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Beryn

MeToro NmpakTUYHHUX 3aHSATh € O3HAHOMIIGHHSI 3/100yBauiB BHILOI OCBITH 3
TEOPETUYHUMHU 1 MPAKTUYHHMHU TUTAHHSIMHU BHUTOTOBJICHHS JeTaliell 13 IuiacTMac 1
KOMITO3UIIIHHUX MaTepialiB, 3 HEOOXIJHMM KOMIUIEKCOM BJIACTUBOCTEH, HANOUIBbII
MNOLIUPEHUMH BUCOKOTPOTyKTUBHUMU METOAaMHU.

3100yBayl BUIOi OCBITH NMPHW BUKOHAHHI MPAKTHUYHHUX 3aHATHh 3 JUCHMILUTIHU
«JIuTTs HEMeTaeBUX MaTepialiB» MOBUHHI 3HATH:

- OCHOBHI TEXHOJIOT1YHI ~ OCOONMBOCTI MpH  OJEp>KaHHI  MOJIMEpPiB
MOJTIMEPU3AI[IHHUM 1 TTOJTIKOHICHCAIIIMHIM METOIaMU;

- POJIb EHEPTO-Ta pecypco30epiralouux MpOoIECiB Y TEXHOJIOTIT MOJIIMEPIB;

- TEXHOJIOTII0 BUTOTOBJICHHS JIETalIeH 13 MIacTMACH, TEPMOILIACTIB PEaKTOILIACTIB,
BYTJICIICBUX BOJIOKOH;

- B3a€MO3B’SI30K TEXHOJIOTTUHUX MTapaMeTPiB MPOLeCy NepepoOKH MoTiMEPIB Ta
BJIACTUBOCTEHN TOTOBUX BUPOOIB;

- OCHOBHI HaIPsIMKH 3aCTOCYBAaHHS MOJIMEPHUX MaTepiaiB;

a TaKOX BMITH:

- aHali3yBaTH TEXHOJOTIYHI Ta eKCIUTyaTallliHl BJIACTUBOCTI IJIaCTMAacH,
KOMITO3MIIIITHUX MaTepialiB Ta 00JacTh iX BUKOPUCTAHHS;

- BUOUpaTH Ta OOTPYHTOBYBATH HaWOLIBII JAOLLUIBHI METOJM Ta TEXHOJIOTIYHI
CXEMH BUPOOHUITBA JeTajle 13 IIacTMac 1 KOMIO3ULIHHUX MaTepialiB.

[lepen BUKOHAHHSIM TPAKTUYHHUX 3aHATH 3700yBadl BHUILOI OCBITH TMOBHHHI
BUBYHTH TEOPETUYHUN Martepiaj, 3HATH METy 1 TOPSIOK MPOBEICHHS POOOTH,
BUKOPUCTOBYIOUM TIPU I1bOMY JaHl METOJWYHI BKa3IBKH, CIUCOK HaBEJEHOT
JITepaTypH 1 KOHCIIEKT JICKIIIi.

VY 3BITiI BKa3y€ThCS Ha3Ba 1 HOMEp MPAKTUYHOTO 3aHATTS, KOrO METa, MOPSIIOK
MIPOBEICHHS 3aHATTS, HABOJSATHCA PE3YJIbTATH PO3PAXYHKY 1 BUCHOBKH.



IIpakTuyne 3anarra Ne 1

KJIACUPIKAIIA, ®PI3BUKO-MEXAHIYHI BJIACTUBOCTI
I3ACTOCYBAHHS ITVIACTMAC

1. 1. Meta po6oTu

BuBuntn knacudikamiro, (i3uKo-MexaHIdHl BJIIACTUBOCTI 1 3aCTOCYBaHHS
TuTacT™Mac.

1.2. 3araanHi BizoMocTi

Ilnactmacu — HemeTaleBl Marepiand, SKi XapaKTepHU3YyIOThCS CTIMKICTIO B
arpeCUBHUX CEpPEJOBUINAX, 3HAYHOIO BITHOCHOIO MIIHICTIO, HEBUCOKOIO MUTOMOIO
Barolo Ta TEXHOJIOTIYHICTIO MTPU BUTOTOBJICHHI JeTajieil 3 HuX. BoHU MalOTh BUCOKUM
€JIEKTPUYHUN OIIp Ta Majly TEIUIONPOBIAHICTh, BUKOPUCTOBYIOTHCS Y PI3HUX raimy3six
MPOMUCIIOBOCTI, MOXYTh MAaTH HaJ3BUYailHO BUCOKHIN a00 HaJ3BUYAWHO HU3BKUI
MOJyJIb TPYKHOCTI Ta M€ UUIMA psii YHIKAIBHUX BJIACTUBOCTEH, SIKI BUI1JIHO
BIJIPI3HSIOTH iX BIJ] IHIIMX MaTepiaiiB.

OcHOBOIO  BCIX IIacTMac € MOJiMepH — PEUOBUHHM, MOJEKYJIU
(MaKpOMOJIEKYJIM) SIKHX CKJIQJAlOThCS 3 BEJIMKOI KUIBKOCTI MOBTOPIOBaHUX TIPYIl
aToMiB a0o Kiyelp naniora (puc. 1.1).

Pucynox 1.1 — [TomimMepu — BHUCOKOMOJNEKYIISIPHI CIIOTYKH

3anmexHo Big GopMU TMOJIMEpPU MOXYTh MaTH JHIMHHY, pO3TadyXeHy,
CTpi4KOBY abo0 ciTuacty (MpocTopoBy) OynoBy (puc.1.2).



TP CCTOIIBA (I T A

Pucynok 1.2 — MoxmnuBi hopMu MakpoMOJIEKYJT IOJIIMEPiB

Cknag miuacMacu Mae TakoX KOMIIOHEHTH, K1 CHPHUSIOTh MOJIMNIIEHHIO iX
BiactuBocTel. lle HamoBHIOBaul, 3aTBEpAXKYyBayi, IacTudikaropu, crabii3aTopu Ta
crietiayibHi 100aBku (puc.l.3).
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Pucynok 1.3 — Cxiian miacmacu

3aranpHONPUMHATOI Kiacuikaiii miacTMac BIAMOBIAHO 10 PI3HUX raiy3ei
MIPOMUCIIOBOCTI HE iCHY€E. ['0OJIOBHUM YHMHOM, CIIOKHBAUIB IIUX MaTepiajiB IIKaBISATh
BJIACTUBOCTI MIacTMac 1 (pijlle) METOau OJEp’KaHHS 3 HUX JeTaneil. BpaxoByroun
e, 3py4YHO KJIacu(iKyBaTH IUIACTMACH 3a CTPYKTYpPOIO MOJiMepy (3B’A3yrHOHOro) i
HaIOBHIOBAaYA.

CunTeTH4Hi moJiiMepu MOXyTh OyTH OJep>kaHI B pe3yJbTaTi peakmil
noJiiMmepu3aii Ta MOJiKOHIECHCALLIl.

IMosniMepu3anisi — yTBOPEHHsSI BUCOKOMOJICKYJISIPHOI CHOJIyKH (ToimMepa) i3
HU3BKOMOJIEKYJIIPHUX CITOJYK (MOHOMEPIB), MiJl Yac SIKOTO HE BUAUISIOTHCS MOO1YHI
nponyktd peakmii. [Ipukmamom peaxitii momimepu3aiiii Moxe OyTH yTBOPEHHS
TBEPIOI BHCOKOMOJEKY/IsipHOI pedoBuHn mnoieTuiaeHy (—CHp—CHy-), 3 n-noi
KUTBKOCT1 MOJIEKYJI MOHOMepa y Burisini rasy eruneny CH,; = CH, npu niaBuieHux
TUCKY I TeMIiepaTypi.



IosikoHaeHcaliss — yTBOPEHHS BUCOKOMOJIEKYJISIPHOI CIIONIYyKHU (ToJiiMepa) 13
HU3BKOMOJICKYJIIPHUX CIOJIYK (MOHOMEpIB), SIKE CYMPOBOIKYETHCS BUIUICHHIM
no6iuaux pedyoBuH (HO, HCI1, NHsz Tta 1H.). BHacnmigok modiKoHIeHcarlli,
HaIIPUKJIQJI, YTBOPIOETHCS cMoia 3 heHoMy 1 hopMaIbaeTiay.

BianoBigHo 10 HarpiBaHHS 1 MOJICKYJISIPHOI CTPYKTYpPH IOJIMEpHI MaTepiaau
MOJUSIIOTh HAa TEPMOIUIACTHYHI 1 TEPMOPEAKTHBHI.

TepmomacTuuni miaacTrMacu (TepMOIIACTH) — Marepiajidi Ha OCHOBI
MOJIIMEPIB 3 JIHIHHOIO a00 PO3radykEHOI CTPYKTYporo Mosiekyd. Ilix aiero TemnoTu
BOHH MEPEXOATh 31 CKIOMOAIOHOTO CTaHy 0 BHCOKOIUIACTUYHOTO 1 B A3KOTEKYUOTO.
B Ttepmoriactax He BiiOyBa€eThCs XIMIYHUX PEaKIIii MiJ] 4ac iX mepepoOKH.

Kiacudikariiro HeHalIOBHEHUX IJIacCTMac HaBeJIeHO Ha puc.1.4.

Y TepMopeaKTHBHHX ILIacTMacax (peakTomiacrax) ImijJ [I€l0 TEeIIoTH
MPOXOMSITh HE3BOPOTHI XIMIUHI peakilii, sKi NPUBOJATH 1O YTBOPEHHS HOBHUX
XIMIYHUX 3B’S3KIB. Y TBOPEHUM MPHU IIOMY KOPCTKHUH ToiMep HaOyBae MpoCTOPOBOi
CITYACTOl CTPYKTYPH MOJIEKYJ, TOOTO BiJIOYBa€TbCS 3aTBEPIiHHS: BOHU CTalOTh
HEIJIAaBKUMH, HEPO3YMHHUMHU, TBEPAUMH. 3aJIeKHO BiJ MPUPOJIM HAIMOBHIOBaYA
PO3PI3HAIOTH IJJaCTMAacu 3 MiHEpaJlbHUMH (CKJIO-, a300-, KapOo-, rpadito-,
OOpOIJIACTUKH), METAICBUMH (METAJOIJIACTU), OPraHIYHUMH (OpraHoIuiacTh) 1 3
riOpUIHUMHU HaNIOBHIOBaYaMu (T10pH/IHI IIJITACTUKH).

[ Henanossedi macTMacy *
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Pucynok 1.4 — Cxema kiacudikaliii HEHaTOBHEHHX IJIaCTMAcC

Bupinsgiore 1actMacu 3 IHEPTHUMH HArOBHIOBAYaMH (JJI  3HIDKCHHS
BapTOCTI), 3 AKTUBHUMH HAIOBHIOBAYaMHU, SIK1 MIABUIIYIOTh MIIHICTb, KOPCTKICTh U
1HIII eKcnnyaTauiI‘/’IHi BJIACTUBOCTI MaTepiajiB, a TaKOXX 3 HAaIOBHIOBaYaMH, SKi
HAJIal0Th CIEIIaJIbHUX BJIACTMBOCTEH ITacTMacaMm (BOTHECTIMKICTh, aHTH(PHUKIIIIHI
Ta (pUKIIHI BIACTUBOCTI, HEOOXITHI TerIo(i3uyHi, ENeKTPUYHI 1 MarHITHI
BJIACTHBOCTI 1 T. I1.).



3a BUJIOM HarOBHIOBaYa IUIACTMACH MOAUISIOTH HA MOPOIIKOBI (IIPECIIOPOIIKN),
BOJIOKHUCTI (BOJIOKHITH), IIIApyBaTi, a TAKOK Ta30HANIOBHEH1, 400 COTOBI.

Knacudikaiiiro HamoBHEHHWX 1 apMOBaHHUX IUIacTMac 3a (OPMOIO YACTHHOK
HAITOBHIOBAya 1 X po3I01JI0M HaBeIeHO Ha puc.l.5.
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Pucynok 1.5 — Cxema knacuikaiii HAMOBHEHUX apMOBaHUX ILIACTMAC
3a OPMOIO YACTHHOK HAIlOBHIOBAaYa

Jlo HeoJMIKIB IJIAaCTMAC CIiJ BIIHECTH B IIJIOMY HE3HAYHY TEIUIOCTIHKICTD,
MPY>KHICTh, yIAPHY B’ SI3KICTh, Ae(OpMaIlito 1] HAaBAaHTAXKEHHSAMU (TTOB3YYICTh).

[InacTmMacu BUKOPUCTOBYBAJIM B SIKOCTI 3aMIHHHMKIB TaKUX TPATUIIAHUAX
MarepialliB K MeTalid, 0€TOH, KepaMmika, CKJIO, JEPEBO, Y THX BHUIIAJIKaX, KOJIH iX

BUKOPUCTAHHA OUIbIl  e(EKTUBHE,

a TOTIM BOHU HaOyIH

CaMOCTIHHOTO

3actocyBaHHs. B Tabn. 1.1 HaBeneHO 3arajibHy XapaKTepUCTUKY MepeBar Ta HelIOJIKIB
BUKOPUCTaHHA MOJIMEPHUX MaTepiaiiB B MOPIBHAHHI 3 IHIIUMH MaTeplajaMu.

Tabmuusg 1.1 — [Ipu3HaueHHs Ta XapaKTEPUCTUKA 3aCTOCYBaHHS MaTepiaitiB

. TexHONOr1uHICTh Cdepu
. Henomixn .
Marepian [Tpu3HaueHHs BUTOTOBJICHHS 3aMIHU
3aCTOCYBaHHA .
BHUPOOIB IJIaCTMacaMu
1 2 3 4 5
Crainp Heranmi, sxi npamoroTs | Benwka minbHicTs, | TpymoMICTKICTS, ManoHaBaHTa-
IIprU BHCOKHMX TEPMIYHHUX | HEJOCTATHSA eHepFOGMHiCTL Ta )KCHi KOXYXH,
HABAH-TAKCHHAX — — /IO | XiMiuHa CTIHKICTh. | GararocrasiiinicTs | oropoxi, aerani,
0 . . . .
600°C i 36§pex<eHHﬂM Bun?m BHCOKI B MepepolKH 3 AKi  ALIOIOTH
BHCOKHX MEXaHIYHHX MOPiBHSHHI . .
co exa op 3 BEIIMKUMHU  BIJXO- | TP  TOPIBHSIHO
BJIACTMBOCTEH, IO MOEIHYHOTH | IJIACTMACaMK .
T JlaMM Mareplany B | HEBUCOKHX
€JIEKTPOIPOBIAHICTS 1 TpyJa03aTpaTH Ha b
MarHiTHi BJIACTUBOCTI. | OJIepyKaHHS C,prme‘ CrKO TeMHepaTypa})_(
Herami, sKi TpaimiolTh | CHPOBUHH 3 €MHYETHCA (omepxyBaHi 13
. b
IpU TEPMIUYHMX HaBaHTa- 3BAPIOBaHHAM, M SKHX
JKeHHSX OuUIbIIe IOOOOC’ IITAMITY€ETHCS B 6y211BeJ'H)HI/IX
0e3 30epeIKeHHST MarHITHHX 1 TOHKOCTIHHI cTaynei )
31 30epeIKESHHSIM MEXaHIYHIX BEJIMKOradapuTH1
BIIACTUBOCTEN nmeTai




[Tpomoxenus tadu. 1.1
1 2 3 4 5
YasyH Jia MmexaHigHO Bemuka mineHiCT, | TpymomicTKicT ManonaBaHTa-
HaBaHTAKCHUX JIeTAJICH, HEIOCTATHsI XiMivyHa | TepepoOku. J{ms JKeH1 AeTai
SIK1 IPALOIOTh TPH CTIHKICTh, KPUXKICTB, | OJiep>KaHHs HEeCKJIaHOi
temneparypax 10 350°C, B | 3HHKEHHS BIACTU- | CKJIQJHUX BUPOOIB | KOH(iryparii,
TIO€THAHHI 3 eTIEKTPIYHAMH | BOCTEH MPH MiJBU- | MOTpiOHA TOJATKOBA | KYJTadKH,
HaBaHTAKCHHSIMH HICHHI TeMIleparypy | oOpoOka BTYJIKH, KOPITyCH
Komnso- Jerani 3 BUCOKOIO 3miHa BractuBocTel | TpyaomicTkicTh XiMi4HO CTiiiKi,
poBi XIMIYHOIO CTIMKICTIO, IpH 3MiHi epepoOKH 3 aHTUQPUKIIIHHI
MeTaIn CICKTPUIHUMH Ta TeMIepaTypu BEJIMKHAMU BIIXOIAMH. | ACTaIl, sSKi
aHTU(PUKIIHHUMHA eKCIuTyaTalii. MoxuBe TUTTS MiJ | IPamoTs  [pU
BJIACTHBOCTSIMH, SIKi Benuknii trckoM. [{obpe TeMIleparypax Ao
nparoroth 10 200-400°C. ne(iluT CAPOBUHH | 3’ €IHYIOThCS 500°C, o6pobka
ButBopu MuctenTsa, 3BapIOBaHHSAM BUPOOIB KYJIBTYp-
00po0Oka BUpOOiB HOIOOYTOBOI'O
KyJIbTYpHO—TIO0YTOBOTO NpU3HAYCHHS,
MIpU3HAYEHHS TOHKI TPyOOIPOBOIN
ITnacr- [onermeni getam. Jerani | 301IbIICHHS Bennka
Macu 3 BUCOKOIO XiMI4HOIO MOB3YYOCTi i e(eKTHBHICTh
CTIHKICTIO, 3HIDKEHHS epepooKy.
aHTU(PUKLIIHHIMH, BJIACTHBOCTEH [opiBHsIHO HHU3bKa
CJIEKTPOI3OJAIHHUMH 1 npd  MiJBUILCHHI | EHEPrOEMHICTh
ONTHYHUMHA TeMITepaTypu 1 | oTpuMaHHA
BIIACTHBOCTSIMH. XOPOIIIi | CTapiHHI B MeXax | JeTaJew.
TEIJIO- 1 3BYKOI30JIATOPH. | TEMIIEPATYP 3’€qHYIOThCS
ToHki TTiBKK eKCILTyaTarii 3BapIOBAHHSAM,
eNeKTPOTEXHIYHOTO, CKJICIOBaHHSIM
Xap4OBOT0 MPU3IHAYCHHS
Kepamika | Jlerauni, siki mpaioioTh miJ | Benmuka kpuxkicts, | TpylIoMicTKICTh XiMI4HO CTIHKI 1
€0 BUCOKUX TEPMIYHUX | CKIIJHICTH nepepooKy. BOJIOCTIKI
1 MEXaHIYHUX JIOTJISITY TIPU Tpyanictb neTani,
HaBaHTa)KEHb, TEIUIO- 1 eKCILTyaTarlii. 3’ cTHAHHA. MaJIOHABaHTaXKEH1
CJICKTPOI30JISATOPH, Benuki Bijgxonu OOMEKEHICTh TEPMIYHO 1
XIMIYHO CTIiHKi 1 MaTepiany npu rabaputiB BHPOOIB, | MEXaHIYHO.
BOJIOCTIHKI geTai MOHTaXI Ta 110 3aTPyHAHSIE Enextpoizonsatop
eKCILTyaTarii 30upaHHs H, SIKI IPAIOI0Th
KOHCTPYKIIiH TPU HU3BKUX
TeMIepaTypax
beron BenukorabapurHi Kpuxxictb, Jobpe 3’ennyrotrbest | ToHKOCTIHHI
TOBCTOCTIHHI ~ OyJliBEJIbHI | OCOOIMBO B 3BapIOBAHHSAM TEIIO0- 1 3BYKOi30-
JeTal, sIKi IpaIfoioTh TOHKOCTIHHUX apMmarypu TAUIAHI TaHei,
mig 4vac Jii  BHCOKHX | KOHCTPYKIIISX 13 3aKJIaICHHAM 3aMa3Ku
MEXAHIYHUX HaBaHTAKEHDb IBIB JUIS T JIJI0TH,
1 3 XOpouUIOIO noJiMepOeToHHI
TEIUIOCTINKICTIO KOHCTPYKLUI{
Cxio Bupo6wu, sixi motpedyroth | Bucoka kpuxkicts, | TpyIoMicTKICTb i OnrtuyHi 1
TTOE€THAHHS XOPOIIIHX MOKJIUBICTh C€HEePTrOEMHICTh XIMIYHO CTiliKI
ONITUYHUX 1 BUCOKHX pyHHYBaHHS nepepoOKH. BUpPOOH, SIKi
TEPMIYHHUX BIIACTUBOCTEH | TpU ITorano NPaLOIOTh
a00 Toe€AHAHHS XIMIYHOI | TeMIepaTypHUX 3’ €IHYIOTHCS npu
CTIMKOCTI i BACOKHX nepenanax, BEJIUKi TeMIeparypax,
TEPMIYHHUX BJIACTUBOCTEH | BiAXOIM MpH ONMU3BKUX 10
a0o MoeTHaHHS BCiX OTpUMaHHI TeMIepaTypu
MepeNiuyeHnx BUPOOIB KHITiHHS BOJIA
BJIACTHBOCTEN

10



[Tpomoxenus tadu. 1.1

1 2 3 4 5

Hepero Herami 3  HeBenwkoro | CXUJIbHI 10 TpynomicTKicTh Jleram me0itiB,
TYCTHHOIO, SIKi TIPAIIOIOTh | pyHHYBaHHSA Bif epepoOKn 037100JIEHHS
NPH HEBHUCOKUX MEXaHIYHHX | BOJOTOCTI, BUPOOIB,
HABaHTAXECHHSX 1 3 MiKpOOpTaHi3MiB, OyniBesbHI
HE3HAYHOIO 3MIHOIO OiomoriyHIX KOHCTPYKITiT
BJIACTUBOCTEH B ILbOMY | (paKToOpiB (kpiM HeCcy4HXx)
inTepBaii. Meobmi,
BUTBOPH MUCTEIITBA,
03710071eHHS BUPOOIB

Bonu noTtpeOyroTh 3HAYHO MEHIIOrO JOTJIANY Mij Yac eKCIUTyaTallii, MaloTh
rapHuil 30BHIMIHIA BUIISIA, X 00poOka, (apOyBaHHSA, 03100JIEHHS, MeTali3aiis
MEHII TPYJIOMICTKI i1 €HEeproeMH1, HiXK IHIIKUX MartepianiB. [lepepoOka miactmac Ha
BUPOOM TaKOX MEHII TPYIOMICTKa W €HEproeMHa, HIXK IHIIMX Marepiais.
[InactMacu — Xopomll TemIo- 1 eJeKTPOI30JsALIiHI MaTepiaad, MaroTh A00pi
PaAIOTEXHIYHI BJIACTHBOCTI, XapaKTEPU3YIOThCS BHUCOKOK XIMIYHOIO CTIHKICTIO,
100pe MepeHoCATh yapHi HABAHTAXEHHSI, B TOMY YHCIIl IPU HU3bKUX TEMIIEpaTypax.

[InacTMacu MOCTYNarThCS MeTajdaM 3a €JIEKTPONPOBIIHICTIO 1 MarHiTHUMHU
BJIACTUBOCTSIMHU.

Koxuuil Buj mnjactMac Ma€ HIMPOKUN CIHEKTp 3acTOCyBaHHS, ane s
e(eKTUBHOT eKCILTyaTaIlii geTajieH 13 miactMac noTpioHo, mod BOHU MpaIoBaIu Ipu
CTPOTO BHM3HAUEHHUX TEMIIEPATYpPHHUX, CHJIOBUX 1 YacCOBUX HAaBAHTAXCHHIX 3
ypaxyBaHHAM yMOB PI3HUX KIIMAaTUYHUX 30H. HaiOuibmn I1iHHI TeXHIYHI U
€KOHOMIYHI BJIACTHBOCTI IUIACTMAC BHUSBISIIOTHCA TIIBKH TPH I1X MPABUILHOMY
migoopi Ta ekcrutyartamii. B Tabn. 1.2 HaBedaeHO sKiCHE MOPIBHSHHS OCHOBHHX
BJIACTUBOCTEH IIACTMAC T IHILIKUX MaTepialiB.

