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AKT COI'JTACOBAHUA

Ha METOJMYECKHE PEKOMEH/IAIIMH TI0 BBITIOJHEHHIO MPAKTUYECKUX PabOT MO y4eOHOM TUCITUTLINHE
«MarepuanoBeaenue» s cnenuanbHocTn15.02.16 TexHomorus MammHOCTPOSHUS
OIT «[TPOPECCHUOHAJIUTETY,
pa3paboTaHHOM npernoaaBareasaMu FOxHO-Y palibCKOro rocy1IapcTBEHHOIO TEXHUYECKOTO

koJutemka LlBapesoit U.A., Mopos 10.A.

MeTOI[I/ILICCKI/IC PEKOMEHAAOKN 110 BBIIIOJHCHHIO J'Ia60paT0pHBIX n MPAKTHYICCKUX pa60T
COCTaBJICHBI B COOTBCTCTBHU C nporpaMMoﬁ yqe6H0171 JUCHUITIIMHBI ((MaTepI/IaJ'IOBeI[eHI/Ie».

MGTOZII/ILIGCKI/IG PEKOMEHOAlNU K J'Ia60paTOpHI)IM H IMPAKTHYCCKUM pa60TaM HUMCIOT CAUHYIO
CTPYKTYypy: IeNH, OOINHe TOJOXKEHHUS, XOa paboTel, GopMmMy oTueTa 1Mo paboTe, CIpaBOYHBIC
TaHHbIe, JTuTepaTypy. Temaruka paboT pasHooOpasHa. TeMbel pabOT ompeneneHbl, UCXOAS U3
JIOTUKM  H3YUCHUA  AUCHUILIMHBI ((MaTCpI/IaJIOBCIICHI/IC)) U HallpaBJICHBI Ha yrﬂy@ﬂeHHe
TEOPETHYECKUX 3HAHWU U (HOPMUPOBAHHE YMEHHUN MPOBOAUTH IKCIEPUMEHTHI HA JTAOOPATOPHBIX
paboTax ¢ UCIOJIb30BAaHUEM J1abOPaTOPHOTO 000PYIOBAHUS.

Mertonuyeckue peKOMEHAALNN MO BBIOJHEHUIO J1a0OpaTOPHBIX U MPAKTUYECKUX padboT
no mucuumiinHe «MaTepuanoBeeHne» COOTBETCTBYIOT —MporpamMme y4deOHOW AMCUMIUIMHBI U

MOTYT HUCIIOJIL30BATLCA B O6p330BaTeJ'HJH0M mnmpomnecce.

I'enepanbubiil gupextop OO0 Y3AT opnees Cepreit Bnanumuposuu



INOACHUTEJIBHASA 3AIINCKA

MeTtoanueckie peKOMEHIAlNU 1O BBITOIHEHHUIO JTa00PaTOPHBIXH MPAKTUIECKUX paboT 1Mo
yueOHoI nuciuruiie «MarepuanoBeieHrne» npeaHa3HaueHbl 1715 00y4YaroluXcs 10 ClelHaaIbHOCTU
Texnounorus MammHoctpoenuss @I «[IPOGECCUOHAJIUTET»

JlabGopaTtopHble W TNpPAKTUYECKUE 3aHATHS SABISAIOTCA BaXXHBIM 3JEMEHTOM Y4eOHOMH
JMCUUIUIMHBEL. B mpolecce BBIMOIHEHUS JTa0OPATOPHBIX M MPAKTUYECKUX paboT oOydaroluecs
CUCTEeMATHU3UPYIOT W  3aKpelUisiloT  TOJY4YeHHbIE  TEOPETHYECKHe  3HaHUs, pPa3BUBAIOT
MHTEIUIEKTyallbHble W TpOQEeCCHOHATBHBIE YMEHHsS, (OPMHUPYIOT 3JIEMEHTHl KOMIIETECHIIMN
OyIyLIuX CIEHUAINCTOB.

JUnst 3aKperuieHus TEOPETUYECKHX 3HAHUH W MPHOOPETeHUS HEOOXOAMMBIX MPAKTUYECKHX
YMEHUH porpamMmmMoiyde0Hoi JIACIUTIITUHBI «MarepuanoBeneHue»
npenycmarpuBaetcsaBbinonnennel0-tunadoparopusixu  3-xmpaktuueckux 3aHstuid  (Bcero 30
4acoB), HAINPaBJIEHHBIX Ha (DOPMUPOBAHUE 21EMEHMOE CAEOYIOUIUX KOMNEMEeHYULL.

OK 01. Beibupats criocoObl pemieHus 3a1a4 NpoPecCHOHAIBHON AeATEIbHOCTH, TPUMEHUTEIBLHO K
Pa3IUYHBIM KOHTEKCTaM

OK 02. OcyuiecTBisATh MOKUCK, aHATN3 U HHTEPIPETAUI0 HHPOpMAIIUU, HEOOXOAUMOM 1715
BBIIIOJTHEHUS 33/1a4 NPOPECCUOHATBHON JAESITENbHOCTH.

OK 04. PaGoTatb B KOJIJICKTUBE B KOMaHe, d()PEKTUBHO B3aUMOACHCTBOBATh C KOJICTaMHU,
PYKOBOJACTBOM, KJIHEHTaMH.

I1K 3.5. KoHTposnnpoBarh KauecTBO pabOT 10 MOHTaXy, HAJIaJKE U TEXHUYECKOMY 00CITy)KUBaHHUIO
CUCTEM U CPEJICTB aBTOMATHU3AII1H, BHITOTHAEMBIX TOJYMHEHHBIM IIEPCOHATIOM U COOIO/ICHNE
HOPM OXpaHbl TPyAa U OepeKIMBOTO MPOU3BOCTBA.

I1K 4.2 OcymiecTBiATh JUArHOCTUKY IPHYUH BO3MOXHBIX HEUCIPABHOCTEH M OTKAa30B CHCTEM ISl BBIOOpa
METO/IOB ¥ CIOCOOOB UX YCTpaHCHHUSI.

Ha nocTrmxeHne THIHOCTHBIX PC3yJIbTATOB:

JIP 2: IIposABISAIOMNI aKTUBHYIO TPaXKJAHCKYIO TIO3ULIMIO, IEMOHCTPUPYIOIIMM IPUBEPKEHHOCTD
MIPUHINAIIAM YECTHOCTH, MOPSAAOYHOCTH, OTKPBITOCTH, )KOHOMUYECKN aKTUBHBIN U YYaCTBYIOIIUI B
CTYJIEHYECKOM U TEPPUTOPUAIBHOM CAMOYIIPABICHUH, B TOM YUCIIE HA YCIOBUAX
0OPOBOJIBYECTBA, MPOTYKTUBHO B3aUMOICHCTBYIOIINM U yUYaCTBYIOIIMUN B €SI TEIHOCTH
OOIIECTBEHHBIX OpTaHU3aIHii

JIP 4: TlposBisronuii ¥ IeMOHCTPUPYIOIIHNHA YBaKEHUE K JIIOJISIM TPyAa, OCO3HAIOIINMA IIEHHOCTh
cobcTBeHHOro Tpyaa. Ctpemsiuiicss K JOpMHUPOBAHUIO B CETEBON Cpefie TMUHOCTHO U
poheccnoHaTbHOTO KOHCTPYKTUBHOTO «IIU(POBOTO CIeaAa»

JIP 7: Oco3Haromuii NpUOPUTETHYIO IIEHHOCTh JTMYHOCTH YeJIOBEKa; YBa)KAIOLIHI COOCTBEHHYIO U
Yy>KYyI0 YHUKAJIBHOCTb B Pa3JIMYHBIX CUTYyallUsX, BO BceX (hOopMax U BUJIAX JIEATEIbHOCTH.

JIP 10: 3aboTsmumiics 0 3aIIUTE OKpYXKArOIeH cpeibl, COOCTBEHHOM U 4y>K0i 6€301MacHOCTH, B TOM
gucie nuppoBon

CrynenT B mpoiiecce paboThI TOKEH YMETh!

- ONpPENEATh CBOMCTBA KOHCTPYKLMOHHBIX M CBIPbEBBIX MAaTEPUAIOB, IIPUMEHSEMBIX B
IIPOU3BOJCTBE, IO MAPKHPOBKE, BHEIIHEMY BHJIY, MPOUCXOXKICHUIO, CBOWCTBAM, COCTaBY,
HA3HAYEHUIO U c1I0cOo0y MPUTOTOBIICHHS U KIacCU(UIIMPOBATD UX;

- OIPEIENATh TBEPAOCTh MATEPUATIOB;

- ONPEIENATh PEKUMBI OT/KUIa, 3aKAJIKU U OTILYCKa CTaJIU;

- no0MpaTh KOHCTPYKIMOHHbBIE MAaTepHAIIbl IO X HA3HAUYEHUIO M YCIOBHUAM HKCIUTyaTalluH;



- nmoAOHUpaTh CIOCOOBI U PEKUMBI 00paOOTKH METAJIIOB (JINThEM, JABJICHHEM, PE3aHUEM) IS
HM3TOTOBJICHUS JeTaIeH;

- BBIGI/IpaTB SJICKTPOTCXHUYCCKUC MATCPUAJIbL: IPOBOJHUKH U JUIJICKTPUKU 110 HA3HAYCHUIO U
YCIIOBUSIM IKCILTyaTaluu;

CryneHt B mpouecce paboThl JOKEH 3HATh(aKTyalu3alus):

- BUJIbl MEXaHUYECKON, XUMHUECKOW U TEPMHUECKON 00pabOTKH METAJIOB U CIJIABOB;

—  OCHOBHBIE CBEJICHUS O KPUCTAJUIU3ALUH U CTPYKTYPE PACILIaBOB;

—  kjaccu(uKanus, OCHOBHBIC BUIbI, MAPKUPOBKA, 00JIACTh NMPUMEHEHUS W BUABI 00pabOTKU
KOHCTPYKIIMOHHBIX MAaTE€pHajoB, OCHOBHBIC CBEACHHMS 00 WX HA3HAYEHUU M CBOMCTBAX,
IPUHLUIIBI MX BBIOOpA [Vl IPUMEHEHUS B IIPOU3BO/ICTBE;

—  3aKOHOMEpPHOCTH IIPOLECCOB KPHUCTAUIM3ALUU U CTPYKTYpOOOpa3OBaHUS METAUIOB U
CIIABOB, 3alIUTHI OT KOPPO3HH;

—  cmocoO0Bl NOTYYECHUsI KOMITO3UIIHOHHBIX MaTepHAIIOB;

—  CYIIHOCTb TEXHOJIOTHUECKHX IPOIIECCOB JINThsI, 00paO0TKHM METAJIJIOB 1aBJICHUEM H PE3aHUEM

—  CTPOGHHE W CBOICTBAa MOJYNPOBOJHUKOBBIX W TPOBOJHHKOBBIX MaTE€pPHAaJOB, METOABI HX
HCCIIEI0BaHMS;

Onucanue Kaxjaoi 1a00paTOpPHOIM M MpaKTUYECKONH pabOThI CONEPKUT HOMEpP, Ha3BaHUE U
1enb paboTel, GOpMHpPYEMBbIE B MPOLIECCE BBIMOTHEHHUS paOOTHl 3HAHUS, YMEHHSI HTEOPETHUECKOE
U3JI0KEeHHE He0OXO0AMMOT0, BApUAHThI 3aJJaHU, ONIMCAHNE aIrOPUTMA BBIIIOJHEHUS, KOHTPOJIbHbIE
BOTIPOCHI.

OTueTsl CTYJIEHTOB 0 JIAOOPATOPHBIM M MPAKTHYECKUM paboTaM JIOJIKHBI CO/Iep’KaTh HOMED,
Ha3BaHUE W 1EeNb PaOOTHI, BHIMOJHEHHBIC 33JaHUS M MX PE3yJbTaThl, BBIBOJABI 110 TPOJEIaHHON
paboTe, OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI.

- OIICHKA «OTJIMYHOY BBICTABIISIETCS] 00YJaromEeMycs 3a paOboTy, BHIITOJHEHHYIO CAMOCTOSITEITHHO
6€30111100YHO, B TOJIHOM 00BbEME C YUETOM PALlMOHATBHOCTH BEIOPAHHBIX PEILICHHIA;

- OIICHKA «XOPOIIIO» BBICTABISETCS 00yUaromeMycs 3a padoTy, BHIIIOJIHEHHYIO B TTOJTHOM 00beMe ¢
He/I04eTaMM, UCTIPaBIEHHBIMU CAMOCTOSITEIBHO 110 HABOASIIUM BOIIPOCAM MPEIo/iaBaTes.

- OIICHKA «YAOBJIETBOPUTEILHO» BBHICTABISIETCS 00yUaroneMycs 3a padoTy, BHIIIOJIHEHHYIO C
He/I04eTaMHM, UCTIPaBIEHHBIMU C ITOMOIIBIO MTPETo/1aBaTels;

- OIICHKA «HEYIOBJIETBOPUTEIHLHOY» BBICTABIISIETCS 00yJaromeMycs 3a padoTy, BBIITOJIHEHHYIO B HE
nojHoM oobemMe (MeHee 50% npaBUIIbHO BBIOJHEHHBIX 33/1aHUl OT 0011ero 00bemMa paboThl).

TuTynbHBIA TUCT U CTPYKTypa pabOTHI JOJKHBI OBITH OQOPMIICHBI B COOTBETCTBHH C
npuiioxenusamu b, B, I'.



INEPEYEHB JTJABOPATOPHBIXU IIPAKTHYECKHUX PABOT

Ne HaumenoBanue pa6orbl O0bem
TeMbl (uac)
Tema | Jlabopatopnas padora 1 [IpuroToBnenue cycneH3nu kapOoHaTa Kalblus B 5
1.1.2 | Bome. O3HaKOMJICHHE CO CBOMCTBAMH JIUCIICPCHBIX CUCTEM.

Tema | JlabopatopHas pabora 2 MccnenoBanue cocTaBa v ClioCOOOB pa3IeICHUS 5
1.1.2 | cmeceii (oTcTanBanue, GUILTPOBAHHUE, BHIMTAPUBAHHKE).

Tema o

113 JIaGoparopnas pabota 3IIpuroToBiaeHue pacTBopa 3aJaHHOH KOHIEHTPAIUN 2
Tema . o o

114 JIaGoparopnas pabota 4 MccinenoBanue CBOMCTB KHCIIOT, OCHOBAHUH, COJICH. 2
Tema .

115 JIaGoparopnas pabota 5 [IpoBenenne peakuuii HOHHOrO OOMEHa. 2
Tema . o

116 JIaGoparopnas pabota 6 MccinenoBanne CBONCTB METAJUIOB M MX COSIMHEHHIA 2
Tema | JlaboparopHas padota 7 [IpoBefeHHE OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX 5
1.1.6 | peakuuii

Tema | JlaboparopHas paboTa 8 PemieHne 3KCIepUMEHTAIBHBIX 3a/1a4 Ha 5
1.1.6 | uneHTHUKAIINIO HEOPTAHMISCKUX COSAMHCHUN

Tema | JlaboparopHas pabota 9 [IpoBereHre peakiuii o 0OHAPYKESHUIO yriiepoaa u 9
1.2.1 | BogopoJa B OPraHUYECKHUX BEIIECTBAX

Tema | JlaboparopHas padota 10 [ToiydyeHue aneTHiieHa U OIBITHI C HUM. 9
1.2.2

Tema | JlaboparopHas pabota 11 HMccnenoBanue CBOWCTB KayuyyKOB 2
1.2.2

Tema | JlabopatopHas padora 12 MccrnenoBanue CBOMCTB CIIUPTOB. 5
1.2.3

Tema | JIaboparopnas pabota 13 VccrnenoBanue cBOWCTB KapOOHOBBIX KHCJIOT U X 5
1.2.3 | coneil.

Tema | JIaboparopnas padota 14 VMccnenoBanue CBOWCTB IITIOKO3bI, Caxapo3bl, 5
1.2.3 | kpaxmana.

Tema | JIaboparopnas pabota 15 Pacno3naBanue miactMacc U BOJIOKOH 5
1.24

Tema | JlabopatopHas paborta 16VcciienoBanre TBEPIOCTH METAJUIOB IO METOIUKE 2
2.2.1 | bpunenns u Poksenna

Tema | Jlaboparopnas padota 17. VccnenoBanue quarpaMMbl COCTOSTHHS 2
2.2.3 | xene3oyraepoauctbix criaBoB Fe-Fe3C.

Tema | JlabopaTtopHas padora 18 VMcnpiTaHue Ha pacTsHKEHUE MAaTepUAIOB 2
224

Tema | JlaboparopHas pabota 19. IIpoBeneHne 3aKajaku U OTIyCKa CTAIBHBIX 00pa3LoB 5
2.2.5 | c HCIIBITAHUEM TBEPJIOCTH

Tema | JJaboparopHas pabota 20. MccnenoBanue MUKpOCTPYKTYpHBI CTaliel mocine 2
2.2.5 | TepMUYECKOH U XUMHUKO-TEPMUIECKOH 00pabOTKH

Tema | JlaboparopHas pabota 21 MccnenoBanne MUKPOCTPYKTYPbI 2
2.3.1 | 5Kene30yIIIepOIMCTHIX CINIABOB B PABHOBECHOM COCTOSIHHH

Tema | JIaboparopHas pabota 22 MccnenoBanrne MUKPOCTPYKTYPBI UyTyHOB 5
2.3.2

Tema | Ilpaktuueckas padora 1 Beibop pexxnma TepMooOpabOTKH YyTryHHON OTIMBKH 5
2.3.2




Tema | [Ipaktudeckas padora 2 Beibop Marepuana 1y U3rOTOBICHUS JETATH U

2.3.4 | Ha3HAYCHHUE PEKUMA TEPMUUYECKON 00PaOOTKH B 3aBUCUMOCTH OT yCJIOBHIA 4
HKCILTyaTaIUH

Tema | JlabopaTtopHas pabora 23 VMccnenoBanue MUKPOCTPYKTYPBI IBETHBIX METAIIJIOB 5

2.3.5 | u criaBoB

Tema | JIaboparopnas padota 24 OnpeneneHue yI1eaIbHOTO COMPOTUBICHUS 5

2.4.3 | npoBOJHHKA

Tema | JIaboparopnas padota 25V ccnenoBanre MEKPOCTPYKTYPBI U CBOHCTB 2

2.5.1 | nerupoBaHHBIX CTAJIEH

Tema | IIpaktuueckas padora 3. HazHaueHne ONTUMATBHBIX PEKUMOB PE3aHUS 5

2.71.3

NTOI'O 58




Pasznen 1 XUMUA

JlabopaTopnasi padora Ne 1

Tema: IlpuroroBienue cycrneH3sun KapoéoHaTa Kajablusa B Boge. O3HaKOMJIEHHE €O
CBOMCTBAMH JAMCIEPCHBIX CHCTEM.
Henn:
1) dopmupoBaHHe YMEHHI MPUTOTOBJICHHS CYCICH3UHM KapOOHATa KajbLUs B BOJAE, H3YYUTh €
YCTOMYMBOCTH U (Pa30BBIiA COCTAB.
2) dopmupoBaHHe 3HAHHH KiIacCH()UKAIUK U CBOWCTB TUCIIEPCHBIX CHCTEM.
B pesynbTare BhIOTHEHUS 1a00PaTOPHOM PabOTHI CTYJCHT A0JIKEH:
3namu: npuUMepbl JUCTIEPCHBIX CUCTEM
Ymemuw: onpenensats AucnepcHyo Ga3y U JUCIIEPCUOHHYIO CPELy
PeakTusbi:
KapOonar xanbuusi, BOAa, MbUIO, MOJIOKO, CTIJIABBI.
Oo6opynosanme:
[ltaTuB, npoObUpKH, AepKaTEIb.

Xon padorsi:

Onpit 1. [TonyyeHue cycneH3uu kapOoHaTa Kajabls B BOJIE.

B dapdopoBoii cTynke TIIATENBHO Pa30TPUTE KyCOYEK Meja A0 TOHKOIO IOpOIIKA.
Buecure B npoOHpKy HEMHOTO U3MENBUEHHOIO MOPOLIKa, IpUiIeHTe 4-5 M1 BOJIbI M HECKOJIBKO pa3
SHEPrUYHO BCTPSXHUTE MpoOupKy. OTMEThTE paBHOMEpPHOE paclpeseieHHe MOpOoIIKa Meja I0
BceMy 00bemy cpenpl. [locTaBpTe mpoOUpKy B IITATUB M HaAOIIOJaiTe yepe3 HECKOJIbKO MUHYT
pacciioeHHe MOJIyYEHHOHN CyCIIEH3UU.

Kakue cuctemsl Ha3bpIBalOT cycrnieH3usiMu? Uto siBiiseTcss B JTaHHOM CYCIIEH3MM AUCIIEPCHON
¢ba3oii, nucnepcHoi cpenoi?

OmnbIT 2. O3HaKOMIIEHUE ¢ 00pa3LAMU AUCHEPCHBIX CUCTEM.

O3HakoMbTeCh € OOpa3llaMy JUCIEPCHBIX CUCTEM: 1HmpoOupka — TMeHbl (BCIIEHEHHBIH
MBUIBHBIN pacTBOp), 2 HmpoOupka — 3MyJIbCHHM (MOJOKO), METajulMyecKas IUIacTUHA — TBEpJIbIe
reTeporeHHbIe CUCTEMBI (CIIaB).

[Tonb3ysace Tabmuuel 1 (npunoxkenue 1), ompeaenuTe B JaHHBIX JUCIEPCHBIX CHUCTEMAaxX
arperaTHOe COCTOSIHHE JUCTIEPCHOM (ha3bl U AUCIIEPCHON Cpebl.

[To xomy paboTHI 3aMOTHUTE TAOIUILY U ClIeTIaliTe BHIBOJIBI.

KoHnTpoJsabHbIe BONpochI

[IpuBenure Tpu mHpHUMepa AMCIEPCHBIX CUCTEM (HE PAacCMOTPEHHBIX B J1aOOpaTOpHOM

paboTe) ¢ ykazaHHEM arperaTHOro COCTOSTHUSI TUCTIEPCHO (a3bl M JUCTIEPCUOHHOM CpeIbl.

JlabopaTopnasi paGora Ne 2

Tema: UcciienoBanmne coctaBa u crnoco00B pa3jaejieHus1 cMecei
(orcrauBanue, puiIbTpOBaAHHUE, BHIIAPHBAHKE).

Heab:dopMrpoBaHue yMEHMH MPOBEICHUS PA3CIICHUS CMECH, HCIOJb3ys pa3jInyHbIe
crocoObl (oTcTanBaHue, (GUIBTPOBAHUE, BHITTAPUBAHHE).
B pe3ynbraTe BbIoNHEHUSs 1a00paTOPHOM pabOThI CTYIEHT 10JIKEH
3HamMb:CIOCOOBI pa3/ieleHUs cMecei
VMemb . BBITIOTHATH TAOOPATOPHBIN SKCIEPUMEHT MO Pa3AeIEHUI0 CMECH

PeakTHuBbI:



IloBapeHHas CoJIb, IIECOK, BOJA.

OobopynoBanue:

XUMUYECKUH CTaKaH, CTEKIISTHHAS Malo4ka, GUIbTpoBaibHas Oymara (OyMaKHBIH GUIBTD),
BOPOHKA, IITaTUB, (apPopoBas yallka, Jep>KaTelib, TOpeika, CyXoe roproyee, CIUYKH.

Xox padoTsr:

Omnpit 1. PacTBOpeHue 3arps3HEHHON oM (CMECHU COJM € BOJoM). OTcTauBaHue.

Paccmotpute cmech conu ¢ neckoM. [lompoOyiite oTnenuts coiib OT necka. B crakan co
cMmecblo Haslelite npumepHo 20 M Bojbl. CoJepKuUMoOe CTakaHa NEpPEeMELIMBANTE CTEKJISIHHON
NAJIOYKOH 70 pacTBOpeHus conu. Jlaiite pactBopy orcrositcs. OOpaTuTe BHUMAaHUE HA OCEdaHHE
YacTUYEK NeCKa U YMEHbUIEHHE MyTHOCTH pacTBOPA.

OnbIT 2. PUALTPOBAHHUE.

BymaxxHbIii UIABTP MOMECTHTE B BOPOHKY M CMOYHTE BOAOH, PACIpaBbTE €ro, 4YToObl OH
IUIOTHO IIPUMBIKAJ K CTEHKaM BOPOHKM. BOpOHKY BCTaBUTH B KoublLIO ITaThBa. KoHew e€ nomkeH
KacaTbCsi BHYTPEHHEM CTEHKHM CTakaHa, B KOTOpPOM cOOMpaeTcsi OT(QWIBTPOBAHHBIA pacTBOP.
MyTHBIH pacTBOp HajleliTe Ha (QUIBTP MO CTEKJISSHHOW najodke. B crakaH creder mpo3pauHbli
¢bubTpar.

OmneiT 3. BelniapuBanue.

[Tony4yennsiii ¢unbTpar BbUICHTE B (PappopoBYIO HaIIKy M IOCTAaBbTE €€ Ha KOJBLO
mratuBa. HarpeaiiTe B IiaMeHu, NepHOAMUYECKH IiepeMernBasi GuiIbTpar 10 MOJHOTO MCIapeHus
Bozbl. [lodyyeHHyI0 COJIb CpaBHUTE C UCXOAHON CMECHIO M YUCTOMU coJibt0. Crenaite BhIBO.

ITo xoxy pabOTHI 3a1I0JHUTE TAOJIUILY U ClIEIaiTe BHIBOIBI.

KoHnTpoJsbHbIe Bonpockl
[Tepeuncnure 3Tanbl pa3IeneHUst CMECU COJIH C IIECKOM.

JlabopaTopnasi padora Ne3
Tema: IIpurorosJienue pacTeopa 3aIaHHONM KOHLEHTPALMH.

Heab:dopMrpoBaHue yMEHHII TPUTOTOBICHUS pPacTBOpa 3aJaHHON KOHIIEHTpalWU,
BBIYMCIICHHUS] MAacChl BEIIECTBA U BOJbI, HEOOXOAMMBIX NJIsi MPHUTOTOBIEHHUS pacTBOpa 3aJaHHON
MacCOBOM J0JIEH BEUIECTBA.

B pe3ynbrate BhInonHEeHUs 1a00paTOpHOI pabOThI CTYIEHT JAO0JKEH:

3Hamu. CTIOCOOBI BEIPAKEHUS COCTaBa PacTBOpa

ymembs: PpEUIaThb PACUETHBIE 3aJa4d Ha OIPEIAECIEHUE MacCOBOM [JIOJM PaCTBOPEHHOTO
BEIIECTBA

PeakTuBbI:

Xopua HaTpus, Boja.

