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1 JlaGopaTopHa pooora Nel

JloCJTIi/I2KeHHS CHJIOBUX MApaMeTpiB 0CasKyBaHHS
BICECUMETPUYHMX 3ar0TOBOK

[{isib poOOTU: BUBYUTHU XapakTep (POPMO3MIHEHHS 3arOTOBOK, BIUJIMB
OCHOBHUX (DaKTOpiB MpoIeCy OcCaKyBaHHS HA CHUJIOBI XapaKTEPHUCTUKHU
nehopMyBaHHs, BIIPOOUTH METOJUKHU PO3PAXYHKY 3YCUIIb A€(OpMYBaHHS
3a BiJJOMOIO €MIOPU HOPMAJIbHUX KOHTAKTHUX HAMPYKEHb.

1.1 3aransHi BiTOMOCTI

OcamxyBaHHSI - TEXHOJOTIYHUM TMPOIEC AePOpMyBaHHS 3aroTOBOK,
Ipy SKOMY IIiJI JI€I0 30BHILIHIX CUJ BIAOYBA€THCA 30UIBIICHHS TUIOLII
MIOIEPEYHOT0 MEPEpPi3y 1€l 3ar0TOBKM 3a PaXyHOK 3MEHIIEHHS 1 BUCOTH.
OcakyBaHHsI € HAO1IbII €HEPTOEMHOIO OMEPAIli€l0 KyBaHHS, TOMY IMpHU
BUOOPI TEXHOJIOTYHOTO YCTAaTKyBaHHS BEJIMUMHA 3yCUJUISL OCAJIKyBaHHS €
BU3HAYAIIBHOKO.

CwioBl mapaMmeTpu omepaiii o0caJKyBaHHS BU3HAYAIOTHCS 3a
dbopmynamMu, MO Yy CHUIY TPYJIOMICTKOCTI MaTeMaTUYHOTO XapakTepy
BUBOJSTHCS B TEOpil OOPOOKM METaliB TUCKOM 13 TMEPENiKYy JOMYyIIECHb.
Tak, Hanpuknaa, BEIMYMHU HOPMAJIbHUX KOHTAKTHUX HAMpPY>KEHb G, 1
CEpEe/IHIX HOPMAJIbHUX KOHTAaKTHMX THUCKIB (] BH3HAyalTbCA 3a
bopmynamu:

o, :Us{l+%—l, (1.1)
q=as{1+£}, (1.2)

ne  os- omip aepopmyBanHio, MIIa;
4 - KOe(Ii€EHT KOHTAKTHOTO TEPTS,
H,D - noTo4Hi BUcOTa 1 AlaMeTp HUJTIHAPUYHOI 3arOTOBKH, MM,
p- BIICTaHb BiJ| BiCi 3pa3ka J0 KparnKkyd BUMIPY HaNpyTu oy, Mia.

Bennuuny po3mnojiily HOpMalbHUX KOHTAKTHUX HAMpPyXEHb MOXHA
BU3HAYNUTH €KCTICPUM €HTAJIbHO 3 BUKOPUCTAHHAM TOUCYHUX (IITHU(PTOBHUX)
Mecno3. (uu mTuTOoBUX KepHiB). CyTHICTH OCTAHHBOTO CITIOCOOY TMOJIATAE
B TiM, moO Aitode Ha mMTHPT 13 OOKy Ae(pOpPMOBAHOTO METaly 3YyCHJIISA
BUKJIUKAE BITPOBAKEHHS MPOTHIICKHOTO TOpLS IMTU(TA, BUKOHAHOTO Y
BUJII chepy Ud KOHYCa, y CIeliaibHy MpoKIaaky. Uum Oinbiine 3ycuiis,



mo Ji€e Ha mTU@T, TAM Oijblne BiZOWTOK Big chepuyHOro (KOHIYHOTO)
KiHI ITA(TA HA TPOKJIAJILII.

JI1s BU3HAUYEHHS 3YCHJUIS 3a BiJOMUM BIJIOUTKOM HEOOXIJHO 3HATH
3QJICKHICTh JlaMeTpa BIAOMTKA BiA 3ycwuid, 1o ai€e Ha mTu@T. Lo
3AJICKHICTh OACPXKYIOTh Y CIELiaJlbHUX TapyBajJbHUX JOCBiJax, KOJHU
MTUPT HABAHTAXYIOTh BIJOMUM 3YCWUIIM 1 BHUMIPIOIOTh JiaMeTp
OTPUMAHOI0 MPHU I[[LOMY BIJIOUTKA.

ExcnepymenTanbHa BEIMYMHA HOPMaJbHUX KOHTAKTHUX THCKIB
BU3HAYAETHCS 3 BUPAKCHHS

R =4R,/  d,’, (1.3)
ne P, —3ycwnns, mo gie Ha mtudt, H;
d,, - niamerp BigOuTKa, MM.

CxeMa mOpuCTpOIO [JiIi BU3HAYEHHSI BEJIMYMH KOHTAKTHUX THCKIB
npuBeacHa Ha puc. 1.1.
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1-BepxHiit O0KOK, 2-0caIKyBaIbHUM 3pa30kK, 3AUTU(PT, 4-MHaEKaATOP,
S-muTa-npokiIaaka, 6-o0oima

Pucynok 1.1 -IlpucTtpiit ayist ocajKyBaHHS 3pa3KiB



1 - 7 —BinOWTKH, OTpUMaHi HA aTIOMIHIEBIN MPOKIAAII TiCIIs
JIOCITI JUKEHHS

Pucynok 1.2 -Bun npoknaaku 5 micis aedopmaitii 3paska 2

MarepianbHe 3a0e3neueHHs
1 IcinToBa MalMHa.
2 [1puctpiii 111 0calKyBaHHS 3pa3KiB.
3 CBUHIIEBI 3pa3KH.
4 THCTpyMEHTATLHUAN MIKPOCKOTI.
5 BumiproBajibHU IHCTPYMEHT.

1.2 Topsimok MpoBeAEHHS pOOOTH

1 [ToOyayBatn TapyBalbHUI rpadik 3a JaHUMHU BAABICHHS KYJIbKH B
TJTUTY-TIPOKJIAIKY .
Jlani BuMipiB 3aHocuTH 10 Taom. 1.1.

Tabmung 1.1 - 3anexHicTh po3MipiB BigOuTka Oy Big 3ycuiid, mo i€ Ha
KYJIBKY
3ycuis,

H
do, MM

2 BUKOpUCTOBYIOUYM IPUCTPIH AJ1 OCAKYBaHHS 3pa3KiB, 3p0OUTH
nedopMyBaHHS 3aroTiBOK. Pe3ynpTaTi BuMipiB 3aHecTu 10 Tadm. 1.2,
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Tabmuis 1.2 -JlaHi eKCriepuMEHTIB 0CaIKyBaHHsI 3pa3KiB

Ho |Ho/Do |H/ |3wmame|P do mpu p, MM

Mep D |Hux 5 10 | 15| 20| 25| 30| 35
10C

T

y

1

2

3

Tabnuusg 1.3 -ExkcnepuMeHTH 3 0JJHOOCHOBOT'O CTUCKY 3pa3KiB 0€3 TepTs

3 3pobutn OAHOOCHLOBUI CTHUCK 3pa3zka 0e3 TepTs. [laHi BuMIpiB
3a”ecTH 10 Tabn.1.3.

D, Jamipwu
H 1 2 3 4
P1 H1 Gs, 81 P! H! GS! 81 P1 H1 Gs, 81 P1 H! Gs, 81%
H |mm MIla % |Hmm Mlla|% |H mm MIla| % | H | mm [MlIla
I
1 | |
| "lllr I l:'n
] \
Ho :
|

1/” il 20
e/

1-pTopoIIacToOBI MPOKIAIKH; 2- 3pa30K (CBHHIICBHIT); 3-00MKH
Pucynok 1.3 —CxemMa 0JJHOOCKOBOT'O CTUCKY 3pa3zka 0e3 TepTs
JlociIKEHHS MPOBOASATHCA B TAKUM CIOCIO.




[Ipn ocamkyBaHHI 3pa3ka 3aMipAIOTBCS OJHOYACHO  3yCHJLUIA
ocamkyBaHHs P, i BucoTta H;. Bumipu npoBoasSThCs B ACKIIbKOX TOUKax (4-
5).

