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BCTYII

KyBanns i rapsue mTammyBaHHS BEIEThCS Ha OOJNIAAHAHHI PI3HUX
TUMIB, TOMYy B KypCi BHBYAIOTHCS PO3AUIM: KyBaHHS Ha MOJIOTax i
KOBAJILCHKUX TiAPaBIIYHUX Ipecax, IITaMIyBaHHS Ha IITaMIyBaJIbHUX
MOJIOTaX, KPHUBOIIMIHHUX TapsyelITaMIyBajbHUX, TiIpaBIiuHUX 1
IBUHTOBHX TIpecax, a TAKOXXK Ha TOPU30HTANbHO-KYBaJbHHX 1 CHELialbHUX
MallpHaX. 3araJibHUM Ui OUTBIIOCTI omepamid KyBaHHS 1 rapsioro
LITAMITYBaHHS €:

- 00'eMHHUI HaNPyKEHHUH CTaH;

- MepeBaKaHHs  3HEMINHIOBAJBHUX  MPOLECIB,  3YMOBJIEHHX
pEeKpHUCTai3ali€lo i TOBEpPHEHHSM, HaJl 3MIlTHIOIOUNMHU.

Hakonwuenuit  mocBim 3 TexHONOrii KyBaHHA 1 Tapsdyoro
LITAMIYBaHHs Jy)Ke BETUKHUI 3a 0OCSAroM i BUBYEHHS BCiX ab0 OLIBIIOCTI
ICHYIOUMX THIIOBHX MPOLECIB MPAKTUYHO HE MPEACTABIETHCS MOKIHBHM.
[IpomonoBani mabopatopHi poOOTHM HAHOLIBLII TOBHO XapaKTEpU3yIOTh
0COONIMBOCTI  HAINlPY)KEHO-IepOPMOBAHOTO CTaHy Ta TEXHOJOTIUHi
0COOJIMBOCTI Onepaniii KyBaHHA i TapA40ro TaMIyBaHHS.

VY naGopaTopHHX yMOBax MOZCTIOBAHHS IIPOLECIB MOXIIHMBO 3a
JOTIOMOT0I0 3aTOTOBOK 31 CBMHIIIO, MEXaHIUHI XapaKTEPUCTHKH SKOTO IpU
HOPMaJIbHUX TeMmIepaTtypax B Jabopatopii t = 20..25°C Omu3pki 10
BIJMIOBIAHUX MTOKAa3HUKIB CTaJIM B IHTEpPBaJli KyBaJbHHUX TEMIIEPATYP.



JIABOPATOPHA POBOTA Nel
JOCJIIZKEHHSA MPOLHECY OCAI’KYBAHHSA
MUITHIPUYHUX 3ATOTOBOK HA TJIAJJKUX BOMKAX

Mera poGorn. BusHaueHHA 3aJEKHOCTI THTOMOTO 3YCHIUISA
nedopmyBaHHs 1 XapakTepy HOpMO3MIHU IPH OCAHKYBAaHHI HUTIHAPHIHIX
3aroTOBOK Ha IMIaJKUX OOMKax BiJ BiIHOIIEHHS BHCOTH /0 JiaMeTpy 1 yMOB
KOHTaKTHOT'O TEPTSI.

Marepianu, iHcTpyMeHT, o0aamHaHus. L{uaiHapWYHI CBUHIIEBI
3pasku nmiamerpoM d=30 mm i Bucoror: 7;=40 yum — 6 wr., h,=60 mm — 6
mrt., h5=90 mm —6 1wr.; migkaaaHi wmtka: & d=80 mm, h=10 mm 3 pi3HOIO
YUCTOTOI0 OOpOOKM KOHTaKTHUX MoBepxoHb (Ra 20; 0,25; 0,01);
ITAaHTeHIMPKYJb, CONIiJON; AaleTOH; YyHiBepcajdbHa BHIPOOyBajbHA
MammHa Y UM-50.

Teoperuuni Bizomocti. OcajKyBaHHSAM HAa3WBAIOTh TEXHOJIOTTYHY
omeparilo, 3a JOMOMOrOI0 $KOi 3MEHUIYIOTh BHCOTY 3aroTOBKH 3
OJHOYACHUM 30UIbIICHHAM 1i MOMEepeYyHHX pPO3MipiB. Y TEXHOIOTTYHHX
mporecax KyBaHHS OCaDKyBaHHS 3aCTOCOBYETbCS SK OCHOBHA 1 SIK
norepeans onepais. Ik OcHOBHaA, BOHa 3aCTOCOBYETHCS Uil OTPHUMAaHHS
¢dbopMH TOKOBKM (HANpUKIald, MpH KyBaHHI AWCKIB), a SK IIONEpenHs
(mpomixkHE ocaJKyBaHHs) — y 6araTb0X BHIAJKAX:

- IUia 30iUIbIIeHHA YKOBY (KOJIM B TpoLeci KyBaHHA KOe(ili€eHT
YKOBY HEBEJIMKUH 1 HE BAAETHCS JIIKBIAYBATH JIUTY CTPYKTYPY);

- U1 3MEHUICHHS  aHi30Tpomii  MEXaHiYHHX  BJIacTUBOCTEH
(Hampukiaz, npu BceOIYHOMY OCaJUKyBaHHI IITAMIIOBUX KyOHKIB);

- JUTA 3MEHILIECHHS TTTHOWHY MPOILUBAHHS

- i1 3a0e3ledYeHHs] BiANMOBITHOIO PO3TAIIyBaHHS BOJOKOH B
MaiOyTHill nmeranmi (HampuKiIan, B JETalsaX THIY IIECTEPeHb, KOJIU
pazjianbHE pO3TallyBaHHA BOJOKOH 3a0e3ledye MiABHILEHY MIIHICTh
3y0iB).

B mpomeci ocamKyBaHHS UWIIHAPUYHA 3aroTOBKa MNPHIMaE
OoukornoniOHuit Burnsan (puc. 1.1). Ile mnoB's3aHO 3 HASBHICTIO CHII
KOHTAaKTHOTO TepTs, BHACTIIOK YOro Ma€ Micle SCKpPaBO BHpPa)KeHa
HepiBHOMIpHICTh aedopMartii (puc. 1.2), B 30Hi | - Haiimena, B 30Hi 111 -
npomixHa, B 30Hi Il - HaifOibIIa.



/ﬁ_ﬂ
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Pucynox 1.1 — Cxema mii CHI KOHTaKTHOTO TEpTS IIPH OCAJDKYyBaHHI
3arOTOBKH

Vs 1

Pucynok 1.2 — HepiBHOMIipHICTB AedopMalii npu ocaJpKyBaHHI 3arOTOBKH

I[lpu ocamkyBaHHi Mae wMiciie HeomgHopimHa medopmarisa. Ile
3YMOBJIIOETECSI TaK 3BAHOIO MPHPOIHOI0 HEOJHOPIAHICTIO, sIKa MOJISrae B
TOMY, 1110 3CYBHI ITPOIeCH (KOB3aHHS, IBIHHUKYBaHHS ) BiJOYBAIOTHCS HE 3a
BCciMa aTOMHHUMH IUIONIMHAMHU, a TUTBKH 3a BHUOIPKOBMMH 1 Ha BijcTaHi
TUCSY MDKaTOMHHX NPOMDKKIB. Y peaJibHUX IMpolecax KyBaHHS [0
MPUPOIHOI HEOJHOPIAHOCTI Aedopmariii JA0Ja€EThCS HEOAHOPIIHICTD,
BUKJIMKaHa KOHTAaKTHUMH CHJIaMU TEPTs, CHPSIMOBAHMMH MPOTH IUIMHY
MeTanay, B pe3yibTaTi 4oro aedopmaiis crTae HEpPIBHOMIpHOIO 1 B
TeOMETPUYHOMY BigHoIIeHHI. HepiBHOMIpHICTD AedopMalii BUKIUKAETHCS
1Ie i HasBHICTIO 3€pEeH Pi3HOI BETMYMHH, a TAKOXK MPUCYTHICTIO B MeTali
pisHEX momimok. B pe3ynpraTi nedopmaris JIOKami3yeThCsl B MIKpO- i
MaKpOCKOIIYHUX 00’ eMax, 3'SIBISIOTHCA PIBHO HAIpPaBIICHI MIOTOKH METATY;
MpoIec OCa[PKyBaHHS CTa€ CKIAJHAM 1 HEOTHOPIZHUM HAaBiTb B MekKax
OKpPEMHUX 30H, Ha sIKi MOAUIAETbCA 00’eM MeTany mpH Aedopmanii. Cumm
KOHTaKTHOTO TepTs 30UIbIIYIOTh HEOOXiqHY AeOpMYyIOUy CHUITY, TOMY Bix
BEIMYMHN KOHTAaKTHOTO TEpPTsS 3aJIGKHUTh HE TUIbKKA (popma 3paska miciis
OCa/KyBaHHS, aJie 1 muToMe 3ycuiuisl aeopMyBaHHS (a2 OTXKe, 1 3yCHIUIA
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oca/pKyBaHHs). BrnmuB cun TepTs Ha omip aedopmanii, B CBOIO yepry,
3aJIOKUTh BiJl CIIBBIMHOIIGHHS TEOMETPUYHHX PO3MIpIB, TOMY IyXKe
BaYUIMBUM € BUOIp BHUXIZHUX pO3MIpiB 3arotoBku. KpiM TOro, HeBipHO
o0paHi CIiBBiTHOIIEHHS] TEOMETPHYHUX PO3MIpPIB OCAaHKYBaHOI 3arOTOBKH
MOXYTh IIPUBECTH JI0 BTPATH il CTIMKOCTI 1 MOSBU MO3JOBKXHBOTO BUTHHY,
BUIIPABJICHHS SKOTO IMPEICTaBIs€ MEBHI TpyAHOII. Y 3BSI3KYy 3 UM B
LEXOBHX YMOBAX OCa/KyBaHHIO 3a3BHYail MiJJISTalOTh 3aTOTOBKH BUCOTOIO
h <2,5d.

