHOK , UTM(OBaIbHAsI Oymara.
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6 Kpatkue Teopernyeckue cBeAeHUs

TBepAOCThIO HA3bIBAETCS CBOMCTBO MOBEPXHOCTHOTO CJIOSI MaTepHUalia
CONPOTUBIATHCS AeHOPMHUPOBAHUIO WM PA3pPYLIECHUIO PU MECTHOM
KOHTaKTHOM BO3JIEWCTBUH CO CTOPOHBI 00Jiee TBEPAOTOo, HE
MOJIYYaroIero 0OCTaToyHoM nedopmaiuu Tena (MHIASHTOopa)
onpeeeHHONW (OpMBbI U pa3MepoB.

JInsi MHOTHX CTJIaBOB YCTaHOBJICHA YETKAsl 3aBUCUMOCTb MEXKY
TBEPAOCTHIO, MEXaHUYECKUMU ,3KCILTYaTAIlMOHHBIMU U
TEXHOJIOTUYECKUMHU XapakTepucTukamu . [loaTtomy usmepenue
TBEPJIOCTH SBJISIETCS HanboJjiee pacpoCTpaHEHHBIM METOI0M
MEXaHUYECKUX UCTbITaHU . K OCTaIbHBIM METOJIaM UCIIBITAHUHN Ha
TBEPAOCTh OTHOCATCS TPU CTAHIAPTHBIX MeToAa : bpunemns , Poksemnna
u Buxkkepca.

6.1 CymHocTb ,cXxema UCIbITaHUs ,pacueTHbIC (POPMYJIBI ,0IIPEIETICHUE
TBEpAOCTH 110 PokBeity .

HcnbiTanne Ha TBEpAOCTH IO POKBEITY TPOU3BOIAT BAABIMBAHUEM B
UCIIBITYEeMbIN o0pa3ell aMa3Horo Konyca ¢ yriioM 120° mpu BepiimHe win
CTaJIbHOTO 3aKAJICHHOTO Iapuka auamerpoM 1,588 mm . [llapuk u kKoHycC
BJIABJIMBAIOT B UCIBITYEMbII 00pasell 1oj JeHCTBUEM JIBYX MOCIIE0BATEIBHO
MpUJIaraeMbIX Harpy3ok — npeasapurenbHoi PO u ocHoBHo# P1 . O6mias
Harpyska OyJieT paBHa cyMMe TipeaBaputenbHoi PO Harpy3ok u OCHOBHOM

P1;P=P0+ Pl (pucynok 1)

2
e F
e 5 72 1

i
!

5

//)/

= e

PucyHok 1- cxema ucrpITaHuid Ha TBEPIOCTh BIaBIMBAHUEM AJIMa3HOIO0 KOHYyCa

(ra mpubope Poksena)
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MNpeaBapuTenbHada Harpyska BO Bcex cay4vaax pasHa 100 H, ocHoBHaA

n obuwana P Harpysku npu BAaBAMBAHMUM CTaNbHOIO WApKMKa (WKana B) coctaBnsaoT
=900H, P=100+900=1000H, a npu BAaBAMBaHUK aniMa3HoOro KoHyca (wkana C)
=1400H, P= 100+1400=1500H, npu BAaBAnBaHUM a/iIMa3HOro KOHyca (WwKana A)
=500H, P=100+500=600H.

Yncno TBEpAOCTM MO POKBeNNy BenuYMHa OTBAEYEHHAn U BbiparkaeTcs B
YCNOBHbIX e4UHULAX.

3a eAvHULY TBEpAOCTU NPUHATA BeNNYMHA, COOTBETCTBYHOLWLAA OCEBOMY
nepemeLLeHno HakoHeYHMKa Ha 0,002mm.

Yncno tBepaoctm no Pokesenny HR onpegensetcA no dopmynam npu
namepeHun no wrkane B HRB=130-e, npn namepeHuun no wrkane C u A HRC=100-¢,
HRA-e.

BennunHa e onpeaensetcs no cneaytowei popmyne:
h—hg
e _2;
roe h- rnybrHa HaKOHEYHMKa B UCMbITYEMbIN MaTepuan Noa AeNCTBMEM HArpy3Ku
P, UsmepeHHasa nocne CHATMA OCHOBHOM Harpysku P, c octaBneHnem
npeaBapuTenbHON HarpysKku P, - rnybuHa BHeApPeHUA HaKOHEYHMKA B

MCNbITYeMbIN MaTepuan noa, A4eCTBUEM NpeaBapUTEIbHOMN HArpy3Ku .

B 3aBMCMMOCTM OT TOro, NMPUMEHAIOT LWAPUK WUAN anMasHbI KOHYC, U OT
Harpysku, Npu KOTOPOM NPOBOAAT UX UCMbITaHWe(T.e. NO Kakon wkane: B, C nnu
A), yncno TBepaoctn obosHavatotT HRB, HRC, HRA.

BennunHa TBEpAOCTM uyMTaeTcA MO LWKane npubopa, nNpu MCNbITaHUK
a/IMa3HbIM KOHYCOM — MO YEepHOW LWKaAe, NPU WCMNbITAHUM LAPUKOM — MO
KpaCHOMN.

6.2 Bblbop Harpy3kun u HAKOHEYHUKa

Harpysky M HaKOHEYHMK BblIOBMPAOT B 3aBUCMMOCTM OT TBEPAOCTU
ucnolityemoro obpasua (5, c.59). Hanpumep, npu mamepeHun tBepaoctn HRC,
Harpy3ka 1500H, npegenbl nameperHun 20..67 eanHuy. Ha npakTuke cTanbHble
3aKaJieHHble 06pasybl MCMbITLIBAKOT a/IMa3HbIM KOHYCOM, Cepble — CTajibHbIM

3adaKaJIEHHbIM WLapUKOM.

Jlucm
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6.3 NMopgrotosKa npubopa Tuna PokBenna, nposeaeHne UCNbITaHUA U
onpeaeneHue TBEpA0CTU

6.3.1 YcTtaHOBUTb HeobBX0AMMYIO Harpy3Ky (cxema npubopa 5, €.56).
6.3.2 YcTaHOBUTb UCMbITbIBaeMbl 06pasel, 6 Ha cton 7 npubopa.

6.3.3 BpaweHrnem maxoBMKa 8 MO YAaCOBOM CTPEJIKE CTON1 OCTOPOXKHO NOAHMMATb,
Npu 3TOM CTpe/siIka MHAWKATOoPa AO0NXKHA CTaTb NPOTUB KPAaCHOM TOYKM, a bonbluas,
C NOrpewHocTblo * 5 geneHun, Ha Hynb WKanbl UHAMKaATOpa, ecan 6onblias
cTpenka byaert oTKNoHeHa 6onbwe, yem + 5 genNeHMn OTHOCUTENIbHO HYNeBOro
WITPUXA LWKaNbl, HEOBXOAMMO BPALLEHMEM MaxXOBUKA 8 MPOTMB YAaCOBOM CTPENKMU
OnyCcTUTb CTON (CHATb NPeABapPUTENIbHYIO Harpy3Ky) 1 UcnbITaHME NPOBECTN BHOBb
B Apyrom mecTte obpa3sua.

6.3.4 BpaweHnem 6apabaHa 9 ycTaHOBUTb Hy/b WKanbl C (4epHoro uBeTa) NPoOTUB
KOHUA 60NbLLIOWN CTPENIKM MHAMKATOPA.

6.3.5 MnaBHbIM Ha)KaTUEM PYKW Ha Knasuwy 10 BKAKOYUTb NPMBOAL MEXaHU3Ma
Harpy>KeHus.

6.3.6 [locne OKOHYaHWA UMKNA HarpyXeHus NpPoM3BecTM OTYeT MO LKaje
MHAMKaTopa. Mony4YyeHHbIN pe3ynbTaT TBEPAOCTU 3anuncatb B rpady 4 npoToKona
MCNbITaHUA.

6.3.7 BpalweHne maxoBMKa 8 MPOTMB YacOBOM CTPENKM ONYCTUTb CTOAN (CHATb
npeABapuTe/bHY0 Harpysky), obpasel, nepeaBuHyTb M MNOBTOPUTb UCMbITaHME B
Apyrom mecTte o6pasua. Ha Kaxgom obpasue [0MKHO 6biTb NPOBEAEHO He
MeHee Tpex UCNbITaHuI. PaccTosiHMe UeHTpa oTnevyaTKa oT Kpaa obpasua uam ot
LEHTpPA APYroro AO/MKHO ObiTb He MeHee 3 MM. PesynbTaTbl NocaeayrLmx
MCNbITaHWUM TBEPAOCTM 3anncaTb B rpady 5 M 6 NpoTOKONa UCMbITaHUA, a cpegHee

—Brpady 7.

6.3.8 Yncna tBepaoctu no PokBenny nepeHecTn B Yncia TBepAOCTM No bpuHennto

M 3anucaTb B rpady 8 NpOTOKOAA UCMbITAHKUA.

7 MNMopAAoK BbiNO/HEHNA PaboTbl

7.1 U3yunTb cxemy UCnbITaHWMA meTannoB (cnnaBoB) Ha TBePAOCTb No Pokeenny,

pacyeTHble Gopmynbl.

Jlucm
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7.2 O3HakomuTbCs ¢ npubopom Tnuna Pokesenna TK-2.
7.3 MNpowussect nNoArotosBky obpasua.

7.4 NoparotosuTb Npmnbop TMNa PoKkBenna, NpoBecTy UCMbITaHWE, ONPeaennTb
TBEpAoCTb 06pasua.

7.5 MNony4yeHHble gaHHblE 3aHECTU B MPOTOKON UCMbITAaHUN.

[TpoMmoKo ucnbimaHus Ha meepdocms

No | Marepuan [Ixana Teepmocts HR TBepaocTh 110
/i 5 Bbpunemnto
oopastia ITepBoe Bropoe Tpetbe cpennee | (mepeson)
U3MEPEHUE | U3MEPEHUE | U3MEPEHHE
1 2 3 4 5 6 7 8

8 Bonpocbl gna camonpoBepKu

8.1 Y70 Takoe TBEPAOCTb METaN/0B?
Kakmm cnocobom oHa onpeaensetca?

8.2 Kak npoBogmTcA ucnbiTaHMe Ha TBEPAOCTb No Poksenny?

8.3 B Kakom cnyyae Mcnonb3yeTca aiMasHbI KOHYC, @ KOorga CTalbHOM
3aKa/IEHHbIN WWAPUK?

8.4 [nA KakMx meTannos (CNi1aBoB) NPUMEHSAIOT UCNbITAHUA Ha TBEPAOCTb MO
Poksenny?

8.5 CpaBHUTb cnocobbl n3mepeHnsa TBepAOCTU No bpuHennto n Poksenny.

9 CopeprkaHue oTyeTa
OT4yeT QONKEH coaeprKaTb:
- KpaTKOE ONMCaHMe CYLLHOCTM, CXEMbl UCMbITAHUSA, PpacYeTHble GOpPMYbl;
- NPOTOKO/1 UCMbITAaHUA Ha TBEPAOCTb;

- BbIBOAbI.

Jluecm
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Kysemua B.A. u gp. Texnonormss MetaiuioB M KOHCTPYKLIMOHHBIE
Marepuaibl.- M.: Mammnoctpoenue,1981.

. JlaxTun IO.M., JleonTtnheBa B.II. Marepuanosenenue.-M.:

Mammunoctpoenue,1990.
OBunnHUKOB B.B. Metamnosenenue.-M.: ]I « POPYM» MTHDOPA-M,2015.

. Camoxomkuit AWM., Kynssckuit M.H. JlaGopaTopHbie paboOThl 10

METaJIJIOBEACHUIO U TEPMUYECKOU o0paboTke MeTaJoB.-M.:
Mammnoctpoenue, 1981.
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JIaboparopHas padora Ne4
«HcciieqoBanue 1uarpaMmbl COCTOSHUS

AKREJIC30-IEMCHTHUD»



Conepxanue :
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4. TIIpOAOKUTETBHOCTD BBITIOTTHEHMS «...eeeeeeeerrreeeeeinereeeesnannreeesansnsreeesssssseeessssssseeess 3
5. MaTepUATBHOE OOCCTICUCHUE. . ... uetteeneeeenneeenneeentaeenneeennseeannneeanneeans
6. KpaTKne TEOPETHUUECKHUE CBEIACHUS . . . uvvvveeennntaeeeennteeeeennnneeeeennnnneeeannns
7. TIOPSAIOK BBITIOTHEHUS PAOOTBI. . .. ueteeeneteeenneeeneeeneeanneeeaneeennneeannnss
8. BOIIPOCHI TSI CAMOITPOBEPKH . . . . v vt e ennttteeeennteeeeeenaeeeeaaaeeeeaanneeeeannns
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1 Tema padoTbl
HccnenoBanne nuarpaMMbl COCTOSTHUS KEIIE€30-LIEMEHTUT
2 Ieab padoThbI
OO0y4eHwMs:
- U3yYEHHE JUarpaMMbl COCTOSIHUS KEIE€30-1IEMEHTHT;

- YCTaHOBJICHUE CBSI3U MEKy CTPYKTypaMu JUArpaMMbl COCTOSIHUS <GKEJE30-
LIEMEHTHUT

Bocnuranus :

- BOCITUTAHUC Y CTYACHTOB 3HAYUMOCTHU HpO(bGCCI/IOHaJIBHBIX MMPAKTUYCCKUX
HaBBIKOB |

- YyBCTBO OTBETCTBEHHOCTH 3a KQUECTBO BBHITIOJIHSAEMON pabOTHI .
PasButus :

- yMeHus paboTaTh B KOJUICKTUBE UCTIOJIHUTETICH.

