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BCTYII

3pocTaHHs BUPOOHUIITBA IIJIACTMAC 1 IX MOIIUPEHHS, IPAKTHYHO, B YCIX Taly3dX HapOJHOTrO
TOCIIO/IAPCTBA € HACIIIKOM HayKOBO-TEXHIYHOTO MIPOTPECY.

Benukwuii iHTepec N0 IUIACTMYHUX Mac BUKIMKAHUM HE TUIBKHM iX CBOEPIAHMMHU TEXHIUHO
BUTITHAMH BJIACTHBOCTSAMHU (HM3bKAa MHTOMAa T'yCTHHA, BHUCOKA XIMiYyHA CTIHKICTh, HasBHICTh
BHCOKOEJIACTUYHOr0 CTaHy Toulo) BuroroBiieHHs BHPOOIB 3 IUIacTMAc BIA3HAYAEThCS HU3BKOIO
TPYAOMICTKICTIO, E€HEPrOMICTKICTIO, JIOCTYNHICTIO BHXIiAHOI CHUpPOBHHH. Ha BUTOTOBIECHHS
IJIACTMACOBOTO BUPOOY MOTPiOHO BUTPATUTH B 2,5 +~ 4 pa3u MEHIIE Ipalli, Hi>)K Ha BUTOTOBJICHHS
aHAJIOTIYHOTO BHPOOY 3 METally, 1 IPH IbOMY CIIOKHUBAETHCS B 3 + 5 pa3iB MEHIIE CHEPTii.

BripoBajykeHHsT B HapoAHOMY TOCHOJApCTBI IUIACTMAc 1 KOMIIO3ULIHHHMX IOJIMEPHUX
MmarepianiB  (CKJIO-, BYyIJIe- Ta OpPraHOIUIACTHKIB) BiJ3HAYAETHCSI BHUCOKOIO EKOHOMIYHOIO
€(EeKTUBHICTIO.

BuroroBneHHst BUpOOIB 3 TUIaCTMAc 30CEpePKEHE Ha MIJNPUEMCTBAX UM AUTBHHUIAX 3
nepepoOKu TutacTMac, ki 00’€IHaHI B OJHY MiArany3b — TEXHOJOTIi mepepoOku miaactMmac. 3a
METOJIaMU BUTOTOBJICHHS BUPOOIB 3 IUIacTMac ii MOKHA MOJUIMTH HA TaKi TPy BUPOOHUIITB 3
lH,Z[I/IBlI[yaJ'IBHOIO 00’€MHOI0 YacTKOIO:

JUTTSI i TUCKOM TepMotuiacTiB — 33%;

- eKcTpy3is — 611 30%;

— npecyBaHHs — 26%;

— KanaHapyBaHHs — 5%;

- 1H111 MeToau — 6%.

OCHOBHY Macy MOTOHAXHUX BUPOOIB (TpyOH, IUTIBKH, JTUCTH, MPODLIi TOIIO) OIEPKYIOThH
METOAOM eKCTpy3ii. 3a TEXHOJOTI€I0 BaIbLIOBAHHSA 1 KalaHAPYBAHHS OTPUMYIOTh 3HAYHHMA
ACOPTHUMEHT IUTIBOK (TUTIBKM 3arajbHOTO IMPU3HAYCHHS, MOPO30CTiiKi, OaraTomapoBi, KOMOIHOBaH1
TOIII0) 1 PYJIOHHI MaTepiau.

[Tpoaykuito, opep)kaHy METOAOM €KCTpY3ii, HIMPOKO BHUKOPHCTOBYIOTH Yy HAPOJHOMY
rOCIO/IapCTBl SIK BUPOOM CaMOCTIHHOTO MpHU3HAUYEeHHs a0o0 sK HamiBpaOpUKaT Al BUTOTOBIIEHHS
BUPOOIB IHIIMMU MeTogamM. Hampukiag, JUCTM BUKOPUCTOBYIOTH abo0 Oe3mocepeaHbo sK
oOnuioBabHUN  Ta  (QyrepyBanbHUM  Marepian, a0o JyIsi  BUTOTOBJIEHHS  BHPOOIB
TepMOQOPMYBaHHIM, BUPYOIIOBAaHHAM TOWIO. EKcTpy3iiiHi MeTonu mepepoOKH —I1acTMac
Ha0yBalOTh 3HAYHOT'O MOLIMPEHHS SIK JOMOMDKHUN CIIOCIO HENepepBHOIO MaKyBaHHS IPOMHUCIOBUX
Ta XapuoOBHX BUPOOIB y MONIMEPHY 000JIOHKY, BOHH TaKOX MEPCIEKTUBHI NP HAHECEHH1 eNIeKTPO-,
XiMi3oJisAlii Ha TPOBIAHMKK Tomlo. IlepeBara eKCTpy31MHUX TMPOIECIB — HEMEPEPBHICTH
BUPOOHMIITBA, BEJIMKA OJMHUYHA IOTYKHICTb, BHCOKA TEXHOJIOTIYHICTh MpPU HU3BKOMY PIiBHI
TEXHOJIOTIYHMX B1JIXOJIB, MOXJIMBICTh aBTOMaTH3allli Mpolecy 1 CTBOPEHHS 3aMKHEHUX LIMKIIIB,
KepoBaHUX 3a jgonomororo EOM. Bupobu 3 mimactmac, siki OTPUMYIOTh METOJIOM €KCTpYy3ii,
HaJeXaTh 70 MaTepianioeMHOl mpoaykiii. CHpoBUHA 1 MaTepiaiy s iX OJCp>KaHHS CTaHOBJISITH
80 % 3aranpHUX 3aTpaT, Ha eJleKTpoeHeprito npumnagae jgume 10 % 1 Ha Tpyno3arparu — a0 5 %.
Bei mi mepeBaru, a Tako)X BeJHMKE MPAKTUYHE 3HAYEHHS MOTOHAXHHUX BHUPOOIB 1 MPAKTUYHO
HEOOMEXEHHH 1X aCOPTHMMEHT 3YMOBWJIM BHIIEPEKAIOUl TEMIM 3POCTAHHS YacCTKH MOJIMEPHUX
BHPOOIB B 3araJpHOMY 00CS31 BUITYCKY BUPOOIB 3I1acTMAC.

CHpOBUHOIO MJIi BHUTOTOBJIEHHS TOTOHAXXHMX BHPOOIB € TEpMOIUIACTH: TMoiosediHy,
MOJIIBIHUIXJIOPU/I, MTOJICTUPOJIBbHI IVIACTUKH. 3HAYHO pO3LIMpUIach MaTepiajibHa 6a3a BUPOOHUIITBA
ix B YKpaiHi 3 BBEIEHHSIM [0 JIaay MOJIMPOIIJIEHOBOrO 3aBOAY B M. JIMCHYAaHCBK Ta 3aBOIY 3
BUIOTOBJIEHHSI HAJBHCOKOMOJIEKYJISIDHOTO TMOJIeTWIeHY 1 nofimporniieHy B M. Kamym, sxuit
30ynyBana Himenpka (ipma “Jlinne”. CTBOpeHHsI MPOTrPeCUBHUX METOJIB MEPEpPOOKH IUIACTMAC Y
BHpOOM Ta iHTEHCH(IKAIIS ICHYIOUMX — METa Tally31 mepepoOKu 1racTMac.

AHaIi3yl041 TeHIEHII1 pO3BUTKY IPOMHUCIOBOCTI, MOKHA BUAUIUTH MEPCIIEKTUBHI
HaIpsSIMKU PO3BUTKY MiATaTy31:

1. [ToBHe TexHIYHE EePEO30OPOEHHS, PEKOHCTPYKLIS AIFOUNXBHUPOOHHIITB.

2. Bunepemxkatounii po3BUTOK XIMIYHOTO MAIIMHOOYITYBaHHS IS CTBOPEHHSI HOBOTO
oOyagHaHHs 13 IUPOKUM BUKoprcTaHHsIM EOM, poboToTexHiku 1 3aco0iBaBTOMATH3AIII].



3. OCBO€HHSI HOBHMX, BHCOKOC(EKTHMBHHMX TEXHOJIOTIYHMX TpoIeciB, sKi O
3a0e3rnevyBajl KOMIUICKCHE i E€KOHOMHE BHKOPHUCTAHHS CHPOBHHHM 1 3HIKEHHS (a00 IMOBHY
BIJICYTHICTb) 3a0pyAHEHHS HaBKOJHMIIHBOTO cepenoBuina. CTBOpeHHS 0€3BiIXOAHUX, EKOJIOTIYHO
YHUCTHX TEXHOJIOTIH.

4. Po3pobka i BIpoBa)KEHHsSI aBTOMAaTU30BaHUX TEXHOJIOTIYHHX JIiHIH, aBTOMAaTHYHUX
CUCTEM YIPAaBIIiHHS, KOMIUIEKCHA MeXaHi3aIlisl BAPOOHUYOTOIIPOLIECY.
5. [llupoke BHUKOpPHCTAHHS JJs NPOCKTYBaHHS  OOJajHAHHS 1  CTBOPEHHA

TexHoJjoriyHux npoiecis EOM, cuctem aBTOMaTHUYHOTONIPOEKTYBaHHS.

BupimenHs nocrapieHnx 3aBAaHb BEIMKOIO MipOIO 3aJISKUTH Bijl KBaTi(iKaliifHOro piBHs
CHEIIaJIiCTIB, KEPIBHUKIB TEXHOJIOTIYHUX MPOIIECIB, TEXHOJIOTIB Ta KOHCTPYKTOPIB.

PiBeHb IX ATOTOBKH 3HAYHO 3QJICKUTH BiJl IKOCTI BUBUEHHS CTYACHTAMHU JUCIUILTIHA
"TexHoJIOTisl BUTOTOBJICHHS BUPOOIB 3 IJIACTMAC 1 KOMITO3MIIIHHUX MaTepiaiiB". MeTa mboro Kypcy

- O3HAHOMHUTH CTYICHTIB 3 TCOPSTHUYHUMHU 1 TPAKTHYHUMU MMUTAHHSIMH BUTOTOBJICHHS
BHpOOIB 13 IUTacTMac 1 KOMIO3WIIMHMX MarepiaidiB 3 MOTPIOHUM KOMILJIEKCOM BJIACTUBOCTEH
HAHOUTBII ~ TMOMIMPEHUMH  BUCOKONPOJYKTUBHUMH  METOJAaMH, METOJIaMH  PETYJIIOBaHHS
TEXHOJIOTIYHUMH MPOLIecaMH Ta iX YAOCKOHAICHHSM.

[Ilo » o3HaYa€e CIOBO ,,TeXHOJNOTIA? Y MepeKyiai 3 JaBHbOTPEUBKOI — 1€ MailcTpyBaHHS.
MaiictpyBaHHS, SIK€ MPUBOAMTH 0 OTPUMAHHS HEOOXIAHOrO BUPOOY 13 BUXIAHOI CHpOBUMHU. B
OUTBIII TIOBHOMY, 3araJIbHOMY PO3yMiHHI TEXHOJIOTISl — peaii3allis TEXHOJIOTIYHOTO MPOIIECy, SIKUH
CKJIQJIAEThCS 13 LIJIOTO JIAHIIOra IMOCTIAOBHUX CTalii (orepariiid), BiJi OTPUMaHHS 1 IMiATOTOBKH
CHUPOBUHU JIO TIAaKyBaHHS TOTOBHX BUPOOiIB. TeXHOJOTIYHMI Mpoiec 3MIHCHIOIOTh B KOHKPETHUX
TEXHOJIOTIYHUX YMOBaX (pexumax) 3 BUKOPUCTAHHSM BiAMOBITHOTO OOJaJHAHHS, OCHAIICHHS Ta
JOMOMI>)KHOTO yCTaTKyBaHHSI.

[Io >k o3Hayae cIoBO ,,TexHOJOriA”? Y mepekiail 3 JaBHbOTPEIbKOI — 1€ MaliCTPYBaHHS.
MaiicTpyBaHHS, iK€ NPUBOAMTH 10 OTPUMAHHS HEOOXITHOro BUPOOY 13 BHUXIJHOI CHpOBUHH. B
OUTBII TOBHOMY, 3araJlbHOMY PO3yMiHHI TEXHOJIOTisl — peaii3allisi TeXHOJIOTIYHOTO MPOLEeCy, SIKUi
CKJIQJIa€ThCS 13 IIUIOTrO JIaHIIOTa IMOCHIIIOBHUX CTajiil (omeparliil), Bii OTpUMaHHS 1 MiATOTOBKH
CHUPOBHHU JIO0 TIaKyBaHHS TOTOBHX BUPOOiB. TexHomOriuHUi mpoIec 3A1MCHIOIOTh B KOHKPETHUX
TEXHOJIOTIYHUX YMOBaXx (pexumax) 3 BUKOPHUCTAaHHSIM BIANOBIIHOTO 00JIaJHAHHS, OCHALIEHHS Ta
JOTIOM1)KHOT'O YCTaTKyBaHHSI.

Orxe, 115 peatizallii TEXHOJIOTTYHOTO MPOIIECY BUTOTOBJICHHS BUPOOY 3 TIacTMac
HEOOX1/JH1 TaKi eJIeMEHTapHI eTau Ta 3aCo0u:

IinroTosui cTanii ®opmyBanHsT *  3asepmaubhi cramii

1. CupoBHHa, KOHTPOIb
SKOCTL, CK/IaJyBaHH

2. TparcmoptH1 3aco0u

3. ITliaroToBKa CHPOBIIHI

. 3aBepIanbHi OMeparii
. Konrtpoms gkocti

1 I

1 1 !
1. Oonagnanus : i 2 3
1 ! N !
1 3.IlakyBaHHx }
1 ! I
1 : 4 i
1 H !
VoS 1

1
2. OcHareHHS
3. TexHOMOTIYHI TapaMeTpu

A 4. TpaucmopTH1 3ac00u
4. KoHTpons mpolecy

5. CknaayBaHHA

Ski % QyHKIIT iHXKEeHepa-TeXHOJI0ra B OpraHi3allii TEXHOJOTIYHOIo mpouecy?

Ha BHUpOOHUIITBI 1HXEHEP-TEXHOJIOT 3 IepepOOKH IIacTMAc BUKOHYE Taki (yHKIIIT:

- po3po0Isie 1 BOPOBAKYE Y BUPOOHHUIITBO TEXHOJOTIUHI MPOIECH BHUTOTOBJICHHS
HOBOI MPOJTYKIIii;

- 3a0e3medye yMOBU BUTOTOBJICHHS BHPOOIB 3 Hamepes 3aJaHMMH KOHCTPYKIIIEIO 1
BJIACTUBOCTSIMU;

- 3M1IACHIOE KOHTPOJIb CHPOBUHHU, MPOBOJUTH BU3SHAUEHHS 11 peaJIbHUX TEXHOJOTTYHUX
XapaKTePUCTHK;

- BHOMpa€e ONTUMAJbHI PEXKUMH TIEPEPOOKH Ta TEXHOJIOTIYHOTO Tporecy (3a
CTaIisIMH);



1. KIACUDIKAIIA METOAIB BUTOTOBJIEHHS BUPOBIB 3 IIVIACTM AC

HuHi BizomMo KiJbKa JAECSITKIB OCHOBHHX 1 CIEIIaji30BaHUX METO/IIB BUTOTOBJICHHS BUPOOIB
3 turactMac. KokeH MeTojq — Ie NUIsSX 3IiHCHEHHS TEXHOJIOTiI BUTOTOBJICHHS BUPOOY 3
MOJIIMEPHOT0 MaTepiaiy, SKui BU3HAYAEThCS KITbKOMa (paKTOpamH.

[To-nepiue, BiH BU3HAYAETHCS KIACOM MoJIiMepy. ICHye Ba Ki1acu moniMepiB; TEPMOIUIACTH 1
peaktoractu. OnepskaHHs BHPOOiB 13 peaktoracTiB (pikcyBaHHs iX (GOpMHU) CYMPOBOIKYETHCS
¢i3uyHMMH 1 XIMIYHUMH TporecamMu (peaklisM{d YTBOPEHHS TPHUBHMIPHOTO TMOJIMEpPY —
3aTBEP/UKEHHAM). Y pe3ynbTaTi peakTOIUIaCT MEpPEeXOJUTh y HEPO3UMHHHUM CTaH, TOOTO BIH He
tonuthes. [lepepobka K TEpMOIIACTIB CYNPOBOKYEThCA Jniie ¢izngyauMu npouecamu. Dopma
BUPOOY 3 TEPMOIUIACTY (PIKCYETHCA 3a paXyHOK OXOJIOPKEHHS HU)KUE TEMIIEpaTypH CKIIyBaHHS (41
KpucTamizamii) po3rony. Ilix yac HarpiBaHHs BHIE TEMIIEPAaTypH TEKY4YOCTi TEPMOILJIACTH 3JaTHI
3HOBY MEPEXOAUTH 31 CKIOMOJIOHOTO (TBEpAOro) y B’SI3KOTEKyudMd cTaH 0Oe3 CyTTeBOI 3MiHU
XimMiuHOI cTpykTypHu. OTXKE, BIAXOIM TEPMOILIACTIB MOXHA MEPEpOOIIATH y BUPOOU 3 HE3HAYHUM
HOTIPIIEHHSAM iX BJIACTUBOCTEH.

[To-npyre, merom mnepepoOKH TOJIMEpPy BHU3HAYAETHCA (PI3UYHUM CTAHOM, Y SIKOMY
nepedyBae MmojiMep B MOMEHT BUTOTOBJIEHHS BHPOOY: CKJIONOAIOHOMY (XOJOJHE MpecyBaHHS,
BUpPYOKa TOI0), BUCOKOENACTUYHOMY (TepMO(OpMyBaHHS), B’ A3KOTEKY4IOMY (JIUTTS, IPECyBaHHS,
exkctpysiss Ttomo). Ilpu dopmyBanHi BupoOIB TmoNiMepu Halyactime mepe0yBarOTh Y
B’SI3KOTEKYy4OMy (B’SI3KO- IUIACTUYHOMY) YW B TMeEpexiHOMY (Bi BHCOKOEIACTUYHOTO JI0
B’SI3KOTEKYYOr0) CTaHi, a B MPOIIEC] eKCIUTyaTallii — y CKJIOMOAIOHOMY Y KPUCTAIIYHOMY a00 X Y
BHCOKOEJIACTHYHOMY.

[To-Tpete, MeTon BUTOTOBIEHHS BHPOOIB 3 IIaCTMac 3aJeKUTh BiA 1X KOoH(irypamii i
raGapuriB. Hanpukiaza, NOpoKHUHHI €MHOCTI OJIEPKYIOTh €KCTPY31€I0 3 MOJANBIINM PO3yBOM, a
nyxe 00’eMHI — pOTallifHUM (OPMYBaHHSIM.

Otxe, Meroa mepepoOKM MOXKHA 1€ MOAATH SIK 3arajbHy, HPHUHIMIIOBO OCOOJIUBY
TEXHOJIOTII0, 110 00’€IHy€ OAHOTHMIHICTH TEXHOJOIIYHOrO Mpolecy, 00JaJHaHHS, OCHAILEHHS 1
Marepiany.

Mak-KenBi 06’e1HaB pi3HI METOJIM BUTOTOBJICHHSI BUPOOIB 3 TEPMOIUIACTIB y TUIIOBI IPYIH
(puc. 1.1).

I[Tepmia rpyna OXoIUTIOE METOJIM BUTOTOBJIEHHS BUPOOIB 3 IacTMac, y AKuX (hopMyBaHHs
BUpOOIB BiOyBa€eTbCcsd TMpPU BUCOKMX IMIBUAKOCTAX 3CYyBY IOJNIMepy, SKUIl mnepedyBae y
B’SI3KOTEKY4YOMY CTaHi, 3 HOJAJIBIIMM HOTO OXOJIOPKEHHSIM.

Jpyra rpyna xapakTepu3yeTbCsl CIIBHUMU AUQPY31HHO-aAre31MHUMHU TPOLIECaMH.

Tpetst rpyna METOAIB BUTOTOBJIEHHS BUPOOIB 3 I1acTMac 00’ €THye METOAM iX (popMyBaHHS
3 PO3UUHY.

Jlo yeTBepTOi rpynu BiJHECEHO METOAM BUTOTOBIICHHS CIIIHEHUX BUPOOIB 3 TEPMOILIACTIB.

Jns Bcix MeToNiB I’SATOI IpyHH XapakTepHl XIMIYHI peakiii yTBOpEHHS MoJiMepy, sKi
CyMiIaThes 3 GopMyBaHHS BUPOOY y hopmi.

[HocTa rpymna MICTUTh METO/H, SIKI MOKYTh OyTH SIK CAMOCTIMHUMHU, TaK 1 3aBepllaJIbHUMU
CTaJisIM OCHOBHOTO TeXHoJjoriunoro mpouecy. lLle — wMerogum TtepmodopmyBanHsi. Bonu
3MIMCHIOIOTHCS, KOJIM MOTIMED mepedyBae y BUCOKOETACTUIHOMY CTaHI.

B oany knacudikariifHy cxemy noegHaHi i MeToau nepepoOku peaktoruiacTiB (puc. 1.2). B
yCciX MeTofax ChbOMOI Ipynu (opMyBaHHS BUPOOY 3IIHCHIOETHCS 3a PaxyHOK Tedil Mif €0
Hanpy>KeHHsI 3CyBY Ipec-MaTepiany, kUi nepeOyBae y B’S3KOIUIACTUYHOMY CTaHi, Ta HACTYITHOTO
3aTBEPKEHHS (CTPYKTypyBaHHs) 3B’si3HOro. OTke, BCi METOIM BHTOTOBJICHHS BHUPOOIB 3
PEaKTOIUIACTIB, SIKi 00’€HaHI B CbOMY T'pYIy, XapaKTePU3YIOThCS CIUTBHUMH (i3UKO-XIMIYHUMU
MpoIIecamH, 10 MPOTIKAIOTh MIPH MEpepoOIIi.
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Puc. 1.2. Knacugixayis memoois 8ucomosienHs aupoodise 3peaxmoniacmia

Y BoCbMy rpyIly BUIUIEHI METOAM MEPEPOOKH apMOBAHUX IUIACTHKIB, a B JIEB’SITY — METOAU
BUTOTOBJICHHS CIIIHEHUX BUPOOIB 3 PEaKTOIIACTIB.

Icaye Takox knmacu@ikallis METOIB BUTOTOBJICHHSI BHUPOOIB 3 IJIacTMAc, sika po3polseHa
IPU CKJIaJaHHI TUMOBUX TEXHOJOTIYHUX IPOIECIB 1 MOJATa€ B PO3JIJICHHI METO/IB BUTOTOBIICHHS
BUpOOIB 3a BHUXIJHUMHM MaTeplajamMH; TEXHOJOTIUHMMHU CTaJisiMH, II0 BHUKOHYIOTbCA NpU iX
3MIIHCHEHH]; TEXHOJIOTIYHUMHU PEKUMaMM; OCHAILEHHSIM 1 0oOJaJHaHHAM, SIKE BUKOPHUCTOBYETHCS
TOIIIO.

2. NIATOTOBKA MOJIMEPHUX KOMIIO3UIIINA 10
HEPEPOBKHA

[InactuyHl Macu — MaTepiaiu, IO OAEPXKYIOTb Ha OCHOBI MPUPOAHUX 1 CHUHTETUYHHX
MoJliMepiB, a TakoX LIJIOro psAay MAOAATKIB pI3HOTO TpPH3HAUEHHs, $KI BHACHIJOK CBOEI
MJTACTUYHOCTI IMiJT JIIE€I0 TeTUIOTH 1 TUCKY MOXKYTh HaOyBaTH 1 30epiratu y BupoOi Hajiany iMm popmy.
OTxe, TlacTMacu — CKJIaJHI KOMIO3MIII PI3HOMAaHITHUX XIMIYHHX PEYOBHH, OCHOBOIO SIKHX €
rmoyriMep ado CyMIIITIOJIIMEPIB.

BuBuaroun 1eil po3aia, CTyJeHTH MOBHHHI 3pO3YyMITH, IIO MOJiMep (OCHOBA IJIACTMACH)
BH3HAYa€ TEXHOJIOTII0, YMOBHM IEPEpPOOKH Ta OCHOBHI EKCIUTyaTalliifHl BJIACTUBOCTI BHUPOOIB 3
wiactMac. Hampukian, peakromjiacTd, $SK MPaBUJIO, XapaKTEepPU3YIOThCS BHIIMMHU, HIK Y
TEPMOIUTACTIB, TOKa3HUKAaMW TBEPAOCTI, MOAYJIS TPYXKHOCTI, TEIJIOCTIHKOCTI, HWXYUMH
3HAYCHHSIMU TeMIIEPaTypHHUX KOe(Dilli€HTIB JIHIHHOTO Ta 00’ €MHOTO PO3IIUPEHHS.



Haiibinpm1 mommpeni HemojiMepHi KOMIOHEHTH IUlacTMac — 1€ HallOBHIOBaul,
macTuikaTopy, CTadLII3aTOpH, 3IIMBAIOYl areHTH, CTPYKTYPOYTBOPIOBaUl, MacTujaa, OapBHHKH,
AHTHUITIIPEHU, AHTUCTATUKU 1 aHTHCENTHKH TOILO.

HanoBHroBa4i BBOAATH Ui MOKPALICHHS MEXaHIYHUX BJIACTUBOCTEH IIacTMAcC, 3MEHILICHHS
yCaaKd, HAJaHHS IOJIMEPHOMY MaTepialy IHIIMX LIHHUX eKCIUTyaTal[iiHUX BIACTUBOCTEH, a
TaKoXX [UIl 3HIDKCHHsS BapTOCTI BHPOOIB. AKTHBHI HAllOBHIOBAaYl 3HAYHO IOKPAIIYIOTh
eKCIUTyaTalliiiHi BIACTUBOCTI NOJIMEpHUX MarepiaiiB, a I1HEpTHI, HE 3MIHIOIOYM MPAKTUYHO
BJIACTMBOCTEH IJIacTMAac, 3MEHILYIOTh 1X BapTicTh. HamoBHIOBauaMu MOXyTh OyTH TBEpi, ikl Ta
ra3onoiOHi pe4OBMHHM HEOPTraHIYHOI Ta OPTaHIYHOI MPUPOAHM, SKI PIBHOMIPHO PO3MOAUISIOTHCS B
00’ €M1 KOMIO3HIII{ 1 MAIOTh YITKY MEXY MOJAUTY 3 mojiMepoM. TBepi HalmOBHIOBAY1 MOAUISIOTH Ha
MOPOIIKOIOAIOH1, 36pHUCTI, BOJIOKHUCTI Ta JTUCTOBI. TepMoruractu Haitgacrimie MicTaTh 15 - 40 %,
a peakroruiactu — 30 - 80 % HamoBHIOBauiB. [3 MOpOMIKOMOAIOHUX HAMOBHIOBAYIB HANOUIBII
MOIIMPEH] IepeBHA MyKa, Kpeiia, KaoJliH, TaJlbK, CII0/a, a Cepe/l apMyIOUuX — CKIISHI, BYTJICIERI,
OpraHi4yHi Ta METAJICBIBOJIOKHA.

[TnactudikaTopu BBOIATH B TUIACTMACH IS MIIBUIICHHS X €1aCTUYHOCTI Ta TUIACTUYHOCTI
npu mepepoOni Ta ekcruryatamii. [lnactudikamis moserurye ¢opMmyBaHHS BHPOOIB, 3HIDKYIOUH
TEMIIEPATypy IMEepepoOKHU IIacTMac, a TAKOXK 3MINIYBaHHS MOJIMEPY 3 IHIMUMH KOMITOHCHTAMU
KOMITO3UIIii, MIBUIILYE MOPO30CTIHKICTh BUPOOiB. [InacTudikaropu — 11e, B OCHOBHOMY, aniaTuyHi
erepu (raneBux, oprodochopHHX KHUCIOT, ab0 K OJIrOMEpHI IMOJieTepH, HANPHUKIAd, —
nioktundranar, Tpukpesuidocdar, TpHOYTEpUH TOLIO.

Y mporeci BHTOTOBJICHHsS Ta EKCIUTyaraiii BHPOOIB 3 IuUTacTMAac BiJOYBAETHCS IPOIIEC
CTapiHHA, 10 MPU3BOJUTH IO MOTIPHICHHS iX (PI3UKO-MEXaHIYHUX Ta IHIIUX EKCIUTyaTaliiHUX
BJIACTUBOCTEH.

CrabinizaTopy — pEYOBUHH, SKi BBOAATH B TUIACTMACH JIJIS MIJBUILNECHHS CTIMKOCTI BUPOOIB
70 1ii pi3HUX (haKkTOpiB (TEMJIOTH, pajiallii, KUCHIO, 030HY TOIIO) B YMOBaX IepepoOKu, 30epiraHHs
i ekcruryarauii. HaiiOinbin mommpeHi crabiizaTopy — 1€ aHTUOKCHJIAHTH, aHTHO30HAHTH Ta
CBITJIOCTaOLII3aTOPHU IIJIACTMAC, a TAKOX 1HT10ITOPU AECTPYKIII].

31IMBar0Yi areHTH BUKOPHCTOBYIOTH B MOJMIMEPHUX KOMIIO3UIISAX JAJIS 3LIMBAHHS HA IEBHUX
CTalliAX NepepoOKH JIHIMHUX MaKpOMOJIEKYJd Yy TPUBHMIPHY CITKy. 3aTBEpIPKEHHS — IIpOLEeC
B3a€MOJIIT peakIifHO3JaTHUX TPYI OJIrOMEpiB YM JIHIHHUX MaKpOMOJEKYJ1 MK co0Or, uu 13
3arBep/kyBauamMu. Cepell HaMBaXJIUBIIIUX 3aTBEp/KYBayiB, 1HILIATOPIB 1 KaTali3aTopiB
3aTBEP/UKEHHS IUIACTMAC — L€ YPOTPOIiH, MOJIETUIICHIIONIaMiH, ePOKCUIU, Ul €1acTOMEpIB —
cipka.

Sk 3a3Hayanocs BMILE, MPOLEC BUTOTOBJIEHHS BUPOOIB 3 IJIACTMAC CKJIAZAETHCS 3 TAKUX
eTariB: M1JroTOBKa MOJIMEPHOI KOMITO3HULIT 13 3aJaHUMH BJIaCTUBOCTSIMU; NIEPEBENICHHS ii B CTaH, y
SKOMY BOHa JIerko HaOyBae HeoOXifHy (opmy; popmyBanHs BupoOy; ikcyBaHHs Horo dopmu;
3aBepIIaIbHI Oneparlii 3 METOI0 HaJaHHS TOBAPHOTO BUTIISTY BUPOOOBI.

2.1.MMoapionennst

[Tpu BuroToBieHHI BUPOOIB 3 IIACTMAC BUKOPUCTOBYIOTH IPIOHOIUCIIEPCHY CHPOBHHY (Y
BUIJISII TpaHyal po3MipoM 1,5 -5 MM ab0 TEXHOJIOTIYHOTO MOPOIIKY 3 po3MipoM dacTUHOK 0,5
- 2 MM). Y BUIIIA/I TpaHyJ NepepoOIsioTbes MPAKTHYHO BC1 TEPMOIUIACTH, @ Y BUTJISL MOPOILIKY —
MIPEC-MOPOIIKH 3 PEAKTOIUIACTIB. 3 PO3BUTKOM TEXHIKH HAOyBa€e PO3MOBCIO/IKEHHS IPaHyJIbOBaHUI
npec-marepian. Onepxye MOMMPEHHS TaK0X MOPOIIKOBA TEXHOJIOTiS MepepoOKH TepMOIUIACTIB. Y
Cy4acHiil TEeXHOJIOrii IIopa3 yacTillleé BUKOPUCTOBYETHCSI CUPOBHUHA Y BUIJISI/II TOHKOAMCIIEPCHOTO
MOPOLIKY 3 PO3MIPOM YaCTHHOK [ SOMKM.

Ko TepMoruIacT y BHUIVISIAI MOPOIIKY MOXHA OJEp)KaTH T 4ac CHHTE3y IOJIIMEpYy
(emynbciiiHa, MOHHA 1 JJaKOBa IMOJIIMEpU3allis 3 HACTYMHHUM OCAJDKEHHSAM), TO B IPOIECI CUHTE3y
PEaKTOIIACTIB 3B’ SI3HE MA€ BUTJISII] MOHOJITY, IKUH HEOOX1THO MOPIOHIOBATH.

[TonpiOHEHHS BUKOPUCTOBYIOTH Il IpH mepepoOli BTOPHUHHOI CHUPOBUMHH (TIOAPIOHEHUX
B1IXO/1B BUpOOHUITB). Ha ChOroMHINIHIN J€Hb BCTAHOBIICHI HOPMHU JI0JJaTKY BTOPUHHOT CUPOBHUHU
710 OCHOBHOI B KijbKoOcTi Bix 5 10 30 %. Lleit 3axia qae 3HauHy €KOHOMiIO MaTtepianiB. BiH Takox
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CIpSMOBAHMN HaA CTBOPEHHS OE€3BIIXOAHMX TEXHOJOTIH, IO 3MEHIIye 3a0pyIHEHHS
HaBKOJIMIITHBOTO CEPEIOBHIIIA.

OTxe, 3aJI€XKHO BiJ] BUMOT, SKi CTaBJSATH /10 CHPOBHHHU, BUOMPAIOTH METOJ| MOAPIOHEHHS 1
MiI0uparoTh HeoOXiHEe 00Ia HAHHS.

2.1.1.MeToau moapioHeHHS
I'panynrosanns — BinOyBa€eThCS MPH:

a) OTpUMaHHI rpaHyJs MpH CYCIEH31HHIN oiMepu3aItii;

0) mepeTUCKaHHI PO3TOIy MOJIMepy 3 KOJOHU CHUHTE3Yy uepe3 (inb’epy ¥ moapiOHEHHs
YTBOPEHHMX MPYTKIB HOKOBOKO IPOOApKOI0 (1€ METOI 3IHCHIOETHCS TIPH OJIOKOBIH mosriMepu3artii
HETMEePEPBHUM METO/IOM);

B) IpaHyJIIOBaHHI 32 JJOTIOMOTOI0 €KCTPY31HHOT YCTaHOBKH.

['panymtoBanHsl “Ha raps4e” MOKHA 3JIHCHIOBATH 32 PaxXyHOK CTPYMEHIO BOJIH, KOTPHUU
MepeTUHAE MPYTUKU MOJIMEPY, K1 3HAXOJATHCS Y B’ I3KOTEKYUOMY CTaHi.

Mexaniuni memoou ompumaHnHs MexHOLOIUHUX NOPOUIKIB

MexaHiuHe TOAPIOHEHHS E€KOHOMIYHO BWTIHE TpPU OAEp)KaHHI IMOPOIIKIB 3 PO3MipoM
gacTuHOK 0,5 + 2 MM (KpynHO3epHUCTHX). Po3Mip yacTHHOK, HOOYTHX TaKMM METOJOM IIpH
KiIMHaTHI# Temneparypi, 00epHEHO MPOTOPLIHHO 3aJI€KUTh BiJl KPUXKOCTI TIOJIMEpY.

Jns moapiOHEHHSI BAKOPUCTOBYIOTH MOJIOTKOBI, KYJIbOBI, ITOKOBI, poTalliliHi ApoOapKu Ta
MJIMHHU.

Ompumarns moukooucnepcuux nopowkie (100mxm)

[X BUrOTOBIAIOTH:

a) PO3NWJICHHSM PO3TOITY MOJIMEPY B MOBITPsIHIM kamepi 3Bepxy. Hemomik Takoro Merony
— BEJIMKI EHEprOBUTPATH B 3B’SI3KY 3 BUCOKOIO B’ SI3KICTIOPO3TOILY;

0) po3NMICHHSIM AUCHEpCii pO3TOMy MOJIIMEPY B Tapsyiif BOAl, OTpUMaHiil B aBTOKJIaBi mpu
BUCOKMX THcKaX. IIpu mnepernckaHHi uepe3 COIUIO Takoi CyMIlIl BoJa BUIIAPOBYETHCS 1
YTBOPIOETHCS MOPOIIOK 3 po3MipaMH 4YacTUHOK 2 + 6 MkM. CiiJl 3ayBakuTH, 110 B LIbOMY pa3i
B’S3KICTh CUCTEMH Ha 2 + 3 MOPSAIKA MEHIIA BiJl B’ I3KOCTIPO3TOITY;

B) OC3/DKEHHSIM TMOJIMEPY 3 pO3UMHY PO3UYMHHHUKOM, IO  J00pe 3MILTYEThCS

3MEepIIMMPO3YMHHUKOM 1 He po3uuHse mnomimep. OcamkxeHHs BinOyBaeTbcs
pu IHTeHCUBHOMY TepeMmimryBaHHI. [Ipy TakoMy MeToAl OTPUMYIOTh HaWOUIBII
TOHKOUCTIepcHYnoaiMepHyhazy.OqHaKciA3ayBaKUTH, I0O3MEHIIIEHHSPO3MIPIBUACTUHOK(Pa3uBUM
ara€3HauyHOr0301JIbIIEHHS  KIIBKOCTI oca/KyBaya. [Tpuxnan POMHMCIIOBOTO
0CaJKeHHsI—100yBaHHS MOIIKAapoaMiay 3 PO3UHMHY B COJSIHIN KUCIIOTI.

[Tpu nonaBaHHI OcaKyBaya MOPLISIMUA MOKHA MPOBECTH PO3JITICHHS MOJIMEpY Ha (pakiii
32 MOJICKYJISIPHOKO Macor0 — PpaKilioHyBaHHS.

2.2. IlpocioBanHs

Cranist mpocitoBaHHS BUKOPUCTOBYETHCS JIJIS:

- BimOopy (pakuii momiMepy, HalOBHIOBauYa YW 3B’SI3HOTO 3  HEOOXITHUM
IPaHyJIOMETPUYHUM CKIIAJIOM;

- OYMILEHHS MOJPIOHEHOI CHPOBHMHU, HAIOBHIOBAYIB BiJ] MEXaHIYHHUX JOMIIIOK
larJioMeparis.

ArnoMepar — yKpyHMHEHa YacTHHAa CHUPOBHHM 3 BEJIMKOIO T'YCTMHOIO 1 KOHIEHTpali€w. Y
TEXHOJIOTIT arJioMepaToM TaK0X Ha3WBalOTh CHUPOBUHY, OTPUMaHy MICHs MOAPIOHEHHS BIIXOJIB
BUPOOHHMIITBA 3 PO3MIPOM 4acTUH [] 5 MM, sika B MOJAJBIIOMY HAJXOJWUTh HA IPaHYJIOBAaHHSI; a
TaKOXX TPaHYJIM 3 BUCOKUM BMICTOM OapBHHMKA UM IHINOTO aojaTka. [IpocitoBaHHS 3MIMCHIOIOTH Ha
PYYHUX UM MEXaHIYHHX BIOpOCHTax, IO XapaKTEPHU3YIOTHCS BIANOBIAHMM PO3MIPOM KOMIpOK.
[IpocistHui TOPOIIOK XapaKTePU3yIOTh KOE(IIIEHTOM OJHOPITHOCTI:

, (2.6)
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Jie: XNj — cyMa BCiX YaCTHHOK B OAMHHMII 00’eMy (HampwKiaa, B Mol Mikpockoma); V —

PO30DKHICTE Mi’K PO3MIpOM YacTHHOK 3 dii cepeaHiM po3MipoM YacTHHOK (B) BChOTO CIIEKTPY:
V=d;-B 2.7

B C2:)
2.3.  YcepenHeHHsi (YKpPYIHEHHsI) mapTii

[TonimepHi mMartepiany, 0coOIMBO MPEC-MIOPOIIKHA, MOXKYTh MOCTABJISTA Ha 3aBOA JPiOHUMHU
(Mo BITHONIICHHIO JO Macu BHpOOiB) maprismMu. Hampukian, mnpec-nmopomok ¢GeHoImIacTy
BUITyCKA€THCS MapTisMu Macoro 0,5 + 2T.

Jlns monermieHHs nepepoOku 0e3 mepeHanaro/KyBaHHs OOJaJHaHHS M OCHaIIeHHs Ta 0e3
3MIiHH TEXHOJIOTIYHOTO PEXHUMY YCEPETHIOIOTh MapTii: 3MIIIYIOTh ACKUIbKA MapTiid B 3MilIyBadax
6apabaHHOTO THIY, MIiCIIA YOr0 aHAMI3YIOTh OJIepKaHy YKPYITHEHY MapTiio 1 BCTAHOBIIOIOTH €IMHHIA
TEXHOJIOTIYHUNA PEXKHUM MEPEepPOOKH I Hel.

2.4.  IincyuryBaHHs

[Ipu TpancnopTyBaHHi, 30epiraHHi Ta MiATOTOBLI CHUPOBHHA MOIJIKMHAe Bosory. Tomy Ha
BHUPOOHHMIITBI Iy’KE€ YaCTO MPOBOJATH MIACYIIYBAHHS 3 METOIO:

- YCYHEHHs OpaKy, BUKJIMKAaHOT'O HasBHICTIOBOJIOTH;

— YCYHEHHSI MOXIIMBOCTI JEeCTpyKIii momiMepy (i€ HAWOUIBII BaXIUBO JUIS
MOJTieCTepPiB, MOJIIKAPOOHATIB @ TAKOXKITOJI1aMi/liB);

— MMOKpaIIeHHs MOHOJIITHOCTIBUPOOY;

- M1ABUILEHHS JieNIeKTPUYHHX 1 ONTUYHHUX XapaKTePUCTUKBUPOOY.

[TincymyBaHHS TpPOBOASTH B PEXKHUMI, IPU SKOMY HEMOXJIHUBI (PI3UKO-XIMIUHI 3MIHU
nojiiMepy, 1 3IIHCHIOIOTH B TOHKOMY IIapi B CTPIYKOBUX, TYHENbHUX, KAMEPHHUX YU BaKyyM-
OapabaHHUX cyliapkax. Bakyym-CyIIiHHS 3HA4HO IPUCKOPIOE IMPOLEC 1, KPIM I[bOT0, BIIOYBAETHCS
IpU HIDKYMX TeMIleparypax, HDK Ha MOBITpI, IO JIyX€ BaXJIMBO JAJS JIETKOT1APOJI30BaHUX
nosimepiB (ITA, IIET, [1IKTomo).

BHacniziok rigpomizy mosiMepy 3MEHIIYEThCS HOro MOJEKyIspHa Maca, 3MIHIOEThCS
OyznoBa, a, OT)KE€, MOTIPLIYIOTHCS PEOJIOTIYHI XapaKTEPUCTUKU PO3TOMY, a TAaKOX 3MEHIIYEThCA
MeXaHI4Ha MIIHICTb BUPOOY.

BwmicT BoJioru ctporo periiaMeHToBaHUH 1 epedyBae B Mexax 2 + 4 % i nmpec-marepiaiiB
10,01 +0,5 % ays TepMOTLIACTIB.

[Tpuknaau pexuMiB CyIIiHHS eSKUX I1acTMac 3BeieHi B Tadmuii 2.1. IToBHI ymoBH 3
ypaxyBaHHSIM TUITy MaTepialy HaBe/IeH1 B JOJaTKy 7.

2.5. 3B0JIOKYBaHHS

B ocHOBHOMY cTajisi 3BOJIOKYBaHHS BUKOPUCTOBYETHCS JUISI IIPEC-MOPOLIKIB 1 CIIPSIMOBaHa
Ha JIOBEJECHHS B’A3KOCTI pO3TOIy Marepialy Mpu mepepodui 10 HeobxigHoi. JlocuThb
peakiiifHo31aTHUI Tpec-marepiai, siIKuil MicTuTh MeHie 1,5 % Boioru, BiJI3HAYA€THCS BUCOKOIO
B’S3KICTIO, @ TOMY HM3bKOIO TEKYYICTIO, B 3B’SI3KYy 13 UMM IpHU MpecyBaHHI MOXIUBUN Opax
(HenmompecyBaHHS), OCKUIBKM HE 3aBXKIM B TaKMX YMOBAaX MOXJIMBE CYIUJIbHE 3allOBHEHHS
MOPOXXHUHU (GOPMH TiJ TUCKOM. JIJIS IIbOTO CHPOBHUHY 3POLIYIOTH PO3MHIJICHUM CTPYMEHEeMaOo
BUTPUMYIOTh B TApOBHMX KaMepax, IICIsS YOro YyTOUYHIOIOTH BMICT BOJIOTH 1 BCTAQHOBIIOIOTh
BIIMOBITHAM peXuM TiepepoOkn. HopMoBaHMii BMICT BOJIOTH B TIPEC-MOPOIITKaX CTAaHOBUTH 1,5 -
4%.
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Tabauys 2.1
ITapameTpu CylIiHHA TEPMOILIACTIB TAa JONMYCTUMI HOPMHU BOJIOTH
HaIEGUIb- ‘ Honyctuma | PekomenmoBa- MiHivaTs i
Ne . MIHii  BMICT HOpMa BOJIOTH Ha .
3/ Marepiaz BOJIOTH purepepooOIli, [Temmneparypacy Hac CYIIHIA,
npu20°C, % % mriHHs,°C rol.
1 |ABC-nmactuk (Tepnosimep) 1,0 0,05-0,1 80 1-2
2 [|[TomioxcumermiieHn (ITOM) 0,3 0,2 80 - 100 2-3
[ToniMeTHIMETaKpUIAT
3 (IIMMA) 0,3 0,02-0,1 60 - 80 5
4 [[MoniBiHinxmopua Heractud. 0,3 0,08-0,3 60 - 65 1-2
5 [[lomietunentepedranar (ITET)(0,3-0,4 0,01 70 - 160 3-4
6 [[Momiamin 1A 6 10,5 0,05-0,2 75 4-5
7 |Honiamix TIA 6,6 10 0,05-0,2 85 4-5
8 [[lomikap6onat (1K) 0,15-0,5 0,015 120 2-3
9 [Momicynbdon 0,50-1,8 0,05 120 2-3
" CYIIIHHS MOKJIMBE MPU PO3PIIKEHH1 10™ atm. i mpu HIKUHX temneparypax (Ha 10 - 20
OC)

2.6. 3mimyBaHHs

B TtexHomorii mepepoOku miacTMac 3MIIIYBaHHS BiAirpae BaXJIUBY poOJib 1 B 0araTbox
BHITQJIKaX BHCTYMA€ SK OCHOBHA CTaJlis TEXHOJOTIYHOTO TPOIECY, BiJi KOTPOI 3aJICKUTh BCE —
PEXUM NEepepoOKH, SIKICTh KIHIIEBOTO BUPOOY, MPOIYKTUBHICTh MPOLECY, YMOBH OXOPOHU Mpalli Ta
TEXHIKNOE3MEeKH.

[Tpu BUrOTOBIEHHI BUPOOIB 3 MOJNIMEPIB 3MIIMIYIOTh MOJIMEPHY CHUPOBHHY PI3HOTO THITY,
Pi3HI 3a CTPYKTYpOIO MOJIMEPU 3 YTBOPEHHSIM IOJIMEPHOI CyMIilli, HOJIMEPHY CHpPOBUHY 3
OapBHHMKaMM, cTabuli3aTropamMu Ta IjacTU(IKaTOpaMH, TEPBUHHY IOJIMEPHY CHPOBUHHM 3
BTOPUHHOIO, 3MILIYIOTH IOJIMEPHY CHPOBHHY pI3HUX TMapTiii, MOJIMEpu Ta OJIroMepu 3
HaIOBHIOBaYaMHM TOLIO.

Came nporec 3MilIyBaHHS MOKHA PO3JUIMTH Ha JIB1 PI3HOBUIHOCTI. 3aJIEKHO BiJl CIOCOO0Y
NIPOBE/ICHHS, SKUM BU3HAYAETbCS BUAOM KOMIIOHEHTIB Ta (i3UKO-XIMIYHMMHU IpoOLecaMHM, SKi
CYIIPOBO/DKYIOTh 3MIIIYBaHHS — 1€ 3MIIIYBaHHS CUIIKUX MaTepiaiiB (MeXaHIuyHE NepeMillyBaHHs) 1
JMCTIEPTyBaHHS.

MexaHiuHe nepeMilllyBaHHsI BUKOPUCTOBYETHCS MPH 3MILTyBaHHI MOPOLIKIB Ta rpanyi. [Ipu
IIbOMY HE CIIOCTEPIraeThbcsl 3MiHA T'PaHYJIOMETPUYHOTO CKJIaTy KOMIOHEHTIB (po3Mmip Ta (opma
YaCTUHOK HE 3MIHIOETHCS). OTKe, KaXyTh, IO BiAOYBa€ThCS 3MIlTyBaHHS 0€3 3MiHM po3Mipy (da3s.
ITpu Takomy 3MilllyBaHHI He MOTPiIOHO MiJBUINYBATH TeMIEpaTypy (Ipoliec BEAYTh MpU KIMHATHIH
TeMIeparypi) 1 Tpolec He MoTpedye BETMKHUX MeXaHIuHuX 3ycuib. OCHOBHa BHUMOTa J0
KOHCTPYKIINA OOJaJHaHHSA Ta 10 YMOB 3MilllyBaHHs — 3a0e3NedeHHsT HeoOXiIHOT OJHOPIAHOCTI
OJIEp’KyBaHOI CyMillll 32 ONTUMAJIbHUMN, Oa)KaHO HAWKOPOTIIMI Yac.

Jlpyra pi3HOBHIHICTb — 3MIiIlIyBaHHS 31 3MiHOIO po3Mipy (a3 abo x aucnepryBaHHs. Takuit
nporiec HalvacTile IpoBOISATH TOMI, KOJH IMOJIIMEpHA CHPOBHHA 3HAXOAUTHCS Y B’ SI3KOTEKY4OMY
a00 HaOpsAKIOMY CTaHi B PO3YMHHUKY YU B IU1acTUdikaTopi. BoHO HaifuacTile BUKOPHCTOBYEThCS
IpU OJep>KaHl MOJIMEPHUX CyMIIIEH, cyMilleil mosiiMepy 3 AMCIEPCHUMM HAlOBHIOBaYaMM UM
crabimizaropamMy, 3 PIOKAMH IUIacTH(]iKaTopamMy, TUCIEPCHUMHU OapBHUKaMH (panime 3
KOHIIEHTpaTaMu) Tomo. Jlo Takoro TWITy 3MiIIyBaHHs CJIiJ BIIHECTH W PO3YMHEHHS IMOJIMEPHOI
CHPOBHHH.

Jns nucnepryBaHHS, BUXOASYM 3 YMOBHU HEOOXIIHOCTI 3MiHM po3mipy ¢as3m, a came
HEOOXITHOCTI MIKCTPYKTYPHOTO pO3NOIUTY AUCIIEPreHTa B OJIMepHiil HerepepBHiil (asi (sKka, sk
B1JIOMO, XapaKTePU3Y€EThCS YK€ BHCOKOIO B’S3KICTIO), MOTPiOHI ocobOnamBi ymoBu. lle B meprry
Yepry BHCOKa TeMIlepaTypa Ta BeJIMKI MeXaHI4HI HABAaHTAXXCHHA Ha MEPEMIIIYIOUMN eIeMEHT
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(mpucTpiif), fKi 10 TOro * OOYMOBIIIOIOTH 3HAYHI HampyXeHHsA 3CyBy. Lli BUMOrM BH3HAYaIOThH
OCOOJIMBICTh Ta TUI KOHCTPYKIIii 00JIa{HAHHS JUIsl TUCTIEPTYBaHHS 1 BiIIOBIIHUNA, BIACTUBHUMA IS
KOXXHOTO THITY TMOJIIMEPY, pexuM mepepoOku (3mimryBanns). OTxe, el crmocid MoXHa BiIHECTH
BK€ JI0 CTaIli mepepoOKH MoJIiMepiB.

2.6.1. ducnepryBaHHsI

Crazmiro 3MillyBaHHS HaHIIMpIIE 3aCTOCOBYIOTH B TEXHOJIOTIi MEpepoOKH IONiMepiB,
OCKUIBKU ISl BUTOTOBJICHHSI BUPOOIB HA/A3BUYANHHO PIJKO BUKOPUCTOBYIOTH IOJIMEp Y YUCTOMY
BUTJISAI. B OCHOBHOMY 3aCTOCOBYIOTH KOMIO3MIII Ha OCHOBI HOJiMepy 1 Hailpi3HOMaHITHIIIMX
JOaTKiB: TIacTU(IKaToOpiB, CTaOUII3aTOpiB, HAMOBHIOBAYiB, OapBHHUKIB Tomlo. Jlyxke dacto
BUKOPUCTOBYIOTH CYMIIlli IOJTIMEPIB 3 PI3HUMH BIIACTUBOCTSIMHU @ TAKOXK T'a30HATIOBHEH] MOTIMEPH.

Po3pizHs0TH 3MilTyBaHHS 32 BUJIOM KOMITOHEHTIB:

a) 3MIITyBaHHS TBEPAUX PEUOBUH 3 PIAMHOIO IiJ] TI€I0 MEXAHIYHUX CHII (HAITPUKIIA,
BBEJICHHS TUTacTH(iKaTOpa);

0) 3MinryBaHHs pinH (TOJIIMEPY Y B’ I3KOTEKYIOMY CTaHi i T0OaHKIB) TiJI T1€0 30BHIIIHIX
CHJI 1 MOJIEKYJISIpHOT 1uy3ii:

B) 3MIIIyBaHHS ABOX IOJIIMEPIB y B’SI3KOTEKY4YOMY CTaHi;

T') BBEJICHHS Ta3y B MOJIIMEP, KOTPHil mepedyBae y B I3KOTEKY4OMY CTaHi;

1) 3MILITyBaHHS MOJIMEPY Y B’ SI3KOTEKYYOMY CTaHi 3 TBEPIUMH KOMIIOHEHTaMHU
(HanmoBHIOBaYi, CTA011i13aTOPH, TOIIIO).

Texnonociuni ocobusocmioucnepaysanms

BukopuctoBytoTs nepioguune W Oe3nepepBHe 3MimryBaHHs. [lepioguune 3A1HCHIOIOTH Ha
3MinryBayax OapabGaHHOTO THITy (MEXaHIYHE NMEepeMIIyBaHHS CHUIIKMX KOMIIOHEHTIB), JOMATKOBUX
(Tumy 3minryBada benOepi) Ta Ha BanbLgx. be3nepepBHe 3MilTyBaHHS peati3yloTh Ha EKCTpyAepax,
POTOPHO-KYJIAYKOBUX 3MilllyBayax 1 CIEMIAIbHUX BajbIfX, a TaKOXX Ha MHEBMO3MillyBayax (B
KUIUISTYOMY 1api).

B ycix mporecax aucrepryBaHHSI CIIOCTEPIra€ThCsl 3MiHA pO3MipiB (a3, ToMy HOro MOXKHA
MOJIETHIIMTH TONEPEAHIM PO3MENIOBAHHSAM TBEpAMX pedoBHH. [l epeKTHBHOro aucrepryBaHHS,
KpIM IIbOTO, HEOOX1JHI BUCOKI HANpYy>XEHHs 3CyBY, BIAMOBITHA anres3is cepemoBuina a0 (asu i
CYTT€EBO JIOBILIA TPUBAIICTh 3MIIIYBaHHS.

Jl1st po3poOKu TEXHOJIOTIT 3MillyBaHHS (0COOIMBO JUCTIEPIyBaHHS) BUKOPUCTOBYIOTh TaKl

aHi;

1. HasBHICTh TEBHOI anre3ii MiX I1HTpedl€eHTaMU. Y BHMAAKY BIJACYTHOCTI ajresii
3MIIIYBaHHS CYTTE€BO YCKJIAQIHIOEThCS 1 MOTpeOye JOJATKOBHUX omepauiil  (Hanmpukian,
MOTIEPETHHOTO PO3YMHEHHS, allPETyBAHHSTOIIO);

2. CTIMKICTb IHIPE/IIEHTIB JI0 TEMIIEPATypH 1 MEXaHIYHHUX BIUIUBIB, IKa 00YMOBIIIOE
PEXUM 3MIIIyBaHHS 1 BUOIp THUITyoOIa HAHHS.

Pexxum nucnepryBanus Bkiatouae temneparypy (7), tuck (P), HanpyxeHHs 3¢yBy (F) 00’em
¢dazu (V) 1 gac 3mimyBanus (t). besymoBHo, mo miasumenss 7, P, F npu3Bene no iHTeHCHiKaIii
smimyBanHss — T = f (T, P, F) — i #oro edexkTuBHOCTI, OJHAK y I[bOMY BHUIAJKY 3pPOCTA€E
AMoBipHicTh MexaHo- (P, F) i tepmookucHoi (7) nmectpykuii momimepy, mo HeOaxano. Ilpu
3MIIIyBaHHI CUIKHUX pEYOBUH (TmojiMep) 3 piakumu (Tuiactudikatop) Mpolec T0JaTKOBO
YCKJIQIHIOETHCS TUM, 1110 CIIOYATKY CIOCTEPIraeThCsl 3UMAHH MacH, il KOMKYBaHHS i MPUINTIAHHS
70 CTiHOK 3MimryBava. /[y mokpameHHss yMOB 3MIlTyBaHHSI B TaKMX BHITAJKaX BHKOPHCTOBYIOTh
JonaTKoBi 3MimnyBaui (Tunty benGepi). BHacninok pyxXy Jiomatok Maca nepeMillyeTbesi B IPOCTOPi i
3ickpiOaeThcst 31 CTIHOK. OKpiM I[bOTO, KOJW BBOJSATH Majly KUIBKICTh PIAMHHU, MOJIMEp 1O Hel
J0JaI0Th MEPIOANYHO, HEBEIMKUMHU MOPIISIMH 1 TIOCHIIOBHO MEPEMIIITYIOTh A0 OJHOPIIHOI MacH.

Y NOpoMHUCIOBOCTI YacTO BHKOPHUCTOBYIOTH ,,i3WM4HI” Moaudikaiii MoJiMepiB 3 METOI
Ha/IaHHS M HEOOXITHOTO KOMILIEKCY (i3MKO-MEXaHIYHUX BJIACTUBOCTEH, II0 3HAYHO PO3LIMPIOE
chepu BuKoprcTaHHs BUpoOiB. [Ipukiamom Takoi Moaudikalii € 3MilTyBaHHs MOJIIMEPIB, 30KpeMa,
MOJIICTUPOTY 3 KaydyyKaMmHd, IO MiJBHUILYE CTIMKICTH IMOJIMEPIB JO AMHAMIYHHUX HAaBaHTa)KEHb.
3MinTyBaHHSI TOJIMEPIB  MPOBOASATH Y  B’SA3KOTEKYYOMY CTaHi, BOHO CYNPOBOIKYETHCS
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MOJICKYJISIpHOIO Udy3ieto iHrpenieHTiB. Takuii mporuec MOXIMBUI MpH Jii BUCOKUX HANPY>KEHb
3CYyBY, SIKi 3a0€3MeUyIOThCs Ha BaIBLAX UM B EKCTpyAEpax. 3MIIIyBaHHS Y B’SI3KOTEKY4OMY CTaHi
MOJKHA TAKOX 3[IHCHUTH B 3MilllyBayaxX POTOPHO-KYJIauKOBOTO THITY.

2.6.2. 3mimyBaHH# (IUIacTHKALIA) MOJiMePiB HABAJIBIAX

Banku po3MilyroThCsl MapajiesbHO 1 00epTaloThCsl B MPOTHIICKHI CTOPOHH 3 PIZHOKO
MIBUAKICTIO. BiJHOMIEHHS OKPY)KHUX IIBUIKOCTeH Ha3uBaeThes ¢pukiiero (¢). BHacmimok
HAJIMTIAHHS PO3IUIAaBY HA TapsS4uii BAJOK BiOYBAETHCS BTATYBAHHS HOTO B MIXKBAJIKOBHM IPOCTIp
(3a30p), SAKUH 3a HANPSAMKOM pyXy HOJiMepy 3BYXyeTbes (puc. 2.4). Uepe3 me pyx moiimepy
BiIOYBA€ThCSA 3 ACIKUM TMiAnmopoM. Uepes MIMPOKUN 3a30p MacH BTATYETHCS OUIbIINE, HDK uyepe3
BY3bKHUH (110 OCBOBIi JiHi{). BHACHiIOK 1ILOTO CTBOPIOETHCS HAIIHUIIKOBUI THUCK, 1 Maca B IIEHTPI
MOTOKY TIOYMHAE TEKTH B 3BOPOTHOMY HampsMKy. OTke, y pe3ysbTaTi Ail HaJTUIIKOBOTO THCKY
(robro rpamienra + dP/dX) BuHUKae HampyXeHHS 3CyBY (300pa)KeHE eIMIOpPOI0 PO3MOILTY
IIBUJIKOCTEH), sSKE 4Yepe3 pPI3HOCHPSIMOBAHICTh BHUKJIHMKAE, KPIM IOCTYMAJbHOTO PyXy MacH,
00epTOBHIA pyX Ha BXOJI B 3a30p (IUPKYISLINAHI 3aBUXpeHHs). s iHTeHcH]iKalil 3MilTyBaHHS B
30HY MPOTUTEYii BBOASATH KJIHH.

py T,>T,
| ®,>0),
| 2
N
|
Q .
g
|
A)] | '
P L\
y [ [
[ I
Bnax - :
I
‘-/]I\:\ .;x
10 }

Puc. 2.4. Cxema 3miwtysanns na eanvysx

HemomikoM 1poro MeTony TEpeMIllyBaHHS € BEJIMKAa TPYIOMICTKICTh TMporecy 1
HMOBIpHICTh 3HAYHOI TEPMOOKHCHOI JAECTPYKIii BHACIIIOK TPUBAJIOrO Yacy KOHTAKTy HOJIMEpy 3
rapsuuM BaikoM. CrocTepiraeTbcsi TakoX 1 MEXaHOJECTPYKIIiS BHACTIOK BEJIMKHX HaIpYXEeHb
3cyBYy, 3yMoBIeHUX AP/Ax i ¢. Edexkt MexaHonecTpykiii BUKOPUCTOBYIOTH NpH IUTacTH(IKaIil
KayudyKy JJIsl IBUILIEHHS HOro TEXHOJIOTTYHOCTI MPH MepepoOIti.

OpnHopiaHicTh (€EeKTUBHICTh) 3MILIYBAHHS OI[IHIOIOTH 3a PIBHOMIPHICTIO PO3MOALTY
JHcTIieprenTa (HarmoBHIOBaYa) B 00’ eMi qucnepcHoi ¢as3u (momimep).

J171s BCTaHOBJIEHHS OJTHOP1THOCTI BUKOPUCTOBYIOTH KOE(IIIEHT HEOAHOPIIHOCTI:

S -c,)

>
n—1 (2.9
ne: Co—KOHIIEHTpaIlisl JucnepreHTa B JUCIEpCHIM (a3l mpuifeanbHOMY 3MIIIyBaHHI;
Ci— KOHIIeHTpaLis B i-Tiif mpo0i ¢a3u, AKy 3MIIIYIOTh; N — KIIBKICTH BiiOpaHuX mpoO.
Yum 6mmxde K10 HYIIS, TUM BUIIA OAHOPITHICT MacH (BUIa €()eKTUBHICTD 3MIIITyBaHHS).
Jlist BU3HAYCHHSI Yacy 3MIITyBaHHS MPOBOJISATH €KCIIEPUMEHTAILHUN aHalli3 MacH IUISXOM
Bi100py 1po0 uepe3 piBHI mpoMiKKH vacy (0,5 - 5 XB) 1 BU3HA4YaIOTh KOHIIEHTPAIIIIO JUCTICPTEeHTa B
JUCTIEPCHOMY CEPEIOBHIIIL:




15

N m, 0
C=—"2 .100%
m, +m,
(2.10)
Ie: Mg— Maca AucteprenTa; (Mg + Mc) — Maca Beiei KoMIO3uIii.
bynyroTs rpadik 3anexnocti C Big 7f(puc. 2.8) i 3HAXOAATh ONTUMAIBHUI Yac 3MiITyBaHHSI.
[Tpo 1oBKEHHS3MIIITYBAHHSAIIICIA J,,, HEC DK TUBHEI T ITbKMBUKITMKA€3aBIBUTPATH.

Cy
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Puc. 2.5. 3anescnicmv konyenmpayii oucnepeenma 6 OUCNepCitinomy cepedosuyi 8io wacy
SMIULYBAHHS

2.7. Po3unHeHH#

Jliss BUTOTOBJEHHS IUTIBOK, KJIEIB, JIaKiB, IHOKPHUTTIB, a TaKOX, JEKOJIH, apMOBAHUX
IJIACTHUKIB BUKOPUCTOBYIOTh PO3YMHHU IOJIIMEPIB YU OJIIFOMEPIB.

Po3unHeHHsI MOXKHa BBaKaTW OKPEMHUM BHUIAJIKOM 3MIIIyBaHHS, KOJIU OCTaHHE MPOXOJUTh
Ha MOJIEKYJIIPHOMY piBHI.

[Tpu po3urHEHH1 BUPILIYIOTh JIBa OCHOBHUX 3aB/IaHHS:

a) miabip PO3UYMHHUKA, BUXOASYHU 13 Horo XIMIYHOT

OynoBu, ¢a30BUX  BIACTUBOCTEH i TEPMOJIMHAMIUYHUX YMOB
IIPOBEJICHHS POIIECY;

0) IpOrHO3yBaHHS BIACTMBOCTEH PO3UYHMHY 1 BiIOBITHOTO BUPOOY OAEP>KaHOTO 3 HBOTO.

[Tin0ip pO3UYMHHUKA NPOBOAATH 3a CIOPIIHEHICTIO XIMIYHOT OyA0BH, aJE€KBaTHICTIO
MOJSIPHOCTI LIOJ0 TMOJIIMEPY, [0 MOXHA BHPIIIUTH 3 YpaxyBaHHSAM TEPMOJMHAMIYHHUX
3aKOHOMIPHOCTEH PO3YMHEHHS MOJiMepiB. SIKicTh BUPOOY, OTPUMAHOIO 3 PO3UUHY, 3aJI€KUTh BiJ
6aratbox (pakTOpiB, OCHOBHUMHU 3 KOTPHUX €:

1. ¢131uuHa B3aeMOJIE MK PO3YMHHUKOM 1 MOJIMEpPOM, SIKa OUIBILIOI YU MEHILIOKO
MipOI0 BIUIMBa€ Ha KOH(OpMAII0O MaKpOMOJEKYJ, a OTKe W Ha HaIMOJEKYJSPHY CTPYKTYpY
noJiiMepy y BUpoOi;

2. MUTOMA TEIUIOTa BUMAPOBYBAHHS PO3YMHHUKA, TOOTO MIBUAKICTH BUMAapoByBaHHs ([
s), AKa BITMBAa€E Ha (PI3MKO-MEXaHIYHI BJIACTUBOCTI IUTIBKM (BHCOKa IIBHUJIKICTh BHUIIAPOBYBAaHHS
YCKIIQJIHIOE TEXHOJIOTIYHMHA TMpOLEeC, 30KpeMa CYIIHHSA, OCKUIBKM YTBOPIOETbCS 3aXHCHA
MMOBEPXHEBA KipKa).

2.8. ®aplOyBaHHA

®apOyBaHHS MPOBOIATH 3 METOIO HaJaHHS BUPOOY 3 MOJIMEPHOTO MaTepially eCTETUYHOTO
Burisigy. dapOyBaHHs Moke OyTH MOBEpXHEBUM abo k 00’emHuM. IloBepxHeBe (apOyBaHHs
HarpaBJjieHE Ha HaJaHHS BiJMOBIJHOTO KOJbOPY 30BHIMIHIA TOBepXxHI BUpoOy. Take dhapOyBaHHs
3MIACHIOIOTH 3a JOMOMOTroio (ap0 uu JIakiB, sSIKi HAHOCATH HA MoBepxHio. CaM mpolec HaHECEHHS
3QJICKUThH Bl KOHCTPYKIIIT JIeTaji, CepIfHOCTI BUPOOHHUIITBA Ta TUIY MPHUCTPOIB UM yCTAaTKyBaHHS
JUIS HaHEeCEHHs. B 3B’s3Ky 13 IIUM HOro 371iCHIOIOTh 3aHYPEHHSM BHUPOOY y BaHHY 3 ¢dapOoro uu
HaHeceHHsM (apOu 3a gomoMororw (apOyBalbHUX MPHUCTPOIB — (apOyBalbHHI 1HCTPYMEHT YH
aepopO3NUIIIOBAY.
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@apOyBaHHs B 00’€Mi 3/IMCHIOIOTH IIISXOM 3MIIIYyBaHHS TOJMIMEPHOI KOMITO3UIII 3
OapBHUKOM YM MIrMEHTOM (OOITYyAprOBaHHS TpaHyJl, 3MIIITYBaHHs MOPOIIKiB) a00 K MepeMilTyBaHHS
IpaHy/IbOBAaHOTO Marepiady 3 KoHueHTpaToM. Ilicis 3MminryBaHHS NOPOUIKIB, SK MPaBUIIO,
IPOBOASATH TPAHYITIOBAHHS.

Konuentpar — 1e rpaHynu mnojimepy 3 BMicToM OapBHHKa abo mirmentiB 30 - 40 %.
BukopucranHs KOHLEHTpaTy [03BOJIsi€ BHUKOHYBaTH (apOyBaHHS B TIpoleci InepepoOKH,
AHAJIOTIYHO OOMYIPIOBAaHHIO TPaHyJ, KOJHM IEpeMillyBaHHS OapBHHMKAa 3 PO3TONOM HOJIMEpY
B1I0YBA€ETHCS B IJIACTUKAIIMHINA 30HIMAIIIMHH.

Cranii TabneTyBaHHS 1 HONEPEIHBOTO MIAITPIBY PO3IISIHEMO B pO3aili “BUToTOBICHHS
BHPOOIB METOIOM MPECYBaHHA .
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3. TEXHOJIOI'TA BUTOTOBJIEHHSA BUPOBIB 3 TEPMOIIJIACTIB

3.1. TexHoJsorist popMyBaHHSA METOAOM JUTTHA MiATHCKOM

JIUTTS 11 TUCKOM — OJTUH 13 HAMBAXKJIUBIIIIMX METOIB BUTOTOBJICHHS TOIITYYHUX BUPOOIB 3
wiactMac. OCHOBHI TlepeBaru METOJy — BHUCOKAa MPOAYKTHBHICTh, MOKJIHMBICTb BHUTOTOBJICHHS
IIMPOKOTO aCOPTUMEHTY BHPOOIB CKJIaJHOI KOH(}Irypallii Macor BiJl 4acTOK rpamMa 10 JACKUIbKOX
JECATKIB KUIOTpaMiB, BUCOKA TOYHICTh PO3MIpiB, BIICYTHICTh J10J1aTKOBOI 0OPOOKH, EKOHOMIYHICTB,
BHCOKHMH piBeHb aBTOMaTH3alii. MeToIOM JUTTS Il THCKOM MOXXHa NEpepoOsATH y BUPOOH
MPAaKTUYHO BC1 TEPMOIUIACTH 1 YACTHHY TEPMOPEAKTUBHUX MaTepialib.

CyTb mpolecy BUTOTOBJICHHS BUPOOIB 3 MJIACTMAC JIUTTAM I1iJ] TUCKOM IOJISITA€ B TOMY, IO
MoJIiMep Yy MaTepiadbHOMY IWUTIHJIP] JIMTTEBOI MAITMHU TOMUTHCS, TOMOTEHI3y€EThCS, HArPIBAETHCS
JI0 HEOOXIJTHOT TeMIMepaTypH JUTTS W MOTIM 3a JIONMOMOTOI0 IIMHEKa abo IUTyH)Kepa (3aJIeKHO Bif
TUIy MallliHH), YIOPCKY€ETHCS B MOMEPENHBO 3IMKHEHY (popMy, Temreparypa SKoi 3HaUHO HIKYa
BiJl TeMIEpaTypu po3Toily. BHACiIOK 0XONOMKEHHS B MaTepiani Bi0yBaeThcs (ha30BHil mepexis 3
B’SI3KOTEKY4YOro Yy CKJIONOMIOHWI YM KpHCTATIYHHUNA cTaH (MaTepian 3acTurae), i BupiO HaOyBae
HEOOX1THUX PO3MIpiB Ta (PI3UKO-MEXaHIYHUX BJIACTUBOCTEH.

OTxe, IpH JTUTTI TEPMOIUIACTIB BiIOYBaIOThHCS jauiIe (i3WMYHI MPOIEecH, a caMe TOIUICHHS
noJsiiMepy, aedopMyBaHHS IiJl 30BHIIIHIM THCKOM PO3TOMYy 1 HOro Tediss 3 BUCOKOIO MIBHAKICTIO,
yIIUTbHEHHS 1 (a30Buid M (Pi3UUHUI mepexin (3acTUraHHs). 3aCTUTaHHSA pPO3TONy — (i3HMYHHA
MpoLIeC MePEeXoAy MoMIMepy 3 B I3KOTEKYYOro CTaHy B CKIOMOJIOHUM 4M KPUCTANIYHUM (Hi3HUHUN
(TBepamii arperatHuii) craH. [Iporec TUTTS 3AIMCHIOIOTH HA JIUTTEBUX MAIIMHAX TUTYH)KEPHOTO YH
ITHEKOBOT'O THUITY HAKOMUYYETHCS y HEOOX1IHINA 1031 Ha BUXOAl 3 mHeKy. Ilicist Toro, BHacmigok
MOCTYMAIBHOTO PYXY IIHEKA BIIEPEll, BHACTIIOK Mepenadi Ha Hboro THCKy JutTTs (40 - 250 MIla),
po3TOIl mepeTikae yepe3 JUTTeBe corio (7) 1 MMBHUKOBI KaHanu (8) y mopoxuuny dopmu (9) —
B1JI0YBA€THCS YIIOPCKYBAaHHS pO3TOIy Y(hopMy.

3.1.1. PizHoBHaHOCTI NpoueciB JUTTHA MiITHCKOM
Jumma ¢ xon00ny ¢opmy.lle HalinomupeHimui cnocid, KUl 3aCTOCOBYIOTh sl (OPMYyBaHHS
BEJIMKOI'0 aCOPTUMEHTY BUPOOIB 3 TEPMOILIACTIB Y BUMAJIKY, KOJH JIaHUil mpoliec BiOyBaeThcs 63
YCKIJIaAHEHb. MeTO/I 1Ie Ha3WBAIOTh XOJOHOKAHALHUM JIUTTSIM.
Jdummsa ni0 muckom npu 3minniu _memnepamypi dopmu.(P,= 100 - 200 MIla). ¥ momeHT
3arnoBHEHHs (opMU, TOOTO B MOMEHT YITOPCKYBaHHs, (hopma Harpita 0 TeMIeparypu, OJIM3bKOi 10
temneparypu posrony. Ilicis ymopckyBaHHS (opMa OXOJOPKYETHCS 3 MOTPIOHOIO HIBHJIKICTIO,
BHACJIIIOK L[OTO 3HAYHO MOJOBXKYETHCS LMK JUTTS. ToMy Ccrnoci0 BUKOPHUCTOBYIOTh B KpalHIX
BUIA/IKaX, KOJU MOTpiOHO chopMyBaTu BHUPIO TOHKOCTIHHMH, 3 BEIMKOIO IUIOLIOI0 MOBEPXHI, 3
HOoJIMEpy, SKUH XapaKTEePU3YeTbCS BY3bKMM 1HTEPBaIoOM T,-7,a60 BHCOKOIO TEMIIEPATYPOIO
KpHUCTati3alii (Harpukia, 3MmoieTuieHTepedTanary).
Cnoci6é inmpy3ii (cnocié camoginbnozo 3anoguenna opwu pozmonom).Cytb HOTO TONSITAE B
TOMY, 1110 (hopMa 3alIOBHIOETHCS PO3TONIOM ITPU HEBUCOKOMY THCKY (110 40 MITa) i npu nocriiHOMYy
o0epTaHHI IIHEKa, SKUH 3HaXOJUThCS B KpallHbOMY JIIBOMY IOJIO’KEHH1 (B KIHII 30HH J03YBaHHS).
ITpu tpoMy omip OCHAIEHHS MOBMHEH OYTH MiHIMaJIbHMM, TOMY IMEPETHUH KaHaJiB JMBHHUKOBOI
CUCTEMHU POOJIATh MAaKCUMAJIbHO BEIUKHUM, a00 X MOpOXKHUHA (DOPMHU 3aMOBHIOETHCS Bipasy 3
LEHTPAJILHOTO JTIUBHUKOBOTOKAHATY.

Jnst cTBOpeHHsT TOTPIOHOTO THCKY, KUK O 3a0e3meduB HEOOXiTHY IIBHUIKICTH Teuli,
BUKOPUCTOBYIOTH IITHEK 31 3BOPOTHUM KOHYcoM. OTxe, MpH IbOMY CIOCO01 CyMIIIal0Thes omnepartii
IJIaCTUKAII] 1 3alIOBHEHHS (DOPMHU.

Croci6 BHUKOPUCTOBYIOTH JUISI BUTOTOBJICHHS TOBCTOCTIHHUX BEIIMKOTabapUTHHUX BUPOOIB,
SK1 32 Macol0 MOXYTb 3HAUHO MEPEBUIYBATH MAaKCUMAaJIbHY /103y, SIKY 3JaTHUI HAaKOMUYUTH LTHEK
y MJIaCTUKALIHHOMY LMJIIHIAP] MPH HOTO BiABEICHHI B KpaifHE MpaBe mojioxkeHHs. L{um cocobom
nepepoOIIIOTh MaTepiaiy 3 BUCOKOIO | 1 IMPOKKUM 1HTEPBAIOM T p-Tj.

Inoicexuinine (nummege) npecysanna.Meton Tojsrae B ABOCTafiiiHOMy (opMyBaHHI BHpPOOYy 3
BUKOPHUCTAHHAM (POpPMHU 3 IBOMA CTYNEHIMU3MUKAHHS.
Ha mepmiif cranii 31iHCHIOETBCS yIIOPCKYBaHHS MOTPIOHOI O3M PO3TONY B IMOPOKHUHY
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bopmu, sika Mae 301IbIIEHII 00°€M y MOPIBHSAHHI 3 006’eMoM BupoOy Bracminok Oinbiioi BUCOTH
MOPO>KHUHU (OPMH, 3IMKHYTOi Ha 1 CTymeHi, TUCK YHOPCKYBaHHsS MOPIBHSHO HeBeJUKHM. [pyra
cTanis (OpMyBaHHSI TOJSITa€ B PO3TUCKAHHI PO3TOMY IO MOPOXHUHI BHACTIAOK KIHIICBOTO
3MHKaHHS (GOpMHU 702 CTYNEHs 3MHKaHHS 3a PaxXyHOK 30UIbLICHHS THUCKY Yy BY3Jl 3alupaHHs
JINTTEBOIMALLIMHH.

Jummasa nio muckom 6azamoxkomnonenmue.JI0 TaKOro METOy BITHOCUTBCS JIUTTS, IPH KOTPOMY
B OJHOMY THi3i (popMHU OIEpXKyIOTh BHUPIO MOHONITHUH, IIOCKIAJAETHCS IIOHAWMEHIIE 3 JTBOX
OKpPEMHX YaCTHH, 3’ €JHAHUX MK CO00I0, aJie PiI3HUX 32 KOJIbOPOM a00 THIIOM IOIIMEDY.

Metoxa Mosxe OyTy po3/isieHui Ha 1B1 PI3HOBUIHOCTI:

- BIIKPHUTE JIUTTS, KOJIM OKPEMi YaCTUHH BUPOOY € BUIUMI, 00 BUPiO HopmMyeThCs 3
TOTO CaMOT'0 MaTepiaiy TUIBKH Pi3HOTO KOJIBOPY; TAaKe JINTTS TAKOXK HA3UBAIOTh
0araToKOJIIPHUMIIHTTSIM;

- 3aKpHTe, IPU KOTPOMY BHIMMA € TIJIbKU OJIHA YaCTHHA, a 1HIIII € BHYTPIIIHIMU;
JUTTS TaKOX HA3UBAIOTh OAraTONOIIMEPHUM JIUTTSAM, 00 BUKOPUCTOBYIOThH Pi3HYCHPOBHHY.

bararokonipue autta. CyTh MeETOMy TMONSTaE B TOMY, Io Oe3mocepenHbo AoGpopMu 3
OKpPEeMHUX IUJIACTUKAIIMHUX LUJIIHAPIB YHOPCKYIOTHCA OJHOYACHO 103U Marepially 3 pi3HHUMHU
KOJIbOpaMH.

baraTokosipHe TUTTS Mae psii HETOMIKIB:

- J0pOoroBapTicHa ckiaaHadopma;

- JIOBTUH YaCLUKITY;

- MOTpiOHA BIAMOBITHA KIBKICTh JINTTEBUXMAIITUH.

Takuii METOJ] € EKOHOMIYHO BUT1THUH MPU BEIUKOMY 00’ €Mi MPOTYKIIIi.

Jlutts GararoxkommoneHTHe 3akpute. CyThb METOQy NOJSITae B TOMY, IO y (Gopmy
YIIOPCKYIOTHCS PI3HI MaTepiaid 4yepe3 OJIHY CIUIbHY TUBHUKOBY BTYJIKY.

OxpiM 1UTTA y QopMy 13 3aCIIHKOIO MOXe OyTH 3/1iiCHEHE JBOKOMIIOHEHTHE JIUTTS uepe3
corio 3 1BoMa kaHanamu (metof gipmu binbiion 3 dpaniiii)

bararocknaaHukoBe (0araTOKOMIIOHEHTHE) JIUTTA Ja€ 3MOT'Y OTpUMaTH BUPOOU BHHSATKOBO
BeIMKHUX po3MipiB. KoxkHuil map y BupoOi BUKOHYE MEBHY (YHKIIiIO, HAPUKJIIa/, 30BHILIHINA MI1ap
crpuiiMae MeXaHIYHE HAaBaHTAXEHHS, CTIMKUI [0 CcTUpaHHS 1 Hajae BUPOOOBI MIIHOCTI 1
BUTPUBAJIOCTI, @ TaKOXX MOTPIOHMH e€cTeTMYHHM BUIJSAA. BHyTpimHI mapu BifirpaioTh poJib, B
OCHOBHOMY, HAIlOBHIOBaya, a TOMY, 3J€0UIBIIOT0, MOXYTh (hOPMYyBaTHCS 3 BTOPHUHHOI abo X 3
JIe1IeBOi CUPOBHHH.

Henoniku 1iboro MeToAy 11i 3 cami, 0 i MONEPEIHBOTO.