3a pesynbTaTaMu JOCHIIKEHb PO3PAXOBYIOTHCI Og 1 € Yy KOXKHIN
TOYILI:

6s = 4R H; / TID,* Ho, (1.4)

¢ =H, - Hi/H,. (1.5)

4 Po3paxyBaTu HOpMaJibHI KOHTAKTHI HAMPYXEHHS 32 3aJICKHOCTIMMU
(1.1), (1.2), (1.3), moOyayBaTu emOpPW KOHTAKTHUX HaANpPYXEHHS,
pO3paxyBaTH 3yCUJIJISL OCAIKyBaHHS 1 TOPIBHATH KO0 3 00OMIpIOBAaHUM.

JlaHi po3paxyHKiB 3aHecTH 10 Tabn.1.4.

Tabmuus 1.4 -Po3noain HanpyeHb y KOHTAKTHIM MOBEPXHI

DH|3mam [P, (H)i o (Mna) BQgmo gpos|lPpo3, |P aoc,
,MM | €GHHS | 3aJICKHOCTI BiJ p (MM) C Mna | H H
5110(15/20|25|30|35 Mlla




1.3 3micT 3BiTY
3BIT IIOBUHHUMN MICTUTH.

1 Ha3By, 11ij1b 1 KOPOTKHUI ONMC 3arajibHUX BiIOMOCTEH.

2 Ecki3 mpuctporo (muB. puc.1.1).

3 3anoBHEHI JJ14 BCIX miArpyn aadi B Tadca.1.1, 1.2, 1.3, 1.4.

4 TapysanpHMiA rpadik 3anexnocti P = f(d).

5 KpuBy 3minHeHHS 05= f(€).

6 I'padik emop HOpMaAIbHUX KOHTAKTHUX HAIpPYKEHb JOCIHIIKEHb. IS
BCIX MIArPYI - OJIIBUEM, JIJI BJIACHOI MIATPYIU - YOPHUIIOM PO3PaXyHKIB —
nani BiaacHoi miarpynu (o, = f(p)).

/ BucHOBKH 3 poOOTH.

1.4 KOHTpOJbHI NUTAHHS

1 [Ifo Ha3UBaAETHCS OCAKYBAHHSIM ?

2 Big sikux napamMeTpiB 3a71€KUTh 3y CUIUIS 0CAIKyBaHHS ?

3 Sk cnpsiMoBaHI HOpMaJIbHI 1 JOTUYHI HAMPYKEHHS NPU OCATKYBAHH1?

4 $Ik 3a B1IOMOIO €MIOPY HOPMAJIbHUX KOHTAKTHUX HAIpPy>KEHb BU3HAYUTHU
3YCWILIA OCAJI)KyBaHHS ?

S5 Sk BIIMBAKOTL JOTUYHI KOHTAKTHI HANpy>KE€HHS HA BEJIMYUHY
HOPMAaJIbHUX KOHTAKTHUX HAIMpPYKEHb?

2 JlabopaTopHa poooTta Ne 2
JocJiAsKeHHs nmpolecy NPOIMUBAHHA UJIIHAPUYHUX 3ar0TOBOK
[{ine poOOTH: O3HAWOMHUTHUCS 3 MOPOLIECOM MPOIIMBAHHS, BUBUYUTH
xapakTep (OpMO3MiHM 3aroTOBKM MpPW IMPOIIMBAHHI, BIUIUB OCHOBHHUX
(akTOpiB HA CUJIOBI XapaKTEPUCTUKU 1e(HOPMYyBaHHSI.
2.1 3aranbHi BIIOMOCTI
[IpomvBanHs sBjsie COOOK KOBAJIBCHKY OIEpallito, Mpu SKIA y

3aroTOBKax OJI€PKYIOTh OTBIP.
Ha npaxtuiii po3pi3HsItOTh BIAKPUTE 1 3aKPUTE MPOIIIMBAHHS.



2.1.1Bigkpure npommvBaHHs

Bigkpure npommBaHHS 3aCTOCOBYETHCS B TEXHOJOTII KyBaHHS MpHU
BUTOTOBJICHHI MYyCTOTUIMX IIOKOBOK — Kijiellb, OaHjaxiB, OapabaHiB,
KOPIyCiB, BTYJOK 1 T.J. Y Tpolieci MOpomuBaHHS (opmMa 3aroTOBKHU
CIIOTBOPIOETHCA — 11 BUCOTAa 3MEHUIYETHCS, a 3OBHIIIHINA giamerp
HepiBHOMIpHO 30imbmyerbes (puc.2.1). Ilpm BimHOCHMHax Do/d<2 gepes
3HaUYHE MEpPEeKpyuyBaHHA (OPMU 3aroTOBKM BIJKPUTE MPOIIMBAHHS HE
3aCTOCOBYIOTb.

—_—_———— = —_—_——— . ———

A 4

A 4

Pucynok 2.1 -Cxema nporecy BiAKpUTOrO NPOIIUBAHHS

Po3Mipy 3aroToBKM TIC/IA BIJKPUTOrO MPOIIMBAHHS MOXYTh OyTH

BU3HAYEHI 3 BUPAKEHD!
V - fHg
H=H , 2.1
v (2.1)

D= 113\/%[V+ f(H-h), (2.2)
Drmax = na\/%[v + f(H -h)] - 05F, (2.3)
2 2 2
e f:ﬂ; FO:E;V:EHO.

4 4 4



CuioBi  XapakTEpUCTUKUA TMPOLECY NPOILIMBAHHS 3HAXOJATHCS 3
aHai3y HanpyXeHo-I1e(pOopMOBAHOr0O CTaHy. Tak, BEIUYMHA CEPEIHBHOTO
MUTOMOTO 3YCUJUIS 1e(pOpPMYBaHHSI BU3HAYUTHCA 3 BUPAKEHHS

p= 0'5(1+ uln% +%) (2.4)
3anexHicts (2.4) orpyuMaHa 3 YMOBHM, II0 BECh MeTaj 3aroTiBIIi

NEPEXOAUTH Y TJIACTUYHUMN CTaH. Y MIMCHOCTI 1€ He Tak. [Ipu nmpommBanHi

B TUTACT

WYHHWIM CTaH MEPEXOAMThH JIMIIC BH3HAYECHA YaCTUHA METajy, MPUOIU3HO

JIopiBHIOE 3a BuUcoTOol0 1/6 miamerpa myancona d. 3 00JikoM LBOTrO

dopmyna (2.4)HaOyBae BUAY:

p:as(2+1,1lngj. (2-5)

2.1.23akpuTte NpoIIMBaHHS

IIpu 3akpuTOoMy TMpOIIMBAHHI BUXiJHA 3aroTOBKa MICTUTHCS B
KOHTEUHEp, 110 00MEXKY€E paliajibHUi TUIMH MeTany. ToMy npu 3akpUToMy
NPOIIMBAHHI MEPEKPYyUyBaHHs OIYHOI TOBEPXHI 3aroTOBKH, SK TMpHU
BIJIKpUTOMY MPOIIMBAHHI, HE CMOCTEPIraeThCs, TOOTO JlaMeTp 3aroTOBKHU
MPUOIU3HO JIOPIBHIOE JIIAaMETPY KOHTEUHEPA.

3aKkpuTe TMPOIIMBAHHS IIMPOKO 3aCTOCOBYETHCA B  TEXHOJIOTIT
rapsiaoro ImTaMITyBaHHS TIPU BUPOOHMIITBI TTIOKOBOK THUITY «CKJISTHKa».

VY npoueci aedpopMyBaHHS METal T€YE HA3yCTPid PyXy IMyaHCOHA B
3a30p MiX IyaHCOHOM 1 KOHTeiHepoM. BucoTa 3aroToBKM Mmpu LHOMY
30ibIIyeThes (puc.2.2).
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Pucynok 2.2 -Cxema nporecy 3akpuToro mpoIuBaHHs

Cepenne nutoMe 3ycuuiss JaeOpMyBaHHS TIPU  3aKPUTOMY
MPOIIMBAHHI BU3HAYAETHCS 3 BUPAKECHHS

o e e

Slkmo  npuiHATH, 3a aAHANOr€w 3  BUIIAJKOM  BiAKPUTOIO
NPOIIMBAHHS, BUCOTY ocepenka nedopmarii ska nopiBaroe 1/6 d, To
BupakeHHs (2.6)HaOyBae BHLY:

o) e

IIuToMme 3ycHiiis MOYKHA BU3HAYUTH 1 32 1HIIOIO (POPMYIIO0

h d
=20 |1+—+—| . 2.8
P US[ +4C+12h} (2.8)

3 miel GpopMynHM BUILIMBAE, IO OCEPEIOK INIACTHYHOI aedopmartii
CKJIaJIa€ 3a BUCOTOIO BEJIMUUHY +/dc/3.