3 3aganue
3.1 3yunuts nuarpaMMmy COCTOSIHUS KEJI€30-1IEMEHTHUT.
3.2 3apucoBaTh IUArpaMMy COCTOSTHHS KEIE30-LIEMECHTHUT.

3.3 YCcTaHOBUTH CBSA3b MEXKIY CTPYKTYpPaMU U IUArpaMMOI COCTOSTHUS KeJe30-
IIEMEHTHUT.

3.4 Jlatb onucaHue AuarpaMMbl COCTOSTHUS KEJI€30-1IEMEHTHT.
3.4 OdbopMuTh OTYET.
IIpoxo/KkuTENIBHOCTE PadOTHI
[IponomxuTensHOCTh pabOTHI — 2 Yaca .
MarepuajbHoe odecnieyenue
5.1 Inarpamma cOCTOSHUSA KEIE30-yTIECPO.

5.2 MeToan4eckue ykazaHusl.
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6 Kpatkue TeopeTnyeckue cBeaeHUs

Jmarpamma cocrosiaust Fe-Fe ; C (B ympomeHHOM Buae) u300pakeHa Ha
puc.l1...2 ma gumarpamme Touka A (1539 °C) coorBeTcTByeT TemmepaType
miaBjieHus (3aTBepieBanMs) keneza. Touka D (~1600 °C) coorsercrByer
TeMIiepaType IuUiaBieHusi (3arBepaeBanus) uemeHtuta. Jlunus ACD — nuHus
JUKBHUyCa, TIOKa3bIBAIONIasi TEMIIEpaTypbl KOHIIA 3aTBepjeBaHus (KOHIIA
maBieHust) craned u uyryHoB. Jlunuss AECF - nuHus conuayca, moKa3bIBaromiast
TEeMIEpaTypbl KOHIIA 3aTBEPACBaHMs (Havasia TIaBICHU).

[To muuuu nukBuayca AC (mpu Temrnepatype, cooTBeTcTByromux duaun AC) u3
AKUJKOTO CIUlaBa KPUCTAUIM3YETCS AayCTEHUT, a Mo JUHUM JukBuayca CD-
[IEMEHTUT, HA3bIBAEMbII IEPBUYHBIM [IEMEHTUTOM.
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JunarpaMMma COCTOSIHUSA Xesie30 - LeMeHTUT (B ynpowéHHOM Buae)
A- aycTteHwuT, 1 - nepnut, J1 - negebyput, ® - dpeppwut, L - ueMeHTUT

Pucynok 1- quarpamMmma coctostnus xxeine3o-ueMeHTut (Fe — FesC)
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B touke 1147 °C u conepxannu 4,3 % C U3 KMIAKOTO CIUIaBa OJAHOBPEMEHHO
KPUCTAJUTM3YeTCsl AayCTCHHT W IIEMEHTHT TEPBUYHBINA, 0O0Opa3ys »JBTEKTHKY,
Ha3bIBaEMYIO 1edeOypumonm. I1o nunuu comuayca AE, criiaBel ¢ cofep:kaHueM 10
2,14 %C oxoHUYATENbHO 3aTBEPIEBAIOT C OOpa3oBaHHEeM aycTeHuTa. [lo nuHuUM
comunyca EC (1147 °C) cmmasel ¢ coumepxanuem 2,14-4,3 % C OKOHYATENHHO
3aTBEpPJIEBAIOT C OOpa3oBaHMEM OHBTEKTHKU JiefeOyputa. Tak kak mnpu Oosee
BBICOKMX  TEMIIEpaTypax M3 JKUJIKOrO CIUlaBa  BBIJIEISETCS  AyCTEHHT,
CJIeI0BATEIbHO, TAaKUE CIUIAaBbl IOCJIE 3aTBEPIAEBAHUS HMMEIOT CTPYKTYpPY
aycrenut+neneOypur. Ilo muaun comumyca CF (1147 °C) crumassl ¢ cogep:xanueMm
4,3-6,67 % C oKOHUATeNbHO 3aTBEPACBAIOT TaKXKe C OOpa30BaHHEM JBTEKTUKU
nenedypura. Tak kak mpu 0oJiee BBICOKHX TeMIlepaTypax M3 KHUIKOro CIUIaBa
BBIICNIICTCA LIEMEHTUT (MIEPBUYHBIN), CJIEIOBAaTEIbHO, TaKHe CIUIaBbl TOCIIEe
3aTBEPJIEBAHMS UMEIOT CTPYKTYPY — MEPBUUHBIN IIEMEHTUT + Jie1e0ypuT.

B pe3ynbpTare nepBUYHON KpUCTAILIA3ALMUA BO BCEX CIUIABAX C COJEPHKAHUEM 0
2,14 % C obpasyercsa omHodazHas cTpykTypa — aycteHuT. CIiaBbl kenesza ¢
YIJIEPOAOM, B KOTOPBIX B PE3YJIbTaTe€ NEPBUYHON KPUCTAILUIU3ALUHA B PABHOBECHBIX
YCIOBUSIX  TOJIy4aeTCs ayCTEHUTHAsT CTPYKTypa, Ha3blBaeMas  CTAJIAMHU.
CrnenoBaTelnbHO CTallb — 3TO JKEJIE30YIJIEPOAUCTBIE CIIABbI C COAEpPKAHUEM 0
2,14 % C. CmnaBel ¢ coxaepxkannem Oonee 2,14 % C, B KOTOpHIX MHOpH
KpUCTaIM3aluu obpasyercsi JeAeOypuT, Ha3biBaloT yyryHamu. ClieoBaTenbHO,
YyTyH — 3TO JKEJIe30yTrIepoJUCThie CIIaBbl ¢ cojaepkanuem Oonee 2,14 % C.
N3moM Takux 4YyryHOB CBETJIBINA, OnecTsimmii (Oenblii u37I0M), MOITOMY TaKue
YyTyHBI Ha3bIBAIOT OCITBIMH.

s

Jemnepaingpa

D085 A GZ a8 R A
PucyHnok 2 — HuxHss eBas 4acT quarpaMMbl COCTOSIHUSL KEJI€30-1IEMEHTHT.
B keme30yriiepoAMCTBIX CIUIaBaxX MPBpPAlI€HUsT B TBEPAOM COCTOSTHUU
xapakrepusytoT JmHuu GSE, PSK, PQ. Jlunus GS mnoka3bsiBaeT Hayaio

MpeBpalieHne aycteHuT B deppuT (mpu oxiaxiaeHuu). KpuTuyueckue TOUYKH,
nexaiue Ha 1uHud GS, 0003HauaroT As, (pu HarpeBe Acs, IPU OXJIAKIECHUU Ar3)

Jlucr
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Jlunus SE mnoka3bpiBaeT, 4YTO C NOHWKEHUEM TEMIIEPATypbl PacTBOPUMOCTH
yriaepoja B aycreHute ymenpmiaercs. Tak, npu 1147 °C B aycrenure MOXeT
pacteoputhes 2,14 % C, a mpu 727 °C — 0,8 % C. C NOHMKEHUEM TEMIIEPATY DI
U3 ayCTEHUTA BBIJCISIETCS N30BITOYHBIN YIIIepo 1 B BUJIE IIEMEHTUTA, HA3bIBAEMOTO

BTOpUYHBIM. KpuTHueckue Touku , Jexamue Ha auHuu SE, oOo3HayaroT Acr,
B uyrynax ¢ cogepxanuem 2,14 — 4.3 % C npu 1147 °C, kpome nenedypura , €CTb
ayCTEHHUT, M3 KOTOPOTrO NpH TOHIKEHUH TEMIepaTypbl TOXE BBIIEISAETCS
BTOPUYHBII [IEMEHTHUT.

Jlunus PSK (727 °C) — nuuus 5BTEKTOMAHOrO NpeBpaiuenus. Ha 91oii auHuu Bo
BCEX JKEJIE30yrIEPOJUCTBIX CILNIABAX AyCTEHUT pacnagaercsi, 00pa3ys CTPYKTYpY,
MPEACTABISIONIas CO00M MEXaHMYeCKyr cMmech ¢eppura U I1EMEHTUTAa U
HazbiBaeTcsa nepaumom (~ HB 200). Kputuueckue TOukM, jexalniue Ha JTUHUU
PSK, o6o3nauaercst A (pu Harpese Aci, a IPU OXJAXKIACHUH Ar).

Jluaus PQ moxaspiBaeT, 4yTO C MOHMWKEHHEM TeMIepaTypbl PAacTBOPUMOCTh
yraepoga B (Geppure ymenbmaercs or 0,002 % npu 727 °C mo 0,006 % npwu
KOMHATHOM Temneparype. Ilpu oxnaxnenun ke 727 °C us dpeppura BoLaenseTcs
M30BITOYHBIN YIJIEPO B BUJIC IIEMEHTHUTA, HA3bIBAEMOT'O TPETUIHBIM.

Huoxe 727 °C xene30yriepoaucThie CIUIaBbl MMEIOT ONPENEIEHHBIE CTPYKTYPHI.

Cramu, copepxaumue wmenee 0,8 % C — deppur + nepaut, Ha3bIBAIOT
JO9BTEKTOUIHBIMU CTAISIMU.

Cranu c cogepxxanuem 0,8 % C — nepauT, Ha3pIBaIOT IBTEKTOUIHBIMHU CTAJISIMH.

Cramu ¢ cogepxxanueMm 0,8 — 2,14 % C — nepauT + HEeMEHTUT (BTOPUUHBIN),
Ha3bIBAIOT 3a9BTEKTOUIHBIMU CTAJISIMH.

a)

Pucynok 3 — MukpocTpykTypa craiu:

a — IOdBTEKTOMAHAs  cTanb  (pepput + mepiaur); 0 — ABTEKTOMJIHAA
CTajb (IacTUHYATBHI MEpIUT); B — 3BTEKTOMAHAS CTallb (3€pHUCTBIN
NEPJIUT; T — 3a3BTEKTOMJIHAS CTadb (NMEPJIUT + LEMEHTUT NEPBUYHBIN).

benbie uyrynsl ¢ coaepxkanuem 2,14 % C — 4,3 % C — nepaut + UEMEHTUT
(BTOpUYHBII) + JIeIe0ypUT, Ha3bIBAIOT IOABTEKTUUECKUMH YyTyYHAMU (BTOPUYHBIN
HEMEHTUT CTPYKTYPHO HE OOHAPYKUBAETCA , TAK KaK 00bEIUHACTCS C LIEMEHTUTOM
nenedypura).

Jlucr
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benbrit  wyryn c¢ comepxanmem 4,3 % C — neneOypuT, Ha3bIBAIOT

OBTCKTHYCCKHM.

benbie uyrynsl ¢ coaepxkanueM 4,3 — 6,67 % C — uemeHTUT (NEPBUYHBIN) +
+11e1e0ypuT, Ha3bIBAIOT 3a9BTEKTUUECKUMU UYTYHAMH.

Pucynok 4 — MUKpOCTpYKTYpbI O€JIbIX UyTYHOB:

a))IOC-)BTCKTI/IIICCKOFO 4dyTryHa, 6)3BTCKTI/IIICCKOFO YyryHa, B)Sa&)BTeKTI/IqCCKOFO

YyyTyHa.

7 IlopsiioK BBHINOJIHEHUS padoThI

7.1 N3yunth OCHOBHBIE TEOPETUYECKHUE IOJIOKEHUSI O JUarpaMMe COCTOSHUS
KEJNe30 — IIEMEHTUT W MHKPOCTPYKTYypax VIJEPOJIUCThIX cTaled u Oembix
YyT'YHOB.

7.2 3apucoBaTh AUArpaMMy COCTOSIHUS JK€JI€30 — [IEMEHTUT.

7.3 BBINOJHUTHL ONMCAHUE AUArPAMMBbI COCTOSIHUS JKEJIE30 — [IEMEHTHT.

7.4 JlaTh onpenesieHus CTPYKTYp 0003HAYEHHBIX Ha TUarpaMMe.

Hzm.

JIuct

Ne okym.

Tloamuce

Jlara
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8 Bomnpocsl 1J151 cCaMONIPOBEPKH
8.1 Uto Ttakoe depput ? KakoBbl ero MexaHMYECKUE CpeicTBa 7
8.2 Uro Takoe nepauT ? KakoBbl €ero MeEXaHMYECKUE CBOMCTBA?
8.3 Uto Takoe nneMeHTHUT ? KakoBbl €ro MeXaHWYECKHEe CpeicTBa ?
8.4 Kak MeHsieTcsl CTpYKTypa CTaJIk B 3aBUCUMOCTH OT COJIepKaHusl yriepoja ?

