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4.1 Boibop MaTepuasioB Jisi KOHCTPYKLIHHA .



BBenenue
B coBpeMeHHBIX yCHOBHSX pa3BUTHS OOIIECTBEHHBIX OTHOIICHUM OIHUM U3
3HAUYUTETBHBIX (DAKTOPOB HAY4YHO — TEXHOJIOTMYECKOTO TpoIlecca  SBISCTCS
COBEPIIIEHCTBOBAHME TEXHOJIOTHMH Tpou3BojicTBa .IlpeoOpazoBanue MpoU3BOACTBA
BO3MOYKHO B PE3yJIbTaTe CO3AaHUS 00JIee COBEPIICHHBIX CPEICTB TpyJa , pa3paboTKu
HOBBIX TEXHOJIOTHM .
BaxHBIM HamnpaBJICHHEM HAay4YHO — TEXHHYECKOTO TIpollecca SBJSETCS CO3JaHUEC H
IIUPOKOE MCTIOIB30BAHNE HOBBIX KOHCTPYKIIMOHHBIX MaTepuaioB. B mpousBoacTBe BcE
IITUPE UCITONB3YIOTCS CBEPXYHCTHIC , CBEPXTBEPBIC , )KAPOIPOYHBIC , KOMITO3UITHOHHBIE
, TOPOIIIKOBBIE U IPYTHE MATEPHUAIIBI , TTO3BOJISIFOIITUE PE3KO MOBBICUTH TEXHOJIOTHUECKUI
YPOBEHB U HAJIEKHOCTh 000PYIOBAHUS .
3aKOHOMEPHOCTH ,CBS3BIBAIONINE COCTAB U CTPYKTYPY MATEPHANIOB C MX CITy)KCOHBIMU
XapaKTepUCTUKaMH , a TaK >X€ HM3MEHEHHWE CBONCTB MaTepHajOB B YCIOBHUSAX HX
OKCILTyaTaIy H3yJaroTCs MPUKIATHON HAYKON — MaTepUaTIOBEICHUEM .
s OONBIIMHCTBA TEXHUYECKHUX MATEpUAIOB KaK METaUIMYECKUX , Tak H
HEMETAJUTMYECKNX XapaKTEPHO KPUCTAUIMYECKOE CTPOCHHE. OITO TIO3BOJIET C
CIMHUYHBIX  TO3WIMUNA  paccMaTpuBaTh  3aKOHOMEPHOCTH  JAedhOpMHpPOBaHUE
KPUCTAJUTMYECKOW CTPYKTYPBl U CBOWCTB , OMPEACIECHHBIX TPUPOJTHON CBSI3H MEXKTY
aTOMaMH .
PanmonanpHBIN TOI00p MaTepraia U COBEPIIICHCTBOBAHNE TEXHOJIOTHUCCKIX MPOIECCOB
ux 00paboTKM obOecrmeurnBaeT HaJACKHOCTh KOHCTPYKIIMHA ,CHIDKAET CeO0ECTOMMOCTh U
MIOBBIIIACT TPOU3BOAUTEILHOCTD TPY/A .
N3yuass aucuumianny «MaTepuajoBeleHbe» B COOTBETCTBHH C (eaepaTbHbIM
rOCyAapCTBEHHBIM 00pa30BaTEILHBIM CTAaHAAPTOM ,CTYJACHTHI JOJDKHBI YMETh :
- pacro3HaBaTh U KJIacCU(DHUITUPOBATH KOHCTPYKIITMOHHBIC U CHIPhEBBIC MATEPUAIHI;
- TO0 BHENIHEMY BHJAY ,IIPOMCXOKJICHHUIO ,CBOMCTBAM  OMPEICISATh  BHJIBI
KOHCTPYKIITMOHHBIX MATEPHAIOB ,BBIOMpPATh MaTepUadbl IS KOHCTPYKIHMH IO HX
HA3HAYCHUIO M YCJIIOBHUSIM DKCIUTyaTalldd , TMPOBOJUTH HMCCJICAOBAHUS M HCIIBITAHUS
MaTepHAJIOB , PACCMATPUBATh U HA3HAYATh ONITUMAJIbHBIC PEIICHUS 3a/IaHHUS ;
3HaTh;
- 3aKOHOMEPHOCTHU TPOIIECCOB KPUCTAJUIM3AIMU U CTPYKTYPOOOpa30BaHUSI METAILIOB U
CILIaBOB ,0CHOBBI UX TEPMOOOPAOOTKH CITOCOOBI 3aIIUTHI METAJIIOB
OT KOPPO3HH ;



- KJIacCU(PUKALIUIO U CITOCOOBI MOMyUYEeHUsSI KOMITO3UITMOHHBIX MaTepUaoB ;

- MPUYUHBI BBIOOPA KOHCTPYKIITMOHHBIX MaTEPHUAJIOB JIJIsi IPUMEHEHUS B TPOU3BOJICTBE
- CTPOECHUS U CBOMCTBA METAJUIOB , METOJIbI KX UCCIIEAOBAHMUS ;

- K1accuduKanno MaTepruanoB ,METaJIJIOB U CIUIABOB ,UX 00JaCTH MIPUMEHEHHUS ;

- METOJUKY pacueTa ¥ Ha3HAYCHUS PEKUMOB PE3aHbs sl PA3IMYHBIX BUIOB padoT.
BeinosiHeHue J1a00pPAaTOPHBIX M NPAaKTHYeCKHMX PpadoT nmo JUCHHMILIHHE
«MarepuasioBeleHbe» MO3BOJISIET 3aKPENUTh TEOPETHUYECKUE 3HAHUS CTYIAEHTOB M
MIPUBUTH UM HABBIKM CaMOCTOATEIILHOU pabOTHI MO MCCIICIOBAHUIO CTPYKTYP U CBOMCTB
METAJUIOB U CIUJIABOB , HEPA3PYLIAKOIIUM METOAOM KOHTPOJIS U UCIIOJIb30BAHUIO JaHHBIX
MUKpPOAHalIn3a , OCBOCHHUIO HEOOXOAMMOW HJisi 3TOr0 amnmaparypbl , MPOBEAEHUIO
OCHOBHBIX OIEpaIuii TEOPETUIECKON 00pabOTKH CIIJIaBOB .

[lepen HauamoM BBHITIOTHEHUS JTAOOPATOPHBIX M MPAKTUUECKUX PabOT CTYJEHT JOJDKEH
W3y4yaTh HACTOAIIME METOAMYECKHME YKA3aHUS M BBIIOJHUTH IPEIJIOKEHHbBIC
PEKOMEHIALNH .



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 IPOU3BOAUTH TOJBKO IMOCJE OTKJIIOYEHHUS] TPUOOPOB OT CETH JI0
IIOJTHOM UX OCTAHOBKH .



1.3 3anpemiaercs caMOBOJILHO ,0€CIIEIBHO BCKPBHIBATH almaparypy , HAKUMATh KHOTIKH
,BKJTIOYATh TyMOJiepa ,lIPOU3BOUTH MYCK MPUOOPOB , HA KOTOPBIX HE padoTaelib . ITO
MOJKET MTPUBECTU K TPAaBME WJIH MOJIOMKE 000PYI0BAHUS .
1.4 B ciyyae nopaskeHusl 3JIEKTPUUECKUM TOKOM WJIM MOJYyYEHHUS TPaBMbl HEOOXOAUMO
OKa3aTh MEPBYIO MOMOIIH MOCTPAAABIIEMY ,COOOIIUTH 00 3TOM MPEMOIaBATEII0 U MIPU
HE0OXOIMMOCTH OTIPABUTH €T0 B ONMkaiiiiee 1e4eOHOe yUpeKICHHE
1.5 Ilpu BO3HMKHOBEHUHM OYara 3aropaHusi HEOOXOJMMO MOCTaBUTh B HU3BECTHOCTH
npenojaaBarens (3aB.JjadopaTopueit ) ,0TKIIOYATh BCE AJIEKTPONPUOOPHI ,BBIKIIOUUTH
pPYOMIBHUK W TPUHATH MEPhI K €ro JIOKATU3alWH ,IPU HEOOXOJUMOCTH BBI3BATH
MOKaPHYIO OXpaHy Y MPOU3BECTHU IBAKYALIUIO JIIOJICH .
1.6 1o oxoHYaHUIO PA0OTHI CTYICHT J0JIKEH :
1.6.1 [JonoxuTh npernoaaBaTeio O 3aBEPIICHUN PAOOTHI U BHIKIIIOUUTD annaparypy .
1.6.2 HaBectu mnopsgok Ha pabouyeM MecTe U IMOKUHYTh €ro ¢ pa3perieHus
npenojaBarens ( 3aB.jjadbopaTopueii)

2. OdopmneHue pabotbl n TpeboBaHUA K HEU

2.1. NMocne BbINONHEHWNA NPAKTUYECKON M NabopaTopHbIX PAabOTbl CTYAEHT COCTaBAAETCA
OTYET, KoTOopbIN opopmnsaeTcs B cooTBeTcTBUM ¢ TOCT 2.105-95 «Obwme TpeboBaHUA K
TEKCTOBbIM AOKYMEHTaM», TO €CTb Ha /INCTax CTaHAapTHoro pa3smepa (210x297) c
cobnogeHnem npasun opdporpadun. MNepsebii U NocneayrOWMn INCTbl UMEOT PaMKY U
OCHOBHYO nognuck cornacHo NOCT 2.104-68 puc.1, 2.

dopma 2.

OCHOBHaA NOANUCH ANS TEKCTOBbIX AOKYMEHTOB (MepBblit 1 3arnaBHbli)
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2.2. OTyeT NUWeTCA NacToM NAM YePHUTAMM YEPHOTO LBeTa.

TeKcT ponxKeH OblTb HAaMMCaH YETKUM, MOHATHbIM MOYepKoM. CXeMbl, 3CKU3,
Tab1UbI BbINOHAOTCA KapaHAALWOM C MOMOLLbIO YePTEXHbIX MHCTPYMEHTOB.

2.3.B Tekcte He A0/MKHO ObiTb COKPALLEHWMI 33 WUCKAOYEHMEM COKPALLEHUN,
yctaHoBeHHbIX TOCT 2.316-68.

2.4. 3Ha4yeHWe CMMBONOB M YNCNOBbIX KO3PDUUMEHTOB, BXOAALMX B dopmyny,
OONKHO OblTb MOACHEHO HenocpeacTBEHHO nog ¢opmynoi. MoACHEHME KaXKaoro
CMMBO/Ia AaeTca B TOM MocnefoBaTe/IbHOCTU, B KaKOW npoussoauTcs B dopmyre.

MepBanA CTPOKa pacluMdpPOBKM AONKHA HAUMHATBLCA CO CNOB «rae» be3 ABoeTouns nocne
Hero.

2.5. Mpun Mcnonb3oBaHUN AUTEPATYPHbIX, CNPABOYHbIX MaTepuanoB Heob6xoaAnmo
AenaTb CCbIJIKY C YKa3aHMeM CTpaHuL, Homepos, Tabauu. Hanpumep: [2, c.13] nau [2,

Tabn. 15], rae uudpa 2- Homep AUTEpPaATYpPbl B NEPEYHE UCMONb30BAHHOM NUTEPATYPbI,
NPMBOAMMOW B KOHLE OTYETA.

2.6. OtyeTbl No nabopaTopHbIM paboTam U NPAKTUYECKMM 3aHATUA CKNAAbIBAKOT
no nopaaky u 6powtopytoT. Ha 0610KKe yKasbiBaloT (cm. obpasel,).

Mo pe3ynbTaTam Kaxaon paboTbl NPOBOAUTCS 3aYET.
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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 MPUTOTOBAEHMA WANPOB.

3.2. U3yunTb ycTpoicTBo mmnkpockona MUM-6(MUM-7).

3.3. O3HAaKOMMUTbLCA C OCHOBHbIMW NPaBUAAMM NOb30BaHNA MUKPOCKOMOM U
obpaleHna c HUm.

3.4.CocTaBnATb OTYET.

MpoAaoMKUTENbHOCTb paGOTbI

MpoaoNXKUTENBHOCTb — 2 yaca

MaTtepuanbHoe obecneueHue

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

5.2. lWWnandoBanbHbIM CTaHOK.

5.3. MMonnMpoBaHHbIN CTAHOK.

5.4.Habop ob6pa3LoB meTanna 414 NPUroToBAEHNA MUKPOLWANGOB.
5.5.PeaKtunBbl gn1a NpUroToBAEHUA MUKPOLWINGDOB.

5.6. KnaKoctTn gna npombIBKM MUKPOLLANGOB.

5.7.CTeknaHHble nam ¢papdpoposble EMKOCTU ANA KULKOCTEN.

5.8.®dunbTpoBanbHan bymara.

6 KpaTkue TeopeTH4ecKHe CBeIeHUs
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6.1 HazHauyennme MUKpOaHAJIU3a
Mo MUKPOAHANN30M NOHUMAIOT U3yYeHMeE CTPOEHMA METANI0B U CMN3aBOB

C NOMOLLbI MeTannorpadmnyeckoro MUKpockona npu yesenmyeHun B 50-2000

pas/
an noOMoOLWnN MNKPOAHa/1n3a ONpPeaENALOT:

1) dopmy 1 pasmep KPUCTANNNYECKUX 3EPEH, U3 KOTOPbIX COCTOUT MeTanN

WIN CNNas;

2) M3MeHeHWe BHYTPEHHEro CTPOEHWs Ccnnaea, npoucxogsaliee nog,
BAUAHUEM PA3/INYHBbIX PEXMMOB TEPMUYECKON W  XMMWUKO-TEPMUYECKOM

06paboTKM, a TaKKe Nocne BHELWHEro MexaHM4YecKkoro Bo3AeincTBmMA Ha CNAas;
3) MMKPOMOPOKN MeTanna PakoBMHbI U T. N.;

4) HemeTaNMYecKMe  BKAKOYEHUA  cynbduabl, OKUCAbI M Ap.
MWKPOCKONMYECKUIA aHaNN3  BK/AKOYAET MPUrOTOBNEHME MUKPOLWANGDOB W

nccnefoBaHmMe NX C NOMOLLLbIO MeTannorpadpmMyeckoro MMKpocKona.
6.2 MpurotoBneHne mukpownmpos

Mukpownugom HasbiBaeTcA obpasel, meTanna, NOBEPXHOCTb KOTOPOro

noarotossaeHa Ana MMKpPOaHa/1n3a.

B 3aBMCMMOCTM OT Uenn uccnegosaHns n Gopmbl nUcciesyemoin aetanu

BbIOMpPaAOT MecTo Bbipe3kn obpasua.

Pasmepbl n popma obpasua. Yao6HoM aBaseTca umamHapuydeckas popma
obpasua gnametpom 10-12 mm u BbicoToi 0,7-0,8 Hanpumep gnameTpom 12 mm
n Bbicotor 10 mm (puc. 1, a). YOob6HbI TakKe npAMoOyrosibHble 06pasLpl,

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

Jlucm
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Puc. 1. HopmanbHble pasmepbl MmeTannorpadmyecknx o6pasuos (a u 6) u npucnocobneHuns gan
MOHTMPOBAHNA 06Pa3LLOB Manoro pasmepa (e u 2)

MNonyyeHne nnockou nosepxHocTu obpasuya. Ha BbipesaHHOM obpasue
BbIPaBHMBAIOT MOBEPXHOCTb, KOTOpaA MpeAHa3HayeHa ANA MUKpOoaHanusa.
MonyyeHne nNNOCKOM MNOBEPXHOCTU AOCTUraeTcA OMUAMBAHWEM HaMNUAbHUKOM
(ecnn maTepman mMArkniA) MnM 3aTodKor Ha abpasmBHOM Kpyre (ecam martepuan

TBEPAbIN).

LLnndpoBaHMe HaUMHAIOT Ha LWIKYPKe ¢ 6onee KpynHbIM abpa3mBHbIM3EPHOM,

3aTeM NOCTENEHHO NeEPEXOJAT Ha LWKYPRY C 6onee menknum a6pa3MBHbIM 3€PHOM.

LUnAndyroT BPpYyYHYHO Ha LWKYPKE, NONOXKEHHOM Ha TO/ACTOE CTEKNO, UM Ha
cneumanbHbIX WAMPOBaANbHbIX CTaHKax. Mpu wnamdpoBaHMM Bpy4vHYtO o0b6pasel,
NOArOTOB/IEHHOW MJIOCKOCTbIO MPUMMKMMAKOT PYKOM K WANGOBANIbHOM LUKYPKE M
BOAAT MM No Bymare B HanpaBAeHUN, NEPNEHANKYNAAPHOM K PUCKAM, MOJYYEHHbIM

nocne onnanMBaHMUA HaNMJAbHUKOM.

MoxHo LLIJ'IVId)OBaTb TaKXe cneuunaabHbiIMM NaCtaMn, HaHeECEHHbIMWU Ha

HeboNbLUNEe NNUCTbl YEPTEKHOWN Bymaru.

MexaHun4yeckoe ummd)osaHme ocylecrtB/iAeTCA Ha cneuynanbHbIX

WAndoBaNbHbIX MaLLMHAX.

NonuposaHue nosepxHOCTU 06pasuya. [ocne oKOHYaHUA WANPOBAHMA Ha
WANGOBANbHOM LIKYPKE CaMOM MENIKOW 3epHUCTOCTM MONMPOBAHMEM YAANAOT

PUCKKN " o6pa6aTb|Baemaﬂ NOBEPXHOCTb o6pa3u,a nonydvyaeTtca 6necmu.|,e
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3epKaan0171. nOﬂVIpOBaTb MOXHO MeXaHN4YeCKMM U 3INEKTPOSIUTUYECKUM

cnocobamu.