Jumma nid muckom 3i cninweannam. I [puiiHITO BBaAXXaTH, 10 TAKUI METO]l 3alI0YaTKOBaHUM Ha
¢ipmi fOnion Kap6aitn Kopnopeitmn (CHIA) y 1966 p. @opmyBaHHS Moisraio B TOMY, LIO
MOCEepEeINHI MIACTHKAIIIHOTO MWITHAPY MiJ TUCKOM TOJAETHCS Ta3,sIKUN PO3YMHIETHCS B PO3TOII
TEPMOIUTACTY, 3 HACTYITHUM YIOPCKYBaHHSAM OJIep’KaHOi Mach B THi3MO dopmu. Moaudikaris
I[OTO METOJy — ra3 MOAAEThCS B THI3A0 3IMKHYTOi ()OPMHM, MICHS YOTO YIMOPCKYETHCS PO3TOMN
nomimepy. CTHCHEHMI M Ji€I0 PO3TOMY Ta3 PO3UYMHIETHCS B Maci MOJIMEpy, a HaJIUIIOK
BUTICHSAETHCS B O1UHUHN IMITIHID.

Po3noBcIOKEHIM METOI0M € METOT JIUTTS 1]l THCKOM MaTepiaily, IKHi MiCTUTB mopodop,
BBeJIEHUH Mija yac cuHTe3y. el MeTox moaisioTh Ha TUTTS MPU HU3bKOMY 1 BHCOKOMY THCKOBI.
JIUTTS mpu HU3BKOMY THUCKOBi (HHU3BKOTHCKOBE). lleil Meron mossirae B ToMy, 0 00’€M J103H
YIIOPCHEHOTO Marepiajdy 3 PO3YMHEHUM TIa30M, SIKHl YTBOPIOETHCS NMPH PO3KIaAl mopodopy B
IJIACTUKAIIITHOMY IMJIIHAP1, € MEHIINM 32 00’ eM rHizaa ¢popmu. [Ipy yMOBI HU3BKOTO TUCKY, KU
€ y ¢hopMi, ra3 BUIAUISIETHCSA 3 MacH, yTBOproroun THCK 8 MIla, BHacHiJOk 4Oro Maca CHiHIOETHCS 3
YTBOPEHHAM JIpiOHUX Oyan0aIiok i maTepiall 3pocTtae B 00’€Mi, BUIIOBHAIOYHM BeChb 00’€M THI3A.
Haii0inbie 3poctanns 00’emy He nepeBuurye 50 %. CTymiHb MOPUCTOCTI PETYIIOETHCSA KITBKICTIO
nopodopy.

[Tpu Takomy croco0i 0JepKyIOTh BUPOOHU 13 MIOPCTKOIO MOPUCTOIO MOBEPXHEIO, IO MOXKE
OyTH 1 KOPUCHUM TIpH HEOOX1HOCTI iMiTallli, Hampukiazd, nepesa. [lepeBaroro Takoro opmyBaHHS
€ BIJCYTHICTp 3amaJdH Ha T[IOBEPXHi, BUPIBHIOBAHHS KOTPHX BiIOYBa€Tbcsd 3a paxyHOK
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CaMOperyslii CTYHeHs CIIHIOBAaHHS, SIKUH 3aJeKUTh BiJ MEpenaay TUCKIB MK BHYTPILIHIM
00’€MOM 1 30BHIIIHBOIO TOBEPXHEIO.

Jlo mepeBaru LbOTO METOJY HAJECKUTh TAKOX BHCOKA IIBUIKICTH YHMOPCKYBAaHHS, KOTpa,
(haKTUYHO, 3aJICKUTH BiJI MIBUAKOCTI MEPEMIIICHHS IITHEKY 1 10X0auTh 110 0,5 M/c. B 3B 43Ky 13 UM
qac CTajil yIOPCKYBAHHS € TyKe MaTHM.

Kpim Toro, TUCK razy COpUYHMHIOE OPIEHTAIIIO MTOJTIMEPY Y paiaJbHOMY HAMPSMKY, 110

HiABHILYE CTIHKICTh BUPOOY IO CTHCKAHHSI.
JIUTTA 31 CHOIHIOBAaHHSM IPU BUCOKOMY THCKOBI (BUCOKOTHCKOBE). CyTh METOAY B TOMY, L0 KOJIH
MIiCNIA IUJIKOBUTOTO 3allOBHEHHS THi3Aa (OpPMH TNpPU YIOPCKYBaHHI 1 YTBOPEHHI 30BHIIIHBOT
00OJIOHKH TpU OXOJIOJKEHHI, (hopMa 4aCTKOBO PO3MHUKAEThbCA. 1'a3, sIKMH 3HAXOAUTHCS B 00’ eMi
Marepially, pamnToBO PO3IIMPIOETHCS, MPU3BOASYM 0 CIIHEHHS BHYTPILIHIX MIapiB MaTepiaiy.
CTyniHb CHIHIOBaHHS PErYIIOETHCS BUCOTOK YaCTKOBOIO PO3MHUKAHHS (POPMHU 1 4aCOM /10 OYATKY
IBOTO PO3MHUKaHHS. 30UIBIIMTH 00’€M THI3[a TaKOXK MOXHA 332 PaXyHOK BHUTATYBAaHHS PyXOMHX
BKJIQJIOK 3 THi3/1a 3aMKkHeHoi1 opmu (dipma Tomida Mamin Komnani it Acaxi Jlay).

Bimomuii TakoX KOHCTPYKIIMHHN pPO3B’SI30K crocoly MoiOHO 10 6araTOKOMIIOHEHTHOTO
JUTTS, a caMe, PO3/UIbHE JIUTTS MOHOMITHOI OOOJOHKH W BHYTPIIIHBOT MOPUCTOT YACTUHU BUPOOY.
VY wmeroni, 3amporonoBanomy ¢ipmoro ICI (B. Bpuranis), crodaTKy yHMOpPCKYEThCS MaTepiai
MOHOJITHOI OOOJIOHKM, SIKMI 4YacTKOBO 3allOBHIOE THi3A0 (opMH, a TOTIM 3 JAPYroro
TUTACTUKAIIITHOTO IWITIHJPY YIIOPCKYETHCS MaTepia 3 TopoopoM.

Pi3HOBHIIHICTIO LOTO METOAY € METOJ JHTTS uepe3 JABOKaHalbHE corio (dipma
barendensa

- Himeyunna). Matepian cepiieBUHU MOKe OyTH HAIIOBHEHU HAaIIOBHIOBAYEM, 110
MPOBOJIUTH CTPYM, HAIPUKJIIAJI, CAXKEI0, SIKA Aa€ ePeKT eKpaHyBaHHS
€JIEKTPOMArHiTHOrOONIPOMIHEHHS.

Jlo nUTTA 13 CHIHEHHSM TaKOX BIAHOCATH METOM, IPHU SKOMY 10 (OPMHU YIMOPCKYETHCS
YacTHHA 03U MOHOIITHOTO MaTtepialy, a MOTIM uYepe3 COIJIO0 YM OTBip y (opmi MmiJl TUCKOM
MO/IA€ThCS IHEPTHUM Ta3 (HaNpHUKJIaA, a30T), MICHS YOT0o YIOPCKYeThCs pemra marepiany. Meton
neit mae Ha3By GIP (Gas Injection Process). Llum MeTo oM OTPUMYIOTH MOPOKHUCTI BUPOOH
(nmutteBi mammman Gipma Manecman Jlemar —Himeuunna).

Ha ¢ipmi Cemar nopucti BUpoOH GOpMYIOTh IPU OAHOYACHOMY YIOPCKYBaHHI MaTepiaty 3

nmopoopom 1 06e3 HboOro; ¢GOpMyBaHHS BITOYBAETHCS 3aBISKUA CHEMIaNbHIA KOHCTPYKIT
JIMBHUKOBOTO JIBOKAHAJILHOTO COILIA.
“Cenogiy-nrumma”. Meton nonsrae B TOMy, 110 KpIM JABOCTaAIMHOrO 3MHKaHHS (HOPM MPOBOIATH
MOCIIIOBHE YIOPCKYBaHHS JBOX MarepiasiB — 0e3 1 31 CHIHIOIUMMH AoAaTkamu (ctaais 1), micis
4Oro CTBOPHOETHCS THCK (hopmyBaHHs (ctazis 2). [Ipu Takomy cnocobi OTpUMYIOTH MOJIETIIEeH]
BUPOOH, SIKI HE TIOCTYNAIOThCS 3a MILHICTIO BUpoOam 6e3 mopomacty. Lle 3ymMOBiIeHO TuM, 11O B
HUX 30BHIIIHA 000JOHKA yTBOpEHA 3 MojiiMepy 0e3 mop, y AKOMY MaKpOMOJIEKYJIH OPI€EHTOBaHI B
HanpsMKY TUCKY ()OpMYyBaHHS 1 pajiiajJbHOrO THUCKY BiJ yTBOpeHHs razy. Lli BUpoOM MOXYyTb
BUTPHUMYBATH BEIIMKiHABAaHTAKEHHS.

Crioci6 mepcrneKTUBHMIA TOMY, 10 TIOJIETTIIEHHS! BUPOOIB € EKOHOMIUHO BUT1IHUM, OCKITBKU
ekoHoMUTbcss 110 30 % momimepy. Kpim Toro, BHyTpimHIA map MoxHa (opMyBaTH 3
Hele(IUMTHUX, JIEMIEBUX MapoK mosiiMepy abo BTOpUHHOI cupoBUHH. [locnigoOBHICTD
YIOPCKYBaHHS Taka: a) Marepiajl BHYTPILIIHBOTO 1Iapy (CEpUEBUHU) 31 CHIHIOIOYU MU J10JIaTKaMu;
0) maTepian 000IOHKH (0€3/10/1aTKIB).

Lapauexananpne numma. Metop nondrae B ToMy, 10 it (GOpMyBaHHSI BUPOOY BUKOPHUCTOBYIOTH
dopmH, y SKUX HarpiBae€ThCsi JMBHMKOBAa CHUCTeMa. TemmepaTypa pO3TONy B JIMBHUKAaX
MIITPUMYETHCSI OIM3BKOIO IO TEMIIEpaTypH, sSKa € B MaTeplalbHOMY IMIHAPI. BHACTIAOK 1BOTO
PO3TON HE 3aryca€e B KaHaJlaX 1 TOMY, Y MOPIBHSHHI 3 XOJIOJAHOKAHAJIBHUM JIUTTSAM, 3MEHIIYETHCS
omip Teuii. Y mbOMy BUNAAKY MOTPIOHWN MEHIIMA THCK JUTTS, IO 3HUKYE CHEPrOBUTPATH HA
nporec. KpiM Toro, eKoHOMHUTbCS Matepial, OCKUIbKH BUPIO BUAANSAETHCSA 3 (GOopMH Oe3 TMBHUKIB.
[Tpu TakoMy crioco61 yTBOPIOIOTHCS BUPOOH 3 MEHIIIOKO KOHIICHTPAITIEI0 OPIEHTAIITHUX HAMPYXCHBb
1 3 MABUIICHUM TJIsiHIIeM MoBepxHi. Croci0 BUKOPUCTOBYIOTh JIJIsl BUTOTOBJICHHS BUPOOiIB BEITHKOT
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TUTOIII, a TAaKOK TOHKOCTIHHMX BHpOOiB. BiH He mpuaaTHuil [u1st mepepoOKH MOJIIMEPIB 3 HU3BKOIO
TEPMOCTAOUIBHICTIO, OCKIJILKM MaTepiall nmepedyBae B JUBHUKAX TPUBAIMHA Yac y B’SI3KOTEKYYOMY
CTaHI Y BUCOKIN TEMIIEPATyPLIUTTS.

Jummasa nio muckom peakmonnacmie. OCHOBHA BIJIMIHHICTb BiJ] JUTTS TEPMOIUIACTIB IOJISATAE B
TOMY, 110 (pOpMa HArpiBa€THCS 0 TeMIIepaTypu e(eKTUBHOTO 3aTBepKeHHs 3B 130010 (180 + 190
°C), a Temneparypa MaTepiaiibHOro MuTHApy He nepeBuinye 100°C (s mepexoay peakToIiacTy y
B’SI3KOIUIACTUYHUI cTaH). BUKOpPHUCTOBYIOTH JIMTTEBI MamMHU 3 iHIeKcoM “P” y Ha3pi. Bonu
OCHAIIICHI IITHEKOM 31 3BOPOTHOIO KOHYCHICTIO Ta MalOTh HAarpiBayi MUIIHAPA 3 PIAKUMTEIUIOHOCIEM.

3.1.2. Bupoomu, siki BUTOTOBJISIOTH JUTTAM MiITHCKOM

JINTTSAM mig TUCKOM BUTOTOBIISIIOTH BUPOOU MAcolO BiJl IeCATUX BijcoTka rpama ao 100 kr
(;muTTeBi MammHM iTamiiicekoi ¢ipmu “Friulzi”), mo Bin3HAYaIOTHCA IUPOKUM ACOPTHMEHTOM 3a
MaTepiajJoM, KOHCTPYKTUBHHUMH OCOOJMBOCTSMHM, @ TaKOX 3a Mpu3HaueHHAM. [{luM Meromom He
BUTOTOBJISIIOTH JIETai, sIKi MOJKHA OJIEP’KaTH OLIBII MPOIYKTUBHUMHU METOJaMHU €KCTpPY3ii (TUTiBKH,
podii, a TAKOK MOPOKHUHHI BUPOOHU BEITUKUX 00’ €MIB).

Bupobu, 1110 BUTOTOBIISIOTHCS JIUTTSAM IiJ] TUCKOM, BIJI3HAYAIOTHCS MiBUIIICHOIO TOYHICTIO
reoMeTpUYHUX po3MipiB. Hampukian, Mo)kHa BUTOTOBUTH 3y0dacTe KOJECO ISl €NEeKTPOHHUX
MpUJIAIiB 3 TOYHUM Tpodisem 3yda i 30BHIIIHIM AiameTpoM | MM npu BiaxwieHHi [J 5 mxm. Y Toi
K€ 4ac MOXKHA BUTOTOBHUTHU W BeIMKOrabapuTHI BUpOOM (KOPIyCH TEJIEeBi30PiB, OKpEMi YaCTUHU
KOPITyCiB aBTOMOOLITIB 1 J1iTakiB). JINTTSIM Ii7] THCKOM BHTOTOBIISIFOTH BUPOOH 13 BETMKHM CTYIIEHEM
PI3HOTOBIIMHHOCTI 3 Pi3310, HAMpPI3HOMAHITHIIIOW apMaTyporo, 3 HAlOBHEHHUX 1 apMOBaHUX
rIacTMac.

Y TOl e dac ciii maMm’sATaTH, L0 [el MEeTOJ BHUTOTOBIEHHS BHUPOOIB 3 MIIacTMac
IOB’SI3aHUI 3 BEJIMKMMHU BUTpaTaMu Ha oOONaJHAHHA W OCHALIEHHS 1 HOoro Kpaiie He
BUKOPHUCTOBYBATH MPU BUPOOHHIITBI IPiIOHOCEPIMHUX MapTiii BUPOOIB.

3.1.3. Marepiaau. Bumoru 10 niiactmac, siki nepepooJsiioTh JUTTAM MiITHCKOM

JIMTTAM MiJ TUCKOM MOXKHA NEpepoOJIATH MPAKTUYHO BCl T1 MOJIMEpH, SIKI MEePeXolsiTh y
B’A3KOTEKy4Yuil ctad. Jlo Takux MarepiaiiB HaJICKHTh OCHOBHAa Maca TEPMOIUJIACTIB 1 psii MapoK
PEaKTOIUIACTIB.

Jis miABMINEHHS TUIACTUKAIIIHOI MPOJYKTHBHOCTI JIUTTEBOI MAIIMHA BUKOPHUCTOBYIOTH
rpaHy/ibOBaHMi Marepian. [lo ckiaxy TpaHynl OKpiM MoJiMepy BXOJAATh cTabinizaropw,
mwiactudikaTopy, OapBHUKM, HAINOBHIOBAauYl, MAacTWJIbHI peYOBMHU. Bubip ckiagy mnoniMepHOi
KOMITO3UI[ii BU3HAYAETHCSI THUIIOM 0Aa30BOTO MOMIMEPY 1 3aI€KUTh BiJl IpU3HAUYEHHS BUPOOY, HOTO
KOHCTPYKTUBHHX OCOOJIMBOCTEH, TEXHOJOTIUHUX MOXJIMBOCTEH OOJIalHaHHS, KOHCTPYKIi
OCHAILlEHHS.

B 0CHOBYy KOHCTPYKTMBHUX OCOOJHMBOCTEH BHUpPOOY CTaBUTHCS TOBIIMHA HOTO CTIHKH.
Po3pi3HAIOTH TOHKO- 1 TOBCTOCTIHHI BUpoOU. KpuTepiit OIiHKM TOBIIMHM BUPOOY — BiTHOIICHHS
TOBIIMHMA MOTO CTIHOK JO TUIONI mMoBepxHi. [lims TOHKOCTIHHMX BHpPOOIB 1€ BIAHOIIECHHS
menme3a0,003, a ms ToBcTocTiHHUX — nepeBuinye 0,003. [TpakTHYHO TOHKOCTIHHUMH BBaXKarOTh
BUPOOH 3 TOBIIMHOK CTiHKH 10 3 MM. MakcuMaiabHa TOBIIMHA, sIKA MOKE OYTH JOCATHYTa TPU
JIATTi, CTAHOBUTH 20 MM.

[Tpu BUTOTOBIIEHH] TOBCTOCTIHHMX BHpOOIB MaTepiasl MOBUHEH XapaKTEepPU3yBATHUCS MaJUM
4acoM 3aroBHEHHS (POpMH (MaTH BUCOKY TEKYUICTb) 1 OXOJIO/IKEHHS.

[Ipu ¢opmyBaHHI TOHKOCTIHHHUX BHpPOOIB KpiM BHIIE3raJlaHUX YMOB IIOBUHHa OyTH
3a0e3neueHa yMOBa HEBEJIMKOI Opi€HTallli MaKpoMOJeKyJ MoiiMepy npu 3amoBHeHHI (opm. Lle
MOKJIUBO TPU BHUKOPUCTAHHI MOJIMEpPIB 3 HE3HAYHOI 3aJIEKHICTIO B’S3KOCTI PO3TOIY BiJ
TeMIepaTypu i, 6akaHo, 3 HU3bKUM 3HAYCHHSIM €HEeprii akTuBallii B A3K01 Teyil.

Sx 6aunMo, BHUMOTH JI0 MarepiajiB CymepewinBi, iX JOTPMMaHHsS 3HAYHO BIUIMBAE Ha
nepedir TEXHOIOTIYHOro nporecy. Tak, OibIna TeKy4icTh 3a0€3Meuy€eThbCsl BUILOI0 TEMIIEPATYpPOIO
po3rony ¥ ¢dopmH, ajge B IbOMY BHIIQJKy 3HAYHO 3POCTAE YaC OXOJIO/UKEHHS. MEHIIHA CTYMiHb
opieHTaIil 3a0€3MeUy€eThCSI HUKYOIO B’SI3KICTIO (3MEHIICHHSAM €(eKTy 3arylieHHs MpH MOoMaJaHHi
po3rony y ¢dopmy). Lleit edext Takok MOMNIIMBHN TMpU MIABUIICHHI TEeMIIEpaTypu JHUTTS 1
XapaKTepHUH [UIsl TMONIMEpiB 3 HU3BKOK EHepriclo aktuBamii B’s3koi Tewil. [linmBuineHHS
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TeMIepaTyp ACKOJIM HEMOXKIIMBE Yepe3 3pOCTaHHS HIMOBIPHOCTI JECTPYKTUBHUX MPOIIECIB.

CymnepewinBl BUMOTH, $Ki CTaBIATBHCS JO TUIACTMACOBHX KOMIIO3HWININA TMPU JIUTTI Mij
TUCKOM, 3a0€3MeYyIOThCS B OCHOBHOMY DEOJIOTITYHHUMH XapakTEPUCTUKAMHU IepepoOITIOBaHUX
MOJTIMEPIB 1 X OyI0BOIO.

[ToniMepu TOBHMHHI XapaKTEpU3yBATHUCS, 11O MOMIIMBOCTI, HI)KUYOIO B’S3KICTIO po3TONy M
OLTBIII BUPQXCHOK aHOMATIEI0 B’A3KOCTI TP teuii (1), OCKLUITBKH e
3yMOBIIO€iHTeHCHiKaitoNmuTTa (puc. 4.12). 3ragaiiMo, M0 B PEOJIOTIYHOMY PIBHAHHI 7= 7J- )

Ma€ BEJIHMKE 3HAUCHHS

n=¢()
A

I
|
I
I
]
A B

Puc. 4.6 3anexcnicmo 6 ’azxocmi 8i0 weuUOKocmi 3¢y8y 0Jis pi3HUX MUNi6 NoiMepie

IntepBan AB Oinbln mpupaTHUHA A JUTTS modiMepy 1, a ansg momiMepy 2 3HayHe
301IbIIEHHS IIBUKOCTI, a OTKE 1 TUCKY, HE Oa)kaHe (77Majio 3MIHIOEThCS ), OCKUIIBKYA BUKJIMYE JIUILIE
3pOCTaHHSICHEPTrOBHUTPAT.

PosrnsHemo Bce 1e Ha mnpukiani mnomonediHiB. BoHM XapakTepu3ylOTbCs BHCOKOIO
B’SI3KICTIO, SIKa JIO TOTO % MaJjo 3aJeXUTh BiJ Temneparypu. Tomy Aiis JIUTTS BUKOPUCTOBYIOTH Ti
MapKH MaTepiaily, Kl XapaKTepU3yIOThCsS MEHILIOI0 MOJIEKYJIIPHOIO Macolo MOIiMepY(OCKIIbKU

n= C-M %), BUIIMM CTyIEHEM KPHCTAIIYHOCTI, a B 3B’S3KY i3 UM — OLIBIIAM 3HAYEHHSAM
ITTP. Haii0inb1u BXKMBaHI AJIs JIUTTS Mapku nosietwiieny mMatotb [ITP = 0,7 - 7,0 /10 xB. Mapku 3
I[ITP < 0,7 1/10 XB BHUKOPUCTOBYIOTHCA [UIsi BHUPOOHUITBA JIMILIE TOBCTOCTIHHUX BHUPOOIB
(Hampukisiag, kopmycu BeHTWIiB, (itunru). Komm IITP > 7 - 20 r/10 xB, To Marepian
BUKOPUCTOBYIOTbH JUII BUPOOHULITBA TOHKOCTIHHUX BUPOOIB 3 MiABUILIEHUM TJISHIIEMIIOBEPXHI.

Cnig 3a3HauMTH, [0 HAAMIPHO BHCOKAa B’S3KICTh pO3TOINY IMOPSAN 3 MiJABUILEHHIM
€HEepPrOCUJIOBUX IapaMeTpiB MPOLECY 1 MOTIPIICHHAM 3all0BHIOBaHHS (OPMHU MOXKe OyTH MPUIUHOIO
“maropsHHA” TOJiMepy (YacTKOBOi JIeCTpyKLii) B 3B 3Ky 31 30UIBIIEHHSM TPHUBAJIOCTI
nepeOdyBaHHs HOTo B MaTepialbHOMY LIMJIIHAP] IPH BUCOKiM TeMnepaTypi.

3.1.4. TexHoJorist TUTTH Mil THCKOMTEPMOILJIACTIB

TunoBuil TEXHOJIOTTYHUN TPOLIEC JIUTTS MiJ TUCKOM PO3pOOJISIIOTh 3 METOI0 BUTOTOBJICHHS
NOOpPOSKICHUX BUPOOIB, MiJABUILEHHS MPOAYKTUBHOCTI Mpalll 1 3MEHIIEHHS] €Hepro- i TpyJI0BUTPAT
IpU BHUKOPHCTAHHI OJHOTUIHOI CUPOBMHH. Moske OyTH oOprasizoBaHe sK OesnepepBHe
(aBTOMaTH30BaHE), TaK 1 MepiOAUYHE BUPOOHUITBO. THUIIOBUI TEXHOJOTTYHUN MPOIIEC CKIAAETHCS
13 psily TOCHITIOBHUX CTaIiil:
pUHMaHHSI, TPAHCIOPTYBaHHS 1 CKJIa{yBaHHSICUPOBHHH;

KOHTPOJIb TEXHOJIOTTYHHUX BJIACTHBOCTEHCHPOBUHH;
cTafii mAroTOBKH CHPOBUHH;

TPaHCIOPTYBaHHS CUPOBUHH TEXHOJIOTIYHOIOMIHIEIO;
ctaais GopMyBaHHIBUPOOY;

MeXaHi4Ha 00pOOKaBIIIMBKY;

TepMooOpoOka BUpOOY;

NooakwnE
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8. KOHTPOJIb SIKOCTIPOAYKIIIT;
9. TPaHCIIOPTYBAHHSI 1 MaKyBaHHSIBUPOOIB;
10. CKJIaTyBaHHSBUPOOIB.

VY cydacHHX yMOBax BHUPOOHHUIITBA OOOB’SI3KOBOIO € CTafisl TMepepoOKH
(yTwiizaiiii) TEXHOJIOTIYHUX BIIXOIIB 1 MIATOTOBKH BTOPUHHOI CHPOBUHU
JIOBUPOOHUIITBA.
Bumozu 00 mpancnopmyeanna ickiadyeannsa

CupoBrnHa HAAXOIUTh Ha 3aBOJA Yy LMUCTEpPHaX, KOHTeHHepax uyM Mimkax. Ilpm ix
TPAHCHOPTYBAHHI 1 CKJIaJyBaHHI HEOOXIHO YHHMKATH TONAJaHHS BOJHM, MAcTHJ Ta MPSIMOTO
COHSYHOTO TMpOMiHHA. 30epiracThCsi CHUPOBHHA Ha CKJIaJlI B INTAa0CIIbOBAHOMY BHUIUISAlI 3a
OJHOTUITHUMH NapTisIMH, KOJIM BOHA 3aTapOBaHa B MIIIKH, 1 — Y CHJIOCHUX €MHOCTSIX TPU JOBE3€HHI
il HA 3aBoJ y LMCTEpHAX YW B KOHTEWHepax. TepmiH 30epiraHHs Ha CKJIaJl — BICIM POKIB JUIs
HETOJSIPHUX 1 HETITPOCKOMIYHUX MaTepialliB, TP POKH — JUIATITPOCKOMIYHUX.

Ha BupoOHHWITBI 3MIMCHIOETHCSA BXIMHHUM (HA BIAMOBITHICTH JEPKABHUM CTaHAApTaM) i
ObKyumii (mix wac 3amycKy 1 BeIeHHS BHUPOOHHWITBA) KOHTPONb cupoBHHHU. [lig wac
O1KyYOrOKOHTPOJIFO BH3HAYalOTh BMICT BOJIOTM M TEXHOJIOTIYHI XapaKTEPUCTUKU CHPOBHUHU 3
METOI0 KOPEKIii TEXHOJIOT1YHOTOPEKUMY.

[TinroToBKa CUpOBHHHM ToOJsATae B ii miacymryBaHHi. [lomiMepHi KOMMO3UINT MOBUHHI MaTH
JOIyCTHMI 3Ha4eHHs 3amumikoBoi Bonorm: [IBX — 0,3 %; momidopmansaerin — 0,1 - 0,2 %;
nomonedian, [1C, ABC kononimepu — 0,1 - 0,5 %; nonikapoonaru, nomiamiau, momiapmiatu — 0,01
- 0,015%.

OcHoBHY Macy TepMoIutacTiB cymath npu 60 - 80 °C B cymapkax MIpoTsAroM KiJIbKOX T'OAMH.

[irpockomiyni monimepu cymats npu 80 - 120 °C y BakyyM-TpeOKOBUX CymIapKax (10JaToK
7).

KpiM mifcyinryBaHHS MOXJIMBI JTOJAaTKOBI 3MIIIyBaHHS 3 METOIO YKpPYNHEHHs mapTiii abo
BBEJICHHS TE€XHOJIOTIYHMX J10/aTKiB (OapBHUKIB, CTaOL1i3aTOpiB, HAaMOBHIOBauiB). DapOyBaHHS, K
MIPaBWJIO, MPOBOJATH, 3MIIIYIOYM TEPMOIUIACT 3 KOHIIEHTpaTamMu OapBHUKIB. [[nst 3ab6apBieHHS 10
cupoBuHHU BBOATH 0,2 + 1,5 % KOHIEHTpaTy 710 Tpo30opux Komno3uuii i 1 +2 % — 10 Henpo30pux.
MosxnuBe ¢apOyBaHHS MIIIXOM OOIYAPIOBAaHHSA TIpaHysl MOPOIIKONOAIOHUM OapBHUKOM Yy
OapabaHHMX 3MillyBauax. bapBHUKM J10JIalOTHCS 1O MOJIIMEPHOI CUPOBUHU B KulbkocTi 10 0,3 %
BIJl 3araJIbHOTMAacH.

Ilodpionenns 6i0x00i6 i nid20NMOEKa 6N OPUHHOICUPOSUHU

Crapniro mpoBOJSATH 3 METOI0 €KOHOMII MaTepiaiiB 1 CYyTTEBOrO 3MEHILEHHS 3a0pyJHEHHS
HaBKOJIMIIHBOTO CEPEOBUIIIA.

Binxonun (TexHonoriuHuii Opak, JMBHHMKH, Ipar) MOJAPIOHIOIOTE Ha  CreliaJbHUX
(MOJIOTKOBHX, IIIOKOBUX Y POTOPHO-HOKOBHX) ApoOapKkax; MoapiOHEeHUH MaTepial OYMIIAI0Th Bij
3a0py/IHEHHS] CTHUCHYTUM IIOBITPSM, NMPOMHUBAIOTH BOJIOIO; METAJEBl JOMIIIKH BUAAIAIOTHCA Ha
MarHiTHUX cenapaTtopax. OTpUMYIOTh MaTepial 3 po3MipoM YaCTHHOK 5 - 8§ MM, SKHH MiJICYITYIOTh
1 ToNalTh Ha EKCTPY3iMHMI arperar [y TpaHy/IrOBaHHA. ['paHynu (BTOPHUHHY CHPOBUHY)
MOBEPTAIOTh Y BUPOOHUIITBO Y BUTIISAL J10/1aTKA JI0 OCHOBHOI CHpPOBHMHHU B KimbkocTi 10 + 30 %.
[Ticns 3MinryBaHHS 3 OCHOBHOIO CHPOBHHOIO TPOBOJASTH TIOBTOPHE BHU3HAYCHHS TEXHOJIOTIYHHX
XapaKTepUCTHK 3 METOI0 BCTAHOBJIEHHS TEXHOJOTIYHOTO PEXHUMY HEPEepOOKH OJepaHO1 CyMIIIi.
be3symoBHO, momimep micis mnepepoOKu Oyne BiI3HAYATHCh IHILOK MOJIEKYJISPHOIO MAacor i
Oy/10BOIO BHACIIJIOK MEXaHO- 1 TepMoaecTpyKiii. ToMy BTOpMHHY CHPOBHHY HE BUKOPHUCTOBYIOTh
JUis BUpOOIB CIeNiadbHOrO MPU3HAUYEHHS, a CTBOPIOIOTH JIIHIIO BUPOOHUIITBA TOBApIB LIMPOKOTO
BXKHTKY.

[TepepoOka 1 BUKOPUCTAHHSI BTOPUHHOT CHPOBUHHM — OCHOBA 0€3BIAXOIHUX TEXHOJIOTIH, sKi
HUHI € OCHOBHUM HAINpsIMKOM PO3BUTKY HapOJAHOTO TOCIIOIapCTBA.

Tpancnopmy@anna cuposuHy 00 CK1ady i MexXHoi02iYHOI0 IIHIEI0 QOMAUIUH

CupoBrHA TPAHCIOPTYETHCS 3a JOMOMOTOIO EJIEKTPOKApiB, MHEBMOTPAHCIIOPTOM abo
CTPIYKOBUM KOHBEEpOM. BUKOpHCTaHHS MHEBMOTPAHCHIOPTY YU KOHBEEPA MEPCHEKTUBHE, OCKIIBKH
JI03BOJISIE aBTOMATHU3YBaTH BUPOOHHUYY JIIHIIO.
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3asepwianvni cmadii, MexaniuHaoopooKa
ITpu po3poOIli TEXHOJIOTITYHOTO MPOLIECY CTAIII0 MEXaHIYHOI OOPOOKH MOTPIOHO 3BY3UTH 0

MiHIMaJIHUX omepanii abo B3arami ycynytd. Ha miif craamii micist gopMmyBaHHS Ha JIHTTEBIH
MaliuHi B OUIBIIOCTI BHITAJIKIB 3/IMCHIOIOTH BIJJUICHHS JUBHHUKOBOI CHCTEMH BiJ BHpOOY,
3aUUIICHHS MEPENIMBOK, (pe3epyBaHHs CKIQJHUX IMa3iB 1 JJIs CBEPIUIIHHS OTBOPIB HA MEXaHIYHUX
CTaHKax abo pOOOTH30BaHUX aBTOMATaX.

TepmooOpobka (TepmoBianan). Llfo craaito MpOBOAATH 3 METOK 3MEHIIEHHS BHYTPIIIHIX
HanpykeHb. [Ipu boMy BUPiO HarpiBa€Thes 10 TEMITEPAaTypH MOHAM 7,1 TIOBLIBHO OXOJIOJKYEThCS
(0,5 - 1°C 3a xB). Mera TepMOOOpPOOKM: MaKCHMallbHA peJlaKcallisi BHYTPIIIHIX HalpyXeHb,
3MIHAHAMOJICKYJISIPHOI CTPYKTYPH YW CTYMEHS KPUCTAIIYHOCTI MOJIMEpPY, a, OTXKE — cTadlmi3alis
¢bi3uKo-MexaHIYHUX BIacTUBOCTEH BHPOOiIB. TepmMooOpoOKy NpOBOISATH sl BUPOOIB 3 BEITHKHM
CTYIEHEM Pi3HOTOBIIMHHOCTI Ta JJISI BEJIMKOTa0APUTHUX BUPOOIB.

Cmadia ¢hopuyeannsngupoodis

[Tpouec ¢popmyBaHHs BUPOOY CKIAIA€ LUK, IKHH 00’ €HY€E Ps] MOCTIIOBHUX OMEPAaLIiii:

1. TUTACTHKAIIIS (TOIUICHHS MaTepiaiy, Horo TOMOTeHi3amis i J03yBaHHS —
HAKOMMYCHHS PO3Pax0BaHOI JO3UPO3TOILY);

2. 3MUKaHHS (POPMH 1 T1/IBi BY3JIaylTOPCKYBAaHHS;

3. yIIOPCKyBaHHsIMATEpialy;

4. BUTPUMKA TIATHCKOM;

5. BUTPUMKA Ha OXOJIOKEHHSIBUPOOY;

6. po3MuKaHHS (OPMH 1 3HATTABUPOOY;

7. TEXHOJIOTIYHA Tay3a Ha MiAr0TOBKY OCHAaIIeHHs. Po3risHemMo cyTh i mpu3HaueHHS

KOXHOIOTIepallii:

[Inactukais. 3A1MCHIOETbCS MEPIOJUYHO MICHSI YIOPCKYBAaHHS 4eproBoi MOpIii po3romy i
BUTPUMKH 171 TUCKOM. CTaisl Mpu3HaueHa JijIsi HaOupaHHs YeproBoi MOPIlii TOMOT€HHOTO PO3TOIY
IIJIIXOM TepeBeIeHHS T'paHy/lIbHOI (UM MOPOLIKOBOI) MOJIMEPHOI KOMMIO3MLII 31 CKIOMNOIIOHOTO
CTaHy Yy B’A3KOTEKyYMH Ta HarpiBaHHS [0 TeMIepaTypu JUTTS NpH HEpeMIlIeHH] ii B3IOBXK
MaTepianbHOro  (1HXKEKI[IHHO-TIIACTUKAIIIMHOTO) UWJIiHApa JUTTeBOi MamuHu. [lnactukariis
BKJIIOYAE TOIJIEHHSI, TOMOTEHI3aIliI0 1 103yBaHHS.

TorenHs mosimMepy BiAOyBaeThCs B LMJIIHAPI 3a paxyHOK: Nepefadi TEIUIOTH Bif Horo
HarpiTUX CTIHOK, BHACIIJOK JMCHUMAI] €Heprii B’43K0i1 Teuili po3TOomy B KaHalax IIHEKY Ta BiJ
TepTs Marepiaiy 00 CTIHKHM LMTIHJPA, IIHEKa, a TAKOXK OKPEMHUX YaCTMHOK MIXKCOOOIO.

[Iporiec TOTUIEHHS BKITIOYAE:

a) MpOrpiB MaTepialy 3a paxyHOK TeIUIONepeiadl BiJl HArpiToro MaTepialbHOr0 HWIIHIAPY
710 CHPOBHHH TIPH TIOCTYNAILHOMY PYCi ITHEKA B MOMEHT yIIOPCKYBaHHS;

6) o0’enHanuit  HarpiB  (KOHBEKTMBHMH 1  BHYTPIIIHIM)  NpH  IUIaCTHKAIl
(romoreHi3ailii)i J03yBaHHI B MOMEHT 00€pTaHHSIIIIHEKA.

Temmeparypa Ha BUXO/I 31 IIHEKA CKIIAJAETHCS 3 TEMIIEPATypH, JOCSITHYTOI MaTepialoM 3a
paxyHOK TerJionepeaayi, 1 TeMepaTrypHu BiJl eHeprii B’s13Koi Tedii po3Toiy npu oOepTaHHILIHEKa:

Tp=Ty+ N-a+P-b, 4.2)

ne: T,— Temmeparypa CTIHKM LMIIHIApa; P — Tuck muactukauii; N — KUIBKICTE 00epTiB
IIHeKa, 00/XB; a, b — KoedimieHTH, sKi 3aJeXaTh B MPUPOAU TMOJIMEpY, HANpPUKIAL, IS
kayuykiB: a =0,07-0,4; b=0,5-1,5.

Etanu romoreHizamii i J03yBaHHS CyMIllleHI 1 BiIOYBAarOTbCS TOMAI, KOJH IIHEK, SKUI
00epTaeThCs, BITXOANUTH 32 PaXYHOK THUCKY, III0 CTBOPIOETHCS B HAKONWYCHIN HA KIHIIEBUKY IIHEKA
no3i posromy. Jlo3a HaOupaeTbcs Ha BUXOAlI 31 IIHEKa Npu Horo oOepranHi. [lo3yBaHHS
3MIMCHIOETHCS, SIK MPABHJIO, MICTSA 3aKIHYCHHS BUTPHUMKH ITiJ] TUCKOM TOIMEPEIHHOTO MKy 1
Y3TOKY€ETHCS 13 TPUBANICTIO BUTPUMKH Ha OXOJOKEHHS BUPOOYy 1 po3mukaHHsa ¢opmu. s
MOKpAIIEHHsI TOMOIEHI3allli PO3TONy YacTo Ha UIIHEK 3a JOMOMOIOK By3Jla YINOPCKYBaHHS
MOJAETHCS JICAKUNA TUCK — THCK MIANOpY. Y pe3yapTaTi THCK y HAaKOMMYYBaJbHIM 1031 MOBUHEH
OyTh BUIIUM, MO0 mepeMicTHBCsA IMHEK. [Ipw Takomy MeTomi sl 3amoOiraHHs TepeTiKaHHS
pO3TONY B 3BOPOTHOMY HANpsIMKYy Ha XBOCTOBHKY IIHEKa CTaBIATh 3amipHUid mpuctpiid. Ciifg
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3ayBaXUTH, IO MPH IJIBUIICHOMY THCKY 3MEHIIYETbCS IIBUAKICTb OOEpPTaHHS IIHEKa, L0 €
OCHOBOIO ITOKpPAIIEHHs I'OMOTEHi3alil po3ToIlly B KaHajaX, aje CIPUYUHIOE MOJOBXKEHHS LUKITY
JUTTS y BUNIAJIKAX, KOJIM CTAJisl OXOJIOKEHHSIKOPOTKOTPUBAIA.

3mukanfas GhOpMH 1 MBI By3/1a YIOPCKYBaHHs. BiacHe 13 1i€i onepartii moYrMHAEThCS ITUKIT
JTUTTS. 3MUKAHHS 3/IIHCHIOETHCS MiCTs BCTAHOBIICHOT TEXHOJIOTIYHOI May3H, sKa rependadeHa micis
3HATTS BUPOOY (U1 MOXKJIMBOIO O4YMUIICHHs (opMmu, ii 3MallyBaHHsA aHTHaaresusom). dopma
3MUKA€THCSI BHACHIJIOK TEPEMILICHHS PYXOMOi IUIMTH MAalluHHM, Ha SKId 3akpimiieHa pyxoma
niBdopma. [Ticis 3MUKaHHS TEPEBIPSAIOTh MPABWIBHICTD 3IMKHEHHS (DOPMH: BIJICYTHICTH IEPEKOCIB,
3a30piB MK MiBpopMamMu, a TaKOX MOBHE CIPSMIICHHS BaxkeniB 3anupaHHs. [lpu 3mukanHi
HEOOXITHO CTBOPUTH 3yCWIUIS 3alMpaHHs, sKe O 3amo0irjo po3MUKaHHIO (po3repMeru3arlii)
¢dbopmunpu ynopckyBaHHimMarepiainy.

[TinBeneHHs By3ia yHmOPCKYBaHHS 10 (OPMH 3IIHCHIOETHCS OKPEMHM MEXaHI3MOM, SKHH
nepeMillye Bech MaTepiajJbHUNA IIIIHAP 10 YIIOPY COIUIa B JUBHUKOBY BTYJIKY (IEKOJIH MOKJIMBE
nepemilieHHs ¢GopMHM 0 LWIIHIApa TpH il 3MUKaHHI). BHAcHigoK MmhOro COMIO HHJIHIpA
VIIUPAETHCS B JIMBHUKOBY BTYJIKY (DOPMHU 1 CTBOPIOETHCS HEOOXiIHE 3yCHIUIS MPUTHCKAHHS, SIKE
3arnobirae BUTIKaHHIO po3Tolly. Jis HamiifHOCTI omepaii CiiJi CTeXUTH 3a CIIBBICHICTIO cOIUia i
BTYJIKH, & TaKOX 3a BIAMOBIAHICTIO iX miamerpiB cdepuunocti. Komu chepa comna Oinpma Bif
cepu JTMBHUKOBOI BTYJIKH, YTBOPIOETbCS TAaK 3BaHUN rPUOOK, SKUH 3aTpUMYy€LIEHTPaTbHUHIMBHUK
IpU PO3MUKaHHI, BHACTINOK 3aCTHTaHHS MaTepialy B CTBOPEHOMY IPOMIKKY MK BTYJIKOIO i
COILIOM.

YnopckyBaHHs po3Tony. 3allOBHEHHS JINTTEBOI (POPMHU € BU3HAYAIBHUM €TAIOM JIUTTEBOIO
dbopMyBaHHS. 3aragbHOI BHMOIOIO JUIS BCIX MOJIMEpIB TMiJ 4Yac LbOTO MPOIEeCY € TIOBHE
3aIOBHEHHS TOPOKHIUHM (POPMU MOHOJITHUM 1 SIKOMOTa OJHOPiIHIIKM po3TonoM. [Ipudomy ioro
CTaH Mae OyTH TakuM, 00 3aJMIIKOBI HANpy>KEHHS B 3aTBEp/HUKEHOMY BHpoOiI Oynu
MiHIMaJgbHUMH. [Ipy JAUTTI M TUCKOM TEPMOIUIACTIB rapsiiuil po3TOIl YIOPCKYIOTh B XOJIOJIHY
dbopMy 13 TemrepaTyporo 3aBKIM BUIIOK BiJ KIMHATHOI, ajie Habarato HWXKYOI0 HDK TeMmIepaTypa
postomy. ToMy 3amoBHIOBaHHS MOPOKHUHU (OPMU B110OyBa€eThCs 3 O€3MEPEPBHUM OXOJIOKEHHIM
postomy. Ilpu npbomMy HOro B’S3KICTh 3pOCTa€ BiJ BHU3HAYEHOTO (PEOJIOTIYHO HEOOXITHOTO)
3HAQUEHHA aX [0 ‘HECKIHYEHHOCTI” (BIANOBIAA€ B’A3KOCTI TBEPAOro Tima) y Touml I.um Ty,
[IpupogHo, 1m0 [UIAX PO3TOMy, a, OTXKE, 1 Yac YHOPCKYBaHHsS, 3aJeKaTUMYTh BiJ
TEMIIEPATypONpPOBIIHOCTI MoyiMepy. YuM BoHa Ouibllla, TUM BHIIA I[IBUJKICTb HapOCTaHHS
B’A3KOCTI 1, BHACHIOK IIbOTO, MEHIIMNA HUIAX PO3TOMmy.SIKiCTh 3amoBHEHHS (QOPMHU 3HAYHO
3aJIeKUTh B1Jl HIBUAKOCTI YIIOPCKYBAHHS, TEOMETPIi MOPOKHUHU 1 TEMIIEPATYpU pO3TONY HOopMH.

3po3yMino, 1110 BHACIZAOK Teyil B IUBHUKAX IiJ] JI€10 3HAYHOTO HANpPYKEHHS 3CYBY PO3TOII
JT0JIATKOBO TOMOTEHI3Y€ETHCA.

Burpumka mij TckoM (yiiabHeHHd). Ilicns 3anoBHEHHs! MOPOKHUHU (POPMU THCK B opMi
3pocTae A0 THUCKY (GopMmyBaHHS (Pg), SKHH HEOOXIIHUN JUId CTBOPEHHS MOTPiOHOI MOHOJITHOCTI
BUpoOy. OfHOYAaCHO BiOYBA€THCS CYTTEBE OXOJOPKEHHS PO3TOIMY, a, OTXKe, 30UIbIIEHHS HOro
TYCTHHH, 110 TPU3BOJIUTH 10 3MEHILIEHHS 00’eMy (cmocrepiraeTbcs ycazaka). Jns xommeHcaiii
ycaaKu marepiany y GpopMy HaIXOAWUTh MiJ TUCKOM JOAATKOBA MOPILis pPO3TOMY 332 PaxyHOK HOTo
“miATHCKaHHS 3 MaTepiajJbHOrO HMJIIHAPA, Y SIKOMY BU3HAUE€HUN Yac MIATPUMYETHCS THUCK JUTTA
HiCNIA YIOPCKYBaHHs. BUTpUMKa MpakTHYHO 3aBEPIIYETHCS, KOJIU MaTepiaj 3aCTUra€ y BIYCKHUX
kaHanax. OTxe, 32 paXyHOK BUTPUMKH B110yBAa€ThCA JOJJaTKOBE HArHITAHHS PO3TOIY B MOPOXKHUHY
dopmH, e MIATPUMYETbCS HEOOXITHMM TUCK (OpMYyBaHHS, BHACIIJIOK YOro MaTepiai
VIIUIBHIOETHCS, 110 MO3UTHUBHO BIUIMBAE Ha (DI3MKO-MEXaHIYHI XapaKTEPUCTUKH BUPOOY. 3aBAsKU
[IbOMY yCYBa€TbCsi Opak (HETOUHI pO3MipH, YTSHKMHM ¥ 3amajuHu Ha moBepxHi). “TlinTuckanHs”
PO3TOIY MOXJIMBE MPH ICHYBaHHI AESIKOIr0 3amacy XoJy IIHEKa, KM pO3paxOoBYIOTh, BUXOAAYH 3
00’eMy 71031 3 ypaxyBaHHSIM IIi€l IEPBUHHOI ycaaku (301)KHOCTI MaTepialy Ipy 3aCTUTaHH1).

OxonomkeHHss BUpoOy v dopwmi. [licns BuTpuMKu Tifg TUCKOM (OpMY BHUTPUMYIOTH
HeoOXiHMIA Yac y 3IMKHEHOMY CTaHi JJI1 OCTaTOYHOTO 3aTBEPIIHHS MaTepialdy y BChOMY 00’eMmi.
Temneparypa BupoOy npu po3MHKaHHI TOBUHHA OyTH TaKolo, 00 MpH BUIAJICHH] HE BiAOyBanocs
fioro >x0y100JIeHHA 4M pyHHYBaHHA (TOOTO mMoJiMep MOBUHEH OyTH B CKIIONOAIOHOMY cTaHi). Sk
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NPaBUJIO, BHUPIO OXOJOPKYETHCS 32 PaxXyHOK KOHBEKTHBHOTO TEIIOOOMIHY HUISXOM I0jadi
XOJIOJIOAreHTy B KaHAJIM OXOJIOJKEHHS, K1 BUKOHAHI B CTiHKaxX (Gopmu. PaKTUYHO OXOJIOIKEHHS
MOYMHAETHCS BiApa3y Micis MOMAfaHHsA PO3TONy B MOPOXHUHY Gopmu. OnHak, BHACTIIOK
MTOHMKEHOT TETUIOMPORBITHOCTI MOJIMEPIB MEPEXif iX 13 B A3KOTEKY4OIro CTaHy y CKJIOMOAIOHHHI ab0
TBEPIUN KPUCTANIYHUKA CTaH B ychoMy 00’emi BigOyBaeTbcsi OuTbIIMI (B TOpPIBHSHHI 3
YIOPCKYBaHHSIM) yac.

Posmukanss dopmu i 3HATTS BUpoOy. [licns oxonomkeHHs BHpoOOy GopMa pO3ZMHKAETHCS.
Pyxoma miBdpopma BimXoauTh, SK TMPaBHIO, Pa3oM 3 BIUIMBKOIO 1 CTEp)KHEM IIEHTPAIbHOTO
nuBHUKA. [Ipy OCATHEHHI KpalHbOTO TOJOXKEHHS BIJUIMBKA BHIITOBXYETHCS 3a JOMOMOTOIO
BHUIITOBXYBJIBHOI CHCTEMH 4YHM 3HIMAEThCA Bpy4YHY. PydHy poOOTYy Ciij 3aMiHATH MEXaHIYHOIO
(HampuKIaa, BUKOPHCTAaHHS poOOoTiB). Ilicast 3HATTS BIAJIMBKU, MPOBOISATH 3MAIlyBaHHS (OPMHU
aepO30JbHUMH aHTHAATE3UBHUMH 3aC00aMH, OCOOJIMBO IPH MEpepoOIl MOJIMEPIB 3 MiABUIIICHOIO
MIOBEPXHEBOIO CHEPTi€lo (aaresiero). BiymBka nmepeMiniaeTsecsl Ha CTAAiII0 MEXaHiuHOI 00poOKH abo
JIMBHUKHU BIATUHAIOTHCS HAMICLII.

3.1.5. Ilpouecu, sKi CynpoBoAKYIOTh HUKJI opMYyBaHHS, i IX BILIMB Ha AKiCTH
BHPOOIB NPH JUTTI MiATHCKOM

HaiiBaxxmBimumii BIJIMB Ha BECh MPOIEC JIUTTS 1 HA SKICTh BUPOOIB MArOTh MPOIECH, SIKi
CYIIPOBODKYIOTH YIIOPCKYBAHHS PO3TOILY Y IOPOKHUHY (POPMH — 3aIOBHEHHS (DOPMHU.
3anognenna PopmyeanbHoi nOPOHCHUHUDOZMONOM

BupoOu npu 1uTTi MatoTh Halpi3HOMaHITHINY KoH(irypaiito i macy. s ix odhopmiaeHHs
po3polIieHo 0araro THITIB OCHAIIEHHS 3 BIIIOBIIHOIO JIMBHHKOBOIO CHCTEMOIO 1 KOH(iryparieo
MOPO’XKHUHU. Bce 1e, mopsii 3 peosIoTiYHUMHU XapaKTePUCTHUKAMU pO3TOIy, OOYMOBIIOE pi3HI
MeXaHi3MU 3amoBHEHHS (opmu. Bim peosoriyHMX XapaKkTEpUCTHK B MEPUIYy YEPry 3aJeKUTh
XapakTep Tedii, sika 3aJeKHO BiJl TEMIIEPATypu 1 THCKY YHOPCKYBaHHS MOXE 3MIHIOBATUCH BiJ
rceBoIaMiHapHOT 10 iceBAOTYpOyneHTHOI. OCHOBHI MEXaHI3MHU 3allOBHEHHS TaKi.

®poHTOBE (JaMiHApHE) 3alMOBHEHHS MOPOXHUHU (puc. 4.13) MOXITUBE JHIE TOMAI, KOJIU
YIIOPCKYBaHHs 3J1MCHIOETBCSA y HEBHCOKY IOPOKHUHY IIPH MaJlil INBUIKOCTI: U),,— HIBHIKICTh
yrmopckyBaHHs; h — BHcOTa BIyCKHOro KaHany; H — BucoTa mopokHHUHH (opmu. Orxe,
3aloOBHEHHS (pOHTOM BinOyBaeThest, konu H =h (He3Ha4HO BIAPI3HAIOTBCA) 1 U)),HEBHCOKA.
PanianbHa Tedwis po3TOmy BiJ BIYCKHOTO JIMBHHUKA YTBOpIOE (POHT Teuii (IIBKOJO), SIKUN
BUPIBHIOETBCS MICIS IMPOXOKEHHS MOPOKHUHU. DPOHTOM € BHCOKOETACTUYHA IUTIBKA, sKa
PO3TATYETHCIHACTYTHUMHITOPIIIIMU PO3TOITY. BHACTI IOKOX 010/ PKEHHATUTI BKHY TBOPIOETHCATOHKA
KipKa,4epe3 e BUAKICThTe 1 13MEHIITY € ThCSI, TUCKY310BXK IOBXKUHU(OPMHUTAKOXKIIAIAE.

Puc. 4.7®@ponmose 3anosnents nopodicHunu gopmu

CTpyMUHHHMH MEXaHi3M 3allOBHEHHS CIIOCTEpIracThCs, KOJIU BHCOTa KaHaly N 3Ha4HO
MEHIIa 3a BUCOTY TMOPOXKHUHU H, a IIBHIKICTb YIOPCKYBaHHS BHMCOKa, BHACIIJOK YOTO
YTBOPIOETHCSI CTPYMUHA, 5IKa 3BUBAETHCS, A MICHS JOTUKY O TUIBHOI CTIHKU MOPOKHUHU TTOYUHAE
CKJIQIATHCh 1 3’ €THYBATUCh MK co00t0 (puc. 4.8). TyT TakoX MpPU KOHTAKTI 3 XOJOJHOK CTIHKOIO
YTBOPIOETHCS TOHKA KipKa, ajie BOHA MOXE IMOTPAUTH B Oy/Ib-sIKy YaCTUHY 00’ €My uepe3 3BUBAaHHS
CTPYMHUHH, 1110 MOXE BUKJIUKATH YTBOPEHHS B 00’ €Ml MacH JIiHII PO3AUTY — XOJIOIHUN crail. Pazom
3 TUM TIPH BiJIOBITHOMY PEKUMI KipKa MOKE€PO3TONUTHUCH.
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Puc. 4.8. Cmpymunnuii mexarizm 3anoeHenHs popmu

Oxpemuii BUNIaIOK yTBOPEHHS XOJIOJHUX CHaiB B 00’ €Mi, KOJIM HA IUIAXY MMOTOKY PO3TOMY y
(dhopMyBaJIbHIN TMOPOKHHHI 3HAXOAWTHCSA 3HAK. B TakoMy BHITaJIKy TOTIK PO3IUISETHCA, IO
3aKOHOMIPHO, 1 CXOJUTKCS TICIHISA 3HAKY B JCIIO OXOJOKEHOMY (3arymieHomy) Burisai. e wacro
MEPEIIKOKAE 3JIUTTIO MOTOKIB (YTBOPIOETHCS XOJOIHUH crait). Psi 3 X0moHUM cliaeM 3a 3HaKOM
YTBOPIOETHCS TOBITPSIHA Kamepa, sKa BHACTIJOK TIJBUIICHHS B’S3KOCTI PpO3TONY MOXKE
3a(ikcyBaTHCh y BUPOOI1 y BUIJISAAI MOPOKHUHHU. OCTaHHS MOXKE PO3TAIIOBYBATHUCH HE 00OB’I3KOBO
3a apMarypoto (i THCKOM MOKE TIEPEMICTUTHUCH JI0 KParo).

VY Bumnaaxy ¢opMyBaHHS TOHKOCTIHHUX BUPOOIB MepeBakae 3alIOBHEHHS (OPMU CYLLTEHUM
¢pontom. Toxi MOTIK pO3TOIY MOTUKAETHCS 10 CTIHOK (opmu (ii TemMnepaTypa 3HAYHO HUXKYA, A
TOMY OCTHTaHHS OiNil CTIHKM BIJOYBA€THCS IIBUAKO) 1 MOXJIMBE YTBOPEHHS BHCOKOEIACTHYHOT
KipKH, y SKii MakpOMOJIEKYJIH OpPIEHTYIOTBCS B HANPSMKY pyXy TMOTOKY ((iKCyIOTbCsS MpH
IIBUAKOMY OXOJIO/PKEHHI 1 HapocTaHHI B’si3kocTi). OpieHTallis B KPUCTATIUYHUX THOJiMEpax
BUKIIMKAE  TPUCKOPEHY  KpHCTami3amiro, sKa 0  TOTO  JK  3aBEpIIyEThCS  Ha
MOYaTKOBUXCTA/IIIXBHACIIIOK BEIMKOI IIBUIAKOCTI OXOJIOKEHHS.

Bnaue xapaxmepy 3anognenna ¢popmu na enacmugocmigupoois

XapakTtep 3anoBHeHHs (HOPMH CYTTEBO BILJIMBAE HA BIACTUBOCTI BUPOOIB.

1. CTpyMHHHHUH pEeKUM 3alIOBHEHHS PO3TOIOM 3 BUCOKOIO B’SI3KICTIO MOKE€ MPU3BECTH
710 3HUKEHHSI MOHOJIITHOCTI Ta MIIIHOCTI BUPOOY uepe3 paKkOBUHOYTBOPEHHS W BHYTPIIIHI XOJI0H1
crai, SIKi 3yMOBJIIOIOTH MTOSIBY BHYTPIIIHIXHAPY/KEHb.

2. 3anoBHEHHA (QOPMHU CYLUIBHUM IIOTOKOM pO3TOINY 3 TIABHUILEHOK B’A3KICTIO
MPU3BOJUTH JI0 MPUCTIHHOI Opi€HTAI] 1 pi3HOTO CTYNEHs KpHcTani3auii BUpoOy 3a HEpeTHHOM, 1110
BUKJIMKA€ aHI30TpOMi0 (I3UKO-MEXaHIYHUX BJIACTHUBOCTEH (IJBUILIEHA MILHICTH Ha PO3PUB Y
INPUCTIHHUX IIApax Yy HAOpsAMKY IOTOKY). Y mojiMepax 3 JKOPCTKUMHM MaKpOMOJIEKYJIaMH
BHACJI/IOK PI3HMIII Opi€HTALlli BAHUKAIOTh BEJIMKI BHYTPILIHI HAIPYKEHHS, 110 MOX€E MPU3BECTH 10
MOSIBU MIKPOTPILLUH.

3. [Ipu 3anoBHEHHI GopMH 3 apMaTYpOIO YU MPOXITHUM 3HAKOM MOKJIMBE YTBOPEHHS
XOJIOAHOTO CIal0 B HANPAMKY PyXy MOTOKY HICIlis apMaTypH 1 pakKOBHHH 4epe3 BIJICYTHICTb pyXy
PO3TOIly 3a BCTaBKOIO. XOJIO/HI crai MPU3BOJAATH /10 MOSIBU BHYTPILIHIX HANpy>KEHb 1 3HUKEHHS
MIIHOCTIBUPOOY.

Jnist 3MeHIeHHs epeKTy craro JUTTS BUKOHYIOTH MPH MiIBUIICHUX TeMIIepaTypax po3ToIry
i ¢opMH Ta 3 BHCOKOIO IIBHJKICTIO YINOPCKYBaHHs (IPSMONPOIOPIINHHO 3aleXHUTh BiJ] THUCKY
ynopckyBaHHs). Takok MOXHA BUKOPHUCTATH camo3alipHl JMBHUKOBI COIUIA, SKI BIIKPUBAIOTHCS
MicHs JOCATHEHHS BIAMOBIIHOTO THUCKY. BCl 1l 3aX0u MOMOBXKYIOTh UK JIUTTS, ¥, BiIMOBIIHO,
3HIXKYIOTh TIPOTyKTHBHICTH TPOIIECY.

Cmaoii ynopckyeannsa po3mony i 6HYMPIHIHANDYHCCHHA
[TpruvHY BUHHKHEHHS BHYTPILIHIX HAmpyXeHb. SIK ByKe 3a3HAYaIOCh BUIIE, BHYTPIIIHI

HaIpy>XeHHsI — 11€ 3a()iKCOBaH1 HANPY>KEHHS 3CYBY y BHUTJIAI OPIEHTOBAHUX MaKpOMOJeKyn. Uum
BUIIA B’S3KICTh, TUM OlbIIIa WMOBIPHICTh BUHMKHEHHS Opl€HTAllIiHUX HarpyxeHb. HanpyxeHHs
BHUHHUKAIOTHh TOJII, KOJIM HEMOXKJIMBA peraKcallisi Halpy>KeHb 3CyBY, a peJjlakcallis 30UIbIIYEThCS 31
3pOCTaHHSM PYXJIHMBOCTI MOJTIMEPHUX JIAHIIIOTIB BHACIIAOK KOH(POPMALIHHUX 3MiH.

3aJie)KHO BiJ eTamy 3amoBHEHHS (OpPMH TIPH YIHOPCKYBaHHI MOXYTh BHHUKATH Pi3HI
HaTpy>KEHHS.
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[lepimmii eTam: oOpieHTAUiWHI HANpYKEHHS — MeplIi MHopLii MaTepiany MONaNaloTh Ha
XOJIOAHI CTIHKHA (POPMHU, OPIEHTOBAHI MAKPOMOJIEKYIIH B HAIIPAMKY PYXY ‘“3aMOPOKYIOTHCS 1 TAKUN
cTaH 30epiraeTbCcsi B TOHKOMY IIapi BUpoOy. Y TOBCTOCTIHHUX BUPOOax HACTYIHI MOPIIT Marepiamy
PO3IrpiBarOTh MPUCTIHHKUNA AP, IO OOYMOBIIIOE pelaKCallil0 BHYTPIIIHIX HANIPY>KEHb B HHOMY.

Jpyruil eran (BUTpUMKA I/l TUCKOM): OpI€HTAIiiiHI HANpPY)XKEHHS y BHYTPIIIHIX MIapax,
KOJIU MPOBOAATH ITPKUBIICHHS JUIsI KOMITEHCAIIIT ycaaKy (HOB1 MOPIIii MaTepiany HaaXOIsITh B yXKe
JOCTaTHBO 3aryciy Macy, BHACHIJOK YOTO MOTIK OPIEHTYETHCS).

Tperiit eTan: MOXKJIMBE BUTIKAHHS MaTepialy Micis BiIBOMY collia (rapsiueKaHalIbHE JIUTTS),
KOJHM y BIYCKHOMY KaHaJl PO3TON HE 3acTurae. BUHHWKAIOTH Opi€HTalliliHI HANPYXEHHS B 30HI
BITYCKHOT'O KaHaJly B HAlPSIMKY BUTIKaHHSI.

YerBepTuil eram:Tedis B TOPOKHUHI 1 OpIEHTAIisl BHACIIJOK BHYTPIIIHBOTO PYXY
MaKpOMOJICKYJI (BHYTpIIIHS Tedis). BHyTpilIHI HampyXeHHS CYTTEBO BIUIMBAIOTh Ha SKICTh
BUPOOY, BOHH MOXYTh MPHU3BOJUTH /IO KOJOOJCHHS, PO3TPICKYBaHHS HOTO MOBEPXHI, 3HIKCHHS
MEXaHIYHUXBJIIACTHBOCTEH.

Ha opienTamiro MakpoMoJieKysl 1 BUHUKHEHHS BHYTPIIIHIX HaIllpy)X€Hb BIUIMBAIOTH TaKi
(bakTopu:

- pUpOJAoNiMepy(JIiHIHHITOTIMEPH, PO3TaITy>KEeH], TOJIIPHI, HENOJSAPH1, I TUBHI,e71acT

WYHi)

— BHILIA KOHLIEHTPAIIisl HAPY>KE€Hb, KOJIH MEPEepOoOIITIOTh pO3TalyKeHi, INTUBHI Ta MOJSPHI
MOJTIMEPH;

- Ha/IMOJIEKYJISIpHA CTPYKTYpa (amMmopGHi, KpucTaivyai). AMOp(dHI ToTiMepH OLTbIIT
CXUJIBH1 0 Opi€HTAlli{, KpUCTANIIYHI — IO PI3HOTO CTYMEHs KpHUcTati3alii 1 HOSBUMIKPOTPIIINH;

- PEOJIOTIYHI XapaKTEPUCTUKH — B SI3KICTh PO3TOITY, 3aJICKHICTh B’ I3KOCTI BiJl
TEeMIIEpPaTypH 1 HIBUAKOCTI3CYBY;

- TEXHOJIOTIYHI TapaMeTPH JIUTTS IMiJ] TACKOM (1X BIUTUB HABOJHUTHCS Ha puc.4.9).

1 — Temneparypa Gpopmu; 2 — TeMnepaTypapo3Tony;3 — TOBIIMHA CTIHKH BUPOOY; 4 -THUCK
YIIOPCKYBaHHS;S — BUTPUMKA TI1/T THCKOM.
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Puc. 4.9. Bnaus mexnonoziunux napamempis 1ummsi nio mucKkom Ha CMyniHb opieHmayii
MAKpOMONEKY

KpiM opieHTaliifHUX BHYTPILIHIX HAMpYyXeHb Y BUPOOaX MOXKYTh BUHUKATU HANpy>KEHHS
BiJl HEpPIBHOMIPHOrO (IIBUJIKOTO) PEKUMY OXOJIOJDKEHHS — TEpMIYHI HAmpyXeHHs, a TaKoX
MeXaHi4Hl1, Kl BAHUKAIOTh BiJ] 3yCHUJII BUIITOBXYBAayiB.

Tepmiuni (Ipu 0XOJIOKEHH1) HANIPY>KEHHS! BUHUKAIOTh MIPU HEPIBHOMIPHOMY OXOJIOJKEHHI
[0 TOBLIMHI CTIHKW. YTBOPIOETHCS NPHUCTIHHA TBEpJa Kipka 1 marepian Juisi KOMIeHcaiii
Hanpy>KeHHsI MIX KIPKOIO 1 HACTYITHUM IIApOM PO3TOIY OPIEHTYETHCS B HANIPSIMKY i1 HAIpy>KEHHSI.
Lst opieHTAIIIs “3aMOPOXKYETHCS” TIPU 3aCTUTAHHI 3 (PIKCAIIIEI0 HATTPYKEHb.

TepMmiuHi HampyXeHHS TaKOX BHUHUKAIOTh TPU PI3HOTOBUIMHHOCTI BUPOOIB, KOIHU B
TOHKOMY MICIIl MaTrepiaj 3acTUTae, a B TOBCTOMY Iapi — 3aJMIIA€Thbes me B po3romi. Ha mexi
PO3MOALTY BUHUKAIOTh BHYTPIIIHI HAPY>KEHHS 3 OPIEHTALIIEI0 B HAMIPSIMKY €T MEXi.

[Tpu BUITOBXYBaHHI BUPOOY BHYTPIITHI HANIPY>KEHHS] BUHUKAIOTH TOJ1, KOJIU:

- BUPi0 BUIITOBXYETHCS O MOMEHTY HaOyTTs HUM MOTPiIOHOTKOPCTKOCTI;

- 3aHA/ATO BUCOKHH 3aIMIIKOBUHN THUCK Y OpMi MPpH 1ipO3MUKaHHI;

- CTBOPIOIOTHCSI BUCOKI 3yCHIIISI OOTUCKAHHS eNIEMEHTIB ()OpMU MpH 301KHOCTI
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(ycanui) MaTepiaiy IiJ 4ac OXOJOIKEHHs (Ipy 00THCKaHHI 3HAKY, TyaHCOHY,TOIIO).

Sk Gaummo, OUTBIIICTH BUNAAKIB BUHUKHEHHS BHYTPIIIHIX HANpYXeHb MOXKHA YCYHYTH
[UIIXOM Mi00PY NPAaBHIBHOTO PEXKUMY JIUTTS Ta KOHCTPYKIIiT GopmMu 1 BUpOOY.

BHyTpimHi HanpyxeHHs € OakaHUMH, KOJIW IOTpiOHA MiJIBUINEHA MIIHICTh B OJHOMY
HanpsMKy. Toali BOHM OOYMOBIIOIOTH OpIEHTAIiI0 TMPH JHUTTI B [bOMY HANpsMKy BHIIE
PO3TIISIHYTUMHU METOJJaMHU.

Kpucmanizauia mepmonnacmis ygpopmi

Kpucranizarmiss Mae BaXJIWBHHA BIUIMB Ha (opMyBaHHS BHPOOIB HEOOXIIHOI SKOCTI TpH
nepepoOii KpUCTATIYHUX ModiMepiB. Pexxum kpucramizamii 3aeXuTh B IEpUIIy 4Yepry Bif
temriepatypu. Cam mporiec IpoXOAuTh Y ABI CTafll: 3apOAKOYTBOPEHHS 1 KpUCTaji3alis B 00’ eMi.
YTBOpeHHs 3apOoAKY BiZOyBa€ThCS MPHU BUILIN TeMIepaTypi

Y 1mijoMy KIHETHMKa KpHUCTadi3amii 3aJeXUTh BiJ  CIIBBIIHOIICHHS IIBHIKOCTEH
3apOJIKOYTBOPEHHS 1 pOCTy KpucTamiB. SIk 0aunMo, MIBHUIKICTh KpPHUCTANi3alii €KCTPeMaIbHO
3aleXUTh BiJ TEMIEpaTypu MoOJiMepy, SKa y CBOIO YEepry 3aJIeKUTh BiJ] CHIBBITHOLIECHHS
TeMIeparyp postony W (opmu. 3aJieKHO BiJ MIBHAKOCTI OXOJIOMKECHHS MOXKE CIIOCTEPIraTHUCh
PI3HHUI peKUM KpHUCTaJTi3aIlii.

[lepeoxonopkenHs: (MakCUMalbHa MIBHIKICTh OXOJO/DKEHHS) MOXKE TIPHU3BECTH [0
“amopdizamii” momimepy (mporec npu 7' <T,.) — KpUCTaIi3allis 3yIMHUHIETbCA HA HU3BKOMY PiBHI
3pOCTaHHS HAJMOJICKYJSIPHUX YIIOPSAIKOBAHUX CTPYKTYp. Y TaKOMY BHIIaJIKy BUCOKa HMOBIPHICTb
OpIEHTAIIMHUX BHYTPILIHIX HampykeHb. [Ipy MIBUIKOMY MNEpEOXOJIOMKEHHI MOXIHUBUNA TaKOXK
BUCOKHH CTYIiHb HEOAHOPITHOCTI HAAMOJEKYISIPHOI CTPYKTYpH: Ha TIOBEpXHI HalMEHII
OpraHi3oBaHi CTPYKTYpH 31 30UIbIIEHHSM opraHizauii no cepenunu. [Ipu 1boMy MOXIHBa
NPUCTIHHA OpIEHTAIlisl CTPYKTYpHUX YIpYyIyBaHb (JlamMeJiei, CTpidoK, JaHIoriB). Bupio,
OJIep’)KaHUi y TaKUX YMOBaxX MOXKE CYTTEBO 3MIHIOBATHCH MPU HArpiBaHHI HOro A0 TeMIeparypu
PO3M’ IKIIICHHS.

VY BUMaaKy, Koiu Temreparypa Gpopmu 6iiu3bka abo TOpiBHIOE Temieparypi kpucramizamii (

m . . . o
T ,2" ), Hacrae pexuM 130TponHOI  KpucTami3auii, sKkuil OOyMOBIIOE MaKCHMalIbHY

OJTHOPIIHICTBICTYMIHb KPUCTAJIIYHOCTI B yCbOMY 00’€Mi; ajie 1€ HaATO TPUBAIMN mpolec 1
BUKOPHUCTOBYIOTh HOTO PIAKO.

. ITpu HIOKYKMX TeMIepaTypax YTBOPIOETbCS OUIBII MIACTUYHUH 1 Tpo30puil BUpiO Ha OCHOBI
amopdunoro I1ET.

Ycaoka (3oixcnicms) mamepiany npugdopmyeanni

[Tpu oxonomxeHH1 Marepiany Bia TemnepaTypu po3romy (7,) 0 KIMHAaTHOI TeMIepaTrypu
CIIOCTEpIraeThCs ycaaka (Marepiai 30iraeTbes), ska Moke OyTH JBOX BHJIIB: BHACIIJJOK TBEPIHEHHS
MaTepiany (3poCTaHHS TYCTUHH) 1 JTIHIMHOTO (YU 00’€MHOTr0) 3BYKEHHSI MOJIIMEPY MPU MOHMKEHH1
temneparypu. Llst ycamka mpoxoanTs, K MPaBIiIo, y Pi3HUX HaNpsMKax mo-pizHoMy. BoHa BrmBae
Ha TOYHICTH BUPOOY 1 BU3HAYAETHCS 32 (HOPMYIIOIO:

y="Te_ 1000 (4.9)
In

ne: |,— po3mip nopoxuuuu Gopmu; l— posmip BupoOy.

Po3pi3HsitoTh aOCOMOTHY ¥ BiTHOCHY YCaJKy, a TaKOX YCaIKy IMEpPBHHHY W BTOPHUHHY.
IlepBuHHa ycagka — e ycaaka Marepiady y (opMi NpOTATOM LHUKIY JIMTTS, BTOPHHHA
CIIOCTEPIraeThCs MPH OXOJIOMKEHHI BUPOOY 0 KIMHATHOI TEMIIEpaTypy MICJid BUIITOBXYBAHHA 3
¢dopmu. lnst BUpoOiB 3 TEPMOILIACTIB XapaKTepHa aHI30TPOIIisl YCAKH, sIKa JOPIBHIOE:

AH(y)_Ych).qb _Ynonep.d),
Ye30.¢ y (4.1)

T€: Y 0.1 V nonep.g— YCAAKA B3OBXK 1 BHONEPEK (POPMU B1IIOBIIHO.
Hanpuknan, ms IE: y 40.4= 2,8 - 3,2 %, ¥ nonep.p= 1,8 - 2,0 %.
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Yepes HepIBHOMIpPHE OXOJIOHKEHHS BUPOOY Y GOpMi 3 TPOTUIICKHUX CTOPIH MOKIIMBA pi3HA
MIEpBUHHA ycaJlKa Micis 3HATTS BUpoOy. Uepes Te 1m0 CTIHKK MaroTh Pi3HY TeMIEpaTypy, y BUpoOi
CIIOCTEPIraloThbcsl HEPIBHOMIPHI yCaaKOBI SBHINA 3a MeXamMu (GOpPMHU TMiJl dYac KIHIEBOTO
OXOJIOJDKEHHS JI0 TeMIepaTypyu HaBKOJIMIIHBOTO MOBITPsi. TOMY BiH 3rHHA€THCS B CTOPOHY OUTBII
HarpiToi MOBEpXHi, OCKIJIBKY ii po3mipu 3MiHIOIOThCA Olbine (puc. 4.19). OTxe, ans popMmyBaHHS
SIKICHOTO BUPOOY Ba)KJIMBE 3HAUYCHHSI MA€ 1 PIBHOMIPHICTh OXOJIO/PKEHHS B ()OpMi 3 PI3HUXCTOPIH.

Tabauys 4.3
Beanunnau 00’eMHUX MapaMeTpiB AesIKUX MoJIiMepiB
Ne 3/m [[Toaimep n10° Ia B110°m°/kr
1 [1C 1,8 0,822
2 [TMMA 2,1 0,734
3 [1E 3,2 0,875
!
! s
1, ' 1y
I
| ’
1,>T,

Puc. 4.10. Bnius memnepamypu cminku Ha gpopmy upooy

3.1.6. TexHoJoriuHi mnapaMeTpu JUTTH MiJ] THCKOMTEPMOILIACTIB

TexHoJOor14H1 TapaMeTpH MOAUISAIOTHCS Ha JIBI TPYIIU:

— nepIa rpymna — napameTpu, ki BU3HaA4arTh CTaH MOJIMepy B
THXKEKI[IHTHOMYIIIITIHIPI;

- Jpyra rpyna — cTaH noiiMepy ypopmi.

[Tepmry rpyny napaMeTpiB i peXHUM JHUTTS OOYMOBIIIOIOTH TEXHOJIOTIUHI XapaKTepUCTUKU
CUPOBUHU — ii TPaHyJIOMETPUYHHUI CKJIaJ, TEKY4iCTb, TEMJIO(I3NYHI XapaKTEPUCTUKH, AHOMAis
B’SI3KOCT1 (PEOJIOTIUHI BJIACTHBOCTI), B’A3KICTb, TEMIIEPATypHUN 1HTEpBaJ B’SI3KOTEKY4Oro CTaHY.
Jlo mepioi rpymnu napaMeTpiB HalleKaTh:

- TeMmIepaTypa B MaTepialbHOMY LMITIHAPI (Ta ii MO Ha30HM);

- yac repeOyBaHHs NOJIMEpPY B IMIIIHJIP] MPUILIIACTUKALIT,

- HIBUJIKICTh OOepTaHHALIHEKA;

- TUCK YIWIIHIPI;

— TUCKJIUTTS;

- HIBUAKICTh YIOPCKYBaHHS (4aCylOPCKYBaHHS).

Jpyra rpymna ckianaerbcs 3 Temmeparypu (opmu, THCKY y (opMi, 4acy BUTPUMKHU IMij
THCKOM, 4acy a00 MBUAKOCTI OXOJIOKEHHSI.

OCHOBHUMHM TE€XHOJIOTIYHUMU MTapaMeTPaMHU €:

- TeMIIepaTypa po3TOoITy Ta pO3IMOILT TEMIIEPATYP IO 30HAXIMITIHAPA;

— Temneparypa Gopmu;

- MTUTOMUI THUCK JINTTS Ta THCKYTIOPCKYBaHHS;

- TUCK BhopMi;

- 9acymopCcKyBaHHS;

— 4yac BUTPUMKH 1T TUCKOM;

- 4ac HA0XOJIO/IKEHHS;

- 3aJIMIIKOBUM TUCK Y(hopMi.

L{i mapameTpu CKIaAAr0Th TEXHOJIOTIYHUIN PEXUM JIUTTS TepMOIUIacTiB. BoHn 3anmexars Bij
TEXHOJIOTIYHUX XapaKTEPUCTHK CUPOBUHH, KOHCTPYKTUBHHX OCOOJIMBOCTEH OCHAILICHHS, BUPOOyY i
€HEPrOCUIIOBUX XapaKTEPUCTHK 00JIaHAHHS.

BaxumBuM mapaMeTpoM TEXHOJIOTIYHOTO pPEXHMY € 4Yac IUKIY, SKAH BHU3HAYa€e
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MPOAYKTHUBHICTh BUPOOHHUIITBA 1 CKIIAIAETHCA 3 TAKUX CKJIAJOBHX:

=Tt Ympt Tloxont Pposm.gpt iz (4.12)

T T/ [l Tposu.g— 9aC 3MUKAHHA 1 PO3MUKAHHS QOPMHU; 7;yy,— 9AC YIIOPCKYBAHHS; Tyyor— HAC
Ha OXOJIODKEHHS; 7o, Yac HA TEXHOJIOTIYHY Tay3y.

3HAUCHHS Ty g, Dosdps Tnpy BHpa3i € NACTIOPTHUMHU JTAHHMH JTUTTEBOI MamuHu. Pemita
PO3PaxXOBYETHCS 3aJEKHO Bl MPUPOAM TOJTIMEPY 1 KOHCTPYKIIi OCHAIICHHS (BPaXxOBYIOUYHU
TEMIICpATYpHUH PEKUM JIUTTS W OXOJOJDKEHHs). HaiOinmpmmii BB (JIIMITYIOUHIA) Mae
OXOJIOJDKEHHS, K HAMOUIbII TpHUBAJIHMH mpoIec, Yepe3 e HWoro iHTeHcu@ikalis MPUBOIUTH [0
iHTeHcH(pikalii BChOro MpoIecy JUTTI. Y Yac OXOJIOHKCHHS BXOJIUTh YaCc BUTPUMKH ITiJT TUCKOM 1
0e3THCKY.

Yac BUTPUMKH MijJ TUCKOM BIUIMBA€E HA yCaJKy MoJiMepy ¥ (pi3uKo-MeXaHiuHi BIACTHBOCTI
BHUpoOy. Leit yac 3anexuTh BiJl TEMIEpaTyp po3Tomy i GopMH, TEMIIEPATyPOIPOBITHOCTI IOIIMEPY
1 reoMeTpii TMBHUKIB (BIMYCKHUX). OCHOBHE NMPU3HAYCHHS] BUTPUMKH 1] TUCKOM — KOMIIEHCAIIis
MEPBUHHOI YCAJKH TOJIIMEpPY, siKa BiAOYBa€ThCS TpPHU MOMAJaHHI PO3TONY B XOJOIHY (opmy.
BuTtpuMka min THCKOM TPOBOIUTHCS IO MOMEHTY 3aCTHTaHHS IOJIMEPY Y BIIYyCKHOMY JIMBHHKY,
TOOTO 10 MOMEHTY, KOJIU TeMIlepaTypa B ICHTPAIbHIM YacTUHI JIMBHHKA JIOCSATA€ 3HAYCHHS
Toxon) Tyymomimepy, ne T,— TeMieparypa TeKy4oCTIiIoIiMepy.

Yac ymnopckyBaHHS (7 y,,) BHM3HAua€ MIBUIKICTb YINOPCKYBaHHS, KOTpa sK BXe
3a3HA4YaNocs, CYTTEBO BIUIMBAE HAa PEXHUM 3alOBHEHHS (OPMH, CTPYKTYpPHY OpI€HTaLlil0 H, y
KIHLIEBOMY MIJCYMKY, Ha SKICTb BHUpOOy. SIK mNpaBmiio, 4ac YHNOPCKYBaHHS € IAcCIOPTHOO
BEJIMYMHOIO, KA XapaKTepHA JJIs JaHOI MAIIMHU 1 BU3HAYAE YaC MEPEMIlIeHHs ITHEKa (IIBHIKICTh
MOCTYNAJIbHOTO TepeMillleHHs Brepen). Yac yHOpcKyBaHHS BH3HA4ae JOBXKHHY —IUIAXY
MEePEMIIIIEHHSI PO3TONY B MOPOXKHHUHI 1 3MIHIOETHCS 3aJIKHO Bix Hei. SIK BiIOMO, IJISI KOKHOTO
noJiiMepy XapakTepHa BIAMOBIHA JOBKMHA IUIAXY NEpeTiKaHHA B KaHal (AMB. TeKy4icTb). OJHaK,
SK BHJIHO 3 JIaHUX HacTynmHoro rpagika (puc. 4.21), yac Ha npoxopkeHHs po3ronoM 90 % musaxy
craHoBUTh Oim3bko 3 c¢. Hacrymui 10 % mumsixy po3ron NpOXOJuTh 3 €KCHOHEHIIaTbHUM
CNOBLUIbHEHHAM. MakcuMaibHy Bigaaidb y ¢opmi moTpidHO BuOMpaTn Menmy Big 0,9L,,. Yac
YIOPCKYBaHHS, 3aKOHOMIPHO, Oy/i€ 3MEHIIYBATUCH 31 3MEHILIEHHSAM B’ SI3KOCTIPO3TOIY.