8.5 Uto BXoauT B cocTaB jiene0ypurta Oenbix 4yryHoB nipu Temiiepatype 1147 C u
IIpY KOMHATHOM TeMIiepaType ?

9. Conepxanue oT4yeTa

9.1 OTyer nOMKEH COAEPKATh ICKU3 TUATPAMMBI COCTOSIHUS KEIE30 — LIEMEHTUT U
KPaTKyI0 XapaKTePUCTUKY CTPYKTYP COIJIACHO TUarpaMMbl B 3aBUCUMOCTH OT
COJIep>KaHusl YTepo/ia B CIIaBax ;

- 3CKU3bI UCCIIEIOBAHHBIX CTPYKTYP U UX CXEMBI
- COCTaB UCCJIEIOBAHHBIX CTPYKTYP ;
- BBIBOJBI .
Pexomenayemas aureparypa

1 Apackun A.M ,3yeB B.M. MatepuanoBefeHrEe U TEXHOJIOTHS MAaTEPHUAIIOB .-
M.:NJ] «POPYM-NUHDPA-M»,2015.

2 OBuuHHUKOB B.B. Metamnoseaenne —M.: ]I « DOPYM — UH®PA-M» , 2015.

3 Jlaxtun FO.M , JleoutbeBa B.I1. MatepuanoBeaense. — M.: MammHocTpoeHue,
1990.

4 KysemuH B.A. u.np. TexHOIOTHUSI METAJIJIOB M KOHCTPYKIIMOHHBIE MaTepUabl —
M.: Mammnoctpoenue ,1981.

5 Camoxonkuit A.1 ,Kynsasckuit M.H. JJabopaTopHbie pabOTHI 11O
METaNIOBEIEHBIO U TEPMUYECKHE 00pabOTKM MeTaioB .-M.:MammHocTpoeHue,
1981.

6 Wurepner — pecypc :

rutor.info>torrent...adaskin...materialovedenie.books.academic.ru>book.nst...
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JlabopaTopHas padora Ne5

«MukpoaHaau3 crajied U 0eJIbIX YyT'YHOB)




Conepxanue :

1. BES Y I o (070} u 5 USRS 3

2. LIEITD PAOOTDL ... eveeeevieeeiiieeeieeeeiteeeeteeeesteeeeereeesnsaeeessseeesnseeesnssaeesssneesnsseens 3
4. TIIpOAOKUTETBHOCTD BBITIOTTHEHMS «...eeeeeeeerrreeeeeinereeeesnannreeesansnsreeesssssseeessssssseeess 3
5. MaTepUATBHOE OOCCTICUCHUE. . ... uetteeneeeenneeenneeentaeenneeennseeannneeanneeans
6. KpaTKne TEOPETHUUECKHUE CBEIACHUS . . . uvvvveeennntaeeeennteeeeennnneeeeennnnneeeannns
7. TIOPSAIOK BBITIOTHEHUS PAOOTBI. . .. ueteeeneteeenneeeneeeneeanneeeaneeennneeannnss
8. BOIIPOCHI TSI CAMOITPOBEPKH . . . . v vt e ennttteeeennteeeeeenaeeeeaaaeeeeaanneeeeannns
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1 Tema padoTbl
MukpoaHanu3 cTajiei u OesbIX YyTyYHOB

2 Ieab padoThbI
OOyuenus:

- U3Y4YCHHE MUKpPOAHAIN3a CTAIH U OCJIBIX YyT'YHOB C Pa3IMUHbIM COACPKAHHEM
yriaepoaa

- YCTAHOBJICHUE CBSI3U MEXKY CTPYKTypaMHU U IHArpaMMOU COCTOSIHUS «GKEJIE30-
LEMEHTUT»

Bocnuranng :

- BOCIIUTAHUE Y CTYJICHTOB 3HAYUMOCTH ITPOPECCHOHATBLHBIX MPAKTHUESCKUX
HaBBIKOB ;

- YyBCTBO OTBETCTBEHHOCTH 3a KaU4€CTBO BBIITOJHICMOMN PaOOTHI .
PasButus :

- yMeHUs padboTaTh B KOJUIEKTUBE UCIIOJIHUTENIEH.

3 3aganue

3.1 V3y4uTh MUKPOCTPYKTYPY YIIAEPOIUCTHIX CTAIECH U OEJIBIX YYTYHOB C
Pa3JIMYHBIM COAECPKAHUEM yTIIepoaa

3.2 3apucoBaTh UCCIETOBAHHBIE MUKPOCTPYKTYPBI 1 CXEMBI MUKPOCTPYKTYP

3.3 YCTaHOBUTBH CBSI3b MEXAY CTPYKTYPaMU U JUAarpaMMON COCTOSTHUSL «¥KEJIE30-
LIEMEHTHUT

3.4 OdbopMHTH OTYET.
IIpoxoxuTEeIbHOCTH PA0OTHI
[IponomxkuTensHOCTh paboTHI — 2 Yaca .
MarepuajbHoe obecrieueHune
5.1 Meramnorpadudeckuii MUKPOCKOTT

5.2 Habop mukponmndoB TEXHHUECKOTO Keje3a , yIIIePOIUCTHIX CTale 1 OebIx
YyryHOB ( C pa3JIM4HBIM COJIEPKAHUEM YTIIEPO/Ia )

5.3 JIluarpamma COCTOSIHUSA K€J1€30 — [IEMEHTUT

Jlucr

IIKTY.MB 0I1104.004 JIP

Hzm.

Jlucr N2 okym. IMoanuce | Jlara




6 Kpatkue TeopeTrnyeckue cBeaeHUs

MUKpPOCTPYKTypa TEXHUYECKOTO KEJE€3a U YIIIEPOAUCTBIX CTAJICH IS
PaBHOBECHBIX YCIIOBUM XapaKTEPU3YyETCs HUKHEN JIEBOU YaCThIO 1MarpaMMBbl
COCTOSIHUS JK€JI€30—LEMEHTUT (PUCYHOK 1.1)

Cmnassl ¢ congepxkanueM 10 0.02% C Ha3bIBalOTCS TEXHUYECKUM KEIE30M , OT
0.02 1o 0.3 % C — no3BrekrouiubiMu ctasiamu U ot 0.8 10 2.14 % C —
sBTeKTONAHBIMU. CriiaB ¢ conepxkanueM 0.8 % C Ha3pIBaeTCs SBTEKTOUIHOMN
CTaJIbIO.
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Puc.1- HwxHss neBas 4aCcTh qUarpamMMbl COCTOSIHUS KEIE30 — LIEMEHTUT

B Genpix uyrynax (puc.2) BeCh yriaepoj HaXOAUTCS B CBI3aHHOM COCTOSIHUU , T.€ B
BHUJIE LIEMEHTHUTA . besbIi 4yryH B 3aBUCUMOCTHU OT COAEPHKAHUA YIiIepoaa
pasnensercs Ha go3BTekTrudeckuii ( ot 2.14 1o 4.3 % ) , sprexktuueckuii (4.3 % C)
U 3a9BTeKkTHYecKui ( oT 4.3 10 6.6 %)
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6.1 PactBopumocTs yriepona B L - xenese nepemenHas (cm.junuto PO Ha puc.1)
C noHmXeHueM TeMIiepaTyphbl pacTBOPUMOCTh B L-xene3e moHmkaercs Ilpu
7277C B L-xenese pactBopsiercsa 0.02 % C , a mpu KOMHaTHOM TEMIIEpaType
0.006% C . B cBsi3u ¢ 3TUM cIuiaBbl XxKesesa ¢ coaepkanueM 110 0.006 % C umerot
CTPYKTYPY TOJIBKO TBEPJIOTO pacTBopa yriaepojaa B L — xenese , T.e hepputa , (cm.
puc.3 ) B cinaBax ¢ coaepxkanuem ot 0.006 10 0.02 % C B ¢ moHM>KEHUEM
PacTBOPUMOCTH yTiepoja B L — jxkene3e mpu MOHMWKEHUN TEMITepaTyphl U3
bepputa BIICISICTCS IIEMEHTUT ,HA3bIBAEMBIN TPETUYHBIM . TPETHUHBIN IIEMEHTUT
BBIJICIISIETCS 10 TpaHMIaM 3epeH ¢epputa ( puc.4)a

Puc.3- Texuuueckoe xemne3o — Gpeppurt:

a) MUKPOCTPYKTYypa , 0) cxeMa MHUKPOCTPYKTYPHI .

Puc.4- Cranb ¢ 0.015 % C — deppur + neMeHTUT (TPETUUHBIH ):

a) MUKPOCTPYKTYpa , 0) cxema MUKPOCTPYKTYPBI.
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6.2 MUKpOCTpYKTYypa JOBTEKTOUTHOM U IBTEKTOUIHON CTan. MUKpPOCTPYKTypa
no3srekTonaHoi ctanu (10 0.8 % C )cocrout u3 deppurta U nepimra,
sBTekTou oM ctanu (0.8 % C ) — u3 ogHoro nepaura . MUKpocTpykrypa pepputa
naHa Ha puc.3. Ha puc.5 nana mukpoctpykrypa nepauta . [Ipenut — 3to
HBTEKTOU-MEXaHUUECKasi CMECh (heppuTa U LIEMEHTUTA ,[TOJIyHaroIascs B
pesynbTate pacnaga ayctenurta ¢ 0.8 % C.

Puc.5- OBrekronnas crans ¢ 0.8 % C-nepaut:
a) MUKPOCTPYKTYpa , 0) cxema MUKPOCTPYKTYPHI .

Ha mukpoctpykrype nepiauta o0t GoH — GpeppuT , BbICTyHAIOLUE TUIACTUHBI —
[IEMEHTHUT ,TEMHbIC MECTa — TEHH .

B 103BTEKTOMIHOM CTaIM TIOCIIE TPABJICHHS (PEPPUT BHISBIISCTCS B BUJIEC CBETIIBIX
MoJieH , a MePJUT — B BU/JIE TOJICH M0JIOCYATOTO CTpoeHus (puc.6 ) .

i

Puc.6. JloasTrexkrounas ctaib ¢ 0.3% C -geppur + nepiur :

a) MUKPOCTPYKTYpa , 0) cxema MUKPOCTPYKTYPHI .
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6.3 Conepxanue yriepoaa B JOIBTEKTOUIHON CTAIN IO MUKPOCTPYKTYPE .

[To MUKpPOCTPYKTYpE TOIBTEKTOMIHOM CTAT MOKHO TPUOIUZUTEIHHO
OIPENENNTh COAEPKAHUE B HEW yIiIepoia, AJI YEro Hy>KHO OPUEHTHPOBOYHO
ONPENENNUTD IJIOMA/Ib (B IPOLEHTAaX ), 3aHUMAaeMYI0 (PeppUTOM U nepiauTom. B
CBSI3M C TEM, YTO B (pEppUTE PACTBOPEHO OYEHb HEZHAUUTEIBLHOE KOJINYECTBO
yriaeposa, IpakKTHUECKU MOKHO CUUTaTh, YTO B JOIBTEKTOUIHOMN CTAJIU BECh
YIJIEpOJl HAXOAUTCS B mepiute. Toraa conepkaHue yriepoaa B CTAIA MOXKHO
OIIPEAETUTH 110 GOopMYyJIE:

0,8
100

rjae F, - Iiomaas, 3aHuMaeMast mepiauToM %.
[Ipennonoxxum, Hanpumep, 4To nojoBrHa momaau (30 %) 3aHATO MEPIUTOM,
nonoBuHa Geppurom. CosiepkaHue yriepo/ia B TAKO cTanu Oy1eT paBHO

70*0.8
C=_
100

6.4 MuKpOCTpyKTypa 3a3BTEKTOUTHON CTAJIH.

%

C=F,-

= 0.56 %

Mukpoctpykrypa 3a3BrekTonanoi cranu (C = 0,8 - 2,14 %) umeet cTpyKTypy,
COCTOSIIIYIO U3 MEPINTA U IEMEHTUTA BTOPUYHOTO. BTOpUYHBIN HEMEHTUT
BBIJICJISIETCS U3 ayCTEHUTA MIPU OXJIAXKIECHUU OT TeMIiepatypsl Acr (muHus SE) 1o
temreparypsl Ay (Jiuaust SK ) (cm.puc. 1)

[Ipu MeaIeHHOM OXJIa)KICHUU IEMEHTUT BTOPUYHBIN BBIACISAETCS B BUAE CETKU I10
rpaHuLam 3epeH aycrenura. [Ipu noctumxennu temnepartypsl A ayCTEHUT
[peBpaIacTcs B EPIUT. B pe3ysibTaTe MEIIEHHOTO OXJIAXICHUS 3a9BTEKTONUIHAS
CTaJIb UMEET CTPYKTYPY NEPJIUTA U CETKU IIEMEHTUTA, Oeiast CeTKa - BTOPUYHBIN
LIEMEHTUT, @ BHYTPU CETKU 3€pHA MIACTUHYATOTO CTPOCHUS - EPIUT (puc. 7.)

