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Pa3paboTunk:
npenogasarens PI'BOY BO «MI'TVY um. I'.1. HocoBa» MHoronpoduiabHbIi KOIEIK
Okcana AnekcanapoBHa MupoHoBa

MeTtoaudeckue yka3zaHus MO BHITOJHEHHIO MTPAKTHUECKUX U TaOOPATOPHBIX paboT pazpaboTaHb
Ha OCHOBe paboueil mporpammel mpodeccuoHanpbHoro moayis «[IM 03 TloarotoBka W BeleHUE
TEXHOJIOTHYECKOTO Tpoliecca 00paboTKU METAJIIOB JIABICHUEM».

ConeprxaHyne MPaKTHIECKUX 1 Ta0OpaTOpHBIX PabOT OPUEHTHPOBAHO HA TIOATOTOBKY OOYUYAIOIITHXCS K
OCBOEHHIO MPO(hecCHOHABHOTO(BIX) MOYIISI(€i) MporpaMMbl MOATOTOBKH CIIEUATMCTOB CPETHETO 3BEHA
no cneuuanbHocTH 22.02.05 OOpaGoTka METaUIOB JaBIEHUEM U OBJIAJCHHIO MNpodecCHOHATbHBIMU
KOMITETEHLIUSIMHU.

ConeprxaHyre MPaKTHIECKUX 1 TJaAOOpaTOpHBIX PabOT OPUEHTHPOBAHO HA TIOATOTOBKY OOYUYAIOITHXCS K
ocBoeHHto Buja esrenbHoctd B/ 3. [TonroroBka u BeJjleHHE TEXHOJIOTUYECKOT0 Mporecca 00paboTku
METAJIJIOB JIAaBJICHUEM ITPOTrPaMMBI TIOATOTOBKH CIEITUATMCTOB CPETHETO 3BeHa 10 crienabHocTH 22.02.05
O0paboTKa METAIIOB IABJICHUEM U OBJIICHHIO PO(HECCHOHATBHBIMI KOMITETSHIIUSIMU.
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1 BBEJAEHUE

BaxHyl0o dYacTh TEOpETHMUECKOM W  NPOPECCHOHATBHON  MPaKTHYECKOW  MOATOTOBKU
00yJaronuXxcsi COCTABIIAIOT IPAKTUYCCKUE U J1a00OPATOPHBIC 3aHSATHS.

CoctaB u cojepKaHHe MPAKTHUYECKUX W JTAOOPATOPHBIX 3aHSATUIN HAIPABIICHBI Ha PEaTU3aIIUIO
denepanbHOTO TOCYIAPCTBEHHOTO0 00pa30BaTEIbHOIO CTaHJAapTa CPEAHEro MpodhecCHOHATBHOTO
o0Opa3oBaHMUsI.

Benymeit augakTHYecKoW —IENbH0  MPAKTHUYECKWX 3aHATHH  sABIsAETCA  (OPMHPOBAHUE
npoecCHOHABHBIX MPAKTHYECKUX yMEHUW (YMEHUW BBINOIHATH OIpPEACICHHBIE JICHCTBUSA,
omepanuy, HEOOXOIUMBIE B IOCJIEAYIOMEM B MPOPECCHOHAIBHON IEATEIBbHOCTH) WM YYCOHBIX
MPAKTUYECKUX yYMEHUH (YMEHHH pelaTh 3ajadd Mo MaTeMmaruke, (pu3nKe, XUMUHU, HHOOPMATUKE U
Ip.), HEOOXOMMBIX B TTOCIICYIOIIEH yUeOHOM NeITeIbHOCTH.

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

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

B pe3ynbrare ux BHINOTHEHHSI, 00Y4aIOIIUNACS JOKEH:

ymemup:

- BBIOMpATh CIPABOYHBIC JaHHBIC, XapPaKTEPU3YIOLINE B3aUMOCBS3U CTPYKTYpPhl U CBOWCTB
o0pabaThiBaCMBIX METAJIOB W CIUIABOB, JJIsi OOECIICYCHHS BBINYCKA NPOAYKIHH C 33JaHHBIMHU
CBOMCTBaMH;

- HUHCTPYKTHPOBaTh TMOJYMHEHHBIX O TpaBWIaX OJKCIUIyaTalldd  TEXHOJOTHYECKOTro
00opynoBaHUs.

ConepxaHue TMPAKTUYECKUX U J1a0OPATOPHBIX 3aHSATUH OPUEHTHPOBAHO HA  TOJTOTOBKY
oOyyaromuxcsi K OCBOCHHIO MpPO(ecCHOHATbHOTO MO/ MPOrpaMMbl TOJATOTOBKU  CHEIHATUCTOB
CpEJ/IHEro 3BeHa IO CIEUATBHOCTH U OBJIAJICHUIO HPOpeCcCUOHAIbHbIMU KOMNEMEHYUAMU:

[IK3.1IIpoBepATh  IPaBUABLHOCTH  HAa3HAYEHUS  TEXHOJOTHYECKOI'O  peXMMa  00paboTKHU
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 MOKa3aTeIIn )44 K02 (pUIIHMEHTEI nedhopMarun 00paboTKH
METAJUIOB JIABJICHHEM

I1K3.5PaccunThIBaTh KAJIHOPOBKY pado4uero MHCTpYMEHTa W (OPMOM3MEHEHHE BBIITYCKAEMOM
po WM.

IIK 3.61Ipou3BoauTh CMEHY COPTAMEHTA BRINYCKASMOM IPOAYKIINU

[IK 3.70cymecTBAsATh TEXHOIOTHUSCKUN MPOILIECC B IIJIAHOBOM PEKHMME, B TOM YHCIIC MCIOIb3YS
IIpOrpaMMHOE 00eceYeHrEe, KOMIBIOTEPHEIC B TEIEKOMMYHHMKAIIMOHHEIC CPEJCTBA.

[IK 3.80¢hopMIIITE TEXHUYECKYIO JOKYMEHTAIIMIO TEXHOIOTHYECKOI0 IIpoliecca

A Taxxe pOpMUPOBAHUIO 0OU4UX KOMNEMEHYUIL:

OK 01 Bribupars cmocoObl perneHns 3agad npoQecCHOHATBLHONH AEATEILHOCTH NPHMEHUTEILHO K
pAa3JIUYHBIM KOHTEKCTAM.

OK 02 Mcnonp30BaTh COBPEMEHHBIE CPEACTBA MOMCKA, aHAIM3a M MHTEPIPETAMHA HHGOPMAIIUN
¥ MHGOPMaIIMOHHEIE TEXHOJIOTHH JJI BRINOJIHEHUS 33134 MPO(dECCHOHAILHON IESITENLHOCTH

OK 04 DdbdexTHBHO B3aMMOAEHCTBOBATh H PA0OTATHh B KOJUIEKTUBE M KOMAHIE

OK 07 CopelicTBOBaThL COXPAHEHHUIO OKPYXKAIOIICH Cpeabl, pecypcocOepekeHNI0, NPUMEHITh
3HaHUA 00 M3MEHEHNH KJIMMATa, IPHUHIINIIL OEPEKIUBOTO IPOM3BOACTBA, YO (PEKTUBHO ACHCTBOBATL B
YpE3BLIYAMHBIX CUTYAIUSIX.

OK 09 TIlomp3oBaTbcsl  OpodheCCHOHANBHONM JOKYMEHTALIMEH Ha TOCYIapCTBEHHOM U
HHOCTPAHHOM S3BIKaX




[pakTyeckne u 1abOpaTOpHBIE 3aHITHSL MPOBOIATCS B pPaMKaX COOTBETCTBYIOIIEH TeMbl, MOCTe
OCBOGHHS JHAKTUYECKUX EIUHUI], KOTOphIe OOECIICUMBAIOT HAMYNE 3HAHWA, HEOOXOMUMBIX IS €€
BBITIOJTHEHHUSI.



2METOJUNYECKHUE YKA3AHUSA

Tema 1.1 ®u3nyecKkue OCHOBBI IIACTHYECKOH AedopMannu

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

Heab: M3yYWTh MpaBUJIa TEXHUKU 0€30MACHOCTH PAa0OTHI Ha JIAOOPATOPHOM IIPOKATHOM CTaHE,

KOHCTPVYKIHWIO U IIPUHIIUII €T'O0 Da6OTLI.

BbinosinuB 3ananusi, Bol Oynere:

ymemp:

-BBIOMpATh _ COPABOYHBIE  JAHHBIE,  XapaKTEPHU3VIOIIME  B3aMMOCBI3M  CTPYKTYPBI U
CBOMCTB 00pabaThIBAEMBIX METAIIOB M CILIABOB, JUIS 00€ClIeUYeHrs BBITYCKA IPOAVKIIMU C 3aJaHHBIMH
CBOMCTBaMH;

- MHCTPYKTHPOBATh NOJYMHEHHBIX O MPaBUIaX dKCIIyaTAllMH TEXHOIOTMUYECKOI0 000PYI0BaAHMS.

MatepuanbHoe odecrieyeHue:
ABTOMAaTH3UPOBAHHBIN J1a00paTOPHEIN mpokaTHei ctad Y 0-130

3amanue: CocTaBUTh TEXHUYECKUH MAcIOPT J1JaAOOPaTOPHOTO 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. U3MepbTe IITAaHT€HIMPKYJIEM €ro UIMPUHY, BBICOTY M JuiMHY. llodydeHHble pa3Mepsl
3aMUIINTE B TAOTUILY.

YcTaHOBUTE 3a30p MEX]ly BaJKaMH BEIMUYUHON 8 MM.

Bxirounte cran.

YcTaHoBUTE CKOPOCTH MPOKATKH 3 M/cC.

3anaiiTe oOpasell B KJIETh C IOMOILBIO IEPEBSIHHOIO OpycCKa.

[Tocne mpokaTKu U3MephTE IIUPUHY, JUTMHY U TOJIUHY. Pe3ynbTarsl 3aHUIINTE B TAOIUILY.

©oN A

Xoa padoThi:
1. MHCTpyKTaX MO TEXHUKE OE30MaCHOCTH B TabopaTopuu 00pabOTKU METAIJIOB JIaBJICHHEM.
2. 3HaKOMCTBO C J1a0OPaTOPHBIM CTAHOM.

3. Odopmiuenue oTyeTa o0 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
CBEJICHHUS, PE3yIbTaThl 3aMEPOB U PACUETOB, BHIBOJIBI.



Kpurepun onenkn:

«5» (OTIMYHO): BBHITIOJIHEHBI BCE 3aJlaHUS, CTYICHT YETKO M 0€3 OImMMOOK OTBETHJI Ha BCE
KOHTPOJIbHBIE BOTIPOCHI.

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

«3» (yIIOBJIETBOPHUTENHHO): BBIIIOJHEHBI BCE padOThI C 3aMEYaHUSAMHU; CTYICHT OTBETHJ Ha BCE
KOHTPOJIbHBIC BOIIPOCHI C 3aMCHYAHUSAMMU.

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

Tema 1.2 Buabl AedopManum METAJNJI0B U CIIJIABOB

JladopaTopHoe 3aHsaTHEe No 2
IMonyyeHne HAKJIEMAHHOT0 MeTaJL1a Ha JabopaTopHoMm ctaHe Y O-130

Leap padoThl: MyTeM OPOKATKH B XOJOIHOM COCTOSHUU METAIITMYECKHX 00pa3iloB HNOJYYUTh
HaKJICNAHHBIM METAI U YCTAHOBUTH BJIUAHUEC CTCIICHU Iled)ODMaIII/II/I Ha MeXaHUYEeCKHE CBOMCTBA
MeTajia.

Boinosinus padorty, Bel Oynere:

YMETh:

-BBIOUPATH CHPAaBOYHEIC JAHHBIE, XaAPaAKTEPU3VIOLIHE B3aMMOCBSI3U CTPYKTYPBI "
CBOMCTB 00pabaTbiBaeMbIX METAIJIOB M CIIJIABOB, JUIs OOECIIeUeHUs BhIMYCKA MPOAYKIIMH C 33/IaHHBIMU
CBOWICTBaMH;

- HMHCTPYKTUPOBATh NOAYMHEHHBIX O MPaBUIaX HKCILTyaTAIlMH TEXHOJIOTHYECKOro 000pyI0BaHuUS .

MaTtepuajibHOe o0ecnedeHue:
ABTOMATHU3UPOBAHHBIN J1a00paTOPHBIN mpokaTHeil ctad JAY0-130

3ananne:
ITpokatats 3 o0Opa3ua u3 MArkoit cranu pazmepamu 100x4mmMm, 1 3 obpasiia U3 MeIU pa3Mepamu
100x4MM; IpOM3BECTH 3aMeEPHI TBEPIOCTU

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

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 KAXKIOW MAPUH OTIOKUTH, & OCTAIbHBIE IPOKATAaTh IMOCIEI0BATENBHO C
OTHOCHUTENBHBIM 00katueM 25, 50 u 75% 3a ouH WM HECKOJIBKO MPOoX0oA0B. 3MepuTh TONIIMHY
00pa31oB MocIie MPOKATKH U UX TBEPAOCTh. TBEPJOCTh U3MEPATH B TPEX MeCTax Mo JJIMHe oOpasia
— OJIHO U3MEpEHHE 0 CepeIMHE U JIBa U3MEPEHUS HAa PACCTOSHUU MPUMEPHO 5 MM OT MepeHed u
3aJHel KpOMKHU. Pe3ynbTaTel n3MepeHuit 3aHeCTH B TaOIUILY.

4.11o mony4eHHBIM 3aMepaM JJIsl KaXkJ10To 00pasiia onpeAenuTh: a0COM0THOE, OTHOCUTENBbHOE
o0kaTue, CPeTHIOI0 TBEPAOCTh. Pe3ynbTaThl pacueToB 3aHECTH B TaOJIHILY.

dopma npeacTaBieHUs] pe3yJbTaTa. OTYeTa O MPOJEIaHHON PaboTe MOJIKEH COAEpXKaTb
Ha3BaHWE U LeNb paldoThl, OMHMCAaHUE XO0Ja PabOThl, TAOJIMIy MCKOMBIX BEJIHYUH, TUArPaMMy



HakJena ucnbeiTaHHbix MatepuanoB (HB=f (ep)), BBIBOABI O BIUSHUU XOJOIHOHN Aedopmariui Ha
MeXaHUYEeCKHe CBOMCTBA METalIa.
Kpurepun onenkmn:
«5» (OTIMYHO): BBHITIOJIHEHBI BCE 3aJlaHUS, CTYICHT YETKO M 0€3 OImMOOK OTBETHJI Ha BCE
KOHTPOJIbHBIE BOTIPOCHI.
«4» (XOpolI0): BBIIMOJHEHBI BCE 3aJaHUS; CTYIACHT OTBETHJI Ha BCE KOHTPOJIbHBIE BOINPOCHI C
3aMeUYaHUSIMHU.
«3» (yIIOBJIETBOPHUTEIHHO): BBIIIOJHEHBI BCE PabOThI C 3aMEYaHHUSIMH; CTYACHT OTBETHJI Ha BCe
KOHTPOJIbHBIE BOIIPOCHI C 3aMCUAHUSIMHU.
«2» (He 3a4TEHO0): CTYACHT HE BBIIOJHUJI WM BBIIOJHUJI HENPaBWIbHO 3aJaHMs; CTYIEHT
OTBETUJI Ha KOHTPOJIBHBIE BOMPOCHI C OIIMOKAMH MJIM HE OTBETHJI HAa KOHTPOJIBHBIC BOIIPOCHI

Tema 1.4 ConporunJienue n1edopManuy 4 JIACTHYHOCTHL METAJJIOB M CILJIABOB

JladopaTopHoe 3ausgaTue Ne 3
YpaBHeHHe NOCTOSIHCTBA 00beMa M KO3(p(PULMEeHThI 1e)opMallUuK NPU MPOKATKE HA CTaHe
JAYO0-130

esb padoThI: IPOBEPUTH 3aKOH MOCTOSHCTBA 00beMa Ha npakThke. HayunThcs onpenensith
k03 bHUIHeHTs gehOopMalliy IPH IPOKATKE.
Boinoainus padoty, Bel Oynere:
ymems.
- IPUMCHSATH THIOBEIC METOAUKHU OLIPEICIICHUS TapaMeTpoB 00pabOTKH METAJIJIOB IABJICHUEM;
-BBIOMpATh _ COPABOYHBIE  JAHHBIE,  XapaKTEPHU3VIOIIME  B3aMMOCBI3H _ CTPYKTYPHL U
CBOMCTB 00pa0aThIBaEMbIX METAJLJIOB U CILUIABOB, JUIsl 00€CIICUSHHUSI BEITYCKA IPOAYKIIUN C 33 JaHHBIMHU
CBOMCTBaMH.

MarepuajibHoe o0ecnieyeHue:
ABTOMAaTHU3UPOBAHHLIH JIA00paTOPHEIN pokaTHLIN cTad JAY0-130

3aganue:
[Tpoxkarate u 3ameputh oopazenl. [IponusBectu pacuers o0beMa MeTasIa 10 U MOCTE MTPOKATKH.