Yac ynopckyBaHHSI MOXHa BUPaxyBaTH, BUXOJ4U 3 00’ €My YIIOPCKYBaHHS:

L M“
’ TIH&X
|
0’9Lmﬂx ________ :
J | |
! i
| |
| |
| |
| |
1 ] T 1 T I 1 >
0 2 4 6 8 10 T,C
ypo_ G
P -
.l"-“_p L I ' C
) (4.20)

Puc. 4.113anescHicms 008#cUHU WLAXY NEPEMIKAHHS PO3MONY 8I0 YACY YNOPCKYBAHHS

ne: G — maca Bciei BigymuBKy; C — 4MCII0 JIMBHUKOBHUX KaHANIB; pp— IUTOMA I'yCTHHA
po3Torty.

Orxe, 5,,p3al€KUTh Bl reoMeTpii popMu,TeMIIEpaTyp pO3TOIY i (OPMH,TUCKY JTUTTH 1
MAaCHBIJIUBKU. L yax— MaKCHMalIbHA BiIJIajIb TEYil pO3TOIY B CTAHAAPTHOMY KaHaJl MIPH
CTaH/IAPTHOMY PEXKHUMI JTUTTS
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HIBuAKICTh YHOPCKYBaHHS BIUIMBA€E Ha MPOTYKTUBHICTh IPOIECY 1 HA AKICTh Tedii po3Tomy.
IcHye KpuTHMYHA IIBHUIKICTH PO3TOIY, BHILE SKOi CIIOCTEPIra€ThbCsl HECTalllOHApHA Teyis —
NOPYUIYETbCA ~ CTaOLIBHICTD  CTPyMHMHHM  (MOXIMBI 11 po3puBH, MyJibcalii BHACTIIOK
nceBokpucTaiizamii). KpiMm Toro, y pe3ynpTarti 3Ha4HO1 JUCHTIAIll €Heprii MOXKIIUBI AECTPYKTUBHI
nporecu. LIBUAKICT yMOPCKyBaHHS BHOMPAIOTh ONTUMAIBHOIO /ISl JAHOTO TMoJiMepy i
KoH(iryparlii TMBHUKIB Ta BUpoOy (popmmu).

Temmeparypa dopmu. Y BuUpoOHMITBI HamaraioThCcsi (popMyBaTH BHPIO y MaKCHMAaIbHO
oxonomxkeHil Gopmi. OqHaK, K Le 3a3Ha4aIoCch BUIIE, TeMueparypa Gopmu (1) CyTTEBO BIIIIMBAE
Ha PEKUM ii 3amOBHEHHS (0COOIMBO /I TOHKOCTIHHUX BUPOOIB) 1 siKicTh BUpoOy. Lls Temmeparypa
BH3HAYa€ MPOTYKTUBHICTH BUPOOHHUIITBA HAUOLIBIIIOK Mipoto. [Ipu po3po0sIeHHI TEeXHOJIOTTYHOTO
pexumy 7,BCTAaHOBIIOIOTH TAKOIO, 00 3a ONTUMAJIbHUN Yac 3a0€3MEeYMTH HEOOXiJHY HITUBHICTD
BUpOOY mpu Horo 3HATTI. BoHa 3anexuTh Bia TEIIO(I3UYHUX XapaKTEPUCTHK TMOJIMEpy, HOTo
npuponu, Temmeparypu suTta  (I,) 1 Moxke Oyrm po3paxoBaHa K TeMIeparypa
OXOJIO/IKYBAIbHOICTIHKY (OpPMHU:

Tuck nutTs (muTOMHMN TUCK i THUCK Y ¢dopmi). Bucokuii omip, skuii BHHUKA€E TpPU Teii
pPO3TOIly B COILII, JIUBHUKAX 1 B MOPOXKHUHI, BUMAara€ BHCOKOTO THCKY JHTTS Ui 3a0e3leueHHs
3aroBHEHHS (JOPMU 3 TOTPIOHOIO MIBUAKICTIO, @ TAKOX IS JOCATHCHHS HEOOX1THOTO YIIITbHEHHS
postony y ¢opmi. Tuck nuTTs (TUCK y MaTepiaJbHOMY LMIIHIpPi) BU3HAYAETHCA 3aJCHKHO Bif
MUTOMOTO TUCKY JUTTS (Ppym), AKHHA € XapaKTEpHOIO BEITUYMHOIO THUITY TOJIIMEPY 1 3aJeKUTh Bij
TeMreparypu. THUCK JIUTTS PO3PaXOBYIOTh3:

P, =Puum F, (4.23)
ne: F — nnoma nepepi3y miynxepa (IIHEKY) JIUTTEBOT MAILIUHU.

JMTTS BIUIMBAE HA YCAJIKY, P&KUM 3alIOBHEHHS ()OPMH, Opi€HTAIifHI HANPYXEHHS 1 (i3UKO-
MeXaH14Hi BJaCTUBOCTI, @ TAKOK — HA TOUHICTh BUPOOY. THUCK TUTTS (MUTOMUHN THUCK) 3aJI€KUTh JJIS
KOHKpETHOTO nomiMepy Bif 1,1 Tjy(0TxKe Bl B’I3KOCTI po3Tony). IIpy nmiiBUIIEHH] [UX TeMIepaTyp
TUCK YIOPCKYBAHHS 3MEHIY€EThCS. 31 3SMEHIIEHHAM B’SI3KOCTI (TIpH MiJIBUIIEHH] TEMIIEpaTypH
PO3TOITYy) IMMOKPAILy€EThCA Nepeada TUCKY y hopmy (Pg3pocTae). 3MEHIIEHHS 01N TIEPETUHY
JMBHHKIB 1 BUCOTH OPOKHUH (POPMH, a TaKOXK 301bIIEHHS L4IpU3BOANTE 10 TOTO, 1110
P 301mb11y€THCS.

3.1.7. BnuuB TeXHOJIOTiYHHMX MapaMeTpPiB Ha AKICTHL BUPOOIB i MPOAYKTHBHICTH
TEXHOJIOTiYHOI 0 Mpouecy

B nonepeanix po3aiinax 1l MUTaHHS 3HAYHOIO MIpOIO BUCBITJIEHI. Tak, MU BXKe 3HA€MO, IO
TEeMIEepaTypHUH pPEXUM CYTTEBO BIUIMBAE Ha 3aloBHEHHS (opMu 1 (ikcalilo BHYTPILIHIX
HanpykeHb. OnHowacHO 7,1 TyBIIMBAIOTP HA LHMKJI JIMTTA, HPOJIOBXKYKYM HOro IpH iX
nigBuiieHHi. [liABUIIeHHs TemIepaTypu 3MEHIIYe EHEProcUIOBI BUTPATH MAIIMHHU, OCKUIBKH
MOTPIOHMIA MEHINI TUCK JIUTTA. HanaMipHe MiABUINCHHS TEMIIEpaTypy PO3TOINY MOXKE MPU3BECTH
710 BEJINKOI MEPENIUBKHU 1 OpaKy.

a, \ k/Dicim?

20

18

16

14 1, °C
-

1770 190 210 230 250

Puc. 4.13 3anescnicmo yoaproi 6 azxocmi 6upo0ie 3 noaimemuimemakpuiamy 6io
memnepamypu posmony (memnepamypa gpopmu 30 °C)
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c,, A MlIla
90 1

701 1
50 -

30

10 1, °C
180 220 260 300

Puc. 4.14. 3anexcnicme miynocmi npu pozmszy upoois 3 nonimepis 8io memnepamypu
poszmony. 1 —kononimep MCH; 2 — I[IMMA; 3 — I1C 6aoxosui.

Sk Gaunmo, TemrepaTypa po3TONy 3Ha4YHO BIUIMBAE HA MEXaHIYHI BJIACTUBOCTI BUPOOiB, 110
OJICPXKYIOTh JUTTAM TiJl TUCKOM: 3 1l POCTOM Yy OUTBIIOCTI MOJIIMEPIB 3HMUKYETHCS MIIHICTH MPH
pPO3TATY B HAIPSMKY OpI€HTAIlll, 110 MOB’A3aHO 31 3MEHIICHHSIM CTYIEHs OpieHTalii. 3 pocToM
IITUBHOCTI TIOJIMEPHOTO JIAHITIOTA IeH BIUTUB MOCTA0TIOETHCS.

Boanowac, yuMm BuIla Temmeparypa po3TOIly, THM MEHINAa aHi30TPOIlis BJIACTUBOCTEH 3a
nepepizoM BHPOOIB B3JIOBXK 1 MOMEPEK HANPSAMKY JIMTTS (MPH OJHAKOBIA Temmeparypi ¢opmn).
OnHOoYacHO, NOTPIOHO 3ayBa’KUTH, 11O MiABUIIEHHS ,IIPU3BOJUTH 10 MOSABU OJMUCKY Ha OBEPXHI.

[TigBuIeHWid TUCK JUTTS TPUCKOPIOE YHOPCKYBAaHHS, 3MEHIIYE YCaAKy, MOJOBXKYE dYac
OXOIIO/KEHHS A0P;,,. HaltOoinbi eeKTUBHO BiH BIUIMBAE MPU 3HAYHIH IOl IEPETUHY BIyCKHOTO
JUBHUKOBOTO KaHaly — y I[bOMY BHNAJKY ITJBUIICHUH THUCK i€ TMPOTSATOM JOBIIOTO Yacy.
301IbIIEHHS] TUCKY JIUTTS CHPUSE IMIJIBUIIEHHIO MIITHOCTI BHUPOOIB, SIKa 3pOCTa€ THUM OUIbIIE, YUM
OJ>Kya TeMIeparypa po3ToIly 10 onTUMabHOT (puc.4.28).

o, A MIla

80+

90+

....-—"’--““-.“

2

3

100- 1
P, Mila

100 125 150 175

Puc. 4.15 3anescnicmo miynocmi npu posmsey upooie 3 noJiMemuimMemakpuiamy 6io
mucky 6 ghopmi i memnepamypu pozmony (memnepamypa gopmu 30°C):

1-210°C; 2—-220°C; 3—-230 °C

MinHicTb BUpOOIB, SKi ONEPKYIOTh JTUTTSIM il TUCKOM, 3aJIEKHUTh TaKOX BiJl TEMIIEpaTypu
dbopmu. s amopdhHHUX MOTIMEPIB 1IeH BIUIMB BUPAKEHUN CJIa0KIIIe, 10 MOB’I3aH0, B OCHOBHOMY,
3 XapakTepoM 3MiHM opieHTauidHuX mporeciB. [Ipu Hu3bKii Temmneparypi (HOpMHU 3aCTHTaHHS
B1JI0YBA€THCS MIBUJKO — 11€ (DIKCY€E OpIEHTALIHI HAIIPYXEHHS 1 CIIOBIILHIOEPETAKCALIIO.

Ha BnacTMBOCTI KpHCTaJIiYHMX IOJIIMEPIB BIUIMBAE PEXKUM KpHCTai3alii Ta CTYIHiHb
KPUCTAJIIYHOCTI, SKUH TPH I[bOMY AocsATaeThes. [liaBuIeHHs temrepaTtypu (GOpMH CHOBIIBHIOE
IpOIleC OXOJIOJUKCHHSI 1 CHpHs€ TJIMOIMIOMY TIPOLIECOBI KpHUCTamizamii (Ipu Temrmeparypax
HaOJIMKEHUX aJle He BULIMX JJ0 ONTHUMAIIbHOI T},). ToMy 3 pocToM TemiepaTypu MOAYIIb r[py>1<HOCT1
i MILIHICTh KPUCTATIYHUX IOJIMEPIB 3pOCTAIOTh, a BIJHOCHE MOJIOBXKEHHS U ynapHa B’A3KICTb
3MEHIIYIOThCH.

TpuBanicts 3anoBHEHHs (opMH (IIBUAKICTh YIIOPCKYBAHHA), y TEPIILy Yepry 3aJe)KUTh Bil
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KOHCTPYKLIi JINTTEBOI CUCTEeMHU H ocobmuBocTell KoH(pirypamii BupoOy. 30iUIbIIEHHS wYacy
YIOPCKYBaHHS MPU3BOJIUTH 10 OXOJIOKEHHS PO3TOILY, 3pDOCTaHHS B’ SI3KOCTI 1 MiIBUILIEHHS CTYIEHS
opieHTanii. 3i 3pOCTaHHSM MIBUAKOCTI YHOPCKYBAaHHS MiJBUIIYETHCS TeMIIEpaTypa 3a paxyHOK
po3irpiBy B cormii. YuM Temmeparypa BHINA, THM 4Yac YIMOPCKYBaHHsI B MEHIIIH Mipi BILUIMBAaE Ha
ycaaky Matepiany y Gopwmi.

OpienTaliiiii HaNpy>KeHHs XapaKTepHI sl BUPOOIB 3 MAJIOIO TOBIIWHOIO CTIHKH,
TEepMIYHi

— Juisi TOBCTOCTIHHMX. Opi€HTaIliliHI Hampy>XeHHS B TOTOBOMY BHpOOi 0€3 3MiHM HOTO
KOH(iryparii i po3mipiB HE BIAETHCA 3MEHLIMTH, TOMY IpU BHOOpI PEeKUMY JHUTTS HEOOXiITHO
BXKMBAaTU 3aXOAM MJI1 3MCHIICHHS CTYIEHS Opi€HTalli, MiJBUINYIOUM TEMIIEpaTypy po3Tomy i
IIBUJIKICTh 3aTIOBHEHHS (POPMHU (3MEHIIYIOUYH Yac YIIOPCKYBaHHS).

TepMiuHi HanpyXeHHS MOXHAa 3HU3UTH 3MEHUICHHSIM TIepenaay TeMmmeparyp Mixk
MatepiaioMm 1 (GOpMOIO, 3MIHOIO KOHCTPYKII BHPOOY Ta CHUCTEMH OXOJIOJ/DKEHHS. Takox ix
3MEHIIYIOTh JIOJIATKOBUM IPOTPIBOM TOTOBUX BHPOOIB micis BUWMaHHS 3 (Gopmu (TEpMiIUuHOIO
00po0OKOI0).

3p0o3yMmilio, 1110 KOHKPETHHUH BIUIMB TEXHOJIOTIYHUX MMapaMeTpiB Ha SKICTh TOTOBUX BUPOOIB,
yCaaKy i MPOAYKTUBHICTH MPOLIECY B PEATbHUX YMOBAX CKJIAIHIIINNA, OCKUIBKH IIi XapaKTEPUCTUKU
KOMIUIEKCHO 3ajiekaTh BiJ ycix mapamerpiB. Buam Opaky mpu JUTTI MiJ TUCKOM Ta UUISXU
HOrOyCyHEHHS

OcHoBHUMH (aKTOpaMu, sIKi 0OYMOBIIOIOTh OpaK, € MOPYIICHHS TEXHOJOTIYHOTO PEKUMY
a00 HempaBWJIbHE HOTO BCTAHOBIJICHHS; YITYIIEHHS MPU KOHCTPYIOBAHHI OCHAILIEHHS; HEI03BOJICHI
3MIHHM TEXHOJOTTYHUX XapaKTEPUCTUKCUPOBHHH.

OcHoBHI BUIM Opaky HpH JUTTI MiJ THCKOM, iX IPUYMHU Ta CIOCOOM YCYHEHHS HaBeleHi B
Tabun. 4.5.

IcHyroTh 1 1HII BUIU Opaky — 3acTpsAraHHs BUpoOy y ¢opMi (BEJIMKHUI 3aIMIIKOBUI THUCK),
nedopmartiss BUpoOy MpH BUIITOBXYBaHHI (MaJIMii yac 0XOJIOIKEHHS, BUCOKA TeMIieparypa GopmHu),
NpwInnaHHs BUpoOy (BUCOKa aaresis maTepiaiy, MOTaHO 3MmaileHa (opma), IIHOOKI CIiAM Bif
BUIIITOBXYBayiB (BETUKUN TUCK BUIITOBXyBaHHSI, MM Yac OXOJIOKEHHS) TOIIIO.

Ax OGauumo, A ycyHeHHs Opaky HeoOXiJHa JeTaibHa 1 KOMIUIEKCHA OIIHKa BCHOIO
MPOLIECY JUTTSI MMiJT TACKOM 1 aHaIi3 KOHCTPYKIlii OCHAII[CHHS.

3.2. TexHoJ10rist popMyBaAHHS NOPOKHUCTUX BUPOOIB i3 3aMKHYTHM 00’ €MOM

Hnst hpopmyBaHHs BUPOOIB 13 3aMKHYTHM BHYTPIIIHIM 00’ €MOM (TUISIIKH, KaHICTPH, A1KKH
TOI[0) BUKOPUCTOBYIOTh METOAM 3 «HETPAAULIMHUMY MyaHCOHOM Ui (pOpMyBaHHS BHYTPIIIHBOT
noBepxHi. Lle, B 0CHOBHOMY, CTHCHEHE MOBITPS ad0 K BIALIEHTPOBA CHJIA, KA Jl€ Ha MaTepiai, 1110
3HAXOAMUTHCA Y hopMmi.

Tabnuys 4.5

Buau 0paxky Bupo0iB, sIKi BUTOTOBJISIIOTH JMTTSAM I THCKOM, iX IPHYHHHU Ta CIIOCO0H

YCYHEHHSI

TeMIiepaTypa po3romy i hopmu,
HU3bKUM TUCK JIUTTS, HEMIPABUILHO
BHOpPaHO MOIEpeuHuil mepepi3
JTMBHUKIB,

HEMPaBUIBLHO PO3MIIIICHUH BITyCKHUT

KaHaJl, [IOraHa CHCTEMAa BEHTHIIALIT

Buau Opaky [Ipuunnu Opaky Crnoco0u ycyHeHHsI
1 2 3
Henonus HenpaBuibHe 103yBaHHS, HU3bKa 301IbIICHHS /03U YITOPCKYBaHHA ,

i ABUILEHHS TEMIIEPATYPH PO3TOITY,
remmepaTrypu (GopMH, HIBUIKOCTI
YIIOPCKYBaHHSI, TUCKY JIUTTSI;
KOPUT'YBaHHS KOHCTPYKIIi1 popmu
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Cmyru Ta [limBuIeHnit BMIiCT BOJIOTH B MaTepiaii [lincymuTa CHpoBUHY
MPO/IOBIYBaTiOyJIb)
Oarku Ha
MOBEPXHI JeTali
Briagunu Hu3bkuil TUCK TUTTS, BUCOKA 301IBIIUTH TUCK JIUTTS, TEMIIEPATYPY
(YTSDKMHM) TeMIeparypa po3roiy i GopMu, MU [PO3TOITy i POPMH, a TAKOXK Yac
yac BUTPUMKH IT1]] THCKOM, HEIOCTaTHS [BUTPUMKH ITiJI TUCKOM 1 103y
11032 YIOPCKYBaHHS, MaJluii YIIOPCKYBaHHS; 3MIHUTH KOHCTPYKLIIO
MOTICPEUHUIA (hopmu 1 JIMBHUKIB
repepis TMBHUKIB
BryTpimHi HenoctatHiil TUCK JUTTS; MaIuii yac  [3OUTBIIMTH THUCK JIUTTS; 30UIBIIUTH Yac
[HOPOKHUHU BUTPUMKH II1/1 THCKOM; BUCOKA BUTPUMKH 11 THCKOM; 301IBIIIUTH
[IBUIKICTh YIIOPCKYBaHHS; BUCOKA [IBUKICTh YIOPCKYBAHHS; M1ABUIIUTH
B’SI3KICTh PO3TOITY, TIOTaHA CUCTEMA TeMIepaTypy po3Tomy; 3MiHUTH
BCHTHJIALIIT; BOJIOTHI MaTepial; KOHCTPYKIit0 (hOpPMHU; MiICYITUTH
XOJIOZHE Marepiai; 3MIHUTH TEMIIEpaTypy Coria
COILIIO
Marosa Hwuspka Temneparypa po3rony u [TigBUIIUTH TeMIepaTypy po3Tomy i
MOBEPXHABUPOOY |[(popmH; HU3BKUI THCK YIOPCKYBaHHS; ((hOpMU; 30UIBIIUTH THCK
HEJOCTaTHS 1032 MaTepiany; 3HOIICHA |yIOPCKYBaHHS; 30UIBIIATH 103y
noBepxHs GOpMU; BUCOKA a/re3is MaTepiaiy; TOHOBUTU XPOMOBE
MaTtepiany 0 TOBEpXHi GopMH NOKPUTTS (POPMHU; BUKOPUCTATU
aHTHAaAre31iHe MacTUIIO
Cpi0scTicTh [TinBuIIeHa TeMIepaTypa po3Tomy 1 3HU3UTH TEMIIEPATypPy PO3TOIY;

MOBEPXHI JeTali

HU3bKa TeMIieparypa Gopmu;
M1IBUILIEHA BOJIOTICTh MaTepiaiy;
MiBUIICHA IBUAKICTh YITOPCKYBaHHS
MaJia IIo11a nepepisy BIIyCKHUX
KaHaJIiB; HEBJAIO BUOpaHUil uac
IIaCTUKAIIi1l; HEJOCTATHHO
Bi/IIIOJTipOBaHa MOBEPXHS GpopMHU

3

1BUILLIUTH TeMIIepaTypy hopmu;
MIJCYLIIUTH MaTepial; 3SMEHILIUTH
IIBUJKICTh YIOPCKYBaHHS; 3MIHUTH
KOHCTPYKLIIIO JUBHUKIB; 3MEHIIUTHU Yac
TUIacTHKAIli{; BiANoipyBaTH hopMy

JliHii cTuky Ha
MOBEPXHI JeTali

Hwuspka Temneparypa po3rony u
(bopMH; HU3bKMI THCK YIIOPCKYBaHHS,
BEJIMKA yCaJKa; HU3bKa TEKYJIiCTh
Martepiany;

HENPaBUJILHO 00paHO PEXUM
BEHTHJISIIT Ta OXOJIOPKEHHS

[TigBUIIUTH TEMIIepaTypy po3Tomy i
(hopMu; 301TBIIUTH THCK
[YIIOPCKYBaHHST; 3MIHUTHU TIAPTIIO
MaTtepiany; 3SMIHUTH KOHCTPYKIIIO
hopmu

Konobnenuns
BUPOOIB

HenpaBunbHAN TEMIIEpATypPHUN pPEXUM
nepepoOKH; HeBalle pO3MIILEHHS
BITYCKHOT'O JINBHHMKA

301IBIIMTH Yac 0XOJIOKEHHS BUPOOY;
BHU3UTHU TeMIIEpaTypy mMarepiaiy i
(hopMHU; BUKOPUCTATU TEPMOOOPOOKY
BUPOOIB, 3SMIHUTH PO3TALTYBaHHS
BITYCKHOTO JINBHUKA

Benukuii rpat
(mepenuBKa) Ha
BUPOOI

[TixBuiieHa TemiepaTypa po3ToIny;
BHCOKUH THCK YIOPCKYBaHHS;
HE/I0CTAaTHE 3YCHIUIA 3allupaHHs GopMH;
HaJATO BEJIMKA J103a MaTepiajly; BUCOKa

TEKY4iCTh MaTepianry

3MEHIIUTH TeMIIEpaTypy pO3TOIy;
BHU3HUTHU THCK MIPU YITOPCKYBAHHI;
3OUTBIIUTH 3YCUIUIS 3alTUPAHHS;
3MEHILUTH J103y MaTepialy; 3aMIHUTH

MaTepiai

Jlo muxX MeTOIiB BIAHOCATH EKCTPY3il0 3 HACTYIIHUM pO3IYyBaHHSAM EKCTPYIOBaHOT
3arOTOBKH (EKCTpy3iiiHe BUAYBaHHs), METOJl JIMTTEBOTO BHJYBAaHHS Ta METOJ BiJIIEHTPOBOTO
(potartiiinoro) opMyBaHHS.
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3.2.1. MeTtoa excTpy3iliHOr0o BHIYBaHHS

MeTogoM eKkcTpy3ii 3 HACTYMHHM PO3IYBOM OJEPKYIOTh PI3HOMaHITHY MOJIMEPHY Tapy
(MISAIIKY, TKKA, KaHICTPH, KOHTEHHEpH, Irpalliku Ta iHmi 00’ eMHI Bupobu). O0’eM ol1epKyBaHUX
UM METOJIOM BUPOOIB CTAHOBUTH Bij NEKLIHKOX MUILIITPiB 710 3000 1.

Excrpy3is — HalNpOAYKTUBHIMIUK METOJ] MepepoOKu TepmorutacTiB. lle TexHomoriuHui
mporec ojAep)KaHHA BHUPOOIB 4M HamiBpaOpHUKaTiB HEOOXIMHOT (GOPMH HUIIXOM MEPETHUCKAHHS
po3Tory moisiMepy depe3 mnpodimorounii oTBip ((hims’epy). Y mporeci eKcTpysii CHpoBHHA
MEePEeXOIUTh 13 TBEPAOIrO CTaHy (TpaHyjH, MOPOIIOK) y pO3TOI, a MOTIM 3HOBY Yy TBEpIUN CTaH
micisg BUXOAY 13 ¢inb’epu (MyHOIITYKA) 1 OXOJOPKEHHS. Y MaTepialbHOMY IMJIHAPI eKcTpyaepa
(K 1 B JINTTEBIM MAIIMHI) PO3PI3HAIOTh TPH 30HM: 3aBAHTAXEHHS, CTUCKAHHSA 1 JT03yBaHHS. Y 30HY
3aBaHTa)KEHHS HAJIXOAATh TBEPJi T'PaHyINH, SKi 3 JTOTIOMOTOI0 IIHEKAa CTUCKYIOTHCS B MOHOJIITHHM
KOpok. TBepauil matepian MepeTUCKAEeTbCs CHIPaJbHUM KaHAJIOM, KU YTBOPEHUN MOBEPXHSIMU
WIIHApPA ¥ TBUHTOBOIO HAPI3KOIO HIHEKY. TepTs mojiMepy A0 CTIHOK HMJIIHIAPY MOBHHHO OyTH
OLIBLINM, HIXK 10 ITHEKY. BOHO perymioeThcs 3a paXyHOK 3a0e3meueHHs BUIOT YUCTOTH TOBEPXHI
IITHEKA B TIOPIBHSHHI 31 CTIHKOIO MUJIIHAPA, a TAKOXK TEMITepaTyporo (MUIIHAP HATPIBAETHCS, a ITHEK
OXOIIOJIKY€eThCs). TOIUIEHHS mMoniMepy BiIOyBaeThbCs 32 PaXyHOK TEIUIOTH, IO HAIXOIWTh Bij
HarpiBadiB, a TAKOX 33 PaXyHOK TEIUIOTH BiJl BHYTPIIIHHOTO TEPTH.

B 30HI CTUCHEHHS TpaHy/IH MOBHICTIO PO3TOILUTIOIOTHCS 1 32 PAXyHOK 3MEHIICHHS TNIMOUHU
Hapi3KH IITHEKY PO3TOIl CTHCKYETHCS O YTBOPECHHS T'OMOTEHHOI MacH, BIIBHOI BiJ] MOBITPSHUX
BKJIIOUECHb.

VY 30H1 103yBaHHS TJIMOMHA HAPI3KK ITHEKA HE 3MIHIOETHCS. 3aB/IaHHS I[i€1 30HU — HaTHITaTH
y (hopmyrouy roloBKy po3TOM MPHU CTATUX 3HAYECHHSIX TEMIIEPATypH ITUCKY.

Jlsiss BUTOTOBJICHHSI TIOPOKHHUCTUX BUPOOIB HalyacTimie BUKOPUCTOBYIOTH Taki MOJIMEpHI
Marepiand:  moioiediHn,  HermiacTU(IKOBaHUKW 1 MIACTU(IKOBAHUK  TMONIBIHUIXJIOPHI,
yAapoTpuBKH  momictupon, ABC-mimactuku, — momikapOoOHaT, — TOJIaMiaM,  KOIOJIMEpH
bopmanpaeriay.

Bumocu 00 naacmmac, AKi nepepodnaions eKcmpy3icio 3 HACHYRHUMPO30YEOM

Jlis BUTOTOBJIEHHS MOPOXKHUCTHX BHPOOIB HaiyacTille BUKOPUCTOBYIOTH MOJIONE(iHU
(moieTusIeH HU3bKOI i BUCOKOI I'yCTUHH, MOJINpPOINUIeH). Piale 3acToByI0Th HemIacTU()IKOBaHUHM 1
IUIaCTU(IKOBAHUN MOMIBIHUIXJIOPH, YAApOTpUBKUil monictupon, ABC-nnactuku, nonikapooHary,
noJriamizg, KonojiiMepu GopMalibJIeriay TOIIO.

Ha npouec exctpysii 3 po3ayBOM HailOinbllle BIUIMBAIOTh MUTOMAa T'YCTHHA Ta MOKA3HUK
TEKY4OCT1 pO3TONy TMOJiMepy. 3O0UIbIICHHS TYCTHHU TNPU3BOAUTH 1O 3POCTAaHHS KOPCTKOCTI
BUPOOIB, 3MEHIIEHHS MPOHUKHOCTI JUId Ta3iB 1 piauH. AJse, Uit BUpOOIB HAa OCHOBI MaTepiany 3
M1JIBUIIIEHOIO TYCTUHOIO, OJJHOYACHO 3HIKYETHCS yapHa CTIHKICTb.

31 301IbLICHHAM MOKa3HUKA TEKY4OCTI PO3TOIy MOKPAIIYeThCS TIISHLEBICTh BUPOOIB, ane
3HMKYEThCS yJlapHa CTIHKICTh, BIIHOCHE MOJAOBXKEHHS IIPU PO3TATY i OIip A0 PO3TPICKYyBaHHS.

[TigBuieHi BUMOTHM 10 B’SI3KOCTI €KCTPYAOBAHOI'O PO3TOMY CTaBIATHCS B 3B’SI3Ky 31
cnerudikoro mporecy hopMyBaHHS.

BpaxoByroun Te, 1m0 TpyOuacTa 3aroTOBKa E€KCTPYIY€ThCS 3 TOJIOBKM BHHU3 Yy MOBITpS,
B’S3KICTh TTOBMHHA 3a0€3MEYHTH 11 CTIHKICTh, TOOTO 1100 3aroTOBKa HE PO3ipBajach IiJl BIUIMBOM
BJAcCHOI Bard 1 He BHJIOBXYyBajlach. J[ng 3a0e3medeHHs Iiel YMOBHM BHBEICHO EMITIpHYHY
3aJIe)KHICTh B A3KOCTI BiJI FeOMETpii 3arOTOBKH Ta MIBUAKOCTIEKCTPY3ii:

- 7
1555-1% - p
M=
II e
ne: — ed)eKTUBHA B’3KICTh pO3TONY; L — MOBXKWHA 3ar0OTOBKH, CM; || — TYCTHHA

p03T0Hy,r/CM3;
Ve— MBUAKICTh pyXy TPYO4acTOi 3arOTOBKHA HAa BUXO/I1 3 EKCTPY31HHOT TOJIOBKH, CM/CEK.
Xoua 1151 3aJeKHICTh HE BPAaXOBY€E JliaMeTpy 1 TOBUIMHU pYyKaBa, OJHAK 3 I[bOTO PiBHSHHSI
BHHHKAE, 10 TMOJIMEDP 3 BUIIOK T'YCTHHOI MOBHUHEH MaTH OUTBIIY B’S3KICTh JJIsl TOTO, MO0 HOTO
MOXKHa OyNo eKCTpyAyBaTH i3 TaKOI X IIBUAKICTIO, SK 1 Marepial 3 HHU3BKOIO T'yCTHHOMO. |
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HaBIaKH, YUM HUXKYA B’A3KICTh, TUM MOBHHHA OyTH BHIIA HIBHJKICTH €KCTPY3il A7 GOpMyBaHHS
3arOTOBKH II€1 X JTOBXUHU. Y IIIOMY MOXHA CTBEPUKYBATH, IO IEPEPOOKY MaTepiaiy Cii BeCTH
TOJli, KOJIM HOTo e(heKTUBHA B A3KICTH OUIbIIA 32 PO3PAXOBAHYBEINYHHY.

Kpim BenwumHM B’S3KOCTI O MaTepially, KM TEepepoOJII€ThCs €KCTPY3i€l0 3 PO3TyBOM
pyKaBa CTaBIAThCS W iHINI BUMOTH. lle TakoX HasBHICTh JOCTAaTHHO IIUPOKOTO IHTEpPBAIY
B’S3KOTEKY4YOro crany (1o0 30epirajgach 37aTHICTh 0 PO3AYyBaHHS), BUCOKUH CTYIIHb PO3/YBY,
3JIATHICTH JI0 3BAPIOBAHHS i/l THCKOM 1 YTBOPEHHS MIITHOTO 3BapHOTO IIIBA.

UM BUIIMKA CTYIMiHL KPUCTAIIYHOCTI MOJIMEPYy, TUM MPO30PICTh BUPOOIB y OUIBIIIN Mipi
3aJISKUTH BiJl PEKUMY OXOJIOJKECHHS.

Texnono2iunuil __npouec  6U20MOGNCHHA _ HOPOHCHUCHUX __ 8UPODIE  Memodom

EeKCIMpY3IUH020 6UOVEAHHA
Jiist BUpOOHUIITBA TIOPOKHUCTHX BHPOOIB MOXKHA BUKOPHCTOBYBATH Pi3HOMaHITHI CIIOCOOH

(dopMyBaHHS 3 PO3JyBOM: €KCTpy3is TpyOdacToi 3aroTOBKM Ta ii PO3YyB CTHCHEHUM IOBITPSIM;
(bopMyBaHHS 3arOTOBKH B JHUTTEBiH (OPMI METOAOM JIMTTS MiJ THCKOM 1 HACTYMHHU pO3AYyB ii B
BUIYBHI (opMi; eKCTpy3isi TpyOdacToi 3aroTOBKU 1 BIAJIMBKA TOPJIOBHHH BUPOOY, CHOTYYEHHS
TOPJIOBHHHU 13 3arOTOBKOIO Ta ii PO3AyB; HArpiB paHille BHTOTOBIIEHOI €KCTpY3i€lo TpyOdacToi
3aroTOBKM Ta ii pO3]lyB; 3BaplOBaHHs TPyO4acToi 3arOTOBKU 3 JIMCTA 3 HACTYIMHHMM HAarpiBaHHsIM 1
PO311yBOM.

Haii6inpme nommupenHsi 3700yB CHoci0 BUTOTOBIEHHS MOPOKHHUCTUX BUPOOIB pO3AYBOM
TpyO4aCTUX EKCTPY31HHUX 3aTOTOBOK.

TexHonoriuna cxema BHUPOOHHUIITBA 00 €MHHMX BHPOOIB METOJIOM EKCTPY3il 3 HACTYMHUM
PO3IIyBOM CKJIQAA€THCS 3 TAaKWUX OIEpaliil: NpuiAMaHHA CHPOBHHHM B KOHTEHHEpax (LMCTEepHaXx,
MiIIKax) Ta TPAHCIOPTYBAaHHA ii Ha CKiaj; 30epiraHHs CHPOBUHH; PO3TApIOBaHHS CHPOBHHU;
BXIJJHUM KOHTpPOJIb; MIATOTOBKA CUPOBUHHU JI0 MEPEPOOKHU; TPAaHCIOPTYBAHHSI CUPOBUHU 3 JUIBHUII
HiATOTOBKY 1 MOAABaHHA 11 10 OyHKepa eKkcTpyaepa; popMyBaHHs TpyOUYacToi 3aroTOBKHU (TOIUIEHHS
moJriMepy, TOMOreHi3aris, (GopMyBaHHS TpyO4acTOi 3aroTOBKM METOJIOM BUIBHOI €KCTpY3ii B
MOBITPS); MiABIA 1 3MUKaHHSA (OpMHU JUIsI PO3AYBY 3 OJHOYACHUM BIITHHAHHAM TpyoOH, abo
BIITHHAHHS TPYOM 1 TEPEHECeHHS 10 NPUHMAIIbHO-PO3IYBHOTO MPHCTPOIO; pO3AyB y (dopmi,
BUTPUMKa Ha OXOJIOJDKEHHS, PO3MHUKaHHS (opMU 1 BHIMaHHS TOTOBOrO BUpPOOY; MeXaHIuHa
00po0Oka BUpoOIB (BIATHHAHHS HAJIUIIKY MaTepiagy Ha 3BapHOMY IIB1 1 HOTO 3a4KCTKA); KOHTPOJIb
SAKOCTI TOTOBOi MpPOAYKLIi; MaKyBaHHSA BHUPOOIB, TPaHCIOPTYBAaHHS MPOIYKLIi [T0 CKIany;
nepepoOKa TEXHOJOTIYHUX BIAXO0/1B — OpakoBaH1 BUPOOU Ta BIATATI 3aJUIIKHU I'paTy(NEPETUBKH).

Cramis  dopmyBaHHd  Bupo6iB.  [lis  BUTOTOBJEHHS  HOPOXHUCTUX  BUPOOIB
BUKOPHCTOBYIOTHCS arperati i eKCTPy3ii 3 HACTYITHHUM PO3yBOM. IX OCHOBHiI XapaKTepUCTHKH
nogadi B Ta0i. 4.6.

Tabnuys 4.6

TexHIYHI XapaKTePUCTHKH arperaris JAJ1sl 0OAepPKAHHS OPOKHUCTHX BUPOOiB MeTOA0M
eKCTpY3il 3 po3a1yBoM

Bun arperary Hiametp niaeka, MM | Binnomenns L/D O6"em BHpoOY, I'abapuu
1 arperary, M
AB-3B 63 17 10 3 1,9%1,7x3,0
,,Xomoc” tum 0441/P 60 20 o 6 1,9%0,8%2,2
ABI'K-60 63 25 10 60 3,9%3,8x4,3
ABI'K-250 90 25 1o 250 5,8%5,8%5,1

['onmoBka ¢opmye 3 po3romy TpyOuyacTy 3aroToBKy, sSKa Ma€ OJHOPITHY TOBIIUHY 3a
BHCOTOIO 1 epuMeTpoM (abo K MEeBHUH XapakTep ii 3MiHN).

[IputiManbHO-pO3IYBHUN TPUCTPIN CKIIAIAETHCA 3 JEKUIBKOX MEXaHI3MIB: HOXa ISt
Bipi3aHHA [JUISHKM TpyOuYacTOi 3aroTOBKW, IO Hiansrae  (HOpMyBaHHIO; MEXaHI3MY
TPAHCIIOPTYBAHHSI 3arOTOBKH BiJ TOJIOBKH 110 (OpMHU; MEXaHI3My 3amHupaHHs (OopMHU; MEXaHI3ZMY
PO31lyBY 3aTOTOBKH; MEXaH13My BUJAJICHH MEPEIUBKU; MEXaHi3My BUIIMaHHS BUPOOY.
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VY Bunazaky po3ayBy yepes Himeslb TpyOdacTa 3aroToBKa Haue HaasAraeThcst Ha Hboro. Ilpu
3MHKaHHI TiBGOpM BOHa oO0iiiMae HiNeab, YTBOPIOIOYM TOPJOBHHY BHpoOy. Yepes3 Himensb
MOIa€ThCs MOBITPs. [1icTs 0X0M0PKEHHS HITlebh BIIBOJUTHCS, a BUPIO MiCTarOTh 3(hopmH.

PosnyBom uepes nopH 1 Hinesnb MoKHa (hopMyBaTH BUPOOHU 3 OTBOpaMH ((h1aKoHHU, OyTHIII).

[Tpu po3ayBi 3a JONOMOTOIO MOPOKHUCTOT T'OJIKHM, BOHA IMiCIs 3MUKAaHHS (POPMU BBOJIUTHCA
4yepe3 OTBip, NPOKOJIOE 3aroTOBKY, 1 MOBITPS MoJaeTbess yepe3 Hei. Ilicns pos3myBy roska
BIJIBOJIUTHCS, (POpMa PO3ZMUKAETHCS, a BUPIO BHIIydaeThbes 3 Hel. [IpoKoI micist ToJIKu 3aBaproeThCs
MOJTIMEPOM.

Jlo TpyGuacToi 3aroTOBKHM MiABOAATHCA MIBGOPMH B PO3IMKHYTOMY CTaHI Tak, m100 BOHA
pO3MIIAJIaCh CUMETPUYHO 10 (DOPMYBAIBHUX TOBEPXOHb. Y MOMEHT 3MHUKaHHS (popMHU yacTHHA
3aroTOBKH, SIKA BHCTYIIA€ 3a rabaputu (popMyBalbHOT OPOKHUHU, 3alIIMITIOETHCS MPEeCc-KaHTaMu
0 BChOMY TIepuMeTpy BUpoOy. I1ia miero 3ycruis 3SMHUKaHHS BiJOYBA€ThCS TIEPETHCKAHHS PO3TOILY,
3aroTOBKA 3BAPIOETHCS Y BUTIIAAL 3aMKHEHO! TOPOKHUHU, a HAUIUIIOK Marepiany oOpi3aeTbes 3a
KOHTYpOM (OpPMYBaJbHOTO THi3ZAa. Y MOMEHT 3MHKaHHS ¢GopMu TpyO4yacrta 3aroToBKa
BIITHHAETHCA Bil (HOPMYBaJIbHOI TOJOBKM 3a JOMOMOTOI0 HOXHIb a00 pO3irpitoi HiXpoMoOBO1
CTpPIYKH.

3ycuiis 3MUKaHHS QOpMHU:

N=1,2- p-Fp-n, (4.30)

Iie: P — TUCK MOBITps; Fy— mioia nepetuny BUpoOy, N — THI3AHICTD.

[Ticns 3mukanHs (opMu 3pa3y K NOYMHAETHCS (GOpPMYBaHHS BHpPOOY 3a JOIOMOTOIO
CTHCHEHOT'O TIOBITPA, 1110 MOJAeThes Y popmy criocodamu, sSIKi HaBelIeH1 paHille.

TuCK TOBITPS 3aJI€KUTHh BiJ BHIY MOJIMEPY, IO MEPEepOOIIIOETHCS, TOBIIMHU CTIHOK Ta
po3mipiB BUpoOy. BiH BIUIMBae Ha MIBUIKICTH OXOJOJDKEHHS BHPOOY 1 SIKICTh MOTO TMOBEpXHI.
3pOoCTaHHS TUCKY CKOpOYY€ TPHUBAIICTh OXOJIOJKEHHS 1 MOKpAIye 30BHIIIHIA BUIIIAJ BHPOOY,
301IbIIy€e MILIHICTB 3BapHUX 1IBIiB. HaituacTime Tuck po3nyBy ckinagae 0,15 + 0,5 MIla.

Bignorrenns JiaMerpa BHPOOY o niaMerpa 3arOTOBKU
Ha3uBaeTbcsAKoedilieHToMpo3yBy.Bin mnoBunen Oyrm B Mexax 2 + 3,5, Ilpu #oro
3pOCTaHHIIMIIBULIYETHCAPI3HOTOBUIMHHICTEBUPOOY 3a mepumMeTpoM. LIIBUAKICTH po3ayBy BIUIMBAE
Ha YyCaaKy 1 30BHIMIHIABUIIAABUPOOY.30UIBIIEHHS INBUJIKOCTI PO3AYBY 3MEHIIYE YCaIKy
MaTepiaiy 1 HOKpallye SKICTb IOBEPXHIBUPOOY.

[Tporiec oxonomkeHHs BUPOOYy TOYMHAETHCS MICAS MPUTUCKAHHS 3aroTOBKM, sKa
PO3IyBA€ETHCS, 10 CTIHOK (popmHu.

Yac 0X0JI0/PKEHHS 3aJIeKHUTh BiJl TOBIIMHU CTIHOK BUPOOY, TeMIepaTypH po3Tomny i ¢hopmu,
NpUpOAM Matepialy. 3aJekHO BiJ pPO3MipiB 1 KoHirypauii BuUpoOy, NPUPOAM MOJIIMEPHOTO
Mmatepiany Temmeparypa ¢opmu 3HaxoauThesi B Mexax 20 + 60 °C. 30uiblIeHHS TeMIepaTypH
¢dbopMHU MOKpaIlye SKiCTb NOBEPXHi, MIABHUILYE MIIHICTh 3BapHUX HIBIB, 3MEHILYE KOJIOOJEHHS U
ycaaKy BUpOOIB, aje MOJA0BXKYE TPUBAIICTh MPOIECY OXOJOKeHHS. CUCTEMU OXOJIOJKEHHS, 110
BUKOPUCTOBYIOTHCSI, MOXHa pPO3MOJUINTA Ha 30BHINIHI (OXOJIOJKEHHS CTIHOK ¢opMu 3a
JIOTIOMOTOI0  PI3HOMAHITHUX XOJIOJIOATeHTIB — BOAM, PO3YMHIB COJeH, cymimed Boau 3
€THJICHTJIIKOJIEM) 1 BHYTPIIIHI (BHYTpIIIHE OXOJIOJKEHHS BHUPOOY 3a JIOMOMOTOI0 XOJIOJHOTO
MOBITPSI, HOTO CyMIlIIi 3 BOJIOIO; BYTJIEKHCIIOTO Ta3y; PIIKOTO a30TYTOIIO).

Cranist OXOJIOIDKCHHS — HAWUTPHUBATIIIMKA MPOIEC, TOMY BOHA € JIMITYIOUOK CTaIi€lo 1
BIUIMBA€E Ha MPOAYKTUBHICTHBUPOOHHIITBA.

3 Meroro iHTeHcudikamii i€l crajii g OXOJOIKEHHS BUKOPHUCTOBYIOTH JBOCTOPOHHIN
croci0 3 moJaBaHHSAM PO3CONIB Y COpouky ¢opmu i mepeoxonomkeHoro (10 -50°C) moBiTpst uu
3pIIDKEHUX Ta3iB y cepeauHy BHUPOOy. BUKopuCTaHHS IS OXOJIOJUKCHHS 3PIIKEHOTO a30Ty
CKOpOYY€ TPUBANICTh CTaiuii 1 MiABHILYE SKICTb BUPOOY — 3pOCTae CTIMKICTH HOro [0
pPO3TPiCKYBaHHS.

ButpumMky Ha OXOJIOMKEHHS NMPOBOAATH MPOTATOM Yacy, MpU SKOMY TeMIIepaTypa CTiHKH
BUpPOOyY pocarHe 3HaueHHs <7 u11 aMOppHUX NOTIMEPIB 1 Ty < TyupmencydIIsI KPUCTANIYHHX.

Yac Moxe OyTH po3paxoBaHHH 13 3aJI€KHOCTI:
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T+ Temneparypa BUpoOy; @ — Koe(dilieHT TeMIepaTypoIpoBIAHOCTI MaTepiaiy, M/C.

dopma pO3KPUBAETHCS 3a JOMOMOTOI0 By3ja 3MHKaHHA - po3MuKaHHs. [lepen po3kpurTsam
dbopMH 3 TOpPJIOBUHU BHPOOYy BHHMAETHCS HINeENb, a NMPU aBTOMATHYHOMY PEKUMI OJHOYACHO
BiJJPUBAIOTHCS NPUIUIMBU. Bupobu 3 po3kputoi ¢popMu BUNIAAAIOTH i Ai€l0 BiacHOi Baru. [Homi ix
JICTAaIOTh 32 JIOMOMOI'OI0 CTUCHEHOT'O MOBITPsl 200 BUIIITOBXYBAyiB.

TemrepaTypHUil pexXUM eKCTPYyBaHHS 3arOTOBKH BCTAHOBJIIOETHCS 3aJICKHO Bifl IPUPOIU
MoJliMepy, SKHM MepepoONIoeThes, Bil KOHCTPYKTUBHHUX OCOONMBOCTEM oOOnagHaHHS 1
(bopMyBaIbHOTO IHCTPYMEHTa, a TaKOX BiJ KOH]Iiryparii, po3mipiB i TOBIIMHHA CTIHKA BHPOOY
(tabm. 4.7).

Tabnuys 4.7
TemnepaTypHi peskuMu (popMyBaHHS 3ar0TOBOK /1JIs1 O/IEPKAHHS MOPOKHUCTUX
BHPOOIB 3 nmoJtiosedinin

Temmneparypa uniinapa [Temnepatypa roJioBku Tuck
Ilonimep 3a 30Hamu, °C 3a 30HamMu, °C noBiTps, [MicTKicTh
MIla BUPOOIB, z[M3
1 R | 3] 4 12
ITomieTnieH 140 140 150 150 165165 0,20 +0,25 0,5+5,0
Hu3bkoi ryctuau 120 125 130 130 130135 0,15 +0,20 0,05+0,5
[TonieTriieH 150 160 170 180 180185 0,35+0,40 30 +200
Brucokoi ryctuan 140 155 165 170 170170 0,20 +0,30 0,2+3,0
[Toninporminex 190 200 215 215 225235 0,30 +0,35 10+ 50
180 190 200 200 210215 0,20 + 0,30 1+2

[TinBumieHHsT TemmepaTypu eKCTpy3ii AoOpe BIUIMBa€ Ha 30BHIIIHIM BUIIAL 1 SIKICTh
MOBEPXHI BHPOOIB (IOKpAIyeThCsl TMOBEPXHEBUI TJISHEIb, 3HMKYETbCA IMIOPCTKICTH), aje IpH
IIbOMY 3pOCTa€ PI3HOTOBIIMHHICTh CTIHOK BHACTIOK BUTATYBAaHHS 3arOTOBKH 1 TOJOBXKYETHCS
UK (OPMYBaHHS 32 paxXyHOK 3POCTaHHS 4acy OXOJIOJUKeHHs BHpoOy. IleperpiB Takox Moxe
BUKJIMKATH MOCIA0JIEHHs 3BapHOTO 1B 32 PAXyHOK TEPMOOKUCHOI IeCTpyKIiiMaTepiany.

3HMKeHa Temreparypa (OpMyBaHHS MOXe OyTH NPHYMHOIO HEMIIIHOTO 3BapHOrO IIBA,
BEJIMKOI yCaJK! 1 TePEBUIIEHOT TOBIIIMHH CTIHOK BUPOOIB.

HIBUAKICTh €KCTPYAYBaHHS 3aroTOBKM BIUIMBa€ Ha Macy 1 TOBIIMHY CTiHOK BHUPOOY,
YUCTOTY BHYTPILIHBOI MOBEPXHI, PI3HOTOBIIMHHICTH BUPOOIB 1 IPOAYKTUBHICTD MIPOLIECY.

30UIbIICHHS IBUKOCTI €KCTPYAYBAaHHS 3arOTOBKHM MPU3BOAUTH 0 30UIBIIEHHS TOBIIMHU
CTIHOK, 3HM)KEHHS PI3HOTOBIIMHHOCTI ¥ MiJIBULLIEHHS MPOAYKTUBHOCTI Ipoliecy. Ajie HaaTO BeUKa
IIBUJIKICTh MOX€ MPU3BECTH IO MIJBUILEHHS LIOPCTKOCTI 3arOTOBKH, YTBOPEHHS MiCLIEBUX
MMOTOHIIICHb CTIHOK BUPOOY TIO JIiHIi 3JTUTTS MOTOKIB, & TAKOXK MOSBU HA MIOBEPXHI BUPOOY YaCTUHOK
HEpPO3TOIJICHOTO0 MaTepiaiy.

MexaniyHa o0poOka Bupo6iB. Ha cydyacHux arperatax cywiliarOTbcs pO3AYyB, MEXaHIYHA
00poOka, konbopoBuil apyk. IlonpiOHeHi 1 TpaHynbOBaHI BiAXOIU 3MIIIYIOTh 3 IEPBHHHOIO
cupoBUHOIO B 00°eMi 110 30 % Ta moBepTarOTh B IIUKJI BUTOTOBJICHHS BUPOOIB.

[Tpu ¢opmyBaHHI Ha HEABTOMATU30BaHMUX arperarax MexaHiuHy oOpoOKy BEIyTh OKPEMO 3
BUKOPUCTaHHSAM MEXaHI30BaHUX HOXKOBUX YU (PE3EpPHUX MPUCTPOIB.

[TakyBaHHS TOPOXKHUCTHX BHPOOiB. [lakyBaHHA MOXHA 3IIMCHIOBATH LEHTPATi30BAHO
(Tricyst AUTBHMIT KOHTPOJIIO) 1 ACTIEHTpaTi30BaHO (017151 KOXKHOTO €KCTPY31HHOTO arperary). Bupoowu,
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AK1 MaloTh 00’eéM 1 + 3 JI, MaKkylOTh HaCUIOM B M’sIKi KOHTEHHEPH 4M MIIIKH, 3 00’€MOM /10 9 11 —
momTy4Ho 3 (opmyBaHHSAM makeTa. [lakyBaHHs BUpoOiB, sKi MalOTh 00’eM moHaa 90 1, BemeThes
TITBKU MOIITYYHO.

VY BUIAJKy BUKOPHCTAHHS CXEMH, 32 SIKOK BiJJOYBA€THCS 3aIIOBHEHHS €EMHOCTEH piMHAMU,
MaKyBaHHS JOIIBHO MPOBOJUTH 3 BUKOPUCTAHHSM CIELiaJbHOI KAaCETHOT TapH.

Ilepepooka 6idxodis
[Ipu BUTOTOBIIEHHI BUPOOIB 3 TEPMOILIACTIB METOJOM E€KCTPY3ii 3 PO3AYBOM YTBOPIOIOTHCS

3BOPOTHI 1 HE3BOPOTHI Biaxonu. [Ipu BuKOpucTaHHI moJionediHiB ocTaHHI CkiagaroTh 1 — 2 %
(BTpatH y BHIJISAI Ta3o0NOAIOHMX BHUIICHB, 3JIUTKIB TPH BIAIMpPaIOBaHHI PEXUMY). 3BOPOTHI
Bigxoau (10 35 %) micast ApoGIIeHHs, OYUIICHHS 1 TPaHyIIOBaHHS BUKOPUCTOBYIOTH SIK I00aBKY J10
BHXIJIHOT CHPOBHHH Y KUJIbKOCTI 110 30 %.

Bnaue mexnonoziunux napamempie odepicannn i po3oyey mpyouacmoi 3a2omoeKu _Ha

AKiCcHb NOPOHCHUCIUX _6UpO0ie
SIKicTh 3aMKHYTHX 00’€MHUX BHpOOIB 3HAYHO 3AJICKHUTH BiJ MapaMmeTpiB TpyOdacToi

3aroTOBKH (IIBUAKOCTI ii OJIaBaHHs, TOBIIUHU, CTYIEHS BUTSKKH U e(eKTy ,,po30yxaHHs”).

3aroTroBka, siKa BUXOAWUTH 3 (POPMYBAIBHOTO KaHaldy, Ma€ Majly IITHBHICTh, a TOMY
BUTATYETHCS MiJ JI€I0 BJIACHOI Baru, 10 MPU3BOAMUTH O OJEP>KaHHS PI3HOTOBIIMHHUX BUPOOIB.
Jlnist yCyHEHHS IbOTO HEJOIIKY HE0O0X1THO BU3HAYUTH ONTHMAJIbHY IIBUAKICTh €KCTPY3ii 3arOTOBKH
3 ypaxyBaHHSIM ii JOBKMHHU, a TaKOX PEOJIOTIYHUX 1 Teruioi3MYHUX BIACTHBOCTEH Marepiaiy,
KU iepepo0sieTsest. Tak, M OLIBII Yac BUTHCKAHHS 3arOTOBKY 1 1 Maca Ipu Maiiid B’sI3KOCTI
PO3TOITy, TUM OLIIbIIIE BUTATYETHCS 3arOTOBKA, 1[0 BUKJIMKAE PI3HOTOBIIUHHICTH BUPOOY (HaWTOHIIA
Bropi, HAUTOBCTIIIA — Y HUKHIA YaCTHHIBUPOOY).

3Harund po3Mipu BHPOOY (30BHILIHIM giamMeTp /i, TOBIIMHY CTIHKH S, HOBKHHY L),
MO>KHa 3HaWTH pO3MipHU TpyOdacToi 3aroTOBKH.

Jlns BU3HAYEHHS JOBXKWHU 3arOTOBKHU L,HE0O0X1MHO 301IBIINTH JOBXHUHY BHpoOy Ha 15 %,
BpaxoByrO4H 0(OpMIIEHHS HOro JAHA:

L; =1,15L,, (4.32)

3agatounceroedinieHTOMpo3nyBY ., (BiIHOMCHHA30 BHIIIHBOTOPO3MIpYBHPOOY 10

30BHIIIHBOTO JliaMeTpa 3aroTOBKH /[;;), MO’KHA 3HAMTH 30BHIILIHIH JlilaMeTP3arOTOBKHU:

ToBUIMHY CTIHKH 3arOTOBKH MO>KHA OOYHCIUTH 32 (OPMYIIOIO:

Ad.-AL-4-el d,-5+4 & 5!

S,=L2- »
2-
_ ? , (4.34)
A pPI3HOTOBIIMHHICTH BUPOOY PO3PaxoBYIOTh 3 BUPA3Y:
. hK,-5
A, = ———,
€p

ne:h

—BUCOTAIILTUHUTOJIOBKH; ,—TOBIIMHACTIHKU3ATOTOBKH; K—K0e (i€ HTBUTSKKUIIPH PO3AYBI.

Jns  3MeHIIEHHS BUTSATYBAaHHS 3aroTOBKM T JI€I0 BJIacHOI Baru 1 3HIDKCHHS

PI3HOTOBIIMHHOCTI 1 €KCTPY3il0 MPOBOJATH NMPU MOXIIMBIA MIHIMAJIBHO HH3bKiM Temmepatypi

po3Tony 1 BHCOKIW JIIHIHHINA MIBUIKOCTI €KCTpy3li. MiHIMAJTbHO MOXIJIHMBY IIBHIKICTh €KCTPY3ii
BHU3HAYAIOTh 32 (DOPMYIIOO:

1 pI-L';
v = :
©1-[A] 24-p,
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Ie: U~ JIiHIHA MBUJKICTh €KCTPY31MHOT 3aTOTOBKH, M/C; p— MUTOMAa I'yCTHHA PO3TOIY IPH
TeMriepatypi ekctpysii, H/M; w,— Haiibinbma (HbIOTOHIBChKA) B’SI3KICTh PO3TOIY MPHU 3CYBI (I
[TEHT i IIEBI" 3 moka3HHKOM TeKy4docTi po3Tomy Omu3bko 2 r/10 XB BOHa CKJIajJa€e BiIMOBIIHO
1,2:10° i 0,4'106, ITa-c); L,~ HeoOXximma JOBXKMHA 3aroToBkKM, M; [A] — momycruma
PI3HOTOBIIMHHICTH 3aTOTOBKH 110 BUCOTI BUpoOy (0,95 + 0,98).

Po3paxyBaBiiy MBUAKICTE €KCTPY3ii 1 CTYIIHB JOMYCTUMOI PI3HOTOBIIMHHOCTI, MOXKHA

BU3HAYUTH HEOOX1AHY MPOTYKTUBHICTh €KCTPY31HHOTO arperary:

D.“:DM/KRW‘S h=6y-5,/ K

@ 5° (4.37)

ne: R,1 Rp— paaiycu MyHIIITYKa 1 JOpHA TOJIOBKH.

A 30BHIIIHIN AilaMeTp MIIJIMHU TOJIOBKH 1 ii BUCOTA BiJIMOBIIHO OYAyTh PiBHI:

Brne “po30yxaHHs’ 3aroTOBKM Ha SIKICTh IMOPOXKHUCTHX BUPOOIB. Y mporeci ekcTpysii B
MOTOIL[l PO3TOINY BUHUKAIOTH 1 MPOJOBXKYIOTH HISITH MICHsI BUXOAY 3 HIUIMHU (POPMYBaJIbLHOTO
IHCTpyMEHTa HampyKeHHS, SIKi NEepHeHIUKYJSpHI 0 MOBepXHi 3cyBy. lle 1 mpusBoauTs 10
“po30yxanHs” exctpyaary (egekt bapyca abo ,,sBHIlE €1aCTUYHOTO BiAHOBJICHHS ), IO BILTUBAE
Ha po3mipu Ta popmy mopoxnEcTOoro BupoOy. Edexr bapyca mossrae B 30UIbIICHA] TOBIMUHU i
niameTpy TpyOdacToi 3aroToBKHU 1 HOro HEOOX1JHO BPaXOBYBAaTH PO3PAXOBYIOUU PO3MIPUBUPOOY.

Ha “po30yxaHHs” 3aroTOBKHM BIUTMBAIOTH JEKUTbKa (DaKTOpIB: peiakcallis HampyXeHb B
eKCTPY31iHIi TONOBLI 1 HAa BUXOAL 3 Hel, MEpepo3MOJiT MIBHAKOCTI B MOTOLI po3zrtomy. [Ipu
MEepeMIlIeHH] PO3TOIy B KaHali TOJOBKH TONEPEYHHUH TPAMIEHT IIBHIKOCTI IMPHU3BOIUTH JI0
OpieHTallil MaKpOMOJIEKYJ Yy HalpsMKy HOTOKY, a Micis BHXOLY 3 EKCTPY31HHOI TOJIOBKH
BiJIOYBA€ThCS iX JIE30pi€HTAIlis, IO TAKOX € MPUINHOK JedopMallii 3aroTOBKH. BHUpiBHIOBaHHS
npodiuTI0 MBUIKOCTEH B MOTOLI MIiCJs BUXOLY PO3TONY i3 IIUIMHU (POPMYBaIBbHOIO 1HCTPYMEHTA
TaKOX MPU3BOJIUTH JOJEAKOro 301IbIICHHS MEPETHHY 3aroTOBKM HE3aJeKHO BiJ BIJIHOCHOI
JIOBXXMHM 1IbOTO 1HCTpYMEHTA. 3aJie)KHO BiJl TeMIEpaTypH pO3TOIy M BIACTHMBOCTEW Marepiaiy,
SKUH epepoOIIIe€ThCS, MOXKE MAaTH NIEPEBAKHUMN BIUIMB TOH, YU 1HIIUUATIPOLIEC.

3 MiJABMILEHHSIM HIBHJIKOCTI €KCTPY3il “p030yXxaHHs” 3pOCTae, aje MpU MIBUJIKOCTI 3CYBY

Piznomosuwiunnicmueupooie

Pi3HOTOBIIMHHICTB PO3AYBHUX BUPOOIB KPYIJIOro NepeTHHy 3a BUcoToro pocsarae 30 - 40 %,
10 BIUIMBAE€ Ha EKCIUTyaTal[iliHI XapakTepUCTUKU BUPOOIB (3MEHIIYEThCS MEXaHIYHA MIIHICTB,
CTIMKICTB 10 PO3TPICKYBaHHS TOIIO) 1 HA EKOHOMIUHI MMOKA3HUKH Mpo1iecy POpMYyBaHHS.

Jns  3MeHIIeHHs BIUIMBY pPI3HOTOBUIMHHOCTI Ha MIIHICTh MOPOXHUCTUX BHPOOIB
30UIBIIYIOTh TOBIIMHY CTIHKM 3aroTOBKH, IO NMPHU3BOAUTH J0 3pPOCTaHHS BUTpAT Martepiany i
niaBuIeHHs co0iBapTocTi BUpoOy (1o 70 - 80 % cobiBapTOCTI MOPOKHUCTHX BUPOOIB MpHITAIac Ha
BapTICTh CHPOBHHM). 3OUIBIIEHHS TOBIIMHM CTIHKM BUPOOY BHUMarae 301UIBbIICHHS 4acy
OXOJIOJPKEHHSI Moro y ¢opmi, 10 MPU3BOAUTH A0 3POCTAaHHS TPUBAJIOCTI BUPOOHUYOIO IHMKILY,
3HUKEHHS IPOYKTHUBHOCTI.

Jns opepxaHHs pIBHOTOBIIMHHOTO BUPOOY 3aroToBKa MOBMHHAa MaTH Pi3HY IO BHUCOTI
TOBILMHY CTIHKH, II0 BPaXxOBYye KOH(]Iirypaiiiro BUpoOy.

Mo>x1Bi 1Ba CIOCOOM peryiroBaHHs TOBIIMHU CTIHKM 3arOTOBKHU B IIPOIEC]
excTpy3ii.Ilepmuii criocid — mporpamoBaHa 3MiHa TUCKY B MaTepiajJbHOMY LIMITIHIPI EKCTPYyIepa.
3MiHa TOBUIMHM CTIHKH 3arOTOBKH JIOCSITA€THCS B IIbOMY BUIA/IKY 32 PaXyHOK HEPIBHOMIPHOCTI
po30yxaHHS €KCTPyaTy Ha BUXO/Ii 3 TOJIOBKH.

binpioro nomupeHHs 3100yB Apyruid crocid peryatoBaHHs TOBUIMHHU CTIHKH 3arOTOBKH —
32 paxyHOK 3MiHH B IpOIECi eKCTpy3ii BHCOTH (OPMYBaIbHOI IIUIMHM BHACIIAOK BiJHOCHOTO
3MIIICHHS KOHIYHUX JIOPHY W MYHJIIITYKA 3a MEBHOIO ITporpamoro HalimpocTimumM BapiaHTOM IIbOTO
croco0y € piBHOMIpHE MEpPEMIlleHHS JOPHY YM MYHIIITYKAa 3 OJHOTO KPalHBOTO IOJIOKEHHS B
1HIIIE, a TIOTIM TIOBEPHEHHS iX Y BHXIJHE MOJ0KeHHS. [Ipu oMy TOBIIMHA 3arOTOBKU IO BHUCOTI
CIIOYATKY 3pOCTaE, a MOTIM3MEHIIIY€EThCS.

Jlnst ycyHEHHSI BKa3aHOTO HENIOJIKY HEOOXIIHHMHA TEepepo3Noji Marepiaay 3a Hepepizom
3aroToBkH. Lle nocsraroTh 3MiHOIO KOH(pirypamii MyHAIITYKa i 1opHy. Haitbinpin nouinsHO mpu
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BUPOOHMUTBI 00’ €MHUX HEUWIIHIAPUYHUX 32 TEPETUHOM BHPOOIB MYHJIIITYK BHUKOHYBATH
SMNTUYHUM, & TOPH — T HAPpUIHUM (puc. 4.35).

Ycaokasupooie

['0JIOBHOIO TMPHYMHOKO YCAaIKW TOPOXKHHCTUX BHPOOIB € BIIHOBJICHHS TPYKHHUX
nedopmariii. Skmo TpyduacTa 3aroToBKa IMONEPEIHHO HE BUTATYBAJach, TO HAWOUIbIIA ycaaka
CIIOCTEPIra€eThCs 10 T1aMeTpy.

VYcanka TepMOIUIacTy IpU OJICpKAHHI OPOKHUCTUX BUPOOIB 3aJ€KUTh BiJl KOH(Iryparmii i
po3mipiB BUpoOy, Temneparypu ¢opmu 1 koedilieHTa po3ayBanHa. Bona ckinagae Big 1,5 1o 5 %.
31 301IBIICHHSIM MUTOMOI TYCTHHH MEePepOOIIOBAHOTO TOJIIMEPY yCcaaKa 3pOCTae, Mo € HACTIIKOM
BHCOKOI KpHCTaJIIYHOCTIMATEpiaITy.

3pocTaHHs CTYIEHS pO3/JyBaHHS 3arOTOBKU NMPHU3BOJUTH A0 POCTY 3aJUIIKOBUX HAINPYKEHb
1 30UmbpiIeHHs ycanku. [l opepkaHHA TOPOKHUCTHUX BHPOOIB 3 OJIHAKOBOKO YCAAKOI B
MO3/I0B)KHBOMY 1 TONEPEYHOMY HampsMKax KOe(iI[ieHT pO3AYyBaHHSA 1 CTYHiHb BUTSDKKH B IIHX
HaNpsIMKaxX MOBUHHI OyTH pIBHUMHU.

HKkicmb nogepxnisupooy
Jns omepkaHHsS BHPOOIB 3 HAWKpallMM TOBAapHUM BHIIIAZIOM HEOOXiTHI YMOBH, SKi

30UIBIIYIOTh TPUBAIICTh LUKIY BUPOOHUNTBA. Lle Npu3BOAUTE 10 3HUKEHHS MPOAYKTUBHOCTI, 110
HE 3aBXKIH JIOIUIBHO.

OpHUM 3 BaXJIMBUX TEXHOJOIIYHUX (PAKTOPIB, SIKI BIUIMBAIOTh Ha IVISHEIb HOPOXKHUCTUX
BUpOOIB, € TemIeparypa MepepoOKu moiimepy. Bimomo, mo BupoOH, sKi OfepKaHi TIpH
BHUCOKOSIKICHOMY JIMTTI MiJI TUCKOM, MalOTh 3a “OMUCKOM’ iX 30BHIIIHBOI MOBepxHi 1-i kiac, a
BHUPOOM 3 MaTOBOIO MOBEpXHEI0 — 6-if kitac. O6’eMHI BHPOOM BUTOTOBIISIOTH B OCHOBHOMY 32 3-M
kinacoM. [liaBuiienHs TtemmepaTypu nepepoOku momietuneHy Ha 40 - 50 °C mokparrye Onuck
BHUpoOIB Ha 1,5 kiacy.

Kpim Toro, Ha £KIiCTb MOBEpXHI BIUIMBaE Temmeparypa (opMu. 3 MiIBUILEHHIM
TeMriepatypu (HOpMHU TOKpaIIyeThCcsl TisHelb BUpoOiB. Ha puc. 4.36. momaHa 3aiexHICTb, sKa
XapaKTepu3ye BIUIUB KoedillieHTa po3AyBY 1 TEMIIEpAaTypH pO3TOMY Ha OJIHMCK BUPOOY.

N

w

4

Kaac “onucky”

5 T T T L] >
150 160 170 180 190 T, °C

Puc.4.16 3anesxcnicmo knacy “onucky” noposicnucmux supodis 6io koeghiyienma po3zoysy
(yugppu bins kpusux) i memnepamypu po3mony

bruck BupoOy 3aleXUTh TaKOX BiJl MUTOMOI TYCTHHHM moijiMepy. [nsHeup BupoOiB 3
MoJIiMepiB BUCOKOI MUTOMOT I'YCTUHH 3HAYHO MEHIIHH, HK 3 MaTepiasliB HU3bKOT MUTOMOT I'yCTHHH.

[HopcTka moBepxHs HE MpUAATHA AJIl HAHECEHHS JIPYKApChKUX HAIKCIB 1 3HIXKYE MIIHICTh
BUPOOIB BHACHTIJIOK KOHIEHTpalii HampyxeHb. [IIoOpcTKICTh MOBEpXHI BUHHUKAE y BUMAJAKY, KOJIH
TeMriepatypa (popMyBaIbHOTO IHCTPYMEHTA HIDKYA, HIXK TEMIIEpaTypa po3ToIy.

HlopcTKicTh (CMyTH Ha IOBEPXH1) YTBOPIOETHCS SIK HA 30BHIIIHIIM MMOBEpXHI BUPOOY (Criau
Bil MYHAIITYKa, HAMpsSIMOK SKHUX 30ira€ThCs 3 HANpPSMKOM BHAYBAaHHS 3aroTOBKH), TaK 1 Ha
BHYTpIIIHIN MOBepxHi BUPOOyY (Ciiau BiA JOPHY, SKI MOXYTh OYTH HampsIMJICHI SIK B3JJOBXK, TaK i
BIIONIEPEK HANPSIMKY BUAYBaHHI3arOTOBKH).

[To310BXHI CMyrM Ha 3aroTOBIII MOXKHA 3MEHIIUTH 32 PaxXyHOK 301JbIIEHHS IIBHIKOCTI
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PO3JlyBaHHS 1 THCKY TMOBITps, SIKMH MOJAEThCA Ha PO3MYBaHHSA TpyOdacToi 3aroToBKU. SIKiCTh
MMOBEPXHI BUPOOIB MiABUIIYEThCS MpU 30UIBIICHH]I THCKY Ha BeauuuHy 10 0,5 - 1 Mlla 3amexHo
BiJl TOBIIMHU CTIHKH 3aroToBKH. [lojanbiie 30UIbIIEHHS THCKY NMPAKTUYHO HE BIUIMBAE HA SIKICTh
MMOBEPXHIBUPOOIB.

Ha sikicTe moBepxHi BUpOOY HEraTWBHO BIUIMBA€E BOJIOTA, sSIKa MOXKE OyTH B TOBITPI, SIKE
MOJIa€ThCS Ha Po3AyB. ToMy Ha KOMYHIKallifX MOBITPSHOI CHUCTEMH HEOOXIJHO BCTAHOBIIOBATU
PI3HOMaHITHI IPUCTPOI AJIS OCYIIYBaHHS MOBITPS — TEIUIOOOMIHHHUKH, KOHIACHCATOPH, CU()OHH, 110
03BoJIsI€ BUAAIMTH ToHaa 90 % Bojoru.

SIkicTh TIOBEpXHI BHUPOOIB MOXE MOTIpIIYBAaTHCS 4Yepe3 HeIOCTaTHbO e()EeKTUBHY poOOTy
CUCTEMHM BHJIAJICHHS IMOBITPS 3 MPOCTOPY MIK 3arOTOBKOIO 1 MOPOXKHUHOKW (hopmu. g yCyHEHHS
[BOTO HEJOJIKY IUIOUIMHHM 3MHUKAHHS MBPOPM OOpOOISAIOTH MICKOCTPYMHHHUM MeTonoM. Kpim
TOrO, IUIOMIMHU 3MHUKaHHS ¢opMm ¢pesepyroTh Ha mmbuny 0,8 - 1,2 MM abo mepembayaroTh
BEHTWIAIIHI KaHAIM. A B TIyXUX Kyrax (opM CBEpAIATH OTBOPH, SKI MAarOTh JIiaMeTp
0,6 - 1,2 mm, azne He Oinblille TOJTOBUHH TOBIIMHUA CTIHKUBUPOOY.

Budu o6paky npu o00epicanni nopoydcHucmux eupooie excmpy3ici) 3 po30veom, ix

HPUYUHU MA WIAXUYCYHEHHA
VY mpolieci BUTOTOBIIEHHSI BUPOOIB METOJOM E€KCTPY3ii 3 pO3yBOM MOKE BHHHMKATH Opak,

KU BUKIMKAHUN TOPYIICHHSIM TEXHOJOTIYHOro pexumy. HaitOinpm mommpeni Buau Opaky, ix
MIPUYMHY 1 ciocoOu yCyHEeHHs mojani B Tabnuii4.8.

3.2.2. TexHoJiorist poOpMyBaHHSI M€TO/IOM JIUTTEBOI0 BUIYBAHHSA

Mertox 3acHOBaHMI Ha (OpMyBaHHI MOPOKHHUHHUX 00’€MHHX BHPOOIB 3 TEPMOILIACTIB 3a
JIONIOMOTO0 BUAYBaHHS Yy (OpMI MOJIMEPHOI 3arOTOBKH, IOMNEPEIHBO OAEP)KAHOI JUTTAM Iif
THUCKOM. 3BHYaiiHO, rabapuTu BUPOOyY, 0JI€P>KAHOTO 3a I0IIOMOTI0OI0 11bOT0 CII0co0y, 6e3nocepeIHbO
3ajie’kaTh BijJ rabapuTiB Ta €HEProCHJIOBHX IapaMeTpiB JIMUTTEBOI MAIIMHHU, Ha SKiH BiAJIUBAETHCS
MoJTiMEpHA 3aroToBKa. BupoOu XxapakTepu3yroThCs MiABUIIEHOK TOYHICTIO PO3MIPIB, BUIIOK, HIXK
BUPOOM MpH €KCTPY31HHOMY BMYBaHHI, MILHICTIO 1, IO HAMroJOBHIlIE, Bi3HAYAIOTHCA MO0
PI3HOTOBIIMHHICTIO CTIHKH.

Ha BigMmiHy BiA eKcTpy3iHOrO BUAYBaHHS JJIsi JIMTTEBOTO BHUIYBAaHHS BHKOPHCTOBYETHCS
IIMPOKUN aCOPTUMEHT TEPMOIUIACTIB 0e3 OCOOJMBHUX BHUMOT JI0 PEOJIOTIYHHMX BIACTHBOCTEH.
Bupo6u MOXXyTh BUTOTOBJIATHUCH SIK 3 OJHOrO Marepiany, Tak 1 OararomapoBi: (Hampukian,
tpumaposi: [TIET/ITA 6/IIET a6o x, HaBiTh, I’ sstumaposi — IIBT/TTA 6/TIET/ITA 6/I1BT), sixi kpim
MIITHOCTI MalOTh MiIBUIIIEHY 3aTPUMYIOUY 31aTHICTh 10 1udy31iCOs.

[TinBumieHa MIHICT, BUPOOIB (B OCHOBHOMY TOHKOCTIHHUX) 3a0€3M€4yeThCsl JBOOCHONO
Opi€HTAIlI€I0 TTOJIIMEPY IT1J] Yac pO3AyBaHHS.

Otmxe Bech mporec (GopmyBaHHS MOKe OyTH PO3JUICHWA Ha JIBI OCHOBHI CTajii: CTamis
JIMTTSA 3 OJIEPKaHHAM 3aroTOBKH (Tpedopma) 1 cTajis po3ayBaHHs pedopMu 30CTaTOYHUM

dbopmyBaHHSIM BUPOOY. 3aJI€KHO BiJ TOTO UM 111 CTAAIl peasli3yrOThCS CYMICHO Y OKPEMO
ICHY€ JIBl pI3HOBUAHOCTI METOAY JIUTTEBOTO BUTyBAHHS.

[lepmia pi3HOBUAHICTH TMOJSTa€ y CYMICHOMY IMPOBEIEHHI — JUTTS MiJ THUCKOM
(BUTOTOBIIEHHSI 3arOTOBKH) 1 PO3AYyBaHHS 3IIMCHIOETbCS O€3MOCepeHhO Ha OAHIM JHUTTEBIN
ManivHi. J[7s 1boro Ha Hiil BCTAaHOBIIOIOTH 00EPTOBUN MPUCTPI, HA TKOMY 3aKpiIUieHi ABl Gpopmu
— IUTTEBA 1 17151 BUAYBaHHS (puc. 4.37).

Tabnuys 4.8

Buan 0paxky BupoO0iB, IKi BUTOTOBJISIIOTHL METO0M €KCTPY3ii 3 po31yBOM, IX NPUYUHHI
Ta CIIOCOOM YCYHEHHS

Bun oOpaky Ilpuuunu Opaky Cnoco0u yCyHeHHs

Bucoxka Temneparypa po3romy. 3HU3UTH TEMIIEPATYPY 32 30HAMH.
Hwuseka mBuakicTsb [TigBUIIUTH IIBUAKICTE
BUTHCHEHHSA3arOTOBKHU €KCTPY3113arOTOBKHU

HenocratHs ToBIIMHA
CTIHKH BUPOOY
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PizHOTOBUIIMHHICTE
BHPOOY

HepiBHOMIpHUIA THCK 11O IEPETUHY
¢dbopmyBaIbHOTO
1HCTPYMEHTA(TOJIOBKH )

BinkaniOpyBaTH KiIbLEBUI OTBIp
T'OJIOBKH

IToToBIIEHHS 3BAPHOTO
1Ba BUPOOY

Benuka mBUAKICTh 3MUKAHHS
niBGopM po3ayBHOI hopmu.
[TigBUIICHHH THCK
MOBITPS,SIKETIOAAETHCSI HA
PO31IyB3aroTOBKH

3HU3UTHU TUCK MOBITPS

He3anoBuisHa
TOMOTEHI3aIlisl pO3TOIY

Benuka mBuakicTe o0epTaHHS
mHeka. Huspka Temmeparypa
nepepooku

3HU3UTH MIBUIKICTH OOEPTaHHS
mrHeka. [ligBunmTe TeMmeparypy 3a
30HaMU IWIIHAPA H HAKOITHYyBaJIb-
HUM. 3aKpUTH MMOJaBaHHs BOJIU HA
OXOJIOJDKCHHS eKCTpyJepa

[lopcTka BHYTpilIHS
HIOBEPXHS

Benwmka mBUAKICTh BUTYBaHHS
3ar0TOBKU

3HU3HUTH MBUAKICTH 00EpTaHHS
IIHEKa. 3MEHIIUTH IBUIKICTb
BUJIYBAaHHS 3arOTOBKH

Hes3anoBijibHa 30BHILIHSA
MIOBEPXHsI BUPOOY

Hwusbka TemriepaTypa po3ToIry.
Husbka Temrieparypa Gopmm.
HusbKuii THCK OBITPS JIsI
PO3yBaHHS

[TinBuImuMTH TEMIIEpaTypy 32 30HaMH
eKcTpyepa. 3MEHIIUTH MOJaBaHHS
BOJIM HA OXOJIO/PKEHHS (POPMHU.
30UIBIIUTH TUCK TTOBITPS, SIKE
HOAAETHCS HA PO3LYBAHHS

[Tpu Buxomi 3 popmysa-
JBHOTO 3a30py 3ar0TOBKA
MIPIIIUTIAE JTO TOJIOBKH

[ligBuIieHa TeMIIepaTypa po3Tomy.
Bucoka Temneparypa rojioBKH.
Harap nHa ronosii

ITonu3utu Temneparypy 3a 30HaMHu
WIHApA. 3HU3UTU TEMIIEpaTypy
roJIoBKH. [IpouncTUTH rOJIOBKY

3HU3UTHU TUCK MOBITPS, SKE
MIOJAETHCS Ha po31yB. BcTaHOBHTH
[IPaBUIILHO

popmy

[TinBuIIEHNI TUCK TIOBITPS TIPH
po3ayBanH1.HeminpHo
3MUKAIOThCANIBHOPMU

I'pat Ha OOKOBHX CTIHKaX
BUpOOY M0 JIiHI{
3MUKaHHS (HOopMH

CyTb 1IbOr0 METOAY MOJIATAE B TOMY, IO CIIOYATKY 3/1HCHIOETHCS UK JUTTS y Gopmi (1),
IIyaHCOHOM $5IKOi € mep(opoBaHUN CEpACUHUK, 10 (HOpPMYE BHYTPILIHIO MOBEPXHIO 3arOTOBKHU
(puc. 4.38). Y dopmi 4 B et yac popmyersest Bupi6 (puc. 4.37). Ilicast ynopckyBaHHs 4yeproBoi
nopuii 1 BiagopmyBaHHs npedopmu cTil 3 popMoto 4 BiicyBaeThbes, GopMa po3MUKAETHCA 1 BUPIO
Bunanserbes. [licns mporo crepskens 5 obepraeThest Ha KyT BenuunHoo [ pan (180 rpan), popma 4
3aMHUKA€THCS 1 TOUMHAETHCS po3yBaHHA. OHOYACHO CTUI MEPEMIIAEThCS 0 JUTTEBOI Popmu 3,
3aMMKaro4H ii,1 HacTymae 4YeproBHil mpoliiec yrnopcKyBaHHs, y TOH 4ac K Y GopMi 4 0XOJI0KYETHCS
BidopmoBanuii Bupi6. CiiJl 3ayBa)KHTH, 1110 TOBIIMHA CTIHKH Mpe(opMu € 3aBXau OUIBIION HIK
CTIHKU BUPOOY, sIKa 3MEHIITY€ETHCS BHACIHIIOK BUTSKKU TPUPO3AyBaHHI.