Puc.7- 3assrexkrouanas craib ¢ 1,2 % C- nepaut + uementur (11 ):

a) MUKPOCTPYKTYypa , 0) cxema MUKPOCTPYKTYPBHI.
6.5 MUKpOCTPYKTYpa ABTEKTUYECKOTO O€JI0T0 YyryHa
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MUKpOCTpYKTypa 3BTEKTUYECKOTO OEJI0r0 YyryHa COCTOUT TOJIBKO U3 OJHOTO
neneOypuTa (LEMEHTUTHOM IBTEKTHKH ), oOpazytouierocs npu 1147° C npu
ABTEKTUYECKOW KPUCTAJUIM3ALIMY KUIKOTO cIiaBa ¢ cojaepxanuem 4,3% C u
coctosmiero (mpu 1147° C) u3 3BTEKTUYECKOTO IIEMEHTHUTA U ayCTCHUTA,
coaepxkaiero 2,14% C (touka E Ha ntuarpamme xeiie30— IEMEHTHUT) U
NepPBUYHOTO 1IeMeHTUTa . [Ipu mocneayromiemM oxJax1eHUH BCICACTBUE
YMEHBIIIEHUSI PACTBOPUMOCTH yriepoja B ayctenute (muaus E Ha quarpamme
KeIE30—IIEMEHTHUT, PUC. 2) U3 ayCTEHUTA BbIJEsAETCS (KaK U B 3a9BTEKTOUTHBIX
CTaJISIX ) BTOPUYHBIN [IEMEHTUT. BTOPUYHBIN IEMEHTUT CIMBAETCSA C IIEMEHTUTOM
ABTEKTHYECKHUM, TIO3TOMY B CTPYKTYPE SBTCKTUKHA HEBO3MOXKHO yKa3aTh, IJIC

HaxXOJUTCS B OTACIBHOCTH 3BTEKTUYECKUM IIEMEHTUT U BTOPUYHBIN [IEMEHTHT.
IIpu 727° C »BTEKTHKA COCTOUT W3 LIEMEHTHUTA U ayCTeHHTA C coaepxkanuem 0,8%
C. IIpu aT0# TEMTIEpaType ayCTEHUT MpeBpaniaeTcs B nepaut. Takum oopazom,
MOCJIe TIOJIHOTO OXJIAXKACHUSI- TeAeOypuT (puc.8)

Puc.8- OBrexkrrueckuit 6enplit uyryH ¢ 4,3 % C — neneOypur:

a) MUKPOCTPYKTYpa ,

0) cxeMa MHUKPOCTPYKTYPHI .

6.6MUKPOCTPYKTYpa JOIBTEKTUUYECKOTO OEJI0r0 4yryHa.

JI09BTEKTHYECKUI OEIbIN UyT'YH MOCJIE MOJHOTO OXJIAKIECHUS UMEET CIEeAYIOIIYIO
CTPYKTYpY: J1eAeOypHUT (LIEMEHTUTHAs 3BTEKTUKA) + MEPIUT + BTOPUUHBIN
reMeHTuT. C yBeIMUYEeHUEM COEpKaHus yIiiepoia, Koraa Jeae0ypuTa CTAaHOBUTCS
OTHOCUTEIBHO MHOT'O, BTOPUYHBIN [IEMEHTHUT B CTPYKTYPE CIIMBAETCS C
IIEMEHTUTOM JieJe0ypuTa (IBTEKTUYECKUM). MOKHO CUMTATh, YTO CTPYKTYypa
TaKUX JOIBTEKTUYECKUX OEIbIX YyTYHOB COCTOUT U3 jene0ypurta (IIeMEHTUTHON

ABTEKTUKH) U nepiuTa (puc.9.)

Hzm.
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Puc.9 - Jloarexktrueckuii 0emnbiii uyryH ¢ 3% C- nepaut + aeaudypur:
a) MUKPOCTPYKTYpa, 0) cxema MUKPOCTPYKTYPHI.
6.7 MUKpOCTPYKTYpa 3a3BTEKTUYECKOTO OEI0T0 YyTyHa.

MuKpoCTpyKTypa 3a3BTEKTHUECKOT0 0€JI0ro YyryHa COCTOUT U3 Jieaedypura
(LIEeMEHTUTHOM PBTEKTUKH) U TIEPBUYHOTO 1ieMeHTuta (puc. 10).

Puc.10- 3asBTexTrnueckuii 0embiii 9yryH ¢ 5% C- nemeHTHuT ( IepBUYHBIN) +
neneOypur:

a) MUKPOCTPYKTypa , 0) cxema MUKPOCTPYKTYPBHI.
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7 IlopsiaoK BBINOJHEHHUSI Pad0ThI

7.1 U3yunTh OCHOBHBIE TEOPETUYECKHUE MOJIOKEHUSA O MUKPOCTPYKTYpax
YTIIEPOJIUCTHIX CTajel 1 OENbIX YyTyHOB.

7.2 TloaroToBUTH K paboTe MeTauiorpaguaeckuii MUKPOCKOTI.
7.3 MOATOTOBUTH 0OPA3Ilhl CTAJECH M OEIBIX YYyTYHOB K MMPOBEACHUIO MUKPOAHAIH3a

7.4 UccnenoBath MUKPOIUTA(BI TEXHHYECKOTO JKEJIE30 ,YTIIEPOJAUCTHIX CTaleH U
O€JIBIX YYTYHOB U OMPEICIUTh MUKPOCTPYKTYpbI .CpaBHUTH BBISIBJICHHBIE
MUKPOCTPYKTYPBI ¢ 0003HAUEHHBIMHU Ha IUarpaMMe >Kee30-I[EMEHTHT .

8 Bompocsl 4151 caMOnIpoBepKHU
8.1 Urto Takoe pepput ? KakoBbl ero MexaHUYECKHE CPE/ICTBA ?
8.2 Uto Takoe nepyaut ? KakoBbl €ro MeXaHU4YeCKHe CBOMCTBA?
8.3 Uto Takoe neMeHTUT ? KakoBbl €ro MeXaHU4YeCKue cpeicTra ?
8.4 Kak MeHsieTcsl CTpYKTypa CTaJIM B 3aBUCUMOCTH OT COJIEpKaHusl yrieposa ?

8.5 Uto BXoAUT B cocTaB Jiene0ypurta Oesbix uyryHoB npu Temiiepatype 1147 C u
Py KOMHATHOU TemiiepaTtype ?

9. Conepxanue oT4yeTa

9.1 Otuer noJKEH coJiepkKaTh ICKU3 JUarpaMMbl COCTOSIHUS KEJIE30 — IEMEHTHUT U
KPAaTKYI0 XapaKTEPUCTUKY CTPYKTYP COIJIACHO AUAarpaMmbl B 3aBUCUMOCTH OT
COAEP>KaHUsl Yriepoaa B CIUIaBaX ;

- OCKU3bI UCCIIEOBAHHBIX CTPYKTYP U UX CXEMBI
- COCTaB MCCJIEIOBAHHBIX CTPYKTYD ;
- BBIBOJBI .
Pexomenayemas aureparypa

1 Apackun A.M ,3yeB B.M. MaTepuanoBeeHue 1 TEXHOJIOTHS MATEPUAIIOB .-
M.:1NJI «POPYM-UHD®PA-M»,2015.

2 OuunnHukoB B.B. Metannoseaense —M.:11J| « DOPYM — UHOPA-M» , 2015.

3 Jlaxtun IO.M , JleontseBa B.I1. Martepuanoseaense. — M.: MammHoCTpoeHHE,
1990.

4 Ky3smuH B.A. u.ap. TexHONOrHsg METAIUIOB U KOHCTPYKIIMOHHBIE MaTE€pUaJIbl —
M.: Mamunoctpoenue ,1981.
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5 Camoxouxkuit A.W ,Kynssckuit M.H. JlaGoparopubsie pabOThI 110
METaJUIOBE/ICHBIO M TEPMUYECKHE 00pad0oTKK MeTasuioB .-M.:MammHocTpoeHue,
1981.

6 HurepHet — pecypc :

rutor.info>torrent...adaskin...materialovedenie.books.academic.ru>book.nst...
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JIabopaTopnas padota Ne 6, 7
«3aKajKa CTajamn»

«OTIycK cranm»




Conepxanue :
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1 Tema padoTbI
3akainka cTaiu
Otnyck cranu
2 Ileab padoTbI
OO0yuenus :
- O3HAKOMUTCS C TEXHOJIOTHYECKUM MPOIECCOM TEPMUUYECKON 00pabOTKH ;

- MpruoOpeTEeHNE MPAKTUIECKUX HABBIKOB MPOBEICHUSI 3aKaJIKU U OTITyCKa
YTJIEPOJIUCTOM CTAIIH .

Bocnuranus :

- BOCIIUTAHUS Y CTYJICHTOB OTBETCTBEHHOT'O OTHOIIEHHUS K TOCTHXKEHUIO
OOCTAaBJIEHHOM LEJIH .

PasButus :
- JIOTUKH MBIIIJICHUS U YMEHUS IPUHUMATh 00OCHOBAHHBIE PEIICHUS .
3 3amanue

3.1 moArOTOBHUTH 0OPA3IBI U3 YIIIEPOIUCTOMN CTAIU JIJIs IPOBEICHHS TEPMUYCCKOM
00pabOTKH .

3.2 OnpenenuTh peKUMBbI IPOBEACHUS 3aKaJKU U OTITyCKa YIIIE€POJIUCTON CTAIH .
3.3 IIpousBecTy 3aKayKy U OTITYCK 00Pa3I0B U3 YIIAEPOIUCTON CTAIH .
3.4 OnpenenuTh TBEPIOCTh 00PA3IIOB MOCIIE 3aKAIKU U TIOCJIE OTITyCKa .

3.5 [IpousBecTu cpaBHEHUE U3MEHSIOIINXCS MEXAaHUYECKUX CBOMCTB (TBEPIOCTH)
00pa3IoB U3 yIIIEPOAUCTOMN CTAIH 10 U TTOCJIE TEPMUUYECKON 00paOOTKH .

4 IIpoao/IKUTEIBHOCTH PadOTHI
[IpoioKUTENEHOCTH pabOTHI — 4 Yaca .

5 MarepuajabHoe o0ecriedyeHue
5.1 OOGpas3iisl U3 yriaepoaucTon CTaju .
5.2 DnekTpudeckas myQeabHas 1neusb .
5.3 Tepmo35IEeKTpUUECKUI TUPOMETP.
5.4 3akajo4HbIi 0aK C BOJIOM .
5.5 MacnsiHas BaHHa .

5.6 IIpubop TK-2 nns onpenenenus: TBepaoctu no Poksey.
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5.7 BcnomorarebHbIe MMPUHAOJIC)KHOCTH U HHANBHUAYAJIBHBIC CPCACTBA 3aIlIUTHI .

6 KpaTkue TeopeTnyecKkue CBeleHUA
6.1 CyniHocTh M Ha3HAYEHUE 3aKaJIK1

3akaiika — TepM0o0OpabOTKa ,3aKJIFOYAIOIIASICSl B HATPEBE CTAJIU BBIIIIE
kputnyeckux Todek Ha 30...50 C , BbIAEpKKE U MOCIEAYIONIEM OXJIAKIACHUU CO
CKOPOCTBIO KPUTHUYECKOU MIIU OOJBIIE KPUTHUUECKOM C IENIbI0 JOCTHUKEHUS
BBICOKOM TBEPJIOCTH 3a CUET 0Opa30BaHUS MapTCHCHTA .

6.2 OnpeneneHue TeMNEPaTyphl 3aKaNKU

Temneparypa Harpesa 1oj 3akajky ONpeeNsieTCs 10 HUKHEN JIEBOM 4acTh
JMarpaMMbl COCTOSIHHSL «KEJE€30-LIEMEHTUT» B 3aBUCHMOCTH OT COACPKAHUS
yriepoza B ctanu . JlosBrekrouubie ctanu HarpesatoT Ha 30...50 C Baiie
kputnyeckor Touku AC3 ( muHus puc.l ) 3a3BTekronanbie — Ha 30...50 C Bbie
kputnyeckor Toukn AC1 ( muaus SK , puc.1)

6.3 OmnpeneneHrue BpeMEHU BBIJEPKKHA 00pa310B B MEUU

Bpewms Harpesa onpeaenserca u3 pacyera 1.5 muH Ha 1 MM 1uameTpa s
HWIMHAPUYECKUX 3arOTOBOK .