MexaHun4yeckoe NnonMpoBaHue npounssoaAT Ha cneuyanbHOM
NONMPOBANIbHOM CTaHKe (puc. 2) c Kpyrom 1 gnametpom 200-250 mm, 06TAHYTbIM

CYKHOM U peTpom.

MonnMpoBasbHbIMM COCTaBaMM ABAAIOTCA B3BELUEHHble B BOAE MeEsKUe
MOPOLLKM OKUCK aNtOMUHUA (TTMHO3EeM), OKMCb XPOMaA, OKUCH Kenesa (KpoKyc) m
OKUCb MarHusa (marHesus). Mocne nonupoBaHus obpasel, NPOMbIBAlOT BOAOW;
NOZIMPOBAHHYO MOBEPXHOCTb MPOTUPAIOT BATOM, CMOYEHHOM CMMPTOM, a 3aTeM
NPOCYLMBAOT NPUKNAAbIBaHUEM  PUABTPOBAIbHOM Bymarm WAM  NErknum

NPOTMPAHMEM CYXOW BaTOWN.

TpaBneHue. o 3epKanbHOM NOBEPXHOCTM 06pasua, NOAYYEHHOW noc/e
NOSINPOBAHUA, HENb3A CyAUTb O CTPOEHMWU cniaBa. TONbKO HeMeTananyeckme
BKAOYEHUA (cyNbduabl OKCuAbl, rpaduT B CEPOM UyryHe) BCAeAcTBME WX
OKpPALLEeHHOCTU B pa3/IMyHble LBEeTa pPe3Ko BbIAENATCA Ha CBeTAIoOM ¢oHe

NONIMPOBAHHOIO MUKpoLWwnda.

[na BbIABNEHMA CTPYKTYpbl MeTanna wWwiamd Hy)KHO Mnocie MnoanpoBaHUA
NoABEPrHyTb TPAB/EHUIO, HaNPUMeEp, KaKon-TMbo KUCNOTOM, pacTBOPEHHOW B

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

MoBepxHoCTb wWAKda cnnaBa, MOrPYyKEHHOrO B PEaKTUB (3N1EeKTPonT),
npeacTtaBnnaeT cobo MHOrO3N1eKTPOAHbIA rabBaHUYECKUIA INEMEHT, COCTOALLMN

13 601bLIOro Yncna MUKPOCKOMNYECKUX SINEKTPOAO0B.

CTpYKTypHbIe 31eMEeHTbI cnnaea, KoTopble nmetoT Hanbonee
3NEKTPOOTPULLATE/IbHbIN 3NEKTPOAHbIN noteHuman, urpatoT ponb

MWKPOCKOMUYECKUX aHOA 0B 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



YKa3aHHble peaKkTUBbl NPW MOJIb30OBAHWUM HA/NMBAOT B HEBO/bLIYIO
bapdopoBy0 MAM CTEKNAHHYIO 4alwky. [lepen TpaBAeHMEM MNONAMPOBAHHYIO
NOBEPXHOCTb WAKda C Uenbio 06e3XKMPUBAHMA NPOMbIBAIOT CMMPTOM, a 3aTem
WANG NOrpyKatT Ha HENPOAO/IKUTENbHOE BPeMSA (Yallle HA HECKOJIbKO CEKYHA) B
peakTmB. MHorga uenecoobpasHo peakTUB HAaHOCUMTb Ha NOBEPXHOCTb Wanda npu
MOMOLUM KanenbHULbI, MUMNETKM UAM BaTKM Ha CTEKNAHHOM nanoyke. Bpems

TPaBAEHMA PA3/IMYHO ANA PA3HbIX

CNNaBOB U CTPYKTYp. Mocne TpaBneHus Wwane npombiBatoT CHavyana BOAOM, a 3aTem

CNUPTOM UM CyLIAT NPUKNaAbIBAHMEM K GUNbTPOBANIbHOM Bymare.

PaccmaTtpurBan NpoTpaBAEHHbIN WANG Nog MUKPOCKONOM, OnpeaenstoT
CTPYKTYpbl. Hanprmep, OTOMKMKEHHYIO A03BTEKTOUAHYIO CTa/lb, CTPYKTYPa KOTOPOU
COCTOUT U3 NepanTa n pepputa, NPOTPaBUTb 4%-HbIM PACTBOPOM NMUKPUHOBOM
KMUCNOTbI B CNMPTE, TO NO4 MUKPOCKOMNOM NepanT byaeT UMeTb BUA, TEMHbIX
3epeH, a peppuT-cBeTNbiXx. ONTUYECKM HEOAMHAKOBYHO OKPALMBAEMOCTb 3ePEH
nepanTa n peppuTta MoX¥KHO 06BACHUTL TEM, YTO OT heppuTa iyyel ceeTa
OTPa3snNoCh B 06bEKTUB 3HAUNTENbHO HO/IbLUE, YEM OT NEP/INTA, T.€.3epHa
nepaMTa UMelT MEHEE POBHYIO NOBEPXHOCTb, U MHOTO NIy4elt BCeaCcTBME UX

paccenBaHUA He Nonasao B 06BbEKTUB.

CnepoBatenbHO, [AENCTBME peakTMBA Ha  Pas3/iMyHble  CTPYKTYpPHble
cocTaBnawowme HeoguHakoBo. [lepan  6yayunm  AByxdpasHoOM  CTPYKTypon,
noagepraetca 60nblIeMY 3/1EKTPOXMMUYECKOMY pacTBopeHuto yem depput. Ha
3TOM pasHMUE B COCTOAHUM MOBEPXHOCTU U KOAMYECTBE OTPAXKEHHbIX /ly4en u

OCHOBAHO BbIfIBNIEHWE CTPYKTYPbI CNiaBa.

B pe3ynbtarte TpaBnenmsa wanda 4%-Hoim pactsopom HN B cnupTe rpaHuLbl
3epeH ¢eppuTa BbITPABAAIOTCA CUIbHEE W AatOT yraybneHua. Itm yraybneHums,
COOTBETCTBYIOLWME rpaHnULAM 3epeH, BCeACTBUE pacCenBaHMA CBETa

KaXXyTCA Ham noa MUKPOCKONMOM B Buae TEMHDbIX NMHWIK.  Pa3nnyHas
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OKpalWKMBaAeMoCTb 3epeH depputa 0O6BACHAETCA UX aHU3OoTponuen. B ceyeHuu
wnnda 3epHa depputa NepepesaHbl MO PaA3AMYHbIM  KpUCTannorpadpmnyeckmm
NJIOCKOCTAM, @ TakK KaK CBOMCTBA 3epeH B Pa3/IMYHbIX CEYEHUAX HEOANHAKOBDI, TO
M PacTBOPEHME KaXKAOoro 3epHa noj AeWCTBMEM peakTMBa pPas/iMyHo. To 3epHo,
KOTOpOoe NPOTPATMU/IOCh CUJIbHEE, KaXKeTCcA TemMHee MpPWU paccMaTpuBaHWUKU MOA
MUKPOCKOMOM, TaK KaK OHO MNOcC/ie OTParkeHWA OT Hero cBeTa AaeT b6osblee
paccenBaHue nyyei. B pesynbtate nog MUKPOCKOMOM BMAAT 3€PHA Pa3/IMYHbIX

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

CxemMa, MosiCHSIIOIIAsi BUIUMOCTb I'PaHULl 3epeH (epputa
10J1 MUKPOCKOIIOM

Texnuueckoe >xene3o; 3epHa ¢eppura € SCHBIM
odepTaHMeM uX rpaHul. TpaBieHue  4%-HbIM
pactBopom HN B cniupte

6.3 Obuee yCcTPOICTBO METANZIOMUKPOCKONA U NPAKTUKA NO/Ib30BAaHUA UM

CYLLI,E‘CTByIOT ABa cnocoba MUKPOCKOMn4ecKoro nccnegosaHUA:

nccnegosaHme B npoxoaAawem cBeTe n B OTpaKEHHOM CBETE.

MuKpocKonbl, paccmaTpuBarowme npeameTbl B NpoxoaAwem cseTe,
Ha3blBalOTCA Buonormyeckumn. buonormnyeckme MUKPOCKOTMbl MPUMEHAIKOTCA B
TakMx obnacTax HayKW, Kak meauuunHa, 6I/IOI'IOI'I/1FI, roe uccnegyemble npeamertbl

Mpo3payHbl.

MuKpocKonbl, paccmaTpusatowme npegmeTbl B OTpPa*KeHHOM CBeTe,

Ha3bIBaAlOTCA MemaﬂﬂOZPGdDUWECKUMU NN memasisIOMUKpOCKornamu.
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MeTanNoMMKPOCKOMbI MPUMEHSAIOTCA MPU U3YYEHUM CTPYKTYPbI METANNOB U

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

BepTuKanbHbIM  meTannorpapuyeckmin  mumkpockon MUM-6 wumeetr B
HacToAllee BpeMs LUMPOKoe NpumMmeHeHume. C ero nomoLLbio MOXKHO paccMaTpmBaTb
MUKpOLWANMPbI HE TONbKO B CBET/IOM NOJIE, HO M B NONIAPU30BAHHOM CBETE, @ TaKKe
npousBoanTb  GoTorpaPupoBaHMe  MUKPOCTPYKTypbl. OH  paeT  npu
HenocpeacTBEHHOM (BuM3yasnbHOM) HabawageHun ysenundeHue Ao 950 pas npwu

doTorpaduposaHum go 1416 pas.

MI/IKpOCKOH COCTOUT H3 TpEX

OCHOBHBIX YaCTEH:
a) HIDKHETo Kopiiyca 1 u ocHoBaHUS 2;

0) coOCTBEHHO  MHKpOCKoma 3  C
WITIOMUHATOPHBIM TyOyCOM 4, BH3yaJlbHBIM
TyOycoM ¥  OKYJIpOMS, TPEIAMETHBIM
CTOJIMKOM 6, MEXaHU3MOM Tpy0oil HaBOJKHU

Ha POKyC 7 M MUKPOMETPUYECKUM BUHTOM &;

B)  OCBETUTENBHOTO  ycTpoiictBa 9,

3aKpEIUICHHOTr0 Ha KpoHIITeiHe /0.

B Tabanue 1 npuBeneHbl yBeIMHEHMA MUKPOCKOMNa Npu HeNocpeacTBEHHOM
HabnoaeHnn Npu poTorpadmnpoBaHUmM, a TakKe onTUYecKne AaHHble 06 beKTUBOB

N OKYNAPOB.
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Nccnepgyemblin wWnng nomewaetca Ha NpPeaMETHbIM CTOIMK6NONMPOBAHHOMN
NPOTPaB/NEHHON MNOBEPXHOCTblO BHM3. [pybyto HaBoaky (PpoKycupoBaHue)
0bbeKTMBA Ha pe3koe u3obpakeHne npegmeTa NPoOU3BOAATNOAHMUMAHUEM WU
onycKaHMem nNpeamMeTHOro CTO/IMKa NOCPeAcTBOM BMHTA 7, Habaogaa npm 3Tom B
OKYNAp 3a YETKOCTbio M3006pakeHMA. 3aKpenus C NOMOLLBbI BMHTA MOJOXKEHUE
npeaMeTHOro CTO/IMKA, TOYHYH0 HAaBOAKY Ha POKYC OCyLLeCTBAAKT NOCPEeACTBOM
BpalEeHNss MUKPOMETPUYECKOro BMHTA 8.MMpeamMeTHbIM CTONIMK Cco  Wandpom
nepeasuraeTca nNpyv nomowm BuHTOBI1. YBeNnYeHME MUKpOCKona noabupatoT
nyTem KombuHauum o6bEeKTUBOB M OKYNAPOB, MEPEMHOXKAs WX COOCTBEHHbIE

yBeNnYeHna Uam nonbaysacb Tabanuenl.

B nocnegHee Bpema OTEeYeCTBEHHOMN NPOMbIWNEHHOCTBIO BbiNyLEH b6onee

COBEPLUEHHbIN BEPTMKANbHbIN MUKpockon MUM —7.

Tabauuya 1
[Ipocteie  OKyJsApbl | OKyJIApBI U1
JIA BU3YAJIBHOI'O oTorpa@upoBaHUs
Cucrema OOBEKTUBBI a Y ¢ pacup
HAOJIFOIEHUS
CoOctBennoe | YwucnoBas 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
HMmmepcuonHas 95 1,25 665 950 - 909 1416
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OnTuyecKaa cxema xoaa iy4en B mmkpockone MNM-6.

oo
+

(=3

=

I-mukpownune; 2- NCToYHUK cBeTa (1amna 20 em npu 8 8); 3- KONNEKTOP; 4- OTKUAHbIE CBETODUNBLTPDI
(3eneHbll, KenTblh, CUHUN, OpaHKEeBbIN); 5- nonapusaTop gna HabaogeHMA B NOAAPU3OBAHHOM CBETE
HEeMEeTaNIINYECKUX BKIOUYEHWU B Wandax; 6- TMH3a UATIOMUHATOPa; 7- NoyMaToBas NiacTMHKa; 8 u 9 —
NunH3bl; 10- npo3payvyHan NNacTuUHKa; 11- oTpaKaTenbHaa Npu3ma;

12-06beKkTtuB; 13-poTooKkynap; 14- 3epkano; 15- maToBoe cTekno ¢oTokamepsbl; 16-okynap; 17-
aHanusatop; 18- anepTypHas anadparma; 19- nonesas anadparma.

Obuee pyKoBOACTBO K 06paLLEHUIO C MUKPOCKONAMM

MMKpOCKON ABNSETCA TOYHbIM NPUBOPOM, TPEOYIOLLMM CaMOro aKKypaTHOro
M OCTOPOXKHOro obpaweHua ¢ Hum. [pexge yYem nNpuUCTyNuTb K paboTte ¢
MWKPOCKOMOM, HYXHO CHayana 03HAaKOMWUTbCA C ero  YCTPOMCTBOM, T.e. C €ero
CXEeMOW, C OTAE/IbHbIMU OCHOBHbIMW YacTAMM, C UX B3aUMHbIM

pacnonoxeHnem " HasHa4yeHnem.
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1. Pabotas Cc MUKPOCKOMOM, HEenb3s A0NycKaTb ObICTPbIX U  pPEe3KUx
ABUXEHUM (pbiBKOB) Npu HaBoaKke 06beKTMBa Ha ¢GOKYC, NMpM YCTAaHOBKE W
nepemeHe onTUKM (06bEKTMBOB M OKynapos). Ecan BpaleHue MaKkpo- u
MWUKPOBUHTOB MOYEeMy-TMB0 3aTpyAHEHO, TO HeNb3A MNPUMEHATb CUny W
CTPEMMUTBLCA BO YTO Obl TO HX CTA/I0 NOBEPHYTb BMHT, TaK KaK 3TO MOXKET NOB/IeYb 3a

coboit cmaTue pe3bbbl, T.e. NOPUYY MUKpPOCKONa.

2. EcnnM KOHCTPYKUMA MMKPOCKONA TaKOBa, 4YTO NpeaMeTHbIA CTONMK
MWKpPOCKOMa HaxoauTca nog o6beKkTMBOM, TO NpW HaBoAKe Ha ¢GOKyc BO
nsberkaHune ygapa GpoHTaNbHOM NMH30M 06BEKTMBA O MOBEPXHOCTb MUKpOoLWAUda
cnepyeT CHavyana npy NOMOLLM MAKPOBUHTA NPUOBAN3UTL OOBEKTMB KAaK MOMKHO
6AnKe K MOBEPXHOCTU MUKpowanda (cMoTps Npu 3TOM Ha 0b6bekTUBKU WKd), a
3aTeM MeA/NIeHHbIM NOoAHMMaHMEM OObeKTMBA BBEPX C MOMOLLBID TOFO Ke
MaKpOBWHTA MPOM3BECTU HaBOAKY Ha ¢oKyc. Mpu HebpexHoOm obpalweHun c
MWKPOCKONOM yaap O PppPOHTaNbHYO NINH3Y 06BbEKTMBA MPU HaBOAKe Ha GOKYC
BO3MOMKEH TaKKe (NpaBAaa, C MEHbLLEM CUNO0I) N B TOM C/ly4ae, ecau npegMeTHbIn

CTONTMK MUKPOCKONa HaxoauTcAa HaL 0b6beKTnBOM.

3. Henb3s Ha npeameTHbIA CTONMK MUKPOCKOMA CTaBUTb WANG, He
NPOCYLUEHHbIN Nocae TPaBAEHUA, TaK KaK TPaBALMI PeaKTMB (pacTBOpP KUCNOTbI U
T. M.), CTeKan co wnanda Ha 06BEKTUB, MOXKET NONOPTUTb PPOHTA/IbHYIO INH3Y U

onpaBy 0OBEKTUB, a TaK¥Ke NPeAMETHbIA CTOIMK MUKPOCKOMa.

4. TINOCKOCTb paccmaTpuMBaemoro wanda p[ONKHA ObiTb YCTaHOB/EHA
nepneHAMKYNAPHO OCM MMKPOCKONA, WHaye W306parkeHue wucciesyemon

CTPYKTYpbl He 6yaeT paBHOMEPHO YETKUM, @ ByAeT NCKAXKEHHDbIM.

5. Hn B Koem cniydae Henb3Aa BOAUTb WAMPOM MO CTOJIMKY M TporaTb ero

NOBEPXHOCTb NaJibLaMMu.