3 BUKIAJEHOrO BUILIMBAE, IO, MPaBUIBHO BUOpABIIM BiNMOBiIHI
PO3MIipH BUXiZHOI 3aTOTOBKH i 3MEHIIYIOYH BIUIMB CHJI KOHTaKTHOTO TEPTS
(32 paxyHOK 3acTOCYBaHHS MacCTHJIA, MiJBUILEHHS YHCTOTH OOpPOOKH
iHCTpyMEHTa), MOKHA JOCATTH OUTBII PIBHOMIPHOTO PO3MOALTY HANpYXEeHb
MO0 BHCOTI 3ar0TOBKH Ta 3HIKEHHS MHTOMOIO 3YCHIUIA nedopMyBaHHS (a
OTXKe€, 1 3yCHJUISL OCaXKyBaHH).

IMopsinok npoBegenns podoru. Jles'siTb Moneneit (Mo Tpu KOXKHOTO
TUTIOPO3Mipy) MOYEProBO OCAIKYIOTh Ha YHIBEepCalbHil BHIIPOOYBalbHIM
MammHi YUM-50. OcamkyBaHHS KOXHOTO 3pa3ka BHKOHYIOTH MIXK
MiAKIaAHAMHE 3HEKUPEHUMH IUIMTAaMH 3 PI3HOI0 YHCTOTOIO OOpOoOKM 3a
JeKinpKa 00TUCHEHB 10 BUCOTH §...10 au. Bennuuny omHOro o0THCHEHHS
noTpibHO oOupatu ofHAKOBY B Mexax 5...10 mm. B mporieci mpoBeneHHS
BUMPOOYBaHb KOXKHOTO pa3y (IKCyloThb 3yCHJUIA OCaKyBaHHS (32
CHJIOMIPOM) 1 IITAHTEHIUPKYJIEM BUMIPIOIOTH BUCOTY 3pa3Ka.

[Ticnst K0XHOro OOTHCHEHHS BU3HAYHTH:

a) abCOMIOTHY e opMallito, Mm:

Ah=hy — h, (1.1)

0) npuBeneHu AiaMeTp 3pasKa, Mu:

d#

i

(1.2)

1

. 2
B) IUTOIILY MTOTIEPEYHOT 0 Mepepizy 3pa3ka, i

Fofoh
i h

1

(1.3)



) nuTOMeE 3ycuiuis neopmyBanus, Mlla:
p=F,/F (1.4)

1) KOpUCTYIOUHCh (Qopmyno0 [1], BH3HAUUTH NHTOME 3YCHIUIA
ocapkyBanus p' , Mlla:

’ /u d
=|1+—=—+ |0 1.5
p 3 ) (1.5)
ne p, - daxrop TepTs (KoediLiEHT TepTs 3a HANPYKEHHIM

Tekyuocti), 4, =0,35 - mpu ocaKyBaHHI i3 3aCTOCYBaHHSM MacTHIIA,
4, =0,5 - mpu ocajxyBaHHI 06e3 MacTWia; O, - HAPYKEHHS TEKY4OCTi
MeTajay MpH TEeMIIepaTypi OcaKyBaHHS, HAOMMWKEHO [OPIBHIOE MEXi
MIIIHOCTI pH Tiit ke Temnepatypi, Mlla, o, =18Mlla - nns CBUHIIO IIpH
KiIMHaTHIN TeMeparypi.

€) PO3paxyHKOBE 3yCHUJIIS OCalKyBaHHsI, H:
’ ’
P,=p"F, (1.6).
OcamkyBaHHS I1HIIMX 3pa3KiB IPOBOAWUTHCS AHAJIOTIYHO, ajie i3
3aCTOCYBaHHSM MacTuia. PesynbraTu 3aHocsaTh 10 Tadm. 1.1.

Tabmurs 1.1 — PesynbraTu AociigiB ocapKyBaHHS 3aTOTOBOK

.. Pezyneratn
Pesympratu gocminis .
pPO3paxyHKiB
S T s 3 3 T
2 s | ER ] D |eos] o o
<& - s$| S |55 25| 25| &
s = = e |cER| E | E =
H = S .Z 5 == s & | =& =
o = [ o = o 2 =
S = O = = 2.0 B w P = =
~ 3 < s S o o = = )
m > a = = O = = >
ol 5 S & 5 5 ol
OcamxyBanHs 0e3 3MalleHHS
OcaxyBaHHS 31 3MAIICHHSIM
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3micT 3BiTy. 3anoBautu Tabm. 1.1.
3a pesynabratamu, HaBeneHMMH B Tabin. 1.1, moOymyBatu rpadiku
3aJIeKHOCT1 MUTOMOTO 3yCHIUISL JehOpMyBaHHS BiJ:

. . h
- BIAHOLICHHA BUCOTHU N0 A1aMETPY 3pa3Ka g = f[gj 5

- BEJIMYMHH aOCOJIFOTHOIO OOTHCHEHHSA ¢ = f (Ah)

[IpoanamizyBaT OTpuMaHi pe3yibTaTH IOCHiAIB 1 pPO3pPaxyHKIB,
MOPIBHATHU 1 3pOOUTH BUCHOBKH.

KonTposabHi nuTaHHA

1. B sikux BUNagKax 3aCTOCOBYIOTh OCa/IXKyBaHHS?

2. Yomy mnpu BUIBHOMY OCQKyBaHHI LWIIHIPUYHUX 3pa3KiB
YTBOPIOETHCA OOuKa?

3. Sk BIUIMBAIOTh BEMUYMHU h/d 1Ak, a TaKOX 4HCTOTa OOPOOKU
KOHTAaKTHUX MOBEPXOHb Ha MUTOME 3ycWUIs AeQOpMyBaHHS ¢ 1 3yCHIUIA
ocaaku P,.?

4. Ilpn sIKUX BiTHOIIEHHSX /#/d BUXITHOI 3aTOTOBKH 1 B SIKil CTEIeHi
nedopmariii coctepira€Tbest MOsBa MO3A0BKHBOI'0 BUTUHY?
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JIABOPATOPHA POBOTA Ne2
JOCJIIZKEHHSA MPOLECY NPOLLIMBAHHSA OTBOPIB

Teoperuuni Bizomocri. [IpommBanHs - 11e KOBajIbCchbKa orneparis, 3a
JOIIOMOIOI0 SIKOi OTPUMYIOTH B 3aroroBkax oTBopH. IIpommBanns OyBae
BIIKpUTHUM 1 3akpuTuM (puc. 2.1, 2.2). Ilpu BinkpuToMy mpommrBaHHi OiuHa
MOBEPXHs  3arOTOBKM €  BUIBHOIO, BHXigHa (QopmMa  3aroTOBKU
BUKPHUBISIETBCSA: BHUCOTAa /A 3MEHLIYETHCS (3aTOTOBKAa OCaDKYETHCS),
30BHIIIHIA JiaMeTp ¢ HEpIBHOMIPHO 30UIBLIYETHCS, MPH 3aKPUTOMY -
3aroToBKa yKJIaJieHa B MaTPHIIO, 10 BU3HAYAE il 30BHIIIHIN iaMeTp TiCIIs
MpOIIMBAHHS, BiAOYBAa€Tbcs 30UIBIICHHS BUCOTH 3aroTOBKA  IpU
MOCTITHOMY JliaMeTpi , 110 AOPIBHIOE JiaMETPy MaTpPHILI.

