HuciuminHa «3aroToBUTENbHBIE MPOU3BOACTBA B MAIIMHOCTPOCHUM
OTHOCUTCS K OJIOKY AMCHMIUIMH 0a30BOM 4acTW i MOATOTOBKM OakanaBpoOB
npodwis "MHopmarmoHHBIe TEXHOJOTUH OOpaOOTKM METaUIOB JaBicHUEM'
Hanpasnenus 15.03.01 MamuHocTpoeHue.

JlucuuniarHa COCTOMT M3 TEOPETHUUECKOW M IpakTudeckou vactu. Kaxmas
4acTh COACPXKHUT Kak ayJuTOpHYH0 paboTy ¢ TMpenojaBaTeieM, TaKk U
caMoCTOATeNbHYI0 pabory. Pabouas mporpamma IUCHHMIUIMHBI pa3paboTaHa Ha
ocHoBe ®I'OC BO u oTBevaet TpeGOBaHUSM MO PACTIPEEICHHUIO 0I0/1KETa BpEMEHU
Ha M3Y4YEHUE AUCIUIUIMHBI MEXKIY ayIUTOPHON M caMoCTOATeNnbHOM padoToii. Ha
TEOPETUUYECKYIO YacTh (JIEKI[MHU) BBIJEICHO 18 yacoB, HAa MpaKTUYECKHE PabOThI —
36 yacos.

[Ipy nmoaroroBke K MPaKTHUYECKUM  paboTaM  CTYJIEHT  JOJIKEH
BOCIIOJIb30BaThCA METOIUYECKUMU yKa3aHUSIMH, pa3paboTaHHBIMU
npenojaBaTessiMu Kadeapsol.

Teopernyeckas 4YacTb MUCHMIUIMHBI COJACPKHUT pasJieibl, yKa3aHHbIE B
TEMaTUYeCKOM  IUIaHE€  JAWCIHUIUIMHBL.  TeMaThka  JIEKIIMOHHBIX  3aHSTHH
COOTBETCTBYET KOMIIETCHIIUSAM, 3aKPEIICHHBIM 3a AUCUUILIMHON. [Ipy n3noxenun
JICKIIMOHHOTO MaTepHalia UCIOJIb3YyeTCsl TEXHOJOTUs MpoOiieMHOTo 00yuyeHus. B
X0JIe JeKIuu (popmMynupyercst mpobiiemMa U MyTH €€ PEIICHHs, IPU STOM CTYJEHT
JIOJDKEH OPUEHTUPOBATHCS B PEKOMEHAYEMBIX JIUTEPATYPHBIX HMCTOYHHKAX.
[IpenogaBarenb aklEHTUPYET BHUMAHUE Ha OCHOBHBIX BOIPOCaX, KOTOPHIC
MPEACTOUT U3YUUTh CAMOCTOSATEIIBHO.

JI1s 3aKperuieHus JIEKIMOHHOTO MaTepraia U MOJATOTOBKU K MPAKTUYECKUM
3aHSATUAM CTYJICHT JIOJDKEH PETYJSIPHO CAMOCTOSITENIbHO paboTaTh HaJl y4eOHBIM
MatepuajioM (B pamkax OIOJKETa BpPEMEHM Ha CaMOCTOSTEIbHYIO pabdoTy).
[IpenonaBarenb TOJKEH MH(pOMaIMOHHO-METOANYECKU obecrneynTh
CaMOCTOATENbHYI0 pPaboOTy CTyJEHTa, M B XOJE AayJUTOPHBIX JIEKIMOHHBIX,
MPAKTUYECKUX 3aHSATUN PACCTABISATh AaKIEHTHI, HAMPABIATh M KOHTPOJIUPOBATH
CaMOCTOATENbHYIO PabOTy CTy/CHTA.

JInsi KOHTpPOJsL TEKyUIEH YCIIEBAEMOCTH CTYJEHT COTJIACHO KaJEHIApHOMY
wiaHy oOOy4YeHUsI TPOXOJUT 2 JTarna PEUTHHTOBOTO KOHTPOJS, KOTOPBIE
OlICHMBAIOTCA B Oayutax (MakcumyM 50 GaioB).

NudopmarnmonHo-mMmeToquyeckoe oOecrnedeHnue AUCIUIUIMHBI  BKIIIOYAET
y4eOHUKH, y4eOHBbIE MOCOOUSI M METOJAMYECKHUE YKa3aHWs, MPEICTaBICHHBIE B
TEeMaTUYECKOM IUJIaHEe NUCIUIUIMHBI. Bce 3TH Marepualnbl JOCTYNMHBI CTYJEHTaM U
UMEIOTCSI B HeoOXoauMoM KoiudecTBe. JlocTym K yuyeOHO-METOAUYECKUM
MarepuaniaMm Bo3MOkeH c¢ ucnonb3oBanueM cetu INTERNET. Dnekrponubie
WHpOpMAIIMOHHBIE  pEeCypChl  TPEACTaBIICHbl HAa  calTe  yHUBEPCHUTETa
http://edu.donstu.ru. HMmeeTcss aocTyn K 3JIEKTPOHHOW OWMOIMOTEUHON cpeje
(www.ntb.donstu.ru).

KonTpons peanuzanuu KOMIETCHIIUN, 3aKpEIJICHHBIX 3a JUCHUILUIMHOW B

cootBercTBUU ¢ ©PI'OC
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1. OcHoOBBI pacueTa nmpoiecca NpPoa0JabHON NPOKATKH

1.1 Pacuer reoMeTprUECKUX MApaMETPOB oyara IiacTHUYeCcKou aedpopmaiuu

| |
Puc. 1.1. Cxema nporiecca npo10JIbHON MTPOKATKH:
R/, Re2- mmameTpsl Basikos; ho, Ny — BeICOTA MOIOCKHI 10 U IOC/IC MPOKATKH;

Ah = ho-h; - abcomroTHOE 00XaTHE MPHU AehOpPMAaITUH;

. Ah
O~ FEOMETPHYECKHIE YTOI 3aXBaTa; 0L = |-
: : 2/
VYo 3axBara B BaJIKax pa3HOro AUameTpa: oLy = D 02=—
1+ 1+—=
D, D,

rae [ - yrou tpenws (pan), f= arctg f;

f - ko3 dunmeHT TpeHus Mexay Basikamu U nosocoi (f<0,5)

| - ropusoHTambHas MpOEKIMs Iyru 3axBarta, | = \/ R, -Ah—(%‘)2 :
Z1=(Rsm AN/ (R4 +Ry2), Zo= (R4 4h) /(R4 + R 4);

rne ZiulZp- o0XaThue KaXKIbIM BaJIKOM

R
JlimHa nyru 3axBata - |y = Ry « (pax), xoppa myru 3axBata - Iy = A;]

0L - YTOJI 3axBaTa y BaJika MeHbliero quamerpa D1,



Ol2 - YIoJI 3aXBaTa y Bajika Oojbliero auamerpa D2.

HeuTpanbHblil yron y onpeaensier MnojioKEHUE HEUTPAIbHOTO CEUYCHUS,

o (94
=21--2)), pax.
Y 2( Zﬂ) pan

MakcumanbHO JOTYCTUMOE JTUHEHHOE 00XKaTue sl 00KUMHBIX, COPTOBBIX,

CTaHOB KBAapTO

1

Nrak

Ahmax = D (1'

1.2. YcnoBue 3axBara MOJIOCH BaJIKaMH U TPEHUE TIPH MPOKATKE

Pa3znuyaroT ueTsipe cirydas MpOKaTKH, XapaKTEePHU3yIOIINUECcs COOTHOIICHNEM yTiia
TPEHUS C TECOMETPUUICCKHUM YTJIOM 3aXBaTa:
1. B = o - npu HE3HAYUTEIBHOM YCWJIMU 3aTAJKUBAHUS MPOUCXOJMUT 3aXBaT
MeTaa.
2. f>a - 3axBar NPOUCXOIUT CBOOOJIHO.

3. f<a - 3axBaT NPUHYAUTEIBHBIN MO/ ICHCTBUEM BTAKMBAIOIICH CHITBI

- pOBchs(a_ﬂz)
Cosp

Q

Ile po - YACJIbHOE JaBJiEHUE,
B, =(Bo+Bi1)/2 - cpennss mmpuHa packara,
riae Bo u B1 - mmpuna monockl 10 U 1mocie npokaTkw,
4. f= al2 - npu yCTaHOBUBILEHCS CTAIMH MTPOIIECCca MPOKATKH.
Jlnst onpenenenus ko3QGUIIMEHTa TPEHHUS UCIIONB3YIOT (hopMyiry DKenyHnaa st

ropsiue mpoKaTKH, MPU OKPYKHOM CKOpocTH BasIkoB Ly < 0,2 — 0,3 wm/c.

DN

. M/c
60

OKpy»XHasi CKOPOCTb BaJIKOB ~ Up=

rne D, - nuamerp BajKoB, M;

N - 4Kcao 060pOTOB BajKa, 00/MUH.



f =m; (1,05 - 0,0005t) ,
rme My =1 - It cTalbHBIX BAJIKOB,

m1 = 0,8 - 17151 IyTYHHBIX BaJIKOB.

[Tpu nmpokaTke B cTanbHbiX Baakax f =1,05-0,0005t —0,056 v, 3\
B uyryHHbIX Bankax f=0,92-0,0005t -0,056 v, > V< 5 M/cek
B IUIM(OBAHHBIX YYTYHHBIX WM t >700°C

cranpHbIX Bamkax  f =0,82-0,0005t -0,056v,

0.1v,°
2(1+0v,)+3v,”

[Tpu xonoxuo# npokatke f, = Ky| 0,07 -

II€ Ly - OKPYXHas CKOPOCTb BaJIKOB, M/CEK.
Km — K03 dunnent, 3aBucsumi oT yCI0BUI CMa3Ku:
Km =1 - Bogza, aMyJibCHUsl, KEPOCHUH;
m =1,35 - MammHHOE MaCIIo,

Km =1,55 - na cyxyio [2].

1.3. Pacder kuHEMaTHYECKHUX MapaMeTPOB Mpoliecca MPOKATKH

N

l_’(“—';'/ | i
PN
IV §

Puc.1.2. Cxema ymupeHust npu IpoI0JbHON MPOKATKE:

1- 30Ha onepexxeHus; 2- 30Ha OTCTaBaHusl; 3,4- 30HbI YITUPEHUS

rOpI/ISOHTaJ'IBHaH IIPOCKO A CKOpOCTeﬁ JacTull B KPUTUYCCKOM CCUCHUHN

v=vsCos y ,
rae Y - HEUTPAJIBbHBIN YTOJI.
—_ I/hl FO
KoadpuumeHT BHITSHKKH U= =—>1,

Vio B,



rae Fo u F1 - HauanpHas ¥ KOHEYHasl TIIOMIAAb MTOTIEPEYHOTO CEYCHHUS TTOJIOCHI.
r7ie Vho,Vhi - CKOPOCTH MOJIOCHI HA BXOJI€ M BBIXOJI€ U3 o4ara JaeGpopMaIivi.
Onepexenne S = (R,/h1-0,5) - y?
Koaddunuent onepexxenus 1+ S = Vp/ v,
Koaddunment orcraBanus 1- Sy, = 12 Cos a /(1+S)

CxopocTs AehopmMaIiy Ipy MPOKATKE OMPEEIAETCS 10 YPABHCHHIO

A.W. lenukoBa
Ucp = Vh]_'Ah / IX'hO

1.4. OnpeneneHue mioWAa KOHTAKTa U YITUPEHUS

JedopMmaiiusi B HapaBJIECHUU YITUPEHUS OTNpeienisseTcs mo hopmylie:

_ B-B, AB
= —4—"L=—,
BO BO

rae  AB= B1— By - yummpeHue.

Ymmpenue onpenenstor mo ¢popmyie A.W. ['pumkosa
AB= 0,5(/R Ah —%)ﬁn(holhl)

HPOCKHI/IH IJIOMAAKH KOHTAKTa Ha TOPHU30HTAJIbHYIO IINIOCKOCTDb

Il = BOJZFBl JR,Ah,

.=Bo*B [2RaRe g Pa3sHbIX PaJNyCOB BaJIKOB.
2 Rsl + ReZ

1.5. Omnpenenenue yCuius 1 MOMEHTA MPOKATKH

VYcunue npokatku onpeaensercs no popmyne: P = 11, p.y,
rae P - ycunue npokarku, kKH
P =11 pe,
rae Dep - CpenHEe YIEIbHOE 1aBIICHUE,
Dep = Kt * Kt Og,

rne o, - npeaen npoyHoctu cranu (cm. puc.l.3);
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Puc.1.3. 3aBucumocTu npezenna NpoYHOCTH U TEMIIEPATYyPhI IIIABJICHUS OT COJIEPKAHUS

yrjepoaa il KOHCTPYKIHUOHHBIX U HHCTPYMCHTAJIbHBIX cTajieu

gx
h

P

mpu t > (tu— 575%) x= ((tur 759%- £)/1500,

K= L+ (=)

rae t,, - Temneparypa raBiieHus ctaiu (cm puc.l1.3);
mpu t< (t,,— 575% x= (L.~ t)/ 1000,
raet - reMneparypa HarpeBa MeTasuia Mmoj NpoKaTkKy.
MOMEHT NpoKaTKH YKPYIMHEHHO omnpeaessieTcs no Gpopmyire:

M,, =P \JR.Ah ,Tne P - ycunume npokatku, kH

IIpumep pacyera mapamMeTpoB MPOKATKH

3amavya. PaccunTarh TEXHOJIOTMYCCKHM MPOIECC MPOKATKHU IMOJIOCHI: T€OMETPHIO
ouara jachopmaliii, KHHEMAaTHYECKUE W DHEPrOCUJIOBBIC IapaMeTphbl, HCXOAS W3
yCIIOBUH CBOOOHOTO 3aXBaTa MOJOCH M MAKCUMAIBHOT'O 00KATHS 32 OJIMH MTPOXO/I.

HUcxonHble JaHHBIC.

ho = 110 mm, D; = 850 MM, MaTeprai BaJIkOB - CTajb,

t = 1200 °C — remneparypa npoKaTku,

Nr1 — 69,6 06/MHUH, YacTOTa BpaIllcHUS BaJKa,

MaTepual MoJoCk - cTanb 50,

Bo = 130 MM — mupuHa nojaocskl 10 MPOKATKU



Pemenne
OmnpenensieM OKpYKHYIO CKOpPOCTh Baska D!
V; = o R =7* nr1 R; /30 = 3,14*69,6*0,425/30=3,1 m/c
Koaddunuent tpenus

f=1,05-0,0005 t-0,056 V, = 1,05-0,0005*1200 — 0,056*3,1 = 0,28

VYron tpenuss P =arctg f = 0,27 pan
W3 ycnoBust cBOOOHOTO 3axBata 3 > 0, a MAKCUMalIbHOE 00kaTue Oyaer
npu o OJU3KOM K [3, HO Bce Taku MeHbIe, yeM 3. [lpunumaem o= 0,26 pax
OmnpenensieM MaKCUMAIBHO JAOMyCTUMOE 00KATHE 32 OAWH MPOITYCK MOJIOCHI
Ah = 02 *R; = 0,262 *0,425 = 0,029m
KoHeuHast BeICOTa TIOJIOCHI TTOCTIE MPOKATKU
Hi; =ho + Ah =110-29 = 81 mm

[Ipoekuus nyru 3axBaTa Ha TOPU3OHTAIBHYIO IJIOCKOCTh

2 2
= \/Rl *Ah— (A?hj = \/0,425*0,029 - [&;gj =111mm
HenrpansHslii yrou

y= Z11-2% |22 _-0,26/4=0,065pa0
2\7 28) 4

I'opusoHTanbHAs MPOEKLUS CKOPOCTEN YACTUL] B HEUTPAJIbHOM CEYCHUMU:
Vy =V, Cosy = 3,1*Cos 0,065= 3,09 m/c

VYmmpenue nosocsl o popmyne A.W. I'punikosa:

AB = O,5(,/R1*Ah—%jln%:0,5*(40,425*0,029— 0,029 Jln 110 =0,009m

] 2%0,28) 81



Koneunas mupuna nojgocel B; = By + AB = 130+9 =139 mMm

BITSDKKA (= —=—>1, =ko/ k1= =1,
B U Zhl ‘; w=Fo/ Fy =110%130/(81*139)=1,27
ho

I
OnepexeHne S = (R,/h;-0,5) - y* = (0,425/0,081-0,5)0,065%=0,02
13 ko dunmenta onepexenns 1+ S = Vhi/v,= CKOpOCTH MMOJIOCH HAa BBIXOJIC
u3 BankoB Vn=(1+S) v,=1,02- 3,1=3,162 m/c

Koaddumuent orcraBanus

1- Sh, = uCos a /(1+s)=1,27-Cos 0,26/(1+0,02)=1,2

OrcraBauue Sy, = 1-1,2=-0,2
Ckopoctb mostocsl Ha BXoae Vo= Vn/u=3,162 / 1,27= 2,49 wm/c

CkopocThb aehopManuy MpH MPOKATKE OMPEISIISICTCS 110 YPAaBHECHUIO
A.N. IleaukoBa

Uep = Vi 4h /( Ik ho) = 3,162 0,029/0,111/0,11=7,5 ¢*

[Tpoekius muomaaKku KOHTaKTa Ha TOPU3OHTAIBHYIO OCh:

X

1, = #,/&*Ah . 130;139 JA25%29 = 14932

Ycunue, aeiictByromee Ha Banku: P = Il * pp

Pep = Kf KtOp, TZI€  Gj - IPEJEN IPOUYHOCTH CTAIH B XOJIOIHOM, OTOKKEHHOM

COCTOSIHUM G, = 58 kr/mMm? ( M. puc. 1.3),

fx
h

P

k= 1+ f(=—1)=1+0,2 (111/(110 + 81)-1) = 0,92

t-Temreparypa HarpeBa MeTalia o1 IpOKaTKy,
npu t > (t,— 575% = ((t..— 75°)- t)/1500
tun = 14500 - cm puc. 1.3
1200 > (1450-575) = k= (1450 - 75 -1200)/1000 = 0,175
Pep = 0,920,175 - 58 = 9,34 kr/mMm?
P =TI * pep = 14932 - 9,34 = 139435 kr~ 1394 1
MowmeHT npokatku My, = P \/RG—A =139,4 \/m =155T1 M



2. Pacuer mpouecca BoJI0YEHUSA

2.1 HOp}II[OK pacducTa TCXHOJOTHUYICCKOI'O IIpoucCcCa BOJIOUYCHUA:
l. Cornacuo C Ha3Ha4YCHHBIM MapmpyToM  IIponccca BOJIOYCHMHA
OoIIPCACIIUTHCA C BCIIMUYMHAMHA CANHUYHBIX 00>KaTHH.