ITopsinok BbINoJIHEeHUs padoThI:

[TomyunTte McxoHbIN 00Opazel y npenojaBaress.

W3mepbTe ero BHICOTY, IUPHUHY U JATUHY C TOMOIIBIO IITAaHT €HIIUPKYIIS.
ITpokaTtaiite oOpaser; ¢ aOCOMIOTHBIM 00XKaTHEM 3 MM.

N3mepbTe pazMepsl 00pasiia nocjiae NpoKaTKH.

ok wbdPE

[TpoxkaraiiTe »TOT 0Opa3er eie Ba paza ¢ aOCOTIOTHBIM 00KaTHEM 3MM U 2 MM 3a KaXKJIbIi
MIPOXO/I.

o

H3mepbTe pazmepsl 00pasia nocie KaxIoro Ipoxo/ia U 3aHECUTe B TaOJIHILY.

~

PaccuuTaiite 00beM MeTasIa 10 U MOCye MPOKATKU.

8. PesynbraThl 3aHecuTe B TAOIUILY.

Tabmuua 2 — KoapduurenTs! nedopmaiyiu npyu 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.PaccuntpiBaeM s KakJIOTO MPOXOJa: CyMMapHOe abCONIOTHOE oOkatue, o0beM o0Opasia,

OTHOCHUTENIbHYIO OIIHOKY.

®dopma mpexacraBieHus pesyabrara: OTdyerT 0 NpPOJENaHHON pabOTe MOJDKEH COJCpIKaTh
Ha3BaHUE W IeJb paldoThl, ONMUCaHME XO0Ja pPabOThl, 3CKWU3 00pa3ua, TaOMUIy H3MEpEHHH U
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): BBIIOJHEHBI BCE 3aJaHMsI; CTYJEHT OTBETUJ HA BCE KOHTPOJIbHBIE BOIPOCHI C

3aMeYaHUsIMHU.
«3» (y1OBJIETBOPUTEILHO): BBIIIOJHEHBI BCE padOThl C 3aMEYaHUSAMHU; CTYIEHT OTBETUJI Ha BCE

KOHTPOJIbHBIC BOIIPOCHI C 3aMCUYAHUAMMU.
«2% (He 3aqTeH0): CTYACHT HC BBbIIIOJIHWJI WJIA BBIIIOJHWI HCIIPABUJIIBHO 3aJaHusd; CTYACHT

OTBCTUJI HAa KOHTPOJIbHBIC BOIIPOCHI C OIIMOKAaMH MJIA HE OTBETUJ Ha KOHTPOJIbHBIC BOIIPOCHI

Tema 1.4 ConpoTHBJIeHHE )]e(l)ODMaIl]/IH U IJIACTHYHOCTDH METAJJIOB H CILIABOB

JlaGopaTopHas padora Ne 4
IIpoBepka 3aK0HA HAUMEHbBIIET0 COMPOTHBJICHHUSI.

HeJIb paﬁoTbI: BKCHeDI/IMeHTaHBHaH IOPOBCPKA CIpPAaBCAIMBOCTH 3aKOHA HAMMCHBIICTO
CONNpPOTHUBJICHHUA HAa OCHOBC HMCCICAOBAHUA IMPUHIWIIA HAMMCHBIICTIO IICPHUMETPA ITPHU PA3JIHMYHBIX

YCJIOBUAX TPCHUA HAa KOHTAKTC.

Beinosinus padorty, Bl Oynere:

ymemy:
- IPUMEHSATH TUIIOBBIE METOIMKH OMPEEICHUS TapaMeTpoB 00pabOTKH METAJIIOB AaBJICHUEM;

-BI)I6I/IDaTI> CIIPABOYHBIC JAHHBIC, XAPAKTCPU3IYIOIITHNEC B3aMOCBA3ZHU CTPYKTYPBI )41
CBOMCTB 00padaThIBAEMBIX METAIOB M CILIABOB, JUI 00ecnedYeHus BIIYCKA IIPOAVKIIMHU C 3aJaHHBIMH
CBOWCTBAMHU.

MarepuajnbHoe o0ecnieyeHue:
Y4yeOHO-MeTONNYECKAs JOKYMEHTAIN, IUNAKTHUYECKHAE CPEICTBA

3aganme:
Ocaauts o6pasubl pazmepamu 20x20x20mm u 20x40x20MM Ha mpecce, MPOU3BECTH 3aMepbl

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 KOHEYHOW TOJIIIMHBI 6-7MM Ha
CYXHX IIEPOXOBAThIX M CMa3aHHBIX MOJUPOBAaHHBIX Ooiikax. [locrme ocamku M3Meputh odpasel u
paccuuTaTh OTHOCUTEIBHYIO BRICOTHYIO nedopmanmro. Ocanuth obpaser pazmepamu 20x40x20Mm
10 KOHEeYHOM ToimuHbl 3-5MM. [locne ocagku n3mepuTh oOpaselr] U pacCuuTaTh OTHOCHUTEIBHYIO
BBICOTHYIO JIe(hopMaIuio.

dopMa npeacTaBIeHus pe3yabrara:

Otuer o mpojenaHHOM paboTe AOIKEH colepKaTb Ha3BaHUE U 1i€Jb pabOThI, pacyeThbl
OTHOCUTEJIFHOW BBICOTHOW Je(OpMalMud M 3CKH3bl KOHTAKTHOH MOBEPXHOCTH OOpasloB B
HCXOJHOM COCTOSTHUU M ITOCJIE KaKIOU OIepalii OCaJKH, BbIBOBI.

Kpurepum ouenku:

«5» (OTIMYHO): BBINOJIHEHBI BCE 3aJaHUSA, CTYJCHT 4YeTKO W 0Oe3 ommOOK OTBETWI Ha BCe
KOHTPOJIbHBIE BOIIPOCHI.

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

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

«2» (He 3a4TEHO0): CTYAEHT HE BBIIOJHUI WU BBIIOJHUJI HENPaBWIbHO 3aJaHMs; CTYIEHT
OTBETHJI Ha KOHTPOJIbHBIE BOIIPOCHI C OIIMOKAMH WJIM HE OTBETUJ Ha KOHTPOJIbHBIE BOIIPOCHI

Tema 1.4 ConporuBjenune nedpopManuy U NJIACTHIHOCTL METAJIJI0B U CIIJIABOB

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

Ieab padoThI: HAYYUTHCS PACCUMTHIBATH BEJIMYUHBI ILUIACTHYECKOW jaedopMaruu 1pu
00pabO0OTKE METAIOB JABJICHUEM.

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

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

3agaHue: MO MOJTYYCHHBIM WHIUBUAYAIbHBIM JAHHBIM PACCUMTATh MOKA3aTeNd TUIACTUYECKOU
nedopmariiu.

IHopsaoK BbINIOJIHEHHS PA0OTHI:
1. ITony4nTh MHAUBUYaJIbHBIE TaHHBIC Y MPENOaBaTEsl.
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. Paccunrath oTHOCUTENBHBIE TehopMalliy O TOJIIUHE, N0 IIHUPUHE, 10 AJIUHE.
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3. OpopMHTB IPAKTUUECKYIO pabOTy B TETPAIH.
4. CnenaTh BEIBOIEL.

dopma mnpeacraBjeHusi pesyibtara: OT4eT O MpoJETaHHON padOTe MOKEH COIEPKaTh
Ha3BaHUE U IIeJb pabOTHI, pacueThl OTHOCUTEIILHOM BHICOTHOM J1e()opMaIiiy, BBIBOJIBI.

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

KOHTPOJIbHBIC BOITPOCHI.
«4» (XOpOH_IO)Z BBIIIOJIHCHBI BCC€ 3aJaHUA; CTYACHT OTBCTHUJI HAa BCE KOHTPOJIBHBIE BOIIPOCHI C

3aMCYaHUsIMU.
«3» (y,HOBHeTBOpI/ITCJ'IBHO)I BBIIIOJIHCHBI BCC pa6OTBI C 3aMCYaHHAMU; CTYACHT OTBCTHII HA BCC

KOHTPOJIbHBIC BOIIPOCHI C 3aMCHYAHUSAMMU.
«2» (He Sa‘lTeHO)i CTYACHT HC BBLIIIOJIHWJI WKW BBIIIOJHUI HEIIPABUIBbHO 3aJaHusA; CTYIACHT

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

Tema 1.4 Conporupjenune nedpopManuy U MJIACTHIHOCTL METAJIJI0B H CIIJIABOB

IlpakTHyeckoe 3ansitue Ne 2
Pacuer ko3¢ PpunueHToB nedpopmanuu

Heap paGoThI: HAYYUTHCS PACCUUTHIBATH KOIPGDUIMEHTHI JedopManui 1pu oO0pabdoTke
METaJIJIOB JIABJICHUEM.

Brinosinus padorty, Bl Oynere:

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

-BI)I6I/IDaTI> CITPaBOYHBIC JaHHBIC, XapaKTCPU3YIOIIHNEC B3aUMOCBA3H CTPYKTYPBI n
CBOMCTB O6Da6aTBIBaeMBIX MCTAJJIOB M CIIJIaBOB, AJIA obecreueHust BBINTYCKA NPOAYKIIMH C 3aJaHHBIMHU

CBOWCTBAMHU.

MarepuajnbHoe o0ecnieyeHue:
YyeOHO-MeTOoaMYeCcKast JOKYMEHTAMS, TUIAKTUYECKHUE CPEACTBA

3agaHMe: 1O TIOJYYEHHBIM WHIUBUAYAIbHBIM JaHHBIM  pPacCUUTaTh  KOA(D(DUIIUEHTHI
nedopmariiu.

IMopsiiok BbINOJIHEHUS PAGOTHI:
1. ITonyyuTh MHAUBUyaTbHBIE JTaHHBIC Y TTPETIOAaBaTeNs.
2. O3HaKOMHUTBCS C METOMYCCKUMH YKa3aHUSIMH K ITPAKTUIECKON padoTe.

3. BEIMOTHUTH pacyeTsl.
4. ToToByto paboTy cAaTh MPETIOIABATEIO HA MIPOBEPKY.

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
3aBUCHMOCTH OT UCHOJB3YEMOT0 /IS €r0 MOJICYeTa COOTHOIICHHUSI.
HctrHHOE OTHOCHTEIRHOE 00kKaTHE onpenesieTcs no Gpopmyie:
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en = In(ho/hy)

Yacrto nonb3yroTcsl BETMYMHON YCIOBHOIO OTHOCUTENIBHOTO 00KATHS.
A)YcI0BHOE OTHOCHTEIBHOE 00KaTHE MOYKHO OIPENENUTH 10 (hopMyIie:

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

b) B Gonee peaxux cinydasix YCIOBHOE OTHOCUTEIHHOE 00KATHE ONPECIISIOT B BHJIC:
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 npubiamxeHre K ICTHHHOMY OTHOCUTEIbHOMY 00>KaTHIO J1Ta€T COOTHOIIECHHUE:
E"=(ho- h1) / hy, = Ah/ he,,
rze he, — cpeaHereomeTpuyecKkas TONIIMHA OJIOCHI.
[Tomumo BemmumH Ah, ep, E, mokazarenem BBICOTHOM Ae(opMaIiui CIyXUT TaKke KOdPPUIUEHT
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 CMbICITY aHAJIOTUYHBI [TOKa3aTeNsIM BBICOTHOU Aedop-Maruu.
AOCOIIOTHOE YIIMPEHHE MOACUNTHIBAECTCS KaK:
Ab= bo = b1
HcTHHOE OTHOCHUTENBHOE YIIUPEHUE MOKHO OIIPENEIUTh aHAJIOTUYHO:
ep = In(b1/ bp)
VY C10BHOE OTHOCUTENBHOE YIIMPEHHUE!

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

Koaddunment ymmpenus:
Kymnp = (bllbo)

Bennuuny nomnepeyHolt aedopManuu Takke XapaKTepH3yIOT OTHOIIEHHEM a0COIIOTHOTO
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(l/ 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 MOKa3aTesb, Ha3bIBaeMbli KO3((HUIIMEHTOM
BBITSDKKH:

KBbIT = Il/IO

KoaduuueHT BBITSIKKH XapaKTepH3yeT HE TOJNBKO W3MEHEHHE JUIMHBI TOJIOCH, HO TaKXkKe
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 popmysibl cienyer:

|1/ |0 = Fo/F1

Takum o6pa30M, KOS(i)(I)I/II_II/IeHT BBITSDKKM MOXKHO OIIPCACIIMTL TAKKE IMI0 COOTHOUICHHIO
(BN MONECPEUYHOT0 CCUCHMS IMOJIOCHI 4O U IMOCJIC ITPOKATKHU:

KBbIT: FO /Fl

Ecnu TexHomornyeckuil mporecc MpoKaTKu COCTOUT M3 HECKOJIBKO MPOXOOB IMOJIOCHI Yepe3
BaJIKM, YTO OBIBa€T OYEHb YACTO, TO PAIUYAIOT YACTHBIE KOIPPHUIIMEHTHI BBITSKKU (B KaKIOM
Mpoxojie) U OO CyMMapHbI KO3(P(GUIMEHT BBITSHKKH. B COOTBETCTBHM C BBHINICTIPUBEICHHBIMU
dbopmynamu o0l K0O3()PHUIMEHT BBITSIHKKH COCTABIISIET:

KBLIT(06U1) = 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 HAIPABICHHSX
CBSI3aHBI YCIIOBHEM MOCTOSIHCTBA 00beMa MeTasuia. Tak, Iuisi IpsSMOYTOJIbHON MOJIOCHl UMEEM:

hobolo = hybyly,
OTKyJla CIIeyeT:
(hll hO) (bl / bO) ( |1/ IO) = KO6)KK Vi KBLIT =1
ymmp
Takum ob6pazom, mpousBeneHue Kod()PUIMEHTOB 00KaTHUS, YIIUPEHHUS] U BBI-TSHKKH JOJIKHO

ObITh paBHO 1, MHaye HapylIaeTcs YyCJIOBHE MOCTOSIHCTBA oObema. Jlorapudmupys BbIpakeHHE,
MTOJTYYHUM:

In(hy/ ho)+In(by / bo)+In(l1/ Ig) = 0
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Takum o00pa3oMm, CyMMa HCTHHHBIX OTHOCHTEIBHBIX JAedopManuii mo TpeM 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 unreHToB gedopmMariu, BEIBOIbI.

Kpurepun onenkmn:

«5» (OTIMYHO): BBINOJIHEHBl BCE 3aJaHUA, CTYJCHT 4YeTKO W Oe3 omMOOK OTBETHUI 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 BOIIPOCHI C 3aMEYAHUSIMHU.

«2» (He 3a4TeHO): CTYAEHT HE BBIIOJHWJ WM BBIIOJIHUI HENPAaBUWIBHO 3aJaHMsl; CTYACHT
OTBETUJI HA KOHTPOJIbHBIE BOIPOCHI C OIIMOKAMHU WUJIM HE OTBETHJI HA KOHTPOJIbHBIE BOIIPOCHL.

Tema 1.5 MeToabl pacuera dopMou3sMeHeHus ouara nedopmMannu

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

Leap padoThI: ¢ IOMOIIBIO TEOPETUYECCKUX PACYETOB MO (GopMyJaaM HAYIUThCS ONPECIIATh
BEJIMYMHBIL, XapaKTepu3violme aehopManuio U CTPOUTE oudar aehopMalluu.

Borinoinus padorty, Bel Oynere:
ymems.
- IPUMEHSTH THUIOBBIC METOMKHU ONPEIeTIEHHUS ITapaMeTPOB 00PaOOTKN METAIIOB JaBICHUEM;
-BBIOMpATh  CIPAaBOYHBIC  JaHHBIC, XapaKTEPU3YIOUIME  B3aUMOCBSI3U  CTPYKTYPBL U
CBOMCTB 00pa0aThIBAEMBIX METAJIJIOB U CIIABOB, JUII OOCCIICYEHHS BHINTYCKA MPOIYKIIMH C 3aJaHHBIMHU
CBOWMCTBaMHU;

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

3aganMe: 1O UWHAMBHAYaJbHBIM JaHHBIM pAacCUMTAaTh  MapaMeTpbl odyara 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 AehOpMAITUH TIO TONIIUHE, TT0 IUPUHE, TI0 JITTHHE.
3. [loctpouts ouar nedopmanuu Mo pe3yibraTam.

3. OdopMuUTH PAKTHUECKYIO padoTy.

4. ChenaTh BBIBOJEL.
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Cxema K OIpeIelICHUIO XapaKTePUCTUK BEIMYMHBI JehopMariu
AOGcoioTHbIE nedhopMaIuu:

ooxarue Ah = hg— hq;
ymaHenue Al = 13 — lo;
ympenue Ab = by — by.
AOGCOIIOTHBIE TTOKA3aTeIM HEMOJIHO XapaKTEPU3YIOT BEIMYUHY Je(OpPMaIiK, TaK KaK HE YYHUTHIBAIOT
pasMepbl 1eOpMUPYEMOTO H3JeNusl. bojee yaoOHBI OTHOCHTENIbHBIC ITOKA3aTEIH, Ha3bIBAEMBbIE
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 3aJaHUA; CTYIACHT OTBETWJI Ha BCE KOHTPOJBHBIE BOIPOCHI C
3aMeYaHUsIMHU.