N

hily

b

Pucynok 2.1 — Cxema BiIKpUTOTO IPOIIUBAHHS

T ——1TL—]

J

Pucynok 2.2 — Cxema 3aKpUTOro IpOIIUBaHHS

@dopma 3aroToBKM NMpH BIIKPUTOMY NPOIIMBAaHHI Ma€ THUM Oifblie
BHUKPUBIICHHS, YUM MEHIIIEC BiTHOIICHHS BUXIJHOTO JiaMeTpy A0 JiaMerpa
npomwuBHs (D/d). Ilpm D/d <2 BUKpUBIEHHS HACTUIBKM 3Ha4yHE, IO
BIJKpUTE MPOLIMBAHHS 3a3BHYail 3aCTOCOBYIOTHh TUIBKHM MPH BiTHOLICHHSIX
D/d>2.
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[Ipu 3akpuTOMY IPOIIMBAHHI BUCOTA 3arOTOBKH 30UTBIIYETHCS THUM
OuTbINIe, YiM MeHIe BigHoteHas D/d. Brucora 3aroToBKu miciis 3aKpUTOTO
MPOIIMBAHHA JIETKO MOXe OyTH BH3HAuU€Ha 3a YMOBOIO IIOCTIHHOCTI
00’emy. 3akpuTe NMPOLIMBAHHS HAa MPAKTHUII 3aCTOCOBYIOTH 3a3BHYail mpu
D/d <2.

dopMo3MiHa NPH BIOKPUTOMY NPOLIMBAHHI — BEIBMH CKJIATHHUMA
MpoIeC: B TIOYATKOBiA CTajii BimOYBaeThCS JESIKE OCAJKYBaHHS, SKE
CYNPOBOIXKYEThCA ii po3Aayero, MOTIM HpU BU3HAUCHIH TOBIIMHI JOHHOT
YaCTUHM 33 PaxXyHOK 3BOPOTHOTO BHJIABJIIOBAHHS MOXJIMBHU PICT BHUCOTH.
[Ipu 3Bu4HO 3acTocoByBaHOMY BimHOWmeHHI D/d =2...5 mo0in3y moBepxHi
MyaHCOHA YTBOPIOETHCS YTSHKMHA.

[Ipu 3akpuroMy npOIIMBAHHI BHCOTa IIOKOBKH /I HENEPEPBHO
30UIBIIYETHCS 32 PaXyHOK 3BOPOTHOTO BHUIABIIIOBAHHS METAlTy Ha3ycTpid
pyxy myaHcona (puc. 2.2).

TepTst Mk IyaHCOHOM 1 1edOPMOBAaHMM METAJIOM MPU3BOAUTH B
noyatkoBii ¢azi gedopmanii (mpu BuzHaueHoMy BinHomeHHI D/d) no
BTATYBaHHA METally B HaNpsMKYy IyaHCOHA W YTBOPEHHIO YTSDKUHHU 3i
CTOPOHHU BEPXHBOTO TOPLS TOKOBKH.

Ha xapakrep ¢opmyBaHHS 1 CHWJIOBHH PEXHM IpPH BIAKPUTOMY i
3aKpUTOMY NPOIIMBAHHI BEJMKUH BIUIMB Mae (opMma IMyaHCOHa (IIyaHCOH 3
IUIOCKUM TOpPLIEM, CHepUUHUM, CETMEHTHUM 200 KOHIYHHUM).

[Mutome 3ycums pedopMyBaHHS MPHU BIAKPUTOMY MPOIIKMBAHHI IS
BigHOIEHHS D /d < 6 MOxHa Bu3HauuTH [ 1] 32 popmyInoro:

D,
p=0y 2+1,1-ln7’ 2.1

Hiamerp micist npommBaHHs D, BU3HAYa€THCS 3a (HOpMyInoro:

d 2
D, =D 1+g(—J , 2.2)
D

ne € =1—h;/h - nabnmxkena creninb gedopmariii.

[Mutome 3ycniuis nedopMyBaHHS MPH 3aKPUTOMY TPOIIMBAHHI IS
BimHOIeHHs D/d > 6 Bu3Ha4aeThes [1] 3a popmyoro:
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p=Ll-c,- (2.3)

2.1 [JocihimxeHHs Tpomecy BiIKPHTOr0 NPOIIMBAHHS TIJIYXHMX
OTBOpIB

Mera poboru. JlocmimkenHs xapaktepy (popMo3MiHH 1 CHIIOBOTO
PSKMMY BiIKPUTOrO TIPOIIMBAHHS B 3aJIOKHOCTI BiJ BigHOmIeHHs D/d Ta
($hopMH TPOLIMBHSL

BusiBieHHS MOKJIMBOCT1 MPOIIMBAHHS TIYXOr0 OTBOPY Ha TIIHOMHY
OuIble, HOK 3/4 BUCOTH BUX1AHOI 3aTOTOBKH.

BusnayenHss HaiOinpm panioHanbHOI (QOPMH  TPOLIMBHS IS
MPOIIMBAaHHS OTBOPIB MPH BUILHOMY KYBaHHi.

Marepian, incrpymenTt, o0gagnaHnsi. CBUHLEBI  3pasku
BHuCOTOIO /2 =30 mm 1 miamerpamu I d = 20, 30, 40 i 50 mm - mo 3 mT.
KO)KHOT'O pPO3Mipy; HaOlp IyaHCOHIB pPi3HOMaHITHOI (opmH (IIOCKHIA,
cepuunmii 1 KoHiuHUN — @ 10); mpucTOCYBaHHS TSI KPIMJICHHS 3HOMHHUX
myaHcoHIB (puc. 2.1); IITaHTeHUMPKYNb; TIMOWHOMIp; yHIBepcanbHa
BUIpoboByBasibHA MamuHa Y UM-50.

1

2N ZRZ

.

Pucynok 2.1 — IlpucrocyBaHHs Ayl KpilUICHHS 3HOMHUK IYaHCOHIB NP
BiJIKPUTOMY ITPOLIMBAHHI
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Mopsinox mpoBeneHHss po6oTH. CBUHIEBI 3arOTOBKH (AiaMeTpaMu
20; 30; 40; 50 mm) TPOIIMTH ITyaHCOHOM 3 TUIOCKUM TOPIIEM Ha TIUOWHY
3/4 h, BUMIpSITA PO3MIpH 3aTOTOBKH 1 3aHECTH JaHi 10 Taou. 2.1.

Amnasoriuni aii TOBTOPUTHM 3 IyaHCOHaMH Kpyrjioi 1 KOHIYHOL
¢dhopmu, nani 3aHectu A0 Tadm. 2.1.

Tabmuusa 2.1 — PesympTath AOCHIAIB BIIKPUTOTO MPOIIMBAHHS
3ar0TOBOK
<
3ycmiis =
3 S
= = npomMBanus, = = 2
= = = s ©o <
= = ] 1 - = = >
q 2 o L g T < o <=
4 ox = = A > = )
= s 9 E g o 5 < g S
=| =9 v 8 o 5] < 5 o s O .9
El &g 2§ £ == S.ol 8 | Z 5 2a's
g 5 25| R 258 gl = | IS o228
S ENS| A d = A 4| M M < E g 0]

3micT 3BiTy. Ha OCHOBI OTpMMaHMX EKCHEPUMEHTAIbHUX OaHUX
noOyAyBaTH CyMICH1 IHAMKATOPHI JiarpamMu 3al1eKHOCTI TUTOMOTO 3YCHILIS
BiJ] IepeMillleHHs [TyaHCOHa 1 3pOOHUTH aHali3 MOOYAOBaHUX 3aJICKHOCTEH.

ExcnepuMeHTanbHi AaHi MO TUTOMOMY 3YCHJUIIO TIOPIiBHATH 3
PO3paxyHKOBHUMH, OTpUMaHKUMHU 3a hopmynoro (2.1).

KonTposabHi nuTaHHA

1. Sk 3miHIOETBCS hopMa Ta PO3MIpH 3ar0TOBOK B 3aJIGKHOCTI Bix
BigHowmenHs D/d npy NpolMBaHHi yaHCOHaMH Pi3HOiI popMu?

2. SIK 3MIHIOETbCA TUTOME 3YCHIUIS e OpMYBaHHS B 3aJISKHOCTI Bij
BigHomenus D/d ta popmu myaHcoHiB?

3. YoMy mnpu TiIyXoMy MpOMIMBAaHHI HEMOXJIMBO BIPOBAIUTH
MyaHCOH 3 IUIOCKUM TOPIIEM B 3arOTOBKY Ha IIIMOHMHY, MPHU SIKiil TOBIIMHA
MepEeMHYKH 3HAYHO MEHIIIE JiaMerpa myaHncoHa?

4. JIng sIKMX KOHKPETHHX OIlepalili KyBaHHA-IITAMITYBaHHS MOXKHA
PEKOMEHTyBaTH IyaHCOHH 3 TUIOCKUM TOpLEM, ChepruIHUM a00 KOHIYHUM?
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2.2 JlocJqimxkeHHs1 Npolecy 3aKpUTOr0 NPOIIMBAHHA TIJIYXHMX
OTBOpIB

Mera po6otu. JIOCH[DKCHHS CHJIOBOTO PEKHUMY 1 XapakTepy
(OpMO3MIHM TIPY 3aKPUTOMY NPOIIMBAHHI TIyXHUX OTBOPIB B 3aJICKHOCTI
Bix BigHOIIeHHS D/d 1 popMu TOpIIS IPOITHBHSL.