Bo3MmoskHbIe MapIIpyThl BOJIOYEHHUS NMPEACTaBICHBI HA puc. 1.4

Ogg |
o \‘______0__,
A S S

\,\&

20 /
/

|
|
|
|
K

10 50 100

Puc. 1.4 Bo3mMokHbBIE MapIIPyThl BOJIOYEHUS

[Ipu BbIOOpE MapuipyTa BOJIOYEHUS HEOOXOJUMO YUHUTHIBATH CIIEAYIOIINE
CTOPOHBI (/J11 BBICOKOTIPOYHOM M BA3KOM CTAJIbHOM CpeHE- W BBICOKOYTJIEPOIUCTON
IIPOBOJIOKH) :

1) cymmapHoe ycuiaue BOJIOYEHHUE MPU OJTHOM M TOM K€ CyMMapHOM OOKaThH
TEM BBIIIE, Y€M MEHbIIEC €IUHUYHBIC 00XaThs, T.€. YeM OOJIbIlle YUCIO CTyHeHEeu
nedopmariuu;

2) mpUMEHEHHE psla MOCIEeI0BATEIbHBIX BECbMa MaJIbIX €IUHUYHBIX O0KaTU
(MapuipyT 1) HEOMarompusTHO OTpa)kaeTcs HAa PABHOMEPHOCTU TEUECHMS] MeTajla U
OJIHOPOJIHOCTH AehopMaliu 10 €T0 CEUYECHHUIO;

3) mnpuMmeHeHHe psja TMOCIEJOBATEIbHBIX OOJBIINX EAUHUYHBIX OOKaTHil
(MapuIpyT 2) 3aMETHO CHUKAET BA3KOCTh U IOIYCTUMOE CyMMapHO€E 00XaTue MeTaia;

4) 1npu 4YepelOBaHMM CHayaja OOJBIIMX U 3aTeéM MajblX [OCTEINEHHO
YMEHBIIAIOIUXCS ~ €IMHUYHBIX  oOxatuih  (Mapupyr 3)  oOecrneduBaeTcs
YIOBJIETBOPUTENBHOE KAYeCTBO M3JEIUIM, MNPOTAHYTHIX C OOJIBIIMM CYMMapHBbIM
o0KaTHEM;

5) HaumeHee 1enecoodpa3eH MapIpyT 5, a Hanbosee 3P GeKTUBEH MapIIPyT 4.



2. OnpenenuTs pa3Mepsl MPOBOJIOKH MOCIIE BOJIOYEHUS.

3. OnpenenuThs yCHIME BOJIOYEHUS C YYETOM YIPOUHEHHUS Marepuaia
ITPOBOJIOKH.

4. ITpoBepuTh BO3MOKHOCTH OOpHIBA.

5. Pacyer mpoBOAWTH COMNIACHO C HAa3HAYEHHBIM MapLIpyTOM MpoLecca
BOJIOYEHHUS J0 MOJyYeHHUs TpeOyeMOoro quaMerpa MpoBOJIOKH, IPA 3TOM YUUTHIBATh

HCO6XOI[I/IMOCTI> MCIKOIICPATMOHHOI'O OTXKHUIa.

NIV

3

Puc.1.5 Cxema niporiecca BOJIOUCHUS

VcxoIHBIMU JAHHBIMU JIJIS pacyeTa sIBJISIOTCSA:
d,- TMameTp 3aroTOBKH ITPOBOJIOKH, MM
d. - KOHEUHBIN AUAMETP MTPOBOJIOKH, MM
Mapuipyt Bosiouenus Ne3 o puc.1.4
o - YToJl KOHyCa MaTpPHIIbI, TPaj
| 1, -MTMHA KATHOPYIOIIETO MOsSCKA MATPHUIIBI, MM
050 — HAYAJIBHBIN TIPEICI TPOYHOCTH MaTepHuaia MpoOBOJIOKH,

OyHKIUS yIPOYHEHUSI MaTepuaia mpoBooku (cM. Tabm.1 [Ipunoxxenus)

[Tnomaapr monepeyHOro CeYeHUsI UICXOTHOU MPOBOJIOKH ONPEIEIIECTCS O
dbopmyre
F3 =1* d02 /4 )
riae d, - HauaJabHBINA AMAMETP IPOBOJIOKH
OnpenensieTcss MUHUMAaIbHOE €AMHUYHOE 00KaTHE



- E_l
min —
E+1
a

Een

OnpenenﬂeTc;I O6I[Ia$I, cpCansass U CYMMAapHas BBITSKKA:

F
Ho6wy = F3/fu Hep =”\/?;

1€ N — 9YHUCJIO MPOTSIKCK

Meym = U1 U2 U3
Ha3znauaeM BeNMYUHBI i 2, (3 U T .J. B COOTBETCTBUE C MApPUIPYTOM BOJIOUECHHUS,

TaK YTOOBI Ueyn = Moy -

1- e oOkaTHe :

Tak Kak €e;, = 1-1/ 13 , TO IUAMETp MPOBOJIOKU IOCIIE IEPBOrO 0OKATHUSL:
1 u

d, =/(1-e;,)*d7,
[T1o1ma 1k MonepeYHoOro ceYeH st IIPOBOJIOKH TI0CIIE 0OKATHS
F1 =r* d12 /4
Ha repBoM 00KaATHH Eex 1= Ecyur.
[TOCKOJIbKY MaTepHall POBOJIOKU MPH XOJIOAHON Ae(pOpMAIMU YIIPOUHSETCS OT
00KaTHs K 00KATUIO, TO ONPENENAEM MPEIEN MPOYHOCTU MPOBOJIOKH TIOCIE TIEPBOTO

oOxartus, HCHONb3yd (GYHKIUIO YOPOYHEHUS  MaTepuaia MpPOBOJIOKH  (CM.

MIPUIOKEHHUE):
Jel = 660 + A ' gcr;mrt

OnpenensieM cpeaHUN Tpeaea TPOYHOCTH MTPOBOIOKU

oO,+O
o =—0_"d gr/ Mm?
? 2

Omnpenensiem ycunue BojioueHus mno gopmyse C.U. I'yOkuHa:
P =P+ P, + P3,
rae P1=F1 %o *a—H{l—(i)“]
a F,

1 f
+

Cosa Sina

rne a= -1



P, = 0,9% Fi*oe, *(1+f) %tga ,

P3=04*c,*f*d1* |/ F,s.
OmnpenensieTcs yenbHOE TaBJICHNUE BOJOYCHHUS
K= P/ F1
[TpoBepsieTcst BeposTHOCTH 00pbIBa To (opmyne ecnmu K/cy < 1 — 10
oOpbIBa HET, B MPOTHUBHOM Cly4ae HEOOXOIMMO YMEHBIINUTh BEIMYUHY IEPBOTO
eIMHUYHOTO 00KaTHSI.

[IpoBepsieTcss COOTHOIIEHHE CYMMAapHOTO OOKaTHUS TPOBOJIOKH  Ecyw u
npefenbHoi creneHu JaedopManuu ISl €€ MaTepuana €gu max (CM. TaoOul
[punoxenus). B ciyyae ee npeBbIIeHUs] HEOOXOIUM MEKOTIEPAIIHOHHBIA OTXKHT.

[Tocne oTxura mpenena MPOYHOCTH MPOBOJIOKK — MPHUHUMAET NIEpPBOHAYAIBHOE
3Ha4YeHHE, a TUAMETP OCTACTCA KaK MOCIIe TIEPBOTO 00KaTHSL.

Ha BTOpOM M mocienyromux 00KaTUusiX pacueT MOBTOPSETCS] B TOM XKe MOPSIKE

A0 TCX II0p, IIOKa 6y,Z[CT JOCTUTHYT KOHEYHBIM AUaMCTP IIPOBOJIOKH dK.

2.2. ITpumep pacueTa npoliecca BoJIOYCHUS
PaccuntaeM TEXHOJIOrMYECKUM TPOLECC BOJOUYEHHUS 10 CIAEAYIOLIUM
UCXOJHBIM JaHHBIM:
HavasbpHbIi TuaMeTp KPyIjiol B CCUCHUH MPOBOJIOKHU, d; = 5 MM
KoHeuHblii quaMeTp nmpoBoJIoKH, d; = 3 MM.
Marepuain mpoBoOJIOKH - Crainb 45 ¢ HayaIbHBIM MPEIETIOM
IPOYHOCTH 0y = 58,5 Kr/ MM>.
Yron KoHyca Bojoku, o = 6°.
JlnuHa KanmuOpyromieit yacTu BOJIOKH, l,; = 2,0 Mm.

Koaddunument tpenus, f=0,02.
Pemenue.
[Tnomanp monepeyHoro ceuyeHus: ICXOAHON MTPOBOJIOKH OMPENEISETCS 10

bopmyre
F,=2d?/4,



riae do - HaYaIbHBIN THaMETpP MPOBOJIOKU
F,==3,14 *5%/4=19,6 MM?
Tak kak o = 6=0,105 pan, MUHUMaTBHOE €AMHUYHOE 00KaTHE

i 21 01605_1
g = L= 22— = 0.96%,
—+1 +1
a 0,105

Onpenenum 0OIIYIO BBITSIKKY Loy, = Fs/ f, = 19,6/(3,14:3%/4)=2,77
rae f, - mwIomans U3aENIUS OCIIE TOCIIETHETO TIEPEXO A

CpenHIo0 BEIMUMHY BBITSKKHU 32 MTPOXOJI PACCUUTHIBAIOT MO (HopMyIie

F
Lep =n f3 , TJ€ N — YKUCJI0 TPOTSIKEK.

[Tpunumaem n = 3, Torna u., =3/2,77 =1,4

OnpenensieM CYMMapHYIO BBITSKKY 3@ HECKOJIBKO MEPEXO0B

Uy = 1" po 13=1,55 1,42 -1,26=2,77

1- ¢ oOxkarTme :

=155, u=1(1-¢); = &=1-1/ u=1-1/1,55=0,35

d, :\/(1_51)*(15 :\/(1—0,35)*52 =4,03mm

Fi1=n*di? /4 = 3,14*4,03%/4= 12,76 mm?

Ha nepBoM 00KaTHH Ecx = &y =35%

[TockosibKy MaTepHaj MPOBOJOKH MPU XOJIOJHOU AeOpMAIlUK YIIPOUHSIETCS OT
00KaTHsI K OOXKATHUIO OmpeaessieM Mpeaesl MPOYHOCTH MPOBOJOKU IMOCE TEePBOrO
o0xartus:

0, =585+1,44- £0° =58,5+1,44*3508%= 86 kr/mm’

Cpennuii mpeaes NpoYHOCTH MTPOBOJIOKU

_o,to, 585+86

o, > =72,25 xr/ MM?

Omnpenensem ycumnue BosioueHus mo ¢opmyne C.U. ['yOokuna:

P :P1+ P2+P3,



rae Pi= Fl*ozp*aﬂ{l (=) }

TIe a= 1 +_L—1:i+%—1 0,197
Cosa Sina Cos6 Sin6

= 0,0% Fr*o, *(1+) |7 FRya,

0

=04* g, *f*d1* |/ Fo.

1 0197+1 . 1276
P.=F; *c *‘” 1-(Fye |21276.72,25. % 0197y _ 526 ko
1 1 cp ( ) 0197 ( ( 19.6 ) )

0

= 0,9Fr 0, (L) 72 Foohig0 = 0,92,76 72,25(1+0,02) \/MQG = 12,7ke

=04 0, f dilu/Fy=04"7225-0,02 4,03 -2,0/19,6=0,24 e
P =526 +12,7 +0,24 =539 ke

I[aBHeHI/IG BOJIOYCHM A

K =P/F1 =539/12,76 = 42,2 xr/ Mmm°

[IpoBepsiem BeposITHOCTH 0OpBIBA 11O (hopmyJie

K/cs =42,2/86 < 1—T.e. 0OpbIBa HET

Tak kak cymmapHoe 00kaTue MPOBOJOKHU Ecyn=35%, a IpeleiabHasl CTEIeHb

nedpopManuu Uil €€ MaTepuana €qyn max = 40% (cm. Tabn.l Ilpunoxenus), To

HGO6XOI[I/IM MC)I(OHepaHHOHHBIfI OTXKUT. ITocne OTKHUTI'a MCXaHHNYCCKHC

XapaKTePUCTUKHU MPOBOJIOKH BO3BPAIIAIOTCS 10 MEPBOHAYAIBHBIX 3HAYEHUM, a pa3Mep

MOMICPCUYHOI0 CCYCHUA OCTACTCA PABHBIM Pa3MEpPy CCUCHUA ITOCIIC TICPBOT'O 00KaTHs.

2—e¢ o0xkarue :

do=4,03 MM Fo=12,76 MM? Gy =58,5 K/ MM?

M= 1,42', MH2= l/(l- 82); = &= 1-1/ H2= 1-1/1,42:0,3
£2=30% = £op = 30%

JlnameTp npoBOJIOKH MOCIIE BTOPOTo 00KaTHS

d, = [—&, )*dZ =/1-0,3)*4,08 = 3,37 mm
HHOHIaI[b HOHepeqHOFO CCUCHUA HpOBOHOKI/I

Fo=n- d2/4=2314"3,372 /4= 8,92 Mm?



Tak kak Marepuan MPOBOJIOKH YIPOYHSIETCS OINpPEAENsieM MNpenesa MNPOYHOCTH
IPOBOJIOKH TIOCJI€ BTOPOTO O0XKATHS:

cym

=585+144- £°8%=58 5+1,44*30083= 82 7xr/mm?

Cpennuil npeaen NpoYHOCTU MPOBOJIOKU o, = Teo era“l = 58’5;82’7 =70,6 Kr/ Mmm?

OnpenensieM yCHINE BOJOYEHHUS:
P =P+ P, + P3, e

roe Pi=F *O'cp*a—i_l{l (— ) :|

1 f 1 0,02
rae a= + 1

. =——+—1—_-1=0197
Cosa Sina Cos6 Sin6

= 0,9% Fy*o, *(L+) [ F-Riya,

0

P3:O,4*O'cp*f*d2*|m/|:o.

1 0197+1, 892
Pi=F,*c, * 4721 892706~ 1— (2220397 2 260, 6 ko
1= O { ( ) } 0197 ( (12,76) )

P,=09 F1 o, (1+f) |10 - o oF 90 20,98,92 70,6 - (1+0,02) - 0,032 =102,8 xe

=04 o, fdy la/Fo=

0,4-70,6 0,02 -3,37°2,0/12,76 = 0,3 ke
P =260,6+102,8+0,3=363,7 ke

JlaBrieHME BOJIOYCHUS

K =P/F; =363,7/8,92 =40,8 xr/ Mmm?

IIposepsiem Ha 06peiB ~ K/o,; =40,8/82,7 < 1— T.e. 0OpbIBa HET

T.x. cneayroniee 06kaTue B CyMMe C MPeAbIIyIIMMuU cocTaBsT 6oiiee 40% To

HeO6XOI[I/IMO IIPOBCCTH MeKoNepanMoOHHbIN 0T:KHUr. [Tocie oT)kura Bce MexXaHU4YECKUE

XapaKTepUCTUKU MPUMYT HauaJbHbIe 3HAUEHUS], a TEOMETPUUECKHE pa3Mephl OCTAHYTCS
Ha YpOBHE 2-T0O 00XKaTHsl.

3—e o0xarTue :

do=3,37 MM Fo=8,92 MM? Gu =58,5 Kr/ MM?

e3= 1-1/ us= 1-1/1,26=0,17



d, =/(d-&,)*dZ =/A-017)*3,37% =3,0mn

Fo=mn- do?/4=3,14-3,37? /4= 8,92 mm?
Fi=7,4 Mmm?
0, =585+1,44- £0°° =58 5+1,44*17°%= 73,6 kr/mm?

Cpennuii mpees NpoYHOCTH MPOBOJIOKH o, = Tet ;Gﬂ = 58’5; 36 _ 66,1 K/ MM?

Omnpenensem ycunue BosiodeHus mo ¢popmynie C.U. ['yOkuHa:

P =P+ P, + P3, rine
peFuve 22 ]

= 0,0% Fy* oy, *(1+) | o= - F-Riya,

0

P3=04* g, *f*ds* |y /Fo, 20e

1 0197+1, ,7.4
Pi=F, *o, * 41— 74661 1— (P yoasty _ 107 4
1= F1 7 0gp { (— )} 0197 ( (8,92) ) 4 Ke

P> =09 F1 oy (1+f) / = ltga =0,97,4- 66,1 (1+0,02) - 0,133 =60, 1 ke
0

=040, f dil,/Fo=0466,1 0,02 3,07 20/892=0,36xke
P=1074+ 60,1+ 0,36=167,9 ke.