[Tpu peanizamii OrO MPOLECY BEIUKY yBary MNPUAUIAIOTH 3a0€3MeUeHHI0 HeoOXiTHOi
Temreparypu npedopMu (3aroToBKH). 3pO3yMiIOo, IO 3AIHCHUTH TIUOOKY BUTSIKKY MOJIMEPY
MO>KHA TOJ1, KOJH BiH 3HaAXOJUTHCS Y BUCOKOEIACTUYHOMY UM Y B’SI3KOTEKY4OMY cTaHi (B o0macTi,
OMM3BKIN 10 TemrepaTypu TeKkydocTi 7,,). HasBHICTH cki10omo1i0HOT 00OJOHKH TEPEIIKOKATUME
BUTSDKII 1 TPU3BOAUTUME JI0 TIOSIBU MIKPOTPILIMH Ta BEJTMKUX BHYTPIIIHIX HANPY>KEHb.
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Puc. 4.17. Cxema b6e3nocepednvboco popmysants supobie mMemooom TUMmeE020 8U0Y8aHH s
HA OOHIU MAUWUHT 3 BUKOPUCMAHHAM 080X (hopM i 00epmosUM MEeXAHIZMOM:
1 — nracmuxayitinui yunindp, 2 — pyxoma nauma mawunu, 3 — aummesa gpopma, 4 —
PO3iMKHYmMa ¢hopma 015 po30y6ants, 5 — 00epmosuil Mexamizm 3 cepoeyHUKaMU 3 nep@oposanoco
Mmamepiany

Puc. 4.18. Cxema b6e3nocepednbo20 1ummeso2o 8U0Yy8aHHs HA OOHI TUMMEBIU MAUUHI 3
BUKOPUCMAHHAM CYYITbHOI cnapenoi gpopmu.

@) pO3MUKAHHA OpMU T 3HIMAHHA 8UPODOY; 6) NOBEPMAHHS 8414 HA KYM 3A20MOBKU, 8)
SMUKAHHA (hopmu i cmabinizayis memnepamypu 3a20moeKu, 2) po30y68aHHs 3a20mMo6KU i
Gopmyeanns uep2o6oi 3a20mosKu;

1 — rummeee enizoo; 2 — eniz00 011 po3dysanns, 3 — ean 06epmosull 3 060Ma
cepoeunuxamu, 4 — ionuma 3a2omoeka,; 5 — eupio

B nesxkux Bumaakax Ui 3a0e3neueHHs MOTPIOHOT MeXaHIYHOi CTIMKOCTI BHpPOOy 3a
BucoTO0 (Hampukiana, s [IET - misiimky) BCTAHOBIIOIOTH Pi3HY TEMIEPATypPy CTIHKU 32 BUCOTOIO
3arOoTOBKH, BHACIIIJIOK YOTO BIJJOYBA€THCS HE OJHAKOBA 32 BUCOTOIO BUTSDKKA 1 3a0€3IE€UY€EThCS SIK
pi3HUIl CTYIIHB Opi€HTAlll], TaK 1 pi3Ha TOBIIMHA.

Taka MOMJIMBICTH peaNli3ye€ThCs TPH JBOCTAIIMHOMY METOJi, PO3IiJIECHOMY B dYaci #
TormorpadiuHo Ha JBI OKpeMi CTaiii: JUTTSA MiJ TUCKOM 3 HAacCTYMHMM (OpMyBaHHSIM BHPOOY 3
npedopMH Ha 1HIIOMY, BIIIIJIEHOMY 30BCIM BiJ JUTTEBOI MAalIMHU ycTaTrkyBaHHi. [Ipum Takomy
METO1 BiAUYTHO 301IBIIYETHCS MPOAYKTUBHICTD MPOIIECY Ta PO3IMIMUPIOETHCS ACOPTUMEHT BUPOOIB,
SIK1 32 OPMOIO 1 TPU3HAYEHHSAM HAOJMKEH1 0 PEATbHOTO CIIOYKHBAYa.

OTxe, CyThb LILOTO METOJy IOJISITa€ B TOMY, IIO Ha MEpIIid CTajii Ha JUTTEBIM MalIMHI
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3MIIACHIOETHCS TIOBHUM LIUKJI IUTTA 3 BUTOTOBJICHHAM IpeopMHU, sIKa € KiHIIeBUM Bupobom. Tpedba
3ayBaKUTH, 11O MiJ] 4ac JIUTTS BUKOHYETHCS JIUIIE TPHU OIEepallii — IIacTUKallisi CHDOBHHH,
YIIOPCKYBaHHS 1 BUTPUMKA i1 THCKOM.

Onepxkani npedopmu micias MexaHidHOI 0OpoOKM (BiApi3aHHS BIYCKHOTO, B 0araTbox
BUIIQ/IKaX [IEHTPAJIBHOTO JIUBHUKA) MAKYIOTHCSA 1 BIAMPABIAIOTHCS 0 CIIOKHUBAYA.

Ha gpyriii cramii 3xpiiicHIOeTbCs  (GopMyBaHHS 00’€MHUX BHUPOOIB 3a JOIMOMOTOIO
po3nyBaHHS TpeopMu Ha CreHialbHOMY, KEPOBAaHOMY 3a JOIOMOIOI0 €JIEKTPOHHUX MPUCTPOIB
YCTaTKYyBaHHI, K€ 3a0e31neuye BUKOHAHHSI MOCTiJOBHUX OIepartiii:

- HarpiBaHHA3arOTOBKH;

- 3MHUKaHHS (GOPMU AIISPO3IyBaHHS;

- MOTIepPETHS MEXaHIYHABUTSKKA;

- PO3AyBaHHS 3ar0TOBKH Ta (OPMYBaHHIBUPOOY;

- BUTPHUMKA HAOXOJIOKEHHS,;

- po3MuKaHHs (OpMHU Ta BUAATICHHSIBUPOOY;

- MaKyBaHHSBUPOOY.

HarpiBaHHsT 3aroTOBKHM 3IIMCHIOETHCSA 3a JOIOMOIOK 1H(pPadYepBOHUX TMPOMEHIB (abo
SJIEKTPUYHKUX EJIEMEHTIB IHIAYKUIHHOTO HArpiBy) Ha HPUCTPOi, SKUH 3abe3mneuye audepeHIiitny
TEMIIEpPaTypy MO BUCOTI 3arOTOBKH (HAMpPUKIIAJ, HaWBHILY y BEpXHil YacTHHI, a HAHIKYY — Y
HIDKHIH, afne Ipy yMOBI, 1110 HalHIDK4Ya Temieparypa 3adesneuye yMoBy 1.[1 T T),).

HarpiTa 3arotoBka nepemimtyerbes 10 cToily GOopMyBaHHS, Ha SKOMY 3HAXOISThCS (GopMU
UL po31yBaHHS (KUIBKICTH iX Taka, moOu He Oyio mepepBH Ha IHMKJI (OpPMYyBaHHS: 3aMKHYTa
dbopMa BIIBOIUTHCSA Ml BUKOHAHHS HACTYMHOI omeparlii, a Ha I Miclle TOJAEThCS Yeprona
po3imMkHYyTa popma).

[Tpu dopmyBaHHI BHUPOOiIB, KOMU CTyMiHb BUTSKKU K[ 1,5, BUKOHYeTbCS MOMEpeTHs
MeXaHI4YHa BUTSDKKa (ITIC/Is 3SMUKaHHS (POpMH) 3a TOIIOMOT'0I0 HAarpiTOro MeTajaeBoro myaHcony. Lle
3a0e3neuye pPIBHOMIPHICTh BHUTSKKM 1 3MEHIIYE pI3HOTOBIIMHHICTH BHPOOY 3a paxyHOK
BUPIBHIOBAaHHS 4acy O MOMEHTY JOTHKAaHHS Marepiaiy, sIKHi pO3TATYIOTH JO XOJOTHOI CTIHKH
¢dopmu. MexaHIuHYy BHUTSKKY 3acTyla€ OCTATOYHE pO3JyBaHHs, sKe 3a0e3nedye OCTaTOYHe
dbopmyBanHs BUpoOy. [Ticist po3ayBaHHS BUKOPUCTOBYETHCS JIMITYIOYA 32 YaCOM CTaisl BUTPUMKH
Ha oXoJyIo/KeHHA. OXOJOPKEHHS 3/IHCHIOETbCA 3a PaXyHOK KOHTAKTy 3 XOJIOJHOKO CTIHKOIO
dbopmu, ska 3 METOK IHTEHCH(]IKAIil TPOIEeCy MOXKE OXOJIOIKYBATUCh 3a JOTOMOTOIO
NIEPE0X0JI0JPKEHOTOPO3COITY.

Yac BUTPUMKH Ha OXOJIOJKEHHS pO3PaXOBYIOTh, BUXOSUH 13 3aKOHY KOHBEKTUBHOTO

TEII000MiHY:

-~

5° S'qu&_-’,l)

J & / lep .

ne: ty, ty— BiAIOBiZHO, TemmepaTypa  (GOpPMyBaHHA 1 TemIeparypa CTIHKH
dopmu; t,— cepemHs TemmepaTypa 3a TOBHIMHOKO CTiHKM ([J) BHpoOy NpH  pO3MHKaHHI
dopmu (t,2t,+20°C), <t eiyeanns; —KOEDIIEHTTEINIOBI I AA4iBIANIONIMEPY IOCTIHKH(DOPMHU.

InteHcudikaiiss  OXOJOMKEHHSI  CIOCTEPIraeThCs  TAaKOXK, KOJIM JUIS  PO3JyBaHHS
BUKOPHUCTOBYIOTh HE MOBITPS, a OXOJIO/KEHY PIAUHY (Hamp., Boy). PinnHa, sika BUKOPUCTOBYETHCS
JUIS pO3JyBaHHA MOXE 3aJUIIUTUCH Yy BUPOOl, SIKIIO BOHA € CHOKHMBYOIO, TOOTO SIKYy MOTPIOHO
IIJIBHO YMaKyBaTH y BifidopMoBaHiii eMHOCTI. Takoro piAMHOIO MOXe BUCTYNATH MEAUYHMIA 3aci0,
KU, HANPUKIIAJA, MMaKyeThCs B IMOJIMPONUIEHOB] IUISIIEYKH BHU3HaueHoro o6’emy. Ilpu takomy
MeToAl (opMyBaHHA piIuHA CIyrye 3acoO0oM JUis pO3AyBaHHS, 3a0e3ledyroud Npu IbOMY
CTEpHIII3AIliIO.

[TakyBanHsT BHMpOOiB, 310paHUX y NEBHIM KIUIBKOCTI, 3/IMCHIOETHCS HAa MaKyBaJIbHOMY
MIPUCTPOi, OCHAIICHOMY 3ac00aMH KOHTPOJIO KUIBKOCTI, OOMOTYBaJbHUMH 1 OMIYHHM 3BapHUM
MPUCTPOSIMH.

Jlnst makyBaHHSI BAUKOPHCTOBYIOTh TEPMO301KHY IMOJIIETUIICHOBY TUTIBKY. Y TTaKOBaH1 BUPOOH
MOCTYMAaIOTh Ha CKJax roToBoi mponykuii. Komm x ¢opmyBaHHs BUpPOOIB 3HIHCHIOETbCS Ha

5]
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BUPOOHMYIHM AITBHUII 3 BUPOOHHUIITBA PI3HUX CIOXMBYUX MPOIYKTIB, sIKI MOBHUHHI 3aJIMBATUCH Y
BiipopMOBaHi EMHOCTI, TO JIiHIA 3 (POPMYBaHHS 0€3 MaKyBaJbHOTO CTONY O0€3MocepeIHbO 3’ €THaHa
3 JTIHIEIOPO3IIUBY.

IlepeBaru i HeOJIIKM JUTTEBOTO BUIYBaHH. /[0 mepeBar cimija BigHECTH:

- BHCOKA TOYHICTh PO3MipiB BUPOOIB Ta AKICTb iXITOBEPXHi;

- BIJICYTHICTb 3BApPHOTO IIBA 1 IMiIBUIIIEHA CTIHKICTh BUPOOIB JOPO3TPICKYBAHHS;

- He MoTpiOHa MexaHiuHa 00poOKa KiHIEBUXBUPOOIB;

- HEeBeJIMKa Pi3HOTOBIIMHHICTHBUPOOIB;

- BHCOKA MPOAYKTUBHICTH MpOIECY (IIPH PO3IUTBHOMY CIIOCO0i(OpMYBaHHS).

Henomniku metomy:

- BEJIMKI aMOPTHU3alliliHI BiJpaxyBaHHs Ha OCHAIIIEHHS (IOPOTOBAPTICHEOCHAIICHHS);

- obMexxeHuit 06’em BUpoOiB (10 10m);

- HEMOXIIUBICTH OIEPKaTH BUPOOH O€3 TOPIOBUHU: PO3MIp TOPIOBUHH BU3HAYAETHCS
PO3MIpOM CepACYHHKA TyaHCOHA IPUIIUTTI.

Jummege nueemosaxyymopmysanns

CyMileHHsT TUTTA M THCKOM TEpPMOIUIACTIB 1 TepModopMyBaHHS 00’€MHUX BHUPOOIB 3
JMCTa TEPMOIUIACTY JI03BOJISIE BUKOPUCTATH JUIsE (POPMYBAHHS JIMCTOBY 3arOTOBKY 3 HEOIHAKOBOIO
TOBILMHOIO B nepepoOiitoBaHiil omuHi. [Ipyu 3BuuaiiHoMy TepMopOpMyBaHHi 3 JIMCTa HEMOKIUBO
PIBHOMIPHO HarpiTl pi3HOTOBIIMHHUKM JucT. [lpy JIUTTI mix THCKOM MOXXHa 3abe3nedynTu
pIBHOMIpHE OXOJIO/KEHHS PO3TOIlY, YIIOPCHYTOro y (hopMy 3a paxyHOK BIAMOBITHOI KOHCTPYKIIIT
($OopMHU 1 TIEBHOTO TEMIIEPATYPHOT'O PEKHUMY OXOJIOJKEHHS. ToMy iCHye MOXIIHMBICTH 00’ €qHATH
nporec (GopMyBaHHS JIMCTOBOI 3arOTOBKHM 1 BHUTOTOBJICHHsS 3 HeEi 00’€MHOro BHpPOOY METOJ0M
TepMOPOPMYBaHHS, BUKOPUCTOBYIOUH OJIHE YCTATKYBAaHHS, K€ CKJIAJA€THCS 3 JIUTTEBOI MAIIMHU 3
dbopmoro Ha sHcT 1 (opmyBaimbHOI MpUCTaBKU Juisi TepModopMmyBaHHsS. BHacmigok Takoro
MOEHAHHS MOYKHA (POPMYBATH BHPOOH 3 JIMCTOBOI 3arOTOBKH, YACTKOBO OXOJIOJKEHOT MICIIS TUTTS
710 TEMIIEPAaTypH BUCOKOEIACTUYHOIO CTaHYy.

3.2.3 . TexnoJiorisi porauiiiHoro ¢gopmMyBaHHsI BHPOOiB

Merton poraniiiHoro ¢GopMyBaHHS IPYHTYETbCS Ha O(QOPMIIIOBAaHHI BHYTPILIHBOI MOBEPXHI
BHpOOY 3a paxyHOK BIALIGHTPOBAHOI CUJIM, TOOTO MOJATAa€ Yy pIBHOMIPHOMY PO3NOAUIEHI CUPOBUHU
no moBepxHi (Gopmu mpu ii oOepTraHHI y JBOX (BEpTHKAIbHIA Ta TOPU3OHTANIbHINA) UM OJHIM
MIomuHax. TakuM METOJ0OM BUTOTOBIISIIOTH 00’ €MHI, aCHMETPUYHI TOPOXKHUHHI BUPOOU 00’ eMOM
Bix 0,3 mo 10 M 1, HaBiTh, sIK cBimuaTh faHi ¢ipmu Kacino (Itamis), mo 45 M. CTiHku BHUPOOIB
BIJI3HAYAIOTHCS PIBHOTOBLIMHHICTIO 3 MaJUM CTYIIEHEM HaIpYXEHOCTI, aje HE 30BCIM TJIaJKOI0
BHYTPIIIHBOIO TOBEPXHEIO.

[TpuHuMn poraniiHOro GOpMyBaHHS IMOJISITA€ y TOMY, 10 B1JI030BaHy IMOPLII0 MaTepiary
3aBaHTAXYIOTh Yy MOPOKHUCTY MeTaieBy (OpMy, BHUIOTOBJIEHY 3 JIMCTOBOI'O MeETally, KOTpPY
TepPMETUYHO 3aMHUKAIOTh 1 32 JIOTIOMOTOI0 MPHBOAHOTO MEXaHi3My MPHUBOISTE Y 00EPTOBUH PyX y
JIBOX B3Aa€EMHO-TIEPIECHIAMKYISIPHUX IUIOIIMHAX (piflle BUKOPUCTOBYETHCS OOEpTaHHS B OMAHIN
wionuaHi) (puc. 4.19).

®opmy, sika 00epTaeThCs, MOMIIIAIOTh y HArpiBHUN NpUCTpii (miy, kKanopudep 3 rapsyum
MOBITPSIM YU TOJYM M, 1H(QpadepBOHUI KOJEKTOp), ab0 * MOJAIOTh TEIUIOAreHT y HarpiBHY
copouky (mpu ii HasgsBHOCTI). SIK TerIoareHT Moke OyTH BUKOPUCTAHMIA JIETKOTOIKUI CTOI TYXHUX
metaiiB. [Ipu aii Temnepatypu Ta o6epTaHHs pO3TOI MaTepiany IIJIbHO NPUJISATAa€E 10 BHYTPIMIHIX
CTIHOK (hOpMH, 3MAIIEHUX AHTHAJTr€3UBOM, YIIUIBHIOEThCS 1 (opMyeThcsl BHUPIO, KOHpirypamis
30BHIIIHBOI MMOBEPXHI KOTPOT'O BIATBOPIOE KOHPIrypartito nosepxHi popmu. [licas goro popma npu
o0epTaHHI OXOJOPKYEThCS OOJyBaHHSAM MOBITPSAM a00 PIAKMM XOJIOJI0OAreHTaMH, SIKI MOXYTb
[OJaBaTUCh B 30BHINIHIO  cOpouky. OXoJo[KeHa A0  BCTaHOBJIEHOI  TeMIepaTypH
(bopmMa3ynuHIETbCS, PO3MHUKAETHCS 1 BUPIO BUIMatOTh. BiH JIeTKo BiicTae 3a paxyHOK MEpPEeBa)KHO
OJTHOHAITPaBJIEHOT 301KHOCTI (YCaaKH) — 10 cepeauHu (MMPOTUIICKHO 10 HAMPSAMKY Jii BIAIICHTPOBOI
cunu). dopma MOBMHHA MaTH Mally Macy, TOMY ii BUTOTOBISIOTH 3 JIETKMX METaJiB, TaKHX 5K
QITFOMIHIN Ta HOTO CTOIH, PIIIIE — 3 TOHKOI TUCTOBOI CTaJIl.




47

=
pu

™

¢ Z

Puc. 4.19. Ilocmaditina cxema pomayitino2o hopmyeanHs

YcraHoBKka JuIsl poTaliiHoro GopMyBaHHs MOXe OyTH OJHOTHI3AHOIO a00 OaraTOTHI3IHOIO
(KON Ha OJHOMY PEIYKTOpI PO3MIMICHO JeKiTbka (opM) — IIe 3aJeKUTh Bl 00’eMy BUPOOY i
HEOOX1THOT MPOAYyKTUBHOCTI. [Ipu GararorHi3mHii yCTaHOBIN i MPOAYKTHUBHICTh MOXKE CKJIaJaTH
500 BupoOiB 3a TOMHY.

Metonom poraniiiHoro GopMyBaHHsS MOKHA BUTOTOBJIITH BUPOOH 13 CHPOBUHU OJHOTO
TUILY

- MOHOIIAPOBl BUPOOHM, a TaKoX — OararomapoBi, KOJU BUKOPHUCTOBYETHCS
pI3HOTUITHA CHPOBMHA (CYMINI MOJIIMEPIB, UM MOJIMEPIB 1 OJITOMEpiB, SIKI CYTTEBO BiAPI3HAIOTHCS
3HaYEHHSAMU Temmeparypu Tekydocti). [Ipu popmyBanHi BupoOIB 13 cymilli MOJIiMEpiB NOTPIOHO
mam’sITaTH, 0 BUXIiJIHI MOJIIMEPH TOBUHHI MaTH OJHM3bKi 3HAYCHHS 301KHOCTI 1 TEMIIEpaTypHOTO
KoedillieHTa pO3IIMPEHHS, a TeMIeparypa TOIUIEHHS OJHOTO HE IIOBHHHA IE€PEBULIYBATH
TeMIIepaTypy IecTpyKiii apyroro. Tpeda 3ayBakuTH, M0 AECTPYKTHBHI MIPOLECH TP POTAIHHOMY
(¢bopMyBaHHI MOXXYTb MaTH BIJUYTHUH BIUIMB TOMY, II0 Ipouec (opMyBaHHS Bi3HAYAETHCA
BEJIMKOIO0 TPUBATICTIO #, IIOOW 3MEHIIUTH Yac IHUKITY, PO3TOIUTIOBAHHS BEAYTh MPH TeMIlepaTypax
3HA4YHO BUIIMX, HUK TeMIlepaTrypa TeKydocTi (TomieHHs). [lyxe Bucoka TeMieparypa CTIHKM MOKe
CHPUYUHHUTH NPUIOBEPXHEBY JAECTPYKIIIO MOJIMEPY M MPU3BECTH JI0 MOTIPIIEHHS SIKOCTI BUPOOY.
Came nuM oOyMoBII€Ha MOTpeda BUKOPHCTAHHS JOJATKOBHX TEPMOCTaOLIi3aTopiB i, B 0araTtbox
BUIIaJIKaX, 3alOBHEHHsI MOPOXXHUHU (GopMHU 1HEPTHUM razoMm. OTxe, mepepoOka TEepMOILIACTIB
CYIPOBOJUKYETbCA JUIE (PI3MUHMMM MpolLiecaMH — TOIUIEHHs Martepiaiy, Jedopmaliis 1 MOXKIUBA
OpI€HTAIllS y HAMPSMKY [I1i CUJIU, 3aCTUTaHHA (IIepexi] y CKIONoAI0HuM cTaH) Ta 30iranHs (ycaaka
BUpOOY). XimMiuHUH npoliec necTpykuii — Hebaxkanuil. [Ipu nmepepoOrii peakToniacTis, oJIiroMepis
9l MOHOMEPIB OKpiM (i3MYHHUX MpoleciB BIAOYBAlOThCSA 1 XIMIUHI peakilii 3aTBEp/JKEHHS YU
noJiiMepu3aii.

[Ipu oxomoKeHHI po3Tonmy abo K 3aTBEPHKEHOT0 MaTepialy CIIOCTepIraeThCsl 30iraHHS
(ycanka), KOTpa 3aKOHOMIPHO OyJe 3pocTaTH 31 30UIbIIEHHSIM TOBIIMHM CTIHKH BHpPOOy. Ycaaky
HEOOX1ZIHO BpaxyBaTU IpPHU PO3PAaXyHKY IE€OMETPUYHUX pPO3MIpiB (opMU. 3MEHIIUTH 30iraHHS
BUPOOY MOXKHA, 301IbIIyI0YHM 00epTH hopMH (BUCOKOOOEPTOBUI METO), ajie B IbOMY BHUIIAJIKy B

MaTepiajl po3BUBAEThCSA 3HAYHUM THUCK, KU BUKJIMKAE OPIEHTAIIIO MOJIIMEPY B HAIPSIMKY
Ji1 BIAIIEHTPOBOI CHIIH, IO TPU3BOAUTH J0 aHI30TPOMii MIITHOCTI BUPOOiB.

Sk mpaBwiIo, IIBUAKICTE OOEPTAaHHS 3aJI€KUTh BiJl THILY CUPOBUHU 1 rabapuTiB BUPOOY 1
nexutb B Mexkax 150 - 1500 m/xB (HaBegena B Tadu. 4.9). 31 30UIbIIEHHSIM Ta0apuTiB MIBUAKICTH
3MeHwyerbes. [lIBuakicTe obepTaHHS (OpM HABKOJIO TOPU3OHTAIbHOI OCI BU3HA4YalOTh 3a
dbopmyoro:

ay (4.42)

1€ Voxy— OKpY’KHA HIBUIKICTB, SIKa 3a1€XKUTh Bl TUILy CUpOBUHH (Tabi. 4.9); /[ —
BHYTPIIIHIHN AiaMeTp BUPOOY, M.

[Tpu obGepranHi (GOopMH HABKOJIO BEPTUKAIBHOI OCI BHYTPIIIHA MOBEPXHS MpHiiMae Gpopmy
napabomnoiny obepranus (puc. 4.42 6), TOMy TOBIIMHA CTIHKHU ITi€i Qirypw y BepxHIH 1 HUXKHIN
4yacTUHI BiApi3HsaeThbcs Ha Benwuuny (d; — d,)/2 (ds;, d,— BepxHiii i HwkHINA miamerp). OTxke



48

PI3HOTOBHIMHHICTE OyJie 3a1eXkaTH BiJl IBUAKOCTI o0epTanHst (N) i Bucot Bupoody (H):

Q0 QQQODH]
X Z&'E'!'?.‘."}a’o’o’o

Puc. 4.19. Koncmpykyia ycmano8ku 3 20pu30HmanvHoio (a) i eepmuxaivHor (b) ocamu
obepmanma: 1 — osucyn nocmitinoco cmpymy, 2 — mygma; 3 — 8y30.1 niOWUNHUKIE, 4 — nampon, 5
—mepmoxamepa, 6 — popma; 7 — 10MOK 015 3ATUBKU KOMNAYHOA, 8§ — MePMONAPAKOHMPONbHA,

9 — mepmonapa — damuuk mepmopezynamopa, 10 — cmanuna ycmanoexu, 11 — kpuwika
dopmu

3aranoM, WIBUAKICTb OOEpTaHHS HABKOJO BEPTHKAIBHOI OCI € MEHIIOKW, HIXK HaBKOJIO
TOPU30HTANILHOT (OPIEHTOBHI BEUYUHHU Ngep= 2 - 5 00/C, Ngpus= 10 - 15 06/c).

Oxpim mBUAKOCTI 00epTaHHs (HOpPMHU PEeXHUM POTALiITHOrO GOPMYBaHHS CKJIQAAIOTh 1€ TaKi
napaMmeTpu: Temieparypa (GopMyBaHHS, 4yac (OpMyBaHHS, TEeMIlepaTypa XOJOJ0areHTy i dyac
OXOJIOJKEHHS.

Temmneparypa hopMyBaHHS 3aJI€KUTH BiJl TUIy CUPOBMHU 1 BIUIMBAE HA MPOIYKTHUBHICTH
npoliecy Ta sKicTb BupoOy. Ilpu nmigBHILIEHH] TeMIepaTypH 3pOCTa€e MIBUKICTh HarpiBaHHS (HOpMHU
Ta HarpiBaHHS CUPOBHUHU JIOB’SI3KOTEKYYOI'0 CTaHy MU MepepodIli TepMOIIacTiB. A mpu nepepooiii
PEaKTOIUIaCTIB Ta MOHOMEPHHMX KOMIIO3MIIM I TeMIeparypa BHM3HAYa€ HIBHJKICTh peakuii
3aTBEPKEHHS 1 BIUIMBA€ Ha MIBUAKICTh HArpiBaHHS Macu JI0 TEMIEpAaTypu BUCOKOI aKTHBHOCTI.
OpieHTOBaHI 3HaUEHHS TEMIIepaTypu NpuBeAeHi B Ta0nuii 4.9.

Tabnuys 4.9
3HaYeHHs ONTHMAJBHHMX IIBHAKOCTell 00epTaHHs ()OPMM HABKOJIO FOPHU30HTAJIbLHOI
oci 119 pi3HUX MaTepiaJjiB

Martepian Temneparypa ¢popmyBanns, °C| V,,,, M/xB
Kanposon 170 600
ACT -T 20 600
[lonietunen 250 150
[Tomiamin 270 600
EJI - 5, I1H — 1 (HeHanmoBHEeH1) 801120 125 - 200
EJNl - 5, ITH — 1 (3 BOJIOKHUCTUM 801120 1500
HaIOBHIOBAYEM )

Yac ¢opmyBaHHS 3aJI€KHUTh BiJ] TUIY CHPOBHHM, TEMIIEpaTypH (OpMHU, TOBIIMHU CTIHKH
BHpOOy, a Mpu TepepoOIll peaKTOIIacTiB, OJIroMepiB 1 MOHOMEpIB — IIe W Bia peakiiHol
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3TaTHOCTICUPOBUHHU.

4,3

3,1

h, um

1,9

0,7 s
5 7 9 11
T, x¢

Puc. 4.20. 3anexcnicmo moswunu cminxu (h) emxocmi 3 IIEHI 6i0 uacy (T) nacpieanus nio
yac pomayiiHo2o GopMy8anHs; HazpieaHHs Gopmu 30ilUCHIOEMbCA 8 Kamepi 2apsAYUM NOGIMPAM

BimuyTHuii BIUJIMB Ha SKICTh BHPOOY W MPOAYKTHUBHICTH MPOIECY Mae TemrepaTrypa i
IIBUJIKICTh OXOJOPKeHHs. Haaro Hu3bKa Temmeparypa XOJIOJ0areHTy (LIBHIKE OXOJIOJKCHHS)
MO’KE€ IPU3BECTH J0 BUHUKHEHHS Yy BUPOOI 3HAYHOI KOHIEHTpalii BHYTPILIHIX HalpyXeHb Yepes3
HEPIBHOMIPHICTh OXOJIOJUKEHHS 10 TOBIIMHI BHACTIIOK HHU3BKOI TETUIONPOBITHOCTI MOJIIMEPHOTO
MaTepiany. BHyTpilliHI HanpyKeHHS MOKYTh BUKJIMKATH MOSBY MIKPOTPIIIHUH, PO3TPICKYBaHHS Yn

XKOJOOJNIEHHST BUPOOY, TOMY OXOJODKEHHS BEAyTh MOBUIbHO, IIOOM 3a0€3MEUnTH
MaKCHUMaJbHO mepedir HeoOX1JHUX peakUiiHuX HpolieciB y Matepiani. OTxe, CTaaist OXOJIOIKEHHS
HAHOUTBII TpUBaJa i OJTHA 3 HAWBIMMOBITATBHIIIMX CTAIil IPOIIECY.

VY oMy, TEXHOJOTIYHUHN Hpolec poTaliiiHOro (opMyBaHHS CKJIAJA€TbCs 3 HACTYIHUX
cTajii:

- niAroToBKa GopMH (3a4MIIEHHS, aHTUAATE3UBHA 00pOOKa BHYTPILIHbOIOBEPXHI);

- MIJrOTOBKA CUPOBUHU (MOXKJIMBE 3MILITYBAHHSI, IPOCIIOBAHHSI, CYILIIHHS,
PO3UHMHEHHSATOLO);

- 3aBaHTa)KEHHS CHPOBUHH YPOPMY;

— 3aMUKaHHA(DOpMH;

- 3aIlyCK IPUBOYyOOEepTaHHS;

- HarpiBaHHs (GopMu, 1110 00EPTAETHCS, 10 TOBHOT'O TOIJICHHS MaTepiary
YUTIOJIIMEpU3AIlii;

— OXOJIOJDKEHHS pyxoMoi(opmu;

- po3mMuKaHHs (OpMHU 1 3HIMAHHSABUPOOY;

- TepMOBiANan BUpoOy (TepMOHOpMaIizallis) — 341HCHIOETHCS 3a
BUMOT'aMUTEXHOJIOTI.

OpHoOoChOBE BIJIIEHTPOBE (OPMYBAaHHS BHUKOPHUCTOBYIOTh Ui (hOpMyBaHHS BHPOOIB
00epToBOi (hOpMHU 3 TEPMOIUIACTIB UM PEAKTOIIACTIB — TPYOH, BTYJIKH TOHIO. TakuM METOJIOM
MOXYTbh OYTH BUTOTOBJIEHHI TPYOHU A1aMeTpOM J10 3 M 1 TOBIIUHOIO CTiHKH 10 40 MM 3 HAIIOBHEHUX
KOMITO3HITIH, sKi MICTATh 10 45 % HamoBHIOBaua (MMOPOIIKOBHM KBapll, KAOJIH Y JPOOJICHE
BOJIOKHO). [Ipu Takomy MeToai GpopMyrounii eeMeHT MOXe 00epTaTUCh HABKOJIO TOPHU30HTAIBHOL
0C1 3 TIBUIIEHOI0 KYTOBOO IIBUIKICTIO 10 45 ¢t

[TepeBaru i MOXIJIMBOCTI pOTaLiiHOTO (HOPMYBAHHS:

- oJIepKaHHS MaJIOHAMPYKEHUX BUPOOIB BEIMKUX 00’ €MiB 0€3 OBITPSHUX BKIIOUCHD
YCTIHKaX;

- MOXUIMBICTE  ()OpMYBaHHS OararomniapoBux BHPOOIB 3

JEKUIbKOX ~ MaTepiaiiB,  fKi HE 3MIHIOIOThCS;

- MOXUTMBICTH Moaudikarii 1 papOyBanHs mig yachopMyBaHHS;

- MO>KJIMBICTh (POPMYBAHHS 3 MOHOMEDPIB (HANPHUKIIAJ], 3KapoJaKTamy);

- JIEIICBU3HA METOTy — MaJli 3aTpaTH €HEePrii i HU3bKa BapTiCTh(POPMH.

Henoniku metony:
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- TPYAHOILI Y BCTAHOBJIEHH] CTa01ILHOTO 1 pIBHOMIPHOTO TEMIIEPATYPHOTO PEXKUMY
dhopmyBaHHS (1€ BAXKJIUBO VIS KPUCTATIYHUXITOIIMEDIB);
- JOBIOTPUBAIIMHA MPOIIEC OXOJIOKECHHS i, TOMY, HEBHCOKa IPOyKTHBHICTHIIPOIIECY.

3.3. TexwuoJorist popmyBaHHsI BUPOOiB 3 JiucTOBUX MaTepiaJiB. TepmodopmyBanHs

Meton TepmodopMyBaHHA 00’€AHYye Taki cnocoOM BHUTOTOBIICHHS BHUPOOIB: MHEBMO-,
BakyyM- ()OpMYBaHHsI, IITAMIIyBaHHS, BiJIbHE BHyBaHHSI. B OCHOBY MeTO/y MOKJIaJCHUH OJUH i
TOM ke cmoci0 mepepoOKU: TOJIMEPHHM JUCT 3 TEPMOIUIACTHYHOTO IOJIMEpYy, HarpiTuil o
TEeMIepaTypu po3M’sKIIEHHS (10 00JacTi BUCOKOI CErMEHTHOI PYXJIHMBOCTI: BHCOKOEIACTUYHUHN
CTaH), BUTATYIOTh Y (hOpMi 3a TOTIOMOT'OI0 TUCKY HOBITPSI Y MEXaHIYHOTO 3YCHJUIA Ipecy, abo mij
niero pospimkeHHsa. [Ipu mpomy simct HaOyBae HeoOXimHOI KOHQIrypallli, MPUTHCKAIOYUCH JI0
MOBEPXHI (OPMH 1, OXOJIOKYIOUHUCH, (DIKCYE IIIOKOH(ITYpaIlito.

Jns ¢GopMyBaHHST BUKOPUCTOBYIOTH IOJIIMEPH, SKi MAalOTh SIBHO BUPAXEHY O0JIACTb
BHCOKOEJIACTHYHOTO cTaHy. Jlo Takux moJimMepiB, y MepIry 4epry, HaJle)KUTh OUTBIIICTh aMOp(HUX
noimMepiB (puc. 4.44).

Bucoxokpucraniuni momimMepu (HampuKiIan, moJieTHiIeHTepedranar) MNpakTHYHO He
MEepepOOITIOIOTECS  TAKMM METOJIOM 4epe3 BIJCYTHICTh BHCOKOEIACTUYHOTO CTaHy MW HU3BKY
B’SI3KICTH PO3TOITY.

Metogom TepMOQOpPMYBaHHS BUTOTOBIISIIOTH O0’€MHI BUPOOM 3 BIAKPUTUM BUIBHUM
00’eMoM pi3HOT KOHIrypamii i, 0COONMMBO, BEMUKOTaOapHWTHI: BAaHHH, IMAHET XOJIOAMIHLHUKIB,

/

L T

naKyBajibHa Tapa 3 TOHKUMH CTIHKaMH, aBiadypHiTypa TOILO.
Puc. 4.21. Tepmomexaniuni kpugi nonimepis
1- amopduuitnonimep; 2 —Bucokokpuctaniunuii;BEC — 06acTh BUCOKOETACTUYHOTO CTAaHY

MeToa €KOHOMIYHO BHTHO 3aCTOCOBYBATH JJIsl BUTOTOBIIEHHS JpiOHOCEpIHHUX MapTiii
BHPOOIB BHACTIOK JIECIIEBU3HU OCHAIEHHS 1 MAJIMX €HEPrOBUTPAT MPHU pOOOTI HA HECKIATHOMY
o0J1aJHaHHI.

3.3.1. ®i3uko-xiMiuHi 0CHOBH mpouecy

Ha BiamiHy BiJ JUTTS MiJl TUCKOM YH €KCTpY3ii, MIpU TepMOPOPMYBAHHI 3 JHCTIB BiICYTHS
Tedis pO3TONY MiJ JI€0 BUCOKOIO THCKY 3 BHHHUKHEHHSIM HAaINpyXeHb 3CyBy. DopMyBaHHs
3MIIACHIOETHCS 32 PaXYHOK BUTSDKKH JIMCTA Y BHCOKOETACTUYHOMY CTaHI UM MIPU TeMIIepaTypi, sKa
HE3HAYHO MEepeBUIIye TemnepaTypy TekydocTi (7). Y IaHOMYy BHIAAKY AIIOYUMH € HOpMalbHI
HaIPy>KEHHsI, sIKI BUKJIMKAIOTh BEIUKI nedopmaltii po3Tary, mo CynpoBOIKYIOTHCS CHPSIMIICHHSIM
MaKpOMOJIEKYJ 1 iX Opi€HTAI€l0 B HAPSMKY BUTSIKKH.

Jo xiMiuHUX mporeciB (10 pedi, HeOaKaHWX) MOYKHA BITHECTH JCCTPYKTHBHI IPOIIECH,
BUKJIMKAHI B MEpIIy 4Yepry HOPMaJbHUMHU HamlpyXeHHAMHU (MEXaHOAECTPYKIs), sKi, SK BiJIOMO,
3pOCTAIOTh MIPH MOHWKEHINH TemmepaTypi AeOpMyBaHHS, Ta TEPMOOKHCHY JIECTPYKIIIIO, SIKa MOXKE
BUHUKHYTH NPU HArpiBaHHI JIUCTA.
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@®opmyBaHHS BHUPOOIB 3 JUCTOBUX MaTepialliB BKIIOYA€ HArpiB 3arOTOBKH 3 JIMCTOBOTO
TEPMOIIACTY JI0 TEMIIEpaTypH, L0 BIJIOBIJA€ BHCOKOEIACTUYHOMY CTaHy MoidiMepy (mpu
nepepoOili aMOp(HHUX TEPMOIUIACTIB), YU IO TEMIIEPATypH IMMOYATKY TOILICHHS KPHUCTAITIB (Tpu
nepepoOIll YJaCTKOBO KPUCTAIYHUX TEPMOIUIACTIB), 3aKPIIUICHHI 11 B 3aTHCKay4ax, 10 BCTAHOBJICHI
Hax ¢opmoro, 1 GopMmyBaHHI y BHPIO 3a paxyHOK pI3HHUII THUCKY HaJ BIUIBHOIO IOBEPXHEIO
3arOTOBKM 1 B IOPOKHMHI, 110 YTBOPEHAa 3aroTOBKOIO I (hOpMyBaJbHOIO IMOBEPXHE (OopMH
(mepemag THCKY MOXXHAa CTBOPHUTH BaKyyMyBaHHSM IOPOXKHUHH (opmu, abo X CTBOPEHHSIM
Ha/IJIMILIKOBOTO THCKY HaJl 3arOTOBKOIO, — THEBMATUYHOT0, I'IPaBJII1YHOT0 YUMEXAHIUHOTO0).

Inoni ¢opmyBanHA BHPOOIB 3 JIMCTOBHX TEPMOIUIACTIB 3MIMCHIOIOTH 0€3 IMOMepeIHbOro
migirpiBanHs, ado 3 He3HayHUM Tigirpieom (Ha 20 - 40 °C Hmxde Temneparypu ckinyBaHHs). Llei
METOJ BUTOTOBJICHHSI BUPOOIB Ha3MBAETHCS XOIOAHUM (hopmyBaHHsAM. Jli1s1 popmyBaHHS BUPOOIB
BUKOPHUCTOBYIOTb MEXaHIYHE BUTATYBAHHS; IpOLeC BiJOYyBaeTbCs 3 BHCOKOIO MIBUAKICTIO. [Ipm
IIbOMY 32 PaXyHOK NEPETBOPEHHS MEXaHIUYHOI €HEeprii B TEIUIOBY Bi0YBA€THCS YACTKOBHU PO3IrpiB
3aroTOBKHM, KOTpa (opmyerhcs. Takuil MeToJ HE MOXXE€ BUKOPUCTOBYBATHUCS [UIl OJCpXKAHHS
BUPOOIB 3 KPUXKHUX TOTIMEPIB.

TepmodopmyBaHHs — MeTO (hOpMyBaHHS BUPOOIB 3 JIMCTOBUX TEPMOILIACTIB 3 MOMEPETHIM
nigirpisoM. Bin ogeprkaB OibIe TOMMPEHHS B IPOMHCIOBOCTI, HI)K X0JIOAHE (POPMYBAHHS.

®opmyBaHHS BUPOOIB 3 JINCTOBUX TEPMOILIACTIB CYIPOBOKYETHCS OPIEHTAIIIEI0 TIOTIMEDY.
[TIpu nedopmarnii B HbOMY BHHHMKAIOTH 3aJIMIIKOBI HAmpyKEHHsS, 10 OOYMOBIIEHI 3BOPOTHICTIO
BHCOKOeNnacTH4Ho1 nedopmarii. OpieHTOBaHMI MOJIMEPHUN MaTepian MOBOJUTH cede, K )KOpPCTKa
HEPIBHOBa)KHA CHCTEMA, SIKa HAMArae€ThCsl CKOPOTHUTHCS.

KpiM opieHTallitHUX HAMPYXKEHb, TEPMIUHI HAMPYKEHHS, SIKI BUHUKAIOTh MPU OXOJIOKEHH1
MaTepially, a TaKo)X HaNpyXEHHS BiJl 30BHIIIHBOTO MEXaHIYHOTO BIUIMBY MOXYTh OYyTH
po3taryrounMH. L{i Hanpy>keHHsI BUHMKAIOTh PAaKTHYHO Y BCiX BUpoOax, Kl OAEPKYIOTb METOJIOM
BaKyyM-(QOpMyBaHHsI, 1 IPU3BOASTH 1O PO3TPICKYBaHHS BUPOOIB.

Haif0inpl BakKIMBOIO BJIACTHBICTIO JIMCTOBOIO TEPMOIUIACTUYHOIO MaTepiany, SKHH
MpUAATHUH ISl TepMO(OPMYBaHHS, € HOT0 3AaTHICTh J0 3HAYHOI'O MOJOBKEHHS 0e3 po3puBy. Lls
BJIACTUBICTH 3aJIEKUTH BiJl TEMIIEPATypH.

Metonom TepmodopMyBaHHS MOKHA OJIep)KaTH BHpIO 3 JIMCTa, MEPEBIBIIM Martepiay 3i
CKJIONOJIOHOTO0 'y BHCOKOENAaCTHMYHMM cTaH. [l KOXXKHOro TmojiiMepy ICHYe OINTUMalbHUM
TeMIeparypHuil iHTepBan tepmodopmyBanHs. Hanpuknaa, nns nomictupony MiHiManbHA (Tmin) 1
MaKCUMaJIbHO AonycTUMA (Tmax) TeMIepaTypu (opMyBaHHS BU3HAYAIOTHCS 3a hopMynamu:

Tin = T420°C, Tmax = T,—5°C, (4.46)

3.3.2. Bumoru 10 maTepiaJjiiB Ta3aroToBKu

Jns TepmoopMyBaHHS BUKOPUCTOBYIOTh MOJIMEPH, Ul SKUX BJIACTHBA IIUPOKA 00JIACTb
BEC3nocraraboBenukoro!,,(1uB.puc.4.36,kpuBal JabomnoaorazaneKHiCThB I3KOCTIPO3TOITY BIJI
TeMIepaTypyu Npu HHU3BbKIH TeKydocTi ocTaHHbOro. Byspkwmii inTepBan BEC Bukimkae TpymHOII
npu GopMyBaHHI BHACIIJJOK HEOOX1IHOCTI TOTPUMaHHS TOYHOTO TEMIIEPATYPHOIO PEKUMY HarpiBy
JHCTa, MPH LOMY 3pOCTae MMOBIPHICTh Opaky depe3 BHCOKY MOXIMBICTH (ikcallii BHYTPIIIHIX
HaTpy>KeHb BiI MAJIOTO TEMIEPATYpPHOTO 3aracy pyxy MaKpOMOJIEKYJ 1 IIBUIKOTO 3aTBEp.liBaHHS
nojiMepy. Manuii TemmepaTypHuil 3amac 3amo0irae MpOTIKAaHHIO pejiakcailii HOpMalbHUX
HaInpyXeHb, a TAKOK MOKE CIIOCTEPITaTUCh YTBOPEHHS MIKPOTPIIIMH Y IIUX MICLISX.

Kpim Toro, 10 JIMCTOBUX 3ar0TOBOK CTaBJIATHCS TaKi BUMOTH:

1. JIUCT TMOBUHEH OYTH OJTHOPITHUM B BCbOMYOO’ €Mi;

2. PI3HOTOBIIMHHICTD JUCTOBUX 3arOTOBOK HE MOBHHHA nepeBuiryBaT 10 % 1o
BiJHOILIEHHIO 4O HOMIHAILHOI;

3. iHTEepBaN Temreparyp GopMyBaHHS Ma€e OyTH JOCUTHIIUPOKUM;

4, Marepian y HarpiToOMy CTaHi TOBUHEH OyTH BUCOKOEITACTHYHUM 1
XapaKTepU3yBaTUCS, BETUKUM 3HAUCHHIM Jeopmartii (Ju1sd rTMOOKOTBUTSIKKH);

5. B’S3KICTh PO3TOITY MaTepialliB Ma€ 3a0€3medyBaTH MOXKJIMBICTh HarpiBaHHS

3arOTOBKH B 3aKpiIlIeHIN pami Oe3[pOBUCaHHS;
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6. TepMiYyHa ycajKa JUCTa MOBUHHA OyTH MiIHIMAIBHOIO i HE TepeBUIyBaTH 5%;

7. Marepiaa MOBUHEH 3a0e3MeunTd (POPMOCTIMKICTh BUPOOY i1 YaCeKCILTyaTarlii.

Jlo HaiOUTPII BXXWBAHWX BUXIJIHUX MaTepialiB HaJIeXaTh MOJIMEPH: IMOIICTHPOI, KO—
MOJTIMEP CTUPOJTY 3 akpwiIoHITpmwiIoM abo kayuykoMm (ymaporpuBkuii 11C), ABC-mmactuku, [1BX
(merutacTudikoBaHUK 1 TMJIACTUKAT), MOJIMETHIMETaKpHUiIaT 1 HOro KOMoJiMepu Ta TOMOJIOTH,
MOJTICTHJICH BUCOKOI TYCTHHH, MOIMPOIIJIEH, MoikapooHaTu, neHtamiact, mxoiucty 3 [1C, ABC,
[MBX.

3aKOHOMIPHOCTI TEXHOJIOT11 TepMO(pOpPMYBaHHS PO3MIISTHEMO Ha TpUKIaAl
MHEBMO(OPMYBaHHS, SIK HAXOUIBIIIOMIUPEHOMY.

3.3.3. XapaxTepHi 0c00,JIMBOCTI TeXHOJIOTiiMHEBMO(OPMYBaHHS

3anexxHo Bif BUAYy (GOpPMYBaHHS 1 BUKOPHCTOBYBAHOTO OCHAIIEHHS TEXHOJIOTIYHHMA IMpoIiec
MHEeBMO(OPMYBaHHS MOJXKE JICIIO BHJIO3MIHIOBATHCh, aje OCHOBHI cTamii HoOro 30epiraroThes
(puc.4.45):

[TinroToBKa JIMCTOBOI 3arOTOBKH (BUpPYOKa 3a pO3MipaMu, 3aUHILIEHHSATIOBEPXHi);
3aKpiIuIeHHs JIMCTOBOI 3arOTOBKH BpaMmi;

HarpiBannsnucra;

[TomepemHs BUTSKKA HATPITUM ITyaHCOHOM (IITOKOM) (MOYKE HE3/IIICHIOBATHUCH ),
®opmyBaHHS BUPOOY (CTUCHEHUM MOBITPSM YU 3 JJOTIOMOTOIOPO3PIIKECHHS);
BuTtpuMka Ha0X0JIOKEHHS;

3HiMaHHS pamu 3 MiBhadpruKaToM, BATHHAHHSA 1 3HATTS BUPOOY.

NooakowhE

& v

4 [ + 1 /
: A

Puc. 4.22. Cxema mexnonoziunozo npoyecy nHeemopopmysans

3aKkpilJIeHHs] 3aroTOBKM B paMil 3A1MCHIOETbCA IEPEBaXHO AaBTOMATHMYHO IMPU JOMOMO31
eKCIIEHTPUKOBHUX UM KYJIauKOBUX 3aTUCKadiB. 3yCHJUIA MPUTUCKAHHS TOBUHHE 3a0€3MEeUUTH
HaJliiHe yTpUMYyBaHHS JINCTA MPU BUTSKIIL 3 HAPY>KEHHSM OT -

(4.57)

®opmMmyBaHHS BUPOOY BIIOYBAETHCS BHACTIAOK BHUTSKKU JIUCTA TIJ JII€I0 THUCKY TOBITPS
(mHeBMO(OPMYBaHHS), PO3pIIKEHHS (BaKyyM-(hOpMyBaHHS) YM 3yCHJUIS Tpecy (IITaMmITyBaHHS) i
MPUTHCKAHHS HOT0 0 NOBEpXHi popMu MOTPiOHOT KOHPIryparlii.

[Tpu dopmyBaHHI BaXIMBOIO XapaKTEPUCTUKOIO € IIBUIKICTh BHUTSKKUM. BoHa MmoBHHHA
OyTH Takoro, 00 JIJAHKH MaKpPOMOJIEKYN (CerMeHTH) mpu AedopMalrii meperpynoByBaIicCh, ajie He
pyiHyBaiguch. MakcuMalibHa IIBHUJIKICTH JOCSTAETbCs INPH TEBHIA Temmeparypi 7., mpu sKid
3a0e3neuyeTbcsi MiHIMaldbHA PI3HOTOBIIMHHICTH 1 BIAYyTHa OpieHTalis Makpomoisekynl. Ilpu
3MEHIIEHH] MIBUAKOCTI (POpMyBaHHS 3HUXKYETHCS OpIEHTAIlis, OCKUIBKU BiIOYBAa€ThCS YaCTKOBA
penakcailisi opieHTauiiHuX HarpyxeHb. LIIBUAKICTh BUTSHKKM BU3HAYAETHCS THCKOM (DOpMYBaHHS,
AKMM y CBOIO 4Yepry 3aleXuTh BiJ OaraThbox (akTopiB. 3HMKEHHS TEMIIEpPaTypH JIUCTA,
yckiaaHeHHs: (opMu BUPOOY 1 30UIbLIEHHS TTHOMHU (BUCOTH) BUPOOY MPU3BOJIUTH 10 3POCTaHHS
TUCKY(OpMYBaHHS.

[[IBuAKICTh BUTSKKH, SK TPaBWIIO, 3HAXomuTbes B Mexkax 150 - 200 mwm/c. Tomi wac
(TpuBaticTh) (hOpMYyBaHHS BU3HAUAETHCA 33 (POPMYIIOIO:

KoedimieHT BUTSKKM BIUIMBAE Ha OpPIEHTAINI0O MaKpOMOJICKYJ (MPSMO MPOIOPIIIHHO) 1
MIIHICTB BUPOOY (puc. 4.22).



53

c,, kA Mila
100 A
90 -
80

701

60

50 T T T T b
03 06 09 12 K

&

Puc. 4.22. 3anexcuicmo pospuenoco nanpyscenns YIIC 6io K

[ToriepeqHIO BHUTSIKKY TPOBOAATH Mpu (popMyBaHHI BHPOOIB BEIMKOI TNIMOMHU 3 METOIO
3MEHILEHHS PI3HOTOBIIMHHOCTI; OIepallisi BUTSKKU 3A1MCHAETHCS HArpiTUM IIyaHCOHOM 0e3
JTOTUKAHHS JICTA JI0 CTIHOK XOJIOHOI (POPMH.

ToBuirHa BUPOOY MO BUCOTI 3MIHIOETHCS 3aJIeXKHO BiJ MeToy (hOpMyBaHHS il HaBeJeHa Ha
rpadiky (puc. 4.48), (ko Hyypos/B = 1).

Sk 6auumo, BUPIO 3 MONEPETHBOI0 BUTSKKOI Ma€ 3HAYHO MEHIIY PI3HUIIO TOBIIUHH IO
BHCOTI, HIX 0€3 Hel.

Bupi6 0xo0nomKylTh 3a paxyHOK IOAayl XojojoareHTy B cTiHku ¢opmu. [IpakTudno
OXOJIO/DKEHHS TOYMHAETHCS BiApa3y MICHs KOHTAKTy MaTepialy 3 XOJOIHOI CTiHKOK (OpPMH.
3aneXHO BiJl TOBIIMHHM CTIHKM BHpOOY 1 Horo koH@irypaiii oXoJokeHHS Moxe OyTH OJIHO- 1
JTIBOCTOPOHHIM.

Yac O0XOJIO[KEHHS 3aJeKUTh Bi TeMIepaTypd CTIHKM (GOpPMH, TeIIo(pi3UYHUX
XapaKTepUCTHK TOJIMEpPY, TOBUIMHM BHPOOY 1 pO3paxoBYETbCS 3a YMOBH HECTalllOHAPHOTO
TeroBoro moToky (auB. “ExcrpysiiiHe BuayBaHHs”). IIpm JBOCTOPOHHBOMY OXOJIOMKEHHI Yac
3MEHIIY€EThCS B 4pasu.

Temmneparypa CTiHKM ()OpMHU BIUIMBA€ SK Ha IMIBUJKICTh OXOJIO/DKEHHS, Tak 1 Ha SKICTb
BUpOOyY. 3HMKEHHS TeMIepaTypH CTIHKHA (OpPMH, 3aKOHOMIPHO 3YMOBJIIO€ MPUCKOPEHHS IMpPOLEecy
OXOJIOJDKEHHS BHpOOy; MpHM LbOMY € MEHIIOK JiHiiHA ycaaka micias 3HATTS BupoOy. Crixa
3ayBaXXUTH, 110 JIIHIMHA ycajJKa 3aBXAM MeHIIa npu (GopMmyBaHHI Ha myaHcoHi. lle mo3uTuBHUI
BIUIMB 3MEHILIEHHS Temnepatrypu popmu. OiHaK, IpU bOMY pi3Ke OXOJIOIKEHHS MOKE BUKIIUKATH
xoJo01eHHs: BUpoOy (ocobnuso g [IEBI), yrpynHioeTses opMmyBaHHS pedep 1 TOCTpUX KYTIB,
3poctae TUCK (opmyBanHd. Haaro Hu3bKa Temmeparypa (GOpMH MOXE OOYMOBUTH TOSBY
MIKPOTPILIMH Ha MOBEpPXHI (0COOJMBO MpU NEpepoOIl >KOPCTKUX 1 KPUCTATIYHUX MOJIMEPIB Y
BiJIJAJIEHUX KyTaX YU CTOPOHAXBUPOOY).

3.3.4. OcHoBHi cioco0u TepMO(OPMYyBaAHHSA

3anexHO BiA 3aco0iB CTBOPEHHsS Mepenagy THUCKY HaJ 1 MiJ HarpitTol 3aroTOBKOIO,
TepMO(QOPMYBaHHS MHiAPO3AUIAIOTh Ha: BaKyyMHE, MHEBMAaTH4YHE, TiJIpaBJliuHEe, MapOMOBITpPSHE,
MexaHiuHe 1 KOMOIHOBaHe.

Metoa TepmodopMyBaHHS, KPiM TOTO, MOAUISETHCS 32 KOHCTpYKIi€to Gpopmu. GopmyBaHHS
MOXKE€ 3/1MCHIOBAaTHCh Ha IIyaHCOH1 (TIEPEHECEHHsSI BHYTPIIIHbOI MOBEPXHI — IO3UTUBHE
¢dbopmyBaHHS) 1 B MaTpHIli (IepeHECEHHs 30BHILIHBOIT TOBEPXHI — HEraTUBHE ()OPMYBAHHS).

Bakyywu-gopuyeanns

Po3pi3HAIOTh HETAaTHMBHUM 1 MO3UTHBHUN METOAM BakyymMHOTO (hopmyBaHHs. HeratuBuuit
MeTo] (popMyBaHHSI B MATPHIIi) Ja€ MOKIUBICTh OJIEPKYBaTH BHUPOOU, 30BHIIIHS MOBEPXHS SKUX
TOYHO KoImiio€e (opMy, Y PUCYHOK BHYTPIIIHBOI TOBEpXHI MaTpuili (puc. 4.49).

JIucTOoBY 3aroTOBKY 3aKpiIUTIOIOTH HaJ (GOPMOI0 YH Kameporw g (GopMyBaHHS 3a
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JOTIOMOTOI0 TIPUTUCKHOT paMH, siKa YIIUIBHIOE MATpPHIIO 1 3amo0irae IMomajaHHIO MOBITPS B
IIOPOYKHUHY KaMepH B ITpoLecipopMyBaHHs.

J1o moBepxHi MPUTUCHYTOTO B3JOBXK KOHTYPY JIUCTA MiJBOJATH HarpiBad. Y (opMyBaIbHUX
YCTAaHOBKAaX BHUKOPHCTOBYIOTh PIi3HI CIIOCOOM MIiJIrpiBy: TeIUIOpaaialliiHuN, KOHBEKTHBHHMH,
KOHTAKTHUH Ta 3MilIaHUH.

TennopamiaiiHuii 1 KOHTAKTHUN TITITPiB MOXe OyTH OAHOCTOPOHHIM YU JIBOCTOPOHHIM.
[Tpy KOHBEKTHBHOMY CIIOCO01 MiIIrPiBY K TEINIOHOCI BUKOPHCTOBYETHCS Tapsiue MOBITPS,piaLie

- rapsiya BoJia 4y mapa.

[Ticnss  po3irpiBy 3aroToBKM 13 3arepMeTH30BaHOI (OPMHU BIJJCMOKTYETHCS TOBITpS,
CTBOPIOETHCS PI3HML THCKY HaJ JIMCTOBOIO 3arOTOBKOIO 1 IiJ| HEI. 3aroTOBKa BTATYETHCS B
MOPOXKHUHY (POPMH, HMPUTUCKAETHCSA A0 11 moBepxHi — (opmyerscs BupiOb. Tuck ¢dopmyBaHHS
npakTudHo ckiazae 0,060 - 0,085 MIla (rpanuunnii — 0,1 MITa). Moro mocuts mmst ohopMIeHHS
BUPOOIB 3 JIUCTIB, IO MAIOTh TOBIIMHY JI0 5 MM.

1 a 7] 6
l | 1 1

== ET 72 g =
Bl D= Dk

I o 7 5 5 m 0 ¢
= =
A = o E;/%

*

Puc. 4.22. Cxema necamusnozo (1) i nozsumusnozo (Il) eéaxyym ghopmyeanns 3 nonepeonsoio
MEXAHIUHOIO BUMSAIICKOIO:

a — Ha2PiBaHHs 3a20MO6KU, O — NONePeOHs: MEXAHIYHA BUMSAJICHA, 8 — OCAMOYHE
o opmaenHs 8UpooOy

[Tporiec HeratuBHOrO (hopMyBaHHS CKIalaeTbes 3 ABOX craaiid. Ilepmia cramis — BijbHE
(dhopmyBaHHS, KOJIM 3arOTOBKA JIOTOPKAETHCS JIMIIE O BEPXHHOT KPOMKH Marpuili. Ha mii cramii
TeMIepaTypa TepMOILIACTy 3aJTUIIAETHCS MPAKTUYHO HE3MIHHOIO.

Hpyra cragis — ¢opMyBaHHS Ha IHCTPYMEHTI, KOJM 4YacTHHA 3aroTOBKH I1OYMHAE
JOTOpPKYBaTUCs 10 poOouoi moBepxHI Marpuui. TemmepaTypa TepMOIUIacTy 3HMXKYyeTbcs. Ha
MOBEPXHI 3aroTOBKH, IO MPHUTYISETHCA J0 (OPMYBAILHOTO IHCTPYMEHTA, YTBOPIOETHCS TOHKA
MiI[Ha TUTIBKA MOMIMEpY, 110 nepedyBae B CKIONOAIOHOMY cTaHi. YTBOpEHa IUTIBKa 3HAYHO 3HUKYE
3MaTHICTh TEPMOILIACTY a0 Aedopmariii. YTBOPEHHS HOBOI IJISTHKH OOKOBOi TOBEPXHI CTIHKH
MPAaKTUYHO MOBHICTIO BiJIOYBAa€ThCS 3a paxyHOK 00’eMy marepiaiy, SKUH Ie He JOTOPKHYBCS 10
Mmatpuii. OcTaHHE NPU3BOJUTH JI0 3MEHILIEHHS TOBIMHH 3aTOTOBKH, TOOTO 10 NOTOHILIEHHS CTIHOK
BHUpOOY BiJ TropioBUHU A0 AHUIA (auB. puc. 4.48). HailOimbll TOHKMMU BOHH € B KyTKax Mixk
CTIHKaMH 1 JIHUIIEM BHPOOY.

TakuM YMHOM, HEAOITIKOM HETaTHBHOTO METONy (pOopMyBaHHS € 3HA4HA PI3HOTOBLIMHHICTD
BHPOOIB MpU TIAUOOKOMY BHUTATYBaHHI, OCOOJMBO B KyTKax BUPOOiIB. ToMy HeraTWBHE BaKyyM-
(dbopMyBaHHS PEKOMEHAYEThCS AJISi BUTOTOBJIEHHS BUPOOiB, Y AKHX BIJICYTHI TOCTPi KYTH, a TaKOX
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SIKi MAIOTh BIJHOIICHHS MTHOWHU J0 MUPUHH, 110 He mepeBuirye 0,5.

[TosutuBHuit Meton (hopmMyBaHHS Ha IyaHCOHI) Ja€ MOJKJIUBICTH OJIEPKYBAaTH BHUPOOH,
BHYTPIIIHS MMOBEPXHs SKUX TOYHO KOIi0€e (popMy un pucyHok (popmyBanpHOTro iHCTpYMeHTa. [IpH
dbopMyBaHHI IIMM METOJOM HArpiTHi JHCT CIIOYAaTKy TOTHUKAEThCS 10 TOBEPXHI ITyaHCOHA, Ha
SKOMY YTBOPIOEThCS AHMIIE MaiOyrHeoro BupoOy. Tomy mnpu mMo3uTHBHOMY (GOpMYBaHHI
HalO1IbpIIIa TOBIIMHA BUPOOY — Ha Horo aauiii. [Toganpina 3miHa ¢hopMu 3arOTOBKH BiAOYBa€ThCS
3a paxXyHOK BUTSTYBaHHS JIUCTA, SIKUH yTBOPIOE€ OOKOBI CTIHKM BUpPOOy. Lle mpu3BoIuTH 10 TOTO,
110 HAWOUIBII TOHKOIO OJIEPKYEThCS TOPIOBHHA

BukopucTaHHs TO3UTUBHOTO METONy (OpPMYBaHHS OOMEXYETHCS BEIMKUMH BiIXOJaMH
Marepiany (Ha YTBOPEHHsS CTIHKH B3J0BX (opMyBaibHOI KamepHu). Kpim Toro, OaxaHo mum
METOAOM IEepepoOIIATH JIMCTH, SKI HE JAal0Th BEJIMKOTO BUTHHY IiJ JI€I0 BIAcHOI Baru, 00 JHCT
MPUMUKAE JI0 BEPXHbOI YAaCTHHH ITyaHCOHA, IO MPU3BOAUTH O 3POCTAHHS PI3ZHOTOBIIUHHOCTI.
OTtxe, BakyyM-(pOpMyBaHHS BHUKOPHUCTOBYETHCS IJISi BUTOTOBJICHHS TOHKOCTIHHUX HETJIMOOKHX
BHPOOIB.

Ilneemamuune 420;2.44 VEAHHA,

[lpu wpomy wmetoxi (opmyBaHHS BUPOOIB BiOYBa€ThCcs 3a JIOMOMOTOK) CTHCHEHOTO
noBiTpst. Tuck dopmyBanHs 3miHIOeThCs Bin 0,15 go 2,5 MIla Han moBepxHero swmcra. Meton
no3Bossie (popMmyBaTH BHPOOHM CKIAIHOI (POPMHU 1 3 JKOPCTKIMIMX MarepialiB, HOK NMPH BaKyyM-
¢dbopmyBanHi. [lum MeTonoM MokHa QopMyBaTu BUPOOU 3 TOBCTUX 3arOTOBOK, BUKOPHUCTOBYIOUH
IIINOOKY BUTSIKKY.

[lepeBarn MeTody: BHUCOKMN THCK (OpMYBaHHS, OlblIa TOYHICTH PO3MIpIB  BUPOOIB,
BITHOCHO HEBEJIMKa DPi3HOTOBIIMHHICTh, BHCOKA TNPOIYKTUBHICTH mpouecy. IIpm mpomy meroni
Koo  QopmyroTbes  TNIMOOKI ~ BUPOOHM,  BUKOPUCTOBYETHCS ~ TOIEPENHS  BUTSKKA
KOPCTKUMITYaHCOHOM.

Liopasniune i naponosimpaunedopmysanns

I'igpaBniune GopMyBaHHS BHUKOPUCTOBYETHCS JUIsl (DOPMYBAaHHS TOBCTOCTIHHHUX BHpPOOIB,
KOJIM TIepernaj TUCKY IiJ Jac (OpMYBaHHS TaKWi 3HAYHHIA, IO BUKOPUCTAHHS ITHEBMATHUKU HE
OakaHe 3 TOUYKM 30py TexHIkM Oe3neku. [inpodopmyBaHHS MoOXke 3IIHCHIOBATHCA TpbOMa
MeToJaMu: Oe3mocepelHIM IOJIaBaHHSAM pIAMHU Ha (OpMyIOUYy 3aroToBKY, TipaBIidYHUM
IIyaHCOHOM 3 TOCTIHUM 00'€éMOM 1 TiipaBIiyHUM ITyaHCOHOM 3MIHHOTO 00’eMy. B ocTtanHiX ABOX
BUIIJIKaX BUKOPUCTOBYIOTHCS €aCTUUHIMEMOpaHHU.

[TaponoBiTpsiHe (opMyBaHHS BHKOPHCTOBYETbCS B TOMY BHUIAJIKY, KOJIM TOTpiOHE
MIATPUMaHHS BUCOKOI TEMIIEPATypy TEPMOIUIACTY MPOTITOM BChOTO Mepiofy (hopMyBaHHS BUPOOY.

Binbne gudyeanna
Ileit cmoci® 3acTocoBylOTh HpHU (OpMyBaHHI NPO30PUX BHUPOOIB 3 MOJIIAKPUIIATIB,

noJiikapOoHariB. BiH mossirae B ToMy, 110 B MOBITPSAHIA KaMepl CTBOPIOETHCS BIANOBIAHUN THCK
MOBITPS, SIKMH M ITPUMYETHCS 1O TIOBHOTO OXOJIO/DKEHHsI JtucTa (puc. 4.23).

BennunHa po3ayBy 3a/I€KUTh Bl TemmepaTypu JUcTa (IpSAMO MPOIMOPIIHHO) 1 BiJ TUCKY
noBiTpsi. OCHOBHA BUMoOTra JI0 JiMcTa Mpu (HOpMYyBaHHI — PIBHOMIPHICTh TEMIIEPATYpHOIO MO 110
BCIi Tuionii BUpoOy. Y BUIAJKy BUKOPUCTaHHS pamu (2) y gopmi Kijmbls Opu 30epekeHH] 1€l
YMOBH YTBOPIOETbCSI ONITUYHO MpaBHIIbHA cepa.

Bzarani ¢popmy BupoOy Bu3zHayae popma NPUTUCKHOT paMu. MOXIIMBUN Opak MpU TaKOMY
croco01 — CpiONIACTICTh Yy MiCLli KOHTAKTY 3 XOJIOJHOIO paMolo (11e MIKpOTpIlIIMHUA a0 BHYTPIIIHI
HaIpy>KCHHS ).
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Puc. 4.23. Binoue suoysanus: 1 — eupio; 2 — pama, 3 — niooou
Bupobu, ski OTpuMylOTh BUIBHUM ()OpMyBaHHSAM: JXTapi JiTakiB, KaOiHM JIiTaKis,
TenedOoHHI 1 3aXHMCHI KOBMAKH Ta 1H.

Mexaniune gpopuysannsa. Kowodinosanivemoou

Tuck npu mexaniyHoMy ¢opmyBaHHi ctanoBuTh 40 - 70 MIla. Ilpu ¢opmyBanHi 3a
JIONIOMOTOI0  CIIPSDKEHUX METATIYHUX (POpM HarpiThil JIMCT PO3MILIYETHCSI HA HIKHIO YaCTHHY
dbopmu — matpuiro. [TyaHCOH OMyCKa€eThCs, MPUTHCKAE 3arOTOBKY J0 TIOBEPXHI MaTpHIli 1 HaAa€ Tid
¢dopmy BupoOy. Moxke BHUKOPHCTOBYBAaTHCS TAaKOX 1 HECHPSDKEHUM IHCTPYMEHT — €JIacTUYHUHN
ITyaHCOH 1 )KOPCTKA MaTPHIIA YA HABMAKH — eTACTUYHA MATPHUIIS 1 dKOPCTKHUNA ITyaHCOH.

OaHuM 3 pI3HOBU[IIB MEXaHIYHOTO (JOPMYBAHHS € BUTATYBAHHS Ha IYaHCOHI (MPOTSDKKA).
Harpity 3arotoBky po3MiIllyiOTh B 3aTHCKHIN pami 1 HagaroTh 1 MeBHOT (OPMU, BTUCKAIOUYH B HeEi
nyaHcoH (nuB. puc. 4.22).

Ha mpaxTuii yacto BUKOPHCTOBYIOTh KOMOIHOBaHI METOU TepMO(DOPMYBaHHS: HEraTUBHE
I NO3UTHUBHE BaKkyyM-(OpPMYBaHHS 3 IONEPEIHbOIO MEXAHIYHOK BUTSKKOW, (hOpMyBaHHS 3
MOTIEPETHHOI0 THEBMATUYHOIO BUTSHKKOIO, KOJIM POJIb TyaHCOHA BUKOHYE CTHCHYTE TIOBITPSL.

ITpu HeratuBHOMY (OpMyBaHHI 3 MONEPEAHBOI0 MEXAHIYHOI BUTSKKOI € MOXKJIMBICTH
OJIepaHHs TJUOOKUX BHUPOOIB 3 OUIBII PIBHOMIPHOIO TOBIIMHOIO CTIHOK, HIXK IMPH MPOCTOMY
HEraTuBHOMY (pOpMYBaHHI.

[TepeBarn MO3UTHBHOTO (OPMYBaHHS 3 MONEPEIHHOI0 MEXAaHIYHOI BHUTSHKKOIO TaKi:
MO>KJIUBICTh OJIEp>KaHHS OUTBII TNIMOOKUX y MOPIBHSAHHI 3 MPOCTUM MO3UTHUBHUM (OPMYBaHHIM
BUPOOIB, CKOPOUEHHS KUIBKOCTI BIIXO/[IB, 3SMEHIIEHHS PI3HOTOBLIMHHOCTI BUPOOY.

3.3.5. TexHouoris ¢popmyBaHHs BUPOOiB TepMoGOpMYyBaAHHIM

TexHonoriunuii mporec TepMOoPOpPMYBaHHS BHPOOIB CKIAJAETHCSI 3 TAKUX OCHOBHHX
orepalii: TocTaBKa JIUCTIB 31 CKJIQAY B MPUMIIIEHHS (HOpPMYyBaJIbHOTO BIUIUICHHS, PO3MIYaHHA 1
pO3pi3aHHs JIMCTOBOIO MaTepiany, 3aKkpillJieHHs B pami, HarpiB, (OpMyBaHHS, BUTpPHUMKa Ha
OXOJIOJDKEHHS, MEXaHI4YHa 00poOKa, KOHTPOJIb TOTOBUX BUPOOIB.

Po3miuyeannn i po3pizanns 1ucmoseozomamepiany.
Jluctu TepmoruiacTy, SKI YHNAKOBaHI B JIEpEeB’SHI SIIMKK 1 MEpeKiajieHl Tarnepom,

TPAHCHOPTYIOTh €JIEKTPOHABAHTAXKYBadaMH 31 CKJIaly B MPHUMIILEHHS BiaaineHHs GopmyBanns. Ha
CTIemiaTbHUX CTOJNAX SIIMKH BiIKPUBAIOTH, JTUCTH TEPMOILIACTY YKIIAJAAIOTh HA TIEPECYBHI CTENaxi,
AK1 MABOAATH 10 (OPMYBAIBHUX MAIIMH (SKIIO PO3MIpH JIMCTA BiJIMOBIIAIOTh PO3MipaM 3aroTOBOK
Ut pOpMyBaHHSI) a00 HAMPABJISIOTH 70 CTOIB JJI PO3MIUyBaHHS.

Po3MmiuyBaHHS nUcTa — 1€ CHOCIO paliOHAIBHOTO PO3MILEHHS HAa HbOMY MaiOyTHIX
3aroToBOK. JIMCTHM pO3MIYalOTh Ha CTOJIaX, L0 MalOTh YUCTY MOBEPXHIO M OOTATHYTI M’ SKOIO
TKaHWHOW. Moro IPOBOJSTH 33 JOMOMOIOI0 MACIITa0HOI JIHIMKK a0o0 cremialbHUX IIabJIOHIB.
Po3MiuanHs MO’KHa POOMTH TOCTPO 3aTOYEHUM pI3IEM YW OJIIBIEM, 3aJIMIIAIOYM TMPUIYCK Ha
PO3IUJI JIUCTA IO 2MM.

Dopmyeanns upoodia.

@opmyBaHHS BHpOOIB 3/IMCHIOETBCS Ha YycTaHOBKax i ¢opmyBaHHI OcCHOBHI
TEXHOJIOTIYHI MmapaMeTpu (OpMyBaHHS: TeMIIepaTypa HarpiBy JUCTOBOI 3arOTOBKH, TEMIIepaTypa
¢dbopMyBanbHOTO 1HCTpYMEHTY (dopmH), poOOUMii mepemaj THCKY, MIBHIKICTh BUTSATYBaHHS
3arOTOBKH.
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Temmeparypa HarpiBy 3aroTOBKM BIUIMBa€ Ha YMOBH (OpMyBaHHs, (Pi3MKO-MEXaHI4yHI
BJIACTUBOCTI ¥ OJHOPIAHICTH TOBIIMHU BUpOoOy. Ilpm 3aHmkeHil TemiepaTypi HarpiBy B KyTKax
BUPOOY MOXXYTh 3'IBUTHCS TaK 3BaHI IUIIMHU IEPEOXOJIOJKEHHs (“‘BiIOUTIOBaHHS ), IO CBIAYUTH
PO KPUXKICTh MaTepiany. [Ipu miBuIIeHHnX Temreparypax 3aroToBKa MOK€ IPOBHUCATH MiJI I€0
BJIACHOI Bar", KpiM TOT0, MOXKJIMBA JECTPYKLIATEPMOILIACTY.

Temmneparypa (opMyBadbHOTO I1HCTpYMEHTa (MaTpuill ab0 IMyaHCOHA) TOBHHHA OyTH
HIDKYa, HDK TeMIlepaTypa CKIyBaHHS MaTepialy, OCKUIBKM TICHs 3HSTTA THUCKY BUPIO MoOxke
BTpaTuTH CcBOI (opmy. Husbka Temmeparypa GopMu MOXe CTaTH NPUYUHOIO KOJOOJIEHHS Ta
iHImMX nedektiB BupoOy. TemmepaTypHi peXMMHU TEepepOoOKH NESKUX JUCTOBUX TEPMOILIACTIB
noxadi B Tabdi. 4.11.

PobGounii mepeman THCKY 3aleXWUTh B TOBIIMHU JIUCTA, MPHPOIU TEPMOILIACTY,
KoH(iryparii BUpoOy, MBHUIKOCTI BUTATYBAaHHsA. Y BHUIAJKy BUPOOHMIITBA HETJIMOOKHX BHUPOOIB
pocToi GOPMH PEKOMEHIYETHCS BAKyyMHE (DOPMYBaHHS, IPH BUTOTOBJICHH] BUPOOIB 301TbIII

TOBCTIIMX JIUCTIB — MHeBMaTu4He (popmyBanHs. JlJis onepkaHHs TTMOOKHUX BUPOOIB 31
CKJIAJTHM TUCHEHHSIM Ha TIOBEPXHI BUKOPHCTOBYETHCS MEXaHIUYHE Ta KOMOiHOBaHE (OPMYBaHHS.

HIBuAKICTh BUTATYBaHHS MaTepiayly 3aleXHUTh BiJ TOBIIMHU JIMCTA, TEMIEPATypH 1 THUCKY
¢dbopmyBaHHSI.

CrioBuUIbHEHE BUTATYBAHHS NMPHU3BOJIUTH 10 MEPEJUYACHOIO OXOJIOPKEHHS 1 pO3TPICKyBaHHS
MaTepialy, TpW BHCOKIM IIBHIKOCTI BHUTATYBAaHHS MOXKE BiIOYTHCS pPO3PHBAHHS YH 3HAYHE
MOTOHIICHHS CTIHOK Y MICISIX MOTJIMOJICHB 1 B KyTax BUPOOY.

Mexaniuna 00pooka.

Mexaniuna 06poOka BUpoOiB BKIFOYA€ BUTUHAHHS (BUPYOYBaHHS) TOTOBOT'O BUPOOY 3
BiZ(OPMOBaHOI 3arOTOBKH, 3aYMILEHHS, IUTi(yBaHHS Ta MOJIPYBaHHS HOTO KPOMOK Ta IMOBEPXHI.

BupyOyBanHs BUp0OOiB IpOBOJAATH 32 JOIIOMOTO0 By3Jia BUPYOKH (hOpMyBaIbHOI MalIMHU
Y Ha JIOTIOMDKHOMY 00JIaTHaHHI.

3aunieHHst BUpoOiB Bi10OYBa€eThCs BPYUHY, HAa CTPIYKOBUX UM TUCKOBHUX BepcTaTax Juis
3aUUIIEHHS, @ TAKOX 3a JJOMOMOT00 NUTI(yBaIbHUX MAILIHUH.

[TonipyBaHHs BUpOOiIB BUKOHY€ETHCS HAa OBCTSHUX YU MOJOTHSIHUX HUTI(QYBAIBHUX Kpyrax.

Konmpons comosux eéupoois.
["'oToB1 BUpOOUNIPUIMAIOTEIAPTISIMU, IIOOAHOYACHOHAAXOASI THHAKOHTPOJIb.

3oBHiMHEBOMY orsay miyisiratots 100 % BupoOiB.

KoHTponb reoMerpuuHuUX po3MipiB BHpOOIB MNpoBOAUTHCS BuOipkoBo. Kpim Toro,
KOHTPOJIIOIOTh OINTHYHI BIACTUBOCTI MPO30pUX MaTepialiB, Pi3HOTOBIIMHHICTh, (i3UKO-MEXaHIuHI
BJIACTMBOCTI  3TiIHO 3  JIIOYMMM  CTaHJIapTaMu. 3  eKCIUlyaTaliiHUX  BHUIPOOyBaHb
MPOBOJIATHHANOIBI XapakTepHi. Hampukiaa, maHeni IBepUAT XOJOIWIBHUKIB NEpEeBipsAIOTh Ha
CTIMKICTh 10 6araTopa3zoBUX yAapiB, XapakTepHI aHOMaJlli Ipolecy 3Be/eHl B Tab. 4.13.

3.4. TexHoJiorist popMyBaHHS MOTOHAKHUX BUPOOIB METO0M eKCTPY3ii

3.4.1. 3aranbHi MOHATTS

ExcTpy3ist — 1ie HenepepBHHI MeToJ (OpMyBaHHS, B OCHOBHOMY, IOTOHaKHUX BHUPOOIB,
SAKUUMONATae B TMEPETUCKaHHI pO3TONYy MojJiMepy uepe3 NpodiIbHUN OTBIp BIANOBIAHOT
KoHirypanii(ekcTpy3iiiHa TrojioBKa) 3 HacTymHowo (ikcauieto ¢opmu Bupody. THuCKk B
eKCTPY31HOMY arperaTi CTBOPIOETHCS 3a PaxyHOK IPHUMYCOBOIO, HEMEPEpPBHOIO MEepeMILICHHS
MaTepially B3JIOBXK T'BHHTOBOI Hapi3KM IIHEKa Npu Horo oOepraHHi (MPUHIMII M’ SICOPYOKN)
(puc.4.51).