6. be3s pykoBoaAUTENA HENDB3A TPOratb OTBETCTBEHHbLIE YAaCTU MUKPOCKOMNa,

Kpome MaKpo- U MNKPOMETPUNYECKUX BUHTOB N BUHTOB NPeaMETHOIO CTOJ/INKa, TaK
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KaK MWKPOCKOMN OTPEryMpoBaH WM CMELLEHWE YacTel NPUBOANUT K TPYAHO

BbINONHAEMOM paboTe No HOBOW peryampoBKe.

7 NMopAapaok BbiNnoNHEHUA PaboTbl

7.1. U3yunTb yCTPOMCTBO M paboTy MUKpOCKoNa.
7.2.MpUrotoBUTb MUKpPOLWAND.

7.3.UccnepoBatb MUKpOLWANG C NOMOLLbIO MeTanorpaPpmuyeckoro MMKpPOCKona

8 Bonpocbl N8 camonpoBepKU

8.1. Kakme meTtoapl U cnocbbl UCCeaoBaHMUA CTPYKTYP MeTanl0B U CNAaBoB

NPUMEHAIOT Ha NPaKTUKe?
8.2. Yto TaKoe « MUKpownmd»? B yem CcyLHOCTb ero U3roToBneHmna?
8.3. Kakure peaKTnsbl NPMMEHALIOT ANA TPaBAeHUA MUKpownmda ?

8.4. Kakue npubopbl NPUMEHAIOT ANA MUKPOCKONMYECKOro aHanusa? Kakue

MWKPOCKONMbI HAa3bIBAlOT MeTannorpapuyeckumm?

8.5 B yem npuHuUMn paboTbl meTannorpapuyeckoro MMKpockona?
9 Copep:KaHue oTtyeTa

OTyeT AONXKEH coaepKaTb:

-KpaTKoe onmcaHue yCTPoCcTBa MMKPOCKONa;

-ONTUYECKYIO CXeMY XOZa Iy4elt B MUKPOCKONE;

- KpaTKOe OnuncaHMe obpaLLeHNA C MUKPOCKOMOM;

-3CKN3 MMKpOLLIﬂM(I)a N KpaTKOe OonmncaHmne ero UsarotosaeHmA,

-nocnen0BaTeIbHOCTb NPOBEAEHMA UCCeA0BaHNA MUKPOCTPYKTYpbI;
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JlabopaTtopHas padora Ne2

«UAcnbiTaHUEe HA TBEPAOCTH 110 bpuHeLTI0»



Conep:xkanmue :
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1 Tema pa6oTbi
UcnwiTanue Ha TBepaOCTh 10 bpuHenio.
2 Ieas padoThI
OO6yuenue :
- U3yYEHUE CXEMbI UCIIBITAHUS METAJIOB (CIUIaBOB) HA TBEPJAOCTh N0 bpuHemo ;
- U3y4YEHUE YCTPOUCTBA aBTOMAaTUUECKOTO PHIUAXKHOTO MPECCa;

-03HAaKOMJIEHUE C METOAUKOW OMPEAEIICHUS TBEPIOCTH METAIIIOB (CIJIaBOB) 10O
bpunenmro.

BocmmrarennHas :

- BOCIIUTAHUE Y CTYJICHTOB 3HAYUMOCTHU MTPOECCUOHATIBHBIX TPAKTUUECKUX
HaBBIKOB ;

- BOCTIMTAHME MOJIOKUTEIBHOTO K MPOIECCY MPUOOPETEHUS 3HAHUH ;
- BOCIIUTAHHUE JTUCUUIIIIMHUPOBAHHOCTH .
PazButne :
- yMeHHue yueOHOTro Tpyaa
3 3apanmue
3.1 M3yunTh cXeMy UCHBITAHUS METAJIJIOB (CIUIAaBOB) HA TBEPAOCTh IO bpuHemto.
3.2 . I3y4uTh yCTPOMCTBO aBTOMAaTHYECKOTO PHIYAKHOIO Ipecca.

3.3 3yuuTh METOAUKY ONpPEAEIICHHS TBEPAOCTH METAIIIOB (CILJIABOB) MO
bpunenno.

3.4 CocTaBUTH OTYET.

4 IIpoao/KUTEJBbHOCTH PA0OTHI
[TponomkuTenbHOCTD — 2 Yaca

5 MarepuajabHoe obecrieyeHmne
5.1 ABromaTnyeckuil pelyaxxHbiil npecc tuna bpunenns TIL-2
5.2 OOGpa31sl 115 UCTIBITAHUS .

5.3 Jlyna nng uamepeHus q1uamerpa OTIeuarka .

5.4 HanunbHuk ,nu(oBaIbHBIN CTaHOK , IUTM(oBaibHAs Oymara.

6 Kparkue Teopernyeckue cBeeHUs

6.1 CxeMa ucnpITAHUS M BeJIMYMHA TBepaocTH o 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 ,

odo3nauaemoe HB=_ Mpa, kr/ mm? /
F

I'ne P —narpy3ska, H;

F — miomans oTnevarka , Mm>
Ilnomans F mapoBoro cermenta
F=IID:-h,
I'ne D — nuaMeTp BAABJIMBAEMOr0 IAPUKA , MM ;
h — rinyOuHa oTneyarka ,MM .

Tak kak riayouny orneyarka h usMmepurTs TPyaHO ,a ropa3ao npoiie
U3MepPUTh AuaMeTp otnedarka d , To ueaecoodpasno h BbIpa3uTh
yepe3 guamerp mwapuka D u ornevarka d :

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

Torra F=TID - (D - V (D*—d?) /2 , a uncno TBepaocTH N0 BpunewtI0
Gyaer xapaktepu3uposathes gopmysoii HB= 2P/IID(D- V(D*—d?) .



6.2 Be16op nquamMerpa mapuka U Harpyska .

[Tapuku paznuunoro guamerpa (D= 10;5 u 2.5 MM) npuMeHSIIOT B
3aBUCUMOCTH OT TOJIIIIMHBI UCTIBITYeMOro Matepuaina ( 5, ¢. 50)

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

I'ne P -mnarpyska, H ;
D - nuameTp mapuka , MM ;
K- nocrositHHas ajist JaHHOrO Marepuana BeIudrHa ,paBHast 300;100

Hamnpumep npu TomnmuHe ucnbiTyemMoro oopasia 10 MM U3 4epHOTO
metaiuia K=100 , nuamerp mapuka D= 10 MM ,Harpy3ka

P=100 -D*=100-10*= 10 000 H.
6.3 IIpubop 11 ucnbITaHUs HA TBEPAOCTh 0 bpunesnto

HauGonee pacnpocTpaHeHHBIM PUOOPOM JJIsI UCTIBITAHUSI HA TBEPAOCTh

no bpuHento sBIseTCS aBTOMAaTUYECKUI PhIYAXKHBIN MTPecC (PUCYHOK 2).

B 3aBHCHMOCTH OT TPY30B , YCTAaHOBJICHHBIX Ha TIOJIBECKE ,CO3/1aCTCS
pasznuuHas Harpyska ( 5, ¢. 50) .

I[IKTY.MB 0OI104.002JIP
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Pucynok 2 - CxeMa aBTOMaTU4€CKOr0 PhIYaXHOTO Mpecca JJIs
OIPEICJICHUS] TBEPAOCTH :
l-crannHa ; 2-3KCIEHTPUK ; 3-BUHT ; 4-CTOJNIMK ; S-HCIBITyeMbId oOpaser ; 6-

HAaKOHEYHMK C IIAPUKOM ; 7-IINHUHAEHb ; 8-npyxkuHa ;9-maryH ; 10-pear ; 11-
noaBecka ; 12-rpy3sl ; 13-anexktpoasBuratens ; 14- ykazarenb (KOHTPOJIbHAs

JaMIiouka) ; 15-pykosrtka .

I[IKTY.MB OI104.002JIP
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6.3 IloaroroBka npecca U NPOBEICHUE UCTIBITAHUI

6.3.1 YcranoBuTh Ha o/iBecKy 14 rpy3sl 15 , cOOTBETCTBYIOIIME BEIOPAHHOM /1S
VCIIBITAHUW HATPY3KE .

6.3.2 HakoHEUHUK C IapUKaMu BCTABUTH B IIMUH/EIb 2 U YKPETUTH .

6.3.3 Ha cromuk 4 mocTaBuTh UCTIBITYeMbIH oOpaserr 5. OOpaser T0KeH MII0THO
JeXaTh Ha cTojiuke . LleHTp oTmeyaTka M0DKEeH HaXOAUThCs OT Kpas oOpasia Ha
PAcCTOSIHUM HE MEHEE TMaMeTpa IIapuKa .

6.3.4 Bpamiaem MaxoBHK MOAbEMA IIMUHIEIS 7 TI0 Y4aCOBOM CTpEJKE MOJHUMEM
CTOJIMK 4 M TIprKuMaeM o0pasell 5 K MmapuKy 3 ,IIpoIoKaeM BpalllaTh MaXOBHK

710 y1opa .
6.3.5 HaxxumMaem KHOIIKM ITyCKa BKJIKOYAEM JJIEKTPOJABUATATEND .

6.3.6 Korzxa pbrdar € rpy3aMu J0CTUTACT HCXOJHOTO ITOJIOKCHUSA , OITYCTHUTD
CTOJIMK 4 U CHSATH C HETO O6p&3€H 5S¢ IMOJIYYCHHBIM OTIICHATKOM .

6.4 MeToauka u3MepEHUs OTHEYaTKa U ONPEAEIEHNE TBEPAOCTH 10 bprHemtto

N3mepenns oTreyaTka OCYIIECTBIISICTCS C MTOMOIIBIO JIVITBI , HA OKYJISIP KOTOPOH
HaHECEHa U3MEepUTEIIbHAS 1IKajia ¢ ToUHOCThIO 10 0.05 MM (5,¢.52...53).

Bennuuna tBepnoctu no bpunemtro HB onpenensiercs Ha npaktuke ¢
ucnoJib3oBanueM Tabdauusl (5,¢.172) . Tak , HanpuMmep , IpU AUAMETPE OTIEeYaTKa
d=4.00 mm ,Harpy3ke P= 300 2 ;rme D — nuamerp mapuka ,MM, TBEpJOCTh
HB=2290 H.

7 IlopsiioK BBINOJIHEHUSI padoThI

7.1 VI3yunTh cXe€My UCHBITaHUS METAJIJIOB (CIUIAaBOB) Ha TBEPAOCTh O bpuHeto
,pacyeTHbie (HOPMYJIBI .

7.2 O3HaKOMUTCS C MPUOOPOM JIJIsi UCTIBITAHUS HA TBEPJOCTh 10 bpuHemio .
7.3 mpOM3BECTH MOJATOTOBKY 00pasia .

7.4 Tlpou3BecTy NOATOTOBKY MPpUOOpa /Il UCIIBITAHUS HA TBEPJOCTh K paboTe .
7.5 TlpoBecTH UCIIBITAaHUS , OIIPEIETUTH TBEPAOCTH 00paslia .

7.6 IlomydeHHBIE JaHHBIEC 3aHECTU B IIPOTOKOJI UCTIBITAHUM .

IIKTY.MB OI104.002JIP
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Ne | Marepunan; | VYcaoBus JnameTp orneyarka ,MM Teepnocte HB

HUCHOBITAHUS
Tomnmuaa
(nnametp OTIEYaTOK OTIEYaTOK cpenHee
obpasma,Mm
LIapuKa
,MM) 1-i 2-i 3-i 1-i1 2-i 3-i
1 2 3 4 5 6 7 8 9 10

8 Bompocsl As1 caMmonIpoBepKHU
8.1 Uro Takoe TBepOCTh ?
8.2 Kakumu ciocoOHOCTAMH ONpeneNnsieTcss TBEPAOCTD ?
8.3 Kak mpoBoAUTCS UCIIBITAHUE HA TBEPOCTH N0 bpuHento?

8.4 Ot 4ero 3aBUCHUT JUAMETP IAPUKA U BEJIMYMHA HATPY3KHU ITPU UCIIBITAHUN
MeTosioM bpunes ?

PexoMenayemasi iureparypa

1 Anackun A.M ,3yeB B.M. MarepuanoBeeHne U TEXHOJIOTHSI MATEPUATIOB .-
M.:NJ1 « POPYM-UH®PA-M»,2015.

2 OBumHHUKOB B.B. MetamnoBeaenbe —M.: ]I « DOPYM — UHD®PA-M» , 2015.

3 Jlaxtun FO.M , JleontseBa B.I1. MartepuanoBeaense. — M.: MamumHocTpoeHue,
1990.

4 KysbmuH B.A. u.ap. TexHOIOrUsS METAIUIOB U KOHCTPYKIIMOHHBIE MaTEpPUAIIbI —
M.: MammnHoctpoenue ,1981.

5 Camoxouxkuii A.N ,Kynsasckuit M.H. Jlaboparopusie paOoThI 110

METAJNIOBEJIEHBIO U TEPMUYECKHE 00paOOTKH MeTaIoB .-M.:MalmHocTpoeHue,
1981.
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«AcnbiTanue Ha TBEPAOCTH O PokBesLy»
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1 Tema padoTsI
HcnpiTanue Ha TBEpIOCTH 10 PokBemty .
2 Ileab padoTsI
OO6yueHue :
- U3y4YEHHUE CXEMbI UCIIBITAHUSI METAJIOB (CIJIaBOB) HA TBEPAOCTh N0 PokBemy ;
- 03HaKOMJIEHHE C yCcTpoiicTBOM mpudopa tumna Poksemnna TK-2

-03HaKOMJIEHHE C METOAUKOM OIpeesieHNs TBEPAOCTH METAIOB (CIIaBOB) 11O
Poxgemny .

BocnurareasHad ;

- BOCIIUTAHUE Y CTYJICHTOB 3HAYUMOCTH MPO(HECCUOHATHHBIX TPAKTUICCKUX
HaBBIKOB ;

- BOCTIMTAHHE MTOJIOKHUTEIHHOTO K MPOIIECCY MPUOOPETEHUS 3HAHUH ;
- BOCIIUTAHUE TUCLUIUIMHUPOBAHHOCTH .
PazBurue :
- yMeHHue yueOHOTO Tpyaa
3 3aganue
3.1 M3yuuTh cxeMy HUCIBITAaHUSI METAJIJIOB (CIUIAaBOB) HA TBEPAOCTH IO PokBewty.
3.2 O3HakoMuThCA ¢ ycTpoiicTBoM npudopa TK-2.

3.3 3yuuTh METOANKY ONpeIeSICHUs] TBEPAOCTH METAIIIOB (CILJIABOB) O
Poxsemny.

3.4 CocTaBUTH OTYET.
4 TIpoao/IKUTEJBbHOCTH PA0OTHI
IIpogomxuTensHOCTh — 2 Yaca
5 MarepuajibHOe o0ecrnieyeHue
5.1 ABromaTuueckuil peluyaxHbiil npecc Tuna bpunenns TII-2
5.2 OGpa31sl 17151 UCTIBITAHUS .
5.3 Jlyna niig u3mepenus 1uamerpa OTIeuarka .

5.4 HanunbHuk ,nunoBaJIbHBINA CTAHOK , HUTH(OBaIbHAS Oymara.

JIuct
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6 Kpartkme Teopernuyeckue CBeJeHUA

TBepAOCTHIO HA3BIBAETCS CBOMCTBO MOBEPXHOCTHOIO CIIOSI MaTepuasa
CONMPOTUBIATHCA AHOPMUPOBAHUIO WIIA PA3pPYILICHUIO IPU MECTHOM
KOHTaKTHOM BO3JIEHCTBHH CO CTOPOHBI O0Jiee TBEPAOTro, HE
MOJIYYAIOIIero OCTaTOYHOM Aedopmaluu Tena (MHASHTOopa)
ornpeeneHHon (GopMbl U pa3MepOB.

JInst MHOTHX CIUIAaBOB YCTaHOBJICHA YETKAs 3aBUCUMOCTb MEXKY
TBEPAOCTHIO, MEXaHUYECKUMU ,3KCILTYaTAIIMIOHHBIMU 1
TEXHOJIOTMYECKUMHU XapakTepuctukamu . [loatomy uzmepenue
TBEPJIOCTH SIBJISICTCS HanOosIee pacIpOCTPaHEHHBIM METOIOM
MEXaHUYECKUX ucnbITaHul . K ocTaabHBIM METOJIaM UCIIBITAHUIN Ha
TBEPAOCTh OTHOCSTCS TPU CTAHIAPTHBIX MeToAa : bpuners , Poksenia
u Bukkepca.