Marepianu, iHCTpyMeHT, oOJagHaHHs. 3pa3Kd CBUHIEBL a)
cyuitbHi @ 40, h=40mm - 6 wr., 0) cknaaeHi @ 40, h =40 um, 1o
CKJIaJIal0ThCSA 3 JIBOX HAIMIBIIIIHAPIB, HA JliaMeTPaJIbHIN TUIOMIMHI OTHOTO 3
HUX HaHOCHUTBhCA CiTKa 3 po3Mipamu ocepeaky 3..5mum — 2mr;
EKCIIEpUMEHTAIbHUN INTaMIT JUIsI 3aKPUTOrO MPOLIMBAaHHS 3 HaOOpoM
3MIHHUX IIyaHCOHIB 3 TIIJIOCKMM, KOHIYHUMH Ta CQEpHUYHUM KiHISIMH
d =10 mm (puc. 2.2); WTaHTeHUUPKYJIb;, TIUOWHOMIp, JiHIHKA, KyTOMIp;
yHiBepcajbHa BUllpoOyBaibHa MammHa Y MIM-50.

=
e N
e B%)§ R
7 % %ﬂ el
L NN

L~

Pucynox 2.2 - IlpucrocyBaHHS Uit KpiIUIEHHS 3MOMHHUK ITyaHCOHIB IpH
3aKpUTOMY IPOIINBaHHI

Hopsinok Bukonanusi podoru. CyninbHI CBUHIEBI 3pa3KH MPOILIUTH
MyaHCOHaMH 3 IJIOCKUM, COepUYHHUM 1 KOHIYHUM TOPILISIMH 10 AOCATHEHHS
TOBILMHM JOHHOI YacTUHU 5 mum. [Ipn KO)KHOMY eKCIIepUMEHTI BECTH 3aIIiC
3yCHJIIS TIO X0y TPOLIECY 1 BUMIPIOBAaTH BUCOTY IMIOKOBKH.

Cknazieni 3pa3ku NpoOUIMTH MyaHcoHaMu Ha rimobuny 20 mm. Ilotim
MOJIOBMHKH BiZJOKPEMHUTH OAHY BiJl OJJHOI i 32 3MIHOIO KOOPIMHATHOI CITKU
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BHU3HAYMTH BOTHHUINE aAedopMamii i MpoaHaNi3yBaTH XapakTep IUIMHY
MeTany.

OTtpumaHi eKcliepuMEeHTalbHI JaHi 3aHecTH B Tabm. 2.2. 3akpure
MPOIIMBAHHS [TTyXUX OTBOPIB POOUTHCA O€3 MacTHIa.

Tabmuusa 2.2 — Pe3ymbraTH JOCHIAIB 3aKPUTOTO IMPOIIHUBAHHS
3arOTOBOK
] IMutome
Po3smip Posui ®
MIpH ITOKOBKH 3acujIA
3ar0TOBKH, O3MIPH TIOKOBKH, N OpMa ToplA
MM _ ITyaHCOHa IpoIurBaH
MM =
E = Hi, Mlla
g =
g 2 s & |2
=S s s = 5 2
m = = o =] X
. = Jost =X SH= =
D h Dl d1 09 h1 8 E = IS é ;‘
2| o| 28 |8
=121&12° |5
= ~

3micT 3BiTy. Ha miacTaBi ekcrepuMeHTaNbHUX JaHUX MOOYAyBaTH
rpadiky 3aJ1eKHOCTI MUTOMOIO 3YCHJUIS MPH 3aKPUTOMY MPOILMBAHHI Bix
BigHomenus D/d ta popmMu TOpIs MyaHCOHA.

Hatu anamiz KapTUHH mepeliry (3 ecki3amu) OpU MPOIIUBaHHI
MyaHCOHAMH 3 TUIOCKUM 1 KOHIYHUM TOPIISIMH.

HOpiBHHTI/I eKCHepI/IMeHTaJ'IBHi )_'[aHi o MnUuTOMOMY 3YCUJUIIO 3

PO3paxyHKOBUMH, OTPHUMAaHUMH 33 BHIICHABEICHUMH TEOPCTHYHUMHU
(dhopMynamMu s aHAJIOTIYHUX YMOB.,

KonTposabHi nuTaHHA

1. SIx BrumBae ¢opma TOpUS MyaHCOHA Ha BEIHYHHY OCEPEAKY
nedopmarii?

2. Yum oOrpyHTOBYETBCS BUOip POpMU TOpIIS IyaHCOHA B OIEpallisix
3aKpUTOTO MPOIIUBAHHS?

3. SIk BIIIMBaE KyT KOHyca ITyaHCOHA Ha 3yCHJIJIS IPOIIMBAaHHA?
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JIABOPATOPHA POBOTA Ne3
JOCJIIKEHHSA ®OPMYBAHHSA TA CHJIOBOT'O
PEXXUMY ITPOLECY BIAKPUTOI'O OB’€EMHOI'O

TF'APAYOI'O ITAMITYBAHHA

Mera po6otu. J{ocmiKeHHS] 3MiHH CHJIOBOTO PEKUMY BiJKPHTOIO
00'eMHOr0 IITaMIyBaHHS 3aJIeXHO BiJ MEpiofy IITaMIyBaHHS i PO3MIpiB
BHXITHOT 3aTOTOBKH.

BcranoBieHHs onTUMaIBHOTO 0OCATY BHXiAHOT 3arOTOBKH.

BusHayeHHs HeraTHMBHUX SIBUIL, 1O SKUX MPHU3BOAUTH HecTada abo
HAJJIUILOK 00CATY BUXITHOI 3aTOTOBKH.

Marepianu, iHcTpyMeHT, oGugagHaHHsi. CBHHLEBI LWIIHAPUYHI
3paskun @ 30mm 1 BuHcoTor hy=44; 50; 57 mm, WO BigNOBiTAE
BiJHOILICHHIO:

H;’azomom(u — 1’05; 1’2; 1’36;

HOKO6KU

yHIBepcalbHa BHIIPOOyBallbHA MAIMHA; MIAKIAAHANA BiAKPUTHHA
mramn (puc. 3.1); mraHreHIupKyYIb, MIKPOMETP.

Pucynok 3.1 — Iligknagauii BIAKpUTHI Tami

Teoperuuni BizomocTi. OcoOiMBICTH BiAKPUTOrO INTAMITYBaHHS
MOJISIra€ B TOMY, IO B Impoieci e opMyBaHHS 3aroTOBKA METajl Tede He
TINBKM B TOTAHONEHHS TMOPOXKHMHU INTamma, a W B PO3'€M IITamila,
YTBOPIOIOYH 33JUPOK, SIKUH € BiIXOIOM.

Yactuna Merany, sKa BUILTUBAE B 3aAUPOK, CTAHOBUTH B CEPEIHBOMY
20...25%, a B okpeMHX BHINaJKax IepeBHlIlye Macy camoi aerani. [Ipomec
BIIKpUTOro 00'€eMHOr0 IITaMIyBaHHS MOXKHa MOOUIMTH Ha TpHU
XapaKTepHUX MEPiOaH.
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[lepmmii mepion aHaJOriuHUI mpouecy ocalkyBaHHS. Bin
3aKIHYYETHCS B TOH MOMEHT, KOJIM OOKOBA TIOBEPXHS 3aTOTOBKH CTUKAETHCS
0 IEPUMETPY 31 CTIHKaMH MMOPOXXHUHY TaMny (puc. 3.2, a).

Hpyruii mepiof IUTaMIyBaHHSA, SKUH Tpae TOJNOBHY pONb IpH
¢dbopMmyBaHHI [eraii, XapaKTEpU3YeThCS IUIMHOM METaly B PI3HHX
HanpsAMKax. B pe3ynbraTi HbOro MOCTYMOBO 3alOBHIOIOTHCS MOTTUOICHHS
MOPOKHUHU LITaMIIa MPH OAHOYACHOMY IUIMHI JIEIKOi YaCTWHU MeETaly B
3agupoK. B KiHII 1IbOro mepiofy IITaMIyBaHHS BCS MOPOKHWHA IITAMIIA
3all0BHEHA METAJIOM, aJie 3arajibHa BUCOTa AeTalli ACUIO0 IEPEBUILYE 3aAaHy
BHCOTY BUpOOY (puc. 3.2, 0).

Tperiii mepion mTaMIyBaHHS XapaKTEPU3YETHCS BUTHUCHEHHIM
HAJJIUILKY MeTaly B 3aJUpOK. BiH 3aKiHUyeThCsI MPH JOCATHEHHI 3aJaHoi
BHCOTH BHPOOY /1, (puc. 3.2, B).

