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OJOBPEHO

[IpenMeTHO-LIMKIIOBOM KOMUCCHEN Meroanueckoit komuccueit MnK
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Pa3zpaborumk:
npenoaasaresib PI'bOY BO «MI'TY um. I'.1. HocoBa» MHOTonpoduiIbHbIN KOJUIEHK
Oxkcana AnekcanipoBHa MupoHoBa

MeToaudeckue yka3aHus 110 BBITIOJTHEHHUIO TPAKTHYECKHUX U JTAOOPATOPHBIX paboT pa3paboTaHbI
Ha OCHOBe paboueil mporpammbl mpodeccuonansHoro moayns «IIM 03 TloaroroBka W BelaeHUE
TEXHOIOTHYECKOTO Mporecca 00paboTKH METAIIJIOB JIABJICHUEM ).

ConeprkaHue MpakTHYECKUX U 1ab0paTOpPHBIX pabOT OPHEHTHPOBAHO HA TIOATOTOBKY OOYUAIOIIMXCS K
OCBOCHHIO TTPOECCHOHATFHOTO(bIX) MOAYIISA(E) porpaMMbl TTOJITOTOBKH CIEITUATIICTOB CPETHETO 3BEHA
no creruanbHocTd 22.02.05 OOpaboTka METaUIOB JIaBJAEHHEM M OBJAJCHHUIO MPO(hecCHOHATBHBIMU
KOMITETEHIUSIMHU.

ConeprkaHue MpakTHYECKUX U 1TaOOpaTOPHBIX pabOT OPHEHTHPOBAHO HA TIOATOTOBKY OOYUAIOIIIXCS K
ocBoenuto Bupa nestenbHoctd B/l 3. [loaroroBka u BeaeHHE TEXHOJIOTHYECKOTO Tpoliecca 00paboTKu
METAJIJIOB JIaBJIEHUEM MPOTPaMMbI IOATOTOBKH CIEIHATMCTOB CPEIHETO 3BeHa Mo crienuanbHocTH 22.02.05
O0paboTKa METAILIOB JIABJICHUEM H OBJIQICHHIO TIPO(HECCHOHATBHBIMI KOMITCTCHITUSIMU.
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1 BBEJAEHUE

BaxHyl0o dYacTh TEOpETHMUECKOM W  NPOPECCHOHATBHON  MPaKTHYECKOW  MOATOTOBKU
00yJaroIIuXCsl COCTABIIAIOT IPAKTUYECKUE U JTa00OpaTOPHBIC 3aHATHS.

CoctaB u cojepKaHHe MPAKTHUYECKUX W JTAOOPATOPHBIX 3aHSATUIN HAIPABIICHBI Ha PEaTU3aIIUIO
denepanbHOTO TOCYIAPCTBEHHOTO O00pa30BaTEIbHOIO CTaHIAapTa CPEAHEro MpodhecCHOHATBHOTO
o0Opa3oBaHMUsI.

Benymeit augakTHYecKoW —IENbH0  MPAKTHUYECKWX 3aHATHH  sABIsAETCA  (OPMHPOBAHUE
npoecCHOHANBHBIX MPAKTHYECKUX yMEHUW (YMEHUH BBIMOIHATH OINPENCICHHBIC JICHCTBUSA,
orepanuy, HEOOXOJUMBIE B IOCICAYIOMEM B MPOPECCHOHAIBHOW IEATEIBbHOCTH) WM YYEOHBIX
MPAKTUYECKUX yYMEHUH (YMEHHH pelaTh 3ajadd Mo MaTeMmaruke, (pu3nKe, XUMUHU, HHOOPMATUKE U
Ip.), HEOOXOAMMBIX B TTOCIICAYIOIIEH yueOHOM NeATeIbHOCTH.

Benymieii aunakTH4eckoidl 1enbio Ja0OpaTOPHBIX 3aHATHHA SBISETCA OKCIEPUMEHTAIHHOE
MOATBEPKICHNUE U MTPOBEPKA CYIIECTBEHHBIX TCOPETUUCCKUX TOJIOKCHHUH (3aKOHOB, 3aBUCUMOCTEH ).

B cootBercTBUUM ¢ paboueit mporpammoii mpodeccrnonanbHoro Moayis «IIM 03 TMoaroroBka u
BEJICHUE TEXHOJIOTMYECKOTo Impoliecca 00paboOTKM METalsioB  JTaBICHHEM» MPEAYCMOTPEHO
MIPOBEJICHUE MPAKTUICCKUX U JTa00PaTOPHBIX 3aHSATHH.

B pe3ynbrare ux BHINOTHEHHSI, 00Y4aIOIIUNACS JOKEH:

ymemup:

- BbIOMpATh CIPABOYHBIC JaHHBIC, XapPaKTEPU3YIOUIHME B3aUMOCBS3U CTPYKTYpPhl U CBOWCTB
o0pabaThIiBaCMBIX METAJJIOB W CIUIABOB, JJIsi OOECIICUCHMS BBHIMYCKa NPOAYKIHH C 33JaHHBIMU
CBOMCTBaMH;

- HUHCTPYKTHPOBaTh TMOJYMHEHHBIX O TpaBWIaX OJKCIUIyaTalldd  TEXHOJOTHYECKOTro
00opynoBaHUs.

ConepxkaHne TMPaKTHYECKUX M JIA0OPATOPHBIX 3aHSATUH  OPHUEHTHPOBAHO HA  TOATOTOBKY
oOyyaromuxcsi K OCBOCHHIO MpPO(ecCHOHATbHOTO MOy MPOrpaMMbl TOJATOTOBKU  CHEIHATUCTOB
CpEJ/IHEro 3BeHa IO CIEUATBHOCTH U OBJIAJICHUIO HPOpeCcCUOHAIbHbIMU KOMNEMEHYUAMU:

[IK3.1IIpoBepATh  IPaBUABLHOCTH  HA3HAYEHUS  TEXHOIOTMYECKOIO  DPEXHMMa  00pabOTKH
METAJIJIOB JIABJICHUEM.

I1K3.2 OcyIecTBISATh TEXHOIOTMYECKHE IPOIIECCH] B INIAHOBOM M aBapHMHHOM PEeKHUMax

11K3.3BribupaTh BHALI TEPMUUECKOH 00pabOTKM JUIS  YAVYIIEHUS CBOMCTB M KadecTBa
BBIITYCKAEMOH MPOAYKIINHI

11K3.4PaccunThIBaThL MOKa3aTelIn )44 K03 () (pUIIHMEHTEI nedhopMarun 00paboTKH
METAJUIOB JIABJICHHEM

I1K3.5PaccunThIBaTh KAJIHOPOBKY pPabo4vero MHCTpYMEHTa W (GOpMOM3MEHEHHE BLIITYCKAEMOM
po WM.

IIK 3.61Ipou3BoauTh CMEHY COPTAMEHTA BRINYCKASMOM IPOAYKIINU

[IK 3.70cymecTBAsATh TEXHOIOTHUSCKUN MPOILIECC B IIJIAHOBOM PEKHMME, B TOM YHCIIC MCIOIb3YS
IIpOrpaMMHOE 00eceYeHnEe, KOMILIOTEPHBIE M TEICKOMMYHHMKAIIMOHHEIE CPEJICTBA.

[IK 3.80¢hopMIIITE TEXHUYECKYIO JOKYMEHTAIIMIO TEXHOIOTHYECKOI0 IIpoliecca

A Taxxe pOpMUPOBAHUIO 0OU4UX KOMNEMEHUUIL:

OK 01 Bribupars cmocoObl perneHns 3agad npoQecCHOHATBLHONH AEATEILHOCTH NPHMEHUTEILHO K
pa3JIUYHBIM KOHTEKCTAM.

OK 02 Mcnonp30BaTh COBPEMEHHBIE CPEACTBA MOMCKA, aHAIM3a M MHTEPIPETAMHA HHGOPMAIIUN
1 MHGOPMAIIMOHHEIE TEXHOJIOTUH JJI BBIIOJIHEHUS 33424 MPO(hEeCCHOHAILHON AeITEIbLHOCTH

OK 04 DdbdexTHBHO B3aMMOAEHCTBOBATh H PA0OTATHh B KOJUIEKTUBE M KOMAHIE

OK 07 CopelicTBOBaThL COXPAHEHHUIO OKPYXKAIOMIEH Cpeabl, pecypcocOepeKeHIIO0, NPUMEHITh
3HaHUA 00 M3MEHEHNH KJIMMATa, IPHUHIINIIL OEPEKIUBOTO IPOM3BOACTBA, YO (PEKTUBHO ACHCTBOBATL B
YpEe3BLIYAMHBIX CUTYAIUSIX.

OK 09 TIlomp3oBaTbcsl  OpodheCCHOHANBHONM JOKYMEHTALIMEH Ha TOCYIapCTBEHHOM U
HHOCTPAHHOM S3BIKax




[pakTyeckne u 1abOpaTOpHBIE 3aHITHSL MPOBOIATCS B pPaMKaX COOTBETCTBYIOIIEH TeMbl, MOCTe
OCBOGHHUS JMJAKTUYECKUX EIUHUI], KOTOphIe OOECIICUMBAIOT HAJMYME 3HAHWN, HEOOXOMUMBIX IS ee
BBITIOJTHEHHUSI.



2METOJUNYECKHUE YKA3AHUSA

Tema 1.1 ®usnyecKkue 0CHOBbI IIACTHYECCKOM AedopMalnu

JlaGopaTopHoe 3aHsiTue Ne 1
YcTpoiicTBO M NPUHIMI PadoThl NpokaTHoro crana [YO -130

IIe.m:: HU3YYUTH IIpaBujia TCXHUKH 0€30IacCHOCTH Da6OTBI Ha Ha6ODaTODHOM OPOKATHOM CTaHC,

KOHCTPVYKIHWIO U IIPUHIIUII €T'O0 Da6OTLI.

BobinosinuB 3ananus, Bol Oynere:

ymemp:

-BBIOMpATh _ COPABOYHBIE  JAHHBIE,  XapaKTEPHU3VIOIIME  B3aMMOCBI3M  CTPYKTYPBI U
CBOMCTB 00pabaThIBAEMBIX METAIIOB M CILIABOB, JUISL 00€CIIeYeHrs BBINYCKA IPOAVKIIMU C 3aJaHHBIMH
CBOMCTBaMH;

- HHCTPYKTHPOBATh HOAYMHEHHBIX O IIPaBUIAX DKCINIVATAILMN TEXHOJIOTHYECKOTO 000PYIOBaHH.

MatepuanbHoe odecrieyeHue:
ABTOMAaTH3UPOBAHHBIN J1a00paTOPHEIN mpokaTHei ctad Y 0-130

3amanue: CocTaBUTh TEXHUYECKUH MAcIOPT 1aOOPaTOpHOTo CTaHa, IMPOKaTaTh 0Opasel, ClenaTh
3aMepbl, 3aMOJIHUTH TAOIHILY.

IMopsinok BbINoJIHEHUs padoOTHI:

1. U3yuwnte mpaBuiia 0€30MaCHOCTH M YCTPOWCTBO MPOKATHOTO CTaHa.

2. Tlomyuure y mpernoaaBaTelisi HCXOIHBIA 00pa3ell THITA «OIIFOM.

3. H3MmepbTe IITAaHTEHIMPKYJIEM €ro UIMPUHY, BBICOTY M iuuHY. llonmydeHHBIe pazMepbl
3aMUIINTE B TAOTUILY.

YcTaHOBUTE 3a30p MEX/ly BaJKaMH BETMUUHON 8 MM.

Bxirounte cran.

YcTaHoBUTE CKOPOCTH MPOKATKH 3 M/cC.

3anaiiTe oOpasell B KJIETh C IOMOILBIO IEPEBSIHHOIO OpycCKa.

[Tocne mpokaTKu U3MephbTe LIMPUHY, JUIMHY U TOIIUHY. Pe3ynbTaThl 3aHUIINTE B TAOIUILY.

©oN A

Xoa padoThi:
1. MHCTpyKTaX MO TEXHUKE OE30MacHOCTH B 1aOOpaTOpHH 00pabOTKH METAIIIOB 1aBIICHUEM.
2. 3HaKOMCTBO C J1a0OPaTOPHBIM CTAHOM.

3. Odopmiuenue oTyeTa o IpoAeIaHHOM paboTe B TeTpaau Uit 1a00paTOPHBIX padoT.

Tabnuma 1 — Pe3ynpTarsl 3amepoB

Cocrosiaue Tonmuua obpasma, | [llupuna obpasma, Mm JnuHa o6pasia, MM
oOpasna MM
Ucxonnoe
nocie
MIPOKATKU

®opma mpeacTaBlieHUsl pe3yJbTaTa: Ha3BaHUE palOTHI, IeTb, KpPaTKUE TEOPETHUECKHE
CBEICHHUSI, Pe3yJIbTaThl 3aMEPOB U PACUETOB, BHIBObI.



Kpurepun onenkn:

«5» (OTIMYHO): BBHITIOJIHEHBI BCE 3aJlaHUs, CTYJCHT 4YETKO W 0e3 OommOOK OTBETHUI Ha BCE
KOHTPOJIbHBIE BOTIPOCHI.

«4» (XOpolI0): BBIIOJHEHBI BCE 3aJaHUSI; CTYACHT OTBETHJI Ha BCE KOHTPOJIbHBIE BOIMPOCHI C
3aMCUYaHUsIMU.

«3» (yIIOBIETBOPHUTEIHHO): BBIOJHEHBI BCE padOThI C 3aMEYaHUSAMU; CTYIEHT OTBETHUJ Ha BCE
KOHTPOJIbHBIC BOIIPOCHI C 3aMCHYaHUAMMU.

«2» (HEe 3a4TEHO0): CTYACHT HE BBIOJHUJ WM BBIIOJHUJI HENPaBWIbHO 3aJaHMs; CTYIEHT
OTBCTUJI HA KOHTPOJIbHBIC BOIIPOCHI C ommOKaMH WX HE OTBETHII Ha KOHTPOJIbHBIC BOIIPOCHI

Tema 1.2 Buabl AedopManum METAJNJI0B U CIIJIABOB

JladopaTopHoe 3aHsaTHEe No 2
IMonyyeHne HAKJIEMAHHOI0 MeTaJLIa Ha JadopaTopHoMm ctaHe Y O-130

Leap padoThl: MyTeM OPOKATKH B XOJOIHOM COCTOSHUU METAIITMYECKHX 00pa3iloB HNOJYYUTh
HaKJICNAHHBIM METAI U YCTAHOBHUTL BJIMAHHUC CTCIICHU IICd)ODMaIH/H/I Ha MEXaHHW4YeCKHe CBOMCTBA
MeTajia.

Boinosinus padorty, Bel Oynere:

YMETh:

-BBIOUPATH CHPAaBOYHEIC JAHHBIE, XaAPaAKTEPU3VIOLIHE B3aMMOCBSI3U CTPYKTYPBI "
CBOMCTB 00pabaThiBaeMbIX METAIIJIOB M CIIJIABOB, JUIs OOECIeueHUs BhIMYCKA MPOAYKIIMH C 33/IaHHBIMU
CBOWICTBaMH;

- HMHCTPYKTUPOBATh NOAYMHEHHBIX O MPaBUIaX HKCILTYaTAIIMH TEXHOJIOTHYECKOT0 000PYIOBAHHUS.

MaTtepuajibHOe o0ecnedeHue:
ABTOMATHU3UPOBAHHBIN J1a00paTOPHBIN mpokaTHeil ctad JAY0-130

3ananne:
ITpokatats 3 oOpa3ua u3 Markoi cranu pasmepamu 100x4mm, u 3 o0Opasua U3 Meau pazMepaMmu
100x4MM; IpOM3BECTH 3aMeEPHI TBEPIOCTU

IMopsinok BbINOJIHEHUS PadOTHI:
1.TToarotoBuTh pabouee MECTO;
2.1IpouynTaTh HHCTPYKIUIO K JAOOPAaTOPHOH padoTe;
3.BeInonHUTH 1a00paTOpHYIO padoTy;
4. OdopmuTh OTUYET O paboTe;
5. 3amuTuTh 1a00paTOPHYIO PaboTYy.

Xoa pa0doThI:

1.M3y4nTh HHCTPYKLIMIO K TaHHOW JabopaTopHOil paboTe

2.IlponymepoBatb 00pa3iibl, U3MEPUTH UX TOJIIUHY B cpeiHell yacTu. Pe3ynbraTel 3aHeCTH B
Ta0IHILy.

3.IlepBbie 00pa3ubl U3 KAKIOW MApUH OTIOKHUTh, & OCTAJIbHBIC MPOKATATh MOCJIEIOBATENBHO C
OTHOCHUTENBHBIM 00katueM 25, 50 u 75% 3a ouH WM HECKOJIBKO MPOoXoA0B. M3MepuTh TONIIMHY
00pa31oB MocIie MPOKATKH U UX TBEPAOCTh. TBEPJOCTh U3MEPATH B TPEX MeCTax Mo JJIMHe oOpasia
— OJIHO U3MEpEHHE 0 CepeIMHE U JIBa U3MEPEHUS Ha PACCTOSIHUU MPUMEPHO 5 MM OT HepeaHell u
3aJHel KpOMKHU. Pe3ynbTaTel n3MepeHuit 3aHeCTH B TaOIUILY.

4.11o moy4eHHBIM 3amMepaM JJIsl KaXkI0ro 00pasiia onpeAenuTh: a0COM0THOE, OTHOCUTENIBLHOE
o0kaTue, CPeTHIOI0 TBEPAOCTh. Pe3ynbTaThl pacueToB 3aHECTH B TaOJIHILY.

dopma npeacTaBieHUus] pe3yJbTaTa: OTYETa O MPOJETAaHHON PaboTe MOJIKEH COAEpXKaTb
Ha3BaHWE U LeNb paldoThl, OMMCAHHE XoJa pPabOTHI, TAOJMIly HMCKOMBIX BEJIUYWH, JUArpaMMy



HakJena ucnbeiTaHHbix MatepuanoB (HB=f (ep)), BBIBOABI O BIUSHUU XOJOIHOHN Aedopmariui Ha
MeXaHUYEeCKHe CBOMCTBA METalIa.
Kpurepun onenkn:
«5» (OTIMYHO): BBHITIOJIHEHBI BCE 3aJlaHUS, CTYICHT YETKO M 0€3 OImMOOK OTBETHJI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI.
«4» (XOpolI0): BBIIMOJHEHBI BCE 3aJaHUS; CTYIACHT OTBETHJI Ha BCE KOHTPOJIbHBIE BOINPOCHI C
3aMeUYaHUSIMHU.
«3» (yIIOBJIETBOPUTEILHO): BBIIOJHEHBI BCE padOThl C 3aMEYaHUSAMU; CTYIEHT OTBETHUJ Ha BCE
KOHTPOJIbHBIE BOIIPOCHI C 3aMCUAHUSIMHU.
«2» (He 3a4TEHO0): CTYACHT HE BBINOJIHUI WM BBINOJIHWI HENPAaBUIBHO 3aJaHUS; CTYACHT
OTBETUJI Ha KOHTPOJIBHBIE BOMPOCHI C OIIMOKAMH MJIM HE OTBETHJI HAa KOHTPOJIBHBIC BOIIPOCHI

Tema 1.4 ConporunJienue n1edopManuy 4 JIACTHYHOCTL METAJJIOB M CIIABOB

JladopaTopHoe 3ausgaTue Ne 3
YpaBHeHHe NOCTOSIHCTBA 00beMa M KO3(p(puuMeHTHI 1e)opMalMU PU MPOKATKE HA CTaHe
JAYO0-130

Leab paGoThI: IPOBEPUTH 3aKOH IIOCTOSIHCTBA 00beMa Ha MpakTuke. HayunuThes onpenensiThb
k03 bHuIHeHTs! fehOopMaIiy IPH IIPOKATKE.
Boinoainus padoty, Bel Oynere:
yMmemb:
- IPMMEHSTH TUIIOBBIC METOUKHU OIPEACICHNUS MapaMeTPOB 00pa00TKH METAJIIOB AABJICHHEM;
-BBIOMpATL _ CIPAaBOYHBIE  JIAHHBIE,  XapaKTEPH3VIOIIME  B3aMMOCBSI3M _ CTPYKTYPBI W
CBOMCTB 00pa0aThIBaEMbIX METAJLJIOB U CILUIABOB, JUISl 00€CIICUCHHUS BEITYCKA IPOAYKIIUK C 33 JaHHBIMHU
CBOMCTBaMH.

MartepuanbHoe odecneyeHue:
ABTOMAaTHU3UPOBAHHLIH JIA00paTOPHEIN pokaTHLIN cTad JAY0-130

3aganue:
[Tpokarate u 3ameputh oopazenr. [IponsBectu pacuersl 00beMa METaIa 10 U MOCTE MPOKATKH.

ITopsinok BbINoJIHEeHUs padoThI:

[TomyunTte McxoHbIN 00Opazel y npenojaBaress.

W3mepbTe ero BHICOTY, INUPHUHY U AJTUHY C TOMOILBIO IITAaHT €HIIUPKYIIA.
ITpokaTtaiite oOpaser; ¢ aOCOMIOTHBIM 00XKaTHEM 3 MM.

N3mepbTe pazMepsl 00pasiia nocjiae NpoKaTKH.

ok wbdPE

[TpoxkaraiiTe »TOT 0Opa3er eie aBa pa3za ¢ aOCOTIOTHBIM 00KaTHEM 3MM U 2 MM 3a KaXK IbIit
MIPOXO/I.
W3mepbTe pazMepsl 00pasiia mociie KakI0ro Mpoxoaa U 3aHECUTe B TaOJIHILY.

N o

PaccuuTaiite 00beM MeTasIa 10 U MOCye MPOKATKU.

8. PesynbraThl 3aHecuTe B TAOIUILY.

Tabmuua 2 — KoagduuuenTs! nedpopmanuy npu npokaTke

Homep H, MM | Ah, Mm u A En % An Eh cym %0

poxozaa
1
2
3




Xon paboThr:

1.M3yuuTh HHCTPYKITMIO K JAHHOU JJabopaTopHO# padoTe

2. IIpokaTeiBaeM CBUHIIOBBIM oOpasen, pasmepamu 100x10MM 3a Tpu mpoxona ¢ o0xaTtuem B
Kaxaom npoxoze npumepHo 0,5; 1,0; 3,0MM COOTBETCTBEHHO

3.PaccunThiBaeM 11 KaXXJIOTO MPOXOJa: CymMMapHOe abCONoTHOe oOkarue, o0beM o0pasia,

OTHOCHUTENIbHYIO OIIHOKY.

®dopma mpexacraBieHus pesyabrara: OTdyerT 0 NpPOJENaHHON pabOTe MOJDKEH COJCpIKaTh
Ha3BaHUE W IeJb paldoThl, OMUCaHME XoJa paboThl, 3CKU3 0Opasua, TabJIHIly HW3MEpPEHUH H
HCKOMBIX BEJINYUH, PACYeThl HCKOMBIX BEJIHMYHH, BBIBO/I.

Kpurepun oneHku:
«5» (OTIUYHO): BBIMIOJIHEHBI BCE 3aJaHMs, CTYJEHT YETKO M 0e3 OIIMOOK OTBETHJ HAa BCE

KOHTPOJIbHBIE BOIIPOCHI.
«4» (XOpolI0): BBIIOJHEHBl BCE 3aJaHUs; CTYAEHT OTBETHJI Ha BCE KOHTPOJIbHBIE BOIPOCHI C

3aMeYaHUsIMHU.
«3» (yIIOBJIETBOPUTEIBHO): BBIIIOJHEHBI BCE pabOThI C 3aMEYaHMSIMH; CTYACHT OTBETHJI Ha BCE

KOHTPOJIbHBIC BOIIPOCHI C 3aMCUYAHUAMMU.
«2% (He SaLITeHO)I CTYACHT HC BBbIIIOJIHWJI WJIA BBIIIOJHWI HCIIPABUJIIBHO 3aJaHusd; CTYACHT
OTBCTUJI HAa KOHTPOJIbHBIC BOIIPOCHI C OIIMOKAaMH MJIA HE OTBETUJ Ha KOHTPOJIbHBIC BOIIPOCHI

Tema 1.4 ConporuBJjieHue aedopManuu 1 IJIACTHYHOCTH METAJLJIOB H CILIABOB

JlaGopaTopHas padora Ne 4
IIpoBepka 3aK0HA HAUMEHbBIIET0 COMPOTHBJICHHUSI.

HeJIb paﬁoTbI: OKCIIepMMEHTaJbHAasl NPOBEpPKAa CHPAaBEJIMBOCTH 3aKOHA HAWMEHBIIIETO
CONMPOTHUBJICHHUA HAa OCHOBC HMCCICIOBAHUA IMPHUHIHWIIA HAMMCHBIICTIO IICPUMETPA TIPHU PA3TIHUYHBIX
YCJIOBUAX TPCHUA HAa KOHTAKTC.

Beinosinus patdory, Bel Oyaere:
ymemn:
- IPUMEHATh TUIIOBbIE METOJMKH OIpPEeNICHHs TapaMeTpoB 00paObOTKH METAIJIOB JJaBJICHUEM;
-BI)I6I/IDaTI> CIIPaBOYHBIC JaHHBIC, XapaKTCPUIYIOIIINC B3aMMOCBA3HU CTPYKTVYDPBI u
CBOMCTB 00pabaThIBAEMBIX METAJJIOB U CILUIABOB, JUIs 06eceueH!s BhINYCKA MPOAYKIIUU C 33/IaHHBIMU

CBOWCTBAMHU.