11



2.2 MarepianbHe 3a0€31e4eHHS

1 IcrinroBa MaluHa.

2 [1puctpiii Jy1st IpOIIMBAHHS.

3 CBUHIIEBI 3pa3KH.

4 BuMipsJIbHUM ITHCTPYMEHT.

2.311opsnok npoBeneHHs poOOTH

1 3poOuTH NpoIIMBaHHS 3ar0OTOBOK JIBOMA CHOCOOAaMU Ha OJIHY BEIUYUHY
h. Jlani BumipiB i po3paxyHkiB 3aHecty a0 Tadm.2.1i 2.2 (s - 3a 1aHuMu

pobotm Nel).
Tabnuus 2.1 -Pe3ynbTaTi BUMIPIB 1 pO3paxXyHKIB MIPU BIIKPUTOMY
MPOIIMBAHHI
Po3mipu, mm 3HaueHHsa, Mlla
DO HO d h Haxc Hpo3(2-1) Dmax:-ncc DmaXpo3 (23)Ppo3(24 Ppo3(2-5 Paxc,
) )

Tabnuus 2.2 -Pe3ynbTaTi BUMIPIB 1 pO3paxXyHKIB IPU 3aKPUTOMY

MPOIIMBAHHI

Po3mipu, Mm

3uauendsa, Mlla

Do

Ho d

PDOB

(2.6)

2.7) | (2.8)

Pie

2.4 3micT 3BITY

1 Ha3ga, 111J1b 1 KOPOTKHM OMKUC 3arajbHUX BIJIOMOCTEM.

2 Cxemu npolLEeciB BIIKPUTOTO 1 3aKPUTOrO MPOILIMBAHHS.

3 3anoBHEH1 11 BCiX MiArpyn jaaxi B Tadn.2.11 2.2,
Dma=f(D/d) - nnma Bumaugky

- U1 BHUOAJAKY BIAKPUTOIO

4 T'padiku 3aMeKHOCTEH:

BIJIKPUTOI'O0 TPOIIMBAHHS,

H=f(D/d):
P=f(D/d)

i

3aKpUTOTO MPOIIMBAHHS (JIOCIIKEHHI 1 pO3paxyHKOBI JaHi BCiX Miarpyr).
5 BucHoBkM 3 poOOTH.

12




2.5 KoHTpOJIbHI TUTAHHS

1 [Ilo po3yMi€ThCcs MiJi HEPIBHOMIPHOK 3MIHOKO 30BHIIIHLOTO JiaMeTpa
3aroTOBKH B MTPOLIEC] BIAKPUTOrO MPOIITMBAHHS?

2 YoMy 31 3MEHIIEHHSM JlIaMETPa MPOILIUBHS CIIOCTEPITAETHCS] IHTCHCUBHE
3MCHIIICHHSI ~ BUCOTH  3aroTOBKH, 10  TPOIIMBAETHCA  (BiIKpHUTE
IIPOITUBAHHS) ?

3 Yomy mpu BiKpUTOMY MPOIIUBaHHI 3i 30iabIIeHHsM BigHocuau Do/d
MUTOME 3yCUJUISL 1e(pOpMyBaHHS 3pOCTaE, a MOBHE Maaac?

4 YoMy npu 3aKpUTOMY MPOIIMBAHHI 31 301IbIICHHSAM JiaMeTpa IMyaHCOoHa
3pOCTal0Th TMOBHI 1 MUTOMI 3ycuis ne(@OopMyBaHHs, Y TOW Yac K Mpu
BIJIKPUTOMY TMPOILIMBAHHI 3pOCTAa€ MOBHE 3ycW s JedopMyBaHHs, a
MATOMI 3MEHIITYFOTHCSI ?

5 YoMy B KIHIICBUM MOMEHT MPOIIMBAHHS 3yCUJUIS Je(OpMyBaHHS Pi3KO
3pOCTaKOTh?

3 JlabopaTtopHa podota Ne 3
JocJTIi/IKeHHS TIPolLecy 0CaAKYBAHHSA NPSAMOKYTHHX 3Pa3KiB

[{i1e poOOTH: BUBUMTH XapakTep (HOPMO3MIHM 3aroTOBOK, BILIWB
OCHOBHUX (DaKkTOpiB Tpolecy OcCa)KyBaHHS Ha CHUJIOBI XapaKTEPUCTUKHU
nehopMyBaHHS.

3.1 3aranapHi BIIOMOCTI

OcamkyBaHHA TPSIMOKYTHHX 3pa3kiB (mapaiesemineaiB) MoKHa
po3risAgaTd  SK  OJIHYy 3 oOlepauii BiIIbHOrO KyBaHHA. [Ipuknamzom
3aCTOCYBAHHS IIi€i omeparii € KyBaHHs IITaMIIOBUX KyOukiB. OCHOBHOIO
3a/1a4el0  TEXHOJIora MpW po3poOll 1i€l omepaiii € po3paxyHOK
dbopmo3MiHH i cuin aedopmaiii.

VY peanbHux ymMoBax AehopMailisi Mpyu 0caKyBaHHI Mapaieenine/iin
HepiBHOMipHa. HepiBHOMIpHICTh aedopmaliii € HacliIKOM 30BHIITHBOTO
TepTs. B Mipy 3MEHIIEHHS! HEPIBHOMIPHOCTI PO3MOIIY CHUJI 30BHIITHBOTO
TEPTS HEPIBHOMIPHICTH iePopMariii 3MEHIITY €THCA.

13



Po3Mmipu mapaneneminena Tmicias OCAIKyBaHHS, a TaKOX CHUITY
nedopmarii MOXKHA BU3HAUYUTH, BUKOPUCTOBYIOUM PE3YJIbTATH PILLICHHS,
BUKOHAHOT0 3a JIOMIOMOT0I0 BapialiitHOTO MPUHITHUITY .

Z4
|
!
“ ; )
ho | A
: h
!
v | v
|
i
Ay
? y'y
Lo=2 o
S D T______21L%,
| Bo=2 o
i \ 4
T
i

ho —BuxigHa BUCOTA 3pa3Ky;
Bo - BuxigHa mupuHa 3pasky;
Lo —BuXIiJIHA AJIMHA 3pa3Ky;
h - BucoTa 3pa3Ky miclis ocaKyBaHHS;
Ah - Benmmuwaa ocamKyBaHHS

Pucynok 3.1 -3pa3ok 10 aedopmariii
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L,"min
L,'min

A

A

B.min
I N R A1 B,"min

B,"max

A
\ 4

A 4

Pucynok 3.2 -3pazok micins gedopmartii (Buz 38epxy)

Bennuuna cepeanboi sorapudmivHoi nedopmaiiii 3a  MUPUHOKO
3pa3Kka BUBHAUUTHCS 3 BUPAKECHHSI

gl

ne B1— cepeliHs po3paxyHKOBa IUPUHA 3pa3Ka, MM,

a : :
¢ napaMeTp, IO BILIMBAaE Ha YMOBU JehopMyBaHHS (IIBHIKICTH i

TEPTH),

Bennunna mapaMmerpa Moxe OyTH BU3Ha4YeHa 3 HoMorpamu (puc.3.3).
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Pucynok 3.3 -I'padik ans po3paxyHKy ?B 3aJIEKHOCTI
L

Lo i m=o75

e
B1a — =
A b Bo B,

CepeaHi po3Mipu Napanenenineaa MoXyTh OyTH 3HAUAEHI METOJIOM
iTepartii. [TepatuBHUN po3paxyHOK BEAECTHCS B HACTYIIHIM MOCIiJOBHOCTI:
-7 TIOYaTKOBUX pO3MIpiB 3a rpadikoMm Ha puc.3.3 BHU3HAYAKOTH

napameTp a.
E ’
-3a ¢opmyioro (3.1) Bu3Havarote B, (a Ly —3 ymoBu hg Bolg= hy L
By);

a . L .
BU3HAYAIOTH MMapamMeTp ? JUIA CepPEIHIX 32 0CA/KYyBaHHAM 3HAYCHb (Ej 1
cp

(Ej 3a opMyJiamu:

B,
(5) :1[5+gj; [LJ _ L
B), 2\B B B)y 2
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-3a  opmynoro  (3.1yTouHIOETHCA 3HAYCHHS B; 19 HOBOro
a
napamerpa —.
'3
Po3paxyHoK 3akiHUY€THCS TOJI, KOJM IMICJs YEProBOro MepepaxyHKy
BeJIMurH By 1 L IXHI 3HAaYEHHST PO3PIZHAIOTHCS HE3HAYHO BiJl OTPUMAHUX

Ha TMIOMEPEeAHbOMY KpOILli. 3BUYAWHO [JI1 OJE€pPXKaHHS OCTATOYHOTO
pe3yiabTary JOCUTh BUKOHATHU 2...3iTepallii.