Z,°C ~
/ 4000 .' \\ -
At
V74 ' -
A et s / '
1000 L 45 / | -
HumepBa s QK aROYHEN
a1/ ImemnEOIITYY
200 §0. . -
| / A+t
S - A _ '
-2ira A, AANNNANES 7'0 :
LZ . e
K224 77l x
g2 g6 10 14 18 22 26

C,2%

Puc.1- OntumanibHbI MHTEPBA 3aKAIKU YTIEPOIUCTON CTAIH .
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6.4 OxytaxxaeHue cpeibl
Hcnonp3yercs Boga U MalimHHOE Macio Mapku «HayctpuansHoe 30%»
6.5 CTpyKTypHbIEC IPEBPALLICHUS ITPU 3aKAJIKE

B pe3ynbTaTe HarpeBa JO3BTEKTOMAHON CTaIH JI0 3aKAJIOYHOW TEMIIepaTyphl U
BBIJICP’KKHM UCXO/HASI CTPYKTYpa : (PeppuT + NEepiuT NpeBpallaeTcs B ayCTEHUT .
[Ipu oxsakieHUH B BOJIE MPOMCXOAUT MPEBPAIICHUE ayCTEHUTA B MAPTEHCHT , &
P OXJIAKJEHUU B Macjie o0pa3yeTcsi CMellaHHasi MapTEeHCUTOTPOOCTUTHAS
CTPYKTypa . B 3a9BTEKTOMIHOM CTanu B pe3yJIbTaTe€ HArpeBa J10 3aKaJOYHOM
TEMIIEPaTypPhl , BBIAEPKKU B ayCTEHUT IIPEBPALIAETCS NEPIUT ,CTPYKTypa Npu
3TOM COCTOMT U3 ayCTEHUTA U BTOPUYHOI'O LIEMEHTUTA ,lI03TOMY CTPYKTypa
3aKaJICHHOW CTaJIu COCTOUT U3 MapTeHCHUTA ( IIPH 3aKAJIKE B BOJE ) U
MapTEHCUTHO-TPOOCTUTHOM CTPYKTYpHI ( IPU 3aKajKe B Macile ) , a TAKKe
BTOPUYHOI'O EMEHTHUTA , KOTOPBII MOBBIIIAET TBEPIOCTh U H3HOCOCTOMKOCTD
CTaJIH .

6.6 CyniHOCTh M Ha3HaYEHHUE OTITyCKa

OTnyck — BUI TepMOOOPaOOTKH , 3aKTFOYAIONITUICS B HATPEBE 3aKAIICHHON CTaJIH
710 TeMIEepaTyp , He MpeBblaImKuX kKputndeckyto Touky AC1 ( munus PK,
puc.l), BelIEpKKE U MEAJICHHOM OXJIAXJACHUU . TPOBOJUTCS C IEIbIO CHATHUSA
BHYTPEHHHX HAIPSKEHUH .

6.7 Buasl oTiycka

[Ipu Temneparype HarpeBa paznudaroT Hu3kuil 10 250 C, cpegnuii 350...450 Cu
BbIcOKH 500...680 C ormyck.

6.8 Onpenenenre BpEMEHHU BbIICPKKHU 00pa3I0OB B €YU IIPU OTITYCKE .

Bpewms BoIiepkKH onpesensercs u3 pacuera 2-3 MuH . Ha 1| MM 1uamerpa oOpasia

6.9 CTpyKTypHbIE TPEBPALIEHHUS IPU OTITYCKE

[Tpu HMU3KOM OTIYCKE MApTEHCUT 3aKAJIKU IIPEBPAIAETCS B MAPTEHCUT OTITyCKa
,MEHEee MEePEHACHIIIEHHBIN YTIEPOIOM ; IPU CPEIHEM OTITyCKE 00pa3yercs O4eHb
MesKast (peppUTHO — IIEMEHTUTHAS CMECh-TPOCTUT OTITYCKa , PU BEICOKOM
OTITyCKe — ()EPPUTHO — IIEMEHTUTHAS CMECh — COPOUT OTITyCKa , HECKOJIBKO OoJiee
KpymHasi , 4eM TPOCTHUT .

7 IlopsiaoK BHINMOJHEHUA PA0OTHI

7.1 Onpenenutsb TBepAOCTH 3-x 00pa3iioB (HRB) B ncxonnom (0TOXKEHHOM )
COCTOSIHUH , UCTIOJIb3Ysl mpuOop Poksena .

7.2 IlonyueHHbIE 3HAHUS TBEPJOCTH B COOTBETCTBUU ¢ Tabmuuei ( 1.c.173 )
«CooTHouIeHHEe yrcel TBepAocTH 1o bpunemno u Poksenty» npeoOpa3oBaTh B
BenM4MHBI TBepAocTH 1o bpunemno u Poksemty ( HRC) .
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Hampuwmep , mpu HRB =93 , HB = 1970 H/mM2 , a HRC = 12.

7.3Ucnonb3ys Tabnuity 1 , onpenenuTs MapKy CTalld U COJIEp)KaHUe B HE
yriepoja , Hanpumep , ctaib 45 cogepxur 0.45 % C , ee TBepnocts HB =2070
H/mm2 . Takas sxe TBepocTh y cTanu Y 12 ,conepxkanue yrieposaa B Heit 1.2 %.

HOPMBI TBEPJOCTH VI'JIEPOJUCTOM CTAJIM B OTOXOKEHOM COCTOSHUM

Mapka cranm TBEepIOCTb OTOXKIKEHHOU Mapka cranm TBepnocTh
ctanu HB ( He Goitee) OTOXKEHHOM
ctanu HB ( He
ooiee)
40 1970 Y9 1920
45 2070 Y10 1970
50 2170 V12 2070

7.4 YuuTbiBas cofiepKaHue yriiepoaa B CTIH ONPEASTUTh TEMIIEPATYPY 3aKaJIKH .
Hanpumep , qist cranu Y9 : AC1+(30...50 C ) =727+ (30...50 C)
760...780 C ,cm.n.4.2 .

7.5 OnpenenuTh BpeMs BBIZICP)KKH 00Pa3IOB B MIEUX IPH MMPUHATON TEMIIEpaType ,
(cm.m.4.3) . luametp oOpaszioB 10Mm.

7.6 IIpousBecTu 3aKkanky , moMmelas o0pasiibl B [I€Yb , HArPETYIO 1O TEMIIEPATYPbI
3aKaJIKU U BBIAEP/KUBAs B TEUCHUH 33JaHHOTO BpeMeHH. OXaxaeHue 2-X
00pa310B IPOU3BECTH B BOJE ,0HOTO B MaclIe .

7.7 3a4nCcTUTH TOPLIBI 00PA3LIOB OT OKAJIMH , OTIPEJEIUTE UX TBEPAOCTD IO
Poksemny (HRC)

7.8 Onpenenurte BpeMs BBLAEPKKHU pu TemrnepaTtypax ormycka 200,400 u 600 C,
cM. .4.8.

7.9 npou3BeCTH OTMYCK IIPH 3aJJaHHBIX TEMIIepaTypax ,loMenias oopasibl B eYb U
BBIZICP)KUBast HEOOX0AMMoOe BpeMs ( TeMIiepaTypa BhIACPKKHU sl 0OpasIoB ,
oxnaxaaeMbix B Bojie 400 , 600 C , B maciie — 200 C ) . OxnaxjaeHue oopas3ion
IPOUCXOIUT HA BO3AYXE .

7.10 3a4UCTUTH TOPIBI 0OPA3IIOB OT OKAIHMHBI , ONIPEACIUTh UX TBEPOCThH 110
Poksemny (HRC) .

JIncr
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8 Bompocs! Aj1s1 camonpoBepkH
8.1 Uto Takoe 3akainka ? Kak BeiOMpaeTcs Temneparypa HarpeBa mnoj 3akaiky ?
8.2 Yro Takoe oTiyck craynu ? [{ns 4yero oH npumeHsercs ?

8.3 Kakue BUIbI OTITyCKa CYIIECTBYIOT , KaKasi CTPYKTypa o0Opa3yeTcsi B 3THX
ciay4dasx ?

8.4 Kakune cTpyKTypHBbIE IPEBPAILECHUS TIPOUCXOIAT B CTAIN IIPU 3aKAJIKE ?

8.5 mpou3sBeeHHas 3aKajika oOpasioB u3 crayu 45 u Y12 ¢ remneparypsl 760 C .
OOBICHUTS , TOYEMY 00pa3Lbl U3 CTAIN 45 MOody4aroT 00Jiee HU3KYIO TBEPAOCTS ,
yeM 00pa3ibl u3 ctanu Y12 ?

8.6 IlpousBeaeHHas 3akaika oOpasmoB u3 ctainu Y7 u Y12 ¢ remnepatypsl Ha 50
C Bblle KpuTHUECKUX To4eK . OOpasiibl U3 Kakoi cTanu OyayT uMeTh OoJiee
BBICOKYIO TBEPAOCTh U MOYEMY ?

9 Conep:kanme oT4eTa
9.1 ChopmynnpoBarh CyIIIHOCTh U Ha3HAYEHUE 3aKAJIKU U OTITYCKa.

9.2 3apucoBath auarpammy coctosinusg Fe-Fe3c u 0003HaunTh TEMIIEpaTyphl
Harpesa IMpH 3aKajKe U OTITYCKE .

9.3 OnpenenuTh BpeMs BBIACPKKH 00PA3I[0OB B MEUU MPH 3aKAJIKE U OTITYCKE .

9.4 CocTaBUTH MPOTOKOJ TEPMHUECKOM 00paOOTKU yTIAEPOIUCTOM CTAIH .

[TPOTOKOJI TEPMUYECKOI OBPABOTKH YTJIEPOJIMCTOM CTAJIN

No | Mapka| J[luamerp | Temmneparypa Bpewms BbIAEpKKH , MUH .
| T obpasuamm | sakanku C [Ipu 3akanke [Ipu oTycke
1 2 3 4 5 6
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TBEPJJOCTD

B ncxomnom coctoaHun

HRC mocie 3ak-ku

HRC nocne otnycka npu

TeM-pe

HRB HB HRC | BBoxe | Bmacie | 200 C 400 C 600 C
3aKallka | 3aKajka | 3aKajika

BMaclie | BBOJE | BBOJC

9.5 Ha ocHOBaHMM ITPOTOKOJIA CAENATH CICIYIOMNE BBIBOIBI :

B PC3YJIbTATC 3aKaJIKHN Ha TBCPAOCTD |

IIpH 3aKaJIKEC B MacCJIC;

YeM BBIIIIE TEMIIEPATypa OTIYCKA , TEM TBEPJIOCTS ...

Pexomenayemas iureparypa

1 Anpackun A.M ,3yeB B.M. MarepuanoBeneHne U TEXHOJIOTHUSI MATEPUAITIOB .-
M.:NJ1 «POPYM-UHDPA-M»,2015.

2 OBuunHukoB B.B. Mertamnosenense —M.:N1J1 « DOPYM — UHOPA-M» , 2015.

3. Jlaktun FO.M , JIeonteeBa B.I1. MarepuanoBenenrse. — M.: MammHoCTpoeHuUE,

1990.

4 Kys3bmuH B.A. u.ap. TexHOJIOTUs METAILIOB U KOHCTPYKIIMOHHBIE MaTEpUAJIb —
M.: MammHoctpoenue ,1981.

5 Camoxonxkuit A.W ,Kynssckuit M.H. JlaGopaTropHbsie paboThI 110
METAJIJIOBEICHBIO U TEPMUYECKHE 00PaOOTKH METAIIOB .-M.:MaImmHOCTpOeHue,

1981.

Hszm.
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«MHUKpOoaHAJINU3 KOHCTPYKUUOHHBIX H
UHCTPYMEHTAJBbHbIX CTaJIel, CTaJIeill ¢ 0COOBIMU
CBOMCTBAMH »
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1 Tema padoTsI

MuxkpoaHaiin3 KOHCTPYKIIMOHHBIX M1 MHCTPYMEHTAJIBHBIX CTAJIEH ,CTAJIEH C
0COOBIMU CBOMCTBAMH.

2 Ileab padoTsI
OOyuenus :

- U3yYEHUE MUKPOCTPYKTYP KOHCTPYKIIMOHHBIX U HHCTPYMEHTAJIBHBIX CTAJIEH ,
CTaJIell U CIIJIaBOB C OCOOBIMM CBOMCTBAMU ;

- HAYYUTHCS CAMOCTOSATEILHO MPOBOANTH MUKPOAHAJIN3 CTAJICH U CIIABOB .\
- IpUOOPETEHNE HABBIKOB UCCIIE0BATEIBLCKON pabOTHI .
Bocnuranus :
- BOCIIUTAHUsl Y CTYICHTOB MHTEpeca K U30paHHoM npodeccun ;
- OTBETCTBEHHOI'O OTHOIIICHUS K BBIIMMOJHEHUIO OCTABICHHBIX 3a/1a4 .
Pa3Butus :
- yMeHHe paboTaTh B KOJJICKTUBE UCIIOJHUTENCH .
3 3aganune

3.1 M3yuuTh MUKPOCTPYKTYPbl KOHCTPYKIIMOHHBIX U UHCTPYMEHTAJIbHBIX CTAJICH ,
cTajieii ¢ 0COOBIMY CBOMCTBAMM .

3.2 3apucoBaTh MUKPOCTPYKTYPBI U CXEMbI MUKPOCTPYKTYD .
3.3 JlaTh KpaTKy10 XapaKTEPUCTUKY UCCIIEIOBAHHBIX CTPYKTYD .
3.4 OpopmuTh OTUET.