3anexxHo BiJ KoH(Irypauii npoQiIbHOr0 OTBOPY MOXKJIMBI PI3HOBHIHOCTI METONY 1 Pi3HHUI
acopTUMeHT BUpP0OiB. OCHOBY aCOPTUMEHTY CTAHOBJIATH IUIACK] (OJMHAPHI) Ta MOBIMHI (pyKaBHI)
IUTIBKH, TPYOW pi3HMX JiamMeTpiB, npo(igbHI BUPOOH, JHUCTH, AyOJbOBaHI Marepiaiu, elIeKTpo- i
AHTUKOPO311HI TOKPUTTS, HUTKH MOJTIMEPHI, MaKyBaJIbHI 3aCO0H TOIIIO.

Jis eKcTpy3il BAKOPUCTOBYIOTH TEPMOILIACTH 3 BUCOKUM 3HAUYEHHSAM €(DEeKTUBHOI B A3KOCTI,
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BIJIMOBIAHO 3 HU3bKUM 3HadeHHsM [1TP, skuii, sk mpaBuiio, 3HaxoauThes B Mexkax 0,3 + 3 1/10 xB.
MoKyTh TaK0X BUKOPHUCTOBYBATHCh PEAKIIMHO 3JaTHI OJIrOMEPHI KOMITO3UIIIi Ta Ta30HANOBHEH1
KOMIO3HUIii. BUKOPUCTOBYIOTH NOJIMEPHY CHPOBHHY Y BUIJISLII TPaHyJ a00 MOPOIIKY.

OCHOBHUM O0JIaZIHAHHAM AJIS1 €KCTPY3il CIIy’KaTh OJJHO- 1 JBOLIHEKOB1 €KCTPYIEPH, a TAKOXK
KOMOIHOBaHI JMCKOBO-IITHEKOBI EKCTpyJepH. Y ITUCKOBUX EKCTPYIepax THUCK CTBOPIOETHCSA 3a
paxyHOK edekty BaiicenOepra, sikuii mossirae B 3BOPOTHIHN 710 BIIIEHTPOBOI CHIIA T€Uli pO3TOIY JI0
LEHTPY IpU OOEpTaHHI JHUCKY.

Exctpy3is cynpoBoKyeThess e (Bi3MUyHUMH Tmporiecamu: Jedopmariis 1oJiMepy,
TOTUICHHS, B’Si3Ka TeYis 1 3acTHraHHs (Kpucramizailis). XiMidHI TPOIECH, SKi CYIPOBOIKYIOTH
EKCTPY3iI0 — TePMO- 1 MEXAHOJECTPYKIIisl, € HeOKAHUMH 1 TIPU MPABUIBLHOMY PEXHMI €KCTPY3ii
HE3HAYHO BIIMBAIOTH HA MPOLIEC.

Marepian y 30Hy HaaXOAUTh Y BUIVISLII OPUCTOrO KOpKa. Y 30HI 3a0€3Me4yeThCs MOBHUN
nepexix Marepiany y B SI3KOTEKY4YHH CTaH.

Harpis momjimepy 3aneXuTh Bij TEIJIOBUX MMOTOKIB, 3yMOBJICHUX TEIUIONPOBITHICTIO (30HA
HarpiBaeThes) 1 po3irpiBOM BiA TepTs Ta BiJ Aucumamii eHeprii Bix 3cyBy mpu Tedii. SIk mpaBuio,
330BHI HarpiBa€ThCs HIIIHAP €KCTpyaepa. Tomy Oiis CTIHOK HHIIHApPa Marepial HarpiBa€ThCs
OlTpIIe 1 PO3TON TOJIMEPY MPOTrpiBaeThCS Bif CTIHOK. OCKUIBKM TpU TOIUICHHI T'paHyd 00 €M
3MEHIIY€ETHCS, IHEK BUKOHYETHCS 3 MOCTYINOBUM 3MEHLICHHSAM ITTMOMHU Hapi3Ku, 110 3a0e3rnedye
Oe3mepepBHE CTHCKaHHA TOPHCTOTO Iapy TpaHyld. 3HIKEHHS TOPHCTOCTI 3aKOHOMIPHO
MPU3BOJIUTE JIO 3POCTaHHS Koe(illieHTa TEIUIONPOBIAHOCTI #, SK HACTIJAOK, A0 IiABUIICHHS
[IBUJIKOCTITOTIICHHS.

TakuM YuHOM, 3HAIOYM HEOOXiAHY WIBUAKICTE pyXy MaTepiany (s 3a0e3neyeHHs
noTpiOHOT TPOAYKTHBHOCTI 30HHM), MOYKHA dYepe3 KPYTHUH MOMEHT OOYHCIUTH IIBHIKICTbH
obepraHHsl. | HaBnaky, 3a MBUIKICTIO 00EPTAaHHS IIHEKAa MOKHA BU3HAYUTH IPOJAYKTHBHICTH 30HH.
BaxmBe TeXHOJIOTIYHE 3HAUEHHSI Ma€ TEOMETPisl IIIHEKa B 30HI TOIUICHHS, a came: JOBXHHA 30HH,
rMOMHA Ta HaXWJI TBUHTOBOI Hapi3Ku. Sk Bxke 3a3Havaocs, MoixiMep, MpOXOoAsud B 30H1 TOIICHHS,
MIOBUHEH MOBHICTIO MEPEUTH Yy B’A3KOTEKYUMH CTaH, 10 3a0e3leuyeTbes BIANOBIIHUM TEIUIOBUM
0aJaHCcOM 1 FeOMEeTpi€rOIIHEKA.

Bracnigok TEmioBOro MoOTOKY BiJl CTIHOK IWJIIHApPa TOIUIEHHS MOJIMEpPy BiIOYBa€ThCS
MIOCTYIIOBO 3 YTBOPEHHSM IUIIBKM PO3TOIY y BEpPXHIN YacTMHI MOTOKY. B mporeci mepecyBaHHs
MoJIIMEpYy IIMpUHA 1 TOBUIMHA LIAPY TPpaHyJl 3MEHIIYEThCS, @ KUIbKICTh PO3TONy OIS HamipHOI
rpati 3poctae. TOIUIEeHHS MPUCKOPIOETHCSA BiJl TEpPTs, sIKE HaWOUIble MPOSBISETHCA MPU CTIHII
1mHeKa. Bix IMBHAKOCTI TOIUIEHHS TPaHyNl CYTTEBO 3aJIEXUTh TOMOIEHI3allis pPO3TONYy B 30HI
J03yBaHHS ¥ BIANOBIAHO SKICTh BUPOOY. UMM IIBHJIIE 3aBEpUIYETHCS TOIUIEHHS, THM BHILA
OJTHOPITHICTH PO3TONY B 3B’SI3KYy 3 THUM, IO Kpamle BIJOYBa€eTbCsl HOro MepeMillyBaHHS.
[TpoayKTUBHICTh 30HM TOIUICHHS 3aJEKUTh Bl TEIUIOQI3UYHUX XapaKTEPUCTUK TMOJIMEpY,
reoMeTpii 1 KiIHEMaTHYHUX TapaMeTpiB ITHEKa, KoedillieHTa TepTs MOJiMepy Ta MOJIMEpy 0
MeTainy.

3.4.2. Texunouiorist popMyBaHHS ILTIBOK €KCTPY3iliHUM METOI0M

IcHye 1nBa OCHOBHUX CHOCOOM €KCTpY3ii IUTBOK, SIKI BIJPI3HAIOTBCA (HOPMYBaIbHUM
€JIEMEHTOM — €KCTPY31iiHOI0 TrosIoBKO0. Bu MuliBKY 3aiexuTh Bia KOH]iryparii ¢popmyBagbHOTO
eneMeHTy (Bia mpodimo Horo minunn). Komu s excTpysii BUKOPUCTOBYETHCS IUIACKOIIITMHHA
rosoBka (puc. 4.23), oAepXKyrOTh TUTacKy (oAWHApHA) TuTiBKA. [Ipw BUKOpHCTaHHI TOJIOBKH 3
KiJIBIIEBOIO HILJTMHOIO OTPUMYIOTH pyKaBHY (TI0/IBiliHY) ILTiBKY (pHC. 4.23).

A TS
..... p 4 ‘ * “. ‘ o, 4,
\"'r:'?&‘b‘f:fst‘iﬁﬂ'*:*

R R S OCA KA
RIS
N msrsi

.

1
Y R

Fodgy w T, v
1‘41."'. .';g:l* -

Ry

%




59

Puc. 4.23. Cxema niackowinunnoi 20106Ku.:
1 — konexmop; 2 — winuna; 3 — niiska (no1omuo excmpyoamy)
Jlo T1iBOK BIIHOCATBH CYIIUIBHI IJIACKI BUPOOM, SIKI MalOTh TOBIIMHY MEHINy, HiXK 125 —
500 mxMm. HukHS Mexa BITHOBUTBCS 0 BUPOOiB 3 sxopcTkux noiimepis (I1C, ecrepu nentonosn),
BEpXHs — JJIs1 TUTIBOK 3 enactuyHuX mojiimepis (I1E, [IBX -mnactukar).
Po3Mmipu TUTIBOK BHM3HAYalOTHCS SK IOJIMEPOM, TaKk 1 METOJOM iX OAep)KaHHS: 3apas
0JICPKYIOTh TUTIBKM TOBIIMHOIO Bia 2 MKM 10 500 MM 1 mupuHoro Big 0,3 10 24 M.

b-b

*HOBiT[)ﬂ

Puc. 4.24. Cxema kinbyesoi 2onosxu:
1 — mpybna 3acomoexa (excmpyoam); 2 — 00pH, 3 — YuniHop (MyHOWMyK)

s BUTOTOBJIEHHS IUTIBOK eKCTpY3iiHMM MeTogoMm mnpunatHi nomionedinu (I1I1, IIE),
noJiictupod, niaactudikoBanuil [IBX, nmoniBiHUIIAEHXIIOpU, TONieTUIEHTepedTaNaT, AesiKI MapKu
MoJliaMiZliB, KOMOJIMEpU €eTWJIeHY 1 BiHIJaleTaTy, ecTepu Ientoio3d. OCTaHHIM YacoM JUIs
BUT'OTOBJIEHHSI IIJIIBOK BUKOPUCTOBYIOTh ITIHOMaTEP1aJIy.

[T1iBKM BUKOPUCTOBYIOTH AJIsl €NEKTPOI3OSAIINHUX, PAAIOTEXHIUHUX IIIeH, 715 MOOYTOBUX
norped Sk mnakyBaibHI 3acoOu. KpiM MIIBOK 3 OJHOPIAHMX TMOJIMEpIB BUIYCKAIOTh TaKOX
apMOBaHi, 0araTokoJipHi, 6araromapoBi Ta KOMOIHOBAHIIIIIBKY.

Texnonociyunuil _npouec opmyeannsa naigKu _eKcmpy3icl) 3 po30yeoM _PYKag
(pyKagHnuiimenoo)

TexHomnoriunuii mnpouec (opMyBaHHS IUIBKM €KCTPY3i€l0 3 pO3JyBaHHSAM  pyKaBa
CKJIQ/Ia€ThCSl 3 HACTYNMHUX CTaflil: MIATOTOBKM CHPOBHHM, CTalli (OpMyBaHHS 1 3aBepllaIbHUX
cTajiil.

[TinroToBKa CUPOBUHU BKJIIOYAE:

— COPTYBaHHS 3a MapTiAMU (1151 eKCTPY3il KATETOPHUYHO 3a00POHEHO 3MIITYBaHHS
napriif, 60 /U1 KOXKHOI napTii CHPOBUHU MPOBOAUTHCS HAJIAroIKyBaHHs TEXHOJOTIYHOTOPEXUMY);

- KOHTPOJIb BMICTY BOJIOTHY 1 TEXHOJIOTIYHHUX MTapaMeTpiBCUPOBUHU;

- M1JCYITyBaHHS;

— TPAHCHOPTYBAHHS — 3A1MCHIOETHCSI TPAHCIIOPTHUMH 3aC00aMU 1IeXy, a [oj1a4ya
CUPOBUHU B OYHKEp €KCTpy/iepa MPOBOIUTHCS 1HAUBIAYaIbHUMITHEBMOTPAHCIIOPTOM.

3aBepmianbHi onepauii MOXyTh OyTH TaKMMH: KOHTPOJIb SIKOCTI IUTIBKHM, pajiaiiiiHa
00poOKa, MOXKIJIMBE Hapi3aHHS Ha CTPIYKH, HAMOTYBaHHS B PYJIOHH, TAaKyBaHHS 1 CKiaayBaHHs. [Ipu
KOHTPOJI1 SIKOCTI TJTIBKM KOHTPOJIIOIOTh TOBIIMHY (0e31epepBHO), MPO30PICTh Ta 30BHIMIHII BUTIIA.

PykaBHuii MeTOn Oonep)KaHHS TUTIBOK — MPOCTHUM, BUCOKOMPOIYKTUBHHH 1 €KOHOMIYHHUHU.
MoOXJIUBI TpU CXEMH OJIEp)KaHHS PYKaBHUX IUTIBOK EKCTPY3i€l0 3 HACTYIHHM po3ayBoMm: 1) 3
MoJIaueto pyKaBa Bropy; 2) 3 IpuiiMaHHSIM pyKaBa BHU3; 3) 3 TOPU3OHTAJILHUM B1I0OPOM pyKaBa.

Haiinommpenima mnepma cxema. BoHa ekOHOMiIYHa 3 HEBEIMKUMH TEXHIYHUMH
YCKJIQJHEHHSIMH, arperar 3aiimMae Majo 1iomi. CxeMa eKCTpy3iiiHOI YCTaHOBKHM IIOJjaHa Ha
puc.4.25.
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[Tpu ¢opmyBaHHI IUTIBKM METOJOM PYKaBHOI E€KCTpY3ii 3 MOJadel0 pykKaBa Bropy JIiHis
BKJIFOYA€E TakKl cramil:

1. MiArOTOBKA PO3TOITY: 3aBaHTaKEHHS CHPOBUHH, TOIIJICHHS, TOMOT€HI3aIlis 1
HarHiTaHHs PO3TOITY MOJIIMEPY;

2. MEPETUCKAHHS PO3TOITY Yepe3 KiIbIEBYTOJIOBKY;

3 PO3/yB pyKaBa 1 HOrOOXOJIOKEHHS;

4. CKJIaIaHHSIPYKaBa;

5 HaMOTYBaHHS IIJTIBKY HAIIITYIi.

!

Puc. 4.25. Cxema azpezamy 015 o0epocants nii6oK pyKagHUM MemoooM 3 nooaueio pykasa

geopy:

1 — excmpyoep, 2 — 6yukep, 3 — Qinomp,; 4 — 2onosxa; 5 — mpyb6onpogio ons nooaui
nogimpsi;, 6 — WoKu 0l CKIA0aHHs mpyouacmozo pykaea, 7 — mseosi eanxku, 8 —ecmakaoa, 9 —
0XO0N100JiCY8aNIbHE KiNbYe,

10 — cnpamosyioui eanxu; 11 — namomyeanvrull npucmpii

a) 3MIHM JIIHIAHOI IIBUAKOCTI Ha PYJIOHI Yepe3 MOCTiHHE 3pOCTaHHsA WOro JiaMeTpy, KOJIH
OKpY’KHa MIBUJKICTh (IIBUAKICTE OOEpPTaHHS PYJIOHY) 3aJMIIA€ThCS IMOCTIIHOI; TOMY MHOTpiOHE
y3romxkenHs [l [J, a0o IMOBIpHICTh YTBOPEHHS CKJIAQJOK 3MEHIIYEThCS NpPU HasIBHOCTI
HATSTYBaJILHOTO TPUCTPOIO TIEPe]] HAMOTYBAHHSM;

0) BHACIIIOK TEPMO30iry IUTIBKH — 3yCHILJIS, K1 BAHUKAIOTh TPU [IbOMY, 3MOPILYIOTh
TUTIBKY;

B) BUTMHAHHS BiJl CTaTUYHOI €JIEKTPUKU — BHACIIZOK TEpPTS IMOJiMepy 00 IIOKH, BAJKU 1
pPyXy B TIOBITPl CIOCTEPIra€ThCsl €NeKTpU3alis IUIBKU, $Ka BHKIHKA€E €EJIeKTPOCTaTUYHE
BIJIIITOBXYBAHHS Ha PYJIOHI. Y TaKOMY BUMAJIKy CTaTUUHUH 3aps]] MOKHA 3MEHILIUTH, 3BOJIOKYIOUH
MOBITPSI, BUKOPUCTOBYIOUH HEUTpai3aTOPH, K1 10HI3YIOTh MOBITPsA B 00JaCT1 €cTakaau, a TaKOX,
J0Jal0Yu 10 CHUPOBHMHM AHTHCTAaTUKH. YacTo BHUKOPHCTOBYIOTH 10HI3yloue ONpoMiHEeHHs Y-
IPOMEHSMHU, a00 KOPOHHUM PO3PSIIOM;

I) HasABHICTh TMOBITPSHUX KOHBEKTUBHUX IMIOTOKIB, IO 3yMOBJIOE HEPIBHOMIPHICTh
OXOJIOJKEHHS pPyKaBa 1 HEPIBHOMIPHICTh YCaJIKH.

[Tpu 3pilicHeHHI TexHOsOTrii TpeOa MIATPUMYBAaTH YMOBH, AKi O BHUKIIOYQIM TOWIaHHS
pykaBa (BiTep, MPOTAT, TEIUIOBI KOHBEKTHBHI MOTOKH), OCOOJMBO MO JiHII KpucTamizalii, 00 11e
MPU3BOJUTH O YTBOPEHHS XBHJISICTOI MOBEPXHI IUIIBKH 4Ye€pe3 HEPIBHOMIPHICTh OXOJOKEHHS i
Kpuctamizamii. [Hkomm (KpiM repmeTu3amii AUISHKKA BIKOH 1 JaBepei) noOpuii edext npae
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,,KaTiCyIItoBaHHs pykaBa (HOro XOBalOTh ITiJl TPO30PH KOBIAK).

Texnonozia odepicanna naackKux niigoK Memooom excmpysii. Piznoeuonocmi memoody
[Tporiec BHWIOTOBJCHHS IIIACKOI IUIIBKM 0a3yeThCs HAa BHUTHUCKAHHI pO3TONY Yepe3

TUTACKOIIUTMHAY (OPMYIOUY TOJIOBKY 3 HACTYITHUM IIBUIKAM OXOJO/DKCHHsIM. Ha BigMiHY Bij
PYKaBHUX IUTIBOK IIUPHHA IJIOCKUX TUTIBOK OOMEXKYETHCS ITUPUHOIO HIUIMHU TOJOBKH.

3a crmocoOOM OXOJIOMKEHHSI €KCTPYAATY PO3PI3HAIOTH JIBI TEXHOJIOTIUHI JIHIT OJepKaHHS
IJIACKUX ILJTIBOK:

1. OXOJIO/DKECHHS Ha METAJICBUX BaJlaX MOBITPSHO-KOHTAKTHUM CI10coO0oM (puc.4.26);

2. PiIMHHE OXOJIOMKCHHS — €KCTPY3is y BoasHy OaHro (puc.4.27).

Y mnepumioMy BHUMNAAKY PO3TON TOPKAETHCS TOBEPXHI Baldy U, MEPEMIlalOuuCh pa3oM 3
MOBEPXHEI0 MpHU 00epTaHHI Baly, OXOJOMXKYEThCA. Y NIPYroMy — PO3TOIN MOTPAILISE B XOJOAHY
piauHy i OXOJOIKY€ETHCS, TPOXOASIUHN Uepe3 Hel.

A 10 8 7 2 1

S

Puc. 4.26. Texnonociuna ninist 01 00epAHCAuHA NAACKOL NIIBKU 3 OXONOONCEHHAM HA 8ANKAX!
1 — excmpyoep, 2 — ghopmyroua 2onosxa; 3 — NPUIMATLHO-0X0I00HCYBAIbHI BANIKU;

4 — npucmpitl 01 8I0MUHAHHS KDOMOK, 5 — CIPAMOBYIOUL 8ANKU; 6 — MOBWUHOMID, 7 —
enaHyrooul ganku, 8 — Hazpignuil 8anox; 9 — ingpavepeonuii naepisay, 10— msaeoei eanxu; 11 —
HAMOMYBANbHUU NPUCMPIT

[Ipy TOBITPSIHOMY OXOJOKE€HHI pO3TON OOJMBA€ BHCOKOMOJIPOBAHY IOBEPXHIO
OXOJIO/IKYIOUOTO BaJIKa M 3a paXyHOK ajare3ii TpaHCIOPTYETbCA (Pa3oM 3 OXOJIOKEHHSAM) CYyMICHO
3 TIOBEpXHeEl0, sika o0epTaeTbesa. OTKe, MICIs KOHTAKTY 3 BaJKOM IUIiBKAa HE MiHS€ CBO€] TOBIIMHHU.
ToBumHa popMyeThbes Ha MPOMDKKY 10 BaJIKa, KOJIM MaTepiall y B’SI3KOTEKYYOMY CTaH1 MiA1a€ThCS
BUTSDKI, 3YMOBJICHIM IIBHUJIKICTIO NpUHOMY IUTBKH (3amaeTbcst oOepTaHHaAM BankiB 10) 1
MIBUJIKICTIO €KCTPYNYBAaHHIPO3TOITY.

1
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Puc. 4.27. Texnonoeiuna niniss 00eparcanus nIACKoi NiiBKU 3 OXON00HCEHHIM V BAHHI:



62

1 — excmpyoep; 2 — conoeka; 3 — eanna 3 600010, 4 — nepecopooka; 5 — ma2o8i 2yMoBaHi
sanku, 6 — KoMnencamop Hamsa2y U CNPAMOBYIOUL 8ANKU; 7 — HAMOMYBATLHUK NILIBKU,
8 — cucmema cnpsamosyrouux eankis

Sx mpaBmio, AN IUIACKUX IUTIBOK MPOJYKTUBHICTH MPOILIECY AYXKE BUCOKA, LIBUIKICTH
NpUMaHHS TUTIBKA Moxe nocsiratd 160 m/xB. [lpu Benmukiid MIBUAKOCTI €KCTPYAYBaHHS MOXKE
3aXOIUTIOBATHCH TIOBITPS MIXK PO3TOIIOM 1 BaJKOM, IO MpHU3BEIE 10 Opaky: pi3HOTOBIIMHHOCTI Ta
myTHOCTI. 1100 3amo6irTé 1bOMY, BUKOPHCTOBYIOTH Pi3HI CIIOCOOM MPUTHCKAHHS C(HOPMOBAHOTO
MOJIOTHA JI0 OXOJIO/KYBAJIBHOTO BaJIKa B MICII KOHTaKTy. BUKOpHUCTOBYIOTH, HAPUKIIA, CTUCHEHE
MOBITPS, SIKE BUXOAUTH 3 BY3bKOI HIUTMHHU CYHUTBHUM (DPOHTOM 1 BHACIIIOK HAUIUIIKOBOTO TUCKY
MPUTHUCKAE TO JOTUYHIA MOJOTHO 1O BajiKa, JOJATKOBO OXOJIOJXKYIOUM #oro. 3aMicTh MOBITPS
MOXHa BHUKOPHUCTOBYBaTH NPUTUCKYBaJbHI Banku (5) (puc. 4.27). Y naHoMmy BHUIAIKY, KpiMm
MIPUTHUCKAHHS, BAJIUK CIIYXKHUTb JUJIS I0aTKOBOT'O PO3IJIa/KyBaHHs TUTIBKU MO BCii TOBXKMHI BaJIKa.

Ha Bigminy Bixm pykaBHOI eKCTpy3ii MeTOA IUIACKOIIUTMHHOI eKCTPY3ii I03BOJIsE
OTPUMYBATHU ILTIBKH BUCOKOI SKOCT1, IPO30pi, 0€3 CKIAaI0K, 31 3HAYHO BHIIOI0, HI)K MPU EKCTPY3ii 3
PO3IIyBOM pyKaBa IIBUJIKICTIO EKCTPY3ii.

[T1acKOLITMHHUM METOJOM €KCTPY3ii OTPUMYIOThH IUTIBKY IIUPUHOO 70 4,6 M 1 TOBIIUHOIO
Bix 2 MkM 110 600 mxm. [TniBku 3 &= 2 + 10 MKM HA3WMBaIOTHh YIBTPATOHKUMHU, a 3 0> 10 MkM —
TOBCTUMH.
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Puc. 4.28. Cxema 6anko6o2o npumuckauHs noiomHa

3.4.3. BuroroBjieHHsI KOMOIHOBAaHUX (JIBOMIAPOBUX) IIiBOK(1Yy0.II0BAHHS)

I[Tporec 311 iCHIOETHCSI HAHECEHHIM TUIOCKOT TUTIBKHM Ha MIAKIAJKY B Mpoleci ekcTpysii. Sk
MIJKIaJKy MOKHa BUKOPHCTOBYBaTH METajeBY (OJbIyY, Hamip, TKAHUHY, 1HIIY MOJIMEPHY IUIIBKY
TOLIIO.

IpuHmuno ay0aroBaHHS.

[TniBka MPUBOAUTHCS Y KOHTAKT 3 MiAKIAIKOI0 10 MOMEHTY OXOJIOJKEHHS 1 B MOAAIBIIOMY
MPOTATYETHCS CYMICHO 3 HEIO.

Jliss BUTOTOBJIEHHS KOMOIHOBAaHMX IUTIBOK HaiyacTillle BHUKOPHUCTOBYIOThH IIOJII€THIIEH,
MOJIIITPOIILIEH, MOMIBIHUIXJIOPU]T (TIIaCTU(IKOBAHUH).

OcHoBHa mpoOnema IyONMIOBaHHSA: JOCSTHEHHS HEOOXimHOT aare3ii MK TUTIBKOIO 1
nigkiaaakow. Ilpu nyOmoBaHHI MarTepiaiiB 3 IMYXKOI IMOBEPXHEIO aAresis 3abe3nedyeThes 3a
paxyHOK 3aTiKaHHS IOJIMEpPY B MIKpPOHEpIBHOCTI HOro moBepxHi. B 1poMy BUMajaky aaresis
MIPOTIOPIIIAHO 3aJIKUTh BiJ] TACKY MPUTHCKAHHS 1 TEMIIEpATypy PO3TOILY.

VY Bumaaxy nyOiroBaHHS HOJIMEPHHUX IUTIBOK, IO BUKOPUCTaHI SK MiAKIAJAKa, aaresiro,
HalyacTiIe, MiABUIIYIOTh MeTOAOM (i3MYHOI akTHBalii iXHKOi moBepxHi. [lo Takoi oOpoOkw,
30KpeMa, HaJIeXHUTh 00poOKa MOBEPXHI KOPOHHHM EIEKTPHUYHUM po3psiaoM, Y® csiTiom. Ilpu
Takiii 00poOIll Yac eKCro3uIlli OOMEXYEThCS OKHCHUM CTapiHHSAM TOJIIMEPY 1 HE TEpPEeBHUIIYE
3 -5cek.
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Puc. 4.85. Cxema excmpys3itinoco 0yo11086aHHsL:
a) cxema npoyecy: 1 — exkcmpy3itiHa NIACKOWINUHHA 207106KA, 2 — 0X0N004CY8aNbHUlL 8al,; 3
— NPUMUCKHULL 8AIOK 13 CUTIKOHOBUM NOKPUMMAM, 4 — HACPIBHUK,

6) nonepeunuti po3piz 2on06xku. 1 — kopnyc, 2 — Hacpi6HUK,; 3 — po3nOOLIbHUL KaHA, 4 —
HaepisHutl npucmpit;, 5 — winuna, 6 — nepecysHa wWmuseHa 2yoxa, 7 — 28UHm 01 nepemiljeHHs
WmMueHoi 2yOKu, 8) 6UO03MIHeHa KOHCMPYKYis 20106KuU: 1 — kopnyc; 2 — 2yOKa pyxoma npyicHa,

3 — npopi3 0na nepemiwjenns 2yoKu, 4 — pe2yno8anvHull 26UHM,; 5 — HACPIGHUK

[Ipy HaHeceHHI Ha MOBEPXHIO MIAKJIAIAKU IOJIETHIEHOBOI IUIIBKM HE 3aBXIU BIA€THCS
JOCATTH NOTPIOHOTO 3yCHIIIS 34ETIJIEHHS Yepe3 MOro HU3bKY aare3iiHy 34aTHICTb 1 Hicist (13udHOL
00poOkH. Y TakuxX BHIAJKaX BUKOPHCTOBYIOTh CIOCIO 3 TONEpeAHIM JIaKyBaHHSIM IOBEPXHI
MIOKIAAKH  KICHKUMU pedyoBMHaMU (Hampukiag, KaydykoMm). Takuil cmoci Ha3MBaIlOTh
TyOJIFOBaHHSM 3 MONEPEIHIM alpeTyBaHHIM.

Jns  BUTOTOBIIEHHS  0araTomapoBUX  IUIIBOK  MEPCIEKTMBHUM Ha  ChOTOJHI €
3allpONOHOBAHUHN cIoci0 Tak 3BaHOI Ko-eKcTpysii. Ilpu npomy cnocoOi ekcTpyaatu 3’€IHYHOThCS
MIDX co0010 Ha cTajii po3Tomny npu (GopMyBaHHI MooTHA y mUIHHI (4.4.12). TexHomorig 3acHOBaHa
Ha EKCTPYAYBaHHI Pi3HUX IOJIMEPIB 3 OKPEMHUX EKCTpPYyJepiB B OAHY TOJOBKY 3 BiJIOBIIHOIO
KUIBKICTIO KOJIGKTOpPIB. 3’€JIHaHHS ITUTIBOK 3JIHCHIOETHCS, a00 Ha BUXO/Il 3 TOJIOBKH a00 B MiCII
KOHTAKTy 3 OXOJIO/DKYIOUMM OapabaHOM. MOXKIUBE 37MBaHHS MOTOKIB y camiil rososui. Taxuii
croci®é J03BOJISIE  OTpUMATH KOMOIHOBaHI TUTIBKM 3 IMJBUIICHOI MIMHICTIO 34YEIUICHHS 1
npo3opicTio. OHaK, BIH MOXKIMBHH JUIA MOJIMEPIB 3 OJM3bKUMH PEOTOTTYHUMH 1 TEIIO(I3HIHUMH
XapaKTEPUCTUKAMHU, & TAKOXK 3 OM3bKUMHU Koe(DillieHTaMu TeMIIEPaTypHOIyCaIKH.

Buau Opaky npu excrpys3ii IU1iBOK, i10ro NpMYHHY i c1IOCO0U YCYHEHHS

[Tpy BUTOTOBJEHHI IUIIBOK MOXXYTh BUHUKATH MOPYIIEHHS TEXHOJIOTIYHOIO IMpolecy, abo
HENpaBWJIbHE MOro BCTaHOBJIEHHS, MOXJIUBI 3001 B poOOTI 00JaAHAHHS Ta HEIO03BOJIEHI 3MiHU
TEXHOJIOTIYHUX XapaKTePUCTUK CUPOBHUHU. lle Mpu3BOAMUTH 10 BHHUKHEHHS Ne(eKTiB IUIIBOK. B
tabnuui 4.17 noxani Buau Opaky MIiBoOK, HOro MPUYMHU Ta LUISIXU YCYHEHHS.

3.4.4. TexHoJorisi oep:KaHHA JHUCTIB METOI0M eKCTPY3il

Jluctu — 1e miacki BUPOOHM 3 TEPMOIUIACTIB MiHIManbHOIO ToBHIMHOIO 0,125 + 0,5 MM i
OunbIre, siki GOPMYIOTHCS Ha €KCTPY31HHUX JIMCTYBAIBHUX arperatax IIacKOIIUIMHHUM CITIOCOO0OM.
MakcumanbHa TOBIIMHA JHMCTa He mepeBuilye 20 MM, BPaxOBYIOUM HH3bKY TEIUIONPOBIIHICTD
MOJTIMEPHHUX MaTepiaiB.

B VYkpaini nomupene BUpOOHULITBO PYJOHHUX MaTepialiiB 3 TOBIIUHOIO 10 2 MM 1 JIUCTIB 3
TOBIIUHOIO 710 6 MM 1 IpUHOIO 10 1500 MM.

JUis BUTOTOBJICHHS JIMCTIB BUKOPUCTOBYIOTH Taki MOJIMEpPHI MaTepiaiu: MOJieTHIICH
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BHCOKOI TYCTHUHH, MOJINPOIMiJIEH, yIapOTPUBKUN momictuposi, ABC-miacTuk, aneTuimneTrono3Hi
eTposu, HertactudikoBanuii [IBX, momikapOoHar.

HajiuacTime JMCTM  BHUTOTOBISIIOTH 3 TONICTUPOJNIBHUX — IutacTUKiB. Tak, Ha
Juinpomzepkuacbkomy BAT ,, JIHITPOA30T” BUTOTOBIISIIOTH JIUCTH 3 YAAPOTPUBKOTO MOICTHPOITY
(FOCT 6-19-510-90) 3 MaTOBOIO 1 IISIHIIEBOIO IMMOBEPXHEIO TOBHIMHOIWO 2,5 + 6,0 MM, HIUPHUHOIO
700 + 1450 MM, mosxuHOO 630 +~ 1520 MM. JIucTy MarOTh Taki MEXaHIYHI BJIACTUBOCTI: MIIHICTh
npu postsry — 17,0 + 18,0 MIla, BigHOCHE BUIOBXKEHHA NpH po3puBi — 25 + 36 %, ynapHa
B’SI3KICTh 3a [3010M — 25 + 42K ]x/M.

Jlucti BHUKOPUCTOBYIOTH SIK OOJHMIIOBANBHUM 1 (yTepyBalbHUN MaTepiayl, a TaKOX SK
HamiBdabpuKkar s oJepkaHHs BHpoOIB (madu, €MHOCTI) TepModopMyBaHHSM. [3 JHCTIB
OTPUMYIOTb JIeTajl JII aBTOMOOLJIiB, KOPITYCH YOBHIB, EMHOCTI ISl PIAUHH 1 T.II.

Texnonoziuna cxema eKcmpy3ii iucmie
['panynu TepMOIUIACTY TICIHs MiJACYUIYBAaHHS MOTPAIUISIOTH Yy MAaTepiaIbHUN LWITIHID

excrpyzaepa 1 (puc. 4.86).

B exctpynepi BinOyBa€eThCs TOIUIEHHS, TOMOTEH13allid 1 TUIaCTUKALlig pO3TOIly, a MOTIM HOTo
BUTHUCKaHHA 4epe3 (QimbTpyrodi CITKM B IUIACKOIIUIMHHY TOJIOBKY 2. HaiOinpin mommpeHuMH €
KJIMHOBHJIHI TOJIOBKM 3 KaHalaMu [UIsl MiABEIEHHS pPO3TOIy THIly ,pul'sumii xBict”, abo 3
JIOATKOBUM PO3MOIUIEHUM ITHEKOM Yy KOJIEKTOpi (OCOOJIMBO MpH E€KCTPY3ii TAKMX BUCOKOB’SI3KUX
pO3TOMIB, SIK PO3TONU €TPOJdiB). 3 TOJOBKM IUIOCKA 3aroTOBKA IMOTpAaIuIse€ Ha IJaJWIbHO-
MOJIiPYBAJILHUI OXOJIO/KYBATbHUNA KalaHap 3, MI0 NMpu3HaYeHui ais Qikcanii Gopmu 1 TOBIIMHU
II0JIOTHA, @ TAKOX JUIsSl BUIJIAXKYBAHHS, [VISIHLIOBAHHS IIOBEPXHI JIUCTA, SIKA MICIS BUXOLY 3 LIUIMHU
TOJIOBKM BHACIIIZIOK peJlaKcallii Hanpy>keHb 3CyBY B’s3K01 Tedii Moxe OyTH BITYYTHO OyrpUCTOIO.

HasBHICTH TpHOX BAJIKIB Yy INIQAWJIBHOMY KaJlaHAP1 JO3BOJISIE MPOBOJUTH JIBOCTOPOHHE
oxoJiojKeHHsT nucTa. Ilicnga oOpi3aHHS KpPOMOK JUCKOBUMH HOXXaMHM 4 TOJIOTHO TMOTpAIUIse Ha
ponbranroBuil Tpancmoprep 5. JlomkuHa Moro Moxke nocsaratu 3,5 M. Jlnsg iHTeHcubikaiii
OXOJIOJIPKEHHSI 3 000X CTOPIH TpaHCIOPTEpa MOXKYTh OyTH BCTaHOBJIEHI MOBITPSIHI BEHTUJISITOPH.
Ponbranr-rpancnopTep Npu3Ha4e€HUH /7151 OCTATOUYHOTO OXOJIOJKEHHS JIMCTA, 1 BIH CKIIAAEThCA 3
BUIBHOOOEPTOBUX BAJIKIB 3 TOJIIPOBAHOTO METaTy, a00 MOKPUTHUX TYMOBOIO 000JIOHKOIO.

Texnonoziuni napamempu eKCmpy3ii 1ucmie
TexXHONOr1YHMMHU TIapaMeTpaMH eKCTPY3ii JUCTIB € TeMIiepaTrypa 30H HUJIIHAPA 1 TOJOBKH;

TeMIiepaTypa MoipyBajJbHUX BAJIKIB KaJlaHpa; MBUJIKICTh BIJBEECHHS JINCTA; YACTOTa 00EpTaHHSA
IIHEKA.

TemmnepaTypa 30H IIWIIHApPAa 1 TOJOBKM BH3HAYAETHCS BUJIOM TEPMOIUIACTY, SIKHUI
nepepooOseTbes, 1 MOro BIACTMBOCTAMM, MEpPEAyCiM MOJIEKYISPHOIO Macolo, siKa BH3HAUae
noka3HukK TekydocTi po3romy (IITP). Tak, mpu ekctpysii nucTiB, ToBumHOW 2 + 4 MM 3 [IEBT, B
kotporo ITTP = 0,5 + 0,6 r/10 xB, Temneparypa LHJIiHApa 10 30HAX BCTAHOBIIOETHCS B Jliana3oHi
135 + 190 °C. Ilpu oxepraHH1 JUCTIB TOBIIMHOIO OUIBIION, SIK 5 MM, BUKOPHUCTOBYETHCS OLIBII
Bucokomonekysipauit [TIEBI" 3 IITP = 0,2 + 0,4 /10 xB, 1 Temneparypy 1o 30HaX IiJIBUIIYIOTh Ha
10 + 20 °C. Binbum ToHKI gucti Burotosistots 3 [IEBI, B korporo IITP = 0,6 + 1,2 r/10 xB npu
Temneparypi 30H Ha 15 + 20 °C HuxUil, HIXK Y IepIIOMY BHIIIKY.

Jns opepxanHs nucTiB 3 HeruiactugikoBaHoro I[IBX BUKOpHUCTOBYIOTH MOdIMep 3
koHcTaHTol0 DikeHTuepa 63. Bukopucranus Ounbln BucokoMonekyisipuoro IIBX yrpynHioe
dbopmyBaHHS JIMCTa Yepe3 BUCOKY B A3KICTh po3Tomy. OCTaHHIM 4acoM ISl OJIEp>KaHHS JIMCTIB 3
HeractTudikoBanoro IIBX BUKOPUCTOBYIOTH JIBOLIHEKOBI E€KCTPyIEpU 1 TNEepexoasTh Bif
JBOCTQJAIHOTO TIPOIleCy BUPOOHHUIITBA (3 TOMEPEIHHOI0 TPAHYISIIEI0 KOMIO3MIN) 0
OJHOCTAIHHOTO — 3aBaHTAXXEHHS IIIHEKOBOTO EKCTpylepa 3IIHCHIOIOTh IOPOIIKONOAIOHO0
KOMITO3HITIE€IO 1 TPOBOJIATH JIera3allifo pPO3TOIY B 30H1 JO3yBaHHSI.

[Tpu oxeprkaHHi JHUCTIB 3 MOJIiKapOOHATY TeMIepaTrypa eKcTpys3ii migsuiyerses 10 350 °C,
a TeMreparypa nmoBepxHi BajkiB — 10 150 + 180 °C. Exctpys3iifHa rojloBKa MOBUHHA MaKCUMAJIBHO
HaOIMKATUCS 0 MIUTMHU TTaUIbHO-TIONIPYBaTbHUXBAJIKIB.
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Temmeparypa moyipyBalbHUX BaJKiB 3aJI€KHUTh BiJl BULY MOJIMEpY, IBUAKOCTI eKCTPY3ii 1
TOBIIMHKM JIUCTA. BHUCOKa MIBUIKICTH €KCTPY3ii i BiIBEJCHHS TOJOTHA BUMArarOTh OHWKCHHS
TEeMIepaTypu NOJIpyBalbHUX BaiKiB. I[lpu eKkcTpy3il TOHKHX JIHCTIB TeMIEpaTypy BaJIKiB
BCTAHOBJIIOIOTh OUTBIII BHCOKOK, HDK MHpU €KCTPy3ii TOBCTUX JucTiB. B Tabmumi 2.4 monani
npUOJIN3HI TeMIIEpaTypHi peXKUMHU eKCTPY3ii 3TE€PMOILIACTIB.

Temrieparypa BajKiB, SIKi MEPIIUMH KOHTAKTYIOTh 3 JIMCTOM, IIOBUHHA OYyTH HIDKYOIO Bij
TEMIIEPATypU JIUIKOCTi, a TeMIepaTypa TPEThOT0 BaJIKa — HUXKYOIO 332 TEMIEPATypy CKIIYBaHHS
noJiimepy. LlIBHIKE 0XOJIOKEHHS TIOBEPXHI JINCTA 3 OJHOTO OOKY MOXKE CIIPHYUHUTH BHHUKHEHHS
BEJIMKUX HAMpYyXXeHb y Marepiaii. L{e Moxke mpu3BeCTH 10 BUHUKHEHHS KOJO0JICHHSI, MIKPOTPIIIUH
Ha MTOBEPXHI 1 B 00’ €Mi JIHCTA.

Ha BigMiny Bif eKcTpy3ii IUIOCKMX IUTIBOK IMPH BUTOTOBJICHHI JIMCTIB BIZICYTHS BUTSIKKA,
TOMY WIBHUIKICTh BIJIBEJACHHS JIMCTA 3aBXKIU piBHA, a00 MEHIIA 3a MIBHUAKICTH EKCTPY3ii, sKa
BH3HAYAETHCS IIBHJIKICTIO OOepTaHHS ImMHEKa. Ha mpakTuili MBHAKICTH BiJBEIEHHS JIMCTA
BCTAHOBIIOETHCS B Mexax 0,6 ~ 18 M/XB., 3aJIe)KHO BiJl TOBIIMHU — 0OepHEHOMNpoIopiiiHo.OcTaHHI
JIBa 3aCO0M MOKYTh OYTH BHKOPHCTaHI JUIS TIPOTPAMOBAHOTO KEPYBaHHS MPOIIECOM 3a JOMOMOTO0
EOM.

Cneuiaibni mexnoa02iYni RPOUECU eKCmpy3iiiucmie

1. Jlns HaHeceHHs Ha JMCT IHIIOTO KOJHOPY ab0 MJsi CTBOPEHHS IOBEPXHI 3 IHIIMMHU
BJIACTUBOCTSIMHU NPOBOJSATH AYOJIIOBaHHS JIMCTA 1HIIOK JIBOBICHOOPIEHTOBAHOIOILIIBKOIO.

2. Jlns BUpOOHWITBA JHOJEYMY 3 JBOX pi3HHX Kommosumiii [IBX BHKOPHCTOBYIOTH
arperar JUisi eKCTpy3ii ABOLIAPOBUX JIUCTIB (IyOnroBaHHS JHUCTIB). JyOnroBaHHS 3A1MCHIOIOTH y
TOJIOBIII, MICJIA YOTO €KCTPYAAT HAAXOAUTh Ha TIIAIMIbHO-0XO0JIOKYBAIBHUN MPUCTPIH, a TIOTIM —
y TepMOKaMepy ISl 3HATTS BHYTPIIIHIX HANIPY)KEHb Ha MEXICTUKY.

MetoioM KO—eKCTpy3li OTpUMYIOTh OaraTomapoBi JucTH. KinbkicTh IapiB BH3HAYae
BIJIMOBIAHY KiJTbKICTh MaTepiadbHUX HUIIHIPIB.

3. Hy6mroBanus muctiB [IBX uum IIE 3 meraneBoro abo MONMIMEPHOIO CITKOIO TOJIATAE B
TOMY, II0 MK JBOMa MOTOKAaMHU B TOJIOBII MOAA€ThCs ciTka. Jpyruit cmoci®d — ceHaBiu 3 IBOX
JIUCTIB 1 CITKU MPOMYCKAETHCS YePEe3 HArpiBHI BAJIKU 3 IPUTUCKAHHIM 1 HACTYITHUMOXOJIO/KEHHSIM.

4. Exkctpy3is 0araTOKOJIpHUX JIMCTIB (HANpHKIAZ, 3 €TPONdiB I OKYJISPHHUX OIpaB)
3MIIACHIOETHCS IBOMAIIUISIXAMH:

a) KO-eKCTpY3i€l0 JIUCTa 3 PI3HOKOMIPHOro Matepiany. B 1mpomy BHMNaiky 3MillyBaHHS
MOTOKIB BIJOYBA€THCS y KOJIEKTOPl, KyIU PO3TONM HAAXOAATH Yepe3 OKpeMi KaHalW, Kl
3a0e3MeuyloTh JIaMiHapHUHM MOTIK, a00 B LIUIMHI TOJOBKH, KyJId PO3TONH HAAXOIATh 3 OKPEMHUX
KOJIEKTOpPIB [0 OKpEMUX KaHajaX. B TakomMy BUIIaJKy BaKKO JOTPUMYBATH JIAMIHAPHICTh MOTOKIB;

6) cmocoboMm Ko-eKcTpy3ii Bijl OaraThbox arperaTiB 4depe3 OJUH JO03YIOUHMH KOJEKTOp
OTPUMYIOTH TpaHyJdu 3 OaraTtokojipHoro (3mimaHoro) watepiany. Ilicas dYoro mnpoBOASTH
eKCTpY3ilo JMcTa Ha OfHOMY arperati. TyT 3HaUHO MEHIII BUMOTH JI0 JJAMIHAPHOCTI MOTOKY HpHU
KO-EKCTpY3ii.

5. OpnepskaHHS JHCTIB 3 MIHOIJIACTIB 3A1MCHIOETHCS TAKOXK JIBOMAIILISIXaMH:

a) eKCTpy3is mojimMepy 3 miHOyTBOproBadeM. [Ipu Takomy crmocobi CTaBisITh CyBOpi BUMOTH
70 TepMiHy 30epiraHHs MaTepialy 1 TEMIEpaTypHOTO pPEXUMY IIHOYTBOPEHHs (pO3Kiany
MHOYTBOPIOBAYA);

0) BBEICHHS Ta30MI0/JIOHOTO MOPOYTBOPIOBayYa B 30HY JI03yBaHHS €KCTpyJepa.

6. BurotoBiieHHS TO()POBAHOTOJIHCTA:

a) 3 TMO3JOBXHIMH rodpamu, Koiau cHOpMOBAHUM JIMCT HArpiBalOTh 1 MPOTATYIOTH yepes
ropyrounii MpUCTPii 3yOUacToroTuIy;

0) 3 monepeyHUMHU roppamMu — JIMCT NPOTATYIOTh Yepe3 CHCTEMY PI3HOPO3MIIIEHUX (Pi3HUI
piBEHB Ocell 00epTaHHsI) POJIUKIB.

OcHo6HI mexXHeI021Y I 0CcodIu8OCHI eKCmPY3ii mpyo 3a cmadiamunpouecy.
Cmaoii popmyeanns
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OcHOBHA TEXHOJIOT1YHA BiIMIHHICTb NMPH €KCTPY3ii TpyO — Iie BiICYTHS BUTSDKKA PO3TOILY.
[TonotHo TpyOM ¢OpMyeThCS 3aBISKH IOTOKY, CTBOPEHOTO EKCTpyAepoM. BimkamiOpoBaHe 1
OXOJIO/DKEHE HEeTepepBHE TIOJIOTHO TPYOM TPAHCIOPTYETHCS (BIATATYETHCS) MPH  JIOTIOMO3i
CTPIYKOBOT'O TpaHCHOPTepa 3 MIa3yHOBUMHU OMHIAMHU.

1) TIlepma cramiss — orpuManHs (IIATOTOBKA) PO3TONY — BiAOYBAa€eThbCcS B EKCTPYIEpi
MTOCTYIIOBUM TOIUICHHSIM, TOMOTEHI3aIll€l0 1 HAKOMWYeHHsAM postory. Ha i cramii HeoOXimaHO
3a0e3MeUnTH BUCOKY OJHOPIAHICTH po3TOmy B 00’emi 1 B daci mpouecy (OJHOPIAHICTH 3a
TEMIIEPaTypoOI0 1 PEOJIOTIYHUMHU XapaKTepHCTHKaMu). Po3ronm moBuHEH Oyt 0€3 BKIIOYCHB
HEPO3TOIUICHUX TpaHyd. OIHOPITHOCTI PO3TOIY JAOCATAIOTh TEOMETPIEI0 IIHEKY 1 HEOOXiTHUM
MepenagoM TUCKY MO JOBXKHHI LUJIIHAPY, 32 PaXyHOK 4YOTO JIOCSTA€THCS BIANOBIAHA HIBUAKICTH
eKCTPYIyBaHHS.

2) pyra cramis — ekctpysis. [IIBHAKICTS €KCTPY3il BUBHAYAETHCS JTOCITHYTHM IIEPEIa oM
THUCKYI:

Otxe BUOIp eKCTpyHary 3AIMCHIOETHCS 32 MPOAYKTHUBHICTIO 1 HEOOXiTHUM IepernaiomMm
THCKIB, SIKI BU3HAYAIOTHCS 3 TOTPIOHOT (BCTAHOBJICHOT) IIBHIKOCTI €KCTPY3ii.

J71st BUTOTOBIIEHHS TPYO, SIK MPaBUIIO, BUKOPUCTOBYIOTh €KCTPYIEPHU 3 MOJIOBKEHOI 30HOIO
no3yBaHHs. KpiM IhOro 9acto BUKOPUCTOBYIOTH JBOIIHEKOBI EKCTPYAEPH, OCOOIHMBO IPH
nepepoO1ii TopomKkonoAioHoi cupoBuHH. [lepepoOka BUCOKOB’ A3KUX MOIMEpIB 1 pu GopMyBaHHI
TpyO BEJIMKOTO JliaMeTpy BHKOPHCTOBYIOTH JBOCTYIEHEBI €KCTPYAEPH, KOJIU Ha IMEpIIii CTyNeHi
3MIIACHIOETHCS 3aBaHTAXXCHHS 1 TOIJICHHS] CHPOBHMHU, & Ha JPYTill — FOMOTEHI3aIlis 1 HAKOMTUYEHHS.
Take po3nineHHs: 3HAYHO MiABHUILYE MPOTyKTHBHICThATPETATY.

3amac moTY>XKHOCTI BUKOPUCTOBY€ETHCS AJII MOKIUBOI KOPEKIIii TEXHOIOTIYHUX MapaMeTpiB
Y BHIAJKY BIIXUJICHHS XapaKTEPUCTUK CUPOBUHHM, UM BIACTUBOCTEH TPYOH BiJl pO3PaXyHKOBHX.

0) MBHUAKICTH €KCTPy3il piBHa MIBUAKOCTI BiJBEJACHHS TPyOM 1 MOBMHHA 3a0e3MeUnTH
JaMiHapHUN MOTIK po3Tony, 00 B MIPOTUBHOMY BUIA/KY MOSBISETHCS MIOPCTKICTh, OYIPUCTICTh HA
MOBEPXHI MPOo(LII0 TPyOH BHACIIIOK TaK 3BaHOI €aCTUYHOI TypOyJIEHTHOCTI Ha BUXO/ PO3TOIY 13
mnHd. EnactuyHa TypOyJeHTHICTh BHUHUKA€ BHACHIZOK penakcallii HamnpyKeHb 3CyBY, SKi
YTBOPIOIOTBbCA B PI3HUX HANpsAMKax uepe3 ICEeBAOTYpOYJIEHTHHH pyX po3TONy B IIUIMHI 1 HE
BCTUTAIOTh B HIMpEIaKCyBaTH.

B) LIBUJKICTb €KCTPY3ii KpiM LIbOrO BH3HAYa€ JIOBXKHUHY OXOJOPKYBaJbHOI BaHHHM: UMM
OlJbIIIa MIBHAKICTH, THM JOBIIABAHHA.

3) Ilicns Toukoi ¢inpTpamii Ha MakeTi TOHKHX CITOK PO3TON IOCTYIA€ HA CTail0
(dbopMyBaHHS NpodLII0 TPYOU B €KCTPY31iHIM royoBIIl (MPSAMOTOYHIM aOOKYTOBIH).

Texnono2iuni napavempu excmpysii_mpyo

Jlo TeXHOJIOTIYHMX TapaMeTpiB eKCTpy3ii TpyO Hasie)kaTh: TeMIeparypa 30H HWITIHIpa i
TOJIOBKM; TeMIepaTypa B KaliOpyBaJbHOMY NMPHUCTPOI 1 OXOJIOJKYBAIbHIA BaHHI; TUCK PO3TONY B
rOJIOBIIi, TUCK KaJliOpyBaHHS.

OnTuManbHi MapaMeTpy eKCTpy3ii 3aiexaTh BiJl BUAY HOJIIMEpy, HOTO MOJIEKYJISIPHOI MacH,
B1J1 pO3MipiB TpyO, TUITY OOIaTHAHHS.

TemmepaTypHuil pexuM 3aleXUTh B OCHOBHOMY BiA Buay mnomimepy. B tabmumi 4.20
HaBeJIeH1 TeMIIepaTypHi peXXUMHU NPU €KCTPY3ii TPyO 1IIIaHTiB.

edexmu excmpydoganux mpyo i winaxu ix ycynenns

VY Tabmaumi 4.22 BkazaHi BUAM Opaky TpyO 3 TEpMOIUIAcTiB, WOr0 NMPUYMHU 1 METOAM
YCYHEHHSL.

3.4.5. Jlomomixkni ekcTpy3iiini npouecu

ExcTpy3ito, 30kpemMa TEXHOJIOT1I0 eKCTPY3ii TpyO, BUKOPUCTOBYIOTH SIK JOIIOMIDKHUI Mpo1iec
B IHIIIUX BUPOOHHUIITBAX:

1. HaHECEHHI MeTaJeBoi 000JIOHKH Ha MeTalleBy TpyOy abo B MeTaneByTpyoy;

2. MaKyBaHH1 BUPOOIB 1 MPOAYKTIB y MOJIMEPHYOOOJIOHKY;

3. HaHECEHH1 eNIeKTPOI30IAIITHOTOIOKPUTTS;



67

4. oJiepKaHHI MOJIMEpHUX TPYO sl Meiopalii, KO Mmicis KaniOpyBaHHS CTOITh
ropyrounii pUCTpii;
5. oJlepKaHHI TPyO 3MOPOILIACTIB.

3.4.6. AyTtoTepMmiuHa eKcTpY3is

[Totik Tema, sIKUM TeHEPYETHCS 3a PaXyHOK BHYTPIUIHBOTO TEPTsI MOJIMEPHOTO MaTepialy
(OpOIIOK, TPaHyJK) B IUIACTUKALIKHOMY BY3Ji MOXe OyTH JOCTaTHIM Jis epediry ekcTpysii 6e3
JOJATKOBOTO 30BHIIIHHOI'O HArpiBaHHs HuIiHApa. Taka eKCTpy3ist HAa3UBAETHCS ayTOTEPMIYHOIO YU
ayroreHigHor0. OCHOBM Takoro mnporecy po3poous J. M. Mc—Kelvey B 1953-54 pokax, a nepmuit
excTpynep 0yB ckoHcTpyHoBanuii B 1965 p. E. bekcmom.

3acaHUY0I0 TPOOJIEMOI0 AayTOTEPMIYHOI EKCTpy3ii € TeHepyBaHHS Temja 3a PaxyHOK
BHYTPIUIHHOTO TEPTSI MOJTIMEPHOI CHPOBHHH.

Oxpim TOTO, MaTepiall HarpiBaeThCs 1 32 PaXyHOK TEPTS 30BHINIHHOTO — JI0 CTIHOK IITHEKY i
mwitiHapa. Ha 3aran, mobu JOCATHYTH HEOOXiTHOTO AJisi TOIUIEHHS MaTepialny Teria, o0epToBa
IIBHKICTD INHEKY NMOBHHHA OyTH JOCHTH BEIMKOI i 3HAXOAMTHCh B Mexkax 10 + 17 ¢, mo
BIJIMOBiAA€ MiHIMHIN mBUAKOCTI A0 1,5 M/c. B 3B’s3Ky 3 TUM eKCTpyJepy TaKOro TUITY HA3UBAIOTh
MIBUAKOXITHUMH. BuCOka MBUAKICTE OOYMOBIIOE€ BHUCOKHMH OOEpPTOBHH MOMEHT WIHEKY 1, 5K
HACNIJIOK, — 3Ha4yHe, B OCHOBHOMY, 3CYBHE HAINpPYXCHHS B HBOMY, K€ MOXE IEPEBHUIIUTH
BUTPUBATICTh Ha KpydeHHs. [IloOM 3amobirtd mpoMy BHUKOPUCTOBYIOTH KOPOTKHH IIHEK 3
BigHomenHsM L/D no 18 i mpuBig mix’€qHyIOTh 31 CTOPOHU BHUIIOT BUTPHBAIOCTI IITHEKY, a came —
31 CTOPOHM 30HH JJO3YBaHHsI, 3BOPOTHIN KiHEIb ITHEKY 3aKPIIUTIOIOTh YITiIIAITHUKY.

[Tpu TakoMy mpoiieci eKCTpy3ii BUHUKAIOTh TPYJHOIII Y KOHTPOJII 1 peryinoBaHH] TEMIOBOTO
MOTOKY B3JIOBXK BY3JIa IJIACTHKAII, 10 IPU3BOJUTE J0 MOTIPIICHHS SIKOCTI €KCTPYIATy 1 3BYXKYE
ACOPTUMEHT IepepoOIIOBAaHMX TAaKUM YHHOM MarepiaiiB, BHUXOASYM 13 I1X CTIMKOCTI JI0
TepMomexaHosiecTpykii. Ilpm Takomy Metoai € OOOB’SI3KOBMM BCTAHOBIJICHHS BIAMOBIIHOL
IIBUAKOCTI 0OEpPTaHHS IIHEKY A KOXKHOI MapTii OJHOTO 1 TOTO K Marepiany, IO YTPYAHIOE
Y3TrO/DKEHHSI TIPOIECY eKCTPy3li 3 IHIIMMH eJeMEHTaMH 1 BYy3JaMH TEXHOJOTIYHOI JIiHIi
BUTOTOBJICHHsI BUpoOy. ToMy Takuif METO]l He 3HAUIIIOB IIMPOKOTO BUKOPUCTAHHS, 1 BijOMa JIUIIIE
JiHis 17151 GOpMYBaHHS TIOJIIETUIIEHOBOT TUTIBKHM €KCTPY31€I0 3 PO3yBaHHSIM pyKaBa.

[ToTpiOHO 3ayBakMTH, IO CIIHEHMH MaTepiall OXOJIOJKYEThCS MOBUIbHIIIE, HIXK
MOHOJIITHUI MaTepia 3a paxyHOK HHXKYO01 TEIUIONPOBIIHOCTI.

Jns onepxxaHHs BUPOOY 3 MOHOJITHOI OOOJOHKOI CTBOPIOIOTH YMOBU €KCTpy3ii 3
KaJgiOpyBaHHSAM TpH IHTEHCHUBHOMY OXOJIOJUKEHHI 30BHIIIHBOI MOBEpPXHI, IO 3amnobirae
MOPOYTBOPEHHIO Y IlIapi, B SKOMY HIBUAKO HApOCTa€ B’SI3KICTh 1 BiIOyBaeTbcd pi3Ka 3MiHA
¢izuyHoro crany. OjepaHi BUpPOOM MarOTh MiJBUIIEHY MILHICTh 1 IX MOXHA 3apaxyBaTH [0
KOHCTPYKUIHHUX BUPOOIB. [HIMI MeTos (hopMyBaHHS KOHCTPYKIIMHHUX MOPUCTUX BUPOOIB € KO-
eKCTpy3isl.

Exctpysi€eto 13 criiHIOBaHHSAM TEpepOOIIIIOTHCS, B OCHOBHOMY, TEPMOIUIACTU. 3aJI€KHO BIJ
YMOBHOI 'YCTHHH BHPOOH IiTSTh HA: KOHCTPYKIIiiHI o> 400 Kr/M°, HAMIBKOHCTPYKITifH] 3

<400 kr/mC i HEKOHCTPYKIiHHI 3 p,< 100 kr/m°. TaKHM METOOM MOXKHa oziep>KaTu BUP1O
3 pI3HMM CTYIEHEM CIIIHEHHS, aX /10 YTBOPEHHS CTPYKTYpOBaHOI IiHU, Hanpukiaa, [ITOE moxe
OyTH CIIIHEHMH HaBITh 3a PAaXyHOK pO3JAUICHHA ra3y okpemMux (iOpuin. Taki BUpOOHM HIMPOKO
3aCTOCOBYIOTh Y MEIHITUHI.

[likaBuit edexT crnocrepiraerbes npu ekcrpysii I1E 31 criHIOBaHHSAM pa3oM i3 3LIIMBaHHAM
naHIoriB. Bin3HauaeThes, M0 y bOMY BUIIAJKY Ha BIIHOCHY I'yCTHHY MaTepially He BILJIMBAE THUII
3IIMBAIOYOT0 areHTy J0 3IIMBaHHA.

Ko-excmpysia
CyyacHl TEXHIYHI 1 EKOJIOTIYHI BHMOTH CTaBJSATh Iepe]] BUPOOHHMIITBOM 3aBIaHHS
BUTOTOBJICHHS BHPOOiIB, B T.4. EKCTPY3iMHHX, OaraTomiapoBUX — TaKHX, SKI CKJIaJalOThCS 3

JEKUTBKOX TMOJIIMEPIB PI3HUX 3a BJIACTUBOCTSIMH, CTPYKTYPOIO, KOJHLOPOM, TOIIO, a00 X 3 OJHOTO
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noJIiMepy, SIKUi BIAPI3HAETHCSA CTPYKTYPOIO YU KOJILOPOM.

Taki BUpOOM BUTOTOBIISIOTHCS KO-EKCTpY3i€to. [IpuHIMI KO-eKCTpy3ii Hoisirae B TOMy, 0
dbopMyBaHHsI 0araTomapoBOro €KCTPyJAaTy BilOYBAa€eThCSA 3a JIOMOMOTOK 0arathboX EKCTPYAEpiB
(KITBKICTh BIATOBIIA€ KUTBKOCTI MIAPiB) 1 OJHIET CIUIBHOI eKCTPY3iiHO1 rojioBkH. Ko-exkcTpysis €
BigoMa Big 1967 poky i CbOTO/IHI PO3BHBAETHCS JIyXKe IHTECHCHBHO.

ExcTpynoBaHi HOTOKHM PI3HUX TMOJIMEPIB 3 €HYIOTHCSA B €KCTPY3iHHIM TONOBI 1 B IIUIMHI
TEUyTh CHUIBHO 3’ €JHAHUM ITOTOKOM.

4. TEXHOJIOI'IA BUTTOTOBJIEHHSA BUPOBIB 3 PEAKTOIIJIACTIB

OcHoBHumH Metonamu repepoOku peakroractiB (PII) e xommpeciiine 1 JUTTEBE
NpeCyBaHHSA, JHTTSA Mg THUCKOM. /[l apMOBaHMX IUIACTHKIB BHUKOPHCTOBYIOTH KOHTAKTHE
dbopMyBaHHS, HANWICHHS, METOJ HaMOTKH. ICHye TakoX BiUIMBaHHA y (OpMY; MOXKIHBA
nepepoOka porauiiHuM GOpMyBaHHSIM Ta€KCTPY3IEIO.

@i3uK0-XiMiUHI MPOIECH, SKi BiIOYBAIOTHCS IPU MEpepoOIll PeaKkTOIIACTIB, MONATAIOTh Y
NepEeBEICHHI 3B’SI3HOTO Yy B’S3KOTEKy4Wil (UM pPO3YMHHUIH) CTaH 3 HACTYIIHOK HE3BOPOTHOIO
nedopmariero, TEUi€r0 3 BUCOKUM HANPYKEHHSM 3CYBY, YIIUTbHEHHSM PO3TOILY Ta 3aTBEPKEHHSIM
(cTpykTypyBaHHAM) mpu TemmepaTypi. OTxe, mporec 0a3yeTbcs Ha IUTacTUYHIN aedopmarii
PO3TOIY MiJI Ai€10 TETUIOTH 1 TUCKY 3 HACTYITHOIO XIMIUHOIO (hiKcaliero GopMH.

4.1. TexHoJi0risi BUTOTOBJIEHHSI BUPOOiBIIpecCyBaHHAM
Icnye nBa criocoOu npecyBaHHS:
1. KoMIIpeciitne (mpsime) npecyBaHHs (puc.5.1);
2. IHKeKIIiTHe (JIUTTEBE) MpecyBaHHs (puc.5.2).

o

Puc. 5.1. Cxema komnpeciiinozo (npsimozo) npecysauHs.
a) 3a8aHmMadiceHHs npec-mamepiany,; 6) sMUKauHs popmu (npecy8amHs), 8) po3IMUKAHHS
Gdopmu i suwumosxysanns supody, 1 — nyauncon; 2 — npec-mamepian, 3 —mampuys, 4 —
sUWIMOBXY8aY, 5 — eupid
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Puc. 5.2. Cxema nummesozo npecysanmsi:

@) 3a6AHMANHCEHHS NPpec-Mamepiany y YuiiHop monieHHs, 0) 3MUKauHs opmu i
npecy8ants; 8) POZMUKAHHA (hopMmu I 8UUMOBXY8aHHS upoby, 1 — nyancon, 2 — gpopmyesanvre
2HI300;

3 — mampuys,; 4 — yurindp monjeHHs (3a6aHMadiCy8albHa Kamepa), 5 — npec-mamepian,; 6 —

PpOo36iOHULL KaHan, 7 — eupib, 8 — nayHacep (wumok), 9 — suwmosxysay

[Tpsime (1) mpecyBanHs monsirae y ¢opMyBaHHI BUpoOy MpH HArpiBaHHI MUISXOM 3HAYHOI
IacTuYHOl nedopMartii (CTHCKaHHS) PO3TONY Y Mpec-GopMi i THCKOM.

JIutTeBe mpecyBaHHs (2) moyArae y 3aloBHEHHI pec-(hopMH PO3TOINIOM MOJIMEPY HUIIXOM
B’S3KO1 Tedwii 4epe3 JMBHUKOBUN KaHan (OPMHU i Ii€I0 THCKY, IIO CTBOPIOETHCS B HWITIHIPI
ToruieHHs (95).

[IpecyBaHHs 3IMCHIOETHCS HAa 3BHUANHMX TiApPOINpEcax OIHOMO3UIIIHUX, pec-aBToMAaTax,
0araTonoBEPXOBHX IIpecax i POTOPHUX JIHISX.

4.1.1. KomnpeciiiHe mnpecyBaHHs

Sk 3a3HauanoCck, MpolleC Mosrae B 0e3nocepeIHLOMY HaJaHHI HE0OXiqHOI popMu BUPOOY
HiJ JI€I0 BHCOKOTO THUCKY, IO CTBOPIOETBbCA B Tpec-(popMi Npu Temreparypi LIBHIKOIO
3aTBepAKeHHs MaTepiany. [Ipu npomy popMyBaHHS IPOXOAUTH TaKICTAli:

1. YiinbHeHHs Matepiany. BHachiok 30BHIIIHBOTO THUCKY B CHPOBMHI, SKa
BUKOPHUCTOBYETHCS Y BUIIISII APIOHOANUCIIEPCHOTO MOPOIIKY a00 CIIPECOBAHMX 3 HHOTO TAOJIETOK,
BiIOyBa€eThCs 30JMKEHHS MEX pO3MOAUTY MDK yacTUHKaMHu. [Io MICISIX KOHTaKTy YacTHHOK
B1J1I0yBaeThCs aedopmallis (KpUXKa 1 BUCOKOETACTHYHA). YIIIJIbHEHHS TabJETOK CYNPOBOKYETHCS
iX pylHYBaHHSM 3 HACTYITHUM YIIIJIbHEHHSAM ByJaMKaXx.

[Tin vac 30mmkeHHS 1 AeQOpMyBaHHS YAaCTUHOK CIOCTEPIraeThCsl JOJATKOBUN pPO3IrpiB
Mmartepiaiy, SKHUi pa3oM i3 30BHILIHIM HAarpiBOM MPU3BOAMTH J0 TOIUICHHS 3B’ A3HOTO.

2. B’s3ka Tedist po3tomy. KommpeciitHe mpecyBaHHS MOJISITae y po3TiKaHHI YTBOPEHOTO
pPO3TOIy BCi€I0 MOPOXKHUHOIO (OpMH 3 JOJATKOBUM YIIUIBHEHHSIM PO3TOIMY IIiJl THCKOM 1
YTBOPEHHSI MOHOJIITHOTO 00’eMy. B mporieci Teuii MOKIIMBa Opi€HTAllis] HAIIOBHIOBAYa B HAIPSIMKY
Ti1 THCKY.

3. 3arBepokenns. [Ipomec momsrae y mepeOdiry peaKui'l' 3IIMBAHHS MaKpPOMOJIEKYJI
BHACIIIJIOK MOJIIKOH/AEHCallii MiX BUIbHUMH (DYHKI[ITHUMU Tpynamu 3B’ I3HOTO a0 3aTBEp/KyBaya i
3B’s3HOTO. Peakmis  BigOyBaeTbcss B pO3TOMi  MiA €O  TEIUIOTH, 3  BHIUICHHSIM
HU3bKOMOJIEKYIISIPHUX, JIETKUX PEYOBHH (BOAA, hOpMalbAETijl, METaHOJ, aMiak TaiH.)

Buxioni mamepianu (cuposuna) onanpecyeanns

Jlns mpecyBaHHS BUKOPHUCTOBYETHCSI CHPOBHHA Y BUIJIAl MOPOIIKIB a0 BOJIOKHITIB 1 3a
TUIIOM 3B’SI3HOTO MOJUIAIOTHCS Ha:

1. (heHoMIacTH — HOBOJIAYHI, PE30JIbH1, MOIU(]IKOBaHICMOJIH;

2. aMiHOILTACTH — KapOaMiTopopMabIeriiHi, MeraMiHO(OpMabaeTiTH1
iMoaudiKoBaHi;

3. KpEMHIHOpraHiyHIIpec-TIOPOILIKH;

4, MOJTIECTEPHI Mpec-MaTepiair Ha OCHOBI HEHACUUYEHUX TI0JI1eCTEPHUXCMOIT;
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S. eTMOKCUIHITIpeC-MaTepiaiu;

6. TeTEPOIMKIIIYHI (TEPMOIIJIAaCTHYHI) Tpec-MaTepialid — MOMIiMIU, MOTIOKCaaia30IIH,
MOJIIapWIIaTH, TMONICYIb(OHHU, M0 HAMOBHEHI MiHEpPAILHUMH UM METAJCBUMHU (B T.4. OKCHUIAMHU
METaJIiB)ITOPOIITKAMH.

[Tpec-matepian, sk mpaBuio, Mictuth 30 - 60 % 3B’s3HOTrO 1 BigmosigHo 70 - 40 %
HaroBHIOBa4ya. KpiM TOro BiH MO’K€ MICTHUTH 3aTBEp/KyBaui, OapBHUKH, MAaCTUJIbHI PEUYOBHUHH,
TOIIO. B poJi HarmoOBHIOBaUiB BXKUBAIOTH JIEPEBUHY, a30€CTOBY Ta KBapIOBY MYKY, KaoJliH, a30ecT
BOJIOKHUCTHUH, CKIIOBOJIOKHO, LI€TI0JI03HE BOJIOKHO TOLIO.

Knacudikamis npec-marepiaiiB

[Ipec-nopoiku Ha OCHOBI ()EHOIUTACTIB PO3JILJICHI HA OKPEeMi I'PYIH 3a IPU3HAYEHHSM, SKE
CHMBOJTI3Y€THCSI OKPEMOIO OYKBOIO Ha MOYATKY MapKyBaHHS:

- 3arajJbHO TEXHIYHOTO MpU3HaueHHs — OykBa “O” (Hanpukian, 03,010);

- cnemianbHoro — “Cm 17 (Cnl, 2,3);

- Bostoroximctiiki — “Bx 17 (1 -6);

— ynapotpuski —“Y 17 (1, 2,...);

- xaposurpuBaii — ‘XK 17 (1 -4).

BonokHiTH — mpec-MaTepiasii Ha OCHOBI pPE30JILHOTO 3B’S3HOTO 1 BOJIOKHHCTOTO (CKIIO,
0azasnbT, a30ecT) HaMoBHIOBaYa. BUKOPHCTOBYIOThCS ISl OAEp:KaHHS BUPOOIB 3 MiJBUIIEHOIO
MEXaHIYHOIO MIIHICTIO, CTIMKICTIO JI0 IMHAMIYHUX HABaHTAXCHb, 10 yIapiB.

Mapxku BosIokHITIB: A" - 4B — my1st BUp0OiB 3 130TPOITHUMU BJIACTUBOCTSAMHM (OJTHAKOBHUMHU B
ycix HampsiMkax), Al' - 4C — nns BupoOiB 3 aHi3oTpormHuMH BiactuBocTsMH, JJCB — no3oBanwmii
cki10BoIOKHIT, ['CII — rpanynsoBanuii ckinormnactuk, CI” — mBUAKOTBEPAHYYHI CKIIOBOJIOKHIT.

Awminomnactu. [Ipec-mopomKyd Ha OCHOBI aMiHOAJBJAETIIHOTO 3B’S3HOTO 1 IENIOJIO3HOTO
HaIlOBHIOBaya 3 IMPOKOI0 T'aMOK KOJIbOPIB 1 BiATIHKIB. BUpoOM Ha iX OCHOBI BiJI3HAYAKOTHCS
XOpOLIMMH TOBEPXHEBOIO TBEPIICTIO 1 OJMCKOM, 1 MOXYTh KOHTaKTyBaTH 3 XapuOBUMHU
npoaykramu. OCHOBHUM HEJOJIIKOM LIUX MaTepialiB € BUCOKe BojomnornauHanHs (1o 10 % wmac.).
MapkyroTbest amiHomiIacTi: A — TexHiuHl, Al — mig npo3opux BUpoOiB 1 A2 — A HEMPO30pHUX
BUpo6iB; b — moOyToBi; B — enexkrporexniuni; I' — nyrocriiiki; I — TeMIOCTIMKI.

[HKONIM HA MOYATKY CTaBIATh MOYATKOBI OYKBH 3B’s13HOr0: M® (MenaMiHopopMaibaeriaHi),
K® (xapbaminodopmanbaeriaii), TOoO.

Kpewmnuitiopraniuai — K® (1-10) 3acrocoByroTbecst ansi BHpPOOIB 3  MIJBUIIEHOIO
TEPMOTPHUBKICTIO (EKCITyaTyloThess B Mexkax Big -60 °C mo +400 °C), mominstoThes Ha
a300HAaIlOBHEH], CKJIOHAIIOBHEH] 1 03 HAITOBHIOBAYa.

[ToniecTepHi MPeCc-MOPOIIKH BiA3HAYAIOTHCS JISIMIEBU3HOIO 1 BUCOKOIO MIIIHICTIO BUPOOIB.

EnokcuiHi — MaiooTh BHCOKY CHUJIy 3YEIUIGHHS 3B’A3HOIO 3 HAlOBHIOBadYeM 1
XapaKTepU3yIOThCs HU3bKUM CTYIEHEM ycalKu (301KHOCTI), 110 JI03BOJISIE OJEPXKYBaTH BUPOOHU 3
BHCOKOIO TOYHICTIO PO3MipiB. MapkyBaHHSI — 3a THIIOM 3B’S3HOT0, a00 3a MPU3HAYEHHSM,
Hanpukian, Y11-643.

TexHOoI0TiIYHI BIACTUBOCTI Mpec-MaTepiaiB 1 IX BIUIMB Ha TEXHOJIOTIO nepepodku Jlo
TEXHOJIOTIYHHUX XapaKTEPUCTUK HAJICKATh:

O06’eMHi: TpaHYTOMETPUYHUN CKJIaJl, HACHUIIHA MATOMA Maca, 1 HACUITHUM MUTOMHI 00’ €M,
OUTOMHUI 00’€M 1 MUTOMa T'YCTHHA YIIUIbHEHHS, KOe(ILIEHT YIIIJIbHEHHS, ycajaka (301XKHICTb),
Ta0JIETOBAHICTh, CHUIIKICTh, Ta OCOOJMBI TEXHOJIOTiYHI BJIACTHBOCTI — PEOJIOTIYHI, TeMIeparypa
nepexoay y B’ sI3KOTeKYUMid CTaH, Jyac nepe0yBaHHs y B’SI3KOTEKYUOMY CTaHi, 4yac 3aTBEPKECHHSI.

Bci xapakTepucTHKH MarOTh BaXKJIMBE 3HAUEHHS MPHU PO3POOIN TEXHOJOTIYHOTO TPOIIECY,
BUOOPI 1 KOHCTPYIOBAaHHI 00JIaAHAHHS 1 OCHAIIICHHS.

['panynoMerpuyHuii ckian. [Ipec-mopomKku BHITYCKAIOTHCS MPOMHUCIIOBICTIO 3 PO3MIPOM
gacTUHOK (3epeH) 0,2 - 0,5 mM. OnHaKk BUPOOHUIITBO HE JO3BOJISIE OTPHUMATH MOHOIMCIIEPCHUIN
nopomiok. KpiM Toro, mpu TpaHCIOpPTYBaHHI 1 30epiraHHi MOKJIWBE YKPYIMHEHHS 3€peH, IO
30UIbIIyE  MONITUCIIEPCHICTh  mopoIky. [lomiaucrepcHicTs  (TpaHyJIOMETPHUYHHM  CKJIan)
BH3HAYAIOTh IIJISXOM TPOCIIOBAHHS IMOPOIIKY Ha HAOOp1 CHUT 3 PI3HUM PO3MIPOM KOMIPOK, TPH
[IbOMY BHM3HAQUalOTh NPOIEHTHUH BMICT (pakiii BCTAaHOBJIEHOTO pO3MIPYy YaCTHUHOK.




71

['panynomMeTpruHUil CKJaJ OLIHIOIOTh 32 KPUBUMHU PO3NOALTY (pakuiii-ricrorpamamu (puc. 5.3).
YuM By)K4a KpHBa PO3IOALTY, THM MEHIIATIONI IUCTICPCHICTb.

['panynomerpuunuii ckian (T.c.) y TEXHOJIOTiI NepepoOKH Mae HaWOimbIIMiA BIUIMB Ha
nporiec, SIKUii Bi0yBAa€ThCS B aBTOMATUYHOMY PEXKHMI: IPEC-aBTOMATaX, aBTOMAaTUYHHUX TaOJIeT-
MmamuHax. [lomiaucnepcHICTh BHUKIMKAae HEPIBHOMIPHICTH J[103yBaHHS, 3MiHY 4Yacy JO3YBaHHS
("depe3 HEeINOCTIHHICTh TYCTHHHU 1 CHIIKOCTI), IMIJABUIICHHS CHEPrOBUTpAT. Y 3B’SI3KYy 3 IIUM MOXE
BUHUKATH Opak BUPOOY — HECTAOUIBHICTh PO3MIpPiB, pO30IXKHICTh MIITHOCTI 1 MOHOJIITHOCTI.

Crnix mam’siTaT, 10 MPEC-TIOPOIIKH 3 PO3MHUTOIO TICTOrpamMoro (BeJIMKa MO AUCTIEPCHICTS)
npu 30epiranHi i TPaHCIIOPTYBAaHHI MOXYTh PO3AUIATHCA (cernapyBaTHcs) 3a PpakiisiMu, 110 3HAYHO
YCKJIQJHIOE TEXHOJIOTIYHHI TMPOIEC 1 HETaTMBHO BIUIMBAE Ha SIKiCTh BHPOOy. HasBHICTh KpyIHHX
YaCTUHOK MPU3BOJUTH JI0 MiIBUILIICHHS IOPHCTOCTI BUPOOY, MOSBH 3IyTTS Ta PAKOBUH.

HpiOHOMMCIIEpCHUH TOPOIIOK CIPHSE MIBUIKOMY TOIUICHHIO 3B’S3HOTO, IO IHTEHCH]IKYE
nporec ¢popmyBanHsa. OfHAK y IIbOMY BHUIAJIKy MOKHA OJIEpP’KaTH BUPIO 3 MIOPCTKOIO TOBEPXHEIO,
OCKUTBKH IIBUJIKE TOTUICHHS MPU3BOIUTH JI0 BIJJIIJICHHS 3B I3HOTO BiJl HATOBHIOBAYA.

m, % % A
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A-A"-ppaxuiizycepensennsamd,.
Puc. 5.3. I'icmoepama npec-nopowky

Kopekuiss rpaHyJIOMETpUYHOTO CKJIaQy 3JIHCHIOETBCS  YCEpeIHEHHSM mapTid 1
MIPOCIFOBaHHSIM.

HacunHa ryctuHa — Maca BiJIbHO HACHUTIAHOTO B OJMHUII 00’ eMy nipec-niopotky ([1,).

[Tutomuii HacunHU 00’eM V,— 3BOpOTHA BenUyuHa 110 [1,,.

Hacunna ryctuna — QyHKIIS TpaHYJIOMETPUYHOTO CKJIaay 1 TOMY BIAIrpa€e BaXXJIUBY POjb B
opraHizauii texHonorii. Ha [],BrumBae mpupona 3B’S3HOTO 1 HalOBHIOBada, sKi BH3HAYAIOThH
ICTUHHY T'yCTHHY Martepiaiy 1 oro 3aaTtHicTh 10 nomony. [,1 V,3anexats Bix po3mipy 1 popmu
YaCTUHOK IMpec-TMOpOoIIKy. 3a BCIX IHIIMX pPIBHUX YMOB HaiOinbiow [J,XapakTepu3yroThCs
MOPOIIKHM 3 YacTUHKaMH chepruHoi Gopmu, sika 0OyMOBIIIO€ HAOUIbII LIUIbHE yKIAAaHHS (10
75% TBepmoi da3u BoO emi).