3 ekcriepuMeHTy B1 MoxHa 00UMCIUTH 32 POPMYJIOHO

1 I n I I n I
B, = E{[Blmin + 0’65(Blmin ~ Bimin )]+ [Blmax + O!65(Blmax - Blmax)]} . (32)
3 excnepumeHTy L, o0uncmoeTses 3a POpMyIor0o
Lo, " ' ' " '
Ly = 5{[|—1min + 0165(|-1min = Limin )] + [leax + 0165(|-1max - leax)]} . (33)

[ToBHe 3ycumis nedopMyBaHHS 3pa3Ka CKIIAJIE:

ol e

ne 2t=1,1%s (o5 —mopir TeKy4ocCTi);

y - (mapamertp) moka3zHUK cui Teptd: ¢ = 0,7 —npu nedpopMyBaHHi
MDK IIOPCTKYBaTUMM IutamMu 0Oe3 3mamieHHs; y = 0,1 — npu
nedopMyBaHHI MiX TJIaJIKUMU TUIMTAMU 31 3MaIlICHHSIM.

3.2 MarepianbHe 3a0e3ne4eHHs

1 IcniuroBa MamuHa.
2 CBUHIIEBI 3pa3KH.
3 BuMiproBajbHUi IHCTPYMEHT.
4 OcHacTKa JJIs1 0CaJI)KyBaHHS.
3.311opsaok nmpoBeaeHHSI pOOOTH

1 3poOuTH OcaKyBaHHS JBOX 3pa3KiB MiXK TNTAIKUMH (31 3MAIICHHSIM)
i mopcTkyBaTumMu (0€3 3MaIeHHs) TUIMTaMH, Pe3yIbTaTH 3aHECTH J0 TaOJl.
3.1.

2 3a ¢popmynamu (3.1)1 (3.3) po3paxysatu Benmuman B, Py, Ly (L1 —
3 ymoBH, 110 BLh=const),3a popmynamu (3.2)i (3.4) -Benuumnnau By i L,
OTpUMaHi 3 eKCTIEPUMEHTATBLHUX JIaHUX, (O - 3a manuMu poOoTu Nel).

17



1 HazBa, 11iJ1b 1 KOPOTKH OMUC 3arajibHUX BIJIOMOCTEH.
2 Ecki3 BUMipy po3mipiB 3aroTOBKY MICIIS OCAIKyBaHHS.

3.4 3micT 3BiTY

3 3anoBHEeHI AJ1s BCiX miaArpyn jaaxi B Tadi.3.1.

4 T'padiku 3amexnocreir B=f(h),

L=t(h),

P=f(h) i3 mnocraHoBKOIO

PO3pPaxXyHKOBUX 1 €KCIEPUMEHTAIBHUX JaHUX JIJIS BCIX MIArpym 3a odoma
croco0amMu OCaJKyBaHHS: JAaHl IHIIUX TIACPYI — OJIBUEM, CBOET APy U

— YOpHWJIAM.

5 BucHoBkM 3 poOOTH.
Tabnuusg 3.1 -Pe3ynbTaTil BUMIPIB 1 pO3paxyHKIB

Po3mipu,mm

JlocaimpKeHHs 3aMipH TIC/Is OCaKyBaHHS, MM

ho |Bo |Lo|hs

LI

1min

n
leln Lllmax

n U
leax B1min

BImin Bimax BImax

ITponopxenHs Tadnuii 3.1

Cepenni 3amipu Miclisg 0CaIKyBaHHS,

Cwuna ocamxyBanns, H

MM
Hocin Po3paxyHox Jocin Po3paxyHok
Bl Ll P 9KC P pacu
(3.2) (3.3) B, L, (3.4)

3.5 KoHTpoJIbHI TUTaHHS

1 Jle 3acTOCOBYETHCS OCaAXKyBaHHSI MPSIMOKY THUX 3arOTOBOK?

2 Sk TOSACHIOETHCS
ocaKyBaHHI?

3 OcHoBHI (hakTOpH, 1110 BIJIUBAIOTH HA PO3IIUPEHHS.

3MiHa (OpMHU  TPSIMOKYTHOI

3arOTOBKH  MPH

4 Y 4oMmy CKJIQIalOThCs OCOOJMBOCTI OCAKyBaHHS UWJIHIAPUYHHUX 1

NPSIMOKYTHHUX 3pa3KiB?

18




4 JladbopaTopHa podoTa Ne 4
JocaigxeHHs MPoLiecy BiIKPUTOro BUAABJIIOBAHHS

[{isib poOOTH: BUBUUTH XapPaAKTEP (POPMO3MIHU 3arOTOBOK B IMPOIIEC]
neopMyBaHHS, TEPEBIPUTH MPUUHATHICTD ICHYIOUMX METOAMK 3
BU3HAYEHHSI CHJIOBUX 1 TIE€OMETPUYHUX XAPAKTEPUCTUK 3aroTOBOK B
MPOLIEC] BIIKPUTOIO BUIABIFOBAHHS.

4.1 3araipH1 BIJOMOCTI

Bigkpute BUIaBIIOBAHHS YW BUIABIIOBAHHA OCAI)KyBaHHSIM B
KUIBLISIX — PI3HOBHUJ TEXHOJIOTIYHOTO TMpolecy OOpOOKM THCKOM, MpHU
AKOMY METaj 3aroTOBKM Te€ue SK y paaiaibHOMY 1 TaHTCHIIATbHOMY
HanpsMmkax (ocapKeHHs), Tak i B OTBip Kijenb (BUAaBIIOBaHHA). Bech
oOcsr 3aroTOBKM TMpU TakoMmy JAe(opMyBaHHI MoOke OyTH pO3iiIeHUl Ha
JBI 30HU, Y SIKUX METall T€Y€ B PI3HUX HANpSIMKaX: y paaialibHOMY
HANPSIMKY MiX KiTblsiMH (JTUTAaMHU) i B OCHOBOMY HAIpsMKY — B OTBOPH
Kijielb. JIOTMYHI Hanpy>KeHHSI Ha KOHTAKTHUX TMOBEPXHAX Y IIMX 30HAX
CIpSIMOBAHI B MPOTWJICKHI CTOPOHU. MiX 30HAMH MAETHCS IMOBEPXHS
po3ainy TUTUHY MeTany, 00yMOBJICHUI reOMETPUUYHUMMU
XapaKTEPUCTUKAMM 3aroTiBJll, IHCTPYMEHTA, HAsBHICTIO KOHTAKTHOIO
TEPTS 1 HEPIBHOMIPHICTIO HAMPYKEHO-AE(HOPMOBAHOIO CTAHY .

3 METOKW CHpOLICHHS IisI TIOBEpPXHS MOKe OyTH 3aMmiHeHa
IIVUTIHIPUYHOIO TMOBEPXHEIO 3 pajaiycom p (puc.4.1).
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Pucynok 4.1 -Cxema ocaykyBaHHS IUITHAPUYHOTO 3pa3Ka B KUIbLISX

[TonoxxeHHsT TOBEpPXHI pO3AULY IUIMHY P Y KOXEH MOMEHT
nedopMyBaHHI MOkKe OyTH BHU3HAQUYEHE HAa OCHOBI MOOYIOBU CIPOIIECHUX
€NIOp HOPMaJIbHUX KOHTAaKTHUX THUCKIB. MakcumyM emopu Oyae
BIINOB11aTH IPaHMII TJIMHY METAIy.

BignocHuii paniyc mOBEpXHI pO3JLTYy IUIMHY METaly MoOxe OyTu
BH3HAYCHUH 32 (POPMYIIOIO

R

+1 1+13lgR+7 "t (4.1)
2 8ur ’ '

L. rR=R; r= %; 4 - KOeDILIEHT TepTS.
r r

Cepenniii HOpMaJILHUA KOHTAaKTHWNA TUCK P, 3Haligenuit 3a
BapialiftHUM METOAOM IJIACTUYHOCTI, CKJIAJIE!