«3» (YIOBJIETBOPUTENILHO): BBINOJIHEHB! BCE PabOThl C 3aMEUaHUSIMM; CTYJCHT OTBETUJ Ha BCe
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSIMHU.

«2» (He 3a4TeHO): CTYJEHT HE€ BBINOJHWJ WJIM BBINOJHUI HENPAaBUIbHO 3a/laHUsl; CTYIEHT
OTBETUJI Ha KOHTPOJIbHBIE BOMPOCHI C OIMIMOKAMH UM HE OTBETHJI 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 MOMEHT MpH 3axBaTe MeETayla BaJKaMMH, HDI/IO6D€T€HI/I€ HaBbIKOB Da60TLI Ha
IOPOKAaTHOM O60DVI[OB8.HI/II/I; HCCICIOBAHUC 3d)d)eKTI/IBHOCTI/I CMa3KH IMpH MPOKATKE.

Beinosinus 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:
ABTOMAaTH3UPOBAHHLIN JIa00paTOPHEIN mpokaTHei ctad 1Y 0-130

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

ITopsinok BbINOJIHEHHSI PadOTHI:
1. IMoaroToBuTh MO OAHOMY OOpa3lly Ha KaKIbli BapUaHT MPOKATKA — HAMWJIBHUKOM CHSTH
3ayCEHIIbl ¥ 3aMWINTh NIEPETHUN TOPELl [O/1 YTOJIbHUK.
2. U3meputs HavasbHyto ToiamuHy h0 o6pasuos.
3. IloAroToBUTH MOBEPXHOCTH BAaJKOB M 00Opa3lloOB COIJIACHO BapHaHTy mpoll katku (mpu
MPOKATKE Ha MAIIMHHOM MacJie MepeHruN Topell 00pasiia He cMa3bl| | BaTh).
4. YcTaHOBHUTH 0Opa3zell Ha CTOJ CTaHa.
5. CBectu Banku 110 pacctosinus 0,5 MM, BKIFOYUTH TIPUBO]T BAJIKOB
6. C noMoIupo aepeBsHHOro Opycka 0e3 HakMMa MoJIBECTU 00pasell ero mepeIHuM TOPILOM K
BpAILAIOLIMMCS BaJIKaM.
7. IlocTeneHHO yBEIMYMUBATH PACTBOP BAJIKOB JI0 MOMEHTA, KOTJ]a HAUHETCS JIETKOE APOKaHUe U
nojiepruBanue o0pasua, nocie 4Yero OCyIEeCcTBISIETCS 3aXBaT €ro BalKaMH U MOCIIEAYIolas IPOoKaTKa.
8. M3meputsb TonmnHy hl oOpasia nocie npokaTku.
9. OnbITHBIC IaHHBIE 3aHECTU B TAOJUILY.
10. IToBTOpuTH MyHKTHI 3-9 Tpu pasza g OJHOrO oOpasia, MOCIeI0BATENbHO 00KHUMasi ero B
Ka)KJIOM IIPOXO/IE.
11. Mcionb3yst pe3ynbTaThl H3MEPEHUN 00KaTHi, 3aHECEHHbIE B TA0JIHILY, BBIYUCIUTH BEINYUHY
OTHOCHTEIIEHOTO 00XKAaTHs /ISl KaKJJ0T0 BapuaHTa Mmpo | KaTKu.
12. PaccuntaTh BEeIMYHMHBI yIJla 3axBaTa 1o ¢opMmysie U cpeaHee apupMeTHUecKoe 3HaYCHHE
yIja 3axBata a.
13. C yueToM cpeiHero 3HAUEHUs yIJla 3aXBaTa @ ONpeAeuTh Koo PuImeHT tpenus f=tga.
Tabnuna 3 — Pe3ynbTaThl H3MEpeHU 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
W3meputs TonmuHy oOpas3na 10 U MOocie MPOKAaTKM Ha CyXHMX Bayikax. Mcxons M3 MOIy4eHHBIX
BEJIMYMH, PACCUUTaTh MAaKCUMAaJbHBIA YroJl 3axBaTa, Yroyl TpeHHUs U Kod()ULIUEHT TpeHHs IMpH
3axBaTe MeTaJla BaJIKaMH 1O MPUBEACHHBIM B HHCTpyKIMH dopmymnam. Toxe camoe caenatbh Ha
CMa3aHHBIX MacjoM Bayikax. 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,
pa3aBUHYTHh UX U U3BJE€Yb KIMH. TONIIMHY KIWHA W3MEPUTH B JBYX MeECTax. 3aTeM BaJKU CMasarb
MacJIOM U MOBTOPUTH ONbIT. Pe3ynbTaThl 3aHecTu B Tabnuiy Ne2. Mcxoast U3 MONMY4YEHHBIX BEJIUYMH,
paccuuTaTh MaKCHUMAJbHBIA yrojl KacaHws, yroil TpeHus, KO3 UIIMEHT TPEHUS B YCTAHOBHBILEMCS
mporiecce MPOKATKH 0 MPUBEIECHHBIM B HHCTPYKIIMA (HOPMYITaM.
Cuna Nx=N-sino cTpeMHUTCS BBHITOJKHYTh METAJT U3 BAJIKOB, a cuiia Tx=T-coso. — BTSIHYTh METaJlI B
Baiku. O4eBHIHO, YTO 3aXBaT METAJUIA BAJIKaMU IIPOU30iaeT, eciit T cosa > N-sina
VYrona o, 00pa3oBaHHBIN HaNpaBlIeHUEM ACHCTBHS HOpMaiIbHOU cuiibl N U reomeTpudeckoii ockto OO,
COOTBETCTBYIOLIMN YTy, MPU KOTOPOM OCYLIECTBIISETCA 3axBaT MeTajula cuiamMu TpeHus T u
BTATHUBAHUE €T0 B o4ar aedopmaiinu, Ha3bIBaeTCsl YIIIOM 3aXBara.
Jlng ananu3a ycnoBHil 3aXBaTta pacCMOTPHUM MPOCTOH Mpoliecc MPOKAaTKU, KOTOPBIA XapaKTepU3yeTcs
CIIEYIOIIMMHU YCIOBUAMM:00a BajKa MPUBOIHBIC, HMEIOT OJIMHAKOBBIN AHMAMETP U OAMHAKOBOE YHUCIIO
000OpOTOB;  MPOKAThIBAEMBbIII MaTepHall OJHOPOJIEH B OTHOLIEHUH IIACTUYECKUX CBOMCTB M Ha HETO
JEHCTBYIOT TOJBKO CHIIBI, IPHIIOKEHHBIE OT BaskoB (Q=U=0).
VYcnoBus 3axBaTa MeTajla BajgkaMu 3 pucyHka BHUIHO, YTO TOPU3OHTAIbHASI COCTABISIONIAS CHJIbI
TpeHuss TX CTpeMHTCs BTAHYTh METaUl B BaJKU, TOPU30HTAJIbHASA COCTABISAIONIAS] HOPMAJIbHON CHIIBI
NX npensTcTByeT Hadally MpOKaTKH.
OTcrona ciaenyroT Tpy yCIOBHS:

1) mpu Nx > TxX BbITaTKUBAOIIKE CHIIBI OOJIbIIE BTATUBAIOIIUX — MPOKATKA HEBO3MOXKHA;

2) mpu Nx = Tx Banku OyayT CKOJIb3UTh (OYKCOBATh) MO METAJLTY — MPOLIECC PAaBHOBECHS,

3) mpu Nx < TX BTATUBAIOUINE CUITBI OOJBIIIE BHITAIKHBAIOIINX, METAIIT 3aXBATHIBAETCS BAJIKAMH
— MPOKaTKa OCYIIECTBIISETCS
Cuibl Tpenust T nipu mpokaTke CBA3aHbI ¢ CUJIaMU HOpMalibHOTO JlaBiieHus N 3akoHoM KyloHa:

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

Tx > NXx.

Torna, ¢ ydyeTom 3akoHa MOCTOSHCTBAa oObeMa B jabopartopHoit padore Ne2 u (1) ycnoBue 3axBara
MeTajula BaJIKAMHU 3aIUILIETCs CIETYIOIUM 00pa3oM:

tgo< f
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Takum o0pa3om, 3axBaT MeTaJUla BaJKaMH B HayaJbHBI MOMEHT MPOKATKH IPOU30HAET NpHu
YCJIOBHH, KOTJIa TAHTCHC yTJIa 3aXBaTa OyAeT MEeHbIIe KO3 hUIIUECHTA TPEHUSI.
Koadduuuent Tpenus npeacraniser coO0i TaHTeHC yriia TPeHUS:

=tgf ,

rze 3 — yroa TpeHus.
Yron TpeHus oOpa3oBaH HampaBJICHHEM HOpMalbHOW cuibl N ©  cuwibl R, sBisromnieics
pesynbrupytomeit (cymmapuoit) ais cuit N u T (puc. 1). I3 popmyn criemyer, 4To ycioBUe 3axBaTa
MeTaJljia BaJIKaMH B Ha4aJIbHbI MOMEHT MPOKAaTKU MOKHO 3aMUcaTh B BUJIE

a<p
T.€. 3aXBaT META/lJIa BAJIKAMU B HAYaJIbHbIM MOMEHT IIPOKATKU IPOU30MIET IIPU YCIOBUH, KOTJa Yo
3axBaTa OyleT MEHbIIE yIila TPEHHUS.
Ha pucynke naHbl cXeMbl B3aUMOCBS3H MEX/Y YIJIOM 3axXBara o U yrjaoMm TpeHus . M3 cxem BHUIHO,
YTO Hayajo IPOKATKM BO3MOXKHO B cCilydae, KOrAa pe3yibTHUpyrollas cwia R OTKIOHEeHa 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 ycraHoBuBIIErocs rmpoiecca MPOKATKH MPHU PACCMOTPEHUM YCIIOBHSI 3axBaTa CIEIYeT
YUUTHIBATh yXK€ HE IOJIHBIM yrojl 3axBara o, a JIMIIb Ty €ro 4acTh, MOJA KOTOPOW pacrojaraercs
PaBHOICHCTBYIOIIAS 3JIEMEHTAPHBIX PEAKTUBHBIX chJI, T.¢. 0/2. Torma ycioBue 3axBata IpHOIMKEHHO
XapaKTepU3yeTcs HEPaBEHCTBOM:

a<2-f.

Takum 00pa3oM, YCTAHOBHUBIIMICS MPOIECC MPOKATKU OCYIIECTBHUM JIerde, YeM ero HadalbHas CTaus
(3axBar). IlockombKy, OmHaKO, BCSKHH CIy4ail TPOKAaTKH JODKEH HAYMHATBCS CO  CTaIuH
€CTECTBEHHOTO 3axBaTa TII0JIOCHI BaJKaMM, TO TIOCJE 3alOJHEHUS 3¢Ba BaJIKOB METAIJIOM
(ycraHoBUBIIHMIiCS TIpoliecc) 00pa3yeTcsl U30BITOK CHII TPEHUS, pacXoJyeMblii Ha pa3BUBArOIIEeCs B
CBSI3M C OTHM OIEPeKEHUE MeTauia. VICKyCCTBEHHBIM 3aXBaT, MOXET OBITh MPOW3BEICH JIMOO
BIAaBJIMBAHUEM CIIUTKA B BAJIKM BHEUIHEH CWIIOH, JMOO 3amaueil B BAIKM KOHYCHOTO CITUTKa, JINOO
JIOTIOTHUTEIIBHBIM COJIMKEHUEM BAJIKOB ITOCJIC €CTECTBEHHOTO 3aXBara.

Cxema cuin IpHU YCTAHOBUBIICMCS MMPOLCCCC IMPOKATKU
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Pe3ynbTarhl S5KCIIEpUMEHTOB U pacueToB MpuBecTH B Tabmuax Nel u Ne2,

®opma npeacraBjeHus pe3yabrara: OTYeT 0 MpoJeTaHHOW padoTe MOJDKEH COIEp)KaTh
Ha3BaHHUC U LOCJIb pa6OTBI, OIIMCaHUC XOJa pa6OTBI C pUCYHKaMH HCXOJHOI'0 W IPOKATAHHOI'O
KJIMHA, TaOJIHIly U3MEPEHUN U pacdyeThl. BrIBOIbL.

Kpurepun oneHku:

«5» (OTIUYHO): BBIMIOJNIHEHBI BCE 3aJaHUs, CTYIEHT YETKO M 0e3 OmMOOK OTBETHJI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI.

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

«3» (YAOBJIETBOPUTEIILHO): BBIMOJIHEHBI BCE PabOTHI ¢ 3aMEYaHUSIMH; CTYIEHT OTBETHJI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSIMHU.

«2» (He 33,‘-ITGHO)Z CTYACHT HC BBIIIOJIHWJI WJIA BBIIOJIHWI HCIIPAaBUJIIBHO 3aJaHusd; CTYACHT
OTBETUJI Ha KOHTPOJIbHBIE BOMPOCHI C OIMIMOKAMH UM HE OTBETHJI HA KOHTPOJIbHBIE BOIIPOCHI.

Tema 1.7 Meroabl pacuera kodddunnenra TpeHus

IlpakTuyeckoe 3anaTue 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 METAJIIJIOB U CILIABOB, JUISL 00eCIIeUSHHUS BBITYCKA IPOAYKIIUH C 33JAHHBIMHU
CBOMCTBaMH.

MarepuajnbHoe o0ecnieyeHue:
YyeOHO-MeTOoanYeCKast JOKYMEHTAIMS, TUIAKTUYECKHE CPEACTBA

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

Ilopsinok BbINOJHEHHSI padOThHI:

1.O3HaKOMHTBCS C METOJJMUECKUMH YKa3aHUSIMH K ITPaKTUYECKON paboTe.

2.IlonyuuTsb y npenoiaBatesisi MHIWBUyaJbHbIE JaHHbIE.

3. BeimonHuTs 3a1aHue.

B mporuecce npokaTku KOHTAaKTHOE TPEHHE UIPAET 0COOYIO POJib, TAK KaK OHO JIEKUT B OCHOBE
storo npouecca. C neiicTBMEM CHUJ TpEHUsl CBA3aHbl BCE OCHOBHBIE sIBJIEHUs IpokaTku. IIponecc
MIPOKATKH COCTOUT U3 TPEX CTaIuMl.

B nepBoii craauy NpoucxoauT 3aroJHEHHE METAIIIOM ouara JieopMaluu, KOTOpoe HauMHAeTCs
C MOMEHTa CONPHUKOCHOBEHHS MEpeIHEro KOHILA packaTa C BajJKaMU W 3aKaHYMBAE€TCd B MOMEHT
JOCTUKEHMSI IIIOCKOCTH BbIXOoZa. Bropas cranus HaunHaeTcsi ¢ MOMEHTa BBIX0J1a MEPEAHETO KOHIA U3
BaJIKOB M 3aKaHYMBAETCA MPU JOCTIXKEHHUH 33JHET0 KOHIA IUIOCKOCTH BBIXOJa. B 3TOT MOMeEHT
HAa4YMHAETCS TPEThsl CTaaus U 3aKaHYMBACTCS BBIXOJOM 3aJHET0 KOHILA M3 BalkoB. IlepBas u TpeTbs
CTaJNM HOCAT Ha3BaHWE HEYCTAHOBHUBUIETOCS IPOLEcCa MPOKATKH, TaK KakK IPU 3TOM BCE MapaMmeTphl
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oyara neopMaluu MEHSOTCs. BTopas ctanust — yCTaHOBUBIIMICS MPOIECC MPOKATKH, TaK KaKk B 3TOT
HepuoJl mapamMeTpsl oyara eopMaly OCTAlOTCSI HEM3MEHHBIMHU.
Jis Havana mporiecca MPOKAaTKW HEOOXOMUM 3axBaT MeTajula BaJkaMH. B MOMEHT 3axBaTa Ha
10JIOCY JEMCTBYIOT JIBE CHUJIBbI — YHCIIa HOPMaJIbHOTO AaBiieHus —N.
Jis 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 .

Jlnist ocymiecTBICHHS 3aXBaTa HEOOXOIUMO, YTOOBI paBHOJCHCTBYIOMIAs OblIa OTKIOHEHA OT BEPTHUKAIN
0 XOJly MTPOKATKH, T. €. tq o < f .

[Ipu f, = tqo. ToOJOCAa HAXOAUTCSA B HEYCTOMYMBOM IOJIOKEHHHM W 3aXBaT MOXET NMPOU30MTH WM HE
MPOU30NTH, B 3aBUCHMOCTH OT TOTO KyJa CABHUHYT PaBHOBECHE CUJI pa3lIMyHbIe ciydailHble (akTopbl (
U3MEHEHHE COCTABIICHUSI MTOJIOCHI U BAJIIKOB, CKOPOCTH MPOKATKU U JIp. ).