Pucynok 3.2 — Cxema 3amloBHEHHS ITOPOXXHUHH INTAMITY P 00 €MHOMY
ITaMITyBaHHI

B mpotieci BigkpUTOro mTaMITyBaHHS YTBOPIOETHCS 3aJUPOK, SIKHIMA
rpa€ MO3UTHUBHY POJIb, TaK SIK BiH 3aMHKA€ INTAMII IO IOBEPXHi PO3'eMY i
CTBOpIOE OIip, IO 3a0e3medye 3anoBHeHHS (opmu. [Ipu npomy B Mipy
3MEHILEHHS TOBIIMHM 3aJUPKU OIIp MJIMHY B 33JMPOK 3pPOCTAE i, OTKE, B
KIHIEBHH MOMEHT IIbOTO IIEPiOJy 3allOBHIOIOTHCS AUISHKH TOPOKHUHH
mITamia, o BUMaraloTh MAKCUMaJIBHOTO TUTOMOT'O 3y CHILIISL.

Onip mnuHy MeTally B 3aJUpOK, NpH IHIIMX PIBHUX YMOBAax,
3aJIeKHUTD Bif GOPMH 1 pO3MipiB KaHABKHU ISl 3aJUPKU. 3MIHIOIOUH PO3MipH
miel KaHaBKH, MOXKHa JOCATTH 3allOBHEHHS (GOpPMH OpU MeEHLIH abo
OUTBIIA KITBKOCTI MeETany, IO BUTIKAE€ B 3aJUPOK B MEPIIUN Mepiof
LITAMITyBaHHSI.
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Hedopmyroue 3ycwmis P, HeoOXigHe /i 3AiiicHeHHs nedopmMarliii, B
KIHIIEBUY MOMEHT IIITAMITYBaHHS MOYKHA YSIBUTH SIK CYMY JIBOX CKJIaJIOBUX:

P=P,+P,, 3.1)

ne P; - 3ycumis, HeoOXigHe i qedopMaliii MeTany B 3aJUpPOK;
Py - 3ycunns, HeoOxigHe amst nedopMarii MeTany B IITaMITi.

PospaxynkoBa Gopmymna [Uis BH3HAUYCHHS 3YCHJUISA IITAMITyBaHHS
MOKOBOK, KpYIIMX B IJaHi (200 HaOmmXeHuX 3a (GOpMOI0 A0 HHX) 3
ypaxyBaHHSIM ONOpY 3aAupKH [1] Mae BUrmsan:

s s d
P=o, 1,5+0,5-h— -Fy+ h——0,375+1,25-1nh— -F (3.2)

s
3 3 3

1€ o, - HalpyXXeHHs TeKy4ocTi Martepiany, Mlla;

F, - muoma npoekuii MicTka 3a1upKu, MZ;

P, - mormia mpoekIii TOKOBKH, M

S - MAPUHA MICTKa 33 JUPYacTOl KAHABKH, MM,

h3 - TOBIIMHA 33 JUPKH B KIHIIEBUH MOMEHT IITAMITYBaHHS; MM;
d - miamMeTp TTOKOBKH, MM.

IMopsinok mpoBeaenHsi podoTu. 3pa3ky MO Yep3i IUTAMIYIOTH B
EKCIIEPUMEHTAILHOMY IITaMIIi TOCTYIIOBUM OOTHCHEHHAM IO 3...5 Mm 10
3MUKaHHS HamiBMaTpuib. MakcuMaibHE 3YCHIUISI KOXKHOTO OOTHCHEHHS
¢ikcyetbes B Ta0m. 3.1. Ilicns koKkHOro OOTUCHEHHS! BU3HAYATH:

a) (hakTUUHY BUCOTY 3arOTOBKH /1;, MM;

0) nmiamerp 3arotoBku d;, Mmm; mus 1-ro mepiomy miamerp d
BHU3HAYAETHCS BUPA30M

hy
d;=dy, 7 (3.3)

s
1

JUIS. HACTYITHUX TEPioNliB BUMIPIOEThCS (aKTHUHHHA MaKCUMaTbHHUMA
niaMerp;
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. 2
B) IJIOLLY [ONIEPEUHOro Mepepisy 3aroToBKU F;, m';

r) mutome 3ycuiis, Mlla:

b=

|

(3.4)

Pesynbratn BUMIipiB Ta 004KCIeHb 3aHecTH 10 Tabm. 3.1.

Tabmuns 3.1 - Pesymbraté pochifgiB 00’€MHOTO IITaMITyBaHHS

3arOTOBOK
Bucora . IImoma
Hiamerp 3ycuia ITutome
3arOTOBKU HONEPEYHOT
e 3arOTOBKU o LEneDis IITAMITyBaH | 3acUILIA p;,
g diy oY P H MIla
is

3micT 3BiTy. Ha mincraBi oTpumaHmx eKCepUMEHTAIBHUX IaHUX
noOyayBaTH CyMicHI rpadiku 3ajJeKHOCTEH 3YCHUIUISA 1 MUTOMOIO 3YCHIUIS
ITaMIlyBaHHA Bin Bucotu P=¢(h) 1 P=f(h;) Ta HajaTu aHami3
OTPUMaHHUM 3aJIeKHOCTSIM.

[lopiBHSATH BEAMYMHH 3yCWJIb INTAMIIYBaHHS, OTpUMaHi 3
eKCIIEpUMEHTY 1 MiApaxoBaHi sl TUX K€ BHUMAIKIB 332 TEOPETHYHOIO
dhopmyoro (3.2).

KonTposabHi nuTaHHA

1. Sk 3MIHIOETBCS MUTOME 3yCHIUIS TUIMHY METally B 3aJIKHOCTI Bij
nepioay MTaMIyBaHHS 1 00’ €My BHXiZIHOI 3arOTOBKH?

2. YuM MOSACHIOETHCS 3pOCTaHHS ITUTOMOTO 3YCHIUIS Bif mepiony Ao
repioAy i YoMy BOHO 3aJICKHUTH Bil 00’ €My BUXiTHOI 3aTOTOBKHU?

3. SAxmit Bux Opaky OyBae Hpu HecTaui 1 3HAYHOMY HAaJIHIIKY
MeTaxy Y BUXiAHIN 3aroToBIi?

4. SIkmii onTUMaNbHHHA PO3MIp BUXIIHOI 3arOTOBKM IO BHCOTI B
YMOBaX JaHOTO EKCIIEPUMEHTY?

5. SIkuii HEeraTUBHUI BIJIMB Ma€ INTaMITyBaHHS 3aHAATO BEIHKUX 32
00’€MOM 3aroTOBOK Ha BUTpPATy METally, CTIHKICTh IITAMIMIB i 3HOIICHHS
LITaMIIYBaJIbHOIO OOJaAHAHHS?
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JIABOPATOPHA POBOTA Ne4
OCOBJIMBOCTI ITAMITYBAHHA HA MOJIOTI
IHOJOBKEHHUX B IIVIAHI IIOKOBOK

Meta podoTn. Bu3HaueHHs BIUIMBY MONEPEIHBOTO MEPEPO3NOAITY
MeTay B3IOBXK OCi 3arOTOBKH Ha SKIiCTh 3alIOBHEHHS OCTaTOYHHX PiBUaKiB
1 BENMYMHY BIAXOMIB B 3aAMPKYy IpPH INTAMITyBaHHI Ha KOBAJIbCHKOMY
MTHEBMAaTUYHOMY MOJIOTI.

BcranoBiieHHs onTUMaNBHUX PO3MIPIB BUXiIHOI 3aTOTOBKH.

Marepianu, iHCTPyMeHT, o00JagHaHHs. 3pa3Kd CBHUHIEBI: a)
D18 mm, =80 mm - 1 mr., 6) O18 mm, [ =90 mm - 1 mr., B) D20 Mmm,
[=80mm - 1 wr., T) O22 mm, [=60mm - 6 WT.; EKCIICPUMEHTAILHUI
MoJoToBui 1ramn (puc. 4.1); kimimi; MacmraOHa craneBa JiHIMKa; Baru
nabopaTopHi; MOJIOT MPUBOJHHMKA KyBajJbHHH 3 MacoOl0 MONAIOTh YacTUH

150 xe.