JlaBiieHME BOJIOYCHUS
K=P/F1=167,9/7,4=22,7 xr/ Mmm°.
[Tposepsiem Ha 00pbiB  K/oy = 22,7/ 73,6 < 1— T.e. oOpbIBa HET.

Pasmep npoBosioku gocturayt di = 3,0 Mm



[Ipunoxenue

OyHKLIKA YIPOUHEHUS U TIpenebHas nedopmaliss HEKOTOPBIX METaIOB

Tabmura 1
Marepuan | ®ynkius ynpounenus marepuana [7] | [IpenenbHas cTeneHb
3arOTOBKHU o,=A+B-¢&), nepopmaryu
Ocyu. max, %0
craib 45 o,=585+144-£07%° 40
craib 20 o,=51+0,58-¢£0.° 45
cranb 10 o, =57+2,78-£0.7 50
cTaimb Y8A o,=59+14 " 70
ctaib 45 o,=585+144.-£07%° 40
ctasb 1 X18H9 o,=68+24-£0" 40
ctaib 35 o,=525+338-¢0; 55
AOMUHUN c,=95+01¢,, 60
Al
TaTyns JIC59-1 o,=385+053 ¢, 60
Menp M1 o, =25+15-¢2° 80
cranb 651 o, =78+19-£/° 30
cTaib 35 o,=525+338-¢0; 55
craimb Y10A o,=60+2,7-£" 65
Cranpy 12 o,=68+22-£0" 55
CTallb o, =64+34-£0%" 60
30XT'CA
craib 10 o,=57+2,78-£..7 50
ctaib 50 o, =675+174-£" 45
craib 20 o, =51+0,58-£0° 45
cTaib Y8A o,=59+14 " 70
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YYPEXXAEHUE BbICLLUEFO O6PA30OBAHUA

«[JOHCKOW roCYAAPCTBEHHbIA TEXHUYECKUA YHUBEPCUTET»
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YAK 621.777(01)

CocraBuTesib: KAaHANMAAT TEXHUUYECKUX HayK, aoueHT I.I. KanuHuH

Pacuetbl TEeXHONIOrMYECKMX MNapaMeTpoB MNpoLeccoB npeccoBaHus npodunein:
MeToA. YKa3aHus K NpaKTUYeckuM 3aHATUAM. - PoctoB H/Q: U3paTtenbckmii ueHTp ArTY.
2022, -22 c.

B MeToAMuYECKMX yKa3aHUSIX U3J10)KEHA NOC/1efoBaTe/IbHOCTb pacyeTta TEXHOJIOrMm
npoueccoB npeccoBaHus usgenui (npodusein) u3 aslOMMHUEBDLIX CMJIAaBOB Ha NpuMmepe
npeccoBaHMA NpyTKa, NpuBeaeHbl Heo6xoAMMble 3aBMCMMOCTM A1 pacyeTa CWIOBbIX
napaMeTpoB NpeccoBaHMA W MNOBbIWIEHUS TeMnepaTypbl MnpeccyeMoro wusgenus. B
MPWIOXXEHUN NpUBeAeHbl TEMNEPATYPHO-CKOPOCTHbIE PEXMMbl NPECCOBAaHUA HEKOTOPbIX
Hanbonee 4acTo UCNoJIb3yeMbiX CMJIAaBOB, UX Tens1Iohnu3nyecKkme XxapakKTepucTMKm, a TaKke
AaHHble ana Bblbopa npeccoBoro o6opynoBaHusi, Heob6xoauMMee i BbINOJIHEHUS

pacyeToB.

Metognueckne ykKasaHus npeAHasHauveHbl [N MPAKTUYECKUX 3aHATMA no
AVUCUMNIMHE «3aroToBuTe/ibHble NPOU3BOACTBA B MALLMHOCTPOEHMU>» CTyAE€HTaM AHEBHOM
¢opmMbl 06yueHusi, Ana BbINOJIHEHNUA KOHTPOJIbHO paboTbl CTyAe€HTaMM 3a04HON (popMbl
o6yueHua no HanpasneHuio 15.03.01 «MawmHocTpoeHue» npodpunsa «UHPOpMaUNOHHbIE
TexHonormm o6paboTkM MeTaNNIoB AaBJIEGHUEM>» M MOryT MCNOJb30BaTbCA B pacuerax
TEXHONIONMU MNPecCcOBaHUS NpU BbINOJIHEHMM BbIMYCKHOW 6GakanaBpckoit paboTtbl M
AUCCepTaUMOHHOI paboTbl MarMcTpaHTaMy, o6yvyarolMMUCAa No HanpasneHuro 15.04.02
«TexHONOrnyeckne MalunHbl u 06opyaoBaHue» nNo nporpamMme «Te€XHONOrMU U MaLUMNHbI

06paboTkun aaBneHnemM>»,

MeuyaTaeTcs NO pelleHUI0 MeToAUYECcKOW KkoMuccum dakynbTera «TexHonorus

MALWMHOCTPOEHUNA >

PeueH3eHT - kKaHA. TeXH. HayK, agoueHT lNacxanos A.C.

HayuHblii pegakTop — KaHA. TEXH. Hayk, AoueHT LlepHa U.A.

r.r. Kanunuh, 2022

M3paTenbckui ueHtp ATy, 2022
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MocnenoBaTeNbHOCTb pacyeTa TeXHOJIOrM4eCcKoro npotwecca

npeccoBaHusa usgenuil

Llenbro pa3paboTky TEXHOIOrMUYECKOro NpoLecca NpPeccoBaHUA ABASIETCA NoslyueHue
usgenmii (NpyTKa, CHJIOWHOro wWAu noJsioro npocduns) Heo6xoAauMbIX pa3MepoB M
3aaHHOro Kayecrsa NpyM MMHMMaJIbHbIX 3aTpaTax Ha ux NpousBoAcTBoO. NMpu paspaboTke
TEXHOJIOrM4YeCcKoro npouecca Heo6xoammo 060cHOBaHHO Bbi6paTh cnocob6 npeccoBaHus
(npsiMoii, o6paTHbIA, C AaKTMBHbIM AeACTBMEM CUJ1 TPEHMS), TEXHOJIOTUYECKYH CXeMy
npeccoBaHusi, o6opyAoBaHME, WHCTPYMEHT, Ha3HAa4YUTb TEXHONIONMYECKNEe PeXHUMbI,

noaoTBepAnUTbL ueﬂec006p33HOCTb NMPUHATOro peweHns 9 KOHOMNYeCKMM pacyeTom [1].

TexHonormyeckas cxemMa MPOM3BOACTBA MNPECCOBaHHbIX WU3AeNUMiA npuBeAeHa B
yue6HOM nocobum [16]. UcxoaHbIMM AaHHbLIMKM AN Bblbopa M pa3paboTku TexXHONorumn
NpeccoBaHUsA ABJIAETCA YEPTeX U3fesius C TEXHUYECKUMU YC/IOBMSIMU Ha NOCTaBAsieMYyHo
npoaykumio (Mapka cnnasa, Tpe6oBaHMa K reoMeTpun npoduis, KauecTtBy NOBEpPXHOCTH,
MaKpo- U MMKPOCTPYKTYpe, MeXxaHU4YeCKUM CBOMCTBaM, MeToAaM MCNbITaHMWA, cnoco6am
KOHCEpBaUuM, YNakKOBKM WU MapKMpPOBKM), CBeQE€HUS O COCTOSISHUM TMOCTaBKMU
(Tepmoo6paboTke), caaTouHOW pAMHe M obbeMe 3akasza. OcTanbHble Tpe6oBaHuA K
usgenmio (npepenbHble OTKJIOHEHUS, OrpaHUYEHUsI MO KPUBU3HE, BOJIHUCTOCTH,
AornyckaeMass KOcMHa pes3a M T.n.) - no FOCT 8617-2018. Hmxe KpaTKo npuBeaeHoO

coAep)xaHue OCHOBHbIX pa3aesioB pacyeTa.
1. Bbi60op aAnaMeTpa KOHTEHepa U pacyeT pa3MepoB 3aroToBKH

Mpyu npeccoBaHMM UCNOJIb3YIOT, Kak NPaBUJIO, 3aroTOBKM KPyrsioro ceueHusi. Pasmep
3aroToBKM OnpeaensieT KauecTBO M TEXHUKO-9KOHOMUUYECKMEe NnoKasaTenu npouecca. C
yBenMueHneM o6beMa 3aroToBKM U AJINHbI NPECCYEMOro U3feNns YMeHbLUIAEeTCs Be/IMUMHaA
OTXOAOB U pacTeT HepaBHOMEpHOCTb Aedopmauum B usgenusax. NMpu 3Tom Heo6xoanMMO
MMeTb B BMAY, YTO C YBe/IMUEHMEeM AUaMeTpa 3arotoBku Dz U yMeHbLUEHUEM ee AJIUHbI L3
pacTeT [ONsA MeTa/Ula, yXOoAsilero B NpPecc-OCTaTOK, YTO CHWXaeT Bbixod rogHoro. C
yMeHbLUEHUEM AUAMETPa 3aroTOBKM U YBeJIMUEHUEM eé AJIMHbI, HA06opoT, Bo3pacTaeT

BbIXO4 FOAHOrO U CHMXAETCS HEPAaBHOMEPHOCTb AedopMauuii B NMOJyyaeMbiX U3Aenusax

[2].
1.1 Bbi6op AnameTpa KOHTelHepa

CBegeHuss 0 AMaMeTpax BTYJIOK KOHTeWHepa, 3aKpenJieHHbIX 3a npeccamMu, MX
HOMMHANLHOW CuJie, CKOPOCTSAX XOJIOCTOro U pabouyero xogoB NpuBeAeHbl B TEXHUUYECKUX
XapakTepucTukax npeccos (Tabn. 1).

1Paccma'rpm3a|o'rcs| OCHOBHbI€ 3Tanbl pacyeTa TEXHOJIOrMU CMJIOWHbIX KPYrJibiX nsnenumn (I'IpyTKOB) U3 aJIOMUHUEBDLIX CNJ1aBOB.
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C yuyeToM TpeboBaHMiA, NpeabABAsieMbIX K MeXaHWYeCKUM CBOWCTBaAM u3penwus,
Ha3Ha4YaloT KO3((PULUMEHT BbITSXKKM L Npu nNpeccoBaHMn nony@dabpukatoB MOXHO
npuHATb Y = 5...10; Nnpn npeccoBaHUmn U3genmini Ko3(p(PULMNEHT BbITAIKKA He MOXET 6biTb

MmeHbwe 10 [2].

OnameTp paboueil BTySIKM KOHTelWHepa DionpepensitoT U3 NpUHATOrO TEXHOJIOroM
K03 druMeHTa BbITAIKKN U3 COOTHOWEHUA i = Fi / f4( Fk - nnowaab NonepevyHoro ceyeHms
BTYJIKM KOHTeiHepa, fy— naowaab NonepevyHoro ceyeHus U3genna 3agaHHoro YepTexom)

U NPUHUMAIOT 6aMKaWnii 60nbLIKIA AMaMeTp BTYJIKM KOHTeWHepa npecca.

ITpy BbINOJIHEHNM PACYETHONH M KOHTPOJIbHOH paboT BHYTPEHHMHI AnaMeTp paboyer
BTYJ/IKM KOHTENHHEpa M BesIMYNMHa KO3PPUUNEHTA BBITSIKKN MPHUBOAATCA B 3afaHmu K
pacyery, a pAuaMeTp T[pyTKa pacCYMTbIBAETCA CTyAEHTaMu MHUcXogs M3 rJiowagn

nonepeyHoro ceyeHns nigeans. £, = Frx / 1.
1.2 PacueTr AvamMeTpa v AJZIMHbI 3aroTOBKM!

OvaMeTp 3aroToBKM C YYETOM €e HarpeBa nepep MNpPeccoBaHUWEM AO/HKEH 6biTb
MeHblLUe AMAMETPa BTYJ/IKM KOHTEWHepa M ero BeJIMUMHY onpeaensiioT no cgopmyneDs=
(0,965 ...0,975) Dx.

lpn HasHavewnn A[ANHbI 3aroToBkH (Kak M[paBu/Io, 3TO C/INTOK) HEobXoganmMo
YYHTbIBaTH, YTO MaKCHMaJ/lbHa €€ BEJIMYMHA OrPaHHYMBAETCS, C OfHOMH CTOPOHbI, MOJIE3HOH
A/IMHON BTYJIKM KOHTeElHEpa (CM. T1abn. 2), a Cc APYros CTOpoHbl, - [ONYCTHMbIMH

AaBJIEHNSAMN Ha MHCTPYMEHT, KOTOPbIE 3aBHUCAT OT MaKCHMAaJIbHO¥H CHJIbI ripeccoBaHns [ 2].

Mpun pacuete ANMHBI 3aroToBKM HEO6X0AMMO CTPEMUTbBCA K MOJIyYEHUIO
MaKCMMaJ/IbHO BO3MOX>XHOr0 KoJiMuectBa (KpPaTHOCTM) TroToBbix npoduneil 3apaHHON
3aKa34YMKOM [JIMHbI U3 OQHOM 3aroToBkM (CAATOUYHOI AJIMHDbI U3AeNnUs) NpU YCII0BUMU, UYTO
MaKCMMaJibHasi CWJla UX NPeCcCcoBaHUSA NpU 3TOM He npeBbicuT 80% HOMMHAJIbHOW CUbI
npecca. MoaToMy nNpu pacuere AJIMHbI 3aroTOBKM He06X0AMMO BapbMpoBaTb BeJIMUMHOM

KPaTHOCTU U3AeNni 3afaHHOM AJIMHbI.

[nvHa 3aroToBKM Npu MNpeccoBaHUM npoqmneﬁ MOCTOSIHHOIO ceyeHuss B obuem

cnyyae onpepensierca no popmyne:

[0, +a1)-m+1,]n- 1,
F3

L; = +Nso - p,

rae /cg - cpaaToyHan AJIMHa nocrasnsemoro npoduns; 4/ - npunyck Ha gavHy (+20 MMm); n -
KpaTHOCTb npocdunein B npeccoBke; /ko- ANINHA KOHLUEBOM o6pe3n; /71 — YAC/IO KaHAJIOB B
maTpuue; /mo — BbicOoTa (ANIMHA) Npecc-ocTaTka; Up — KO3(ULUMEHT pacnpecCcoBKHU

3aroToBku; F3 - naowaab nonepevyHoro ce4yeHms 3aroToBkKu.
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BennunHa KpaTHoCcTM npoduneit gomxHa 6biTb 60nblue eguHULbI U NPUHUMaETCS
meToaom noa6opa TakuMm 06pasom, uTo6bl ANIMHA 3aroToBkM 6bl1a 61IM3Ka K MAaKCMMAaJIbHO

aonyctumoi (cM. Tabn.1), Ho He 6onee Tpex e€ AMaMeTpoB.

AnunHy oTpe3saembix KOHLOB (KOHLeBOW 06pe3n-oTxoa0B) NPUMHUMALOT paBHON CyMMe
otxopoB /o= In+Iyr(In- cnabopecdopMupoBaHHbIA NepeaHnii koHey nsgenus (npyTtka), I
— YTSDKHOW KOHeL wu3penusi, CO CTOPOHbl npecc-octatka). Mpu npsMoM cnocobe
NpeccoBaHMM AJ/INHY KOHLEBbIX O0TXOA0B paccuuTbiBatoT no popmynam: /n = (5...7)du; Ir =
(7...10)dn.

AwnameTp npyTtka (dy) onpenensieTca ucxoas U3 NJowaamn ero rnonepevyHoro ceyeHus
(f1). NMpu npeccoBaHMun nNpoduns A/IMHA KOHLUEBbIX OTXOAOB pPacCuMTbIBAaeTCs Mcxoas u3

ANaMeTpa paBHOBEJIMKOIo no riowaam aAMaMeTpa npyrtka.

BbicOoTa npecc-octaTka 4/is NpsAMoro cnocoba npeccoBaHusi NPUMHUMMAETCA paBHOM
hno= (0,22... 0,25)Dx vnin no Tabn. 2, o6patHoro npeccoBanma - (0,1...0,15)Dx

npeccoBaHUsA C aKTUBHbIM AeAcTBMEM cun TpeHums - (0,05... 0,08) D«
KoadpuumneHT pacnpeccoBKM 3aroTtoBKu paccumrtbiBaeTca no opmyne: pyp = Fr /Fs.

Pa3Mepbl 3aroToBKM OKPYISIIOT C TOYHOCTbIO 4O 1 MM M Ha3Ha4alOT AONYCK Ha eé
Anametp: 4D3 = (0,007...0,013) D«. Mocne pacueta pasMepoB 3aroToBKM onpeaenstot eé
obbem (Vs).

1.3 Pacuet Maccbl 3arotosku (Ms) u Bbixoaa rogHoro (A).

Maccy oaHOro NMOroHHOro MeTpa usgenusl - usfenus ANMHOA oauH MeTp (M), m

3arotoBku (Ms) onpepensitot no popMmynam:
M = p-fu n M3 = p-V3,

rge p - NNOTHOCTb MaTtepuana B kr/m3 (Tabn. 1); fy - nnowangb nonepevyHoro ceueHus

usgenus.
Macca roroBbix npocdunein, Nosly4YeHHbIX U3 OQHOI 3aroTOBKM:
My = M:Icqg -m (kr).
FeoMeTpuueckme oTxoabl OT OAHOW 3aroTOBKM PacCcuMTbIBalOTCA no popmyne:
Morx = [(M3 - Ma)/ M3] 100 (%).
TexHonornyeckue orxoabl ( 7) npuHMMaloTCa paBHbiMK 1,5...1,7%.

