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MaTtepiasio3HaBCTBO
— ue npukKnagHa Hayka, WO BuMBYaE OyaoBy (CTPYKTypy) Ta
BNACTMBOCTI MaTepianis, BCTAHOB/IOE 3B’A30K MK TXHIM CKnajoMm,
6yf0BOIO i BIACTUBOCTAMU, BUBYAE 3a/eXHICTb 6Y0BU i BNacCTUBOC-
Teli Big MeTofiB BMPO6GHMUTBa Ta 06poOKM MaTepianiB, a TaKoX
3MiHY X nNig BNAMBOM 30BHIWHIX YMHHUKIB: CUNOBUX, TEMIOBUX
(TepmiyHMX), pagiayiiHnX Ta iHWMWX.

TexHonorisa
(Big rpeubkoro techne — MuUCTeUTBO, MalCTEpPHICTb, YMIiHHA Ta
logos — Hayka, BYEeHHA) — LUe CYKYMNHiCTb MeToAiB 06po6KM,

BUIOTOB/EHHS, 3MiHU CTaHy, BNacTUBOCTEN, GOPMU CUPOBUHU, Ma-
Tepiany abo HaniBabpukaTta, WO 34iAICHIOKTLCA B NpPoOLECi BUPOO-
HUuTBa npofykuii (BMpo6iB). 3aBfaHHA TeXHONOrIl AK Haykn —
3’ACYBaHHA (i3MUYHUX, XIMIYHUX, MeEXaHIYHMX Ta iHWUX 3aKOHO-
MIPHOCTel 3 METO0 BM3HAYEHHSA Ta NPAKTUYHOTO BUKOPUCTAHHSA
HaeeKTMBHILWNX | EKOHOMIYHMX BUPOOHMUYMX MPOLECIB.

TexHONOrivHICTb
— BNAacTUBICTb MaTepiany abo KOHCTPYKUil, AKa [03BONAE BU-
KopucTaTu Ans BMpoOGHMLTBA, ekcnayartayii Ta peMOHTY HalibinbL
€KOHOMIYHI TEXHONOriYHi Mpouecu, WO 3abe3nevytoTb HeobOXigHY
AKICTb.
Big techne nmoxoguTb TaKoX CMOBO TEXHIKa.

TexHika
— Le CYKYMHicTb 3aco6iB, 3Hapsafb, CTBOPEHWUX NIOAUHOKO AN14
BMKOHaHHA npoueciB BMpoOGHMUTBA (MallWHK, anapaTu, MexaHis-
MU, NPUCTPOI, IHCTPYMEHTU, Npuiagn ToLLO).
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BCTYI

OTXe, TEXHOMOria — LUe Ccrnocobn BMPOOHULTBA, TEXHIKA — Le
3acobu BMPOOGHMLTBA.

TexHoNoOrig nos’A3aHa 3 BigMNOBIAHUMMN rany3sMy BUPOOGHMUTBA:
TEXHONOTis 3arafibHOro MawuHO6yayBaHHS, NiTakobyayBaHHA, BU-
rOTOBJ/IEHHA OyAb-AKUX BUpo6IB, MaTepianis TOLW,O.

Mwu X 6yaemo BMBYaTM maTepianosHaBcTBO (M) Ta TEXHONOrit0
KOHCTPYKLUiliHUX MaTepianis (TKM).

KOHCTpYKUinHUMMK
Ha3nWBalOTb MaTtepianu, 3 HAKUX BUFOTOBAAKTL feTani MalluH,
npvnagis, eNeMeHTN Pi3HUX KOHCTPYKLii, IHCTPYMeHTMH, TO6TO Ma-
Tepianu, 34aTHi BUTPUMYBATM 3HAYHI MeXaHiYHi HaBaHTaXXEeHHS.

OTxe, TKM — ue HayKa npo cyyacHi MeToAn OfepXXaHHs Ta 06pOOKM
KOHCTPYKLIMHWX MaTepianiB 3 MeTOK BUIOTOB/IEHHA KOHCTPYKLIR | geTa-
neil HeobXigHMX po3MipiB, KOHQirypayii, cTaHy (4MCTOTM) MOBEPXHi Ta
B1aCTUBOCTEWA.

OCHOBHI BMAM 06pOOKM KOHCTPYKLUiAHUX MaTepianis nNpyu BUrOTOBNEHHI
peTanei:

* NNTTH;

e 06p06Ka TUCKOM;

* 3BapHOBaHHSA;

* 06pob6Ka pizaHHAM.

OcHOBHi cnocobu 06pobkn MaTepianis Ansd HajgaHHA M NOTPIGHMX
BNacTUBOCTEIA:

e TepMiyHa 06pob6Ka (TeMnepaTypHa);

* MEXaHiyHa;

* TEPMOMEXaHiuHa;

e TepMOXiMiyHa.

PiBeHb TEXHIYHOI0 PO3BUTKY CYCNiNbCTBA 3aMeXUTh Bif TOro, AKUMM
maTtepianamMu BOHO BoJiofie. HaBiTb OCHOBHI eTanu pO3BUTKY NOACTBA
BM3HAyalTbCA MaTepianamu (Kam’sHWiA BiK, 6pOH30BUIA, BiK 3anisa), Lo
NnigKpecnoe BaX/auMBe MicLe Kypcy martepiano3HaBcTBa cepef iHWUX
TEXHIYHUX HayK.

Kypcu Matepiano3HaBCTBa i TEXHOMOrT B3aEMOMOB'A3aHi, OCKibKK
TEXHO/Oris 06po6KM 3anexuTb Bif BNacTMBocTein 06pobnoBaHNX MaTe-
pianis, a BNacCTUBOCTIi — 3HaA4yHOK Mipow — Bif MeTofiB BUPOOHMUTBA
maTepianis Ta iXx 06po6KN. B NPUCKOPEHHI HayKOBO-TEXHIYHOIO NOCTyMy
Ba)X/MBa POJib BiiBOANTLCA MaWMNHOOYAyBaHHIO. CyyacHe malnHOGyay-
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BCTYN

BaHHS XapaKTepusyeTbca 6e3nepepBHUM 3pPOCTaHHAM €HeproHampyxe-
HOCTI, eKCTpemanbHUMW napaMmeTpamu (rpaHUYHi MexaHiyHi HaBaHTa-
)KEHHSA, BMCOKI Ta HU3bKi TemnepaTypu, arpecuBHi cepefoBmLLa, BUCOKUNA
piBeHb pagiayii TowWl0), TOMY B 6GaraTbOX BMNagkax TiNbKW HafaHHS
cneundiyHMX BNacTUBOCTE Martepianam, LWO 3aCTOCOBYHTLCS, MOXHa
3a6e3neynT HafinHicTb | AOBroBiYHICTb MawuH. HOBi TexHonorii, wo
NoB’A3aHi 3 BMKOPUCTAHHSM HAABMCOKUX TemmepaTyp i TUCKy, flasepa,
nnasmu, eneKTPOMOpOLIKOBOT MeTanyprii, eHeprii BWOyXy, efnekTpo- i
MarHiToiMnynbcHOT 06pPO6KN TOLLO, JAlOTb 3MOrY OJEPXYBaTW Ta CUHTe-
3yBaTW TaKi MaTtepianu, SIKMX paHile NOACTBO He NULIE HE Masno, ane i
He 3Hano, abo fAki B3arani B NPUPOLHOMY CTaHi He 3ycTpivalTbcs (Hag-
TBEpAi, HaAMILHI, XapocCTilki TowWwo).

OTXe, 3aBfaHHA MaTepiasio3HaBCTBa B3arasi — Ue po3pobKa HOBUX i
BAOCKOHANEHHS iCHyruMx MaTepial/iiB. 3aBgaHHsA X Kypcy “Martepiano-
3HAaBCTBO | TEXHOMOri KOHCTPYKLUiAHUX MmaTepianiB” €K CKNagoBoi
YaCTUHW 3aranbHOT TEXHOJMOTIYHOT NigrOTOBKW creyianictiB — HaB4YUTU
MaibyTHIX creuianicTiB-MallNHOBYAIBHUKIB, SIK, 3HAKO4YM CMNOBI, TeMMe-
paTypHi Ta iHWi yMOBM po6oTK fgeTani, BU3HAYUTU HEObXigHI BNaCTUBOCTI
MmaTepiany i1 3a6e3ne4ynmTn TX HaNeXHUM BMOOPOM XiMiYHOro CKnagy
maTepiany getani, peXXUMiB TePMiYHOT, MexaHiYHOT Ta iHWWX BUAIB NOro
06p06KM; Yy KOXHOMY KOHKPETHOMY BMNagkKy Bubpatu i Mpu3HA4YnTH
HanbinbWw MNpPOCTUA, EKOHOMIYHWIA (geweBwnit), 3 MiHIMyMOM 3aTpat
maTepiany, npaui Ta eHeprii, N0 MOXNMBOCTI, 6e3BiAXigHNIA MeTOoA BUTO-
TOBMEHHA AeTani Y eneMeHTa KOHCTPYKLi.

Kpim TOro, 3HaHHA OCHOB MaTepiafo3HaBCTBA Ta TEXHOMOFIT KOH-
CTPYKUiAHUX MaTepianiB € KOHYe HeOOXigHUMYW ANS YCMILWHOIO BUBYEHHS
pagy cneyianbHUX AUcuMnid, AKi QOPMYITb TEXHIYHY 06i3HaHICTb,
KBanigikayito cneyianicTa.

KOHCTpPYKUiiHi mMaTepianu, WO BMKOPUCTOBYIOTbHCA B MaluUHOGyay-
BaHHIi, NOAINAIOTLCA HAa MeTanesi i HemMeTanesi.

MeTaneBi: cTani, YaByHM Ta KOMbOPOBI MeTanu. 3ani3o i oro cnnasu
(cTani, YaByHU) — YOpPHI, BCi iHWI — KONbOPOBI MeTanu.

HemeTanesi: nonimepu, nnactmacu, rymMu, [epeBWHa, CUMIKaTHI
maTepianm — Kepamika, CKM0 Ta iH.

HuWHIi B 3aranbHOMYy 06CA3i 3aCTOCOBYBAaHMX KOHCTPYKLIAHUX MaTepi-
aniB njacTMacu CTaHOBNATbL fAewo OGinbwe 5 % (3a Barot, a He 3a
aCoOpTUMEHTOM BMIOTOBMOBaHMX BMpo6iB). ¥ CLLIA Bxe Tenep nnact-
Macu cknagatTb Ginbwe 15 %, Konboposi metann — 30 %. B YkpaiHi go
HefaBHbOr0 Yacy 4aCTKa YOpHMX MeTaniB cTaHoBuna Ginbwe 90 %.

Ha ueli yac BMPOOGHMYI MOTY>KHOCTI NiLAPMEMCTB YOPHOT MeTanyprii
YKpaiHu CTaHOBAATb MO cTani 54 MAH T, TO6TO YKpaiHa nocigae 4eTBepTe
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BCTYN

micue B cBiTi nicna AnoHii, CLUA Ta Pocii, Bunepemkaroun HiMeyuunny,
ITanito, ®paHuito.
BnactuBoCTi MaTepianiB B OCHOBHOMY MOAINATLCA Ha (i3uUYHI,
XiMiUHi, TEXHOMOTIYHI i MeXaHiYHi.
» ®i3nyHi: WinbHicTb (NMTOMa Bara), Tensjo- i eneKTPONpOBIAHICTb,
MarHeTu3Mm Ta AesKi iHLWi.
e XiMiuHi: 3[4aTHICTb B3aEMOAIATU 3 [AOBKOMULWIHIM CepejoBULLEM,
BCTYNaTu B XiMiYHi CNONYYEHHS, PO3UUHATUCA, KOpoayBaTu, Bifb-
IO YM MEHLUOK MIpOK YMHUTK onip Aii arpecUuBHNX CEPeLOBULL.

e TexHOnoriuHi: 3aaTHICTb NigaaBaTUCSA Pi3HUM MeTogaM 06pPOOKM —
pisaHHIO (TOYiHHA, hpe3epyBaHHA, WNipyBaHHA Ta iHWI), 06pobui
TUCKOM (NpOKaTyBaHHSA, LWITaMNyBaHHA, MPecyBaHHA, BOJIOYiHHSA,
KYyBaHHA), 3BaplOBaHHIO, IUTTIO (PiIAKOTEKYYICTb, ycanka).

e MexaHiyHi: TBEPAICTb, MILHICTb, XXOPCTKICTb, MPYXHIiCTb, NAacTUy-
HIiCTb, KPUXKICTb, 3HOCOCTINKICTb, B’A3KiCTb, BTOMHA MiLHICTb, Xa-
POCTIAKICTb, >KapOMIiLUHICTb, 3HOCOCTIAKICTb, AWCKMALifa eHepriT,
NoB3ydicTb Ta feskKi iHwi. Lli BnacTuBocTi 6yae feTanbHO pPO3rNisHy-
TO gani, 60 came iM NpuUAiNeHa OCHOBHA yBara B LLbOMY MOCI6GHMKY.



2pianis Ta ixui
AKTEDHCTHRE




OCHOBHI MeXxaHiuHi
B/1IACTMBOCTI Marepiasis
Ta iXHI XapaKTepUCTUKA

8§11

HaBaHTaxeHHs1, gedpopMalLiisi, Hanpy>KeHHs!

MexaHi4Hi BnacTMBOCTI MaTepianiB NOB’A3aHi 3 MOHATTSAM MPO HaBaH-
TaXXeHHS, AehopMalito Ta Hanpy>XXeHHS.

HaBaHTaXeHHA — LUe 30BHIiWHI CUAK, WO NpPUKNajarTbCcs A0 Tina
(maTepiany). BoHn 6yBalOTb 30cepeXXeHi abo po3nogineHi no AOBXWHI,
noBepxHi Ta 06’emy (puc. 1.1).

3ocepespkeHa cuna nosHauvaeTbcA niteporo F o (puc. 11, a),

BUMIPIOETLCA B HblOTOHaxX (H), KinoHblOTOHax (KH), B TexHiui X — B
meraHbtoToHax (MH).
PosnogineHa cuna no noeepxHi (puc. 1.1, 6) — ue Tuck P,

BUMIiptOETbCA B nackanax (Ma), vactiwe — B meranackanax (Mrla).
Mig pgieto 30BHIWHIX cun Tino (MaTepian) fAeopmyeTbes, TO6TO
3MiHIOKOTbCA 1A0r0 po3mipu i hopma (KoHGirypauis).

w7

Puc. 1.1
OCHOBHi BN HaBaHTaXXEeHHA:

o0 — 3ocepepxeHa cuna f (H); 6 — posnogineHa cuna
no nosepxHi — Tuck P (H/m ; MH/mM2)
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asa 1
OCHOBHi MeXaHi4Hi BNacTUBOCTI MaTepiaiB Ta ixHi xapak TepucTVKn

Jedopmauia — ue 3MiHW (opmu i po3mipiB Tina nig Aiel0 HaBaHTa-
YKEHHA 30BHIWHIMKU cUNamum.

1. BUAOBXKEHHA NpW pPO3TAryBaHHi abo BKOPOYEHHA NPU CTUCKAHHI

(puc. 1.2, a).

2. 3cys abo 3pi3 (puc. 1.2, 6, B).

Ledopmauii no3HayaoTbCs Tak:

[/ — abcontoTHe BUAOBXEHHS (MM, CM);

e=[/// — BigjHOCHE BUWAOBXEHHA, SK BifHOCHA BennyuHa (6e3
po3MmipHOCTI), abo y BigcoTkax (%);

/ — no4yaTKoBa AOBXWHA CTEPXHS;

Ja — abconoTHU 3cyB (MM, CM);

Aa/a~y — BigHOCHMI 3CcyB ab0o MPOCTO KYT 3CyBY.

Jedopmauii 6yBaloTb NPYXXHI i NNACTUYHI.

Mpy>XHi — Ue Taki, WO MNOBHICTIO 3HWUKaKTb MicAA YCYHEHHA
30BHILWHIX CUA, WO TX CNPUUYUHUAN.
MnacTununi (abo 3annWKOBI) — LUe TakKi, WO He 3HWKaKTb, TO6TO

3anMIIaTbCs MiCNSA PO3BAHTAXKEHHSA.

BVWHWKHEHHS NpYyXHUX gedopmauii B matepiani HEOLMIHHO Cynpo-
BOJKYETbCS MOABOIO B HbOMY Harpy»XeHb.

Mpu HaBaHTaXeHHi Tina, TO6TO Npu oro gepopmMyBaHHi, B HbOMY
BMHMKAOTb CUAM MPYXKHOCTI, 40AATKOBI A0 TUX CWUA B3aeEMOAil MK aTo-
MaMu, WO iCHYIOTb Y HEHaBaHTaXXeHOMY Tifi.

Hanpy>xeHHA — Ue BennymMHa CUnu NPYXHOCTi, WO fi€ Ha O4UHULLIO
naouii nepepisy Tina.

OTXe, Hanpy>XeHHs € Mipol BNAUBY 30BHILWHIX cui (HaBaHTaXeHb)
Ha aToMW, 3 AKUX CKNafaeTbCA MaTepian i AKi 3MyLweHi nig Aieto umMx cun
36nmXKyBaTMCh abo BigfanaTUCh OAUH Bif OLHOrO.

Hanpy>KeHHS No3HA4yaeTLCA NiTEpPoto a.

Puc. 1.2
Buan pedopmadii:

a — BUWAOBXEHHs (NpW PO3TATyBaHHI) abo BKOPOYEHHA (MPW CTUCKAHHI);
6 — 3cyB; B — 3pi3
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Posgin 1
MexaHiyHi BnacTMBOCTi MaTtepianis Ta iXHi XxapakTepucTukun

Y KinbKicHOMY BMpasi HanpyXeHHs B 3afjaHiii  Touyi Tina
BM3HayaeTbCsA BIifHOWEHHAM cunnM, abo HaBaHTaXeHHA F, Wwo fie Ha
NAOUWMHKY S LOBKONA L€l TOUKU, A0 BEMUMHU Li€l NNOWUHKK. TobTO

fe F — HaBaHTaXeHHHA; S — nowa, Ha AKy, 9K MOXHa BBaXkatu, Le
HaBaHTaXeHHA Jie.

BigTak Hanpy>eHHa BuMiptoeTbes y Mackanax (Ma) abo Meranacka-
nax (MnMa).

MiX BHYTPILWHIMK CIaMUN MPYXXHOCTI M 30BHIWHIM HaBaHTKEHHAM
iCHye piBHOBara, a came: 3i 306iNblIEHHAM 30BHILIHIX CUN 36iNbWIYHOTHCA
BHYTPILHI CUAN MPYXHOCTI (a BigTaK 30i/blUYETHCA HAMPYXEHHSA 0), ane
[0 NeBHOT MeXi, BNacTUBOT KOXXHOMY MaTepiany. Lis mexa Ha3mMBaeTbCs
rPaHuLEd MiLHOCTi W Mo3HayaeTbCcs 0, .UMM 6Ginblli CUAM MPYXHOCTI

MOXYTb BUHUKHYTW B MaTepiani, TUM BiH MIiLHIWWIA | TUM BULLA FPaHULS
MiLHOCTI OW.

BusHayaloTbca (06UYMCIOIOTLES) HaMPYXXeHHA 3a JONOMOrol MeTomy
nepepisie. Tino nNOAYMKW poO3pi3yeTbCA CiYHOK MOWMUHOK Ha [ABi
yacTuHu (puc. 1.3). OgHa yacTMHa — Hanpuknag npaea, Ha puc. 1.3 i
14 — BigkngaeTbca, a 1i fis Ha 3aNULlIeHy YacTUHY 3aMiHKETbLCA
BHYTPILWHIMN cuNaMu MPY>XXHOCTI (Hanpy>XeHHAM). Mpy LbOMY 3a/uLleHa
yacTuHa nig A€ NpuknageHnx 4o Hel 30BHIWHIX cun F 3 0aHOro 60Ky i
BHYTPILIHIX CUM MPYXHOCTi B Mnepepisi, WO 3aMiHIOOTb Ail0 BiLKUHYTOI
YaCTMHU Ha 3anulleHy (nisy) 3 iHWoro 60Ky, Mae 6yTn B piBHOBA3I.

Y HalnpocTiwoMy BMNagKy — Mpu OCbOBOMY PO3TArYBaHHI CTepXHS
B /Oro nonepeyHomMmy nepepisi (T06TO NeprneHAUKYNAPHOMY A0 OCi)

MnowwnHa
'Y 5
CiyHa nnowuHa
F
o = 5
~ Cwna F
(30BHIiLLHE HABAHTaXKEHHS)
Puc. 1.3

MeTog nepepisiB i HaNpyeHHs 0
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Mnasa 1
OCHOBHI MexaHi4Hi BNacTUBOCTI MaTepiasliB Ta iXHi Xapak TepucT K1

Puc. 1.4

BU3HAUEHHS] HaNPYXXeHHs1 & NMpY OCbOBOMY PO3TAryBaHHi

nnowero S AitoTb HaMpPy>XeHHS a, PIBHOMIPHO po3noAineHi no naouii
nepepisy. OCKinbKKW niBa 4YacTUHa po3pizaHoro ctepxHs (abo npaea) nig
LI€0 30BHIWHIX cun F i BHYTPIWHIX cun (HanpyXeHHs a) nepebyBae B
piBHOBa3i, TO MOXHa 3anucaTtu ymoBy piBHOBaru. Haragaemo, Wo O fjie
Ha OfHYy oauHuuto nnowi. OTXKe, Ha BCIO NAoWYy S Aie cuna 0S: came UA
piBHOAIHA cuna aS BPiBHOBaXY€ 30BHILWWHE HaBaHTaXeHHSs F, Tak WO
yMOBa piBHOBarn mae BUrNAg

£x,=0,
To6TO
F=c/S,
3BigKK
0=1 (1.1)

— Uue dopmyna Ans BM3HAUYEHHA HANPYXeHHS NpuW 0CbOBOMY PO3TATY-
BaHHI (CTUCKaHHI).
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Pospgin 1
MexaHiuyHi BNacTuMBOCTI maTepianiB Ta iXHi XapakTepucTukm

EnemeHTapHwii
06’eM goBkona
Toukm A
MonepeyHwii
nepepis
_iI
£
S
_ HanpyxeHHs
Sﬂepg];)?;;a B MarepiaJii
(B Touui A)
p =
7
a ' TUCK Ha MoBEepXxHi

(B MicUi KOHTakTy)

Puc. 1.5
Pi3Hnus mix HaBaHTaxeHHsam (cunow) F, Tuckom P Ta
Hanpy>XeHHAM 0

HanpyxXeHHs, sfKe fie nNepneHAWKYnspHO (HOpManbHO) A0 Noui
nepepisy, Ha3WBAETbCS HOPMasbHAM. BOHO noB’s3aHe 3 Aedopmauieto

po3TAryBaHHs abo CTUCKaHHA 4/ (amB. puc. 1.2, a).

! ¥YBara. HenpunycTumo 3MillyBaTU MOHATTS: HaBaHT a>KeHHS

(cmna), BumiptoeTbcst B H, TUCK — B H/M , Hanpy>keHHss — B H/m

Xouya B npuknaji, HasefeHoMy Ha puc. 1.5, 3a BenmunHoto (F/S) i
posmipHicTio (MMa) Tuck P i HanpyXeHHA a OAHaKoBi,
(hi34HO BOHWM Ppi3Hi. TUCK A fie 330BHI, TOBTO B MiCLi KOHTaKTy
Tin, a HanpyXeHHA BWHWKAE BCEpPeAWHi MaTepiany — nule Bce-

pefuHil
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Mnasa 1
OCHOBHI MexaHi4YHi BlacTMBOCTI MaTepiaiB Ta ixHi xapak TepucTuku

8§12

YKOpCTKICTb, MILUHICTb, NPYXXHICTb
MaTepianiB

MpyM HeBeNMKOMY HaBaHTa)KeHHi abCONMOTHe BULOBXEHHSA [/ Mnpo-
nopuiiiHe HaBaHTaxeHHto F, To6TO gie Bigomuin 3 Kypcy isnku 3aKoH
lyka:

ni-n.
ES (1.2)

3anuuwemo 1oro y Takomy BUrAsagi:

Al F
/s

Matoumn Ha yBasi, WO y =€, a ™ =0, 3BiACKM OAEPXMMO 3aKOH [yka

H iHWOMY BMUINAAi:
a = Ee. (1.3)

Lle o3Hauya€e, WO HAMPyXeHHs O | BiAHOCHa pgedopmauis € —
NPONOpLiiHi.

KoediyieHT nponopuyinHocTi E B hopmyni (1.3) Ha3nBaeTbCA MOgYEM
FOHra. BiH xapaKTepu3ye XOPCTKIiCTb MaTepiany.

XKopcTKicTh — Ue BNacTMBICTb MaTepiasly YNHUTU OMip NparHeHHio
FOBHILWHIX CUA NPYXHO geopmyBaTtn maTepian. 3 gopmynu (1.2) BuaHo,
Wo unm Binbwmnii mogyns E, TUM MeHwWwo € gedopmalis 4/ i HaBnaku:
HUAOBXEHHA [/ TUM Oifblue, YMM MEHLUOK € XOPCTKICTb MaTepiany,
TO6TO UMM MeHWMii mogyns E.

3HauyeHHs Moayns E Ana aeskux HaixapakKTepHilWmMxX MmaTtepianiB Ha-
BeAeHo y Tabn. 1.1

Tabnmua 1.1
Martepian E, MMa Martepian E, MlMa
Anmas 12,9- 105  CsuHelp 0,17- 105
Bonbdhpam 4,0- 105 AepesuHa (NOB3KOBX BOMIOKOH) 111 « 105

[epeBuHa (BNonepek BOJIOKOH) 0.007 105
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Posgin 1
MexaHi4Hi BNacTMBOCTI MaTepianiB Ta iXHi XxapakTepucTuku

3akiHyeHHs Taon. 1.1

Matepian E, MMa MaTepian E, MMNa
3aniso, crani 20+105 Tekcronit 80 =
Migb Ta i cnnasu 1,0- 105 leTiHakc 1,6- 104

Bininnact 3,54- 103
3onoT0 08 0° KanpoH 1,7 103
ANOMIHIN Ta oro cnnasm 0,7 m105  ®PTOpONNACcT, 7,0- 102
nonieTuieH
Ckno 056 105 Kayuyk (rymm) 8,0 + 10°

Mopynbe HOHra
E=ale=tga (1.4)

— Ue TaHreHc Kkyta Haxuny npamoi O0—/ po oci pgedopmauii €
(puc. 1.6, 6). Yum 6inblwInii KyT HaXWUAy, TUM XXOPCTKILINIA MaTepian.
MiyHicTb MaTepianiB — LUe X 34aTHICTb BUTPUMYBATU HaBAHTaXeH-
HS, He PYWHYHOUMNCD.
Mpy>KHICTb — Ue 34aTHICTb MaTtepianiB MNOBHICTH BigHOBAOBATK
CBOIO (opMy i po3Mmipu Micnsa YCYHEHHS MPUYMH, WO CNPUYUHUAN
fedopmauito.

a 6 B

Puc. 1.6

3anexHocti F— Al{a), a—e (6) TaT — y (6) Y Mexax
3akoHy [lyka
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Mnasa 1
OCHOBHI MexaHiYHi BNacTVBOCTI MaTepianiB Ta iXHi Xxapak TepucTuku

XapaKTepUCTUKN MiILHOCTi, NPYXHOCTi, TaK caMo AK i XapakTepuc-
TWKa >KOPCTKOCTI, BM3Ha4yalTb €KCMNEPUMEHTaNibHO NPWU pPO3TATYBaHHI
3paska (puc. 1.7, a) Kpyrnoro MOMepe4yHOro mnepepisy 3 pob60o4owo
YacTMHOM 3aBAOBXKW /0, nnouieto nepepisy 50 i gBoma ronoskamm 2 gns
3aKpinneHHsa B 3axBatax 3. [JnA UbOro HaBaHTaXeHHs (cuny F) mocTynoso
36iNbWYIOTb, a BWAOBXEHHA [/ 3aMmipAlTb | OygywoTb giarpamy B
KoopguHatax F— f/. BoHa XxapakTepu3ye BfacTUBOCTI 3pa3ka 3 po3-
mipamu: /0 — goBxuHa i 50 — nnowa nonepeyHoro nepepisy (puc. 1.8, a).
[ns TOoro w06 mMatu xapakTepUCTMKM MaTepiany, He3anexHi Bif po3mipis
3pa3ka 4nm pgeTani, fiarpamy F— [/ nepebyAoBYyHWOTb Yy Aiarpamy a — €,
noginuewn Fua S (F/S=c), ap/Ha/ (4///= €). Mpn LbOMY 3MIHIOETHCSH
nuwe macwTab giarpamu, i XxapakTepusye BOHa BNaCcTWBOCTI maTepiany.
Taky pgiarpamy Ans ManoByr/feLeBoi cTani nofgaHo Ha puc. 1.8, 6. Ha uii
fiarpami € [ekinbKa xapakTepHux pgingaHok: 0 —/ — pinaHka nponop-

Puc. 1.7
Cxema HaBaHTaxeHHs 3paska (a): 1— AB= /0 — po6oya yacTmHa

3paska [0 HaBaHTaXeHHs; 2 — TroN0BKU; 3 — 3axBaTy;
noToyHe (NpomixHe) AechopmyBaHHA (6) Ta poboya yacTvHa
3paska nicna 3pyiHysaHHA (6): /, — [0BXMHA po60YOT YacTuHM

AB nicna 3pyiiHyBaHHSA
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Pos3pgin 1
MexaHiuHi BnacT1BOCTi MaTepianis Ta ixHi xapakTepucTuku

Puc. 1.8

[Oiarpamn po3tary: a — cuna F — abconoTHe BUOBXEHHS
6 \ B — BiaNoBiAHO HanpyXeHHs O Ta BiAHOCHE BUAOBXEHHS €

LiHHOCTI, TOGTO AiNsHKa, B MeXax SIKOT MpuM HaBaHTa)XXeHHi BUKOHYETbCS
3aKoH [yka: 0 = £e. BiH BWKOHYETLCA [0 MNEBHOT rpaHuLi — rpaHuui
NpPoNopUIAHOCTI:

Lle HainbGinblwe HaNpPy>XeHHS, NPU SKOMY e BUKOHYETbCS 3aKOH lyka.
Mpu nofanblWoMy HaBaHTaXeHHi — A0 Toukn 2(F= Fnp) 3aKoH yka

BXe He BWKOHYETbCA, ane gedopmauii we NpyXHi. HanpyXeHHs, Lo
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nasBa 1
OCHOBHi MexaHi4Hi BMacTVBOCTI MaTepianiB Ta iXHi XxapaKkTepucTuKu

nignosifae HaBaHTaXeHHI Fnp (Touka 2), HA3UBAETLCHA FPaHULED NPY>K-

HocTi (ams. puc. 1.8, 06).
OTxe,

anp=/,np/5 (1-6)

Lie HanbinbLe HanpPy>XeHHs, NPN SKOMY Lie He BUHUKAKTb 3a/INLLIKOBI
(nnacTnyHi) geopmauii (To6TO po3BaHTAXEHHA BifOyBaeTbCA TUM CaMUM
Lnsxom 2 — 0, wo i HaBaHTaXeHHA 0 — 2), Tomy 0 — 2 — ue AinfaHka
Npy>XHoCTi. pn nepesBulLeHHI ONp, HaNpuKAag, NP HaBaHTaXeHHI A0

TOYKM 3, pO3BaHTaXeHHs BiAbyaeTbcas Mo AiHIT 3 — 3' (mapanenbHiii
0 — 1), To6TO BMHMKaEe 3anuwkoBa (MnacTuyHa) Aedopmauis (Ha
puc. 1.8, 6 ue 0 — 3").

3 — 4 — pingHka (“nnowmnHKa™) TekyyocTi. Matepian “Teue” — ue

LWauntb, wo aedopmatiis 36iNbLWYETbCA MPU HE3MIHHOMY HaBaHTaXEHHI
/,, a BifTak Mpu MOCTIAHOMY Hanpy>KeHHi aT, WO Ha3MBAETLCA TPaHULED

TEeKy4oCTi.
Takum 4YnHOM,

oT=FT/S (1.7)

Lie HaMpy>XeHHA, Npu gKomy Aedopmallis 36inbLWY€ETHCS 3a MNOCTIAHOIO
tHiBaHTaXeHHA F (a BigTak 3a NOCTINHOrO Hanpy)eHHs CT).

4 — 5 — pinfsHKa 3MilUHeHHSs, TO6TO ANA MOAanbLIOro 3pOCTaHHA
peopmayii moTpi6He 36iNblUEHHA HaNPYXeHHA [0 To4ku 5, dAka
NignoBigae HanbiINbLWOMY MOXANBOMY B JaHOMY MaTepiani Hanmpy>XeHHto,
ro6to rpaHuui miuHocTi aa. OTXe,

vn=Fu/s (* 8)

Le Haibinble HaNpy>XXeHHs, fKe MOXe BUTpMMaTW AaHW MaTtepian,
M60 Take Hampy>XeHHs, L0 BignoBigae HanbinbWOMY HaBaHTaXeHHtO FB

no «pyiiHyBaHHA. He gopisHioe, a Bignosigae! bo aB= Fa/S.

5 — 6 — fingHKa 3HeMilyHeHHs. BoHa 3aKiHYyeTbCA 3pYNHYBaHHAM
ipH>Xa y Touui 6.

OTxXe, NO OCi OpAMHAT a AiarpamMm 0 — € MOXHa BU3HAYUMTM Xa-
PaKTEPUCTUKU TPbOX BNACTMBOCTEN MaTepiasy: MILHOCTI — aL; npyx-
HOCTI — anp; NPONOpPLIAHOCTI — any, a TakoXX FpPaHMLi0 TEKY4OCTi —
n, (ams. puc. 1.8, 6).
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Pospgin 1
MexaHi4yHi BNacTMBOCTI maTepianiB Ta iXHi XxapakTepucTuku

§1.3

MnacTUYHICTb Ta BA3KICTb

MnacTnyHICTb — Ue 3AaTHICTb MaTepianiB 36epiratu HabyTi npu ge-
(hopmyBaHHI (opmy 1 PO3Mipu MiCAS YCYHEHHA NPWYMH, WO cnpu-
ynHunn gedopmadito. (Ue gobpe BMAHO npu AeopMyBaHHI LIMaToyKa
nnacTuniHy abo BOrKOT rMNHK.)

Mpu 6yab-aKOMY HanpyXeHHi, 6inbWoOMy onp, Hanpuknag y Touui 7,

3aranbHa getopmadia € (0 — 7" Ha puc. 1.8, B) ck/iafaeTbes 3 MPYXHOT

€mp (7'— 7") i nnacTU4YHOT (0— 7'), To6TO € =€ai + (npsma 7—
7' napanenbHa npamiin 1— 0).
Te came BigbyBaeTbCsi B MOMEHT pyiHyBaHHS — Touyka 6 (npsma

6 — 6'Tako) napanensHa / — 0). To6To,

eTax —na. max + *np *

Micna 3pyiiHyBaHHS 3pa30oK BXE He HaBaHTaXeHWUli, TOMYy MpyXHa
yacTuHa gedopmauii enp (6' — 6") 3HMKAE, a NNAaCTUUYHE BUAOBXEHHS,

WO 3a7MWKUI0ChL Nicna pyiHyBaHHs, To6To enn (0 — 6'), Nno3HavaeTbCs

nitepotd 5 i Ha3MBaeTbCA BIAHOCHUM 3a/ULIKOBUM BWUAOBXKEHHAM Micns
pyiHyBaHHS'.

5=/,_/0//0. 100 %, (1-9)

fe /0 — novaTkoBa JOBXMWHa 3pas3ka; / — [OBXMWHa MNicns 3pyiHYyBaHHS.

MnacTnyHicTb MaTepiany xapakTepusye 5.

Mpy HaBaHTaXeHHI (po3TAryBsaHHi) 3paska (aus. puc. 1.7) 3MiHIOETLCA
He nuwe AOBXMHa |, ane i nonepeyHi po3mipun, TO6TO 3MeHLIYETLCA NoLLa
nonepevyHoro nepepisy S: 4o Toukn 5 (auB. puc. 1.8, 6) 3MEHLIYETLCA PiBHO-
MIPHO MO BCIii JOBXWHI 3pa3ka (auB. puc. 1.7, B, WITPUXOBI NiHIT) i HECYTTEBO.
B Touui 5 giarpamm a — € NoYMHae yTBOPHOBATUCA “lWINiiKka” — MicueBe
CYTTEBe 3BY)XXEHHA nonepeyHoro nepepisy. Came B wwuiiyi (aus.
puc. 1.7, B), TO6GTO npu [OCATHEHHI Touyku 6 giarpamm 0 — €, BiA-
OyBaeTbCsA 3pYNHYBaHHS.

AKWO abCoNTHe 3anMWKOBE 3MEHLIEHHSA Nowi nepepisy 3paska

nicns 3pylrHyBaHHA NO3Ha4YMTKU 4yepe3 AS, a BiHOCHe —Z———— yepes \Ir, 70
>
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Mnasa 1
OCHOBHI MexaHi4YHi BNacTMBOCTI MaTepiasiiB Ta iXHi XapakTepucT K1

AS/Sq- 100 % = (SO-S UI)/S(r 100 % = \// (110)

fe 50 — nnowa nepepisy A0 HaBaHTaxeHHs; 5L — nnowa nepepisy
WWAKK nicns pyiHyBaHHS.

BigHOCHE 3anMLLKOBE 3MEHLLIEHHS NOLWi nepepisy Nicns pymnHyBaHHA
y — Le Apyra xapakTepucTuka naacTUYHOCTI, nepwa — 5.

OTxe, XapaKTepuCTUK naacTUyHocTi asi — 8 i L.

Ha giarpami o — ¢ (auB. puc. 1.8) MoxHa no6aymtu 8 (Le BiATUHOK 0 —
6'); xapakTtepmcTuka \j/ Ha giarpami 0 — € BiACYyTHSA.

lYBara

1 He nnytatm 8 i 0, a Tak0X 3Ha4YeHHSA BEeNUYUH, SAKi BOHU

XapaKTepu3yTb: 8 — BIiJHOCHe BWOBXEHHA Micna pyriHyBaHHS,

a — HopManbHe HanpyXeHHs.

2. He nnytatn € i 8: € — ue 6yfAb-9Ke MOTOYHE 3HAYEHHSA BigHOCHOI

nedopmauii (BignikoByeTbCcsi MO OCi abcumc Ha giarpami a — € Bif
h N 1

/—n
noyatky KooOpAauHaT), —=—=¢, a 8=—— = €M Tax — €[uNHe
'0 '0

3HaYeHHs Ans gaHoro matepiany (gue. puc. 1.8, B), | — noTouHe
3HAYEHHA OOBXWHU 3pa3ka (B OYAb-AKUIA MOMEHT HaBaHTaXXEHHSA);
/j — poBXwWHa 3pa3ka nicna 3pyiHyBaHHA; /0 — noyaTKoBa

AOBXWHa (auB. puc. 1.7, 6, B).

MpaHMuA MILHOCTI Ta XapakTepuUCTUKKN NNacTUUYHOCTI Ans maTepianis,
Yy AKUX BOHW CYTTEBO BifApi3HAOTLCA, HaBeAeHo y Tabn. 1.2,

Martepianu, 3HayeHHa 8 i \/ y AkuX Benuki, HasmsalwTbCA nnac-
TUYHUMK. HaBnaku, matepianu, 3HayeHHA 8 i y Yy AKUX He3HauHi
(Hanpwuknag, cipi 4aByHU), Ha3UBAKOTbCA KPUXKUMU.

Tabmmys 1.2
MpaHnus MiLHOCT XapakTepucTukn NnacTUHHOCTI
Martepian O MMa ’
) 5% V. %
Crani 300...1200 6..35 15...65
3anizo (Fe) 150...300 50 80
Bonbcppam (W) 1100 0. .24 0
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Pos3gin 1
MexaHiyHi BnacTnBOCTi Matepianis Ta ixHi xapakTepucTukun

3akiH4yeHHs Tabn. 1.2

) paHnLs MiLHOCTI, XapakTepucTnkn NAacTUYHOCTI
Martepian

oB, MlMa 5.% v, %
30110710 100...140 30..50 90...95
CsuHeLlb(Pb) 10...15 70 100
TuTaHoBi cniasu 700...1100 8..12 —
NaTyHi 320 55 —
BpoH3u, Migb 380 65 —
Antominieuit cnnas (AMI) 130...190 15..23 —
YaByHu cipi 120...440 0,45...0,5 =0

Akwo \/=0 abo 6naM3bko 0, TO Ue CBigUUTb, WO PYHRHYBaHHA
BigOyBaeTbCA 3a BiACYTHICTIO Wik (TOGTO MaTepian Ay>XXe KPUXKUNA).

[Jiarpamn a — € Ana KONbOPOBMX MeTaniB Ta IXHiX cnnasiB, ANS
noniMepiB, KOMMO3WUTIB, HaBiTb ANA [LEAKUX CTaneid MOXYTb CYTTEBO
Bigpi3HATMCA BIif fiarpamu gns M’AKOT Manosyrfeuesoi ctani (gus.
puc. 1.8, 6). fiarpamn gnsa feskux maTepianiB HaBefeHoO Ha puc. 1.9.

OTxe, B 0OfHMX Martepianax CYTTEBO PO3BMHYTA AiNdAHKa nponop-
WinHocTi 0 — 7, Hanpuknag gepeBnHa npu postarysaHHi (puc. 1.9, ). B
iHWNX, HaBMakKnW, — BXe NPU HEBENIMKUX HaMpyXeHHAX i gedopmauisx
3aNeXHICTb a — € CTae HeniHiliHOW, TO6TO 3akoOH [yka a = £€ no-
PYLWYETLCA, ane NPYXHicTb 36epiraeTbcs (HENIHIAHO-NPYXHUIA MaTepian,
puc. 1.9, 6). Y umx BuNagkax BU3HAYalOTb YMOBHY T[paHuULIO nNpo-
MOPLIAHOCTI, YMOBHY FpaHULIO MPYXXHOCTI, a NpW BiACYTHOCTI Ha Aiarpa-
Mi MAOWMHKN TeKyyocTi (ginsHka Teky4vocTi 3 — 4 Ha puc. 1.7, 6) —
YMOBHY TPaHuLI0 TEKYYOCTi.

YMOBHa rpaHuus TEeKYy4YoCTi — Le HanpyXeHHA, Npu KoMy BigHOCHa
3anuwkosa pedopmavis gopisHioe 0,2 %. [Mo3HavyaeTbCca YMOBHaA
rpaHunus Teky4vocTi 00 2.

Teky4icTb Ha AinsHUi T — 0y Tepmonnactis (Hanpuknag, noni-
eTuneH, puc. 1.9, <& Bigobpaxye pPO3BUTOK LWWWAKW MO BCIA AOBXWHI
3paska (Ha BiAMIiHY Bif MeTaniB, Yy IKUX LWINIAKa TOKaNi3yeTbCA B OgHOMY
micui, aus. puc. 1.7, B).

Akwo Ha giarpami T7/— A/ (puc. 1.10, a) BUOKPEMUTU eneMeHTapHy
nnowmnHky 3asaosxkn dAl, To nnowa dA=F dAl — wue enemeHTapHa
po6oTa.
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Fnasa 1
OCHOBHi MexaHi4YHi BNacTUBOCTI MaTepianiB Ta iXHi xapakTepucTuku

OTxe,
i i
\dA =\FdM =A
0 0

Lle NMoBHa pob6oTa, 3aTpayeHa Ha pyliHYyBaHHSA 3paska.

MapraHuesa

Puc. 1.9
Buan piarpam 0 — € Ans pisHMX MaTepianis:

a — CcTani Ta anoMiHili; 6 — TWTaH Ta ioro cnnaeu; B — Cipi YaByHW; I — [AEPEBUHA;
4 — Tepmonnactu (nonieTWneH); € — peakTonnacTn

Posginvewmn nosHy po6oTy A Ha 06’em 3paska V=SI, ogepxumo
(3MiHMBLIW BIgNOBIZHO MEXi IHTErpyBaHHA) MUTOMY pPO6OTY pyiHYBaHHS
a, T06TO poboTy, 3aTpayeHy Ha pyirHYBaHHS OAWHWLI 06 EMy MaTepiany:

M
f FdAl §j FciAl  f
oy 11SsL +

OcCKinbkun

a- \]OCK (1.11)
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Po3pgin 1
MexaHi4Hi BnacTMBOCTI MaTepiasniB Ta iXHi XxapakTepucTukm

— ue naowa giarpamm 0 — € (puc. 1.10, 6), To nuToMa poboTa LOPIBHIOE
naouLi giarpaMn a — € i XxapakTepu3ye eHeprito, HaKoNUYeHy B 0AMHNLI
06’emy MmaTtepiany B mpoueci HaBaHTaXXeHHS A0 pYWHyBaHHS, TO6TO Xxa-
pakTepusye B’A3KICTb MaTepiany.

Pnc. 1.10
[Oiarpamun po3Tary:

a— F— 6 —0—e¢€

TakuM YMHOM, B’A3KICTb — L€ 3[aTHICTb MaTepiany MOranHaTK
(Hakonu4yyBaTu) eHeprito geopmMyBaHHA. BoHa 3aneXuTb Big MiLHOCTI
(oB) i nnacTuyHocTi (5).

Mnowy piarpamm 0 — € MOXHa BW3HAYMTKU HaBAMXKEHO SK NouLy
NPSAMOKYTHMKa 3i CTOpOHaMu 0B Ta eTax (guB. puc. 1.10, 6), a He-

3l TPUXOBAaHY YaCTUHY MPAMOKYTHMKA BpaxyBaTW, MOMHOXMBLN JOOY-
TOK CBE€ Ha Koe@iuieHT 1 (n <0), T06TO

a= s (1*12)

fe A — KoegiyieHT noBHOTW Aiarpamm o0 — €. [Ang ManoByrfeLeBmx
cTaneit | = 0,85.
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Mnasa 1
OCHOBHI MexaHi4Hi BNacTMBOCTI MaTepiaiB Ta iXHi Xapak TepucT k1

§1.4

OCHOBHI BIAMIHHOCTI Mi>XX N/1aCTUYHUMN
" KpUXKNMMN MaTepiaiamm

e TnacTvyHi MaTepiann PyHHYKTLCA 3i 3HAYHUMU 3aNULLKOBUMM
(nnacTuyHMMK) aedopmaligsmm, a KpUxXKi — 6e3 NOMITHUX 3anMLWKOBUX
fedopmauiii (6e3 WKKK), HaNpUKNag:

ans ctanein 5=16...35 %; y = 15...65 %;

ans cipux vaByHiB 5=0,1...0,5 %; y =0.

BBaxkaeTbes, AKWL0 5 <5 %, To maTepian KpUXKKUIA, a AKWo 5> 5 % —
NAacTUYHNR.

e TlnacTMyHi maTepiann YMHATb OAHAKOBWI OMip PO3TAryBaHHIO I
CTUCKAHHIO. Y KPUXKUX XXe MaTepianiB onip po3TsaryBaHHo (aBp) 3Ha4YHO
MeHWWiA 3a onip cTuckaHHwo (0,CT). Hanpuknag cipi uyaByHu (gms.
puc. 1.9, B):

Olp = 120..440 MnNa;

a,,CT. = 600... 1200 MMa.

Y nonimepis, nnactmac, KOMMO3UTIB Pi3HMUSA MiX OBp Ta aBCT —
HecyTTeBa.

Y 6inbWOCTi nnacTMac aBp = <BCT.

OpHaue € matepianu, SKi pyliHyBaHHK Npu PO3TATYBaHHI YMHATL ONip

6inblle, HX NpU CTUCKaHHI, Hanpuknag cocHa, Ay6. Y AepeBHO-LWapy-
MUTWX MNacTUKax aBp >O0BCT.

[paHuLi MiLHOCTI Ans AesaKMX maTepianis HaBefeHo y Tabn. 1.3.

Tabnuus 1.3
Marepian paHnya mibyHocTi o, MMa
npy po3TAryBaHHi NpY CTUCKaHHI

YaByHu cipi 120...440 600...1400
Cw1o 30..100 500..2000
1paHiT 2.3 120...160
1(ni na 1.2,5 5..30
heTtoHn 0,85...10 7,5..43
lloweTunex 22..40 28...40
Hininnact 40...60 80...160
IsakcToniT 50...100 120...250
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Pos3pgin 1
MexaHi4YHi BnacTuBOCTi maTepianis Ta iXHi XapakTepucTukun

3akiHuyeHHs Tabn. 1.3

paHnLa MiLHOCTI a,,, MIMa

MaTtepian
npu po3TAryBaHHi npv CTUCKaHHI

[eTiHakc 60...100 150...180
Connactuk 260...400 100...300

CocHa (MoB34,0BX BOIOKOH) 80 40

| Ay6 (NOB3[0BX BOMOKOH) 95 50

. Kpuxki matepianm noBogATbCA Tipwe HDK naacTuyHi  (MarTb

MEHLUY Hecyuy 34aTHICTb) NpW HAABHOCTI KOHUEHTpauil HanpyXeHsb.
KoHuUeHTpauis Hanpy>KeHHa — Ue pi3ke MigBULLEHHS HanpyXeHb Yy

HeBeNMKUX 06’emax martepiany 6iff KOHLEHTPATOPiB HampyXXeHb, TOOTO
MiCUb Pi3KOT 3MiHM KOHMirypauii (abo po3mipiB) geTani: rocTpi Hagpisu,
BMTOYKW, HEBENWUKI OTBOPU, TPiWMHKM Towo (puc. 1.11).

Fk

Puc. 1.11

padik (entopa) po3noginy o B nonepeyHomy
nepepisi 3a HasBHOCTI KOHLeHTpaTopa
HanpyxeHb

CXWUNbHICTb MaTepianiB A0 KOHLUEHTpauil Hamnpy>eHHs XapaKTepu-
3YETbCA KOEMILieHTOM KOHLUeHTpauii a:

a =

fe aH=F/S — HomiHanbHe (PO3paxyHKOBE) HaNpPY>XeHHS;
aTax — HanpyXeHHsa 6ina “gHa” KOHUEHTpaTopa.

3anexHo Bif rocTpoTn KoHueHtpaTtopa a = I,1...3,0 (5,0).
FAKWo maTepian NAacTUUYHMIA (Mae NAOLWMHKY TeKy4yoCTi) iaTax goca-

rae rpaHuui Teky4yocTi cT (aTax =0T), TO MaTepian 6ina KoHUeHTpaTopa
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Mnasa 1
OCHOBHI MexaHi4yHi BNacTMBOCTI MaTepianiB Ta iXHi XapakTepucTuku

“Teye”, oTax He 30iNbLWIYETbHCA, a BiATaK HaBaHTaXeHHA F MOXHa
nigBuLLyBaTh AOKW OH AOCATHE crmax, To6To oT. OTxe, martepias KOHCT-

PYKUIT BUKOPUCTOBYETHCA Oifbll pauioHanbHoO (MiABULLYETHCA Hecyya
30aTHICTb KOHCTPYKLiT). Y KpPUXKOro martepiany uUe He BigbyBaeTbcs, a
TOMY, AKWO OTax B MiCLi KOHUEHTpaLii focarae rpaHuui miLHoOCTI 0B,
ToAi BigbyBaeTbCs pyiiHYBaHHA. HasBHICTb KOHLEHTpATOPiB HebaxaHa i
B IHWMX MaTtepianax.

Tob6TOo npupoaa He NOOUTb rOCTPUX KyTiB.

SMEHLWMNTN KOHLEHTPAL0 a MOXHa: palioHaibHUM MPOEeKTYBaHHAM,
YHUKAUYM TOCTPUX KYTIB, CKPYrawuM iX, Ae Ue MOX/IMBO, pobnauu,
Hanpuknag, ranteni (puc. 1.12). Mpu neBHOMY pagiyci ranteni r i nesHii
1T KOH(irypayil KOHUeHTpauil Hamnpy>XXeHb MOXXHa YHWKHYTWU 30BCiM,
TO6TO gocart a = 1, a TakoXX gobuparoym maTepian, MEHLW YYTAMBWA L0
KOHLeHTpaLil Hanpy>xeHHs.

TpiwpHa

[antens

Puc. 1.12
lFanteni gns 3MeHLWeHHs1 KOHUeHTpauii HanpyXeHb

. Kpuxki matepianm YMHATbL MEHLWWIA Onip yAapHWM HaBaHTaXXeH-
HAM, HiDK MAaCTUYHI.

34aTHICTb MaTepianiB YAHUTKU OMip yAapHUM HaBaHTaXXEHHAM Xapak-
TEPU3YE yAapHa B’A3KiCTb.

YpapHa B H3KiCTb — LUe BigHoweHHA po6oTn A (M), 3aTpayeHoT Ha
pyWHYBaHHSA, A0 nnowi nepepisy S (M ) B Micui pyiniHyBaHHA. HalivacTiwe
yapHa B’13KiCTb BM3HA4YaeTbCA BUNPOOYBaHHSM Ha 3rMH 3paskiB 3 Haf-
pi3om (3 KOoHUeHTpaTtopom, puc. 1.13); no3HayaeTbCca yfAapHa B’A3KiCTb

Hanpsm
i micue
yhapy
Puc. 1.13 11 S T
3pa3ok A48 BU3HAYEHHS
yAapHOi B'SA3KOCTI
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MexaHiuHi BnacTMBOCTi MaTepiasniB Ta iXxHi XapakTepucTuku

AH abo 3rigHo 3i cTaHgapTamm — 4vepe3 KCT, KCU, KCV, ge ocTaHH#

piTepa Bignosifae hopmi KoHUeHTpaTopa, TO6TO Haapisy. Hanpuknag, Ha
puc. 113 € rocTpuit Hagpi3, a Tomy aH — ue KCV.
OTxe,

a,=]- (1.13)
Bu3HayaeTbCA an eKCNepUMeHTaNIbHO Ha yCTaHOBKaX, L0 Ha3UBaKTh-
CA Konpamu.
Ona ctaneii aH =(0,2...2,2) MOx /m 2.
Ona 3aniza aH=3,0 MIX /m2.

[na cipux yaByHis aH =(0,01...0,04) MOx /m 2.
MnactmMacn MawTb HU3bKY YyAapHY B'A3KICTb.

§1.5

MOHAT TS NPO YMOBY MILHOCTI

PyiiHyBaHHSA peTaneid MallWH, MEXaHi3MiB, €fIEMEeHTIB KOHCTPYKLUIi
MaiKe 3aBX/M NPU3BOAUTL 40 BTPaTU MaTepiaibHUX LiHHOCTEN, KaniuTea
abo 3arunbeni nogein. o6 YHUKHYTM Uboro (a BiATak i BiANOBiganbHOCTI
3a Hacnigkun), po3paxyHKU Ha MILHICTb HEOGXIAHO POGMTU, AOTPUMYIO-
YMCbYMOBM MILHOCTI: HaibinbLwi Hanpy>XeHHs arTax, WO MOXYTb
BUHWUKHYTU B feTani, MalwTb OYTU MEHWWMMU He fuWe Bif rpaHuLi
MILHOCTI 0B, & Ii Bif rpaHuLi TeKy4ocTi aT (AKwWo Tpeba YHUKHYTK 30BCIM
nnacTmyHux gedopmayid) i HaBiTb rpaHuui NpPy>XHOCTI onp. YMmoBa
MILHOCTI B 3aranbHOMY BUINA4I 3anNUCYETbCH Tak:

otax<[c]. (1.14)

Hanpuknag, npu o0CbOBOMY pO3TAryBaHHi, omax=/max/5’ (aus.
puc. 1.4, popmyna (1.1)), Togi

°max = "Tax /Ss M . (115)
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OCHOBHI MexaHi4yHi BnacTuBOCTI MaTepianiB Ta iXHi Xapak TepucT K1

e [a] — ponycTume Hanpy>KeHHS, WO BU3HAYaETbCA SK

[0o] =cTB/NAa, (1.16)

nG— 3anac MiyHocTi (No BifHOLLUEHHIO 40 OB).
AcHo, wo fa> 1, 3asBuyait no=2,4..3,0 i 6Ginbwe (3anexHo Big

BiAMoOBiganbHOCTI geTani, TO6TO BiA BeNMUMHWM 36UTKIB Yy pasi pylHy-
BaHHA).

Puc. 1.14
MoHATTA nNpo gonyctume
HanpyxeHHs [a]

UuM TOKYAMU MOXYTb 6YTW HACAifKW, L0 BUHWKHYTb Y pe3ynbTarti
pyViHyBaHHA feTani, TUM 6inbWwuM Mae 6yTn npusHaveHuin (obpaHwuii,
NPUAHATMIA) 3anac MILHOCTI N B pPiBHAHHI ymoBM MiuHocTi (1.15).
MoBMHEH OYyTM TaKOX BUCOKOMILHWIA MaTepian, TO6TO 3 BWCOKOHK
rpaHuLero MiLHOCTI 0B, a TaKOX BiAMOBIAHUIA BMA 06P06KM — TEPMIiYHOI,
MeXaHi4YHOT Ta IHWWKX, W06 3a6e3neynT BUCOKY FpaHUL MILHOCTI OB.

Ong  npactuyHMx MeTanis iHoA4i 3anac MiuHoOCTi N 6epyTb Mo
BiJHOLIEHHIO A0 rpaHuLi TeKy4yocTi oT, To6To [a] =oT/nT

3HauYeHHs NT few,o MeHwe Bij 3asBuyai nt=1,4..1,6 (puc. 1.14).

Kpim ymoBu miyHocTi (1.14), mae BUKOHYBaTUCS TaK0X YMOBa XXOp-
CTKOCTI (W06 YHUKHYTM HebakaHO BeNMKUX gehopmalii):

*max — 0-17)
T06TO
=or J/E< [e], (1.18)
abo
M=H/ES<[M\, (1.18a)

ae [e] JonycTume BifHOCHe BMAOBXeHHA, LD nopisHioE Ewax/v;
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MexaHi4Hi BnacTuBOCTI MaTtepianis Ta iIXHi XapakTepucTuku

[/ — ponycTume abconoTHe BMAOBXEHHA (fopiBHIOE AMmax /ri).

YmoBa MmiyHocTi (1.14), Ak i ymoBa xopcTkocTi (1.17), pae 3mory
po3B’A3yBaTW TaKi BUAWM 3ajau.

1. Akwo peTanb yxe € i npauytoe, T06TO BifOMI po3Mipn S i/, XapakTepucTuku
Matepiany 0B, OT, E i HaBaHTaxXeHHs F, TO, KOPUCTYUNCb YMOBOK MiljHOCTi

0 = F/S < oB/ NN, MOXHa 3’icyBaTtu, sikuii 3anac MiLHOCTI M Mae geTaslb:
n<oBS/F.

2. K0 BigOME HaBaHTaXeHHA F, XapakTepucTuku wmatepiany OB, oT, E i
3afaHunii 3anac MILHOCTI N, TO MOXHa BM3HAYUTKU MOTPIGHI po3mipu aetani
(nnowy nepepisy S), S>Fn/oB. (Mpu nigBuLeHHi aB Npu oAHOMY i1 TOMYy
camoMy 3anaci MiLHOCTI N 3MeHLWWYTbLCA po3Mipu geTani S, a BigTak ii 06’eMm i
Bara, TO6TO 3MEHLWYTbCA BUTPATM MaTepiasly i MaTepiasloEMHICTb KOHCT-
pykuii.)

3. Akwo BigOMI po3mipu S, XapakTepuctuku martepiany 0B, aT, E i 3agaHo
noTPiIGHUI 3anac MILHOCTI M, TO MOXHa BM3HAYNTU HaWbinble gonyctuve
HaBaHTaXeHHA F, F<oB S/ M. (Mpy NigBULLEHHI CB MOXHa AONYCTUTK GinbLue
HaBaHTaXEHHS.)

TakyM e UYMHOM, KOPUCTYKUUCb YMOBOHK >XOpCTKocTi (1.18) a6o
(1.18, a) FI/ES<e/n, BUKOHYIOTb PO3PaXYHKN Ha XXOPCTKICTb.

OTXe, YMOBM MiLUHOCTI Ta >XOPCTKOCTiI (FOMOBHMM UYMHOM YyMOBa
MILHOCTI, YMOBAa >XOPCTKOCTI — [04aTKOBA), XapakTepucTukum a( oT, E,
a BigTak — fiarpama a — € € OCHOBOK KypCy OMnopy maTepiasiiB, T06TO
OCHOBHMMM B po3paxyHKax Ha MiLHIiCTb (i XXOPCTKICTb).

Lle we pa3 nigTBepaXye, HACKiNMbKN BaXXMBO 3HATW OyaoBYy (CTPYKTY-
py) matepiany, fK i3 HE0 MOB’AA3aHi XapaKTepUCTUKM MaTepiany, AKUMU
MeTo4aMM i 3a AKUX pPeXxMMiB MOXHa BMAMBaTM Ha 6YA0BY i BNacTUBOCTI
maTepianiB 3 METOK MNOAIMWEeHHA TXHIX eKcnayaTalilHuX MOXAUBOCTEN
(a BigTaK HafiNnHOCTI, AOBrOBIYHOCTI i MaTepialOEMHOCTI KOHCTPYKLiN).

§1.6

BTOMHa MiUHICTb

BukoHaHHA ymoBu wmiyHOCTI (1.14) 3abesneyye HagiiHy pob6oTy
mMaTepiany (getaneil MawuWH Ta efeMEeHTIB KOHCTPYKUiiA) nuwe npu
CTaTUYHOMY HaBaHTaXEeHHi, TO6TO He3MIHHOMY B 4aci abo Takomy, U0
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OCHOBHI MexaHi4Hi BnacTUBOCTi MaTepianiB Ta iXHi xapakTepucTuKu

0 = const

3MIHIOETBCA fyXe MnoBinbHO (puc. 1.15, a). AKWO X HaBaHTaXeHHA
LUMKNivyHe, TOBTO Take, WO nNepioAMYHO NOBTOPHOETHCA 6Garato pasis
(puc. 1.15, 6, B), TO pyiHYBaHHA MOXe BifbyTMCA MPU HaMPY>XEHHAX
MEHLUINX He nuwe Big own, abo aT, a HasiTb Big anp (i [0]). PyliHyBaHHA nig
JIEI0 LUKNIYHUX HABaHTaXXeHb Ha3WBAETbCA BTOMHUM.

34aTHICTL MaTtepiafiB YMHUTM OMip BTOMHOMY PYWHYBaHHIO Hasu-
BAaETbCS BTOMHOK MilHicTio. i XxapakTepu3ye rpaHuus BUTPUBaNocTi —
Haibinblue HaMpY>XXeHHs, AKe MOXe BUTpPUMaTK MaTepian npu 6e3mexHo-
MY YMCNi UMKNIB HaBaHTaXXeHHA N. M03HaYaeTbCca rpaHuLa BUTPUBAIOCTI
Npu CUMETPUYHOMY LMK/I HABAaHTaKEHHA a_j.

BusHavawTb rpaHnuro BVITpI/IBa}'IOCTi O_j EKCNepnuMeHTallbHO, BWU-

npo6osytoun 8...12 3paskiB. MepliomMy 3pa3ky 3a4aloTb HAMPYXXEHHS, L0
npun6nn3Ho gopisHoe 0,8 oT. BiH 3pyliHyeTbest nicna Af umknis. [pyromy

Pnc. 1.16
Bu3HauveHHa rpaHuui N
BuTpuBanocti o _1(AB — BTOMHa

KpuBa; [0 — pgonycTtuve
Hanpy>eHHs)
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MexaHiyHi BNacTvBOCTi MaTepianiB Ta iXHi XxapakTepucTrKu

3pa3Ky 3a7at0Tb MEHLUE HAMPYXXeHHS, BiH BUTPUMYE BinblUe YMCNO LUKNIB
(N2) — i Tak gani go Nn- OgepxaHi faHi, TO6TO TOYKM 3 KOOpAUHATaMU
a, — Nh 3aHOCATb y cUCTEMY KOOPAMHATHUX oceli 0 -YY (puc. 1.16).
3’€HYIOUM Ui TOUKKN, 0AEPXYHOTb rpadik — Tak 3BaHY BTOMHY KpPUBY
AB. TMpwu 36inbWeHHI yncna LMKNiB BOHa Habnuxaetbca go npsmoi CL,

Lo € napanensHow oci abcumc ON i BiACTOITh Bif Ui€l oci Ha Bigaani, o
LOPIBHIOE c _j.

3BMYANHO X, | nNpu Ail UMKNIYHUX HaBaHTaXXeHb PO3PaxyHOK Ha
MiLHIiCTb pobUTbCA 3a JONOMOrOK YMOBM MILHOCTI, a came:

°Tax —

pe [o_|] =a_i/n, a n— 3anac MiLHOCTI.
Lnsa  pisHux wmatepianis o_| =(0,25...0,55) ¢B; pns cTanein o_j =
= 0,28 au. OTXKe, NiABUWEHHA 3aranbHOl, CTaTUYHOI MiLHOCTI (oW npu-

BOAUTb A0 36i/blUeHHS BTOMHOI MilHOCTi. TexHonoriyHi metoan nig-
BULEHHA MiLHOCTI Byfe po3rnaHyTO B po3Aini npo 6ynoBy martepianis i
MeToAN 06po6KuU.

§1-7

Ancunauia eHeprii

LOns peopmyBaHHA MaTepiany B MeXax NPONOpLiRHOCTI (Ha ginAHui
0 — | piarpamm 0 — €) Texx Tpeba BUKOHATW poBOTY A, L0 [OPIBHIOE
HakonuueHin eHeprii. CaMe U5 eHeprif, BUBINbHAYUCL, CTBOPIOE YMOBM
[0 BiJHOBNEHHA (hopMK Ta po3MipiB 3pa3ka. TeOpeTUYHO BOHA JOPIBHIOE
nnowi 4acTuHW fJiarpamu, Ae BUKOHYETbCA 3akoH [yka (nnowi
3alITPUXOBAHOr0 TPUKYTHUKA, To6TO A = | / 2FM (puc. 1.17). Hacnpasai,
NpuM HaBaHTaXeHHI BWABNSETbCA BiAXUNeHHA Big npamoi 0 — 1 Ha-
BaHTaXeHHA BigbyBaeTbcs No niHii 00/, po3BaHTaXeHHA — Mo NiHiT 1BO0.
YTBOPIOETHCA MeTNs TakK 3BaHOr0 MexaHidyHoro (nNpy>Horo) ricTe-
pesucy, nnowa Akoi [/4 [LOpiBHIOE YaCTUHI eHeprii, WO He BUBIMb-
HMNaca nNpu po3BaHTaXEHHi, a 3anMwWwmnnace y matepiani, He3BOPOTHO

pOSCiHBLIJVICb Y HbOMY B BVII'}'IFI,CI,i Tenna 3a oguH UWMKN HaBaHTaXEHHA—
PO3BaHTaX€EHHA.
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OCHOBHI MeXaHiYHi BNacTVBOCTI MaTepianis Ta iXHi xapakTepucTvkun

34aTHICTb MaTepiany NOrAMHATW NPY PO3BaHTAXXEHHI YaCTUHY eHepril,
HaKOMWYeHOT B HbOMY B pasi MPYXHOro AeOpMyBaHHS, Ha3MBaETbCA
aucunayieto (PO3CisiHHSM) eHepril.

XapaKTepucTUKOH Liel BNacTUBOCTI € NorapumMivyHNin geKpemeHT 8:
8=AN/2/. (119)

(He nnytatn 38=/, -/,,//,,+ 100 %, TO6TO 3 XapaKTepUCTUKOK MNaacTuy-
HocTi (1.9).)

Puc. 1.17 0 J

MeTns mMexaHiyHoro rictepesucy %

BTpata yacTuHM eHeprii (gucunauis, pPo3CiSHHA, MOrAMHaHHA) Mpu
NPY>KHOMY Ae(OpMyBaHHI 3a KOXHUWIA LUK HaBaHTaXEHHs — poO3BaHTa-
YKEHHS NpPU3BOANTbL A0 3aTyXaHHS BiNbHMX KonuBaHb (puc. 1.18) i 3MeH-
WeHHA aMnaiTygu BUMYLLEHWX KOMMBaHb NpW pe3oHaHci (puc. 1.19),
T06TO 3ymoBAtOe femndipyBaHHs (raciHHA) KOMMBaHb, L0 HAaA3BUYANHO
BaX/MBO B TeXHilli, 0CO6/MBO KOMW HEMae MOX/IUBOCTI BCTaHOBUTU
cneyianbHi WTYyYHi gemndepu. A BigTak Aucunauis LWe HasuMBaeTbCH
Lemndipyoyoo 34aTHICTIO mMaTepianis i Mae 4yMMano XapakTepUCTUK
(noB’aA3aHMX 3 NorapumivHnM SekpemeHTOM 5), a came:

\

Puc. 1.18

pacpik BiIbHUX KOMMBaHb,
o 3aTyxalTb
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5=AA/2A =]nai/ai+I=nQ 1=UW =n/Q, (1-20)
fe a, iai+i— BigNOBiAHO amMNAITYAN NONEPESHbLOr0 i HACTYMHOIMO UUKIIB
(ams. puc. 1.18);

Q 1— “BHYTpiWHE TepTa”;

y — KoedilieHT 3aTyxaHHa (raciHHa, abo femndipyBaHHsA) KONUBaHb;
Q — [06pPOTHICTD.

Puc. 1.19

padiku BNAMBY Auvcunauii eHeprii

(norapudmivyHoro gekpemeHTta 6)

Ha piBeHb HamnpyxeHb a
npu BUMYLLEHUX PEe30HAaHCHUX
KO/IMBAHHSAX:
0)g — 4YactoTa BiIbHUX KO/MBaHb;
A

(O — yacToTa 3MyLIEeHUX KOJIMBaHb;

0) 10 /wg= 1— cTaH pe3oHaHcy

JemndipyBanbHa 34aTHICTb YyTiMBa A0 CTaHy CTPYKTypu MmaTepiany.
BoHa HM3bKa y cTaneil, 0co6nMBO 3arapToBaHUX, 4OCUTbL BMCOKA B Cipux
YyaByHax, cnjaBax Migb — MapraHeub i 0co6nmBo B nonimepax. MaTe-
piann 3 BUCOKOK AeMngipyBasibHOK 3[4aTHICTIO BMKOPUCTOBYKOTHCA fK
3BYKO- i BibponorinHaroui.

§Is

TBepAicTb i MeTOoAM iT BABHAYEHHS

TBepicTb — Le BNacTUBICTb MaTepianis YUAHUTK ONip NMPOHUKHEHHIO
B HWX 3arocTpeHuX, TBEPAWUX Tin — iHAeHTOpiB (aHrn. indent — 3a-
3y6puHa, BUIM).

MeToAiB BU3HaYeHHA TBEPAOCTI 4YMMano: ApANAHHAM, AUHAMIYHI,
CTaTW4YHi. Hanbinbw nowunpeHi cTaTMYyHi — BAABAOBAHHAM iHAEHTOpa B
NnoBepxHeBi lWapu BUNPO6OBYBAHOro Matepiany. IHAEHTOP — Ky/bKa,
KOHyC abo nipamigka — BWTOTOBNSAETbCS 3 asiMasy, 3arapToBaHOl cTani
abo 3 TBepAoro crnasy.

32



lnasa 1
OCHOBHI MeXxaHi4Hi BnacTuBOCTI MaTepianiB Ta iXHi xapak TepucTuKu

MeTog bpiHenna. Ywucno TtBepgocTi — HB, iHAeHTOp — cTanesa
Kynbka piametpom D, wo gopisHioe 10; 5 a6o 2,5 MM, BAaB/IOETHCA
HaBaHTaXeHHAM F (H). 3a pgonomorow cneuianbHOro Mikpockona
BUMIiptOeTbCA giameTp d BigouTka (MM), a BiiTaK BM3HAYAETLCA YUC/IO
TBepgocTi HB (puc. 1.20, a):

HB=FI/S, (1.21)

fe S — nnowa nosepxHi Bifbutka (MM2), TO6TO CPEPUYHOIO CErmMeHTa
S=nD/2wD-"D2- d2).

a 6 B

Puc. 1.20
Bu3HaYeHHs1 TBEpPAOCTi:

a — 3a bpiHennem; 6 — 3a PokBennom; B — 3a Bikkepcom

[nga Toro wo6 npu BUNPoOYBaHHI Ky/nbKamMu pi3HUX fiameTpiB ogep-
XyBaTW OfHaKOBi uucna TBeppocTi, giametp D i HaBaHTaxeHHA F cnig
BubupaTKn 3a Tabn. 1.4.

Tabnmus 1.4
M ; 'TBepaicTb ToBWwmHa  JiameTp HaBaHTa- Tpusanictb
aTepian

HB, Mla 3pa3ka, MM Ky/1bK1, MM XeHHsA, H HaBaHTaXEHHS, C
YopHi 1400. .4500 >6 10 3000 10
mMeTanm 1400 .4500 6..3 5 7500 10
Te came 1400..4500 <3 2,5 1875 10

< 1400 >6 10 1000 10

< 1400 6..3 5 2500 10

<1400 <3 25 625 ... 10 I
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3akiHuyeHHs Tabn 1.4

M . TBepaicTb ToBwuHa  [liameTp HaBaHTa- TpuBanictb
arepian HB, MMa 3pas3ka, MM KyJ/1bKu, MM XEeHHSA, H HaBaHTaXXeHHS, C

Konboposi 300...1300 >6 10 1000 30
MeTanm 300...1300 6...3 5 2500 0
Te came 300...1300 <3 25 625 30
» 80.,300 >6 10 2500 60
, 80...300 6..3 5 625 60
80...300 <3 25 156 60

MeTtog BpiHennsa gae HagiitHi pesynbTatin B Mexax 80...4500 HB.

3HayveHHss HB gnsa gesakux martepianis
CauHeub (Pb) 30...80

3onoTo (Av) 130...250
3anizo (Fe) 500...800
Crani 1500... 3000

3arapTtoBaHi ctani  6000... 7000

MeTog Poksenna. Umcno tBepgocti — HR, iHAEHTOp — asmMasHuii
KoHyc (puc. 1.20, 6) abo 3arapToBaHa CTafneBa Kynbka D = 1,59 mm.
HaBaHTa)KeHHs F Ha iHAEHTOp CKNafaeTbCs 3 [BOX YACTMH:

fe FO=0,1 KH — nonepefHE HaBaHTaXXEHHS;
Z1=0,5; 0,9 a6o0 14 KH — OCHOBHe HaBaHTaXEHHS.

OTXe, cymapHe, abo 3arafnbHe, HaBaHTaXeHHA F moxe 6yTtu: 0,6; 1,0
abo 1,5 kH.

Uucno TeBepAocCTi, 3a POKBENIOM, NOB’A3aHE 3 MMUOUHOK NMPOHUKHEH-
HA iHAEeHTOpa i aBTOMaTMYHO BM3HAYaETLCA TBEPLOMIPOM 3a 4OMOMOrOH
iHoMKaTopa, wWwo Mae Tpum “wkanu Pokeenna” A, B, C, a BigTak — Tpu
moxnmei umcna teepgocti HRA, HRB i HRC. Mpuyomy wkanu » i C—
4YOpHOro Konbopy, B — uepBoHOro (tabn. 1.5).

Tabamua 1.5
[ Matepianin HaBaHTKeHHs IHaAMKaTO| Konip Hmcno TBepaicTb
P F, kH 4 P wkanm TBEPAOCTI pAa
Nyxe TBEPA| 6 KoHyc YopHa HRA 70
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3aKiHyeHHa Tabn. 1.5

. HaBaHTaxeHHA Konip Yucno .
Martepianu F. kH IHAnkaTop WKaM  TBEpAOCTi TBepaicTb

M'ski Ta cepepHi 10 Kynbka YepBoHa HRB [o 100

CepegHi Ta TBepai 15 KoHyc YopHa HRC 20..70

HR He mMae po3MIpHOCTI, BUMIPIOETbCA B MeXax TBepAOCTi
20... 100 HR, Hanpuknag ana 3arapToBaHux cTaneii 60...70 HR.

MeTopg Bikkepca. Ywucno TtBepgocTi —HV, iHAeHTOp — anMasHa
yoTupurpaHHa nipamiga (puc. 1.20, B). BenuuuHa HaBaHTaXEHHSH
popisHioe 10; 30; 50; 100; 200; 300; 500; 1000 ta 1200 H (uacTiwe 100 H).
TpuBanicTb HaBaHTaXEHHA ANA YOpHUX MeTanis ctaHoBuTbL 10.. 15 ¢, and
KonbopoBux — 30 c. lMpwu BigOMOMY HaBaHTaxeHHi F BuMiptoeTbCsa (3a
[OMOMOrOK BMOHTOBAHOrO Yy Mpec MIKpocKona) fAiaroHanb BigdouTka d

(puc. 1.20, B) i BU3HauaeTbesa umncno tBepgocTi HV (5 — nnowa noBepxHi
BifOUTKa):

HV = F/S= 18,54 F/d2.

MeTogom Bikkepca MOXHa BWU3HAYMTWU TBepAicTb 6yAb-AKUX Ma-
Tepianie — Big Hakm’aKwWux i o anMasa (NpakTMyHO o 9 000 MIa).

MiX 3HaYeHHAMU TBEPAOCTi, BUMIPAHUMU PISHUMU METOAAMMU, ICHYE
BiAMOBiIAHA KOpenayisa, Ky nogalTb y BUrAsa4i Tabnmub, HOMOrpam TOLLO.

Uuncna TBepaocTi 3a bpiHennem i BikkepcoM MpakKTUYHO chniBMajatoThb
Ao 4000 MMa, To6T0 HB = HV.

Mpyv BW3HaYeHHi TBeEpPAOCTI AYXe TOHKWUX CTPIiYoK, (Oonbr, ApOTy
MaTuX fiaMeTpiB, TOHKMX fe()OpMOBaHUX LIAPiB, raTbBaHiYHOro Mo-
KpPUTTA, HanuaeHHs, TBEPLAOCTI OKPeMUX CTPYKTYPHUX CKNaZ0BUX CNaBiB
TOWO, TO6TO MpY BM3HAYEHHI MIKPOTBEPAOCTI, TEX 3aCTOCOBYETLCS BAAB-
NOBAHHA anMasHoi nipamigku 3 KyTOM npu BepwuHi a = 136° npm
HaBaHTaXeHHi, wo moxe ctaHosuTK 0,05..50 H. BunpobyBaHHA npoBo-
AATb Ha npunagi MMT-3.

MeTop Mooca — pecaTubanbHa WKaia AN BU3HAYeHHA TBepAoCTi
MiHepaniB. BuaHauaeTbCa TBepAiCcTb ApsSiNaHHAM (anmMasHMM abo TBepAo-
CMMlaBHUM HAKOHEYHMKOM) i XapakTepuayeTbcsl KinbKicTio 6anis HM (Big
1lpo 10):

Tanbk— 1; OpToknas— 6;
rinc— 2; Keapy, — 7;
Kanbunut — 3; Tona3 — §,
dnooput— 4; KopyHg, canchip — 9;
Anatut— 5; Anmas— 10.
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Pospgin 1
MexaHiyHi BNacTUBOCTi MaTepiasiB Ta IXHi XapakTepucTukm

MiX TBEPAICTIO Ta MILHICTIO (TpaHULE MILHOCTI aB) € 4OCUTH CTilKa
Kopensuia (cniBeigHOWeEHHA abo B3aEMHMWIA 3B’A30K), a came: cm=£HB.

[N WwupokKoro Knacy matepianis (Npu pynHyBaHHI SKMX YTBOPHETLCS
wwiika) k =0,025...0,55, To6TO

am=0,25...0,55 HB. (1.22)

KOHKpeTHO 1 cTaneil MoXHa BBaXaTu
aB=0,36 HB. (1.23)

TBepdicTb 3HAYHOKO MipOI0 3yMOBJ/IKOE iHLWY BNACTUBICTL MaTepianis —
3HOCOCTINKICTb, TOGTO 34aTHICTb MaTepianiB YMHUTU ONip 3HOLIYBaHHIO.
3HowyBaHHA (cnpayloBaHHA) — LUe npouec 3MiHWM po3Mmipis, opmu,
mMacu abo cTaHy MOBepXHEBMX LIapiB maTepiany nig BAAMBOM TepTa Ta
30BHILWIHLOrO cepefoBuila. 3HOWYBaHHA (cnpautoBaHHA) Oysae: abpa-
3MBHE, KOPO3iliHO-MeXaHi4yHe, eposiilHe Towo. Y BMNagKy abpasMBHOro
3HOWYBaHHS (Big nat. abraso — WKpPe6TK), KONM TBEPAI YACTUHKMK
abpasuBy (Hanmpwknag, MIiCKy) BuUpMBaKOTbL APIOHI 4acTku MaTepiany,
3HOCOCTIMKICTb 3pOCTae 3 NiABULEHHAM TBEPAOCTI 3HOWYBaHUX MaTe-
pianis. OTXe, BCi TeXHONOrivyHi MeToAu (rapTyBaHHfA, Haknen, TePMO-
XiMiuHa 06pobKa Tow,0), Wo 36iNbWYTh TBEPAICTL (2 BigTaK i MiLHICTb),
BOAHOYAC NiABULLYHOTb TaKOX i 3HOCOCTIMKICTb .

§1.9

Hanpy>eHuii cTaH Ta BuAn pyriHyBaHHS

3 Kypcy (i3nkun BigoMi rpadiky 3anexHoCTi Ta 3MiHU CUA MPYXHOT
B3aeMogii Mk aTomamu (puc. 1.21). Hexaih atomu N] i N2 3HaxogATbes

Ha BiACTaHi r. 3MiHa BifgcTaHi I M aTomamu Tina (maTtepiany) npu lioro
HaBaHTaXeHHI 30BHIWHIMK cunamu, a BigTak npu fedopmMyBaHHi Tina B
LifoMy, 3yMOB/IKOE 3MiHY CU/T NPYXHOT B3aeMOAIT aTOMIB — CUN NPYX-
HocTi. Came cunM MNPYXKHOCTI, A0OAATKOBI A0 TUX, WO MakwTb Micue B
HEeHaBaHTa)XeHOMY Tifi, | CTBOPHOIOTbL (3YMOB/IIOKOTb) HAMPYXXEeHHS.

TWUM, WO HanpyXeHHA BM3Ha4yalTbCA B TOYLi TBEPLOro Tifla, BOHU
CX0Xi 3 TUCKOM P BcepefAuHi pignHM abo rasy. Ane sikwo TUCK P, 3a
3aKOHOM [lackans, B KOXHili Touli i B OyAb-iKOMY HanpsiMKy oOfHa-
KOBWIA, TO HampyXeHHA B TBepAOMY Tifi, 3aneXxHo Bif XxapakTepy
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nasa 1
OCHOBHI MexaHi4Hi BNacTUBOCTI MaTepianiB Ta iXHi xapak TepucTVKn

30BHIWHIX CUM, MOXE He NuLWe 3MIiHKBaTUCA Bif OAHIET TOUKM Tina Ao
iHWOT (HeoAHOpPiAHWI HanNpyXXeHWi CTaH), a W MaTW Pi3HMIA 3HaK: [0-
JaTHWIA (Npu po3TaryBaHHi) abo Big’eMHWMIA (Npu CcTUCKaHHI). OTXe,
Hanpy>eHHs ABNA€E COO0K BEKTOP (3 BE/IMUMHOIO | HAMPAMKOM). AKLLO
Hanpy>XeHHs fie nnle B 0AHOMY HanpPAMKY — Ue NiHIRHNIA Hanpy>XeHuni
cTaH (guB. puc. 1.4), AKWO B ABOX — NACKWiA, B TPbOX HampsaMkKax —
06’eMHMA.

Takum YMHOM, HaNpPy>KeHWid CTaH — Le CYKYMHICTb Hanpy>XeHb, L0
Ail0Tb y 6yab-AKiin (neBHild) Touwi Tina. OTXe, PO3pPi3HAOTbL TpU BUAM
Hamnpy>XeHOro CTaHy: MiHIAHWIA, Niackuii Ta 06’eMHWIA.

Cwnn B3aemMogii Mix ABOMa atomMamu i N2

3miHa ¢dopmu Ta po3mipie Tina (To6To iioro gedopmalia) nig Aiewo
30BHIWHIX HaBaHTaXXeHb Ta BUHWKHEHHS HaMpYXeHOro CTaHy € pesyib-
TATOM 3MiHM BifCTaHi MiX aTomamu. Ha puc. 1.21 kpuBa / xapakTepusye
CUIN  NpuUTAraHHsa (LodaTHi); KpuBa 2 — CWUAW  BiALWITOBXYBaHHSA
(Big’eMHi); KpuBa 3 — TXHf piBHOAIHA. [lonoOMiXHa KpvBa 2' BignoBigae
abCoNOTHI BEAWYMHI CUA BIAWITOBXYBaHHA, TOOGTO Pi3HULS oOpAuHaT
NiHIA /i 2' BignoBigae opgvHatam piBHOAINHOT 3. OTxe:
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Pospagin 1
MexaHi4yHi BNnacTuBOCTi MartepianiB Ta iXHi XapakTepucTuku

a) npu r- r0(to6To Npu BiACYTHOCTI 30BHILIHIX HABaHTaXeHb) op6iTH
aToOMiB AOTMKAKTbCS, NPU LUbOMY CUAN MNPUTATAHHS | BifgWTOB-
XYBaHHA BPIBHOBaXYIOTbCS, HAMPYXeHHS He BUHUKAOTh;

6) npu r< r0 (To6TO 3a Al 30BHILIHIX CTUCKHUX HaBaHTaXKeHb) nepe-
BaXalTb CUNN BIiALWITOBXYBaHHSA, a BiATaK BWHWUKAKOTb Bif’€MHI
(CTUCKHI) Hanpy>XeHHS;

B) npwu r> r0(To6To 3a Aii 30BHILLIHIX PO3TAXHMUX HABAHTaXeHb) nepe-

BaXKatoTb fOAATHI CUIM — CUNW NPUTATAHHA, a BiATaK BUHUKAKOThb
poaatHi (PO3TSXKHI) HaMpPy>XeHHs.

Kpusa 3 — piBHogiiHa. Came BOHa Bifobpakae 3akOH 0OMopy maTe-
piany npyxHoMy AethOopMYyBaHHIO i Ha3UBAETLCA CUOKD MPYXKHOCTI.

[inaHka ac (gue. puc. 1.21) npsAMoniHiiHa i BignoBigae 3aKOHOBI
lyka: Bif’éeMHa 4acTMHa aB — nMNpW CTUCKaHHI, A0JATHA CB — npu
po3TAryBaHHi. Hukye TOUKM a 1 BULLE 33 TOYKY C 3a0eXHicTb F — r
HeniHiHa (Ue € BigXUNEHHAM Bif 3aKoHY [yka).

Halibinbwa cuna nputaraHHa Fmax BUHWKae npu r=r,. BoHa

Ha3MBAaeTbLCA KOre3MBHOK CWUNOK, TOOGTO CU/OK 34imjieHHd MK atoMamu
O0AHOr0 i TOro camMoro martepiany (Ha BigMiHY Bif agreaMBHUX cun, To6TO
CUM 34YiNAEHHA MDK pi3HOPIAHUMKU aTOMamum — aTomMaMu pi3HUX Ma-
Tepianis).

KoresnBHa cuna Friax 3ymMOBAOE BENNYNHY HANOINbLIOTO HAMPYyXXeH-
HA, LI0 MOXe BWMHWKHYTW B MaTepiani, To6TO BignoBifac TeopeTUYHIl
rpaHuLi MmiyHoOCTi OBT. TeOpPeTUYHOI BOHA HA3WBAETHCA TOMY, LU0
BM3HAYAETbCA TEOPETUYHO — MeTOAOM pO3paxyHKy, BUXOAsYM 3
BE/IMUYMHU KOre3uBHOT cunm Frax; 08T=0,1 E (E — mogynb HOHra).

Ha BigMiHY Biff TeOpeTUYHOI, peanbHa rpaHuua MIiLHOCTI CB BU3HA-
4aeTbCA eKCrMepuMeHTanbHO NpU PO3TATYBaHHI Tak 3BaHUX 3pasKiB (guB.
puc. 1.7) i obumncnoeTbcs 3a popmynoto cT,= F/S.

PeanbHa rpaHuua MiLHOCTI al B COTHi pa3iB MeHwa 3a ouT. Bupi-

WAaNbHUMWN YNHHUKAMWU Y LLbOMY 3HUXEHHI € HeOAHOPIAHICTL | AehekTn
MiKpPO- Ta MakpoOyaoBu peanbHUX TEXHIYHUX MaTepianis.

Y HainpocTiwoMy BMMNafgKy HaBaHTaXXEHHS, TOOTO MpyU pO3TAryBaHHi
B3[10BX OCi, B NonepeyHoMy nepepisi 4it0Tb NMLLe HOPMa/bHI HanpyXeH-
HA 0. Mo3HaumMmo ix ci0. Y 6yab-aKOMY iHWOMY nepepisi, HaXuaeHomy Ao

MOMepeyHoro nifg AOBiNbHMM KyTOM a, KpiM HOpMa/ibHUX, BUHUKAKOTb
TaK0X Hanpy>XeHHs, Wo AiloTb B CaMiil NAOWMHI LbOro nepepisy. BoHu
Ha3nBalTbCS AOTUYHMMM, NMO3HAYaThCA NiTepoto T. Mpu Ubomy
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nasa 1
OCHOBHi MexaHi4Hi BAacTVBOCTI MaTepianiB Ta iXHi xapak TepucTuKun

Ta =-ySin2a. (1-24)

Hailbinbworo 3HayeHHA X HabyBawTb npu a =45°, To6TO TTax =

o0
=T1a=45=y (°0 BM3HayaeTbcq 3a opmynot (1.1)).

Y 3aranbHOMY BMMafAKy, TO6TO nNpu 6iNbl CKNaAHUX HaBaHTaXEHHSX,
X 4IH0Tb y 6yab-AKildi TOULi MAOWMHN 6yAb-AKOro nepepisy, OKpPiM TPbOX
B3aEMHO MeprneHANKYNAPHUX, TaK 3BaHUX FONOBHUX, MOWUHOK, Ha AKUX
x=0. HopManbHi Hanpy>XeHHA O Ha UMX NAOWMHKAX Ha3MBaKTbCA FO-
NOBHUMM | NO3HaYalThCs ctj, a2, 03.

Ha BigMiHy Bif HOPMa/IbHUX HanpyXeHb 0, AKi CIPUUYUHIOIOTH NiHIAHY
aedopmadito BUAOBXKEHHA abo BKOpouyeHHA A/(amB. puc. 1.2, a), 4OTUYHI
Hanpy>XeHHs X 4iloTb Y NAOWMHI nepepidy (puc. 1.22, 6, B). BoHN NoB’A3aHi
3 nedopmaliieto 3CyBY Y, a TOMY Ha3MBaKOTbCA LUE HANPY>KEHHAMMW 3CYBY.

3BMYANHO X HaNPY>XXeHHA X BUMIPIOETLCA B TUX CAMUX OAUHULAX, LLO
i a, TO6TO0 X= F/S, gpe F — 3cyBHa cuna, S — naouia 3cysy.

3akoH l'yka B pasi gii 4OTUYHUX (3CYBHUX) HANpPY>XeHb X, a 0TKe —
gethopmauii 3cyBy B MPYXHili 06nacTi HaBaHTaXeHHA (guB. rpadik Ha
puc. 1.6, B), 3anucyeTbca aHanoriyHo gopmyni (1.3), T06T0

x= Gy,

[e y — KyToBa fehopmMauis;
G — wmogynb NpyXHOCTi (3cyBy), moB’a3aHuiA 3 mogynem HOHra E

3anexHictio G=kE (k gna pisHMX wmaTepianiB 3HaxoA4uTbCsA B Mexax
0,33...0,5), To6TO

<7=(0,33...0,5)F

3a 3HaYHMX HaBaHTaXeHb, KOMW HaMNpyXeHHA [OCATal0Tb rpaHuLi
MILHOCTI CY Npu po3TAryBaHHi (CTUCKaHHI) i Xvi Nnpn 3cyBi, BigbyBaeTbCA
PYVHYBaHHS.

PyliHyBaHHA, WO BigbyBacTbCA Nif AI€EH0 HOPMANbHUX HaNpyXeHb
LWAXOM BifpuBY, Ha3MBAETbCA KPUXKUM. TaK pyWHYHOTbCS 3arapToBaHi
CTani, cipi YaByHW, anMas, KpeMHiil Towo.

PyiiHyBaHHS, WO BiAbyBaeTbCA nNif AI€EH0 AOTUYHUX HANPYXeHb
(3cyBy) X B pe3ynbTaTi pPO3BUTKY MNAcTUYHMX Aedopmalili, Ha3MBaETbCH
B A3KMM. TakoMy pyWHYBaHHIO NigAaeTbCca GifbWICTb NAACTUHYHMX MaTe-
pianiB (a Ue CynpoBOAXKYETbCSA YTBOPEHHAM LLUAKN).
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Po3gin 1
MexaHiuHi BNacTMBOCTi MaTepianis Ta iXHi xapakTepucTrkm

OTxe, ABa BMAW HanpyXeHb — 0 i T — 3yMOB/KOIOTL fBa BUAK
pyiiHyBaHHA: Kpuxke i B’a3ke. [lig CcykynHow fielo 0 i T uacTiwe
Bif0OyBaeTbCsA 3MillaHe pyliHYBaHHS.

Ciuna
naoLnHa Mnowa

3ocepepKeHi
cunn

NiBa
yacTuHa

B

Puc. 1.22

MeTog nepepisiB i BU3HAUYEHHS HaMNPYXEHHS 0 i T:

a — ciyHa nnowmHa; 6 — 3anuweHa fiBa YacTWHA Tina 3 BeKTOpaMu HanpyXeHb Yy Touui O;
B — BWUINAA Micua nepepisy 360Ky, N — N — CAif CiYHOT NAOLWMHN.

3MiHa BifCTaHi MK aToMaMuy, a BiiTaK BUHUKHEHHS CUM MPYXHOCTI
i BIAMNOBIAHO — HaMpPy>XeHb, MOXe CHPUUYUHATUCH He nule [ieto
30BHILIHIX HaBaHTaXXeHb, SIKi BOHW BPIBHOBaXYKTb, a TakK0X 3MiHOM
TemMnepatypu Ta iHWUMKU NpuynHamm (Npo HUX iTUMETbCA B po3aini 2).
Hanpy>XeHHs, W0 BMHUKAaKTb 3a BiJCYTHOCTI 30BHIWIHIX HaBaHTaXEHb,
Ha3nBalTb CaMOBPIBHOBAXEHWMMW, BHYTPILWHbLOBPIBHOBaXeHUMN (abo
3a1UWKOBUMM). YacTo 1X iwe HasuBarTh “BHYTPIWIHIMA”, L0 HETOUYHO,
60 BCi Hanpy>XeHHsi — BHYTPILLHI, 30BHILLHIX Hanpy>keHb He GyBae!
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Mnasa 1
OCHOBHI MexaHi4yHi BNacTUBOCTI MaTepianis Ta iXHi Xxapak TepucTuK1

& KOHTPpOSibHI 3annTaHHA

Lo BuBYatOTh Y Kypci MaTepianio3HascTBa?

LLlo Take TexHonoria?

FAKa pi3HULA MK TEXHOJIOTIEI | TEXHIKO?

Aki MaTepianin Ha3MBaKTbLCA KOHCTPYKLIRHUMMN?

Ha ski Buau nopinsaiTbca metann? Hki MeTann HasMBalTbCA
YOPHUMN?

Ha30BiTb OCHOBHI BUAWM HeMeTaneBUX maTepiais.

Ha ski Bugyn noginatTbca BNACTUBOCTI Matepianis?

MepeniyiTb OCHOBHI MeXaHi4Hi BNACTUBOCTI KOHCTPYKUIiHUX Ma-
Tepianis.

Lo Take HanpyXeHHsA; B SAKUX OAMHULUAX BOHO BUMIPIOETLCA?
Ha3BiTb ABa BWAM HaMNpyXeHb, SIK BOHW MO3HAYalOTbCHA, 3 AKMMU
BMAaMK gedopmMadiini nos’szaHi?

Aka pisHUUA MK HanpyXeHHsAM, TUCKOM Ta cunow? B akux
OAVHMLAX BOHW BUMIPIOIOTLCA?

Aka pisHMUA MK gedopmyBaHHAM | Aedoopmauieo? HassiTb
OCHOBHi BUAM fecthopMyBaHHS i gedpopmaldii.

Ak HasuBaloTbCs AedpopmaLii Npyu NPOCTOMY PO3TAryBaHHi (CTuC-
KaHHI) CTEPXHS; SIK NO3HaYalTbCSA abCOMTHI 1A BigHOCHI Aedop-
MaLii Ta B AKUX OAUHULAX BUMIPOIOTLCA? HAka piHMUS MiX A/ Ta €?
3anuuwitb dopmyny 3akoHy lyka (gBa Bupasu). Ky BNacTUBICTb
mMaTtepiasny Leii 3aKoH Bigobpaxye?

Lo Take XOPCTKICTb MaTepiasy, KO XapakTepuCTUKOI BOHa Xa-
paKkTepusyeTbCA, B AKUX OAVHNLAX BUMIPIOETLCA?

HasBiTb UncnoBe 3HaYeHHs1 Moayns xopcTkocTi E ans ctaneii.

Llo Take MiYHICTb, SIK Ha3MBAETLCA Ta NO3Ha4YaeTbCcA 1 Xapak-
TEepucTMKa, SIK BOHA BU3HAYAETHLCA?

306pasiTb rpadpivHo giarpamy a — € on1a MasioByrieLeBux ctanei.
Lo no3HauyeHo niTepamu 0 Ta €? AK Ui NiTepn Ha3nBalTLCA?

LLlo Take npyxHicTb? HAka il xapakTepucTuka? YkaxiTo il Ha giarpami
0o— €

Lo Take rpaHuua NponopLiiHOCTI? FK BOHA No3HavyaeTbeca?

LUlo Take “TekyuicTb” maTepiany? Ak BOHa 300paxXyeTbCcsa Ha Aia-
rpami 0 — €? Ak Ha3nBaA€ETbLCSA i NO3HAYaETLCS 11 XapakTepucTmka?

Lo Take nnacTuyHicTb MaTepiany? Ckiflbkn BeNMYMH Ta sk i xa-
pakTepusylTb? HAK BOHW Ha3MBAKOTLCA Ta No3HavyalTbCcA? B Akux
OAVHNLAX BUMIPHOIOTLCA?

Aka pisHUUA MK a Ta 5?
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Pospgin 1
MexaHiyHi BnacTMBOCTI MaTtepianiB Ta iXHi XapakTepucTuku

Aka pisHnua mix 8 Ta €?
lWo Take B'A3KiCTb MaTepiany? UMM BOHa XxapakTepusyeTbcs?

MokaxiTb L0 XapakTepUCTUKY Ha Adiarpami o — €. B sikux oanHULAX
BUMIPIOETLCA? 3anuwiTe OpMyy ANA BU3HAYEHHS B'A3KOCTI.

JaiiTe BU3HAYEHHS TBEPAOCTI.

Ha3BiTb OCHOBHi BIAMIHHOCTI MiDX NAACTUYHUMWU Ta KPUXKAMM
MaTepianamu.

HasBiTb OCHOBHI METOAW BU3HAUEHHA TBEPAOCTI. FK NO3HAYAETHCS

i B IKUX OAVHULSX BUMIPIOETLCA TBEPAICTL 3@ PI3HUMM MeTogaMun?

Y vomy pisHuusa Mk HRA, HRB ta HRC?

HAka 3a/1eXHICTb MK TBEPAICTIO Ta MILHICTIO (rpaHnuero MiLHOCTI)
meTanis?

Aka 3anexHiCTb MK yncriamMy TBepLOCTi, BU3HAYEHUMMN PISHUMU
MeTogamu?

Wo Take ygpapHa B'A3KICTb? $K BOHa BU3HAYa€ETbCA, B SAKUX
OAMHULAX BUMIPIOETHCA?

LLlo Take KOHLEHTpaLis HanpyXeHHA? FAka BeninynHa Xxapakrepusye
CTYNiHb KOHUeEeHTpauii HanpyxeHHsa? HaBepfiTb npuknagu KOHLEH-
TpaTopiB HaMNpPyXeHHs.

Lo Take ymoBa MiyHOCTI? LLlo Take gonyctume HanpyxeHHA? Lo

Take 3anac MiLHOCTI? fAki 3a4adi MOXHa BUpilyBaTK 3a 4ONOMOr0H
YMOBM MiLHOCTI?

LUlo Take BTOMHa MiUHICTb? K Ha3MBaeTbCA Ta MO3HayaeTbcA Ti
xapakrepucTtuka?

Lo Take gucunauis eHeprii?
Aka pisHMLS MK HOPMas/IbHUMMK O | AOTUYHUMM (3CYBHMMUK) HaMpy-
XKEeHHAMU T?



BrmBe pi3HUX pakTopiB
Ha MexaHiYHi B/1acTMBOCTI
MaTepiasiis

HaBefeHi paHille 3Ha4YeHHS MeXaHiYHUX XapaKTepUCTUK ofepxKaHi
BMNPOOYBAHHAM 3pa3KiB Mpu Tak 3BAHUX HOPManbHUX yMOBax (KiMHaTHa
TemMnepatypa, CTaTUUYHE HaBaHTAXEHHS, 30BHIlIHE CepefoBULLE TOLLO).
OpfHakK oAuMH i TOW caMwWii maTepian 3aneXHOo Big YMOB ekcnayatauii
(BMNpOOYBaHHA) MOXE 3HAXOAUTUCH B MNACTUYHOMY a0 KPUXKOMY CTaHi.
IHWMMKX cnoBammn, MexaHiuHi XapakTepucTUKM MiLHOCTI Ta NNacTUYHOCTI
CYTTEBO 3anexartb Biff HU3KM UYUHHUKIB ((hakTopiB). OCHOBHi 3 HUX:
BMCOKa ab0o HM3bKa TemnepaTypa, nnacTuyHe feOpMyBaHHSA, WBUAKICTb
HaBaHTaXXEHHS, BWJ HaNpy>eHoro cTaHy, pajioakTUBHE OMNPOMIHEHHS,
TaK 3BaHWiA MaclwTabHWn akTop, BNAMB 30BHIWHLOIO CepefoBULLa Ta
feaKi iHwi.

§ 2/1

Bnnive TemnepaTypu

Mogaynb E (i G), W0 XapaKTepu3ye XXOPCTKICTb MaTepiany, 3HUXYETbCA
npu HarpiBaHHi B cepegHbOMY Ha 2...4 % Ha KoxHi 100 °C. Tak, B cTansx
npu 600 °C mopynb E 3HMxXYeTbCA Ha 25...30 %; npu 800 °C — po 50 %
(y KonbopoBux MmeTaniB — 6inbWw cyTTeEBO). MiyHicTb (CB) i TBepAicTb

(HB) 3HMXYlOTbCA, NNACTUYHICTbL (6, V) 1B’A3KiCTb (8) — NigBULLYIOTHCS.

Lle ocHOBHa TeHAeHLis, ane MOXYTb 6yTU W aHOManii, AK NMokKasaHo Ha
puc. 21 ana manosyrneuesoi ctani (0,15 % C): au i aT cnoyatky fewo

3poCTaloTh; 6, Y i aH 3HUXKYIKTbCA — Le TaK 3BaHe fBMLLE CUHbONAMKOCTI
(3a Temnepatypu 65m3bko 300 °C Konip BiAgnofiipoBaHol MOBEPXHI —
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Pospgin 1
MexaHiYHi BnacTMBOCTi Martepianis Ta iXHi XapakTepucTukm

KOMip MIHAMBOCTI — ACKPaBO CUHIW). 3HUXEHHA B’A3KOCTI MOX/uBe y
[LeaKux cTaneit Takox 3a TemnepaTypu 900...1000 °C — ue 4yepBOHONAM-
KicTb (Npu UMx TemnepaTtypax CTajb Mae ACKPaBO YEPBOHUIA Konip).

Y nefkux KonbopoBuxX MeTanie (Hanpuknag, Al, Mg) nigBuLieHHSA
TemnepaTtypu CAPUYMNHAE 3POCTaHHA MNAacTMYHOCTI, a B iHWKX (Cu, Ni,
NaTyHb) — 3MEHLWeHHA. TpuYoMy 0B 3HUXYETLCA Be3nepepBHO i 6iNbL

iIHTEHCUBHO.

& %,y, %

i

|
v iV ogtob
80 \
60 1 \

S Ty

200 400 600 200 400 600 T °C

a §)
Puc. 21

3anexHiCTb XapakTepucTuk MILHOCTI (0) Ta nnacTuyHocTi (6)
Bil TemnepaTtypu 4ns masoByrfieuesoi ctani

MpaHuua BUTpUBanocTi 0_ j B Mexax Big —40 go 300 °C 3MiHIOETbCS
HecyTTeBO; NpuW NofanblIOoMy MigBULLEHHI TeMnepaTtypu O_ | 3HUXKYETbCSH

Ha 15..20 % Ha KoXxHi 100 °C, a npu MiHyCcOBMX Temneparypax —
NigBULLYeTbCA. TakoX NiABULLYETLCA 0, | aT. [1acTUYHICTL | B’A3KICTb

(5, \|/, a) npu MiHycoBux Temnepartypax cnajawTb.
YpapHa B’3KicTb (aH) Mpu 3HMXKEHHI TemnepaTypu 6e3nepepBHO

3MEHLWYETLCA; Y [eAKUX MaTepianis 3a NeBHOI TemnepaTtypu cnocre-
piraetbca pi3ke nagiHHa aH. Le dAsBuwe — pgyxe HebaxaHe —

Ha3MBaeTbLCA XONOAHONAMKICTIO. TemnepaTypa, 3a K0T ue BigbyBaeTbCs,
Ha3nBaeTbCA MNOPOroM XoNnogHoNnamkocTi (puc. 2.2).

Ha noefiiHky MatepianiB npu HarpiBaHHi BMAMBae He NuLIe piBeHb
TemnepaTypu, ane i TpuBanicTb ii gii. Mpu TpuBanomy 3HaXOMXEHHI
maTtepiany B HarpiTomy cTaHi cnocTepiraloTbcsi (MalTb Micue) sBuwa
MOB3YYOCTi i penakcauii HanpyXeHsb.
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nasa 2
Bnnue pizHMX hakTopiB HA MeXaHiYHi BNacTUBOCTI MaTepianis

MoB3yyicTb — Le NOoBiMbHe, ane 6Ge3nepepBHe HapoCTaHHS nfac-
TUYHOT gehopmalii 3a BUCOKOT TemnepaTypn Mpu HaBaHTaXKEHHI, L0 He
3MiHIOETbLCA (a BigTaK, Npy NOCTiAHOMY HanpyXeHHi a = const).

I YBara He naytaty noB3ydvicTb 3 TeKy4icTHO.

Puc. 2.2
padik 3anexHocTi yaapHoi
B'A3KOCTI OH Bif Temneparypu:

1— 3a BiACYTHICTIO XON0AHONAMKOCTI;
2 — 3a HasABHOCTI XO/I04HONAMKOCTI

Tak 3BaHa “KpuBa MoB3y4yocTi” (B KoopAauHatax € — t, ge t — uyac)
nokasaHa Ha puc. 2.3, ge 0a — nouaTtkoBa (nNpy>xHa) gedopmavia. dani
YiTKO CMOCTepiratoTbCa TPU LiNIAHKU:

ab — pedopmauisi, W0 He BCTaHOBMMACH, LWBWAKICTb HApOCTaHHA i
V= de/dt =€ cnoBinbHIOETHCA (LinAHKa a'b')\

be — pinsHka, ge WBWAKICTb MOB3Yy4OCTi MOCTiHA, TO6TO €= V-
- dz/dt-const (ginaHka by);

cd — finaHka, fe WBUAKICTb NOB3YYOCTi 36iNbLIYETLHCA, 3aKiHYYETHCS
B TOUUi d 3pyiiHYyBaHHAM.

Uum 6inbwe HanpyXeHHa a (a =const!), TUM IHTEHCMBHIWa MOB-
3y4iCTb: AiNSAHKA bC CKOPOUYETLCS | MOXe OyTK BiACYTHS 30BCIM (K Mpw
HanpyXeHHi c4 Ha puc. 2.4, a). MNpu Manux Hanpy>eHHAX 0 (i HE3HAUYHUX
Temnepatypax) AinsHku cd mMoxe i He ByTw.

MpupogHo, wWo B pasi 36inbWeEHHA Temnepatypu (npu o = const)
WBMAKICTb NOB3Y4OCTi TaKoX 36inblyeTbCs (puc. 2.4, 6).

Puc. 2.3

KpuBa nosayuocti €— t
(abed — kpuea nossyuocTi)
Ta rpadik 3MiHV LWBMAKOCTI NOB3Y4OCTi

{a'b'c’d")
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Pos3pgin 1
MexaHiuHi BNacTuMBOCTI maTepianiB Ta ixHi XxapakTepucTuku

Y peskux matepianis (CBMHeLb, NnaTyHb, OpOH3a, MmnacTtmacu) MOB-
3ydicTb Bif0yBaeTbCA BXe 3a KiMHATHOI TeMnepaTypu.

30aTHICTb MaTepianiB YMHUTKU ONip MNOB3Y4YOCTi XapaKTepuU3yeTbCs
YMOBHOI TFpaHMLE MOB3y4yoCTi, TOGTO HANPY>XeHHAM, 3a AKOro mnpw
3afaHiin TemnepaTypi Yepes 3agaHMii NPOMIXOK Yacy gedopmalis gocsrae
3a/laHOT BETUUYUHN.

Mo3Ha4yaeTbCs YMOBHA FpaHuLs NoB3y4yocTi a j % _t vac, abo aey rog,

a s
Puc. 2.4

padikn 3anexHoCTi WBUAKOCTI NOB3YYOCTi Bif HanpyXeHHs
Ta TemnepaTypu:

a — npu pi3HUX 3HAYEHHAX HanNpyXeHHA O i MOCTIlHIi Temneparypi;
6 — npu pi3HUX 3HAYEHHAX TemnepaTypu i HE3MIHHOMY HamnpyXeHHi

Hanpuknag, 05% 10000 = 150 MMa, a6o OHr4rog> Ae 150 MMNa —
Lie Hanpy>XeHHs, 3a Akoro yepes 10 000 rog npu T= 500 °C pedhopmalis
€ popiBHoBaTumMe 1 %. OTXe, came Ui TPU UYMHHUKW — T, e Ta /| —
06yMOB/OIOTL BUMOTU 0 BMGOPY MaTepiany, Wwo 3abe3neyaTb HafdiHICTb
po6oTn aetani, TO6TO NOTPIGHY YMOBHY rpaHuLi0 NOB3y4oCTi. Tak:

* y nonaTok napoBux TypbiH 1 % BigHOCHOT getopmauii mae 6yTu

[OCATHYTMIA 3a 10 pokiB;

e ynonatok rasosux Typ6iH — 1..2 % 3a 100...500 roauH;

e y Tpybax nmapoBux KoTniB — 1% 3a 100 000 rogmH.

Y pesynbTaTi NOCTYNOBOro HapocTaHHA fedopmalii Npu BUCOKMX TeM-
nepatypax MPOTArOM 3Ha4YHOro 4acy, T06TO B pe3y/bTaTi NOB3Y4YOCTi, KPUX-
Ke pyliHYBaHHA MOXe BIAGYTMCA MpW Hanpy>XXeHHAX, MEHLWMWX He nuwe
rpaHuLUi MiLHOCTI au, a HaBiTb MEHLWWUX rpaHuULi NponopLiiHOCTI onu.
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nasa 2
Bnnue pi3HMx thakTopiB HA MeXaHiyHi B1acTUBOCTI MaTepianis

3aaTHICTb MaTepianiB npaytoBaTh, TO6TO YAHUTU OMiP HABAaHTaXEHHIO
TPUBANMA 4ac MpM BUCOKMX Temnepatypax, He PYMHYHUNUCb, XapakTe-

W —
pY3yE YMOBHa rpaHuUus LOBrOTpPMBANOl MiLHOCTI a// — Le HanpyXeHHs

(Npw gaHiin nocTiHIN TemnepaTypi), 3a AKOro pyinHyBaHHS BifbyaeTbCs B
KiHUi 3afjaHoro npoMixky vacy. Hanpuknag,

°450 = 800 MTa,

To6TO nNpu 0 =800 MIla pyitHyBaHHA npu 700 °C BiabyaeTbca nicns
450 ropg poboTu.

BinbwicTe cnnaeie B asiayil Bunpo6oByoTb npotarom 100..500 rog,
ANSA cTauioHapHMX rasoBux TypbiH — npoTtarom 1000...3000 rog,

Puc. 2.5

3anexHiCTb MiX HanpyXeHHsM O
i TpuBanicTio poboTn
[0 3pyiiHyBaHHSA
(Npv nocTiiHiA Temnepatypi)

PesynbTaT BMNPO6GYBaHHA NpPeACTaBAATb Y BUIMNAAI 3aM€XHOCTI
a — t npu 3agaHiii Temnepatypi (puc. 2.5). 9K BMAHO, YMM TpuBaniwunii
yac npu Tilk caMiii TemnepaTypi Mae npautoBaTu AeTanb, TUM MeHLWe
Hanpy>XXeHHs MOXHa i 3agatu. [pu HWKYIA TemnepaTypi npu Tomy
CaMOMY Hanpy»XeHHi 4Yac 40 3pyiHyBaHHA 30inblUyeETHCA.

Li gBi BennumHn — oe-:r%_, >q/T— XapaKTepusyoTb )KapOMI’U,HiCTb
maTepianis.

YKapomiuHicTb — Ue 3AaTHICTb MaTepiany YMHWUTU ONip MOB3YYOCTi i
pyViHYBaHHIO 3a TPMBaNOT AiT HaBaHTaXXEeHHSA NpPU BUCOKUX TeMnepaTtypax.

XKapocTilKkicTb — Le 34aTHICTb MaTepianiB NpuM BMCOKMUX TemnepaTy-
pax 4YuHWUTK onip XiMiYHOMY BMNAUBY arpecUBHUX CepefoBULY, LWLO
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Pospgin 1
MexaHiuHi BNacTMBOCTI MaTepianiB Ta ixHi XxapakTepucTukm

CMPUYMHAIOTH KOPO3ito, a BiiTaK — NPU3BOAATb L0 3HUXKEHHSA MILHOCTI
i oOKpuxyeHHs (oco6nuso V).

Penakcaliia Hanpy>XeHb — Lie MOCTYMOBE 3MEHLUEHHS Hanpy>XeHHs
npu 3afaHiin nocTiiHilA gedopmauii (€ = const) i HE3MiHHIn BMCOKIi
Temnepatypi (T =const).

Penakcauis (po3CMOKTYBaHHA) BifbyBaeTbCs B pe3yNnbTaTi HapOCTaHHSA
nnacTMyHoi AedopMauii €n1 3a paxyHOK MPYXHOI enp npu MNOCTilHIN
3aranbHiii geopmauii €, TO6To Npu € = enp + enn = const (puc. 2.6, a).

Puc. 2.6
[Liarpamy 0 — € 0fHOrO i TOro camoro mMarvepiasly npu pisHUX
Temnepatypax: nepexig npyxHoi gedopmadii enp B NAacTUYHY €MVl
npu penakcauii (0) Ta 3a/1eXHICTb HanpyXeHHs Big TpmBanocTi t
nepebyBaHHA Npu pi3HUX TemnepaTypax (6)

3MeHLWEeHHS NPY>XXHOT AeopmaLii enp cynpoBOLXKYETHCA 3HMKEHHAM
Hanpy>xeHHsa a (o = £g).

Tak camMo K i NMOB3y4iCTb, penakcauif Hanpy>XeHHA iHTEHCUBHIWe Bif-
6yBaeTbcA Mpy 6inbll BUCOKMX TemnepaTtypax (74 > T2 — puc. 2.6, 6) i

6iNbll BUCOKUX Hampy>XeHHAX (AinsiHKa ab Ha KpuBiiA penakcauii ac). Y
CBMHLIKO Ta NOMiMepiB penakcalisi BUpaXKeHa BXe MpU KiMHaTHIN Temne-
patypi.

HasBHicTb penakcauii 3mylye, Hanpuknag, nepiogu4yHo peTenbHo
KOHTPO/IOBATK 3aTsXXKY 60NTIB y hnaHueBMX Ta IHWKX 3’eAHAHHAX Mapo-
abo rasonpoBOAiB, fAe MpWU He3MiHHIA gedopmauii 60nTiB B pe3ynbTaTi
penakcauii Hampy)XeHb MOXe CYTTEBO MNOPYLIYBaTUCb YLLiIbHEHHS,
CNPUYUHAO YN BUTIKAHHA rasiB un piguHu.
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naBsa 2
Bnnue pisHUX hakTopiB HA MeXaHi4YHi BfacTuBOCTI MaTepianis

§2.2

BnnvB nnacTu4HOro gedpopmyBaHHsA. Haknien

MnactuyHe pedopmyBaHHA (HaknenyBaHHA abo HarapTyBaHHS)
npu3BOAMUTL A0 NiABULLEHHA MiuHocTi (a,), TBepgocTi (HB), rpaHuui
Teky4yocTi (aT). BogHouyac 3HMXKYeETbCA MnacTUYHicTb (5, ¥) Ta B’A3KOCTI
(a, aH). Lle sBmue ogepxano Ha3By Haknen (HarapTOBKa, MexaHiyHe abo
fecopmauiiiHe 3MiLHEHHS).

Puc. 2.7
3miHa BuUrnNsady giarpamu nicns nNaacTMYHOro AetopMyBaHHS:

a — (cxemaTuuHo): 1—,qo Hakneny; 2 — nicns Hakneny;
6 — (cepeaHboByrneuesa cranb): /| — A0 Hakneny (Micns BignaneHHs);
2 — nicna XoNoAHOI npokaTkn; 3 — nicna X0N0A4HOT BUTSXKKN (LITaAMNOBKM)

3a 3Ha4YHOro ctyneHsa geopmyBaHHA TBepaicTe (HB) i MiuHicTb (on)
MOXYTb 6yTW nigsuuleHi B 1,5..3 pa3un, ot — y 3...5 pasiB (puc. 2.7).

MnactnyHicts (5, y) i B’A3KicTb () MOXYTb 3MeHwWwyBsaTuca go 10
pasis. Hanpuknag, y Mmigi 6 3 50 % 3meHwyeTbcqd f0 5 %, CYTTEBO
3MEHLLYETbCA TaKoX yfapHa B’A3KiCTb aH.

CxunbHiCTb MaTtepiany J0 Hak/eny XapakKTepU3yeTbCA HAABHICTIO Ha
piarpami a — € fingHKW 3MmiuHeHHa 4—5 (auB. puc. 1.8, 6, B), a KOH-
KPeTHO — IHTEHCUBHICTb HaK/eny XapakTepusye MOAYNb 3MiLHEHHS
E'=tg a (puc. 2.7, a). MaTtepianu, L0 He MalTb AINAHKN 3MIiLLHEHHSA Ha
piarpaMi 0 — €, He HaKNenyTbCA, HaNpuWKNag TUTaH i ioro cniaesu (aus.
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Pospgin 1
MexaHiuHi BnacTuBOCTi MartepianiB Ta iXHi XapakTepucTuku

piarpamy 0 — € Ha puc. 19, 6). Y HaknenmaHux Martepianax oT
HabnmxaeTbCs A0 CB, N/oOWLaAKa TEKYUYOCTI MOXe 3HMKaTu (puc. 2.7, a,
Kpusa 2).

OTXe, (heHOMeHO/NoriYHo (TOBTO K 30BHILLIHIA 04YeBWAHWUIA BUAB
AKUXOCb 3MiH, BNacTMBOCTeN abo 3anexHOCTeil) Hak/en NposBAAETLCA B
CYTTEBIA 3MiHI BMINIAAQy AiarpamMm a — € , K Le NOKa3aHO Ha puc. 2.7, a
(cxemaTnyHo), Ta Ha puc. 2.7, 6 — AN1A cepefHbOBYrfeUeBoi crani i
KOHKPETHUX BWAIB NnacTUYHOro pJedopmysaHHs. OTxe, c, >

82< 8j; a2<aj (amB. TaKoX puc. 2.8).

5

Puc. 2.8
padiikn 3anexHocTi TBepAocTi HB,
MIUHOCTI aaTa naacTuyHocTi 5

Bi, CTyneHs NjacTUYHOro AeddOpMyBaHHS €
0 20 40 60 € % [ONA HU3bKOBYreLeBoi cTani

Ha BnacTuBOCTI MaTepianiB BM/MBAE TAKOX OMPOMIHEHHS YacTUHKaMM
BNCOKOT eHeprii. Lleii BNAMB 3aneXunTb Bif CNekTpa 4YacTWMHOK i Big 403u
(WinbHOCTI) ONPOMIHEHHS — YMCNa YaCTMHOK, WO npolwan yepes 1cm2
NMOBEepPXHi 3a 4ac onpoMiHeHHs. CyTTeBi 3MiHM BRacTuBocTeil (i IXHiX
XapakTepucTmkK) O0OYMOBMKOIOTLCA BUHUKHEHHAM 3HAYHOT  KifIbKOCTI
AeeKTIB CTPYKTYpU Ha 3pasoK TOro, W0 BigbyBaeTbCcsa B pesynbrarti
MeXaHiYHOro 3miuHeHHA (HaknenyBaHHA), a TOMY 3MiHU XapaKTepUCTUK
BifOyBalOTbCS B TOMY XX CaMOMY HanpsiMi, WO I NpuM HaknenyBaHHi. A
came, B pe3ynbTati 6omMbapayBaHHA YaCTUHKaMU BUCOKOT eHeprii Mogynb
E gew,o nigBuulyetbca (Hanpuknag, npu Aosi B 4- 1012 HeliTpoH/cM2
moaynb E Mmigi niguwyetbcs Ha 15..20 %, npu fo3i B KO20 HeilTpoH/cm2
B peakTopi Moaynb E rpagity nifBuLLYETLCA BTPUUI).

MigBMLLY€ETbCA MILHICTb | TBEPAICTb, NAACTUYHICTb Ta B A3KICTb 3MEH-
Wwytotbes (puc. 2.9, a), BiAOYyBaeTbCA OKPUXUYEHHSA, MOPIr X0N04HONAM-
KOCTi 3MiwyeTbea Bnpaso (puc. 2.9, B).
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nasa 2
Bnnus pisHnX hakTopiB HA MeXaHiYHi BNacTMBOCTI MaTepianis

CyTTeBO (Ha MOpsASOK) 3MEHLWYETLCA Aucunalis eHeprii — gemndi-
pytoya 3faTHiCTb (norapu@MmivyHuili gekpemeHT abo, Tak 3BaHa LMKi4yHa

B'a3KicTb). 36iNblWYETbCA LWBWUAKICTb MOB3YYOCTI, 3HUXYETbCA OMip KO-
nomi.

8 ¥,% 0,A

Puc. 2.9
Bnnve cTyneHss onpoMiHEHHS Ha XapaKTepUCTUKWM MiLHOCTI
GB Ot i nnactuyHocTi 6, y AndA ctani (<3); giarpamm o — €
(ans Hikensa): 1— [0 ONPOMIHEHHSA; 2 — nicNs ONPOMIHEHHS
B peakTopi (6); 3anexHicTb yaapHOi B'A3KOCTI aH Big Temneparypu
(ons ctani): 1— pgo onpoOMIHEHHSA; 2 — nicns OnpoMiHeHHs (B)

OTXe, AK i NpU HaknenyBaHHi, CYTTEBO 3MIHIOETLCA BUINAL Aiarpamu
n e (puc. 2.9, 6). 3MiHM MexaHiYHUX BMacTUBOCTElW nicnd 6ombapay-
MHITHH YacTMHKamMW BUCOKOT eHepril B 6inbLIOCTI BMMNaAKiB € CTIKUMU.
lloibyTnca umx pagiayiliHnx edekTiB MOXHa BignaneHHsM (penakca-
LI AHNM).

MonimepHi MaTtepianu (nnactmacu) 6inblWl YyTAMBI 4O ONPOMIHEHHS,
HDX MeTanu. B gesknx 3 HUX MOXe 3MiHIOBaTUCA CTPYKTypa (BOHM CTaloThb
i [((HacTumun, To6TO peakTonnacTu MepexoasTb Yy repmonnacTtu), a BigTtak
Hignuuwyetbca TBEpAICTb, TENNOCTIAKICTb, (hTOpPONAACT, Hanpuknag, cTa-
MOBUTbLCH KPUXKUM.

Ha BnacTvBOCTi MaTepianiB BNAWBAE TaKOX LIKUAKICTb HaBaHTaXEHHS.

Onip npy>xHoMy AethopMyBaHHIO (To6To Mogyni E i G) npakTM4HO He
TMEXWUTb Bif WBUAKOCTI geopmyBaHHs V=da/d! (OCKinbKM npyXHa
/iHpopmauia nowunpoeTbca B Matepiani 3i WBUAKICTIO 3BYKA, WO 3HAYHO
MepeBuLLYE WBUAKICTL HaBaHTaXyBaHHS).

MpaHMLa MiILHOCTI aun NiABULLYETLCA, rpaHULUA TEKY4YOCTi OT TakKoX

iFMNblyeTbes, HabAMXKaUUCh A0 FpaHuMLi MiyHOCTI aB. Onip nnacTuu-
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Pospagin 1
MexaHiyHi BnacTnBOCTI MaTepianis Ta ixHi XxapakTepucTuku

HOMY Ae(hOpMYyBaHHIO 3pOCTae, TO6TO XapakTepucTuku nnactuyHocTi (5 i
/) Ta B’A3KOCTI (@ i AH) 3MeHWYyTbcA. OTXKe, 36iNblIEHHS LWBUAKOCTI

nehopMyBaHHSA CMpPUAE OKpPUXUYyBaHHIO MmaTepiany (puc. 2.10): oB <

<ai®<°i33; S1>82> 83l a\ > a2> ay

Mpn cyTTEBOMY nNifBULLEHHI YACTOTWM LMKIIYHOrO HaBaHTaXXeHHA
rpaHuua BUTPMBANIOCTI O_j Yy MeTaniB [eLwo 3pocTae, a Npu HasaBHOCTI
KOHUEHTpauii HanpyXeHb Ta po6OTi B KOPO3iiHOMY CcepefoBULLI —
3HUXKYETLCH.

Hali6inblie WBMAKICTb HaBaHTaXEHHsA BM/IMBAe Ha MeXaHi4Hi Bnac-
TMBOCTI MoNiMepHMX MaTepianiB (B TOMY uymuchi Ha Mogynb E, akuii gewo
3pOCTae).

Ha xapakTepucTuku wmartepianis npu LUKNIYHOMY HaBaHTaXeHHI
(BTOMHa MiUHIiCTb) CYTTEBO BM/AMBAE YacTOTa 3MIHW UUKNIB. Y MeTanis
rpaHuUsa BUTPUBANOCTI a_j NPW 3HUXKEHHI YacTOTU HABAHTAXEHHS 3MEH-
WyeTbCsA (3HAYHOM MIpOI0 3a HasABHOCTI KOHLLEHTPaTopiB i B KOPO3iliHOMY
cepefoBuLLi).

[0 CyTTEBOro 3MeHLWeHHs 0_| NPU3BOAMTL 30iNbLIEHHS YaCTOTW Ha-
BaHT@XKEHHS y niactmac. BigbyBaeTbecs Le BHaCMifOK iIHTEHCMBHOTO po-
3irpiBaHHA. AKLLO0 X AOro yCYHYTU, TO 3HUXKEHHS a_ j HE CNOCTepiraeTbCs.
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nasa 2
Bnnue pi3HUX hakTopiB HA MexaHiYHi BNacTMBOCTI MaTepianis

§2.3

BrnvB Hanpy)XeHOro cTaHy Ta MacllTabHoro
hakTOpa

Hanpy>keHnin cTaH — Le CYKYMNHICTb Hamnpy>eHb B 6YyAb-fKili Touli
WMaHTaXKeHOro Tiga. PoO3pi3HAITL TPU BUAW  HAMPYXEHOro CTaHy
puc. 2.11). Lleit cTaH 3anexuTb Bif XapakTepy Aitoumx cun, suay aegop-

Puc. 2.11
Buan HanpyXeHoro craHy:
a — NiHiNHWA (0gHOBICHUIA); 6 — NIOCKWIA (4BOBICHWMIA); B — 06'€MHWIA (TPUBICHWIA)

MiWii (po3Tary'BaHHA abo CTUCKaHHSA, 3CYyBY, 3TMHY, CKPYYyBaHHA Ta TXHiX
KOMOGiHawiif).

BcebiyHe piBHOMipHe HaBaHTaXXE€HHA — 06’EMHWIA TPUBICHWUIA Hanpy-
mKiuinMin cTaH (puc. 2.11, B) — MOXe CYTTEBO NigBWLLYyBaTU NAACTUYHICTD.
Hk npuknag, 3aBXAu HaBOAATb Nepexig mMapmypy B NAacTUYHWIA cTaH B
IHi» rigpocTaTUYHOro CTUCKaHHSA, TOOTO TPUBICHOTO HANpPY>XXeHOro CTaHy,
HAIN Oj =02 =Cy

HepiBHOMIpHICTE PO3MNOAiNEHHA HaMpyXeHb, HaBMaku, TACHe 3a
i0060t0 nepexig maTepiany Bif NNaCTUYHOrO CTaHy A0 KPUXKoro. Tak, mpu
WiMINiOCTI KOHUeHTpauil HanpyXeHb MaTepian CXWnbHUI NepebyBatn y
KPUXKOMY CTaHi fK Mpu cTatmyHoMmy (KoM NigBULYETLCA au i BGinbL

|[i| Ha» 3MeHLWYyeTbCA 5), TakK i, 0c061BO, NPY AUHAMIYHOMY (LUKNIYHOMY,
YAapHOMY) HaBaHTaXXEHHAX. Hanpuknag, npu ygapHiin npobi HaBMUCHE
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Pospgin 1
MexaHiuHi BNacTuBOCTI mMaTepianis Ta ixHi XapakTepucTukn

pobnsaTb Hagpis (gue. puc. 1.13) 3 METOK 3HWXEHHA MNAaCTUYHOCTI, a
OTXe, 415 rapaHTOBaHOr0 3pYiHYBaHHA 3paska.

Y psAgi BUNaAKiB MeXaHiuHi XapaKTepuUCTUKMW 3anexartb Bif po3mipis
BUMNPOOYBaHMX 3pa3KiB (a BigTak Bif po3mipis getani). Lia 3anexHicTb,
TO6TO BMN/AUB PO3MIpiB, HA3MBAETLCA MaclWTabHUM (hakTopoM. Tak, onip
BiagpuBy (01 Mpw 36iNbLLUEHHI PO3MIpiB MOMEPEYHOr0 Nepepisy CTEPXKHS S

AeLW0 3MeHLWYETbCA. MiLHICTb TOHKMX HUTOK 3 TOFO XX Camoro marepiany,
HaBmaku, gewo Buwa. MNpu 36iNblWIEHHI JOBXWMHM 3pa3ka <B i 6 TaKoX
3MEHWYIOTbCA. [paHUUA BUTPUBANOCTI O_ j npu 30iNblWeHHI po3mipis
JeTani TakoX 3MeHLWYyeTbea (0c06MBO Y MIACTMAC).

Bnave macwtabHOro haktopa CNOHYKae 40 CTaHAapTu3awii MeTogis i

pPeXunmiB BMMNPOOGYBaHHSA, a TaKOX PO3MIPIB 3pa3KiB MpUM BM3HAYEHHI
MEXaHIYHNX XapaKTePUCTUK.

§24

Bnnve 30BHILLHLOIO cepefoBuLLa
Ta XiMiYHOro cknagy

Bnnue pignHHOro abo rasoBoro cepefosuila 06YMOBIOETLCA 3HMU-
XXEHHAM MOBEPXHeBOT eHeprii MaTepianis, MPOHWKHEHHAM PpiguHU B
MIKPOMOPOXXHUHU (Tak 3BaHy PO3NipHy fil0), a B MONIMEPIB — TaKOX i
HabyxaHHAM (0C06/IMBO 3HAYHMM Yy nonieTuneni, kanpoi). Lle cnpu-
UMHSAE KOPO3il0, 3HWXEHHSA rpaHuui MiyHocTi (aw), npu3BoAUTL [0

OKPUXYEHHS (0COBMMBO 3HUXKYETLCA Li), 3HMXYETbCA BTOMHA MILHICTb
(a_j), »KapocTilikicTb Ta 3HOCOCTIWKiCTb. [ligBMLLYETbCA LWBUAKICTD |

CTYMiHb penakcayii Hanpy>eHb, 0cob6anBo B nonimepax (y 5..6 pasis y
cepefoBMLLaX-PO3YMHHMKAX — aLleTOH, 6eH30/ Tow0).

OpHa 3 OCHOBHMX OCOGAMBOCTEN MONIMEPHUX MaTtepianie (nnacT-
Mac) — Le 34aTHICTb onupatucs Ail arpecMBHUX cepefosuul (nonietu-
neH, BiHinnacT, ¢Toponnact Towo). TOMy came 3 HUX BUTOTOBAAKOTH
MICTKOCTI Ta Tpy6onpoBoan AN TPaHCMOPTYBaHHA NyriB, KWCNOT Ta
IHWMX XiIMIYHO aKTMBHUX CepeaoBuULL,.

Ha mexaHi4Hi XapakTepuCTMKW MaTepianiB CyTTEBO BM/MBAE IXHiil
XiMi4yHWI cKknag. Y maTepianis ycknafHeHHSA XiMi4YHOro cknagy (nerysaH-
HSi, MOAM(IKYBaHHS, apMyBaHHS TOW,0) MNPW3BOANTb, SIK NpPaBuno, Ao
NiABULWEHHA MILHOCTI, 3HWXXEHHSA NNacTUYHOCTI Ta B’3KOCTI.
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AK npuknag, Ha puc. 2.12 HaBefleHO rpadiky, WO BifobpaxawTb
NANB BMICTY BYINeLl0 Yy CTansx Ha BUINAL fiarpamMu 0 — €, Ha xapak-
EePUCTUKN MILHOCTI, NNACTUYHOCTI Ta BMNAWUB /EryOUMX efIeMEHTIB Ha
JapHY B’A3KICTb aH.

HB, Mra W, 5 %

BmicT nerytoyoro enemexta, %
B

Puc. 2.12

padikn 3MiHM BUrNSAY diarpamm 0 — € Npu 3MiHi BMICTY Byrieuto (0);
3a/1eXHICTb BMACTVMBOCTEN BYI/eLeBoi CTasli Bif BMICTy Byrsieuto (6); 3a/1exHICTb
yAapHOI B'A3KOCTI Bif, BMICTY Pi3HMX JIEMYIOUNX enemMeHTiB (6)
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UMHHMKK, WO 3HAYHOI MIipOKo BNAMBalOTb HA MeXaHiYHi BNacTUBOCTI
matepiaiB — XiMi4HWA cknag, cTpykTypa (6ygosa) martepianis, TepMidHa,
TepMoOXiMiyHa, TepMOMeXaHivHa Ta [esKi iHWi BuaM 06pobKn — AeTanb-

Pos3pgin 1
MexaHiyHi BNacTMBOCTI MaTepiasiB Ta iXHi XxapakTepucTuku

HO po3rnagamTbes y po3gini 2.

9.

(S KoHTpoOnbHi3annTaHHA

. $AKi YUHHMKM BNAMBAKOTb Ha MEeXaHiuyHi BlacTMBOCTI MaTepianis?
. flk BNAMBAE Ha MexaHiyHi BMacTMBOCTI MaTepianiB MiABULLEHHS

TemnepaTtypu? Ak BNAUBalOTb HU3bKI TemnepaTypu? LLlo Take nopir
X0/10/IHONIAMKOCTI?

. Wlo Take noB3ydicTb MartepianiB? HAK no3HavarTbcs 1 xapak-

TEPUCTUKN?

UnM nOB3ydiCTb BIifgpI3HAETbCA Big TekydocTi? LWo Take pgo-
BroTpmBana MiyHicTb?

HasBiTb XapakTepuCTUKM >XapoMiLHOCTi MaTepianiB. Ulo Take
XapOCTINKICTL?

. LLlo Take penakcalisi HanpyXeHHs?
. K BNAMBAE HA MeXaHiuHi XapaKTepuUCTUKU LUBUAKICTL HaBaHTa-

XEHHSA?

. Lo Take Haknen Ta SK BiH BM/IMBAE HA MeXaHiyHi BacTMBOCTI (a

BiTaKk XxapakTepucTukn) meTtanis?
LLlo Take macwTabHuii dhakTop?

10.99K BN/IMBAE Ha MeXaHiuHi XapakTepUCTUKL ONPOMIHEHHA?






bypgoBa meTanu
| cnnaBsiB

§ 3.1

XapakTepucTuka, bygoBa i knacudikauis
MeTanis

MeTwn — HaibinbWw pPO3MOBCOAKEHI Yy npupogi enemeHTun. Lle
XiMiYHO npocTi peyvyoBMHU, AKI MaoTb 0C06MMBUIA (MeTaneBuil) 6auUCK,
BMCOKY MNACTUYHICTb, €N1€KTPO- Ta TENJONPOBIAHICTb. Y TEXHILi NOHATTA
“mMeTan” o3Hayae pPeYOBUHY, L0 MaE€ BKasaHi XapakKTepHi BNacTMBOCTI.
Lleli TepMiH TaK0>X BUKOPUCTOBYIOTb MPW BU3HAYEHHI MeTaleBnX CniasiB.
3a BM3HayeHHsIM M. B- JlTomoHOcOBa, “MeTann — CyTb CBiTNi Tina, AKi
KyBaTW MOXHa”.

