MIHICTEPCTBO OCBITU I HAYKU YKPAIHU
3anopizbKuii HAI[IOHAIBHUHN TEXHIYHUH YHIBEPCUTET

METOIUYHI BKA3IBKA
10 t1abopaTopHoi podboTu Ned
«3BaproBaHHs MOJIIMEPiB iHPpaYePBOHUM BUIIPOMiHIOBAHHIM>
3 TUCIUILIIHY “ 3BaproBaHHS miacTMac”
VTSl CTYJICHTIB OCBITHBOT TIPOrpaMH ,, TeXHOMOrii Ta ycTaTKyBaHHS
3BaploBaHHA" BCIX (JOPM HABYAHHS

2016
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MeronnuHi BKa3iBKH 10 JiabopaTtopHoi pobotn Ned «3BaproBaHHS
nojiMepiB  iHGpayepBOHMM  BUNPOMIHIOBAHHSIM» 3  JUCIHILUIIHH
“3BaproBaHHs TIACTMAC” U CTY/IEHTIB OCBITHBOI ITporpam# ,, TexHomorii Ta
yCTaTKyBaHHs 3BaproBaHHs" BCiX opm Hauanus / Y. O.€. Kanyers, C.I1.
Bepexunii. —3anopixoks: 3HTY, 2016 — 10 c.

Yinanaui: O.€. KartycrsiH, crapiir. BUKIaay,

C.I1. bepexxuwuit, KaH1. TEXH. HAYK, IOIICHT.
Penierzent: A.O. I1lyminoB , kaHI. TeXH. HAyK, JIOLECHT
Penaxtop: I.I1. ABepuenko
Bignosigansuuii 3a umyck: O.€. Kanyctsia

3aTBEpIKEHO

Ha 3aciganni kapenpu OT3B
[Ipotokon Ne 2

Bix 29.09.2016

PexomenoBaHo 10 BUIaHHS
HMK 10D

[Ipotokon Ne 2

Big 11.10.2016
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BCTYII

3BaproBaHHS ~ BUIIPOMIHIOBAaHHSM  3aCHOBaHE Ha  HarpiBaHHI
MOBEPXOHb JIeTalleil B pe3yibTaTi TMEpPeTBOPEHHS B HUX EHeprii
BUIIPOMIHIOBaHHSI B TEIJIOBY €HEprif0. 3BaproBaHHS BUIIPOMiHIOBaHHAM
3MIMCHIOITh 0€3, a00 3 TpUCaJHUM MarTepialioM i3 3acTOCYBaHHIM
HAKJIaJOK MO CXeMaxX MpsIMOTO0 YM HENpsSMOro HarpiBaHHA. 3aJeXHO Bix
JoKepena BUITPOMIHIOBaHHS MiAPO3AUISAIOTH Ha 3BapIOBAHHS
iH(ppaYepBOHNM BUIIPOMiIHIOBaHHIM, JlazepHe 1 cBiTIOBe. [Ipu 3BaproBaHHi
iHppaYepBOHMM BUIPOMIHIOBAHHSIM BHKOPHCTOBYIOThCS MpPOMEHI 3
noBxuHOo0 xBuii 1,0+15,0 MkM, CBITJIOBE - CBITJIOBI TPOMEHI 3 JJOBKHUHOIO
xguib 0,2+1,0 MKM, 51azepHe - KOTEPEHTHHUH CBITJIOBUH TIPOMiHB Y
BUJMMOMY 4H iH(pauepBOHOMY Jiana3oHi JOBXHH XBHIIb.

[licns HarpiBaHHS 3BapIOBaHMX [OBEPXOHb [0 TeMIlepaTypH
B'A3KOTEKY4YOro CTaHy IX CTHCKAalOTh 3 METOI aKTUBAIil pPeosoriyHuX
mporeciB Ta 30JMKEeHHS 3'€IHYBaHWUX YYACTKIB MOBEPXOHb Ha BiJCTaHb,
OpH SIKIiH MDK HUMH BWHHKAIOTh CHJIM MDKMOJEKYJISIPHOTO 3B'SI3KYy, B
HACJIIIOK YOT0, MICIsI OXOJIOKEHHS, yTBOPIOETHCS HEPO3'EMHE 3'€THAHHSL.