Bbixoa rogHoro cocrtaBut: A = 100% - (Morx + T).



3anyck MeTa/ula Ha 1 TOHHY rOAHOro paccunTbiBaeTca no popmyne:

Msan = (1000-100) / A (kr).

2. O6oCcHOBaHMe YC/IOBMIA BeAeHUs npoLuecca NnpeccoBaHus

2.1 Bbi6bop cnocoba HarpeBa 3aroToBOK, Ha3HauyeHue TeMMepaTypHOro

MHTEepBaJia NpeccoBaHUs U TEMNepaTypbl HarpeBa KOHTelHepa

[Ans HarpeBa 3aroToBOK, KaK NpaBuJ10, MPUMEHAIOT MHAYKLMUOHHbIE HarpeBaTesibHble

YCTPOECTBa MeTOANYECKOro AeincTeus l'lpOMbII.I.IﬂEHHOFI 4acToThbl.

TeMnepaTypy HarpeBa 3aroToBOK nepej NpeccoBaHMEM M MOAOrpeBa KOHTelHepa
Ha3Ha4yaloT B COOTBETCTBUM C PEKOMEHAAUMUsIMU B 3aBMCMMOCTM OT MaTepuasia 3aroToBKy u

cnoco6a npeccoBaHus (Tabn. 3, 4).
2.2 Ha3zHauyeHue CKOpPOCTH NnpeccoBaHus

Ckopoctb npeccoBaHusa (Vip) paccumTbiBaeTcsi MCXOAA M3 peKoOMeHAyeMbIX As
KOHKPETHOro cruliaBa BeJIMYMH ckopocTei ucrteueHua (Vi) (tabn. 3, 4). dTM ckopoctu
CBfi3aHbl 3aBUCUMOCTbIO: Vi = Vip-y. CKOPOCTb McTeyeHnss o6bIMHO 3apaeTca B M/MUH, a

CKOpPOCTb NpeccoBaHus - B MM/C.
C yuyeToM pa3sMepHOCTeil CKOPOCTb NPeccOBaHUs paccyuTbiBaeTca no popmyne:
Vrp = (1000-Vu/ 60-1). (MM/C)

Mocne Bbl6Opa 3aroToBKM M 060OCHOBaHMSA TeMMepaTypHO-CKOPOCTHbIX YC/10BMIA

npeccoBaHuUA paCcCiuTbiBaeTCs |-|e06xom|Ma;| CWJia npeccoBaHus.
3. PacueT cusibl NpeccoBaHus

Cuny npssMOro npeccoBaHusi MOXHO paccuuTtatb no ¢popmynam C.U. N'ybkuHa [5, 6],
U.N. Nepnuna [1-3,7] vnu K. Nay>s [8].

3asucumoctm N'y6knHa C.U. n Jlays K. 6osee npocTtbi, HO AaIOT 3aBbILUEHHYH0 OLIEeHKY

CUbl.

MonHas cuna npeccoBaHus no K. Jlays paccumtbiBaeTcs no popmyne:

2
_ 7Dy

P NSy +m- Dy - L gty - Sy,



rae S, M S, - COOTBETCTBEHHO HauasbHOe COMpoTUB/IEHWE [AedOPMMPOBaHUIO
(HanpshkeHne Te4eHUsi — Os) U KOHEYHOe C Y4eTOM TeMnepaTypbl M CKOpocTH Aedopmauum;

L’ - annHa pacnpeccoBaHHOi B KOHTEHHEpE 3aroToBKK; /., - KO3MMULMEHT TPEHUs MeXAY

3aroToBKOW M KOHTEMHEPOM: Npm npeccosaHumn 6e3 cmaskmn 1, =0,35...0,45.

Mo C. U. N'y6KkuHY cuna npeccoBaHusl onpeaensieTcs no 3aBUCMMOCTHU:

4-u,-L!
P=z-F.-S -Inul+u tga+u,  -ctgo + ——L—2|,
K" Oon /U[ My -0 My - Clg DK-|nZ,j

rae z - ko3 puuneHT HeogHopoaHoCcTH AedopMmauun (NpyM ropsyeM NPsIMOM NPeccoBaHUM
pekomeHayerca z = 1,5...2,0; o6patHOoM — z = 1,0; C aKTUBHbIM TpeHuem — z = 0,7); O -
NMoNyyrosi KOHyCHOCcTu martpuubl (& pna npsaMoro um obpatHoro cnocoba npeccoBaHus

npuMHUMaeTcs paBHbIM 60°, C aKTUBHBIM TPeHueM - 73°).

B cneuManbHOW OTEYECTBEHHOW NUTepaType ANs pacyeTa CWibl MPeccoBaHUs

pekomeHAayroT 3aBucumoctu WU. J1. NepnuHa, yrouHeHHole M.E. EpMaHKOM:
P=R+T,,+T,+T,+T,,,,

rae R - cuna anga npeoposieHMs OCHOBHOW aecdopMauunm 6e3 yueta Tpeuus; Tms, Tp, Tk, Tnm
- CUNbl NPeofoJ/ieHMsl TPEeHUsl COOTBETCTBEHHO BO3HMKAMOWEro B O6GXuMMalowen 4acTtu
nJjacTtuyeckoit 3oHbl (OUIN3) Mexay Helo U MEPTBOM 30HOW MeTasI/1a Y 3epKasla MaTpulbl,
Ha paccekaTtesie MaTpuubl (MPYM NpeccoBaHMM NONOro NpPocuis U3 CNJIOWHOW 3aroTOBKKU),
Ha G6OKOBO/i NMOBEPXHOCTM KOHTAKTa KOHTeilHepa C 3aroToBKOW M B paboueM nosicke

MaTpulbl.

Cuna npeofoJsieHnsi OCHOBHO AecdopMaumnm paccuMTbiBaeTcs no popmyne:
R=p-|z-D2/4-cos?(a/2)/i-S,,],

rae [ - k03¢ dULUMEHT, yYNTbIBaIOLWNIA BAMAHNE MTaBHON0 HOPMaJibHOro HanpskeHuns (1<
£ <1,15); npn npamMomM npeccosauum ( & = 60°)n npn npeccoBaHun npocdpunen [ = 1,15;
npu npeccosBaHum NpyTkoB S = 1,0; i -MHTErpanbHblii NoKasaTesib OCHOBHOM AedopMaumm
(i =lnu= In(FK/ f )), S, - cpenHee 3HaueHMe conpoTMBNEHUS Ae(OPMUPOBAHMNIO NpH
YCNOBMSIX NPEecCcoBaHMUsA, onpeaenseMoe nNo MeToauke, npepanoxxeHHom M. 3. Epmakom [2]

(cM. HKe).

Cuna npeoaoneHusi TpeHust Ha 60KOBOI FrpaHuLEe 06XMMaloLEed YAaCTU NJIACTUYECKON
30HbI (OUN3), T.e. NnacTuyecKkoii 30Hbl U MEPTBOM (3aCTOWHOI) 30HOW MeTasIla Y MaTpuLbl

paccumTbiBaeTcss no popmyne:



— ﬂDlz( In DK_d
2sina  d, —d

o f@ 'S()c’

6H

M3

rae ds v dsy - Hapy)XHbIW U BHYTPEHHMW NpUBeAEeHHble AuaMeTpbl nosnoro npodpuns

COOTBETCTBEHHO; fz - KO3(h(pMLMNEHT BHYTPEHHEr0 TPEHUS.
Mpu npeccoBannm cnnowHoro npopuna (ds» = 0; f = 0,5; & = 60°) dopmyna
ynpouwjaercs:
T,; =0,45D2S, In u.
Cuna Ha paccekaTtene (Npy NpeccoBaHMM NoJibiX Npodusiei n3 CNJIOLLHONW 3aroToBKM)
[2]:
T,=16D,(L,-0,6d, +0,3D,)S,, .

Mpwv npaMmom cnocobe npeccoBaHusa CUJia TPpeHNAa Mexxay 3aroToBKOW U KOHTeﬁHGPOM

onpeaensaeTcd no 3aBUCUMOCTU.

T, =D |L. —h, —(0,2..03)D, |z,

rae 7, - CPpeAHee HanpshKeHue TPEHWs MeTasla 3aroToBKW O NOBEPXHOCTb KOHTElHHepa
(MO>XHO NpUHATbL paBHbIM 0,55;,), Ays- BbiCOTa ynpyroi 30Hbl y MaTpuubl (fAy:= 0,64 [ (Dx —

dn) /2]).

Cuvna TPpEHUA B paﬁoqu NnosACKe MaTpulbl paCCuuTbiBaeTCsa no qupmyne:
THM = ILI’.I.S()K/'I(IYIzap + 17(3/1 ) IH’

rae /4 - Ko3(dUUMEHT TpeHUss O NOBEpPXHOCTb MaTpuubl M urabl (NP NpeccoBaHUM

aJIlOMMHMEBBIX CMJIaBOB CO cMa3kou onpaskm /= 0,1...0,2); /Tuap M [T - NEPUMETPDI

Hapy)>XHOr0 M BHYTPEHHEro KOHTypa nosioro npocdwuns, COOTBETCTBEHHO; /- [AJIMHA

pabouero nosicka MaTpuubl.

PexkoMeHayeTcs cpeaHee 3HauyeHUe COMpoTUBNEHUA AedPOPMUPOBAHUIO  Sic
onpeaenAtb C Yy4eToM pautTenbHoctu pecdopmaumm [2] wam € yyeTOoM CKOpPOCTM

Aaecdopmauuu [7,9].

BpeMsa HaxoxaeHusi 3/1eMEHTaApHOM 4acTuubl npeccyemoro obsmema B OUMN3

(anutenbHoOCTb AecphopMmaumnm) onpepensercs no popmyne

r=B,.1B

cex !



rae BounsN Bcex- 06beM OUMN3 M cekyHAHbIA 06beM MeTasia(BbITECHSEMbIA U3 KOHTellHepa

3a OAHY CEeKYHAY), COOTBETCTBEHHO.

061bem OUN3 npu & =60° paccunTbiBalOT NO hopmyne

B,,,=02(D% —d).

ouns

CEKYHAHbIﬁ pacxoa MeTaJlJia 3aBUCUT OT AMaMeTpa KOHTEVIHepa N CKOPOCTHU NpeccoBaHuUA:
Bcex = (71' DKZ/ 4) Vnp.

Mpwu npeccoBaHumn cpenHsasa ckopoctb aedopmauunn [7,8,13] paBHa £, =7 /T (c!),
raei=Inu.

B 3aBUCMMOCTH OT ANinTenbHocTn aedopmaumnm (7), MapKu CruiaBa U TeMneparypbl

3arotoBku(t’) no rpadukam Syx= f(t°) n Sz = F(7) HAXOQAT 3HAUEHUA Sy N Sy (pyc. 1 -

4) v paccumnTbIBaKOT Sz S, =,/S,, S,

Kk "

HI /MM
C I
p ?&{}, a .‘--"""-.
L e | T ] a
%% 588} 8 3*%\%\‘\\
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X4 = ]
88 o 1o
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B0 380 ang 420 440 wb0  wdp
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Puc. 1 3aBucumocTb conpoTuBsieHus aecpopmauum S;(os) cnnasa A31

oT TemnepaTypsbl () u anutenbHocTn aecdopmaumnn (7, kpusbie 1-200) [2, 3]
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Puc. 2 3aBucMmoctb conpoTuBsieHus gecgpopmauum S;(0os) cnnasos AMré6 (a) m

B95 (6) ot Temnepatypbl (£ )m gnutenbHocTu aedopmauum ( 7, ,kpusbie 10-860) [2, 3]

137,2
117,6—
55 117,6
98,0 |— 30
98,0
S 78,4 | N§ \
= E \ 78,4 5
& ¢ b
N ogl o
e §58,8
S : \
39,2 4 -
4 39,2
a &
186- 2 2 18,6
350 390 430 t,oc 350 390 430 t,%¢
a) 6)

Puc. 3 3aBucumoctb conpotusneHuns aedopmauun S;(os) cnnasos 1915 (a) n 1925 (6)

oT Temneparypsbl () u anntenbHoctn aedpopmaumm ( 7, , kpusble 4-250) [2, 3]
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117,6 @ch 7 1 o 7] 1274
12
~ 11D 1078
98,0 10 ~ R
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Puc. 4 3aBucuMmocTb conpotusnenna aedpopmauunm S;(0os) cnnasa 116

oT Temnepatypsi (¢) v anutenbHocTn aedopmaumnn ( 7, , kpusbie 0,6-5000) [2, 3]

ConpoTtusnenve nedopmaummn S, AN HEKOTOPbIX a/lOMUHUEBBIX CMJIABOB MOXHO

paccuuTaTb B COOTBETCTBMM C peKoMeHAauuamMm pabotbl [9] nnm HailTn B uctouHumke [13].

Mpu pacuere cunbl 06paT|-|oro npeccoBpaHusn Heo6xoauMo Y4Y€CTb, YTO 3aroToBKa He

nepeMeLLaeTcs OTHOCMTE/NIbHO KOHTelHepa u noatomy T, =0.

Ecmn paccuntaHHass cu/ia rpeccoBaHHs B NPUHATHIX TEMMNEPATYPHO-CKOPOCTHbIX
yc/ioBHUsSIX npeBbiliaeT 08 HOMMHAaJIbHOH CHJIbI npecca, 1o 4yia €€ CHMIKEHNS YMEHbBLUAIOT

A/TMHY 3aroTOBKH1 M PacyeT MoBTOPSOT.
4. PacueT u3aMeHeHus TeMnepaTtypbl NPy NpeccoBaHUM

B oT/iIMuMe OT NpeccoBaHuUsA CTaJiei U MeaHbIX CNJIaBOB, NPeCccyeMbiX C OTHOCUTENIbHO
BbICOKMMM CKOpOCTSAMM (KOrga npum pacuyerte TemrnepaTypbl N1AaCTUYECKOW 30Hbl MOXHO
npeHe6peyb TenNJIONPOBOAHOCTbLIO NMPECcCyeMoro MeTajiJla U TerJiooO6MeHOM MeXAy HUM U
MHCTPYMEHTOM), NPy NpeccoBaHMK BbICOKOMNMPOUYHbIX asiloOMMHUEBDbIX cryiaBoB (16, B95 u
AP-), KOTOPbIM MPUCYLLUA O4YEeHb HM3KAs KpUTHUYECKasl CKOPOCTb npeccoBaHusa (Vnp<<25
MM/C), npeHebpexeHMe M3MEeHeHMEeM TeMnepaTypbl MJIACTUYECKON 30Hbl BC/EeACTBUE
TEenJIONpoBOAHOCTU MNpeccyeMoro Meta/ula M TensioobMeHa Mexay MeTa/yioM M

UHCTPYMEHTOM MOXKET NpuBeCcTu K cepbe3HbiM oTpuLlaTes/ibHbIM NoC/ieACTBUAM.

MoBbiLueHne TeMnepaTypbl Metasuia B OUN3 ao kputuueckux 3HaueHuin [2] npm
npeccoBaHuu TpyaHo AecdopMupyeMbIX aslOMMHMEBBIX U HEKOTOPbIX APYrux CriasoB
MOXXET NpPUBOAUTb K MOHMXEHUIO NJIACTUYECKUX CBOMCTB M O06pasoBaHMIO TPELMH Ha
NoOBEepPXHOCTU U3AENIMA UK K nepexxory Metanna [2,7,10]. Bo ns6exaHue 3Toro AABJieHUs
Heo6xoAuMO CHWKaThb TEMNEpaTypy Harpesa 3aroToBOK nepep nNnpeccoBaHUeM U BeCTU ero

C MOHMXEHHbIMU CKOPOCTSIMM, Koraa Teruio aedopMauuMm ycneBaeTr pacceumBaTbcs. C
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APYroi CTOpOHbI, NOBbILLEHUE TeMnepaTypbl MeTassla B OUMN3 cHMXaeT CONnpoTUBJ/IEHNE
AedopMMpPOBAHMUIO, HE YYET KOTOPOIro NPMBOAMUT K 3aBbILLEHUIO PACUYETHbIX AAHHbIX O cue

npeccoBaHus [2, 7].

MNepBoe cneacreMe NOBbLIWEHUS TeMNepaTypbl NpU NpeccoBaHuM siBnsercs 6onee
BaXXHbIM [O/11 BeAeHUsl TEXHOJIOTMYECKOro rnpouecca, T.K. OHO onpepaensieT ycnoBus
noslyyeHus KaueCcTBEeHHbIX U3 eI, BJIMSIET Ha TeMNepaTypPHO-CKOPOCTHOM peXXxuM paboTbl

n onpenenseTr npon3BoaAUTENIbHOCTb oGopynoaaHml.

B oTeuecTBeHHOW nuTepaType A/iS pacyeTa M3MeHeHMs Temnepatypbl B OUMN3
Ucnosnb3yeTca MeToauka, npeanoxeHHas H0.J1. Crepuukom [10]. OHa npeanonaraer, 4To
TeMnepaTtypa paBHOMEpPHO pacnpefesnisieTca Nno CeYeHUI0 NpeccyemMoro cJiMTka M Tenno
TpeHUs1 MeTasula 0 CTEHKM KOHTeiiHepa, Bbigensioweecs Ha KOHTAaKTHOW MOBEpPXHOCTH,
MOYTH NOJIHOCTbIO NOI/IOLAETCA KOHTEWMHEPOM U HEe OKa3blBaeT CYLLeCTBEHHOro BAUSIHUS

Ha TeMnepaTypy NpeccyeMoro usaenus.