6.1 CymHocTb ,cXxemMa UCIBITaHUs ,pacyeTHbIe (DOPMYJIbI ,0IIpeaeTICHrE
TBEpAOCTH 110 PokBeiuty .

HcnbiTanue Ha TBEpAOCTH IO POKBEITY TPOU3BOIAT BAABIMBAHUEM B
UCIIBITYEMBIN 00pa3ell atMa3Horo Konyca ¢ yriioM 120° npu BepinHe win
CTaJIbHOTO 3aKAJICHHOT 0 mapuka quaMmerpoM 1,588 mm . [llapuk 1 koHyC
BIaBJIMBAIOT B UCIIBITYEMbII 00pasell 1o JeiCTBUEM JIBYX MOCIIEI0BATEIbHO
IpUJIaraeMbIX Harpy3oK — npeaapurenbHoil PO u ocHoBHO# P1 . O6mmias
Harpy3ka OyJeT paBHa cymMmMe nipenBaputenbHoil PO Harpy3ok 1 0CHOBHOM

P1;P=P0+PI (pucynok 1)

e B 2, P d,Pp

[I'

Z,

PucyHok 1- cxema ucnpITaHui Ha TBEPIOCTh BIaBJIMBAHUEM AJIMA3HOI'O KOHYCA

(na npubope Poksenna)
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NpepBapuTenbHada Harpyska BO Bcex cay4vaax pasHa 100 H, ocHoBHaA

n obwasn P Harpy3ku npu BAaBANMBAHUM CTaZIbHOIO WapKUKa (WKana B) coctasnstoT
=900H, P=100+900=1000H, a npu BAaBAMBaHUK aiMa3HOro KoHyca (wkana C)
=1400H, P= 100+1400=1500H, npu BAaBINBaHNM a/IMA3HOro KOHyca (WwKana A)
=500H, P=100+500=600H.

Ynucno tBepaocTM no PokBenny BenMuMHa OTB/IEYEHHAs M BblpaykaeTca B
YCNIOBHbIX eANHULAX.

3a eavHULY TBEpAOCTU MPUHATA BEIMYMHA, COOTBETCTBYIOLLAA OCEBOMY
nepemeLLeHnIo HaKoHeYHUKa Ha 0,002mm.

Yncno TtBepgoctm no Pokesenny HR onpepgensetcAa no ¢opmynam npu
namepeHun no wrane B HRB=130-e, npu namepeHun no wrkane C u A HRC=100-¢,
HRA-e.

BennunHa e onpeaenaetca no cneaytouen popmyne:
h—hg
e ™ _2;
roe h- rnybMHa HaKOHEYHMKA B UCMbITYEMbIM MaTepuan noa AeACTBMEM HArpy3Ku
P, U3mepeHHas nocae CHATUA OCHOBHOW Harpy3ku P, c octaBneHnem
npeaBapuTenbHOM Harpy3Kku P, - rybuHa BHeAPEHUA HAaKOHEYHMKA B

MCNbITYEMbIN MaTepuan noa AecTBUeM NpeaBapuUTeNIbHOM Harpy3Ku .

B 3aBMCMMOCTM OT TOro, MPUMEHSAIOT WAPUK UAM aZIMA3HbIA KOHYC, U OT
HarpysKku, NPy KOTOPOM NPOBOAAT UX UCMNbITaHMe(T.e. NO Kakol wkKane: B, C nan
A), uncno TBepaoctn obosHavatotT HRB, HRC, HRA.

BennuunHa TBEPOOCTN UYUTAETCA NO LWKane rlpm6opa, npun uUCnbiTaHU
a/iIMa3HbIM KOHYCOM — O qepHon WKane, npun NcnblTaHM WapmnKom — Mo KpaCHOﬁ.

6.2 Bbibop Harpysku u HAKOHEeYHUKa

Harpysky M HaKOHEYHMK BbIOMPAOT B 3aBUCMMOCTM OT TBEPAOCTU
ncnoityemoro obpasua (5, c¢.59). Hanpumep, npu namepeHun tBepaoctM HRC,
Harpy3ka 1500H, npegenbl nameperHun 20...67 egmnHuul. Ha npakTMKe cTasibHble
3aKa/JieHHble 06pa3ubl MUCMNbITLIBAIOT a/IMa3HbIM KOHYCOM, Cepble — CTa/ibHbIM

3adKa/lIEHHbIM WapPUKOM.

Jlucm
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6.3 NMoarortosKka npubopa TMna PoKksenna, nposeaeHue UCNbITaHUA U
onpeaeneHue TBepAoCTU

6.3.1 YcTtaHOBUTb HeOBX0AMMYIO Harpy3ky (cxema npubopa 5, €.56).
6.3.2 YcTaHOBUTb UCNbITbIBaeMbi 0bpa3zeuy, 6 Ha cton 7 npubopa.

6.3.3 BpaweHnem maxoBMKa 8 N0 YAaCOBOM CTPEJIKE CTON1 OCTOPOXKHO NOAHMMATD,
NpPW 3TOM CTpenKa MHANKATOopa AO0MXKHA CTaTb NPOTUB KPACHOM TOYKM, a bonbluas,
C MorpewHocTblo * 5 geneHun, Ha HyAb WKaAbl MHAWKATOpa, ecan 6osnblias
cTpenka byaeTr oTKNoHeHa 6onble, Yyem + 5 AeNeHUN OTHOCUTENbHO HY/NEBOrO
LUTPMXA LWKaNbl, HEOHXOANMMO BPaLLEHMEM MaxOBUKA 8 MPOTMB YAaCOBOM CTPENKMU
OnNyCTUTb CTOA (CHATb NpPeABapUTENIbHYIO Harpy3Ky) n UCNbITaHME NPOBECTU BHOBb
B Apyrom mecTte ob6pasua.

6.3.4 BpaweHunem 6apabaHa 9 ycTaHOBUTbL HYAb WKanbl C (4epHoro uBeTa) NpoTmB
KOHUA 60NbLION CTPENKN MHAMKATOPA.

6.3.5 MnaBHbIM HaxKaTMeM PYKW Ha Knasuwy 10 BKAOYUTb NPUMBOAL MEXAHU3Ma
Harpy>KeHus.

6.3.6 [Mocne OKOHYAHUA UMK HarpyXeHus npou3BecTM OT4YeT Mo LWKane
MHAWKaTopa. MonyyeHHbIN pe3ynbTaT TBEPAOCTM 3anucatb B rpady 4 npoTtokona
NCNbITaHMA.

6.3.7 BpalieHMe MaxoBMKa 8 NPOTMB 4YacOBOM CTPENKU OMYCTUTb CTON (CHATb
npeABapuUTeNbHYIO Harpysky), obpasel, nepeaBuHYyTb M NMOBTOPUTb UCMbITaHWUE B
Apyrom mecTe obpasua. Ha kaxkaom obpasLie A0MKHO ObITb NPOBEAEHO He MeHee
Tpex ucnbiTaHui. PaccTosiHMe LeHTpa oTnevyaTka oT Kpaa obpasua uam oT LUeHTpa
APYroro A0/KHO ObiTb HE MeHee 3 MM. Pe3synbTaTtbl Nnocaeaylowmx UcCnbITaHUN
TBEPAOCTU 3anmcaThb B rpady 5 n 6 NPOTOKONA UCNbITaHUSA, a cpeaHee

—Brpady 7.

6.3.8 Yncna tBepaoctu no PokBenny nepeHecTn B Yncia TBEPAOCTM No bpuHennto

“ 3anucaTtb B rpady 8 NpoTOKONA UCMbITAHMA.

7 MopAaAoK BbINONHEHUA PaboTbl

7.1 V3yunTb CXxemy UCMbITaHMA MeTannoB (cnnaBoB) Ha TBeEPAOCTb No Poksenny,

pacyeTHble Gopmybl.

Jlucm

I[IKTY. MB OI104. 003 JIP

U3m.

Jluem Ne dokym. Modnucs) Jamal




7.2 O3HakomunTbCA ¢ Nnpubopom Tnna Pokeenna TK-2.
7.3 MNpowussectM noaroToBky obpasua.

7.4 NoarotoBuTb Npnbop TMNa PoKkBenna, NpoBecTM UCMbITaHWE, ONPeaennTb
TBEpAOCTb 06pa3ua.

7.5 Tony4yeHHble AaHHble 3aHECTN B MPOTOKON UCMNbITAHUMN.

[MpomoKon ucneimaHus Ha meepodocms

No | Marepuan [kana Tsepmocts HR TsepoocTs mo
/i 5 bpunenmto
obpastia [TepBoe Bropoe Tpetbe cpennee | (mepeson)
U3MEpPEHUE | U3MEPEHUE | U3MEPECHUE
1 2 3 4 5 6 7 8

8 Bonpocbl ana camonpoBepKu

8.1 Y10 Takoe TBEPAOCTb METAN/IOB?
Kakmm cnocobom oHa onpeaensetca?

8.2 Kak npoBogmTcA ncnbiTaHMe Ha TBEpA0CTb No Poksenny?

8.3 B Kakom c/iyyae MCnosib3yeTca a/IMasHbiA KOHYC, @ KOrga CTaibHOM
3aKa/IEHHbIN WAPUK?

8.4 [nAa Kaknx meTannos (CNa1aBoB) NPUMEHAIOT UCMbITAHUA HA TBEPAOCTb MO
PokBenny?

8.5 CpaBHUTb cnocobbl U3mepeHnsa TBePA0CTM No bpuHennto n Poksenny.

9 CopeprKaHue oTyeTa
OT4yeT fo/MKEH coaepKaTb:
- KpaTKOE OMNMCaHMe CYLLHOCTU, CXEMbI UCMbITAHWA, pacyeTHblie GopMybl;
- NPOTOKO/1 UCMbITAaHUA HA TBEPAOCTb;

- BbIBOAbI.

Jlucm
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OpuunHukoB B.B. Metamnosenenue.-M.: 1]l « DOPYM» MHDPA-M,2015.
Camoxoukuit  A.M., Kynseckuit M.H. JlaGoparopHsie paboTel 10
METAJJIOBECHHUIO u TEPMUYECKOI o0paboTke MeTaJI0B.-M.:
Mammunoctpoenue, 1981.
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1 Tema padoTbI
HccenenoBanne nuarpaMMbl COCTOSTHUSA KEI€30-LIEMEHTUT
2 Ieab padoTsI
OOyueHwus:
- U3y4YEHHUE AUATPAMMBI COCTOSHUS JKEJIE30-1IEMEHTHT;

- YCTaHOBJICHUE CBA3U MEKY CTPYKTYpPAMH AUATPAMMBI COCTOSIHUS <GKEIIE30-
LEMEHTHUT

Bocnuranus :

- BOCIIUTAHUC Y CTYACHTOB 3HAYNMOCTHU HpO(i)CCCI/IOHaJIBHBIX MMPAKTHYCCKUX
HAaBBIKOB |

- YyBCTBO OTBETCTBEHHOCTH 32 KQUE€CTBO BBIMIOJIHAEMON PabOTHI .
PasButus :

- yMeHus paboTaTh B KOJUIEKTHBE UCTIOTHUTECH.

3 3ananue
3.1 U3yuuth nuarpammy COCTOSIHUS KEJI€30-1IEMEHTHUT.
3.2 3apucoBaTh quarpaMmy COCTOSIHUS KEJIE€30-LIEMEHTHUT.

3.3 YCTaHOBUTH CBSI3b MEXY CTPYKTYpaMH U IUArpaMMOi COCTOSTHUS KEJe30-
[IEMEHTHUT.

3.4 JlaTh onucaHue quarpaMMBbl COCTOSIHUS JKENIe30-IIEMEHTHT.
3.4 OpopmMUTH OTUET.
IIpoaokuTEIbHOCTH PadOTHI
[TpogomxutenbHOCTH pabOTHI — 2 yaca .
MarepuaJjibHOe o0ecrieueHue
5.1 Imarpamma cOCTOSIHUS KEII€30-yTIIEPO/I.

5.2 MeToanyeckue yka3zaHusl.
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6 KpaTkme TeopeTnuyecKue CBeleHUA

Huarpamma cocrosiausi Fe-Fe ; C (B ympomieHHOM BHIE) M300pakeHa Ha
puc.1...2 na nuarpamme touka A (1539 °C) cooTBeTCTBYET TEMIIEPATYPEILIABICHUS
(3aTBepaeBanms) xkeneza. Touka D (~1600 °C) coorercTByeT Temmeparype
iaBieHus (3atBepaeBanus) uementuta. Jlunus ACD — nuHMs JHKBUIYcCa,
MOKAa3bIBAIOIIAs TEMIEPATYphbl KOHIIA 3aTBEpJAEBAHMS (KOHIIA [JIABJICHUS) CTaJeh U
yyryHoB. Jluauss AECF - nuHus conupayca, IOKa3bIBaroIlas TeMIepaTypbl KOHIA
3aTBep/IeBaHMs (Hayasla MIaBIeHUS ).

[To muuuu nukBugyca AC (pu Temmeparype, cCooTBeTCTBYromux TuHuu AC) u3
KUJKOTO CIUIaBa KPUCTAJUIM3YyeTCsd AayCTeHUT, a M0 JuHuUM JukBuayca CD-
LEMEHTHUT, HA3bIBAEMbII IEPBUYHBIM [IEMEHTUTOM.
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AdnarpaMma COCTOSIHUA Xese30 - LeMeHTUT (B yrnpowéHHOM BUae)
A- aycTteHuT, 1 - nepnut, J1 - nepebyput, ® - deppuT, L| - ueMeHTUT

PucyHnok 1- nuarpamma coctosinus xeine3o-ueMeHTHuT (Fe — FesC)
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B touke 1147 °C u conepxanuu 4,3 % C U3 KUIKOTO CIUIaBa OJHOBPEMEHHO
KPUCTAJUIU3YETCSI ayCTEHUT W IIEMEHTHT TEePBHYHBIN, 00pa3ysi JBTEKTHKY,
Ha3bIBaeMyto zedeoypumom. I1o nuaum conunyca AE, cruiaBel ¢ cofep:KaHueM A0
2,14 %C okoHUYATENbHO 3aTBEPAEBAIOT C OOpa3oBaHueM aycTeHuTa. [lo nuHUM
comuayca EC (1147 °C) cmnasel ¢ comepkanuem 2,14-4,3 % C OKOHYATEIHHO
3aTBEP/IEBAIOT C OOpa3oBaHUEM OBTEKTHUKU Jienedypurta. Tak kak mnpu Oosee
BBICOKHX TEMITepaTypax U3 *KHUJIKOTO CIIaBa BBIJEISIETCS ayCTEHUT,CIIeI0BATEILHO,
TaKWe CIJIaBbI MMOCJE 3aTBEPACBAHUS UMEIOT CTPYKTYpY aycTeHuTHiaeaeOypurt. [o
munnu comunyca CF (1147 °C) crinase ¢ conepxannem 4,3-6,67 % C OKOHYATENBHO
3aTBEPACBAIOT TAKKe ¢ 00pa3oBaHUEM 3BTEKTHKU JieneOyputa. Tak kak mpu Oosee
BBICOKHMX TEeMIIEpaTypax W3 KUIKOTO CIUIABABBIIEISACTCS EMEHTUT (MIEPBUYHBIN),
CJIeIOBaTeIbHO, TaKHWe CIUIaBbl IIOCJE 3aTBEPJEBAHUS HUMEIOT CTPYKTYpYy —
NEPBUYHBIA IEMEHTHUT + JIe1eOyPUT.

B pesynbrare nepBUYHON KpUCTAUIM3AIMU BO BCEX CIUIaBaX C COJEPKAHHEM 0
2,14 % C obpasyerca oxHodazHas cTpykTypa — aycreHuT. CIIaBbI Kene3a ¢
YIJIEpOAOM, B KOTOPBIX B PE3YJIbTaTe NEPBUYHON KPUCTAIUIU3ALUHA B PABHOBECHBIX
YCIOBUSIX  TOJIy4aeTCs ayCTEHUTHAs CTPYKTypa, Ha3blBaeMasi  CTaJISIMHU.
CiienoBaTenbHO CTallb — 3TO JKEJIE30yTJIEPOIUCTHIE CILUIABHI C COAEpKaHueM 1o 2,14
% C. CmnaBel c coxepxanuem Oonee 2,14 % C, B KOTOpbIX MpHU
KpUCTaIn3auu obpasyercs neAeOypuT, Ha3biBaloT uyyryHamu. ClenoBaTeinbHO,
YYTyH — 3TO KeJIE30yTJIEPOAUCThIE CIUIABHI ¢ cojiepkanuem 6oee 2,14 % C.M310m
TaKMX YYTYHOB CBETJIbIN, OnecTsuil (Oenblii M3JI0M), MOATOMY TaKHE YYTYHBI
HA3bIBAIOT OEJIBIMHU.
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Pucynok 2 — HuxHsis JieBast 4aCT AMarpaMMbl COCTOSIHUS JK€J1€30-1IEMEHTHT.

B kenme30yriepoaucThIX CIUIaBaxX IPBpPAlICHUST B TBEPAOM COCTOSIHUU
xapakrepusytoT JmHuM GSE, PSK, PQ. Jlunua GS mnokas3siBaeT Hayaio
npeBpaiieHue aycteHuT B deppuT (mpu oxjaxiaeHuu). KpuTuueckue TOYKH,
nexaiue Ha uHun GS, 0003HavaroT As, (pu HarpeBe Acs, IpHU OXJIAKICHUU Ar3)
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JIunua SE mnoka3piBaeT, 4YTO € MOHWXEHUEM TEMIIEpAaTyphl PacTBOPUMOCTH
yriuepoja B aycreHuTe ymenbmaercs. Tak, mpu 1147 °C B aycrenure MOXKeT
pactBoputhes 2,14 % C, a mpu 727 °C — 0,8 % C. C NOHMKEHUEM TEMIIEPATYPEI
U3 ayCTEHUTA BBIACISCTCS N30BITOYHBIN YIJIEPOI B BUJIE IIEMEHTUTA, HA3bIBAEMOTO

BTOpUYHBIM. KpuTnueckue Touku , nexamue Ha auHuud SE, oOo3nauatror Acr B
uyryHax ¢ cogepxanuem 2,14 — 4,3 % C npu 1147 °C, kpome nenebypura , eCTh
ayCTEHHUT, W3 KOTOPOrO TMpPU IMOHWKEHUU TEMIEPATyphl TOXKE BBIACISIETCS
BTOPUYHBII [IEMEHTHUT.