4 IIpoao0IKUTEIbHOCTH Pa0dOThI
[TpogomxutenbHOCTh paboThI — 2 yaca .

5 MarepuaJjibHoe o0ecrie4eHue
5.1 Metamnorpaduyeckuii MUKPOCKOIT .

5.2 Habop mukpouuin$oB B KOHCTPYKIMOHHBIX U UHCTPYMEHTAJIbHBIX CTAJIEH
,CTaJIEN ¢ 0COOBIMU CBOMCTBAMMH .

5.3 Ilnarpamma cOCTOSIHUS KEJI€30-1IEMEHTHT .

6 KpaTkue TeopeTndeckue cBeaeHUs

Jlucr
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6.1 K HU3KOYTIIepOAUCTHIM (LIEMEHTYEMBIM) CTAJISIM ,0THOCSITCS CTAJIH C
coaepxkanuem yriepoja 10 0.25 % - cranu 10, 15, 20 , a Takke JIEeTUPOBAHHbBIE
Hanpumep 151", 20X, 18XT'T , 20X2HYA , 20XH3A u ap .

CTpykTypa uX B OTOXIKEHHOM COCTOSHMM (peppuT + nepaut (puc . 1,2)

6.2 MUKpOCTPYKTYypa CpeaHEYTIEPOAUCTHIX CTaen

K cpenneyriepoaucTbiM CTaasiM OTHOCSITCS CTAlIA € COACPKaHUEM yTiiepoa OT
0.25 % 10 0.6 % - cranu 35,40, 45, 50, a Takxe gerupoBaHHbie , Harpumep 40X
,40XT", 40XTP ,30XT"CA , 45XHMA u np .Haubonee pacnpoctpaHéHHOM
CpPEeIHEYTIEePOAUCTON cTalbio siBysieTcst ctaib 45 (10,42 — 0,50 %) .

MUKpOCTpYKTypa CpeIHEYTIASPOIUCTON CTATTN TIOCIe OTXKUTA : PEeppuT + TepIuT (
puc .3) , moce yaydiieHus ( 3aKaJIKi U BBICOKOT'O OTITycKa ) — copourt (puc.4 )

o

BHICOKUII OTIYCK - COPGUT.
6 - CXeMa MMKDPOCTPYKTYDH.

6.3 MUKpOCTPYKTYpa PECCOPHO- MPY>KMHHOWU CTaJIM MOCIE TEpMOOOPaOOTKHI

Jlucr
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BBHIIIICHHBIM coziepkanneM Mapranma ( 0.5 — 0.8 % ) , a gaine serupoBaHHBIC
ctanu Hanpumep 651", 60C2 , 50XT", S0XDA , 60C2XDA , 60C2H2A u ap . ns
MOJIy4eHHs] HanboJee BEICOKOTO 3HAYEHUS TIpejieia YIPYTOCTH IPYKUHBI U
peccopsl noasepraroT 3akanke ¢ 800 — 500 C ( B 3aBUCUMOCTH OT MapKH CTaJU ) C
11eJ1610 00pa30BaHUS CTPYKTYPHI TPOOCTHUTA.

=1 6 B

s

6.4 MUKpOCTPYKTYpa HUHCTPYMEHTAJIbHBIX CTAJIEN
6.5 MuKpoCTpyKTypa 3a3BTEKTOUHBIX HHCTPYMEHTAJIBHBIX CTaJIEH

3a’BTEKTOUAHBIE YIVIEPOAUCTHIE CTAIH OT Y9 110 Y13 m nerupoBaHHbIE : HAIPUMED
X, XBI',9XC u 1p , B OTOXKEHHOM COCTOSIHUM UMEIOT CTPYKTYPY 3€PHHUCTOTO
nepauTa (puc . 6 ) , a mocjue 3aKajaku B Boje ( YIJIEpOIUCTHIX CTajiel ) u B macie (
JIETUPOBAHHBIX CTajel ) — MapTEHCUT + KapOu bl (puc.7).

Jlucr
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6.6 MuKpOCTpyKTypa OBICTPOPEIKYIIICH CTaTN

Hawnbomnee xapakTepHbIM U paCIpOCTPAHCHHBIMU JISTUPOBAHHBIMHU
WHCTPYMEHTAJILHBIMU CTAJIH SBIISIOTCS OBICTPOPEXKYIME CTau , Harpumep P18,
P6MS u nip .

B nuToM cocTostHUM CTPYKTypa OBICTPOPEIKYIIECH CTaTH COCTOUT M3 JIeAeOypUTHON
IBTEKTHKH , IMEIOIICH « CKeJIETOOOpa3HbIi » BUI , M MPOAYKTOB pacraja
ayctenurta (puc 8 ).

Hanuuue B 1uToi#l ObICTpOpEXKYILIEH cTanu JeAeO0ypUTHON SBTEKTUKU MIPUIAET
CTaJIi XPYNKOCTh. J{J1s1 pa3pyiieHus ge1e0ypuTHON IBTEKTHKHU JIUTYIO
OBICTPOPEXKYIIYIO CTANIb MOJIBEPratoT 00paboTKe JaBlieHHeM ( MPOKaTKe, KOBKE )
u oTxury . KoBka u3MeHsieT cTpoeHue ObICTPOPEKYILEH CTaIH MOCie
TpexkparHoro otnycka npu 550 C cocTout U3 MapTeHcura u kapouaos ( puc . 9 ).

Jlucr
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6.7 MUKpOCTPYKTypa cTajel 1 CIJIaBOB ¢ 0COOBIMH CBOMCTBAMH

K cransMm u crimaBaM ¢ 0COOBIME CBOMCTBAMU OTHOCSATCS CTaJH KOPPO3UOHHO —
CTOMKHE , )KapONPOUHbIE ,MarHUTHbIE U Ap . [To cTpyKType cTanu pa3fenstor Ha
CJIETYIOIIUE KIIACCHI : IEPIUTHBIN , MAPTEHCUTHBIN , ayCTEHUTHBIN ,()ePPUTHBIH .

6.8 Cranu nepauTHOro Kiacca

Otu ctamu ( 15XM ,12X1IM® u 1p ) SIBASIOTCA RKAPOMPOUYHBIMU MPU TEMIIEPAType
400 — 550 C . [Tocne nopmanuzauuu npu 950 -1050 C nonyyaercs cTpykrypa
dbeppur — Oetinurt (puc 10 ).

Al e _-u 1

6.9 Cranu MapTEHCUTHOTO KJjiacca

Cranu storo knacca (15X11M® ,40X9C2 u np . ) )KaponpoyHbIe Npu
temriepatype 500 — 600 C u koppo3uonso — crorikue ( 20X13 ,30X13 u ap . ).
[Tocne 3akanku B Macie ( win oxyaxaeHus B Bozayxe ) or 1000 — 1050 C
CTpyKTypa — MapTeHcuT (puc 11 .).

Jlucr
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- (MApPTEHCUTHOO Kiacca).3akanka.
T 6 - CXeMa MUKDOE

6.10 Ctanu ayCTEHUTHOTO Kjacca

K cramsim aycTeHUTHOTO Kilacca MPUHAIIEKUAT U3HOCOCTOMKasA ctaib ['13J1
CrtpyKkTypa 3TOM CTayii MOCIe JIUThs ayCTEHUT + U30BITOUHBIEC KapOu bl (H
e/3C ) , BbIACNSIOMKECS IO TPAHUIIAM 3€PEH ayCTEHHUTA . DTU CTaJIH SBIISIFOTCS
*aporpounbiMu ipu Temrnepatype 600 — 760 C (45X14H14B2M
A0XT5SH7T7P2MC u ap .) u koppo3uoHHo- cToiikue ( 12U18H9 , 10X141'14H3 u
ap . ) . lloaromy nuteie uzaenus 3akanusaiotr B Bojie ¢ 1100 C. ITpu Takom
HarpeBe KapOu bl paCTBOPSIIOTCS U CTAlIb UMEET ayCTEHUTHYIO CTPYKTYpY (pucl?2 )

1 (aycTeruTHOTO Knacca).3akan

a — MUKPOCTPYKTypa 0 — cxema MUKPOCTPYKTYPbI
6.11 Cranu pepputHOro Kinacca

OTHU CTalu SBISIOTCAS KOPPO3UOHHO — cTorkumu (12X17 ,08X17T , 15X26 u np. )
BBICOKOKpeMHUCTHIMHU ( 3-4 % ) Tpacopuaropubimu ( 33,94) . Ouu He
MpPETEePIIeBAIOT IPHU HAarpeBe ( OXJIAKJIECHUU ) U UMEIOT CTPYKTYpY ( puc.13)
KPYMHO3EpHUCTOTO (eppuTa min ¢pepputa ¢ HeOOIBIINM KOJTUIECTBOM KapOuI0B
XpoMa ( B KOPPO3UOHHO — CTOMKHUX CTAIIAX ) .
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7 IlopsAaoK BBINOJHEHUSI PA00THI

7.1 U3y4nTh OCHOBHBIE TEOPETUUECKHUE MOTOKEHUS O MUKPOCTPYKTypax
KOHCTPYKIIMOHHBIX M UHCTPYMEHTAIIbHBIX CTaJiel ,cTasiell ¢ 0COOBIMU CBOMCTBAMH.

7.2 IloaroToBuTh K padboTe MeTaIIOTpapuIECKUi MUKPOCKOIT .
7.3 IloaroToBUThH OOpa3iibl CTAJEH.

7.4 UccnenoBatb MUKPOCTPYKTYPBI cTaliel . JlaTh KpaTKylo XapaKTepUCTUKY
HCCJIEIOBAHHBIX CTPYKTYD.

8 Bomnpoce! 1J1s1 caMOnpoBepKHU
8.1 Kak xmaccuuiupyroTcs cTaiy o Ha3HAYCHHIO U CTPYKType ?

8.2 Kakue TpeboBaHUsI MPEIBABISIOTCS K KOHCTPYKIIMOHHBIM U
MHCTPYMEHTAJIbHBIM CTaJISIM ?

8.3 I'ie npuMeHst0TCS HEMEHTYeMble cTaiu ? Yydiiaemsie? PeccopHo-
NpYKUHHBIE ?

8.4 I'ne npuMeHsIOTCS UHCTpyMEHTalIbHbIE cTanu ?Kak Mapkupyrorcs
MHCTPYMEHTAJIbHBIE (YTJIEPOIUCTHIE ,JIETUPOBAHHBIE ,0BICTPOPEKYIIHE ) CTATU?

8.5 Kakune craiii OTHOCSTCS K CTAJIAM C OCOOBIMU CBOMCTBAMU ?
8.6 I'1e mpuMEHSIOTCS CTaJIM ¢ OCOOBIMHU CBOMCTBAMU ?

8.7 Kak 00pabarpIBaroTCs [IEMEHTYEMBIE ,yIIy4IlaeMbIe , PECCOPHO — MPYKUHHBIS
cranu ?

Jlucr
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9 Coxep:xkaHnme oTyeTa

OTueT 0KEH COJIepKaTh :

- DCKM3bI UCCIENOBAHHBIX CTPYKTYP Y UX CXEMBI ;

- KPaTKyI0 XapaKTePUCTUKY UCCIEIOBAHHBIX CTPYKTYP ;

- BBIBOJBI .

Hzm.
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Pexomenayemas aureparypa

1 Anackun A.M ,3yeB B.M. MarepuanoBeieHuE U TEXHOJIOTHS MAaTEPUAJIOB .-
M.:NJ] « DOPYM-UHD®PA-M»,2015.
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NabopatopHana paboTta N29

«MuKpoaHanus cepbiX, NO/IOBUHYATDIX,
BbICOKOMPOUHbIX U KOBKUX YYyTryHOB»



CopeprkaHue
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2. LLENIb PABOTDI.c..eeceeietieee ettt ettt et e e
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7. NopAAOK BbIMOTHEHUA PABOTDBI.....cccveeceeeeriee et eere e
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MKTY. MB ONO4. 005 1P

1 Tema pabotbli
MuKpoaHanns cepbix, NOJIOBUHYATbLIX, BbICOKOMPOYHbIX U
KOBKUX YyryHOB
2 Llenb pabotbl
ObyyeHus:
-U3y4YnNTb CTPYKTYPY CEPbIX, MONOBUHYATbIX, BbICOKOMPOUYHbIX M KOBKUX YYTYHOB;
-yCTaHOBUTb CBA3b MEXXAY COCTAaBOM CMJ/aBa, YCAOBUAMM €ro MnosiyyeHua u
CTPYKTYPOM.
BocnuTtaHua:
-BOCMUTAHUE Yy CTYAEHTOB 3HAYMMOCTU NPOPECCUOHANBbHbBIX MPAKTUYECKUX
HABbIKOB;
-4yBCTBO OTBETCTBEHHOCTM 33 KaYeCTBO BbINOJHEHWNA PabOT.
Pazsutuna:
-yMeHunA paboTaTb B KONJIEKTUBE UCMONHUTENEN.
3 3apaHue
Jluem
MKTY. MB Or04. 005 /1P
U3m. | Jlucm Ne dokym. lNodnuckb ﬂama|




3.1. U3yunTb CTPYKTYpYy CepblX, MNONIOBMHYATbIX, BbICOKOMPOYHbIX M KOBKMX

YyTyHOB.
3.2. 3apucoBaTb nccnegoBaHHble MUKPOCTPYKTYPbI U CXEMbI MUKPOCTPYKTYP.