3 no3uyii ximii metann (ix 61n3bko 80) — Le eNeMeHTH, aTOMU SKNX
CKNaJatTbCA 3 NO3UTMBHO 3apPAAXKEHOr0 s4pa, HaBKOMO SIKOF0 Ha Pi3Hii
BiAgCTaHi 06epTalOTbCA HEraTUBHO 3apsAA)KeHi €NeKTPOHU, YTBOPHOHOUU
NeBHi eNeKTPOHHI 060M0HKW. 30BHILIHA efleKTPOHHa 060/10HKAa MeTasiB
MICTUTb HEBENUKY KiNbKiCTb enekTpoHiB (1...2). Cuna npuTAryBaHHa agpa
aToma LWOoAO0 30BHIiWHIX (BafleHTHUX) eNeKTPOHIB 3HAYHOK MIpOK KOM-
MEHCYETbCA €NeKTPOHaMM BHYTPILWHIX 060M0HOK. TOMYy aTOMW MeTaniB
[OCUTb NIerKO BTpayvaloTb 30BHILIHI €eKTPOHU | MepeTBOPIOIOTLCH Ha
NO3UTUBHO 3apsAf>KeHi iOHW. BinbHi €1eKTPOHN NErko nepemillyTbca B
yCiX HanpAMKax MiX YTBOPEHWMMW MO3UTUBHO 3apAfXKEHWMU iOHaMMU,
Haragyloum pyx 4aCTMHOK rasy (“enekTpoHHMIi ras”). ICHyBaHHS BOAHO-
yac HelTpanbHUX I IOHI30BaHUX aTOMIB Ta Bi/lbHUX €NEKTPOHIB € OCHO-
BOKO YAB/IEHb LWO0A0 0CO6/MBOrO TUMNY MIDXKATOMHOIO 3B’A3KY, NpuTamaH-
HOro TiNbKM MeTanam, — MeTanesoro. B meTani mocTiliHO BigbyBaeTbCs
OOMiH eneKTpoOHaMW MK HEeWTpanbHUMM Ta IiOHI30BaHUMK aToOMamu,
3aBXAN € MeBHa KiNbKiCTb €NeKTPOHIB, WO Ha JaHWI/i MOMEHT He Hane-
KaTb AKOMYCb 3 aTOMiB. AKLW0 CTBOPUTK Yy MeTani pisHULIO NoTeHUiani.,
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pyX €eneKTPOHiB Habyfe MNEBHOro HanNpAMKY i BUHWKHE eNeKTPUYHWIA
CTPYM. HafaBHICTIO BiNbHUX (KONEKTUBI30BaHMX) eNeKTPOHIB NOACHIOKOTh
iCHYBaHHA CRiNbHMUX [N BCiX MeTaniB BAacTMBOCTeW (NAACTUUHICTD,
Henpo30picTb, OAWCK, BWUCOKI €NeKTpPo- i TennonpoBigHicTb), a IX
KiIbKICTHO — pi3HWIA CTyNiHb “MeTaneBOCTi” OKpPEMUX MeTariB.

MeTan SiK XiMiYHUIA enemMeHT MOXe OyTW KOMMOHEHTOM, TOBTO peyo-
BMHOO, fiKa YTBOPIOE CUCTEMY i BXOAWUTbL 4O CKNagy cnnasis 3 ABoX abo
KiNbKOX enemeHTiB.

BnacTuBOCTi MeTaniB 3yMOBMKOE X aToOMHa 6yfoBa i KpucTaniyHa
CTPYKTypa. 3anexHo Big OyfoBW i BNacTMBOCTe MeTanu 06’€fHYHOTb Y
pi3Hi rpynu. 3a 3arasbHOK | Halbifbw MNOWWMPEHO Knacupikayieto
MeTann NOAINAITL Ha ABi rpynu: YOpHi i KoNboposi. [10 YOPHUX MeTanis
BiJHOCATb 3ani30 Ta Moro cnnaBu (CTanb, YaByH), a A0 KONbOPOBUX —
pewTy meTanis.

[JoknagHiwa knacugikauis (3a A. T. T'ynseBum) TaKoX nofginse
MeTanu Ha YOpHi Ta KOJIbOPOBi.

UopHi meTanu 3arajioM MalTb TEMHO-Cipuii Konip, 6inbll BUCOKI
TeMnepaTtypu MNNaBAeHHA, 3HAYHY TBEPAICTb i WiNbHICTb, 34aTHI 40 NOAi-
MopdHUX nepeTBopeHb (Kpim Ni). Cepef HUX pPoO3pPi3HAIOTH 3ani3Hi — Fe,
Co, Ni, Mn; Tyronnaeki — TemnepaTtypa MMaBfieHHs AKMX BULa 3a
TemnepaTtypy nnaefeHHsa 3anisa (noHag 1539 °C) — W, Mo, Re, Nb, Ti,
V, Cr; ypaHOBi — aKTUHigw; pigkicHosemensHi (P3M) — La, Ce, Nd, Pr
Ta iHWIi. Y TexHiui BMKOPUCTOBYETHCA noHag 90 % 4yopHUX MeTanis.

[0 KONbOpPOBMX BIifiHOCATb pewTy MeTaniB. XapakTepHUM [ANS HUX €
3abapBfieHHA (4YepBOHe, >XOBTe, 6ine), BUCOKA MNNACTUYHICTb, HU3bKa
TBepAiCTb, BIiAHOCHO HM3bKa TemnepaTypa NnaBfeHHs, BiACYTHICTb Moni-
Mopdismy. TUNoBUM MNpeacTaBHUKOM Tpyny KONbOPOBUX MeTasiB € Mifb
i cnnaBum Ha 17 ocHoBi (6poH3a, natyHb). Cepef KOMbOPOBUX MeTanis

po3pi3HATbL nerki — Be, Mg, Al; 6bnaropogHi — Ag, Au, Pt Ta metanu
nnatuHosoi rpynn — Pd, Ir, Os, Ru, Ph; “Hanis6naropogHi” — Cu;
nerkonnaeki — Zn, Cd, Hg, Sn, Pb, Bi, Tl, Sb, a TakoXx enemeHT” 3

nocnabneHumun metanesMmun BnactusoctaMu — Ga, Ge.

KonbopoBi MeTanu fofaloTb A0 CKMafy feroBaHuX ctanei i cnnasiB
ANA NOMIMWeHHA TXHbOT CTPYKTYpM Ta BNacTMBOCTEl, a TaKoX BUKO-
PUCTOBYIOTb A1 BUTOTOB/IEHHS Pi3HOMaHITHMX BUPOGIB.
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§3.2 "

ATOMHO-KpUCTa/livHa CTPYKTypa MeTaliB

Mig aTOMHO-KpUCTaNiYHOK CTPYKTYPOK PO3YMit0Tb B3aEMHe po3Ta-
WyBaHHA atomiB (iOHIB) Yy peanbHOMY KpucTani. 3anexHo Big 6yoBu
(po3TawyBaHHA aTOMIB) TBEpAi Tina NOAINAITL Ha aMOpHi | KpucTaniuHi.

Puc. 3.1

CxeMa po3TallyBaHHs aTOMIB MeTasly y kpuctanorpadyiuxiii niowwHi (a)
Ta B NPOCTOpPi KpUCTanivyHoi rpatkn (6)

AMOPHI xapaKTepusyroTbCa XaOTUYHWUM pO3TallyBaHHAM aToMiB. To-
My, 36epiraoum nocTiiHy hopMy, BOHW He MakTb MEBHUX (KPUTUYHMX)
TeMnepaTyp MNNaBNeHHA Ta KpucTanizauii. 3anexHo Bif 30BHILIHIX YMOB
IXHI BNacTMBOCTI 3MIHIOKOTbCA MOCTYNOBO. AMOP(HMI CTaH MeTanis
peani3yeTbCs 3ayMOB IHTEHCMBHOIO OXONOMAXEHHSA Mif Yac KpucTanisauil.

3a 3BMYallHMX YMOB TBEPAHEHHA MeTanu y TBepAoMY CTaHi MawTb
KpucTaniyHy Oygosy. [Nna KpuUCTanidyHOro CTaHy XapakTepHO, nepw 3a
BCe, MeBHe 3aKOHOMipHe po3TallyBaHHA aToMiB y npocTopi. KoxeH atom
(ioH) y KpucTadi OTOYEHMI NEBHOK KIMbKICTIO HanbAMX4YMX aTOMIB
(cycipiB), po3TalloBaHMX Ha OAHAKOBIA BigcTaHi Big HbOro. Po3rnsiHemo
CXEMY pO3TalyBaHHA aTOMIB (MO3MTUBHO 3apsSigKeHWX IOHIB) B OAHIN
NAOWMHI. Y$BHI NiHil, NpoBefeHi 4epe3 LEHTPWM aTOMIB, YTBOPHIOTb
rpaTky, Y By3fax SKOT 3HaX0AATbCA aTOMW MeTany — TaK 3BaHy KpucTa-
norpadiuny nnouwHy (puc. 3.1, a). baratopa3oBe MOBTOPEHHSI TaKuUX
MAOWMH Y NPOCTOpI, PO3TALlOBaHMX NapanesnbHo, BiATBOPIOE NPOCTOPOBY
KpucTaniuHy rpatky (puc. 3.1, 6). B3aemHe po3sTallyBaHHA Yy NpocTopi
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aToMiB peanbHUX MeTaniB i BiACTaHb MiX HUMW BM3Ha4alTb 3a LOMNOMO-
rOK PEHTreHo-CTPYKTYPHOro aHanidy. Po3TallyBaHHA aToMiB Y KpucTani
3pYYHO 306paxyBaTV y BUINSAAI NPOCTOPOBUX CXEM — efeMeHTapHNUX
KpucTaniyHux Komipok. [lig UMM po3yMmieTbC HaliMEHLI WA KOMMeKc
aToMiB, L0 [03BONSE BiATBOPUTM NpU 6araToKpaTHOMY MOBTOPEHHI Npoc-
TOPOBY KpucTaniuHy rpatky (puc. 3.2).

a 0 B
Puc. 3.2

EnemeHTapHi KpucTaniyHi KOMipku meTanis:
a — o6’eMHoueHTpoBaHa kyb6idyHa (OLK); 6 — rpaHeueHTpoBaHa kybiuHa (CLK);
B — rekcaroHasbHa wWinbHoro nakyBaHHs (FLLM)

MpocTopoBe po3TalWlyBaHHA aTOMIB Yy KpUCTaniyHOMY Tini 3anexuTb
BiJ MpuUpOAM MeTany, XapakTepy MDKaTOMHWX 3B’A3KiB, TemnepaTypw,
Tucky. lparHeHHA aTomiB [0 HaWbinblW WiNbHOTO PO3MILLEHHS Npu-
3BOAMTb [0 3HAYHOT KifbKOCTI KOMOGiHaLili IXHbOrO B3aEMOpO3TallyBaH-
HA. Cepef NPOMUCAOBMX METaNiB HalMNOWMWPEHIWNM € YTBOPEHHS TPbOX
OCHOBHMX TWMIB KPUCTaNiYHMX FpaTtokK: O06’EMHOLEHTPOBAHOI Ky6i4HOI
(OUK), rpaHeueHTpoBaHol Ky6iuHoi (LK) i rekcaroHanbHOI LWifIbHOTO
nakysaHHs (CLLLIT).

Y 06 CtMHOLeHTpOBaHI KybiuHiin rpaTui (puc. 3.2, a) aToMu po3Tallo-
BaHi y BeplwunHax Kyba i OAUH aTtom Yy LeHTpi Kyba. Taky KpucTaniuyHy
rpatky mawoTtb P, K, Na, Li, Tip, Zrp, Ta, W, V, Fea, Cr, Nb, Ba Ta iHwi
meTanu.

Y rpaHeleHTPOBaHIi Ky6iuHiii rpaTLi aTOMM po3TalloBaHi y BepLUMHaX
Kyba i B LEHTPI KOXHOT rpaHi (puc. 3.2, 6). KpuctaniyHy rpaTky Takoro
Tuny matoTb: Caa, Ce, Sra, Th, Pb, Ni, Ag, Au, Pd, Pt, Ir, Fey, Cu, Caa
Ta iHWi meTanw.

ekcaroHanbHy rpaTKy LWiibHOro nakysaHHs MatloTb Mg, Tia, Cd, Re,

Os, Ru, Zn, Cop, Be, Cap T1a iHWi ™Metanu. Atomu y [ M-rpatui
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po3TawoBaHi y BEPLWIMHAX i LEHTPI WeCTUIPpaHHUX OCHOB NMPU3MU Ta TpH
aToMy — y cepefHiin naowwmHi npmusmu (puc. 3.2, B).

3anexHo Bif Temnepatypu i TUCKY AesfKi MeTau MOXYTb 3MiHHOBATU
6ygosy (Tun) KpucTanivyHoi rpaTku, TOOTO iCHyBaTWM Yy Pi3HUX KpUCTa-
nivHnX dopmax — nonimopHux mogudpikauisx. MonimoptHy mMoandi-
Kauito, CTIKy Npy HaHWXYi TemnepaTypi, N0O3Ha4yaloTb NiTEpoto a, npu
6inbw Bucokin — (i, gani — y Towo. lNepexig Big ogHiel moandgikayii go
iHWOT Ha3uBakTb MONIMOP(HNM MepeTBOPEHHAM. KoykHa 3 Mogmdikauii
Mae CBili TemnepaTypHWIl iHTepBan IicHyBaHHA. 3a yMOB piBHOBaru
noniMmopdHe nepeTBOPEHHA BiAOyBaeTbCA MPWU MOCTIMHINA TemnepaTypi i
CYNPOBOAXKYETbCA BUAINEHHAM Tenna, AKWL0 NepeTBOPEHHA e npu 0Xo-
NofyKeHHi, abo NornnHaHHAM Tenna — B pasi HarpiBaHHA. Ana peanizayii
noniMopgHOro nepeTBOPEHHSA, AK i Npu KpucTanisayil 3 pigkoi ¢aswu,
noTpibHe fesfKe MepeoxonogkeHHa (abo neperpis) BiAHOCHO PiBHOBAXHOT
TemnepaTypu. MexaHi3M noniMophHOro nepeTBOPEHHS MOAibHMIA Ao
KpucTanisayii, WO 3[INCHIOETLCA LWAAXOM YTBOPEHHSA 3apOfKiB HOBOI
a3 Ta IXHbOr0 HACTYMHOr0 3POCTaHHA.

Bigomi nonimopgHi nepeTBOpeHHA Ana  Takux MeTanis: Fea £
N Fey Fes; Tiaii Tip; Mna”™ Miip ~ Mny”~ Mng; Sna ~ Sn”; Ca, Li
Te, Na, Cs, Sr, Zn, P3M-meTanis ToLo0.

BHacnifok noniMopgHOro nepeTBOpeHHA YTBOPKOKOTLCA HOBI KpUcTa-
NiYHi 3epHa iHWOT hopMy Ta po3mipy. TOMY Take MepeTBOPEHHA Hasu-
BalOTb MNepekpucTanisayieto. Mpu LbOMY BNACTUBOCTI MeTanis i cnnasis
3MIHIOKTbCA CTPMOBKOMOAZIOHO.

OCHOBHI nNapameTpu KpuUCTaniyHUX rpaToK TaKi.

EnemeHTapHa KOMipKa — Lie HaillMeHLa KinbKicTb (KOMMJIEKC) aTOMIB,
fKa npu 6aratopasoBoMy MOBTOPEHHI y NPoOCTOpi J03BOAsSE Nobyaysatu
MPOCTOPOBY KPWUCTaliuYHYy rpaTKy MeBHOI CUCTEMM.

Bigpi3kn fOPIBHIOKTL BifCTaHHAM A0 Halbnmxkuux atomis (ioHIB) Mo
KOOPAMHATHUX OCSX Y TPUBMMIPHOMY MPOCTOPI, NO3HAYalTh iX NiTepamu
a, B, C

KyTu MK uummy Bigpiskamu nosHavawTb a, p, Y. CniBBigHOLWeEHHA
Bifpi3KiB i KyTiB BU3Ha4Yae POpPMY KOMIpKW.

Mepiog a6o napameTp rpaTKW LOPIBHIOE LOBXWHI pebpa KOMipKM y
HanpsiMi TOJIOBHUX OCe KpuUcTanivyHoi rpaTkn. MapameTpu rpaTky BUMI-
proOTbL Y HaHOMeTpax (HM), aHrcTpemax (A).

KoopguHauiitHe uncno (K) xapakTepusye LW inbHICTb NaKyBaHHA rpaTku,
BM3HAYaAE KINbKICTb HaNGMMKUYMX | PIBHOBIAAAIEHNX aTOMIB Y MEBHIi
KpucTaniyHiin rpatui. KoopauHauinHe 4ymcno npocTol KyBiuHOT rpaTkm
nosHavaloTb K6 (niTepa BKasye Ha TUM rpaTky, undpa — Ha KinbKicTb
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atomiB), 06’¢MHOLEHTpPOBaHOT Kybi4HOI — K8; rpaHeLeHTpPOBaHOI
Ky6iuHoT — K12; rekcaroHanbHoi — [6; rekcaroHafnbHOi LWiNbHOTO
nakysaHHa — [12.

Basnc — ue KinbKicTb aTomiB (iOHIB), W0 Hanexartb 40 OAHIET KOMipKU.

ATOMHMIA pagiyc — nNOMIOBMHA BIACTaHI MK LeHTpammu HaibamKymnx
aToOMIiB y KpUCTaniyHiin rpaTyi NeBHOI KpUCTanivyHoi cucTemu.

KoeqhiLieHT KOMNakTHOCTI — Lge BiAHOWEHHS 06’eMy, L0 3aliMaloThb
atomu (ioHW), 4O BCbOr0 06’€My KOMIPKM JAHOr0 Tumy.

[Ona xapakTepucTvkKy MPOCTOPOBOT OpieEHTaUil KpUCTaniyHol rpaTku
BUKOPUCTOBYIOTb TakKOX iHAEKCU NAoWMH Ta HanpsMmkis (puc. 3.3).
MnowmnHM no3HavawTb Uupamu y Kpyrnmx gyxkax, Hanpuknag (100).

Pnc. 3.3
IHAekey kpuctanorpadivyHux naowmH (0 — 6) i Hanpamkis (r)
B 06’€MHOLIEHTPOBAHIN KybiuHiiA rpaTui (OLIK)
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CyYKYMHOCTi aHanoriyHmx nAowWmMH Mo3HavyalTbs uudppamu y QirypHux
ayxkax, Hanpuknag {100}. Mpu no3HavyeHHi HanNpPsIMKiB BUKOPUCTOBYHOTb
NPAMOKYTHI OYXKW, Hanpuknag [100].

I3 cnocTepeXeHb 3a po3TallyBaHHAM aroMmiB Yy PIi3HUX MOWMNHAX
KpUCTanivyHoi rpatkym BWUAHO, LWO HACMYEHICTb LMX MOWWMH aTtomamu
HeofHaKoBa. TaKO0X Pi3Hi i BifCTaHI MK aTOMamMmn Ta CUIN MIXXATOMHOTO
3B’A3k>r Tak, B OLK-rpaTyi naowmHi (100) HanexuTb ULIe OAWUH aToMm
[(1/4) x 4], nnowwHi (110) — faBa: O4UMH BHOCATb aTOMMU, L0 3HaX0AATLCA
y BepwmnHax [(1/4) x4], i oauH — aToM Yy UeHTpi Kyb6a. ¥ LU K-rpatui
HalilinbHille aToMu po3TalloBYKTbCS Yy nnowwmHi (111), a B OLK-
rpatyi — y nnowuHi (110).

Lile 3ymoBAlOE pi3HMIA piBeHb (i3MKO-MeXaHiYHWX BNacTUBOCTEN
OKpemux KpucTanis (MOHOKPWUCTANiB) Yy Pi3HWMX MNOWMHAX i HaANpPAMKax
KpUCTaniyHoi rpaTkMm — TaK 3BaHy aHisoTponito. Lle xapakTepHa 0co06-
NINBICTb KPUCTaNiYHOrO Tina Ha BigMiHY Bif amMmOp(HUX 3 HeynopsKoBa-
HOK HacWUYeHIiCTIO aToMaMM Yy pisHUX HanpsaMkKax, T06TO i30TPOMHUX.

PeanbHi TexHiuHi MeTanu € nofikpucranamu, To6TO CKNagarThCs 3i
3HAYHOT KiNbKOCTi MO-pPi3HOMY OPIEHTOBAHUX Y MPOCTOPI aHi30TPOMHMX
Kpuctanis (3epeH). ToMy BNacTMBOCTI TaKUX MOMIKPWUCTaNiB y BCiX Ha-
NpAMKax YCepefHKOIOTbCA | NPaKTUUYHO He BigpisHAIOTLCA. [MpoTe Taki
TEXHONOTIYHI onepayii, AK KyBaHHA, MPOKaTyBaHHA, LWITaMNyBaHHA, MO-
XYTb CTBOPHOBaTW NEBHY MepeBaXkatouy OpieHTaLilo 3epeH i Npn3BecTn Ao
aHi3oTponii nonikpucTaniyHoro Metany.

§3.3

JedekTn KpucTaniyHoi 6ygoBun meTasis

PeanbHi nonikpuctaniyHi MeTanu 3aBXAu MarTb HELOCKOHANOoCTI (ge-
(heKTn) KpucTaniyHoi 6yaoBu. XapakTep i CTyniHb MNOPYLWEHHA LOCKOHa-
NOCTi KpUCTaniyHoi 6yfOBM 3HAYHOK MIPOK BU3Ha4YaOTb BAACTUBOCTI
MeTaniB. HepockoHanocTi 6yA0BM KpUCTanivyHol rpatku 3a reoMeTpuy-
HUMWU O3HaKaMW NOAINATL Ha:

e TOYKOBI (HYNbBUMIpHI);
* NiHilHI (OQHOBUMIpPHI);
* MOBepxHeBi (4BOBUMIpPHI).

o ToukoBux pedekTiB (HEBeNMKi po3Mipn y TpbOX BMMipax) BifHO-
CATb BAKaHCIi1, M>KBY3/10Bi Ta JOMILLUKOBI aTOMMU.
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BakaHcia — Le By3nM KpUCTanivyHol rpaTku, B SIKMX aTOMW BifACYTHI
(puc. 3.4, a). Ha BinbHe micue y rpatui MOXe MnepemillyBaTuCh iHLWWI
aTtom, nuMwal4yM HoBe BakaHTHe Micue. Lle cnpuse gudysii ta camo-
Angysii metany. KinbKicTb BaKaHCiil 3a KiMHaTHOI TemnepaTtypu nopis-
HAHO i3 3aranbHOK KiNbKIiCTIO aTtomiB He3HayHa (NpubNIU3HO ofHa

BakaHcisi Ha 10i8 aTomiB), ane AyXe 3pocTae Mpu MiABULLEHHI Temnepa-
Typu. Tak, npu TemnepaTypi, W0 MaliXe AOPIBHIOE TemMnepaTypi NnaBfeH-

HSl, OlHA BaKaHcCisi npunagac BXe Ha 104 aTomiB MeTany.

Puc. 3.4
ToukoBi gedekTn y KpucTanivyHii rparui:
a — MiXBY3n10Bi aToMu; 6 — BakaHcii 6

Mi>KBY3N10Bi aTOMW — Le aTOMW, WO BUALIAX 3 By3na KpuUCTaniyvHol
rpaTku i 3ailHanmu micue y mixsysnax (puc. 3.4, 6).

JomilKoBi aTOMU — Lie aTOMU [HLIOro eNeMeHTa, AKi po3TalloBYOTh-
cf y By3nax abo MDKBYXTAX KPUCTaniyHoOT rpatky metany (cnna.a).

ToukoBuWii fetheKT po3rnafalTb AK LEHTP CTUCHEHHA abo po3wu-
PEHHA Y NPYXHOMY CepefjoBULL i, LLO 3YMOBJIOE BUKPUB/IEHHS 6if HLOTO
KpuctaniyHoi rpaTkm (puc. 3.5). TOUKOBI Ae(heKTU MOXYTb B3aEMOAIATU
MK c06010, YTBOPIOKUN Mapu abo KOMMIEKCH Pi3HUX HeLOCKOHAaNoCTen.

Lo niHiiHMX fedekTiB BIGHOCATL Taki, WO MaloTb HEBEIMKI PO3MIpU y
[4BOX BMMIpax i 3HaYHy MPOTSAXHICTb Yy TpeTboMy. Lle mMoxe 6yTn HU3Ka
BakKaHCii abo MikBy310BUX aTtoMiB. OCO6MBUM i HaiBaXMBILLMM BUAOM
NiHIRHOT HEAOCKOHANOCTI € Kpaiiosi i rBUHTOBI aucnokauii (puc. 3.6).

KpaiioBa gucnokauis — Ue nokanizoBaHe BMKPUBNEHHSA KpWUCTaniyHol
rpaTku BHaCMifOK MPWUCYTHOCTI B Hiil “3ainBOT” HaniBnaowuHN (ekcTpa-
nnowmHn). Kpail uiel nnowmHW yTBOPKHOE Ae(eKT rpatkm — MiHilHY
(KpalioBy) Aamcnokauito, 6ina AKoT BUHWMKAOTb MNPYXHI BUKPUBAEHHS
rpaTkm i Bif0yBaeTbCA 3MILLEHHS aTOMIB Bi4HOCHO X HOpMa/ibHUX NOJO-
XXEHb NpPW HEBE/NIMKOMY AOTMYHOMY HampyXeHHi. Y ubOMy BUNagky
eKCTpanaowWwmHa LWASXOM He3HA4YHOro 3MilWeHHA nepeige y MOBHY
NAOWWHY KpuUcTany, a PYHKLIT ekcTpanaowuHn 6yayTh nepepaHi cycig-
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Hii NAOWMHI. AKWO eKCTpamJowmnHa 3HaXOAUTLCA Y BEPXHIA YacTUHI
KpucTana, TO AUCMOKaLil0 Ha3MBalTb MO3MTMBHOK i MO3HAYalwTh *, a
AKLLO Y HMKHIA — TO HEraTUBHOK i MO3Ha4alTh T. LA BIgMIHHICTL MiXK
HUMW [yXe YMOBHa, | fAKWO0 MepeBepTatM KpucTan, TO MNO3MTUBHA
AMCNOKaLis 3MIHIOETbCS Ha HeraTUBHY i HaBNaku. [ucnokalii o4HaKoBO-
ro 3HaKy BIAWTOBXYKTbCA, a Pi3HOT0O — MPUTATYOTLCA. 36AVMKEHHS
AVCNOKaLiA 3 Pi3HUM 3HAKOM MPU3BOAUTL [0 TXHLOTO B3aEMO3HULLLEHHS.

Puc. 3.5

BukpuBreHHA KpucTanivyHoi rpatkm 6ins BakaHcii (0), gucnokoBaHoro (6)
i pomiwkoBoro (B) atomis

MopyweHHA nopAAKY po3TallyBaHHA aTOMiB MOXe MNpu3BecTU [0
YTBOPEHHA iHWOro BuAy AeekTy — TBUHTOBOI Aucnokauii (aue.
puc. 3.6, a, 6). ¥ LbOMy BMNAaAKY KpUCTan MOXHa ySBUTU AK Takuid, WO
CK/1aflaeTbCA 3 OLHIET aTOMHOT NAOWMHKN, 3aKPYYeHOT Yy BUTNALi FBUHTOBOI
nosepxHi. Ha BigMiHy Bif KpaiioBOi rBMHTOBA AMCAOKALif MapanenbHa Ao
BeKTopa 3cyBY. PO3pi3HAIOTb: ¢ MNPaBOCTOPOHHI (3a PyXOM FOAMHHWKOBOT

Puc. 3.6
Cxemu kpaioBoi (0) Ta rBMHTOBOI (6) AMCNOKaLii y KpucTaniyHiin rpatui metany
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CTPiNKK) i * NiBOCTOPOHHI (NPOTWM pyXy CTPINKM TFOAMHHWUKA) TFBUHTOBI
Ancnokauii.

Haragaemo, L0 HaBKOI0 ANCOKaLiT yTBOPIOETLCA 30HA BUKPUBEHHS
KPUCTaniyHoi rpaTku. EHeprito BUKPUBNEHHS TpaTKW XapaKTepusye Tak
3BaHuMii BeKTOp bBloprepca, 3 BEAMYMHOK AKOrO MOB’A3YIOTb 34aTHICTb
Ancnokauii 4o nepemilieHHs.

BaxnmBe 3HaYEHHSI Ma€ XapaKTepuCTMKa KifbKOCTi gncnokayin — ryc-
TUHa pucnokauidi. Lle cymapHa poBXxuHa gawcnokauiin (LL), wo Bu-
paXKaeTbCA Yy caHTUMeTpax Ha oauHuulo ob6’emy (V, cm3), T06TO
p=L/V, cm™ 7. Y peanbHUX KpucTanax MeTaniB BOHa CTaHOBUTbH ~ 100...

o -y . . .. . .
..10 cMm™ * gucnokauiit. PyxnmBicTb iX BUCOKa i BOHW 3[4aTHi 4O PO3MHO-
YKEHHA Nig i€ 30BHIWHIX 3yCUNb, NPUKNageHNX A0 MeTany. 3a 3Ha4vyHol

nnacTUYHOT gechopmauii ryctnHa gncnokauin 3poctae go HO10... 1012 cm-2.
lycTuHa gucnokatiii Ta iXHE po3TallyBaHHS 3HA4YHOK MipOHO BM/NBAOTH
Ha BNacTMBOCTI MeTaiB.

PeanbHuWiA MeTaneBUin KpucTan MiCTUTb HE NLLEe aTOMHO-KpUCTaniyHi
pethekTn (BakaHCil, gucnokauii), a i CTPYKTYpHi HefoCKoHanocTi (6noku,
thparmeHTH, cy63epHa).

MoBepxHeBi AeheKTn He3HayHi 3a po3MipaMy nule B OAHOMY BUMI-
pOBaHHi — Le MOBepXHi po3finy MK OKpeMumM 3epHamu abo cy63ep-
Hammn y nonikpucTaniyHomy metani (puc. 3.7). Monikpuctan cKNagaeTbCs

a 6
Puc. 3.7
CxeMu pi3HOT opieHTauil y nonikpuctaniyHomy metani (0)
Ta cy63epeHHoi (67104HOT) CTpyKTypu meTany (6)
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3 BENMKOT KiNbKOCTI 3epeH, KPUCTaNivyHi rpaTkn SKMX po3opieHToBaHi (3a
KpuctanorpaiyHumy HanpsiMKaMn) Ha KyTU A0 KiIbKOX [AecATKiB
rpagycis. ToMy rpaHuLi Mix 3epHammn HasnMBalOTb BEMKOKY TOBUMU. KOX-
He 3epHO CKMNafaeTbCsa 3 OKpeMux pparMeHTiB — Cy63epeH, po30pieHTO-
BaHMX OfWH Bif 04HOr0 Ha 0AMH abo Kinbka rpagycis. 'paHULi MiXX HUMK
HasnBalTb ManokyTosBumu. Cy63epHa y CBOIO Yepry CKnajaloTbCA He-
MOBOM 3 Mo3aiku okpemux 6s10kiB po3mipom 1000... 100 000 A, kpucTa-
norpagivyHi MNAOWMHM AKUX PO30PIEHTOBAHI HA HEBENUKUA KyT —
mMeHwe T,

Taka TpucTyniH4YacTa CTPYKTypa He € 000B’13KOBOK. 3epHa MOXYTb
CKnagaTuchb TaKoX 3 )parMeHTiB 6€3 BHYTPIWHbOT 6/104HOT CTPYKTYpU abo
nuwe 3 610KiB. paHUUi 3epeH SBASAOTb COOOK nepexigHy 30HY 3aB-
WNPWKK A0 3...4 MDKaTOMHUX BiACTaHeW, y SKilii rpaTka 0fHOro KpucTtana
nepexoanTb y rpaTKy iHLWOro, WO Mae iHWY KpWUCTaniyHy opieHTauito.
MpaHWLi 3epeH i 6M10KIB MalOTb MOPYLUEHHS 3aKOHOMIPHOCTI po3TallyBaH-
HA aToMiB, CKYMYeHHA AMCMAOKauii Ta [AOMILUKOBMX aToMiB, MatloTb
NiABULLEHY XiMIYHY aKTUBHICTb.

Lo 06'eMHUX fedeKTiB BiAHOCATL CKYMYeHHSA TOYKOBUX AedeKTiB, LU0
YTBOPIOKOTb NOPWU, a TaKOX BKPameHHA iHWOT ¢asu.

§3.4

Mpouecn KpucTanisauii meTanis

Mepexig meTany 3 pigKoro ctaHy B TBepAWUi 3 YTBOPEHHAM MEBHOIO
TUNY KPUCTaNniyHoOi rpaTku Ta BMHWKHEHHAM KpUCTaNiB Ha3MBAETbCH
KpucTanisauieto. Mpouec kpuctanisayii Habyeae po3BUTKY 3a YMOB, KO/U
BiflbHa €eHepris TBepAOro MeTasy CTa€ MEHLIOK 3@ BifIbHY €EHEprito
pigKoro, To6TO KOAM cucTemMa nepexoauTb y 6inbll CTIMKWIA 3a AaHuX
YMOB CTaH. 3MiHa BifIbHOT eHeprii mMeTany y pigKoMy Ta TBEPAOMY CTaHax
3a71eXXHO Bif Temnepatypu nokasaHa Ha puc. 3.8. BinbHi eHeprii pigkoro
W TBEPLOro CTaHiB 3 NiABWLLEHHAM TemnepaTypu 3MmeHwWwytoTbes. [Mpu
JOCATHEHHI TeopeTUYHOT Temnepatypu kpuctanisauii (Ts) BinbHI eHeprii
pigKoro Ta TBepAoro metany CTalOTb OfHaKOBMMW. KpucTanisauis Mox-
NMBa NuLe To4i, KON PigKWA MeTan 0XO0NOAUTM HXKYe TSAO Tak 3BaHOT

thakTuyHoi TemnepaTypu KpucTanizauii (Tk). PisHuUl0 Temnepatyp
AT=Ts- TK HasuBalTb CTYMNEHEM MNEPeoxXoNoAXKEHHS.

OTXe, KpucTanisauiss MoXxe NpoTiKaTW Nulle 3a YMOBM Nepeoxosnof-
XXEHHS po3MniaBa HMXYe PiBHOBaXXHOI Temnepatypu Ty lMpouec KpucTa-
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nisauii MoXkHa BigobpasnTu rpagiyHo B KOOpAUHATaxX Temnepatypa — 4ac
3a JONOMOrOK TaK 3BaHUX KPUBUX OXONomkeHHA (puc. 3.9). CnoyaTky
Temrnepatypa MeTany (Y piAKOMY CTaHi) 3HWXKYETLCA PIBHOMIPHO O TeM-

Puc. 3.8 Puc. 3.9
3MiHa BiNbLHOT eHeprii meTany Ipadikn oxonomKeHHsA npu
y pigkomy (1) i TBepgomy (2) KpucTanisauir:
CTaHax 3aJ1eXXHo 1— TeopeTu4HWil; 2 — peanbHuit
Bif, Temneparypu npouec; 3 — 3a yMOB 3HA4HOro

nepeoxonogXeHHsa

nepatypu kKpuctanisayii TK, aKa 3HaXoauTbCcst HUX4Ye Ty 10 JOCATHEHHI
(hakTU4HOT TK Ha KpWBIA OXONOMXEHHS 3’SIBASETbCA rOPMU30HTaNbHA

[LiNsiHKa, OCKiNbKW TennoBiAbip B OTo4Yykue cepefoBULLE KOMMEHCYE
BUAINEHHSA MNPUXOBaHOT TennoTu KpucTtanisauii. Tlicng 3aBeplueHHS
KpucTanizayii TemnepaTypa 3HOBY PiBHOMIPHO 3HMXYeETbCA. Yum Bulla
WBUAKICTb OXONOAXKEHHS, TUM OifbWINA CTYNiHb MEPEOXONOLKEHHSA, a
BilTaK HMX4a TemnepaTypa, 3a £AKOT BigbyBaeTbCA KpucTanisayis.
BignosigHo go puc. 3.9 npouec KpucTanizayii (TeopeTMyHMn) 306paxye
KpvBa /, a peanbHMii — KpuBa 2. Po3nnaB 6e3mepepBHO 0XOMOMXKYETHCA
[0 TeMmnepaTypu Nepeoxonof>eHHs M, aika PO3MILLYETbCA HUKYe Temmne-
patypu KpucTanisauii TK. OX0N0AKEHHA HMXK4Ye TS CTBOPHOE eHepreTUYHi
YMOBM AN18 NPOTiKaHHA npouecy KpucTtanisayil.

Haragaemo, Wo y pigkomy wMeTani ynopsifKkoBaHe po3TallyBaHHA
aToMiB PO3MNOBCIOAKYETbCA NULIE HAa HEBENWKY BIiACTaHb | OXONKE
HeBeNWKY KifbKicTb aTtomiB. To6To, Ha BifMiHY Bif TBepLoro craHy 3
[JanbHiM NOpPAAKOM poO3TallyBaHHA aToMiB, 36epiraeTbCsi TaK 3BaHWIi
6nvKHI nopsAgok. Taki MiKpoo6’eMy 3 peryasipHAM pPO3MilLEHHAM
aTOMiB MOXYTb BMHMKATW, ICHyBaTW AeSKUIA uYac, 3HMKATM |1 yTBOPIO-
BaTUCb BXe B iHLIOMY e/ieMeHTapHOMY 00°eMi po3nnaBy. 3i 3HUXKEHHAM
TeMMepaTypu CTYyNiHb YTBOPEHHA MIiKPOO6’eEMiB BAMXHLOrO NOPALKY, iX
po3mip i cTabiNbHICTL 3pocTatoThb. 3a Temnepatyp, 6AM3bKNX 4O Temnepa-

69



Pos3pin 2
BypoBa Ta BnacTtMBOCTi MeTaniB i cnnasiB

TYpU NNaBfeHHs, CTAE MOX/IMBMM YTBOPEHHSA HEBE/IMKUX YrpynyBaHb, B
AKMX aTOMW poO3TalloBaHi TaK caMo, SIK i B KpucTanax. Y 4MCTOMY Bij
JOMILWOK po3nnaBi Taki HaWbinbw cTabifbHi BeNUKI yrpynyBaHHA nepet-
BOPOIOTLCS B 3apoAku (LEHTpM KpucTanisauii). Takuii mexaHi3am yTBO-
PeHHA 3apOAKiB HAa3WBalOTb FOMOrEHHUM.

YacTiwe ocepeakoM YTBOPEHHS 3apoAKiB y po3nnaBax peanbHUX
MeTaniB CNyrywTb Halipi3HOMaHITHIWI TBepai YacTkn (OKCUAKW, HemeTa-
NeBi BKpanieHHs Tow,0), SKi 3aBXAW NPUCYTHI B po3nnasi. Y BuMagkax,
KON TaKi YacTKM MaroTb 0HaKOBY OyAOBY KpPUCTaniyHOT rpaTtku 3 rpat-
KO TBepAHYy4Yoro metany (i3oMOpgHi LOMIWIKK) i napaMeTpu CnpsXxeHunx
rpaTok AOMilIKK Ta mMeTany NpubGAN3HO 0AHAaKOBI (Pi3HMUA He MepeBulLye
9 %), To4i BOHW BMKOHYIOTb PONb LEHTPIB KpucTanisawii. Take yTBOPeHHS
3apoAKiB Ha3nMBalOTb reTEPOreHHUM.

Mpouec KpucTanisayii CKNagaeTbCs 3 ABOX efleMeHTapHMX MPOLECIB:
YTBOpPEHHS 3apofkiB (LeHTpiB KpucTanisauii) Ta pocTy KpucTanis 3 UuX
ueHTpiB. Lli mpouecu maroTb BfacHi WBMAKOCTI, AKi 1 BM3Ha4YaloThb mapa-
MeTpu KpucTanisayii. Mepwuit 3 napameTpiB — Le WBUAKICTb YTBOPEHHS
3apogkis (C), AKa BM3HAYAETLCA KiNbKICTIO 3apOofKiB, KOTPi YTBOPKOOTh-
cAa B 0fMHULI 06’eMy 3a OAUHULIO Yacy (BUMIPIOETLCA Y CM_3/C_|).
Lpyrnii — ue niHilHa WBMAKICTb pPoCcTy Kpuctanie («). BoHa xapak-
TEpPU3ye 3MiHY NHIAHUX PO3MIpIB KPUCTaniB i BUMIPHOETLCA B CAHTUMET-
pax Ha cekyHay (cm/c). Big cniBBigHOLWEHHS LMX NapameTpiB 3anexartb
po3Mipy 3epeH Yy nonikpucTtaniyHMx MeTanax. 3a Teopieto TammaHa,
KinbkicTb 3epeH (N) nponopuiiiHa WBWUAKOCTI YTBOPEHHSA LEHTpIB
KpucTanizauii i 06epHeHO nponopuiliHa WBMAKOCTI POCTY 3epHa, TO6TO

N=Kn/C,

fe Kn— crtanuii KoedilieHT.

Temn 3p0OCTaHHSA KifbKOCTI 3ap0/KiB Y 6inbWIOCTI BUNaAKiB nepeBaxae
TEMM 3POCTaHHA MIHIAHOT WBMAKOCTI TXHBOFO POCTY. 3i 3pOCTaHHAM
CTYNeHA NEepPeoX0NOfKEHHS BENYMHM napameTpiB KpucTanizauii 36ib-
LUYHOTBCA.

MiHimanbHuWii po3mip 3apoaka (RK), 3gaTHOro fo 3poCTaHHS 3a MeB-

HUX TeMnepaTypHMUX YMOB, Ha3nWBalOTb KPUTUYHMM PO3MIpPOM 3apofka, a
cam 3apojoK — KPUTUYHUM abo piBHOBAXHWUM. 3i 36iNbLIEHHAM CTYMNeHS
NMepoxonofkKeHHs abo 3i 3HVKEHHAM TemnepaTypu KpucTanisayii posmip
KPUTUYHOIO 3apodKa i BifMOBIAHO PO3Mip 3epHa 3MeHLWYyTbca. B pasi
reTeporeHHOro YTBOPEHHA LEHTPiB KpucTanisauii nogpibHeHHs 3epHa
3YMOB/IIOETLCA KI/IbKICTIO JOMIWIOK Yy MeTani. Po3mip 3epHa NeBHOLO
MIpOI0 BM/IMBAE Ha MeXaHiYHi Ta iHWIi BNACTUBOCTI MeTaniB.
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[pi6HO3epHMCTNIA MeTan Mae Oinbll BMCOKI XapaKTepucTUKWM nnac-
TWYHOCTI 1A B’A3KOCTI.

Y nuBapHOMY BUPOOGHULTBI A4/1F peryntoBaHHA po3mipiB i popmu 3epeH
y MeBHUX BuMafjkax fO PiAKOro MeTany creuianbHO BBOAATbL TYronnasKi
OpPiGHI YyacTKu, W0 CNyryTb 404aTKOBUMK LEeHTpaMu Kpuctanisayii. Taki
[06aBKV Ha3MBalOTb MoAUdikaTopamu, a caM Npouec — MOoAUDIKyBaHHAM.

§35

JeHapuTHa KpucTanisauia i ygosa
MeTa/1eBoOro 3/MBka

PeanbHi meTanu i cnnaBu nepexoasaTb Yy TBepawui cTaH (KpucTani-
3yl0TbCA) 3 YTBOPEHHSIM, 3a YMOB MepPeoXO/IOAXKEHHA | HasABHOCTI AOMi-

IWOK Yy po3nnaBi, KpuUcTaniB posranyXeHoi ¢GopMum — AeHAPUTIB*
(puc. 3.10). XapaKTepHuUM gns AeHAPUTHOT KpucTanisauii € Te, Wo 3a-
/
a 6
Puc. 3.10

Cxema 6ygoBu AeHAPUTHOTO kpuctany (0) Ta poCcTy AeHApUTIB
3a nepepizom 3nueka (6). /—/// — nopspok oceli AeHapUTIB

*[eHAPUT Y nepeknagi 3 rpeubkoi (4eHApoH) — Aepeso.
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POAKN POCTYTb 3 HEPIBHOMIPHOI LWBMAKICTIO | MEPEBAXKHO Yy HanpsamMKax
iHTEHCMBHOrO TennoBigbopy, e WBUAKICTb POCTY MakcumasbHa. Y umx
HanpsaMkKax popmyeTbcs Bicb (abo rifka) nepworo nopsfky — cToBoOyp
MainOyTHbOro AeHAPUTHOrO KpucTany. Moganbuie 36iNblIEHHS PO3MipiB
OCi Meploro nopsfgKy BigbyBaeTbCs He NMlle 3a [OBXWHOW, a 1 3a
nepepisom 3pocTatyoro Kpuctany. BHacnifokK uUbOro BiCb 3aBTOBLUKM
6inblla B OCHOBI Ta MeHwa 6ina BicTpsA. 3 4yacoM Bif OCeil MepLlIoOro
NnopsA4KY Nif NEBHUM KYTOM MOYMHAKOTb POCTU HOBI iKW — OCi Apyroro,
TPeTbOro, YeTBEPTOro Ta iHWWUX NOPAAKIB. 3i 3pOCTaHHAM TiNOK BUCOKMX
NOpsAAKIB 3anoBHIOIOTLCA BCI MPOMDKKW, fAKi 3aiimMae pigkuin metan.
BHacnigok HepiBHOMIpPHOT KpucTanisauii 3epeH JeHAPUTHOT dopmu Yy
PiI3HUX Micuax AeHApuTa XiMiYHWIA cKnaj HeofHaKoBuiA. Taky HeogHO-
PifHICTb CKnafy B Mexax OAHOro [eHAPUTHOro Kpuctany Ha3nMBarTb
[LeHAPVUTHO NiKBaLi€to.

3a BMPOOHMYMX YMOB NPU OXONOKEHHI BENVKUX Mac MeTany y gop-
Max (BUNUBHUUAX) TBEPLHEHHS He MOXe BifbyBaTucs BoAHOYac Mo
BCbOMY 06’¢My 3nuMBKa. BOHO noumMHaeTbCa Yy 30HaxX Haibinbworo
BifBefeHHs Tenna (CTIHKW i AHO BUAMBHULI) i PO3MNOBCHOMXYETHCA A0
cepefuHu opmu. Pi3HWMIA CTyMiHb NEpeoXonofXeHHA MeTany B 06°emi
3/IMBKa, HafBHICTb JOMILIOK, TeMnepaTypHO-4acoBi napameTpu KpucTa-
nisauii Ta OXO0NOMXKEeHHA MeTany 3yMOB/IOKTb HEOAHOPIAHICTL Makpo-
CTPYKTYpKW, GopmMu i po3MipiB 3epeH, XiMiYHOro ckniagy, HafBHICTb
MaKpo- | MIKPOHECYLiNIbHOCTeR y MeTani 3/MBKa.

MakpocTpyKTypa CTaneBoro 31MBKa CKafaeTbCA 3 TPbOX OCHOBHUX
30H (puc. 3.11):

* APiGHMX PiIBHOOCHWUX KpUCTanis;
* BEJ/IMKUX OPIEHTOBAHUX (CTOBMYACTUX);
e PIBHOOCHUX pi3HO OPIEHTOBAHMX KPUCTaniB.

30BHIWHA 30Ha / PO3MNOBCIOLXYETHCA HA HEBENNKY rMMOuHY. OpibHi
PIBHOOCHI KpUCTanu YTBOPHIOTLCSA 33 YMOB 3HAYHOIO MEPEOX0N04KEeHHS
MeTany Npu KOHTAKTi po3nnaBy 3 XO/NIOAHUMU CTiHKAMW BUAMBHULI. Mpu
LbOMY BUHWKAE 3HAYHA KiNbKIiCTb LEHTPIB KpucTanisauyii.

30Ha 2 yTBOpEHa AOCUTb BE/IMKUMMK CTOBMYACTUMU KpUCTanamu, Lo
pPOCTYTb NEPNEHANKYNAPHO CTIHKaM i JHY BUAMBHULI, TOOTO Y HANPAMKY,
NMPOTU/IEXXHOMY BifiBEAEHHIO Ternna Bif po3nnasa.

LleHTpanbHa 30Ha 3 3/1MBKa CKNafaeTbCA 3 Pi3HUX 3a PO3MIpOM i
opieHTaLiel0 PIBHOOCHUX KPUCTaniB.

KpucTanisayia 311MBKa 3 YTBOPEHHAM Pi3HUX CTPYKTYPHUX 30H 3YMOB-
NI0€ HAsfBHICTb MaKpPOCKOMiIYHOT nikBauii (30HanbHOT). Haibinbwe fo-
MILLOK CKYNYYETbCS Yy LEHTpanbHIA Ta BEpPXHili yacTuMHax 3nuBKa. Cnig
Bifj3HAUMTN TaKOX 3MeHLIEeHHA 06’eMy TBEpPAOro MeTtany MOPIBHAHO 3
pigkum (ycagka). Lle 3ymoBntOE YTBOPEHHS HECYLiNbHOCTEW Yy BUTNAGI
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30CepeKeHOT pakoBMHU ycafgku, abo 30HW APiGHUX PaKOBWH, MOPOX-
HWH, Mikponop. HaiibinblW HeraTMBHO Ha CTPYKTYPY i BNaCTMBOCTI MeTany
BN/AMBAaEe pakoOBMHA ycagKu, NobAu3y AKOI CKOHLEHTpOBaHa Hanbinblia
KiNbKIiCTb WKigIMBUX JOMILLOK.

YacTuMHa 31MBKa, Ae 3HaXoAATbCA pakoBUHA yCafKW, ycafiKoBa pux-
noTa Ta nikBayiiHa 30Ha, € fe(eKTHOK YaCTMHOK (4aCTMHOI HaAIUBY).

Pnc. 3.11
Byposa (0) Ta mikpocTpykTypa (6) cTanesoro 3nueka:

| — 30Ha [piGHMX HEOpiEHTOBaHUX KpWUCTaniB 6iNs CTiHKM BUAUBHWLI; 2 — 30Ha
CTOBNYaACTUX, BUTATHYTUX A0 LEHTpa 31uBKa, Kpuctanis; 3 — 30Ha pPiBHOOCHWX KpuCTanis;
4 — pakoBUHa ycagkn

Tomy npu nojanblii o6pobui Tuckom us 4vacTuHa (15..25 %) Bu-
fJanfetbca | Hagxo4uTb Ha nepensiaB. ApibHi HeCyLUiNnbHOCTI, AKWO TXHi
CTIHKM He OKUCNWUAUCH, YCYyBalOTb 0OpPO6KOI TUCKOM (NpoKaTyBaHHA,
KyBaHHS TOwW0). CTPYKTYpHI A XiMiYHi HEOLHOPIAHOCTI NINTOr0 MeTany
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MEBHOK MipOK YCyBalOTb NMPW HACTYMHIl TepMmidHiA o6pobui. Ans cTa-
NEeBUX BWIMBKIB Halbinbll pPO3MNOBCHO/AXKEHI [Ba BapiaHTU TepMi4vHOT
06p0o6KK; HOpMani3alis Ta HopManisauis 3 HacTYNMHMM Bignyckom. Tep-
MiyHa 06pobkKa Yy OinbWOCTI BMNAAKiB € 000B’I3KOBOK oOnepawieto
TEXHOMOMIYHOro npoLecy ofAepXXaHHS NUTUX BUPOGIB.

83k6

OcHoBM TeopiicnnasiB

CnnaB — L€ pevyoBUHA, AKY OJEPXYOTb MNOELHAHHAM (CNNABAEHHAM,
CMiKaHHAM, enekTponi3om) ABOX abo bGinblwe enemeHTiB. OAHakK, 3a3BU-
Yail, ChiaBM OfEPXYKTb LIAAXOM pO3MfaBneHHs [ABOX abo Oinblie
eneMeHTiB (MeTanie abo HemMeTaniB) 3 HACTYMHOK TXHLOK KpucTanisayieto
(TBEPAHEHHAM).

CTpyKTypa i BNaCTMBOCTI CM/aBiB 3HAYHOK MipO BiApi3HAOTLCA Bif
CTPYKTYpKU | BMacTUBOCTElN eNeMeHTIB, WO X YTBOPKOWTL. CnnaB, BUrO-
TOB/IEHUI MepeBaXHO 3 MeTaHiB, AKUI Mae MeTaneBi BMacTMBOCTI, Ha-
31BalOTb MeTanesnm cnnaBoM. MOPIBHAHO 3 YUCTUMKU MeTanamMy Craasu
MatTb Oifibll LiHHWA KOMMNAEKC MeXaHiYHUX, Qi3MYHUX | TEXHONOTIYHNX
BNaCTMBOCTENM. 3aneXHo Bif KiNbKOCTi eneMeHTiB (KOMMOHEHTIB), WO
BXOAATb 40 CKNajy po3nnaBy, PO3pPi3HAKOTb ABOKOMMNOHEHTHI, TPMKOMMO-
HeHTHi abo 6araTOKOMMNOHEHTHI cnnasu (CMCTeMM). Y po3nnasi BCi KOM-
MOHEHTW CcnJjiaBa 3HaxXoAATbCA B aTOMapHOMY CTaHi, YTBOPOOYM PigKuiA
OLHOPIgHWUIA PO3YMH i3 CTATUCTUYHO OAHAKOBUM XiMiYHUM cknagom. Mlig
yac TBepAHeHHA (KpucTanisayii) aToMy KOMMOHEHTIB pPO3TaLIOBYHOTLCA Y
NeBHOMY MOPSIAKY, YTBOPKIOYM KpUCTanivyHy pevyoBMHY — cnnas. [pu
LbOMY iCHYe TPU TWUMM B3AEMOAIT KOMNOHEHTIB cnnasy:

e YTBOPEHHS MeXaHiYHOT CyMilli KOMMNOHEHTIB;

* YTBOPEHHH XIMIYHMUX CNONYK;

* YTBOPEHHSA TBEPAWUX PO3YMHIB.

Y pasi hopMyBaHHS MeXaHiYHOT CyMilli KOMMOHEHTIB CnjaBy aTomu
KOXHOr0 3 KOMMOHEHTIB YTBOPIOKTbL BfIAaCHI KPUCTaniyHi rpatku, To6T0
KOXHWUIA eneMeHT KpUCTani3yeTbCs CaMOCTiliHO. MexaHiuHy cymiw, Ky
YTBOPIOKOTb [BA KOMMOHEHTW, WO He3faTHi B3aEMOPO3YMHIOBATUCHL abo
yTBOpPKOBaTM XiMiYHY CNONYyKYy nNpu KpucTanisayii 3 pigkoro craHy,
Ha3nBalTb e€BTeKTUKoW. CTpyKTypa cnnaBis Takoro tuny (Sn — Zn,
Sb — Pb) HeogHopigHa (reTeporeHHa). Cnif ovikyBaTu, WO BNACTUBOCTI
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uMx cnnaeiB 6yayTb ycepeAHEHUMM, BUXOAAYM 3 PiBHS BNacTUBOCTEN
KOMMOHEHTIB Ta IXHbOr0 KifIbKiCHOr0 BMICTY Y CMnasi.

YTBOpPEHHS XiMIYHOT CNONYKW MpU KpucTanizauii 3yMOB/IEHO 34aTHICTIO
pi3HOpigHMX aToMiB (fKi 3Ha4yHOM MIpOIO BiApI3HAOTLCSA 3a OyA0BOMO i
BNacTMBoCTAMU) 06’¢aHYBATUCh Y NEBHIM NpoMopLil, yTBOPIOKOYM HOBUIA
TN KPWUCTanivyHol rpaTKW, WO BiAPI3HAETbCA Bif FPaTOK KOMMOHEHTIB
cnnasy. lMpu UbOMY YTBOPKETLCA PEYOBUHA 3 HOBMMMW BACTUBOCTAMMU,
ANS AKOT XapaKTepHO: YiTKe CNiBBIAHOLWEHHSA Ki/IbKOCTI aTOMIB €/IEMeHTIB,
o it yreoptotoTb JINBT (Hanpuknaa, Fe3C, Fe20 3); HasBHICTb BMaCcHOrO

TUMY KPUCTanivyHoi rpatku; nesHa (NocTiliHa) TemnepaTypa MJiaBfeHHS;
CyTTEBA BIiAMIHHICTb Yy BAAacCTUBOCTAX MOPIBHAHO 3 BUXIAHUMW eNeMeH-
Tamu; cTpnbkonogibHa 3MiHa BNaCTMBOCTEN MpK 3MiHI XiMIYHOro cKnagy
(CUH TYNApHICTB).

AKLLO X NpKu nepexoi cnnasy 3 PifKoro cTaHy B TBepAuii 36epiraerbcs
OAHOPIAHICTb | PO3YMHHICTL €NeMEeHTIB, WO MOro YTBOPHOWTbL, TaKuii
cniaB HasMBalwTb TBEPAMUM pO34YMHOM. [lpu yTBOPEHHI TBEPLOTO
PO34YMHY OAMH 3 eNneMeHTiB 36epirae BnacHy KpuctaniyHy rpaTky (pos-
UMHHUKK), a iHWI Yy BUrNagi OKpPeMuxX aTtomiB PO3NOLINATbCA Yy WOro
KpUCTaniyHiin rpatyi. 3aneXxHo Bif XapakTepy iX pO3MilleHHA B rpatui
PO3YMHHUKA PO3PI3HAIOTb TBEPAI PO3UMHUN 3aMilleHHA 1 TBepAi PO3UMHM
BTifieHHA (puc. 3.12). YTBOpPeHHSA BifNOBiLHOr0 BUAY TBEPLOro Po34nHy
noB’A3aHe 3 TUNOM KPUCTaniyHOT rpaTkyu Ta CMiBBIAHOWEHHAM aTOMHMX
pafiyciB KOMMOHEHTIB.

Mpn yTBOpPeHHI TBepAMX PO3YMHIB 3aMmilleHHA atomu
KOMMOHEHTa, WO PO3YMHAETLCA, 3aMillyl0Tb 4YacTUHY aTomiB po3-
UMHHWKA Y By3nax MOro KpuctanivyHoi rpatku. Konm KOMMOHEHTW 3ami-
WYOTh OAWH OJHOr0 Y KPUCTaNiYHMUX rpatkax y 6yAb-aKMX KiflbKiCHUX
cniBBiAHOLIEHHAX, TO YTBOPHETbCS 06e3nepepBHa HW3Ka TBEPAMX PO3-
UMHIB. TaKy HeOoOGMeXeHY pPO34YMHHICTL (34aTHICTb yTBOpPtOBATU TBEPAI
PO34YMHM NpU ByAb-IKUX NPOMNOPLISX KOMMNOHEHTIB) MalOTb NLLIe MeTanu
3 KPUCTaNivyHOK TrpaTKo O4HOrO TUMY 3a YMOBW, WO NapameTpu iXHix
rpaTok Bifpi3HAOTLCA He Oinbwe HK Ha 8..15 %. lMpoTe gonycTumi
BiAMiIHM B MapameTpax ANs Pi3HUX nap MeTaniB pisHi. Tak, HeOOMeXeHi
TBEPAI PO3YMHM Yy chaBax Ha OCHOBI 3ani3a MOXYTb YTBOPKOBATUCL 3a
YMOBUW, WO aTOMHi JiaMeTpu efieMeHTiB, fAKi PO3YMHIOTLCA, Bigpis-
HAOTbCS Bif 3ani3a He Oifblie HDK Ha 8 %. AKWO Pi3HUUA aTOMHUX
fiameTpiB 6inblwe 8 %, Ha OCHOBI 3ani3a YTBOPIOKTHCA NULIEe 0OMEXeHi
TBepAi PO3UUHMN.

B3aemogito eneMeHTiB y cnnaBax i XapakTep CTPYKTYpu 3YMOB/HOE
hisnyHa npupoga efiemMeHTIB, TO6TO TUN KPUCTanivyHol rpaTku, posTally-
BaHHA efleMeHTIB y nepioguuHiii cuctemi . |. MeHgeneesa ToLLO.
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[iicHo, meTanu, posTaloBaHi No6aM3y OAMH Big OAHOro y Tabnuui
O. 1. MeHpeneesa, maloTb HEOBMeXeHY PO3YMHHICTL: Cu(29) i Ni(28);
Fe(26) i Ni(28); Fe(26) i Cr(24); Fe(26) i Co(27); Co(27) i Ni(28), a6o
posTawoBaHi B ofHii rpyni: As(33) i Sb(51); Au(79) i Ag(47); Au(79) i
Cu(29); Bi(83) i Sb(51) (umpn y Ay>KKax 03HayaldTb HOMEP €NEMEHTa).

EnemeHTn 3 KpucCTaniYyHMMW rpaTkamy pi3HOro Tuny, AKWO TXHi
aToMn 6/M3bKi 3a po3MipaMu, MOXYTb PO3YMHIOBATUCb Of4MH B OLHOMY
o6MmexeHo. Uum 6inblia pisHMUS B po3mipax aTOMiB KOMMOHEHTIB, TUM
MeHLLEe BOHW PO3YMHIOKOTHCS Y TBEPAOMY CTaHi.

a 5)
Puc. 3.12

Cxema po3sTallyBaHHA aTOMiB y TBEPAMUX PO3UMHAX 3aMilLeHHs (<
Ta BTiNeHHs (6):

© — aTtomun PO3YMHHUKaA; * — aToOMU PO34YNHIOBAHOIO efneMeHTa

O6MeXKeHa PO3YMHHICTL KOMMOHEHTIB XapakTepHa TakoX Npu yTBO-
PEHHi HUMW TBepAMX PO3YUHIB BTiNeHHA, TOOTO Takux,
KO/IM aTOMMW PO3YMHEHWUX KOMMOHEHTIB PO3TALLOBYOTLCA (BTINOKOTHLCA) Y
MDKXBY3eNbHUX 06°6Max MeTania-po3ynMHHMKA. [pu LbOMY aToMu po3-
MilLYIOTbCA He B 6YAb-AKOMY MDKBY3Mi, a nuwe B TUX, e ANA HUX
[OCTaTHLO BifIbHOTO 06°eMy. Lli nycToTK Mani 3a po3MipoM, Y HUX MOXYTb
PO3MICTUTUCH €/IEMEHTU, aTOMUN AKWUX MaroTb BifMOBiAHI HEBENUKI PO3MI-
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pu (BOAEHb, a30T, BYrneub, 60p). BMIcT iX y TBepAOMY PO34YMHiI BTiNEHHS
He nepesuwye 1..2 %. To6To Taki crnnaBy € TBepAMMU PO3YMHaAMU 3
06MEXEHOK PO3YMHHICTIO KOMMOHEHTIB.

YTBOpPeHHA TBEPAMX PO3UYMHIB (3aMilleHHS, BTINIEHHA) CYMNpPOBOAXY-
€TbCA 3MIHOK NapameTpiB KPUCTaNivyHOI rpaTku metana-po3vyMHHUKA 3a-
NIEeXHO Bif CMiBBIAHOWEHHA PO3MipiB aTOMIB KOMMOHEHTIB i BigNoBigHUM
3MiLHEHHAM chnaBy. 3MiLLHEHHS NPONOpLiliHe BiAHOCHIN 3MiHi napameT-
pa rpatku, nNpuYoMy 3MEeHLUEHHS napameTpa NpuU3BOAUTbL A0 6inbL
CYTTEBOrO 3MIiLHEHHS, HiX 0ro 36iNblUEHHS.

BnacTuBoCTi cnnasiB, L0 YTBOPIOKTH TBEPAI PO3UMHU, BifPi3HAOTHCS
BifI BNacTMBOCTEW €eNeMeHTIB-KOMMNOHEHTIB. [MpoTe cnnaBu 36epiratTb
OCHOBHI BNacTUBOCTI MeTaniB, a caMe: 34aTHICTb A0 NAaCcTUYHOT fedhop-
mavii, eneKTponpoBigHiCTb TOLWO.

Big3HauMMo TakoX, L0 Ha BiAMiHY Bifi MeXaHi4YHOT CyMmilli TBepanii
po34YuH € ofHOpigHUM (ofHOGa3HWM), CKNAAAaETbCA 3 OLHOr0 BUAY
KpucTtanis, Mae ofHy (MeBHY) KpucTaniyHy rpaTKy; Ha BigMiHY Bif
XIMIYHOT CNONYKW TBepAWiA PO34YMH ICHYE He 3a CTPOr0 BM3HAYEHOrO
CMNiBBIAHOWEHHA KOMMOHEHTIB, a B iHTEpPBani KOHLEHTpaLii.

Y MeTano3HaBCTBI YMCTi KOMMOHEHTW MO03Ha4alTb NATUHCbKUMM
nitepamn A, B, C, a TBepai pPO3YMHM — TrpeubkuMmu nitepamm a, 3y
TOLWO.

§3.7

Jiarpamu cTaHy cnnasiB

Ba)knnMBO 3HATW CTaH i CTPYKTYpY CMnnaBiB 3aneXHO Bif 3MiHW Temne-
paTypu i KOHUEHTpaLii KOMNOHEHTIB, WO 1X YTBOPOTb. TaKuii 3B’A30K
Hao4yHO BifOGpaxatoTb Aiarpamu CTaHy cnnasiB, AKi 6yLylOTb Ha OCHOBI
pe3ynbTaTiB €KCNEPUMEHTIB 3 BUKOPUCTAHHSAM MeTO[iB TepMiyHOro,
MarHiTHOro, MmetanorpagiyHoro Ta iHWMWX aHanisie. HaluvacTiwe gns
LbOro BMKOPUCTOBYHTb METOA TEPMIYHOrO aHani3y, SKuii 6as3yeTbcs Ha
TOMY, WO 6yAb-AKi 3MiHW B cTaHi meTany abo cnnaBy (pa3oBi Ta CTPYK-
TYPHI MepeTBOPEHHSA) CYNPOBOAXKYIOTbCA MEBHUMMW TEMn0BUMUK edek-
Tamu. Tak, nig 4yac nnaBNeHHA TBEPAWX KPUCTaNiYHMX Tin Tenno
MOrNMHAETLCA, a NPWU KpUcTanisauii BOHO BUAINAETHCA.

Temnepatypu, npu AKMX BigdyBatoTbCA 3MiHU CTaHy (MepeTBOPeHHS)
cnnasy, Ha3nBalTb KpUTUYHUMUK: TIT1— TemnepaTypa nnasfieHHa; 7~ —

TemnepaTtypa KpucTanisauii Towo. And nobyaoBu giarpam ctaHy HeobXxig-
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HO 3HATWM KPUTWUYHI TemnepaTypu cnnasy. BusHauyalTb iX Ha OCHOBI
aHanisy LWBUAKOCTEW OXONOMXKEHHSA (HarpiBaHHA), rpadiyHO 306paKeHnX
y KoopAuHaTax “temneparypa — u4ac” (puc. 3.13).

Mpun oxonomXeHHi amopHOro Tina Moro TemnepaTtypa 6yae nocTyno-
BO i 6e3nepepBHO 3HMXYBaTUCh. Lle 03Hayvae, WO nepexif 3 pigKoro cTaHy
B TBEPAWIA fNS aMOPQHOro Tina € MOCTYNOBUM, | KOHKpETHa Temnepartypa
nnasneHHa He QikcyeTbesa (puc. 3.13, Kpusa a).

'a 6 B

-
...

n

\ 1— Puc. 3.13
2 Fpadiku 0X0nomKeHHA NpuY TBEPAHEHHI
2 aMopgHOro Tina (<3), YMcToro
meTanty (6), cnnaBy 3 eBTekTukow (6),
cnnaBy 3 YTBOPEHHAM TBEpPAOro
______ p  PosuuHy (M); tv 2 — temneparypu
noyartky i KiHUa kpuctanisauii cnnasis

Kpuctaniudi pe4yoBuHW (MeTanu, cnnaBu) MarTb MNeBHY (iKcoBaHy
TeMnepaTypy nnaesfieHHs (NpyW HarpiBaHHi) Ta KpucTanisadii (npu oxonog-
XeHHi). KpucTanisauia (TBepfHeHHs) uucTux Metanis (puc. 3.13)
BifOYBaETLCA 3a MOCTINHOI TemnepaTypu, a CNnaBiB — B iHTepBasi TeM-
nepaTyp. lMo4aToK i KiHeUb UbOro iHTepBa/sly TemMnepaTyp BM3HAYalThb
TOYKWN MepernHy Ha rpaiky OXONOLXEHHS, AKiI XapaKTepusylTb 3MiHY
LWBUAKOCTI OXONOAXKEHHS po3nnaBy (MO4YaTOK i KiHELb MepeTBOPEHHA) i
BigNoOBigaldTb KPUTMUHUM TemnepaTypam (Toukam) meTany abo cnna.y.
BuaineHHa BHYTpPiWHbLOT TEeNNOTM KpucTanisayii Npu3BoAnTb A0 3MEH-
LUEeHHA WBMAKOCTI OXONOMKEHHA cnnaBy (YTBOPEHHS TBEPAOro PO3yMHY)
abo TMM4acoBOT 3YyNUHKW cnagy TemnepaTypu (YTBOPeHHA MexXaHi4yHoT
CYMiLi, XiMIYHOT CnonyKu).

MobypoBa Agiarpam cTaHy chnaBiB 6a3yeTbCA Ha EKCMEpPMMeEHTaNbHOMY
oflep>aHHi cepii rpagikiB 0X0N04XKeHHA po3nnasiB 3 pi3HUM (3afaHUM)
CNiBBi4HOLWEHHAM (BMICTOM) KOMMOHEHTIB CMCTEMMW Ta BU3HAYEHHS 3a
HUMU KPUTUYHUX Temnepatyp (TOYOK) a3oBMX MepeTBOpeHb. Temnepa-
Typy novaTKy KpucTanisauii cnnaBy Ha3uBawTb ToOuykamu fikeigye (Bif
nat. liquidus — pigkuiA), a 3aKiHY4eHHA KpucTanisauii — conigyc (Big nar.
solidus — TBepawnin). O6nagHaHHSA ANS TEPMIYHOr0O aHanisy CKnafaerbes
3 HarpiBasbHOT Ta KOHTPO/IOKUOT Temnepatypy anapatypu. [na nooby-
[OBW fiarpaMu CTaHy Ha oci abcumc BigknafatoTb KOHUEHTpauito (BMIcT)
KOMMOHEHTIB gocnigxysaHux cnnaeie (puc. 3.14). KpaiiHsa Touka nisopyu
no oci KoHuUeHTpauii signosigae 100 % komnoHeHTa A i 0 % B (noyaTok
oci abcyunc), a KpanHa Touyka npaBopyy Bignosigae 100 % KomnoHeHTa B
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i 0 % komnoHeHTa A. 3Ha4yeHHs TemnepaTtypu BifKNagatTb MO OCi
opavHaT. Y UMX KoopauHaTax OyaytoTb rpadikum OXONOAXKEHHS YUCTUX
KOMMOHEHTIB Ta CNaBiB Ha iXHili OCHOBI. 3’€4HYOUYM BCi TOUKM NOYATKY
KpucTanisayii Ha KpMBUX OXONOKEHHA B OAHY NiHit0, a BCi TOUYKM KiHUA
KpucTanizauii B iHWY — 0OfepXYHTb OCHOBHI NiHIT (BigNOBIAHO NiKBigye
| conigyc) piarpamu cTaHy cnnaeiB cuctemm A — B. Buile niHii niksigye

Puc. 3.14

Cxema nobyposu giarpamu cTaHy ABOKOMMOHEHTHOT cuctemm
(A — B) 3 HEOGMEXEHO PO3YMHHICTIO KOMMNOHEHTIB Y PifKOMY CTaHi
i HEPO3UYMHHUX Y TBEPAOMY:

a — rpadyiku 0XONOAXeHHA, ofepXaHi METOAOM TEePMIiYHOro aHanisy;
6 — piarpama ¢ha3oBOT piBHOBArn KOMMOHeHTIB A i B

»HWWIA NepebyBatOTb B PiAKOMY CTaHi, HMXYe NiHIT conigyc — y TBepAoO-
My, & Y MeXax MK HMMKW BOJHOYac iCHYHTb pifka i TBepfa hasm.

( nnaBm 3 pi3HNUM BMICTOM KOMMOHEHTIB A i B MatoTb pi3HUil ha3oBuii
i PNL, CTPYKTYPY, & 0TXKe, | BNacTMBOCTI. [iarpamun cTtaHy AaloTb YABJEH-
il Npo copmyBaHHA CTPYKTypu i (ha3oBOro cknagy 6yfAb-fKOro cnnasy
ainoi CUCTEMM 3a/IEXHO Bif: KOHLeEHTpauil KOMMNOHEHTIB, TEMMepaTypu,
winiwoi WBUAKOCTI OXONIOAXKEHHS; LO3BONIAKOTL MPOCTEXUTU 3MiHU (3a
M/ iHAYEHUX YMOB) MeBHUX (Di3NYHUX | MEXaHiYHWUX BNacTUBOCTENA.

Mepw HiK po3rnagaty giarpamu ctaHy, Chif BU3HAYUTU Ta YTOUHUTK
i’k TepMiHW | NOHATTA.

CucTema — Lge CYKYMHIicTb MeTaniB abo MeTaneBux cnnagis, 06paHMX
/iliH cnocTepeXXeHHA BMAWBY Ha HUX MeBHUX (haKTopiB (TeMmnepaTypu,
M1 Ky, KOHUeHTpawil). CUcCTeMYy Ha3MBalOTb PIBHOBAaXXHOI, AKLLO MepeT-
HOPEHHS B Hiil NpW HarpiBaHHi Ta 0X0N04KEHHI BigbyBalOTbCA 3BOPOTHbBO,
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a PiBHOBaXXHI YMOBM A0CAraldTbCs 3a HE3HAYHWUX CTYMEHIB Meperpisy un
NepeoXonoaXKeHHs.

KOMNOHEHT — He3anexHa CcKnajoBa 4vacTuHa cuctemu (cnnasy).
KoMnoHeHTaMM MOXYTb O6yTU 4mUCTi MeTanun (enemM&HTM) abo CTiliKi
XiMi4Hi cnofyku. Y MeTano3HaBCTBi Nig KOMMOHE HTaMu 3a3Buyail
PO3YMIlOTb efleMeHTN (MeTanu i HemMeTanwu), aKi yTBOpOOTb cnnas. OTxe,
yucTi MeTaiM — LUe OAHOKOMMOHEHTHi CcucTeMu, cnnasu 3 [BOX
eNeMeHTIiB — [ABOKOMMOHEHTHi cuctemn i T. a. KinbKicTb KOMMNOHEHTIB
nosHauvaroTb flitepoto K.

®a3a — ue XiMiIYHO OfHOpPiAHA YacTUHA CUCTeMM, BifOKpeMeHa Bif
iHWKX yvacTuMH (ha3) NoBEpPXHEK po3finy. Y cnnaBax ¢asamu MOXYTb
6yTVW 4yucTi MeTanu, pigki abo TBepAi PO3YMHU, XiMiyH i cnonyku. dasu
BiAPI3HAOTLCA OAHA Bif OAHOT 3a: * arperatHMM CTa HOM; ¢ XiMiYHUM
cCKNnagom; ¢ TUNOM KpucTanivyHoi rpatku. KinbKicTb CRIiBICHYOUUX Y
cnnaBi (a3 nosHayaloTb NiTepoto .

Uucno cTyneHiB cBO60AM BU3HAYA€E KiNbKIiCTb He3aneXHUX MnepemiHHUX
(TemnepaTypa, KOHUeHTpauis, TWUCK), fAKi, He NOpywywuu piBHOBAru
CUCTEMM, MOXHA 3MIHIOBATU Y NEBHUX Mexax. PIBHOBaXHWM Ha3nBalOThb
Takuii cTaH cnnaey, WO He 3MiHKETbCS y uaci. Mpu piBHOBa3i 36epira-
€TbCA W KiNbKICTb chiBiCHYlOUMX (ha3. FAKWO 3a TakMX YMOB MOXHa
3MiHIOBaTU nue Temnepatypy (ofHa nepemMiHHA), TO YWUCNO CTYMeHIB
cB060AN [OPIBHIOE OAUHWLI; AKWO TemnepaTtypa i cknag Qasm 6yaytb
MOCTIMHWMKU, 4YUCNIO CTyMeHiB cBOGOAM [OpiBHIOBaTMMe Hyno. Ywucno
CTyneHiB cBo6oAn nosHavatoTb nitepoto C.

3aKOHOMIpPHOCTI BCIX 3MiH CUCTEMMW, 3aNeXHO Bif BHYTPIWHIX i
30BHiWHIX YyMOB, nignopsgkoBaHi npasuny a3 [i6<6ca. Lleii marte-
MaTUYHWIA BMpPa3 YMOB PiBHOBArM CUCTEMM BU3HAYAE 3a/IEXKHICTb MiXK
KiNbKICTIO (a3, KOMMOHEHTIB i YNCNOM CTYMNeHiB CBOGOAN CUCTEMU:

C=K+B-9,
fe C — uncno cryneHiB cBo6oan; K — KiNbKiCTb KOMMOHEHTIB; B —
30BHILLHI MepeMiHHiI (akTopu (TemnepaTypa, TUcK); ® — KinbKicTb ¢as.

AKLWO NPUAHATU TUCK NOCTiIHUM, TO ANg MeTaneBUX cuctem B = 1,
TO6GTO i3 30BHIilWIHIX NepeMiHHNX (haKTOpiB CNig BpaxoByBaTW NUWLLE TEM-
nepatypy:

C=K+ 1-0.

Po3rnsHemMo MOX/NWBI YMOBWM piBHOBArn pAns OLHOKOMMOHEHTHUX
cucTeMm. Y Takili cucTemi, Hanpukiag y 4McToMy MeTani, KOnu € auwe
ofHa (hasa (po3nnasB abo TBepauin metan), K = 1i ® = 1 Togi

C=1+1- 1=1,
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TO6TO cucTemMa Mae OAUH CTyMiHb cBO6OAM. Lie 03Havae, WO MeTan MOXHa
3xoNofKyBaTu abo HarpiBatu, 3bepiraloum Moro ogHoasHuM (pigKuMm
abo TBepAUM) NMLe 3a NEBHOTrO iHTepBany Temnepartyp.

Y MOMEHT nnaBfneHHA abo KpucTanisayii B OAHOKOMMOHEHTHIN
CMUCTEMI ICHYHOTb BXe [Bi pasm — Hanpuknag pigkuin i TBepanii metan.
Tomi K= 1, ® = 2, T06TO

C=1+1-2 =0.

Y ubOMy BMNAAKY CUCTEMA HE MA€E XXOAHOro CTyneHs cBo6oAu i piBHOBara
MOX/IMBa TifIbKW MpPW NOCTilHIA Temnepatypi. [ilicCHO, TBEpPAHEHHS
YMCTUX MeTaniB BifbOyBacTbCA 3a MNOCTINHOT TemnepaTypu i Ha KpwuBIl
OXONMOMXEHHA (HarpiBaHHA) i BignNoOBifae ropu3oHTanbHa ginaxHka (nno-
wanka).

Y [BOKOMMOHEHTHWX CUCTEMax CMiaB KPUCTani3yeTbCcs 3a iHWKX
YMOB, OCKinbkn K = 2, ® = 2, T06T0

C=2+1-2 =1

Cuctema ma€e ofHY NepeMiHHy — OAWH CTyMNiHb CBO6OAM i piBHOBara
MK pigKOl Ta TBepAoto asamMu npu Kpuctanisayii 36epiraetbcs B i H-
TepBani TemnepaTtyp. [nd Uboro Ha KpUBIA OXONIOMXKEHHA
3’ABNAKTLCA TOUKKM (TemnepaTypu) noyaTKy i KiHUS KpucTanisauii cnna-
BY. HaaBHiCTb iHTepBany KpucTanisauii € BaX/1MBOK 0COOGMMBICTIO, LWO
XapakKTepHa Ana KpucTanisauii cnniasis.

§3.8

OCHOBHI BUAW giarpam cTaHy
[BOKOMMNOHEHTHUX CM/aBiB

[iarpamun cTaHy cnnagiB rpaivyHo NOKasylTb 3afieXHICTb CTaHy
cnnasiB faHOT cMCTeMU Bif KOHUeHTpauil (XiMmiyHOro cknagy) Ta Temne-
paTypu. BOHW [03BONAOTH BU3HAYUTM He /ULLe Temnepatypu KpucTa-
nizayii Ta nnaBfeHHA, a W BM3HAUYMTKM, AKi caMe MEepPeTBOPEHHS MOXYTb
BifbyBaTUCb y cnnaBax 3a Pi3HMX TemnepaTyp, TOOTO XapakTepusytoTb
CTaH cnnasy.

Po3srnaHemo pfiarpamu cTaHy B 3aranbHOMYy BUrnagi Ana nap
KOMMOHEHTIB, fKi YMOBHO Mo3HaumMmo A i B. 3anexHo Big B3aemofil
MmeTanis A i By TBepfioMy CTaHi BOHM YTBOPKOIOTH fiarpaMy CTaHy pi3HMX
TUNIB.
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L [iarpama cTaHy cnnasiB, KOMMNOHEHTU AKNX HEOOMEXKEHO PO3UNHHI B
piAKOMY CTaHi Ta NPakTUYHO He PO3YMHHI Y TBepAoMYy.

[o Takux cnnaeiB BigHOCATb, Hanpuknag, cnnasu cuctem Pb — Sbh,
Sn — Zn. Y TBepAoMy CTaHi BOHM YTBOPHOKTb MeXaHiYHY CyMiLl
KpMCTaniB KOMMOHEHTIB. Taka CyMill, SIKILO BOHa 3aKpucTanidyBanach 3
PiAnHK 3a TeMnepaTypyu HMKYOT Big TeMnepaTyp NAaBAeHHSA KOMMOHEHTIB
cnnaBy, Ha3MBAETbCA €BTEKTUKOW, abo eBTeKTUYHOW cymiwwto (eulek-
tos — 3 rpeubKoi 03Hayae ferkonnaskuin). CnnaBu XiMIYHOTO cKnagy,
npu SIKOMY KPWUCTani3yeTbCsd Nuwe eBTeKTUKa (Touyka E pgiarpamu),
HasWBalOTb eBTEKTWYHMMU. CnnaBu, WO 3a CKNafoOM pO3TalloBaHi Ha
piarpami niBopyY Bif eBTEKTUYHOr0, Ha3MBalTb AOEBTEKTUYHUMMU, a Npa-
BOPYY — 3aeBTEKTUYHUMM.

Po3srnaHemo pgiarpamy ctaHy nepworo tuny (ame. puc. 3.14). AkKwo
[lBa KOMNOHEHTW Y TBEpAOMY CTaHi HEepPO3UYMHHI O4UH B O4HOMY (YTBOPHO-
I0Tb MEeXaHiuHy cyMmill), fo6aBKa OHOr0 KOMMNOHEHTa A0 IHLIOr0 3HUXYE
TeMMepaTypy noyatky TBepAHeHHA (niHig NiksBigye Ha giarpami). Temne-
patypa X 3aKiHYeHHS TBEpPAHEHHSA (NiHiA conifyc) He 3aleXWTb Bif CKna-
[y cnnaBy faHOT CMCTEMW | 04HaKoBa AN5 BCiX CMNaBiB, YTBOPEHUX AaHO
napol KOMMOHEHTIB. Ha BigMiHY Bif YNCTUX KOMMOHEHTIB, AKi KpucTa-
Ni3yl0TbCA MpU NOCTINHIA TemnepaTypi, NOYaToOK KpucTanisayii cnnasis,
Hanpuknag 1i 3 (puc. 3.14, 6), BU3HAYAETLCA MepPeruHoM KPUBUX OXO-
nofxeHHsa. Tpu Temnepatypax TOYOK a i b y posnniasi yTBOPHOHOTHCA
Kpuctann A (y cnnasi /) i B (y cnnaBi 3). Huxue Touok a i b piguHa
nepecuyeHa BiANOBIAHO KOMMNOHeHTaMu A i B. Mpu ubomy iX BMIcCT y
PiAMHI 3HMXKYETbCA. Tak, Npu OXONO4KeHHI cnnaBy 1B iHTepBani aE'y
po3nnasi 3MEHLWYETbCA KiNbKicTb A Mo NiHiT aE i npyu TemnepaTypi TOUKM
E' BoHa pocsrae cknagy Touku E giarpamu. Takum Xe YMHOM i po3nnas
cnnasy 3, 30igHOOUYNCL NPU OXONOLKEHHI KOMMNOHEHTOM B, focarae 3a
CK/agom Tiel camol ToukM E npu 0XONnofkKeHHi horo Ao TemmnepaTypu
Toukn E". B 060x Bunagkax posnnasu cnnaeiB / i 3 Npy OXONOMXKEHHI
fo Temnepatyp E' i E" cTaloTb HacCMY4eHUMU KOMMNOHeHTaMu A i B. BoHu
BUAINATLCA 3 PIAUHN BOAHOYAC NpW OCTATOYHIN KpucTanisauii, yTBOpto-
toun cymiw A + B (eBTEKTMKY). EBTeKTW4YHe nepeTBOPEHHS BigbyBaTu-
MeTbC A8 KOXHOr0 i3 cnnaeiB AaHOi CUCTEMW: Y A0EBTEKTUUYHOMY
(cnnas /) npu TemnepaTypi Toukn E\ ay 3aeBTekTMYHOMY (cnnasB 3) —
npu Temnepatypi Toukn E". [ng cnnaBy eBTEKTUYHOro cknagy (cnnas 2)
NepBUHHI KpucTanu A um B 3 piaKoi asn He BMAINAKTLCS | Npyu TeMmne-
patypi E kpucTtanisyioTbcqd ogpasy y Burnaagi cymiwi /1+5, T06TO
TBEpAMiA cnnaB Ha 100 % CkNafaTUMETbLCA 3 EBTEKTUKW,

CTpyKTypa [0eBTEKTUYHOro cnnaBy / CKafaeTbCs 3 MNEPBUHHUX
KpucTanie KOMMNOHeHTa A i eBTeKTMKM A + B y cniBBigHOWEHHI 3a
06’emom 50 : 50 % (3a npaBmnom BigpiskiB). CTPyKTypa e€BTEKTUYHOIO
cnnaBy 2 Ha 100 % cknagaetbcsl 3 eBTEKTUYHOT cymiwi A + B. CnnaB 3
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(3aeBTEKTUYHMIA) MaE CTPYKTYpPY, WO CKNafgaeTbCs 3 KpUCTanie KOMMO-
HeHTa B i eBTekTUKM A + B npu iXHbOMY 06’€MHOMY CNiBBigHOLUEHHI
50 : 50 %.

Cknapf i KinbKicTb KOXHOT (hasn y 6yAb-fKii aBodasoBiii obnacTi
piarpamu cTaHy [03BONSIE BU3HAUYMTM NpaBuio BigpisKiB. NS BU3HAUYEHHS
BMICTY KOMMOHEHTIB Yy (Pasax cnnaBy, Ha fgiarpami cTaHy NpOBOAATb
rOpU3OHTaNIbHY NiHil0 (KOHOA4Y) A0 NEPETUHY 3 NIHIAMU, WO 06MEXYIOTb
Lo obnacTb. MNpoekuil TOYOK NepeTUHY KOHOAM 3 NiHIAMU AdiarpamMmu Ha
BiCb KOHLEeHTpaLuii nokasywTb cknag ¢as. Tak, and cnnasy 3 (aus.
puc. 3.14) npu TemnepaTtypi TOYKM C pifnHA 3a CBOTM CKNajoM BinoBsifae
Touui d' Ha oci acéuuc.

Ona Bu3HaueHHA KiNbKICHOro CcnNiBBigHOWeEHHA a3 BU3HA4aKlTb
[OBXWHY BIiApi3KiB KOHOAWM Bif 3afjaHOl TOYKWM AiarpamMmn A0 TOYOK, IO
BigMoBigalTh CKnagy as. [LOBXMHW UMX Bifgpi3KiB 06epHEHO Mponop-
WiliHI KinbKOCTAM (has.

Hanpuknag (puc. 3.14), y cnnasi J?npn Temneparypi TOUYKM C KifbKiCTb
pigvHn nponopuiiHa BigPI3KY ce i cTaHOBUTbL 70 %, a KinbKicTb
nepBMHHUX 5-KpucTanis mponopuiliHa Bigpi3ky dc i gopisHioe 30 %.

2. [iarpama cTaHy cnnasis, AKi yTBOPIOIOTb Yy TBEPAOMY CTaHi Kpuc-

TaniyHi TBepai po3UMHN 3 HEOOMEXKEHOK B3AEMHOK PO3YMHHICTIO KOMMO-
HeHTIB. ¥ npoueci 0XONO4XEHHA TaKMX CrnasiB 3 po3nfaBy BMNafaroTb
KpUcTanu TBEPLOro PO3YMHY 3 Pi3HUM CNIiBBIAHOWEHHAM KOMMOHEHTIB.
BepxHs kpuBa T (puc. 3.15) — nikBifye, HMWXKHA N — conigyc. BHacnigok

Puc. 3.15

[Jiarpama crtaHy (a) Ta kpusa oxonomxkenHs (0) cnnasis
3 HEOOMEXEHOI PO3UYMHHICTIO KOMIMOHEHTIB y piAKoMy
i TBEPAOMY CTaHax
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npouecis Andysii KOHUeHTpauisa cnnaBy BUPIBHIOETbCA (HalaKTUBHI-
e — npu NOBiINbHOMY OX0NOAXKEHHI). MpuKNagom TakmMx CnnaBiB MOXe
cnyrysatu cuctema cnnasis Cu — Ni.

3. [iarpama cnnasiB, KOMMOHEHTU AKX Y TBOPIOKTb TBEpPAi PO3UnNHN 3
06Me>KeHOI po3uMHHICTIO. Taka giarpama XxapakTepHa, Hanpuknag, ans
cuctemu cnnasis Cu — Ag (puc. 3.16). Kpusa JIEB — nikBigye, Kpusa
ADECB — conigyc. Kpuctanu TBepAoro po3dymHy BTiNEHHA aTOMiB KOM-
noHeHTa By KpucTaniyHili rpatyi KomnoHeHTa A (a-TBepAuUin PoO3UUH)
BMNajalTb Npu TemnepaTypax BignoBigHO NiHiT AD. MNpu Temnepatypax i
KOHLUEHTpaLiax KOMMOHEHTIB, WO BignosigawTb niHii CB, Kpuctanisy-
IOTbCSA TBEPAi PO3YMHM BTINEHHA aTOMiB KOMMOHEHTa A y KpPUCTaniyHil
rpatui kKomnoHeHTa B (p-TBepauii po3umH). CnnaB, CKnaj $IKOro Big-
nosifae touui E Ha giarpami, KpucTanisyeTbCa 3 YTBOPEHHAM €BTEKTUKU
(a+p). CnnaBn Mmix Toukamm D i C nmicns kpucTanisayii 3 posnnaBy
CKNafarTbCs 3 KPUCTasiB a-TBEPAOro po3unHy i eBTeKTMKM (a + (3), a MiX
Toukamn Ci E — 3 kpuctanis P-TBEpAOro po3umHy i eBTekTUKU (a + P).
CnnaBn 3 BMICTOM KOMMOHEHTa B, MeHWMM HiX Yy Touui D, 3aKiHUyOTb
KpucTanizayito no niHii AD i cknagatoTbCa 3 KpucTaniB a. Mpu 3HUXKEHHI
TemnepaTtypu (NniHii DF) Ui Kpuctanu cTtaloTb NEPECUYEHUMIU LLOAO KOM-
noHeHTa B, Tomy 3 TBEpAOro a-po34YmMHy YTBOPHKTLCA KpUCTanu pBrT-
TBEPAOro po3umHy. TaKy KpucTanizauito 3 TBEPLOro po3yYnHy Has3vBaloTb
BTOPMHHOW, a 3 PiAKOro pO3YMHY — MEPBMHHOW. Y cnfiaBax 3 BMICTOM

iPignHaiPignHa

PignHa + a
P-*oc + P

0
A, 100% B, 100%

Pnc. 3.16

[Liarpama ctaHy cnnaBiB 3 06MeXEeHOH PO3UYUHHICTIO KOMMOHEHTIB
y TBEpAOMY CTaHi (0) Ta KpUBiI OXON04XKEHHS (6)
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KOMMOHeHTa B Ginbwim HiXX y Touui E, npn Temnepatypax HUXUUX NiHIT
EC, 3 KpucTanis TBepAoro p-po3ymHy yTBOPHOTLCA KpMUCTanu a Br.

4, [iarpama cTaHy cnnasis 3 yTBOPEHHAM XiMi4HOT cnonyku. Takuii Tmn
piarpamu (puc. 3.17) xapakTepHWil, Hanpwuknag, A4Ns cnaaeiB cUCTEMYU
Mg—Ca. Ximiuny cnonyky' JiInBT (Mg4Ca3) MoXKHa po3rnagatu aK TpeTii

A 100% B, 100%
Puc. 3.17

[Jiarpama ctaHy cnnaBsiB, KOMNOHEHTU AKUX YTBOPIOTb
XiMiYHY crnoayky

KOMMOHEHT, WO nofinse giarpamy crtaHy cuctemm A— B (Mg—Ca) Ha
OBi  piarpamu nepworo Tuny: cuctemn A—AnNBT (Mg—Mg4Ca3l3) Ta
AnBT— B (Mg4Ca3—Ca).

§3.9 n

3BM30K MDKTUMNOM fiarpaMmu cTaHy
Ta BNacTMBOCTAMM CNNasis

Bu3HauyeHHA 3B’A3Ky BNAcTWBOCTEN CMnaBiB 3 TUNOM fiarpamu cTaHy
€ BaX/INBOK NepefyMOBOIO AN CTBOPEHHA HOBWUX CNAABIB i NPOrHO3yBaH-
HS IXHiX BnacTMBocTeil. Takuii 3B’30K Bneplie gocnigkeHo M. C. Kyp-
HakoBuM. Tak, Ha puc. 3.18 mokasaHi 3MiHW BNAcTUBOCTEN 3aneXHO Bif
TUNYy fiarpamu ctaHy LBOKOMMOHEHTHUX CUCTEM.

BnacTuBOCTi cnnaBiB 3 HEOOMEXEHOI PO3UYMHHICTIO KOMMOHEHTIB Yy
pigKOMYy CTaHi, LI0 YTBOPKOITb MEXaHIYHI CyMmiwi y TBEpAoOMYy, 3Mi-
HIOIOTbCA 33 NPAMONIHIAHMM 3akoHOM (puc. 3.18, a). ToMy CTBOPUTHU
cCniaB y LA cucTeMi, MexaHiuHi i eneKTpUYHi BNacTMBOCTI SKOro 6
nepesuLLyBany BACTUBOCTI BUXIAHUX KOMMOHEHTIB, HEMOX/IMBO.
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Y pasi YTBOPEHHS KOMMOHEHTaMN HEOOMEXEHUX TBEPAUX PO34HMHIB
BNACTMBOCTI Cr/1aBiB 3MiHIOKOTLCA HEPIBHOMIPHO, 3a KPMBOAIHIMHUM 3a
KOHOM (puic. 3.18, 6), i MOXYTb 3HAYHO BIAPI3HATUCH Bif, BMACTVBOCTEN
BUXIAHX KOMIMOHEHTIB.

Y criaBax 3 OOMEXEHOH PO3UNHHICTIO KOMMOHEHTIB Yy TBEpAOMy
CTaHi BMacTMBOCTI 3MIHIOOTLCA BIAMNOBIAHO MNPUHANEXHOCTI Cruiasy [p
MEBHOI YaCTUHW djarpaMn ctaHy (puc. 3.18, B).

A

Puc. 3.18
[iarpamun ctaHy Ta BnactusocTeli cnnagis (3a M. C. KypHakoBuM):

1— TBeppicTh; 2 — eneKkTPOMpPOBIAgHICTH

YTBOPEHHA B cUCTEMI XiMiyHMX crionyK (puc. 3.18, ) cynpoBoa-
YKYETLCS CTPMOKOMOAIGHO 3MIHOK BIAcTMBOCTEN cniaBiB. TOYKa Mepe
JIOMy Ha fjarpami CTaHy BiAfoBidac YTBOPEHHIO XiMIYHOT CMOMYKU.

ODnke, NoKazaHo, WO MK CTaHOM Cr/aBiB Ta IXHIMW BIaCTMBOCTAMM
iCHye NeBHWI 3B’A30K. [MpoTe onucaHi 3aneXHOCTi 3MiHM BMacTMBOCTEl
BiZ TMNY AjarpaMn CTaHy — LUe fivlle HabnmkeHa cxema, Lo He 3aR¥p
NiATBEPKYETLCH EKCMNEPMMEHTOM. Y HIili He BpPaxoOBYeETbCA dopMa Ta
pO3MIp KpUCTaniB, IXHE B3aEMOPO3TalllyBaHHS, TeMnepartypa Ta iHLWi dak-

TOpW, LLUO 3HAYHOK MIPOKD BMJ/IMBAKOTb Ha B/1IaCTUBOCTI Criasis Oyap—AKOoi
cUCTEMN.
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& KOHTpPO/bHI 3anMTaHHA

LLlo Take MeTanu, SKix KnacuikyoTb?

AKa pisHULA MDK KpUCTaniyHuM i aMopgHUM TiIoM?

AKi napameTpn XxapakTepusyTb KpUCTaNiuHy rpatky?
AKi TUNW KpUCTaNiYHUX rpaToK XapaKTepHi 4ns meTtanis?
Lo Take nonimopisam metanis?

Ynm Bigpi3HAETbCA igeanbHa Ta peanbHa 6yaoBa MeTaneBuX
KpucTtanis?

AKi OCHOBHI AeeKTn KpucTaniyHoi 6yfoBu metanis?

LLlo Take KpucTanisauisi, K BigbyBaeTbCsa Lein npouec?

LLlo Take KpUTUYHWUIA 3apOfoK KpucTanisauyii?

3 AKMX OCHOBHUX 30H CKNafaeTbCs MakpoCTPyKTypa 3/MBKa?

LLlo Take cnnas, cuctema, KOMMOHEHT?

3a AkMMUK NpuHLMnamn 6yayoTeeca giarpamu cTaHy?

LLlo Take TBEPAUI PO3UMH, MeXaHiYHa CyMill, XiMiYHa crnosnyka?
SIKi OCHOBHI TMNW fiarpam cTaHy ABOKOMMOHEHTHUX CnnaBis?
AKUIA 3B'A30K iCHYE MK TUNOM fiarpamu i B1acTMBOCTSAMU CM/iaBiB?



CriyiaBu

s 41
[iarpama cTaHy cmcTemm 3ai3o — BYr/elb

3anexHo Bif BMICTy BYyrfeuto 3ani3oByrfeuesi cnnasy noginAwTb Ha
cTani (8o 2 % C) i vaByHu (Ginbwe 2 %). Qiarpama ctaHy cuctemmn Fe —
C rpagivyHo 306paxye (ha3oBUIA CTaH 3ai30BYr/eL,eBMX CNaBiB 3aneXHO
Bi BMICTy BYyrfeul Ta TemnepaTypu 3a YMOBM AYXe MOBIIbHOrO ix
0X0NI0)KEHHSA abo HarpiBaHHA. OCHOBOW Ana NobyaoBM Takoi giarpamu
(puc. 4.1) e pocnipxeHHa [. K. YepHoBa, noB’a3aHi 3 BigKpUTTAM
KPUTUUYHMX Temnepatyp (TOYOK), WO 3anexartb Bif BMICTY Byrfeuw y
cnnaei, a TakoX YsABMNEHb LWOAO0 3aKOHOMIpPHOCTI 3MiHW nNpu MNEeBHUX
TemMnepaTtypax CTPYKTYpPHOro CTaHy | BNacTUBOCTE 3ani30BYrieueBux
cnnaeiB. [liarpamy cTaHy cuctemn Fe — C BUKOPUCTOBYHTb Y Teopil Ta
npakTuLi TepMmivHOT 06pOOKM cTaneli i YaByHiB.

[Liarpama Fe — C (puc. 4.1) nokasaHa nuwe ans iHTepBany KOHLEH-
Tpauii Byrneuyto Big 0 go 6,67 %, To6TO A0 YTBOPEHHS XiMIYHOT CNoONyKu
Fe3C (uemeHTWT). JInwe U yacTMHa Aiarpamn mMae nNpakTUYHE 3HAYEHHS,
OCKiflbKM cnfiaBu 3 6iNbll BUCOKUM BMICTOM BYrneuto ayxe Kpuxki. Mo
oci abcumc Ha fiarpami NMokasaHO KOHLEHTpauil Byrneuw B MacoBUX
yacTkax (mac. %), a no oci opamHaT — TemnepaTypy B rpagycax Lienbcis
(T, °C). Akuwo posrnagatn Fe3C AK KOMMOHEHT, TO AN NEpeBoaYy KOH-
LeHTpauii Byrfneyw B KOHLUEHTpauito LEeMEHTUTY BMICT Byrfieyw cnig
NOMHOXNUTK Ha 15.

Mpn 0X0NOMKeHHI 3ani30BYrneLeBmMx CNaaBiB ByrnelUb MOXe He TiNbKu
XiMIYHO B3aemMofiaTu i3 3anizom, yTBoptotoun Fe3C, ane Ii BUAINATUCL Y
BiNbHOMY CTaHi y BUrAIagi rpagity. ToMy po3pi3HAOTL A4Bi giarpamu cTaHy:
3anizo — uemeHTUT (Fe — Fe3C) i3anizo — rpadgit (Fe — C).
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Pos3pgin 2
BypoBa Ta BNacTMBOCTI MeTaniB i cnniasiB

Ha piarpami nepwa 306paxeHa CyUWilbHAMMW fiHiaMK, gpyra —
WTPUXOBUMMN. OCKINbKM LLEMEHTUT 3a MEBHUX YMOB PO3MajacTbCs 3 yTBO-
PeHHAM BinbHOro Byrneuto (rpadity), To giarpamy B cuctemi Fe — Fe3C

Ha3nBalTb HecTabinbHOW (MeTacTabinbHOW), a y cuctemi Fe — C —
CTabinbHot. Bci niHiT cTabinbHOiT cuctemn Fe — C posTawoBaHi Ha
fiarpami Buue niHili MeTacTabinbHOiT Fe — Fe3C, eBTeKTMYHe Ta

eBTEKTOIAHEe MepeTBOPeHHS BifbyBaeTbCs 3a 6ifbll BMCOKMX TemnepaTyp
(BignoeigHo 1153 i 738 °C). Touku C, E, S 3miwyoTbca nisopyy (C'=
=426 %; £' =211 %; S' =0,70 %). Ninia E', C', F' BignoBigae Tem-
nepatypi yTBOpeHHA rpaiTHOT eBTEKTUKW (ayCTeHIT + rpadiT), niHisa
P\ S', K'— yTBOpeHHI eBTeKTOIga (peput + rpadit), no ninii E', S*
BUAINAETbCA BTOPUHHMIA rpadiT.

OcCHOBHMMMU (aszaMu 3ani30ByrneLesmx cnnaeis € pigki Ta
TBEPAi PO3YMHM Byrneut y 3anisi, uemeHTuUT Ta rpadit (puc. 4.2). Y
posnnasi 3aniza npu Temnepatypi 1147 °C po3unHaeTbcsa 1o 4,3 % Byrne-
Ut0. Y TBepAMX po3unHax 3anisa (hepuT, ayCTeHIT) PO3UYMHHICTb BYr/eLt0
3Ha4YHO MeHLUa.

TBepAnii po34yMH BYTI/IEL Ha OCHOBI 06’€MHOLEHTPOBAHOI Kybi4yHOI
rpatkn (OLK) 3aniza HasuBaloTb eputom (P). BucokoTemnepaTypHuii
5-hepuT MIiCTUTb MaKCMManbHY KinbKicTb Byrneyto — 0,1 %. Y HU3bKO-
TemnepaTypHomy a-hepuTi MakcumanbHa PO3UYUHHICTb BYI/euUl CcTa-
HOBUTbL 0,025 % npu 727 °C, a Npu 3HMXKEHHI TemnepaTypy 3MeHLIYETbCA
NpPakTUYHO A0 Hyna. ®eput Mm’akuin (80...100 HB), nAacTUYHUIA, HUXKYE
768 °C MarHiTHuiA.

TBepAniA pPO3UYMH BTINEHHA BYI/IELID Ha OCHOBI rpaHeLeHTPOBaHOT
Ky6iuHoi rpatkn (ML K) y-3aniza HasuBaroTb aycTeHiTOM (A). PO3UMH-
HICTb BYI/eUl0 B y-3ani3i Npu 3poCTaHHi TemnepaTypu MiABMLLYETLCA i
pocsarae makcumymy (2,14 % C) npu 1147 °C. AyCTeHIiT MAacTUYHUi,
HemarHiTHuWI, TBepgicTb iioro 170 HB.

XimiyHa cnonyka, fika YTBOPKETHCA B 3aMi30BYrneLeBux Ccrnnasax,
kapbig saniza Fe3C, mae Ha3y uemeHTuT (L). Lle Hainbinbw TBEpga
(780 HB) i kpuxka hasa B cuCTeMi 3ani3o — Byrneub, Hmx4ye 217 °C
MarHiTHa. LiemeHTUT mictuth 6,68 % C, Mae cknagHy oOpTOpOMOiIYHY
KpUCTaniyHy rpaTky 3 ABaHagusaTbMa aToMamu 3ani3a i HoTupma BYyrneyto,
TemnepaTtypa naaBfeHHA CTaHOBUTb 6113bko 1600 °C.

Puc. 4.2
MiKpOCTpYyKTYyp¥ 3ani3oByrieLeBux CniasiB:
a — deput, x200; 6 — noniegpn aycteHity, Xf0OO; B — nepniT nnacTuHyacTuii, x200; r — nepnit

3epHucTuii, x200; A, e — negebypuTt, x350
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Pospgin 2
BypoBa Ta BNacTMBOCTI MeTaniB i cnnasiB

Y cnnaeax 3 BMIiCTOM Byrneyt 6inbwe 4,3 % moxe Bunagatu ogpasy
Npu  OXONOMXKEHHI  po3nfaBy  NEPBUHHUA  LEMEHTWUT. BTOPWUHHWIA
BMAINAETLCA 3 ayCTeHIiTy B3fOBX MiHIT ES pgiarpamu, TpeTWHHMA — 3
(hepuTy B3L0BX NiHIT PQ.

EBTekTOigHa (MexaHi4yHa) cyMmiw ¢epuTy Ta UEMEHTUTY, sKa YTBO-
ptoeTbea npu 727 °C i BmicTi Byrneyto 0,8 %, mae Hassy nepniT ().
3anexHo Big 6ygoBM MepniTy 3MmiHKW0OTLCA | Oro BAacTMBOCTI. Tak,
nnacTUHYacTWiA  nepniT 6inbll TBEPAWWA, KPUXKUIA Ta MILHIWKA 3a
3epHucTuid (160...230 HB; ¢cB=600...800 MMa; 5= 15...20%).

EBTEKTUUYHY CyMill ayCTeHITy i uemMeHTuTy (Buwe 727 °C) abo nepnity
i uemeHTUTY (HMXKYe 727 °C) HasmBatoTb nefebypuT (J1). BiH yTBOpOETHCA
npu BMmicTi Byrneyto 4,3 % 3a Temnepatypu 1147 °C, tBepauii (800 HB) i
KPUXKWiA. Lle — CcTpyKTypHa cknagoBa 6ifvx 4aByHiB.

Y MNPOMUCIOBUX YaByHaX OCHOBHOK CTPYKTYPHOK CKNajoBOO €
rpagit. Lle ogHa 3 nonimoppHNX mMoandikauiii (pisHOBUAIB) CTPYKTYPHO
BIfIbHOTO BYT/IEL0 3 FeKCaroHaabHOK KPWUCTaniyHow rpaTko. TBepaicTb
i MiLHICTb rpagiTy HM3bKi. Y cipuxX 4aByHax BiH Mae BUraa4 nnacTuH
pi3HOT hopmu i po3MipiB, Y KOBKOMY — (opMy nfaacTiBUiB, Y BUCOKO-
MiLHOMY — Kynacty ¢opmy (puc. 4.3).

Y ByrneueBux cnnaBax 3anisza rpagit € cTtabinbHO (ha3oto, a Ue-
MEHTUT — NULe BiHOCHO CTabifibHOIO.

NiniT giarpamun ctaHy cuctemn Fe — Fe3C (ams. puc. 4.1) noKasyoTb
(BM3HayaloTh), 3a AKMX TemnepaTyp B 3a/1i30BYrneLeBux crnasax Bifby-
BalOThbCA NepeTBOPeHHSA. J1iHig ABCD, wWwo 06’egHYe TOUKM no4vaTky Kpuc-
Taniszauii po3nnasiB 3 pPi3HUM BMICTOM BYI/eUt0, Ha3WBaETbCA JiHIEW
nikeigycy. Nivis AHIECFwWwo Bignosifaec ToykaM 3aKiHYeHHS KpucTa-
nisauii, HasuMBaeTbca niHie conigycy. GOS — niHiA BepxXHbOT rpaHuLi
obnacti piBHoBaru a- i y-as. lpn OXONOAXEHHI MO Ui AiHIT noyun-
HaeTbCA BUAINEHHA a-(a3n (npu HarpiBaHHA — Yy-ha3um). SE — niHig
noYyaTKy NepeTBOPEHHS ayCTEHITY 3 YTBOPEHHSAM LEeMEHTUTY MpU OX0N04-
XEHHI (KPUTUYHI TOYKM ArT), MPU HarpiBaHHi cnnasy KPUTUYHI TOUKM

AcT. PQ — niHig noyaTtky BWAINEHHA UEMEHTUTY (TPETUHHOrO) npu

O0XONOKEHHI ab0 PO3YMHEHHA TPETUHHOTO LLEMEHTUTY MPWU HarpiBaHHi.

OpHohasHi obnacti 8-theputy, a-PpepuTy Ta ayCTeHITYy OOMeXeHi
BignosigHo niHiamn AHN, GPQ i NIESG. [Oeski ninii giarpamu Bigo6pa-
XKalTb Taki TeMnepaTypHi i KOHUeHTpaLWiiHi YMOBM, 3a AKMUX Y piBHOBa3i
nepebyBatoTb Tpu as3n. Tak, NiHig HIB npn nepuTekTUYHIA Temnepatypi
1499 °C xapaKTepu3yeTbCA HasBHICTIO TPbOX (ha3: 8-(epuTy, ayCTeHITy i
pignun (posnnasy). CnnaBu no niHii ECF, wo BignoBifgae eBTEKTUYHIN
Temnepatypi 1147 °C, cknafaloTbCs 3 PiAWHW, ayCTeHITY i LEMEHTUTY.
CnnaBu Ha niHii PSK, ska BignoBigae eBTeKTOIAHI Temnepatypi 727 °C,
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CKNajalTbCsa 3 aycTeHiTy, ¢epuTy i UeMeHTUTY. [Mpu Temnepatypax
768 °C (niHis MO pgna ctani) i 210 °C (gna 4aByHY) crocTepiraeTbcs
MarHiTHe NepeTBOPEHHA BiAMOBIAHO (MEPUTY i LEMEHTUTY.

XapaKTepHIi TOYKMW Ha fgiarpami BignoBigatoTb MEBHUM
TemnepaTypam i KOHUeHTpauiam Byrneuo (mac. %).

Touka A Bignosigae TemnepaTypi nnaBfneHHa (abo TBepAHEHHS)
yuctoro 3aniza (1539 °C). Touka B Bkasye Ha BmicT Byrneyt (0,5 %) y
pigkiin hasi npy nepuTeKTUYHIK Temnepatypi (1499 °C). Touka H Bigno-
Bigae rpaHudHii KinbkocTi Byrneuto (0,1 %) y 5-hasi npyu NepuTeKTUYHIN
Temnepatypi. Touka / Bkasye Ha BmicT Byrneuto (0,16 %) B aycTeHiTi,
AKWA nepebyBae B piBHOBa3i 3 8-ha3ot0 i PigMHOK NPU NEPUTEKTUYUHIN
Temnepatypi. Touka C BKasdye Ha BMICT Byrneuto (4,3 %) y pigkin asi B

yaByHax (6), x200 3
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BypoBa Ta BNacTMBOCTI MeTaniB i cnnasis

CTaHi piBHOBArn 3 aycTeHiTOM MNpu eBTeKTUYHI Temnepatypi (1147 °C).
Touka E Bignosigae 2,14 % C B aycTeHiTi, wo nepebyBae B piBHOBa3i 3
LeMEHTUTOM NpWU eBTEKTUYHI TemnepaTtypi. Touka S Bignosigae 0,8 % C
B ayCTeHITi, AKNIN nepebyBae B piBHOBa3i 3 NepniTom (hepuT + LEMEHTUT)
npu eBTeKTOIgHIN Temnepatypi (727 °C). Touka P Bignosigae 0,02 % C —
FPaHMYHIN KiNbKOCTI BYI/IEL0, PO3YMHEHOIO y (hepuTi, WO nepebysae y
piBHOBa3i 3 ayCTEHITOM i LEMEHTUTOM MpWU eBTEKTOIAHIA TemnepaTypi.

§4.2

$a30Bi Ta CTPYKTYpPHI Nepe TBOPEHHSA
3asi30ByrneueBnx CriasiB y 3BA3KY
3 Aiarpamoro cTaHy

Po3rnsiHemo 3aKOHOMIpPHOCTI (Da3oBMX NepeTBOPEHb i hOpMyBaHHA
CTPYKTYpM YMCTOrO 3ani3a, TEXHIYHOrO 3afi3a, CTaneli Ta YaBYHIB 3a YMOB
NOBINILHOrO OXONOAXEHHS (HarpiBy), KOPUCTYHOUYUCL Aiarpamord CTaHy
Fe — Fe3C.

UucTe 3anizo. Mpy OXONOMXEHHI po3nnaBy 4YMCTOro 3anisa neplia
TeMnepaTypHa 3ynUHKa Ha rpadiky oxonogxeHHa (puc. 4.4) cnocTe-
piraetbcs npu Temnepatypi 1539 °C, Konu 3ani3o 3 pigKoro ctaHy nepe-
X04WUTb Y TBepAWniA. B pesynbTaTi KpucTanisauii yTBOpPHOETbCS 5-3ai30 3
KpUCTanivyHow rpaTkoro 06’eMHOULEHTpoBaHOro ky6a (OLK) 3 napamer-
pom a=2,93 A. MNMpu Temnepatypi 1400 °C ua popma 3aniza nepexoanTb
B y-3a/i30 i 3MiHIOE KpuUCTanivyHy rpatky Ha KyOi4yHY rpaHeLeHTpOoBaHy
(FUK) 3 napametpom a =3,64 A. MNpu noganblioMy 3HWXeHHI Temnepa-
Typn o 911 °C y-3ani30 nepexofuTb y p-3ani30 3 06’€MHOLEHTPOBAHOM
Ky6iuyHOl rpaTkoto i napameTtpom a=2,90 A. Mojganblue OXONOMXKEHHA
fo 768 °C npu3BoAuTb [0 NEpPeTBOPEHHA HEMArHiTHoOro p-sanisa y
MarHiTHe a-3anizo 3 OLLK-rpaTkoto i napametpom a =2,86 A.

HasiBHICTb KifIbKOX anoTponiyHnx mogudikauid 3anisa 3anexHo Bif
Temnepatypu MO3HAYYeTbCA Ha npouecax (OPMyBaHHA CTPYKTypW |
B/1acTMBOCTEI 3aMi30BYrneLeBnx Crnaasis.

TexHiuHe 3ani30. Mpu 0X0N0LXKEHHI PO3NnaBy TEXHIYHO YMCTOrO 3anisa
(mictnTe 0,02 % C) kpucTanisauyis cnnaBy (puc. 4.5, cnnas 1) nouyun-
HAETbCS MPU LEeSSKOMY NepeoXonoa)KeHHI BiAHOCHO NiHIT AB 3 yTBOPEHHAM
Kpuctanis 5-thepuTy. BOHM MatoTb hopMy AeHApUTIB. BmicT Byrneyt B
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8-hepuTi 3pocTae BignoBigHO NiHiT AH, a B pigkiii ¢a3i — BignNoBigHO
NiHiT AB. Tpu gedakomy MepeoxonoiXeHHi BigHOCHO niHiT AH Kpuc-
Tanisayis 3akiHuyeTbca (puc. 4.5, Touka 3). CTpyKTypa CKNafaeTbcs 3
piBHOBICHUX 3epeH 5-theputy.

T°C

1400

1200
1000

800

600
400

200
Puc. 4.4

KpnBa 0X0N0AXeHHS q
YnCcTOro 3asisa

Mojanblie OXONOAXEHHA cniaBy 1 Npu3BOAMTL 4O MOMIMOP{HOro
NepeTBOpPeHHs 8 —y, fiKe MOYMHAETHCA | 3aKIHYYETbCH MNpU [EAKOMY
NepeoxonofKeHHi BifJHOCHO TOYOK 4 i 5, po3TawoBaHuX Ha NiHisx HN i
IN. MepeTBOpPEHHA CYNPOBOMXYETHCA MNEPEPO3NOLINIOM BYINeul Mix
(bepuTOoM i aycTeHiTOM. [MpM NOBINbHOMY OXONOXKEHHI cKnag a3
3MIHIOETHCA BIANOBIAHO Haxwuny BKasaHUX MiHil. 10 3aKiHYEHHI NepeTBo-
PEHHA HWX4Ye TOYKU 5 CTPYKTypa CnnaBy CKNafaeTbCAd 3 PIBHOBICHMX
3epeH aycCTeHiTy.

Mpu TemnepaTypax HuX4Ye TOYKM 6 CTPYKTypa ayCTeHITYy 3HOBY CTae
HecTabiNbHO | MOYMHAETLCA MONMIMOP(HE NepeTBOPEHHA Yy->a, fKe
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BifOyBaeTbCA B iHTepBani Temnepatyp (Toukum 6..7) i TakoX cynpoBoj-
XKYETbCA MEPEpo3nofifioM Byrneut Mix dasamu. Hmxue TOUKM /CTPYK-
Typa cnnaBy cCKnajaeTbCa 3 3epeH ¢eputy. B iHTepBani To4yok 7..8
TBEPAWWA PO3YMH ((hepuT) € HEHACUYEHUM BYT/IELEM, @ HMXKYE TOUKN 8 BiH
CTae NEpPecuMyYeHnMM i NoYmHae BUAINATUCL LeMeHTUT (Fe3C — Hagnmuw-
KoBa (pasa). LleMeHTUT BUAINAETLCA NEPEBAXHO MO rpaHULAX 3epeH, Lo
HeraTMBHO BM/IMBAE Ha BNACTMBOCTI TEXHIYHOTO 3ani3a. TOMY Ha NpakTuli
HamaralThbC raJibMyBaTW YTBOPEHHS TaKoro (TPETUHHOrQ) LEMEHTUTY.
KiHueBa CTpyKTypa cnnaBy Micns MOBHOTO OXONOLKEHHS CKNajaeTbcsa 3
(hepnTy Ta TPETUHHOTO LEMEHTUTY.

dopMyBaHHA CTPYKTYpU cTanei. 3anexHo Bif BMICTY BYrneuw crani
noAinaTb y BiANOBIAHOCTI 3 fiarpamol0 CTaHy Ha [OeBTeKTOigHi (Big
0,025 no 0,8 % C), esTekTOIgHi (0,8 % C) i3aeBTekTOIAHI (6inbwe 0,8 %
i o 2,14 % C). BignosigHo KpucTanisauisa cTanein MoXe NPOXOoAUTM B
OAVWH, ABa abo Tpu eTanu.

KpucTanisayis ctaneit 3 BMiCTOM BYr/ieLto, W0 BiANOBifae cniasam o,
I, 6 (guB. puc. 4.5), NoYMHAETbCA 3 YTBOpPeHHA 5-heputy. IMig uyac
OXONIOQKEHHS CKNajg LMX KpUCTaniB 3MIHKETLCA BigNOBIAHO Haxuay NiHil
NH, a cknag piguHn — BignosigHo niHiT AB. Mpwu Temnepatypi nixii HIB
pignHa (po3nnae) ANA BCIX BUNAAKiB MpUiAMae KOHLUEHTpauil BYrneuw
6ina Toukm B, a Kpuctanum — 6ins ToukM H.

3a YMOBM HE3HA4YHOro MEepeoxosoAXeHHs BigHOCHO niHii HIB
MOYMHAETHCA MEPUTEKTUYHA KpucTanisayisi, BHACNifOK AKOT 3a paXyHOK
B3aEMOSiT KpucTanis 5-epnTy Ta pigvHN YTBOPKOIOTLCA KpUCTanu aycre-
HiTY. MMepuTeKTMYHaA KpucTanisayis BiabyBacTbCA NPy NOCTIAHIA Temne-
paTypi. 3aneXHo Bij Ckfnagy CTasi BOHA MOXE 3aBeplMUTUChb MOBHUM
3HUKHEeHHAM a3, aki icHyBanu paHiwe (cnnas 1), abo 36epertu
HagNMWoK 5-peputy (cnnaB a) um piguHu (cnnae 6). B ocTaHHbOMY
BMNagKy Bif0yBaeTbCA TPETIV eTan KpucTanisayii, nig yac aKoro B Temmne-
patypHomy iHTepBani MiX niHiamu HIB igi 1E KpucTanisyeTbca ayCcTeHiT.

Y cnnaeax Il i IV kpucTanizayisa BigdyBaeTbCa y TemnepaTypHOMY
iHTepBani MiX niHiamu BC i IE. Kpuctanu aycTeHiTy pocTyTb Y hopMmi
LeHOPUTIB. Y 3B’A3KY 3 MiABULLEHOK PYX/UBICTIO aTOMIB BYrieuto
[AEHAPWTHA MiKBaLis MaliXke He crocTepiraeTbcs.

Moganblwe (OpMyBaHHA CTPYKTYpW 3aneXuTb Bif cknagy ctani. B
eBTeKTOIgHIA cTani (cnnas Ill) aycTeHIT 3anuwaeTbcs CTabinbHUM MNpw
O0XO0NOMXeHHI A0 Touku S. Tpu O0XONOAXKEHHI BILHOCHO L€l TOUKN Npwu
MOCTINHIA TemnepaTypi BiAOyBaeTbCs €BTEKTOIAHE MEpPeTBOpeHHSs. B
pe3ynbTaTi YTBOPKETLCA CTPYKTYpa, WO CKIafaeTbCA 3 CyMilli 3epeH
(nnactmH) a-gepuTy i UEMEHTUTY. TakKy eBTEKTOIAHY CyMill Ha3MBalTb
nepniTom.
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Mpn oxonofxeHHi foeBTeKTOIAHOT cTaTi (cnnaB Il) Hwxkue niHiT GS
ayCTeHIT BTpayae cTabifibHICTb | NOYMHAETLCA NONIMOP(HE NepeTBOPEHHSA
noro y teput. Kpuctanu qepuTy YTBOPHOKTLCA MEPeBaXXHO Ha CTUKax
3epeH aycTeHiTy i pocTyTb 34e6inbworo y BUrnsgi piBHOBICHUX 3epeH.
MepeTBOPEHHA CYMPOBOLXYETLCA 3MIHOK CKNajy aycTeHiTy BignoBigHO
NiHiT GS. Mpwn eBTekTOI4HIN TemnepaTypi 727 °C ayCTeHIT 3aBXan HabyBae
eBTEKTOIAHOT KOHUeHTpayii. Mpu [geskomy nepeoxonogXeHHi Bigoby-
BAETbCA €BTEKTOIAHE MEePETBOPEHHS.

TaknuM 4YUHOM, CTPYKTypa [0eBTEKTOIgHOI cTani 6yfge cknajatuch 3
thepnTy Ta nepnity. BigHOCHY KinbKiCTb (epuTy i Nepnity y CTPYKTypi
[O0EBTEKTOIAHOT CTani, a TAKOX ayCTeHIiTy Ta (epuTy Npu eBTEKTOIAHIN
TemnepaTtypi MOXHa BM3HA4YWTU, KOPUCTYHOUUCb NPaBMNOM BiApi3KiB.
TakKoX MOXHa BUPILUTU 3BOPOTHIO 33Ja4y — OPIEHTOBHO BU3HAYUTU
BMICT BYr/EL0 B CTaTi 3a1€XXHO Bij CNiBBiAHOLWEHHS B CTPYKTYpPI heputy
i nepnity (3a yMOBW MOBINIbHOTO OXONOMXKEHHS).

Y 3aeBTekTOigHIl cTani (cnnaB IV) Hwxue niHiT ES aycTeHiT cTae
nepecMyeHnM LWoOAO0 Byrneyt. HagnnmwkKoBmin Byrneub BUAINAETbCA 3
ayCTeHiTy y BWINSAI BTOPUHHOTO LEeMEeHTUTY MO FPaHuuUsaX ayCTeHITHMX
3epeH. [Mlig 4Yac OXONOKEHHSA B iHTepBani TemmepaTtyp MNepeTBOPEHHS
ayCTeHIT 30ifHI0ETLCA BYrneuem BiAnoBiAHO NiHIT ES. AK i B foeBTek-
TOIAHIN cTani, ayCcTeHIT Mpu eBTEKTOIAHIA TemnepaTypi mMaTuMe €eBTeK-
TOIQHY KOHUEHTpauilo BYrneulw i npuM noAaTbLIOMY OXONIOAXKEHHI 3a
MOCTINHOT TeMnepaTypy NepeTBOPUTLCA Ha MepniT. CTPyKTypa 3aeBTEKTO-
TAHOT cTaTi CKNagaeTbCs 3 NEPAiTy | BTOPUHHOIO LEMEHTUTY.

MepeTBOPEHHSA MNpW HarpiBaHHi cTanein BigdyBaETbCA Yy 3BOPOTHOMY
NopsaKy.

dopmyBaHHA CTPYKTYypu 6iinx yaByHiB. Y 6IiNMX 4aByHax BeCb
HaA4WLWKOBUIA BYrneub nepebyBae y 3B’A3aHOMY CTaHi, TO6TO y BUrAAgi
ueMmeHTUTY — Fe3C. CTpyKTypa 4aBYHY (hOPMYETbCH 3a YMOB He AyXe
MOBI/ILHOrO OXONOXXEHHS PO3NnaBy Yy BiANOBIAHOCTI 3 MeTacTabinNbHOMO
Jiarpamot0 CUCTeEMU 3aTi30 — LIEMEHTUT.

CxeMn CTPYKTYpPHUX 3MiH Mif 4Yac KpucTanizauil 4yaByHIB 3 Pi3HUM
BMIiCTOM Byrneuyo (A0eBTEKTUYHOIO, eBTEKTUYHOIO, 3aeBTEKTUYHOI0) Ha-
BeLleHO Ha puc. 4.6. .

Po3rnsHemMo popmyBaHHS CTPYKTYpU LOEBTEKTUUYHOrO 4aByHy. Moro
KpucTanisauis (puc. 4.6, cnnas Y) BigbyBaeTbca B fiBa eTanun. B iHTepBarti
TemnepaTyp TO4YOK 1..2 KpuUCTani3yeTbCcsi aycTeHiT. [pu uboMy cknag
pigkoi (a3 3MiHIOETLCA BigNOBIAHO Haxuny niHiT BC pgiarpamu, T06TO
po3nnas 36aravyerbca Byrneuem. MNpu eBTEKTUYHIN TeMnepaTypi KOHLEH-
Tpayis pigkoi ¢asn 6yae signosigatn Touui C, TO6TO 6yae eBTEKTUYHOLO.
EBTEKTUYHUIA po3nnaB, NpU AeSAKOMY MepPeOoX0NIOfXKEHHI BiJHOCHO €B-
TeKTUYHOT Temnepatypu (1147 °C), KpUCTanisyeTbCA B €BTEKTUKY, fAKa
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Pos3pgin 2
Byposa Ta BnacTuBoCTi MeTanis i cnnasis

CKflaflaeTbCs 3 CyMilli ayCTeHIiTy i UeMeHTUTy (nefebyput). MNposigHOtO
(ha3ol0 nif yac eBTEKTUYHOT KpucTanisauii € LeEMEHTUT, NNACTUHU AKOTO
nepecikaroTbCa TifKamu aycTeHiTy. 10 3aKiHYeHHi KpucTanisayii CTpyk-
Typa YaBYHY CKNafaeTbCA 3 ayCTeHITy Ta Nnefebyputy.

Mpun nofjanbWoOMy OXONIOAXEHHI B iHTepBasi Temneparyp To4okK 2...J
ayCTeHIT 30i4HI0ETLCA Byrfeuem BIiAMOBIAHO [0 ANiHIT ES pgiarpamu. 3
HbOr0 BUAINAETLCA BTOPUHHMWIA LLEMEHTUT, AKWUIA MOXE HallapoBYBaTUChb
Ha LEMEeHTUT nefebypuTy, YTBOPHOBATM MNPUrPaHUYHY CiTKy abo Big-
MaHLUTETOBI MAacTUHW. 34e6iNblOro BTOPUHHUIA LEMEHTUT Y YaByHI He
€ CaMOCTINHO CTPYKTYPHOK CKNagoBoto. [pu nNepeoxonof>KeHHi Bifg-
HOCHO €BTEKTOIfHOT NiHIT Aiarpam aycTeHIiT CKfafy TOYKM S MNepeTso-
PIOETHCA Ha €BTEKTOI4 — mnepniT. TakuM UYMHOM CTPYKTypa [O0eBTeK-
TUYHOrOo 6inoro yaByHy 6yfe cknagaTuch 3 Nepnity inegebyputy. Ockinb-
KW y negebypuTi ayCTeHIT TaK0oX MEpPeTBOPUBCA Ha MepniT, Takuii nepge-
OypuUT IHKOMN HA3UBalOTh BULO3MIHEHUM.

Kopuctyounch fiarpamolo, HEBaXKO BWU3HAYUTU, WO CTPYKTypa
eBTEKTUYHOro 4aByHy (puc. 4.6, cnnas Il) nicns NOBHOro OXOMOLXEHHS
ABnse cob6ot nefebyput (BMAO3MIHEHWIA), a 3aeBTekTUYHoro (cnnas )
CKNafaeTbCA 3 NEPBUHHOIO LEeMEHTUTY i neaebyputy.

8§4.3

Byrneuesi cTani

3anizoByrneuesi cnnaeu 3 BMicToM Byrneyt Big 0,025 go 2,14 %
Ha3nBalOTbCA CTanagMu. 3aneXxHo Bif BMIiCTY BYrneLto ctani noginsoTh Ha:

* HusbkoByrneyesi (go 0,25 % C);
e cepegHboByrneuesi (0,25...0,6 % C);
» Bucokosyrneuesi (6inbwe 0,6 % C).

3a CTPYKTYpOIO Yy PiBHOBXKHOMY CTaHi X NOAINAKOTL Ha:

* [l0EBTEKTOIAHI;

e eBTEKTOIfHI;

* 3aeBTEKTOIAHI.

LoesTekToigHi cTani (Big 0,025 go 0,8 %) mMalOTb CTPYKTYpy, fKa
CKNajaeTbes 3 3epeH heputy i nepnity (peput + LemeHTUT). 3i 3pOCTaH-
HAM BMICTY BYI/IEL0 3MEHLLYETLCA KiNbKiCTb PEPUTY i 3pOCTaAE KiNbKicTb
nepnity. EBTekTOigHa cTans Mictuts 0,8 % C i cTpykTypa i cknaja-
€ETbCA NNWe 3 NepniTy naacTMH4YacToi OyfoBu. 3aeBTEeKTOIAHI cTani
(0,8...2,14 % C) maloTb CTPYKTYypy nepniTy, no rpaHuusx 3epeH SKoro
pO3TallOBaHWii HAANLWKOBUIA LEMEHTUT.
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nasa 4
3anizoByrneuesi cnaasun

BignoBigHO [0 3pocTaHHA BMICTY BYrfeuto y BYr/feueBmx cTansx, Lo
nepebyBatOTb Y PiIBHOBaXXHOMY CTaHi, 3MIHIOETHCA TXHS CTPYKTYpa i ha3oBuii
CKNaj, 3MeHLLYETbCA KiNbKicTb M’AKoro deputy (80 HB), 3pocTae KinbKiCTb
nepnity i TBepaoro uemeHTUTy (800 HB), 3pocTae TBEPAICTb i NOPIr MiLHOCTI,
3HUXYIOTLCA YapHa B’A3KICTb | NNaCTUUHI XxapakTepucTukn (puc. 4.7). Mpu
BmicTi C 6inbwe 1,0 % nopir MiLHOCTI 3HUXYETLCH, WO 3YMOB/IEHO YTBO-
PEHHAM CYUINbHOT CITKM LEMEHTUTY NO rpaHuusaX 3epeH cTai.

a,, oT, MlNa
HBr 1000
KCU, M Ox/m
200 800 20 S 12
150 600 30 - 10
100 400 20 0,8
50 200 10 0.4
dbeput, %
100

Puc. 4.7

BnavB Byrneut Ha MexaHiuHi BnacTvuBocTi cTani (a)
Ta Ha KinbkicTb depuTy i uemeHTUTy (6)

Byrneuesi ctani npomucnoBoro BMpo6HMUTBaA, KPiM 3anisa i Byrneyto,
Yy CBOEMY CKMafi MIiCTATb NEBHY KifbKiCTb AOMILLIOK iHWMWX enemMeHTiB. Lle
3YMOB/IEHO TEXHO/Oriel0 BMPOOHULTBA cTani (Hanpuknag, Mn, Si), He-
MOX/IMBICTIO TX MOBHOro BupaneHHsa (S, P, O, N, N), a TakoX iHWUMYN
o6ctaBmHamu (Cr, Ni, Cu Ta iHwWi). OOMiWKM TaKoX MOAINATbL Ha
nocTiiHi (Si, Mn, S, P), npuxoBaHi (N, O, H), sunagkosi (Cu, Al, W,
Ni) i cneuianbHi (Byrneub i nerywoyi enemeHTn).
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Pospgin 2
Byposa Ta BiacTMBOCTI MeTanis i cniasiB

Mpomucnosi ctani, AKi, KpiM Byrneut, He MICTATb IHWMKX cneyianb-
HUX LOMILIOK, Ha3WBalOTb BYrneLeBMMU. 3anexXHo Bif KiNnbKOCTi JOMILIOK
BYrneuesi NPOMUCNOBI NOAINAKTL HA TaKi OCHOBHI rpynu: cTani Byrneuesi
3BMYaiHoi akocTi (go 0,05 % S, go 0,05 % P), skicHi Byrneuesi crani
(0,03...0,04 % Si P), BucokoskicHi (go 0,025 % S i P), a TaKoX BYrneuesi
cTani cnewianbHOro npusHayeHHa (iHCTPYMeHTanbHi, aBTOMaTHi, KO-
TenbHi TOLW,0).

ByrneueBi cTani 3BMYamHOT AKOCTI MO3HayalTb
nitepamn CT i umgpamm Big 0 o 6 (YMOBHWMIA HOMEp Mapku cTani).
Binbwe uucno Bignosifae 6inbWIOMY BMICTY BYrfeut, nNiABULLEHHIO
MILHOCTI i 3HUXEHHI0O MAacTMYHOCTI. IHAeKcu npaBopydy Bifg Homepa
MapKW BKa3ylTb Ha CTYMiHb po3kucneHHa crtani: KM — kunnsava, MNC —
HaniBcnokiHa, CM — cnokiiiHa ctanb (CTtikn, Ct2kn, Ct2nc, CT2cn,
C13kn, Ct4nc, Ctben Ta iHWi). MiX iHAEKCOM | HOMEPOM MapKu iHogi
MOXe CTOoATU niTepa I, AKa BKalye Ha MiABULLEHWIA BMICT MapraHuto
(no 1 %).

3aneXKHo Bif NpU3HAYeHHSs | rapaHTOBaHWX BMacTMBOCTENM CTani noc-
TavyalTb Yy BUIIALI NpokaTy Tpbox rpyn: A, b i B.

Y cTanax rpynwu A He pernameHTyloTb XiMiuyHWiA cknag, ane
rapaHTylTbCA MeXaHiyHi BNacTMBOCTI. 3a BMMOramu A0 HOPMYKOUUX
NMOKa3HMKIB (XiMIYHWIA CKNaf i MexaHiuHi BMacTMBOCTI) CTani 3BMYaiHOI
AKOCTI NOAINAKTL HA TPU KaTeropii i N03HayytTb BiANOBIAHOW LUGPOIO
nicns iHAekcy poskucneHHsa. Tak, Ct5INc3 o03Havae: cTanb rpynu A,
mapka CT5 3 nigBuweHMM BMiCTOM MM, HaniBCNOKiliHa, TPeTbOi KaTte-
ropii. AAKLWO He BKa3yeTbCA CTYyMiHb PO3KWCNEHHS, TO KaTeropito nosHa-
YyaloTb 3a HOMepoOM Mapku uepes Tupe (Ct4—3). Ona crtani nepuofl
kateropii (Ct4nc) il HoMep He BKa3yeTbCH.

Ctani rpynun b nocrayalTb 3 rapaHTOBaHUM XiMiYHUM
CKNafloM, MexaHiYHi BNacTMBOCTI He rapaHToBaHi. 3acTOCOBYIOTb X AN
BUpO6IB, AKI NigfaloTb TepMiyHin 06pobui i rapayiin ob6pobui TUCKOM
(wTamnyBaHHA, KoBKa). [lMo3HayaloTb Ha MoyaTky Mapku nitepot b,
Hanpuknag BCTO, BCTIKN, BCT6CN.