N3MeHeHMe TeMNepaTypbl B NJIAaCTUHECKON 30HE Yy MaTpuLbl B pe3y/ibTaTe BbiAesIeHUs!
Tenna paedopmaumm (Cc yyetoMm Tensioo6MeHa ouara AedopMaUUM C KOHTeHepoM)

paccuunTbiBaeTcs no ¢popmyne:

(1)

Po 8'bl m;
At =t —t, = -y —Atql-exp| —————-[— |/
iTh T cp Y 0 (b2+b1)\/; Pe
rae & - TemMnepaTypa U3Aenuns Ha BbIXOAE €ro M3 nosicka MaTpuubl, °C; At - HauanbHas

Pa3HOCTb TEMNEpaTyp CINTKa U KOHTelHepa, °C (At0 =t, —tK); p, - AaBneHue (yaenbHas

cuna npeccoBaHus) B kla (cuna npeccoBaHuMsa 6e3 yyeta CU1 TPEHUSA 3aroToBKM O
KOHTeliHep, AeNéHHOoe Ha MJioWwaAb NonepeyHoro ceyeHus paboueil BTY/IKM KOHTeliHepa) B
CeyeHMM NMJIaCTUYECKON 30Hbl, /Il KOTOPOro onpeaensieTcs UsMeHeHne TeMnepartypbl; c—

yaenbHasi TenJIoEMKOCTb npeccyemoro Meta/sia B k[bx/(kr °C); p- nNNOTHOCTbL

npeccyemoro mMetasnna, kr/m3; y i - K03(h(PULMEHT, 3aBUCALLUA OT BEJIMUNHBI Pev 7 i (puc.

5); bin b2—

KOBC')C')MLIMGHTI:I AKKyMynaumum Tenna MeTa/l/iIoM KOHTeﬁHepa n 3droToBKWu,

COOTBETCTBEHHO,

kx/(°C-M%c®%), b=,/c-p-4; 77; -OTHOLUEHMWE TeKyllel BEIMUMHDbI XOAa Npecc-wTeMnens
(h))x BHyTpeHHeMy AnaMeTpy pabouel BTY/IKM KOHTeHepa, n;=h/D,; Pe - KpuTepui
Nekne, Pe=V,,-D,/a: a -koacduumeHT TeMnepaTyponpoBoaHoctn, M2/c(a= A1 /pc) ; A

- Ko3ppuumneHT TennonposogHocTn, kk/ (M- c:°C).
13



Ans WTaMnoBbiX cTaneil (MaTepmanos KOHTelHepa) BennunHy koadduumenTa b,

MOXXHO NMPUHATbL paBHo# 11,7 k[k/(°C-M2c®5). KoadduumeHT b, HeobxoanmMo paccumTathb
C

y4yeToM TeniohnsnyecKknx KOHCTaHT npeccyemMoro cnaasa (taén. 5) [2,12].

PaccuutaB BennuuHy kputepusa lNekne v pasgenus npoLecc Ha HeCKOJIbKO 3Tanos,
no

COOTBETCTBYHOLLEN KPUBOI 3HaueHus Pe (puc. 5) Ans Kakaoro atana npeccosaHus (7;)

HaxoaNAT 3HaueHue koadduumeHTa y; 1M no popmyne (1) pacCunTbIBalOT BEJINUUHY

U3MEHEHUA TeMnepaTtypbl Ha pacCMaTpuBa€MOM 3Tane npouecca.

J
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Puc. 5 3aBucumocTb ko3cdcdbuLumeHTa y oT KpUTEPHUEB 7]

n Pe npu npsMoM cnocobe npeccosaHus [10]

MepBoe cnaraemoe ¢opmynbl (1) onpepensieT NoBbileHUE TeMNepaTypbl OT
coBeplUeHHOW paboTbl popMousMeHeHus (paboTbl nnacTuueckon aedpopmauumn), a BTopoe

cnaraeMoe - U3MeHeHMe TeMMnepaTypbl B pe3ynibTaTe Tenoo6MeHa npeccyemMoi 3aroToBku
C

KOHTelHepoM.

Mpun o6paTtHOM npeccoBaHuu noBbilleHMe TeMnepaTtypbl OT  pabotbl
¢opMmonsmeHeHus
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paccunTbiBaeTCca aHaJIOrM4yHO, HO NpU 3TOM UCNOJ1Ib3YHOT 3aBUCUMOCTU KOBdeJVILIMEHTa | 4
oT

KpuTepueB 7] U Pe npuBeaeHHble Ha pucyHke 6 [14-16].
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Puc. 6 3aBncumocTb ko3chchuLmeHTa y oT KpUTEPHUEB 1]

n Pe npn o6paTtHOM npeccoBaHum [15,16]

Mpu NnpeccoBaHUM C aKTUBHbIM AENCTBUEM CUJ1 TPEHUSA NOBbILLEHUE TEMNEepaTypbl OT
pa6oTbl hopMOM3MEHEHUS PACCUMTBIBAIOT UCXOAS U3 CKOPOCTU NPEeCcCOBaHMs], @ U3BMEHEeHne
TeMnepaTtypbl B pe3yJsibTaTe TerJIoo6MeHa C KOHTEHHEpOM - UCX0oAsi U3 CKOPOCTH

OTHOCHUTE/IbHOIO CMelleHUs 3aroToBKU U KOHTeiliHepa [14-16].

BennuuHy koadduumneHTa y;, B 3TOM C/lyyae pekoMeHAayeTcs Bbibupatb Takke no
pUCYHKY 6. B pabotax [14,15] npuBeaeHbl 3aBUCMMOCTH, NMO3BOJISIOLLME PAacCUNTaTb eLé n
N3MeHeHMe TeMnepaTypbl OT paboTbl CUJ1 TPEHUSA MEXXAY 3aroToBKOM M KOHTEHHEpOM U B

KanMGPYIOI.I.IeM NnosACKe MaTpulbl.

PasgenmB ycsioOBHO MpoLECC NpeccoBaHUA Ha Jj 3TanoB, nocnefoBaTesibHO Aif
KaXkAoro 3Tana pacCcuMTbiBalOT NpUpaLleHne TeMnepaTypbl Ha Bbixoge u3 OUMN3 n HaxoaaT
3aKOHOMEpPHOCTb U3MEeHEeHUsl TeMnepaTypbl No xoAay npouecca. Monb3ysacb Nony4yeHHOM
3aKOHOMEPHOCTbIO, MOXXHO paccuMTaTb CKOPOCTb "M30TEPMMUYECKOro" npeccoBaHus, Npum

KOTOpPOM At j = const [7]. N3 dopmynbl (1) cnepyeT, uTo t i =t + AL .

Ecnu TeMmnepaTtypa usgenvs pasHa wiu 60onblue KPUTUUECKOW TEMNEpATypbl CnJiaBa
(tabn. 3) nonyyaemoe uspenue 6yaer ummerb fAedeKTbl MOBEPXHOCTU U CTPYKTYPbI.

CnepoBaTesibHO, YCNnOBMUSI NpeccoOBaHUsA Heo6xoAMMO W3MEHMUTb, YMEHbLINUB CKOPOCTb
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npeccoBaHua WM TeMrnepaTypy Harpesa 3arotoBku. Ecim makcuMmanbHas TeMnepatypa

M3[eNusa CylecTBEHHO HkKet, ,, UMeeTcs pe3epB NOBbILLEHUS CKOPOCTU NPECccCoBaHUA.

5. O6pa6otka nonycgabpmukaToB nocne npeccoBaHus

Mocne npeccoBaHusi npecc-u3genvsa U3 aJlOMUHUMEBLIX CMJIAaBOB NoOABepraroT
OOMNOJIHNTENbHOW 06paboTke, B KOTOPYHO BXOAAT clegyloliue onepauuu: TepMuyeckas
o6bpa6borka (OTXur, 3aKaJjika, CTapeHue); yCTpaHeHue ucKaxkeHus ¢opmbl (npaBka);
obpe3ka KOHLOB M pe3Ka Ha 3aAaHHY [OJ/IMHY; 06paboTka NOBEpPXHOCTU W3Aenui;

KOHCepBauua v ynakoBka [2, 11,16].

B 3aBUCMMOCTM OT BuAa CrjiaBa U TpeGOBaHMﬁ, npeabmvaBNsAs€MbIX K npecc-n3gennam

3a|<a3'-|m(0M, nocsnenoBaTesibHOCTb U YUCIIO 3TUX onepauuﬁ MOXXET N3MEHATDbCA.
6. HasHaueHMe NpaBu1 NPUEMKU U3aenuu

N3penusa npMHMMaroTca naptusaMun. B fOKyMeHTe 0 KauecTBe U3feninmii 4oJ/KHbI 6biTb
yKasaHbl cfieayrolme pAaHHble: HauMeHOBaHME M  TOBapHbIii 3HaK npeanpuaTUA-
MU3roToBUTENS; HaMMEHOBaHWe npeanpuAaTUa—3aKa3unka; COCTOIHUE NOCTaBKU u3penus;
o6o3HaueHne (wmdp) umspgenusa; Homep napTum, Macca (HeETTO0) napTuKu; pe3ysbTaTthbl
ucnbiTaHUii (AN MeXxaHUYeCKUX CBOMCTB YKa3bliBalOTC MaKCUMaJibHble U MUHUMAaJlbHble

3HaueHus); aaTa OoTrpy3ku; 0603HaueHne cTaHaapTa.

Ons onpepeneHnss XMMUUYECKOro COCTaBa OT6MpalOT ABa M3Aenus OT NapTUM.
MpoBepke COCTOSAAHMSA HAPY)XHOW MOBEPXHOCTU U reOMETPUUECKMX Pa3MepoB NoaBepraroT
Ka)xgoe usgenue. [N NpoBepKM MEXAHUYECKMX CBOWCTB OT6MpatoT 5% npodwunei,
MaKpOCTPYKTYypbl u3aenuMih - 2%, HO He MeHee AByX wu3genuin. [ns nNpoBepKu
MUKPOCTPYKTYpbl M3[AeNni, noABepraeMbiX 3aKaJIke M Ha nepexor, oTéuparoT oaHo

u3penue ot KaXKAoi caaku TepMuyeckon o6paboTku.

7. MapKupoBKa, yNnakoBKa, TPAHCNOPTUPOBKA U XpaHEeHue

Mpocdunu cBA3bIBAIOT B MyYKH, K KOTOPbIM KPENAT 6MPKy C yKa3aHMEM MapKu CNJaBa,
COCTOSIHUA MaTepuasia, HoMepa NapTMM U KneiiMa oTaena TexHuueckoro koHtpons (OTK)

npeanpuaTna-n3roToBuTens.

KoHcepBauuio, ynakoBKy, MapKMpOBKY, TPaHCMNOPTHYHO Tapy, TPaHCMNOPTUPOBKY M

XpaHeHue BbINOJIHSAIOT B cooTBeTcTBMM ¢ TOCT 9.011-79.
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8. PacueTt TexHosormyeckom ce6ectomMocTu

IOKOHOMMYECKME pacyeTbl BbIMOJIHAIOTCA B COOTBETCTBMM C pEKOMeHAaLUusaAMm paGOTbI

[4].

Ha npakTuyeckux 3aHATUAX NO u3yqaeMoi'1 auncuuninHe ans OpMeHTVIpOBO'-IHOﬁ

OLIeHKM NMPOU3BOAUTENIbHOCTU HE06X0AMMO paccunMTaTb HOPMY BbipabOTKM B LUT.:

H, T/t

8blp wm ’

rae 7 - NpoAo/HKUTENIbHOCTb CMEHbl WK pabouero AHA, MUH.; t - LUTY4YHOE BpeMsi, MUH.

wm

LlityuHoe Bpems BKIlOYaeT B cebs ocHosHoe (i, ), BcnomoratenbHoe (i),

OpraHn3allMoOHHO-TEXHNYECKOro OGCHY)KVIBaHVISl (t ) MU nepepbiBbl Ha OTAbIX U JINMHbIE

obc

Hapo6HocTy (t,, )

tmm = (tocu) + (t6011) + (toﬁc) + (tamz))'

OcHoBHoOe BpeMsa pacCyuTbiBaeTCa wucxoaa w3 ompeccosannoﬁ 4aCTu [AJINHbI

3aroTOBKM U CKOPOCTHU NpeccoBaHuA. -
toc;-t = (L; - hno)/vﬂp'

BcnomoraTtenbHoe BpeMs 6epeTca U3 TEXHMUYECKO XapaKTepucTuku npecca (tabn.1).
BpeMsi Ha OopraHM3aUMOHHO-TEXHUYEcKoe o06cnyxuBaHue o6opyaoBaHus, nNepepbiBbl Ha
OTAbIX M JINYHble HAaAo6HOCTM NMPMHMMAIOTCA NO AaHHbIM npeanpusaTus. B pacuetHoi
pabote npu onpeaeneHUM OPUEHTUPOBOYHOW NPON3BOAUTENIbHOCTU MOXKHO NMPUHSATb 3TO
BpeMs paBHbIM Hy/10. Torga npoMs3BoAUTENbHOCTb NMPecca B Te4UeHne BpeMeHn 7 cocTaBuT:

n=H, -M,.

1372
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KpaTKas XxapaKTepucTUKa HEKOTOPbIX OTeYeCTBEHHbIX rMAPaBAMYECcKUX npeccos [2, 3]

Tabauua 1

HomuHanbHas OvameTp OnunHa Cuna Cuna MakKcu- JAasneHune Xog, CKopocTb AnnHa Obuwee Cuna
cuna npecca, pabouei BTYJ/IKM npuKnMma OTXKMUMA ManbHas | NpeccoBaHuA, | FNaBHOrO rnaBHoOro npuem- | BCMOMO- | HOXHUL,
BTYNIKU KOHTeil- | KOHTelHepa, | KoHTeliHepa, ANMHA MnNa NAYH}Kepa,M | MNAYH}Kepa |HOro cTona,| ratenb-
MH (Tc) KOHTelHepa, Hepa, CUTKa, M npu M Hoe MH
MH MH npeccosaHum, Bpemsa,c
MM MM MM mm/c
49,05 500 254 1520 1,8-6,0 21 122 1,85
(5000) 420 1200 5,2 2,7 1050 360
360 490
310 665
29,4 270 1000 3,9 2,3 800 520 1320 3-20 21 119 1,86
(3000) 250 620
24,5 225 815 4,0 2,44 650 500 900 2-20 18 64 0,9
(2500) 200 640
19,6 200 815 0,6 1,13 650 640 900 4-10 18 54 1,0
(2000) 170 880
14,7 200 700 0,6 1,12 600 500 1700 1-100 18 60 1,0
(1500) 170 800
12,25 150 715 2.0 1,12 600 680 750 0,5-30 18 60 0,6
(1250) 130 910
115 1030
7,4 115 467 - - 400 720 530 1-20 10 40 -
(750) 105 860
95 1030
85 1310
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Tabnuua 2

3aBMCMMOCTb AMAMeTpa 3aroToBKU OT AMAMeTpa KOHTEMHEepa U AIMHbI NPEeCcc-0CTaTKa OT AUAaMeTPOB KOHTeliHepa, 3aroTOBKU U OT KoadppuumneHTa
BbITAXKMU [2, 3]

OnameTtpbl, Mm Kodou- [nvHa npecc-ocTaTka Npy A/UHE 3aroTOBKU, MM
— LMeHT
KOHTeid- | 3aroToBKM | o\ e,
Hepa A 200 300 400 500 600 700 800 900 1000
1 2 3 4 5 6 7 8 9 10 11 12
95 92 10-50 25 30 35 - - - - - -
115 112 10-50 30 40 45 50 - - - - -
122 119 10-29 30 45 60 75 - - - - -
30-59 25 35 45 55 - - - - -
130 127 10-29 30 45 60 75 - - - - -
30-59 25 35 45 55 - - - - -
170 162 10-29 40 50 60 75 - - - - -
30-59 35 45 55 65 - - - - -
200 192 10-29 - - 60 75 90 100 - - -
30-59 - - 55 65 65 75 - - -
230 220 10-29 - - 60 75 20 105 120 - -
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30-49 55 65 70 80 90 - -
1 2 3 6 7 8 9 10 11 12
250 240 10-29 60 75 95 105 120 - -
30-49 55 65 70 80 90 - -
270 258 10-29 70 75 90 105 120 - -
30-49 60 65 70 80 90 - -
310 295 10-29 75 80 95 110 125 140 -
30-49 60 65 70 80 920 100 -
360 345 5-19 - 80 100 115 130 145 -
20-39 - 70 80 90 105 120 -
420 405 3-9 - - 110 120 135 150 165
10-29 - - 920 105 120 140 150
500 480 3-9 - - 120 125 135 150 170
10-29 - - 100 105 120 140 150
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Ta6bauua 3

PekoMmeHAyeMble npeaesibHO AONYCTUMbIE KPUTUUYECKME TEMNEpaTypbl U OPUEHTUPOBOYHbIE

CKOPOCTU UCTe4yeHus npm npecCoBaHUM CMJTIOLWHbIX u3penuii 3 aIldMMHUEBbIX CNJ1IaBOB [1-

3]
TeMmnepaTtypa HarpeBsa TeMmnepatypa | Kputu-
CNNUTKOB, &k °C Harpesa yeckas
KOHTEeWHepa, | TeMne-
patypa
t °C "| cxopocTb
Mapka o
t °C | ncrevenuns*,
PekoMeH- MNpepenbHo-
cnnasa ayeMas paonycruMmas M/MMH
420-480 550 400-430 - 6-20 m
AL 1, A4, AMLY 6onee
AMr 2 4-10
AMr 3, AMr 5, AMr 6 400-460 530 350-430 3,0-4,0
AB 480-510 400-450 520-530 2,0-2,5
515
AK 4, AK 6 380-470 350-430 3,0-3,5
a1l 360-460 490 350-130 485-495 1,5-3,0
A 16 1,0-1,7
B 95, B 96 360-440 465 300-440 470-4S0 1,0-1,5
AQ 31, AA 33 440-510 550 350-430 - 4-10mn
6onee
1915, 1925 400-450