Pep=0 2u(R-p)r }
P=0,| 2+ 2\ PJ (R24+R 1)+ = 4.2
[ . ( 0-p0 ) r (4.2)

Bemmunny P, MoxHA po3paxyBaTM 3a IHIIOK 3aJIEXKHOCTIO,
OTPUMAHOI 3 BUKOPUCTAHHSIM 1H)KEHEPHOTO METOIy TEOPIi MJIACTUYHOCTI!

p =

Ac p =

20



- (4.3)
0eR = .
R h
3arajibHe 3yCHILISA OCAIKCHHS BU3HAYUTHLCS 3 BUPAKCHHS
— (2 2
P= Pcp4(D ~d ) : (4.4)

IIpu po3pobii mpoliecy BiIAKPUTOrO BHUIABIIIOBAHHS BUpIIIAIbHE
3HAQUEHHS Ma€ MPOTHO3YBAaHHS BEIMYMHU BIAPOCTKA, IO BUIIMBAE B
MOPOKHUHY OTBOpY. Ll BenMuMHAa € OCHOBHUM TEXHOJOTTYHUM
mmapaMeTpoM, IO Bu3HAYA€e (GOPMO3MIHY, a OTXKE, 1 BCi PO3MipH MOKOBKH.

OO0csr Metainy V,, 1110 BUIIUBAE, MOXKE OYTH BU3HAYEHUM 3a (DOPMYJIOHO

Vn = nF%zhOZ’
(4.5)

JI€ Z —CTYyIiHb BUTIKAHHS METATy B MOPOKHUHY,

N

g |
I i =

d
M
ne m=1.
7
2
Toni R= Poh*b(l-z), (4.6)
_ R
| =207 . (4.7)

r
4.2 MarepianbHe 3a0€31eueHHs

1 IcniuroBa MamuHa.

2 OcHarneHHs ajs 1eopMyBaHHS.
3 CBUHIIEBI 3pa3KH.

4 BumiproBajJbHUM IHCTPYMEHT.

4.3 1Topsiok mpoBeaeHHS poOOTH

1 3pobuTH ocamKyBaHHS 3ar0oTOBOK Ha ojiHy BUcOTY h. JlaHi BuMipiB

1 po3paxyHKiB 3aHecTH 10 Tabn.4.1,6s- 3a nanumu poootu Nel.
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Tabmuus 4.1Pe3ynapTat EKCIEPUMEHTIB 1 pO3PaxyHKIB MPU BIAKPUTOMY

BUIABJIIOBAHHI 3aroTiBEIb

Po3mipu, MM | JlocaikeHi qaHi Po3paxyHkoBi naHi
Po3mipu, mm Po3mipu, mm | 3Hadenns, Mlla
D |h |d|h
P(H) D] P, I P, D || Pgp P,
(Mna) 41 |46 |@7n |42 | @3

4.4 3micr 3BITY

1 HazBa, 11iJ1b 1 KOPOTKH OMUC 3arajibHUX BIJIOMOCTEM.

2 Cxema mpolecy ocaJKyBaHHS B KIJIIISIX.
3 3anoBHEeHI AJis BCiX miaArpyn jaaxi B tadin.4.1.

4 I"padiku 3a51eKHOCTEH:
A(3)r )
=fl =, p=1—|
g (Do 7R

- PO3paxXyHKOBI JiaHi BCIX MiArpym:

() ) ()
@

- JIOCTIJKEH1 1 pO3paxXyHKOBI JaHi BCIX MiJCPYIIL.
5 BucHoBkM 3 poOOTH.
4.5 KOHTpOJIbHI TATAHHS

1 Sk BIUIMBAIOTH HA TOJIOXKEHHS MEXKI PO3ALTYy Tedil MeTaly, KOHTAKTHE
TEpTA, BUXIAHI 1 KIHIIEBI pO3MipH 3ar0TOBKH, PO3MIPU OTBOPIB y TJIUTAX ?

2 Sk BIUIMBAaIOTh BEJIMUYMHM KOHTAKTHOTO TEPTS, BUXIAHUX 1 KIHIIEBUX
PO3MIpIB 3aroTOBOK, AlaMETPX OTBOPIB IIUT HA OOCSAT BHJABJIECHOIO B IIi

OTBOpU METAITy ?
3 IIlo € OCHOBHOIO 3aJaye€r0 TEXHOJIora Mpu
BIJIKPUTOTO BU/IABJIFOBAHHS?

22
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5 JlabopaTtopHa po6ora Ne 5

JocixxeHHs onepauiii BUAaBJIIOBAHHS
[{ie poOOTH: BUBYUMTH BIUIMB CXEMH HAIPY>XEHOTO CTaHy Ha
BU3HAYEHY (POPMO3MIiHY 1 CUJIOBI XapaKTEPUCTUKU Je(HOPMYyBaHHSI.

5.1 3aranxpHi BIIOMOCTI

BunaBmoBanus (IpecyBaHHS UM EKCTpYyAypYBaHHSI) — OIWH 3
npouecie OM/I. I1pu BuaaBiItoBaHHI 3aroToBka 1 MiCTUTBCS B KOHTEHHEP
2 1 mig Jiero myaHcoHa 3 BiJOYBA€ThCSl BUTIKAHHS METATy 4yepe3 OTBIp Y
Matpulli 4 3a HamnpsAMKOM pyxy IyaHcoHa. Dopma i po3Mipd OTBOPY
BU3HAYAIOTh TMOMEPEYHUN TMepepi3 BUIABICHOI IUISHKU Je(hOpMOBAHOI
3aroTOBKH.

BunapiaroBaHHS XapaKTEPU3YEThCS SCKPABO BUPAKEHUM OCEPEIKOM
IJIACTUYHOT nedopmariii. BukopucroByroun KOHLIETILIIIO
YKOPCTKOIJIACTUYHOI'O TiJIa, BECh OOCIr IIJIJACTUYHOI 3aroTOBKM IIpU
BUJIABITIOBAaHHI MOXHA PO3AITMTH HA TpH 30HU (puc.5.1).

| 312
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Pucynok 5.1 -Cxema onepaiiii BUJABIIOBAHHS
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3onwm | 1 Il — xxopcTki, y akux metan He aepopmyeThes. 3oHa |l — 11e
MJIacCTUYHA 30HA, 10 € OCEPEAKOM IutacTU4HOi aedopmarii. ¥ ocepenka
Mae Miclle oO0'eMHa CXema Hampy>XeHHOro CTaHy — yceOluyHui
HepiBHOMIpHMI cTuCK. lle 3a0e3meuye nehopMOBaHOMY TiIy BHCOKY
macTUYHICTh. Ha rpanuusgx ocepenka aegopmailii 3 KOpPCTKUMU 30HAMU
JIIOTh JOTHYHI HANpPY>KEHHS 3pylIeHHST Ts—0,90s, Ha KOHTAKTI OCEpeIKa

nedopmanii 3 KiHIEBOIO TOBEPXHEI MATPUIll BUHUKAIOTH JAOTUYHI
KOHTAKTHI HAIIPyKE€HHS To=Cy.

BukopuctoByroun Jjis pillieHHs 3ajaadi MeToj OajlaHcy poOiT,
3HAXO0JMMO BEJIMYUHY CEPEIHBOTO MUTOMOTO 3yCUILISI 1e(OpMyBaHHS:

2
P=0, 1+ﬂ+0,5 InD J2L LAY : (5.1)
2y d2 D d 2

Bxinni B 0 (opmysly KOMIOHEHTH BPaXxOBYIOTh BIUIUB HACTYHHUX

(axTopiB:
D2
- In| = | - cTymiHp gedopMarlii;

q2
U+ 05 .

- v TEPTs] HA KOHTAKTI BOrHWINA Jaedopmaliii 3 KOHYCHOIO
MOBEPXHEIO MATPHII],
4 2L . . _ .

T 5 KOHTaKTHE TePTS B KOoHTeMHepi (mpu u=0,5);
4.

o BpPaxXOBY€ KOHTAKTHE TE€PTS B IPaBIOPi MATPHIII.