MarepuajnbHoe o0ecnieyeHue:
Y4yeOHO-MeTOANYECKAs JOKYMEHTAIIU, AUNAKTHUYECKHAE CPEACTBA

3aganme:
Ocaautp o6pasusl pazmepamu 20x20x20mm u 20x40x20MM Ha mpecce, IPOU3ZBECTH 3aMEphI

IIOCJIC ILC(I)OpMaI_II/II/I " ceJaTh paCyCThI BBICOTHOH ,Z[C(I)OpMaI_II/II/I.

IMopsinok BbINoJIHEHUs PadOTHI:
1.TToarotoBuTh pabouee MECTO;
2.IIpouynTaTs HHCTPYKIHIO K TAOOPAaTOPHOH padoTe;
3.BrInonHUTH 1a00paTOpHYIO padoTy;
4. ObopmuTh OTUYET O paboTe;
5. 3amuTuTh 1a00paTOPHYIO paboTYy.



Xon paboThr:
N3yunTh HHCTPYKITUIO K IaHHOHW J1ab0paToOpHOM padoTte
Ocanuth CBUHIIOBBINA oOpaszerr pazmepamu 20x20x20xMM 10 KOHEYHOH TONIMUHBI 6-7MM Ha
CYXHX IIEPOXOBAThIX M CMa3aHHBIX MOJUPOBaHHBIX OoMkax. [Tocnme ocamku u3mMeputh obOpaser u
paccuuTaTh OTHOCUTEIBHYIO BRICOTHYIO nedopmanmro. Ocanuth obpaser pazmepamu 20x40x20Mm
10 KoHeyHOH TonmmHbl 3-5MM. [locne ocanku u3meputh oOpaszel] U pacCUuTaTh OTHOCHUTEIBHYIO
BBICOTHYIO JIe(hopMaIuio.

dopMa npeacTaBIeHus pe3yabrara:

Otuer o mpojenaHHOM paboTe AOIKEH CoJAep)KaTb Ha3BaHUE U 1ielb PabOThI, pacuyeThbl
OTHOCUTEJIFHOW BBICOTHOW Je(OpMalMud M 3CKH3bl KOHTAKTHOH MOBEPXHOCTH OOpasloB B
HCXOJHOM COCTOSTHUU M ITOCJIE KaKIOU OIepalii OCaJKH, BbIBOBI.

Kpurepum ouenku:

«5» (OTIMYHO): BBHINOJIHEHBI BCE 3aJaHUsA, CTYJEHT YEeTKO M 0e3 OmMOOK OTBETHJ Ha BCE
KOHTPOJIbHBIE BOIIPOCHI.

«4» (XOpol0): BBIIOJHEHBI BCE 3aJaHUsI; CTYAEHT OTBETHJI Ha BCE KOHTPOJIbHBIE BOIPOCHI C
3aMeYaHUsIMH.

«3» (yIIOBJIETBOPUTEIBHO): BBIIIOJHEHBI BCE padOThl C 3aMEYaHUSMHU; CTYIEHT OTBETUJI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYAHUSMHU.

«2» (He 3a4TEHO0): CTYAEHT HE BBIIOJHUI WU BBIIOJHUJI HENPaBWIbHO 3aJaHMs; CTYIEHT
OTBETHJI HAa KOHTPOJIbHBIE BOIIPOCHI C OIIMOKAMM MIJIM HE OTBETUJI Ha KOHTPOJIbHBIE BOIIPOCHI

Tema 1.4 ConporuBjenune nedpopManuy U NJIACTHIHOCTL METAJIJI0B U CIIJIABOB

IIpakTH4yeckoe 3ausaTue Ne 1
Pacuer a0COIIOTHBIX U OTHOCUTEJILHBIX BEJIMYMH, XapPaAKTePU3yomuXx aedopManuio

Ileab padoThLI: HAYYUTHCS PACCUMTHIBATH BEJIMYWHBI _ILUIACTHYECKOW JiedopMalvy [pu
00pabO0OTKE METAIOB JABJICHUEM.

Beinosinus patdory, Bel Oyaere:
ymemy:
- IPUMEHATh TUIIOBbIE METOIMKH ONpeAeIeHHs NapaMeTpoB 00pabOTKH METAIIJIOB AaBJICHUEM,;
-BI)I6I/IDaTI> CIIPaBOYHBIC JaHHBIC, XapaKTCPUIYIOIIINC B3aMMOCBA3HU CTPYKTVYPbI )48
CBOMCTB 00pabaThIBAEMBIX METAJJIOB U CILUIABOB, JUIs 06eceueH!s BhINYCKA MPOAYKIIUU C 33/IaHHBIMU
CBOMCTBaMH

MaTepI/laﬂbHOC odecneYeHun:
y‘le6HO'MeTOHI/I‘leCKaH JOKYMCHTAaIMA, TMAAKTHYCCKHEC CPEACTBA

3agaHue: MO MOJTYYCHHBIM WHIUBUAYAIbHBIM JAaHHBIM PAaCCUMTATh MOKA3aTeNd TUIACTUYECKOU
nedopmariiu.

IHopsaoK BbINIOJIHEHHS PA0OTHI:
1. ITony4nTh MHAUBUYAJIbHBIE TaHHBIC Y TIPENOaBaTeIIsl.
2. O3HAKOMHUTHCS C METOAMYECKIMH YKa3aHUSIMU K IPAKTHIECKOH padoTe.
3. BBINOTHUTH pacyeTsl.
4. ToToByto paboTy cAaTh MPETOIABATEIIO HA TPOBEPKY.

Xox padoThI:
1. Paccunrare abconroTHbIE AeOpMaIIHH 110 TOIIIMHE, IUPUHE, AJTUHE.
2. Paccuntarh oTHOCUTENBHBIE AehopManuy Mo TONIIUHE, [0 MKUPHUHE, IO JUTUHE.
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3. OpopMHTB IPAKTUUECKYIO pabOTy B TETPAIH.
4. CnenaTh BEIBOIEL.

@opma mnpeacraBjeHusi pesyjbtara: OT4eT O MpoJETaHHOW pabOTe MOKEH COIEPKATh
Ha3BaHUE U 1IeJb pabOTHI, pacueThl OTHOCUTEIILHOM BHICOTHOM J1e(hopMaIiiy, BBIBOIBI.

Kpurepun onenkmu:
«5» (OTIMYHO): BBINOJIHEHBl BCE 3aJaHUA, CTYJCHT 4eTKO M Oe3 omMOOK OTBETHUI Ha Bce

KOHTPOJIbHBIC BOITPOCHI.
«4» (XOpOH_IO)Z BBIIIOJIHCHBI BCC€ 3aJaHus;, CTYACHT OTBCTHUJI Ha BCE KOHTPOJIBHBIC BOIIPOCHI C

3aMCYaHUsIMU.
«3» (y,HOBHeTBOpI/ITCJ'IBHO)I BBIIIOJIHEHBI BCE pa6OTH C 3aMCYaHHUAMU,; CTYACHT OTBCTHII HA BCC

KOHTPOJIbHBIC BOIIPOCHI C 3aMCHYAHUSAMMU.
«2» (He Sa‘lTeHO)i CTYACHT HC BBLIIIOJTHWJI WKW BBIIIOJIHWI HEIIPABUIBHO 3aJaHUsA; CTYACHT

OTBCTUJI HA KOHTPOJILHBIC BOIIPOCHI C OoImuOKaMH WA HE OTBETHUJI HA KOHTPOJIbHBIC BOITPOCHI.

Tema 1.4 Conporusjenune nedhopManuy 1 IJIACTHYHOCTL METAJJIOB U CIIJIABOB

IlpakTHyeckoe 3ansitue Ne 2
Pacuer ko3¢ PpunueHToB nedpopmanuu

Henap paGoThI: HAYYUTHCS PACCUYUTHIBATH KOIDPHUIMEHTH aedopmarmivi 1pu  00paboTke
METAJUIOB JIAaBJICHHUEM.

Brinosinus padorty, Bl Oynere:

ymemy:
- IPUMEHSTh TUIIOBBIE METOJIMKH ONPE/ICICHUS TapaMeTPOB 00pabOTKN METaNIOB AABJICHUEM;

-BI)I6I/IDaTI> CITPaBOYHBIC JaHHBIC, XapaKTCPU3YIOIIHNEC B3anMMOCBA3HU CTPYKTYPHI n
CBOMCTB O6Da6aTBIBaeMBIX MCTAJJIOB M CIIJIaBOB, AJIA obecreueHust BBINTYCKA NPOAYKIIMH C 3aJaHHBIMHU

CBOWCTBAMHU.

MarepuajnbHoe o0ecnieyeHue:
YyeOHO-MeTOoaMYeCcKast JOKYMEHTAMS, TUIAKTUYECKHUE CPEACTBA

3agaHMe: 1O TOJYYEHHBIM WHIUBUAYAIbHBIM JaHHBIM  pPacCUUTaTh KOI(PGDUIIUEHTHI
nedopmariiu.

Ilopsinok BbINOJHEHHS Pa0OThI:
1. ITony4uTh MHAUBUYAJIbHBIE IaHHBIE Y TIPENOaBaTessl.
2. O3HAKOMHUTHCS C METOAMYECKIMH YKa3aHUSIMU K IPAKTHIECKOH padoTe.

3. BEIMOTHUTH pacyeTsl.
4. ToToByto paboTy cAaTh MPETOIABATEIIO HA POBEPKY.

Xox pa0doThI:
1.Paccunrtate k03 HunueHTs! 1edopmanuu 1o TONIMHE, IUPUHE, [UIUHE.

AOGcoroTHOE 00KaTHe onpeesieTcs mo Gopmyie:
Ah:ho - h1

OTHOCHTEIbHOE 00XaTHEe MOKET OBITh OIPENCICHO C Pa3IUYHOH CTENEHBI0 TOYHOCTH, B
3aBHCHMOCTH OT UCTOIB3yEMOT0O IS €r0 MOJICYeTa COOTHOIICHUSI.
HctrHHOE OTHOCHTEIRHOE 00kKaTHE onpenesieTcs mo Gpopmyie:
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en = In(ho/hy)

Yacrto nonb3yroTcsl BETMYMHON YCIOBHOIO OTHOCUTENIBHOTO 00KATHS.
A)YcI0BHOE OTHOCHTEIBHOE 00KaTHE MOYXKHO OIPENENIUTh 10 (popMyIie:

E:(ho-hl)/h():Ah/ho

B) B Goiee peakux cirydasix yCIOBHOE OTHOCHTEIBHOE 00KaTHE ONPEACISIOT B BUIE:
E'= (ho- hl)/hleh/hl

B) NHorna ycnoBHOE OTHOCUTENBHOE 00)KaTHE pacCUMTHIBAIOT 110 (hopmyie:
E"=(ho- hy)/ hep,=Ah/hg,,
rae, Nep, — cpenHeapudmeTHyecKast TONIIKMHA TOJIOCH.
Ho naunnyumiee npubiamxeHne K ”CTHHHOMY OTHOCUTEIbHOMY 00’KaTHIO Ta€T COOTHOIICHHUE:
E"=(ho- h1) / hy, = Ah/ he,,
rze he, — cpeaHereomeTpuyeckas TOJNMMHA TOJIOCHI.
[Tomumo BemmumH Ah, ep, E, mokazarenem BBICOTHOMN Ae(opMaIiui CIyXUT TaKke KOdPPUIIUEHT
o0xaTus:
Kogx = h1/ho
[Tockonbky Koex MEHBIIIE €IMHMIBI, B pacyeTax HHOrIA YJOOHO IOJIb30BAThCS OOpaTHOM
BEJIMYNHOM:
1/ Koﬁm :h]_/ho
[Tonepeunas neopmarus. Mi3MeHeHre MoNepeyHbIX pa3MePOB MOJIO0CHl HA3bIBAIOT YIIMPEHUEM.
[Toka3zaTenu ymupeHus Mo CMbICIY aHAJIOTUYHBI ITOKa3aTeNsAM BBICOTHON Je(op-Mariu.
AOCOIIOTHOE YIIMPEHHE MOACUNTHIBAECTCS KaK:
Ab= bo = b1
HcTHHHOE OTHOCHUTENBHOE YIIMPEHUE MOKHO OIIPENEIUTh aHAJIOTUYHO:
ep = In(b1/ bp)
VY CI10BHOE OTHOCUTENBHOE YIIMPEHHUE!

T=(b1-bo)/bo=Ab/bo

Koaddunment ymmpenus:
Kymnp = (bllbo)

Bennuuny nomnepeuHoit aedopManuu Takke XapaKTepU3YIOT OTHOIIEHHEM aOCOJIFOTHOTO
YIIUPEHUS K aDCOIIOTHOMY 00KaTHI0, KOTOPOE HA3bIBAIOT MTOKA3aTEIeM YIIMPEHUS:
a =Ab/Ah

HpOIIOJ'ILHaH Ile(bOpMaL[I/Iﬂ. AOcomoTHOE YAJIUHCHUC ITOJIOCHI COCTABJIACT:

Alzll—lo
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I/ICTI/IHHOC OTHOCUTCIIbHOC YI[JII/IHCHI/Ie:
er=1In(l1/ lo)

VY Cc10BHOE OTHOCUTENBHOE YIJIMHEHHE !
Q: (l 1= |o)/ |o:A1/lo
Bemnuunst Al e, Q peako NpUMEHSIOT Ha MPAKTUKE JJIS XapaKTEPUCTHKHU MPOJOIBHON
nedopmanuu. Bmecte ¢ TeM O4YeHb IIHMPOKO HCHOJB3YIOT MOKAa3aTesb, Ha3bIBaeMbli KO3((HUIIMEHTOM
BBITSDKKH:

KBbIT = Il/IO

KoaduuueHT BBITSIKKH XapaKTepH3yeT HE TOJBKO W3MEHEHHWE JUIMHBI TOJOCHl, HO TaKXke
HU3MEHEHHE IUIOIIAIN €€ MMONEPEYHOro ceueHus. J[efCTBUTENbHO, U3 YCIOBHUS MOCTOSIHCTBA 00beMa IIPU
nedpopMaIi IMEeM:

Folo=F1ly,

rae Fo, F1 — ucxoanas u koHe4Has! TUIOIAAM MOMIEPEYHOT0 CEUYEHUS MOIOCHI.
W3 nocnenueit popmyssl cienyer:

|1/ |0 = Fo/F1

Takum o6pa30M, KOS(i)(I)I/II_II/IeHT BBITSDKKM MOXKHO OIIPCACIIMTL TAKKE IMI0 COOTHOUICHHIO
(BN IMOMNECPCUYHOTO CCUCHU A ITOJIOCHI 1O U IMOCJIC ITPOKATKHU:

KBbIT: FO /Fl

Ecnu TexHomornyeckuil mporecc MpoKaTKd COCTOUT M3 HECKOJIBKO MPOXOJO0B IMOJIOCHI 4Yepes
BaJIKM, YTO OBIBa€T OYEHb YACTO, TO PAIUYAIOT YACTHBIE KOIPPHUIIMEHTHI BBITSKKU (B KaKIOM
Mpoxoze) U oOumi CyMMapHbI KOA(GOUIMEHT BBITSHKKH. B COOTBETCTBUM C BBINICTIPUBEICHHBIMU
dbopmynamu o0l K0O3()PHUIMEHT BBITSIHKKH COCTABIISIET:

KBLIT(OGLH) = In / IO = FO / Fn

rae In u Fn - coOTBETCTBEHHO JIMHA U IUIOIIAAb MOMEPEUYHOro CEYEHHUs MOJIOCH MOCe N-To
MpoXxo/a.

B3aumocss3p nedopmanuii. Koadduunents! nedpopmanuu B TpeX OCHOBHBIX HAIPABICHHSIX
CBSI3aHBI YCIIOBHEM MOCTOSIHCTBA 00beMa MeTasuia. Tak, JI1sl MpsSMOYTOJIbHOM MOJIOCHl UMEEM:

hobolo = hybyly,
OTKyJla CIIeyeT:
(hll hO) (bl / bO) ( |1/ IO) = KoouKyuupKaer = 1
ymmp
Takum ob6pazom, mpousBeneHrne Kod()PUINEHTOB 00KaTHS, YIIUPEHHUS U BBI-TSHKKU JOJKHO

ObITh paBHO 1, MHaye HapylIaeTcs YCIOBHE IOCTOSHCTBa oObema. Jlorapupmupys BbIpaskeHHE,

MTOJTYYHUM:

In(hy/ ho)+In(by / bo)+In(l1/ Ig) = 0
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Takum o00pa3oMm, CyMMa HCTHHHBIX OTHOCHTEJIBHBIX JedopMaluii MO TpPeM OCHOBHBIM
HaMpaBJICHUsIM paBHA HYJIIO (CPaBHUTE C MPOLIECCOM MPOTKKHU! ).
2. OdopMHUTH IPAKTUYECKYIO pabOTy B TETPaIH.
3. Caenath BEIBOJIEI.

®opma mpeacraBiieHusi pe3yjbTara: OT4eT O MpojAeTaHHON paboTe MOKEH COJIEp)KaTh
Ha3BaHUE U 1IeNb paboTHI, pacueTsl K03 dunreHToB gedopmMariiu, BEIBOIbI.

Kpurepun onenkmn:

«5» (OTIMYHO): BBINOJIHEHBl BCE 3aJaHUsA, CTYJIEHT YEeTKO M 0e3 OMMOOK OTBETHJ Ha BCE
KOHTPOJIbHBIE BOIIPOCHI.

«4» (XOpol10): BBINOJHEHBl BCE 3aJaHUsA; CTYIAEHT OTBETWJI Ha BCE KOHTPOJBbHBIE BOIIPOCHI C
3aMeYaHUsIMHU.

«3» (YZOBJIETBOPUTEIILHO): BBINOJIHEHB! BCE PabOThl C 3aMEUaHUSMM; CTYJCHT OTBETUJ Ha BCe
KOHTPOJIbHBIE BOIPOCHI C 3aMEYAHUSMHU.

«2» (He 3a4TeHO): CTYAEHT HE BBIIOJHWJ WM BBIIOJIHUI HENPAaBUWIBHO 3aJaHMsl; CTYACHT
OTBETUJI Ha KOHTPOJIbHBIE BOMPOCHI C OIIMOKAMU UM HE OTBETHUJI HA KOHTPOJIbHBIE BOIIPOCHI.

Tema 1.5 MeToabl pacuera dopMou3sMeHeHus ouara nedopmMannu

IIpakTuuyeckoe 3ausaTue Ne 3.4
Pacuer mapameTpoB, xapakTepusywumx ouar aepopmamnun. [loctpoeHue ouara
neopMaNMu MO PACYETHBIM TAHHBIM

Leap padoThI: ¢ IOMOIIBIO TEOPETUYECCKUX PACYETOB MO (GopMysaM HAYUMTHCS ONPEACIATh
BEJIMYMHBIL, XapaKTepu3violme aehopManuio U CTPOUTE odar aehopMallii.

Borinoinus padorty, Bel Oynere:
ymems.
- IPUMEHSTH THUIOBBIC METOMKHU ONPEIeTIEHHUS ITapaMeTPOB 00PaOOTKN METAIIOB JaBICHUEM;
-BBIOMpATh  CNIPAaBOYHBIC  JaHHbBIC, XapaKTEPU3YIONIME  B3aUMOCBSI3U  CTPYKTYPBL U
CBOMCTB 00pa0aThIBAEMBIX METAJIJIOB U CIUIABOB, JUJI OOCCIICYECHHS BHIMTYCKA MPOIAYKIIMH C 3aJaHHBIMHU
CBOWMCTBaMHU;

MarepuajbHoe obecnedeHne:
y‘Ie6HO-MeTOJII/I‘I€CKa$I JOKYMCHTAIIUA, AMJTAKTHYCCKHUEC CPEACTBA

3agaHMe: 1O UHAMBHUAYAJIbHBIM JaHHBIM pAacCUUTATh  MapaMeTpbl odara JedopMaluu.
ITocTpouts ouar negopmanuu.

Ilopsinok BbINOJTHEHHS PA0OTHI:

1. O3HaKOMUTKCS C METOAMUSCKUMH YKa3aHUSAMHU K TTPAKTHIECKON padoTe.
2. [TomyuuTs JaHHBIE IS PACUETOB y MPEToaaBaTels.

3. BeimosiHUTE 3a1aHME.

Xox padoThI:

1. Paccunrarh abconroTHbIC AeQOpMAIIIH 110 TOIIIWHE, IIUPUHE, AJTUHE.

2. Paccuntarh OTHOCUTENBHBIC ehOpMAaIIUH TI0 TONIIUHE, TT0 IIUPUHE, TIO JTHHE.
3. [loctpouts ouar nedopmanuu Mo pe3yibraTam.

3. OdopMuUTH PAKTHUECKYIO padoTy.

4. ChenaTh BBIBOJEL.
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Cxema K OIpeIeTICHUIO XapaKTEPUCTUK BEJTMIMHBI Ieopmaruu
AOGcoioTHbIE nedhopMaIuu:

ooxarue Ah = hg— hq;
ymaHenue Al = 1; — lo;
ympenue Ab = by — by.
AOGCOIIOTHBIE TTOKA3aTeIM HEMOJIHO XapaKTEPU3YIOT BEIMYUHY Je(OpPMaIiK, TaK KaK HE YYHUTHIBAIOT
pasMepbl 1eOpMUPYEMOTO H3Jeiusi. boiee ynoOHBI OTHOCHTEIBHBIC ITOKAa3aTeld, Ha3bIBA€MbIE
CTCIICHBIO TehopMaInu:
otHocutenbHoe odxarue &, =(hg — hy)/hg = Ah/hg;
oTHocHTeNnbHOE yimpenue g, =(b; — bo)/by = Ab/by;
otHocutenbHoe yamuaenue g =(l3 — lo)/lo = Al/lo.

®opma mnpeacrabieHusi pedyibTtara: OTder o mpojaenaHHOW paboTe MOMKEH COAEpKaTh
Ha3BaHME U 11eJIb pabOThI, pacyeThl MapaMeTpoB ouara aedopMainu, oyar JepopMaliu, BbIBOIbL.

Kputepuu onenkmn:

«5» (OTIMYHO): BBINOJIHEHBl BCE 3aJaHUA, CTYJCHT 4YeTKO W Oe3 omMOOK OTBETWI Ha Bce
KOHTPOJIbHBIE BOIIPOCHI.

«4» (Xopol10): BBIMOJIHEHBI BCE 3aJaHUs; CTYACHT OTBETWJI Ha BCE KOHTPOJBHBIE BOIPOCH C
3aMeYaHUsIMHU.

«3» (YIOBJIETBOPUTENILHO): BBINOJIHEHBI BcE€ PabOThl ¢ 3aMEUaHUSIMM; CTYJIEHT OTBETHUJ Ha BCe
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSIMHU.

«2» (He 3a4TeHO): CTYAEHT HE€ BBIOJHWJ WM BBINOJIHUI HENpPAaBWIBHO 3aJaHMs; CTYACHT
OTBETUJI Ha KOHTPOJIbHBIE BOMPOCHI C OIMIMOKAMU WUJIM HE OTBETHUJI HA KOHTPOJIbHBIE BOIIPOCHI.

Tema 1.6 Tpenue B npoieccax 00padoTKH METAJJI0B TaBJeHUEeM

JladoparopHoe 3aHsTHe Ne 5
Omnpenenenue ko3¢ dpuunenta TpeHus Ha JadoparopHom crane 1Y 0-130

He.]'lb paﬁﬂTbIZ H3ydeHue u VTJ'IV6J'ICHI/IC 3HAHMI IO MCCIEAOBAHUIO I[Cd)ODMaUI/II/I METalJla B
HayaJbHBIM MOMCHT MNpH 3axBaTe MeTalla BaJKaMH, HDI/IO6D€T€HI/IG HaBBIKOB Da6OTI)I Ha
IOPOKAaTHOM O60DVI[OB3.HI/II/I; HCCICIOBAHUC 3d)d)eKTI/IBHOCTI/I CMa3KH IMpH MPOKATKE.

Beinosnus padory, Bel Oyaere:
ymemy:
- IPUMCHATH TUITOBBIC MCTOJAUKH ONPCACICHHUA TApaMCTPOB 06D360TKI/I MCTAJIJIOB JaBJICHUCM,
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-BBIOMPATH  COPABOYHBIE  NAHHBIC, XaApPaKTEPU3VIONIME  B3aUMOCBS3U  CTPYVKTYPBL |
CBOMCTB 00padaThIBAEMBIX METAJUIOB M CIUIABOB, JUISI 00eCcIeUYeHHs] BEITYCKA IIPOAVKIINY C 3aJaHHBIMH
CBOWCTBaAMHU.

MarepunanbHoe obecrnieyeHue:
ABTOMAaTH3UPOBAHHLIHN JIa00paTOPHEIN IpokaTHEIA crad 1Y 0-130

3aganue:
Onpenenuts KodhGUIMEHT TPEHUS B HAYAIBHBIH MOMEHT 3axBaTa METala BAJIKAMH W IIPH
YCTaHOBHUBILIEMCS MPOIECCE MPOKATKHU.