* MeHbwue 3Ha4YeHUa ckopocmeli ucmevyeHus npuHUMaromes 0aa 6oabwux 3HayeHuli duamempos
KOHmeliHepoe u 0s1UH 3a20mo8oK. C ycaoxcHeHUem KoHgu2ypayuu npoguna donycmumele

CKopocmu ucme4yeHuAa ymeHbwaromecH.
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Tabnuua 4

TemnepaTypHO-CKOPOCTHbIE YCI0BUA NPECCOBaHUA HEKOTOPbIX aAlOMUHUEBDLIX cnnasos [1]

Mapka Bua npecc- MpsaMoe npeccoBaHue O6paTHoe npeccoBaHue
cnnasa nspenus
t, °C V M/MuH t,°C V M/MuH
AMr5 MpyTok 480-510 2,5-3,5 380-400 8,0
MonHbIiA 490-520 1,8-2,0 380-400 5,0
npocdhunnb
TpY6a 490-520 2,5-2,8 430-440 7,5
Aaie MpyTok 440-460 1,0-1,5 330-350 2,5
npocdunb 440-460 0,7-1,0 330-350 2,5
Ta6bnuua 5

Tennocpuanueckme CBOMCTBA HEKOTOPbIX aJIOMUHUEBbIX CrJ1IaBoB [12]

MnotHocTb | KoadhpUUMEHT TenIonpoBOAHOCTU | TennoeMkocTb ¢, kk/(kr -°C)
o, Kr/m3 A,
npu Temnepartype, °C
Cnnas Br/(v-°C ) npwn Temnepatype, °C

100 300 300 400 100 200 300 | 400
AMr3 2680 159,1 | 163,3 163,3 167,5 | 0,963 1,005 1,047 |1,088
AMreé 2640 121,4 | 1256 | 129,5 138,2 | 0,921 1,005 1,047 (1,088
B95 2850 159,1 | 163,3 163,3 159,1 | 0,921 1,005 1,047 (1,088
a1 2800 129,8 | 150,7 171,6 | 1758 | 0,921 | 0,963 1,005 (1,047
Aaie 2780 129,8 | 146,5 163,3 - 0,921 1,047 1,130 (1,167
(350°

o)
AK6 2750 180,0 | 184,2 | 184,2 | 1884 | 0,837 | 0.879 | 0,963 |1,005
AKS8 2800 167,5 | 175,8 | 180,0 | 180,0 | 0,837 | 0,879 | 0,963 (1,088
AA31 2710 188,4 | 1884 | 188,4 | 1884 | 0,921 | 0,963 1,005 (1,047
AB 2700 180,0 | 184,2 | 1884 - 0,795 | 0,879 | 0,963 |1,088
01915 2770 159,1 | 163,3 167,5 167,5 | 0,879 | 0,921 | 0,963 |1,005
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1. O0wmme cBeneHus

HucunmirHa «3aroTOBUTENIbHBIE TMPOU3BOJCTBA B MAIIMHOCTPOCHHI
OTHOCUTCS K TPO(EeCCHOHATBFHOMY LMKIY TUCHUILIMH y4eOHOTO IJIaHa MOATOTOBKU
OakanmaBpoB HampabieHuss 15.03.01 «MamuHOCTpoeHHE», OO0ydJarouuxcs II0
npoduno «MHpopMalIMOHHBIE TEXHOJOTHMH OOpa0OTKHM METAJJIOB JaBJICHUEM.
PabGouast mporpamma JHUCHMIUIMHBI COCTaBJI€HA C YYE€TOM MPOMBIILIEHHBIX
ocobenHocter FOxxHoro Pernona Poccutickoit deneparum.

B 3amauM AUCUMIUIMHBI BXOJUT H3YyYEHUE TEXHOJOTHUYECKUX OCHOB
METaJUTyprUYeCKUX TEXHOJIOTM 00pabOTKH JaBlieHWEM (IPOKaTKa, MPECCOBAHUE,
BOJIOYEHHUE CTAICH W AIFOMHUHHUEBHIX CIIABOB) M HEOOXOIUMOTO IS UX pealn3aliin
WHCTPYMEHTa U o0opynoBaHus. M3yueHne HACTOAIIEH MUCIUILIMHBI Oa3upyercs Ha
nucuuIuinHax «TeXHONOrus KOHCTPYKIMOHHBIX MaTepuanoBy,  «llpukmannas
MexaHukay, «MarepuanoBenaeHue», «Teopuss 00pabOTKM METAIJIOB J1aBICHUEMY,
«HarpeB u HarpeBaTenbHBIE YCTPONCTBAY.

[lenbro n3yyaeMoil AUCIUILIUHBI SBJISIETCS MOJYyYCHUE CTYJACHTAMU 3HAHUU U
yMEHUM, HEOOXOAUMBIX JIsi OOOCHOBAaHHOTO BhIOOpa M pacuera TEXHOJIOTMYECKUX
MIPOIIECCOB MPOKATKU, IPECCOBAHUS U BOJIOYECHUS.

JluciuminHa u3ydaeTcsi CTyJIeHTaMU 3a04HOM (hopMbl OOYUEeHHS B 5 ceMecTpe.
B mnpouecce n3ydyeHHs AUCHUIUIMHBI CTYJIEHTHI BBIMOJHSIOT OAHY KOHTPOJBHYIO
pabory.

B nepuon ceccum crypeHTam 3a04HOM POpMbI 00YUEHUST YUTAIOTCS 0030pHbBIC
JIEKIUK, a JUIs 3aKpeIUICHHUs MaTepuaja ¢ HUMU B TE€YEHUE CEMECTpa MPOBOASATCSA
MPAKTUYECKUE 3aHSATHUS.

N3yueHne NTUCIUTIIIUHBI 3aBEPIIACTCS HIK3aMEHOM.

2. Conepxanue paboudeid mporpaMMsl

2.1. BBenenue
Ponbp 00paboTku AaBieHHEM B MeTaUIonepepadaThIBAIONIEM MPOU3BOJICTBE.
Knaccudukainmsa u xapakTepucThka croco0oB 00paboTku maBieHueM. OCHOBHbBIC
HaIpaBJICHUs Pa3BUTHS 00PaOOTKH METAJJIOB U CIUJIABOB JIABJICHHUEM.

2.2. Marepualibl U CIIaBbl, 00pabaThIBacMbIe TaBICHUEM
Knaccudukanus crameir. XapakTepucThka aTlOMUHHUEBBIX Je(hOpPMHUPYEMBIX
CIIJIAaBOB, MX CBOMCTBA.
Buasl 3arotoBok st 0OpaOOTKM JaBJICHUEM: CIMTKU, HEIPEPHIBHO JIUTHIC
3aroTOBKHM, IpPOKaT, npeccoBaHHbIM mnpoduns. IloaroroBka meramna k oOpaboTke
JIaBJICHUEM U pa3Jiejika €ro Ha MEpHbIE 3arOTOBKH.

Pexomennyemas nurepartypa
OcHoBHast
1. Mopos B.C. OcnoBsl npokatHoro npousBojictea/ b.C. Mopo3s, I'.H. bakiar. —
PocroB v//1: U3narensckuii nearp AI'TY, 2016. - 105 c.



2. KoBka u 00béMHas mrammnoBka: crnpaBouHuk. B 4. T. 1. Martepuansl 1 Harpes.
O6opynoBanne. Koska / [lox. O6m. pen. E.M. CemenoBa. — M.: MammuHocTpoeHue,

2010. - 716 c.
3. Texnomorusi 06pabOTKM JaBICHUEM I[BETHBIX METAJVIOB U CIUIABOB: YUEOHUK IS

By30B, 3uHOBbeB A.B., KommamnwkoB A.Il, Ilonyxun ILW. u gp. — M.:
Meramnyprus, 1992. — 512 c.
4, Illep6a B.H., Paittéapr JI.X. TexHomoruss mpeccoBaHHs MeETaLIOB. — M.:

Meramnyprus, 1995. — 336 c.
5. Tlomyxun IL.U., Xenzenp A., Ilomyxun B.II. u np. TexHosorus mnpoieccos
00paboTku MeTauioB JaBiieHueM. — M.: Metamtyprus, 1988 — 408 c.

JlononHuTenbHasA IUTEPATypa

1. Oxpumenko .M. TexHOIOrusg Ky3HEYHO-IITAMIIOBOYHOIO MPOU3BOJICTBA.
N3n. 2-e, nepepad. u non. — M.: MammHoctpoenue, 1976. - 560 c.
2.  AmomuHHeBbIe CIUTaBbl. [IpombinuieHHbIE nehopMHUpyeMble, CIIEYEHHBIE U

JUTEWHBIE ATFOMUHHEBBIE CIUIaBbl. CIIPaBOYHOE PYKOBOACTBO. — M.: Mertamnyprus,
1972. - 552 c.

2.3. O61I1e OCHOBBI TEXHOJIOTUH 00pa0OTKHU JaBICHUEM
[Mnactuueckass nedopmarusi, €€ CymHOCTb. BiusHHe TUTaCTHYECKOU
nedopmalii  Ha OCHOBHBIE CBOICTBAa MaTepuasioB. TeXHOJOTHMYECKUH MK
00pabOTKH JTaBJICHUEM.

PexomMeHyemas nureparypa

OcHoBHas
1. Mopo3 b.C. OcnoBsl npokaTtHoro npoussoactsa / b.C. Mopos, I'.H. baknar. —
PocroB v//1: M3narensckuit uentp AI'TY, 2016. - 105 ¢
2. Cropoxes M.B., Ilono E.A. Teopus 06pab0TKH METAIIJIOB AaBICHHEM. — M..:
Mamunnoctpoenue, 1977. — 232 c.
JlonoysiHUTENBHAS
1. O6paboTka NBETHBIX METAUIOB W CIUIaBOB jaaBicHueM. JKomo6oB B.B

borossnenckuii K.H., 3y6rioB M.E.. u ap. — M.: Merannyprus, 1973. — 471 c.

2.4. TemnepaTypHBIid peKUM 00pabOTKH
XonoaHasi, mojayropsdas W ropsyas oOpabOTKa MaTepuaioB JaBICHUEM H
SIBJICHHSI, KOTOPBIMH OHH COTPOBOXIAIOTCSA. BnusHue Temmeparypsl, CTEIEHU H
ckopocTd AchopMalMKi HAa CTPYKTYPY H  MEXaHHYSCKHE XapaKTECPUCTHKH
MaTepuasoB, 00padaThIBAEMBIX JABIICHUEM.

Pexomennyemas nurepartypa

1. CropoxeB M.B., [Tonos E.A. Teopust 00pab0TKH METa/IOB AaBieHUEM. — M.:
Mammnoctpoenue, 1977. — 232 c.
2. KoBka ®  mrammoBka  1BETHbIX  MeTauioB.  CnpaBounuk.  M.:

Mamunoctpoenue, 1972. - 232 c.



2.5. TlpeccoBanue MeTaIIOB
2.5.1. OGmue cBegeHus O mporiecce

CymHocTh Mpolecca MNPEecCCOBAHMS METAUIOB W CIUIaBOB, HA3HAYEHUE U
obnacte mpuMmeHeHus. COpTaMEHT M KadeCTBO MPECCOBAaHHBIX u3nenuii. CrocoObl
IPECCOBaHUsl  AIOMMHHUEBBIX  CIUIABOB, MX JIOCTOMHCTBA M  HEJOCTATKH.
TexHOMOTNYEeCKU IUKII Mpoliecca MPEeCcCOBAHUS.

CriocoObl MOJTydeHUsI PECC-U3IeTUN Pa3IMUHbIX TUIIOB: CIUIOMIHBIX U TOJIBIX
npodusei, nanenen, u3AeIui MepeMeHHOTO CEUSHUSI.

2.5.2. TeopeTndeckre OCHOBBI IIPECCOBAHUS

Cunel 1 HanpspKeHus: pu npeccoBanuu. Ctaauu npeccoBanus. Jledopmarnus
MeTalljla B KOHTEHHEpE MpH PaCHpPecCOBKE 3aroTOBKUA PA3NMUYHBIMUA CHOCOOAMH.
Teuenne Meranna B OCHOBHOM CTaJuU MPH PA3NIUYHBIX CHOCOOAX MPECCOBAHUA.
Oco0OEHHOCTH TEUEHHUs METaula B 3aKIIOYUTENbHON cTaauu. JledeKTsl n3nenui npu
npeccoBanuu. Popma, pasMepsl U 00BEM oOdYara IUIACTHYECKOW AedopMarivH.
Crenenp nedopmanuu npu npeccoBaHuU. CKOPOCTHM NPECCOBAHMS, HCTEUEHUS,
nedopmanuu. Cuna npeccoBaHusi. Pacuer Cuiibl MPECCOBAHMS CIUIOMIHBIX U TOJIBIX
U3JENUNA MPSMBIM, OOpPAaTHBIM CHOCOOOM M MpPHU aKTUBHOM JACUCTBMU CHJI TPEHMS.
Pacuer noBBIIEHHMA Temmeparypbl Ipu  npeccoBaHud. IIpeccoBanue B
U30TEPMHUYECKUX YCIOBUSX.

2.5.3. IHCTpyMEHT ISl IPECCOBAHUS
[IpeccoBblli MHCTPYMEHT: MaTpHIlbl, KOHTEHHEPHI, MPECC-IITEMIIENIH, Mpecc-
maiiosl, ompaBku. KOHCTPYKIIMM HMHCTPYMEHTAJIBHBIX HaNAIO0K IS MPSIMOTO,
o0OpaTHOTO MPECCOBaHUA M MPECCOBAHUA C AaKTUBHBIM TpeHueM. OmnpeneneHue
UCIIOJTHUTEIBHBIX pa3MepPOB HHCTPYMEHTA.

2.5.4. TexHOJIOTUS TPECCOBAHMS
[locnenoBaTenbHOCTD pacuera TEXHOJIOTUYECKOTO IpoI1iecca.
TexHoJornyeckue nepexoipl npeccoBanus. Belbop pa3zMepoB MCXOIHBIX 3arOTOBOK.
TemnepatypHblii nHTepBasl npeccoBaHus. CriocoObl HarpeBa 3arotoBoK. CKopocTu
UCTECYEHUS
QIIOMUHHUEBBIX CIUIABOB. TEXHOJIOTMYECKHI mponecc mnpeccoBaHus. OTIEI0YHbIE
oneparuu. OOopynoBaHue [uisi mpeccoBaHus. IlepcrieKTHBBI COBEPIIEHCTBOBAHUS
IIPECCOBAHMS.
Pexomennyemas nmureparypa
OcHoBHas

1. Mopo3 B.C. Pacuer TEXHOJOTMYECKMX MapaMeTpOB MPOLIECCOB
npeccoBaHus U BojoueHus: yued. mocooue / b.C. Mopo3, I'.H. baknar. — PoctoB
H/[1: U3natensckuit nentp AI'TY, 2012. - 101 c.

2. Mopo3 b.C. Pacuer TEXHOJOrHYECKHX MapaMeTpPOB MPECCOBAHUS.
Meronuueckue yKa3aHUSt K MPAKTUUYECKUM 3aHATUAM 1O  JUCHUILIMHE
«3aroToBUTEIBLHBIE TPOU3BOJICTBA B oTpaciau». - PoctroB H/J: M3maTennckuit
uentp JAI'TY, 2012. - 19 c.

3. [Ilep6a B.H., Paiir6apr JI.X. Texnonorus npeccoBaHus METAIIIOB. — M.:
Metamnyprus, 1995. — 336 c.



4, Texnonorus 00paOOTKM JaBJIEHWEM IIBETHBIX META/UIOB U CILJIABOB:
VYuebnuk ns By30B. 3uHoBbeB A.B., Kommamaukos A.IL., Tlonyxun IL.U. u ap. —
M.: Meraimyprus, 1992. — 512 c.

S. [Mepnun W.JIL., Paiit6apr JI.X. Teopus mpeccoBaHusl METaJIOB. — M.:
Mertamnyprus, 1975. — 448 c.

JlonoyiHUTENBHAS

1. Epmanox M.3. IlpeccoBanue mnaHenel U3 allOMUHHUEBBIX CIUIaBOB. — M.:
Mertamnyprusa. 1974, — 232 c.

2. Epmanoxk M.3., Karan JI.C., T'omoBunoB M.®. IlpeccoBanue TpyO wu3

AJTIOMUHMEBBIX CIIaBOB. M.: Metamnyprus, 1976. — 248 c.

3. OOpaboTka IIBETHBIX METAJUVIOB W CIUIAaBOB jaaBieHueM. JKono6oB B.B

borosinenckuii K.H., 3y6nioB M.E.. u ap. — M.: Merannyprus, 1973. — 471 c.

4. Konobos B.B., 3BepeB I'.U. IlpeccoBanus meramioB. — M.: Metamtyprus,
1971. — 448 c.

5. Komobor B.B., 3BepeB I'.M. MHCTpyMEHT [jsi Tropsdyero HNpecCOBAHUSA
MetauioB. — M. — JI.: MamuHoctpoenue, 1965. — 164 c.

2.6. IIpokarka
2.6.1. CymHoCTbh NpOKAaTKH, HA3HAYEHUE U 001aCTh MPUMEHEHHUS
CxeMma mporiecca MpoCTOM MpoaodabHOM mpokartku. Ovar gedopmaruu npu
MPOKATKe (reoMeTprUYECKui, (bakTrueckuit). OcHoOBHbIE apaMeTphl,
XapaKkTepu3ymlue ovar aedopmaiuu.
Koaddummenter nepopmaruu npu npokatke. OTHOCUTENIbHbIE U UCTHUHHbBIC
nedbopmaliy npu MpoKaTke.