[um MeromoM MOKHa 3BaploBaTH MPAKTUYHO BCi TEPMOIUIACTHYHI
MaTepianu. TexHoioris 3BapioBaHHS iH(pauepBOHUM BUIPOMiIHIOBAaHHIM
nofibHa 10 3BaprOBaHHS HArpiTHM iHcTpymeHToM. OJHaK JaHWH Ipolec
JI03BOJISIE OUIBII TOYHO O3YBaTH KUTBKICTH BBEJEHOTO TEIUIa, 3MEHIIYE
HMOBIpHICTh JECTPYKLil MOBEPXHEBUX IIApiB Matepialy i MOXKIHUBICTh
NPUJMMAHHS iX A0 IHCTPYMEHTY, TOJIETIIye aBTOMAaTH3alil0 TpoLecy
3BaplOBaHHA 1 3a0e3nedye OUIbII BHCOKY 1 CTaOUTbHY SKICTH 3BapHHUX
3'e/IHaHb.

1 3ATAJIBHI HOJIOXKEHHAA

[HdpavepBoHMii CHEKTp BUIPOMIHIOBAaHHS BiI3HAYAETHCS YciMa
BJIACTUBOCTSIMUA BHJIUMOTO CIIEKTPY. Take BHUNPOMIHIOBAaHHS TaKOXX MOXKeE
BiOMBATHCh BiJ MOBEPXHI MaTepianmy a00 MOrIMHATHUCH. Pi3HI momiMepun
MOTJIMHAIOTH Pi3HI YacTOTH iH(PAYEepBOHOTO CHEKTpYy HEOAHaKoBo. [lyis
OUIBIIOCTI MONIMEPHUX MaTepialiB MakCHMyM MOTJIMHAIOYOi 37aTHOCTI
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MpUITAJIa€ Ha JOBXKHHY XBWI Ouabiie 3 MKM. Taki JIOBXHHH XBHIIb
YTBOPIOIOThCS MpH TeMIiepaTypax urpominioBada menme 700° C. Oanak
IHTCHCHUBHICTh BUIIPOMIHIOBAHHS TPH TaKid TeMIleparypi Majia, TOMY
MPAaKTUYHO  JIOBOAWUTHCS ~ KOPHCTYBATUCh  BUIPOMIHIOBAYaMH, IO
TeHEPYIOTh LIMPOKWH CIEKTP 4YacToT. BpaxoByrouw, 1m0 B MOJIMEPHUX
Mmarepiaiax € pi3Hi qomimku (OapBHUKH, CTaOLII3aTOPH), SKI MOTIMHAIOTH
BUIIPOMIHIOBaHHSl IHIIMX 4YacTOT, BHKOPUCTAHHS LIMPOKOCIIEKTPOBHX
HarpiBayie ~ 4yacto €  jgouuibHuUM.  JDkepeno  iH(ppadepBOHOIO
BUIIPOMIHIOBAHHS ~ CKJIAJIAa€ThCS 3  BUIPOMiHIOBaua  (HarpiBajgbHOTO
eneMeHTa) i BinOuBaua (pediiekropa), AKUit CTBOpIOE HaHpaBHeHI/II/I MOTIK
npomeHiB. JInsi CTBOpEHHs BY3bKHX TIOTOKIB BHUIPOMIHIOBaHHS, SIKi
BHUKOPHUCTOBYIOTHCS TP BUKOHAHHI TIOB3JIOBXHIX MIBiB, BUKOPUCTOBYIOTh
pednexropu napabomniunoi ¢popmu. [Ipu cTukoBoMy 3BaproBaHHI nMpoQitiB
PO3BUHYTOI'0 TIEpEpi3y BHKOPUCTOBYIOTH BHIIPOMIHIOBAYi 3 TUIOCKHMHU
pedaekropamu (puc. 1.1).