Tabmums 1.2 — IlopiBHSAHHS eKCIUTyaTallliHUX BIACTUBOCTEH IMIacTMacH Ta 1HIIUX
MarepiaiiB

[Toxazuuk ITnactmacu | Meran | beron | Kepamika | Ckno | JlepeBo

Mara ryctusa + - + + + +
XimiuHa CTIHKICTh
JlieneKTpuyHi BIACTHBOCTI
Temnoi30JAMLilidl BJIaCTUBOCTI
[Ipo3zopicTb

Ormip ynapHUM HaBaHTKCHHIM
AHTH(PUKITIIHI BIaCTHBOCTI
’Kopcrkictb

Onip noB3yyocTi

Bennka poboua TemmnepaTypa -
BornecriiikicTh

3a0apBIIOBaHICTh

EdexTuBHICTb epepoOku y BUpoOu
EneproemuicTs 1ij] yac nepepoOKu
[IpumiTka. «+» - 106pi; «-» - morani

+
+ + -
+

1
+|+

[+ |||+ [+
1
1
1
+
1

1
+| |||+ ]+

+|+ [+ |H
1

OpauH 13 HaBaXXJIMBIIIKUX MOKAa3HUKIB KOXKHOTO MaTepialy — TEXHOJIOTTYHICTh
OJIep>KaHHS 3 HhOTO JieTaliel (€(heKTUBHICTh MEpepoOKH). Y IIacTMac el MOKa3HUK
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Bucokuii. Came 1M y OaraThbOX BHIIaJKax BHU3HAYAETHCS €(EKTUBHICTH 1X
BUKOPUCTAHHS 3aMICTh TPaJHULIHHUX MaTepiaiiB. 3aCTOCYBaHHA IUIACTMAC HaBEIEHO
y Tabu. 1.3.

Ta6mumg 1.3 — IlnactMacu Ta iX 3acTOCyBaHHS

Buam neraneit, By3miB MaluH 1
TEXHOJIOTYHOTO0 OCHAIICHHS
[Tomamiau, MOJIMPOIIEH, MEeHTAILIACTH, MoyiKkapOoHaTH, | 3y04aTi Ta 4epB’siuHI Kojieca
nonipopmanpaeria, (HEeHOMIACTH, BOJIOKHIT, TEKCTOJIIT,
JICPEBHI IJIACTHKHU
[Tomiamigu, momieruneH, ¢roporutacty, nominponiieH, | [TiqMMITHUKY KOB3aHHS, KOUCHHS
MOJIIaKPUJIATH, CIOKCITUIACTH, IICHTAILIACTH,
noJikapOoHaTH, oJiopMaibaeris, GeHOIIacTH,
BOJIOKHITH, TEKCTOJIT, IEPEBHI IJIACTUKH

Marepianu

[Toniamisin, €MOKCHUIIIACTH, TEKCTOJIT Hanpsimku Bepcraris

[TonieTunen, NOMIBIHIIXIIOPU, TIOTIMPOIIIJICH, TpyOwu, nerani apmarypu, pinmsTpu
NOJTiIKapOOHATH, CKJIOTIIIACTHKH MAaCJISIHUX 1 BOJHUX CHUCTEM
[MToniamiznu, moJieTrsIeH, MOMIBIHIIXJIOPH, NoJinporiieH, | PoOoui opraHu BEeHTHIATOPIB,
NeHTAIUIACTH, TOTIKapOOHATH, CKJIOIIIACTHKH HACOCIB Ta T'iIpOMaIINH
[Moniaminu, momieTniieH, GToporiacTy, VYminsHIOBaui

MOJTIBIHUIXJIOPH/I, TTOJIIMPOTIiJICH, IIEHTAIIACTH

1.3. Tlopsiiok BUKOHAHHS POOOTH

1.3.1. O3naiiomyieHns1 3 kKjiaacu@ikamielo, MapKyBaHHSIM, BJIACTHBOCTSAMHU 1
chepaMy BUKOPUCTAHHS TIJIACTMAC TIPOBOAUTHLCS 32 CTEHAMU 1 TIJIaKaTaMHU.
1.3.2. 3oBHimHii orjsia. 30BHIMHIM OTJSI0M 3pa3KiB IIACTMAC Bi3yalabHO
BH3HAYAIOTh KOJIIP, TOPUCTICTH 1 T. T. BIAMOBIAHO 10 Tabi. 1.4.
1.3.3. BuznaueHHss miabHOCTi. I[I[iTBHICTE IIacTMacu BHU3HAYAETHCA 34
dhopmyIIoro
Pn = Ps - M1/ M1 — My, (1.1)

ne ps =1000 xr/m 3 — mwineHicTE BOAM;
Mi1— maca 3pa3ka miacMacH y MOBITPi KT
M5 —maca 3pa3ka miacMacH y BOJI KT.
SIKo 3pa3ok Mae MpaBWIIBHY TEeOMETpUYHY (opMmy, TO Ui BU3HAYCHHS
IIUTPHOCTI HOTO Macy B MOBITPI MOXKHA MOJUIMTH HAa PO3PAXOBAHUU 3a pO3Mipamu
00’em. LI{iTpHICTh B IIbOMY BUIIAJKY BU3HAUYAIOTh 32 (DOPMYIIOIO

p, =MV, (1.2)

ne M — wmaca 3paska, KT;
V — 06’em 3paska, M3,
Maca 3pa3ka BU3HaYa€ThCS MUIIXOM 3BaKyBaHHs Ha Barax 3 To4HicTio A0 0,01 r.
O0’eMm 3pa3ka BHU3HAYAETHCS MUISXOM BHMIPIOBAaHHS WOTO JHIMHUX PO3MIPIiB
IITAHTEHIIUPKYJIEM 3 TOUHICTIO 10 0,05 MMm.
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1.3.4 CnamoBaHHsl 3pa3ka B MOJIyM’'1 CHHUPTIBKM 1 CIIOCTEPEXKEHHS 3a
KOJILOPOM TOJIyM s 1 3aI1axoM J03BOJISIFOTh BUSHAYUTH BUJI IIJIACTMACH BiJIMIOBIIHO 710

Taba. 1.4.
Ta6mumg 1.4 — BracTUBOCTI T1acTMac JjIsi OpIEHTOBHOTO BU3HAYEHHS 1X BUAY
. . TBepaicThb
HaiimenyBanHs Termuno- [uts- P . ye .
o - . 3a HarpiBanHs B monym’1 [H111 o3HakH
[JIaCTMacH Ta CTIMKICTh, | HICTb, .
MMO3HAYCHHS °C Kr/M° bpinerew,
MlIla
1 2 3 4 5 6
TepmoniacTuyHi miacTMacu (TEpMOINJIACTH)
[TomeTwiieH: [[IBuaKo 3aropaeThes, Konip Oynp-
- BUCOKOTO THCKY 110 950 29 TOPUTH CUHIM TIONYyM sIM 3 | SIKHIA, MyTHO-
- HU3BKOTO THCKY OIUIABJIECHHSM 1 IIPO30PHI 1
(TTEBII, ITEHIT) HiATIKAHHSAM TOJTIMEpY Henpo3zopuit
[IBHIKO 3aropaeThes,
[MomimopomiieH ILUIABUTHCH, CTIKAE
p 100 900 63 -
(TTIT) KpaIuIsiMy, UM Ma€ 3arax
PEBEHIO
Kouip mo-
droporutact-4 He ropurs, 31erka JIOYHO-O1IHI
P 250 2200 40 p y
(D-4) OOBYTITIOETHCS HETIPO30PHH,
MaCIISTHACTHI
ITomicTupon i . . Koaip 6yns-
rHp IIpu ropiHHI BUAUIAETHCS P OYA
coroiMepu N N SIKHM,
80 1070 150 T'YCTUH YOPHUIA UM . .
CTHPOITY IPO30PHH 1
(IICC,IICB,IICE) HENPO30pHil
. Koumip Bi
[TomiBiHLTXJIOPHI: CBiTHIz) a
- BIHIIJIACT Baxko 3amanroeTncs, UM
80 1350 155 ’ ’KOBTOTO JI0
(IIBX-1, TIBX-2, Mae 3arax XJopy TeMHO A
[IBX-3)
KOPHIHEBOTO
Baxko 3anamroerses, npu | Kouip Oyab-
Ilnacrukar BUBEJIEHH] 3 T1OJ M’sz b ﬂKI/II‘/’Ip 7
(ABC) - 1300 - o Y ’
racHe, 3arax XJOpPUCTOTO MaTepiai
BOJTHIO 1 XJIOPY eJaCTUYHUN
[MomimeTnn- [Ipo3opuit
MCTAKDIUIAT: [[IBuaKO 3aropaeTbes, AUM 60
AKpHIar: 85 1190 230 Ma€ COJIOIKYBaTUH 3amax
- OpraHiyHe CKIIO MacTEIbHUX
(IIMMA) TOHIB
Komip  Bin
KPEMOBOTO
3aroparoTbcs MOTaHo, 0
IMomaminn TOpATH OJAaKUTHUM © CBOLO
(ITA-6, ITA-66, 125 1150 120 MOJIYM sIM, JUM Ma€ 3amax P )
Po3un-
ITA-610) COJIOMH
HSIOTHCS B
COJISTHIN
KHACJOTI
. Baxxo 3anamtoersesd, npu | [Ipo3opuii,
Monixapbonar: 135 1210 155 BUBEIEHHI 3  IOIYM’S | JKOPCTKUH
- mudpion (TTK-1) racHe yM p
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IIponoBxxeuns tada 1.4

1 | 2 | 3 [ 4 | 5 6
TepmopeakTHBHI I1IacTMacH (PeaKTONJIACTH)
[Ipec-nopormku 3 Komip Big cBiTi0-
¢denomacTis 3 110 | 1400 | 300 KOPUYHEBOTO J10
JICPEBHUM YOPHOTO
OOpOIIHOM
[Ipec-nopomkwu i3 Komip Big cBiTi0-
(deHormacTiB 3 160 | 1600 | 300 KOPHYHEBOTO JI0
MiHEpaIbHOIO YOPHOTO
MYKOIO
BzJ'IOKHiT 13 llorano  sar OparoTRCsl,  HE | 1o 1ip koprunesnit
¢denomacTiB 110 11400 | 250 BIpataloTh  CBOCI (bopmu. Heonnopinnuit
DeHoIIacTu: Biaysaernca samax genomy Komip YEpBOHO-
) 240 | 1800 | 300 | Ta popmambierisy v o
- CKJIOBOJIOKHIT KOBTHUH, iHOTI
HEOHOPITHUHT
Komip kopuuneBuii .
I'eTuHakc 155 | 1350 | 200 [ToBepxHs MOXE
OyTH JTaKOBaHOIO
TekcrodiT 125 | 1700 | 300 Komip kopuuneBuit
JepeBoriapysari Kouip cairo-
150 | 1300 | 300 KOPUYHEBHH, BHTHO
TUTACTUKH
PHCYHOK

[Ipec-nopomku 3aroparoTbcs MOTAaHO, IHOI

100 | 1400 | 300 Konbopu Oynp-ski

aMIHOILIACTIB B1/I4yBa€ThCS pUOHUIT 3amax

Ckromnactu 3 lopate cBiTuMm moxym’siM, | Komnip cBiTio-
€MOKCH/IHOT 200 | 1800 | 370 | mpu BUBEACHHI 3 TMONYM sl | KOPUYHEBHM, IHOMI
CMOITH racHyTh. 3anax (eHony HEOJITHOPITHUI
Crnomnactu 3 Topate cBiTauMm monym’siM, | Komip Oyab-skuit
nomiedipHoi 200 | 1600 | 370 | OP*TR ¢© OAYMAM, | SOTID BYA :
MO 3armax CoJIOJIKYBaTHH BUJTHO HAITOBHIOBAY

1.3.5. BusHaueHHsI TBepAOCTi Ha Tpuiaai bpiHens NUIIXOM BIABIIOBAHHS
KyJabku. Ha mpunasni ayist BUBHa4eHHsST TBEPAOCTI 3a bpiHeneM y 3pa3ok npotsarom 60
CEKYH/I BIaBJIIOIOTh KYJIbKY JiameTpoM 10 MM rpu HaBaHTaxkeHH] Koro cuioro 2500 H.
JliameTp JIyHOK Ha 3pa3Ky BU3HAYA€ThCS 3a AomoMororo iynu Mb-2. SIkmio Bumipstu
maiamMerp JyHKHM (BimOwTka) O Ticis BIABIIOBaHHS KYJbKH, TO TBEPIICTh MOXHA
po3paxyBaTu 3a (PopMyIoro

2P

~m(D-JDP—d?)’

HB (1.3)

ne P — cuna BaaBmroBaHHs, H;
D — niameTp KyJnbKH, M;
d — miameTp BiOUTKA, M.
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VY 1abxn. 1.5 HaBeneHo 3HAYEHHS TBEPAOCTI MJIACTMAC 3aJIEKHO BiJ JllaMeTpa
BIIOMTKA 3a IIMX YMOB, po3paxoBaHi 3a hopmyiioro (1.3).

Tabmums 1.5 — Tsepuicth 3a bpiHenem 3ajie)xHO BIJ JiaMeTpa BiJIOUTKa
(maBantaxxenus P = 2500 H, niametp kynbku D = 10 mm)
Hiametp TBepaicTh 3a Hiametp TBepaicTh 3a Hiametp TBepaicTh 3a
BigOUTKA, Bpinenewm, BigOUTKAa, Bpinenem, BigOUTKA, Bpinenem,
MM MlIla MM MIla MM MlIla
2,00 788 3,50 252 5,00 119
2,05 749 3,55 244 5,05 116
2,10 714 3,60 237 5,10 114
2,15 681 3,65 231 5,15 112
2,20 650 3,70 224 5,20 109
2,25 621 3,75 218 5,25 107
2,30 594 3,80 212 5,30 105
2,35 568 3,85 206 5,35 103
2,40 544 3,90 201 5,40 101
2,45 522 3,95 196 5,45 98,6
2,50 501 4,00 191 5,50 96,6
2,55 488 4,05 186 5,55 94,6
2,60 463 4,10 181 5,60 92,7
2,65 445 4,15 176 5,65 91,0
2,70 429 4,20 172 5,70 89,3
2,75 413 4,25 168 5,75 87,6
2,80 398 4,30 164 5,80 85,9
2,85 384 4,35 160 5,85 84,3
2,90 370 4,40 156 5,95 81,1
2,95 355 4,45 152 6,00 79,6
3,00 346 4,50 149 6,05 78,1
3,05 334 4,55 145 6,10 76,7
3,10 323 4,60 142 6,15 75,2
3,15 312 4,65 139 6,20 73,9
3,20 303 4,70 136 6,25 72,5
3,25 293 4,75 133 6,30 71,2
3,30 284 4,80 130 6,35 70,0
3,35 275 4,85 127 6,40 68,7
3,40 267 4,90 124 6,45 67,5
3,45 259 4,95 121 6,50 66,3

1.3.6. BunpoOyBanHsi Ha TemJocTilikicTs Ha npwiaal MapreHca. Lleit Bug
BUMPOOYBAaHHS MPOBOJAMUTHCS 3a CTAHAAPTHOIO METOJMKOIO. 3a BIJCYTHOCTI TpUIIaTy
MapTteHca BUnpoOyBaHHS MPOBOASITH Yy TEPMOCTATi, TEMIEPATypy SKOTO TMOBLIHHO
nigsuinyiore (Ha 50-60°C 3a roammy). Uepes xoxni 10°C 3pa3zok BuiiMaroTh i
HAMararoThCs 3ITHYTH Horo Bpy4Hy. J[Jisl BCIX TepMOIUIACTIB, nepeiueHux y Taom. 1.1,
nosia jgedopmariii CBITYUTH MPO JOCATHEHHS TEIUIOCTINMKICTI. TepMopeakTHBHI
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IacTMacu MpU HarpiBaHHI B TEPMOCTaTi HE 3MiHIOIOTH (OpMy 1 HE CTaloTh
TUIACTHYHUMH.

1.4. BukoHaHHs po0oTH

1. Onepsxatu y BUKIIaJlaya 3pa3Ku MJIacTMac Uil BUBHAUYEHHS X OPIEHTOBHOTO
BUJIy Ta MPOBECTHU 30BHIMIHINA Orjsa. BiaMiTUTH iX KOJMIp, MPO30PICTh, HASBHICTH
OPUCTOCTI, BUAMMUI HAIIOBHIOBAY.

2. Bu3zHauuTH UIUIBHICTH BIAMOBIIHO 10 MYHKTY 1.3.3 JaHUX METOIUYHUX
BKa3iBOK.

3. BusHauntu TBepAiCTh IUTaCTMAcC Ha mpwiaal bpinens. 3pasox s
BUMPOOYBaHbh PO3MICTUTH HA CTOJII MPUJIAAY 1, HAKJIETBIIIM HA HHOTO JIMCTOK YUCTOTO
MOJTIPYBAJIBLHOTO TAMepy, €0 TOMEPETHFOTO 3YCUIUIS MPUBECTA HOTO 10 TOPKAHHS 3
KYJIbKOI0. 3a JOMOMOTO0 ITycKaya 3AIMCHUTH TJIaBHE MPHUKIAJCHHS HAaBAaHTAKCHHS
Ha BJIaBJIIOBaHY KyibKy. Uepe3 60 cexyHJ 3pa3oK 3HATH 1 J1aMeTp BiIOUTKA BiJ
BJIaBJIIOBAHOI KYJIbKH 3aMIpSTH.

3HaudeHHs JllaMeTpa BIJOMTKA PO3paxyBaTH SIK cepelHe apuMeTUIHE 3 TPHOX
3Ha4YeHb. TBepicTh po3paxyBaTu 3a ¢opmysoro (1.3) i mepeBipuTH pe3yiabTar
po3paxyHKiB 3a Tabu. 1.5.

4. ITpoBectu BUIpoOyBaHHA 3pa3KiB Ha TEIUIOCTIMKICTh BIAMOBIAHO 10 MyHKTY
1.3.6. 1aHUX METOOMYHUX BKA31BOK.

5. InentudikyBatu BUNPOOOBYBaHI 3pa3Ku IUIACTMAC, MOPIBHSBIIN OJIEp)KaHi
3HAQYEHHS IIUIBHOCTI, TBEPAOCTI, TEIUIOCTIMKOCTI 3 JOBIJKOBUMH JIaHUMH,
HaBeJeHUMHU B TaOi. 1.4, niud BIIOMHX BHJIB IIJJaCTMAac, 1 3allOBHUTH TaOJIMIIIO
pe3ynbTatiB BUNpoOyBaHb 3a popmoro Tadm. 1.6.

Tabmuis 1.6 — PesynbraTtu BUnpoOyBaHb 1 pO3paxyHKiB

LinpHICTB, p
-~ <
= % =z S
< < < T 2 = Q ==
5% 2 X o - = = g 5 5
< ) [a B -~ <
g | g g 5 = | 8w a o = = £ g
2 | © o L X x| BE .2; S 9
) < = @ > [ s B L X L = = o = &
2 |Ex | o8 2 |82 | ZE| 2% 8% | 5.,] 88
] « o — — e <
T | = o> O B M | =/ = T 8| 2 ¢
1
2

VYV rpadi «KnacudikamiitHa XapakTEpUCTHKa» 3a3HAYUTH Kjac IUIaCTMacu
(TEpMOIIACTH YK PEaKTOIIACTH ), Ha3BY IJIACTMACH.

6. BcTaHoBUTH raimy3b 3aCTOCYBaHHSI JOCIIKYBAaHUX TJIACTMAC BiMOBIIHO JI0
tadi. 1.3.

1.5. KoHTpO/IbHI NMTAHHS

1. [lo Take momimepu?

2. Ciocobu oiep:kaHHsI MOJIIMEPIB.

3. SIKy TBep1iCTh MAIOTh MOJIIPOIICH, TTOJIICTUPOJI, TTOTIBIHIIXIIOPUT?
4. Peakuist monimMepu3aii.
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5. Peakris momkoHaeH A1,

6. Axuil TN 3B’SI3Ky MK YaCTUHKAMH B MOJIMEPHOMY Matepiai?

7. IIponiecu kpucTamizallii mojaiMepiB 1 METaIIB.

8. SIki miacTMacu MOKHA BUKOPUCTOBYBATH ISl BATOTOBJICHHS T IIUITHUKIB?

9. Slkumu criocobamMu MOKHA BUTOTOBJISITH 30ipHI BUPOOHM 3 TEPMOPEAKTUBHHUX
nactMac?

10. Sxwmif maTepian HaiyacTilie BUKOPUCTOBYETHCS JIJI1 BUTOTOBJICHHS KOPITYCiB
npuiagiB?
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IpakTuyne 3aHaTTa Ne 2

TEXHOJIOT'IA OJEPKAHHS JIETAJIEN I3 IIJIACTMAC
INPECYBAHHSM I ITPECJIMTTAM

2.1. Meta po6oTH

3100yTH TpakTU4YHI HABUYKUM B PO3POOJIEHHI TEXHOJIOTIYHOTO TMPOoLECy
BUTOTOBJICHHS TJJACTMACOBUX JIeTalei i BUKOHAHHI PO3PaxyHKY PO3MIpiB JeTanei

pec-hopm.
2.2. 3araabHi BizoMocTi

BukopucTanHs mIacTUYHUX Mac JO3BOJISAE 3a0IaKyBaTH JTOPOTi 1 nedinuTH1
KOJIbOPOBI METajH, IIJIBUIIYBAaTH JOBrOBIYHICTh JETalei, W0 MpaliolTh B
arpecCMBHUX CEPElOBUILNAX, 3HM)KYBaTHU Bary 1 3MEHIIYBAaTU TPYAOMICTKICTb
BUTOTOBJIEHHS JeTajed MamuH. [lmactmacu [103BOJSIOTH OJIEPKYBATH 3HAYHUM
ekoHOMIYHMI edexT. OJIHa TOHHAa IUIAaCTMAac 3aMiHsA€ OJU3bKO TPHOX TOHH
KOJBOPOBHUX METAIB, JeTall 3 mactMac y 10 pasiB aemesiini OpoH30BUX 1B 15 pa3iB —
6a0iTOBUX, HE BUMararoTh 3MairyBanHsa. Co0iBapTICTh MJIACTMACOBHUX BHUPOOIB y 3-6
pasiB, a TPYJIOMICTKICTh BUTOTOBJICHHS B 3-8 pa3iB MEHIIEC aHAJIOTIYHUX METAJICBHUX.

[TnacTmMacu MMPOKO BUKOPUCTOBYIOTH Y MAaIIMHOOYyBaHHI, MPUIa 100y TyBaHHI,
CJIEKTPOTEXHIYHIN Ta PaJIOTEXHIYHIA MPOMUCIOBOCTSAX, a TAKOXK B 1HIIMX Taly3sixX
BUPOOHUIITBA.

[lnactmMacu — HemeTalieBl MaTepiayid, IO CKJIAIalOThCS 3 OPTraHiuyHUX 1
HEOpPraHIYHUX PEUYOBHMH. BOHU BUTOTOBISIOTHCS HAa OCHOBI BHUCOKOMOJICKYJISIPHUX
3’¢HaHb (MOJIIMEPIB) — CHUHTETHMYHUX CMOJI a00 TPOJYKTIB XIMIYHOI TepepoOKu
MPUPOJIHUX BUCOKOMOJIEKYJISIPHUX 3’ €HAHb. 3B’ A3yI0UOI0 PEUOBHHOIO B IJIaCTMAacax
€ CHHTETHYHI CMOJIH (TTOJIMEPH ), IO BU3HAYAIOTH iX OCHOBHI BIIACTUBOCTI.

BiamnosinHo 10 3MiH y TIOJIIMEPHUX 3’ €IHAHHSX, IO BiAOYBaIOTHCS MiJ Yac ix
nepepoOKu, TMIACTMACH MOAUIAIOTh HA JBI OCHOBHI T'PYIH — TEPMOIUIACTUYHI Ta
TePMOpPEaKTHBHI. TepMOIIaCTUYHI TIACTMACH 37aTHI HEOJIHOPA30BO IIABUTHUCH 0€3
3MIHM BJIACTUBOCTEH MaTepiaiy B Mporieci JAEKIIbKOX mnepepobok. Ilmactmacu 3a
CBO€I0 OyJOBOIO HA3UBAIOTh MPOCTUMH, SKIIO BOHM CKJIAJAIOThCA TUIBKU 31
3B’S3YIOUMX CMOJ (moJiiMepiB) (TOJieTUsIeH, KampoH, ¢ToporiacT Ta 1H.), 1
CKJIAIHUMH — (KOMIIO3UIIIMHMMHU) 3a HasBHOCTI B iX CKJIaJl HallOBHIOBAYIB,
rmiacTugikaTopiB, OapBHUKIB (TEKCTONIT, (eHomnactu Ta iH.). TepMopeakTHBHI
MJIaCTMAacH YTBOPIOKOTH MICIIs MEPUIOTr0 HAarpiBaHHS HEIJIaBKi, HE3BOPOTHI MPOAYKTH,
10 BOJIOAIIOTh CTaOUIBHICTIO (hI3UKO-MEXaHIYHUX BJIacTUBOCTEH. OCHOBOIO iX €
(benonodopmanbaeriHi i 1HII CMOJIH.