ITopsinok BbINMOJIHEHHSI PAa0OTHI:
1. IMoaroToBuTh MO OAHOMY OOpa3Ily HAa KaKAbIH BapHaHT MPOKATKM — HANWIBHUKOM CHSTh
3ayCEHIIbl ¥ 3aMWINTh NIEPETHUN TOPELl [O/1 YTOJIbHUK.
2. U3meputs HavasbHyto ToiamuHy h0 o6pasuos.
3. IloAroToBUTh MOBEPXHOCTH BAaJKOB W 00pa3lOB COIIACHO BapHaHTy mpoll katku (mpu
MPOKATKE Ha MAIIMHHOM MacJie MepeIHrui Topell o0pasia He cMa3bl | RTh).
4. YcTaHOBHUTH 0Opa3zell Ha CTOJ CTaHa.
5. CBectu Banku 110 pacctosinus 0,5 MM, BKIFOYUTH TIPUBO]T BAJIKOB
6. C noMoIupto aepeBsHHOro Opycka 0e3 Ha)kuma MOJABECTH oOpasel] ero nepeJHUM TOPIIOM K
BpAILAIOLIMMCS BaJIKaM.
7. [locTeneHHo yBEIMYMBATH PACTBOP BAIKOB JI0 MOMEHTA, KOTJ]a HAUHETCS JIETKOE IPOKaHue U
nojiepruBanue o0pasua, nocie 4Yero OCyIEeCcTBISIETCS 3aXBaT €ro BalKaMH U MOCIIEAYIolas IPOoKaTKa.
8. M3meputsb TonumnHy hl oOpasna nocsie npokaTku.
9. OnbITHBIC IaHHBIE 3aHECTU B TAOJUILY.
10. IToBTOpUTH MyHKTHI 3-9 TpHU pasza g OJHOrO oOpasia, MOCIeI0BATENbHO 00KHUMasi ero B
Ka)KJIOM IIPOXO/IE.
11. Mcionb3ys pe3ynbTaThl U3MEPEHUN 00KaTHii, 3aHECEHHBIEC B TA0JINILY, BBIYHCIUTH BETHUUHY
OTHOCHTEIIEHOTO 00XKAaTHs /ISl KaKJJ0T0 BapuaHTa Mmpo | KaTKu.
12. PaccuntaTh BeIWYMHBI yIJla 3axBaTa 1o (opmysie U cpeiHee apu(pMeTHUeCKoe 3HaYCHHE
yIja 3axBata a.
13. C yueToM cpeiHero 3HAUEHUs yIJla 3aXBaTa @ ONpeAeuTh Koo PuImeHT tpenus f=tga.
Tabnuna 3 — Pe3ynbTaThl H3MEpeHUi U pacyeToB
Bapuant | OmbiT | ho MM hy Mm Ahwvm | En% o o f
MPOKATKH
Cyxue
BaJIKU

Banxku ¢
MEJIOM

WINFPWN|F-

Xox pa0doThI:
1. HccnenoBaHue HayalbHOM CTaJMU MpoLECCa 3aXBaTa
W3meputh TonmuHy olpasna 10 U MOcie MPOKATKH Ha CyXHX Basikax. Mcxols M3 MOITy4eHHBIX
BEJIMYMH, PACCUUTATh MAaKCUMAaJIbHBIA YTroJI 3axBaTa, YroJl TpeHUs U K03(pPUIMEHT TpeHUs Mpu
3axBaTe MeTaJla BaJIKaMH 1O MPUBEACHHBIM B HHCTpyKIMH dopmymnam. Toxe camoe caenatbh Ha
CMa3aHHBIX MacjoM Basikax. Pe3ynbraTsl 3aHecTu B Tabnuiy Nel.
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14 v
PaBHOBecHe cui B YCTAHOBUBIIEMCH ITPOLECCE TPOKATKU

2.WccnenoBanue yCTaHOBUBILIETOCS MTPOLIECCa MPOKATKU.
Banku ycTaHOBUTB Tak, 4TOOBI IPU NMPOKATKE BO3HUKIIO OykcoBaHue. [lociie 3Toro Bajiku OCTaHOBUTD,
pa3aBUHYTH UX U U3BJIE€Yb KIUH. TONIUHY KIMHA U3MEPUTH B JABYX MecCTaxX. 3aTeM BallKM CMa3aTh
MacJIOM U MOBTOPUTH ONbIT. Pe3ynbraTel 3anectu B Tabmuiyy Ne2. Mcxoas U3 moiaydeHHbIX BEJIUYMH,
paccuuTaTh MaKCHUMAJbHBIA yrojl KacaHws, yroil TpeHus, KO3 UIIMEHT TPEHUS B YCTAHOBHBILEMCS
mporiecce MPOKATKH 0 MPUBEICHHBIM B HHCTPYKIIUU (OPMYIIaM.
Cuna Nx=N-sino cTpeMHUTCS BBHITOJKHYTh METAJT U3 BAJIKOB, a cmiia Tx=T-coso — BTSHYTh METaJI B
Baiku. O4eBHIHO, YTO 3aXBaT METAJUIA BAJIKaMU IIPOU30iaeT, eciit T cosa > N-sina
VYron o, 00pa3oBaHHBIN HalpaBlIeHUEM ACHCTBHS HOpMabHOU cuiibl N U reomeTpuueckoit ocsio OO,
COOTBETCTBYIOLLIMM yIiy, MPU KOTOPOM OCYLIECTBIIETCS 3aXBaT MeTaula cujaMu TpeHus T u
BTATHUBAHUE €T0 B o4ar aedopmaiinu, Ha3bIBaeTCsl YIIIOM 3aXBara.
Jlig aHanu3a ycnoBHi 3aXBaTta pacCMOTPHUM IPOCTOM Mpoliecc MPOKATKU, KOTOPBIM XapakTepu3yercs
CIIEYIOIIMMHU YCIOBUSAMM:00a BajKa MPUBOJIHbIC, IMEIOT OJIMHAKOBBIM AMaMETP U OJMHAKOBOE YHCIIO
000OpOTOB;  MPOKAThIBAEMBbIII MaTepHall OJHOPOJIEH B OTHOLIEHUH IIACTUYECKUX CBOMCTB M Ha HETO
JEHCTBYIOT TOJBKO CHIIBI, IPHIIOKEHHBIE OT BaskoB (Q=U=0).
VYcnoBus 3axBata MeTajlla BajdkaMu M3 pucyHka BHIHO, YTO TOPU3OHTAIbHASI COCTABISIONIAs CHJIIbI
TpeHuss TX CTpeMHTCs BTAHYTh METaUl B BaJKHU, TOPU30HTAIIbHAS COCTABIIAIONIAs HOPMAJIbHOM CHUIIbI
NX npensTcTByeT Hadally MpOKaTKH.
OTcrona ciaenyroT Tpy yCIOBHS:

1) mpu Nx > TxX BBITaTKUBAIOIINE CUIIBI OOJIBIIE BTSTUBAIOIINX — MPOKATKA HEBO3ZMOXKHA;

2) mpu Nx = Tx Banku OyayT CKOJIb3UTh (OYKCOBATh) IO METAJLITY — MPOLIECC PaBHOBECHS,

3) mpu Nx < TX BTATUBAIOUINE CUITBI OOJBIIIE BHITAIKHBAIOIINX, METAIIT 3aXBATHIBAETCS BAJIKAMH
— MPOKaTKa OCYIIECTBIISETCS
Cuubl Tpenust T nipu pokaTke CBA3aHbI ¢ CUJIaMU HOpMalibHOTO JaBiieHus N 3akoHoM KyroHa:

T=fN
rae f — ko3 dunueHT TpeHus.
Jlnst ocylecTBICHH 3aXBaTa MeTajlla BaJIKaMU M Havajla MPOKaTKU HEOOXO0IUMO, YTOOBI

Tx > NXx.

Torna, ¢ ydyerom 3akoHa MOCTOSHCTBa oObeMa B jabopaTtopHoil pabote Ne2 u (1) ycioBue 3axBara
MeTajula BaJIKAMHU 3aIUILIETCs CIETYIOIUM 00pa3oM:

tgo< f
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Takum o00pa3oM, 3axBaT MeTalyla BaJKaMH B HAauyaJbHbIi MOMEHT MPOKAaTKH MPOU30HAET NpHU
YCJIOBHH, KOTJIa TAHTCHC yTJIa 3aXBaTa OyAeT MEeHbIIe KO3 hUIIUECHTA TPEHUSI.
Koadduunent Tpenus npeacraniseT cOO0H TaHT€HC yIila TPEHHS:

=tgf ,

rze 3 — yroa TpeHus.
Yron TpeHus oOpa3oBaH HamlpaBJICHHEM HOpMalbHOH cuiabl N u  cwibl R, sBiIsromeincs
pesynbrupytomeit (cymmapuoit) ais cuit N u T (puc. 1). I3 popmyn criemyer, 4To ycioBUe 3axBaTa
MeTaJljla BaJIKaMH B Ha4aJIbHbI MOMEHT MPOKAaTKU MOKHO 3alUCaTh B BUJIE

a<p
T.€. 3aXBaT METAJlJIa BAJIKAMU B HAYAJIbHBIA MOMEHT IIPOKATKU IIPOU30UJIET NPU yCIOBUU, KOTJA YIroil
3axBaTa OyleT MEHbIIE yIila TPEHHUS.
Ha pucynke naHbl cXeMbl B3aMMOCBSI3M MEX/y YIJIOM 3axBara o U yrjaoM Tpenus . M3 cxem BHUIHO,
YTO Hayajo IPOKAaTKW BO3MOXKHO B ciydae, Korja pesyibTHpyromas cuia R OTKIIOHEHa ot
reomerpuueckoir ocu OO' B CTOpOHY HamnpaBJieHHs NMPOKATKH, T.e. Korma o < . Yrom 3axBara o
OIIpeJIeNIAETCs] U3 TEOMETPUYECKUX COOTHOLIEHHUI:

a = arccos (1- Ahmax D),

rae D — nuametp pabouux BaJKoOB, MM.
B cnydae ycranoBuBIerocs rmporecca MPOKATKH TPU PACCMOTPEHHHM YCJIOBHUS 3axBara CJEAyeT
YUUTHIBATh yXK€ HE IOJIHBIM yrojl 3axBara o, a JIMIIb Ty €ro 4acTh, MOJA KOTOPOW pacrojaraercs
PaBHOICHCTBYIOIIAS JIEMEHTAPHBIX PEAKTUBHBIX CUII, T.€. o/2. Toraa ycinoBue 3axBaTa MpUOIHIKEHHO
XapaKTepU3yeTcs HEPaBEHCTBOM:

a<2-f.

Takum 00pa3oM, YCTAHOBHUBIIHMICS MPOIECC MPOKATKU OCYIIECTBUM JIErde, YeM ero HadalbHas CTaIus
(3axBar). IlockombKy, OmHAKO, BCSKHW CIy4all TpPOKAaTKH JIOJDKCH HAYMHATBCS CO CTaJuH
€CTECTBEHHOTO 3axBaTa TII0JIOCHI BaJKaMM, TO TIOCJE 3alOJHEHUS 3¢Ba BaJIKOB METAIJIOM
(ycraHOBUBIIHMIICS TIpoliecc) 00pa3zyeTcsi U30BITOK CHII TPEHUS, pacXOJyeMblii Ha pa3BUBAOIICECS B
CBSI3M C OTHM OIEPeKEHUE MeTauia. VICKyCCTBEHHBIM 3aXBaT, MOXET OBITh MPOW3BEICH JIMOO
BIAaBJIMBAHUEM CIIUTKAa B BAJIKW BHEUIHEH CHIIOH, JMOO 3amaueil B BAIKM KOHYCHOTO CIUTKa, JINOO
JIOTIOTHUTEIIBHBIM COMKEHUEM BAJIKOB MTOCJIC €CTECTBEHHOT'0 3aXBara.

Cxema cuin IpHU YCTAHOBUBIICMCS MMPOLCCCC IMPOKATKU
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Pe3ynbTarhl SKCrIEpUMEHTOB U pacueToB MpuBecTH B Tabmuiax Nel u No2.

®opma npeacraBjeHus pe3yabrara: OTYeT 0 MpoJeTaHHOW padoTe MOJDKEH COIEp)KaTh
Ha3BaHHUC U LOCJIb pa6OTBI, OIMKUCaHUC XoJa pa6OTBI C pUCYHKaMHU HCXOJHOI'0 WM IPOKATAHHOI'O
KJIMHA, TaOJIHIly U3MEPEHUN U pacdyeThl. BrIBOIbL.

Kpurepun oneHku:

«5» (OTIUYHO): BBIMIOJIHEHBI BCE 3aJaHMs, CTYJEHT YETKO M 0e3 OIIMOOK OTBETHJ HAa BCE
KOHTPOJIbHBIE BOIIPOCHI.

«4» (XOpolI0): BBIIOJHEHbl BCE 3aJaHMsl; CTYIAEHT OTBETUJI Ha BCE KOHTPOJIBHBIE BOIPOCHI C
3aMeyaHUsIMHU.

«3» (YIOBJIETBOPUTEIILHO): BBIIOJIHEHBI BCEe PabOTHI C 3aMEUaHUSIMH; CTYJICHT OTBETUJ Ha BCE
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSIMHU.

«2» (He 33,‘-ITGHO)Z CTYACHT HC BBbIIIOJHWJI WJIA BBIIOJHWI HCIPAaBUIBHO 3adaHUA; CTYACHT
OTBETUJI Ha KOHTPOJIbHBIE BOMPOCHI C OIMIMOKAMH UM HE OTBETHJI HA KOHTPOJIbHBIE BOIIPOCHI.

Tema 1.7 Meroabl pacuera kodddunnenra TpeHus

IlpakTuyeckoe 3ansaTue Ne 5.6
Omnpenesienne K03(ppUuMEHTA TPEHUS TP XO0JIOAHON M ropsiueH NpoKaTke

Ilesnb padoThI: C MOMOIIBIO TEOPETUUYCCKUX PACUYECTOB IO (opMysiaM HAyYUTHCS ONPEeIsaTh
K03(GHUILIMEHT TPEHUSI IPU TOPSTYEN M XOJIOJHON IIPOKATKE.
Brinosinus padorty, Bl Oynere:
ymemo:
- IPMMEHSITh TUITOBBIC METOJUKU ONPEACICHUS MapaMeTPOB 00paO0TKH METAILIIOB JABICHHUEM,;
-BBIOMPATh _ COPABOYHBIC  JAHHLIC, XapaKTEPH3VIONIME  B3aMMOCBI3H  CTPYKTYPHI U
CBOMCTB 00pa0aThIBAEMbIX METAJIJIOB U CILIABOB, JUISL 00eCIIeUSHHUS BBITYCKA IPOAYKIIUH C 3aJAHHBIMHU
CBOMCTBaMH.

MarepuajnbHoe o0ecnieyeHue:
YyeOHO-MeToanYecKast JOKYMEHTAIIU, TUIAKTUHYECKHUE CPEACTBA

3aganue:
Ompenenutb K03(PPUIUEHT TPEHHS IO UHIUBUIYAIbHBIM JTAHHBIM.

Ilopsinok BbINOJHEHHSI padOThHI:

1.0O3HaKOMHTBCS C METOJJMUECKUMH YKA3aHUSMH K ITPaKTUYECKON paboTe.

2.IlonyuuTsb y npenoiaBatesisi MHIWBUyaJbHbIE JaHHbIE.

3. BeimonHuTs 3a1aHue.

B mporuiecce npokaTku KOHTAaKTHOE TPEHHE UIPAET 0COOYIO POJib, TAK KaK OHO JIEKUT B OCHOBE
storo npouecca. C neiicTBMEM CHUII TpEHUsl CBA3aHbl BCE OCHOBHBIE sIBJIIEHHs IpokaTtku. IIponecc
MIPOKATKH COCTOUT U3 TPEX CTaIuMl.

B nepBoii craauu NpoucxoauT 3aMoJHEHNE METAJUIOM ouara jeopMaluu, KOTOpoe HauMHAeTCs
C MOMEHTa CONPHUKOCHOBEHHS MEpeIHEro KOHILA packaTa C BajJKaMU W 3aKaHYMBAE€TCd B MOMEHT
JOCTUKEHMS IIJIOCKOCTH BbIXOJa. Bropas cTanns HaunHaeTcs ¢ MOMEHTA BBIX0J1a MEPEAHETO KOHIA U3
BAJIKOB M 3aKaHYMBAETCA NpPU JOCTHXKEHMM 3aJHEr0 KOHIA IUIOCKOCTH BbIXOJa. B 3TOT MOMeHT
HAa4YMHAETCS TPEThsl CTaaus U 3aKaHYMBACTCS BBIXOJOM 3aJHET0 KOHILA M3 BalkoB. IlepBas u TpeTbs
CTaJNM HOCST HA3BaHWE HEYCTAHOBMBIIETOCs MPOLECCA NMPOKATKU, TaK KAK IIPH 3TOM BCE IapaMeTpbl
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oyara neopMaluu MEHSOTCs. BTopas ctanust — yCTaHOBUBIIMICS MPOIECC MPOKATKH, TaK KaKk B 3TOT
HepuoJl mapamMeTpsl oyara eopMaly OCTAlOTCSI HEM3MEHHBIMHU.
Jlis Havana mporiecca MPOKaTKW HEOOXOJUM 3axBaT MeTajula BaIKaMu. B MOMEHT 3axBara Ha
10JIOCY JEMCTBYIOT JIBE CHUJIBbI — YHCIIa HOPMaJIbHOTO AaBiieHus —N.
Jist ocyIiecTBiIeHUs 3aXBaTa HEOOXOMMO, YTOOBI TOPU3OHTAIBHASL COCTABIISIIOIIAS CHIIBI TPEHHS
ObuIa paBHA WJIM NPEBBIIIATA FTOPU30HTAIBHYIO COCTABIISIONIYIO CHUIIbI HOPMAJIBHOTO JaBJICHUS
T:>N;.

T=1f,N,
T,=f,Ncosa u N,.=Ncos a,

rze f; — koo puuueHT TpeHus npu 3axBare;
0. — yroJ 3aXBara,
TO TOJIyYUM yCJIOBHUE, HEOOXOAUMOE JUISl 3aXBara

f;Ncos o> Nsin a .
OxkoHuaTenpHO moayyaeM f, > tq o .

Jnist ocymliecTBICHHS 3aXBaTa HEOOXOIUMO, YTOOBI PaBHOJEHCTBYIOMIAs ObUIa OTKJIOHEHA OT BEPTUKAIH
10 XOAY MPOKATKH, T. €. tq o < f; .

IIpu f; = tqo. mosoca HaxXOAWUTCS B HEYCTOMUMBOM IIOJIOKEHUU M 3aXBaT MOXKET MPOU30MTH WU HE
IPOM30WTH, B 3aBUCHUMOCTH OT TOrO KyAa CIABHUHYT pPAaBHOBECHUE CHJI Pa3JIMYHbIC CiydaiiHble (akTopbl (
M3MEHEHHUE COCTaBJIEHMSI I10JIOCHI U BAJIKOB, CKOPOCTHU MPOKATKU U JIp.).

B ycranoBuBmIieMcs mporecce npokatku fy >% tq o B cHly JOMYyLIEHUs, YTO HOPMAJIbHbIE KOHTAKTHbIE
HANpPsDKEHUS paclpe/iesieHbl paBHOMEPHO I10 AYTe 3aXBaTa, a KOHTAKTHBIE CHJIbI TPEHMSI IO BCEH ayre 3axBara
HalpaBJIeHbl B CTOPOHY JABHKEHUS I10JIOCHI.

PaccmarpuBas ycnoBus 3axBata f; > %2 tq o, MOKHO C€NIaTh CIEAYIOIINE BBIBOIBI:

1. YcranoBuBIINICS MTPOLECC IPOKATKH MOXKET YCTOMYMBO MPOTEKATH O TEX MOP, T0KA yroJl 3aXBaTa He
IPEBBICUT B JIBa pa3a KO3PPUIMEHT TPEHHUS.

2. B ycraHoBuBHIEMCS IIpoliecce MNPOKAaTKM MOXHO B JiBa pa3a yBEJIMYHUTh YroJl 3axBara, a
CJIeIOBaTENbHO yBEJIWYUTH oOkatue. Ecnu xe obkarue octaérecs 6e3 MU3MEHEHMs, TO B odare JgedopManuu
BO3HHUKAIOT M30BITOYHbIE CHUJIbI TPEHUS, KOTOPbIE CIIOCOOCTBYIOT YBEIMUYEHHIO CKOPOCTH ABMIKEHHS IMOJIOCHI,
YTO IPUBOJUT K MOSIBJIECHUIO 30HBI OMIEPEKEHMUS], I7I€ CKOPOCTH MOJO0CHI OOJIBIIE OKPYKHOM CKOPOCTH BaJIKOB.

JUis 3KCIIEpUMEHTAIBHOTO OIpeiesieHus] Kod(p(UIMEeHTa TpPeHHs NpU YCTaHOBMBILEMCS Ipolecce
MPUMEHSIOTCS CIEAYIOIINE CIIOCOOBI:

- KJIEIEBON METOJ TOPMOKEHHUS ITOJIOCHI B BaJIKaXx;

- METOJ ONpPEJIEICHHUS 110 ONEPEKEHUIO;

- METOJ KPYTSILEro MOMEHTA;

- METOJ MPeACIHHOTO 00kKaTHs (MAKCUMAJIBLHOTO yrila KacaHusl) U Jp.

B nacrosmeit pabote Ko3pUIMEHT TPEHHS ONPENEISIeTCs 10 MOCIEIHEMY U3 YKa3aHHBIX METOJIOB.

Tak kak ycCTaHOBJIEHO, YTO B MOMEHT OyKCOBaHHUS pacHpelleleHHe YIEIbHOIO JaBJICHHUS IO Iyre
KOHTaKTa OJIM3KO K paBHOMEPHOMY, TO npumMensiercst ¥=0,5 .

COS yriia 3axBata 1o gopmyiie:

cosa=1-(H-L/D)=1-Ah/D.
VYo 3axBara o 1Mo ¢popmye:
a = arcos (1 - Ah/D)

VYrou 3axBara o B paguaHax 1mo Gopmyiie:
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o= 57,3 VAh*R.

Tak kak B HayaJdbHBI MOMEHT 3axBaTa BBIMOJHSAETCS yCJIOBHE O = [, TO KOI(PPUIMEHT TpeHUs

ompeaensieM 1o hopmyie:
f=tga
4. KosdummeHnt TpeHus onpeaenstor mo Gopmyie DKenyHa:

f = k(1,05 — 0,005*t),
rae t— remmneparypa NpoKaTku;
K — ko3 duLMEHT YIUTHIBAIOIINIT MaTepHal BAJIKOB,
k =1 — s cTanbHBIX BaJIKOB.
5.I1pu xonoaHOM MpoKaTKU KOAPDUITMEHT TPEHUS OMPEASISAIOT 10 (hopMyIie:

f, = k*(0,07 - [0,1%V?/ (2*(1+V)+3V?)],

k = 1,55 — Banku cyxue;

k = 1,35 — cMa3aHHbIE MAIIMHHBIM MACJIOM;
k=1,6 - c menowm;

k =1 — smynbcueii (10% macna), KepoCHHOM

4. OpopmHTh TPAKTUUECKYIO PabOTy

®opma mnpeacrabjieHuss pe3yiabrara: OT4eT O NpPOAENAaHHONW pPabOTe JOKEH COAepiKaTh
Ha3BaHUE U 1e7b pabOTHI, ONMCAHNE X0/1a paboTHI C POpMyTIaMu U pacdeTaMu, BHIBOJIBL.

Kpurepun onenku:

«5» (OTIMYHO): BBINOJIHEHBI BCE 3aJaHUs, CTYJEHT YeTKO M 0e3 OIMOOK OTBETHJ Ha BCe
KOHTPOJIbHBIE BOTIPOCHI.

«4» (Xopol10): BBINOJHEHB! BCE 33JaHUsA; CTYACHT OTBETWJI Ha BCE KOHTPOJBbHBIE BOIPOCH C
3aMeYaHUsIMHU.

«3» (YIOBJIETBOPUTENILHO): BBINOJIHEHBI BCE PabOThI C 3aMEUaHUSIMM; CTYJIEHT OTBETUJ Ha BCe
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSIMHU.

«2» (He 3a4TeHO): CTYAEHT HE€ BBIOJHWJ WM BBINOJIHUI HENpPAaBWIBHO 3aJaHMs; CTYACHT
OTBETUJI Ha KOHTPOJIbHBIE BOMPOCHI C OIIMOKAMH UM HE OTBETHJI HA KOHTPOJIbHBIE BOIIPOCHI.

Tema 1.8 3axBaT MeTa/LIa BAJIKAMH IPH 00pa00TKE METAJLJIOB JaBJIeHHEM

JlaboparopHoe 3ansaTHe Ne 6
YcaoBue 3axBaTa MeTas1a Bajakamu. Onpenesenne Ko3(pGuUIHEeHTa TPEHUS HA
JadopaTopuom crane [Y0-130

Hean padorei: M3yuenne u yriy0iieHHe 3HAHWN MO MCCIEIOBAHUIO JieopMaliuy MeTauia B
HAYaJIbHBIM MOMEHT MpH 3aXBaTe MeTajula BaJkaMH; TPUOOpPETEHHE HABBIKOB pPAa0OTHI Ha
IIPOKATHOM O0OpPYIOBAHUU; UCCiIeI0oBaHNEe YDPEKTUBHOCTH CMa3KH MPU TPOKATKE.

Boinosinus padorty, Bel Oynere:
ymemy:
- IPUMEHSTH TUIOBBIC METOMKHU ONPEICIECHHUS ITapaMeTPOB 00PaOOTKH METAILIOB JaBICHUEM;
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-BBIOMPATL  COPABOYHBIE  JAHHBIC, XapaKTEPU3VIOIIHME  B3aUMOCBA3U  CTPVKTYPBL |
CBOMCTB 00padaThIBAEMBIX METAJUIOB M CIUIABOB, JUISI 00eCcIeUYeHHs] BEITYCKA IIPOAVKIINY C 3aJaHHBIMH
CBOWCTBaAMHU.