Sx BurumBae 3 gopmynu (5.1), 31 30idbIIEHHSAM Yy 3pOCTa€ BIUIMB
3pylieHuX Aeopmarllii Ha Mekax *KOPCTKUX 30H 1 3MEHIIY€ETHCS BILJIUB
cuil TepTd. 3 IHIOTo OOKY, 31 3MEHILIEHHSM Y 301JIbUIY€EThCS BILJIUB CUJI
TepTs (OpW 3aJaHoOMy CTymneHi aedopmaliii) i 3MCEHIIYEThCS BILIUB
3pymieHHsi. OnTUMalibHE 3HAYeHHS KyTa Y Micias Au@epeHIitOBaHHS
(5.1)Bu3HAYAETHCS 3 BUPAKCHHS

D 2
y= (IU+ 0,5)|n ? . (52)
BCHHqHHy CCPCAHBLOI0 IMUTOMOIo 3yCHIUIA MOXHA BH3HAYUTH,

BUKOPUCTOBYIOUM PIIIEHHS, OTPUMaHi 3a JONOMOTOK 1HKEHEPHOTO
METOJIy TEOPil MJIACTUYHOCTI:
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2\ Hetgy A
p=g LHHIY (DZJ ~1le D . (5.3)
Hetgy d

Ananiz BupaxenHs (5.3) mokasye, MmO BOHO HE BPaxoOBYE P
TeOMETPUYHUX XAPaKTEPUCTHK iHCTPYMEHTA TPW BUIAABIIOBAHHI, OJHAK
fioro mopsiz 3 hopmyioro (5.1)MoxkHA 3aCTOCOBYBATH B pO3paxyHKaXx.

5.2 MartepianbHe 3a0€31eUeHHS
1 IcniuroBa MamuHa.
2 OcHacTKa J1d BUAABJIIOBAHHS.
3 CBUHIIEBI 3pa3KH.
4 BumiproBajJbHUM IHCTPYMEHT.
5.311opsiaok nmpoBeaeHHST PpOOOTH

1 3po6uTtu BUAABIIOBAHHS 3aroTOBOK 0 OAHi€l BenuuuHu L. JlaHi
BHUMIpiB i po3paxyHKiB 3aHecTH 10 Ta0a. 5.1 O - 3a nanumu podotn Nel).

Tabmuusg 5.1 -Pe3ynbraty BUMIpIB 1 pO3paxXyHKiB NpU BUIABIFOBAHHI

D, v, |d, |, |Prpe(cH) mpm L, Pos(kcH)mpu L, Mm
Ly |Ly |Ls |L4 (5.1) (5.3)

Ly Lo |Ls|Ls|Ly|Ly|Ls|Ly

5.4 3micT 3BiTY

1 Haza, 11iJ1b 1 KOPOTKHI OMKUC 3arajibHUX 3BE/ICHb.

2 EcKi3 cxeMU BUJIaBJIFOBAHHS.

3 3anoBHEeHI AJ1s BCiX miaArpyn jaaxi B tadi.5.1.

4 I'padiku 3anexnocTi P=f(L) - po3paxyHKoBi 1 IociimkeHHI maHi s
BCIX MIJTPYIIL.

5 BucHoBkM 3 poOOTH.

5.5 KoHTpOJIbHI TUTAHHS
1 IIflo po3ymieTbcsl TiJi MOXJIMBICTIO BHUKOPUCTAHHS B IMpolecax
BUJIABIIIOBAHHS BHUCOKWX CTYIEHiB nedopmyBaHHS (nedopmartii), ski He

MPUBOJIATH 10 pyHHYBaHHS METaTy ?
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2 Bin sikux mapaMeTpiB 3aJI€KUTh 3y CHILIS BUJABIIIOBAHHS 7

3 Uum oOMexXyeTbes rpaHuyHA Aedopmaltisi TPy BUIaBJIFOBAHHI?

4 Sk BIMBA€E 3MIIHEHHsS METaly Ha MPOIEC BUJABIIIOBAHHS, K HOTO
BpPaxoBYyBaTU?

6 JIabopaTopHa podora Ne 6
JoctixxeHHs NPoLecy BUTSKKH NWJIIHAPUYHUX 3ar0TOBOK

[{isie poOOTH: BHUBUMTH XapakTep (POPMO3MIHU 3aroTOBOK, BILJIMB
OCHOBHUX (DaKTOpIB TMPOIECY BUTKKKM Ha CHIJIOBI XapaKTepUCTUKHU
nehopMyBaHHS.

6.1 3aranbHi BIIOMOCTI

BuTskkor0 Ha3MBAETHCSA TEXHOJIOTIYHUM TPOIEC OOPOOKH THCKOM,
npu  SKOMY 3 IUIOCKOi 3aroTOBKM MOKe OyTH OTpuUMaHa JeTajb
pPOCTOPOBOI  (opMU. BUTIKKOIO OACPKYIOTH BUPOOU PI3HOMAHITHOI
dbopmMu — KpyTim, NPAMOKYTHI, (acoHHI. Y 3alle)KHOCTI BiJ HEOOXimHOT
IIMOVHU 1 TONEPEYHUX PO3MIPIB MEPETUHY BUTSAKKA MOKe OyTH 3po0JieHa
B OJIHy 4M KuUIbKa omepaiiid. [Ipy BUTSKII BicECUMETPUYHUX BUPOOIB
HaWOIIbIIE YacTO BUKOPUCTOBYIOTh BUTSXKKY O€3 TMPUTUCKY 1 3
MPUTUCKOM. B OCTaHHBROMY BUNAIKY OJICPKYIOTh BUpPOOM 3 (praHiieM uu
0e3 (uanIs.

6.2 BuTskka 6€3 NpUTUCKY

3acrocoByeTbes ais onepxkanHs HeBucokux (H/D<O0,3) nerancii 6e3
¢baanug. BigHOCHA TOBIIMHA 3ar0TOBOK MpH koMY ckiagae S/D>3,0-1,0.

[Tponiec BUTSIKKU XapaKTEPU3YEThCS HASIBHICTIO HA O14HIN MOBEPXHI
3aroTOBOK pajiilalbHUX PO3TATYIOUMX 1 TaHIEHI[IaJJbHUX CTUCKAIOUYMX
HampykeHb. llpwuomy postaryroui (pamiaabHi) HaNpyKEHHS, IO
yOyBalOTh BiJl LIECHTpa 3aroTOBOK, Ha Kparo ii BOHU JOPIBHIOIOTH HYJIIO.
MakcumanbHOT BEIMYMHU BOHM JOCSTAIOTh Y MICII MEepexody BiJ JHA J10
cTiHkM. TaHTeHIlaabHI HAMIPY>KEHHsI CTUCKY, IO AIF0Th Y (GJIaHIll, MOXYTh
MPUBECTH TPU MaJjiii BiIHOCHIN TOBIIMHI 3arO0TOBKU J0 BTpaTH CTIAKOCTI,

26



TOOTO YTBOPEHHIO CKIIaJoK Ha (manii. HampykeHHS CTHCKY 3pOCTarOTh
BiJl HyJIsl Y BEPTUKAJbHIM CTIHII BUPOOY 1 Ha Kparo (UIaHls A0CATraloTh
Makcumymy (puc.6.1).

3HAUCHHS AII0YUX HAMPYXKEHHS 3a IHIIKUX PIBHUX YMOB TUM Oijbliie,
yyM OijIbllie JiaMeTp 3aroTOBKH, IO MPOTATa€ThCA Yepe3 JIaHy MaTPHUIIHO.
BigHomenns niamerpa BupoOy d g0 miamerpa 3arotoBku D xapaktepusye
CTYMiHb (P)OPMO3MIHM MPU BUTIAKII 1 3BETHCA KOCPIIIIEHTOM BUTSHKKA M.

o e Ly

i Imr

777777777777 7777777
|
|
Il

d=2r

A
A 4

Pucynok 6.1 -Cxema npornecy BUTSI)KKU 0€3 MPUTUCKY

3HaueHHS M 3aJeKUTh BiJ MEXaHIYHMX BJIACTHMBOCTEH Marepiany,
BIJIHOCHHUX 1 @0COJIFOTHUX PO3MIpPiB 3arOTOBKH.

3ycuiuisi Tpy BUTSDKIN 3aliekaTh BiJ MEXaHIYHUX BJIACTUBOCTEH
Marepiaay 1 Horo TOBUIMHHU, PO3Mipy BUpOOy, Koe(]illieHTa BUTSKKH,
Koe(ilieaTa TepTsd MK 3aroTOBKOIO M iHCTpyMeHTOM. JI/Is BH3HAYCHHS

3yCUJUIA 3aCTOCOBYIOTH ab0 TeoperwuHi (6.1), abo emmipuuni (6.2)
3aJICKHOCTI.