Ctani rpynu B nocrayaloTb 3a MEXAHIYHUMW BNAacCTUBOCTAMM,
Wwo BignosigaloTe HopmMaMm rpynu A, i 3a XiMIYHMM CKnagom, Uio
BiANoBigae HopmaM cTanein rpynu b. MosHavatoTb Tak: BCTIkn, BCTt2cn,
BCt4nc, BCt5cn towo. Ctani rpynu B BUKOPUCTOBYIOTb MepPeBaXXHO s
3BaploBasibHUX KOHCTPYKLIiA.

Ctani ByrneuyeBi SAKIiCHI Bigpi3HAIOTbCA Bif cTanel
3BMYANHOT AKOCTIi MEHLINM BMICTOM S, P Ta IHWMX WKIigANBMUX JOMILLOK,
a TaKoX Oifbl BY3bKMMW IHTEpBanamm BMICTY BYI/ELI0 Y KOXHIA mapui
cTanel i nigsuuweHnm Bmictom Si i Mn (y 6inbwocTi Bunagkie). Crtani
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MapKylTb ABO3HAYHUMM YmMcnaMu, AKi 03Ha4YalTb BMICT BYI/ELI0 Y COTUX
yacTKax MNpoueHTa | nocTayalTb 3 rapaHTOBaHMMW MOKa3HUKamu
XiMIYHOrO cKnagy i MexaHidyHMX BnacTuBocTeir. Ctani mapok 08, 10, 15,
20 3MiHIOOTb BNACTMBOCTI 3a1€XHO Bifi BMICTY BYI/eLI0 Y TaKUX Mexax:
4NA nopory MiLHoCTi npu po3TarysBaHHi an= 330...420 MMa, BiAHOCHOIO

BUAOBXeHHA 5= 25...33 %, TBepgocTi 131..163 HB. BUKOpPUCTOBYIOTb iX
0N BUTOTOB/IEHHS MafOHaBaHTaXEHMX fAeTaneil, Takux, K LWeCTepHi,
3ipoYKN, poOAWMKK, oOcCi, LemMeHToBaHi Bupobu. Ans cepefHbOHaBaHTa-
XeHUX fgeTaneit (WeCTepHi, Banu, OCi) BUKOPUCTOBYHOTb CTani mMapok 25,
30, 35, 40, 45 3 BnactusoCcTAMM B Mexax: gna oy = 460...610, 5 = 19..23 %,

TBepaicTb 170... 229 HB. Ctani mapok 50 i 55 BMKOpPWUCTOBYHOTH AN
feTaneit, SKi nNpauroloTb MPUM BUCOKUMX HaBaHTaXeHHAX (WecTepHi,
MY(TU, NPY>XWUHHI Kinbus). MexaHiuyHi BNacTMBOCTI 1X 3HaxXogATbCA Y
mexax: cu=640..650 MTMa, 5= 13...14%, 241..255 HB. TlpyXuHu,

pecopu, eKCLEHTPUKMK Ta iHWi feTani AN yMOB TepPTA BUTOTOBAAKTH i3
BYr/leLueBux cTane mapok 60, 65, 70, 75, 80, 85, a Takox 60l i 70I.

Byrneuesi siKicHi cTani nocTavawTb Yy BUIASA4I NpoKaTy, MOKOBOK,
KanibpoeaHoro nepepisy, Kpyra 3 06po6iaeHO0 nNoBepxHet (CpibnsHka)
TOWO. 3a CTYyMeHeM pPO3KUCMIOBAHHA PO3Pi3HAKTb TakoX K, nc i
CnokiliHy (6e3 BKasyBaHHA iHAeKCY CTani).

Ctani ByrneueBi cneyianbHOrNro NPMU3HaYeHHSH.
Cepeg Hux cTani, ki fobpe 06po6nATLCA pi3aHHAM (aBTOMaTHI cTani)
Ha BepcTaTax-aBTomMartax. [lpu LbOMYy YTBOPHETbCA Api6HA | KOPOTKa
CTPY)XXKa, 3MEHLWYETbCA LIOPCTKICTb 06p06MHOBaHMX MOBEPXOHb. ABTO-
MaTHiI cTafni MaloTb nigsuweHnin Bmict cipkmn (0,08...0,2 %) i cdoctopy
(0,06...0,15 %). O6pobntOBaHICTb pi3aHHAM MNOKpPaWyTb TaKOX TeXHO-
NOTiYHI 006aBKM CefneHy, CBUHLIO, Tenypy. ABTOMAaTHI CTani MapKylTb
niTepoto A nepef uuppamu, WO BKasylTb CepefHili BMICT Byrfeuw y
COTUX 4YacTKax npoueHTa: A12, A20, A30, A40, A40l. I3 ctani Al2
BMTOTOBAAKOTL BifMOBiganbHI BUPO6U, pelwiTa aBTOMaTHUX CTaNeil BUKO-
PUCTOBYETLCA 414 AeTaneil, WO MNpauloloTb 3a YMOB 3HaYHMX HaBaHTa-
XEHb | TUCKY.

CopTaMeHT aBTOMATHOT CTani — COpPTOBMWI A NpoKaT y BUIAa4i NpyTKiB
KPYrnoro, KBagpaTHOro i WecTUrpaHHOro nepepisis. BUKOPUCTOBYHOTH iX
LN BUTOTOB/IEHHS 3BaplOBa/ibHUX 3’€fHaHb.

Ctani gns KOTNiB, NOCYAWH BUCOKOrO TUCKY, MapoBMX KOTAIB,
KaMep ropiHHA, CYfOBMX TOMOK, rasoBux Typ6iH TOLLO MOBUHHI npawto-
BaTW NpPW 3HAYHOMY TUCKY i TemnepaTypi go 450 °C Ta fob6bpe 3Bapto-
BaTMCb. [1nA 3abe3neyeHHs Taknx BAacTUBOCTEN [0 IXHLOrO CKnagy foAa-
I0Tb TUTAH | [04aTKOBO PO3KUCIOKOTHL aftoMiHieM. Byrneuesi KOTefbHI
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crani 12K, 15K, 16K, 18K, 20K i 22K 3 BmicTom Big 0,08 fo 0,28 %
BYrfneut nicns Hopmanisauii i BigNycky BMPO6NAOTb y BUMNAAi nucta
3aBTOBWKK A0 200 MM (AuB. po3gin 4).

IHcTpyMeHTanbHi Byrneuyesi ctani (0,65..1,3 % C).
BurotoBnsitoTb Taki Mapku uux ctaneit: Y7, ¥8, Y8I, Y10, Y11, Y12 i
Y 13. Undpn BKasyloTb Ha BMICT BYI/IELI0 Y AECATUX YacTKax MpPOLEHTA.
Nitepa A nicnsa uudpu 03Hayae BUCOKOAKICHY cTasb. Hanpuknag, cTanb
Mapku Y12A po3wmndpoBYyOTb TakK: iHCTPYMeHTalbHa Byr/felesa cTalb 3
BMicTOM BYyrneuto 1,2 %, BUCOKOSKICHA.

[HCTPYMEHTH, W0 NpaLioioTh 38 YMOB YAapHOr0 HaBaHTaXEHHSA, BUTO-
TOBNAKTL i3 cTaneit Y7A, Y8A (MonoTku, 3ybuna, 60pogKu, cTameckn).
IHCTPYMEHTM X, L0 NOTPebyOTb BUCOKOT TBEPAOCTi 63 yAapHOro HaBaH-
TaXXeHHA (cBepana, MiTYMKKU, HANWNKK, po3BepTKMU, Wwabepun), BUTOTOBNA-
I0Tb i3 cTanen Y12A, Y13A. Ond BUMIpHOBanbHOr0 iHCTPYMEHTY BMKO-
pucToBylOTb cTani ¥8, ¥9, Y10, Y 12. Baja iHCTPYMeHTIB 3 BYr/feLeBunx
CTaneil — ue HM3bKa TennocCTilKIiCTb (3aaTHiCTb 36epirat TBepAiCTb Npu
NigBULLEHHI TemnepaTypm). IHCTPYMEHTM 3 BYT/leLeBMX CTanei npu Harpi-
BaHHi Buuie 200 °C BTpavaloTb HEOOXiAHY Ansi po60TU TBEPAICTb.

§4.4

Mpomuncnosi YaByHU

3a XiMiYHMM CKMafoM 4aBYHW BiApi3HAKOTLCA Bif CTani BUCOKUM
BmicTom Byrneyto (6inbwe 2,14 %) i nocTiiiHmx gomiwok (S, P, Si, Mn).
MMOpiBHAHO 3i CTaNAMM YaBYHW MatOTb HMKYI MeXaHiYHi BNacTUBOCTI, ane
3HAYHO Kpali TeXHONOrivHi (NMnBapHi, 06po6t0BaHICTL Pi3aHHAM, aHTH-
(pUKLiAHI BNacTUBOCTI, 3HOCOCTIMKICTb). Lle 3yMOB/tOE LIMPOKE BUKO-
PUCTaHHA YaBYHY A8 BUTOTOB/IEHHA 6araTbOX AeTaneil y pisHUX ranyssax
MallMHOOYAyBaHHS.

3ane)xHo Big XiMiYHOro ckKnagy Ta YMOB KpucTanisauii Byrneub y
4yaByHi MoOXe 6yTW Yy XiMIYHO 3B’A3aHOMY CTaHi Y BUTNAAI LEMEHTUTY
Fe3C, abo y BinbHOMY CTaHi y Buraagi rpadity. BignosigHo A0 UbOro
PO3pi3HATL 6ini YaByHM (BYrneub y BUrNALI LEMEHTUTY) i K CKNafoBy —
nepnit; cipi 4YaByHu (Byrneub y BUrnagi rpadity nnactmHyacTtoi abo
NentCcTKOBOT (DOPMU), a TAKOX BUCOKOMILHI (rpagiT KynsacToi popmm) Ta
KOBKi (rpait nnactuH4yacTol dopmm).

CTpYKTYpHUiA cTaH 6inMx 4YaBYHIB 3aneXuTb Bif BMICTY BYrfeuwo i
BignoBifae fiarpami piBHoBaXxHOro ctaHy Fe — Fe3C (ams. puc. 4.1). 3a
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CTPYKTYpPOIO X NOAINAITL HA A0eBTeKTUYHI (2,14...4,3 % C), eBTEKTUYHI
(4,3 % C) i 3aeBTekTUYHI (4,3...6,7 % C).

CTPYKTYpY JOeBTeKTUUYHUX 6iAMX YaBYHIB CKajaTb Nepair,
negebyput i BTOPUMHHUIA LeMeHTUT. MeTanorpadiyHo nepniT cnocte-
piraetbCcs y BUrAa4i TEMHUX 3€peH, LEeMEHTUT — CBITAMX CMyr, a Nneje-
OypuUT — Yy BUrNALI LiNIAHOK 3 TEMHUMMW BKpanjeHHAMUK (CyMmiw ApibHUX
OKPYF/IMX TEMHWX 3epeH NepniTy, PiBHOMIPHO po3nofgineHnx y 6inii
OCHOBI LeMeHTUTY) (puc. 4.8, a).

Puc. 4.8
CTpyKTypy O0eBTEKTUYHOro (0), eBTeKTUYHOro (6) Ta 3aeBTEeKTUYHOro (B, T)
yaByHiB, xtOO
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EBTEKTUMYHNUINE YaBYyH Mae CTPYKTypy negebyputy —
PiBHOMIPHOT MexaHi4YHOT cyMilwi nepnity i ueMeHTUTY (puc. 4.8, 6).

3aeBTEKTUWYHUW YaBYH XapakTepusye CTpyKTypa, WO
CKNafaeTbCa 3 NEPBUHHOIO LEMEHTUTY i nefebyputy (puc. 4.8, B, I).

OpfepXaHHIO TakMX CTPYKTYp CNpuWAE MiABULLEHWIA BMICT y YaBYHI
MapraHut, 3MeHLEHN BMICT KPEMHIO | 3p0OCTaHHA LWBWUAKOCTI 0X0N04-
XXEeHHS nig 4ac TBepAHeHHsA. HaaBHICTb y CTPYKTypi 6inoro 4aByHy
TBEPAUX LEMEHTUTY i NefebypuTty 3yMOB/IHOE TXHIO BUCOKY TBEPAICTb i
KPUXKICTb Ta AyXe ycKnafgHwe 06pobKy pizaHHAM. TOMY BUKOPUCTaHHA
6inMx YaByHIB y MalWMHOOyayBaHHI 06MexeHe. BUKOpPMCTOBYHOTh X ANS
BUIOTOB/IEHHS LWIPOTY i 3ipOYOK ANA OUYMCTKM NNTBA, KYNib APOOUNBHUX
arperatis. B OCHOBHOMY > 6ini 4aByHW nepepobnstoTb Ha cTanb abo
WNAXOM cneuianbHOT TepMivyHOT 06p06KK (rpadiTvsyroue BignantoBaH-
HA) — Ha KOBKWI YaBYyH.

CTpyKTypa cipux, KOBKWUX | BUCOKOMILHWX YaBYHIiB CK/1afaeTbCcs 3
MeTaneBol OCHOBW, WO MPOHM3aHa rpaditoBuMy BKpanieHHAMKU. MeTa-
NneBa OCHOBA TaKUX YaBYHIB MOXKe BYTW MepniTHOM, hepuUTHOLO i hepuTo-
nepniTHo0. BoHa 3yMOB/OE XapaKTepUCTUKU TBepAOCTi, MILHOCTI, 3HO-
COCTIMKOCTI. TakKi XX XapakTepUCTUKN, AK MAACTUYHICTb, ONip pyiHYyBaH-
HIO NpW pO3TAryBaHHi, ONip CnpawutoBaHHIO, 3an1eXaTb Fr0N0BHUM YMHOM
Bif (hopMu, po3MipiB i xapakTepy po3nofiny rpaiToBux BKpanieHb.

PO3pi3HAIOTL TpU OCHOBHI (hopmu rpadiToBux BKpanieHb (as):
NiacTUHYacTy, NNACTiBYaCTy Ta KynacTy.

Cipi yaByHM. M npuTamaHHa njacTMH4yacTa (opma rpadity, AKui
MOXXHa po3rnagatn K TPIWMHY YM HaApi3, WO CTBOPHE KOHLUEHTpaLito
HanpyXeHb Yy MeTaneBil MaTpuui Ta Pi3KO 3HMXKYE XapaKTepuCTUKK
MiLUHOCTI 4aByHy. Cipuii 4YaByH — HalgeweBLNA KOHCTPYKLIiAHWIA
maTepian. Y BUPOOGHWULTBO HagXoAuTb Yy BWUINALI BUIWBKIB, MAae BUCOKI
NVBapHi BNacTMBOCTI, fo6pe 06po6NOETLCA pi3aHHAM, YNHUTL OMip 3HO-
WYBAHHIO, 3[4aTeH po3citoBaTW KOAMBAHHS MpW BibpauiiHUX i 3MIHHUX
HaBaHTaXEeHHAX (Y 2... 4 pa3un BuULLe 3a CTasb).

Cipi yaByHUV Ofiep>XyOTb NPU BBefeHHi 40 pO3niaBy 4YaBYHY peyOBUH
(rpadpiTnsartopis), Wo cNpuUsaOTb po3nagy LeMeHTUTY i BUAINEHHIO BYrne-
Lo y Burnagi rpagity. paditm3atopom ciporo 4aByHy € KpeMHii. MMpwu
BBeAEHHI Npu6an3HO 5 % KPEMHil0 LEMEHTUT Ciporo 4aByHy Maixe
MOBHICTIO PO3NajaeThbCs, YTBOPKOOYM CTPYKTYPY 3 NAACTUUHOT (hepuUTHOT
OCHOBM i BKpanneHb nnactuHyacTtoro rpadity (puc. 4.9, a). MNMpu 3meH-
WEHHi KiNbKOCTI KPeMHil0 LeMeHTUT nepniTy po3najacTbCs 4YacTKOBO,
yTBOpOOUMN (hepuTo-nepnitHy (puc. 4.9, 6) CTPYKTYpYy OCHOBU YaBYHY.
Mopjanblue 3MEHLWEHHSA BMICTY KpPeMHil0 Npu3BOAUTL A0 (hOPMYBaHHS
CTPYKTYpW Ciporo 4aByHy Ha MepniTHin ocHoBi (puc. 4.9, B). HalmiyHi-
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WWMW € Cipi YaBYHM Ha NepniTHIA OCHOBI, a HalbiNblW NAACTUYHUMU —
Ha PepuTHIN.

MpomMucioBIiCTb BUMYCKAe Taki Mapku cipux 4asyHis: CY10, CY15,
CU20, CU25, CU30, CY35, CH40, CU45. Mpu MmapKyBaHHI Cipux YaBYyHiB
nitepu CY o3HayaloTb — YaBYH Cipuid, a uMPpu — MiHiManbHe 3HAYEHHS
nopory MilLHOCTI nNpu po3TaryBaHHi (0B, Krc/mMm2).

(6) i nepniTHoto (B) ocHoBamu, x200 B

3anexHo Bif PiBHA (Di3UKO-MeXaHIYHUX XapaKTepUCTUK Cipi YaBYHMU
YMOBHO MOXHa MNOAINNTA Ha 4aByHU Manoi Ta NiABULLEHOT MILHOCTI i
YyaBYHMU 3i crelianbHUMU BACTUBOCTAMM.

Cipi yaByHVM Manoi MiLHOCTI MalTb hepuTHY abo
(hepuUTO-NepniTHY CTPYKTYpPY 3 NAaCTUHYaCTUM rpadiToM i BiAnoBifatoTb
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mapkam Big CY10 go CY30. Hanpuknag, npu po3TAryBaHHi MilHICTb
YyaByHy CU25 ou= 250 MMa, TBepaicTb 180...250 HB.

Cipnii yaByH migBuuweHoOT MIiLHOCTI BIigNOBIgaE Mapkam
Bif CU35 po CU45, mae nepniTHy MeTaneBy OCHOBY i Oifibll TOHKY
posrany>eHy nentocTkoBy Gopmy rpadity. MiyHiCTb TAKUX YaBYHIB 0B=

= 350...450 MMa, TBepgicTb 200...289 HB.

MiLHICTb LMX YaBYHIB 3a6€3MeYyoTh IeryBaHHAM | MOLU]IKYBaHHAM.
NeryBaHHs 3LIACHIOOTE NPUCAfKOK HEBENMKOT KiIbKOCTI HIKenw i
XpOMy, MONibaeHy 3 TMTaHOM abo migato. Mpu UbOMY 0AEpPXYHOTb APiGHO-
3epPHUCTY CTPYKTYpY i Ginbw TOHKY opmy rpagity. MogndikyBaHHS
3pincHoTL gobaskamm (0,1..0,3 % Big macu 4aByHy) epocuniyito,
CINNIKOANOMIHIK0, CiNiKOKanbLilo Ta IHWWUMK. iX JofalTb 6e3nocepesHb0
y KiBLW nNif yac 1Oro 3anoBHeHHA po3nnaBoM. CTPyKTypa TaKoro 4aByHy
He MiCTUTb NeflebypUTHOro LLeMEHTUTY, YaBYH TBepAHe 3 BifOiNtoBaHHAM
(6innii abo NONOBMHYACTWIA), XIMIYHWIA CKNaj YaBYHy NMLIAeTbCsH Mpak-
TUYHO HEe3MiHHMM. MoAUGiKOBaHWIA pPiAKUIA 4YaByH HeobXigHO oapasy
po3nuBaTU y NMBapHi (hOPMU, OCKINbKU eeKT MoaundikyBaHHA 3HMKAE
BXe yepes 10... 15 xs.

Y MawunHobypayBaHHI 3 cipux 4aByHiB CY10, CY15 BUroToBnAOTH
Jetani And HW3bKMX | CepefHiX CTAaTUYHUX HaBaHTaXeHb (CTaHWHU
BEpCTaTiB, KPWULIKW JOKiB, NOAYLIKW OMOp TOLWO); 3 yasByHiB CY20,
CY25 — pana nigBULWEHWX HaBaHTaXeHb JAWHaMivHOT gii (kapTepu
OBUTYHIB, 610KM LMNIHAPIB, NOPLWHI, cTaHUMHK); CYU30, CY35, CY40 —
0N BUCOKMX HaBaHTaXKeHb i 3HOWYBAHHA (po3nogifibHi Banu, 3y6yacTi
Kofeca, rifb3n 6M0KIB LWAIHAPIB, FanbMiBHI KONOAKN).

KoBki 4aByHu. Lle ymoBHa Hasga 6inblWl MAacTUYHOrO, MOPIBHAHO 3
cipum, 4aByHy. Voro Hikonn He KylTb. OfepXytTb MOro Wasxom Tpusa-
NOro BMCOKOTEMNEPATYPHOr0 BignantoBaHHA BUMBKIB 6inOro YaByHy 3
NepniTHO-UEMEHTUTHOK CTPYKTYypotl. [lif yac Takoro rpagitv3yryoro
BiAnantoBaHHA (AMB. IN. 5) LEMEHTUT 6iNOro YaByHy po3nagaeTbCcs, YTBO-
ptotoun rpait nnactisyactoi ¢opmm (puc. 4.10, a, 6). 3anexHo Bif
CTPYKTYpPX MeTaneBoi OCHOBW PO3Pi3HAKTL KOBKI DEPUTHUIA | NepniTHWIA
YaBYHMU.

PepuMTHI KOBKI YaBYHW 0aepkywTb 3 6ianx, ki mMatoTb
y CBOEMY cknagi 2,4..2,8 % C; 0,8...1,4 % Si; 0,3...0,4 % Mn; 0,08... 0,1 % S;
<0,2 % P.

MepniTHi KOBKi YaBYHW BUTOTOBAAKTH 3 6innX, aKi MicTaTs 2,8... 3,4 % C;
0,5..0,8 % Si; 0,4...0,5 % Mn; 0,12 % S ; 0,2 % P.

3anexHo Bif MOKasHMKIB MiLHOCTI npu po3TaryeBaHHi (o) i BigHOC-

HOro BMUAOBXEHHS (8) KOBKi YaBYHW PO3pPi3HAOTH 3a Mapkamu: KU30-6,
KY33-8, KU35-10, KY37-12 — ue depuTHi yaByHn; KU45-6, KY50-4,
K456-4, KY60-3, KY63-2 - nepniTHi.
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3 KOBKMUX YaBYHIB BUTOTOBNAOTb BUCOKOMILHI AeTani AN 3MiHHUX i
YAApPHMX HaBaHTaXeHb, MiABMLLEHOrO ChpauloBaHHA, Hanpuknag, Lwec-
TEepHIi, WaTyHn, KapTep 3afHbOro MOCTY, rafbMiBHi KOMOAKW, CTynuui,
raykoBi flaHUOTK, Manbli pisanbHMX anapaTtiB TOWwo0. AHTUKOPO3iiiHi
BIAaCTUBOCTi KOBKMX YaBYHiB AOCWMTb BWUCOKI Mpu ekcnayatauii B cepe-
[OBULL BONOrOoro noBiTpsi, BOAW, TOMOYHUX rasiB. BOHW WKMpPOKO 3acTo-
COBYIOTbCS Y CiNbCbKOroCNo4apCbKoMy, aBTOMOBINbHOMY, TEKCTULHOMY
MallMHOBYAYBaHHI.

BucokoMiuHi YaByHU — Ue pi3HOBWUA Ciporo 4aByHY 3 pepuTHO abo
NepniTHOK CTPYKTYpPOL, MOAMGIKOBAHOTO MarHieM abo KOMMIEKCHUMU

Puc. 4.10
CTpykTypu koBkoro (a, 6) i BucokomiyHoro (B, r) 4aByHiB, x200
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mMogudikatopammu (MarHiin 3 go6askamu cuniyito Ta iHWi). B pesynbTarti
MOAUGIKYBaHHSA OfepXYHTb rpagit Kynactoi opmu i HEBENIMKUX pPO3-
mipis (puc. 4.10, B, r). Taki YaBYHU MarOTb MiABULLEHY MILHICTb i MopiB-
HAHO 3 CipUMWM YaByHaMW 34aTHi YMHWUTKU ONip KPUXKOMY PYAHYBaHHIO.
BoHu matoTb hepuTHY abo MepNiTHY CTPYKTYpYy MeTaneBoi OCHOBH.
3aneHo Big nopory MiyHocTi (au) i BiGHOCHOro BWAOBXEHHS (5)

BMCOKOMILHI YaBYHM MOAINAKTbL Ha Taki Mapku: BY38-17, BU42-12,
BU45-5, BY50-2, BY60-2, BY70-3, BY80-3, BY100-4, BY120-4.
[iana3oHn 3MiHM BNacTMBOCTEN LMX MapokK Taki: oa=380... 1200 MMMa,

8=2..7 %, TBepaicTb 140...369 HB.

Bucoki mexaHiyHi BNacTUBOCTI UMX YaBYHIB [0O3BONAOTb BUKOPUCTO-
BYBaTV iX [N BUIOTOB/IEHHA [eTaneli MalWuWH, WO NpauilooTb 3a YMOB
3HaYHWX HaBaHTaXeHb, 3aMiCTb MOKOBOK i BUAMBKIB i3 cTanein. 3 BucoO-
KOMILHOr0 4aByHY BWIOTOBAAKOTb fAeTaNli KOBaNbCbKO-NPecoBoro obnaj-
HaHHA, NPOKAaTHUX CTaHiB, napoBuMx TypbiH, TpakTOopiB, aBTOMOGINiB
(KoniHyacTi Banu, NOPLHI TOLWO).

YaByHu 3i cneyianbHUMU BRacTMBOCTAMU. BUKOpUCTOBYIOTH X Y
BMNAAKY, KOMW BWAMBOK, OKPIM MILHOCTI, Mae 3abe3neunTy MeBHUN
piBeHb crneundivyHMX BNAcTUBOCTElW, Hampuknag XimMmiyHy abo KOposiiHy
CTiKICTb, 3HOCOCTIKICTb, XapOCTiNKiCcTb TOWo. Tak, ayCTEeHIiTHMNIA
YaByH Mae BWCOKI MOKa3HWKWU XIMIYHOT CTIMKOCTI y KMCAOTax i nyrax, a
TaKoX >apoMmiuHocTi. Tpuknagnm TakuUX 4aBYHiB — Hipe3uT (MicTUTb
fopatkoso 14 % Ni, 2 % Cr, 7 % Cu), Hikpocunan (Mictute 5 % Si,
18 % Ni, 2 % Crra iHwWi). XXapocTinknii YaByH-4yyranb mictutb 20...25 %
aNtoOMIHIt0.

MarHiTHUIn 4yaByH (pepuTHUI 3 KynsacTMM rpadiToM) BUKOPUCTOBY-
I0Tb 1S BWUFOTOBNEHHSA KOPNYCIiB €NeKTPUYHUX MalUWH, LWWTIB, pam
ToLwoO.

HemarHiTHi 4aByHW — HiKenb-MapraHuesunii (Mictutb 7...10 % Mn,
7...9 % Ni) abo mapraHueso-MigHuin (Mictnts 9,8 % Mn i 1,2..2,0 % Cu) —
BMKOPUCTOBYIOTb [/ BUIFOTOBMEHHA KOXYXiB | 6aHAaXiB e€NeKTPUUHUX
MaLLWH.

[0 yaByHiIB i3 cneyiaibHUMKN BNACTUBOCTAMU BiAHOCATb TaKoX (hepo-
cnnaewu, Taki, AK epomapraHeyb, hepocuniuiii, hepoxpom, L0 3aCTOCO-
BYIOTb /19 PO3KWUCNEHHA | NeryBaHHA CTani y MeTanypriiiHuX i IMBapHUX
npowecax.
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s 41,
NeroBaHi cTani

NeroBaHumMy Has3uBawTb CTani, AKi, KpiM 3ani3a, Byrfeuw i TeXHO-
NOTiYHUX [JOMILIOK, MICTATb cneuianbHi AOMIWKK (Neryodi enemMeHTn).
Jlerytoui enemeHTn BBOAATL A0 CKNagy ctani nd HagaHHA i abo nmokpa-
WaHHS NeBHUX (i3NUUYHMX, XIMIYHUX, MeXaHiYHUX abo TeXHONOriYHUX
BnactuBocTeii. CTani MOXYTb MICTUTM OAMH abo KinbkKa Jieryroumx

Mn Si,Al
Ni P,Be
Pt W,Sn
Mo,Sb
v,Ti
Puc. 411

Bnnve nerywuunx enemeHTiB Ha nosimopdism 3anisa.
Cxemun fiarpam craHy 3aniso — feryloumnii enemeHt

enemMeHTiB. HasABHICTb UWX eNeMeHTIB NPUBOAUTb He TiibKW [0 3MiHU
BNAacTMBOCTEN cTani, a W A0 pexumiB il TepMiyHOT 06po6KK. Jlerytoui
€eMEHTN B Tili UM IHWIA MIpi PO3YMHAKOTLCA B OCHOBHMX (hasax cTani
(dpepuTi, aycTeHiTi, UeMeHTUTI) abo YTBOPKIOTL cneuianbHi Kapbigw.
Po3uymHIOOUNCh Y 3ai3i.eIeMeHTN BMAMBAaKOTb Ha TEMNEPATYPHUR iHTep-
BaN iCHYBaHHS MOro anoTponiyHuxX Moaudikali, 3MIHOYN KPUTUYHI
TOUKN A3 1 A4 (sianosiano 911 i 1392 °C) Ha wWKani TemnepaTyp giarpamu
cTaHy. Taki enemeHTH, Ak Mn, Ni, Pt, C, nigBunwyt0Tb TOUKY A4 i 3HUXY-
I0Tb A3, TOOTO pPO3WUPKITL 061acTb iCHYBaHHA y-MoAMUGiKaLid 3anisa
(puc. 4.11, a); Si, Al, W, Sn, Mo, V, Ti, Sb — 3HMXYIOTb TOUKY Aa i
nigeuwyote A3, TO6TO 3BYXYKTb 0061aCTb ICHYBaHHA y-moaudika-
Ui 3aniza i po3wWuprTL 06M1acTb ICHyBaHHA Moguikauii a-3anisa
(puc. 4.11, 6).

Lle moxe npussecTu [0 TOro, WO MpuU MNEBHOMY BMICTi eNeMeHTIB,
Hanpuknag, Mn i Ni, y-ctaH 6yge icHyBaTu AK CTabifnbHWiA Big KiMHaTHOT
TeMnepatypu Ao TemnepaTypu nnasneHHA (ayCTeHiTHI cnnasu). MNpu nes-
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HOMY BMICTi TakKuX enemeHTiB, 9K V, Mo, Si Ta iHWIi, cTabinbHUM AN BCiX
Temnepatyp 6yae a-ctaH (pepuTHi cnnasu).

barato enemenTtis (W, Cr, Si, Mo, V, Ti) 3MiWyl0Tb NONOXEHHA
KPUTUYHUX TOYOK Ha fiarpami 3ani3oByrneuesux cnnasiB (niHia SE)
niBopyy. BHacnifok ubOoro cranb, fleroBaHa UMMKU enemeHTamu, Oyae
YTBOPIOBATW MepNiTHY CTPYKTYpY npu BMicTi Byrneyto < 0,8 %.

BaxnnemMm € BN/AUB NErYHOUMX €NEeMEHTIB Ha BNacTUBOCTI (epuTy.
PO3UMHIOOYNCHL Y KPUCTaniyHiin rpaTui a-3aniza atoMu neryw4umx ene-
MEHTIB 3MiHIOIOTb i napameTpu, NigBULLYIOTb XapaKTepUCTUKU MiLHOCTI
(hepuTy i 3HWKYIOTb NAACTUYHICTb. Hailbinbwe nigBMLLYOTh MiLHICTb Si,
Mn i Ni, gewo meHwe Mo, W, Cr. binblwicTb efemMeHTiB, 3MiLHIOK0UYN
(hepuT, HE3HAYHO BMAUBAKOTb HA MIACTUYHICTb, MPOTE 3HMXKYIOTb YAapHY
B’A3KiCTb cTani (3a BuMHATKOM Ni). Mpu Bmicti go 1 % Mn i Cr
NigBULWLYIOTb YAapHY B’A3KiCTb. 3a YMOB AafblIOro nifiBULLEHHS TXHbOTO
BMICTY yAapHa B’A3KICTb 3HMXKYETbCA, A0CATal0OUM PiBHA 3HAYEHb HeNero-
BaHoro teputy npu 3,0 % Cri 1,5 % Mn.

Y nepiognyHiin cuctemi eneMeHTiB NMiBOpyY Bif 3aniza po3MmillleHi Tak
3BaHi nepexigHi metann (MaloTh HefobyAoBaHY ~/-060M10HKY MOPIBHSAHO 3
Fe) — kapbigoyTtBoptotoui enemeHtn (Ti, W, Cr, Mn, V, Nb, Mo), a
npaBopyy — Ti, WO He yTBOPHOOTL Kapbigis (Co, Ni, Cu). Ynm meHwe
3anoBHeHa J-060/10HKa efleMeHTa, TUM aKTUBHILIE BiH YTBOPKOE Kapbigw.
Kap6igHi a3y maoTb BUCOKY TBEPAICTb i TemnepaTtypy nnaBfAeHHS.
KinbkicTb, nogpibHeHICTb, XapaKTep po3MilleHHs, Mopdooris i npuposa
Kap6igHoT a3y CyTTEBO BM/MBAKOTb Ha BMACTMBOCTI SIErOBaHOi CTai.

Kap6igoyTBoptotoUi efleMeHTN BNAMBAKOTb He NMLLe Ha i30TepMivHe
NepeTBOPEHHA ayCTeHiTy, a 1 Ha camuil mpouec i30TepMiYHOro nepet-
BOpPeHHA. Mpu LbOMY YTBOPIOKOTLCA Kap6ign, pO3YMHHI B ayCTeHiTi, fAKi
Nno-pi3HOMY BNAUBAaKOTbL HAa WBWAKICT po3nafy ayCTeHIiTy 3a pi3HUX TeM-
neparyp.

MpPakKTUUYHO BaXK/IMBUM € 3[aTHICTb NIETYIOUYUX €NEMEHTIB CMOBI/IbHIO-
BaTW LWBWAKICTb po3nafy aycTeHiTy Mif yac NepniTHOro nepeTBOPeHHS.
Lle cnpuse rnnMo6oKiin nporapToBaHOCTI | MepeoX0NoXKEHHIO ayCTEHITY Ao
iHTepBasly MapTeHCUTHOrO NMepeTBOPEHHA (3MEHLWEHHA YKp).

MporapToBaHiCTb 3HAYHO MiABULYETLCS MPU OAHOYACHOMY fieryBaHHi
Kinbkoma enemeHtamMmun (Cr + Mo, Cr + Ni, Cr + Ni + Mo0) NopiBHAHO 3
po34inbHUM neryBaHHAM Mo, W, B, aki TakoX nigBuwyioTb nporap-
TOBaHICTb CTai.

BaXnMBMM € TakOX BMAUB IETYIOUMX €IEMEHTIB Ha PiCT 3epHa CTani.
CnpusitoTb UboMy pocTty Mn i B. Cnabo BnnmBatoTb Ha po3mipu 3epHa Ni,
Co, Si, Cu (He yTBOpIOIOTL Kapbigis). KapbigoyTteoptotoui enemeHTn (Cr,
Mo, W, V, Ti) noapi6HOTb 3epHO | TranbMylTb WOro pict npu
nigBMLLEHNX TemnepaTypax.
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Knacudiikauiss i MapKyBaHHS fleroBaHMX cTaneid. [lep>xaBHa cucTema
MapKyBaHHS AKICHOT fieroBaHol cTani CKNafaeTbCca 3i CNONYUYEHHS niTep i
LMdp, WO OpiEHTOBHO BKa3ywTb Ha 1 XiMiuyHWIA cknap. Jlerywoudi ene-
MEeHTW MaloTb Taki nosHauyeHHA: a3oT (A), Hiobili (B), Bonbpam (B),
mapraHeub (), migb (4), kobanbT (K), 6epunii (J1), moni6geH (M),
Hikenb (H), ceuHeusb (M), xpom (X), 60op (P), kpemHin (C), tutan (T),
BaHagiin (®), uumpkoHii (L), antomiHin (KO), pigkicHo3emenbHi Me-
Tanm (4).

Lindpu nicna nitepn BKasytTb MPUOIN3HO Ha BMICT [aHOro neryto-
4yoro enemeHTa. Ipu BMICTi eneMeHTa meHwe 1% ungpyn He NUWYTh; NpK
BMICTi 6/1M3bK0 1% — nuwyTb undpy 1; 6nm3bko 2 % — undpy 2 Towo.
Mpyn MapKyBaHHI KOHCTPYKLIMHUX SIKICHUX cTanein uudpu nepeg nep-
WOK NITEPOI0 MapKy BUKOPWUCTOBYIOTb [ANA MO3HAYEHHA CepefHboro
BMICTY BYI/IELII0 Y COTMX YacTKax MPOLEHTa, a Y BUCOKOBYT/IELLEBUX IHCTPY-
MeHTanbHUX CTanax — B AeCATUX yacTkax npoueHTa. Hanpuknag, ctanb
Mapku 20X micTUTb y cBOeMY cknagi 0,17... 0,23 % C, 0,7... 1,0 Cr; cTanb
30XICH2 - 0,3 % C, 00 1% Cr, go 1% Mn, go 1% Si, go 2 % Ni.

Nitepa A y KiHUi Mapku cTani BKasye Ha OOMEXEHWA BMICT CipKM i
thocgopy (go 0,03 % KOXHOro), a TaKoX Ha Te, WO AOTPUMAHO BCiX
TEXHOMOTIYHUX BUMOT MeTanypriiHOro npouecy BMpo6HMLTBA BU C O KO -
AKIiCHOI ctani, Hanpuknag, ctanb 18XH3A. Oco6nuso
BMCOKOSAKICHA CTa/lb Mae B KiHLUi MapKu no3HayeHHA niTepoto L.
Hanpuknag, ctanb 95X18LL, 0co6nMBO BMCOKOSKICHA, BUMIaBfeHa Me-
TOAOM efleKTpolliakoBoro nepennasy, mictnts 0,9..1,0 % C, 17..19 %
Cr, 0,03 % P i 0,015 % S.

[eski rpynu ctaneii MatoTb J0AATKOBI MO3HAUYEHHSA: MapKW LIapunKo-
NigLWNNHUKOBUX CTanei noyYnHaroTbes 3 nitepu LU, WBMAKOpi3anbHUX —
3 niTepn P, marHitoteepanx — 3 nitepu E, aBTOMaTHUX — 3 fiTepu A.

[ns CKOpoYeHHA KiNbKOCTI 3HakKiB Npu MapKyBaHHi cTani iHogi
BIACTYNalTb Bif 3arafbHONPUIAHATOT CMCTEMK, 0COBGNBO ANA CKNagHoNe-
roBaHWX CTanei, i He BKasylTb LU(PU, WO 03Ha4YalTb BMICT BYI/ELHO
abo iHwWoro enemeHTa (iIHCTpyMeHTanbHi CcTani 3 BMICTOM BYrieutw no-
Hag 1 %).

KnacugikytoTb fleroBaHi cTani 3a TakKMMuU 03HaKamu.

3a XiMi4yHUM cKnagom, TOBTO 3aNeXHO Bif BMICTY Byrfeuto (HU3bKOBYT-
neuesi po 0,25 %, cepegHboByrneuesi — 0,25...0,6 %, BMCOKOBYTr/e-
uesi — 0,6...2 %) Ta BMiCTy OCHOBHOIOQ NEryt4oro enemeHTa (XpomucTi,
HiKeneBi, XpOMOHiKenesi, MapraHuesi ToL,0).

Ctani 3 BMCOKMM BMICTOM fIETYIOUMX E/IEMEHTIB, W0 PO3LWIMPHOOTb
y-06/1acTb Ha giarpami cTaHy, YTBOPIOIOTb Knac ayCTEHITHUX CcTanei; cTani
3 BMCOKMM BMICTOM efIeMeHTIB, WO 3BYXYIOTb Y-06/1aCTb, i HWU3bKUM
BMICTOM BYI/IEL0 — YTBOPKOKOTbL Kac PepuUTHUX cTanei.
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3ane>kHo Bifg CTPYKTYpu Yy PIiBHOBaXHOMY CTaHi pPO3pPi3HAOTbL: A0-
eBTekTOIAHI (Big 0,02 go 0,8 % C), AKi MICTATb Yy CTPYKTYpi nepniT i
HagnmwkoBuin epnut; eBTekToigHi (0,8 % C) 3 NepniTHOK CTPYKTYpPOIO;
3aeBTekTOigHI (noHag 0,8 % C), Aki MalOTb Yy CTPYKTYpi HafNMLIKOBI
(BTOpPUHHI) Kapb6igwn; neaedbypuTHI, WO MalTb HAAAMLWIKOBI Kapbign, fKi
BUAINAKTLCA 3 pigKol dasu nig yac Kpuctanisauii. OcTaHHi y nUTOMY
CTaHi YTBOPIOIOTb 3 ayCTEHITOM eBTEKTUKY — fnefebypuT.

3a CTPYKTYpol nNicng OXONOAXeHHA 3pas3kiB (giameTpom 25 MM) Ha
MOBITPI PO3PI3HAKOTL TPW KNacu cTaneii: NepniTHUn — cTani uboro Knacy
XapakKTepusye BiJHOCHO HW3bKWIA BMICT /IETYOUUX €/IEMEHTIB; MapTeH-

CUTHUI — cTani MICTATb Aewo 6inblWy KifbKiCTb NEryr4nx efemMeHTiB;
ayCTEeHITHWIA — XapaKTepu3yeTbCA BUCOKWM BMICTOM /ferylumux ene-
MEHTIB.

3a AKicTI cTani noginATb Ha CTani 3BMYaHOT AKOCTI, AKIiCHI, BMUCO-
KOAIKICHI Ta 0C06/1MBO BUCOKOT AAIKOCTI.

3a npu3HayeHHAM CTaHi MOXYTb 06’€HYBaTUCL Y KiflbKa rpyn:

KOHCTpPpYKLUIiWHI — BMKOPUCTOBYKOTb ANA feTanei mawuH i
MeXaHi3miB i 3a3BMyali niggalTb TEPMIYHIN 06pobui. CBOED ueproto, ix
NoAINAITL Ha cTani And uemeHTauii; cTani noninwysaHi (rapTyBaHHA +
+ BWCOKMUI Bignyck); cTani 6ygiBenbHi (HU3bKOMEroBaHi) — npu3HayeHi
4Ns TepMivyHOT 06pOBKM y crioXuBaya.

IHCTpyMeHTAanbHIiI CcTani BUKOPUCTOBYKTL ANA
BWIOTOBMEHHA pi3anbHOro, LWTaMMNyBaAbHOrO i BUMIpPHOBAHOIO iHCTPY-
MEHTY. YMOBHO 1X NOAINATbL Ha BYrneuesi, NeroBaHi, LWTamMnoBaHi,
LWBMAKOpPi3aNnbHi.

Ctani3 0co06/1MBUMNU BNACTUBOCTAMMU MaTb MEBHi,
Pi3KO BW3HAYeHi BAACTMBOCTI: >XAPOMiUHi, TennocTiliki, 3HOCOCTIliKi,
HeipXaBitoui, 3 0cO6MMBUMWN MarHiTHUMU abo eNeKTPUYHUMM BNacTUBOC-
TAMU TOLLO.

KoHCTpyKUiliHi nerosaHi cTani. MoginatoTs X Ha: ¢ cTani Ana UuemMeH-
Tauii; ¢ noninwyBsaHi; * BUCOKOMIiLHI. BOHU maloTb 3abe3neyyBaTun KOM-
MaeKC BUCOKUX MeXaHiYHUX BNACTUBOCTEN, KOHCTPYKTUBHY MIiLHICTb i
[OBrOBiYHICTb BMPOGIB Npu ekcnnyaTauit.

CTani gna ueMeHTauii BAKOPUCTOBYIOTb A8 BUPO6IB, AKi MpaylioTb
3a YMOB TepTH, YAapHUX | NepeMiHHMX HaBaHTaXeHb. HagiliHicTb i pecypc
po6oT Takmx BMPOGIB 3ab6e3mevyeTbCa BUCOKMM PiBHEM TBEPLOCTI I
MILHOCTI MNOBepxHi Ta [OCTaTHbOK KOHCTPYKTUBHOK MIUHICTIO i
B’A3KICTIO CepueBMHM MeTany. Ans Uboro crani, Npu3HayveHi And LemeH-
Tauii, HacMuylTb 3 MOBEPXHi Byrneuem (LeMeHTYIOTh) i fani nignatoTb
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rapTyBaHHIO 3 HU3bKMM BiAMYCKOM, L0 3abe3neyvyye BUCOKY TBepAicTb
(58...63 HRC) noBepxHi pgetani i nOTPiGHY B’A3KICTb CEPLEBUHU.
XiMivyHWIA cknag Takmx cTaneid obmexeHwii BMicToM Byraeut o 0,25 %,
CyMapHUM BMICTOM IeryounX efieMeHTiB AN HU3bKOeroBaHUX cTanen Ao
2,5 % i ansa cepefHbonerosaHnx — 2,5... 10 %.

[Ona Bupo6iB Mannx po3mipis, O NpaLiooTb 3a YMOB TePTA i cepefHix
HaBaHTa)XeHb, BUKOPUCTOBYHOTL cTani Tuny 15XA, 20X (aB= 700... 750 MITa,

5= 10... 12%, KCU =0,6...0,7 M[O>/m2). BignosiganbHi getani gna exc-
nayaTauii npy BUCOKUX iyAapHUX HaBaHTaXEHHAX i BENUKUX LWBUAKOCTAX
BMFOTOBAAKOTLCA 3i cTanein Tmny 15X®, 18XI, 25XIM (ou= 900...

1200 MMa, 5= 10 %, KCU =0,8 MOx/m2). Benuki BaXKOHaBaHTaXeHi
feTani ana ekcnayaTtauyii 3a yMOB AMHAMIYHMX i Bi6bpalilHUX HaBaHTaXXeHb
BMIOTOBMAOTL 3i CTaneid, neroBaHMx KOMMJIEKCOM KapbifoyTBopto-
tounx enemenTiB (Cr, V, Ti, Mo) 3 Hikenem (am=800...1300 MMa, 8=

=8..12%, KCU = 1,0 MOx/m2). Cepes Hux ctani 20XH, 20XH3A,
12X2H4, 18XI'T, 20XIP. TunoBi pexumy TepMiyHOI 06pobKM nicns

LemMeHTaLii — rapTyBaHHS 3 HU3bKWUM BiAMYyCKOM AN8 0fepXKaHHA CTPYK-
TYPU MapTEHCUTY.
MoninwysaHi cTani — Ue HW3bKOMEroBaHi cTani 3 BMICTOM BYTI/ELO

0,3...0,5 %. Ans 3abe3neyeHHss NOTPIOGHMX BNACTUBOCTEN MiLHOCTI, naac-
TUYHOCTI Ta B’A3KOCTI X MifaalTb rapTyBaHHIO 3 BUCOKUM BifimyCKOM
(500...600 °C), T06TO noONINWYKTb. 3aranbHa KiNbKiCTb neryn4mnx
eNeMeHTIB y nmoninwysBaHUX cTanax ctaHosutb 3.5 % (Cr, Ni, W, Mo,
Si, V), OCHOBHUWI nerywunin enemeHT — xpom (0,8...11 %). Bnactu-
BOCTi Takux cTtaneir: am=900...1600 MIMa, 8= 10...12%, KCU=0,4...

0,9 Mﬂ,)K/My. Po3pi3HAOTL XpomucTi ctani — 40X, 45X, gna nporaprto-
BaHOCTI X goAaTKoBo nerytTb 6opom 0,002...0,003 % (40XP) a6o go 1%
mapraHuem (40XI). 3 HuX BWFOTOBAATbL feTani gnas poboTu 3a ymoB
NiABULLEHUX HaMNpyXeHb | 3HAKO3MIHHWX HaBaHTaXeHb — LIATYHWU,
KoniHyacTi Banu. XpomomapraHueBi cTani, nerosaHi Si i Mn (xpo-
maHcun), Hanpuknag 30XIC, pobpe 3BaplotoTbCa, Micna TepMoo6pooKu

an= 1650 MMa, 8=6%, KCU =05 MOx/mM2. Ons Benukux Big-

noBifanbHUX i BaXKKOHaBaHTaXyBaHUX fAeTanein cknagHoi hopMn BUKOPU-
CTOBYKOTb CTani 3i 3Ha4yHOW KinbkicTio Ni i Mo, Hanpuknag 40XHM,
30XH2M®, 40XH2M®, 40XH2MA, 38XH3M® Towo.

BucokomiuHi nerosaHi cTani BUKOPUCTOBYHOTb A/IA BUTOTOB/IEHHS
0c06/MBO BifMOBiAANbHMX | BaXXKOHaBaHTaXeHUX AeTaneid, SKi ekcnnya-
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TYIOTb 33 YMOB pi3KO 3MiHIOBaHMUX HaBaHTaXeHb (AeTani Lwaci, KOHCT-
pyKuii rosenaxis Tow,0). Lle komnnekcHo-neroeaHi (KinbKoMa nery-
loUMMK enemeHTaMn) cepedHoboByrneuesi crtani (0,3...0,6 % C), ki 3mil-
HIOKOTb TEPMiYHOO 06p06KOK abo MNigfalTb TEPMOMEXAHIYHIN 06po6Li.
Hanpuknag, 30XITCH2A, 40XITCH3BA (cB= 1850...2000 MMa, 6=11...

12 %, KCU =0,4...0,6 MOx/m2).

Mpy>KMHHO-PecopHi NeroBaHi cTani MicTaATb y cBoemMy cknagi 0,5...
0,7 % C, popatkoBo nerosaHi Si (a0 2 %) i enemeHTamn Mn, Cr, V, W,
B, AKi NigBMLLYIOTb NPYXHi XapaKTepucTUKW i MporapToBaHiCTb CTai.
Crani 50C2, 50XI'®A BMKOpPUCTOBYKOTb ANA pecop aBTomob6inis, crani
55CTI, 60CI', 65C2BA, 60C2XDA — and BigNOBIfaNbHUX MPYXUH, pecop
TOWO. HaiBuwy nNpyXHicTb 3abe3nedye rapTyBaHHA i cepegHili (400...
...500 °C) BignycK Ha CTPYKTYpy TPOOCTUTY BignycKy (BMCOKOAMCMEpPCHa
Cymil ¢epuTy 3 Kapbigamun). logaTKkoBe neryBaHHs ctani BOfib(ipamom,
MONi6AeHOM, BaHajiemM NiABMLLYE CTiKICTb CTani nig vac Bignycky, wWo
[03BONSE BUKOPWUCTOBYBATM iX Ans poboTum 3a ymoB Harpisy go 200...
250 °C. Mpw nerysaHHi 6opom (0,003 %) nigBuLLyeTbCA MOPIr NPYXHOCTI
cTani i nporaptoBaHicTb (ctani 55XIP, 50X®PA Ta iHWi). And nigsu-
LWEeHHS OMnopy BTOMi i 3MeHLEeHHSA YYTAUBOCTI [0 KOHLEHTPATopiB Ha-
NPY>XXeHb MPYXWHWU i INCTWN pecop y roTOBOMY BWUIAAAI MigfalTb NoBepx-
HEBOMY HaK/enyBaHHIO CTPYMEHEBOK 06POOGKO LWIPOTOM.

LLIapMKOHIigWNNHMKOBI cTani cknagalTb 0CO6AMBY Tpyny KOHCTPYK-
LiliHMX cTanei, WO BigMOBigalOTb BUMOraMm BMCOKOT MIiLHOCTI i 3HOCO-
CTiiKOCTi. [N HWX XapakTepHWM € BUCOKWIA BMicT Byrneuo (~ 1 %) i
Xpomy. [na mMapKyBaHHSA UWMX cTaneil BUKOPUCTOBYIOTH fitepn LUX, fKi
PO3WNGPOBYOTHCA AK CTaNb LWAPUKONIAWWUNHUKOBA XpOMMUCTa, gani
MoyTb LMdpKU, AKi BKa3ylOTb Ha BMICT XPOMY B [ieCATM YacTKax MpoueHTa
(111X6, X9, LUXI5).

EBTeKTOIgHMIA BMICT Byrieuto i Xxpomy 3abe3nevytoTb 0fepXKaHHA nic-
NS rapTyBaHHA CTPYKTYPU SMUCMEPCHOr0 MapTeHCUTy 3 Kapbigamu BUCOKOT
TBEPAOCTI, 3HOCOCTIAKICTL | nMporapToBaHicTb cTani. [Ans nigBULLEHHSA
nporapToBaHOCTI CTani 4OAATKOBO fleryloTb MapraHuem i KpemHiem (crtani
LU X15CT, WX20Cr).

TepMmiyHa 06po6Ka WapUKOMNigWMWMHUKOBMX CTaneil BKAOYae one-
pauii BignantoBaHHA npokarty, rapTtysBaHHa (Big 790..880 °C) i Bignyck
npn 150...200 °C Ha TBepgicTb 62...65 HRC. [lo cTanein Li€i rpynu iCHYOTb
NigBMLLEHI BUMOIN WOAO YUCTOTK | PiIBHOMIPHOCTI po3noginy Kapbigis.

3HOCOCTIilKI cTani 06’e4HYIOTb FPyNM BUCOKOMAapraHueBux i rpaditun-
30BaHMX CTane.

BucokomapraHuesi ctani Tuny 110M13/1 MicTaTb y CBOEMY cCKnagi
09..1,4 % C i 11,5..15 % Mn, xapaKTepun3ytTbCA BMCOKOK 3HOCOCTIi-
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KiCTIO, MNAcTMYHICTIO | YAapHOK B’A3KICTIO. BUKOPUCTOBYKOTLCA [ANs
BMTOTOBJ/IEHHA LWMPOKOT HOMEHKNATYpW BUNMBKIB, AKI NpaulooTh 3a YMOB
yhapHo-abpasuMBHOro cnpautoBaHHa (6poHennnTu, 6una gpobapok, Tpa-
KW, 3ani3HUYHI CTPINKK i XpecToBMHU, 3ybLi KOBLIA eKckaBaTopiB). CTanb
110r13/1 mae ofHoO(hasHy ayCTEHITHY CTPYKTYpy Micns rapTyBaHHA 6e3
noniMmopHOro nepetBopeHHsA Big Temnepatyp 1000..1100 °C i Taki
MexaHiyHi BnacTuBocTi: ou=800... 1000 MMa, oT=250...400 MMa, 5=

= 35...45 %, \/ = 40...50 %, 170...230 HB, KCU = 1,6..2,1 M[>/m2. BoHa
3[aTHa [0 HakflenyBaHHA | BHacNifoOK UbOro A0 MigBWLLEHHSA TBEpAOCTI
(600 HB).

pathiTM3oBaHa cTanb MicTUTb Y cBOEMY cknadi 1,5..2,0 % Cigo 2 %
Si. Micna rapTyBaHHS BOHa MNOEAHYE BMacTUBOCTI 3arapToBaHOl CTani Ta
yaByHy. 'paiT y TaKiin cTani € amauytoyoto asor. CTanb Mae CTPYKTYpy
(hepuTOLLEMEHTUTHOT CyMilli 3 NEBHOK KifbKIiCTIO rpadiTy. 3anexHo Bij
PeXMMy TepMidHOT 06p0o6KM | BMICTY BYI/IeLt0 KifbKiCTb rpagity mMoxe
3HAYHO 3MiHKOBaTUCL. [padiTn3oBaHi cTani BUKOPUCTOBYIOTb A1 BUTO-
TOBNEHHSA MOPLIHEBUX Kinelb, MOPLUIHIB, KOAIHYACTUX BaniB Ta iHWMNX
BWMIMBKIB 19 YMOB TepTs.

I[HCTpyMeHTanbHi nerosadi cTani, NOPiBHAHO 3 BYrNeLeBnMK, Xapak-
Tepusye nigsuuieHa MNporapToBaHiCTb, 3Ha4yHa MILHICTb, OiNbll BUCOKI
pi3anbHi BNacTMBOCTI, NAACTUYHICTb Yy BignaneHomy cTaHi. Jlerytoui ene-
meHTn (W, Mo, Co, Cr) nmigBuuwyloTb TennocTilikicTb, Mn — 3arapTto-
BaHiCTb, N — B’A3KicTb, V — 3HOCOCTINKICTb.

Crani 3 cyMapHUM BMICTOM fIeryoumx enemenTis go 2,5 % BigHocATb
JO HMU3bKOnNerosaHux, pfo 10% —pgo cepefHbONETO-
BaHMWX ibinbwe 10% — 00 BUCOKONEroBaHUX.

Y HU3bKONEroBaHWX CTansiXx OCHOBHUM NerytoumMM efieMeHTOM € XPOM
(ctani X, 11X, 13X). Mpun BMmicTi Xxpomy Ao 0,4 % nporapToBaHiCTb cTanei
HU3bKa, a 3 MiABULWEHHAM BMICTY xpomy fo 1,3..1,6 % npu nerysaHHi
Kinbkoma enemeHtamu (Cr, Mn, Si, W) BoHa 3HauHO 3pocTae (ctani 9XC,
9XBIN, XBIN, X12M Ta iHWi). Tak, ctanb X NporapToBYeTbCA Y Macni Ha
rnuéunnHy go 25 mm, ctanb 9XC — o 35 mm, ctane XBIL — po 45 mwm,
ctane XBIrCc — po 80 mm.

Crtanb X 3 TennocTiikicTio 4o 200 °C 3acTOCOBYKOTb A8 TOKAPHUX |
CTpyranbHux pisuiB: ctanb 9XC 3 TennocTiikicTio go 260 °C — pans
BMIOTOB/IEHHS CBepfen, PO3BepTOK, Ppe3, MeTUUKIB, MNawWwokK; crani Tuny
XBCI, 9X5B® 3 TennocTilikicTio o 450 °C BMKOPUCTOBYKOTb AN BUTO-
TOB/IEHHS KPYMHUX CBepfen, nnawok, NPOTSHKOK, (pes Ta iHWoOro pi-
3a/IbHOTO IHCTPYMEHTY.

BucokoneroBaHi iHCTpyMeHTanbHi CTani MiCTATb Y CBOEMY cknagi W,
Cr, V, Mo (go 18 % OCHOBHOrO fIeryto4oro efleMeHTa) i MatoTb BUCOKY
TennocTilikicTb — Ao 600...650 °C. Taki cTani HasuWBalOTb W B MW KO -
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pi3anbHMWMM ino3HavyaloTb NiTepoto P i umdpoto, sika BKasye Ha
BMiCT BOnb(pamy y npoueHTax (ctani P9, P18). BmicTt xpomy (4 %) i
BaHafilo (2 %) nmpu MapKyBaHHi UMX cTaneii He BKasyloTb. [lo cknagy
LBMAKOPI3aNbHUX CTanein 4oaaTKoBO BBOAATb TAKOX MONiGAEH i KOGanbT.
[ns mMapKyBaHHA Takux cTaneli BAKOPUCTOBYOTh NiTepn M i K Ta undgpu,
AKi BKasylOTb Ha IXHIO KinbKicTb Yy npoueHTax (ctani P6M5, PIK5,
P18K5®2 Ta iHWiI).

[Ona BUMIpHOBaNbHOr0 IHCTPYMEHTY BUKOPUCTOBYKTbL cTani X, XBI
nicns rapTyBaHHA i cneuianbHOro HW3bKOro Bignycky npu 120...130 °C
npotarom 15..20 rof 3 HaCTYyMHOK 06pPO6GKOK Npu Temnepatypax Hux4e
Hyns (go —60 °C). 3 uux cTaneli BUTOTOBAAOTb TAKOX LITAMMN XON0A4HO-
ro gepopmyBaHHsA cknagHoi oopmm nepepizom 75... 100 mm. 4ns BUrOTOB-
NIEHHS IHCTPYMEHTY 3 BMUCOKOK TBEPAICTHO | 3HOCOCTIMKICTIO, a TakoX
He3HauyHoOl gJetopmalilo nifg 4ac rapTyBaHHA BWKOPUCTOBYKOTb CTani
Tuny X12®1. Ctani 3 MEHWUM BMICTOM BYyrfeul i nNigBULLEHOIO
B’A3KICTIO BMKOPWUCTOBYIOTb ANS IHCTPYMEHTY, WO Mpautoe 3a 3HaYHUX
YAapHUX HaBaHTaXeHb (MHEBMAaTWUYHI 3ybuna, HOXI A8 XONOLHOT Pi3Ku
Towo), Hanpuknag ctani 4XC, 6XC, 4XB2C Ta iHwWi.

Crani 3 Bmictom Byrneuto (0,5..0,6 %), neroBaHi XpoMoMm (AKuii
nigBuLLye MILHICTb | NPOrapToBaHiCTb), a TaKOX BOMbpamoM i MONi6-
AeHoMm (nigBulLlye TBepAicTb, TEMMOCTINKICTb, NOAPIOHIOKOTL 3€PHO), Hi-
Kenem (NigBMLLYIOTL B’A3KICTb, NMPOrapToOBaHICTb) i MapraHuem (3amiHse
HiKenb), BUKOPUCTOBYIOTb A1 BUTOTOB/IEHHS WTaMMNiB rapsyoro gedop-
MyBaHHA — cTani 5XHM, 5XI'M, 5XHB.

CneuianbHi nerosaHi cTaii — Le BUCOKOJIEroBaHi ctani 3 ABHO Bupa-
XXEHUMU 0COBMMBUMYK BacTUBOCTAMKU (KOPO3iiHa CTINKICTb, XapocCTii-
KiCTb, XXapOMIiLHICTb TOLLO).

HeipxaBitwuyi abo Kopo3iWHOCTIiWKI cTani
BOMOAiOTb BMCOKOK XIMIYHOK CTIlKICTIO B arpecuMBHMX CepeaoBuMLaXx.
OpepXytoTb iX BBEAEHHAM [0 CKNagy HW3bKO- i CepefHbOBYT/eLeBnx
CTaneil 3Ha4YHOT KiNbKOCTI XpoMy (He MeHwe 12,5 %) i Hikento, a TakoX
0OAATKOBO TUTaHy, aftOMiHilO i MapraHuto. HalinowmnpeHiwi XpoMuUcTi i
XPOMOHiKeneBi CTani. 3aneXHo Bij CTPYKTYpW pO3pPi3HAOTb KOPO3iiHO-
CTilKi cTani aycTeHiTHI (12X18H9, 12X18H10, 04X18H10, 10X14I14H3),
thepuTHi  (12X17, 08X17T), MapTeHCUTHi (40X13), aycTeHiTHO-Map-
TeHcUTHI (09X15H18KO) Ta aycTeHiTHO-epnTHI (08X21HEM2T).

XpoMUCTi cTani HalgeweBLwi, ane 3a KOPO3iliHOK CTiKICTIO nocTyna-
IOTbCA XPOMOHiIKeneBMM. Tak, cTanb 12X7 CTilka y KUCNOTHMX Ccepe-
JOBMLLAX, ane He npupatHa Ana BWKOPWUCTAHHA NpW  3BaplOBaHHI,
OCKiflbKW Npu HarpiBaHHi nig 4yac 3BaptoBaHHA Buwe 900..950 °C i
WBUAKOMY OXONOLXKEHHI rpaHuui 3epeH cTani 36iAHIOOTLCA XPOMOM.
Mpwn BMIcTi X MeHwe 12 % Cr enekpoximMiuHWIA noTeHuian cTani cTae
HeraTMBHMM | BOHa BTpayae 34aTHICTb onupaTncb Koposii. 3a TakMx yMOB
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y cTtani 12X7 BWHMKae HebesneyHwuidi BUA KOpo3ii — MiXKKpUcTanivyHa
Kopo3sid. [Ana 3ano6iraHHa UbOro BWMKOPWUCTOBYKTb CTaNlb, J/IEFrOBaHYy
TntaHom 08X17T.

XPpOMOHIiKeneBi cTani MICTATb NiABULLEHY KifbKICTb XPOMY i HiKeno,
Mano BYrfeut i BifHOCATbCA A0 ayCTeHITHOro knacy (ctanb 12X18H9).
Taki cTani, NOPIBHAHO 3 XPOMUCTUMMU, XapaKTepusye BUCOKa KOpO3iliHa
CTiliKiCTb. BOHM 3f4aTHi 40 MiXKKpUCTaniTHOT Koposii. Tomy B pa3i Heo6-
XiAHOCTI TX TaK0X [0AaTKOBO NerywTb TUTaHom (ctanb 12XH8H9T) a6o
3MEHLWYTb BMIcT Byrneut (ctanb 04X18H10). LLInpoKo 3acTOCOBYHOTh X
Yy XapuoBiil, XiMiuHIn, HadTONepepobHiii rany3sx NPOMUCNOBOCTI, a
TakK0X y TPaHCMNOPTHOMY MallMHOOYAYBaHHI i 6yaiBHUUTBI. AN eKOHOMIT
HiKeN NOro 4acTKOBO 3aMiHIOIOTb MapraHuem. Tak, ctans 10X14r14H3
BMKOPUCTOBYIOTb K 3aMiHHMK cTani 12X18H9. [na ekcnnyatauii y
KUCNOTHUX CepefoBuULLax NigBULLEHOT aKTUBHOCTI BUKOPUCTOBYHOTb CTani
ayCTeHITHO-(hepUTHOro Knacy, Hanpuknag ctanb 08X21H6M2T Towo.

P0o3p06/1eHO TaK0X BMCOKO/EroBaHi cTani Ans arpecMBHUX CEPeAOBULL
(80 % po3unH H2S04) i3 cknafHOW CUCTEMOI JIEryBaHHSA eneMeHTamu
Cr, N, Mo, Cu.

XapocTiiiki (>KapoBMHOCTINKI) cTani — LUe Taki, WO 3[4aTHIi YNHNTK
onip KOpo3iliHOMY pyliHYBaHHIO Mif Aieto NoBiTPA abo iHWOro rasoBoro
cepefoBuLa Npu BUCOKNX Temnepatypax (400...900 °C). XapocTiiki cTani
mMicTaTb y cBoeMy cknagi Al, Cr, Si i He yTBOPIOIOTb XKapoBuHUW. CTIilKiCTb
Takux CTaneli 3yMOB/EHO YTBOPEHHAM Ha MOBEPXHi BUPO6IB LWiNbHUX
3aXMCHWX MMIBOK OKCWUAIB BKasaHUX nerywuux enemeHTie. Tak, Ans
BMpo6iB 3 poboynmmn Temnepatypammu go 850...900 °C (knanaHu ABUTYHIB
BHYTPILIHbLOr0 3ropaHHs) BUKOPUCTOBYIOTHL cTani 40X9C2, 08X17T; ans
Temnepatyp Ao 1100 °C (conna, »apoBi Tpybu rasoBmx TypbiH) — cTani
Tnny 36X18H25C2. Xpomucta ctanb 3 30 % Cr cTilika 40 Temnepatypu
1200 °C. >KapocCTiiniki cTani 3acToCOBYIOTb B OCHOBHOMY Ansi fAeTanei
HarpiBasibHOro i eHepreTMYHOro o6nagHaHb.

>KapoMmiyHi cTani — ue Taki, Lo 3abe3neyyroTb 34aTHICTb BUIOTOB-
NEHWX 3 HUX BUPOOGIB BUTPMMYBaTM MeXaHiYHi HaBaHTaXeHHs 6e3 fgedop-
Mauii W pyiHyBaHHA 3a BMcOKuMX Temnepatyp (500...1000 °C). BoHu
MICTATb Y CBOEMY CKMIaji XpoM, KPeMHii, Hikenb, MOMi6aeH Ta iHLWI
€NEeMEHTN. 3aNeXHO BifJ MPM3HAYEHHA PO3PI3HAITbL KNanaHHi cTani,
KOTNOTYp6iHHI, ras3oTypbiHHI cTani, a TakoX cnnaBu 3 BUCOKOK
XXapoMiLHicTHo.

Ona temnepatyp 300... 500 °C BukopuctoBytoTb Cr — Si-cTtani map-
TEHCUTHOro Knacy (cinbxpomu) Tuny 40X9C2, 40X10C2M. 3 HUX BUTO-
TOBNAKTbL KnanaHw ABWUIYHIB aBTOMOGINiB i TpakTopiB. BucokonerosaHi
ayCTeHiTHi cTtani Tuny 17X18H9 (romoreHHi) a6o 45X14H14B2M (rete-
poreHHi — 3 ApibHUMKU Kap6igHUMK abo iHTepmeTanigHUMKM dasamu)
BMKOPMCTOBYIOTb 3a TemnepaTyp 600..900 °C. AyCTeHiTHI cTani AocuTb
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MiLHi, ane B’A3Ki i moraHo o6pobnAlTLCA pi3aHHAM. 3 HUX BUTOTOBASAOTh
napoBi KOT/AKW, NoNaTKU ra3oBuMx Typb6iH, conna peakTUBHUX [BUTYHIB
Towo. Ana Ginbw Bucokmx temnepatyp (800... 1000 °C) BUKOPUCTOBYHOTb
XPOMOHIKeNeBi CnnaBu — HIiXpOMU i HIMOHIKM 3 MiHIMaJibHUM BMIiCTOM
syrneyto (0,06...0,12 % C).

BoHn wmicTaTh 6inblwie 55 % Ni i nepeBaxatoTb 3a BNACTUBOCTAMMU
Kpali >KapoMmiuHi cTani. 3a CTPYKTYpOK iX MOAINAIOTL Ha TOMOTEHHI
(Hixpomn XH60HKD, XH78T T1a iHWi) i reteporeHHi (HiMmoHiku XH77TIO,
XH77THOP TOWO0), NeroeaHi, OKpiM XpoMmy, Le i efleMeHTaMu, AKi yTBO-
PIOIOTb 3 HiKenem AucnepcHi iHTepmeTanigHi 3amiuHtooui gasm tuny (Ni,
Co, Cr)3Ti, (Ni, Co, Cr)3Al Towo. MapKyBaHHS HiKeneBux cnnagis
3AIACHIOTb NiTepaMu, SKi 03Ha4yalTb eNeMeHTH, i undpamu, WO BKasy-
I0Tb Ha BMICT Hikento. Tak, cnnae XH70BMTHO wmictute 70 % Ni, a
TakoX Cr, W, Mo, Ti, AL >XapoMmiyHi cniaBu Ha OCHOBi KobanbTy
BMKOPUCTOBYIOTb 0OMEXeHO, Hanpukniag Ana 1onaTokK CONoBOro anapa-
Ta peakKTUBHWUX [BUTYHIB.

& KOHTPONbHI 3anUTaHHA

1. Yum BigpIi3HATLCA CTasb i YaBYH?

2. Uum BigpisHAOTbCS MeTacTabinbHa i cTabinbHa pgiarpama craHy
cucTemu 3anis3o— Byrneub?

3. Wo o3HayalTb OCHOBHI NiHii i 0CO6GAMBI TOYKM Ha pAiarpami
3ani3oByrneLeBnx cnnaeis cuctemn Fe — Pe3C?

4. $ki ocHOBHI (ha3u yTBOPIOOTLCA B 3a/1i30BYyr/eLeBux cnaasax (cta-
nax, yaByHax)?

5. Lo Take KpUTUYHI TOUYKM Temnepatypu?

6. Y SkoMy BUINAA4I 3HAXo4MTbCA HaAMMLWIKOBUIA Byrneub y 6Ginomy
YyaByHi?

7. 9K i3a kMMM 03HaKamu KnacudikyioTb BYr/eUeBi cTani?

8. 4K i3a kMMM o3HaKamu KnacudikyioTb YaByHN?

9. K mMapkylTb BYIneuesi cTasli i N(POMUCAOBI YaByHU?

10. NlerosaHi cTani, ix knacudikayis i MapkyBaHHS.

11. HaBegiTb Npuknagn neroBaHux 3HOCOCTINKUX, IHCTPYMEHTasNbHUX,
KOPOS3iNHOCTINKNX cTanem

12. HAkuit BMICT BYrNeLo y NeroBaHnx KOHCTPYKLiIAHUX (LeMeHTOBaHMX
i noninwysaHnx) ctansax?
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TEePMIYHOT 06PO6GKU

§5J

3arasibHi ysaBieHHsA

Y cy4yacHOMY MalWHOGYAYBaHHI TepMmiyHa 06pobka € HanbinbLL
NMOWMPEHUM CMOCOOGOM 3MiHU CTPYKTYpU Ta BAacTMBOCTE MeTaniB i
cnnaeiB. Lie TeXHONOriYyHMIA npouec TennoBoi 06po6KM MeTanis i cnnaeis
3 METO 3MiHMN TXHbOT CTPYKTYpPM Ta BNaCTMBOCTEN LUMSXOM HarpiBaHHA i
OXONOMAKeHHSA. Pe3ynbTaTtoM TepMivyHOT 06pob6KM € 3MilLHEHHS abo
3HeMiuHeHHs cnnaBy (cTani). lMpoTe TepmiuyHa 06pobkKa edPeKTUBHO
BN/AMBae Ha BNACTUBOCTI /iMe TUX CNaBiB, fKi MalTb He MeHLIe ABOX
a3, 34aTHUX A0 MNEepeTBOPEHHS MPW HarpiBaHHi i OXONOQKEHHI. Tak,
3anisoByrneuesi cnnaeu (CTani) mawTb ABI NoniMopdHI Mogmdikalii: Ha
OCHOBI a-3anisza (OLK-rpaTtka) iy-3aniza (FUK-rpartka), aki 3ymoB/to-
I0Tb MOX/MBICTb NpPOBeAeHHS TepMiyHOi 06po6KM cTanei. Haykosi
OCHOBM TepMiyHOT 06pobKuK Byno 3aknafgeHo A. K. YepHosBum y 1868 p.
BIAKPUTTAM KPUTUUYHUX TemnepaTyp (TO4YOK i N13), 3a sKux Bigo6y-

BalOTbCA (DA30Bi MEepPeTBOPEHHA MPW HarpiBaHHi i OXONO4XKEHHI cTani, Ta
nobyaoBOI0 Ha TXHili OCHOBI fiarpamMmu cTaHy CUCTEMW 3ani30 — BYr/elp.
KopucTytouuch fiarpamoro CcTaHy, BM3HayawTb 061acTi CTPYKTYPHUX
nepeTBOpeHb i NiHiT (TemnepaTypun) TXHbLOT piBHOBAru.

Byab-fika onepawia TepMiyHOT 06pobKM — Le HarpiBaHHA MeTany Lo
nesHol TemnepaTypu (/) 3 NOTpiGHOKW WBUAKICTIO HarpiBaHHA ("H),
BUTPUMYBAHHSA 3a Li€i TemnepaTypyu NpoTArom neBHOro uvacy (T) /i oxo-
NOJPKEHHS i3 3aBAaHO0 LWBMAKICTIO ( YOX).

3aneXxHo Big TemnepaTypu HarpiBaHHsS pPO3PI3HAOTb 06pPO6KY 3
HarpiBoM A0 TeMMepaTyp BULLE i HMXYe TeMmepaTypu ha3oBUX MEPETBO-
peHb (I'N). TemnepaTtypa HarpiBaHHS Ta LWIBMAKICTb OXONOMKEHHSA BU3Ha-
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Pospgin 2
Byposa Ta BnacTuBOCTi MeTanis i cnnasis

YaloTb BUA TEPMIYHOT 06po6KKN. Tak (puc.5.1), HarpiBaHHS BuULLE Temme-
patypu asoBux nepetBopeHb (T2) i noganblue MOBiIbHE OXONO4XKEHHS
npu3BoAATb A0 (hi3MKO-XiIMIYHOT Ta CTPYKTYpHOT piBHOBaru crtani. Taki
onepauii HasMBalTb BignantoBaHHAM. LIBMAKe )X OXONOMAKEHHS
3aBa)Xa€ YTBOPEHHK PIBHOBaXKHOT CTPYKTYpW, N TaKy onepauit Hasu-
BalOTb FrapTyBaHHAM.

Puc. 5.1

CxemaTnyHe 306paXKeHHs Pi3HUX
BULAiB TEPMiYHOT 06PO6KU

HarpiBaHHS [0 TemnepaTypu HWX4Ye 3a TeMMepaTypy (ha3oBMX MepeT-
BopeHb (/j) cnpuae HaBNMXKEeHHIO [0 CTaHy piBHOBarM. Bnave WBUAKOCTI

OXONOJKEHHA MPU LUbOMY He3HauyHWii. Taki onepauii TepMivyHOT 06pO6KHK
Ha3nBawTb BiAMNYyCKOM.

§5.2

MepeTBOPEHHSA Ta OCHOBHI CTPYKTYpU
nMpu HarpiBaHHiI Ta OXONOMKEHHI cTani

OCHOBOI BCiX NepeTBOPEHb € MNparHeHHs CUCTEMU [0 MiHiMyMmy
BiNbHOT eHeprii. ®a30Bi nMepeTBOPEHHA B CTani BigbyBaldTbCA BHACMiLOK
3MiHW YMOB (Hanpuknag, Temnepatypu), KOiu OLWUH CTaH CUCTEMU CTae
MeHL CTabifibHUM 3a iHLWWA.

PO3pi3HAOTb Taki OCHOBHiI CTPYKTYpPHI CTaHM nig 4ac TepMiyHOi
06pobKuK cTani:

e aycTeHiT (A) — TBepauii po3umH Byrneyt (C) B y-3anisi Fey;,

e MapTeHcuT (M) — nepeHacUuYeHWn TBepAWi PO3YMH BYI/ELUIO B
a-3anisi Fea (C);

e nepnit (M) — eBTekTOIAHA cymiw (eputy (®P) i uemeHTnTy Fea +
+ FedC.
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nasa 5
OCHOBU TepMi4yHOi 06po6KU

Fk

Puc. 5.2
3MiHa BiflbHOT eHeprii (F) aycTeHiTy (FA),
MapTeHcuty (FM Ta nepnity (Fn) 3anexHo
Bifl 3MiHW TemnepaTypy L

Y npoueci HarpiBaHHsi Ta OXOMOMXEHHA Li CTPYKTYypu MepexoasaTb
O0fiHa B OfHY (puc. 5.2) 3a paxyHOK 3MiHWM 3anacy BHYTPIWHbLOT BifIbHOI
eHeprii (F). Ha puc. 5.2 T0O — ue TemnepaTypa, 3a AIKOI 3anac BifbHOI
eHeprii ayCTeHITY | MapTeHCUTY OfHAKOBUIA, TOYKa S 3a Aiarpamoro CTaHy
Fe — Fe3C (aus. puc. 4.1) Bignosigae Temnepatypi A\ - 727 °C.

MepeTBopeHHsa nepniTy B aycTeHiT (M -> A) BigbyBaeTbcs 3a Harpi-
BaHHA cTani, 3rigHo (puc. 5.3) niBoi yacTuHKU giarpamn Fe — Fe3C (aus.
puc. 4.1), Buule 3a TemMnepaTypy KputuuHoi Toukn A\ (727 °C, ninia PSK).
Haragyemo, uWo nepnit — HeoAHopifHa (reteporeHHa) CTPYKTypa, a
ayCTeHIiT — ofHopigHa (romoreHHa). ToMy 3a HarpisaHHs Buue 727 °C
MaloTb Bigbysatuca npouecu Audy3ii aToOMiB BYrneuto ANd LOCATHEHHSA
KOHUeHTpauyii 0,8 %. ns uboro noTpibHi Yac i meperpis BuLLe 3a Temmne-
patypy A\. LLBMAKICTb NepeTBOPeHHSA 3pocTae Npu NifBULLEHHI TeMnepa-

Typu.

1 1 >
Q 08 214 C%
Puc. 5.3
HwxkHs niBa YacTuHa (CTaneBa AinsHKa) giarpamu CTaHy
Fe - FeC
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Pos3pgin 2
Byposa Ta BnacTusBoCTi MeTanis i cnnasis

Mpu HarpiBaHHi eBTekTOIgHOI cTani (0,8 % C) Buwe 3a Touky A\l
(740...800 °C) Ha mexi (epuUTy i LEMEHTUTY MNOYNHAETHCA MEPETBOPEHHSA
a ->y 3 YTBOPEHHSM HU3bKOBYI/IEL,EBOr0 ayCTEHITY, B SIKOMY pO34u-
HIOETbCA LeMeHTUT (puc. 5.4, 6, B). MNepeTBOpPeHHA a->Y BifbYyBaeThCS
WBMALWE, HDX PO3YMHEHHS LeMeHTUTY. Tomy, Konu BcA a-thasa (hepuT)
nepeTBOPUTLCA Ha y-(hady (ayCTeHiT), YaCTUHA LEMEHTUTY 3a/NLLNTLCS
Hepo3unHeHow (puc. 5.4, [), i nMwe nicng PoO3YMHEHHS BCbOrO Le-
MEHTUTY NepeTBOPEHHS 3akiHuyeTbecsa (puc. 5.4, e). MpoTe ayCcTeHIT, WO
YTBOPUBCS, Mae [OCUTb HEpPiBHOMIPHY KOHLEHTpalilo Byrneut, fka
3MEHLLYETLCA Bif LEHTpPY A0 nepudiepii 3epHa. Jiuwe nicna TpuBanoro
HarpiBaHHs abo NigBULLEHHS TemnepaTypu BHacNigoK Aungy3ii ayCcTeHiT
CTae OAHOPIAHUM LWOA0 BMICTY BYI/eLtO.

Puc. 5.4

Cxema yTBOPEHHS 3epeH ayCTeHITy MiJ Yac NepeTBOPEHHS MepniTy npu
HarpiBaHHi cTani

[oeBTeKTOIgHI CcTani 3a TemnepaTyp Bulle Temnepatypu Aj MawTb
CTPYKTYpPY ayCTeHIT + (hepuT innwe Bulle 3a Temnepatypu A3 (niHia GS
piarpamun) HabyBatOTb OLHOPIAHOT CTPYKTYpPU ayCTeHiTy.

Y pasi HarpiBaHHf 3aeBTeKTOigHMX cTaneid Buwe Al (nogi6Ho Ao
eBTEKTOTAHUX) NepniT cnoyatky NepeTBOPHOBATUMETLCA Ha ayCTeHiT, a 3
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Masa 5
OCHOBM TepMiyHOi 06p06KM

NifgBULLEHHAM Temnepatypyu BTOPWHHWUIA LEMEHTUT PO3YMHIOBATUMETHLCA
B ayCTeHiTi. Buuwe temnepatypu AcT (KpuBa SE giarpamu) poO3UYMHEHHSA
LEMEHTUTY 3aKiHYYETbCA | YTBOPHETLCA OAHOPIAHUIA aycTeHIT. OCKiNnbKu
ayCTeHIT YTBOPIETLCA Ha MexXi (hepuTy i LEMEHTUTY, TO YTBOPHBAHHA

Puc. 5.5
LLikana Ansa BU3HaYeHHA
po3mipy 3epHa:

1— 10 — Homepa 3epeH

npu 36inbwexHi, xtOO
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BypoBa Ta BnacTuBOCTi meTanis i cnnasis

nepniTy 3 Api6GHOK CTPYKTYPOIO i3 6iNbLIOK NPOTAXKHICTIO FpaHuLb 3epeH
BiAOYBaETLCA LUBMALLIE.

3 MiABMLLEHHSIM TEMMepaTypy 3pOCTae LWBMAKICTb YTBOPEHHS LEHTPIB
KpucTanisauii ayCTeHITY, a TaK0X LBWUAKICTb POCTY Oro 3epeH. 3anexHo
BifI CXWNbHOCTI A0 3pOCTaHHS PO3MipiB ayCTEHITHOro 3epHa 3a NiagBu-
LLeHHA TemnepaTypu, pPO3PI3HAKTbL CNagkoBO APiOGHO3EpPHUCTY CTanb |
CMafikoBo KpynHo3epHUCTY. CnajKoBiCTb 3epHa 3aneXuTb Bif XiMiYHOro
CKfagy cTani, yMOB BUMNNaBKW Ta TBEPAHEHHS, HEMEeTaneBMX BKpamn/eHb
TOW0. 3a NeBHUX yMOB (Hanmpuknag, npu neperpisi) 3epHo ApibHO3ep-
HUCTOT CTani MOXe MepeBuLLyBaTU PO3MipU 3epeH KPYMmHO3epHUCTO.

Taki enemeHTn, ak V, Ti, Mo, W, Al cnpuatoTb 3MEHLWEHHIO POCTY
3epHa, a Mn, P — 3pocTaHHIO #oro po3mipy. OCKiIbKM NOHATTA
CMaZKoBICTb 3epHa BKa3ye Ha CXMNbHICTb ayCTEHITHOIO 3epHa 40 3pOCTaH-
HA 3 NiABULLEHHAM TemnepaTtypu, TO BBEAEHO TakKOX MOHATTA [ilicHOro
3epHa. To6TO Takoro 3epHa, PO3Mip SIKOFO 3YMOB/EHWIA KOHKPETHOM
TemnepaTtyporo Harpisy, TPMBaNiCTIO HarpiBaHHA i CXW/bHICTIO LO POCTY
3epHa npu HarpiBaHHi. Po3mipy 3epHa aycTeHiTy Ha npakTuui BM3HaYa-
I0Tb 3a CTaHLapTHUMMW MeTOAMKaMW: LeMeHTauieto, OKUCNEeHHAM, 3a
(hepnTHOH abo LEMEHTUTHO CITKOH, MPOTPaBAOBAHHAM FpaHuLb 3epeH
crneyiabHUMKU TpaBHWKaMK | CMIBCTaBNEHHAM OAEPXaHUX CTPYKTYp 3i
CTaHAapTHUMMK LWKanaMmn 6anbHocTi (puc. 5.5).

MepeTBOpPeHHA aycTeHITY Ha nepniT (A —TI1) BigbyBaeTbca B npoueci
OXONOJ)KEHHA CTani Bifg TemnepaTyp ayCTEHITHOro cTaHy A0 KiMHaTHOI
Temnepatypu. MepeTBOpeHHs (po3naj) MoXe BifbyBaTucA Nuwe 3a TeM-
nepatyp, HWKYUX Bif KpUTUYHOT Toukn Ai (727 °C), 3a yMOBMU, LLO BiflbHa
EHEepris aycTeHiTy BULLA 3a BiflbHY eHeprito MPoAYKTiB M0Oro nepeTBOpPEH-
HSi. TOOTO ayCTeHIT Mae 6yTn MepeoxonomXeHUM. Big cTyneHs nepeoxo-
NnogXeHHs (TemnepaTypu), 3a SKOTro BifbyBaeTbCA MepeTBOPEHHA, 3ane-
XaTb LWBMAKICTb NEPEeTBOPEHHS Ta CTPYKTYPHUIA CTaH NPOAYKTIB po3nagy
ayCTeHiITy.

PO3pi3HAOTL TPU OCHOBHI eTany MepeTBOPEHHA ayCTeHiTy mig uac
OXONOMKEHHSA:

* nepetBopeHHa Fey”™ Fea (FTUK —OUK-rpatka);
e 3apO[)KEeHHA LeHTpiB KpucTanizauii uemeHtuty (Fe3C);
e 3pPOCTaHHS 3epeH LEeMEeHTUTY.

BHacnifok uux npouecis BigOyBaETbCAd YTBOPEHHA | 3POCTaHHA
NAacTMHYacTUX KpUCTaniB epuTy i LEMEHTUTY, WO YTBOPHOKOTL NEPAITHY
KONoHito (puc. 5.6).

3anexKHo Bif WBUAKOCTI OXONOAXKEHHS (CTYMeHs MepeoxonofKeHHs)
YTBOPIOKOTHCA Pi3HI TUMKU CTPYKTYP, 3yMOBAEHI MOBHOTOK MPOXOXEHHSA
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nasa 5
OCHOBW TepMi4yHOi 06p0o6KHU

TPbOX OCHOBHWX €TaniB MNepeTBOPEHHA I BigNOBIAHO AMCMEPCHICTIO
CTPYKTYPHUX CKNAA0BUX CTani.

Mpu WwBMAKOCTI oxonoaxeHHs Vox <30 °C/c peani3yloTbCa BCi eTanu
nepeTBOPEeHHA i hOPMYETbCA CTPYKTypa NMaacTMHYacToro nepnity 3
MDKXMNnacTMHYacTow  BigcTaHHw [J0=0,6..1,0 MKM i TBepgicTio
180...250 HB. 36inblIeHHsI WBWAKOCTI oxonomxeHHsa Ao 50 °C/c pae
3MOry peanisyBatu neplunii Ta Apyrvili eTanu NepeTBOPeHHS MOBHICTIO, a
TpeTili — nuwe 4acTKoBO. [Mpu UbOMY YTBOPKETLCA AMCMNEPCHIWa
thepuTo-LEeMeHTUTHa cyMiw (Ag= 0,25...0,3 mkm, 250...300 HB) — cop-
6 i 7. Mpu Kox= 100 °C/c cnoBHa peanisyeTbCs NuWe MeplInin etan,

APYTUA — TiNbKM 4aCTKOBO, a TPETI 3yNMUHAETbLCA 0Apa3sy X Ha no4vatky

Puc. 5.6
Cxema 3apo[pKeHHs i pocTy MepniTHOI KOMOHIT (0) Ta yTBOPEHHS
nepnitHoro 3epHa (6):
1— rpaHuus 3epHa ayCcTeHiTy; 2 — 3apofoK LEeMEeHTUTY;
/— VI — eTann nepeTBOpeHHs
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Pospgin 2
Bynosa Ta BNacTMBOCTI MeTanis i cnnasis

nepeTBOpeHHA. TOMYy YTBOPKETHCA AyXe ApibHA CTPYyKTypa (hepuTo-Le-
MEHTUTHOICYMiWi — TpoocTmMT (J0=0,1..0,15 mkm, 350...450 H B),
OyfoBYy SIKOFO  MOXHa  ChocTepiratm  3a  BEe/IMKUX  30iNblUEHb
(x 7000...8000). LUBmakicTb oxonomxeHHa Yox = 150...200 °C/c gae 3mory
peanisyBaty nuwe nepwnin (6esgudysiiHMiA) eTan NepeTBOPEHHA 3 YTBO-
PEHHAM CTPYKTYpu mapTeHcuty (65 HRC).

MepniT, copbIiT i TPOOCTUT, fAKI YTBOPKOKTLCA Nif Yac AUGY3IiHOTO
po3nafy NepeoxXonofXeHHSA ayCTeHiTy, € DepuTo-UueMEHTUTHUMMU CTPYK-

6

Puc. 5.7

Cxema nobyfoBu KiHETUYHWUX KPUMBUX (a) | diarpaMu
i30TEPMIYHOro NepeTBOPEHHA aycTeHiTy (6)
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nasa 5
OcCHOBY TepMivyHOi 06po6KKN

Typamu naacTuH4acTol OyAoBM, L0 BUPI3HAKOTLCA NULLIE CTYMEHEM
ancnepcHocTi (MogpiGHEeHHS).

AKWo cTanb, HarpiTy A0 ayCTeHiTHOro CTaHy, LWBWUAKO OXOMOAWUTM
HUXXYE 338 KPUTUYHY TOYKY Aj, a gani BUTPUMYBATK 3a MEBHOI MOCTINHOI
TemnepaTypu, TO NePeTBOPEHHS ayCTEHITY Ha (DEPUTO-LEMEHTUTHY CYMiLll
BifibyBaTMMETbLCA MPOTArOM MEeBHOr0 yacy. Takuii NPOLEeC MepeTBOPeHHs
ayCcTeHiTy 3a MOCTiliHOI Temnepatypu (i30TepMiyHMiA MpoLEec) MOXHa
oXapakTepu3yBaTu TaK 3BaHUMW KiHETUYHUMWU KPUBMMU [1S Pi3HUX
CTYMNeHiB nepeoxonomxeHHa (puc. 5.7, a). 3a yMOB HEBE/IMKOr0 Mepeoxo-
NOMPKEHHA Pi3HNLUA BiNbHUX EHEPriii ayCTeHITYy i NepniTy He3HayHa. Tomy
nepeTBOpeHHs BiAOyBacTbCA 3 MEBHUM MepiofoM iHEPTHOCTI. TO6TO iCHYE
iHKy6aLiiHWA nepiog 4O NMO4YaTKy MepeTBOPEHHSA, L0 AOPIBHIOE BigCTaHi
Bif TOUYkM 0 A0 TOYKM a Ha oci 4acy (puc. 5.7, a). Touka a KiHETUYHOT
KpMBOT Nokalye no4yaTtok nepetBopeHHA (1 % nepniTy), a Touka b —
3aKiHYeHHA. Big CTyneHA MNepeoxONOfKEHHA 3aleXUTb He nulle
TpMBanicTb iHKy6auiiHOro nepiogy, a W WBMAKICTb MepeTBOpPeHHs. 3a
Manoro nepeoxonoxeHHs (/j) mepeTBOpPeHHS iige MOBINbHO BHACNifoOK
Manioi pi3HMLi BINbHWUX EHEPriil ayCTeHITy | nepnity. Y pasi 3pOCTaHHS
CTYNeHs MepeoxoNoMKeHHs LWBUAKICTbL CTae onTumanbHow (npu /3), a
noTiM, 3a 3Ha4YHOro NepeoxonofXeHHa (npu /4 i /5), WBUAKICTb 3HOBY

3MEHLLYETHCA Y 3B’A3KY 3 Manow Angy3iiHOK pyxnuBicTio aTomis. Lle I
LEMOHCTPYIOTb KiHETUYHI KpuBsi (puc. 5.7, a), 3a AKUMKU MOXHa nobyaysatu
jiarpamy i30TepMiyHOro nepeTBOPEHHA aycTeHiTy (puc. 5.7, 6). ns Lboro
B KoOpAuHaTtax 4vac (Bicb abcumc) i Temnepatypa posnagy aycTeHiTy (Bicb
OPAMHAT) HAHOCATb TOYKM a i b KIHETUUYHUX KPUBUX Y Mipy 3HUXKEHHS
TemnepaTypu (CTyreHs MepeoxXonofKeHHs). TloegHyoumn Toukn Aj, a2
i T. 4., OEPXYOTb KPMBY MoYaTKy i30T€PMIYHOr0 MepeTBOPEHHS aycTe-
HiTY (niBa KpuBa giarpamu), a NOELHYOUM TOUKU bX, b2, ..., b5 — npaBy
KPMBY 3aKiHYUEHHSA nepeTBOpeHHA. OfepkaHi KpuBi HaragytoTb nitepy C,
TOMY 1X Ha3uBatoTb C-KpMBUMW. Y aHrNiNCbKOMOBHUX BUAAHHAX X
HasuBalTb TTT-giarpamu (time — temperature — transformation).

B 06nacTi Mi>K BEPTUKaNbHOIO BiCCHO | KPUBOK MOYATKY MepeTBOPEHHA
ayCTeHIT nepebyBae B MNepPeOX0nOfKEeHOMY CTilikomy cTaHi (iHKyba-
LiiHWIiA nepiof). MiHiManbHWUIA Yac iICHYBaHHS MepPeoX0N0[AXKEHOr0 aycTe-
HITY 4O nouyaTKy MOro nepeTBOPEHHS Ha (EepPUTO-LEMEHTUTHY CyMiLl
Has3nWBalOTb CTIilKiCT aycTeHiTy (yac Big 0 go a3 Ha puc. 5.7, 0).

3anexuTb BOHa TFO/IOBHWM YWHOM Bif BMICTY BYI/eUl i Neryouux
€/IEMEHTIB, € BXK/INBOKD XapaKTepUCTUKOK MNpu TepMidHiii 0bpobui cTa-
neii. OCKiNbKK po3naf aycTeHITy MOXe 3[iCHI0BATMCS Bif KiNbKOX ce-
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Po3pgin 2
BypoBa Ta BnacTUBOCTI MeTasiB i cnnasiB

KYHL A0 KiNbKOX TFOAWH, ANS 3py4YHOCTI NobOyAoBM fiarpamMym BMKOPUCTO-
BYIOTb norapu@miyny wkany vacy (In 7).
Fopu3oHTanbHi NiHIT Mn i MK nokasyloTb TemnepaTypy no4yaTky Ta

3aKiHYeHHA 6e34My3iiHOr0 MapTEHCUTHOrO NepeTBOPeHHA. [iarpama,
HaBefeHa Ha puc. 5.8, xapakTepHa Aas i30TepPMiYHOro NepeTBOPEHHSA

MepniTHe
NepeTBOPEHHS

Puc. 5.8

[Jiarpama i3oTepmiyHoro
NepeTBOPEHHA ayCTeHITy
1 10 102 O3 4 tc eBTekToIgHOT cTani (0,8 % C)

MapTeHCUT i ayCTeHIT (3a/IMLLKOBWIA)

eBTekToigHOT (0,8 % C) cTtani. AKLW,0 3aMiHUTW YMOBHO MO3HAYEHi TeM-
nepaTypyv KOHKpPETHWMM, TO giarpama Habyge Burnsgy, 306paxeHoro Ha
puc. 5.8. Ha HilA, 3aneXHO Big CTYyneHs MNEepPeoxONOAXEeHHS ayCTeHITy,
PO3pPIi3HAOTbL TpM TemnepaTypHi o06nacTi nepeTBOpeHHA: nepnity (Big
Touku Aj npu6nusHo fo 550 °C), npomixHoro nepetsopeHHs (Big 550 °C

[0 TOYKM Mn), GEHITHOrO i MapTeHCUTHOro (Huk4ye Touykn Mn). Mep-

NiTHe NepeTBOPEHHSA ayCTeHITYy BifbyBaeTbCcs y TpM eTanu 3a Angy3inHum
MEXaHi3MOM; MapTEHCUTHe MepeTBOPeHHS € 6e3audy3iliHUM NpoLecom,
a 6eilHiTHe (MpoMmiXHE) MoegHye B cobi efleMeHTU MepniTHOro Ta Map-
TEHCUTHOIO NepeTBOPEHD.

3a3Hauynmo, WO NpakTU4He 3HAYEHHSA NPW BU3HAYEHHI PEXUMIB KOH-
KpeTHUX MapoK cTaneil Mae NepeTBOPeEHHS ayCTeHITY B yMoBax 6e3nepep-
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BHOIO OXO/MI0[XKEHHA. 3a LMX YMOB OCHOBHI BMAW NepeTBOPEHb (MepniTHe,
6eiiHiTHe, MapTeHCUTHE) BIATBOPIOIOTH TEPMOKIHETMYHI AiarpamMu posna-
Ly ayCTeHiTy.

MepeTBOpeHHs aycTeHiTy B mapTeHcuT (A -» M) mMae 30Bcim Bij-
MiHHY npupogy, He TakKy fK npu (QopmyBaHHI (DEpPUTO-LEMEHTUTHUX
cymilwei. XapaKTepHOK 0COGMMBICTIO ayCTEHITHO-MapTEHCUTHOrO nepe-

001] a 101 1
(1] a [001] (101)a )%
[101]y
Mo3wuis Byrnewuto
a
6
Puc. 5.9

CxeMa YTBOPEHHS! TeTparoHasbHOI KOMipKu
MapTeHCUTY Ha 6a3i rpaTku aycteHiTy (0)
Ta CTPYKTypa MapTeHcuty (6), x 1000
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TBOPEHHA € 1ioro 6e3guysiiHicTb. MapTeHCUT — Ue NepecuyeHuni
TBEPAUIA PO3YMH BYINELO B a-3a/i3i. Y pasi 3HaYHOro MepeoXxos0AKeHHS
(Konn WBnAKicTb OXONOAXKEHHS BULA Bif KpUTUYHOT — Kkp) Byrneub He

BCTWUTAE BULINUTUCS 3 ayCTEHITY Yy BUTNAAI LEMEHTUTY, K Le Bif0yBaeTbCs
3a YTBOPEHHSA MepAiTy, copbiTy i TpoocTuTy. BiH 3anuwaeTbca y KpucTa-
NiYHIA rpaTtyi a-3anisa, YTBOPKOE MNEpecUYeHWiA TBepAWUA PO3YNH i
BUK/MKAE BHACNILOK UbOoro 3MiHy OLLK-rpaTku Ha TeTparoHanbHy 3
eNeMEHTAPHOI KOMIpPKOK Yy BUINa4i MPAMOKYTHOro napaneneninega
(pnc. 5.9). AToMu Byrneuw y Takili TeTparoHanbHili KOMipLi po3TawoBy-
HOTbCA Y MIXKBY315X ab0 B LEHTPi OCHOBM (CTOpoHa a), abo mocepefuHi
noLoBXeHNX pebep (cTopoHa c). CTyniHb TETParoHasbLHOCTI XapakTepusye
CMiBBiAHOWEHHA napameTpiB c/a, AKa 3pocTae Yy BignosigHOCTI 3i
36iNblWEHHAM BMICTY BYrMeu y TBepAOMY pO34uMHi. Tak, mpu BMICTI Y
ctani 1,7 % C cTyniHb TeTparoHanbHoCTi cTaHoBuUTbL 1,08. OTXe, Map-
TEHCUT € NepecuyeHUM TBepAMM PO3YUHOM BTIfIEHHA BYTneuto B a-3aisi.

[MepeTBOPEHHSA ayCTeHITY B MAapTEHCUT BiOYyBa€ETbCA 3a OXONOMXKEHHS
y MeBHOMY TeMnepaTypHOMY iHTepBani 3 noyaTtkom Yy Toudui Mn (aus.

puc. 57 i 5.8), sika, Ha BigMiHy Bi NepniTHOro MNepeTBOPEHHS, He
3aNeXUTb Bif WBUAKOCTI OXONOMKEHHSA ANs faHOT cTani. 3i 3HMXKEHHAM
Temnepatypu fgegani OGinblia KinbKiCTb ayCTeHITY NepeTBOPHETHCSA Ha
MapTeHCUT. [MepeTBOpPEHHS 3aKiHUYYeTbCS 3a TeMnepaTypu Touykum MK.

MpoTe HaBiTb NPU LLOMY He Bif6yBacTbCA MOBHOIO MEPETBOPEHHSA BCbOMO
ayCTeHiTy B MapTeHCMT. YacTuHa ayCcTeHiTy, WO He MepeTBOPIOETHCS,
Ha3WBaeThCd 3 a/TMWKOBWUM aycTeHiTOM. XapakTepHotw
0CO6/MBICTIO MapTEHCUMTHOrO NEpPeTBOPEHHA € MPU3YMUHEHHS NepeTBo-
PEHHA y MapTEHCUTHOMY iHTepBani B pas3i 3ynuUHKW 6e3nepepBHOro 0Xxo-
NOMXKeHHS (i30TepMiYHOr0 BUAEPXKYBaHHA), L0 CYNPOBOMKYETHCA TaKOX
cTabinizayieto aycteHiTy. XiMi4yHWIA CKNaf ayCTeHITy 3yMOBMKOE iHTepBan
Temnepatyp MapTEHCUTHOIO NEepeTBOPEHHSN, KW 3HUXYETbCA B pasi
NniiBULWEHHSA BMICTYy BYyrfeuto B cTani. [epeTBOPEHHA ayCTeHIiTy 3 YyTBO-
PEHHSIM MapTEHCUTHUX MAacTUH BiAOYBAETbCA 3 BE/IMKOK LUBUAKICTIO
(=1000 wm/c), cynpoBOAXKYETbCA 30inblUeHHAM 06’eMy, OpiEHTOBaHICTIO
CTPYKTYPU MApPTEHCUTY, BUHWKHEHHAM HampyXeHb Ta TXHIM 3pOCTaHHAM
3i 3pOCTaHHAM MapTeHCUTHOro kpuctany. Kpuctanu (nnactuHu) Map-
TEHCUTY OpieHTOBaHI A0 rpaHuLb 3epHa ayCcTeHiTy nig KyToMm 60° a6o 120°.
[nsa MapTeHCUTHOro nepeTBOPEHHA XapaKTepHO TaKoX MogpibHeHHS
6/104HOT CTPYKTYpW, YTBOPEHHS MIKPOABINHUKIB, NifBULLEHHS TyCTOTK
avcnokauiii. Bee e, pasoM 3 yTBOPEHHAM TBEPAOr0 PO3YMHY BTINEHHSA 3
TeTparoHasbHOK KPUCTaNiuyHOK rpaTKolo, 3YMOB/KE BUCOKY MILHICTb
(aB* 1000...1500) i TtBepgicTb (60..65 HRC) MmapTeHcuty. CTpyKTypa

MapTEHCUTY € pe3ynbTaToOM rapTyBaHHs cTanei (puc. 5.9, 6).
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MepeTBOpeHHA nNif 4ac HarpisaHHA (Bignycky) 3arapToBaHOI CTai.
CTpyKTypa 3arapToBaHOi CcTasi € TEpMOAMHAMIYHO HECTabiNbHO, OCKiNb-
KW Mae NigBULLEHNIA piBeHb BINIbHOT eHeprii Ta BUKPMBMEHHA (TeTparo-
HaNbHICTb) KpucTanivyHol rpatku. Tomy npu HarpiBaHHi 3arapToBaHOl
CTani A0 TemnepaTtyp, HMWXK4YMX 3a KpUTUUHY Aj (727 °C), 3 HacTynHuUM

OXO0NOLKEHHAM (Bi4NyCcK) BOHa HamaratumeTbCs nepelTM fo ctabinb-
HILWOro cTaHy, TOGTO A0 MNEPeTBOPEHHS MAPTEHCUTY | 3alMLWIKOBOrO

Cragii nepeTBOpeHHs

Puc. 5.10

[vnaTomeTpuyHa KpuBa BifnycKy
Byrneuesoi (1,2 % C) ctani

ayCTeHITY Ha hepuTo-UeMEHTUTHY cyMiw. Taki nepeTBOPEHHS CynpoBOA-
Xy€e 3MiHa 06°emy (ZOBXMHW 3pa3ka). Haragaemo, L0 MapTeHCUT Mae
HanoOINbWNA 06°eM, a ayCTEHIT — HalMeHLW nii. Pikcytoum 3MiHN 06’eMy
MpW HarpiBaHHi cTani (AUMNATOMETPUYHMIA METOA), MOXHA BU3HAYUTK
CTYMiHb Ta €Tanu MepeTBOPEHHS 3arapToBaHOl cTani npu BignycKy
(puc. 5.10). Axkwo HarpiBaTu BignaneHy ctanb, TO 3a BiACYTHOCTI nepe-
TBOPEHb AMNATOMETP KPECNUTUME NINLIE TOPWU30OHTaNbHY MiHilo. B pasi
HarpiBaHHs 3arapToBaHOl CTani Ha KpPUWBilA 3MiHW [OBXWHW 3pa3ka
crnocTepiraemo pisHi AiNSHKW, WO BigNOBiAaldTb MEBHWM CTaHam Mnepe-
TBOPEHHSA.

Tak, B iHTepBani Temnepatyp 80..200 °C Ha ctagii | Bignycky
CNOCTepiraeTbCa CKOPOYEHHS LOBXMHW 3paska, L0 BignoBifae Tak 3Ba-
HOMY MepLIOMY MepeTBOPEHHIO Mpu Bignycky. Lie noB’A3yeTbca 3 nMocTy-
MOBMM 3MEHLIEHHSIM MapameTpa C rpatkum (CTyniHb TeTparoHanbHOCTI
HabnuxyeTbca [0 1), YTBOPHOETHCA BigNYWeEHWI MapTeHCUT 3 Malixe
KybBi4YHOIO rpaTKoH. 3MEHLIEHHS TeTparoHasbHOCTI MOXHa MOACHUTK
BULINIEHHAM BYr/feylo 3 TBEPLOro pO3YMHY 3 YTBOPEHHAM MeTacTa-
6inbHOro e-kapb6igy (mae opmyny 6nu3bKy Ao Fe2C). To6To Ha nepulili

CTagii BiagNycKy YTBOPHOETbCA BiANYyLEHWA MapTEHCUT — TreTeporeHHa
CYMill MepecMyYeHOoro a-po3yMHy HeOoAHOPIAHOT KOHLEeHTpaLii i 4acTok
we He 060cobneHOro e-kapbigy.
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3a nofganblioro HarpisaHHs B iHTepBani temnepatyp 200... 300 °C Ha
cTaaii //BignycKy 3aiUWKOBUIA ayCTEHIT NEPETBOPIOETLCA B reTepPOreHHy
CYMill 3 MepecuyeHOro a-po3yunHy i kKapbigy. IHWuUMKM cnosamu, 3a-
NVNLWIKOBWIA ayCTeHIT MepeTBOPHOETLCA Yy BignyweHUin mapTeHcuT. Ll
NMepeTBOPEHHS CYNpPOBOAKYHTLCS 30iNbLWEHHAM [OBXWHM  AuaaTo-
METPUYHOIO 3pasKa.

Ha cragii 111 Bignycky B iHTepBani 300...400 °C cnocTepiraetbcs
3MeHLWeHHA 06’eMmy CTani, WO 3YMOB/IIOETLCA LINKOBUTUM BULINEHHAM
BYI/IEL|t0 3 TBEPAOr0 PO3YMHY, 060CO6NEHHSM | MepeTBOPEHHAM e-Kapbigy
Ha uemeHTUT (Fe3C), 3HATTAM BHYTPILWHIX Hanpy»XeHb. Mpn 400 °C TpeTe

nepeTBOPEHHA 3aBepLUYETLCA, | CTaNb CKNafaeTbecs 3 PepuTy i LEMEHTUTY
(TpoocTUT BigNycKy).

Ha cTtagii /V 3a Temnepatypu Buue 400 °C BigbyBaeTbcs aKTUBHWIA
npouec Koarynauii kap6igHWX 4acToK, AKMIA NOYaBCA e 3a TeMnepaTypu
150 °C. MnacTMHYaCTUiA LEMEHTUT MEPEXOANTDL Y FO6YNSAPHY (3epHUCTY)
thopmy, yTBOpPIOHOUM CyMiw (GepuTy i LeMeHTuTy. CTPYKTypu, AKi yTBO-
proloTbCA Nif 4vac BigMycKy, MatoTb Taki cami HasBW, WO A CTPYKTypu
NpPsAMOro posnajy aycTeHiTy Ha (epuT i uemMeHTUT. [licna Bignycky npwu
350...500 °C 3araprtoBaHa CTajJlb Mae CTPYKTypy TPOOCTUTY, nNpu
550...600 °C — copbity Bignycky (UeMeHTUT Yy BUIrNAAi 3epeH
0,1...0,2 mMKm), a npu 650...700 °C — nepnity Biagnycky’ (po3mip rnoby-
NAPHUX YacToK uemeHTuTy 0,3...0,4 MKM). Lli CTpyKTypun BigpisHAKOTHCA
3a PO3MIpOM LEMEHTUTUMX 4acTOK i 3a TBepgicTio. PisHa opma 4acTok
LEMEHTUTY, OfEPXAHOro B pe3ynbTaTi NPAMOro posnafy aycTeHiTy abo B
npoueci BignycKy 3arapToBaHOl cTasi, 3yMOB/ItOE BiMIHHOCTI y BfacTu-
BOCTAX MeTany. TOMy B 3a/1eXHOCTi Bifg NOTPiGHOro KOMNNEKCY BAacTu-
BOCTE 3arapToBaHi cTani migaatoTb HU3bKOMY (150...200 °C), cepefHbOMY
(300...400 °C) abo Bucokomy (450...680 °C) BignycKoBi.

8§5.3

Bnnue HarpiBy Ha CTPYKTYpPY i BMaCTUBOCTI
AecbopmoBaHoro meTany

Jedopmauicio Ha3uBawTb 3MiHY po3MmipiB i opmu Tina nig Agicto
NPUKNageHUX [0 HbOTrO CuN. PO3PIi3HAOTL MPYXHY i NnacTUYHy gedop-
mMauito. Mpy>XHa gedopmalid UeTaka, WO YCyBaeTbCA npu
3HATTI HaBaHTaXeHHA. BoHa He BUKAMKAE NMOMITHUX 3a/MLLIKOBUX 3MiH
CTPYKTYpW | BNacTMBOCTEA MeTany — nifd Ai€t0 NpuUKNageHOro HaBaHTa-
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XKEHHA BifOyBaeTbCcA NMLIE He3HauyHe BiAHOCHe I 3BOPOTHE 3MilLeHHS
atomiB. llicns 3HATTS HaBaHTAXXEHHS 3MilLeHi aTOMW BHaCMifoK Aii cun
NPUTAryBaHHA abo eneKTPOCTaTUYHOIO BifLWITOBXYBaHHA MOBEPTAlOThCA Y
BUXiJHMWIA PIBHOBaXKHWIA CTaH i KpucTann metany HabyBalTb CBOET none-
pefHbLOT PopMU Ta Po3MipiB.

3a yMOB 3pOCTaHHA HanpyXeHb Ha MeTan BULUE 32 NEBHY BeIMUYUHY
fgethopmalis cTae He3BOPOTHOK, | MiCAA 3HATTA HaBaHTaXEeHHA ycyBa-

Puc. 5.11
CxemMn nnacTUYHOI gedhopMalii KOB3aHHAM (a)
i ABiViHMKyBaHHAM (6); 0 — KyT 3CyBY

€ETbCA NULIe Npy>XHa CcKnagoBa fedopmauii. YacTuHa X pgedopmauii
3anMwaeTbes i1 HasMBalTb MnacTUUHOW. MapacTu4yHa pgedop-
Maluis He YCYBAETbCA MiCNA 3HATTA HAaBaHTaXEHHA | BUK/WKae
He3BOPOTHI 3MiHWM CTPYKTYpu Ta BnacTmsocTeli meTany. BoHa 3giiicHio-
ETbCA LWINAXOM KOB3aHHS (3cyBY) Ta ABiliHMKYyBaHHA (puc. 5.11). 3cyB
Yy KpUCTaNiyHiin rpaTui peanisyeTbCA 3a NaOWMHamMu i HanpsMkKamu 3
HalWiNbHIWMM MakyBaHHAM aToMmiB, fe OMip 3CYyBy € HalMEHLIMWM.
MAoWKWHKM | HaNPAMKN 3CYBY B LUMX MN/OLWMHAX YTBOPHOKOTL CUCTEMY KOB-
3aHHA. B meTanax MOXyTb iCHyBaTuM OAHOYaCHO 0AHa abo KinbKa CUCTEM
KOB3aHHSA. TakKMM UYMHOM, 3CyB — L& MepeMilleHHs OAHIET YacTUHN Kpuc-
Tany napanesnbHO iHWINW Y340BX NAOWMWHW, AKY Ha3MBalTb M/OLWMHOK
KOB3aHHS, abo 3cyBy (puc. 5.11, a). B nnowmHi KoB3aHHS pO3TallOBaHi
[EecATKU gucnokauiin. lMepemiweHHa iX Mif AI€E0 AOTUYHMX HaMpy>XeHb
NpuU3BOAMTL L0 PO3BUTKY NAACTUYHOT fedopmaLii Ta 3MILHEHHA MeTany.

OKpiM KOB3aHH#, nnacTuyHa fedopmais 34iiCHIOETbCA TAKOX LAA-
XOM [BiiiHMKyBaHHSl. BOHO peanisyeTbCsi y pasi 3CyBY OfHIEl 4acTUHU
KpucTany B HOBE MONOXEHHS, CUMeTPUYHE LWOAO APYrOoi YacTUHM KpucTa-
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Ny BIAHOCHO MN/OWMWHW, $KY Ha3MBalOTb MOWMNHOW ABIAHUKYBAHHS
(puc. 5.11, 6).

Mig vac pABiiHMKYBaHHA BigOyBaeTbCA MepeopieHTalis — YyTBO-
PIOETLCA [BIAHMKOBMI npowapok. KpuctaniyHa rpatka ABiliHWKOBOrO
npowapky € fA3epKalbHUM Bigo6paKeHHAM TrpaTKM B IHWIA YacTuWHi
KpucTany.

3MiLHEHHA MeTany B Npoueci nNnacTUYHOi fedopmauii Kpuctany Ta
NONIKPUCTaNivYHOro Tifa (HaknenyBaHHA) MOACHKETbLCA 3POCTAHHAM Kifb-

Puc. 5.12
Bnnve nnactuyHOi Aedopmalii Ha CTPYKTypy MeTtany
(cxema):
a — pAo gedopmadii; 6 — nicna gedopmadii

KOCTI feeKTiB KpucTaniyHoi 6yaoBu (AMCNoKaLiii, BaKaHCiil, MiXXBY3/0-
BUX aToMiB). TMifBULLEHHA TYCTOTW [LeEKTIB YCKNAAHIE PyX OKpPEMUX
HOBUX AWC/IOKaLiiA | TaKUM YMHOM MigBULLYE ONip gedhopMmalii Ta 3HMKYE
nnacTUYHicTb Metany. Metanm 3 OLK- i FLUK-rpatkamn gecopmMyoTbea
B OCHOBHOMY KOB3aHHAM, MeTanu [LWIM — Ak KoB3aHHAM, TaK i
ABiiHNKYBaHHAM. MeTann 3 FLLK-rpatkol 3MIiLHIOKTLCA CUMbHIiWE 3a
metann 3 OLK-rpatkoto.

MnacTnuHa pedopmalis BUKAUMKAE TaKOX 3MIiHW MIKPOCTPYKTypu
NoNiKpUcTaniyHoro metany. Y pasi 3poCcTaHHsA CTyneHs gedopmauii Ta ii
PO3BUTKY B KOXHOMY 3epHi 3HayHO 3MIHIOETbCA MIKPOCTPYKTypa —
3epHa BUTATYIOTbCA B HANpsAMKY NAAaCTUYHOIO NAMHY MeTany. 3a 3Ha4yHol
nedopmauil yTBOPHETbLCA BOJIOKHUCTA CTPYKTypa (puc. 5.12).

Yci BHYTpiWHI 3MiHWM nig 4ac nnactuuyHoi fedopmauii, Taki fK
BUKPWBEHHA KPUCTANiYHWUX rpaTok, 3pOCTaHHA TycToTU AuchoKauii Ta
BaKaHCil, 3MiHU MaKpo- i MIKpOCTPYKTYpU, NosiBa TEKCTYpu gedopmadii,
BUK/NNKAKOTh 3MiLHEHHA MeTany. [pu UbOMYy XapakTepPUCTUKM MIiLHOCTI
(0B, CT, TBEPAICTb) 3pOCTAlOTh, & XapaKTEPUCTUKUN NAACTUUYHOCTI — 3HU-
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XytoTbca. 3MIiLHEHHA MeTany nif Aielo nnacTuyHoOi fedopmauii Hasu-
BalOTb HAKNeNyBaHHAM (HarapTyBaHHAM).

[JetopmoBaHuii (HaknenaHuin) metan € TEPMOANHAMIYHO HECTIAKUM
i TOMY HamaraeTbCsi MepenTn y 6inbll PIBHOBaXHMWIA CTaH 3 MEHLWUM
piBHEM BiNbHOT eHeprii. pouecKn, 3a AONOMOrO SKUX MOXe BigdyTucs
ueil nepexig, 34IACHIOIOTHLCA LWAAXOM AuUGysii aTomiB B meTani. Tomy
BMpiWanbHa ponb Y PO3BUTKY LUX MPOLECIB HANexuTb TemnepaTypi, 3
NiABULLEHHAM AKOT 3pOCTAE PYX/MBICTb aTOMIB i CMIPOMOXHICTb Haknena-
HOro MeTany A0 caMOfOBiNbHOT nepebynoBu CTPYKTypu. Mpu HarpisaHHi
TaKoro Metany y HbOMY Bif0yBatoTbCA MPOLECU NOBEPHEHHS, NOAiroHisauii
i pekpucTanisauii, AKi 3ymMOBNOIOTbL MOBEPHEHHS BCiX BNacTMBOCTEN [0
piBHS BNacTUBOCTEN MeTany Ao Aedopmauii.

Mig yac HarpiBy MeTany A0 NOPIBHAHO HU3bKUX TemnepaTyp (HWMX4e
0,8..0,3 TIT) noOYMHAETbLCA MNpoLec MnoBepHeHHA. [lig UMM pPO3YyMitOTb

NigBULLEHHA CTPYKTYPHOT LOCKOHANOCTI HAK/enaHoro MeTany BHacnifok
3MEHLIEHHS TYCTOTK fedekTiB O6yfoBU, ofHaK 6e3 NOMITHUX 3MiH CTPYK-
Typu MpU CNOCTEPEeXEeHHi 3a AOMOMOro CBITAOro Mikpockona. Pos-
Pi3HAOTL ABI CTagii UbOro npouecy: nepwa cTagis -r- NOBEPHEHHA —
npoTikae 3a Temnepatyp Huxue 0,2 Tua, KOAM BifOyBaeTbCH 3MEHLUEHHS
KiNIbKOCTi TOYKOBUX [fe(heKTiB (BakaHCiii) i HeBenuKe neperpynyBaHHA
JVCnoKauidi 6e3 yTBOPeHHS HOBMX cybrpaHuub; gpyra ctagias — noni-
roHisauis (Big nat. polygom — 6araToKyTHUK) — peanisyeTbca Mnpu
HarpiBaHHi o 6inbw Bucokux Temnepatyp (0,25...0,3 Tna). Mig uum
poO3yMmiloTb (hparMeHTaLit0 KpucTanis Ha cy63epHa (NoniroHu) 3 mManoky-
TOBMUMU rpaHuuammn. Cyb3epHa AyXe Manumx Po3MipiB i IX MOXHa cho-
cTepiratv nuiwe 3a AOMNOMOroK 3Ha4YHUX 36iNbLUEHb e/IEKTPOHHOIO MiKpo-
ckona. Cy63epHa npu nofjanbliomy MifBULLEHHI TemnepaTypu abo Tpusa-
NOCTI HarpiBy nparHyTb A0 3pOCTaHHfA. HarpiBaHHS Ao 6inblWw BMCOKOT
TemnepaTypu NpPM3BOAMTb [0 Pi3KOT 3MiHU CTPYKTYpW | BNacTMBOCTEN
aeopMoBaHOro MeTany BHacNigoK pekpucTanizauii — npouecy BUHUK-
HEeHHA | poCTy HOBWUX HefehopMoBaHMX 3epeH. BHacnigok pekpuctani-
3auil HakenyBaHHA MPaKTUYHO LiIKOM 3HIMAETbCS | BNAaCTUBOCTI MeTany
HabnuxalTbCA 4O BUXigHWX. HaliMeHWy TemnepaTypy novaTky
pekpucTanizauii Tp, 3a AKOT NpoTikae pekpucTanisayia i BigbyBaeThCs
3HEMILHEHHS HaKnenaHoro metany, HasMBalTb TeMnepaTypHUM NOPOrom
pekpucTanisawii.

Lls TemnepaTypa He € MOCTiiiHOK (Di3MYHOO BeNMUMHOK. Temnepa-
TYPHUIA NOpir pekpucTtanizayii 3HWXKYETbCA BiAMNOBIAHO CTyneHO gedop-
MaLii, TpMBaNoCTi HarpiBy, BeNMYUHI 3epHa 40 AehopMaLii. 419 TEXHIYHO
yncTux Metanis BiH cknagae 0,4 T, 48 UYUCTUX 3HUKYETHCA [0
0,1...0,2 'nn, a gnsa cnnaeiB TBepAMX poO3dmMHiB 3pocTtae go 0,5...0,6 Inn.
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I3 3aBeplIeHHAM MEePBUHHOT pekpucTanisauii y npoueci nogansLioro
HarpiBy BifbyBaeTbca 36upanbHa pekpucTanisauyis. Lle npouec pocty
O[HUX PeKpUCTanizoBaHMX 3epeH 3a paxyHoK iHWuX (CycigHix) pekpucra-
Ni30BaHUX 3epeH. Y peasbHOMY MeTasi nicia nepBUHHOT pekpucTanisauii
3epHa MalTb HeOofgHaKOBi pPo3Mipu. [paHuUi 3epeH BUKPUBAEHI, MalOTb
NigBMLLEHY MPOTSAXKHICTL. BHacnifgok 36upanbHOi pekpucTanisayii 3epHa
3pocTalTb PIBHOMIPHO, Gifbll KPYMHI POCTYTb 3a paxyHOK ApiGHMX.

Puc. 5.13
3MiHa XapakTepucTMK MILHOCTI (<8, aT)
i nnacTnyHocTI (8) HaknemaHoOro Mmetany npu
HarpiBaHHi; P — TemnepaTtypa noyaTky
pekpucTanizayii

3a neBHWX YMOB 3epHa MOXYTb 3pOCTaTW HEPIBHOMIPHO, TOMY LIO
POCTYTb i AOCATal0Tb BEAUKUX PO3MIPIB NULIE OKPeMi 3 HUX, TO4i fK
OCHOBHa CTpyKTypa 36epiraetbcq pApi6bHO3epHUCTOK. Takuii npouec
Ha3nBalTb BTOPUHHOK peKkpucTanisauieto.

Uym 6inblInin cTyniHb MonepeaHbOi naacTUYHOI gedopmalii, TUM
MeHLI NI po3Mip peKkpucTanizoBaHOro 3epHa. Temnepatypa Ta TpuBanicTb
HarpiBy TakKoX BM/IMBaOTb Ha PO3MIp PeKPUCTani3oBaHOro 3epHa.
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rnasa 5
OCHOBY TepMi4HOi 06po6KK

Mig yac HarpiBaHHA NNACTUYHO LepOPMOBAHOI0 METany 3MIiHIOTbHCA
TaKOX MOro CTPyKTypa Ta BnactusocTi (puc. 5.13). B iHTepBani Temnepa-
TYpP NOBEPHEHHS CMOCTepPiracTbCa He3HauYHe 3HEMILHEHHS, Ke 3a/1eXUTb
BifL MPMpPOAMN MeTany i (hakTUUYHOT TeMNEepPaTypu Harpisy. XapakTepucTuKu
NAacTUYHOCTI Aewo nigBuwylThca. B o6nacTi Temnepatyp NepBUHHOI
pekpucTanisawii pi3Ko 3HMXKXYHTbCA MOKa3HUKM MILHOCTI Ta 3HayHO
NigBULLYETLCA NAACTUUHICTb. [epBUHHA pekpucTanisayia Npu3BoL4UTL 40
MOBHOr0 3HATTA HakfenysaHHA. [loynHaroum 3 NEBHOT Temnepatypw,
NAaCTUYHICTD  NNABHO 3HWKYETbCA, WO MNOACHIOOTb YTBOPEHHAM
BE/IMKOr0 3epHa BHACNiJOK 30MpanbHOT pekpucTanisauii. Ha npaktuui
A5 NMOBHOTO 3HATTSA Hak/ernyBaHHsA 3aCTOCOBYHOTb TepMiuHY 06pobKy 3a
peXXMMoOM pekpucTanisayiinHoro Bignany.

§ 5A A

Knacudikauis BuaiB TepmMiuHOTi 06po6KHK

Mpouecy TepmivyHOT 0O6PO6KM XapaKTepU3YKOTbCA He NuLlie Temmnepa-
TYpOIO i TPMBANICTIO HarpiBy, LWBWUAKICTIO HArpiBy i OXONOLXKEHHSA, 3arafib-
HOK TPMBANICTO BUPOOGHUYOro UMKNy. Bupg TepmiyHOT 06pobKy neplu 3a
BCe BM3Hauyae TUN a3oBMX i CTPYKTYPHUX 3MiH y MeTani. Buxogaum 3
uboro, O. BouyBap po3pobMB Knacudikauilo, sAKa OXOMME YWCAEHHI
pi3HOBUAN TepMiYHOT 06POBKM YOPHUX | KONbOPOBUX MeTanis i cnna.is.
Ha ocHoBi knacudikauii O. bouBapa Komicieto 3i cTaHgapTu3auii Pagm
EKOHOMIYHOT B3aemogonomMoru CTBOPEHO Knacu@ikauito BMAIB i pi3HO-
BMAIB TEPMOOOPO6KM cTanel i KONbOPOBMX MeTaniB Ta CNnaBiB, a TaKoXx
BiANOBiIAHY TepmiHonorito (puc. 5.14).

3rifHo YnHHIK Kknacudikayii BuaM TepmivyHOT 06p06KM NOZINAIOTL Ha:

e BnacHe TepMmiyHy (TO);

e XiMiKo-TepMmiuHy (XTO);

e TepMomexaHiuyHy (TMO).

BnacHe TepmiyHa 06pobka OXONOE TEXHOMOTiYHI mpouecu: Bignan
nepLioro pogy, signan Apyroro popy, rapTyBaHHs 3 NoNiMOpHUM nepe-
TBOPEHHAM, rapTyBaHHA 6e3 noniMoOp(HOro mMepeTBOPEHHA, BigNYCK,
cTapiHHA. KOXeH 3 umx BuAiB TEPMOOOPOOKM MNOAINSETbCS TaKOX Ha
pi3HOBMAN, BUXOAAYM i3 crneuudiky cnnasis. BoHa 3BOAUTLCA NuLle A0
TEPMIYHOro BNAMBY Ha MeTan abo cnjas.

Ximiko-TepMiyHa o06pobka noegHye B cob6i onepauii TepMiyHOro i
XiMiYHOro BMMBY 3 METOK 3MiHM XiMiYHOro cknagy, CTPYKTypu Ta
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Pospin 2
BypoBa Ta BnacTuBOCTI MeTanis i cnnasiB

BNacTMBOCTEli MOBEpXHeBOro lwapy MeTany ab6o cnnasy. PisHoBuAM
XiMIKO-TEPMiUYHOT 0O6PO6KKN: LEeMeHTaLis, a30TyBaHHSA, HiTpOLEeMeHTaLlis,
6opyBaHHA, andysiliHa MeTanizauis TowoO.

TepmiuHa 06pobKa

Puc. 5.14
Cxema Knacugikauii 0CHOBHMX BWAIB TepMiuHOI 06pO6KN MeTaniB i cnnasiB

TepMmoMexaHiyHa 06pobka 06’¢AHYEe B OQHOMY TEXHOMOTriYHOMY Mpo-
Leci onepayii TepMIYHOro BMAMBY | MAacTMYHOI gedopmavii y pisHii
nocnigoBHOCTI. Pi3HOBMAM TepMOMEXaHiYHOT 06pobKM — BUCOKOTEMIMe-
patypHa (BTMOQO), HusbkoTemnepatypHa (HTMO), i3oopMiHr TOL,O.

3 OKpemMuMmu BUAaMn TEPMIYHOT O0OPO6GKM 3MYLIEHI CTUKATUCb §IK 3
no6GiyHMMM npouecamu Mg vac rapsayoi o6pobkM TUCKOM, NUTTI, 3Bapio-
BaHHI Ta 3a iHWMWX TEXHONOTIYHMUX Onepauii.
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OCHOBW TepMi4yHOi 06po6 KM

§5.57"

TexHoMorivHi Npouecu TepMivyHOT 06pO6KM
cTani

Bignan. Bignan nepworo pofy 4acTKOBO abo MOBHICTH YCyBae Bif-
XWMIEHHS Bif PiBHOBaXXHOrO CTaHy MeTany, siKi BUHWMKAW BHAcNifoK oro
nonepegHbOT 06po6KN (NNTTSA, 06pOOKa TUCKOM, 3BaptOBaHHSA, TEPMOOO-
pobka). Mig vac Bignany nepworo poay a3oBi NepeTBOPEHHS He
BifOyBalOTbCA. AKLLO XX BOHU BCe XX TAKM MalOTb MicCLe, TO Ha BNacTUBOCTI
CTani iCTOTHO He BMAMBalOTb. [pouecu, AKi ycyBalOTb BigXWEHHA Bif
PIBHOBAa)XHOr0 CTaHy, 34iACHIOTLCA CaMOAOBINbHO, | HarpiBaHHA npwu
Bigmani nepworo poay 34IACHIOTbL AuUle A1 TXHbOr0 MPUCKOPEHHS.
OCHOBHi MapameTpu TaKoro Bignany — TemnepaTtypa i TpuBanicTb
HarpiBy, LWWBUAKICTb HarpiBaHHA i OXONO[XKEHHA MalOTh ApyropsfHe 3Ha-
YEHHS.

3anexHo Bif TOro, AKi BiAXUNeHHA Bif PiBHOBAXHOr0 CTaHy YCyBalTb-
Cs, PO3PI3HAOTL TaKi Pi3HOBMAM Bignany NepLioro pogy.

PekpucTanisauiitHuii Bignan BUKOPUCTOBYIOTb A/15 3MEHLUEHHA TBep-
[JOCTI HaknenaHoi xonogHogeopmMoBaHOl cTani, NigBULLEHHS 1T B’A3-
KOCTi, ofiep>aHHSA NeBHOro po3Mipy 3epHa. CTanb A1a LbOro HarpisarwTb
[0 TemMmepatypu noyaTKy pekpucTtanisayil (HUKYe KPUTUUYHOT TOUKU
BUTPMMYIOTbL 3...6 rog i MOBiNbHO oOxonoakywTb Ao 500 °C i gani Ha
noBiTpi. B pe3ynbTaTi 3aMicTb CTPYKTYpu AeOpPMOBAHOro MeTany yTBO-
prOETLCA PiBHOBaXKHa APiGHO3epHWUCTA, BifbHA Bif 3a/ULWKOBUX Hanpy-
XXEHb CTPYKTypa.

romoreHisytoumnii  (AndpysiiiHniA) Bignan 3acTOCOBYKOTb [ANA BUPIBHIO-
BaHHA XiMiYyHOro cknagy Ta NiABULLEHHS OAHOPIAHOCTI CTPYKTYpW NUTOT
NneroBaHol ctani abo AN 3HMKEHHA CXWNbHOCTI MPOKaTy L0 YTBOPEHHSA
(hSI0KeHiB i WudepHocTi. CTanb ANA LbOro HarpiBalTh BULLe Temnepa-
Typu To4ok f13 i flct (1000...1150 °C) npotsarom 10..15 rog i noBinbHO

OXO0NIOMKYITb. BHacnifokK LbOro yTBOPKETLCA OLHOpigHA CTPyKTypa 3
BE/INKMM 3€pHOM, $IKe MOApPiGHIOTbL Mif 4Yac HaCcTynmHOT TepMidHOi
06p06KM abo Mpu NpoKaTyBaHHI.

Bignan Ha BefMKe 3epHO 3aCTOCOBYIOTb A4 NOAIMNWEHHSA 06pobntoBa-
HOCTI cTani pizaHHAM. OCKifibKM CTPYKTYpH 3 BinblinM 3epHOM 06pobnd-
IOTbCA Nerwe, WTYYHO PO3MIp 3epHa ManoByrneLesoi cTani 36iNbWYOTh
Harpisom fo 950... 1100 °C i NOBiNbHUM OXONOAXKEHHAM Ti pa3oM 3 Mivyto.

Bignan gpyroro poay 6asyeTbCA Ha BUKOPWUCTaHHI Andy3iiHMX (Hop-
ManbHMUX) (aszoBMX MepeTBOPEHb MPM OXONOMAXKEeHHI MeTaniB i cnnasib.
MpUHLMNOBY MOXNMBICTb 3aCTOCYBAHHA 40 CMAaBY Bignany Apyroro pogy
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Pospin 2
Byposa Ta BnacTuBOCTi meTanis i cnnasis

MOXHa BW3HAuUMTK 3a Aiarpamolo ctady. Moro nposoasTb ans cTaneit i
cnnasiB, AKi MalTb NONIMOP(HI, eBTEKTOIAHI abo MepeTeKTOIAHI nepe-
TBOPEHHS, a TaKOX Yy pasi MepeMiHHOT PO34YMHHOCTI Yy TBEPAOMY CTaHi.
MpaKTUYHO [OUINLHICTL Bignany APYyroro pofy BM3HAyae Te, HaCKiNbKu
CTPYKTYPHI 3MiHM BNAMBalOTb Ha BNAacTUBOCTI cnniasy. Bignan moxe 6yTtn
30iACHEHWNIA 3 MOBHMM abo 4aCTKOBMM 3MiHEHHAM (Da30BOro cknagy.

3anexHo Big 3MiH, WO BigbyBaTHCA Y (ha30BO-CTPYKTYPHOMY CTaHi,
Bignan moxe 6yTu:

* MNOBHUM,;

* HEMOBHUM;

e chepoigusyrunm;

e i30TepMivyHUM.

MoBHMA Bifnan 3acTOCOBYHOTb 419 3MEHLWEHHS TBEPAOCTI,
BHYTPILWHIX Hanpy>XeHb, CTPYKTYPHOI HEOAHOpPIiAHOCTI, NOAPIGHEHHS
3epHa, NigBULLEHHSA B’A3KOCTI /i NNacTUYHOCTI, NoninweHHs o6pobntoBa-
HOCTi cTani. 3a NOBHOrO Bignany BifbyBaeTbCA (ha3oBa nepekpucTanisais
(hepuTHOT Ta NepniTHOT CKNafoBUX CTPYKTYpU nNpu TemnepaTypi Ha
30..50 °C Buuie TemmnepaTypy TOYKWM J13 i OXONOLXKEHHI 3i LIBUAKICTHO
20...200 °C/rog. LUBuaKicTb OXONMOMKEHHSA 3aneXWTb Bif Cknagy cTani,
macu i hopmu BUPOGIB.

HenmoBHMWR Bignan BUKOPUCTOBYHTb AN 3MEHLIEHHSA
TBEPAOCTi Ta MNOKpawaHHs 06po6aOBaHOCTI cTaneit pisaHHAM. [pu
LbOMY BifiOyBaeTbCA nepekpucTanisayia nuwe nepniTHOT CKNagoBoTl
CTPYKTYypu. Micnsa HarpiBaHHA [0 TemnepaTypu Ha 40...60 °C BuLLe TOYKM
N[, BUTPMMYBAHHA | NOBINBLHOTO OXONOMKEHHA YTBOPKOIOTLCA MEPIT i

(hepuT y J0EBTEKTOIAHMUX CTansax Ta MepAiT i LEMEHTUT Yy 3aeBTEKTOIAHNX.
[ns 3aeBTEKTOIAHUX CTaneil HEMOBHWIA Bignan BUKOPUCTOBYHTb 3aMiCTb
MOBHOTO.