Jlurus PSK (727 °C) — nuaus 5BTEKTOMIHOTO MpeBparienus. Ha 31oit auauu Bo
BCEX JKEJIE30YyIJIEPOAUCTBIX CIIaBaX ayCTEHUT pacnagaercsi, 00pasys CTPYKTypYy,
NpEACTaBISIONIass CcoO0M MEXaHHYeCKyl0 cMech ¢eppuTta M LEMEHTUTa U
HasbiBaetTcs nepaumom (~ HB 200). Kputnueckue Touku, nexariue Ha auauu PSK,
ob6o3Hauaetcs A (mpu HarpeBe Aci, a IPU OXJIAXKIECHUU Ari).

Jlunuss PQ mnoxaspiBaeT, 4TO C MOHWKEHUEM TeMIlepaTypbl PacTBOPUMOCTH
yraepoga B ¢eppure ymenbmaercs or 0,002 % npu 727 °C mo 0,006 % npu
KOMHAaTHO# Temneparype. Ilpu oxnaxnenun ke 727 °C us deppura Boigensercs
M30BITOYHBIN YIJIEPO/ B BUJIE LIEMEHTUTA, HA3bIBAEMOT'O TPETUYHBIM.

Huxe 727 °C sxene30yriepoaucThie CIUIaBbl MIMEIOT OIPENEIECHHBIE CTPYKTYPBI.

Cramu, copepxamue wmenee 0,8 % C — ¢deppur + nepaur, Ha3bIBAIOT
JIO3BTEKTOUJIHBIMU CTAJISIMHU.

Cranu ¢ conepxanueMm 0,8 % C — nepauT, Ha3bIBAIOT SBTEKTOMHBIMU CTaJISIMH.

Cranmu ¢ conepxxkanueMm 0,8 — 2,14 % C — nepauT + UEMEHTUT (BTOPUYHBIN),
Ha3bIBAIOT 3a3BTEKTOUJIHBIMU CTAJISIMHU.

Pucynok 3 — MukpocTpykTypa cTanu:

a— O09BTEKTOMAHAs cTanb (peppuT + mepaut); O — IBTEKTOUTHAS CTalb
(mtacTUHYATBI TEPJINT); B — OHBTEKTOUIHAS CTallb (3€PHUCTHIN
NEPJIUT; T —3a3BTEKTOUIHAA CTalb (HEPJIUT + UEMEHTUT NEPBUYHBIN).

benbie uyryHel ¢ coaepxkanuem 2,14 % C — 4,3 % C — nepaut + UEMEHTUT
(BTOpUYHBIIA) + JIeeOypUT, HA3bIBAIOT IOIBTEKTUYECKUMH YyTyHAMU (BTOPUYHBIN
HEMEHTHUT CTPYKTYPHO HE OOHApYKUBAETCA , TAK KaK 00bEIMHACTCS C IEMEHTUTOM
nenedypura).
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benwbiit uwyryn c comepxkanmem 4,3 % C — neaeOypuT, Ha3bIBAIOT
HBTEKTUYECKUM.

benbie uyrynsl ¢ comepxanueM 4,3 — 6,67 % C — ueMeHTUT (NEpPBUYHBIN) +
+1e1e0ypuT, Ha3bIBAIOT 3a9BTEKTUUYECKUMHU UYTYHAMH.

Pucynox 4 — MUKpOCTPYKTYpPBI OCIIBIX UyTYHOB:

a)/I09BTEKTUYECKOTO UyTyHa; 0)3BTEKTUYECKOT0 YYTyHa; B)3a3BTEKTHUYECKOTO
YyTyHa.

7 IlopsiiOK BBHINOJIHEHUS PadoThI

7.1 N3y4ynTh OCHOBHBIE TEOPETUYECKUE MOJIOKEHUSI O JUarpamMe COCTOSHUS
KEJIe30 — IEMEHTUT U MUKPOCTPYKTYpPax YIJIEPOAUCTHIX CTaieil U OeNbIX YyTyYHOB.

7.2 3apucoBaTh JUarpaMMy COCTOSIHHS KeJI€30 — [IEMECHTHUT.
7.3 BBINOJTHUTH ONMCAHUE AUArPAMMBI COCTOSIHUSA JKEJIE30 — [IEMEHTHUT.

7.4 Jlath onipeneneHus CTPYKTYp 0003HAYEHHBIX HA THAarpamMMe.
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8 Bomnpocsl 1J151 CaMONIPOBEPKH
8.1 Uto Ttakoe dhepput ? KakoBbl ero MmexaHnueckue cpeacTa ?
8.2 Uro Takoe nepauT ? KakoBbl €ro MeXaHM4eCKue CBOMCTBa?
8.3 Uto Takoe nmemMeHTHUT ? KakoBbl €ro MeXaHW4YeCKue cpeicTra ?
8.4 Kak MeHsieTcsl CTpYKTypa CTaJli B 3aBUCUMOCTHU OT COJIEpKaHUs yriaepoja ?

8.5 Uto BXxoauT B cOoCTaB Jieie0yputa Oenbix uyryHoB npu temmeparype 1147 Cu
Py KOMHATHOM TeMIiepaType ?

9. Coneprxanue oT4yeTa

9.1 OTyeT HOKEH COAEPKATh ICKU3 AUATPAMMBI COCTOSIHUS KEE30 — IEMEHTUT U
KpPaTKYyI0 XapaKTePUCTUKY CTPYKTYP COIJIACHO TUarpaMMbl B 3aBUCUMOCTH OT
COJIEpKaHMs yTiepo/ia B CIUIaBax ;

- 3CKU3bI UCCIIEIOBAHHBIX CTPYKTYP U UX CXEMBI
- COCTaB UCCJIEIOBAHHBIX CTPYKTYD ;
- BBIBOJIBI .

Pexomenayemas iureparypa

1 Anpackun A.M ,3yeB B.M. MarepuanoBeeHre U TEXHOJIOTHS MATEPUAIIOB .-
M.:1NJI « POPYM-UH®PA-M»,2015.

2 OBuunHUKOB B.B. Metamnosenense —M.: 1]l « DOPYM — UHOPA-M» , 2015.

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

4 Kyspmun B.A. u.1p. TexHonoruss METaJsIOB M KOHCTPYKIIMOHHBIE MaTEPHAIIbI —
M.: Mammnoctpoenue ,1981.

5 Camoxonkuit A.1 ,Kynsasckuit M.H. JJabopaTopHbie pabOTHI 11O
METANIOBEIEHBIO U TEPMUYECKHE 00paOOTKM MeTaIoB .-M.:MalnHocTpoeHue,
1981.

6 WurepHer — pecypc :

rutor.info>torrent...adaskin...materialovedenie.books.academic.ru>book.nst...
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1 Tema padoTbI
MukpoaHanus crajieid u 0ebIX YyTyHOB

2 Ileab padoTsl
OOGyueHwUs:

- I3YYCHHE MUKPOAHAJIN3a CTAJIA U OCJIbIX YyTYHOB C Pa3IMYHBIM COJICPKaHUEM
yriaepoaa

- YCTaHOBJICHUE CBSI3U MEXK/y CTPYKTYpaMU U TUATPAMMOM COCTOSIHUSA «¥KEJIE€30-
LIEMEHTUT)

Bocrmmrangus :

- BOCIIUTAHHE Y CTYJICHTOB 3HAYUMOCTH TTPO(ECCHOHATILHBIX IIPAKTHUCCKUX
HaBBIKOB ;

- YyBCTBO OTBETCTBEHHOCTH 3a Ka4€CTBO BBITTOJIHICMOU PaOOTHI .
PaszBurtus :

- YM€HHU padoTaTh B KOJUIEKTUBE UCIIOJIHUTEIIEH.

3 3aganue

3.1 U3y4nTh MUKPOCTPYKTYPY YIIIEPOAUCTHIX CTAJIEH U OETBIX YYyT'YHOB C
Pa3JIMYHBIM COAEPKaHUEM yIIIepoaa

3.2 3apucoBaTh UCCIEAOBAHHBIE MUKPOCTPYKTYPBI U CXEMBI MUKPOCTPYKTYP

3.3 YCTaHOBUTH CBSI3b MEXAY CTPYKTYPaMU U JUAarpaMMOM COCTOSTHUS «KEJIE30-
LIEMEHTUT

3.4 ObopMHUTH OTYET.
IIpoponxkuTeIbHOCTH PA0OTHI
[IpoioKUTENEHOCT paboTHI — 2 Yaca .
MarepuajibHOe o0ecneyeHme
5.1 Meramnorpadguieckuii MUKPOCKOIT

5.2 Habop mukponuindoB TEXHUYECKOTO KeJie3a , YIIIEPOJUCTBIX CTallel U OelbIX
YyTyHOB ( C pa3JIUYHBIM COJIEpKaHUEM YTriaepo/a )

5.3 JIlnarpamma COCTOSIHUS JK€JI€30 — [IEMEHTHUT
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6 Kpatkue TeopeTnyecKkue cBeIeHUs

MHUKpPOCTPYKTypa TEXHUUYECKOTO XKENE3a U YIIIEPOAUCTBIX CTAIEH IS
PaBHOBECHBIX YCIIOBUM XapaKTEPU3YETC HUKHEN JIEBOU YaCThIO IMarpaMMBbl
COCTOSIHUSI JK€JI€30—LEMEHTUT (PUCYHOK 1.1)

CmnaBsl ¢ cogepxxkanueM 10 0.02% C Ha3bIBalOTCSA TEXHUYECKUM KEIE30M , OT
0.02 10 0.3 % C — no3BrekrouiHbIMU cTansAMU U 0T 0.8 10 2.14 % C —
sBTeKTOUAHBIMU. CruiaB ¢ conepkanueM 0.8 % C Ha3bIBaeTCs IBTEKTOUIHOM
CTaJIbIO.

ra

lempepuinypa

D985 268 &S - A
Puc.1- HwxHss neBas 4acTh 1uarpaMMbl COCTOSIHUS KEIE€30 — IEMEHTUT

B Genpix uyrynax (puc.2) Bech yriaepoj HaXOAUTCS B CBSI3aHHOM COCTOSIHUH , T.€ B
BUJIE LIEMEHTHUTA . besbli 4yryH B 3aBUCUMOCTHU OT COAEPHKAHUA YIIiIepoaa
pazaensercst Ha qo3BTekTHdeckuit ( oT 2.14 10 4.3 % ) , aprexktuueckuii (4.3 % C)
u 3a3BTeKTHYeCcKui ( oT 4.3 10 6.6 %)
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6.1 PactBopumocTs yraepona B L - xenese nepemennas (cm.jauauto PO nHa puc.1)
C nmoHm»XeHuEeM TeMIlepaTypbl pacTBOPUMOCTh B L-xene3e monmwkaercs Ilpu
7277C B L-xkenese pactBopsercsa 0.02 % C , a npy KOMHATHOM TeMIIepaType
0.006% C . B cBsi3u ¢ 3TUM CIUIaBbI Xkele3a ¢ coqepxkanueM 10 0.006 % C umerot
CTPYKTYPY TOJIBKO TBEPJIOTO pacTBOpa yriepoja B L — xenese , 1.e pepputa , (cM.
puc.3 ) B cinaBax ¢ coaepxkanuem ot 0.006 10 0.02 % C B ¢ mOHW>KEHUEM
PacTBOPUMOCTH yTiiepoJia B L — jkese3e mpu NOHMWKESHUH TEMITepaTyphl U3
dbepputa BoIACISICTCS [IEMEHTUT ,Ha3bIBAEMBIN TPETUYHBIM . TPETUUHBIN IIEMEHTUT
BBIJICIISIETCS 10 TpaHUIaM 3epeH ¢eppuTa ( puc.4)a

Puc.3- Texunueckoe xene3o — heppurt:

a) MUKPOCTPYKTYypa , 0) cxeMa MUKPOCTPYKTYPHI .

Puc.4- Cranb ¢ 0.015 % C — deppur + 11eMeHTUT (TPETUUHBIH ):

a) MUKPOCTPYKTYpa , 0) cxema MUKPOCTPYKTYPBI.
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6.2 MUuKpOCTpyKTypa I03BTEKTOUIHOM U ABTEKTOMIHON CTan. MUKPOCTPYKTYypa
no3BTekTonaHou ctanu (10 0.8 % C )coctout u3 depputa u nepiura,
aBTekTouHoM ctanu (0.8 % C ) — u3 ogHoro nepiauta . MUKpoCcTpyKTypa dhepputa
naHa Ha puc.3. Ha puc.5 nana mukpocTtpykrypa nepaura . [Ipeaut — 31o
ABTEKTOUI-MEXaHUYECKasi CMeCh (heppuTa U IIEMEHTHUTA ,[10JTyYaloascs B
pesynbTare pacnaaa aycrtenurta ¢ 0.8 % C.

Puc.5- OBTexkrounnas crans ¢ 0.8 % C-nepnur:
a) MUKpPOCTPYKTYpa , 0) cxema MUKPOCTPYKTYPBHI .

Ha Mukpoctpykrype nepiaura o0muit GoH — peppuT , BBICTyHAIOUUE TUIACTUHBI —
IIEMEHTUT ,TEMHbIE MECTa — TCHH .

B 103BTEKTOMAHOM CTaIM MOCTIE TPaBJICHUS PEPPUT BHISBIISETCS B BUJIC CBETIIBIX
MoJIeH , a MepPJUT — B BUJIE TOJICH MOJI0cYaTOro CTpoeHus (puc.6 ) .

Puc.6. Jloasrektouanas craib ¢ 0.3% C -peppur + nepaur :

a) MUKPOCTPYKTYpa , 0) cxemMa MUKPOCTPYKTYPHI .
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6.3 Conepxanue yriaepoaa B JO3BTEKTOUTHOW CTAIM IO MUKPOCTPYKTYPE .

[To MUKpPOCTPYKTYpE TOIBTEKTOUAHON CTATH MOKHO MPUOIUZUTEIBHO
ONPEIEIUTh COAEPKAHUE B HEW yIIIepoia, JUIsl YEro Hy»KHO OPHEHTHPOBOYHO
ONPEEIUTh IUIOMIA b (B IPOLEHTAX ), 3aHUMAaeMyt0 GeppUTOM U nepiautom. B
CBSI3U C TEM, YTO B (heppUTe PACTBOPEHO OYEHb HE3HAUUTEIHHOE KOJIUYECTBO
yIaeposa, IPAaKTHUECKU MOKHO CUNTaTh, YTO B JOOBTEKTOUAHOMN CTAJIU BECh
yTJIEpO HaXOAUTCS B mepaute. Torjaa conepkaHue yriepoaa B CTaId MOXKHO
OIpeAEIuTh 1o hopMyJIE:

0,8
100

rae F, - Iiomaas, 3aHuMaeMast epauToM %.

[Ipeanonoxxum, Harpumep, 4To nosjoBuHa miomanu (30 %) 3aHATO epauTOM,

nonoBuHa peppurom. Coaepkanue yriepo/ia B TaKOi cTaiu OyaeT paBHO
70*0.8

C=_____

100

6.4 MukpoCTpyKTypa 3a3BTEKTOUIHOMN CTaIH.

%

C=F,-

=0.56 %

Mukpoctpykrypa 3a3Brekronnnoun cranu (C = 0,8 - 2,14 %) umeert cTpyKTypy,
COCTOSIIIYIO U3 MEPIUTA U IEMEHTUTA BTOPUYHOTO. BTOpUYHBII IEMEHTUT
BBIJIEJISIETCA U3 ayCTEHUTA MPU OXJIAKJIECHUH OT TeMneparypsl Ac; (muHus SE) 1o
temneparypsl Ay (uHus SK ) (cMm.puc. 1)

[Ipu MeQIIEHHOM OXJIaXKICHUU LIEMEHTUT BTOPUYHBIN BBIICISETCS B BUAE CETKU I10
rpaHuiaM 3epeH aycrenuTa. [Ipu goctrkeHuun temneparypsl Al ayCTEHUT
IIPEBpAIAETCS B NIEPIUT. B pe3ysibTraTe MEMIEHHOTO OXJIAXICHUS 3a9BTEKTONIHAS
CTaJlb UMEET CTPYKTYpPY NEPJIUTA U CETKU IEMEHTUTA, Oeasi CeTKa - BTOPUYHBIN
LIEMEHTUT, & BHYTPH CETKHU 3€pHA IIACTUHYATOTO CTPOCHHUS - NepuT (puc. 7.)

Puc.7- 3asrekTouanas ctaib ¢ 1,2 % C- nepaut + nementur (11 ):

a) MUKpOCTPYKTypa , 0) cxema MUKPOCTPYKTYPBHI.