B ycranoBuBmieMcs mporecce npokatku fy >% tq o B cuily JOMyILIEHHs, YTO HOPMAJIbHbIE KOHTAKTHBIE
HANpsHKEHUS pacIipe/iesieHbl paBHOMEPHO TI0 JyTe€ 3aXBaTa, a KOHTAKTHBIE CHIIBI TPEHHS 110 BCEH ayre 3axBaTa
HAIpPaBIIEHbI B CTOPOHY JABM)KEHUS MOJIOCHI.

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

1. YcraHOBHBIIHMICS MPOLIECC MPOKATKA MOYKET YCTOHYMBO MPOTEKATh /10 T€X MOp, MOKa yroj 3axBaTa He
IPEBBICUT B JIBa pa3a KO3PPUIMEHT TPEHHUS.

2. B ycraHOBHBIIEMCSl TIpollecCe NPOKAaTKM MOXKHO B JIBa pa3a YBEJIMYMTb Yrojl 3axBara, a
CJIeIOBAaTENbHO yBENIWYUTH oOkaTue. Ecnu xe obkatue octaércs 06e3 M3MEHEHHUs, TO B odare jaedopmanuu
BO3HHUKAIOT M30BITOYHBIE CHUJIBI TPEHUS, KOTOPbIE CIIOCOOCTBYIOT YBEIMUEHHIO CKOPOCTH IBMKEHHS MOJOCHI,
YTO MPUBOJUT K ITOSIBIICHUIO 30HBI OTIEPEKEHMSI, T1I€ CKOPOCTH IOJIOCHI OOJIBIIIE OKPYKHOW CKOPOCTH BAJIKOB.

JUis  3KCIIEpUMMEHTAJILHOTO OIpeJiesieHus] Kod((UIMEeHTa TPeHHUs MpHU YCTAaHOBUBIIEMCS Ipoliecce
MPUMEHSIOTCS CIEAYIOIINE CIIOCOOBI:

- KJIEIIEBOI METOJI TOPMOXKEHUS MOJIOCHI B BaJIKax;

- METOJ ONpPEJIEICHHUS 110 ONEPEKEHUIO;

- METOJI KPYTSILEro MOMEHTa;

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

B nacroseit pabote KoapGUIMEHT TPEHHS ONPEAEISIETCS 10 MOCIEIHEMY U3 YKa3aHHBIX METOJIOB.

Tak kak yCTaHOBJIEHO, YTO B MOMEHT OyKCOBaHHS pachpeielieHue YAEIbHOro IaBJICHHUS IO Ayre
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 Gopmyrie:
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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 MACIIOM;
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 1Ie7b pabOTHI, ONMCAHKE X0/1a pabOTHI C POpMyJIaMu B pacyeTaMu, BHIBOJIBL.

Kpurepun onenku:

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

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

«3» (YIOBJIETBOPUTENILHO): BBIMOJIHEHBI BcE€ PabOThl C 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 OMIMOKAMU WUJIM HE OTBETHUJI 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 yriyOiieHHe 3HAHWM MO MCCIEIOBAHUIO JieopMalvyi MeTawia B
HAYaJIbHBIM MOMEHT MpH 3axBaTe MeTajula BaJkaMH; OPUOOpETEHHE HAaBBIKOB pPabOThI Ha
IIPOKATHOM O0OpPYIOBAHUU; UCCiIeI0oBaHNEe YDPEKTUBHOCTH CMa3KH MPU TPOKATKE.

Boinosinus padorty, Bel Oynere:
ymemy:
- IPUMEHSTH TUIOBBIC METOAMKHU ONPEICTICHUS TapaMeTPOB 00PaOOTKN METAIIOB JaBICHUEM;
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-BBIOMPATH  COPABOYHBIE  NAHHBIC, XaApPaKTEPU3VIONIME  B3aUMOCBS3U  CTPYVKTYPBL |
CBOMCTB 00padaThIBAEMBIX METAJUIOB M CIUIABOB, JUISI 00eCcIeUYeHHs] BEITYCKA IIPOAVKIINY C 3aJaHHBIMH
CBOWCTBaAMHU.

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

3aganue:
Onpenenuts KO3PQPUIIMEHT TpeHUs B HAYadbHBI MOMEHT 3axBaTa MeTallla BaJIKaMH M TIPH

YCTaHOBHUBIICEMCS ITPOLECCE IIPOKATKH.

IMopsinok BbINOJIHEHHUS PA0OTHI:
1. IloaroToBUTH 1O OJHOMY OOpa3ly Ha KaKIbli BapUaHT MPOKATKU — HANWIBHUKOM CHSATh
3ayCEHLbl U 3aIWIUTh [IEPEIHUNA TOPEL MO/ YTOJIbHUK.
2. N3meputh HavanpHyt0 TommuHy h0 06pa3nos.
3. IloaroToBUTh MOBEPXHOCTH BAJIKOB M OOpa3LOB COIJIACHO BapuaHTy Mnpoll katku (mpu
MPOKaTKEe Ha MAIIMHHOM MacJje MepeIHIi Topel oOpas3ia He CMa3bIBaTh).
4. YcraHoBUTh 00pasell Ha CTOJ CTaHa.
5. Csectu Banku 110 pacctosinus 0,5 MM, BKIFOYUTH IPUBO]T BAJIKOB.
6. C noMo1pio JepeBIHHOro Opycka 06e3 HaXuMma MOJBECTH oOpasel] ero NepeaHuM TOPIOM K
BpAILAIOLIMMCS BaJIKaM.
7. IlocTeneHHo yBeIM4MBaTh paCTBOP BAJIKOB O MOMEHTA, KOTJJa HAUHETCS JIErKoe IpOXKaHue U’
nojiepruBanue o0pasua, nocie 4Yero OCyIECTBISIETCS 3aXBaT €ro BalKaMH U MOCIIEYIolas IPOKaTKa.
8. M3meputs Tommuuuy h1l o6pasua nocie npokaTkH.
9. OnbITHBIC TaHHBIE 3aHECTU B TAOJUILY.
10. TToBTOpUTH MYHKTHI 3-9 TpH paza i OfHOro oOpasla, MOCIeA0BaTEILHO 00KUMasl €ro B
Ka)KJIOM IIPOXO/IE.
11. Hcnonb3ys pe3ynpTaTbl H3MEpPEHUN O00KaTWi, 3aHECeHHble B TaONMIly, BBIYMCIUTH
BEJIMYHMHY OTHOCUTEIBHOTO 00KaTHS /JIsl KaX10r0 BapHaHTa IPOKATKH.
12. PaccuutaTh BeJMYMHBI yIia 3axBara 1o ¢opmyne u cpeaHee apupMeTHyecKoe 3HaUeHUE
yIja 3axBata a.
13. C y4eToM cpejiHero 3HAUCHUs yIila 3aXBaTa @ ONpeAeuTh Koddpuiment tpenus f=tga.

Xonx padoTsI:
WccnenoBath 1Ba BapraHTa MPOKATKU: BAJIKU U 00pasel cyxue (00e3:KUpeHbl CIUPTOM); BAJIKU

n 06pa3eu cMasaHbl MenoM. MToru ucciegoBaHuii 3aHECTH B Ta6J'II/ILIy. CI[CJ'IaTB BBIBO/IbI.

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

Banku ¢
MEJIOM

WINFRPIWIN -

®opma npeacrabjieHusi pesyiabrara: OT4eT O HpoeNaHHOW paboTe JOKEH COAep’KaTh
Ha3BaHUE U 11eJb pabOThl, KPAaTKHUE TEOPETUUECKUE CBEICHUS, PE3yIbTaThl U3MEPEHUA, BBIBOJIBI.

Kpurepun onenkn:

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

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

«2» (He 3a4TEHO0): CTYAEHT HE BBINOJHWUI WM BBIIOJIHWI HENPABUIBHO 33aJaHUS; CTYACHT
OTBETHJI HAa KOHTPOJIbHBIE BOIIPOCH! C OIIMOKAaMH WM HE OTBETUJI Ha KOHTPOJIbHBIE BOIIPOCHI.

Tema 1.9 Onepesxkenue M OTCTABAHNE

IIpakTuueckoe 3ausaTue Ne 7.8
OnpenesieHue onepeskeHusi npu npokarke. OnpeesieHne OTCTABAHMUS NMPHU MPOKATKeE

Heas pabdorbl: O3HAKOMUTBLCS C OMNBITHOM METOMMKOW OmpejiefieHUs omnepekeHus. BoisIBUTH
XapakTep BAUSHUS BHEIIHETO TPEHUs HA ONEPEKEHUE MPU MPOKATKE B MIAJIKUX Bajikax. OnpeaenuTsb
pacueToM KOX(pGUIIMEHT BHEIIHETO TPEHUsS, WCHOJIb3YyS WHIAMBUAYAIbHBIC JAHHBIC ONpPEeICHUS

OIICPCIKCHU .

Beinosinus padorty, Bl Oynere:
ymemb:
- IPUMEHATh TUIOBbIE METOJIMKHU OIpEIeeHHs] IapaMeTPOB 0OpaObOTKU METAIJIOB JIaBICHUEM;
-BBIOMPATH  CIPABOYHBLIE  JAHHBIE,  XapaKTEpHU3VIOIIME  B3aUMOCBSA3HM  CTPYKTYPBL  H
CBOMCTB 00pabaThIBAEMBIX METAJIIOB U CILUIABOB, JUIsl 00€CHIeUeHUs BhINYCKA MPOAYKIUYU C 33/IaHHbIMU
CBOMCTBAMH.

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

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

Ilopsinok BbINOJIHEHHS Pa0OTHI:
1. O3HakoMHTbCS ¢ IPAKTHUECKOH paboTOi.
2. Tlomyuuth HOMEp BapHaHTa y MPENo1aBaTesl.
3. Tlo mosydeHHBIM JaHHBIM PACCYUTATH ONICPEKECHUE U OTCTABAHUE IO METOIUKE, YKa3aHHOU B
MOCOOHH.
4. Odopmuts paboty B paboyeil TeTpaau.
5. Cpartp npenojaBaTelo Ha IPOBEPKY.
Tabmania — Ucxoquele JaHHBIE

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 Ipu ONEepeKeHUH U OTCTaBAHUH

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 YKa3aTb LECJIb pa6OTLI, onucaTrb METOINUKY
OIMPCACIICHUA OINCPCIKCHUA U KOS(l)(i)I/IHI/IeHTa TPCHU, CACIATh BBIBOABI O 3aBUCHUMOCTHU OIICPCIKECHUA OT
KOB(I)(I)I/II_II/IGHTQ. TPCHUSA U TOJIIHUHBI ITOJIOCHI ITOCJIC ITPOKATKHU.

Kputepun onenkn:

«5» (OTIIMYHO): BBIMOJIHEHBI BCE 3aJaHUs, CTYJEHT YeTKO M 0e3 OIMOOK OTBETHJ Ha BCe
KOHTPOJIbHBIE BOIIPOCHI.

«4» (XOpo1110): BBINOJIHEHB! BCE 3aJaHUS; CTYACHT OTBETWJI Ha BCE KOHTPOJBHBIE BOIPOCHI C
3aMCYaHUsIMU.

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

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

JladopaTopHoe 3augTue No7

OnpenesieHue onepekeHUs 4 OTCTABaHUSA NPHU NPOKATKe Ha JjabopaTopHom ctane JYO-
130

Heab padoThl: onpeseeHne BIUSHUS BETMYHHBI 00KAaTHUS U YCJIOBHUIM TPEHUS HA ONIEPEkKECHHE.

Bbinosinus padory, Bel Oyjaere:
ymemn.
- IPUMEHSTH TUIIOBBIC METOJIMKH ONPEICICHUS IapaMeTPOB 00pabOTKN METAIOB AABJICHUEM;
-BLIOMPATL  COPABOYHBIE  JAHHBIE, XapPaKTEPU3VIOIIME  B3aUMOCBSI3U  CTPYKTYDPHL U
CBOMCTB 00pabaTbiBaeMbIX METAIJIOB U CIJIABOB, JIJIsl 00eCHeueHus BhINYCKA MPOAYKINHU C 3aJaHHBIMU
CBOWICTBaMH.

MarepuanabHoe odecrneyeHue:
ABTOMAaTH3UPOBAHHBIHN JIA00PAaTOPHBIN ITpokaTHEINA cradn Y 0-130

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

Ilopsinok BbINOJIHEHHS PadOThHI:
1. JInst uccriejoBaHUsl ONEPEKEHUS UCIIONIb3YET JiBAa CBUHLIOBBIX 00pa3lia OMHAKOBBIX Pa3MEPOB
(pa3mepsl 00pasIoB 3a4al0TCs MPEMOAABATEIIEM ).

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

3. C noMouipto THOKON JMHEHKU OINpPENeNIUTh PACCTOSTHUE MEXy KepHO| | BBIMM OTMETKaMH Ha
Baskax (B 1).

4. C noMoIIbI0 KPOHIUPKYIIS UM THOKON HUTU ONPEACTUTh JUAMETP BaJIKOB.

5. IlepBoiii 0Opa3zell mpokaraTh 3a TPU MPOXOJAa C Pa3HBIMUA aA0COIOTHBIMHU 00KaTUsIMH. 6. Banku
nepes KaxJIbIM MPOX0J0M He0OXO0MMO MPOTHpaTh CyXoil unctoil Tpsnkoil. [Tocne kaxmoro npoxonaa
U3MEpUTh 00pa3ell M PAcCTOSIHME MEXJy OTIeyaTKaMu KEpHOB Ha moJioce. 7. Btopoil ob6pasen
IIPOKATaTh MPU TEX K€ PEKHMMAX, YTO M MEPBBIA, HO Nepea KaXKIbIM MPOXOAOM BAaJIKM HATEPETh
MenoM. Tak jxe Kak onmucaHo BbIIlIe, U3MEPUTH BTOPOIl 0Opasell.

6. Onpenenuts onepexeHne s KakI0ro npoxoia

Xox padoTsI:

[Ipu mpokaTtke Ha BBIXOJE M3 ouara JeQOpMaluu CKOPOCTh TOJOCHI OOJBINE OKPYKHOU
CKOpPOCTH BaJIKOB. OTHOCHUTENbHAsI BEIMUYMHA, XapaKTepHU3YIOllas Ha CKOJIBKO CKOPOCTh MOJOCHI Ha
BBIXOJIe M3 ouara aedopmamuu OOJbIe OKPYKHOH CKOPOCTH BaJKOB, HA3BIBAETCS OIEPEIKECHHEM.
OmneperxeHue onpeaessieTcs CleAyIUM 00pa3oM:

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

IIOJIOCHI Ha BXOAC B oUar )le(bOpMaI_[I/II/I L0 BCEra MCHbBIIC 0pr)KHOI71 CKOPOCTH BAJIKOB.
Takum O6p3.30M, HMECT MCECTO HCPABCHCTBO v0 <uvB <vl. Eciu m3BECTHO OIICPCIKCHUEC, TO
CKOPOCTHE ITOJIOCHI HAa BBIXOAC M3 Oo4Uara lIC(l)OpMaHI/II/I COTJIaCHO ONPEACIUTCA KaK

vl = vB (1+)
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OmnepexeHne Meramia HEOOXOIUMO YUUTHIBATH IPH COTJIACOBAHWHM CKOPOCTEH BpalleHUs
BaJIKOB, YTO OCOOEHHO Ba)XKHO MPHU HEMPEPHIBHON MpPOKATKE. AHAIN3 HEPABEHCTBA IOKA3bIBAET, UTO B
npenenax oyara aeopMaluy UMEeTcs MOMEPeYHoe CeUeHUE, CKOPOCTH BCEX TOYEK KOTOPOTO paBHBI.
DTO cedeHHE HA3bIBAIOT KPUTUYECKUM, a KOOPAMHATY €ro — KpUTHUYeCKuM yriioMm y . Kputuueckoe
CEUEHHUE JEIUT MOBEPXHOCTh KOHTAKTa METa/yla C BAJKOM Ha JIBE 30HBI: 30HY OTCTABaHMsS 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 Ooiblie onepexenne. OCOOCHHO CHIBHO 3aBHCHUT ONEPEKEHHE OT
BEJIMYMHBI KpUTUYECKOro yria y . Bece daxTopsl, Baustonme Ha yroua y (Yyroja 3axBaTa, yroji TPeHHS,
HaTSKEHHE, COTPOTHUBIIEHUE AeopMaluy U Ap.), OKA3bIBAIOT BIMSHHUE U HA ONEpPEKEHUE.

Haunbonee mpocThIM MPaKTHYECKUM METOJOM JJIsl ONPEACTICHUS ONEPEKECHHS SBISIETCS METOJ
KEpPHOBBIX OTIIEYATKOB, KOTOPBIM COCTOUT B clieAyromeM. Ha moBepXHOCTH OJHOTO U3 BAaJKOB WJIU Ha
o0oMX BajKaX B IUIOCKOCTH TEPHEHIUKYIIPHON MPOJOIBHOW OCH BajKa HAHECEHBI KEPHOM
yriayOieHus Ha paccTosiHud B | ogHO ot nmpyroro. ITocne mpokaTku Ha MOJIOCE OCTAIOTCS OTIEYaTKU
ATUX yII1yOJIEHUH, pacCTOSIHUE MEXAY KOTOPBIMU PaBHO 1.