TexHoOr1uH1 mpec-MaTepiagyd MaroTh MUIBHICTh YKIaganHs 25 - 70 %. Hacunna ryctuna
3HAYHO 3aJISKUTh BiJ] IMIOPCTKOCTI YACTMHOK 1 3AaTHOCTI MaTepiany 10 enekTpusauii. Yum BuIIa
IIOPCTKICTh, TUM BUIII CHJIM 3UETUICHHS, 0 BUKJIMKAIOTh €(DEeKT 3aBHCAHHSI, a TOMY ITPH3BOJISTH JI0
3MmenmenHs [, Enexrpusanistakosxxsmenuye [ ],. BororagemocnpusieymiibHeHHIOMaTepiaiy.

Hacunny ryctuHy 1 mnutoMuii 00’€M BHUKOPUCTOBYIOTH JUISI PO3pPaxyHKy o00’€MiB
3aBaHTaXKyBAJbHUX MPHUCTPOIB — OYHKEPIB, 3aBaHTAXXKYBAJIbHUX KaMep OCHAILEHHS, EMHOCTEH s
30epiraHHs 1 TpaHCINOpPTYyBaHHS. Tak, HampuKiIaa, A NepepoOKH Marepially 3 BEIHKUM
V,[10TpiOHO BUKOPUCTOBYBAaTH Tpec-popMy 3 BEIMKOIO 3aBaHTAXXKYyBAJIBHOIO KaMeporo, IO
BUKJIMKA€ MEPEeBUTPATY MeTaily, oOTsKyBaHHS (OpMHU, 30UIBIIEHHS POOOYOro Xoay oOsiagHaHHS.
Oco6muBO BaXXIMBUM € 3HaueHHs V,IIpu mepepoOIi MaTepially Ha eKCTpyAepax, Yd JUTTEBUX
MalliHaxX, OCKUIBKH 3 3pOCTaHHAM V,3MEHITYEThCS iX MPOAYKTHBHICT 1 THCK B IIMUIIHJPI; 3pOCTAE
Yac [UKITY epepoOKr BHACIITOK 3MEHIIEHHATETIIIONPOBIIHOCTI.

CrnianaM’ aTaTu, oo JUCTIEpCHIMATEP1AIMPO3IAPOBYIOTHCS, IIIOBUKINKae3Miny [ 1,1V, B
00’eMi, TOMY YCKJIAQJHIOETbCA NO3yBaHHS. B 3B’sA3Ky 3 mepeniueHUMH (akTopamMy BIUIMBY Ha
TEXHOJIOTTYHHH MPOIeC MaTepialid HAJaCTIIIE TPAHYIIOI0Th a00Ta0IeTYIOTh.
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HacunnaryctunainuroMuiio6’eMmyTpycku—1ie3HaueHHs [yiVy,Bu3HaueHinicasBiopanii
BHMIPIOBAHOTO 00’eMy 3 yacToToro 4 - 5 I'ry (15xB).

KoeillieHT yIiiibHEHHS — 1€ BIIHOIICHHS I'yCTUHU BiIIIPECOBAHOTO 3pa3ka 0e3 HarpiBy 10
HACHITHOT TYCTHHH MOPOIIKY YH T'paHy’l (BUX1THOI CHPOBUHH):

Ky=p¢!on =V o,

(5.1

KoedimieHT ymigbHEeHHsST BUKOPUCTOBYETHCS UISI PO3PAXYHKY 3aBaHTaKyBAJIBHUX KaMep
npec-GpopMH.

Ycanka (301kHICTB) BUpOOiB 3 TutacTMac. I1in 4ac oxonokeHHs: BUpoOy micist popMyBaHHS
CIIOCTEPITraeThCS yCajaka, TOOTO 3MEHIICHHS JIHIHHUX po3MipiB BUpoOy (BuUpiO 30iraerbcs), Imo
noTpiOHO BpaxOBYBATH MPH PO3PAXyHKY BUKOHABUUX PO3MIpiB mpec-(popm.

YV~ niniiiHa ycanka (3anexuTh BiJl KOe(illi€eHTY TEPMIYHOTO PO3IIHPEHHS):

V, = —fU Iy -100%
0

ne: |y lo — niHiiiHI po3MipH BiANOBIAHO (HOPMYBAIBHUX MOBEPXOHB Mpec-hOpMH i
OXOJIOJPKEHOTO BUPOOY.

Jis  mimactMac MOXE  CHOCTEpIraTtucsi pi3HE 3HA4YCHHS YCaIKd B HANPSAMKY il
THCKYHA3MBAETECAAHI30TPOIIEIO YCAIKH, SIKA 3HAYHO 3aIEKHTh BiJl NPUPOAM HANOBHIOBAYA i
TOBIIMHU CTIHOK BupoOy. Haiibinpmma aHi3oTpomis ycaaku [Uis JepeBHOI MYKH, sKa
BUKOPHUCTOBYETHCS SIK HAaIlOBHIOBAaY, HaMEHINA - JJIi MiHEpaJIbHOIO HANOBHIOBaua (KaoiiH). Jlis
TOHKOCTIHHMX BHpOOIB ycajka OiubIa M0 BHCOTI CTIHKM BHUPOOY, HIXK MO TOBIIMHI. AHI30TPOIIiO
MOJKHAa MOSICHUTH OpI€HTAIlI€I0 HANOBHIOBAYa B HAINpPSMKY Jii HalpyXeHHs 3CyBY IpH Teuii B
MOMEHT 3amoBHEHHs (opMu. JlJis BOJIOKHITIB ycajaka 1 aHI30TpOIis YCaJAKHd MEHIl, HDK 7
MOPOILIKOMOAIOHUX TJIACTMAC.

[Ipu npoBeaeHHi TepMOOOpPOOKM (TEpMOBIANANY) Y BHUIAAKYy BUCOKOI

Opi€HTAI] CIIOCTEPIraeThesl 101aTKOBAYCa/IKa:

dakTopu, SIK1 BIUTMBAIOTh HA YCaJKy.

1. [Ipupona 3B’43HOrO 1 HANOBHIOBAYa — KOXKEH 3 HHMX Mae€ CBOI YCaJKy Bij
TEMIIEPATYPHOTO PO3LIMPEHHS.
2. Yac BUTPUMKHU M1 TUCKOM (4Yac 3aTBEPKEHHS); A0 MOBHOTO 3aTBEP/KEHHS ycaJKa

3MEHIIYETHCS 31 3pOCTAHHIM 4Yacy, HOTIM € CTaJIO0: 1€ MOSICHIOETHCS MOMIIMBICTIO peNlaKcalliifHuX
MIPOLIECIB B TPOCTOPOBIH CITII1 IPH HETIOBHOMY3aTBEPI>KEHHI.

3. Temmneparypa mnpecyBaHHS — NpH 3HAYHOMY IiJIBUIEHHI TeMIepaTypu ycaJka
3poCTa€e, OCKUIBKM CIOCTEpIraeThcsi OuIblIe JiHIAHE pO3MIMPEHHS, a TaK0XX HEepIBHOMIpHE
3aTBEPKEHHS Yepe3 YTBOPEHHS IOBEPXHEBOI KipKH, sIKa 3a100irae BHyTPIilIHbOMY3aTBEPPKEHHIO.

4, BwmicT Bostoru mpu3BoAUTH 10 301THIIICHHSYCATKH.

5. [Tonepeaniii miairpis (4ac i TeMneparypa) 3MEHIIYEYCATKY.

Cunkicth Matepiany. Lle 3maTHICTH MaTepiany pIBHOMIPHO BUTIKATH 4epe3 CTaHIapTHUMN
otBip. Ll XapakTepucTHKa BHPaKa€TbCS YacOM, HEOOXITHUM JJIsi CHOPOXHEHHS CTaHAapTHOL
JIHAKH.

Ha cumkicte BIUIMBa€e rpaHyJOMETPUYHHMNA CKIaJ, (hopMa YAaCTHHOK IMOPOILIKY, BOJIOTICTb.
Haiikpamy cumkicTh MaroTh TpaHYAM 1 TOPOWIKH 13 CHEpUYHOI0 TOBEPXHEI0 YaCTHUH.
TonkonucnepcHi Marepiaial MaJOCHUIIKI, IO OB’ SI3aHO 3 CHJIBHO PO3BHHYTOIO MMOBEPXHEIO YaCTHUH 1
iX BHCOKOIO COpOITIHOIO 3/1aTHICTIO. TaKi MOPOIIKHU JETKO aIcOpOYIOTh BOJIOTY, 110 IPU3BOIUTH 10
3TTUMAHHSA, KOMKYBaHHS.

HepiBHOMIpHA CHMKICT OOYMOBIIOE HETOYHICTH [IO3YBaHHSA, IO IOPYIIYE TOYHICTh
JI03YBaHHS 1 BUKJIMKAE 3MiHY TEXHOJIOTIYHOTO PEXHUMY, TOHWKEHHS MPOJYKTHUBHOCTI 00JIaHAHHS
(0CcO0JIMBO E€KCTPY31MHOTO), TIOSIBY OpaKy (HEIONPECOBKHU, HEAOIUBKH, MPU TaOJIETyBaHHI — PO30ir
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3a Macoro Tabnerok). [Ipu TabneTyBaHHI Maca TaOIETKH MOKE 3MIHIOBATUCH 110 6 %, 1110 TOTpedye
CBIJIOMOT'O MiABUILIEHHS MacH Ha 2 - 3 % 1S 3MEHIIeHHs OpaKy IpH MPEeCyBaHHI.

Tunoguii mexnono2iunuil npouec NPecyeanns
TumoBuii TEXHOJIOTIYHUN TPOLEC TOB’S3aHUI 3 KOHKPETHUM METOJIOM TEepepoOKH i

MPUAATHUN IS BUTOTOBJICHHS OyJb-SIKHX BUPOOIB 3 OJHOTHITHOI CHPOBHHH (IIpec-MaTepialiiB).
[Iporiec monsirae y MOCHIJOBHOMY 3IIMCHEHHI psAAy CTadii, sSKi HEOOXigHl Juia peamizarii
paIioHaIbHOTO BUPOOHHUIITBA BUPOOIB 3 MOKIMBO MAaKCUMAJIBHOIO MPOAYKTHBHICTIO.

TunoBuii npouec 00’eTHYye TepeniK, KOHKPETHUN OMHC BCIX CTafiH, sIKi BIACTUBI JAaHOMY
METOAY NePEPOOKH.

OcHoBHI cTaii porecy:

[TpuitomcupoBuHUY;
TpancopTyBaHHSACHPOBUHU;
30epiraHHsACHPOBHHY;

KoHTpo:s sikocTicupoBHUHY;
*[linroToBKa CHPOBHUHH;
*TaOneryBaHHs;
J103yBaHHSCUPOBUHU;

[TonepenHe migirpiBaHHSICHPOBUHH,
®opmyBaHHIBHPOOY;

Mexaniuna oOpo0OKa;
*TepMooOpoOKa BUPOOY;
Kontposs sxoctiBupoOy;
[TakyBaHHsBUPOOIB;
TpancnopryBaHHs 1 30epiraHHABHPOOIB;

15. Ilepepobka (yTumizarist) BiIX0A1BBUPOOHHIITBA.

Cranii 1 - 8 — migrorosui, 9 — ocHoBHa, 10 - 14 — 3aBepmranpHi.

Cranii, sIki BigMi4€H1 31pOYKOI0, 3aJI€KHO BiJl YMOB BUPOOHHUIITBA MOXKYTh HE IPOBOJIUTHCH
abo NpPOBOJUTHUCH, a TAKOXK TakKl SKI MOXYTh 31MCHIOBAaTHCh 3a MEXaMH 1EXy IpecyBaHHs
(30xpema, cTaig TableTyBaHHS).

Sk Mu BKe 3ragyBaju, cTajll, Kl epeayroTh (POPMyBaHHIO, HA3UBAIOTHCS M1ITOTOBYMMH, a
crajii, MmO CcHiAyloTh micasd  ¢GopMyBaHHS  BUpOOy, HA3MBAIOTHCS  3aBEPLIATILHUMHU
(BUKIHYYBAJIbHUMH) 1 HAlLlLJIEH] Ha JIOBEAECHHS BUPOOY /10 BUIJISAAY Y BIAMOBIIHOCTI 3 TEXHIYHUMHU
BHUMOTaMH.

KopoTko posrisHeMo okpemo KoxHY crtafito. Craairo (GopMyBaHHS, SIK BHU3HAuYalbHY,
BUHECEMO OKPEMO.

CooNoakrwWNE

e ol
rPWODNEO

4.1.2. JInTTEBE MpEeCcyBaHHS

Lle#t croci® mepepoOKu BiJIPI3HAETHCS BiJI KOMIIPECIHTHOTO MpecyBaHHS THM, 110 MaTepiaj
3aBaHTAXXYEThCS B 3aBaHTAXYBAJIbHY Kamepy (LWIiHAp) mpec-GpopMH, A€ BiH NEPEXOIUTh Y
B’SI3KOIJIACTUYHUHN CTaH, a MOTIM MiJ AI€I0 TUCKY MEPETUCKAETHCS Yepe3 JUBHUK Yy (pOpMyBalbHY
MOpOXKHHUHY. B 3B’43Ky 3 IuM MaTepian B (hopMyBalibHiil TOPOXKHMHI B)KE OJHOPIAHUNA B 00’€Mi 3a
TEMITIEpAaTypoOl0 1 TOMOTEHI30BaHWUN y B’A3KOTEKYYOMY CTaHI, OCKUIbKH 3a3Ha€ il BEIHKUX
Hanpy>KeHb 3CYBY IIPU Teuii yepe3 KaHaJH.

Po3ron nonaeTbes B monepeiHbo 3IMKHYTY 3 BIANOBIIHUM 3yCHILISIM (OpMY, KOTpa Harpita
710 TemIiepatypu mnpecyBaHHs (puc. 5.16). Ilix yac IUTTEBOro MpecyBaHHS HE BUKOPHUCTOBYIOTHCS
T ITPECOBKH.

Jns opmyBaHHS BUPOOIB JIUTTEBUM NPECYBAHHIM BUKOPUCTOBYIOTHCS IMpec-MaTepianu 3
BEJIMKMM YacoM TiepeOyBaHHS y B’S3KOIUIACTHYHOMY CTaHi 1 3 MiABHIICHOI TekydicTio. [lpum
JUTTEBOMY IIPECYBaHHI, SIK MIPABUIIO0, BAKOPHCTOBYETHCS MONEPETHHO HArPITUI Mpec-MaTepial.

Lleit meTox € NOUUIBHUMN, KOJIX MOTPIOHO (OPMYBATH PI3HOTOBIIMHHI, TOHKOCTIHHI BUPOOH
3 BUCOKOIOCTiHKOW(BenmukeH//—muB.puc.5.14)a00KnprHHASBHOCTITOHKOIIPOXiTHO lapMaTypH i
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3HAKIB.

®Di3uKO - XIMIUHI SBHIIA, K1 BIIOYBAIOTHCS MPH JTUTTEBOMY IIPECYBaHHI € HACTYITHI:

- TOIJICHHS TIPec-MaTepiany 1 HarpiBaHHS HOTo 10 TeMIepaTypy yIOpCKyBaHHS;

- TEYisi PO3TOITY 3 BEJIMKUM HAIIPYKCHHSM 3CYBY;

- BUTIAPOBYBAHHS JIETKUX 1 BOJIOTH 3 PO3TOIY Y OPOXKHUHI(DOPMHU;

- CTUCKAHHA 1 yITIIbHEHHAMATEpiay;,

- 3aTBEPKECHHS Ipec-MaTepialy 3a paXyHOK CTPYKTYpYBaHHS3B I3HOTO;

He OaxaHe siBUIE — ACCTPYKIlisl MOJIMEPY, KOTpa MOXKE BUHHKHYTH IPH HETPABHILHOMY
TEMIIepaTypPHOMY PEXHMI MTPECyBaHHS.

4.1.3. IlpsiMe nmpecyBaHHS 3 IGKOPYBAHHSIM Ta IBOKOJIipHE NpecyBaHHS

Llpecyveannam 3 0eKOPYSAHHAM
B Oaratpox Bumagkax mNOTPiIOHO BHUTOTOBHTH BHPIO 3 JIEKOPATHBHHM pPHCYHKOM Ha

noBepxHi. HaHeceHHs pHCYHKY TpadapeTHUM JAPYKOM — BHCOKOXYIOXHIH MeToa. A
po3dapOyBanHs Gapbamu
- TPYIOMICTKHHIIPOIIEC.

3 iHmoro 0OKy ChOTOJHI MHUTaHHS CTAIOTh JOCUTHh aKTYAIIbHUMH Y 3B’S3KY 13 3POCTaHHSAM
00’eMy TOBapiB HAPOJHOI'O CIIOKUBAHHS Ta €CTETUYHUX MAKyBaJIbHUX BUPOOIB.

OavH 3 METOJIB IIBUAKOTO JEKOPYBAaHHS IOJSATaE y CyMICHOMY IpecyBaHHI BUpPOOIB 3
JeKOpaTUBHUM IIapoM. i JEKOpaTMBHOIO IAapy BHUKOPUCTOBYIOTh Hamip, ab0 TKaHUHY 3
MOTPIOHUM PHCYHKOM, SIKi TIONEPEIHBO MPOCOYECHI 3B’SI3HUM, B OUIBIIOCTI BHITAJKIB TaKOl XK
IPUPOJIH, 110 1 3B’SI3HE B IPEC-TIOPOILKY.

JlekopaTuBHI BHpPOOM BHTOTOBIISIIOTH B OCHOBHOMY 3 CEYOBHHO- 1 MelaMiHO—
dbopManpaerigHuX mpec-maTepianiB. OTke cMola Ui MPOCOYyBaHHS Oyze mpo3opa i He 3aTIHUTH
PHUCYHKY.

[TpocouyBaHHs 31 CHIOETHCS HA AUTBHUII BUTOTOBJIEHHS BHpoOiB. I[Ipocouenunit marepian 3
pucynkoM cymarbe npu 60 - 70 °C. IloTiM 3 HBOro Hapi3alOTh 3aroTOBKM 3a (opMoro, siKa
BiJNOBia€ KOHiryparii BupoOy. 3arotoBka BKJIagaeTbcss B ¢opmy. Ilicias 4oro 3aBaHTaXyrOTh
MIPEC-TIOPOIIOK 1 3IMCHIOIOTH TPECYBaHHS 32 PEKUMOM, BIACTHBHUM JUIs TIEPEPOOIIIOBAHOTO TIpec-
MaTtepiajly i BU3Ha4eHUM Y BIAMOBIAHOCTI 3 KOH(Irypatieto 1 rabapuramu BUpoOy.

B 3aranpbHOMY TEXHOJIOTIYHA CX€Ma BUTOTOBJICHHS JIEKOPOBAaHUX BHUPOOIB METOOM
IIPeCyBaHHs 3a CTaJisIMU IIPOLECY MpecTaBieHa Ha puc. 5.20.

ITpocoyypaHHA TAIEPY

!

Cyma t = 60 - 70 °C

!

Ilinr oT0BKA IpecMaTepiary —l 17 Bupyiika 2aT0TOROK

IIpecyparmina

!

Mex. odpolka, KOHTpOIL

Puc. 5.20. Cxemamuune 300pasicentss mexHonociuHo20 npoyecy npecy8ants 3
0eKopYBaAHHAM
[Tpu mpecyBaHHI B 3aJI€KHOCTI BiJl KOHCTPYKIIIT BUPOOY 1 OCHAIIEHHS MOXKYTh OYTH OKpemi
BUIIA]IKH, & CaMe:
1. [Ipu mpecyBanHi B mpec-Gopmi 3aKpUTOrO THIY JIEKOPYIOTh TOPHU3OHTAJIBHI
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IUIOIIMHU ~ BHpOOy  TpU  OJHOYACHOMY  TPECyBaHHI  MNpec-MOpPOIIKY 1  JIMCTOBOI
JEKOPATUBHOI3ar OTOBKH.

2. VY Binkpuriii a0o HamiB3akpuTii (QOpMi TPOBOAATH JAEKOPYBAaHHS BEPXHBOI
TOPU30HTAIBHOI TUIOIMHU. JJIT IIbOTO TPECYIOTh CIIOYATKY IPEC-MOPOIIOK, IMICIsi IOTO Ha
BiZIpOpMOBaHy 3aroTOBKY — MiB()aOpUKaT HAKIAJAIOTh JIMCTOBY 3arOTOBKY PHUCYHKOM JIOBEpPXY 1
MMOBTOPHO CHpecoBYIOTh 1edl cenaBiu. (Takmii cmoci® 3aiHCHIOETBCS KOJIM BHUPIO TIOCKUHN
IHEBHCOKHIA ).

3. VY aBOTHI3THUX (OpMax 3 Pi3HOIO BUCOTOIO ITYaHCOHIB IPU BEIUKIN BUCOTI BUPOOY —
3MIIACHIOIOTH JEKOPYBAaHHS BEPTUKAIBHUX TUIOIIUHBUPOOY.

Jis iporo crovatrky MHpecyroTh HiAKIAIHMHKY — BHPIO 3 mpec-mopomky. Bimnpecoanuit
BUPIO OXOJIO/KYIOTh, OOTOPTalOTh CBLKOMPOCOYEHUM JIUCTOM 1 cymaTh pazom mpu 60 - 70 °C.
[ToTiM 1e#l ceHaBIY OMYCKAOTh Y APYTY MATPHINO 1 3M1MCHIOIOTh TIOBTOPHE MPECYBaHHS — POOJIATH
1€, SIK PABHJIO, YK€ B IPYT13MiHi.

Dopuyeannsn 060KONIPHUX 8UPODIE
JIBokOipHI BUpPOOM BHTOTOBIISIFOTBCS, SK TPaBWIO, 3 CEUYOBMHO- 1 MeJaHO—

(bopmanpAeTiAHUX MPeC-TMOPOIIKIB.

Meton monsirae 'y JOBOCTaliHOMY MpecyBaHHI, IIO MOKe OyTH peani3oBaHE [BOMa
crocob0amu:

1. B npec-dopmax 3 MapHUMHTHI3aMU;

2. B mipec-popmax 3i 3MIHHUMHUITyaHCOHAMH.

[Tapni rHizna npec-GopMu BiA3HAYAIOTHCS PI3HULICIO PO3MIPIB HA TOBLIUHY BiJIIIPECOBAHOTO
MaTepiany OJHOTO KObopy (puc. 5.21).

3MiHHI TyaHCOHU BIJ3HAYAIOThCS PI3HUIECIO PO3MIpiB (BHUCOTH) Ha TOBIIUHY OJHOTO
Ko1b0py. CHiBBIJHOILIEHHS ABOX KOJbOPIB MOKE OYyTH PI3HUM 1 HAWOUIBII YacTO 3yCTPIYAETHCS BiJ
1:1 no 1:2.

VY nepuiomy BUMaAKy MpecyBaHHS 31HCHIOIOTH OJJHOYACHO B 000X THi3gax mpec-hopmu. Y
NepuIoMy THi3Al GOPMYIOTh OJJHOKOJIIPHY 3aTOTOBKY, a B IpyroMy — BiZI)OPMOBYIOTb IBOKOJIIPHUM
BHpIO 3a paXyHOK MpecyBaHHs JIPYroro Iapy Ha MONepeaHbo BiAGOPMOBAHOMY IIapl y MEpPHIOMY
THI3/.
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Puc.5.21. Cxemamuune 300padicentss KOHCmMpYKyii npec-gopmu 0Jist 080KOAIPHO20
npecy8antsl: a) 3 NnapHumu eHizoamu, 0) 3 SMIHHUM NYAHCOHOM

[Tpu 3MiHHOMY ITyaHCOHI BUKOPHCTOBYIOTH XOJIOJIHI OJTHOKOJIpHI 3aroTOBKU. Yepes e i
3amo0iraHHs PO3TPICKYBaHHS 3aroTOBKM, a TaKOXX 3 METOI0 BCTAHOBJICHHS TMOTPiOHOTO
TEMIIEPaTYpHOTO PEXKUMY TMpecyBaHHS (d4epe3 TOraHy TEIUIONPOBIIHICTh IJIACTMACOBOTO
niBpabpuKaTy MEpIIoro IIapy) 3aroTOBKY pa3oM 3 MPEC-TMOPOIIKOM IMPOrpiBalOTh B Mpec-GopMi
nepes 3MUKaHHAM. Yac mporpiBaHHs BU3HAYAETHCS EKCIIEPUMEHTAIBHO HA OCHOBI KOHBEKTHBHOTO
TEIIO00MIHY Ta TETUIONPOBIAHOCTI.

Haiibinpi onTuManbHMK BapiaHT NpPECyBaHHS 3 MPOBEPTAHHSIM ITyaHCOHIB — KOJIHU
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CIIPECOBYETHCS 3arOTOBKA, MPHU po3ioMi (OpMH 3MIHCHIOETHCS MPOBEPTaHHS IUIMTH ITYaHCOHIB 1
BCTAHOBJIIOETHCSI KOPOTKHUH ITyaHCOH. TyT jK€ 3aCHIAEThCS MPEC-TIOPOLIOK APYroro KOJIbOpy i
MIOBTOPHO MPECYETHCS BUPIO.

5. JIUTTAIIA TUCKOM PEAKTOIITACTIB

JIMTTA miJ TUCKOM PEAKTOIIACTIB BHUKOPUCTOBYIOTH TOMi, KOJIU € BEJIHMKAa THPAXHICTh
BUPOOHMIITBA — 3aBJIaHHS Ha BUTOTOBJICHHS BEJIMKOI cepili BUPOOIB, a TaKOX MpPU HEOOXITHOCTI
¢dopmyBaHHS BHPOOiB BUCOKOI TOYHOCTI PO3MIpiB, (POpMHU Ta SAKOCTI.

Jlis nUTTS BUKOPHUCTOBYIOTH TEPMOPEAKTHBHHI MaTepiaj, SKMM MOBUHEH MaTH I00py
TEKYJiCTh 1 HEOOXITHHI 4Yac B’SI3KOTEKYYOro CTaHy, abo kX M00py 3MaTHICTH JO YMOPCKYBaHHS.
31aTHICTh LI 3aJCKHUTh BiJl B’SI3KOCTI PO3TOITY Marepiany, siKa JijIsl pPeaKTOILIACTIB, 3aKOHOMIPHO,
Oyzne HapocTaTd BHACHIZOK TOTO, IO HATPITH OO CTaHy TOIUICHHS MaTepiayl 3a3Ha€ peaxiii
3aTBepKeHHs (MOJiKOHAEH callli yi nojimepusaiii 38’s3H0r0). Tomy 4ac nepeOyBaHHS y B’SI3KO-
TEKy4OMY CTaHi, IPOTSATOM SIKOTO MaTepian 3JaTHUWA 10 YINOPCKYBaHHS, € IOCUTh KOPOTKHH 1
3HaxoauThes B Mexax 10 - 100 c. Yac meil 3anexuTh BiJ TemIepaTypH Ta TUIly Mpec-maTepiaiy,
HaNpUKIAN, s (PEHOIUTacTiB BiH € 3HAYHO JOBINWW, HIX JIJIST €MOKCHIHUX TIpec-maTepianiB. Yac
nepeOyBaHHS y B A3KOTEKYy4OMY CTaHi, sIK MpPaBHJIO, BH3HA4alOTh MeToaoM KanaBus (muB.
po3ainl).

[Ipouiec TUTTA MOJNIATaE y TOMY, IO /1032 MaTepially HAOUPAETHCS Y TUTTEBOMY IIHIIIHPI 1T
Yac IMJIacTUKalii MPH TeMIeparypi TOIUICHHS 3B’S3HOTO, IICIS TOTO YIOPCKYEThCA y 3IMKHYTY
dbopMy, sika Harpita a0 Temieparypu ¢opMmyBaHHs. Temmneparypa (QOpMyBaHHsS € BHIIOI, HIX
Temneparypa tuiactukamii. [Ticis yrmopckyBaHHS 311HCHIOETbCS BUTPUMKA HA 3aTBEPDKECHHS IIiJT
THUCKOM Y (opMi, B SIKiil yTpUMY€eTbCs MOCTIMHO BU3HAYEHA TeMIieparypa (popMyBaHHS.

Jiss TUTTST BUKOPWCTOBYIOTH JIUTTEBI MAIIMHW 3BUYAMHOI KOHCTPYKIi 3 TEBHUMH
KOHCTPYKTUBHUMHU OCOOJIMBOCTSIMHU. Pa3oMm 3 TUM Ha Cy4acHOMY piBHI PO3BHUTKY € Pi3HOBUIAHOCTI
METOJly, OJHUM 3 SKHUX € METOJ JIUTTS, IKUA BUKOpUCTOBYEThCS Ha ¢ipmi pabept (Himeuunna)
(puc. 6.1).
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Puc. 6.1. Cxema numms nio muckom peaxmonnacmy 32i0Ho mexnonocii ¢ipmu /[pabepm:

@) nepemucKanHs WHeKOM npec-mamepiany 00 3a8aHMANCY8AIbHOI Kamepu 8 popmi; 0)
VHOPCKYBAHHSA 34 0ONOMO2010 NepeMilyeHHs MamepianrbHO20 YULHOPA, 8) PO3MUKANHA (opMU,
BULUMOBX)YBAHHS BIOIUBKU [ BIOOLIEHHS TUBHUKIB (HA puc. 6I0CYMHI Hazpisaui)

B npomy MeToni ymopcKyBaHHSI 3[IHCHIOETBCS BHACIHIZOK OCBOBOTO pPyXy LMIIHApA, B
SIKOMY TI€pEIHSI CTOPOHA BUKOHYE POJb IMIIHIPUYHOTO TUTyHXepa. [Ipu TakoMy METoai CYTTEBO
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3MEHIIYIOTbCS TEXHOJIOTIYHI BIAXOMU Ta IMOKPAIIYETHCS MEpepoOKa pPEeakTOoIIacTiB 3 MOTraHOo
TEKYYICTIO.
5.1. Oco0auBOCTI JUTTH il THCKOMPEAKTOIIACTIB

Jlo oco6nuBOCTEH TUTTS M1l TUCKOM PEaKTOIUIACTIB HAJIEKaTh:

1. dopma Harpita 10 Temneparypu e(peKTUBHOTO 3aTBEp/pKEeHHS mpec-matepiany (PIT)
1 HE OXOJIOJIKYETHCS TPOTATOM BChOTOLIMKITY.

2. Touno perynapoBaHa TemIeparypa pO3TONY B IHXEKIIHHOMY LWIIHIpI, sKa €
HUKYOIO0, HXK Temneparypa GopMyBaHHS.

3. 30ibIIeHe 3ycuiuisl 0O0epTaHHs IIHEKa NpHU IJIACTUKAIil y 3B’S3KY 3 MiABHILEHOIO
B’s13KiCTIO po3Tony. OcoONuMBY yBary NpuauIsSioTh TEKYYOCTI MaTepiainy (3HaYHO BHINA, HIK HIDKHS
Mexa TeKy4ocTi 3aPammurom).

4, Tuck miamopy (IpOTUTHUCK), ab0 THCK IUIACTHKAIIi BBOAWTHCS JIS TOTO, 100
MOKPAIIUTH TOMOTEHI3aIli0, OCKUIBKH HU3bKA TEKYUiCTh Mpec-MaTepially i HOro reTeporeHHicTh, a
TOMY — TOTaHO MEepPEeMIIIyeThCS, @ TAKOX JUIsl BCTAHOBJIGHHA TOYHOI TeMmIepaTypu pO3irpiBy
(TmacTukartii).

s nepepobku PII Ha BinMiHY BiJ TEpPMOIUIACTIB BUKOPHUCTOBYIOTH JIMTTEBI MALIUHU, SIKi
3a0e3neuyroTh MiIBUIICHUH KPYTHUH MOMEHT Ha IITHEKOBI 1 MiJBHUIICHUH THUCK JIUTTS BHACIIIOK
BHUCOKOI B'A3KOCTI PO3TONy Mpec-marepiany. Yac moyaTky 1 KiHIS IUTaCTHKAlii MOBHMHEH TOYHO
PETYIIIOBATUCh, MO0 3BECTH JIO MIHIMYyMY pEaKIli0 3aTBEP/UKCHHS 3B’SI3HOTO B INWmiHIpi. s
TOYHOCTI MIATPUMKHU TeMIlepaTypHu (Uit 3aro0iraHHs neperpiBaHHs i, IK HACTIAO0K, — MPUCKOPEHHS
peakiii 3IMIUBaHHA 3B’S3HOTO) LWJIIHIP HArpiBa€ThCs, a M[IHEK OXOJIOUKYETBCA PIIKUM
TEIUIOAreHroM BiJ 1HAMBiAyalbHUX TepMocTariB. KpiM Toro, B ¢GopMy MOJAETHCS TEIIOAreHT 3
3HAYHO BUILOIO TEMIIEPATYpPOIO IS MiATPUMAHHS TEMIIEPATypH IPECyBaHHS.

JIutts mig Tuckom PII Mae psia mepeBar Haj iHIIMMU METOJAMH MEPEPOOKH - 1€ KOPOTKUN
UK (¢opMmyBaHHS (B 6 pa3 MEHUIMM, HDK IpHU NMPSMOMY IpECyBaHH1); BUCOKa SIKICTb BHPOOIB;
MO>KITUBICTh TIOBHICTIO aBTOMATH3YBaTH MPOIIEC; EKOHOMIUHICTh TPU MAaCOBOMY BUPOOHHIITBI.

5.1.1. OcnogHni cTaaii simTTa PII i TexHororivninapamerpu

[Mnactukamis. [lim wac 1iei cramii BigOyBaeTbcsl TEPEBEACHHS IMpec-maTepialy vy
B’SI3KOTEKYYMi cTaH, SAKUM Juid 3amoOiraHHs 3aBYacCHOTO 3aTBEP/DKEHHS IIOBHHEH MaTu
temneparypy He Buity, HiK 80 - 100 °C. Cnix 3ayBakuTu, 110 Ha Lid cTajali Mae MicLEe 3Ha4HE
caMopo3irpiBaHHS Macu BiA TepTs 1 aucunanii eHeprii B’s3koi Tedii. Ha camopo3sirpiBaHHs Mmae
BEJIMKUN BIUIMB TUCK mignopy (tuactukamii) — P(puc. 6.2.). Sk 6auumo, TUCK HIANOPY MOXKe
NPU3BECTU JIO3HAYHOT'O IiJBUILEHHS TEMIEepaTypud po3TONy, 1 Il BIUIMB HPOSBIAETHCS THUM
BIJTUYTHIIIIE, YUM BUIIA MIBUJIKICTh 00epTaHHs IIHeKa. [IpupicT Temnepatypu MoxHa OOYUCINUTH 3
3aJIeKHOCTI Jaucunanii eHeprii mpu B’s3kii Tewii (auB. po3ain “npecyBaHHs” Ta jgutta TII) i
BCTAHOBUTH €KCIIEPUMEHTAIIBHO 3 3aJI€KHOCT1 P,;Bia [J. Came 3 [bOro MpUBOLY B TEXHOJIOTTYHUIN
PEKUM BBOJATH TOUHE 3HAYCHHS Pjo.

[Tpu mnactukalii BaXXKJIMBOIO € TOYHICTh Ha0Opy A03U. Y BUMAIKY OUIBIIOI 03U BiJl MacH
BIUTMBKM 3aJIUIIKOBA KUIBKICTH Oy/le MeperpiBaTUCh BiJ TEIJIOTH pEakKIlii 3aTBEepKEHHS 1
JOJJATKOBO TBepAHYTH. Lle MOoke BUKIMKATH 3HAYHY 3MIHY TEKY4OCT1 aX JI0 MOBHOI ii BTpaTH, 1110
MO>KE€ BUKJIMKATH 3aKyMOPKY KaHAIIB Ta HWIHAPY. Y 3B’A3KYy 3 UM He Oa)kaHi TaKoX JIOBT1 May3H
MIX JI03yBaHHSIM 1 YITOPCKYBaHHSIM.

YnopckyBanHs posromny. [Ipu HbOMY BiIOYBa€ThCs TOJATKOBHH PO3IrpiB po3TOIy uepes
JMCHUIALIII0 eHeprii B A3K01 Teuili, a TaKoX B1J a/11adaTUYHOr0 CTHUCKaHHS B JUBHUKaX 1 popmi. [Ipu
IbOMY TEMIIepaTypa, sika 3abe3neuye eeKTUBHE 3aTBepAKeHHs, Moxe nocartu 160-180 °C.

[Ipu 3amoBHEHH] (HOPMHU HE CITOCTEPIra€ThCs OPIEHTAIlIS MAKPOMOJIEKYII, a JIUIIE OPIEHTAIIIs
BOJIOKHHCTOTO HAallOBHIOBAYa, IKa Mai>ke BIACYTHS IPU CTPYMUHHOMY PEKUMI.
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Puc. 6.2. Bnaue mucky nionopy na npupicm memnepamypu, Kymoea weuoKicmo
obepmannswneka: 1—w=0,7506/xs8;, 2 — w= 0,25 06/xs.

MinHicTh BUpOOy 3HAUHO 3aJICKHUTh BiJ] YUIUIBHEHHS MaTepiany, SIKe 10CSATae€ThCs TUCKOM Y
dbopMi, onTuManbHe 3Ha4YCHHSI TUCKY Yy (opmi P= 50 - 60 MIla. OCKUIBKH CIIOCTEPITarOTHCS
BTPATU THCKY B JMBHMKOBUX KaHajlaX TUCK B MaTepiaJlbHOMY LIMJIIH/P1 JIUTTEBOT MAIIMHU IOBUHEH
OyTH OLTBIIMM 3 ypaxyBaHHSM X BTpaT. OTKe, THCK JUTTS Oy/ie CTAHOBUTH:

Ph= Tl +(ZAI] +XAlD), (6.1)

ne: P— Ttuck y ¢Qopmi piBHHI THCKOBI KOMIpECIHHOro mpecyBaHHS; XAP > XAP—
BIJINIOBITHO BTPAaTH THCKY Yy JIMBHHUKAX 1 y COIUI. 3 HOPMAaTUBHUX MOKYMEHTIB THUCK JIUTTS JUIS
amiHomacTiB ctanoBUTh 70 - 160 MIla, a nns denomnnactis — 90 - 100 MIa.

CrniBBIJHOILIEHHS TeMIlepaTyp 30H LWIIHIApa Ta (EHOIUIacTy MpU MPOXOJKEHHI IIUX 30H
300pakeHo Ha puc. 6.3.

175 °C

3

115°C

\

TemMmepaTypa npec-mMarepiajny

N

Puc. 6.3. XapakxmepHuii po3nodin memnepamypu 8 yuninopi i 8 npec-mamepiaii
3MiHa TUCKY Y (OopMi 1 TEMIIEpaTypy PO3TOITY IiJ] Yac YIIOPCKYBaHHS IPUBEACHI HA PHC.

6.4.

ButpumMka mim THUCKOM 3AIMCHIOETBCS JUIsl KOMIIEHCAIlll YCaaKW B 3aTBEPIKCHHS
Mmatepiany B ¢opMmi i IPOBOIAUTHCS MPOTATOM Hacy, sikuil 3abesneuye 50 + 60 % 3aTBep/KEHHS
3B’SI3HOTO Y BIYCKHUXJIMBHUKAX

= eump

ButprMka Ha 3arBep/pKeHHS. [IpOBOAMTHCS Uil 3aKiHYCHHS PEakiil CTPYKTYpyBaHHSI.
3aTBep/UKEHHs TMOYMHAEThCA BiApa3y IpU JOCSITHEHHI MaTepiajlloM TeMIIepaTypd poO3TOIy B
imkekuiinomy nuninapi (7,+ AT). Tomy 4ac BUTPHMMKHU Ha 3aTBEPKEHHsS BPAXOBYE TIIbKH 4ac
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Hapeaklilo CTPYKTypyBaHHsI, O3 HarpiBy:

Y Bunmanmky, Koiaum QOpPMYETbCS 3pa30K BEJIMKOI TOBIIMHH, TO 4Yac BUTPUMKH Ha
3aTBEP/UKCHHSI PO3PAXOBYETHCS AHAJOTIYHO JO JIUTTEBOIO TIPECyBaHHS. 3HATTA BUPOOY
3MIMUCHIOETBCA 3 Tapsadoi Gopmu mpu  TemrepaTypi (GopMyBaHHS, MICIsI YOrO0 MOJKJIMBA
TepMocTabdinizania. MinHICTh BHPOOY 3aleXHUTh K BiJl TOBHOTH pEAKLii 3aTBEpPKEHHS Ipec-
Marepiaiy, Tak 1 Bil TUCKY y ¢dopmi (puc.6.5).

5.1.2. IlpakTHYHA MEeTOAMKA BCTAHOBJIEHHS TEXHOJIOTiYHOro pexxumy JutTTs PII

TemmepaTypa MO 30HaX BCTAHOBIIOETHCS B BY3bKOMY IHTEpBANI 3 YpaxXyBaHHSIM 3YCHILISL
MIMOPY TaKKUM YMHOM, 100 Ha BUx0ja1 BoHa He mepeBunryBana 130 - 140 °C mis deHomnmacTis i
100 - 120 °C mns aminorutactiB. Hwwkaio mMexy 7 (80 - 100 °C) BcranoBmowoTh Ha 1/3 mo3u
ynopckyBaHHs. [IOoTiM BCTaHOBJIIOIOTH OOEPTHM IIHEKA 1 THCK IMIANOPY, a TAaKOX IIBUAKICTH
YIIOPCKYBaHHSI.

SIKicTh pO3TOMy OLIHIOIOTH Bi3yaJbHO: 3 COILJIA MOBUHEH BUXOJIUTHU PIBHOMIPHMMA, TIaJKHM,
ONMMCKY4YMii TPyTOK O€3 BKpaIuIiOBaHb TBEPIUX YACTWH MaTepiamy. Marepian mpu BHUXOZII He
MOBHHEH Ta3yBaTH. KOHCHCTEHINsI pO3TONY MAa€ BIAMOBIIATH KOHCUCTEHIIT PO3M’SKIICHOTO
IUTACTUIIIHY.

Temmeparypy opMu BCTaHOBIIIOIOTh, TOYHMHAIOYH 3 BEPXHBOT MEXKI.
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Puc. 6.5. Bnaus mucky y ¢popmi na miynicme supodia:
1, 2 — nanpyorcenna pyiinysannsa npu posmsasi ona @KIIM - 15T 3 oiawempom auenuka 2 i 5
MM, 8IONOBIOHO; 3 — HANPYIHCEHHS PYUHYBAHHA npu po3msazi 0na Al -4B 3 diamempom nusHuxka 5
MM,
415 — mooynw npyscnocmi 0 K - 18 - 2 3 diamempom auenuxa 5 i 2 mm, 8i0no8iono

5.1.3. Buau Opaxky npu JUTTI il THCKOM PeaKToIIACTiB

Henonupka: Mana g03a marepiainy, HU3bKa TEKy4iCTh, HU3bKa TeMIepaTypa po3ToIly, Malui
TUCK YIOPCKYBaHHsI, HEOCTATHS MIBUIKICTh YIOPCKYBAHHSI, HEJOCTATHS BEHTHIIAIIS POPMH.

3yTTA: HU3bKA TeMIepaTypa GopMu, BETUKUI BMICT BOJIOTH 1 JIETKHX, HEPIBHOMIPHUI
HarpiB (hOpMYyBaJIBHOI MOPOKHUHU (MICIIEBUHTIEPETPIB).

MartoBicTh IOBEPXHi: HAATO BHCOKA TEMIIEpaTypa po3TOMy (IIpH IUIACTUKALIT pO3/iJICHHS
MacH), TPUBJIMI Yac TIaCTHKAIIl1, BOJIOTUIA MaTepiaj, 3HOIICHA MMOBEPXHS (OPMH.

Bpak 3a po3mipoM: HEZIOCTaTHIN THCK YIIOPCKYBaHHS, MM 4ac BUTPUMKH ITiJT THCKOM,
BHCOKA TEMIIepaTypa pO3TOIlLy.

[HI11 BiAXWIIGHHS TIPH JIMTTI aHAJIOT14HI 10 OpaKy Ipu IMpecyBaHHI peaKTOILIACTIB.
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6. TEXHOJIOT 1A HEPEPOBKHA KOMIIO3UIIHNHUX MATEPIAJIIB

Po3BUTOK Cy4acHOT TEXHIKM BHUKJIMKAB TOCTPY MOTPeOy B KOHCTPYKLIMHUX Marepianax, 1o
XapaKTEPU3YIOTHCS BHCOKOIO MIITHICTIO, HAIIHHICTIO, KAapPOCTIMKICTIO, HU3BKOI T'YyCTHMHOK TOIIIO.
i KOHCTPYKILiiHI MaTepiaiy, sIKi BUKOPUCTOBYIOTHCS B PI3HUX Tally3sX HapOJHOIO rOCHOJapCTBa,
MOXKHA PO3JIUTATH Ha ABI Tpynu: 1) oco0auBo 4KcTi, 6e31edekTHI (roMOreHH1 )MaTepiaiu i

2) xommo3uliiiHi (rereporeHHi) marepianu. KommnosumiiiHi Martepianm — MarepiaibHi
CUCTEMH, IO CKJIAJAIOTHCA 13 CyMIlll 4Yd KOMOIHAIli IBOX, YM OUIbIIE MAaKPOKOMIIOHEHTIB, SK1
PO3PI3HSIOTH 32 (POPMOIO UM CKIIAZIOM 1 SIKi CYTTEBO HE PO3YMHHI OJHA B OJIHIM.

[TomiMepHi KOMITO3MINIMHI ~Marepianu (KOMIIO3WTH) CKJIAMAIOThCs 13 HEMepepBHOT
nojiiMepHoi MaTpHii, B SKiii PIBHOMIPHO pO3MOAiIEHA JAWCKPETHA YHM HemepepBHa ¢asza
HanoBHIOBaya. [lomiMepHa MaTpuilsi CTBOpPIOE MIIHUI 3B’SI30K MIDK OKPEMHUM eJIeMEHTaMu
HAINOBHIOBaYa 1 3a0e31euye KOMIIO3UTY MOHOJITHICTb 1 3/IaTHICTE JI0 TiepepoOku. Uepes MoBEepXHIO
po3noiny (a3 mojgiMepHa MaTpPUIlS Mepe/iac MeXaHIuHI HAaBaHTA)KEHHS HA YaCTUHKHM HAIllOBHIOBaYa
1 CTBOPIOE YMOBH JUIsl OJJTHOYACHO] X POOOTH, MPUBOJUTH 10 3POCTAHHS MEXaHIYHUX BIACTUBOCTEH
KOMITO3UTIB B MOPIBHSAHHI 3 HEMEPepBHUM MaTepiajoM. HamoBHIOBaY Hajga€ KOMIIO3UTY MILHOCTI,
KOPCTKOCTI, TETUIOCTIMKOCTI Ta 1HIIMX IIHHUX sIKOCTeH. TakuM YMHOM, B KOMIIO3UTaX MPH EBHUX
YMOBaX peaii3yeTbcs Taki BIACTUBOCTI, SIKMX HE MaB YKOJIEH 13 KOMIIOHEHTIBOKPEMO.

3apa3 HaWOUTBIIUH 00’€eM BHUPOOHUIITBA cepel MONIMEpHUX KoMro3uTiB (1o 90 %)
MpHUMaa€ Ha CKJIOIUIACTUKH — IMOJIIMEPH, apMOBaHI CKJISHUMH BojJokHaMu. [Ipubmuszno 9 %
MPUTIAZae HA TOJTIMEPHI KOMITO3UTH, apPMOBaHI BYIJICIICBIMHU 1 apaMiJTHUMH BOJOKHaMH (ByTJe- i
opranoruiactuku), i 1 % — Ha KOMMO3WTH, apMOBaHI HEOpraHIYHUMU (OOPHUMH, KEpaMiYHUMH,
KBapUEBUMHU  TOIIO), a  TAaKOX  CIHCHMIAIbHUMH  TOJIMEpPHUMHU  (TOJICTHIICHOBHMH,
MoJ1i0eH31MiIa30IbHUMHU TOI0) BoslokHaMu. Cepen moniMepHUX MaTpullb 76 % 00’emy mpunanae
Ha TEPMOpPEAKTHBHI (HEHaCHuE€HI IOJIEeCTEepHi, enoKcuHl, (eHonbHi). Cepen TepMOIIACTUYHUX
MaTpHIlb EPEBAXKAIOTH M0JI1aM1/I1, MOMINPOILIEeH, TEPMOIUIACTHYHI MOJTieCTEPH, MOMICYIb(OH.

[TosiMepH1 KOMIO3ULIKMHI MaTepiaal CTBOPIOIOTh IUIECIIPSIMOBAHO JJIsi BUKOHAHHS MTEBHUX
GyHKLIIA y BUIMAL Aetaned 1 BY3/iB MallMH 1 MexaHi3MiB. TOMy TEXHOJIOTiSl CTBOPEHHS 1
nepepoOKH KOMITO3UTIB TICHO OB’ s13aHa 3 IPOEKTYBaHHSIM BUPOOIB 13 HUX.

BrnactuBocTi mosiMepHUX KOMITO3MLIMHUX MarepiajiiB 3ajiexaTb Bij 0aratbox (hakTopis:
XIMIYHOI IPUPOJIM HANIOBHIOBAYa Ta IMOJIMEPHOI MaTpulll, FeOMeTpUYHOI (pOpMH HANOBHIOBaYa Ta
CXEMH apMyBaHHs, MOBEPXHEBHX SBMI Ha MeXi po3mojaury (a3, TEXHOJOTIYHUX MapaMeTpiB
dhopmyBaHHS BUPOOIB 13 HUX.

PerynmioBaHHs BHIIEBKa3aHUX [apaMeTpiB KOMIIO3UTIB 3HAYHO PO3LIMPIOE MEX1 iX
3aCTOCYBaHHSI.

3apa3 moTpedu HapOAHOIO TOCIOAAPCTBA B OKPEMHX IMOJIMEpax 3aJ0BOJIBHSIOTHCS Ha
30 + 60 %. Hectauy monimepiB MOKHa 3MEHIIUTH 3a paXyHOK 1HTeHCH(IKaIil X BUPOOHUIITBA,
MPaBWIBHOTO MiA0OpY MJacTMac Jis BUTOTOBJICHHsS BHPOOIB, MIIBUIICHHS IX JIOBrOBIYHOCTI,
MOBHOIO MEepepoOKOI0 BIAXOIB MOJIIMEPHUX MaTepialliB 1, HAPEUITI, BUTOTOBJICHHAM MOJIMEPHUX
KOMIO3ULIHHUX (HalOBHEHUX 1 apMOBAHUX )MaTepiaiB.

OpnepxaHHsI KOMIIO3ULIIMHUX MOJIMEPHUX MaTepiaiB Jla€ psJl IepeBar:

1. JOCSITAETHCSI EKOHOMIS TIOJTIMEPHOICUPOBHHU;

2. MOKPAIyIOThCSl  €KCIUTyaTal[ifHl ~ XapaKTepUCTHMKH 1  3O0BHIIIHIA  BUIJIAJ
TOTOBUXBHPOOIB;

3. PO3IIUPIOETHCS CHPOBUHHA 0a3a rally3i MPOMUCIOBOCTI MePEePOOKHUILIACTMAC;

4. MOJKJIMBA YTUIII3allisl BIIXOAIB PI3HUX Tajy3el MPOMUCIOBOCTI, 1110 3MEHIIYE

3a0pyIHEHICTh HABKOJHUIITHBOTO CEPEIOBHUIIA, @ TAKOXK 3HUKYE BAPTICTHKOMITO3HUTIB.

6.1. OcHOBH CTBOpPEHHS MOJiIMePHUX KOMNO3MUIHHUX MaTepiaiB

Sx BXKE BKazyBaJOCS BHINE, IOJIMEPHI KOMIIO3MIIIMHI Marepiaau CKJIaJaloThCcs 13
HETepepBHOI MaTpHIli, B SKii OUIBII-MEHII PIBHOMIPHO PO3IMOALICHI JAUCKPETHI YM HeNepepBHi
MIKpPOOO’ €eMHHAIOBHIOBAYA.



81

6.1.1. Knacugikauisi norimepHux KOMNo3uuiiiHuX MatepiaJis

3a reoMeTpuYHOI0 (POPMOIO HANTOBHIOBAYA IMOJIMEPHI KOMIO3UIIIHI MaTepiaiau MOIISIOTh
Ha J1Bi Tpynu: 1) i3 3epHUCTUM HANIOBHIOBAYEM 1 2) i3 BOJOKHUCTUMHAIIOBHIOBAYEM.

3epHHCTI HAMMOBHIOBaYi MaroTh Oau3bKi po3mipu moexuuu (l) i miamerpy (d): (I/d ~1). V
BOJIOKHUCTHX HAIIOBHIOBAYiB iX JJOBXKHMHA 3HAYHO NepeBakae aiamerp: I/d >>1.

Cxema CTpYKTYpH NOJIMEPHUX KOMITO3UIIHUX MaTepiajiB mogana Ha puc. 7.1.

HAIIOBHIOBAY MaTpHIA

Puc. 7.1. Cxema cmpykmypu noaimepHux KOMno3uyiuHux mamepianis: a) 3epHucmuil
HAanogH08ay; 6) OUCKpemnuli 60JJIOKHUCIMULL HANOBHIO8AY,

8) HenepepeHull BOTOKHUCTUL HANOBHIO8AY

3epHHUCTI HAMIOBHIOBAYi PO3MOIIAIOTH HA TUCIIEPCHI, 0 MatoTh po3mip 3eper d [1 0,1 MkMm,
a TaKOX Ha TOPOIIKOBi, 10 MaroTh Oumbiie 25 % 3 po3mipom 3epen d [ 1 mkm. Yacrime
BUKOPUCTOBYIOTh TMOPOIIKOBI HAMOBHIOBaul 3 po3MipoM 4YacTUHOK 1 + 15 mkM. 30inblueHHS
PO3MipYy YaCTHUHOK 1 iX TYCTUHU MPHU3BOIUTH JI0 PO3BUTKY MPOIIECY CEAMMEHTAIII] TPHUIIEpEePOOIIi.

[Ipy BUKOpPUCTAaHHI 3€PHUCTOrO HAIMOBHIOBaua B KOMIIO3MTI HOrO poJib 3BOAUTHCS [0
MEXaHIYHOI MEePEeIIKOIU Ha IUIAXY PO3MOBCIOJKEHHS TPIMH PYHHYBaHHS B Ipolieci Aedopmariii,
sIKa BUHUKAE B MAaTPUILIl Hij Ai€l0 NPUKIAJEHOr0 HABAHTA)XEHHS. 3epHa HalOBHIOBaYa 3MILHIOIOTh
MaTpULI0 LUISIXOM MEXaHIYHOro cTUCHeHHs (nedopmarii). CTymiHb HANOBHEHHS 3€PHUCTUMHU
HarnoBHIOBayaMu TepmoriactiB — 10 + 40 %, peakroruiactiB — 60 + 70 %. Ilpu BUroTOBIEHH]
MOJIIMEP - KEpaMIYHUX MaTepiaiiB CTYNiHb HallOBHEHHA focsarae 90 + 95 %.

[TomimMepHi KOMIO3WUTHI Martepiajd 3 BOJIOKHUCTMM HAlOBHIOBAYeM HAa3MBAIOThCA
apMOBaHUMH TUIACTUKAMHU. ApPMYIOUl BOJIOKHA 3a0€3MeYyl0Th KOMIIO3UTaM BHCOKY MIITHICTb,
KOPCTKICTh, TPUBKICTh (JOPMH, MiJABULIYIOThH iX TEIUIOCTIMKICTh, a TAKOXX HAJAlOTh iM 1HII LiHHI
BiactuBocti. Ha puc. 7.2 nogani cxeMu apMyBaHHs HOJIMEPiB HETIEPEPBHUMHU BOJIOKHAMHU.
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Puc. 7.2. Cxema apmysanns nonimepie HenepepsHumMuy 60JJ0KHAMU:

@) 00HOBUMIDHE YKNAO0AHHs, 0) 0808UMIDHE YKIAOAHHS, 8, 2) 00 €MHe YKIAOAHHS.

[TomimepHi KOMMO3UIIIAHI MaTrepiald 3 BOJIOKHHCTHM HAIIOBHIOBaYeM 3a MeEXaHI3MOM
apMyr04oi /ii HamOBHIOBaYa MOUISIOTHECS HA KOMIIO3UTH 3 TUCKPETHUMH BOJIOKHAMH 1 KOMIIO3UTH
3 HEMEePEPBHUMHU BOJIOKHAMH. B KOMIO3UTax 3 JUCKPETHUMH BOJIOKHaMU BigHomieHHs |/d BojokoH
3HaxouThes B Mexkax 10'- 10°, a B kommosuTax 3 HenepepBHIME BookHam |/d —co.

JIuckpeTHI BOJIOKHA PO3MIMIYIOTHCS B MATPHUIll XAOTHYHO, YTBOPIOIOYH KBA3Hi30TPOIHY
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CTPYKTYpY: aHI30TPOIMHY B MIKp0o0O’eMi, po3Mmipu SKOro moiiOHi 3 po3MipamMu BOJIOKOH, aje
130TpOMHY B MakpooO’eMi J1eTaii. AHI30TPONHI KOMIIO3UTH 3 BHKOPHUCTaHHSM JIHCKPETHHUX
BOJIOKHUCTUX HAIOBHIOBAYiB MOXHA OJIEpKAaTH, BHUKOPHUCTOBYIOUM CIICIiaJIbHI TEXHOJIOTIYHi
METOAM, HANPHKIAJ, HAKJIAJAHHAM EJIEKTPUYHOIO I0JII B MOMEHT (OpPMYBaHHsI BOJIOKHHCTOTO
KapKacy.

HenepepBHi BOJIOKHa MOXXYTh OyTH BHKOPHCTaHI SK HANOBHIOBAYl y BHUIJISII BOJIOKOH 1
TKaHUH.

OnHOBUMIpHE YKJIaJaHHS BOJOKOH 3a0e3redye MaKCHMaJIbHY peali3aliio ix MeXaHIYHUX
BJIACTUBOCTEN B KOMIIO3UTAaX.

JIBOBUMIpHE YKJIaJlaHHS BOJIOKOH 3A1MCHIOETHCS IUISIXOM IOCIHIIOBHOTO HaK/IaJaHHs IapiB
OJTHOHAIIPABJICHUX BOJIOKOH ITiJ KYTOM 6110 HaNIPsIMKY BOJIOKOH HOIIEPEIHBOr0 mapy. BeranosneHo,
10 KOMIIO3UTH 3 JBOBUMIPHMMH YKJIAJaHHSIM OJHOHAIIPABICHUX IIapiB OyAyTb MaTH
130TPOIHIBIACTUBOCTIBILIOMIMHIIHCTAIPY #<72°IKiTbKOCTIIapiB N>3.

Hepnonikamu moniMepHUX KOMITO3UIIIHHUX MaTepialiB 3 OAHO- i TBOBUMIPHUM apMyBaHHSM
€ crmabkuil omip A0 MDKIIAPOBOIO 3CYBY 1 THomepedHoro BifpuBy. Llux HenomnikiB Hemae y
KOMIIO3UTIB 3 00’ €MHUM apMyBaHHSM.

Jli1s 06’ €MHOTO yKJIa/laHHS! BOJIOKOH HalO1IbIIl YaCTO BUKOPUCTOBYIOTh CXEMY, 3a SIKOIO OCl
apMyBaHHS CIIBIAAAIOTh 3 HANPSIMKOM OCEH MPSIMOKYTHOI cHCTeMHU KOoopauHar (puc. 7.2, B). s
BUTOTOBJICHHS JleTalel BIAMOBIJAIbHOIO MPU3HAYEHHS BUKOPUCTOBYIOTh CXE€MH apMyBaHHS 4 1 7.
3a cxemo10 4 oci apMyBaHHS 3 OPIEHTOBAHI 3a JlaroHAISIMHU KyOi4HOT KOMIpKH 00’ €MHOI CTPYKTYpH
KOMIo3uTy (puc. 7.2, r). JIns onepikaHHs KBa3Ui30TPOMHOT 00’ €MHOI CTPYKTYpH HalOUIbI OaxkaHe
apMyBaHHS 3a cXxeMolo 7d, KoM B OJHIN CTPYKTYpHIH KOMIpIli apMyBaHHS BiIOYBA€ThCS B3IIOBXK
pebep (puc. 7.2, B) i miaronanei (puc. 7.2, r) ky0a.

JUis miIBUIIEHHS MDKIIAPOBOI MIITHOCTI MPH 3CYBi JBOBHMIPHO-apMOBAHUX KOMIIO3UTIB
HerepepBHI BOJIOKHA BHUKOPHUCTOBYIOTh pa3oM 3 JUCKPETHUMM BOJIOKHAMHM, SIKI PIBHOMIPHO
PO3NOJUISAIOTE B MaTpHlll. [HO/1 HA MOBEPXHI HEMEPEPBHUX BOJIOKOH IS III€1 % METU BHPOILYIOTh
HUTKOIOI0H1 kpucTanu. L{ei mporec Ha3uBaKOTh BICKEPU3aLI€I0 BOJIOKOH.

HamnoBHioBay y BUIIISA1 TKAHUHU TIABHUILYE MIIHICTh KOMIIO3UTY (1LIapYBAaTOr0 IUIACTUKY) B
IUTOII apMyBaHHS 3a PaXyHOK MIITHOCTI MEXaHIYHOTO 3YeIJICHHs BOJIOKOH B TKaHMHI. B TkaHMHaX
yacTillle MILHICTh 0 OCHOBI BHINA, HDK MO YTOKYy. Tomy Juis 3a0e3ledyeHHs] 130TPOMHOCTI
MOJIMEPHUX KOMIO3MLIHHUX MaTepianiB B IUIOIIMHI apMyBaHHS NpPU YKJIAJEHHI IOCIIJOBHUX
[1ap1BHANIOBHIOBaYa4eprylOThHAIIPIMOKTKAaHMHIIOOCHOB11yTOKY. He10/11IKOMIBOBUMIPHOTO

apMyBaHHS € HU3bKHUI OMip MDKIIAPOBOMY 3CYBY 1 HOINEpPEYHOMY BiJpuBy. Jlo mapyBaTHX
KOMITO3UTIB BIJIHOCSTH TAKOX JEPEBHHHOIIAPYBATI, MalepoBOIIapyBaTi (F€TUHAKC) MJIACTHUKU Ta
TEKCTONITH (HAMPUKIAMd, CKIIOTEKCTOMIT).

[ToniMepH1 KOMIO3UIIIIHI MaTepiajid 3 HAIOBHIOBAYEM 13 OJHOLIAPOBOI TKAHMHHU 00’ €MHOTO
IUIETEHHs] MAlOTh MaiXe 130TPOMHI BIACTUBOCTI. BukopucTaHHs 6araTrolapoBOro HaroBHIOBaua
PI3KO 3HI)KYE MIKIIAPOBY MILHICTh Marepiajly A0 PiBHS MIIHOCTI KOMIIO3UTIB 3 JIBOBUMIPHUM
HaIOBHIOBAYEM.

3a XIMIYHOIO TPUPOJOI0 TOJIMEPHOI MAaTpHIll MOJIMEPHI KOMIIO3UIINHI MaTepianu
NOJUISIOThCSA Ha 1Bl Ipynu: 1) KOMIIO3UTH Ha OCHOBI TEPMOPEAKTUBHHUX 3B’SI3HUX (MOJiedipHUX,
eMOKCUJIHUX, (eHon0-hopMaiIbAeTiAHNX, (ypaHOBUX TOIIO) 1 2) KOMIO3UTH Ha OCHOBI
TEPMOIUIACTUYHHUX 3B’SA3HUX (IMoJiaminiB, moJjioiediHiB, mosiecTepiB Tomio). TepMopeaKkTUBHI
3B’SI3HI B TIpolleci NepepoOKH KOMIO3UTIB (3aTBEPIKEHHS) TMEpPEeXOAsTh B HEIMJIaBKUMA 1
HEPO3YMHHUH CTaH, 110 pOOUTH HEMOXKJIMBUM BTOPUHHY MEPEPOOKYBIIXOMIIB.

TepMorutacTuuHi 3B’si3HI  micas 1nepepoOku  (hopMyBaHHS 13 KOMIIO3UTIB BUPOOIB)
MPAKTUYHO HE 3MIHIOIOTh CBOET XIMiuHOI cTpyKTypH. Lle 103B0sIsie MPOBOANUTH MOBHICTIO BTOPHHHY
nepepoOKy BIJIXOMIB TOJIMEPHHUX KOMITO3MIIIMHUX MaTepialliB Ha OCHOBI TEpPMOIUIACTIB 0Oe€3
CYTTEBOTO 3HM)KEHHS BIIACTUBOCTEN BUPOOIB.

6.1.2. TloBepxHeBi siBHIIIa HA Me:Ki po3noaiity pa3 BKOMIO3UTAX
BractuBOoCTI TOJMIMEPHUX KOMIIO3WIIMHUX MaTepialliB 3ajie)kaTh BiJ XIMIYHOI TPUPOIU
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HarNOBHIOBaYa, HOro reoMeTpu4yHOi (OpMU 1 pPO3MIpiB, BiJA CXEeMH apMyBaHHS 1 CTYICHIO
HAIlOBHCHHS KOMITO3MTY. XIMIUYHAa TMpUpPOJa 1 CTPYKTypa IOJIMEpHOiI Marpuili (THYYKICTh
MOJIIMEPHOTO JIAHITIOTA, PETYJSIPHICTh HOro OyIOBH, CTYMiHb KPUCTANIYHOCTI, TYCTHHA MOJIMEPHOT
CITKM) Ta TEXHOJIOTiS HAaroBHEHHS 1 (opMyBaHHS BHUPOOIB TaKOX BH3HAYAIOTh BJIACTHUBOCTI
KoMIo3uTiB.  IliABUIEHHA MeXaHIYHMX 1 TeIIO(QI3MYHUX  BJIACTHBOCTEH  IMOJIIMEPHUX
KOMIIO3ULIHHUX MaTepiaiiB JOCATA€THCS JIMIIE B TOMY BHUIIAJKY, KOJIU 3a0€31eUy€eThCsl OJIHOYACHA
poboTa 000X KOMIIOHEHTIB KOMIIO3UTY B Hpoleci Horo ekciuryaramii. A 1e, B CBOIO Yepry,
BiIOYBA€ThCSA TOJI, KOJHM ICHYE MiITHA B3aeMOisl Ha Mexi po3noaury (a3. Takum dYUHOM,
BIIACTHBOCTI KOMITO3HTIB TAKOK BU3HAYAOTHCS (DI3UKO—XIMIYHUMH MPOIECAMH Ha MEX1 PO3TOILTY
(a3 noxiMepHa MaTpUI —HAIIOBHIOBAY.

[Ipy BBeneHHI HANOBHIOBaYa B IMOJIMEPHY MATPHIIO 3MIHIOETbCS KOH(pOpMaliiiHa
PYXOMICTb IOJIIMEPHOTO JIAHIIIOTA 332 PAXYHOK B3a€MOJII MoJIIMEpy 1 HAIlOBHIOBAYa Ta CTEPUUYHMUX
3aTpyJHEHb. 3MEHIICHHS PeaKcaIliifHOl pyXOMOCTI MOJIIMEPHOTO JIAHIIOTa MPU3BOIUTH J0 3MIHA
TeMIlepaTypy CKIyBaHHS 1 TeMIEpaTypH TEKy4OoCTi nojimMepy. SIk MpaBuiIo, MiABULIYIOTHCS CepeHl
Yyacu penakcamii i TMM Oijbllle, YUM BHIIA CTYIiHb HAIOBHEHHS 1 MEHIIMKA PO3Mip YaCTHHOK
HAMoBHIOBa4ya. 3MiHAa THYYKOCTI MOJIMEPHOrO JIAHIIOTa MPU3BOJUTH IO 3MIHM YMOB KpHCTali3amii
KPUCTATIYHUX TOJIMEPIiB Ta 3MiHU T'YCTHHHU ITaKyBaHHS MaKpOMOJIEKYJl Ha MOBEPXHI HAITOBHIOBAaYa
B aMOp(HUX TOJIIMEpax.

TakuM YMHOM, HANOBHEHHWH MOJIIMEp MOXHAa pO3MIAOATH SK TpudasHy CHUCTEMy, SKa
CKJIaJJa€ThCs 13 HAMOBHIOBAYa, IOJIIMEPHOI MAaTpHLl 1 TPAaHUYHOIO IIApy, BJIACTUBOCTI SIKOTO
BiIMiHHI BiJ BIacTUBOCTEH momiMepHoi Marpuii. [Ipu meBHOMY cTyneHi HallOBHEHHS BeCh 00’ €M
HOJIIMEpPY MOXKE NMEPEXOUTH B CTaH IPAHUYHOrO IIapy. SIK Bjke BKa3yBaloCh, el IPaHUYHUHN 1ap
noJIiMepy BHOCHUTB 3HAYHUH BKJIAJ Y GOpMYBaHHS (Pi3UKO-MEXaHIYHUX XapaKTEPUCTUK MOJTIMEPHIX
KOMITO3HITIHHUX MaTepialliB.

[Ipy HamoOBHEHHI TEPMOPEAKTUBHUX IOJIMEPIB 3MIHIOETbCS MIBUAKICTH peaklii ix
3aTBEP/KEHHS 32 paXyHOK BUOIpHOI aJcopOllii KOMIOHEHTIB Ha MOBEPXHI HAIIOBHIOBAYa, a TaKOX
3aBJSKH y4acTi QyHKLIOHAIBHUX TPy HallOBHIOBAYa B XIMIYHMX peakuisx. e npusBoauts 10

HiABUILEHHS MIKPOT€TEPOr€HHOCTI CUCTEMH 1 HEPIBHOMIPHOCTI TPUBUMIPHO] CITKH, a OTXKE,
710 M1JBUIIEHHS 3aJIMIIKOBUX HANPY)KEHb B HAIIOBHEHUX MOJIIMEpax y MOPIBHIHHI 3
HEHAlOBHEHUMH.

YacTUHKM HaNOBHIOBAa4Ya MOXYTh YTBOPIOBaTH TaKOXK CITKYy B MOJIMEpHINM MaTpuii 3a
paxyHOK B3a€MO/Iii YaCTHHOK HAIOBHIOBaua MK COOOIO UM 3aBISKH 3IUTTIO aJICOPOIIIHUX IIapiB
nomimepy. CiTka yTBOPIOETHCS YAaCTIiNIE TPH 3POCTaHHI KUIBKOCTI YAaCTHHOK HAIlOBHIOBa4Ya B
noJiiMepi 1 30UIbIIEHH] IXaH130TpOMii.

CrpykTypHa 1 ¢i3U4Ha HEOJHOPIMAHICTH MOXE MPU3BECTH JO TOTO, IO MEXaHIYHI 1 1HII
BJIACTUBOCTI MOJIMEPHOT0 KOMIO3MILIHHOTO MaTepialy MOXYTh OyTH HMKUYUMH Y TOpPIBHSIHHI 3
HEHANOBHEHUM IoyiiMepoM. [lpu onepkaHHI MOJIMEPHUX KOMIO3MIIMHHUX MarTepialiB Ha Mexi
posnoainy a3z “rosiMep-HamoOBHIOBaY TMPOTIKalOTh (I3MKO-XIMIYHI SIBHUINA, SKI BU3HAYAIOTh
BJIACTMBOCTI KOMIIO3UTIB, SIK-TO: 3MOYYBaHHs, aIcopOLis, aare3is, Kartaii3 1 iH.

['apue 3MoOuyBaHHS TIOBEPXHI HAMOBHIOBaYa € HEOOXIJHOIO YMOBOIO OJIEpXKaHHSA
0e31eQeKTHOr0 KOMMO3UTY. 3MOUYBAaHHS — IIOBEPXHEBE SIBUIIE, 1110 MOJISATa€ y B3aEMOJII pIIUHU
(3B’SI3HOT0) 3 TBEPAUM TULIOM (HAMOBHIOBAYE€M) YHM IHIIMM PIJKUM TiJIOM NPH OJHOYACHOMY
KOHTaKTl TpbOoX (a3, 110 HE 3MIIIYIOThCS, OJHA 3 SIKUX € ra3oM (moBiTpsM). CTymiHb 3MOYYBaHHS
KUTBKICHO XapaKTepU3YeTbCss OE3pO3MIpHOI0 BEIMYMHOIO KOCHHYca KpaioBoro kyra (KyTa
3MOYYBaHHS), YA IPOCTO KPAaHOBUM KYTOM (KyTOM 3MOYYBaHHS).

KpaiioBuM KyTOoM (KyTOM 3MOUYYBaHHS) HAa3MBaIOTh KYT, 10 YTBOPIOETHCS TOTUYHHUMH IO
MDK(]a30BUX MOBEPXOHB, sIKI OOMEXYIOTh 3MOYYIOUY PiIUHY, 1 Ma€ BEpIIMHY HA JIHIT pO3MOILTY
TpboX (a3 (puc. 6.3).

0
CTFITIITITTTT

T




84

Puc. 7.3. @opma kpanni piounu na meepoiil NOGepXHi:

I'— 2a3 (nosimps), P — piouna (pozmon); T — meepoe mino

[ToBepxHeBa €Hepris TBEPAOTO Tijla, HAMAralOUMCh 3MEHIIUTHCS, PO3TATYE KPAILUIIO IO
moBepxHi. BoHa 0piBHIOE TOBEPXHEBOMY HATSTy TBEP/IOTO Tijla Ha MEXi 3 MOBITpsAM (o).

Mixdas3Ha eHeprisi Ha MeXi TBEPJOro Tijla 3 PIIUHOI0 OprHAMAra€eTbCs CTHCHYTH KPArulio,
TOOTO TOBEpPXHEBAa CHEPTis 3MEHIIYEThCS 3a PAXyHOK 3HIDKEHHS IUIONI MOBEpXHi. Po3TikaHHIO
Kparuii TMepemKoDKaTh KOTe31iMHl CHIIM, 110 AiF0Th B Hid. Jlisi KOre3iiHUX CHJI HampaBlieHa BiJl
MEXI1 M)k TBEPJIOIO, PIAKOIO 1 Ta30N0i0HOI0 (a3amMu Mo JOTUYHIN 10 chepruHOi MOBEpXHI Kparui i
nopiBHIO€E [1pr. Bl ckiazoBi moBepXHEBOI eHeprii Ha puc. 7.3 mokaszaHi 3a JOMOMOTOI0 BEKTOPIB
cui. CTaH MexaHIYHOI pIBHOBAarM Kparuli Ha IOBEPXHI BHU3HAYAETHCS CITIBBITHOLICHHAM, IO
Ha3MBa€eTbcs 3aKOHOM FOHTa:

O® o =0 ®+0. %000,

(7.1

Uum MeHmmid KyT G BIAMOBiIHO OUTHIINE cosé, THM Kpaiie 3MouyBaHHS. [Ipu rocTtpomy
KyTi 6, T00TO KOomu cos@> (), MOBEpXHs HANOBHIOBaYA JIOOpPE 3MOUYETHCS TOJIMEPHHUM 3B’ SI3HUM.
Sxuio x Kyt frynuii, To0To C0SH < 0, TO MOBEPXHS HAMIOBHIOBaYa MOTAHO 3MOYYEThCS (HE

3MOYYETHCS ) MOJIMEPHUM 3B’ SI3HUM. TaKiM YHHOM, MEKEIO MK 3MOUYBAHHSIM 1
HE3MOYyBaHHAM € KyT #= 90° (cos& = 0).

Bei TBepai Tina yMOBHO pO3MOAUISIOTHCS Ha JIBI TPYNHU, IO PO3PI3HAIOTHCA 3IATHICTIO
3MouyBatucs: 1) 3 BHCOKOIO 1 2) 3 HH3BKOIO TOBEPXHEBOW eHepriero. Jlo mepmoi rpymnu
HAMOBHIOBAYiB MOXKHA BiJIHECTH, HAIIPUKIIAJ], METalIuHi, CKJISHI, KBapI[OBI BOJIOKHA, a IO APYroi —
CHHTETHYHI 1 IITY4HI BOJIOKHA.

[I1o6 BiAOynock 3MOUyBaHHS HAaNOBHIOBAaYya MOJIIMEPHUM 3B SI3HUM, HEOOX1IHO BUKOHAHHS
TaKOi HEPIBHOCTI:

O® g 20 +0L®

(7.3

[ToBepxHI 3 BHCOKOI IIOBEPXHEBOIO EHEPri€l0 3MOUYIOTHCSl IMOBHICTIO Maiike BCiMa
YUCTUMH DPIAMHAMM, a MOBEPXHI 3 HHU3BKOIO EHEPri€l0 MOBHICTIO He 3MOuyloThcs. [loBepxHi 3
BHCOKOIO TTOBEPXHEBOIO €HEPTI€I0, IO 37aTHI J0Ope 3MOUyBATHUCA, SIK MPABUIIO, JIETKO aJICOPOYIOTH
pi3HI OpraHiyHi CIOJIYKH, 110 NPHU3BOAUTH A0 YTBOPEHHS MOHOILIAPIB OPraHiYHUX PEUYOBHH 3
HU3bKOIO MMOBEPXHEBOI €Hepriero. Taki HamoBHIOBadl MOBOJATH ce0e BKE SK Tila 3 HU3BKOIO
MOBEPXHEBOIO EHEpriel0. BOHM mOraHo 3MOuylOThCA 3B’SI3HMM, IO HPU3BOAWUTH A0 3HUKEHHS
XapaKTePUCTHK KOMITO3HTIB.

YMOBY 3MOUYBaHHS 3B’S3HMMH peallbHUX TBEPAUX TUT (HAIIOBHIOBAauiB) 3 ypaxyBaHHSIM
3a0pyJHEHHs iX MOBEpPXHI a/JcOpOOBAHOI0 BOJIOTOI0, OPraHIYHUMHU pEUuOBHMHAMHU Tollo ((axTopa
3a0pyJHEHHS OBEPXHi []) 3aMUCyIOTh HEPIBHICTIO:

O® g 20/ (00 t+o_  ®+T,

(7.4

OTxe, AN TOKpALICHHS 3MOYYBaHHS HEOOXIJHO 3HMKEHHS TIIOBEPXHEBOIO HATITy
3B’SI3HOTO (II€ JIOCSTAEThCS BBEICHHSM B 3B’S3HE TMOBEPXHEBO-aKTHBHUX PEUOBHH), OYHIICHHS
3B’S3HOTO BiJl JIOMIIIOK (3aJMIIKIB KaTami3aropiB, IiacTudikaropiB, MOHOMEpIB), IO,
BUTICHSAIOUNCH Ha MEXY po3Moauty a3, MOXKYyTh YTBOPIOBAaTH cllaOKi rpaHuyHi mapu. HeoOxinHo
TAKO’X OYMINATH ITOBEPXHIO HANOBHIOBaYa (A7 3MEHIICHHS (akropa ), NPOBOIUTH HOTO
aKTHUBAITIIO JIJIS TT1ABUIIIEHHS TTOBEPXHEBOI €HEPTii.

B peanpHuX crcTeMax TakoX HEOOXiHO BpaXOBYBATH 3AJIEKHICTh BEIMYMHU ITIOBEPXHEBOTO
HaTATY 3B’S3HOTO BiJ] MOJICKYJISIPHOT MacH 1 MOJIiaucnepcHocTi. binbin HU3bKOMONEKYIApHI (ppakilii
MalOTh MEHIIMHA TMOBEPXHEBUH HATIr, TOMY B KOMIIO3HMTI MOXJIMBE PO3JAUICHHS Ha (pakiii B
MMOBEPXHEBOMY Im1api 1 B 00’emi 3B’s13Horo. Ha HamoBHIOBa4ax 3 BUCOKOIO TTOBEPXHEBOIO €HEPTIEI0
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CIIOCTEPITaeThCS MEPEBaXKHO aAcopOList (pakiiid 3B’SI3HOTO 3 BUCOKOIO MOJIEKYJISIPHOIO Macolo.
[Ipu mpomy mojiiMepHa MaTpuIlsl 301THIOETHCSA Ha (Dpakilii 3 BUCOKOI MOJICKYJISPHOK Macow. Y
BUIAHY BUKOPUCTAHHS HAMOBHIOBAYIB 3 HHU3BKOID TIOBEPXHEBOID EHEPri€I0 BCE Bi0YBA€ThHCS
HaBnaku. L{i sBumia rmuboko BuBYeHi ykpaiHcbkumu BueHUMH (FO.C. JlimaroBum, @.I". dabymsikom
Ta iX chiBpoOiTHUKaMu). CKIQJHIIIUMU € BHUITAJKH BBEICHHS HANOBHIOBAYa B JIBOKOMIIOHCHTHE
3B’sI3HE, KOJIM MIPOTIKAIOTh CKJIAJIHI MPOIECH TEPEepOo3Noainy (hpakiiil y 00’eMi 1 Ha MeX1 pO3MOILTY
das.

[lopcTKicTh OBEPXHI HAMOBHIOBaYa 3MIHIOE PIBHOBaXXHUU KyT 3MouyBaHHs. LllopcTkicTh
XapakTepu3ye MiKkpopenbed TOBEpXHI TBEPAOro Tija, TOOTO HASBHICTH BUCTYIIB 1 BIAIUH Ha
noBepxHi. KiIbKICHO IOPCTKICTh MOKHA OXapaKTepu3yBaTu KoedimieHToM mopctkocTi (K).

KoedimieHT mopcTKocTi — BiAHOMEHHS (PaKTUYHOI MJIONII MOBEPXHi (3 ypaxyBaHHSAM IUIOIII
BHCTYIIIB 1 BOAAWH) A0 TUIONI il MPOEKIlii Ha TOPU3OHTAIBHY IUIONIMHY. BiH 3aBxau OUTbIINN
OJIHUIII.

KocunyckpaitoBOrokyTa3Mo4yBaHHSIIOPCTKOIIOBEPXHIpealbHOrOHAIOBHIOBaYa(c 0S4,,)
GiNbIINIL, HiXK KOCHHYC PiIBHOBaXHOTO KyTa 3MOYyBaHHs. MOro MoXHa 0GUMCINTH 33 (hOPMYIION0
Jlepsirina-Bennens:

cosf =K -cosf

ne: K — koe(imieHTIIOpCTKOCTI.
c0s6,,=K-cosé, (7.5)
3rigHopiBHIHHA(6.5)yBUNaAKyITiodiIbHOTIOBEpXHIHATOBHIOBaYa(cos [][10)301bIeHHS
IOPCTKOCTIHAMOBHIOBAYAIPU3BO U THI03POCTAHHICOS |, TOOTOONOKpAIIEHHI3MOUyBaHHS. SIKIIO X
MOBEPXHsI HANOBHIOBaya J1iogoOHa (cos[] < 0), TO MOPCTKICTh, 30UIBIIYIOYH BiJ’ €MHY BEIUYHHY
cosl] , 301IbIIy€E KyT 3MOYYBaHHs, TOOTO MOTIPIIYyE€3MOYyBaHHS.