2.6.2. YcnoBue 3axBara IOJIOCHI BaJKAMU M KMHEMATHKa IIpoliecca

VYcnoBue 3axBaTa MoJOChl BaJIKaMU. YTOJI 3aXBata U yroy TpeHus. OnepexeHue
Y OTCTaBaHue. HelTpanbHbIN yroy U yCI0BUs IBUKEHUS MTOJIOCHI ITOCIIE 3aXBaTa.

HeliTpanbHas TMHUA, CPEIHSS TMHUS BAJIKOB, JIMHUS MPOKATKU. Y IUPEHHUE MPU
npokatke. HepaBHomepHOCTh nedopmanuii mnpu mpokaTke. Poib TpeHus mnpu
IIPOKaTKe

2.6.3. DHeprocuiIoBbIE MapaMeTPhI MPOLECca MPOKATKU

Cuna npoKaTKu, cpelHee JaBICHUE, MOMEHT IPOKATKH, OCHOBHBIE 3aBUCUMOCTH

JUISL X pacyera.
2.6.4. TexHOJIOTUYECKHUE CXEMBI MPOKATKU

TexHonornyeckul mnpouecc npokatku. [loaroroBka 3aroToBOK K IpOKaTKe.
Harpes 3aroroBok. OxnaxjaeHue, TEpMOOOpaOOTKa M OTAEJIKa FOTOBOIO IpoOKaTa.
WUuctpyment ana npokarku. KanuOpsl, ux gopma, Buasl u HazHaueHue. KanubOposka
BaNkoB. BepxHee u HmkHee napienre. OCHOBHOE M BCIIOMOTraTeIbHOE 000py10BaHNE
MPOKATHBIX IIEXOB.

2.6.5. OcHOBHbIE BUbI IPOKATHOTO IPOU3BOICTBA
[TpousBoacTBO noaynpoaykra. CisiObl U 6Jit0Mbl. MallluHbl HENPEPHIBHOTO JIUThHS
3aroTOBOK. 3arOTOBOYHBIE CTaHbl. Y CIIOBUE HENPEPHIBHON NpokaTku. [Ipon3BoacTBO
penbco0aIoOuHON TPOAYKIIMK (BHIBI CTAHOB, CXeMbl oOxatuit). [IpousBoacTBO
COpPTOBOM cTanu (Kpyr, IECTUIPAHHUK, KBaapar, nojoca). IIpon3BoACTBO KaTaHKH.
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['opstyast mpokaTka JMcToBOM cTamu. OCOOEHHOCTH XOJIOAHOW MPOKATKU JIUCTOBOM
ctram. [IpomsBogctBo  TpyO.  I[Ipow3BOACTBO  CHENUANBHBIX  MPOQUIICH.

[lepcrieKTUBBI COBEPIIEHCTBOBAHUS IPOKATHOIO MPOU3BOJACTBA B CBS3U C
OCHOBHBIMH HAIPaBJICHUSIMUA COBPEMEHHOTO €r0 Pa3BUTHSI.

Pexomennyemas nuteparypa

OcHoBHast
1. Mopo3 b.C., baknar I'.H. OcHOBBI pOKaTHOTO MPOU3BOJICTBA: yueOHOE
nocoobue. PoctoB u//1: U3narensckuii nentp AI'TY, 2016. — 105 c.
2. Pynckoii A.M., Jlyne B.A. Teopuss U TEXHOJOTUS MPOKATHOIO

npousBojcTBa: Yued. nocooue. — CI16.: Hayka, 2008. — 527 c.

3. Texnonorust oOpabOTKH JaBICHUEM LIBETHBIX METAJUIOB U CILJIaBOB: Y YeOHUK
st By30B. 3uHOBbeB A.B., KommammnwkoB A.IL, Tlonyxun ILU. u np. — M.:
Meramnyprus, 1992. — 512 c.

4. baknar I'.H. PacdyeT TEXHOJIOTHYECKHUX MMAPAMETPOB MPOKATKH U BOJIOYECHHS.
Merton. yka3zaHud K MPAKTUUYECKUM 3aHATUSAM MO JHUCLHMIUIMHE «3aroTOBUTEIbHBIC
npousBojcTBa B orpacin». / Poctos u//l.: U3parensckuit nentp AI'TY, 2012. - 15 c.

JlomosiHuTENIBHAS

1. Teopus muactTudeckoit reopManu u 00padoTKa METAIIOB JaBICHUEM.
Macrepos B.A., bepkosckuii B.C. — M.: Metamyprus, 1989. - 400 c.

2. lonyxuu IL.W. u np. [IpokatHoe npousBoacTBo. M.: Metamnyprus, 1970. -
305 c.

3. Texnomorust nporeccoB o0padboTku metaioB aasieHuem /[ILU. Tlomyxun
(CCCP) u np., Xenzenb (I'ZIP)] mon pen. IL.U. Tlonyxuna.- M.: Mertamnyprus,
Jetinmmur: Dt. Verl. fuer Grundstoffindustrie, 1988. - 406 c.

4. bypueB K.WM.. IIpokaTHoe mpoU3BOACTBO. YueOHOe mocodue. M.:
Meramnyprus, 1970. - 384 c.

5. JIluomunos b.b., Jlutopuenko A.M. TexHoaorus mpokaTHOTO MPOU3BOJICTBA. -
M.: Meramyprus, 1979. - 488 c.

6. IlporacoB A. A. COOpHUK 3alad MO TEXHOJOTHUU TOpsSiYEeH U XOJIOAHOU
MPOKATKU CTaJu U CIUIaBoB. - M.: Mertamnyprus, 1972. — 320 c.

7. Beitkun B.B., TsarynoB B.A. TexHonorus mpokaTHOrO MPOHW3BOACTBA. -
CepmiioBck, Metamnyprusaar, CBepioBckoe otaenenue, 1956. — 444 c.

2.7. Bonouenue
2.7.1. CyuiHOCTh M Ha3HAYEHHE Mpolecca
Cxema Bosouenus. JlepopMauuu ¥ HaOpsDKEHUS TPU  BOJOYEHUH.
Koadpduumenter nepopmarnuii npu BosiodeHuu. Kiaccudukauuss eguHUYHBIX U
CYMMapHbIX 00aTuil. MapiipyT BoJIoUeHHS. Y CHIIUE BOJIOYEHHUS.

2.7.2. TexHoJIorHust BOJIOYECHUS
TexHosorM4YecKkne oneparuy BOJOYHIBHOTO MTPOU3BOICTBA. THCTpYMEHT (BUIBI
U KOHCTpyKIuHn). O0opyaoBaHue NJisi BOJIOYEHUS. BONOYMIBHBIC CTaHBI, UX BUJIBI,
KOHCTPYKTHUBHBIE  ocoOeHHocTU. BcmomoratenpHoe  obopymoBanue. Cxemsl
MIPOU3BOJICTBA TPYO.



Pexomennyemas nureparypa

OcHoBHas
1. Mopo3 B.C. Pacuer TEXHOJOTMYECKUX MApAMETPOB MPOLIECCOB MPECCOBAHUS
u BojoueHus: yude6. mocobme / B.C. Mopos, I''H. bakmar. — PoctoB u//:

N3narensckuii uentp AI'TY, 2012. - 101 c.

2. TexHosorust 00pabOTKHU JTABIICHHEM IIBETHBIX METAJIJIOB U CIUIABOB: Y YCOHHUK
st By30B. 3uHOBbeB A.B., KommammnwkoB A.IL, Ilonyxun IL.U. m np. — M.:
Meramnyprus, 1992. — 512 c.

3. bakmar I'.H. Pacuer TexHOJOrHYeCKUX MapaMeTpoB MPOKATKU W BOJIOYCHHUSI.
Meton. yka3zaHusi K TPAKTUYECKUM 3aHATUSIM 110 JUCUUIUIMHE «3arOoTOBUTEILHBIC
pou3BoJIcTBa B oTpacin». / PoctoB v//l.: M3narensckuit nentp AI'TY, 2012. - 15 c.

JlomoaHUTEIbHAS

1. Texnonorusi mporieccoB oOpadoTku metamwioB napienuem./[ILU. Tlomyxun
(CCCP) u np., Xenszenp (I'’[P)] mon pen. IL.U. Ilomyxuna.- M.: Metamtyprus,
Jletinmur: Dt. Verl. fuer Grundstoffindustrie, 1988. - 406 c.

2. llepmun U.JI., Epmanok M.3. Teopus Bosnouenusa. M.: Meramnyprus, 1971. -
448 c.

3. IOxgBeny U.A. BonouunwsHoe npousBoactBo. Y.1, - M.: Mertamnyprusnar,1954.
—272c.

Bomnpock! a1t camonoAroToBKu
2.2.1. XapaxkTepuCTHKa aIOMUHHUEBBIX J€(POPMUPYEMBIX CILJIAaBOB, HUX
CBOMCTBA.
2.2.2. Buzipl 3arOTOBOK U CITOCOOBI MIOJTOTOBKH MX K 00pa0OTKe JaBICHUEM.
2.3.1. CymHOoCTh IJIACTUYECKON JeopMaliiu W BIUSHUE TUIACTUYECKOU
nedopMaii Ha OCHOBHBIE CBOMCTBA MaTEepHAJIOB.
2.4.1. XononHast u ropsyas oOpabOTKa METAJJIOB JABJICHHUEM U SIBJICHUS,
KOTOPBIMH OHU COMPOBOKIAFOTCHI.
2.4.2. BausHue TeMmIiepaTypbl, CTENEHHM M CKOpPOCTH Jedopmanuu Ha
CTPYKTYPY U MEXaHUYECKHUE CBOMCTBA MAaT€pUaJIOB, 00padaThIBAEMbIX JTABJICHUEM.
2.5. IlpeccoBanue MeTaLIOB
2.5.1.1. CymHocts mporecca mnpeccoBanusa. CrocoObl mnpeccoBaHuUs
AJTIOMHHUEBBIX CIUIABOB, MX JOCTOMHCTBA M HENOCTATKU. TEXHOJOTMYECKUN IHUKII
IIPECCOBAHMUS.
2.5.1.2. CriocoOsI TIOJIYy4EeHHS CIUTONIHBIX U TOJNBIX Tpoduiiei, TpyO, maHene,
W3JIEJINN TIEPEMEHHOIO CEUYECHUS.
2.5.2.1. XapakTepucTuka CTaJuil npeccoBanus. TeyeHne MeTamia B OCHOBHOM
CTaJUHU TIPSIMOT0, 0OPATHOTO MPECCOBAHUS M TIPECCOBAHUS C AKTUBHBIM TPEHUEM.
2.5.2.2. XapakTepucTuKa CTaadil MOpeccoBaHUA. TedyeHue MeTamia B
3aKJTIOYUTENIBHON CTaJAuM MPSMOro, OOpaTHOrO MPECCOBAaHUS W TPECCOBAHUS C
AKTUBHBIM TPEHHUEM.
2.5.2.3. Crenenp aedopmanuu npu npeccoBanuu. GopMbl U pa3Mepbl pblyara
miactTuaeckont nedopmaruu. CKOpOCTh MPECCOBAHUS, UCTEUEHUS, Te(POPMAIIUH.
2.5.2.4. Pacuer ycwimii TpSMOTO W OOpPaTHOTO MPECCOBAHUS CIUIOMTHBIX
npoguei.



2.5.2.5. Pacyer ycuiinsa mpeccoBaHUS MOJBIX TPOPUIICH.

2.5.2.6. PacueT ycunus npeccoBaHus TpyoO.

2.5.2.7. Pacyet noBBILIEHUS] TEMIIEPATYPHI IPH MPSMOM CIIOCOOE MPECCOBAHMS.

2.5.2.8. IlpeccoBanue B u30TepMHUECKUX ycloBHsAX. CrocoObl obecrieueHus
U30TEPMHUYECKUX YCIOBHUH MPU MPSMOM IPECCOBAHUH.

2.5.2.9. Pacuer TmTOBBINIEHUS TEeMIIepaTypbl TIpH OOpaTHOM croco0e
IIPECCOBaHMUSI.

2.5.2.10. J[edextsl wu3aenuii u3 aJIOMUHHEBBIX CIUJIaBOB, MOJYYEHHBIX
MIPECCOBAHUEM U MPUYUHBI UX MOSBICHUSI.

2.5.3.1. KoHCTpyKIIMSI MHCTPYMEHTAIBHON HAJIAJIKU JIJIS MPSIMOTO MPECCOBAHUS
npoduiieii. Bunel martpuin ayisg npeccoBaHust npoduiied, maTtepuanbl IS UX
U3TOTOBJICHHS.

2.5.3.2. KoHCTpyKIMS HUHCTPYMEHTAJIbHOW HAJlaIKHU i O0OpaTHOTO
npeccoBanus. llpecc-mremnenn u mnpecc-maiObl a1 0OpaTHOTO MPECCOBAHMS,
MaTepuabl A1 UX U3TOTOBIICHUSI.

2.5.3.3. KoHCTpyKIust HHCTPYMEHTATBHOW HATAIKH JUISI IPSIMOTO MPECCOBAHUS
Tpy0. KoHTelHepHI, NX KOHCTPYKIIUHA, MaTEPHUANTBI JAJIT UX U3TOTOBJICHUS.

2.5.3.4. OnpeneneHrue HUCHOIHUTEIBHBIX Pa3MEPOB MATPHII, ONPABOK, Mpecc-
IITEMITEIICH, Tpecc-ano.

2.5.4.1. TexHOIOTUYECKUE TEPEXOJbl IMPU MPSMOM CIOCOOE IPECCOBAHUS.
[TocnenoBaTrenbHOCTh pacueTa TEXHOJOTMYECKOro Ipouecca. Bpibop paszmepos
HCXOJTHBIX 3arOTOBOK.

2.5.4.2. TexHOIOTMYECKUM LMK TMpOIlecca H3TOTOBICHUS TPECCOBAHHBIX
uzgenuid. CriocoObl HarpeBa 3aroTOBOK /ISl IPECCOBAHUS.

2.5.4.3. TexHOIOTHYECKHE TIEPEXOabl MPU OOpaTHOM CITOCOOE MPECCOBAHUA.
Ha3znaueHnue TeMneparypHO-CKOPOCTHBIX YCJIIOBHI 0OpaTHOTO MPECCOBAHUS U3ACTHI
U3 aJIFOMMHHUEBBIX CIUIABOB.

2.5.4.4. TlocnenoBaTenbHOCTh BBHIOOpa AMaMeTpa KOHTEWHEpa mpecca IpH
3aJlaHHbIX pa3mepax npecc-uzgenus. Haznauenue kord@uiieHTa BBITSDKKU TPH
IPsIMOM CHIOCO0€ MPECCOBAHUS.

2.5.4.5. Otnenka mnpecc-u3aenuii, KOHTPOJIb HMX KauyecTBa, MapKUPOBKA U
yIHaKkoBKa.

2.6. IIpokartka

2.6.1. CymHoCTh MPOKATKHU, HA3HAYEHUE U 00JIaCTh MPUMEHEHUS.

2.6.1.1. Pa3HOBUAHOCTH MPOKATKU MO KUHEMATUYECKOMY MPU3HAKY, UX
MPEUMYIIEeCTBA U HEIOCTATKU. BUJBI MpoKaTa, moJIy4aeMoro 1Mo pa3InaHbIM
croco0aM MPOKaTKHU.

2.6.1.2. Cxema npornecca npocToil mpokarku. [lapameTpbl reoMmeTpruueckoro u
(dakTHuecKoro oyaros aedopmaiuu.

2.6.1.3. OOGxartue, yJyinHeHue U yiuupenue. CBs3b OTHOCUTEIbHBIX U
UCTUHHBIX AedopMariiii mpu MpoKaTke.

2.6.2. YciioBue 3axBara U KHHEMaTHKa mpoliecca

2.6.2.1. CoOTHOIIIEHHUSI T€OMETPUUYECKOro yrila 3axBara W yria TpeHus. Mx
BIIUSIHUE HA TIPOIIECC MPOKATKH.

2.6.2.2. Koadurmentsr onepekeHus 1 oTctaBanus. MIx B3auMOCBSI3b.



2.6.2.3. TloHsiTHE HEUTPATLHOTO yria. YCIOBUS NBIKEHHUS MPOKATHIBAEMOMN
MIOJIOCHI TIOCTIE 3aXBaTa.

2.6.2.4. Ponb Tpenust B mporecce npokaTku. HepaBHOMepHOCTH Aedopmariuii
IIpU MIPOKATKeE.

2.6.3. DHEpProCUIOBbIE MAPAMETPhI MPOKATKH.

2.6.3.1. Bo3MOXHbBIE CXEMBI PACYETOB SHEPTOCUIIOBBIX MTAPaMETPOB MPOKATKH

2.6.3.2. [IloHsATHe KOHTAaKTHOTO JaBJCHUS. 3aBUCHUMOCTb KOHTAaKTHOIO
JABJICHUU OT Pa3NUYHBIX (PaKTOPOB U €0 pacyer.

2.6.3.3. MOMEHT NMPOKATKU U €T0 COCTABJISIOIINE.

2.6.4. TexHOIOTHUUECKHE CXEMBI TPOKATKH.

2.6.4.1. Onepanuu TeXHOJIOTUYECKOTO MpoIecca MPOKATKH.

2.6.4.2. IloaroToBUTENbHBIE ONEPALIMU KaK 3aJI0T MOJyUYeHHUsI KaYeCTBEHHOTO

mpoKara.

2.6.4.3. HarpeB meTasia moj MpoKaTKy, €ro napaMeTpbl, OCHOBHBIC

KOHCTPYKIIUU 000pYyIOBaHUSI.