2.3. BiracTuBocTi miacrmac

[TmacTmMacu MarOTh KOMITIEKC (PI3MKO-MEXaHIYHUX 1 TEXHOJIOTTYHUX BIIACTUBOCTEH.
Haii6inpim  Ba)XJIMBUMHU  BJIACTHBOCTSAMH IJJaCTMAc € JIOCTATHS MIIHICTh IIPH
HE3HAYHIM NIUTHPHOCTI, €JIaCTUYHICTh, CTIMKICTH JO il TeMmmepaTyp 1 XIMIYHUX
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peareHTiB (KHUCIIOT, JIYTiB Ta iH.), KOpO3ii. ApMOBaHI BOJOKHAMU IJIACTMACH MAaOTh
MIIHICTh, OJIM3BKY JI0 MIITHOCTI CTaJIel, MalO4YM P IIbOMY CBOI crieiu(iuH1 BIaCTHUBOCTI.

Henonikamu mactMac, mo oOMEXYyHTh iX cdepy 3acTOCyBaHHS, € HHU3BKI
TEIUIOCTIMKICTh Ta TEIUIONPOBIIHICTD, TBEPIICTb.

TexHOoJIOT1YH1 BJIACTHUBOCTI XapaKTEepU3yIOTh MEepepoOJIOBaHICTh IIaCTMAC Y
BupoOu. Jlo HHMX HaJleXXaTh HacUIHA IIUIbHICTh, TPAHYJIOMETPUYHMMA CKJIA],
BOJIOTICTh 1 BMICT JIETKHX, PEYOBHH, TaOJETOBAaHICTh, TEKY4YiCTh, IIBHIKICTb
TBEpAIHHS, ycanaka il iH. ['paHylOMEeTpUYHHI CKIIaJ XapaKTepu3ye BMICT YaCTHHOK
PI3HUX PO3MIpPIB Y HOPOIIKONOAIOHUX Ta TPaHyIbOBAaHUX MaTepiajaxX 1 BU3HAYAETHCS
CUTOBUM aHaii30M. OJHOPITHICTh YaCTUHOK (POPMIBHOT MacH MOJIMIIYE CHITYYICTb,
00’eMHe 103yBaHHsI, TaOJIeTyBaHHS 1 1a€ pIBHOMIpHE MPOTPIBaHHS MaTepialy IiJ] 4ac
nepepoOku. BoyioricTh 1 BMICT JIeTIOUMX BHIe HOpMHE (TIoHax 2-4,5%) cnpuse mosBi
KOpPOOJIEHHS, MIOPCTKOCTI 1 30UIBIIEHHIO Yacy BUTPUMKH IiJ 4Yac MpPECyBaHHS
netaneir. TekydicTh XapaKTepusye 3JIaTHICTb Marepiaay TMpu  JIOMyCTHMHUX
TeMIiepaTypax 1 THCKax IMpOTIKAaTU IO KaHajax 1 3amoBHIOBaTH mpec-popmu. 3i
30UTBIIEHHSIM BMICTY HAIOBHIOBAYIB TEKY4YICTh 3MEHINYEThCS. [l MMiIBUILICHHS
TEKY4YOCT1 B IJJAaCTMAcH JI0JIal0Th MacTuja (CTeapuH, OJETHOBY KHCJIOTY Ta 1H.).
[Toka3HUK TEKy4OCT! IJIACTMAC BU3HAYA€ MPaBUILHUN BUOIP ONTUMAIILHOTO PEXKUMY
MpecyBaHHs (TeMIiepaTypa, THCK). 3HHKEHA TEKydiCTb MaTepialy MpU3BOAMUTH IO
HEMOBHOI'O 3alI0BHEHHS Ipec-(opM.

[lepexin momimepy y TBEpAMil, HEIUIABKUWA 1 HEPO3UMHHUN CTaH IiJi BIUIMBOM
TeMmrepaTypu, TUCKYy a0o B3aemMojii 3 JACSIKUMU pPEYOBHHAMHU (KaTaldi3aTopaMu)
Ha3UBalOTh ABUIINEM TBepAiHHs. IIIBHAKICT, TBEpAIHHS 3aJE€KHUTh BiJ MPUPOIH 1
BJIACTUBOCTEN Mpec-Marepiany, TEXHOJOTrIYHUX (akTopiB (TIMOMHA MPOTpIBAHHS,
MOMNEPE/IHE MIAIrPIBaHHS 1 T.JI.) 1 BUMIPIOETHCS B CEKYHJIaX HAa MIIIMETP TOBUIMHHU.
[Ipn 3HMKEHIM IIBUJIKOCTI TBEPIIHHA 30UIBLIYETHCS BUTPUMKA MaTepiay Mij
THCKOM, III0 3HIKYE TPOIYKTUBHICTH TMPECYBaHHS, a TIJBUIIEHA IIBUJIKICTH
BUKJIMKA€ HETIOBHE 3aIMIOBHEHHS (POPMYBAILHOI MOPOKHUHY TUIACTMACOIO 1 TOSIBY OpaKy.

BractuBicTh miacTMac 3MEHIIYBATHUCS B PO3Mipax MiJ 4Yac OXOJIOKEHHS
HA3WBAETHCS YCAAKOI0. YCaJKa 3aJIeKUTh B NPUPOAU MaTepialy, THUCKY 1
TeMIlepaTypy NpecyBaHHs 1 T.i1H. BoHa BpaxoByeThCs MMijl Yac KOHCTPYIOBAHHS Tpec-
dbopm. Po3paxyHKOBY ycaJKy y BiICOTKaxX BU3HAYAIOTh 3a (POPMYIIOIO

d-d,
X=—=

-100, (2.1)
ne d — miamerp opopmmroBanbHOi yacTuau npechopmu mpu 200£50°C, mm;
d; — miameTp BiAIpPECOBAHOTO JUCKA MPH Till caMili TeMIeparypi, MM,

2.4. IlepepoOka miiacTMac y BUpoOH

Ha Bubip meTony mepepoOKH BIUIMBAIOTH HAJICKHICTH IJIACTMACHU JI0 TPYIHU
TEPMOTUIACTUYHUX a00 TepMopeakTuBHHX, (opma nerami 1 T.iH. DopmyBaHHS
rIacTMac, SIK MpaBUJIO, MPOBOJUTHCA 3 MIAITPIBAHHIM JI0 TaKUX TEMIIEpaTyp, MpH
SAKUX BOHM HaOyBalOTh HEOOXINHY I IHOTO IUIACTUYHICTh. Y TEPMOILIACTIB
MJIACTUYHICTh 3POCTA€ 3 IMIJBHINCHHSIM TEMIEpAaTypH 1 Yacy HarpiBaHHs, a B
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PEaKTOIIACTIB, HaBMAKW, 13 MIABUIICHHAM BUTPUMKH TIpU JaHI TeMIieparypi
IUIACTUYHICTh  cnajfae. OCHOBHUMH  TEXHOJOTIYHUMHU  TapamMeTpaMu, IO
XapaKTEepU3yIOTh MPOIIEC OJEpKaHHs JAeTalied 13 IUIacTMac € TeMIleparypa, TUCK 1
yac. TpuBaicTh Npollecy BUTOTOBJIECHHS 3aJICKHUTh BiJ 4acy po3irpiBaHHs MaTepialiB
710 TUTACTUYHOTO CTaHy, yacy (popMyBaHHS 1 yacy TBEp/IHHS AeTaii. TepMopeakTUBHI
IJIaCTMACH TMEepepoOIIIIOTh y JIeTalll MIPEeCyBaHHAM, a 1HOJI METOJIOM €KCTpy3ii 000
JTUTTSIM.

Jis opepxaHHS JAeTajel 13 TEPMOPEAKTHUBHUX IJIaCTMAac MPECYBaHHSIM
BUKOPDUCTOBYIOThCSL ~ mpec-matepianu.  llpec-maTtepianu €  HalmOBHEHUMH
IIacTMacaMu, 110 CKJIQIAIOThCS 13 TEPMOPEAKTUBHUX CMOJ (3B’ S3yIOU€), HATIOBHIOBAYIB,
OTBEp/DKyBauiB, MacTui 1 OapBHUKIB. Jlo mpec-maTepianiB Hajexatb (EHOIUIACTH,
aMIHOTUTACTH, TIPEC-KOMIIO3UIIIi Ha OCHOBI KPEMHIE€OPTaHIYHUX 1 TOiedipHIX CMOJI.
HamoBHioBaui gomaroThest 10 mnpec-marepianiB (10 60%) 3 MeTOw IiJBUIICHHS
MIITHOCTI, HaJaHHs CIIeIiaIbHUX BJIACTUBOCTEH 1 3HMKEHHS BapTocTi. HamoBHIOBaul
BUKOPUCTOBYIOTh y BUTJISA/II MOPOIIKY (JIepeBHE OOPOIIHO, TAJIbK, KaOoJiH, TpadiT Ta
1H.), KpUXTH (JIepeBHA, TEKCTOJIITOBA, a30€CTOBA, CIO/Ia Ta 1H.), BOJIOKOH (OaBOBHSHI 1
JUISIHH1 OYOCH, CKJIOBOJIOKHO Ta 1H.) a00 mapyBaTUMH (0aBOBHSHA, a30€CTOBA TKAHUHA,
narnip Ta iH.).

OTBepKyBauli — PCUOBHHHM, IO JIOJAIOTHCA B mpec-kommosuiito (1-3%),
pOOJISATH BYJIKAHI3YIOUY 110, CIPUSIOUN TBEPAIHHIO.

Mactuna (oneiHoBa 1 CTeapuHOBAa KHUCIOTH, CTeapar Kajbllil0) J0JAI0Th B
Mpec-KOMIO3UIIII0 B KUTbKOCTI 1-2% ju1sl 3MEHIICHHS TepTs Marepialy o0 mpec-
dbopMy 1 NpUIUIIaHHA MOro 10 AeTtanei npec-popm, a OapBHUKUA — OKHUCIN METAJIB
(kamMmito, XpoMy, IIMHKY, TUTaHY, CBUHIIIO) — JJIsl HaJJaHHS TIEBHOTO KOJHOPY JETai.
bapBHUKH BBOJSATHCSA /10 PIIKOT ITPEC-KOMITO3HUIIIT ITif] Yac mepepoOKr a0 BUTOTOBIICHHS.

[Ipec-maTepianv BUITYCKAIOTBHCA Yy BUIJISAI TPEC-TIOPOIIKIB, MPEC-KPUXTH,
KYCKOBUX 1 JIMCTOBMX IUIaCTMAaC, Ipec-MaTepiaiiB 3 I[IapOBUM HAMOBHIOBAYEM
(TKaHMHA, mamip Ta iHII, HACUYEeH1 cMoiamMu Matepianu). [1ig yac 30epiranHs npec-
Marepiaau MOTpiOHO oOepiraTd BiJ BOJOTM 1 3a0pyIHEHHs, HE JOIYCKAaTH
3JIeKYBaHHSL T[] Barow 1 JOBrOTpUBAJOro 30epiraHHs. TemmepaTypa IMiJl dac
30epiraHHsl MatepianiB He NMOBUMHHA mnepeBuulyBaTH 15-20°C. DeHonbHI NOPOIIKH,
aMIHOIUIACTH, BOJIOKHITH H 1HIII MiAAa0Th TabneryBaHHio. [IpecyBanHa BUPOOIB 13
Ta0JIeTOBAaHUX TIpec-MarepiajiB CTAaHOBUTh 3HAYHI 3PYYHOCTI 1 MIJABHUIILYE
MPOYKTUBHICTh mpaili. TabJeTku BMIIIYIOTh TOYHY /103y MaTepiaily, 10 CIPOIILYe
oTepallifo JI03yBaHHS 1 3aBaHTAXXEHHS TMpec-GhOpMH, 03BOJISIE 3MEHIIUTH 00’ €M
3aBaHTAXYBAJIBHHUX KaMmep mpec-GopM 1 0Jep>KyBaTH OUIBII SKICHI ACTaJI.

2.5. O0J1aiHAHHA Ta IHCTPYMEHTH

OOnamHaHHAM IS TIEPepOOKH PEaKTOIIacTiB € TabJIeTO4YHI MaIlluHH,
TeHEpaTOpPH CTPYMIB BUCOKOI YacTOTH JJIA MiAIrpiBaHHS Tpec-MarepiajiB 1 MpecH.
JUisi mpecyBaHHS TEpPMOPEAKTUBHUX Mpec-MarepiaiiB  BUKOPUCTOBYIOTH PYYHI
IBUHTOBI (3yCHIJUISAM 110 5 T) a0 rijipaBiiuHi npecu 3ycuiuisiM 1o 200 T.

ITotpibHe 3ycumisa npecyBaHHs Pspp BHU3HAYAETHCS 3a POPMYJIIOH0
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n.F-P_-k
P — p.
> 1000

7€ N — YUCJIO OJIHOYACHO MPECOBAHUX JIeTaJIeH;
F — miomma npecyBaHHs (ILIOINA 3aBaHTAKYBAJILHOI KaMepu npec-GopMu), cM?;
P, — IUTOMUY TUCK IPECYBAHHS, k[ /cm2;
k — xoedirrieHT, 1110 BpaxoBye BTpath Ha Tepts, K = 1,2.

[IpecyBaHHS 1 IPECIUTTS PEAKTOIIACTIB 31HCHIOEThCS B Tipec-hopmax. [Ipec-
dbopmu OyBarOTh 3MOMHI 1 CTalllOHApHI, JJIA TMPSMOro IPECyBaHHS 1 IPECIUTT,
OJIHOTHI3/IOB1 1 OaraTorHi3foBi, BIIKPHUTI, HamiB3aKpuTi, 3akputi ¥ iH. Ha puc. 2.1
MOoKa3aHi cxeMH Tpec-hopM pi3zHOI KOHCTPYKIi. JInBapHi npec-GpopMu T03BOISIOTH
OJIEp)KyBaTH BUPOOHU OUIBIN CKiIaAHOI (popMu. TOUHICTH PO3MIPIB JETaNl 3 IIaCTMAcC
3aJIEKUThH Bl TOYHOCTI BUTOTOBJICHHS TIpec-PopM, CTyIEHs iX 3HOCY, CTaOlIbHOCTI
TEXHOJIOTIYHUX PeXUMIB (HOpMYBaHHS 1 KOJMBAHHA YCaJKU MaTepially B IpoIiieci
TBEpAIHHS. [[71 OLIHKM TOYHOCTI IUIACTMACOBUX JIeTalie po3poOlsieHa crelliaabHa
cuctema gomyckiB 1 mocagok (I'OCT 11710). Sk npaBuiio, TOUYHICTh IJIACTMACOBUX
neranei 3HaxoauThes B Mexkax [T5-1T6, a niig HeBianoBiganeHux po3mipiB — [T8-1T9
KBaJIITETIB.

, 2.2)
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a — BIAKpUTA; 6 — TIOPIITHEBA; 8 — 3 IEPETIKaHHIM; 2 — CTAI[iOHAPHA; O — JIUBAPHA;
1 — myaHcoHn; 2 — maTpuls; 3 — getanb; 4 — o6oiima; 5 — mTup; 6 — BUIITOBXYBAY;
7 — TMBHUKOBUI KaHAT; § — 3aBaHTaXXyBaJbHA Kamepa; 9 — OONTH KPilUIeHHS;
10 — narpiBasbHi INTH; 11 — HaNPaBIISAIOYi BTYJIKH

Pucynok 2.1 — OcHOBHI KOHCTPYKIIii Ipec-GpopM I TpecyBaHHS TUIaCTMAC

dopMOyTBOPIOBANIBHI JieTaii mpec-(hopM BUTOTOBIISIIOTH, sIK TpaBuio, 3a T8
KBATITETIB JUIsl TUTaCTMAacoBHX BHpoOiB 3 momyckamu 3a IT10-IT11 xBamiteTis.
Posmipu  dopmoyTBOprOBambHUX — JeTane mpec-popM  (MaTpulli, ITyaHCOHH)
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3aJJal0ThCS 3 ypaxyBaHHSAM ycaJku mpec-Martepiany. OCKUIbKM MaTpULd 1 MyaHCOH
npec-hopMH MOBUHHI MaTH HaxuJj, COPsIMOBAHMM Yy OiK 3HIMaHHS BUpPOOY, TO IpH
BU3HAYEHHI BUKOHYIOYHUX PO3MIPIB HEOOX1THO POOUTH PO3PaxyHOK JBOX PO3MIpIB
0TBOpPY a00 Bajia (MAaKCHUMAaJILHOTO 1 MiHIMaJIbHOTO) (puc. 2.2).

SN
L 1
==
<} 2
Z//‘/__ ir //é-ﬁ“i 1=
2=t Rl
///,;! 7 ;“‘ ™

1 — myaHcoH; 2 — MaTpHL; 3 — BULITOBXYBad,
4 — Bupi0; 5 — 3aBaHTaKyBaJIbHA Kamepa

Pucynok 2.2 — Cxema nipecyBaHHs y ipec-popmi

MakcumanbHUil JiaMeTp MaTpuill (OXOIUTIOIYOro ejleMeHTa) mpec-PpopMu
BU3HAYA€ETHCS 32 HOPMYIIOI0

D- +X
D, :(mo,slog—o,oz—xj | 2.2)

ne D — HomiHanbHUM AiaMeTp MaTpUIll, MM;
B — MiHIManbHA ycaaka mpec-marepiany, %;
0,02 — momyck Ha 3HOIIYBaHHS ()OPMYBAIBHUX TIOBEPXOHB, MM;
X — JOIMYCK Ha HETOYHICTh BHUIOTOBJIEHHS Mpec-(popM (BIAMOBIAHO N0 Kiacy
TOYHOCTI BUTOTOBJICHHS), MM.
MiHimMaabHUN IaMETp MaTPHUIIl PO3PaXOBYETHCS 3a (POPMYIIOHO

D.. —[D-08a-002+ 2P h (2.3)
min ’ ’ 110 ) ' '

ne D — HomiHanpHUM AiaMeTp MaTpHIll, MM;
B, — MakcuMasbHa ycajka npec-mMarepiaiy, %;
A — JIOITYCK Ha JEeTallb, MM;
X — JOMYCK Ha HETOYHICTh BUTOTOBJICHHS MTpeC-(POPMHU, MM.
Po3mipu  oxorumroBaHMX — eJeMEHTIB  (ITyaHCOHA) PpO3PaxOBYIOThCS — 3a
dhopmynamu:
— MaKCUMAaJIbHUI pO3paxyHKOBH Jl1aMeTp
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d-p
d..=|d+A+— 2.4
(oenetD) ”

ne d — HoMiHAJIBHUI TiamMeTp BaJia (ITyaHCOHA), MM;
A — JIOITYCK Ha JEeTallb, MM;
B — MmiHIManBRHA ycaaka mpec-marepiany, %o;
X — JIOIYCK Ha HETOYHICTh BUTOTOBIICHHS TIpec-(hopMH, MM;
— MIHIMQJIbHUN PO3paxyHKOBUH iaMeTp

d-B
d. ={d+—2+002+x]| , 2.5
min ( + 100 + + ) (2.5)

—X

ne d — HoMiHAJIBHUH JiaMeTp Baja, MM;
B, —MakcuMalpHa ycajaka npec-marepiaiy, %o;
0,02 — nonmyck Ha 3HOITYBaHHS (HOPMYBAIBHUX MTOBEPXOHb, MM;
X — JOIMYCK Ha HETOYHICTh BUTOTOBJIEHHS MTpeC-(POPMHU, MM.
OTtpumaHi po3MIpU HEOOXITHO OKPYIVISITH A0 COTHUX YacTOK MUIIMETpa: s
MaTpull — yOIK 3MEHIIEHHS, /111 TyaHCOHA — Yy O1K 301JIbIIEHHS.
Bucora H, popMyBaibHOT TOPOKHUHU MAaTPHULIl 3HAXOJUTHCA 32 (POPMYIIOIO

HM:(H ﬂ—x—0,0Z—cj , (2.6)
100

ne H — HoMiHaJIbHUM pO3MIp JeTal, MM;
B — miHIMaIbHA ycajka mpec-marepiany, %;
X — JIOIMYCK Ha HETOYHICTh BUTOTOBJICHHS TIpeCc-(pOopMU, MM;
0,02 — nonyck Ha 3HOITYBaHHS (DOPMYBAIBHHUX MTOBEPXOHB, MM;
¢ — ToBIMHA 001010, ¢ = 0,15...0,20 MMm.

IMpukaag po3paxyHky. Po3mipu ¢GopMOyTBOpIOBaIbHUX JETajle Tmpec-
¢dbopMH, BUTOTOBJICHOI 3a TPETIM KJIACOM TOYHOCTI JijIsi (JOPMyBaHHS ILIACTMACOBOI
netani HoMmiHaiasHoro aiamerpa 60h12 3 orBopom miamerpa SOHI12 1 Bucororo 30 MM
3 matepiany 3 ycankoro B = (0,6 -1)% OymyTs:

+0,06
D.. =|60+08 00-0,6 —0,02—-0,06 =60,36"0%°; 2.7
max
+0,06
D, = 60—0,8-0,4—0,02+&’1 =60,26°; (2.8)
min 100
d.= (50 +034+°0 O’GJ =50,64_; os; (2.9)
-0,050
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di = (50 291 00240 osj =50,57 .05 (2.10)
100 —-0,050

30-0,6

+0,045
H. :(30+ —0,045—0,02) =29,9170%%, (2.11)

O06’eM 3aCUITHOTO MaTepially pO3paxoOBYETHCA 32 (OPMYIIOI0
Vu=m-v, (2.12)

e m — Maca geTaiil, KT,
v — IUTOMHMI 00’ €M TIpec-MaTepiany, M/KT.

2.6. [IpecyBanHs njiacTMac

[Ipouiec nmpecyBaHHS CKIIAIA€ThCA 3 MONEPEAHBOrO MIAITPIBAHHS, JO3YBAHHS 1
3acHNaHHs Mpec-Marepiany B mpec-(hopMy, MPECYBaHHS, BUTPUMKH IiJ THCKOM,
posnpecyBaHHs BUpoOy U oumineHHs Tnpec-popmu. [lomepemne mimirpiBaHHs Mpec-
Marepialy Mepel 3aBaHTaKEHHSM Y Ipec-popMy CKOpPOUYE TPUBAIICTh LUKITY
IIPECYBaHHS, 3HI)KYE MUTOMMM THCK MpPECYBaHHs, MOJIIIIYE 30BHIIMIHIA BUIIAL 1
¢b13uKo-MexaHiuHl  BJIacTUBOCTI BupoOy. I[lomepenHe mimirpiBaHHs MOBHUHHO
IPOBOAMTUCH B HaWKOPOTUIMM NPOMDKOK dYacy, a Ipec-marepial IOBHHEH
PIBHOMIPHO TMpOTpIBaTUCS MO BCiM ToBHMHI. JlJIs monepeaHboro MiairpiBaHHs
BUKOPHUCTOBYIOTHCSI T€HEpaTOpU BHCOKOI YacTOTH, €JEeKTpoTepMmoladu omopy Ta
IHAYKI1MHI, @ TAKOXK arapaTd 3 BUKOPUCTAHHSAM Trapsg4oro noBiTps 1 T.1H. HallOinb1m
e(peKTUBHUM CITOCOOOM € MiAIrpiBaHHS CTPyMaMH BUCOKOiI YaCTOTH.

Jlo3yBaHHsI Tipec-Marepialy Moxe OyTh BaroBUM (/1711 BOJIOKHITY, TEKCTOJIITOBOL
KpUXTH), 00’€MHMM (IJIi Mpec-MOpOILIKIB) 1 mWTy4yHUM (mnas Tabnetok). Jlns
00’€MHOT0O J103yBaHHSI BHUKOPHUCTOBYIOTBCA MIPHUKH 3 pyXxoMuMm JHOM. Ilicis
3aBaHTaXEHHS Mpec-maTepialy B mnpec-popmy BMUKaiOTh npec. CrnodaTtKy MOB3YyH
npeca pyxaeTbes BUIKO, a IEPE]] 3aMUKAHHAM Mpec-pOpMHU MOBLIBHO.

[TiampecoBka — orepaiiis KOPOTKOYACHOTO PO3MHUKAHHS 1 3MUKaHHS mpec-(hopmu
JUTSL BUTIYCKY Ta3iB Mij yac mpecyBaHHs. [liampecoBka po3MOYMHAETHCS BiJIpa3y kK
micias 3MHKaHHS mpec-GopMHU MiJ 4ac MpPEeCcyBaHHS MOINEPEeIHbO MITINPITUX Ipec-
MaTepialiiB 1 TOHKOCTIHHMX BHpoOiB. IlimmpecoBka HempumycTuMa I 4ac
BUTOTOBJICHHS J€Tajel 3 apMaTypor0 1 TakMX, HI0 MaloTh CKJIaaHy (opMmy Uis
3armo0iraHHs OPYIICHHS MPAaBIJIBHOTO CIIPSKEHHS JCTaJICH.

ButpuMka miji THCKOM PO3MOYMHAETHCS 3 MOMEHTY 3MHUKaHHS Tpec-GpopMu i
TpuBae Bil 15 cekyHa 10 OjHI€l 1 OuIble XBWIMH HAa 1 MM TOBUIMHU BUPOOY
(BpaxoByrouM 4ac HiANpecoBKH). Yac BUTPUMKH 3aJ€KUTh TaKOX BIJ TUITy Ipec-
Marepiaiy, 3aCTOCYBaHHS MONEPEIHBOTO MIAITPIBaHHSA 1 T.11.