P = d, +S)S[JTIHB+ S UB](1+16A1), (6.1)

reu 2ru+S
1e W - Koe(ilieHT KOHTaKTHOI'O TePTH,

P=r(d, + S)s(% - ¢zj¢1¢3 , (6.2)

e @1, O2, P3 — EMITIPUYHI KOSDIIlIEHTH.
3Ha4YeHHS @ 1 @3 MpUBEEHI B Ta01.6.1,¢p3=1,02...... 1,1.
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Tabmuusa 6.1 - 3HayeHHs MEXaHIYHUX XapaKTEPUCTUK 1 EMIIPUYHUX
Koe(IiE€HTIB IEIKUX MaTepiaiiB

Marepuan (o Og, 01 02
MlIla MlIla
Cmmas AJ11 70...90 | 120...150 0,75 0,96
-«-J116 150...200| 250...340

Crans 10 200 340 0,82 1,10

Crans 20 250 420
JlaTyns JI62 180 300 0,85 1,15...1,20
Jlatynb JIG8 210 360

6.3 BuTsi’kka 3 MpUTUCKOM

H .
3aCTOCOBYETHCS ISl OAEPKAHHS 010 BUCOKUX (B > 03 ) BUpoOiB 3

BiTHOCHO TOHKHX (g < 005 ) 3arOTOBOK.

[IpUTHCK BUKOPUCTOBYETHCS JJIsi BUKJIIOUEHHS! BTPATU CTIAKOCTI MPHU
BUTSOKIN. [luTomi 3ycumias mpuTucky (uaHis Ha JBa MOPSJIKK MEHIIE
HaIpPY>KEeHb TEKY4YOCTI Marepiaqy 3aroTOBKH, TOMY HaIpy>KEHUH CTaH
Mmarepiany (aaHIs TPU BUTSHKIN 3 MPUTUCKOM MOYKHA BBAXKATH TaKUM Ke,
K 1 OpU BUTOKII O€3 MPUTUCKY. BennumHy MakCUMajabHOTO 3yCHILIA
BUTSDKKM 3 TMPUTHCKOM MOKHA BU3HAUUTU 32 €MIIIPUYHOIO (OPMYJIOH0,
3anpornoHoBanoro JI.A. [llopmanom:

p:ms@( D -1}, (6.3)

ne 6=1,2 -npu §< 0,01% <0011 6=1 npm §> 001. ®opmyna (6.3)

HE BPAaXOBY€ 3HAYHOI KUIBKOCTI (aKkTopiB, TOMY il MOKHA TIPUAHATH IS
OL[IHOYHUX pO3paxXyHKiB. DBuIbII TOYHI 3HAYECHHS BEJIWYUHU 3YCHJUIS
BUTSDKKM MOXHA OJIEp’KAaTH, BUKOPUCTOBYIOUM 3aJIEKHOCTI, OTPUMAHI 3
BUKOPUCTAHHAIM TEOPETUYHUX METO/IIB TEOPii MJIACTUYHOCTI.

A.I'. OropoiHIKOB 3aITPONOHYBAB HACTYMHY 3aJI€KHICTh!

R - 2R'h 1Q S
P =27(d + S)So| | + + 1+ 164); 6.4
rid + S)say i R* 8o R? - 2R'h 2ru+S( t6x) 64

ne Q —3yCHUIsa PUTUCKY .
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E.A. ITonoB 3anponoHyBaB IHIILY 3aJ€KHICTh:

D) 1 2 1Q

P-ﬂ(d+S)Sar(I — + +
- g 1=y P Tose T arues

1€ ¥, — BIIHOCHE 3BYKEHHSI B MOMEHT YTBOPEHHS LIEHKHU.

:
J(1+ 164) | (6.5)

6.4 MartepianbHe 3a0€31eUeHHS
1 IcrimToBa MammuHa.
2 [lltamMn U1 BUTSDKKH.
3 3pa3ku JJ1s MITaMITy BaHHS.
4 BuMiproBajibHUM IHCTPYMEHT.

6.5 [Topsinok npoBeneHHs! poOOTH

1 3poOuTH BUTSKKY 3aroToBOK (0€3 (hjiaHI — Ha MpoBaJl, i3 (uiaHieM — Ha
onny Bucoty h). Jlani BuMipiB i po3paxyHKiB 3aHecTH 10 Ta0:1.6.2.

Tabmuig 6.2 -Butsxka 3aroToOBOK

Poamipu, | Q, | Py, | D, 3yCWIUIS BUTSDKKA | 3yCHUILJISL BUTSIKKU 3
MM H [xkH |mM | 6e3 dnaHi, (baaHieM,
Did |S 6e3 nputucky (kH) | i3 npuruckom (H)

(6.4)(6.1)](6.2)[(6.3) (6.3) | (6.4)] (6.3)
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6.6 3micT 3BiTY

1 HazBa, 11iJ1b 1 KOPOTKH1 OMUC 3arajibHUX BIJIOMOCTEH.
2 CxeMa Mpouecy BUTSKKHU.
3 3anoBHeHa J1s BCix miarpyn tads. 6.1.

4 T'padiku 3aexKHOCTI P = f(%) IUTsl OJTHOTO Martepiany.

5 BucHoBKkH 3 poOOTH.

6.7 KOHTpOJIbHI MUTAHHS

1 B yomy npu BUTSIKII O€3 TPUTUCKY MOXKYTh YTBOPUTHUCS CKIAJKU?

3 ki TexHonOoriuHi (PaKTOpu BIUIMBAIOTH HA 3HAYEHHS KoedirieHTta
BUTSKKHU ?

4 $Iki TeXHOJOT14HI (PAKTOPH BILJIUBAIOTH HA 3YCUJUIS TIPU BUTSIKII?

5 o po3yMieTbest mia CTOBIIEHHSAM KpaiB YaCTUHU (iaHIs ?

JlabopaTopHa pobora Ne 7/
JocixxeHHs npouecy BUpyOyBaHHS JIMCTOBOI0 MaTepiaay

[{isib poOOTH: BUBUMTH XapakTep Ae(OopMyBaHHs NPU BUPYOYyBaHHI,
BIUITMB OCHOBHUX (DAKTOpiB TpolleCcy Ha CHJIOBI XapaKTEPUCTUKHU
BUpPYOyBaHHi.

7.1 3aranpHi BIIOMOCTI

BupyOyBaHHAM Ha3MBA€THCS MPOLIEC OAEPKAHHA JCTANCH HUISIXOM
BIJIJIVICHHSI METAJTy BiJl 3arOTOBKH 110 3aMKHYTOMY KOHTYPY.

[Ipouec BupyOyBaHHS CKJIaaeThes 3 TPHOX crafiii (puc. 7.1):

1 Cranis npyxHux aedopmaiiiii, pu sSKiii HaNpyXEHHs B MeTajli HE
NEPEBEPUIYIOTh MEXI1 MpYKkHOCTI. [IpoTsarom nepuioi crafii BigOyBaeThCs
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MPY>KHUM CTUCK 1 BUTMH METay 3 JIETKUM BUIABIIOBAHHSM MOr0 B OTBIp
MaTpHIIi.

2 Cramis mnnacTiyHAX —Jgedopmariiif, MPOTATOM SKOi MeTal
BUJIABJIIOETHCS. B OTBIPp MAaTpulll 13 CUJIBHUM BUTMHOM 1 PO3TSITaHHIM
BOJOKOH. HanpyxeHHss mno0au3y KpOMOK, SKI PIKyTh, J0CArae
MaKCHUMaJIbHOTO 3HAYEHHs, 1110 BiAMOBIIa€ OMOPY METANy 3pi3y.

Cranis CKOJIOBaHHS, IPOTATOM SIKOI B KPOMKaxX MaTpHulli, IO
piXKyTh, 1 IyaHCOHAa YTBOPSTbCA MIKpPO-, a MOTIM MAaKpOTPIlIUHH,
CIIPsIMOBAHI 3a JIiHIEH0 HAWOIIBIUX AeopMaliiit 3pyIeHHs.