3.3. YcTaHOBUTbL CBA3b mexagy CoCtaBomM CnJjaBa, yCaoBUAMU e€ro nosiydyeHuAa U

CTPYKTYpPO.

3.4. OdopmunTb OTHET

4 MpoAoNKUTENbHOCTb paboTbl

MpoAoNKUTeNbHOCTb PaboThbl - 2 Yaca

5 MarepuanbHoe obecneyeHue

5.1 MeTtannypruyecknii MMKPOCKOT.

5.2 Habop munKpownmndoB cepbiX, NONOBUHYATBIX, BbICOKOMPOUYHbIX U KOBKUX

YyryHOB.

5.3 [lnarpamma COCTOAHUA XKene3o-LeMeHTUT.

6 KpaTKue TeoputnyecKkue ceeaeHus

B cepbix YyryHax yrnepog npucyTcTByeT B Buae rpaduta naacTMH4YaToM
dopmbl. Ha BENNYMHY M pacnofioXKeHMEe BKAOYEHUI rpaduta BAUAIOT CKOPOCTb
OXNaXKAEeHUA, TeMnepaTypa M BpemMa BbIAEP!KKU PaCniaBAEHHOro YyryHa nepes
OT/IUBKOW, XMMMYECKUIN COCTaB YyryHa, BBeAeHMe B YyryH HEKOTOPbIX Npumecei

(mogmndukaTopos). Hanpumep, rpadumTt obpasyeTca Tem KpynHee Yem, MeaIeHHee

Jlucm
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oxnaxgeHne n 4yem MeHblle neperpes XUAKOro 4yyryHa M MeHblle BpemA

BblAEPMKKM NPU 3TOM.
6.1 MUKpPOCTPYKTYpa CepbiX YyryHoOB.

MeTannnyeckaa OCHOBA B  CepbiIX 4YyryHax oO4YeHb CXogHa C
MWKPOCTPYKTYPOW CTanell B 3aBUCMMOCTM OT KOJIMYECTBA CBA3AHHOIMO yrneposa

MOXKeET bbITb peppuUTHON, PepPPUTHO-NEPAUTHON N NEPAUTHON.

Puc. 1- ®eppuTHbIi cepbiii YyryH — GeppuT + NNACTUHYATLIN rpaduT:

a - MUKPOCTPYKTypa, 6 — cxema MUKPOCTPYKTYpbI.

Puc. 2- eppuUTHO-NEPAUTHDBIN YYTyH — GEPPUT + NEePSINT + NNACTUHYATbIN FPaAPUT:

a - MMUKPOCTPYKTYpa, 6 — cXemMma MUKPOCTPYKTYPbl.



Puc.3- MepanTHbIN CepbIr YyryH — NePAUT + NAACTUHYATbIN rpaduT:

a — MUKPOCTPYKTYpa 6 — cxema MUKPOCTPYKTYpbI.

Taknm 06pa3om, BO3MOMKHbI cneayrowme TUMbl CTPYKTYP CEPbIX YYryHOB:
beppuUT + nNnacTuHYaTbIM rpaduT - GeppUTHbLINA cepblid YyryH (puc. 1), depput +
NepauT + NNacTUHYATBLIN rpaduT — GEepPPUTHO- NEP/IUTHLIN Cepbliii YyryH (puc.2,
COOTHOLIEHNE KOIMYecTBa deppuTa U NepamTa B CTPYKTYPE UYyryHa MOXKeT ObiTb
Pa3/IMYHbIM B 3aBMCMMOCTM OT XMMMYECKOrO COCTaBa WM YCOBUIM OXNaXKAEHWUA);

Nep/nNT + NNACTUHYATbIN rPAadUT — NEPANTHDLIN Cepbli YyryH (puc.3).
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Puc.4- Cepbliii 4yryH c pocPuaHoOM 3BTEKTUKOM - NEPAUT + NAACTUHYATLIN rpaduT
+ 3BTEKTMKA, PACNO/IAararoWwanca NONHOCTbIO UM YAaCTUYHO MO FPaHULLAM 3epeH.

6.2 MuUKpPOCTPYKTYpa NOIOBUHYATbIX YYryHOB.

B nosioBMHYATbIX YyryHax Yr/iepoj COAEP)KUTCA KaK B BMAE MEPAUTHOM
CTPYKTYPbl METa/I/IMYECKOM OCHOBbI, TaK U B cBoboaHOM Buae rpaduTta. Ecam
KOJIMYECTBO CBA3AHHOMO yrnepoAa He3HaYUTEeNbHO MNpPeBbllAeT 3BTEKTOUAHYIO

KOHUEHTPaUuunto, To metaain4yeckaa oCHosa COCTOUT U3 NepUTa U BTOPHUYHOTO

LemMeHTUTa (puc. 5), T.e. aHaNIOrMYHa CTPYKTYpe 3a9BTEKTOUAHOM CTaNu.
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Echn  KONMYecTBO CBA3AHHOrO yrnepoga 3HauyuMTeNlbHO NpeBblwaeT
9BTEKTOUAHYIO KOHUEHTpauuio, To B Mpouecce MNepBUYHOW KpUCTanamsaumm
YyyryHa noc/se BblAENeHMA HEKOTOPOro KonauyecTBa rpaduTa  YacTUYHO
obpasoBasca neaebyput (LEeMeHTUTHAA IBTEKTUKA) U CTPYKTYpPa METananyeckomn

OCHOBbI byaeT neaebyput + nepaut (puc. 6.)

Puc. 5- MonoBMHYATBIN YYryH — NEPAUT + LUEMEeHTUT (BTOpPMYHbIN) +
NNACTUHYATLIN FPaduUT: @3 — MUKPOCTPYKTYpa, 6 — Cxema MUKPOCTPYKTYpbI.

/

Puc. 6- MonoBMHYATLIN YyryH — neaebypuTt + nnacTUHYaTbIM rpaduT:

a — MMKPOCTPYKTYpa , 6 — cxema MUKPOCTPYKTYpbI.

6.3 MUKpPOCTPYKTYpa BbICOKONPOUHbIX YYryHOB.

B BbICOKOMPOYHbIX YyryHax MOryT ObiTb Te e TUMbl CTPYKTYP, KOTOpble

6blN yKa3aHbl 4NA CepbIX YYryHOB, HO rPaduUT B 3TUX YyryHax LIAPOBUAOHbIN.
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Takum 06pa3om, BO3IMOKHbI caeaytowme TUnbl MUKPOCTPYKTYPbl BbICOKONPOYHbIX
yyryHoB: GeppuT + LWAPOBUAHbIA TPaPuUT - GeppPUTHbLIN BbICOKOMPOUHbINA YyryH
(puc. 7), depput + nepauT WAPOBUAHbLIA rpaduT - GeppUTHO-NEPAUTHbIN
BbICOKOMPOYHbIA YyryH (pucC.8, COOTHOLWIEHME MeXAy KoaumyectBom depputa U
Nep/snTa B BbICOKOMPOYHOM YyryHe MOXKeT OblTb Pa3/IMYHbIM B 3aBUCMMOCTU OT
XMMMUYECKOro COCTaBa W YC/IOBUIM OXNaxKAEHUA, NEePANT + WapPOBUAHbIN rpaduT -

NEPAUTHbLIN BbICOKOMPOUHbIN YyryH (puc. 9).

Puc. 7- ®eppuUTHbIA BbICOKOMPOYHbIN YyryH - (peppuT + LapOBUAHbLIN
rpaduT: a— MUKPOCTPYKTYpa, 6 - cxema MUKPOCTPYKTYpbI.

Puc. 8- PeppUTHO - NEPINTHBIN BbICOKOMPOUHbIM YyryH - GeppuT + nepamT+
LApPOBUAHbBIN FPadUT:



a — MUKPOCTPYKTYpa, 6 - cxema MMUKPOCTPYKTYpbI.

Puc. 9 -MepnnTHbIA  BbICOKOMPOYHbIN YYryH — NEeP/INT + LWAPOBUAHbIN
rpaduT: a- MUKPOCTPYKTYpPa, 6- cxema MUKPOCTPYKTYPbI.

6.4 MUKpPOCTPYKTYpPa KOBKUX YYryHOB.

B KOBKOM 4yryHe yrnepoj COoAep»KuTca B BuAe rpadurta xi10nbesuaHoOm
dopmbl. MeTannnmyeckaa OCHOBa KOBKOFO 4YyryHa MOXeT ObiTb pepputHoM,
beppuUTHO-NEPANUTHOM U NEPANTHON. B COOTBETCTBUM C 3TUM Pa3/INYaOT KOBKUI
yyryH ¢epputHbii (puc. 10), deppuUTHO- NepaunTHbiA (puc. 11) U nNepanUTHbIN

(puc. 12).
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Puc. 10 -PeppuUTHbIN KOBKUM YYTYH - GeppUT + XN0NbeBUAHbIN rpaduT:

a - MUKPOCTPYKTYpa, 6 - cxemMa MUKPOCTPYKTYpPbI.
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Puc. 11 -®eppUTHO-NEPAUTHbBINA KOBKUIM YYTyH - GeppuT + nepaut +
XNONbeBUAHbIN rpaduT:

a - MUKPOCTPYKTYpa, 0 - cxemMa MUKPOCTPYKTYPHI.
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Puc. 12- IlepauTHBIN KOBKUI YyTyH - MEPJIUT U XJIONbEBUIHBIN rpaduT:

a- MUKPOCTPYKTYpa, 0 - cxeMa MUKPOCTPYKTYpHI.

7 MopAaoK BbiNONHEHUA paboTbl
7.1 W3y4ynTb OCHOBHblE TeOpPEeTUYECKUE MONOKEHUA O MUKPOCTPYKTYpax cepblix,
NOJIOBMHYATbLIX, BbICOKONPOYHbIX U KOBKUX YYTYHOB.

7.2 MoaroToBUTb K paboTe MmeTanIM4yecknii MMKPOCKOM.

7.3 MoarotoBnTb 06pa3Lbl CEPbIX, MONOBUHYATbIX, BbICOKOMPOUYHbIX U KOBKUX
YyryHOB K NpOBeAeHUI0 MUKPOaHanmsa.

7.4 NccnepoBaTb MUKPOCTPYKTYPbI CePbIX, NONOBMHYATLIX, BICOKONPOYHbIX U
KOBKWX YyryHOB.

7.5 YcTaHOBUTb CBA3b MeXK Ay COCTaBOM YYyryHOB, YCOBUAMU NX MONYYEHUA U

CTPYKTYPOM.

8 Bonpocbl 418 CaMONPOBEPKHU

8.1 Kakoil uyryH Ha3bIBaeTcs cepbiM?

8.2 Kakoll 4yryH Ha3bIBa€TCsI KOBKUM?

8.3 Kakoii uyryH Ha3bIBa€TCsl BHICOKOIIPOYHBIM?

8.4 Kak mapkupyercs cepblil, KOBKUI U BBICOKOIIPOYHBIN YyTYHbI?

8.5 UeM oTiInMyaroTcss MEXaHMUYECKHE CBOMCTBA CCpOro, KOBKOro u
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BbICOKOMPOYHOrO YyryHa?

8.6 KakoBo BiIMsiHUE METAINTMYECKON OCHOBBI M pa3Mepa IrpauToOBbIX

BKJIIOUCHHUI Ha CBOMCTBA UyyryHa?

9 CopeprkaHue oT4yeTa

9.1 KpaTkue TeopeTnyecKkme CBeAEeHUA O CTPYKTYPOoobpa3oBaHUM YyryHOB.
9.2 ICKM3bl UCCNefoBaHHbIX CTPYKTYP U UX CXEMBbI.
9.3 CocTas nccnenoBaHHbIX CTPYKTYP.

9.4 BobiBOA,
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1 Tema pa6oThbl
Br160p MaTepuasioB [Jisi KOHCTPYKLHUM.
2 ITeab paboTbI
OO6yuenue :

- IPUBUTHE NMPAKTUYECKUX HABBIKOB BIOOpA MaTepUAOB /Ul Pa3IMyuHbIX JeTajeil
KOHCTPYKLIHH ;

- YMCHHC UCIIOJIb30BATh TCXHUYCCKYIO U CIIPABOYHYIO JIMTCPATYPY.
BocnurarensHas :

- CO3HATEJIBLHOI'0 OTHOIIEHUSI K MPUOOPETEHHUIO TEOPETUUECKUX 3HAHUHN U
MPAKTUYECKUX HABBIKOB.

PasButue :

- YMCHHUC OCMBIC/IMBATH IMOJYUYCHHBIC 3HAHUA U HpI/IO6peTeHHBI€ HaBBbIKH.