B kaxxmom mpoxojie Mo M3BECTHOM IKCHEPUMEHTATbHO MOJYYEHHOUW Bel| MUYMHE OMEepeKeHHs
OTIpeNIeNIUTh KOA(PPHUIMEHT TPEHUS U pa3auyHbIX yciol) Buil mpokaTku. [lomydeHHbIe 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» (YZOBJIETBOPUTENILHO): BBIMOJIHEHBI BCE PAa0OTHI ¢ 3aMEYaHUSMH; CTYIEHT OTBETHJ Ha BCe
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSIMHU.

«2» (He 3a4TeHO): CTYAEHT HE€ BBINOJHHWJ WM BBINOJIHUI HENpPAaBWIBHO 3aJaHMs; CTYACHT
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 BIAUsSIHUS BEJTHYNHBI 00KATHS HA YIIMPEHHE W U3y4YeHHe BJIUSHUE IMPUHBI
M0JIOCHI HA yIIUpeHHe Ha JadopaTopHoM ctaHe J[YO-130.

Hear padoThl: H3yYEHUE 3aBUCUMOCTH VIIMPEHUS MPU NPOJAOJbHOW MNPOKATKE MOJOCHI
MIPSIMOYTOJILHOT'O CEYEHU Ha MIIAJKO0I OOUKe.

Beinosnus patdory, Bel Oyaere:
ymemy:
- IPUMEHATh TUIOBBIC METOJMKHU ONPEACICHHS NapaMeTPOB 0OPabOTKH METAIIIIOB AaBJICHUEM,;
-BbIOMpATh  CHOPAaBOYHBIC  JIAaHHBIC, XapaKTEPU3YIOIIHE  B3aUMOCBA3HM  CTPYKTYPbl U
CBOWCTB 00pabaThIBAEMBIX METAJIOB M CIUIABOB, JUIsl 0OecHeueHNs BhIMYCKA MPOAYKIIUHU C 33/IaHHBIMU
CBOMCTBAMH.

MaTtepuajibHOe o0ecnedeHue:
ABTOMATU3UPOBAHHLIN J1a00paTOPHBIN pokaTHbIM ctad JIY0-130

3agaHuMe: M3yuyUTh 3aBUCUMOCTb  YIIMPEHHS TPU MPOJOJBHONH  IPOKATKE  IOJIOCHI
IPSIMOYTOJIBHOTO CEYEHHUs Ha IVIaJKONH OOoUKe.

Ilopsinok BbINOJHEHHS PadOTHI:
3aBUCHUMOCTDH 00KaTHsI HA YIIUPEHUE:

1. TIlepen mpokaTkoi B MecTaX U3MEPEHUS IIUPUHBI CIIEAYET HAHECTU PUCKU.

2. YV obpasma Nel u3mepuTh TONMIMHY, IIUPHHY U AIUHY. Pe3ynbprare! 3aHecTu B TaOIUILy.

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

4. W3mepuTh TOJIIMHY, LIUPUHY U JUIMHY 00pa3iia Mocjie NPOKaTK! U 3aHECTU B TaOIHILy.

5. VY ob6pasua Ne2 u3MepuTh TONLIMHY, IIUPUHY U JUIMHY U 3aHECTH B TaOJIUILY.

6. Ilpoxarats oOpaser No2 B BajkaX, CMa3aHHBIX MAITUHHBIM MaciioM ¢ ooxaruem 30-40%.

7. V3mepuTh TONUIMHY, IIUPUHY U JJIMHY TOCJIE TPOKATKU U 3aHECTH B TaOJIMILY.
Tabnuua - JlaHHBIE IO U3YYEHUIO BIMSIHUS 00KaTUsl HAa YIIUPEHUE

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

o0pa3ua | mpoKaTKu Pa3smepsl 0Opasiia, MM

1 Men

2 MacJo

3aBMCHMOCTD YIIHPEHHUS OT INMPUHBI M0JIOCHI:

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

Tabnuia — JlanHble M0 U3yYEHHIO BIMSIHUSI ITUPUHBI NTOJIOCHI HA YITUPEHUE
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: V3yuuTh MHCTPYKIIMIO K JaHHOW JrabopatopHoil padore. M3MepuTh TONIHMHY U
IIMPUHY 00pa3IOB U MPOKATaTh UX C PA3IMYHBIM OOXKaTheM 3a mpoxoia. M3mepuTs 00pasibl mocie
MPOKATKM M HaWTH ymupeHue. OmnpenenuTh IMoKaszareidb ymMpeHus. Paccuurarh TeopeTuueckoe
3HaueHue ymupeHus mo dopmynam A.YexkmapeBa m b. baxtuHoBa. OKOHUYaTeIbHBIE PE3YJIbTATHI
OTIBITOB U PACUETOB 3aHECTU B TAOIUILy, IPUBEICHHYIO B HHCTPYKIIHH.

% 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 pedyiabrara: OTueT O NpoJeNaHHOW paboTe JOIKEH COAepKaTh
Ha3BaHME U LIe€JIb pabOThl, ONKCAaHUE XO0Ja padOThl; TAOJIMIy HM3MEPEHUH U pPACUETOB; 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 3adaHUs;, 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 BBIMOJIHWI WM BBIOJHWI HEMPAaBUIBHO 3aJaHUsS;, CTYACHT

OTBCTUJI HA KOHTPOJILHBIC BOIIPOCHI C OIIMOKAMH WJIM 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

Ienapr padorbl: OocBOUTH MeTOAMKY onpenencHus ymupeHus no AWM. IMenuxoBy, B.IIL
baxtunoBy u A.Il. Yekmapesy.

Beinosinus padory, Bel Oyaere:
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ymemo:
- IpUMEHATH THIOBBIE METOAUKHU ONPEAENICHUS IapaMeTpOB 00pabOTKH METAJIJIOB JABJICHUEM,
-BI:I6I/IDaTI> CIIPABOYHBIC JAHHBIC, XAPAKTCPU3YIOIIIHNEC B3aNMOCBSA3U CTPYKTYPHIL )41
CBOMCTB 00pabaThEIBAEMBIX METAJIJIOB M CILUIABOB, IS 00ECIICYSHHMS BRINYCKA NPOAYKIIMY C 3aJaHHBIMU
CBOMCTBAMM.

MarepunanbHoe obecrnieyeHue:
YueOHo-MeToMuecKas JOKYMEHTAIHs], IUIAKTUIECKUE CPEICTBA

3amaHue: 03HAKOMUTHCS C METOAMKON ONpesieNeHus YIIUPSHHs PU MPOKATKE MO Pa3IMYHBIM
METOHMKAM.

[lpy w3yueHuM AEWCTBUS Kakoro-nuOO MapaMeTpa IMpolecca MPOKATKM Ha HM3MEHEHUE
norepeyHon nedopmanuu TpeHeOperaroT BIMSHUEM JPYTUX MapaMeTpoB, T.€. NPUHUMAIOT HX
HEM3MEHSIOIUMHUCS HIIH OTCYTCTBYIOIIMH.

1) OOxartne — Bcerja yBEIMYMBACT YIIMPEHUE METallla, T.K. NPU YBEIMYCHUH OOKaThs

BO3pacTaeT JUIMHa o4ara JeopMaliy, NPEnsTCTBYIOIAs BBITSDKKE, M METAIUT BBIHYXK/IEH
YaCTUYHO MEPEMEIIATHCS B MOTIEPEYHOM HAIPaBJICHUY;

2) TonmuHa MOJIOCH — NPU YMEHBIICHUH TOJIIMHBI IOJIOCHI, 32 CYET YBEITUYECHUS
00>KaTus, YIIMPEHUE METaJlIa YBETUNINBACTCS,

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

4) KoadduimeHT KOHTaKTHOTO TpEHHUs — YBEIHMYEHHUE KOHTAKTHOTO TPEHHUS, CAEPKHUBAs
BBITSDKKY, CHIOCOOCTBYET Pa3BUTHIO YIITUPECHHUS;

5) IupuHa moMOCH — MO Mepe YBEIHUEHUS IIMPHUHBI MOJOCKH MonepedHas Aegopmarius

yMeHbImaeTcs g0 onpenenenHoro mnpexena (& 600MM), nocne wero yBenuuenwe ImHMpPHHBI
NPaKTHYECKH HE CKa3bIBACTCS HA M3MEHEHUH BEIMYMHBI yupeHus. [Ipu nmpokaTke HIMPOKUX JIMCTOB
VIIUPEHUE TMPAKTHYECKH OTCYTCTBYET, 3TO OOBSICHACTCS YBEIMYCHHEM COOTHOIIEHHS IIUPUHBI oYyara
nepopManuu K €ro JUIMHE, COOTBETCTBEHHO, POCTOM IIONEPEYHBIX HAMPSDKEHHH, MpEeBBIIIAOIINX
MIPOIOJIBHBIE;

6) KonnyectBo mnpormyckoB — ApoOHOCTh o00med aedopMaiuy, BbIpaXkarolascs B
YBEIIMYEHUU OOIIEero KOJWYECTBA TNPOITYCKOB NPWM MPOKATKE MeETallla, BCEr/ia MPHUBOIUT K
YMEHBIICHUIO YIIUPEHUs B OTAEIbHOM TNpOMycKe (M0 MNPUYMHE YMEHbLICHHsS JUIMH OYaroB
nepopMauu B KaX10M OTJEIbHOM MPOMYCKE);

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

8) @akTOpsl, YBEIMYMBAIOIIME ONEPEKECHHE MeTajla IPU NPOKATKE, YBEIMYHUBAIOT
YIIUPEHHUE.

VYmupenue MmeTaiia yBEIMUMBAETCS INpPH BO3PACTaHUM JHMaMETpa BaJKOB, KO3(PQHUIMEHTa
TPEHUs U CHIXKCHUM TEMIIEpPAaTyphl METaJlIa B IPOLECCe ropsAdeil MPOKaTKU. Ymupenue

IMPONMOPIHHUOHATIEHO O6)KaTI/IIO; OHO 3aBHUCHUT OT TOJIIIMHBI U IINPUHBI HpOKaTBIBaeMOfI II0JIOCHI.

®opmy.ia b. II. baxTuHoBa :

Ah Ah
Ab =1,15 X — (*JR&h - —)
2R, 2f

JIJi IpakTUYeCKOro IMOJIb30BAHUS B MEPBYIO OYEPEb PEKOMEHIYETCsl MPUMEHSITh popmyny b.
I1. BaxTrHOBA, ABISAIOUIYIOCS HAUOOJIee MPOCTOI U B TO K€ BpeMs JOCTATOYHO TOYHO.

®opmyna A.W.1envukoBa 115 pacyeTa yIIUPEHUs:
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 padoTYy.

Xox padoThI:

1. Ilpn wu3ydyeHun AEHCTBUS Kakoro-imO0O mnapameTrpa Ipolecca IPOKaTKH Ha H3MEHEHHE
nonepeyHoi nedopManuy MpeHeOperaroT BIMSHUEM JPYTHX IapaMeTpoB, T.€. NPUHUMAIOT HX
HEU3MEHSIOIUMHUCS WIH OTCYTCTBYIOIUMH.

2.00xaTue — BcerJa YyBEJIMYMBAET YUIMPEHHE MeTaula, T.K. NpPH YBEJIUYEHUH OOXaTus
BO3pacTaeT JUIMHA ovara Ae(opMainuy, IpensTCTBYIOMAs BBITSDKKE, M METAJUT BBIHYKACH YaCTHYHO
IepeMeIaThCsl B IONEPEUYHOM HalpaBJICHUY;

3. TonmmuHa MOJOCHI — MPH yYMEHBIIEHUH TOJIIUHBI MOJIOCHI, 32 CUET yBEIMYEHHUS 00XKaTus,
yLUIMpEHHE MeTalla yBEeJIU4NBaeTCs;

4. JluameTp BAJKOB — MpH MpPOKAaTKE METayla B BajKaxX OOJBIIOTO IMAMETpPa, YIIMPEHHE
YBEJIMUNBACTCS;

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

6.llupuHa mMoJIOCEI — 1O MEpe YyBEIMYEHHsS UIMPUHBI IOJIOCHI IOTepeyHas aedopmanus
yMeHbIIaeTcs jo ompenenenHoro npenena (& 600MM), nocne wero yBenmuenue IIMPHHBL
MPAKTUYECKH HE CKa3bIBACTCS HA M3MEHEHHWH BEIIMYHMHBI ymupeHus. [Ipu mpokaTke MIMPOKHUX JTUCTOB
YUIMPEHHE MPAKTUYECKH OTCYTCTBYET, 3TO OOBACHSACTCS YBEJIIMYEHUEM COOTHOLICHMS LIMPUHBI O4ara
neopManuu K €ro JJIMHE, COOTBETCTBEHHO, POCTOM IOMEPEYHBIX HAIMPSDKEHHH, MPEBBIIIAIONIINX
MIPO/IOJIbHBIE;

7.KonnuecTBo MpormyckoB — JIpoOHOCTh 00mIel aedopmanviv, BbIpaXkarollascs B YBEIMYEHUU
o0111ero KoJMm4yecTBa MpoNyCcKOB IMpU MPOKAaTKE METaslIa, BCEra NPUBOIUT K YMEHBIICHUIO YITUPEHUS
B OTJEJFHOM TPOITycKe (10 MPUYMHE YMEHBIIEHUS JUTMH 04aroB NeOpMalui B KOKIOM OTAEIHHOM
IPOIYCKe);

8.HatspkeHre KOHIIOB MOJIOCH — TIEpEe/IHEee U 3a/IHee HATSHKEHNE YMEHBINAIOT YIIHPEHHE METalIa,
T.K. CHH)KAIOT BEJIMUMHY YCWJIMS HPOKAaTKU (UTO PABHOCHJIBHO YMEHBIIEHUIO OOKaTHS B KaXIOM
MIPOITYCKE);

9.@akTOpbl, YBEIUUYHMBAIOIIME OINEPEKEHHE MeTalla NpPU MPOKATKE, YBEIMYMBAIOT YIIMPEHHE.
VYmmpenue meraiia yBeIMUMBAeTCs NPU BO3pACTaHMM JUAMETpa BaIKOB, Kod(d@uiMeHta TpeHus u
CHIDKEHHHM TeMIIepaTypbl MeTajlla B Ipoliecce ropsuei mpoKaTKy.

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

®dopmyaa b. II. baxTuHoBa :

Ah Ah
Ab =115 X — (1fR&h - —)
2h, 2f

JlJis IpakTUYEeCKOTO TMOJIb30BAHUS B TMIEPBYIO OUYEPEh PEKOMEHIYETCs MPUMEHITh Gopmyny b.
1. baxTrHOBA, ABIAIONIYIOCS HAMOOJIEE MPOCTON U B TO e 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» (OTIUYHO): BBIMIOJIHEHBI BCE 3aJaHMs, CTYJEHT YETKO M 0e3 OIIMOOK OTBETHJ HAa BCE
KOHTPOJIbHBIE BOIIPOCHI.

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

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

«@2» (He 3aqTeH0): CTYACHT HC BBIIIOJHWII HWJIW BBIIIOJHWII HCEIPAaBHUIILHO 3aJaHud; CTYACHT
OTBETUJI Ha KOHTPOJIbHBIE BOMPOCHI C OIMIMOKAMH UM HE OTBETHJI HA KOHTPOJIbHBIE BOIPOCHI.

Tema 1.11 JHeprocuaoBbie mapaMeTpbl IPH 00PA0OTKE METALJIOB AaBJEHUEM

IIpakTuueckoe 3ausaTue Ne 12.13
CocraBJ/ieHHe IOJTHOI0O MOMEHTA Ha BaJty ABurares. [loctpoenne nmarpammsi
MeXaHM4YeCKOI HATPY3KHM HA BaJIy IBUraTe/isi CTaHA

He.]'lb paﬁoTbl: Hay4YuThCA COCTABJATH IMOJIHEIA MOMEHT JABUTIaTC/Id IMPOKATHOro CTaHa H
CTPOUTH AUArpaMMy MEXaHMYECKOM HATPY3KH.

Beinosinus patdory, Bel Oyaere:

ymemy:

- IPUMEHATh TUIIOBBIE METOJIMKHU OIPEJIeNICHHs TapaMeTPOB 00pabOTKU METAJJIOB JIaBICHUEM;

-BBIOMpPATL  COPABOYHBIE  JAHHBIEC,  XapaKTEPU3VIOIIHME  B3aMMOCBA3M  CTPYKTYPBL M
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:

N3yuute MeTOAMUECKUE PEKOMEH NN K IPAaKTHUECKOM padorTe.
[TomyunTe MHAMBUYAIbHBIE JAHHBIE Y ITPEITOAABATENS.
YcraHoBUTE ABUTATEb HOMUHAIBHON MOIIIHOCTH.

BelmtonnHUTE pacyeTsl.