MarepunanbHoe obecrnieyeHue:
ABTOMAaTH3UPOBAHHLIN JIa00paTOPHEIN mpokaTHei ctad 1Y 0-130

3aganue:
Onpenenuts KOIPPUIIMEHT TPEHUsS B HAYaIbHBI MOMEHT 3aXBaTa MeETallla BaJIKAMH M TIPH

YCTaHOBHUBIICEMCS ITPOLECCE IIPOKATKH.

IMopsinok BbINOJIHEHHUS PA0OTHI:
1. IloaroToBUTH 1O OJHOMY OOpa3ly Ha KaXKIbli BAPUAHT MPOKATKH — HANWIBHUKOM CHSATh
3ayCEHIbl U 3aIWIUTh EPEAHUNA TOPEL 0] YTOJIbHUK.
2. N3meputh HavanpHyt0 TommuHy h0 06pa3nos.
3. IloaroToBUTh MOBEPXHOCTH BAJIKOB M OOpa3LOB COIJIACHO BapuaHTy Mnpoll katku (mpu
MPOKaTKEe Ha MAIIMHHOM MacJje MepeHH Topel o0pas3ia He CMa3bIBaTh).
4. YcraHoBUTh 00pasell Ha CTOJ CTaHa.
5. Csectu Banku 110 pacctosiHus 0,5 MM, BKJIIOUYUTH TPUBOJI BAJIKOB.
6. C noMo1pio JepeBIHHOro Opycka 06e3 HaXuMma MOJBECTH oOpasel] ero NepeaHuM TOPIOM K
BpAILAIOLIMMCS BaJIKaM.
7. IlocTeneHHo yBeIMUMBaTh pacCTBOP BAJIKOB IO MOMEHTA, KOTJJa HAUHETCS JIETKOoe JIpOXKaHue U
1oJiepruBanue o0pasla, Mocjie Yero OCyIEeCTBISAETCS 3aXBaT €ro BaJKaMu U MOCIIeIyIoIas MpoKaTkKa.
8. M3meputs Tommuuuy h1l o6pasua nocie npokaTkH.
9. OnbITHBIC TaHHBIE 3aHECTU B TAOJUILY.
10. TToBTOpPUTH MYHKTHI 3-9 TpH paza i 0fHOro 0Opasla, MOCIeA0BaTEIbHO 00KUMasl ero B
Ka)KJIOM IIPOXO/IE.
11. Hcnonb3ys pe3ynpTaTbl H3MEpPEHUN O00KaTWi, 3aHECEHHble B TaOJMIly, BBIYMCIUTH
BEJIMYHMHY OTHOCUTEIBHOTO 00KaTHS /JIsl KaX10r0 BapHaHTa IPOKATKH.
12. PaccuutaTh BeJMYMHBI yria 3axBara mo Gopmysie H cpenHee apupMeTHdecKoe 3HaUeHUe
yIja 3axBata a.
13. C y4eToM cpejiHero 3HaUCHHs yIila 3aXBaTa @ ONpeAenuTh Koddpuiment tpenus f=tga.

Xonx padoTsI:
HccnenoBath 1Ba BapuaHTa NMPOKATKU: BAIKH U 00pasel cyxue (00e3KupeHbl CHUPTOM); BaJIKU
u oOpasell cMa3zaHbl MestoM. Mtorn uccnenosanuii 3anecty B Tabnuiy. Crenatb BEIBOIBI.

BapuanT | ombIT Ho H, Ah Eh % o o f
IPOKATKU MM MM MM
Cyxue
BAJIKH

Banku ¢
MEJIOM

WINFRPIWIN -

®opma npeacrabjieHusi pesyabrara: OT4eT O HpojeNaHHOW paboTe JOKEH COAep’KaTh
Ha3BaHUE U 11eJb paboThl, KPAaTKHUE TEOPETUUECKUE CBEJICHUS, PE3yJIbTaThl U3MEPEHUA, BBIBOJIBI.

Kpurepun onenkn:

«5» (OTIMYHO): BBIMOJIHEHBI BCE 3aJaHMsl, CTYJEHT 4YeTKO M 0e3 OuMOOK OTBETUJ Ha BCe
KOHTPOJIbHBIE BOIIPOCHI.
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«4» (XOpolI0): BBIIOJHEHBI BCE 3aJaHMs; CTYACHT OTBETHJI Ha BCE KOHTPOJIbHBIE BOIPOCHI C
3aMEYaHUAMU.

«3» (YIOBJIETBOPUTEIILHO): BBIIOJIHEHB BCE PabOTh C 3aMEUaHUSIMM; CTYJICHT OTBETHUJ Ha BCE
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSAMH.

«2» (He 3a4TEHO0): CTYAEHT HE BBIIOJHUI WM BBIIOJHUI HENPaBWIBHO 33JaHMs; CTYIEHT
OTBETHJI HA KOHTPOJIbHBIE BOIIPOCHI C OIIMOKAaMH WM HE OTBETHJI HA KOHTPOJIbHBIE BOIIPOCHI.

Tema 1.9 Onepesxkenue M OTCTABAHNE

IIpakTuueckoe 3ausaTue Ne 7.8
OnpenesieHue onepeskeHusi npu npokarke. OnpeesieHne OTCTABAHMS NMPHU NMPOKATKe

Heas padorbl: O3HAKOMUTBLCS C OMNBITHOM METOMMKOW ompejiefieHUs omnepekeHus. BoisIBUTH
XapakTep BAUSHUS BHEIIHETO TPEHUs HA ONEPEKEHUE MPU MPOKATKE B MIAJIKUX Bajikax. OnpeaenuTsb
pacueToM KOX(pGUIIMEHT BHEIIHETO0 TPEHUS, WCHOJIb3YyS WHIAMBUAYAIbLHBIC JAHHBIC OMPEICICHUS

OIICPCIKCHU .

Beinosinus padorty, Bl Oynere:
ymemb:
- IPUMEHATh TUIOBbIE METOJIMKHU OLPE/IeNICHHs TapaMeTpOB 0OPaObOTKU METAIJIOB JIaBICHUEM;
-BBIOMPATH  CIPABOYHBLIE  JAHHBIE,  XapaKTEpHU3VIOIIME  B3aUMOCBSA3HM  CTPYKTYPBL  H
CBOMCTB 00pabaThIBAEMBIX METAJIOB U CILUIABOB, JUIsl 00€CHeUeHUs BhINYCKA MPOAYKIUY C 3a/IaHHbIMU
CBOMCTBAMH.

MaTepnaﬂbnoe odecneyeHue:
y‘le6HO-MeTOHI/IquKaﬂ JOKYMCHTANMA, AMAAKTHYCCKHMEC CPCACTBA

3az1a}me: OIIPEACIIUTDL OIICPECIKCHNUEC U OTCTABAHUC IIPU ITPOKATKE.

Ilopsinok BbINOJIHEHHS Pa0OTHI:
1. O3HakoMHTbCS C IPAKTHUECKOH paboTO.
2. Tlomyuuth HOMEp BapHaHTa y MPENo1aBaTesl.
3. Tlo mosydeHHBIM JaHHBIM PACCYUTATh ONEPEIKECHUE H OTCTABAHKE IO METO/IUKE, YKa3aHHOHU B
MOCOOHH.
4. Odopmuts paboty B paboyeil TeTpaau.
5. Cpartp npenojaBaTelo Ha IPOBEPKY.
Tabnuna — Vcxonublie nanHbIe

TonwmnHa
N° nonocel A0 OnameTtp KoadpdpuumeHT OTHOCUTEnbHoe
BapuaHTa NpoKaTKu, BankoB, D , MM|TpeHwus, f obxatune, %

, MM
1 150 1300 0,3 120 |
2 Is0 1300 0,3 120 |
3 1100 1500 0,35 125 |
4 1120 1500 0,36 125 |
5 1130 l650 0,38 125 |
6 1150 1650 0,4 126 |
7 180 850 0,42 26
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8 200 850 0,45 27
9 1250 1950 0,46 130 |
110 1300 l950 0,47 130 |

Xon paboThr:
1) OmnpenensieM TOJIIMHY OJIOCH TOCJE IPOKATKH

Jowa

JoHa Onepexexus
omemabasus Vo>Ve

Vn <Vﬁ

CxeMa cui pu ONEepekKeHUH U OTCTaBaHUU

2) Omnpenensiem abCoOTOTHOE 0OKaTHE.

3) OmnpenenseM yroi TpeHHUS.

4) OnpenensieM yroJ 3axBaTa.

5) OnpenenseM HEHTpaIbHBINA (KPUTUYECKUIN) YTOI.
6) OmnpenernsieM orepexeHne U OTCTaBaHUE.

7) lenaem BBIBOJIBI.

(I)opMa npeacraBjJeHusl pe3yJjbTara: B otuere YKa3aThb LCJIb pa6OTLI, onucaTrb METOHUKY
OIMPCACIICHUA OINCPCIKCHUA U KOS(l)(i)I/IHI/IeHTa TPCHUS, CACIATh BBIBOJbI O 3aBUCUMOCTHU OIICPCIKEHUA OT
KOB(I)(I)I/II_II/IGHTQ. TPCHUSA U TOJIIHUHBI ITOJIOCHI ITOCJIC ITPOKATKHU.

Kputepun onenkn:

«5» (OTIMYHO): BBIMOJIHEHBI BCE 3aJaHUA, CTYJCHT 4YeTKO W Oe3 omMOOK OTBETHWI Ha Bce
KOHTPOJIbHBIE BOIIPOCHI.

«4» (XOpoI10): BBINMOJHEHBI BCE 33JaHUsS; CTYJACHT OTBETHJ Ha BCE KOHTPOJBHBIE BOMPOCH C
3aMCYaHUsIMU.

«3» (YIOBJIETBOPUTENILHO): BBINOJIHEHBI BCEe PabOThl C 3aMEUaHUSIMM; CTYJICHT OTBETUJ Ha BCe
KOHTPOJIbHBIC BOITPOCHI € 3aMCYAHUSAMMH.

«2» (He 3a4TeHO): CTYAEHT HE BBINOJHWJ WM BBINOJIHUI HENpPAaBWIBHO 3aJaHMs; CTYACHT
OTBCTUJI HA KOHTPOJIBHBIC BOITPOCHI C OIIMOKaMH MJIM HE OTBETUII Ha KOHTPOJIbHBIC BOITPOCHI.
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Tema 1.9 OnepesxkeHue M OTCTABAHNE

JladopaTopHoe 3augTue No7

OnpenesieHue onepexeHus 1 OTCTABAaHUA MPHU NMPOKATKe Ha JlabopaTopHoMm ctane JYO-
130

Leap padoThl: onpeseeHne BIUSHUS BETMYHHBI 00KaTHUS U YCTIOBUM TPEHUS Ha ONIEPExKEHHE.

Bbinosinus padory, Bel Oyjaere:
ymemn.
- IPUMEHSTH TUIIOBBIE METOJIMKH ONPEICICHUS TapaMeTPOB 00pabOTKN METANIOB AABJICHUEM;
-BLIOMPATL  COPABOYHBLIE  JAaHHBIE, XapPaKTEPU3VIOIIME  B3aMMOCBI3U  CTPYKTYPHL  H
CBOMCTB 00pabaTbiBaeMbIX METAIJIOB U CIJIABOB, JIJIsl 00eCHeueHus BhINYCKA MPOAYKINHU C 3aJaHHBIMU
CBOWICTBaMH.

MarepuanabHoe odecrneyeHue:
ABTOMAaTH3UPOBAHHLIH JIA00paTOPHEIN IpokaTHeIN ctad Y 0-130

BaHaHne: OIpCACIINTD BIUAHNA BCJINYNHBI 00XKaTHs U YCJ'IOBI/Iﬁ TPCHUA HaA OIICPCIKCHUC.

Ilopsinok BbINOJIHEHHS PadOThHI:
1. JInst uccriejoBaHUsl ONEPEKEHUS UCIIONIb3YET JiBAa CBUHLIOBBIX 00pa3lia OMHAKOBBIX Pa3MEPOB
(pa3mepbl 00pasIoB 3a4a0TCs MPENOIaBaTEIICM ).

2. Ilepen npokatkoii 0Opa3ibl U3MepUTh. Pe3yabTaTsl 3aHECTH B TAOIUILY.

3. C nomotpio rTHOKON JTUHEHKH ONpEeNeTuTh PACCTOSHUE MEXAy KepHOl] BBIMU OTMETKaMH Ha
Baskax (B 1).

4. C noMo1IbI0 KPOHIUPKYIIS UM THOKON HUTU ONPEACTUTh AUaMeTpP BaJIKOB.

5. IlepBoiii 06pa3zelr MpokaTaTh 3a TPU MPOXOJAa C Pa3HBIMUA A0COIOTHBIMHU 00KaTUsIMH. 6. Banku
nepes KaxJIbIM IPOX0J0M HEOOXOAMMO MPOTUPATh CyXoi uncToi Tpsamnkoil. [locie kaxaoro mpoxoaa
M3MEPHUTH OOpa3zel] U PACCTOSHUE MEXAYy OTIeuaTKaMu KEpHOB Ha mojoce. 7. Btopoit obOpazert
MPOKaTaTh MpPU TEX K€ PEKUMax, YTO U NEPBBIM, HO TMepe] KaXJbIM IPOXOJOM BaJKU HATEPETh
MenoM. Tak jxe Kak onmucaHo BbIIlIe, U3MEPUTH BTOPOIl 0Opasell.

6. Onpenenuts onepexeHne s KakI0ro npoxoia

Xoa pa0doThI:

[Ipu mpokatke Ha BbIXOJAE M3 ouara AedOopMali CKOPOCTh TOJIOCHI OOJBIIE OKPYKHOU
cKopocTH BaJIkoB. OTHOCHUTENbHASA BEJIMYMHA, XapAaKTEpHU3YIOIIas Ha CKOJBKO CKOPOCTh IMOJOCHI Ha
BBIXOJIe W3 oyara aedopmaiuu OOJIbIIE OKPYXHOM CKOPOCTH BajKOB, HA3bIBACTCS OIEPEKECHUEM.
OmnepexeHne onpenensieTcs CiaeayrIM 00pazoM:

S= vl - ve/ vB *100%

I'Jle UB — CKOPOCTh TOJIOCHI Ha BBIXO/I€ U3 oyara Jie(opMaluu;
L1 — OKpyXHas CKOPOCTh BAJIKOB.
OnepexeHne BblpaxkkaeTrcs JIMOO B OTHOCUTENIBHBIX €IUWHUIAX, JU00 B mpoieHTax. CKopocTh
MOJIOCHI Ha BX0/1€ B ovar edopmanuu L0 Bceria MeHbIE OKPYKHOH CKOPOCTH BaJIKOB.
Takum oOpas3oMm, umeer Mecto HepaBeHCTBO LO <uB <vl. Ecnu M3BecTHO omepexeHue, To
CKOPOCTb MOJIOCH! Ha BBIXOJI€ U3 04ara Je(OopMallly COIJIACHO ONPEISIINTCS KaKk

vl = vB (1+)
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OnepexeHne MeTamia HEOOXOJUMO YUYUTHIBATH IPH COTJIACOBAHMM CKOPOCTEH BpaICHHS
BaJIKOB, YTO OCOOEHHO Ba)KHO MPHU HENMPEPHIBHON MpOKaTKE. AHAIN3 HEPABEHCTBA IOKAa3bIBAeT, YTO B
npenenax oyara aeopMaluy UMEeTcs MOMEPeYHoe CeUeHUE, CKOPOCTH BCEX TOYEK KOTOPOTO paBHBI.
DTO cedeHHE HA3bIBAIOT KPUTUYECKUM, a KOOPAMHATY €ro — KpUTHUYeCKuM yrioMm y . Kpurtuueckoe
CEUEHHUE JEIUT MOBEPXHOCTh KOHTAKTa METajula C BAJIKOM Ha JBE€ 30HBI: 30HY OTCTAaBaHUSA U 30HY
ornepexxeHus. BennunHy onepeskeHus MoKHO HaiTu 1o popmyne ['onosuna - Jlpeznena:

| =( R/hy)*y?

Kax Bunno u3 ¢opmynsl ['onoBuna-/pesnena, yem Oojblie paguyc BajJKOB U YE€M MEHbIIIE
KOHEYHasi TOJIIMHA TOJOCH, TeM Oousblie onepexenne. OCOOCHHO CHIBHO 3aBHCHUT ONEPEKEHUE OT
BEJIMYMHBI KpUTUYECKOTo yria ¥ . Bece ¢axTopsl, Baustonue Ha yrona y (yroi 3axBaTa, Yroji TpeHHS,
HaTSKEHHE, COTPOTHUBIIEHUE AeopMaluy U Ap.), OKA3bIBAIOT BIMSHHUE U HA ONEpPEKEHUE.

Haubonee mpocThIM MPaKTHYECKUM METOJOM JJIsi ONPEACICHHUS ONEPEKEHHS SBISIETCS METO.
KEpPHOBBIX OTIIEYATKOB, KOTOPBIM COCTOUT B clieAyromeM. Ha moBepXHOCTH OJHOTO U3 BAaJKOB WJIU Ha
0o0oMX BaJKaX B IUIOCKOCTH TEPHEHIUKYISAPHON MPOJOIBHOW OCH BajKa HAHECEHBI KEPHOM
yriayOieHus Ha paccTosiHud B | ogHo ot npyroro. Ilocne mpokaTku Ha MOJOCE OCTAIOTCS OTIIEYaTKU
ATUX yII1yOJIEHUH, pacCTOSIHUE MEXAY KOTOPBIMU PaBHO 1.

B kaxxnoMm mpoxojie M0 M3BECTHON 3KCHEPUMEHTAIbHO MOJYyYeHHOW Bel| TMYMHE OnepeXeHus
OTIpENIeNIUTh KOAPPHUIHMEHT TPEHUS Ui pa3andyHbIX yciol) Buil mpokawku. IloidydeHHbie pe3ynbTaThl
CBECTH B Ta0NHUILy.

Tabnuia — Pe3ynbraTel H3MepeHuil 1 pacueToB
No homm | hymm | Ahmm | Lymm | Limm | % a f hi/R
OnbITa

HpOKaTKa B YHCTBIX BaJIKax

N

HpOKaTKa B HAMCJICHHBIX BaJIKax

N

(I)opMa npeacraBjJgeHusl pe3yJjabTara: B otuere YKa3aThb LCJIb pa6OTLI, onucaTrb METOHNUKY
OIMPCACIICHUSA OICPECIKCHUA U OTCTaBaHUs, CACIATh BHIBO/IBI.

Kpurepun onenku:

«5» (OTIMYHO): BBINOJIHEHBI BCE 3aJaHUA, CTYJCHT 4YeTKO W Oe3 omMOOK OTBETHWI Ha Bce
KOHTPOJIbHBIE BOTIPOCHI.

«4» (XOpo1110): BBINOJIHEHB! BCE 3a/JaHUS; CTYIACHT OTBETWJI Ha BCE KOHTPOJIBHBIE BOIPOCH C
3aMeUYaHUsIMHU.

«3» (YIOBJIETBOPUTENILHO): BBIOJIHEHB!I BCEe PabOThl C 3aMEUaHUSMM; CTYJICHT OTBETHUJ Ha BCe
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSIMHU.

«2» (He 3a4TeHO0): CTYAEHT HE BBINOJHWI WU BBIIOJIHUI HENPAaBUJIBHO 3a/laHUs; CTYICHT
OTBETUJI Ha KOHTPOJIbHBIE BOMPOCHI C OIMIMOKAMH UM HE OTBETHJI HA KOHTPOJIbHBIE BOIIPOCHI.
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Tema 1.10 Yinupenue npu o0padoTKe MeTaJJI0B TABJEHUEM

JlaboparopHoe 3ansaTne Ne 8.9
N3yyeHnne BIAUSIHUS BEJTHYNHBI 005KATHS HA YIIMPEHHE W U3y4YeHHe BJIUSHUE IMPUHBI
M0JIOCHI HA yIIUpeHHe Ha JadopaTopHoM ctaHe J[YO-130.

Hear padoThl: H3YyYCHUE 3aBUCUMOCTH VIIMPEHUS MPU OPOJIOJBLHOW MPOKATKE MOJIOCHI
MIPSIMOYTOJILHOT'O CEYEHU Ha MIIAJKO0I OOUKe.

Beinosnus patdory, Bel Oyaere:
ymemy:
- IPUMEHATh TUIOBBIC METOJMKHU ONPEACICHHS NapaMeTPOB 0OPabOTKH METAIIIIOB AaBJICHUEM,;
-BbIOMpATh  CHOPAaBOYHBIE  JIaHHBIC,  XapaKTEPU3YIOIIME  B3aUMOCBA3M _ CTPYKTYPbl U
CBOWCTB 00pabaThIBAEMBIX METAJIOB M CIUIABOB, JUIsl 0OecHeueHNs BhIMYCKA MPOAYKIIUHU C 33/IaHHBIMU
CBOMCTBAMH.

MaTtepuajibHOe o0ecnedeHue:
ABTOMATU3UPOBAHHLIN J1a00paTOPHBIN pokaTHbIM ctad JIY0-130

3aganuMe: M3yyUTb 3aBUCHUMOCTb YIIMPEHHMS TpPU TPOJOJIBHOM IPOKATKE  IMOJIOCHI
IPSIMOYTOJIBHOTO CEYEHHUs Ha IVIaJKONH OOoUKe.

Ilopsinok BbINOJHEHHS PadOTHI:
3aBHUCHUMOCTD 00KaTHsI HA YIIUPEHHE:

1. Tlepen mpokaTKoi B MecTax U3MEPEHUS UIUPUHBI CJIEAYET HAHECTH PUCKH.

2. Y obpasna Nel u3mMepuTh TOJIIKUHY, ITUPUHY | JUTHHY. Pe3yabTaThl 3aHECTH B TAOIHILY.

3. IIpoxatath oOpazen Nel B Bajkax, cMazaHHbIX MeJoM ¢ oOxatueM 30-40%.

4. W3mepuTh TOJIIMHY, LIUPUHY U JUIMHY 00pa3ia mocie MpoKaTKy 1 3aHECTH B TaOIULLy.

5. Y oOpasiia No2 uzMepuThb TONIINHY, IMUPUHY U TUHY U 3aHECTH B TaOJIHUILY.

6. Ilpoxarats oOpazer No2 B BajkaX, CMa3aHHBIX MAITMHHBIM MacyioM ¢ ooxkatuem 30-40%.

7. V3mepuTh TONIIMHY, IIUPUHY U JJIMHY MTOCJIE MTPOKATKU U 3aHECTU B TAOJIHUILY.
Tabnuna - JlaHHbIe 110 H3yYEHUIO BIMSHUS 00XKaTHs Ha YITHPEHUE

No Yenosus | hg | bo | Lo | Hy | B, L Ab

o0pa3ua | mpoKaTKu Pa3smepr! oOpasziia, MM

1 Men

2 Macio

3aBMCHMOCTD YIIUPEHHUS OT INMPHHBI I0JIOCHI:

1.UccnenoBanust mpoBOATCS HA TpeX oOpasiax pasHou mupuHsl: 20 u 40 mwm.
2. [Tpokatky ¢ ooxatuem 30-40 % ocCyIIecTBIATh Ha CyXUX BaJKax.

3. Pe3ynbTarhl U3MEpEeHU 3aHECTH B TAOIHILY

Tabnuna — JlanHble M0 U3yYEHUIO BIMSHUS IIUPHUHBI MOJO0CHI HA YITUPEHHE
Xapakrepuctuka | O6pazer Ne 1 (20mm) | O6pazert Ne 2 (30mm) | O6pazery Ne 3 (40mm)

ho MM

Hi MM

Ah MM
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H, MM

Xoa pa6orbl: V3yuyuTh MHCTPYKIIMIO K JaHHOW J1abopatopHOoi padore. M3MepuTh TONIHMHY U
IIMPUHY 00pa3IOB U MPOKATaTh UX C PA3IMYHBIM OOXaTheM 3a mpoxoja. M3mepuTs o0pasibl mocie
MPOKATKM M HaWTH ymupeHue. OmnpenenuTh IMoKaszareidb ymMpeHus. Paccuurarh TeopeTuueckoe
3HaueHue ymupeHus mo ¢opmynam A.YekmapeBa u b. baxTtuHoBa. OKOHUYaTeIbHBIEC PE3yJIbTATHI
OTIBITOB U PACUETOB 3aHECTU B TAOJUILY, TPUBEACHHYIO B MHCTPYKITUH.

% 4
pal U’:TQ
5 %
[ G g
/0).;. 0)_..— o,i
A A A
4 4 4 3
pr it 4 R
5,/’ 0;/‘/ GA" A~

AL

Dy
HaHmeeHHO — I[e(bOpMI/IpOBaHHoe COCTOSIHHUC IIPU ITPOKATKE

®opma mnpeacrapieHusi pedyabrara: OTueT O NpoJeNaHHOW paboTe JOJKEH COolepKaTh
Ha3BaHME U LIeJb pabOThl, ONMCAaHUE Xo0Ja padoThl; TAOJUIy M3MEPEHUHl M pPacyeToB; PaCUETHI
MCKOMBIX BEJIMYHMH; BHIBOJIBI.