R e ]
R S

Pucynok 4.1 — ExciepuMeHTaIbHUI MOJIOTOBHH IITaMIT

Teoperuuni Binomocti. IIpu po3poOIi TEXHOTOTTYHMX MPOILECIB
MOJOBXEHUX B IUIAHI MOKOBOK 3 MOTOBIIEHHAMH HA OKPEMHX AUISHKaX
(Hampuknaz, IIATYHIB) OCOONMBA yBara MNPHAUIAETbCA  MUTAHHIO
MEpepo3NOAITy MeTaly Y3AOBXK OCI 3aroTOBKH, TOMY IIO BiJ HBOTO
3aJIOKUTh BEIMYMHA 1 po3moAll O00JI0I0, IO YTBOPIOETHCS NpHU
LITAMIYBaHHI B OCTATOYHOMY PiBYaKy, 1 BETMUMHA 3yCHIUIS IITAMITYBaHHSL.
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Kpim Toro, mpu mrammnyBaHHI MOJOBKEHUX B IUIaHI MOKOBOK OCHOBHHUM
KOHCTPYKTHBHHM €JIEMEHTOM, IO JIMITYy€ CTIHKICTh INTaMIliB, € MICTOK
005oliHOT KaHaBKH, 3HOLICHHA SIKOTO € 0e3MocepenHbol0 MPUYMHOI0
BHUXOAYy 3 JIaAy IuTammiB. Tak SK BeIWYMHA 3HOLICHHS MICTKa B IEpLIY
Yepry BU3HAYa€ThCS KUIBKICTIO MeTaly, BUTICHEHOTO B 00JIOH, TO IParHyTh
10 3HIDKEHHS BHXOAYy MeTalny B 005oi. 31 CKa3aHOro BHILIMBAE, IO
3HMKEHHS JI0 MIHIMyMY BUTpaTH HeoOXinHOI 11 miacTu4Hoi aedopmarii,
SHEprii 1 MiIBUINCHHS CTIMKOCTI INTaMITIB MOXXe OyTH JOCSATHYTO 3a
PaxyHOK PiIBHOMIPHOT'O PO3MOLTY OONOI0 MO MEPUMETPY MOKOBKU. Tak sk
SIKICHE 3allOBHEHHS CTPYMKIB 1 BEIMYMHA BiXOiB TaKOX 3aJISKATh Bil
BEIMYMHU 1 XapakTepy OOOJIOI0, TO CTa€ SCHO, HACKUIBKH Ba)XJIMBO
MPaBUIIBHO MIATOTYBAaTH BHUXIIHY 3aTOTOBKY B 3aroTiBEeJIbHHUX piBUaKax 10
MOJAJBIIOrO MITAMITYBaHHS B OCTATOYHOMY DPiBYaKYy.

B nanmit vac mepeposmomisl Merainy 3OIMCHIOIOTH Ha CTaHax
MEepiOAUYHOr0 MPOKATYBaHHSA, KyBaJbHHX BaJbISX 1 Ha IITaMIyBajlbHUX
MOJOTaxX B MIOKAaTHUX 1 NPOTSHKHUX piBUakax. 3acTOCYyBaHHS MpU
LITAMIIYBaHHI MEPIOJUYHOrO MPOKATy € EKOHOMIYHO MAOUUTBHUM MpU
MacoBOMY BUPOOHHUIITBI BUPOOIB.

IIpu BenukocepiiiHOMy BUpPOOHHLTBI MOIMEPENHIA TepepOo3nOIiI
MeTaly BHXIIHOI 3aroTOBKHM 3a3BUYall 3MIHCHIOETBCS 32 JOMOMOIOIO
KyBaJIbHUX BajblliB, IO BCTAHOBIIOIOTHCS MOPYY 31 LITAMITyBaJbHUM
o0naHaHHSIM.

BararopiBuakoBe mTammyBaHHs MOAOBKEHHX B IUIAHI MOKOBOK i3
3aCTOCYBaHHSIM 3arOTiBEJIbHUX piBYaKiB 3OIMCHIOETbCS 3a3BUYall Ha
MITAaMIIYBaJIbHUX MOJIOTaX.

TexHoMOris mTaMIIyBaHHS TaKUX MOKOBOK Ha KPHUBOLIHMITHUX Mpecax
JIelI0 BiJIPi3HSETHCS Bijl IITAMIyBaHHS Ha MonoTax. Ll BiAMiHHICTH mepiu
3a BCE IOJISITAa€ B TOMY, L0 CTAJIICTh XOAY NOB3YHa YCKJIaTHIOE BUKOHAHHS
HAa KpUBOLIMIIHOMY Npeci MpOTATyBaHHA 1 MiAKaTyBaHHA. ToMmy mpu
ITAMIYBaHHI Ha KPHUBOIIMIHHUX IIpecax pallioHaJbHINIE MPOTSHKKY 1
MiJKOYyBaHHS 3aMiHUTH MEPEOOTUCKOM ab0 30BCIM BiIMOBHTHUCS BiJ| ITUX
MepexoiB 1 MepeldTH A0 IUTaMITyBaHHSA TOKOBOK 3 (PaCOHHHX BHUXiAHUX
3aroToBOK. OCKINbKM MIBHIKE pIBHOMIpHE HarpiBaHHs (acOHHUX
3arOTOBOK TIOB'SI3aHE 3 JCIKUMH TPYIHOLIAMH, Kpalle BHUTOTOBJISTH
(acoHHY 3aroToBKy THYTTSAM 1 INTaMIyBaTH ii Ha mpeci 3 TOro x
HarpiBaHHs, HDK 3aCTOCOBYBAaTHM BHUXiAHI (acoHHI 3aroroBku. [Hima
BaYKJIUBA OCOOJUBICTH B TOMY, IIO NMPH IITAMIIyBaHHI HAa KPHUBOLIUITHOMY
npeci KOMMBaHHS PO3MIpPIB BH3HAYAIOTHCS, TOMOBHUM YHHOM, Pi3HOIO
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BEIMYMHOIO MPYKHUX Aedopmaliil AeTayiel mrammna i npeca, siki 3a1exartb
Bin omopy aedpopmaunii meramy B mrammi. Omip ke, B CBOIO Hepry,
3aJIeKUTh BiIl TeMIepaTypu Meraiay 1 o0’emy 3arotoBku. Hammmmok
Metany (OinblIe po3paxyHKOBOTO), HemporpiBaHHs abo HemorpiBaHHs
3arOTOBOK TNPU3BOIATH JO 3pOCTaHHS 3yCHIUISI IITaMITyBaHHS, IO
BUKJIMKa€e 30UTbIIEHHS mpyxHOI nedopmanii nmeraneil mpeca, a orTxe, i
301NIbIIEHHS PO3MIPIB MTOKOBKH 1 33AUPKH 10 BUCOTI.

Mopsinok nposBeaenHss podoTu. O3HAMOMHUTHCS 3 KOHCTPYKILIEIO
mrama.

3BaKUTH BCl 3aTOTOBKH, BIATATHYTU KIIIOBUHHU.

[lItammyBatu 3arotoBKy 18 mm, [ = 80 mm B OCTATOYHOMY piBUAKY.

lramnyBatn  3arotoBky D18 mm, [=90mm cmoyatky B
MiZIKATHOMY, a TIOTIM B OCTaTOYHOMY PiBYaKY.

[lItammyBatu 3arotoBKy 320 mm, [ = 80 MM B OCTATOYHOMY PiBUAKY.

tammyBatu 3arotoBky D22 mm, [ =60 mm crioyaTKy B MiAKATHOMY
piBUaKy 3 BHUMIPOM IONEPEYHHUX IEpPEepi3iB Michas KOXHOTO ynapy (pHc.
4.2), a mOTiM B OCTATOYHOMY piBYaKY.

l
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Pucynok 4.2 — CxemMa BUTOTOBJICHHS TOJOBXCHOI B IUIaHI TIOKOBKH B
PI3HHUX piBUaKax 3a JIEKiJIbKa EPEXO/IiB

VY k0KHOMY pas3i micist ITaMITyBaHHS B OCTATOYHOMY PiBYaKy BECTH
CIIOCTEPEKEHHS 32 3aII0BHEHHSIM METaJIOM TIOPOKHIHHM piBUaKa.

B orprMaHNX MOKOBKax HOXEM 3pi3aTH 00O 1 3BaKUTH 00JIOH Ta
MTOKOBKY.
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PesynbpraTti BUMIpiB 1 3BasKyBaHb 3aHECTH A0 Taom. 4.114.2.

Tabmuusa 4.1 - PesynpTaTm AOCHiNIB INTAMIyBaHHS Ha MOJOTI
MOJJOBXEHUX B TJIaHi ITOKOBOK

PO3.M1p" . 5»
BUX1JHOIL - = u . Maca Bigxony %
E| 3aroroBku, s B g AABHICTD (oGmoit i ° | Tlpu
= Y s 3 g < | KIIIOBUHU . B1IXO .
o s 2 KJIIOBUHA), MIT
) s (e / HEMae) ny *
= & Ke Ka
d | %] 2

* -y NPUMITLI BKa3aTH CTyMiHb OGOPMIIEHOCTI (irypu MOKOBKH i
PIBHOMIpHOCTI po3TalryBaHHs 00JIOI0 110 KOHTYPY TOKOBKHU

Tabmuusa 4.2 - PesynbTaTw AOCHINIB INTAMITyBaHHS Ha MOJOTI
MOJJOBXEHUX B TJIaHi ITOKOBOK

Po3mipu BuxingHoi 3arotoBku, | JloBxkuHa, | BumoBkeHHS,

>
MM MM MM

S AA b5 BB Hpur-
> - = - ; Al MiTKa
ol
<

1 1 1 1 1 1

3mMicT 3BiTY.