ITocTpoiiTe Harpy304HyI0 AUarpaMMmy.

orwdPE

Xoa padoThi:
[TomHpIA KpYTAIIMHA MOMEHT JABUTATENsA, HEOOXOAUMBINM 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
nepopmaly Bajikax;

MTp — MOMEHT TpEHMS, BO3HUKAIOIIUI B NOAIMIMITHUKAX ITPOKATHBIX BAJIKOB OT JACHCTBUI
JABJICHUSI METaJUIa HAa BAJIKU IIPH 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 HaTsbkeHue nepeHee, MOMEHT HATSHKEHUS! OEpeTCsi CO 3HAKOM «-» , €CIIU HaTsDKEHUE
3aJlHee, TO MOMEHT HATsDKEHUSI OEPETCsl CO 3HAKOM «+.

MpauH — MOMEHT AMHAMUYECKUH, TPeOYyIOIUNCs sl MPEeoA0IeHHUs] MHEPUUOHHBIX CHIL,
BO3HUKAIOIIKMX B MOMEHT Pa3roHa WA TOPMOKEHUS.

Yucno o0OpOTOB ABUTATENSl MPU PEBEPCUBHOM MPOKATKM MOMEHT JAMHAMUYECKUH CO
3HAKOM «1» IPHU Pa3roHE CTaHa U CO 3HAKOM «-» IPU TOPMOKEHUMU 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 XOJOJHOM MPOKATKH, OOOPYJOBAaHHBIMHU MOTAJIKaAMH,
MEepeAHUMU U 33 JTHUMHU.

CyMmMa 4 nepBbIX MOMEHTOB IPOKATKU XOJIOCTOTO XOJa W HATSHKEHUS OINpPEAesieTCs s
JMOOBIX TUIIOB CTaHA U HA3bIBACTCSI CTATUYECKMM MOMEHTOM J[BUTATEJIS.

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

CraTUdecKui MOMEHT ABUTATCIIsI YKA3bIBAKOT B IMACIIOPTHBIX JAHHBIX JBUTATCIIA. On
HCO6XOI[I/IM I PacdCTOB BEIIMYHHBI K03(1)(1)I/II_II/ICHT8 MOJIC3HOTO JICHCTBUS IIPOKATHOI'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 BEJIMYHUHBI TOJHOTO JaBJIEHUS METajUla Ha BAJKU M rabapuToB JeTaned IIaBHON
JUHHUEN npokaTHoro craHa. Kpyrsmuii MoMeHT aABurarens uzmepsiercs B (T-M, kKH-M).

Jlns  pBuraTene IMOCTOSHHOIO TOKA, ITO3BOJAIOIIMX IUIABHO PEryjIupoBaTb CKOPOCTh
BpallleHUs B IIMPOKUX Mpejesiax, HOMUHaIbHbI MOMEHT M, (kHM) 3aBUCUT OT CKOpOCTH BpaIlEHHUS.
IIpu perynmupoBanuu ckopoctu (060potoB) oT 0 10 #, HOMHHAJIbHBII MOMEHT M, HE 3aBHCHUT OT
CKOPOCTH, TAaK KaK pEeryJMpOBaHUE €€ OCYIIECTBIIAETCS 32 CUET M3MEHEHHs TOKa SKOps JBUTATEIIs.
Oto0 3HaueHue M, 3anUCbIBaeTCs B nacnopt aAsurarensd. [Ipu nanpHelnieM MOBBILIEHUH CKOPOCTHU 10
BO3MOXXHOTO 3HAUEHUS 12 YMEHBIIAETCSI TOK BO30YXJEHMsI CTaTopa JBUTAaTelNs, U 3TO BBI3BIBAET
CHIKEHUE HOMUHAJIILHOT'O MOMEHTA.

M

M,

g

3aBHCUMOCTh HOMHUHAJIBHOI'O MOMCHTA ABUTATCIIA OT CKOPOCTHU
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s mpuBOAOB CTAHOB YCTAaHABIMBAIOT ABUTAaTENM HOMHUHAIbHOM MolHOCTH. HomuHanmbHas
MOIIHOCTb JIBUTATENIs onpeAensiercs no Gopmye:

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 OINpPENeIeHNe MAKCHMAaJIbHOIO MOMEHTA Ha BAJly JIBUTATENS PEIIAeTCs C
MTOMOMUIBIO HATPY30YHOM JUarpaMMmBbl.
Jlisi TOCTpOEHHUsT HArpy304HOW IHarpaMMbl HEOOXOAMMO 3HATh CTATHUECKHH MOMEHT B KaXIOM
MPOITyCKe, MPOJOHKUTEILHOCTD IPOMYyCKa U BpeMs May3 Mexy mpoxojamMu. /luarpamma cTpouTcs: Ha
MWIIMMETPOBKE M 00s3aTelNbHO B MacmTade, MpH 3TOM [0 OCH OPAMHAT OTKIIAABIBACTCS CTaTUYECKUIN
MOMEHT, a 10 Ocu a0cIucc — BpeMs B ceKyHJax. Ha pucyHke npuBeeHa Harpy304yHasi quarpamma Juist
cTaHa, paboTaromero 0e3 MepeKpPHITHUs. Cratuueckast Harpyska H3o0pa)keHa B BHJE
MPSIMOYTOJIBHUKOB, COOTBETCTBYIOLIUX MEPBOMY, BTOPOMY M T.JA. MPOXOJaM; Iay3aM COOTBETCTBYET
Harpyska, paBHas MOMEHTY X0JIOCTOI0 X0/1a

JluarpaMma CTaTH4eCKUX HArpy30K JJIsI CTaHa, paboTaromero 6e3 nepeKphITus.

JUis TocTpoeHHsl JAMarpaMMbl JJIsi CTaHa paboTarolero ¢ MNEepeKpbITUEM CHayana
BbIUEPUYHMBAIOT I'pauK NPOKATKH, a MOJ] rpa)uKOM — HArpy30YHYIO AHarpammy.
UepHoBasi JIMHUS CTaHa COCTOUT U3 JBYX KJETEW TPHO, MPUBOJ KOTOPHIX OCYIIECTBISETCS OT
OJTHOTO 3JIEKTpOABHUraTess. MeTaul MpoKaThIBAETCsl B YEPHOBBIX KJIETSAX 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 110 INPOITyCKaM:
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 packaTt 3aJaéTca B NEPBYIO KJIeTh Tpuo 4epe3 9,0 cexyHn mocie
BBIXOJIa M3 ATOM KJIeTH mpeabiaymied nojocel. uamerp BankoB D = 620 mm. Koadduumenr,
YUUTBHIBAIOLINH TOMYCTUMYIO neperpy3Ky asuratens, K = 2. CkopocTs npokaTku 2, 92 m/c.

Jlnst ynpotieHus pacu€ToB MPUHSATH, UTO CIASAYIOMINHA packat 3aqaéTcsl B MEPBYIO KIETh

YUCTOBOMW JIMHUM TOCJI€ MPOKATKU Ha CTaHE MpebIAyIen mTyku. [Ipyu noctpoeHnn Harpy304HoOn
JarpaMMbl Y4€CTh, YTO Ha YUCTOBOM JIMHUU CTaHA BEAETCS METIIEBAs POKATKA.
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['paduk nmpokaTku u [uarpaMma Harpy3Ku Ha Bally JBUTATeNs IPOKAaTHOIO CTaHa, pabOTalOIIEro
C IEPEKPBITUEM

(I)opMa NnpeacraBJeHus pe3yjabTara: OT4YCT O HpOI[eJIaHHOfI pa60Te AOJDKCH COACPIKATh
Ha3BaHHC U LICJIb pa60TBI, OIIMCaHHUC XO0Ja pa6OTbI; pacyeThl, JUarpaMmy, BbIBO/JbI.

Kpurepun oneHku:
«5» (OTIMYHO): BBIMIOJIHEHBI BCE 3aJaHMs, CTYJCHT YETKO M 0e3 OmUOOK 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 3aMEYaHHUSIMHU.

«2» (He 3a4TeHO): CTYACHT HE BBIMOJHWI WM BBINIOJHUI HENMPaBWIBHO 3aJaHUs; CTYIEHT
OTBETUJI Ha KOHTPOJIbHBIE BOMPOCHI C OMIMOKAMH UM 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: M3yueHnEe METOIMKY ONIPEAEIEHUS CUIIOBBIX MAPAMETPOB MPOIecca MPo ] KaTKu;
HCCIEeO0BAHUE MOIIIHOCTH U pacXoJa DHEPTUH OPU IPOKATKE.

Beinosinus patdory, Bel Oyaere:

ymemn:

- IPUMEHATh TUIIOBbIE METOJIMKHU ONPEJIeNICHHs TapaMeTPOB 00pabOTKU METAJIOB JIaBICHUEM;

-BBIOMpATh  COPABOYHBIE  JTAaHHBIE,  XapaKTEPU3VIOIIHME  B3aMMOCBI3M  CTPYKTYPBL M
CBOMCTB 00pabaThIBAEMBIX METAJJIOB U CILUIABOB, JUIsl 0OecHeueHHs BhIMYCKA MPOJIYKIIUHU C 33/IaHHBIMU
CBOMCTBAaMH.
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MarepunanbHoe obecrnieyeHue:
ABTOMAaTH3UPOBaHHBIH J1a00paTOPHEIN IpokaTHeIN cTad JIY0-130

3ajaHue: pacCUUTaTh CUIIOBBIC YCIOBHS MPOKATKU HA BaJIKaX C TIAJIKOW OOYKOM.

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. U3meputhb B Tpex Mectax TONIMHY 00pa3noB HO (TonmuHy ciaenyer u3MepsaTh IO cepeauHe
MUPUHBI 00pa3na) u mupuHy BO (B TaOnHIly 3aHECTH CpelHee 3HAUYCHHUE).

2. IloaroroBienHbie 00pa3ibl MPoKaTaTh B 0AKWH mpoxos ¢ obxaruem H € : 10 %, 25 % u 50 %.

3. 3mepuTh B Tpex MecTax y mpoKaTaHHBIX 00pa3ioB ux tommuuy H1 u mupuny B1 .

4. OnbITHBIC TAHHBIC 3aHECTH B TAOIUILY.

5. PaccunTaTh TEOpETUUYECKYIO BEIMUMHY yCUIIUA MpoKaTku P T mo dhopl | mymam (9)...(12).

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

7. Paccunrtath MOmHOCTH aedopmupoBanus Nued. , morepu Ha TPEHHE B MOJIIMITHHKAX
Nmoatr. , a TaKke MOIIHOCTh MpoKaTku NpacueT. o ¢popmynam (2)...(4).

Pacxon osHeprum npm nDpoKaTKe SBIAETCA CYIIECTBEHHOM BEIMYHMHOM, YYUTBIBAEMOHN IpH
MPOEKTUPOBAHUM HOBBIX CTaHOB, OMNpENENsIomeld co00il MOIMHOCTh CTAHOBOIO [BUTATENsl U
MOIITHOCTbH, TIEPEIaBacMyI0 BCEMH IMEPEJaTOYHBIMU yCTpolicTBaMu. Kpome Toro, mpu sKcIuTyataluu
y>K€ UMEIOIIUXCSI CTAHOB HaMe4YaeMbIi peKuM paboThl (00XkKaTHsI) MPOBEPSIOT B OTHOIIEHUU HArPY3KH
JBUTATENsl M OTACIBHBIX YacTeill mpuBoja. MoOIIHOCTh, MOTpedsieMas TJIaBHBIM JBUTATENIEM CTaHa
IIPH NPOKaTKe, MO[ | KeT OBITh 3amucana cleyomuM o0pa3om:

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

rae, Npaed. — MOIIHOCTb, 3aTpaunBaeMas Ha aedopMaluio MeTallla, BKIOYas U TpPEHUeE
IIPOKATHIBAEMOr0 METajlJla O BaJKHU; 3TO MOJIE3HAs YacTh MOLIHOCTU (CUMTasi TPEHUE HEU30EKHBIM,
XOTS M MOJUIeXkKAIUM HauOoIbIIEMY BO3MOKHOMY YMEHBILIEHUIO);

Nnoaiil. — MOIIHOCTh, pacxojlyeMasi Ha MPEeoJ0JIeHIE TPEHUS B MOIIUITHUKAX MPOKATHBIX
BaJIKOB;

NiecT. — MOIIHOCTh, 3aTpayrBaeMasi B LIECTEPEHHOW KJIETH Ha MPEOAOJEHHE TPEHUS B
MOJIIIMITHUKAX U B 3yObsiX 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, MOACUNTHIBAIOT 10 ¢popmyiie .M. [1aBnosa.

IIpu pa3zpaboTke TEXHOJIOTMYECKOIo IMpolecca U MPOSKTUPOBAHUM MPOKATHOIO 00O0PYIOBaHMS
BE€CbMa BAXXKHBIM 3TAIIOM ABJIACTCA OIMPEACTICHUC MCIKBAJIIKOBOI'O AABJICHUSA (YCI/IJ'II/UI HpOKaTKI/I). C HuMm
CBSI3aHBI T€OMETPUUYECKHE Napal | METpsl Ipolecca, KOHCTPYKIUSA U pa3MEpPHI 3JIEMEHTOB MPOKATHOU
KJICTH, UX YIIpyrasa I{e(i)OpMaHI/ISI U TOYHOCTH MNPOKATHEIBACMBIX I/IS}IGJ’IHf/i, CKOpPOCTh H3HAIIMBAHUIA
BAJIKOB U CPOK MX CIIYXObI, MOIITHOCTh MPUBOJIA U PACXOJ IHEPTHH.

Co CTOPOHBI IMPOKAThBIBAEMOI'O MCTAJlJla Ha BaJIKU JleﬁCTBYIOT HOPMAJIbHBIE W KacCaTCJIbHBLIC
cuiel. HampaBiieHne paBHOAEHUCTBYIOLIEH 3TUX CHJI 3aBUCHUT OT crioco0a M ycioBUil mpokaTku. [Ipu
HaWIIpOCTEMIIEM MPOIECCEe MPOKATKH, I'/I€ HA MPOKATHIBAEMBIA METAJI JIEUCTBYIOT TOJBKO CHJIBI OT
BAJIKOB, JIBWKCHME MeTasla MpH BXOJI€ M BBIXOJE paBHOMEpHOE, 00a BajKa NPUBOIHBIC, UMEIOT
OAVWHAKOBBIC CKOPOCTHU W JUAMETPBI, METAJLII 06J1a)1aeT OIMHAKOBBIMU MEXaHHUYCCKHUMU CBOMCTBAMM.
B »TOM ciydae omnpeneneHue ycwius NPOKAaTKU CBOJUTCSA K ONPENEICHMIO IJIOLAAM KoHTakTa F
MIPOKATHIBAEMOT0 METaljla ¢ BaJIKAMU U YCTAHOBJICHHIO CPEIHEro YJEJbHOIO JIaBJICHHUsS MeTaijia 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,
TeMIeparypa u creneHb jaedopmanuu). BTopyro rpynmy cocTaBisiOT (DaKTOPBI, OIMpPEIesIONIe
XapaKkTep HAMpsHKCHHOTO COCTOSIHHS oOpabaThiBaeMoOro MeTayuia (KOHTAKTHBIE CHWJIBI TPEHHS,
HATSKCHHE WJIH TTOATIOP, TEOMETPUUYECKUE pa3Mephl odara aedopmamnuu u ap.)

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

9. Pe3ynbTarhl pacueToB 3aHECTH B TAOIUILY

Xoa padoThi:

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

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

3.Cnenath BBIBOJI O BIMSHUW CTEMEHU OOKATHS Ha SHEpreTUdeckre mall paMeTpsl mpoiiecca
npokatku (ycunue, mourHocTh, KIIJ[) 1 0 BO3MOXHOCTM HX TEOPETHUYECKOTO OMpEeIesieHUs IO

dbopmynam (9)...(12).

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

Kputepun onenkmn:

«5» (OTIMYHO): BBINOJIHEHBl BCE 3aJaHUA, CTYJICHT 4YeTKO W 0Oe3 omMOOK OTBETWI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI.

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

«3» (YZOBJIETBOPUTEIILHO): BBIOJIHEHB! BCE PabOThl C 3aMEUaHUSIMM; CTYJICHT OTBETUJ Ha BCe
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSIMHU.

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

Tema 1.11 DHeprocuaoBbIe NAPAMETPHI HPH 00PA0OTKE METALJIOB IABJICHUEM

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

IIe.m; paﬁoTbI: OCBOHMTH PAaCcUE€T KOHTAKTHOT'O JABJACHUS IPU ropsSuei IpoKaTKe MO pa3IMYHbIM
METOJAaM.

Borinoinus padorty, Bel Oynere:

ymemn.