Pi
\/1/\ Ilyancon

A

|
i
!
| hi i PP
|
|
|

k\\ AN N

B

3aroToBka

V

«

aTpULIs

Pucynok 7.1 -Cxema npouecy BupyOyBaHHs

OckiIbKM  TIpolieC BUPYOYBaHHSI CYIPOBOJIKYETHCA IMIACTUYHOIO
nedopmariiero Meraiay (3MUHAHHSAM, 3pPYIICHHSIM, BUTHHOM, YTSDKKOIO)
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noOn3y Kpalok IHCTpyMEHTa Ha BUPOOAX YTBOPUTHCS HAKJIEMaHa 30HA.
BianoBigHO pO3BUTKY MPYXKHOI 1 MJIACTUYHOI Aeopmailii 3MIHIOETHCA
3ycuyui BUpYyOku P mpoTtsarom pobodoro xoay myaHcona h.,

3ycuiuisi BUpYOyBaHHS 3aJI€XKUTh BiJi MEXAHIYHMX BJIACTUBOCTEM
Mmarepiany (y ToMy 4uciai HOTro CTaHy — HAKJCIAHWW YW BiJAIaJICHH),
BEJIMYMHU 3a30py, (GOpMHU 1 CTaHy KPOMOK IHCTPYMEHTa, IO PIXKYTh,
TOBIIIMHU MaTepiany.

Benuuuny 3ycuiist BupyOyBaHHST MOKHA BU3HAUUTU 3a PI3HUMU
3anexHocTaMu. Tak, Hanpuknan, E.A. 1lonoB nponoHye BU3Ha4aT Moro
3a JI0OMOMOT 00 BUPAKECHHS

P=0,/2 LS(1y) /1y, (yhyy ™™, (7.1)
1€ Gy — MEKa MILHOCTI PY PO3TATAHHI,

L — noB>xuHa KOHTYpY 3pi3y;

S —ToBULIMHA JTUCTOBOTO Marepiany;

V,W; — BIJIHOCHE 3MEHIICHHS IUIONIl MONEPEeYHOro Inepepiza
Marepiaay 3pa3ka Npu ICHUTI 32 PO3TATYBAaHHS B MOMEHT pPO3pUBY U y
MOMEHT YTBOPEHHS LIEUKH.

M.B. CropoxeB 1 E.A. TlonoB mpomnoHyiOTh BHU3HAYaTH HOTO IO
THIIHA 3a71€AKHOCTI:

P=0,58, L(S-h) /1y, (h/Sy,"™"*", (7.2)
ne h -xig incTpyMeHTa.

JlopiBasBIM HyJr0 Tiepury moxiany (7.2): (d/dh)=0MmoxHa 3HaiiTH,
1m0 PhayBignosinae (h/S) =y,
a Pmnax= 0,58 S Loy (7.3)
®opmyna (7.3) nae Tpoxu 3aHMWKECHE 3HAYCHHS Ppay Y TOPIBHAHHI 3
(bakTUIHUM.
Ha mpakTumi B TEXHOJIOTiYHUX pPO3PaXyHKaX BHKOPUCTOBYIOThH
3aJIEKHICTh
P=K L So, (7.4)
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ne K — koedillieHT, 1m0 BpaxoBYyE CTaH KPOMOK, IO PIXKYTh,
HEPIBHOMIPHICTh 3a30py, BIJXWJIEHHS B TOBIIMHI MeTally 1 HOro
BJIACTUBOCTEH,

K=1,2...1,3;
O¢p — TOPIT 3pi3y MeTally, 3BUMaiHO NPUHMAKOTE!
Ocp = (0,6...0,73'3/,
1€ o - nopir MiHocTi Matepiaty, MlIa.

7.2 MarepianbHe 3a0€31eYeHHS

1 IcniutoBa MamuHa.

2 lItamn a1t BUpYOyBaHHS.

3 3pa3ku JIMCTOBOTO MaTepiaty /it BUPYOyBaHHS.
4 BuMiprloBaJbHUN 1HCTPYMEHT.

5 PeBepcHuil mpucTpiii 1711 pO3TSITYBaHHS.

7.311opsiiok NpoBEJEHHS pOOOTH

1 BuKOpUCTOBYHOUM PEBEPCHUN  MTPUCTPIA, 3pOOUTH  ICHUT
BUpYOaHUX 3pa3KiB Marepialy 3a po3TaryBaHHaM. JlaHi BumipiB i
pO3paxyHKiB 3aHecTH J0 Tadj. 7.1.

Tabmuug 7.1 -Pe3yapratil BUMIPIB 1 pO3paxXyHKIB MMPH 1CIIUTI 3a
03TSATaHHA 3pa3KiB

Marepian| Po3mipu nepetuny 3arotoBk#, | Pmax | W | W (o8
MM
Bo | A | lo | Lposp| B A K, % % | Mlla
max po3p po3p
max max

Ae \Pm - I—p max ~ Io/I—p max v = Bo Ao - B pozp'A pozp/Bo Ao; Op—
Prma) Ao Bo.

2 BukopucToBytoud ImTamn, 3poOUTH BUPYOYBaHHS JIMCTOBOIO
marepiany. JlaHi BUMIpiB 1 po3paxyHKiB 3aHECTH 10 Ta0a. 7.2.
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Tabmuus 7.2 — Pe3ynbrat BUMIpIB 1 pPO3paxyHKIB IMpu BUpPyOyBaHHI
JIMCTOBOTr0 MaTtepiary

MartepianPo3mip 3ycuiuis aepopmyBanus, kH
3aroTiBK H,MM
15 D, | S, Puocs IpH |Pposp.  TpH | Ppospliput | Pposptiput | Posp TIpH
h, Mmm h, Mmm h, Mmm h, Mmm h, Mmm
(7.2) (7.1) (7.3) (7.4)

7.4 3mict 3BITY

1 HazBa, 11iJ1b 1 KOPOTKH OMKUC 3arajibHUX BIJIOMOCTEM.
2 CxeMa nporiecy BUpyOyBaHHS.
3 3anoBHeHHs Tabu. 7.1, 7.2naHuMu 151 BCIX MIATPYIL.
4 I'paciku 3anesxxHocreit P = fy) — po3paxyHkoBi i qociigxkeHHi JaHi BCiX
miarpy (3 KO)KHOTO MaTepiaxy OKpeMo).
5 BucHoBkM 3 poOOTH.

7.5 KOHTpOJIbHI MUTAHHS

1 [I{o Ha3uBaeThCA BUPYOYBaHHAM JIMCTOBOIO MaTepiany ?

2 OCHOBHI CTaii Mpouecy BUPYOKH.

3 Big SKMX OCHOBHMX TEXHOJOTIYHUX (AKTOPIB 3aJI€KUTh 3YCHILISA
BUpPYOKU?
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1 Ilopman JI.LA. OcHOBBI pacueTa WIPOIECCOB INTAMIIOBKA H
npeccoBanus.- M.:Mamruz, 1961. - 34Q.

2 CtopoxkeB M.B. u ap. Teopus o6pab0oTKH MeTasIOB daBjicHHEM/
M.B., Cropoxes, E.A. ITonos .-M.: Beicui. mkona, 1971. — 424.

3 VYukcoB E.JI., HMHxeHepHble METOJBl pacuera YCWUIUW NpHU
00paboTKe MeTAIJIOB AaBjieHueM. - M.: MammuHoctpoenue, 1959. - 48Q.

4 TlonoB E.A. OcCHOBBI T€OpUM JIMCTOBOW INTAMIOBKHU: Y4eO.
nocobue 11l By30B. - M. MamHocTpoenue, 1977. - 278&.

3mict

1 JTaGopaTopna po6ota Nel. JlocniKeHHs CUJIOBUX NTapaMeETPiB MpU
0CaJI>KyBaHHI BICECUMETPUYHUX 3arOTOBOK 3
2 JlaGopaTopHa poGota Ne 2. JIoCHiIKeHHsS MPOUECY MPOIIMBAHHS
HATIHAPUYHUX 3arO0TOBOK 4
3 JlabopaTtopHa po6ota Ne 3. JIociiaKeHHs MPOLECY OCAKYBaHHSI
MPSIMOKY THUX 3pa3KiB 11
4 JlabGoparopHa po6ota Ne 4. JlocmiaxeHHsS MPOLECY BIIKPUTOrO
BUJABIIOBAHHS 16
5 JlaGoparopna po6ora Ne 5. JlochimxkeHHs — omneparii
BUJABIIOBAHHS 20
6 JlaboparopHa pobGora Ne 6. JlochipKE€HHS IPOLECY BUTSKKHU
UATIHAPUYHUX 3ar0TOBOK 23
7 Jlaboparopna pobota Ne7. JlociimkeHHsT mpoliecy BUpYyOyBaHHs
JIMCTOBOTO MaTepialny 27

Cnucox JiTeparypH, 0 PeKOMEH Ty €ThCS 30
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