B rereporeHHux cucremax, 10 SKHX HaJie)KaTb KOMIIO3UTH, PO3PI3HSIOTh BHYTPILIHI
MDKMOJIEKYJIIPHI B3a€MOJIIT Ta MIXMOJIEKYJISIpHI B3aeMoii MK (a3amu. BHyTpiliHI npuTsAraHss
aTOMIB 1 MOJIEKyJ OKpeMoi (a3u Ha3MBalOTh Kore3io. BoHa BHM3Hauae ICHYBaHHS PEYOBUH Y
KOH/ICHCOBAaHOMY CTaHi 1 00yMOBJIEHA MIXMOJEKYISIPHUMH 1 MIXKaTOMHUMHU B3a€EMOJAISIMU Pi3HOT
npupoau. KoresiitHi cuiu 1HO1 HA3UBaKOTh CUJIAMU aTPAKIIT (IPUTSATaHHA).

PoOota koresii BU3HaYa€ThCsl BUTPATOIO €HEPrii Ha 0OOPOTHUI PO3PHB Tija MO MEPETUHY,
10 JIOPIBHIOE OAMHMUII TuToIl. Tak SK MpH po3puB1 YyTBOPIOETHCS MOBEPXHS B B OJMHULII TUIOII],
TO TEPMOJIMHAMIUHY POOOTY KOre3ii MO’KHa BUPA3UTH Tak:

0 =20, (7.6)
ne: | — MOBEpXHEBUM HATAT Tijla Ha MEX1 3 TIOBITPSIM.

B3aemonito Mi>k pUBECHUMHU B KOHTAKT MOBEPXHSAMHU KOH/IEHCOBAHUX TiJ Pi3HOI MIPUPOIH
(Mik(da3Hy B3a€EMOJIII0) HA3UBAIOTh ajre3icr0 (MpuiuMnaHHAM). Anresis 3a0e3medyeTbes JI€l0
G13MYHHUX YU XIMIYHAX MDKMOJIEKYJISIPHUX CHJI Ha MEXI1 PO3MOALTY da3s.

Anresis - 11e pe3ynbTaT HaMaraHHs CUCTEMH JI0 3MEHILEHHS oBepxHeBoi eneprii. MilHicTh
aare3iitHOro 3B’S3Ky XapakTepusyerbesi podoToro aaresii Wy, Pobora aaresii — pobota 060poTHOTO
PO3pUBY are31iHOTO 3B sA3KY, 110 BiHECEHA O OAMHHII TITOII].

[ITo6 onepxaTu CHIBBIAHOIIEHHS, MiDX poOOTOIO aaresii 1 MOBEpXHEBUMH HATATaMU
KOMITOHEHTIB, 5Kl B3a€MOJIIFOTh MK CO000I0, yIBUMO c001 JBI KOHACHCOBaHI (a3u 2 i 3, 1m0 MarTh
MOBEPXHIO Ha MeXI1 3 MOBITpsAM 1, sika nopiBHIOE oauHuLi miouli (puc. 7.4). Lle MoxyTs OyTH,
HaAIpPUKIIA[, MOJIMEpHE 3B’ 3HE 1 HAlTIOBHIOBAY.

O, 2

G2, 1
7 2,3
B
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Puc. 7.4. Jlo susedenns cniegionowents misxc pobomoro adzesii ma nosepxHesumu
HamA2amu KOMHROHEHmMIE, AKI 83AEMOOII0OMb:

1 - 2a3 (nosimps),; 2 — piouna (36 ’s3ue); 3 — meepoe mino (HanoeHI6aY)

IIpu HaHeceHHI 3B’S3HOIO HA HAMOBHIOBAY BiNOyHEThCS sSBUIIE aire3ii 1 3’ SIBUTHCA
MibK(pa3HUN HATST, M0 JAOPIBHIOE Op3. Tomi poboTra 0OOPOTHOTO PO3PHBY AATE3iHHOTO 3B’SI3KY
BH3HAYUTKCS 13 piBHSHHS/[rompe:

Wa=02,1+03,1-02,3, (7.7)

3 piBHsAHHS [{foripe BUXOIUTH, 110 poOoTa aare3ii TUM OuIbIIA, YUM OUTBLINI MOBEPXHEBUI
HATSAT BUXIJHUX KOMIIOHEHTIB 1 YMM MEHINWK KiHIeBwid MikdasHuii Hatar. PiBHsHHsa [[ompe
Maii’ke HEe BHUKOPUCTOBYETHCS ISl PO3paxyHKy poOOTH ajresii TOMy, M0 BaXKKO BHM3HAUUTH
MOBEPXHEBUI HATAT TBEPAUX TLJI HA MEXi 3 ra3oM (moBiTpsam). Kombinanis piBastaus dronpe (7.7) i
3akoHy FOHra (7.1) mae MOXJIMBICTH HENPSAMOTO PO3PaxXyHKY TEPMOAMHAMIYHOI poOOTH aaresii
Yyepe3 MOBEPXHEBUI HATST PiTUHHM (3B’SI3HOTO) 1 pIBHOBAKHHUI KpailOBUI KyT 3MOUYBaHHSIP1IHHOIO

TBEPJOTO Tija:

WaZ Gpr' (1+C0$9), (78)
abo
Wa/ opr=1+c0s 6, (7.9)

Pipusiust (7.8) um (7.9) nHasuBatoth piBHsSHHAM [ronpe-FOura. Hum nerko xopucryBartucs,
TaKk SK TIOBEPXHEBUH HATAT PIAMHA 1 KpalOBHHA KyT MOXKHa BITHOCHO JIETKO BH3HAYUTH
eKcriepuMenTaiabHo. Po3minuBimu oOuaBi yactuHu piBHSAHHSA (7.9) HA 2, OIEPKUMO BiJHOLICHHS
poboTu aaresii 10 poOOTH KOre3ii IUIst 3SMOUYIOUOIpiTUHH:

Wy/W,=1+cos[/2, (7.10)

3 piBastHAS (7.10) BUXOAWTH, MO Ui 30IMBIICHHS 3MOUYYBAHHS HEOOXiMTHO 30UTBIIATH
poboTy aaresii 4M 3MEHIIUTH poOOTy Koresii (MOBEPXHEBHM HATAr) pIiAMHU (3B S3HOTO),
HaNpUKJIaJl, BBEIICHHIM MMOBEPXHEBO-aKTHBHUX PEUOBHH, 3MIiHOIO TeMIreparypu. TepMoanHaMi4HO
BHUCOKAa aJres3is BHM3HAYa€ XOpoIlle 3MOYYBaHHS 3B’A3HMM HamoBHIOBaua. Kpaime 3mouye
HaINOBHIOBAY Ta P1/IMHA, sIKa Ma€ MEHIINI MOBEPXHEBUM HATAT UM pOOOTY KOresii.

Bin poGotu anresii HeoOX1THO PO3PI3HATH aAre3iiHy MinHicTh W,. AaresiiiHa MIIHICTh —
Halpy>KEeHHsI, AK€ HEOOXIAHO TPHUKIACTH 10 KOMIO3HUIIIHHOTO MaTepialy, 100 BUKIMKATH
PO3JIIJIEHHS] KOMIIOHEHTIB IO MEX1 po3moity ¢as.

AnresiiiHy MILHICTh MOKHA BUBHAYUTH:

1. OJTHOYACHUM BIJPUBOM OJIHI€T YACTUHU a/IM€31HHOTO CIIOIYYEeHHS BiJl APYroi moA0
BCI€1 TUIONII KOHTAKTY;
2. MOCTYTOBHM PO3IIAPYBAHHIM a/Ir€31HOTOCTIONYYESHHS.

B anresiiiHy MilHICTh BXOJIUTH SIK poOOTa pO3pUBY MIKMOJEKYISIPHUX 3B’S3KIB (poboTa
anre3ii W,), tak 1 poOora, mo BUTpayaeThbCsi Ha AedopMallifo KOMIIOHEHTIB aJre3iiHoro
criorydeHHs (po6oTa nedopmaniiWyeg):

Wn =Wa +Woegp, (7.11)

YumM MinHime aare3iHe CHoMydyeHHs, TUM Oiabiie OyayTh nedopMyBaTHUCS KOMIOHEHTH
CHUCTeMH 70 MOMEHTY ii pyiHyBaHHs. PoGora nedopmamii iHOII MOXXe MEpEeBHILYBaTH pPOOOTY
aaresii B JeKiJbKa pa3iB. 3 POCTOM IIBUAKOCTI NMPUKJIAJAHHS HABAHTAXKEHHS HA CHUCTEMY pOJIb
nedopmariii 3poctae. Kpim Toro, aaresiiiHa MillHICTh 3aJICKUTH BiJl 1e(EKTHOCTI 3pa3KiB, COCOOIB
iX BUTOTOBJICHHSI, BEJIMUMHU HAINPYXEeHb HAa MeX1 po3noauty ¢a3. Takum 4MHOM, TepMOJUHAMIYHA
poboTa anaresii, SKIIO0 BOHA BIpHO BU3HAUEHA, € €MHUM IOKa3HUKOM, IO XapaKTepU3ye are3iro
JBOX TUI 1 Ma€e (pI3UYHUI CMUCI, HE3aJIEKHO Bl YMOB BUIIPOOYBaHb 4i (POpMyBaHHS aAre3iiHOro
CTIOJTY4EHHS.

[Tpu pyitHyBaHHI aare3iMHUX CIIOIYYSHb MOXKIIMBI TaKl TUIH BiJIPUBY:

1. aare3iiHMiA, P SIKOMY BiI0OYBA€ThCs IOBHE BiAIIApyBaHHS aAre3uBY (MOIIMEPHOT
MaTpwuili) BiJ cyOcTpaTy(HaIOBHIOBaYA);

2. KOTe31iHUH, IpH IKOMY PYHHYBaHHS CIIOTyYeHHS i7ie a00 10 aare3uBy, ado
nmocyocrpary;
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3. 3MILIAHWUH, 110 BiJIOBIJa€ YACTKOBOMY PYHHYBAaHHIO are3iHOTO CIIOIy4eHHS
OJIHOYACHO 1 10 a/Ir€3MBY, 1 MOcyoOcTpary.

Tinpky nepummii BUMa 0K XapakTepu3ye ajaresito, ajie BiH CIOCTEPIraeThCsl HAMOLIBII PiIKO.
Jis fokazy TUIy pyHHYBaHHS aJre3ifHUX CHOJY4YeHb BUKOPUCTOBYIOTb CTPYKTYpHI METOAU
JOCIIIKEHHS TIOBEPXOHB MICIIs PO3LIapyBaHHSI.

Skuit )xe MexaHI3M (GopMyBaHHS anare3iMHOro croxydeHHs? DopMyBaHHS MPOXOIUTH B
JeKiIbKa CTajiii: pO3TiKaHHS a[re3uBY IO TOBEPXHI TBEPAOTO Tijia i HOro 3MOYyBaHHS; PIBHOBAXHE
BCTaHOBJIEHHS aAre31HHOr0 KOHTAaKTy, IO IIOB’s3aHE 3 MaKpOMOJIEKYJISPHUMHU BIACTUBOCTAMHU
aare3suBy 1 3aJ€XKUTHh BiJI mporeciB aacopOuii i nudysii; GopmyBaHHS XimiuHoi 1 ¢izmuHOI
CTPYKTYpU aAre3uBY IpHU 3aTBEPIPKEHHI, 110 CYNPOBOIKYETHCS BUHUKHEHHSM IIOBEPXHEBOI'O
mapy, BIACTHBOCTI SKOTO BiJIMIHHI BiJl BJIacTHBOCTEH mojimMepy B 00’emi. Ha miit cranii
B1I0YBA€THCS CKOPOUCHHSI (KOHTPAKITIS) aAre3uBY, KpUCTAIIi3allisl, BUIIJICHHS HOBUX (ha3TOIIIO.

@opMmyBaHHsS TOBEPXHI KOHTAKTy 3aJ€KHUTh BiJl PEOJOTIYHUX BIIACTUBOCTEH aATe3UBY,
nporeciB aacopOuii 1 nudysii, yMoB popmMyBaHHS aare3iifHOro croiydyeHHs (TeMIepaTrypu, THCKY,
Jacy KOHTAKTY). BifmoBinanpHi 3a aAre3ir0 CHIM Mi>KMOJICKYIISIPHOT B3a€MOII 3’ SIBJISTFOTHCS B

yYMOBaxX JOCSTHEHHS MOJICKYJSIPHOTO KOHTAaKTy Ha Mexi posmnoaunry ¢a3. Lleit mporec
3aJIeKUTh Bl (i3MYHOTO penbedy MOBEPXHI CyOCTpary (HamoBHIOBauda). SIK yke BKa3yBaloCh
BUIIlE, IIOPCTKICTh NOBEPXHI BIUIMBA€ Ha 3MOYYBaHHA, a OTXe 1 Ha (OpPMYyBaHHS aare3ilHOro
cnonydeHHs. [1lo0 30UTbIIUTH anre3idiHy B3a€MOJII0, HEOOXiMHO 30UTHIIUTH (DAKTHYHY ILIOILY
KOHTakTy MDK TModiMepoM 1 HamoBHIOBadeM. ILle 1ocsraeTbcsi 30UIBIIEHHSM — CTYIEHS
JHCTIEPTyBaHHS HAllOBHIOBauYa. BaJIMBY posib AJIs MiJBUINEHHS aare3ii BiAIrpae TakoX YUCTOTA
HOT0 MTOBEPXHI.

31 30iunbIIeHHSAM Temmneparypu (OpMyBaHHS aATe3iHHOTO CHOJMYYEHHS 3HUKYETHCS
B’SI3KICTh 3B’A3HOTO, IOKPAIIyIOThCS YMOBU 3MOYYBaHHs, 30UIbIIYEThCS IJIOMIA (PAKTHUYHOIO
KOHTAKTY, 110 IPU3BOAUTH J0 3pOCTAaHHS aAre31iMHO1 MIITHOCTI.

30UIbIICHHST Yacy KOHTAKTY HPUBOJIUTH CIOYATKY A0 3pPOCTaHHs aJAre3iHoi MIIHOCTI, a
MOTIM BOHA 3aJIMIIAETHCS MPAKTUYHOHE3MIHHOIO.

3aeXHICTh aAre3ifHOi MIIHOCTI BiJ] TUCKY Ma€ CKJIAaJHUHA XapakTep. 3pOCTaHHS THUCKY
CIIOYATKy CYIMPOBO/IKYETHCS 30UIHIICHHSIM YHCIIA aAre31iHUX KOHTAKTIB 1 aAre3iiiHa MIIHICTh
TaKOXX 3pOCTae. Ajie MOTIM MEXaHiuHe CKIIyBaHHs, 10 BUHUKAE B MOJIiMepax MpH BETUKOMY THCKY,
CIIOBUIBHIOE PEOJIOTIYHI TpOIecH B aiaresiifHomy cromydeHHi. lle mpuszBoauTh A0 TOTO, IO
3aJIeKHICTh are31iHO{ MIITHOCTI Bii TUCKY IPU KOHTAKTI HOCUTh €KCTPEMaIbHUIN XapaKTep.

KoresiiiHa MilHICTh MOJIMEPHOI MaTpULl 3pOCTa€ 31 30UIBLIEHHSIM MOJIEKYJISPHOI MacH
MOJIIMEPY; 3BYKEHHSIM MOJEKYISIPHO-MACOBOTO PO3MOIiTY; 31 3pOCTaHHSAM oOpieHTamii (CTymeHs
KPUCTQJIIYHOCTI)  TEPMOIUIACTY YM TyCTUHUM  TOJIMEPHOI  CITKM  pPEaKTOIUIacTy; IpHU
MojudikaiinoaiMepHoi  MaTpulli  IIacTUiKaTOpaMu, CTPYKTYPOTBIPHUMH Ta  IHIIUMH
MOANGIKYIOUUMH TOJaTKAMH.

MeToa HampaBiIeHOTO PEryjlOBaHHS CTPYKTYPHU 1 BIACTUBOCTEH MONIMEpiB 3a PaxyHOK
BUKOPHUCTAHHS MajOi KUIBKOCTI HU3bKO- 1 BUCOKOMOJIEKYJIIPHUX CIOJIYK, SIKI MAlOTh BIAMIHHY BiJ
nojiMepy OyIOBY, 4YacTo Ha3MBalOTh JIETyBaHHAM. SIK JleryBajbHI JIOJATKH MOXYTb
BUKOPHUCTOBYBATHUCS OJIIrOMEpH 1 mojimMepu. [lomaTku, 1m0 BBOASTHCS B IMOJIMEPU B HEBEIHMKIN
KUTBKOCTI, 3BUYAfHO PO3MILIYIOTECS B aMOP(HUX 30HAX UM HAa MEX1 KPUCTATIYHUX YTBOPEHb, YUM
3MIHIOIOTh XapakTep iX B3aeMoii.

[Tpuknagom A0AATKIB MOXKYTh OyTH CTPYKTYpPOTBIPHI — PEYOBMHH, IIO HE B3a€MOJIIIOTH 3
MOJIIMEPOM 1 MAlOTh TEMIEpaTypy TOIUIEHHS BHILY, HDK TeMIlepaTypa TOIUIEHHS IMOJIIMEpY.
CTpyKTypOyTBOpIOBauYaMH MOXYTh OyTH OKCHJIM 1 XJIOPHIM METajiB, caxka W IHII pEYOBUHH, SIKi
CHpusioTh (HOPMYBaHHIO B TOJIIMEpl APiOHOCHEPOIIITHOI CTPYKTYpH. B’A3KiCTh pPO3TOMIB Takux
MaTtepialiiB 3BUYATHO 3MEHIITY€ThCSL.

He cymimatouncs i3 momimMepoM, MOIU(DIKy0Yl JOIATKH JIOKATI3YIOTHCSA B MIKCTPYKTYPHUX
o0nacTsX mojiMepy 1 CHpPUSAIOTH POCTY PYXOMOCTI MPOXiJHUX JAHLIOTIB MaKpOMOJIEKYNI B
HEBMOPSIKOBAHMX 30HAX 1 MIABUIIEHHIO 3arajbHOi PYXOMOCTI €JIEMEHTIB HaJIMOJEKYISIPHUX
cTpyKTyp. Ilpu 1bOMy HPUCKOPIOIOTHCS MPOLIECH pelaKcallii, 0 CHpUs€e 3HIKEHHIO 3AJIMIIKOBUX
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Hanpy>KeHb 1 MiJABUIICHHIO BIOPSAKOBAHOCTI CTPYKTYpH IOJIIMEPY, OCOOIMBO B aMopdHuX
obnactsax. B pe3ynbpTaTi MOKpAIIyIOThCS TEXHOJOTIYHI BJIACTUBOCTI 1 MiJABUIIYETHCS KoOTre3iiiHa
MIIHICTb TIOJIIMEPY.

BeeneHHss MoaudikyrOunx TOJATKIB Yy KOMIIO3UTH HE TUIBKH IMPUCKOPIOE pelaKcalliiHi
IpoIecH, aje 1 3MiHIOE XapakTep B3a€EMOJIl MOJIMEpy 3 HANOBHIOBAYEM, IO CIPHUSE YTBOPEHHIO
OUTBIII TEPMOJAMHAMIYHO CTIHKUX CTPYKTYP.

Hanpuknan, mnomictupon, skuii Moau(IKOBaHWI TEpPMOENAcTOIUIACTAMHU, Ma€ BHILY
TEKYyYiCTh 1 MIABUIICHY yAapHY B’sA3KicTh. Moaudikallis MOJIBIHIIXJIOPUIY OJiroMepaMu pi3HOL
Oy/Z0OBH TakOoXX NPU3BOJAUTH A0 30UIBIICHHS YAApPHOI B’SI3KOCTi, TEKY4OCTi 1 Je()OpPMOBHOCTI.
Beenenns monudikyrounx M0AaTKiB B MOJIETUJICH 1 B MOJIaMiJl CIIPUSE 3HMIKEHHIO 3aJIUITKOBHUX
HaNpy>KeHb 1 MiJBUIIEHHIO KOTe31HOIMIITHOCTI.

[HmMA WmISX CTBOPEHHS aAre3uBiB 3 MIJBUIICHUMH XapaKTEPUCTHKAMH IOJIATaE Y
BUKOPHCTAaHHI B3aEMOTIPOHUKAIOUUX MOJIIMEPHUX CITOK. 30UIBIICHHS aAre31ifHO1 MIIIHOCTI B I[bOMY
BUIAJKY JTOCSTAETHCS 3aBISKUA ABOM (haKTOpaMm: 3pOCTaHHIO €Heprii Koresii ajre3wBy Ha OCHOBI
B3a€MOIIPOHUKAIOYMX TMOJIMEPHUX CITOK 1 B3HWKCHHIO 3aJUIIKOBUX HAIMPYXEHb MPOTITOM
(dbopMyBaHHS aAre31HOTO CIIOTYYECHHS.

KoresiiiHy  MIIHICTH  TOJIMEPHOTO  3B’S3HOTO MOXKHA  PETYNIIOBATH, 3MIHIOIOYH
TEMIIEPATypHO- YacoBl TMapaMeTpu TMepepoOKHM KOMIIO3HUTIB (PEryiordu  TeMIeparypy
3aTBEPKECHHS, IIBUAKICTD MiAHIMAHHS TEMIEpaTypH, IBUIKICTh OXOJIOKCHHS, 9aC BUTPHUMKH ).

Sk mokazano I1.A.Pebinmgepom, mixkdazHa MoBepXHEBA €HEPTis B KOMIIO3UTaX THUM MEHIIIA,
yuM OJIMK4Ya TIOJAPHICTH KOMIIOHEHTIB aJre3iiHOro CHOJYYEeHHS. 3TiHO NMpaBWiIa MOJSPHOCTI
I1.A.Pebinnepa MinHe ajre3iiiHe CHOMYy4YeHHS HE MOXKHA OTPUMATH TMPHU B3a€EMOJIl MOJISPHOTO
are3uBy 3 HETMOJSIPHUM CyOCTpaTOM Ta HEMOJSIPHOTO aAre3UBY 3 MOJIIPHUM CyOCTpaToM. SIK moTim
BUSBHIIOCH, IPYyTa YaCTHHA MTpaBUia TOMUIIKOBA.

OT1xe, CTaH MOBEPXHI HAITOBHIOBAaYa 3HAYHO BIUIMBAE HA BIACTUBOCTI KOMITIO3HUTIB.

OcHOBHI (akTOopu, IO XapaKTepU3ylOTh CTAaH MOBEPXHI HANOBHIOBaYa 1 BU3HAYAIOTh
OCHOBHI BJIaCTHBOCT] KOMITO3HTIB, TaKi:

1. CTYHiHb YUCTOTH MOBEPXHI — 00YMOBIIOE HEOOX1IHICTh BUIIyUYEHHSI BOJIOTH, KUPIB i
IHIIMX JOMIIIOK, SIK1 BHOCATHCS B ITPOLIEC] OTPUMaHHSIHAINOBHIOBAYA;
2. CTYHiHb PO3BHUHYTOCTI UM IIOPCTKOCTI TIOBEPXHI, SKUH BHU3HAYa€ MOBHOTY

3MOYYBaHHS 1 MOXJIMBICTb YTBOPEHHS Ha MEXI po3noiauny (a3 ciabKux rpaHUYHUX ILIapiB, 1110
MOXYTb OYTH IPUUYMHOIO pyHHYBaHHIMaTepiany;

3. XIMIYHA O/IHOPI1/IHICTHIIOBEPXHI.

PerymioBanHst anresiiiHoi B3aeMoAii MOXJIMBE 3a pPaxyHOK IOBEpXHEBOI Mojau(ikaiii
HaINOBHIOBAYIB, L0 JOCATAETHCA 3MIHOIO TEXHOJOTIYHUX MapaMeTpiB iX ofepKaHHs, TOBEPXHEBUM
OKHCHEHHSIM, HAHECEeHHSIM “TIpAMHX’ 3aMacilioBayiB Ha BOJIOKHA, SIKI OJHOYACHO 3 TEKCTHJIBHOIO
00p0OKOIO BOJIOKOH 320€3Me4yI0Th BUCOKY a/Ir€3it0 O HUX 3B’ SI3HUX, allPETYBaHHSIM.

BcranoBieHo, 110 MOBEpXHEBUH HATAT BOJIOKOH 3pPOCTAa€ 13 3MEHIIEHHSAM iX IiamMeTpy Ta
IIBUAKOCTI BUTATyBaHHsS. lle MOSCHIOOTH THM, HIO0 MPH TOCTIHHIA HIBUAKOCTI BUTSTYBaHHS
JUISTHKY BOJIOKOH 3 MEHIITUM J1iaMeTPOM O1JIbIIIEOPiIEHTOBAHI.

[ToBepxHEBE OKHCHEHHS BYTJICIEBUX BOJIOKOH piAKOpa3HUMH (a30THOI KHCIIOTOIO,
CYMIIIIIIO a30THOI 1 CipyaHOi KHCIOTH TOIIO) Ta Ta3oda3sHUMH (030HOM, KHCHEM, TajoreHaMH
TOII0) OKUCHIOBAYaMHM ITiJIBUIIYE Are31f0 B CHCTEMI BYTJICIIEBE BOJOKHO - 3B’SI3HE 1 BIMOBITHO
MIIHICTh BYTJIETIACTHKIB (Tabm.7.1).

Tabnuys 7.1.

BaacTuBoCTI ByIJlenJiacTHKIB Ha 0CHOBI noJinpomnineny 21030 i ByrieneBuxX BOJIOKOH

Ypan-J10-24, mo 3a3Ha1M OKMCHEHHSI KHCHeM NOBIiTps npu temnepartypi 823K,

B 3J1€KHOCTI BiJl 4acy BUTPUMKH

Yac BUTPUMKH, MiunicTbnpu MopnyJsb npyskHocTi | YaapHa B SI3KICTb,
XB. po3tsry,MlIla npu Buruxi, I'lla KI[;K/M2
0 45,0 2,09 13,0
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5 47,6 2,52 9,6
10 51,1 2,65 91
15 54,4 2,70 7,9
20 53,8 2,71 7,6
30 51,4 2,68 7,2

3pOoCTaHHS MIIHOCTI KOMIIO3UTY TMOSICHIOETHCS 3MILIHEHHSM BYIJICHIEBUX BOJIOKOH 3a
pPaxyHOK YIOCKOHAJEHHS iX CTPYKTypu HpHU TpaBiieHHI AedekTHoro moBepxHeBoro mapy. He
BHKJIFOUEHO 3POCTAHHS ajresii 1 3a paxyHOK JOJATKOBHX 3B'SA3KIB MDK IOJIMEPHOI MATpHUIICIO 1
KUCHEBMICHUMHU TpyNamMH aKTUBOBAHMX BYIJICIIEBUX BOJOKOH. TOOTO MOYMHAE BUKOHYBATHCS
HepiBHicTb [1,[] [, iKa € yMOBOIO JOCATHEHHs BUCOKOTaresii.

ATIpeTd — PEYOBHMHHM, L0 MarOTh (YHKIIOHAJIBHI TPYNH ABOX THINB: OJHI 3 IEBHOIO
CHOPIAHEHICTIO 10 MOBEPXHI HAMOBHIOBAYa, 1HIII — 0 MOJiMEpPY. ATIpeT HaHOCITh Ha TIOBEPXHIO
HAIOBHIOBaYa, OT0 MOXKYTh TaK0X BBOJUTH B IOJIIMEPHY MAaTPHUINO. [HOAI POBOIATH OJJHOYACHO
ampeTyBaHHS HAIOBHIOBAaYa 1 BBEJCHHS alpeTy B MOJIiIMEpHE 3B’ SI3HE.

AmpeTyBaHHSI TIOKpallly€ yYMOBH 3MOYYBaHHS TIOBEPXHI HAIOBHIOBAYa IOJIMEPOM, IO
30impmrye aares3ito. Kpim Toro, BoHa 3pocTae 3a paxyHOK XIMIYHOi B3a€MOJIIi B CHCTEMI IMOJIIMep-
anpeT-HaNlOBHIOBAaY. ATIPETYBaHHS TaKOX 3HIDKYE PIBEHb 3aIMIIKOBUX HANPY)KEHb y KOMITO3HUTI.

Sk ampeTd BUKOPHCTOBYIOTHCSI KPEMHIMOPraHiYHi CIONYKH, OpPraHO-THUTaHATH, CTeapaTH
MeTanmiB 1 iHmi pedoBuHHW. Haifwactime BMmicT ampery cranoButh 0,1 + 3,0 % Big Macu
HAMOBHIOBAYa.

ExcriepuMmeHTanpHi J1aHi CBiYaTh MpPO Te, M0 HAa MeXi po3nonmutry ¢a3 moiimep-
anpeToBaHWI HAMOBHIOBAY MOXXYTh YTBOPIOBATHCA SIK XIMiuHI, Tak 1 (i3uuHi (B TOMY YuCH 1
BOJHEB1) 3B’S3KH, Ul MEXaHI3MYy IIJICWICHHS KOMIIO3UTY Ba)KJIMBO YTBOPEHHS IEBHOTO 4YMCIa
JOCTaTHBO MILHUX 3B’S3KiB HE3aJIEKHO BiJl IX IPUPOH.

TakuM YWHOM, Ui OTPUMAHHS KOMIIO3UTIB 3 BHCOKMMH MEXaHIYHUMH BIIACTHBOCTSIMHU
HeoOXiJHa TeBHA ONTHMAalbHA KUIBKICTh MIIHHUX 3B’s3KiB. Benmuke 4ucino 3B’S3KIB 3MEHIIYE
PYXOMICTh MaKpOMOJIEKYJI B TPAHUYHOMY 11api, 301IbIIIY€E 3aJIMIIKOB] HANPY>KEHHS, 3MIHIOIOYH

CTPYKTYpY MoBepxHeBoro mapy. Lle moxxe nmpusBecTu 10 nosiBU 1eeKTHUX 00sacTei 1
3HIKEHHIO ajresii.

[TokpamieHHs BJIaCTUBOCTEM TMOJIIMEPHUX KOMIO3MLIMHUX MaTepialiB MoOxe OyTH
JOCSITHYTO HUISIXOM OOpOOKH apMyIOUHMX HANOBHIOBAUiB MOJIMEPHUMH anpeTamu. [IpuyunHa 1poro,
gk nokazaHo akagemikoM lO.C.JlinaToBuM, MOXe TOJSAraTH y MOXKIMBOCTI YTBOPEHHS MEPEXiTHUX
11apiB MK TOJIMEPOM afpeTy 1 MOJIIMEPOM 3B’ SI3HOTO.

[TinBUIIEHHS MEXaHIYHUX BJIACTMBOCTEH KOMITO3UTY MOKHA JAOCSTHYTH B Pe3yibTaTi 3MiHU
YMOB pejakcanii 3aJUIIKOBUX HANpyKeHb B TpaHUYHOMY Miapi. UMM HIDKYE Takl 3aJIMIIKOBI
Hanpy>KeHHsI, 110 € HACIIAKOM ajcopOILiiiHOT B3aeMoJii Ha Mexi po3monainy (a3, THUM BHIIE
anresiiiHa  MinmHICTh.  [lepCrIeKTHBHO  BHKOPHCTAaHHS  JIBOKOMIIOHGHTHUX — 3B'SI3HHX, IO
XapaKTepU3yIOThCS PI3HOIO ATE31€10 10 MOBEPXHI HAIIOBHIOBAYA.

B pesynpTaTi TepMOAMHAMIYHOI HECYMICHOCTI 3B’A3HMX OyAe BiIOyBaTHCS MEPEBAKHO
azicopO1iss OJJHOTO 3 HUX Ha IMOBEPXHI HAIOBHIOBAaYa 1 yYTBOPEHHS AEMII(YIOUOTO IMEpeXiAHOTo
mapy. Oco0IMBO NEPCIEKTUBHAM € BUKOPUCTAHHS 5K 3B’ SI3HUX B3a€EMOIPOHUKAIOUUX MOJIIMEPHUX
CITOK, 1110 JO3BOJISIOTH Maiike MOBHICTIO BUKITIOUUTH BUHUKHEHHS! 3aJTUIIKOBUXHAIIPY>KEHb.

AnresiifHa MIIHICTh 3QJIKUTh TaKOXK BiJl TOBIIMHH aare3uBy. YnM TOHIIHI 1Iap aAre3uBy,
THM BHIIA a/ire3iiiHa MillHiCTh. [{e BUKITMKaHO MEHIIO AeEKTHICTIO TOHKOI IJIiBKH aJIr€3UBY (IIi€
MacmtabHuil gaxtop). Jedopmanist maiBku aare3uBy B TOHKOMY Iapi NMpu pyWHYBaHHI MEHIIA,
HUKYa PIBHS 3IHIIKOBUX HAMPYKEHb.

Ime B 30-x pokax II.A.PeGinmepoMm BHUKIAIEHI JAYMKH, IIO aacOpOIis MaKpOMOJEKYJ
MOJIiMepiB Ha MOBEPXHI YACTWHOK HAIMIOBHIOBAaYa CYMPOBOKYETHCS BUHHUKHEHHSAM a/1COPOLIIHOTO
mapy 3 MiJBUIICHUMH MEXaHIYHMMH BJIACTHBOCTSIMH, B PE3yJbTaTi YOTO NPH IMEBHOMY 3MICTi
HAMOBHIOBAaYa 3HAYHO MiABUIIYETHCS MIIHICTh CHUCTeMH. J{OCIITKEHHSIMU, 110 MPOBEICHI y HaIl
yac, BCTAHOBJICHO 3HAa4YHE MiJBUIICHHS TeMIepaTypy CKIyBaHHS IMPH BBEIEHHI HAIOBHIOBAauYa JI0
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Oaratbox momimepiB. ITokazaHo, M0 TemmepaTypa TEKy4OCTi Iie OiNblie 3aleXHUTh Bif THUMY i
KUIbKOCTI HAIlOBHIOBAaYya, HIK TeMIeEpaTypa CKIyBaHHA. BH3HaueHO TakoX 3HAYHUI BIUIUB
HAIOBHIOBaYa Ha TYCTHHY, TYCTUHY CITKHM, KOE(II[IEHT PO3IIMPEHHS, EJIEKTPUYHI BIACTHBOCTI
nmoiMepiB. 3MiHA TEPMOJMHAMIYHMX BJIACTHBOCTEH IIOJIIMEPIB B IMPUCYTHOCTI HANOBHIOBAYiB
BiOyBa€ThCS HA 3HAYHOMY BIJJIQJICHHI BiJ TBEpAOi MOBEpPXHi. Y TOHKOMY IIapi Ha TMOBEPXHi
HaITOBHIOBa4Ya MOJKE CITOCTEPIraTUCS CITAKCIA - OpIEHTOBAHE HAPOCTAHHS IIAPIB MOJIMEPY.

OOwmmpHi IocHi/KeHHS B 00JacTi MeXaHi3My B3a€MOJIl MoJliMepy 3 HaroOBHIOBaYeM
BHKOHAHI B ocTaHHIM 4ac akagemikom JlimatoBum FO.C. i #oro mkoisioro. 3riTHO Cy4acHUM
VSIBIIGHHSIM, BBEJIEHHS B IIOJIMEP YacCTHHOK HAIMOBHIOBaYa CYIPOBOUKYETHCS YTBOPEHHSIM
IPAaHUYHOTO IIApy MOJiMepy OuIs TBEpIOi MOBEPXHI, 1 Taka CHUCTEMA MOXKE PO3TISAIATUCS SK
TPUKOMIIOHEHTHA (TIOJIMEp, TPaHWYHUN IIap, HANOBHIOBAaY). [3 30UIBIICHHSM KOHIIEHTpAL]
HaloOBHIOBaya Bce OLbllla YacTUHA MOJIMEpPY 3HAaXOAUTHCS y MbK(a3sHOMY mIapi, IO 3MIHIOE
¢bi3UKO-XiMiYHI BJIACTUBOCTI TMONIMEPY B TpPaHUYHOMY IHapi 1 BIUIMBAE HaA BIACTHBOCTI
BCIEICHCTEMH.

OOMexxeHHST MOJICKYJISIPHOT PyXOMOCTI B aJCOPOIIHHUX 1 MOBEPXHEBUX MIapax BUKIUKAE
TPYAHOILI Ul NPOTIKAHHS peslakCalliiHUX MPOLECiB, 110 MPU3BOAUTH A0 3POCTAHHS 3aJMILKOBHX
(BHYTpIIIHIX) HampyKeHb 1 3MEHIICHHS aAre3idHoi MimHocTi. HampykeHHS, M0 BHHHUKAIOTH B
IIpOIleCi BUTOTOBJIEHHS KOMIIO3UTIB, HA3UBAIOTh 3JIMLIIKOBUMU TOMY, 1110 BOHU HE 3HUKAIOTh IICIIS
3HATTS TEIUIOBHMX 4YHM CHJIOBHX TIIOJIB. 3aJIMIIKOBI HANpPYKECHHS BHKJIMKAIOTH IE€peIIacHe
pyliHyBaHHSI BUPOOiB, X PO3TPiCKyBaHHA, 3MiHY ()OpPMHU 1 PO3MIpiB, IO MPU3BOAUTH 10 BTPATH
HUMH IPALE3JaTHOCTI.

SIK1 K IPUYMHY BUHUKHEHHS 3aIMIIKOBUX HAIPY>KEHb?

[To-nepmie, rerepoda3HicTh KOMITO3HTIB, CKJIAJOBI SKHX PO3PI3HSAIOTHCS MPYKHUMH 1
teriodiznyHuMu xapakrepuctukamu. FO.C.JlinaToBUM BBOIUTHCS MOHITTSA MIKPOI€TEpPOreHHOCTI B
0araTOKOMIIOHEHTHUX MOJIMEPHUX CHUCTEMaX Ta AA€ThCs 11 Kiacu(ikaiis:

1. MorekyssipHa MiKpOT€TEepOTeHHICTb, SIKa MPOSIBIAETHCS B 3MiHI Y MiXK(pazHOMY Iapi
GI3MYHUX  XapaKTepUCTUK, IO BH3HAYAIOTHCS MAaKpPOMOJIEKYISIPHOIO OyJOBOIO MOJIIMEPHUX
JAHLIOTIB (TEPMOJIMHAMIUHI BIACTUBOCTI, MOJIEKYJISIpHA PYXJIUBICTh, TYCTHHA MTaKyBaHHS, BUIbHUI
00’eM, piBEHb MIKMOJIEKYJISIPHOI B3aEMOZIITOLIO).

2. CTpyKTypHa MIKpOT€TEpOreHHICTh, IO BU3HAYAETHCS 3MIHOIO  B3a€EMHOIO
po3TalllyBaHHS MakpOMOJIEKYJ OJHa BIJHOCHO IHIIOi Yy TMOBEPXHEBHX 1 NEPEXIAHMX IIapax Ha
pi3HOMY BinmaneHi Bil (a3oBoi Mexi 1 sIKa XapakTepusye OJNM3bKUI MOpAAOK y aMOppHHX
roJiiMepax 1 CTYIIHb KPUCTAJIIYHOCTI B KPUCTAJIIYHUXIIONIMEpaX.

3. MiKporeTeporeHHiCTb ~ Ha  HAJMOJIEKYJIPHOMY  piBHI, IO  BHU3HAYAETHC
PO3ODKHOCTSIMHM B TUIAX 1 XapakTepl (OpMyBaHHS 1 NMAaKyBaHHS HAJIMOJIEKYJSIPHUX CTPYKTYp ¥y
MOBEPXHEBUX IIapax i B 00’ eMmi.

4. XiMIYyHa MIKpOT€TEpOreHHICTh, sika 00yMOBJIEHA BITMBOM MEXI1 po3MoAalTy (a3 Ha
peakiiiro popMyBaHHIMAKPOMOJIEKYII.

[lo-gpyre, MPUUMHOO BHHUKHEHHS 3aJIMITKOBUX HANPYXEHb Yy KOMIIO3UTaX € BiIMiHHICTH
NPYXKHUX 1 TETI0(I3UUHMX XapaKTEPUCTUK TUIACTHKA 1 CTall, 3 sIKOI BUTOTOBJICHO OCHAILICHHS.

Hapemri, mo-tpere, 3alMIIKOBI HalpYyXXEHHS BUHUKAIOTh B pE3yJbTaTl CTPYKTYPHOI 1
XIMIYHOI HEOJHOPIAHOCTI MOJIMEPHOro BHUPOOY, IO BHUKIMKAHO HEPIBHOMIPHICTIO PO3MOILTY
TEIUJIOBUX 1 CUJIOBUX IOJIIB MPH 1XO/I€PKaHHI.

Crnix mam’sTatd, IO 3aJUIIKOBI HANpYXEHHS € pe3yJbTaToM He TUIbKH (HOpMyBaHHS
aAre31MHOrO CIIOJIy4eHHS 3 TOYKM 30py IPOTIKaHHA B HbOMY XIMIYHHMX peakiiil 1 perakcariifHux
IpoIieciB, ane 1 MIIHOI aJcOopOILIiHOT B3a€MOJil KOMIIOHEHTIB aJAre3uBy 3 IMOBEpXHEN. SIKIIo
MOJTIMEPHUM JIAHITIOT THYYKHM, TO MOMY JIETIIE MPUCTOCYBATHCS IO TOBEPXHI, KiJIBKICTh TOUYOK
KOHTAKTy OiJbIle, a HEPIBHOBAKHICTh CHCTEMH 1 3aJHMIIKOBI HANpy>XEHHs, L0 OOYyMOBJEHI
B3a€EMOJIIEI0 3 TIOBEPXHEI0, MEHII, HIXK U1 JKOPCTKOTO JIAHIIOra. Tak SK MpoIec BCTAaHOBJICHHS
pIBHOBarM Mae penakcalliifHui XapakTep, TO Mpolec (OpMyBaHHS aare3iifHOro CHoJIy4eHHS
MOBUHEH TMPOBOAMTUCS B YMOBaX ONTHUMAalIbHOIO CIHIBBIIHOWIEHHA MK HIBHJIKOCTSAMHU
3aTBEPKCHHS (OXOJIOIKEHH) 1 BCTAHOBJICHHSI CTaHy PIBHOBArd BKOMITO3UTI Ha MEXK1 pO3MOILTY
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¢a3. 3aTUIIKOBI HAMPYKEHHS B KOMIIO3UTI MOXHA PO3paxyBaTu 3a (HOpPMYIIOk0:
E.-E -(a —ag)
0-3(” — B M ( M B/ AT
Eu + I” ’ EB

Ey + - EBne: 04— 3JIMIIKOBI HanpykeHHs; E,, E,— MOIyb NPY>KHOCT1 BOJIOKHA 1

MoJIiMEpHOI MaTPUI BIAMOBIIHO; O, Q)— KOSPIIIEHT TEPMIUHOTO POZLUIMPEHHS BOJIOKHA 1
MOJIIMEPHOI MaTPHIIll BIANOBIHO; (— KoedimieHT [lyancona; [17 — pi3HHUII TeMIepaTyp Mix
TeMIeparyporo (opMyBaHHSI KOMIO3UTY 1 KIMHATHOIO TEMIIEPATypOIO.

Buxomsiun 13 ¢opmynu (7.13), nmns 3HIKEHHS 3aIHMIIKOBUX HAIMPYXEHb HEOOX1THO
3HIDKEHHS. MOJYJIB TPYKHOCTI KOMIIOHEHTIB KOMIIO3UTY, 3HI)KEHHS TEeMIIepaTypH MepepoOKu
KOMIIO3UTY, BHUKODHUCTaHHS HAMOBHIOBA4iB 3 OUIBII BUCOKMM KOE(ILIEHTOM TEPMI4HOTO
PO3LIUPEHHS, a MOJIMEPHUX 3B’ 3HUX — 3 O1IbII HU3bKUM KOE(IIIEHTOM TEPMIYHOTO HAMPY>KCHHS.

BHyTpimHi HanpyXeHHS MOXHa 3HHU3UTH B KOMIIO3UTAaX IUISIXOM BBEACHHS B IOJIIMEPHY
MaTpPHUILIIO TUIaCTU(DIKATOPIB, JETYIOUUX J101aTKIB, 00pOOKOI0 OBEPXHI HAIOBHIOBAUYiB IIOBEPXHEBO-
aKTUBHUMHU pedyoBHHAMH. lle mimBHIye pyXOMiCTh MaKpOMOJICKYJ Ha MeXi po3noniny ¢as, aie
3MEHIIY€ are3iro 3B’ I3HOTO /10 HAIIOBHIOBAYIB.

3aNUIIKOBI HANPYKEHHS MOXHA 3HU3UTH TaKOX NPOBEACHHSM TepMiuHOI 0OpOOKH
KoMIio3uTiB. TepMooOpoOka — METOJ| HalpaBieHOT 3MiHM BJIACTHBOCTEH IMOJIIMEPHHUX MaTepialiB,
KW TOJIsiTa€ B HarpiBaHHI BUPOOY, BUTPHUMII HOTO IMpH IEBHIA TeMIeparypi 1 HAaCTyIHOMY
MOBUILHOMY OXOJIO/DKEHHI. B pe3ynbpTari TepMo0oOpOOKH MOKPAIIYIOTHCS MEXaHiuHI BIACTUBOCTI
BUPOOIB, 3HIKYIOTHCS 3aJMIIKOBI HANPYXEHHS, 10 HAKOMWYIIKCH y BUPOOiI mpu (opMyBaHHI,
CTa01Ti3yI0TECS 1OTO PO3MIpPH.

AmHati3 mporieciB, sKi MPOTIKAIOTh HA MEXKi PO3MOALTY (a3, BUCBITIIOIOTH OJM3BKO JIECSITKA
Teopii anresii (MexaHiuHa, MOJEKYJApHA, elIeKTpuuyHa, AudysiiiHa Teopis aaresii Ta iH.) Bonu
no0pe omucaHi B CrielialibHIN JIITEpaTypi, KA BKa3aHa B JaAHOMY HaBUaJIbHOMY MOCIOHUKY 1 JIO STKOi
MU BiJICHJIA€MO CTYJICHTIB.

6.3.0cHOBHM TeXHOJI0Tii nepepo0KH Ta BUKOPUCTAHHS NMOJiMEPHUX KOMNO3UIiiHIX
MaTepiaJiB
6.3.1. CriI0mIacTHKH

CkJIonaacTUKy — NOJIMEpHI KOMITO3UIIiMHI MaTepiaiy, apMylOYdM HANOBHIOBAYEM SIKUX €
CKJIsiH1 BoJIOKHA. [ToiMepHUMH 3B’ I3HUMU CKJIOTUIACTUKIB MOXKYTh OYTH pPeaKTO- 1 TEPMOTUIACTH.

BractuBoCTi CKJIOIUIACTHKIB 3alieKaTh: BiJ HPUPOAM apMYBAJIbHOTO HAlOBHIOBada 1
MIOJIIMEPY; B1Jl CIIBBIIHOIIEHHSI KOMIIOHEHTIB 1 TEOMETPUYHUX PO3MIPiB HAIOBHIOBAYa; BiJ (Pi3UKO-
XIMIYHHUX TPOIIECiB Ha MeXi po3MmoAainy (a3 ToIIo.

CkJIsiH1 BOJIOKHA MatOTh Psiji LIHHUX BIIAaCTUBOCTEM:

1. BUCOKY MiIHICTh TpH po3Tary (3000 + 4500MITa);

2. BHUCOKY TEIJIO- 1 BOTHECTIWKICTh: BOHM HE TOPSATh 1 HE MIATPUMYIOTh TOpIHHS, a
BHUCOKa Temreparypa tiaBieHHa (950 + 1260 °C) no3Boisie BHKOPUCTOBYBAaTH iX B 00NacTi
BHCOKHX TEMITEPaTyp;

3. MiBUIICHY XIMTPUBKICTB 1 BOJIOTOCTiHKiCTh (BogomornuHanHs 0,2 % mpu 65
%BOJIOTOCTI);
4. BHCOKI TepMiuHi (HU3bKUIA KOE]ILI€HT JiHIITHOTO pO3IMIKPEHHS 1 BACOKUI

KOoe(ILI€HT TeIIONPOBIAHOCTI) 1 €JeKTPUYHIBIACTUBOCTI.

BrnacTuBOCTI CKISHUX BOJIOKOH 3aJIeKaTh: BiJ XIMIUHOI MPUPOIM KOMIIOHEHTIB, CIIOCOO0Y 1
TEXHOJIOTIYHMX MapaMeTpiB OJepKaHHsI, B/ JlaMeTpy €JIEMEHTapHOT0 BOJIOKHA.

BuxigHnumu marepiamamMu JUis OJEp’KaHHS CKJIOBOJOKHA € TJIMHO3€M, KPEMHE3eM, OKHC
KaJIBIi10, OKKUC MarHito, OOpHUN aHTIAPU]I Ta CHEIlialbHI J0JaTKA (MarHidaTlOMOCHIIIKaTHE) CKJIIO.

Haiibinbimoro nommupeHHs 3100y BOJIOKHA 3 TAKUX BUIB CKJIA!

- A-CKJIO — BHCOKOJTY>KHE (BaITHSHO - HaTP1€BE)CKIIO;

- C-ckI10 — XiMIYHO CTiliKe (HaTpiiibopocHTiKaTHE)CKIIO;

- E-ckio — enexrpoizossiiitae (amoMo00pOCHITIKaTHE )CKIIO;

- S-CKJI0 — BUCOKOMIITHE (MarHiiatoMOCHITIKATHE )CKIIO.
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BracTuBOCTI CKJISIHMX BOJOKOH BKa3aHWX MapoK mojaHi B Tabmuii 7.2. BucokoMmiliHi,
BHCOKOMO/TYJIbHI CKJIOBOJIOKHA OJIEP>KYIOTh 3 AJIFOMOOOPOCHIIIKATHOTO 1 MarHidaIrOMOCHIIIKaTHOTO
ckna. llpomec onepxkaHHA CKJIOBOJIOKOH Moxe OyTu ofHo- abo nBocramiinum. Ilpm
OJIHOCTAJIHHOMY TMpOIleCi MOAPIOHEHY CyMilll KOMIIOHEHTIB MOJalTh y mid. Po3romieHa maca
MOCTyNA€E B 00JIaHAHHS JIJIST PO3TOMHOTO (hOpMYBaHHSI.

Tabnuys 7.2.
BiacTHBOCTI CKJIOBOJOKOH
. Mapka ckJa
BaacruBocTi A C E S
T'ycTuHa, Kr/M° 2500 2490 2540 2480
Minnicts npu po3rary, Mlla 3033 3033 3448 4585
BimHOCHE BHIOBXKCHHS IPU PO3PUBI, Yo - 48 48 5,7

Monynb npyKHOCTI IpH PO3TATY,
MIlall10
KoedirienT miniitHOrO
TEPMIYHOTOPO3UIHPEHHS, [ 10°, K
Temnepatypa po3m’sikiieHHs, °C 727 749 841 —

50,0 69,0 72,4 85,5

1 8,6 7,2 5,0 5,6

OcHOBHI cTafiil ofiep>KaHHs CKJIOBOJIOKOH 3a IBOCTAAIMHNUM IPOLIECOM:

- PO3MEJICHHS 1 3MIITyBaHHIKOMITOHEHTIB;

- TOIUICHHS, OJiep>KaHHs HamiB(haOpuKary (CKIISHI KYJIbKHU AiaMeTpoM OJnu3bKo 20 MM,
a00 KOPOTKICTEepXKHi);

- 3acunaHHA HamiBpaOpHKaTy B IUIaBUIIbHI GOPMHU (YOBHUKM), IIJIABJICHHS MIPH
temneparypi 1200 + 1400°C;

— BUTATYBaHHS UM BUJyBaHHS HETIEPEPBHUXHUTOK;

- HAOJIIFOBaHHSI YNANIPETyBaHHS;

- HaMOTYBaHHS BOJIOKOH HabOO1HY.

I3 ckiaoMacu BUTATYIOTH YU BUAYBalOTH uepe3 (QuIb’ €pH, LI0 3HAXOIATbCA B JHI
CTOIUTIOBAJILHUX ()OpM, HETIEPEpPBHI €JIEMEHTApHI BOJOKHA, SIKI YTBOPIOIOTH KOMIUIEKCHI HUTKH.
KommnekcHi Hutku mMaroth 51, 102 un 204 enemeHTapHUX BOJOKOH. BOHM NpoXoAsTh yepe3 BaHHY
13 3aMaciloBaYeM YM alpeToM, 1 Micisl BIATUCHEHHS HA/UIMIIKIB PIJMHU iX HAMOTYIOTh Ha 600iHY.

3amacmioBay (LUIIXTa) 3aro0irae 3JIMINAHHIO KOMIUIEKCHUX HUTOK (JDKTYTIB), Hajlae iMm
THYYKOCT1 1 3amo0irae CTUpaHHIO MpH MOJANbLIIM mepepoOui. 3amaciioBad BMIILye MaCTHIIbHI
peuoBHHM (MiHEpalbHI OJMBH, >KUPHI KHCIOTH), 3B’sI3HI (TMONIBIHUIOBMH CIHPT, OEKCTPUHY,
napadis, MOJIIBIHIIALIETaT ~ TOWIO), MOBEPXHEBO-aKTHBHI ~ PEUYOBHMHU  (aMIHOCIUPTH,
HETHIITPUMETHIAMOHIHOpOMif To10). Takum YnHOM, CKIISIHI TKAHWHU, HUTKH 1 CKJISTHI MaTH MaroTh
Ha CBOiM MOBEpXH1 3HaYHY KUIBKICTh 3aMaciioBaya.

B npucytHocTi 3amaciioBaua 3MEHIIYEThCS 3JATHICTh 3B SI3HOTO JI0 3MOYYBaHHA 1
3HIKYETHCS MOTO are3is 10 CKISTHUX BOJIOKOH, IO TIOTIPIIY€e BIACTUBOCTICKIJIOTIIIACTHKIB.

Tomy mnepen BHUKOPHCTaHHSIM CKJIOBOJOKHHCTHX HAIlOBHIOBAauYiB HEOOXiJHO MPOBECTH
YCYHEHHSI 3aMacilioBaya 3 MOBEPXHI CKISHUX BOJIOKOH 3a JIOTIOMOTOI0 OPTaHIYHHUX PO3UYMHHHKIB
(manmpukinaa, 6eH3uHY), a00 X TepMiuyHOIO 00poOKor0 Mpu Temmepatypi 200 + 450 °C.

OOpoOka CKISHUX BOJIOKOH ampeTaMH MiJABUILYE aAre3it0 10 HUX MOJIMEPHOI MaTpHIIi.
Tunanpery 3aleXuTh BiJl CKJIAAy CKIOBOJOKHAa 1 3B’s3Horo. Sk ampern Haifuyacrime
BUKOPHUCTOBYIOTHCAKPEMHINOPraHiuHl CHOJYKH (METWI-, €THWJIXJOp- 1 €TOKCHUCWIAHU 1 1H.) Ta
METaJIOpraHivyHi COTyKH. MIIIHICTh CKIITHUX BOJIOKOH 3aJICXKHTh BiJ 1X JiaMeTpy, 301IbIIYI0OUNCh 13
3MEHIICHHIMOCTAaHHBOTO. TEeKCTWIBHIN 00poOIll HalKpamie MiUIsraloTh CKJISIHI  BOJIOKHA
niamerpoM 4 + 7 MkM.IIpy BUPOOHUITBI CKJIOBOJOKHHCTOTO aHI30TPOMHOIO MaTepially THITY
CBAM BHKOPHCTOBYEThCACIEMEHTAPHE CKIOBOJIOKHO miamerpoMm 15 + 30 mxwm. Ilpu 3pocranHi
niamerpy CKIsSHHX BosiokoHBi 10 mo 100 MKM MIIHICTP TpU  PO3TATY OPIEHTOBAHOTO
€MOKCU(EHOIBHOTO CKIIOMIACTUKY
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3menmyetbes Bif 1700 MIla mo 900 MITa.

EnemeHTapHe CKJISIHE BOJIOKHO BHKOPHCTOBYETHCS SIK apMyBaJIbHUI HAIOBHIOBAY MpHU
BurotoieHHi CBAMy. V BHpPOOHHMITBI I1HIIMX THUIMIB CKJIOIUIACTHKIB BHKOPHCTOBYIOTh
CKJIOBOJIOKHHMCT1 HAaITOBHIOBAY1 y BUTJISL: 1) KOMIUIEKCHUX HUTOK (HETIEPEPBHUX UM IITANEIHHUX ),
a TaKOX JDKTYTIB, 2) CKJISTHUX TKaHWH 1 3)MartiB.

Sk mosiMepHiI MaTpuIll CKJIOIUIACTUKIB BHUKOPHCTOBYIOTHCS TMEPEBAXHO TEPMOPEAKTHBHI
3B’s13H1 (ToJiecTepHi, penono-popmanbaeriayi, KpeMHidopranivsi i iH.) Panimne Bxxe BKa3zyBajoch,
0 3B’S3HI MPOCOYYIOTH HAMOBHIOBAY 1 MICHS 3aTBEPKCHHS CKJICIOIOTh MK COOOK OKpemi
BOJIOKHA (IIapy HAMOBHIOBaua), 3a0€3MeUyrodr CIHiBAiF0 X B KOMIO3UTI. [[isi BUKOHAHHS i€l
(GyHKII11 3B’ 3H1 TOBUHHI 32/I0BOJILHATH TAKUMBHUMOTAM:

1. MaTH BUCOKY KOT€31HHYMILIHICTb;

2. 3a0e3medyBaTy rapHy 3MOUYIOUY 37aTHICTH 1 aAre3ito 10 CKISHOTOHAIIOBHIOBAYA,

3. MaTH HE3HAYHY YCaJKy, [0 HE BUKIUKAE YTBOPEHHS B 3B’ I3HOMYMIKPOTPIIIIHH;

4, IIBUKO 3aTBEP/HKYBATHUCS (110 MOYKJIMBOCTI 0€3 BUALICHHS JETKUXIIPOIYKTIB);

S. TPUBAINN yac HE 3MIHIOBAaTH B’SI3KICTB, 06
320€31CUUTH MPOCOYYBaHHS  CKJISIHOTO HAIlOBHIOBaYa JI0 reJIeyTBOPEHHS (TOOTO

30epiratu TPUBATYKUTTE3NATHICTB).

Kpim Toro, 3B’43He MOBHHHO BIANOBIaTH BUMOTaM, II0 BUCYBAIOTHCA 10 TOTOBUX BUPOOIB,
SK-TO: MaTH BUCOKY IITHBHICTb, TEIUIOCTIHKICTh, XIMIYHY CTiHKICTh, BUCOKI €JIEKTPOI30JIALiHHI
BJIACTHBOCTI, IOBIOBIUHICTh IIPU €KCILTyaTallii B pi3HUX YMOBAax TOMIO.

OcTaHHIM YacoM sIK MOJIMEpHE 3B’S3HE BHKOPUCTOBYIOTH TEPMOILIACTH (IIOJIIPOIIiJICH,
rmoriamiau 1 iH.)

Ioniecmepni _cwonu

st ofpeprkaHHsI CKIIOTUIACTUKIB Y CBITI IIUPOKE 3aCTOCYBaHHS 3HANIILIN MOJiecTepHi
CMOJTH.

Tax, B CIHA 6inbire 80 % CKJIOMIACTUKIB BUTOTOBIISIOTh HA OCHOBI MOJIIECTEPHUX CMOJI.

VY BITUM3HSAHIN POMUCIOBOCTI /ISl BUTOTOBJIEHHS! apMOBAHUX IJIACTUKIB BUKOPUCTOBYIOTh
HEHACHYeHI IOJIIeCTepHI CMOJIM pi3HOMaHiTHOro mnpusHaueHHs: IIH-1 — cmona 3araiabHOrO
NpU3HauYeHHsA, gka micTuth ctupoi; ITH-11 — cmona 3arampHOro mpu3Ha4YeHHs, sIka HE MICTUTh
netkoro MoHomepy; ITH-3 — cmona miaumenoi terioctiiikocti; [TH-1C, TTH-3C 1 ITH-6 — cmonu
T IBUIIICHOT BOTHECTIHKOCTI, 0 MicTaTh ctupos; [TH-62 i [TH-63 — cMouwm, 1110 He MICTATh JIETKOTO
MOHOMeEpY 1 MalOTh B 3aTBEP/PKEHOMY CTaHi MiIBUIIEHI TEIUIOCTIHKICTh 1 BOrHeTpuBKicTh; I[TH-10 —
CMoJIa 3 IMiIBUIIEHOO CTIMKICTIO 70 1ii Boaw 1 kuciot; [TH-2 1 [THM-8 — cmom, 110 3aCTOCOBYIOTh
SIK 3B’SI3H1 JJIsl BATOTOBIICHHS CBITJIONPOHUKAIOUUX BHPOOIB.

[lepeBaru mosiecTepHUx cMoi: 1) nemeBu3Ha; 2) 3aTBEPAKEHHS MPU HU3bKIA (KIMHATHIN)
TemIeparypi.

Henoniku nomiecrepHux 3B’SI3HUX: 1) MiABHILEHA TOPIOYICTh; 2) HHU3bKA TEIUIOCTIMKICTh
(120 °C); 3) mporec 3aTBEepHKEHHS MOMIECTEPHUX CMOJ CYNPOBOIXKYETHCS BUIUIEHHSM BEITUKOL
KUIBKOCTI Teruia, 301JIbIIEHHSIM I'YCTUHHU 1 3MEHIIEHHSIM 00’ €My CMOJIM, TOMY YCaJKa MOJIIeCTePHUX
cmon gocsirae 7 + 11 % (imomi 15 %); 4) HU3bKA XKUTTE3AATHICTh (Onm3bko 1,5 rTommnM); 5)
HU3bKa a/Ire3isl 10 CKIITHUXBOJIOKOH.

Enoxcudni _cmonu

Y NOpOMHCIOBOCTI HIMPOKO BUKOPUCTOBYIOTH JEKIIbKa BUAIB EMNOKCHIHUX 3B’ S3HHX:
enokcumianosi (E/-22, EN-20, EN-16 Tomo), enokcunoBonauni (EH-6, S5H Tomo);
mukioamidaruuni (YI1-612, VII-672 tomo). [ns mapyBaTux IUIaCTHKIB B YKpaiHi po3poOiieHi
enokcuHi 3B’ s13H1 cepii [TOJIIKOM.

[lepeBarn emokcUOHUX 3B’S3HHUX: 1) BHCOKa aare3is A0 CKISIHUX BOJOKOH; 2) BHCOKI
MEXaHIYHl 1 JIeIEKTPUYHI XapaKTepUCTUKH; 3) Mayia ycajJka NpH 3aTBEP/KEHHI; 4) B MpoIleci
3aTBEpPIKCHHS HE BUAUIIETHCS BOJA 1 JIETKI PEYOBHUHHU, IO JO3BOJSIE TPU BHUTOTOBIEHHI
€MOKCHUILIACTIB 3aCTOCOBYBaTH HU3bKMM THUCK (110 0,7 MIla); 5) nocTtaTHs XIMIYHACTIUKICTB;

6) 34aTHICTh CyMILIyBaTUCS 3 IHIIUMH CMOJIAMH.
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Henoniku enokcuaaux cMoit: 1) HeocTaTHs TEPMOCTIHMKICTD; 2) BUCOKA BapTICTh.

Denono- hopmanvoeioni cmonu

JIns1 BUTOTOBJICHHSI CKJIOTUIACTUKIB BHKOPUCTOBYIOTH HOBOJIAYHI (peHOJIO-(HhOpMaIbaeTiTH1
cmomu (Hanpukian, CP-010 romo) ta pezonabHoro tuny (6akenitosi naku JIBC-1, JIBC-4, JIBC-9,
JIBC-20 To1mo).

JIJist BUTOTOBIICHHSI CKJIOBOJIOKHUCTHX TPEC-MaTepialliB MHUPOKO BHKOPUCTOBYETHCS TAKOXK
MoaudikoBaHe MOJiBIHUIOyTHpaneM deHono-popmanpaeriqae 3B’s3He P-2M. Ha #ioro ocHoBi
BUTOTOBJISIIOTH CKJIOBOJIOKHUCTI mipec-marepianu Al-4B, AT-4C, AT-4HC, 1CB-4P-2M, JICB-2P-
2M, CBAM-P-2M, HIIC-]] To1o.

[TepeBaru (enono-popmManbaeriTHIX cMOJ: 1) BHCOKI TEIUIO- i TEPMOCTIUKICTh; 2) BHCOKI
MEXaHIYH1 BJIACTUBOCTI (MOIYJIb MPY>KHOCTI, TBEPICTH TOIIIO).

Henomnixu denono-popmanpaeriqaux cMoir: 1) BUCOKa KPUXKICTB; 2) HEAOCTATHS aresis 10
CKJIOBOJIOKOH; 3) BUCOKa ycaaka 6 +~ 9 %; 4) npu 3aTBepakeHH] (HeHoI10-PopMalbIeTiTHUX CMOJ

BUJIUSIETBCS 3HAYHA KIJTBKICTh JICTKHX PEYOBHH, 10 BUKIIMKA€ HEOOX1THICTh 3aCTOCYBAaHHS
BHCOKOT'O THCKY IIpU BUTOTOBJIEHHI BUp0OiB (10 40 MIla).

st YCYHEHHS HEJIOJTIKIB denono-popmanbaeriaHi cMOJIU MOJU(IKYIOTH
MOJIIBIHIIANETANIAMY, EMOKCUAHUMH, (QypPyponbHUMHU, KpPEeMHIHOpPraHIYHUMH TMOJIMEpaMHu.
Hanpuknan, nomniBiHiopManbeTHIIANb BXOAUTD Y Ckias 3B’ ss3H0ro BOT, a ypdypon — y 3B’ s13He
OH.

Kpemniiiopeaniunicmonu

Kpewmuiiopraniuni ~ CMOJM  3aCTOCOBYIOTH  JJIi  BUTOTOBJICGHHS  CKJIOIUJIACTHKIB
TEPMOI3OJISIIHHOTO 1 €JICKTPOI30IAIIIHOTO TPHU3HAYCHHS.

[lepeBaru kpemHifiopraniyHux cMoi: 1) Bucoka TemnocTikkicTs (mo 250 °C); 2) ximiuHa
CTIHKICTh, BOJOTPHUBKICTh; 3) BHCOKI JMJICJEKTPUYHI BJIACTMBOCTI Yy IIUPOKOMY I1HTEpBaii
TeMIeparyp iBOJIOTOCTI.

Henomiku kpemHiOpraHiYHUX CMOJI: KPHUXKICTh, HEIOCTaTHS MEXaHIYHa MINHICTh. s
M1ABUILEHHS MEXaHIYHUX BJIACTUBOCTEN KPEeMHIHOpPraHiuHi MoJiMepU MOJU(IKYIOTh EOKCUHUMH,
(dhenono-hopmManbAETITHUMU U HITUMUA CMOJIAMH.

Honiamiou

Sk moniMepHy MaTpHII0 BUKOPUCTOBYIOTH alihaTHuHI moJjiamiau (KampoH, nojiiamin 6,6,
nosiamif 6,10, momiamia 12) 1 TepMocTiiiki apoMaTuyH1 ojiamiau ((heH1IoH).

[TomiaMigu BUIINSIOTHCSA CEpel TEPMOIUIACTIB BUCOKOIO MIIHICTIO TIPH PO3PHUBI, YAapHOIO
B’SA3KICTIO, HU3BKUM KOE(QIIIEHTOM TEPTS, BHUCOKOK 3HOCOCTIMKICTIO, CTIMKICTIO 1O OUIBIIOCTI
OpPraHiYHUX PO3UYMHHMKIB, HU3BKOIO B’SI3KICTIO PO3TOITY.

Henonikom mosmiamimiB € BIACYTHICTh CTIHKOCTI O PO3YMHIB KHCIOT 1 OKHCHIOBAYIB,
HE/OCTAaTHS  TEIJIOCTIMKICTh  amidaTMUHMX TodiaMigiB  (metani 30epiraioTh ¢opMmy THia
HaBaHTaXeHHsM 710 50 + 65 °C, 6e3 HaBanTaxxkeHHs — 10 140 + 150 °C).

Bracmueocmicknonnacmukie

SIK Bke BKa3yBaJOCs paHillle, MII[HICTb CKJIOIUIACTUKIB 3MIHIOETHCS B IIUPOKOMY 1HTEpBai
B 3QJEKHOCTI BiJl BJIACTUBOCTEH KOMIIOHEHTIB, I1X CTaHy, CTYINEHS TEKCTHJIBHOI TepepoOKH
apMylOuoro HaloBHIOBaua 1 TexHojorii nepepoOku. B Ttabmumi 7.3 mojaHi BIACTHBOCTI
CKJIOTUTACTHKIB Ha OCHOBI (heHOJ0-(popMaIbIAeTiHOTO 3B’ SI3HOTO, a B TaOyuwui 7.4 — BJIACTUBOCTI
TeSIKUX CKIIOTEKCTOITIB.

HaiiG1apIm BUCOKI eKCIUTyaTalliiHl XapaKTEPUCTHUKHA MalOTh OJTHOHAIPaBJICH] CKJIOIIACTUKH
Ha OCHOBI €IOKCHIHOTO 3B’ s13HOTO (Tab1.7.5).

CKJIOIIACTUKY BUKOPUCTOBYIOTH Ui BUTOTOBJICHHS 3HAYHO HABAaHTa)XKEHUX BUPOOIB, 1110
MPALOIOTh B CYXHX 1 BOJIOTUX cepeoBUIIax MpHu Temnepatypi 1o 350 °C, a Takox 11t BUPOOiB, AKi
MarOTh BUCOKI JIIETIEKTPUYHI BJIACTHBOCTI 1palioNpo30piCTh.
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Tabnuys 7.3.
Mexaniuni i Teniogizu4HI BJACTUBOCTI CKJIOIJIACTHKIB HA OCHOBI (peHO10-
¢bopmanbaeritTHOro 38’ A3HOTO
Buj ckionjactuky
. i ) = o |AI'-4C crpiuka | 1CB-4-P- | ICB-2-P-
BaacruBocri AI'-4C/AT-4B| I1-5-2 20 MM M M
3 1700-| 1700- | 1700-
['yctuna, Kr/™m 1900 | 1900 | 1900 1700-1800 |1700-1850|1700-1850
MinnicTts, He MeHIIe pu po3tary, | 500 | 80 | 300 40 — —
MlIla 200 | 130 | 130 120 130 130
upu crichetil, MIla 250 | 120 | 140 110 200 240
npu BuruHi, Mlla
V napHa B’s13KicTh, KJDK/M° 150 | 30 50 — 70 70
Tennocriiikicts 3aMaptencom, °C | 280 | 280 — 280 280 280
Bogonornunanss 3a
24 rox., % 02 | 02 | 1,7 0,2 0,22 0,2

CKIIOTIIIaCTUKN 3 OPIEHTOBAaHMMH CKJIOBOJIOKHAMH BHUKOPHUCTOBYIOTHCS B TPAHCIOPTHOMY
MalIMHOOYyBaHHI (CHJIOBI €IEMEHTH aBTOMOOLTIB 1 BaroHiB, HUCTEPHU, Oaku 1 TpyOOIpOBOIU), B
JiTakoOyayBaHHI (CHIJIOBI 1 JOMOMIXKHI €JIEMEHTH JIITaKiB 1 TEJIKONTEepiB), B pakeToOyTyBaHHI
(koprycu JBUTYHIB, pacTpyOu cormen, oOTikadi, 0aJoHHM BHUCOKOTO THUCKY TOIIO), B OyIyBaHHI
(obnuioBaNIbHI TaHeNl, TpyOu TOIIO), B CUIbCHBKOMY I'OCIIOAAPCTBI (CUJIOCHI OAllTH, TEIUIMI), B

X1Mi4Hil TPOMHUCIIOBOCTI (KOPO31MHOCTIHKI €EMHOCT1,TpYOH).

Tabnuys 7.4.
MexaHiYHi BJIACTHBOCTI JeIKNX CKJIOILIACTHKIB
Mapka CKJIOTeKCTOJIITY
CT-911C 2d 32-301 dH CKM-1
IToxa3nuku . €IIOKCHUIHO- €HOJIO- OJIb- KpPEMHI-
froecTep q)eHonHLHa ?IO-@Ophiﬁ(izgﬂHa ograHqua
Ha cMoJa
cMoia cMona cMmona
Minnicts pu po3Tary, Mlla 430 408 350 210
B3/I0B>K OCHOBH B3/IOBXK YTOKY B 295 195 170
MinnicTts nipu ctucHenHi, MITa
B3J/IOBX IIapiB 153,5 260 107 61
MIEPIEeHIUKYJISIPHO 1IapiB — 420 — —
Minnicts npu Burusi, MIla 270 414 2135 140
VY napHa B’SI3KIiCTb, K JDK/M°
B3J0B)K OCHOBH 525 148 180 60
B3JIOBX YTOKY — 120 — 55

Tabnuys 7.5.

MexaHiyHi BJaCTHBOCTI OJHOHANIPABJICHUX CKJIOIIACTHKIB HA OCHOBI CKJISIHUX
BOJIOKOH Pi3HOI0 XiMi4YHOI0 CKJIaAy i eMOKCHIHOIO0 3B’A3HOI0 (BMICT CK/JI0BOJI0KHA 70 00.%)
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Cepennsi | Monayuab MinHicTh Monayab MinHicTh
MIIHICTD | IPY’KHOCTI | CKJIOIVIACTUKY | MPY’KHOCTI CKJIOILIACTUKY
Tun Bos1oKHA BOJIOKOH, | BOJIOKOH, | MIPH PO3TArY, | CKJIOIIACTUKY, | IPH CTHUCHEHHI,
Mlla Mlla Mlla Mlla Mlla
AJIOMOBOPOCIIIKATHE| 5 gy | 74 g0 1850 58 000 1500
(E-ckm0)
MarnesiabHo- 5000 | 95000 2 500 70 000 1950
TIOMOCHJTIKAaTHE
Bucoxomonynsne 4500 110 000 1920 78 000 2000

CKIIOIIACTHKH, SIKI apMOBaHI JTUCKPETHUMH (PYyOaHWMH) CKIOBOJIOKHAMH 3aCTOCOBYHOTHCS
B CyAHOOynyBaHHI (YOBHH, SIXTH), B aBTOOyqyBaHHI (KOHCTPYKLIWHI €JIEMEHTH JIETKOBHX 1
BaHTQXXHUX aBTOMOOLNIB), B OyayBaHHI (JIUCTOBI MaTepianu, AayHl OyIWHOYKH, IIaBajIbHI
OaceliHu, CBITJIONPO30pa MOKPIBIISITOMIO).

ApMYIOUMMH HAITOBHIOBaYaMM TEPMOILIACTIB MOXKYTh OyTH KOPOTKi (JOBXKUHOIO 3 + 12 MM)
BOJIOKHA fiameTpoM 9 + 13 Mkm. CTymine HanmoBHEHHS KoMIo3uTiB — 10 + 50 mac.%.

HanoBHEHHSI CKJIOBOJOKHOM 30UIbIIYy€E MIIHICTh TEPMOIUIACTIB B 2 + 3 pa3u, MOAYNb
NpyXHOCTI — B 3 + 5 pasiB, 30unbirye TemocTiiikicts Ha 50 + 180 °C, mokpairye cTabiTbHICTD
po3MipiB getainieir. B Tabmuigx 7.6 1 7.7 monmaHi BJIACTHUBOCTI CKJIOIUIACTHUKIB HAa OCHOBI
TEPMOIIIACTIB MEPIIOTO 1 IPYroro MOKOJIIHHS.

Tabnuys 7.6.
BiacTHBOCTI CKJIOIVIACTHKIB HA OCHOBI TePMOILIACTIB MEPLIOTro NMOKOJIIHHSA

MMoainpomi- [[TA-6 + ABC + [[loaiane- |IToaioyTusiex [lomikap-
Iloxa3HuKH VIeH + 30% CB|30% CB| Taab + | Tepedranar [0onar +

20-40% CB 30%CB | +30% CB 30%CB
['ycTuua, Kr/m° 1050 + 1240 | 1370 | 1280 1630 1520 1350
Minnicts npu po3tary, MIla| 45+ 50 161 100 137 137 112
Moysb IPYXKHOCTI IPH 2000 +3200 | 8400 7700 9800 10000 5600
BuruHi, MIla
'Y napHa B’SI3KICTb, KI[)K/MZ 30 120 75 100 140 110
TemnepaTypapo3m’AKIIEHHS 135 217 105 165 220 146
npu BuruHi (P=1,8 MIIa),’C

Tabnuys 7.7.
BaacTuBoCTi CKJIOIUIACTHKIB HA OCHOBI TePMOILIACTIB APYroro NOKOJIiHHA.

Iouri- IToaiedip- |Ioaiedip-| Ilomaideni- Iouniegip-
cyabdon + | cyabdon iMin + | Jencyabgin | epipkeron +
TokasHiukn 30% CB | +30% CB | 30% CB | +30%CB | 30%CB

I'ycTrHa, KT/M° 1450 1600 1570 1560 1490

Minnicts npu postary, Mlla 126 133 200 140 175

Moﬂy;‘;;?“h‘jg;‘ rpu 8400 8400 8800 11200 7700

Y napHa B’SI3KICTb, KI[)K/M2 97 80 90 150 115
Temneparypa po3m’ sIKILIEHHS

npu urui (P = 1,8 MITa), °C 185 213 210 260 316

B  VkpaiHi CkJIOHAamoBHEHUH TMOJIMPOIIJIEH BHUIOTOBISAE TEXHOJOTIYHUH [HCTHUTYT
“Apmorutact”, a ckimoHanoBHeHud nomiamin — BO “Cxnomactux" (M. CeBepononennpk). B Pocii
ckioHanoBHeHHH noninponiien (APMJIEH) i cknonanoBHenwmii moiamin (APMAMMU) Bunyckae
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HBII “ITonmimnactik” (M. Mocksa).

AHTHQPUKITIHHI CKIIOHATIOBHEH] TOJIiaMild BUKOPUCTOBYIOTh Il pOOOTH y By3jaxX TEPTs
MallMH 1 MEXaHi3MiB, CKJIOHAllOBHEHUH WOJIMPOMJIeH — JJI BHUTOTOBJICHHS JeTanel
€JIEKTPOBUMIPIOBAIBHOI Ta MOOYTOBOI amapaTypd, a TaKO0X KOHCTPYKUIHHUX €JIEMEHTIB, IO
MPAMIOIOTh B XIMIYHO arpeCHUBHUX CEPEIOBHINAX (HANPUKIIAT, BEHTUJI JUIs TalbBaHIYHUX BaHH).
CKJIOHAIMOBHEHI TOJiaMiIx 3 TiABUIIEHOIO MIIHICTIO (Tab. 7.8) peKOMEHAYIOTh /I BUTOTOBJICHHS
BUCOKOHABAHTAKEHMX JeTajeil, Tak sK ix MexaHiudi BiactuBocti Ha 30 + 50 % Bummi, HIX
BJIACTUBOCTI CKJIOHAITOBHEHHUX TI0JIIaMi/IiB, 110 BUITYCKAIOTHCS CEPIHO.

Buennmu Texnomoriunoro Iucruryry “Apmorutact” (M. CeBepogoOHENBK) po3pobieHi
JUCTOBI MaTepiayii Ha OCHOBI CkjJoHamoBHeHoro mnominpomnuieny: JICT-IIT 1 “JIMCI'AP”. L
KOMITO3UTH € aHajoraMu 3apyODKHUX JHCTOBHX CKJIIOQPMOBAaHUX TEPMOIUIACTIB (HAMPUKIA,
Mmarepiany “Azdel” hbipmu GEPlastics).

JICT-IIIT — >KOpCTKHMII TepMOIUIACTUYHUEN mpec-marepian. [lo #oro ckimaay BXOISTH:
MoAuGIKOBaHUN TOMINpoNiieH (TojiMepHa MAaTPHIlA) 1 CKJIOMOJOTHO 3 HEMEPEePBHUX CKIISTHHX
HUTOK, IO 3’€HaHI MK COOOI0 NUISXOM TOJKONPOUIMBAHHSA YH TNPOCOYYBAHHS MOJieQipHUM
3B’SI3HUM. TakuM YMHOM, HAMOBHIOBAY Y KOMIIO3UTI 3HAXOJAUTHCSA Y XaOTUYHOMY cTaHi. CTymiHb
HAMOBHIOBAHHS KOMITO3HUTY cKiamae 65 [1 5 %. CywmilieHHs TOJIpoIijeHy i3 CKIIOHAMOBHIOBAYEM
3MIACHIOETBCS Ha cTpiukoBoMy mipeci. CTpiukoBUH TMpec — ABOSIPYCHHM TpaHCHOpTEp i3
HECKIHYEHHHX CTAJIbHUX CTPIYOK, IO HATATHYTI HA MpUBiAHI 1 Beaydi 6apadanu. CyMiKHI TTSTHKH
CTPIYOK 1 YTBOPIOIOTH (POPMYIOUUI KaHaI.

Tabnuysa 7.8.

BiaacTuBoCTi CKIIOHATIOBHEHHX MoJTiaMigiB 3 miaBumenor mimuictio ( TY 6-19-073-
108-89)

BAACTHEOCTI Moniaminna maTpuus
IT1A-6 ITA-66 ITA-610
I'ycTuHa, Kr/M° 1350+ 1380 | 1350 + 1380 | 1290 = 1330
Minnicts, Mlla 170 180 147
IIPU PO3TATY NPH BUTHHI 240 255 225
VapHa B’s13KicTb, KJ[K/M° 50 45 35
Tennocriiikicts npu Burudi (P = 1,85 MIla), °C 204 250 204
Ycanka, % 0,3+0,6 0,6 +0,9 0,4+0,6
Bogonornuuanns 3a 240FOI[I/IHI/I (1o Hacu4eHHS), 1,05 (7,0) 1,05 (6,8) 0.4 (2,1)
%
[Tutomuii 06’ eMHMI enekTpuaHUi omip, Om[leM 1014 1015 1015

OcHOBHI niepeBaru Matepiany — JIETKiCTh HOro nepepoOKu y BUpOOH MPSMUM HPECyBaHHSM,
MOJIMBICTh BUTOTOBJICHHS CKJIQIHUX 32 KOH(ITYpaIl€ro 1 JEKOPOBAaHUX BUPOOIB.

Marepian “JIMCTAP” — M’SIKkuil MOJIOTHO-MOAIOHMI MaTepiay, IO CKIAJAETHCS 3
MMOPOIIKOBOTO TOJIMPONUIEHY 1 PyOJeHUX CKISHUX MOHOBOJIOKOH. BMICT B HBOMY CKIISTHHX
BOJIOKOH — 65 [] 5 mac. %.