Kputepun onenkn:
«5» (OTAMYHO): BBHITIOJIHEHBI BCE 3aJlaHUS, CTYIEHT YETKO W 0€3 OIMOOK OTBETHJI Ha BCE

KOHTPOJIbHBIC BOIIPOCHI.
«4» (XOpOHIO)I BBITIOJTHCHBI BCC 3aaHUsA; CTYACHT OTBCTUJI Ha BCC KOHTPOJIBHBIC BOIIPOCHI C

3aMEYaHUsIMU.
«3» (YIOBJIETBOPUTEIHHO): BBITIOJHEHBI BCe palOTHI ¢ 3aMEYaHUSIMU; CTYJEHT OTBETHJI Ha BCE

KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSMH.
«2» (He 3a4TEeHO): CTYACHT HE BBIMOJHWI WM BBITIOJHWI HEMPaBWIBHO 3aJaHUs; CTYJICHT

OTBCTUJI HA KOHTPOJILHBIC BOIIPOCHI C OIIMOKAMH WM HE OTBETHII Ha KOHTPOJIBHBIC BOITPOCHI.

Tema 1.10 Yinupenue npu o0padoTKke MeTaa1JI0B IaABJeHUEM
IIpakTuueckoe 3augarue Ne 9,10,11

Metoasbl pacyera ymupeHus npu npokarke no meroay A.W. leaukosa, b.I1. baxTtunosa,
A.Il. YexkmapeBa

Ienpr pabGorbl: ocBOUTH MeTOAMKY onpenencHus ymupeHus no A.W. IlenukoBy, B.IIL
baxtunoBy u A.Il. Yekmapesy.

Beinosinus padory, Bel Oyaere:
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ymemo:
- IpUMEHATH THIOBBIE METOAUKHU ONPENENIEHNS IapaMeTpOB 00pabOTKHM METAJIJIOB JABJICHUEM,
-BI:I6I/IDaTI> CIIPABOYHBIC JAHHBIC, XAPAKTCPU3YIOIIIHNEC B3aNMOCBSA3U CTPYKTYPHIL )41
CBOMCTB 00pabaThIBAEMBIX METAJIJIOB M CIUIABOB, IS 00ECIICYCHHMS BRINYCKA NPOAYKIIMY C 3aJaHHBIMU
CBOMCTBAMM.

MarepunanbHoe obecrnieyeHue:
YueOHo-MeToMuecKas JOKYMEHTAIHs], IUIAKTUIECKUE CPEICTBA

3amaHue: 03HAKOMUTHCS C METOAMKOM ONpe/ieNeHus YIIUPSHNS MPU MPOKATKE MO Pa3IuIHbIM
METOHMKAM.

[lpy w3yueHuM AEWCTBUS Kakoro-nuOO MapaMeTpa IMpolecca MPOKATKM Ha HM3MEHEHUE
norepeyHor nedopmanuy NpeHeOperaroT BIMSHUEM JPYTUX MapaMeTpoB, T.e. NPHUHUMAIOT HX
HEM3MEHSIOIUMHUCS HIIH OTCYTCTBYIOIIMH.

1) OOxartne — Bcerja yBEJIMYMBACT YIIMPEHUE METajlla, T.K. MPU YBEIMYCHUU OOKaTHs

BO3pacTaeT JUIMHa o4ara JeopMaly, NPEernsTCTBYIOAs BBITSDKKE, M METAJUT BBIHY)K/ICH
YaCTUYHO MEPEMEIIATHCS B MOTIEPEYHOM HAIPaBJICHUY;

2) TonmuHa MOJIOCH — NPU YMEHBIICHUH TOJIIMHBI IOJIOCHI, 32 CYET YBEITUYECHUS
00KaTusl, YIIMPEHNE METaJlJIa YBEIIMIUBACTCS;

3) JlnameTp BajKoB — MpHU MPOKATKE MeTalljla B BajKax OOJBIIOr0 AMAMETPa, YIIMPEHUE
YBEJIMYNBAETCS;

4) KosdduimeHT KOHTaKTHOTO TpeHHUs — YBEIHMYEHHUE KOHTAKTHOTO TPEHHUS, CAEPIKHUBAs
BBITSDKKY, CHIOCOOCTBYET Pa3BUTHIO YIITUPECHHUS;

5) IupuHa moMoCH — MO Mepe YBEIHUYEHUs IIMPHUHBI MOJIO0CH onepevHas AegopMmarius

yMeHbImaeTcs g0 onpenenenHoro mnpexena (& 600MM), nocne wero yBenwuenwe ImMPHHBI
NPaKTHYECKH HE CKa3bIBACTCS HA M3MEHEHUH BEIMYMHBI yupeHus. [Ipu nmpokaTke HIMPOKUX JIMCTOB
VIIUPEHUE TPAKTHUECKH OTCYTCTBYET, 3TO OOBSICHICTCS yBEIMUECHHEM COOTHOIICHUS IMPUHBI OYara
nepopManu K €ro JUIMHE, COOTBETCTBEHHO, POCTOM IONEPEYHBbIX HANPSKEHWH, MPEBHIAIOIINX
MIPOIOJIBHBIE;

6) KonnyectBo mnpormyckoB — ApoOHOCTh o00med aedopMaiuy, BbIpaXkarolascs B
YBEIIMYEHUU OOIIEro KOJMYECTBA TPOITYCKOB TpWM MPOKATKE MeTaia, BCerAa TNPUBOIUT K
YMEHBIICHUIO YIIUPEHUs B OTAEIbHOM TNpOMycKe (M0 MNPUYMHE YMEHbLICHHsS JUIMH OYaroB
nepopMaIi B KaX/10M OTAEJIbHOM MPOITYCKE);

7) HatspkeHre KOHIIOB MOJIOCHI — MEpe/lHee U 3aJJHEee HATSDKEHHE YMEHBIIAIT YIIUpEeHUe
MeTajula, T.K. CHWKAIOT BEJMYMHY YCHJIMS MPOKATKH (Y4TO PAaBHOCHIIBHO YMEHBIICHHIO OOXKaTHs B
Ka)KZIOM IIPOITYCKE);

8) @akTOpBl, YBEIMYMBAIOIIME OINEPEKECHHE MeTalla IIPU IMPOKATKE, YBEIMYHUBAIOT
YIIUPEHHUE.

VYmupenue MmeTaiia yBEIMUMBAETCS INpPH BO3PACTaHUM JHMaMETpa BaJKOB, KO3(PQHUIMEHTa
TPEHUs U CHWXKCHUM TEMIIEpaTypbl METalla B IIPOLIECCE TOPsYEeH MPOKATKU. Ymupenue

IMPONMOPIHHUOHATIEHO O6)KaTI/IIO; OHO 3aBHCHUT OT TOJIIIMHBI K HIUPUHBI HpOKaTI)IBaeMOﬁ II0JIOCHI.

®opmy.ia b. II. baxTuHoBa :

Ah Ah
Ab =1,15 X — (*JR&h - —)
2R, 2f

JlJis IpakTU4eCKOro IMOJIb30BaHMSI B IMEPBYIO OUYEPEb PEKOMEHIYETCs MPUMEHITh Gpopmyiny b.
I1. BaxTrHOBA, ABISAIOUIYIOCS HAUOOJIee MPOCTOI U B TO K€ BpeMs JOCTATOYHO TOYHO.

®opmyna A.M.IlennkoBa A pacyeTa yIIMpeHHUs:
Ah h
Ab =05(/R,*Ah — —)In—=
! ( K Ef] hJ. , MM
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®opmyna A.Il. UekmapeBa

Ab = (0,35 +0,45)?,HRK»«-MLMM

ITopsinok BbINOJIHEHHSI PAa0OTHI:
1.TToarotoBuTh pabodee MeCTO;
2.ITpounTaTh HHCTPYKIIUIO K JJAOOpaTOpPHOU padboTe;
3.BBIMOTHUTH Ta00pPaTOpHYIO padoTy;
4. OdbopmuTh OTUYET O padboTe;
5. 3amuTuTh 1a00paTOPHYIO paboTYy.

Xox padoThI:

1. Ilpn wu3ydyeHun AEHCTBUS Kakoro-imO0O mnapameTrpa Ipolecca IPOKaTKH Ha H3MEHEHHE
nonepeyHoi Jedopmanuy NpeHeOperaroT BIMSHHUEM JPYTUX [apaMeTpoB, T.e. NPUHUMAIOT HX
HEU3MEHSIOIUMHUCS WIH OTCYTCTBYIOIUMH.

2.00xkaTue — BcerJa yBEJIMYMBAET YUIMPEHHE MeTaula, T.K. NpPU YBEIMYEHUH OOXaTus
BO3pacTaeT JJIMHA ovara Ae(opManuu, IpensTCTBYIOMAs BBITSDKKE, U METaUl BBIHYXK/ICH YaCTUYHO
IepeMeIaThCsl B IONEPEUYHOM HalpaBJICHUY;

3. TommuHa MOJOCH — MPH yYMEHBIIEHUH TOJIIUHBI IOJIOCHI, 32 CUET YBEIUYEHUS OOKaTHS,
yLUIMpEHHE MeTalla yBEeJIU4NBaeTCs;

4. JluameTp BAJIKOB — IPH MPOKAaTKE MeTalla B BajKaxX OOJBIIOTO JHAMETpPa, YIIMPEHHE
YBEJIMUNBACTCS;

5.KoapunmeHT KOHTAaKTHOTO TPEHHS — YBEITMYCHNUE KOHTAKTHOTO TPEHUS, CCPKHUBASL BBITSIKKY,
CIIOCOOCTBYET Pa3BUTHIO YIIUPEHHUS;

6.llupuHa mMoJIOCEI — 1O MEpe YyBEIMYEHHsS UIMPUHBI IOJIOCHI IOTepeyHas aedopmanus
yMeHbImaeTcs jo ompenenensoro npexena (& 600MM), nocie wero yBenmuenue IIMPHHBL
MPAaKTUYECKH HE CKa3bIBACTCS HA M3MEHEHHWH BEIMYMHBI ymupeHus. [Ipu mpokaTke MMPOKHUX JIMCTOB
YUIMPEHHE MPAKTUYECKH OTCYTCTBYET, 3TO OOBACHSACTCS YBEJIIMYEHUEM COOTHOLICHMS LIMPUHBI O4ara
neopManu K €ro JUIMHE, COOTBETCTBEHHO, POCTOM TIOMEPEYHBIX HANPSIKCHHH, IMPEBHIIAIONINX
MIPO/IOJIbHBIE;

7.KonuuecTBo mporyckoB — ApoOHOCTh 00mIel aedopmanuy, BeIpakarollascs B YBEIMUYEHUU
o0111ero KoJMm4yecTBa MpoNyCcKOB IMpU MPOKAaTKE METaslIa, BCEra NPUBOIUT K YMEHBIICHUIO YITUPEHUS
B OTJEIFHOM TPOITycKe (10 MPUYMHE YMEHBIIEHUS UTMH 04aroB JeQOpMaluu B KOKIOM OTACIHHOM
IPOIYCKe);

8.HatspkeHre KOHIIOB MOJIOCH — TIEpEeIHEE U 3a/[Hee HATSHKEHNE YMEHBINAIOT YIIUPEHUE MeTalia,
T.K. CHM)KAIOT BEJIMYMHY YCWJIMA HPOKATKH (YTO PABHOCHIBHO YMEHBIIEHHIO 00XaThs B KaKIOM
MIPOITYCKE);

9.@akTOpbl, YBEIUUYHMBAIOIIME OINEPEKEHHE MeTalla NpPU MPOKATKE, YBEIMYMBAIOT YIIMPEHHE.
VYmmpenue merania yBeIMUMBAETCs NMPU BO3pACTaHUM JUMAMETpa BaJKOB, KO3(DHIMEHTa TPeHUs U
CHIDKEHHHM TeMIIepaTypbl MeTajlla B Ipoliecce ropsuei mpoKaTKy.

YimpeHnue mpornopIuoHaIbHO 00KATHIO; OHO 3aBUCHT OT TOJIIHMHBI H ITMPUHBI IIPOKATHIBAEMOM
MIOJIOCHI.

®dopmya b. II. baxTuHoBa :

Ah Ah
Ab =115 X — (1fR&h - —)
2h, 2f

JlJis IpakTUYEeCKOTO TMOJIb30BAHUS B TMIEPBYIO OUYEPEh PEKOMEHIYETCs MPUMEHITh Gopmyny b.
1. baxTrHOBA, SBIAIONIYIOCS HAMOOJIEE MPOCTON U B TO Ke BPEMS JJOCTATOYHO TOYHO.

®opmyna A.M.IlennkoBa as pacyeTa ylInpeHUs:
- “Ah — 2By pte
Ab = 0,5 (/R +Ah — 7 Inz2, o
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®opmyna A.Il. UekmapeBa

Ab = (0,35 +0,45)?,HRKmh,

®opma mnpeacraBieHuss pesyiabrata: OrT4yer O mpojenaHHONW paboTe MOIDKEH COJepKaTh
Ha3BaHUE U 11eJIb pabOThl, OMUCAHNE X014 PAOOTHI; BEIBOIBI.

Kpurepum oueHku:

«5» (OTIMYHO): BBINOJIHEHBI BCE 3aJaHUsA, CTYJCHT 4YeTKO W Oe3 ommOOK OTBETWI Ha Bce
KOHTPOJIbHBIE BOIIPOCHI.

«4» (XOpolI0): BBIIOJHEHBI BCE 3aJaHUs; CTYAEHT OTBETHJI Ha BCE KOHTPOJIbHBIE BOIPOCHI C
3aMeYaHUsIMHU.

«3» (yIOBJIETBOPUTEIBHO): BBIIIOJHEHBI BCE pabOTHI C 3aMEYaHUSIMM; CTYACHT OTBETHJI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSAMHU.

«2» (He 3a4TEHO0): CTYAEHT HE BBIIIOJHUJI WM BBIIOJHUJI HENPaBWIbHO 3aJaHMs; CTYIEHT
OTBETHJI HAa KOHTPOJIbHBIE BOIIPOCH! C OIIMOKAMH WM HE OTBETUII Ha KOHTPOJIbHbIE BOIIPOCHI.

Tema 1.11 JHeprocuaoBbie mapaMeTpbl IPH 00PA0OTKE METALJIOB AaBJEHUEM

IIpakTuueckoe 3ausaTue Ne 12.13
CocraBJ/ieHHe IOJTHOI0O MOMEHTA Ha BaJy ABurares. [locrpoenne nnarpammsi
MeXaHM4YeCKOI HATPY3KHM HA BaJIy IBUraTe/isi CTaHA

He.]'lb paﬁoTbl: Hay4YuThCA COCTABJATH IMOJIHEIA MOMEHT JABUTATCIIA TIPOKATHOT'O CTaHa U
CTPOUTH AUArpaMMy MEXaHMYECKOM HATPY3KH.

Beinosinus patdory, Bel Oyaere:

ymemy:

- IPUMEHATh TUIIOBBIE METOJIMKHU OIPEJIeNICHHs TapaMeTPOB 00pabOTKU METAJIOB JIaBICHUEM;

-BBIOMpAThL  COPABOYHBIE  JAHHBIE,  XapPaKTEPU3VIOIIME  B3aWMMOCBS3H  CTPYKTYPHL U
CBOMCTB 00pabaThIBAEMBIX METAJJIOB U CILUIABOB, JUIs 0OecreueHus BhINYCKa MPOJIYKIIUHU C 33/IaHHBIMU
CBOMCTBAMH.

MarepuajnbHoe o0ecnieyeHue:
YyeOHO-MeToanYecKass JOKYMEHTAMS, TUIAKTUYECKHUE CPEACTBA

3agaHue: COCTaBUTH IMOJHBIA MOMEHT JBUTATENSI MMPOKATHOTO CTaHA U MOCTPOUTH JUATPAMMY
MEXaHUYECKOW Harpy3KHu.

IMopsinok BHINOJHEHUS PAOOTHI:

N3yunte METOAMUYECKUE PEKOMEHAALNH K IIPAKTHUECKON paboTe.
[TomyunTe MHAMBUYAIbHBIE JAHHBIE Y ITPEITOAABATENS.
YcraHoBUTE ABUTATEb HOMUHAIBHON MOIIIHOCTH.

BelmtonnHUTE pacyeTsl.

ITocTpoiiTe Harpy304HyI0 AUarpaMMmy.

orwdPE

Xoa padoThi:
[TomHBIA KpYTANIUH MOMEHT JBUTATENsI, HEOOXOMWMBIM IS TPUBOJA TPOKATHOTO CTaHa,
CKJIaJIBIBAETCS U3 CYMMBI MOMEHTOB:
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Mo=M,+M, +M, M +tM,,

raie, Mnop — MOMEHT TIPOKAaTKH, HEOOXOMUMBIA JUIsi OCYIIECTBICHUS IJIACTUYECKOU
nepopMalu Bajikax;

MTp — MOMEHT TpEHMS, BO3HUKAIOIIUI B NOAIMIMITHUKAX ITPOKATHBIX BAJIKOB OT JACHCTBUI
JABJICHUSI METAJUIa HAa BAJIKU IIPU IIPOKATKE;

MXx.X — MOMEHT XOJIOCTOTO XOJa, TPEOYIOIIMICS i MPUBOJA MPOKATHOIO CTaHa MPHU
XOJIOCTOM XO/JI€;

MH — MOMEHT HATSOHKCHHS, HEOOXOIUMBIA IJIsi CO3JaHUS HATSHKCHHS IOJIOCHI IIPU
npokarke. Ecinu HaTshkeHue nepeHee, MOMEHT HaTSKEHHs OepeTcs CO 3HAKOM «-» , €ClIU HaTsDKEHHE
3aJlHee, TO MOMEHT HATsDKEHUSI OEPETCsl CO 3HAKOM «+.

MauH — MOMEHT AMHAMUYECKUHN, TPEeOYyIOIIUNCS ISl MPEOAOICHHUs] MHEPLUUOHHBIX CHII,
BO3HUKAIOIIKMX B MOMEHT Pa3roHa WA TOPMOKEHUS.

Yucno o0OpOTOB ABUTATENSl MPU PEBEPCUBHOM MPOKATKM MOMEHT JAMHAMUYECKUH CO
3HAKOM «1» IPHU pa3roHE CTaHa M CO 3HAKOM «-» IPU TOPMOKECHUU CTaHA. JnHamuyeckui
MOMEHT OINpEAeNsieTcss TOJBKO s PEBEPCHUBHBIX CTaHOB (OJNIFOMHMHIOB, CISIOMHTOB U
TOJICTOJINCTOBBIX CTAHOB).

MOMEHT HaTsHKEHUS ONpeNeNsieTcs AJisi CTAaHOB MHOTOKJIEThEBBIX HEIPEPHIBHBIX, & TAKKE
JUISL OAHO-, JIBYX - KJIETBEBBIX CTAaHOB XOJOJHON MPOKATKH, OOOPYJOBAaHHBIMH MOTAJIKAMH,
MEepeAHUMU U 33 JTHUMHU.

CyMmMma 4 nepBbIX MOMEHTOB MPOKATKH XOJIOCTOTO XOJa U HATSKEHUS ONpeAessieTcs s
JMOOBIX TUIIOB CTaHA U HA3bIBACTCSI CTATUYECKMM MOMEHTOM J[BUTATEJIS.

Mg = M, + M, + My, + M,

CraTU4ecKui MOMEHT ABUTATCIIA YKa3bIBAIOT B ITACIIOPTHBIX JAHHBIX JABUTATCIIA. On
HCO6XOI[I/IM I PacdCTOB BEIIMYHHBI K03(1)(1)I/II_II/ICHT8 ITIOJIC3HOI'O ﬂeﬁCTBHH IMIPOKATHOI'O CTaHa.

M
p e
=—=0,7+0,85
nl:-T M » L]

CT

[TonHbIA KPYTAIMNA MOMEHT JBUTATENS U €r0 COCTABJISAIOIINE MOMEHTHI PACCUUTHIBAIOTCS B
3aBUCUMOCTH OT BEJIMYUHBI TOJHOTO JAaBJIEHUS METajUla Ha BaJKU M rabapuToB JeTaned TiIaBHOMN
JUHUEN npokaTHoro ctaHa. Kpyrauuit MoMeHT aBurarens usmepsercs B (T'M, kKH-m).

Jlns  pBuraTene IMOCTOSHHOIO TOKA, ITO3BOJAIOIIMX IUIABHO PEryjIupoBaTb CKOPOCTh
BpallleHUs B MIMPOKUX Mpejesiax, HOMUHaJIbHBIA MOMEHT M, (kHM) 3aBUCUT OT CKOpOCTH BpaIlEHHUS.
IIpu perynmupoBanuu ckopoctu (060potoB) oT 0 10 7, HOMHHAJIbHBII MOMEHT M, HE 3aBUCHUT OT
CKOPOCTH, TAaK KaK pEeryJMpOBaHUE €€ OCYIIECTBIIAETCS 32 CUET M3MEHEHHs TOKa SKOps JBUTATEIIs.
Oto0 3HaueHue M, 3anMCbIBaeTCs B Macnopt ABurarens. [Ipu nanpHelneM NOBBILIEHUH CKOPOCTU 10
BO3MOXXHOTO 3HAUEHUS 12 YMEHBIIAETCSI TOK BO30YXKJEHMSI CTaTopa JBUTATeNs, U 3TO BBI3BIBAET
CHIKEHUE HOMUHAJIILHOT'O MOMEHTA.

M

M,

g

3aBHCUMOCTh HOMHUHAJIBHOI'O MOMCHTA ABUTATCIIA OT CKOPOCTHU
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Jlns mpuBOAOB CTAaHOB YCTAaHABJIMBAIOT ABUTATEIM HOMHUHAIbHOM MomIHOCTH. HomuHanmbHas
MOIIHOCTb JIBUTATENs OnpeAensiercs no Gopmyne:

M Xn

N — AE. INax, , HBI
amE 9,74 XK

Ecnu B mpouiecce paboThl cTaHa Harpy3Ka Ha JIBUraTellb 00pa3yercs OJHOBPEMEHHO 3a CUET JBYX,
TpEX U OoJiee MPOITYCKOB, TO ONpPE/IEICHNE MaKCUMAIbHOTO MOMEHTA Ha Baly JBHTaTelsl PEIIaeTCs C
MTOMOMUIBIO HATPY30YHOM JUarpaMMmBbl.
JInsi TIOCTPOEHHUsT HArpy304HOW JMarpaMMbl HEOOXOIUMO 3HATh CTATHYECKHMH MOMEHT B Ka)KJIOM
MPOITyCKe, MPOJOHKUTEILHOCTD IPOMYyCKa U BpeMs May3 Mexy mpoxojamMu. /luarpamma cTpouTcs: Ha
MWIJIMMETPOBKE U 00s3aTeNbHO B MacmTade, pH 3TOM 110 OCH OPAMHAT OTKJIAIBIBACTCSA CTATUYECKUN
MOMEHT, a 10 Ocu a0cIucc — BpeMs B ceKyHJax. Ha pucyHke npuBeeHa Harpy304yHasi quarpamma Juist
cTaHa, paboTaromero 0e3 MepeKpPHITHUs. Cratuueckas Harpy3ka H3o0pa’keHa B BUJE
MPSIMOYTOJIBHUKOB, COOTBETCTBYIOLIUX MEPBOMY, BTOPOMY M T.JA. MPOXOJaM; Iay3aM COOTBETCTBYET
Harpyska, paBHas MOMEHTY X0JIOCTOr0 X0/1a

JluarpaMma cTaTH4eCKUX HArpy30K JJIsI CTaHa, paboTaromero 6e3 nepeKphITus.

JUis TocTpoeHHsl JAMarpaMMbl JJIsi CTaHa padoOTalolIero ¢ MEepeKphITUEM CHadala
BbIUEPUYHMBAIOT I'pauK NPOKATKH, a MOJ] rpa)uKOM — HArpy30YHYIO AHarpammy.
UepHoBasi JIMHUS CTaHa COCTOUT U3 ABYX KJETEH TPHO, MPUBOJ KOTOPHIX OCYHIECTBIISETCS OT
OJTHOTO 3JIEKTpOABHraTess. MeTaul MpoKaThIBAeTCs B YEPHOBBIX KJIETAX 3a LIECTh MPOIYCKOB (
10 TPU NMPOIMYCKA B KAXKAOU KIIETH).
Cratuyeckre MOMEHTBI Ha BaJly IBUTaTelIs IO MIPOITYCKaM COCTABUIIM:

M., =450kH X M (450Tc X M); M, =420 KH X M (42,0 1Cc X M);
M, =330kHX M (33,0Tc XM); M5 =468kHX M (46,8 1C X M);
M., =328kHXM(3281cXM); M,,=300xHXmM(30,0T1cXM).
HpOI[OJ'DKI/ITCJ'IBHOCTI) IMPOKATKHU MOJIOCHI 11O IIPOITyCKaM:
tl == 8,5 C, tz == 1{],4 C, tg = 12,5 C,tﬂl‘ = 15,6 C; ta = 18_,2 C, tﬁ == 2{],5 C
[TpoomKUTETHLHOCTD May3 MEXY MPOIMYCKAMU:
t,, =40¢t,=40c¢ t,;=200¢t,=50ct,:=6,0c

Kaxnaplii mocneayromuii packaT 3aJa€Tcs B MEPBYIO KJIETh Tpuo 4epe3 9,0 cekyHn mocie
BBIXOJIa M3 ATOM KJIeTH mpeabiaymied nojocel. uamerp BankoB D = 620 mm. Koadduumenr,
YUUTBIBAIOLINH TOMYCTUMYIO neperpysky nsuratens, K = 2. CkopocTs npokaTku 2, 92 m/c.