Chepo igusyt umih Bignan (chepoigmsayia kapb6igis)
3aCTOCOBYHOTb A5 3HMXKEHHS TBEpAOCTi, NiABMLLEHHA 0OpPO6MHOBAHOCTI
pi3aHHAM BWCOKOBYI/MELEBUX Ta IHCTPYMEHTaNbHMUX CTanei, MigBULLEHHA
NNacTUYHOCTI Mano- i cepefHbOBYr/MeLEBUX CTanein mnepes XONOAHUM
WTaMNyBaHHAM i BOMOYiHHAM. Pexum Takoro Bignany BKAKYae Harpi-
BaHHA [0 TeMmmepaTypu, TPOoXu BMUWLOT Big TemnepaTypu Ah noBinbHe

oxonogxeHHsa (30...40 °C/rog) go 600 “C i gani Ha noBiTpi abo UMKAIYHE
6aratopa3oBe HarpiBaHHs BuWLLe TeMrepaTypy TOUKM A] i OXONOMXKEHHS

HUXYe Liel TemnepaTypu. 3a UMX YMOB Bif6YBaETbCA YCYHEHHS MNaCTUH-
4yacToro i 3MilWwaHoro nepniTy Ta LUEMEHTUTHOT CiTKW, YTBOPKETHCA KiH-
LieBa CTPYKTypa (bepuTy Ta 3epPHUCTOrO LEMEHTUTY.
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OCHOBW TepMi4yHOi 06p06KHK

I30TepMiUYHUIKA Bignan BUKOPUCTOBYHTb AN CKOPOYEHHS
TpMBaNOCTi BignantoBaHHSA MpokKaTy abo 3ar0TOBOK Micns KyBaHHS 3 fe-
roBaHux cTaneil. 3gilicHOOTL 1oro HarpiBaHHAM Ha 30..50 °C Buwe
TemnepaTypu Touyok A]abo AcT (ans 3aeBTEKTOTAHMX CTanen) i BUTPUMY-

BaHHAM 3a UMX TemnepaTyp. [ani NPpUCKOPEHO OXOMIOLXKYHOTb 0 Temne-
paTypu HaiimMeHLW ol cTabinbHOCTI aycTeHiTy (650...680 °C) Ta BUTPUMYIOTh
i30TEPMIYHO [0 MOBHOrO Po3nagy ayCTeHiTy 3 NofjajblUMM OXOMOLKeH-
HAM Ha nosiTpi. lMpu UbOMY cnoyvaTKy YTBOPIHETLCA AYCTEHIT, a MOTiM
BigOyBaeTbCs MOro i30TepMiyHMIA po3nag Ha (epuTo-KapbigHy Ccymil.
KiHueBa cTpykTypa nicna i30TepMiyHOro BifgnantoBaHHA — MNNacTUH-
4yacTuil NepniT i hepuT, a B 3a€BTEKTOIAHUX CTaNAX — NEPIT i LEMEHTHUT.

HopmanisayiiHuin Bignan (Hopmanizauisl) € ePeKTUBHAM
3aC060M YCYHEHHS rpyb603epHUCTOT CTPYKTYpW Micnsa AUTTA | KyBaHHS.
[na  HW3bKOBYI/eueBMx CcTanei BUKOPUCTOBYETHCA 3aMIiCTb MOBHOIO
Bignany. BunvnBkn cepefHbOBYT/ELEBMX CTaneil HOPMani3yloTb 3aMicTb
rapTyBaHHs [N 3MeHLeHHS KOpPOOGNeHHA Ta TPilMHOYTBOpPeHHA. Hop-
Maniszauito 3 BUCOKMM BifMyCKOM 3aMiCTb MOBHOIO Bignany BUKOPUCTOBY-
I0Tb 419 BUMNPAB/IEHHA CTPYKTYPWU JIETOBAHUX CTanei.

Hopmanisayito 3giiicHO0TE Npyu Temnepatypax J13 (ans AOeBTEKTOIA-
HUX cTanein) abo ACT (gns 3aeBTEKTOIAHUX) 3 HACTYMHUM OXOS0AXKEHHSM
Ha crnokiitHomy noBiTpi (Vox ~ 30 °C/xB). Mpu UbOMY OTPUMYHOTb ApibHE
3epHO | JocAraldTb PiBHOMIPHOrO PO3MOAINY CTPYKTYPHUX CKAaZoBUX
cTaneil. MopiBHAHO 3 BigNanOBaHHAM, HOpManizayis € 6inblW AeLIeBo
TEPMIYHOO onepawict, OCKiNbKM Y LUbOMY BMUMNaAKy TEPMIiYHi Meyi BMKO-
PUCTOBYIOTb NNLLE ANIA HArpiBaHHA Ta BUTPUMYBaHHA CTani npu Temne-
paTypi Hopmanisauii.

apTyBaHHA — Le TepMiyHa onepauis, Aka 3BOAUTLCA [0 HarpiBaHHA
CTani Ao TemnepaTtypu BULLe KPUTUYHOT (JI3 — Ana AOeBTEKTOIAHOT CTani

Ta A] — Ans 3aeBTeKTOIAHOT) abo J0 TemMnepaTypu PO3UMHEHHS HagnL-

KOBMX (a3 i HACTYNHOro WBWUAKOrO OXONOMKEHHA 3i WBUAKICTIO, LWO
NnepeBuLLLYE KPUTUUHY. KpuTWyHOW LWBMAKICTO rapTyBaHHA {VK') Ha3u-

BalOTb MiHIManbHy LWBUAKICTb OXONOMXEHHS, He0o6XiAHy Ans po3nagy
ayCTeHiTy B iHTepBa/i TeMnepaTyp MapTEHCUTHOrO MepeTBOPEHHA (AUB.
puc. 5.8). To6TO WBMAKICTb OXONOLKEHHA MOBMHHA OYTWM LOCWUTb BEIM-
KON, ANS TOro W06 Mpu 3HMXEHHI TemnepaTtypu He BCTUIAM BigbyTumcs
3BOPOTHI (a3oBi nNepeTBOpPEHHA, NOB’A3aHi 3 Audgysieto abo camo-
andysieto. Y LbOMYy — NpPUHUKMNOBA BiAMIHHICTb rapTyBaHHA Bif Bignany
apyroro pofy. MeTa rapTyBaHHi — OJEpPXaHHA HEepiBHOBaXHOT CTPYK-
TypY i NiABMLLEHHA 3a PaxXyHOK LbOro MilLHOCTI Ta TBepAoCTi cTani.

143



Pospgin 2
BypoBa Ta BnacTuBoCTi MeTanis i cnnasis

ICHYOTb ABa pi3K0O BiAMIHHUX BMAW FapTyBaHHS:
* 3 NONIMOP(HHMM NEpPeTBOPEHHAM;
e 6e3 NoNiMOpP(MHOro NepeTBopeHHs.

FapTyBaHHA 3 NONIMOPMHUM MEPeTBOPEHHAM — Le TepMiyHa 06po6Ka,
3a AKOT rofI0BHMM NPOLECOM € MApTEHCUTHE NepPeTBOPEHHS BUCOKOTEM-
nepatypHoi a3n. Tomy Taky TepMiuyHy 06p06Ky Ha3MBalOTb rapTyBaHHAM
Ha MapTeHcuT. Take rapTyBaHHS MOXe 6yTW 3aCTOCOBaHe NMPaKTUYHO [0
Oyab-AKMX MeTaniB i cnna.iB, 34aTHUX MPU OXONOMXEHHI MepebyayBatu
KpucTaniyHy rpatky. HeobxigHy ana npoBeAeHHS rapTyBaHHSA LWBMAKICTb
OXO0M0MKEeHHs 3abe3neyyloTb BWKOPUCTAHHAM MEBHUX CepefoBUL 3
BMCOKOK O0OXO0N04KYyBa/ibHOK 34aTHICTIO (BOAa, Macno, Po3yYnMH Cconei
TOLWO).

MapTyBaHHsA 63 NONIMOPHOro NEPeTBOPEHHS — L& TepMivyHa 06pobKa,
AKka (hikcye npu 6GinblW HW3bKIA TemnepaTypi CTaH CnnaBy, BMacTUBWIA
oMy 3a BUCOKMX TemnepaTtyp. BOHO 3BOAMTLCA L0 HarpiBaHHA cTani abo
iHWoOro cnnaBy [0 TemnepaTypu PO3YMHEHHS HAAJMWIKOBUX (has,
BUTPUMYBAHHA | LWBWAKOrO OXONOMKEHHSA AN 3anobiraHHA BuineHb
HaANMWKOBUX (ha3 3 MepecryeHOro TBEPLOro po3umHy. Taky 06po6Ky
30IACHIOI0TL A1 OfEPXKaHHSA TOMOTEeHHOT CTPYKTYpMW.

Hagani mu 6yaemMo po3rnsgaTv TEXHOMNOTIUYHI PeXUMWU rapTyBaHHA 3
nonimoppHUM nepetsopeHHsM (puc. 5.15).

3anexHo Bifg TemnepaTypu HarpiBaHHsA nig rapTyBaHHA (ayCTeHi-
Tn3aLil) po3pi3HATL:

* TOBHE;

* HEeMnoBHEe rapTyBaHHS.

lMoBHE rapTyBaHHA 3aCTOCOBYIOTb A1 0O6p0O6KM [OEBTEKTOIAHMX CTa-
neii. Mpu ubomy cTanb HarpisatoTb Ha 30..60 °C Buuie TemnepaTypu

T

Puc. 5.15

KpnBi OXONMOMKEHHA ONS AesKnX
Crnocob6iB rapTyBaHHsSl, HaHECeHi
Ha Aiarpamy i3oTepMiyHOro posnagy
ayCTeHiTy:
1— 6esnepepsHe; 2 — nepepuByacTe;
-»> 3 — cxoAuHKOBE; 4 — HEMNoBHE;
X 5 — i3oTepMiuHe
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OCHOBU TepMi4HOi 06po6KU

Toukn A3 (Buwe niHii GS Ha fgiarpami cTaHy, guB. puc. 4.1) ana otTpu-

MaHHS BUXIiAHOT CTPYKTYpU ayCTEHITY.
HenoBHe rapTyBaHHA 3aCTOCOBYIOTb ANS 3aeBTEKTOIAHUX cTanei. Ans
rapTyBaHHA cTafnb HarpisaloTb B iHTepBani TemnepaTtyp A”...A3 (Ha

30..50 °C suwe Aj, 106T0 Ao 760..780 °C). BuxigHa CTpykTypa npu

LbOMYy — QayCTeHIT 3 LUeMeHTMTOM. LlemeHTuT 36epiraeTbca i B
3arapToBaHili CTPYKTYpi CTasi, OCKi/IbKW Ma€ BWLLY TBEPAICTb MOPIBHAHO
3 MapTeHCUTOM.

Mpu rapTyBaHHI CNif PO3pi3HATM | PO3YMITU ABa BaX/MBUX MOHATTS:

e 3arapToBaHiCTb;

e MporapToBaHiCcTb CTasli.

3arapToBaHiCTb — L€ 3[aTHICTb CTaNi HabyBaTW MaKCMManbHOT TBEpP-
[OCTi BHACNifoOK rapTyBaHHA. 3arapToOBaHiCTb BM3Hayae BMICT BYrneut y

cTani. Tak, HM3bKoByrneuesi ctani (8o 0,20 % C) NpakTUYHO He 3arapTo-
BYHOTbCS, IXHSA TBEPAiCTb BHACMIAOK rapTyBaHHSA Mali)ke He MiABULLYETbCS.

MporapToBaHIiCTb — LE rAnbuHa 3arapToBaHOi 30HN abo BiACTaHb Bif
MOBEpPXHi 3pa3ka cTani 40 LwWwapy, CTPYKTypa fKOro CKiafjaetbca npu-
6/11M3HO 3 04HaKOBUX 06’€MiB MapTeHCUTY Ta TpoocTuTy. Mipoto nporap-
TOBAHOCTI Cnyrye KputuuHuii giametp (4K). Lie makcumanbHuid giameTp

LUATHAPUYHOIO 3paska, WO HAacKpi3b mporapTyBaBcs Y AaHOMY OX0/0j-
XYBanbHOMY cepefoBuLyi. MporapToBaHiCTb KOXHOT cTani BM3Ha4yalTb
eKCNepuMeHTanbHo.

Cnocobu BapTyBaHHA cTani. 3anexHo Big MNOTPIGHOro KoMMeKcy
BMacCTUBOCTEN BUPOG6IB, X NPM3HAYEHHA Ta XiMIYHOr0 CKagy cTani 3acTo-
COBYIOTb Pi3Hi cnocobun rapTyBaHHS.

Haili6inbll WNPOKO 3aCTOCOBYHOTb FapTyBaHHS B OfHOMY OXONI0AXY-
Ba/lbHOMY CepefloBuLLi, MepeBaXHO Ansa AeTtaneid npoctoi ¢opmu. Lle
6e3nepepBHe rapTyBaHHA, OXONOLKYHOUYMM CEPeAoBULLEM Y BiNbLIOCTI BU-
nagkiB cnyrye Boga abo macno. KiHueBa CTpyKTypa — MapTeHCUT i
3a/IMWIKOBUIA ayCTEHIT abo MapTeHCUT, Kapbign i 3aNMLWKOBUIA ayCTeHIT
3aM1eXHO Bif BMICTY Byr/eut B cTani.

MepepuByacTe rapTyBaHHA 34iACHIOIOTb Y ABOX OXOM04KYBaSbHUX Ce-
pefoBuLLax: crnoyvatky feTanb WBUAKO OXOJIOAXKYIOTh Y BOAI A0 TeMnepa-
Typy fewo Bule Todkn MIT a noTiM WBUAKO NEPeHOCATb A0 MeHLU
iHTEHCMBHOIO 0X0/10fXKyBava (Macna, nosiTps), Ae 0XonomkytTs go 20 °C.
Y pesynbTaTi BUKOPUCTaHHA APYroro 0Xono4Xyt4oro cepefoBuila 3MeH-
WYHTLCA BHYTPIWHI Hanpy>XeHHs, AKi 6 Manu Micue 3a yMOB LUIBUAKOIO
OXONIOQKEHHS B OfHOMY cepegoBuli (BoAi), B TOMY uucni i B 06nacTi
TemnepaTyp MapTEHCUTHOIO NepeTBOPEHHS.

CXOAMHKOBE rapTyBaHHA BWMKOPUCTOBYIOTb A5 3MEHLUIEeHHA Hamnpy-
XX€Hb, AedopMauii Ta 3anob6iraHHs YTBOPEHHIO TPIWWH B IHCTPYMEHTI 3

145



Pospgin 2
Byposa Ta BnacTuBOCTI MeTanis i cnna.is

BYI/eLeBux i neropaHux craneil. CTtanb, HarpiTy 4o TemnepaTypu rapty-
BaHHSA, OXONOMKYIOTh Y CepefloBULLi 3 TeMnepaTypoto, Aewo BuiLo Mn

(180...250 °C), i BUTPUMYIOTb Y HbOMY MOPIBHSAHO KOPOTKWUIA 4ac. Oani
CTa/lb OXONOKYIOTb Ha MOBITPi 40 HOpManbHOT Temnepatypu. BHacnigok
BMAEPXXYBaHHA Y CepefoBuLLi rapTyBaHHA 4OCAraloTb BUPIBHIOBAHHSA TeM-
nepaTypu 3a nepepizom BM6OpPY, MPOTe MEePeTBOPEHHS ayCTEHITY 3 YTBO-
PeHHAM 6eliHiTY He BifbyBaeTbcA. MapTeHCMTHe MepeTBOPEHHSA BiAby-
Bac€TbCA Miff 4ac OXONIOMXKeHHA Ha noBiTPi (ane 3Ha4YHO MOBHiLe),
BHacNigoK 4oro crtanb 36epirae 6inblie 3a/UWKOBOro aycTeHiTy nopis-
HSHO 3 peXXumMom 6e3nepepBHOr0 rapTyBaHHA.

I30TepmiyHe (OeiHITHE) rapTyBaHHA 3AIACHIOKTb OXONOAXKEHHAM
CTani y cepefoBuuyi 3 Temnepatypoto suuie Ji/n (y posnnasax conei), 3

i30TEPMIYHMM BUTPUMYBAHHSIM Y HbOMY [0 MOBHOr0 abo HEMNOBHOIO
NepeTBOPEHHA ayCTeHITY 3 HacTyMHMM OXOMOAXEHHSIM Ha MNOBITPI.
KiHueBa cTpykTypa — OelHIT abo 6eilHIT i Kap6ign, iHOAI TakoX Map-
TEHCUT i 3aNMLLKOBWIA ayCcTeHIT. Take rapTyBaHHS BUKOPUCTOBYHOTb A/
3MEHLUEHHA TENNOBUX i CTPYKTYPHUX HanpyXXeHb, 3anobiraHHsa TpiwuH i
fedopmauii, NigBULEHHA KOHCTPYKTUBHOI MILHOCTI.

MFapTyBaHHA 3 CaMOBIigNyCKOM 34iliCHIOIOTb
OXONOMKEHHAM Nuwe vacTUHU abo MoBepxHi BMPoOGY Yy Bogi abo machi,
fani BMpi6 OXONOMXKYETbCA Ha NOBITPi. 3arapToBaHa 30Ha MNpPU LbOMY
BiANYCKaETbCA 3a paxyHOK Temja cepueBMHM abo Tiei YaCTMHW, L0 He
byna 3aHypeHa B OXO0M04KYyluy pignHy. Take rapTyBaHHS 3acTOCOBYHOTb
0N 3MEHLWeHHS 3alMWKOBUX HanpyXeHb | fK 3aMiHy HacTynHoro
HM3bKOTO BIAMYCKY, & B OKPEMMX BMNagkax — AN MICLEBOro rapTyBaH-
HSA, NpX IHAYKUIAHOMY MOBEPXHEBOMY rapTyBaHHI.

MoBepXxHeBe rapTyBaHHSA 3QIACHIOITb 4N OAepPXKaHHSA
TBEPAOT 3HOCOCTINKOT NOBEPXHI 1 30epeXXeHHs B’A3KOT cepueBuHKn. Mpu
iHAYyKUiliHOMY ab0 ra3oniiasMoBOMY HarpiBaHHi NOBEpPXHi BMpoby cep-
LeBMHA MiCN OXONOXKEHHS MINLIAETLCA He3arapTOBaHOH.

MFapTyBaHHS 3 06po06KOK XONOAOM 3acTOCOBYHTb
417 YCYHEHHS 3aNMLWIKOBOr0o aycTeHiTy, NiABULLEHHSA TBEPAOCTI Ii 3HOCO-
CTIAKOCTI, cTabinizauii po3mipis BUpo6iB. O6POOKY X0N0A0M BUKOHYHOTh
ofpasy nicns rapTyBaHHA, Wo06 YHUKHYTW cTabinisayii aycTeHity npwu
BUAEPXYBaHHI 3a HOpManbHUX Temnepatyp. OXONOAXEHHS BMPO6IB
3[iNCHIOTL A0 TemnepaTypu Hux4ye 0 °C (- 30 ... - 70 °C), ane B iHTep-
Bani Mn — AJK, Ans A04aTKOBOro NepeTBOPEHHS ayCTEHITY Ha MapTEHCUT.
Lle nigBuuwye TBepaicTe cTanein 3 0,8.1,1 % C Ha 1..3 HR.C. lpote
3poCTalTh HaNpy)XXeHHA, TOMY nicns 06po6KM X0no4oM BMPO6U NigaaroTb
BiagNycKy. Taky 00po6KYy BMKOPWUCTOBYIOTb B OCHOBHOMY AN BUMIptO-
Ba/IbHOTO iHCTPYMEHTY, MPYXWUH i AeTanei 3 LemMeHTOBaHUX BUCOKO/Ero-
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BaHMX CTanei, Wo micna rapTyBaHHsA 36epiraloTb 3HA4YHY KifbKiCcTb 3a-
NN KOBOTO ayCTeHITy.

Mig yac TepmiyHOT 06pPO6KKM, Mepw 3a BCe MNPWM rapTyBaHHI cTani,
Bif0OyBalTLCA 06’€MHI 3MiHM, AKi 3anexartb Bif TeEMMepaTypu, WBUAKOCTI
OXONOLXKEHHA | CTPYKTYPHUX NepeTBopeHb. Llie npu3BoAuTb L0 BUHUK-
HEHHS BHYTPIWHIX HanpyXeHb, AKi 3YMOBMOKOTb YTBOPEHHS TPIilWWH,
Kopo6/ieHHsA BUPO6IB TOWO. PO3Pi3HAIOTbL TakKi BHYTPILHI HANPY>XeHHA:

BHYTpPilWHI HanpyXeHHSA nepworo poay (30HanbHI)
BMHMKaOTb MIXX PI3HMUMU YacTWHamu BUPOOY i 3anexartb Bif LUBMAKOCTI
Ta PIBHOMIPHOCTI OXONOAXEHHS, po3MipiB i dhopmu BMpPOOY, a TaKoX
BNacTUBOCTEN cTani. Taki HanpyXXeHHA IHKO/M Has3nWBalTbh TEPMIYHUMN
HanpPy>KeHHAMU.

BHYTpiWHI HanpyXeHHSA APYroro poay BUHUKAOTb
MK (hazamu BHacNifoK Pi3HUX KOe(ilieHTIB TXHbOro po3lwunpeHHs abo
YTBOPEHHSA HOBMX (ha3 3 pi3HUMKU 06°emamu. OCKIbKN Ui HaNpYy>XeHHS
BUHUKaOTb MiXX OKPEMUMMN efleMeHTaMn CTPYKTYpPH, IX Ha3MBaKTb CTPYK-
TYPHUMU HANPY>KEHHAMW.

BHYTpiWHI HanpyXeHHA TPeTbOro pPoAy BWHUKaKOTH
B 06’eMax, WO BiAMNOBifalOTb KifIbKOM efleMEHTapHUM KOMipKam KpucTa-
NiYHOT rpaTku.

Y uinomy 6yab-aKi HaNnpy>XeHHs, 3pelTor, BUKINKAKTb 04HAKOBUIA
etheKT, CTBOPHOOUM MNPYXHI gedopmalil Ta BUKPUBEHHA KpUCTanivyHol
rpaTky cnnaeiB, 3YMOBAOKOTb 3MEHLIEHHA KOHCTPYKLiAHOT MiLHOCTI
BMpOGiB. 3arapToBaHa CTanb MICMS OXONOAXKEHHS 3aBXAM 3HAXOAUTHCH Y
CTPYKTYPHO Hamnpy>KeHoMy CTaHi (3a/IMWKOBI Hanpy>eHHs). HeobXigHUM
i HagiiHUM 3aX040M 415 3MEHLEeHHS HeraTMBHOrO BMAUBY 3aNULLIKOBUX
Hanpy>eHb € Bignyck. IMicna npoBegeHHs BignycKy npu 550 °C npoTarom
15..30 xB HanpyXeHHs rapTyBaHHA MPakKTUYHO 3HUKAKOTh.

Bignyck 3arapTtoBaHOl cTani € 3aBepllasnbHOK onepavieto ii TepMivHOT
06po6KN, AKa 3LINCHIOETLCA AN HafaHHA cTani NOTPIOHUX MexaHiYHUX
BN1aCTMBOCTEIA.

Bignyck — ue HarpiBaHHA 3arapToBaHOi cTani 40 TemMnepaTyp, HWKUYNX
V45 BUTPpUMYBaHHS 1T 3a L€l TeMnepaTypu Ta NOCTYNOBE OXONOLXEHHA [0

KiMHaTHOT Temnepatypu. MeTa Bignycky — nepeBefeHHS HepiBHOBaXKHOT
CTPYKTYpM 3arapToBaHOil cTani y 6inbll piBHOBaXKHWI CTaH, MiABULLEHHS
B’A3KOCTI Ta MMAaCTUYHOCTI CTani, 3MeHLWeHHA 1T TBepAocTi. Bignyckom
TaKOX 3HIMal0Thb BHYTPIWHI HaNPYXeHHA, AKi BUHUKAKOTbL Mif vac rapry-
BaHHA. OCHOBHWI/ BNAWB Ha BMacTMBOCTI cTani Mae Temnepatypa
BiANYyCcKy. 3aneXHo Bif TemnepaTypu pO3pi3HAKTbL TP BUAN BiAMYCKY.
Hu3bkoTemnepaTypHUii (HU3bKWIA) BIigMYCK 3[INCHIOKTL NpW Harpi-
BaHHi cTani Ao 150...250 °C npoTtarom 1,5..3 rog. Mig yac uboro TeTpa-
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TOHaNbHUA MapTEHCUT TapTyBaHHA TMEepPeTBOPIOETLCA Ha MapTeHCUT
BignycKy (Ky6iuHWUi1), AeLL0 3HMKYETLCA TBEPAICTb | KPUXKICTb, 3MEHLY-
I0OTbCA BHYTPIlWHI Hanpy>eHHs rapTyBaHHA. TakoMmy Bignycky niggatoTb
pi3anbHi Ta BUMIpHOBanbHi IHCTPYMEHTW 3 BYT/IELLEBUX i 1€FOBaHNX CTanein,
a TaKoX BMpPOOW nicnsg LemeHTaLil.

CepefHboTeMNepaTypHUiA (cepefHiii) Bignyck 3gicHooTs npu 300...450 °C
Aia 00po6KM peTaneid, WO nNpauloTb 3a YMOB TepTA | AUHAMIYHUX
HaBaHTaXXeHb (WTamMnu, MNpPY>XwWHW, pecopu). CTpykTypa cTani agna ce-
pefHbOro BiANYCKY — TPOOCTUT BiANYyCKYy abo TPOOCTUTO-MapTEHCUT,
TBepaicTb cTani 40..50 HRC. Lle 3a6be3neuvye BMCOKMWIA MOPIr MPY>XHOCTI,
B’I3KOCTI Ta onip po3puBy cTai.

BucokoTemnepaTypHuii (BUCOKMIA) Bignyck npoogatb npu 500...680 °C.
Mpu uboMy BifOyBaeTbCA 36iNMbIEHHA PO3MIpY i cdepoigusalia guc-
nepcHMX KapbigHMX 4acToK, 3pOocTae (epuTHe 3epHO i YTBOPHETLCA
copbiT Bignycky. Bncokuin Bignyck cTBOPIOE HaiiKpalie CniBBigHOLWEHHSA
MILHOCTI 1 B’A3KOCTI CTani. TOMy TepMidHy 06p0o6Ky, sika CKNafaeTbCs 3
rapTyBaHHs Ta BUCOKOrO BifMycKy, Ha3nWBalOTb MOMIMLIEHHAM.

Buncoknii BignyCK 3aCTOCOBYOTb 4719 06p06KM geTaneii 3 cepegHbOBYT-
neuesnx (0,3..0,5 % C) i cneuianbHUX cTanei, WO nNpayoTb MNpw
NigBULLEHMUX | AMHAMIYHMX HABAHTAXEHHAX (Banu, OcCi, eneMeHTn Kpin-
NeHHsA). Bucoknii Bignyck npoTtsrom 1.2 rof MOBHICTIO 3HIMaE 3anuil-
KOBI HaMpy>XeHHS, WO BWHWUKAKOTb NPU rapTyBaHHi. 3anexHo Bif raba-
puTiB BUpPOOY TpMBanicTb BUCOKOrO BiANyCcKy MoOxe cknagatu 1.6 rog.

Micna rapTyBaHHA, LWBWAKOrO OXONOLXKEHHA nicna Bignycky abo
nicng XonogHoi nnacTUYHOT JedopmaLii cTani YTBOPHETLCA HEPIBHO-
BaXKHa CTPYKTypa i3 MiKpo0o6’eMamun, MepecuyYeHMMn BYF/eLeM i a30ToM.

CTapiHHA — Uue npouec 3MiHM BNacTUBOCTEN CTani, 3yMOBEHWUA
BUAINEHHAM HaANWMWKOBOro Byraeuto (asoTy) y BUrAALI gy)Xe ApiGHUX
CKynyeHb Kap6igis abo HiTpuais. CTapiHHA 3QIACHIOITbL HarpiBaHHAM
cTani 40 MeBHOT TemnepaTypu, BUTPMMYBaHHAM NpuW Ui TemnepaTtypi 3
HacTynHUM OXONOMKeHHAM. Taka o06pobka cnpuse NigBULLEHHIO TBep-
[JOCTI A MILUHOCTI, 3HMXEHHK NAaCTUYHOCTI Ta YAapHOI B’A3KOCTI, a
TaKOX 3MEHLUEHHIO BHYTPILIHIX HaNpyXeHb.

CtapiHHA MOXe 6yT™M NMpuUpOAHWUM (32 KiMHaTHOT Temne-
patypu) i W TYy Y HUM (Npu HarpiBaHHi 40 MEBHOT TeMnepaTypw).
LLUTyyHe cTapiHHA cTanei 3gincHioTe npyu 200...300 °C, TpuBanicTb
HarpiBaHHA 3aneXxuTb Bif XiMiYHOro cknagy cTani. CTapiHHSA nicns
TepMiyHOT 06pO6KM Ha3MBaKOTb TEPMIYHUM CTApPiHHAM, a Nicnsa XONoAHOI
nnacTUYHOT aedhopmalii — agedopmaliiHUM CTapiHHAM.

PesynbTaTu CTapiHHA MOXHa po3rnfgatu no-pisHomy. B ofHWMX Bu-
nagkax CTapiHHA € MO3UTUBHMM NPOLECOM i NOro BUKOPUCTOBYIOTH AN
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3MILHEHHS feTaneii 3 MNPYXWHHWUX CTanei, AKi MOBUHHI 3a6e3neynTy
BMCOKi MPY)XHi BMacTMBOCTI Ta MILUHICTb; MpW TepMiyHili 06pobui WwBNa-
KOpi3asbHMX CTanei, a TakoX CNnaBiB aNtOMIiHilO, MarHito, TMTaHy TOLLO.
B iHWWX BMMagkax CTapiHHA € HeraTMBHUM | MOXEe 3yMOB/OBATK
3HUXEHHA YyAapHOT B’A3KOCTI Ta Mopora X0/04HOMaMKOCTi, pyiHyBaHHA
KOHCTPYKL,iA, 3aNi3HNYHUX PerioK ToLwoO.

AKWOo nig vac ekcnayaTayii ctani MoxnuBe i HarpiBaHHA, Koarynayis
(a3, WO BUAINNANCE, | 3HUXKEHHA MILHOCTI, TO NPU CTapiHHI HamarawTb-
€S OflepXXaTWu TakKuii piBeHb BNacTMBOCTEN, Wo byae cTabiNnbHUM 3a JaHUX
YMOB eKcnnyaTayii. Take cTapiHHA Ha3uBalTb cTabiniszauyietn.

866

XimMiko-TepMiuHa 06pobkKa cTani

Ximiko-TepMiuHa o6pobka (XTO) o06’cgHye onepauii xiMiyHOro i
TEPMIYHOrO BM/IMBY 3 METOK LiNecnpsaMoBaHOl 3MiHW CKnagy, CTPYKTypu
Ta BMacTMBOCTel MOBEPXHeEBOro lwapy cTani. 3gilicHioloTs XTO
ANGY3IAHUM LWIASXOM, HAacUuykoun MOBEPXHIO AeTani BignoBigHWM ene-
meHToM (C, N, Al, B, Cr, Si ToWwo0) B aTOMapHOMYy CTaHi 3 0TOYYHYOro
cepefoBMLLa NPW BUCOKIl TemnepaTypi.

OcCHOBHiI TexHonoriyHi napametpu XTO: ¢ Temneparypa, ¢ TpuBa-
NicTb HacuyeHHA. OCHOBHI npouecun:  Aucouiauis; « agcopbuis; ¢ gudysis.

Oucouiauis — ue po3nag MOJIEKY/ HACMUYylO4Oro cepefosuuia Ta
YTBOPEHHA aKTUBHWX aToOMiB AUPYHAYOUOro efieMeHTa. YTBOPEHHS
aKTUBHMX aTOMIB MOXe Bif0yBaTUCb Y HacMuyyl4yoMy cepefoBulli 6ins
noBepxHi abo 6esnocepefgHbO Ha MNoBepxHi MeTany. CTyniHb po3nagy
MOJIEKY pevyoBUHU (%) Ha3MBaeTbCA CTYNeHeM aucouiauil.

Afcopbuis  (copbuis) — cknagHWA i HecTayioHapHWiA  npouec
MOrIMHAHHA MOBEPXHEK MeTany aKTUBHMUX aTOMIB HacU4yl4oro ejlemMeH-
Ta, NPOTiKAae Ha rpaHuLi po3ainy cepegosuile — MNOBEPXHS MmeTany. Mpu
36iNbWEHHI TUCKY HaCM4Yyk4oro cepegoBulla KifbKiCTb agcop6oBaHMX
aToMmiB 30iNblIYETbLCA.

Oundysia — npouec MPOHUKHEHHS HaCU4Yyk4Ooro efemeHTa Bramb
meTany. XapakTepusye Ti KoediuieHT andysii (4), SKWiA [OPIBHIOE
Ki/IbKOCTi pevyoBMHM, WO NpoandyHAyBana vyepes naowy 1cm 3a 1c npu
nepenagi KOHUeHTpayil no obuasi CTOPOHM NNOWaAKW, WO AOPIBHIOE
oauHuui (i Mae po3mipHicTb cM /c). OcCKinbKn XiMiko-TepMiyHa 06pobKa
3a CBOEl0 (hi3WYHOK MNPUPOAOID € ANPY3iIMHMM MPOLECOM, MPUCKOPUTK
Oro MOXHa 3a paxyHOK MifBULLEHHSA TemnepaTypu.

149



Po3pgin 2
Bypaosa Ta BnacTMBOCTi MeTanis i cniasis

Bugn Ximiko-TepMiyHOT 06p06KM KnacugikyloTs BignoBigHO A0 Mes-
HOFO HACMYylUOro efnemMeHTa i arperatHOro CTaHy Hacuuyk4yoro cepe-
posuwa (kap6topusatopa). OCHOBHMMKU Buaamum XTO € paudysiiHe
HaCMYeHHs Byrneuem — LeMeHTalis, a3oToM —a30TyBaHHA, a3oToM i
BYr/feuemMm OAHOYaCHO — LiaHyBaHHA Ta HiTpouemeHTauif, AgudysiiHa
MeTanisayia antomiHiem — aniTyBaHHA, XpOMOM — XPOMYBaHHS. 3anex-
HO BiJ arperaTHOro CTaHy HacM4ylu4oro cepefosuwia (TBepanid, pigKuii,
rasonofibHmnii) po3pi3HATL NpoLeck ras3oBoi LiemeHTalii, ra3oBoro aso-
TyBaHHA | HiTpouemeHTauil, uemeHTauii y -TBepgoMy Kapb6ropusaTopi,
pigKoOro uiaHyBaHHS, 60pyBaHHS.

LiemeHTaLin — LUe NOBEpPXHEBE HacW4YeHHS ManoByrfeLesoi cTani
(0,1...0,25 %) abo nerosaHux cTaneir (tuny 18XI'T, 15X®, 20XTIP,
12XH3A, 20XH Ta iHWK1X) BYrneuem 3 MeTOK OfepXXaHHS BUCOKOT TBEp-
[OCTi NOBEpPXHi Ta B’A3KOT cepueBMHM BUPO6IB. Hacuuytoui cymiwi (kap-
6topusaTtopun), barati Ha Byrneub, MOXYTb OyTW y TBEpAOMY, PiAKOMY i
razonofibHomMmy cTaHi. pyn npu3HayYeHHi pexumiB LeMeHTauii (Temnepa-
Typa, 4Yac) BpPaxoBYKTb XiMiYHWI CKnag cTani Ta yMOBM eKcnnyaTauii
aetani.

[na uemeHTauii y TBepAoMy Kap6ropunsaTtopi BUKOPUCTOBYHOTb CyMilli
[lepeBHOr0 BYrinns y Buraagi sepeH posmipom 3..7 mm (75..90 %) 3
Byrnekucammu conamm (10...25 %) 6Gapito abo HaTtpito. AndysiliHe
HacuyeHHs BMUPOGIB 3AIMNCHIOOTbL y 3acunLi Kap6iopusaTopa B repMeTn3o-
BaHOMY 06’emi npu Temnepatypi Buue 900 °C NpoTArom KifibKOX FOAWH.
MpUCYTHICTb Manoi KiNnbKOCTI KUCHIO CNpuUsie YTBOPEHHIO OKCUAy Byrne-
Lto 3a peakuyieto: 2C + 02=2CO0O, KWNiA, KOHTaKTylOuM 3 3ani3oM, posna-

flaeTbca 3 yTBopeHHAM C 02 i atomapHoro Byrneuio 2CO —C 02+ Car.
[ o6aBKy BYrneKMcnux coneii akTUBI3ylOTb Kapbropmsatop, 3b6arady-

I0Tb Hacuuyytouy aTtMocdiepy OKCUAOM BYT/eLt0 B LeMeHTaliiHOMY KOH-
TeiHepi:

BaC03+ C —BaO +200.

LW Bnakicte uemeHTayii npn 950 °C cknagae 0,1 mm/rog. Lieid sug
LemMeHTaLil 3aCTOCOBYHOTbL He 4acTo.

Ona uemeHTauil y pigkoMy cTaHi geTanb, WO nignsarae obpobui, 3aHy-
plotoTb y po3nnaBu conein (Hanpuknag, NaCN, Na2C 03, KC1, BACI2,
SiC) npu 930...950 °C. ¥ po3nnaBfeHiil Cymilli conei cTani HacM4yrTbCS
BYr/leLleM 3a paxyHOK BWUJiNIEHHA aTOMapHOro BYT/eLto.

HainowwnpeHiwnin cnocib rasosoi LemMeHTalii — 3 BUKOPUCTAHHAM
metaHy CH4, nponaHy C3HS8, okcugy Byrneuto CO TOWO — 3BOAUTLCA

nepeBa)kHO 40 ABOX peaKuiii:
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CH4~2H2+ Car;

2C0 ~ C02+ Car.

OCHOBHI Kap6topusaTopu rasoBoi LemMeHTaLii — NPUpPoAHWIA, reHepa-
TOPHWIA Ta CBiTUNLHWIA rasn. Lleil npouec 3ailicHiooTs npu 900...950 °C,
npu UboMy Yy 2..3 pasu CKOPOYYETbCH Yac HaBYrneLbOBYBaHHS, 3pocTa-
I0Tb MOX/IMBOCTI PeryfoBaHHA i KOHTPOMIO 3a NpoOLEecom.

3a rnbuHy uemeHTauil YMOBHO NpuiiMaldTb BifCTaHb Bif MOBEPXHi
Jetani 40 NONOBMHMW 30HU, Y CTPYKTYPi AKOT cnocTepiraeTbcsa NpubaN3HO
o4HaKoBa KifbKicTb nepnity Ta deputy (1...2 Mm).

BmicT Byrfeyld y UEMEHTOBAaHOMY Lapi BU3HA4Yae Mexa M#oro
PO34YMHHOCTI B aycTeHITi 3a faHoi Temnepatypu (niHia SE pgiarpamu
Fe — Fe3C). 3a3Buyali LeMeHTaLil0 34IACHIOOTL 3a TemnepaTyp, BULUX

A3, OCKiNlbKM B a-3aMi3i Byrnelb Maixe He po3umHAeTbCS. ONTUMaNbHWIA

TemnepaTypHuii iHTepBan uemeHTayii 900...950 °C.

PekomeHAOBaHWiA cepegHili  BMICT BYr/eyild B LWapi MOBUHEH
Bignosigatn cknagy eBTekToigHOT cTani (0,85 % C), a y 30BHIWUHbOMY
wapi — He nepeBuwysatn 1,1..1,2 %. Y pa3i nepeBULEHHA L€l
KiIbKOCTI YTBOPIOETLCA CiTKa BTOPUHHOTO LIEMEHTUTY, LLO NPU3BOANTL 0
OKPUXYEHHS LLeMEeHTOBaHOT cTani. HopManbHy CTPYKTYpPY LLeMEHTOBAHOr0
LIapy 3a YMOB MOBIifIbHOFO OXOMOMKEHHS Mic/A HAaCUMYeHHSA XapaKTepusye
nnaBHe 3HWXEHHA BMIiCTY Byrneuto. bina nosepxHi (0,8...1,1 % C) uemeH-
TOBaHMWIA Wap Mae MepniTHO-UEMEHTUTHY CTPYKTYpy (Tak 3BaHy eBTek-
TOIfHY 30HY), fani — eBTEKTOIAHY 30HY 3 BMICTOM BYr/feut nNpuban3HO
0,8 % 3 MepniTHOK CTPYKTYPOK i, HapewTi, JOEBTEKTOIAHY 30HY (BMIcCT
Byrneyto meHwe 0,7 %) 3 hepnTO-NepniTHOK CTPYKTYpO, fKa MocTyno-
BO MEPExXOoAuTb Yy BUXigHY CTPYKTYPY HM3bKOBYTI/ELEBOi CTani.

! Micna uemeHTauil BMpobu nigaaoTb TepMivHiid 0b6pobui — rap-
TYBaHHIO Ta HWU3bKOMY BifmnycKy.

Lium 3abe3neyyeTbecs YTBOPEHHSA CTPYKTYPU AUCNEPCHOMO BUCOKOBYT-
NeLeBoro MapTeHCMTY NMOBEPXHI, NOAPIOHEHHS 3epHa CEPLEBUHU i 3HATTSH
BHYTPILWHIX HanpyXeHb. LleMeHTauis, rapTyBaHHS i HWU3bKWIA Bignyck
Hafilae BMpo6aM BMCOKOT MOBepPXHeBOI TBEPAOCTi Ta 3HOCOCTIMKOCTI, a
TakoX MiABULWEHHS YyAapHOT B’A3KOCTI CepueBUMHWU. 3anexHo Bij
XiMIYHOro cknafy BMXigHOT CTani TBEPAICTb NOBEPXHI Nicns Takoi 06pobKu
mae ctaHoButn 58..62 HRC, a cepuesuHn — 20...35 HRC.

A30TyBaHHA — LUe npouec AUGY3iiHOr0O NOBEPXHEBOro HacW4YeHHS
cTaneBux BMpo6iB a30ToM y rasonogibHomy abo pigkomy cepefoBuLi.
TeMmnepaTypHuWiA fiana3oH a3oTyBaHHS cTaHoBMTb 470...600 °C. Bigno-
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BigHO Ao piarpamy Fe—N 3ani3o i a30T yTBOPKOITbL Kifnbka as3: a-
thasa — a3oTUCTUin heput (BMICT a3oTy npu 20 °C CTaHOBUTb NPUBGAN3HO
0,015 %, npu 591 °C — 0,1 %); y'-ha3a — TBEpPAWU PO3YMH Ha OCHOBI
HiTpuay 3aniza Fed4N (5,6...5,95 % N2); e-thaza — TBepAuil pPo3yMH Ha

OCHOBI HiTpuay Fe2N(8...11,2 % N2); y-thaza — TBEPAWNIA PO3YMH a30Ty B

y-3anisi (icHye BuLLe TemnepaTypu eBTEKTOIAHOro nepeTsopeHHsA 591 °C).

OTpumaHi npu asoTyBaHHi LWapy CKMafalTbCA 3 MOBEPXHEBOT Hi-
TPUAHOT 30HU Ta AMy3iiiHOro nigwapy (30HW BHYTPIWIHBLOrO a30TyBaH-
HS1), WO 3abe3nevyytoTb WNPOKWIA Aiana3oH (i3nKo-MexaHiYHWX BnacTu-
BOCTEll a30TOBaHMX BMPOOIB.

3anexHo Bifg yMOB ekcnnyaTtauii BMPOGIB PO3Pi3HAOTb a30TyBaHHSA
4Na  NigBMLWEHHA MOBEPXHEBOI TBEPAOCTi, 3HOCOCTIMKOCTiI, BTOMHOT
MIiLHOCTI Ta a30TyBaHHA 418 MiABULLEHHS KOPO3iAHOT CTINKOCTI.

A30TyBaHHA ANA NifBULLEHHA NMOBEPXHeBOT TBepAOCTi NMPOBOAATL MPU
500...520 °C npoTarom 24...90 rog. BmicT a30Ty B NoBepXHeBOMY Lwapi 6ins
10..12 %, rnmbuHa HacmyeHHa 0,3...0,6 mm, TBepgicTs 1000...1200 HV. Ons
NigBULLEHHS TBEpAOCTi I 3HOCOCTIMKOCTI BMKOPUCTOBYIOTb CrheliabHi
cTani (HiTpanot), A0 CKNagy SKUX BXOAATb E€NEMEHTU, L0 YTBOPKOOTH
HiTpuan (CrN, MoN, ALIN), Hanpuknag ctanb 38XMIOA. OAns nigsu-
WEeHHS BTOMHOT MILHOCTI 3BMYaiHi neroBaHi ctani a3oTylTb 3 HITpUAO-
YTBOPKOOYMMU elEMEHTAMMU.

MigBMLEHHA KOPO3iHOT CTIMKOCTI AocsAratoTb a30TyBaHHSAM fAeTanei
3 pi3HMX cTanein (nepeBaxHo 3 Byrneuesnx). OcCKinbKn Hemae noTpebum y
BMCOKili TBepAocTi, TO TemnepaTypy npouecy BubMpalTb BUCOKOH
(600...700 °C), a TpmBanicTb a3oTyBaHHA cknagae Big 15 x8 go 10 roa. Ha
NMoBepXHi BMPOGIB yTBOPKETLCA TOHKMIA wap (0,01...0,03 mm) e-thasm
BMCOKOI KOPO3iHOT CTiKOCTI.

A30TyBaHHA 3[4iliCHIOIOTb Ha TrOTOBMX BMpO6ax nicnsa OCTaTOYHOT
TePMi4yHOT 06pobOKM. ONTUMaNbHOK CTPYKTYPOK [ANS a30TYyBaHHS €
copoIT, SKNiA 36epiraeTbcs y cepueBnHi BMpoGiB i micna XTO, 3abe3neuy-
UM i NigBULLEHY B’A3KICTb | MiLHICTb. TOMY fgeTani nepef asoTyBaHHAM
NigLalTb 3MILHIOKOYIA TEPMIYHIA 06po6ui — rapTyBaHHKO 3 BUCOKUM
BiANYCKOM.

Mpouec a3oTyBaHHSA TakK0X 3acTOCOBYETbCA i Npu 06pobui BMpPOOIB 3
BMCOKOMILHUX YaBYHIB i TUTAHOBUX CN/aBiB.

LliaHyBaHHA i HiTpouemeHTauis. HacnyeHHA noBepxHi BMPOGIB 04HO-
YyacHO Byr/euem i a3oTom B posnnasneHux uyiaHucTux consx (NaCN,
KCN, K4Fe(CN)6) HasnBaloTh LjiaHyBaHHSIM, a B ra30BOMY CepefoBULLT —
HiTpouemeHTauieto. CniBBiIAHOLWEHHSA BYrfeLt0 i a30Ty B ANGY3ilHIA 30HI
MOXHa perynoBatu, 3MiLHIOKO4YM CcKNag cepefoBulIa Ta Temmepatypy
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npouecy. PoO3pi3HAOTL HU3bKoTeMnepatypHe (540..560 °C), cepeg-
HboTeMnepaTypHe (820...860 °C) Ta BucokoTemnepatypHe (920...960 °C)
LiaHyBaHHA. 3a MiABMLLEHMX TEMMepaTyp MOBEPXHA HACUYYETLCHA BYr/e-
Luem OGifble Hi>XX a3oToM, TOOGTO nNpouec HabAMXKAETbLCHA A0 LemMeHTauil.
Micns Takoro Hacu4yeHHA BMPO6GM nNiggaroTb rapTyBaHHIO 3 HU3bKUM
Bignyckom. MoBepxHeBMiA Wwap micns BMCOKOTEMNEpPaTypHOro LiaHyBaH-
HA MicTuTh 0,8...1,2 % C i0,2...0,3 % N. ¥ pasi wiaHyBaHHS nNpu cepefHix
i HU3bKUX TemnepaTypax BMICT a30Ty B AWGy3iiHOMY Lapi BignoBigHO
3pocTae. HeraTuBHUM ABULLEM LliaHyBaHHS € OTPYMHICTb LLiaHOBUX CONeW
Ta BMCOKa BapTiCTb Mpouecy.

HiTpouemeHTauito (rasoBe LiaHyBaHHA) CTanei 3fiACHIOOTL B €HA0-
TepMidHili aTMocepi (W0 MICTUTb HaBYrneubOBYBanbHWUIA ras), A0 AKOT
fojalTb amiak. Po3pi3HAlTb BUcoKoTemnepatypHy (800..870 °C) Ta
Hu3bKoTeMnepatypHy (560...580 °C) HiTpouemeHTauito. nmMbuHa Hacu-
YeHHA 3aNeXuTb Bif Temnepatypu Ta TpusanocTi (2...15 rog) npouecy.
MopiBHAHO 3 ra30BO0 LeMeHTaLUi€0 HITPOLEMEHTALLIA Ma€e TakKi nepesaru:

* HU3bKa TemnepaTypa nmpouecy;

* MEHLUE 3epHO;

* MeHLWa AedopmaLis i KOPobreHHs;

* nigBulLeHa KoposiliHa CTIlKICTb;

e CTIAKICTb NPOTK CripaLtoBaHHS.

OndysiiiHa Memaj7i3anin — ue npouec, nig 4Yac SKOro BifbyBaeTbCA
HaCMYeHHS MOBEepPXHi CTaneBMX BUPOOGIB pisHMMKM MeTanamu. [lpouec
Hacu4eHHs aslOMiHIEM Ha3MBalTb aniTyBaHHAM, XPOMOM — XPOMYBaH-
HSIM TOWoO. PO3pi3HATbL AMDY3iiiHYy MeTanizauito y TBeEpAuUX, PIAKMX i
rasonofi6HMx cepepoBuLLax.

MeTanizaTopamu TBepAoi MeTanisauii cnyXaTb cnnasu 3asi3a 3 BUCO-
KUM BMIiCTOM MNOTPiGHOro enemeHta (Xpomy, astoMiHilO, KpPEMHiHD) —
(hepocnnaeun 3 gob6aBkamu xnopuctoro amoHito (NH4C1). BHacnigok pe-

akuii metanizatopa 3 HC1 abo C12 yTBOpOETLCA fleTHOHa CNOMyKa X/0py 3
meTanom (A1C13, CrC12, SiCl4 Tow0), ka NpU KOHTaKTi 3 MOBEPXHEID

MeTany AUCOLIOE 3 YTBOPEHHAM BilbHUX aTOMIB HaCUYYHOUOro efleMeHTa.

AKWOo BMPO6K 3aHYPHOOTbL Yy po3nnaBneHUin MeTan, TO BigdyBaeTbCs
piika meTanizayisa, rasoBa > MeTanisauis BigdyBaeTbCA Yy rasoBux cepe-
[JOBULLAX — X/10pUAax pisHUX MeTanis.

OcKinbKK, Ha BigMiHY Bifi BYrneuto iasoTy, aToOMU MeTanis yTBOPKOOTb
i3 3ani30M TBepAi PO3UYMHU 3aMmilleHHA, Augysia BifOYBaeTbCA 3HAYHO
NoBinbHiWe, a AUGY3iiHi Wapyu YTBOPKOKOTLCA Y AeCATKM i COTHI pasis
TOHWKMK. Lle He cnpuse 3HAYHOMY MOLIMPEHHIO MpoLUeciB gUPY3iiHOT
MeTanisauii y 3B’A3Ky 3 TPMBANICTIO MpoLecy Ta HeobXiAHICTIO 3acTocy-
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BaHHSA BMCOKMX TemnepaTyp (1000...1200 °C). lNpoTe agudysiliHa meTa-
nisayia fae 3Mory ofepXyBaTu BMpOOM 3i 3BMYAHUX BYTNMELEBUX CTanel
3 BUCOKOI XXapOCTINKICTIO (XpOMYBaHHSA, aniTyBaHHS, CMAiLit0OBaHHA) [0
Temnepatyp 1000... 1100 °C a6o 3 BMCOKOK TBeEpAicTio o 2000 HV (6opy-
BaHHS) | CTIAKICTIO NMPOTM CnpayoBaHHS.

§5.7__

TepmomexaHiyHa 06pobka

Bigomo, Wwo nnactuyHa geopmalisa 3MiHIOE XapakTep po3noginy ta
360iNMblWye KiNbKICTb HELOCKOHANOCTe KpucTanivyHoi 6yaoBu MeTanis.
OcCKinbku feteKTn KpPUCTaniyHOT rpatkyu 3HaAYHOK MIpOH BMAMBAKOTL Ha
(hopMyBaHHA CTPYKTYpM cnnasiB nif 4yac (a3soBMX MNepPeTBOPEHb, TO
nnacTuyHy gedopmavito nepes (pasoBMMM MepeTBOPEHHAMU abo nij yvac
TXHbOr0 PO3BUTKY MOXHa BUKOPUCTOBYBATU AJIA CTBOPEHHA ONTUMaNbHOT
CTPYKTYpW TepMiyHO 06p0o6/1eHOro cnnasy.

TepmomexaHiyHa 06pobka (TMO) — ue pgedopmayiilHO-TepMiYHa
06pobKa, WO BKAKYAE NNacTUYHY fedopmaLito, fKa 3aBAdAKW NigBu-
LeHil rycToTi gedekTiB BMAMBae Ha (hOpMyBaHHS CTPYKTypu Mif 4ac
(ha3oBUX MNepeTBOpeHb, KOTPi BigbyBalOTbCA Yy MpOLECi TepMIiYHOro
BMN/INBY.

TMO BigKpMBaE MOX/IMBOCTI 3HAYHOTO MNiABWLWEHHA MILHOCTI 1
yaapHoi B’a3kocTi (y 1,5..2 pa3u) npyM He3HaYHOMY 3HMKEHHiI nnac-
TUYHOCTI NOPIBHAHO 3 BNAaCTUBOCTAMUN aHaNOrivyHOI cTani nicna rapTysaH-
HA Ta HW3bKOTO BifMyCKy.

CyTHicTe TMO 3BOANTLCA A0 TOrO, WO nepej a3oBMM NepeTBOPEH-
HAM (abo nig Yac HbOrO) 3AINCHIOKTL MNACTMYHY fedopmalito BUCOKO-
TemnepaTypHoOi a3n. BHacnifok UbOro nif 4vac rapTtyBaHHA (a3oBe
nepeTBOpPeHHA BifbYBAeTbCA B HakfenaHOMy abo 4aCTKOBO peKpucTa-
nisoBaHomy cTaHi. [lligBuweHHa wmigHocTi nicna TMO MOACHIOWOTH
nogpibHeHHAM 3epeH ayCTeHiTy BHacnifok #oro gedopmauii, nogpi6-
HeHHAM 6/10KiB | NigBULWEHHAM TrycTOTU gucnokauid y 3..4 pasu no-
PIBHAHO 3i 3BMYaiHMM rapTyBaHHAM. HacTynHe rapTyBaHHS Takoro fje-
(hOpMOBAHOr0 ayCTEHITY 3YMOB/IKOE YTBOPEHHA Api6GHMX nNaacTUH map-
TEHCUTY Ta 3MEHLIEHHA HanpyXeHb fApyroro pogy. Lle no3uTtusHO
BM/AMBAE Ha MNACTUYHICTb | B’A3KICTb CTanei.

3anexHo Bif Temnepatypu geopmauii po3pisHAOTL: © BUCOKOTEMME-
patypHy (BTMO); ¢ HusbkoTemnepatypHy (HTMO) TepmomexaHiuyHy
06po6KY.
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BucokoTemnepaTypHa TepMoMexaHiyHa 0b6pobka nonsrae y HarpisaH-
Hi cTani oo TemnepaTypu, Bullle TOUKKU J13, BUTPUMYBaHHI Mpu LA Temne-
patypi, nnactuyHomy gethopmyBaHHI Npu TemnepaTypax Bulle Temmnepa-
Typu pekpuctanizauii (Fp) W 0XONomKeHHi (rapTyBaHHI) 3i WBWUAKICTHO,
WO nepeBulLlye KpuTuuHy Kkp (puc. 5.16, a). Cytb BTMO nonsirae B
TOMY, W0 MNicnsa rapa4yoi gedopmallii Ta rapTyBaHHS OAepXYlTb TBepauii
pPO34YMH 3 MNEPeKpPUCTani3oBaHO CTPYKTYpow, TOOTO 3 NifBULLEHOI
KiNbKicTIO HefOCKOHanocTel (BiIbHUX AMCOKaL i, rpaHuLb 3epeH, cyb-

Q
Puc. 5.16
TemnepaTypHO-4acoBi CXEMU PEXWMIB TEPMOMEXaHi4HOT 06po6KN:
a— BTMO; 6 — HTMO; B — i3ocopminr; p — TemnepaTypa pekpucTanisauii;
MM — Temnepartypa noyaTky MapTeHCUMTHOTO MepeTBOPEHHNA; A — pexuMm BiAnycky
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3epeH). Mpu nposeaeHHi BTMO cnig BUKOHYBaTWM TPU YMOBU: OAEPXY-
BaTW MO 3aBepLlUEHHI AedopMayii nepekpucTanizoBaHy CTPYKTYpYy;
3anobiratm MOXNMBIA pekpucTanisauii Mo 3akiHYeHHIO rapsyoi gedop-
Mauii; gocsiraTu HeobXigHOro AN CTapiHHA CTYNeHA MepecuyeHHs TBep-
JOro po3umHy. MigBuweHHA BnacTueocTein ctani nicns BTMO nosicHio-
HOTb TUM, WO MapTEHCUTHE NEPeTBOPEHHA BiAOYyBaeTbCA B CTani 3 NEBHOM
CyO6CTPYKTYpOlO BHacnigok paedopmauyii. Tak, nicns BTMO cTani
50XH4M (HarpiBaHHA go 1050...1100 °C, getopmauis Ha 25..30 % npwu
900...950 °C, rapTyBaHHSi, HU3bKWIA BigNYyCK) AgocsraloTe 0B= 2600...

2700 MMMa, 8= 8..10 %, KCU = 56 [x/cM2.

HusbkoTemnepaTypHa TepMoMexaHidyHa o6pobka (HTMO) cknaga-
€ETbCS 3 PEXMMIB HarpiBaHHs cTani A0 Temnepatypu, Buwe Touku J13

(1100...1150 °C); oxonomkeHHs Ao Tp — TemnepaTypu CTabiNbHOCTI
aycTeHiTy (Hmwkue A\ i Buwe MM — 450..550 °C); nnactuyHoi gedop-
mauii npu uii Temnepatypi Ha 75..95 %; oxonomxeHHs (rapTyBaHHS) 3i
WBMAKICTIO, WO 3a6e3nevye YTBOPEHHSA MapTEHCMTY; HU3bKOIO BiAMnyCKy
npun 150..200 °C (gmB. puc. 5.16, 6). BHacnigok Takoi 06pobku 0B

nigsuwyerscsa go 2800...3000 MMa, 5 — Ha 6...8 %, yaapHa B’A3KicTb —
y 1,5...2 pa3u NoOpiBHAHO 3i 3BUYAIHOIO TEPMIUYHO 06p06KO. OCKINbKK
ayCcTeHIT nmiggatoTb gedopmalii y metactabifibHOMY CTaHi, TO AOLINbHO Y
Takuii cnoci6 o6po6naTn cTani 3i 3HAYHOW CTabINbHICTIO ayCTeHITy B
iHTepBani Temnepatyp gedopmyBaHHS (Y HagMapTEHCUTHI 30HI). IHOfI
Taky 06po6ky 3a pexumom HTMO HasuBalTb aycthOpMiHIOM.

TepmomexaHiuHy 06poOKy, 3a AKOT CTa/lb HarpiBaldTb BULLE TOYKM
A3, 0X0NoMKYyHTb 0 TeMMNepaTypu MakCMMYMY Ha KpUBIl i30TePMiYHOTO
posnagy aycteHiTy (puc. 5.16, B) Ta Ae()OpMYIOTb He Ti/ibKW nepes noyat-
KOM po3najy, ane i nig 4yac ycbOro npouecy NepeTBOPEHHs MeTacTa-
6iNbHOr0 aycTeHIiTy Ha nepniT, Ha3nBalTb 30 OpPMIiHIOM.

3a BCiX BMMNAAKiB Npu TepMOMeXaHiYHiii 06pobUi NepeTBOPEHHS
Bif6yBacTbCA nicns geopmadii crani.

§ 518
TepMiuHa 06pobKa YaByHyY

OcobnuBicTiO TepMivyHOT 06pPO6GKM YaBYHIB Ha BiAMiHY Bif cTani €
Heo6XigHICTb CTPOroro BpaxyBaHHs CTPYKTYPHOrO CTaHy Ta BNacTUBOCTEN
BMXiAHOro u4aByHy. CneuudiyHMmMn npouecamm TepMmivyHOT 06poOGKHK
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YaBYHIB € rpadiTmsanis, T06TO po3KNafaHHSA LEMEHTUTY AN 3MEHLIEeHHS
KifIbKOCTi 3B’A3aHOr0 BYr/eLt; po3UMHeHHA rpadity i 36arayeHHs Byre-
LieM ayCTeHITy, L0 3yMOB/IOE 30iblUEHHS KINbKOCTI MEpAiTy y CTPYKTYpI
YaByHY.

TepmiyHa 06po6Ka YaBYHIB CNPUSAE 3MEHLLUEHHIO BHYTPILLHIX Hanpy-
XeHb Y BU/MBKAX, OfepXaHHI CTabinbHOI CTPYKTYypwu i po3mipis, nig-
BMLLEHHIO TBEPAOCTI Ta CTIMKOCTI MPOTU cnpauloBaHHSA y crocib rapty-
BaHHA Ta BIiANYCcKy, Hafjae 4aByHy (6inomy) nigBuLLEHOT MiLHOCTI Ta
NAaCcTUYHOCTI BignastoBaHHAM.

OCHOBHMMUW BUAaMu TepMivyHOT 06pOBKK Ciporo YaByHY €:

e Bignan;

e HOpManisauis;

e rapTyBaHHs (06’€MHe, MOBEPXHEBE);

e Bignyck.

HusbkoTemnepaTypHuii Bignan (500...600 °C), abo WTy4YHe CTapiHHA,
npotarom 1.8 rog 34iMCHIOTL MOBINLHUM HarpiBaHHAM (70...100 °C/rog)
i NOBINbHUM 0X0NO4XKeHHAM 3 niyyto (20...50 °C/rog) po 250 °C i gani —
Ha MoBiTpi. 3aCTOCOBYIOTb MOro Ans 3HATTA HaMpy>eHb, 3anobiraHHs
pedopmayii A TPIWMHOYTBOPEHHA Mif 4ac MexaHi4yHOi 06pobku Ta
ekcnayarauii.

CepegHboTemnepaTypHuii Bignan (680..750 °C) — rpadiTusyroumii,
3aCTOCOBYIOTb AN 3MEHLUEeHHs TBepAocCTi, NigBULLEHHA NNACTUYHOCTI Ta
YyAapHOT B’A3KOCTI, NOAINWeHHs 06po6atoBaHOCTI. 3aneXxHo Big NoTpi6-
HOT CTPYKTYpW TPMBanNicThb BignantoBaHHA 3MiHIOKOTb ¥y Mexax 1.4 rog.

BucokoTemnepaTypHuii Bignan (850..950 °C) — rpadiTusyounii
(0,5...5,0 rog), BUKOPWUCTOBYKTb A/ 3MeHLEHHA TBEpPAOCTI Ta nonin-
lWeHHs 06po6ntoBaHOCTI. 3AIMCHIOKTL MOBINBHUM HarpiBaHHSAM i 0XO-
NOJXKeHHAM 3 niyyto go 250 °C, gani — Ha nosiTpi.

Hopwmanisauyit (oxonomxeHHs Ha nosiTpi) Big 850...950 °C
3aCTOCOBYHOTb AN1A MiABWLEHHS TBEPAOCTI Ta 3HOCOCTIKOCTI.

MFapTyBaHHSA YyBoai abo machi Big 850...930 °C 3 BUTPUMYBaHHAM
npu HarpiesaHHi 0,5...3,0 roZ BUKOPUCTOBYHOTb AN NiABULLEHHA TBEPLOCTI
Ao 500 HB, miyHOCTI Ta 3HOCOCTINKOCTI.

I30TepMiUYHe rapTyBaHHS u4aByHy NepeBaxae TpaguuiliHi
BMAW MiABWLLEHHS TBEPAOCTI Ta 3HOCOCTIKOCTI BUPO6IB, NMpoTe ycknag-
HIOE 06pOOKYy pi3aHHAM. BOHO 3BOAMTLCA [0 aycTeHiTU3auii Ta HacTyn-
HOro i30TepMiYHOro po3nagy aycTeHITY B MPOMKHIA o6nacTi C-nogi6HOT
piarpaMum 3 YTBOPEHHAM MepeBaKHO CTPYKTypu 6eiiHiTy. [30TepMiuHe
rapTyBaHHS 4aBYHY CKNafacTbCA 3 4BOX eTanis:

e aycTeHiTu3auii npn 820...900 °C, BUTpPUMYBaHHA 3a Li€i Temnepa-
Typn 0,2...1,5 rog;
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* MepPeoxOoNIOMAXEHHS ayCTEHITY 3 HacTynHMM po3nagom ioro B
i30TepMiyHMX ymMoOBax B iHTepBani TemnepaTyp Big 250...300 pgo
450...500 °C.

LLBnaKO HarpiBalouuM nNoBepxH 4YaByHY fo 840..950 °C cTpymamu
BMCOKOT 4acTOTW, Fa30BUM MOAYM’M TOLLO | OXONO4XKYHOUM Y BOAI, Macni
Ta IHWMX OXONOMXKYBalbHUX CepefoBuMLLax 34iACHIOIOTL NOBEpXHeBe rap-
TyBaHHs. Lle 3a6e3neuye nigBuiLeHHs TBepgocTi go 55 HRC Ta CTiliKoCTi
NnpoTn cnpayoBaHHS.

Pwuc. 5.17

pachik pexumy rpacitmayryoro
Bifnany Ans OTPMMaHHA KOBKOTO
YaByHY

Bignyck BMpoGIB i3 CipMX 4YaBYHIB 3aCTOCOBYHOTb ANS YCYHEHHS Tep-
MIYHUX Hanpy>XXeHb, MiABULEHHSA B’A3KOCTI Ta NNacTUYHOCTI. Mpu Lbomy
Temnepartypa Bignycky ctaHoBuTb 250...600 °C, Tpusanictb — 1..3 rog
3a/1eXKHo Bif NoTpibHOT TBEPAOCTI.

TepmiyHy 06po6Ky 6if0ro yaByHy NpoBOAATH AN1S OfEPXAaHHSA 3 HbOro
KOBKOT0O 4YaBYHY 3 BMCOKOI MILHICTIO Ta MacTUYHICTIO, 3aCTOCOBYOYU
ANA UbOro cneyianbHWiA pexum rpagiTu3yloyoro BignantoBaHHsA. [ns
LUbOro BMKOPUCTOBYIOTb 6innii 4aByH 3 AOCUTb BY3bKMM iHTepBaaOM
BMICTY ferywoumx enemeHTis: 2,4..2,8 % C; 0,8..1,4 % Si; < 1% Mn;
<0,1 % S;< 01 % P.

Mig yac rpagiTnsyoyoro Bignany LeMeHTUT Y YaByHi PO3NafaEeTbcs 3
YTBOPEHHAM (hepuTy i rpadiTy abo nepniTy i rpadity. ®epuTHUIA KOBKWUIA
YaByH Ha 3MaMi Mae TEMHWI Konip, TOMy WOro HasuBaklTb YOpHOCEp-
[JEeYHUM. 3n1aM MepniTHOro 4YaByHY Cipuii i 1i0oro Has3mMBalTb GinocepaguHUM.

Cy4acHuin npouec rpaiTu3youoro Bignany ckKnafaeTbcsa 3 [BOX
cTagin (puc. 5.17). lMepwa cTagia — PpiBHOMipHe HarpiBaHHa [Jo
950... 1000 °C. 3a uiei Temnepatypu BifbyBaeTbcA rpagiTusauia Hag-
NNWKOBOro uemeHTUTy (10...15 rog), noTiM YaBYH OXONOMXKYHOTb 3 NiUYt0
no 740 °C 3i weuakicTio 70...100 °C/rog.

[pyra cTtagis — i3oTepmiyHa 06po6Ka 3a Takol Temnepatypu (npoTs-
rom maiixe 30 rog), nNicns 4oro YyaByH OXONOMKYHTb Ha NOBITPi. Ha Uil
cTagii rpaiTu3yeTbcsd UeMeHTUT nepnity. OcTaTovyHa CTPYKTypa nicns
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asa 5
OCHOBM TEepMi4YHOI 06pO6KM

rpadiTM3youoro BignantoBaHHA CKNajaeTbca 3 hepuTy Ta NAacTiBYacCToro
rpadiTy.

MepniTHWIA KOBKWIA YaBYH OTPUMYHOTb Y pe3ynbTaTi HEMOBHOIO Bigna-
NOBaHHA: nicna nepwoi ctagii rpaditusauii npu 950... 1000 °C uvaByH
OXONOMXKYETLCA 3 NiYYt0, Apyra cTagis rpaitTvsalii He npoBoAnTbLCA. Ans
nigBULLEHHSA B’A3KOCTI MEPMiTHUI 4YaBYH niggatoTb chepoigmsauii npu
700...750 °C, 3a K0T OTPUMYIOTb CTPYKTYPX 3€PHUCTOr0 NepniTty.

Mpu TepmiyHiA 06po6Li KOBKMX 4YaBYHIB A1S MiABULLEHHSA MIiLHOCTI
Ta 3HOCOCTIMKOCTI X nigAatoTb rapTyBaHHK 3 BigMnyckom abo Hop-
manisauii. MapTyBaHHS 3fiicHIOOTbL Big 850...900 °C 3 0X0N04KEHHAM Y
macni abo Bofi, BignycK — 3aneXHo Big NoTpi6HoT TBepAocTi (Y 6inblwocTi
BMnagkie npu 650...680 °C). [apTyBaHHA MOXHa 34iCHIOBATM TaKOX
nicng nepwoi ctagii rpagitmsauii no gocsirHeHHi Temnepatypu 850...880 °C
3 HaCTYMHWM BUCOKWUM BiJNYyCKOM. 3aCTOCOBYIOTb TaK0X PeXuWM MoBepX-
HEeBOro rapTyBaHHS.

Hopmanisayito KOBKOr0 4aBYHY 3AIMiICHIOIOTb HarpiBaHHAM [0
850...900 °C 3 BuUTpMMYyBaHHAM 1..15 rof i HACTYNMHUM OXONOMKEHHAM
Ha MoBITPi. AKWO HOpMani3oBaHi BMPO6GM MatoTb MiABMLLEHY TBEPAICTD,
X nicna uboro niggalTbs BUCOKOMY Bianycky npu 650...680 °C npoTarom
1.2 rog.

TepmiyHy 06p06KY BUCOKOMILHOIO YaByHY MPOBOAATb 4N TOro, wo6b
3HATW BHYTPILWHI Hanpy>XeHHsA (Ha 80...90 %) BMAMBKIB CKNagHOT dhopmu.
[ns uboro ix noBifbHO HarpiBatoTb Ao 500 °C, BATpUMYIOTH 3a L€l Temne-
patypu 2..3 rof i 0Xono4xywTb 3 niyyto o 200 °C, a gani — Ha nosiTpi.

BunuBkn 4aByHY 3i CTPYKTYPHO BIifIbHUM LEMEHTUTOM, NS noner-
lUeHHS 06pobKM X pi3aHHAM, nigaalTb rpadiTulytoyomy Bignany npu
900...950 °C npoTsarom 2... 5 rof 3 HaCTYNMHWM OXONOMXEHHAM Y Meui.

[na nigBuweHHa nopory MiyHOCTi /i 3HOCOCTIAKOCTI BWIMBKIB Bif-
noBifanbHOro npu3HayeHHs (KoniH4YacTMX BaniB, KOMIC) 3aCTOCOBYHOTb
Hopmanisauito Big 900..950 °C (BuTpumyBaHHA 2..3 rog). fani 3pii-
CHIOTb Bignyck npu 550...600 °C i 0XONOAXKEHHS 3 NiYYl0.

JocnTb 06MeXeHO Yepe3 MOXIMBICTb PO3TPICKyBaHHS BMKOPUCTOBY-
I0Tb rapTyBaHHs Big 900 °C y Macni gns niABULLEHHA TBepAocTi Ta
CTIAKOCTi NpOTK cnpavoBaHHS.

3HayHe NiABULLEHHA UUX XapakTepucTuk 3abes3neyye TakoX i30Tep-
MiYHe rapTyBaHHSA 3a PeXUMOM: HarpiBaHHs o 850..880 °C, BUTpUMY-
BaHHA 30...45 xB, nepeHeceHHA A0 BaHHM 3 Temnepatyporo 300...350 °C,
BUTPUMYBaHHA 60 XB i OXONIOAXEHHA Ha nosiTpi. Ana 3abesneyeHHA
BTOMHOI MILHOCTI Ba)KKOHaBaHTaXeHWX BUPOBIB BMKOPUCTOBYHOTH
NMOBEPXHEBe rapTyBaHHA CTpymMaMu BMCOKOT 4yacToTu Big 900...1100 °C.
TemnepaTypy BUOMPAIOTb 3aM€XHO Bif CTPYKTYPU BUXiJHOMO YaByHY.
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Po3pgin 2
Byfosa Ta BnacTMBOCTI MeTanis i cnnasis

Ximiko-TepmiHHa 06pobka yaByHy. A30TyBaHHSA. [na a30TyBaHHA
BUKOPUCTOBYIOTb MEPEBAXHO Cipi YaBYHW, NIEroBaHi XPOMOM, HiKenem,
MONi6AeHOM Ta IHWWMKU HITPUAOYTBOPHOOUMMKU eneMeHTaMK, a TaKoX
BMCOKOMIiLHMA 4aByH. A30TyBaHHA 4aBYHIB pobnATb AN MiABULLEHHS
TBepAocCTi go 600...1000 HB, 3HOCOCTINKOCTI Ta KOPO3iHOT CTilAKOCTI B
rasoBomy cepegosuuli. Mpouec 3giicHioTb npn 550...580 °C, TpuBanicTb
(50...70 rop) 3anexuTb Big NOTPIGHOT rNMOMHM a30TOBaHOrO LWapy, gani
faetani oXonomkyrTb 3 nivywo. Cipi yaByHM nonepeaHbO BiANanoOTb NpK
950... 1000 °C npoTarom 4...12 rog gnsa posnagy ueMeHTUTY. Ond HajaHHA
MeTaneBiAi OCHOBI Mmicna Bignany BMCOKUX MeXaHIYHWX BNacTUBOCTEN
YyaByH raptytoTb Bif 800...850 °C y mac/ii 3 KOPOTKOYACHUM BifNyCKOM
npun 600 °C.

MepcnekKTUBHUM € TaKOX MpoLec a3oTyBaHHA Y TNilOYOMY po3pALi.
Take a30TyBaHHA 3HAYHO MiABULLYE CTIAKICTb 3a YMOB TEPTH i 3HOLIYBaH-
HAi, BTOMHY MILHICTb MPW 3HaKO3MIHHOMY BUTWHI. Andy3iiHuin wap, wo
YTBOPKETLCA NPU LbOMY, HEe KPUXKWIA | 4obpe CKpinneHnii 3 audysiiHUM
nigwapom.

ANniTyBaHHS4. HacunyeHHA BUPOGIB 3 YaBYHY a/lOMIHIEM
3AIACHIOTb ANA MiABULLEHHSA XXapOTPMBKOCTI. 3aCTOCOBYHOTb Taki cami
pexxumun, fK i 3a 06pobku cTanei. Haibinblw nowwupeHe aniTyBaHHA
YaBYHY B MOPOLLKOBMX CyMillax hepoantoMiHilo npoTarom 2..6 rog npu
950...1050 °C nicna nosinbHOro HarpisaHHA (go 500 °C). Micns
aniTyBaHHs BUPOOWM 0XONOLXKYHOTb 3 Miv4to abo Ha NoBITPI.

Tak camo 34iliCHIOI0OTb X pOMYyBaHHS YyTeepgomy (10...12 rop)
abo rasosomy (5 rog) cepegoBuuiax. Lle 3abesneyye TBepAiCTb NMOBEPXHI
1600 HB, nigBMLEHHSA >KapOCTINKOCTI Ta KOPO3iHOT CTIAKOCTI YaByHIB.

[nsa nigBuLeHHS KUCNOTOCTIAKOCTI Ta TBEPAOCTI NOBEPXHI KOBKOFO i
Ciporo 4aByHIB 3aCTOCOBYKTb CMNi L iOBAaHHSA BUPOOIB 3 HUX Y
TBepAnx abo rasoBux cepegosuiax npu 1000...1100 °C. Ana oTpuMaHHA
wapy 3asToBwkM 0,5...0,8 MM Ha BW/IMBKax KOBKOFO 4aByHY MOTpibHa
TpuBanicTb HacumyeHHsa 20..25 rof. 3a Uel e 4Yac Ha BWIMBKax Ciporo
YaBYHY YTBOPHOETbCA Wap 3aBTOBWKK 0,1 mMM. Hailikpawii pesynbtat npu
cuniuitoBaHHI 0fepXXYOTb Ha KOBKUX YaBYHaX, 3afi0BifibHi — Ha cipuXx.

[na nonerweHHs MexaHi4YHOT 06p0O6KM YaBYHY pizaHHAM BUKOPUCTO-
BYIOTb CYyNb®MigyBaHHS 1A0ro BUANBKIB. 3AiACHIOIOTb AOT0 LLASXOM
MoBiNbHOro HarpisaHHA Ao 550...600 °C B cepefoBuuiax, WO MICTATb
CipKy. [na oTpuMaHHA audy3iiHOro wapy 3aBToBWKM 0,3 MM TprBanicTb
HaCMYeHHA NOBWHHa cknagatm 3 rof. OXONOMKeHHA nicnsa Ximiko-
TepMivHOT 06p0O6KM 3AIACHIOOTL Ha NOBITPI.
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nasa 5
OCHOBU TepMi4yHOi 06pO6KM

£7 KOHTpPONbHI 3annTaHHA

LLlo Take TepmiyHa 06po6Ka, i1 OCHOBHI napameTpun?

HasBiTb OCHOBHiI NepeTBOPEHHS, sKi BifbyBalOTbCA NPV HarpiBaHHi
| OXONTOLKEHHI CTauli.

FAKi OCHOBHi CTPYKTYpU MOXYTb YTBOPHOBATUCHA MpU TEPMIYHil
06pobui ctani?

AK KNacuikyloTb OCHOBHI BUAWN TEPMiYHOT 06po6KN?

Lllo Take Bignan ctani?

Uum Bigpi3HAOTLCSA Bignan nepLuoro i gpyroro poay?

Lo Take rapTyBaHHA CTasli Ta fKi iCHYIOTb BUAW rapTyBaHHA?

LLlo Take 3arapToBaHIiCTb | NporapToBaHiCTb cTani?

LLlo Take BHYTPILIHI HaNpyXXeHHA?

LLlo Take Bignyck crani?

Aki nepeTBOpPeHHS BiAOYyBalOTLCA Mig yac Bignycky?

AKi BUAN BigNYyCKy ICHYOTb?

Llo Take cTapiHHA cTani?

Ha3BiTb OCHOBHI mapameTpu i npouecu Ximiko-TepMi4HOT 06pO6KK.

LLlo Take uemeHTauis, i OCHOBHI BUAn?

Uum BIgpI3HAOTLCSA Npouecn LeMeHTauil, a3oTyBaHHSA i HiTpo-
LemMeHTawii?

Lo Take TepMoMexaHiyHa 06pobka?

Uum BIAPI3HATLCA BUCOKOTEMMNeEpPaTypHa | HM3bKoTeMnepaTypHa
TepMoMexaHiyHi 06pobkn?



KonbopoBi MeTau
| cnniasu

KonbopoBi meTatV MalTb KOMMEKC LiHHWX BAacTUBOCTEN, TaKuX,
Hanpuknag, K TennonNpoBigHICTb (antOMiHIi, Mifgb), HA3bKY'TeMNepaTypy
nnaBneHHs (CBUHELb, 0/10BO), Many nUTOMYy Bary (aftOMiHiA, MarHii)
Towo. [lMpoTe 3acToCyBaHHA X Yy 4YMCTOMY BUINALI JOCUTbL OBMeXeHe.
LLInpOKO 3aCTOCOBYHOTbLCA Y MPOMUCIOBOCTI CMiaBu KOJIbOPOBUX MeETa-
niB — natyHi, 6poH3un, 6abiTn (Ha OCHOBI Mifi, LMHKY, 010Ba, CBUHLIO),
a TakoX AlpantoMiHu i cunymiHu (Ha OCHOBI aftoMiHiO), cniasu Ha
OCHOBI TUTaHy, MarHito. Ha OCHOBi KONbOPOBWUX MeTaniB Ta iXHiX CniasiB
CTBOPIOIOTLCA TaKOX KOMMO3MLiiHI MaTepiann Ta Taki, WO BUrOTOBAAOTh
MeToJaMWn MOPOLIKOBOI MeTanyprii.

§6.1

ANIOMIHIN Ta oro cnnasu

ANOMIHIA — nerkuii MeTan TPeTbOi rpynu nepiognYHOl CUCTEMM
eNeMeHTiB, cpibnsacTo-6ioro Konbopy, 3 rycTuHow 2,7 r/cM3, BUCOKOKO
eN1eKTPO-, TENNOMNPOBIAHICTIO Ta KOPO3iAHO CTINKICTIO (YTBOPHE WiNbHY
MOBEPXHEeBY MIBKY OKCUAY Al2C>3). TeMrnepaTypa NnasneHHs afloMiHito,
3a/1eXXHO Bif 4YMCTOTM MeTany, CTaHOBUTb 660...667 °C. TMpokaTHWUIA i
BignaneHwnin antOMiHiiA BUCOKOT 4MCTOTM Mae MiuHicTb ¢cB=60 MIla,

MOAyNb MNpYXHoCcTi E= 7 <103 MMa, nnactuyHicte 5=50 %, \/ =85 %,
TBepAicTb 25 HB. ANOMIiHIA BUCOKONNACTUYHUIA, ManoOMIiLHUIA MaTepian,
fobpe 06pobndeTbcqd TUCKOM, 3BaprOeTbCA, afe MoraHo niggaetbcs
06po6LUi pizaHHAM. AK KOHCTPYKLUIiAHWI MaTepian Moro He 3aCTOCOBYHOTb.
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nasa 6
KonbopoBi meTanm i cnnasun

MocTinHi gomiwkn (Fe, Si, Ti, Mn, Cu, Zn, Cr) 3HMWXYTb Qi3nKo-
XiMiYHi XapaKTepuCTUKM i NNACTUYHICTb antoMiHIt0. 3anexHo Bif BMICTY
JOMILIOK PO3Pi3HAOTb Mapku antomiHito: A999 (0,001 % gomiwok), A995
(0,005 % pomiwok), A99 (0,010 % pfomiwok), a Takox A97, A95.

BBefleHHA Nerywumx enemeHTiB [03BOAMAO CTBOPUTU HU3KY anio-
MIHIEBUX CNNaBiB 3 Pi3HUMU (Pi3UKO-MeXaHIYHUMU Ta TEXHONOTIYHUMU
BNacTUBOCTAMKW. CniaBu antoMiHi0 NOELHYIOTb Y COBi KpaLli BNacTUBOCTI
YMCTOrO antoOMiHIl0 | NiABULLEHI XapaKTepUCTUKWN JIErYIOUUX efIeMeHTIB.
Tak, 3ani3o, TUTaH, HiKenb MiABULLYIOTb >KApOMIUHICTb CMMaBiB: Mifb,
MapraHelb, MarHilii 3a6e3nevylTb 3pOCTaHHSA XapaKTepUCTUK MillHOCTI.
NeryBaHHAM i BifMNOBIAHOK TepMmiyHOK 06pO6KOK focArawTb MNifBuU-
WeHHs MiyHOCTI antomiHito (oB) Big 100 go 500 MMa, TBepgocTi — Bif

20 po 150 HB.

3a TeXHONOorielo BUITOTOBNEHHA 3aroTOBOK i BUPO6IB yCi NPOMUCOBI
CniaBsn antioMiHiIl0O NOAINAKTL Ha TpPU rpynu:

e 0eOopMOBaHi; * NMUBAPHI; * CMNeYeHi.

CnnaBun, wWo nigaatwTb AedOopMYyBaHHK, MNOBUHHI
3abe3neyyBaTM BUCOKY TEXHOOFIYHY MAaCTUYHICTb ANA 3A4IACHEHHA
onepauii nNpokaTyBaHHfA, KyBaHHf, MNpPecyBaHHA TOWO. TOMY BOHM
MOBWUHHI MaTW OfHOPIAHY CTPYKTYpY TBEPAOro pPO3YMHY HA OCHOBI
antoMmiHito. Ans nigBuLeHHS MIiLHOCTI AONYCKalTb Yy CTPYKTYpi cnnaBy
HEBEeNNKY KifbKiCTb KpWUCTaniB eBTEKTUKW. [edopmMoBaHi cnnaBu anto-
MIiHIIO MOAINATL Ha TakKi, Wo 3MIiLHIOITL TeEpMivHO 06po6KOIO, i Taki,
O He 3MILHIOKTL.

[0 TepmiyHO He3MiUHIOBaHMX CNNaBiB HaneXxaTb TEXHIYHWIA antOMIHIN
(AL, AOLl, ALO), cnnaBy antOMiHil0 3 MapraHuem (mosHavaroTe AMU) i
cnnaBy 3 MarHiem Ta MmapraHuem (nosHavatoT AMr). BoHu BOMOAIOTbL
MOMIPHOK MIUHICTIO, MIaCTUYHICTIO, A0b6pe 3BaplKTLCA, KOPO3iiHO
CTiliki. 3anexHo Big ctaHy nocTtaBku nucty (0,5... 10 MM) y MO3HaYeHHI
MapKun cnnaBy AofatoTb NiTepu. B pasi nocTtaBku cnnaBy Yy BignaneHoMy
CTaHi nuwyTb nitepy M — m’aki (AMrM), npu HesHayHOMY Hakneny-
BaHHI — niTepy M (AMTrM), npu 3HayHomy — nitepy H (AMrH). I3
3pOCTaHHAM CTyneHa gedopMmauii (HaknenyBaHHSA) NigBULLYETLCA MiLHICTb
cnnaeiB. Tak, MiuHicTb i nnacTuyHictb cnnasy AMUH cknagae aun=
=220 MIMa, 5=5 %, a cnnasy AMuM — aB= 130 MTIa, 8=20 %.

ManoHaBaHTaXXeHi feTani 3BaploBaibHUX | KnenaHWX KOHCTPYKLUIil,

feTani rnboKoi BUTSHKKM BUTOTOBASAKOTL 3i cnnasiB Tuny AMuH, a Takox
AMr2M, AMr3M (ob= 170...200 MMa, 5=4...18 %). [deTani KOHCTPYK-

Li/i cepeAHbOr0 HaBaHTaXXeHHS Ta BMCOKOT KOPO3iiHOT CTiiKOCTi BMrO-
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Byfnosa Ta BnacTuBOCTi MeTanis i cnnasis

TOBAATL 31 cnnasie Tuny AMr5M, AMr6M (os=280 MIa, 5= 15 %).

3i cnnaeie AMU i AMr BUroTOBAAKTbL NCT, NPYTKU, APIT.
TepmiuHO 3MiLHIOBaHI Ccnnasy anOMiHilO 3a XiMIYHUM CcKnagom i
BNaCTUBOCTAMMU 6iNbll PisHOMaHITHI. X NOAINATbL Ha:

e cnnaBu nigBuweHoi nnactuyHocTi AB, AA31, A33 (Ha OCHOBI

cuctemn Al — Mg — Si);

* KOHCTPYKUilHI cnnaBn (AL — Cu — Mg) — [HOpantoMiHM MapokK

a1, 0i6, 018, B65;

e KOBOYHIi (AL — Mg — Si — Cu) mapok AK6, AKS;

e BUCOKOMIUHI (AL — Zn — Mg — Cu) mapok B95, B96;

e XapomiyHi cnnasum cuctem (AL — Cu — Mg) mapok AK4-1 Ta

(AL- Cu- Mn) A20.

Cnnasu nigsuLleHoi nnacTuyHocTi — asiani (AB, AA31, AA33) —
MICTATb Y CBOEMY CKnagi, Kpim antoMiHito, 0,4...1,2 % Mg, 0,3...1,2 % Si,
0,15...0,35 % Mn, pobpe 3BaprOKOTHCA, KOPO3iAHO CTiki. TepmiyHa
06pobKa X CcKnagaetbca 3 raptyBaHHA Big 515..525 °C i cTapiHHS
(npupogHoro abo wTy4yHoro). LUTy4yHe cTapiHHA MPOXOAUTb 3Ha4YyHO
WweuAaLwe i3giicHioeTocs npu 160... 170 °C npotarom 12... 15 rog o4pasy x
nicna rapTyBaHHA. pu UbOMY BWUAINAETbCA 3MiLHKOKOYa (pasa Mg2Si.

Micns rapTyBaHHA i WTYYHOro cTapiHHA BMacTMBOCTI cnnaBy AB fgopis-
HIOIOTb: aB=380 MMMa, ot=250 MMa, 5=14 %, a nicna NpUMpPoOAHOro

cTapiHHA aB=260 MIMa, <«r=200 MIMa, 5=20 %. 3i cnnasis AB, A3

BUIOTOBAAKTbL NUCTWU, TPybM, MpecoBaHi npodyini, 3aroToBKW, KOBaHi
feTani ABUIYHIB, NONACTi IBMHTIB BEPTO/IbOTIB TOLLO.

KOHCTpYKUiiHI cnnaBu (AtOpantomiHM) LINPOKO 3aCTOCOBYHTHCH Y
Pi3HUX ranyssax TeXHiKW. TX MapKylTb fnitepoto [, nicns £Koi CTOiTb
umcpa, WO BIANOBIJAE YMOBHOMY HOMepy cniaBy. TepmiyHa 06pobka
[AOpantoMiHIB cKnafaeTbca 3 rapTyBaHHA Bifg 500...510 °C (0X0N04KEHHSAM
y Kunnadiid Bogi) i cTapiHHA. [pupogHe cTapiHHA 34iACHIOTL 3a
KiMHaTHOT Temnepatypu npoTtsarom 5.7 fi6, wWTyyHe — 3a Temnepatyp
150...190 °C npoTarom 4...12 rog a6o npu 250 °C npotarom 2.4 rog.
Oco6nuMBICTIO rapTyBaHHS AOPantOMiHIB € HeoOXifHICTb fOAepXKyBaTnCA
TemnepaTypHOro pexumy, Hanpuknag, 505+5 °C (gna A1) i 500 £5 °C
(ons Ai6, A18). CTpykTypa [AlopantoMmiHiB cKnajaeTbca 3 a-TBephoro
PO34YMHY i 3MiLHIOYKMX tha3. Tak, y cnnaei 1 OCHOBHOK 3MIiLHIOOUOH
thasoto € 0(CuAl2), y cnnasi [i6 3 MiABULLEHOIO KifbKICTIO MarHilo —

0(CnAl2) i S(AI2CuMg). OtopantoMiH [i6 mae Hainbinbwy MiyHicTb nic-
Na rapTyBaHHSA Ta NPUPOAHOro cTapiHHsA: on=480 MMa, o1 =320 MIa,
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5=14% (puc. 6.1) (NOHXepOHW, LWNaHroyTu, O6LIMBKK fiTakig). [eTani
i KOHCTPYKLii cepeHbOT MiLHOCTI BMroTOBAAKTL 3i cnnasis 41, A1A (ou=
=360 MMa, 5=12%).

[opantomiHy BMpo6GAAOTL Yy BUIAALI NUCTa, MPECOBAHUX i KaTaHUX
npoginie, npyTkiB, Tpy6. [ANa NigBULLEHHA KOPO3iAHOT CTIMKOCTI iX
nigfaloTs nNnakyBaHHIO. BifnoBigHO mpu MapKyBaHHI Takux cnnasiB fo-
fatoTb niTepy A, Hanpuknag O16A, O1A. Cnnasu 18 i B65 € oCHOB-
HUMW aniOMIHIEBUMW 3aKNEMnoOYHMMMK chnaBamu. Halibinbw LWNPOKO
AHOpantOMiHN  3aCTOCOBYIOTbCS B aBialiiiHii npomucnoBocTi Ta Oy-
LiBHUUTBI.

c B Mla
450
400

350

300 .
Micna_raptyBaHHA__

Puc. 6.1 200 frirﬂﬂafni.aﬂf
3MiHa MiLHOCTI AlopantoMiHy 150
2 3 4

BHACNIAOK NPUPOAHOr0 CTapiHHA 0 1 5 6 [Oob6a

ANOMIHIEBI cnnaBu, npugaTHi Ansa KyBaHHA (KOBOYHI), MO3HayalTb
nitepamn AK i BigHocaTb go cuctemn Al —Cu — Mg — Si. BoHu
NAacTUYHI, CTiliKi [0 YTBOpPEHHA TPIiWWMH Mig 4Yac raps4voi naacTUyHol
pedopmauii. Ui cnnasn (AK6, AK8) 3a XiMmiyHUM cknagom 61u3bKi [0
[HOpantoMiHIB | BiAPI3HAOTLCA BUCOKUM BMiICTOM KpemHito (0,7...1,2 %).
Cnnasu AK6 i AK8 3actocoBytoTb nicna raptysaHHA Big 520 £ 5 °C (AK6)
i 5055 °C (AKB8) Ta wTy4Horo crtapiHHa npu 160...170 °C npoTsirom
12...15 rog. Micna TepMiyHOT 06POOGKM MexaHiYHi BNaCTMBOCTI LUMX cnna-
BiB Taki: gb=400 MMa, 5= 12 % (AK6); an=480 MMa, 5=9 % (AKS8).
MpoTe o6uaBa cnnaByM MarTb HU3bKY KPO3iliHY CTIAKICTb i NOTPebyoThb
[0OLATKOBUX 3aX0AiB LWOAO0 3aXMCTY Bif KOpO3il. 3 HWUX BUTOTOBAAKTH
WTaMnoBaHi Ta KyTi fgeTani cknagHoi ¢opMu i cepefHbOi MiLHOCTI
(AK6) — nigmMoTOpHI pamu, Kpenix, a TaKoX TaKi BMCOKOHaBaHTaXKeHi
wTamnoBaHi getani (AK8), AK NosicM NOHXEPOHiB, fonacTi FBUHTIB
BEPTONLOTIB, 6aHAaXi BaroHis.

BucokomiuHi antomiHiesi cnnasu (B95, B96) okpim Migi i MarHito
MICTATb Y CBOEMY CKNafi 3HaYHy KinbKicTb LUHKY (5...8,6 %). MigsuweHy
MILHICTb LMX CnaaBiB 3yMOB/IIOE HAABHICTb B iXHIilA CTPYKTypi nicns
rapTyBaHHs Big 460...470 °C y Bogi i wWTy4yHoro ctapiHHa npu 120... 140 °C
npotarom 24..16 rof iHTepMeTaniyHMX 3MiLHIOUYMX (a3 BignNoBigHO
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rilMgzn2), T(Al2Mg2Zn3), S(FI2CuMg). Micna TepmivyHOT 06pO6KM Mexa-
HiYHi BnacTmMBoCcTi Ana cnnasy B95 Taki: aB=550...600 MMMa, oT=
=530...550 MMa, 5=8%; gna cnnay B96 cn= 700 MIla, oT= 650 MTlla,

5=7%. Cnnan B95 i B96 3acTocoBylTb Yy NiTakobyayBaHHi Ans
KOHCTPYKLiA BMCOKOTO HaBaHTaXXEHHA | TpuBanoi ekcnnyaTauii 3a TeM-
nepatyp Ao 100 °C. o HefonikiB uMX MmaTepianiB BifHOCSATb HEBUCOKI
NAaCTUYHICTb, B’A3KICTb PYMHYBaHHS i HM3bKY KOPO3iliHY CTiiKicTb nig
Hanpy>XeHHAM. [TigBULLEHHIO LMX XapaKTEPUCTUK CNpPUSE [ABOCTYMiH-
yacTe NOM’AKLLYHOYe CTapiHHA.

>KapomiuHi cnnaBn BUKOPUCTOBYHOTbL AN eKcnayaTauii npu Temnepa-
Typax o 300 °C (MOpLWHi, rof0BKWM UMNIHAPIB, AWCKW |1 nonaTtku
KOMMNPecopiB peakTUBHUX [ABWUIYHIB, OOLWIWBKA HaA3BYKOBUX iTakis).
Haiibinbw nowwupeHi cnnasm tuny AK4-1 cuctemun AL — Cu — Mg —
Si 3 go6aBkamMu 3anisa Ta Hikento; 020 cuctemun AL —Cu — Mn 3
fob6aBKaMu TUTaHy Ta LMPKOHIit0. Y cnnaBi AK4-1 Fe i Ni yTBoptotoThb
Hepo3unMHHYy a3y Al9FeNi, sika nig yac TepMiyHOT 06pPOOKM He 3MiHt0-
€Tbcsi. OCHOBHOIO X 3MiLHIOYO0L0 (ha3oto y cnnasi € S(AI2CuMg). Micns

raptysaHHa Big 530 + 5 °C i wTy4yHoro ctapiHHa cnnaB AK4-1 mae Taki
MexaHiyHi xapakTepucTuku: aB=300..180 MTlla, oT= 190..120 MTIla,

5=18..12 %.

CnnaB [20 mae Taki XapaKTepUCTUKU MeXaHIYHWX BNacTUBOCTENA:
an=420 MMa, oT=330 MMMa, 5= 11 %.

MepcneKTUBHUMU XAPOMILHMMW cniaaBaMn antoMiHil0 € Cnnasu
cuctemm AL — Mg —Li, Wo NoegHYOTb BUCOKY MILHICTb, HU3bKY MUTOMY
Bary i 4OCTAaTHO >XXapOMILHICTb.

NvBapHi cnnasn aitoMiHil0 BUKOPUCTOBYIOTb A/IA BUTOTOBMIEHHA (a-
COHHWX BWAUBKIB Pi3HOT (hOpMM Ta NpU3HAYeHHA. [0 iX cknagy BXOAATb
Ti cami Nerywo4yi KOMMOHEHTW, WO i fO0 AedOpMOBaHMX CnnaBiB, ane y
6inbwin kinbkocTi (40 9... 13 % AN KOXHOro KOMMNOHeHTa). Mpomucno-
BiCTb BUPOONse nuBapHi antoMiHieBi cnnasu (AJl) mapok Big AJll go
AJT33. Mpu MapKyBaHHi UMX cnnaeiB niTepa A 03Hauyae, WO cnnas
antoMiHieBmid, niTepa J1 —uo cnnas NMBapHUiA, a uudpa — nNopaLKOBUiA
HOMep cnnasy.

3a XiMiYHUM CKNagoM NMBApHi antOMiHIEBI CniaByM MOXHa MOAINUTK
Ha KifbKa rpyn. Hanpuknag, antoMiHiin 3 kpemHiem (AJ12, AN4, AN9) a6o
antoMmiHili 3 marHiem (AJ18, AJ113, AJI22 Ta iHwwi).

Tunosummu € cnnasu cuctemun Al — Si (10...13 % Si) — cunymiHm.
Po3uunHHicTb Si B Al mana (0,8 % npu 500 °C; 0,05 % npu 20 °C). Tomy
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cnnasu, Aki cknagarTbecs nuwe 3 Al i Si, NPaKTUYHO He 3MILHIOTbCA
TepMmiyHO 06po6bKoto i B cucteMi AL — Si MOXYTb OYyTW chfasu, LWO
4aCcTKOBO abo MOBHICTIO CKNafatoTbCA 3 EBTEKTUKN. BBeAEHHSA B CUAYMIHN
Cu, Mg cnpuse 3MiLHEHHIO chfaBy Npu cTapiHHi; Ti, Zr noapibHIOTH
3epHO; Mn nokpaulye KOpo3iliHy cCTiikicTe; Ni i Fe nigBuulyoTb
XapOCTINKICTb.

Puc. 6.2
MikpocTpykTypa nutoro cunymiHy A/12 3 13 % Si:

a — HemoaudikoBaHoOro (a-TBepAvii po3ymH Ta ronyacti Kpuctanu KpemHito, x 100);
6 — mopaudikoBaHoOro (AeHAPUTH a-TBEpPAOro PO3UnMHYy — CBIiTNi i eBTekTUka a + Si — TemHa, x 300)

[Ona noninweHHs MexaHiYHUX BNACTUBOCTEN CUAYMIHW 3 BMICTOM
KpemHito Ginbwe 5 % moandikytoTb HaTpiem: 1.3 % Big macu posnniaBy
foparoTe coni Hatpito (2/3 NaF + 1/3 NaCl). CtpykTtypa Hemoaudi-
KOBaHMX cnnaeiB (puc. 6.2) cKnafaeTbCa 3 rofyacTux Kpuctanis Si i
eBTeKTUKM (a + Si), a nicngd moaudikyBaHHA — 3 OC-PO3YMHY | €BTEKTUKMU
(a + Si) ToHKOT 6yA0BU.

BnacTtvBOCTI antOMiHIEBMX NUBapHMX CMNaBiB 3anexartb Big cnocoby
NNTTS Ta BUAY TEPMIYHOT 06pO6KM, WBUAKOCTI OXONOAXKEHHS NpU TBEPA-
HeHHi BUAMBKaA i Nif yac rapTyBaHHA. 4ns NMBapHMX CNNagiB antoMiHit0
XapakTepHa 6ifnblWw rpyba KpynHo3epHUCTa CTpyKTypa. Lle 3ymoB/oE
pexumm iX TepMmiyHoi 06po6bku. ToMy [ANa rapTyBaHHA CUNYMIHU
HarpisatoTb o 520...540 °C i ButpumytoTb 5... 10 rog ans 6inblW NOBHOrO
PO34YMHEHHSA BKAHOYEHb. LLITy4yHe cTapiHHA 3giiicH00TL npu 150... 180 °C
npotsarom 10..20 rog. 3 cuAyMmiHiB BUTOTOBAAOTL AeTani, AKi npaytooTb
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npu Hesenukmx (AJI2), cepegHix (AJ14) i BibpauiitHnx (AJI8) HaBaHTa-
XKEHHAX, a TaKoX npu nigeuuieHHi go 150... 170 °C Temnepatypax (AJ1l,
OB) Touio.

CneyeHi antominiesi nopowkosi (CAI) cnnasn Ha ocHoBi Al i A120 3
OfepXYIThb LWNAXOM OpPUKeTyBaHHA MOPOLUKY antOMiHIlO, BaKyyMHOT fe-
rasauii 6pukeTiB 3 nofanbWMM X CNiKaHHAM Nig TUCKOM. Bmict A120 3y
CMeYyeHMX CnnaBax antOMiHIl0 3HAXOAUTbLCA Y Mexax Bif 6..9 % (CATMI)
n0 18..22 % (CAMM4). Opi6bHi yacTuHkM Al20 3 ranbMyrTb pyX AMCOKaLil
y chnnasi i NigBMWYyTb Moro miyHicTe. XapocTikicte CAIN matepianis
npu TpuMBanoMy HarpiBaHHi 36epiraetbcsi go 500 °C, a npu KopoTKouvac-
HomMy — Ao 1000 °C.

§6.2

Migb Ta cnnasu Ha i OCHOBI

3a obcsaramu BUPOOGHULTBA Mifgb Nocifae TpeTe Mmicue nicna 3anisa Ta
antomiHito. 3anacu 11y 3eMHiil Kopi gopiBHOOTL 0,01 %, y cynbdigHux
pygax (CuFeS — wmigHunii konuegaH, CuS — xanbko3nH, Cu2S —
xanbkoniput) — Big 0,5 o 5 %. Migb mae 'LLK-kpucTtaniuHy rpartky,
Temnepartypa nnasBfieHHA ctaHoBUTL 1038 °C, nutoma Bara y=8,9 r/cm .

OpepxytTb Migb i3 36arayeHoro KoHueHTpaTy (11..35 % Cu), awu
crnoyaTky obnantotoTs npu 600...850 °C A4nd YaCTKOBOIO 3HVMKEHHS BMICTY
CipkM, a noTim Ana BigAineHHs Big PYAHWX AOMIWOK NNaBAATb npu
1300...1500 °C Ha wTeitH (cnnaB cynbigis Cu2S i Fe). MigHuii wTeiiH
micTutb 16..60 % Cu, a Takox Fe i S. LUTeliH nepennaenswTb Yy
creuianbHOMY KOHBEPTOpPi 3 MPOAYBKOK po3MsaBy MOBITPAM npu
950... 1050 °C i ofep>Xyt0Tb YOPHOBY Mifb, WO MICTUTb A0 1...2 % AOMILLOK
(Fe, Zn, Ni, As Ta iHWIi). O4YMWYOTb YOPHOBY Mifb LUASXOM BOTHEBOr0
abo enekTpoNiTUYHOro padiHyBaHHS. [MepBMHHA TEXHIYHO 4ymMcTa Mifb
nicna pagiHyBaHHA MicTuTb 99,5..99,99 % Cu. Ywucta Mmigb mae 1
mMapok — MO006, M06, M 16, Mly, M1, Mip, Mid, M2p, M3p, M2, M3.
CymapHa KinbKicTb AOMIWOK Yy Mapui HalBuwoi uynctotm MO006 —
0,01 %, a B mapui M3 — 0,5 %.

3anexHo Bif MexaHiYHMX BMAaCTMBOCTe pO3pPi3HANTb TaKoX TBepay
(HarapToBaHy) migb — MT i m’aky (BignaneHy) — MM. MexaHiuHi
BNACTMBOCTI YnCTOT BignaneHol migi Taki: cn= 220...240 MIa, 40...80 HB,

5=45..50 %, y =60...75 %. LliHHMMK BnactusocTaMu Migi € T BMCOKa
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eNeKTpo- Ta TennonpoBifHICTb, MAACTUYHICTb, HU3bKA OKMWCMIOBAHICTb.
EnekTponpoBigHiCTb Mifi 3HMXKYETbCS 3a HAABHOCTI AOMiWOK. MonoBUHa
BCI€I MiZi BUMKOPUCTOBYETLCA B €NIEKTPOTEXHIiLi. Jnd eneKTPpOTEXHIYHUX
noTped uncTy Mifb NOcCTavyaloTb Y BUMNALI APOTY, NPYTKa, CTPIUKK, NNCTA,
cMyru i Tpy6. Y 3B’A3KY 3 HUW3bKOK MILHICTIO K KOHCTPYKUIiHWIA
matepias BUKOPUCTOBYIOTb HE YUCTY Miflb, a nMLIe CNNaBu Migi 3 0/10BOM,
LMHKOM, antoMiHiEM, KpPeMHiem, MapraHuem Towo. JleryBaHHsa Migi
nigBMLLYe T MexaHi4Hi, TEXHONOTiYHI Ta ekcnnyaTauiliHi BAacTUBOCTI.
3anexHo Bif XiMiYHOTo cKnafy po3pi3HAKTbL TPU OCHOBHI rpynu cnna.is
Migi: 6pPOH3M, NaTyHi i cnnasu Migi 3 Hikenem.

BpoH3sn — ue cnnaBu Migi 3 0/10BOM, allOMiHIEM, MapraHuem,
KPEMHIEM, GepusieM, CBUHLUEM. 3a/IeXKHO Bif OCHOBHOIO NEryku4oro ene-
MeHTa 6GPOH3M Ha3nMBalTb 0NOB’AHUCTUMMU, antOMiHIEBUMU, 6epuieBUMM
Ta iH. Ana NigBULEHHA MexaHiYHUX i 0CO6AMBMX BNaCTMBOCTEN OGPOH3M
pogatkoeo nerytoTb Fe, Ni, Ti, Zn, P, gna nigBuLeHHA KOPO3iiAHOT
CTiKoCTi — Mn, nnactnyHocTi — Ni, miyHoCTi — Fe, 06po6OBaHOCTI
pizaHHAM — Pb.

MapkytoTb 6poH3M niTepamu bp, pani niTepamy no3HayawTb ene-
MEHTU, WO BXOAATb A0 CKnagy 6poH3n: O — onoso, L — uuHK, A —
antoMmiHili, C — cBuHeub, XX — 3anizo, My — mapraHeub, b — 6epwuniii
Ta iHWi. Micna uboro umgpamm BKasyrTb CepeAHili BMICT €eMeHTIB Yy
npoueHtax (BMICT Migi umdpamn He BKasykTb). Hanpuknag, Mapka
BpOL4-3 o3Hauae, Wwo 6poH3a MicTUTL 4 % o0noBa i 3 % LUHKY, pewTa —
Migb; BpOL,C5-5-5 — 6poH3a MICTUTb 0/10Ba, LMUHKY i CBUHLI Nno 5 %,
pewTta — Mifb.

OnoBiHUCTI 6poH3n (BpO3, BpO6, BpOC25-8 Ta iHWI), 3aneXHO Bij
BMICTYy 0/10Ba i (pa30BOro cTaHy, NoginAwTb Ha ofHodasHi (o 5 % Sn) i3
CTPYKTYPOLO a-TBEPAOro po3unHy i agsoasHi (binbwe 5 % Sn) i3 CTPYKTY-
poto (puc. 6.3), WO CKNagaeTbca 3 a-TBePAOro pPo3yYMHY Ta eBTeKToiga
(a + Cu3liSns).

OpHodhasHi 6poH3M NnacTuUyHi i fobpe nigfaTbea eOPMYBaHHIO, 3
HUX BUTOTOBAAKTL (DONLIY, CITKWU, APIT, NPYTKMW, CTPIYKN TOLLO Y Harap-
ToBaHOMY (TBepfoMmy) i BignaneHomy (M’SKOMY) CTaHax.

[BoasHi onos’AHUCTi 6poH3M 3 6inbwum BMicTOM ofioBa (g0
15..20 %) BMKOPMWCTOBYHOTb SIK NMBapHi MaTepianM AN BUTOTOBJMIEHHSA
Pi3HNX (ACOHHUX BWAMBKIB. iX TaKOX A0LAaTKOBO /ErywTb LUHKOM
(4...10 %), cBuHuem (3..6 %), ocpopom (0,4...1,0 %). ONOB’AHMUCTI
6pPOH3N KOpO3iiHO CTiKi y MopcbKid Bogi, NaOH, Na2C 03, He cTiilki y
po3ynHax HNO3 i HC1l, malTb JOCUTL BUCOKIi MeXaHiyHi B/laCTMBOCTI:
ou= 150..350 MTIla, 5=3..5 %, TBepaicTb 60...90 HB, gobpe o06pobnsa-

IOTbCA Pi3aHHAM.
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Onos’aHuCTi 6poH3n TUNy bpOLH3-7-5 BUKOPUCTOBYIOTH A4/19 apMma-
TYypW, Sika eKcnnyaTyeTbCA Ha MOBITPi, Y NpIiCHIA BoAi, macni, napi i npu
TemnepaTypax 4o 250 °C; 6poH3a tuny bpOL,C5-5-5 — ana aHTudpuk-
LiiHMX geTanei, apmaTypu ToLO.

[o cknagy 6e30M10B’AHUCTUX GPOH3, OKpiM Migi, BxoaaTb Al, Fe, Mn,
Be, Si, Pb abo pi3Hi KOMbGiHaLiT LUX eNeMeHTIB.

6 — onoB’sHUCTOi 3 10 % Sn;
B — aslloMiHieBOIT

AntomiHieBi 6poH3n (4...11 % Al) maloTb BUCOKY KOPO3iiiHY CTIliKICTb,
BMCOKi MeXaHiuHi Ta TexHonoriuHi snactmeocTi (BpAXK9-4, BpAXH 10-4-4,
BpKMu3-1, BpC30 T1a iHwWi). OagHodasHi 6poH3n (a-TBepauii po3unH) 3
BMIiCTOM antoMiHit0 Ao 8..9 % gobpe 06po6NAOTLCA TUCKOM Y rapsvyomy
i xonogHomy cTaHi (puc. 6.3, B). [iBohasHi 6poH3n (a-TBEpAuUiA po3UMH +
+ CU2AL) s smicrom aNOMIHIIO 9...11%, a TaKoX 3ani3a, Hikento, MapraH-
LU0 MalTb B6inbwy MiLHICTb, MigfalTbca 06po6LUi TUCKOM Yy rapsyomy
CTaHi. [lBothasHi 6pOH3M MOXHa nigfaeatv 3MiLHKOKYIA 06pobui —
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raptyBaHHio Big 900..950 °C 3 Bignyckom 3a pisHMX TemnepaTyp. [pu
LLbOMY YTBOPHOETLCA OPIEHTOBAHA ronyacTa CTPYKTypa, 3p0oCcTae TBephicTb
Ta MiUHICTb, 3MEHLWYETLCA NNACTUYHICTb. Tak, 6poH3a BpAXH 10-4-4
nicnsa rapTyBaHHA i Bignycky (400 °C) nigsuuye TBepgicTh Big 170...200
fo 400 HB. 3 anomiHieBUX OpPOH3 BUIOTOBAAKTL apmaTypy Tpyb6o-
NPOBOAIB AN1a pi3HUX cepefosuLy, (OKpiM MOPCLKOT BOAM) i TEMMepaTtyp 4o
250 °C (bpAX9-4, BpAXX9-41); peTani gns ekcnnyatauii B cepefOBULLi
MOpPCbKOT BOAWM, rBUHTU, nonacTi (BpAMU9-2/1); BTYNKWU, NiAWMNMHUKN
KoB3aHHA (BpAMUKO-2); dnaHui, WecTepHi Ta iHWI BignoBiganbHi getani
(BpAXMy 10-3-1,5).

MapraHuesi 6poHsn (BpMu5 BpMuC20-5) maloTb NOPIBHAHO HEBU-
COKi MexaHi4YHi BNacTUBOCTI, afie BUCOKY NNACTUYHICTb, KOPO3iliHY CTiil-
KiCTb, XapPOMIiUHICTb. 3 HMUX BWIOTOBAAIOTb AeTani Ans TEeNn0eneKTpo-
CTaHUili, KOTAW, BEHTUNI, 3aCyBKW, apMaTypy TOLLO.

Bepwuniesi 6poH3N MiCTATL Y CBOEMY CKnafi 2...2,5 % Be (bpb2), matoTb
[LyXXe LiHHWI KOMMNNEKC BAAaCTMBOCTEN: BMCOKY XiMiYHY CTilKiCTb, Tenno-
CTIVKICTb, BMCOKWIA MOpPIr NpYy>XHOCTi, Aobpe 06po6GNAOTLCS pi3aHHAM,
MaloTb BUCOKI MexaHiuHi BnactusocTi (crB= 1100...1300 Ma, TBepgicTb

370 HB, 5= 1 %). bepuniesi 6poH3M rapTytOTb Y BOAI 3a TemnepaTyp He
Buwe 800 °C i migfaroTb WTYYHOMY cTapiHHo npu 350 °C.

BukopucTtoBytoTb 6epunieBy 6poH3y ANnd BUIOTOBAEHHS BUMPOGIB Bia-
NnoBifanbHOro MPU3HAYEHHA: MNPYXHI KOHTaKTU, MPYXWHW, MeMOpaHu,
6e3iCKPOBUIA THCTPYMEHT AN5 BeAEHHS BUOYXOHEOEe3MeYHUX TFipHUUMX
pooiT.

KpeMmHieBi 6poH3M MicTATb Yy cBoeMmy cknapi 1.3 % Si (BpKH1-3,
BpKMy3-1), cnyryoTb 3aMiHHUKaMW OMI0B’AHMCTUX BPOH3 (Hanpuknag,
BpOL,C6-6-3). BoHM MalOTb BWUCOKI NMBapHi BAacTUBOCTI, KOPO3iiHYy
CTIlAKiCTb, MPYXXHIiCTb, AOMYCKalOTb rapsyy o6pobKy TUCKOM i 06po6Ky
pi3aHHsIM. 3 KPEMHIEBUX BPOH3 BUTOTOBASAOTL NMPYTKW, CMYTy, BUUBKM,
3aroToBKW A4 BMpPOGIB, AKi npaulooTb 3a Temnepatyp 4o 500 °C.

CsuHueBa 6poH3a (bpC30) WKMPOKO BUKOPUCTOBYETHLCA Y MallMHOOGY-
OyBaHHI K aHTUPUKLIAHWIA maTepian.

NaTyHi — ue noaBiitHi abo 6araTOKOMMOHEHTHI cniaBu Mifi, y AKX
OCHOBHUM NETryl4YuM efleMeHTOM € UMHK (8o 45 %). Mpwu 6inbwiomy
BMICTi LMHKY B flaTyHi 3HMXXYETbCSA MILHICTb | 3pOCTae KPUXKiCTb. BMicT
iHLIMX NEryUnX eNeMeHTIB Y creliaNbHUX NaTyHAX He nepeBuLLye 7..9 %.

MapkytoTb natyHi nitepoto J1, nicna fkol LUdpoto BKasylTb BMICT
Migi y npoueHTax (Hanpuknag, cnnae J162 mictutb 62 % Cu i 38 % Zn).
AKWO y cknagi natyHi oKpim Migi i UMHKY € Lie iHWi eneMeHTun, To Ans
TXHbOr0 NMO3HAYEHHS nicnsa Nitepy JL NUWYTb NOYATKOBI NiTEPU HA3B LUX
enemeHTiB (O — onoBo, C — cBUHeub, XX — 3anizo, ® — docdop).
MpOUEHT BMICTY KOXHOrO 3 LUX efIEeMEHTIB NokKasylTb BifnoBigHI Lung-
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pu, SKi CTOATb Micns KinbKiCHOro MokKa3HWKa Mifi B naTyHi. Hanpuknag,
cnnas JIAXK60-1-1 mictutb 60 % Cu, 1% Al, 1% Fe i 38 % Zn.

3anexHo Big BMICTY Zn i CTPYKTypu Mpu KiMHaTHIA TemnepaTypi
natyHi noginsatoTe (puc. 6.4) Ha ogHotasHi a-natyHi (go 39 % Zn) i
aBodasHi a + (3-natyHi (6inbwe 39 % Zn). AKWO LWHKY B cnnagi Ginblue
39 %, yTBOPHOETLCA KpuxKa (3-(hasa — TBEpAMiA PO3YMH Ha OCHOBI efleK-
TPOHHOT cnonykn tuny CuZn 3 OLUK-rpaTtko.

OpHOMas3Hi natyHi (JI62, J168, /180) nnacTuyHi, ferko
petopmytoTecs. ocTavaloTb iX y BUrNSAI HaniBhabpukatie — MpyTKHM,
OpiT, cMmyra, CTpidyku Towo. 3 natyHeih Tmny J162, JI68 BMIOTOBAAOTH
CTPiYKMW, TiNb3M NaTPOHIB, pagiaTopHi Tpybku, ApiT, ¢onbry. JlaTyHb
mapku J180 (Tommnak) Mae Konip 30/10Ta. BukKopucToByOTb Ti Npu BUro-
TOB/IEHHI OBENIPHUX | [JeKOpaTMBHMX BMpPOOIB, a TakoX And Bigno-
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BiganbHMX geTaneil. MexaHiyHi BnacTnBoCTi ogHoMasHUX natyHeir (J168,
N80, JI90) Taki: ay=260...320 MMa, 5= 45..55 %, TBepaicTb 53..55 HB.

LBodasHi a+p-naTyHi ManonnacTuyHi, i BUpobu 3 HUX
BMIOTOB/IAOTbL B OCHOBHOMY METOAOM NUTTHA. 3 NINBAPHUX NaTyHEel BU-
pobnAlTb apmaTypy, (acoHHe nuTTA, BTYnKM (J1IC59-1/1); aHTUdpuUK-
WirHi getani (JIMu58-2-2); koposiinHocTiiki getani (JIA67-2,5); rpe6Hi
rBUHTK, NoNacTi, apmaTypy, Wo ekcnnyatyeTbea o 300 °C (JIMu>XX55-3-1);
YyepB’sIYHI TBMHTU ANs BaXXKKUX ymoB npayi (JTJAXXMu66-6-3-2).

MexaHi4Hi BNacTUBOCTI TaKMX NaTyHEN 3anexatb He fINLe Bif IXHbOT0
CKnagy, ane Bif YMOB TBEPAHEHHA Y NMBapHUX opmax. Tak, Npu AUTTI B
KOKifib NnaTyHb mMapku JIC59-1/1 mae ou=200 MMa, 5= 20 %, TBEpAicTb

80 HB; naTyHb mapkum JTAXKMu66-6-3-2 — BignosigHo on= 650 MMa,

5=7 %, 160 HB.

[opaTtkoBe feryBaHHs naTyHeil pPisHUMWU enemMeHTaMu NigBULLYE TXHI
eKcnnyaTaliitHi BnacTMBOCTI. Tak, neryBaHHs 1..2 % CBUHLI MONiNwWye
06po6ntoBaHICTL cnnaBy pisaHHAM (JIC59 — aBTOMaTHa NaTyHb); 010BO
NigBULLYE KOPO3iliHY CTINKICTb Y MOPCbKili BOAI; antOMiHIN | Hikenb
NigBMLLYIOTh MexaHiuHi BnactueocTi (JTJAH59-3-2) Touo.

Cnnasu Migi 3 Hikenem (OCHOBHWIA NETYHOUNIA e/IEMEHT) BUKOPUCTOBY-
I0Tb K KOHCTPYKUi/HI Ta eNeKTPOTEXHIYHI MaTepianu.

Kynani (Cu — Ni — Al) micTaTb y cBoemy cknagi 6..13 % Ni,
1,5..3 % Al, pewTta — Migb. Taki cnnaBu nigaar0Tb TEPMiYHin 06po6-
Ui — rapTyBaHHIO 3 HaCTYMHUM cTapiHHAM. KyHani BUKOPUCTOBYHOTb 415
BMPOGHMLTBA AeTanel NigBULLEHOT MILHOCTI, BUTOTOBNEHHA MPYXWUH, a
TaKOX Pi3HUX eNeKTPoOMexXaHiYHUX BUPO6IB.

Heisnnbbepn (Cu - Ni — Zn) micTaTb y cBoeMy cknagi 4o 15 % Ni,
40 20 % Zn, pewTa — Migb. MatoTb Konip, 6an3bkuii go cpibna, CTiiki
[0 aTMocgepHoT Koposii. Lli cnnaBu BUKOPUCTOBYIOTL Yy nNpunagobyny-
BaHHIi, BUPOBGHULTBI FOAUHHUKIB TOLLO.

Menbxiopn (Cu — Ni + HeBenuki pgobaskn fo 1% Fe i Mn) maloTb
BMCOKY KOpO3iliHy CTillKiCTb, 30KpeMa y MOpPCbKiili Bogi. BukopuctoBy-
IOTbCA ANA BWUIOTOBNEHHA TennoOOMIHHMX anapaTiB, nocyay, [AeKo-
paTUBHUX LITAMMNOBaHUX i KapboBaHUX BUPOGIB.

Konenb (Cu — Ni — Mn) wmictnuTb y cBoemy cknagi 45 % Ni,
0,5 % Mn, pewTta — Migb. CnnaB 3 BUCOKUM NMUTOMUM €1eKTPOOMOpoM
BUKOPUCTOBYIOTb B €/1eKTPOTEXHIL, a TaKoX A1 BUTOTOBNEHHA eIeKTPO-
HarpiBaJlbHUX €1eMEeHTIB.

MaHraHiH (Cu — Ni — Mn) — MHMu3-12 BigHocATb A0 peoc-
TaTHWUX CMNaBiB, BUKOPUCTOBYIOTb B €NEKTPOTEXHILI. Take came 3acTocy-
BaHHA Mae | KOHCTaHTaH.

KoHcTaHTaH (Cu — Ni — Mn) — 40..43 % Ni, 0,5...1,5 % Mn,
pewTa — Migb (MHMUu40-1,5).
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Po3pgin 2
BypoBa Ta B/nacTMBOCTI MeTanis i cnnasis

i 6'3
TuTaH, MarHin Ta ix cniasu

TuTaH — cpibnacTo-cipnini MeTan 3 TeMMepaTypoto nniaBfeHHsa 1672 °C,

3 mManow nutomor Baroto (y=4,5 r/cmM3) i BUCOKOK KOPO3iliHOW CTii-
KICTIO HaNeXuTb A0 MepexigHMxX MeTasniB 4eTBepTOoi rpynu nepioguyHol
CUCTEMU efneMeHTiB. MiyHicTb TUTaHy oy~ 270 MTla, NAaCcTUYHICTb 5~

-25% , TBepgictb 100...140 HB. MiyHIiCTb TEXHIYHO YUCTOro TUTAHY
3a1eXNTb Bi4 4MCTOTM MeTany. [OMIilKW BYFAeUl, KWUCHIO, BOLHIO
3HMXKYHTb Oro MNaacTUYHICTL, ONip KOpo3ii i 3BaptoBaHiCTb. OCo06AMBO
WKIAAMBUMK € [OMIlIKM BOAHK. MexaHiuHi BNacTUBOCTI TeXHIYHO
yuctoro TuTaHy (mapku BT1-0, BT1-00, BT1-1) 3HaxofATbCA Ha PiBHi
BN1aCTMBOCTEN 3BMYAHUX KOHCTPYKLiAHUX CTaneil. 3 HbOro BUroTOBASA-
I0Tb KaTaHi | npecoBaHi Tpybu, nucT, ApIiT, MNOKOBKU. BiH pobpe
3BApPIOETHCA, MAE BUCOKI MeXaHiYHI XapaKTepUCTUKKW, KOPO3iliHy CTiii-
KiCTb | )XapOMIULHICTb, ane BaXKO 0O6POOGNSETbHCA pi3aHHAM, Ma€ HU3bKI
aHTUPUKLIAHI BNacTUBOCTI.

NleryBaHHs TUTaHy MeBHWUMW efleMeHTaMW [03BOMAE 3HAYHO NiABM-
WMt oro mexaHiyHi (ce>1500 MIMa, 5= 10...15%) Ta cneyianbHi
BnactmeocTi. Tak, Al NigBULLYe >KApPOMILHICTb | MexaHi4yHi BNacTMBOCTI
TuTaHy, V, Mo, Cr, Mn — XapoMilHicTb.

TutaH € noniMoOp(HUM MeTasioM | ICHYe Yy [BOX anoTponivyHuX
moaupikalisx — a i (@ Temnepatypa MOAIMOPHHOro MepeTBOPEHHS
popiBHioe 882,5 °C. Hmxkue Uiel TeMNepaTypu TUTaH Mae rekcaroHanbHy
KpUcTaniyHy rpaTky, a BUWE — rpaTtky 06’€MHOLEHTPOBAHOro Kyb6a.
Neryioui enemeHTH, AKi BXOAATb A0 CKnagy MPOMUCAOBUX TUTAHOBUX
cnnaeiB, YTBOPKOKOYM 3 TUTAHOM TBEPAI PO3UYMHU 3aMilleHHS, 3MIHIOIOTh
TemnepaTypy nonimopgHoro nepetsopeHHs a @ Taki enemeHTU, K Al
O, N nigBuLylOTb TEMNepaTypy MNepeTBOPEHHA, PO3LMPIOIOTL 06M1acTb
iCHyBaHHS a-TBepAOro PO34YMHY Ha piarpami cTtaHy (a-ctabinizatopn);
enemeHtT Mo, V, Nb, Cr, Mn, Fe 3HWXyOTb Temnepatypy a * @ nepe-
TBOpeHHA (P-ctabinizatopun). Kpim a- i (3-cTabinizatopiB, po3pi3HAOTb
TaK0X HelTpanbHi 3miyHtoBadi Sn, Zr, Hf, gki nOMITHO He BNNBaKOTb Ha
Temneparypy nepeTBOPEHHS.

3anexHo Bif CTPYKTypM Yy piBHOBaXHOMY CTaHi TUTAHOBI Cnnasu
noAainNAlTb Ha a-cnnaeun (ogHogasHi) i (3-cnnasu (gBodasHi). Tak, OCHOB-
HAMW NPOMUCIOBUMW CNnaBamu TUTaHy 3i CTPYKTypow a +p € BTS
(45..5 % AL; 35..45 % V), BT8 (5,8..6,8 % AL, 2,8...3,8 % Mo). 3a
TEXHONMOTIYHUM MPU3HAYEHHAM TX MOAINATL Ha NMBApPHi i Taki, Lo
nigaatoTbcs AeOpMYyBaHHIO.
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nasa 6
KonbopoBi meTanm i cnnasun

3a MiLHICTIO TUTAHOBI CNNaBy NOAINAIOTL Ha TPU TPYNU:
* HU3bKOT MiyHoCTi 3 au=300...700 MMa (BT1);

e cepegHboi — 3 0,, = 700... 1000 MIMa (BT3, BT4, BT5);

e BUCOKOT MiyHoOCTi 3 au>1000 MMa (BT6, BT14, BT15) nicns
rapTyBaHHs Ta CTapiHHS.

TuTaHOBI cNNaBu MOXHa nigfaBaTh BCIM OCHOBHWUM BMAaM TEPMIiUHOT
06p0obKM, a TaKoX XiMiKO-TepMiyHii 06pobui, 3MiHIOKUM iXHI BRacTu-
BOCTi y MOTPIGHOMY HanpsMKy.

Hanpuknag, MexaHiyHi BnacTusocCTi cnnasy BT5 nmicna BignantoBaHH#
npu 750 °C ctaHoBAATbL: am=750..900 MMa, 8= 10..15 %, TBepaicTb

240...300 HB. Cnnas BT8 nicnga raptyeaHHA Big 900 °C i cTapiHHA npu
500 °C mae MiyHicTb ou= 1000..1150 MIla, nnacTuyHicTb 5= 3...6%,

TBepaicTb 310...350 HB, a cnnas BT14 BignosigHo an= 1150... 1400 MTa,

8=16...10 %, TBepgicTb 340... 370 HB.

NueapHi cnnaBu MatoTh 6iNblW HWU3bKI MexaHi4yHi BMacTMBOCTI MO-
PiBHAHO 3 aHanoriyHMMK geopMoBaHUMU. [NA NUTTS BUKOPUCTOBYIOTb
cnnaeu, WO BignoBifatoTh XiMiYHOMY cknagosi cnnasis BT5, BT14, map-
KYIOTb iX 3 gofaHHam nitepu J1 (BT5/1, BT14/1), abo cneyianbHi nuBapHi
cnnasm.

TuTaH Ta ioro cnnasuM BMKOPUCTOBYHOTL B aBialii Ta pakeTobyayBaHHI,
XiMIYHIA NMPOMMWCNOBOCTI, CyAHOOYAYBaHHI | KPIOreHHIN TexHiui.

MarHiii — Hainbinbw Nerkuii 3 KOMbOPOBMX TEXHIYHMX MeTaniB —

(y= 1,75 r/cm3), He Mae anoTponiyHMX NepeTBOpPeHb. TemnepaTypa naa.-
NeHHA MarHito 650 °C. TexHIYHO YMCTWUIA MarHiii Mae HW3bKi MexaHiuHi
BnacTuBocTi (om= 180 MMa, 5=5 %, TBepgictb 30 HB), cXWnbHWiA A0

camo3anantoBaHHA, TeMI0- Ta eNeKTPONpOBiAHICTb MOro HU3bki. Buko-
pPUCTOBYETbLCA B TeXHiLi y Burnagi cnnaeis. [1o cknagy marHieBux cnnasis
BX0A4ATb AL, Zn, Mn, Zr. Mpn ubomy MiyHIicTb 3pocTae Ao 200...450 MMMa.
CnnaBu MarHito NofinaTb Ha: * AeOPMIBHI; ¢ NuBapHi.

LecopMiBHi MarHieBi cnnaByM npusHayvyeHi 4NA BWUrFOTOBAEHHA HamMiB-
(habpukaTiB (MPYTOK, NUCT, Npodinb) 06p0OKO TUCKOM. 3a HOPManbHUX
Temnepatyp MarHii geopmyeTbcs noraHo. Ans NigBULEHHA nNaacTuy-
HOCTI /A0r0 cnaBiB 3aCTOCOBYHOTb 06p06Ky Tckom npm 360...520 °C 3anexHo
Bi Mapku cnnaBy. Taki chnfaBuM MapkytoTb nitepamun MA i uudpamu
(MAI, MA2-1, MA14), Aki 03Ha4yaloTb NOPSAKOBMIA HOMEpP CMnaBy.

Cnnas MAl (mictuts 1,3..2,5 % Mn) mMae xopowy TEXHOMOTiYHY
NNacTUYHICTb, 3BapltOBaHICTb | KOPO3iliHY CTiKicTb. BigHoCUTbLCA A0
cnnaBiB HW3bKOT MiuHOCTI. [logaTKoBe NeryBaHHsi Oro umesieM, nNpu-
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Pospgin 2
BypoBa Ta BnacTuBOCTi MeTanie i cnnasiB

6113H0 0,2 % (MAS8), noapibHOE 3epHO, MIABMLLYE MeXaHiYHi BnacTu-
BOCTi Ta 3aTHICTb A0 X0N04HOT fedopmauii. Cnnas MA2-1 HanexuTb Ao
cuctemn Mg — Al — Zn, Mae AOCUTb BUCOKi MexaHiYHi BMacTUBOCTI i
TEXHONOTiYHY NAacTUYHicTb. MigfaeTbca BCIM BUAaM IMCTOBOrO LWTammny-
BaHHA Ta MpoKaTyBaHHA. 3 peopmoBaHuUxX MarHiesux cnnasis (MA)
BUIOTOBNAOTL AeTani NiTakiB, aBTOMOGINIB | NpAANILHUX BepCTaTiB.

JluBapHi MarHieBi cnnasBy BUKOPWUCTOBYIOTb A1 BUIOTOBJ/IEHHA feTa-
neil MeToAOM INTTA. TX MapkytoTb fitepamu MIL i undpamm, wo o3Hava-
I0Tb NopsigKoBKUiA Homep cnnasy (MJI5, MJ16, MJ1-10, MJ1-12). Hanpu-
Knag, cnnaeu MJ15 i MJ16 HanexaTb go cuctemmn Mg — Al — Zn.
HalinowwupeHiwnm 3 yiei rpynu cnnaeis € MJ15 (7,5...9 % Al; 0,2...0,8 %
Zn; 0,15..0,5 % Mn). BunueknM 3 MarHieBUX cnnasiB iHOAI MigaaroTb
rapTyBaHHIO 3 HacTynHWM cTapiHHAM. [eaki cnnasu MJ1 3aCTOCOBYHOTb
AN9 BUCOKOHaBaHTaXKeHMX feTaneli asialiliHOT npoMucnoBocTi (kapTepw,
Kopnycu npwnaagie, GopmMu waci Towo). 3 ornagy Ha HU3bKY KOpO3iiHy
CTIAKICTb MarHi€eBMx cnnaBiB BMPOOGM 3 HUX MigaaldTb OKCUAYBaHHKO 3
HacTYMHWM HaHECEHHSAM Ha HUX 1akohapboBUX MOKPUTTIB.

& KOHTPpO/bHIi3aNnUTaHHA

1. Aki KONbOPOBI MeTanu i cnjaBu 3acTOCOBYKTb Y MalUHOOYyAy-
BaHHI?

2. HasBiTb OCHOBHI CniiaBu antoMiHilo, X BACTUBOCTI, 3aCTOCYBaHHS.
Lo Take AOpantoMiHii?

Aki  cnnaBu  anlOMIHIO  BMKOPUCTOBYKTb Yy /IMBApPHOMY
BUPOGHULTBI?

HasBiTb OCHOBHI Cn/jiaBu Ha OCHOBI Migj.

Llo Take natyHb, il BNacTUBOCTI i 3aCTOCYyBaHHA?

Llo Take 6poH3a, 1i BNacTUBOCTI | 3aCTOCYBaHHA?

fAKa cuctema MapkyBaHHA GpPOH3 i natyHen?

Aki cnnaBu Migi 3 Hikenem BUKOPUCTOBYIOTb SIK KOHCTPYKLiMHI i
eNeKTPOTeXHIYHi maTepiann?

10. SAki BNacTuBOCTI cnnasiB TUTAHY Ta e BOHN 3aCTOCOBYIOTLCA?

11. 9k noginawTb cnnasu  TUTaHY 3a/leXXHO Bif CTPYKTypu Yy
piBHOBaXKHOMY CTaHi?

12. Ha3BiTb 0651acTi 3aCTOCYBaHHA fedOpMOBaHUX i NIMBAPHUX CMaBiB
MarHito.

A~ w

© © N u
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MopolukoBa MeTasnypris

MopoliKoBa MeTanypris — Le ranysb TexHiKW, a He MeTanyprii. 3a

CBOEID CYTHICTIO MOPOLUKOBA METANypris OXOMNKE CYKYNHICTb MeTOAiB
BMPOOHMLTBA NOPOLWKIB MeTaniB, MeTano3’efHaHb Ta BUPO6IB 3 MOPOLLKIB
abo IxHix 3’egHaHb (y TOMY 4yuchi i 3 HEMeTaniyHUMMK MaTepianamMm —
nopowkamn) 6e3 posnnaBy OCHOBHOrO KOMMOHeHTa (ane iHWi Kommno-
HEHTU MOXYTb 6YTW i pigkumn). To6TO NOpPOLIKOBa MeTanypria He nuiie
BMPO6/se MOPOLWOK, KiHLeBa Linb il — Hanisabpnkatn Ta BUpOOMK.