6.5 MUKpOCTPYKTYypa 3BTEKTHYECKOT0 OEJI0T0 UyryHa
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MUKpOCTPYKTypa 3BTEKTUYECKOTO OEI0r0 YyryHa COCTOUT TOJIBKO U3 OJTHOTO
neneOypurta (LEMEHTUTHOM 3BTEKTUKH ), oOpa3zyromierocs npu 1147° C npu
ABTEKTUYECKOW KPUCTAIUIM3ALNY KUIKOTO cIiaBa ¢ conepxanuem 4,3% C u
coctosiiero (rpu 1147° C) u3 3BTEKTUYECKOTO [IEMEHTUTA U ayCTCHUTA,
conepxartiero 2,14% C (touka E Ha nuarpamme kejie30— [EMEHTHUT) U
MEePBUYHOTO 1IeMeHTUTa . [Ipu mocneayromiemM oxJaX1eHUu! BCISACTBUE
YMEHBILIEHUS] PACTBOPUMOCTH yTiiepoja B aycteHute (muHus E Ha quarpamme
KEJIE30—IIEMEHTHUT, pUC. 2) U3 ayCTEHUTA BBIJIENACTCS (KaK U B 3a9BTEKTOUTHBIX
CTaJIsIX) BTOPUYHBIA IEMEHTUT. BTOPUYHBIN HEMEHTUT CIIMBAETCA C LIEMEHTUTOM
ABTEKTUYECKUM, TTIOATOMY B CTPYKTYpPE€ IBTEKTUKH HEBO3MOXKHO YKa3aTh, 1€
HaXOJUTCS B OTACJIIBHOCTH 3BTEKTUUECKUM IEMEHTUT U BTOPUYHBIN IEMEHTHUT.
ITpu 727° C 3BTEKTHKA COCTOUT U3 LIEMEHTHUTA U ayCTeHUTa ¢ conepxanuem 0,8%
C. Ilpu aT0l TemmnepaType ayCTeHUT MpeBpaniaercs B nepiaut. Takum odpazom,
MIOCJIE MOJTHOTO OXJIAXKICHUSI- JIee0ypuT (puc.8)

Puc.8- DBrexkTnueckuii 6enwiit uyryH ¢ 4,3 % C — nenedypur:

a) MUKPOCTPYKTYpa ,

0) cxemMa MUKPOCTPYKTYPHI .

6.6MUKPOCTPYKTYpa JOIBTEKTUUECKOTO OEJI0r0 UyryHa.

JI09BTEKTHYECKUIA OENIbIN UYTYH MOCJE MOTHOTO OXJIAKICHUS UMEET CIICAYIOIIYIO
CTPYKTYpY: J1eAeOypuT (LIEMEHTUTHAs 3BTEKTHKA) + MEPIUT + BTOPUUHBIN
neMeHTUT. C yBeIMUYEeHHEM COJIEpKaHUsl yIiIepoia, Koraa jiefie0ypuTa CTAHOBUTCS
OTHOCUTEJIbHO MHOT'O, BTOPUYHBIN IEMEHTHUT B CTPYKTYPE CIMBAETCS C
LEMEHTUTOM JieIe0ypuTa (IBTEKTUYECKUM ). MOXKHO CUUTATh, YTO CTPYKTYpa
TaKUX JOIBTEKTUYECKUX OENBIX YYTyHOB COCTOUT M3 Jieie0ypuTa (IIeMEHTUTHOM

ABTEKTUKH) U mepiuTa (puc.9.)
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Puc.9 - Jloarextruyeckuii 6enpiii 9yryH ¢ 3% C- mepaut + iequlypur:
a) MUKPOCTPYKTYDa, 0) cxemMa MUKPOCTPYKTYPHI.
6.7 MUKpOCTPYKTypa 3a3BTEKTHUYECKOT0 OEJI0r0 4yryHa.

MUuKpoCTpyKTypa 3a9BTEKTHUECKOT0 0€JI0ro 4yryHa COCTOUT U3 Jiee0ypuTa
(LIEMEHTUTHOM SBTEKTUKU) U TIEPBUYHOTO IleMeHTuta (puc. 10).

e

Puc.10- 3asBTexkTuueckuii 6emnbiif uyryH ¢ 5% C- neMeHTHUT ( TepBUYHBIN) +
neae0ypur:

a) MUKPOCTPYKTYypa , 0) cxema MUKPOCTPYKTYPBHI.
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7 IlopsiioK BBINOJIHEHUSI padoThI

7.1 13yunTh OCHOBHBIE TEOPETUYECKHUE MOJIOKEHUS O MUKPOCTPYKTYpax
YTIEPOUCTHIX CTaneil 1 OEIbIX YYTyHOB.

7.2 TllonrotoBUTh K paboTe MeTauiorpaguueckuii MUKPOCKOTI.
7.3 TOATOTOBUTH 00pa3Ilbl CTAIEH U OEIBIX UyTYHOB K IMTPOBEACHUIO MUKpOAHAIHN3a

7.4 VccnenoBath MUKPOIUTA(]BI TEXHHUECKOTO KEJIe30 ,YTIIIEPOAUCTHIX CTajeH U
OeJIBIX YYTYHOB U OMPEICIUTh MUKPOCTPYKTYPHI .CpaBHUTH BBISIBJICHHBIE
MUKPOCTPYKTYPBI C 0003HAUYECHHBIMH Ha THArpaMMe >KEJI€30-LIEMEHTHUT .

8 Bompocs! Aj151 caMoOnpoBepKHU
8.1 Uro Takoe peppur ? KakoBbl ero MexaHUYECKHE CPEICTBA ?
8.2 Uto takoe nepaut ? KakoBbl €ro MeXaHUYECKUEe CBoicTBa?
8.3 Uto Takoe nneMeHTUT ? KakoBbl €ro MEXaHUYECKHE CPEICTBA ?
8.4 Kak MeHsieTcsl CTpYKTypa CTaJIi B 3aBUCUMOCTHU OT COJIEpKaHus yriepoja ?

8.5 Uto BXOAMT B cocTaB JieaeOypuTa Oenbix 4yryHoB IipHu Temmepatype 1147 C u
Ipy KOMHATHOU TemIieparype ?

9. Conepxanue oTueTa

9.1 OTyeT nOKEH COAEPKATh ICKU3 TUArPaMMBbl COCTOSIHUS JKeJie30 — [IEMEHTHUT U
KPaTKYI0 XapaKTEPUCTUKY CTPYKTYP COTJIACHO JUarpaMMbl B 3aBUCHMOCTH OT
cojep KaHUs yriiepojia B CIlaBax ;

- OCKU3bI UCCIIETOBAHHBIX CTPYKTYP U UX CXEMBI
- COCTaB UCCIIEIOBAHHBIX CTPYKTYD ;
- BBIBOJBI .
Pexomenayemas iureparypa

1 Anackun A.M ,3yeB B.M. MartepuanoBeaeHne U TEXHOJIOTHUSI MATEPUAIIOB .-
M.:NJJ « POPYM-UHDPA-M»,2015.

2 OBuunHuKOB B.B. Metanmnosenense —M.:N1JI « DOPYM — UHOPA-M» , 2015.

3 Jlaxtun IO.M , JleontseBa B.11. MartepuanoBenense. — M.: MammHocTpoeHue,
1990.

4 Ky3bpmuH B.A. n.1p. TexHOIOrUs METAIIOB Y KOHCTPYKIIMOHHBIE MaTEPUAIIbl —
M.: Mamunoctpoenue ,1981.
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5 Camoxomnxkuii A.U ,Kynsasckuit M.H. JIlaGopaTtopHsie pabOThI 110
METAJNIOBEICHBIO U TEPMUYECKHUE 00pa0OTKH METaIOB .-M.:MammmHoCcTpoeHHe,
1981.

6 HMurepHer — pecypc :

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

«OTIycK cranm»




Conep:xkanue :

1. TEMA PABOTBI ...eeeuvieeiiieeiieeeieeeieeeite et e st e st e st e ebeeeaaeessaeenaseeenseesnseesnsaeenns 3
2. IS8 058 T (oY u 5 USRS 3
4. TIpOIOIIKUTETEHOCTD BBITIOITHEHUS «...vevvveneeeenteenseeteennreenseenseenseesseesnsesnseenseesseennnes 3

5.MarepuanbHoe o0ecreueHue

6. Kpatkue TeopeTndeckue CBe1eHUA

7. Tlops 10K BBITTOJTHEHUS PaOOTHI

8. BOIIPOCHI 11T CAMOTIPOBEPKH . . .. e et enettteeeentteeeeennneeeeannaeeeeannneeeeannsanns

9.Conepxanue otuera

Pexomennyemas niureparypa

IIKTY.MB 0I1104.007,8 JIP

Mam. | Jluct Ne pgokym. Mognuce | Aata
Pa3pab. I'pubanos B.E Ha60paT0pHaﬂ nur. Nuer Nuctos
Mposep. I I

pabota Ne 6, 7

IKBITY




1 Tema padoTsI
3akainka cTaiau
Otnyck craiu
2 Ilean padoTsl
OO0yueHus :
- 03HAKOMHTCS C TEXHOJIOTHYECKUM MPOIECCOM TEPMUUYECKON 00pabOTKH ;

- MpUOOpEeTEHNE MPAKTUIECKUX HABBIKOB MPOBEICHUS 3aKaIKU U OTITyCKa
YTIEPOJIMCTOMN CTaIH .

Bocninranus :

- BOCIIUTAHUS Y CTYJICHTOB OTBETCTBEHHOI'O OTHOIIEHUS K JOCTUKECHUIO
IOCTAaBJIIEHHOU LEJIH .

Passutus :
- JIOTUKU MBIIJICHUS U YMEHUS PUHUMATh 000CHOBAHHBIE PEIICHHUS .
3 3aganue

3.1 moATrOTOBUTH O0PA3IBl U3 YIIIEPOAUCTOMN CTAIH JIJIsl IPOBEACHUS TEPMHUUCCKOM
00paboOTKH .

3.2 OnpenenuTth peKUMbI IPOBEACHUS 3aKAJKU U OTITyCKa YIJIEPOIUCTON CTalH .
3.3 [IpousBecTy 3aKajiKy U OTIYCK 00pa3IloB U3 yTIAEPOIUCTOM CTATH .
3.4 OnpenenuTh TBEPIOCTh 00PA3IIOB MOCIIE 3aKAIKH U TTOCJE OTITyCKa .

3.5 [IpousBecTu CpaBHEHUE U3MEHSIOIINXCS MEXAHUYECKUX CBOMCTB (TBEPIOCTH)
00pa3IoB U3 yIJIEpOAUCTOMN CTaIM 10 U MOCIE TEPMUYECKONH 00pabOTKH .

4 TIpoaoIKUTEJIBHOCTH Pa00THI
[IponomkuTensHOCTh paboThl — 4 yaca .

S MarepuaJjibHoe o0ecnieyeHue
5.1 OGpas3iibl U3 yriIepoucTon CTau .
5.2 DnexkTpudeckas My QenabHas 1eub .
5.3 TepMO3JIEKTpUUECKHAN TUPOMETP.
5.4 3akajo4HbIi 0aK ¢ BOJIOM .
5.5 MacnsiHas BaHHa .

5.6 IIpubop TK-2 nns onpenenenus TBepaocTu no Pokserny.
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5.7 BcnomorarenbHbIe IMPUHAAJIC)KHOCTH U HHANBUAYAJIbHBIC CPCACTBA 3AalIUTHI .

6 KpaTtkue TeopeTnyeckue cBeaeHUs
6.1 CyniHocTh U Ha3HAYEHUE 3aKaIKU

3akanka — TepMo0OpabOTKa ,3aKJIF0YAIOIIAsICSl B HATPEBE CTAJIU BBIIIIE
kputndeckux Todyek Ha 30...50 C , BbIAEPKKE U MOCIEAYIOIIEM OXJIAKICHUN CO
CKOPOCTBIO KPUTHUYECKOM MIIH OOJIBIIE KPUTUUECKOM C IENBIO TOCTHUKEHUS
BBICOKOM TBEPJIOCTH 3a CUET 00Opa30BaHUsI MAPTECHCUTA .

6.2 OnpeneneHne TeMIepaTypbl 3aKanku

Temneparypa Harpesa 1oj 3aKajKy ONPEIEsAeTCs 10 HUKHEH JIEBOM 4acTh
JUarpaMMBbl COCTOSIHHSL «KEJIE€30-IIEMEHTUT» B 3aBUCUMOCTH OT COJEPKAHUS
yriieposa B ctaiu . JlosBrekrouanblie ctanu HarpesatoT Ha 30...50 C Baiie
kputndeckor Toukn AC3 ( muHus puc.l ) 3a3BTexkronanbie — Ha 30...50 C Bhie
kputndecko Touku AC1 ( muaus SK, puc.1 )

6.3 OmnpeneneHre BpeMEeHU BbIAEPKKU 00pa3IoB B IEYU

Bpewms HarpeBa onpenensercs u3 pacyera 1.5 muH Ha 1| MM nuameTpa s
HWIAHAPUYECKUX 3arOTOBOK .

°cC N
7 4000 \ - -
| f\ 1147
1700 A -
Ay cmesusrr p / '
1000 - 7/ | -
HumienBan 3K aROYHEX
/4 \ [ eresamae
200 ¥, .
_ A+ |
so0 ¥ —1 A ,
R 4) AN >, |
L . . : £
780 FIT '/71“((' —K
62 g6 L0 i4 18 22 26
(544

Puc.1- OnTumanbHbIi HTHTEPBAJI 3aKaJIKH YTIEPOIUCTOMN CTAJH .
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6.4 OxytaxxaeHue cpeibl
Hcnonp3yercs BoAa U MallIMHHOE Macio Mapku « HayctpuansHoe 30»
6.5 CTpyKTypHBbIE€ IPEBPALLCHUS TTPU 3aKAJIKE

B pe3ynbTaTe HarpeBa J03BTEKTOMAHON CTAIM 10 3aKAJIOYHOW TEMITepaTyphl U
BBIJICPKKHM UCXO/IHASI CTPYKTYpa : (PeppuT + NepiuT MpeBpaIlaeTcs B AyCTEHUT .
[Ipu oxnaxaeHNUU B BOJI€ MPOUCXOINT MPEBPALLICHUE AYCTEHUTA B MAPTEHCHUT , a
U OXJIAKJIECHUU B Macje o0pa3yeTcsi CMellaHHas MapTeHCUTOTPOOCTUTHAS
CTPYKTypa . B 3a3BTEKTOUIHON CTalu B pe3yJIbTaTe HArpeBa 10 3aKaTOUHOM
TEMIIEPATYypPhI , BBIAEPKKU B ayCTEHHUT MIPEBPALIAECTCS HEPIUT ,CTPYKTypa IpU
3TOM COCTOMT U3 AyCTEHHUTa U BTOPHUYHOIO IEMEHTHUTA ,[I03TOMY CTPYKTYypa
3aKaJ€HHOM CTaJy COCTOMT U3 MapTEHCUTA ( IIpU 3aKaJIKE B BOJE ) U
MapTEHCUTHO-TPOOCTUTHOM CTPYKTYPBHI ( IPU 3aKaJIKE B Macje ) , a TAKkKe
BTOPHUYHOT'O IEMEHTHUTA , KOTOPBIM MMOBBIIIAET TBEPAOCTh K H3HOCOCTOMKOCTh
CTaJIH .

6.6 CyIIHOCTb 1 Ha3HAYEHUE OTITyCKA

Otmyck — Bu TepMOOOPaOOTKY , 3aKITIOYAIOIIHIICS B HATPEBE 3aKAIICHHOM CTaJIH
JI0 TEMIIEpaTyp , He MpeBbIAIMX KpuTudeckyto Touky AC1 ( muaus PK,
puc.1), BbLIEpKKE U MEJICHHOM OXJIAXJEHUHU . TPOBOJAUTCS C LETbIO CHATHUS
BHYTPEHHUX HAIPSKEHUH .

6.7 Buasl oTniycka

[Ipu Temneparype HarpeBa paznuyaroT Hu3kuil 10 250 C, cpennuii 350...450 Cu
BbicokHit 500...680 C oTmyck.

6.8 OnpeneneHre BpeMEHU BbIIEPKKHU 00pa3IOB B €YU MPU OTITYCKE .

Bpewms Beiepkku omnpenensieTcs u3 pacuera 2-3 MuH . Ha 1 MM 1uametpa obpasia

6.9 CTpyKTypHbIE TPEBPALEHUS [IPU OTIIyCKE

[Ipu HU3KOM OTIIyCKE MApTEHCUT 3aKaJIKU MPEBPAIAETCS B MAPTEHCUT OTIyCKa
,MEHEe MEePEHACHIIICHHBINA YTIEPOIOM ; IPU CPEIHEM OTITYyCKE 00pa3yercs OYeHb
MeJKast peppuTHO — IEMEHTUTHAS CMEChb-TPOCTHT OTITYCKa , IIPYA BEICOKOM
OTITycKe — (ePPUTHO — IIEMEHTUTHAS CMECh — COPOUT OTITyCKa , HECKOJIbKO OoJiee
KpyIHAsl , YeM TPOCTHUT .

7 llopsiioK BHINOJIHEHUS] PadOThI

7.1 Onpenenuthb TBepAOCTH 3-x 00pa3ioB (HRB) B ucxonnoM (0TOAKEHHOM )
COCTOSIHUH , MCTIOJIB3Ys mprubop Poksernna .

7.2 Ilony4yeHHbIE 3HAHUS TBEPJIOCTH B COOTBETCTBUU ¢ Tabmuuei ( 1.c.173)
«CooTHouIeHre yuces TBepaAocTH 1o bpunemto u Pokseniay» npeoOpa3oBaTh B
BeNMYMHBI TBepAocTH 110 bpunemno u Poksemty ( HRC) .
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Hampuwmep , mpu HRB =93 , HB = 1970 H/mMm2 , a HRC = 12.

7.3Wcnonb3ys Tabnuiy 1 , onpeneauTs MapKy CTalld U COJIep KaHUe B HEH
yriiepoja , Hanpumep , ctaib 45 conepxkut 0.45 % C , ee TBepaocts HB = 2070
H/Mm2 . Takast sxe TBepoCcTh y cTanu Y 12 ,conepxanue yriaepozaa B Heit 1.2 %.