PosnpecoBka BHUKOHYETbCA TICIs 3aKiHYEHHS 4acy BUTpUMKH. Ilig yac
pO3HIMaHHS npec-(pOpMH IIBUKICT MOB3YHA MPeCy IS 3aro0iraHHs MOIIKOHKEHHS
BUpOOy TOBMHHA OyTH cIOBUIbHEHOIO. [Ipu mopanbiioMy pyci TOB3yHa Iipeca
HAropy aBTOMaTHYHO CIIPaIlbOBYIOTh BUIITOBXYBayi. [licis BumaneHHs BUpoOy mpec-
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dbopMa BHUMIIAETHCA CTUCHYTHM TOBITPSM, MaTepiaj, IO MPHWIUI, BHUIAISIETHCA
JATYHHUMH INMWIbKAMU, 3MAIIY€THCS OJIETHOBOIO KHCIOTOI, MUJIBHUM DPO3YHHOM,
napadiHOBUM MacJIoM a00 1HITMMH MacCTUJIaMHU.

2.7. Ilopsiiok BUKOHAHHS POOOTH

1. BuBuutu 6y10BY 1mipec-hopMHu.

2. BiamoBimHO 10 BapiaHTa 1HAWBIIYyaJIbHOTO 3aBlIaHHs (Ta0:1.2.1) BUKOHATH
pPO3paxyHOK poOOUYMX po3MipiB  OQOpMIISIIOUMX YacTUH Tpec-hopMHu s
BUTOTOBJICHHS JIETaJIeH 3 TEPMOPEAKTUBHOI IJTACTMACH 3 I’ ITUM KJIACOM TOYHOCTI.

Tabmuns 2.1 — [HauBinyanbHI 3aBIaHHS

Howmep [Tpec-maTepian HowminanbeHi po3mipu, MM
BapiaHTa (mapka) D d H h
1 2 3 4 5 6
1 K-15-2 50 42 40 36
2 K-118-2 60 50 30 25
3 K-15-2 70 60 50 45
4 K-21-22 40 32 30 26
5 MowHoumiT 40 30 25 20
6 MowHoumiT 50 40 30 35
7 MowHoumiT 50 42 40 36
8 K-220-23 60 54 30 27
9 K-21-22 70 60 50 45
10 Bomokuit 50 42 40 36
11 K-3 60 50 30 25
12 Kd-3 70 60 50 45
13 K-3 50 42 40 36
14 AMiHOIIIACT 60 52 30 26
15 AMiHOIIIACT 50 40 30 25
16 K-118-2 70 60 30 25
17 K-15-2 60 50 30 25
18 K-21-22 50 42 40 36
19 MowHoutiT 60 52 30 26
20 MowHoumiT 70 60 50 45
21 K-220-23 60 50 30 25
22 Kd-3 70 60 30 25
23 AMiHOIIACT 70 60 50 45
[Tpumitka. D1=D + (10 + 12) mm

3. [lixiGpatn pexxuM MpeCyBaHHsS 1 BU3HAYUTH OO0 €M TMpec-Marepiany, IIo
3aBaHTAXY€ETbCA /O mpec-hopmu. BracTUBOCTI 1 peXHMM TPECyBaHHs IuIACTMac
3a3HayeHi B Tabn. 2.2,

4. Harpitu npec-Marepian y CyluiabHIN madi npy NoTpiOHIN Temneparypi.

5. Ounctutu npec-popmy, 3i0paTu ii 1 Ha MOYATKy pPOOOTH MIAITPITH 10
temmnepatypu 170-180°C.

6. IIpoBecTn no3yBaHHS Tpec-maTepialdy i 3aBaHTAXKHTH HOTO B MOPOXKHHUHY
npec-hopmu.

25



Tabmu 2.2 — TexHoNMor1UH1 BIACTUBOCTI Ta PEKUM MPECYBAHHS Mpec-MaTepiaiB

= | Honepenue Temneparypa Burpumka Ha 1
) ?) MiIIrpiBaHHS npeC}éBaHHﬂ, NE MM TOBILUHUA
\5 E)‘ C < E BUPOOY, XB.
~ o
IIpec-marepian 8 8 Z = = ©
5 = > 2 = E | S > 2
= = . ] = S < =) 2
= |z 2 2l £ |22 | & = 2
g g 5 | .2 2% |8 |F 2 £
5 |E|Q |§& |&E|s |EE |2 |&E | .E
deHomacTu 13- |22 |170- | 3-6 150- | 175- | 250- 0,6-1 115 |08-1
(TOCT 5989). 14 190 160 185 | 350
IIpec-nopomku
3arajJbHOro
NPU3HAYCHHS, MAapKH:
K-8-2; K-15-2; K-17-2;
K-19-2; K-118-2
Mowuomnitu 1, 2, 3, 5 15 2,5 | 150 3-10 » igg_ » 0,6-1 | 1-1,5 »
EnexrpoizonsmiiiHi 1,4 2,8 | 160 |6-12 | 155- | 170- | 250- 06-1 |1-15 |1-1,2
MPEC-MOPOLIKH,MapPKH: 165 | 180 | 350
K-21-22; K-220-23
Opukiiitai 1,7- (18 |110- |3-4 |175- | 185- | 400- 0,3 1-15 |15
npec-MaTepiann 1,95 130 185 195 | 500
(TY Ne IT 37),
mapku: K-3; K-3
KapOomigauii 1,35- | 3,5 | 0-90 | 20- 135- | 150- | 250- 0,6-1 | 115 |04-
npec-MaTepia. 1,55 30 150 | 170 | 350 0,6
Awminomact (A i B)
Bomoknit K-138-A 1,8- 25 | » » 185- | » 300 0,4- 3 »
TV Ne IT 44) 19 -12 195 0,5

7. BcranoButu mpec-GpopMy i Mpec 1 BUTPUMATU TMEBHUN Yac MPH 3aJlaHuX
TemrnepaTypi 1 TUCKY (BUATOBIAHO JI0 PEXUMY TMpPECyBaHHS [UIsI JAHOTO Ipec-
MaTepiainy).

8. Buitnstu npec-popmy 3-mija npeca 1 BUITYyYUTH JeTalb.

9. IopiBHATH PO3MipH OTPUMAHOI JAETalli 3 HOMIHATEHUM.

Tabmuis 2.3 — TexHOMOTIYHMIA MTPO1IeC BUTOTOBICHHS

Ha3sga 06’em [Intomnii Pexxnm npecyBaHHs Po3mipu
npec- npec- TUCK Temmepa- gac THCK gac aeraii,
MaTepiaﬂy MaTepiany, IpeCyBaHHS, Typa Hi,[[iI‘piBy, npe- BUTPUM- MM
™M Kr/cM? - XB. CyBaHH#, | KU, XB.
rpisy, °C TOHH

2.8. KoHTpOJIbHI NUTaHHSA

1. IlepeBaru 3acTOCYyBaHHSI INIACTUYHUX Mac Y MAlIMHOOYyBaHHI.
2. OCHOBHI I'pyIY MJIACTMAC.

3. Pi3UKO-MEXAHIYHUX BIIACTUBOCTEN IJIaCTMAC Ta 1X HEIOIIKH.

4. TexHOJIOT14H1 XapaKTEepUCTUKH IJIacTMaC.
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5. TBepaiHHA TIIacT™MAC, Bijl IKUX (haKTOPIB 3a1E€KHUTh IIBUAKICTD TBEPAIHHS?

6. Ycanka nactMac, sK ii po3paxoBYyHOTb.

7. SIxi MaTepiaii BUKOPUCTOBYIOTH ISl OJICPYKaHHS BHPOOIB 3 TEPMOPEAKTUBHHUX
niactMac?

8. 3 sIKOI0 METOIO JI0 IIpec-MaTepiajiiB 10Jal0ThCsl HAIIOBHIOBAYi?

9. 3 siKOr0 METOIO JI0 TIpec-MaTepiajiB 10Jal0Th MacTua?

10. I11o Take mianpecoBka?

11. Ha3Bith 00sagHaHHs 11l IEpepOoOKH TEPMOILIACTIB Y BUPOOH.

12. OCHOBHI TEXHOJIOT1YHI BUMOTH JI0 TIpec-(HopM JJIsi TPeCcyBaHHS TIacTMac.

13. OnumiTh mporiec mMpecyBaHHS IIACTMAC 13 MPEC-TTOPOIIIKIB.

14. SlkumM YMHOM BHOMPAETHCSA PEKUM MPECYBAHHS Ta 00’ €M 3aBaHTa>KyBaHOTO
10 nipec-hopmu Marepiany?
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IpakTuune 3ansarra Ne 3

TEXHOJIOI'ISI BATOTOBJIEHHS JIETAJIEHA 13 TEPMOILTACTUYHUX
TA TEPMOPEAKTUBHUX IIJIACTMAC

3.1. MeTa pobooTn

HpOBeCTI/I HOplBHHJ]LHl I[OCJ'ILIDKGHHH CTPYKTYPH, (l)l?:I/IKO-MeXElHlIIHI/IX BJIACTUBOCTEU
TCPMOINIACTUYHUX Ta TCPMOPCAKTHUBHUX ILIIACTMAC 1 HpO&HaHISYBaTI/I TEXHOJIOT1i
BUI'OTOBJICHHS 3 HUX IIGT&JIE?I/I.

3.2. 3arajbHi BizomocTi

[ractTMacu TIMPOKO 3aCTOCOBYIOTHCS B PI3HHX Taly3sX TEXHIKH (aBiamii,
aBTOMOO11€0y TyBaHHI, CyaHOOyayBaHHi). [IpakTuka BITUM3HSHOTO 1 3aKOPJOHHOTO
MamuHOOYyBaHHSl TOKa3aja JOIUIbHICTh BHUKOPHUCTAHHS BKAa3aHUX MaTepialiiB
3aMICTh KOJIbOPOBUX 1 YOPHUX METaIIB Ta CIUIABIB.

OcHoBa 1ux matepianiB — noximepu. [lopsia 13 Ge3mocepeHbO MOTIMEPAMHU
4acTO BUKOPUCTOBYIOTH X KOMIO3MINT 3 PI3HUMHU IHTPEAIEHTAMH — IUIACTMAcH. 3a
CKJIaJIOM IUIaCTMAacH TOAUIAIOT, Ha mpocti (0e3 HamoBHIOBaYiB) 1 ckmamHi (3
HATIOBHIOBAYaMH).

[IpocTi mumacTMacu CKIJIAJAlOThCS TUIBKH 13 3B’A3YH0YOi PEUYOBMHU — OJHOTO
BHUCOKOMOJIEKYJISIPHOTO 3’ € THaHHSA (TIOTIMepYy).

CxutayiHi miacTMacu MicTsITh Jiekitbka inrpenienTiB (TOCT 24888-81). InrpemienTtr
BBOJISITh JIJIS1 TOKPAILIEHHS BJIACTUBOCTEH a00 /s TOJIETrIeHHs IEpepoOKH IIacTMac,
JIo OCHOBHUX IHTPEHIEHTIB BIJHOCATHCS. HAMOBHIOBAYi, IIacTU]IKATOPH,
cTaO1113aTOPY, AHTUCTATUKH, areHTH, IO 3IIMBAIOTh MOJEKYJIH TMOJIMEPY B CITKY,
OapBHUKM Ta PEYOBHHH, IO 3MAIIYIOTh, MPUCKOPIOIOTH TBEPJIHHS, MOJIMIIYIOThH
aHTUpUKIIMHT a00 QpUKIiiHI BiIacTUBOCTI. Tak, Hampukian, crabiigizatopu
HiABUIYIOTh CTIHKICTh TUIACTMAC 10 BIUIMBY Pi3HHUX ()aKTOpiB (CBITIA, TEIUIOTH), 1110
CHpUSIOTH po3nany momiMepy. I[lnactudikaropu MOMIMIIYIOTh TEXHOJIOTIUHI U
eKCIUTyaTalliiiHl BJIACTUBOCTI TojiMepiB. HamoBHIOBadi BBOASTH I IMiJIBUIIICHHS
MIIIHOCTI, TBEPIOCTi, B’SI3KOCTi, XIMIYHOI CTIHKOCTI 1 TOJIMIICHHS I1HIIUX
BJIACTUBOCTEH TOJIIMEPIB.

B 3asie’kHOCTI BiJ] HAOBHIOBaYa TEPMOPEAKTHUBHI MJIACTMACH MIAPO3ALIIOTH
Ha MOPOIIKOBI (MPEC-MOPOIITKH), BOJIOKHHUCTI 1 IIapyBaTi.

Sk HarOBHIOBAaYi B TIPEC-TIOPOIIIKAX 3aCTOCOBYIOTh OpraHiuHi (iepeBHe OOPOIIHO) i
MiHepaibHi (MeneHuit KBapi, aszdect, cmoga, Tpadit) mnopomiku. I[lopomrkosi
HaIOBHIOBAYI1 10JIal0Th TJIACTMACi TBEPAOCTI, BOJOCTIMKOCTI, XIMIYHO1 CTIMKOCTI.

Henonikamu miactMac 3 MOPOIIKOBUMH HAllOBHIOBAYaMH € HEBUCOKI MIIHICTh
1 ylapHa B’SI3KICTb.

Jlo muractMac 3 BOJIOKHHUCTUMH HAIMOBHIOBAYaMH BiTHOCSTHCS BOJOKHUTH.
BonokHUTH 1€ KOMITO3WINiST 3 BOJIOKHUCTOTO HANOBHIOBaYa y BHUIJISAI BOJIOKOH,
MPOCOYCHUX 3B’SI3YIOUOI0 PEYOBHHOKO. Y TOPIBHSAHHI 3 MPEC-TIOPOIIKAMUA BOHH
MalTh BHWINY YIapHY B’S3KICTh. BOJOKHUTH 3aCTOCOBYIOTH JJIi BHUTOTOBJICHHSI
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AeTajeid, o MPaloTh Ha 3TWHAHHS 1 CKPY4yBaHHs (PYKOSTKH, (praHI, BTYJIKH,
IIKiBH, MAXOBUKH).

3.2.1. OcHOBHI BJIaCTHBOCTI
TEPMOILIACTUYHMX IUIACTMAC (TEPMOILIACTIB)

Jnst onepskaHHs KOHCTPYKIIIMHUX TEpMOIUIACTIB, SK 3B ’SA3yI04Yy PEUYOBHHY
HaWOIIBIT YacTO 3aCTOCOBYIOTH: TOJIBIHUIXJIOPHU, TojieojediHu, TMoJamiay,
droporutact, moJyiypeTaH. TepMoOIUIacTMYHI IJJaCTMAacH |y  TOpPIBHSHHI 3
TpaJULIHHUMHU KOHCTPYKIIHHUMU MaTepialaMi MaloTh:

- MeHy ryctuny, (0,9-2,2)103, kr/m®

- BUIIY XiIMIYHY CTIHKICTb;

- Kpalli MoKa3HUKU GPUKIIHHUX a00 aHTUPPUKIIITHIX BIACTUBOCTEH;

- BUIILY 3/IaTHICTh TACUTH JJUHAMIYHI KOJTMBAHHS MPU 3HAKO3MIHHMX HABAHTAKCHHSIX.

PazoM 3 muMu iCTOTHUMH TiepeBaraMd TEPMOIUIACTHYHI IUIACTMAacH MaloTh
HEJIOJIIKH, SIKI CTPUMYIOTh 1X 3aCTOCYBAaHHS B IPOMHUCIOBOCTI. Tak, OUTBIIICTD yKE 10
100°C maroTh HHU3BKY TeEIUIONpPOBiAHICT. [Ipu  ekcruryaramii jgeranet 3
TEPMOIUIACTUYHUX TIJJaCTMAC BHACHIJIOK PO3ITPIBaHHS MPUCKOPIOIOTHCS TMPOIECH
CTapiHHS, SIKI IPU3BOJATH 10 3HUKEHHS X EKCIUTyaTallliHUX XapaKTEPUCTHK.

Binbin neranbHo (i3uKo-XIMIYHI XapaKTEPUCTUKH, TIEPEBary Ta HETOMIKH OCHOBHUX
KOHCTPYKIIIHHUX TEPMOILIACTIB 1 MPUKJIAJM iX 3aCTOCYBaHHA HaBelleHo y Taou. 3.1.

Tabmuis 3.1 — di3uko-XiMiuHI XapaKTePUCTHKH, TIEpEeBard, HEOMIKH 1 MPU3HAYCHHS
KOHCTPYKIIIMHUX TEPMOILIACTIB

HazBa ®di3uKo-xiMIuH1 OcHoBHI Henomiku [IpusnaueHus
TEPMOTIIIACTa XapaKTePUCTUKU BIIACTHBOCTI
1 2 3 4 5
[MonieTunen (-CH2-CH2-)n Hepo3unnumii y CXupHUHA 10 Hecwunosi nerani,
BUCOKOTO THCKY | CTymeHb KpucTa- | BOJI, alleTOHI, CTapiHHSA JeTaii XiMiuHO1
(ITEBT) JigHOCTI 55-65 %, CIUPTI, anapatypu
ryctuna (0,913- XIMIYHOCTINKHIA,
0,929)103, MOPO3OCTIHKHIT 10
Kr/M° -70°C
[MonieTunen (-CH2-CH2-)n Mae GinbI BUCOKI Konctpykuiiini
HU3bKOTO TUCKY | CTymeHb KpUCTa- | MOKa3HUKH JeTalli HacoCiB,
(ITEHT) migHocti 74-95%, | MimHOCTI Ta Tpyou
ryctura  (0,949- | TerocriiikocTi
0,953)103, kr/m® Hixk [IEBT
[Mominponinen | (-CH2-CHCHs-)n | TTopiBHsHO 3 Huzbki: Konctpyk-miitHi
rycTHHa MOJIIETUIICHOM Ma€ | TEPMOCTIHKICTh, | IeTai
(0,90-0,91)10°, OUIBII BUCOKI CBITJIOCTIMKICTb, | aBTOMOOLIIIB,
Kr/M° TIOKa3HUKH MIITHOCTI | MOPO3OCTIHKICTh | KOpIyca
Ta TemnocTiitkocti | (10 —20 °C) HaCOCiB, TpyOH
(mo 150°C). He
PO3YHHSIETHCS Y
BOJIi, B OpPraHIYHUX
PO3YHHHHUKAX,
CTIWKHI 10 il
KUIT 11901
BOJIM 1 TYTiB
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[Tponossxenns Tadm. 3.1

1 2 3 4 5
[Momictupon (-CH2-CHCgHs-)n | Cridikuid y myrax i | CXuIIbHHH J10 Pyuku, xopnycw,
amopHUi KHUCIIOTaX, 13 YTBOPEHHS €MHOCTI JJIS
noJiiMep, TYCTHHA | POSIIISIHYTUX TPIIIKH, XIMIKaTiB
(1,05-1,08)10°, oJIiMEpiB HEBHUCOKI
Kr/m° HAWOUIBII CTIMKAI MILHICTD 1
JIO JTii 10HI3YFOUMX TEIUIOCTINKICTE
BUIIPOMIHIOBaHb
ABC- Cormnomnimepu BinpizastoTbest Heram
TUTACTUKH MOJIICTUPOIA BHCOKOIO aBTOMOO1LITIB,
MILHICTIO Ta YOBHIB,
CBITJIOTEILIO- Tpyou
CTaOUIBHICTIO
[Momiaminu Mo cknany Mae Hu3bKui CxunbHUH 10 HlecrepHi,
(kampoH, HEW- MaKpPOMOJIEKYJI KOCQIIIEHT TePTS BOJIOTIOMVIHAHHSI | BTYJIKH, ITiJ{IITHII-
JIOH, aMiJ) Bx014Th (-NH- (0,05), TpuBanmii | i crapiHHS HUKH,
CO-) (-CH2-), 4ac MOXe 00JITH, raiiku,
MOJKe KPUCTATi- MpaIoBaTi Ha IIKiBA
3yBaTHUCh, CTHUpaHHS, yaapo-
ryctuna (1,13- MIIHHH, 30aTHANR
1,14)103, Kr/m® TIOTJIMHATH  BiOpaItii,
CTIHKHI 10 JIyTiB
[Tonmiyperan (-NH-COO-)n Mae BHuCOKy Hesucoxa criii- | BonokHa,
THYYKICTb, KICTB JI0 TEPMIYHOI | TUTIBKH,
eNTaCTUYHICTb, 1 TepMOOKHC- TePMETHKH
arMoc(epOCTIKICT, | JIFOBAJILHOT
MOPO30CTIMKICTb JeCTPYKLIi
(m0 —70 °C)
®ropomnact-4 | (-CF2-CF2-)n Bucoka  ximiuHa | Xononorekyuuit | TpyOwu,
(momiterpa- aMOp(HOMOJIKPU- | CTIMKICTh B IIPOKJIAJIKH,
dTOopeTuieH) CTaJYHUI KHCIIOTax, JIyrax, MeMOpaHu,
noiriMep, TYCTHHA | OKHCITIOBAYax, MaHKeTH
(2,0-2,20)10°, x/m® | Bucoki
aHTUQPUKLIHHI
BJIACTUBOCTI
Opraniune Awmopguuii nonmimep, | Crivikuii go mii Hesucoka Kpumkw,
CKJIO (ToJtime- rycruna (2,10- KHUCJIOT, JIYTiB, IIOBEPXHEBA pe3epByapu,
Tinmerakpunar) | 2,30) 103, kr/m® BYTJIEBOJIHUX TBEPAICTD TpyOu, Aetai
NaJMB Ta apMarypu
MAaCTHIIBHUX
MarepiajiB
[Momixmnopginin | (-CHz2 -CHCI-)n XimiyHo criikuid, | Huspka TpuBana | TpyOu, Temso-
(I1IBX) amopHuit HE MIATPUMYE MILHICTb, BEIIMKUI | OOMIHHHKH,
nojimep, T'yCTUHA | TOPiHHS, KOeQiIieHT Tep- | JeTali BeHTH-
1,43 -10%, xr/m3 aTMOc(epoCTIHKUI | MIYHOTO JSIAHIX
PO3LIUPEHHS, YCTaHOBOK
KPUXKHUN MpH
HU3BKUX
TeMIIepaTypax
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[Tponossxenns Tadm. 3.1

Maciax 1 OeH3uHi

1 2 3 4 5
[Tonidopma- (-CH2-O-)n Mae BHUCOKY TBEpICTb, ecrepni, mia-
JBJET1 Cry1iHb KOPCTKICTh, IPYKHICTb. IIUITHUKH, KJ1a-

kpuctaniuyHocti | CTilikuil B MiHEpaIbHUX MaHu, AeTanl

aBTOMOO1IIB

75 %, rycTuHa
(1,40-1,42)10°,
Kr/M°

3.2.2. MexaHi4Hi BJaCTUBOCTi TEPMOILIACTIB

['panuis minHOCTI TepmoruiactiB ckiagae 10-100 MIla, momyns mpy»)HOCTI
3HaxoauThes B Mexkax (1,8-3,5)-10° MlTa. Ile y 10-100 pasi HmK4e, HiX y METAIIB i
Kepamiky. ['panuiisg BUTPUBATIOCT] TepMOILIacTiB cTaHOBUTH (),2-0,3 BiJl rpaHUIl MIITHOCTI.

[1in HaBaHTaXXKEHHSIM TEPMOTUIACTUYHI MOJIMEPH MOBOASITHCS K B’SI3KOMPYKHI
pedyoBHHM, a ix gedopmallisi € CyMOIO MPYKHbOI Jedopmarlii, BUCOKOEIACTUYHOI
nedopmanii 1 aedopmariiii B’s3koro ImiMHY. CHIBBIIHOIIGHHS MK BKa3aHUMU
CKJIAJIOBUMU YacTUHaMU JedopMalili HENOCTIiHI 1 3aJIeXkaTh SIK BiJ CTPYKTYpH, TaK 1
B1Jl MapaMeTpiB AeQOpMyBaHHA: IIBUAKOCTI Ta TEMIIEPATypH, sIKI BU3HAYAIOTh CTaH
nommMepy. Hanpuknan, BuIlle TeMmIepaTypu CKIyBaHHA (B CKJIOMOAIOHOMY CTaHi)
TEPMOTUTIACTH TIPH PO3TATYBAHHI, K MPaBUJIO, CUIBHO MOAOBXKYIOThCS. [Ipu po3puBi
ix 3ammmkoBa Aedopmariis CKIagae JSCATKH 1 HaBiTh COTHI BiICOTKIB. [lpm
HarpiBaHHI MIIHICTh TEPMOTUTACTHYHUX TUIACTMAC 3MEHIITYETHCS, BOHU CTAIOTh OiJIBIII
B S3KMMU 1 CXWJIBHUMHU 10 MoB3ydocTi. [Ipu TpuBamiii 1ii HaBaHTa)KEHHsSI MIIHICTh
MJIacTMac 3HIDKYEThCS 1 3'IBISIETbCS 3anuinkoBa nedopmartia. [lpu 301ab11eHH]
IIBUIKOCTI JepopMyBaHHS TMIJABUILYEThCS TBEPIICTh IUTACTMAC 1 3pOCTAE  iX
CXWJIBHICTh JIO KPUXKOTO pyHHYBaHHsA. MexaHiuHi BJIACTUBOCTI KOHCTPYKIIHHUX
TEPMOILJIACTIB HaBEJICHO B TabI. 3.2.