OobopynoBanue:

Beckl, pazHOBeCHI, CTEKISTHHBIN IIMIIMHIP, KOJIOA.

Xox paboTsr:

OmnpiT 1. [IpuroroBiaeHue pacTBopa CoJiv ¢ ONpeaeIeHHON MacCOBOM J10JIeH BEIIECTBRA.

1. [lonmyuute y mnpenojaBaTens 3agaHue. BblUMCIUTE, CKOJBKO COJM W BOJIBI
norpedyercss Ui TNPHUTOTOBJICHUS YKa3aHHOIO pacTBOpa C 3aJaHHOM MAaccoBOW Joieit
BelecTBa. B pacuerax ucnons3zyite GopmyIibl

m(s-6a)




e *100% ;m(p-pa) = m(s-6a) + M(H20);
m(p-pa)

2. OTBechTe Ha Becax COJIb M IIOMECTHUTE €€ B KOJIOY.

3. Otmeppre TpeOyemblii 00beM BOABI (MPU IMMOMOIIM CTEKJISHHOTO IWIMHApPA) W
BbLIEHTE €€ B KOOy Cc conbro. Conep:kuMoe KOJIOBI TIepeMeIIaifTe 10 MOJHOTO PACTBOPCHHUS
COJIN.

[To xomy pabOTHI 3aMOTHUTE TAOJIUILY U CACIANTE BBIBOIBI.

KOHTPOJILHLIG BOIIPOCHI:

Pemmts 3amauy Ha ompesieneHrne MacCOBOM JI0JIM PaCTBOPEHHOTO BEIECTBA (KapTOUKY C 3aJaHHEM
MOJIYYHTh y MPETIOIaBaTeNs ).

JladopaTopnasi padora Ne 4

Tema: HccaenoBanue CBOMCTB KHCJIOT H OCHOBAHHM, COJIEH.

Heab:dopMrpoBaHue YMEHUH MPOBEICHUS OIBITOB, MOATBEPKIAOIINX CBOMCTBA KUCIOT U
OCHOBAaHMWH, COJIEW; HANUCaHUs YPaBHEHUW [UCCOLMALMU KUCIOT M OCHOBAaHWH, peakUuu
TUAPOJIN3a B MOJIEKYJISIPHOM U HOHHOM BUJIE.

B pesynbrare BeinonHeHus 1a00paToOpHOil pabOThI CTYIEHT JTOJKEH:

3HAMb:- OCHOBHBIE ITOJIOKEHUS TEOPUH JIEKTPOIUTHYECKON TUCCOLUALNH;

- CBOMCTBA KMCJIOT, OCHOBAHHUH, COJICH

yMemb. - BBINOJIHATh XUMHUYECKHIM DKCIIEPUMEHT I10 PACIO3HABAHUIO KUCIIOT, OCHOBAHUMU,
COJICH;

- COCTaBJISATh YPAaBHEHUS THJIPOJIN3a COJIEH B MOJIEKYJIIPHOW U MOHHOU (opme;

- OIPEIENATh XapaKTep CPebl B BOJAHBIX PACTBOPaX HEOPraHUUECKUX COSAUHEHHUN

PeakTuBbI:

CepHas KMcCOTa, THAPOKCU HATpHUs, BoJa, kKapOoHaT Hatpus, cyiabdar meau (I1), xmopung
LIMHKA, XJIOPUJ HATPHsI, YHUBEPCAIbHBIN UHIUKATOP.

Oo6opynoBanme:

ITaTtus, npoOupkH, AepKaTelb, TOpeNKa, CyXoe roproyee, ClIMYKY, CTEKIISTHHAS NaJI0uKa.

Xoa padoThi:

OnbIT 1. DKCHIEpUMEHTATbHOE ONPEACIIEHUE BHIIAHHOTO BEIIECTRA.

B Tpex mpoHymMepOBaHHBIX MPOOMPKAX HAXOIUTCS CEpHAsl KUCIOTA, BOJAA M THAPOKCHU
Hatpus. [Ipyn moMoImM WHAWNKATOPOB OIpENeInTe, B KaKOW M3 MPOOUPOK HAXOAUTCS KHUCIOTa, B
KaKkoW OCHOBaHWE M B Kakou Boga. OObsicHUTEe HaOmromaembie 3G(EKTH MPH WX Pacro3HABAHHH.
Hanumvre ypaBHeHUs1 JUCCOLMAIIMN CEPHOM KUCIIOTHI U TUAPOKCH/IA HATPHSL.

Omnpit 2. VicnibiTaHWe pacTBOPOB COJIEH MHAUKATOPOM.

HcnerTaiiTe 1EeWCTBUE pacTBOPOB pA3IMYHBIX COJIEM HAa JIAKMYC, HaHECS CTEKJISHHOU
MAJIOYKOH KarlTio pacTBOpa KaykKJON COJM HA KPACHYIO U CHHIOIO JJAKMYCOBBIE OyMaXKKU. 3allOJTHUTE
TabuIyl.

Tabmuma 1 - I'maponus coneit

dopmyna Cpena pactBopa Kakumu  ocHOBaHMsSIMHM U
COJIH HeWTpasibHas Kucias IeJI0YHAs KUCJIOTaMU (CUJIBHBIMU  WJIU
cnabpiMu) oOpa3oBaHa COJIb




Hanumure ypaBHeHMs peaklyii TUAPOIA3A COJIECH, PACTBOPBI KOTOPBIX UMEIOT KUCIYIO WU
LIEJIOYHYIO0 PEAaKLMI0. YPaBHEHUS peakUuui 3aluIlIuTe B MOJIEKYJISIpHOW M HOHHOW (opmax.
[Tonb3ysiCh COKpAILEHHBIM HMOHHBIM YPaBHEHHUEM, YKAKHUTE, KaKHM€ MOHBI BIUSAIOT HA U3MEHCHHE
OKPAaCKHM MHJIUKATOPA.

[To xoy pabOTHI 3aMOTHUTE TAOJIHUILY U CACIANTE BBIBOIBI.

KoHnTpoJbHbIe BOPOCHI:
YKaxuTe OKpacKy JJakMyca B KHUCJIOW, IETOYHOM, HEUTpaIbHOM cpeje.

JlabopaTopnasi paGora Ne 5
Tema: IIpoBeneHne peakuuu HOHHOTO 00MeHa.

Hean:®opMupoBanre yMEHUN ONPEAEIATh YCIOBUS MPOTEKAHUS PEAKIIM HOHHOTO OOMeHa
710 KOHIIA, BBITIOJIHATD PEAKIIUU HOHHOTO OOMEHA, COCTABIISATH MOJIEKYJISIPHBIE U HOHHBIE YPAaBHEHUS
BBINIOJHEHHBIX PEAKIUM.
B pe3ynbrate BhINoNHEeHUs 1a00paTOpHOIl pabOThI CTYIEHT JOJKEH:
3HaAmMb: YCIOBUS MPOTEKAHUS PEaKIii HOHHOTO OOMEHa /10 KOHIIa
YMemb: COCTaBJSATh YpPaBHEHUS PEaKIMil MOHHOTO OOMEHa B MOJEKYJISAPHOM M HOHHOU

dbopme

PeakTuBbI:

Cepnas kucnota, xyuopun O6apus, xiopun skenesa (1), rugpokcun narpus, cynbdpar meau
(1), kapOoHat HaTpws,

Oo6opynoBanme:

[lItaTuB, npodbUpku, AepKaTEb.

Xon padoTsi:

OmnbiT 1. Peakuuu nporekaroniye ¢ 00pa3oBaHUEM OCajIKa.

K 1-2 mn pactBopa xjopuga Oapus no0aBuTh 1-2 M pacTBOopa CEpHOW KHCIOTHI.
[TponaO:ronaiiTe BbINaieHHe OeI0ro ryCTOro 0caaka.

K 1-2 mn pactBopa xmnopuna sxene3a (llI) nobaButrs mo kamnsm 1-2 mi pactBopa
rugpokcuaa Hatpua. Kak usmensiercs user pactBopa? IlponaGmionaiite BelazeHue Oyporo
XJIOBEBUIHOTO OCAJIKa.

K 1-2 mn pactBopa cynsdata menu (1) ro6aButh no kamism 1-2 M1 pacTBopa THIPOKCHIA
Hatpus. Kak usmensiercs user pacrsopa? [IponaGirogaiite BblnaieHne CHHETO aMOp(PHOTo ocaka.

HanumuTe ypaBHEHHs BBINOJIHEHHBIX PEAKIUNA B MOJIEKYJISIpHON U HOHHOM (hopme.

Onpit 2. Peakiyy, mpoTekaroniye ¢ BbIISIEHHEM Ta3000pa3HOro BElIeCTBA.

K 1-2 mn pactBopa xapOoHaTa HaTpusi J00aBUTh MO KariisiM 1-2 M pacTBOpa CEepHOM
kucnotel. HabGmrogaercs nu OypHoe BblfeneHue raza? M3mensiercs nu 1seT pactBopa? Hanummre
ypaBHEHHE JAaHHOM peaklUu B MOJIEKYJISIpHON 1 HOHHOM (hopme.

Onpit 3. Peakiyu, npoTekaroniye ¢ 06pa3oBaHUEM BOJBL.

K 1-2 mn pactBopa rugpokcua HaTpust 100aBUTh 1-2 KaruiM MHIUMKATOpa, 3aTeM J100aBUTh
3-4 xarum pacTBOpa cepHOW KHCIOTHL. Kak M3MeHsieTcsi oKpacka pacTBopa Mocie I00aBIICHUS
WHAMKATOpa; TMociie Jo0aBieHus KUCIoThl? Hammmmre ypaBHeHHE [@HHOW peakIuu B
MOJICKYJISIPHOW U MOHHOU (popme.

[To xoxy pabOTHI 3aNIOJTHUTE TAOJIHUILY U CHIEIANTE BHIBOIBI.

KoHTpoJsbHBIE BONIPOCHI:

10



OcyIIecTBUTE ICTIOYKY MTPEBPAIIICHHIA:

1 BapuantT MgSOs — Mg(OH), — MgCl»
2 Bapuant CaCO3 — CaCl. — AgCl

3 BapuanT NaOH — Na;SO4 — BaSO4

4 Bapuant CuSO4 — Cu(OH), — CuCl»

JlabopaTopnasi paGora Ne 6
Tema: UccieqoBanue cBOMCTB MeTAJUIOB H MX COeIHHEHMI.

Heab:@opMupoBaHUEe yMEHHN NPOBEAECHUSA OIBITOB, WUIKOCTPUPYIOIIUX CBOWCTBA AJIOMHUHUA,
IIMHKA, COJICM CBHHIIA, CHOCOOBI mosydeHus ruapokcuaa skeneza (II) u (Ill) m nHanmucanus
YPAaBHEHUI JJAHHBIX PEAKIIUI

B pesynbrare BeinonHeHus 1a00paTopHOil pabOThI CTYIEHT TOJKEH:
3Hamb: CBOWCTBA METAJIJIOB U UX COEAMHEHUN
yMemb: COCTABJIATH YpPAaBHEHUS XUMHUYECKHX pEaKlMid, XapaKTepHbIX [JIs METaNIOB U HX
COCIMHEHU I

PeakTusbi:

ATIOMUHUEBas CTPYXKKa, COJsIHAsI KUCIIOTa, CEpHasi KUCJIOTA, a30THAsl KUCIIOTA, TUAPOKCUL
HaTpus, cynbgar xenesa (Il), xmopun sxenesa (1), HuTpaT cBuHIA, TUHK.

Oo6opynosanme:

[ltaTuB, npoOUpKHU, TOPEIKA, CYXO€ TOpIYEe, CIMYKY, JIyUHUHA, 1epPKaTelb.

Xox paboTsi:

Onpit 1. CBo¥iCTBA aTIOMUHUSL.

1.1. B3aumoaeiCcTBUE aIOMUHUS C KUCIOTaMH.

B 1pu npobupku nmomecTtuth 1o 5-6 Kamenab pacTBOPOB COJIIHOM, CEpHON M KOHII. a30THOM
kucaoT. Omycture B Kaxkayro mo 1-2 cTpyxkku amomMuHus. B mpoOupkax, rae HaOmonaercs
SHEpPrUYHOE BBIJEJIEHUE Ta3a, NoMpoOOBaTh MOHKEYb €ro ropsuei ydnHoi. OOpaTUTh BHUMaHHE,
YTO B MPOOHUPKE C KOHI[. A30THOM KUCJIOTOM peakuusi He UAET. 3anumuTe HaOmoaeHusa. Hanummre
YPaBHEHUS PEAKLUI MEXKIY aTFOMUHUEM U CEPHOM KUCIOTOM, AIFOMUHUEM U COJITHOM KUCIIOTOM.

1.2. B3anmonelicTBre aqtOMUHMSA CO MIET0YaMU.

[Tomectuts B mpobupky 4-5 kamenb 30% pacTBopa TMApPOKCHJA HATpuUs, OMYCTHTh B
pactBop 1-2 amoMuHUEBBIE CTPYKKH. Korjga HayHETCS BBIJCIICHUE Ta3a, MOJKEYb €ro Topsilen
ayyuHoH. 3anumuTe HaOmoaeHus. HamumumTte ypaBHEHUS peakUMd MeEXIy allOMHHHEM U
PacTBOPOM T'MAPOKCHUIA HATPHUSL.

Omnprt 2. [TosnyueHne U CBOWCTBA I'MIPOKCHUJIOB KEJIE3a.

2.1. ITonyuenue v CBOMCTBA THAPOKCHIOB xkene3a (11).

B npoOupky Hamuth HemHOro cyibdarta sxene3a(ll) m mo6aBUTH pacTBOp THIPOKCHAA
HaTpus, K TMOJy4eHHOMY ruapokcuay kene3a(ll) mpunuTe cosissHOM KHUCIOTHI. 3aluIINTe
HabmoaeHus. HamumuTe ypaBHEHUs peakiui.

2.2. Tlonyuenue u cBOMCTBA THAPOKCHIOB xkenesa (111).

B mpobupky Hamuthe HemHOro xjopuna sxenesa (I1I) u noGaButh pacTBOp THIpOKCHAA
HaTpus, K TNoidyuyeHHoMYy ruapokcuny xenesza(lll) mpunaute pacTBOp cepHOW KHUCIOTHI [0
pacTBOpeHUs ocajika. 3anuinTe HabmoqeHns. Hanummre ypaBHEHUS peaKkiuii.

Omnpit 3. CBo¥icTBA COJIEH CBUHIIA.

B npoGupky ¢ pactBopom HuTpata ceuHua (I1) momoxurs kycouek nuHka. [Iponabmonaiite
3a OCEJaHMEM Ha IIMHKE HaléTa CBUHLA. 3anuiuunTe Ha0nroaeHus. HanummTe ypaBHeHHE peakliny.

I[To xoxy pabOTHI 3aNIOJTHUTE TAOJIHUILY U CIIEIANTE BHIBOIBI.
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KoHTpoJsbHbBIE BONIPOCHI:
[TepeuncnuTh XUMHUYECKHE CBOMCTBA, XapaKTEpHBbIE /1711 METAJIJIOB.

JlabGoparopHasi padora Ne7
Tema: [IpoBeneHne OKMCJIANTEIbHO-BOCCTAHOBUTEIBLHBIX PeaKIMIA.

Heanb:dopMupoBaHre yMEHUN TPOBEICHHS OMBITOB, HIUTFOCTPUPYIOIIUX

BOCCTAHOBHUTEIbHEIE CBOMCTBA OWHKA, OKUCIUTCIIbHBIC CBOMCTBA IeépMaHraHaTta KaJvid B
pa3IMYHBIX Cpeax; HANWCaHWs YPAaBHEHH BBIMOJHEHHBIX OKHCIUTEIHHO-BOCCTAHOBUTEIIBHBIX
peaKIuii METOAOM 3JIEKTPOHHOTO OayaHca.
B pesysbrare BIOTHEHHUS JTaA00OPATOPHOM PabOThI CTYJICHT JOJDKEH:

3HAMb: TIOHATHS OKUCIIUTEIh, BOCCTAHOBHUTENb, OKUCICHHE, BOCCTAHOBJICHUE

YMemb: COCTaBJISITh YPaBHEHUSOKHCIUTEILHO-BOCCTAHOBUTEILHBIX PEAaKIUi U pa3Ouparh
HX METOJIOM DJIEKTPOHHOTO OanaHca.

PeakTuBbI:

[{uHK, consiHast KACIOTa, IEPMaHraHaT Kajus, CepHasi KUCIIOTa, CYIbQUT Kaaus, THIPOKCH]T
HaTpus, BOJA.

Oo6opynosanme:

[taTuB, npodbUpku, AepKaTEb.

Xon padorsi:

OmnbiT 1. BoccTaHOBUTEIBHBIE CBOMCTBA IIMHKA.

OnyctuTh B MpOOUPKY KyCOYEK IUHKA U T0OABUTH PACTBOP COJNSIHOM KucIoThl. OOpaTUTh
BHHMAaHUE Ha BBIJICJICHHUE ra3a (BOI0po/a). 3anuiuTe Ha0moaeHus1. Hanummre ypaBHeHUE JaHHOM
OKHUCJIUTEIHHO-BOCCTAHOBUTENBHON peakllny, UCTIOIb3YSI METOJ SJIEKTPOHHOTO OantaHca.

OnbIT 2. OKUCINUTENTBHBIE CBOMCTBA IEPMAaHTaHATA KAJIHs B PA3IMYHbBIX CpEIaXx.

1.1. Hamute B mpobupky 1-2mm pacTBopa TmiepMaHraHata Kaiusi, HEMHOTO
pa30aBIeHHON CepHOl KHUCIOTBI W pacTBOp cyibburta kamus. OOpaTuTh BHHUMaHHE Ha
HMCYE3HOBEHHE SIPKOM pO30BOM OKpacku. 3anuimuTe HaOmrojeHus. Hamummre ypaBHEHHE
JAHHOM OKHCIIUTEIbHO-BOCCTAHOBUTENIBHOW PpPEAKIUHU, HUCIOIb3ysl METOJ 3JIEKTPOHHOTO
OanaHca.

1.2. Hanute B mpobupky 1-2M11 pacTBOpa nepmMaHraHaTta Kajius, 100aBUTh K HEMY
TaKOE K€ KOJIMYECTBO KPEIMKOT0 pacTBOpa IIEI0YH, 3aTeM pacTBOp Cyibduta kamus. OOpaTuTh
BHUMaHHWE Ha oOOpa3oBaHHWE 3EJIEHOr0 pPACTBOpPA MAapraHIICBOKUCIOTO Kalus. 3alulInTe
HaOmrofeHuss. Hamummre ypaBHEHHWE JTaHHOW OKHCIUTEIHHO-BOCCTAHOBHUTEIIBHOW DPEAKIINH,
UCIIOJIB3YSl METO] DJIEKTPOHHOTO OanaHca.

1.3. Hanute B mpoGupky 1-2M1 pacTBopa mepMaHraHara Kajausi, pa30aBUTh €ro
BOJIOM W TPWINTH pacTBOp cyibuta kKamus. OOpaTuTh BHUMaHUE Ha BBIMAJCHHE Oyporo
ocajJika JHWOKCHJAa MapraHia. 3anuimure HaOmoaeHus. Hammmure ypaBHEHHE JaHHOM
OKHCJIUTEITbHO-BOCCTAHOBUTENBHON PEaKIMK, UCTIONB3Ysl METO] JIEKTPOHHOTO OanaHca.

[To xomy paboTHI 3aMOTHUTE TAOIUILY U ClIeTIaliTEe BBHIBOJIBI.

KoHTpoJibHBIE BONIPOCHI:

Paccrasbre crenenu okucnenus: Cly, KCl, HCIO,HCLO4, HCIO3, Cl,07
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JlabopaTopnasi paGora Ne 8

Tema: Pemenne ykcnepuMeHTAJbHBIX 32124 HA HIEHTH(UKAIMIO HEOPTaHUYECKHUX
coeIuHEeHUu

Heab:@opMupoBaHre yMEHUH MPOBEICHUS KAUECTBEHHBIX PEAKIMI AJIs MPEAIOKEHHBIX
HEOPraHUYECKUX BEILECTB, COCTABJIATH MOJIEKYJISIPHBIE W MOHHBIE YpPAaBHEHUS BBIIOJIHEHHBIX
peaKkuuid.

B pe3ynbrare BeIoONHEHUS 1a00paTOPHOI paOOTHI CTYIEHT JTOJDKEH:

3Hamb. ONPEJICTICHUE U ONEPUPOBATH CICAYIOMIMMU XUMUYECKUMU OHATUSMU: UOH,
ANEKTPOOTPHULATEIBLHOCTh, XUMUUYECKAs CBA3b, NEKTPOIUTUYECKAS AUCCOLUALINS, PACTBOPBI.

yMemb: OOBSICHITH 3aBUCIMOCTH CBOMCTB BEILIECTB OT UX COCTaBa, COCTABIISATh YPaBHEHUS
XUMHYECKUX PEaKIUi

PeakTuBbl: pactBopsl: xnopuaa xkenesa (I1I), poganuna kanus, Hutpata cepedpa, Xaopuaa
HaTpusl, KapOOHaTa HATpHs, Cylb(aTa HaTPUsl, COJITHON KUCIIOTHI, XJopuaa dapus

Oo6opynoBanme:

[ltaTuB, npodupKu, AepKaTeib, acOECTOBas CETKA, CyX0€ roprodee, CIUMUKU

Xox padorsri:

Onpit 1. OnpesieneHye KaueCTBEHHOTO COCTaBa HEOPraHUYECKHUX BEIIECTB.

Jan pactBop, cocTosimuii U3 xinopuaa kanus u cynbdara sxenesa(lll). Ilpogenaiite onbIThI,
IpU TIOMOIIM KOTOPHIX MOXHO ONpenennTh Xnopua-noHsICl™ u monsl Fe*'. Jlns BeImonHeHms
JAHHOTO OMbBITA COACPKUMOE MPOOMPKH pa3fenuTe Ha JBe mpoObl. J[ns omnpeneneHus KaTHOHOB
xenesa Fe™ npuneiite B oy npobupky poganun kamus KSCN. Uro nabmonaere?

Jns ompenenenus anuoHoB xyopa ClI° mpuneiite B apyryro mpoOUpKy HUTpar cepedpa
AgNOs. Uro nabmomaere? Hanuimmre ypaBHEHUS COOTBETCTBYIONIMX PEAKIUN B MOJICKYJISIPHOM,
MOJIHOM U COKpPAIIEHHOM MOHHOM BHJIE.

OnpIT 2. DKCIIEPUMEHTATBHOE OMIPE/ICIICHUE BhITAHHBIX BEIIIECTB.

C moMoIIpI0 KaYeCTBEHHBIX PEaKInii OnpeaeNuTe, B KAaKOW U3 BBIAAHHBIX BaM MPOOUPOK
HaXOJATCS paCTBOPHI XJIOPHIa HATPHUA, XJIOpUIa aMMOHUS, cyibdaTa HaTpus. st sToro
COJIEPKUMOE KaXJI0U MPOHYMEPOBAHHON MPOOUPKHU pa3/IenuTh Ha Tpu NpoOkl. [ onpeneneHus
XJIOpUJIa aMMOHHSI HE0OXO0JUMO MTPOBECTH KAaYECTBEHHYIO PEAKIUI0 HA HOH aMMOHHUS: B TPH MPOOBI
MPUJINTH PACTBOP TUIPOKCHUIA HATPHUSI, HATPETh B TUIAMEHHU cIUPTOBKU. UTo HaOmonaete? Jls
omnpezaeneHus cyiabhaTa HATpUs HEOOXOANMO TPOBECTH KAYeCTBEHHYIO PEaKIIHIO Ha Cylb(aT-noH:
B JIB€ OCTaBIINECs MPOObI MPUIUTH PacTBOp Xjiopuaa 6apus. Yro Habmonaere?

J171st MOATBEPKACHUS, UTO B TPEThEH MPOoOUpPKE HAXOAUTCS XJIOPUJ HATPUS, IIPOBEAUTE
Ka4eCTBEHHYIO PEaKIIMIO0 Ha XJIOPHUI-UOH — JT00aBbTE pacTBOp HUTpaTa cepedbpa. Uro Habmomaere?
3anummnTe ypaBHEHHs] COOTBETCTBYIOLIUX PEAKIIUN B MOJIEKYJISIPHOM, MTOJIHOM U COKPAIlleHHOM
WOHHOM BUJIE.

[To xomy pabOTHI 3aMOTHUTE TAOIUILY U CACTANTE BBIBOIBI.

KoHTpoJibHbIE BONIPOCHI:

[Tpennoxute criocoOsl mostydeHus a) ruapokcua xenesa (I11); 6) runpoxkcuaa marausi; B)
ME/IM U3 CIIEAYIONIMX BEIEeCTB: Kpuctauioruapat cyiabpat meau(ll), kapooHaT Maruus, ruApOKCH]T
HaTpUsl, Kele30, CosiHas KucnoTa, xaopun xenesa(lll).

CocrtaBbTe ypaBHEHUS NMPEITI0KEHHBIX PeaKIuii B MOJIEKYJIIPHOM, ITOTHOM M COKPAILIEHHOM
HMOHHOM BH/IE.

JlabopaTtopunasi padora Ne 9
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Tema: IIpoBenenue peakuuii 1o 00HAPYKEHHIO YIJIEPOAa U BOAOPO/Aa B OPraHMYECKHUX
BellecTBaX

Heab:opmupoBanye yMEHH POBEICHUS PEAKIIHi, TOATBEPKAAIOIINX HAJTMUKE yriepoia u
BOJIOPOJa B OPraHMYECKUX BEIIECTBAX, HAMMCAHUS YPABHEHUS BBITIOJHEHHBIX PEaKIIHil.
B pe3ynbrate BoinonHeHUs 1a00paTOpHOIl pabOThI CTYIEHT JO0JKEH:
3Hamb. COCTaB MOJIEKYJI OPraHUYECKUX BEIIECTB
yMemb: TPOBOJIUTH J1a00PAaTOPHBIN SKCHEPUMEHT MO OMPECIIEHUI0 COCTaBa OPraHUYECKUX
BELIECTB

PeakTuBbI:

CaxapHnblii mecok, xje6, okcun meau (1), u3BecTkoBast Boaa, mapadus, MEIHBIH KyIIOpoC.

O6opynoBanmue:

AcbecToBas ceTka, Cyxoe roprouee, CIIMYKH, JI0KeUKa Ui COKUTaHUS BEIEeCTBa, TPOOUPKH,
IITaTHB.

Xox paboTsi:

OmnpiT 1. Onpenenenue yriepoaa npo0oil Ha oOyriaMBaHWE W Ha BBIIEICHUE KOUNOTH IIPH
TOPEHUMU.