Bukonatu ecki3 MOJOTOBOTO LITAMIY 1 MOKOBOK; €CKi3H IOKOBOK
0a)xaHO HACTYITHI:

a) micns ITaMOyBaHHS B OCTaTOYHOMY piBUaKy Ha MoOJIOTI Oe3
MOIEPEAHBOr0 MiIKaTyBaHHS;

0) micist mTaMyBaHHS B MiIKATHOMY PiBYaKy.

3anoBuuTu TadmI. 4.1, 4.2.

[IpoanamnizyBaT pe3ynbTaTH i 3p0OUTH BUCHOBKH.

KonTpoabHi 3anutanus

1. Slkuii 3 BapiaHTiB IITAaMITyBaHHS IIATYHA € HAHOLIBII TOUUIBHUM?

2. Yomy mpu IITaMIlyBaHHI Ha KPHUBOIIMIIHOMY IIPECi Ba)Ko
3MIMCHUTH MPOTSTaHHA 1 MTAKOYYBaHHS?

3. Ski ¢akTopu BIUIMBAIOTH HA IITAMITYBaHHS MOJOBXKEHHX B IJIaHi
IIOKOBOK?

4. 3a paxyHOK SIKMX YHHHUKIB TIpH INTaMIyBaHHI Moxe OyTu
HeIOIITaMITyBaHHs?
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JJABOPATOPHA POBOTA Ne5
JOCHIIZKEHHSA ITPOIECY IPECYBAHHSA CYHIJIBHUX TA
HOPOKHUCTHUX TPOPLIIB

Teoperuuni Binomocti. IIpecyBanHs € OmHUM i3 NPOrPECUBHUX
TEXHOJIOTTYHHUX MPOLIECiB KOBAIbCHKO-IITAMITYBIbHOI'O BUPOOHHIITBA.

[IpecoBani BuUpoOH BUKOPHUCTOBYIOTHCS B SIKOCTI TOTOBUX BHPOOIB, a
TaKoXX Yy BUTJISAII 3arOTOBOK JUIS INTAaMITyBaHHsI abo Juis oOpoOku ix Ha
MeTajopi3ajJbHUX BepCTaTax. 3acTOCOBYBaHI B JaHU dYac mpecH yis
npecyBaHHs po3BUBaOTh 3ycriuts 1o 20 MH 1 Buie.

Cxema mpecyBaHHs (BceOiuHE HEpIBHOMIPHE CTHCHEHHS) JIGKUTH B
OCHOBI OLTBLIOCTI MPOLECiB 3aKpUTOro (0e3BiAXiAHOr0) MTaMITyBaHHS, SIKi
OCTaHHIM YacoM 3HaXO[ITh HIMPOKE 3aCTOCYBAaHHS. Y 3B'3Ky 3 LHUM
PO3BHUTOK Teopii 1 METOMIB pO3paxyHKy IpPOIECiB MPECYBaHHS € BEIbMH
aKTyaJlbHUM 3aBOaHHAM. Meronq mpecyBaHHs 3a0e3nedye MiABHIICHY
IUTACTHYHICT, METaly 1 4acTo Kpalluid HOro posmofil, IO J03BOJISE
BUTOTOBJIATH IIOKOBKH 13 MAaJOMJIACTUYHAX BHUCOKOMIIHUX CTaled i
MPOBOANUTH OOPOOKY 3 HAIMEHIIMMH BiIXOJaMH METay.

3aneKHO Big HAOpPSAMKY IUIMHY METaly pPO3PI3HAIOTH MpoLecH
psSIMOTO 1 3BOPOTHOrO mpecyBanHs. [Ipu nmpsmomy npecyBaHHI BUTIKaHHS
MeTaly BiIOYBA€TbCs uYepe3 MATPHLIO B HAMPSAMKY pyxy myaHcoHa. [Ipu
3BOPOTHOMY NpPECYBaHHI METaJl Teue B HANPSAMKY, MPOTUICKHOMY PYXY
MyaHCOHa.

Ha mpaxTuiii Takoxk 3aCTOCOBYIOTH KOMOIHOBaHE MpeCyBaHHS, MPH
SKOMY METaJ Te4e B MPSIMOMY 1 3BOPOTHOMY HaIpsSIMKaX.

dopma i po3Mipu MOMEPEYHOrO Iepepi3y MPECOBAHOTO BUPOOY
BHU3HAYAIOTHCS (OPMOIO 1 po3MipaMH OTBOPY MaTpHLi, uepe3 sKdAl
BinOyBaeThCsl BUTIKaHHA Merany. llopoxkHuctuid BuUpiO BHUXOAWTH 3a
PaxyHOK IJIMHY METaTy B 3a30p MIX T'OJIKOIO 1 MaTPULIEIO.

Cryninb nedopmalii i IBUAKICT BUTIKAHHS METAILY 3 OYKa MaTPULi
ICTOTHO BIIJIMBAIOTh Ha SKICTh IPECOBAHOTO BUPOOY.

Po6ora ¢dopMo3MmiHM, sKa BH3HAYAETHCS IUIOMICIO Jiarpamu
«GYCHJUIA - UUISIX», 3AJIKUTH BiJl BEIMUMHH 1 XapaKTepy 3MiHH 3yCHIUIS 32
pobounm xomom (puc. 5.1).
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JYCug o
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Pucynok 5.1 — [liarpama 3aexHOCTI 3yCHIUISA BiJl poO0YOro Xony MmoB3yHa

TIpY TIpeCyBaHHI

[Ipu mnpecyBanHi CyuminbHUX NpOQLTIB MUTOME 3YCHIUISI MOXHA

BU3HAYMTH 32 3aJIEKHICTIO:

por (v 2 2

siny l+cosy f D d

1€ O, - HalpyXeHHs TeKydocTi Marepiany, MIla;
M, - KOeDILieHT TepTs;

(5.1)

2y - 3aXigHU{A KyT MaTpuui (IJIs IIOCKOI MaTpHULi B PO3paxyHKax

MOXHa npuiimatu 2y = 120°);
d, | - niamMerp 1 JOBKHMHA KaniOpyl0doro mosicka MaTpulli, MM;
D - niameTp KoHTeiHEpa, MM;

F, f - ol momepe4Horo mepepizy KOHTelHepa i O4Ka MaTpuli

. . 2
B1AIIOB1AHO, MM |

L - BucOTa 3aroToBKH, OCa[PKCHOI IO JiaMerpy KOHTEHHepa

(puc. 5.2), Mmm.

Pucynok 5.2 — Cxema npsiMoro npecyBaHHs
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IIpn mnpecyBanHi Kpyrioi TpyOW 3 KpyIJoi 3aroTOBKH HHUTOME
3yCHJIISL Ha MyaHCOH1 MOXKHA BU3HAYHUTH 32 (popMymnoro

p=kzo, - A.ln&JrL_h) , (5.2)
FT DK. - dzo.v.

ne k=2,2..2,7 - xoedillieHT, IO BPaxOBYE CTYIiHb 3MIIIHEHHS
Meraiy;

A = 2,5 - koeiuieHT, U0 BpaxoBYye XapaKTep PO3MNOIiTY HaNpYKeHb
B ocepenky aedopmartii;

h — BuCOTa ocepeaKy nedopmariii, MM;

h =¢ (TyT v =60° - KyT MaTpuLi ab0 KOHYyca, 110 YTBOPIOE

2-siny

MEpTBY 30HY);

z=1,0...1,2 - xoe(ilieHT, 1[0 BPaXOBYE OXOIOPKEHHS 3arOTOBKH;

Fe, Fr - muomi TONEpeYHoro mepepily 3aroTOBKH  IiCHs
MPOIIMBAHHA 1 BiAPECOBaHUX TPYOH BiAIOBIAHO, MM;

d.o;. - TIAMETp TOJKHU.

MakcumainbHe Hamrpy>XCHHS B FOJ'ILIi npu HpOH_II/IBaHHi 3aroTOBKHU
BH3HAYAETHCA BUPA30M

D
szA:ZdL GT‘|:075d_mp(L_a)+fa:|a

20I1.

20I1.

ne D, - 30BHIWIHIA xiameTp TpyOH, MM;

a - JOBXHHA IMPOIIUTOI YaCTUHHU 3arOTOBKH, BIiINOBiJHA MOMEHTY
MaKCHUMaJIbHUX HAIpyXeHb B TONL, SKa BA3HAYAETHCS 3 pUC. 5.3, MM.

a

A\
06—\
04 \

N
0z AN

=

\\
0 U7 0207 0F g

(4

(RSN

Pucynoxk 5.3 — MOMEHT MakCHMajJbHUX HANpyKeHb B TOJNLI IpH
MIPOLINBaHHI
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5.1 IlpecyBaHHs cyniJibHMX Npoginis

Mera poGorn. J[locnmimKeHHS BIUIMBY CTelleHi nedopmamii i
BXIIHOTO KyTa MAaTpU4YHOi JHKM HAa CWIOBHHA PEKUM MpH TNPIMOMY
MpecyBaHHi.