Jlnst ynpotieHus pacu€ToB MPUHSATH, YTO CIEAYIOMIMA packaT 3a1aéTcs B MEPBYIO KIIETh

YUCTOBOMW JIMHUM TOCJI€ MPOKATKU Ha CTaHE MpebIAyIen mTyku. [Ipyu noctpoeHnn Harpy304HoOn
JarpaMMbl Y4€CTh, YTO Ha YUCTOBOM JIMHUU CTaHa BEAETCS METIIEBAs MPOKaTKa.
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['paduk npokaTKu U [uarpamma Harpy3Ku Ha Bally JBUTATENsl IPOKAaTHOTO CTaHa, pabOoTaloIIEro
C IEPEKPBITUEM

(I)opMa NnpeacraBJeHus pe3yjabTara: OT4YCT O HpOI[eJIaHHOfI pa60Te AOJDKCH COACPIKATh
Ha3BaHHC U LICJIb pa60TBI, OIIMCaHUC X04a pa6OTBI; pacyeThl, JUarpaMmy, BbIBO/JbI.

Kpurepun oneHku:
«5» (OTIMYHO): BBHIMOJIHEHBI BCE 3aJlaHUS, CTYIEHT YETKO U 0€3 OIIMOOK OTBETHJI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI.

«4» (XOpOHIO)I BBITIOJTHCHBI BCC 3adaHUsA; CTYACHT OTBCTUJI Ha BCC KOHTPOJIBHBIC BOIIPOCHI C
3aMCYaHUsAIMU.

«3» (YIIOBIETBOPHUTEIHHO): BBITIOJHEHBI BCE Pa0OTHI ¢ 3aMEYaHUSMHU; CTYICHT OTBETHJI Ha BCE
KOHTPOJIbHBIE BOTIPOCHI C 3aMEUaHUSIMHU.

«2» (He 3a4TeHO): CTYACHT HE BBIMOJHWI WM BBINIOJHUI HENMPaBWIBHO 3aJaHUs; CTYIEHT
OTBETUJI Ha KOHTPOJIBHBIE BOMPOCHI C OMIMOKAMHU WJIM HE OTBETHII HA KOHTPOJIBHBIE BOMPOCHL.

Tema 1.11 JHeprocuaoBbIe mapaMeTpbl IPH 00PA0OTKE METALJIOB AaBJEHUEM

JlabopaTopHoe 3ansitue Ne 10
HccnenoBanue cHJIOBBIX YCI0BHI NPH NPOKATKE B BAJIKAX € IVIaJK0i 004K0i Ha cTaHe
AYO0-130

eab padoTbi: M3yueHNnE METOIMKYU ONIPEAETIEHUS CHUIIOBBIX MApaMETPOB MPOIEcca MPO [ ] KaTKu;
HCCIEeO0BAHUE MOIIIHOCTH U pacXoJa DHEPTUH OPU IPOKATKE.

Beinosnus patdory, Bel Oyaere:

ymemn:

- IPUMEHATh TUIIOBbIE METOJIMKHU ONPEJIeNICHHs TapaMeTPOB 00pabOTKU METAJIOB JIaBICHUEM;

-BBIOMpATh  COPABOYHBIE  JAaHHBIE,  XapaKTEPHU3VIOINME  B3aMMOCBI3M  CTPYKTYPBL M
CBOMCTB 00pabaThIBAEMBIX METAJJIOB U CILUIABOB, JUIsl 0O0ecHeueHNs BhIMYCKA MPOJIYKIIUHU C 33/IaHHBIMU
CBOMCTBAaMH.
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MarepunanbHoe obecrnieyeHue:
ABTOMAaTH3UPOBaHHBIH J1a00paTOPHEIN IpokaTHeIN cTad JIY0-130

3agaHue: paccuMTaTh CUJIOBBIC YCIIOBHS MPOKATKU HA BaJIKaX C TJIAIKOW OOYKOM.

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. U3smeputhb B Tpex Mectax TOMIMHY 00pa3noB HO (TonmiuHy crieayer u3MepsTh 1o CepeanHe
MUPUHBI 00pa3na) u mupuHy BO (B TaOnHIly 3aHECTH CpelHee 3HAUYCHHUE).

2. IloaroToBienHbie 00pa3ibl MPoKaTaTh B OAWH Ipoxon ¢ ooxkarueM H € : 10 %, 25 % u 50 %.

3. 3mepuTh B Tpex MecTax y mpoKaTaHHBIX 00pa3ioB ux tonmuuy H1 u mupuny Bl .

4. OnbITHBIC TAHHBIC 3aHECTH B TAOIUILY.

5. PaccunTaTh TEOpETUUYECKYIO BEIMUMHY ycuius npokatku P T mo dopl | mynam (9)...(12)

6. [Ipu pacuere B3aTh Ko pummeHT Tpenus f Merania o BaIKy U yroll 3axBara o (B paguaHax)
U3 JaHHBIX JabopaTopHOil paboThl Ne2 (BapMaHT NMPOKATKM MPU CMA3aHHBIX MAIIMHHBIM MaciIoM
BaJIKax).

7. Paccunrtarh MoOmHOCTH aedopmupoBanus Nued. , MOTepu HA TPEHHE B MOJIIMITHHKAX
Nmoatr. , a TaKke MOIIHOCTh MpoKaTku NpacueT. o ¢popmynam (2)...(4).

Pacxon oHeprum npm npoKaTKe SBIAETCA CYLIECTBEHHOM BEJIMYMHOM, YYUTBIBAEMOM IIpH
MPOEKTUPOBAHUM HOBBIX CTaHOB, OMNpENENsIomeld co00il MOIMHOCTh CTAHOBOIO [BUTATENsl U
MOIITHOCTbH, TIEPEIaBacMyI0 BCEMH IMEPEIAaTOYHBIMH YCTpoiicTBaMu. Kpome Toro, mpu sKcILTyaTanun
y>K€ UMEIOIIUXCSI CTAHOB HaMe4YaeMbIil peKuM paboThl (00XkKaTHsl) MPOBEPSIOT B OTHOIICHUU HArpy3Ku
JBUTATENsl M OTACIBHBIX YacTeill mpuBoja. MoOIIHOCTh, MOTpedsieMas TJIaBHBIM JBUTATENIEM CTaHa
MIPH NPOKATKe, MO[ | KeT OBbITh 3amrana cleAyoIuM 00pa3oM:

Npacuer. = Naed. + Nmoamr. + Nmrect. + Npeaykr. + Nis. ,

rae, Npaed. — MOIIHOCTh, 3aTpaurMBaeMas Ha nedopMaluio MeTallla, BKIIOYas W TPEHUE
IIPOKATHIBAEMOr0 METajlJla O BaJKHU; 3TO MOJIE3HAs YacTh MOLIHOCTU (CUMTasi TPEHUE HEU30EKHBIM,
XOTS M MOJUIekKAIUM HauOoIbIIeMY BO3MOKHOMY YMEHBILIEHUIO);

Nnopil. — MOIIIHOCTh, pacxojyemasi Ha MPeoJ0JIeHUEe TPEHHsI B MOIINUITHUKAX MTPOKATHBIX
BaJIKOB;

NiecT. — MOIIHOCTh, 3aTpayrBaeMasi B LIECTEPEHHOW KJIETH Ha MPEOAOJEHHE TPEHUS B
MOJIIIMITHUKAX U B 3yObsX IIECTEpPEH;

NpeayKT. — MOIIIHOCTh, pacxoayeMasi Ha TIPEOI0JICHUE TPEHUS B TIOIITUITHU [ ] KaX U 3yObsiX
penykropa;

NAB. — MOIIHOCTB, TEPSIEMAsl B JBUTATEIIE.

MomHocTb, 3aTpaunBaeMyto Ha jAedopmanuio Meramia Npaed. ¢ ydyeToM MOIIHOCTH,
pacxoayemMoii Ha TpeHUE B 3€B€ BaJIKOB, MOJCUNTHIBAIOT 10 (opmysie .M. [1aBnoga.

ITpu pa3zpaboTke TEXHOJIOTMYECKOIo IMpolecca U MPOSKTUPOBAHUHM MPOKATHOIO 00OpYyI0OBaHUs
BE€CbMa BAXXKHBIM 3TAIIOM ABJIACTCA OIMPEACTICHUC MCIKBAJIIKOBOI'O AABJICHUSA (YCI/IJ'II/UI HpOKaTKI/I). C HuMm
CBSI3aHBI T€OMETPUUYECKHE Napal | MEeTpsl MpoLecca KOHCTPYKIMS U pa3Mephbl JIEMEHTOB NPOKaTHOU
KJICTH, UX YIIpyrasa I{e(i)OpMaHI/ISI U TOYHOCTH MNPOKATHEIBACMBIX I/IS}IGJ’IHf/i, CKOPOCTb H3HAIIMBaHHA
BAJIKOB U CPOK MX CIIYXObI, MOIITHOCTh MPUBOJIA U PACXOJ IHEPTHH.

Co CTOPOHBI IMPOKAThBIBAEMOI'O MCTAJlJla Ha BaJIKU JleﬁCTBYIOT HOPMAJIbHBIE KW KacCaTCJIbHBIC
cuiel. HampaBiieHne paBHOAEHUCTBYIOLIEH 3TUX CHJI 3aBUCHUT OT crioco0a M ycioBUil mpokaTku. [Ipu
HaHHpOCTeﬁmeM mponecce NpoOKaTkKu, rac Ha HpOKaTBIBaeMBIfI METaJI HeﬁCTBYIOT TOJIBKO CHIJIBI OT
BAJIKOB, JIBIDKCHME MeTajula NMpH BXOJE M BBIXOJE paBHOMEpHOE, 00a Bajika MPUBOJAHBIC, UMEIOT
OAVWHAKOBBIC CKOPOCTHU W JUAMETPBI, METAJLII 06J1a)1aeT OIMHAKOBBIMU MEXaHHUYCCKHUMU CBOMCTBAMM.
B »TOM ciydae ompeneneHue ycuiaus NPOKAaTKHA CBOJUTCS K ONPENEICHHIO IUIOUIaaAd KOHTakTa F
MIPOKATHIBAEMOT0 MeTalljla ¢ BaJIKAMU M YCTAHOBJIEHHMIO CPEIHEro YAEIbHOIO JIaBJICHUS MeTajula Ha

BaJIKH:
P=P,F
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Cpennee ynenpHOE MaBJICHHE ompenensiercs nByms rpymmamu (paktopos. K mepBoit oTHOCSTCS
T€, KOTOPhIE BIMSIOT Ha MEXaHWYECKHE CBOMCTBA 00pabaThiBAEMOro MeTauia (XMMUYECKHHA COCTaB,
TeMIleparypa U creneHb jaedopmainuu). BTopyro Trpymnmy COCTaBISIIOT (PaKTOPHI, OMPEACIISIONNe
XapaKkTep HAMpsHKCHHOTO COCTOSIHHS oOpabaThiBaeMoOro MeTayuia (KOHTAKTHBIE CHWJIBI TPEHHS,
HATSHKCHHE WJIH MTOATIOP, TEOMETPUUYECKUE pa3Mephl odara aedopmamnuu u ap.)

8. Ompenenutsb KIIJI mpokatHoro crana 1 mo gopmyie (5)

9. Pe3ynbTaThl pacueToB 3aHECTH B TAOJIHILY

Xoa padoThi:

1. IToctpouts rpaduku 3aBucumocteidr H P =f € Ha on[ | HOM KOOpAMHATHOM TIOJIE.

2. [loctpouts rpaduku 3aBUCUMOCTEN Ha OHOM KOOPAMHATHOM IOJI€.

3.Cnenath BBIBOJI O BIMSHUW CTEMEHU OOKATHS Ha SHEpreTUdeckre mall paMeTpsl mpoiiecca
npokatku (ycuiue, mourHocTh, KIIJ[) ¥ 0 BO3MOXKHOCTH HMX TEOPETHMYECKOTO OIMpEeIeNieHUs IO

dbopmynam (9)...(12).

®dopma npeacrasieHus pe3yJbTara:
Otuera o npojenaHHON paboTe TOJKEH CO/AepKaTh Ha3BaHUE U 1esIb pabOThI, ONKUCAHUE X0/
paboThI; TAOIUIly U3MEPEHUI U PacYeTOB; rpauKu 3aBHCUMOCTEH, BEIBOIBI.

Kputepun onenkmn:

«5» (OTNIMYHO): BBINOJIHEHBl BCE 3aJaHUA, CTYJCHT 4YeTKO W Oe3 omMOOK OTBETWI Ha Bce
KOHTPOJIbHBIE BOIIPOCHI.

«4» (XOpo110): BBINOJIHEHBl BCE 3aJaHUA; CTYACHT OTBETWJI Ha BCE KOHTPOJIBbHBIE BOIIPOCHI C
3aMeUyaHUsIMHU.

«3» (YZOBJIETBOPUTEIILHO): BBIMOJIHEHBI BCe pPa0OTHI ¢ 3aMEYaHUSIMH; CTYJIEHT OTBETHUJI Ha Bce
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSIMHU.

«2» (He 3a4TeHO): CTYAEHT HE BBIIOJHWJI WJM BBIIOJIHUI HENPAaBUWIBHO 3aJaHMs; CTYACHT
OTBETUJI Ha KOHTPOJIbHBIE BOIPOCHI C OIIMOKAMHU MJIM HE OTBETUJI HA KOHTPOJIbHBIE BOIIPOCHI.

Tema 1.11 DHeprocuaoBbIe NAPAMETPHI HPH 00PA0OTKE METALJIOB IABJICHUEM

IIpakTuyeckoe 3ansitue Ne 14
Pacyer KOHTAKTHOIO JaBJICHUS NPU ropsiyeil mpokarke mo Meroay A.®. I'osioBuHa u B.A.
Tarynosa

IIe.m; paﬁoTbI: OCBOHMTH PAacUET KOHTAKTHOI'O JABJICHUS IPU ropsSuei MPOKATKE IO Pa3IdYHbIM
METOJAaM.

Borinoinus padorty, Bel Oynere:

ymemn.

- IPUMEHSITh TUIOBBIC METOANKH ONPEICIICHUS MapaMeTPOB 00PAOOTKH METAILIOB JaBICHUEM;

-BBIOMpPATh  CNPABOYHBLIC  JAaHHBIE,  XapaKTEPU3VIOIIME  B3aWMOCBSI3M  CTPYKTYPBL U
CBOWCTB 06Da6aTI)IBaeMBIX MCTAJIJIOB U CIIJIABOB, JJISL obecreueHus BBIITYCKA IIPOAYKIINH C 3a1aHHBIMHU
CBOWCTBaMH.

MarepunanbHoe obecnieyeHue:
qu6Ho-MeT011quc1<asf JOKYMCHTAIIUA, AMJAAKTHYCCKUE CPEACTBA

3aganue: OnpenenuTh yCUIne IpU ropsiueld MpoKaTKe Mo pa3IundHbIM METOJUKAM.

Ilopsiaok BbINOJHEHHsI padOTHI:
1. O3HaKOMHTBCS C METOJMUECKUMH YKA3aHUSIMH K ITPAKTUUYECKON paboTe.
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2. Tlonyunth MHIUBUYyaTbHBIC JAHHBIE Y TPEMOIaBaTEeIs.
3. BBITIOJIHUTH pacyeTHhl.
4. CpaenaThb BHIBOJIBI

Xon padoThr:

Onpenenuts ycuiiue Npu ropsiueil IpoKaTKe, eCIi U3BECTHBI CIEAYIONIUE UCXOAHbBIE TaHHBIE:
BaJIKH € TTIaIKOK 00ukoi, uyrynusle D=1000mwm;

9UCII0 000pOTOB BaJIKOB N;=80 00/MUH;

IIpOKaThIBaeMbIi MeTasl1 — cTasb 08cm

TeMIepaTypa MeTajuia npH npokatke 1 100°C;

pa3Mepsl IPOKATHIBAEMOM MOJIOCH IPSIMOYTOJILHOTO CEUEHUS JI0 TIPOXoa

ho=5,0 MM, bg=1050 MM,

nocie mpoxozaa hi=4,5mm, b1=1000 mm.

N3 mapounuka craneit HaxoauMm ciea. gaaabsie 08cn C0,05-0,12%, Mn 0,35-0,65%, Cr 0,10%.
AbcomoTHOE 00kaTue onpenensercs mo Gopmyine:

Ah:ho - hl
rae, o u hi- TommuHa 10 ¥ moCIIe IPOKaTKH, MM

Ah=5-4,5=0,5 mm

Z[J'II/IHEI KOHTaKTHOM IMOBCPXHOCTH OIIPCACIIACTCA 110 q)OpMy.]'Ie:

L=+ R4h

rne , R — pannyc Banka, Mm
L — ayiiHA KOHTaKTHOW TTOBEPXHOCTH, MM
Ah — abconmoTHOE 00KaTHE, MM

L=+/500%0,5 =16 uu

Cpez[Hee 3HAYCHHUEC BBICOTHI U INUPUHBI OIIPEACITIACTCA 11O (I)OpMy.He:

h.=0,5(ho+h1)

riac, ho —Ha4daJIbHasA TOJIIMWHA ITOJIOChI, MM
hl - KOHCYHas TOJIIIMHA I10JIOCBI, MM

hc=0,5(4,5+5)=4,5 mm
bc=0,5(bo+b;)
be=0,5(1050+1000)=1025 mm

[Tnomaab KOHTAKTHOM MOBEPXHOCTH OMpeensercs mo Gopmysne:
F=b - 1=05(h, +b, )WRAR
rne, by u b; — Tonmwua 10 ¥ Mocne NpokaTku, MM
R — panuyc Banka, MM
Ah — abcomoTHOE 00KaTHE, MM

F =1025%16=16400 mm®

CKOpoCTh IPOKATKHU omnpezensercs no Gopmyie:
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V, =n-D,-n,/60

I'ne, nuametp Banka (D) Hamo mepeBecTn U3 MIJUTUMETPOB B MeTpbl, T.¢ D=1000mMm=1,0

V,, =3.14*1*(150/60) = 7,8 w/c

VYcunue npokaTtku onpenensiercs no merony Llenukosa A .
CkopocTts aedopmanuu onpeaensercs mo hopmyde (11):

VAh
U= 1 103h
L-10°h,
riae, V — CKOpOCTh MPOKATKH, M/C
L — qnvHa ouara gedopMaruu, MM
Ah — aGcoiroTHOE 00KaTHe, MM
ho — HauabHAs TOJIIIMHA JINCTA, MM
7.8%96
0.022-4

U=70c™
Jnst Temmeparypbl  MeTailia 1200°C u ckopoctn nedopmarmu 70 ¢t compoTHBIEHHE
ne(OpMaLHH 10 SKCIePHMCHTAIBHBIM KpUBBIM G, = 15«kr c/Mm?

Koaddunment tpenus onpeaensiercs mo hopmyiie:
W, =K, K, Ky - (105-00005-t)

rae K1 — KO3 QHUIIMEHT, yYUTHIBAIOIINI BIUSHUE BAJIKOB (IS CTalbHBIX K1=1,0)
K2 - KOOQQHUIMEHT, YYUTHIBAIOIINN BIMSIHUE OKPY>KHOW CKOPOCTH BAJIKOB U OIPEIEIISETCS
1o rpaduky,
K3 - KOO(pPHUIMEHT, YIUTHIBAIOIINHN BIMSHUE XUMHUECKOTO COCTaBa CTAIM M OMpPEIeIseTCs
10 Ta0JIHIIE,
i, =0,8%0,55%1,0(1,05-0,0005-1200)

M, =0,231

KoadduunenT, yunTsIBarouii BIMsSHUE IUPUHBI TOJOCH onpenensercs no ¢popmyne (13):

/
rae koddduiment N, ompexensercs B 3aBUCUMOCTH OT cooTHommeHus Do/l, ecim bo/l<l, To
/ / /
n, =1,0, ecu bo/1>5 npurnmaror n, =1,15, ecim bo/l =1,0-5,0, To n,’ onpenensercs mo rp. 3. B Hamem
/
ciydae b./I>5,0 3naunt n, =1,15.

I
Koadduuuent n, onpexnensercs no popmysne:

3b —u.*1
l+( .~
r_]// 6bChC
a 0.5u |
1+$
hC

n,” =0,96
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Tornma:
n,=1,15*0,96=1,1
2u,*1
st
Ah
5 20.2%16
05
0=130

Jlns 3navennii & = 130E=0,1 no rpaduxy maxomam N, =24, Tak kak xo3dpdumment N’

I I
OTIPEICISAETCS U3 OTHOIICHHS h— , T.e mpu — =0,05-1,0 n’ =

c

I |
(h_)-OA , IpH n >0, I’]: =1,0. B nanaomM

cryqae N =10

n
HarskeHue py IPOKaTKe 10 YCIOBHIO OTCYTCTBYeT, nostomy N =1
9
CrnenoBatenbHO, KO3)PUIHEHT paccuuThIBaeTCs o hopmye:

NN
N =nnNnn
o o o [
rae n; - KOO PHUIHMEHT, YIUTHIBAIOIIHIA BIMSHAE BHEITHETO TPEHUS

n(’)f - K03 PHUIUEHT, YIUTHIBAIONTUH BIMSIHUE BHEIITHUX 30H

n” - ko> PUIMENT, YIUTHIBAIOMIHI BIUAHUE HATSKEHUS

n =24*1*1=24
KOHTaKTHOE [aBeHHe PaCCUMTHIBAETCS 110 GOpMyJIE:

P,=0,™*n,*n,
I, Gy - CONPOTHUBIIEHHUE AedopManum, Kre/MM?
Ng - KOA(POUIUEHT, yYUTHIBAIOIINUN BIUSHUE IIUPUHBI TIOJOCHI,
Ne - KO3 (PUIIMEHT, YUUTHIBAIOUINI BIUSIHUE HATSHKEHUS

Pep=15%2,4%1,15=41,4 xec/mm’
VYcunue npokaTtku onpenensiercs rno gopmyie:
P=P.,*F

rae, Po, —KOHTaKkTHOE aBJeHHE, Kre/mMm?,
F - miomaas KOHTaKTHOM MOBEPXHOCTH, MM
P=41,4*%16400=678960 xec =678 mc
Pacuer ycunus npokarku o merony A.d.I'onosuna, B.A. TsaryHoBa
Jlnst cranu Sx temneparypa masiaenus 1300 v npenen NpoYHOCTH » =70krc/MM® HaliIeHBI 110 rpaduky

(Kynpun M.J., Kynpuna M.C. “ OcHOBBI TEOpHH POKATKHU )
ki = (0,95*t,, - t)/1500 (26)
ki = (0,95*1300 - 575)/1500

1100>(1300-575)
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ki = (0,95*t,, - t)/1500 = (0,95*1300-1100)/1500 = 0,09
COIPOTHBIICHUE JePOpMaALIUU

» = 0,09%70 = 6,3 xec/mm’
KoaddurueHnTt yunThIBarOmui BEIMUYUHY BHEITHETO TPEHUS
n'=1+0,33* = 1,41
KonraktHOE JaBJICHUC PACCUNUTBIBACTCA KaK:
P, =6,3* 1,41 = 8,883 xec/mm’
Yceunue npokaTku
P=P,*F
P=8,883*36600 = 325117 = 325mc

®opma npeacraBjieHus pedyibrara: OTyeT O MpOAENAaHHON paboTe IOJKEH COAEpKaTh
Ha3BaHUE U 11eJb pabOThl, ONIMCAHUE X0J1a pabOThl; pacueThl HCKOMBIX BEJIMYMH, BBIBOBI.

Kpurepun oneHku:

«5» (OTIMYHO): BBINOJIHEHBl BCE 3aJaHMsl, CTYJEHT 4YeTKO U 0e3 OoumMOOK OTBETUJ Ha BCE
KOHTPOJIbHBIE BOIIPOCHI.

«4» (XOpol0): BBIIOJHEHBl BCE 3aJaHUs; CTYACHT OTBETHJI Ha BCE KOHTPOJIbHBIE BOIPOCHI C
3aMeYaHUsIMH.

«3» (yIOBJIETBOPUTEILHO): BBIIIOJHEHBI BCE pabOThl C 3aMEYaHUsMHU; CTYACHT OTBETHJI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSMHU.

«2» (He 3a4TEHO0): CTYAEHT HE BBIIIOJHUJI WU BBIIOJHUJI HENPaBWIbHO 3aJaHMsl; CTYIEHT
OTBETHJI HAa KOHTPOJIbHBIE BOIIPOCH! C OIIMOKAMH WM HE OTBETUI Ha KOHTPOJIbHbIE BOIIPOCHI.

Tema 1.11 JHeprocuaoBbie mapaMeTpbl NPH 00PA0OTKE METAJNJIOB AABJICHHEM

IIpakTuueckoe 3auarue Ne 15
Pacuer KOHTAKTHOIO JaBJICHHUS IPH XO0JIOAHON MPOKaTKe

Leas paGoTbl: ¢ MOMOUIbIO TeOpeTHYecKHux pacueToB mo ¢opmynam A.W. IlenukoBa, M.
CroyHa onpeieanTs yCUIUe IpU X0JIOAHONW IPOKATKE.

Boinosinus padorty, Bol Oynere:

ymems.

- IPUMEHSTh TUIOBBIC METOANKH ONPEICSICHUS MapaMeTPOB 00PaOOTKH METAIIOB JaBICHUEM;

-BBIOMpPATh  CNPABOYHBIC  JAHHBIE,  XapaKTePU3VIOIIME  B3aWMOCBSI3M  CTPYKTYPBI U
CBOWCTB 06Da6aTI>IBa€MI>IX MCTAJIJIOB U CIIJIABOB, JJISA obecnieueHus BBIITYCKA IIPOAYKIINHU C 3a1aHHBIMHU
CBOWICTBaMH.