Ha noxeuky /1 coxuranust BeleCTBa MOJOKUTE KyCOUeK XJieba U HarpelTe Hajl IJITaMEHEM.
OOyrauBILAsiCs Macca YEpHOro xJjieba — yriaepo/.

Ha noxeuky [u1si cokuraHusi BEIIECTBA IOJIOKHUTE KycOodeK mapadrHa, BHECUTE B IUIAMs.
Konots, BeAEIAIOIIAsACS IPU TOPEHUH — YIIIEpOol. 3alHUIIUTe HAOII0AeHuUS.

Omeit 2. OnipeenieHre yriaepoaa U BOJ0Po/Ia COROKEHHEM BelecTBa ¢ okcuaoM meau (11).

[IpHroToBHTE CMECH M3 XOPOLIO PACTEPTOrO caxapa U Moporikoodpasnoro okcuaa meau (11),
B3siToro B u30bITKe. [lomecture cmech B mpobupky cimoem 0,5cMm. Y oTBepctus mnpoOUpKu
MIOMECTHUTE PHIXJIbI KOMOYEK BaThl C HAHECEHHBIM Ha HEro 0€3BOHBIM Cylb(haToM Menu. BeraBpre
B IpoOUpKY NMPOOKY C ra300TBOJHON TpyOKOW, KOHEL KOTOPOM OMYyCTUTE B APYTYIO0 MPOOUPKY C
n3BecTKOBOU Bosoi (Smi). IIpubop ykpenuTe B IITaTUBE, U MOAOrpeiTe cmech B mpobupke. Korna
BBl NIPUJETE K 3aKIIOYECHHIO, YTO PEaKLUs 3aKOHYMIIACh, BBIHBTE M3 HM3BECTKOBOM BOJBI KOHEI]
ra300TBOIHOM TPyOKH U MOCIIE 3TOr0 MPEKPAaTUTE HarpeBaHUE.

Jaiite mpuboOpy OCTHITh, MOCIIE YEero pa3zdepuTe €ro U pacCMOTPUTE PE3yJbTaThl PEAKIINH,
OTMETUB, IPOU3OILIN JIU U3MEHEHHUS C cCaXapoM, OKCUJOM MEIH U C U3BECTKOBOM BO0I? OnuiuTe
U O00bSICHUTE NpUUYMHY 3TuX u3MeHeHuHd. CocTaBbTe ypaBHeHMs peakuuu. CrenaidTe BBIBOJ,
CBUETEIBCTBYIOT JIM IIPOIIEIIINE PEAKIIUU O TOM, YTO B COCTaB caxapa BXOJAT yriepo U BOAOPOL
U TIOYEMY.

[To xomy paGoTHI 3aMOTHUTE TAOIUILY U ClIeTIaliTEe BBHIBOJIBI.

KoHnTposbHbIe BONpochI

Omnpenenure KOJIMYECTBO aTOMOB YIJIEpOJa M BOAOPOJA B MOJIEKyJe dTaHa, 3TEHA, STHHA

(aneTusniena).

JlabGoparopuasi padora Ne 10
Tema: [TosryuyeHue aneTujieHa U ONbITHI C HUM.

Heab:dopMupoBaHue yMEHHII TPOBEACHUS PEAKIHMM TOJYYEHHs] aleTUJIeHa B
mabopaTOPHBIX YCIOBUSAX, €r0 XHMHUYECKHUX CBOWCTB, HANHCAHWUS YPABHEHHs BBIMOJTHEHHBIX
peaKkuuid.

B pesynbrare BeIMOTHEHHS Ta00PATOPHON pabOTHI CTYACHT JOJKEH:
3Hamb: XUMUYECKHE CBOMCTBA U CTIOCOOBI MOJIyYEHHUS alleTHIIeHA

14



yMemyb. COCTaBJISATh YPAaBHEHHUS pEaKIUMH, XapaKTepHbIX g aJKUHOB (HA Mpumepe
areTusIcHa)

PeakTuBbI:

Bona, kapOu Kanbius, pacTBOp MIEpMaHraHaTa Kajus, OpoMHas BOJa.

O6opynoBanmue:

[TpoOupkw, mrTaTuB, IpoOKa ¢ Ta300TBOIHON TPYOKOH, CITUUKH.

Xoa padoTbI:

Omglt 1. ITonyyeHue alleTUIICHA.

B mpobupky monoxxkure Kycouek KapOuaa KaibIUs HAJCWTE BOMABI, 3aKpOTE MPOOKOW ¢
ra300TBOJIHOM TPYOKOHM W MPOMYCTHUTE BBIACISIONMIMICS ra3 yepe3 2-3MJ1 pacTBOpa IepMaHTaHaTa
Kanusi BO BTopol npoOupke. Uto Bl HaOmonaete? Kakoii ra3 Beigenserca? Kak nsmensierca user
pacTBopa nepMaHranara kanus? Hanuiure ypaBHeHHE peakiiuu MOJTy4YeHHs alleTUiIeHa U3 Kapouaa
KaJIbIUs B BOJEI.

OmplT 2. CBOWMCTBA alleTHIICHA.

[lomoxrure BEIEHsAromuiics ra3. Kako nBer miamenu? Bpimensercs JTu KOIOTh, 4YeM
MOKHO OOBSICHUTH JJaHHOE siBNIeHHe? HamuimTe ypaBHeHHE peakIiui rOpeHusl alleTHIeHa.

[To xoy pabOTHI 3aMOTHUTE TAOJIHUILY U CACIANTE BBIBOIBI.

KoHTpoJibHBIE BOPOCHI
OcymiecTBuTE MpeBpalieHus (COCTaBbTe ypaBHEHUs corjacHo cxeme). [loanuimmre Ha3BaHUs

BeriecTB. @opMyJIbl BEIIECTB B YPaBHEHUSIX NPEJACTABUTh B MOJICKYJIIPHOM M CTPYKTYPHOM BHJIE.
C>Hg — C2Hs — C2H2 — CgHs

JlaGopaTopHnas padora Ne 11
Tema: UcciienoBanne CBOCTB KAy4yKOB.

Henb:@opMupoBaHne yMEHUN MPOBEACHUS PEAKLUUN, WUIIOCTPUPYIOLUIUX CBOMCTBA

Kay4yKOB U YPaBHEHUH PEaKIUi MOJIUMEpPU3ALINHU.
B pe3ynbrare BHINOIHEHNUS J1aOOPATOPHON PaOOTHI CTYACHT JOJIKEH:

3Hamb: CBOWCTBA Kay4yyKOB

yMmembsb: COCTABIATh YPABHEHUS PEAKLUN ITOIUMEPU3aALUN

PeakTusbi:

HeBynkaHU3UpOBaHHBIN KaydyK, pe3uHa, alleTOH, OCH3HH.

OobopynoBanue:

[TpoOupku, mTaTUB, TUHEHKA.

Xox paboTsr:

OmnpiT 1. McnibITaHue 3J1aCTUYHOCTH KaydyyKa U PEe3UHBL.

W3meputh TMONOCKM KaydyKa M PE3UHBI, CJETKa PACTAHYTh MX M TOBTOPHO H3MEPHUThH.
Cnemaiite BBIBOA 00 9JaCTUYHOCTM OTUX BemIecTB. HamuimmTe ypaBHEHHE pEaKIUU
noJimMepu3anuu oOyraanena-1,3

OmnbIT 2. O3HAKOMJIEHUE CO CBOMCTBAMM Kay4dyKa.

OOpatuTe BHMMaHHE Ha TIOJATOTOBJIEHHbIE mpenoAaBareneM MnpoOupku: 1 mpoOupka
COJIEP’KUT KyCOUeK Kaydyka B OEH3MHe, 2 MpOoOUpKa COJEPKUT KyCOUeK pe3WHbl B OCH3WHE, 3
nmpoOupKa - KycOo4eKk Kaydyka B ameTroHe, 4 mpoOupKa - KyCcO4eK pe3uHbl B aineroHe. Cremnaiite
BBIBOJ] O PACTBOPUMOCTH 3TUX BEIIECTB.

[To xoy pabOThI 3aMOIHUTE TAOIUILY U CAETANTE BHIBOBI.

KoHTpoJsbHbIe BONPOCHI
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Hanumure Gopmyny HaTypaabHOTO Kay4yKa.
JlabopaTopnasi paGora Nel2
Tema: UcciienoBanue ¢cBOMCTB CIIMPTOB.

Henb:@opMupoBaHUEe yMEHUN MPOBEACHUS pPEAKLUN, MIUIIOCTPUPYIOIUX CBOMCTBA

STWJIOBOT'O CIIMPTA U ININLEPUHA, U HAIMCAHUS YPAaBHEHUN BBIIIOJHEHHBIX PEaKLUN
B pesynbTare BIOTHEHNS 1a00paTOPHOM pabOThI CTYAEHT JOJKEH:

3HamMb:CBOUCTBA CIUPTOB

YMemb:0CTaBIATh YPaBHEHUS PEAKIIMNA, XapaKTEPHbIX JUIsl CIIUPTOB.

PeakTusBbI:

DOTUIIOBBIN CIIUPT, CEpHAst KMCIOTa, TIMIEPHH, pacTBOPHI cynbhaTta meau (1) u ruapokcuna
HaTpHs.

O6opynoBanmue:

[TpoOupku, mTaTUB, MEHAS TOBOJIOKA (CIIUPAJIb), CyX0€ roprodee, ropelika, CIIMYKH.

Xoxa padoTbI:

Omnpit 1. PusnyecKkre CBOMCTBA ITUIOBOTO CIUPTA U [NIUILIEPUHA.

Haneiite B oy mpoOUpKy HEMHOT'O 3THJIOBOTO CIHUPTA, @ B IPYTYI0 HEMHOTO TIIMIIEPHHA
(oOpatuTe BHMMaHHME Ha €ro BsS3KOCTh). J[oOGaBbTe B 00e MpoOMpKH HEeMHOro Bojabl. OOpartute
BHHMaHHE Ha PaCTBOPEHHUE CIIUPTOB B Boje. OnuimunTe (pu3ndeckre CBOMCTBA 3TUIIOBOTO CIIHPTA U
TIIMLEepUHA.

Onpit 2. X¥MHUYECKUE CBOWCTBA ATHJIOBOTO CIIUPTA.

2.1.0xucieHre cuupTa B allbJETH/L.

Hanetite B mpobupky 0,5MJ1 3THJIOBOTO CIUPTA U TOTPY3UTE B HETO PACKAIICHHYIO METHYIO
cnupanb. OOpaTuTe BHUMaHUE Ha TMOSBICHHE 3alaxa aubJeruia U BOCCTaHOBJIeHHE Menu. OMbIT
MOKHO TTOBTOPHUTH HECKOJIBLKO Pa3, OMyCKasl PACKaJICHHYIO MEIHYIO TPOBOJIOKY B CITUPT. 3aIHUIIATE
HaOmoneHus. Hanummre ypaBHeHHE peakiliy 3TaHOJA C OKCHJIOM MEJIH.

2.2.Ilony4yeHue TUITUIOBOTO ddupa.

Haneiite B mpoGupky 1M1 3THIIOBOTO ciupTa, 100aBbTE CTOIBKO K€ KOHI[. CEPHON KHCIIOTHI.
Crerka Harpeiite. OOpatute BHUMaHHE HA cieU(DUUECKUH 3amax qUAITUIoBOro >¢upa. Hanummre
YPaBHEHHE PEAKITUH ITOTYICHHS TUITHIOBOTO d(hMpa U3 3TaHOJIA.

Omebit 3. B3aumoseiictBre rauiepruHa ¢ ruapokcuaom mean (1) — kadecTBeHHas peakiius
Ha MHOTOATOMHBIC CITUPTHI.

B npoOupky nmomectute 2-3 kamau pactBopa cyibdarta meau (I1) u 4-5 xanens pactBopa
ruapokcuaa Hatpus. OOpaThTe BHUMaHUE Ha BhIMafeHnue Toyooro ocaaka ruapokcuaa meau (11).

JloGaBbTe B 3Ty NpPOOMPKY pacTBOp TIWIEPUHA U THIATENBbHO mepememiaite. Uto
npou30nuIo ¢ ocaakom? Kak nm3meHunach okpacka pactsopa? 3anumurte HaOmoaeHus. Hamummre
B CTPYKTYpHOU (popMe ypaBHEHHE pEaKIlUi B3auMOJICHCTBUs MnliepuHa ¢ ruapokcuaom mean (11)
Y Ha30BUTE MMOJTYICHHOE BEIIIECTRO.

[To xomy pabOTHI 3aMOTHUTE TAOIHUILY U CACTANTE BBIBOIBI.

KoHTpoJibHBbIE BONIPOCHI

OcymiecTBUTe TNpeBpalieHuss (COCTaBbTe YpaBHEHHUS coryiacHo cxeme). [loamummmre
Ha3BaHWs BemlecTB. MDOpMynBl BEHMIECTB B YpPaBHEHUSAX TMPEACTABUTH B MOJCKYJIIPHOM U
CTPYKTYpHOM BH/IE.

CoH4 — C2HsOH — C2HsBr — C2HsOH

JlaGoparopHasi padora Nel3
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Tema: UcciieqoBanne cBOMCTB KAPOOHOBBIX KMCJIOT U HX COJICH.

Henb:@opMupoBaHUe yMEHUN MPOBEACHUS pPEAKLUUM, WIUIIOCTPUPYIOIIUX CBOMCTBA

OpPraHUYECKUX KUCJIOT U HAIIMCaHWUs YPAaBHEHUM BBIIIOJHEHHBIX pEeaKLIUN
B pesynbTare BIOTHEHNS 1a00paTOPHOM pabOThI CTYEHT JOJKEH:

3HAMb:CBOUCTBA U CIIOCOOBI IOJyYeHHs KapOOHOBBIX KUCIOT U UX COJIeH

YMemb:COCTABIIATh yPAaBHEHHS PEAKIUN, XapaKTEPHBIX JJIs1 KApOOHOBBIX KUCIOT

PeakTusBbI:

AneraTr HaTpus, CepHas KUCIOTa, TUIAPOKCU] HAaTpus, YKCyCHas KHUCIIOTa, LMHK,
(dhenondTanenH, 1aKMyc.

Oo6opynoBanmue:

[TpoOupku, TATUB, IepKaTEIb, CyX0€ Iroproyee, ropeska, ClIn4KH.

Xoxa padoTbI:

Omnprr 1. [TonyyeHne yKCyCHON KUCIIOTBL.

[TomectuTe B IpoOMPKY HEMHOTO aleTaTa HaTpus, 100aBbTE K HEMY 2 Kallld KOHII. CEpHOMI
KHMCIIOTBl M CJIETKa HarpenTe, Jepa BBICOKO HaJ IUIaMEHEM ropeskd. OCTOpPOKHO IOHIOXanTe
BbIIeIsOIMecs mapbl. OOparuTe BHUMaHME Ha 3amax yKCYCHOW KHCIOTHL. CMounTe BOIOU
KyCOYeK JJaKMyCOBOW OyMmaru M nojepkute e€ B Imapax BbIICISAIOLIErocs U3 NPOOUPKHU BELECTBA.
OOpatuTe BHUMaHUE Ha M3MEHEHUE OKpacku HHAMKartopa. Kak M3MeHMIICS LBET JaKMyCOBOM
Oymaru? 3anummure HaOmroneHus. Hanumure ypaBHeHHe peakuy MOJyYeHHUs] YKCYCHONW KUCIIOTbI
U3 aleraTa HaTpHsl.

Omnpit 2. CBOWCTBA YKCYCHON KUCIIOTBI.

2.1.Jlomectute B HpOOMPKY HECKOJIBKO TpaHysl IMHKAa M J00aBbTe 1-2MJ yKCyCHOMU
KucaoThl. OOpaTuTe BHUMAaHHE Ha TMOSBJICHHWE MY3bIPHKOB ra3a. 3alMIIUTe HaOJI0JCHMUS.
Harmmmnre ypaBHEeHHE peakuy NUHKA ¢ YKCYCHOM KACI0TOM. [loanuimmnTe Ha3BaHUS BEIIECTB.

2.2. Ilomecture B mpobupky 1-2 Ma pacTBopa miesnoud (THIPOKCUI HATpusi), 100aBbTE
Karo geHondTanenHa. Beenure B nmpoOupky 1-2 mit ykcycHoi kucnotel. OOpatute BHUMaHUE Ha
M3MEHEHHME OKpacKU. 3anuiure HabmroaeHus. Hanummre ypaBHeHHEe peakliuy MMIPOKCUAA HaTpus
C YKCycHOM kucnoTol. [lognummnre Ha3BaHUs BELIECTB.

2.3. Ilomecture B npoOupky HemHoro okcuaa meau (Il1) u mobaBpTe 1-2 Mi yKcycHOM
KHUCJIOTHl. BHMMaTensHO npoHalmo1aiiTe 3a MPOUCXOASIIMM MPOLECCOM. 3alUIINTEe HAOMIOACHHUS.
Hanummure ypaBHenue peakuuu okcuga meau (I) ¢ ykcycHoi kucnoroil. Ilonnmummre HazBaHus
BEIIECTB.

[To xomy paGoTHI 3aMOTHUTE TAOIUILY U ClIeTIaliTEe BBHIBOJIBI.

KoHnTposbHbIe BONpochI
OcyiecTBUTe MNpeBpalleHus (CocTaBbTe€ ypaBHEHHUs corjacHo cxeme). [lonmummre Ha3BaHUS

BelecTs. PopMyIIbl BEIIECTB B YPABHEHUAX IIPEACTABUTh B MOJIEKYJISIPHOM U CTPYKTYPHOM BHJIE.
C2Hz — CH3COH — CH3COOH — CH3COONa

JlaGoparopHasi padora Nel4
Tema: UcciienoBanue CBOMCTB IVIIOKO03bI, CAXap0o3bl, KpaxmaJa.

Henb:@opMupoBaHne yMEHUN MPOBEACHUS pPEAKLUUN, WIUTIOCTPUPYIOIINX CBOMCTBA
[JIFOKO3BI, CaXapo3bl, KpaxMalla, U HallMCaHUs YPAaBHEHUN BBIITOJIHEHHBIX PEaKIUN
B pe3ynbrare BHINOIHEHNUS J1aOOPATOPHON PAOOTHI CTYACHT JOJIKEH:
3Hamb:CBOUCTBA ITIIOKO3BI, Caxapo3bl U Kpaxmaa
YMemb:COCTaBIIATh YPAaBHEHUS PEAKIIUN, XapaKTEPHBIX Ul INIFOKO3bI, CaXapo3bl U Kpaxmaia
PeakTusbi:
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10% pacTBOp TIJIIOKO3BI, caxapo3a, KpaxMmall, pacTBOp TIMIPOKCHAA HaTpHs, pacTBOp
cynbdara menu (Il), cepnas kucnora, Bosa, oaHas BoJa.

Oo6opynoBanme:

[TpoGupkwu, mTaTuB, AepKaTelb, CyX0€ roprodee, ropelika, CIu4Ky.

Xoxa padoTbI:

OmnbiT 1. CBOWCTBA IIFOKO3BI.

1.1.06HapyxeHue y MIIOKO3bl CBOWCTB MHOTOATOMHOIO CIIUPTA.

[Tomecture B mpoOupky 4 Kamim pacTBopa wiesoud (THAPOKCHAA HATpHUsS) M 2 Karuiu
pactBopa cynbdara memau (ll). Berpsixaute comepkumoe mpoOUpKH 10 0Opa3oBaHUS OCaKa.
JloGaBbTe Karuio, IIIOKO3BI M TIIATENbHO Mepememaiite. OOparure BHHUMaHHE Ha 0Opa3oBaHUE
pacTBOpa CHHErO IIBETa, YTO SIBISETCA XapaKTEPHBIM JIJII MHOTOAQTOMHBIX CHUPTOB. 3alUIIUTE
HaOmoenus. Hanumure ypaBHeHHe peakuuu rioko3sl ¢ ruapokcuaom meau (11). Ioamummre
Ha3BaHUS BEILIECTB.

1.2.06Hapy>keHue y TII0KO3bl CBOWCTB aJIbJICTHJIOB.

[TomectuTe B mpoOupky 6-8 KameiabpacTBOpa TIIIOKO3bI, 5-8 Karelb pacTBopa IIEI0uYd
(rugpokcuna HaTpus) u 2 Kamiau pactBopa cynbdara menu (l1). Berpsixaure copepxumoe
MPOOUPKH IO PacTBOPEHHs 00pa30BaBIIETOCS OCA/IKa W MOJydYeHHUs] CHHEero pacTBopa. Harpeaiite
KHUJAKOCTb B TpoOMpKEe [0 KUIIEHHUs, CIeAs 3a I[OCIeJOBAaTeNbHBIMH  W3MEHEHUSMU,
MPOUCXOAAIIMMHU C ocaakoM. OOpa3yronuiics B KOHIIE PEAKIMH KPAacHBIM OCaJ0K MMEET COCTaB
Cuz0. J[lannas peakuusi xapakTepHa [Uisi anblaerujaoB.3anumure HaOmofeHus. Hanwmmre
ypaBHEHHE peakuuu BoccTaHOBJIeHUs ruapokcuna meau (l1) rmroxo3zoit. [lognumumre Ha3zBaHUsS
BEIIECTB.

Onpit 2. CBoIiCcTBA CaXxapo3bl.

BHHUMaTenpHO paccMOTpHUTE KPHUCTAIUIBI caxapo3bl. [loMecTHTe HECKONBKO KPUCTAIIOB B
npoOupky ©u ao00aBbTe BOAbl. OOpaTUTE BHHMAaHHE Ha PAaCTBOPUMOCTH caxaposbl. Omnuimre
(bu3nuecKre CBOMCTBA CaXxapo3bl.

Omnpit 3. CBoiicTBa Kpaxmara.

3.1.PacTBOpeHme kpaxmaia B BOJIC.

Hacpinmbre B mpoOMpKYy HEMHOTO Kpaxmaina, 100aBbT€ 2 MII XOJOJHON BOABI U XOPOIIO
B30onTaiite. OOparuTe BHUMaHUE, YTO KpaxMal HE pacTBOpsieTcs B XoiogHoW Bozae. Hanelite B
MpoOUpPKY 5 MIJI BOIBI M Harpeite Mo KumneHus. Breiite B mpoOUPKY C KUIMATKOM COAEPKUMOE
nepBoil mpoOupku. OOparure BHMMaHHME Ha oOpa3oBaHHE BS3KOIO pacTBopa — Kieicrepa.
OnuiuTe pacTBOPUMOCTh Kpaxmaia B X0JIOJHON U ropsiueit BoJie.

3.2.KadecTBeHHAs peakIins Ha KpaxMal.

B npoOupky ¢ oxyaxIeHHBIM KJeiicTepoM J00aBbTe KaIlllo CUIBHO pa30aBIeHHOM HoqHOM
Boabpl. OOpaTuTe BHHUMaHUE HAa W3MEHEHHE OKPACKH pacTBOpa. YKaKUTE XapaKTEPHBIA MPU3HAK
KaueCTBEHHOW peaKIMy Ha Kpaxmal.

[To xomy paboTHI 3aMOTHUTE TAOIUILY U ClIeTIalTe BBHIBOJIBI.

KoHnTposbHbIe BONpockl

OcymiecTBUTE MpeBpalieHus (COCTaBbTe ypaBHEHUs corjacHO cxeme). [loanmummre Ha3BaHUS
BeriecTB. @OpMyIIbI BEIIECTB B YPABHEHUSAX MPEACTABUTH B MOJICKYJISIPHOM M CTPYKTYPHOM BHUJIE.
CeH1206 — C2HsOH — CH3COOH — CH3COOC;Hs

JlaGoparopHasi padora NelS
Tema: PacniozHaBaHue IjiacTMacc ¥ BOJOKOH.

Heab:@opMupoBaHre YMEHUH paclio3HaBaHMS TJIaCTMACC U BOJIOKOH.
B pesynbTare BhIOTHEHUS 1a00paTOPHOM pabOThI CTYAEHT JOJKEH:

18



3HAMb.CBOMCTBA IJIACTMACC U BOJIOKOH
YyMemb . Paclio3HaBaTh MJIaCTMACChl U BOJIOKHA
PeakTuBbl:
HaGops! mutactMacc 1 BOJIOKOH, alleTOH, KOHII. CepHasi KUCJIOTa M a30THAS KUCJIOTA.
OobopynoBanmue:
[IpoOupkwu, mTaTUB, AEPKATEIH, CYyX0€ TOpPIOYee, ropesika, CIIMYKH.

Xox padoTsbl

Ilpumeuanue: Iipy TPOBEACHUH PaOOTHI MOJIB3YHUTECh MPUIIOKeHHEM 2 (Tadsmiei 1,2)

OmnsiT 1. Pacnio3HaBanue miacTmacce.

Bam nanbl monmusTHiieH M nonuctupoi. Pacnosnaiite st miactMmaccsl. Pacmo3naBaHue
IJIacTMacc CJEAyeT HayaTh C BHEIIHETO OCMOTpa, a 3aTeM IMEepPeUTH K HCCICAOBAHHUIO HX
OTHONICHUS] K HarpeBaHUIO U ropeHuto. [loToM HCHBITHIBAIOT AEMCTBHE HA HUX PAaCTBOPUTENCH.
YKaKuTe XapakTepHbIC MPU3HAKH U (HOPMYIIBI TIOJTMATUIICHA U TTOJIMCTHPOIIA.

OmnbiT 2. Pacnio3HaBaHue miiacTMacce.

Bam nmanbl xnomok u mepers. PacriozHaiite 3T BOJIOKHA. Pacrio3HaBaHue BOJIOKOH
HAUYMHAIOT ¢ UX CKUraHus. [Ipu 3TOM mpocneKuBaroT, ¢ KaKOW CKOPOCTHIO MPOUCXOAUT TOPEHHUE,
WCCIICAYIOT 3arax IPOAYyKTOB TOpPEHHUs. 3aTeM IMPOBEPSIOT JEHCTBUE HA BOJIOKHA KHUCJIOT H
pacTBOpUTEIICH. Y KAKUTE XapaKTEPHbIEC IPU3HAKU XJIONKA U LIEPCTH.

[To xoty pabOTHI 3aMOTHUTE TAOJIUILY U CACIANTE BBIBOIBI.