MopowkoBa meTanypria 6yna Bigoma 3 CMBOT AaBHUHW. Tak, Npnb/nN3HO
5 TUC. pOKiB MOTOMY BX€ OfepXyBan 3ani3o B TBepAoOMy Burnsgi 6es
nnaBfieHHS pyaum, BiAHOBAKKYM Ti AEepeBHUM BYr/eUemM Mpu TOPiHHI
BOrHMLW,. [poTe nicna TOro AK AAM HaBYMAUCL NAaBUTM MeTan, MeTa-
noBMpO6GHMYa MOpoLIKOBa MeTanypria 6yna 3abyTa i BigHOBMNacb nuwe B
1826 p. y Pocii 3aBgskn 3ycunnam M. . Cobonescbkoro 1a B. B. Jlio-
6apcbkoro. Y TOMy X poLi MeTo4oM MOpPOLWKOBOI MeTanyprii 3 NpupogHnux
poscunuw, nnatuHu (Tnn= 1777 °C) ogepxanun BMpob6bwu, siki 6ynn npopae-
MOHCTPOBaHi Ha 3acigaHHi CaHkT-MeTepbyp3bkoi Akagemii Hayk. Yepe3s
TPU POKM aHasoriyHMM MeToAoM, TOO6TO MNOCNIAOBHUM 4YepryBaHHAM
HarpiBy Ta 06TUCHEHHS, NnaTUHY oaepxaB BonocTtaH (AHrnis).

3 KiHua XIX cT. nepepg CBITOBOK Haykolw Ta TEXHIKOK cepiio3HO
noctana npobnema TyronnaBkux MeTanis 3 TemnepaTypolo naas/eHHS BULLe
3000 °C (TIL w = 3800 °C). 3rogoM BWHMKNA We i npobnema CTOCOBHO

marepianis, ki 6 mornm o6po6bNATN Ui MeTann. B 3B'A3Ky 3 HEOOXIAHICTIO
BUPIWEHHS UMX nNpo6nem i ogepxaB HOBWIA iMNyNbC PO3BUTKY METO[
NopoLKOBOT MeTanyprii.

MpoTe NOMITHUI A YyeproBuii py6ix y PO3BUTKY LbOTO HamnpsiMy MOXHa
BigHecTn npu6amn3Ho go 1950 p., KON B yCbOMY CBIiTi METOAOM MOPOLLIKOBOT
meTanyprii Bupobunn 6nm3bko 30 TUC. T NOpPOWKIB i BUpoGiB. Ao 1982 p.
BMpo6unn Bxe npmbausHo 1 maH 200 Tuc. T martepiany Ta 600 Tuc. T
BMpoG6iB. ¥ 1985 p. B yCbOMY CBIiTi BUpo6nsan 6inbwe 1,5 MAH T NOPOLUKY,
3 AKUX Tinbkn yactka C LU A ctaHoBuna 6inbwe 500 Tuc. T. Y PagsHcbkoMy
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rnasa 7
MopowikoBa MeTanypris

Coto3i go 1990 p. BMpOGHMLTBO NOPOLLKY Ta BMpO6iB gocarno 200 Tuc. T,
3 AKMX 3Ha4yHa YyacTuHa 6yna BupobneHa B YkpaiHi. lo 2000 p. Ha nocTpa-
OAHCbKOMY MpPOCTOPi B PO3BUTKY L€l ranysi HamiTuBCcA cnag i 3apas B
YKpaiHi npoAykuisa nopowkoBoi MmeTanyprii ctaHoBuTh 20...25 TUC. T 3a pikK.
Y uifiomy X y CBIiTi NPUpPICT y ranysi NOpoLWKOBOi MeTanyprii NPpoLOBXYE
36inblWwyBaTCh | BXe nepesuwye 15 % 3a pik, WO 3HAYHO BUWE 3a iHWI
ranysi NnpoMmncnoBoOCTI.

BukKopucTaHHS BMpPOGIB MOPOLIKOBOT MeTanyprii B pi3HOMaHITHUX
rany3sax MPOMUCAOBOCTI, HayKU i TeXHIKW, 0COBAMBO KOCMOHABTUKU Ta
aBialii, 3ymMOBNeHO Hacamnepefj TWM, WO MOPOWKOBa MeTanypris
(haKTUYHO KOMMJIEKCHO BUPIiWYE NOTPIiiAHY 3agavy, a came:

e BUPOGHMUTBO CMeYeHUX MaTtepianie i BUPOGIB 3 BUCOKUMU 1
YHiKa/IbHUMU (iI3UYHUMU Ta MEeXaHiYHUMW BNACTUBOCTAMU, KOTPI
He MOXYTb OYTU 0fepXaHi iHWWUMKW MeToAaMu;

* BUPOOGHMUTBO AeTaneit i BMPOGIB, BAACTMBOCTI SKUX aHaNOriyHi
TUM, WO OAepXKaHi 3a iHWKWX MeTofiB, ane 3aBAsKM MeToAy NMOpoLU-
KOBOT MeTanyprii BUpOOGHUUTBO X 6iNbll €KOHOMIYHE;

e BUPOOGHMUTBO CNeYeHMX MaTepianiB i BMPOGIB 3 HUX 3 TOH-
KOAWCMEPCHOK CTPYKTYpok, (PopMyBaHHS K0T 3abesnevye piske
3pOCTaHHs BnacTUBOCTEl MaTepianis.

Lle nepekoHNMBO [JEeMOHCTPYETbCA Ha NPUKNAAI CMEYEHOro KOM-
nosmta Bonbpam — Migb. lMpouec cnikaHHA BigbyBaeTbCca Npu Temne-
patypi 1000 °C, npu §Kiii po3nnaBAdeTbCA NUWE Migb. TakKuii KOMNO3UT
MOXe HefOoBrMiAi yac npautoBaTu Npu TemnepaTypi, LLO MepeBULLYE TeM-
nepatypy nnaBfieHHs BONbgpamy, OCKiNbKM B mpoueci ekcnayartauii migb
BMMOTIBaE i, BUMApoOBYtOUUCh, 3abupae Tenno, a BOnb(paM SKMICb Yac
36epirae Hecyuvy 34aTHICTb.

EKOHOMIYHICTb NOPOLWKOBOT MeTanyprii NoB’a3aHa Hacamnepes 3 eKo-
HOMiE meTany (KoedhiuieHT BUKopuUcTaHHA MeTany (KBM) npu nuTTi Ta
npokatuyi mMoxe 6yt MmeHwe 3a 0,6, a 4N NOPOLWKOBOT MeTanyprii BiH
3aBxgm 6inbwe 0,9). Kpim TOro, Bupi6 3 MOpPOLIKY 3aBXAW LINapucTui,
WO TaKOX [A€ EKOHOMIil0 MeTany, OCKi/ibKM Bara NOPOLUKOBOT KOHCT-
PYKUiT MeHLIa 3a CYUiNbHY i Mae Taky caMy Hecy4y 3[aTHICTb.

[vcnepcHicTb B CTPYKTYpi MOPOLIKOBOro MmaTtepiany, KoM posmip
YacTMHOK MeHLWe 3a 0,2 MKM, 3a6e3neyye 36inbWEHHA MeXi MiLHOCTI Ta
TEKYYOCTI NCPIBHAHO 3 CYLiNbHUMMK MaTepianaMu B AeKinbka pasis.

Ha anb, MopowKoBa MeTanypris Mae fgeski crneyudgiyHi Heaoniku,
O CTPUMYE iT pO3NOBCIOAXEHHSA Ta BUKOPUCTAHHA. Tak, OKpeMi nopoLu-
KW MalTb BWUCOKY BapTiCTb, fAeTalli ManOTOHHaXHi, € OOMEeXeHHA B
TEXHOMOTIYHMX npouecax BUFOTOBNEHHS feTanein 3a Qopmamu, po3-
MipaMu TOLW,O.
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Pos3pgin 3
MopowkoBi Ta HemeTaneBi maTepianu

OCHOBHI eTann ogep>KaHHs BUP0O6iB METOLOM MOPOLLKOBOT MeTanyprii:
e BMPOOHMLTBO MOPOLUKIB;

e (DOpMyBaHHS 3aroTOBOK;

e HarpiB (cnikaHHs) 3aroTOBOK,;

e [ofaTtkoBa 06pobKa cneyeHUX BUPOGIB.

8§71

OCHOBHI TexHoNorii BUpOOHNL T Ba NOPOLLIKIB

Mpn BUPOGHMUTBI NOPOLWKIB PO3PI3HAOTL [ABI FPynu MeTOoAiB:
MeXaHiYHi (W0 He BMKAWKAKTb CYTTEBUX 3MiH 3a XiMiYHMM CKnagoMm) Ta
(hi3nKO-XiMiYHI (AKi 30aTHI 4O CYTTEBUX (DI3UKO-XIMIYHUX MEpPETBOPEHD).

[Jo mexaHiyHMX MeTOAIB BIAHOCATL: oOMepayii nepesogy TBEPAOro
maTepiany y nopow ok (pi3aHHS, APpO6GMEHHS, PO3MENEHHSA, ANCMEPTryBaH-
Hf Y/NbTpa3ByKOM) Ta onepawii nepesofy PiAKOro marepiany B MOPOLIOK
(PO3NMNEHHA WAAXOM MNOAPIOHEHHA PO3MNaaBiB MeXaHiYHO, BiALEHTpPO-
BMMMW cunamu, abo eHeproHOCieM; CHOAN BiAHOCATL | rpaHynsLito).

[0 ¢i3nKo-XiMiYHMX BiAHOCATb: METOAN BiJHOBNEHHS XiMIYHUX CNOMYK
(TexHONoOriA 3aneXxuTb Big TUNy BifHOBAOBaYa Ta Mepebdiry' npouecy),
eneKkTponi3 metanis (y BOAHMX ab0 Yy COMbOBMX PO3YMHAX), TEPMiYHUIA
po3knag XimidyHUX cnonyk (Hanpwuknag, TepMmiuyHa Aaucouiauifa), MiK-
KpucTaneesy KoOpo3sito, TepMoau@dy3He Hacu4yeHHs, cybnimauito Ta KOH-
feHcalito (OCTaHHIO WWPOKO BUKOPUCTOBYIOTb NPY OfepXXaHHi NOpoLLKiB
Zn Ta Cd).

MpoTe HaiuyacTiwe BUKOPMUCTOBYIOTb KOMGIHOBaHI MeTOAW.

Mpun opepXaHHi NOPOLUKY i3 MarHieBoro AMTOro Martepiasy 4acTto
BMKOPUCTOBYIKOTb Pi3aHHS LWASXOM (pe3epyBaHHA. [MoapiGHEHHS 3[ii-
CHIOKOTb 3a AONOMOrOK CreuianbHMX AP06apoK, AKi 3abe3neyyoTb CTy-
MiHb NoApibHeHHA Big 3 g0 6. 3a3BMyail NOAPIGHEHHS € MiAroTOBYOKD
onepauieto. Po3Men BUKOHYHOTb Y M/IMHAaX PI3HOMaHITHUX KOHCTPYKL,iWA,
CTYnNiHb NoApi6bHeHHs B akux Big 50 go 100. HalivacTiwe po3men 3giii-
CHIOKOTb Y KYNbOBMX 00epTalumx MAMHax. Tino, Wo po3Mentoe, He
060B’A3KOBO Mae 6yTU Ky/bKoto, ane NiHiHi po3Mipn Moro NOBMHHI 6yTK
CYMipHi.

[ns piBHOBaryM KynbKu Ha CTiHUi 6apabaHa B 3eHITi Yncno 06epTiB Mae
Jocarat KpUTUYHOIO 3HavyeHHs nkp = 42,21/VZ), 06/xB, ge 2 — piameTp
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b6apabaHa, M. AKWO N <AKP, TO Ky/bKa 3ipBETbCH, a AKWLO0 N> AKY , TO

3aULWLNTHCA.
Y pexumi KOB3aHHA LIapoOBe HaBaHTAXEHHA Hi6W NPOKOB3ye npu
nc<0,29kp. Y pexumi nepekoyvyBaHHA npu nn<0,4..0,6 AKp KynbKy

MOYMHAKTb pPyXaTucd, Npy LbOMY BCA CyMapHa MOBepXHA X Mpautoe.

Y pexuMmi IHTeHCMBHOro noApi6bHeHHs npu sanogp - 0,75...0,85 skp,
KO/ Ky/nbKa MOYUHAE 3pUBaTUCH, 40 CTUPAHHA A04AETbCS Lie W yaap.

Y pexumi n ~ akp noapibHeHHA Pi3KO 3HUXYETHLCA |3a CBOIM e()eKTOM
CTae 6/M3bKUM [0 PEXMUMY KOB3aHHS.

Po3rnaHyTi peXxvmu € onTUManbHUMU ANd KOeiLieHTiB 3aM0BHEHHSA
wuHa ¢=0,4..0,5. Maca cTanbHMX KynbOK Mae 6ytn B mexax 1,7.. 19 kr
Ha 11 mMnauHa (gns TBepPAOCMNAaBHMX KYNbOK 3HAYEHHS iHLLUI).

Baxnuee 3Ha4YeHHA MalTb TaK0X rabapuTHi posmipn 6GapabaHa. Y
mnnHi Kpynna gna D/I> 3..5, ge / — poBXuHa 6apabaHa, MOCUNKOETLCS
noapi6Htotoua Ais.

Po3Mip Ky/fb TakoX BMNAWBAE Ha IHTEHCUBHICTb po3meny. Makcu-
ManbHWiA giameTp Kynb Jmex =s (1/18...1/24) 1 pe D — BHYTpilWHIiA gia-
meTp 6apabaHa. [na TBepgoCcnaaBHMX Kynb Jmin = 4 mm.

Maca Kynb 3a3Buyaii mae 6yt B 2...3 pasu 6inblia 3a macy Martepiany,
WO noApibHIOIOTL, a Npu iHTEHCMBHOMY nogpi6bHeHHi — B 5... 10 pasis
GinbLie.

BaX/MBMM € TaK0X 4ac NOAPIOHEHHS, TOMY Oa)XaHO 3HaTV ONTUMYM
LbOro yacy. PeanbHO BiH CTaHOBWUTb FOAMHM abo [ECATKW TOAWH, ane
3a3Bmyali He Ginbwe 100 rog.

Y KyNbOBUX MJ/IMHAX OLEPXYHTb MOPOLIOK Y BUTNSAI YaCTUHOK He-
npaBunbHOT opmy posmipom 0,1..3,0 mMMm. 3a HadABHOCTI piguHM (3a
pPaxXyHOK 3MeHLUeHHS TepTa) 4YaCTUHKM OinblWl PyxoMi, a 3a paxyHOK
eNeKTPOCTaTUUYHNX 3apsaaiB BigbyBaeTbCA Oifbll iHTEHCMBHE MOApi6-
HeHHA. poTe NpM LbOMY € i HE3PYYHOCTI — MOPOLWOK Tpeba BUCYLLY-
BaTu. [ob6pa pignHa — Ue Bofa, ane 3acTOCOBYHTb Ti pigKo 4epes
Heob6XigHICTb BakyyMHOI CywKku. B 3B’A3Ky 3 UMM HaiyacTille BUKO-
pUCTOBYIOTb CNMPTOBI cepegoBuwa (Hanpuknag, 96 %-i eTunoBuiA
cnupT).

B octaHHi 20— 30 pokiB And po3Menly LIMPOKO 3aCTOCOBYHTb MaHe-
TapHi MIMHKU, abo nNnaHeTapHO-BiALEHTPOBI MAUHK (MBM), y AKux Ban
06epTaeTbCcs B O4HOMY Hanpami, a 6apabaHu — B iHWOMY. Hegonikom
UUX MUHIB € BiNnbll iHTEeHCUBHe 3abpyAHEHHS Matepiany.

Y BibpayiliHux MAnHax Bibpye Kopnyc anapara, ane B HUX KoeqgilieHT
3anoBHeHHs @ = 0,8. OCHOBHUMMW nepeBaraMn LUX MUHIB € Te, LLO TXHS
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NPOAYKTUBHICTL BMLWa, a 3abpyAHeHICTb NOPOLWKY Huxk4ya. YacToTa
KOnMBaHb 6GapabaHa B Takux MAMHax pocsarae 3000 3a XBUAWHY, a
amnniTyja KoivBaHb CTaHOBUTL 2..3 MM.

3acTOCOBYOTb TaKOX BWXPOBI MAWHM 3 [BOMa nponesepamu, Lo
06epTaloTbCA B PI3HUX Hanpsmax, Ta CTPYMUHHI MWHW, B AKWUX Bigoy-
BAETbCSA CaMOMOAPIOGHEHHS. Y BUXPOBUX MMHAxX 06epTu fionacteid mo-
XyTb gocsiraTu 3000 06/xB, a YaCTMHKM MOPOLWKY MNOAPIGHIOTLHCA A0
50...2000 MKM.

Konu pigknii maTepian nepeTBOPHOETLCH Ha MOPOLUOK, BifbyBatOThCS
(hisnko-ximiuHi npouecu. CnpaBa B TOMY, WO Npu ByAb-aKUX MNpoLecax
pO3NWUAEHHS PiAKOro martepiany WBUAKICTb OXONOAXKEHHA [OYXe BUCO-
Ka — fo 10 rpag/xs. INpu uboMy TBepAe Tino (NOPOLOK) Mae aMopgHY,
a He KpucTtaniyHy cTpykTypy. [lpu po3nuneHHi eHeproHociem —
rasoMm — Heob6xigHO, wob6 WBMAKICTb ioro 6yna He meHwa 100 m/xB. Y
CLA we Ha noyaTky 80-x pokiB XX CT. 3HaMeHWUTa ycTaHOBKa “TopHa-
[0” 3abe3nedyBana WBMAKICTL razy go 1000 m/c, To6TO fopiBHIOBana
TPbOM LUBUAKOCTAM 3BYKY.

AKWO NOBITPA BUKOPUCTOBYIOTb SIK EHEProHOCIA, TO cKnag Woro
[JOCTaTHbO 4acTo MOAMGiKYOTb. Tak, Npu 0ofepXaHHi CMevyeHoro anto-
MiHiesoro nopowky (CAIM) noBiTpsa po36aBisai0Tb 38 KUCHEM Y TPU pasu,
W06 HAaBKOMO YaCTUHOK MOPOLUKY CTBOPIOBaiacb OKCMAHA MNAiBKa, ane He
6yno 3aiiMaHHsA NOPOLUKY antOMIiHI0, AKUI BUKOPUCTOBYHOTH SIK TBEpAe
naaveo.

Mpn po3nuneHHi BOAOK HEOOXiJHO BUKOPMUCTOBYBATU BUCOKWUI TUCK.
3apa3 € yCTaHOBKM, B AKMX TUCK Buue 20 MTa (~- 200 atm). BaxaroTb,
WO NpW BOAAHOMY PO3NWNEHHI MOPOLIOK OKUC/IIOETHCA MEHLUE.

dopma 4aCTMHOK MpWU PO3NWIEHHI €eHeproHociem wmae 6yt cde-
PUYHOIO, ane A4ifa HajaHHsA YacTUHKaM Takoi (hopMu MOTPiGeH yac, a ioro
yacTto 6pakye. B npomucnoBnx ycTaHOBKax B OCHOBHOMY OJepXYHTb
cthepuyHMii NOPOLWOK 3 pPo3mMipoM 4acTMHOK 0,05...0,35 mMM. YacTUHKM
iHWOT (hOopMU 0JepPXYHTb A8 HafaHHA KiHLEBOMY MNPOAYKTY YHiKalbHUX
Ta cneundivyHUX BNacTUBOCTEN.

[ns po3bpn3KyBaHHA PO3MNMaBAEHOr0 MeTany 3acTOCOBYHTb W iHLWI
meToau. B ofHOMY 3 HMX fABa Banka, L0 BUTOTOKJATL i3 MaTepianis,
TennonpoBiAHICTb AKMX HU3bKa (Hanpuknag, 3 HiTpuay 6opy), obepTa-
IOTbCA HaBKOO FOPM3OHTa/IbHUX OCE HA3yCTPiYy OLWUH OLHOMY 3 YMC/IOM
06epTiB («) oo 4 TnC. 3a 1 xBUAMHY. 3i cneyianbHOT IEMKOCTI 3BEpXY B MiX-
Ba/IKOBUI NPOCTIp HaAXOAMTb PIAKMIA MeTan, a 3 3a30py MK Baskamu, Lo
06epTalOThCA, BHM3 BUAITAOTb Kpanni po3nnaey, SKi Nig 4ac nafgiHHA
nepeTBOPIOKOTLCA B MOPOLWOK | BMCUNAKTLCS B 3;abipHWiA nNpucTpii. Y
APYromy MeTofi Haj €MKICTIO 3 piAKMM MeTanoM o06epTaeTbCa MigHWUIA
Auck (n =4 tuc. 06/xB) i [OTUCKYETLCSA [0 PO3NaaBy, NiBKa AKOro TBepAHe
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Ha MpUTOPUEBI/ NOBEPXHi AWCKa W y BWUIAAAI KpanaenogibHMX rpaHyn
MOPOLUKY Nif Aiet0 BifLEHTPOBUX CUN BUKUAAETLCA B 3abipHMIA NpuUcTpii.
3aMicTb rnagkoro iHofi BMKOPWCTOBYKTb AMUCK 3 fionaTKamu. B ubomy
BMNagKy npu ¢GopMyBaHHi NOPOLUIKY BUKOPUCTOBYETLCA EHEPTia yaapy
nonatok 06 NOBEpPXHEBWIA Liap po3nnasneHoro metany. OgepXaHi 3a Lumu
MeTo4aMMN YaCTUHKW MOPOLWIKY TaKoX MawTb po3mip 0,05...0,35 mwm.

[nsa po3nuneHHA MOPOLWKIB 3 TBEpLOro martepiany BUKOPUCTOBYIOTb
Tak0X MeTOAWM 3 efnekTpojamu, fKi obepTatoTbecs | BibpyoTb. Yucno
06epTiB a60 KONMBaHb eNeKTPoiB Moxe gocsratv 20 TUC. 3a XBUUHY. Ll
METOAMKKN CKNaAHI 3a KOHCTPYKL i€ 4Yepe3 HeoOXiAHICTb BaKyyMyBaHHS
YCTaHOBKU Ta JOAEPXXaHHS MOCTIAHOrO po3Mipy Ayru.

®i3MKO-XiMiYHI MeTOoAM BMKOPUCTOBYKTb TOAI, KONW MNOYATKOBMIA
martepian 3HaxoAUTbLCA Y BUIAALI XiMIYHOT cnonyku. Bupo6HMLTBO no-
POLLKIB i3 TAKMX CMOAYK, 3a3BMYall, CYNnpOBOXKYETLCA 3MIHOIO XIMIYHOTO
Cknafy CUpOBMHM abo MOro arperatHoro craHy.

OfepXaHHA MeTaniyHUX NOPOLWKIB XiMIYHUM BifJHOBNEHHSAM OKCUAIB
meTtanis (Fe, Cu, Ni, Co, W, M0) — nowwnpeHunii, BUCOKONPOAYKTUBHWIA
Ta eKOHOMIYHUA MeToA. FK BiAHOBMOBAY BUKOPUCTOBYIOTb TBEPAUIA BYr-
neuyb (C), rasonoai6Hmii BogeHb (H2) un okeng Byrneuto (CO). CyTHIicTb
LbOro MeToAy MOXHa MOACHUTWM Ha KNacUYHUX NPUKNajax ofepXaHHA
NopoLKy 3anisa. B mepwomy Bunagky gpi6bHo3zepHucTy pyay (abo KOH-
LLeHTpaT) Po3MIlLylOTb Ha pewiTui, Kpi3b Ky NojatoTb BOAEHb UM iHLIWIA
BifHOBNtOBaY, Hanpuknag CO, nigTuckom 15 MMa (6nusbko 15 atm). Y
wapi, WO YTBOPKETLCS (KW Ha3MBaKTb Kunasymm), 3abe3nedvyeTbes
iHTEHCUBHMWIA KOHTaKT rasy — BigHOB/OBaYa 3 YaCTMHaMM OKcuAy 3anisa
Ona BigHOBNeHHA 1 T 3ani3HOro nOpoLwKy BUTpavaeTbcsd A0 650 M
BOAHIO.

B gpyromy BunagKky ry6yacte 3ai30 04epXyTb B Kap6igoKpeMHIeBUX
Kancynax, fiki fBfg0Tb CO60I0 YepryBaHHSA [eKifbKOX WapiB BifHOB/O-
Baya (nogpibHeHe TBepde nanvBO Ta BaMHAK) i BifHOB/OBaNbHOI, PO3-
[ApiObHEeHOT Ha Mani 4YacTUHKK, pyan. Taki Kancynum HarpiBatoTb, BUTPU-
MytoTb npy 1200 °C B TYHeNbHMUX Meyax i 0xonoaxyTb (4o 100 roa) foTwm,
MOKW He 3aBEpLUNTLCA MpoLec BiAHOBMEHHA 3ani3a. BigHoBneHe rybuacte
3ani30 Mae BWUrNAg TOBCTOCTIHHMX Tpy6, AKi YMCTATb Ta MOAPIOHIOOTL.
OpepXxaHuii y TakUid Cnoci6 NopowoK MoXe Matu ymucToTy Ao 99 % Fe i
0,1 % C.

MeTofaMy eneKTPONiTUYHOIO OocafXXeHHA (eNeKTponi3) BOAHUX PO3-
YMHIB coneli ofepXytoTb nopowkmn Sn, Ag, Cu, Fe Ta iHWI, a 6e3noce-
pefiHbO eNeKTponi3om po3nnasiB — nopowku Ti, Ta, Zr, Fe Towo.

Y BOAHMX PO34YMHAX TemmnepaTypa 3BMYailHO He nepesumuye 50 CC.
Bynosa enekTposisepiB npocta. B posnnaBax Temnepatypa pAocsarae
700...750 °C i TomMy ans 36epeXxeHHs COMel Big OKWUCNEHHS HeobXifHa
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repmeTunsauia enektponisepis. pu enekTponisi posnnaeis 3 “6pyAHoT”
CUPOBWHMW, Hanpuknag coneii Fe ab6o Ti, 0AepXykTb UUCTI MeTanu.
YacTMHKM UMX MeTaniB y TBepAOMY CTaHi 6e3KMCHEBI NpW BUAINEHHI TX Ha
KaTofi (MiHYC Ha efnleKTpoAi), a rasu, Wo BUAINAKTLCA Ha aHoAl (NAC Ha
eneKTpofi), 3asBmyail pTop Ta Xnop, cTpaBnrTbCA. lMpu 3acToOCyBaHHI
LbOro MeToAy iHOAi MOX/UBMIA Big’€MHWIA aHOAHWI etheKT, KoMK ras 6ins
aHofja BifXKMMaE po3nnas i B eNeKTPoNi3epi MOYNHAETLCHA ICKPIHHSA.
Po3rnsaHemMo npouec enekTponi3y Ha Npuknagi ofep>KaHHa TaHTano-
BOr0 MopoLuky'. [ns Lboro B enekTposisep 3aBaHTaxytoTb KC1 (43..55 %),
KF (42...27,5 %) 1a K2TaF2 (10... 17,5 %). OcTaHHs cnonyka 3abesnevye

eNneKTponpoBigHicTb. [poTe npouec enekTponisy BifAOyBaeTbCA NuLIe
Tofi, KONM foparTb N’ATUOKUC TaHTany Ta20 5 (2,5...7,0 %), akuil no-

KpaLLye 3MOYyBaHICTbTa 3MEHLWIYE iICKPIHHA. AHOJ 3a3BM4yail rpaiToBuii;
KaTofOM € TUTeNlb, B AKOMY 3HaX04UTbCA po3nnas. Mpu HapoLlleHHI ocafy
Ta B TUrNi rpadiToBUin aHop nNigHiMatlOTb i Yepe3 CTIHKM MNigKMAaThb
Ta20 5. lMicna 3aBeplleHHs Mpouecy enekTponitT 36epiraloTb (LWAAXOM

MOro BMNNAaBAAHHSA 3 TWUIAA) | B NOAanblIOMY BUKOPUCTOBYIOTbH 3HOBY.
TaHTanoBuiA ocag Mae BUIAA4 FyoKu, LWINAXOM APO6AeHHA (TONYeHHS) 3
HbOFO OAepPXYHTb MOPOLIOK. Y Takuii cammuii cnoci6, oco6nnBo npw
nepepobui BiAX0oLiB, OfepPXYOTb NOPOLUKU IHWNUX MeTanis.

MeTofOM TepMiYHOro poO3KNafeHHA KapbOHINbHMUX CNOAYK Tuny
Me(CO)c (ae Me — ofuH i3 MeTasiB) OLepPXYHOTb TAKOX YUCTI MeTaniyHi
MOPOLUKH.

KapboHinn — ue agcopbuiiiHi cnonyku, sKi YTBOPHOKOTHCA He 3a
XiMIYHUMM 3aKOHaMW BaNeHTHOCTI. TemnepaTypu NnaBfeHHA KapboHiniB
HM3bKi. Cnifg Big3HauMTU Taki TXHI BNACTMBOCTI, SIK TOKCUYHICTb, NeTy-
YicTb, 34aTHICTb po3KnagaTucsa 3 Bubyxom npu gii csiTna.

3aranbHuil BUrAag peakuii cMHTe3y (CTBOPeHHA) Kap6oHiny i iioro
TepMiyHOT gncouiauii (po3knagaHHA) MOXHa 3anucatu y BUrnsagi

Meabg+ cCO -» Bb + Mea (CO)c—aMe + cCO,

ne b — peakuii 6anacr.

Peakuis cuHTesy — cTBOpeHHs Meli(CO)c — MoXnuMBa nulle 3a
HasBHoCTi CO Ta BMCOKMX TUCKiB mopsgaky 5..30 MMa (50...300 atm).
CrteoptoBaHi npu 100..200 °C Kap6OHiNM Nerko CKOHAEHCOBYHOTb Y
XoNnoAunbHUKY. B pesynbTati TepMiyHOI Agucouiauii Ui kapboHinu npu
50...300 °C nerko poO3KnajawTbCA, BUAINAYM MeTan, i MOBEpPTaKwTb Yy
npouec CO. 3a TakMM METOLOM OAepPXYHTb KapbOHiNOyTBOPHOBASIbHI
metanu: Cr, Ni, Fe, Co, nnatuHoign Towo. lMopowkun Fe, Ni, Co
3a3BMYail ofepXkyloTb 3 KapboHinie tuny Fe(CO)4, Fe(CO)5, Ni(CO)4,
Co(C0O)3.
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3a ofHiel0 3 METOAMK Mpu oAepXaHHiI Fe rasoBuii NoTik Kap6oHiny
NpoOXoAnTb MO BepPTUKaNbHIA TPyObi, Ha AHI AKOT i 36MpaeTbCAa NOPOLLOK.
YacTuHKM 3ani3a y Tpybi 3aBLOBXKU 3 M 40/1al0Thb BifCTaHb [0 AEKiNbKOX
KifloMeTpiB, Npu LUbOMY BOHW 3pOCTalOTb 3 (POPMYBAHHAM LIapyBaToi
CTPYKTYpu. B CTpyKTypi 4acTMHOK 3aniza mMoxe 6yt Big 7 Ao 9 npouwa-
pyBaHb, (POPMYyBaHHA AKMX NOB’A3aHO 3 BTOPUHHUMM peakLismu.

Y Ni npolwapkoBi CTPpYKTYpu He (HOPMYHOTbCS.

KpiMm MOHOKap60OHifIbHUX MOPOLWKIB YACTOr0 MeTany MOXHa OAepXy-
BaTW i NONiIKapOOHINbLHI.

Moginka yncToro KapboHiINbHOrO MOPOLIKY AyXe Bucoka (MpMban3HO
Ha NOPAAOK BULWE 3a MOAINKM 3BMYAMHOrO MOPOLUKY), L0 MOB’S3aHO,
30KpeMa, i3 HeobxigHicTio Bignany nonydgabpukara y BOAHI.

Mpun opepXaHHi NOPOLWKIB AeAKUX PIAKICHUX MeTaniB 3aCTOCOBYHOTb
MeTof rigporeHisauii, 3aCHOBaHMWIA Ha BUKOPUCTAHHI ABMULLA OKPUXUYEHHS
BOAHeM. MeToL MOXe 3aCTOCOBYBaTMCA [0 TUX MeTaniB, fKi npu
300...800 °C aKTMBHO MOrNMHaKTbL BOAEHb i BMMajalTbh B 0caj Ha AHi
peakTopiB y BUINAAI KPMUXKOI meTaniyHoi rybku. [lMogani Taky Try6ky
pO3MentotoTh i NigaaoTb AerigporeHisayii (3HEBOAHIOOTb) Y BaKyymi npu
800 °C. Ojep>kaHi 3a Tak0K TeXHO/Oriel0 MOPOLUKM MarTh, AK NpPasuso,
Oy>Xe HU3bKY NAacTUYHICTb.

§7.2

BnacTwnBOCTI NOPOLLKIB

Y nopowkonogibHux Mmartepianis 3BMYANHO BPaxOBYWOTb TpU Tpynu
BN1aCTUBOCTEIA:

e XiMiuHi;

e (pi3nyHi;

* TeXHOJOTIYHI.

XiMiuHi BNacTNBOCTI — LE rasoHacu4eHicTb, NipoOhOpHICTb (3AaTHICTb
[0 3aiMaHHA) Ta TOKCUYHICTb.

PisnyHi BnacTMBOCTI — Ue Ppo3MipyM (YaCTUHKM 33 po3mipamu
BifPI3HAOTLCA Ha YOTUPM MOPAAKMW Bif 4aCTOK MikpomeTpa o 1 mm),
thopma, nuToma Bara (fKka He BignoBifae TabAMUHIM WiNbHOCTI NS KOM-
NakTHOro marepiany), NMTOMa MOBEPXHA Ta MIKPOTBepLiCTb.

TexHONorivyHi BNacTUBOCTI — L& HaCUMHa WinbHicTb (Mipa 3anN0BHEH-
HA MOPOLIKOM Yy CTaHi 3aCUNKKW), TEKYYICTb (34aTHICTb BUTIKATU 3 OTBO-
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py), MNPecoBHiCTb, (OPMOBHICTb (BnNacTMBicTb 36epiratn qopmy),
BiJCYTHICTb OMOPY Ha poO3TAr, 34aTHICTb Mnepefayi HaBaHTaXeHHA B YCi
CTOpPOHM (NOoAibHO pigunHI).

KopoTKo npo XiMiyHi BAacTuBOCTi. 3MIiCT OCHOBHOTO KOMMOHEHTa B
nopowkax, Sk npaBuno, He MeHwe 98 %, iHWI — pAoMiwkn. [a3o0Bi
AOMIWKN cneundivHi Ans NopoLiky | HasBHI B HbOMY 3aBXau. Ana 10 Mkm
NOPOLIKY rapaHTyeTbCs, AK MiHiMym, 0,5 % rasy, gns 1 MKM MOpPOLWKY
apcopbuinHoro rasy moxe 6yt oo 5 % i Tak gani.

MipogopHicTb OLIHIOETLCA MO TemnepaTypi 3alMWUCTOCTI Ta HUWXHIlA
KOHUEHTpauiiHii mexi BumoyxosocTi (HKMB) y rpamax Ha Ky6i4HWMI
meTp (r/m ). 3BMYaitHO 3alimaHHs Mmopowky moxnuse npu 300...320 °C,
a B UMPKOHIt0 (Zr) KpynHOro BOHO BigbyBaeTbca npn6aunsHo npu 180 °C,
ay Zr gpi6Horo (6 mkm) npm 20 °C. Takuii nopoLok 36epiraloTb y ANCTU-
neoBaHin Bogi. Ana AL HKMB =10 r/m , ana Fe HKMB - 105 r/m

LLLofo TOKCMYHOCTI, TO CNig nam’aTatul, Wo BCi NOPOLIKN TOKCUYHI Ta
WKigAMBI yepe3 TXHE HAKOMWUYeHHA B opraHiami Ta TpygHOLWi 3 TX BUBe-
AEHHAM. TOKCMYHICTb OLiHIOKTb 3a 3HAYEHHSAM MeXi AonyCTUMOT KOH-
ueHtpauii (MAK) y minirpamax Ha Ky6iuHuii meTp (Mr/m3). lMopowkm
6epunito (Be) Ta okenan BaHagito (V2CM gyxe TOKCUYHI, — ixHA (MAK)
CTAHOBMUTb YacTKu MF/M3, Ans okeuay BaHagito MAK =0,1 Mrim?.

®i3nyHi BNacTMBOCTi. Popma 4acTUHOK 3BUYAKHO MOB’A3aHa 3 MeTo-
AOM ofep)XXaHHA MOPOLUKY. YacTuHKu NOpPoOLWKY 3a/1iza MarTb N'ATb-WICTb
dopm: * okpyrna, cepvyHa npasubHa opMa — A8 Kapb6OHINbHOTo
meToady; ¢ rybuyacta copMa — npu PO3MNUIEHHI; * AeHApuTHa chopma —
npu enekTponisi; ¢ ockosouyHa opmMa — Mpu 3acToCyBaHHi MeToaiB

MeXaHiYHOro nofpibHeHHA; < Tapinbyata dopma — nNpu  BUXPOBOMY
noapibHEeHH.

Po3Mip 4aCTUHOK, AK 3a3Hayanocb, KonmsaeTbes Big 0,1...0,2 MKM [0
1 MM. OUiHIOOTH Habip YaCTUHOK 33 BY3bKUM PO3MIpHUM fAiana3oHoM,
TOOTO 3a TaK 3BaHWM TPaHyNOMETPUYHUM CKafom. And LbOoro BUKO-
PUCTOBYHOTb Taki MeTOAW: CMTOBMI (rpaTtyactuid) aHanis 3a AOMOMOrOH
O6pPOH30BMX Ta ATYHHUX CITOK [LO3BOISIE OLiHIOBATM MiHIManbHUA PO3MIip
4acTUHOK A0 40 MKM; MIiKpPOCKOMIYHWIA ONTWYHWIA aHania — Bijg 2 Ao
100 MKM, a eneKTPOHHWIA — MeHwe 1 MKM. 3acTOCOBYHOTb TaKOX
ceguMeHTalinHNA aHani3, NoB’A3aHWiA 3 OLIHKOK BMAacTMBOCTI 0CagXy-
BaHHA 4aCTUHOK 3aMeXHO Bif LWBWAKOCTI, Ta KOHAYKTOMETPUYHUIA, 3a-
CHOBAHWIA Ha oOUiHLi MPOBIAHOCTI pigWHK, B AKY NOTpPannsiTb TBEPAi
YaCTUHKM.

MnToMa NoBepxXHA OLHIOETHCA NMOBEPXHEH BCiX YaCTMHOK, WO CKfa-
[al0Tb OAMHMLIO MacK, 3a3Buyail ue 1r. 3a UMM napamMeTpoM MOPOLUKK
CYTTEBO Bifpi3HAOTLCA Bif KOMMNAKTHUX maTepianiB i MOXYyTb MaTu 3Ha-

186



Inasa 7
MopolukoBa MeTanypris

YyeHHA A0 5 M2 Ha 1 r. Tnouwia NoBepxXHi BUMIPKETHCA 3a LOMOMOTrOH
OUIHKM KiIbKOCTi agcopb0BaHOro MOHOMOMEKYNIAPHOTO wWwapy a3oTy N2,

OfiHAa MoOJieKyna SKoro 3aiimae 16,2 kBagpaTHuMx aHrctpema (1 A=

= 107 mm).
MiKHOMETPUYHY LWiNbHICTL NOPOLUKY 3HAXOAATb 32 (DOPMYJIOH0
Pi~P\
e V— TapupoBOYHA EMHICTb PiAUHHOIO MiKTOMETpPa;
P| — maca cyxoro nikHomeTpa;

P2 — maca nikHoMeTpa 3 MOPOLLKOM;
P3 — maca pigMHHOro nikHoOMeTpa 3 NOPOLLUKOM;
Yp — WiNbHICTb piguHMN.

AK NiKHOMETPUYHY PigUHY Ay>e 4acTO 3aCTOCOBYIOTb rac, AKMi Mae
Masly MOJIEKYNYy W aKTUBHY MPOHWKHY 3[aTHICTb.

[na BUMIpY LW iNbHOCTI 3aCTOCOBYHOTb TaK0X, Hanpuknag y ®panuii, i
rasosi nikHomeTpw.

MIiKpOTBEPAICTb BM3HA4YalOTb 3a [JOMOMOFOK PI3HOr0 TUMy MIiKpo-
TBEPAOMIpPIB Ha MiKpoLiax 4acTMHOK, ane roTyeaTy Taki Mikpownidu,
HAHOCUTM Ha HUX, a NOTIM i BUMIpIOBaTU BIJOUTKN BENbMWU CKNafHO.

TexHoNorivyHi BnactnBocTi. Hacamnepep ue HacunHa (BigHOCHA) LW iNb-
HiCTb, NiA4 SKOK pPO3yMilOTb Macy OoAWHMULiI 06’eMy BiIbHOTO HaCWMMHOTO
MOPOLLKY B rpaMax Ha Ky6idHuii caHTumeTp (r/cm3). To6TO hakTU4HO Ue
KOHLEeHTpaLis MopoLkKy, L/IbHICTL AKOTO 3aBXAW MeHLWa 3a LWifbHICTb
KOMNaKTHOro Marepiany. Hacunka Ana Takoi OUiHKM MOBMHHA BUKOHY-
BaTtMcA 3 HY/bOBOKW LWBWUAKICTIO. |HOAI OUIHIOWTb He LWiNbHICTb, a
HacunHuii 06'em y Ky6iuHUX caHTUMeTpax Ha rpam (cm3d).

TekyyicTb — Le 3[4aTHICTb NOPOLUKY BUTIKATK i3 OTBOPY. TeKyuicTb
BBAXXAETbCA HOPMasibHOMO, AKLLO0 HaBicka (nopuis) nopolwky macoto 50 r
BMUTiKae 3 oTBOpY fiametpom 2,5 mm 3a 20 c.

MpecoBuicTb — LUe 34aTHICTb MOPOLUKY YUWiNbHIOBATUCh Nif Ai€t0
30BHILIHbOrO TUCKY.

@DOpPMOBHICTb — Lig 34aTHICTb NOPOLLKY 36epiratv opmy nicns 3HAT-
TA HaBaHTaXKEHHSA.
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§7.3 A

Bnpo6HML TBO MaTepianiB Ta BMpobiB
3 MOPOLLIKIB

Mpn BMpOGHMUTBI MaTepianie, HanishabpukaTie (6pMKeTiB) Ta
BMPOGIB i3 MeTaniyHMX NOPOLLKIB abo TXHIX cymilleil 3 HemeTanamu y
MOPOLIKOBY Macy B fedKUX BUMagKax f04al0Tb Pi3Hi TEXHONOTIYHI HamoB-
HIOBaYi, Hanpuknag, Po34YnMH KayyykKy B 6eH3MHi, napadiH, BiCK, cnupT,
6eH30n Ta iHWIi. Taki HanoBHIKOBaYi CAPUAIOTbH OMTUMI3auii npouecis
(hopMyBaHHA, NpPecyBaHHA Ta MPoOKaTLi NOPOLKOBOT Macy.

Ha 3aBepluanbHiii cTagii TeXHONOTii NOPOWKOBOT MeTanyprii Bigbysa-
ETbCA TaKOX NpoLec CrikaHHA.

TexHonoris nuBapHOT (hOPMOBKU, NMpecyBaHHA Ta NPOKaTKW AeTanbHO
onucaHa y posgini 4, rn. 9, 10.

Y paMKax TeXHONOrii NOpOoLLIKOBOT MeTanyprii KOPOTKO po3risafarTbCs
OCHOBHI nNpouecn HagaHHs cneyndiyHOMY MOPOLIKONOAI6GHOMY MaTe-
piany neBHOT hopMK, Po3MipiB, W iNbHOCTI Ta MiLHOCTI, HEOOXIAHUX ANs
nojanblUMX onepawiii BUFOTOBNEHHSA AeTanei.

Haili6inblle nowmnpeHa TEXHONOTIS XONOAHOI0 MPecyBaHHS Ha npecax
pi3HUX cuctem. OLHOCTOPOHHE MPECYBaHHA 3 OAHWM MYyaHCOHOM 3acTo-
COBYKOTb ANl BUTOTOB/IEHHS HEBUCOKUX BUPOOGIB MPOCTOI KOHGirypauii.
Mpn UbOMY LWiNbHICTb NO Mepepidy AeTani HepiBHOMipHAa. [LBOCTOPOHHE
npecyBaHHs (3 [BOMa NyaHCOHaMM, WO PyXalTbCA HA3YCTPiy OfHE OfHO-
My) gae GinblWw piBHOMIPHWIA PO3NOAIN LW iNbHOCTI 3a nepepizom BUPOOIB i
[03BONSAE OfepXyBaTun feTani 3 BifHOWEHHAM BWUCOTW A0 [AiaMeTpy
6inbWnM ABOX. TUCK MpM XO0N0AHOMY MpecyBaHHi 3HaX04UTbCA B MeXax
200... 1000 MMa.

Bupobn 3 BinblWIMM BigHOWEHHAM [OBXWHW A0 AiameTpa (MpyTKW,
Tpy6u, nonocu) OfepXylTb MeTOAOM MYHAWTYYHOro npecyBaHHA. B
LUbOMY BMNaAKy matepiasn, 3a3Buyaii, nnactudikyoTb napadiHom. LLena-
KiCTb BUTIKAHHA niacTUdikoBaHOro nopowky gocarae 10 mm/c. LW inb-
HiCTb No nepepisy getani pisHOMipHa. 3a UMM cNOCo60M MOXXHA BUTOTOB-
NATU BUPOBM He TifbKM MPOCTOro, ane i cknagHoro npodinto.

ligpocTaTMyHe MpecyBaHHA 3aCTOCOBYIOTb /19 MacCUBHUX BMPO6IB (40
100 kr). ¥ ubOMy BUNaAKY MeTani4HUA NOPOLLOK BMILLYIOTb B €1aCTUYHY
(pe3nHoBy, MeTanivyHy) 060/I0HKY i MigfalTb BCECTOPOHHLOMY OGXUMY
pignHOO B rigpokamepax BMCOKOro Tucky (go 3000 MTMa). 3a uum
METOLOM MOXHa OofepXyBaTu BUPOOM 3 HemnacTUYHWX Matepianis. 3a
Takoro rmnpecyBaHHA feTani MawTb PIBHOMIPHY LWi/fbHICTb, ane 4acto
noTpebyrTb AOAATKOBOT MeXaHi4YHOT 06pOOKN.
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BenbMu nepcnekTMBHE 3aCTOCYBaHHS TEXHOMOFIT MPOKaTKM MopoLl-
KiB. 3a UMM MeTO4OM OJepXyktTb OAHO- Ta 6GaratowwapoBi MOpUCTi Ta
KOMMaKTHi CTPiukW, CMYrX i AMCTWU 3aBTOBLWKKW Bifg 20 MKM A0 3 MM i3
3anisa, HiKen, HepXXaBiloyol CTaHi, TUTaHy Ta IHWKX MeTanis, a TakoX i3
CyMilli MOPOLIKIB CKNaAHUX crnonyk. LLUBMAKICTb NPOKATKM MeTanivyHux
MOPOLLKIB 3aBXAW MEeHLWa 3a LWBMAKICTb MNPOKATKM NUTUX MeTanis.
BenuunHa i 06MeXYeTbCA CUMYYICTHO MOPOLIKY, TO6TO niHilHa wWBug-
KiCTb MOBEPXHi BankiB MOBMHHa OYyTWM MEHLWOK 3a LWBMAKICTL nepe-
MILLEHHS NMOPOLWKY 3 ByHKepa B 3a30p MK BajKaMMu.

Mopsig 3 XONO4HMM 3aCTOCOBYETHCSH TaKOX | rapsye npecyBaHHA,
TO6TO CyMilLleHHA onmepaliii npecyBaHHA HaniBabpmKkaTiB iiX ClikaHHA.
[JeTani, ofepXaHi rapsayMm npecyBaHHAM, MatOTb BWUCOKY MiUHICTb i
WiNbHICTb. 3a UMM MeTOLOM B OCHOBHOMY BUTOTOBAAKTbL feTani Tuny
TOHKUX NNacTUH Ta AUCKIB TBEPAUX CMNaBiB i cneyiaNbHUX BOTHETPUBKMX
matepianis. [pu Temnepatypax rapsyoro npecyBaHHs 0,6..0,9 [I'mn

e(eKTUBHO peanisyeTbCa MAacTUYHICTL MaTepiany. Harpis >ke [0 Takux
TeMMepaTyp 4acToO BUKOHYKTb CTPYMOM BWCOKOI 4actoTu. Ane TyT
BMHUKAE npobnema Ana npec-opm, OCKINbKM MILHICTb rpadiToBux
thopm He nepesmnulye 50 MIMa.

CnikaHH#, fIK camocCTilHa onepauisd, — Ue npouec TepmMoo6pobKM
HanisgabpukaTie npu Temnepartypi 0,4...0,9 'mn ocHOBHOro MmeTany 6ara-

TOKOMMOHEHTHOT cymiwi npotarom 1.2 rog. Mpw cnikaHHi BigbyBaloThCS
CKnagHi isnko-ximiyHi npouecn (BiAHOBNEHHS OKCuAiB, apgresis,
Angy3ia, pekpucTanisauia i Take iHWe), AKi CAPUAOTb MiABULLEHHIO
WiNbHOCTI Ta MiLyHOCTI BMPOGIB, 3HIMAHHIO BHYTPILWHIX Hanpyr Touwo. B
pe3ynbTaTi cnikaHHA BigbyBaeTbCA 3Ha4YHa ycagka maTepiany. B 3B’3Ky 3
TUM, WO YaCTMHKU MOPOLIKY MalTb BUCOKY XiMiYHY aKTUBHICTb, one-
pauilo ChikaHHA 4acTo NpPOBOAATb Y BaKyyMi, 3axMcHili abo BigHOB-
noBaHin atmocdepi. Lo onepayito MoXHa iHTEHCU(iKyBaTK 3a paxyHOK
MexaHiyHoT, XiMmiyHoi abo (i3nuyHOT akTuBaLuii npouecy. MexaHivyHa
aKTuBauif BifbyBaeTbCca nNpu NOApPiGHEHHI Mopowky (YnM  ApiGHILWi
NOpPOLWKK, TUM BOHM aKTMBHIWI). XimiyHa akTuBalis BigdyBaeTbCH,
Hanpuknag, npu gogaesaHHi BogH (abo CO). Tak, MonibheH cnikawTb y
3BOJIOXKEHOMY BOAHI, WO J03BONSE 3HWXYBaTW TemnepaTtypy CrnikaHHs, a
Le Npu3BOAUTb A0 NiABULLEHHS aKTMBHOCTI Mo. CTpMOKONOAi6HI 3MiHK
Temnepatypu, 3miHa TUCKY, MarHiTHe, fas3epHe Ta e/ieKTPOHHE OMnpo-
MIHIOBaHHA BMKAMKaOTb (Pi3MyHY aKTuBauito. Yum Buwe TemnepaTypa,
TUM aKTUBHiWe BifdyBaeTbCca Npouec, ane TemnepaTypy MoOXHa nigBu-
WyBaTn He 3aBXau. Bnnus uacy nogi6eH Jo BNAvMBY Temnepatypu. Ane
npouec cnikaHHA He NOBUHEH nepeBulyyBaTu 4.,6 rof, OCKiNbKW NOTIM
y MaTepiani NoYMHaAKTLCA NpoLecyu pekpucTanisayii.
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Harpis npu cnikaHHi BUKOHYIOTb He TifibKM CTpyMaMn BUCOKOT 4yac-
TOTW, ane i 6e3nocepesHbO NPOMYCKAaUM CTPYM MK KOHTakTaMmy yepes
WwTanuk (3aroToBKy, feTanb). [ns Harpiey TakK0X BWKOPWCTOBYHTb
KOHBEEPHI, pPONbraHroBi, MyenbHi Ta 6arato iHWUX Neyeil.

Po3pi3HAOTbL Taki BWAWM CMiKaHHA: e TBepaodasHi; ¢ pigkodasHi;
e npocouvyBaHHs. [pu TBepaoasHOMY Temnepatypa ChikaHHS He ne-
peBuwye [Inn ogHoro MeTany, abo, SKWO BUKOPUCTOBYETLCA CyMiLl
MeTaniB, TemnepaTypy nnaBfieHHs HaWbinbLWw nerkonnaskoro. Mpu pigko-
tha3HOMY chikaHHiI (3a HasBHOCTI pigKol (asn) OTPMMYIOTb LWiNbHIiLLI
BMpo6u 3 nopucTicTio 1.2 %. 3a TaKOoT TEXHONOTIT MOBEPXHI TBEPAOIT Pa3u
HeobxigHO fobpe 3mouyBaTu pigKuM MeTanom. MpocoyyBaHHA cnpecoBa-
HOF0 Ta CMEYEHOr0 Kapkacy 3 TYyronnaBKOro metany 3LiACHIOETbCS ner-
KONAaBKMM MeTasioM.

Micns cnikaHHA [gna  ojepXXaHHA KiHUEeBOT ¢opmu, po3MmipiB i
NOTPiGHMX BNAcTMBOCTE BMPOOM 3 MOPOLIKOBUX MaTepianis iHogi nig-
[alTb AoAaTKOBI 06pobui (pisaHHI, AOMNpPecoBui, TepMo- i XiMiKo-
TepMiyHili 06pobLi TOoLLO).

§7.4

MpoayKuis NnopowKoBoi MeTanyprii

3anexHo Bif NpuU3HAYEHHA MNPOAYKLUID MNOPOLWKOBOT MeTanyprii
(maTepianu Ta BUPOOM 3 HUX) NIAPO3AINAIOTL Ha;

* aHTUPPUKLIAHI;

e (PPUKLilHI;

* KOHCTPYKUiiiHI;

e (QinbTpauiiiHi;

e e/IeKTPOTEXHIYHI;

e TBepAOCNNaBHi.

AHTUDPUKLINHI MaTepiann MalTb CTabiNnbHWIA | Manuii KoedilieHT
Tepta (0,04...0,06). MMopucTicTb TakMx Mmatepianis ctaHoBMTbL Big 15 go
35 %. [Mopu 3anoBHIOKTHCA MacnoM, TedsoHOM abo (ToponaacTom.
YacTiw 3a BCe K OCHOBY BUKOPWUCTOBYKTb OpPOH30BUI abo 3ani3Hui
nopoLwoK 3 gob6aBkaMu rpagity Ta iHWKUX MmaTepianiB. bpoH3orpadit 3a
MIKPOCTPYKTYpOtO ABNSIE COBOO 3epHa TBEPAOro PO34YMHY 0/10Ba B Migi 3
BKpanjieHHAMWU rpadity i nop, 3anoBHeHUX mactunom. CTpyKTypa 3ani-
3orpaity moxe 6yt (pepuTHa, nepaiTHa Ta UeMeHTMTHa. B 3aniso-
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rpacitax 3 migao (Cu) abo csuHuem (Pb) rpagiTy, 3BuvaiHo, Big 140
7 %, Cu abo Pb Big 540 7 %, pewTy CTaHOBUTb 3ani30. Mopu, 3an0BHEHI
MallMHHUM MacnoMm, y TakoMy MaTepiani 3aiimatoTb 0 20 % o06’emy.
Micna npocoyyBaHHA MacnoMm Yy npoueci BUroTOBNEHHA BMPoGiB NMpoOBO-
AATb, SIK NpaBuno, KanibpyBaHHA, WO 3MEHLIYe NMOPOBMIA KaHarl.

AHTUDPUKLIAHI  MaTepiann BUKOPWUCTOBYIOTb [ BUFOTOB/IEHHSA
NiAWWNHUKOBUX BTY/NOK, BKNAAWULIB, AKi 3aCTOCOBYHOTLCA B Pi3HOMAHIT-
HMUX rany3six NpoOMMUCNOBOCTI (aBTOMOOGINbLHINM, BepcTaToObyAiBHIl, aBiaL,iii-
Hili Towo). Taki maTepiany MOXyTb MpauloBaTW MNpuU LUBUAKOCTAX TepTa
Bif 6 o 30 m/c. MigWUNHMKK, B MaTepiani AKUX MOpPU Hacu4yeHi Gropo-
NnaacToM, MOXYTb MpaLiOBaTU B KUCIUX | NYXKHUX CepefoBulLax npu
TeMmnepatypax go 280 °C. MigWWNHUKN rasoBux Ta napoBux Typ6iH, AKi
npauoTb 3a We 6ifbl BUCOKUX TemnepaTyp, BWUIOTOBAAKOTb 3 aHTU-
(hpUKLiIRnHMUX MaTepianis, A0 CKnagy SKUX BXOAATb MOPOLIKU XPOMOHI-
KeneBnx CTanei 3 foMiwkamu gucynbdigy mMonibaeHy.

Y puKUiiHMX MaTepianax MaKCUManbHU  KoedilieHT TepTs
CTabinbHWIA y BCbOMY Aiana3oHi ekcnayaTauiiHux Temnepatyp. ®puk-
LiliHi maTepiann 3 NOPOLKiIB NpyY poboTi Y Macni MatoTb KOeilieHT TepTs
Big 0,08 go 0,15, a npu cyxomy TepTi — Big 0,3 4o 0,7. MopunCTIiCTb TaknMx
matepianis konusaeTbes Big 10 go 15 %. OCHOBY PpUKLIAHUX MaTepianis
CTAHOBMIATbL CKNAAHI 3a XiMiYHUM cKnagom komnosuuii migi abo 3anisa 3
iHWMMK MaTtepianamu. [lo cknagy GpuKLiiHUX MaTepianiB BXOAATb KOM-
MOHEHTU, WO ABNAOTbL COO0K MacTWUIO i 3anobiraldTb 3HOCY Matepiany
(cBMHeub, rpadit, pisHOMaHITHI cynbdign Ta cipyaHokucni coni), Ta
KOMMOHEHTHU, AKi HajalTb MaTepiany BUCOKMX PPUKLIAHWX BNacTUBOC-
Teil (a36ecT, KBapLOBMI MICOK, Pi3HI OKCMAW Ta TyronnaBKi 3’efHaHHS).
Martepianu, ofepxaHi 3a [OMOMOrol MOPOLIKOBOT MeTanyprii, MoXyTb
npaytBaTy npy WBMAKOCTAX TepTa Ao 50 M/c |1 Hanpy>XeHHAX [0
450 MTIMa, Togi AK TpagMuinHi MaTepiany npayloTh NULWE 3a Hanpy>XeHb
o 50..60 MTa.

®pukyiiiHi  MaTepiann 3acTOCOBYKOTb B fiTako-, aBTOMO6Gine- Ta
eKckaBaTopobyayBaHHi, Yy TanbMiBHMX By3nax i By3naX 34YenneHHs.
Ocobnuei BUMOrM Npeg’saBnAOTbL A0 BiANOBIAHWMX AeTanel B nitakobygy-
BaHHi. Y fliTakax y MOMEHT MOCaAKM Ha By3nax, fKi nigfatoTbCs TEPTHO,
Temnepatypa gocarae 1100 °C, TOMy Tam 4acTO BMKOPUCTOBYKOTb CreyeHi
(PUKLiAHI MeTanokepamiuHi MaTtepiann. EHepris TepTs 3HMXYETbCH 3a
paxyHOK TennoBigBoAy i BMCOKOT 3MallyBaHOCTi, a TepTs CTBOPKOKOTb
HemeTanu TUNy as3becTy Ta KpemHesemy. BenbMu epekTMBHa AN1d LbOro
meTanokepamika Tuny MKB-50, o cknagy sakoi BxoauTs Big 8 1o 10 % C
(y surnagi rpadity), 4 % BC (kapbig 6opy), 4 % Si02 (kpemHe3emy) Ta
iHWIi go6aBKu.
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Ha uein yac fo 60 % npogykuyii MOpOLWKOBOT MeTanyprii CTaHOBNATb
KOHCTPYKLi/AHI mMaTepianu, OCHOBY fIKMX CKnafae, K npasBu/o, 3ani3Huii
NopoLOK 3 fo6aBKaMy rpaiTy, Migi Ta iIHWMX KOMNOHEHTIB. MOpPUCTICTb
TaKuX maTepianiB 3HaxoAUTbCA B Mexax 5..13 %. 3 HWX BUTOTOBAAKOTH
Kyfnauku, XpanoBWKW, LIApoBi BCTaBKW, KOPMyCW MNiAWUNHUKIB, 3ipoyKu
posnoAinbymx Banis, geTani 06UMCNOBaNIbHOT TEXHIKU (LWecTepHi, npuBig
npuHTepis Towo). Oco6MBO aKTUBHO Ui MaTepiain BUKOPUCTOBYHOTLCSH
B aBTOM06ine6byayBaHHi. Y CLUA npu BUroTOBAEHHI OAHOr0 cepiliHOro
aBTOMOOINS cepefHLOro Knacy BMTpavaeTbCAd [0 16 Kr MOPOLIKO-
nofibHoro marepiany, 3 AKOro po6naTb raiiku, dnaHui, 3’egHaHHA nop-
WHeBMX rpyn. [pu BUrOTOBNEHHI HEHaBaHTaXEHWX Ta ManoHaBaHTa-
XEHWX feTaneil 3acTOCOBYHOTbL MOABiiHE MpecyBaHHS, a AN BMCOKOHa-
BaHTaXyBaHUX AeTaneinl — AuMHaMiuyHe.

®inbTpytovi maTepianm (PinbTpn) MOXHA BUFOTOBAATU 3 OYAb-AKMX
NMopoLWKOBMX MatepianiB. Yacto BUKOPUCTOBYIOTb MOPOLIKK HiKento,
cpibna, TuTaHy, 6pPOH3M, HepXKaBitouMX cTanei Ta iHWiI matepianu. Mpu
cnikaHHi TakMx MOPOLWKIB (3 HamoBHIOBayeM abo Mpu BifbHIl 3acunui)
NMOpoOBWUIA KaHa/n He MOBMHEH 3aKpuBaTMCS, a NOPUCTICTb KiHLEBOrO Npo-
LYKTY Mae 6yTu He Hux4a 3a 25...50 %.

PinbTpy 3 NOPOLIKOBMX MaTepiasis LWWPOKO BUKOPUCTOBYIOTb B MPO-
MWUCIOBOCTI ANfA (inbTpauii nanmea, pisHUX MacTWA i CMOJ, OYMCTKU rasis
Ta NoBIiTPA Big nuay, inbTpayil po3nnaBneHUX HU3bKOMMABKUX MeTasis,
KWUCNOT, NyriB Ta iHWWX MNPOAYKTIB XiMiYHOT NPOMUCNOBOCTI. B 0cobnmnsumx
BMMafKax BWKOPUCTOBYHKOTb ABOLIAPOBI (inbTpu (BHYTPIWHA 4acTUHA
AKMX i3 MIIKUX YAaCTMHOK MOPOLIKY, a 30BHIWIHSA — 3 Oifbll KPYMHUX).
CneuianbHi  ¢inbTpM MOXYTb 3aTpUMyBaTU YaCTUHKM PO3MIPOM  Bif
0,5 MKM i npautoBaTu B AianasoHi TemnepaTyp Bif HaA3BUYaHO HU3bKUX
(- 273 °C) po Benbmu Bucokux (700...900 °C).

MepeBarn MOPOLWKOBUX (DiNbTPIB MOPIBHAHO 3 TpaguuiliHUMKn (TKa-
HUHHWMW, NOBCTAHUMMW, KApPTOHHWMW Ta IHWWMW) Yy TOMY, LLO BOHM
MiLHIWi i nicna 3abpygHEHHA X MOXHa nigfasatv pereHepawii.

[0 eneKTpOTEXHIYHUX MaTepianiB BiAHOCATb €NEeKTPOKOHTAKTHI Ta
MarHiTHi. ENEeKTPOKOHTAaKTHI MOBWHHI MaTW HW3bKWIA KOHTAKTHUI Ta
nepexigHnin onip, ane BUCOKY MIiLHICTb i TBEPAICTb, TO6TO Lie MOXYTb 6yTH
komnosutn Tuny Cu — W Ta nofibHi A0 HuX. Mpu 3amMUKaHHi Takux
KOHTaKTIB | BUHWKHEHHI Ayrn OKcup Kagmito abo Migb BMMApOBYETLCA |
pobuTb Ayry Takoto, L0 MPOBOAUTb, BHaCNiAOK 4YOro BOHa 3aracae. [ns
LbOro cij BUKOPUCTOBYBATM MeTanokepamiyHi KOHTakTu Tuny A10M a6o
A30. 3acTOCOBYIOTb X A4/18 PO3PUBHUX Ta KOB3aOUUX KOHTAKTIB, a TAKOX
y AMHamomalimHax. CrneyeHi po3pmMBHI KOHTaKTW 3abe3neyyoTb 0 3 MJH
BMMWKaHb.
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Fnasa 7
MopolwkoBa meTanyprisa

MarHiTHi mMaTepiann BenNbMMW YyTAMBI A0 HASBHOCTI B HWUX AOMILLOK, i
B 3B’A3KY 3 UMM fis NOPUCTOCTI HeratueBHa. MarHiTom’saki matepianm (3
Masiol KOepUMTUBHOIO CWU/IOK) TFOTYHOTb 3 YMCTOrO 3ali3HOr0 NOPOLUKY
abo MOpOLLKIB Ha OCHOBI OKCMAy 3ani3a, BOHW LUBWAKO HamMarHiyytTbCs
i po3marHiuywTbcs. MarHiTorsepai Matepiann (NOCTiHI MarHiTM 3
BMCOKOK KOEpUMTUBHOK CUOKD) OLEPXYITb i3 CyMilleil MOpOLWKiB
Fe — Ni, Fe — Al Ta iHWKX. Ha uUeil yac cTBOpPeHO Taki MarHiTOTBepAi
maTepianu, 1r BnacHoi Barm gKMx MoXxe yTpuMyBaTu 6ifblie 1 Kr HaBaH-
TaXEHHS.

3 hepuTHMX nopowwkis (OKCUAHI 3’efAHaHHA Tuny Fe20 3 — MeO) y

Komno3uyii 3 5...15 % i3onayiinHnx matepianis (heHONbHI CMONU, CUi-
KaTy, Kaydyk Ta iHWIi) WASXOM NpecyBaHHA i CMiKaHHA OAepXYTb TaK0X
MarHiTogieneKTpuKun.

TeepaocnnaBHi IHCTPYMeHTaNbHI MaTtepianu, SKi BUrOTOBMAKTh 3
JVCNEepCHMX MOpOLWKIB Kapbigis Bonbpamy, TutaHy, TaHtany (WC, TiC,
TaC) 3 gobaBkamm nopowky kobanbTy (Co), a TaKOX MiHepasoKepamiyHi
maTepiasm Ha OCHOBI MOPOLWKY OKcuay anoMiHito (Al20 3) 6yge posrns-

HyTO pani (gue. po3gin 4, rn. 11, § 11.3).

& KOHTpPONbHIi 3aNNTaHHSA

1. Y yomy CyTHICTb MOPOLUKOBOI MeTanyprn?
2. $Ki HayKOBO-TeXHiIYHi 3aBaHHA BUPILYE NOPOLUKOBa MeTanypria?

3. fAki TexHoNoriyHi MeToAM BUPOOGHULTBA MOPOLLKIB BiAHOCATb [0
rpynu MexaHiyHux?

4. ki TexXHOMOori4yHi MeToAM BMPOGHMLUTBA MOPOLWKIB BiAHOCATbL A0
rpynu doisvKo-XiMivHNX?
5. Ha ski Tpy rpynu nigpos3ginsaioTb BAACTUBOCTI MOPOLLKIB, YAM BOHMU
XapakTepu3yoTbCs | K OLiHIOITLCA?
6. $Ki TeXHOMOriYHi Mpouecu 3A4iINCHIoTBCA Mifg Yac BMPOGHMUTBA
MaTepianiB Ta BUPO6IB 3 NOPOLLKIB?
7. FAK knacuikyeTbCa NPOAyKLis NOPOLIKOBOI MeTanyprii?
8. ki mMaTtepiasin NOPOLIKOBOI MeTasyprii BigHOCATb A0 aHTUPUK-
LiHUX, a sKi 40 PPUKLIAHNX?
9. dki martepianin NOPOLIKOBOT MeTanyprii BigHOCATb A0 iNbTpyto-
ymx?
10. Aki BNacTMBOCTI MalTb MaTuU Martepiaiv MNopoLLIKOBOI MeTanyprii,
O BIOHOCATLCA A0 €efIeKTPOTEXHIYHUX (e/IeKTPOKOHTaKTHI Ta
MarHiTHi)?
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KOHCTPYKUINHI MaTepianu

[lo HemeTaneBMx MatepianiB BigHOCATb NaacTMacu, rymu, LepeBuUHY,
Knei, nakothap6oBi MaTepianm Towo. B MawwmHOOyfyBaHHI HemeTanesi
martepianyM LWNPOKO BUKOPUCTOBYKOTb A/ BUTOTOB/IEHHA 3 HUX PIi3HO-
MaHITHUX BMPOO6IB, a TaKOX fK 3aMiHHWKWM MeTaniB. HemeTanesi marte-
piann 3abe3neyvytoTb HEOOXiAHI MexaHiYyHi BNaCTMBOCTI, XiMiYHY CTIliKiCTb,
BOAO- Ta ra3OHENPOHWKHICTb, BWUCOKI i30MAUiAHI BNAacTMBOCTI Ta iHWiI
LiHHI SIKOCTI.

§8.1

Monimepun

MonimepaMu Ha3WBalTb PEYOBUHM, MaKpPOMOMEKYNU AKWUX CKnaja-
FOTbCA 3 UACNEHHUX €IEMEHTAPHUX NaHOK (MOHOMEpIB) 0AHAKOBOT CTPYK-
Typu. BnacTuBOCTi UMX PevyoBMH BU3HAYAKOTLCA He TifIbKU XiMiYHUM
CKNajoM MOJIeKYN, ane iix B3aEMHWUM po3TallyBaHHAM i 6yA0BOIO.

Makpomonekyna nonimepy — Le naHuior, Wo CKNajaeTbCa 3 OKPeMux
NaHuXKiB. MonepeyHnii nepepis naHura AOPIiBHIOE KilbKOM aHrcTpe-
MaM, a AOBXWHA — KifIbKOM TUCAYaM aHrcTpeM. TOMY MakpoMO/eKynam
nonimepy BfacTMBa FHYUKICTb, SIKa € OAHIED 3 OCHOBHMX iX 0c06/u-
BOCTelA.

HaTypanbHuin  Kayyyk, Lennosa, cnwoga, asbect, nNpupoaHuii
rpadit — yci BOHU € npupogHuMn nonimepamu. OfHAK OCHOBHOM Tpy-
Mo € CUHTETUYHI nonimepu, AKi OTPUMYHOTb B npoueci XimiyHOro
CUHTE3Y 3 HU3bKOMOMEKYNAPHUX cnoayK. CUHTE30M MOXHa OTpUMYBaTK
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nasa 8
HemeTanesi KOHCTPYKLUiiHI MaTepianu

nonimepu 3 pi3HOMaHITHAMMW BNACTMBOCTAMMU | HaBiTb CTBOPKOBATU MaTe-
piann i3 3a3ganerigb 3afjaHMMMN XapaKTepuctukamu (BNacTMBOCTSAMM).
CBOEPIAHICTD BMAacTMBOCTEN MO/MIMEPIB 3YMOB/EHA CTPYKTYpOK X
MakKpomosekyn. 3a (hoOpMOI0 MakpoMOEKY/ MOoniMepu NoAiNATLCA Ha:
* NiHIAHI (naHUOroBI);
* pO3ranyxeHi;
e ciTyacTi (nnocki, NpocToposi).

JTiHINHI MaKpOMONeKynnM NonimMepy mMarTb JOBFY 3Ur3aronofioHy gopmy
abo € 3aKpy4yeHUMM B cnipanb naHurXKamun (puc. 8.1). MHyuki Makpomo-
NEKYNn 3 BUCOKOK MILHICTIO B3[0BX naHutora i cnabkmMMm MidKMOJIeKy-
NAPHUMK 3B’A3KaMK 3abe3nevyroTb enacTUYHICTb MaTtepiany, 34aTHICTb
MOro posM’aKwWyBaTUCA NPW HarpiBaHHi, a MPU O0XOM0LKYBaHHI 3HOBY
TBEPAHYTU. bBinblWicTb TakMX MONIMEPIB PO3YMHAKOTLCA Y MEBHUX PO3-
YMHHMKaX. JTiHIAHI moniMepu € HainbinbWw NpUAATHUMMK 419 OTPUMaHHS
BOMOKOH i NNiBOK (Hanpuknag, nonietuned, noniamign Ta iHLwi).

B
Puc. 8.1
dopMU MaKpOMOSIeKy 1 Monimepis.:
a — niHiliHa; 6 — posranyxeHa; B — ciTyacTta
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Pos3pgin 3
MopolukoBi Ta HemeTanesi maTepianu

CiTuacTi (npocTopoBi) nonimepu MakwTb BUCOKY NPYXHiCTb (Ha-
npuknag, m’ski rymu). FycrociTyacTi (MpocTopoBi) nonimepu Bigpi3HA-
I0TbCA TBEPAICTIO, MiABWLLEHOI TEMAOCTINKICTIO, HEPO3UYMHHICTIO.

MoniMepn MOXYTb 6yTVM B aMOP(HOMY Ta KpucTaniyHomy ctadi. Mpu
nepexodi nonimMepy 3 amMopgHOro [0 KPUCTaniyHOro CcTaHy CYTTEBO
3MIHIOOTLCA NOro (isvKo-mMexaHiuHi BNacTMBOCTI, MiABULLYIOTHCA Mil-
HiCTb Ta TeNAOCTINKICTb.

[o nonimepis, WO KpWUCTanisywTbCs, BIiAHOCATLCA MONIETWUNEH, MO-
ninponinex, noniamign Towo. Kpucrtanisayis ix 34iACHIOETLCS B NEBHOMY
iHTepBani TemnepaTyp. 3a 3BUYAHWX YMOB MOBHOI KpucTanisayii He
BifbyBaeTbCA. B 3B'A3Ky 3 UWM peanbHi MoniMepu MawTb ABOMA3HY
CTPYKTYPY: HapiBHi 3 KpucTaniyHoto ha3ow € i amopdHa. KpuctaniyHuii
CTaH Hafjae nonimepy NigBULLEHY TeNnnOCTINKICTb, BENUKY MIiLHICTb.

3a BigHOWEHHAM [0 Harpisy mnonimMepu noginalTs Ha Tepmo-
NAacTUYHi i TEPMOPEaKTUBHI:

* TepMONNacTUYHi NoniMmepu Npu HarpiBaHHi po3m’aKWYyTbCA (Ha-
BiTb NNaBNATLCA), a NPU OXONOMKEHHI TBepAHYTb. Lleit mpouec €
3BOPOTHUM. CTpyKTypa MakpOMO/EKyn Takmx MOJiMepiB niHiHa
abo posranyxeHa. TUNOBUMMW NpefCTaBHUKAMWU TepPMONacTiB €
nofieTuneH, NoNicTMpPoOn, noniamig ta iHWi;

e TepmMOopeakTMBHI NoAiMepuM Ha nepuwiin cTagii yTBOPeHHA MarwTb
NiHIAHY CTPYKTYpY | Npu HarpiBaHHi pO3M’AKLWYOTLCA, MOTIM
BHACNIfAOK XiMiYHMX peakLiin TBepAHYTb (YTBOPKOIOTH MPOCTOPOBY
CTPYKTYpY) | Hagani 3anvwaroTbcs TBepavMu. TBepAauin craH
noniMepy HasmBaeTbCA TepmocTabinbHum. [Mpuknagom Tepmope-
aKTUBHUX MONiMepiB MOXYTb CNyrysatu teHonoopmanbierigHa,
rniranesa Ta iHWIi CMO/N.

MexaHiuHi BnacTMBoCTi nofimepiB (MILHICTb, MPYXXHICTb) 3anexarb
Bif, CTPYKTYpPU, (Pi3NYHOr0 CTaHy, TemnepaTtypu Towo. Monimepn mMoXyTb
3HAXOAUTMCA B TPbOX (DIBUYHUX CTaHaX: CKNONOAi6HOMY, BUCOKOENacTMy-
HOMY i B’A3KOTEKYYOMY:

* CKI0NOAI6HMIA CTaH XapaKTepu3yeTbCA TUM, LU0 aTOMW, AKi BXOAATb
[0 CKNafy MOJIEKYNIAPHOIO laHUIora, 34IACHPIOTH KONUBAbHI pyXxu
HaBKO/IO MONOXEHHSA piBHOBaru; pyx NaHUIOriB i nepemilleHHA
MaKpOMOEeKY Nl He Bif0yBaEThCH;

* BWCOKOENacTWYHUIA CTaH BIaCTMBUIA TiNbKKM BUCOKOMONiMepam i xa-
paKTepusyeTbCsA 3[AaTHICTIO MaTtepiany 40 BE/IMKUX 3BOPOTHUX 3MiH
hopMM NPU HEBENUKMUX HAaBaAHTAXEHHSAX (NaHLUOrM KOAUBAKTbCA |
MaKpoMOsieKyna HabyBae 3[4aTHOCTI 3rMHaTUCS);
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* B HA3KOTEKYyYMii CTaH Haragye pigkuii cTaH, ane Bifgpi3HAETbCA Bif
HbOTO JYXe BE/IMKOK B’A3KICTIO. 3i 3MiHOI Temnepatypu NiHiAHWIA
abo posranyXeHuit nosiMep MOXe MepenTun 3 O4HOro (Hi3NYHOro
CTaHy B iHLWWMWIA.

pachivuHa 3anexHicTb gedopmauii, WO PO3BMBAETLCA 3a MEBHMIA Yac

npu 3aaHOMy HanpyXeHHi, Bi4 Temnepatypu Ha3MBaeTbCA TeEpPMO-
MeXaHiYHOt KpuBot (puc. 8.2). Mpu TemnepaTypi HMXK4Ye /Kp nonimepun €
Kpuxkumu. TemnepaTypa /c Bignosigae Temnepatypi iX cknyBaHHA. oni-

Mepu 3 NPOCTOPOBOID CTPYKTYPOIO NepebyBatoTh TiNlbKU B CKNOMNOAIGHOMY

Puc. 8.2 £

TepmomeXaHiYHi KpuBi HekpucTaniyHoro ~

niHiiHoro (/), kpuctaniyHoro (2),
ApibHociTuacToro (3) monimepis
Akp et T BAMNOBAHO temnepatypu
KPUXKOTO PYiHyBaHHA, CKNyBaHHSA, KpucTanisauii,

noyaTky B'A3KOi Teuii Ta moyaTky XiMi4YHOro posknagy.
Ainsukn [ — 11l BignosigHo cknonogi6Horo, tK T x
BMCOKOENACTUYHOTO Ta B'A3KOTEKYYOro cTaHy Temnepatypa

cTaHi. [pibHociTyacTa CTPyKTypa [03BONASIE OTPMMYyBaTW MNoniMepn B
CKNONoAibHOMY i BMCOKOENacTUYHOMY CTaHaX. BucokoenacTUYHuiA cTaH
XapaKTepU3yeTbCA 3HAYHUMMW 3BOPOTHUMMK fedopmaliamu. Ha ginaHui,
Lo BigNOBiJAaEe LUbOMY CTaHy, PO3BMBAKOTHLCHA MPYXXHA i BUCOKOENacTUYHa
feopmadii. KpuctaniyHi nonimMepu npu TemnepaTypi HuKYe Temnepa-
Typu nnaefneHHa (Kpuctanisauii) /K e TBepgumun. Mobaunsy Touku fr, Kpim
NPYXHOT i BUCOKOENACTUUYHOT, BUHWUKAE TAKOX MNaacTuyHa fedopmawis.
Ona kpuctaniyHux nonimepis (nonietuneH, noniamig, nonietmneH —
TepedpTanat TOLWO) 3aNeXHICTb HaNpy>eHHs Bif fedopmalii BU3HA-
YyaeTbca TemnepaTtypot. 3i 3MIHOK TeMmnepaTtypyu XapakTep KpuBUX
3MIiHIOETLCA, | Npyn /</c BiH MOAIGHMIA [0 KPUBMX, XapaKTepHWUX Ans

CK/ionogibHux nosnimepis.
Yci nonimepu B TemnepaTypHomy iHTepBani IC— (T nepebyBalTb Yy

BMCOKOEaCTUYHOMY CTaHi.

TemnepaTypa /X BignoBigae XiMiYHOMY po3Knagy [ApibHOCITYACTOro
nonimepa (rymu).

CTapiHHa nonimepis. MMig cTapiHHAM noniMepHUX Matepianie po-
3yMil0OTb HE3BOPOTHY 3MiHY HalBaX/MBILLINX TEXHIYHUX XapaKTepPUCTUK,
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Wo BifbyBalOTLCA BHACNIAOK CKAaAHUX XiMIYHMX i (isMUHMUX npoLecis,
AKi pO3BMBAlOTLCA B MaTepiani npu ekcnayatayii i 36epiraHHi. Mpnu-
YMHaMMW CTapiHHA € CBIiTNO, TENNOTA, KNCEHb, 030H Ta iHWI HeMexXaHiuHi
YNHHMKK. CTapiHHSA NPUCKOPKETbCSA Mpu bGaratopasoBux getopmalisx.
MeHW iCTOTHO Ha CTapiHHA BNAMBAaE BoJiora. PO3pi3HAOTbL CTapiHHA
e TEMN/OBE, * CBITNIOBE, * 030HHE, * aTmocdepHe.

CyTb npouecy cTapiHHA MonimMepiB MoOnArae B CKAafHih naHLUOroBii
peakuii, AKa MNpOTiKae 3 YTBOPEHHAM BiNlbHUX pafuKanis Ta CynpoBOf-
XKYETbCA AecTpyKuieto (pyiHYyBaHHSM 3B’A3KIB MK aTOMamu Ta MOJeKy-
namu) i CTPYKTYpyBaHHAM MoniMepy. 3a3Buyali CTapiHHA € pe3ynbTaToMm
OKWUCMIEHHS NonimMmepy aTMOC(HEPHUM KUCHEM. FAKLLO NepeBaxKae AecTpyk-
Lig, TO nofimep pPO3M’AKWYETLCA | BUAINAOTLCA NETHOYI PEYOBUHM
(Hanpuknag, HaTypanbHUA Kayuyk).

Mpu cTpyKTypyBaHHI MiABULWYOTLCA TBEPAICTb, KPUXKICTb, CnocTe-
piraeTbcs BTpaTa enactuyHocTi. Mpu Temnepartypax 200...500 °C i suwe
BifOyBaETLCA TepMiuHe pPO3KafaHHSA OpraHiYHUX nonimepis, WO Cynpo-
BOXKYETbCA BMMApPOBYBaAHHAM NETIOUUX PEUOBMH.

MnacTMacym — Ue WTYYHi MaTepianu, AKi BUrOTOBNSAKOTbL HA OCHOBI
OpraHivyHMX nonimepHuUx peyvoBuH. Lii martepianu 3paTHi nNpu HarpiBaHHi
poO3M’AKLIYBaTUCA, CTaBaTh NAacTUYHUMU. ToAi Nifg TUCKOM M MOXHa
HajaTh 3agaHy ¢opmy, ska noTim 36epiracTbcs. 3anexHo Bif nNpupoam
3B’A3YOH0T PEYOBMHM Mepexig BigpopmoBaHOi mMacu B TBEpPAWIA cTaH
30IACHIOETbCA NpU  noganbwoMy i HarpiBaHHi abo OXONOAXKEHHI.
3B'A3yl04a peyoBMHa € O0OOB’A3KOBMM KOMMOHEHTOM njaacTtMmac. [Ana
6ifbLWIOCTI MacTMac AK 3B’A3yl04e BUKOPUCTOBYHOTb CUHTETUYHI CMOJIN,
pigwe — edipuentonosn. binblWicTe NnacTMac, roNOBHUM YMHOM TEPMO-
NNacTUYHi, CKNafalTbCA 3 OAHIET 3B’A3YHOYOT pevyoBUHM (Hanpuknag,
nonieTUNeH, opraHivyHe CKNo TOLLO).

Bax/MBUM KOMMOHEHTOM MAacTMac € HanoBHBAaY — MOPOLIKO-
NnogibHi, BONOKHWUCTI Ta PEYOBMHU OPraHivyHOro i HeopraHiyHoOro nNoxog-
XEeHHA. HanoBHIOBayi NigBULLYIOTb MeXaHiYHi BNacTUBOCTI, 3HUXYIOTb
ycagKy nNpu npecyBaHHi i gofatoTb MaTepiany BignoBigHMX cneyngiyHnx
BNacTMBOCTeW (Hanpuknag, PpPUKLiliHI, aHTUPPUKLIAHI).

[na nigBuLLeHHA NNacTUYHOCTI B HaniBgabpukaTt fgofaroTb nnacTudgi-
KaTopy (opraHiyHi peyoBMHM 3 BUCOKOK TeMMepaTypot KUMiHHA i
HU3bKOK TEMMepaTypolo 3aMep3aHHs), Hanpuknag OfIeTHOBY KUCMOTY,
cTeapuH, gnoytundTanaT Towo. Mnactudikatopn HagawTb njacTmacam
enacTUYHICTb, WO noferwye ix 06pobKy.

BnactmsBocTi mnacTmac 3anexartb Biff CKNafly OKPEMUX KOMMOHEHTIB,
IX NOEAHaHHA | KiNnbKiCHOro CcniBBI4HOWEHHSA, WO JaE MOXIUBICTb
3MIHIOBATW XapaKTepUCTUKKN MNiacTMac B LUMPOKUX Mexax.
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3aneXHo Big NpMpoAM 3B’A3YHOYOT PEYOBUHU MAacTMacu MnoginawThb
Ha TepmonnacTWyHi (TepMonaacTM) — Ha OCHOBI TepMOMAacTUUHUX
nonimepis, i TepMopeakTUBHI (peakTonmnacTu) — Ha OCHOBI Tepmope-
aKTUBHMX CMON. TepmMonnacTu 3py4yHi 418 nepepobku y BUpobU, JatoTb
He3HauyHy ycaaky npu dopmyBaHHi (1..3 %). MaTepian Bigpi3HSETbCS
BE/IMKOIO MPYXHICTIO | HE3HAYHOK KPUXKICTIO. TepMopeakTUBHI MNoni-
MepW MNicns TBEPAHEHHS | Nepexoay 3B’A3YKU0ro B TepMOCTabinbHUIA cTaH
KPUXKi, 4acTo fatoTb 3Ha4yHy ycagky (go 10...15 %) npu nepepobui, Tomy
[0 X cKnagy BBOASITb 3MiLLHIOKOYI HanoBHIOBauiI.

TepmonsacTuyHi naacTmacn. OCHOBY UMX NiactMac CKnafawTb
nonimepn NiHikHOT abo po3rany>eHoi CTPYKTYpW, Taki K MONIeTUMEH.
TepmonnacTMUHI NaacTMacu 3aCTOCOBYIOTb SIK MPO30pe OpraHiyHe CKIo,
BMCOKO- | HU3bKOYACTOTHI AieNeKTpUKN, XiMIYHO CTiliKi MaTepianu.

[etani, BUroToBneHi 3 TaKUX Mmartepianis, eKCnnyaTyrTbhCsa B 0OMexe-
HOMy iHTepBani Temnepatyp. [lpu HarpiBaHHi A0 TemnepaTtyp Bulle
60...70 °C MOYMHAETLCA Pi3Ke 3HMKEHHA (Pi3UKO-MEXAHIYHUX BNacTUBO-
CTeil nnacTmacu, xo4va 6inblW TeNAOCTIKI naacTMacu MOXYTb BUKOPUCTO-
ByBaTucs npu 150...250 °C. TepMOCTIliKi NOAIMEPUN 3 XKOPCTKUMU NaHL -
ramm i UMKNiYHOW CTPYKTYypoto cTiliki go 400...600 °C.

MonieTuneH — NPOAYKT noniMepusauii eTUAeHy, € XiMIYHO CTIAKUM.
Henonikom Moro € cXxunibHIicTb 40 CTapiHHA. [na 3axucTy Bif CTapiHHS B
nonieTuieH BBOAATL cTabinizatopu Ta iHribitopm (2 — 3 % caxi ynoBifb-
HIOKOTb Npouecn ctapiHHA y 30 pasig).

MonieTmneH BMKOPUCTOBYKOTb ANS BUTFOTOBNEHHA NMTUX Tpy6 i npeco-
BaHWX HECUNOBMX fAeTanei (Hanpuknag, BeHTUNI, KOHTeliHepu), nonieTun-
NEHOBUX MAIBOK ANS i301AUiT poTy i Kabenis, 4oXNiB, CKNIHHA MNapHUKIB,
06nMuUOBaHHA BogomuLy,. Kpim TOro, nonieTuneH BUKOPUCTOBYHOTH SIK
NMOKPUTTA Ha MeTanax [Aas 3axucty Bif KOpPO3ii, BONOru, eNeKTPUYHOro
CTpyMy TOLLO.

MoninponineH € NOXiAHUM eTuneHy. Lle >KOPCTKUIA HETOKCUYHUIA
maTepian 3 BUCOKMMMW (Pi3NKO-MexXaHiYHUMW BNACTUBOCTAMU. Y MopiB-
HAHHI 3 MonieTUNeHOM Leil mnacTuk 6inblw TennocTiknuii — 36epirae
thopmy ao Temnepatypu 150 °C. MoninponineHoBi NAiBKWM MiUHi i 6inbLu
ra3OHENPOHUKHI, HIX MONIeTU/IEHOBI, a BONOKHA €1aCTUYHi, MilHi |
XiMi4HO cTiliki. Hegonikom nponineHy e /ioro HeBMCOKa MOPO30CTIMKiCTb
(o —10...—20 °C). MoninponineH BMKOPWUCTOBYIOTb ANf BUTOTOBNEHHA
TPpy6, KOHCTPYKUIR i geTaneii aBTOMO6INIiB, MOTOLUMKAIB, XON04U/bHUKIB,
KOpPMyCiB HacocCiB, Pi3HUX EMHOCTER TOLLO.

MonicTupon — TBEpAWA, MiLHWIA, NPO30puKiA, amophHUI nonimep. 3a
LieNeKTPUYHUMUN XapaKTepucTnKamm 6A13bKNiA 0 NoaieTUNEHY, 3pYUHUN
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AN MexaHiyHoT 06pob6ku, pobpe 3abapentoetbecs. [lonicTupon pos-
YMHAETLCA B HEMONAPHUX PO3YMHHUKAX (Hanpuknag, 6eH30ni), BogHOYAC
BiH XiMIiYHO CTIiKWIA [O KWCNOT i NyriB; HEPO3UMHHMWII B cnupTax, GeH-
3UHI, macnax, Bogi. Heponikom nonicTMpony € 1Oro HeBuMcOoKa Tenno-
CTINKICTb, CXU/bHICTb A0 CTapiHHA Ta YTBOPEHHA TPILLMH.

Y papocTiikuin nonictupon mae y 3..5 pasiB 6inblly MiLHICTb Ha yaap
i y 10 pasiB 6inblue BifHOCHE BWAOBXEHHS MOPIBHAHO 3i 3BUYAHWM
noficTMPoaoM. 3 MONICTUPONY BUTOTOBAAKTL AeTani ANd pafioTexHiku,
feTani MaWwuH i MexaHi3mMiB, EMKOCTI 415 BOAM i XiMiKaTiB, NAiBKW, TPyou
TOLWO.

dToponnacT — TepMiYyHO i XiMiYHO cTilikniAi maTepian. OCHOBHUM
npeicTaBHUKOM MoOJMiMepiB, WO MICTATbL (Top, € noniropetmneH. Ha-'
rpisaHHs go 250 °C He BMAMBAaEe Ha Oro MexaHiyHi BAacTMBOCTI, TOMY
BMKOPWUCTOBYBATU (hTOPONAACT MOXHa A0 Liel TemnepaTypu. PyiiHyBaHHA
maTepiany Big6yBaeTbCA Mpu Temnepatypi Buwe 415 °C. TemnepaTypa
CK/lyBaHHA CTaHOBUTL —120 °C, ane HaBiTb MpU JyXe HU3bKUX TeMnepa-
Typax (3o —260 °C) mnacTuMkK He OKpux4yeTbcsi. PTOpONNAcT CTiliKniA o
OiT PO3YMHHMWKIB, KWCNOT, NyriB, OKucnwBadiB. Lle Halibinblw BUCOKO-
AKICHMIA pAieneKTpUK i AOro fienekTpuM4yHi BNAacTMBOCTI B LLUUMPOKOMY
[iana3oHi Temnepatyp Maike He 3MIiHKIOTbCA. PTOpONAacT Mae Ayxe
HU3bKWIA KoegiuieHT TepTa (/= 0,04), aknin 36epiraeTbCca fo TemMnepaTypu
327 °C.

dToponnacT 3aCcTOCOBYKTb MPWM BUFOTOBMEHHI Tpy6 ANa Ximikaris,
pfetaneit (BeHTWAI, KpaHW, Hacocu, memb6paHn), YLLiNbHIOKYUX NPOKNa-
[0OK, MaHXeT, CUNb(OHIB, eNeKTPopafioTeXHIYHUX AeTaneid, aHTU(PUK-
WiHMX NOKPUTTIB Ha MeTanax (MiAWWMHWUKN, BTYAKHK).

OpraHiyHe cKNo — Ue Npo3opuin aMopthHMIA TepmonaacT Ha OCHOBI
CKNagHoro egipy akpunoBoi i MeTaKpMIoBOT KMCNoT. Matepian y ABa pasu

nerwunii 3a MiHepanbHe ckno (p = 1,18 r/cm3), Bigpi3HAETHCA BUCOKOHO
aTMOC(EPHOI CTINKICTHO, ONTMYHO Npo3opuin (ceiTnonpo3opicTb 92 %),
nponyckae 75 % ynbTpadioneToBUX MPOMeHiB (CuMnikaTHe CKAO nponyc-
Kae 0,5 %). Mpu 80 °C opraHiyHe CKM0 NMOYMHAE PO3M’AKLIYBATUCA, NPU
105... 150 °C 3’ABNAETbCA NNACTUYHICTb, WO A03BONSE (DOPMYBATM 3 HBOIO
pi3Hi geTani.

HeponikoM opraHiyHoro ckfa € HeBUCOKAa MOBEpPXHEBa TBEPAICTb.
OpraHiyHe CKNO BUKOPWUCTOBYKOTbL B NiTako- i aBTOMO6inebynysaHHi. 3
OpraHivyHOro ckna BUTOTOBMAKTL CBITNOTEXHIYHI AeTani, ONTUYHI NiH3K
ToLO.

BiHinnacT — HennacTudikoBaHWA TBepAuMin noniBininxnopug. BiHi-
nnactTu MakTb BMCOKY MeXaHiYHYy MILHICTb i NMPYXHicTb. 3 HbOr0 BUIO-
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TOBNATbL TPyO6U AN nofadvi arpecuBHWUX rasiB, piguH i BOAW, 3aXUCHI
NOKPUTTA ANA eNeKTPONpPOBOAKWU, AeTani BEHTUAALIAHMX YCTaHOBOK,
TEMIOOOMIHHMKIB, 3aXUCHI MOKPUTTA ANA MeTaneBMx €MHOCTeN, 6ygi-
Be/NbHI 06/1MUbOBYBaNbHI NANTKW. Kpim TOro, BiHiNAacTomM 061MLbOBYHOTb
ranbBaHiyHi BaHHW. HepgoniikaMu UbOro matepiany € HWU3bKa MILHICTb i
po6oya Temnepatypa nig HaBaHTaxeHHsM (60...70 °C), Benukuii koedi-
LIEHT MIHIAHOTO pO3WMPEHHS, KPUXKICTb MPU HU3bKMX TemnepaTypax
(*kp=- KO °C, /r=90...95 °C).

TepMopeakTuBHI nnacTMacu. B uumx nnactmacax $K 3B’A3ywoudi
PEYOBMHWN 3aCTOCOBYIOTb TEPMOPEAKTUBHI CMOMN, A0 SAKUX iHOAI BBOAATH
nnactugikaTopu, npuckoproBadi abo ynoBinbHIOBaYi Ta PO3YUHHUKM.
OCHOBHMMM BMMOraMu A0 3B’A3YHUMUX PEYOBUH € BMCOKA 3A4aTHICTb [0
CKnetoBaHHA (aaresid), BWCOKa TenAOCTIAKICTb, XiMi4YHa CTIAKICTb |
eNeKTPOoi30NaLiiHI BNAaCTMBOCTI, NPOCTOTA TEXHOMOTNIYHOT MepepobKu, He-
3HayHa ycajka i BifjCyTHICTb TOKCMYHOCTI.

Ona  BupobGHMUTBA nnacTMac LWWPOKO BUKOPUCTOBYHOTb (eHON-
thopmanbgerigHi, KpemHiiopraHiyHi, emoKCMAHI CMONM Ta PisHi X
moaudikauii. BinblWw BMCOKOK ajresietd 40 HanoBHKOBaya BOMOLIOTb
enoKCMAHI 3B’A3yIO4i PeYOBWMHU, AKi [03BONAIOTbL OTPUMYBATU apMOBaHi
MNacTUKNW 3 BWUCOKOK MeXaHiYHOK MilHicTio. TennocTiilKicTb CKo-
MNacTUKiB MpU TpMBaANOMY HarpiBaHHi CTaHOBWUTb: Ha KpPeMHiopraHiy-
HOMY 3B’A3ytouoMy Big 260 fo 370 °C, Ha (eHongopmanbaerifHomy —
fo 260 °C, Ha enokcugHoMy — po 200 °C i Ha noniamigHOMYy 3B’A3Yi0-
yomy 280...350 °C.

BaxnMBo0 BMAacTUBICTIO €MOKCMAHUX CMOA € 3faTHICTb iX Ao
TBEPAIHHA He TifbKU Mpu NigBUWLLEHINA, ane i Npu KiMHaTHIA TemnepaTy-
pax 6e3 BUAiNeHHA NOGIYHUX NPOAYKTIB 3 MiHIManbHOM ycafkoto. Lie aae
3MOry BUTOTOBASATU 3 HUX BeNMKOrabapuTHi BUpooMU.

CK/NOBONOKHITU — Le MaTepianu, WO CKNafatlTbCsA 3i 3B’A3yH0HOro —
CMHTETUYHOT CMOJIX | CKNOBOMOKHUCTOrO HamnosHiBaya. CKJ/IOBOJIOKHO
OTPUMYIOTb NPOAABMKOBAHHAM PO3M/aBNeHOT CKAOMAacu Kpisb inbepu
(oTBOPU Yy AHULWI eneKkTponeyi). AK HaNOBHIOBaY 3aCTOCOBYIOTb CyLiNbHE
abo KOpPOTKe BOJ/IOKHO.

BnacTuBOCTI CKN0OBOJIOKHA 3a/exaTb TaKOX Bif BMICTY B HbOMY Nyry.
[lo TepMOTPUBKMX BIifiHOCATHCHA KBapLeBe, KPEMHe3eMHe, antomMocuni-
katHe (/mn= 1650...1700 °C) BosiokHa. CKNOBO/IOKHO He ropuTb, XiMiYHO
CTillKe, a TaKOX CTilike 80 AiT ynbTpagioNneToBnX MpPOMeHIB.

MexaHi4YHi BNacTMBOCTI CK/I0BO/IOKHA [03BO/IAKOTL NPecyBaTh 3 HbOro
feTani cknagHoi (hopmMu 3 MeTaneBol apmaTtypoto. Martepian mae i30-
TPOMHI XapaKTepUCTUKM MILHOCTI, HabaraTo BuWLLi, HiXX y NMPecnopoLuKiB
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i BOSIOKHWUTIB. 3aCTOCOBYIOTb iX A1 BUIOTOB/IEHHA CUNOBUX ENIEKTPO-
TEXHIYHUX feTanein, getanein B mMalwMHOOyAyBaHHI, AN BenNuKorabaput-
HUX BWUPOOIB MpocToi opmy (Ky30BM aBTOMALUWH, 4YOBHIB, KOpMycw
npunagis TowWwo).

FeTuWHakC OTPUMYIOTb Ha OCHOBI MOAUMIKOBAHUX (EeHONbHUX,
aHiniHotopManbAerigHuX, KapoomMigHUX CMON i pi3HMX COpTiB nanepy. 3a
NpU3HAUYEHHAM TFeTUHAKC MOAINATb Ha €NeKTPOTEXHIYHUA (Ans naHe-
NeR, WHTKIB) i AeKOPAaTUBHUIA, AKUIA MOXE MATK Pi3Hi KONbOPWU | TEKCTYpY
(imitye nopoan fepesa). MNnacTMK MOXHa 3acTOCOBYBaTW MpW Temnepa-
Typi 120...140 °C. BiH cTiiknin go Aii ximikaTtiB, pO34YMHHUKIB, Xap4yOBUX
MPOAYKTIB; BUKOPUCTOBYETHLCH A1 BHYTPILHbLOI0 0611MLb0BYBaHHA naca-
XUPCbKNX CaNOHIB NiTaKiB, 3aMi3HNYHNX BaroHis, KalT CyAeH, y BUTOTOB-
NeHHi mebni..

TekcTONT (3B’A3yl04e — TEpPMOpPEaKTUBHI CMO/W, HANoOBHOBay —
6aBOBHAHI TKaHUHK). Cepef wapyBaTUX MAACTUKIB TEKCTONIT HaibinbLu
30aTHWIA NornuHatTk Bi6GpauiliHi HaBaHTAXEHHS, YNHUTKU OMip PO3KOI0-
BaHHIO. 3afieXXHO Big NPU3HAYEHHSA TEeKCTOMITM MOAINAITb Ha KOH-
cTpykuiini (MTK, NT, NTM), enekTpoTexHiuHi, rpagiTn3oBaHi, rHyuKi,
NPOKNagoUYHi. TeKCTOMIT AK KOHCTPYKLiNHWIA MaTepian 3aCTOCOBYETbCS
Ans 3ybyacTux Kofic, AKi npaulooTbh 6e3lWyMHO MpM 4acToTi obepTaHHA
40 30 000 06/xB. [OBroBiYHIiCTb TEKCTONITOBMUX BKNAAMLWIB MigLLINNHUKIB
y 10...15 pasiB goBlwa 3a 6poH30Bi. MpoTe poboua TemnepaTypa TEKCTO-
nitoBux nigwunnHukis Heesucoka (80..90 °C). BoHWM 3acTOCOBYHTbHCA B
NMPOKaTHUX CTaHax, BigLEeHTPOBMUX Hacocax, TypbiHax ToLLO.

A3boTekcTONIT MicTUTL 38...43 % 3B’A3YIOYOT PeYOBUHU, pewTa —
asbectoBa TKaHMHA. A360TEKCTONMIT € KOHCTPYKUIAHUM, DPUKLIAHUM i
TEPMOIi30NsLinHMM MaTepianom. Haiibinbwy TennocTilKiCTb Mae mare-
pian Ha KpeMmHiopraHiyHoMmy 3B’a3ytouomy (300 °C). 3 a3boTekCTONiTy
BMIOTOBNAKTL NOMATKN poTayiiHMX 6eH30HAcocCiB, PUKLUIAHI LUCKW,
ranbMiBHi Konogku (6e3 3maleHHs KoedyiyieHT Tepts /= 0,3...0,38, 3
mactunom /= 0,05...0,07 ).

A360TEKCTONIT KOPOTKOYACHO BUTPUMYE BUCOKI TemnepaTypu Ta 3a-
CTOCOBYETbLCA AK TEN03axXWCHWIA i Tennoi3onauiiHuii maTepian (npota-
rom 1..4 rog sutpumye Temnepatypy 250...500 °C i KopoTKo4yacHo — 6ind
3000 °C).

CKknoTekcTOniT Ha (heHondopmanbierigHoOMy 3B’A3YHOHOMY Hepfo-
CTaTHbLO BibpayiNnHO-MiLHWIA, ane MOPIBHAHO 3i 3BMYANHWUM TEKCTONITOM
BiH 6inbly TennocCTiikKMIA | Mae Kpawii enekpoi3onsAuiiHi BAacTMBOCTI.
CK/NOTEKCTONITU Ha OCHOBI KpeMHiopraHiyunx cmon (CTK, CK-9¢,
CK-9A) mMalTb BIiHOCHO HEBUCOKY MexaHiYHy MiLHicTb, ane Bigpis-
HSATbHCS BUCOKOK TEM/0- | MOPO30OCTIMKICTHO, CTIiliKi O OKMCOBaYiB Ta

202



asa 8
HemeTanesi KOHCTPYKLiiiHi MaTepianu

iHWWX XIMIYHO aKTUBHMUX peareHTiB, He BUK/IUKalOTb KOPO3ii MeTanis.
EnokcugHi 3B’a3ytoui (3-8, 3[-10) 3abe3neuytoTb CKAOTEKCTONITaM
BMCOKi MeXaHiuHi Bl1acTUBOCTI, L0 fae 3MOry BUTOTOBAATU 3 HUX BESIMKO-
rabaputHi getani. CKNOTEKCTONITU HA OCHOBI HEHacMYeHUX nosiedipHUX
cmon (MH-1) TakoX He NOTPebYyHTb BMCOKOro TUCKY MPW MpecyBaHHI i
3aCTOCOBYHOTbCS 415 BUTOTOB/IEHHS BeMKOrabaputHUX geTanei.

CknonnacTMKM MOXYTb MpautoBatu TpuBanuii yac npu 200...400 °C,
OfHAK KOPOTKOYAaCHO — MPOTArOM KiflbKOX AEeCATKIB CEeKYHL — CKJO-
NNacTUKM BUTPUMYIOTb KiflbKa TUCAY rpagyciB. 3a fil BUCOKMX Temnepa-
TYp NOBEpPXHEBi lWapu MaTepiany BuropawTb. TenaonpoBiAHICTb Mnaac-
TWUKIiB Yy COTHI pa3iB MeHLla 3a MeTa/ii, TOMY 3a KOPOTKOYACHOT AiT BUCOKOT
Temnepatypu BHYTpiWHI wapn maTepiany HarpisaoTbcd fo 200...350 °C i
36epiratoTb MiLHICTb.

CKNonnacTuKM € KOHCTPYKLUIiHUM MaTepianom, KWl BUKOPUCTOBY-
I0Tb ANS CWA0BMX BUPO6IB Yy PI3HUX ranyssx TexXHiku (Hecydi pgetani
NiTakiB, Ky30BM i KabiHW aBTOMOGINIB, aBTOLMCTEPHMU, 3aNi3HUYHI BaroHu,
Kopnycu cygeH). 3i CKNoONnacTWKiB BUTOTOBAAKTbH KOPMyCU MaLUWH,
KOXYXW, 3aXUCHI OropoXi, BEHTUAALIAHI TPy6u, 6a4Kn, PYKOATKU, KOH-
TeilHepu Towo.

§8.2

MymoBi MmaTepiann

F'ymMOH0 Ha3MBAETLCA MPOAYKT XiMIYHOro NepeTBopeHHs (By/KaHi3auir)
CYMilli Kay4yKy Ta Cipku 3 pisHMMM fob6aBkaMmu. Mpu BUTOTOBNEHHI TyMu
Ta rymoBuMx BMpOG6IB CnoYaTKy OTPUMYKOTb CUMPY Tymy (Cymil ycCix uUmx
peyoBMH), Micnsa 4oro NpoBOAATb BynKaHi3auito npu 145...150 °C. Mpwu
BY/IKaHi3auil 3MIHIOETbCA MONEKYNApHA CTPYKTypa nonimepy (yTBO-
PIOETLCS MPOCTOpPOBA CiTKa), WO MPMBOAUTL A0 3MiHW #oro isnko-
MEeXaHiYHMX BAACTMBOCTEN: Pi3KO 3poCTae MILUHICTb Ha po3Tar i
€NacTUYHICTb KayuyKy, a MAacTUYHICTb MalKe MOBHICTIO 3HWKAE
(Hanpuknapg, HaTypanbHuiA Kayyyk Mae aB= 1,0..1,5 MMa, nicns
BynkKaHisayii o= 35 MIMa). Kpim Toro, 36inbluyeTbca TBepAicTb Ta onip
3HOLUYBaHHIO.

M'yma AK TexHiYHWi MaTepian Bifpi3HAETbCA Bif iHWWUX MaTepianis
BMCOKOIO €NaCTUYHICTIO, IKa BNacTvBa KayuyyKy — ro/I0BHOMY BUXifJHOMY
KOMMNOHEHTOBI rymn. BoHa 3aaTHa [0 [AyXe 3HauyHuX Aedopmauii
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(BigHOCHe BMAOBXeHHA nepesuwye 1000 %), AKi Maiike NOBHICTIO 3BO-
poTHi. [Tlpu KiMHaTHIlA TemnepaTypi ryma nepebyBae Yy BWCOKO-
enacTuyHomy cTaHi. I enacTuyYHi BNacTMBOCTI 36epiraloThbCs B LUIMPOKOMY
fiana3oHi TemnepaTyp. OCO6MUBICTIO TyMU K TEXHIYHOro Mmartepiany €
penakcauiiHuii xapaktep getopmauii. Mpu KiMHaTHIA TemnepaTtypi 4ac
penakcauii moxe ctaHOBUTKU 4...10 ¢ i 6inbLue.

[HA TrymMOoBMX BUPO6GIB XapaKTepHi BMCOKa CTIAKICTb A0 CTUpaHHS,
raso- i BOJOHEMPOHMKHICTb, XiMiYHA CTIilKICTb, €NeKTPOI30NALiHI
BMAaCTMBOCTI Ta HE3HauyHa MMTOMa Bara.

CyKyMNHICTb TEXHIYHMX BMacTUBOCTel FyMOBMX MaTepianis gae 3mory
3acTocoByBaTM iX Ana amopTm3auii Ta gemndipyBaHHS, YW iNbHEHHS i
repmeTusalii B ymoBax MOBITPAHUX i piaKnX cepefoBuLy, XiMi4HOTO
3aXUCTy fAeTaneid mawuH, TpybonpoBOAiB, LWNAHTIB, A8 MOKPULWIOK i
Kamep Konic niTakiB Ta aBTOTpPaHCMOPTY Tow,o. HomeHknaTypa rymoBuX
BMpO6iIB Haniuye noHag 40 000 HaliMeHyBaHb.

3a MpM3Ha4YeHHAM y MaWwuWHOOYyAyBaHHI FyMOBI AeTani NoginAwTb Ha
Taki rpynu:

* Yyl inbH0OBaYi;

* Bibpo- Ta 3ByKoi3onATOpM;

* NPOTUYLApPHI;

e CWMOBi (WecTepHi, Kopnycu HacociB, My(pTu, WapHipun);

e AHTUGPUKUITHI;

* (puKUiliHI geTani Ta IHCTPYMEHTK;

* HEecWoBi Ta 3axXUCHI;

e [EeKopaTMBHi.

Cknag i knacugpikauist rym. OCHOBOK TyMu Cnyrye HaTypanbHuin (HK)
abo cuHTeTudHnin (CK) Kayuyk, SIKUA BM3HA4Yae OCHOBHI BMAacTUBOCTI
rymoBoro matepiany. [Ans nokpaweHHs ®i3MKo-MeXaHiYHMX BAacTu-
BOCTEN A0 Kay4yyKy [OAar0Tb pi3Hi f06aBKM.

BynkaHisytoui pevoBuHu (areHTn). HalivacTiwe $SK BYy/KaHi3youi
PEeYOBUHW 3aCTOCOBYHOTb CIpPKY i CeneH, iHogi — nepekucu. Ons rymu
eNeKTPOTEXHIYHOIO NPU3HAYEHHS 3aMiCTb €/leMeHTapHOT cipku (ska
B3aEMOJI€ 3 Mifi[j}0) 3aCTOCOBYOTb OpraHiyHi CipuncTi CNoNykKn — Tiypam.

AHTMWOKCMAAHTU — PEYOBUHM, WO CNOBINLHIOWTL MPOLEC CTapiHHA
rYMU, SKUA NPU3BOAMTL L0 NOTipLWeHHs T eKcniyaTalintHuX BnacTuMBoC-
Teil. s UbOro BUKOPUCTOBYHOTh MapadiH Ta BiCK, AKi yTBOPIOIOTL MOBep-
XHeBi 3aXUCHI NNiBKW.

MnacTudikaTopn (PO3M’AKLWYBaYi) NOMErWYOTL NepepobKy rymoBoi
CYMiLLi, 36iNbWYIOTb eacTUYHI BNACTUBOCTI Kayyyky, MiABULYIOTb MO-
PO30CTIKICTL TymMu. K po3M’aKwWyBa4vi Yy rymy BBOAATb MapadiH,
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Ba3e/liH, CTEAPUHOBY KUCNOTY, GiTyMuW, anbyTundTanaTt, poCAUHHI Onil.
KinbkicTb po3m’akwyBsayiB cTaHOBUTb 10..30 % Bif Macu Kayuyky.

HanosHioBayi 3a BMAMBOM Ha KayuyyK MoOAiNf0Tb Ha aKTUBHI (Mig-
CUNIOIOYI) Ta HeakTUBHI (iHepTHI). AKTMBHI HanoBHtBaYi (Byrneuesa Ta
6ina caxa, KpemHieBa KWCNOTa, OKCWUA UWMHKY @ iHWI) MigBuLyoTb
MeXaHi4yHi BNacTMBOCTI TyM: MILHICTb, ONip CTUPAHHIO, TBePAiCTb.
HeakTuBHI HanoBHOBaui (Kpeiga, TanbK, 6apnT) BBOASTLCS ANA 3A€LUEB-
NIeHHA BapTOCTi Tymu.

Puc. 8.3

3anexHictb TNy oTpumMaHoi
ryMW Bif, KiflbKOCTi CipKu:

1— ryma; 2 — HaniBeboHiT; 3 — eG6OoHIT

YacTo [0 cKnagy rymoBOT CyMmilli BBOAATb MPOAYKT NepepobKu cTapmx
rymoBmx BMpPOGIiB i BigxoAdiB rymoBoro Bmpo6bHuuTtBa (pereHepat). Kpim
3HWKEHHA BapTOCTi, pereHepaTr NiABUILYE AKICTb TyMU, 3HWXYKOUU i
CXWNBHICTb A0 CTapiHHA.

BapBHWKM MiHepanbHi abo opraHivyHi BBOAATb ANs 3abapBNEHHS TyM.
Lesaki dapbytoui peyoBuHu (6ini, >KOBTI, 3efieHi) NOrNWHaKOTb KOPOT-
KOXBUW/IbOBY YaCTMHY COHAYHOrO CMekTpa i UMM 3axulialoTb Fymy Bij
CBITNOBOr0 CTapiHHA.

OCHOBHMM KOMMOHEHTOM TyMW KpiM KayuyKy € cipka. 3anexHo Bif
KiNbKOCTi CipKW, WO BBOAWUTLCA B Fymy, OAepXYHOTb Pi3HY 4HacTOTY CiTKu
nonimepy. Mpwu BBefeHHi 1..5 % cipku yTBOPHOETLCA pifKa ciTka i ryma
BUXOLWTb BMCOKOENACTUYHOK, M’AKOH. 3i 36inbLIEHHAM MNPOLEHTHOrO
BMICTY CipKW ciTyacTa CTPYKTypa CTae BCe LW ifibHIWO, a ryma — 6inbL
TBEpAOt0. [pn MakKcumanbHO MOXnuMBomy (30 %) HaCUUYeHHi Kayuyky
CIPKOK YTBOPHETLCA TBEPAWIA MaTepian, L0 Mae Ha3By e6OHIT. 3anex-
HiCTb TMNY OTPMMaHOT FYMU Bif KifIbKOCTI CipkyM HaBefeHa Ha puc. 8.3.

F'ymn 3aranbHOro mpusHaveHHs. [0 TakMx rym BigHOCATb BYAKaHizaTu
HenoNAPHOro Kayuyyky — HaTypanbHuii kayyyk (HK), cuHTeTu4Hun Ka-
yuyk O6yTagieHoBuii (CKB), 6yTagieH-cTuponbHuii  Kayuyk (CKC),
CUHTETUYHNIA Kayudyk izonpeHoBuin (CKIN).

HaTypansbHuii kayuyk (HK) € nonimepom i3onpeHy (C5H8W Pos-

UMNHAETLCA BiH Y XXUPHUX | apOMaTUYHUX PO3YMHHMKaxX (6eH3MHI, 6eH-
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3071, Xxnopodopmi, CipKOBYreLi TOLW0), YTBOPHOOUYN B’A3KI PO3UYMHU, LIO
BMKOPUCTOBYOTb AK Knei. Mpu HarpiBaHHi Buwe 80... 100 °C Kay4dyk cTae
nnactuyHum i npm 200 °C noumHae posknagatucs. MNMpu —70 °C HK cTae
KpUXKuUM. Ans otpumaHHA rymm HK ByNKaHi3ylTb cipkot. 'ymm Ha
ocHoBi HK Bigpi3HAIOTLCA BUCOKOK €NacTUYHICTIO, MILHICTIO, BOAO- i
ra3oHENPOHUKHICTH, BUCOKUMU €1eKTPOI30NALIAHUMMN BNACTUBOCTSAMM.

CuHTeTuYHUin Kayuyk 6yTagieHosuii (CKB) oTpumMyloTb 3a MeTofoM
Ne6enesa. ®opmyna nonibyTagieHy (CA4HG)I Le HekpucTanivyHuii Kayuyk,
L0 Ma€ HM3bKY MEXY MILHOCTI Npu po3TAryBaHHi. B rymy Ha oro ocHoBi
HeoOXigHO BBOAMTW MNOCWUMIOIOYI HaMOBHIOBaYi (Caxy, OKCUA, LUHK
Ta iHWi). Mopo3ocTiikicTte CKB HeBucoka (- 40... - 45 °C). Po3byxae BiH
Yy TUX e pPO34MHHUKaxX, wWwo i HK.

ByTagieH-cTuponbHnii kayuyk (CKC) oTpumyloTb Npu cnifbHiin noni-
mepusauii 6ytagieHy (C4H6) i ctupony (CH2=CH — C6H5). 3 Takoro
KayyykKy OTpPUMYIOTb TYyMW 3 BUCOKUM OMOPOM CTapiHHIO, AKi fobpe
npayloloTh B yMOBax LUKNIYHUX gethopMaliii. 3a rasoHEeNnpPOHUKHICTIO i
[ieleKTPUYHUMU BNacTMBOCTAMM BOHM PiBHOLIHHI rymam Ha ocHoBi HK.
Kayuyk CKC-10 MOxHa BMKOPWUCTOBYBATW nNpu  Temnepartypax
- 74...- 77 °C.

CuHTeTUYHMA Kayuyk i3onpeHosuii (CKW)— ue npoayKT nonimepu-
3auii isonpeHy C5H8. OTpumaHHA CKW cTano MOXNMBUM Yy 3B’A3KY 3
BMKOPWUCTAHHAM HOBWX BUAIB KatanisaTopis (Hanpuknag, nitito). 3a 6y-
[0BOI0, XiMIYHUMM i (hi3nKo-mexaHiyHMMKU BnactusocTamm CKWN 61u3b-
KW 00 HaTypa/iibHOro Kayuyky.

FymMu 3aranbHOro NpU3HavYeHHs MOXYTb MpalioBaTW B CepefoBULLi
BOAW, MNOBITPS, HEKOHHEHTPOBAHWUX PO3YMHIB KWUCAOT i nyris. IHTepBan
pobouynx Temnepatyp CTaHOBWUTbL Bif - 35...-50 go 80...130 °C. 3 Takmx
r'ym BUTOTOBAAKOTb WWHW, Macu, LWNAHTW, TPAHCMOPTEPHi CTpivku, i3o-
nAuito Kabenis, pi3Hi ryMoTexHiyHi BMpooU.

AK | nnacTmacu, rymMyM CXWibHi A0 NpoOUECY CTapiHHA, fKe cnocTe-
piraeTbCcs nNpu 36epiraHHi Ta ekcnayaTayii rymoBux Bupo6iB nig BNANBOM
CBiTNna, Tenna, KMCHI0 Ta 030HY. CTapiHHA MO-pi3HOMY MO3HA4YaeTbCA Ha
MeXaHiIYHUX BNacTUBOCTAX FyMm. TemnepaTypa i TpMBanicTb CTapiHHA 3BU-
YyaliHO 3YMOB/IOIOTb 3HMXXEHHA MILHOCTI Ta MigBMLLEHHS TBEPAOCTI pi3-
HUX TYM.

F'ymu cnewia.Wworo npusHayeHHs. Taki rymmn nNoAiNs0Tb Ha: MacnobeH-
30CTIiliKi, TENNOCTIiNKi, CBITN0030HOCTIlKi, 3HOCOCTIiliKi, €NEeKTPOTEXHIYUHI,
CTiViKi [0 rigpaBAiYHUX PiguH.

Macno6eH30CTiliKi r'ymy OTPMMYHOTb Ha OCHOBI Kay4yKy X/10pOMpeHO-
BOro (Haiput), 6yTafieH-HITPUABHOIO Ta'TioKoNy.

HaipuT € xnoponpeHoBUM KayyykoM. BynkaHizauisa mMoxe nposoju-
THUCA TepMO06pPO6KOID, HaBiTL 6e3 CipKM, OCKINbKKU Nif Aico TemnepaTypu

206



masa 8
HemeTanesi KOHCTpyKLiliHI MaTepianu

KayuyyK MepexofuTb B TepMOCTabifibHUA cTaH. Fymu Ha OCHOBI HaipuTy
MalTb BUCOKY eNacTUYHICTb, BiOPOCTIlKICTb, O030HOCTINKICTb. BOHM
CTiViKi fo Ail nmanuBa i MacTw, YMHATL OMip TEN/0OBOMY CTapiHHIO.

3a TepmoCTIiKicTIO | MOpo3ocTiiiKicTo (- 35...- 40 °C) BOHM nocTyna-
toTeca K HK, Tak i CK.

ByTagieH-HiTpunbHuii kayyyk (CKH) — ue npogykT cninbHOi
nonimepu3sauii 6yTafieHy 3 HITPUNIOM aKpPUIOBOT KUCIOTHU.

BynkaHisytoTe CKH 3a gonomoroto cipku. F'ymu Ha ocHoBi CKH
MaKTb BUCOKY MiuHicTh (cn=0,34 MTIla), CNIPOMOXHi YNHUTK ONip CTU-

paHHI0, ane 3a eflaCTUYHICTIO MOCTYNalThCA rymam Ha ocHosi HK, maloTb
BMCOKY CTIMKICTb LLOAO CTapiHHS Ta A1 po36aBNeHUX KWUCAOT i fyri..

Macno6eH30CTiiiKi TyMy MpawutooTb B CEpefoBULLLI GEH3MHY, nanuea,
mMacTun B iHTepBani Temnepatyp Big - 30... - 50 °C go 100... 130 °C. 'ymu
Ha ocHoBi CKH 3acTocoBYyOTb AN BUPOOHULTBA MaciB, TPAaHCNOPTEPHUX
CTPIYOK, MeTanopykasiB, MacnobeH30CTiKMX TymoBux getanein (yuiinb-
HIOOYI NMPOKNAaAKU, MaHXeTu TOLLO).

MexaHiuHi BNacTUBOCTI T'YMW Ha OCHOBI TiOKONy HeBMCOKi. EnacTuu-
HiCTb rym 36epiraetbcs npu Temnepatypi - 40... - 60 °C. TennocTilKiCTb
He nepesuuye 60...70 °C.

MoOpO30CTiiKNMM € TYMWU Ha OCHOBI Kayuyyky, WO MalTb HU3bKI
TemnepaTypu cknyBaHHf. Hanpuknag, rymm Ha ocHoBi CKC MOXyTb
npautoBaTu npu TemnepaTypi go - 60 °C.

3HOCOCTIliKi TyMW OTPUMYIOTb Ha OCHOBI MOMiypeTaHOBMX Kay4yKiB
CKY. Taki Kayyykun MalTb BWCOKY MilUHICTb, €1aCTUYHICTb, OMip CTU-
paHHI, MacnobeH30CTIilKICTb, & MOro ra3oHenpoHuKHICTL B 10...20 pasis
Buwa 3a HK. Poboui TemnepaTypy rym Ha /Oro OCHOBI CTaHOBASTb Bif
- 30 go 130 °C.

Nymu Ha ocHoBi CKY 3acTocOBYHOTb A1 BUTOTOB/IEHHA aBTOMO-
BiNbHUX LWWH, TPAHCMOPTEPHMUX CTPIYOK, B3YTTA, ANA 06KnagaHHsA Tpyo i
XO0/106iB, AKMMMW TPaHCMOPTYHOTbCA abpasnBHI mMaTepianu, TOLLO.

§3.3
Knei

Kiesmu HasmBaloTb KONOTAHI PO34YMHM MAIBKOTBIPHMX MOMiMepiB, L0
30aTHi Npu TBepAHEHHI yTBOpKBaTW MIUHI MNAiBKKW, SKi gobpe npu-
NMNaKTb A0 NOBEPXOHb Pi3HUX MaTepiani..

KneinoBi 3’¢fHaHHA MOPIBHAHO 3 IHWWMW BUAAMM HEPO3’EMHUX
3’eAHaHb (KNenaHMMu, 3BapHUMW) MaloThb psf NepeBar: MOX/UBICTb 37€[-
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Pos3pgin 3
MopowkoBi Ta HeMeTanesi marepiann

HaHHA pisHUX MaTepianis (MeTaniB i cnnaeiB, naacTMac, Ckna, Kepamiku
Ta iHWI); aTMOCHEpPOCTIAKICTb | CTINKICTb NPOTU KOPO3iT KNenoBOro LUBa;
rePMETUYHICTb 3’€lHAHHA; MOX/UBICTb 3’¢4HaHHA TOHKWUX MaTepianis;
3HUXXEHHA BapTOCTi BUPOOHULTBA; 3MEHLIEHHS Macu i 3Ha4yHe CMpOLLEeH-
HA TeXHONOril BUrOTOBNEHHSA BUPOGIB.

Hepgonikamyn KneoBux 3’¢flHaHb € BiIAHOCHO HM3bKa TpuBana Tenso-
cTiikicTb (go 350 °C), 3ymMOBfieHa OpraHi4YHOK MNpPUPOAOH MAIBKOYTBO-
ptoBaya; 4acta HeobGXifHICTb MPOBefEHHS CKMEHBAHHS 3 HarpiBaHHAM;
CXUMIbHICTb [0 CTapiHHA.

MiyHicTb CKNetoBaHHA 3abe3neyyeThCsa afresieto Ta Koresieto.

Afresia (npununaHHA) — Ue 34aTHICTb MNIBKW K MiLHO yTpu-
MyBaTMCA Ha MOBEPXHi maTepianis, L0 CKAeOTbCA. AAresia — pesynb-
TaT A4i1 eNeKTPOCTAaTUYHUX CUM, AKI 3aBXAM BMHWUKAKOTb MPU KOHTAKTI
Pi3HOPIAHUX Tin.

Koresis — ue BnacHa MiuHicTb nniBkn. Po6oTa Koresii — ue po6oTa,
WO 3aTpayyeTbCA Ha NOAOMAHHSA CUN 34YenseHHs MK YaCTMHKamu Bce-
peavHi opgHopigHoro Tina. MIUHICTb CKNEOBaHHA MOXHa MigBULLMTY
LUAAXOM MeXaHIYHOro 34enseHHs NiBKW K 3 LOPCTKOK MOBEPXHEID
maTepiany.

[lo cknagy Knewuux martepianiB BXOASATb TaKi KOMMOHEHTU:

* NNiBKOTBIpHA peyoBMHA — OCHOBA KJIEK, AKa BM3HAayae afresiliHi,
KOre3ifiHi BNacTMBOCTI K/el | OCHOBHI (Pi3NMKO-MexaHiYHi xapak-
TEPUCTUKN KNENOBOro 3’eAHaHHS;

* PO3UYMHHWKM, WO CTBOPKOKOTL NEBHY B’A3KICTb K/EIO;

e nnacTugikaTopu — AN YCYHEHHSA YCafoYHUX sABWL, B naiBui i
NigBULLEHHA Ti enacTUYHOCTI;

e TBEPAHMKM | KaTanisaTopu — AN nepesody MAiBKOYTBOPHOHOYOT
peyoBMHN B TEPMOCTabINbHUIA CTaH;

* HanoBHIOBaYi — [N 3MEHLWEHHS YycafKu KNenoBoi nAiBKW, nNig-
BULLEHHSA MILHOCTI CKNelBaHHA.

3anexHo Bif PevyoBUHU, AKa YTBOPKOE NMIBKY, KNel MOAINATL Ha:

* CMOJIAHI;

e TYMOBI.

CMOnsHi Knei MOXyTb YT TepMOpPEakKTUBHUMMW | TEPMONIACTUHHUMNA,
TepmopeakTUBHI cMonun (heHonoopmanbaerifgHi Ta enokcuaHi) AatoTb
MiLHi, TennocTiliki naiBku. Taki kel BUKOPUCTOBYIOTb ANS CK/IEHOBaHHA
CUMOBMX KOHCTPYKLIiA 3 MmeTanis i HemeTaneBmx Mmatepianis. Knei Ha
OCHOBI TepmonnacTMYyHUX cMon (nonisiHinaueTar, akpunart Ta iHLWI)
MatTb HEBMCOKY MILHICTb, 0COBAMBO NpWM HarpiBaHHi, i BUKOPUCTOBY-
IOTbCA AN HECMNOBUX 3’€flHAHb HEMeTaneBUX martepianis.
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masa 8
HemeTanesi KOHCT pyKUiliHI MaTepiann

deHonokay4ykoBi Knei € enacTUYHUMKU TenaocTiiKuMKM NAiBKamu 3
UNCOKOK ajresield Ao meTtaniB. [0 HuX BigHocsTbca Knei BK-3, BK-4,
MK-13 Ta iHLWi.

Taki 3’¢ffHaHHS TennocCTiikKi, fo6pe BUTPUMYIOTb UMKAIYHI HaBaHTa-
)KEHHS, 3aBASAKN eNnacTUYHOCTI NNiBKM 3a6e3neyyeTbCs MILHICTb 3’€AHaH-
HA Mpy HepiBHOMipHOMY Bigpusi. Lli knei BOAOCTINKI i MOXYyTb BMKO-
pPUCTOBYBaTUCA 3a PI3HMX KNIMaTUYHUX YMOB ANA CK/EHBAHHA KOH-
CTPYKLUi 3i CKNONNACTMKIB.

deHonononisiHitoueTanesi KOMNO3uL il HalbiNbW WKWPOKO BUKOPUCTO-
BYIOTbC B Kneax b®. Knei bd-2 i bP-4 — ue cnupToBi Po3UMHU
theHonohopmanbferigHoi cmonu 3 nonisiHiNGyTupanem. Knei B®-2 i
B®-4 BMKOPMCTOBYIOTb A8 CKNEOBaHHA MeTaniB, naacTmac, Kepamiku
Ta IHWKMX TBEpAWX Matepianis. TennocTiKicTb KNeoBMX 3’efHaHb
HEBMCOKa, BOAOCTINKICTb 3aA0Bi/bHA.

deHoNnoKpeMHiiopraHiyHi Knei MicTATb AK HamoBHHOBaY a3becT Ta ank-
MiHieBMIA mopowok. Lli knei TepmMOTpWBKI, BOHW CTiliki 4O BOAW |
TPOMIYHOrO KniMaTy, MawTb BWCOKY BIGPOCTIAKICTL i MiyHicTb. Knei
BK-18 i BK-18M moXyTb npaytoBatu npu TemnepaTtypax 500...600 °C (ix
3aCTOCOBYIOTb A4S CKNElOBaHHSA IHCTPYMEHTIB).

Knei Ha OCHOBi enokcugHuWx cmon. TBepAHEHHS TakuxX K/eiB Bigoy-
BAETHCA 3a JOMNOMOrOK TBepAHWKIB 6e3 BUAiNEHHA NOBGIYHUX NPOAYKTIB,
WO Maike He fJae ycagkm y KNeioBin nniByi. TBEPAHEHHS CMOMW
3[INCHIOETLCA SIK XONMOAHUM, TaK i rapsumm cnoco6om. [lo KneiB xonoj-
HOro TBeEpAHEHHA BigHocATb J1-4, KJTH-1, BK-16, 3MO. EnokcugHi knei
rapayoro TBepaHeHHA K-153, ®J1-4C, BK-1 € KOHCTPYKUiAHUMM
CUNOBMMU KNEAMU. TX 3aCTOCOBYKOTb ANS CK/EeHBaHHA MeTasiB, CKJO-
nnacTukis, Kepamiku. Ona BCiXx eNOKCUAHWUX KNeiB XapakTepHa BUCOKa
MexaHiYHa MILHICTb, CTIAKICTb A0 BMAMBY aTMocqepu, CTIlKICTb [0
nanuea i MiHepasbHUX MacTu/, BUCOKI fieneKTpuyHi BnactueocTi. OfHak
Ui maTepianu 3 yacom “cTapitoTb”. B ymoBax ekcnnyatauii i npu 36e-
pirakHi ckfieeHUX BUPOBIB HACTae OKPUXUYYBAHHA Kek, fKe Bif0yBaeTbCA
TUM LWBMALIE, YAM BULLA TeMnepaTypa.

MoniypeTaHosi knei. Komno3nyii MoXyTb 6yTU X0N04HOIO i rapsyoro
TBepAHeHHA. [lo cknafy Knew BXOAATb nosiedipu, noniisouiaHaty i Ha-
noBHioBa4y (LemeHT). lpu 3miwyBaHHI KOMMOHEHTIB BifbyBaeTbCA Xi-
MiYHa peakLisi, BHaCNiJOK SKOT Knei TBepAHe. TaKi Knel TOKCUYHI. BOHK
XapaKTepu3ytoTbCs BMCOKOK BiOPOCTINKICTIO Ta MILHICTIO MpU HepiBHO-
MipHOMY BifApuBi, CTIlKICTIO A0 Had)TOBMX MNanuB i mactun. MNpuknagom
noniypetaHoBmx kneie € MY-2, BK-5, BK-11, BK-20, ski TpuBanuin yac
MOXYTb npautosatu npu TemnepaTypi 350..400 °C i KOpPOTKOYACHO —
npun 800 °C.
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Pos3pgin 3
MopoluKoBi Ta HemeTanesi matepianu

"'ymMOBi Knei, B IKWX OCHOBHMM MNiBKOYTBOPIOBAYEM € Kayuyk, Bigpis-
HAKOTbCA BWCOKOK €NacTUYHICTIO | BUKOPUCTOBYIOTHCA A1 CKJIEHOBAaHHS
rymm 3 rymoto abo rymum 3 mMetanamu Ta cknom. ymoBi knei — ue
PO3UYMHMN Kay4yyKy abo rymoBMX CyMilleli B OpraHiYHUX pPo34YMHHMKaX. [0
cKnagy KneiB rapsyoi BynKaHisayil BXoguTb ByNKaHi3younin areHT. Ckne-
I0BaHHA MPOBOAATbL MpK TemnepaTypi BynkaHisauii 140... 150 °C. 3’egHaH-
HA cTae MiLHUM, He MOCTYynaeTbCAd MIiLHICTIO OCHOBHOMY MaTepiany.

Mpu BBedeHHI A0 CKnagy KneinoBOi KOMMO3ULii akTueaTopiB i npu-
CKOpIOBaYiB OTPUMYHOTb CaMOBY/IKaHI3ytOunii Knein (Mpouec By/nKaHisayii
nNpoxXoAuTb MPWU HOPManbHin Temnepatypi). Ana 36inbWeHHA aaresii B
Kneid BBOAATb CUHTETMYHI CMonn (Hanpuknag, kneid 88H). 3’egHaHHS
BUXOANTb AOCUTb MiLI,Hl/IM Heponikom kneto 88H € HecTiliKicTb NiBKK
[0 racy, 6eH3|/|Hy i MiHepanbHUX mactun. Knei 9M-35¢, ®EH-1 matoTb
BMCOKY 3[aTHICTb [0 CK/Iel0OBaHHA i CTIMKICTb WOAO BNAWBY MacTun i
nanuea.

Mpn 3’eAHaHHiI TeNNOCTIAKMX TyM Ha OCHOBI KpeMHiopraHiyHoro
KayyyKy 3 MEeTanoM 3acTOCOBYITb KNel, A0 CKNagy AKUX BXOAATb KpPeM-
HilopraHiuHi cmonmn (kneir KT-15, KT-30). Taki cnonyku 3gatHi npayto-
BaTW npu Temnepartypax Big - 60 go 200...300 °C.

MopiBHANbHI XapaKTEPUCTUKM CMONSIHUX Ta FYMOBMX K/eiB HaBeAeHO
B Tabn. 8.1.