HOPMBI TBEPJOCTH VI JIEPOJUCTOM CTAJIA B OTOXKEHOM COCTOSHUNA

Mapka craim TBEepIOCTH OTOXKKEHHON Mapka craim TBepnocTh
crainu HB ( He Gouee) OTOXKEHHOU
cranu HB ( He
6oJtee)
40 1970 ¥9 1920
45 2070 Y10 1970
50 2170 Vi2 2070

7.4 YuuTbIBas cofepkaHue yriepojaa B CTAIHA ONPEACTUTh TEMIIEPATYPY 3aKaJIKH .
Hanpumep , qs ctanu Y9 : AC1+(30...50 C ) =727+ (30...50C)
760...780 C ,cm.n.4.2 .

7.5 OnpenenuTs BpeMs BBIACPKKH 00pa3IOB B IEYW IPH MPUHATOMN TeMIepaType ,
(cm.m.4.3) . luametp obOpasios 10mm.

7.6 IIpousBecTy 3aKkalky , moMenas o0opasibl B I€Yb , HATPETYIO O TEMIIEPATyPbl
3aKaJKH U BBIICP/KUBAs B TEUCHUH 3aJaHHOTO BpeMeHH. OXJaxaeHue 2-X
00pa310B NPOU3BECTH B BOJE ,0HOI'O B MaclIe .

7.7 3a4rCTUTH TOPIHI 0OPA3IIOB OT OKAJIMH , OMIPEICIUTE UX TBEPAOCTh IO
Poxsenny (HRC)

7.8 Onpenenurte BpeMs BbLAEPKKHU pu Temneparypax ormycka 200,400 u 600 C,
cMm. .4.8.

7.9 mpou3BECTH OTITYCK IIPH 3aJJaHHBIX TeMIIepaTypax ,ltoMelnias oopasiibl B e4b U
BBIJIEP)KMBast HEOOX0AMMOE BpeMs ( TeMIiepaTypa BhIAEPKKHU JjIsl 00pasIoB ,
oxyaxaaeMbix B Bojie 400 , 600 C , B macie — 200 C ) . OxnaxaeHue o0pas3iion
MIPOUCXOJIUT HA BO3IYXE .

7.10 3a4uCTUTH TOPIHI 0OPA3IIOB OT OKAIHMHBI , ONIPEACIIUTh UX TBEPIOCTH 110
Poksenny (HRC) .

JIuct
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8 Bompocsl A1 caMONIPOBEPKHU

8.1 Uto Takoe 3akanka ? Kak BeiOMpaeTcst TeMIeparypa HarpeBa moj1 3aKaiky ?

8.2 Yro Takoe oTiyck cranu ? [{ns 4ero oH npumeHsercs ?

8.3 Kakwue BUIbI OTITyCKa CYIIECTBYIOT , KaKas CTPYKTypa oOpaszyercs B dTUX
ciay4dasix ?

8.4 Kakue cTpyKTypHbIE NPEBPALEHUS TPOUCXOAST B CTAIIU IIPH 3aKajke ?

8.5 mpousBeneHHas 3aKaika oOpasioB u3 cranu 45 u Y12 ¢ remneparypsl 760 C .
OOBACHUTH , TOYeMy 00pa3Ibl U3 CTAIH 45 MONIy4aloT 6oJiee HU3KYIO TBEPIOCTD ,
yeM 00pasiibl u3 cranu Y12 ?

8.6 IlpousBeneHHas 3akaika oOpa3noB u3 ctainu Y7 u Y12 ¢ remnepatypsl Ha 50
C Bblle KpuTHUEeCKUX To4yek . OOpa3Iipl U3 Kakou ctanu OyAayT UMeTh Ooliee
BBICOKYIO TBEPAOCTh U MOYEMY ?

9 Conep:xanme oT4eTra

9.1 ChopmynupoBaTh CyIIHOCTh U HA3HAYCHUE 3aKAJTKH U OTITYCKa.

9.2 3apucoBath auarpammy coctosinusg Fe-Fe3c u 06003HaunTh TEMIIEpaTyphl
HarpeBa Mpu 3aKajKe U OTITYCKE .

9.3 OnpenenuTh BpeMs BBICPKKHA 00Pa3IOB B I€UN NIPH 3aKaJIKE U OTITYCKE .

9.4 CocTaBUTbh MPOTOKOJ TEPMHUUECKONU 00paOOTKHU YTIAEPOIUCTOMN CTATH .

ITPOTOKOJI TEPMHUYECKOM OBPABOTKU YTJIEPOJINCTOM CTAJIN

No | Mapka| J[luamerp | Temmneparypa Bpewms BbIIEPKKH , MUH .
mm | ST obpasuamm | sakanku C [Ipu 3akanke [Ipu ormycke
1 2 3 4 5 6

Hzm.

Juct

Ne rokym.

Ilonmuce

Jlata

I[IKTY.MB 0I104.007,8 JIP

JIuct




TBEPJOCTb

B ucxognom cocTossHUuU

HRC mocie 3ak-ku

HRC nocne otmycka nipu

TEM-pe

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

BMacie | BBOJC | BBOJC

9.5 Ha ocHOBaHMH IPOTOKOJIA CENIATH CIEAYIOIINE BBIBOIBI :

B PC3YJIBTATC 3aKaJIKH Ha TBEPIOCTD ;

ITPH 3aKaJIKE B MACJIC,;

YEeM BBIIIE TEMIIEpPATypa OTIIyCKA , TEM TBEPAOCTS ...

PexoMenayemasi iureparypa

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

2 OpumnHukoB B.B. Metamnosenense —M.: 11| « DOPYM — UHOPA-M» , 2015.

3. Jlaktun FO.M , JIeontseBa B.I1. MarepuanoBenense. — M.: MalmmmHOCTpOCHHUE,

1990.

4 Kys3pmuH B.A. n.q1p. TexHOI0TUS METAIUIOB M KOHCTPYKIIMOHHBIE MATEPHUATIBI —
M.: Mammnoctpoenue ,1981.

5 Camoxonxkuii A.U ,Kynsasckuit M.H. JlaGopaTtopHsie pabOThI 110
METAIIJIOBEJIEHBIO U TEPMUYECKHE 00Pa0OTKH METAIOB .-M.:MalmHoCcTpoeHue,

1981.

Hzm.
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JIaboparopHas padora Ne§

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

MukpoaHa/in3 KOHCTPYKIIMOHHBIX M MHCTPYMEHTAJIBHBIX CTAJIEN ,CTAJIEH C
0COOBIMU CBOMCTBAMH.

2 Ileab padoThbI
OO0yueHwus :

- U3y4EHUE MUKPOCTPYKTYP KOHCTPYKIIMOHHBIX U HHCTPYMEHTAJIBHBIX CTaJIEH ,
CTaJiell U CIIJIaBOB C OCOOBIMU CBOMCTBAMU ;

- HAYYUTHCS CAMOCTOSATEIFHO MPOBOANTH MUKPOAHAIN3 CTAJICH U CIIABOB .\
- MpUOOPETEHNE HABBIKOB UCCIIEA0BATEIHLCKON PaOOTHI .
Bocnuranus :
- BOCIIUTAHUS Y CTYICHTOB MHTEpeca K u30paHHo# npodeccui ;
- OTBETCTBEHHOI'O OTHOIICHHUS K BBITTOJHEHUIO IOCTABICHHBIX 3a/1aY .
Pa3zButns :
- yMeHHEe padoTaTh B KOJIJICKTUBE UCIIOJHUTEINCH .
3 3aganue

3.1 3yunuTh MUKPOCTPYKTYPbl KOHCTPYKIIMOHHBIX U MHCTPYMEHTAJIbHBIX CTAJIEH ,
CTaJIey C 0COOBIMU CBOMCTBAMM .

3.2 3apucoBaTh MUKPOCTPYKTYPBI U CXEMbI MUKPOCTPYKTYP .
3.3 JlaTh KpaTKyr0 XapaKTEPUCTUKY HCCIEIOBAHHBIX CTPYKTYP .
3.4 OgopmMUTh OTUET.

4 IIpoxoIKMTEILHOCTH PA00THI
[IponomxurensHOCTh pabOTHI — 2 yaca .

5 MarepuaJjibHOe o0ecriedyeHue
5.1 Metannorpaduyeckuii MUKPOCKOIT .

5.2 Habop mukpouinoB B KOHCTPYKIIMOHHBIX U HHCTPYMEHTAJIbHBIX CTajel
,CTaJIell ¢ 0COOBIMU CBOMCTBAMH .

5.3 /Inarpamma COCTOSIHUSA KEJIE€30-IEMEHTHT .

6 KpaTtkue TeopeTnyeckue cBeaeHUs

JIuct

IIKTY.MB OI1104.006 JIP

Wswm. | JIuct N2 noxym. [Moamuce | Jlara




6.1 K HU3KOYTIEpOAUCTHIM (IIEMEHTYEMBIM) CTaJISIM ,0THOCSATCS CTaJH C
conepxkanueM yriepoja 10 0.25 % - cranu 10, 15, 20, a Takke JErMpPOBaHHBIC
Hanpumep 151", 20X, 18XT'T , 20X2HYA , 20XH3A u ap .

CTpyKTypa UX B OTOXOKEHHOM COCTOSIHUM (eppuT + nepaut (puc . 1,2)

6.2 MUKpOCTPYKTYpa CpeAHEYTIEPOAUCTHIX CTaIen

K cpenneyriepoaucTbiM CTaisiM OTHOCSITCS CTANI C COACPIKAHUEM yTiiepoia OT
0.25 % 10 0.6 % - cranu 35,40, 45, 50 , a Takxe nerupoBa”Heie , Harpumep 40X
,40XT" , 40XT'P ,30XI'CA , 45XHMA u np .Haubonee pacnpoctpanéHHon
CpeAHEYTIEePOAUCTON cTalbto siBysieTcst ctanb 45 (10,42 — 0,50 %) .

MUKpOCTPYKTYypa CpeaIHEYTIASPOIUCTON CTAITK TIOCIIe OTXKUTA : PeppuT + mepauT (
puc .3) , moce yaydiieHus ( 3aKaJKd U BBICOKOTO OTITyCKa ) — copouT (puc.4 )

) . i
. BHICOKMI OTOYCK — COPSUT.
LTVDa . & - CXeMa MHUKPOCTPYKTYPH.

6.3 MHUKpOCTPYKTypa PECCOPHO- MPYKUHHON  CTaJIM MOCJEe TEPMOOOPabOTKH

JIuct

IIKTY.MB OI1104.006 JIP
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BBHINICHHBIM coziepkanueM mapranmna ( 0.5 — 0.8 % ) , a gare erupoBaHHbIC
cranu Hanpumep 651", 60C2 , 50XT", SOXDA , 60C2XDA , 60C2H2A u ap . na
MOJIy4eHHs HanboJjee BRICOKOTO 3HAYCHHS TpeJiesia YIIPYTrOCTH MPYKUHBI U
peccopsl noaeepratoT 3akanke ¢ 800 — 500 C (B 3aBUCUMOCTU OT MapKH CTaJIU ) C
11eJThI0 00pa30BaHMSI CTPYKTYPHI TPOOCTHTA.

JHUit OTNYCK - TPOOETHT

6.4 MUKpOCTPYKTYpa HHCTPYMEHTAIIbHBIX CTAJIEN
6.5 MUKpOCTPYKTypa 3a3BTEKTOUAHBIX HTHCTPYMEHTAJIbHBIX CTAJIEH

3a3BTEKTOUIHBIE YIIIEPOAUCTHIE CTANIH OT Y9 0 Y13 m nerupoBaHHbIe : HAPUMED
X, XBI',9XC u ap , B OTOXKEHHOM COCTOSIHUM UMEIOT CTPYKTYPY 3€PHHUCTOTO
nepsuta (puc . 6 ) , a mocjue 3akajiku B Boje ( yrIepOaUCThIX CTalel ) U B Macie (
JIETUPOBAHHBIX CTajleil ) — MapTeHCUT + KapOusl (puc.7).

JIuct

IIKTY.MB OI1104.006 JIP
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0.3aKanka ¥ HUSKWHA OTOYCK -

6.6 MUKpOCTPYKTypa OBICTPOPEIKYIIICH CTaTTH

Hanbonee xapakTepHbIM U pacpOCTPAHECHHBIMU JICTHPOBAHHBIMHU
WHCTPYMEHTAJLHBIMU CTAJIU SIBIISIOTCS OBICTPOPEXYIIUE CTalu , Hanpumep P18,
P6MS u nip .

B nutoM cocTosiHuM CTpyKTypa OBICTPOPEKYIIEH CTaTu COCTOUT U3 JieAeOypUTHOM
ABTEKTHKH , UMEIOIIEH « CKeIeTOOOpa3HbIil » BUJ , U MPOAYKTOB pacraja
ayctenuta (puc 8 ).

Hanuuue B 1utoit ObICTpOpeXKyILEH CTanu JeAe0ypUTHON 3BTEKTUKH MPUIAET
CTaln XpynKkocTh. J{Jis paspymienus aene0ypuTHON IBTEKTUKU JTUTYIO
OBICTPOPEXKYIIYIO CTAJIb IMOJIBEPraloT 00paboTKe JaBjieHHeM ( MPOKaTKe, KOBKE )
u oTxury . KoBka n3aMeHsier ctpoeHue ObICTPOPEXKYIIEH CTaIM MOCe
TpexkpatHoro otnycka npu 550 C cocTout u3 MapTeHcuTa u kapouios ( puc . 9 ) .

JIuct

IIKTY.MB OI1104.006 JIP

Wzm. | Jluct N2 rokym. Tloxmuce | Hata




6.7 MUKpOCTpPYKTYypa CTajeH U CIJIaBOB ¢ 0COOBIMHU CBOMCTBAMH

K cransm u crimaBaM ¢ 0COOBIME CBOMCTBAMU OTHOCATCS CTAT KOPPO3UOHHO —
CTOMKHE , )KapONpOUHble ,MarHuTHbIE U Ap . [Io cTpyKType cTanu pa3aenstor Ha
CJIEIYIOIME KIIACCHI | IEPIIUTHBIN , MAPTEHCUTHBIN , Ay CTEHUTHBIN ,()ePPUTHBIH .

6.8 Ctanu nepJMTHOrO Kjacca

Otu ctamu ( 15XM ,12X1M® u 1p ) SBASIOTCS KAPOMPOUHBIMU IIPHU TEMIIEPATYPE
400 — 550 C . [Tocne nopmanuzauuu npu 950 -1050 C nonyuaercs cTpykrypa
dbeppurt — Oetinurt (puc 10 ).

LSy

6.9 Ctanu MapTEHCUTHOTO KJ1acca

Cranu storo knacca (15X11M® ,40X9C2 u nip . ) *KaponpoyHble Npu
temriepatype 500 — 600 C u kopposuonno — croiikue ( 20X13 ,30X13 u 1p . ).
[Tocne 3akanku B Macine ( wim oxyaxaeHus B Bozayxe ) ot 1000 — 1050 C
CTpyKTypa — MapTeHcuT (puc 11 .).

JIuct
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‘MAPTEHCUTHOT'O Kiacca).3akanka.
6 - CXEMA MUKDOC

6.10 Cranu ayCTEeHUTHOIO Kjacca

K cransam aycTeHUTHOrO Kitacca NpUHAIJIEKAT U3HOCOCTOMKas ctaib ['13J1
CTpyKTypa 3TOM CTaJId MOCTE JIUThs ayCTEHUT + U30BITOUHbBIE KapOUIbI (H
e/3C ) , BBIACHSIONIMECS IO TPAHUIIAM 3€PEH ayCTEHUTA . DTH CTaIM SBIISIOTCS
»aporpounbiMu ipu Temiepatype 600 — 760 C (45X14H14B2M
A0X15H7T7O2MC u ap .) u koppo3uoHHo- cToiikue ( 12418H9 , 10X14I'14H3 u
ap . ) . lloatromy nuteie uznenus 3akanusaiotT B Bojie ¢ 1100 C. Ilpu Takom
HarpeBe KapOuJIbl paCTBOPSIIOTCS U CTAJIb UMEET ayCTEHUTHYIO CTPYKTYpY (pucl2 )

a — MUKPOCTPYKTYpa 0 — cxemMa MHUKPOCTPYKTYPbI

6.11 Cranu pepputHOro kiacca

OTHU CTajM ABJISIOTCS KOPPO3uOoHHO — cTorkumu (12X17 ,08X17T , 15X26 u np. )
BBICOKOKpeMHUCTHIMHU ( 3-4 % ) Tpacdopuaropubimu ( 33,94) . Onu He
MpPETEPIEBAIOT IPH HarpeBe ( OXJIAXKIACHUU ) U UMCIOT CTPYKTYpY ( puc.13)
KPYMHO3EepHHUCTOTO (epputa uiu dpepputa ¢ HeOOIBIINM KOJIMUYECTBOM KapOuI0B
xpoMa ( B KOPpO3UOHHO — CTOMKHUX CTAJIAX ) .

JIuct

IIKTY.MB OI1104.006 JIP
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7 TlopsaoK BBINOJHEHUS] PA0OThI

7.1 U3y4nTh OCHOBHBIE TEOPETUUECKHUE MOTOKEHUS O MUKPOCTPYKTYpax
KOHCTPYKITMOHHBIX ¥ MHCTPYMEHTAJIbHBIX CTajIel ,cTalell ¢ 0COObIMU CBOMCTBAMH.