Tabnuus 3.2 — MexaHiuHi BIIaCTUBOCTI KOHCTPYKIIIMHUX TEPMOILJIACTIB

VY napHa B’SI3KICTh ax t - excmvararii. °C
Tepmornutact M(i',l 0, % kJlx/m? (TOCT (%aég HaBaI-}IITa)KIéH’HSI)
a 4647-80)

[Tonierunen (IIEBT) 10-18 300-1000 HE 3pyHHYBaBCs 105
[Monierunen (ITEHT) 18-32 100-600 HE 3pyiHYBaBCs 120
[Moninporinen 26-38 700-800 33-80 150
[Momictupomn 40-60 3-4 10-22 90
ABC 3035 | 1530 8-40 75-85
(AueroOyTHpPaTOTHPOI)
Kanpon (mosiamin) 75-85 50-130 8-125 80-100
Karpor + 30% Bonokon | 100-125 3 12 100-130
dropomact-4 20-40 250-500 100 250
HomM§T1J1MeTaKpHJ1aT 63-100 25-20 8-18 60
(opraniyse cKJo)
Homxnopole 50-65 20-50 20-80 65-85
(>xOpCTKMI)
[ToniBiHIIXIOPHT . 50-55
(nnactudpixopanii) 10-40 50-350 HE 3pyiiHyBaBcA
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3.2.3. OcHOBHi BJ1aCTHBOCTI
TEPMOPEAKTHUBHHUX IIACTMAC (PEeaKTOIJIACTIB)

binbmr  HamiiHUMH HDK TEpPMOIUIACTH € TEPMOPEAKTHBHI ILJIaCTMACH.
TepMopeakTUBHI TIOJIIMEPH 3aCTOCOBYIOTBHCS TIICIS TBEPAIHHS, IO OOYMOBJICHE
YTBOPEHHSM CITYACTOi CTPYKTYpH 3 BHCOKOIO HIIIBHICTIO TMOMEPEYHUX XIMIYHHMX
MILHUX 3B’A3KIB MK MakpomoJiekyidamu. [lpy 1boMy BOHHM CTalOTh TBEPAUMH,
HETJIABKUMH 1 CTIMKMMU J0 CTapiHHS.

[lepeBaroro peakTOIIACTIB MOPIBHSHO 3 TEPMOILJIACTAMHU € CTallJIBHICTH Ta
Maja 3aJIeKHICTh MEXaHIYHMX BJIACTMBOCTEH BiJ TeMIlepaTypH, IIBUIKOCTI
aedopMyBaHHS 1 TPUBAJIOCTI J1i HABAaHTAKEHHS, ajie IPU BUMIPOOYBAHHIX Ha PO3TAT
3pa3Ki TEPMOPEAKTUBHUX MaTepialliB PYWHYIOThCS ©O€3 IIACTUYHOTO IUIMHY U
YTBOPEHHS IANKU.

[Ipu HarpiBaHH1 BiAOYyBa€ThCA 3HUKEHHSI MILIHOCTI 1 TBEPIOCTI PEAKTOILIACTIB,
OJlHAK y poOoYOMy IHTEpBaJll TEeMIepaTyp BOHM MalOTh Kpalll MeXaHI4Hi
BJIACTUBOCTI, HABAHTAXYBaJbHY 3/IaTHICTb, HIK TEPMOIUIACTH. BaxiuBumu
nepeBaraMu TEPMOPEAKTUBHUX IJIACTMAC € BUCOKA MUTOMA MIIHICTh, JKOPCTKICTD, a
TaKOXX BHUIA, HDK Yy TEPMOIUIACTIB, TBEPAICTh. JlomycTuMi Hampy>KeHHS JUIs
TEPMOPEAKTUBHUX IUIacTMac ckianatoth 15-40 MIla, mo icToTHO BuUIle, HIK IS
TepMmoruiacTiB. OJHaK OUIBIIICTh TEPMOPEAKTUBHUX MOJIIMEPIB IMICIIA TBEPAIHHS Mae
HU3BKY YJapHY B’ A3KICTb.

Jlo HaWBaXIUBILIMX TEPMOPEAKTUBHUX IMOJIMEPIB BIAHOCATHCS (peHospop-
MaJbAEr1/IH1, EMOKCH/IHI, TOJIe(IpH] 1 KpeMHIHOpraHIyH1 peYOBUHHU.

Bigomi ¢enomacTé Ha OCHOB1 Pe30JIbHMX 1 HOBOJIaUHUX (eHoadhopMalb-
JEriHuX noJiiMepiB. Pe3osibHI mosmimepu 3a0e3MeuyroTh OUIbII BHCOKY XIMIYHY
CTIAKICTh 1 BOJOCTIMKICTh; OJIHAK, BOHM TIpIIl HOBOJIAYHUX 32 TEXHOJOTTYHUMH
BIIACTHBOCTSIMHU.

deHorIacTu 3HOCOCTINKI, T00pe YMHATH OIip MOB3YYOCTI MPU TEMIIepaTypax
10 200°C, criiiki B arpecMBHMX PO3YMHAX, IAIWBi, 3MalllyBaJbHMX Marepianax. 3
(heHOoIIacTIB BUTOTOBIISIIOTH KHOMIKU, PYYKH, KOHTEHHEPH, CIIEKTpOoapMaTypy.

AMiHOMIacTH ONM3bKI 32 BIACTHUBOCTSIMH 10 (DEHOIUIACTIB, aj€ BOHU MEHIII
TEXHOJIOT14HI.

Komrio3uirii Ha OCHOB1 €MOKCUIHUX CMOJI 3aCTOCOBYIOTh Y MalluHOOYyBaHH1
JUISL BUTOTOBJIGHHS PI3HOTO IHCTPYMEHTAJIBHOTO OCHAICHHS, BHUTSDKHHX 1
(hopMyBaTbHUX MPUCTOCYBAHbB, JUBAPHUX MOJIEEH 1 IHIIIOTO OCHaIIeHHS. EnokcuaHi
Ta mnomiedipHl CMOJIM MOXKYTh TBEpPIITH NpPH KIMHATHIM Temmeparypi 3 Majoro
yCaaKOIO.

di3uK0-MeXaHIuHI BJIACTUBOCTI PEaKTOIIACTIB HaBeAeHO B Tabu. 3.3.

B a300BoyIOKHHTAX SIK HAMTOBHIOBAY 3aCTOCOBYETHCS a30€CTOBE BOJIOKHO, SIK
3B’3yl0Y€ BUKOPHUCTOBYIOTh, B OCHOBHOMY, (eHoIbOopMalIbIACTIAHY CMOITY.
A300BOJIOKHUTH MAalOTh IIABUIIEHY TeIUIOCTiikicTs (monax 200°C), Bucoki
(GpUKILIIHI BIACTUBOCTI, CTIHKI 10 J1i KKUCIOT. A300BOJOKHUTH BUKOPUCTOBYIOTH SIK
Marepian Jyisi BUTOTOBJICHHS JIeTajeil ralbMOBUX MPUCTPOiB. 3 Marepiany ¢aoiiHa
(pi3HOBU 2300BOJIOKHUTIB) BUTOTOBIISIIOTH KMCJIOTOTPYBKI BAHHH, TPYOH 1 1HIII €T,
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Tabmuis 3.3 — dizuko-MexaHi4Hi BIACTUBOCTI TEPMOPEAKTUBHUX ILJIACTMAC

tmax ['panuns minHocti, Mlla
3 Vnapua | E,
Hassa mac- | p-10%, | ekc- pu pu pu o HB,
3 3, % | B’s3KicTh, | MIla
TMacH Kr/M° | IUIyata- | po3Tar- | cTHC- | 3TH- 2 3 MIla
uii, 'C | HeHHi | Ka”HHI | HaHHI
. | 1,4- 100- 0,3- 6300- 300-
[Topomkosi 15 110 30 50-150 | 60 0.7 4-6 8000 400
Bookmit 12 110  |30-60 |80-150 |50-80 |1-3 |9-10 | 8500 g‘;’g'
Asbosonok- | 13- 5, - 110 | 70 4-3 |20 18000 | 3%
HUT 2,1
CkJioBoiiok- | 1,7- 120-
T 19 280 80-500 | 130 250 1-3 25-150 - -
1,3- 160- 80-
I'eTuHakc 14 150 80-100 290 100 1-3 12-25 10000 -

) 1,4- 120- 120- 5000-
Tekcromit 15 125 65-100 150 160 1-3 30 1000 -
Asborekcro- | 1,6- 185-
it 17 190 55 - - - 20-25 20000 300

1,35- | 140- 180- 100- 140- 18000-
AL 145 |200 300 [180 |280 |~ |8990 30000 |-

lapyBaTiMu TuUTacTMacaMM Ha3MBAIOTh IUIACTMACH, Y SIKUX apKymil
HaIlOBHIOBaYa 3B’s3aH1 MOJIMEPOM y MOHOJITHUM Marepiai. JIucToBl HaroBHIOBaYI,
MOKJIaJEH] apaMH, HaIal0Th IJIACTUKY aHI30TPOMHICTh. MaTepianu BUITYCKalOTh y
BUTJISAJII JIUCTIB, TUIUT, TPYO.

['etTnHakc OnEpKyrOTh Ha OCHOBI MOJU(IKOBaHUX (DEHOIBHUX, aHUIIHOGDOP-
MaJbJCTIIHUX, KapOaMmigHUX CMOJ 1 PI3HUX copTiB mamipa. ['eTmHakc MoXxHa
3acTocoByBaT 1pu Temnepatypi 120-140°C. Bin criiikuii 1o aii ximikatis. ['eTunakc
3aCTOCOBYEThCA SIK €NIEKTPOi3osLiitamii MaTepian. Moro ocHoBHi di3nuko-MexanidHi
BJIACTUBOCTI HaBe/IeHO Yy Tabu. 3.3.

TexctomT (3B’A3yr04a pEeYOBHMHA — TEPMOPEAKTHBHI CMOJIM, HAMOBHIOBAY —
0aBOBHSIHI TKaHWHU) Cepell IIapyBaTUX IIJJacTMAcC Mae€ HaWOUIbIy 3/1aTHICTh
TMOTJIMHATH BibpaliiiHi HaBaHTaXeHHs. VOro BHKOPUCTOBYIOTH ISl PI3HOMAHITHHX
CepEeIHbOHABAHTAKEHUX JIETAJIEH, 1110 MPaLIOI0Th B YMOBax TepTs (3yOuacTi Koseca,
MIIUIHUKA). Taki mepenadl MpauioTh O€3IIyMHO MPU YacToTi OOepTaHHS 10
30000 oOepTiB 3a XBUIMHY. TeKCTOMITOBI BKJIAIUII MiAIIUIHUKIB ciayxaTh y 10-15
pa3iB JoBIIe OpOH30BHX. AJie BUKOPUCTOBYBATH TEKCTOJITOBI MiAIIMIHAKA MOXHA
TinbKU 1pu Temmnepartypax He Buie 80-90 °C. Taxi miAIIMITHUKK 3aCTOCOBYIOTHCS B
MPOKATHUX CTAHAX, BIAUEHTPOBUX HAcOCaX, TypOIHaX.

HepeBomapyBati 1iactmMacu  (JIIII) ckmamaroTbest 3  TOHKUX — JIUCTIB
JIEPEB’THOTO TIMOHY, MPOCOYECHHX (HEHON0- abo Kpeo30abHOGOPMATbICTTHIMHI
CMOJIaMH 1 CIIPECOBAHUMHU Y BUTJIS/ JTUCTIB 20O TUIHT.

JIUIIT matoth BHCOKI (Pi3UKO-MEXaHIYHI BIACTHUBOCTI, HU3BKUNA KOE(DIIiEHT
TepTa. IX HemonikoM € 4yTamBicTh 10 Bonorw. 3 JIIIT BUrOTOBISIOTH MIKiBH,
BTYJIKH, KOPIYCH HACOCIB, TIIUITHUKY, ASTalll aBTOMOOLTIB.
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A300TeKCTOMT MICTUTH 38-43 % 3B’s3yI0U0r0, a 1HIIE — a30€CTOBa TKaHWHA.
A300TEKCTONIT € KOHCTPYKLIIMHUM (PPUKLIHHUM MaTepiaoM.

HaiiGinem Bucoky temnocriiikicte (300°C) mae wMarepian Ha KpeMHil-
OpraHiuHii 3B’s3yrouid pedoBuHI. DEHOJBbHI a300IUIaCTUKKA MalTh BHCOKI
XPAaKTEPUCTUKU MIIHOCTI. 3 a300TEKCTOJITa BUTOTOBJISIIOTH JIOMATKU POTAIIHUX
OeH30HacoCIB, GPUKIIIHHI TUCKHU, TAIBMIBHI KOJIOJIKH.

3.2.4. TexHoJ10Tisi BUTOTOBJIEHHS 1eTajlel 3 TEPMOILIACTIB

Haii6inpimr mpoayKTUBHUN 1 MPOTPECUBHUNM METO] MEepepoOKH IlacTMac —
JUTTSA T1JT TACKOM. 3a IIUM METOJOM BUTOTOBJISAIOTH JCTall CKIagHOI KOH(Irypariii 3
TEPMOILJIACTIB 1 PIJIIE 3 PEAKTOIIACTIB, SKi, IepeOdyBaloun y B’ SI3KOPIJIKOMY CTaHi,
3aMOBHIOIOTh POO0OYY MOPOXKHUHY TNpec-popMU 1 TBEPAHYTH TaM IIiJi THUCKOM.
[Monmimepny cymimr 8 (puc. 3.1) y Burisiai rpanyn abo MOPOIIKY IMOAAITh 13 OyHKepa
9 mrymkepoMm 7 mo3aropa i mpuBigHUM maiHApoM 10 B poGouwnii nmumiaap 12,
OCHaIeHni enektoHarpiadem 6. [lix gac pyxy miyrkepa 13 BiiBO 3a JOOMOTOO
uuniHapa 11 go3a cymimn moTparvisie B 30HY HarpiBaHHd poOOYOro HWiIiHApa, e
MEePEXOAUTh Y B SI3KOPIAKHUMA cTaH. BoHOYac Bxke po3MIiaBlieHa CyMIII MOJA€THCS B
MOPOXKHUHY Tpec-PopMuU Kpi3b cOIIO S. [IpoTsIromM KOpoTKOi BUTPUMKH 3B’s3yroda
pEYOBHHA CyMIllll TBEPAHE 3aBISKH OXOJIOHKEHHIO mpec-hopmu Bojaoro. Tomi
pyxoma TOJOBHHA 2 TpeC-PopMU BIAXOAUTH BIIBO, J€Talb 3 BHUKUIAETHCS
BUILITOBXYBaueM 1, miciig yoro mnpec-hopma 3akpuBaetbes. Bigrak mmynxepu 13 1 7
MEPECYBAIOTHCA BIPABO 1 TEXHOJOTIUHUN ITUKJI MOBTOPIOETHCS. 3aBISIKU HATrPIBaHHIO
nomiMepHoi cymimi g0 Temmeparyp 150-300°C i 3HauHOMy THCKY moOpe
3aMOBHIOETHCSL MOPOXKHUHA Tpec-hopMH, TOMY JeTali (POPMYIOThCS 3 BHCOKOIO
AKICTIO MIOBEPXHI Ta TOYHUMHU PO3MIPAMH.
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1 — BumToBXyBay; 2 — pyxoma IoJIoBHHA Tpec-(popmu; 3 — nerans;
4 — HepyxoMa ToJIOBHHA TIpec-popmu; 5 — cotuio; 6 — eneKkTpoHarpiray;
7, 13 — niymkep; 8 — nonimepHa cymini; 9 — OyHKep;
10, 11 — npuBigHuil umninap; 12 — pobounii muTiHIp

Pucynok 3.1 — Cxema JUTTS ITiJT THCKOM
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OcHOBHI TapaMmeTpH, BiJl SKAX 3aJ€KHUTh SKICTh BIAJUTOI JAeTaii 1ie
TeMmrepaTrypa po3IliaBy, Temiieparypa mpec-hopMH, THUCK 1HXKEKIIi 1 TpUBAIICTh
BUTPHUMKH ITiJT THCKOM.

TemmepaTypa po3IuiaBy BH3HA4a€ WOTO B’S3KiCTh, HIUTBHICTH 1 YacTKOBO
CTPYKTYpY. 3aHA/ITO BUCOKA TeMIIepaTypa MOXKe MPUBECTH JI0 JECTPYKIli MOJIMEpY.
VY tabaui 3.4 HaBeeHI PEKUMU JIUTTS TEPMOILJIACTIB.

Ta6muig 3.4 — Pesxumu JIUTTS 117 THCKOM JIeTallel 13 TEPMOILIACTIB

HaitmenyBaHHs Pesum Jurrs
vaTe }i/an Temneparypa Tuck Temmneparypa
1Ly susnBKa,’C sriopckysanHs, MIla | npec-dopmu, °C
[Tomictupon 170-250 60-100 40-60
[Tomerunen BT 200-270 90-100 50-70
[Tomerunen HT 200-270 90-100 50-70
[Tonimpomninen 200-270 120-170 30-90
[Tomamiau 225-2170 70-170 60-120

JIist 3HATTS BHYTPIIIHIX HANpY>KeHb 1 BUPIBHIOBAHHS CTPYKTYPH BIJIJIUTI
JeTa MagalTh TepMOoOpoOIi 3a peKuMaMH, HaBeIeHUMHA y Tab. 3.5.

Tabmuis 3.5 — Pexxumu TepmMooOpoOKH aeTanel i3 TepMOIUTacTiB

. Temneparypa TpusanicTs Cepenosuiie
HaitmenyBannsa | CepenoBuiie aiis .p M p PEIOBHII
4 . HarpiBaHHS, BUTPUMKH, JIJIS OXO0JI0-
MaTepiany HarpiBaHHS 0
C XB. JDKEHHS
) 2 XB. Ha .
[Tonietunen Bona 70-80 Ha nositpi
1 MM TOBIIMHH
) ) KpewmHniii opraniuna )
[Toninponuiexn b p 130 VY Boni
piguHa -
[TomicTupon Bona 70-80 4-5 xB.Ha 1 Mmm | Ha moBitpi
. . 10-15 xB. )
[Tomiaminu MinepasibHe Macio 180-190 B macmni
Ha 1 MM
ExcTpy3iss — 11e mommpeHHil 1 BHUCOKONPOAYKTHBHUN CIOCIO BHUTHCKAHHS

MOJIIMEPHOTO MaTepialy (IMepeBa)KHO TEPMOIUIACTY) Y B’S3KOPIAKOMY CTaHl Kpi3b
OTBIp, IO BIAMNOBIIA€ MONEPEUHOMY IEpeply BUPOOY.

[[1iBKY 3 NOJMIBIHIIXJIOPUAY 1 JHCTa 3 PSAY TEPMOIUIACTIB OJIEPKYIOTh
MeTOoJI0M eKcTpy3ii. [Ipu 11poMy B’SI3KUI pO3IUIaB TEPMOIIACTA MOJAETHCS IIIHEKOM Y
MaTpHUIIO, Jie MPOAABIIOETHCS Yepe3 il NpodUIbHUNA OTBIP.

Exctpysieto  BUpOONSItOTH  (pacoHHI MOPYyTKHU 3  OJHAKOBOIO  (hopmoro
MOTIEPEYHOTO Mepepi3y Mo BCii JOBXKHHI, a TAKOXK TPYyOU, JIUCTU; HAHOCATH 130JIS1I110
Ha eJIeKTPOINpPOBIAHUI ApiIT (puc. 3.2).
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1 — mHek; 2 — pobouwmii nuniHAp; 3— OyHKED;
4 — moyriMepHHIA MaTepiai; 5 — eleKTpOHarpiBay;
6 — rosoBka; 7 — onpaska; 8§ — BUpio

Pucynok 3.2 — Cxema ekcrpy3ii

[Tomimepauit martepian 4 (puc.3.2) y BHUIVISIAI TpaHyl ab0 MOPOIIKY
3aBAHTAXYIOTh y OyHKep 3 IIHEKOBOI MaIlIMHU Oe3mepepBHOI nii — eKCTpyaepa.
ByHkep crionydyeHuil 3 NOPOKHUHOK poO0OYOro IWIIHApPA 2, B IKOMY OOEpTaEThCS
mHek 1. [IIHek mepecyBae MoiMEPHHUI MaTepiall B3JOBX OCI LIIIHIPA, MEPEMIIIYE
HOro 1 yIUIbHIOE. 3aBISKH TEIUIOTI, IO MEpPEeNaeThbCsi Bid €IeKTpoHarpiBada S5 1
TEIJIOT1, 1[0 BUHUKAE BHACIIZIOK TEPTS, MOJIIMEP MEPEXOJUTh Y B’ SI3KOPIAKUNA CTaH 1
BUTHCKAETHCS HA30BHI Kpi3b KamiOpyBambHUI OTBip TojoBKH 6. OmpaBka 7 dopmye
oTBip BupoOy 8. [lam BHpiO OXOJOMKYIOTh y BOJSHINA BaHHI 1 piKYyTh Ha 3arOTOBKU
3a/laHoi JTIOBXKMHU a00 3MoTyroTh y OyxTu. o6 3MiHuTH mnpodins BupoOy,
HEOOXI1THO 3aMIHUTHU T'OJIOBKY M OMPAaBKY.

3.2.5. TexHoJiorisi BUTOTOBJICHHS JIeTaJieil 3 peaKkToIIacCTiB

Haioimb11 po3moBCloPKEHUM METOJIOM BHUTOTOBIICHHS JCTaJIeH 3 PEaKTOIIACTIB
€ npecyBanH4. [Iporiec cknamaeTbes 3 HACTYITHUX OTIEPAIliid:

- 3aBaHTAXEHHS MTPEC-KOMIIO3UIIIi y pec-hopmy;

- OJIEp>KaHHS B’ SI3KOIJTMHHOTO CTaHy KOMITO3HIIIT;

- HaJlaHHS BUPOOY HE0OX11HOT (hOpMHU MPECyBaAHHSM;

- (bikcariss popmu metani 3aBIASKH YTBOPEHHIO 3IIUTOI CTPYKTYPH Marepiaily
1] A1€F0 TUCKY MPECYBAHHSA 1 TEMIIEPATYPU;

- OXOJIOKEHHS JIeTal.

['apsiyue mpecyBaHHS TEPMOPEAKTHBHUX IUTACTMAC 3aCTOCOBYETHCS ISt
BUT'OTOBJICHHS JieTajeil mpocToi popmMu 3 0OMEKEHOI0 KUIbKICTIO apMaTtypu ado 0e3
HE.

[Ipec-matepian 1 y Burmaml Tabierok abo0 MOPOUIKY 3aBAHTAXKYETHCS
6e3mocepelHb0 B (hOPMOYTBOPIOBATIBHY MOPOXKHUHY Tapsdoi mpec-hopMu 2, micis
4Oro MiIa€Thes TUCKY Tipeca 3 (puc. 3.3).
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1 — npec-matepian; 2 — npec-hopma; 3 — pec

Pucynoxk 3.3 — IIpecyBanHs miacTMac

Harpituii npec-marepian 1 po3M’sKIITy€e€ThCs, 3aMIOBHIOE THi3a Ipec-hopmu 2 1
3QJIMIIIAETHCS B HIM MIEBHUM Yac J10 TOBHOTO 3aTBepiHHA. [licis nporo npec-dopmy 2
BIIKpUBAIOTh 1 BHHMaTh BigdopMoBaHy aAeTanb. IIBUAKICTE TBEpAIHHSA
TEPMOPEAKTUBHOTO MaTepialy 3aJIeKUTh Bl HOTO MAPKH 1 TEMIIEpATypU PECYBaHHS.

Jlnst OUIBIIOCTI TEPMOPEAKTUBHHUX IUIACTMAC TeMIeparypa IpecyBaHHS
smiHroeThes Big 130 go 180°C. Yac TBepaiHHA IS Pi3HUX IJIACTMAC BCTAHOBIIIOETHCS
B Mekax 0,5-2,5 xB. Ha 1 MM HaOUTBIIIOT TOBIIMHU BUPOOY.

[TuToMi THCKHM I PI3HUX IJIaCTMAC 3MIHIOIOTHCS B Mexkax Bif 10 go 40 (Mlla).