MarepunanbHoe obecrnieyeHue:
qu6Ho-MeT011quc1<asf JOKYMCHTAIIUA, AMJIAKTHYCCKUE CPEACTBA

3aganue:

1. O3HaKOMHTBCS C IPAKTUYECKOH pabOTOH.

2. TlomyunTh NUCXOMHBIEC TAHHEIE.

3. OmnpenenuTs yCUIIUE MPH XOJIOAHOM NMPOKAaTKe MO BapUaHTAM.
4. OdopmuTth pacyer B pabodeil TeTpaau U claTh Ha IPOBEPKY.
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Tabnuna — MicxoaHble JaHHBIE IS pacdera

b ho h1 hz h3 h4 Dk 01:2 | 62;3 | 03:4 V1 V2 V3 V4 P- CTaJb
?

11200201812 /0,7/05/490| 22 | 24 | 26 |41 /78|10 |12 | P, 08kn
2 1100 25{18|12/08 |04 550 22 | 24 | 26 |41 78|10 |12 P3 Ct20
3 /1000 24 1,7/11/08|05|/500| 22 | 24 26 4178|1012 | P, 08kn
4 112002116 /11 0,7, 05|500| 22 |24 |26 41|78 10|12 | P, Cr45
5 1000 5048 42|35|20|550| 23 | 25 27 42 79|12 |14 | P; Ct0
6 | 1000 30|27 |20]15/10|550 | 23 | 25 | 27 |43 /80|12 |14 | P3 Cr2
7 1120028{21/18/11/08 500 22 | 24 | 27 |43 /80|12 |14 | P, Crl0
8 11100 129 22/1,7{13|09 |50 |21 | 23 | 26 40 7,7| 9 |11 | P; Crl0
9 11200 31|2721/16/0,6 500 21 | 23 | 26 {40 7,7 9 |11 | Py Cr185
10 | 1200 | 2,316 10|05/ 0,3 /490 | 22 | 24 | 26 |41 |78 |10| 12| P, Ct120
111100 | 35|28 |22|18 09 550 22 | 24 | 26 |41 |78 10| 12 | P3 Crt0
12 | 1000 | 4,038 (32|25 /20 550| 23 | 25 | 27 |42 |79 12| 14 | P; 08kn
131200 | 2,7 1,7/13|0,7 06 500| 22 | 24 | 26 |41 |78 10|12 | P4 Cr185
1411200 21/18/12/05 /03550 22 | 24 |26 41|78 10| 12| P, C1t20A
151100 | 2,220 |1,7|14 /1,2 550 | 21 | 23 | 26 |40 7,7 9 | 11| P3 Cr45
16 | 1100 | 292,118 |12 0,7 480 | 22 | 24 | 26 |41 |78 10|12 | P, Cr2
171000 | 41 |3,7/31|24 20550 | 23 | 25 | 27 |42 |79 12| 14 | P3 Crl0
18 | 1200 | 454,035 |30 25 500 22 | 24 | 26 41|78 10|12 | P, Ct0
19 | 1000 | 3,028 26|21 15 500 23 | 25 | 27 |42 |79 12| 14 | P, Cr2
201200 | 2,7 2218|1510 |550| 21 |23 | 26 |40 7,79 |11 | P3 Ct20A
21120032 |25/19/14/09|500| 22 | 24|26 |41 78|10 |12 | P, Ct20
22 /1000|2014 /09/06|05|500| 22 |24 |26 |41 78|10 |12 | Py 08km
231100 |23|17/12/08|05|550| 23 | 25| 27 |42 79|12 |14 | Py C185
24 11100 |2,7|20/16|12/08|550| 23 | 25 | 27 |42 79|12 |14 | Py Cr45
2511200 |25|20/15/12/05/480| 22 | 24 | 26 |41 78|10 |12 | P3 Crl0
26 1000 |22 |17|12/0,7/04|500| 21 |23 |26 |40 77| 9 |11 | P, Cr2
27112002518 |12/09|0,7|550| 23 | 25 | 27 |42 79|12 |14 | Py Crt0
28 1200|2616 |13/08|0,6(490| 22 | 24 | 26 |41 78|10 |12 | P3 Ct85
29 |1 1000 | 504,233 /20(14|550| 23 | 25| 27 |42 79|12 |14 | Py 08km
3011004331 /24/14/08|500| 22 | 24|26 |41 78|10 |12 | P3 Ct20
3112003123 /16|11|/05|550| 22 |24 |26 |41 78|10 |12 | Py Crl0
32 /1000|2416 /10/08|05|500| 21 | 23 |25 |40 77| 9 |11 | Py Cr2
331100 |44 /33/22/11/0,6|500| 23 | 25|27 |42 79|12 |14 | Py Cr45
34112003631 /24/19|12|550| 22|24 |26 |41 78|10 |12 P3 Cr20
3511400 |51 /46|35(22|15 /550 | 24 | 26 | 28 |43 /80|13 | 15| P3 08mc

IMopsinok BbINOJTHEHHS PA0OTHI:

1. O3HaKOMHTHCS C METOJUYECKIUMH YKa3aHUSIMH K MPAKTUYECKOM padoTe.
2. Tlony4uuth HHIUBUIYyaTbHBIC JAHHBIC Y TIPEIOIaBaTEeIs.

3. BBINONMHUTE pacyueTsl.

4, CpenaTh BBIBOIBI

Xoa pa6oThl:
OmnpenensieM ycuire Py XOJIOJAHON MPOKATKE C YIETOM HATSKEHHsI, CTeTIeH! aedopMaluu u
YIIPYTOTO CXXaTHs BAJIKOB.
Pacuer BeIMONHEH AJIs1 TPETHETO MPOXOAA MPHU MPOKATKE MOA0CH U3 ctanu 0,810 C UCXOAHBIM
ceueaneM 4,9x1050 mmM 2, o koHeyHoro cedenums 1,8x1050 MM Ha MOATHKISTEBOM CTaHE C
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auaMeTpoM pabounx BaimkoB 500 mm. Cma3koil MpU MPOKATKE CIY)KUT SMYJIbCHSA IMaJbMOBOTO
AMYIbCOJIA.

Koa¢punnent koHTaKTHOrO TpeHUs ompeaensercs no rpaduky: py=0,044

Jlns onpesieneHus Gg MPeIBAapUTEIbHO MOACUYUTHIBACTCS CyMMapHas JepopMalys, KOTOPYIO
NOJIy4HJIa [10JI0CA [0 PACCMAaTPUBAEMOT0 IIPOX0/A U IOCIIE HETO:

h, —h
S Eh, = - _2%100%;
hO
rae hg— rommmaa HayanpHas , MM
>'Eh = 2241 100%=25%
2 55

S En, =0 =M 1000
3 ho

D> Eh, = 2234 10096=38.2%
2 55

3HaueHusl TMpelneioB TEKY4eCTH IJs CXKATUS C YYEeTOM BIHMSHHUS CTeneHu aedopmanuu
HaxoxaaTcs mo rpaduky u3 cnpaBounuka A.B. Tperbskos, B.W. 3103un: «MexaHHUeCKHUe CBOWCTBA
METAJIJIOB U CIUIABOB MPHU 00paboTKe naBieHuem.» -M.: Metamnyprus,1973.
B nanHoMm cnydae miig cranu:
o =57.5 kec/mm 2
or3 =62.5 kec/mm 2
Conporusienue nehopMauu B yCIOBHUSIX JHUHEHHOTO CKATHSI C YUYETOM CTENEHU HakJjera
orpenensercs 1no Gpopmyie:
0'(1)20,5(072 +O'T3)
IZI€ OT2 ,073 — IPEJENBI TEKYYECTH BO BTOPOM U TPEThEM MPOXOJaX, Kre/Mm?
04=0,5(57.5+62.5)=60 xec/mm 2
AbcomoTHOE 0OXaTue:
Ahgzhz-hg
Ah3=3.4-2.9=0,5 um
Jnuna ouara nedopmanuu 6e3 ydyeTa YHIpyroro CIUIIOIIMBAaHHUS BaJIKOB ONpeAessieTcs IO

dbopmyre:
¢ =~/R4h

rae £ . JUTHHA o4ara Je)opMaIiu, MM
Ah— abcoirorHoe 00kaTHe, MM
R — paaunyc Banka , MM

0 =+250%0.5 =11.2 un.

Ko>puiuent n,, yduTHIBAIONIMI BIMSHUE HANPSXKEHHOTO COCTOSHHS OMPEEAETCS W3
otHomenus b/ /. Ilpu b/ 7 =1,0, nt', =1,0. IIpu b/ > 5, nt', =1,15. ITpu b/ ¢ = 1,0-5,0, nt') HAXOIUTCA IO
rpaduky. B nannom ciydae b/ £ =1500/11.2=134 3uauut b/ / >5, cnenosarensHo, n, =1,15.

Ko>(puiment N, , YYUTHIBAIOMMI BJIMSHWE BHEIIHETO TPEHHs, B CBA3U C OTCYTCTBHEM

yimupeHus Oyaer paBHsaThes 1,0.
Ko>(ppuiment, yduThIBAIONIMI BIMSHUE BHEIIHMX 30H N ONpEAENSETCs U3 OTHOUIEHHUS

¢ Ihg, T.e. mpu ¢ /hy,=0,05-1,0, n;Z(f/ hcp)_OA. Hpu //hy >1,0, n =1,0. B namewm cnyuae

n_=1,0, 1.k he=0,5(h2+h3)=0,5(0.77+0.6)=0.68 mm. £ /h,, =6.46/0.68=9.8 MM, uTo GobIE
CIMHHUIIBL
Kospuiment N, yauTHIBAIOUINI BIMSHAE BHEIIHETO TPEHHS OMpeensieM mo metoxy A.U.

[lenukona.
OTtHOcuTenbHasA Aeopmarus:
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_4hs,
h, '
En=05/3.4 = 0.15%
20044112 _ o
05

Eh,

Io rpaduky maxomum n_ =1,05
KonrtaktHoe naBiieHue 6e3 yuera HaTsHKSHHsI OTpeeisieTcs o popmyrie:
L I S S S
P o~ O¢ nb no— nc !
rae  P'c, - KOHTaKTHOE NaBICHHE, Kre/Mm?
G¢ - CONpOTUBIIEHUE JehopMalny, Kre/Mm?
n, N n_ - ko9GPHUIMEHTBI HATSHKEHNS.
P'y, =60-1,15-1,20-1=73.14 xec/ mm 2
Koadduument, yuntsiBaromuii BIMssHAE HATSHKEHUS OIpeaessieTcs no Gpopmyie:
. . 05(c, +0;,)
n,=l-————=;
pCp

2
rae, Pe, - cpesHee KOHTaKTHOE JaBIeHHE, KIC/MM )
G2 U O3 BEIMYMHBI HATSDKEHUS MEXKY KJIETSAMU, KIC/MM

=g 0.5(18.5+12.3)
7 73.14
KourakTtHOE AaBJICHUC C YYCTOM HATAKCHUA:
P, =P',* n_
P, =73.14%0.824=60.3 xec/mm °.

Jlnsg  ydera CIUTIOIIMBAaHUS BajJKOB 3aJaeMcsl TNPOU3BOJIbHBIMH 3HAUEHUSMHU JJIMHBI
KOHTAKTHOM TMOBEpXHOCTH, yBenuuuBas ee Ha 50-80% wu ompenensemM A Kaxaoil BbIOpaHHOMN

BeinunHbl ¢ U / KOHTAKTHOE JaBJICHUE.
Ramaemcst ¢/ =16.8 mM.

=0,824

_ 2pt
Ah,

0

5= 2*0.044*16.8
0,5

=2.96

Io rpaduky Haxomum n_ =1,1.
P, =0y n*n_*n.

P’y =60-1,15-1,13-1=75.9 xec/ mm °.
KoadduipreHT, yauThIBarOMINi BIUAHUC HATSHKEHUS:
g 0,5(02' +0;)
o pcp J
., 05(135+123)

‘ 75.9

KoutakTtHOE JAaBJICHUEC C YYCTOM HATAKCHUS:
P,=Py,*n;
P, =75.9:0,83=63 kec/um ®
BamaeMcs £ =252 a

n

=0,83
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5 2u,l
Ah,

_ 2%0.044*25.2

8 =4.43

Io rpaduky Haxoaum n_ =1,22
KonTakTHOE naBieHne 0e3 ydeTa HaTSKCHHUS:
Py ot e,

Py, =60-1,15-1,22-1=84.18 xec/ mm 2
KoadduimenT, yauThIBaIONIHA BIUSHUE HATSOKSHUS:
o 0,5(c, +03;)
Y Pep
N =1- 0,5(13.5+12.3)

‘ 84.18
KoHTakTHOE JaBJIEHHUE C YUETOM HATSHKEHHUS:

P,=P.,*n_
P, =0,847-8 4.18=71.3 ec/mm °.
I[J'IH MMOJIYYCHHBIX 3HAUYCHUN pcp HaxouM NIJIUHY KOHTAKTHOH MMOBCPXHOCTHU C YUYCTOM

n

=0,847

CINTFOIIIMBAaHM A BAJIKOB I1IO cbopMyne:

R-P

@ .
X0 = ;
9500
rae , R- paanyc Banka, MM
P.,— cpeqHee KOHTaKTHOE JaBJIEHUE, Kre/MM>

X = 2°0-603 =1.59 mm
9500
Xy = 250-63 =1.66 mm
9500
Xy = 250713 =1.88 mm
9500

I, =X, +4/R-Ah+x.

l. =1.65 +\/250* 0.5+1.59% =19.37 mm

|, =1.74+,/250* 0.5 +1.66% =20.2 um

. =2.08 + \/250* 0.5+1.88% =22.88 mm
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['paduix 3aBUCUMOCTH KOHTAKTHOT'O JAABJICHHS OT JUIMHBl KOHTAKTHOW MIOBEPXHOCTH C YYETOM
YIIPYroro CIUIIOIIMBAHUS BAJIKOB.

KoopauHaTsl Touku nepeceueHust KpuBbIX 1 U 2: pey=63 Kre/mMm 20 =21 Mm.
VYcunue npokaTtku onpenensiercs no gopmyie:
P=p.,*F
rae F- minomanas monepeyHoro ceyeHus, MM
P=63*1100*%21=1778,400 xec =1455 mc

®opma mnpejacraBiaeHusi pe3yiabrara: OTYeT O MPOJETaHHON paboTe MOMKEH CONepKaTh
Ha3BaHUE U 11eJIb pabOTHI, OMMCAHUE X0a padOThI; pacue€Thl HCKOMBIX BEJIMYWH, BHIBOIBI.

Kputepuu onenkmn:

«5» (OTIMYHO): BBINOJIHEHBI BCE 33JaHUSA, CTYJICHT 4YeTKO W 0Oe3 omMOOK OTBETWI Ha BCe
KOHTPOJIbHBIE BOIIPOCHI.

«4» (Xopol10): BBINOJIHEHBI BCE 33/JaHUsA; CTYACHT OTBETWJI Ha BCE KOHTPOJBHBIE BOIPOCH C
3aMeyaHUsIMHU.

«3» (YIOBJIETBOPUTENILHO): BBINOJIHEHB! BCEe PabOThl C 3aMEUaHUSIMM; CTYJICHT OTBETUJ Ha BCe

KOHTPOJIbHBIC BOITPOCHI C 3aMCHYAHUSAMMU.
«2» (He Sa‘lTeHO)Z CTYACHT HC BBIIIOJIHUJI WJIA BBINIOJIHUII HEIPABUIIBHO 3alaHUsA; CTYACHT
OTBCTUJI HA KOHTPOJIBHBIC BOITPOCKI C OoImuMOKaMH UJIA HE OTBETHUJ Ha KOHTPOJIbHBIC BOITPOCHI.

Tema 1.11 DHeprocuaoBbIe NAPAMETPHI HPH 00PaA0OTKE METALJIOB IABJICHUEM

IIpakTnyeckoe 3anaTne Ne 16
IIpoBepouHbIii pacyeT MOLHOCTH ABUIATEJs IPOKATHOIO CTAHA.

eanb padoTbi: OnpeneanTh MOIHOCTh IPOKATKHU O BPAIIAIOIIEMy MOMEHTY JUISI CTaHa ¢
HOCTOSHHOU CKOPOCTBIO.

Beinosnus padory, Bel Oyaere:
ymemy:
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- IPUMEHATH TUITOBBIC METOJAMKH OIIPCACTICHUS NMMapaMETPOB 06Da6OTKI/I MCETAJJIOB JaBJICHUECM,

'BI)I6I/IDaTB CITpaBOYHBIC JaHHBIC,

XapaKTCPU3YIOMHEe

B3aMMOCBA3HU

CTPYKTYPHI

n

CBOMCTB O6D&63,TBIBaeMBIX METAJJIOB M CIIJIaBOB, JUIA obecreueHust BBITTYCKA NPOAYKIIMH C 3aJlaHHBIMHA

CBOHCTBaMH.

MarepuajibHoe o0ecnieyeHue:

y‘-Ie6HO'MeTOZ[I/I‘-I€CKa$I JOKYMCHTAIUA, AMAAKTHYICCKHUEC CPEACTBA

3aganmue:

BapuanTel 3aianuii 1y1s pacdyera MOIIHOCTH TPOKATKH

Bapuanr, Ne MoiuHocTh, KBT
1 1100
2 1100
3 1100
4 1200
5 1300
6 1200
7 1300
8 1500
9 1200
10 1300
11 1250
12 1300
13 1200
14 1100
15 1100
16 1200
17 1300
18 1400
19 1200
20 1250
21 1350
22 1200
23 1100
24 1100
25 1200
26 1200
27 1300
28 1200
29 1300
30 1100
31 1200

ITopsinok BbINOJHEHHS PadOThI:

1.03HaKOMHUTBCS ¢ METOUYECKUMHU YKa3aHUSIMHU K MPAKTHIECKON padoTe.
2.PaccunTarth MOIIHOCTH IBUTATENs TPOKATHOTO CTaHA.

3.0¢opMuth pacyeT B pabodei TeTpaau.
4.Cnath Ha IPOBEPKY MPETNOaBaTEINIO.
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Xon paboThr:

Onpenenuth MOIIHOCTh MNPOKATKM MO BpallalolleMy MOMEHTY JUIsi CTaHa C IOCTOSHHOMN
ckopocTblo. IIpokareiBaemblii MeTannm — cranb cr3. IlpuBox KIE€TH OCYyIECTBISAETCS OT
WHIUBUYAIBHOTO JJIeKTpoABUraress MomHocThio 2000 kBT 4Yepe3 NOHWXKAIOIIUMK PEIyKTOp |
HIECTEPEHHYIO KJIETh.

IIleiky BaAJIKOB OMMPAFOTCS HAa TEKCTOJUTOBBIC MOAMUITHUKHU. [lnameTp 604uku BakoB 500 MM,
qrc0 000poToB BaiakoB N=180 06/mMuH. ¥Ycunue npokatku 661,3 Tc.
JnuHa ouara nedopmanuu:

L=vR*Ah
L=,/250*0,6 =12,25MM=0,01225 m
MOMEHT MpOKaTKH, T.K. B KJIETH II0JOCA HMMEET MPSMOYrOJbHOE CEUCHHE IPHHUMAEM
kodpdunment mieda WY=0,45 u onpexensiem no dhopmyiie:
M, = 2*P*P* R * Ah

rae, P — ycunue npokarku, H*m

My, = 2%661,3*%0,45%0,01225 = 7,3 Tc™.
MOMEHT TpeHHS B TIOAMIUITHUKE BATKOB ONPECIISIEM:
M,,=P*dp,
rae, P — ycunue npokatku, H*m,
d - Tnamerp mielKu BajKa, M,
1 - ko3 punmreHT TpeHus
M,, = 661,3*0,003*0,7=1,4 Tc-M.
MomeHT, He0OXOUMBIHN JIsl OCyIIEeCTBICHUS AeopMaluy B JaHHON KIIETH:
Miep=Mup+ My
Mep =7,3+1,4=8,7 TCc'M
Mo1tHOCTh HEOOX0AUMAst JJIsI OCYIIIECTBICHUS AeQOpMaIliK B TAHHOW KIICTH:
Ni:le(b:MIled) ‘n /0,975

1€, Myeq - MOMEHT aedopmanyn, H*m
N — 4ucio 060poToB, 00/MU
Npeg =8,7*180/0,975=1606 kBt
[TpumeM pacxoj; MOIITHOCTH Ha XOJI0CTOM X0 8% OT HOMUHAILHOI:
NX.X.ZO,OS'NHB
Nxx = 0,08-2000=160 kBt
OnpenenuM pacyeTHYIO MOITHOCTh C YYETOM MOTEph Ha TPEHHE B Mepenayax u XOJIOCTOU XOJI:
npumeMm KIIJ| mmunnenet u myptsel m2=0,97, KIIJ| mectepueit kietn mn3=0,93; KIIJ] peaykropa
T’|4:0,94.
O6uwit KII/] crana onpexaensiercs Kak:
N =N2*N3*n4=0,97*0,93*0,94 = 0,84
Toraa pacueTHass MOIITHOCTH OyIeT
Npacq:Nne(p/T]'l'NX.X
rie, Nyep - MoMeHT aedopmanun, H*m
n - KII/] crana,
Npaca=1606/0,84+160=2065k BT

®opma mnpeacrabieHusi pesyjbTtara: OTder o mpojaenaHHONW padoTe TOJKEH COAepXkaTb
Ha3BaHUE U 11eJb paboThl, ONMMCAHUE X0/1a pabOTHI; pacueThl HCKOMBIX BEJIMYMH, BHIBOBI.

Kpurtepun onenkmn:
«5» (OTIMYHO): BBHITIOJIHEHBI BCE 3aJlaHUS, CTYICHT YETKO M 0€3 OImMOOK OTBETHJI Ha BCE
KOHTPOJIbHBIE BOTIPOCHI.
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«4» (XOpolI0): BBIIOJHEHBI BCE 3aJaHMs; CTYACHT OTBETHJI Ha BCE KOHTPOJIbHBIE BOIPOCHI C
3aMEYaHUAMMU.

«3» (YZOBJIETBOPUTEIILHO): BBIMOJHEHBI BCE PabOThI ¢ 3aMEYaHUSIMU; CTYACHT OTBETHJI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSAMH.

«2» (He 3a4TEHO0): CTYAEHT HE BBIIOJHUI WM BBIIOJHUI HENPaBWIBHO 33JaHMs; CTYIEHT
OTBETHJI HAa KOHTPOJIbHBIE BOIIPOCH! C OIIMOKAaMH WM HE OTBETUJI Ha KOHTPOJIbHBIE BOIIPOCHI.

Tema 1.12 HepaBHoMepHoCTh Aedopmanun

IIpakTuyeckas padora Ne 17
HN3ydyenue HepaBHOMEPHOCTH AeGopManNy MPU NMPOKATKeE

He.ﬂb paﬁoTbII HsydeHne METOIMKH OIpEACICHHS HEPaBHOMEPHOCTH I[ed)ODMaHI/II/I opu
ITPOKATKC.

Boinoainus padorty, Bel Oynere:

yMmemy:

- IPUMEHSITh TUIOBBIC METOAMKH ONPEICIICHHUS MapaMeTPOB 00PaOOTKH METAIIOB JaBICHUEM;

-BBIOMpATh  CNPABOYHBIC  JAHHbBIC,  XapaKTEPU3VIOIIME  B3aWMOCBSI3M  CTPYKTYPBL U
CBOWMCTB 00pabaThIBAEMbIX METAJLIOB M CILIABOB, JIJIsl OOSCIICUEHHs BEINYCKA MPOAYKIIUHU C 33JaHHBIMU
CBOWCTBaMH.

MaTtepuajbHOe o0ecneyeHue:
yq€6HO'MeTO[[quCKa$I JOKYMCHTAIIWA, JMJAKTHYCCKHUEC CPCACTBA

3agaHue: U3y4UTh METOJUKY OIPE/ICICHHS] HEPaBHOMEPHOCTEN IIPU ITPOKATKE.

IMopsiniok BbINOJIHEHUS PadOTHI:

1. O3HaKOMHTBCS C METOJMUECKUMH YKa3aHUSIMH K ITPAKTHUUYECKON paboTe.
2. TlomyunTh MHAMBHIyaTbHOE 3a/IJaHUE Y MPETIOAABATEIS.

3. Bbmonaute padoty

4. CnenaTtb BBIBOJIBI

Xoa paGoTsI:

1.Ilpu ycrnoBuu paBHOMEpHOH nedopMalMM MpU MPOKATKE TOIIIMHA MUCXOIHOU mosocsl hg mo
BCEHl MmHMpWHE W JJMHE OJMHAKOBA, 3a30p MEXKIy BalKamMH hi o Bceill JymHe OOYKHM BAJKOB H
COIIPOTHBIIEHHE JAedopMalli MPOKATHIBAEMOT0 METajula M0 BCEMY €ro 00beMy TakKe OJIMHAKOBBI.
HaGnromaromecss ToYTH BCerAga OTKIOHEHUS OT OTHX YCIOBHHA TPUBOMAT K HEPABHOMEPHOU
nedopmaruu. PaznuyuaroT HepaBHOMEPHOCTH AeopMaIiy [0 MIMPUHE, TONIUHE U JAJTHHE HOJOCHL.