7.2 IloaroToBUTh K paboTe METALIOTPAPUISCKII MUKPOCKOIT .
7.3 IloaroToBUTH OOpA3IlhI CTANICH.

7.4 UccnenoBatb MUKPOCTPYKTYPBI cTaliel . JlaTh KpaTKylo XapaKTepUCTHKY
UCCJIEIOBAHHBIX CTPYKTYP.

8 Bompocs! AJ1s1 caMonIpoBepKu
8.1 Kak xmaccupuiupyroTcs cTajiy 0 Ha3HAYCHHIO B CTPYKTYype ?

8.2 Kakue TpeboBaHUs NMPEIBIBISIIOTCS K KOHCTPYKIIMOHHBIM U
MHCTPYMEHTAJIbHBIM CTaJIsIM ?

8.3 I'ie npuMeHstoTCS IEMEHTyeMble cTanu ? Ynydmaemsie? PeccopHo-
MPYKUHHBIE ?

8.4 I'ie npuMeHs0TCS UHCTpYMEHTalIbHbIE cTanu ?Kak Mapkupyrorces
MHCTPYMEHTAJIbHBIE (YIJIEPOIUCTHIE ,JIETUPOBAHHBIE ,0BICTPOPEKYIIHE ) CTATIN?

8.5 Kakue crany oTHOCATCA K CTAISIM C OCOOBIMHU CBOMCTBAMHU ?
8.6 I'ne mpuMEHSIFOTCSI CTanu ¢ 0OCOOBIMU CBOMCTBAMH ?

8.7 Kak 00pabaTbIBarOTCS IIEMEHTYEMBIE ,YIIydIIaeMbIC , PECCOPHO — MPYKUHHBIC
ctanu ?

JIuct
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9 Conep:xaHue oTyera

Oruer JOJIKCH COACPIKATD !

- DCKM3bI UCCIEAOBAHHBIX CTPYKTYP U UX CXEMBHI ;

- KPaTKy10 XapaKTepUCTUKY UCCIIEIOBAHHBIX CTPYKTYD ;

- BBIBOJHI .

H3m.

Jlucr

N2 rokym.

IMoamuce

Jlata

IIKTY.MB OI1104.006 JIP
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Pexomenayemasi ureparypa

1 Apackun A.M ,3yeB B.M. MarepuanoBeieHue U TEXHOJIOTHSI MATEPUAJIOB .-
M.:.NJ] «POPYM-UH®PA-M»,2015.

2 OBumnHUKOB B.B. Metamnosenense —M.: ][ « DOPYM — MUHD®PA-M», 2015.

3 Jlaxtun IO.M , JleontseBa B.I1. Marepuanosenense. — M.: MammHocTpoeHue,
1990.

4 Ky3bmuH B.A. u.ap. TexHONOrUsg METAIUIOB U KOHCTPYKIIMOHHBIE MaTE€pUaJIbl —
M.: Mamunoctpoenue ,1981.
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NabopatopHana paboTta N29

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



CopeprkaHue
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MKTY. MB OINo4. 005 J1P

1 Tema paboTbi
MuKpoaHanns cepobix, NOJIOBUHYATbLIX, BbICOKOMPOYHbIX U
KOBKUX YyryHOB
2 Llenb pabotbi
ObyyeHus:
-U3y4YnTb CTPYKTYPY CEPbIX, MONOBMHYATbIX, BbICOKOMPOYHbIX M KOBKUX YyryHOB;
-yCTAQHOBUTb CBA3b MeXAYy COCTaBOM CMnaaBa, YCNOBUAMM €ro NoJiyYeHusa u
CTPYKTYpPOWA.
BocnutaHusa:
-BOCMUTAHME Yy CTYAEHTOB 3HAYMMOCTU MNPOPECCUOHANBbHBLIX MPAKTUYECKNX
HaBbIKOB;
-4yBCTBO OTBETCTBEHHOCTM 33 Ka4eCTBO BbINO/IHEHWNA PAbOT.
Pazsutna:
-yMeHus paboTaTb B KON/IEKTUBE UCMONHUTENEN.
3 3apaHue
Jluem
MKTY. MB OM04. 005 /1P
Usm. | Jlucm Ne dokym. lModnuck ,ﬂama|




3.1. U3yunTb CTPYKTYpYy CepbIX, MOJIOBMHYATbIX, BbICOKOMPOYHbIX M KOBKMX

YyryHOB.
3.2. 3apucoBaTb nccaegoBaHHbIe MUKPOCTPYKTYPbI M CXEMblI MUKPOCTPYKTYP.

3.3. YcTaHOBUTb CBA3b mexagy CoCtaBom cCnjaasa, ycaoBnaAmMU e€ro nosiydeHunAa m

CTPYKTYpPOW.

3.4. OdopmunTb OTHET

4 MpoAoNKUTENbHOCTb paboTbl

MpoAoKNTEeNbHOCTb PaboTbl - 2 Yaca

5 MarepuanbHoe obecneueHue

5.1 MeTtannypruyecknii MMKpPOCKOT.

5.2 Habop mukpownndos cepbix, MONOBMHYATbLIX, BbICOKOMPOYHbIX U KOBKUX

YyryHoB.

5.3 [lnarpamma COCTOAHUA XKenes3o-LeMeHTUT.

6 Kpatkue TeoputuyecKkue ceegeHun

B cepbIX YyryHax yriepoa npucyTcTByeT B Buae rpaduta naacTMHYaToM
dopmbl. Ha BENNUYMHY M pacnofioXKeHMe BKAOUYEHWUI rpaduta BAUAIOT CKOPOCTb
OXNaXKAEeHWA, TeMnepaTypa M BpemMa BbIAEP!KKU pacniaB/eHHOro YyryHa nepej
OT/IMBKOMW, XMMMUYECKUIN COCTaB YyryHa, BBeAeHUe B YyryH HEKOTOPbIX Npumecei

(moandukatopos). Hanpumep, rpadput obpasyeTtca TemM KpynHee 4yem, Mea/IeHHee

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

BblAEPMKKM NPU 3TOM.
6.1 MUKpPOCTPYKTYpa CepbiX YyryHoOB.

MeTannnyeckan OCHOBA B CEPbIX YyryHax OYeHb CXOA4HA C MUKPOCTPYKTYPOI
cTafeit B 3aBUCMMOCTM OT KOJIMYECTBA CBA3AHHOIO Yriepoga MOXKeT 6biTb

beppuTHON, GeppUTHO-NEPANUTHOMN N NEPAUTHON.

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

a - MUKPOCTPYKTypa, 6 — cxema MUKPOCTPYKTYpbI.

Puc. 2- ®eppuUTHO-NEPAUTHDBIN YyTyH — GEpPPUT + NEPSINT + NIACTUHYATBIN FPadUT:

a - MMUKPOCTPYKTYpa, 6 — cXema MUKPOCTPYKTYPbl.



Puc.3- MepanTHbIN cepbli YyryH — NEPAUT + NAACTUHYATLIN rpaduT:

a — MUKPOCTPYKTYpa 6 — cxema MUKPOCTPYKTYpblI.

Taknm 06pa3om, BO3MOMKHbI caeayrowme TUMbl CTPYKTYP CEPbIX YYryHOB:
beppuT + NnNacTMHYaTbIN rPaduUT - GeppPUTHbLIN cepbiit YyryH (puc. 1), depput +
NepanT + NAacTUHYATBIN rpaduUT — GEepPPUTHO- NEP/IUTHLIN Cepblii YyryH (puc.2,
COOTHOLLUEHNE KOMYecTBa deppuTa 1 NepauTa B CTPYKTYpPE YyryHa MOMKET ObiTb
Pa3/IMYHbIM B 3aBMCMMOCTM OT XMMMYECKOrO COCTaBa M YC/NOBUIN OXNAXKAEHMUA);

NepanT + NNACTUHYATLIN rPadUT — NEePAUTHbLIN Cepbli YyryH (puc.3).

Puc.4- Cepbit 4yryH ¢ pochumaHoM IBTEKTUKOM - NEPAUT + NNACTUHYATLIN rpaduT
+ 3BTEKTMKA, Pacnoiaratowanaca NOSIHOCTbIO AN YAaCTUYHO MO FPAHMLLAM 3EpPEH.

6.2 MUKpPOCTPYKTYpa NOIOBUHYATbIX YYTryHOB.

B nosioBMHYATLIX YyryHax Yriepoj COAEP)KUTCA KaK B BMAE MEPAUTHOM
CTPYKTYPbl METa/lJIMYeCKOM OCHOBbI, TaK U B cBoboaHOM Buae rpaduTta. Ecam
KOJIMYECTBO CBA3AHHOMO YrnepoAa He3HAaYMTEeNbHO MNpPEeBbIWAET 3BTEKTOUAHYIO

KOHUEHTpPauUuunto, To metTaain4yeckaa oCHoBa COCTOUT M3 NepanTta U BTOPUYHOTO

LemeHTUTa (puc. 5), T.e. aHaNIOrMYHa CTPYKTYpe 3a3BTEKTOUAHOM CTanu.
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Echn  KONMYECTBO CBA3AHHOrO yrnepoda 3HauyuMTeNbHO NpeBblWaeT
3BTEKTOUAHYIO KOHLLEHTPALMIO, TO B NPOLLECCE NEPBUYHON KPUCTANNU3ALMM YYTyHA
nocne BblAeNEHUS HEKOTOPOro KoJsnyectsa rpadurta 4YacTMYHO obpasoBancs
nenebyput (LEMEHTUTHAA 3BTEKTUKA) U CTPYKTYPa MeTaIIMYeckon OCHOBbI byaeT

nenebyput + nepaut (puc. 6.)

Puc. 5- MonoBMHYATBIN YYyryH — NEPAUT + UEMEHTUT (BTOPUUHbIN) +
NAACTUHYATBIN rPaduUT: @ — MUKPOCTPYKTYpa, 6 —Ccxema MUKPOCTPYKTYpbI.

/

Puc. 6- MonoBMHYATLIN YYryH — NefebypuT + NNacTUHYaTbIN rpaduT:

a — MMKPOCTPYKTYpa , 6 — cxema MUKPOCTPYKTYpbI.

6.3 MUKpPOCTPYKTYpa BbICOKONPOUHbIX YYryHOB.

B BbICOKONPOYHbIX YyryHax MOryT ObiTb Te e TUMbl CTPYKTYP, KOTopblebbinm

YKasaHbl AN1A CepbiX YYryHOB, HO rpPaduUT B 3TUX YyryHaxX LIAPOBUAHbIN.

Jlucm
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Takum 06pa3om, BO3IMOKHbI caeaytowme TUnbl MUKPOCTPYKTYPbl BbICOKONPOYHbIX
YyryHoB: GeppUT + WapoBUAHbIN rpaduT - GEPPUTHbBIN BbICOKONMPOUHbIN YyryH (puc.
7), depput + nepanT WapoBMAHLIN rpaduT -  eppUTHO-NEPAUTHLIN
BbICOKOMPOYHbIA YyryH (pucC.8, COOTHOLWIEHME MeXAy KoaumyectBom depputa U
Nep/sinTa B BbICOKOMPOYHOM YyryHe MOMKET ObiTb Pa3/IM4HbIM B 3aBUCMMOCTU OT
XMMUYECKOro COCTaBa U YC/IOBUI OXNaxKAEHUA, NepaAnT + LWapoBUAHbIN rpaduT -

NEPAUTHbLIN BbICOKOMPOUHbIN YyryH (puc. 9).

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

]
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Puc. 8- PeppuUTHO - NEP/INTHBIN BbICOKOMPOUHbIM YyryH - GeppuT + nepauT+
LWApPOBUAHBIN FPadUT:



a — MUKPOCTPYKTYpa, 6 - cxema MUKPOCTPYKTYpbI.

Puc. 9 -MepnnTHbIA  BbICOKOMPOYHbIN YYTyH — NEPANT + LWAPOBUAHbIN
rpaduT: a- MUKPOCTPYKTYPA, 6- cxema MUKPOCTPYKTYpPbI.

6.4 MUKpPOCTPYKTYpa KOBKUX YYTyHOB.

B KOBKOM 4yryHe yrnepoj CoAep»KuTtcs B Buae rpaduta XJ10nbeBuaHOM
dopmbl. MeTannmyeckas OCHOBA KOBKOFO YyryHa MOMKeT OblTb ¢$eppuUTHOMN,
beppUTHO-NEPANTHON U NEPANTHON. B COOTBETCTBUM C 3TUM PA3NMYALOT KOBKUMA
yyryH deppuTHbii (puc. 10), peppuTHO- NepAnTHbIN (puc. 11) u nepanTHbIN (puUc.

12).

Jlucm
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a - MMKPOCTPYKTYpa,
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XNOMNbeBUAHbIN rPaduUT:

a - MHUKpPOCTPYKTYpa,

Puc. 10 -®deppuUTHbIN KOBKUI YYTyH - GeppUT + XN0NbeBUAHbIN rpaduT:

6 - cxemMa MUKPOCTPYKTYpbI.

Puc. 11 -®eppUTHO-NEPNIUTHBINA KOBKUIM YYTyH - GeppuT + nepaut +

0 - cxeMa MUKPOCTPYKTYPHI.

U3m. | Jlucm Ne dokym. Modnucb) Hamal
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Puc. 12- IlepauTHBIN KOBKUN YyTyH - NEPJIUT U XJIONBEBUIHBIN rpaduT:

a- MUKPOCTPYKTYpa, 0 - cxemMa MUKPOCTPYKTYPHI.

7 MNMopapoK BbINONAHEHUA PaboTbl

7.1 WN3y4ynTb OCHOBHblE TEOpPEeTUYECKME NONOXKEHNA O MUKPOCTPYKTYpPaxX cepblx,
NONOBUHYATbLIX, BbICOKOMPOYHbIX U KOBKUX YYTYHOB.

7.2 MoarotoBuUTb K paboTe MeTanM4yecknii MMKpPOCKO.

7.3 NoarotoBuTb 06pa3Lbl CepbIX, MOJOBUHYATbIX, BbICOKOMPOUYHbIX M KOBKUX
YYryHOB K NPOBeAEHMNIO MUKPOAHaIn3a.

7.4 NccnepoBaTb MUKPOCTPYKTYPbI CEPbIX, NONOBUHYATbIX, BICOKONPOYHbIX U
KOBKMX YyryHOB.

7.5 YCTaHOBUTb CBA3b MeXAy COCTaBOM YYryHOB, YCIOBUAMMU UX NOJTy4EeHUA U

CTPYKTYpPOWA.

8 Bonpocbl AnA camonpoBepKu

8.1 Kakoil uyryH Ha3bIBaeTcs cepbiM?

8.2 Kaxo# 4yryH Ha3bIBaeTCsi KOBKUM?

8.3 Kakoii uyryH Ha3bIBa€TCsl BRICOKOIPOUYHBIM?

8.4 Kak mapkupyercs cepblil, KOBKUN U BBICOKOIIPOYHBIN YyTYHbI?

8.5 UeM oTiInyaroTcs MEXaHMYECKHE CBOMCTBA CCpOro, KOBKOTO 1

MKTY. MB ONO4. 005 NP
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BbICOKOMPOYHOIO YyryHa?

8.6 KakoBo BiMsiHUE METAINIMYECKON OCHOBBI M pa3Mepa IrpauToOBbIX

BKJIFOUEHU HA CBOICTBA YyryHa?

9 CopeprkaHue oT4yeTa

9.1 KpaTkue TeopeTnyecKkme CBeAEeHUA O CTPYKTYPOO6pa3oBaHUM YyryHOB.
9.2 ICKM3bl UCCNe[0BaAHHbIX CTPYKTYP U UX CXEMDI.
9.3 CocTtaB nccnenoBaHHbIX CTPYKTYP.

9.4 BbiBOA,

Jlucm
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1 Tema pa6oThbl
Br160p MaTepuasioB 1Jisi KOHCTPYKLHUM.
2 Ileqb paboThbI
OO6yuenue :

- IPUBHUTHE NMPAKTUYECKUX HABBIKOB BHIOOPA MAaTE€PUAJIOB JUJIS PA3JIMUHBIX J€TaleH
KOHCTPYKLIUH ;

- YMCHHC UCIIOJIb30BATh TCXHUYCCKYIO U CIIPABOYHYIO JIMTCPATYPY.
BocnurarensHas :

- CO3HATEJIBHOI'0 OTHOIIEHUS K MPUOOPETEHHUIO TEOPETUUECKUX 3HAHUHN U
MPAKTUYECKUX HABBIKOB.

PasButue :

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

3 3apanue

3.1 IlonoGpaTh Mapku CIUIABOB U MAaT€pPUAJIOB JIJIsl U3TOTOBJIEHUE JIeTajel MallluH
U UHCTPYMEHTOB (CM. IIPUJIOKECHUE).

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 CIIJIAaBOB U MAaTCPHUAJIOB IJISI U3rOTOBJICHUA I[CT&JIGIZ MalllMH 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 CIUIABOB U MAaTEPUAJIOB JIJIsl M3TOTOBIICHUS J€TAICH MAIlIUH U
WHCTPYMEHTOB.

7.7 BeiBo.

Jluct
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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.

JI71s 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.

Jls1 mianiex U cBepi ¢ KpacHocToikocThio 10 280 °C.

J1s1 peccopsl JIErKOBOI'O aBTOMOOMJIS.

Jis IeMeHTyeMOM ecTepHU KOPOOKH mepeiad aBTOMOOUIIS.

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

J7st 00IMIIOBKY 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.

JIist 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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