XonoaHe TPECYBaHHS TOJATAE B TOMY, IO MPEC-TIOPOIIOK 3aBAHTAXYIOTh Y
XOJIOMHY Tpec-popMy, MAIa0Th CTHCHEHHIO MPH BUCOKUX MHTOMHUX THCKax 60-
120MH/M? i BUTPHMYIOTH IIiJi TAKUM THCKOM NPOTAroM 5-15 ¢. IloTiM 3aroroBku
BUTATYIOTbCA 3 Ipec-POpMHU 1 BUTPUMYIOTHCS B T€PMOCTATI Mpu Temmeparypi 150-
170 °C nns monmiMepu3antii CoTy4HOT pEYOBHUHH.

[Ipn xomomHOMY TpecyBaHHI 3HAYHO 30UIBIITYETHCS MPOIYKTUBHICTH Mpalli,
aye AKicTh BUPOOIB Tipiie, MOBEpXHS — MaroBa. Lleit MeTon He 3aCTOCOBYIOTH IS
BHPOOIB CKIaaHOT (hOpMHU.

JIuTTeBe mMpecyBaHHA 3aCTOCOBYETHCS I BUTOTOBJIEHHS BUPOOIB CKIIAJIHOT
KOH(Dirypariii 3 TepMOpEaKTUBHUX TJIacTMacC. BiIMIHHICTIO JIMTTEBOTO MPECYBAHHS €
HAsBHICTh B KOHCTPYKIIIT TIpec-popMHU J0JIaTKOBOI 3aBaHTaXyBAJIbHOI KaMepH, sKa
3’€IHY€THCS 3 MATPUIICIO TOHKUM JIMBHUKOBHM KaHajioM (puc. 3.4).

1 — nmmactMaca; 2 — 3aBaHTa)XXyBaJIbHa Kamepa; 3 — MyaHCOH,;
4 — TMBHUKOBA CUCTEMA; 5 — po3’€MHAa MOPOKHUHA MATPHIIL

Pucynok 3.4 — JIutTeBe npecyBaHHS

[Inactmacy 1 mnomimaroTh B 3aBaHTaXyBalbHy Kamepy 2. Tam BoHa
HarpiBa€eTbCsl BiJ CTIHOK 3aBaHTaXKYBAJIbHOI KaMmepH, NMEPEXOIUTh y B’A3KO-TEKY4YWi
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CTaH 1 Mij] BIUIMBOM 3yCHJUIS IyaHCOHa 3 4epe3 JIMBHUKOBY CHUCTeMYy 4 HaJXOIUTh B
pO3’€MHY MOPOXXHHUHY Matpuill 5. llepeTuH JNMBHUKOBUX KaHAIIB Malui
1 MaTepiall HIXOAUTh Y IJIOMIMHY 3 BEJIMKOIO MBHUAKICTIO B HAIMIBPIIKOMY CTaHi.

TemnepaTypa HarpiBaHHA MaTepialy 3HaxXomuThcs B Mexkax Big 140°C no
170°C. Tuck B 3aBaHTaxyBambHii kamepi — 50-200 MIla. Oco6muBocTAMU
JUTTEBOTO TMPECYBaHHS € MOKJIUBICTb OTPUMAHHS B JI€TalsX TJIMOOKUX OTBOPIB
MaJjIoro JliaMeTpa, BUCOKA TOYHICTh JeTajei 1 MOKJIUBICTh 3a()OPMOBYBATH Y BUPOOH
TOHKY apMarypy.

Henoniku: ckmaana 1 gopora mpec-bopMa 1 BelMKa BUTpaTa matepiany (Ha
JUBHUKH).

Jlst onepkaHHs IeTajedl 3 pEeaKTOIUIACTIB TaKOXK 3aCTOCOBYETHCS JIMTTS ITiJT
THCKOM, METOJ] HAMOTYBaHHSI.

B T1abn. 3.6 HaBeAeHO pEXUMM TPECYBaHHS JAeTaleil 3 KOHCTPYKI[IHHUX
TEPMOPEAKTUBHUX IIJIACTMAC. 3 METOI0 JTOOTBEPJIHHS Marepiaiy, 3HATTS BHYTPILIHIX
Halpy>K€Hb, a TaKOX I MIABUIIEHHS CTAaOLIBHOCTI pO3MIPIB 1 30UIbILIECHHS
B’S3KOCTI TICIsL TPEeCcyBaHHS JIeTall MiAAaloTh TepMooOpoOlll 3a peXuMamu,
HaBeJeHUMU y Tabu 3.7.

Tabnuus 3.6 — Pexxumu npecyBaHHS peaKTOIIACTIB

Mapxka Cknan peakromniacty Temneparypa Tuck
peaKTonIacTy npecysanns, °C |npecysanns, MIla
®deHormiact 50% noBonauHoi heHonbopManbaETiTHOL
03-010 -02 cmoui 1 50% opraHiyHOTro HaNOBHIOBAYA 175-200 25-35

30 % wmomudikoBaHoi QeHonpopmanb-
nerigaoi cmoii 1 70 % CKIITHUX BOJIOKOH
40 % wmoaudikoBaHoi ¢deHosnpopmab-
JICB gerigaoi cmonu 1 60 % KOMILIEKCHUX 140-160 20-60
CKJITHHX BOJIOKOH

Al-4C 155 30-40

Tabmuus 3.7 — Pexxumu TepM0o0OpOOKH AeTalield 3 peakToIIacTiB

HaiiMeHyBaHHs MaTepiary TeMpepaTy%a Burpumka Ha mosiTpi,
HarpiBaHHs, ~C TOIMHU

deHorutact (aeTaii 3 XapaKTepHUM 120-130 2
PO3MipoM 710 6 MM)

deHorutact (aeTaii 3 XapaKTepHUM 140-150 4
pO3MipoM O1sIbIIIe 6 MM)

Cxknomnactuk JICB-2P-2M 165-175 2
Ckiorutactuk AI'-C 165-175 2

3.2.6. 3aB1aHHs 10 NPAKTUYHOL podOTH

Jlnst  BUKOHAHHS  TPAKTUYHOI poOOTM Ta  TOSCHEHHS  PE3y/bTaTiB
EKCIIEpUMEHTIB HEOOX1THO BUBYUTH TaKi TUTAHHS:

1. lllo Ha3WBaIOThH MOTIMEPOM, OJIITOMEPOM, COTIOTIMEPOM, TUTIA OCTaHHIX.

2. Tunm 3B’sA3Ky MiX aTOMaMd Ta MaKpOMOJICKYJaMU TEPMOIUIACTHYHUX 1
TEPMOPEAKTUBHUX TOJIMEPIB.
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3. Knacudikauist moiimMepiB 3a CKJIaaoM, (GOPMOI0 MaKpOMOJIEKYHd, (a30BUM
CTaHOM, MOJISIPHICTIO.

4. BrumiB Ha BJIaCTUBOCTI MOJIIMEPIB TX XIMIYHOTO 1 ()a30BOT0 CKJIATY, MOJISPHOCTI,
IIBUIKOCT1 HABAHTXKEHHS Ta OpiEHTAIlT MAKPOMOJICKYJI, Opl€HTallIiHE 3MII[HEHHS.

5. BmiouB Ttemmeparypu Ha  (pa3oBuUM CTaH  TEPMOIUIACTUYHUX 1
TEPMOPEAKTUBHUX IOJIMEPIB Ta iX BIACTHBOCTI (TepMOMEXaHIYHA KpUBA JIIHIKHOTO,
KPUCTAJIIYHOTO 1 CITYACTOTO MOJIIMEPIB).

6. CyTHICTb peakiii (rmoximMepu3artii, moJIKOHICH A1) OTPUMaHHS MOTIMEPIB.

7. Meta nonaBaHHsI pi3HUX BHJIIB HATIOBHIOBAYIB B TUIACTMACH.

8. TexHo0Tis BUTOTOBJICHHSI Ta TEPMOOOPOOKa JieTajei i3 miacTmac.

9. [lepeBaru Ta HEJOJIKU MOJIMEPHUX MaTepianiB MOPIBHAHO 3 MeTajaMH, iX
MMATOMA MIITHICTb.

10. YMoBH ekcIulyartalii, 3a SKMX JOLUIbHE BUKOPUCTAHHS IUIACTMACOBHX
JeTanen.

3.3. Ilopsiiok BUKOHAHHS MPAKTHYHOI po0OTH

O3HalfloMUTHCh 13 3pa3KaMH TEPMOIUIACTIB 1 PEaKTOIUIACTIB Ta BHBYUTH
TEXHOJIOT110 BUTOTOBJICHHS 3 HUX JIETaJCH.

[lpoBectn BuUMpoOyBaHHS 3pa3KiB Ha PpO3TATYBaHHS NpU TeMIepaTypax,
BKa3aHuXx B Tabi. 3.8-3.10.

Bu3HaunTH XapakTepUCTHKH MEXaHIYHUX BJIACTUBOCTEH BUMPOOYBAHHUX
MmaTepianiB. PesynbraTtu BunpoOyBaHb 3aHecTd y BkazaHi Tabi. 3.8-3.10.

Tabmuis 3.8 — 3anexxHicTh MIITHOCTI TEPMOIUTACTIB BiJl TEMIEpaTypu

I'panunsg MitHOCTI G5, MI1a, mpu Temnepatypi, °C
20 40 80 120 160 200

[Tomimep

ITEBT

I[IBX
®dTopomacT-4
[Tomiimizg
IMomiamin

Tabnuus 3.9 — MexaHiuHi BIaCTUBOCTI TEPMOIUIACTIB MPHU PI3HUX TeMIIEpaTypax

Temneparypa Tun ['panuis mitHOCTI, Binnoche
BunpoOysanHus, °C noJIiMepy os, MIIa BUJIOBXXEHHSI O, %0
2 MR
40 MR
60 AT
% fiEn
100 MR
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Tabmuis 3.10 — 3anexHICTh MIIIHOCTI PEaKTOIUIACTIB BiJl TEMIIEpaTypH

I"panuns MilHOCTI G,, MITa, npu Temneparypi, °C
Peaxtonmact =55 40 80 120 160 200
I'etnnakc
Tekcromit

3.4. KoHTpOJIbHI MUTAHHS

1. Tunu 3B’s3Ky B IoJiMepax.

2. SIk BIIMBAE CTYIHB MOJIIMEPH3allii Ha BJACTUBOCTI MOJIIMEPiB?

3. OxapakTrepu3syiite OyZ0BY Ta BJIaCTUBOCTI COMOIIMEPIB.

4. Sk BmnuBae Qopma (JiHIKMHA, cITYacCTa) MAKpPOMOJIEKYJ MOJIMEpiB Ha iX
BJIACTUBOCTI?

5. Ska pi3HUIA B Oy/lOBI  TEpMOIUIACTUYHHUX (TEPMOIUIACTH) Ta
TEPMOPEAKTUBHUX (PEaKTOIIACTH) IIACTMAC?

6. YTBOpeHHHs KpHCTaTidyHOI (a3u Ta SK ii BMICT BIUIMBAE€ Ha BIACTHUBOCTI
noJimMepin?

7. CyTHICTb MpOLIECY PEKpUCTaNi3allli B MOJIIMEPAX.

8. ®@13UYHUIA CTaH TEPMOILUIACTIB Ta PEAKTOILIACTIB.

9. CyTb TEXHOJIOT1i OpiEHTAIIHOTO 3MIIIHEHHS TIaCTMAC.

10. BB mIBMIKOCTI HABAaHTAXKEHHS HA BIIACTUBOCTI TJIACTMAC.

11. TlopiBHs#iTE penakcailiiiHi BIaCTUBOCTI TEPMOILIACTIB 1 PEaKTOIIACTIB.

12. Ha3BiTh YMOBU BHHHMKHEHHS MOJIIPHOCTI MAaKpOMOJIEKYJ] 1 ii BIUIMB Ha
BJIACTHBOCTI TTOJIIMEPIB.

13. Ilo Take mpocTi 1 ckJIaaH1 miactMacu? SKi IHTPEAIEHTH Ta HAMOBHIOBAYI 1
3 SIKOIO METOIO BBOJSTH B IJIaCTMacH?

14. TlepeBaru TepMOpEaKTUBHUX IJIACTMAC B MOPIBHSHHI 3 TEPMOILIACTaAMH.

15. BmiuB  Temmeparypu  Ha  BJIACTMBOCTI  TEPMOPEAKTHUBHUX 1
TEePMOIJIACTUYHUX TIJIaCTMAC.

16. IopiBHslTE CTAOUIBLHICTH PO3MIPIB J€TAEl 3 TEPMOILIACTIB 1 PEaKTOILIACTIB.

17. Slxkumu mpuumHamMu OOYMOBJIEHA PI3HULL B TEPMOCTIMKOCTI, HABAHTAYKHIN
3JIaTHOCTI Ta MUTOMIM KOPCTKOCTI TEPMOPEAKTUBHUX 1 TEPMOIUIACTUYHUX TIaCTMAC.

18. YoMy TEXHOJOTIUHICTh TEPMOIUIACTUYHUX IUTACTMAC Kpaia HiX
TEPMOPEAKTUBHUX.

19. TlopiBHsiTE EHEPrOEMHICTH TEXHOJIOTIM, IO 3aCTOCOBYIOTHCS IS
BUTOTOBJICHHSI Ta TEPMIYHOI OOpOOKHU JeTaNei 13 TuTacTMac 1 METaJieBUX MaTepiaiB.

20. B sxkux Bumaakax JJis BUTOTOBJICHHS JCTaJIe MOIIJILHO 3aCTOCOBYBATH
TepMOIIacTH ad0 peaKToIIacTu?
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IpakTuyne 3anaTrsa Ne 4

DPIBUKO-MEXAHIYHI BJACTHUBOCTI
KOMITIO3NIINHUX MATEPIAJIIB 3 IIOJIIMEPHOIO MATPUIEIO

4.1. Meta podoTn

BuBunuty (i3uKo-MeXaHIYHI BJIACTUBOCTI KOMIIO3UIIIMHUX MaTrepialliB 3
MIOJIIMEPHOIO0 MaTPHIICIO 1 MTPOaHaTi3yBaTH TEXHOJIOTII0 BUTOTOBJICHHS 3 HUX JICTaJICH.

4.2. 3arajapHi BizoMocTi

CyuacHl KOHCTPYKILIHHI MarepiaJii MOBHHHI MaTH BHUCOKY MUTOMY MIIIHICTb
Opy MABUIICHUX 1 KPUOTEHHHX TeMIlepaTypax, IWHAMIYHMX 1 3HAKO3MIHHUX
HABAaHTA)XCHHAX, B YMOBaxX BIUTUBY TJIMOOKOTO BaKyyMy, CTIMKICTh B arpeCUBHUX
cepeloBUIAX. Benuki MNOTEHLIMHI MOXJIMBOCTI 3aKJIaJeHl B HOBOMY Kiaci
KOHCTPYKUIMHUX MaTepilaliB — KOMIO3MUIMHUX Mareplanax. 3acTOCyBaHHA iX Yy
Cy4aCHUX KOHCTPYKI[SIX JO3BOJISIE TMOJIMIIUTH PSI TEXHIYHUX XapaKTEPUCTHK
BUPOOIB: 3HU3ZUTH Macy, MIABUIIUTH KOPO31MHY CTIMKICTh 1 HAIIHHICTh, IO B
0araTbOX BHITQJIKAX, B CBOI 4Yepry, J03BOJSE€ 30UIBIIUTH pPecypc poOOTH
KOHCTPYKITIH.

Kommnoszumiitai marepianu (KM) ckiagaroTees 3 1BOX 4M OUTbIIE KOMIIOHEHTIB
(CKIa0BHX), IO PO3PI3HAIOTHCS 3a XIMIYHHMM CKIIAJIOM, CTPYKTYPOIO 1 PO3JIJIEHUX
BUpaxkeHo!o rpanuneto. [Ipu npomy KM MatoTh HOB1 BIaCTUBOCTI, 1O BiIPI3HAIOTHCS
BIJI BJACTUBOCTEHM iX ckiagoBuX. Jlo Takux MarepialliB BIJHOCATHCS ITOJIMEpHI
KOMITO3HMIIIIHI MaTepiaiy, 10 MarTh MOJIMEpPHI MaTpUIll apMOBaHI OpPraHIYHUMHU
a00 HEOpraHiyHMMH BOJIOKHaMH. Y Ouremiocti nojiMepHux KM posb matpuii
BUKOHYE TMOJIIMEP, Y SKOMY PO3IMOAIJICHUN HAMOBHIOBAY, 110 apmye. BolokHuCTHM
HAllOBHIOBAY HECE OCHOBHE HABaHTa)XCHHS B Marepiail. ApMyBaHHS MOe OyTH
BUKOHAHO BOJIOKHAMH, JPKTYTaMU, IPOTaMHU, TKAaHUHAMH.

BnactuBocti KM, B oOCHOBHOMY, 3aiexarb Bl (PI3UKO-MEXaHIYHHX
BJIACTUBOCTEH KOMITOHEHTIB 1 MIIHOCTI 3B’SI3Ky MDK HHUMH. MaTpuils 3B’s3ye
KOMIIO3HUIIII0, Hajae it ¢hopmy. Bin BiacTuBocTel maTpuill 3ajiexaTh TakKi BaKJIMBI
eKCIUTyaTalliiiHl XapaKTEePUCTHKHU, K poOoda Temreparypa, Omip pyHHYBaHHIO Bij
BTOMH, OIp arpeCMBHOMY BIUIMBY HaBKOJMIIHBOTO CepeOBHILIA. [ 0IOBHUI BHECOK
y 3wminHeHHss KM BHocATh BOJOKHA. 31 30UIBIICHHSM MOJIYJS MPYKHOCTI 1
TUMYacoOBOTO OIOpPY BOJOKOH MIABUINYIOThCS BIANOBIAHI BiactuBocTi KM.
BnactuBocti KM 3anexars Takox Bif TeOMeTpii, po3Mipy, KUIBKOCTI 1 XapakTepy
PO3MOITY BOJIOKOH.

4.2.1. BiacTuBocTi BOJIOKOH

JInst apMyBaHHSI BUKOPUCTOBYIOTh BUCOKOMIIHI 1 BUCOKOMOYJIbHI BYTJIEIEBI,
OOpHI, CKJISIHI 1 OpraHiyHi BOJIOKHA Yy BUTJISA/l HUTOK, JDKTYTIB, CTPIYOK, TKAHUH.

Kommo3uiii 3 ByrieneBUMH BOJIOKHAMHU HAa3WBAIOTH BYTJIECBOJIOKHUTAMHU YU
BYTJICIUIACTUKAMH; CKIITHUMH — CKJIOBOJIOKHUTAMH YH CKJIOTIACTUKAaMU (3 OOpHUMH —
OOpPOBOJIOKHUTAMH, OPTraHIYHUMH — OPraHOBOJOKHUTaMHU). OCHOBHI (i3UKO-
MEXaHIYHI BJIACTUBOCTI BOJIOKOH (apMaTypH) HaBesieHo B Ta0:. 4.1.
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Taomung 4.1 — @13uko-MexaHi1uH1 BJIACTUBOCTI BOJIOKOH

] I'panuns | Monyns Temneparypa
103
B(})Iaslng P 1/0 3 | MIIIHOCTI, | TPYX- 5. 0 Temmepatypa excruryaranii, °C
. KM MIla HOCTI, ' 70 mrasjeHHsA, K
I'ma TPUBAIOL | KOPOTKOYACHOT
. 2,48- 1470- 1,5-
CkustHi 255 4900 49-123 5.4 978-1963 350-800 | 650-1050
Opraniusi 1’}1;' 490-3530 | 4,5-147 | 2-18 | 673* 170-200 | 800
Byrneuesi i’gg_ 392-3420 | 196-392 | 0,5-2 | 3873** 400-700 | 800-1500
: 1120_ 3,4' )

BopHi 130 980-1270 | 245-450 5.3 503 150-180 | 700
Cranpauii | 7,85- 3420-

pir 8.10 4450 196-207 | 0,3-2 | 1813 450-800 | 700-1300

*— TeMmeparypa posnajuy;

** _ remmeparypa cyOumimartii.

BbopHi BOJIOKHA MarOTh BUCOKY MIIHICTh, TBEPIICTh, HU3BKY CXUJIBHICTH JI0
pYWHYBaHHS TIPU MiJABUIIECHHI Temneparypu. [Ipu HeBenukii TyCTHHI BOJOKHA Oopa
MalOTh BHCOKY MIIHICTh 1 TBEPAICTh. BHCOKMMH MUTOMOIO MIIHICTIO 1 TEPMIYHOIO
CTaOUIBHICTIO MEXaHIYHMX BJIACTUBOCTEH XapaKTEepPU3YIOThCS BUCOKO-MOJIYJIbHI
ByIJIELIEBl BOJIOKHA. IX OJEpKyIOTh BHACIIZOK BHCOKOTEMIIEPATYpHOi 0OpOOKU B
IHEPTHOMY CEPEIOBHUILI 13 CHHTETHYHUX OPTaHIYHUX BOJIOKOH.

Jlo TO3WTHUBHUX SAKOCTEH BYTJCIEBUX BOJOKOH TAaKOXK BiTHOCSTHCS BUCOKA
TEIJIONPOBIIHICTh, KOPO31iHA CTIMKICTh, CTIMKICTh IO TEIJIOBUX yAApIiB, HEBEIUKUI
KOE(DIIIEHT JIIHIMHOTO PO3IIUPEHHS.

CKJIOBOJIOKHO XapaKTEPU3YEThCS MOEAHAHHIM BHUCOKOI MIITHOCTI, TEIJIOCTIMKOCTI,
HU3bKO1 TETUIOMPOBIAHOCTI, BUCOKOI KOPO31MHOT CTIMKOCTI.

4.2.2. BiacTuBOCTi MaTpUIIb

MaTtpuuHuMu MaTepiaiaMu  CIIy)KaThb PI3HI PEAKTOIUIACTH, HacamIepe,
€MOKCHUIH1, moJiedipHi, (HEHOTBHI CMOJIH.

TepmoriacTé MOCTYMAIOTBCS TEPMOPEAKTUBHUM TMOJIMEpaM y TBEPAOCTI,
MIIIHOCTI, MalOTh OUIBIITY MOB3Yy4iCTh, ajie nepeBaramu KM Ha iX OCHOBI € mpocToTa
TEXHOJIOT1i OTpUMaHHS BUPOOIB, TMEPEPOOKU BIIXOMIB, M00p1 AehHOPMYyEMICTH 1
ylAapHa B’S3KICTh, MeEHIE BojomnoriauHaHHsA. [Ipu cTBOpeHHi TemnocTiiikux KM
3aCTOCOBYIOTBbCSI MAaTpuIll Ha OCHOBI TOJIMEPIB: MOJMICYTb(OHIB, MomieHUIeHCYIb(IIIB,
TroJriareTanc, moaMiziiB.

P03M0BCIOKEHUMH MaTpULAMHU TIpu cTBopeHHi KM € enokcuani cmomu. Ix
BUKOPHUCTaHHS 3a0e31euye BUCOKUM KoeiIlieHT peaizaliii MillHOCT1 BojokoH. 3 KM
Ha OCHOBI1 €MOKCHIHMX CMOJI, 1[0 MalOTh BUCOKI MTOKa3HUKU MIITHOCTI, BUTOTOBJISIIOTH
BIJINOBIJIaJIbHI €1EMEHTH KOHCTPYKIIH 1711 MaITMHOOY1yBaHHS.

Jlis  MeHm  BiAMOBIAAIbHUX  KOHCTPYKINIMHUX MaTepiayiB Uil MaTpHIli
3aCTOCOBYIOTH MoJTieipHi CMOJU. X04a, CKIOIJIACTUKHA Ha OCHOBI TOJIIEPIPHUX CMOJ
1 MOCTYMNAIOThCA 32 MUTOMUMU MMOKa3HUKAMH MEXaHIYHUX BJIACTMBOCTEH MaTepiaiam
Ha OCHOBI EMOKCHIHMX IOJIMEPIB, BOHM OUIbII TOCTYMHI 1 AemeBi. Marpuri 3
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nonieipMenuHarie 1 modiedipakpuiaTis BUPOOHUIITBI
BEJIMKOTa0apUTHUX BUPOOIB.

[TepeBarorwo (eHonpopMabACTIIHUX CMOJ TOPIBHAHO 3 EHMOKCHIHUMHU 1
nomedipHUMH € TIJBUINEHA BOTHECTIMKICTh. TOMYy CKJIOIUIACTUKM Ha iX OCHOBI

BUKOPHUCTOBYIOTHCS B OYJIIBHUIITBI, aBiallii, Ha TPAHCIIOPTI.

3aCTOCOBYIOTBCS Y

4.2.3. 3acTocyBaHHSI KOMIIO3UIIHHUX MaTepiaJiiB 3 MOJIMEPHOI0 MATPHULIEI0

Cepen KM 13 moniMepHOIO MaTpHICI0 HaWOLIbII MIUPOKO 3aCTOCOBYIOTHCS
ckiormmactuku  (95% Big 3arampHOrO  00CSATY) Yy CynHOOyAyBaHHI, aBiaiii,
npuiago0y1yBaHHI, TPAHCTIOPTHOMY MAlTMHOOY/TyBaHHI.