KoHTpoJibHBbIE BOPOCHI
Hanmumwmre  Gopmysnsl  mOMMMEpOB:  MONHMATWICH,  MOJUCTUPOJ,  MOJWBHHUIXJIOPHUI,
MOJINMETUIIMETAKPUIIAT, KalpoH

JlaGopaTopnas paGora Nel6
Tema: UcciienoBanue TBEépaocTu MeTaJIoB 1o MeToay bpunesns u Poksesia

Heab: hopmupoBaHre yMEHUIONPEAETIATh TBEPJOCTHEMATEPUATIOB C TOMOIIBIO
nabopaTopHoro obopyaoBanusno Poksemty u bpunenito

3HAHUA (AKTyaJln3alns):

—METOIBIN3MEPEHHSI TBEPIOCTH,

YMEHHS:

-TI0JIb30BaThCS JIAOOPATOPHBIM 00OPYI0BAHHEM;

- UCIOJIb30BaTh MeTOIbI PokBemna u bpuHenns npu UCIBITAHUK METallla Ha TBEPJIOCTh Ha
nmabopaTopHOM 000pyI0OBaHUH;

- TI0JIb30BAThCSI HOPMATUBHOM U CIIPAaBOYHOM JTOKYMEHTAIUEH;
OobopynoBanue: TBepaoMepsl PokBemta, myma bpunems, o6pasisl cTaiei ¢ oTreyaTkaMu

3apanue: OnpenennTs TBEpAOCTh MeTAIIA IO MeToxy PokBemna u bpunesns.

Teoperuyeckniimarepuall

Teépoocmsb — CIOCOOHOCTh MaTepHaja CONPOTUBIATHCS MPOHUKHOBEHUIO B HETO APYTroro,
Oonee TBEPAOTO TENA.

Cnocob bpunenns OCHOBaH Ha TOM, YTO B IUIOCKYIO IOBEPXHOCTh MeTaia (oOpasia)
B/IABJIMBAIOT CTAJIbHOW 3aKkaji€HHbIA mapuk 10 mMM; 5 mMM; 2 MM 1O TOCTOSSHHOW Harpy3Kon
cootBeTcTBeHHO 3000kI; 1000xI" n 750 xI'. B pe3ynbTare nomydaercs OTHEYATOK B BUJIE JIYHKH,
geM OoJibllle OTIEYaTOK, TeM MsArde marepuan. M3mepun auaMmeTp oTmneyarka C IOMOILBIO
OINITUYECKOH JYIBI, IO TAOJIUIIE HAXOAT COOTBETCTBYIOIINE 3HaUeHs TBEprocTH HB.
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[TpeumymiectBa crocoba bpuHemns 3akiodaeTcss B MPOCTOTE HCIBITAHUS U TOYHOCTH
noJiydaeMbIXx pe3ynbTratoB. CrnocoOom bpuHenns He pekoMeHAyeTcss H3MepsATh TBEPIOCTh
matepuaioB ¢ HB > 450, nampumep 3akan€éHHON cTanv, T.K. IOPU HM3MEPEHHUU ILIAPHUK
nedopMupyeTcs U MokazaHus MCKaxkaroTcs. Henb3s Takke MCHBITHIBATH TOHKHE MaTepuaibl, T.K.
IIPU UCTIBITAHUY IIAPUK MTPOAABIUBAET 00pas3ell.

Cnoco0 PoxBemia mNpUMEHSIOT NpU HUCHBITAHUM TBEPABIX MaTepuanoB. B obpazen
BJIaBJIMBAIOT JIMa3HbIA KOHYC Npu BepiinHe 120° uam cTanpHOM 3aKkan€HHBIA HIApUK THaMETPOM
1,59 mMm. TBépmocts mo PokBemty u3MepseTcsi B YCJIOBHBIX €IMHHUIIAX. 3HAYCHUE TBEPIOCTH
OTIPEJICNIAIOT MO IIyOWHE OTHEeYaTKa M OTCUMTHIBAIOT MO IIKAJNe WHAMKATOPA, YCTAHOBJIEHHOIO Ha
npubope. McnpiTaHue ¢ MOMOIIBI0 aIMa3HOTO KOHYCa MPUMEHSIOT Ui TBEPIBIX MaTepUajoB MpU
Harpy3ke P = 150 xI" (1500 H) wiu 60 xI" (600 H) u orcuutsiBator 1o ué€pHoit mkaine («C» wim
«A»).

O6o3nauenue TBépaoctu: HRC — P =150 kI'; HRA — P =60 «I'.

Harpysky P = 60 kI' npuMeHSIOT PU UCHBITAHUU OYEHb TBEPIBIX WM TOHKUX H3EIHMA.
Ecnmu npu ucneitanum O0epércsi cranpHOW mapuk U obmias Harpyska P = 100 xI" (1000 H), to
TBEPJIOCTH OTYUTHIBAETCS 10 maje «B» u o6o3navyaercss HRB.

Xoxa padoTsbl

1. Ilepen BblmoNHEHHWEM pabOThl BHUMATEIbHO O3HAKOMBTECH C HHCTPYKLHEH I10
TeXHHKe Oe30macHoCcTy mpu padote ¢ npudopom Poksema.

2. VYcranoBute 00pasel] Ha CTOJIMK MPUOOpa TaKUM 00pa3oM, YTOOBI alMa3HbIN KOHYC
ObLT HAIIPaBJIEH B IEHTPAJIbHYIO YacTh 00pasiia, a oopasel] ObLI mapasuiesieH MOBEPXHOCTH CTOJIMKA.

3. Bpamiennem MaxoBuKa MoJHUMUTE CTOJIMK J0 COMPUKOCHOBEHMS alIMa3HOI'O KOHycCa
c o0pa31oM (MajeHbKas CTpeiKa Ha MHJIMKATOpe JOJDKHA BCTAaTh NMPOTUB KPACHOW TOYKH; 3TUM
yCTaHaBJIMBAeTCs peaBapuTenbHasd Harpy3ska P =10 xI[' =100 H).

4. IToBOpOTOM /MCKa ycTaHOBUTE OOJIBIIYIO CTpENKY Ha «0» 4€pHOM mKaibl «Cx;
5 Bxurounte npubop 1 npoBeAUTE U3MEPEHHE.

6. IToBTOpUTE M3MEpeHHs MOJOOHBIM 00pa3oM 3 pa3a B pa3HbIX TOUKax oOpasia.
7 JlanHble U3MepeHuii 3anecute B Ta0auIy 1.

Tabnuma 1 - [Tokazarenn usmepenuit

TBEpaocTh
Ne n3mepeHust no bpunemito o Poxsenn
P P Y o HB (mepeson)
Junamerp oTneyarka, MM HRC

OO WIN|F

8. Ha oOpa3ue c oTmeyaTkamMu 3aMepbTe€ C IOMOIIBIO OINTHYECKOM JIymbl AUMETp 3-X
OTIEYATKOB, JJI1I YE€ro COBMECTHUTE OJMH Kpal ormeyaTka ¢ «0» mIKansl JIymbl, APYyrod Kpau
MOKAXET JUaMeTp OTIIeYaTKa;

9. Tlonw3ysacek mepeBoAHON TabmuIilel, mepeBenute 3HaueHUs TBEpAocTH mo PokxeemnyHRC u
JMaMeTp oTIevaTka B uncia TBEpaoctu HB u 3anectu B Tabnuiy.

10. OTBeTbTE HAa KOHTPOJILHBIE BOIIPOCHI

11. Cnenaiite BBIBO/I.
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12. Cpaiite oTYeT MpEno/1aBaTeio

KoHTposbHBIE BOIIPOCHL:
1) B uém npenMyIecTBO U HEJOCTaTKH MeToaa bpunemis?
2) [Touemy oOpasell 10HKEeH YCTaHABIUBATHCS MApalICIbHO MOBEPXHOCTH CTOJIMKA?
3) Kakum crmoco60oM U3MEpSIOT TBEPAOCTh 3aKaJEHHOM CTAbHOW IUIACTHHBI TOJNIIMHON 15 MMm? 3
mMm? [Touemy?
4) Tlpu 3amepe TBEpHOCTH Ha mnpubope bpuHemw s Ha OgHOM o00pasiie MONYUYHIICS TUAMETP
orneyarka 3,3 mm, Ha ipyrom — 4,2 mMm. Kakoit oOpazen msirue? [louemy?

JladopaTopnasi padora Ne 17
Tema: UcciieqoBanueanarpaMMbl COCTOSIHUS KeJle30yT1epoaucThiX ciiiaBoB Fe-FesC.

Hear padorbl: DopMupoBaHHe yMEHHIl HCCIEAOBaTh JgUarpamMmy  COCTOSIHUSA
KENe30yTrIepoanucThiX crutaBoBFe-FesC.

3HAHUSA (aKTyalu3alus):

—IPUHIIUIIBI TOCTPOSHUS KPUBBIX OXJIAXKICHUS KEJIEe30yTIEPOAUCTHIX CILIIABOB

—BUJIbI JHArpaMM >KEJIe30yTIIePOJUCTHIX CIIJIaBOB;

YMeHHus:

-CTPOUTDH KPUBBIE OXJIAXKICHUS KEJIe30yTIEPOAUCTHIX CIUIABOB;

- YUTATh JUArpaMMBbl KeJIe30yTIEPOAUCTBIX CILUIABOB;

— HCCIeNOoBAaTh JUarpaMMy COCTOsTHHS cruiaBoBFe-FesC.

3ana}me: HOCTpOI/ITL KpI/IBLIe OXJIAXKACHHUA CIIJIIaBOB CO CJ'IGI[yIOH_II/IM COI[ep)KaHI/IeM yrnepona:
0,4%: 0,8%: 1,2%: 3,2; 4,3: 5,0%.

Teopernuyeckuii MmaTepuall

B 103BTEKTOMIHON CTany IMpU OXJIAKIAECHUU MPOUCXOIAT CIEAYIOIUE MPEBpPALICHUsS: A0
TOYKHU {; HAUMHACTCS NMEPBUYHAS KPUCTAJLIU3ALMA: U3 XUIAKOTO CIUIABA BBIACISAIOTCS KPUCTAIUIBI
aycreHuTa. [Iponecc kpucrammsanuy IpoI0JKAETCs 10 TOYKH te, IPH 3TOM CKOPOCTh OXJIAKICHUS
3aMeIsieTcs, T.K. BBIIESEeTCs TelioTa Kpucrtamau3anuu. Kpusas oxnaxaeHusi CTaHOBUTCS Oolee
nojioroidi. B wHTepBanme temmepatyp oT tc mo Arz (muHms GS) mpeBpamieHuii B CIUlaBe He
MIPOUCXOJIUT, MO3TOMY OH OXJaXaaeTcst OblcTpee, M KpHUBas CTaHOBUTCS Kpyde. B Touke Ars
HAYMHAETCS BTOPUYHAS KPUCTAUIM3aLUsA: M3 AayCTEHHTa BBIIEISAIOTCS KpHUCTaLubl (peppura.
IIponiecc BbIAENEHHS (epputa MpoAopKaercs a0 Temmeparypel 727°C - touka Ari. B stom
uHTEpBasie TemmepaTyp (OT Arzgo T. Ar1) CKOPOCTh OXJIAXACHUS 3aMe[IsieTcs, MOTOMY 4YTO
BBIJICJIACTCS TEIJIOTa KpUCTAUIM3alMK (eppuTa, M KpUBas OXJIAXJIEHUS CTaHOBHUTCA Oolsee
IIOJIOTOM.

B Touke Ari ocraBmmiics ayCTEHUT NMPUOOPETAET 3BTEKTOMIHYIO KOHIIEHTPALMIO YIIIepoa
— 0,8% w TpW TMOCTOSHHOW TeMIlepaType NpeBpamaeTcs B MNepauT. Ha KpuBOM OXJaxaeHUS
o0pasyeTcs TOpU30HTAIBHBIN Y4aCTOK — IUIOIIA/IKA.

[Tpu nanpHeiIeM OXJIaXX/I€HUU MPEBPALICHHs] HE POUCXOST, CTalb OXJIaXAAaeTcs ObICTpPO,
KpUBas OXJaXJEHUS CTaHOBUTCA Kpyde. Jl0PBTEKTOMIHAas CTalb HMXKE TOYKH All COCTOUT W3
nepiuTa u Gpeppura.

AHaJOTMYHO CTPOSITCSI KPUBBIE OXJIAXKIECHUS SBTEKTOMIHOMN U 3a3BTEKTOUHON CTaJICH.

B 3a’BTEKTHYECKOM YyryHE MPOMCXOAAT CIEAYIOIIME NPEBpAIlEeHUs: N0 TOYKH 1, Cruias
HAaxOJHUTCs B )KUJIKOM COCTOSIHUU. B TOuke t; HauMHaeTcs nepBUYHAs KPUCTAIUIA3ALUSA: U3 )KUIKOTO
CIUIaBa  BBIJCIIIOTCS  KPUCTAUIBI  LEMEHTHTa IepBu4yHoro. IIpomecc  kpucrammmsanuu
IIPOJIOJIKACTCS 0 TOYKU tc, CKOPOCTb OXJIaXACHHUS 3aMEUIICTCS, T.K. BBIICISETCS TEIUIOTa
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Kpuctajui3annuu, KpuBas OXJIAXKIACHHUA CTAHOBUTCA nojiorod. B Touke tcOCTaBH_IaSICSI KUuakasa 4aCTbhb
CIulaBa TNpuoOpeTaeT HBTEKTUYECKYI0 KoHIeHTpanuio (4.3% yriaeposa) U mpU MOCTOSHHOM
temneparype (1147°C) mnpeBpamaercs B neacOypur. Ha kpuBoil oxnaxkiaeHuss oOpasyercs
TOPU30HTAJIbHBIN ydacToK. B uHTepBane temieparyp tc 1 Al mpoucxoauT ObICTPOE OXJIaKICHHE.
[Ipu temmeparype Ari ayCTEHHUT, BXOJAIIMNA B COCTaB JeAecOypuTa, NMpeBpallacTcss B IMEpIIuT,
M03TOMY Ha KPUBOHM OXJIaXKICHHSI BHOBB MOSBIISAETCS TOPU3OHTAIBHBIN ydyacToK. Hike Touku Arg
IIPEBPALICHUI B CILIaBE HE MPOUCXOIUT, ITO3TOMY KpHBasi OXJIaXKICHMs CTaHOBUTCS Kpyde. Huke
TOYKH Ar13a3BTEKTHUECKU YYTyH COCTOUT U3 JieaeOypura (NEpAUTHOTO0) U LEMEHTHUTa
IIEPBUYHOTO.

AHAJOTUYHO CTPOSATCA KPUBBIC OXJIAXKAEHHUS MJS SBTEKTHMUYECKOTO U JI03BTEKTHYECKOIO
YyT'yHOB.

Xoa padoTsl

=

Haueprure nuarpammy Fe-FesC (Ilpunoxenue A).
O603HaubTe Ha qUArpaMMe KPUTUYECKUE TOUKH.
3. Haueprture 6 rpadukoB, B KOOpIUHATAX: BPEMS OXJIAXKICHUS — TEMIIepaTypa JyIs
MIOCTPOCHHUSI KPUBBIX OXJIAKICHUSI.
4. TlocTpoiiTe KpUBYIO OXJIaKICHUS JIJIS CIUIaBa C COJep:KaHueM yriepoaa paBHbM 0,4%:
4.1 OTMeTbTe Ha IUarpaMMme TOYKY KOHLIEHTpAlUU yriiepoaa, paBuyto 0,4%.
4.2 [IpoBeauTe yepe3 OTMEUEHHYIO TOUKY MEPIEHIUKYIISP.
4.3 O603HaYbTE TOYKHU MEPECEUECHUS ITOTO MEPIEHANUKYJIISAPA C JIMHUAMU JUarpaMMBbl.
4.4 TlepeHnecuTe 3T TOYKH Ha TIEPBBIN TpaduK B KOOPIAMHATAX: BPEMsI OXJIAXKICHUS —
TeMIeparypa.
4.5 [IponymepyiTe IEpEHECEHHBIE TOUKH.
4.6 CoelMHUTE NTEPEHECEHHBIE TOYKH IJIABHBIMU JIMHUSIMHU.
5. TloctpoiiTe KpuBBIE OXJIAXIACHHUS ISl CIJIABOB C COJEp)KaHMeM yriepoja paBHbIM: 0,8%;
1,2%; 3,2; 4,3; 5,0% (11.4), TOBTOPUB BBIIIIE OMTUCAHHBIE ICHCTBHUS.
6. Crienaiite BbIBOJI IO BBIIOJTHEHHOW padoTe.
7. OTBeThTE HA KOHTPOJIBHHBIE BOPOCHI.
8. OdopmMuTe OTYET U CHANTE €ro MpernoaaBaTeto

N

KoHTtposbHbIe BOIPOCHI:

1) Uto o01rero Mex 1y 3BTEKTHICCKHM U YBTEKTOHMIHBIM CILJIABOM?

2) [ToueMy Ha OTHEIBHBIX YYacTKaxX HAKJIOH KPUBBIX OXJIaXKIEHUs Oosee monorui?
3) Uem 00OBsICHSACTCSA HATMYNE TOPU3OHTATBHBIX TUIOMA0K HA KPUBBIX OXJIAXKICHUS.

JlabopaTopnasi pa6ota Ne 18
Tema: UcnibiTanue o0pa3ua Ha pacTsiKeHue

Heanb padorbl: PopMupoBaHrue YMEHUN TPOBOAUTH UCIIBITaHNE 00pa3lia Ha pacTsyKeHUE
O0opynoBanme:pa3pbIBHAs HUCHBITATeNbHAs MaIIMHA, 00pa3lbl AJs HCIBITAHUS HAa PacTsHKEHHUE,
mrranreHiupkynb LI 1-250 TOCT 166-89.

3HaHus: (aKTyanu3arms):

- MEXAHUYECKUE CBOMCTBA METAIIIIOB;

- XapaKTEPUCTUKHU U €IUHULBI N3MEPEHHUS MEXaHUYECKUX CBOMCTB METaLIA.

Ymenus:-

- MIOJIL30BATHCS JIAOOPATOPHBIM 00OPYTOBAHHEM;

- OCYIIECTBIIATH UCTIBITAHUS PACTSHKEHUS 00pa3IoB;

-IIPOBOJUTH SKCIICPUMEHT;

22



-paCCHUTLIBATL IIPEACIT MPOYHOCTU MCTAJLIA.
3a11a}me: HpOBeCTI/I HCIIBITAHUEC HA PACTAXKCHHUC o6pa3u013 CTaliu,

TeopeTuyeckuii MaTepuas

IIpounocms — 3TO CIOCOOHOCTH MaTepuaia CONPOTUBIATHCS JIEHCTBUIO BHEIIHUX CUI Oe3

paspylieHusl.
Ynpyeocms — 3T0 crOCOOHOCTh MaTepuana BOCCTaHABIMBATH CBOIO MEPBOHAYAIbHYIO (QopMy U
pasMepel  TMOClie  TpEeKpalleHWs JCHCTBHS BHEIIHMX CHJI, BBI3BaBIIUX J1e(OpMAIHIO.
IInacmuynocms — 3T0 CIOCOOHOCTH MaTepHala U3MEHATh CBOIO (hOpMY U pa3Mephl MO AeHCTBHEM
BHEIIHUX CHJI, HE pa3pyllasch, U COXPAHATh IMOJyuyeHHBIE Ae(opManuu MOcCie MPeKpaeHus
JEHCTBHS BHEIIHUX CHJI.

CraTHYeCKUM HUCTIBITAHUSAM Ha PACTSHKCHHE MOJBEPraroT 00pasibl CTaHJApTHOW (HOpMBI U
pa3MepoB Ha CHEHANbHBIX Pa3pbIBHBIX MalllMHaX. PacTaruBaroniue ycuivs pa3pblBHOW MalTUHBI
BBI3bIBAIOT Y/UIMHEHHE 00pa31a BIUIOTh /10 €10 pa3pylLIeHUs.

OOpa3upl 11 UCHBITAHUA HA PACTSDKEHHE COCTOAT M3 paboueil 4acTH U TOJIOBOK,
IIpeIHa3HAYEHHBIX JJIS 3aKPEIUICHUS B 3aXBaTaxX pa3pbIBHON MalllUHBI.

[Ipy craTU4YecKMX UCHBITAHUAX METAUIOB HA pACTSHKEHHE, KpOME MPOYHOCTHBIX
XapaKTEPUCTHK, ONPEAEIAETCs ellle MNIACTUYHOCTh MaTepUaoB. DTO CBOMCTBO MPOSIBISIETCSA B TOM,
YTO TOJ JAECUCTBHEM HArpy3Kd oOpas3ibl Pa3IMYHBIX METAJUIMYECKUX MaTEpHaNiOB YAJIUHSAIOTCS U
CyXarTcs B pa3sHOW crerneHH. YeM Oosbine oOpaselr] CioCOOCH yIIIMHUTHCS, a €ro IMONepevHoe
CeueHUe CYXKaThCs, TeM IUIaCTUYHEee MaTepuan oOpas3na. bmaromaps MIacTUYHOCTH METasUIbl
MOKHO 00pabaThIBaTh JaBiIeHUEM (KOBKOM, IITAMIIOBKOM, TPOKATKOM ).

Xpynkue MaTepuasbl B IPOTUBONOIOKHOCTD TUIACTUYHBIM Pa3pyLIAIOTCS MPU CTATUYECKUX
UCIBITAaHUAX Ha pacTsDKeHHE Oe3 3aMETHOIO YAJIMHEHUS, BHE3alHO. XPYNKOCTh OTHOCHUTCA K
OTpULIATENBHBIM CBOWCTBaM. B TEXHHMKE NPUMEHSIOTCS HE TOJBKO IPOYHBIE, HO M IUIACTUYHBIE
MaTepUabl.

[Ipy wucHBITaHUAX METAUIOB HA PACTHKEHUE IUIACTUYHOCTH ONpPENENIeTcs JBYyMs
B3aMMOCBS3aHHBIMU ~ XapaKTEPUCTHUKAMHU: OTHOCUTENIbHBIM YJUIMHEHHEM W OTHOCUTEJIbHBIM
CyXEeHHEM. DTH XapaKTepUCTUKHU PACCUUTBHIBAIOTCS MO pe3ysbTaTaM 3aMepoB o0paslia J0 M mocie
UCIIBITaHUS.

Jlnsg ucnblTaHuS Ha PacTSHKEHHME NPUMEHSIOT IWIMHAPUYECKUE WM IUIOCKHE O0O0pasiibl
(Pucynok 1).

[lepen ucnbITaHMEM H3MEPSIIOT TONEPEYHOE ceueHue 00pasloB (y LMIMHAPHYECKHX —
HavyaJbHBIA TUaMeTp padoueiil yacTu Co, a y IUIOCKUX — HAYaJIbHYIO TONILIUHY paboueil yacTu ao U
mmpuny bo).

YroObl mMoOCHe HCHBITAaHUS ONPEACTUTh YAIUHEHUE, U3MEPSIOT HayalbHYI0 pPacueTHYIO
mmany lo obpasia ¢ Tounocteo g0 0,1 MM YcTaHOBJE€HHAs ~HadalbHas — pacucTHas
auHa lo orpaHMYMBaeTCS  HETIIyOOKMMHM — KEpHaMH, pHUCKaMH WM WHBIMH ~ METKaMH.

Pucynox 1 — CranmapTHbie 00pa3iibl U1 UCIIBITAHUS HA PACTSXKCHHE

h — uTMHA 3aroTOBKY, TIPH OMOIIM KOTOPO# 00pa3sell 3aKperuisieTcst B 3axXBaT MaIIWHEL lo —

HavallbHas pacyeTHas JUTMHA 00pasia; R — paauyc 3akpyrieHus nepexoanoi yactu; do —
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HayvalbHbIN quaMeTp padoueil yacTu TIockoro o0pasiua; do — HadyaiabHas TOJIIUHA paboueil yacTu
IUIOCKOT0 00pasiia; bo — HavanbpHas MHUPHHA PaboYel YacTH IIOCKOro oopasiia; L — obimas aiuHa
oOpa3ia.

[lepen BbInoIHEHHEM PaOOTHI MPOCITYLIANTE HHCTPYKTAX MO TEXHUKE 0€30MacHOCTH

1.
2.
3.
4,
Tabnuny 1.
5.
JIMarpaMMOHu.
6.
§B — PIT]EIX
Fy

Xox padoTsbl

[Ipou3BecTu 3amepbl 00pa3ua i UCIIBITAHUS IITAHTeHIUPKYIeM. V3mepenus
MOTIEPEYHOr0 CEUYeHUs (AUaMeTp) U PaCUETHYIO JUTMHY 00pasiia MPOBECTU B TPEX TOUKAX U
MUHHMaJIbHOE 3HaUEHHE 3aHECTH B Tabnuiy 1.

HOI[FOTOBHGHHBIﬁ JJIA UCIIBITaAHU S O6p33€].[ IIOMECTHUTH B 3a’KMMbl MAIllIMHBbI,

BxirounTe 351€KTpOABUTATEND.
3adukcupyiiTe KpaifHee mpaBoe MOJI0KEHHUE, 10 KOTOPOro AOHIET CTpeska mpuodopa, T.e.
HanOOJBIIYIO HATPY3KY Pmax, TPEIIIECTBYIONIYIO Pa3pylICHHIO 00pa3ia, 1 3aucaTh B

[Tocne pa3pbiBa 0Opasia BEIKIIOUUTE 3JIEKTPOIBUTATEND, 00€ YacTh 00pasiia BEIHYThH U3
3aKMMOB U CHATH C AMArPaMMHOTO arrmapaTa 4acTh OyMa)XHOM JICHTHI C 3alHCaHHOM

Omnpenenurte mpeen NPOYHOCTH (BPEMEHHOTO corpoTuBieHus), [lamo gpopmye:

7. TlomyueHHbIH pe3yabTar 3auIInNTe B TAOIUIy 1.

Tabnuma 1 — Pe3ynbTatsl u3MepeHus

Mapka
CTaIun

Huamertp
obpasiia,
MM

PaGouas
JUTHHA
oOpa3sia,
MM

IImomane
MOIEPEYHOT0
CeueHure

06pasia, MM>

MakcuMmanbHas
Harpy3ka, H

IIpenen
IIPOYHOCTH
(os), MIla

[Ipenen
TEKy4eCTH(Or),
MIla

8. Hauepture nuarpammy HCIBITaHUS OOPA3IIOB HA PACTSDKEHUE, OTMETHTh HA HEH Tpeaen
TEKY4ECTHU U MPEAECII IPOUYHOCTH

Py

=V

paspyleHHe

Tiss

Pucynok.2 - Jluarpamma ucnbsiTaHus 0Opasiia Ha pacTsKEHHE.

9. OtBeTbTE Ha KOHTPOJILHBIE BOIIPOCHI

10. OdopmuTe OTUYET U CANWTE MPEMOTABATEIIO.

KoHTposibHBIE BOMPOCHL:
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1. Kakue nokasarenn MEXaHUYECKUX CBOMCTB XapaKTEPU3yIOT IPOYHOCTh U MIIACTUYHOCTh
MaTepuasa Mpu ero pacTsKeHUH?