BusnayenHss MiHiManbpHOI BEIMYMHHM Mpec-3adIIKy (mig dac
MpecyBaHHS MPYTKiB depe3 IUIOCKI MaTpHli), NpU SKOMY [OYHHAE
3'ABISITHCS Tpec-yTSHKUHA.

Marepianu, iHcTpyMeHT, o0aaananHs. CBUHLEBI 3pa3ku BUCOTOIO
h =40 mm i giamerpom d = 40 MM — § IIT.;. eKCIEPUMEHTAJIBHUAN [ITAMIT 31
3HIMHUMH MatpuusMu (puc. 5.4); HaOip BcTaBOK (IJIOCKi, 3 AlaMeTpoM
KamiOpyBanpHOrO 0TBOpY dp =20, 15 1 10 MM; KOHIYHI 3 AiaMeTpoM
dp=15Mm 1 3zaxigaum KytoM Matpumi 2y =150, 120, 90 i 60°);
ITAaHTeHIMPKYJb, KyTOMIip; JiHiiika; yHiBepcaibHa BHIIPOOyBajbHA
MalnHa.

=

§| I\ ﬁ
oA A
A @ Zigmt

7 ‘%&L 7

Pucynok 5.4 - ExcriepuMeHTa IbHUM [ITaMIT 31 3HIMHUMH MaTPULSIMU

Mopsinoxk npoBenenHss po6oTH. CBUHIICBI 3arOTOBKH IIPECyBaTH
Yepes MJIOCKi 1 KOHIUHI BCTABKH 13 3aIIMCOM 1HAWKATOPHUX Jiarpam.

[IpecyBanHs yepe3 MIIOCKI BCTABKM BUKOHYBATH JI0 BEIMYMHU IpeC-
3anuIKy, piBHoro 5 mMm. Ilicms mporo BecTw mpouec 3 3yMUHKAMH i
ornmsgamu gepes 0,5 ... 1,0 MM 10 MOMEHTY MOsIBH npec-yTshkuHU. CTerinb
nedopmariii Bu3HaYUTH 32 (HOPMYIOI0

ezF—_f-IOO%,
F

ne F - miolia nonepevyHoro nepepizy npuiMaya;
f - Tuloma momepevYHoro mepepizy ouka BCTABKH (200 CTEpKHS,
OTPUMaHOT0 BHIABIIOBAHHSIM).
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Hocnia npoBoauTn 6e3 3MalleHHsI i 3 MACTUIIOM.
[IpecyBatu uepe3 KOHIUHI BCTaBKH 0e3 3MalleHHS.
JlaHi eKclieprMeHTiB 3aHecTH 10 Tabi. 5.1.

Tabmuusa 5.1 — PesymbraTh [mocmigiB mpecyBaHHS CYLIUTBHUX
npodiniB
. . I[lameIp IMutome 3ycmnns
Hiamerp Bucora | 3aximamii | kamiOpy- | 3ycmnis », MIla
3arOTOBKU | 3aroToB KyT 1040r0 npecy-
KOHTeliHep | kulL, MaTpHIi HosICKa Banus | Excre- | Pospa-
pa D, mm MM 2y MaTpuili d, P, H PHMEHT XyH-
MM aNpHe KOBE

3micT 3BiTy. Ha mincraBi oTpumaHmx eKCepUMEHTAIBHUX IaHUX
nmoOymyBaTH Tpadikd MHTOMOTO 3yCHIUIS B 3aJIOKHOCTI BiJl BEIUYHMHHU
MepeMillleHHsl MyaHCOHA 1 BiX 3axiHOro KyTa MaTpHlli 1 AaTu aHali3
OTPUMaHHUX KPUBHUX.

[opiBHATH BETMYMHMA MATOMOIO 3YCHJUIS MPECYBAHHS, OTPUMAaHUX 3
SKCIIEPUMEHTY 1 MiApaxoBaHWX ISl THUX JXK€ BHUMAIKIB 32 TEOPETHUHOT
(dhopmysoro.

KonTponbHi 3anutanHs

1. UnM MOSICHIOETHCS 3pOCTaHHS MUTOMOI'0 3YCHIUIS B KiHI[I TIPOIIECY
MIpY TIPECYBaHHI Yepe3 III0CKI BCTaBKU?

2. YuM TOSICHIOETHCS TIOSIBA MPEC-YTSHKUHY TP MPEeCyBaHHI depes
IJIOCKi BCTABKH B KiHIII TIpoIiecy?

3. UuM TOSACHIOETHCS TadiHHSA 3YCHJUIS B XOJI MPOLECy Micis
MOYaTKy ITMHY MeTany?

4. Un 3aieXuTh MOYATOK YTBOPEHHS MPEC-YTSDKUHU BiJl CTEIEHI
nedopmarii?

5.2 TIpecyBaHHs1 NOPOKHUCTHX MPodiTiB

Mera po6otu. JlocnimKeHHs BIUIMBY cTeneHs nedopmanii 1 KyTa
BXIIHOTO KOHYCa BCTAaBKM Ha CHJIOBUH PEKHUM MPECYBAHHS MOPOXKHHCTHX
BHUPOOIB 3 CYLITBHUX 1 TOPOKHUCTUX 3aTOTOBOK.
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Marepianu, iHcTpymMeHT, 00aanannsa. CBUHIEB] 3pa3ku: a) 40,
[=40mm — 3mT., 6) 40, /=40 MM — 3mT. 3 orBopom @10;
eKCIIepUMEHTAbHUN [TaMn 31 3MIHHUMH BcTaBKamu (puc. 5.4); HaOip
IUIOCKHX (3 AlaMeTpoM KamiOpyrouoro mosicka dyp = 12 MM) 1 KOHIYHUX (3
niamerpoM dp= 16 MM 1 3aximHuMm KyroMm Matpuui 2y =90, 120 i 150°)
BCTaBOK; HAO0Ip TOJNOK JOBXKWUHOK 45 MM i giamerpoMm d.,, = 10 MM 3
WIockuM 1 KoHiuHMM (60°) TopueMm; IITaHTeHUHMPKYJb, JiHIHKa;
yHiBepcajbHa BUlpoOyBaibHa Mamnaa Y IM-50.

Mopsinox mnpoBeneHHs podoTn. CyIUTBHI CBHHIIEBI 3arOTOBKH
MpecyBaTH yepe3 IUIOCKI BCTABKH 3 MONEPEIHIM MPOIIMBAHHSIM OTBOPY
IJIOCKOFO TOJIKOIO d.,;, = 10 MM. CBHHIIEBI 3arOTOBKH 3 OTBOPOM PECYBaTH
Yepe3 KOHI4H1 BCTaBKH 3 TOJIKOIO 3 KOHIYHUM TOPILIEM.

[IpecyBatu Ge3 3MalleHHA i3 3amMUCOM JiarpaM «UUISIX - 3YCHIUID).
[Ipouec 3akiHYMTH TpH Tpec-3aJUIIKy, MO AopiBHIOE 5 M. [lani
EKCIIEpUMEHTY 3aHecTH B Tabm. 5.1.

3micT 3BiTy. Ha migcraBi mpoBeneHHX EKCIEpHUMEHTIB MOOyAyBaTH
rpadiky 3aleKHOCTI NUTOMOTO 3yCWJUIS BiJ BEIHMYUHH TEPEMIILECHHS,
MyaHCOHA 1 3aXiTHOr0 KyTa MaTpULi 1 AaTH aHali3 OTPUMAHUX KPUBHUX.

[lopiBHsTH  mWTOMI  3yCHWJJIsl  TpECyBaHHsS, OTPUMaHUX 3
EKCIIEpPUMEHTY 1 pPO3paxoBaHUX Ui THUX € YMOB 3a TECOPETHUYHHMU
dbopmynamu.

KonTpoabHi 3anutanus

1. Sxi HampyXeHHS BHHUKAlOTb B TOJNNI B XOAl MpOLECY
MpecyBaHH:A?

2. SIki pakTOpH BITMBAIOTH Ha MOJIOKEHHS MAKCUMYMY Halpy>KEHHS
B TOJIIIi B XO/Ii mporiecy?

3. Slki xapakTepHi cTafii MOXXHa BHIUIMTH B HpOLECi MpecyBaHHS
MOPOKHUCTOTO BUPOOY 13 CYLITBHOT 3aTOTOBKH?

4. Sxi ¢akTopu BIUIMBAIOTH Ha 3yCHIUISI MpPH TNpEcyBaHHI
MOPOKHUCTHX BUPOOiB?

5. B skux wMmicusgx B 3aroTroBui HpU TNPECyBaHHI MOPOKHHCTOIO
BHUPOOY YTBOPIOIOTHCS «GKOPCTK1» 30HU?
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