Tabnuya 8.1
Pexum cknetoBaHHA Temnepartypa
Mapka ekcnayarauii MbU3HAYEHHS
K/ero Twuck, Temnepa- Yac, KnelioBoro P
Mra Typa, °C rog, 3’eHaHHs, °C
B®-2, 0,1..0,2 Jo 150 1 -60..60 CknetoBaHHsi MeTasliB, cnna-
B®-4 BiB, Kepamiku, Ckna, aepesa,
LLKipW, TEKCTONITY, OpraHiy-
HOro ckna
Knei 88H 10...15 [o 48 -60...60 CK/etoBaHHA X0N04HUM Cro-

C06OM BY/IKaHi30BaHOI rymu
3 MeTa/ioM, LUKIpoK, Aepe-

BOM, CK/IOM

NEAO-b 0,1. 0,2 20...40 [o 48 -40...60 CknetoBaHHs BiHiNAacTy, no-
niBiHiNX0pUAY, MeTasly Ta
fOepesa

K-153 [o 0,05 20...30 [o 48 -30...60 CkietoBaHHA MeTavly, cKna,
nonisiHinxnopuay

BK-3, Lo 2,0 [o 70 1 - 60...180 Ck/leloBaHHsA CTani, TUTaHy,

BK-4 /OMIHItO, CKNOTEKCTONITY
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§8.4

Nakodchap6oBi MmaTepianm

Nakotap60Bi MOKPUTTA BUKOPUCTOBYKOTb AN 3aXUCTY KOHCTPYKL,il
Ta Martepianis Bif BMAMBY aTmMoc(epHOl KOpo3il Ta HajaHHA BUPOBY
TOBapHOro Burnsgy. Po3pisHAOTb Taki Buaun nakohapb6oBux maTepianis:
e 0NiitHi hapbu;  emanesi; * MOPOLIKOBI; ¢ faku.

OniiiHi dhapby — e cycneHsii, BUFOTOB/EHI PETEIbHUM PO3TUPAHHAM
MiHepanbHUX abo opraHiyHUx nNirMeHTiB B 0NiAX, HAKi CAyrywTb
HNIBKOYTBOPIOKOYOKD peyoBUHOK. [lirMeHTU goparTb ¢apbi Bignosia-
HOro Ko/fbopy. HUMKU € okcup LMHKY, CBUHLEBI Ginvna, Boxpa iT. A.

PocnunHHiI onii BapATb i3 A06aBKOK MaacTUdikaTopiB Ta CUKATMBIB.
OTpvMmaHy Onit0 Ha3nBatTb 0Nihot0. AK nnacTuikaTopu 3acTOCOBYHOTb
PULWHOBY Oflito, AibyTundTanat Ta giokTundranar. PeyoBuHm, Aki 3acTo-
COBYHOTbCA AN NPUCKOPEHHA MPOLEeCcY TBepAiHHA MiBOK, Ha3MBaKThb
cukaTuBamn (Coni CBMHUIK, KO6GanbTy, MapraHut, LUWUHKY, Kanblito
Ta iH.). Ans nigBULLEHHS TPMBKOCTI W CTIAKOCTI wapy apbu go cknagy
[LO0Lal0Th HANOBHIOBAYi (TanbK, KaofiH).

EmaneBi tap6u (abo emani) — Ue PO3YMHU nakiB B OPraHivyHMX
PO3YMHHMKaX i3 A06aBKOK nNirMeHTiB. [loAibHO nakam emani fjatwTb
6AMcKydi MAIBKM | MOXYTb YTBOPKOBAaTWM TeMNOCTiAKI i KOPO3iAHOCTINKI
nokputTs. Emanesi (hapbu pgewesBlie NakiB. 3anexHo Bif 3B’s3yk040l
PeYOBUHM PO3PI3HAIOTL Taki BMAW emaneBux (papb: macnaHi (Ha mac-
NAHUX nakax), rnipranesi (Ha rnipTaneBnx nakax) i HiTpoemani (Ha
HITpoUEentNo3HNX Nakax). Hitpoemani — ue Mmartepianu, WO WBUAKO
BUCUXalOTb Ta TBEPAHYTb BXe yepes KifbKa XBUAWH Mic/iA HAHECEHHA Ha
MOBEPXHI0. X HEeJONMiKM — ferka 3aiiMuUCTICTb, HEBUCOKI TEMIOCTIMKICTb
| CTIMKICTb JO AiT ynbTpagioneToBUX MPOMEHIB.

MopowkoBi thapbu — ue TBepAi MOPOWKONOAI6GHI KOMMO3MUiT Ha
OCHOBi enoKCUAHUX, nonieipHUX Ta IHWUX CMOJ, AKi BUKOPUCTOBYIOTb
4N OTPUMaHHA 3aXMCHUX Ta [EeKOPaTUBHUX MOKPUTTIB. TMOPOLIKOBI
(hapbu MalOTb MeBHI MepeBary Hag IHWWMMKU Bugamy nakopap6oBux
martepianis, a came: CTabiNbHICTb LWO0A0 BNAaCTUBOCTEW, €KOMOTIYHOT 6e3-
neKu, Manoi TPYAOMICTKOCTI MPU HaHeceHHi. Taki hapbu HaHOCATL efek-
TPOCTATUYHMM HanuneHHsaM Ta cywats npu 180...200 °C npoTarom 20...30 xB.

Nakn — ue po3YMHM MPUPOSHUX ab0 CMHTETUYHUX CMON Y Pi3HUX
PO34YMHHMKAX. 3a TUNOM PO3YMHHUKIB PO3PI3HAOTL CNUPTOBI i MacnsHi
naku. MNepuwi SBAAKOTbL 06010 PO3YUH cMonun B cnupTi (KP-274, Md-15,
re-13, MA-22), gpyri — B onii (bT-100, BT-99, BT-177 Ta iHwi).
Micns HaHeCeHHs naky Ha MOBEPXHKO BUPOOY PO3UYUHHUK (aLeToH)
3BITPHOETLCA | Ha Hili YTBOPKOETLCA MiljHA MJliBKa.
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Pospgin 3
MopoLwkoBi Ta HeMeTanesi Matepianun

MepeBary nakie NOPiBHAHO 3 (hapb6aMu MONAralTb B YTBOPEHHI GifbLu
6MCKYYMX MOBEPXOHb Ta NPUCKOPEHHI Mpouecy cywWwiHHA. TniBKK nakis,
BMIOTOB/IEHWX HA OCHOBI LUTYYHWUX CMOJ, BUTPMMYHOTb BUCOKI Temnepa-
Typw, BNAWB NyriB i KMcnot. Hegonik 6aratbox nakie — cnabka aaresis
L0 MeTaniB, KPUXKICTb 3aXUCHOT MJIBKMU.

TexHONOriYHMIA NpoLec HaHeCeHHs NnakogapboBMX maTepianiB BK/HO-
Yyae nigroToBui onepauii, a came: apbyBaHHS Ta CylWiHHA. besnoce-
pegHbo  neped  apbyBaHHAM  HAHOCUTLCH  FPYHTYBaNbHWA  Lap
(15...20 MKM) Agns noninweHHs 34enneHHs (gapbu 3 MeTaneBoK MOBepX-
HEK Ta 3HWXEHHA LnapucTocTi nakodapboBoro NOKpMTTA. [Aa YOpHUX
MeTaniB 3acTocoByeTbca rnipranesa d-220 i neHTaTanesa MP-020,
M®-033, M®d-099 rpyHTOBKMN.

PaMHi KOHCTPYKLiT Ta KOpnycn pi3HUX MalinH apbyoTb neHTadpTa-
nesumn  M®d-133, ankigHo-akpunosumm AC-182 Ta eTpudTanesnmu
3T-199 emanamu. Mpu papbyBaHHi KabiH, KPUA i NNLKOBaNbHUX YacTWH
MallMH Ta arperatiB 3aCTOCOBYHTb HiTpoeMani HL, pisHMX Mapok.

[Oetani, wo nigaatoTscs BNAUBY BUCOKUX TemnepaTyp (6/10K1 gBUTY-
HiB, TO/IOBKW, KOMIEKTOPWU Ta iHWI), NOKPMBAOTLCS NakaMyn 3 fob6aBKamu
antoMiHieBOT nyapw.

HalinowwnpeHiwnini cnocib HaHeceHHA 3axXWCHUX MNOKPUTTIB — Ue
(hapbyBaHHA PO3MUEHHAM, AKe 34IMCHIOETLCA Yepe3 conjo micrtoneta 3
BMKOPUCTAHHSAM CTUCHYTOr0 NoBiTpa. TUCK MOBITPA B CUCTEMI CTAHOBUTH
3.5 atMm. [aHuii cnoci6 € NpPOAYKTMBHMM | BUKOPUCTOBYETbLCSH ANA
BMPO6IB ByAb-KUX rabapuTis.

Micna tapbysaHHA BMpi6 niggaeTbca NpUPOLHOMY abo LWTYyYHOMY
CYWiHHIO. [Ns CKOpPOYeHHs TpWMBanOCTi NpoLecy 3acTOCOBYKTb LUTYy4YHE
CYLWIiHHA B cneyianbHMX KamepaX. Bubip cnocoby, TpuBanocTi Ta Temne-
paTypu CyLliHHA 3anexarb Bif xapakTepy Ta 06’eMy BMPOOHMLTBa, PO3MIipiB
006po61toBaHMX MOBEPXOHb Ta BNacTMBOCTEN nakoapboBux marepiasnis.

JepesBunHa

[lepeBriHa BUKOPUCTOBYETbCA K KOHCTPYKLiAHWIA MaTepian B pisHUX
rany3sax NPOMMCAOBOCTI SIK B HaTypa/ibHOMY BWUrAsAgi, Tak iy Burasagi
pi3HOMaHITHUX [epeBHUX MaTtepianie. [lepeBMHa CKnajaeTbca 3 opra-
HIYHMX peyoBuH: 43..45 % uenonosm (C6HI1005), 19..29 % nirHiny,

HU3bKOMOJTEKYNAPHUX ByrﬂeBO,qu Ta iHWMWX KOMMOHEHTIB.
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HemeTanesi KOHCT PYKLUiiiHi MaTepianm

MepeBaramu gepeBMHU SIK KOHCTPYKLINHOro MmaTepiany € fOCTaTHbO
BMCOKa MexaHiyHa MilHiCTb i HeBenmka 06’eMHa Maca i, OTXe, BMCOKa
nUTOMa MIiLUHICTb, BMCOKUIA OMip yaapHMM i BibpauiliHUM HaBaHTaXKeH-
HAM. Tennod)isanyHi BNAacTUBOCTI AEPEBUHM XapaKTepu3yrTbCs Masoko
TennonpoBigHicTio i B 20 pa3iB MeHWWUM, HX y cTani, TeMnepaTypHUM
KOe(iLiEHTOM NiHIAHOrO po3WUpeHHS. [lepeBMHA Mae BUCOKY XiMiYHY
CTIAKICTb A0 AeAKMX KUCMOT, COMeil, MacTun, rasis. Baxnusumun BnacTtu-
BOCTSIMU fiepeBUHU € 1T 34aTHICTb A0 CK/IEHOBAHHSA, MOXNBICTb LUBUAKOTO
3’efHaHHA UBAXaMW, WYypynaMu, NerkicTb MexaHiYHOi 06PO6KM i THYTTS.

Mopyu i3 BKasaHUMMW MepeBaramu fAepeBWHa Mae psjg HefonikiB, WO
06MexXyoTb i 3aCTOCYyBaHHA K KOHCTPYKUiAHOro matepiany, a came:
FirpoOCKONIYHICTb, AKa € MPUYUHOK BIACYTHOCTI y feTaneil 3 AepeBHUX
maTepianis cTabifbHOCTI HOPMM, PO3MIPIB i MILHOCTI, WO 3MiHIOKOTLCA 3i
3MIHOK BOJIOTOCTI; CXMJ/IBHICTb [0 YPaXXeHHA TpUOKOBMMU 3aXBOPHOBaH-
HAMW; BiACYTHICTb BOFHECTIMKOCTI; HU3bKUI MOAYNb MPYXHOCTI; aHi30-
TPOMisi MexaHiYHUX BNAcTUBOCTEN, AKi BHACMifOK BOMOKHWUCTOT 6ynoBu
[lepeBMHN HeOLHAKOBI B pi3HUX HanpsMkKax Aii cui; Heo4HOPIAHICTb
6y[f0BW, BHACAIAOK YOro BNacTMBOCTI MaTtepiany pi3Hi He TiNbKU B MeXax
OfHiel nopogwu, ane i ogHoOro crosbypa.

®i3nyHi BnacTuMBOCTI. ANA AepeBMHUN K KOHCTPYKLIAHOro martepiany
OCHOBHEe 3HauyeHHS MalTb BOJMOriCTb, 3MiHA PO3MIpiB i hopmu, NUTOMA
Bara.

BonoricTio fepeBMHN Ha3MBAETLCA KiNbKICTb BOAM, LLO 3HAXOAUTLCS B
Hiil, BMpaXeHa y BigcoTKax. YCi BNacTMBOCTI AEPEBUHMW A5 MOPIBHSHHSA
BM3HaualTb Npu CTaHAapTHIA Bonorocti 15 %. Bupo6Huua BONOricTb
NOBMHHA [OPIBHIOBATU eKCnayaTauiliHili abo 6yTM HMXKYO0K Ha 2 %,
iHaKWwe aepeBnHa BCUXaTUME.

3a ymoB ekcnnyaTauyii abo 36epiraHHsi AepeBMHW Ha BigKPUTOMY
NoBITPi i BOMOFICTb MOXe 3HAUYHO 36inbyBAaTUCA | CNPUUYUHATU 3arHuU-
BaHHS AepeB’AHWUX enemMeHTIB. s 60poTb6U 3 UMM HEAO0NIKOM 3acTOCO-
BYIOTb Tigpoi3onauiiiHi npoknagku, nakogap6oBi NOKPUTTA | aHTuCen-
TUYHY 06pOOBKY.

3miHa po3mipiB i hopmu LepeBUHU NOB’A3aHa 3i 3MiHOK Ti BOMOrOCTI.
Lli 3MiHM BupaxalTbCA B YyCUXaHHIi, po36yxaHHi i BUKpWUBNEHHI. [lpwn
BUCUXaHHI [epeBMHUN 3 Hei cnoyaTKy BWAANseTbCA BisibHa BOfora, npu
LbOMY PO3MipW KNITUH He 3MIHIOIOTLCA (3MEHLWYETLCA TiNIbKU Maca); 3
MOMEHTY TOYKN HAaCUYEHHS CTIHKWN BOJIOKOH [EePEBUHM BTpayarTb BONOrY
i CKOpOUYHOTLCA B pO3Mipax.

[epeBunHa pi3HUX Nopia AepeB Mae OAHAKOBMWIA XiMIYHWIA cknag, TOMy

rycTUHa PEYOBMHM, WO YTBOPIKOE CTIHKU KNIiTUH, JOpiBHIOE 1,54 r/cm
Bax/nMBO 3HaTW TakKoX NUTOMY Bary vy, fKa 3afeXwTb Biff BONOrOCTi
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maTepiany Ta Koe@iuieHTa 06’€MHOro YycuxaHHsa. 3HauYeHHA Yy AnA

fepeBuHn ctaHoBuTb 0,34..0,98 r/cm3. Yum 6Ginbwa nutoma Bara, TUM
WinbHilWa AepeBUHa | TUM Kpalwe BOHA YMHWUTbL ONip HABaHTAXEHHAM.
M’aKuMKn nopojamu € COCHa, ANnHa, ANuUA, N1na, 0CUKa, Binbxa; Haf-
TBepAuMn — rpab, ay6, rpywa, camuT.

MexaHi4Hi BNacTMBOCTI AepeBuHW. MexaHiuHi BNacTUBOCTI [EPEBUHMU
3anexartb Bif BOMOrocTi i iHWMKMX ¢akTopiB. Tak, MiLHICTb AepeBUHM
3aneXuTb Bif LWBWUAKOCTI HAaBaHTAXEHHA: 4YMM MOBiMbHIWE MpuUKna-
[aeTbCA HABAHTAXEHHA, TUM MeHLWe Be/MyYMHa rpaHuui migHocTti. 3
Yyacom Onip AepeBUHU NOCTYNOBO 3MEHLWIYETLCS | fOCArae MeBHOT MeXi
JOBrOTPMBANOro OMnopy, Npu SiKili fepeB’sHa AeTab MOXE MpauBaTty
HeBM3Ha4YeHO JOBrui yac. MNMpu ygapHUX HaBaHTaXXEHHAX OMip ygapHOMY
3rMHy B’A3KMX nopig (siceHa, ay6a) B 1,5...3 pasn BULLKNIA, HDDK KPUXKUX
XBOWHUX nopig (COCHW, ANUHN, Sanui).

PisHoBuaM fepeBHUX maTepianis. MaTepiann 3 HaTypanbHOI LepeBUHM
3aCTOCOBYIOTb Y BUrNAAi nuaomaTepianiB i 3arotoBok. lMunomatepianu
XBOWHMX NOpij 3acTOCOBYHOTb Oifbll LUIMPOKO, OCKifIbKM BOHWM MaloTb
BMCOKY MILHICTb, MEHLW CXW/AbHi [0 3arHWBaHHA, 0c06/MMBO cocHa. 3
NMCTAHMX nopig fy6 i siceH pobpe nigfalTbecs rHYTTHIO; Oyk | Gepesa
CNYryoTh X 3aMiHHUKaMW.

XBOWHI I TBepAi NMCTSHI NOPOAM 3aCTOCOBYHTb A/l CUIOBUX HEHa-
BaHTaXeHMX feTanein. M’aki nopoan (Mna) € HECMIOBMMU MaTepianamu.
XBOHI nunomaTepiann BWUKOPUCTOBYKOTb B CYAHOOyAyBaHHI, B aBToO-
mMob6inebyfnyBaHHI (feTani BaHTaXHUX aBTOMOOINIB), B KOHCTPYKLisiX BaH-
T@KHUX 3aNi3HUYHMUX BaroHiB, CiIbCbKOrOCMOAapCbKMX MallUWH ToLO.

LLINOH — ue wWWpoKa piBHA CTPYXKa [AepeBUHU, AKY OTPUMYIOTb
WSXOM NyWeHHS abo cTpyraHHsA. TOBUIMHA AMCTIB WNOHY — Big 0,55
8o 15 mm. WUnoH € HaniBabpmkaTom Ans BUMIOTOB/IEHHA (haHepwu, ge-
pPeBHUX LWapyBaTUX MNAcTUKIB | TFHyTMX AeTtaneit. LLINOH 3 KpacuBotro
TekcTypoto (ay6, 6YK) BMKOPUCTOBYETLCA SIK 00/MLIOBaNbHUIA MaTepian
ANA BUPOGIB 3 AepPeBUHMN.

daHepa — Ue NMCTOBUIA MaTepian, KU OTPUMYIOTb LUSAXOM CKEko-
BaHHA WapiB WnoHy. ToBlWMHA haHepn — Big 140 12 MM. 3anexHo Bifg
K/Mew, SKWM CKNewTb LWWNOH, i BOAOCTIAKOCTI, (haHepy BUMyCKalTb
Takux Mapok: ®C®P Ha deHonoopmanbaerigHomy Knei 3 nigBuLLEHOO
BOoJoOCTIWKiCTIO, ®K Ha kapbamigHomy | ®BA Ha anbbymiHOKa3eiHOBOMY
Knel 3 cepefHbO0 BOAOCTIMKICTIO Ta @B Ha 6iNKOBUX KesaX 3 06MEXeHOH
BOAOCTIMKICTHO.

MpecoBaHy AepeByHY OTPUMYIOTb NPKU rapsyomy npecyBaHHi OpycKis,
[OLL0K, 3aroToBOK, Npu UbOMYy ii MmigaalTb cneyianbHiin Tepmoobpobui B
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yuwlinbHeHOMy cTaHi. MpecoBaHa AepeBUHA Mae TaKi BNacTUBOCTI: MUTOMY

Bary 1,1...1,42 r/cm3, nopor MiLHOCTi B3[0BX BOJ/IOKOH NPW PO3TAryBaHHI
14..2.3 MTMa, npu cTuckyBaHHi — 0,9..1,3 MTMa, npu 3ruHi —
1.5..2.0 MMMa.

MpecoBaHa fepeBMHA € 3aMiHHMKOM YOPHUX, KONbOPOBUX MeTaniB i
nnactmac. Y MawuHoOyAyBaHHI 418 BUTOTOBMAEHHA AeTanell MalluH, Wwo
npauoTb NPU YAAPHUX HaBaHTaXEHHAX (Kynayku, cermeHTu 3ybyactux
nepegay, NigWWNHUKKX, BTYNIKK), LIMPOKO BUKOPUCTOBYHOTH TaKi MapKu
npecosaHol gepesuHu: AMO-M, ANA4-n, ANK-M, ANC-MMp. Bkna-
AV 3 epeBUHN MOPIBHAHO 3 GPOH30BMMM MaloTb BABOE MEHLUMUIA 3HOC,
npu LbOMY 3HUXYETHLCA BUTPATa MacTusl.

[epeBoCTPY>KKOBI NAUTWU BUTOTOBAAIOTb rapfsyum MnpecyBaHHAM fe-
PEBHOT CTPYXKMW 3i 3B’A3YIOYHOI0 PEYOBUHON. MAUTU BUNYCKaOTb OLHO-
waposi (MC-1, MT-1), Tpuwaposi (MC-3,MT-3) Ta 06nMLbOBaHI WMNO-
HoM, (haHepoto, nanepom (EC, EM).

[epeBoCTpYXKOBI MANTK nerki, mMawoTb 06’eMHy Mmacy 0,35..0,45 r/cm
MaloTb Tenn0i30NAuiiHi BNAacTMBOCTI. ANA BaXKWX | HaABaXKUX NAWT

nutoma Bara gocsarae 0,75... 1,1 r/cm3. 1epeBUHOCTPYXKKOBI MAUTK 3aCTO-
COBYIOTb [N BUFOTOBMIEHHA Mignorn i 60pTiB BaHTaXHUX MalMWH i
npuyenis, y BaroHobyayBsaHHi, B 6yAiBHUUTBI, ANA BUPOOHULTBA MebniB.
[lepeBOBONOKHUCTI NAUTU BUTOTOBMAKOTL 3 LEePEBHUX BOJIOKOH (pos-
[ApiOHEHOT AepeBnHK), iHOAI 3 fo6aBKaMK 3B’A3yHOYMX peyoBuH. i gicto
BMCOKOT TemnepaTypu i BefIMKOro TUCKY BOJIOKHA CMPecoBYKOTHCH B
PiBHOMIpPHO MiLHWIA MaTepian. ManTyM NogiNAaTb Ha M’SKi nopucTi (M-4,
M-12, M-20), HanisTBepai (MT-100), TBepai (T-350, T-400) i HaaTBepAi
(CT-500). ¥Y no3HayeHHi Mapku MAAT LUPPM 03HaYalTb OB, Krc/cm

[epeBOBONIOKHUCTI NAMTU 3aCTOCOBYHOTb 415 034,06/1€HHA NacaXXUPCbKUX
naroHiB, BHYTPIiWHbLOT 06p06KM aBTOOYCIB, B pagioTexHiYHiii npoMucno-
BOCTI Ta 6yAiBHMLTBI.

§8.6

HeopraHiyHe ck/1o

HeopraHiuHe CKno — Ue 3aTBepAiNMiA PO3YMH, WO € CKNagHUM pO3-
NNaBoOM KMCNOTHUX | OCHOBHUX OKCWAIB BMCOKOT B’A3KOCTi. Ckno-
NnoAi6HMIA CTaH € Pi3HOBMAOM aMOpP(HOro cTaHy pe4yoBuHKU. Mpu nepexogi
3 pO3N/1aB/eHOro PiAKOro cTaHy B TBepAWUA aMOpPGHWUIA B npoueci WBKUA-
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KOro OX0NOAXXYBaHHSA | HApPOCTaHHA B’A3KOCTI CTPYKTypa Hauye “3aMopo-
XYETbCA”. Y 3B’A3KY 3 LUWM HeopraHiyHe CK/0 XapakKTepusyeTbCs He-
BMOPALKOBAHICTIO | HEOLHOPIAHICTIO BHYTPIWHbLOT 6YA0BU.

[o cknagy HeopraHiyHOro ckjia BXOAATb CK/JOYTBOPKKYI OKCMAM
KpeMHito, 6opy, ¢ocdopy, repmaHito, muw’aky. Kpim toro, go cknagy
CKna BBOAATb OKCMAM antOMiHit0, 3ani3a, CBMHLO, TUTaHYy, 6epunito, aKi
HafalwTb CKMY MOTPIOHUX TEXHIYHUX XapaKTEPUCTUK. Y 3B’A3KY 3 LUM
NMPOMUCNIOBE CKJIO € CKNafHOK 6araTOKOMMOHEHTHOK CUCTEMOIO.

3a NpM3Ha4yeHHAM BCe CK/I0 MOZINSATh Ha:

e TexHiyHe (ONTWYHE, CBITNOTEXHIYHE, XiMiKO-nabopaTopHe, npuna-

noBe, TpybHe);

e OypisenbHe (BiKOHHE, BITPMHHE, apMOBaHe, CK/I106/10KK);

e nobyTose (CknoTapa, nocysd, nobyTosi A3epKana).

CKNO BMMNYCKAETLCA MPOMUCIIOBICTIO Y BUTNALI roTOBMX BMPO6IB, 3a-
roToBOK ab0 OKpeMux fetanei.

Mpwn HarpiBaHHi CKNO NNaBUTLCA B NEBHOMY TeMMepaTypHOMY iHTep-
Basli, KW 3aneXuTb Bif XiMIYHOro cknagy ckna. TemnepaTypa, HUX4e
AKOT CK/I0 CTAE KPUXKWUM, HA3MBAETLCA TemnepaTypol cunysBaHHA (tc).

[na npomMucnoBOro CWAIKATHOrO CKfla TemnepaTtypa CKnyBaHHA [c=
=425...600 °C, Temnepatypa po3Mm’akWeHHA (/p) 3HAXOAUTHCA B MeXax
600...800 °C. B iHTepBani Temnepatyp MiX tc i /p CKNO 3HAXOAUTLCA Y
BMCOKOB’A3KOMY MMaCTUYHOMY CTaHi.

Mpu Temnepatypax po3m’akweHHs 1000..1100 °C npoBoAATbcA BCi
TEXHOMOTIYHI npouecn nepepobky ckaomacu y Bupobu.

HaliBaxnueiwmMun cneyudivyHUMM BNAacTUBOCTAMU CKna € Woro
ONTWYHI BNACTWBOCTI, a came:

* NpO30pICTh;

* BifJ3epKaneHHs;

* pO3CitOBaHHS;

* MOr/INHAHHA,

* NpefoMJieHHsa CBIiTNa.

3BMYaiiHe HesabapBneHe cK0 nponyckae go 90 %, BigA3epKasntoe
npu6nm3Ho 8 % i nornmHae 6AM3bkKo 1 % BMAMMOrO i YacTKOBO iH(pa-
4epBOHOIO CBITNA; YNbTPagioNeToBi NMPOMEHI NOFAMHAE MaiXe NOBHICTHO.
KBapuoBe CKN0 € Npo3opum Ana ynbTpadionetoBux npomeHis. Koedi-
LlieHT 3a10M/IeHHA cKna cTaHoBuTb 1,47...1,96; KoediLlieHT po3citoBaHHA
(amcnepcii) — 20..71. Ckno 3 BENUKMM BMICTOM OKCUAY CBUHLIO
NOrNMHAE PEHTreHiBCbKi MPOMEHI.
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TepMOCTIKICTb CKna XapakTepu3ye MOro [OBrOBIiYHICTb 3a YMOB
pi3kMX 3MiH TemnepaTypu. BoHa BM3HauyaeTbCA pi3HULEK Temnepartyp,
AKY CK/1I0 MOXe BUTpMMyBaTn 6e3 pyiHyBaHHA Npu Oro piskoMy 0X0/04-
XeHHi y Bogi (0 °C). [Ana 6inbwoCTi BMAIB CKMa TePMOCTIMKICTb
KonueaeTbecA Big 90 go 170 °C. a gns KBapLOBOro CKna BOHAa CTaHOBUTb
B00...1000 °C.

XiMiyHa CTIWKICTb CKNa 3aneXWuTb Bif KOMMOHEHTIB, WO BXOAATb A0
oro cknagy: okenam Si02 Zr02, Ti02, A1 3, CaO, MgO, ZnO 3abes-
neyytoTb BUCOKY XiMiYHY CTiliKicTb, a okcuam 11203, Na20 3, K20 i PbO
HaBMaKW, CNpUAOTb XiMiYHI KOpO3ii ckna.

MexaHiyHa MILHICTb | TEPMOCTIMKICTb CKa MOXYTb 6yTW NigBULLEHI
LWNSXOM FapTyBaHHS.

[apTyBaHHA noAsrae B HarpiBi ckna Ao TemnepaTypu Buwe /c i

nofjanblomMy LIBUAKOMY i PiIBHOMIPHOMY OXO/IO[)KEHHI B NoTOLi MOBITPA
abo B macni. Mpu LboMy onip CTaTUYHUM HABaHTAXEHHAM 36ibLIYETHCS
B 3.6 pasiB, ygapHa B’A3KiCTb — Yy 5..7 pasiB. [lpu rapTyBaHHi
NigBULLYETHCA TaKOX TEPMOCTIMKICTb CKNa.

BukopucTaHHA TexHiyHoro ckna. B TpaHcmopTHUX 3acobax BUKOPU-
CTOBYIOTb NEPeBaXXHO TPUMNJIEKCW, TeEPMOMNaH i 3arapToBaHe CKIO.

CunikaTHi Tpunnekew — LUe [Ba NUCTU 3arapToBaHOro ckna (3a-
BTOBLUKM 2..3 MM), CKNEEHi NPO30pOoI0, eNacTUYHOI MOMIMEPHOO NiB-
Koto. [Mpu pyiiHyBaHHI TpUMNAeKCy HerocTpi ynamku, L0 YTBOPUAKCA,
YTPUMYIOTbCS Ha NONIMEepHIA nnisui. Tpunaekcn OyBatoTb NAOCKUMU i
THYTUMU.

TepmonaH — Le TpULapoBe CKMo, WO CKNaAaeTbes i3 ABOX LWapiB cKa
i NOBITPAHOIO0 NPOMIXKKY MK HMMW. Lleli noBiTpAHWIA npowapok 3abes-
neyye Tennoisonauyito.

ONTWYHe CKNO BMKOPUCTOBYHOTb B ONTUYHMUX Npunagax Ta iHCTPYMEH-
Tax. BoHo 6yBae ABOX BMAIB: 3 MaiMM KOe(QiLiEHTOM MpenoMaIeHHS
(KpOHMK), i3 BUCOKUM BMICTOM OKCWUAY CBUHLIO | BEJIMKUMWN 3HAYEHHAMM
Koe@ilieHTa nepenomsieHHa (QniHTv). Baxki GniHTM He nponyckawTb
PeHTreHiBCbKI Ta y-npomMeHi. CBiT/IOpO3Citot0Ye CKIO MICTUTL (TOp.

Onsa ckniHHA KabiH i npuMilleHb, fe 3HaXo4ATbCA NYNbTU YNpaBiHHA
MapTEHIBCbKNX | eNeKTPUYHUX AYroBMX Meyeil, NPOKATHUX CTaHiB i
nigiiManbHUX KpaHiB B NMBApHUX LeXaX, BMKOPUCTOBYETLCA CK/O, WO
MICTUTb OKCUAWN 3ani3a i BaHafito, AKi NoranHawTb 6113bko 70 % iHdpa-
4epBOHOI0 BUMPOMIHIOBAHHA B iHTepBasni LOBXWUH XBWUAb 0,7..3 MKM.

KBapL,oBe CKN0 3aBASKM BUCOKI TEPMIYHIN i XiMiYHIA CTinKOCTI 3acTo-
COBYIOTb [HA TUrAiB, Yaw, Tpy6, HAKOHEYHMKIB, nabopaTopHOro nocyay.
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CknosaTa € pPi3HOBUAOM CK/IOBOJIOKHUCTUX MaTepianiB. 3acToCyBaHH#
1T obmMexeHe KpuxkicTioo; maTepiaam ACUM, ATM-3 cknagaloTtbecs 3i
CK/IOBONIOKHA, PO3TalloBaHOro MK [BOMa LapaMu CKIOTKAHWHU abo
CK/IOCITKW. BUKOPWUCTOBYIOTH Li MaTepiann B iHTepBani Temnepatyp Bif
-60 fo 450...600 °C.

CknoBaTy 3aCTOCOBYIOTh 418 TeMJ03BYKOi30naLii KabiH niTakiB, Ky30-
BiB aBTOMAaLUWH, 3aMi3HUYHUX BaroHiB, TEN/0BO3iB, eN€KTPOBO3iB, KOpMy-
CiB CyfAeH, y XONOoAu/bHIN TexHiui gna isonauii TpybonpoBoAiB, aBTO-
KNaBiB TOLLO.

& KOHTPpO/ibHI 3aNnTaHHs

1. 3 SAKMX KOMMOHEHTIB BUrOTOBAAKThL Naactmacu?

2. fka BigMiHHICTb (Di3MKO-MexaHiYHMX BNacTUMBOCTEl Tepmonaac-
TUYHUX | TEPMOPEAKTMBHUX NaacTMac?

3. Y yomy nonsrae npouec CTapiHHA naactMac i Ynm ue BUK/IUKAHO?

LUlo cknagae oCHOBY TePMOMAACTUYHUX | TEPMOPEAKTUBHUX NaacT-
mac?

>

LLlo Take ryma Ta 3 AKX KOMMNOHEHTIB BOHa CK/1aJaeTbCcaA?
FAAKi KOMMOHEHTM BXOAATbL A0 CKNady Knewynx martepianis?
Ak knacudikyloTb CKNO 3a NPU3HAYEHHAM?

HaBepgiTb nNpuknagm BUKOPUCTAHHA TEXHIYHOIO CKNa.

AKi € pi3HOBUAW LepeBHUX maTepianis?

© o N o
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§9.1

Cymuicms nueapHo20 eupob’nuumea i nueapHi
enacmueocmi cnnaeie

JInpapHUM BHPOOHULITBOM Ha3UBAETLCA Mpolec olepXaHHs hacoH-
HHX AeTasieit 3a1WBKOJ0 po3IiaBieHoro Metaay B opmu. Oopma 3anos-
HIOETHCA METAIOM Yepe3 CUCTEMY KaHAJliB, AKAa HA3UBACTLLCA AUBHUKGEOH)
cucmemoro. [1py LLOMY 30BHIIIHI KOHTYPH BUIMBKY (BiIIMBKH) BM3Ha4a-
10TBCS MTOPOXHHUHOIO (POPMHU, a BHYTPIUIHI — YTBOPIOKOTHCH (PACOHHUMH
BCTaBKaMH, fIKi Ha3UBaIOThCS cmpuxchami. PopMM, AKI BUKOPHUCTOBYIOTE
ISt OIepXaHHS ONHIEl BWIMBKM, Ha3WBAlOTLC 0OHOPA3OGUMU, & IS
oJlepXaHHs COTeHb i TUCAY BWIMBKIB — nocmitinumu (6araropasoBirMH).
OnHopazoBi (POpMHM PpyHHYIOTbCS TNpH BMJaZieHHi i3 HMX BHJIMBOK.
TlocTiiiHi bopMHU HalyacTille BUTOTOBASIIOTD i3 MeTaJly i BOHU He pyHHy-
IOTbCSI MPU BWIAJIeHHI BWIHBKA. Taka MeTaieBa (opMa Ha3HBa€ETLCH
xoxisem. HamiBnocTiiiai ¢ OpMH BHTOTORNAIOTHCS i3 BHCOKOBOTHETPHBKMX
MaTepianiB i BAKOPVCTOBYIOTbCS AECATKN pa3iB. OnHopa3oBi GOpMU BUro-
TOBJIAKThL 3 MilUAaHO-TAMHUCTHUX, IMILAHO-CMOJISIHMUX Ta MillLaHo-
KepaMiyHUX cyMimieif, BOHU MOXYTh BUKOHYBAaTUCh O0’€EMHUMM (BeHKI
3aBTOBIUKM) 200 obonoHKOBMMM (Masi 3aBTOBIKK). Halinommpenimi —
MilAaHO-TAWHNUCTI. B ofMHHYHOMY BUpOGHMUTBI BUTOTOB/IEHHS BUAMBOK
B MilMaHO-TAIMHUCTHX dopMaxX € HainmpoCTINMM i JelleBUM CrnocoBoM.
poTe BWIMBKM, onepXaHi B Takux ¢opmax, MalOTh HM3bKY TOYHICTb,
notpebyIoTh 3aBUIIEHUX NPUITYCKiB HA MeXaHiYHy 00poOKy, a TeXHOJNOoris
IXHBOTO BUTOTOBJICHHA NOB’s13aHa 3 NepepoOKOoI0 3HAYHOI KLTBKOCTI hop-
MYIOUUX MaTepianiB, W0 NOripulye ymMOBU Hpauli Ta YCKIAaOHIOE aBTO-
MaTHU3aLil0 TEeXHOJOTIYHOrO npoiecy. IlpM BUKOPUCTaHHI OGyab-fIKMX
¢opM ckalaHH$ TEXHONOTIYHOI KapTH BUIOTORJIEHHSI BUTMBKH MOYMHaA-
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TexHonoris IMBEPHOIro BUPOOHILTEE

€TBCS1 3 pO3pOOKH KpecAeHHS NeTali 3 ypaxXyBaHHAM BJIacTUBOCTeM crina-
By. KpiMm MexaHiuHuX, i3HYHHX | XIMIYHHUX BIACTHBOCTEH, JMBapHIi
CfUiaBM TNOBMHHI MaTH BH3HayeHi (i BpaxoBaHi B nepiy 4epry)
TEXHOJIOTIMHi IMBapHi BIACTHBOCTI, OCHOBHUMH 3 IKHX €:

& PiIIKOTEKYUiCTh;

e JIiKBALliA JOMIHIOK;

e ra3onorJIMHAHHS;

e 00’cMHa Ta NiHiliHA yCaaKH.

Tlin pidxomexyuicmio pO3yMilOTE 3NATHICTH CFUIABY MpPY 3aMBLI Bil-
TBODIOBATH penbed MOPOXHUHU opMM. ﬂpu HeNOCTaTHIN TOBILMHI
CTIHOK BIIMBKM UM HM3bKil pmxorelcyqocra cnjaaBy ¢>opma 3anoB-
HIOETBCST He TMOBHICTIO, JeTalb BUXOAUTb 3 “HeAONMBOM” i GpaKyeThCs.
Piakorekydictb BU3HAYaETbCA 3a OCOOGAMBOIO TEXHOJIOTIYHOIO Mpoforo

WIASXOM 3a0HMBKH (GOpPMH y BWINISAI crmipani mepepizoM 0,56 cM? ma
no3HaykaMM 4yepe3 KoxHi 50 MM JoBxHHH. [loBXHHA 3an0BHEHOI CILAA-
BOM CIipali € XapaKTEepPUCTUKOIO PIIKOTEKYYOCTI JOCAIIKYBaHOIO CILUIaBY.
Pinkorexy4icTh 3aJleXUTh Bil THIY CIUlaBy Ta TEMMEpPATypH 3aJIUBKY
MeTaNy. YHM BHIIe TeMIlepaTypa 3aIMBKH, TMM Oulbitia piIKOTEKYYiCTb
crtaBy. o6pa piIKOTEKYYiCTh Y YaBYHa, CHUAYMiHa (CruiaB afIoMiHilo Ta
KpeMHilo), onoB’ssHol OpoH3u. [Ipu nobasui ¢rocdopy pinkoTeKydicTb
YaByHy i 6pOH3M 3pocTac e Ginbwe. Bmict y uasyHi sin 0,5 0o 1,5 %
tdocdopy gae 3Mory BilIMBaTH TOHKOCTIHHI OMaNioBanbHi  pagiaTopH,
TIOpIHHEeBi KilbLA Ta iHII TOHKOCTiHHI Aetani. I3 6poH3u 3 | % docdopy
ONepPXYIOTb XYNOXHi BiMMBKM CKYJIBNTYp, OapenbediB, TOHKOCTIHHUX
rpar. Tyronnaeki xoMrnoHeHTH (BoabdpaM, THTaH, MONibaeH, BaHanii)
3HUXYIOTH PIIKOTEKYUICTh CILIABY.

Tix aixeayicio po3yMilOThH HEOAHOPIRHICTD CII/IABY 3a XiMIYHUM CKIiia-
JOM B Di3HUX YACTHHaX TNepepisy Bi/IMBKM TIC/IA KPUCTaNi3alil Merany.
JHiKBauig 3anexuTh Bill XiMiYHOTO CKJiady CILUTaBY Ta LUBMAKOCTI OX0J10/-
xeHH BiwuBKa. [pyunHoIlo JiKBallil € HanparneHa KpUcTasidaList Cruia-
BY Bil MOBepPXHi N0 LEHTPY CTIHKH BLTMBKM. B mepluy 4epry xpucra-
JI3YIOThCSl TYTOILIABKI KOMIIOHEHTH CIJIABY i IXHi 3pocTalodi KpHCTaIH
BiATiICHAIOTH JIETKOIUTABKi KOMIIOHEHTH Bil Tmepudepii 10 HEHTPY.
HaitinTeHcHBHIlle MiKBipYIOTh WIKIEIMBI JOMIIIKM — cipka i docdop.
YuM KpynHilia BiLAWBKA i NMOBUIbHIlLE il OXCAOMKEHHS, THM CHNbHille
PO3BMBAcTLCA 30HAJIbHA JiKB3UifN, KA MPU3BOOUTH N0 MNOripLIEeHHS
MEXaHIYHHX BIACTHBOCTeH YACTHH BUUTMBKH, LIO TBEPAHYTE B OCTAHHIO
yepry. 3 YTBOPeHHSIM JiiKBaLii MoXHa OopoTucs ab0 NpUCKOPEeHUM OXO-
NOJIXEHHAM BiIUTHBOK ¥ ¢opMi, abo paltioHaIbBHO KOHCTPYIOIOYH X, KOJIU
3a paxyHOK HalpaB/eHOro TBepAHEeHHS MOXHa 6iNbLY YaCTUHY JIKBipYIO-
YHX TOMILIOK BUBECTH B HAINHUB.
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TexHONOTiA BUrOTORASHHR BUPOGIB

IMin zasonocaaunannsam, 3060 CXWIBHICTIO 10 TOIIIMHAHHS Tras3iB,
PO3YMIlOTb 34aTHICTE METATY B PIAKOMY CTaHi po34uHsTH B cobi rasu. [Tpu
OXONOIKEHHI CINaBy i B NpoLeci Horo KpucTaizalii po3MMHHICTh IrasiB
(a30Ty, BOLHIO Ta iHLIKX) 3MEHIUYETbCA. KO ra3onpoHMKHICTL GOpMH
i CTPMXHIB HeJOCTaTHI, TO B TiJli BIIJINBKM MOXYTb CTBOPIOBATHCS Ta3oBi
pakoBMHM i mopu. PO3UMHHICTD Ta3iB ¥ piakoMy MeTali 3pOCTaE 3
MiABUILEHHSAM TemriepaTypH, TOMY Tiepel 3aJMBKOIO MeTal He GakaHo
neperpiBaTh. s 3MeHIIeHHS! ra30HaCHYeHOCTi CIIaBiB 3aCTOCOBYIOTh
M1aBKy B BaKyyMi abo B cepelOBHLL mepnmx rasis.

IMin ycadxow po3yMitoTh BAaCTUBOCTI Crinasy 3MeHLUYBaTHCh B 06’ eMi
{o6’emna ycadka) Ta NiHIWHUX po3Mipax (ainifina ycadka) Npy 3arsepa-
HEHHi Ta OX0JO/XeHHi. Ycaaka BUpaXaeThcsl B npoieHTax (%) Ta 3ate-
XUTb Bill XIMIYHOTO CKJIany CIUIaBY i TeMnepaTypH BUJIMBKH. 3 MiIBUILEH-
HAM TEMIEPATYpH BUAKBKM CIUIaBY YcajiKa ii 30i1bLIYEThCS.

O6’emna ycanka MeTaly CIpUYMHEHa 3MEeHIIEHHSM 008’eMy MeTanmy
BiIJIUBKM B NpoLECi KpuUCTali3allii, OCKIBKM B piAKOMY CTaHi MeTan
3aliMae OinblIMit 00’eM, HIX y TBepAOMY 3 ILTbPHUM YNAKyBaHHSIM aTOMIB
B XpMCTaniyHii rpartui. 3aTRepAHEHHs] MeTay B KOXHOMY Tepepi3i Bil-
JIMBKM TPOXOIWTb TollapoBo Bin nepudepili Ao ueHTpy. B pesynnrarti
LILOTO BCEPEAMHI nepepi3y BiJIMBKH, e MeTaJl KPUCTATI3YETECH B OCTaH-
HIO 4epry, CTBOPIOETLCSI KOHLIEHTPOBaHa pakoBHHA alo po3mnoaineHa
nopucTicTb. Taki AedeKTH NPUBOAATD 4O JIOKATbHOI KOHLIEHTpallil Mexa-
HIYHMX HanpyXeHb, 3HIKYIOTb MilLIHICTbL i TPiIMHOCTIHKICTD BILIMBKM.
Haii6inbw HebesneyHUMM AedeKTaMM € ycaJouHi pakoBHHH. s 6o-
pOTbOH 3 KOHLIEHTPOBAHUMM YCAAOYHMUMMK PaKOBHHAMM 3aCTOCOBYIOTHCSH
TaKi MeTOAM: e KOHCTPYIOBAHHSl PiBHOCTIHHKMX BifIMBOK; ¢ YCTAHOBKA
XONOAW/ILHUKIB; e YCTAHOBKA HajIMBIiB. ¥ PiBHOCTiHHIit BiAnWBUI KpU-
CTaJiizallisl 3aBepllyeThLCH OJHOYACHO 10 BChOMY Mepepisy, a TOMY HeIo-
cTavya Metany B ileHTPaNbHHX nepepizax BiITHBKY CTBOPIOE He YCaloOuyHY
PaKOBUHY, a yCaOoOuyHY IOPUCTICTDb. KIIO BilIMBKa MAaE CTOBILEHHS, TO,
BCTAHOBMBUINM XOJNOAWNBHUKH, MOXHA LWITYJHO CTBOPUTH OJHOYACHE 3a-
TBEPAHEHHSI MeTaJTy B MiCLISIX HOTO HAKOMMWYEHHS i YHUKHYTH YTBOPEHHSI
PaKOBUH, 1€ He NOpUCTOCTi. K XOJIOAMNBHHUK LIS CILAABIB 3 HEBUCOKOIO
TeMIEPaTypoIO TJ1aBJleHH BUKOPHCTOBYIOTH YaBYHHi 360 cTayibHi Opyc-
KM, 30UTbLIYIOUH 3 iX JOMOMOTOIO 33 PaxXyHOK TeTUIOBIRNAYi LUIBUAKICTH
OXOJIOJKEHHSI MOTOBLIEHOro Tepepi3y i Habmvxalouu il 00 WBMIKOCTi
TOHKHWX TiepepiliB.

Anst ogepxxaHHs BiLIMBKY 6e3 NMOPUCTOCTI 3i CrulaBy 3 MiABUILEHOIO
00’eMHOI0 ycaaxolo HeoOXigHo 3abe3neuywTH HampaBieHe 3aTBepJHeHHS
MeTally 3HU3Y BrOpY, a B BepXHill YaCTUHi BiIIMBKM CTBOPUTH AOOATKOBY
TMIOPOXHHUHY — HaMIMB. ¥ LbOMY BUMANKY HHUXHI YaCTMHU BilJIMBKM B
npoueci KpycTanizaulii OyiyTb HACUUYBATHCh 32 PaXyYHOK pilikoro merany,
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1O €XUTh BHLLE, TOOTO Ha 3aBepLUYBANbHIN CTanil — 3a paxyHOK MeTany
Haanuea, sIKMW Mae HaibiteliMi nepepis. KOHLEHTpoBaHa YycagouyHa
pakoBHHa B TakKiid BiAJIMBUi CTBOPIOETbCS B HAMLIWBi, SIKMH [OTIM
BiZpi3atoTh Bil BULIMBKH.

JluBapHi craBd MalTh pisHy 06’eMHy ycaaky. HaitGinbuly ycanky
MaloTh antoMiHiesi 6ponsu (7,2...7,4 %), natyHi (5,7...6,1 %) Ta Byrneuesa
ctatb (5.6 %). O6’eMHa ycanka ciporo uaByHy HeBenauKa (2,9...3,1 %),
TOMY NpU OBepXaHHI JeTaneit BUJIMBAHHAM i3 4aBYHY HalUIMBHU BCTAHOB-
JIOIOTH TiTBKH 151 BeJIUKKX BilJTUBOK.

Kpim 00’emHoOI ycaaku, HeoOXiaHO BpaxoBYBaTH i JiHiiiHy ycanky. [in
AIHItIHOM YCAAKOI0 PO3YMilOTh BNACTHBICTh CIUIaBiB 3MEHLUYBAaTH JiHiMHI
PO3MipH BILTHBKM B IMPOLECi il OXOJIOMKEHHsI NicAs KpUcTanizaudil Jo
HOpPMaNbHOI TeMnepaTypu. Po3pi3HAIOTD ginbHy Ta ympyoHeHy yCaaKy Me-
Tany. SIKIo MeTan 3aTBepiiB y AXBapHilt dopMi, sika 6yae nepeilKomXaTH
ycaaui (BiIMMBKA Ma€ BUCTYIIM, (naHili, OTBOPU, CTBOPEHI CTPUXHAMU
TOLIO), TO Taka ycaaka Oyde YTpydHeHO!O i ii Ha3WBAaIOTb AUEAPHOIO
yeadxor. SIKIIO BiUTMBKa Mae mnpocTy KoHdirypauito (6e3 BHCTYHiB,
dnaHuiB, oTBOpIB) | MBapHa PopMa He MEpelIKOMKAE YCaALli BILIWBKY,
TO TaKa ycajgka Oyze BUIBHOIO i 11 Ha3MBaKOTh NiHIAHOIO YCallKOIO.

JlusapHa ycagka 4acTo CNPHMYMHSIE BeWKi TeXHONOCIYHI TPYRHOLLII,
OCKINBEKH TMPU TanbMyBaHHi YCanKy B BIA/IMBLI BUHMKAKOThL HATIPYXEHHs!,
1110 MPU3BOISATE AC i1 NOKOPOO/EHHS i YTBOpeHHs TPillMH. Ins noaosnan-
HS [UX TPYIHOWIB HeoOXiAHO 3aCTOCOBYBATH [esIKi TEXHOJIOFiYHI MpHU-
Homu. Hanpuknaz, y KiBax, MaXOBUKax CIMUI pobsiATh Mif HAXUWIOM 10
oGony, abo HaBiTb BUKPHBRIEHUMHU, IO 3MEHLIYE BHYTPILLHI HAMpPyXeHHS
B CIIMLIIX 1 DM 3aTBepAHEHHI BOHUW 31aTHI BUTIPSIMASATUCH. JLjisi monepe-
XEeHHsI CTBOpeHHs TPilKUH TpH nepebirax Bi TOBCTOI CTiHKU A0 TOHKOL
nepeadayaloTh NAABHI nepexonu. [JUist 3MeHILeHHs XoJobneHHs Nepeada-
4aloTkL pebpa XKopcTKOCTi. KpOMKH CTiHOK 3 BEJIMKOIO MOBEPXHEID MOTOB-
WyIoTh OYpTUKOM. JInsi BH3Ha4eHHs YTPYAHEHO! JIMBApHOiI YCAlKHW
BiUIMBAIOTL Npo0y 3 BUCTYNaMHU, a BUIbHY JIiHIHHY YCaJiky BU3HAYaOTh 3a
IJOTIOMOrOI0 Npo6Y y BHUINSLI NPU3MATHYHOTO CTPUXHS 0e3 BUCTYIIIB.

JliHiliHa vcagka JUis pi3HUX JIMBapHUX CIUIaBiB pi3Ha. Tak, niHiffHa
ycajika ciporo 4aByHY HalMeHIlUa i CTAHOBUTL B cepelHboMY | %, ByIJle-
LEeBOI cTali — 2 %, JeAXyX NeroBaHux craiteili — Ouiblie 2 %, KOJNbO-
poBux cmnasiB — 1,2..2 %. [Ipu BUroTOBIEHHI Mojeleif BiLJIKMBOK
000B’513K0OBO BpaXxOBYIOTh JIiHifiHY yCaiKy CIJaBy.
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§9.2

Bumozu uio0o euecomoenens modenel
i aunuekie

{1py BMKOHaHHi KpecjeHb JeTajli HAHOCATLCS BKAa3iBKH TIO BUTOTOB-
JNIeHHIO MoAeJli, a came:

e NPHUIOYCKM Ha MeXaHiuHy oOpobKy;
e TEXHOJ/IOTiYHi BKa2iBKHU 10 BUTOTORIEHHIO BiIJIMBKH;
e pO3Mi3HaBaibHi JaHi i crieliaibHi BUMOTH 10 BilJIMBOK.

Ilpunyck Ha mexaniuny ofpodky — lle JONATKOBHIA WIAp MeTany, SKHi
BHJAJSIIOTH B TIPOLIECI MeXaHiyHOI 0OpoOKH BIIVIMBKYU 171 3abe3nedeHHA
TOYHOCTI Ta BMCOKOI AIKOCTI nosepxHi deraini. [lpunyck Ha mexaHiuyHy
06pobKy BU3HauYalOTh 3 YpaxXyBaHHSM X0J00/1eHHs1, HETOYHOCTI BUTOTOB-
JIEHHA, a TakKoX JMWBapHOl ycankd BiaiuBKkM. Ha kpecieHHi Takuid
MPUNYCK 3BHYaiHO 300paXyloTh CYLLIBHOI TOHKOK JiiHiclo. BeauunHy
NPUNycKy Ha MeXaHiyHy oOpoOKy BKa3yloTh LHpolo Iepel 3HaKOM
IIOPCTKOCTI NOBEpXHi Aetati abo BeIMYMHOIO YKIOHY 1 JiHIHHMMM
po3MipaMH JeTaili.

TexHonoriuanii NpUNycK cnpoiuye i Nojerwye nporec BUroTORIEHHH
BILIMBKY. TeXHONMOIYHUN NPUNYCK BKA3YIOTh UHEPPOIO 31 3HAKOM TUIKOC YK
Minyc Ta OykBoio T (TexronoriuHmuii nmpMnyck) i IpoCTaBAgiOThH HOTO Ha
NIpONOBXEHHA PO3MIpHOI JiHil, a60 Ha MONKLI JiHil — BHHOCKM, AKIO He
MOXHA PO3MICTHTH HanMc i uMbpy Ha NpoJoBXeHHi poaMipHoi NiHil. Ho
TeXHONOTYHMUX IPHINYCKIB BIHOCATH. © JHBADHI YK/IOHH; © HANYCKM,
® HANNWBH, ® yCcanouHi pebpa abo CTAXKKM; ® rairesi.

Jusapni ykaonu Ha BWIWBKM CIYIYIOTH U1 3pYYHOTO 3BUIbHEHHS
mojeneit i3 ¢opmu Oe3 pyiiHyBaHHA ii abo g BiTbHOTO BHAAJIIEHHA
CTPUXKHSA 3i CTPUXHEBOTO fAHKA. BoHW BUKOHYIOTbCS B HAaNIpSAIMKY BHIa-
JIeHHA (3BUILHEHHS) MoJeni i3 popMu. [lo3naualoTs ix y MiniMeTrpax (Mm)
abo rpagycax. 3aJieXXHO Bil BACOTHU MOAEMI YKJIOH CTaHOBHTD 1...8 MM, aGo
0,5..3". ‘

Hanycx cnyrye finsi cnpowieHHA BUTOTOBNeHH BiamBku. Hanpuknan,
oTBip aiamerpoM 20...50 MM MOXHa He poOMTH, OCKLIBKH iOro Jnermie
NPOCBEPIUIMTU, AKIIO NepenbayeHo BinMoBinHuit Hamyck Metany. Hanyck
Ha BepXHid ropus3oHTanbHIll YacTHHi BIZNMBKH (3aBHMILEHHI TPHITYCK)
CIAYXUTb ONS BUAATIEHHS NPU MeXaHiuHii obpobui nedekriB — niakop-
KOBMX Ta30BUX i LILIAKOBHMX DAKOBWH, $IKi MPM 3aUBLI CIJMBAIOTh Ha
BEPXHIO TOPU3IOHTANBHY MIOBEPXHIO BiITUBKH.

Haoaueu 3acTOCOBYIOTH 111 3PYYHOCTI KDIIUIEHHS BIAJIMBKH B
NIPHCTPOI NpPU MexaHiyHiit o6pobui, a TakoX AJIS 3axBaTa AeTani Mia vac
TPAHCTIOPTYBAHH4.
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Petpa, abo cmaxcku, nependavaioTb 115 3anobiraHHsA BUIIKMBKU Bin
XO0J00JEHHS! He TLBKM NMiA Yac 3aTBEpAHEHHS Ta OXOJIOLLKEHHS, a # MpHu
TepMoo6pOGHLI.

Taameni — ue 3aKpyrieHHs1 BHYTPILLHLOTO KYTA BLLIMBKM { MOAEI.
BoHM HeoOXiiHi IS OZepXaHHS TI1ABHOrO MEPEXORY B CIOMYYEHHX
cTiHKax. 3a IONOMOTOI0 ranTesieli BUKIIIOYAETBCSA OCUTNAHHS QopMyloumx
CyMiilieit B KyTax MoOJeJii TIpH 11 BUBUTbHeHHI 13 ¢opMu. Paniycu ranreneit
pernaMeHTytoTecs JepXCcTaHAapTOM i CTAHOBIATD, 3BMYaliHO, Bia 1/5 1o
1/3 Bia cepenHLOAPHPMETHUHOI TOBIIMHH CTIHOK BiIUTUBKH,

o mexnoaoziunux exazieox eiGHocamb:

e JIiHil PO3HATTSI MOZeNi 3 3a3HaY€HHSIM BEepXHbOTO i HWXHbLOIO ii
po3TauiyBaHHA B popMmi;

JIiHI}0 pO3HIMAHHS CTPHXKHSI;

MOJIOXEHHS | pO3MipH CTPHXHEBHX 3HAKIB;
MicUe mizBoaa XUBHAbHHUKA B opmi;
po3TauryBaHHs 0a30Boi MOBEPXHI AJIST PO3MITKH;

TOYHICTb | WOPCTKICTb MOBEPXHI, fAKi JOMYCKAKTBCS TEXHIUHUMU
YMOBAMH.

Posnisnasanvri 3naxu — e HeoOXillHi pO3MipH, MapKa CIU1aBy, Miclle
KNeiMYBaHHSI TOLIO. IX HaHOCATb HAa KpeclieHHS BILAMBKHM a6o Oist
kpecneHHa. Ha LboMy camMOMy KpecleHHI HaHOCATH 1 CrellialbHi JaHi
(BUMOIH).

Cneyiaavhi 0ani — 1€ TeXHIYHi YMOBU Ha MNpPUUHATTS, TBEPAICTb i
CTPYKTYPY OKPEeMMX [iASIHOK BilIMBKM, BKa3iBKM 11040 BUNPOOYBaHb
{AOCTIIXEHB). ‘

* o 9 o o

§93

TexHnonozin euzomoeneHHs 6UNUEBKIS
y pa3oaeux nusaprux popmMax

TexHosoria BUTOTOBJIEHHSI BUNMBKIB B OIHOPA30BUX JIMBapHUX ¢op-
Max CKJIAQa€EThCs 3 TAKO1 TNOCIIOBHOCTI TEXHOMOTIYHUX onepalii:

BUIOTOBJIEHHS MOJEAbHOIO KOMILAEKTY;
TIPUTOTYBaHHS (POPMYIOUUX | CTPUXHEBUX CYMillleit;
BHTOTORJIEHHS (POPM i CTPUXHIB;

e CYLUKA CTPUXHIB (iHOMI i (bopM);

1y Q1204
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ckJaaaHHsA Gopm;

olep>XaHHA pilKoro MeTany,
3aJIMBKa QOpM METAJIOM;
BUOMBKA BUIHUBKIB i3 (POpM;
obpyOKa Ta OUYHCTKA NHTIS;
TepMoOOpoOKa BHIMBKIB (iHOA);
KOHTPOJIb TOTOBUX BMJIMBKIB.

Modenbhuii xomnaekm — e KOMIUIEKT (POPMYIOYMX HNPHCTPOIB,
HeoOXiiHHX Ans1 cTBopeHHs npd ¢dopMoBLi po6ou0i NMOPOXHUHH JIMBap-
Hoi ¢opmu. KoMIutexT CKIaAaEThCsi 3 JIMBApHOI MOAeNi CTPUXHEBHX
SIRMKIB, MOJieni JIUBHHKOBOI cUCTeMH, (HOPMYIOUHUX, KOHTPOJLHHX Ta
CKJIafAILHUX IHADJIOHIB AN KOHKPETHOT BiIWBKH,

Jlueapna modeab € 3pa3koM, 3a JONOMOTIOKY SIKOTO OJEPXKYIOThb
30BHIlLIHI KOHTYPH BIUIMBKH B popMi. KOHCTpyKLia Moaeni Mae 3abea-
NEeYUTH BUBILHEHHS ii 3 ¢opM Oe3 nopylleHHA OAepXKyBaHOro BinOUTKa,

)

N\

H

N N 1 q—_;ﬁ }_@Bﬁ

a 6
Puc. 9.1

MopaenbHui KOMNAEKT:
0 — BiANMBOK; 6 — MOAENL POI'EMHA; 8 — CTpUXEHD

(s~}

BOHa MoOXe OyTH 1IbHOI 260 po3’'emHol0. [ToBepxHa Mojeni NMOBHUHHA
OYTH IMangKoo i YHCTOW, 100 JIeTKo BiLALIATHCA Bia (pOpMYIOUOi cyMillli,
B ooMHWYHOMY BHpPOOHMITBI B BilbIIOCTi BHUITAIKIB MOJEJNI BUIOTORBS-
10Th i3 AepeBHMHH#, a B MacOBOMY — 3 aJIOMIHIEBMX CIUIaBiB, YaBYHY,
maactMacd. B mpoueci IXx BUTOTORAEHHA MOLEJIbHUKH BpPAaXOBYIOTb
NiRiIAHY ycalKy CrnjaBy i TOMY KOPHCTYIOTbCSI CIELiaIbHUM YCATOYHHM
MeTpOM, LiiHa NOAINKH AKOro Aelllo 30inblieHa, Hanpukiaa, Ha 1 % abo
2 % BiANOBIAHO A1 YaBYHHUX Ta CTATLHUX BiAJIHBOK.

Y BUIA4i NpHKIany Ha pHc. 9.1 HaBeqeHO BIANOBIAHO KPECNEHHS
JIMBApHOI AeTani, po3’€eMHOI MOJIeNi Ta JIHBADHOTO CTPHXKHS, HeoOXiIHOro
JL1s1 oJepXaHHs OTBOPY B BUJIUBKY.

Jueapnuii cmpuxcens — 1l eNeMeHT JIMBapHOi QOPMH, SIKHH BHKO-
PHCTOBYETLCS T OfiepXXaHHA Y BUWIMBKY OTBOpY, MOPOXHHWHM abo iHIHO-
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Io CKJIaAHOTO KOHTYPY. Jlns onepXaHHs TMBAPHUX CTPHXKHIB BUKOPUCTO-
BYIOTb PO3’€MHi CTPHXKHEBI SILIMKH.

Mozenb JUBHUKOBOI CHCTEMH (pHC. 9.2) CKIAZAETHCS 3 JIMBHUKOBOI
yawi /, IMBHMKA (CTOSKA) 2, LWTAKOBIOBIIOBaYa TpaneuoiaHoi opmu 3,
KHUBWIBHUKIB 4, 32 TAKOX BUNAapy (Ha PHUCYHKY He BKa3aHKI) LSl BUXOAY
nopitps 3 popMK (abo 3 Tak 3BaHoi OOOMILKK MPH 3aiMBAHHI CMNABIB 3
BEJIMKOIO YyCagKolo).

Ilin yac 3anKMBKH PN NOBOPOTAX i BIPATi WIBHIKOCTI PYXy METany v
LUIAKOBJIOBIIOBAYi 1UIAK BHIUIMBaE Ha mnosepXHio. [lnsg 3MeHwueHHS
MMOBIDHOCTE O/epXaHHS Y BIJIHBUI lUIAKOBMX 3eMISSHUX Ta Ta30BUX
PAKOBHH, HETOJIHUBIB, X0J00EHHS] OKPEMHX €JIeMEHTIB JIeTal, 3aCMOKTY-
BaHHJ NOBITPS Ta LLIaKy B GopMy HeOOXiZHO TIMBHUKOBY CUCTEMY 3aMOB-
HATH DIZIKUM METAJIOM [POTAIOM YChOIO 4acy 3anuBKH GOpMH, a TAKOK
J100epXYBaTHCh HacTYMHUX YMOB. Sy, < S8, < S;p, A€ Sy, — TUIOWwa

2
3
4
Puc. 9.2
Mogens IMBHUKOBOI CUCTEMH
CYMapHOTO Iepepi3y BCIX XMBWILHHUKIB; S, ,; S.; — BIINOBIIHO muiolla

nepepiszy LUIAKOBAORB/IIOBaYa Ta CTOSIKA.

Mogeni 3BU4ailHO MOHTYIOTh Ha METaIEBKWX IIMTAX, sIKi HA3UBaIOThCS
moldeasumu naumamu. i nouTH He TinbkU GOPMYIOTH TUIOLLMHY
pO3HIMaHHA JMBApHOi (OpMH, HeCyTb HA coOi pi3Hi YacTMHU Mojesi
BiIUIMBKHM Td MOJENi NMBHUKOBOI CHCTEMH, aie i CAYTYKTb A1 Habu-
BaHHA QOPMYIOUYOI0 CYMIlIIIO OJIHOI 3 NNApHUX OFIOK MPH BUKOPUCTaHHI
HEepOo3’€MHKUX Monenei. Onoku ABJAIOTE €00010 HOPOXHI PaMKH,
3BUYATHO Xpymioro abo NpSMOKYTHOro nepepily. [pU3HaveHi BOHU mnst
yTpuManHs GopMylo9ol CyMillli Mpyd BHMrOTORIEHHE AUBapHoL GOpMM, ii
TPaHCHOPTYBAHHI Ta 3aNMBLI PiAKUM MetaloM. BUIOTOBISIIOTE ONMOKH 3i
cTajmi, YaByHY, ailOMiHilo, a iHomi — 3 nepeBa. BoHU noBHHHI OyTH
JIeTKMMHM, MILHMMU i J0oOpe YTpUMYBAaTH yulinbHeHY (OopMylouy CcyMiul.
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[1pu dpopMoBLi 32 PO3’EMHOIO MOJETIO BUKOPHUCTOBYIOTE TTapHi ONMOKH,
AKi LIEHTPYIOTLCA 3a IOTNOMOTroI0 CrieliaIbHUX MPOYIIMH Ta HANpAMHUX
CTPHXHIB, 3a0e3neyyloMy MOBHMIA 30ir KOHTYpIB BULIMBKH BEpXHBOI Ta
HUXHBO1 HanipdopMm.

®OpMYIOUH iHCTPYMEHT, 3aCTOCOBaHUIi MPH BUIOTOBJIEHHI ONHOpa-
30BHUX JIMBApHHUX (opM, Migpo3aiisiioTs Ha ABi rpynu: dopmyrouuit ta
o0pobHMA. Jlo nMepilol BiTHOCATH (POPMYIOUMNI IHCTPYMEHT, 1O CAYTYE
JUIS1 HATIOBHEHHS Ta YHIiIIBHEHHA GOpMYIo4ol cyMiili B orokax. /o Hkoro
BiIHOCATLCS NONATH, PY4YHi Ta MHeBMAaTU4Hi TpaMOiBKH, WiCKOMET TOLUO.
Hako/i0BaHHA BeHTUNSILIIHKX KaHaniB y ¢opmi pobaaTh craneBMMHU
rojkamMy (OywiHuKamu). J1o Apyroi rpynuy BilHOCHTBCS iHCTPYMEHT, SIKUit
3aCTOCOBYEThCS] ISl 3BLIbHEHHs1 Mozedi 3 ¢opMH Ta 06pobKY MOBEpPXHi
¢dopmu. lle pisHOBMAHOCTI TauykiB, MiAHOMHMKIB, TMaAUIOK, JIOXKEYOK,
TMOJI03KIB, NYJILBEPH3ATOPIB TOLLO.

®opMyI04i i CTPHXHEBI CyMillli, H10 BUKOPHUCTOBYIOTHCS B JIMBADHOMY
BHUPOOHUUTBI, CKIAAAIOTLCA 3 KBapHOBOIO MiCKy, FAMHM 1 3B SI3YIOYMX
marepianiB. i cymiunli noBUHHI Matik noOpy IMIacTHYHICTb, TEKYYICTh,
ra3onpoBilHICTb, MILIHICTbL Ta NMPOTUNPUTapHIiCTL. TTwacmununicms 3abe3-
neyye oAepXaHHs B (hopMi YiTKOro BilOMTKA Moneni. Texywicms — 1le
30aTHICTL CYMillli 3aNOBHIOBATH NOPOXHMHY ITifl J1i€}0 30BHiltHIX CWJI abo
obTikaTu Mojeb i piBHOMIPDHO YHIUIBHIOBAaTUCS Kojo Hei. Taszomponux-
Hicmb — e 31aTHicTb GOPMH | CTPHXXHSA MPOMYCKATH TasM, sIKi BMAi-
JiST10TLCS 3 HOPMYIOUOL Ta CTPUXKHEBOI CYyMillli, i HE IOMYCKATH CTBOPEHHS
B MeTani ra3oBuX pakoBHH. Miynicms — 1le 3AaTHICTE POPMU Ta CyMiHTi
BUTPUMYBATH BIUIMB HABAHTaXEHHA, He PYAHYIOUUCEH NPH BUTOTOBIEHHI,
TpaHCNOPTYBaHHI Ta ail piakoro Metany. Jlns 30inblIeHHS MilHOCTI
cyMilueit No HUX JOAAIOTH 3B’A3yIoul MaTepiany, piike CKI0, CHHTETHYH]
CMOJU Towo. [Tpomunpuzapricms — e 3NATHICTb cyMilleit i GOpPMH He
CITiKaTHCSA i He CIIABJIATUCS 3 PO3ILIABJIeHUM MeTatoM. Uepe3 NpUropsiH-
HA cyMilllefi A0 BilVIMBKM Ha 1i OBEPXHi CTBOPIOETECS CYLIbHA KipKa i3
CyMillll OKCHAIB MeTasly Ta MICKY, $IKa VTPYAHIOE HACTYTIHY MEXaHiuHy
o0pobky. Jns 3MeHuleHHS WIKiAMWBoro edexTy B cymill A0AAIOTH
NPOTHIPHIapHi 10OaBKM: KaM'sTHe BYTLNLIA JUIA YABYHHUX BLUIMBOK, Ma3yT
st 6poH3H. PopMH Ta CTPUXHI TTOKPUBalOTh hapboro Ta NpuinwioM. Jo
cxiany $papby BXOIATD:

s BOIHeTpPUBKA MNKHa;

e rpadir;

e KBapLOBWH MICOK;

s 3B’S3YI04i.

Ax npynun 3acToCoBYIOTh NMOPOWKOBUiH rpadhit, MONOTe AepeBHe BY-

i Ta iHwe. SAK 3B’A3Yiodi cyMillli BUKOPMCTOBYIOTb CHHTETHUHI Ta
HaTypalIbHi CMOJIH, NONIBiHIAORMHI CIIMPT, NPOAYKTH NepepoOKM KpoXMa-

228



Tnasa 9
TeXHOROMA ANBAPHOTC BUPOGHALTEA

JIIO Ta BiIXOOH CIIHPTOBOro BUpoOHMLTBA. Moaeni ¢apOytoTh: il YaBy-
HY — YepBOHOIO, AN CTANi — CHHBOW, MIA KOJLOPOBMX METANliB —
Xx0BT0I0 dapbolo, a CTPHXHEBI 3HaKH — 4YOpHOI0 dapbolo. 3a crmocoboM
3acrocyBaHHsA GopMyloUi cyMillli po3aijIfiOTb Ha:

o 00IMIIOBANBHI;

e HaNOBHIOBAJILHI;

® E€AUHI.

Obauyrosanvhia cymiw (hopMyroua abo cTproKHEBa) CNYIYE Ui BHIO-
TOBJIEHHAA poboyoro apy GopMH abo CTpHXHS 3 3aBHILEHOI raso-
NMPOHHKHICTIO Ta 3aBTOBIUKH 40...100 MM. Hanosuioeassia cymiu BUKO-
PUCTOBYETHCA ISl 3arlOBHEHHA ¢GOpMU Ta CTPUXHS NICIA HaHeCeHHSs
obnHilloBanibHOl cyMilill. €duna cymiue BHKOPHUCTOBYETHC OMHOYACHO fK
oOnHIIIOBANIbHA TAa HamoBHIOBaJbHA. POpMYIOYi Ta CTPHXHEBI cyMmilli
TOTYIOTh B cHelianbHUX BiaguteHHAX. Cupuit dopMyrounit Marepian cy-
warb, NoApibHIOTh, TIPOciBaloTh (Te caMe pobiaTh 3 BiINMPaLBEOBAHO
CYMIMILINO, NpoTe il I0OaTKOBO OYMIIAIOTh Bif niiy). TlinroroBneHi Mare-
piany y BH3Ha4eHil mpomnopuUil 3MillyIoTh Yy CrielialbHUX 3MilllyBayax-
Oirysax.

BuroroeneHHsi THBapHHX GOpM Ta CTPHXHIB 3OIHCHIOTb Pi3HUMH
criocobaMH. B oCHOBHOMY, 3alleXHO Bill pO3MipiB Ta MacH BiIAHBKH, a
TAKOX Bil THIY BHpoOHMLTBA (iHoMsinyanbHe abo MacoBe) 3aCTOCOBY-
10ThCA Taki MeToIH GOPMOBKM:

e B IPYHTI;

e py4Ha (OpMOBKaA B OIOKaXx;

e MallLiHHa GOPMOBKA B OINOKaXx.

_ JIuBapHi ¢opMU BpyUHY B I'DYHTI BHIOTORIAIOTE B iHAMBIAYATEHOMY
BHpOOHMUTBI NepeBaxHO sl BeJJMKUX BiuBoK. ig Jeraneil mpocroi
KOHQIrypallii 3 BepXHbOIO TUIOCKCIO NI0BEPXHEIO 3aCTOCOBYETLCH BiIKpHUTA
rpyHToBa bopMOBKa. B LIbOMY BHIIAAKY [UISl BEJIHKMX BaOXKMUX BILJTMBOK
Ha JH] BHUPHUTOI IMK CIIOYATKY TOTYIOTh TBepay NOCTUlb 3 PIBHOrO 1Iapy
KOKCY, TOTiM MiABOAATE TPpyOM AN MOKpaliaHHs BigIBOAY rasiB, Aani
YK/I4/1a10Th PiBHHM LWApoM (POpPMYIOUY CyMilll i TUILKM MiCIs LIbOro Ha
HIArOTORNEHY CYMilll KIaIyTh MOJeJb i obepexHO 11 ocagXywoTk. ['opH-
30HTAIBHICTE BEPXHBOI MIOCKOCTI MepeBipsAioTh piBHeM. IoTiM BHpi3aloTh
NUBHHKOBe 3araubieHHs mia yawly i Big Hel Mpopi3aloTb KaHal AIs
BHXoAy Merany B dopMy. Ha npoTunexHi# cropoHi pobasttb Takuii caMHii
KaHal 3 MPHAMKOM s 31MMBY 3 ¢opmu 3aiiBoro Metany. Ilicns uworo
MoJeNb BHIMAalOTh i 06pobnsoTbh NiHii NOWKOMIKEHHA, NMPHITIWIOKTD i
3a/IMBAOTh METAJIOM.

3akpura rpyHTOBa HOPMOBKA 3aCTOCOBYETHCA IS BiJIUBOK, NOBEPX-
HIO SIKMX MoXHa obopMHTH 00epraHHsM 1WIA0IOHY HABKOJIO BepPTHKA/b-

I/z +8 2204 229



Poagin 4
TexHOoAOris BUFOTOBAEHHS Brupobia

HOI OCi, a TAKOX KOJIH BUTOTOBJIEHHSI MO/IeJli He eKOHOMIYHe, Ulabaonamu
Ha3WBaeThcs rpodUlbHA [OILKA, WO MAE KOHTYPU BHYTpILHBOI a6o
30BHilIHBOT NoBepxHi BiMBKH. Taki 1abNOHHM NMOYEProBO 3AKPIILIIOIOTh
Ha CriellianbHOMY pYKaBi, SIKHil CTABISITh HA LUMIHHIAED 3 MIALLHUITHUKOM.
Ilicas ycTaHOBKM nepisoro 11ab/oHy B AIMY HACHNAIOTL GopMYIOUY CYMilll
(3eMJ10) i YILIBHIOIOTS ii. [1]abjioH noBepTaioTh HABKOMO OCI WNWHAEA
Ha 360°. OnmepxaHy T[OBEDXHIO MOCHIAIOTL KEPAM3IiTHHM [1iCKOM,
3aKpHBaIOTh ManepoM, oopMHOIOYM TUM CaMHM MOBEPXHIO BiLIMBKMU.
Ticag 3HATTS HHOrO LIAGJIOHY CTABIATH ONOKY, MIKCYIOUM MeXaHiyHo 1i
TIOJIOXEHHSI, i HAaOKMBaIOTh BepxHIO HaniBgopMy. ONOKy BUAANSIIOTh, CTaB-
JATh ApyruM wabnoH i oopMAIOIOTL HHUXHIO HanmiBhopMy, 3HiMalOuH
1Bap cyMillli Ha TOBUIMHY CTiHKM BUIIKWBKH, Micjia 4oro wadjioH pa3oM 3i
IUTIHHAEeM BUMMAKOTh 3 MO AITHUKA, KW 3aTHIIAETLCA Ha OHI AIMH,
OTBip Bill WINMUHAENR 3a0MBaIOTh GOPMYIOUOIO CYMILLILIO, ONOKY 3 Bep-
XHbOIO HariB(HOPMOIO FOBEPTAIOTh Ha TOMNEpeJHE Miclie i NOPOXHHUHY
CTBOpeHO1 GOpPMH 3a1KBAIOTH METANOM.

Pyuta ¢dopMoBKa B ONOKax NpPONYKTUBHIlLA 33 GOPMOBKY B TPYHTI.
KpiM Toro, BimiMBKM NpH Takid (opMoBLi OifibiU TOYHI.

3anexXHo BiI BHYTPILUHBOrO KOHTYPY, PO3MIpiB Ta CKJIagHOCTI
BILIYBOK 33aCTOCOBYIOTb Pi3Hi CnocoOM py4yHOT d)opMOBKu Haiiyacriwe
3aCTOCOBYIOTh (POPMOBKY B XBCX ONOKAaxX 3a HEepO3’€MHOIO Ta PO3’€MHOI0
MOJIEJTIO. ﬂocmnosmc"rb TEeXHONOTIYH KX onepaltiit ipu d)opmoam B JBOX
OTIOKaX MO Hepo3'eMHiil MOJeni Taka: MOJEJb CTABMATh Ha MiAMOIeNbHY
JIOLLIKY [ 3acHnalTb B OMOKY (opMylouy cyMilld, yrpaMOoByloTh 1 i
OYIHHUKOM poOsisTh HAKOAW, He IOoxXomsidM o Mozeni Ha 10...15 mMm.
Habuty onoxy nepeBepraioTb, HaKpHBalOTh BEPXHLOW OMOKOIO, B SIKY
BCTaBASIOTh MOJeNib AMBHUKOBOI CHCTEMH Ta BMNAP, 3acHTawTh H dop-
MYIONO010 CYMilIe # ywinikHioloTh. TTicas Uboro onoku pos3s0UpaioTs,
BUIANSIOTH BCi Moneni, ¢opMM NianpasisioTh, o0AyBalOTh i NPHNHK-
JII0IOTh, NPYU HEOOXIAHOCTI CTaBANTL CTPHXHI. Tlepel 3anuBKOIO MeTany 3a
JIOTIOMOTOIO LIEHTPYIOUMX LUTHPIB, METANIYHMX CKOO Ta iHIIKMX TIPUCTPOIB
OCTaTOYHO HIKCYIOTH TOJIOXKEHHSA ONOX BiAHOCHO O1HAa OAHOI.

®opMOBKa B ABOX OMOKaX MO po3’eMHil ModeNli NpoBOAMUTLCS aHa-
JioriyHo. BiIMiHHicTb IMlUE B TOMY, 110 CNIOYATKY Ha NiAMOAENbHY JAOIIKY
CTaBIsATH HaMiBMOJeJibh TJIOCKICTIO po3HiMaHHA ToHU3Y. [licas BHrotos-
JIeHHSI HUXKHLOI HaniBGopMH ONOKY 3 HaniBMOIEIUTIO MepeBepTaloTh, Ha
Hei NOCAiIJOBHO CTaBNATh BepXHIO YacTWHY Mozeli, MoJenb JUBHUKOBOL
CHCTEeMHM i MoJenb BUMapy, 3aBepLUYIOYH THM CaMUM TpolieC BUTOTOBNEH -
HAl BepxHbOi HaniBpopMu. T10TiM 3HIMAIOTL BepXHIO OMOKY i BUAAISIIOTH
YAaCTUHU MOJeJfli, BCTaBISIOTh CTPUXHI | CKNanaioTe GpopMy.

Ao po3HiMaHHs (oOpMH He NJIOCKe, a KPUBONiHiHE, TO MOXHA
3acrocyBaTH ¢GOpMOBKY 3 miOpiskow. B LibOMYy BMMaNKy HEpPO3HIMHY
Mozenb 3adopMOBYIOTh ¥ HUXHIE onowi. INoTiM 110 ONOKY nepeBepTaloThb
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i migpizaloTh MNOCKICTh PO3HIMY 0 YAacTHMH Mojefi, fKi 3aBaXaiTh
BUIBHOMY BMIaneHHIo i 3 ¢dopMU. POpPMOBKY BepxHbOI HamniBdbopmu,
BUJIATIeHHS eJIeMEeHTIB MOJIeNli Ta IMBHUKOBOI CUCTEMH i HACTYNHe CKJa-
AaHHA GopMH M 3WIUBKY METAIOM TMPOBOIATH AK 3a8XKAM.

®opmoBKa MO MOAENAX 3 Bil’€MHMMM YacTHHaMH YCYBaE€ HeoOxin-
HICTb Miapiskn. B uboMy BHMAAKY BiA'€MHI YaCTMHHM MOAEI KpiILATbCS
cnelialbHUMK HINKNBKaAMH, s1Ki BUIANAIOTL 3 GOpMHU B Ipolieci HaOMBKH

Puc. 9.3
DopMOoBKa B CTPWIKHAX

onoxu (opmyouoio cyMiunuo. Ilicns BuaanteHHs Mopneni i Bil’€MHUX
4yacTiH (popMy OCTATOUYHO 0OpOOGASIOTH | JHIlE TMOTIM 3al1MBAIOTh MeTa-
noM. Jnsa BianuBky ApiOHMX JeTaneil 3acTOCOBYIOTH IOBepXHeBe Ta
cTyniH4acTe (QopmMyBaHHSl. BUKOpHCTAHHSI LIMX TEXHOJOTiit N03BOSE
CYTITEBO CKOPOTHTH futolly GopMyIodoi JUTBHULI.

HJin BUTOTOBJIEHHSI B ONMOKaX TOHKOCTIHHYX BiVIMBOK CKJI&GHOI
KoHpirypauil abo 3 BeluKoo KinbKicTio pebep 3acTOCOBYIOTh GOPMOBKY
B CTpMKHAX (puc. 9.3). Y upoMy BHIAAKY BClO GHOpMY 3 30BHIlUHLOI Ta
BHYTPLIIHbLOL CTOpPiH 36MpaloTh 3i crelujaNbHO BHTOTOBJIEHHX CTDUXKHIB,
CKpiTUIeHUX CTpyOuMHaMH, aGo ckobamu. HKINO KOMILIEKT CTPIKHIB
PO3MIllIYIOTh He B ONOKM, & B XaKeTH — 4aBYHHI SLUIMKH, TO Leii crnocib
HA3UBAIOThL HCAKEMHOKW HOPMOGKOI0.

Ipu MauniHHiA GOPMOBL 3aCTOCOBYIOThH CTDPYILYIOUi, [IPECOBi, Npe-
COCTPYIIYIOUi, ITICKOMETHO-TIPECOBI T4 MICKOMETHI MAalIWHMU.

Cmpywyroni mawuny BYIKOPHCTOBYIOTb ISl BUTOTOBJIEHHSI DOpPM y
BUCOKMX OIOKAaX, & OpecoBi — Aisi GopMyBaHHS HHU3BKAX OINOK TI0 MO-
IensiX, AIKi He MalOTb BHUCTYIAIOYMX YACTHH, JnA ycyBaHHsI HEpiBHO-
MipHOro yintiibHeHHs ¢GopMyIodoi CyMillli 3aCTOCOBYIOTh NPOQLTbHI Mpe-
COBi KOJMIOAKHM, 1110 MAlOTh BUCTYITH, BIATIOBIHI 3arMMOneHHAM Ha MOJEISX.

Ipecocmpywyroni mawunu yYIinbHIOOTH CyMilll KOMOiHOBaHUM CIIOCO-
60M — CcTpyHIyBaHHS 3 HACTYNHOIO MiANpPecoBKolo, WO 3abe3neuye Giiblu
PIBHOMIpHUII po3noain wiibHOCTi HAOMBKYU POPMU TTO BUCOTI.

ITickomemrio-npecosi Mmawunu MaoTh BiIbH BUCOKY TIPOAYKTHEBHICTD,
6e31iymMHi B poboTi, 3a6e3MeyyloTh aBTOMaTU4YHe JI03yBaHHS NpH 3aroB-
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HeHHi onokH. Lo TeXHOJorio 3aCTOCOBYIOTH B OCHOBHOMY ISt APiGHKX
¢opmM. Onoka npH LLOMY 3alIOBHIOETHCA 32 PAXYHOK €Heprii CTHCHYTOro
MOBITPS CYMillUIC 3 MICKOMETHOIO pe3epByapa, OCHAIIEHOTO 3HH3y He
TUBKH TUTATOIO 3 OTBOPAMH [ENSl BHTOKY CYMillli, ajie i WIVIMHHHUM KaHaloM
ISl BUXOAY MOBIiTPST 3 OMOKH.

Hickomemni mauwuny cTalioHapHOro abo pyxXIMBOTO THITY 3aCTOCOBY-
10TbCA 119 (POPMOBKH BeAUKHX ONMOK. OCHOBHHM BY3JIOM TaKHX MalllKH
€ MeTajlbHa rofloBKa, ycepeluHi AKoi obepracThca KiBil. CyMiln norpan-
Jife B KiBll 3i CTpPiYKOBOrO KOHBEEpa Kpi3b OTBIp 3aAHLOI CTiHKH, a
BUKHJAETBHCA 3 BEAMKOIO LIBMAKICTIO Kpi3h BUXiZHME OTBip MeTalbHOI
I'OJIOBKH, fIKa MOXe€e BCTAHOBMNIOBATHCA Y OyIb-fKOMY TNOJIOXEHHI BiA-
HOCHO OTIOKH.

BHroToRneHHs! CTPHXHIB 3AIACHIOIOTH BPYYHY Ta MAlUMHHUM CIIOCO-
6oM. Ilpy pyyHOMY criocobi CTpYDKHI BUTOTORISIOTE B pO3’€EMHUX CTPUXK-~
HeBHX AnRIMKax abo 3a AonomMorolo WadAoHiIB, NPH MaAIMHHOMY ~— TUIBKH
B CTPYDKHeBHX fillUKax. Jng rabapWTHHX i CKNaAMHMX BiTMBOK CTPHXHI
BHIOTOB/ISIIOTBCA 3 3aCTOCYBAaHHSM TMPYTKOBUX, APOTOBHX afo TpPYOHHUX
K4pKaciB, SIKi OJIHOYACHO CJYFYIOTb AJSl BiABOAY ra3iB. 3acTOCOBYIOTh
TaKOX MOPOXHUCTI 0OONOHKOBI CTPUXHI, AIKi MAlOTh BHCOKY MIlLIHICTh,
J06pY Tra3onpoHHKHICTh i Jlerko BHOMBAIOTHCA 3 BiUIMBKU. B LbOMY
BUMNANKy B CTpWKHEBY CYMilll JOAAlOTh TEPMOPEAKTHUBHY CHHTETUYHY
cMony. Cyudiarh CTPUKHI Ha HiABICHUMX ILUTMTAX Y CYIIMIKaxX Ge3nepepBHOI
aii. TpusasicTb Takol cylik¥ — 1 rof, Ha KoxHi 25 MM ToBmMHU. Cynika
B CTPMXHEBHX ALIMKAX 33 JONOMOIOX MpPOAYBKH FapsSYUM NOBITPSM Ta
KaTamizaTopaMH ab0 3a paxyHOK. 3acTOCYBAHHS UIBHIKOTBEPAHYYHX
3B A3YIOMMX AOMIlLIOK TPUBAE JeKiNbka ceKyH i 3abe3neuye Gilbllr TOUHI
po3Mipy. Ilicna CyWIKM CTpHXHI IMANPABASIOTb Ta TeEPEBIpSIOTL IX
po3mipu. Yacro crpuxHi ¢dapOyioTh NpoTHIpUTrapHoio thapboio.

CxnageHHs1 GOopM NMOYMHAIOTH 3 YCTAHOBKH HHXXKHBOI HamiBopMH Ha
3a1MBOYHY IUTOIAAKY, PojibraHT abo Bi3oK KoHBeepa. [TopoXHWHY
HaniB)OpMH NpPOAYBaIOTh CTUCHEHKM MNOBITPAM Ta BCTAHOBIIOIOTh B Hil
CTPUXHI. AKIIO CTpHXeHb He MOXHA CTiiikO BCTAHOBHUTH B CTPHXHEBi
3Haku GopMH, TO A8 HOro MiATPHMKH 3aCTOCOBYIOTb MeTalliyHi Xep-
JAMHKH, JOBXHMHA SKHX BiAnoBifa€ TOBLIMBI BiLUTUBKU. ITOTIM HIMXHIO
HaniBdopMy obepexHQ, No HiKCYIOUUX IUTHPSAX, HAKPUBAIOTh BEPXHBLOIO
Hanisgopmolo. Jlng 3anobiraHHsa nigiioMy BepXHBOI HaniBPopMH cTa-
THYHUM THCKOM MeTaly HaniBopMH CKpPilsiioTh CKo6aMH abo cTaBRIsTh
TSTap.

Po3pi3 nuBapHoi ¢hopMu (3i0paHOi M0 MOAEABHOMY KOMILIEKTY, 300-
paxXeHOMY Ha pHc. 9.1) nogaHo Ha puc. 9.4.
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nasa 9
Tex+onoria MBapHOTo BUPOOHNYTEa

OnepXaHHs piIKoro Metany Ta 3aidBKa ¢opM CNaBOM NMPOBOAMUTLCS
3 YpaxyBaHHfAIM BH3HAYEHHUX TEeXHOMOTIYHHUX Ta NMapaMeTPUYHHMX BUMOT,
HeBUKOHAHHA AKMUX BIUIMBAE Ha AKICTb BIIAMBKHU. Ocol/iMBe 3HaAYEHHs
NpH UbOMY MAlOTh: TeMNepaTypa MeperpiBy piikoro Metany, TPUBAJCTb
3aIMBKH, CTYNiHb 3aMOBHEHHS NTMBHUKOBOI CUCTEMH PO3IL1aBOM, BUCOTA

Puc. 9.4
Nvsapra dopMma B crnafamHHi

CcTpyMeHs Toio. Pinkuii MeTan 3 neveil monacrbCcs 3BUMANHO B KOBIUI, 3
SIKUX 1 pobutbea 3anuBka ¢opM. KoBuli BUTOTOBISIOTECS 3 JNUCTOBOI
cTani, hyTepyloTecs 3cepeavHM BorHetpuboM. KoBiLii Manol EMHOCTI TpaHc-
MNOpTYIOTh 10 MiCLISI 3AIMBKM BpYYHY, a BEJIMKOI EMHOCTI — [epeMilllyloTh
no MoHopekui abo MOCTOBUMM KpaHaMH. MeTan nepea 3aJMBKOIO
BUTpMMYIOTb B KOBILI A7 BUAANEHHs ra3iB, CI/IMBAHHS LWIAKiB i He-
MeTajliYHMX BKJIIOYEHDb, 4 TAKOX il BCTAHOBAEHHSA TeMIepatypy 3aJIUB-
KH. ONTUMaIbHUIH Jiana3oH 3aMBOYHUX TeMIlepaTyp OCHOBHMX JMBap-
HUX CIUIABiB CTaHOBWTH: AndA ctani 1500...1600°, xoBkoro 4aByHy 1380...
...1450 °C, ciporo uaByHy 1260...1400 °C, 6ponsu 1100...1150 °C, amo-
MinieBux critasie 700...780 °C ta marHiesux crutasip 680...780 °C (HuKHA
MeXa LIl BEeNMKOTAaBapHTHUX TOBCTOCTIHHMX BiA/IMBOK, BepXHSl — ISl
NpibHUX TOHKOCTIHHMX). belnepepBHUM CTpyMeHeM MeTan 3a/IMBaIOTh 3
BUcoTy He 6utbiue 200 MM. 3aliexHO Bil MacH BILTHBKH TPUBAJiCTb
OXOJIOIXKEHHS CTAHOBMTb Bifi OAHICI XBWIMHHM N0 AeKiTbKOX Aai6. Jns
CKOpPOYEHHA TEXHONOMMHOTO LIUKIY §{HOAE 3aCTOCOBYIOTH IIPUMYCOBE 0XO-
nopxeHus. Ipu temneparypi 500 °C pianuBkv BUOMBaIOTE i3 Qopm.
Tpoliec BUGUBKM AOCUTD TPYAOMICTKHI. CYNpOBOKYETECA BiH BETMKUM
BUALTICHHSAM MMMy, Ta3iB Ta TEMNa, TOMY i NpOBOAMTECS 260 B cnewiaibHUX
3MiHax, ab0 B OKpeMMX TIpUMIilLeHHsAX. BHOUBKY MPOBOASATb SIK BPYUHY,
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Pospin 4
Texwonoria BUroToRNEHHS BUPOGIS

Tak i 3a A0MOMOTroK BiGpaTopiB, NpalICIOYKUX Ha CTUCHEHOMY TIOBITpi, abo
Ha crelia/ibHHX niacraBkax, ado Ha NHeBMOriApaBIiYHUX YCTAHOBKAX.

ITicna BU6MBKYK BIIMBKM i3 dopM JIMTBG OOpYOYIOTH Ta OYMLLYIOTD.
O0pyOka HeoOxinHa Ans BUAATEHHsA JMBHMKIB. JIMBHUK OMRILYIOTHL Bin
YaBYHHHUX BiIJIMBOK JHMHaMiYHMM yaapoM (afo B crelianizoBaHux Oapa-
6anax), BiA cTaAbHUX BUUIMBOK — Ta30BOI0 Pi3KoK i Oe33yOuMM nnamu,
Bil KOJILOPOBHX — CTPIYKOBMMH i AUCKOBUMHM TIMJIAMH. B Minkux crans-
HMX Ta Y MiHMX BillJIMBKAX JJUBHHUKH BUALISIIOTLCA TIpEC-KycauKaMu, a B
aNIOMiHiEBKWX Ta MarHieBux — oOpyOHUMM wTamnamu. Bin dopMylodoi
CyMmilli, IO B3AAacs A0 TNOBEPXHi, BIWIMBKH OYMIULIYIOTb CTAIbLHHMH
iTKaMu, 3ydbunamu abo B npoctx 6apabaHax, Ae BiIMBKH 00epTalOTLCS
i TpyTbCca onMH 06 omHoro Ta of “3Jipouku™ 3 Ginoro yaByHy. KpiM Liux
MEeTOAiB, LIMPOKO BUKOPHCTOBYIOTh APOOOCTPYMEHEBY, NICKOCTPYMEHEBY,
riapaBiiyHy, TinponicKoCTpyMeHeBY Ta ApoboMetanbHy oOpoOKy. s
CKJIAAHUX BULTHBOK BHKOPMCTOBYIOTh VJIbTPAa3BYKOBY OYMCTKY B PIIKHMX
pO34MHaX, eJeKTPOKOHTAKTHY, 3aCHOBaHY Ha BIUIMBI TeIVIOBOro edexry
Bil TIPONYCKaHHS €JIEKTPUYHOIO CTPYMY, i 0coONIMBO eneKTpoMexaHiuyHy
ouncTKy. I1pH enekTpoMexaHiyHit OYUCTIL BIWTMBKY BMIllYIOTb Y BAHHY
3 NaOH nipu 500 °C i onepXyloTb HeraTUBHMIA NoTeHUian {KaToa) nopaa-
Ky 6 B. Yac ouncTkM npu usoMy He nepeBMilye 10 c.

Micns obpobky Ta OYMCTKM iHOAI NPOBOIATHL TEPMiYHY 06po6Ky
JIMTTA, siKa TIpM3HavYeHa Ansl 3HAITTA BHyrpimHix Harnpyr, NMOKpallaHH$
CTPYKTYPH 1 BNacTUBOCTeil JeTani. 3aneXHO Bl TEXHONOTIYHMX norpeﬁ
BULIMBKM NiaaaTb TepMoobpobli, a came:

Bianany;
HOpMaJi3allii;
3arapTyBaHHIO;
BiILNYCKY.
ITicng OYMCTKM OKalMHHM, SIKNIO lle HeoOXilHO, 3aBeplIYETLCS Offe-
palist orsiay Ta KOHTPONIO FOTOBOrO BiIMTONO BHpOOY (BULTMBKH).

§9.4

JNummna e o6os0HKOGI hopmu

IMpy usoMy cnoco®i AUTTA JeTali o4epXyIoTh ¥ TOHKOCTIHHMX ¢op-
Max-000M0HKaxX 3aBTOBHIKK 6...15 MM, BMTOTOBJIEHWX 3 BUCOKOMiIL[HMX
MilLAHO-CMOMSIHUX cyMitleil. JIng rapsguoro TBepaHEeHHSA K HaNOBHIOBAY
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Fnasa 9
TexXHOAOrA IMBAPHOTO BUPOGHNLTEA

BUKOPUCTOBYIOTb APiOHO3epHUCTHI KBAapUOBHMH [MiCOK 3 MiHIManbHUM
BMICTOM TI/IMHHU, WO [JO3BOJSIE 3HWXKYBATH KUILKICTb 3B’SI3YIOYOTO —
cMond. Jlnga ninBHILIEHHS TePMiYHOI CTIHKOCTI B CyMilll 10A3I0Th XpOMO-~
MarHe3ur. Sk 3B’s3yiouMi  BMKODUCTOBYIOTb MNyibBepOakenir —
deHondopmanpaerigHy cMony 3 gomilikaMM ypotponidy. Taka cmona
nipu 70...80 °C po3M’akuIyeTses, a npy 100...120 °C mnasutbed, nepeTso-
pIOIOYHCh HAa KIeHKy piauHy, sika NMOKPMBAE TIOBEPXHIO 3epeH HicKy
ToHkolo TiBkow. [1pu 200...250 °C cmona Heob6opoTHO TBepaHe, 3a0e3-
MeYYIoUH BHCOKY MillHicTb 060a0HKO0BOI PopMu. [Tpu 400...450 °C cmona
MOYHHAE BUTOPATH, a POpMHU-000NIOHKH BTPAyaloTh MIlIHICTD.

dopmyloua cyMilll Moxe OYyTH HETIaKoBaHOM Ta IUlakoBaHOoW. B
HeruiaKkoBaHili cyMilli cMona nepe0Gysae B nopolukornofibHoMy cTaHi i B
TaKi CyMillli BBOIATH 3BOJIOXKYBayui (HanNpHKial, rac), yCyBalouu nNuaoyr-
BOpPEHHS B pa3li 3acTocyBaHHA RICKOAYBHUX MalLKH, 200 X po3luapysaHHs
¢cMoNH npd GopMOBUI B YCTaHOBKax 3 MepeKMOIHUM OyHKepoM. Y
FUTAKOBaHii CyMmillli 3epHa ImcKy NOKPUTI TOHKOIO MAiBKOIO TBePAOt CMONH
i Taka cymilll He po3lIAapOBYETLCA, BOHA MillHilLIA i ra3onpoHHKHila. [lpu
XONOAHOMY THIAKyBAHHI CMOJIY PO34MHAOTb a6o B aueToHi, aGo B
TeXHIYHOMY CIHDPTi, 2 NpU rapsAvYoMy BHKOPHCTOBYIOTh DO3MJIARIEHY
CMOJTy, WO CKAazHiile, ajte i 6i1bl AKICHO.

MoaeibHa OCHAcTKa AN BUIOTOBNAeHHS 000J0HKOBHX GopM BKIIOYAE
Mofeni, nigMoaenbHi MAMTH, SIMKU AN POpPMYIOYHMX CTPHXHIB, MpH-
CTpPOI A% 3HATTA OOGO0JOHOK 3 MAMOAENBHOI TUIMTH. BUIOTORAAIOT iX 3i
CTasji, allOMiHIEBUX CILIABIB Ta CipOro YaByHY.

TexHonaorist BUrotropieHHs 000/J0HKOBUX POPM i CTPUXKHIB YacTilue 3a
BCe IMOB’fi3aHa 3 BHUKOPUCTAHHSAM TNOBOPOTHOro OyHKepa, Ha SIKOMY
3a3ganeriap YKpinmowoTecs Hanibpopma abo crpuxHesnit simk. Y
nigirpitry Hanisgopmy abo cTpikHeBHil AIKUK oOepToM UBOro OyHKepa
3acUnacrbes nilaHo-cMoNsiHa cymim. lapu uiel cymiini HarpisatoTbes,
cMoJia NNABUTHCS i NIPH OXONOIKEHHi CIIMBAIOTH YACTHHKH [iCKY, CTBO-
poloud TBepay o6osioHKY. IIpM cTBOpeHHI 060JO0HKHM HeoOXiAHOT
TOBIUMHK OYHKep 3 HarmiBpopmoio abo CTpHUXHEBUM SILLIMKOM 3HOBY
nosepTaloTh Ha 180°, 3aMILKK cyMilli BUcUNAlOTL ¥ OyHKep, a 00CIOH-
KOBY HanindopMy YU CTpIDKeHb 3BUILHSIOTH 3 AltMKa. LIMpoko 3acToco-
BYIOTb i MiCKOAYBHMii cnioci0 nonepeMiHHOTO 3anoOBHEHHS Ta BHOATEHHS
HaQMILKY CyMilili 3 po6o4ol MOpOXHUHH obirpiBanbHKX ruiatrdopM Ta
CTPHXXHEBHUX ALLMKIB.

TTia wac cknagaHHs HanieoOpMH CKNEIOIOTh B rapauoMy CTaHi MOpoLUKOo-
noaibHUM nynbBepOaKeNiTOM Mia THCKOM, & B XO/NOAHOMY CTaHi —
PIAXMMH K1esIMHU, SIKi TBepaAHYTh MpY Harpibi. 3i6paHi GOPMH 3 FOPUIOH-
TANBHOIO TUIOCKICTIO PO3HIMAHHSA KJIaAyTh sl 3aNMBKM Ha ilap micky, a
3 BepTHKAJIbHOIO IUTOCKICTIO PO3HIMaHHS Ta BeIUKorabaputHi dopMu s
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Poanin 4
TexHonorin BUroToBheHHs supobis

3anobiranHa XonobaeHHA i nepea4acHOro pyitHyBaHHS CTABIATb ¥ KOH-
TeiiHepH 1 3aCUNaATb YaBYHHUM ApoboM.

OCHOBHHMMH JOCTOIHCTBAMH JAHOI TEXHOJIOTIT MOXKHA BBAXATH Te, LIO:
OJIEPXYIOTh IJIaAKy NOBEepXHIO (hOpM Ta CTPUXKHIB; AeTalli MaiOTb BUCOKY
TOYHICTh PO3MipPiB; TOHKA ra30Ba COpO4YXa Bill BUTOPSTHHSI CMOJIM 3aXHILIAE
MOBEPXHIO BiAJIMBOK Bil BPMropsiHHA; pyiHyBaHHs ¢OpMU Micnsi BUro-
PAHHS CMOJH MOJeTINyE BiNbHY YCAOKy CNNaBy i CIpoliye BHOMBKY
BUITHBOK; pereHepauis cyMiii (nicas sianany npu 700...800 °C) ameHiuye
BUTPATH CBiKOTO MiCKY.

§9.5

Jlumms 3 suKOpPUCMAHHAM NNIABKUX
i 2azugdivoeanux modened

JIuTTA 33 naasxumu MoaeNsIMH — 1€ NIPOTPECUBHUM CIIOCID TOUYHOIO
nutra. CyTHicTh oro noasirae B TOMy, WO AeTalli OJePXYIOTh 3a/IHBKOIO
MeTaly B Hepo3’€MHI TOHKOCTiHHi (5...6 MM) KepaMiuHi GopMH, BUTOTOB-
JIEHi 3a JOTIOMOrol0 Mozeselt 3 1erkonnaBKHx cKiaaiB, Hanpukaan 50 %
napadiHy Ta 50 % cTeapuHy 3 TeMnepaTypolo rnapneHHs 55 °C. O6onoH-
KY 32 LIi€I0 TEXHOJIOTIEI0 OEPXYIOTh LUISAXOM HEeOAHOPA30BOrO 3MOYYBaH-
HA MOAeJ B crneunianbHill cycrneH3il 3 HacTyrHol0 OOCHIIKOIO IMCKOM Ta
BHCYUIYBAHHSM. Y cknaii cycneHsii Moxe 6yth no 50 % xpeMHeseMy
(Si0,) i no 30 % muabHoro kBapuy. Moneni 3 $opM BHILIABASIIOTH Y

BaHHaX 3 Faps4ol0 BOAOlO, a OiUTblI Tyroiviaeki Momeni — B BHCOKO-
KMIUTSYKX pilMHaxX (HanpMKian, nonirnikons 3 -7, = 200...250 °C).

KepamMiuHy 000IOHKY CyIlaTh Ha MOBITPi MIiCJsI HAHECEHHS KOXHOIO
11apy BNpoaoBX 2...4 rof, a MpUCKOPIOKOTh NPOLIEC CYIIKH, 3aCTOCOBYIONH
napy amMiaxy. OcraToyHo 000NOHKH TBepAHYTE npH 900...1000 °C, nicns
4oro 3 Marepiany o6ONOHKM BMIMAIOTLCA 3AJHUINKH MOAEJBHHX CKhaa-
JIOBHX Ta rasiB.

OCHOBHI TNiepeBary Li€i TEXHOAOTl B TOMY, 110 KepaMiyHi 0G0JIOHKH
JIETKO BulmapoByIO'rbCﬂ Ha BibpauifHux pelerax, i cknanHi 3a ¢)0pM010
MojJeni MOXHa BiTMBAaTH 3 OYNb-SIKMX CNAABIB 3 MiJIBUILIEHOIO TOYHICTIO
Ta YHCTOTOIO MNOBepXxHi (B AeSIKMX BHMIIAAKAX LUIKOM BHMKIIOYAETHCS
HeoOXiIHICTh MeXaHiYHOi 06po6KU AeTaei).

JIuTTA 33 2a3ugikosanumu MOOENSIMU — 1le cnoci6 TOUHOro uTTA. 3a
LI€I0 TEeXHOMOTiE€l0 MoAeNi, 110 BHIOTOBJIEHI 3i BCMiHIOBAHOIO NOi-
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TexHOnoria MNBEPHOro BUPOOHNLTEa

CTUpOY, 3 (hopMH He BUIAIAIOTE. BOHU rasudikyorscs nia yac 3anMBKH
crnaBoM. el cnioci® HIMPOKO 3aCTOCOBYIOTH ITPU BUTOTOB/IEHHI BEJIHKO-
rabapUTHHUX CKJIANHMX BiITUBOK.

§9.6

Jlumms ¢ memaneai ¢popmu (Kokini)

Kokize -~ ue ¢dopMa OGaratopasoBoro BHMKODHUCTaHHS. B Kokiisix
3BUYaitHO oxepxyloth 10 500 CTaNbHUX BiXAMBOK 1 JeKifibKa AECATKIB
THCSIM BIIJIKBOK 3 JIeTKUX cIiaBiB. OcobaHBO IIMPOKO Lel crioci0 3acTo-
COBYIOTb 111 OJIepXaHHS BiI/TUBOK 3 aJIIOMiHIEBUX Ta MarHi€BHX CILNIABIB.

CyrHicTh cnoco0y Moafrae B OAepXaHHi JIUTUX [eTaleit LUISIXOM
BiJIbHOI 3aJIMBKM pO3IUIABY B MeTaliMHi (POPMH: Hepo3’€MHi (BUTPYyly-
BanbHi) i po3’eMHi. Hepos’emni KOKili 3acCTOCOBYIOTH LISl OfepXaHHS
HeBeIMKHX BiUIMBOK IpocToi KoHGirypatiii, a GUIbIL CKAazHi i BelUKora-
6apuTHI BULIMBKM OIEpXYIOTb B PO3’€EMHHMX KOKinsix. Bonu 3BuuaitHO
CKJ1a0aloTheA 3 JBOX YACTMH — HamiBPOpMH 3 BEPTHKANLHOK, TOPH30H-
TanbHOW al0 CKIAAHUMH TUIOCKOCTAMH pO3HATTSA. IlODOXHMHY B
BiIUTHBKAaX ONEPXYIOTh 3a JOMOMOIOI0 CTPUXHIB, BHIOTOBIEHHMX i3
cTpuxHeBol cyMmilli abo Mertany. Ilpu ckianHiit dopMi MeTatiuHuWi
CTpUXEHb pobaaTh po3bipHUM, HAMPUKIAA 3 TPHOX YacTHH. [1ia KiHeub
3aTBepIHeHHS BIVIMBKM CMOYATKY BUAUTSIOTH CEpelHIO YaCTUHY TaKoro
CTPWXHS (KIMH), TTCHs 1BbOro fioro 60KOBi YACTMHH, iHLI CTPOKHI (SIKLLO
BOHH €), MOTIM PO3KPUBAIOTb KOKiIb i BUIANIAIOTH Bi/UTUBKY.

Jlna BUaaNeHHs MOBITPS Ta ra3iB NpH 3aJMBLI MO JiHisAX PO3HIMAaHHS
KOKiTi0 a6o B crielLjajibHHX MNpo0Kax poOnaTb ra3oBiABiAHI KaHAIH
3aBruomku 0,2...0,5 MM.

Kokini yacriiie 3a Bce poGnaTk 3 YaBYHY Ta crami. Jng minBUIIEHHSA
ixHbol CTIAKOCTI Ha BHYTPIlUHIO MOBEPXHIO HAHOCATb BOTHETPUBKI
NMOKPMTTA Ta papbu. [ia ofepXaHHs BIVIMBOK 3i WIUIBHOIO CTPYKTYPOIO
3aCTOCOBYIOTb TOHKOCTiHHI mokputrs no 0,5 MM. BenukoraGaputHi
TOBCTOCTiIHHi CTAJIbHi Ta YaBYHHi BUUIMBKH OJEpXYIOTb ¥ <bymposauux
KOKUTISIX 3 NOKPUTTAM 6...12 MM.

JHTEHCHBHICTB 'ren.nooﬁmuy MpH ANTTI B KoKk Y 3...10 pa313 Oinbloa,
HDK TIpM JIMTTI B OtHOpa3oBi (popMM, WO CIIPUSiE onepXaHHIO ApiGHO-
3epHKCTO1 cTpykTypy. [lpoTe NpH LBOMY CIUIaB 3HWXYE CBOIO PilKO-
TeKYYicTh 4Yepe3 IBHAKE OXONOAXEHHS, TOMY KOKulb nepes 3aJiMBKOIO
Harpisatoth g0 100...300 °C. BiniMBKHM BUXOASITb BUCOKOI TOYHOCTI 3a
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TexHoNoris BUroToBNENHA aMpoGia

pO3MipaM# i 3 YMCTOIO MOBEPXHEKW, HIO 3MeHIUye abo BUKIIIOYAE Mexa-
HiuHy 00poOKy. [lpM JMTTI B KOKiNb npoHec MakCHMMaibHO MexaHi-
30BaHMil Ta aBTOMAaTH30BaHMMH, WO 3abe3neuye BUCOKY NPOAYKTHBHICTb
npali Ta HU3bKY co0iBapTiCTb BULJIKBOK.

§9.7

JNummasa nid mucxom ma inwi cnocobu numms

Jlumms nid muckom — HaibiAbW POAYKTHBHUHA CNIOCIO BHTOTORIEH-
H$i HeBeJIMKMX BiATHBOK 3 KOJbLOPOBUX CIUIaBiB 3 BMCOKOIO TOYHICTIO
PO3MipiB Ta YHCTOTOIO NOBEPXHi. 3a 1ielo TexHoorie0 (puc. 9.5) po3nnas
3aMOBKICE Npec-pOopMYy 3a JeKiJlbka CeKyHA Iii THCKOM TMOPIIHS A0

Puc. 9.5

Nuria nin THckom

300 MIla. [Ilicas wBMAKOTO 3aTBepAHEHHA BIIIMBKA npec-GpopMa
PO3KPHBAETLCA i TOTOBA Bil/IMBKA BHOAISAETLCA HITOBXadeM 3 XOJOMHMX
abo rapsiuMx KaMep npecyBaHHA. Xoaodui Kamepu BRKOPHCTOBYIOTEH sl
OllepXaHHA BiIMBOK i3 naTyMeit, anioMiHi€BMX, MarHieBuX Ta iHLUMX
CTLIaBiB XOJBLOPOBHUX MeTaliB, a TakoX 3i craneit. Tapaui xamepu npecy-
BaHHsI BUKOPHCTOBYIOTH ISl OflepXXaHHsl BilJIMBOK 3 LIMHKY, CBUHLEBRO-
CYPM’SSHMUCTHX, aliOMiHIEBMX Ta MarHi€BMX CIU1aBiB. B aBTOMaTHYHOMY
pPeXNMi NMPOAYKTHBHICTh YCTAHOBOK JJIS JIMTTS TiA TMCKOM JOCHTaE 3a
roanHy 3000 urryk i Ginbme. Take JIUTTA AyXe BUriIHEe NPM MacOBOMY
BHpOGHHUTBI CKNaalHUX (PAaCOHHMX TOHKOCTIHHMX BIAJIMBOK i3 KOJbO-
POBHMX CILIABIB.

" QCHOBHHUI HEel0JIiK TEXHONOTil JUTTA Nil THCKOM TIOB’AA3aHKIT 3 TUM,
o JUBHMKY TBEPAHYTH paHillle BiIMBKM, N0 3aBeplleHHsl YCAIKH, 10
CNPUYHHIOE TA30YcanovyHy NOPHUCTICTb. ¥ 3B’A3KY 3 UMM Taki Bi/TUBKK He
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TexHONOMA NNBAPHOIrO BAPOCHALTBA

MOXHa NignasaT¥ TepmooOpolbui, OCKUILKM PO3LIMPEHHA ra3oBHX Mop
MOXe [PU3BECTH 0 CIYyYEeHHS foBepxHi MeTany. EQeKTUBHUM MeTodoM
O6opoTbbu i3 BKa3aHUM HeI0JiKOM € BaKyyMi3alisl npoilecy.
BinuenTpoBe nUTTA XapaKrepu3ye npouec HopMyBaHHsA BULTHBOK IiT
M€ BIIUEHTPOBUX CHI MPH BUNBHIN 3aIMBUI MeTany B 0oBeprosi dopMu
(puc. 9.6). ®opMU MOXYTh 06epTaTHCS HABKONO BEPTHKAIBLHOI abo
rOpH3OHTaNbHOI oci. B dopmax 3 BepTHKansHOlO Biccio obepraHHA [List

Puc. 9.6
BinueHtpoae auTTA:
@ — 3 FOPH3IOHTANBHOIO BiCClo ofepTannn; 6 — 3 BePTHKANBHOK

SHUXEHHs! WKIUIUBOro egeKTy pi3HOCTIHHOCTI MO BMCOTI OJEpPXYIOTh
BiAJIUBKU HeBEeIMKOi BUCOTH {(KOpPOTKi BTYAKH, Kiiblg, QNaHUi TOLIO).
JoBri Tina (Tpy®u, BTY/IKH, BicCi TOWIO) BiLIUBAIOTL ¥ (JOpPMax 3 TOPU3OH-
TaIbHOK BiCCIO 00epTaHHs. 3a LI€I0 TEXHOMOTIEI0 33 NOAMHY BILTWBAIOTh
1o 50 Tpy6 miamerpom 300 MM Ta 3aBHOBXKH 5 M.

OCHOBHi JOCSATHEHHS TEXHOJOM BIALEHTPOBONa AHUTTS B TOMY, LIO
3abe3neyyeTbest JoOpe 3anmoBHEHHS GOpMH AAf CIUIABIB 31 3HVWKEHOIO
PiaKoOTeKy4YicTIO, TO6TO 3a TAKMMHM METOJAMU MOXHA ONepXyBaTH TOHKO-
CTiHHi BianuBku. Henonik Merony nossirae B HEOAHOPIAHOCT: XiMIUHOTO
CKJ1aay 3a TOBLUWHOIO BiLMMBKHU Yepe3 MiBULIEHY JiKBALLIO.

IIIMpoKO 3aCTOCOBYIOTHCSl TAKOXK HariBbe3nepepBHe JIMTTSI YaBYHHHMX
TpYD Ta BTYNOK, JIUTTS BUXMMAHHAM 3a LOMOMOrow obepratouux Ba/ikib
i3 BHYTPILLHIM BOJSTHUM OXONOXEHHSIM, JIMTTS BAKYYMHUM BCMOKTYBaH-
HAM, JUTTS “HaMOPOXYBAHHAM”™ 3a pPaxyHOK CHJ1 NOBEpXHEBOTO HATATY
NpY BUTATYBAHHI 3aTpaBKH 3 pigkoro po3mnasy (Y Takui cnocib oaep-
XYIOTb CTPiUKHM 3aBIUMPLIKK A0 100 MM i Giablue), esieKTpolTakoBuid
nepernnas. ’
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PNDNE BN

1.
12.

r~ KonmponbHi 3anumanis

. Y 4OMy CYTHICTb NUBAPHOTO BUpOGHULTBA?

Axi nueapHi BNacTMBOCTI cnnasie?
Aki BUMOTM BPaXOBYIOTb NPU BUrOTOBMEHHI BUNUBKIB?
Lo sense cobolo MogenbHuin KOMIeKT?

. Hki € pisHopuayn nueapHnx popm?

Lo sense cobolo nMBHUKOBa cucTema?

. Hki BDAcTMBOCTI NOBUHHI MaTk (hopMiBHI Ta CTPUKHEBI CYMILLI?

Ak MeTaamn BUroToBNEeHHA hopM | CTPUXKHIB 3aCTOCOBYIOTb Y NUBap-
HOMY BUpOGHUUTBI?

. Y 4oMy nonarae cyTHICTL NNTTA B 0B0NOHKOBI thopmu? -

Y YoMy MOMRAFAE CyTHICTL NATTA NPU BUKOPWCTaHHI NNaBkMX Ta
rasucpikosaHux Moaenen?

Y 4oMy CyTHICTb NUTTS B MeTanesi popmm (kokini)?
Y 4OMy CYTHICTb NUTTA N TUCKOM Ta BiALEHTPOBOro NUTTA?



§ 10.1

Cymuicms npoyecy | sudu o6pobxu

TexHoJOrYHMI NMpoliec OTPHMAHHSA PAaCOHHMX JeTaneil i 3aTOTOBOK Y
cnocié NIacTHYHOTO Ne(hOpMyBaHHSI METATY B XOJOOHOMY Ta rapsiioMy
craHi HasMBaIOThb ofpobko Memanie muckom. [Ipy UbOMY BHKOPHCTOBY-
10T OOHY 3 OCHOBHHMX RIAaCTHBOCTEl MeTaNniB — 3JaTHICTH A0 IUiac-
THYHOTO HedpopMyBaHHs. Ilaacmuvnicmio Ha3HBalOTh 303THICTH MeTaliB
oo sanukoBoi 3MinM dopmu (nuB. § 1.3; § 1.4). Ob6pobka THCKOM
IO3BONKE OTPHMYBaTH BUPOOH pi3HOro MpM3HavyeHHs i GOpME Y BHETIARI
3aroToBOK AN Nona/blioi o0poOKH pizaHHAM, a TAKOX IOTOBMX HeTaier
BHCOKOI TOYHOCTI BUIOTOBJIEHHH i AKOCTi NOBEPXHi.

Hpoliec 06po6KH THCKOM MOALNAIOTE Ha HIICTh OCHOBHHX BMILIB:

e TIpOKAaTYBaHHS,
e BOJIOYiHHS;

e NPeCYBaHHA,;

e KYBaHHS,;

e 00’ceMHe LITaMITYBaHHS;
e JIHCTOBE IITAMITYBaHHSI.

3acToCyBaHHS TOro 4M iHUIOrO BHAY OOpoGKM THCKOM 3YMOBJIEHE
MOXJIHBOCTSIMH (OpPMOYTBOpeHHsI BHPOGIB i MiNBHILEHHS MeXaHiYHMX
BJIACTHUBOCTEH MeETANy BHACHIKOK TUIACTUYHOTO NedopMyBaHHS, TeXHO-
NIOFiYHOIO Ta EKOHOMIYHOIO HOLUILHICTIO.
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§ 10.2

dakmopu, wo ennusaroms Ha npoyec 06pobxu,
i o6nadnanHsi Onst HazpieanHs Mmemany

O6pobka THCKOM 33CHOBaHa Ha 3AaTHOCTI MeTaliB (NMONiKpHCTANB) 3a
NMEeBHUX YMOB A0 NnacTuyHoi aAedopmauii. InactiuHa aedopmalin Meta-
Ny 30IMCHIOETBCSA 33 PAXYHOK 3CYBIB MK OKpPeMHMM KPHUCTATTaMH (3ep-
HaMH) Ta 3a ix saacHoi Aedopmauii. Po3pi3HsA0Th ABa MexaHi3Mu miac-
TUYHo! Nedopmauii: e aedopmallis KOB3aHHSM; ¢ AedopMallia ABIHHU-
KYBaHHSAM.

Koezanna — 1e 3CyB ONIHi€l YaCTHHH KPMCTajAa BiEHOCHO iHILOI HiZ,
Ji€ AOTUYHMX (3CYBHUX) HanpyXeHb IO MEeBHWX KpucTanorpadiuHMx
TIIOWIMHAX | HanpsMKax.

Heitnuxysannia — 1€ rnepexii YaCTMHW KPUCTala B MOJIOXEHHS,
CHUMeTpHUYHe iHIUIiK #ioro yacTHHI. [InacTuyHa medopMauisa 3epeH MeTaly
NMPU3BOANUTE B0 3MiH Horo (pi3MKOo-MexaHiYHMX BaacTUBocTel. SIkwo ui
3MiHY 30epiraloTses micns aedopMyBaHHs, TO il Ha3MBAWOTb X0QAQOHOIO
naacmuuno degpopmayicio, a SIBUILIE 3MIHM BJIACTHBOCTEH ¥ CYKYITHOCTI —
HakJenoM abo 3MiLIHEHHSM,

[lig yac HarpiBaHHs 3MilHEHOTO Y TaKH# ¢nocid Metany BiiOyBacThecsa
nepebygosa HOro KpUCTaJiyHOI CTPYKTYpHM i 3a MEeBHUX YMOB 3aMiHa
JepopMOBaHUX 3epeH HOBMMH, piBHOBiICHUMH. lle sBHIlle Ha3HBaKTh
pexpucmanizayicio, a degpopmayiro, TIL Yac fKoi BOHA BinOyBacThCH MO
BChOMY O0’€MY MeETajly, Ha3uBalOTh eapaior. CHif NaM’ATaTH, 1O Npo-
MMCJIOBI CIINaBY MalOTh HeMeTaliuHi BKparjieHHs, SIKi po3Milly0ThCs MiX
3epHaMM TNoJjlikpuctana. IIpM gedopMyBaHHI MeTaly Wi BKparuieHHS
BUTATYIOThCS, (POPMYIOUM BOJOKHHUCTY CTPYKTYPY (TEKCTYpY), 11O 3yMOB-
JIIOE DPi3HUH piBeHb BNACTMBOCTEH (aHi3OTpOMil0) B3XOBXK 1 BHOMEpeEK
BUpOOY. lle BpaxoByIOTb NpH BUTOTORJIEHHI KOHKPETHUX JleTaneil, noaep-
XKYKOUYNCh ABOX IPABWIL

e BOJIOKHA MeTany MalOTb BIANOBIAATH KOHTYpY JeTani i He ne-

pepi3aTtHcs,

e DO3TSTYIOUM 3YCHIJISI MOBUHHI JISITH B3AOBX BOJIOKOH.

Y npoueci 06pobkH THCKOM (33 NMAacTHYHOTo nedopMyBaHHA) 3Mi-
HIOIOThCS He Nuille popMa 3aroTOBKM, ale i B1acTUBOCTI MeTany, OcHOB-
Hi TeXHONOTiYKI BJACTHBOCTI MeTany, sIKHit MiARatoTh 06poOLIi THCKOM, e
TJTACTUYHICTD 1 omip gedpopMyBaHH0 (MOPIr TEKYYOCTI i MINHICTh). BoHU
3a/eXarh Bill XiMIYHOTO CKJIaNly Cr1aBy, HOTro YMCTOTH, TeMIlepaTypH Ta
wBKaAKocTi gedopmauii. Bigomo, 1o Tpu niABULIEHHI TeMIepaTypu
FUTACTUYHICTb 3pOCTA€E, a MIUHICTL 3MeHuIyeTbed. [IpoTe v ByrnieneBHX
cransx B iHTeprani 100...400 °C moxJiuBMil 3BopoTHMII npouec. Leii
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iHTEpBaT TEMIEpaTyp HA3UBAIOTb 30H0I0 Kpuxikocmi, a00 CHHBONAMKOCTI.
3i 3pocTaHHAM WBKAKOCTI AedopMallii NAACTUYHICTb 3HUXYETHCSA, X0Ua
nopir TeKyvocTi 3poctae. Ha TexHoAOriYHi BMacTHBOCTI JeTaneit BruiMBae
TakoX (a3oBOCTPYKTYPHUMH CTaH MeTany, wo obpobnoerecs. Tak,
MeXaHiYHe HarapTyBaHHSM 3MEHIYE L1aCTHYHICTL MeTany. Baxnuse 3Ha-
yeHHsn Inpu 06pobui THCKOM Ma€ cxemMa MPUKJIAAaHHs 3YCUb i Hanpyxe-
HOTO CTaHY 3arOTOBKH.

Puc. 10.1
Temnepartyphus invepsan
HarpisaHHA Byrneuesol crani
ann oBbpobru TMckom

HarpipaHHa MeTany nepea AedOpMyBaHHAM — BaXJIMBa orepatis
npy o6pobui THCKOM, sika 3a0e3neyye HeoOXiIHe MiABULLIEHHSA MMIACTHY-
HOCTI Ta 3HMXKYE onip ledopmauii. TeMnepatypHuil iHTepBan oGpobku
XapaxTepusyloTh BepxHs (7)) i nuxust (7)) TeMnepaTypu HarpiBaHHs.
Temneparypuufl iutepsan o6poGkM BMOMpaOTh 3a AiarpamMol CTaHy
(puc. 10.1), ockinbkH Temrieparypa IUiaBAeHHs cTani W uasyHy (7),)
3aJI€XXUTh BiZl BMIiCTY B HUX BYTUIEL(IO.

7, BinnoBinae TeMnepaTypi, HUXYi#t Bill TeMIlepaTypH IUIaBlEHHS Ha

150...250 °C. 7, Ha 30..50 °C niepeBuiiiye TeMriepatypy 3aKiH4eHHs ¢azo-

BUX MNepeTBOpeHb. TeMmneparypHuit iHTepBaj rapsiyoi oOpoGKU TUCKOM
ByIneneBux craneit 30,2...0,7 % C ngopiBHioe 1280...850°C,a30,8...1,3 %
C, BianosigHo, 1100...760 °C. Cnnasy Miai o6pobawioTh B iHTepBaTi
900...700 °C, nropamominito — 470...400 °C, turany — 1100...900 °C.
Mertan HeoOxiIHO HarpiBaTH 3a peXHUMaMHu, [{O 3ano6iraloTs YTBOpEeH-
HIO TepMiYHUX TpillMH. Tak, 3aroTOBKH BYTJIELIEBUX CTaleil JiaMeTpoM
noxHan 150 MM i 3aroToBKM JIETOBAaHMX CTaJieii HarpiBaloTh NMOCTYNOBO Y
J\Ba eTalnM. NoBiNbHe HarpiBaHHsA 3 BuaepXysaHHsM npu 700...800 °C;
HarpiBaHHsi 10 HeoOXiZHOI TeMAepaTyYpM 3 MAKCUMaIbHO MOXIKBOKO
wBKakicTio. I1pu TeMneparypax noHan 700 °C sinOyBaeTbesi iHTEHCHBHE
OKMCNIEHHA NMoBePXHi CTani 3 YTBOPEHHSM KapoOBUHH, IO CKIANAETLCS 3
okcunip 3atiza Fe,O3, Fe304 i FeO. 3 minBullleHHAM TeMnepatypH 1o
1330...1350 °C xapoBuHa PpO3NJARNAETLCA 1 3aMi30 TOpUTh (ACKPaBO-
OnakuTHi ickpu). Yrap Metajly IpH OlHOpa30BOMY HAarpiBi B neyi nojy-
MeHEBOTo HArpiBaHHsi CTaHOBUTH 1,5...2,5 %, a NpH MABUILEHHX TeMIie-
paTtypax BiIOyBa€eTbCsi TAKOX 3HEBYIVIEUbOBYBAHHS TIOBEepXHi CTalti Ha
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0,2...0,5 MM, iHomi — a0 1,5..2,0 MM. [lis 3anobiraHHs UbOMY BHKO-
PHCTOBYIOTb €JIeKTPOHarpiBaHHs abo 3axHCHi aTMocdepH. Bucoki Temne-
paTypH 3yMOBJIOIOTH iHTEHCHUBHUH picT 3epHa (neperpie crani) Ta 3HHU-
XeHHSl MexaHiuHux BaacThBocreft crani. Lelt sua Opaky ycysalors
BIZTIAJIOM.

Y pa3i HarpiBaHHs CcTaldi OO TeMIepaTypH, o Habymxaerbes 1O
TeMIePaTYPH IJIaBleHHA, Ha MPAHULIAX 3epeH IHTEHCHBHO YTBOPIOIOTBCA
OKCHAM, BinOYBAaETbCA PO3FUIABJIEHHN JIETKOTUIABKUX MiX3epeHHHX
npoulapkiB. lle MpuU3BOAMTbL A0 YTBOPEHHs! TPilUMH i BTpaTH IIacTH4-
Hocrti. Takuit B 6paKy Ha3sHBalOTb nepenasom, HOTO0 He MOXHA BHIIpa-
BUTH TepMiuHOI0 00po0KOIO, TOMY NMepenalcHMii MeTajl BiANpapisiioTh Ha
NieperuiaBkKy.

Jing HarpiBaHHs 3aroToBOK mnepel ¢Opo0KO TUCKOM BHKOPHMCTOBY-
I0Thb nieYi ¥ eNeKTpoHarpiBayi: ne4yi — [Jil HarpiBaHHA 3JIMBKiB i BEJJMKHX
3arOTOBOK, EJIEKTpOHArpiBaui — ISl HarpiBaHHA cepelHiX i ApIGHMX
3aroTOBOK.

Ileui, 3anexHo BiXl nxepesa eHepril, OyBalOTh noaymeHesi il esexmpuuni
(HaiinoUIKpeHilli). ¥ NoJyMeHeBHUX MNedyax Telylo OAEPXYIOTh 3aBIsiKH
3rOPSIHHIO piakoro (Ma3yry) a6o razonoaibHoro nanusa. 3a NPHHIMTIOM
Nil pO3Pi3HMOT)H NeYi KaMepHi 1 MeTOINMYHI.

Kamepni nevi 6yBaloTh CTaLliOHAPHYMM i TepeHOCHUMH (A4 3arOTOBOK
nliaMetpoM o 150 MM), KapyceibHi, KOHBEEPHi, 3 BUCYBHHM NOJIOM,
OCHAllUEHi Pi3HHMH HONIOMLKHUMM TIDUCTPOAMM. Pi3HOBHIOM KamMepHHX
neyeil € HarpiBanbHi KOJNOAA3i, 110 BUXOPUCTOBYIOTHCS [UISl HarpiBaHHA
3/IMBKiB BeJIMKMX PO3MipiB TP NTPOKATYBaHHI i KyBaHHi.

Memoouuni newi XapakTepU3YyIOTbCSl HasSIBHIiCTIO TPHOX 30H 3 PiSHUMHM
TeMIiepaTypaMH i 3HauHOIO AoBXMHOIO (8...22 M). ¥V cepiiiHoMy BHpOO-
HUUTBI BOHM NPHU3HAYeHi A HarpibaHHs BeJIMKOrabapUTHHMX 3arOTOBOK
Mif NpoxaryBaHHg. LI HarpiBaHHS 3aroToBOK JAiaMeTpoM a0 120 MM
BHKODHCTOBYIOTh Tiedi 3 ABOMA TeMIIepaTypHUMH 30HaMM. Taki nedi
Ha3UBAIOTb HaAnieMemoouHuUMiL.

B enexrpuyHux HarpipalbHMX TIPHCTPOSIX BHKOPHCTOBYIOTh iHIYK-
LiifHMi abo enexTpokKoHTakTHMH HarpiB. [lepmmit 3acHoBaHMi{# Ha BM-
HUKHEBHi B 3aroToBUi, pO3MillleHill B eleKTPOMAarHiTHOMy Tojli, BUXPO-
BUX cTpyMiB. Baacmonisn uux cTpyMiB i3 3aTOTOBKOIO NIPHU3BOAMUTH OO 11
HarpiBaHHS. EnexTpoKoHTaKTHe HarpiBaHHs BiiOyBAacTbCA 3aBASKM BUIi-
JIEHHIO TelUla Mia 4ac Oe3mocepeHbOro NPOXOMXKEHHS CTpYMY uepes
3aroToBKy. Floro 3acTocoByloTh NSl HarpiBaHHsS CTaneBMX 3arOTOBOK
niamerpom ao 75 mm. llIBuikicTs enekTpoHarpiey, NOPiBHAHO 3 Harpi-
BaHHAM Yy neyax, v 8..10 pasiB BMI1a, a IHTEHCHBHICTb YTBOpPEHHA
XApOBHHY — Y 4...5 pa3iB MeHIla.
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§10.3

fMpokamyeaHns nucmoeo20 ma npogdinLHO20
mMemany

Hpokamyeannsn — ue o6pobKa MeTally THCKOM, 3a $IKO1 3aroToBKa
OOTHCKYETbCH BaJlKaMH MPOKATHOIO CTaHy, 0 o0epTaloThesa. Meran
AepOpMYIOTh Y rapsidyoMy alo X0JIOIHOMY CTaHi, KOH®irypauis i B3aeMHe
pO3TalIyBaHHS BAIKIB (yacTinie JBox) pisHi. OCHOBHiI BUJIM POKATYBaHHSL:

® TO3IOBXHE;

e TIONepeyvHe;

e rBUHTOBe (puc. 10.2).

a 6 ]

Puc. 10.2
OcHorHi cnocobu npokaryeaHha:
@ — no3noBXne; 6 — nonepeune; 8 — revnrose

' 3a MO3NOBXHLOIO MpOKaTysBaHHsA (pHc. 10.2, 4) 3arotoBKa MepeMi-
HIYETHCA NEPNEHAUKYIIAPHO Bici BaJIKiB, 1110 006epTalOTheo Y MPOTHIIEXKHHX
HampsiIMKax. 3a 1i€}0 CXeMOoI0 BUIOTORIAIOTE 10 90 % npoxary. Ilia yac
nonepe4yHoro npoxarysadHa (puc. 10.2, 6) Banku 3 napaneasHUMH OCSIMU
06epTaloThCsl B OOHOMY HanpsMKy i o0epTaloTh 3arOTOBKY, fiKa, jgedop-
MYIOUMCh, MEPEMIIYETHCA B3JORX OCi BaJKiB. 32 TaKoi CXeMH dacTille
BUKOPHCTOBYIOThH He 1Ba, a TpH Baaky. [lonepe4yHO-TBUHTOBE TPOKATY-
BaHHA (pHc. 10.2, ¢) 30iiCHIOETbCA 32 JOMOMOTOI0 BAJIKiB, 110 06epTaloTh-
¢ B OJHOMY HAIpAMi il po3TallioBaHi Hill KYTOM OMH 10 ofHoro. Take
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pO3TallyBaHHS BajikiB 3a0e3nevuye BMHMKHEHHSI OCbOBOIQ 3yCWisl, siKe
nepemilllye 3aroToBKY.

Haii6inbm paxJMBUMY mNapaMeTpaMM Npollecy NPOKAaTYBAaHHA €
BiJHOCHe O6THCKYBaHHA {(a6o cTyniHb aAedopmanii, %) i KoediuieHT
BUTSITYBaHHA.

BinHocHe 00THCKYBaHHA BH3HA4a10Th 3a QOPMYIIOH

o~ Iy
ho i
ne hy i Ay — TOBUIMHA 32TOTOBKY BiIMOBIAHO 10 i MicaA 06TUMCKYBaHHA.
KoediuieHT BUTATYBaHHS

|

u,:

0

ne Lyi Ly — NOBXMHA 3aroTOBKM BiAMNOBIHO N0 i NIC/Isi NPOKATYBAHHSL.