TumyacoBuil omip CKIOMJIACTHKIB MIJBUIIYETHCS MPUOIM3HO B 3 pasu mpu
3017bIIeHHI 00’eMHOT1 4acTku HamoBHIOBada 10 80 % 1 nmocsrae 700 Mlla mpu
apMyBaHHI Oe3mepepBHUMH BOJOKHAMU. JIMCKPETHI BOJIOKHA 3MIITHIOITE KM MeHT
epexTiBHO. CKIIOMIACTUKY MAIOTh BHCOKY XOJOMOCTIHKICTH 1 TEIIOCTIHKIiCTB. Ix
BMKOPUCTOBYIOTh Y Jiama3oHi Temmneparyp Bix -70° go 400 °C. Kpim Toro, 3aBasku
3IaTHOCTI TACUTH MEXaHIYHI KOJMBAaHHS BOHU BUKOPUCTOBYETHCS B YMOBax ii
B1OpaIliifHUX HAaBaHTAKCHb.

HenonikoM CKJIOIMIACTUKIB € MOPIBHSIHO HU3BKUNA MOYJb IPYKHOCTI. OCHOBHI
XapaKTEPUCTUKU CKJIomIacTukiB 1 iHmux KM HaBeneno B t1adm. 4.2 14.3.

Tabmuus 4.2 — d13UK0-MeXaH14HI BIaCTUBOCTI KOHCTPYKILIMHUX CKJIOTIIACTUKIB

Tun maTpwuili
BnactuBocri L . KpEeMHI-
nojiedipHa | emokcuaHa | GeHondopmanbaeriqHa opraniusa
I'ycruna p-1073, kr/m® 1,65 1,6-1,9 1,7 1,7
['panuns MilTHOCTi 320 450 340 250
1pu po3TsirHeHi, MIla
['pannms MilHOCT 360 500 250 200
npu 3ruH1, Mlla
Bogomorinuaanas 0,5
3a 24 rogunu, % 0.2 01 0.1

Tabmumsg 4.3 — MexaH19H1 BIACTUBOCTI KOMITO3HTIB 3 IMOJIMEPHOIO MATPHIICIO

% HamnpyxeHHs pyilHyBaHHS, <
5 MIla Moayns npyx- | B E o
Marepianu - ) HOCTI [IPH PO3- %f 5| E § =
S 1P pOs- mpuscyBi | TarHemHi, MITa | = 2| © g
Y TATHEHHI 2
Crtomactuki | 1.6-2.2 343-1764 5,88-58.,8 12,7-68,6 1,19- |15-2,8
1 117-735 58,8-289 5,9-56,8 19,6 0,5-1,5
9,8-441 9,8-
Byrnemmactuku | 1,3-1,9 | 784-1666 79.4-137.2 117,6-196 147 0,4-1,0
13,7-24,5 9,8-
Bbopomnnactuku 1,6-1,9 | 5,82-1372 78.4-100.7 176-264 12.7 0,3-0,7
Oprano- 1,2- 10,5-24,5 2,4-
TIACTHKH 135 | B0 931705 88764 |7 2070

UncenbHUK — B30BX HAIIPSIMKY apMyBaHHSI.
3HaMEHHHUK — IIOTIepEeK HAIPSIMKY apMyBaHHSI.
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Byrnennactuku (kapOOBOJOKHUTH) 1 OPTaHOIUIACTUKU (OPraHOBOJOKHUTH)
HnopsAJl 3 yciMa MO3UTUBHUMHU BJIACTUBOCTSMHU CKJIOIUTACTHKIB MalOTh Y MIBTOpa pasu
MEHIIY TYCTUHY, y 3-4 pa3u BUIIY TBEPAICTh 1 OUIBIINY MIITHICTb.

AJie B 3B’513Ky 3 OUTBIII BUCOKOIO BapTICTIO BOHU B JAHUM YaC BUKOPUCTOBYIOTHCS
B a€POKOCMIYHIH, 000OPOHHIN TPOMHUCIOBOCTI, B aBTOMOO171e0y/TyBaHHI.

Byrnennactuku (kapOOBOJIOKHUTH) MalOTh Maldid KOS(IIIEHT TEPTSA 1 BUCOKY
3HOCOCTIMKICTh.  EmokcudenonbHi  kapOoBosiokHUTH (KMVY-11, 3MinHeHui
ByrieneBow crpiukoro 1 KMY — ly, apmoBaHuii KIyTOM) MOXYTb TpPUBAJIO
npairoBaTu mpu Temreparypi xo 200 °C.

Kap6oBonokautn KMVY-3 1 KMVY-31 onepkyroTh Ha enoKCHaH1IiHOhopMab-
JieriiHOMY criofyuHoMy (MaTpuis). Ix Mosxna 3actocoysatu 10 100 °C. Kap6oBonokHuTH
KMYVY-2 i KMY-211 3 nonimMepHor0 MaTpuiero npanesaarai 1o 300 °C.

KapOoBOJIOKHUTH BiAPI3HAIOTHCS BUCOKUM CTaTUYHUM 1 JUHAMIYHUM OMOPOM
BTOMI NpPU HOpPMaJbHIN 1 HU3bKIH Temreparypax. BoHM MaroTh BHCOKY BOJO- 1
XIMIYHY CTIMKICTb.

3 METOI0 3HIKEHHS 1X BapTOCTI 3aCTOCOBYIOTh YaCTKOBY 3aMiHY BYTUIbHHUX
BOJIOKOH CKJISHUMH. B 1poMy BHOanKy MarTepial Ha3MBAa€TbCs KapOOCKIO-
BOJIOKHUTOM.

BOpoBOJIOKHUTH BIAPI3HAIOTHCS BUCOKOI MIIHICTIO MPHU CTUCKAHHI, 3CYBI 1
3pi31, HU3bKOIO HMIBUIKICTIO MOB3YyYOCTl, BUCOKOIO TBEPAICTIO, MOJIyJIEM MPY>KHOCTI 1
TeronpoBiaHicTIO. [Ipym iX apMyBaHHI TakoX 3aCTOCOBYIOTh YAacTKOBY 3aMIHY
OOpHHX BOJIOKOH CKJISIHUMH, a Marepial B IIbOMY BHUIAQJAKy HA3UBA€ETHCS
00pockin0BoJOKHUTOM. bopoBonokHutn KMb-1 1 KMbB-1k npusHadeni 115 TpuBaioi
po6orn npu Ttemneparypi 200°C. Marepian KMB-2k mpauesnaTHuii npu
temneparypax n0 300°C. Taxi KM criliki 10 BIUIIMBY papiamii, BOIHM, OpPraHigHHX
PO3YMHHUKIB 1 HAJIMBHO-MACTUIILHUX MaTEpialliB.

Jerasi 3 60pOBOJOKHUTIB 3aCTOCOBYIOThH B aBlaIlliHIN 1 KOCMIYHIA TEXHIIII JJIs
BUTOTOBJICHHSI TIaHEJIEH, POTOPIB 1 JIOMATOK KOMIIPECOPIB, JIOMACTEHd TBUHTIB,
TPAHCMICIHHHMX BaJliB BEPTOJIBOTIB 1 T.iH.).

OpraHoBOJIOKHUTH MalOTh Mally TyCTHHY, BHCOKY IHTOMY MIIHICTh 1
TBEPJICTh, CTAOUIBbHI MPH 11 3HAKO3MIHHUX HABAaHTAXEHbB 1 Pi13Kiil 3MiHI TEMIEPATyp.

B opraHoBojokHUTaxX 3HAYEHHS MOMAYJS TIPYXKHOCTI 1 TeMIlepaTypHUX
Koe(]iIi€eHTIB PO3MIUPEHHS BOJIOKOH 1 MaTpwuIli 01u3bKi. Lle 00yMoBItO€ cTabUIBHICTD
iX MEeXaHIYHMX BJIACTUBOCTEH NpH pizkoMmy nepenaai temmneparyp. ns takux KM
XapaKTEpHUM BUCOKUU PIBEHb YIAPHOI B’SI3KOCTI. BIIBIIICTH OPraHOBOJIOKHUTIB
Moske TpuBano mpamosatd npu 100-150°C, a KM 3 nomiamigHO MaTpHuer i
TOJIIOKCO/i30JIbHUMH BOJIOKHAMH Tpu Temmepatypi 10 300°C.

HenonikoMm 1ux matepialiiB € NOPIBHSHO HU3bKA MILHICTh NPU CTUCKAHHI 1
CXUJIBHICTb JIO TTIOB3YYOCTI.

JIyist ABUITIEHHST MIITHOCTI 1 TBEPJOCTI OPTraHOBOJIOKHHUTIB IS iX apMyBaHHS
pa3oM 13 CHHTETUYHUMH BOJIOKHAMH 3aCTOCOBYIOTH CKJISIHHI, BYyTJeleBl abo OOpHi
BOJIOKHA.

OpraHoBOJIOKHUTH 3aCTOCOBYIOTH B aBiallii, aBTOMOO11eOyayBaHHI. 3 HHX
BUTOTOBJITIOTH TPYOH, EMHOCTI, TOKPUTTSI.
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4.2.4. BaractuBocti KM

Jns OULIBIIOCTI KOMIIO3UTIB TapaMeTpHd MIIHOCTI 3MIHIOIOTBCS IIPSMO
IPOMOPIINHO 00’€MHIM dYacTIll BOJIOKOH. MIIHICTh NpH PO3TATHEHHI MOXKHA
BU3HAYUTH 32 PIBHSIHHSIM:

Sp =Sy X Vp + 5, (1-Vs), (4.1)

JI€ Sz — MIIIHICTH BOJIOKOH;
V,— 00’eMHa 4acTKa BOJIOKOH;
Sy — HaIlpY’>KCHHS B MaTPHIll B MOMEHT PyHHYBaHHS BOJIOKOH.

Bepxns rpanuts minHocti KM npu po3TsSTHEeHHI BU3HAYA€THCS, B OCHOBHOMY,
MaKCHUMaJbHOIO 00’€MHOIO0 YacTKOIO BOJIOKOH. [Ipumyctrme 06’eMHE HamoBHEHHS,
AK mpaBuio, He nepesuirye 65-70 %. Ockinbku Matpuils Ha MinHicTh KM BInBae
MOPIBHSIHO MaJIO, MIIIHICTh MPUOIM3HO MOXKHA BU3HAUUTH 32 (HOPMYJIOIO:

Sp = Sp X /8 (4.2)

JIuckpeTHl BOJIOKHA 3MILNHIOIOTh KOMIIO3WMLIMHUA Marepian y MEHIIH Mipi,
HDK Oe3nepepBHi. HemapanenbHICTh BOJIOKOH ICTOTHO 3HUXKYE €(EKTUBHICTh
3minHeHHd KM, apMOBaHOTO THCKPETHUMH BOJIOKHAMM.

4.2.5. BUroToBJIeHHSI KOMIO3UIIITHUX MaTepiaJiiB
3 MOJIIMEPHOI0 MATPHIIEIO Ta JAeTaJieil 3 HUX

Y NpoMHCIOBUX TEXHOJOTIAX, SK NpPaBUiIo, (GOPMYyBaHHS KOMIIO3ULIIHHOTO
MaTepially 1 BUTOTOBJIEHHS 3 HBOIO JeTajed mnoeqHaHi. TeXHOJNOTIYHHUN MpoIiec
CKJIa/Ia€ThCS 3 HACTYITHUX OCHOBHHUX OIEpalliii:

- 3’€THAHHS MOJIIMEPHOTO 3B’A3YIOUOTO 3 apMaTypO0 MPOCOYEHHSIM PO3YHHOM
Yl €MYJIbCIEI0 BOJIOKOH (200 iX CITKM) YM HAHECEHHSM IIapiB MOPOIIKONOAIOHOTO
3B’A3yIOUOTO Ha KOKEH II1ap apMaTypH;

- TpUTrOTYyBaHHS HamiB()aOpUKATIB y BUIJSAAl MAKETIB HAMOTYBaHHSM,
BUKJIQJICHHSIM Ha ONpaBkax a00 NpPOTATYBaHHSM, HANpPHUKJIAA, MPU BUTOTOBJICHHI
poIIbHUX JeTajek;

- (QopmyBaHHsS JneTanl 3 3aCTOCYBAHHSM MPSMOTO NPECYyBaHHS, BaKyyM-
(dbopMyBaHHS, KOHTAKTHOTO (hOPMYBaHHS, aBTOKJIABHOTO ()OPMYBaHHSI.

4.3. 3aB1aHHS 10 NPAKTHYHOI Ppo0OTH

JIyis BUKOHAHHS TPAKTUYHOT POOOTH Ta MOSICHEHHS PE3yJIbTaTIB €KCIIEPUMEHTIB
HEOOX1IHO 3HATH TaKl NUTAHHS:

1. Cxuan 1 kinacudikaitiss KM 3 HeMeTaneBor MaTpHUIIeHo.

2. Ilpu3HadeHHs MaTpulll 1 BUMOTH JI0 ii MaTepiaiy.

3. [Ipu3HaueHHs BOJOKOH 1 BAMOTH JI0 iX MaTepiaiy.

4. OnmucaTy BIUIMB XapaKTepy TPAaHMIL MiX MaTPHIICI0 1 BOJOKHAMH Ha
BiacTuBOCTI KM.

5. KapOOBOJIOKHUTH 3 MOJIMEPHOIO 1 BYTJICLIEBOIO MATPUIISIMHU.

6. BOpOBOJIOKHUTH.

7. OpraHoBOJIOKHUTH.

45



4.4. IlopsaAoK BUKOHAHHS NPAKTUYHOI po00TH

OszHaifoMuTHCcs 31 3pa3kaMH KOMIIO3UIIMHUX MarepialdiB 3 HEMETaJIEeBOIO
MaTPUIICIO Ta TEXHOJIOTI€I0 iX BUTOTOBIICHHS.

[IpoBecTn BUMPOOYBaHHS 3pa3KiB BOJOKOH, MATPUIlb 1 KOMITO3MIIIHHUX
MaTepiajiB 3 HEMETAJICBOI0 MATPHUICI0O Ha PO3TATHEHHS WIpH TeMIepaTypax,
HaBeJIeHUX B Ta0Ou1. 4.4. PesynpTaTu BUNIpoOyBaHb 3aHECTH Y BKa3aHy Tab6i1.4.4.

Tabmus 4.4 — MinHICTh OOpPOBOJOKHUTIB 3 EMOKCHAHUM Ta IOJiaMiJIHUMHU
3B’A3YIOUMMU MIPU 3TUHAHHI B 3aJI€KHOCTI B/l TEMIIEpaTypy BUIIPOOYBaHb
Temmneparypa Gsr, MIIa, 60pOBOIOKHHTIB 3 | G5, MIla, 0OPOBOTOKHUTIB
BUNPOOyBaHk, °C EMOKCHIHUM 3B’ I3YIOUHM 3 MOJIIAM1THUM 3B’ SI3yIOUUM
10
20
100
200

4.5. KoHTpoJ/IbHI MUTAHHA

1. Sk xnacudikyrote KM 3 HeMeTaneBo0 MaTpHIICIO 32 CXEMOIO apMyBaHHS,
TUTIOM (ha3u 1 MaTPUIICIO?

2. HaBecTu npuKIiIaay BINTMBY Pi3HUX CXEM apMyBaHHA Ha BracTuBocTi KM.

3. CrpykTypa Ta BIAaCTUBOCTI KapOOBOJOKHHTIB, HABECTH MPHUKIATU
JOLIIBHOCTI BUKOPUCTAHHS LIUX MaTepialiiB.

4. CTpyKTypa, BIaCTUBOCTI Ta 3aCTOCYBaHHS OOPOBOJIOKHUTIB.

5. B sAkux ymoBax MpOSIBISIOTHCS MEpPEBArd OPraHOBOJOKHUTIB HAJ 1HIIMMU
KM 3 HemeTaneBoro MaTpunero ?

6. SIkuM ynHOM BIUTHBac Ha BiaacTUBOCTI KM OB)XMHA BOJIOKOH Ta MIIHICTD 1X
3’€IHAHHS 3 MaTPUIICIO ?

7. TepMOCTIHKICTh KOMITO3UIIIMHUX MaTepialliB 3 PI3HUMHU THUIaMHU BOJOKOH 1
HEMETAaJIEBUX MATPHIIb.
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IpakTnyne 3anarra Ne 5

TEXHOJIOI'TA OAEPKAHHSA
HEPO3’€EMHUX 3’€JHAHD I3 IIOJIIMEPIB

5.1. Meta pobooTn

O3HallOMUTHCS 3 TEXHOJIOTIEID OJIEpKaHHS HEpo3 €MHUX 3’e€nHaHb. HaOyTtu
NPaKTUYHI HABUYKHU 31 CKJICIOBAHHS Ta 3BapIOBaHHS TIaCTMAC.

5.2. 3arajabHi BitomMocTi

Hepos’emHi 3’€qHaHHS 3 MJIACTMAC OJCPXKYIOTh, B OCHOBHOMY, 32 JIOIIOMOT'OIO
CKJICIOBAHHS Ta 3BapIOBaHHS.

Tepmoriactu (MOMIETHIIEH, BIHIIIACT, KalpoH, (TOPOIIAacT ¥ 1H.) MOXHA
3BaproBaTh. [Ipu HarpiBaHHi BOHHM MEPEXOATh CIOYATKYy /10 BUCOKOILIACTHYHOTO, a
MOTIM JI0 B’SI3KOTBEPJIOTO CTaHy, NOPIBHSIHO JIETKO 3YIIUIAIOTHCSA OAUH 3 OJTHUM 1 IPH
OXOJIOJKEHH1 3aTBEP/IIBAIOTh, CTBOPIOIOYM CIIOJTYUYEHHS.

Jnst 3’eqHaHHS MSIKUX TEPMOIUIACTIB (MOJIETUIICH, MOJIBIHIIXJIOPUTHUN
IUTACTUKAT Y BUIJISIII TOHKUX JIUCTIB) 3aCTOCOBYIOTh TOUKOBE Ta IIIOBHE 3BapIOBaHHS,
a JUisl 3BaprOBaHHA >KOPCTKHUX TEPMOIUIACTIB (BIHLUIACT, MOJICTUPOI Ta 1H.) —
3BapIOBaHHs 3 BUKOPUCTAHHSIM MPUCATHOTO MaTepiamy.

[Tin yac 3BaproBaHHsS HArpiTUH Ta3 MOAAIOTh IO 30HU 3’€JIHaHHS MaTepiaya
JeTanl 1 NOPUCAJHOrO MpyTKa. TEergoHOCIEM HaWyacTille € MOBITpPs, Harpite 10
temneparypu 250-380°C, a B pasi marpiBaHHa iH(QPaYEepPBOHMMH IIPOMEHSIMH IS
3aro0iraHHs OKCUaIlii mojiMepa — a3ot abo apron. CTpymiHb Harpitoro ra3sy 5 (puc. 5.1)
MO/IAI0Th Y 30HY 3BapIOBAaHHS KPi3b cOIUIO 6. [[epenom TenaoTu € eleKTpoHarpiBad
oropy abo npupoauuii ra3. [Ipucaguuii npyTuk 4 BTUCKAIOTH 3 ACSKUM 3yCUIUISIM Y
3a30p MiX 3BaproBaIbHUMU JiucTamMu 1 1 3, mo0 yrBoputH 3BapHuil moB 2. Como i
MPUCaTHUN MPYTUK BPYYHY MEPEMIIYIOTh Y HAPSMKY IIIBa.

3. 4 1 s a
\\’s

2

1 el

1,3 — 3BaproBanbHU JTUCT; 2 — 3BapHUH I1I0B;
4 — npucagHUM NPYTUK; 5 — HArpiTUH ra3; 6 — comIo

Pucynok 5.1 — Cxema 3BaproBaHHSI HArPITUM Tra3oM

Skmo 3BaproOTh 0€3 MPUCAaTHOTO Marepially, TO JeTajl CKJIaJarTh
BHAKJIQJIKY, TIO SIKUX BCJIiJ 3a COIUIOM MPOKAYYIOTh POJIUK.
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[ImactMacu 3BaplOlOTh  CHELIaJbHUM Ta30BUM a00 Tra30eleKTPUYHUM
nanbHUKOM. [Ipaiftoe nanbHUK TaKUM YMHOM. BiIKpUBaIOTh alleTHIIEHOBUI BEHTHIIB 1
aleTWIeH MOTpamige a0 KaHamy. [Ipoxonasud depe3 1HXKEKTOp, BIH CTBOPIOE
PO3pIKEHHS, 1 Yepe3 OTBIP IMIJICMOKTYETbCS aTMochepHE MOBITPs. AIETHIICHO-
MOBITPSIHA CYMIIII TP BUXOJ1 13 COIUIa 3ropa€, YTBOPIOIOUM BCEPEIUHI MOBITPSHOT
Kamepu mnoiym’s. OJHOYACHO MO KaHAlTy TOJA€ThCA CTUCHYTE TOBITPS, SIKeE,
NOTPAIUISIOUX JI0 MOBITPSIHOI KAMEPH, OMHUBAE TIOJIyM’sI, HATPIBAETHCS 1 3MIIIYETHCS 3
rapsyuMi TPOAYKTaMU TOpIHHS areTwieHy. Ll cymim i BHKOPUCTOBYETHCS IS
HArpiBaHHs IUIACTMAacH TMiJ Yac 3BapIOBaHHA. | a30€NEKTPUYHMIA TAJbHUK MPALIOE
Tak: CTHUCHYTE MOBITpsl Bix OajoHy abo KoMmmpecopa, MPOMIIOBIIKA uYepe3 (iiabTp,
HAJXOIUTh 0 KaHaTy. B kaHam MOBITpsI HATPiBa€ThCA 1, BAXOASYH 3 COTIA, HArPiBae
miacTMacy 1 TpHCAagHUN Martepian, sKi 3BaploloThes. HarpiBanHa TOBITps
PETYIIOETHCSA PEOCTATOM , @ HOTO BUTPATa — BEHTHIIEM.

Heo0OxigHo MO MOXIJIMBOCTI TOYHO BCTAHOBIIOBATH TEMIIEpATypy TasiB, sKi
BUXOAATh 13 cora. [Ipu HU3BKIM TemmepaTrypi Harpitoro IMOBITPS 3BapHE
CHOJIy4eHHsI OyJie HEMIIHUM 1 JIeTKO 3pyHHyeThcs. [Ipum BHCOKIN TemriiepaTypi
MOBITPS, SIKE HAJAXOAMUTH 3 MaJbHUKA, OOBYTJIOIOTHCSA Kpai 3BApHOIO 3’€JIHAHHS, IO
BUKJIMKA€E PO3KIAJaHHS MJIaCTMACH 3 BUAUICHHAM igkoro razy. Yacrime 3a Bce 3 ycix
IJIaCTMAcC 3BAPIOIOTH BIHIIUIACTH. BIHIMIACT MEPEXOAUTHh IO B SA3KOTATYYOrO CTaHy
npu temneparypi 200-220°C. Ilpu ToBImi Martepiany Ginbiie 2-3 MM 3aCTOCOBYIOTH
VY-noniOHy NIArOTOBKY KpaiB IiJl 3BaplOBAaHHS, SIKI 3p13al0Th y TapsuyoMy CTaHi.
Ilepen 3BaproBaHHSM JeTanl BUPOOY CTpyOLMHAMHU, KOHAYKTOpPaMH Ta 1HIIUM
npwiasaM  (IKCYyIOTh Yy TOTpiIOHOMY TOJIOKEHHI. 3BaproBaHHS IMOYHHAIOTH 3
MOTIEPETHBOTO MIIIrPIBaHHS MicIlsl 3BaproBaHHs. [Ipu HarpiBaHH1 MacTMaca Ha0yBae
XapaKTEPHOTO OJHCKY, 1 1€ CBIAUMTH Mo ii B’A3KOTATyunit crad. [loTim KiHeub 3
MPUCATHOTO MPYTKA BEPTUKAIBHO BIABJIIOIOTH B 1€ MICIIE 3 OJHOYACHUM MiAIrpiBOM
Woro, sk mokazaHo Ha puc. 5.1. Ilpyrox posirpiBatote 1o mnepudepii 10
B’SI3KOTATYYOTO CTaHY, TOAL sIK HOTO CTEpKEHb (LIEHTpaIbHa YaCTHHA) 3HAXOIUTHCS Y
TBEPAOMY €JIaCTUYHOMY CTaHi, CHPUAIOYM BJIABIIOBAHHIO HOTO 1 3BaprOBaHHIO 3
kpasmu. Kpai Ta npucagHuii npyTOK NOBUHHI PIBHOMIPHO HAarpiBaTHUCA.