2. Kaxk onpenensrorcsi MpOYHOCTh U TUIACTUYHOCTh, KaK 0003HAYAIOTCS, B KAKUX SIUHHIIAX

BbIpaXKaroTcs?

[Toyemy ucnbITaHUS HA PACTSKEHUE HA3BIBAIOTCS CTATUYECKUMU?

4. Kakue MexaHHMYeCKHEe CBOICTBA METAJNIOB ONPEACISIOT IPHU MOMOIIY 3TUX UCTIBITAHUA?

w

JladopaTopnasi pa6ota Ne 19
Tema: IIpoBeneHne 3aKaJIKH M OTIIYCKA CTAJIbHBIX 00Pa31[0B ¢ HCNILITAHUEM TBEPAOCTH

Heab padorsr: DopMupoBaHKEe YMEHUH OCYIIECTBIATH TEPMOOOPAOOTKY U MPOBOJIUTH HCITBITAHHUS
MeTaJjia Ha TBePAOCTb.

3Hanuda (akTyaau3anus):

—CBOMCTBA METAJLJIOB;

—TeMIIEpATypHBIE PEXUMBI 3aKAIIMBAHUS METAJIIIOB.

Ymenus:-

- [10JIb30BAThCsl JTAOOPATOPHBIM 000PYI0BAaHUEM;

- OCYIIECTBISITh TEPMOOOPaOOTKY MeTajula JJisd YBEIWYEHUsS IoKa3aTesen
TBEPAOCTH;

-IPOBOJIUTH IKCIIEPUMEHT;

- U3MEPATH TBEPJIOCTb.
O0opynoBanue: MydenbHas dIeKTpuyecKas 1nedb, 3aKaJ04YHbIi 0ak ¢ BOAOH,

TBepaomep Pokserna, kiemnu, o0pa3ibl ctainu 45, MApOYHHK CTaJe.

3ananme: [IpoBecTu 3akajiky M OTHYCK CTaJbHBIX 0OPA3IOB C UCIBITAHUEM TBEPAOCTH METOJOM
Poksema
Teopernyecknii maTepual

3axankou Ha3bIBAIOT MPOLIECC TEPMUUYECKON 0OpabOTKU — HArpeB CTAIH BbIIIE TEPMUUYECKOM
TEMIIEpPaTyphbl, BBUIEPKKA M TOCIEAyIolee OBICTPOE OXJAXKACHHE C [ENbI0 IMOTYYCHHS
HEPAaBHOBECHOM CTPYKTypbl. B pe3ynbprare 3akajke TOBBIIMIAETCS MPOYHOCTh M TBEPAOCTH U
MMOHMXKAETCS TUIACTUYHOCTh cTaid. OCHOBHBIE MapaMeTpbl NPH 3aKajKke: TeMIlepaTypa Harpena,
BBIZIEP’KKA 1 CKOPOCThH OXJIAXKICHHUS.

Tpy 3aKanKe JOSBTEKTOM/IHbIE CTany Harpeparotcs 1o Temneparypsl Ha 30 <+ 50 rpagycos
BBIIIIC TOYKH Aca.

Ipy 3aKanke 3a3BTEKTOMIHBIC CTaNK Harpepaiotcs 1o Temmepatypsl Ha 30 + 50 rpagycos
BBIIIIC TOYKH Acy.

B 3aBucumoctd OT pasmepoB JeTajiel W TEIUIONMPOBOJHOCTH CTalld BHIOMPAIOT BpPEMs
HarpeBa. BpeMs BBIOEpKKHM TpU TeMIlepaType 3aKalKh BBIOMPAIOT TaKUM, YTOOBI MOJTHOCTHIO
3aBepmmiinch (pa3zoBbie mpeBpamieHus. [IpakTudecku Bpemsi HarpeBa B DJIEKTPONEYax MPHHSITO
15+ 2 mun Ha 1 MM ceuenmus.

CKOpOCTh OXJIaXK]IEHUS CTall, HATPETOM 10 TeMIlepaTypbl 3aKallKi, OKa3bIBAET pPElIarolee
BIIMSTHAE Ha Pe3ysbTaT 3akaiku. Hanbosee pactpocTpaHEHHBIC 3aKaTOYHBIE CPEbl: BOJa, BOIHBIC
pacTBOpPHI coJieil U Imiea04ed, Macio, BO3yX, pacilaBIeHHbIE COJIH.

Bona oxmaxmaer ropa3no ObicTpee, ueM Maciio: B 6 pa3 ObicTpee mpu Ttemrepatype 550 —
650 °C u B 28 pa3 o6pictpee npu 200 °C. [1osToMy BOIy MPUMEHSIOT AJS OXJIAXKIEHHUS CTaJlleH C
OOJIBIIION KPUTUYECKON CKOPOCTBIO 3aKaJIKU (YIJIEPOJAMCTHIX CTajCH), a B Macie OXJIaXIaloT CTalln
C MaJIOl KPUTHUYECKOIH CKOPOCTBIO 3aKalku (JIerHpoBaHHbIe cTanu). OCHOBHOW HEIOCTATOK BOMBI
KaK OXJIJUTEIN — BBICOKAsh CKOPOCTh OXJIAXIEHHUS IMPH MOHMKEHHBIX TeMIepaTypax B 00JacTu
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o0pa3oBaHMs MAPTEHCHUTA, YTO MPUBOJUT K BOSHUKHOBEHHIO OOJBIIUX CTPYKTYPHBIX HAMpPSKEHUI
M c0o37aéT ONacHOCTh BOSHUKHOBEHMsI TpenH. /lo0aBiieHre K BOJIE COJICH, IIeNoYell yBeInIrBaeT
e€ 3aKaTMBAIOIIYI0 CTIOCOOHOCTb.

Macno oxjakaaeT 3HAYMTEIbHO MEIJICHHEE, YeM BOJa, HO IMPEHMYIIECTBO Maclia Kak
OXJIAZIUTENSI 3aKITF0YACTCS TAKXKE B TOM, YTO OHO 00J1ajaeT HauOOoIbIIeH CKOPOCTHIO OXJIAXKICHUS B
o0yiacTi TeMmepaTyp MapTEHCHTHOTO TMPEBpAIICHUs, IMO3TOMY TIPU OXJAKICHHH B Macle
OMAacHOCTh 00pa3oBaHMsl TPEIIMH pe3Ko yMeHblnaercs. HemocraTkm wmacina — 3TO  Jerkas
BOCILIAMEHSIEMOCTh, IPUTOPAHKE K TOBEPXHOCTH JICTaJICH.

OcHosHble cnocoObl 3aKAIKU:

- 3aKajika B OJHOH cpele;

- 3aKajka B JIByX cpefax (uepe3 BOAY B Maclo);

- CTyIICHUYATAasl 3aKaJIKa;

- M30TEPMHUECKAs 3aKaJIKa.

Omnyckom Ha3bIBAIOT MPOLIECC TEPMUYECKON 0OpabOTKM — HArpeB 3aKajCHHOW CTallU JI0
TEMIIEPATyPhI HE BBIIIEC TOYKH ACy.

OTnyck MpOBOIAT AJsi CHIDKEHUS WM TOJIHOTO YCTPAHEHHS BHYTPEHHUX HaIPSIKCHUH,
YMEHBIICHUS XPYIKOCTH 3aKAJIEHHON CTAM M TIOJTY4YeHHUS TpeOyeMOol CTPYKTYPhl B MEXaHUIESCKUX
CBOWCTB. B 3aBHCHMOCTH OT TeMIIEpaTyphl OTITYCK JENISAT HA HU3KUN, CPETHUI U BHICOKUIA.

Huskuit ormyck — HarpeB cranu 110 TemiepaTypsl He Oosiee 200 °C u oxjaxkaeHue s
MOJIYYCHHS CTPYKTYPhl MAPTCHCUTA OTITYCKA M YACTUYHOTO CHSTHS BHYTPESHHUX HANPSDKCHH.

Cpennuii otnyck — HarpeB ctaiu oT 350 °C mo 500 °C u oxyaxkjaeHue Jyisi MOJIyYeHUS
CTPYKTYPBI TPOOCTUTA OTITYCKa.

Bricokuit ormyck — HarpeB cranu oT 500 °C go 650 °C u oxnaxkaeHue ISl MOTy4YEHUs
CTPYKTYpbI cOpOUTa OTITycKa. 3aKajKy ¢ BHICOKMM OTIYCKOM Ha3bIBAIOT yIyUIICHHEM.

Xox padoTsl

1. Hepen BBITIIOJTHEHUEM pa6OTI)I BHUMATCJIBHO O3HAKOMBTECH C I/IHCTPYKIII/IGI\/'I 110 TEXHUKE
6e30macHOCTH IpU paboTe ¢ My(heabHOM IeKTponeybio U TBeproMepoM Poksernia.

2. OmnpenenuTe TeMIEpaTypy 3aKalKM cTanu 45 MO Juarpamme <GKeae30-IEMEHTUT»,
CpaBHUTE €€ CO CIIPAaBOYHBIMH JAHHBIMH IO MApPOUHUKY.

3. 3ameppTe TBEPIOCTH OOPA3IOB 0 3aKAIKK (B HOPMAJIHU30BAHHOM COCTOSTHUW) METOIOM
PokBena u 3aHecT pe3ynbTarhl B Ta0uiy 1.

Tabnuma 1 - PesynbpTaTsl n13MepeHuit
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4. Onpenenute BpeMs BBIACPKKH B TIEUH, UCXO/ISI U3 Pa3MEPOB IMEUH.
5. Onpenenure TeMIepaTypy HarpeBa B UM, UCXO/s U3 IPOLIEHTHOIO COACPKAHUS
yriepoja.

26




6. 3arpy3ure oOpaslbl B Ie4yb, HAarpeTyio J0 3aJaHHOW TEMIIEpaTypbl, U BBIICPKHUTE
YCTaHOBJIEHHOE BpeMs.

7. 3akanurte o0pasibl B BOJIE, HE AOMYCKas 00pa30BaHUs «apOBON pyOaIIKim»:

- epeMelnanTe oopasipl KielamMy B BOJIe «BOCBMEPKOI»;

- 0Opaser] BO3bMUTE KJICIaMH 3a «O0UKy», a HE 32 TOPLIBI.

6. Ilociie ocThIBaHUS 00PA3LIOB 3aMepbTE TBEPAOCTD U 3aHECUTE PE3yiIbTaThl B Ta0nuiy 1.

7. llpousBeaure oTmyck oopasios npu temneparype pasHor 600 °C B Teuenue 30 MUHYT ¢
OXJIaXIEHUEM Ha BO3]lyXe (IJ11 SKOHOMHU BPEMEHH OXJIAXKICHUE MOYKHO IIPOBECTHU B BOJIE).

8. 3amepbTe TBEPIOCTH M 3aHECUTE PE3YJIbTATHI B Tabnuity 1.

9. Ilo pe3ynbraram pabOTHI ClIeTIaliTe BHIBOI.

10. OTBeTbTE Ha KOHTPOJIBHBIE BOIIPOCHI

11. CpaliTe oTyeT mpenoaaBaTelo.

KoHTposibHbIE BOPOCHI:

1) Kak BbIOpath TemMnepaTypy 3aKaiku JOIBTEKTOUIHOMN U 3a9BTEKTOUTHON CTan?

2) Ilouemy mpu 3akayike aeranu (00pa3isl) HEOOXOIMMO TPOKAUYNBATH?

3) [Touemy TBEPAOCTH OOPA3IOB U3 CTANHU 45 MOCE 3aKaIKU B Maclieé MEHbIIIE, YeM MPH 3aKaJKU B
BoziE?

4) Kakoii crioco0 3akaiky UCIONIb3yeTcs B TabopatopHoi padore?

5) Yto Takoe yiyulieHue?

JladopaTopnasi pa6ota Ne 20

Tema: UcciienoBanne MUKPOCTPYKTYPBI CTaJIel MoOcjie TEPMUYECKO 1 XMMHKO-TEPMUYECKOI
o0padoTkn

Heab padorbr: opMupoBaHUe YMEHUN ONPEAENATH MUKPOCTPYKTYPY CTajell mociae TepMUIeCKOn
1 XUMUKO-TEPMHUYECKON 00pabOTKH C MOMOIIBIO J1a00paTOPHOTO 000PYI0BAHUS

3HAHUSA (aKTyalu3alus):

—MUKPOCTPYKTYpa cTaje mocie TepMUIECKON U XUMHKO-TePMHUUECKON 00padOTKy;

yMEHHs:

- TI0JIB30BAThCS TAOOPATOPHBIM 000PYIOBaHHEM;

- pa3IM4aTh CTPYKTYPhI Pa3IMYHBIX CTAJICH TOCIIE TEPMUIECKONH U XUMHUKO-TEPMUYIECKOM
00paboTKH.
Oo6opyaoBanue: metauiorpadguaeckuit Mukpockorn «MUM-7», Habop Mukponummdos craiei 45,
V10 u 20, nnakar «Jluarpamma xene30-1eMEHTUT.
3aganue: McciemoBaTh CTPYKTypy MeTala TIOCHAE TEPMUYECKOM M XUMHKO-TSPMHYECKOM
00paboTKH.

Teopernyeckuii MmaTepua

[enpro TepMuueckoit 06pabOTKU CcTaIH SBISETCS U3MEHEHHE CBOMCTB MyTEM M3MEHEHUs e
(a3oBoro cocraBa M CTPYKTypbl. PaBHOBECHAsI CTPYKTypa CTalH, COOTBETCTBYIOIIAs JHArpaMMe
COCTOSIHUS «KENe30-IIEeMEHTUT», (HOpMUPYETCs B pe3yibTare OTXKHUra. B pesynbrare MOITHOTO
OT)KHTA JOATEKTOMJIHAS CTallb MPUOOpETaeT PaBHOBECHYIO CTPYKTypy Tiepiuta W deppura ¢
BBICOKOM TUIACTUYHOCTBIO W BS3KOCTHIO. Ilociie HopManmu3amuu 03BTEKTOMJHAS CTallb HWMEET
TaKyI0 K€ CTPYKTYpPY, YTO U TOCJIE MMOJTHOTO OTXKHTa, HO TIEPJIUT CTAHOBUTCS OO0JIee THCIIEPCHBIM,
MPY 3TOM HE3HAYUTEIbHO YBEINYNUBAIOTCS TBEPIOCTh U MPOYHOCTD.

[Tocne 3akanku yriaepoAauCThIE CTaIU MOIYYarOT CIEAYIOLIYIO CTPYKTYpPY:

- JIOPBTEKTOWHBIC CTAIM — MAPTCHCUT (TTOTHAS 3aKaJIKa);
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- 3adBTEKTOUJHBIC — MAPTCHCUT U KapOuIbl (HEMOIHAS 3aKaJIKa).

[IpuMeHEHNEe HENONHOM 3aKaJKM U1 3a3BTCKTOMIHBIX CTaled IO3BOJSAET IOJyYHUTh
BBICOKYIO TBEPIOCTH 3a CUET HAIMYHS B CTPYKType KapOuaoB (riementura FesC).

MapreHcuTHast CTpykTypa o0O0lagaeT BBICOKMM YPOBHEM OCTAaTOYHBIX HalpsKEHUH,
BBICOKOM TBEPAOCTBIO, IIPOYHOCTBIO, XPYNKOCTBbIO. Ilo3TOMY [UIsi CHMXKEHUS OCTaTOYHBIX
HanpsDKEHUH U MoiTydeHus 6osiee paBHOBECHBIX CTPYKTYp paclaja MapTeHCUTA 3aKAJIEHHYIO CTallb
IIOABEPraloT OTIYCKY. IIpM HHM3KOM OTIIyCKE YaCTHUYHO CHHUMAIOTCS HANPSIKEHHs U I0JydaeTcs
CTPYKTypa MapTE€HCUT OTIIyCKa, IPU CPEJHEM OTIyCKE — TPOOCTUT OTIIyCKd, IPU BBICOKOM —
copOuTt ormycka. O6pa3yeMsbie IIPU OTITYCKE (PepPUTHO-LIEMEHTUTHBIE CMECH — TPOOCTUT OTITyCKa U
COpOUT OTITyCKa — UMEIOT 3€PHUCTOE CTPOEHHUE B CBSI3M C OKPYIIOi dopMoil yacTul, KapOuaHOM
¢da3pl B OTIMYME OT MMEIOIIUX IUIACTUHYATOE CTPOEHUE TPOOCTHTAa M COpOMTa, 0Opa3yeMbIX B
pesyabTare A1 Py3uOHHOrO MpeBpaILeH s IePEOXIaKIEHHOTO ayCTEHUTA.

Ilocne nmeMeHTanuu MOBEPXHOCTh HU3KOYIVIEPOAMUCTOM CTAJIM HACBHILAECTCS YIVIEPOAOM C
o0pa3oBaHMEeM LEMEHTUTa — KapOuaoB xene3a. KapOuasl pacrnonararoTcs Mo rpaHMLaM 3EpeH
IepJIuTa U MOT'YT OOpa30BbIBAaTh LIEMEHTUTHYIO CETKY. L{eMeHTHpOBaHHBII CI10M COCTOUT (YCIOBHO)
13 TPEX 30H:

- 3adBTEKTOMJHOW — pACHOJIOKEHHOM Yy TIOBEPXHOCTM M HMEIOUIEH  CTPYKTypY

3a9BTEKTOMIHOMN CTalu (MIEPJIUT U IIEMEHTHUT) ¢ coaepkanueM yriaepoaa 0,8 — 1,0%);

- OBTEKTOUJHOW — HUMEIOLIEH CTPYKTYpPY SBTEKTOHUJIHOW CTAIM — MEPJIHUT C COAEPKAHUEM

yraepona 0,8%;

- JIO9BTEKTOMJHOH — HMEIOMIEH CTPYKTYpY HOIBTEKTOMJHOW CTalmu — TEPIUT U (eppur,

conepxanue yriaepozaa 0,8%.

[Tocne memeHTauM AeTamb 00S3aTENBHO IMOABEPraroT 3aKaJKe W HU3KOMY OTITYCKY, IPH
9TOM IOJIy4aeTcsl CTPYKTypa MapTEHCUT OTIyCKa — B LIEMEHTHPOBAHHOM CJIOE, a B CEPIALIEBHHE
JETAIN — MaJIOYTJIEPOAUCTBI MAapTEHCUT. B pe3ynbrare 3akankyd TBEPAOCTh U M3HOCOCTOWKOCTH
IIOBEPXHOCTU JI€Talld CTAHOBUTHCS BBICOKOM, a TBEPAOCTH CEPALUEBHHBI [ETald IOBBIIIACTCA
HE3HAYMUTENIBHO M3-32 HU3KOIO COJAEpP)KaHWs yriuepojaa. B CBsA3M ¢ HaMBBICIIMM COACPKAHUEM
yriepoja camasi BbICOKas TBEPOCTh HAOIIO1aeTCs Ha MOBEPXHOCTH JETAJIH.

Xox padoTsl

1. Tlepen BhINONHEHHEM pabOThl BHUMATEIbHO O3HAKOMBTECH C MHCTPYKIMEH MO TEXHUKE
0€30IacHOCTH IpU paboTe ¢ MeTaLIOrpahuIecKMM MUKPOCKOTIOM.
2. VYcTaHOBUTE Ha MpPEIMETHBIM CTOJUK MUKpouuind cramu 45Tak, 4ToOBI IJIOCKOCTH
nutrda Oblia pacroiokeHa MepHeHUKYIIIPHO K ONTUYECKON OCH 00BbEeKTa.
3. [TocMoTpuTE MUKPOCTPYKTYPY LUK cTanu 45 Ha MUKPOCKOIIE.
4. 3anonHuTte Tabmuiy 1:
4.1 B xononke Ne3 — Hamumwure BUA TEPMOOOPAOOTKH, UCXOIS U3 MUKPOCTPYKTYPHI
ctanu 45, yBUIEHHONW B MUKPOCKOII.
4.2 B xonoHke Ne 4 — 3apucyiiTe MUKpPOCTPYKTYpY cTanu 45.
4.3 B konoHke Ne5 — HanuImMTe CTPYKTYPHBIE COCTABIISIFOIIME CTAIN 45.

Tabnuua 1 - MUKpocTpyKTypa cTajnei

HaumeHnoBanue u Bun MukpocTpykTypa
Neri/mm CrpykTypHBIE
MapKa CIiaBa TEPMOOOPabOTKH 3apHucoBKa cocTaBIIONIC
1 45
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2 Y10

3 20

5. [ToBTopuTe BBIIIE ONMUCAHHBIC Oonepayu ¢ Mukpouutdom cramu 20 u Y10 (1. 2-4).6.
6. 1o pe3ynbraTam paboThl cAETIAlTE BBIBO.

7. OTBEThTE Ha KOHTPOJIbHBIE BOIIPOCHI.

8. ChaiiTe OTYET MPenoaaBaTeio.

KoHTposbHbIE BOPOCHI:

1) [Touemy nocre 3aKajiku MOBBIIIAETCS TBEPIAOCTD?

2) 3aueM moce 3aKaiKy JeTalT OTITYCK?

3) Ilouemy mocie IIEeMEHTallMM, 3aKAJIKH W HU3KOTO OTIIYCKA TOBEPXHOCTh JCTaJIH
CTAaHOBUTCSI OUEHB TBEP/IOM, a TBEPIOCTH CEP/ILIEBUHBI BO3PACTAET HE3HAUUTEIHHO?

4) MoxHo 11 3akanuth ctanb 207 [Touemy?

JlaGopaTopHas padora Ne 21

Tema: UcciienoBanne MHKPOCTPYKTYPBI JKeJIe30yTJIEPOIHCTHIX CIUIABOB B PABHOBECHOM
COCTOSIHUH

Heab padotsl: PopMupoBaHue YMEHUN UCCIIEOBAHUSI MUKPOCTPYKTYPBI KEJI€30yTIEPOAUCTHIX
CIJIABOB B PABHOBECHOM COCTOSTHUM C TIOMOIIBIO METAIOrpanyeckoro MUKpOCKoIma

3HAHUA (AKTyaJln3alns):

—CTPYKTYp KeJIe30yTIepOAUCTHIX CIUIABOB B PABHOBECHOM COCTOSIHHH;

YMEHHs:

- TOJIb30BATHCS JIAOOPATOPHBIM 00OPYIOBAHHUEM;

- yuTaThAMarpaMmy coctostuust Fe-FesC;

Oo0opynoBanme: meramiorpadpuueckuii Mukpockon «MUM-7My», nHaGop Mukpouuindos
YTJIEPOAUCTBIX CTAJIEN C Pa3IMYHBIM COJAEPKAHUEM YIIIEPOJa.
3aganme: lccnenoBaTh MHKPOCTPYKTYPY JKEIE30YIJIEPOAUCTBIX CIUIABOB B PaBHOBECHOM
COCTOSTHUM

Teopernyeckuii MmaTepua

JluarpamMma COCTOSIHUSI CIUIaBOB JKelie3a C IIEMEHTUTOM I[IOKa3bIBAaeT IpeBpalleHus,
IIPOUCXOAIINE TP PA3IMYHBIX TEMIIEPATYpax B JKEIE30yIIIEPOAUCTHIX CIIIaBaXx.
KeneszoyrnmeponucTbie CIUIaBhl € KOHIIGHTpanuen yriepona g0 2,14% HazwpBaroTcs
CTaJIIMU, a ¢ KOHLeHTpauuel cele 2,14% - uyrynamu.
W3 nuarpammbl (pUCYHOK 1) BUAHO, YTO CTPYKTypa CTaJd B PaBHOBECHOM COCTOSIHUU
OIIPEAEIAETCS COAEPKAHUEM yIIIEpOa.
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AuarpamMMa COCTOAHUS Xeneso - UEMEeHTUT
A- ayctenurt, N - nepaut, J1 - nepebyput, ®© - depput, U - uEMEHTUT

Pucynok 1 — luarpamma coctosuus Fe-FesC

Bce cranmu ¢ comepxanuem yriepona go 0,8% cocroar w3 deppura (cBeribii QoH) U
nepauTa (TEMHbIN (OH) U HA3BIBAIOTCS JOIBTEKTOMIHBIMU.

@eppuT UMEET 3epHUCTOE CTPOEHHE, 00J1aaeT MarHUTHBIMU CBOMCTBAMM U SIBJISIETCS cCaMOM
IUTACTUYHOW M MATKOM COCTAaBIIAIOLIEH JKEIE30yIIEpOAUCThIX ciiaBoB. TBEpaocts HB = 80.

[Iepnut npencrasisier coO0l 3BTEKTOUAHYIO CMECh, COCTOSIIIYIO U3 MEJKHUX IUIACTUHOK MM
3€peH LIEMEHTHUTA, PACIIOIOKEHHBIX B (PEPPUTHON OCHOBE.

B 103BTEKTOMIHBIX cCTalsIX KOJMYECTBO IMEpiuTa YyBeIUMuMBaercs, a (eppura —
YMEHBILIAETCS MPONOPLUOHAIBHO BO3PACTAHUIO COAEpXKaHUSA yriaepoja. 3Has IPOLEHTHOE
coJiep’KaHue YIiiepoJa, MOXKHO ONPEIeNIUTh MapKy CTaJIH.

Crans ¢ conepxxanueM yriepona 0,8% Ha3bIBaeTCAIBTEKTOMAHON. E€ cTpykTypa — nepiur.
Cranu ¢ conepxkanueMm yraepoaa ot 0,8 mo 2,14% - 3a3BTEKTOMAHbIE, UX CTPYKTypa — MEPIUT U
LIEMEHTUT BTOPUYHBIM.

UyryHbl, KpUCTAJUIU3YIOIIUECS MO JHarpaMMe >KeJle30-LIeMEHTHUT, Ha3blBatoTcsl OenpiMu. B
HUX BECh YIVIEPOJ HAXOAMTCS B CBSI3aHHOM COCTOSIHUM B BHUJAE LIEMEHTUTA. belble 4yryHbl
MO/IPA3AEINIAIOTCS Ha JOIBTEKTUYECKUE, SBTEKTHUECKUE U 3aIBTEKTUYECKHE.

OBTeKTHYeCKUi Oenblii uyryH conepxut 4,3% yriepona, €ro CTpyKTypa — JenedypHr.
JlosBTekTHyeckue Oelble YyryHbl coep:kar yriepoaa ot 2,14 no 4,3%, ux cTpykTypa — HEepiuT,
BTOPUYHBIM LIEMEHTUT U JeneOypuT. 3a’dBTEKTHUECKHE Oeible 4yryHbl conepxkar Oosee 4,3%
yriaepoja, uX CTpyKTypa — HEpBUUHBIM LIEMEHTHUT B BHJI€ KPYTHBIX UIJI U JIeJeOypHUT.