- IPUMEHSITh TUIOBBIC METOANKH ONPEICIICHUS MapaMeTPOB 00PAOOTKH METAIIOB JaBICHUEM;

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

MarepunanbHoe obecnieyeHue:
qu6Ho-MeT011quCKa51 JOKYMCHTAIIUA, AMJAAKTHYCCKUE CPEACTBA

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

Ilopsinok BbINOJHEHHSI PadOThHI:
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 C TTIaIKOM 00ukoil, uyrynusie D=1000mwm;

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

IIpOKaThIBaeMbIi MeTasl1 — cTasb 08cm

TeMIepaTypa MeTajuia npu npokatke | 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 00XkaTue onpenensercs mo Gopmyie:

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 OIIPCACIIACTCS I10 (1)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 TOJIIWHA IIOJOChI, MM
hl - KOHCYHas TOJIIIMHA I10JIOCBI, MM

hc=0,5(4,5+5)=4,5 mm
bc=0,5(bo+b;)
b.=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 onpezensercs no Gopmyie:
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V, =n-D,-n,/60

I'ne, nmamertp Banka (D) Hamo nepeBecTH U3 MUWJIIMMETPOB B MeTphl, T.¢ D=1000Mm=1,0

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

VYcunue npokaTtku onpenensiercs no merony Llenukosa A .
CkopocTts aedopmanuu onpeaensercs mo hopmyie (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 QUIIMEHT, YYUTHIBAIOIINI BIUSHUE BAJIKOB (I 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 mpurnmaror n, =1,15, ecim bo/l =1,0-5,0, To n,’ onpenensiercs mo rp. 3. B Hamem
/
ciydae b./I>5,0 3naunt n, =1,15.

I
Koadduuuent n, onpexnensercs no popmyse:

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(QPUIMEHT paccuuThIBaeTCs o hopmye:

NN
N =nnNnn
o o o [
rae n; - KOO PHUIMEHT, YIUTHIBAIOLINHA BIUSHUE BHEITHETO TPEHUS

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

n” - ko3 PUIMENT, YIUTBIBAIOLIMI BIUSAHUE HATSKEHUS

n =24*1*1=24
KOHTaKTHOE [aBleHHe PaCCUMTHIBAETCS 110 GOpMYyJIE:

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 no 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
Jlns cranu Sx temneparypa masiaenus 1300 v npenen nNpoYHOCTH » =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 Kec/mm?
KoadduimenT yuutoiBaronuii BeJIMYUHY BHEIIHETO TPEHUS
n'=1+0,33*=1,41
KonTakTHOE NaBieHne pacCUUTHIBACTCS 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): BBHIMOJIHEHBI BCE 3aJlaHUS, CTYIEHT YETKO U 0€3 OIIMOOK OTBETHJI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI.

«4» (XOpol0): BBIIOJHEHbl BCE 3aJaHMsI; CTYIAEHT OTBETHJ Ha BCE KOHTPOJIbHBIE BOINPOCHI C
3aMeYaHUsIMH.

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

«2» (He 3a4TEHO0): CTYAEHT HE BBIOJHUJI WM BBIIOJHUJI HENPAaBUIbHO 3aJaHUs; CTYAEHT
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.

Boinoainus padorty, Bel Oynere:

ymems.

- IPUMEHSTh TUIOBBIC METOANKH ONPEICSICHUS MapaMeTPOB 00PaOOTKH METAIIOB JaBICHUEM;

-BBIOMpPATh  CNPABOYHBIC  JAaHHBIE, 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. OdopMmuTtsk pacyer B paboyeil 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, C120A
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
23 /110023171208 |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 METOJUYECKUMH YKa3aHHUSIMH K MPAKTUYECKOH paboTe.
2. Tlony4uuth HHIUBUIYyaTbHBIC JAHHBIC Y TIPEIOIaBaTEeIs.

3. BBINONMHUTE pacyueTsl.

4, CpenaTh BBIBOIBI

Xoa pa6oThl:
OmnpenensieM ycuine Py XOJIOJAHON MPOKATKE ¢ YIETOM HATSKEHHsI, CTeTIeH! qedopMaluu u
YIIPYTOTO CXXaTHs BAJIKOB.
Pacuer BeIMONHEH AJ TPETHETO MPOXOAa MPHU MPOKATKE MOJO0CH U3 ctanu 0,810 ¢ HCXOAHBIM
ceueaneM 4,9x1050 mmM 2, o kxoHeyHoro cedeHws 1,8x1050 MM  Ha IATUKICTEBOM CTaHE C
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auaMeTpoM pabounx BaimkoB 500 mm. Cma3koil MpU MPOKATKE CIY)KUT SMYJIbCHSA IMaJbMOBOTO
AMYIbCOJIA.

Koa¢¢punneHt koHTaKTHOrO TpeHUs omnpezensercs no rpaguxy: 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
HaxoaaTcs 1o rpaguky u3 cupaBounuka A.B. Tperbskos, B.W. 3103un: «Mexanuueckue cBOHCTBa
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
Conpotusienue nehopMaluu B yCIOBHUSIX JHUHEHHOTO CKAaTHA C y4ETOM CTENEHH HakJjema
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 YHNpyroro CIUTIOIIMBAHUS BAJIKOB ONpeAessieTcs IO

dbopmyre:
¢ =~/R4h

rae £ . JUTHHA o4ara Je)opMaIiu, MM
Ah— aGcoirorHoe o0kaTue, 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 BJIMAHME BHEIIHETO TPEHHUs, B CBA3U C OTCYTCTBUEM

yimupeHus Oyaer paBHsaThes 1,0.
Ko>(ppuiment, yduThIBAIONIMI BIMSHUE BHEIIHMX 30H N ONpEAENSETCS M3 OTHOUIEHHMS

¢ 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, yunuTHIBAIOUINI BIMSHAE BHEIIHETO TPEHHS OMpeensieM 1o metoxy A.U.

[lenukona.
OTtHOcuTenbHAs AeGopMarus:
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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, - cpenHee KOHTaKTHOE JaBJI€HHUE, 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 33JaeMCsl IPOU3BOJILHBIMM 3HAYEHUSIMU  JIJTUHBI
KOHTAKTHOM TMOBEpXHOCTH, yBenuuuBas ee Ha 50-80% wu ompenenseM A Kaxaod BeIOpaHHON

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 maxoaum 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 kec/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>

Xy = 2°0-60.3 =1.59 mm
9500
Xy = 250-63 =1.66 um
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 KOHTAKTHOTO JAABJICHUS OT JUIMHBl KOHTAKTHOW IIOBEPXHOCTH 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, OMKMCAaHUE X0/1a pa0OTHI; paCYEThl UCKOMBIX BEJIMUKH, BHIBOJIBI.

Kputepuu onenkmn:

«5» (OTIMYHO): BBINOJIHEHBI BCE 3aJaHUA, CTYJCHT 4YeTKO W Oe3 omMOOK OTBETHUI 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
KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSIMHU.

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

Tema 1.11 DHeprocuaoBbIe NAPAMETPHI HPH 00PaA0OTKE METALJIOB IABJICHUEM

IIpakTnyeckoe 3anaTne Ne 16
IIpoBepouHbIii pacyeT MOLIHOCTH ABUIaTeJs MPOKATHOIO CTAHA.

eab padoTbi: OnpeneanTh MOIHOCTh IPOKATKHU O BPAIIAIOIIEMy MOMEHTY JUIsS 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 MCTAJJIOB M CIIJIaBOB, AJIA obecreueHust BBITTYCKA NPOAYKIIMH C 3aJlaHHBIMHA

CBOHCTBaMH.

MarepuajibHoe o0ecnieyeHue:

y‘-Ie6HO'MeTOZ[I/I‘-I€CKa$I JOKYMCHTAIIMA, AMJAAKTHYICCKHUEC CPCACTBA

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 JIBUTATENsI 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. lIpokareiBaemblii MeTasm — cranb cT3. IIpuBOa KIETHM OCYIIECTBISETCS  OT
WHIUBUYAIBHOTO JJIeKTpoABUraress MomHocThio 2000 kBT 4Yepe3 NOHWXKAIOIIUMK PEIyKTOp |
HIECTEPEHHYIO KJIETh.

[Ileiiky BaJIKOB OMMPAFOTCS HA TEKCTOJUTOBBIC MOAMUITHUKY. [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
MoOMEHT MpOKaTKH, T.K. B KJIETH IM0JIOCA 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 TpEeHHS B TIOAMIUITHUKE BAITKOB ONPEEIISIEM:
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, He0OXOUMBIH /JIsl OCYIIECTBICHUS AepopMalvy B JTaHHOW KIIETH:
Miep=Mup+ My
Mep =7,3+1,4=8,7 TCc'M
MortHOCTh HEOOX0IMMAs JJIsI OCYIIECTBICHUS AeQOpMaIliK B TAHHOW KIICTH:
Ni:le(b:MIled) ‘n /0,975

1€, Mg - MOMEHT aedopmann, H*m
N — 4ucio 060poToB, 00/MU
Npeg =8,7*180/0,975=1606 kBt
[TpumeM pacxoj; MOIIIHOCTH Ha XOJI0CTON X0 8% OT HOMUHAILHOM:
NX.X.ZO,OS'NHB
Nxx = 0,08-2000=160 kBt
OnpenenuM pacyeTHYIO MOITHOCTh C YYETOM MOTEeph Ha TPEHHUE B Mepeadax | XOJIOCTOW XO/I:
npumeMm KIIJ| mmunneneit u myptser m2=0,97, KIIJ| mectepueit kiern 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 pedyjbtara: 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» (XOpol10): BBIIOJHEHBI BCE 3aJaHMs; CTYIAEHT OTBETHJ Ha BCE KOHTPOJIBHBIE BOIPOCHI C
3aMEYaHUAMMU.

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

«2» (He 3a4TEHO0): CTYAEHT HE BBIIIOJHUJI WU BBIIOJHUJ HENPAaBUIBHO 3aJaHUS; CTYACHT
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 OIpeAcIcHUS HEPaBHOMEPHOCTH I[e(bODMaHI/II/I IIpu
ITPOKATKC.

Boinoainus padorty, Bel Oynere:

yMmemy:

- IPUMEHSTH TUIOBBIC METOAMKH ONPEICIICHHUS MapaMeTPOB 00PaOOTKU METAIIOB JaBICHUEM;

-BBIOMpATh  CNPABOYHBIC  JAHHbBIC,  XapaKTEPU3VIOIIME  B3aWMOCBSI3M  CTPYKTYPBL U
CBOWMCTB 00pabaThIBaEMbIX METAJLIOB M CILIABOB, JIJIsl 00SCIICUEHHs BEINYCKA MPOAYKIIUU C 33JaHHBIMU
CBOWCTBaMH.

MaTtepuajbHOe o0ecneyeHue:
yq€6HO'MeTO[[quCKa$I JOKYMCHTAIUA, JUJAKTHYCCKHUEC CPCACTBA

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

IMopsiniok BbINOJIHEHUS PadOTHI:

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

3. Bbmonaute padoty

4. CnenaTtb BBIBOJIBI

Xoa paGoTsI:

1.Ilpu ycrnoBuu paBHOMEpHOH nedopMalMy NpU MPOKATKe TOJIIMHA MCXOAHOW moiockl hg mo
BCEHl MmHMpWHE W JJMHE OJMHAKOBA, 3a30p MEXKIy BalKamMH hi o Bceill JymHe OOYKHM BAJKOB H
COIIPOTHBIIEHUE JAedopMaIi MPOKATHIBAEMOTO METaula 10 BCEMY €ro 00beMy TaKKe OJMHAKOBBI.
HaGnromaromecss mo4TH BCerga OTKIOHEHUS OT OTHX YCJIOBHH MPHUBOAAT K HEPaBHOMEPHOM
nedopmaruu. PaznuyuaroT HepaBHOMEPHOCTH AeopMaIiy [0 MIMPUHE, TONIUHE U JAJTHHE HOJOCHL.

2.HepaBHOMEpHOCTH JleopMaIiy MO MIHUPUHE TTOJIOCH - 3TOT BHJ HEPAaBHOMEPHOU e opMaruu
NPOSIBIISIETCS. B HEPAaBHOMEPHOM paclpesieieHUud o00XaTus IO IIUPUHE TIOJIOCHl M BBI3BIBACTCSA
CIIEAYIOIIMMH JICHCTBYIONIMMHA COBMECTHO M TIOPO3HB IIPUYNHAMH:

a) HEOIMHAKOBBIM 3a30pOM MEXKIY BaJKaMH (TI€peKoC BaJIKOB, HEPABHOMEPHBIN pa3orpeB O0UKU
BaJIKa, BIpabOTKa BajKa, MPOrud KaauOpsl HA BAJIKaX UMEIOT PAa3HYIO BBICOTY MO UIMPUHE);

0) HEOAMHAKOBOM UCXOHOW TOJIIIMHOMN MOJIOCH! MO IUPUHE.

CreneHp HEPAaBHOMEPHOCTH Ae(GOopMaIuy 1Mo MHUpPHUHE MOKHO OXapaKTepPH30BaTh JUArpaMMaMHu
€CTECTBEHHBIX BBITSIKEK. 32 €CTECTBEHHYIO IPUHUMAETCS BBITSDKKA, KOTOPYIO MOJy4uia Obl Ta WU
WHas 4acTh MOJIOCKHI, €cii Obl OHa JeOpMHPOBATIACH OTIENBHO, BHE CBSI3U C JIPYTMMH YaCTSIMH.
EcrecTBeHHbIE BBITSXKKM CPaBHMBAIOTCS CO CpEIHEH BBITSKKOM, KOTOpas omnpenensercd Kak
OTHOIICHHE CEYEHHH JI0 MPOX0/1a ¥ MOCIe Hero: Aqp, = Fo/Fy.

Uem Oomblie pa3HUIIA MEXJIy €CTECTBEHHOW U CpeiHeH BBITSHKKOHW, TeM OoJblie
HEPaBHOMEPHOCTH Jiepopmanuu.
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3.IIpumepoM MOXKET MOCTYXHUTh AWarpaMMa BBITSDKEK MPU MPOKATKE IMOJIOCHI IMTEPEMEHHOTO
CeueHHs MO LIMPUHE B TTIAJKUX BaJIKax

[TonepeuHoe ceyeHHe MOJOCHI MOXKHO Pa3OMTh HA TPU YACTH MIMPUHON Kakias mo 100mm,
HMMEIOIIHE BBICOTY: Kpasi — o 80mm, cepenuna 60 mm. [Ipu oOkatuu Takoi mosockl A0 40 MM Kaxkas
YacTh CTPEMHTCS MOJIYYHTh CBOIO BBITSKKY (I YOPOIIEHHUS pacyeTa YIUIUPEHUE HE YUUTHIBACTCH):
Kpas — A1 = A3 =2,0; cepenuHa — Ay = 1,5. dakTUYECKH BCS TMOJIOCA TOJyYaeT HEKOTOPYIO CPEIHION0
BBITSKKY:

Aep = Fo/lF1 =(80-100 + 60-100 + 80-100)/(40-300) = 1,83
B coorBeTcTBHM ¢ 3TUM W JJIMHA TOJIOCHI TMOCIE MPOKATKH OyIeT HEKOTOpPO CpeaHen

mHoit Le = 1,831 Jlnarpamma BBITSKEK AJIsl JAHHOTO CIIy4das Ipe/IcTaBlIeHa Ha PUCYHKE.

..... A fenegees
_ fepe oo Ly
s EDT a0 1[40
: P L Ejl.
. S ' i__ _\"_. _:
100 ‘ 100 [ 100 J
A L
Y S T £
E : ; : 2.
R I :
: 5 Fy 18
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5 : y
1 ;__- -." _____ : ! 1.0 B
0. SO N 2.

Jnarpamma BBITSKEK

BolpaBHUBaHUE BBHITSDKEK HEM30€KHO MPUBOIUT K Pa3IMUYMIO YIIUPEHHUS HEPaBHOMEPHO
00’)KMMaeMbIX y4YacTKOB IIOJIOCHI, YTO BBITEKAET M3 3aKOHA IMOCTOSHCTBA o0beMa. 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 00Xkatue, 00Jbllle €CTEeCTBEHHOIO yUIMHEHUs. BeaencTBie 3Toro mupruHa UX yMEHbIIAeTCs.
Cy>xeHure noJiochl (0TpULIaTENbHOE YITUPEHNE) HA3bIBAIOT YTAXKKOI.

[Ipy npokaTke MUPOKMX IIOJOC MaJOW TOJIIMHBL, KOIAAa YHIMPEHUE MPaKTUYECKU
OTCYTCTBYET, BBIDABHHBAHUS BBITSDKEK He mnpoucxonuT. Kaxkaas dacTe TOJOCHI MOMy4yaeT
€CTECTBEHHYIO BBITSDKKY M, €CIU 00XaTus HEpPaBHOMEpHBI, JIMHA HEPAaBHOMEPHO O0XKHMMaeMbIX
y4acTKOB OyZeT HeoauHakoBodM. Ho 3TO BO3MOXKHO JHIIb NpU MPOKAaTKE KOPOTKUX Tmosoc. B
OOJIBIITMHCTBE CITyyaeB U30BITOK JJIUHBI CUJIBHO 00)KMMAaeMbIX YYacCTKOB ITOJIOCHI 00pa3yeT BOJIHBI, HO
€CJIM TPOYHOCTh M KECTKOCTh ATHX YYaCTKOB JIOCTATOYHO BEJIMKH, TO Ha cJla00 00XaThIX ydacTKax
M0JIOCHI 00pa3yr0TCsl HaIPHIBBI.