[ImactMacu Jerko 3BaplOIOTBCA B yCiX MPOCTOPOBUX TOJIOKEHHAX. 3a
HEOOX1AHOCTI 3BaprOBaHHS MIPOBOAATH JEKUIbKA pa3.

CkJI€oBaHHAM HAa3UMBaIOTh IPOLEC CTBOPEHHS HEPO3’€MHOIO CIIOJTYYECHHS
MarepiaiiB 3a JAOMOMOIOK KJI€K, SIKUA YTBOPIOE MDK 3’€IHYBaHMMH MOBEPXHAMHU
TOHKY 1 MILIHO 3Y€IUICHY 3 HUMH KJIEHOBY IUIIBKY. MIIHICTh KJI€HOBOTO 3’€HaHHS
3aJIeKUTH BiJ aares3ii (MpUIUNaHHs, 3UETJICHHS) KJICHOBO1 TUTIBKHU 3 MaTepiajaMu, sKi
CKJICIOIOTHCS, 1 11 Koresii, TOOTO MIIHOCTI caMol IUTBKHU. [liIBHINEHHIO MIIIHOCTI
KJIEHOBOrO 3’€HAHHA 3HAYHOIO MIPOIO CIPHUSIOTH CTBOPEHHS JKOPCTKOCTI Ha
MOBEPXHI Marepiany, KM CKICIOETHCS, 1 peTeNibHE ii 3HEekupeHHs. OnTumanbHa
TOBIIMHA KJI1AOBOT TUTIBKM MTOBUHHA OyTH B Mexax 0,1-0,6 mwm.

CkJIeIOBaHHSI CHHTETUYHHUMU KJIESIMU HaOyJIO IIMPOKE 3aCTOCYBAaHHS B aBlallii
(oOrmmBKa maHesi), B CyJHOOYyBaHHI (KOHCTPYKIIIT 3 CKJIOIJIACTHKIB), B aBTOMOOLIBbHIM
MPOMUCIIOBOCTI  ((GpUKLIMHI HAKIaAKW, O3J00JEHHS Ky30Ba), B PEMOHTHOMY
BUPOOHMIITBI (3alIOBHEHHSI TPILIMH, IINapuH, NpoOoiH). CKieBaHHS J03BOJISE
3’€JIHYBAaTH METAJIM 1 HEMETaIM B PI3HUX MO€ETHAHHIX. B MOpiBHSHHI 31 3BaprOBaHHIM
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1 KJIemaHHSIM BOHO 3a0e3reuye 3HayHe 3HW)KCHHSI Macu KOHCTPYKLIA MPH BHCOKIN
AHTHUKOPO31MHOCTI KJIIMOBOTO IIIBA, A€ MOXJIMBICTh BECTHU IMPOIEC MPU MOPIBHIHO
HUBBKUX TeMIIEpaTypax, BIAPI3ZHAETHCS MPOCTOTOI0 BUPOOHUIITBA 1 IOCUTh BHUCOKOIO
€KOHOMIYHICTI0. Hemomiku KieHoBuX 3’€lHaHb — HEBHCOKAa JIOBTOBIYHICTH (Uepes
CTapiHHS) 1 HEBEJIMKA MILHICTh ITPH HEPIBHOMIPHOMY BiJIpHUBaHHI.

Knei cknamaioTbes 3 TMIIIBKOYTBOPIOBAJIBHOI OpraHiyHoi abo HeopraHiyHOi
OCHOBH 13 3aJJaHUMHU aJre31HHUMHA 1 KOTe€31MHUMHU BIACTUBOCTSIMU. KpiM TOTO, 10 iX
CKJIaZly MOXYTh BXOIUTH PO3YMHHUKH, IO CTBOPIOIOTH TEBHY B’SI3KICTh KIICHO,
macTudikatopu ISl MiABUINEGHHS MOro IUIACTUYHOCTI 1 3MEHIIEHHS YCaJKH,
HAIlOBHIOBA4l Il TIJBMINCHHS MIIIHOCTI CHOJYYEHHs, OTBEp/UKyBadi Ta 1H. Sk
IUTIBKOYTBOPIOBAJIbHY OCHOBY BHKOPUCTOBYIOTh CHHTETUYHI CMOJU a00 Kay4yykKH, a
JUTSl HATTOBHIOBAUIB — IMOPOILKH, BOJIOKHA OPTaHIYHOIO 1 HEOPTaHIYHOTO MOXOIKECHHSI
Ta 1H. PO3UMHHUKAaMH € alleTOH, TUXJIOpPETaH, OEH30I 1 CUpTH. K miacTugikaTopu
BUKOPUCTOBYIOTH TIIILIEPUH, KAYUYK 1 IE€SIKI CMOJIH.

[TpoMuCIIOBICTh BHITyCKa€e KJI€i XOJOMHOTO Ta rapsdoro 3aTBepiinHs. Kiei
rapsidoro TBEPJIHHS 3a0€3MedyroTh OUIbII BUCOKY MILHICTH 1 TEMJIOCTIMKICTh. [lpn
HarpiBaHHI Kpaille BHJAANAETHCA POZYMHHUK 1 BIIOYBAEThCS  OUIBIINOBHE
3aTBepliHHS. Sk TpaBuio, JUisi BUJAJICHHS PO3YMHHUKA 3 KIEHWOBOI IUTIBKH [0
OCTaTOYHOTO HarpiBaHHS 3 METOI0 3aTBEPJiHHSA i1 BHUCYIIYIOTh Ha BIJKPUTOMY
nositTpi mpu 50-60°C. Chpuste MIiNHOCTI KJIEHOBOTO 3’€IHAHHS TAKOX TIapsde
TBEPAIHHS IT1]T TUCKOM.

Psn matepiamiB, Sk, HaOpHKIaj, OpraHIYHE CKJIO, IOJICTHPOJI, CKICIOIOTh
PO3YMHHUKAMHU a00 KJIEsSMHU, IO MICTATh MaTepiall, M0 CKJICIEThCS, Ta HOro
PO3YMHHUK (AUXJIOpETaH, alleTOH Ta 1H.).

[[Inpoko BUKOPUCTOBYIOTH CHEIlialbHI K€l I CKICIOBAHHS TaKHX
MaTtepialiiB, K TEKCTOMIIT, CKJIOTEKCTOMIIT, METaIIB 3 HeMeTanaMu. Jlo HUX BIHOCSTH
(dbeHonbHOPOPMATIBACTIIHI,  E€MOKCHAHI,  ()EHONBbHO-OyTBapHi,  MOJIIypETaHOBI,
KapOaMiJH1, TYMOBI Ta 1HLI1 KJIEi.

5.3. llopsiiok BUKOHAHHS POOOTH

B naniii poOOTI mJisi CKICIOBAHHS 3pa3KiB 3 TEKCTOJITY BUKOPHUCTOBYIOTH
dbenonbHO-OyTBapumii ke b®d-2. BiH cTaHOBUTH €000 pO34YMH (HEHOIBHO-
OyTBapHO1 CMOJIM B CIUPTI 1 BUKOPUCTOBYETHCS JJISI CKIICIOBAHHSI TIACTMAC, METAIIB,
KepaMiku, jaepeBUHU. CKIICIOBaHHS MaTepialiB UM KJICEM BEIEThCA TapsSIuM
CIIOCcOO0OM.

[Ipn xieiioBoMy 3’€ITHaHHI YacTO BUKOPHUCTOBYIOTH CIIOJYYEHHS JeTajiei
BHakaAKy. [loniOHe kieiioBe criolyuyeHHs BUKOHY€EThCS B JaHiil poOoTi.

Jlis BUKOHAHHS POOOTH CTYACHTH OICPXKYIOTh I CKJICIOBAHHS IMIICTh
IJIOCKUX 3pa3KiB 3 JMCTOBOTO TEKCTOMITY po3mipoM 115x15x2 mwm, kneit bBd-2,
aleTOH, HaXJIayHUM Mamip, KyCKM TKaHWHU, BaTy, LINATENb, JIHIHAKY, CTPyOLUHY.
KrelioBe crionmydeHHs BUCYIIYIOTh 1 HAarpiBaloTh y TepMmolnadax, BUIPOOOBYIOTh HA
3CYB Ha PO3PUBHIN MaIlIUHI.

CkJiieroBaHHS 1 BUIIPOOOBYBaHHSI CIIOTyY€Hb MMPOBOASTD Y TaKii MOCHITOBHOCTI.

1. HamiTuTH Ha 3pa3kax MiICIsl CKJIICFOBaHHS.
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2. IligroryBatu Ha 3pa3kax MICISI CKJICIOBAHHS, 3aYUCTHTH 1X HAKIAYHUM
narnepoM, 3AyTH 3 HHUX TWI 1 3HSKUPUTH IX alleTOHOM, MPOCYIIUTH Ha MOBITPi
BITPOJIOBXK 3-5 XBHIIWH.

3. HanecTtu Ha 3auminieHi micus 3pa3KiB MepHIMi map Kiew (Iap HAaHOCUTHCS
PYXOM IIIATENS B OJIUH OIK, 100 HE YTBOPIOBAIKCS OYyJIbOAIIKH TTOBITPS).

4. TlpoBecTH TepIie BiTKpUTE MPOCYITyBaHHs 3pa3KiB 3 HAHECCHHM IIIapOM
knero B repmormnadi mpu 50-60°C npotsrom 15 XBuimH.

5. Hanectu npyruii map Kiero.

6. [IpoBectu apyre mpocyiryBaHHs IPU TOMY CaMOMY PEXHUMI, 1110 1 TIEpIIIE.

7. 3’eHATH CKIICIOBAaHI MOBEPXHI 3pa3KiB 1 3aTUCHYTH 1X Y CTPYOLIMHAX THCKOM
0,25-3 MI1a.

8. Harpitu ckieroBaHi 3pa3ky pa3oM 3i cTpybuunamu B repmomadi no 150°C i
BUTPUMATH IPH Liil Temneparypi 5, 15125 xBunuH.

9. Hicratu 3pa3ku 31 cTpyOlMHaMu 3 Tepmoinadu, 0XOJOAUTH iX HA MOBITPI 110
40°C i po3kpinutw.

10. BunpoOyBaTu Kjie€Hi 3pa3Kku Ha 3CYB.

11. 3HaiiTi MeXy MIITHOCTI KJICHOBOTO CITOTYYEHHS Ha 3CYB 3a (DOPMYII0I0

1=P/F,

ne P — pyiiHiBHEe HaBaHTaxXeHHs, H;
F — IIomma CKJICrOBaHHS, CM2,

12. 3anecTu omepkaHi 3HaYEHHS 70 MPOTOKOIY BHIIPOOYBaHb.

13. ITobyayBatu Tpadik 3MIHA MEXi MIITHOCTI Ha 3CYB KJIICHOBOTO 3’€IHAHHS
3aJIEKHO B1J TPMBAJIOCTI HArpiBaHHS MPU BUTPUMYBAHHI IT1]] TUCKOM.

14. BuBuuTtu OynOBY Tra30€leKTPUYHOrO ab0 Tra30BOr0 TNaJlbHUKA JJId
3BapIOBaHHsI IJIacTMAac.

16. HaOyTu HaBUYKHM 13 3aIMyCKy Ta30€JEeKTPUYHOTO ab0o ra3oBOTO MajbHUKA
JUTS 3BapIOBAHHS MJIACTMAC, PErYJIIOBaHHS TEMIIEpaTypU TETUIOHOCIS 1 31 3BapPIOBAHHS
r1acTMac.

17. TliniOpaTy Ta BCTAHOBUTH PEXKUM 3BapIOBaHHA (TEMIIEpaTypy TEIJIOHOCIS,
JiaMeTp MPUCATHOTO TPYTKA).

18. 3akpinmuTH MUIACTHHU 3 BIHIIIACTa TOBIIMHOIO 2-4 MM (3a HEOOXITHOCTI
MOMNEPETHBO 3p13aTH Kpai) 1 3BAPUTH MPYTKAMHU 3 BIHIILIACTA.

19. OrnsHyTH 1I0B 1 Bi3yaldbHO OI[IHUTH HOTO SIKICTh.

20. 3pyitHyBaTH 3pa30K Ha PO3PUBHIN MallIKHI (MMICIIs MOBHOI'O OXOJOXKEHHS) 1
pe3yJbTaTH MOPIBHATH 3 MIIIHICTIO BIHITIJIACTa J0 3BapIOBAHHSI.

5.4. KoHTPOJIbHI NUTAaHHS

1. Mo saBnsie coOOK TEXHOJOTIUHHMM TMIPOIEC OJEpkKaHHSA HEPO3 EMHOIO
CIIOJTYUYEHHSI CKJICIOBAHHSIM?

2. Big 4oro 3anexuTh MIIHICTh KJICHOBOTO CIIOJIYICHHS ?

3. SIxi (hi3uKo-XIMIYHI MPOIECH BITUBAIOTH HA MIITHICTh KJICHOBOT TUTIBKUA?

4. 1o cipusie 301IBIIEHHIO MIITHOCTI KJIEHOBOTO CIIOTy4EHHs?

5. SIxka onTHMaNbHA TOBIIMHA KJIEHOBOT TUTIBKH?
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6. B skux ramy3sx NIPOMHUCIOBOCTI CKJICIOBaHHS Ha0yBa€ MIMPOKOTO
3actocyBaHHA. HaBeniTh npukiaay.

7. IlepeBarm TEXHOJOTIYHOTO MPOLIECY CKJICIOBAHHS IEpes 3BApIOBAHHAM 1
KJICTIAHHSIM.

8. Henmomiku k1efoBUX CIIOIY4YEHb.

9. OCHOBHI CKJIaJIOBI KJIEIB.

10. SIxi qomoMiXH1 CKJIaJIOB1 BBOSATH JIO CKJIATy KJICIB 1 KA X poJIb?

11. OcHoBHI BuaM Kj1€iB. UM BOHU BiIPI3HSIOTHCS?

12. Sxuii TEXHOJOTIYHUNA TPUIAOM BHUKOPUCTOBYETHCS MJIA BUAAJICHHS
PO3YMHHUKA 3 KJICHOBOI TITIBKHU?

13. Ha3BiTe mmacTMacu, IO CKJICIOIOTHCA 3a JOMOMOIOI0 PO3YMHHHUKIB YU
KJICIB HA OCHOBI PO3YMHHHUKIB.

14. SIxi kel BIZHOCSTH JO KJIacy CHeliaJbHuX?

15. HaenmiTh mepenik KieiB, IO BHKOPUCTOBYIOTBHCS JUISI CKJICIOBaHHS
rIacTMac 1 rymu.

16. Illo craHOBIATH COOOIO0 KIIEi, SIKI BUKOPUCTOBYIOTHCS ISl CKJICIOBAHHS
racTMac?

17. Slkuil TEXHOJOTIYHUN TPUHAOM BUKOPUCTOBYETHCS [IJISi CKJICIOBAHHS
BUPOOIB (eHOIIBHO-OYTBAPHUM KJIEEM?

18. ke oOnagHaHHS BUKOPUCTOBYETHCS [l BUIPOOYBAHHS KJIEHOBOIO
CITOJIyYEHHS Ha 3CyB?

19. kM 9MHOM BHU3HAYNTH MEXY MIITHOCTI KJICHOBOTO CITOTY4YEHHS Ha 3CYB?

20. SIxi ocHOBHI (paKTOpPH BHIMBAIOTH HA MIIHICTH KICHOBOTO CIIOTYYCHHS ?
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_ 3ABJJAHHSA 1J1sA BUKOHAHHSA
CAMOCTIMHHUX, IHAMBIAYAJBHUX TA KOHTPOJIBHUX POBIT (CPC)

3aBaanns 1

[EEN

. 3acTOCyBaHHS MOJIMEPIB K KOPCTKUX KOHCTPYKLIMHUX MaTepiaiB.

. IlomiMepu 3 MPOCTOPOBOIO CTPYKTYPOIO.

3. Slkum ymHOM BIUTHBaE hopMa MaKpOMOJIEKYJ IoIiMepiB Ha iX (izuko-
MEXaHIYH1 BJACTHBOCTI.

N

3aBaanusa 2

|

. Hemeranesi matepianu. Ix nepesaru y mopiBHsHHI 3 METajJaMH i CIZIaBAMH.
. Peaxuis moniMepu3arti.
3. BrmuB miBUIIIEHOTO BMICTY HAlTOBHIOBAaYa HAa TEKYyYiCTh IJIaCTMAC.

N

3aBaanng 3

1. SIxi mojiMepy Ha3UBAIOTHCS TEPMOIUIACTUYHHUMH, a SIK1 TEPMOPEAKTHBHUMU.
Hagenite npuxnamm.

. D13UK0-MexaHIvH1 BJIACTUBOCTI IJIacTMAaC.

3. Kpucramizariis moiximMepiB 1 METaIB. Ix MPUHIIAIIOBA BIIMIHHICTb.

N

3aBaanus 4

. IlepBUHHI €1€MEHTH MOJIIMEPHOL CTPYKTYPH.

. Matepianu 3 miactMac sl BUTOTOBJICHHS MAIINITHUKIB.

3. TemnepaTypHi 3aJ€KHOCTI XapaKTEPUCTUK MIITHOCTI TEPMOIIIIACTUYHUX 1
TEPMOPEAKTUBHUX MOJIMEPIB.

N —

3aBaaHaqa 5

1. TToB3y4iCTh aHTUPPHUKLIIHUX MOJIMEPHUX MaTepialiB. 3aX0A1 U010 i 3HWKEHHS.
2. Peaxiis nomkoHeHcartii.
3. [lepeBaru opraHOBOJIOKHUTIB, X BIACTUBOCTI Ta 3aCTOCYBaHHSI.

3aBaanus 6

1. Cxemu Oy10BM MaKpOMOJIEKYJT TIOJIIMEPIB.

. TexHONOT1YH1 METOI BUTOTOBJICHHS CKJIaJHUX BUPOOIB 3 TEPMOILJIACTIB.

3. UnHHUKH, SK1 BINTUBAIOTh Ha (hi3MKO-MEXaHIuHI Ta XIMI4HI BJACTHBOCTI
MOJTIMEPIB.

N

3aBaanusa /

p—

. [TommepHi MaTtepiam, 0 MatOTh BUCOKI TETLJIO- 1 3BYKOI30JISII1HHI BIACTUBOCTI.

2. HaitBaxxnuBinn TepMopeakTUBHI TiactMacu. byioBa, BIacTUBOCTI, 00J1acTi
3aCTOCYBaHHS.

3. TepMmopeakTUBHI IJIaCTMAacH 3 OPraHIYHUMHU HATMlOBHIOBAYaMHU.

Ix BacTuBOCTI.
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3aBaanug 8

1. HaifBask/MBiIi TepMOILIACTUYHI MIACTMACH. 1X BJIAaCTHBOCTI i cdepu
3aCTOCYBaHHSI.

2. TemmepaTypu KpHcTai3allii oiiMepis i MeTany. Ix mpuHIMIIOBA BiIMiHHICTb.

3. OCHOBHI TEpPMOILJIACTUYHI IJIACTMACH, iX CKJIaJ Ta 3aCTOCYBaHHSI.

3aBaanuga 9

1. Ilpuknaau eQpeKTUBHOCTI 3aCTOCYBaHHSI IJIaCTMAC.
2. KoedimieHT BUKOPUCTAHHSI IJIacTMAac.
3. [Ipomecu penakcariii B mosgimMmepax.

3aaanusa 10

1. CnocoOu BUTOTOBJIEHHS CKJIaJHUX BUPOOIB 3 TEPMOPEAKTHUBHUX IJIACTMAC.
Ix ocob6muBOCTI, TIepeBary i HeJOMiKH.

2. IToniMepu 3 pO3TATYy’>KEHOIO CTPYKTYPOIO.

3. OpranoBOJOKHUTH.

3apnannsa 11

1. BnacTuBOCTI IOJIIMEPHUX MaTepialliB, [0 00YMOBIIOIOTH MOXKIIUBICTH 1X
3aCTOCYBAHHS K TEIJIO130JIL[IHHUX.

. CKJIa/iHi nacTMacu. IX ckiaji, BIaCTHBOCTI Ta 3aCTOCYBaHHSI.

3. Kap60oBonOKHNTH, X BIACTHBOCTI, PI3HOBH/IM Ta 3aCTOCYBaHHS.

N

3apaanns 12

[HEN

. [IpocTi mnacTmacu. [x ckmas, BIacTHBOCTI Ta 3aCTOCYBaHHS.
2. IlepeBaru 1 HEIOJIIKY TJIACTMAC MIPH 3aMiHI KOJIBOPOBUX METANIB 1
CILIaBIB.
3. Buam 3miniHOBaYiB KOMITO3UIIIMHUX MaTepiaiiB 3 HEMETaJIEBOIO
MaTpHIICHO.
3apnannsa 13

1. Oco6MBOCTI 3aCTOCYBAHHSI MOJIIMEPIB K JKOPCTKUX KOHCTPYKIIHHUX
MaTepiaiB.

2. XapaKTepucTrKa MojJiMepy 3 TOYKU 30py HOro (Hi3UYHOTO CTaHy.

3. Kinacudikairist KoMIo3uIiiHUX MaTepialiB 3 HEMETAIEBOK MATPHIIEIO 11O
BH]Ty 3MIIIHIOBa4Ya Ta MaTPHIII.

3aBaannga 14

1. Kpucrasnizais nomiMepis i MeTasliB. IX MPUHIUIIOBA BiAMIHHICT.

2. TInactmacu. Ix pisHOBUIM, Knacu(iKallis 32 TUTIOM BUKOPHCTOBYBAHHUX
HAIMTOBHIOBAYIB.

3. Buau 3B’513y10unX peuOBUH KOMITO3ULIIMHUX MaTepiaiiB 3 HEMETaJIEBOIO
MaTpPHUIICIO.

3aBaannga 15

1. Cxemu Oy/10BH MaKpOMOJIEKYJI TTOJTIMEPIB.
2. Tun 3B’53Ky MIXK YaCTUHKAaMU y MOJIIMEPHUX MaTepiaiax.
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3. CyTHICTb CTapiHHS MOJIMEPHUX MaTepiaiB.

3aBaannsa 16
. IInacTtmach, iX CKJIaf 1 3arajbH1 BJIaCTUBOCTI.
. Kimacudixkariis mmactmac 3a 3B’ 13y1040I0 PSYOBHHOIO Ta HAIIOBHIOBAYCM.
3. [TopiBHsIIEHA XapaKTEPUCTHUKA BIACTHBOCTEH MJIaCTMAC y 3aJICKHOCTI
BiJl BUTy 3B’ S3yI040i PEYOBHHH.

N -

3apnannsa 17

1. TepmopeakTuBHI IJIaCTMACH 3 OpPTraHIYHUMHU HANIOBHIOBAYaMH Ta 1X
BJIACTHBOCTI.

2. CKJIOTUIaCTUKH, 1X CKJIAJ], BIACTUBOCTI Ta 3aCTOCYBaHHSI.

3. Sk BIIMBaE BHJ HAITOBHIOBAYA Ta 3B S3yI0UOi PEYOBMHH Ha (PI3MKO-MEXaHI4HI
BJIACTUBOCTI CKJIOIUIACTHKIB.

3aBaanns 18

1. BnacTuBOCTI 1 3aCTOCYBaHHS Pi3HUX BUJIB MHOIUIACTIB.
. [lopornacTu, iX CTpyKTypa Ta BIaCTUBOCTI.
3. OcobnuBocTi 0y/10BU, BIACTUBOCTI Ta 3aCTOCYBaHHS COTOILIACTIB.

N

3aBaannsa 19

1 BnacTUBOCTI OPraHiqHOIO CKJIa Ta CIOCOOM MIBUIIIEHHS HOTO SIKOCTI.

2. BnacTtuBoOCTI 1 Tamy31 3aCTOCYBaHHS TPYIH TUIACTMAC 3 BIIOMUMH
Ha3BaMU: KalpOH, HEUJIOH.

3. BractuBocCTiI 1 3aCTOCYBaHHS MOMIBIHUTXJIOPHTY Pi3HOTO BULY.

3aBaannga 20

[HEN

. TepMOCTIKI TUIACTUKH, TX PI3HOBUU Ta BIACTUBOCTI.

. Buniu 1 BmacTUBOCTI IIapyBaTUX MJIACTUKIB.

3. [TopiBHsATBHA XapaKTepruCcTHKa (i3UIHOT CTPYKTYPH TiHO-, TTOPO- Ta
COTOILIACTIB.

N

3apnannsa 21

1. Bupo©bu, siki BATOTOBIISIFOTH 13 TIOJIICTUPOITY 1 00JIaCT1 X 3aCTOCYBaHHS.
. Bun 3B’s13y10401 pe4OBUHU, BIACTUBOCTI 1 3aCTOCYBAHHSI JIABCAHY.
3. Bunu 1 mpu3HaueHHs MPOCTHUX TIacTMAac Ha OCHOBI TOJTieipiB.

N
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