2.6.5.4. CocTaB, TEXHOJOTHS ¥ Ha3HAUYCHUE OTACIIOYHBIX OTEePaIHil.

2.6.5.5. Koncrpykiust pabounx BankoB. [lonstrue kanubpa, BBIITyCKa, BBIPE3a.
Bunbr kanuOpoB 1 KanmuOpoBKa BaJKOB.

2.6.5.6. Tlonatue BepxHEro W HIDKHEro naBieHus. HeirpanpHas nuHwMS,
CpEIHSSI IMHUS U JTUHUS TIPOKATKHU.

2.6.5.7. CocraB 000pyaoBaHHsS MNPOKAaTHBIX I1€XOB. Buael craHoB 110
Ha3HAYCHUIO

2.6.5.8. Bujpl cTaHOB IO PACIOJIOKEHUIO PAO0OUNX KIIETEH.

2.6.5.9. KoHctpyknus pabouelt K1eTH, Ha3HaYeHHE €€ OCHOBHBIX Y3JIOB.

2.6.5.10. OOmme cxemMbl TPOKATHOTO MPOM3BOACTBAa. VX mpemmymiecTBa u
HEJOCTaTKH.

2.6.5.11. CocTaB BCIOMOTaTeIBHOTO OOOPYIOBaHMS MPOKATHBIX I11eX0B. Ero
HA3HAYCHUE U KOHCTPYKITHS .

2.6.6. OcHOBHBIE BHJIbI POKATHOTO TIPOU3BOICTBA.

2.6.6.1. IIpow3BoacTBO MOMyIpoayKTa. baroMuHary v ciasOuHTH. IX OCHOBHBIC
KOHCTPYKLUH.

2.6.6.2. Ha3HaueHue U KOHCTPYKIIMH MallIMH HETIPEPHIBHOTO JIUThsI 3aTOTOBOK.

2.6.6.3. 3aroToBouHble cTaHbl. WX KOHCTPYKTHUBHbIE OCOOCHHOCTH H
XapaKTEPUCTHUKHU.

2.6.6.4. PenbcobanoyHbie CTaHbI, X COCTaB M BUJ] BBITYCKAEMOU MPOTYKIIHH.
CxeMbl 00KaTHIA.

2.6.6.5. Knaccudukaiusi cCOpToBbIX CTaHOB. Bujbl BbIyCKaeMoOW MPOAYKIIHH.
Cucrtembl KaTUOPOBOK KPyTa, IIECTUTPAHHNUKA, KBAAPAaTa, MOJIOCHI, YTOJIKA.

2.6.6.6. IlonsTMe KaTaHKH, CXEMbI TPOW3BOJACTBA, KOHCTPYKTHBHBIE
0COOEHHOCTH 000PYI0BAHMUS.

2.6.6.7. O0opynoBaHue sl TOpsSUEd U XOJIOJHOU MPOKATKU JINCTOBOM CTaJIH.
Ero KOHCTpYKTHUBHBIE OCOOEHHOCTH.

2.6.6.8. O01as cxema mpou3BojicTBa TpyO npokaTkoi. [IpommuBHOM, 0OKaTHOM
U KaTMOpOBOYHBIN CTaHbI. [[MIITUTPUMOBEIE CTaHBbI.

2.6.6.9. CxeMbl TIpOM3BOJICTBA KoJiec, OaHmaKeH, IMapoB U CIICIIHATBHBIX
npodueil.
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2.7. Bonouenue

2.7. 1. CymHocTs npoiiecca BOJIOYSHHsI, 00JaCTh MPUMEHEHHS U Ha3HaYCHHE.
TeopeTnyeckre OCHOBBI MPOLIECCA BOJIOUEHHUS.

2.7.7.1. CymHocTh U 00JIacThb NPUMEHEHMs Tpolecca BojouyeHus. Ouar
IIacTUYecKo nedopmariui npyu BOJOYEHUHM, MEXaHUUYECKasl CXeMa HalpshKeHU U
nedopmaliiii B ouare miacTU4eckon gedopMaiiui.

2.7.7.2 CiocoObl MOJy4eHUs CIUIONIHBIX M TOJIBIX M3JEJIUNA BOJOYCHHEM, HX
JIOCTOMHCTBA U HEJIOCTaTKU

2.7.7.3. Pacuer ymnuHeHus, o0xkaTus U BbITDKKH. Kiaccudukamms
€AMHUYHBIX U CYMMapHBIX 00KaTHH.

2.7.7.4. CunoBble yclIOBHS IPOTEKAHUS MPOLiecca BOJIOYCHUS.

2.7.7.5. TlonssTne Mapupyra BOJIOYEHMA. BiusHHe MapuipyTa BOJIOYEHHE HA
TEXHOJIOTUYECKHUE TTapaMeTphl Mpoliecca BOJIOYEHUS.

2.7.77.6. PacueT CHIIOBBIX MTapamMeTPOB MPOLECCa.

2.7.8. TexHOJIOTusl BOJIOYEHHUS.

2.7.8.1. CocTaB onepanuii BOJIOYWIBHOTO MPOU3BO/ICTBA.

2.7.8.2. IlonroToBUTENBHBIE ONEPALIMU BOJIOUYMIIBHOTO MPOU3BOACTBA.

2.7.8.3. OTaenoyHble ONnepanuy BOJIOYUIBHOTO MPOU3BOACTBA.

2.7.8.4. KoHCTpYKIIMHM UHCTPYMEHTA J1JI1 BOJIOUECHUSI.

2.7.8.5. Knaccudukarusi CTaHOB J1J1s1 BOJOYEHUSI.

2.7.8.6. BcriomorarensHoe 000pyI0BaHUE BOJOYMIIBHBIX 1IEXOB.

2.7.8.7. O61mue cxeMbl MPOU3BOJICTBA TPYO.

3amaHus K KOHTPOJIbHBIM paboTam
B mnpounecce wu3ydyeHusT IOUCHHUILUIMHBI «3arOTOBHUTENIBHBIE IPOU3BOJACTBA B
MalIMHOCTPOEHUW» CTYACHT BBIMOJIHAET OJIHY KOHTPOJIbHYIO paldoTy.
KoHTponbHasg paboTa COCTOMT M3 TPEX TEOPETHUECKUX BOIPOCOB, KOTOPHIE
OepyTcsi B COOTBETCTBUU C 33JJaHUEM U BOIIPOCAMH JIJISl CAMOTIOJITOTOBKHU U3 TAOIUIIbI
Ne 1,3 u pemenus Tpex 3amad. llepBeie nBe nmdpel HOMepa OTHOCSTCS K

paccMaTpyMBaeMOMY paslielly, TpEeThid - K TMojJpas3iciay. Homep Bapuanta 3aganus
BbIﬁHpaeTCﬂ B COOTBCTCTBHH C NOPAAKOBBIM HOMEPOM CTYAC€HTA B CIIMCKE IrPyNIbI.

Tabnuua 1
3amaHusl K TEOPETHICCKUM BoTpocam pazjaena «lIpeccoBanne MeTamioBy

[ lopsiiKOBBIN HOMEDP
B CITMCKE IPYMIIbI

1 2 3 4 5 6 7 8 9 10

Homepa
TEOPETUYECKUX
BOIIPOCOB

251.1|251.2(2521 (2523|2522 | 242 | 221 (2544 |253.4|25.2.8

[ lopsiiKOBBIN HOMEDP
B CITMCKE IPYMIIbI

11 12 13 14 15 16 17 18 19 20

Homepa
teopernyecknx | 2.5.3.1|12.5.2.5(2.5.2.4 |{253.2|253.3|254.1|25.4.2|125.2.7 |25.43|2.5.2.6
BOIIPOCOB
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3agaua Ne 1
B cooTBeTCTBHYU € TOPSIAKOBBIM HOMEPOM CTYJIEHTA B CIIUCKE TPYTIIHI BHIOPATH
3amaHie 1o Tabi. 2, paccuuTaTh pa3Mephl HMCXOAHOW 3arOoTOBKH, CHITY
OJIHOKAHAJILHOTO MPECCOBAHUS KPYTJIOTO MPYTKa U KO3(PHUIIMEHT BBIX0JIa T'OJHOTO.
[Ipu pacuere oOpaTHTh BHMMaHHE Ha TO, YTO CHJIA IPECCOBAHUS HE JOJIKHO
npeBbimath 0,8 HOMHHAIBHOW CHIIBI TIpecca. BriOpaHHas JjIMHA 3aroTOBKH HE
JOJDKHA TIPEBBIIATh TIOJIE3HYIO JUIMHY KOHTEHWHepa, HO JIOJDKHA 00ecIeunBaTh
JIOCTaTOYHO BBICOKHHA KO3(PQHUIIMEHT BBIXOJA TOJHOTO, YTO MOXKET JOCTHTaThCs
YBEIMYCHHEM KpPATHOCTH W3Jaelui. JIMMHa KOHTEHHEPOB IIPECCOB IPHUBEACHA B

ucrounmkax [1], Ta6a. 1, ¢. 90 u [2], Tabn.1, c. 15.

3amanwms K 3agade pazaena «lIpeccoBanme MeTaIIOBy Tabnuma 2
0

ga , 8" é . ! g Eﬁ Temmeparypa, “C E §“
8l fg”|Es| £ | 2:s |28| 2| % |g8|§¢
JE| 22 || § 2 2 | £ g g : |0 5|30 g
Ea| 2 s | = > Co- N S : =

= S¢
1 7.4 115 16 25 4 400 380 1,0 3000
2 12,25 115 | AMr6 30 4 430 400 25 2500
3 12,25 115 16 35 4 420 390 12 2500
4 12,25 130 | AM, 6 30 4 420 400 2,0 2500
5 12,25 130 B9S 35 4 420 390 1,0 2500
6 14,7 170 16 30 4 410 390 11 2500
7 14,7 200 B9S 30 4 420 390 12 3000
8 19,6 170 | AMré6 40 4 430 400 2,0 2500
9 19,6 200 16 40 4 440 420 1,0 2500
10 74 105 | AMr6 30 4 420 390 2,0 4000
11 12.25 130 16 35 4 420 390 05 5000
12 12.25 130 B9S 35 4 420 380 05 5000
13 14.7 170 | AMr6 40 4 460 430 2.0 6000
14 14.7 200 16 45 4 440 420 0.9 5000
15 196 170 | AJ31 60 5 480 420 7 6000
16 196 170 | Awré6 55 5 440 410 2.0 5000
17 196 200 16 55 5 440 420 0.7 6000
18 196 200 B95 55 5 420 390 0.7 6000
19 12.25 150 1915 45 4 420 370 4.0 4000
20 12.25 150 1915 55 4 430 380 3.0 4000
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Tabmumna 3
3amanusi K TEOPETUIECKHUM BOIIPOCAM T10 TIPOKATKE U BOJIOYCHUIO METAJIOB

Hopsnkosblii HomMep 1 2 3 4 5 6 7 8 9 10
B CIIMCKE I'PYIIIBI

Homep reopermuec- | 2.6.5.5 | 2.7.7.3 | 2.6.5.7 | 2.6.4 |2.78.6|2.6.6.5|2.6.6.8|2.6.4.2|2.7.85|26.6.2
KOT0 BOIpoca

HopsixoBetii HOMEp 11 12 13 14 15 16 17 18 19 20
B CITUCKE I'pyNIbL

Homep reopernuec- | 2.7.8.2 | 2.6.5.4 | 2.7.7.6 | 2.7.84 | 2.6.22 | 2.7.7.1|2.7.7.2 | 2.7.8.1 | 2656 | 2.7.7.4
KOI'0.BOIIpoCa

3amaga Ne 2
PaccuntaTte TEXHOJIOTMYECKHM TMPOLECC IPOKATKM IOJIOCHL:  pa3Mepbl

TEOMETPUYECKOro odara acdopManny, KHHEMAaTHYECKHUE TMapameTphbl, YCHUIHE H
MOMEHT TIPOKaTKH, WCXOJs U3 YCIOBHM CBOOOJHOTO 3axBara IIOJIOCHl H
MUHUMAJIBLHOTO 4YHCJIa MNpOMycKoB. VcxonHble AaHHBIE K pacyeTy MNpPUBEICHBI B
tabmnurze 4.
3amgaua Ne 3
PaccuuTaTh TEXHOJIOTUYECKUI MPOIIECC BOJIOUEHHUS, UCTIONb3YS JaHHBIC TaOIHUIIbI
S ¥ IPUJIOKEHUS.

Tabmauia 5
I/ICXOI[HBIG JAaHHBIC K PACUCTy TCXHOJIOTHYCCKOT'O IIPOICCCa BOJIOYCHUA
HcxonHble faHHbIe JUIs pacyeTa IpoLecca BOJIOYEHUs
ITopsia-
KOBbIi | Hauaneubiii | Koneunsiii | Homep VYron Koag- Jnmuna | Marepunan
HOMED JAuaMeTp JAWaMeTp | Malpyra KOHYCa ¢bunmeHT Kanuop. MpOBO-
B MPOBOJIOKK | mpoBosio- | Bosouenus | Bojoku, | Tpenums (f) | moscka JIOKHU
rpyrie (do), ku (d1), | mopuc.1 | (), rpan BOJIOKH
MM. MM. [3, C9] (I Kl ), MM
1 6,0 3,0 3 3 0,02 2,0 cTalb 45
2 5,0 2,0 3 4 0,04 2,5 craib 20
3 4,0 2,5 2 5 0,05 2,7 10
4 7,0 4,5 4 6 0,07 1,5 Y8A
5 8,0 4,9 1 7 0,03 1,8 50
6 4,5 2,0 3 8 0,06 3,0 1X18H9
7 4,9 2,1 2 9 0,09 2,0 35
8 3,9 2,4 4 3 0,02 2,5 Y12
9 5,6 2,7 3 4 0,04 2,7 1X18H9T
10 4.8 2,2 2 5 0,05 1,5 Menp M1
11 4,0 3,0 3 4 0,03 2,0 YI10A
12 3,0 2,5 4 5 0,04 1,0 65I'
13 5,0 3,5 3 6 0,07 2,0 Amomutuii Al
14 4,0 2,5 1 5 0,04 15 JlarynpJIC59-1
15 6,0 4,0 2 4 0,07 2,5 30XTCA
16 4,5 3,0 3 6 0,03 2,7 Y12
17 4,9 2,0 4 7 0,04 1,5 30XT'"CA
18 3,9 2,5 3 8 0,07 1,8 ctanb 50
19 5,6 4,5 1 9 0,04 3,0 ctanb 20
20 4,8 3,9 2 3 0,07 2,0 65I'
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I/ICXOILHLIC JAaHHBIC K 3a1a4C pa3aciia «HpOKaTKa»

Tabnuua 4

ITapameTpsl ITopsiAKOBBLI1 HOMEP B CIIUCKE IPYIIIBI
MPOKATKH 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
HcxonHas 120 | 70 | 100 | 160 | 130 | 60 | 90 | 110 | 95 | 140 | 80 | 105 | 108 | 115 | 140 | 180 | 70 | 115 | 100 | 130
BeicoTa (ho)
MOJIOCHI, MM
Juamerp 700 | 400 | 600 | 900 | 850 | 500 | 700 | 850 | 650 | 920 | 400 | 650 | 800 | 890 | 900 | 100 | 600 | 800 | 900 | 1000
BasikoB (D),MmM
TosepxHocTs = 9 = 9 4 = = = = = 9 4 4 = =
marepan | o | &> |H |O |& |o |H |o | |&¥ |H | |F |5 |o |o | |H | |F
Temneparypa
0
e g s s 8|s|8|s|g 8|88 |8|8 8|8 8|88 8B
P S © — o | o — - — — — | — — — — © — —
HlupunHa 130 | 120 | 100 | 160 | 150 | 200 | 250 | 130 | 100 | 180 | 150 | 105 | 130 | 120 | 140 | 180 | 110 | 120 | 120 | 130
HOJIOCHI 10
MPOKATKH
(Bo),MMm
Yucio 34,1 p04,8 | 94 | 37,9 [100,2 | 170 | 9,7 | 69,6 | 206 | 27,9 | 113 | 62,9 | 56,3 | 62,5 | 60,1 | 47,7 | 142 | 49,1 | 35 30
060poTOB (NR),
00/MHH
Marepuan 15 | 20 | 25 30 | 35 | 40 | 45 50 | ¥8 | V7 | 30 35 | 40 VIO | 20 | V12| 25 | 40 | 30 | 45
HI0JIOCHI
(cranp)

HGI[OCTaIOHII/Ie JaHHBIC K pacuCTy BBI6I/IpaIOTC$[ 1 000CHOBBIBAIOTCS B pa60Te CTYACHTOM CaMOCTOATCIIBHO.
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IIpunoxenue
OyHKIMS YIPOUHEHUSA U TpeaenbHas qedopMalius HEKOTOPBIX METaNIOB

Marepuan dynkums ynpounenus Marepuana | [lpenenbHas cTeneHb
3aroTOBKH o,=A+B-¢,, nedopmaru
Ocywm. max, %0

cranb 45 o, =585+144-£07%° 40
cranb 10 o,=57+2,78-£..7 50
cranp Y8A o,=59+14 " 70
cranb 1 X18H9 o,=68+24-0" 40
cTaib 35 o,=525+338-¢0; 55
Amromunuii Al 0,=95+01-¢,, 60
Jlatyns JIC59-1 o,=385+053¢,, 60
Mens M1 o, =25+15-¢2° 80
cranb Y10A o,=60+2,7-£ 65
cranb Y12 o,=68+22-£0" 55
cranb 30XI'CA o, =64+34-¢0%" 60
cranb 50 o, =675+174-£" 45
cranb 20 o,=51+0,58-£0° 45
ctasb 651 o, =78+19-£%"° 30

cym
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