B sikocTi BUNpOMiHIOBadYiB BHKOPHUCTOBYIOTH HIXPOMOBI HarpiBadi
cripajbHi 1 CTPIYKOBI, a TaKK CHJIITOBI crepxHi. [jis 3amobiranHs ix
neperpiBaHHIO BOHM MAalOTh ITPUMYCOBE BOJsHE abo TOBITpsHE
OXONO/UKeHHS. JKUBJIGHHS HarpiBadiB 3JIHCHIOETBCS  BiJ JOKepen
MOCTifHOr0o ab0 3MIHHOrO CTpyMy. I[HTEHCHBHICTH BHIPOMIHIOBaHHS
3MIHIOIOTh LUISIXOM 3MIHM BEIMYMHHM HAmpyrd, LI0 MOJAEThCA Ha
HarpiBajJbHHUI CICMEHT.

[Ticns HarpiBaHHS [0 TeMIepaTypd B'S3KOTEKYy4Oro CTaHy AeTali
CTHUCKAIOTh 3 MEBHUM 3yCWIUISIM JJIsl YTBOPEHHSI HEPO3'€MHOTO 3'€THAHHA.
Jns 1pOro BHUKOPHUCTOBYIOTH Taki X MEXaHI3MH OCaJKH, SK 1 MpH
TEPMOKOHTAKTHOMY 3BapioBaHHI. OCHOBHMMH MapaMeTpaMH pPEKUMY
3BaplOBaHHA  iH(pauepBOHUM  BHUIIPOMIHIOBAHHSM €  TeMmIepaTypa
HarpiBaua, BiACTaHb BiJl HarpiBaya 10 ONPOMIHIOBaHOi TOBEPXHi, dYac
OIPOMIHIOBAHHS 1 BEJIMYNHA TUCKY OCAJKH.

Bennuuny Hampyrd, oo moAaroTh Ha HarpiBad, oOMparoTh 3 TaKUM
po3paxyHKoM, 00 Horo Temmeparypa 3HaxXoJwjiach B  MeXax
600+-1000° C. Biacranb Bim HarpiBaya 10 MOBEPXHi [eTaii JOIIBHO
yTpuMyBath B Mexax 5+20 MM, a uyac HarpiBaHHS BH3HAYalOTh
eKCIIEPUMEHTANIbHO. 3YCHIUIS OCaJKH OOHMpaloTh aHaJOriyHoO, SK 1 TpH
TEPMOKOHTAKTHOMY 3BaplOBaHHi.
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1 - 3BaproBaHi geTami; 2 HarpiBalbHHUN €JIeMEHT BUIIPOMiHIOBaua; 3 - peduieKTop;
4 - perynsaTop CIWIU CTPYMY; 5 - JKepelio XKUBIEHHS; P, - 3yCHIUIS OCaIKH.
Pucynok 1.1 - Cxema a) HarpiBaHHs Ta 0) OCa/pKEHHS JeTalel mpH
3BapIOBaHHI iHPpaYepPBOHUM BUIIPOMIHIOBAHHSIM.

-
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2 META POBOTH

OnaHyBaHHSI TEXHIKM 1 TEXHOJIOTii CTHKOBOI'O 3BapIOBaHHS
noJlieTH/ieHy iH(QpaYyepBOHUM BUIIPOMIHIOBAHHSIM, JIOCIIJKCHHS BIUIUBY
napaMeTpiB peXxXUMy Ha SKICTh 3BapHHX 3'€THAHb.

SHIATOTOBKA 10 POBOTH

[Tpu mixrorosi 10 JiabopaTopHOi poOOTH HEOOXITHO 3'SICYBaTH CYTh
MPOIECY 3BaplOBaHHs IH(PPAYCPBOHUM BHUIIPOMIHIOBAHHSIM, OCOOJIMBOCTI
BHUKOHAHHS, 3aCTOCOBYBaHE OOJaJHAHHS, MPaBWUIa TEXHIKHM Oe3MeKd MpH
BHUKOHaHHI poOoTH. Jlo mpoBeaeHHs POOOTH CITii MPUTOTYBATH 3arajibHy
YacTUHY 3BITY, B SKili HEOOXiHO MPUBECTH HA3BY POOOTH, METY, METOAUKY
BHUKOHAHHS, TAOJHIIIO IS 3aMUCY PE3yIbTATIB.