BbipaBHMBaHME JUIMH TpU HEpaBHOMEPHON JedopMalnuyd 1O MIMPUHE TMPUBOAUT K
MOSIBJICHUIO JIOTIOJHUTENBHBIX HampspkeHui. Te 4acTu, KOTopble O00KMMAaIMCh B OOJbILIEH 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, OOXKaTble B MEHbIIEH CTeNneHHu, OYyAYyT pacTArUBaThCs IOJ JIEHCTBHEM YacTel,
NOJy4YUBIIUX Oonbiee oOkaTue. HampspkeHHMs pasHBIX 3HAKOB B3aMMHO YPaBHOBELIMBAIOTCS 110
OTJEJIbHBIM 30HaM I0JIOCHI H, CII€JJ0BATENIbHO, OHU SIBJIAIOTCS HANPSHKEHUSMU IIEPBOT0 POJa.
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4. HanpspkeHust cKaTHs MOTYT MPUBECTH K BOJHUCTOCTH MJIM KOPOOOBATOCTH MPOKATHIBAEMOM
noJs1ocsl. HanpspkeHns pacTsKeHMs IPY IPEBBIICHNN NIPeeiia MPOYHOCTH METalla MOTYT ITPUBECTH K
MOSIBJICHUIO TPELIMH, pBaHUH. Hanpumep, pu npokaTKe MOJIOCH! ¢ YTOJIIEHHBIMH Kpasimu (puc. 13) no
KpasM BO3HMKAalOT HalpspKeHUs ckatusd. [Ipy AoCcTaTOYHOM MX INMPHHE Kpas MOTYT IOJYYHThCS
BOJIHUCTBIMU. CpelHss dYacTh IOJOCHl IOJY4YaeT HampshKeHUs pacTsbkeHus. Ecinu  HampspkeHus
pacTsKeHUs IPEBBICAT Ipeiesl IPOYHOCTH METalIa, OCEPEAUHE MOI'YT 00pa30BaThCs PBAHUHBI.

Hecummerpuynas HepaBHOMEpHOCTh jAedopManuu  OonbIIel  YacThbl0 HPUBOAUT K
HCKPUBIICHUIO IPOKAThIBAEMOM 1mosiockl. [IpumepomM HECUMMETPUUHONW HEPaBHOMEPHOCTH JieopManuu
10 LUMPHUHE MOKET IOCIYXUTh MPOKATKA MOJIOCH! IPSIMOYTOJbHOIO CEYEHUS B IIEPEKOIICHHBIX BAJIKaX.

B nanHOM ciydae oOXaTus OT OJHOM KPOMKM K JPYrod IOCTENIEHHO BO3pPAaCTaIoT,
COOTBETCTBEHHO YBEIMYMBAIOTCS U BBITSDKKH. Pa3sHOCTh BBITSDKEK, OOpasyromascs B oyare
nedopmaruy, BO3ACHCTBYET KaK Ha MepelHuil, TaKk U Ha 3aJJHUIA KOHELl MpoKaTbiBaeMoi nosockl. Ilpu
9TOM INEpeJHUM KOHEl II0JIy4yaeT IIJJaBHOE HWCKPUBJIEHME B TOPU3OHTAIBHOM  IUIOCKOCTH
(cepnoBUAHOCTD), 3aru0asich B CTOPOHY MEHBIIE BBITSKKHU. 3aJHUH KOHEL [I0BOPAUYNBACTCS B CTOPOHY
MEHBIIIET0 00XKaThs, MPUBOAS K CMEIIEHUIO TOJOCH BJOJHh OOYKHM Basika (TIOJIOCY BENET) W Jaxe
BbIOpachIBaHUIO €€ 3a Mpejienbl pabodeil 4acTH BaJIKOB.

5. AHanoruuHble SBJIECHUS HaOJIONAIOTCA B CIy4yae IPOKATKU I10JIOCHl KJIMHOBUIAHOIO
MIOTIEPEYHOr0 CEUYEHUS IIPU NMapajuleIbHOM PAaCcHoI0XKeHUH BajakoB. HepaBHOMepHOCTH edopmanuu mo
LIMPUHE MOXET MPUBECTH K 00pa30BaHUIO Takoro jaedekra, kak nopes. OH mnosydaercs MpHU NMpoKaTke
TOHKHUX JINCTOB B CHJIBHO BOTHYTBIX BaJKaxX. B 3TOM cilydae Kpas MOJIOCHI Ha BXOJE B BAJIKU «BEAET» K
cepeaHe, Te JIUCT cOOUpaeTCsl B CKIAAKY, B pe3yjbTaTe Yero B BAJIKM IONAJAeT TPOMHAs TOJNILMHA
mucta. B aToMm mecte nuct cam cels pexer, MHETCS M UJeT B Opax.

6.HepaBHOoMepHOCTDh JedopManvy 1O TOJNIIUHE - A3TOT BHJ HEPABHOMEPHOW JedopManuu
IPOSIBIISIETCS. KaK HEOJAMHAKOBOE O00XKATHE OTAEIbHBIX T'OPU3OHTAIBHBIX CJIOEB Mosochkl. OJHON M3
NPUYHH € MOXKET OBITh Pa3In4Ke COMPOTHBIICHHS Je(OPMALIMU OTACTBHBIX CIIOEB.

PaccmoTpuMm oO)kaTue JBYXCIONHHOM TOJOCHI HEBPAILAIOUIMMUCS BaJKaMH OJMHAKOBOTO
nuaMeTpa.BepxHuii ci0if — CBUHIIOBBINA, MMEIOIINI Majoe CONpPOTHBICHHE AeGopManu, HUKHANA —
AJIFOMUHUEBBIN, HMeeT Oosiee BbICOKOE conpoTuBieHue Aedopmarnuu. BepxHuil Balok BAaBIuBaeTcs B
CBUHEI| Ha OOJbIIYI0 TIIyOMHY, YEM HUKHHUI BaJlOK — B QJIOMMHMNA. Ycuius, NEHCTBYIOIIME Ha 00a
BaJka, PaBHbI MEXAY COOOH, COIJIaCHO YCIOBHIO paBHOBecHs cuil. Iliomaan conpuUKOCHOBEHUS
METAJIJIOB C BaJIKAMHU PA3JIMYHBIE: Y BEPXHETO BaJika KOHTAKTHas IJIOLIa/lb OOJIbIIIE, YEM Y HUKHETO.

Yeunue, 1eicTByolIee Ha BEpXHUAM Banok P1 = p1-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.
CBUHIIOBBII CJIOM 00KMMaeTcsi B OOJIbIel Mepe, 4eM alltoMuHueBbId, To ecTh (Hy — Lj) > (Hy — Ly),
CJIeZIOBAaTENbHO, M BBITSDKKA CBHHIIOBOTO CJIOsl OyzAeT Oosblie, 4yeM altoMuHueBoro. Eciu atu ciion He
CBSI3aHBI MEXJ1y COOOM, TO KaXKIbIH U3 HUX IOJIy4aeT MpH Ae(popMalii CBOIO €CTECTBEHHYIO BBITSIKKY.
Ecnu e ciioun cBsizaHbl MexXAy co00if (kak, Hanmpumep, y OuMeTaia), To IpU MpoKaTKe mosnoca Oyner
n3rudaTbcsi B CTOPOHY MEHBIIEH BBITSKKH, B JAHHOM IPUMEPE — BHU3.

t
& v

Ly

\ﬁlf_
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7. Takum oOpazom, Ipu HEPABHOMEPHOH NedopMalliy MO TONIIUHE TaK e, KaKk U JIJs CIydacB
HEpaBHOMEpHOW JedopMalMy MO UIMPUHE, OTAENbHbIE 4YacTH TMOJOChl CTPEMSITCS TOIYYHUTh
€CTECTBCHHYIO JUIMHY B COOTBETCTBUU C OOKaTHEM HUX. AHAJIOTMYHBIC SBIICHUS MPOUCXOIAT U TPH
MIPOKAaTKe HEPAaBHOMEPHO MPOTPeTOd MoJiochl. BcerencTBue pa3nuyusi CONMPOTHUBIIECHUS AedopMalvu
OTJICNBHBIX CIIOCB YIJIBI 3aXBaTa Yy BEPXHETO W HUKHETO BAJIKOB Pa3IMYHBL. BeTW4MHBI 00XKaTHs
BEPXHET0 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 OTHOIIIEHUE 00KAaTUH BEPXHETO U HIDKHETO 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 pachpeiiesieHusi 00kaTuil mpu HepaBHOMEPHOU aedopmanuu
0 TOJIIMHE: YaCTHBIC 00XKATHUS CIIOCB METAJUIa, UMEIONINX Pa3IMYHbIC COTPOTHBIICHUS Je(OpMaIlnH,
00paTHO MPOMOPIIMOHATBHBI KBaJIpaTaM COMPOTHBICHUN AeQOpMaIlK STUX CIIOEB.

HepaBHoMepHast nedopmanus MO TOJIIUMHE IOJIOCHI TPUBOAUT K TMOSBICHHH B METAILIC
JIOTIOIHUTENBHBIX HaNpsoKeHUH. B cnosiX mojockl, MOMy4YMBIIMX OoJbliue 00XKaTHs, BO3HUKAIOT
JIOTIOJTHUTEIIBHBIC HANPSHKEHUS CKATHSA, a B CJIOSNX, MOJYYUBIIUX MEHBIINE O0XKATHS — HAIPSHKCHUS
pacTsukeHus. JlomoNHUTENbHBIE HANpsDKEHUsT MOTYT mpuBecTH K nedekram. Haumbonee yacTeiM
neeKTOM MpU Topsyed MpoKaTKe, HarpuMmep, OMMETaUTMYEeCKOM MPOBOJIOKH, MMEIOIIEH CTaJbHOU
CepJICYHUK U MEHYIO 000JI0UKY, SIBJISIETCS Pa3pbiB CTAIBHOTO cepAeuHrka. CTaabHON CepIeYHHK, UMEs
OoJbIIIee COMPOTHUBIICHUE JehopMarvu, MEeHbIIE 1e(hOPMHUPYETCS MO CPABHEHUIO ¢ MEIHOW 0O0TIOUKOM.
B pe3ynbTare B HEeM BO3HHMKAIOT OTMOJIHHUTEIbHBIC HANPSKEHUs pacTsokeHus. Eciu 3Ty HampshkeHus
MIPEBBICAT TIPS MPOYHOCTH CEPJICYHUKA, B HEM BO3HUKAIOT TPEIIUHBI

8.HepaBHOoMepHOCTh AedopMaIiil MO JJIMHE MPOKATHIBAEMOW MOJIOCHI - B KaKIbI JaHHBIN
MOMEHT TPOKATKH B CTaauu JedOpMallii HAXOIUTCS JIUIIb HEOONbINAs YacTh JUTHMHBI IMOJIOCH (o4ar
nedpopmarun). Ho naxke B mpesenax 3Toil HeOOIbIIONH YacTu aAedopmanus He sIBISIeTCS paBHOMEPHOH.
OT TJIOCKOCTH BX0J1a B BJKH K IJIOCKOCTH BBIXO/Ia YMEHBIACTCS CKOPOCTh JAeOopMaIiuu, U3MEHSIETCS
HAMPSKEHHOE COCTOSIHHE M COOTHOIICHHE MKy MPOIOJIBHOMN U MONepeyHon e opMaIiusaimMu.

B3anmMopneiicTBie TepeqHer0o W 3aJHEr0 KOHIOB ¢ Ae(OopMHUpYeMOH YacThiO TIOJOCHI
HAKJIaJbIBAET CBOM OTIIEYATOK HA HAMPSHKEHHOE COCTOSHHE U XapakKTep MepeMelIeHHs YacTHIl B oyare
nedopmariiu.

Takum 00pazom, mpolecC MPOKATKH caM MO cebe CIYKUT MPUMEPOM PE3KO BBIPAKEHHOM
HEPaBHOMEPHOCTH JedopMamuu MO JUIMHE TIOJOCHl, HO HEPAaBHOMEPHOCTH JTa MPOSIBISICTCS Ha
MIPOKATaHHOM MoJI0ce BecbMa cBoeoOpa3Ho. BenencTBue perynspHOCTH mpolecca MpOKaTKU uyepes3 oyar
nedopMaIu MociIeI0BaTeILHO MPOXO/IAT BCE YYACTKH JUTMHBI TOJIOCHI M KKIABIA M3 HUX B PaBHOU
Mepe HCIBITHIBAET HEpaBHOMEPHOCTh nedopMainuu. B pesynbrare pasmepbl Gopma MOMEPEeyHOro
CCUCHUS, CBOMCTBA METallIa M XapaKTep OCTATOYHBIX HANPSHKESHUH 10 BCE JUTHHE MPOKATAHHON MOJIOCH
MOJIY4al0TCsl OJAMHAKOBBIMU. VICKIIIOUeHHE COCTABIAIOT JUIIh HEOONBIINE YIACTKH JJTUHBI 110 KOHIIAM
OJIOCHI, MIPOKATaHHBIC B YCIIOBUSAX HEYCTAHOBHBIIIETOCS Tpoliecca. B CBS3W ¢ 3THM OOBIYHO CUHTAIOT,
9y10 nedopMainus Mo AJUHE MPOKATHIBAEMOW TMOJOCHI PaBHOMEPHA, €CIM BCE MOMEPEYHbIE CEYCHUS
MOJIYJaloT TIPU TIPOKATKE OJUHAKOBOE W3MeHeHHe (OpMBI M pPa3MEpoOB, a OINMCAHHYIO BBINIC
HEPaBHOMEPHOCTh YYUTHIBAIOT JIUIIIb MIPH aHATN3€ MPOIECCOB, MPOTEKAIIINX B o4are AeopMarium.

Jlpyroit Bua HepaBHOMEPHOCTH JedOopMaIlii 10 JUTHHE MOJIOCH HAOI0aeTCs MPU U3MEHEHUH
paccTosHUS MEX]y BAJIKAaMH 32 BpeMs OJIHOTO MPOXoa U3-3a KoJleOaHuii ynpyrux aedopmainnii BaJKkoB
W JIPYyruX JeTalied padodeil KJIETKH, BCJICICTBHE W3MEHEHUS YCHUJIUS TMPOKATKUA WIA U3-3a «OWCHUSD
BaJIKOB TpPH OTCYTCTBHHM CTPOTOM COOCHOCTH Ieek M Oodek. CedeHHWe TMOJOCHI, MOTydaeMod B
pe3ysibTaTe TaKoH MPOKATKH, OyJeT HEOJUHAKOBO 10 €€ JUTHHE, TPHIEM U3MEHSTHCS MOXKET HE TOJIBKO
TOJIIIIMHA, HO ¥ IUPUHA TIOJIOCHI, @ UHOTJ]a ¥ CBOMCTBA MPOKATHIBAEMOT0 MeTalljIa.
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B GonpmmHCTBE CiyyaeB HEPaBHOMEPHOCTH Ae(OpMallii TaKOTO BHJIAa HEXelaTelIbHa, TaK Kak
OHa CHMXAeT TOYHOCTh Pa3MEpOB IPOKaThIBaeMOM Mmosockl. OCOOEHHO cKa3blBaeTCsl €€ BpeaHOe
BIMSIHME TPU TPOKATKE TOHKHX IOJIOC, KOTJa ynpyrue aedopmanuu aetaneid paboueill KIeTKH
CTaHOBATCSA COM3MEPUMBIMH C TOJIIUHON IPOKATHIBAEMON IOJIOCHI.

Jlisi TOBBIIIEHUS! TOYHOCTH TPOKATKH CTaparoTcsi n30eratb «OMEHHS» BAJIKOB, MPUMEHSIOT
pabouue KJIETKH MOBBIIIEHHOHN >KECTKOCTH WM CHELHaJIbHbIE KIETKH MPEeIBApUTEIbHO HaNpsSKEHHON
KOHCTpYKIMHU. MIHOT]a HEpaBHOMEPHOCTH 00KaTH MO JUIMHE TOJIOCH! CO3Jal0T CHEIHAIbHO, HalIPUMED,
IIPY BBIPABHMBAHUM HEPABHOMEPHOCTHU TOJIIUHBI UCXOJHON IOJIOCHI, IIPH MOJIyYEHUH IEPUOIANYECKUX
npopmiell Wi, Kak UX euié Ha3bIBAIOT, NpOQHIeH NEepPEeMEHHOTO ceueHHs (Harpumep, Kpyrioro
npo¢uiIs ¢ NEPEMEHHBIM 110 AJIMHE TUAMETPOM).

Ilopsinok BbIOJHEHHS padOThI:

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

Beimonuuts paboty

Crnenatpb BBIBOJIBI

el A

®dopma mnpeacraBienusi pesyasrara: OTd4eT O NpOJETaHHON paboTe NOIKEH COoIepiKaTh
Ha3BaHUE U IIeIb PadOTHI, ONIMCAHKUE X0/1a pabOThI, BHIBOIBI.

Kpurepum ouenkmn:

«5» (OTIMYHO): BBHINOJIHEHBI BCE 3aJlaHUS, CTYIEHT YETKO U 0€3 OIMOOK OTBETHJI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI.

«4» (XOpol0): BBIIOJHEHBl BCE 3aJaHMsl; CTYIAEHT OTBETUJI Ha BCE KOHTPOJIbHBIE BONPOCHI C
3aMeYaHUsIMH.

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

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