Xox padoTsbl

1. Ilepex BbIOJIHEHHEM PaOOTHI BHUMATEIHHO O3HAKOMBTECH C MHCTPYKIHUEH MO TEXHUKE
6e30macHOCTH Ipu paboTe ¢ MeTauorpadguueckum Mukpockonom MMUM-7M.
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2. YcraHOBUTE Ha MpeAMETHBIH cTOMUK MHKpouumdd cramu 80 Tak, 4ToOBI IUIOCKOCTh
nutrda Oblia pacroiokeHa NepHeHIUKYIIIPHO K ONTUYECKON OCH 00BEeKTa.
3. IlocmoTpuTe MUKPOCTPYKTYpy tutuda cramu 80.
4. 3anonauTe TabIUIy 1:
4.1 B rpace Ne3 — HanuImmTe XUMUIECKUI COCTAB CTalIM, UCXOMS U3 €r0 MAPKUPOBKH.
4.2 B rpade Ne 4 — 3apucyiite MUKpOCTPYKTYpYy cTanu 80.
4.3 B rpade Ne5 — HanummmTte CTpyKTypHBIE cocTaBisitorue ctaum 80.

Tabnuna 1 - Pe3ynbTaTsl ucciae10BaHus

HaumenoBanue u | Cozaepkanue MukpocTpykTypa
Neri/m CTPYKTYpHBIE
MapKa CcIljiaBa yriepoaa 3apHUCOBKa cocTaBTOme
1 2 3 4 5
1 Craib 80
2 Crans Y12A
3 Crans 60

5. TToBTOpHUTE BBIIIIE OMUCAHHBIE OMepalu ¢ MUKpoILTidom ctamu 60 u Y12A (1. 2-4).
6. Ilo pesynbraTam pabOTHI CAETANTE BBIBOI.

7. OTBeThTE Ha KOHTPOJIbHBIE BOIIPOCHI.

8. CnaiiTe OT4eT MpernoaaBaTelo.

KoHTpoJIbHBIE BOIIPOCHI

1) Yem otnnuaetcs ctpykrypa cranu 80 ot ctanu Y12A?

2) YUem otnuvaercs crpykrypa cranu 80 ot cranu 607

3) Kak BiuseT mNpoLEHTHOE CcoJiepXKaHWe YIJIepoAa Ha TBEPAOCTh M IMPOYHOCTD
KEJIe30yTIEPOAUCTHIX CIUIaBOB?

JladopaTopnasi pa6ota Ne 22
Tema: UcciienoBanne MUKPOCTPYKTYPHI YYT'YHOB

Heab padorsl: @opMUpoBaHHE YMEHUI UCCIIENOBATh CTPYKTYPY Pa3IMUYHBIX UYyTYHOB C IOMOIIbIO
71a00paTOPHOTO 000PYAOBAHMSL.

3HAHUA (AKTyaJln3alns):

—BUJIbl YYT'YHOB;

—CTPYKTYpbl 1 MEXaHHUUYECKHE CBOMCTBA UYYT'YHOB Pa3JIMYHBIX MApOK.

YMEHHUA:

- pa3nnyaTh CTPYKTYPbl UyTYHOB C IOMOIIBIO MUKPOCKOTIA.
OoopynoBanme: Mmeramorpadpuyeckuii  Mukpockon «MHWM-7M», Habop MHKpOULIH(OB
pa3IMYHBIX YYTyHOB, IUIaKaT «JluarpaMma COCTOSIHUSA CIIJIABOB XKEJIE30- LIEMEHTHUTY.

3ananme: lccnenoBaTb MHUKPOCTPYKTYPY UYTYHOB € IOMOLIbKO METaJIOrpaduuecKoro
Mukpockona « MUM-7M»y.

Teopernyeckunii MaTepua

B 3aBucuMocTH OT XapakTepa CTPYKTYphl pPa3M4aioT OeJbli, MOJOBHHYATHIM, CEpBhIH,
KOBKHMH M BBICOKOIIPOYHBIM 4yryH. B 0esom 4yryHe Bechb yriepoJ, HaXOAMTCS B CBSI3aHHOM
COCTOSIHMH, T.e. B BHJe IeMmeHTuTa Fe3C. Takoil uyryH umeer Oelblii M3JI0M, OYE€Hb TBEPIBIM,
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XpyIKUH, MMOATOMY HE NPUMEHSETCS AJI1 WU3TOTOBJIECHMS JETajledl MAalllMH, a WCIHOJb3YyeTCs s
OTJIUBKU JIeTaJIel ¢ MOCIEAYIOIMM OTKUTOM Ha KOBKHM uyryH. Kpucramimsyercs mo nuarpamme
«Fe-Fe3C». benplif 4yryH B 3aBUCUMOCTH OT COJIEP’KaHUs yIiiepoJa ObIBaeT JOIBTEKTUUYECKUM (OT
2,14 no 4,3% yrnepona), aprektuueckum (4,3% yraepoaa) u 3assrekrudeckuM (ot 4,3 10 6,67%
yriaepona). B cTpykType Oenoro uyryHa NPUCYTCTBYIOT TEpJIUT, JEeAeOypUT W LIEMEHTUT
MEPBUYHBIM.

[Tosl0BUHYATBIN YYTyH COJEP)KUT YIVIEPOJ B CBSI3aHHOM COCTOSIHUM (LIEMEHTHUT) U B
cBoOotHOM (Tpadut). CTpyKTypa — IEPIIUT, JIeAeOyPUT U TIIACTUHYATHINA TpaduT.

MexaHnuyeckue CBOMCTBA YyT'yHa OIPEIEIAI0TCS CBOMCTB €r0 METaUIMYE€CKOM OCHOBBI, a
TaK)Xe KOJIMYECTBOM, Pa3MEPOM M XapaKTepOM paclpeeneHus B Hel TpaduToBbIX BKIOYEHUN. B
COCTaB CEPBIX UYT'YHOB BXOJST CleAYIOIIKE 31eMeHThL: 2,9 — 3,6% yraepona, 0,3 — 1,4% mapraniia,
1,5 — 3,5% xpemuus, no 0,12% cepsi, 1o 0,5% dochopa. Conepkanue KpeMHHUS U MapraHia
MEHSIOTCSA B 3aBUCHMOCTH OT MapKu M HazHaueHHs yyryHa. CTpyKTypa MeTaJJIN4eCKONH OCHOBBI U
XapakTep pacloioXeHUs B Hell rpauTOBBIX BKIIOYEHUI 3aBUCAT OT COCTaBa, YCIOBUI OTIMBKH U
nocyenyromeld TepMuueckor o0paboTke uyryHa. Tak, TOBBIIMIEHHOE COJEp)KaHME MapraHiia
MPEMSTCTBYET, a IMOBBIILIEHHOE COJAEP)KaHHE KPEMHHUS CHOCOOCTBYET BBIICICHUIO Trpadura.
MenieHHoe OXJIaXKIeHHE YyTyHa CIIOCOOCTBYET, a YCKOPEHHE MPENSITCTBYET BBIJCICHHUIO TpaduTa.
BBenenve HeOONBIINX KOJIMYECTB MarHus, KPEeMHHS, CHIMKOKAIbLUS B UyT'yH Mepel] pa3iuBKON
(MomuduIMpOBaHWE YyryHa) CIHOCOOCTBYET BBIJCICHUIO TpaduTa B [IOOYISAPHOH WU
MEJKOIIACTUHYATON opme.

KonmgectBo, pazmep u popma rpaduToBBIX BKIIOYCHUI BBISBISIETCS HA HETPABICHHBIX
nuidax npu yBenuuenuud B 100 pas. Ilpu TpaBieHuu 4yryHa BBISBISICTCS €r0 MeTajTndyecKas
OCHOBA.

MuKpoCTpyKTypa CEporo uyryHa COCTOMT W3 BKJIIOUEHHUH IJIaCTHHYATOro rpadura u
MEPIUTHOU, (PEepPUTO-NIEPIUTHON WM (EPPUTHON METANIMYECKOW OCHOBBI, a Takxke (pochuaHon
IBTEKTHKE (IPU MOBBILIEHHOM cojiepxkaHuu dochopa B uyryHe). Cepble YyryHbl UMEIOT XOPOIINe
JUTEHHBIE CBOWMCTBA, XOPOIIO OOpabaThHIBAIOTCS pe3aHUEM, H3HOCOCTOMKHE, HWMEIOT BBICOKHE
neMiupyronpe cnocoOHocTH (CBOMCTBO racuTh BHOpanuio). M3 HMX M3rOTaBIMBAIOT CTaHUHBI
paznuuHOro 00OpyAOBaHHUS, KOJEHUYaTble W pacHpelesIUTeNbHble Bajbl TPaKTOPHBIX U
aBTOMOOWIIBHBIX JIBUTATENECH U ApyTrue AeTalu.

KoBkuii uyryH cocTouT M3 rpaduTa XJIOMBEBUAHOM (HOPMBI M MEPIUTHOM, MEpIUTO-
dbeppuTHOl WM (PEPPUTHON METALTUYECKONH OCHOBBI. KOBKHIT uyryH Oojee IUlacTU4YeH T0
CPaBHEHHIO C CEPHIM, HO €70 HUKOrJa He KytoT. OTIMBKY U3 KOBKOTO YyTyHa IOIy4aroT U3 OTIMBOK
0enoro 4yryHa JJIMTEIbHBIM OT)KUTOM, MPH 3TOM IMPOUCXOJUT pachaj [EMEHTUTA C BbIIEIECHUEM
rpaduTa XI0nbeBUIHONW (popMbl. M3 KOBKOro UyyryHa W3roTaBiIMBAOT JIETaIN BBICOKOW MPOYHOCTH,
CIIOCOOHBIE BOCIIPUHUMATh MOBTOPHO-TIEPEMEHHBIE U yAapHbIE HArpy3ku M padoTarouiue B
YCIOBUSIX MOBBIIIEHHOTO HW3HOCA: KapTep 3aJHEro MOCTa, TOPMO3HBIE KOJOJKH, CTYIHUIBI,
IIECTEPHU U JIp.

BrICOKOTIPOUHBI YyTyH MOMY4ar0T MOIUGHUIIMPOBAHUEM >KHIKOTO YyT'yHa MarHueMm u
KpEMHHUEM Iepe]l 3aIUBKOM. B pe3ynbraTe moiydaroTcs MelKhe BKIOUYEHHs rpaduTa mapoBUIHON
¢dopmel. [MlapoBuanbslii rpadut, UMEIONUNH MUHUMAIBHYIO MOBEPXHOCTH MPU JAaHHOM O0BEME,
3HAYUTENIIBHO MEHbIIEe OciabiseT METaNIMYECKYI0 OCHOBY YyryHa, YeM IIJJaCTUHYaTBhId rpadur.
MeTtannudeckass OCHOBAa BBICOKOMPOYHBIX UYTYHOB — TIEpIUTHas, NEepauTO-heppuTHas U
(bepputHas. UyryHsl ¢ IIapOBUIHBIM Ipa@UTOM UMEIOT 00Jiee BHICOKME MEXaHUYECKUE CBOICTBA, B
YaCTHOCTH, IMPOYHOCTh, IO CPABHEHHIO C CEPHIMM UYyTyHaMH, XOpOIUUE JIMTEHHBIE CBOWCTBA,
00pabaThIBa€MOCTh pE€3aHHUEM, CIIOCOOHOCTb TaCUTh BUOpAIMHU, BBICOKYIO H3HOCOCTOMKOCTH. M3
BBICOKOIIPOYHOTO YyryHa W3rOTaBIMBAIOT JETadd IPOKATHBIX CTaHOB, KY3HEUHO-IPECCOBOIO
000opyI0BaHUs, TPAKTOPOB, aBTOMOOMIICH (KOJICHBAJIBI, THIIH3bI IWIHHAPOB, TIOPIITHH).

Xox padoTsl
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1. YcTaHoBUTE Ha MPEIMETHBIN CTOJIMK MUKPOIUTH( YyryHa Tak, 4YTOObI INIOCKOCTh HITH(a

ObLIa paciojioKeHa NEPInCHIANKYJIISIPHO K OIITHYECKOM OCH 0OBEKTA.

2. I'nang B OKyJIsip MUKPOCKOIIA, ONPEAEINTE MUKPOCTPYKTYPY UyT'yHa.
3. ITo MukpocTpykType (YBUIECHHON B OKYJISIpP MUKPOCKOIIA) OMPEeNIUTE BU YyTyHa.
4. 3anonuuTe Tabmuy 1:

4.1 B rpade Ne 2 — HanummTe BU YyTyHA.

4.2 B rpade Ne3 — 3apucyiite MEKpPOCTPYKTYpY YyT'yHa.

4.3 B rpade Ne 4 — HanummTe CTPyKTYPHBIE COCTABJISIONINE.

4.4 B rpade N5 — Hanummmre 001acTh MPUMEHEHHSI JAaHHON MapKH YyTyHa.

Tabnuna 1 - MukpocTpykTypa 4yyryHa

Neri/t | Bug uyryna MukpocTpyKTypa O6nacTe IpUMEHEHUS
3apUCOBKHU CTPYKTYpHBIE 4yyryHa
COCTAaBJISAOIIUE
1 2 3 4 5

5. Cnenaiite BBIBOJ.
6. OTBeThTE Ha KOHTPOJIHHBIE BOIIPOCHI.
7. ChaiiTe OTYET mpernoaaBaTeio.

KoHTpoJIbHBIE BOIIPOCHL:

1. Yem (110 CTPYKTYpE) OTIIMYAETCS BBICOKOIIPOUHBIM YyT'yYH OT KOBKOT'O?

2. Uem 00OBsICHSIETCSI BBICOKAS IPOYHOCTH BHICOKOIIPOYHOTO UyTryHa?

3. Kakas cTpykTypa 4yryHa npujaaeT eMy MaKCUMaJbHYIO IPOUYHOCTh M TBEPJIOCTh?

IIpakTnyeckoe 3ansaTue Ne 1

Tema: Bo106op pesxuma TepM000Opa0dOTKH YYIT'YHHOH OTJIMBKH

Iean padothi: HayunThest BHIOUpATh PEXUM TEPMOOOPAOOTKH UyTYHHOM OTIMBKU
3HAHUA (aKTyaJlu3anus):

BU/JIbI TEPMOOOPAOOTKHU AJIsl UYyT'YHHOM OTJIMBKH;
PpeXUMBI TEpPMOOOPAOOTKHU UyTYHHOU OTIIUBKY;
METO/MKA [TOCTPOEHUs rpaduka TepMUIECKO 00paboTKH;

YMEHHUS:

- Ha3HauaTh TEPMUYECKYIO 00pabOTKY AJIs YyT'YHHOU OTJIMBKHY;

- CTpOUTH TpaduK TEPMHUUECKON 00padOTKH

3aganue: HazHauuTh peXUMBI TEPMOOOPAOOTKH OTIMBKY U3 uyrHa Mapku CU20 st cHATUS
BHYTPEHHUX HAMPSOKCHUH U JJIS1 YCTpaHEHUs 0TOea.

Teopernyecknii MmaTepuaJl

[Tocne AUThs YyryHHBIE OTJIMBKA OOBIYHO TIOJBEPraloT OTXKUTY. By oTxura onpenensercs
MUKpPOCTPYKTYPOI UyryHa: €CJIi B Hel HET CBOOOJHOTO LIEMEHTHUTA UITU OH COJEP>KUTCS B
KOJIMYECTBE, 10IIyCKAaEMbIMU TEXHUYECKUMH YCIOBUSAMHU Ha JAHHBIN UyTyH, TO €IAI0T
HU3KOTEMIIEPaTyPHBIN OTXKHUT C 1IeJIbI0 CHATUS BHYTPEHHUX HAMPsDKEHUN, BOSHUKIINX B Pe3yJIbTaTe
3aTBepleBaHus OTIUBKU. TemnepaTypa takoro orxkura — 550-650°C, HarpeB BeayT MeAJIEHHO, CO
ckopocthio He 6osee 100°C B gac. [Ipog0mKUTETBHOCTS OT)KHUTa 3aBUCUT OT Pa3MEpPOB OTIIUBKU U
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cocTaBisieT OT 3-X A0 7 yacoB. OxJIaxkIeHrWEe OTJIIMBOK MOCIIE OTKUTa TPOBOJIUTCS € MIEYBIO CO
ckopocThio He 6osee S0°C B 9ac ¢ HebI0 MPeI0TBPAICHHUS] BOSHUKHOBEHHS HOBBIX HAIIPSKEHUH B
OTIUBKax. Hamuure B MUKPOCTPYKTYpe CBOOOTHOTO, TO €CTh HE CBA3aHHOTO B TIEPJIUT, IEMEHTUTA
MPUBOJIUT K CHIKEHUIO MEXaHUUYECKHUX CBOWCTB, OBBIIICHUIO TBEPJOCTU U XPYIIKOCTH H,
CJIEIOBATENHLHO, YXYAIIEHUIO 00pabaThIBAEMOCTH PE3aHHEM.

[IpucyTcTBUE HAa MOBEPXHOCTU OTIMBKH CBOOOTHOTO LIEMEHTHUTA, IPUBOJSAIIETO K
YBEJIIMUYEHUIO TBEPIOCTH, Ha3biBaeTcs oTOenoM. [IpruunHoii oTOena MOryT ObITh OTKIIOHCHHUS 110
XMMHYECKOMY COCTaBY U MOBBIIIIEHHAS CKOPOCTh 3aTBEpieBaHus OTIUBKH. [y ycTpaneHus oroena
OTJIUBKY MOJABEPTalOT BHICOKOTEMIIEPATYPHOMY OTKHUTY, P KOTOPOM ITPOUCXOJUT PacIia]
cBOOOHOrO IIeMEHTHUTa ¢ 00pa3oBaHueM rpadura. Pexxum Takoro orxura:

— Ilocaaka oTIMBOK B mie4b npu Temriepatype He Bbiiie 200°C, yToObI HE TOMYCTUTh
BO3HUKHOBEHHUSI TEMIIEPATYPHBIX HAIIPSHKCHUIM;

— MemieHnbIi HarpeB co ckopocThio He 6osiee 100°C B wac mo temmeparypst 700...750°C,
BBIIEpKKA MpU ATOU Temnepatype 1...1,5 yaca juist BoIpaBHUBaHUS TEMIIEPATyPhL;

— Harpes no Temnepatypsl 920...950°C, Beinepxka 3...3,5 yaca;

— OxJaxaeHue ¢ nevybto co ckopocThio He 6omee 50°C B uac go Temnepatrypsl 150...200°C,
JaJIbHENIIee 0XJIaXK/IEHUE — Ha BO3AYXE UJIU C NEYbIO.

Xoa padoThl

Ha3znaubTe pexXxuM OTXKHra ¢ LEJIbI0 CHATHS BHYTPEHHUX HAPSDKEHUH B OTIIMBKE.
HaznaubTte pexxum oTXKHTra IJ1s1 yCTpaHeHHUs 0TOena.

IToctpoiiTe rpaduKky pexXUMOB OT)KUTA B KOOPAWHATAX «TEMIIEpaTypa - BpeMsD».
OTBeThTE Ha KOHTPOJIbHBIE BOIIPOCHI.

ITo pe3ynbTatam paboThl clieaifTe BHIBO/I.

orwbPE

IIpakTnyeckas padora Ne2

Tema: Bo16op MaTepuaJia it H3rOTOBJIEHHS A€TAJIM M Ha3HAYEeHHe Pe:KUMA TePMUYecKoii
00padoTKHN B 3aBHCHMOCTH OT YCJOBHI IKCILIyaTAlHH

Heanb padorsl: PopMHpOBaHHE YMEHUH Ha3HAYaTh PEXHUM TEPMHUUECKOH 0OpabOTKM CTaIbHOMN
JIeTaJI B 3aBUCHMOCTH OT YCJIOBUI HKCILTyaTal[|H.

3HAHUA (aKTyalu3alus):

— BU/IbI 3aKAJIKU U OTITyCKa CTaJei;

- PEKUMBI U OTIYCKA 3aKAJIKU;

— METO/IMKa MTOCTPOEHHUS rpaduka TepMOOOpadbOTKHI

YMEHHS:

- Ha3HauaTh 3aKaJIKy M OTIYCK cTajel;

- CTPOUTH TpaduK TepMOOOPAOOTKH.

3ananue: 1.BeiOpaTe MapKy cTayim JyUisi MPOU3BOJICTBA JETaNH (CMOTPH BapHaHT 3aJaHUs B
tabnwmre 1)

2.Haznauuth pexum TepMooOpadboTku netanud. [Ipu pabore UCHOIB30BaTh quarpamMmmy Fe-
FesC u MapoyHHK CTalledl U CIIJIaBOB.

Tabnuma 1 - BapuanTsl 3ananus

JHerans Pasmepsl  neranu, Tpebyemas
Bapuant MM TBEPOCTb,
HRC
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1 npyXUHA 6, L=250 45-52
2 peccopa 50x200x6 45-52
3 [IAPUKH 8 60-65
TOJIIIATTHUKA
KaueHHsI
4 METYHK & 55; H =145 59-63
5 BaJl & 45; L.=180 38-45
6 HIeCTepHS @65, H=85 38-45

Teopernueckuii MaTepuan

TemmnepaTypa 3akaiku onpezensercs no Gopmyne:
Tzak = Ac3 + 30...50°C — mj1g 103BTEKTOMIHBIX CTaJICH,
T3ak = Acl + 30...50°C — s 3a3BTEKTOUIHBIX CTAIEH.
Bpewmst narpesa getanu 1moj| 3aKajiky 3aBUCHT OT HArpeBaIOIICH CIOCOOHOCTH CPE/Ibl, pa3MEepOB U
(dbopMbI 1eTanei, OT UX YKJIaJKU B TIEUd U OfpenesseTcs no popmyie:

Tu = 0,D1K1K2Ks,mun. (1),
rae D1 — MmuHuManbHBIN pasMep (MUHUMAJIbHAS TOJIIIMHA), MM
K1 — koaddurment cpensl (s raza — 2, mist conu-1, s merawia — 0,5),
K2 — xoaddunment ¢opmel (11 mapa — 1, ayis nuimHapa — 2, s napajuienenuneaa - 2,5, ais
TUIACTUHBI - 4),
K3 — koaddunimenT paBHOMEpHOCTH HarpeBa (BCECTOPOHHUI HArpeB — 1, OJHOCTOPOHHUI HAarpeB -
4).
Bce 310 oTHOCHTCA K Temmniepatype HarpeBa 800-900°C, ecnu Temneparypa Oosibliie, TO BpeMs
HarpeBa MEHbIIIE, 1 HA000pOT, YeM MEHbIIIe TeEMIIepaTypa, TeEM MeJJIeHHee HarpeB. Jletanu u3
YIJIEPOJIUCTHIX KOHCTPYKIIMOHHBIX CTaJied 3aKalMBalOT B BOJIE, YIIIEPOAUCTHIX HHCTPYMEHTAIBHBIX
— yepe3 BOJly B Macilo, JIETHPOBAHHBIX — B Maclle.

OTnyck - 3aKJIIOUUTENbHAS Onepanus TepMOOoOpPaOOTKH CTallu, KOTOpas 3aKJII0YaeTCs B
HarpeBe HU)XKe TeMIIepaTyphl MEPIUTHOTO npespaiueHus (727°C), Bbliep>KKe U MOCIEAYIOIEM
oxnaxaeHuu. [Ipu otnycke GpopmupyeTcst okoHUaTeabHas CTpykTypa craiu. Lens otmycka —
IIOJIy4YE€HHUE 3aJaHHOI'O0 KOMIUIEKCAa MEXaHMYECKUX CBOMCTB M MOJHOE UJIM YaCTUYHOE 3aKaJIOYHBIX
HanpspkeHui. BeiOop TBEpIOCTH JIeTay Mociie 3aKajKy U OTITyCKa ONPEAEseTCs yCIOBUIMU
paloThI 3TOM AETaNM U 3aBUCUT OT TEMIIEPATyphl OTITyCKa: YeM BbIIIE TEMIEpaTypa, TEM CHUIIbHEe
CHIDKAETCS TBEPJIOCTh. DTO CBSI3aHO C Paclag oM MapTeHCUTa U 00pa30BaHUEM Pa3IMUHbIX
(beppUTHO-KapOUTHBIX CMECel — TPOOCTUTA OTITyCKa U cCOpOUTa OTITyCKa.

Bune! otycka:

1. Huskuii otnyck — remneparypa 150-220°C — genaroT 11 pexKy1iero 1 H3MepuTeIbHOTO
MHCTPYMEHTA U3 YIIIEPOJUCTHIX U JETUPOBAHHBIX CTalIeH, a TAK)Ke MAIIMHOCTPOUTENbHBIX
neTanel, KOTopble JOJKHBI 001a71aTh BEICOKOM TBEPOCTHIO M U3HOCOCTOMKOCTHIO.
MukpocTpyKTypa CTajH 1MOocje TaKOTro OTIYCKa — OTIMYLICHHBIA MapTEHCHT.

2. Cpenuuit ormryck — temneparypa350-450°C — obecrieynBaeT BBICOKUHN TIpees MPOYHOCTH,
YIOPYTOCTH U BBIHOCIUBOCTH, XOPOLIYIO CONPOTUBIISIEMOCTh YIAPHBIM HArpy3Kam.
[Ipumensietcs 1uist IPY>KUH, peCCOp U MHCTPYMEHTA, KOTOPBIN J0JKEH UMETh
3HAYUTENbHYIO TPOYHOCTh MPU JOCTATOYHOU BSI3KOCTH. MUKPOCTPYKTYpa CTaIH 1OCIe
CPEIHETO OTITyCKa — TPOOCTUT OTITYCKa.

3. Beicokuii otnyck — remneparypa450-650°C, MUKpOCTPYKTypa — COPOUT OTITyCKa. 3aKajaka ¢
BBICOKMM OTIIyCKOM Ha3bIBAE€TCsl YJIyUILIEHUEM, a CTAJIM, [I0IBEPIaEMbIE YIYUIIECHUIO —
yiydmaeMbIMy. JleTaan U3 Takux cTajel mocie 3aKajky U BBICOKOTO OTITyCKa UMEIOT
ONTUMAJIbHOE COYETaHUE MPOYHOCTHU U TUIACTUYHOCTH, YTO NIO3BOJIAET IPUMEHSATD UX B
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YCIIOBUSIX BO3/IEHCTBUS BBICOKMX HAIPSYKEHUH U YAAPHBIX HArpy30K. DTO OCHOBHOM BH/]T
TepMOOOPaOOTKH KOHCTPYKIIMOHHBIX CTaJeH.