KoediuieHT BUTAryBaHHS € OCHOBHOIO XapaKTepPHCTHKOIO Ipoliecy npo-
KaTyBaHHs. 3a OoOMH NPOXid 3aroToBKM BiH lopiBHioe 1,1..1,6 (inoai
2..2,5).

BennunHy nedopMauii 3a oauH npoxia oOMexXyloTh YMOBU 3axBaTy
MeTajly BajlKaMH, TepTs MiX BaliKaMM | 3aroTOBKOIO. YMOBY 3axBaTy
3aTOTOBKM BajiXaMH ornucye ¢popMyna

I>iga,

ne f — xoedilieHT TepTa; o — KYT 3axpary.

Kyr 3axBary o -— uUeHTpanbHMit Kyr (ouB. puc. 10.2, a). BiH
CNUPAETLCSl Ha lyry 3axBaTy, 3aBIsIKM sIKiit BaNlOK KOHTAKTYE i3 3aTOTOB-
K010. 3a rapsa4oro npoKaTyBaHHa a = 15...24°, a 3a xonogHoro — 3...10°,
HIBuaKicTh BHXOLY MeTany 3 BaidKiB Oilblia 3a NIBHIAKICTE MeTany Ha
BXOJi, fIxa MeHINa 3a HIBUIKICTL 00epTaHHs BaiKiB.

" OCHOBHMII IHCTpYMEHT MIPOXATYBAHHS — #asxu. BOHW OYyBaloTh:
e I71a0Ki; o KanibposaHi (piB4axkosi).

Traoki easxu GouxononibHi, BUKOPUCTOBYIOTH iX 1 NPOKATYBaHHA
JMcTa, cMyr Towo. Ha kaaifposanisx easkax ofepXy10Th NpoKaT CKJIanHO-
ro npodimo. PobGouya NoBepXxHs XaniOpoBaHUX BaJIKiB Ma€ crieliaabHi
KaHaBKM — pisvaxu. CyKynHicTs piBuYakiB NapH BasiKiB Ha3WBalOTh
xasibpos. Ha xoxHifi napi BaikiB po3MilllyeTbcsl Kinbka KaniOpiB. 3a
NpU3HAYeHHAM KajliOpy MpoOKaTHUX BaNKiB NOAiNSIIOTH Ha:

o OOTUCKHI (BUTSEKHI),;
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e yopHoBi (a6o NiAroToBui);
e YHCTOBI.

Obmuckni Kaaibpu pU3HavYeHi AMLLe OJ5 3MeHILEHHS Mepepily npo-
K4aTyBaHOro Merany. BoHU nepeBaXHO MaloTh NPSIMOKYTHY, poMOiuHy a0
oBalbHy GopMH. Y wopHosux xaaifpax 3MiHIOIOTE POPMY MONEPEYHOrO
nepepizy MeTany, NOCTYNOBO HaGMIMXaI04H il 50 GopMH roToBOro BMPaby.
Yucmoei kanibpy QOpMYIOTh KiHueBUH Npodisb MpoKaTy, BPaxoBYIOUU
KoedillieHT NiHiiHONO PO3LIMPEHHS i JONYCKH 040 po3Mipis npoditio.
CopTaMeHT OfiepXaHOro IPOKaTy BU3HAYAETHCA CYKYMHICTIO rpodinis i
po3MipiB TpokKaraHoro metany. [lpoghine — ue dopma nomnepevHOro
nepepisy mMpoxary. 3a COpTaMeHTOM TNpOAYKLil0 RPOKaTHAro BUpoO-
HMLITBA TIOALTSIOTE Ha YOTUDPH TPYIH:

® COPTOBMM NIpOKarT;

e JIHCTOBHH;

¢ CrelliaibHUil;

¢ TNepioMYHUI NpoKar.

CopToBull NMpOKAaT MNOAUIIOTL HA npocbml MpOCTOl TEOMETPUYHOI
dbopmu (puc. 10.3).

b5
";/; 7272/ R 77
2%,

2 4 5

T V. '
v N O Em
6 7 8 9

A

11
Puc. 10.3

CopTaMeHT npokarty:

1 — xpyr; 2 — xBappatr;, 3 — wectnrpaHnuk; 4 — cMyra; 5 — auct; 6 — cerMenTHa CTans;
7 — osanbHa CTanb; § — Tpurpanna cTans; § — pisvoboxmii KyTuk; 70 — HepiBHoBOKMA KyTHK;
11 — ramposa 6anxka; 72— wsenep; 12 — pasovasposa banka; 74— peika
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JIMcTOBY CTa1b NOAVISIIOTh HA MOHKOAUCHMOSY (3ABTOBLUKH 10 4 MM) i
mogcmoaucmogy. JleAKi COpTH JIMCTOBOI CTajli MPW3HaYeHi WIS NeBHWX
rajyseil NpOMMUCIIOBOCTI: KOTe/IbHA, aBTOTPAKTOPHA, €EKTPOTEXHIYHA.

Tpy6Huii npokaT noginaioTh Ha 3BapHuii i 6e3WOBHHIA.

Jdo crnewianbHUX BHMOIB MPOKAaTy BiJHOCATbL: e BaroHHi Ta 3ybyacrti
KOJieCa; o KYyJIbKH; ® TeplOAMYHMUIH i THYTHIT Tpodins.

3aroroBKaMHM ISl COPTOBOTO TpOKaTry € Oaymu (y Tepepisi Bia
150 x 150 g0 450 x 450 MM), a U1l THCTOBOTO — can0u (ILIMTH 3aBTOBHIKU
no 350 mm). TlpoKaT BHMKOPHCTOBYIOTH TaKOX fK 3arOTOBKH Il KO-
BAJILCHKO-1ITaMNTYBANILHOI0 BUpOOHHWLITBA, MexaHiyHOi 06poOKH pizaH-
HAM 1 3BapHMX KOHCTpykuUiH. IIponykuilo npoxaTHOr¢ BHpOOHMLITBA
OAEPXYIQTh Ha JPOKAaTHMX CTaHaX 3 OIHi€w abo KilbkoMa poGOYMMH
KJTAMH, TIpOKaTHUMM BAIKaMH 1 NMPUBOIOM, 10 CKIANAETLCA 3 €JIeKT-
POOBMIYHA i NepelaBa/IbHOTO MeXaHi3My,

§10.4

fNpoxamyeatns mpy6

FlpoxatyBaHHsAM ONepXYIOTh 1Ba BHAM TpYyD: e 0Ge3lLIOBHI; e 3BapHi.
3arotoBkaMM 1719 6e31IOBHHX TpyD ClyXaTh 3IMMBKH i1 KaTaHi Kpyriai
npodini giamerpoM 120...320 MM. Onepauii 3 BUroTorneHHs Ge3WOBHHX
TpYO Taki:

® NPOILIMBKA OTBOPY B 3aroTOBLI H oJlepXXaHHA TOBCTOCTIHHOI TiJIb3M;

e IIPOKAaTYBAHHA T'UB3H Y TPYOY;

e 00pobka roroBoi Tpyou.

Ilpourusxy omeaopy 30iACHIOIOTh Ha MPOILIMBHOMY CTaHi, BUKOPUCTOBY-
I0MH CXeMy TNornepedyHo-TBUHTOBOI NpoKaTK! (puc. 10.4). PaniansHi pos-
TATYIOMi HanpyXeHHS, W0 BUHMKAOTh Y MeTalli, CNpMAIOTH JIeriii
TIPOHIMBIII OTBOPY ONpPaBKoio (2) 33 AOMOMOrolo SOYKONMOAIOHUX BaJKiB
(7 i 3), oci gakuX po3ramioBaHi min xyroM 4...14°. Ilicnss npomMBKH i
HarpiBaHHA TiTb3a PO3KATYEThCH MK 1BOMa BaJIKaMM Ha onpaBli (2) —
nopHi (puc. 10.5) po3xkaTHoro cTaHy. 3asop MDX ONPaBKOIO i KaniGpoM
BalKa BU3Haya€ TOBIWMHY criHkH Tpyou. Ilpokartyiots Tpyby 3a nBa
MpOXOIH 3 MOBOPOTOM Ha 90°.

Ha aproMaTMYHUX cTaHax NPOKAaTyIOTh TpYOM [diaMeTpoM TIOHAaj
60 MM, a MeHuworo giaMetpa (2o 45 MM) — Ha nepioOMYHKX (NUHrpH-
MOBKMX) cTaHaXx. 3MeHileHHA HOiaMeTpa 3RiMCHIOITh Ha OesnepepBHMX
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PeNYKLIiMHMX CTaHaX, B SIKMX NMPOKaTyBaHHs NpoBOAATb 6e3 omnpasky, a
JlaNi — Ha CTaHax XOJOLHOTO BOJIOUiHHS abo npokarysamnHs. OOKaTyBaH-
Hs {30UIbleHHA miameTpa TPYO Ha ONPaBLi) 3AIHCHIOIOTL Ha OOKaTHOMY
cTaHi, AKUHA 32 KOHCTPYKIHEID aHATOTYHKH MPOLUKBHOMY.

Puc. 10.4 Puc. 10.5

CxeMa NONepe4HO-MBHHTOBOrO Cxema po3akarysaHHs Tpyb
NPOKATYBaHHA 3 NPOLIMBKOK OTBOPY

3papHi TpybH, NiaMeTp siKHX mocsirac 2500 MM, 3HayHO AelleBlUi 3a
6e310BHi, IpOTe MOCTYMAIOThCH iM Y MILHOCTI. SIK 3aroToBKy AJIsi HHX
BUKOPUCTOBYIOThH CTPiUKY (LITPHMC) ab0 MHCT 3aBIUMPUIKH OKPYXHOCTI
Tpy6H. Onepallii 3 BUrOTORJIEHHS 3BApPHOI TPYOM Taki: e ¢opMmyBaHHS
TULOCKOIL 3aTOTOBKM B TpyOy; e 3BaploBaHHsi TpYOH; ¢ 06pobOka; e MnpaBka
TpYOH.

Iins BpoBHMUTEA TpyO 3acTOCOBYIOTH KOHTAKTHE 3BapIOBaHHS OMO-
POM, JIEKTPOAYroBe miA ¢uiocoM, aproHoxyrose i Ge3mepepBHe MiyHe
3BapIOBaHHA.
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§10.5

Bonovinns

Boaowinua — e npolec NPOTATYBaHHS (4acTO B XONOOHOMY CTaHi)
MpoxaTHUX abo MpecoBaHWX 3arOTOBOK Kpi3b OTBip y MaTpuui (Boioka,
dinbepa), WO NOCTYNOBO 3BYXYeThes. Bornoka (uiia abo ckianHa) mae
otBip (puc. 10.6, g), IKMI CKIANAETLCS 3 YOTUPLOX 30H: 3MaHIyBalbHOI,
abo BxigHoi (]), pobouoro xoHyca, abo nedopmyiouoi 3oHu (2), Kanibpy-
BalbHOrO modacy (3) i BuxinHoro xoHyca {4). Kyr pofoyoro kKoHyca
3anexuTh Bil 3MaTHOCTI Merany AedopMyBaTucs i HopiBHioe 6...12°,
IHMPpUHA KaniGpyBajibHOTO nosicy 2...10 Mm.

Puc. 10.6
CxeMa sonouiHHA:
© — npytka; 6 — Tpy6u

Pobouy yacTUHY MaTpHLli BUTOTORNSIOTH 3 IHCTPYMEHTANbHUX CTaNei,
TBEPAMX CINABiB i TEXHIYHUX anMa3iB. BoJOYiHHSIM ONEpPXKYIOTH BUPOOH
TOYHHX PO3MIpIB i3 333aHOIO SIKICTIO MOBEPXHi.

OCHOBHUM flapaMeTPOM TPOLECY BONOUYIHHS € CTYNiHb 06THCKYBaH-
HA, SIKMA BH3HAYalOTh TaK CaMo, SIK i NIPH NpOKaTyBaHHi, TiIbKM 3aMiCTh
TOBLUIMH BpaxoBYIOThH IUIOLLI MonepeyHUX NMepepisiB 3aroToBKH. 3a OtHO-
pa3oBOro BOJIOWIHHA 0OTHCKyBaHHsi craHoBUTH 30..35 %. Bonouirus
3MiKCHIOIOTL 3a KiNbKa MPOXOAiB, 3aCTOCOBYIOUM 3MalllyBalbHi pevYOBM-
HU — MalIMHHe Maclio, BONSIHI eMyJibCil, MilHeHHs 3aroToBKu. [lepen-
6avyaeThCA TAKOX OXONOAXEHHS 3aroToBok. HarapTyBanHHsI Metally B
Npoleci BOROUiHHS 3HIMAIOTh BiATIAMIOBAHHSIM.

BonouiHHAM o6pobnsioTh ByrneueBi i jderopaHi crani, KOAbOpoBsi
MeTaJH Ta iXHi CriaBM. 3a TeXHOJOric€i0 BOJIOYIHHS OAEpPXYIOTb MPYTOK
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niamerpoM 3...150 mMm, apit miamerpoM 0,006...16,0 MM, TpyOU diaMeTpoM
Bill KanispHux 1o 200 MM 3 TOBIIMHOK CTiHKH 1,5...12 MMm.

TpyGu BUroTOBJISAIOTH 32 1BOMA TEXHOJIOFIYHKMHM CXEMaMH: AJ1 3MEH-
WeHHH JIMILE JiaMeTpa Tpydu — Oea onpasBku (puc. 10.6, 6); ans oaHo-
YacHOTO 3MeHUIeHHSl JiaMeTpa Ta TOBUIMHU CTiIHKM — 3aCTOCOBYIOUYH
OnpaBKH.

JAna BONOYIHHA BHUKOPUCTOBYIOTH BOJIOYMMBHI CTAHU 3 NPSMOJiHIH-
HUM DPYXOM 3aroTOBKM i HAMOTYBaHHSIM MeTany Ha 6apabaH. lllsuakictb
BOJIOYiHHH TAKOro ApoTy Ha GapabGaHHMX cTanax pocsarae 40 m/c.

§ 10.6

fipecyeanHn

Qbpobka MeTany NMpecyBaHHSIM 3BOAWTBHCS OO BMAABMIOBAHHA MeTaly
i3 3amkHeHoro ob’eMy (KoHTEitHepa) Xpi3b oTBip y Marpuui. [lpodinb
npecoBaHoro BMpoOY BiAnoBigae nepepizoBi oTBopy i KOHQirypauii
MaTpuui. [1pyu npecyBaHHi BUXOPUCTOBYIOTH BeceGiuHe o6THCKYBaHH#, 1O
3abesieyye BMCOKY TNACTHYHICTL MeTATy MOPIBHSIHO 3 iHIIMMU npoLie-
caMi oBpodKH THCKOM,

TIpecyBaHHA XapaKTepH3yi0Tb TaKi OCHOBHI mapaMeTpH.

1. KoediuieHT BHTATYBaHHA

A=F /F,,

ae F, — niollia nepepisy KoHTeiHepa,
£, — miowa nepepizy MaTpHLi.
2. Ctyninb nedopmaitit
£, X~ £, M
e=—F— 100 %.

K
3. lHIBMAKICTE BUTIKaHHS MeTany 3 OTSOpY MaTpHLi

F - F
Vn“%‘ Vm

K

ne ¥V, — UIBMAKICTb NMPECYBAHHS.

IMpouecH npecyBaHHS XapakTepU3YIOTECS 3HAYHOIO HePiBHOMIPHICTIO
nedopmaltii, ocobNMBO NMpH 3aCTOCYBaHHi GaraToxaHaJbLHUX MaTpHLb.
OCHOBHOIO YMOBOIO YCHILUIHOIO 3AiiiCHEHHS Mpollecy € NpaBWIbHUI BU-
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Oip TeMnepaTypH Ta LIBUIAKOCTI NpecyBaHHA 3 YPaxyBaHHAM BJIacTHBOC-
Teit Matepiany. Ilpyu npecyBaHHi LIMPOKO BUKOPHCTOBYIOTh 3MAlyBaHHS
(rpadiTtoBolo nacros) abo oMigHeHHS 3aroroBkH. IlpecyBaHHsIM 00poG-
JHOIOTh MNACTHYHI Ta MAIOIUIACTHYHI Marepiaid. o HelosnikiB UBOTO
npoliecy CJIiZ BilHeCTH 3HayHi BiIXOOM MeTany Ta iHTEHCHBHe Crpallio-
BaHHA IHCTpyMeHTy. TlpecyBaHHSIM OOepXYIOTb TPYTKH JiaMETpOM
5...250 MM, nopit maiametpoMm S...10 MM, TpyOM i3 30BHILIHIM diaMeTpoOM
20...400 MM i TOBLIMHOIO CTiHKY 1,5...22 MM Ta iH1l BUPOGH.

Cepenl MeTOOIB NpecyBaHHsi DO3PI3HSIOTH: ¢ NpsiME; e 3BOPOTHE;
e CyMillleHe 3 MPOILIKBKOIO; ® 3 NPOTHTUCKOM; ® BakKyyMHe Tollo. Oc-
HOBHUMM €.MeTOAM NpSIMOTO i 3BOPOTHOrO NMpeCcyBaHHs. 3a NPSMOro
npecypaHHs (puc. 10.7, @) HampsMok Buxoay Metany (3) kpi3b orBip
maTtpuui (5) 30iraeTecs 3 HAaNPAMKOM PYXy nyaHcoHa ([), TUCK SIKOTo Ha

1 2 3 4 5

8
Puc. 10.7
OCHOBHI cXeMU NpecyBaHHs:
a— np : & — 3 np e, 8 — 3BopotHe
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3aroTOBKY MepefacThesl depe3 npec-aiiby (2). Ty yacTHMHY 3aroToBKH,
sIKa 3AIMIIAETLCA B KOHTeliHepi (4), Ha3WBaIOTL npec-3asuukom (8...12 %
Bill MacK 3aroTOBKHM).

Tlpu npecyBaHHi TpYO 3aroTOBKM CIIOWATKY NMPOLIMBAIOTh FONKoI0 (6)
{(puc. 10.7, 6), o npoxoautb Kpi3b nyaHcoH (7). Tlix wac nmomansiuoro
nepeMillleHHSl IyaHCOHA [ mnpec-1aiibn (2) MeTan BWAABAIOETLCSA ¥
BUINAAI TpYOH (3) Kpi3b KiflbLieBU# 3a30p MiX CTiHKaMH OTBOPY B MaTpulli
(5) i roakoio (6).

3a 3BopoTHOro npecyBaHHf (puc. 10.7, ) MaTpuLio (5) BCTAaHORIIO-
I0Tb ¥ KiHUi TOPOXHWUCTOrO TMyaHcoHa (/) i Meran nepecyBa€Tbcsl y
HaMNpPSIMKY, MPOTIIEXHOMY PYXOBi nyaHcoHa. Tlpec-3anuiloK npyu LbOMY
jgopiBHoe 6...10 % Big Macu 3aroTtoBkd. ILIBUAKOCTI mnpecyBaHHs 3a
OCHOBHMMH METOIaMH JOCHTh BUCOKI. Tak, Npy BUTOTOBRJNEHHI CTalleBUX
TpYO LIBUIKICTb MpeCcyBaHHS AOCATaE 5 M/c i Oiiblue.

OcHoOBHe o0najHaHHKs, sike BUKOPHCTOBYIOTH MPH TpecyBaHHi, — Ue
TOPM3OHTATbHI M BepTHKANBHI MiApaBNiuHi npecu 3 3ycwuiaM 3...250 MH
i poBouuM THCKOM pinvHM no 40 MIla. Ak monoMixHe oOnaaHaHHfA
3aCTOCOBYIOTb HarpiBaJibHe YCTaTKyBaHHSI, MeXaHi3MM Tmojayi i ouu-
WIEHHA 3aroTOBOK, HaHeCeHHsl MacTWia, BiloOKpeMJleHHsi BUpoO6iB Bia
npec-3aJIMIIKY TOUIO.

Cepel HOBHX METO/IiB MOUIMPEHi TaKi TeXHOJOTi:

s TIpeCcYBaHHs 6e3 npec-3aJIMILKY;

s XOJOIHe WIBHIKICHE;

¢ [ipecyBaHHA “3 COPOYKOIO”;

¢ TiIpOCTaTHYHE.

Hpecysarns Ger npec-3a14mKy 3acTOCOBYIOTh Ul 0OpoOKK antoMiHilo
Ta Horo cmnaBiB. 3a ULi€l0 TeXHOJOTIE IIiCis MEpLIOT0 NpecyBaHHs
npec-3aIMILIOK He BHIIMAIOTh 3 KOHTeliHepa, a 3aBaHTaXylOTb Y HBOTO
HOBMi 31HUBOK (3aroToBKy). IIpu HacTymHOMY NpecyBaHHi Npec-3alHLIoK
3BAPIOETLCA 3 HOBHM 3TTMBKOM TaK HaiifiHO, 110 BU3HAYHMTH MiClle 3Bapio-
BaHHA NMpPaKTHYHO HEMOXIHEO.

YV pasi xpa00n020 weudkicHozo npecysanns 3aTOTOBKA A0 KOHTeliHepa
HAIXOAMTb XOJIOAHOK, aNe WBUAKICTb NPeCyBaHHs OilBULLYIOTH Y KUIbKA
pazip — 1o 10..15 m/c. 3a paxyHok Tenia nedopmallii MeTan Harpi-
BAETLCA. 3a LKUM MeToIOoM OOpobJIsIoOTh CIaBH ATIOMIHIIO, TUTAHY,
LIMPKOHIIO, OCKUTBKH JedopMallif IX y rapsiMoMy CTaHi YCKITaqHIOEThCS
3HAYHUM OKHMC/IEHHSIM NOBEPXHi 3arOTOBOK.

Jnsi npecysanna “3 copouxoro” niaMmerp Tipec-maibu obupaioTh Jelio
MEHIIIUM Bifl liaMeTpa KOHTelHepa. 3a paXyHOK LbOTO fpec-111ait6a 3piaye
MeTal, i “copoyka” y GopMi TOHKOCTIHHOTO MMIIHApPA 3alUILAETbLCA B
KOHTeliHepi. Bci moBepxHeBi nedeKTH, 110 YTBOPWIKCS HA 3aroToBli IiA
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yac nUTTA abo HarpiBaHHA, 3aAAWIHAIOTLCA ¥ “copouui” i pa3om i3 npec-
3ATMIIKOM BHBOMSITECH Y BiAXOIM, He MOTPANVIsilIoud 10 BUpoOiB.

Metoa eidpocmamuunozo npecysanns (FIpOeKCTpy3isl) 3BOAMTHCS 1O
BUIAB/IOBAHHS MeTajly PpiOUMHOI Tl JyXe BHCOKMM THCKOM (J0
3000 MTIIa). 3aroToBKa He TOPKAETLCS CTIHOK KOHTe#iHepa, Bill Marpuui
BOHa TaKoX BillileHa TOHKWM LIApOM pillHHM. 3aBASIKH LULOMY B MeTati
He BMHMKAIOTb PO3TAryIoui HanpyxeHHs. Liell meton mae MOXJIMBICTD
00polnaTn HalbTLI KpMXKi i BaxKooOpobmioraHi matepianu (Bosnbd-
paM, MoJTibIeH, XpoM, LIBHAKOPi3aIbHi cTani Toulo). Hanpukiaan, 3a uicko
TEXHOJOTIEI 3 BOAKPpaAMy 0AepXyIoTh TPYOKM 3 MOJiNueHUMH BJIaCTH-
BOCTSIMH METay, CTiIHKH SIKMX 3aBTOBIUKH 0,2...0,3 MM.

§10.7

Kyesanns

Kysanna — ue npouec aedopMyBaHHs HarpiToi MeTaNneBOl 3ar0OTOBKH
Mix Oolikamu MojioTa abo npeca. IliactiuHe nedopMyBaHHS OPH LLOMY
3iACHIOETBCA Ha OKpPeMHUX AUISHKAX Harpitoi 3aroToBKW. Meran BUibHO
Teye B HaNpsIMKax, He oOMeXeHHUX NMOBEPXHAMM iHCTpyMeHTa. KyBaHHaM
ONePXYIOTh BUpOOH BiiHOCHO fipocTol (HOpMM, HIO He NOTPeOYIOTh 3HAY-
HOl 00pOKH pi3aHHsIM. J1JiIs BUTOTOBNEHHA KYBAHHAM RpPiOHMX i cepennix
BUPOGiB BUKOPUCTOBYIOTH 3arOTOBKW COPTOBOrO MpOKaTy i OioMu, ans
BEJIMKUX - 3/IMBKH. Macy 3aroToBKM po3paxoByloTh $IK CyMy 06’€MiB
rnoxoBk# i BiaxoniB. Ilonepeuynuii nepepi3s 3arotoBki BUOHPaOTh 3 ypa-
XyBaHHSM 3a0e3neveHHsT HEOGXiIHOTO YKOBY, IKHH rnoxasye, B CKUIBKH
pa3iB IMIHIOETHCS NoNepeYHHUit Mepepil 3aroTOBKHM y NIPOLECI KYBaHHA.
Yum Ginblsuii YKOB, TUM Kpaile MpOKOBAaHO MeTajl i TMM BRI Horo
MeXxaHiyHi BJAaCTUBOCTI.

HedopMmauilo Metany npu BiITbHOMY KyBaHHi xapakTepusye Koedi-
LIEHT YKOBY, SIKHH BM3HA4a€ CriBBILHOMIEHHS Oinbwwoi [UioLli monepey-
Horo mepepi3y o MeHumoi. [Ipu o6pobui craneBux BUJIMBKIB YKOB Ma€
OyTH He MeHIUKM fAK 3...5, a NpokaTaHux 3arotoBok — 1,1...1,5.

KyBaHHs noALIAIOTL Ha pyure (1Uist ApiOHHUX BUPOGIB) | Mauwunte (09
MOKOBOK OUTBLIMX TUIOPO3MipiB). 3aieXXHO BiJl LIbOTO BUKOHYIOTbCS Pi3Hi
TEXHONOTiYHi ofiepaliii 3 BAKOPHCTAHHSAM BiANOBITHOro iHCTpYMEHTA.

BuKoHYIOUM B MeBHiil MOCTiAOBHOCTI NPOCTi onepallii KyBaHHs, 0Aep-
Xy1oTk BUpobu cknaaHoi KoHirypauii. OCHOBHUMH onepauisiMy fipolie-
CV KYBaHH# €:
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ocallka;

BUCAIKa;

NpPOWMKBKA;

NpPOTSIXKa,

PO3roHKa;

pyOka;

3TMHAHHSA Ta CKPYUYBAHHSA;
nepenada {(puc. 10.8).

Ocadxka — ue 306iNblIeHHs NONepeYyHOro nepepily BUX{THOI 3arOTOBKY
33 paXyHOK 3MeHLIeHHs 11 BUCOTH. JIJIsi NpaBMABHOTO OCAKYBAHHA Me-
Tany BHUCOTA BHXiJHOI HIWIIHAPHYHOI 3arOTOBKH MAa€ He MEpeBHuly-
BaTM TPLOX AiaMeTpiB, Topui MaloTh OyTM piBHMMM i mapajielbHUMH
(puc. 10.8, a).

Bucaaxa BUKOPHMCTOBYETECS! 1Ns1 onep)xannn TIOKOBKH 3 TIOTOBIUEH-
HSM Ha KiHui abo Ha cepemudi 3arotoBku. [lpu uboMy mecopmaliiio
3aroTOBKM OOMEXYIOTh ¥ llesKii 1i 4aCTHHi, BAKOPUCTOBYIOYH KLAbLEBI

' { !

<

M|

Puc. 10.8
Cxemn aesxkux onepauih KyBaHHs
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mautkn (puc. 10.8, 6). Tak BMrOTOBIAIOTh TTOKOBKK GoitiB, Netaneii 3
6ypramu, diaHLAMH TOILO.

Ilpowusxa — 1Ue ofepXaHHA B 3aroToBlli HacKpisHOro oTeopy afo
sarubnenus (puc. 10.8, 6). Ii TakoX BUKOPHMCTOBYIOTH A1 BHAANEHHS
HesIKICHOI CepLieBUHM 3N1MBKA.

Hpomseysannam ROCATAIOTH 30UTbLIIEHHS ZOBXWHM 3aroTOBKH 33 paxy-
HOK 3MeHLIeHHs 1i romnepeyHoro nepepisy (puc. 10.8, 2). lle Haitno-
WHpeHilla onepallis BUIBHOTO KYBaHHA, 10 3MiHCHIOETHCA TOCAINOB-
HUMM yRapamu abo HaTUCKYBaHHAM Ha OKpeMi CYMikHi YacTHHM 3aro-
TOBKM. ITIpOTATYBAaHHSIM Y BMpi3HUX OOMKax o#epXYIOTh TIOKOBKH 3
TIOAOBXEHOIO BicCIO, 3 IKUX BHIOTOBSIIOTh BATH, LIATYHU, BaXeNi TOILO.

Pozeorika — e 300MblIEHHA LLHPHMHH YaCTHHM 3aTOTOBKH 334 PaXyHOK
3MeHILeHHA 11 ToBUIMHHK (puc. 10.8, 0).

Pybxa — BiHOKpeMJeHHsS! OAHiel 4YacTHHW 3aroTOBKM Bil iHLHOI
{pnc. 10.8, e). IHCcTpyMeHTOM mJig ULOro CAYryloTb mpsiMi it GirypHi
cokupM Ta 3y0Wwma. Py6Ky 4acro BUKODHCTOBYIOTH /Uil BHEAJIEHHA
HAIIMLIKIB MeTany, a TaKoX JUISl CTBOPEHHS YCTYNIB, 3alUle4uKiB TOLIO.

Seunanns TA CKPYHY8aHHA METANy 3AIMCHIOITb 3 BHUKOPHCTAHHIM
Pi3HMX NIPUCTPOIB: MiAK/Ia00K, KJI04iB, BOPOTKiB, NeGinoK.

1lepedaua MeTaiy 3BOOMTLCS N0 mepeMilileHHA OAHIiET YaCTUHM 3aro-
TOBKHM BUIHOCHO iHIOl. L5 onepaliifl 3aCTOCOBYETECSA MPU BUTOTOBJIEHHI
KONIIHYaCTUX BaNiB i NONIOHKUX KO0 HHUX Aeraleid.

OCHOBHHMM TEXHOMOrYHUM OONagHaHHAM NI KYBAaHHA € MOJOTH i
rigpaBiiyHi npecu. MonoTu BIZHOCATL OO MAlWIMH JWHAMIYHOI Aii, 3a
IIOTIOMOTOIO SIKUX TUIacTH4YHa aecdopMallisi MeTany 3aroTOBKH 3HiifCHIO-
€TLCS 33 TUCAMHI YaCTKM CEeKYHKM 3i BHMAKicTIO AedOpMyBaHHSA IO
6,5 M/c. lleopMyBaHHs MeTany 3abe3leyye eHepris, Hakonu4yeHa nana-
JOUAMHM YacTMHaMH Monota. Maca naaaluMx YacTMH NHEBMaTWYHHWX
MoJIOTIB cTaHOBHTE 50...1000 xr, naponoitpsaux — 1000...8000 xr.
linparniyHi npecd BiOpi3HAIOTECA BiJi MONOTIB THM, 1O CTATHYHO
BIUIKBAIOTh Ha MeTan 3aroToBKH. TpuBanicTe AedopMaiii npy LBLOMY
Jocsirae AecATKiB CeKyHX, a MBUAKICTH Aedopmauii — 2.3 m/xB.
MakcuManbHi 3ycWIa  TiapaBliyHMX MNpeciB craHomaaTs 5...150 MH.
FIpecu BUKOPHUCTOBYIOTH 11l BATOTORJIEHHA NOKOBOK 3HAYHHX PO3MIpIB,
a TakoX 111 KYBaHHA HH3bKOILNACTHYHMX BWCOKONEroBaHUX cTaneil i
CIVIaBiB KOJIbOPOBUX MeTaNiB.
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§10.8

ltimamMnyeanHsa

Tapsve 06’cmne wmamnyeanns — lie NpoLEC BUTOTOBEHHSI TOKOBOK
y creuiaTbHOMY THCTpYMeHTi (1UTamnax), akuii oOMexye IUIMH MeTaly B
pisHi GokK nin yac gedopmyBaHHA. PoDoda yacTuHa wrammna (piBvyak)
fIPM 3aMUKaHHi HOro CKIaA0BHX YACTHH IMiCASA 3aKiHYEHHS WITaMITYBaHHS
Binnosizae ¢popMi MokoBkH. [apsiye ITAMITYBaHHS, NOPIBHAHO 3 KyBaH-
HAM, JIa€ 3MOTY BMTOTOBHTH FIOKOBKY 3a PO3MipoM i KoHdgirypauieto, o
MaKCHMallbHO HabmuXeHa 0 rotoBoro BHpoOy. [lpore HeoOXimHicTh
BMKOPHCTaHHS CneLiaibHOro iHCTPYMEHTA Ul KOXHOro BUpoby poOuThL
Ueil mpouec AOLUUIBHMM JiMIe 3a YMOB DararocepiiiHoro BUpoOHMLTBA.
IltaMIryBaHHAM BHTOTOBJIAIOTL TIOKOBKKH Macow no 100..200 kxr (B
OKpeMHX BUMaZKax — J0 3 T).

BuxinHi 3aroToBKH 3a3BHYail 04epXYyIOTh 3 Bilpi3HOr0 COPTOBOIO NPo-
KaTy pizHOMaHiTHoro npodinto. [Ina wramnysaHHs BUpoGiB cKnaaHoi
¢dopMH 3aroTOBKY MOCHiA0BHO HabauXaoTh 10 GopMH BUpoOY mone-
peqHiM JedopMyBaHHAM Yy TaK 3BaHMX 3aroTiBe/IbHUX piBuakax LITaMMnis,
Yy KOBAIBCHKHX BANBIISIX TOILO.

Po3pobka TexHONOTil IITAMAYBAHHS TMOYMHAETLCS 31 CTBOPEHHA
WITAMOA BiIMNOBIIHO MO KpeC/ieHHS [OTOBOI AETANi Ta ONTUMAILHOIO
BUOODY MIOILKH PO3’€MiB Ha HHOMY, IONMYCKIB, MOXMAiB, PaliyciB 3aKpyr-
JIeHHsl, po3MipiB. PO3MipH 3aroTOBKH BM3HAualOTh BHXOAAYM 3 PO3MipiB
BHpOOY i cnocoby itoro urramnyBaHHs. Tlicia wraMnysaHHa, 1 3a6e3-
MeyeHHs TOYHOCTI pO3MipiB, SKOCTi MOBEPXHi Ta BAACTUBOCTEH BUPOOY,
MOKOBKY MianaTs 06pobui. o 3apepiaibHHX onepaliil BITHOCATH MPo-
BOIKY, TepMidYHY 06po6KY, OUMILIEHHSA Bil OKMCIB, KaliOpoBKY. fIposodky
30iACHIOITL IJI1 YCYHEHHSI BMKDMBIIEHb BiCi MonepeyHMX IMepepisiB
MOKOBKYU. Tepmiunoro obpobroro (BiINantoM, HOpMali3aUiclo) 3HiMaIOThL 3a-
JIMIIKOBI HATIPYXeHHA, TIONINIIYIOTs o6pobITIoBaHICTL MeTany pi3aHHSM.
Bupobu ouMiLyIOTh Bill XXapoBHHU 6apabaHaMu, ipo6oMeTanbHHMH ycTa-
HOBKaMM, a TaKoX MpoTpasiioBaHHAM y 15...18 %-my posuuHi H,80,

npH Temneparypi no 60 °C. Bupobu kanibpyiors y xonogHoMy abo nifi-
TPITOMY CTaHi.

3HayHa KUIbKICTh ¢nocobiB rapsiyoro 06’eMHOro 1ITaMNyBaHHsA No-
B’f13aHa 3 pi3HOMAaHITHICTIO PO3MIipiB i (bopM BUPOGIB, a TaKOX MaTepiaiiB
ana wrramnybans. Tlpy xknacudikallii ¢cnocobiB 1ITAMIYBAHHS OCHOB-
HOIO O3HAKOI0 € THII LUTaMIa, AKMil BU3Ha4Yae xapakrep ledopMyBaHHS
MeTtany. Po3pisHAIOTH 1ITAMITYBaHHSI Y BUIKPUTHUX i 3aKPUTHX LUTaMITax
{puc. 10.9). OAng wraMnyBaHHs Yy BiAKpUTHX LWWiTaMnax (puc. 10.9, a)
XapaKTepHHM € YTBOPeHHS 00JI010 Y MPOMiXKaxX MiX 4YaCTUHaMMU iLTaMIia,
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 IKMi 3aKpMBa€ BMXill 3 MOPOXHWHM liTaMNa OCHOBHOI Macu MmeTajy.
Hannuiok MeTany BUTICHSIETECS y 3aBeplUanbHHil MOMEHT AedopMyBaH-
HA. Y 3aKpUTHX IITaMnax MOpoXHKWHA Nia vac nedopMyBaHHS 3anMiua-
€Tbc 3akpuToto (puc. 10.9, 6). IlepeBaroio LbOro cnocody ITaMITYBaHHSA
€ 3MEHLUEHHs BiAXOHIB MeTany, a HelomikoM — HeoOXimHiCTh TOYHOTO
JOAepXXaHHS PiBHOCTI 06’€MiB 3aroTOBKM i NOXOBKH.

Puc. 10.9

Cxemu wiramnyBaHHn y BigkpuTnx (o} i sakputux (6) wramnax

Cnocoby 1TaMnyBaHHS pO3pPi3HAIOTb TAKOX 3aJI€EXHO Bif 00/J1aJHaAH-~
Hfl, 11O BUKOPUCTOBYETHCH. 1LITaMmyBanHsSI MOXe NPOBOAWTHCS NAPONO-
BITPAHMMM MONOTaMK, KPMBOLWIWTIHUMHU 200 riapaBRiuHUMH NpecaMM, Ha
rOPU30OHTAIBHMX KYBaIbHUX MallKHax. [Ipouec wuTaMyBaHHS Ha KOXHii
i3 UKMX MalIMH Mae CBOi ocoONMBOCTI, NepeBary i Baau. Tax, KpUBOLIMITHI
rapayelITaMNyBasibHi Npecy 3abe3neyyloTh BHILY TOYHICTb BUTOTOBAEHHS
NOKOBOK TIOPiBHAHO 3 MapOMNOBITPAHUMHE IITAMNYBAILHHMHU MOJIOTaMH.
lapsiue ob6’eMHe IUTAMNYBaHHA HA TOPHU3OHTAJBHMUX MAalMHAX € Npo-
IYKTUBHILLIMM i €KOHOMIYHO JOUIIBHILLIMM METOIOM OOpOOKH BHCANKOID,
a TAaKOX 3a BUKOPUCTAHHSA TEXHOJIOTil NPOILIMBKH,

HItamMnyBaHHsl 6e3 HarpiBaHH#A 3aroTOBOK Ha3MBalOTh xoa00KuM. TakKe
LWITAMIYBAHH# Ja€ 3MOFy MaliXe NOBHICTIO YHUKHYTH 0OpoOKH NOKOBOK
pizannsaM, 3abe3neuye 3MeHlIeHHs TpyaoBMX BuTpar Ha 30..80 % 1
NiZBULIEHHS KoedilieHTa BUKOpHCTaHHS MmeTany 10 50 %. Ipote 3acto-
CYBAaHHS XOJIOAHOrO IITaMAYBaHHsI JOCUTb oOMeXeHe y 3B’S3KY 3i
3HAYHUMHU 3YCMANSIMKU NpU AedopMallii Ta HU3BLKOIO CTIHKICTIO iHCTpY-
MEHTA.
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OCHOBHMMU BHAZMH XOJNOOHOrO 006 €MHOrO IITAMMYBaHHSA €:
e BHWIABIOBaHHA;

® BHCAAKa;

o 00’eMHe popmMyBaHHS;

e KatiOpyBaHHsI.

XoaoOne sudasaroeanHa aHANOriyHe NMpecyBaHHIO, a pellTa BHAiB Xo-
noaHol o6po6KK aHAIOIYHI BLOMOBIZHHM TIpoliecaM rapsiioro LTaMrmy-
BaHHS.

I1pu X0n0AHOMY BUIABAIOBaHHi, Ha BIAMiHY Bili IIpeCyBaHHR, 3aroTOB-
KOIO € He JHUBOK, a NPYTOK, i MPOAYKTOM 00po6KH € He HanisdabpuKar,
4 rOTOBa AeTallb, sIKa norpebye ulle He3HaYyHoI oOpoOKM pizaHHAM. LIuM
CrMoco0oM ofepXyIoTh AeTalli TUIY CTPHXKHIB 3 MOTOBIUEHHSIMH, TPYOHU 3
dnaHugMH, OONTH, KIAaNlaHH, CTaKaHM.,

Xoa00HY aucadxy 3aCTOCOBYIOTb [/t BUTOTORNEHHST IKPOKOTO ACOPTH-
MeHTY . Aeraneit cepiiiHoro BupoOHHWUTBA: OoONTiB, raitok, TrBHHTIB,
Hypynis, LBSXiB, LLTILIB TOWLO. 3aTOTOBKOIO € ApiT a00 MpYTOK AiaMeTpoM
0,5...38 MM. Bucaaky 3nificHioIoTh 3a 1...2 nepexoau (yoapM) 3aiexXHo BiJ
tdopmyu i posMmipiB neraneit. CriBBilHOIIEHHST TOBXHHHU BUCALXKYBaHOI
YACTHHM 3aTOTOBKH 1 [liaMeTpa Ma€ He MepeBHILYBATH 2,5 npy BKcallli 3a
ONMH yaap i 8 - Npu BUCaALi 32 TPU YAAPH.

Xonodre ghopmyeanna BUKOPHUCTOBYIOTh /Uil BUTOTOBJIEHHSI CKAATHUX
3a GopMOI0 JeTaneil 3 IUIOLIE ropH3IoHTaTbHOI NpoeKuii Ao 5000 mm? i
3aBBHILKU 0O 25 MM. 3AiACHIONTD 11 ¥ BIIKPHUTHX i 3aKPHTHX LUTAMIIAX.
3a BuxiaHy OepeTbCsl 3aroToBKa 3 COpPTOBOre 200 JIMCTOBOro NpPOKaTty, a
TAaKOX BUFOTOBJIEHA TapsiyuM ITAMIYBAHHAM a0 TOYHUM JAUTTAM. XO-
nofHe (GopMyBaHHS B 3aKPUTHX LITAMIIaX 3aCTOCOBYIOTH 3Ae6inblI0oro s
BUTOTOB/IEHHS fieTaneil 3i CriiaBiB KOJbOpoBUX MeTaniB. [1pu (hopMyBaHHI
JeTtajneit 3a JIeKinbkKa TepexoliB s MiZBUHIEHHS TUTACTHYHOCTI MPOBO-
[SITh MPOMIXHe BianantoBaHHs. XoJioiHe GOpMyBaHHS i BUAARIIOBAHHS
3[iHCHIOIOTH 3 BHKOPUCTAHHSIM 3MaLyBaHHSIL.

Xoaoone kaaibpyeauus BUKOPUCTOBYIOTH Uil HaJaHHST BMpoOaM
KiHLIEBUX TOYHUX PO3MIpiB.

Jucmose mimamnyéanns — 1ie METOI BUTOTOBJIEHHS MJIOCKUX i 06’€M-
HUX BHpOOGiB 3 IHCTOBOrO Matepiany, CTpiuyky abo CMyrd 3 BUKOPUCTAH-
HAM 1ITaMITiB Ha mpecax 4M 0e3 HuX (DeanpecoBe WITaMIyBaHHA). Take
IITAMNYBAaHHA MOXHa 3JiACHIOBATH 3 HarpiBaHHAM, MpoTe Halnowu-
PEHILIMM € XOJIOJHE IITaMmyBaHHs cMyr 3aBroBuikH 0,1..0,5 mMm. Ha-
rpiBaHHs 3aCTOCOBYIOTH NpPH TOBIWMMHI nucTa OUIbLIIN sik 5 MM. [lpo-
JYKTHBHICTb JIMCTOBOTO LITAMAYBaHHS IOCHTbL BUCOka — A0 40 Tuc.
leraseil 3a 3MiHY.
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TexHonorin enroTosneHHs Bnpobis

TexHonoriyHi onepauii NMCTOBOro WITAMIYBAaHHS MOAUISIOTL HA OBi
rpynu:

e pPO3OiIbHI (BinpizaHHsA, BUPYOKA, BUDi3yBaHHS, NPOOMBaHHSA);

o ($HOpMO3MiHHI (3rMHAHHA, BUTATYBaHHSA, O0TUCKYBaHHS, HopMOYT-

BOPEHHSI).

Bidpizanns 3nilicHI010Tb HOXaMH Ha NMPUBOIHHX NapajieNbHUX TUIbHO-
THHaX a60 AWCKOBMX HOXHLSAX, @ TAKOX Ha rpecax 3 BHKOPWUCTAHHSIM
1ITaMITiB. [1n51 oflepXaHHsA AKICHOI NOBEPXHi 3pi3y 3a30p MiX pi3aJbHUMH
KPOMKaMH HOXIB Ma€ CTaHOBWTM 3...5 % Bil TOBIIMHM JIKCTA.

Bupybra, supizyeanns i npobueanns 3a CBOEIO CYTHICTIO € Pi3aHHSIM IO
3aMKHEHOMY KOHTYDY i BiIpi3HSIIOTECS 1ULIIE 33 TIpU3HAYeHHsM. Jia nux
ofnepaliii TamMnd MoXyTb OyTH MpocToi Aii (A1 BUKOHaHHS OfHiel
onepallif) Ta 6araroonepalliiiHi.

ITix yac BHrHHY B KOXHOMY Iiepepi3i OJHOYACHO [ilOTb CTHCHI i
pO3TSXHI HAMIpyXeHHA. BHacHinoK 1boTo rnactuyHa nedopMaliisa Moxe
Oyt mocuTh BeJHKO0. ToMy NMpM 3rMHaHHi cmn BpaxoOBYBaTU KYyT, Ha
SIKUH BUINPYXHHIOE BHUPIO.

Bumseyaanna — 1e ofepXaHHs MOPOXHMCTOI AeTali 3aMKHEHOTO
KOHTYpPY 3 IUIOCKO1 AMCTOBOI 3ar0ToBKH. LiMM crniocoboM MoXHa BUTOTOB-
AT peTani 3 jucra 3aBToBlIKHM 0,02..30 MM i po3MipoM Bill JecsATHX
9aCcTOK MiliMeTpa 0 Kiibkox MeTpiB, OCHOBHUMM NapaMeTpoM, 1O XapakK-
TEPU3YE NpPOUEC BHTATYBaAHHS, € Koe(dillieHT BHUTATYBAHHS — BigHO-
HIEHHS 30BHIIIHLOTO JliaMeTpa AeTani no aiaMeTpa 3aroTOBKM (Ans nep-
woro nipoxoay 0,5...0,6). ButarysaHHaM Ge3 3MeHIIEHHS TOBWHHH 60KO-
BHX CTIHOK OJEpXYIOThb NOPOXHUCTY JeTanb 3 JNHMCTa 0Ge3 3MiHH iioro
TOBIIMHH. BUTATYBaHHS 3] CTOHIYBaHHAM GOKOBHX CTIHOK 3aCTOCOBYIOTh
sIK JOMOMiXHY orepaiito. JlonyctiMe 3MEHLIEHHS TOBIIMHM CTiHOK 3a
OIMH npoxin xopisHioe 40...60 %.

Dopmoymeopenna — e 3aralibHa Ha3Ba orepalliii, 110 XapakTepH3y-
10TLCH MicLIEBOIO (JIOKANbHOIO) 3MiHOI0 (hopMH 3aroToBkH. Jlo dopMoyT-
BOPEHHSI BIQHOCATb: ® OOTHCKYBaHHS; o pelibebHe GOpMyBaHHS; e PO3-
6opTyBaHHA TOWO.

Y MajocepiiiHOMY BHPOOHMLITBI 3aCTOCOBYBAaTH CKNajJHi 33 KOHCT-
pyKuiclo wraMny HeaoulinskHo. ToMy ans omepXaHHsI MOPOXHHMCTHX
BHPOOiB BUKOPHCTOBYIOTH CHipollleHi CHOCOOH 1ImaMIlyBaHHs: BHOYX0BO1O
XBWIEI0, TYMolo a60 pilMHO0, eJIeKTporiAparIiyHe, MarHiTHO-IMITY/IbCHE,
poTauifiHe BUOARTIOBAHHA Ha crielliaibHUX BepcTaTax abo ycTaHOBKaXx.

Himamnyeanns sufyxom 3aCTOCOBYIOTH LISl BUTOTOBRJIEHHS BeJIUKOTa-
OapuTHHMX Jetajieil CXIIaqHOI (POpMH 3i CNNABIB, L0 BAXKO JeGOPMYIOTh~
ca. EHeprig BuOyxy mepenacynCcsi 3arotoBui yepe3 pinky ¢asy (Boay) B
3anizoberoHHoMy GacediHi. Ilin 4ac BUOYXy y BOAi CTBOPIOETBCSI yaapHa
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xBUIA, W0 Aedopmye 3aroToBKU. LLIBUAKICTD 1ePOPMYBAHHS NMPU LILOMY
aocsirae 300 M/c. Ins BUPOOHMULITBA ONMHUUHHUX BUPOGIB MATPHLISI MOXE
BUTOTOBNATHCS 3 YaBYHY, 6eTOHY, NepeBa, Tillcy, KAPTOHY, JLOJY.

Enexmpocidpaenivne mtaMnyBaHHsa NMofiOHe OO WITAMITYBaHHs1 BHOY-
XOM, aJle YJIapHa XBUJIA MPH UbOMY CTBOPIOETECS eJIEKTPHUYHHM PO3PSLAOM
y pinvHi. Taxuit BUa WTaMnyBaHHA BUKOPHCTOBYIOTb [l PO3BAJILLILOBY-
BaHHA TPYD anapatiB BUCOKOIO THCKY.

Maenimno-ivnyavcre (eaexmpomacrimie) 1ITAMIYBAHHSL 3aCHOBaHe Ha
apaAMoMy nedopMyBaHHI MeTany iMNYJTbCHMMH eJIeKTPOMArHiTHUMH
MOJISIMH. 3aCTOCOBYETHCH BOHO /151 OOTUCKYBaHHS TPyOYACTHX 3aTOTOBOK,
WITAMIYBAHHS TIOCKMX JIMCTOBMX 3aTOTOBOK 3 enemponpoai,uﬂnx MeTa-
JiB, a TAKOX I/ BUKOHAHHA onepaum 3anpecoBKH, 3’€IHAHHA Tpyo,
BUIOTOBJIEHHS 0aNOHIB TOILO.

PotauiitHe BU1ap/lioBaHHA 1ac MOXJTHBICTb ONEp:KYBATH, SK i 32 BUTH-
r'YBaHH#, MOPOXHMCTI Jetani Tny Tl ofepraHHsA 3 JUCTA Ha yHiBep-
CajIbBHUX TOKApHO-TBHHTOPI3HMUX i KapyCeJIbHUX BepCTaTax.

§10.9

06pobxa nnacmmac

T1pu BUpOOHULTBI feTaNei 3 MIIACTMAC BUKOPUCTOBYIOTh Pi3HI TEXHO-
Jiorii, OCHOBHI 3 SKHX TOB’SI3aHi 3 3aCTOCYBaHHAM THUCKY. JIO Takmx
TEXHOJIOTIH BiIHOCATb. e rapsiue TNpPecyBaHHA; e JIUTTA Mil TUCKOM;
e BUIABMOBAHHsA, a00 eKCTpy3ilo; e (DOPMYBAHHS; e KajlaHApPYBaHHSA;
e IUTAMIYBAHHSA Ta JledKi iHI.

[psiMe (xoMripeciiiHe) eapave npecysatts B OCHOBHOMY 3aCTOCOBYIOTh
JUIs BUTOTOBJIEHHS JEeTajIed MPOCTOI KOHQIrypauil 3 TepMopeaKTHBHHX
wacTMac Ta AesIKMX BHIIB TEPMOIUIACTMYHUX TIacTMAac.

SIx 3a3Hayanocs BUILlE, 1O KOMMNO3ULiAHMX TepMOPeaKTHBHUX TUIACT-
Mac BiZIHOCSTb MONiMepH Ha OCHOBI ¢dopManbleritHuX, deHondopMasb-
JeriiHux, KapbaMiTHHWX, KpeMHIHOpTaHiYHMX, eMOKCHAHMX Ta [HLWIMKX
CMOJ 3 PiSHUMH HanNOBHIOBAYAMM, a SO TEPMOIUTACTUYHUX — MojliMepH i
Marepian¥ Ha ixHiil OCHOBi, a caMe: nofieTHNeH, MONIBiHIDUIOpUR, ¢ro-
pOIIAaCTH, MONICTUPOI, NMONIYpeTaH TOLIO.

Jna onepxaHHsSI JieTaleil 3 TepMOpPeaKTHBHUX IUIacTMac HeobxinHo
BU3HA4YMTH THUCK NPW ONHOYACHOMY HArpiBi INpec-Marepiajly B0 B’S3KO-
TEKY4Oro craHy. 3aTBepiHEHHS € pe3yJIbTaTOM MojiMepH3allii 3 06oB’s3-
KOBHUM OXOJIOIXKEHHAM JieTali ans 30epexeHHs HanaHoi ¢opMu. Ilpec-
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Marepiaja 3acTOCOBYIOTE ¥ BUIJIALI MOPOLUKY, rpaHyn abo Tabnerok, 1o
CTipollye i NPMCKOPIOE [J03YBaHHSA Ta BUAAJIEHHS JIETIOYHMX pPEYOBHH.
IHcTpyMeHTOM TIpH KoMMipeciiiHoMy npecyBaHm € npec-¢Gopma, L0 CKIia-
JaeTbcsl 3 MaTpMli, BMillleHOI B cneulanbﬂy oﬁoiflmy MyaHCOHa, Ta
HarpiBalbHOTO eJleKTPHYHOro efleMeHTa 3 izonsuiclo. [Ipec-dpopmu Mo-
XyTh OyTH THi3nOBMMHK abo OaraTtorHiznoBuMu. Ilepen 3aBaHTaXEHHSM
BCi GOpMH CTapaHHO BHWYMILIYIOTb Ta 3MalllyloTh. THMCK NiABUILYIOTH MO-
CTYNOBO 10 MNOTpiOHOiI BesIMUMHMU, a HeoOXiiHA TemnepaTrypa NiXTPH-
MYETLCS 3@ AOTIOMOT010 aBTOMAaTHYHHX TepMoperyasTopiB. I1pu Harpisi i
CTUCKYBaHHI MaTepialy 3 HbOro BUAUISIOTHCS AETIOWi peYOBUHM, BOJIOra,
a y Bpobi YTBOPIOIOTLCA TPHLIMHU, 3AYTTS, ra30Bi nysupi. Jias 6opoTbon
3 UMMM WIKILTMBUMH edeKTaMM 3aCTOCOBYIOTh TaK 3BaHY MNiiNIpeCOBKY,
NigHIMaI0YM¥ NMY3HCOH Ha 2...4 ¢, Jaloyyd TUM CaMMM BHXil ra3aM i BOJIO3i.
ns BiaiNoOBiAaNbHHAX AeTanei, HANPUKIIAL TEKCTOMITOBHX LiecTepeHb Ans
3ybyacTux nepefay apToMoOiNiB Ta JliTakiB, BUTPUMKY Ul NIOBHOTO 3a-
TBEpAHEHHS] MaTepialy NpOBOIATh Y BUHOCHHUX npec-(PopMax i3 3aMKoM,
CKOPOYYIOUM Yac MpOoCTol MaliMHU, Tlicasi BUTPUMKH THCK 3HiMalOTb, a
TOTOBY NIETa/b 32 JOTIOMOIOI0 CNELia/bHOTO BUIUTOBXYBAUYA 3BUIbHAIOTD 3
npec-¢hopMH Ta NpU HeoOXINHOCTI NPOBOASITh 0OPOOHI onepaliii.

EnextpyyHuil nimirpiB Yepe3 CKIAAHOCTI 3 OXONOMKEHHAM HeENpH-
JaTHMH AN TepMOIIaCTUYHUX mnacTMac. ToMmy K TeroHociit ana HMx
3aCTOCOBYIOTH TIapy, a B MOMEHT OXOJIOJKeHHS To Tpybax noialoTh BOAY.

[Ipec-¢opMK BHUIOTOBJSAKOTE B OCHOBHOMY 3i CTaseit, fixi miagaloTh
rapTyBaHHIO Ta XPOMYBaHHIO 7151 3011b1LIIEHHA IXHBOI 3HOCOCTIHKOCTI.

TlepeBenieHHSI nMpec-Marepiaty y B’A3KOTEKYYHMH CTaH 3AiliCHIOETHCS
I THCKOM B OKpeMiii Kamepi no3a $HpopmMylouoo HOpOXKHUHOI0O MATPHLL,
a ITyaHCOH 3aCTOCOBYETLCS He it hOpMyBaHHS JeTalli, a il BATICHEHHS
Tpec-MaTepiany i3 Kamepy 3apaHTaxeHHd. [IpecyBaHHs POBOAUTLCA TIPH
TeMriepatypi npec-matepiany go 200 °C, Tucky no 70 MIla ta BUTpHMKH
Jlo 1 xB Ha 1 MM TOBLIMHM JAeTani.

Jumma nid mucxom TIPOBOAUTHCSA Ha CreLiaTbHMX aBTOMATHYHHX
JIMTTEBUX MAINIMHAX IS TNepepoOKH TEpMOMNJIACTIB THIY HOJiETHIEHY,
BiHITLIACTy, TOJLCTUPONY, NOJiaMiliB Toluo. JIMTTA M THMCKOM Xapak-
TEPU3YETLCSI BUCOKOIO NPOAYKTUBHICTIO, OCKUIBKH TpoOlieC oaepXaHH$
BUpoOY TpuBa€ He Oinbliie AK 20 ¢ 3aBAAKHU BUCOKIiit TEKYHWOCTI IUIACTUKY
npu Temneparypi 150...160 °C ta Tncky a0 200 MTTa. 3a nonomoroio Takoi
TEXHOJIOTIi OJEPXYIOTh BUpOOM CKiIagHOI JOPMH 3 Pi3HOIO TOBLIMHOIO
CTIHOK, IMHMOOKMMHY OTBOpaMH, 3 Pi3bboIo Ta pebpaMH XOPCTKOCTI.

Excmpysio, abo Oe3nepepBHe BHIABMIOBAHHSA, 3aCTOCOBYIOTH IS
ollepXaHHA TpyO, CTpiuoK, MPYTKiB Touio. IIp¥ LBOMY Npec-NopolloK,
ToCTYMalouHu 3 6yHkepa excTpylepa (4epB’SuyHUi Tpec) B poOOUMii LH-
JHIDP, MMPOCYBAEThCS Yyepe3 AeKiUIbKa 30H MimirpiBy, a IoTiM roacTudi-
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KOBaHMI1 MaTepian BHAABIIOOTH KpPi3b OTBIp B MYHILUTYLI Ta 0XONOAXY-
10Tb ¥ CMeLiaIbHUX MTPHUCTPOSIX.

ToHKi MIiBKH 3 MOJiieTUIEHY BUTOTOBAKIOTh PO3AYBOM TPYOHOI 3aro-
TOBKU, OfepXaHol Ha eKcTpyiaepi. 3arorosxa fiametpoM 100...900 mmM 3
TOBLIUHOIO CTiHKH 0,2...0,5 MM T1ic/is po3AyBY NMepeTBOPIOETECH HA TPYOHY
3arotoBKy diametpoM 200...2000 MM 3 ToBHIMHOIO CTIHKK 40...200 MxM.
Iicnst oxoNoaXeHHs TPYOHY 3aroTOBKY pO3pi3aloTh i 3MOTYIOTH Y PYJIOH.

[TniBKy oaepXyioTh i xarandpysannsaM. Y HBOMY BHUITAUKY PO3M’SAK-
IDeHM TepMOIUIACTHYHMIL Martepian IMpOIYCKaloTh MK BajaKaMH, B pe-
3Y/IbTATi YOTO OJEPXKYIOTH HeCKiHUEHHY CTPiuKy. 323BM4ail 3aCTOCOBYIOTh
6araToBaIKOBi KanaHOpH i OoepXyioThb MNiBKU 3aBroBmKU 0,05...1 MMm.
IMpy 1LOMY LIBUAKICTH KanaHApyBaHHA pocsirae 180 m/xB.

UenynoiaHy kiHo- Ta ¢oTorunBKy, uenodaH i nomiaminHi rUIiBKY
BUTOTOBJISIOTH METOIOM TOMHKBY. 3a Uicl0 TEXHOJIOTIEI0 Ha pYXOMY CTPidKy
KOHBeEpa vepe3 1IenoaioHy hinbepy nosaeTscs rnojiiMep, po3uMHeHU
B OpraHiYHOMY PO3YMHHUMKY. B cnieuiajibHiil KaMepi po3y¥HHUK BUMAPO-
BYETECS, 4 3AMHIMEHY TUTIBKY 3MOTYIOTh Y DYJICHM.

Y BUCOKOENACTHYHOMY CTaHi 3 TAKUX TEPMOILIACTiB, AK UERYJIOild,
opra’iuHe CKJIO, BiHIMIACT Ta iHiUi, 3a TEXHONOTIED wmamnyeania BUTo-
TOBAAIOTL Pi3HOMAHITHI, B TOMY 4HMcHi H BequxorabapuTHi BHpPOOH.
[Mpouec mTaMryBaHHs sBIA€E co0oi0 GopMyBaHHsS BUPOOIB 3 HarpiTvx
JIMCTOBUX TepPMOILJIAcTiB y popMax-iITamnax npv OGHOYACHOMY KOHTAaKTi
Marepiany 3 IyaHCOHOM Ta MaTpuuelo. THCK MpH LITaMMyBaHHi IMCTOBMX
MJIaCTHKIB 3a3BH4aii He nepeBullye 1 MIla.

Tipu o6pobui moaibHMX TUTacTMac BUKOPUCTOBYIOTH TAKOX IHEB-
MaTHyHe Ta BakyymHe dopMysanHsa. IMpu nHeBMaTHYHOMY (OPMYBaHHi
BUKOPUCTOBYEThLCS CTUCHYTE MOBiTPA 3 TUCKOM a0 2,5 MIIa, a npu
BAKYYMHOMY — aTMocdepHHI THCK i PO3PLIXEHHST BHACIIAOK BiaKadyy-
BaHH#A IOBITPS 3 MOPOXHWHM MiX 3aroTOBKOIO Ta MOBEPXHEI0 MATPHLII.

= KonmponbHi 3anumaHHsi

Y oMy cyTb npouecy obpobku matepianis THCKOM?
Aki € Buan 06pobku MaTepianis TMCKOM?
. Aki chakTopU BNNUBAIOTL Ha Npouec o6pobku TuckoM?

Y YoMy nonsrae CyTb MPOKaTyBaHHA AMUCTOROIC Ta NPOQNbLHOro
smeTany?

. Y yomy cyTb npokaTyBaHHs Tpy6?
263

Eall o gl o

o



Posain 4
TexHOoNorn 8NroToBNEHHS BUPOGIB

6. Y yomy CyTb npouecy BONOYiHHA?
7. Y 4oMmy NONArae CyTb NPOLECY NPeCyBaHHA?
8. Yum siapisHAIOTLCA METOAM NPAMOTO Ta 3BOROTHOIO NPECYBaHHA?
9. Y yomy CyTHICTL BpOLecy Ta OCHOBHNX Onepaliit KyBaHHA?
10. Y vomy CyTb NpoLIECY LUITAMNYBAHHA?
11. Yum BiAPI3HAOTLCH rapsAye Ta XONOAHE WTAMNYB3HHA Ta WTaMiy-
BAHHSA Y BiAKPUTUX | 3aKPUTUX LWiTaMNax?
12. ki € OCHOBHI onepauii NUCTOBOTO WTaMNyBaHHA?
13. ki € ocHoBHI TexHonorii 06po6Kkn nnacTMac TMCKoM?



AHC

e

K pi3aHHAM

o0

§11.1

Cymmsicmb npoyecy, OCHO8HI noMsmms
i @U3HAEeNHR

Ofipotixa memaaie pizauram — Ue Npoliec 3HATTA pi3aJibHUM IHCTPY-
MEHTOM 1I1apy METany 3aroToBKM (CTPYXKH) sl HalaHHs BUpPOBY
noTpibHol dopMH, 3aJaHUX PO3MIPIB | YUCTOTH NoBepXHi. BUan 06podxu
MeTaNB pidaHHAM pO3PI3HAIOTb 3aT€XHO Bill KOHCTPYKIil pi3ajlbHOro
IHCTpYMEHTA, 10 3aCTOCOBYIOTh, a00 Bi xapakrepy pyXy iHCTpYMEHTA i
3aroTOBKM TIpM 00pobui BpyYHY YK Ha MeTaNOpi3a/ibHOMY BEpPCTATi.

¥Yci BUIM pyXy Ipu oOpobLi pi3aHHIM TOALNSIOTLCSA Ha TPy ITPYITH:

e poboumii pyx (abo pyx pizaHHs);
e YCTAaHOBYUM;
e JOMOMiXHMIA.

CxaloBUMH pOOOYUX DYXIiB € 2oaoeruli pyx i pyx nodaui. I'onoBRUiA
PYX 3MiHiCHIOE Npoliec HATTS CTPYXKH, a pyX MoJadi — Mpouec pidaHHs.
Banpuxonan, mij yac cBepyIeHHA TOJIOBHUM PYXOM € 00epTaHHs cBep/Ua,
a Horo nepemilleHHs B3MOBX oci abo BOIK — € pyx Moaayvi, 1o A03BOJISIE
OllepXaTH HACKpi3HUii oTBip a60 KaHABKY NMeBHOI IITHOMHH.

Y MeTanopizaJbHUX BepcTaTax roNloBHUIE pyx Haifuacrine OyBa€ ofep-
manvium (TOKapHi, cBepiUiyBaNbHi, dpezepHi, uidyBanbHi BepCTaTH)
abo npamoniniiinum (CTpyraieHi, noBGanbHi BepcTatu). FonoBHHMI pyx
HAA€EThCS 3arOTOBKAM (BEPCTaTH TOKapHOi Tpyn#) abo pizaibHOMY
iHcTpyMeHTY (dpe3epHi, nmonepeyHo-CTpyTajibHi TOWO). Y BepcTarax 3
FOJIOBHUM OOEpTAIbBHHM PYXOM Mojaya i pi3aHHA 0e3nepepBHi, Y BepcTa-
Tax 3 FOJIOBHHUM 3BOPOTHO-TNIOCTYNIAJIBHUM — Di3aHHS NepepuBYacTe.

9 1.2
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JO OCHOBHUMX TMOHSTDb 1LOAO NPOLIECY Pi3aHHS BITHOCHTE:
e TNOBEPXHi 3aroTOBKM;

e KOOpAWHATHI IUIOLIMHH;

e ejJleMeHTH pi3aTbHOI YaCTHHHU;

[ ]

reoMeTpilo pizua (KyTH, peXKHMHM pisaHHS i po3MipH 331aHOTO Wapy
MeTany).

Puc. 11.1

KoopaWHatHi NAOWMWHK | nosepxHi
obpobniosaHoT 3aroTosku

Obpobnoeana nosepxus (pnc. 11.1) — ne MOBepXHs 3aTOTOBKH, 3 SIKOT
3HIMaIOTL CTPYXKY (1); obpobaena noeepxns (3) — ue Ta, 3 AK0I 3HATO
CTPYXKY; nosepxws pizantsa (2) YTBOPIOETHCA MOJIOBHMM Di3aTbHMM JIe30M
pisus. Koopdunamuumu naowunamy Ha3MBAIOTh TUIOLWIMHY pi3aHHA (4),
OOTUYHY B0 MOBePXHi Pi3aHHA, L0 MPOXOAUTL Yepe3 TOMOBHE pizanbHe
Nle30 pisuis, i OCHOBHY TUTOLLMHY (J5), NapaneibHy HanpsaMKy NMo3A0BXHLOL
(Shoy) 1 MOTIEPEYHOI MOZAY.

OCHOBHi e1eMEHTH Pi3aILHOro iHCTpyMeHTa (pi3iisl) po3r/IsiHEMO Ha
Npuknali TokapHoro pisus (pvc. 11.2), AKMil ckilafaeTbest 3 pizaibHOL
yactuiM (I1 — ronosku) i ctpickHa (1) Ana KpinneHHsT Horo B JepXxaky
BepcTaTa.

EneMeHTH pi3anbHol YAaCcTMHW pi3llsl Taxi: NepeaHs nopepxHa (1), no
sIKili 36irae cTpyXKkd; BepuMHa pi3us (J) — Touka MNepeTHHY pi3albHMX
Jle3; ronoBHa 3aJHSA MOBepXHA (J5), obepHeHa OO TOBEPXHi pPi3aHHA,
JOTMOMiXHa 3a1Hsl nosepXxHs (4), noBepHeHa A0 06pobaeHOl NMOBEPXHi
3aroTOBKM; TOJIOBHE JIe30 Pi3aHHsI (6), YTBOpEHe MepeTHHOM MnepenHbol
(/) Ta ronoBHOI 3aAHBOT (5) NOBEPXOHD, sIKE 3AIHMCHIOE OCHOBHY poGoTyY —
pi3aHH#; NONOMiXHe pizanbHe e30 (J3), yTBopeHe NepeTHHOM NepeXHboi
i AONOMiXHOI 3a0HBOT NOBEPXOHbD.
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Puc.11.2

YacTHH Ta enemeHTH TOKapHOrO
NPAMOro NPoxiaHoro pisus 6 3

®opma Ta TONOBHI KYTH BH3HAYalOTh reoMeTpHYHY dopMmy pisud i
3Ha4YHO BIJIMBAIOTH HA MPOLEC pi3aHHA. [00BHI KYTH pi3lisl pO3rBsIIATh
y IUTOLMHI mepepisy A (puc. 11.3, g). Us ruiommHa Ha puc. 11.3, 6
NnoKasaHa st TokapHoro pizust. Ha moamoikauiliniii cxeMi cTpyraHHs us
M0KHA 30iracTbesi 3 NIOLIMHOIO KpecneHHs (puc. 11.4). KnunononiGHa
YacTHHA pi3us nia aicto cwiu P (puc. 11.4) BpisyeThes B 00pobnosanuii
Marepiasi. YMM rocTpilimii KNUH (KyT 3arocTpeHHs), TUM MeHLli 3yCHans
notpiGRi A pisaHHs. Kyr 3arocTpeHHA B — Ue KYT MiX MepeIHbOO i
3aQHBOKO TOBEpXHAMMU pisus. Ha KpecleHHsX Lieit KyT IMO3HAYalOTh He
3aBXIOH, OCKUIBKM HOT0 BEMYUHY MOXHA BH3HAYHTH 33 BHPa3OM
B=90°- (o + v), 3RAIOYM iHILI KYTH 3aTOUYBaHHSI DizaIbHOTO IHCTpyMeHTa.

TlapameTpy pizaHHsi 3ajexaThb Bii: e TOIOBHOTO 3aIHbOTO KyTa (Ot);
¢ NepelHbOro (7); ¢ rOOBHOrO KyTa B TNaHi (¢) Tolo. for06rum 3a0Him
kymom (0) HA3MBAIOTH KyT MiX TONIOBHOIO 33aJHBOIO TIOBEPXHE pisus i

a

Puc. 11.3

Tonoemi KyTW TOKapHOro pisys
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Puc. 11.4
TONOBHI KYyTH CTpyranbHoro
pisua

IUIOLIHHOK pi3aHHsA. Jlpu3HayeHHit BiH 1)1 3MEHILEHHA TePTs MiX ro-
JIOBHOIO 3aJHLOIO MOBEPXHEIO pi3ils i MOBEpXHEIO pi3aHHA 3aroToBKH. KyT
o o0UpaloTh y MexXax 6...12°. Toroenum nepednin Kymon (y) Ha3HBAIOTE KYT
MIX NepeaHboIo MOBEPXHElo PisLiA i TUTORIMHOIO, MEPNIEHANKY/ISIPHOIO 10
TUIOLIMHM pi3aHHs. Bil HbOTO 3a1eXUTE CTYNiHb AedopMallii 3pi3yBaHoro
wiapy, 3MeHILeHHs CWIM TepTs 3aroTOBKH i MepelHbOl MOBEpXHi pi3ls.
1leit xyT obupaloTe y Mexax Bin 20° 10 ~10°. KyT pizaHHs 8 3HaX0OMTbCS
MLX IUIOWMHOIO pi3aHHA i NepedHbOIO MOBEpXHEIo Ppislid, BU3HAYAIOTh
iloro 3a BupazoM § =90~ y. '

KyT Haxuay rojoBHoro pisanbHoro nesa A {puc. 11.5) po3millyeTecs
¥ MAOLIWHI Pi3aHHS MiX TOJOBHUM Pi3anbHHM Je30M i NiHielo, nposene-
HOIO yepe3 BepIMHY pi3lil MapajielbHO OCHOBHIM IUOlMHI. BiH Moxe
OyTy monatHiM, Bin’eMHHM, AOPIBHIOBATH HYJIO i 3MiHIOBaTHcA Bl 4° 10
—4°. Kyt A BM3HAYa€ MNoOJIOXEeHHS MepeldHbOI MOBEPXHi i BIUIMBAaE Ha
HanNpAMOK pYyXY CTPYXKH.

Puc. 11.5
Kyt Haxuay ronosHoro pizanbHoro nesa TOKapHOro pisus
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J111 NOBHOI XapaKTePUCTHKH reOMeTPil pi3Lisl BUKXOPUCTOBYIOTH TAKOX
MOHATTA AOMOMDKHMX KYTiB Pi3Ls &, Y1, @) | KYT IIPH BEPILHHi Pi3LIA €.

8=180°_((p+(p])3

TOOTO JOPIBHIOE XYTY MiX MNpOEKUiAMH Ppi3aibHUX €3 Ha OCHOBHY
rwiolwHHy (puc. 11.6). BUMipiotoTh o i y; (Ha pUCYHKaX He NOKa3aHO) 3a
NOMOMIKHOIO CIYHOIO TUIOUHHOIO, LIO fIepIeHANKYAPHA IPOEKLii A0NO-
MDKHOTO Pi3aibHOTO Jie3a Ha OCHOBHY [UIOWHHY.

Toaoenum kymos y nnaHi ¢ Ha3WBaOTh KYT MiX MPOEKLIEI0 TONOBHOIO
pi3aipHOrO Jie3a Ha OCHOBHY TLTOIIMHY | HANPSAMOK IO3A0BXHLOL IToAavi
Syos- O6HpaloTh Horo y Mexax 30...90° (Haiuacriwe ¢ = 45°). Bid Bruinsae
Ha popMy nepepi3y 3pi3yBaHOrO 11apy, YUCTOTY OOPOOKH i CrpaltlOBaHHS
iHcTpyMeHTa. JIONOMDKHMH KyT y IMAaHi ¢; pO3TallOBYETHCA MLK MNpo-
eKLIi€i0 ZOMOMIKHOIO Pi3aIbHOTO Jie3a Ha OCHOBHY IUIOLIMHY i HaMpsAM-
KOM, MPOTIIEXHHM HampsIMKY MO3A0BXHBOI nojayi. BiH Takox Briansae
Ha YHCTOTY 06poGKH MOBEPXHi.

Puc. 11.6

EnemeHTH pi3aHHA | reOMeTpiR 3Pi3yBancHOrO tapy Metany:
1 — obpobnosana nosepxun; 2 — NOBEPXHA Pi3aHHRA;
3 — obpobnena nosepxun
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§11.2

NMapamempu i isuvni sieuwia,
uio cynpoeodxyomb npoyec pizaHHn

Jlo OoCHOBHMX mnapaMeTpiB Npoliecy pi3aHHS BiOHOCATL TTIMOUHY i
IWBWAKICTb pi3aHHA, NOAAYY, WHWPHHY i TOBLIMHY 3Pi3yBaHOIO liapy Me-
TaNny Ta HOMIHANLHY IUIOLLy Horo nepepisy.

Taubunowo pizanna (f) Ha3MBAKOTh TOBUIMHY 1Lapy MeTany, SKHi
3pi3a€Thbcsl 3a ONMH TIpOXid pisanbHOro iHcTpyMeHTa. FIpM NMOB30OBXK-
HBOMY TOUYiHHI HWIIRAPHYHOL NOBepXxHi (auB. puc. 11.6)

t=(D-dy2,

ne D — niaMeTp 3aroToBkM, MM; d — NiaMerp oOpoOneHoi NMoBepXHi, MM.

1leudxicmo pizanna (V) Ha3sHBaIOTb WIBMAXICTb FOJOBHOTO pyxy. BoHa
BH3HAYAETLCA LUIIXOM, W0 Mpo#uina Touka obpoOmioBaHOl NMOBEpXHi
3aroToBKM BHTHOCHO pi3ajibHO!I XPOMKH iHCTPYMEHTa 32 OAMHMIIIO Yacy, i
BUMIPIOETHCA Y MeTpax 3a XBWIHHY (M/XB), KpiM BHMAIKiB, KOJAU 1LIBHI-
KiCTb pizaHHs Ayxe BeaMka (uunidysaHHs). Toai i1 BUMIPIOIOTh Y MeTpax
3a cexyHay (M/c). 3a yMOB roJloBHOro obepTaibHOro pyxy (dpesepybaH-
HSl, TOYiHHS, CBepJIeHHA)

V=nDn/1000,

e D — piaMeTp 3aroToBKM (abo iHCTpYMeHTa), MM; n — YacToTa obep-

TaHHA 3aroToBKH (abo IHCTpPYMeHTa), XB™ !

Hodaua (S) — ile nNepeMilileHHs! pi3aIbHOI KPOMKH iHCTpYMEHTa
BIAHOCHO- 3arOTOBKU B HanpsiMKy fojavi 3a oaMH oDepr (MM/00) abo
MORBilfiHMIA Xin 3aroToBKM (UM iHCTPyMeHTa) (MM/TIOA. XiXk). 3anexHo Bix
HanpsaMKy pyXy Tiojaya Moxe OyTH TIO3AOBXHBOIO, TNOINEpPEeYHOIo,
NOXUJI010, BEPTHKANLHOK, TAHTEHLIANBHOIO, KPYTOBOIO TOLLIO.

IlvpuHa 1wapy pizaHHe () — 1ie BiACTaHb MIX ABOMa NOCNIAOBHHUMH
NOJNOXKEeHHAMH pPi3afibHOI KPOMKMK 33 4yac MOBHOro 00epTy 3aroTOBKH,
3aMipsiHa B HANPAMKY, HOPManLkHOMY RO TOBUHHH 1IApy 3pi3aHOrQ MeTa-
ny (a), ne a=ssin Q.

HomiHanbHy oy nomepeyHoOro mnepepisy 3pisyBaHoro lapy (B
KBaJlpaTHUX MiltiMeTpax) BM3HaYalOTk AOOYTKOM ToZayi Ha TNHOMHY
pi3aHHA a00 TOBLIMHM 3pi3yBaHOTO WIapy Ha ioro IWHPHRY (f= st = a6).

Axkicte 06po0ieHO] MOBEPXHi XapaKTepU3YlOTh 1i UIOPCTKICTh, XBM-
JSCTICTh, HAsIBHICTb MIXpOTPilMH, HAJAPMBIB, TONPIOHEHHN CTPYKTYDM,
HAarapTyBaHHS i 3anMiikoBi HanpyXeHHs, [LlopcTKicTh Ma€ BUSHAYATbHUIA
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BIUIMB Ha eKcruyatauiiini BiacTuBocTi BUpoGiB — cTifikicTbh mpoTH cnpa-
UIOBaHHSAl, BTOMHY MilUHICTb, KOpPO3iHHYy CTifKicTb Towo. IHlopcmkicmio
Ha3UBAaIOTb CYKYITHICTb HEPIBHOCTEH NOBEpXHi AeTasli HA neBHiit (6a3oBiit)
11 noBXHHi. Jng KinbKicHol OLHKH WIOPCTKOCTi iCHYIOTh LIICTh Mapa-
MeTpiB:

e cepelHe apudMeTHUHe BiaxWwieHHs npodutio (R,);

e BUCOTa HepiBHOCTeil npoduno 3a AecsTbMa TOYKaMH (R,);

e Hailbinbuwa Bucora HepiBHOCTEH (R.y);

e cepellHiit KpOK HEpiBHOCTEH;
e cepedHiit KpOK HepiBHOCTeH 32 IX BeplLUMHAMM;
e BiIHOCHa 10BXVHA npodiiio.

3 YOTHPHAIUATH ICHYIOUMX KJaciB LIOPCTKOCTI HaWbinsil rpybolo i
IIOPCTKOIO € TIOBEPXHA NMepioro kaacy (R, = 160...320 mxm), a HaibubLI

TIaJKOI0 — IOBEPXHS YOTHPHanusToro kiuacy (R, < 0,1 MxM).

PiBeHb LHOPCTKOCTI 3aneXHTh Bif YMOB pi3aHHs. I 3MeHLIEHHS
HIOPCTKOCTI HeoOXilHO abo 36iblIMTH pafiyc 3a0KpYINEeHHS BEPIMMHU
pi3ist, abo 3IMEHILHUTH KYTH Pi3lUs B IUIaHi.

INMpu BaasIOBaHHI pi3anbHOI YaCTUHU iHCTpYMeHTa B o6pobnioBaHHi
MaTepian BUHHMKAE (Tig Ai€io 30BHIILIHEOI CWIH) NPYXHO- i MNACTHYHO-
ltlebopmoBaHuii 06’eM. Lle 30Ha Bunepemxatoyoi aedopmauii abo cTpyx-
KOYTBOPEHHS, 110 OXOIUTIoE SIK 3pi3aHMil ap MeTany, Tak i iioro 4acTHHY
i MoBepxHelo, 1io 06pobmoeThea. [Tpouec yTBopeHHs efleMeHTa CTPyX-
KW MOXHa noauiMty Ha Tpu etanu. Ha nepiuomMy BinGyBaeTbes npyxHe i
TIacTH4YHe AedopMyBaHHS i MaitOyTHill eleMeHT CTPYXXKH 3MILIHIOEThCS
B 30Hi CTPYXKOYTBOpPeHHs. Ha IpyroMy — eJleMeHT CTPYXKKH 3MIlLYETBCS
[0 [UIOLHMHI 3CYBY caMe TOJi, KOJIM HaNpYXeHHs Yy Wapi NepeBUILYOTH
onip 3cypy. Ha TpeThOMy eTami 3OIHCHIOETLCS JOOATKOBE INAacTH4HE
JecopMyBaHHS €lleMEHTa CTPYXKH, W10 YTBOPUBCS Mil Yac HOro pyxy Io
nepeAHiit MoBepxHi iHCTPYMEHTA.,

3anexHo Bix yMOB pi3aHHs i BIaCTHBGCTe 06pOOTIOBaHOTO MaTepiany
MoXe (OpMYBaTHCA CTPYXKKA TPHOX OCHOBHUX BHZIIB (puc. 11.7).

Snauena cmpyxxa (pvc. 11.7, d) Mae BUTAsiL CYUTBHOI CTPiYKH 3
IJ1aAKO10 BHYTPilIHBOIO (6ins pi3lif) i 1LOPCTKOO 30BHILIHBOIO MOBEPX-
HAMH. I'paHuLi MiX eleMeHTaMH CTPYXKH He CIOCTepiraThest,

Cycmasuacma cmpyxcxa eioxoay (puc. 11.7, 6) yrsopioerstst npu
o6po6nioBaHHI MeHII TIIaCTHYHHX, TBepAuX MartepianiB. [loBepxHs
CTPYXKM Ginsl pisus TakoxX INaigkKa, a Ha 30BHillIHii TMOBEpPXHi BMOHO
3a3yOpHHKHN. CTPYXKa CKIIAAETECS 3 €JIEMEHTIB (10 He BTpaTWIM 3B A3KY
MixX c00010) 3 BUATUMMMM TPaHHLIAMH.
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Cmpyxcrca nadaomy (puc. 11.7, 6), abo eneMeHTHa, YTBOPIOETHCS MPH
06pobaI0BaHHI KPUXKKMX MATepiasiB i CKNAaacThHCS 3 OKPEMHUX €JIEMEHTIB
BUNanKoBoi ¢(oOpMHM, He MOB’SA3aHHMX MiK cobolo. Taky cTpyXKy iHoni
HA3KBAIOTh CMIPYXHCKOI0 8idpusy, OCKLNBKM 11 YTBOPEHHs1 BUKIIMKaHe Hi€i0
HampyxeHb PO3TATYBAaHHS.

Puc. 11.7
Buan cTpyku pisaHns:
a — 3/HBNa; 66— cycTas4acTa; 88— CTPYXKa HanioMy

Burnsii CTpYXKM YacTO BUKODHCTOBYEThCS SIK HenpaAMa Xapak-
TepucTHKA pobOTH pisaHHA. HaitbinbmMx BUTpaT eHepril norpebye yTBO-
PEHHSl CyCTaBYaCTOi CTPYXKH (3HAuHMi CTymiHb NJIacTHYHOl Aedop-
MaLii), MeHIIWX — YTBOpPeHHSI IMMBHOI, i HaliMEHIIMX — YTBOPEHHSA
CTPYXKKH HalloMy (He3HayHa IUiacTMyHa aedopmMauis).

IMpouec pi3aHHs1 cynpoBOIKYETLCA MPYXHUM i MIaCTHYHUM Aedop-
MYBaHHSAM 3pi3yBaHOrO LIapy, YCaakolo CTPYXKKH, YTBODEHHSIM HapoCTy
Ha nepeaHil NoBepxHi pi3lif, 3MILIHEHHSIM NOBEPXHEBOro Wwapy o6pol-
JIIOBAHOI fieTai, TENNOBUALIEHHAM.

IpyxHe i niacTHuHe aedOpMyBaHHS 3pi3yBaHOro 1apy BiOyBaeThes
MiA Ii€l0 HOPMAIbHUX i JOTHYHKX HanpyXeHb MpY BIARMNOBaHHI pi3lls B
MeTajl. MakcuManbHe nnactHuHe NedOpMyBaHHA B 30HI YTBOpPEHHs
CTPYXKM, 3CYBHi sIBMIIA B 3pi3yBaHOMY 1napi MeTaay TNPHU3BOASTH 1O
KOB3aHHSI OKPeMMWX YaCTHH 3epeH TO KpHucTanorpadiyHHX ToMIMHAX i
BUTATYBAHHA 3epeH, /1o MOMeHTY pYHHYBAHHA 1li 3¢pHa AOAATKOBO Je-
(bOpMYIOTbCA | BUTATYIOTLCS Mifl Ai€I0 CUN TEpTA NMPH KOHTAKTI 3 me-
peaHbol0 MOBEPXHEIO Pi3Lis.

¥Ycanka CTpYXKH, TOOTO 3MeHlIeHHS NOBXHMHHW i 306iUIbLIEHHS! TOB-
IHHU CTPYXKH TOPIBHSIHO 3 HOBXMWHOIO i INHPHHOIO 3pi3yBaHOTO 1Lapy,
3aJIeKUTh BiA BIacTUBOCTEH oOpoOaIOBaHOrO Marepiany, peXuMiB pizaH-
H$l, TEOMETPHYHHMX NapaMeTpiB pi3lif, CTyNeHd NAacTHYHoro aedopMy-
BaHHA noBepxHeBoro mapy aeraii. [linBumeRHs mnacTHyHocTi 06pobito-
BaHOrO Matepiany 30iNbILYE YCaNKy CTPYXKH, a 3aCTOCYBAHHS MacTHb-
HO-OXOJIOJUKYBILHUX PITUH — 3MEHIYeE.
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Hapict — ue siBAe $opMyBaHHS IIUIBHOTO YTBOPEHHSI YaCTMHOK
MeTany, MillHO 3aKpilUleHMX Ha nepelHiii moBepxHi pisus. Cnocre-
piraETucs BOHO MiAl Yac pizaHHs NAACTHYHUX MaTepiatiB (1aTyHi, crari).
HapicT yTBOpIO€TECA BHACH{IOK ra/1bMyBaHHA HHXHIX 11apiB CTPYKKH ITiJ
yac i1 KOB3aHHA N0 MNepeaHii MoBepxHi Pi3lis, BUCOKOIO THCKY i 3HAYHOL
TEMIIEPATYPU B 30HI KOHTAKTY CTPYXKKH 3 pislieM. Mertan HapocTy nyxe
necdopMoBaHuii, TBEPRICTb Horo 3HAYHO (iHOAl ¥ 2... 3 pa3u) nepeBaxae
TBepuicTh oOpobiioBaHoro Mertany. Ilin 4ac npolecy pi3aHHS HapicT
NEPIOANYHO PYRHYETECA, BHHOCUTLCS PA30M 3i CTPYXKKOIO | YTBOPIOETLCA
3HOBY. BiH 3axylla€ BeplIMHY pi3uA i pi3anbHy KPOMKY BiJ 3aBYacCHOTO
CNpaLIOBaHHA, NOKpALIye TerioBinbip, nNpore SIKiCTh i TOYHICTb BUTOTOB-
JIEHHS! TMOBepXHi Noripwyerscsa. ToMy uucTOBy 0OGpoOKY BMKOHYIOTH
peTesibHO J0BeAeHUMH Pi3UAMH 3i 3HAYHUMU TepeaHiMU KYyTaMU NpH
MiABHILIEHUX IIBMAKOCTAX pi3aHHA i3 3aCTOCYBaHHSIM MacTUJILHO-0X0J10/1-
KYBAJIbHUX PiIKH.

JamexHo Bill peXHMy pizaHHs MOBepxHeBUii wap o6pobmioBaHol Je-
Tani B npoueci pizaHHs gedopMyeTsCA Ha IMUOMHY A0 IMM. [lopiBHsHO
3 OCHOBHMM METAJIOM TBepHiCTh MeTaly NMOBEPXHiI MOXe€ MiIBHILYBaTHCS
y 2..3 pa3u. TloBepxHeBe 3MiUHEHHS MOXe OyTH SK KODUCHUM,
MiOBMILYIOYH CTIAKICTE AeTalli MPOTH CNpauloOBaHHA i BTOMHY MiUHiCTh
BUpoOy, TaK i WKIATMBHM, YCKNAAHIOIOUU Nofanbuly oOpoGkKy Aerani
pi3aHHAM i MABMILYIOYM ii LIOPCTKICTD.

Mia 4ac pizaHHA MeTaniB 61M3bKO 95 % MexaHiyHol poGoTH aedop-
Malii i TepTd NepeXoAuTb Y TEIIOTY, 10 5 % — y CKPUTY €Hepriio
BHKDMBJIEHHS KPUCTATMHOI rparky. TennoTa, 1o BMAISETBCS, PO3No-
IISETBCA MiX CTPYXKOIO, 3aroTOBKOIO Ta iHCTpyMeHToM. He3HayHa
YaCTHHA TeIUIOTH MOoTparuisie 10 HABKOJNMIIHLOTO CepPeAOBHILA SIK BUIIPO-
MiHIOBaHHA (y pa3si 32CTOCYBaHHft MAaCTIIbHO-OXOJOIKYBaJIbHUX pedyo-
BUH) i koHBeHLid. Ha TeMnepatypy HarpiBaHHSI pi3aIbHOTO iHCTPYMEHTa
HaWOLTbIllE BIUIMBAE WBUAKICTb pi3aHHsSI, MeHIlle — fojaYya Ta rMUOHHaA
pizaHusn. O6poOKa pizaHHSIM TIOBUHHA 3fiiCHIOBaTHCA ©e3 Mneperpisy
pi3aNbHOro iHCTpyMeHTA. JIns IHCTpYMEHTY 3 BYLReleBOl CTajli TeMIiepa-
Typa He MOBHHHa nepesuuryBatH 200...250 °C, 3 TBepaoro Cruiapy —
800...1000 °C, 3 MeTanokepamixu — 1000...1200 °C.

Ternnosi npoliecH NMpH pi3aHHi MOXYTb iCTOTHO BIUIMBATH HA SKiCTb
MOBepXHiI Ta po3MipM BUpoDIB, NpHU3BeCTH [0 (a3oBUX TMEPETBOPEHD,
3MIHIOBAaTH BRacTUBOCTi MaTtepiay.

MacTHIBEHO-0XOIOIKYBa/IbHI PeYOBHHH 3aCTOCOBYIOTE 31€0iUTbLIOro
21 3HHUXEHHSI TeMnepaTypd. [Tpote Wi peyOBMHH He JiMIlEe OXOROLKY-
10Th, a i 3MEHLWYIOTh CWIK 30BHIIUHbOTO TEPTS i CMPHAIOTH BUOAIEHHIO 3
30HM pi3aHHA CTPYXKH Ta MNPOAYKTIB 3HONIYBaHHs. Jinsi 1boro BHKO-
PHCTOBYIOTb TNEPeBaXHO PiAMHH, A0 SKHUX NOAAIOTh TBepli pPeYOBUHU
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(rpadir, 6iTym, MU0, napacdiH, aucynsdin MoniGaeHy, coay Toulo). Jyxe
piako o1s LBOTO BUKOPHCTOBYIOTH Fa3H.

Halikpallly oXO/JORXYBAJIbHY JiI0 MAIOTh BOAHI PO3YHHH 3 JOMillIKaMH
1...5 %-1 XanblUIMHOBaHOI colM, OypH, HiTpaTy HaTpilo Toulo. J1As oxonoa-
XeHHA 3aCTOCOBYIOTb TaKOX MacisiHi eMylibCii — PO3YMHH Y BoOdi
1,5...10 %-x eMynpconiB (MiHepalbHMX Maces 3 Pi3HWMH AOMilLKaMH) Ta
MacJifgHi pilMHY — MiHepanbHi Macna 3 AoMilikaMu 40 30 % pOCAMHHHX
o/mB. OXoloMXyBanbHa Aisi MaCATHUX PIAMH JOCHTbL HM3BKA.

§11.3

Cmiaxicms | mamepianu pizansHoz2o
incmpymenma

CnpalloBaHHR pi3aibHOI YaCTMHHM HCTPYMEHTA XapaKTepHaye Horo
30AaTHICTb MPOTHAISTH MIKPOCKONIYHOMY PYHHYBAaHHIO Ha MNOBEPXHSX
KOHTAaKTYy 3 3arOTOBKOIO Ta CTPYXKol0. Po3pi3Hs10TS KiNbKa BHAIB cnpa-
LMIOBaHHS iIHCTPYMEHTA.

Abpazuene cnpayloeanHs — 1e MexaHiyHe 3HOWIYBAHHA, APAHaHHA
iHCTpYMeHTa TBepAMMH YacTMHKaMu oOpobioBaHOro Marepiany, TBep-
IiCTh IKMX cyMipHa TBepAOCTi MaTepiany iHcTpymenTa. Leit B1I cnipaifio-
BaHHS MepeBaXae NMPU BiZHOCHO HEBEJHMKUX LIBUIKOCTAX PildaHHA i Mix
yac obpobkK KpuUxKMx MarepianiB (3a3BHYail NO OCHOBHiM 3anHiit
NOBepPXHi iHCTpYMEHTA).

Aoeesitine cnpayloeanns — e HaCNiIOK NPOLIECY XOJOAHOIO 3Baplo-
BaHHS Marepiajly iHCTPYMEHTa i CTpYKKM Ha BHCTYNAlOUHX JTiNsiHKax
TUIOHI} KOHTAKTY MiX HWMH 3 HACTYMHMM BillpMBOM JpiGHHX 4acTHHOX
Marepiajly iHCTPYMEHTa i BHHOCOM IX 3i CTPYXKOI0 i3 30HH pi3aHHA.

JHugpysiiine cnpayroeannn BINOYBa€TLCH BHACHAOK B3aEMHOI Audysii
Marepiany iHCTpyMeHTa i 06pobmoBaHol 3arOTOBKHM 32 YMOBH TiIBUIIEHHSA
TeMINepaTypu KOHTAKTHHUX MoBepxoHb 10 900...1000 °C.

Oxuche cnpaytosaHns MaE Miclle NPH TeMnepatypax pi3aHHS
700...800 °C, Kony KHceHb TIOBITPA BCTYNAE B XiMiYHY peakililo 3 MaTte-
piasioM iHCTpyMeHTa (K06ansTOBOIO CKJIAN0BOM0 TBEPAOTO CIUIaBy, Kapdi-
1aMH Bonbdbpamy i TUTaHy).

Kpuxxe cnpayiweanns — 1e npolec CKOMIOBAHHA (BUKPHUILYBaHHSA)
MaKpo4YacToK Marepiany iHCTpyMeHTa.

Y npoueci pizaHHA CNOCTEPIraETbes OOHOYACHA Mifl Pi3HUX BUIB
CNpallloBaHHsl, 110 BM3HA4Ya€ KiHileBY CTiMKicTb IHCTpYMEHTa 33 JaHMX
YMOB.
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Cmiiikicmro incmpyMenma Ha3WBalTbL Yac Horo pobory 3a MeBHMX
pPeXUMiIB pi3aHHS MiX omnepauissMH Horo neperodysaHHsi. Ha crifikicTb
BIUIXBAIOTb Taki PakTopH, siK XiMIMHMIA cKnax i BIaCTHBOCTI oOpobatopa-
HOrO MaTepialy, MaTepial, 3 SIKOro 3pobiaeuuil pisanbHHl iHCTpYMeEHT,
pEXHM pi3aHHA Ta yMoBH 0OpoOKM. Hanpuknan, CTifiKiCTb TOKaApHMX
pisuiB 3i HIBHIKOpPi3aNbHUX cTalell ¥ cepeaHLOMY dopiBHIoe 30...60 xs,
TBEPAOCILIABHUX pi3uiB — 495...90 x8, umniHApHyHuX dpe3 — 180...240 xs.

OnHi€l0 3 OCHOBHUX XapaKTePUCTHK CMPaUOBaHHA i CTIHKOCTI iHCTpY-
MEHTY € KpMTepiil 3aTyIUIeHHS — FPaHHYHO JOMYCTUMA BeIHYMHA 3HO-
IUYBaHHS, 3a 5IKOI iIHCTPYMEHT BTpayac HOpManbHy Mpaue3faTHICTb (hs).

KpHrepieM 3aTyruleHHsT BBaXalOTh MeBHUI piBeHb CMpaHioBAHHS TONOB-
HOI 3a4HBOI MOBEePXHi IHCTPYMEHTA, OCKUILKU 1ie 3YMOBJIIOE 30UIblIeHHS
CWA pi3aHHSA, TepTsi, NiABMILEHHA TeMIiepaTypH, LIOPCTKOCTI 06pobaoBa-
Hol aetani. BenuyuHa hy 3aneXuthb Bil MaTepiany neTani Ta iHCTpyMeHTa,

PEXUMY pizaHHS, YMCTOTH i TOUHOCTI 00poOKM. Tak, ANa TOKApHHMX pi3LiB i3
TBEPAOCHTABHUMU TUIACTHHAMM 33 4OPHOBO1 00pobKu cTai 1y = 0,8...1 MM,

YaBYHy — /#3=1,4..1,7 Mmm. JInd 4uctoBoi 06pOGKH BCTaHOBMIOIOTH

TEXHOJIOFiYHI KpHTepil 3aTylieHHd — TaKul piBeHb cripalloBaHHS 3a-
IHBLOI MOBepXHi IHCTPpYMeHTa, TEepeBHIIEHHS SKOro NpPH3BOAWTL [0
HeBiAMOBIAHOCTI BHPOOY TeXHIYHHM BHMOraMm.

Buxonsuu 3 yMOB eKCILTYaTawii (BMCOKi HAMPYXeHHs i TEMTepaTypH),
Marepian pi3ajbHOT0 iHCTPYMEHTY TIOBWMHEH BiIMOBiNATH BUCOKUM BH-
MoraMm miono itoro snactupocTteif. OCHOBHI 3 HHX: BHCOKI TBEpIICTbD,
CTIKiCTh MPOTH CMpaLlOBaHHSA, TEILIOMPOBLIHICTD i 10CTATHS B'A3KICTb.
Bax11Bolo XapaKTepHCTHKOIO Pi3ajIbHOTO iHCTPYMEHTY € TaKOX 4YepBo-
HOTPMBKICTb — 3HaTHIicTh 30epiraTH BUCOKY TBEpLICTh 32 BMCOKHX TeM-
neparyp (Mpu HarpiBaHHi 0O TeMHO-uepBOHOro KaniHHf). Kpim uboro,
Marepianu A1 BUTOTOBJEHHS iHCTPYMEHTY MOBKHHI MICTUTH Y CBOEMY
cKi1ani MiHIMATBHY KiNbKicTh JedilliTHUX JIEFYIOUMX €IEMEHTIB.

OCHOBHMMH iHCTPYMEHTaRTbHUMM MaTepiajlaMW € BYIJleLleBi Ta Jiero-
BaHi iHCprMeHTaJ'[bHi cTali, TBepai MeTajJOKepaMiyHi CrUiaBu i
Mmepanoxepamqm MaTepiaiu.

Byaneyesi incmpymenmanehi cmaai MicTsTh 0,9.. 13%C (YIO V11,
Y12, Y13). 3 nigBuieHHAM BMICTY BYTAELIO TBepAiCTs CTalel 3pocTae i
micnsl rapTysaHHsi Moxe aopiBHoBaTH 60...63 HRC. IIpote y 3B’s13Ky 3
HU3bKOIO TeriocTifikicTio (200...250 °C) 3acTrocyBaHHs iX obMexede. 3
BYIJIELIEBUX CTajleii BHMrOTOBJNAIOTb IiHCTPYMEHT ISl HEeBeMKHX (10
15...18 M/xB) WBHUAKOCTEN pi3aHHA (MAAWIKH, PO3BEPTKHU, HOXKOBOUHI
MOJIOTHA TOLWLO).

Jezosani incmpymenmanvri cmasi 3a6e3neuyloTb BUCOKY TBEpAICTb i
TerrocTifikicts (250...300 °C) iHCcTpyMeHTY. JleryBaHHs CTajli TAKMMH
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eneMeHTaMH, gk Cr, V, Mo, W Tollo, NiABUUIYE iXHi MIiUHICTb,
TIpOrapTOBYBaHICTb, 3HOCOCTIHKICTD, TEIUIOCTIHKICTE. IHCTpyMeHTH 3 Je-
TOBaHOI CTadi MalOTb Kpalli pi3aibHi BJACTUBOCTI, MEHI CXWJIbHI J0
ledopMalili # TpILIMHOYTBOpPeHHSI MiA Yac rapTyBaHHA. OcCKUIbKU
TeIIOCTIKICTb UUX IHCTPYMEHTIB HEeBMCOKA, IX BUKOPHCTOBYIOTh HpPH
WBKIKOCTAX pi3aHHS, 1HI0 He NepeBHIYIOTH 25 M/XB (cBepana, po3-
BEePTKH, MITYHKH, THALKH, IPOTAXKH TOILUO).

Illeudxopizasthi cmasi — 1e ReTOBaHL CTali, WO MICTATb Y CBOEMY
CKJIalli 3HAYHY KUTbKiCTh BONMppaMy (61mseko 19 %), xpomy (6nH3bko
4,5 %), moni6aeHy (6nm3bko 5 %), a TakoX BaHazii, KobarwT, HHI
JoMinixu. [licsis rapryBaHHSA i BIONYCKY TBepAiCTh MIBHAKOPI3UILEHOI CTATI
JopiBHIoE 62...65 HRC, Termoctiitkicts 650 °C, T06TO 4epBOHOTPUBKICTh
UMX ctateil BUcoKa. /s ekoHoMil dedilUTHHX i JOpPOrux eJIeMeHTIB
IHCTPYMEHTH 3 1IBMIKOPI3AILHUX CTaNeil BUIOTORJIAIOTh 3 XBOCTOBUKOM
i3 KOHCTPYKLItHOI cTam. TaKi iHCcTpyMeHTH MOXYTb BUTPHMYBATH MIBKI-
KOCTi pi3aHH$1, 110 Y 4 pa3H NepeBULIYIOTb LIBUIAKICTb Pi3aHHS iHCTpYMEH-
Ty 3 ByrjeueBUX cTajeif. [InAd BMIOTORJEHHS iHCTPYMEHTIB CKJIaJHOL
¢opMH i MiABMUIIEHOI CTIHKOCTI BUKOPHCTOBYIOTH cTani tumy P18, mna
iHCTpYMeHTIiB iHWMX popm — cTani Tvny P9. Yucno nicns nirepu Py
MapKax HMIBUAKOPI3AIbHUX CTalled 03Haya€ BMICT Bollbdpamy (Y
BiAcoTKax). KobanbroBi crani P9K6, POK®, PLIK5®2 BHKOpUCTOBYIOTh
JLI5l BATOTOBIEHHSA iHCTPYMEHTIB, 1110 PaLIoIoOTh 32 YMOB [epepHMBYacToro
pizaHH#, Bibpauil, a TakoX L1 06poOKM BaXKOOOpOOAIOBAKHX HeipXa-
BilOUUX i XapoMillHux crased. [Ins iHCTpyMeHTIB uMcTOBOi OGpPODKH
BHKOPHCTOBYIOTh BaHali€Bi ctani (P9PS, P14®4), a and 4YopHOBoi
00pobkn — BoabhpaMomonibaeHosi (PIM4, P6M3, P6MS).

Teepdi memanoxepamiuni cnaasu MarTh BACOKY TBepHiCTb, CTIMKICTDb
NPOTH CNPAaUIOBAHHA, MILHICTb, TeIOCTIHKICTE 6nu3bko 900...1000 °C.
BHXOpMCTOBYIOTD iX 111 BHCOKOTPOIYKTHBHOI 0OpoOKM 3i IIBMIKICTIO
pizaHHa go 800 m/xB. TBepni cniaBM BHIOTORAAIOTL CIMIKAHHAM TIpH
1500...1900 °C 3 aucnepcHux mopomikiB Kap6iaiB (WC, TiC, TaC) i
MOPOIIKY KoOanbTy. TBeplli CIUlaBM NOAUIAIOTE HA TPH TPYIH: BoJkdpa-
MoBi (BK), taraHoBoawdpamoBi (TK) i THTaHOTAaHTATOBONB(pPAMOBI
(TTK). HonatkoBi jitepu B i M y XiHli MapkM cnyiaBy BKa3yloThb Ha
JHCNIEPCHICTh BUXIAHOTO NoOpoumixy BianoigHo 3...5 i 0,5— 1,5 MxM. 3i
civiaBiB rpynd BK BUrororasitote iHcTpyMeHTH Ins o6po6KH YaByHiB,
KONbOPOBUX MeTaliB i macrMac; rpynd TK — g obpobku craneit Ta
iHIIMX B’A3KMX MaTepiaiiB, 3i crnasiB rpynd TTK — [pas YopHoBoi
00pobku craneit. Jns LBOro BUKOPUCTOBYIOTH i 3HaYyHO JeiieBmi Oe3-
polibpamoBi TBepAi crutaBd (BTTC) Ha ocHoBi KapbiniB i Kapbimo-
HITPUAIB THTaHY 3 HikeJb-MoNi6AeHOBOIO 3B’A3y104010 (a3oio.
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Minepasokepamiuni mamepiasu 3abe3nedyloTh iHCTPYMEHTY Wie Oinbli
pi3abHi BJACTHMBOCTI, BHCOKY TENMJOCTIMKICTb i LIBHAKICTb pi3aHHA.
OcHOBOI0O MiHepanoKepaMiYHMX MaTepidliB € NOPOUIOK OKCHAY AMIOMIHil0
Al,O3, 3 AKOT0 LLIAXOM NPeCyBaHHS i HACTYNHOTO CIIiKaHHA BUTOTOBJIA-

10Th TUTACTHHK NOTPIOHUX pO3MIpiB i (hopmu. [nacTHHM Wi 3aKpinOOThH
Ha JilepXaKax pi3aibHOro iHCTpyMeHTa. MiHepallokepaMiKy BUKOPHCTORBY-
I0TL A8 YUCTOBOI WMBHAKICHOI o6pOOKH 332 YMOB BiICYTHOCTi YAapHHUX i
3TMHAI0YKNX HanpyxXeHb. JIoOpi NOKa3sHWKK Ma€ MiHepaJloKepaMika MapKu
[IM-332.

§11.4

Memanopi3zanshi sepcmamu

3a piesHeM cneuiamizauii MeTalopi3aibHi BepcTaTH MNOAUISIOTH Ha:
e YHiBepcanbHi; e cnelliaizoBaHi; e crelianbHi. Vwieepcasvhi NpU3HA-
YeHi A1 BHKOHAHHS Pi3HOMaHITHUX onepaudill npyd BUIOTOBJIEHHI OeTa-
qiefl, pisHMX 3a po3MipaMu i popMolo; creyiarizosani — s 00poOKH
ONHOTHINHUX JeTaNell pi3HUX pO3MIpIB; creyiassii — JJii BUTOTORIEHHS
JeTaneil 0OJHOro TUIIOPO3MIpy.
3a TexHOMOTIYHMMH O3HaKaMHM (3aJIeXHO Bil Xapakrepy 00poOKM)
BepCTATH NMOLIAIOTh HA TaKi IPYIH: e TOKApHi; e CBepIUIWIBLHI il po3To-
yyBaNbHi: ¢ UUTIQYBAIbHI, NMOMIPYBANIBHI, JOBONOYHI; e IS efeKTpodi-
3HYHOI ¥ exeKTpoXiMiYHOi 0OpobKU; e 3y00- i pi3bbo0OpobHi; ¢ dpe-
3epHi; e CTpyranbHi, 1OBOANBLHI, MPOTSIXHi; ¢ PO3Pi3Hi;  Di3Hi.
BepctatH KOXHOL 3 HUX IpYNM TOAUIAIOTHCA HA TUIOM 3a TaKUMH
OCHOBHHMMHM O3HaKaMM:
e TeXHOJIOriYHe TIpPHM3HAYeHHs {XPYyriouuli¢pyBaibHi, maockouutidy-
BaJIbHi);
e KOHCTPYKTMBHi OCOGJMBOCTI (YHiBepcaibHO-(Qpe3epHi, NO3nOBX-
Hbo-(dpe3epHi);
e pPO3TalllyBaHHA poOOYMX JeTaneil y fipocTopi (BepTHKANLHO-
CBePUIHIIbHI, TOPU3OHTAIbHO-CBEPAJTHITbHI);
e KiNbKicTh poGOYMX [OeTaneidl BepcTaTa (OTHOUINWHAEABHI, GaraTo-
IINMKHAEBHI};
e CTYTIiHb aBTOMaTHM3alii (3 PyYHUM KepyBaHHSAM, HamiBaBTOMATH,
aBTOMATH).

Y NpoOMHCIOBOCTI HafirolmuMpeHiul TokapHi, CBepIIMIBHI, dpe3epHi
Ta uiyBaibHi BepcTaTH.

277



Poapin 4
TexHorarin BUroToBNeHNn Bmpabis

§11.5

- TouiHHA

BepcTaT TOKapHoi rpyrnd BUKODUCTOBYIOTH LJisi OOpoSKM LuJiH-
IPUYHUX, KOHIYHHUX, ¢$acOHHMX (30BHIlLHIX i BHYTPillHiIX) HWOBEPXOHb
00epTaHHs, a TakoX A1l 06po6KU MOLIMH, NepreHAUKYISIPHUX 10 OCi
o0epraHHg 3aroToBKH. [l BepCTATiB TOKapHOi IPYNH OCHOBHHM IHCTpY-
MEHTOM € pi3ellb. Ha TokapHO-rBUHTOPI3AIBHUX BEpCTaTaX pi3lieM HAHO-
CSITh HAPi3W Ha LMJIiHAPUYHHUX | KOHIYHHUX MOBEPXHAX, a TAKOX CIipajibHi
KaHAaBKK Ha TOpLIEBUX MOBEPXHAX 3aroTOBOK. I HaHeCeHHsI HapiliB
33CTOCOBRYIOTh TAKOX MMANIKU i MITYHKM, a 415 oOpoOeHHSI OTBOPIB —
CBep/L1a, 3eHKEPH, PO3BEPTKH. ,

Y BepcraTax TOKapHOi IpYIH BUKOPHMCTOBYETLCS 1BA BUAM pyXy: oGep-
TanbHHM pyX 3aTOTOBKU (pyX pi3aHHS) i MOCTYNaNbHUI pyX iHCTpyMEHTa
(pyx nonaui), 1o 3a6e3neyyiotk GeanepepBHicTh Npollecy pizaHHs. Ene-
MEHTH peXHUMY Pi3aHHA i HaNPAMOK pyXy MNil Yac NO3A0BXHLOIO TOYiHHS
mokasaHi Ha puc. 11.1 Ta 11.6.

TokapHi pisui KnacudikyioTb 3a Pi3HUMH O03HaKaMu. 3a MaTepiaiom
Pi3aIbHOI YAaCTUHM PO3PI3HAOTh Pi3Li CTaneBi, TBepOOCIUIaBHI i MiHe-
pajokepaMiyHi. 3a KOHCTPYKUIEIO pi3Ui NOALIAIOTh Ha CYLUIbHI Ta CKNaa-
Hi. 3a1eXXHO BiJl pO3TallyBaHHS roJIOBHOI Pi3a/ibHOI KPOMKH PO3Pi3HAIOTh
pi3ui NpaBOCTOPOHHI it JliBocTOpoHHi. Ilin yac pisaHHs NPaBOCTOPOHHIM
pisuem (auB. puc. 11.1, 11.2, 11.6) cTpyxKa 3pi3yeTkcsl 3 3arOTOBKU MpPH
nepeMillieHHi IHCTpyMeHTa cnpasa HaiBo. IIpH pi3aHHI JiBOCTOPOHHIM
pislieM (roJioBHA pi3ajibHa KPOMKAa pO3TaliOBAHA HA MICLli JONOMiXHOL
KPOMKM MpaBOCTOPOHHBOIO pi3lis) iHCTPYMEHT PYXA€EThCA 3JTiBa Hanpaso.
3a po3TallyBaHHAM OCi FOJIOBKM pi3Lis BiTHOCHO OcCi Horo Tina (B ruiasi)
po3pi3HsIOTh pi3ui npamMi (puc. 11.8, ¢ — &) i BigirHyTi (puc. 11.8, ¢).
Po3pi3HAi0Th TAKOX Pi3lli YUCTOBOI i YOPHOBOI 0OPOOKH.

3anexHO BiLl TNpU3HAYeHHs (BUAYy oO6poOKM) pi3li NoOAinsTIOTh Ha
NpOXidHi, NiApi3Hi, Bipi3Hi, pO3TOYyBabHi, HApi3Hi, KaHABO4HI,
tacoHHi.

IpoxigHi pi3wi npu3HaveHi 115 06TOMYBAaHHS 30BHILIHIX NMOBEPXOHb
(puc. 11.1, 11.2, 11.6, 11.8, q, 6, e). [Ipoxinni piui (npsiMi abo yropHi) 3
roNOBHUM KyTOM Y miaHi (¢ = 90°, puc. 11.8, 3) 3acTocoByloThb A1 06po6-
JIeHHSI 30BHilLHIX a0 TOpUEBUX NOBEPXOHDb (HANPUKIAM, NP BUTOTOBIEHHI
CTyniHYacTUx BatiB). TlpoximHuit BimirHyruii pizeup (puc. 11.8, €¢) —
YHiBepCalbHUM, [Ja€ 3MOry O6pobNATH LWJIHHAPWUYHY MMOBEpPXHIO i MiA-
pi3aT Topelib.

JU1s1 YyMcTOBOT 06p0oOKH 3aCcTOCOBYIOTH Pi3li ABOX THMMIB: i3 3a0KpYyIJie-
HO0 BepxiBKOi (puc. 11.8, d) Ta WHPOKi UKMCTOBI pi3ili 3 WPAMOIO
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rOMIOBHOIO Pi3aibHOIO KpoMKolo (puc. 11.8, ¢). [epwuit Tun 3acrocosy-
10Th 418 oOpoOKM MOPIBHAHO HeBeJIMKMX NOBEpPXOHb, APYIMH — 1As
00poDbKY MOBEPXOHB 3aroTOBOK 3HAYHUX PO3MIipiB.

Tlinpi3ni pi3ui npusHayeHi A1 oOpobioBaHHA TopuiB, BiApi3HI —
JUTs1 Biapi3yBaHHSl 4YacTMHWU MeTaly 3aroTosku (puc. 11.8, a). JoexuHa
roJIOBKM LIMX pi3UiB NOBUMHHA OyTH Jelio Oinpluol0 33 pariyc 3aroTOBKH,
WO po3pi3dioTh.

a 6 8 2 0 e € X 3 /

Puc. 11.8

Tunu TokapHux pisuis

Po3TouyBaTbHi pi3lli 33CTOCOBYIOTBCS NIPH PO3TOYYBAHHI HACKPI3HMX i
IIyXHX OTBOPIB, a Hapi3Hi — IJIA HaHeCeHHs 30BHilHIX (puc. 11.8, x) i
BHYTPIlliHiX Hapi3iB. PopMa pi3asibHOI KPOMKHU TaKMX pi3LliB NOBUHHA Bid-
noBizaty nipodiimo Hapisy. FonoBHi pisaibHi KPOMKM pisust (puc. 11.8, x)
7151 HapizaHHA CMMETPHUYHMX Hapi3iB 3aTouyloTh TiA KyToMm 60°,

KaHaBouHi pi3Lii 3acTOCOBYIOTH ANA TIPOPI3aHHA KAHABOK Pi3HOTO Npo-
dimo: npamoxyTHux (puc. 11.8, &), nonibuux ao Tpamneuii (puc. 11.8, &)
Towo. PacoHHi pisui (puc. 11.8, /) 3acTocoBylOTh WISl BUTOTOBAEHHA i
06pobnwBaHHA cKiaaHUX ¢acoHHHX mopepxoHb. [Ipodink pizanbHOi
KPOMKH TakKoro pi3lisi nMoBWHEH BiAMOBimaTH rpodinio obpobnoBaHoO]
NOBEPXHi.

Jlo BepcTariB TOKapHOI IPYTH BiIHOCATLCS TAKOX KapyceabHi, peBOTb-
BepHi, aBTOMAaTH Ta HaMiBaBTOMAaTH. _

TokapHo-KapycellbHi BepCcTaTH NpU3HayeHi ans obpobku BaXKuXx 3a-
rOTOBOK BEJMKOIO JliaMeTpa i HeBe/JUKOi JOBXHHM, WO HE [epeBUILYE
0,7 niamerpa. 3a3suuail Lie ReTami THIMY IOUCKIB: POTOpYM BOMSIHUX Ta
ra3osux TypbiH, WIKiBH, MAXOBHKM, 3yO4acTi Kojieca Ta iHlli. 3aroTOBKHU
BCTAB/IAIOTH i 3aKPiNUIOIOTh HA KPYITIOMY TOPM3OHTAIIBHOMY CTOJli — TaH-
waiibi, sKa obepracThcsl HAaBKOJO BepTHKaIbHOI oci. Ha TokapHo-kKapy-
CeJlbHHX BepcTaTax pisllsIMH MOXHa oOpoOnaTy 30BHilIBI i BHYTpillIHi
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UMNIHIPWYHI, KOHiYHI, dacoHHi Ta MIOCKi MOBepXxHI, KilbLeBi KaHaBKH
pizvoro mpopimo. KpiM LIb0ro, Ha HUX TaKOX MOXHA CBEP/UIMTH, 3eHKe-
pYBaTH Ta pO3BEPTATH OTBODH.

Ha BigMiHY Bil 3BUuYaiiHHX TOKapHHX BepcTariB OaraTopi3ueBi 3a3BH-
yaii MaloTh ABa He3alleXHUX OJHH Bil OAHOTO CYTNOPTH: NepeldHiit Ta
3aqHiii. B KOXHOMY 3 HMX 3aKpilIoIoTh MO KilbKa pi3liB, AKi NpauioioTh
onHouacHo. TlepemHiii cymopT Ma€ TUTbKM MOB3IOBXHIO Mozayy, TOMY
BCTAHOBIIEHUMM Y HBLOMY Ppi3usgMHM OOpoOnsioTh TifibKW LIWIIHAPDWYHI
noBepxHi. 3aaHili Cynopr Mac TUTBKY MoOfepedyHy nojavy i pisLifAMU, WIo
BCTAHOBJIEHI B HbOMY, 00pobnsc ToplieBi IMIOLMMHU, KaHABKH, KOPOTKi
KoHiyHi Ta acoHHi nosepxHi, ¢ackn. Ha OGararopisueBux BepcTaTtax
0Opo6NAIOT 3arOTOBKU Pi3HUX feTajeil: CTYNiHYaTHX BalliB, 3yOYacTHX
KoJIic, OJMCKIiB TOIIO.

3a1<p1nmo}cm> 3aTOTOBKH B LIEHTPaX, TPUKYTAYKOBHX MaTpoHax, Ha
omnpaskax Tollo. II1BHIKy Ta TOUHY YCTaHOBKY pi3LiB NMpU Hanailli Bepc-
Tata poOngaTb 3a BCTAHORJIEHOIO Ha BepcTaTi Nepel NMoYaTKoM poboTH
. eTaJIoHHi} aetani abo 3a mwabnoHoM. baratopisueBi BepcTaTd NOULILHO
BUKOPHCTOBYBATH B YMOBaX MacoBoro ta 6aratrocepiifHoro BHpoOHMLTBA.

ToxapHo-peBoJbBepHi BepcTaTH NpU3HaYeHi 11 o0pobKH 10CTATHBO
BEJIUKHX TIapTift deraneid, 1I0 MaloTh BIJHOCHO CXnanHy <¢opMy, ansa
00pobxy AKMX HeobXinHO NOCNIIOBHO 3aCTOCOBYBATH Pi3HI iIHCTPYMEHTH:
pi3ui, cBepiia, 3eHKepH, PO3BEPTKH, MITYMKM, IIAIKH Ta iHIi. Tunosi
nOertani, mo oOpobJAIOTECA Ha peBOJIBBEPHHX BepcTarax, — Le OontH,
TBUHTH, raiiky, BTYAKH, BATHKH, Pi3HOMAHITHI J€TANi apMaTypH Ta iHIlii.
Ha BinMiHY Bil TOKapHHX, Y DPeBOJIbBEPHHMX BEPCTATIB HeMa€ 3agHbOL
©abku i Xon0BOrO rBUHTA, 3 Ha NMO3J0BXHBEOMY CYIOpPTi po3MillleHa Oara-
TOMO3M1IiiHa peBOJbBEPHA TOJIiBKa, A0 $IKOI TIPH HANAAUi YCTAHOBAIOIOTH
HeoOXinHi iHCTpyMeHTH i npu obpobli BBOAATBL iX B poboTy B-NeBHil
MOCAiAOBHOCTI.

Po3pi3HAI0TE peBOJILBEPHi BEpCTaTH 3 BePTUKAABHOIO Ta TOPU3OHTAIb-
HOIO BiCCIO peBOJIbBEPHOI TOJiBKH. JanexHo Bim Tuny obpobmoBaHux
3arOTOBOK PO3Pi3HSAIOTh pPeBOJIbBEpHi BepCTAaTH U NPYTKOBHX (Xapak-
TEPU3YIOTHCA HAKOLIbIIMM JiaMeTpoM TpYTKa) T4 NaTpOHHMX (Xapak-
TepU3YIOTbCS HaHOLMbIIMM JiaMeTpoM OOpPOOAIOBAHOI 3aroTOBKH Haj
CTAHHHOIO i CYNOpTOM) pobiT.

Toxaprumu aemomamamy Ha3HBAIOTh BEPCTATH, Ha SKHX TTiCNA Hanaa-
KW 0bpoOka BMKOHYETBCSH ABTOMAaTHYHO. Hanieaemomamamu Ha3UBalOTh
BEepCTaTH, B AKMX BEChb UMK 0GpOOKM 3aroTOBKHM Ta 3YNMMHKM BepcTara
mics i1 3aKiHYeHHS BHKOHYEThCS aBTOMAaru4HO, a YCTaHOBKa, 3HSTTH
3arOTOBOK Ta ITYCK BepcraTa BUKOHYEThCS Bpyyny. Hanisaromaramu e
6ara10p13uem TOKapHi BepcTary. Ha TokapHWX aBTomarax oGpoGnmorb
KPiNWIbHI JeTajti, BANMKU, BTYIKM, KUIbLA, JeTaji apMaTypy Ta iHIue; ixX
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BHKOPHMCTOBYIOTh 3a3BM4Yail B MacOBOMY Ta BeJIMKOCEDIHHOMY BUpPOO-
HuuTBi. Ha TOKapHMX HaniBaBTOMartax oOpobisioTh oci, Banu, ¢uaHLi,
3ybyacTi Kojieca Ta iHUIi zieTalni; 3aCTOCOBYIOTb IX FOJIOBHHM YHHOM B
cepifiHOMY BHpPOOHUUTBI.

ToxapHi aBTOMaTH i HamniBaBTOMATH KJ1ACHQIKYIOTh 110 BUTSOY 3aro-
TOBKH (NPYTKOBI Ta MAaTPOHHI), KiTbKOCTI WNHHAENB (OAHOWNMKHAEbHI
Ta DaraToWINWHAENbHL) i O pO3TallyBaHHIO WINKWHAENIB (TOPH3OHTAIBHI
Ta BEPTHKAJILHI).

§11.6

Ceepdninns, po3moyyaeanHs

Ha BepcTarax cBepa/iyBaHH$ Ta PO3TOYYBAaHHSI BHKOHYIOTh CBepJieH-
Hfl, 3€HKEPYBaHHs, 3eHKYBaHHS, PO3TOYYBAaHHS OTBODIB Pi3LSIMU, pO3-
BEPTYBAHHSA, 1IeKYBAaHHS, HAHECEHHS HAPI3y MITYUMKOM.

Ceepoainia — HalnowvpeHillMid cnocié BUTOTOBJIEHHS OTBOpIB Y
CYLIUTbHOMY Marepiani 3 BUKOPUCTaHHAM cBep/ia. 30UIblileHHs BXe iCHY-
H0UUX OTBOpIB CBepIIOM HAa3UBaIOThb po3ceepdriosannsm. OOpodieHHS X
UMAIHAPHUHHX JIMTUX, WITaMMOBaHUX abo monepenHLO0 MPOCBEpPAJIEHHUX
OTBOpIB 3€HKepoM [51 HadaHHA iM HeoOXidHO1 reoMeTpUuHOl GOpMH,
PO3MipIB i INOPCTKOCTI MOBepXHi HA3UBAIOTb JeHKepy8anHam. 3eHKep, WO
BHKOPHCTOBYEThCS 1St LILOTO, MAa€ KOHCTPYKTUBHI €leMeHTH, NoAibHi A0
cBepmia. BiqMina fMiue B ToMy, 1O 3eHKep He Ma€ MONepeyHoro Jjie3a, a
pi3afIbHHUX Jle3 y HbOTO He JIBa, a TpH ab0 4oTUpH. OTBOPH pO3TOUYIOTHCS
pi3LsiMM NPY HEOOXINHOCTI AONEPXAHHA TOYHOIL CNiBBICHOCTI OTBOPIB.

O6pobnoBaHHS OTBOPIB 3 METOIO OTPMMaHHS TOYHHMX PO3MipiB i Maiol
WIOPCTKOCTI HA3WBAIOTh pozeepmyeannsm. Poboya yacTUHA pO3BEPTKH,
noJi6HO 10 cBepiia, Mac 3abopHMt KOHYC i KaniOpylouy YacTHHY, Jani 3a
Helo € JAUISIHKA 31 3BOPOTHUM KOHYCOM ISt 3MEHWIEHHS TepTA.

Benxysanrs — e YTBOPEHHSI LWIIHIPWYHHUX ab0 KOHIYHHX 3arnub-
NeHb y TNonepeAHbo 3po0NeHUX OTBOpax mill TONOBKH 00ATiB, IBUHTIB
TOWO. 3AiHCHIOTh 3eHKYBaHHA 3a JOTMOMOIOK UMIIHAPHYHUX abo
KOHIYHHMX 3eHKepiB (36HKOBOK).

Hexysanns — 1ue oOpobiieHHsT TOpUEBMX MNOBEPXOHb [MiJ [akKH,
Waity i KuiblS 3 BUKOPUCTAHHAM HOXIB {r1acTUH) a6o TOpLiEBHX
3eHKepiB.

IIpH BUroTOBNEHHI HApi3y B LIYXHX OTBOPAX 3a AOMOMOrOI0 MITYMKIB
BEepCTaT AOJATKOBO OONagHYIOTH [MPUCTOCYBAHHSM IUIA PEBEePCHBHOTO
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(3BOpPOTHOIO) 00epTaHHS WINHHIENA, o0 3a0e3NeYUTH BIUIYYEHHS! MIT-
yKyKa 3 HapizaHoro otBopy. Ilpu Takiil obpoGui aeTaneil iHCTpyMeHTy
(XpiM piaus) HamaeTbesl roJlOBHUM 0DepTaibHUil pyx (pyX pizaHHS) i
0CbOBe NepeMitlieHHs (pyx nojaui).

TIpu cBepaneHHi BHKOPUCTOBYIOTh TaKi OCHOBHI THIIH CBepael:
nepoBt, cnipanbHi, cBepATa 1S IMHG0XO0ro ¢BepAniHHSA Ta LIEHTPOBOYHI.

Tleposi cBepana siBAMOTH COOOI CTPHXHiI ab0 3axpinneHy B onpasii
MJACTUHKY 3 PLKYYUMM XpOMKaMHM, 3aTOYeHMMH Tin XyToM Bim 80° Jo
150°. 3acToCOBYIOTH IX MOPIBHAHO PiKO — TMepeBakHO NpH CBepAieHHI
OTBOPIB B TBepANX NMOKOBKaX i BinauBKax, oOpobui cTyniHYaTux oTBOpIB.

CnipanbHi CBepAs1a LIMPOKO BUKOPHUCTOBYIOTH NPH pobOTI He TUIbKH
Ha CBepANMIBHUX, ale i Ha TOKApHHUX, PeBOJALBEPHHUX Ta IHILUHX MeTalo-
piky4ux pepcrarax. CBepana A1 IMOGOKOro CBEpAJIEHHS AK OJHORE30Bi,
TaK i ABOJIE30Bi BUKOPHCTOBYIOTHCS NPH CBepAJIEHH] OTBOpIB, rnMOHHA
AXMX TepeBMILye RiaMmeTp y 5 i Ginblue pasiB. lleHTpoBouHi cBepmia
NMPU3HAYeHi Ui oJepXaHHA OCLOBHX THi3d B 3aroToBKax, o o6pobnsa-
I0TECSl Ha TOKApHMX BepeTarax (y LieHTpax).

CnipansHe cBepAJIO CKJANAETLCS 3 TAKHX OCHOBHHX KOHCTPYKTHBHHX
eneMeHtiB (puc. 11.9): po6oyoi yactHHu (I}, WO NoaiNAETbCA Ha pi3aibHY
abo 3abopHy (I1) i uenTpywuy (III); wmitku-purouxu (IV) ans suxoay
uwicyBansHOTO Kpyra; XxBoctoBuka (V) (3a3Buyaii KOHIYHOrO} 3 J1aNKOK
(VD).

HAiametp cBepmia IeHiO 3MEHWYETLCH Y HANpSAMKY XBOCTOBMKA AJisA
3HUXEHHS TepTa CBepiJia 1o CTiHKax orBopy. PizanbHa yacTHHa cBepaiia
(pvc. 11.9, 6) cxnamaeTbcsi 3 TBUHTOBOI KaHaBkM (/) Ans BinBeneHHsA
CTPYXKH (AHO XaHABXH € TepeAHbOIO MMOBEPXHEID FOJIOBHOTO Pi3aibHOIO
Jie3a (2); cTpiuky (3), Lo CIPAMOBYE CBEpAAO B OTBIp; FOJOBHOI 3aAHbBOT
NOBepXHi (4); NonepedHoro pizanLHoro nesa (J5).

IBuaxicry pisaHHa (M/XB) mix yac cBepmIeHHS! (3eHKepyBaHHA)
OTBOpIiB BU3HAYalOTh 3 BUpA3y ’

V= rDn/1000,

Ie D — 30BHiWHIA niameTp cBepAna, MM; n — yactora obepranHs,
xp~ ! (puc. 11.9, &).

I'nubuna pizaHHA Npd CBepANEeHH] ! AOpIBHIOE NOJAOBMHI aiamerpa
OTBOpPY: = D/ 2, MM.

[Nonauy BU3HaYaioTH 33 HopMyioI0

S,=C.D*,
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ne C, x;, — koedillicHTH, 110 3anexaThb Bin 00pobiioBaLoro marepiany,
TOYHOCTI 06pobKH i mopcTKocTi nosepxHi. 3nadeHHsa C, x; HaBeleHi y
JIOBiIHHKAX.

vI 14 {V i I

5 RSk

Puc, 11,9
Enementu cnipanbhoro csepana (o, 6) i poaMipn wapy metany,
wo 3piayetocs (B)

OCHOBHIi TUNU CBepINUINbBHHKUX BepcTarTiBsg:
e BEPTUKATLHO-CBEPIUTUNIBHI; & PaliaNbHO-CBEPUTNIbHI; o GaraTollnuH-
JENbHi; & NOPH3OHTANILHO-CBEPIIMIBHI; » arperaTHi Ta iHui.

Bepmuxarvno-ceéepoaunvri — 11e HAMOUIbI PO3IMOBCIONXEH] BepcTaTH
ni€ei rpymny. 3acTOCOBYIOTh iX B OAMHUYHOMY Ta cepiiiHOMYy BUPOOHMLITBAX
s o6pobku OTBOPIB B ManoraGapuTHux AeTausix. OCHOBHOK IXHBOIO
XapaKTepUCTHKOO € HaMOinbiiMi JiaMeTp OTBOpY, AAKMH MOXHa CBepa-
JUTH B cTali cepelHboi TBepaocTi. CepikHO BHUIyCKalOTh BepcTaTy 3
YMOBHMM JliaMeTpoM cBepiieHHsa 6, 12, 18, 25, 35, 50 ta 75 MM,

Padiarvro-céeporunvni BepcTaTH NMpU3Ha4eHi 1l 06pobKH OTBODIB Y
BeAMKMX Ta BaxkKux aeransx. Oci iHcTpyMmeHTa Ta 00po6nioBaHOTO OTBODY
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CYMILIAIOTECS TIpY NepeMillleHH] WINWHAENS BepCTaTa BUIHOCHO Hero-
PYILIHOI 33a[OTOBKH.

Bazamownundeasri ceepdauabii BepcTaT MaoTs AeKiNbKa WNHHAENIB,
B33a€EMHE pO3TalllyBaHHS AKHX Moxe OyTM mocTiiiHuM abo MiHATHCcA 3a-
JIeXHO Bil o0po0awOBaHOI AeTani; 3acTOCOBYIOTECH B MAacOBOMY Ta
6ararocepiiHOMY BHpOOHMLTBAX.

{opusonmansro-ceepoaunbri 3aCTOCOBYIOTBCS JUISL CBEPAAEHHS TNMHGO-
KMX oTBOpiB ({/D > 5). ¥ uux BunagKax o0epracTbCs 3ar0TOBKA, a4 CRepRTY
nepenaeThbesl MO3NOBXHS Nojaya.

Aepezamui BepcTaTy Hal6iTbII MomiMpeHi B GaratocepiiiHOMY Ta Ma-
COBOMY BHPOGHUIITBAX.

OCHOBHIi THNH PO3ITOYHHUX BepcCcTarTis:k:
e TOPU3OHTANIBHO-PO3TOYHI; ® KOOPIYHATHO-PO3ITOYHI; e &IMa3sHO-PO3TOY-
Hi Ta iHLLi. -

Ha po3Tounux Bepcrarax CBepAisiTbh, 3eHKEPYIOTh, PO3ITOUYIOTh, PO3-
BEPTaIOTh OTBOPH, MiZIPi3aioTh TOPLli, 0OTOYYIOTh 30BHILIHI LMAIHAPAYHI
NMOBEpPXHi, Hapi3aloTh Pi3Ldy, dpelepyloTh IOCKi Ta GaCOHHI NTOBEPXHI.
TFonoBHM# 00epTalouuil pyx 3MIHCHIOE piXyudid iHCTPYMEHT, a TOCTy-
NaJIbHHUM pyX nonadi — iHCTpyMeHT abo 3aroToBkKa. 3anexHolo Bill GopMH
06po6sI0BaHOl IOBEPXHI NMoaaya Moxe OYyTH o3N0BXHEO abo Noneped-
HOl0, TOPU3OHTANBHO, BEPTHKAJIBHOI, paliajibHOIO. 3a paxyHOX Bil-
NMOBIZHOTO CIOJyYeHHs1 TOJIOBHOTO PYXY 3 PYXOM INojadi 3AiHCHIOETbCS
HeobxinHe HGOPMOYTBOPEHHA TTOBEPXOHbL.

Topusonmansho-posmouni éepcmamu — e HAOLIbI NOUIUPEHUI THT
BepcTatiB. BOHH NpH3HAYeHi 118 BUKOHAHHS PiI3HOMAHITHMX PO3TOYHHX
pobiT, TONOBHUM YHHOM Y CKIAHMX Ta BeJIMKOTAa0apHUTHUX AETaJIIX.

Koopdunamro-pozmouni eepemamu NpU3HadeHi 11t oOpOOKH TOYHMX
OTBOPIB, OCi SIKMX NOBMHHi OYTM pO3TalllOBaHi Ha TOYHO BH3HayeHiii
BiJicTaHi onHa Bix oaHOI abo Bim 6a3oBHX MoBepxoHE. Ha nmx Bepcrarax
MOXHA TaKOX CBepAJIMTH, (pe3epyBaTH, a TAKOX po3MiuaTH 3arQToOBKH i
NPOBOAMTH IXHi TOMHI BUMIpH.