3 3apanue

3.1 IlonoGpaTh Mapku CIUIABOB U MAaT€pPUAJIOB JIJIsl U3TOTOBJIEHHUE JIeTajel MallluH
U UHCTPYMEHTOB (CM. TIPUJIOKECHHE).

3.2 CoCcTaBUTH OTYET.

4 IIpoa0/KUTEIHbHOCTD BBINIOJIHEHUS PA0OTHI
[Tpo10KUTENEHOCTD BBIMOIHEHUS IPAKTUUECKOM paboThI- 2 Haca.
5 MartepuajibHoe o0ecriedeHne
5.1 Metoauyeckre yKa3aHus 1O BBIIOJHEHUIO PAKTHYECKOU paboThI.
5.2 TexHu4eckas v CipaBOYHAs JINTEPATYpa:
1 Bumnesckuii FO.T. Matepuanosenenue. — M.: HTK «/lamkosy, 2008.

2 Jlaxtun FO.M. Marepuanosenenue. — C. I1.: Jlanp-Tpeiin, Meramnyprus,
2011.

3 Yepenaxun A.A. Marepuanoseaenue. — C. I1.: Jlans-Tpeiin,
Meramnyprus, 2011.

4 CripaBOYHMK IO KOHCTPYKIIMOHHBIM MaTepuaiam / moJ pea. Ap3amacoBa
b.H. - M.: MI'TY um. baymana, 2005.
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6 Ilopsinok BHINMOJHEHUS PA0OTHI

6.1 O3HaKOMIIEHHE C METOAUYECKUMH YKA3aHUSMH 10 BBIIIOJIHEHHIO
IPAKTUYECKUX U JTA0OPATOPHBIX padOT MO YUYEOHOU AUCIUIUIMHE.

6.2 BLI60p MapoOK CIINTIAaBOB U MAaTCPHUAJIOB IJISI U3IrOTOBJICHUA zLeTaneﬁ MalllnH 1
HHCTPYMCHTOB COI'JIACHO BapHWaHTa 3adaHUs (HO YKa3aHHIo HpGHOI[aBaTeJUI).

6.3 OdopmiieHue oTuera.

7 Conep:kaHue oT4eTa

7.1 Homep paboThI.

7.2 HaumenoBanue pabOTHI.

7.3 Llenb paboTHL.

7.4 MarepuanbHoe oOecricueHuE.
7.5 YcinoBue 3ananus.

7.6 Bb160p MapoK CIIABOB U MAaTEPUAJIOB JIJISl M3TOTOBIICHUS JIETATICH MAIlIUH U
WHCTPYMEHTOB.

7.7 BeiBo.

Jluct

I[IKTY.MBOI104.003JIP

M3m. | Jluct N® moxywm. Ioamuce | Jlara




Ipunoxkenue

[TonGepure Mapku CIUIABOB U MaTEpUANOB Ui M3TOTOBJIEHMS CIEAYIOLIUX
JeTajgei MallvH U UHCTPYMEHTOB.

Bapuanm 1

J1J1s U3rOTOBICHUS BBITSKKOM pagHaTOPHBIX TPYOOK.

JI1st Xupypruyeckoro HHCTPyMEHTA.

Jl1st m3rotoBieHus 00JIETYEHHBIX METAUIMUECKUX OKOHHBIX paM M JIBepei
OOIIECTBEHHBIX 3/1aHUH.

[Ipecc-popMbl asist AUTHS O JaBICHUEM.

J71s KpBILIKKA BOAOIPOBOJAHOTO JIFOKA.

Jlnst cranbHOM (hepMbl MOCTA C MPUMEHEHHEM CBapKH.

JI71st U3roTOBIEHUS IITAMIOBKOM BKJIJIbIIIEH MOAIIUITHUKOB B JBUTATElIE
asromoOuis 31JI-130.

Jlnis 3anHero poHaps JIEeTKOBOTO aBTOMOOMIISL.

Bapuanm 2

Jist knanana BEHTHUIIs, padOTArOMIEro B CTOUYHBIX BOJAX.

JIJist 1rcKa M JIOMaTOK aBUAlIMOHHBIX Ta30BbIX TYPOUH.

Jliis ne3Bust 6€30MacHO OPUTBBHI.

JInst pezanus ctanei ¢ tBepaocteio 10 45 HCR.

JI71 4acoBOM NPy KUHBI.

J171s1 BRICOKOTTPOUHOM apMaTyphbl IS KeJIe300€ TOHHOM KOHCTPYKITUH.

JI71st 3aMMBKH BKJIQABIIIEH TOIITUITHUKOB CKOJIbKEHUS (AJ1 3aMEHbI OPOH3BI).
Jlns nmpoknaaku, CTOMKOUW BO BCEX arpeCCUBHBIX Cpelax.

Bapuanm 3

s KOpIyCOB Hapy4HbIX 4acOB, M3TOTOBJISIEMBIX HA METAJUIOPEKYILIHNX

aBTOMAaTax.

Jlnst uznenuii fomaniHero oouxoaa ¢ kjaeiMoM "HepkaBeronias'.

J1J1s1 JIOH)KEPOHOB KpbUIAa CAMOJIETA.

JIJ1s1 HAaNMWJIBHUKOB.

Jliis kopryca peaykropa audTa.

JIns ppluara CenbCKOXO3AMCTBEHHOM MAIllWHBI, U3TOTOBJIEHHOTO XOJIOJHOU
ITaMIIOBKOM.

Pexxyuiuii 351eMEeHT AJisl 4epHOBOM OOTOYKH B TSKEJIBIX YCIOBUSIX MO KOPKE C
PaKOBHHAMU IPHU HAJTUYUU IIECKA U METAUTMYECKUX BKIIFOUYCHUM.

KoneHnuatelii Ban ABUraTENs JISTKOBOTO aBTOMOOUIIS.

Bapuanm 4

JUist 3aroTOBKM LIECTEPHU ISl MOLIHOI'O KpaHa, paboTarouei Mpu BBICOKUX
CKOPOCTSIX, HArPy3Kax U Harpese.

JUJisl BBIIYCKHOT'O KJIallaHa aBTOMOOWIBHOIO JIBUTATENS.

OOnerueHHpI Ky30B BaroHa METpPO.

JI1s1 mianiex U cBepi ¢ KpacHocToikocThio 10 280 °C.

Jj1s peccopbl JIErKOBOI'O aBTOMOOMJIS.

Jis IeMEeHTyeMOM IeCTepHU KOPOOKH mepeiad aBTOMOOUIIS.

Pexxymmii  37€MEHT a8 YEpHOBOM M YUCTOBOM  00paboTKuM
TPYIHOOOpaOaTHIBAEMBIX CIUIABOB (KAPOIMPOYHBIX U TUTAHOBBIX).

J7ist 00IUIIOBKY M TpyOOIIPOBOIOB ralbBAHMYECKUX BaHH.



Bapuanm 5

Jlns mapoBo#t apMaTyphl AaBiaeHUEM 110 25 atMocdep.

s qucka KpymHOM Meranku, padorarorieit B cpene hochopHoro yaioopeHus.
AJIFOMUHHUEBBIN CIUIAB JJId MOPUIHS, HarpeBatomierocs 10 250-350 °C.

JIJist IIMHHBIX ¥ TOHKUX METYUKOB.

JIJ1st Ipy>KUHBI aMOPTU3AaTOPa KEJIE3HOIOPOKHOIO BaroHa.

[IlaTyH aBTOMOOMILHOTO IBUTATETIS.

J171s 3aTMBKY OTBETCTBEHHBIX MOJAIIUITHUKOB CKOJIBXEHUS B 3CKAJIATOPE METPO.
CnoucTelii Matepuan sl eYaTHBIX IJIAT, HECOOTBETCTBEHHBIX AJIEKTPOHHBIX
npruOOpOB.

Bapuanm 6

J171s1 KOpPO3MOHHOCTOMKOTO TPeOHOr0 BUHTA.

st Tpy6 mapomneperpeBaTeniei 1 apMaTypbl TapOBBIX KOTJIOB.

OTnuBKa JUIsI IETKON KOHCTPYKIIUH.

JInst mpoIIMBKY B MPOU3BOACTBE TPYyO, padoTtarontux mpu 700 °C.

Jl71st 0060 OTBETCTBEHHBIX MPYXHH, padoTaromux npu Harpese a0 200 °C.

JIns ynpo4yHsieMOoro a30TUPOBAHUEM IIMUHAEIS OBICTPOXOJHOTO CTAHKA.

TBepaocmaBHBIA ~ MHCTPYMEHT ISl  INTAMIIOBKH, BBICAJIKH, OOpPE3KH
YTIEPOIUCTHIX CTANCH MPHU yAapHBIX HArpy3Kax OOJbIION HHTEHCUBHOCTH.

DOnacTUYHBIA M TUIACTUYHBIM MaTepuan JUisi HAHECEHUS W30JIAIUU Ha

AIIEKTPOIPOBO/I.

Bapuanm 7
JInst M3roTOBIEHUS MOHET.
J{151 BBICOKOITPOYHBIX KOPPO3UOHHOCTOMKUX KOPITYCOB PAKET.
s nerkoit netanu (pyJIeBOTO pblyara karepa), paboTaromiei BO BIAKHOM
aTMocdepe.
[ns cBeprna ¢ kpacHocTOHKOCTBIO 710 650 °C.
Jst HeOOBIION TIPY>KUHBI JIJIsT IETCKOW UTPYIITKH.
J1J1s cBapHO#M paMbl IIIACCH B aBTOMOOUJIE.
Pexxymiumii aieMeHT Ha cBepIie, pa3BepTke, ¢pese, A1 00padoTKU CTalH,
qyryHa U TPYJTHOOOpabaThIBa€MbIX CILJIABOB.
JInst TOaIIMITHUMKA CKOJBXKEHMs, padoTaromero 0e3 CMa3Ku B CHCTEME
PYJIEBOTO yIIpaBJICHUS aBTOMOOUIIS.

Bapuanm 8
s BBICOKONPOYHOW KOPPO3HMOHHOCTOMKOM M TOKOBEIYLIEH MPYKUHBI
aBHAIlMOHHBIX MPUOOPOB.
Jiis sxapornpounoro 1o 650 °C 6onra.
s kapTepa BOJ0OXJIaXKIa€MOT0 JIETKOTO (CIIOPTUBHOTO) ABUTATENS.
1 KpynmHOT0 MOJIOTOBOTO LITAMIIA.
Jist 3aiHETO MOCTa aBTOMOOMJIA.
Jlnst pacpeneauTeNIbHOrO0 Bajla aBTOMOOWIIS C 3aKajiKOW IIeeK M KyJauKOB
TBY.
JIns 3aJIMBKM KOPEHHBIX MOJAIIUITHUKOB CKOJIBKEHUS KOJIEHBaja (KOJIEHYaTOIO
BaJla) aBTOTPAKTOPHBIX JIBUTATENEH.
Jliist ocHOBBI euaTHOM 11aThl DBM.

Bapuanm 9

J11 Taiiku 3a)KMMHOTO BUHTA, pa0O0TAIOMIETO B TSDKEJIBIX YCIOBUSX.
Jl1st monaTok napoBO TYpOUHBI.

J71st M3roTOBIEHUS JTUTHEM IO/ AaBJICHHUEM KapOropaTopa aBTOMOOUIIS.



JIJ1st KpyITHOTO OTBETCTBEHHOTO BRIPYOHOTO TITaMIIa.

Jl1st mabota KOBOYHOTO Tpecca.

JIyst KphIK Ky30Ba JIETKOBOTO aBTOMOOWIIS, M3TOTOBJIEHHOM XOJIOHOM
MITAMIIOBKOH C TITyOOKOH BBITSIKKOM.

JIng  3anuMBKM  NOJA  JABJICHMEM  MOJIIWIIHUKOB  CKOJIBXKEHHS B

KEJIE3HOAOPOKHBIX BarOHax.

JInst nerkou, MpoOYHOU U )KECTKOW AaHTEHHBI KOCMUYECKOW TEXHUKH.

Bapuanm 10

IIpoBoJioka a1t ra30BOM MaKU METAJIOB.

Jlns  cBapuHoro maucra Oaka (06e3 TepMOOOpaOOTKH), YCTOMYMBOTO B
arpecCUBHBIX CpeAax, MUIIEBBIX NMPOAYKTaX M JOMycKaromero Harpes a0 500-
600 C.

JI71 cTaHMHBI HACTOJIBHOMW IIIBEMTHOW MaIlIMHBI.

JJ1s1 HAKOHEUHHKA THEBMO3yOuJia.

JI1s1 HOpIIIHEBBIX KOJIEl aBTOMOOMIIbHBIX JBUTATENEH.

J171s1 U3roTOBNIEHUSI HA TOKAPHOM aBTOMATE KPEIMEKHBIX AJIEMEHTOB (BUHTOB).

Pexxymmii sneMeHT Ha pe3elt A YUCTOBOM 00paboTKku OTOSIEHHOTO YyTyHa,
3aKaJIeHHOW CTalM, CTEKJIA, BBI3bIBAIOLIMX a0pa3UBHBIM U3HOC MHCTPYMEHTA.

JIJist U3rOTOBJIEHUSI METOIOM KOHTAKTHOTO (pOPMOBAHHUS KOpITyca CIIOPTUBHOIO
aBTOMOOUJIS.
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