2.HepaBHOMEpHOCTH J1eopMaIiH MO MIUPUHE TTOIOCH - 3TOT BHJ HEPAaBHOMEPHOU JieopMarum
NPOSIBIISIETCS. B HEPAaBHOMEPHOM paclpesielieHHd o00XaTus MO IIMPUHE IOJIOCHI M BBI3BIBAETCS
CIIEAYIOIIMMH JICHCTBYIONIMMHA COBMECTHO M TIOPO3HB IIPUYNHAMH:

a) HEOIMHAKOBBIM 3a30pOM MEX/y BaJKaMH (TIepeKoc BaJIKOB, HEPAaBHOMEPHBIN pa3orpeB O0UKu
BaJIKa, BIpabOTKa Bajka, MpOorud KaauOpsl Ha BaJIKaX UMEIOT Pa3HYIO BBICOTY I10 IIUPHUHE);

0) HEOAMHAKOBOM UCXOHOW TOJIIIMHOMN MOJIOCH! MO IUPUHE.

CreneHp HEPaBHOMEPHOCTH Ae(opMaIuy 1Mo mupruHe MOKHO OXapaKTEepPHU30BaTh JAHarpaMMaMy
€CTECTBEHHBIX BBITSIKEK. 32 €CTECTBEHHYIO IPUHUMAETCS BBITSDKKA, KOTOPYIO MOJy4uia Obl Ta WU
WHas 4acThb TOJIOCHL, €CIi OBl OHa NedOpPMHPOBATACH OTIECIHEHO, BHE CBS3W C JPYTUMHU YaCTSIMH.
EcrecTBeHHbIE BBITSKKM CPaBHMBAIOTCA CO CpEIHEM BBITSHKKOWM, KOTOpas oOmpenensercs Kak
OTHOIICHHE CEYEHHH JI0 MPOX0/1a ¥ MOCIe Hero: Aqp, = Fo/Fy.

Yem Oosplie pasHUIIA MEXIy €CTECTBEHHOW U cpelHell BBITSDKKOM, TeM Oouiblie
HEPaBHOMEPHOCTH Jiepopmanuu.
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3.IIpumepoM MOXKET MOCTYXHTh AWAarpaMMa BBITSDKEK MPU MPOKATKE IMOJIOCHI TMEPEMEHHOTO
CeueHHs MO LIMPUHE B TTIAJKUX BaJIKax

[TonepeuHoe ceyeHHe MOJOCHI MOXHO Pa3OMTh HAa TPU YACTH IMPHHOM Kaxaas mo 100mm,
HMMEIOIIHE BBICOTY: Kpasi — o 80mm, cepenuna 60 mm. [Ipu oOkatuu Takoi mosockl A0 40 MM Kaxkas
YacTh CTPEMHTCS MOJIYYHTh CBOIO BBITSKKY ([UIsI YIPOILEHMS pacueTa YIIUPEHUE HE YUYUTHIBACTCS):
Kpas — A1 = A3 =2,0; cepenuHa — Ay = 1,5. dakTHYECKH BCs 1OJIOCA MOJydaeT HEKOTOPYIO CPEIHIOO
BBITSKKY:

Aep = Fo/lF1 =(80-100 + 60-100 + 80-100)/(40-300) = 1,83
B coorBercTBUM € 3TMM M JJIMHA TOJOCHI IMOCJE MPOKATKW OyAeT HEKOTOpPOHl cpeaHeu

mHoit Le = 1,831 [lnarpamma BBITSKEK A7l JAHHOTO CIIy4dast IIpe/ICTaBlIeHa Ha PUCYHKE.

..... A fenegees
_ fepe oo Ly
s EDT a0 1[40
: P L Ejl.
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Jnarpamma BBITSKEK

BolpaBHUBaHUE BBHITSDKEK HEM30€KHO MPUBOIUT K Pa3IMUYMIO YIIUPEHHUS HEPaBHOMEPHO
00’)KMMaeMbIX y4YacTKOB IIOJIOCHI, YTO BBITEKAET M3 3aKOHA IMOCTOSHCTBA oObeMa. Y JIMHEHHE yacTei
I0JIOCHI, MOJIydarolux OoJbllee 00kaTue, MEHbIIE 0KUAAEMOro (ecTeCTBEHHOro) (Ha puc. 13 — kpas),
MIO3TOMY YIIUPEHHUE UX OOJIbIIIE BEIUYHHBI €CTECTBEHHOTO (CBOOOHOI0) YIIMPEHUSI.

Takoe ymupeHne Ha3bIBAIOT BHIHYKJACHHBIM. Y UIMHEHUE YacTed TMOJIOCHI, TMOJIYYHUBIINUX
MeHbllee o0xarue, 00Jbllle €CTEeCTBEHHOIO yJUIMHEHUs. BeaencTBie 3Toro mupuHa X yMEHbIIAeTCs.
Cy>xeHure noJiochl (0TpULIaTENbHOE YITUPEHNE) HA3bIBAIOT YTAXKKOI.

[Ipy npokaTke MMPOKUX TMOJOC MaJOW TOJNIIMHBL, KOrJa YIIMPEHHE IPAKTUYECKU
OTCYTCTBYET, BBIPAaBHHBAHUS BBITSKEK HE MpoucxoauT. Kaxkpas dYacTe TMOJNOCH  MOJIydaer
€CTECTBEHHYIO BBITSDKKY M, €CIU 00XaTus HEpPaBHOMEpHBI, JIMHA HEPAaBHOMEPHO O0XKHMMaeMbIX
y4acTKOB OyZeT HeoauHakoBod. Ho 3T0 BO3MOXKHO JHIIb TpU NPOKATKE KOPOTKHUX Mosoc. B
OOJIBIIMHCTBE CITyyaeB U30BITOK JJIUHBI CUJIBHO 00KMMAaEMbIX YYAaCTKOB ITOJIOCHI 00pa3yeT BOJHBI, HO
€CJIM TPOYHOCTh M KECTKOCTh ATHX YYaCTKOB JIOCTATOYHO BEJIMKH, TO Ha cJla00 00XaThIX ydacTKax
M0JIOCHI 00pa3yr0TCsl HaIPHIBBI.

BbipaBHMBaHME JUIMH TpU HEpaBHOMEPHON JedopMmanuyd 1O HIMPUHE TMPUBOAUT K
MOSIBIICHUIO JIOTIOJHUTENBHBIX HanpspkeHuid. Te gacTu, KOTopble 00KMMalUCh B OOJbIICH CTENeHH,
MOJIY4alOT BBITSDKKY MEHBIIIE €CTECTBEHHOM, TaK Kak UX CIEPKUBAIOT c1ab0 00)KMMaeMble Y4acTKH.

B pesynbraTte B 30HaX MOBBIIIEHHOTO 00XKaTHs BO3HUKAIOT HampspkeHus cxarus. HaoGopor,
4acTU IOJIOCHI, OO0XKaTble B MEHbIIEH cTeneHu, OyAyT pacTsAruBaTtbcs IOJA JCHCTBHEM 4YacTel,
NOJy4YUBIIUX Oonbiee oOkaTue. HampspkeHHMs pasHBIX 3HAKOB B3aMMHO YPaBHOBELIMBAIOTCS 110
OTJEJIbHBIM 30HaM I0JIOCHI U, CIIE€JJOBATEIIbHO, OHHU SIBIISIOTCS HANPSKEHUSIMH N1EPBOT0O poJa.
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4. HampspkeHHst CKaTHs. MOTYT IIPUBECTH K BOJTHUCTOCTH MJIM KOPOOOBATOCTH MPOKATHIBAEMOM
noJs1ocsl. HanpspkeHns pacTsKeHMs IPY IPEBBIICHNN NIPeeiia MPOYHOCTH METalla MOTYT ITPUBECTH K
MOSIBJICHUIO TPELIMH, pBaHuH. Hanpumep, pu npokaTKe M0JIOCH! ¢ YTOJIIIEHHBIMH Kpasimu (puc. 13) no
KpasM BO3HMKAalOT HalpspKeHUs cxatus. [Ipu moctaTtoyHoN MX MIMpUHE Kpas MOTYT IOJIYYHTHCA
BOJIHUCTBIMU. CpelHss dYacTh IOJOCHl IOJY4YaeT HampshKeHUs pacTsbkeHus. Ecinu  HampspkeHus
pacTsKeHUs IPEBBICAT Ipeesl IPOYHOCTH METalla, IOCEpeANHE MOT'YT 00pa30BaThCsl PBAHUHBI.

HecumMerpuynas HepaBHOMEpPHOCTh jaedopMmanuu  OOJbIIEH  4YacThbl0 MPUBOAUT K
HCKPUBIICHUIO IPOKAThIBAEMOM 1mosiockl. [IpumepomM HECUMMETPUUHONW HEPaBHOMEPHOCTH JieopManuu
10 LUMPHUHE MOKET IOCIYXUTh IPOKATKA M10JIOCH! IPSIMOYTOJBHOIO CEYEHUS B IIEPEKOIICHHBIX BAJIKAX.

B naHHOM ciydae oOXaTusi OT OAHOM KPOMKM K JIpyroil IMOCTENEHHO BO3pacTaror,
COOTBETCTBEHHO YBEIMYMBAIOTCS U BBITSDKKH. Pa3sHOCTh BBITSDKEK, OOpasyromascs B oyare
nedopmaruy, BO3AEHCTBYET KaK Ha MEepeHui, TaKk U Ha 3aJHUIM KOHeLl IpokaTbiBaeMoil mosockl. Ilpu
9TOM IHEpeJHUM KOHEl II0JIydyaeT IIJJaBHOE HCKPUBJIEHHE B TIOPU30HTAJIBHOM  IUIOCKOCTH
(cepnoBUAHOCTD), 3aru0asich B CTOPOHY MEHBIIE BBITSKKHU. 3aJHUH KOHEL [I0BOPAUYNBACTCS B CTOPOHY
MEHBIIET0 00XKaTHs, MPUBOAS K CMEIICHUIO TOJOCH BJOJh OOYKHM Basika (TIOJIOCY BENET) W JIaXKe
BbIOpachIBaHUIO €€ 3a Mpeienbl padodeil 4acTH BaJIKOB.

5. AHanoruuHble SBJIECHUS HaOJIONAIOTCA B CIy4yae IPOKATKU I10JIOCHl KJIMHOBUIAHOIO
MIOTIEPEYHOr0 CEUYEHUS IIPU NMapajuleIbHOM PAaCHoI0XKeHUH BajkoB. HepaBHOMEpHOCTH edopmanuu mo
LIMPUHE MOXET MPUBECTH K 00pa30BaHUIO Takoro jaedekra, kak nopes. OH monydaercs Ipu MpOKaTKe
TOHKHUX JINCTOB B CHJIBHO BOTHYTBIX BaJKaxX. B 3TOM cilydae Kpas MOJIOCHI Ha BXOJE B BAJIKU «BEAET» K
cepeaHe, Te JIUCT cOOUpaeTCsl B CKIAJKYy, B PE3yJbTaTe YEro B BAJKHU IOMAJAeT TpOiiHas TOJIIHMHA
mucta. B aToM mMecte ucT cam cels pexer, MHETCS U UET B Opak.

6.HepaBHOoMepHOCTDh JedopManvy 1O TOJNIIUHE - A3TOT BHJ HEPABHOMEPHOW JedopManuu
NPOSIBIISIETCS. KaK HEOJMHAKOBOE O0XaTue OTAEIbHBIX I'OPU30HTAJIBHBIX CJI0€B MoJjochl. OnHOM u3
NPUYHH € MOXKET OBITh Pa3In4Ke COMPOTHBIICHHS Je(OPMALIMU OTACTBHBIX CIIOEB.

PaccmoTpuMm oO)kaTue JBYXCIOMHOM TOJOCHl HEBPAILAIOUIMMUCS BaJKaMH OJMHAKOBOTO
nuaMeTpa.BepxHuii ci0if — CBUHIIOBBINA, MMEIOIINI Majoe CONpPOTHBICHHE AeGopManu, HUKHANA —
AJIFOMUHUEBBIN, UMeeT Ooiee BhICOKOE conpoTHuBieHue Aedopmarnun. BepxHuil Balok BAaBIuBaeTcs B
CBUHEI| Ha OOJbIIYI0 TIIyOMHY, YeM HWXHHM BaJOK — B aJIOMMHMNA. YcCuus, NEHCTBYIOIIKME Ha 00a
BaJka, PaBHbI MEXAY COOOH, COIJIaCHO YCIOBHIO paBHOBecHs cuil. Iliomaan conpuUKOCHOBEHUS
METAJIJIOB C BAJIKAMHU PA3JIMYHBIE: Y BEPXHETO BaJIka KOHTAKTHas IJIOLIa/1b OOJIbIIIE, YEM Y HUKHETO.

Yeunue, 1elicTByollee Ha BepXHUi Banok P1 = py-Fy;

ycuiiie, IEMCTBYIOIEE Ha HUKHUN BaJIoK Py = py-Fo.

CornacHo ycnoBHIO paBHOBecHUs cuil, uMeeM p1-F1 = pa-Fo,

HO p1< P2; F1 >Fo.

7.006xaTHsl BEPXHEro M HU)KHETO CJIOEB B PAcCMaTpUBAEMOM Cllyyae TaKKe HEOJIMHAKOBBI.
CBUHIIOBBIH CJIOM 00KMMaeTcsi B OOJIbIIEH Mepe, 4eM amoMuHueBbIi, To ecth (Hy — L) > (Hy — Ly),
ClIeZIOBAaTENbHO, M BBITSDKKA CBHHIIOBOTO CJI0sl OyAeT Oosblie, YeM altoMuHueBoro. Eciau 3tu cioun He
CBSI3aHBI MEXJ1y COOOM, TO KaXKIbIH U3 HUX IOJIy4aeT MpH Ae(popMalii CBOIO €CTECTBEHHYIO BBITSIKKY.
Ecnu e ciion cBsizaHbl MeXAy co0oi (Kak, Hampumep, y 6umMeTaia), To Ipu MPOKaTKe moyioca Oynet
n3rudaTbcsi B CTOPOHY MEHBIIEH BBITSKKH, B JAHHOM IPUMEPE — BHU3.

t
& v

Ly

\ﬁlf_

Fh
HepaBHoMepHOCTH feopManuy 1Mo TOIIIUHE MOJIOCHI
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7. Takum 06pazom, IIpu HEPABHOMEPHOU NehopMaIliy 10 TONIIUHE TaK K€, KaK U JJIs CIIy4acB
HEpaBHOMEpHOW JedopMalMy MO UIMPUHE, OTAENbHbIE 4YacTH TMOJOChl CTPEMSITCS TOIYYHUTh
€CTECTBCHHYIO JUIMHY B COOTBETCTBUU C OOKaTHEM UX. AHAJIOTMYHBIC SBICHUS MPOUCXOIAT U TPH
MPOKAaTKe HEPAaBHOMEPHO MPOTpeToi MoJochl. BcenencTBue pa3inyus CONMPOTUBIEHUS AepopMmaruu
OTJICNBHBIX CIIOCB YIJIBI 3aXBaTa Yy BEPXHETO W HUKHETO BAJIKOB Pa3IMYHBL. BeTW4MHBI 00XKaTHs
BEPXHETr0 U HMYKHETO CJI0E€B MOKHO BBIPA3UTh YEpE3 yIJIbl 3aXBaTa!

obxarue Bepxuero ciost Hy — Li= R-(1 — cosay);

obskarue HrkHero ciost Hy — L= R+ (1 — cosoy).

OnpenenuM OTHOIIEHUE 00KaTU BEPXHETO M HIYKHETO CIIOCB:

(Hl - Ll)/(Hz - Lz) = (1 - COS(Xl)/(l - COS(lz).

Jlnst MasibIX 3HAYEHUH YTII0B MOJYyYHM:

(H1 — L1)/(Hz — L) = (on/a)>.

Jnst mpokaTku 6e3 yIIMpEHHs MO YCIOBUIO PaBEHCTBA YCHIIMH, JICHCTBYIOIIUX HAa BEPXHHUHA U

HWOKHUHN BasKu: (p2/P1) = (0q/a2). Eciin comoctaBuTh Ba MOCIEAHUX YPABHEHHUS ITOIYUUM:
(H1 — Lo)/(H2 — Lo) = (p2/pr)°.

DT0 ypaBHEHHE BbIpa)KaeT 3aKOH pachpeiesieHus: 00KaTuil Mpu HEepaBHOMEPHOH nedopManumn
0 TOJIIIMHE: YaCTHBIC 00XKATHUS CIIOEB METallIa, UMEIONIUX Pa3IMYHbIC CONMPOTUBICHUS JehOpMaIlnHy,
00paTHO MPOMOPIIMOHATBHBI KBaJIpaTaM COMPOTHBICHUN AeQOpMaIlK STUX CIIOEB.

HepaBHoMepHast nedopManus 1O TOJIIMHE IOJIOCHI TPUBOAWT K TOSIBJICHHH B METaJlIe
JIOTIOIHUTENBHBIX HaNpsoKeHUH. B cnosiX mojockl, MOMy4YMBIIMX OoJbliue 00XKaTHs, BO3HUKAIOT
JIOTIOJTHUTEIIBHBIC HAPSHKEHUS CKATHSA, a B CIIOSX, MOJYYUBIINX MEHBIIHNE OOXKATHS — HAIPSHKCHUS
pacTsukeHus. JlomoNHUTENbHBIE HANpsDKEHUsT MOTYT mpuBecTH K nedekram. Haumbonee yacTeiM
neeKTOM MpU Topsyed MpoKaTKe, HarpuMmep, OMMETaUTMYEeCKOM MPOBOJIOKH, MMEIOIIEH CTaJbHOU
CepJICYHUK U MEHYIO0 000JI0UKY, SABIISETCS pa3pbIB CTAILHOTO cepAeuHuka. CTaabHON CepIeUHUK, UMes
OoJbIIIee conpoTHUBIIeHUE Aeopmarnmu, MEeHbIIE 1ehOpMHUPYETCS TTO CPABHEHUIO ¢ MEAHON 00O0I0UKOH.
B pe3ynbTare B HEeM BO3HHMKAIOT OTMOJIHHUTEIbHBIC HANPSKEHUs pacTsokeHus. Eciu 3Ty HampshkeHus
MIPEBBICAT TIPS TPOYHOCTH CEPJICYHHUKA, B HEM BO3HUKAIOT TPEIIUHBI

8.HepaBHOoMepHOCTh AedopMaIiil MO JJIMHE MPOKATHIBAEMOW MOJIOCHI - B KaKIbI JaHHBIN
MOMEHT TPOKATKH B CTaJIuU Je(hOopMallud HAXOAUTCS JIUIIh HEOOJbIIAs YacTh JUTMHBI TOJIOCKH! (o4ar
nedpopmarun). Ho naxke B mpezenax 3Toil HeOOBIION yacTH AedopMaliis He SBISIETCS paBHOMEPHOI.
OT TJIOCKOCTH BX0J1a B BJKH K IJIOCKOCTH BBIXO/Ia YMEHBIACTCS CKOPOCTh JAeOopMaIiuu, U3MEHSIETCS
HaAMPSKEHHOE COCTOSIHUE M COOTHOIICHHE MEXTY MPOJI0TIbHON U MONEPEeYHON AedopMaIusimMu.

B3anmMopneiicTBie TepeqHer0o W 3aJHEr0 KOHIOB C  J1e(OPMUPYEMOH YacTbIO IOJIOCHI
HAKJIaJbIBAET CBOM OTIIEYATOK HA HAMPSHKEHHOE COCTOSHHE U XapakKTep MepeMelIeHHs YacTHIl B oyare
nedopmariiu.

Takum 00pa3zoMm, MpolecC MPOKATKH caM MO cebe CIYKUT MPUMEPOM PE3KO BBIPAKEHHOM
HEPaBHOMEPHOCTH JedopMalui TO JUIMHE TIOJOCh, HO HEPaBHOMEPHOCTh 3Ta TMPOSBISCTCS Ha
MIPOKATaHHOM MoJI0ce BecbMa cBoeoOpa3Ho. BenencTBue perynspHOCTH mpolecca MpOKaTKU uyepes3 oyar
nedopMaIiu MociIeI0OBaTeILHO MPOXO/IAT BCE YYACTKU JUTUHBI TIOJIOCHI M KXKIBIH M3 HUX B PaBHOU
Mepe HCIBITHIBAET HEPAaBHOMEPHOCTH nedopMaiuu. B pesymbrare pasmepbl gopma MOMNEPEYHOTO
CCUCHUS, CBOMCTBA METallIa M XapaKTep OCTATOYHBIX HANPSHKESHUH 10 BCE JUTHHE MPOKATAHHON MOJIOCH
MOJIY4al0TCsl OJIMHAKOBBIMU. VICKIIIOUeHHE COCTABISAIOT JUIIh HEOOBIINE YIACTKH JJIUHBI MO KOHIIAM
IOJIOCHI, MPOKATaHHBIE B YCIIOBUSAX HEYCTAHOBHBIIETOCS TpoIiecca. B CBA3M ¢ 3THM OOBIYHO CUUTAIOT,
9y10 nedopMainus Mo AJUHE MPOKATHIBAEMOW TMOJOCHI PaBHOMEPHA, €CIM BCE MOMEPEYHbIE CEYCHUS
MOJIYYaloT TIPH TIPOKATKE OJUHAKOBOE W3MEHEHHWE (OPMBI M pPa3MEpoB, a OIMCAHHYIO BBIIIC
HEPABHOMEPHOCTh YYUTHIBAIOT JIUIIIb MIPH aHATHN3E MPOIECCOB, TPOTEKAIOIINX B o4are JeopMaluu.

Jlpyroit Bua HepaBHOMEPHOCTH JedOopMaIlii 10 JUTHHE MOJIOCH HAOI0aeTCs MPU U3MEHEHUH
paccTosHUS MEX]y BaJIKaMH 3a BpeMs OJTHOTO MPOXoa U3-3a KoJeOaHuii ynpyrux nedopmainnii BaJkoB
W JIPYyruX JeTajied padodeil KJIETKH, BCJCICTBHE M3MEHEHUS YCHIIHS MPOKATKU WIIN HM3-3a «OWCHUSD
BaJIKOB TpPH OTCYTCTBHHM CTPOTOM COOCHOCTH Ieek M Oodek. CedeHHWe TMOJOCHI, MOTydaeMod B
pe3ysibTaTe TaKoH MPOKATKH, OyJIeT HEOUHAKOBO 10 € JUTHHE, TPHYEM H3MECHITHCS MOXKET HE TOJBKO
TOJIIIIMHA, HO ¥ IUPUHA TIOJIOCHI, @ UHOTJa U CBOMCTBA MPOKATHIBAEMOTO METaJla.

51



B GonpmmHCTBE CiyyaeB HEPaBHOMEPHOCTH Ae(OpMallii TaKOTO BHJIAa HEXelaTelIbHa, TaK Kak
OHa CHMXAeT TOYHOCTh PAa3MEpPOB IpPOKaTbIBaeMOW moiockl. OcoOEHHO cKa3blBaeTcsl €€ BpegHOe
BIMSIHUE MpPU TPOKATKE TOHKHX IOJOC, KOrAa ymnpyrue aedopManuu netaneil pabodeld KIETKU
CTaHOBATCSA COM3MEPUMBIMH C TOJIIUHON IPOKATHIBAEMON IOJIOCHI.

Jlnisi TIOBBIIIEHUS! TOYHOCTH TPOKATKH CTaparoTcsi n30erath «OMEHHs» BaJKOB, NMPHUMEHSIOT
pabouue KJIETKH MOBBIIIEHHOHN >KECTKOCTH WM CHELHaJIbHbIE KIETKH MPEeIBApUTEIbHO HaNpsSKEHHON
KOHCTpYKIMHU. IHOT]a HEpaBHOMEPHOCTH 00XKaTHS MO JUIMHE TOJIOCH! CO3/Ial0T CIEMaIbHO, HAaIPUMED,
IIPY BBIPABHMBAHUM HEPABHOMEPHOCTH TOJIILMHBI UCXOAHOMN MOJIOCHI, TP MOJIYYEHUN NEPUOAUYECKUX
npopwiell Wi, Kak MX emié Ha3bIBAIOT, NPOQHICH MEepEeMEHHOro CeuYeHHs (Hampumep, Kpyriioro
npo¢uiIs ¢ NEPEMEHHBIM 110 AJIMHE TUAMETPOM).

Ilopsinok BbIOJHEHHS padOThI:

O3HaKOMUTBCS ¢ METOAMUYECKUMHU yKa3aHUSIMU K IPaKTUYECKOl paboTe.
[TonyynTs MHAUMBUyAIBHOE 3a1aHUE Y IIPETIOIAaBATEIIS.

Beimonuuts paboty

Crnenatpb BBIBOJIBI

el A

®opma mnpeacraBienusi pesyasrara: OTd4eT O NpOJENaHHON padoTe NOIKEH CoIepiKaTh
Ha3BaHUE U IIeIb PadOTHI, ONIMCAHKUE X0/1a pabOThI, BHIBOIBI.

Kpurepum ouenkmn:

«5» (OTIMYHO): BBHINMOJIHEHBI BCE 3aJaHUsA, CTYJSHT 4YeTKO W 0e3 ommOOK OTBETHI Ha BCe
KOHTPOJIbHBIE BOIIPOCHI.

«4» (XOpol0): BBIIOJHEHBl BCE 3aJaHUs; CTYACHT OTBETHJI Ha BCE KOHTPOJIbHBIE BOIPOCHI C
3aMeYaHUsIMH.

«3» (yIOBJIETBOPUTEILHO): BBIIIOJHEHBI BCE pabOThl C 3aMEYaHUSIMU; CTYIEHT OTBETHJI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSMHU.

«2» (He 3a4TEHO0): CTYAEHT HE BBIIOJHUI WM BBIIOJHUJI HENPaBWIbHO 3aJaHMs; CTYIEHT
OTBETHJI HAa KOHTPOJIbHBIE BOIIPOCHI C OIIMOKAMH WM HE OTBETUII Ha KOHTPOJIbHbIE BOIIPOCHI.
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