Aamasro-poamouni eepcmamu TNPHU3HAYeHi A7 TOHKOI PO3TOYKHU
OTBOPiB @IMa3sHUMHK ab0 TBepHOCIJIAaBHUMHK pi3UgMHU B AeTANSIX MOPIB-
HAHO HEBEJHKHX po3MipiB. 3aleXHo Bifl po3MIIHEHHS WIMHHACAS aTMa3-
HO-PO3TOYH! BepCTaTH MAPO3AUIAIOTL Ha FOPUI0HTAAbHI Td BePTUKAILHI,
a 3a KiNBKICTIO IINUHAEJIB — Ha O/HO- Ta 0araTolMUHIeNbHI.
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§11.7

PpesepysaHHA

Dpesepysarns — 1te NMpoliec 00poOKM MeTaily pi3aHHSIM, Mij Yac AKOTOo
iHcTpymeHT ((ppe3a) 3OilicHIOE TonoBHMIET o0epTanbHMil pyXx, a 3aroToB-
Ka — nocTynanbHMii abo obepTajibHHI pyx noaadi. Jiviue B oKpeMHX
BHNankax ¢pesa 3AiHCHIOE, OKpiM FOJOBHOTO, i pyX NMoAaui.

®pe3epyBaHHA — OJMH 3 HAWMPOAYKTUBHIIUMX i HalMOIMWpPEHilMX
MeTofiB 0O0pobkK pizaHHAM. Ha ¢dpezepHux Bepcratax o6pobisiioTh
TOPH30HTAJIbHI, Beprmxaﬂbﬂi W MOXMNi IUIOLIMHM, (ACOHHI nosepxni'
¢bpesepyioTh M43H | WHOHOYHI KaHABKM, 3yOUi npﬁmoayﬁqacmx TBUH-
TOBHX 3yOuacTHx Kojic; HabopoM ¢pe3 oOpobasiOTh CKAaAHI MOBEPXHI,
BUKOHYIOTh Hapi3H.

Dpeza — 1e TUIO Oﬁep’raHHﬂ Ha MOBEPXHi SIKOro p03Miu1eHi pi3anbHi
3y6ui 3anexHo Bil (bopMH i NpU3HAYCHHSA cbpe:m MOALTSAOTb Ha: e
UMWTIHADHYHI; e TODLEBi; ¢ AWUCKOBI; e KiHLIEBi; ¢ KYyTOBi; e Hapi3Hi
{pisLOOBi); » YepB’AUHi TA iHLLI,.

3a ¢dopMoI0 3adHBO1 NOBEPXHi 3yOLIB pO3PisHAITb Gpe3r 3 rocTpo
33aTOYEHUMHM i 3aTHNOBAHUMHM 3yOLSIMH (KYT 3aTOUYBAHHSA BiMOBIAHO [0
6° i 25°). 3a KOHCTPYKTHBHHMH O3HakaMK ¢dpe3H MOALIAIOTE Ha CYLibHI
Ta 3i BCTABHHUMH 3yOUAMU (HoxaMHu). CyLiIbHi (pe3u BHIOTOBISIOTH
nepeBaXkHO 3i IBKIAKOpi3aibHOl cTaini. Kopnyc ¢pe3 3i BcraBHUMH
HOXAMM BHUTOTOBJISIIOTH 3 KOHCTPYKLIIHHOL CTasi, a HOXi — 3 TBEpAUX
crnagiB. 3a1exHo Bill cnocoby KpillUieHHs $pe3 Ha BepCTaTi pO3PI3HATH
¢pe3d HacagHi 3 OTBOPOM, sIKi 3aKpilLIIOIOTh Ha oOmpasii, Ta $pe3u
KiHIIeBi 3 KOHIYHUMH a00 UMNHAPHYHHUMH XBOCTOBMKAMH.

Huninopuuni dpe3n MawTb 3y0M TUIBKH Ha LIMJIIHIPMYHIA MOBEPXHi.
3acTocoByOTbC BOHU 11 0OpoOkH ruiolMH. CyUiibHI TBUHTOBI 3Y0-
yacTi ¢pe3n BUTOTOBASIOTh 3 BEJIHMKHMH i MATUMU 3YOLISIMH BiANOBiAHO
IS YOPHOBOTO i YMCTOBOTO ¢hpe3epyBaHHsI.

Topuyesi Qppe3u Takox 3aCTOCOBYIOTH Ml ob6polGKM mnowmH. BoHu
OCHallleHi 3yOLsIMH Ha Toplli # Ha GoKkoBiii NMOBEPXHI Ta MOXYTb 6yTH
CYLiNLHUMH abo i3 BCTABHUMH HOXaMH.

Kinyeai ¢pe3n 3acTOCOBYIOTH 8 BUIOTOBAEHHA npﬁmommm-mx
nasiB, KaHaBOK, 018 0OpoOGKH IIOLLINH.

Bidpiani W waiyosi dpesn — e aUcKoBi ppe3n Manoi ToBLIMEH. BoHu
NMpH3Ha4YeHi AN PO3Pi3aHHS MeTally i NpOpPi3yBaHHs BY3bKUX KaHaBOK
(HampMKial, Ha TOJI0BKAaX IBUHTIB).

Kymoei bpesu 3 3yGLIAIMH Ha KOHIYHil Ta TopiieBill MOBEpXHSX 3aCTO-
COBYIOTh AN TPOPi3yBaHHS KaHABOK KyToBoro mpodimo. {x wmpoko
BUKOPUCTOBYIOTH [IJ1Sl BUTOTORJNIEHHS (pe3, 3eHKeDiB, pO3BEPTOK TOWIO.
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Jnst 06pobku getaneit cknanHoi GpopMH, HaltyacTille KpHBOJIiHiiiHoro
npodinio, BUKOPUCTOBYIOTh ¢aconni ¢pe3u. Ilpu HapisyBaHHi 3yOuis
BeIMKOMOIYABbHMNX 3y0UacTHX KOJIC 3aCTOCOBYIOTh haasiesi GMpesy.

OauH 3 HalnowMpeHiwmx crocofiB o0poOKH MACWMH pi3aHHAM
TOB’AA3aBKH 3 (pe3epyBaHHAM LWIHAPDHYHOK dpe3sow. 3anexHo Bin
HanpsiMiB 00epTanHs (pe3n Ta Nnoaayi po3pi3HsIOTE 3ycmpiune gpesepy-
8aHHA TIPU TIOJAYi 3aTOTOBKY HasycTpiy obepranHio ¢ppe3u (puc. 11.10) Ta
cynymie Tpu 30iroBi HanpsMKiB o0epTaHHsi ¢pe3u i nomaui. Ilpu
3ycTpiuHoMy ¢pe3epyBaHHi TOBIUIMHA Lapy MeTtajuy, sAKHH 3pisyeTscs
3yboM (pe3n, 3MiHIOETbCSA Bill HYNIS 10 HaROLIBILOTO 3HAYEHHS dy,,,. T1pH

CYNYTHbOMY (bpe3epyBaHHI TOBLUWHA LIapy, SKHH 3HiMaeTbcs, 3MiHlO-
€TBCH Bill 4, B0 HYJS. 3 YpaxyBaHHAM ocobinBocTel BpisKy 3y6a dpe3n

B 06po0ni0BaHNIT MaTepian peKOMEHIYIOTh CYITYTHE (ppe3epyBaHHSI BUKO-
PHUCTOBYBATH NP YKUCTOBIH, a 3yCTpiuHe -~ TpHU YOpHOBiH obpobli 3aro-
TOBOK.

BCcTaHOBUTH ONMTHMANbHUP peXHM pi3aHH$, IO BIUIMBAE HAa IMpo-
JyKTUBHICTb 06po6KM, TOWHICTh Ta IIOPCTKICTh 00po6nioBaHoOl MOBEpXHi,
MOXUJTMBO TUIBKM Y pa3i NpaBWIbHOrO BUOOPY €/IeMEHTIB PeXKHMY pi3aHHS.
Takumu eseMeHTaMH €: NIMOMHA pi3aHHA, NoAaya, WBKHIKICTh Pi3avHs,
1MpyrHa ¢pe3epyBaHHA (115 3yCTPiYHOro (pe3epyBaHHS LIMATHAPUYHOIO
bpe3ot0 eneMeHTH pexXHMy pi3aHHA No3HavyeHi Ha puc. 11.10, a).
T'aubnua pizanHa ¢ (MM) — TOBLUMHA lIApy Marepiany, AKUil 3HiMae

Puc. 11.10

EneMenT pexumy pisanHs fIpn 3yCTPiuHOMY thpesepysaHHi LHNIHAPHUHOIO
(auckoBsoio) tpesoio
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¢pe3a 3a 0auH npoxia, — BUMIPAHA NEPNeHUKYNSpHO A0 o6pobiioBaHOl
nopepxHi. ITogaua — noctynanbHe abo obepraioue nepemiiieHHs 3aro-
TOBKM BIAHOCHO oci ¢pe3u. [lpu dpesepyBaHHi pO3PI3HAIOTL TpH
PO3MIPHOCTi ToOAayi: nojaya Ha oauH 3y6 dpesu S, (MM/3y0) —

NepeMillleHHsl 3aroToBKM BilHOCHO ¢hpe3d 3a vac il KyTOBOIG MOBOPOTY
Ha OaMH 3y0; nonaya Ha oaHH ofepT ¢pesn S, — nepeMillieHHs 3aro-

TOBKM BiIHOCHO ¢pe3u 3a oams 1i ofepr; nolaya 3a XBWIMHY S, —

TiepeMillieHHA 3arOTOBKH BIIHOCHO (pe3y 3a XBHIHHY.
[onauyi 38°93aHi Mix cofol0;

Syp=Sn=38;zn,

Jle z Ta 1 — BIiAMOBIIHO KiNbKicTh 3y0’iB ppe3n ta yacrora obepraHHS
¢pe3u.

llBuakicTs pizanHa V (M/XB) — OKpyXHa WMIBHAKICTb HaHGinbi
BiZinaneHoi Bia oci 06epTaHHA TOUKM PiXy4yoi KPpOMKH (dpesu:

V=rDn/1000,

ne D — miamertp ¢pe3u, MM.

IHupuHa dpesepyBaHHsi B — NOBXHHA 1OBepXHi KOHTAKTY (bpeau 3
00pobioBaHo0 3aroTOBKOIO, BUMipSiHA B HaNpAMKY, NepreHauKyIsIpHO-
MY HanpsMKy nogadvi. ToBlIMHa 1apy, 3pi3aHoOro Npu dpe3epysaHHi, —
e TOBIMHA APy MeTany, fKa 3HIMaeThcHd OJHUM 3YyOOM ¢pesu,
BHMipAHa B pajialbHOMY HanpaMKy (puc. 11.10, 6). 3y6 ¢dbpe3u 3pisae
CTPYXKY 3MiHHOI TOBIWWMHH, A8 AKOi

Bpax = S, siny,

lie W — KyT KOHTaKTy.

Dpe3epHi BepcTaTH € HAROIBIN TIOMIMPEHUMHY METAIOPIXYYHMU Bep-
crataMHM. [cHye 6arato TMNiB ()pe3epHHX BEPCTaTIB: KOHCOJIbHO-Gpe3epHi,
TO310BXHbO-Ppe3epHi, ¢pe3epHi BepcTaTH OesnmepepBHOI Aii, LIMOHOY-
Ho-dpesepHi, piasbo-Ppe3epHi, KonipysansHo-dpedepHi, crneljanbHi Ta
i, HaltnommpeHillli KOHCONBHO- Ta NO3AOBXHbO-Gpe3epHi BEPCTATH.
KoHconbHo-¢pe3epHi Miapo3ninsioTe Ha ropH30HTanbHO-(dpe3epHi,
yHiBepcanbHO-(pe3epHi, BepTHKalbHO-(pe3epHi, UIMPOKOYHIBEpCabHi.
B ropuzoHTansHo-cpesepHOMY BepcTaTi WIMUHAENbHUM Ban po3Tallo-
BaHMIl TOPM3OHTANBHO, a B BepTHKANBHO-(pe3epHOMY — BEPTHKANbHO.
VHiBepcanbHUt KOHCOABHO-(Dpe3epHUil BepcTaT BiApI3HSETbCA  Bil
TOPU30HTaNbHO-(ppeE3EPHOro THM, 1O ¥ HbOro poboumnii ctin Moxe obep-
TaTHCS B TOPU3OHTANBHIM NIonMHI Ha KyT +45°. Lle nae MoXIMBICTb
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Hapi3aTH Ha TaKoMYy Bepctari 3ybuyacri Koneca 3 rBUHTOBMMH 3y0’siMM,
CBUHTOBI 3y0’s1 B 3eHKepax, po3BepTKax, (ppe3ax TOHIO.

§11.8

Cmpyzaanns, 0086aHHN, NPOMSA2AHHSA

Cmpyeanns — e 06pobKa noBepxoHb, AKa BUKOHYETBCS 33 HAABHOCTI
IIBOX PYXiB: NMpAMOJiHIHOIO 3BOPOTHO-TIOCTYNAILHOTO TOJIOBHOIG PYXY
pisusa abo 3aroTOBKM B FOPH3OHTAIbHili IUIOBIMHI Ta NepepHBYAcTOro
IOCTYNaNbHOIO PyXy Nolayi pi3lsl Y4 3aroTOBKH, NEpNeHAHKYISPHOIO
HanpsMKY ToJioBHoro pyxy. Ilpu cTpyraHHi npouec pi3aHHSl TepepHB-
4acTHil i CTPY:KKa 3pi3a€Thesl TUTLKYU NPH NMpAMoMYy (pobodyoMy) pyci.

CrpyrasibHi BepCTaTH MiAPO3ILAIOTh HA 1Ba OCHOBHHX THITH: NO3[0B-
AHbLO-CTPYTAIbHI, Ha SKUX 00pOOAAIOTh NepeBaXHO cepellHi Ta BEJIHKI 3a
PO3MipOM 3aroToBKM, Ta MOMepeuHO-CTPYTaNbHi, NpU3HadeHi Ana o6pod-
KM 3aroTOBOK NpH JOBXMHI CTpyraHHsi A0 | M. ¥ MO30BXHLO-CTpPY-
ranbHHX BEPCTaTiB TOJOBHMM PYXOM € 3BOPOTHO-TIOCTYNAJNBHE MNEpeMi-
1IeHHS CTOJIa 3 3aKPiIUIeHOI0 HA HbOMY 3aroTOBKOIO, 2 PYXOM Toaadi —
rnepioiWyHe IepemMillleHHsl pi3lis B HanNpsIMKY, NeprieHAUMKYISIpHOMY To-
NIOBHOMY DYXOBi. ¥ IMOMepeuYHO-CTpYTaJbHUX BEPCTATaX FONOBHHUM PYXOM
€ 3BOPOTHO-NOCTYNaJbHe IMNepeMillleHHs pi3ls, a pyXoM nojaui npu
o6pobLi rOpU3OHTATBHUX TUIOWIMH — TepioAHYHe TepeMillleHHs ¢ToJ1a 3
3aroTOBKOIO B HAIPSAMKY, NeprieHAUKYISIPHOMY HaNpsSMKY pyXy pisis.
[1pu 06pobui BepTHKANBHMX a00 HAXHIEHHX MOBEPXOHD NEPIOTHUHHIM pyX
nofadyi BUKOHYE CyNopT i3 3aKpillleHUM Ha HLOMY Pi3iieM.

Jlosbanns — 1ie BUJl CTPYTaHHSA, ajie BIRPI3HAETHCA Bill HHOTO TUM, 1LIO
TOJIOBHMH pyX — 3BOPOTHO-TIOCTYTIANILHE MepeMitlleHHs TOB3yHa 3 BCTAB-
JIEHUM Y HbOMY pi3lieM — 3AIHCHIOEThCA Y BepTHKAIbHIM nnoumyi. Crin
BepcTaTa 3 3aroTOBKOK DYXa€ Mojayy B FOPM3OHTANLHINM TUIOWMHI B
NO3Z0BXHBOMY, NonepedHoMy abo KpyropoMy HanpsiMmKy. I1pu ctpyraHHi
Ta A0BOaHHI AAK iHCTPYMEHT BMKOPHMCTOBYIOTH pi3lli. 3a dopMolo cTpy-
raJibHi pi3ui noaibxi 40 TOKapHMX, ale NpaloloTh SIK i JoBOaBHI, B OiNbill
TKKHUX YMOBaX, OCKUIBKM B MOMeHT BpisaHHa BinbOyBacThes ynap. Tomy
iXHi JepXaKu pobisiTh MACHBHIILMMH. 3aTeXHO Bill po3MiliIeHHs pDKYYOl
KPOMKH CTpYTanbkHi pi3lli, K i TOKapHi, NiApo3ninsioTh Ha NMpaBi Ta JiBi;
3a BUrIsgoM obpoOKH — Ha MpoXinHi, Miapi3Hi, BiApi3Hi, (acoHHI, a
3a/1eXHO Bifi 00poGKH pO3pi3HAIOTH Pi3lli YOPHOBI Ta YHUCTOBI.

BurorosnsioTh CTpyTasibHi pisili ULUTICHUMHU, 3 NIPUBAPEHUMM IIac-
THHKaM# 3 WBWAKOPiXYy4Yol cTani abo 3 NpunasiHHMH TINIAaCTHMHKaMK
tBepaux crmnasiB BK8, T5K10, T14K8 Ta iHwi. JloBbanbHi pisili, gKi
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33CTOCOBYIOTLCSL N8 poboTH Ha AoBOQILHMX BepcraTtax, OeuO BiA-
PI3HAIOTHCA Bill CTPYraibHUX. CTpyranbHi pi3ui BMIHYTI Ha3zaj, uwiob
PiXXY4i eneMeHTH CNpuiiMaay yaapHi HABaHTaXE€HHS Ha MOYaTKy poboyo-
ro xoay. J{oBOanbHi pi3lli BATHYTI Briepea, OCKUIbKH BOHH MPALIOOTh fIpH
BepTUKANLHOMY MepeMilleHHi i dedopMyloTh Wap MeTaly, sIKWi 3pi-
3a10Tb, CBOEI0 HMKHBOK 4YacTHHOW0. Ha cTpyranbHMX BepcraTax Ha-
yacTilie oOpoOnooTh NMJIOLIHHKM, Na3d, YCTYNW Ta JiHiltHi dacoHHi
NoBepxHi Be/iMKorabapuTHUX abo onHOYacHO AeKiibKa 00po0IIOBaHMX
3aroTOBOK, MEHIUKX 3a po3aMipamMu. JloBOankHi BepcTaTH TAKOX 3aCTOCO-
BYKOTb OJsi 00pOOKY BHYTDIlUHIX i 30BHIillIHIX BEPTUKANBHHUX IUIOLIMWH,
JHIHHKUX ¢acOHHHUX TMOBEPXOHb, TPOPI3AHHS IUIMOHOYHHX Ta IHLIMX
nasiB, a TakoX A/ ogepXaHHs 6aratorpaHHux otBopis. JJoBGanbHi Bep-
CTaTH 3aCTOCOBYIOTH B OAMHUYHOMY Ta ManocepiiiHoMy BHPOOHHMLITBAX,
3a3BHYail nipu BiAcyTHOCTI dpe3epHux BepcTaTiB. CTpYTaibHiI BepcTatd
{0coONUBO 1MO3AOBXHBO-CTPYTANbHI) OLIbLI IIYMPOKO, HiK J0BOANbHI,
BUKOPHCTOBYKITh SIK B OIMHUYHOMY, TaK i MasiocepiitHOMy BUpOOHULITBAX
3aBOSKH iXHit YHiBEpCANbHOCTI, MPOCTOTI BUTOTOBJIEHHNI POBOYOro
IHCTPYMEHTY Ta HAaCTPOIOBAHHS.

Ilpomseannn — Ue BUCOKOIMPOJYKTUBHUI Ta BHMCOKOTOYHMUIA MeTOA
o0poOKH pi3aHHSM HACKPi3HHMX OTBOPIB Ta 3OBHIlLHiX JiHIMHUX roBep-
XOHb, 3AilicHIOBAaHWIt NpOTSXKKaMH. Ilpomaxcka — e OGaratonesHuw
pizanbHUi iHCTpyMeHT, ¢opma axkoro Bianosiaae dopMmi oGpobraeHoro
orBopy abo 30BHIllLIHii# MOBepXHi. BUCOTA KOXHOro NOCAYI040ro pikKy-
yoro 3y0a MpOTSLKKKM Oiblla 33 BUCOTY TOMNEPeIHbOrO, i KOXHMUI 3y0
3pizac 3 06pobIIOBaHOL MOBEPXHI CTPYXKY HeBENMKOI TOBIIMHU. Po3pi3-
HAIOTb BHYTPILIHE Ta 30BHIlUHE NpoTsaraHHs. [IpH BHyTpiliHbOMY Npo-
TSIKKY TIPOTATYIOTH 4Yepe3 TonepeiHbo 00pobaeHMii OTBip 3aroToBKM.
3ajiexHo Big ¢GoOpMM ToOMepeyHOoro rnepepizy MNPOTSIXKH ONePXYIOTh
OoTBOpM pi3Horo npodino. IMpoTssKKM LISl 30BHIIUHBOTO TNPOTSTaHHS
npu3HaveHi M1 oOpobKMU 30BHIlUHIX TUJIOCKMX Ta JliHIHHUX (acoOHHUX
NMOBEPXOHb NMOPiBHAHO HEBEIHKOI WHPUHH.

YIpommBaHHs nogibHe f0 npoTsaraHHA. IIpollMBaHHA BHKOHYIOTh Ha
npecax aGo crneuiantbHMX BepcTaTax, NPOMITOBXYIOYH Kpi3b 06pobiio-
BaHUi OTBip 3aroTOBKH. JOBXHHA MPOLIMBKH 3HAYHO MEHIIA 32 JOBXHHY
nporskky. [TpoTaraHHs 3acTocoBylOTh B 6araTocepiifHOMY Ta MacOBOMY
BUPOOHHUUITBAX, B ASSKHX BUITAIKAX 3aMIiHIOIOUM HUM cTpyraHHs, ¢peie-
pyBaHHS$1, noB6aHHSs, po3BepTKy. [1poTaraHHs — 1le NOCNiNOBHHIT Npoliec
3pi3aHHA TIpUNYCKY MeTany 3y6’smu fporskku. Haiibinpw mwvpoko
BUKOPHCTOBYIOTh NMPOTSDKKU A KPYIIMX OTBOpPIB Ta ILMOHOYHMWX Ma3iB.
BHTOTORASHOTH NPOTSLKKY 3 IEFOBAHHMX Ta WIBUIKOPiXYYHUX CTanei. 3acTo-
COBYIOTb TAKOX TUIOCKI Ta IIMOHOYHI NPOTSDKKH, OCHALEH  TTaCTHHKaMHU
TBEpAMX CIUIaBiB. 19 oOpoOKH WWIIHAPUIHKWX OTBOPIB iHOAI BUKOPHUCTO-
BYIOTh 30ipHi NPOTSDKKM 3i 3MIHHMMM TBepAOCIUIABHHMM PiXY4YOl0 Ta
KalmiOpOBOYHOIO YACTHHAMM.
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INpoTaxHi BepcTaTH KNacHQIKYIOTh 338 HU3KOK O3HaK. 3aleXXHO Bif
NPU3HAYEHHs X MiZpo3AiISIIOTE HA BEpPCTaTH JIA BHYTPIUHLOFO Ta
30BHIIUHBOIO TIPOTSITAHHS; 32 CTYMEHEM YHiBepCansHOCTI — Ha 3araib-
Horo MpH3Ha4eHHA Ta CrelidibHi; 338 HanpssMoM po0O4oro pyxy — Ha
TOPHU3OHTAILHI TA BEPTUXKAJILHI; 32 XapakTepoM pyxy — Ha GesnepepBHOI
Ta TIepepuBYacTOl [il, @ TAKOX HA BEPCTATH 3 OAHOIHCTPYMEHTANLHOIO Ta
0araToiHCTpyMeHTaNnbHOI0 HacTpofikow. HafinowypeRimi ropu3oHTans-
HO-NPOTSAXHi BepcTaTh 1151 oOpoOKK orBopiB. OCHOBHI NMapaMeTpH, 110
XapaKTepHU3yIoTh TIPOTSLKHI BEpPCTaTH, — 1ie AOMYCTHME 3YCHLIS NpoTs-
raHHA Ta JOBXHWHA XO4y NPOTAXKKH. Y BepcTaTax pisHOTO TUITY KOBXHHA
XONly NPOTAKKH KONUBAETECH B Mexax 350...2000 MM, a 3ycwnsa npotA-
ryBaHHsl CTAaHOBUTD 2,5.,.120 T.

§11.9

3yborHapizyeanHs

Tpu 3yboHapi3yBaHHi po3pi3HsSIOTL JBa OCHOBHUX METOIH Npodinio-
BaHHs OOKOBUX NOBepXOHb 3y0’iB 3yOYacTHX KOJIC: KOIiIOBaHHA Ta
obKaTky (orMHaHHs1). Meroa KoniloBaHHS nojsirac B Npopi3aHHi 3ana-
IWHK DaCOHHMM IHCTPYMEHTOM, hopMa piKyuMx Jjie3 sIKOro BilNoBizac
o0puCy 3aMaAvHHU MiX 1BoMa CycinHiMHU 3y6’amu 3ybuacroro Koneca. [pu
3y6OHapi3yBaHHI Ha rOpPW3OHTANIbHO-(pe3epHOMY BepcTaTi 3a3BHyail
BUKOPHCTOBYIOTh THCKOBY MOZYJbHY ¢bpe3y, a Ha BePTHKANbHO- tdpesep-
HOMY — KmbueBy mMoayasHy. HenonikoMm MeTony koniloBaHHs € o6Mexe-
Ha KUTbKiCTh ¢pe3 ¥ KOMNNEKTi, Todi K AN KOXHOIO MOLYNS 3aeXXHO
BiJ BHMOI IO TOYHOCTI npodnmo Ta XinbKocTi 3y0'fB Koneca, ske
Hapi3aoTb, HeoOxiqHo MaTH BiX 8 1o 26 ¢dpes.

[Ipu HapizaHHi 3y6yacTHX Koaic MeTogoM o6KaTKu (OrHHaHHS) Mpo-
inb pixxyunx je3 iHCTpyMeHTa He 30iraetbcs 3 npodineM 3y6’iB koneca,
1O Hapi3aloTbCsl, a Biinosina€ npodino 3y6°iB Aesskoro 3y64acToro Ko-
Jleca abo peiKM, sIKi Ha3UBAKTLCS aUpobasiowUM Kosecom abo peiikoro, 3
SIKMMH KOJIeco, 1110 HApizaeThes, 3HAXORHTLCA B 3adervieHHi. Hapizalors
3y0’st 3yBYacTHX KOMiC 3a MeToaOM ODKaTKM CreLianbHUMM iHCTpYMEH-
TaMW Ha 3y0opi3HMX BepcraTax. Halimouiupenimn ayGodpesepHi, 3ybo-
noBbanbHi Ta 3yGocrpyranbHi Bepcrat, [Ipu ¢pesepyBaHHi 3y6'iB Ha
3y6odipe3epHOMY BepCTaTi SIK IHCTPYMEHT BHKODHMCTOBYEThCA YepB’siyHa
monyabHa ¢pesa. [lpu TakoMy Metoni 3yDoHapizaHHA Anst ollepXaHHS
UMWILHAPWYHOro 3y04acToro Koaeca, OKpiM roIOBHOTO 0GepTaloyoro pyxy,
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tbpesi Tpeba HAIAaTH TAKOX BepTUKaNbHOTO NepeMillieHHs] Nnojaayi, a 3aro-
TOBUI (MaOyTHLOMY LWTIHAPUMHOMY 3y6UacTOMy Kojecy) — HNpHMYCO-
Boro ofepTalouoro pyxy, y3romxkeHoro 3 ofepraHHsAM ¢pe3u Tak, Hibu
BOHHU (3aroroBka i ¢pe3a) OyaH y HOPMaANbHOMY 3auenjieHHi.

Ha 3y6odpesepHoMy BepcTaTi MOXHa HapisaTd HMIiHApHYHI 3ybyacTi
KoJeca 3 NpAMYMMH Ta FTBUHTOBMMHM 3y0’sIMU, a TAKOX YepB’siuHi Kojeca.
(DpesepyBaHHA UMATHAPWUYHUX 3yGYacTUX KOJlC YepB’siuHolo ¢pe3olo Mae
3HaYHi NepeBard NOPIBHSAHO 3 HApi3aHHAM (X AMCKOBUMM MOAYAbHHMH
tpesamu: ueps’suHOoI0 (pe3olo NeBHOro MOAYJIA MOXHA Hapizaty 3y0-
yacTi Kojieca UbOTO MOJYIS 3 AKOI0 3aBrOAHO KiNbKIicTIO 3y6’iB; npodinb
3y0’iB BUXOAMTb 3HAYHO TOYHILUIHM; TIPOXYKTUBHICTb HabaraTo BHila, THM
6inblie mo 1uxkn pobotu 3ybogpesepHoro Bepcrata HaniBaBTOMAaTHYHKH.

Ben6eMH po3noBCIOMKEHHUM, MPOAYKTHBHHM Ta TOYHHM METOJIOM CTBO-
peHHs 3y0’iB UWIIHOPUYHMX 3yOYacTHX KoJic K 30BHIlLHBOro, Tax i
BHYTPIlHHBOTO 3a4el/IeHHs € Hapi3aHHs ix Ha 3y6onoB0aTbHUX BepcTaTax
3a AonoMoroio 1oB6’saKiB. Jogb’ax — e 3araproBaHe Ta oaliutiGoBaHe
3ybuacte Xoneco 3 KOPUTOBAaHUMM 3y0’sIMM, KOXEH 3 SKHUX Ma€ piLKyyi
KPOMKH i HeoOXilHi KyTU pi3aHHs (DepelHiii Ta TONOBHMI 3anHiit).
IMpuHuKMO HapizaHHA UWWNIHAPUYHOro 3y6YacTOro KoJjieca MeTOIOM
0OKaTKH 33 JONOMOrox A0BG'gKa NonsArac B TOMY, WO B nipoueci oopodku
BiITBOpIOETHCA 3yGHacTe 3a4enieHHs ABOX Koaic. DYHKLIK0 OJHOro 3 HUX
BHKOHYE PiXy4dHii iIHCTPYMeHT (10B6’SIK), a APYroro — 3aroTroBka (xoJe-
€0, sike Hapi3awTb). JoBG sk pobuTh WIBMIKMH 3BOPOTHO-NIOCTYNANbHHIA
TONOBHHI pyX, W0 0GYMOBNIOE WIBHAKICTH pi3aHHA. [IpH LbOMY pixy-
YHMM KPOMKaMH BiH BiITBOPIOE B NMPOCTOpPi YSIBHE NPOAYKYIOue KOJieCo,
3 IKKM HiOUTO 3ayerieHo 6e33a30pHO KOjeco, 1o HapizaeThes. JoB6 sk,
KpiM 3BOPOTHO-TIOCTYNAJIBHOTO pyXY, MMOBLIBHO 00epTaEThCSI HaBKONO
CBO€I oci, poGAsAYM Kpyropy nogavyy. ¥ B3aEMOIii 3 HUM obOepTaeTecs i
3arorosxa. Ha mouarky HapizaHH# 10BO’sK, 3mificHIOIOYM 06epTanbHUMH
pYX 00KAaTKM, BOAHOYAC 3MIHCHIOE paniayibHy nopayy 10 ypisyBaHHA Ha
NMOBHY IMUOMHY 3aMafguHy, sIKILO KOJecOo Hapi3acTbCsl 3a OQHe MpOXOA-
xeHHs. Iliciaa ypizaHHA A0BG’fSKa Ha L0 TMOMHY paliajbHa Mojauda
NPUNUHAETHCH. B mpoueci HapizaHHs 3y6’iB 3a LLMM MeTOIOM Tipodinb
3yDa oepXXYEThCH aBTOMAaTHYHO, IK OrHHalo4ya KpUpa Moc/ifoBHUX MOOo-
KeHb piXyuyoil KpoMKH 3y6a noB6’sika. [JoB6’IKOM AaHOTO MOAYJSA MOXYTh
6yTH Hapi3adi 3yb4acTi Koieca Hboro MOAY/SI 3 Pi3HOK KiBKiCTIO 3Y0’iB.

BenbMH nomMpeHUM, NIPOAYKTUBHMM i TOUHUM METONOM Hapi3aHHS
3y0’iB KOHIYHMX KOJiC € CTpyraHHsl iX Ha 3y0OCTpyraibHMX BepcTaTax
TaKOX 3a MeTOJOM 00KaTKH. OCHOBY LbOTO METONY, SIK i P HapizaHHi
HMAIHAPUUHUX KONIC 33 MeTOAOM OOKATKM, CTAHOBUTH TIOHATTS NpO
NPOAYKYIOHE KOAeCo, B 3auerlIeHHi 3 IKHM HiOHUTO 3HAXOAMThCS 3ar0TOB-
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Ka, M0 Hapi3a€eTncs, I Mosa sIKUM MMpH HapilaHHI BOHa OOKaTyeThbCsL.
KoxHuit 3y0 Koneca, siKMii Hapi3aeTbCsi, NIOC/HIAOBHO i BODHOYAC 3 JABOX
CTOPIH 06p0obAsieETECS 1BOMA Pi3LSIMH, 1O 3BOPOTHO-IMOCTYNAALHO pyXa-
IOTLCSI B TNPOTHIEKHKMX Hanpamkax. Ilpw uboMy iIX piKydi KpOMKU
BIITBOPIOIOTE ¥ IPOCTOPi KOHTYp 3y0a npoaykylouoro xoneca. I1py noso-
POTi 3aroTOBKH Ha MeBHMWit KyT HaBKOJIO CBOEI OCi pi3lli TAKOX IoBepTa-
I0TbCA Ha TaXMif CAMUI KYT, MPU LILOMY 3arOTOBKA i [POYKYIOUE KOJieco,
3y0 SIKOTO OKPeCHIOETbCA IXHIMH PiXYYHMH KPOMKaMH, HiOMTO 3Haxo-
IATLECS B HOpMaysHOMY 3ayervieHHi. flicis noBHoi 00po0KkH KOHKpeTHOIoO
3yOlIs ALTMALHUI MeXaHi3M BepcTaTa IIOBEPTAE 3aroTOBKY Ha OIUH 3y0,
pi3ui 3aiiMalOTh NMNOYATKOBE MONOXeHHSI, 06pobAIOETLCH HACTYIHUIA 3Y0 i
TaK APOOOBXYETHCSI AOTH, NMOKU He 6yAyTh Hapi3aHi Bci 3y6’sa.

§11.10

Wnigpysannsn

Ha BepcraTax 1inidpyBanbHOI Tpynu AeTan o6poGasioTh METOZAMH -
¢byBaHHs, TOHKOro UUTiYBAHHSA 1 TOWiHHA, XOHIHIYBaHHSA, cynepdiHi-
WYBaHHSA, NPUTUPAHHA, NoipyBaHHA, abpa3uBHO-PIiAKOTO NOiPYBaAHHS.

Hlripysanns — 1e npouec 06poOKH MOBEpXHi MeTaly abGpa3MBHUM
(utipyBasibHMM) iHCTPYMEHTOM (BLNiyBaTBHMMHM KpYramH, OpycKam,
KYPKOIO). AGpa3suBHHH iHCTPYMEHT CKJIAIAeThCs 13 3epeH abpa3MBHOTO
Marepiany, CKpiluleHUX MiX c06010 3B’A3yl4olo peyoBdHow. LInidy-
BaHHs € OCHOBHMM METOIOM OfepXaHHAl BUPOOiB BUCOKOI TOYHOCTI 3
He3HaYHOK MIOPCTKICTIO MOBEPXHi Ta 3dCTOCOBYETHCS MepeBaxHO AN
3aBepLUANILHOI YUCTOBOI OOPODOKH.

Touke wnigpysanna — e 06pobKa 30BHILIHIX | BHYTDPILUHIX LWIiH-
IPUYHUX TIOBEPXOHL 33 TABUIIEHWX BHMOT WOAO0 TOYHOCTI PO3MIpIB,
(popMH 1 BHUCOKOI YUCTOTH NOBepXHi. BHCOKY TOYHICTH BHIOTOB/IEHHA
BUpobiB 3abe3mnevye wnipyBaHHsS cHeUiaNnbHUMH M’IKUMHM BHCOKO-
NOPUCTHUMHM KPYTaMHM 32 PaXYHOK 3pi3aHHS IyXe TOHKOI (5 MKM) CTPYXKH.

Tonke mouinns 30IKCHIOIOTD 3aCTOCOBYIOYH BEHKI WIBUAKOCTI pizaHHS
Npu MaJiii TOBLIMHI 3pi3yBaHoro miapy. HalikpawuMm MaTepianioM ans
TOHKOrO TOUIHHS, 32 YMOB MacOBOT0O BUPOOHHLITBA BUPOGIB 3 KOJILOPOBUX
MeTalliB i CIUIABiB, BBRXAIOThb AIMa3U, SIKi XapaKTepH3VIOTBCS BHCOKOIO
po3MipHoIO cTillkicTio. s 3aBepluanbHOi 06pOOKH 3aroTOBOK 3 YOPHHUX
MeTaliB 3dCTOCOBYIOTh Pi3ili 3 TBEPAOCIUIABHUMH TUIaCTUHAMM abo [urac-
TWHKaMH 3 KYOIYHOro HiTpuay Gopy.
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Xonineysanns — MeTon 3aBepllajibHOI 00pobKHu ApiOHO3epHUCTUMMU
abpasuBHuMHM OpyckaMH. Takuil iIHCTPYMEHT 3aKpirUTIOITD Y crieiajibHiit
XOHIHTYBa/IbHI/ TONOBLY, AIKA 3MIHCHIOE pa3oM 3 HUM oGepraibHMil (ro-
JNIOBHUI) pyX i MOCTYNajibHe MepeMillleHHs1 B3OBX OCi 3aroTOBKH (pyx
nojayi). XoHiIHTYBaHHS 3aCTOCOBYIOTh 3A€011bIIOrO NnpH 00podili TOYHMX
OTBOPIB.

Cynepghiniuyeanns — Metol TOHKOI KiHLieBOT 06poOKHK /Uit ofepXaH-
HA AyxXe rNaakoi nmoBepxHi. 3AilicHIOOTb, BUKOPUCTOBYIOYH ApiGHO-
3epHHUCTI abpa3uBHi OpycKH, 3aKpillfieHi y crieliayibHiit ronosl, 3a YMOB
NocAHaHHS 00epTANLHOTO i MOCTYNMANBHOFO pPYXiB TOJIOBKH B3NOBX OCI
o0pob6iioBaHoi eTani Ta KOJMBATLHOIO pyxy OpyckiB. Taka o0poOka
3abe3nedye WOPCTKICTL (4UCTOTY) noBepxHi R, = 0,025...0,012MKkM.

IputupaHHs 3abe3nedye odepXaHHs TOUHUX po3MipiB (10 0,1 MKM) i
AyXe Maly WopcTKicTh nosepxHi (R, = 0,025...0,012mkM). O6pobKy 3k -
CHIOIOTH 3 BUKOPUCTaHHSIM TaK 3BAHOTO — “MPHTHPA”, HA MOBEPXHIO
SIKOTC HAHOCATHL abpa3uBHY nacty abo abpa3vBHHUIT MOPOLIOK, 3MillaHUiA
3 MacaoM. TlpurupamMu ciayxaTb pi3Hi AMCKH, WO O0epTaloThCs, IUTUTH,
O6pycKM, KiNbIsl, CTPHXHI 3 4aByHY, Milli, CBUHLIIO, TBEPAMX NOpid fepeBa
Ta iHme. TIpHTHpaHHSA BMKOHYIOTb HAa YHIBepCaNbHMX i CrieLliaTbHUX
NPUTHUPOYHHUX BepcTaTax abo BpyJHY.

IToaipysanns — ue KiHUeBa 06poOka BUpoOiB ApiGHO3epHUCTHM abpa-
3UBOM 3i 3B’13K010 (QJIMBOIO, CYMIllUILIO BOCKY, napadiHy, caia 3 racom),
HaHeCeHOoro Ha TOBEPXHIO Kpyra, TUCKA ab0 CTPiuKH 3 M’SIKOro elacTHY-
HOTO Marepiany. Jetani nmicisA nonipyBaHHs Ao6pe npal(ioloTh ¥ MOTOKax
rasiB abo piauMHu, iHOAiI NoJipyBaHHSI BUKOPHUCTOBYIOTb $iK TOIMEPEaHIO
obpobKy neKkoparuBHHUX BHPOGIB ab0 NMepen HaHeCEHHAM rafbBaHIMHMX
TIOKPHUTTIB.

Abpasueno-pidke noaipysania 3 BUKODUCTaHHSM BOAHO-abpa3sUBHOI
cycrneHsii (mogaoTthb min THcKoM 1o 0,3 MIla Ha o6pobiiioBaHy NOBEPXHIO)
3aCTOCOBYIOTH 1A KiHueBoi obpoGku dacoHHUx meraneit. [llopcTkictb
MOBEPXHi 3a TAKOro MOJipyBaHHS 3a/€XUTh Bill 3epHMCTOCTI abpa3uBy.

Cepen HaBeJeHUX MeTOAIB OOpOOKM METANIB HaHNOIMpEHIlIUM Y
BUPOOHMUTBI € uuTihyBaHHS.

3anexHo Bift Xapakrepy uUTihyBansHUX pobiT BepcTaTH Noauisiorh Ha
TakKi OCHOBHI THITH:

e KpyTioLUlidyBanbHi — A5 06poOKM 30BHILLIHIX ITOBEPXOHb O0epTaH-

HA;

e BHYTPIlIHbO-LLTIQYBaTbHI — ISt O6PODKM BHYTPIlUHIX MOBEPXOHb

obepTanHs;

e nnockouwnihypansHi — 151 00poOKH TUTOLUMH;
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e crieuianbHi (uvmiueuutipysanbHi, 3yGournibysansHi, pizeuinidpyBanbHi
Ta iHMIi);

e 3aTOYYBAIbHI — /1 33TOYYBAHHSA iHCTPYMEHTA.

HaitnowMpeniwi xpyrio- # rwockoiuwnigysaibHi BEpCTaTH.

3anexHo Bia ¢opMH aeTaneit, npy o6pobili NOBepXOHb 3aCTOCOBYIOTh
pi3Hi cxeMH (BMOW) widyBaHHs:

KpYyroBe 30BHILIHE 3 NMO3J0BXHLOIO NOJAYEl0;

KpYTOBe 30BHILLIHE 3 pafiabHOI 1oJavelo;

BHYTPIlUHE;

1utocke riepyudepicio Kpyra Ha Beperarax 3 NPsIMOKYTHHM CTOJIOM;
TUIOCKE TOpUEM Kpyra Ha BepCTarax 3 NPAMOKYTHHM CTONOM;
Iocke flepudepicio Kpyra Ha BepcTatax 3 KpyIriiIiM CTOJIOM;
TLTOCKE TOPLEM KpyTa Ha BepeTatax 3 KpYIJIMM CTOJIOM;
Ge3LeHTPOBE 3 NMO3J0BXHLOIO NONAYElD;

o Oe31ieHTpOBe 3 palivIbHOIO NoJaYelo.

HajinownpeHili cxeMH XpyroBoro i njockoro nutihyBaHHs.

Ilia yac KpyroBoro 30BHilIHBOTO LLTi(PYBAHHSA 3 MO3ROBXHBLOIO NOMNA-
geto (puc. 11.11, g}, AK i rpy iHIWIMX BUAAX ULTiDYBAHHS, roIOBHMEE pyx
3i WBMAKICTIO ¥y, 3nikicHIOE 1nihyBaibHMA KpYT. JaroToBKa 0bepTaeThes
3i weuaxicTio ¥V, i nocrynansHo nepeMillyeThcs B3A0BX 0Ci (S;o, —
no3noBxXxHA nonava). Ilonepeyny nopauy §, Ha LIMGUHY widysaHHsA ¢
uutibyBanbHMid Xpyr 3AiHCHIOE HaNpWUKiHHI T10310BXHBLOTO XOAY B Ha-
NPSAMKY, TepneHaNKyIsIPHOMY Oci 3ar0TOBKH.

Ipu wnidyBaHHi 3 nonepeyHOIo Mofauelo (BpizanHsa) whidysanbHui
Kpyr (puc. 11.11, 6) pobuTh oGepTadbKHii pyX 3i LIBUAKICTIO l/;p i
rorniepedHe nepeMilleHHs S, a 3aroToBKa — TUILKH 0BepTajibHUii pyx
V.. Us cxema 3aCTOCOBYETBCS NpH WNichyBaHHI LAAIHAPHYHHUX, KOHIYHHX
i bacoOHHUX NOBEPXOHb, IUMPHHA AKUX MeHILA 34 WHPHHY Kpyra.

TIpn BHyTpilIHbOMY WTipyBaHHI (pUc. 11.11, 8) ocHOBHUM pOOOYHM

pyxoM € oDepTanHsa wjidyBansHOro Kpyra 3i MIBUAKICTIO Veps KM
30iCHIOE TaKOX 1 3BOPOTHO-NOCTYNANIbHE MepeMillieHHs 3i BUAKICTIO
NO310BXHBOI Nofadi 5,4, 1 NEpioAMYHO, B KiHUI X0y, NonepeyHy nofayy

S, Ha rubuHy pi3aHHs f. 3arotoBKa obepTaEeTsca B HAMpsMKY, Npo-

THJIEXHOMY HalpAMKY obepraHHs UidypaibHOro Kpyra 3i IIBMAKICTIO
V,, fxa y KinbKa pa3iB MeHIla 3a WBHAKicTb 06epraHHs wutibysaibHOrO

Kpyra.
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Tlpu mnocxomy uLnicyBaHHi nepudepicio (puc. 11.11, &) abo Topuem
Kpyra 3arotoBKa, ill0 3akpifjeHa Ha ¢Toji, pobuts o0epTanbHO-NOCTY-
NaTpHUA PyX MO3JOBXHBOI Nofadi 8., LlribysareHuil Kpyr, oKpim

TOJJOBHOTO PYXY 3i IIBUIKICTIO pr! 3MIHCHIOE B KiHLi NO3A0BXHbOTO XOMY
nomepeyHy fnoaayy S,, a nNicig wnihpyBaHHA BCiel MIOWMHU —
BEPTHKAIbHE NepeMillieHHs S, Ha MWORHY pisaHHs .

OCHOBHi efleMeHTH pi3aHHSl — WBKAKICTh, Mogaya i rAubuHa pisau-
H — HaBegeHo Ha puc. 11.11, IlBuaKicTio pizaHHs Ana BCix BUAIB
uidypaHHa € WIBUIKICTL pr (M/c) umicyBanpHOro Kpyra, wo poburb

B B

Seay
ooy

—_=x Ny

a8 2
Puc. 11.11

Cxemu kytosoro (@ — 8) i nnockoro (&) whidpysanHA
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rojiosHuil pyx. [ipy kpyrosomy umnidyBaHHI ejleMeHTaMM Di3aHHS €
KpYroBa HIBMIKICTb 3arOoTOBKM, FMO3AOBXKHS 1 ToONepeyHa TNoaaui
(puc. 11.11, a). Kpyeosa weudkicms 3azomoexu V; (M/XB) — L Kpyrosa
nonayva. /7oz0oexcus nooaua S, (MM/06) — lle NepemillieHHsl 3aroTOBKH
BiAHOCHO 1LTiQYBaNbLHOTO KpyTa 32 onuH 00ept. flonepexna nodaua S;; —
Ue BeJMUMHA HepeMillleHHsl UUTiPYBanbHOTO Kpyra B HarpsIMKy, nep-
NMEHJUKYIPHOMY OCi 3arOTOBKM B KpaiHiXx (1 nojioxeHHsix. BoHa
BH3Hayae TOBUIMHY MIapy MeETajy, 110 3HIMaeThCH 3a OJMH Tpoxia, i
uMCENIbHO JIOPIBHIOE TMHOMHI pizaHHA 7. [IpH nnockoMy uutidyBaHHI,
KpiM LIBKAKOCTI pi3aHHsA V., e1eMeHTaMH peXuMY Pi3aHHs! € NO300BXHSA

8,03 TIONEpedHa S i BepTuKanbHa S, nonadi (puc. 11.11, 2).

TpoayxTuBHICTS 1 sIKiCTh 0OpOOKH NLIIQYBAHHSM 32/1€KMTh He TLTbKU
Bil HMIMpMHU Kpyra B Ta niamerpa /., a TakoxX i Bim napameTpiB, siKi
xapakTepu3yiorh abpasuBHUN iHcTpyMeHT. OOHI€I0 3 HAHBaXJIUBIilLIMX
XapaKTepMCTMK a0pa3sMBHOro iHCTPYMEHTY € 3€PHHCTICTb (BeJiIHYMHA
3epHa) abpa3mBy. 3anexHo Bij po3mipy 3epHa abpa3MBM NO3HAYalOTh
HoMepaMH. Tpy6ozepHucTi (2000...160 MXM) MaioTh HoMepH Bix 200 go
16, 1IX Ha3WBaIOTh uitigyyearsHumu 3epramu. binbwl npiGHI, 3 po3MipoM
3epeH 125...28 MKM (waighyearvri nopowxu), O3HAYAIOTH HOMEpPaMK Bif
12 no 3. Mikponopollky 3 po3MipoM 3epeH Bil 40 10 3 MKM no3HavaloTh
HoMepaMHM Bi M40 no MS5.

AJIMa3Hi MaTepiany 3a po3MipoM 3epHa HOALISIIOTH HA JBi IPYMNM:

o HuMiYBATLHI MOPOLIKH; ¢ MIKPOMOPOILKH.

IxHs1 3epHMcTiCTh MO3HAYaeThcA ApPOGOM, B SIKOMY YHCEJLHMK Bid-
NnoBiJac HaWOiNbLIIOMY PO3MIpoBi 3epHa OCHOBHOI (pakilii, a 3HaMeH-
HMK - HadmenmoMy. lnidpysansHi nopouwikd MameTh HOMEpM Bil
630/500 10 50/40 MKM, Mikponopoliky — Bin 60/40 o 1/0 MKM.

BaxnuBol XapakTepUCTHKOK abpa3sWBHOro IHCTPYMEHTY € TakKoX
3B’A3yI04a peyoBHHa (HeOpraHiuHa, opraHiyHa, Meranesa), Hio o0’eaHye
abpa3uBHi 3epHa B oxHe uime. Ha npakruili MMpoKo 3aCTOCOBYIOTb
IHCTPYMEHT 3 BMKOPHCTAHHSIM HeOpraHiyHoi 3B’f3yl04OI PeYOBUHHU Ha
OCHOBI BOTHETPUBKOI INMHK — KepaMiuHuU#H (K), Ha OCHOBI CUHTETHYHOI
cMonM — OakenitoBuii (b), Ha OCHOBI KayuyKy Ta CipKM — BYJIKaHITOBHIA
(B). MetaneBi 3B’513yl04i PEYOBMHHU CKIIaAaOThCA 3 METANEBOi OCHOBY
(nopoiiku Sb, Al, Cu Ta iHUI) Ta HANOBHIOBaYa. 3aCTOCOBYIOTh iX Mepe-
BaXHO B alIMa3HHUX Kpyrax.

IapaMeTpoM, 110 xapaKTepH3ye abpa3UBHMIX iHCTPYMEHT, € TBEPRICTb.
Lleft mokasHMK BM3HAYac OIlip 3B’A3YIONOI PEHOBUHHM BMIATEHHIO 3epeH
abpasuBy MiA Oi€l0 30BHiIIHBbOI cWIM. Po3pobiieHo Hikaly, 10 Ma€ CiM
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KJ1aciB TBEpAOCTi (BOHH TakOX MOAUBIIOTECA Ha KilbKa CTyneHiB): T —
TBepauit, BT — Benbmu TBepauit, AT — Ayxe tBepmMii.

CrpykTypy abpa3MBHOIO iHCTPYMEHTY OLIHIOIOTH 33 CHiBBiIHOLIEH-
HiM (B %) of’eMiB, 3aiHATHX 3epHaMM abpa3uBy, 3B’A3YI040I0 PEYO-
BHMHOIO i MOpaMH. 3MiHIOIOMH Ui CNiBBiIIHOILEHHS, 0epXYyIoTh abpa3HBHiI
KPYTH pi3HOI CTPYKTYPH i BractuBocTeil. PospisHsalots 12 HoMepiB cTpyK-
Typ. HaliMeHwiil nopucTocTi Bianosinae Haibinbmmit Homep. Tun
HULIDYBANIBHMX KPYTiB XapaKTepH3yeThesi TakoX ¢opmolo. Tak, Kpyru
npsMoro npodinio nosHavaors T111.

PernaMeHTOBaHa LIBMAKICTh pPi3aHHA KepaMiyHMMH i1 GakemiToBUMU
Kpyramu 1o 35 m/c, a ByJKaHiToBHMH — 40 M/c.

OCHOBHI XapakTepHCTHKH BimoOpaXxeHO Yy MapKyBaHHi aOpasMBHMX
MatepiafiB. Tak, Kkpyr Mapku 24A10TTC27K3, ITTT500x50x305 po3wmdpo-
BYIOTb Tak: 24A — BHI aOpa3MBHOTO MaTepialy (eJEKTPOKOPYH/ Oinuit);
10T — 3epHucricte (I — BMicT ocHoBHOI ¢pakuii 3epen); C2 —
CTYMiHb TBeplocTi; 7 — HoMep CIpykTypd; K5 — BHI KepaMidHoi
3B’s13y10401 peyoBuHH; [1I1 — copma xpyra (npssmuil, nnockuit); 500 —
30BHillIHIN niameTp, MM; 50 — umMpuHa, MM; 305 — HiaMeTp OTBOpPY, MM.

§ 11.11

NoeepxHese nnacmuyre GeopMyecaHHs

IIpu MexaHiyRHil o6poOlli NOBEPXOHb METANOBHPODIB BUKOPHCTOBY-
10Tb 3MILHIOBAILHO-KaNibpyBaJibHi METOAU, 10 SIKMX BITHOCATbH OOKATKY
30BHIlLHIX Ta BHYTPiiHHIX NMOBEPXOHb POJIMKAaMH, KalliOpyBaHHA OTBOpIB
Ta A1poBOCTPYMHEHY 00poOKy.

Ilpoyec obxamxku monsirac B TOMy, WO NOBepXHIO 00pobiloBaNbHOL
Jerani oOKouyoTh NPUTUCHYTMMH IO Hel OJHHM, OBOMa a0o TpboMa
IMaAKKMHK pOJIUKaMH, BHTOTOBJEHMMM i3 3arapToBaHoi craii. B upomMy
npoueci MOBepXHs BHUIMIAIKYEThbCS Ta HakKilenyerbcs. OOGKaTKo B psini
BHUIMAJKiB 3aMiHIOIOTh MeHIU NPOAYKTHBHY ofepanito nutidysaHHA.

Omeopu rasibpyroms HA NPOTSKHUX BEPCTaTax Ta IMpecax 3a JOoMoMO-
rol0 cneuialbHOro iHCTpyMeHTa (JOpHA3) abo 3 HOMOMOroI0 KYJbKH.
IMpoLec nopHYBaHHs MOJATAE B TOMY, WO KaniGpyBaibHHH ROpH (MNpo-
wKBKa a0 NpPOTAXKa MeBHOl AOBXWHM, O He MalOTh pi3aibHUX 3y6’iB)
MPOWITOBXYETHCS 260 NMPOTATYETRCS Kpi3b 006pobaoBaHMii oTBip. PosMipu
OTBOpY MaloTb OyTH TPOXH MEHILIHMH 33 KalniOpyBanbHUIt NOPH.
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I1py nopHyBaHHI 32 paxyHOK MIACTUYHKX AedopMarliiii aiaMeTp oTBO-
py 30ULIBLIYETBCS i MIOPCTKICTL 3MIALKYETLCA. KartibpyeaHHa Kyavkow
M0JISra€ B MPOAABMIOBAHHI Kpi3b NONepedHbo TOYHO 00pobnenuit oTBip
CTaNbHOI 3arapToBaHOj KYJbKW TaKoX TpPoxu OinblIoro aiameTrpy, HiX
oreip. leii croci6 BeneMu edekTHBHMI npu KaniGpyBaHHi OTBOpIB 3
KPUBOJTiHifiHOIO BicCIO.

Jpobocmpymunniti  o6pobyi 3a3BMvail MiJalOTh OeTayli CKIAIHOL
dopmu, sKi nMpoiiuuiK MexaHiuHy Ta TepMiuHy 06poOKy. CyTHIiCTh npotiie-
Cy B TOMY, Lit0 06po0oBaHa NOBEPXHs MiLIAETHCS yaAdpaM CTaIbHOTO afo
yaByHHoro apo0y, sIKUii CTIPIMOBYETLCSI Ha Hel 3i criellianbHoro apo6o-
Meta. Taka oOpoOxa cnpuuuBsie ruiacTHuHy dedopMmalilo Ta Hakien
NMOBEPXHEBOro HIApy JeTali, B IKOMY CTBOPIOIOTECSI CIIPMSTIMBI Hamnpy-
XeHHS1 CTHUCKyBaHHs. Bcsi noBepxHs AeTani NMOKPMBAETHCH OpiOHUM
psiOOTHHHAM BiA yaapy apobuHOK. lpobocTpymMHHHa 06pobka BenbMU
edexTHBHA TIPM BUIOTOBJIEHHI leTanel, AKi MpaloOlTs NpPH 3HAKO-
repeMiHHHMX HaBaHTaXeHHsX. Y Takuii cnoci6 oOpobnstiioTs pecopH,
MPYXHWHHU, WATYHH, KONHYACTI Baiv, 3y6uacTi Koseca TOIoO.

7 KoHmponsHi 3anumanis

Y YoMy NONArae CyTHICTL NpoLecy pisaHHA?

Aki ABMLRA CYNPOBOAXYIOTH NPOLEC pidaHHa?

3 akoro maTepiany BAroTOBNAIOTL Pi3anbHURA IHCTPYMEHT?

Y 4OMY CYTHICTb NPOLECY TOHIHHA?

Y 4OMy nonsrae CyTh NPOLECIB CBEPANYBAHHA Ta POITOMYBAHHA?
Y YoMy nonsrae cyTb Npouecy (hpesepyBsaHHA?

Y YoMy CYTHICTb NPOLECIB CTPYraHHA, A0BDAHHA, NPOTAraHHA?

. Y YoMy CyTHICTL npouecy 3ySoHapizaHHs?

. Y YoMy nonsarae cyTb Npouecis wnichyBanHs?

Axi € meToau oBpobku NOBEPXOHL ANACTUHHKM NehopMyBaHHAM?

PowNanprwNa
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§12.1

Cymuicms npouecy i knacudbirauyis crnocobis
3eaprosaHHs

3eapreanHamM HA3WBAOTh TEXHONOTIUHMH NpolLec YTBOPEHHS He-
po3’eMHHX 3’€dHAHb MeTajleBUX BUPOGIB, 1O 3MiHCHIOETLCA NPH BUKO-
PUCTaHHI MIXMONEKYJSAPHHUX i MXXaTOMHUX CHJI 34enuieHHA. [1nsi BUHUK-
HEHHSl LIMX 3B’A3KiB 3BaploBaHi MOBepXHi HeoOXxiqHO Habausury Ao
BiZcTaHi, BiINoBiAHOI aTOMHOMY pajiycy. lle MOXJIMBO jiMile 32 YMOBM
YCYHEHHS! NMPUYHH (MiKPOHEepiBHOCTI, OKCHAHI Ta OpraHiuHi TUiiBKY, ai-
cop6oBaHi rasy), 110 3aBaXaloTh 30AMXEHHIO, i HaNaHHA aTOMaM MeBHOI
eHeprii (eHepril akTuBalii). EHeprisi sl MOXe mMepeaaBaTHUCst Y BUIJIAAI
TenJaoTH (TepMiyHa aKTHBallifl) Ta NPYXHO-IUTACTHYHOI AedopMailil
(MexaHiyHa akTHBauisi). BianosigHo a0 LBOro BCi CriocoOu 3BaplOBaHHS
NMOALTSIOTL HA ABi OCHOBHI [PYNU:

¢ 3BapioBaHHA IJ1ABNEHHSIM;

e 3BapIOBaHHSA THCKOM (TIaCTUYRUM NedOPMYBAHHSIM).

INpu 3BaplOBaHHI NJABJEHHAM 0 KPOMKax, 110 3’€/HYIOTLCH, pO3-
NIagAsIioTh abo TLIBKM OCHOBHMIT MeTan, abo OCHOBHMIA i ZoAdTKOBMI
(enexTpoanuil abo npucagHuid). /Lna poangasieHHs OCHOBHOTO i lpucan-
HOTO MeTaniB HeobxigHO, 100 TeMnepaTypa ctaHoBu/a noHan 2500 °C.

Po3pi3HAIOTb etexmpuute i xiMivne 3eaproeanHs naaeaeHHaMm. [Ipu
eNeKTpUYHOMY 3BapIOBaHHI TIaBJEHHSAM [AXEpesioM €HEeprii € eNex-
TPHYHHMIA cTpyM. Take 3BaploBaHHS MOAINAOTE Ha dyzoge, e1exmpouaaKo-
8e, eAeKmpoOHHO-NpOMEHese, NAA3MO6e, Aa3epHe TOLLO. 3anexXHO BiX PiBHA
MexaHi3allii 3BaploBaHHs MoOXe OyTM py4HHMM, aBTOMAaTHYHMM, HaniB-
ABTOMATHYHHM.
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Ipu 3BaploBaHHi THCKOM Y Npotieci miacTHYHOI AedopMallil B noBep-
XHEBMX KOHTaKTYIOUMX LIapaX BMPIBHIOIOTHCH MiKpOHEPIBHOCTI, pyiiHY-
€TbCR aAcopOOBaHKM tap i 30UTLIIYETHCA KUTbKICTh aKTMBHMX LIEHTPIB
B3aEMo/Iil. BHacIinoK LbOro MiX aroMaMH NMOBEPXOHb YTBOPIOETHCS Me-
TaneBHil 3B’sI30K. 3BaploBaHHSI THUCKOM 3AIICHIOIOTL 3 TIOfepenHIM
HarpiBaHHAM (KOHTaKTHe, iHAyKuUiliHe, nu¢y3iiiHe) abo 6e3 Hboro (Xo-
JIOfHE, YJIbTPa3BYKOBe, BUGYXOM, TEPTAM).

HaitnomupeHiluuM crioco6oM 3BaploBaHHSA € AyroBe, JXepeao eHeprii
AIKOTO — 3BApIOBaJibHA [Jyra. Jeapioséassioro dyeole Ha3WBaIOTh
CTallioHApHMit eJIeKTPHYHMIA po3psia Y ra3onaposiit atMocdepi Mix enex-
TpolaMHM, WO NepebyBaloTh MiA Hampyrolo. BincraHe MiX eNeKTpoaamMu
Ha3HUBAIOTh ofinracmio’ dyzo0e02o po3pady, 300 doexcunow dyeu (NPUOIH3HO
JIOPIiBHIOE JiaMeTpOBi eNeKTpoJa). 3ananioBaHHA AYTH MpH 3BapIOBaHHI
MOYMHAETHECS 3 KOPOTKOTO 3aMMKaHHS eNleKTpola 3 BUpoOoM abo 3 BHCO-
KOYaCTOTHOTO eJIeKTPUYHOTO po3pazdy (B pa3i BUKOPUCTaHHS HEIUIaBKHX
eNexTpoliB). 3BaplOBaJlbHA AYra fIK KOHLEHTpOBaHe JDKepelo eHeprii
3a0esmneuyye TeMnepatypy crosna ayru 6000...7000 °C i Temneparypy Ka-
TOMHOI i aHOAHOI TUIAM, BianoBiAHo, 2400...2600 °C. ¥ piBHOBIXHOMY
CTaHI 3AIeXHICTh MiX HarpyXeHHSM i CTPyMOM BHABISIE CTaTUYHA BOJILT-
aMIiepHa XapaKTepHCTHKa AYTH, 110 CKNANAETHCH 3 TPLOX ANSHOK: crada-
1o40i, xcopcmkoi i Takoi, wo 3pocmac. Haifuactille BUKOPHCTOBYIOTh
JUISHKY AYTH 3 XOPCTKOIO XapaKTepHCTUKOIO.

3BapIOBAIbHY Dyry MOXHA XMBHMTH NMOCTIHHUM CTPYMOM (Bid reHepa-
TOpiB i BMIIPSIMOBYIOUMX YCTaHOBOK) afo 3MiHHMM (BiX 3BaplOBaIbHMX
anapari® yu TpaHchopmaropis). [1py 3BapiopaHHI HATIPYXXeHHS Ha Ay3i
Mac OyTH MiHIMANLHUM. TOMY MOTYXHICTb AYTH pPeryaioloTh 3MiHOIO CHIM
CTPYMY, KepYyIOUH BOJIbT-aMIEPHOIO XapaKTepUCTHKOIO.

I xepena 38aplOBAILHOrO CTPYMY MaioTh BIINIOBIAATH TAKMM BHMOTaM:
JIeTKe 3aMnajloBaHHA OyTH i Ge3neyHicTh poGOTH (HampyXeHHs X0JIoCTOro
xony Mae OyTH He 6iibie 60...80 B); crabinbHe ropiHHS TyTH 3a 3a]aHUM
PeXMMOM; BapilOBaHHs (peryNIoBaHHA) CHIH CTpYMY; OOMeXeHHSs CTpyMy
NIPH KOPOTKOMY 3aMMKaHHi 3BapioBAJIbHOI MepeXi (CTPYM KOpOTKOro
3aMHKaHHST MaE He IepeBHIUYBaTH pobouuii cTpyM Oinbille HIXK Yy
1,5 paza).

J1a BMKOHAHHA LIMX BMMOI HaifyacTille BUKODHMCTOBYIOTH AXepeyo
nepeMiHHoro abo MOCTIMHOIO CTPYMY 3 HAMpyrol XoJOCTOro Xoay
60...80 B 3i cnmagHOI0 BOJNET-aMIIEPHOIO XapPaKTePUCTUKOIO peryJboBaHOI
KPYTH3HH.
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§12.2

Pyune i aemomamuyHe dy2o0ee 3@apiogaHHs

3BaploBansHe OONAJAHAHHA PYYHOTO AYTOBOTO 3BaplOBaHHSA CKJa-
JlaeTbCs 3 JKepesia XWB/IeHHS AYTH, 3BapiOBalbHUX NPOBIAHUKIB, €/€KT-
poaoTpuMaya i enektpogais. IlpH 3sapioBaHHI HEMIaBKHMH €JIEKTPONAMH
3aCTOCOBYIOTh ByrieueBi (rpadirosi) enekrpoau aiamerpom 6..30 mm i
3asroBXKU 200...300 MM abo BoabghpaMoBi eleKTpoau (TIpH 3BaprBaHHI
B iHepTHHX rasax) niamerpoM 1..6 Mm. [Ing 3BaploBaHHsI MNaBKUMH
eJIEKTPOAaMH 3 JIOKPUTTAM BHUKOPHCTOBYIOTh MeTaJieBi eNneKTpOoIH Ji-
ameTpoM 1,6...12 MM i 3aBIOBXKH 150...450 MM.

Puc. 12.1

CxeMa 3BapIOBAHHA €1eKTPOROM
3 NOKPUTTAM:
1 — 3BapHWi wWoe; 2 — TBEpAA WNakosa Kipka;
3 — piaxa wnakoea sanHa; 4 — raszosa axucHa atmocdepa;
5 — nokpuTTs enexTpoad; 6 — CTpuNEnb eNeKTPoaa;
7 — 3mapioBancHa fyra; 8 — PIAKA METANEBa BaHHa

Ilin yac pyyHOro 3BapIOBaHHS 3BapHUK MaHINYNIOE €NeKTPOAOM,
MATPUMYIOUM 3aJaHy JOBXMHY AYIH, MOJAE €JIEKTPOA Y AYLY, a TaKOX
nepeMililye Horo B3L0OBXK 3arctoBKK. CxeMa 3BapIOBAHHS €NeKTPOAOM i3
MOKPHUTTAM HapeaeHa Ha puc. 12.1. Jo ckinany NOKpHTTS BXOAATS:
ctabinisyioui (ioHi3yioui);

e [a30YTBODIOIOYI;

e 1IJIAKOYTBOPIOIOUI;

e DO3KUCJIIOBA/IbHI;

& JIETYIOYi KOMIIOHEHTH.

Cmabinizyroni — 1e CroayKu JYXKHHX i JyXHo3eMelbHHX MeTanis
(HanpHUKNaa Kpeia).

Tazoymeopioiowi KOMIOREHTH CNIPUSAIOTH (DOPMYBAHHIO 3aXHCHOrO ra-
30BOro cepeaoBHMLIa (IepeBHe i Xap4yoBe BOPOIIHO, LENION03a TOLLO).

Hlraxkoymeoproiowi KOMMOHEHTH 3axMIUIAIOTb €NEeKTPOAHMH MeTa,
MeTan 3BapIoBallbHOL BAHHM Ta raps4oro LiBa Bil BIVIMBY 1oBiTps {OKCHIU
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MeTaJliB Ta HeMeTaJliB — MapraHueBa pyna, THTaHOBa pyJa, KaoJiH Totlo).
Pozxucaoearshi KOMIIOHEHTH — 1I€ CMONYKH, WO MawTh Glibniy cro-
pilHeHicTY i3 KcHeM. BoHn HeoOXiaHi Aisi BUIATEHHA KHCHIO 3 BAHHM i
makiB (pepoMapratelib, (pepoTHTaH, (epocuniliit Towo). Jezyroui KoM-
NOHEHTH 3aCTOCOBYIOTH [UIs1 OfiepXaHHA HeobXimHoro xiMiuHoro cxnany i
BAaCTUBOCTE! 3BapHOrO 111Ba.

AT
RN USRAATA

oA RSOSSN

NN

N
A '
8 e
Puc. 12.2

OCHOBHI TUNK 3BAPHKX 3’€QHAHD:
o — BT 6 — Branyck; 8 — Taspoei; &8 — Kyrtosi; d — Topuesi

PyyHe enexTpoayroBe 3BapIOBaHHs edeKTHBHe NPU OAepXaHHi BCiX
THUMIB 3BapHUX 3’€AHAHDb {pHC. 12.2) i ocobn1BO NpH 3BapIOBaHHI KOPOT-
KMX, NepepuBYACTHX 1BIB ¥ BAXKOAOCTYNIHHMX MICLSIX, ¥ Pi3HHX NPOCTO-
POBHX NOJIOXKEHHsAX (puc. 12.3) 3a yMOB peMOHTY, JHOCHAHONO BHUpPOO-
HMUTBA, MOHTaXYy Ta OyaiBHULUTEA. [1py TakoMy 3BapioBaHRi 06’€M piako-
ro Merajly 3BaploBalbHOI BaHHM He3HauyHHii, TOMy MOXe YTPMMYBaTHCh

a 6 8 ]
Puc. 12.3

Poamiwennn weis y npocTopi:
a — HWWHE; 6 — BeprHKkanpHe; 8 — rOPHIOHTANLHE; & — CTenbose
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HaBiTb Ha BepTMKalIbHiil (puc. 12.3, ¢) abo crenwoBiit (puc. 12.2, &)
IUIOIMHI 33 PaXYHOK CWJl [TOBEPXHEBOI0 HATATY.

o HeaonikiB HboTO crHocoOy 3BaploBaHHs BIIHOCHATb BaXKi YyMOBHU
npaui (mpauoBaTH AOBOAMTHCA i3 3AXHUCHOK MACKOK) i HU3BKY Mpo-
IYKTHUBHICTb (lUBWIKICTE 3BapiOBAHHSI CTAHOBWTbL NEKIBKA METPiB 3a
FTOJHHY).

Puc. 124

Cxema aBTOMATHYHOTO 3BaPIOBAHHA
nia caocom:
! — enextpon; 2 — mexaHiaMm nogadi gpovy;
3 — nposigHuk ctpymy; 4 — danoc;

5 — ocHoanui metan; 6 — asaplosanvha " ! o
Ayra; 7 — 38apIOBANEHA BAHHA ; i, - BENN0y
8 = wnaxoea panwa; :
§ — 3BAPIOBANBHHA ULIOB;

10 — whnaxosa xipKa;

11 — ByHxep

Ilin yac aBTOMATHYHOIO 3BAPIOBAHHA Mix ¢uiocoM 3abe3nevyerscs
aRTOMATHYHE 3aManioBaHHA i NIATPUMYEThCH CTabibHUIL peXHM rOpiHHS
ayri. Tlogaya eneKTpoAHOro APOTYy i MeEpeMillieHHsl eleKTpola Mexa-
HizoBaHi (puc. 12.4),

T1pu 3BaploBaHHi Hill arOcoM AYTa 30YIKYETLCA MiX enekTpoaoM (1)
i OCHOBHMM MeTafoM (BHpoOoM) (5), i roputs nia wapoM duiocy (4},
AKMit HagXxoAuUTh B 30HY 3BaploBaHHA 3 OyHKepa (/7). Yactuna duiocy,
L0 OTOYYE AYrY, PO3IJIABITIOETRCS, YTBOPIOIOYH HAa MOBEPXHi po3ILUiaBie-
HOro MeTany ( 7) BaHHY pizkoro mnaky (&). Flpu nepemillieHHi AyrH MeTan
3BapIOBANIbHOI BAHHM KPHCTaNi3yEThCA 3 YTBOPEHHSAM ILBA (9), MOKPUTOro
Kipkoio (/0), 1o nerko BigainaeTbed. ©Al0C 3axuiiac ayry i 3saploBajibHy
BaHHY Bij1 oxHCNeHHA 3 aTMocdepH, 3abesneuye HopManbHe GOpMYyBaHHS
wBa, 3anobirac po3OpM3KyBaHHIO MeTany. KpiM 1iboro, crpyM MOXHa
nigBoauTH BesrnocepeIHbO K0 JYTH, 1O XO3BOSE Pi3ko 30iNbiLUTH Horo
HWIbHicTs (cTpyM 3BapioBaHHf 10 3000 A ta Ginbie). CKIaXOBUMHU
dntocy, 3anexHo Bif cNocody 3BapOBaHHs, € OKCHAW KPEMHIIO, THTaHY,
KanbL(ilo, MarHilo, MapraHip, 3aniza, a Takox ¢TopucTi i xjaopucri
CITOJIYKH (TUTaBHKOBUIt LLINAT, CUJIKAT MapraHuio TOILO).

ABTOMaTHYHe 3BapiOBaHHsl, TOPIBHSHO 3 PYYHHM, YMOXJIHBIHOE
3MeHLLeHHSI BUTPAT €J1eKTPOJHOTO MeTany B IBa pa3M, MiaABUlLEeHHS po-
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RYKTMBHOCTI Bzt 3 do 20 pasiB, noninuye yMoB npaui. Horo 3acrocoBy-
I0Tb 1A 3BapIOBAHHS OAHOTHUMHUX BY3NIB 3 JOBrUMM NpAMONIHIAHYMH Ta
KilbLieBUMH 11BaMM, JINCTOBHX KOHCTPYKLIHi 3 pi3HMX crajeil i cnnasis
KOJILOPOBMX MeTaiB.

HaniBaBToMaTH4He 3BapIOBaHHS BiIPi3HACTLCA Bill aBTOMATH4HOIO
THM, 110 T0fa4a eJIEKTPOAHOTO APOTY MexaHi3oBaHa, aje nepeMilleHHs
foro B3NOBX 1iBa 30iHCHIOETCA BPYYHY. 3BapioBajibHy BaHHY NpH LILOMY
3axHAoTb GiiocoM abo 3aXHCHUM ra3oM (aproHOM, rejlieM, IBOOKHCOM
Byrmewio). HamiBaBroMaTHuHO 3BapioloTh KOPOTKi Ta KPHBOJiHifiHI 11BH,
SIKi HeIOULTbHO 3BapIoBaTH aBTOMaTHYHUM 3BapIOBAHHSIM.

§12.3

Enexmpownaxkoee 38aploeaHNn

Eaexmpousaxose ieaprosanns (EIII3) — wuwe mnpouec 3’cAHaHHA
MeETaniB, NPH AKOMY pO3IUIaBJI€HHs 30H 3BapiOBaHHA OCHOBHOTO i enek-
TPOAHOTO MeTaNiB 3MiHCHIOETLCA TeIUIOTOI0, WO BHILTAETECH NPH NpO-
XOMX€HH] eJIeKTPHYHOIo CTPYMY Yepe3 1INaKoBy BaHHy (puc. 12.5). Ulna-
KOB2 BaHHa (Z) YTBODIOETLCA 33 AOMNOMOrOI0 3BapIOBAILHOI AYIM Ha
noyarky 3BapioBaHHsa. [Toxalouu ¢uiloc 10 Ayry, CTBOPIOETLCS 3HAYHMMA
Wap eJIeKTPONpOBIIHOrO ULAKy, MicAs 4Oro Ayra 3aHypIOEThCA B IIIAK,
CTa€ J0BIUOKO i HecTabinbHo. e NPH3BOANUTL 40 NPHUITMHEHHS TYTOBOTO
pO3pALy i 3aMUKaHHSA CTPYMY Y 3BapioBajibHOMY JaHuory. Piokuii wnak
HarpiBacThCA NPH NPOXOIDKEHHI €1eKTPHYHOIO cTpyMy. ITnarneHHs enek-
TpogHoro Apoty (3), iacTHHKM abo cneLianbHOro MYHALITYKA, 110 Noja-
10TbCA 10 3BaplOBajIbHOI BAHHU (4), 3abe3neuye TeraoTa neperpiroro (4o
2000 °C) mnaxky. YacTHHa TenaoTH BUTPAYaEThCs TAKOX Ha OIL1aBJIEHHS
KPOMOK (6) 3BapioBaHHX 3aroToBok (f).

Puc. 12.5

Cxema enexkTpownakoboro
3BaplOBaHHA:

1 — 3sapilosaMui MeTan; 2 — WNAKOMA BAHHA;
3 — enexrpopnmia ppit; 4 — meranesa BaHMa;
5 — 3sApIoBaNbNKA Wos; § — seanunnHa (1)
NPONNABAEHNA KPOMOK MeTany
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Ipouec ELI3 MoXIHBHIt NpH BepTUKATLHOMY PO3TalIyBaHHI 1UBa i
HIBKAXOCTI 3BapioBaHHA A0 5 M/rod. ButpatH Ba 1 M mBa, NMOpiBHSIHO 3
aBTOMATMYHMUM OYrOoBUM 3BapiOBaHHSM Mia ¢uiocoM, npHOaK3HO y 10
pa3iB MeHIUi 3a paxyHOK MiABHIIEHHSI NpoaykTWBHocTi (B 20 pasis),
ckopoyeHHa BuTpaTr ¢uiiocy (B 20...30 paziB) i CNpOLUEHHS MiArOTOBKU
kpoMok, EILI3 3acrocoByioTe Aisi 3’€dHAHHA TOBCTOJIMCTOBMX (ITOHAJ
20 MM) 3aroToBOK, BWIMBKIB, MOKOBOK i 3TMBKiB YaBYHY, CTalli, CIUIaBiB
KONbOPOBMX MeTaniB. 3BapilOBasfibHi 3’€IHAHHA MPH LbOMY MOXYTh OYyTH
dirypHHMHU, KpUBOJiHiIiHUMHU, nepeMidHoro mepepidy. Llell BuA 3Bapio-
BaHHSl 33aCTOCOBYIOTH [i11 BUTOTOBJIEHHS! BeIMKOrabapMTHUX KOHCTPYK-
i1, TOPOXHUCTHUX | CYUUTBHHX BaniB, MeXaHIYHKX i riipaBliyYHUX MpeciB
T4 NPOKATHUX CTaHiB.

§ 12.4

Hyaoee 3eaproaantisi 8 3axuchHii ammocgepi,
nnasmModyzoee 36apIoSaHHA

Ipu 3BapioBaHHi B 3axXKCHiit aTMocdepi 3BaplOBaNbHY OYTY, OCHOBHHI
MeTalt 1 eJIeKTPOo/ 3aXHILaIoTh B aTMoCc(epi rasy B kamepi abo cTpyMeHeM
rasy, fiKuit mopnalTb N0 Micls 3BaplOBaHHA CIELiaIbHUM ManbHUKOM.
Jlns 3BapioBaHHA BHKOPMCTOBYIOTb IUIaBKi M HerUlaBKi (ByTJielib, BONbG-
paM) eNeXTpOoOM, NOCTiIHHMYM | mepeMiHHMIA CTpyM mnpsiMoi (MiHYC Ha
e/lIeKTpolli). # 3BOPOTHOI TOASIPHOCTI. 3axMCHi aTMOCchepH MOXYTh OyTH -
iHepTHUMM (aproH, reniit) abo akTUBHUMMU (BYrNeKUcanit ra3, a3oT, Bo-
JdeHb). OCKiIBKH iHEPTHI Ta3M He B3aEMOiioTh 3 METANIOM i He PO3YUHSA-
10TLCS B HBOMY, XiMiYHHIA CKJIaJ 1Ba i 3BApOBAHOI0 MeTaly OJHAKOBHIt,
1o 3a6eaneuyye BHUCOKY SKiCTb 3BaplOBAIBHMX 3’€]HaHb. IHepTHi rasu
3aCTOCOBYIOTH U151 3BapIOBaHHS JIerOBaHUX craneif i crnasis Ha ocHoBi Ti,
Zr, Nb, Al, Mg 3aBroBuiku 9,1...100 MM, HaltrnowuMpeHiliie aproHoayrose
3BapIOBaHHS HeTUTaBKUM BONbhpaMoBUM eNleKTpoAoM. YacrTiilie 3aCTOCO~
BYIOTb AYTY TOCTIHHOrO CTPYMY NpsIMOi INONAPHOCT. 3aBAsSiKM LbOMY
3HaYHa OGiIbLICTh TEIDIOTH OYr'H BUTPAYAETHCS HA PO3IUIABJIEHHA OCHOB-
Horo Mertany. Ilpore nyra 3BOPOTHOI TOJNSIPHOCTI Ma€ IyXe€ BAXIIMBY
BIACTUBICTh — 3AaTHICThb OYHMILATH TITOBEPXHIO METAy Bill OKMCHHUX i
HITPMAHUX TUiBOK Ta iHWMx 3a6pyaHeHb. BinOyBaeTbcsi e OYMILEHHS
TOMY, 110 Y 30Hi KATOQHOI TUISMH Ha MOBepXHi BUpOOY 3aBASIKH KaTOQHO-
MY PO3NKNEHHIO N aicio 6GoMbapayBaHHSA MO3UTHBHUMH iOHAMU PYHHY-
I0ThCA OKCH/HA T2 HITPHUIHA MMAiBKU Ta BUIAISIOTHCA iHIUI 3a0pyAHEHHS.
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10 BAacTUBiCTb Ayrd 3BOPOTHOI MOJNSPHOCTI BUKOPHUCTOBYIOTh IS
3BaplOBaHHA (Ha 3MIiHHOMY CTDYMi €JeKTpOAOM, 11O He TLIaBUTHCH)
anoMiHisi, MarHisi Ta iHIOWX CTLTaBiB, NOBEPXHA SIKWX BKPHTa TYrorab-
KOIO IAIBKOIO OKHCJIIB i HITPUIIB, IO He PO3IUIABAIOIOTLCA | THM CaMUM
NepeliKoKATh 3’€AHAHHI0 KPOMOK 3BaplOBaHUX eJleMeHTiB. 3MiHHMIA
CTPYM Ja€ 3MOry B OJHOMY 3 HamiBnepioiB OYMILATH TOBEPXHIO, 4 B
iHILOMY — PpPO3IUIaBASATH OCHOBHHIt MeTat i 3MEHILIYBaTH HarpiB Boab(d-
PaMOBOTO €/IEKTPOAA.

SIKicHi 3 ’€/\HaHHsI HU3KH CIUIaBiB OePXYIOTb T4KOX i B CepeloBMIL
aKTHBHMX ra3iB, 9Ki B3aEMOIIIOTh 3 METAIOM. 3BapIOBabHOl BaHHH. Tak,
GINBIIICTL MAPOK KOHCTPYKLIMHMX cTasieil 3BapIoIOTh ¥ cepeJOBHILIE BYT-
Jiekucnoro rasy. Hanxonosiuu B 30HY BMCOKHMX TeMnepaTtyp IOyrH, BiH
YACTKOBO JIUCOUIIOE 3 BHIiIEHHSIM aTOMapHOTO KHMCHIO. [ 3axucTy Bin
OKHCIIEHHSR 3aCTOCOBYIOTH 3BapIOBAJIbHHIA APIT i3 NiABHIIEHHM BMICTOM Si
i Mn (1...2 %), sKi BiTHOBJIIOIOTE OKCHAH 3adisa. TIpH 1pOMY NMpoaykTH
peaxiii CILTHBAIOTh HAa MOBEPXHIO WIBA Y BUIAAI winaKy. Ilin yac takoro
3BapKBaHHs HaifyacTille BUKOPHUCTOBYIOTH AYTY 3BOPOTHOI NONSPHOCTI.

Y pasi 3BapIoBaHHs B 3aXMCHIi aTMocdepi 06’€M BaHHM HeBelUKMit i
BOHA IIBHLIIE 0X0JoaXyeTbeAl. Lle nae aMory, Ha BiIMiHy BiA 3BapIOBaHHsA
ma daocoM, 34iHCHIOBaTH Npollec ¥ BEPTUKATbHOMY Ta MepeBePHYTOMY
NOJIOKEHHAX, 110 BeJIbMH BaXNWBO NMpH 3BaplOBaHHi Tpyo ychc aBToO-
MAaTHYHOIO 3BapIORATLHOK TOJNIOBKOIO.

I'lpu TUTa3MOZYTOBOMY 3BapIOBAaHHI MeTany mxepenom TEIJIOTH €
CTPYMiHb rasy, iOHi30BaHOTO B JAy3i, fiKa Mill 4Yac 3iTKHeHH$ 3 MeH
HarpiTHM TiNOM J€iOHI3YETHCH 3 BUAVIEHHAM 3Ha4YHO1 KiNbKOCTI TEIJIOTH.
Lle nac niacTaBy BBAXAaTH ii CAMOCTIitHUM JKepenoM HarpiBaHHa. Temne-
paTypa CTpyMeHsl TUIa3MM 3JIeXMTb Bill CTYNeHs ioHi3auil rasy. Bng ii
NiABMUIEHHA BHKOPHUCTOBYIOTE CTOBIN CTHCHYTOI IYTM, TOOTO OyTH, 1O
TOPUTD Y BY3bKOMY KaHali, yepe3 IKMi RiJl THCKOM MONAoTh ra3 (aprox,
a30T, BOJEHDb), THM CAMHMM 301NbIIYIOUH CTYNiHbL OOTUCKYBAHHSA. 3a TaKUX
YMOB TeMIiepaTypa rasy B ctoBni ayrd jocsirae 30 000 °C. Ieuepatop
TUIa3MHM (10HI30BaHOTrO rasy) HasWBaloTh niasMomporom. OCTaHHIM YacoM
CTBOPEHO MNNAa3MOTPOHM, B SIKMX 3aMicThb aproHy i aproHo-BOIHEBO1
CyMillli 32CTOCOBYIOTH AellleBLINi BYIJIEKMCIHIA ra3.

€ OBa BapiaHTW BUKOPUCTAHHSI CTPYMEHS IUla3MH: e CYMillEHHI 3
JIyrol, fiKa TODMTb MiX BOJLPPAMOBUM. eNeKTponoM (XaToaoM) i
BUpoOOM (aHOOOM); e BiIIOKpeMJeHO BiZ Ayry. 3a reputiM BapiaHTOM
3AIACHIOIOTE TepMiYKe pi3aHHs, 3a APYTMM — 3BaplOBaHHs, HarUlaB/IeHHs
i HamuneHHA. OcraHHit BapiaHT 3aCTOCOBYETbCA TAKOX A poboTH 3
HeeJIeKTpPONpoBiAHHMH Matepianamu. Ilpu LEOMY WIBHAKICTD I11a3MOBOTO
3BAPIOBAHHSA  BYIJIELeBHX cTaneil nocsAra€e KiTbKOX COTEHb MeTpiB 3a
TOAMHY.
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§125

38apo8aHHs eNNeKMPOHHUM | nazepHUM
npoMeHeM

3BaplOBaHHA EJIEKTPOHHUM MpPOMEHEM BIIHOCHTB IO 3BapIOBaHHsA
w1apneHHaM. I[IpoTe, Ha BIIMiHY Bil AYTOBHX MeTOMIB 3BapIoBaHHS, Horo

3aCTOCOBYKOTh ¥ TMTHGOKOMY BakyyMi (107 2 104 I1a) 3a ymoB nediumnty
iOHiB, 110 NMepeHOCHTs eNeKTPUUHHIT po3paid. I3 uiel npruMHU AyroBHH
€JIeKTpHYHHH po3pal y BakyyMi HeCTilKHH.

IMpu 3BaploBaHRi y BaKyyMi 3aTOTOBKY PO3MilLYIOTh Y KaMepi. [Ixepe-
JIOM Tef1a € MOTiK NPUCKOPEHMX eJteKTpoHiB. 1l BMAKICTD eJIEKTPOHIB, 110
IOpiBHIOE TIPKOIU3HO TONOBWHI IWUBWAKOCTI CBiTNa, 3abe3rneuyeThCest
BHMCOKOI HNpHcKoploBansHol Hanpyrow (10..150 kB) Mk karozom i
aHOAOM (3aroToBKoOIG). ENeXTpoHU, AKi BUNIPOMIHIOE KaToA, MPUCKOPIO-
I0TBCS | KOHLEHTPYIOThSH B rpoMiHb (niaMerp qo 10 Mxm), mo SoMbapaye
Metan. IIpM HbLOMY B Mpolieci raneMyBaHHS, BHACJIZOK Mepexoxy
KiHETHYHOI eHeprii B TETUIORY, BUAUTSIEThCA TennoTa. TeMnepaTypa y MicLi
3BapioBaHHA gocarae 5000...6000 °C. lle Hanae npoMeHI0 BUCOKOI 3aaT-
HOCTi 10 MpOIUIaBAeHHS, fIKe Ja€ 3MOry 3a OAMH TIPOXill 3BapriOBaTH
3aroToBKH 3aBTOBUWIKM A0 50 MM Ta OTpHMYyBarM WIBM MiHiMaNbHOI
INUPUHH, IO BUKIIOYAE BHUKPUBAEHHS 3aroToBOK I[IPH 3BApIOBaHHI.
CniBBiTHOHIEHHS LIMPUHHU Ta [AUOMHM 1B Aocsrae 1 : 20 (ayrose 3Ba-
pIoBaHHs 3a0e3nedye 1ie chniBBifHOIIEHHS B Mexax 1/3...1).

3BaploBaHHs €JIeKTPOHHHUM MpoMeHeM 3abesrneuye HailBHIUILY fKiCTb
3’e¢AHaHb OyIb-AKYX METaNiB, 30KpeMa TYrofjaBKMX i Takux, Lo
OKHCIICIOTLCA TIpY MiABUIIEHUX TeMnepatypaX. Bucoka KoHUeHTpauis

HarpiBy B GoKyci npoMeHa (1o 5 x 10? BT/CM2) Ja€ 3MOry Takox npobu-
BaTH oTBOpH B candipax, pyDiHax, anMa3ax TOWIO, 3BaplOBATH HEOIHO-
piaHi MaTepiany (MeTanM i HeMeTanu) 3asroBluky 0,01...100 MM 3 pisHUMMK
TeMnepaTypaMM [UIaBJIeHHsI Ta iHIUMMM TerutodisuyHUMM XapakTe-
PUCTUKAMH,

ITpu na3epHOMY 3BapIOBAHHI [KePeSIOM TeTUIOBOI eHeprii € MOTYXKHUI
CKOHLIEHTPOBaHHI CBITIOBMIT MPOMiHb, SKHH OEpXYIOTh Y CTIELIATbHUX
ycTaHOBKaxX — Jasepax. HafinowmpeHiliMMU € naszepH 3i WITYMHUM
pybinoM (puc. 12.6). Takuii nadep cxknafgaerbcss 3 LUWITHIPUYHOTO
pybiHOBOro cTpuXHs (1), iMIYNIBCHOL KCEHOHOBOI JIaMIH (2), NiH3U (4)
Ta OXOJIONXYBANBHOL cUCTEMH (J).

Topili CTpHXHS BiATosipoBaHi it nokpuri cpibnoM. OAVH i3 HUX, IO
CTIpHAE BHUXOMY CBITNIOBOTO MPOMEHS! Ha30BHi, YacTKoBo Mnpo3sopui. Iix
yac poGOTH KCEHOHOBOI JaMIT1 aTOMU XpoMy pyGiHOBOTO KpMcTana nepe-
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XOOSATh i3 HOPMAILHOro CTaHy B 30yIKeHU, 3 iHUIHM eHepreTM4HHM
piBHeM. IlpoTe Yepe3 AeKinbKa MUTiCEXYHI BOHM 3HOBY NOBEPTAIOTLCS IO
HOPMAJIBHOTO CTaHy, XaOTUYHO BHUIPOMIiHIOIOYM (OTOHH 4YepBOHOro
cpitia. TloTiK ix y300BX 0Ci CTPUXHS BHKJIMKAE BUNPOMiIHIOBAHHS HOBHX
doToHIB, SIKi NoNepeMiHHO BiIA3EPKAMIOIOTHCS Bill TOpUEBHX rpaHeid,

:
£
.S
i
#
4
:
4

Puc. 12.6
Cxema fasepHOro 3sapioBaHH::
7 — py6GinoBHi CTpMXEHD; 2 — KCEHOHOBA AaMNa;
3 — cwerema oxonomgmenna; 4 — ninsa;
5 — cchoxyCOBAHMA NOTIK MOHOXPOMATHUHORO CBITAA;
6 — Bupib

36inbIYI0YH iIHTEHCHBHICTb 3araibHOTO BUNPOMiHIOBaHHA. IIpH Hakomu-
YeHHi NeBHOTo piBHA (POTOHIB BOHM Y BUIIIAAI NMOTOKY YEPBOHOIO KO-
AbOpY NPOPUBAIOTECA Kpi3b HaNiBNPO30pU Topellb CTPMXHS HA30BHI.
IMpoxonsuu Kpisb JiH3Yy (4), npomiHb (5) dokycyerbcsi Ha BUpIO (6).
TpuBanicTb IMNYJIBCY Na3epPHOTO TPOMEHs JOPiBHIOE THUCSYHMM |
MinbHOHHMM 4YacTkaM cekyHAM. [luToMa TMOTYXHICTh Jazepa MOXe

NepeBUILYBaTH 10'¢ BT/CM2. Tlig yac KOHTaKTy NMpOMeHS 3i 3BaplOBaHUM
BUpOGOM BMIAUIAETBCS TEIUIOBA eHeprisl, TeMIlepaTypa B MiClUi CTHKY JO-
carae 6000 °C.

JlazepHe 3BaplOBaHH$ Aa€ 3Mory oOpoGnaTH BHPOOM B OVIb-SIKOMY
cepeloBMILI (BaKyyMi, rasi, MOBITpi), 110 Nepelae NpoMiHb CBiTia. JleTani
MOXHa PO3MIllyBaTH B aMITyjiaXx. 3aBIsIKH BOJIOKOHHIiH ONTHLIi NPOMiHb
MOXHA CNIpAMOBYBATH Y BAXKOAOCTYITHI MiCLisl, TPUMIILIEHHS 3 BUCOKOIO
panioakTUBHICTIO Towo. HaltmouinbHillle Jla3epHe 3BapiOBAHHSA 3aCTOCO-
BYBAaTH A/ MiKpo3’€lHaHb, BUTOTOBNEHHA MIiKpOOTBOPiB, Pi3HHX KOM-
TIO3MLLK MeTaniB 3aBTOBIIKH 10 0,5 MM, Y MiKpPO€IeKTPOHIiLli.
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§12.6

laioee 3eaproeanHs ma piaaHHa memany

OCHOBHHH | NpUcAIHKH MeTalH Mil Yac ra3oBOro 3paploBaHHS PO3-
MWIAaBJITIOIOTHCS! TEIUIOM Ta30BOT0 TOMYM’sl, sIKe OHEepXYIOThb Bill 3rOPSIHHS
rOpIOYOro ra3dy B CyMillli 3 KHCHeM. [a3oeum pisaHHamM Ha3UBaIOTb TIPOLIEC
CNaNIOBaHHA MeETANiB ¥y CTpyMeHi KMcHI0. Haityactille nanvBoM €
auerunen (C,H,), iHomi — BoaeHb, HadTOBI rasu, napu GeHsuHy abo
racy. [Ipy criajoBaHHi aueTWIeHY A0CATaloTh HalBMUIOL TeMNepaTypu
3200 °C. OnepxyoTh aUeTWIeH Y clieliantbHUX reHepaTopax Np#u B3aEMO-
aii xapbiny kampuito (CaC,) 3 Bomow. 3 1 Kr Kap0iny YTBOPIOETBCS
npubau3Ho 300 11 aueTIeHy.

Puc. 12.7

CxeMa iHKEKTOPHO-3BAPIOBANBHONO
AUETUNEHOBOTO NANMBHHKAL
1 — wmynauwryw; 7 — MK; 3 — P
asiluysantn; 4 — HaMepa PO3PAIPKENNA;
5 — immexTop

QOcHOBHMIt IHCTPYMEHT ra30BOro 3BapiOBaHHA — HAAbHUK — TIPU3HA-
yeHUR A9 3MilUYBaHHS y MEeBHUX TMNpOMNOpUisX raly Ta KUCHIO. 3a
TNPUHLIUIIOM JIil MANLHUKHK MOALIAIOTh Ha. @ iHXEKTOPHI HU3BKOIO TUCKY
(32 THCKOM alleTHIEHY); o Oe3iHXEeKTOpHi piBHOrO THCKY (3a TUCKOM
alleTHJIeHy Ta KMCHIO). PO3pi3sHAIOTE TaKOX ORHO- i OaratromnoiayMmeHeBi
nanbHUKYM. HafinommpeHiMM € iHXEKTOpHO-3BapiOBaNbHMA IMaNbHMK
{puc. 12.7), mig yac pobGoTH SKOro KHceHb 3 OajioHa HaAXOAUTHL 10
imKekTOpa (5) i 3i 3HAYHOIO IIBHAKICTIO BMTIKA€ 3 KOHYCHOIO OTBODY
iHXeKTOpa, 10 CTIpUSIE CTBOPEHHIO PO3PS/DKEHHS B KaMepi (4). 3a paxy-
HOK LBOTO alleTHJIeH, HIO ITOAAETHCA MPH HH3BKOMY 3a/THILIKOBOMY THCKY
0,001...0,005 MIlIa (0,01...0,05 aTt™), 3aCMOKTYETbCS 0O KaMepH 3Milily-
BaHHA (3), YTBOPIOIOYH CYMilll, iKa HaAXOAWTh 10 HaKOHeYHMKa (2) i Mpu
BHMXOAi 3 MyHaIuTyKa (1) nianamoeTbes.

IMoumpeHuM crocoGoM 3’€HAHHS e€leMEHTIB PH ra30BOMY 3Baplo-
BaHHi — € 3BaploBaHH$l BCTHK. MeTo/ ra3oBoro 3BapioBaHHS 3abe3nevyye
TUIaBHE HArpiBaHHs i TIOBUIbHE OXONOMXKEHHS1 BHpOOiB. 3acTOCOBYIOTH
#oro nis peMOHTHHMX poOiT, IPH BUTOTORAEHHI BUPOOIB 3i cTani ¥ cruiasiB
KONbOPOBUX MeTANIB, JUIS1 HAILIABKK TOMIO.

Hpx 3papioBaHHi CTali ra3oBe NOJYM’d BiANOBila€ CHiBBiAHOLIECHHIO
0,/C;H; = 1, npu 3BapioBaHHi JaTyHi BHKOPHCTOBYIOTh OKHCIIOBATBHE
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noaym’ss (O,/C,H, > 1), npu 3BapioBaHHi 4aBYHIiB i KOJIbOPOBHUX MeTa-
NiB — HaByreuboByBasibHe noaym’s (O,/CyH, < 1), Kpim uporo, ans
3BapIOBaHHS KONbOPOBUX MeTaNiB BUKOPHCTOBYIOTh (DIIOCH.

TazoBuit pi3ak BiIMiHHMI1 BiJl 3BapIOBAILHOTO NAAbLHMKA THM, WIO
HOro HakOHeYHWK YTBOpIOE MPAMUM KyT 3i cTBOJIOM pi3aka. BiH Mae
TaKOX A0AaTKoBy TpyOy Misl moaadi KMCHIO Kpi3b LIEHTpaibHUM OTBIp
MYHALTYKa (pHc. 12.8).

3 Puc. 12.8
Cxema rasoxucHeBoro pisaHus
metanie:

.
AN o ,
“ 1 — CTPYMiHb Pi3anbMOro KHCHIO; 2 — NORYM'S;
"f\ 3 — metan aupoby; ¢ — 30Ha pisaHHe;
5

5 — poannasneHi oKcHaN

PizaHHA NOYMHAIOTH 3 HarpiBaHHsA Metany (J3) y BuxiaHii To4ui pi-
3aHHA OO TEMIlepaTypd 3IOJNYM’SHiHHS MeTany B KHCHi. Meran Harpi-
BalOTh NOJYM’SIM (2), sIKe YTBOPIOETLCS TIPH 3rOpPAHHI alleTWIeHY B KUCHI,
Konu temnepaTypa minBUILyETbCS 0O MOTPIOHOI, BNYCKAalOTh CTPYMiHb
pizasibHoro kucHio (7). Ilorpamnsiioud Ha MeTan, LIO HArpiBcs, KHCEHDb
3anamnoe Horo. PosmniapneRi OKCHAM (5), ILO YTBOPIOIOTBSS, 3aX0IUTIOI0Th-
cl CTPYMEHeM KHMCHIO i BUHOCATBCA 3 30HM pi3aHHA (4).

T'a30BoMY pi3aHHIO NMiTAAIOTH JIM1le MEeTANH, L0 Bid{IOBIIAIOTh TIEBHUM
BUMoraM. PosrisiHeMo OCHOBHi 3 HUX. TeMilepaTypa IiaBleHHsl OKCHIIB
Mae 6yTH MeHHIOI0 32 TeMIlepaTypy IaBlIeHHS MeTally, a TeMreparypa
TUTaR/IeHHS MeTaly Ma€ MepeBUIIYBaTH TeMNEPATypy TOPiHHSA LbLOTO Me-
Tany B KMCHi. JIns razoBoro pizaHHs HalGinell NpUgaTHi 3a1i30 i
3anizoByrneuena ctans (C < 0,8 %). [na o6po6KH BHCOKONErOBaHMX CTa-
Jie¥, YaByHiB, MiJli, JlaTyHi Ta GpOH3Y BUKOPHCTOBYIOTE KHCReBO-(NIOCOBe
pizaHHA. Toai 1o 30HU peaklii JOAAaTKOBO BBOIATH MOPOHIKY (AKOCIB Ha
3ani3Hii ocHOBI. ['opiHH#A LKX (fociB Jae OAATKOBE TENO, KPiM 1ILOTO,
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YacTKH ONIOCY CTpUSAIOTh MeXaHiYHOMY BHALIEHHIO 3 FIOBEpXHi poapisy
TYrOnJiaBKUX OKCHIiB. PO3pi3HAIOTL TPYU TUNM KUCHEBOIO pi3aHHA:

e po3NOALIOBANIbHE (PO3KPOIOBAHHS MeETany);
e nosepxHese (U1 YCYHeHHSs NoBepXHeBUX JedexTis);
e pi3aHHs /Ui OfepXaHHs OTBOPIB y BUpoDax 3 MeTany i GeTOHY.

§12.7

EnexmpuyHe KoHmaxmHe 3eaplosaHHs

Erexmpuune xonmaxmue 36apiweanns — Ue NPOLEC YTBOPEHHs He-
pO3’€EMHOFO 3’€AHAHHA 33 PaXYHOK 34YeIUIeHHS aTOMiB MeTaly, fKe
3MAIACHIOETLCS 38 NIOKAIBHOTO HarpiBaHHS JieTaneil eleKTPUYHUM CTpY-
MOM 3 0DOB’SI3KOBMM HACTYITHHM iX CTHCHeHHsIM. Take 3BaplOBaHHS
MOXHa 31ifiCHIoBaTH 0e3 po3IUIaRZIeHHSI MeTaly (Nnpd HarpiBaHHi 10
MJIACTHYHOrO CTaHy) abo 3 JOKaAbHUM PO3MIaBAEHHAM Y 30HiI KOHTAKTY.
Cepen 6araTboX pi3SHOBMIIB €JIEXKTPUHYHOTO KOHTAKTHOIO 3BaplOBAHHS
BMILNAIOTH TaKi OCHOBHI TUITH:

* TOYKOBE;

* UIOBHE;

¢ CTHKOBE.

)
N\
[ 3
2P
a 6
Puc. 12.9
Cxemu aBo- (@) Ta OQHOCTOPORRBOrO (6) TOHKOBOro
3BaploBaHHs
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Tlp# IBOCTOPOHHBOMY mo¥Ko6oMy 3BaploBaHHi (puc. 12.9, @) gerani
(1, 2) poaMilLy10Th BHATIYCK OHA Ha OJHY, 3aTHCKYIOTb i3 3yCHUIAM P
MiX JBOMAa MiIHHMM eNeKTpoAaMH, AKi NiABOAATH CTPYM JI0 Micus 3Ba-
proBaHHs. [lpyM ABOCTOPOHHBOMY 3BaplOBaHHiI M HarpiBaHHi Gepe y4yacTb
yBech CTpyM. IIpM OIZHOCTOPOHHEOMY — CTPYM PO3NOAUIAETLCT MiX

AP

Puc. 12.10
Liukn poBoTH KOHTAKTHO! TOUYKOBOI
3BapIOBANILHO! MALLHHY:
» f — c1pym, A; P — 3ycnans ctucxysauur, MlMa;
t t — uac 3BaploBaHnA, C

P

BepxHBOIO () i HIKHBOMW (2) 3aroToBKaMH (puc. 12.9, 6) Ta MAKIALKOIO
(3) 3 mizi. [Ip¥ ONHOCTOPOHRLOMY 3BapIOBAHHI 3BApICIOTHCH MBI 3aro-
TOBKM, 3 IPM 1BOCTOPOHHBOMY — Bi-4OTHPH. 1S IPOKOBYBaHHS TOUKH
3BapIOBaBHA IOAAaTKOBO 30UTbIUYIOTH TMCK (puc. 12.10). Tiamerp ToukM
3BaplOBaHHA {d;) BU3Ha4aloThb 3a PopMyJoI0

d, =28+ 3 MM,

Jie & — TOBIUMHA 3BAPIOBAHOTO JIUCTA, MM.
PexoMeHloBaHa BiICTaHb MiX 3BapIOBALHMMM ToukaMu L=2,54d.

Llelt BUA 3BaplOBaHHS 3aCTOCOBYIOTH MUIA 3'€HAHHSA JIMCTOBHUX KOH-
CTPYKUi# 3 ByrieleBuUX i IeroBaHUX CTaJiei, KOLOPOBHUX MeTaliB.

IIpn wosromy (DONMKOBOMY) 3BaplOBaHHI MiX 3aroTOBKaMM YTBO-
p1oeTbes MILHMH 1 IWBHUHA 1W0B. CxIalaeThCA BiH i3 HU3KH NOCHiTOBHO
pO3MillieHHX TOYOK 3BapIOBaHHA, fKi YaCTKOBO HAKNaJalOThcH OJHa Ha

P

Puc. 12.11

i CxemMa WOBHOTO ABOCTOPOHHLOIO
3BapIOBAHHA:
1 — ancxosi enextponn; 2 — 3eaplosanvhe RAPO;
3 — pxepeno crpymy; 4 — Bupib
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TexHONOFIR 3B3PIOBIAHHA

onlHy. Takuit BUA 3BapIOBAHHSA TAKOX MOXe OYTH OHO- Ta ABOCTOPOHHIM.
CxeMa JBOCTOPOHHBOTO 3BApIOBAHHA 300paxeHa Ha puc. 12.11.
OCHOBHi TeXHOJIOTIYHI LMKJIM MpPOLECY LIOBHOIO 3BApIOBAHHA TaKi:
» 3 Ge3nepepBHAM BMHKAaHHSM CTpyMy (pHc. 12.12, a); 3 nepepuBYacTUM
BMHKaHHAM (puc. 12.12, 6). Tlepumit 3acToCOBYIOTH A1 3BapOBasiHSA
KOPOTKHMX BB MET&IiB, AKi He CXWIbHi [0 3pOCTaHHA 3epHa i 3MiH

1AP ! AP 1 1
/ /L L
X X
T e
a 6
Puc. 12.12

Luxn pobotu wosHoro ssapiosaHHa 3 GeanepepsHum
(0) i nepepuByacTUm (6) BRAICUEHHAM CTPYMY:

{— ctpym, A; P — 3ycnnnn ctuekysanus, MMa; # — uac asapeosanms, ¢

CTPYKTYPHM NI 4Yac HarpiBaHHsl, a XpYTHil — LTS 3BapIOBaHHS JOBIHX
HIBIB MeTaniB, ANf sIKUX neperpiB HebGe3neuHuit (Heipxasiroui cradi,
CILIaBH aTIOMIiHIIO).

lorHe 3BaploBaHHA 3aCTOCOBYIOTH NPH BUTOTOBAEHHI TOHKOCTIHHMX
eMKocTeil ang 36epiraHis i TpaHCNOPTYBaHHS PiaMHU aGo rasis, a TAKOX
Y BUpOOHMILITBI TOHKOCTIHHUX TpYO.

Cmukoge 3BapIOBaHHSl 3RIHCHIOETECA MPH TUTACTHMHOMY JedopMy-
BaHHi 3aroTOBOK, HarpiTMX y 30Hi 3BaploBaHHst (puc. 12.13).

[Nepen 3BapioBaHHSM 3aroTOBKH OYMIUYIOTh Bill OKCHUIOHOI [LTiBKH,
MeXaHYHO 00poOMBIIM iX, BIUIBHO MiAraHA!OTh TOPL OMUH IO OHOTIO.
Ha no4atky 3BapioBaHH# 3arOTOBKHM CTHCKAKOTh, a MOTIiM BMUKAIOTh eJleK-
TPHYHMIt CTpYM, Mif Ai€l0 SKOTo Micust 3’€AHAHHA HarpiBalTLCA N0
IUIAaCTHYHOIO CTany. Y Mpolieci 3BaplOBaHHA 3aroTOBKH [POJOBXYIOTH
NPUTHCKYBATH, CTUK MOTOBIUYETHLCSA 1 BinOYyBAa€eTHECA 3BAPIOBAHHA MO BCii
TUTONIHHI KOHTAKTY.

Puc. 12.13

Cxema KOHTAKTHOMO 3BAPIOBAHHA m
ONoPOM
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TexHonoria BWrOTOBAEHHA BUPOGiB

CTHKOBe 3BapiOBaHHSA 3 OIU1aB/eHHSIM — L€ BWI KOHTAKTHOIO 3Ba-
PIOBaHHSI, TIPH AIKOMY 3arOTOBKH 30JIMXKYIOTb, KOJIM CTPYM BXe BBIMKHYTO.
BHaciinox uboro Ha TOpLUsSiX BUHMKAIOTD AYTOBi pO3psau, siKi ONNaBiIsioTh
MeTan. [licns OIUIaBAeHHs 3aroTOBKM LUBKHIKO NMPHUTUCKYIOTH TOPLAMH
(npouec ocaKyBaHHs), OIU1aBIeHUt MeTat BUTUCKYETLCS 3 30HU JIOTHKY
A yTBOpPIOETLCA 3BapioBalbHe 3’€IHAHHS IO BCil IUIOLIMHI KOHTAKTY.
MakcuManbHa nolla nepepisy, Lo 3BaploeThesl, — 10 6 X 10* Mm2. Lum
crocofoM JleTKo 3BapiOIOTh Pi3HODIIHI MeTanu pi3HMX [epepisiB.
IIInpoko 3acTocOBYIOTb CTHKOBEe 3BapIOBAaHHA Pi3anbHOrO iHCTPYMEHTY,
3aJ1i3HMYHMX peiiok, Tpy® MaricTpanbHMX razo- i HabTonpoBOaIB.

§12.8

3saproeaHHs mepmsiM, 2a30npecyeatHamM,
Oucpyiiine 3gaproaarts

Crnoco6y 3BapioBaHHSA TePTAM i ra3onpecyBaHHAM HAJIEXATh 1O 3Ba-
PIOBaHHS THCKOM i BiAPI3HSIIOTLCSI BOHY JIMILE JKepeaoM TervioTH. 3ea-
prosannn mepmam (pyuc. 12.14) 30iCHIOOTH ¥ TBEpAOMY CTaHi, BUKOPHCTO-
BYIOYM TEIUIOTY SIK HACJiOK TePTsl TIOBEPXOHb 3BapIOBAHUX ejIeMEHTIB.
Crio4yaTky npH iIXHbOMY 0OepTaHHi Ha NMOBEpXHAX METAHB PYHHMYIOTHCH
OKMCHI TUTiBKM, ¥ MexaHiyHa eHeprisi NepeTBOPIOETLCH HA TeTUIOBY.

Ilpy ubOMY JOKalbHe NiABMILEHHS TeMIlepatypu pocsirae 950...
..1300 °C. Jocsarum HeoOXiZHOI TemnepaTypM, BIAHOCHMI pyx 3Bapio-
BaHMX eJleMeHTIB Maii)Xe MUTTEBO NPUITHHSIOTD, 1 A0 HArPITUX HEPYXOMMX
Jetaneil nigBoASTL CTMCKANBHI 3ycMansi. Ilpu 3papioBaHHi TepTaM,
NOPIBHSIHO 3 eJIEKTPUYHUM, BUTPATH eHeprii 3MeHUIyIoTbeo ¥ 5...10 pasis.
IlepeBaramMy LbOro BUAY 3BApIOBaHHS € €KOJIOTiUHICTh, BIACYTHICTD ra3zo-
BHAUIeHb i BUNPOMiHIOBAaHHA. 3BapIOBAHHA TePTAM 3aCTOCOBYIOTH S
3’€HaHHs OJHO- Ta PiZHOPIZHKWX MeTaNiB (CTaib 3 allOMiHIEM), BUTOTOB-
JIEHHS pi3aJIbHOr0 iHCTPYMEHTY, BaliB, ILITOKIB TOLLO.

A ~

_AP - -

% \ Puc. 12.14

Cxema 3BapiOBaHHA TepTAM
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[1pu 3BapoBaHHi ra3onpecyBaHHSIM TopHi 300 KPOMKHM 3aroTOBOK
HArpiBalOTh MOJIYM’sIM MalbHUKIB A0 TUTACTHYHOTO cTaHy abo o onnas-
JIeHHSI, Mics YOoro 3aroToBKHM NPUTHUCKYIOTH OAHY 10 oaHoi. [lepeparoio
ra3o0MnpecoBoro 3BaploBaHHs € TJIABHI pexXHMH HarpiBaHHA i1 OXOJIoIKeH-
Hsl, BOHO TNpUAATHe # NSl OpoBedeHHS PEMOHTHMX poOIiT BeJUKHX
00’cxTiB. IIpoTe Yyepe3 HKU3IbKY NPOAYKTHBHICTD i CKIAAHICTb OCHALLIEHHS
3aCTOCYBaHHs LibOTO BHIY 3BaplOBAaHHA OOMeXeHe.

CytHicTb AM(Y3iHHOTO 3BaplOBAHHA 3BOIHTLCH 1O CTBOPDEHHSI YMOB
VTS MAKCUMATBHOL IIBHIKOCTI AU@Y3ii Ha MeXi KOHTAKTY 3BaplOBailbHHX
JeTajeii, YTBOpeHHsl HOBUX 3epeH, fIKi HaneXaTb BOOHOYAC KOXHOMY 3
MeTaJliB, WO KOHTAKTYIOTh. st boro TeMmepartypa Mae 6yTH Takolo, o6
30eperTd TBepAMit CTaH MeTaniB i MAaKCMMANBbHO MiABUIUMTH IUBUIKICTh
IMdy3iHHNX NpoLECiB; THCK Mae OYTH HIDKYMM 3a MOPIT TeKy4ocCTi;
BaKyyM 3aCTOCOBYIOTh /151 38XWUCTY Bil OKMCNEHHS. 3BaploBaHHA 3miii-

CHIOIOTH Y Bakyymi (107 t 1073 ITa) aGo B atMocdepi iHepTHHUX rasiB,
Harpitix 10 400...1300 °C nix Tvckom ao 10...20 MIla. 3sapiosani MeTanu
HarpiBalThb iHAYKLIHHUMHK CTpyMaMHu BHCOKOI YacToTH (1o 600...800 °C),
elleXTpOHHUM abo naiepHUM MpoMeHeM. TeMniepaTyp y UbOMY iHTepBasi
cnpusioTh eheKTUBHOMY PYHHYBaHHIO OKCHAHUX TUiBOK, ILILTSHUH KOH-
TAKT NOBEPXOHb MeTaNliB rtoseriurye nepebir Audy3iifHUX IIPOLIECIB.

JudysiilHe 3BaplOBaHHS YMOXUIMBNIOE 3’€IHAHHS OTHOPIAHMX i pid-
HOPiJHHUX METaJliB Ta IXHIX CINaBiB, a TAKOX MeTaIOKepaMiYHUX BHpoOiB
3 MetanaMu. Jlo rmepeBar LbOro ¢nocody 3BaprBaHHs Cill BIIHECTH MillHe
3’¢aHaHHA Oe3 NoMiTHUX 3MiH (i3MKo-MeXaHIYHMX BJACTHBOCTEH y 30Hi
3BapioBaHHs. [TpakTHYHO BMKOPHCTOBYIOTH IBa PidHOBMOH TEXHOMOLI:

o 0e3 NpoMiXKHOro 1apy (1714 OQHOPIIHHUX METalliB);

e 3 [IPOMLXHHM 1LAapoM (MiCTHTD IUTaBKi Ta HEIMJAABKI MPOILUAPKH).

Ilpore ue# cnoci® 3BaploBaHHSl NoTpebye 3aCTOCYBaHHA CKIIAZHOIO
o0naaHaHHA, 0OMeXYy€E PO3IMIPH 3aroTOBOK pPO3MipaMH BaKYYMHOI KaMepy
i € mocutb TpuBanuM (10...30 xB).

JudysitiHe 3BaplOBaHHS 3aCTOCOBYIOTb B €JIEKTPOHHIi, KOCMiYHii,
apiallifHiil TexHili, NMpy CTBOpeHHi 6ararollapOBUX KOMIO3MLIiHHHX
Marepiaib.
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§129

Ynsmpa3eykoee 36aptosaHHs

YNbTpa3ByKoBe 3BaplOBaHHS TAKOX BIAHOCATb IO 3BapIOBAaHHS THMC-
KOM. JlJ11 HBOTO XapakTepHe 3aCTOCYBAHHA YALTPa3BYKOBHX MeXaHiYHMX
KOJIMBAHb i He3HAYHHX 3YCWIb CTMCKYB3HHSI. BUKOPHCTOBYIOUM edeKT
MarHiTOCTpUKLil, TOOTO 3MATHICTL AesKMX METANIB i IXHIX CIJIaBiB 0
TepeTBOPEHHS €JeKTPOMArHiTHUX KOJMBaHb YJIbTPa3BYKOBOI YacTOTH
(15... 100 xI'u) Ha MexaHIi4Hi, OAEPXKYIOTb KOJIMBAHHSA Ti€l caMOi 4acTOTH.
Taky 34aTHiICTb MalOTh CIUIaBK HIKeMO 3 3a1i30M (lepMaJioif), KobaneTy 3
3a/1i30M (MlepMeHA0p) TOWIO. 3 HUX BHIOTOBJAIOTh MArHiTOCTPHKUIHHI
MepeTBOPIOBaYi.

3arotoekH (5) 114 3BapioBaHHs (pHc. 12.15) po3MillyOTh Ha ONOPHO-
My efekTpoli (6), AKMil TpUTHCKYE 3aroTOBKM 10 HaKOHeYHUKa (4)
xsunesony (3). Moro 3’enHYIOTh 3 KOTYLUKOIO (2) MarHiTOCTPHKLiAHOTO
Bibparopa (/).

IlepeMiBHM# CTPYyM BMCOKO] YacCTOTH, NPOXOASAYH Kpi3b KOTYILKY,
30ymXye B Hiif nepeMiHHe MarHiTHe NoJie, siKe Tlepefa€ MeXaHiyHi
KOJIMBAaHHA Ha 1i CTpHXXeHb. 3MiHA pO3MipiB Ha TOPLIi MarHiTOCTPHKTOpPA
He3HayHa — 1...3 MKM. JLig 30i1blIeHHs aMIUNTYIH KOJIHBaHb 3aCTOCO-
BYIOTb XBWIEBOAHW CKJIaAHOI GOpMH, 3abe3nedyioun aMILliTyLy KOJHBAHb
J0 JecATKIB MikpoMeTpiB. 1li KOJMBAHHA BHKIHKAIOTh CWIH TepTs B
MICLISIX 3BapIOBaHHS, PYHHYIOThE OKCHIHi IUNBKW, NnnacrtHuHo aedopMy-
10Th NOBEPXHEBi HIApH, HarpiBalOTh NOBepxHi Merany o 200..1200 °C.
O1Xe, CTBOPIOIOTBCS YMOBH 30JIMKEHHA 3BaplOBaHMX MaTepialiB A0
BIICTaHI B3a€MOIil MiKXATOMHHMX CWJI, 1J0 CNPMSIE YTBOPEHHIO MillHHX
3BaploBaHMX 3’eaHaHb. Ha cneuiansiHoMy obiagHaHHi OXHOPIOHI Ta pi3-
HOpIIHI METaJIH 1 CNNABH 3BapioloTh “BHanNycK” 3aBToBHIKHM (0,001...1 MM
3 YTBOPEHHSIM TOYKOBUX i 1LIOBHMX 3’€IHaHb.

3a Takol0 TeXHONOri€w Ao0pe 3BapIOIOThCA AMOMIiHI 1 iioro crulaBu,
TUTAH, UUPKOHili, HiKeNb; ripile — HHU3LKOBYIJIELEeBi, XapOMilHi Ta

2 3 4

Puc. 12.15

Cxema yALTpa3ByKOBOro 3BapiOBaHHR:

1 — mMaruitocTpuxuiinni BiGparop; 2 — koTywhka;
y 3 — xpuneson; 4 — HaWOHENMMK; 5 — 3arotoBkm;
6 — onopxuh enexrpoa
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iHCTpyMeHTaNbHi CTali, CNINaBH MarHilo. YIsTpa3BykKoBe 3BapioBaHHA 3a-
CTOCOBYIOTh TaKOX WISl 3’€IHAHHA HeMeTaleBHX MarepiajliB — XJop-
BiHUY, NONiE€TWIEHY, KAIIPOHY, OPraHiYHOro ckia, 0i0NoriYHHX TKaHHH
TOMIO.

§12.10

3eaproearHHn eubyxom

Ilix 3BapioBaHHAM BUOYXOM po3yMmiloTh 3°€THAHHSI METATliB y TBepIO-
MY CTaHi 3 YTBOPEHHSIM HOBHX dATOMHHX 3B’'sI3KiB Y NPOLIECi BACOKOUIBUI -
KiCHOTO 3iTKHEHHSI TiUl, sIKe 3AiHCHIOWTb 3 BHUKOPDHUCTAHHSIM €Hepril
BHOYXOBHX pe4yoOBHH abo iHIIKMX IDKepesl eHepril 3 BEAHKOIO MUTOMOIO
nmoTyxHicTio (pHc. 12.16, @). Ha BepxHiit YacTHHI 3aroTOBKH PO3MilllYIOTh
BUOYX0BY peuoBHHY (2). IlpH cnipauioBaHHi AeToHaropa ( /) BinOyBaeTbcst

CNpAMOBAHMIT BHOYX, i THCK 10* MIla (no 10° aT™M), L0 YTBODIOETHCH,
CTIpHSIE TepeMillleHHIO BepXHbOi 3aroToBkH (3) Ao HUxXHbOI (4). I1in vac
yiapy B Touui A (puc. 12.16, 6) BUOANAIOTECS TOHKI TMOBEPXHEBI LLAPH
MeTay, OKCHIHI TUTBKY i 3abpyaHeHHs. 3aroToBKM (3 i 4) 30MHXKYIOTBCSH
Ha BifICTaHb, 110 3a0e3nedye B3a€MOIi0 MEIKAaTOMHMX CHI. Y Takuii criocib
3a THCSYHi YaCTKH CeKYHOM NOBEPXHI B KilbKa KBaJIpaTHUX MeTpiB
3’€IHYIOTH 3 JOCHTL BHCOKOIO MILIHICTI0. OCHOBHUMMU MapaMeTpaMH 3Ba-
plOBaHHs BUOYXOM € WIBUIKICTH JieToHallii D, HopMaibHa IBUAKICTb V,,

KyT Y. BuxinHHA NpoMiXOK MiK 3BaplOBAaHMMM 3arOTOBKaMU IODPIBHIOE
2.3 MM.

Puc. 12.16
Cxema 28apioBaHHA BUByxoM:
a — BUXigHE NONONEHHN; 6 — NPOLEC IBADIOBAHNA
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Lleii B 3BapioBaHHR Mae meBHi HeJoOJiKK i mepeBaru. Jlo mepeBar
cJif BiTHECTH YHiBepCAIbHICTh, CAMOOYMILIEHHSI KOHTAKTHUX MOBEPXOHb,
3MIHERHA MeTaly OUIs1 MeX 3’€AHAaHHSA, BIACYTHICTbh TEPMiIYHOIO BIIJIMBY
i mpomapkiB AWdy3ifiHOrO NoOXoIXeHHsS, MOXJIMBICTb 0araTollapoBoro
3BapIloBaHHA, Herpomiaake, npocte obnaaHaHHs. OCHOBHMMH BagaMH
3BapIOBaHHS BMOYXOM BBaXaloTh HeoOXiAHICTE BCTAHOBJIEHHS 3aroTOBOK
i KYTOM, CKJIARJHIiCTb CTHKOBOTO 3BaplOBaHHs, HeOe3MeUHICTh 3aCTOCY-
BaHHS BUOYXOBHMX PEYOBHH.

§ 12.11

3eaprosaHHn nnacmmac

3BaploBaHHA MJIACTMAC 3AIMCHIOTE LUISXOM BUKOPUCTAHHS Temio-
Hocisl (Harpitoro rasy aGo iHcTpyMeHTa) abo HarpiBy TeprfiM, CTPYMaMH
BHcokol yactoru (CBY), ynsTpazBykom.

KOHTaKTHi MeTOAM 3aCTOCOBYIOTH NEPEBAXHO LIS 3’ €AHANHS feTanei
3 TepMOIUIAaCTiB, a 3BapIOBaHHA peaKToIUIacTiB, 3a3BU4ail, NMpPOBONATHL
CBUY abo ynbsrpa3BykKoM, fiKi BUKOPHCTOBYIOTH 1 NSl 3BapIOBAHHA TepMO-
TLIACTiB.

3BaplOBaHHA OJHOPIIHUX TEPMOILUIACTIB BilOYBAEThCH MNiJl TUCKOM 3a
paxyHOK B3aEMHOTO NpOHUKHeHHs (AMdy3ii) HacTHHOK NOBEPXHEBHX
1apiB, PO3irpiTHX 0 B’SI3KOTEKy4Yoro craHy. TeMIiepaTypa 3BaploBaHHS Ta
3aTpaTH Tefla Ha po3irpiB MaTepiany 3ajexaTb Bi Horo ckiany,
TEIUVIOEMHOCTI, TOBIIMHM Ta WHPUHU 3BapIOBUIBHOIO IBa. ToMy Ha-
rpipayi 6axaHo BHUTOTOBIATH 3 TepMopervaaTopamH. IIpu poborti 3 Tep-
MOMJacTaMM, WHPOKO 33CTOCOBYIOTH 3BApPIOBAHHSA TAPSIYMM Tra3oM (ra3o-
BUM TEIJIOHOCIEM) Ta HarpiTMM iHCTPYMeHTOM (KOHTaKTHHH# Harpis).

3BapiOBaHHS rapS4YK¥M ra3oM BUKOHYETLCS 33 JIOTIOMOIOKO ClieLlianbHUX
3BapIOBATHEHUX Na/IbHUKIB. CYTHICTH LIBOTO CIIOCOOY TOJIATAE B TOMY, L0
3BaplOBaHi MOBEPXHi TepMOIIACTA | MpUCcCATHUE NPYTOK (AKWIO BiH BMKO-
PUCTOBYETHCS) HAIPIiBAIOTHCS TapAYHM I'a30M i po3M’ KILYIOThCH 10 TaKO-
ro CTYyIeHsl, 00 OpHM HEe3HaYyHOMY THUCKY BiAOyBaeThcs IX 3NMIAHHA.
I'a30BKM TEINIOHOCIEM CHNYTYE IMOBITPs abo iHepTHMI ras (aproH, asor).
3acTOCOBYETLCS IHEPTHHM ra3 sl 3BaplOBaHHA MONieTUNEHY, NnosiaminiB
Ta iHWKX TepMoruiacTiB. IToBiTps B Takuil NanbHUK TOAAETHCS Bifl KOM-
npecopa Mia THckoM 0,15...0,25 MIla (Tobto 1,5...2,5 aTt™), a iHepTHMIA
ra3 — Oe3nocepe/iHbO 3 6anoHa.
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B enexTpryHOMy naZbHUKY NOBiTpsl, WO noaaeTscsi (abo asor),
HarpiBaeTbCcs eNeXTPUYHUMHM chipalsiMU. PosXapeHHs cnipani pery-
JNOETbCA aBTOTpaHcdopMaTopaMy. B razoBoMy NajbHHUKY NoBiTps (abo
a30T) HArpiBacTbCsl 33 PAXYHOK 3rOpStHHS TOPIOYOTO ra3y B MOPOXHMHi
NManbHKUKA, a MoJaYa ra3y peryaleTbCsl KpaHoM.

Baznolo ra3oBHX NMalbHUKIB € HETOYHICTb PEryjloBaHHsl TEMIiepaTypy
rasy, 110 ofirpiBa€ NnoBepxHi.

Ilepen 3BapioBaHHSAM Ha KpOMKax 3BaplOBaHMX AeTajeil, 3aIeXXHO Bij
iXHbOT TOBLLMHY, 3HIMAIOTL acky mid KyToM 30...60°.

3BaploBaHHA KOHTaKTHWUM HarpiBOM BHKOHYIOTE SIK BPY4HY, TaK i Ha
criettianbHUX MeXaHIYHUX YCTAHOBKaX Ta [IPUCTPOSX.

3anexHo Bia GopMM Marepiany sIK HarpiBadi MOXYTb BUKOPHUCTOBY-
BaTHCA: NASJIBHUKW, CTPUKHI, MNAaCTUHH, KJIIMHHK Ta HAKOHEYHHKM Pi3HUX
dopm. [1pyu 3BaplOBaHHi KOHTaKTHUM HAarpiBOM IiC/l BUAATIEHHS Harpi-
TOro iHCTpYMEHTA IToBepXHi JleTaneil TaKOX CTUCKYIOTH, UMM i 3abeaneuy-
10Th HEpPO3'€MHE 3’€AHAHHS.

3BaploBaHHA TNAcTMAac TepTAM, SK i MeTATB, 3aCHOBaHe Ha BHKO-
PUCTaHHI Termna, M0 BMAUISIETECA TNPU TePTi MOBEpPXOHb 3BaplOBaHMX
Ietaneit. Tpybu Ta NpPYTKH 3BapioloTh HAa CNeuialbHUX YCTAHOBKAaX, ane
MOXHA 3aCTOCOBYBATM i TOKapHi BEpCTATH.

3paproBaHHA 3 HarpiBoM CBY 3acHoBaHe Ha BUKOPUCTAHHI TeIUla, sike
BHIAUIETBCS 3a paXyHOK AieIeKTpPUUHHUX BTPaT B 30HI Jii BUCOKOYACTOT-
HOro €JIeKTpHYHOro noisi. B npoMHCIOBOCTI ILIKMPOKO 34aCTOCOBYIOTH
cneuiaibHi MallMHWU, 1o 3abe3neyyloTh pOJIMKOBE, TOYKOBE, Ipecone
3BapIOBaHHS IUTIBOK, JIMCTIB, Tpy6. 3BapioBaHHst 3 HarpiBoM CBY 3a6e3-
MeYye MilHICTh T4 repMeTHYHIiCTh 1IBIB, BHUCOKY MNPOAYKTMBHICTH i
€KOHOMIYHICTh TIipoLecy.

YbTpa3ByKoBe 3BaplOBaHHs TUIaCTMAcC NPAKTHYHO Take caMe SK i
YAbTpa3ByKOBe 3BaplOBaHHA MeTajliB, OCKUIbKH B 060X BUNAAKax ynbTpa-
3BYKOBi KOJIHBAaHHS MAarHiTOCTpUKTOpPA IepETBOPIOIOTLCS Ha TeILIOBY
eHeprilo, fiKa cripuac $opMyBaHHIO HEPO3 €EMHOTIO 3’€AHaHHS.

Ipy 3BapioBaHHi YIBTPa3BYKOM 3aTOTOBKH 3 MNACTHKa po3irpiBaloTh-
cs1 TUTbKM B 30Hi KOHTAKTYIOUHX NOBEPXOHb, 110 TapaHTYE Bid neperpisy.
BukopHucTaHHS crielliaiIbHUX XBHIEBO/IIB JA€ 3MOTY 3aCTOCOBYBATH YJIbT-
pa3ByKOBe 3BapIOBAHHS Y BAXXKOTOCTYITHMX MicLIsIX.

Hepoa’eMHi 3°elHaHHS B JieTansx i3 racTMac 3AiMCHIONTD i LLUISIXOM
cKieloBaHHA. sl bOro BUKOPHUCTOBYIOTH CUHTETHYHI KJl€el, sIKi Nifpo3-
IUISIOTh Ha TPU IPYIM: .

e TepMopeaKTHBHi (Ha ocHOBi (eHondoOpManbaerinHuX, MoJjiiypera-

HOBMX, nojlieipHUX, eNOKCHIHUX Ta iHIUKUX CMON);

e TepMOIUIACTHYHI (ZKxnoperaH, 6€H30 Ta iHLWi);
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e Ha OCHOBi KayyyKiB.

CkiieroBaHHS! BUKOHYIOTH Oe3 Harpisy (kiei b-3, I1Y-2, BK-5 ra inmii)
Ta 3 HarpiBom no 150...250 °C (xnei BO-2, bdP-4, BK-3 Towo).

TexHONOrYHUA TNpoUeC CKICIOBaHHA fAeTaledl CKIATacEThbea: e 3
NiATOTOBKU [MOBEPXOHDb; e 3aYMCTKH (3HEXHPIOBAHHSM);, s HaHECeHHA
KJIel0; e NPOCYNIYBaHHSI KJIEHOBUX TNIBOK Tepeld 3’€THAHHAM (iHoai); o
3’€lHaHHsI TIOBEPXOHb, IO HeObBXigHO CKJIEITH, e 3aKpilUleHHs Ml BU-
3HAYEeHUM THUCKOM; e TepMooOGpoOKM (TBepaHeHHA) XieiloBoro 3’€HaH-
HA, abo BUTPHMKM NPU HOpPMaNbHiH TeMrepartypi.

—7 Konmponshi 3anumaHHn

-h

. Y YoMy Nonsrae CyTHICTL Npouecy 3BapioBaHHA?

. Y YoMy nongarae CyTHICTb i BIAMIHHOCTI Ppy4YHOrO Ta aBTOMATUYHOFO
AYroBOro 3BapioBaHHA?

. Y YoMy CyTb NpOUECY €NEeXTPOLLUNAKOBOTrO 3B82PIOBAHHA?

. Lo sBnae coboio ayroee 3sapioBaHHA 8 3aXUCHIW atMocdepi?

Y YoMy CyTb NNasMOAYFrOBOrO 3BaPIOBAHHA?

Y YoMy CYTb 3BapiOBaHHA €NEeKTPOHHUM NpoMeHem?

Y yomy cyTb 3BapiOBaHHA NIAIEPHUM NPpoMEHEM?

Y uomy CyTs | BIGMIHHOCTI ra3oBOrC 38apHOBaHHA Ta pisaHHA MeTany?
. Y YoMy CyTb Ta BiAMIHHOCTI TOMKOBOFO i WOBHOFO ENEKTPUYHOTO
KOHTAKTHOTO 38apIOBaHHA?

10. Y oMy CyTb Ta BiAMIHHOCTI KOHTAKTHOrO 3BapiOBAHHA ONOPOM Ta
onnaBneHHAM?

11. Y YoMy cyTb 3BApPIOBAHHA TEPTAM Ta rasonpecyBaHHAM?
12. Y yoMmy cyTb audby3iiHOro 38apIOBaHHA?

13. Wo sense co6oo ynbTpa3sykoBe 38aploBaHHA?

14. Y yoMmy CyTb npoLecy 38apIOBaHHA BUBYXOM?

15. Axumn cnocobamu 3RIRCHICIOTL 3BAPIOBAHHA NNacTMac?

»
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