OTnyck JerupoBaHHbIX CTaleH MPOBOJAT MpHU O0JIE€ BBICOKUX TEMIIEPATypax, CEM
YIIEPOAUCTHIX, YTOOBI YCKOPUTH MU Py3HIo Jerupyomux 31eMeHToB. Bee nerupyromme
3JIEMEHTHI, 0COOEHHO XPOM, MOJIHOICH, KPEMHUH 3aTPYJHSIOT MPOLECC PACIaa MApTEHCUTA IPU
HarpeBe, TEM CaMbIM TEMIIEPATypy OTILyCKa.

Xox padoTsbl

1. /Ins BeIOpaHHON MapKu CTalld OMNpEIeNITe TEeMIEepaTypy KPUTHUECKOH Touku (Aci Wid

Acs) o quarpamme Fe-FesC u mo MmapouHuky.

Paccuuraiite TemnepaTypy 3aKaiKy U CPaBHUTH €€ CO CIIPAaBOUYHBIMH JaHHBIMHU.

3. Ompenenure BpeMs HarpeBa MoJI 3aKaiKy (110 MPUBEICHHBIM (OpMyJiaM) U OXJIaKIAIONIYIO

cpeny.

3amannyio TBepAocTh B eanHuax HRC» nepeBenute B uncna tBepaoctu HB.

[To MapouHuKy HaiiauTe TeMIepaTypy OTIyCKa JUIsl JaHHOW MapKu cTaiu U TBepaoctu HB.

PaccuuTaiite Bpemsi OTITyCKa, ONMpPENENUTE OXJIAXKIAIOUIYI0 CpEeay, MCXOIs M3 Pa3MepoB

oOpasia 1 MapKu CTallu.

7. PaccumTaTh Bpems OTITyCKa, ONPEACTHUTH OXJIAKIAMIIYIO Cpeay, HCXOIsS U3 pPa3MepoB
oOpa3ia U Mapku cTanu (JaHHbBIE U1 pacyeTa BPEMEHH BBIIECPKKH OTIyCKa B TabIuIax
2,3).

8. TloctpouTts rpaduk OTIyCKa B KOOPAMHATAX «TEMIIEPATypa - BPeMsi».

9. Ilo pesynbTaram paboTHI ClIENATh BHIBOI.

no

o oA

Tabmuna 2 — PacueT BpeMeHH BBIIEPKKH OTITyCKa

VYcnoBHas TommuHa, | [IpogomkuTeIbHOCTD BBIIEPKKU, MUH, IIPU TeMIepaType,
MM
C <300 300-400 >400
35 155 55 45
40 160 60 50
45 165 65 55

VYcnoBHas TONMIMHA JETaU 3TO IPOU3BEIeHUE (PaKTUUECKON TOJIIMHBI CTEHKH Ha KOA(QUIIUEHT

bopmsl (13 TabIHIE! 3)

Tabnuua 3- Koaddurrents! hopmbl U3€IHiA

Bun ceuenus

Koadduumentsr
dbopMbI

Bun ceuenus

Koadduunentsr
bopMbI

2,0

1,0

4,0 - i TMHHBIX
TpyO nmu Tpyo C
3aKPBITBIMU
KOHIIAMU;

2,0 - U1 KOPOTKUX
TpyO C OTKPBITHIMU
KOHI[AMU

1,5
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TIpu b=2s5-1,5

ITpu b=3+4s-1,75
Ipu b>4s-2 1,5 1,5
0,75 L/

0,75

ITo pe3ynbTaTtam pabOTHI cAeTaiTe BEIBOA O MPOJICIIAHHOM paboTe.
10. Odopmure OoTHET U caiTe MpEnoaBaTeIro

JlabopaTopnasi pa6ora Ne 23
Tema: UcciienoBanne MUKPOCTPYKTYPbI IIBETHBIX METAJLIIOB

Hean padorei: DopMupoBaHKe YMEHUHUCCIIEIOBATh MUKPOCTPYKTYPY HPOMBIIIICHHBIX CIIJIABOB
I[BETHBIX METAJIIOB.

3HAHUSA (aKTyalu3alus):

—MHKpPOCTPYKTYpa IPOMBIIIJICHHBIX CILIABOB I[BETHBIX METAJUIOB;

yMEeHHus:

-[10JIb30BaThCsI TA00PATOPHBIM 000PYIOBAHUEM;

- ONpEeNeNsiTh MHUKPOCTPYKTYpbl I[BETHBIX METAJUIOB C MOMOIIBIO MEeTaorpaduyeckoro
Mukpockona « MUM-7M»y,
O0opynoBanue: Meramiorpadpuueckuit Mukpockon « MUM-7My, MUKpOILTH (I

LBETHBIX CIUIABOB, CIIPABOYHUK I10 [IBETHBIM METaJJIaM.
3aganme: lccienoBaTb MUKPOCTPYKTYPY IPOMBIIIIEHHBIX CIUIABOB LIBETHBIX METANIOB C
MOMOMIBI0 MeTaliorpadguueckoro Mmukpockomna « MUM-7My.

Teoperuyeckunii MmaTepuall

Haubonee mmmpoko pacpocTpaHEeHHBI LIBETHHIE CIIJIaBbI HA OCHOBE MEJIU, ATFOMUHUS U
onoBa. Cniagul Ha 0cHo8e Meou — NaTyHU (CIIIaB MEJIU C IIMHKOM) U OpOH3BI (CIJIaBbI MEJIU C
JIPYTUMH 3JIEMEHTaMU: OJIOBOM, AIFOMUHHUEM, KpEMHUEM, OepuiutieM u T.1.). OHU ObIBaIOT
nehopMUpyeMbIe U JINTCHHBIC.

Jlatynu, cogepxarue 10 39% 1uHKa, SBISIFOTCS 0HO(A3HBIMU (CTPYKTYpa COCTOUT
u3 o-(a3el). DTH JaTyHH TUIACTUYHBI, XOPOIIO0 00padaTHIBAIOTCS ABJIEHUEM B TOPSIY€M COCTOSIHUH,
KOPPO3MOHHOCTOMKHE, UMEIOT XOPOLIue JIUTeHbIe cBOMCTBA. JlaTyHu, coaepxkaniue ot 39 no 46%
[IUHKA, SIBJSIOTCS IBYX(ha3HbIMU — UMEIOT CTPYKTYpy a+f. B-daza xpynkas u TBEpaas, mosTomy
nByX(ha3Hble JIaTyHH UMEIOT 00Jiee BBICOKYIO MPOYHOCTh M MEHBIIYIO IIIACTHYHOCTD, YEM
onHO(Da3HBIE.

MUuUKpOCTPYKTYypa JUTOM O-TaTyYHU UMEET AEHAPUTHOE CTPOEHUE, & MUKPOCTPYKTypa
nehOpMUPOBAHHON O-TATYHHU TTOCJIE XOJIOAHOW 00pabOTKH U PEKPUCTATUIMZAIMOHHOTO OTKHUTA
COCTOUT U3 3EPEH C JBOMHUKAMU U OTIMYACTCS HU3KOM TBEPIOCTHIO U BBICOKOH IIJIACTUYHOCTHIO.

MukpoTpyKkTypa o+ B-TaTyHHU COCTOUT U3 CBETJIBIX MOJIeH a-(a3bl M TEMHBIX ToJiel B-¢asbl.
JIns OBBIIEHUS] MEXaHUYECKUX CBOMCTB M XMMUYECKOM CTOMKOCTH B JIATYHH BBOJAT JIETUPYIOLINE
3JIEMEHTBI: ATFOMUHUI, HUKEJb, MapTaHel, KpeMHUH.
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bpon3bl IO OCHOBHBIM JIETUPYIOIIMM 3JIEMEHTaM MOAPA3ICISIOT Ha OJIOBSIHUCTHIC,
CBUHI[OBHUCTbIE, KDEMHHUCTHIE, OCPUITUEBBIC U T.J.

MHUKpOCTPYKTYpa JIUTOH 0J0oBsTHUCTON OpoH3bI (10% SNn) cocTOMT U3 TEMHBIX JCHIPUTOB O-
TBEPAOIO PacTBOPA 0JIOBA B MU, OOTaThIX MEbIO, U CBETIIBIX ACHIPUTOB, OOraThIX OJIOBOM U
conepskamiue sBTekTou o+CuziSng. JIByxdasnas anromuauenas oponsza bpA10 napsiay ¢
KpUcTaJIaMH o-(ha3bl IMEET B CTPYKTYPE IBTEKTOMIHYIOCOCTABIAIONLYIO 0. Takue OpOH3bI MOTYT
nojiBeprarbes 3akaike. Ecim ux Harperts 10 B-¢a3sl 1 3aTeM OXJIaJUTh B BOJIE, TO 00pa3yercs
Urojbpy4artas CTpyKTypa, HoJo0Hask CTPYKType MapTEHCHUTA.

Cnuaevl Ha ocHoge anomunus 001aAal0T MaJIOH INIOTHOCTHIO, OBIBAIOT JINTEHHBIC U
nepopmupyemsbie. [l momydeHus: IPOYHbBIX CIJIABOB UX JIETHPYIOT Pa3IMYHBIMU 3JIEMEHTAMHU B
KOJINYECTBAX, CIIOCOOCTBYIOUINX 00pa3oBaHMIO ABYX(a3zHoi cTpyKTypbl. Jdypamtomunst (1, 116)
— neopMupyemble CIUIaBbl ATFOMUHUS C ME/IbIO, MATHUEM M MapranueM. J{s ynpouyHeHus ux
MOABEPTaIOT 3aKAJIKE U €CTECTBEHHOMY CTapeHut0. MUKpocTpyKTypa criaBa Jl1 mocie takoit
TEpMOOOPAOOTKH COCTOUT U3 TBEPIOTO PACTBOPA M BHICOKOAMCIICPCHBIX BKIItoYeHUit CUALL 1
Al>MgCu, pacroiararomnmxcs Mo rpaHuiiaM | BHYTPH 3EPEH.

Haubonee pacnpocTpaHEHHBIMU JTUTEHHBIMH aTFOMUHUEBBIME CILJIAaBAMU SIBIISIFOTCS
CHJIyMUHBI — CILJIaBbl aTtoMuHus U kKpeMHus (AJ12, AJI9). Jlns noBblIeHUs] MEXaHUYECKUX CBOMCTB
CHJIYMHHBI MOTH(UITUPYIOT, BBOIS B paciiaB cmech coneit NaF u NaCl. Ctpykrypa
HEeMOAU(PHUIUPOBaHHOTO criiyMuHa AJI2 cocTOUT U3 0-TBEPIOTO PacTBOpPa KPEMHHUS B ATFOMHUHUN
(O0CHOBHOI#1 CBET/IbIN (DOH) M IBTEKTUKH 0+Si (TEMHBIE Y4aCTKH) TPyOOro CTPOCHHUS, B KOTOPOI
KPEMHHI HAXOJUTCS B BUJE KPYNHBIX Url. HemoanduumpoBaHHbIil crmyMuH 001a1a€T HWH3KUMHA
MeXaHU4YeCKUMU cBoicTBamu. CTpykTypa MoauduiupoBanHoro cuaymuna AJI2 menkozepHucTas
Y COCTOUT M3 MEPBUYHBIX JICHIPUTOB O-TBEPAOTO pacTBOpa (CBETIBINA (POH) M MEJIKOH (IUCTIEPCHOI )
9BTEKTHKE 0-+Si (TEMHBIN (OH).

Cnaaswl Ha ocnoge on108a u ceunya — 0aOOUTHI TPUMEHSIOTCS B KAUECTBE
aHTU(QPHUKIMOHHBIX (MOAMUIHUKOBBIX). CTPYKTypa TaKUX CIIJIaBOB COCTOUT M3 BSI3KOIA,
IJIACTUYHOM OCHOBBI M TBEP/ABIX (OMOPHBIX) BKItoUueHU. CTpyKTypa onoBsHUCTOrO 6adb6uTa b83
COCTOUT M3 TBEPJIOTO 0-pPACTBOPA CYPHMBI B 0JI0BE (BsI3Kasi COCTABIIAIONIAS), CBETIIBIX KPYITHBIX
KPHUCTAJUIOB MPSIMOYTOJILHON (pOPMBI M TpeyroibHOU GopMbl SNSh 1 METKUX KPUCTAIIIOB,
coeauHeHust CuzSn (TBEpabIE OMOPHBIE BKIIIOUSHHUS).

Xoa padoTsl

1. YcranoBuTe Ha MpeIMETHBIA CTOJIMK MUKPOLUIM( CIUIaBa I[BETHOTO METAJUIa TaK, YTOOBI
IUIOCKOCTH 1M (a OblIa pacrookeHa NepHeHIUKYIIPHO K ONTHYECKOW OCH 00BEKTA.
2. I'nsans B OKyJIsip MUKPOCKOTIA, OTIPEAEINTE MUKPOCTPYKTYPY CIJIaBa I[BETHOTO MeTalla.
3. Tlo mMukpocTpykType (YBUASHHOH B OKYJSp MMKPOCKOIIA) OINpENeNUTe BHJ CIIIaBa
L[BETHOT'O METaJslIa.
4. 3anonHuTe TabmuUIy 1:
4.1 B rpade Ne 2 — HanummmTe BUJ CIUIaBa IIBETHOTO METAILIA.
4.2 B rpae Ne3 — 3apucyiite MUKpOCTPYKTYpY CIUIaBa IIBETHOTO METaJlja.
4.3 B rpade Ne 4 — Hanuiute CTPyKTypHbIE COCTABIISIOLIHE.

Tabnuma 1 - MukpocTpykTypa ciijiaBa [[BETHOTO MeTaia

Nen/m | Bun CIIIaBa MuKpoCTpyKTypa
LIBETHOT'O 3apHUCOBKa CTPYKTYPHBIE COCTaBIISIOIINE
MeTajia
1 2 3 4
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5. Cnenaiite BBIBOJ.
6. OTBeThTE Ha KOHTPOJIBHBIE BOIIPOCHI.
7. ChaiiTe OTYET MpernogaBaTeio.

KOHTpOJ’[LHLIe BOIIPOCHI.

1)Kak Ha3pIBacTCs CIUIaB ATIOMHHHS W KpeMHHs. [IpuBeauTe MapKUPOBKY JIHMTEHHOIO
CIUIaBA.

2)Kaxkas cucrema criasa J11?

3) U3 gero cocTouT MUKpPOCTpYKTypa jJaryHu JI90?

4)Kaxkast MapKkupoBKa y OpoH3bl, uMmeromieii B cocrae 10% Sn?

JlaGopaTopHas padora Ne 24
Tema:Onpenesnenue yaeabHOro cONPOTHBIEHUS MPOBOAHUKA

Leapb padorbi:PopMUpOBaHNUE YMEHUN ONPECNAT [0 HAWJEHHOMY YIEIbHOMY COMPOTHBICHUIO
IIPOBOJHMKA MaTepuall, U3 KOTOPOTO U3rOTOBJIEH MPOBOIHUK.

3HaHusA (aKTyanu3aims):

— XapaKTepUCTHKA MaTepuala ¢ 0COOBIMU PIIEKTPUUYECKHUMH CBONCTBAMU

Ymenus:

- MOJIb30BATHCA JTAOOPATOPHBIM 000PYI0BAHUEM

- II0JIB30BATHCS CIIPABOYHON JIMTEPATYpPOi
OO0opynoBaHue: HCTOUHUK SHEPTUU — aKKYMYJISITOpHAs OaTapesi, aMIepMeTp, BOIBTMETD,
MIPOBOJHUK B BUJE CIIUPAJIU, pEOCTaT, K04, COEIMHUTENbHbBIE POBO/IA, IITAHT€HLIUPKYJIb
HIIT 1-125 TOCT 166-89.
3agaHue: HalTH yAEIBHOE CONPOTUBIIEHUE MPOBOIHUKA U ONPEAETUTh MaTepuall IPOBOAHHKA.

Xoa padoTsl

1. CocTaBUTb IEKTPUUYECKYIO CETh (HAUEPTUTh CXEMY LIEIN )3 UCTOYHHUKA DJIEKTPUUECKON
SHEpPTrUH, MPOBOJHUKA B BUJE CIIUPAIIU, aMIIEpMETpPa, BOJIBTMETpPA, KIIF0Ua.

@

Nou

Pucynok 1 - Cxema 3neKTpru4ecKkon nenu
2. 3aMKHYTb II€TIb, PEOCTATOM OTPETYJIMPOBATH CHUJTY TOKA B IeTH | mocMOTpeTh

Harmpshxenne Ha KOHIIax MPOBOJAHUKA, CHATH Mokazanus | u U.

3. BbrunucanThs cCOnpoTUBIEHUE TPOBOAHMKA 110 3aKOoHY OMa U1 ydacTKa Lenu

I=%,A — R:% OM
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4. OTKJIIOUUTH IPOBOJHUK U3 LIeNU. MI3MepuTh ITaHT€HIUPKYJIEM TONIUHY TPOBOJIOKH

md?
COIIPOTUBJICHHU U BBIYUCIIUTD INIOMIAAbL ITOIIEPEUYHOI'O CCUCHUSA I10 (bOpMyJ'Ie: S:T/

5. VI3mMepuTh 1uaMeTp BUTKA IPOBOJIOKU M BBIYUCIUTH JJIMHY CIIUPAIH (IPOBOJHHUKA) Oppur-

AUaMCTp BHUTKA, I= T[agm-n; N- 4Y1UCJI0 BUTKOB CONIPOTHBIICHUS.

6. BEraucanTh yaensHoe CONPOTUBICHUE TPOBOAHUKA 110 (hOopMyIIe:

RZ%, OM otkyna p = $ (Om-m)

7. Bce momyueHHbIE JaHHBIE 3aMUcaTh B TadIuIy 1:

Tabnuna 1 — Pe3ynbTarsl pacuera

Cuna | Hampsoke- Conpotubiie- IImomane JlnrHa YeapHOE Marepuan
Toka, | mue, U, (B) | Hue MONEPEYHO- | IPOBOJHU- | CONMPOTHUBIIEHUE
I(A) npoBogHuka R | ro ceuenus | ka l, (M) IIPOBOJIHHUKA
S,(M?) p (Om-Mm)
1 2 3 4 5 6

KosoHKy 7 3an0aHUTh U3 JaHHBIX TAOJIMLBI 2, CPABHUBAs PACUETHOE YJIEIbHOE COIPOTUBIICHUE C

TaOJIMYHBIM.

Tabnuma 2 — Y aenbHoe CONPOTUBICHUE HEKOTOPBIX BEIIECTB

BemectBo p (OM M) BemectBo p (OM M)
AoMuHuUA 2,7-10°® 01080 1,13-107
Bonbdpam 53-10°8 Ocmuit 9,5-108
Keneso 9,9-10°8 [lnatuua 1,05-107
30510TO 2,2-10°® Peoran 45-107
Koncrantan 47-107 Pryts 9,54-1077
JlaTyHb 6,3-108 CauHell 2,07-107
MarnanuH 3,9-107 Cepebpo 1,58:10°8
Menp 1,68-1078 Vromb (4,0...5,0)-10°
Hukenun 4,2-107 dexpaib 1,1-10°
Huxensb 7,3-108 ITuHK 5,95-108
Huxpom 1,05-10°°

7. OTBeTUTH HA KOHTPOJIBHBIC BOIIPOCHI.

8. ObopmMuUTh OTUET U CAATH MPETIOIABATEITIO.

KoHTpoJibHBIE BONIPOCHI:

1. Kak knaccuduuupyrorcs marepuaisl 1o npoBogumoctu? [Ipusenure npumepsl

MapKHPOBOK MaTEepHAaIOB

2. OO6nacTb MPUMEHEHHS MTOTYTIPOBOHUKOBBIX MaTEPUAIIOB

3. Kakue maTepuansl ABISAIOTCS AUAICKTpUKaMu? ['1e MpUMEHSIOTCS AUAIECKTPUKU

JlaGopaTtopHas padora Ne25
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Tema: UcciienoBanne MUKPOCTPYKTYPBI M CBOMCTB JIETHPOBAHHBIX CTaJIeil

Heas padorbi: DopmMupoBaHue YMEHUIUCCIIEI0BATh MUKPOCTPYKTYPY U CBOMCTBA JIETHPOBAHHBIX
CTajell Ha MUKPOCKOIIE.

3HAHMS (aKTyaJIM3aIus):

—MUKpPOCTPYKTYpa U CBOMCTBA JIETUPOBAHHBIX CTaJIEH;

YMEHHUA:

- I10JIB30BAThCSI TAOOPATOPHBIM 000PYI0BAaHUEM;

-pa3yinyaTh CTPYKTYPHI U CBOMCTBA PA3IMYHbBIX JISTUPOBAHHBIX CTaJICH
Oo6opynoBanue: metawiorpadueckuii  Mukpockon «MHWUM-7M»y, Habop MUKponumdoB cTajei,
MapOYHHUK CTAJIECH.
3apanue:VccnenoBath MUKPOCTPYKTYPY JIETUPOBAHHBIX cTaneu c MIOMOILBIO
MeTayuiorpadguaeckoro Mukpockorna « MUM-7My.

Teopernyecknii MmaTepuall

Jlecuposannvimu Ha3bIBAIOT CTalld, COJAEpXKAIlME HApAAy C YIIEpPOAOM pas3linyHbIe
AJIEMEHTHI (KaK IPaBUJIO, METAJLJIbI), BBOAUMBIE IS MTOIY4YeHHs TpeOyeMbIX cBOMCTB. Jlerupyromue
AJIEMEHTHI B3aMMOJCHCTBYIOT B CTAJIM C JKEJIE30M U YIIIEPOIOM, BIUSAIOT HA pacraj ayCTeHUTa U
MapTeHCUTHOE MpeBpaiieHue. OHU MOTYT pacTBOPSATHCS B METAJUIMUECKOH OCHOBE CTajH, TEM
caMbIM YIpOYHSs €€, M3MEHATh WHTEPBAJIbl TEMIEpPaTyp YCTOMYUBOTO COCTOSIHUSA (epputa U
ayCTEHHTA, TO 0OYCIIOBIICHO BIMSHUEM JIETUPYIONIMX 3JIEMEHTOB Ha MOJIUMOPHU3M Keje3a.

Jlerupyromue 5>JIE€MEHThl CHUXKAIOT KPUTHUYECKYIO CKOPOCTh 3aKalKM, 4YTO IO3BOJISIET
MOJIyYUTh CTPYKTYpy MapTEeHCUTa Jaxe MpH OXJaXJIeHUH Ha Bo3ayxe. Ilo cTpykrype B
OTOKEHHOM COCTOSIHUM JIETUPOBAHHbIE CTAJM JAEAT Ha KJIAacChl: TEPIUTHBINA (JO3BTEKTOHM/IHBIE,
OBTEKTOWIHBIE W  3adBTEKTOMIHBIE  CTalu), (EPPUTHBIA, ayCTEHUTHBIA,  KapOWIHBINA
(J1leneOypUTHBII), 1O CTPYKTYpe B HOPMAJIM30BAaHHOM COCTOSHUM — MEPJIMTHBINA, MAapTEHCUTHBIMH,
ayCTEHUTHBIMN.

K  nepnummnomy  kimaccy  OTHOCATCS ~ KOHCTPYKIMOHHBIE M HMHCTPYMEHTAJIbHbBIE
HU3KOJIETUpOBaHHbIe cTanu, Hanpumep 45X, 38XC, 9XC u np.

K mapmencumnomy xnaccy — cpeanenerupoanssle cranu — 18X2H4MA, 40X 13 u np.

K aycmenumnomy xnaccy — cranu ¢ Bbicokum coxaepxanuem Ni, Mn — 12X18H9T u nap.
Takue cTamu KOppO3UOHHOCTOWKHE U JKAapOIPOUYHbIE.

Kapbuonvie (neneOypuTHble) — 3TO HHCTPYMEHTAJIbHBIE CTalM, COJAEPXKaT OOJbIIOe
KOJIMYECTBO YIJIepo/ia U KapOu1000pa3yIoyX 3JIEMEHTOB, B CTPYKTYPE MPUCYTCTBYIOT IIEPBUYHBIE
KapOu eI (0TCIOa M Ha3BaHMeE Kkiacca) — P18, POMS, X12M u np.

K ¢peppumnomy xinaccy oTHOCSTCS cTaimu ¢ 00bIuM copepikanuem Cr, Si u ap. 37€MEHTOB,
CY’KaroIIuX 00JIacTh CYIIECTBOBAHUS ayCTeHUTA, Hanpumep, ctanmu 12X17, 15X28.

Xoxa padoTsl

1. YcraHoBUTE HA MPEAMETHBIA CTONMK MUKPOILIU( CTaau TakK, 4TOOBI MJIOCKOCThH IITHda
ObLi1a pacrosoXKeHa MepueHAUKYJIIIPHO K ONTUYECKON OCH 00bEKTa.
2. I'nsaas B OKyJIsip MUKPOCKOIIA, OMPEIETUTE MUKPOCTPYKTYPY CTaIH.
3. ITo mukpocTpykType (YBHIACHHOW B OKYJISIP MHKPOCKOTIA) ONPEACIIUTE CTPYKTYPHBIA KJIacc
CTaJIH.
4. 3amonauTe TabIUITY 1:
4.1 B rpade Ne 3HanuImunTe XUMHUECKUI COCTAB CTAJIM, UCXO/S U3 €r0 MAPKUPOBKH.
4.2 B rpade NedzapucyiiTe MUKPOCTPYKTYPY CTaJIH.
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4.3 B rpace Ne 5 HanumuTe CTPyKTYPHBIN KJIacC CTaH.
4.4. B rpade Ne 6 ykakuTe OCHOBHBIC CBOMCTBA CTAJIM OIPEACICHHOIO KJIacca, BBIJICIUB
XapaKTepHble 0COOECHHOCTH

Tabmuna 1 - MukpocTpykTypa cranu

Mapxka TepmooGpaGoTka XI/IMI/IIIGCI;I/Iﬁ Muxkpoctpyk | CTpyKTypHbII OCHE)BHBIG
cTam cocras, % Typa KJIaCcC CTaJIn CBOIICTBa
1 2 3 4 5 6
45X Hopmanuzanus
45X 3aKajka ¢ BBICOKHM
OTITYCKOM
P18 KoBka n oT:xur
P18 3akanka u
TPEXKpPaTHBIN
OTIYCK

12X18HIT | 3akanka B BoAe mpu
t=1110°C - 1150
°C

40X13 3akajka B Macie

WM Ha BO3JyXe IpU
t=1000 °C — 1050

°C

12X17 3akainka B BoJie IpH
t=1100°C — 1150
°C

5. CnemnaiiTe BBIBOI.
6. OTBeThTE Ha KOHTPOJIBbHBIE BOTIPOCHI.
7. Cnaiite OT4eT MpernoaaBaTelo.

KoHTpo/bHBIE BONPOCHI:

1) Jlnst 4ero U3roTaBIMBAIOT JETHPOBAHUE CTAIU?