4 MATEPIAJIN TA OBJTAITHAHHA

4.1 IadpauepBoHUi HArpiBaY i3 JXKEPETOM >KUBIICHHS.

4.2Mexanism ocanku ycraHoBku YCTT-110 nns 3BaproBaHHst TpyO
TEPMOIUIACTIB 3 MPUCTPOEM JIJISL KPIILJICHHS 3pa3KiB.

4.3 3pasku 16x8x80 MM 3 moieTHICHOBUX TPYO.

4.4 [11a6yoH U1 BCTAHOBJICHHS 3Pa3KiB.

4.5 CexyHaomip.

4.6 Hix.

4.7 Tepmyr.

4.8 Jlemara.
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5 METOANKA BUKOHAHHSA POBOTH

5.1 BUBUMTH KOHCTPYKIiIO, MPUHIMN [ii Ta MOPSAOK BKIIOYCHHS
iH(paYepBOHOTO BUMPOMiHIOBAYA.

5.2 BuBuuTH TexXHIKy BCTaHOBJIEHHS 3a INAOJOHOM 1 KpIMJIeHHS
3paskiB B mpuCTpoi jyis ocaaku ycraHoBku Y CTT-110.

5.33auuctutu Topui 12 momieTHJIEHOBMX 3pa3KiB, CKJIACTH IX
MOMAPHO 1 BUMIPSATH JOBXKHHY KOXKHOI TTapH.

5.4 3a nmomomorow malIOHy BHCTaBUTH 2 3pa3kd B MPHCTPOI s
CTHCKaHHS TaKUM UYWHOM, W00 BIJICTAaHb BiJ TIOBEPXHI 3pa3ka Jio
HarpiBaJbHOTO eneMeHTy craHoBuia 10 MM, 1 3akpinuTH ix.

5.5 [ligkntounTy HArpiBav 10 JPKEpen JKUBJIeHHs 3 Hanpyroto 25 B i
micis crabumizaiii TeMepaTypyu BHIIPOMIHIOBaYa, BCTAHOBUTH MO0 MK
MOBEPXHsIMHU 3pa3KiB i HarpiBaTu npotsirom 10 c.

5.6 Ilicist 3akiHYeHHS TpOIecy HarpiBaHHA IIBUIKO BHUTATHYTH
HarpiBau i CTUCHYTH 3pa3KH, MPUKIABIINA A0 PYKOSTKH MPUCTPOIO OCAIIKU
sycwnist 25+30 H.

5.7 Tlo mecsiTHCEKYHIIHIM BUTPHUMIII i THCKOM BUTSTHYTH 3pa3KH,
MOMIpATH iX CyMapHy MAOBXHHY 1 BH3HAUYUTH BEIHYMHY OCAIKH MpPH
3BapIOBaHHI.

5.8 Iliciast TOBHOIO OXOJOKEHHS 3pa3KiB OMIHWUTH KyT 3aruHy
3BapHOTO 3'€JHAHHS JI0 TOYAaTKy pPyHHYBaHHS.

5.9 JlocnmiguT BIUIMB TPUBAJIOCTI HArpiBaHHS Ha SKICTh 3'€JJHAHb.
Jdns mporo 3BapuTH i€ ABI Mapu 3pa3KiB NpW Takid ke Hampysi,
30umpmmBIIM  Tiepion HarpiBanHs g0 20 Ta 30 c¢. 3ycwuis ocaaku
BUTPUMYBaTH NOCTiHHMM. OIIIHUTH BEIMYUHY OCAJKA 1 KyT 3ardHy
3BapeHuX 3pa3kiB. J[aHi 3aHeCTH B TAOJIHITIO.

5.10 36inpmMTH BeNMWYMHY HAMpyrd Ha HarpiBaui go 28 ta 32 B,
3BapuTH 3pas3ku npu ButpuMmil 20 ¢, OMIHUTH X SKICTh 1 JIaHi 3aHECTH B
TaOJINLO.

5.11 Ilpu 3axpifuieHHI OCTaHHBOI MapW 3pas3kiB 3a0e3neunTH
JWCTaHI0 a0 HarpiBada 15 mm 1 3Baputh ix mpu Hampys3i 32 B Ta
Butpumili 20 ¢. OLiHUTH IX SKICTH 1 3aHECTH JaHi B Tabn. 5.1.