2) Kakyto cTpyKTypy JODKHBI HIMETh KOPPO3UOHHOCTOMKHE CTAIN?

4)]151s1 9yero OBICTPOPEIKYIINE CTAIU JOJKHBI MMETh BBICOKYIO TBEpIOCTh? Kakum obpazom
OHAa JIOCTHTAaeTCs?

IpakTnuyeckaspadora Ne3
Tema: HazHaueHHe ONTHMAJIBHBIX PEKMMOB pe3aHus

ean pabdoThl: popMUpoBaHHE YMEHUH HA3HAYATh ONTUMAIBHBIC PEKUMBI PE3aHUS
3HAHMS (aKTyaIn3anus):
—TEXHOJIOTUUECKHE Olepaluu pe3anus, TY K UX BbIIOJHEHUIO
—BH/IbI PEKUMOB PE3aHMUS;
YMEHHUA:
- Ha3HAYaTh ONTUMAJIbHBIE PEKUMbI PE3aHUS;

3ananme: Ha BepTukansHo- cBepiuibHOM ctanke 2H 150 mpousBoauTcs cBepieHue orseperus o 1,
MM, TJIyOUHO# L, MM B J1eTau, M3roTOBJICHHOMN M3 cTainu X, TBEPIOCTh oBepxHOCTH HB.
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JlaHHbBIE J1s1 CBOETO BapuaHTa BRIOpaTh U3 Tabnuisl 1. [lonyueHHBIN pe3yapTaT pacuera
BHeCTH B Tabmuiy 14.

Tabmuma 1 - Ucxoqaslie 1aHHbBIE

No Bapuanta | Marepuai HB Bun I, MM L, mm
3ar0TOBKH CBEpJICHUS
1 Cranp 15X 150 CKBO3HOE 20 30
2 Crans 40 160 ['myxoe 25 15
3 Cranpb 30X 190 CKBO3HOE 25 35
4 Craip 45 202 I'myxoe 30 18
5 Cranb 38XA 240 CkBO3HOE 25 40

IHacnoptHbie nannbie cranka 2H150: Hanbonbuumii auamerp o0padaTbiBaeMoro OTBEPCTHS B
3arotoBke u3 crtaau — 50 mM. MourHocts nBurareins N,=7,5 kBt. Yactora BpalieHus mnuHAeNs,
00/mun: 45; 63; 90; 125; 180; 250; 355;411; 500; 710; 1000; 1400; 2000. ITogaua, mm/00: 0,1; 0,14;
0,2; 0,28; 0,4; 0,56; 0,8; 1,12; 1,6, MakcumasnbHas oceBas Cujia pe3aHusl, 10ImycKaeMast
MeXaHU3MOM Mojauu cranka, P = 2,8 kr; KII]] cranka 0,8

Xoa padoTsl

1.BpIOpath THI B MaTepHal CBEpiIa, U 3alMCcaTh MapKy CIUIaBa.
2.Paccunrtars nimuny padoudero xoaa LyxB Mm, o ¢popmysie (1)
Lpx=Lpesty+Laon (1),
I'ne Lpes- aninHa pe3anust (U3 yclIoBUS 3a7a4u)
L sion- JIOTIONHUTENBHAS UTMHA X0/1a, BBI3BAHHAS B OT/AETBHBIX CIIydasX 0COOCHHOCTSIMH
HaJaJKy U KOH(PUTYpaIiK 1eTau.
Y- JUTMHA TIOJIBOJIa, Bpe3aHus U mepedera HHCTpyMeHTa. 3HaueHue Y BhIOpaTh U3 TaOIHIIbI 2.

Tabnuua 2 — JlnuHa mo/1Bojia Bpe3aHus U rnepedera MHCTpyMeHTa

Onepanus JlivHa no/iBoja, Bpe3aHus U rnepedera y B MM. MHHCTpYMEHTa y quametpom D B
MM.
2,5 6 10 16 20 25 32 40

O6paboTka
CKBO3HBIX
OTBEPCTUM
CBEpJIAMH:
C HopMaLHOH 2 3 5 6 8 10 12 15
3aTOYKOMN
¢ neoitrio 6 8 10 15 15 18
3aTOYKOMN
Csepnenue
TITYXUX 45 2 4 6 7 9 11 14
OTBEPCTUH

3.Ha3nauuts momavy Ha 00OpPOT IIMHHIEIS CTaHKa So B MM\0O.

a) OIpeIeJICHUE MOJauy 10 HOPMAaTHBAM.

b) OIpe/ieNIeHUE MOIauH 110 MacapTy CTaHKa.

3.1[IpucBouTh rpymniy NOAaYH UCXOS U3 YCIOBUI 00paboTKu (cM. Tabiuiry3).

Tabmuma 3 - ['pynna nogauu
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Onepanus YcnoBust 06paboTKu I'pynna
OoJa4yH

CaepiieHe OBICTPOPEKYIIMMHU CBEPIIAMH C

|
TOYHOCTBIO HE BbIIIE 5-T0 KJ1acca

CaepJeHre OBICTPOPEIKYIIIMMHE CBEPIIAMHU C
TOYHOCTBIO HE BBIIIE 5-TO Kjacca IpH
MOHMKEHHOMN JKECTKOCTH CUCTEMBI JIE€TAJIb-
npucnoco6iaeHue. CBepiacHue

CaepiieHue TBEP/IOCIUIABHBIMH CBEPJIAMU C TOUHOCTHIO HE
BBIIIE 5-ro Kjacca

CaepJeHue nepesi OTHOKpPaTHBIM pa3-
BEPTHIBAHUEM WJIU YUCTOBBIM 3€HKEPOBAHUEM.
CaepJieHue P YCIOKHEHHBIX YCIOBUAX Il
paboThl (HAKIIOHHBIE TOBEPXHOCTH, KKOCHIE»
KaHaJibl ¥ T.11.). CBepaeHue noj pe3ny.

3.2. BeiOpatb nogady Ha 000pOT HHCTpyMeHTa (Tabnuia 4).

Tabnuma 4 - [Togaua Ha 060POT UHCTPYMEHTA S,

Oneparus I'pynma So B MM\00O 1ipu 00pabaTeiBaeMoM auaMeTpe I B MM.

nomau | 25 | 4 6 8 10 | 12 | 16 | 20 | 25 | 32

Caepnenue npu<3 | 0,04 0,08 0,12 0,16 | 0,22 0,28 | 0,32 |04 |0,45|0,5
4-8 0,03/006|0,1 |014|0,18|0,22|0,28|0,32 0,36 | 0,4

Lpes\d <8 L1 0,03 0,06 |0,09|0,12|0,15|0,18|0,23|0,3 |0,32|0,35
0,02 0,04 0,06  008]0,11014|0,17|0,2 |0,22|0,25

[Tpumeuanue: Tabmuia nana mist craneir HB 229-270. s craneit HB< 229 nomgauy ymHOXaTh Ha
1,3, a gna craneit HB>270 — na 0,8

3.3 [losryueHHble pacueTHbIE JaHHBIE 1101241 HAa 0OOPOT LIITHHJIEINS CPAaBHUTH C
MacOPTHBIMU. B citydae mpeBbIlIeHUs pacYETHBIX JaHHBIX MACMOPTHBIX K JaJIbHEHIIIEMY pacyeTy
IIPUHATH JaHHBIE U3 NTACIIOPTa CTAHKA.

4. OnpenenuTh CTOMKOCTh HHCTPYMEHTA 110 HopMaThBaM Tp B MUHYTaxX pe3aHusl.

CTOMKOCTb Ka)KJIOTO U3 MHCTPYMEHTOB HAJIAJKH, 10 KOTOPOW BEIETCS pacueT CKOPOCTH
pe3aHus,

Tp=Tm.*A (2),

riae T™. - CTORKOCTh B MUHYTaX MAIlMHHOM pabOThI CTaHKa (CM. Tabiuity 5).

A - k03¢ (HUIIEHT BpeMeHH pe3aHust KaXKA0T0 MHCTPYMEHTA, PaBHBIN OTHOIICHHUIO JAJTMHbI
pe3aHus Lpes. 3TOr0 HHCTpYMEHTA K AJMHE padoyero xoxaa Lpx.

A=Lpes\ Lpx.  (3)
B ciyuae, xorna A>0,7, ero MOXHO He yUYUTBIBaTh U pUHUMATh Tp.=TMm.

Tabnuua 5- CtoiikocTs TM. B MUHYTaxX MalIMHHON paboThI

HaubGonbmmii TMm. pu KOTMYEeCTBE MHCTPYMEHTOB B Hala/IKe

oOpabaThIBacMbIii 5

nuametp /I B MM 1 3 5 8 10 6011;16
10 20 50 80 100 120 140
15 30 80 110 140 150 170
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20 40 100 130 170 180 200
30 50 120 160 200 220 250
50 60 150 200 240 260 300

5. Paccuutath ckopocty pe3anusi V B M\MUH. U yucia 000pPOTOB IIMHHJEIS N B MUHYTY

5.10npenenuTh CKOPOCTH Pe3aHHs IO HOPMATHBAM:
V=V 161 ¥K1*K2*K3
A€ V1a6:CKOPOCTD, B3siTask U3 TaOIUIIHI O,

(4),

K1- koaddurment, 3apucsiuii or o0pabaTeiBacMoOro marepuania (cm. Tadiuity 7)
K2-o1 croiikocti nHCTpyMeHTa (CM. Tabuiy 8)
K3- OT oTHOIIICHUS UTHHBI Pe3aHus K AHaMeTpy (cM. Tabmuiry 9)

Tabmuma 6 - CkopocTh pe3anueM Viagy, IPU CBEPICHUN

EO OO0pabaTbiBaeMblil fuaMeTp B MM
MM\00. 2,5 4 6 8 10 12 16 20 25 32 40
o 0,06 22 26 32 36 40 44
0,1 20 24 27 30 32 36 40 44 50 55
0,15 21 23 25 27 30 33 36 40 44
0,2 18 19 22 23 26 29 32 34 38
0,3 16 18 19 22 24 26 29 31
0,4 17 19 21 23 24 26
0,6 17 18 20 22
0,8 18
[Tpumeuanus: 1./ MHCTPYMEHTOB U3 OBICTPOPEXKYIINX CTaJIel MOBBILIEHHON POU3BOAUTENb-
HOCTH TaOJINYHbIE 3HAYEHHS] YMHOKUTH Ha 1,2
2./Inst cBepna ¢ ABOMHOM 3aTOYKOM CKOPOCTH PEe3aHusl MOBbIIATE HA 15 %
Tabnuua 7 - Koapduunent Ki
Marepuan Mapxka o6pabaTbiBaeMoii cTanu
MHCTPYMCHTA 25; 40; 45 15X; 30X; 38XA
HB

143 160 202 150 190 240
brtetpopeskymas 1,3 1,0 0,9 0,95 0,85 0,8
CTaHL H H ) H 1 1
TBepaplii crias 1,3 1,0 0,9 1,0 0,9 0,75
Tabnuua 8 - Koapduuuent Konns cepna
Marepuan K2 pu croiikoctu Tp B MUHYTaxX pe3aHusi
WHCTPYMEHTA Jlo 15 30 60 100 150 200 300 400
BricTpopex. 1,5 1,25 1,15 1,0 0,9 0,8 0,7 0,6
CTaJlb
Tsepaplii cruias 1,6 14 1,2 1,0 0,85 0,75 0,65 0,55

Tabmuma 9- Koaddumment Kz
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OTHOIIIEHUE TJIUHBI
pe3aHus K qUaMeTpy

Ho 5

8

10

K3

1,0

0,8

0,7

5.2 PaccuuTath uncio o060opoToB N mo dpopmye (5)

n=1000V\rd (5)
5.3 YTouyHeHue yucia 000pOTOB MIMUHIES 110 MACIOPTY CTaHKA: B CIIy4ae pacXOKIACHUS

JAHHBIX IPUHATH NACIOPTHOE 3HAYEHUE YUCIIa 000POTOB LIMUHAENS OiMrKaiiliee K pacueTHOMY.
5.4 YTOo4HEHHE CKOPOCTH PE3aHUS IO IPUHATOMY YHCITY 00OPOTOB IIMHHIEIS O hopMyJie

V=nrdn\1000 (6)
6. PaccuntaTh OCHOBHOE MaIIMHHOE BpeMst 00paboTku ty B MuH 1o dhopmyie (7).

tM: Lp,x,\ nSQ,

(7)

n, So. [puHATasA noJadya u 4mcjiio O60pOTOB IIITHHACIIA

7.1 Onpenenuthb oceByo cuiy pezanus Po B kI' o HOpMaTBaM B COOTBETCTBUU C

(6):
rae Lpx— amuHa paboyero xona
7. IIpoBEepOUYHBIE paCUETHI.
dbopmyoii (8):

POZPTaGJLKp

(8),

rie Prasn. OCEBast cuiia pe3anust mpu cBepiicHuu (cM. tabmuiry 10).
K,- koaddurment, 3apucsiiuii o oopabdbareiBacMoro marepuana (cM. Tabmuiy 11).

Tabmuua 10- OceBas cuna pe3anust Pragn B KT TIPU CBEPIICHUH CTAJIN

O(Ep abathiBacy [Momaua S, B MM\0O
bIi quametp /]
B MM 0,06 01 | 0,14 | 0,16 0,2 0,3 0,4 0,5 0,6 0,8
2,5 30
3 40
4 50 70
6 75 110 | 135 | 150
8 100 145 180 |200 | 235
10 125 180 [225 250 |290 390
12 150 215 [ 270 | 300 | 350 465
16 200 280 | 365 |400 |470 620 750
20 250 360 |[450 |500 |580 770 950 | 1100
25 314 450 | 560 |620 | 730 970 1180 | 1370 | 1570
32 400 570 | 725 |800 | 920 1240 1510 | 1770 | 2000 | 2450
Tabmuma 11 - Koapdunment K,
O0pabaTtbiBaeMblii MaTepHa HB K,
Jlo 156 0,75
143-207 0,9
170-229 1,0
Cransp 207-269 1,1
269-302 1,25
285-321 1,3
321-375 1,45

7.2 Onpenenuth MoIHOCTH pe3aHusi Npe; B KBT mo HopMaTuBam.

MoruHocTb pe3anust Npe; IpU CBEpIIEHUHU paccuuTath 1o ¢popmyie (9):
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NpegzNTaﬁn.KN*n\looo (9),
rA€ Nragi- MOITHOCTH pe3aHus 1o Tabmure 12
Kn- k03 duruent, 3aBucsiuii ot oopadatsiBacMoro marepuaia(cm. tTadbauiry 13).
N- MPUHSATOE YKCIO0 00OPOTOB MHCTPYMEHTA B MUHYTY.

Tabmuma 12 - 3HaueHne Nragn. IPU CBEPICHUHN CTAIH

ObpadatpisaemeIi Nracs. TIpU TIOAAYE So B MM\OO
nuamerp [l B MM
0,06 (0,1 0,14 0,16 |0,2 0,3 0,4 0,5 0,6 0,8
3 0,03
4 0,06 |0,09
6 0,13 |02 0,25 0,29
8 022 1035 |045 |052 |06
10 0,35 [055 |07 0,8 0,94
12 05 0,8 1 1,2 14 1,9
16 0,9 14 1,8 2,1 2,4 3,4 4,3
20 14 2,2 2,8 3,2 3,8 53 6,7 8
25 2,2 3,5 4,4 5,0 5,9 8,3 105 |124 144
32 3,6 5,7 7,4 8,2 9,9 135 172 [205 |24 30
Tabmuma 13 - Koadgdumnuent Kn
OO6pabaTteIiBaeMbIii MaTEpHAI HB Kn
Mo 156 0,75
143-207 0,9
207-229 1.0
Cranp 207-269 1,1
269-302 1,25
285-321 1,3
321-375 1,45
7.31IpoBepHUTh OCEBYIO CUITY PE3aHHUs MO AOMYCTUMOMY YCUIIMIO MTOJIa4M CTaHKA U
MOIITHOCTH pEe3aHMsI [0 MOIIIHOCTH JIBUTATENSI B COOTBETCTBUU ¢ (hopmydoii (10).
Npe3o< 1,2Nn  (10)
Tabnuua 14- [TapameTpsl peXUMOB pe3aHus
Huamerp | Mapka Mapka Croiikoc | Ckopocts | Yucno Mammn | OceBas
u rnyOuHa | oOpabarTbiBa | crijiaBa Th pe3anus 000poTOB | HOE cuiia
OTBEPCTHUS | EMOTO cBepia uHCTpyM | V, M\MHH | IMMHAENS | BpeMs | pe3aHus
, MM Marepuaia enra Tp, crankan, | ty, MuH | PokI’
MUH 00\MuH

8.0TBeThTE Ha KOHTPOJIBHBIE BOITPOCHI.

9. Cnenatb BBIBOJ O MPOJICTAHHON padoTe
10. OdbopMuTE OTUYET U CAATH MPETIOAABATEINIO.
KoHTposbHBIE BOIPOCHI:
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Kakue ocHOBHbBIE PUHITUTIBI JIETJIN B OCHOBY KJIACCU(UKALIUN CTAU JJISL PEKYIIUX
WHCTPYMEHTORB?

N3 kak1X OCHOBHBIX JIEMEHTOB COCTOUT CBEPJIO?

Kakoe Ha3HaueHHe KaKJ0ro eMeHTa cBepiia’?

Jlureparypa
OcHoBHble UCTNOYHUKU:
CrykanoB, B. A. Matepuanosenenue : yuebnoe nocodoue / B.A. CrykanoB. — MockBa :
OOPYM : UHDPA-M, 2022. — 368 c. — (Cpeanee npodeccuoHaabHoe 00pa3oBaHue). -
ISBN 978-5-8199-0711-5. - Texcr: AJIEKTPOHHBIH. - URL:

https://znanium.com/catalog/product/1794455 (nmara oOpamenus: 13.02.2022). — Pexum
JOCTYTIA: TIO TOATHCKE.

MocecoB M. JI. OCHOBBI METAJUIOBEACHUS M CBAPKH [ DIIEKTPOHHBIN pecypc]: ydeOHUK
Mocecor M. /. - : UHDPA-M, 2021 - 158c. - (bakanaBpwuar)

Hassinos,C.B. MarepualioBeIcHHE U TEXHOJIOTHS KOHCTPYKIIMOHHBIX MaTEPHAIIOB: yu4eOHOE
nocobue/ C.B. laBbios, P.A. bormanos. - MockBa; Bonorna: Madpa-Umkenepus,2020.-
256¢.:mm.-ISBN 978-5-9729-0416-7. TekcT: HEnoCpeACTBEHHBIH

INabpuensn, O. C. Xumus ans npodeccuit ¥ crenuaibHOCTEeH TEXHUYECKOro Mpodus :
yueonuk / O. C. I'abpuensa, U. I'. OctpoymoB. - 9-¢ usn., crep. - M. : Akagemus, 2020. -
256 c.- URL.: https://academia-moscow.ru/reader/?id= 45408 (nara obparienus: 24.01.22).-
ISBN 978-5-4468-9404-8.-Tekct: 31eKTPOHHBIIMA

JlonoanumenvHovle UCMOYHUKY

labpuensun, O. C. Xumusa : TecTbl, 3aJaud W ynpaxHeHus : yde0. mocobue / O. C.
labpuensn, I'. I'. JIeicoBa. - 8-e uzm., crep. - M. : Akamemus, 2020. - 336 c. : w1 -
(ITIpodeccuonansHoe obpazoanue).- URL: https://academia-moscow.ru/reader/?id=45703
(mata obpamenus: 24.01.22).-ISBN 978-5-4468-9238-9.-TekcT: aneKTpOHHBIN
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AnarpaMMa COCTOAHUA XeNneso - UEMEHTUT
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Pucynox 1 - Jlnarpamma xene3o — neMeHtutkFe-Fe;C
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[Ipunoxenue b

MunuctepcTBo 00pazoBanus U Hayku YensOMHCKOM 001acTu
FOCYI[apCTBeHHOG 6IOH>K€THOC HpO(bCCCI/IOHaIII)HOG 06p330BaTGJ'II)HOG YUpPCKACHUC
«HOxKHO-Y pajIbCKNil TOCYIAPCTBEHHBbIH TEXHUYECKUIN KOJLJIEI)

OTYET

10 BBITIOJIHEHUIO JIA0OPATOPHO - MPAKTUUECKUX padOT
1o yueOHoM qucuuriuinie « MaTtepuaioBeIeHUE

BBITIOJIHUJI

rpymma

IPOBEPUIT

Yensionnck, 2023
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[Ipunoxenue B

JIMCT YYETAJIABOPATOPHbBIX U IPAKTUYECKHUX PABOT

Ne HaumeHoBaHue padoThI O0bem | Ouenka | Pocnuch
TeMBbI (uac)

Tema | Jlaboparopnas padota 1 [IpuroroBnenue cycneH3zuu

1.1.2 | xapOonata kanbplius B Bojie. O3HAKOMIJICHHE CO 2

CBOMCTBaMH JUCIICPCHBIX CUCTCM.

Tema | JIaboparopnas pa6ota 2 McciaenoBanue coctaBa u
1.1.2 | cnocoGoB pa3zeneHus cmeceit (OTcTauBaHue, 2
(buIBTpOBaHMUE, BHIMTAPUBAHHKE).

Tema | JlabopaTopHas padora 31Ipurorosnenue pacrsopa

N 2
1.1.3 | 3a1aHHOM KOHIICHTPALIUH
Tema | Jlaboparopnas padota 4 UccnenoBanue CBOMCTB 2
1.1.4 | xuca0T, OCHOBAHUMH, COJIEH.
Tema | JIaboparopnas padota 5 [IpoBenenue peakiiuit 5
1.1.5 | nonnoro oOMeHa.
Tema | Jlaboparopnas padota 6 MccinenoBanue cBOMCTB 5
1.1.6 | MeTaJUIOB U UX COEAUHEHUI
Tema | JlabopaTopHas padora 7 [IpoBeneHue OKMCIUTENBHO- 5

1.1.6 | BOCCTAaHOBHUTEJBHBIX pPEAKITHI

Tema | JIaboparopnas padota 8 Pemenue
1.1.6 | sKcCIepUMEHTAIBHBIX 33/]1a4 Ha UICHTU(DHUKAIHIO 2
HEOPraHMYECKUX COSAMHEHUN

Tema | JIaGoparopnas padota 9 [IpoBeaenue peakiuii mo

1.2.1 | oGHapy>keHHIO yIiepo/ia U BOJ0POia B OPraHMUECKUX 2
BEIIECTBAX

Tema | JIaboparophas pabota 10 ITonydyenue anermieHa u 5

1.2.2 | OUBITHI C HUM.

Tema | JIaGoparophas pabota 11 HMccnenoBanue cBOWCTB 5

1.2.2 | xayuyKoB

Tema | JIaGoparophas pabota 12 MccnenoBanue cBOWCTB 5

1.2.3 | cimpToB.

Tema | JIaGoparophas pabota 13 MccnenoBanue cBOWCTB 5

1.2.3 | xkapOOHOBBIX KHCIIOT ¥ HX COJICH.

Tema | JIaGoparopHas pabota 14 MccnenoBanue CBOWCTB 5

1.2.3 | rIr0K03b1, caxapo3bl, Kpaxmala.

Tema | JlaGoparopnas padota 15 Pacno3naBanue rractMace 5

1.2.4 | v BOJIOKOH

Tema | JlabopaTopHas pabora 16/ ccnenoBanue TBEpAOCTH 5

2.2.1 | meramnoB o meroauke bpunemns u PokBema

Tema | JIaGoparopnas padota 17. MccrnenoBanue quarpaMMbl 5

2.2.3 | cocrosiHus xKene30yriaepoauctbix cmiiaBoB Fe-Fe3C.

Tema | JIaGoparopnas padota 18 VcnbiTanue Ha pacTsoKeHHE 5

2.2.4 | matepuaiion

Tema | JIaGoparopnas padota 19. [IpoBenenue 3akanku u

2.2.5 | ormycka CcTaJIbHBIX 00pa3IOB C UCTIBITAHUEM 2
TBEPJIOCTH

Tema | JIaboparopnas pabota 20. MccaenoBanue 2
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2.2.5

MUKPOCTPYKTYPBI CTAJIEH ITOCIIE TEPMUYECKON U
XUMHUKO-TEPMUYECKON 00pabOTKH

Tema | JIaboparopnas padota 21 WccnenoBanue

2.3.1 | MUKPOCTPYKTYpBI KeJIe30yTJIePOIUCTHIX CIJIABOB B
PaBHOBECHOM COCTOSTHUH

Tema | JIaboparopnas padota 22 MccnenoBanue

2.3.2 | MUKPOCTPYKTYPBI UyTYHOB

Tema | IIpakTudeckas pabora 1 Beibop pexxnma

2.3.2 | TepM00OpabOTKH YYTYHHOU OTIMBKHU

Tema | [Ipaktuyeckas padora 2 Beibop marepuana s

2.3.4 | U3roTOBJICHUA JETAlIM U Ha3HAUYCHUE PeKUMa
TEPMHUYECKON 00pabOTKHU B 3aBUCUMOCTH OT yCIIOBUI
JKCILTyaTaluu

Tema | JIaboparopnas padota 23 MccnenoBanue

2.3.5 | MUKPOCTPYKTYPBI IIBETHBIX METAJJIOB U CILJIABOB

Tema | JIaGoparopnas padota 24 OnpeneneHue yaeabHOro

2.4.3 | conpOTHBICHUS IPOBOTHUKA

Tema | JIaboparopnas padota 25WccnenoBanue

2.5.1 | MUKPOCTPYKTYpPBI U CBOWCTB JIETUPOBAHHBIX CTaJICH

Tema | Ilpaktrueckas padota 3. HazHadueHne onTUMaIbHBIX

2.7.3 | peXUMOB pe3aHus
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[Tpunoxenue I
Tpeoosanus k cmpykmype u ogpopmaenuio omuema
1. CTpykTypa oT4eTa T0JKHA COACPHKATH:
- Temy nmpakTudeckoi paboThI (Ha3BaHUE).
- llens npakTUueckoit paboThI.
- XoJ1 paboTHI.
- BeiBosI.
- OTBETHI HA KOHTPOJIbHBIE BOIIPOCHL.

1. OTueT moimkeH ObITh opopmiteHa ucte popmaTta A4 B mporpamme Word, I Ipudr
TimesNewRoman, kerib 14, MEKCTPOYHBIN HHTEpBaT 1,5.
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