5.12 [ToGynyBatu rpadiuHi 3aJeKHOCTI BEIMYMHU OCAJKH 1 KyTa
3arMHy 3BapHHUX 3'€lHAHb BiJ TeMIepaTypud HarpiBaua, TPHBAJOCTI
HarpiBaHHS 1 BiZICTaHI.
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5.13 3pobuTH BHCHOBOK IMPO BIUIMB MapaMeTpiB peKUMY Ha SIKiCTh

3'€THaHb.
Tabmuus 5.1 - BrumB mapameTpiB pexuMy 3BaprOBaHHS Ha SIKiCTh

3'€THAaHHS
Hanpyra | Bincrans g0 Yac |Cymapna aoBxuHa |Benmnmuuna|Kyt

Ha MOBEPXOHB, 10| Harpi- |3paskiB, MM (0 OCajIKM, |3aruHy,
HarpiBadi, | HarpiBarOThCA | BaHHS, ¢ |3BAPIOBAHHA/ICIA MM MM

B MM 3BapIOBaHHS)

32 10 10

32 10 20

32 10 30

35 10 20

38 10 20

38 15 20

6 3SMICT 3BITY

V 3BiTi 10 1ab0paTopHOi poOOTH BKa3aTH il HA3BY, METY, METOJHUKY
BHUKOHAHHS, pe3ylbTaTH JOCHiAiB, odopMiIeHi y BuII Tabnuie, rpadivHi
3aJIeKHOCT1 BEIMYMHU OCAJKH 1 KyTy 3arWHY Bill Hallpyrd Ha HarpiBauy,
TPHUBAJIOCTI HAarpiBaHHsI 1 BIICTaHI JJ0 HArpiBaya, JaTH aHAIi3 pe3yJbTaTiB i
3pOOUTH BUCHOBKH.

7 KOHTPOJIBHI 3AITUTAHH A

7.1 Cyrte mpolecy 3BapioBaHHA NoONIMepiB iH(pauepBOHUM
BUITPOMIHIOBaHHSIM.

7.2 Slxi BUKOpHCTOBYIOTBCS HarpiBadi Jisi 3BaploBaHHS, 5K 1 B
SKHX MEXKax MiATPUMYIOTh iXHIO TeMIIepaTypy?

7.3 Sxka TEXHOJIOTis1 3BapIOBaHH iH(ppaYepBOHIM
BUITPOMIHIOBAHHSIM?

7.4 Sk BTMBae TeMmepaTypa HarpiBada Ha sIKiCTh 3BaplOBaHHS?

7.5 Sk BITMBa€E TPUBAIIICTD HATPIBaHHS Ha SKICTH 3BAPIOBAHHSA?
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7.6 Sk 3aneXUTh SKICTh 3'€IHAHD BiJl AUCTAHII] HArpiBaHHS ?

8 BKA3IBKHU 3 TEXHIKHA BE3IIEKHA

8.1 3BaproBanbHi POOOTH MPOBOAWTH TNPH BKIIOYECHIH BUTSDKHIN
BEHTHJIALII.

8.2 Ilpu poGoti 31 3BaprOBajbHUM OOJaJHAHHSIM JOTPUMYBATUCH
3arajibHUX MpaBWII elekTpoOe3neku. He 103BONSEThCS MPOBOIUTH OIS,
BHBYECHHSI Ta PEMOHT 3BaplOBaIbHUX TPHCTPOIB, MIAKIIOYEHUX [0
SNEeKTPUIHOT MEpexi.

8.3 BBiMKHeHHH HarpiBad HEOOXiTHO CTaBUTH B CIELiaJbHHN
nepkak. [Topyd 3 HUM HE MOBHHHI 3HAXOJUTUCH JIETKO3aMHUCTI MPEIMETH
Ta PEYOBHHHU.

8.4He TopkaTuch 10 HarpiBaya pyKoro.

8.50rman i BunpoOyBaHHS 3pa3KiB MPOBOAMTH MICHA iX MOBHOTO

OXOJIOJKCHHS.
JITEPATYPA
1. CripaBOYHHK MO CBapke M CkiewBaHuio miactmace / A.N.
[Tecroman, 10.C. Bacunnes, D.JI. Munees u ap./ - K.: Texnika, 1986. - 192
c.
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