Marepian onepXKyrTh 3a ManepopoOHOI0 TEXHOJOTIED 3 BUKOPUCTAHHSM BOJJHOI PIAKOT
¢da3u, B Kl MPOXOAUTH PO3IICTICHHS KOMIUIEKCHUX CKISTHMX HUTOK Ha MOHOBOJIOKHA. Y BOJHY
a3y TakoK BBOAMUTHCS MOPOIIKONOAIOHUN TepMoruiacT (mosninpomnisieH). [loTiM BoiHa aucnepcis,
sKa BMIIIYE CKJISSHI MOHOBOJIOKHA 1 TOJIMPOIIiNIEH, BHJIMBAE€THCA HAa ciTUyacTHil koHBeep. Boma
BIJICMOKTY€TBHCA, @ (POPMOIIOJIOTHO CYIIUTHCS TapsYUM TOBITPSM, OXOJIO/DKYETHCS 1 3TOPTAETHCS Y
PYJIOH.

Martepian “JIMCTAP” moxe nepepoOtoBaTUCS y BUPOOH KPIM MPSMOTO MPECYBAHHS TAaKOXK
METOAaMHU TepMO(YOPMYyBaHHS.

Marepiamn  JICT-IIIT 1 “JIMCTAP”  BUKOPUCTOBYIOTHCA U1  BUPOOHMIITBA
KpynmHOraOapuTHUX JeTaliell Ul TPaHCHOPTHOTO MAIIMHOOYIyBaHHS (BHYTpIIIHIX MaHeNneH
JBEPILIT aBTOMOO1ITIB, MOJTMYOK, IOKPUIITOK aKYMYJISITOPHUX CKPUHBOKTOIIIO).
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BrnacTtuBoCTi TMCTOBUX MartepialliB Ha OCHOBI CKJIOHAIIOBHEHOT'O MOJIIPOIIJIEHY MOJaH] B
Tabyumi 7.9.

6.3.2. Byraemiactuku

[TnacTuky, siKi apMOBaHi BYIJIELIEBUMHU BOJIOKHAMH, MAalOTh BUCOKY TEIIOCTIHKICTh 1 HU3BKY
TeMIIepaTypy KPUXKOCTI (IIUPOKUH pobounii TemmnepaTypHuid inTepBai). Cepen ycix apMOBaHUX
IUTACTUKIB BYTJICIUIACTUKM MAalOTh HAWOUIBIIY >KOPCTKICTh 1 TEIUIOCTIHKICTh. Y TOPIBHSHHI 13
CKJIOIIJIACTHKAMH BYTJICIIACTHUKU MAIOTh OUIBLIY MUTOMY OPCTKICTh, BTOMIIIOBAJIbHY MIIIHICTD,
TpHUBaJy MilHICTh. TOMY BUKOPUCTAHHS BYTJICIUIACTHKIB HA OCHOBI BUCOKOMIITHHX

BHCOKOMOJYJIbHUX BYIJICIICBUX BOJIOKOH HaWOUIbII €(EeKTHBHO TOJMI, KOJIM HEOOXiIHO
3HH3UTH Bary BUpOOY i1 3a0e3meunuTd oMy HEOOXiIHY MIIHICTh 1 IITHBHICTh. BHCOKI MexaHI4Hi
BJIACTUBOCTI BUTIIHO BUAULIIOTH BYIJICTUIACTHKH Cepell KOHCTPYKIIMHMX MartepiaiiB. OcoOIHMBO
BHCOKI MEXaHi4HI BJJACTHBOCTI MAOTh OJTHOHAIIPABJICHI ByTJeruiacTuku (Tabm..7.10).

Tabnuys 7.9.

BaacTtuBocTi JiMCTOBUX MaTepiaiiB HA OCHOBI CKJIOHANIOBHEHOT'0 MOJIINPOIiJIeHy

JlucroBuii marepiaJua
BaacTuBocri JICT-IIII JIMCTAP
TY 6-19073102-89 | TY 6-48133729212-91

[lnpuHa, MM 450 + 1800 600
['ycTuna, Kr/M° , He Giiblue 1270 -
[ToBepxHeBa ryCTHHA, T/M° — 750 [0 100
Minnicts npu postary, Mlla, He menmie 70 86
Moyib npyXHOCTI ITpu po3Tsry, ['Tla, He MeHIe 5,8 4,5
Minnicts npu Burusi, MIla, He MeH1ie 112 140
'V apHa B’s13KicTh, KIDK/M° 36 50
Y napra B’s3kictb npu T =45 °C, kJlK/M°, He MEHIIe 33 —
Ternocriiikicts npu BuruHi (P = 1,8 MITa), °C 150 148

Bucoka CTIMKICTh BYIJIENIEBUX BOJOKOH JIO Aii OUIBIIOCTI XIMIYHMX peareHTIB (KpiM
OKHMCHIOBAYiB) J03BOJII€ BUKOPHCTOBYBATH BYTJIEIJIACTUKM INPU BUTOTOBJICHHI amaparypu JUls
XIMIYHOI TPOMUCIIOBOCTI.

Byriennactuku MaroTh HU3bKUH KOE]ILIEHT TEPMIYHOTO POZLIMPEHHS IMPU BUCOKIN TEIIO-
1 eeKTPONPOBIAHOCTI, IM IpPUTaMaHHA BUCOKAa 3HOCOCTIMKICTH 1 HU3BbKUI KOe(illleHT TepTs, 110
JI03BOJIsIE BUKOPUCTOBYBATH iX JUIi BUTOTOBJECHHS NIiAIIMITHUKIB KOB3aHHA. [liAMIMOHUKK 3
BYTJIEIUIACTUKIB MAlOTh MaJly Bary, MpaiolTh 0e3IIyMHO, MalOTh AEMI(YIOUy 31aTHICTb, MOXKYThb
npaiioBaty 0e3 3MarlyBaHHA. ToMmy iX MEpCHEeKTUBHO BUKOPUCTOBYBATH Yy By3JIaX TEPTS MAaIlUH i

MeEXaHI3MIB.
Tabauys 7.10.

BaacTuBoOCTI ByIJIenJIacTHKIB i 1esIKNX KOHCTPYKUiHMX MaTepiajiiB

IInToMmuii
. Monyab IMuToma
. I'ycruna | MinHicTs . .. MOZAYJIb
Marepian A 3 3| . AT NPYKHOCTI MIiIHiCTH .
110, kr/m° | 1107, IIa 10 TIa |10 Mand/xer | TRYAKHOCT
) ’ T 1107, Malm®/xr
EnokcuByriemiacTuk 3
BHCOKOMIITHUMU 1,6 130 17,2 82,2 10,8
BOJIOKHAMHU
3 BUCOKOMIITHUMH 1,7 56 20,4 33,0 12,0
BYIJICIIEBUMU BOJIOKHAMU
EnoxkcucknoruiacTuk i3 212 192 6,9 91 3,25
S-CKJIOBOJIOKHOM
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Cranb 7,8 100 20,7 12,8 2,66
CruiaBu

AIIOMIHIIO 2,7 34,5 6,9 12,8 2,55
MAarHiro 1,8 27,6 4.4 15,4 2,45
TUTaHY 45 93,1 11,0 26,0 2,45

3apa3z 10 70 % ByriemiacTukiB 3aCTOCOBY€ETHCS B JIITaKOOYIyBaHH1, paKeTHIH 1

KocMiuHiiiTexHimi. He3Baxkatoun Ha BUCOKY BapTICTh BYTJICTIIIACTUKIB, iX BUKOPUCTAHHS B IIUX

raimys3sx

€KOHOMIYHO BWTI/IHO, TaK SIK NPHUOYTOK BiJ 3HMKEHHS Mach KOMEPIIMHOTO JiTaka CKJIaJgae

150 $/kr, remikontepa — 300 $/kr, paketn — 10 000 $/kr, cKIagHOrO KOCMIYHOIO amapary —
50 000$/xkr.

CnoxuBaHHS [UX MPOTPECHUBHUX MaTepiaiiB 3pOCTae€ TaKOX B aBTOMOOLIEOyIyBaHHI, Tak
SIK 3MEHIIICHHSI MacH aBTOMOO1TIB JI03BOJISIE 3HU3UTH MOTYXXHICTh IBUTYHA 1 HOTO BapTICTh, & TAKOXK
CKOPOTUTH BUTPATH TaJIMBA.

ByriieriacTuky TakoX MUPOKO BUKOPHUCTOBYIOTHCS JUIsl BHPOOHHUIITBA CIIOPTIHBEHTAPIO 1
TOBapiB JJis BIANOYMHKY. Po3mmproerscs 00’e€M iX CHOXHBaHHSI 1 B CYyIHOOY1yBaHHI.
3acTocyBaHHS BYTJICIIEBHX BOJIOKOH 30umbInye Ha 14 % BuTpaTH Ha OyIIBHUITBO cyneH. Ale Ii
BUTPAaTH OKYIOBYIOTBCS MEHIIE, HDK 32 2 POKM 32 PaxyHOK 3HIDKECHHS MacH KOPIIYCY CY/IHA,
CKOpPOYECHHS BUTPAT MaJIbHOTO, MiABUIEHHS MIBUIKOCTI 1 BAHTAXOMIIHOMHOCTI CyaHa. 3pOCTAIOTh
00’eMH BUKOPUCTAHHSI BYTJICTUIACTUKIB B MEMIIMHI, POOOTOTEXHII1,0yAIBHUIITBI.

B Tabmaumi 7.11 momaHo MOTYXHOCTI 3 BUPOOHHWITBA BYIJIELIEBUX BOJIOKOH B JIESKHX
perioHax cBiTy. JloMiHyroue MOJ0KEHHS 3 BUPOOHUIITBA LILOTO MaTepiany (3a KUIBKICTIO 1 SKICTIO)
3aiimMae SnoHis.

Tabnuys 7.11.

IMoTy:kHOCTI i JOCATHYTI MAKCHUMATbHI MOKA3HUKH BYTJIENI€BUX BOJIOKOH B OKPEMHX
perionax cBity (1991 pik)

MakcuMAaJIbHO JOCATHYTI NOKA3HUKH
Perion [MoTyXKHICTB, T winmicrs, MITa MOYJb NPY’KHOCTI,
MIla
SInoHis 3700 7,2 500 + 785
CIIA 3350 5,6 350 +450
3axigHa €Bporna 1250 4.6 350 + 450
;l;{aHBaHL, [TiBnenna Kopes,I3pains 1 750 3.0+ 3.8 200 = 330

TakuM 4YMHOM, BYTJIELIEBI BOJIOKHA BHUTIJHO BIJPI3HAIOTHCS Cepell BOJOKOH CIEIiabHOrOo
MPHU3HAYCHHS KOMIUIEKCOM CBOIiX (Di3MKO-MEXaHIYHMX BIACTUBOCTEH, aje TaJlbMOM IS iX
IIMPOKOTI0 BUKOPHUCTAHHS 3aJIMIIAE€THCS BUCOKa BapTicTh. Cepell apMylOUHX HAllOBHIOBAYiB yacTKa
BYIJICIIEBUX BOJIOKOH ckiamgae 1 %, a yacTka y BapToCTi uX Matepiani — 25%.

Byzneuesi gonokna
Sk BUXiJIHY CUPOBUHY JJIsL OJIEp>KaHHS BYTJICIIEBUX BOJOKOH HAW4acTillle BUKOPHUCTOBYIOTh

BICKO3HI (11€JF0JI03H1) 1 OJIaKPUIIOHITPUIIbHI BOJIOKHA, @ TAaK0XK HAPTOB1 1 KaM’SHOBYTUIbHI CMOJIH
(mexm). 3a ¢i3UKO-MEXaHIYHUMHU BIACTUBOCTSIMH BYTJICIEBl BOJOKHA MOJUISIOTH HA: BUCOKOMIIIHI
(» 3 I'Tla); wmamBucokominui (> 4,5 I'Tla); mmsskomomynbhi (< 100 I'Tla); cepeaHbOMOIYIBHI
(= 200 + 320 I'TTa); BucoxomoaynbHi (> 350 I'Tla); ynpTpaBrcOoKOMOAYIbHI (> 4500 T1a).

[InsxoM mipoii3y B I1HEPTHOMY CepeloBHINI (a30Ti, aproHi) LETIOJIO3HUX BOJIOKOH
BUTOTOBJISIIOTh BYTJICIICBI BOJIOKHHCTI Marepiajd Pi3HUX TEKCTWIBHUX (GOpM (HUTKH, IKTYTH,
TKAaHWHM, HETKaHI MaTepiaad, MOBCTh TOINO), PI3HOMAaHITHUX BJIACTHBOCTEH, MpPH3HAYCHHS 1
obOmacTeli 3acTocyBaHHs (TEIUIO3aXHMCHI, BHCOKOMIIHI, 13 3aJaHUMH €JIeKTPO(DI3NIHUMH,
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COpOLiHIMHU, epO3ITHUMU I IHIITMMU XapaKTEPUCTUKAMHU ).

JUis opep)kaHHS BYTJIELIEBUX BOJIOKOH BHMCOKOi SIKOCTI BEJIMKE 3HAUEHHS Ma€ BUXIJTHA
cHpoBHHA. Pe3ynbTaTH [OCHI/DKEHb MOKa3add, M0 HAaWOUIBII TPUIATHOI CHPOBHUHOIO €
TiApAaTIEeN0I0O3H] HUTKH.

Ha mepmiomy erami mpu BUTOTOBJICHHI BYTJICIIEBHUX BOJIOKOH 3 T1APATIENIONO3U BHXiIHA
npsbKa (TKaHUM MaTepiall) IPOMUBAETHCA OPraHIYHUMU PO3UMHHUKAMHU YM ITOBEPXHEBO-aKTUBHUMU
PEUOBHHAMHU JIJIsl BUJJAJIEHHS OPraHiuHUX JOMIIIOK, SIKi MOXKYTh MOTipITUTHBIACTUBOCTI

BYIJIELIEBUX BOJIOKOH. Bojora Takox BIAHOCHTbCSA 10 HeOakaHUX JOMIIIOK, TOMY Iepes
KapOOHi3alli€l0 BUXIJHI BOJOKHA BHCYIIYIOTH mporaroM 0,5 + 15 rogun mnpu Temmeparypi
100 +230°C.

[Tporiec kapOoOHi3aIlii TiAPATIENIONO3U JONUIPHO PO3MOAUIATA HA JBI CTadil: Mipoii3y i
BiacHe kapOonizarii. Ilipomi3 rigpaTmentosiosn, IO CYHPOBOKYETHCS HANWOUIBII IIBUIKUM
MPOTIKAHHSIM XIMIYHUX TPOLECIB 1 BTPATO0 Macu MaTepiary, MPU3BOAUTH 10 OTPUMAaHHS BOJIOKOH,
mo MaroTh Juie 60 + 70 % Byrieuto. Brpata ocHOBHOI Macu mojimMepy HPOXOAUThH Y BY3bKiil
obmacti temreparyp B Mexax 200 + 350 °C. JIo OCHOBHUX MPOAYKTIB TEPMIYHOTO PO3Maay
LIEJIFOJIO3U  BIIHOCATHCS HU3bKOMOJIEKYISPHI JIETKI CIOJYKH, CMOJM 1 KOKCOBMH 3allUIIOK —
BYIJICLIEBE BOJIOKHO.

[Tiposi3 Hemon03u CYIpPOBOIKYETHCS CKIAAHUMU (DI3UKO-MEXaHIYHUMHU IEPETBOPEHHSAMHU.
Ha movaTkoBUX CTamisix TEpMOOOPOOKH MPOXOAUTH TIAPOII3 HENOJIO03H 32 PaXyHOK copOOBaHOT
Bosoru. Ilpu temmeparypax Onm3pko 200 + 220 °C mouMHaeThCs Jeriparailis LETI0JIo3U 3
YTBOpEHHSM Jierinponentonosn. [Ipomec BinOyBaeTscs mpotsarom mectu roauH. [lpu Temmepatypi
Buie 250 + 280 °C mouMHaeThCs AEMOIIMEpHU3allisi LETI0I03M 3 BUIAUICHHSM JIiBOTIIIOKO3aHY
(BMIO3MIHEHOT ~€JIEMEHTapHOI JIaHKWM [eroo3u). [lipomi3  [emroio3u  3aKiHYyeThCS  IIPH
temneparypax 300 + 350°C.

Ha ppyriii craaii (kapOoHi3anii) BiiOyBarOThCS MOJANbIII XIMIYHI MPOLECH 1 CTPYKTYpHI
NEPETBOPEHHS, SIKI MPU3BOJATH 1O YTBOPEHHs BYTJIELIEBUX BOJIOKOH 3 BMICTOM BYTJIEIto 710 95 %.
Huxns mexa TemnepaTypu kapOonizauii ckiagae 900 + 1000 °C, a sepxus — 1300 + 1500 °C.

OpneprkaHi BOJIOKHA IPOMMBAIOTh, a IMOTIM CYIIATh.

Yacto npoBoasaTh rpadiTH3allilo ByIJIeEeBUX BOJOKOH mpu Temreparypax 1800 + 2500 °C.
Ha wmiii cTanii mpoxoauTh Moasbllla apoMaTr3allis BYIJIELIO 1 yIOCKOHAJIEHHS CTPYKTYPH BOJIOKOH.
[Ipu npoMy BMICT BYIJIELIO Y BYIJIELIEBUX BOJIOKHAX jaocsrae 99 %. Jlns miBUILIEHHS MEXaHIYHUX
MPU3BOJIUTE 110 3pocTaHHs Moayist FOHra 1 mMirtHOCTiI BOJIOKOH. OcoOIMBO MeXaHIYHI BJIACTUBOCTI
3pOCTalOTh 3 MiJABUILEHHIM TEMIEepaTypUTEPMOOOPOOKH.

[Ticnst mpoBeneHHs cTaaii rpadiTu3alii Byrienesl BOJOKHA MUIOTh 1 CyIIaTh.

B HBO “XimBomokno” (Pocis) cTBOpeHi ByIUielleBi BOJOKHHCTI Marepianud 3
TiIpaTHeNtoNo3n, siKi 00’ eqHaHl YMOBHO TopriBenbHUMHU HazBamu: YBK, yrnen, rpanen, YYT-2,
“Buckym” (Ypan). Sk BuxigHa cupoBuHa i oxaepkaHHs MmarepianiB YBK, VYT i “Buckym”
BUKOPUCTOBYETbCS TEXHIYHAa HUTKA, a Uil MaTepiainiB “yrieH” 1 “rpaneH” — BICKO3HUHN
HITaneJIbHUH JUKTYT. BiracTuBOCTI IIMX MaTepiaiiB HaBeaeHi B Tabmuisx 7.12 +7.14.

Tabnuys 7.12.
Baacrusocri martepiaais YBK

®DizuKo-MexaHiuHI HiameTtp PiBHoBaxkna | IluToma
Marepia BJIACTHBOCTI €J1eMEeHTApPHOI0| BOJIOTIiCTh NIPH | IOBEPXHS,
P,H | E,% | E,T'Ila | BotokHa, MkMm | W = 65%, % M°/T
YBK-16 820 3,5 31,9 7,1 0,6 1,3
YBK-20 870 2,8 351 6,9 0,4 1,3
YBK-22 890 2,5 35,3 6,8 0,3 1,3

Tabauys 7.13.
BaacruBocri maTepiajiB ,,yriaen” i ,rpajen”
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DiznKo-MexaHiuHi BJACTHBOCTI . PiBHOBaXXHA
HiameTtp . IHuroma
Marepiau eJIeMeHTAPHOT 0B BOJIOTICTD MOBEPXHA,M
P, H E, % E, I'lla npuW = 65%, ’
0JIOKHA, MKM % /T
VYrnen-9 420 +540 1,8+2,5 (19,5+24,5 7+10 6,0 40 - 150
I'panen-2 | 290 +420 1,3+ 1,7 29,0 +39,0 6+9 2,5 5+10

Tabnuys 7.14.
XapakTepucTHKH OITHOHANIPABJIEHOI0 MaTepiajay Mapku “Buckym” (YpaJ) Ha OCHOBI
BiCKO3HOI TeXHIYHOI HUTKH

XapaKTepucTHKA Hopma
[upuHa CTpiuKy, MM 10+ 500
ToBIIKMHA, MM 0,2
Maca, M°/r 150
MinHicT MOHOHHMTKH, I'T]a 1,5+2,0
Monynb npyxHocti, ['Tla 80 + 150
BigHOCHE BHIOBKEHHS IIPH PO3PUBI OCHOBH, 2

%

Bwmict Byruero, % 95 +99,9

B VkpaiHi HajnaroaxeHo BUTOTOBIICHHS 3 TEXHIYHOT HU3bKOMOYJIBHOI BYTJICIIEBOT TKAHUHU
“Ilecna” (3a TY 6-12-4691259-38-90). BrmacTtuBOCTI ByIJICNIEBOI TKaHWHU 3 T1APATIEIIONO3U
“Jlecna” mojaHi B Tabmmil 7.15.

Tabnuysa 7.15.

BaacruBocTi TexHiuHOI ByriieneBoi Tkanuum “/lecna”

BaacruBocTi Hopwma 11st TKaHUHM
Mapka Y mapka O

Po3puBHe HaBaHTaXEeHHS, H, HE
MEHIIIC
— B3JIOBJK OCHOBH 686 539
— B3JIOBXX YTOKY 392 294
[ToBepXHEBA MITBHICTB, I/M° 360 360
BwmicT 3051, %, He OibIe 3,5 HE HOPMYETHCS

I[Tporec onepskaHHs BYTJIELEBUX BOJIOKHUCTUX MaTepiaiiB 3 noiiakpuiaoHiTpuinbHux (ITAH)
BOJIOKOH CKJIQJA€ThCSl 3 MIATOTOBKH BHUXIJHOTO MaTepially, OKHCJICHHS, BHCOKOTEMIIEpaTypHOI
00poOku (kapOoHizauii i rpadiTuzanii).

BnactuBocti  BuxigHux [IAH-BonokoH (XIMIYHMH CKJaja, CTPYKTYpa, MeEXaHiuHi
BJIACTHBOCTI, A€(PEKTH) y’K€ BILUIMBAIOTh HA SKICTh BYIJIELIEBUX BOJIOKOH. BCTaHOBIIEHO TaKOX, 1110
yMOBU (DOpMYyBaHHS MalOTh Ounblile 3HaueHHs, HDK XiMiyHud cknaa ITAH-BomokoH. binbi
OaxkaHuil npsmuil Mmeron onepkaHHs [TAH-BOJIOKOH 3 po34MHIB, Tak SK B LIbOMY BUIAJKy BOHH
MeHIe 3a0pynHEeHI CTOpOHHIMH pedoBMHaMu. [Ipu GopMmyBaHHI CyXMM METOJOM OJEPKYIOTh
OUIBLI OJTHOPIAHI BOJIOKHA, HIXK MpU (OPMYBaHHI MOKPUM METOJIOM.

OKuCHeHHS — HaWBaXJIMBIIIA CTalis OJEpXaHHSA BYIJIENEBUX BOJOKOH. IlomepenHe
OKHMCHEHHS TIOJITIIYE JACTIIPyBaHHS TOJIMEpYy, IIJBHINYE TEMIIEpaTypy CKIyBaHHSA 1
TEPMOCTIHKICTh MPOMDKHUX MPOIYKTIB, 30epirae Opi€HTAIiI0 1 CTPYKTYpYy BoOJIOKHA. IIpomixHi
CTPYKTYpU BUKOHYIOTH POJIb MAaTPUL 1 CIPHUSIIOTh (POPMYBAHHIO CTPYKTYPH BYTJIEILIEBOIO BOJIOKHA.
OKuCHEHHS IPOBOJATh B M’AKHX yMoBax (Temmeparypa no 220 °C), cepeanix (TemmepaTypa
220 = 250 °C) 1 xopcTkux ymoBax (temmepartypa Oiabine 250 °C). OpieHTaliiiHe BUTATYBaHHS
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CIIpUSi€ Opi€HTALlIl TEePEACTPYKTYP, [0 BUHUKAIOTh HA CTail OKUCIEHHSIBOJIOKOH.

B mporeci BucokoTemmneparypHoi OOpOOKH 3IIMCHIOETHCS IepeXia BiJl OpraHIYHOTO 0
BYIJICLIEBOTO BOJIOKHA, IO CYNPOBOKYETHCS CKIQJHUMH XIMIYHUMH 1 CTPYKTYpHUMH
MEPETBOPEHHSIMH TOJIIMEPY, apOMaTHU3ali€l0 BYIJIEHIO 1 (OpMyBaHHSM CTPYKTYpPH BYIJICLIEBOTO
BosiokHa. [Ipu remneparypax 200 + 600 °C mpoTikaroTh HAHOUIBII BAXKIIMBI XIMI4HI MIPOLIECH; B

intepBagax 400 = 1200 °C ¢opMyrOThCS OCHOBHI €IIEMEHTH CTPYKTYPH BYIJICLIEBHX
BOJIOKOH; 1pH Temrieparypax Bumie 1200 °C BinOyBaroThCs mepeBaXKHO (Pi3UUHI MEPETBOPEHHS, SIKi
MOB’sI3aH1 3 BJOCKOHAJICHHSIM CTPYKTYPH BYTJICLIEBUX BOJIOKOH. B 3ane>1<H00Ti BiJl IpU3HAYEHHS
BOJIOKOH MpOIleC MOXe 3akiHuyBatucs npu Temmeparypax 1000 + 2000 °C 3 oxpepikaHHSIM
KapOOH130BaHOT'O BOJIOKHA (BMICT BYTJIELIO — 710 95 %).

I'padituzaniro [TAH-ByrnemneBux BoJIOKOH MPOBOAATH Ipu Temieparypax 2400 + 2600 °C.
Bwmict Byrneno B rpadiTU30BaHUX BOJOKHAX Aocsrae Oiibiie 99 %.

Jo 80 % ycix ByIJICIUIACTHKIB y CBITI BUTOTOBIISIIOTH 3 BUKOPUCTAHHSIM BHCOKOMIITHUX
BHCOKOMOJYJIbHUX BYTJICLIEBUX BOJIOKOH HA OCHOBI MOJIIaKPUIOHITPHITY.

B Pocii BUTOTOBIISIFOTH BUCOKOMIIIHI, BUCOKOMOYJTBHI 1 YIIBTPAaBUCOKOMO/TY/IbHI BOJIOKHA 3
MOJIIAKPUJIOHITPHUITY Y BUTJISIII CTPIYOK 1 KTYTiB (Tabnuusg 7.16).

Tabnuysa 7.16.

Di3nK0-MeXaHiYHi BJIACTUBOCTI ByrJjielleBUX BOJIOKOH 3 NOJIAKPWIOHITPUILY, SKI
BUpoOsoThHeA B Pocii

Mapka BoJIOKHA d)opl.vm Miusicrts, I'lla MOHyJ.Ib I'ycruna, r/em®
Martepianay npyxHocri, I'lla

JIY-11-0,110,2 Crpiuka 2,7+3,0 250 +270 1,7
Enyp-I1-0,1 1 0,08 Ctpiuka 3,0+-3,2 200 + 250 1,7
YKH-IT 5000 1 2500 JxryT 3,5 210+ 230 1,75
YKH-IT 5000 M JxryT 4,0+4,5 240 1,75
Kynon Crpiuka 2,5 450 + 500 1,95
JxryT 3,3 450 + 500 1,95
Kynon - M JLxryT 3,0 600 1,95

BapricTh ByrylelleBUX BOJIOKOH 3 MOJIIAKPWJIOHITPWIY JOCUTh BHUCOKa. Tak, BapTiCTh
BucokoMiiaux [TAH-ByrieBonokon nocsrae 50 + 200 $/kr, a Bucokomoaynbaux 400 $/kr 1 BuIIIE.

3apa3 BeNUKE 3HAUEHHS HAJA€TbCAd OJCPKAHHIO BYIJVICLIEBUX BOJIOKOH 3 Ha(TOBOTO 1
KaM’ SHOBYTUIBHUX TI€KiB. BapTicTh BOJOKOH 3 TeEKiB KOJHMBaeThcs B Mexax 10 + 125 $/xr.
[TioHepaMu B HampsSIMKy OJ€p>KaHHS BYIJIELIEBUX BOJIOKOH 3 MekiB € SmoHchka ¢ipma “Kypexa”,
10 PO3pOOMIIa TEXHOJIOTIIO OIEp)KaHHS BYIJIELIEBUX BOJIOKOH 3 130TPOIHUX IEKIB, 1 aMepUKaHChKa
¢ipma “lOnion Kapbaiin”, sika BUKOPUCTOBYE 1Id Li€i METH Me30(]a3Hi MeKH.

OpneprxkaHHS BOJIOKHA 3 MEKIB CKJIAZAETHCS 13 TAKMX CTaJii: MiArOTOBKA MEKy, (OpMyBaHHS
MEKOBOTO BOJIOKHA, 3aTBEP/UKEHHS TIIEKOBOTO BOJOKHA 1 HOro TemmeparypHa oOpoOka
(xapOoHnizaris,rpadiTuzanis).

[TexoBi BonokHa (hopmyroTh mpu Temmepatypi posromy 100 + 350 °C. Jlns HamaHHsS iM
HEIUIaBKOCTI X OKHUCHIOIOThH. Hampukiaza, mpoBoasTh ABOCTaNiiHY OOpOOKY BOJOKHA: CHOYATKY
O30HOBAaHUM TOBITPSM MPOTATOM TpbOX roauH npu Temneparypt 70 °C, a moTiM MOBITPSM
MPOTArOM IOJMHHU Tpu Temmepatypi 260°C.

KapOoHnizamiro MmekoBUX BOJIOKOH MPOBOAATH Tpu Temmeparypax 1000 + 2000 °C, a
rpadituzamito — npu 2800 + 3000 C. B Ttabmumi 7.17 HaBenmeHi (i3MKo-XiMiuHI BIaCTHUBOCTI
BYTJICIIEBUX BOJIOKOH, III0 OJIep>KaHi 3 HaTOBHX TEKiB.

6.4. TexHoJi0risi BUTOTOBJIEHHSI BHPOOiB 3 apMOBaHUX IUIACTUKIB
ApMOBaHI TJIACTUKM HAIEXKaTh OO0 KOMIIO3UIIHHUX MarepiadiB, sKi BiJ3HAYAIOTHCS
ITIIBUIIICHOI0 MIIHICTIO, TEIJIOCTIMKICTIO 1 HIDKYOIO, HIK METajdd TYyCTHHOIO, IO OOYMOBITIOE
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BUKOPUCTAHHSA iX K KOHCTPYKLIHHUX, BACOKOEKOHOMIUYHUX MatepiaiiB. KoMmno3umiitnum

MmarepiajiaM y 3B’53Ky 3 LIMM IPUIUIAETHCS BEIMKA yBara, nepe0ayaeTbecsi BUIEpeIKaroul
TEMIIH PO3BHUTKY IX BUPOOHHUIITBA 1 BIPOBAKEHHS B HAPOIHE TOCIIOAAPCTBO.

ApMOBaHI TUTACTHKU CKJIQJAIOThCA 3 HemepepBHOro (0e3MeXHO JOBrOro y MOPIBHSIHHI 3
JiaMeTpoM) BOJOKHHMCTOTO HallOBHIOBaua (apMaTypu), SKa 3B’s3aHa TMOJIMEPHUM 3B’ SI3HUM
(MaTpuiiero). ApmaTypa Haja€ MIIHOCTI 1 IITUBHOCTI MarepiajaMm, a 3B’S3HE — MOHOJITHOCTI 1
3a0e3neuye piBHOMIPHICTh PO3IMO/ALUTY HABAHTAKCHHS MK BOJIOKHAMU.

Tabnuys 7.17.

Mapkn i ¢pizuko-xiMiuHi BJ1aCTHBOCTI ByrileleBUX BOJIOKOH, SIKi O/iep:KaHi 3 HAPpTOBHUX

NeKiB
@i3uKo-XiMiYHi NOKAZHUKH
HajimenyBannsi | Mapka | MiunicTs npu Binnocue Monayab I'yecTuna,

pipmu BOJIOKHA | po3Tsary, I'lla | BunoBxkenns, % |npyxuocri, I'Tla r/em’
T-101 T 0,6 2,0 30 1,57

Kypexa T-201 S 0,6 2,1 30 1,65
T-201 F 0,7 2,1 33 1,65

P-75 2,1 0,4 520 2,0

IOnion Kapbaiin P-100 2,4 0,3 690 2,2

P-120 2,2 0,3 827 2,2

MeHioro mnomupeHHss HaOylu BYIJICNIEBl BOJIOKHA 3 MOJIBIHIIXJIOPUAY, IMOJIBIHIIOBOTO
crupTy, penosno-hopManbaeTiTHIX CMOJI 1 JIITHIHY.

SIK BOJIOKHMCTUI HANlOBHIOBAY HaiuacTillle BUKOPUCTOBYIOTH CKJIOBOJIOKHO. OCTaHHIM
yacoM BcCe IIMpIIE [MOYajd BUKOPHUCTOBYBATH BYIJIENEBl 1 OOpHI BojiokHA. [lnacTuky Ha OCHOBI
BYIJIELIEBUX 1 OOPHUX BOJIOKOH BiJJ3HAYAIOTHCS MiJIBUIIEHOIO MILHICTIO ITEPMOTPUBKICTIO.

OxpiM TOr0, HIMPOKO BUKOPUCTOBYIOTHCS BOJIOKHA OPTaHIYHOTO MOXOPKEHHS — BOJIOKHA
3apomatnyHux nomiamifiB (“Kevlar”), momiectepHi BOIOKHA, JIbHSHI, KOHOILISHI

BOJIOKHaToI10.Ha3Ba miacTuka moxoanTh, B OCHOBHOMY, BiJl Ha3BH BOJIOKHA (CKJIOIJIACTUKH,

BYIJIELIEBI IUNIACTUKUTOIIO0). OCHOBHI (pi3MKO-MEXaHIYH1 BIACTUBOCTI HAHMOIMNPEHIIINX BOJIOKOH
HaBeJleH1 B Ta0u. 7.18.51k 3B’43HE BUKOPUCTOBYIOTH €MTOKCUIHI, €ETOKCU(EHOIbHI, €elOKCUECTEPHI,
noJiiecTepHi,heHono—popmanbAeriizi 1 KpeMHIHOpraHiuHi peakTuBHI cMonu. J{o ckiany
KOMIIO3UIIi1 3B’ I3HOIOBXO/IUTh 3aTBEP/XKyBayd — aMiHH, aHTIPUAN, MOHOMEDPH TOI0. Bmict
3B’S3HOTO BILIACTUKY

3HAXOQUTHCS B Mexax 33 +~ 45 % mac.

Ha cydacHoMy erami po3BUTKY HayKd 1 TeXHIKM HaOyBalOTh 3HAUEHHS apMOBaHI IUIACTHKHU
Ha OCHOBI TEPMOIUIACTUYHUX MaTpHIlb, 30KpeMa MOAM(IKOBAHOTO KO—TIONIMEPY ETHIICHY 3
MPOMUJIEHOM, KO-TIOJIMEpiB METAKPUIIOBOI KHCIOTH, TETEPOLMKIIYHUX MOJIMEpiB (HANpHUKIaL]
nomiimMiau). AJie i KOMITO3UTH OJEPKYIOTh Ha OCHOBI KOPOTKOTO, AMCKPETHOTO (0OpOoOIEHOTO)
BOJIOKHA.

BBeneHHs: HaBiTH APOOJEHOTO CKIIOBOJIOKHA B TEPMOIUIACTH B 2 + 2,5 pa3u 30UIbIIyE
MIIHICTh Ha PO3TAT MOJIMEPY, B 2 + 3 pa3u 3HWXKYE KOEPIIIEHT TEIIOBOro po3urpeHHs i B 4 + 10
pa3 3MeHIIye ycanaky npu GopmyBanHi BupoOy. Ciin 3ayBakUTH, 10 MPU TEPEpoOIi HATOBHEHUX
CKJIOBOJIOKHOM TE€PMOIUIACTIB CIIOCTEPIra€ThCsl BEIUKHUNA 3HOCOOIaIHAHHS.

Huni Benmkoro 3HaueHHs HaOyBalOTh KOMITO3WIIIHI Marepiaad Ha OCHOBI MaTpHIlb 13
TEPMOTPUBKUX TETEPOLMKIIUHUX MOJIMEpiB — MOMICyab(OHIB 1 MOJiapUiIaTiB, MOMIIMIAIB TOILO.
Taki KOMIO3UTH XapaKTEPU3YIOTHCS TOPSAJT 3 BACOKOIO MIITHICTIO MiABUIIIEHOIO TETUIOCTIUKICTIO.

6.4.1. Teopern4Hi 0OCHOBH 3MillHEHHS MOJiMepiB apMyBaHHAM

Benukuii BmuB Ha poOOTO3aTHICTH apMOBAHHUX IUIACTHUKIB Mae aaresis MK 3B’SI3HUM 1
BOJIOKHOM, a TaKOX Hamnpy>KeHHs, K BUHUKAIOTh Ha MEX1 MOJUTYy 3B’SI3HE - BOJIOKHO BHACIIIOK
yCaJKU IpU 3aTBEPAKEHHI 3B’ I3HOTO.

Anresiro MK MaTpHIICIO 1 apMaTyporo 3a0e3MeUyI0Th alpeTyBaHHIM BOJIOKHA — 0OpOOKOIO
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MOBEPXHI PEUOBHMHAMH, SIKI IIJBUIIYIOTh MOBEPXHEBY EHEPril0 i CIOPIAHEHICTh apMaTypd 0
3B’SI3HOTO.
Tabnuys 7.18.
PiznKo-MexaHiuHi BJACTHBOCTI AeIKNX BOJIOKOH

Jiamerp d, Miunictb Ha po3tsar| Bunosxennsa [Moay/b Npy»KHOCTI,

Botokno I R,, MlTa 4%  |MMal0®
CruisiHe (€JIeMEHTapHe) 5 1350 1,5+3,5 70 +90
KapOoHizoBaHe ByIJIeIICBE N

(3 TTAH) 2500 1,6 32+70
Byrienesi rpagiTu3oBaHi 900 10+ 1.5 100 = 170
(3 EeNI0I031)

ApaminHi (“Kesmap”) 2000 + 3000 19 120
baBoBHsIHI 10 + 28 300 + 800 3+10 0,58 ~ 0,84

Anpetu A CKJIOBOJIOKHA, HANpUKIaJ, 1€ OpPraHOCHJIAHOBI PEYOBMHH, IO CHUIAHOBOIO
YaCTUHOIO OPIEHTOBAHI /IO CKIISTHOT TIOBEPXHI, 8 aTKOKCH-3aMiCHUKaMH — JI0 3B’ SI3HOTO.

OpraHocuiiaHi MalOTh HACTYIIHY 3arajibHy XiMiuHYy GopMydy:

Y — (CHy)n — SiX3

ne: n=1+3; X — rpyma, ska 3matHa g0 rigpomizy, nampukiax Cl, —C,Hs, —OCHj3
Tomo; Y — rpyna QyHKIiiiHa, sKka MOXe pearyBatu 3 (QyHKUIHHUMHU IpyHaMH MOJTiMepy MaTpHIl;
IUIL eTIOKCHIHOI CMOJIM — II€ aMiHO YW eTOKCHJbHa Tpyna. MokinuBa i (isuunHa B3aeMois,
HampuKiaJ, YTBOPEHHS BOJHEBUX 3B’S3KIB, €JIEKTPOCTATUYHE INPHUTATYBAHHS IMOJIMEPHUX TIpPYI,
riipo@oOHOIB3aEMO/II].

Haiipo3noBcro/pkeHiln anpeTy JUIst CKIOIUIACTUKY Ha OCHOBI €[OKCHHOI CMOJIU — 11€

[1-aminotpuetokcicuian (A - 1100) abo [J-rminmaookcunpomniarpuerokcuian (A - 187).
Arpert 3a paxyHoOK rpyn X yTBoproe (pi3uuHi (BoJHEB1) a00 XiMIYHI 3B’SI3KU 3 BIIBHUMH NEPEBAKHO
TIPOKCUIIBHUMH, TpyIHaMH, sIKI € Ha MOBEPXHI CKJIOBOJIOKHA, a TpynaMu Y — pearye 3 3B SI3HUM,
CTBOPIOIOYHM HaJliiHE “CKPIMIEHHS 3B’S3HOTO 3 BOJOKHOM.

Pazom 3 TuM, mOTpiOHO 3a3HAYMTH, IO HA MEXI1 MOJLTY MOBEPXHS BOJOKHA - 3B’SI3HE
BUHUKAIOTh BHYTPILIHI (HeOaxxaHi) HaNpyXeHHs, SKI COPUYMHEH] He OJIHAKOBUMHM KoedillieHTaMH
TEIJIOBOTO JIIHIHOTO pO3MIMPEHHS MaTpHUIll 1 apMaTypH, Ta HEMUHYYOIO YCaJKOIO 3B’S3HOTO NpHU
foro 3aTBep/KeHHI. 3B’s3HE MPHU 3aTBEpKEHHI MoXe 30iratuch (CTHCKaTHCh) Ha 2 +~ 15 %, a
BOJIOKHO TIpU LIbOMY He 30iraerbcsa. ToMy mojiMep MOBUHEH OM “KOB3aTH’ MOBEPXHEI BOJIOKHA,
10 BUKJIMKAE TOSBY B IMPUIIOBEPXHEBOMY IIapi 3B’A3HOTO HampyXeHHs. SIBuUIly “KOB3aHHA”,
0€3yMOBHO, MIPOTHIIE ATe31s.

HanpysxeHHs 3MEHIIYIOTh 32 JOITOMOT'OI0 3HMKEHHS IIBUAKOCTI 3aTBEPKEHHS, B HACIIJOK
4oro BiJJOYBa€ThCS YAaCTKOBA pellakcallis HampyXeHb MpH KoHopMalii ModiMepHUX JaHIIOTIB y
I11€ HEMOBHICTIO C(POPMOBaHIi MPOCTOPOBINUCITIII.

MexaHi4H1 BJIAaCTUBOCTI apMOBAaHHMX IIJIACTUKIB BU3HAYAIOTHCS PO3MIMICHHSM BOJIOKOH B
Mmarepiaii. Llelt HanpsAMOK MpUIHATO HA3UBATH CXEMOIO apMyBaHHS (pHc. 7.5).

Apmarypa MOX€ BHKOPHCTOBYBAaTHCHh y BHUTJISIZII MOHOBOJIOKOH, HUTOK, JDKTYTIB, TUICTHBA
(TKaHWH) 3 PI3HOIO CXEMOIO TUIeTiHHSA (puc. 7.6)

[Ipu po3TAryBaHHI pOJIb HECY4yOi OCHOBM apMOBAHMX IUIACTUKIB BIJIIPalOTh BOJOKHA
apMaTypd, a 3B’s3HE BH3HAYae CTYIiHb pO3MOAUTY MimHOCTi. IIpu cTHckaHHI BinOyBaeTbcs
3BOpPOTHUH mporiec. ToMy Ha MIIHICTh BIUIMBAE MAcOBE CIIBBIAHOUICHHS apMaTypH 1 MaTpulll B
00’€Mi KOMITO3UTY.

MinHicTe Ha pPO3TAT apMOBAHOTO KOMIIO3UTY B HANpPSAMKY MapajelIbHOMY JO HANpsIMKy
YKJIaJJaHHS BOJIOKHA B 3arajlkHOMY BHIJIAII MOXe OYTH 3amucaHa HaCTYITHOIO 3aJIeKHICTIO:

Rk In0C10VRIORROVp,

(7.14
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ne: Ry— MILIHICTh Ha PO3TAT KOMIIO3UTY; Rp— MILIHICTh Ha PO3TSAT BOJIOKHA; []n— TpaHuLs
MIIIHOCTI Ha PO3TAT MoJiMepHOi MaTpuili; Vpg— 00’eMHa YacTKa BOJIOKHA B KOMITO3HTI.

a o e b4
*01 To-l To-l TO-I
SV PP - .
] o BRI o, o, BHEP o, 0, F35
I =R~ R =3
Ll IOHEE  sSlRe B
| LI ilEHSHENS AR RS [CeNae)
1‘0'1 *0’ *0‘1 *0‘1
Puc. 7.5. Cxema apmyeanns:
@) MaKcumaibHa CMIuKicms 00 po3msey 6 HanpsamMKy [, 6) cmitikicmb 6 080X HANPAMKAX

Opoi Op;
8) MAKCUMANbHA MIYHICMb 8 OIA2OHANbHUX HANPAMKAX, 2) MiYyHICMb NPUOIUZHO OOHAKO8A 8
YCIX HANPAMKAX

pETYApHE
TP eTLTETe HHA

CATHHOBE TEPeTLIe Te HHA PAOKOBE TEPETLTE TEHHA

Puc 7.6. Buou nepenneminb ckiomxanut (npukiaou)

BpaxoByroun 1eit ¢akr, 110 MIIHICTh BOJOKHA € 3HAYHO BMIIOI0 HDK MOJIMEpY: MOIYJb
MPYXXHOCTI, HANPUKJIAJ, BOJOKOH € 3HAUYHO BUILWN, HDK moiimepiB (auB. Tabm.. 5.1). To moxHa
IPUITYCTUTH, IO MIIHICTh KOMIO3UTY Oyne 3pocratu ax a0 100 % BwmicTy BojokHa. Aners

3aJIeKHICTh CIPABE/UINBA JIHIIIE IPH IICBHOMY 3HAYCHHI Vp— iCHY€E MiHIMANbHE 3HA4YCHHS, V
min 710

KOTpOro MiHHiCTB MOKEC ACHI0 3MCHINYBATUCh, @ TAKOX — KPUTUYHC MaKCUMAJIbHC 3HAYCHHSA
B

y max (> 60 % 00.) Ipu SIKOMY CHOCTEpIraeThCs BIAUYTHUH CHaj MIIHOCTI. 3a TEXHOJOTTYHUMHU
O3HaKaMH ONTHMAIILHUM CITiBBIIHONICHHSIM € Take, sKe 3a0e3redye TIOBHE TIOKPUTTS
MOBEpPXHIapMaTypH

3B’ SI3HUM Ta HENepepBHICTh 00’emy MaTpHIIi. MinHicTh KOMITO3HUTY
BIIEPIIEHAUKYIIPHOMY

HaANpsIMKY (0 BOJIOKHA) pi3Ko 3MeHIyeThes micist 30 % BMICTY BOJIOKHA.

Ha wMinHicTh KOMITO3UTY BIUIMBAa€ TOBIIMHA BOJOKHA. L[10 3almexHICTh MOXHA
MPOCIIIKYBaTH 3 1HIIOTO BHpa3y MIIHOCTI, BUBEJICHOTO 3 ypaxyBaHHSM TOTO, IO 1 MIIHICTH 1
MOJyJIb TIPYXHOCT1 BOJIOKHA € Ha JIeKUIbKa MOPSAKIB OUTBIINM 32 MOIYJb MPYKHOCTI MOJIiMEPHOT
Matpuili (Tabs.7.19):
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ne: [Jp— TpaHWIS MIITHOCTI Ha PO3TIT BOJIOKHA; SpziSg— BIANOBIAHO CyMapHa ILIOIIA
MONIEPEYHOI0 Tepepi3y BOJOKHA 1 KOoMIo3uTy; K — koedilieHT, KUl BpaxoByE PiBHOMIPHICTh
posnoaiy BojokHa i jgopiBHioe 0,5 + 0,9 (3pocrae i3 30iabieHHsM d). SIk 6auyuMmo, MIIHICTD
KOMIIO3UTY 3POCTAE i3 301IbIICHHAM Sp, KA MapabOoIiYHO 3MIHIOETHCS 13 3MEHIIIEHHAM aiameTpy(d).

P,

x 1073 ka/m?®

A

R,, MIla

A

1400 A

5,0
1200 1
1000 - 4,0
800 +

3,0
600 -

2,0
400 H
200 1.0

0 20 40 60 80 V, %

Puc.7.7.3anexcnicmomiynocminapozmse(Ry)macycmunu(l] )enoxkcuomno-
CKISAHO20KOMNO3UMY 8i0 00 EMHOI 00Ni80I0KOH

MinHICTh KOMIO3UTY B 3HA4HIM Mipl 3aJ€XHUTh B TEMIEPATYpPHUX XapaKTEPUCTUK
MaTpHlli, a came — ii TeMIOCTINKOCTI. MIIHICTh PI3KO 3MEHIIYETHCS B TEMIEPATypHOMY IO, SIKE
MIEPEBUILYE TEMIIEpaTypy pO3M’SKIIEHHsS (TEIUIOCTINKICTh) mojiMepy. Tak, Hampukiazn, s
CKJIOIUIACTHKY Ha OCHOB1 EMOKCHIHOTO 3B’SI3HOTO 1 3aTBEP/KEHOrO IOJIETUIICHIOIIaMiHOM
(ITEITA) cnocrepiraeTbcsi BITUyTHE MaJliHHA MINHOCTI npu HarpiBaHHi Bume 40 °C, xoya, sk
BIJIOMO, IIPU TaKii TeMnepaTypi CKIIO HE 3a3HA€ KOJHUX (I3UUHUX 3MiH.

R,, MIla
1400 1
1200
R,
E,,
1000 x 107 Mila
800 1 A
- 60
600 E
4001 40
200 1 - 20
0 ! ! + t — 1 °C
0 10 20 30 40 50

Puc. 7.8. 3anescnicmo miynocmi na posmse (Ry) i mooyns npyscnocmi (En) 6i0
memnepamypu cepedosuuya

Ha ¢i3uko-mMexaHiyHi BIaCTUBOCTI apMOBAHOTO IJIACTUKY Ma€ CYTTEBUI BIUIMB Ha CIIOCiO
dhopmyBaHHS BUPOOY Ta peKUM 3aTBEPKEHHS 3B’ s13HOTO (Tadm. 7.19).
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Tabnuys 7.19

BaacruBocri 3arBepa:keHHst npu 7y, |/lonaTkoBe 3aTBEpIsKEHHS
8 rog npu 7=160 °C

MinHicThs Ha po3Tsr, Mlla 250 285

Minnicts Ha 3ru, MIla 370 -

pu 70 °C 55 339

Monyns npu 3ruHansi, MIla 17 600 22800

pu 70 °C 2700 16600

6.4.2. Metoau ¢popMmyBaHHsI BUPOOiB Ta cTajil TEXHOJIOTIYHOIO NMpPoIlecy nepepooKu

apMOBaHUXILIACTHKIB
[Tpouiec BUroTOBIIEHHSI BUPOOiB MOKHA YMOBHO MOAUIATH Ha TaKi CTail:
1. BuroroBneHHs apMaTypu, SKe IOJIATAaE B OJIEPKaHHI BOJIOKHA, HAIMPHKIAJ, TPU

MPOTUCKAHHI PO3TOIy CKJa 4depe3 (inp’epy, OTpUMaHHS MPsKI 3 HUX (IKTyTa YW IOJIOTHA),
anpeTyBaHHs BOJIOKHA.

[IpocouyBanHs apMaTypH (MOJIOTHA) CMOJIOKO YH PO3YUHOMCMOJIH.

*CyIiHHS POCOYEHOiapMaTypH.

*HaGipnakera.

®opMyBaHHABUPOOY.

. 3aTBepIKEHHA3B 3HOTO.

Cranii 3* 1 4* 3aexHo BiJl METOTy MOXKYTh HE IPOBOJUTHUCH.

[TpocouyBaHHS 3AiHCHIOIOTH MPOTATYBAHHSM BOJIOKHA YM TKAHMHU Yepe3 BaHHY 3 CMOJIOIO
BIJIMOBITHOI KOHIIEHTpAIlii, MOKJIMBE 3MalllyBaHHs cMoi010 npodinto Gopmu. Ili3Himie, 3a1exHO
BiJl MeTOy (hOpMYBaHHS, MOKE€ TIPOBOJAUTHUCH CYIIiHHS (YIapeHHS PO3UMHHUKA)IUIIXOM

MPOTIATYBAaHHS BOJIOKHA 4epe3 TyHeNbHY mid. [laker HaOMparoTh 3aJIeKHO BiJ MOTPIOHOT
TOBIIMHU BUPOOY TMPH JTOMOMO31 CKJIaJaHHS MPOCOYEHOi TKAHWHU B Iapu, abo X HaOUpPaIOTh
TOBIIMHY CTIHKH TaK, sIK onucaHo B7.4.3.1.

SEGRFREN

6.4.3. OcHoBHi MmeTOqH popMyBaHHS BHPOOIB

Koumaxmunui _memoo

Ile meroxn, mpu SKOMY CyMILIA€TbCsA CTafisl MPOCOYyBaHHA 1 (GopMyBaHHS y ¢dopMi (puc.
7.9). Meron moisrae B TOMY, II0 Ha MOBEPXHIO (OpMH, 3MalleHOI BOCKOM a00 1HIIMM
AHTHAATe3WBOM, HAHOCSTH IIap CMOJH 3 3aTBEPPKYBAueM i IHIIUMHU TEXHOJIOTIYHUMH JTOJTAHKAMH,
MOTIM HAKJIAJalOTh CKISHY TKaHWHY 1 NMPHUTUCKAIOTH i1 10 moBepxHi (opmu. Ilputuckanus mo
(dbopMH 1 yIIUIBHEHHS 3/11HCHIOETHCS BaJIMKOM BPY4HY a00 MEXaHI4HO.

[Ticns HaGopy miapy BiANMOBIAHOI TOBIIMHM 3IIMCHIOIOTH 3aTBEpKEHHS B (GopMi Ipu
HarpiBaHHI Yd Ha MOBITP1 Oe3 HarpiBy. Pexum 3anexuth BiJ IPUPOJIU 3B’ SI3HOTO 1 3aTBEp/KyBaya.
ToBmmHa mapy HaOMpPaAEThCA 3 ypaXyBaHHAM YCaJKH 3B’ SI3HOTO.

IlepeBarn KOHTAKTHOT'O METOY:

- JellIeBU3HA 1 TPOCTOTaQOpPMYBaHHS;

- mpocTora 1 AeneBruzHa popmu (hopma Moxke OyTH 3 METANIEBOIO JIMCTA, AepeBa
aborimncy);

- MOXJIMBICTh (HOPMYBaHHS BETUKOTa0APUTHUX TOHKOCTIHHUXBUPOOIB.
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OO

77777

Puc. 7.9. Cxema konmaxmuoeco ¢popmysarns
1 — popmysanvruii wap xomnozumy,; 2 — ¢popma, 3 — 8anux 0Jist yuiibHeHHs

Henouniku KOHTAKTHOTOMETOTY:

- HU3bKI (D13MKO-MeXaHIuHI BIACTHUBOCTI (Yepe3 HU3bKUI TUCK yIIiTbHEHHS — P,,00, 5K
MPABUJIO, IIPUTHCKAETHCSIBPYUHY);

- HEOTHOPIIHICTHIUIACTHKY;

- IJIaJIKa MOBEPXHS TIJIBKH 3 OJIHIET CTOPOHU (3 CTOPOHUDOPMHU);

- BEJIMKI 3aTpaTH Py4HOI Ipaili i BUCOKA MIKITMBICT MPOIiecy yepe3 Oe3MocepeHIo
pPOOOTY JIFOIMHU 3 CMOJIOKO, IO MICTUTH 3aTBEPKYBay, 30KpeMa, aMiHHOTOTHITY.

Bakyym-dpopmyeanna 3 eracmuunorodiadpazm o

TexHOoNOTYHU MPOLIEC CKIATAETHCS 3 IBOX CTAIIM:

1. Hablip MmakeTa KOHTAaKTHUMCIIOCOOO0M;

2. CTBOPEHHSI PO3PLIKEHHS MiJl €JacTHUYHOI JiadparmMoro, sika BHACIIJOK ILIbOTO
Oo0THCKae MO TMOBEpXHI KOMIIO3MIIiIO, OJIHOYACHO, MNPHUTHUCKAOYM 11 JI0 TOBEpXHI (QOpPMH.
Kommo3zwuriist HabyBae ¢popmu BupoOy (puc.7.10).

JUnis miABMIIIEHHS IIIJIBHOCTI YKJIaJaHH [IapiB B KOMITO3UIII1 HaJ JiadparMoi0 CTBOPIOETHCS
THCK MOBITPSIM 200 Maporo (3aJ€KHO Bl YMOB 3aTBEPIKEHHS).

3a 7aHUM MeTo/I0M (POpMyBaHHS OTPUMYIOTH OUTBII MILIHUHM BUPIO 3 TIaJKUMU
MTOBEPXHSMHU.

ToBuMHA NoNEpeIHHO HAOPAHOTO MAKETY 3aKJIaAEThCS 3 ypaXyBaHHAM YIIUIbHEHHS ITiJ]
THUCKOM.

8 1 5 2 6 3

AED I FITTTTTEIEaEST

Puc. 7.10. Dopmysanns 3 enacmuynordiagpacmoro

7.4.3.3. Memoo npecyeannsa npysHcHum ado wimueHuMnyancorLom
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s mpecyBaHHS BUKOPHCTOBYIOTH OGOPMIICHY 3aroTOBKY (KOHTAaKTHHM METOAOM) abo
HaOpaHUil TakeT MPOCOYCHOI CKIOTKAHWHHM 3 BIJNOBIJHOK TOBIIMHOK, JEHIO OiIBIION, HIXK
TOBIIMHA BUPOOY (BpaXxOBYIOTh yIIiIbHEHHS), puc. 7.11.

Puc. 7.11. Cxema popmysanms 3 BUKOPUCMAHHAM NPYHCHO2O NYAHCOH).
1 — mampuys; 2 — 3a2omoseka 3 npocoueHoi 368 A3HUM MKAHUHU,; 3 — NYAHCOH, 4 — 8epXHS
nauma, 5 — niyHacep

[IpecyBanHs 3A1iCHIOIOTH B MeTaleBild opMi Ha rigpaBaiyHUX a00 MHEBMAaTUYHUX IMpECax.
BukopucToByIOTh yaHCOH — r'yMOBUM abo MertaneBuil. TUCK mpecyBaHHS mepedyBae B MeXax
0,2 - 1,5MIla.

[Ipy TakomMy MeTOAl OTPUMYIOTH BHpoOM 3 miaBHIeHO B 10 - 20 pa3 MILHICTIO Yy
MOPIBHSHHI 3 KOHTAKTHUM(OPMYBAHHSIM.

Dopmyeannn HAMOMYEaAHHAM
Ie#t crocib mosArae y Tomy, 110 OTPUMYIOTh apMOBaH1 BUpoOU oOepTaHHAM IIa0JIOHY —

CepACYHHUKOM, SIKUI 00epTaeThes 1 cayrye /Ui (OpMyBaHHS BHYTPIIIHBOI MMOBepXHi BUpoOy. [Ipu
IIbOMY BHKOPHCTOBYIOTH HAMOTYBAJBHHI MPHUCTPIil, KU 3a0e3meuye OakaHy cXeMy apMyBaHHS,
1110 J103BOJISIE IOCATTH MAaKCUMAaJIbHOI MIITHOCTI BUpOOY B MOTPIOHUX HaNpsiMKaXx.

IcHye nB1 pi3HOBUIHOCTI METOY (hOPMYBaHHSI HAMOTKOIO: a) MOKpPHIi; 0) CyXHH.

Mokpuii MeToJl MoJisira€e B HAMOTII BOJIOKHA YM TKAaHWMHM HA INAOJIOH, KU MOBTOPIOE
dbopMy BHPOOY 3 MONANBIINM IIPOCOYYBAHHSM OJIEPIKAHOI apMaTypHOI 3arOTOBKH 3B’ SI3HUM.
ITpocodyyBaHHS 3B’S3HUM 3IIHCHIOETHCS IIJISXOM BTHCKAHHS HOrOo B 3aroTOBKY IiJ THUCKOM 3
MO/IaJIBIIOI0 OTPECOBKOIO B BaHHI M B ¢opMmi. OnpecoBka MoXke 3/11HCHIOBAaTHCh 3CEPEINHH, 32
JIOTIOMOTOI0 PO3PIIXKEHHS, 330BHI 1 MiJ{ Ji€10 BIALIEHTPOBOI CHMJIM MPH pOTaLifHOMY (OpPMYyBaHHI.
3acTocyBaHHS criemiaibHIX (GOPM TIPH OMPECyBaHHI 330BHI 3a0e3medye OTpUMaHHS BUCOKOMIITHUX
BEJIMKOra0apuUTHUX BUPOOIB 3 BHCOKOI TOYHICTIO TE€OMETPUYHHMX PO3MIpIB 1 MiHIMAIbHY
MeXaHIuYHy 00pOOKYBHPOOY.

Henoniku MOKpOro MeTojy: BHCOKa 3a0pyJHEHICTh 1 HIKIAJTUBICTh MPOIECY; MOXKIMBICTH
BUKOPHCTAHHS CMOJIH 3 By3bKUM J1ialla30HOM B’SI3KOCTI.

Cyxuit MeToj mojsirae B TOMY, HIO CKJIOBOJOKHO 4YM TKAaHHUHY, DKTYT IPOCOYYIOThH
3B’SI3HHUM, TIepe]] HAMOTKOIO Ha IIabJIOH, MIC/Is YOro MPOBOAATH 3aTBepkeHHs (puc. 7.12). Takuit
crioci6 3abe3nedye BUCOKY KYJIbTYypy BHPOOHHIITBA, MOXKIJIMBICTH MEPEPOOKH 3B S3HUX 3 PIZHUMHU
TEXHOJIOTIYHUMH BJIACTUBOCTSAMHU (B TOMY WYHCII TBEPAUX 1 BHUCOKOB SI3KHX), MOJKJIUBICTD
HEMEepepBHOTO mporiecy GopMyBaHHS.

HaiiGinpIn BizmoBiiaapHa Omeparisi Mporecy BUPOOHUIITBA BUPOOIB IMUIIXOM HAMOTKH —
HAMOTKa Ha OMNpaBKy (IIa0JIOH), OCKUIbKH camMe TYyT (OPMYETbCS CTPYKTypa MaiOyTHBOTO
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Mmartepiany i oro (i3sMKo-MeXaHiuHI BJIACTHBOCTI. 3aJ€KHO BiJ YKIJIaJaHHS BOJOKHA Ha ONPAaBKY
PO3PI3HSIOTH OKPY)KHE, CIipalIbHE, TI037J0BXKHBO-TIONIEPEYHE 1 TNIaHeTapHEe HAMOTYBaHHS.

Puc. 7.12. Cxema eueomosnenus 6upobis i3 CKI0ONIACMUKIE MemoOoM HAMOMY8aHnus: 1 —
8aHHA 31 36 SI3HUM, 2 — GIONCUMHI 8ANIKU, 3 — ONPABKA; 4 — CKIAHULL 0dHc2ym

[Ticnst HamMOTyBaHHS 1 JIOCSTHEHHS HEOOXITHMX T'C€OMETPHYHUX IapaMeTpiB BHPOOY
OJIepKaHy 3aroTOBKY IE€PEMILIYIOTh Ha CTa/lil0 3aTBEPKECHHS.

[TigBuieHHss MIIHOCTI BHPOOY MOXKHA JOCATTH, KpPIM 3MIHM CXEMH YKJIaJaHHS, 3MIHOIO
HaTATYBaHHSA apMaTypd YU INpU CKPYYyBaHHI HHUTOK IpH HaMoTyBaHHI. OcTaHHE 0OCOOJIMBO
Ba)XJIMBE MPH BUKOPUCTAHHI 3B’ SI3HOTO 3 HU3BKUMH 3MOYYBAIBHOIO 3/IaTHICTIO 1B SA3KICTIO.

OxpiM yMOB YyKJIa/laHHSI apMaTypu Ha BJIACTUBOCTI BUPOOY BILJIMBA€E PEXHUM 3aTBEPIKEHHS
3B’SI3HOTO — I1€ TEMIIepaTypa 1 4ac 3aTBEPKEHHS, SIK1, B IIEpIIy Yepry, 3ajeKaTh BiJl TUITY CMOJIH 1
CKJIaqy KoMmosumii. Sk mpaBuiio, Temmeparypa 3MIHIOETBCS 3a CTYINEHEBUM pPEXUMOM (BiA
KIMHATHOI 10 BCTaHOBJIEHOI BMIOI) 3 METOK YHMKHEHHS BEJIMKMX BHYTPIIIHIX HAIpYXeHb MPHU
JOCSITHEHHI MAaKCUMAJIbHOTO CTYIIEHS 3aTBEPIXKCHHS.

[lepepoOka CKJIOIIACTUKIB BUMAarae 3axojliB 3 OXOPOHM Mpali: IHTEHCHUBHA IMPUTOYHO-
BUTSDKHA BEHTWISLISA, OYMIICHHS TOBITPS BiJ MOHOMEpIB, 3aTBEp/KYBadiB, PO3YMHHHUKIB
(cmamoBaHHAM 4YM pereHepaiiero). PoOoTa 3 CKIOBOJOKHOM Yy (UIbTpYOUMX Mackax Ta B
3aXMCHOMY OJIsI31.

7. TEXHOJOTI'TIA BIAJUBAHHSA (JIMTTA BE3 TUCHEHS)

BijynBaHHSAM Ha3UBAETHCS MPOLIEC MTEPEBEACHHS MOJIIMEPHOTO MaTepialy npu GOpMyBaHHS
BHUpOOY 3 PIJIKOro, INIACTUYHOIO YH, piflle, TBEPIOTO CTaHy MojimMepy abo ojiroMepy y TBepauil
craH 0e3 BUKOPHCTAaHHS THCKY, a0 >X IiJ] TUCKOM, AKHH 3araiom He mnepesuurye 0,3 Mlla y
TBEpAOMY THI3/1 (POpMHU ITPU KIMHATHIN TeMnepaTypl Yu NMpH MiABUILEHIN 3 HACTYITHUM BUHMaHHSIM
3 (hopmu BUPOOY, IKUI HA3UBAETHCS BIUTUBKOIO.

BinnmuBanHs 371HCHIOETBCS 3 BUKOPUCTaHHSM BIAMOBITHOTO OOJATHAHHS JJIA JUTTS Oe€3
TUCKY ab0 > TpH BUKOPHUCTAHHI JHINE OCHAImIEHHS — (OopMH 3 BIANOBIAHMM THI3IOM IS
odopmiieHHs BUpoOy. TakuM MeT0/10M NepepoOIISIIOTHCS SIK TEPMOPEAKTUBHI TaK 1 TEPMOIUIACTUYHI
TOJIIMEPH.

Meton 1eil Ha Mo4aTKy BHUKOPHCTOBYBaBCS UIsl (POPMYBAaHHSI HEBEJIMKHX cepiii abo x
OJIMHAPHUX BUPOOIB, 10 SIKUX HE CTABUIJIMCS BUCOKI BUMOTH TOYHOCTI — I1€ KOMIi Xy/I0’KHIX BUPOOIB,
HaBYaJlbHI MaKeTH, CTOMATOJOTIYHI BUPOOHM, OPTONEIUYHI MPOTe3H, 3abaBku Tomo. OcCTaHHIM
4acoM METOJ BIJUTMBAHHS BCE YacCTillle BUKOPHUCTOBYETHCS ISl (POPMYBaHHS BHPOOIB TEXHIYHOTO
MPU3HAYCHHS, JI0 IKMX CTaBIIATHCS MIABUIICHI €KCILTyaTaIiiiHIBUMOTH.

Metoa BiJUIMBaHHS MOXKHA TOAUTUTH Ha pPsJ PI3HOBUAHOCTEH, a caMe — BiUIMBAaHHS
3BUYaiiHe, BUIMBaHHS, 3anuBaHHs, a npod. P.Cikopa (Ilonpima) 10 mbOro MeToay BiHOCHTH i
portartiiine hopMyBaHHS.
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7.1. BiniinBanHs 3Bu4aiine. @opMyBaHHA BUPOOIB HA OCHOBI €MOKCHJIHUX KOMIIO3HILii

Hns dopmyBaHHS BUPOOIB 3a IITMM METOJOM BHKOPHCTOBYIOTH KOMIIO3HIli Ha OCHOBI
TEPMOPEAKTHBHUX CMOII SIKi 3HAXOMAATHCS B PiZIKOoMy a00 K IJIACTHYHOMY CTaHi. [X CHHTE3yIOTh, K
MIPaBUIIO, TTEPE/l BUKOPUCTAHHSIM.

OpepkaHHS KOMITO3MIIKA TOJSTa€ Ha MEXaHIYHOMY 3MIllyBaHHI, B OCHOBHOMY, NpHU
BIJIMIOBIIHOMY CITiBBIIHOIIIEHHI 1 B TEBHIA YeproBOCTI KOMIIOHEHTIB: IOJIMEPY, OJITOMEpY 4YH,
HaBiTh, MOHOMEDPY, 3aTBEp/KYBaua, pPO3pi/KyBaya, HANOBHIOBaYa (MEpII 3a BCE MOPOIIKOBOTO),
OapBHHMKA, MPUCKOpIOBada (KaTayizaTop abo K IHINIATOpP 1 MPOMOTOP) 1 IHIIMX HEOOXIITHUX
JOJATKIB, 3aJIeKHO BiJ TUILY MOJIMEPY, HEOOX1THUX TEXHOJOTTYHUX BIACTUBOCTEH (B OCHOBHOMY,
IUTMHHICTB), @ TaKOX CTPYKTYpPH 1 BJIACTHMBOCTEH BIJUIMBKM ITiCJs 3aTBep/ukeHHs. [lim dvac
MPUTOTYBAaHHS KOMITO3UIIIT BaXKJIMBOIO € CTajid Aeras3aiii cymimi. BractuBocti BupoOy B 3HAUYHIH
Mipi 3ajJeXaTh BiJl XapaKTepy 3aloBHEHHs THi3Aa (Gopmu 1 3aTBep/pKeHHs macu. Ha mepelir tux
MPOIIECiB MOKHA BIUNIMHYTH, B OCHOBHOMY, 4epe3:

- KIHEMAaTUKy 3amOBHEHHS — (OpMYy-THI3IO MOXKHA 3allOBHIOBATH: a) BIIMBAIOYU
0e3nocepeIHbO Y HHOTO (HOPMYBAIBHY Macy; NMPH I[bOMY BiJTMBAHHS 3MIMCHIOETBCS 0€3 OYIb-
SKOTO THUCKY, a ¢opMma € BiakpuToro (puc. 8.1); 6) mocepeaHbO — 3aTUBAHHS 3IHCHIOETHCS Yepe3
3aJIMBHUH KaHaJ 1 TP [IbOMY B1I0YBA€ThCS BiIJTMBAHHS 11T THCKOM, a ¢hoopMa 3aMKHEHa (puc.8.2);

- Temreparypy Gopmu: ¢popma MOXKe MaTH KIMHATHY TEMIEpaTypy, ONU3bKY 10 Hei
a00 X MiIBUIICHY — BUIIY 3a TeMreparypy macu Ha 120 + 180°C;

- OXOJIO/DKEHHSI BIUIMBKM — OCTaHHIO MO’KHA OXOJIO/DKYBaTH IOBUIBHO pa3oM 3
dopmoro, abo kX okpemo (BiIMBKa BUiHATA 3 (OpMHU 1 BMillIeHA y CHEMiaibHY KaMepy) 4 K
MIPUCKOPEHO — BUIHSATA BIAJTUBKA OXOJOIKYETCS HAMOBITPI.

BimmmBanHss 6e3 THUCKY BUKOPUCTOBYETHCS Ui (OpPMYBaHHS BHUpPOOIB, B KOTPUX OJHA
CTOPOHA € Y BUTJISAI TOPU30HTAIBHOI IJIOUIMHU 3 CTOPOHH 3aJIMBAHHS.

[lepeTrickanHs yepe3 TMBHUKOBHIA KaHAJ JO3BOJISIE OTPUMATH BUPOOH, YCi CTOPOHU KOTPHUX
MOXYTh MaTH pi3Hy (0axaHy) KoH}irypauito. BBaxxaeThcs, 1110 MpU 3alI0OBHEHH] (OPMH 1] THCKOM
OJIEPKYIOTBCSL BHPOOM Kpamioi SIKOCTI 3 MIABUIICHUMH (Hi3UKO-MEXaHIYHUMHU BIIACTUBOCTSIMH.
Pazom 3 TUM npu TakoMy METOAl BUIUISETHCS B MOBITPS MEHIIA KUIBKICTh IIKIUTMBUX PEYOBUH 3
peakuiifHol MacH 1 TOOIYHUX MPOAYKTIB peaKiii3aTBepKEHHS.

a

R \\\ }' |

YD) S ; 1.

F -

LTI // //
Puc. 8.1. Cxema be3nocepednvoco gionusanns y 8iokpumy gopmy: a) eupio 00Hopionuil; 6)
8UPIO 3 MEmanesoo apmamyporo,;
1 —gionuska, 2 — enemenm axuii 3arusaemovcs, 3 — kopnyc gopmu, 4 — niokraoka, 5 —
mampuys, 6 —wabnon; 7 —apmamypa, 8 — nisxcku onopy,; 9 — yenmpyeanvui wmugmu;
10 — emnicmob 3 3a1UBHOIO KOMNOZUYIEIO
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Puc. 8.2. Cxema 6ionueanis 3 muckom uepes JUSHUKOBUL KAHAT Y 3IMKHYMY ¢opmy:

1 — sionuska, 2 — kopnyc mampuyi, 3 — nioknaoxa; 4 — mampuys, 5 — nyaHcou, 6 — Kopnyc
NYaucoHa, 7 — GeHMUNAYIUHI Kananu, 8§ — 1ueHuKoutl kauau, muck eionueanns: P = 0,1 - 1,5 Mlla

Peakiis 3aTBep/uUKEHHS € eK30TepMiuHOI0. | Koy (hopma He Harpita (He HifirpiBaeThCs 3
30BHI), TO IICIsl 3alOBHEHHS THi3ga (OPMH TPOLEC 3aTBEPIKCHHS BiIOYBA€THCS 3 PI3HOIO
IHTEHCUBHICTIO — HalOLIBIIO B MICIIi Jie HalBUINIA TeMIIepaTypa, a caMme B ceperHi 00’eMy, 1 Bce
MOBUTBHIIIE MPU HAOIMXKEHI J0 Kparo BiumBku. Komm x ¢gopma migirpiBaeThCcs, TO BHACIIIOK
HaKJIaJaHHs TEIUIOBUX IOTOKIB IIBUJKICTh 3aTBEP/PKEHHS HaWBUINA Ha Kpaw BIAJUBKH, sKa
KOHTAKTYE€ 3 rapsuol0 CTIHKOIO (hOpMHU.

OxonomKeHHs BUPOOY PO3NOYMHAETHCS Bipasy Micis BUMMaHHS HOro 3 GOpMH 4H TpU
OXOJIO/DKEHHI 11 CTIHOK, 1 IIBUJAKICTh L[BOTO MPOLECY 3MEHIIYETHCS 3aBXIU 3 KParo 10 CEpEeIuHHU.
Bce ne BmimBae Ha CTpyKTypy 1 BiactuBocTi BimiauBku. [lpum ¢opmysanHi y dopmax 3
HiAIrpiBaHHAM OJIEPXKYIOTh BUPOOU 3 HM)KUOIO KOHIIEHTPALI€I0 BHYTPILIHIX HANpy>KeHb, a OTXKE 3
MEHIIMM cTyneHeM JaedopMyBaHHs. dopma Uil BIAIMBAHHS, SIK IPaBWIO, OJHOTHI3AHI 1 iX
BUTOTOBJISIIOTH 3 METaly, a JUlsl pOpMyBaHHS MOOAMHOKUX MalorabapuTHUX BUPOOIB, MOXKYTh OYTH
BUI'OTOBJIEHI 3 IIACTMAacCH, Je€peBa YU HaBITh 3 IVIMHU abo Tincy (MpHUKiIaa BUTOTOBIEHHS 3yOHHX
npoTe3iB). Meranesi eneMeHTH BUpoOy (apMaTypa) BCTAHOBIIOIOThCA Y THI3/1 MOJIIOHO 1O METOLY
JIUTTSI T1]] TACKOM YU MPECyBaHHs, a I[IKaBOIO € iX (hikcallis — 3a JOMOMOT 0K MarHiry.

dopMmyBaHHsS MajorabapUTHUX 1 MOOJUHOKUX BHPOOIB 3/IHCHIOETbCA 0€3 BUKOPUCTaHHS
3aJIMBHUX MAIIUH 1 MEXaHIYHOT'O YCTaTKYBaHHS.

Jls1s BUTOTOBJIEHHS BEJIMKUX Cepiil 1 BEIMKOrabapuUTHUX BUPOOIB BUKOPUCTOBYIOTh 3aJIMBHI
MallMHU YM MEXaHI130BaHy TeXHoJoriyHy JjiHito. Ha puc. 8.3 300pa’keHO cXeMy TEXHOJIOT14HOI
MeXaHi30BaHOi JiHii A7 (OpMYyBaHHS METOJOM 3aJIMBaHHS MiJ THUCKOM CEpiiHOro BHPOOY —
130JIITOpa Ha OCHOBI €MIOKCHTY.

JIiHist CKJIaAA€ThCS 3 ABOX OCHOBHUX BY3IIB — By3Ja / JJIsl IPUTOTYBAaHHS peakLiiHOi MacH 1
By37a /I nns BiJUIMBaHHS BUPOOIB.

Byson I Bkimtovae nBa BakyyMmHi 3mimyBaui (1) 1 (2) 3 MOKJIMBICTIO HAarpiBaHHsS CyMIIIi 0
temneparypu 150 °C s mouaTKoOBOro 3MillyBaHHs, a came: emokcuaHoi cmonu EJI-20 3
KBapIIOBUM MOPOILIKOM 1 3aTBep/ukKyBaueM aHrigpuanoro tumny (BTMG), a Takox KBapLOBUM
mickoM; eMHOCTI (3) ayig oOMABOX CyMillei 1 BakyyM-THCHEBUH 3MilnryBau (4) /Uisi OCTaTOYHOTO
3MinryBaHHs npu pospimkenHi (3 - 7)[1102 Ila nonepeaHbo ofepKaHUX CyMillIel i i moJaBaHHs
Macu mig TuckoMm 0,2 - 0,3 MIla no By3na II. Ileit By3on ckinamaeTsest 3 qo3aropa (5), hopmu mmst
Bi/UIMBaHHA (6) 1 IPUCTPOIO JUIA 3alUpaHHs 1 po3MUKaHHs dopmu (7).
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Puc. 8.3. Cxema mexnonociunoi éenukocepiinoi’ ycmanosxku 6i0IUBAHHS NI0 MUCKOM HA
NPUKIAOi BUPOOHUYMBA eNOKCUOHUX 30JI51MOPI6 (NOSACHEHHS 8 MeKCmi)
Ha puc. 8.4. mpencraBieHa cxeMa TEXHOJOTIYHOI JIHIT Jyisi OE3THCHEBOTO BiJIJTMBAHHS
BUPOOIB Y TphOX POpMax 0JHAKOBOIKOHCTPYKIIIi.
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Puc. 8.4. Cxema mexnonociunoi ninii sldﬂusaHHﬂ 6e3 mucky:

1 — 36ipHux (yu 36ipHuKu) cmonu 011 ionusants, 2 — 0ozamop; 3 — Kpan-oanka, 4 —
gopma; 5 — niocmaska (cmin popmysanbHuii)

Oco06nuBe 3Hau€HHS Ma€ METOJl BiAMBaHHA BuUpoOiB 3 enokcuaHux cmon (EC) mpu
KIMHaTHIA Temneparypi. B iboMy MeToAl 11ikaBoIO 3 OISy Ha TEXHOJOTTYHUM PEKUME

3aJISKHICTh Yacy BiJ MOYATKy 3MIIIYBAaHHS CMOJM 3 3aTBEppKyBaueM 1
HaBKOJIMIITHBOIO TEMIIEPaTypOI0, KUTHKICTIO CMOJIY 1 3aTBEPIKyBava, TUTIOM 1
KUTBKICTIOHAIIOBHIOBAYA.

I3 3pocTaHHAM TeMIepaTypu 3pOCTa€ peakiliifHa 3/MaTHICTh HE3aTBEP/DKEHOI Machu — TpHU
YMOBI, IO TeMIlepaTypa CMOJHM 1 3aTBep/KyBaua B MOMEHT 3MIIIyBaHHS OJHAKOBa 1 piBHA
TeMIIepaTypi HaBKOJIHIITHKOTO CepeoBUIIA. JKUTTE3MaTHICTE MACH MOYKHA 301IBIINTH, TTOHH3WBIIN
Temneparypy 36epiranus ii HaBiTh HIXK4e 0 °C.

PesxuM 3aTBEpKEHHS €MOKCHIHIX KOMITO3MINHA B MEPIIy Yepry 3aJeKUTh BiJl TPUPOIN Ta
KUTBKOCTI 3aTBEp/KyBaya. Sk 3aTBepIKyBadi BUKOPUCTOBYIOTh Pi3HI EPBUHHI, BTOPUHHI, & TAKOXK
TPEeTHMHHI JOW- 1 TomaMiHM  amiaTtuyHoi, aJTIMUKIIYHOI YM  apoMaTuyHoi  OyAoBH,
HU3bKOMOJIEKYJISIpHI TOJiaMiJd, TMOXiJHI aMiHiB, AHTIAPUIM M- 1 TETPakapOOHOBHUX KHUCIIOT.
3aTBEp/KEHHsSI TAaKOXK BI1AOYBAa€ThCS BHACHIIOK TMOJIMEpH3allii, BHKJIMKAHOI KarajizaTopaMu
@pinensa-Kpadrca (kommiekc kucnot JIpoica i TpeTUHHUX aMiHiB, Hanpukian, BFsi Tpuetunamin).

[Ipu BukopucTaHHI amipaTHYHUX TEPBUHHUX aMiHIB 3aTBEPKEHHS 3a4WHAETHCA IIPH
MOMIpPKOBaHii (KIMHATHIN) TeMIiepatypi, aje A JOCATHEHHs ONTUMAaIbHUX BIACTUBOCTEH BUPOOY
B 0aratbox BHUIAJKax HEoOX1gHA HAcTymHa TepMooOpoOka mpu 80 -120 °C mpotsarom 3 - 8§ roauH.
BropunHi apomaTu4Hi aMiHM akTHBHI Ipu migBuineHux temmeparypax (70 - 90 °C), a TpetunHi
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BUKJIHKaIOTh 3aTBepkeHHs EC npu narpianni 1o 80 - 120 °C.
VY Bumagky BUKOpUCTaHHS A 3aTBeppkeHHs EC mepBUHHUX amiHIB, HEOOXITHY KUIBKICTh
3aTBEpKyBada pO3pPaxXOBYIOTh 3 3aJIC)KHOCTI:

E-(M
E= LK, (8.1)

ne: E — BMICT enokcurpym B cMmouti, % (ernokcuaHe yucio); M — Monekynsipaa maca aminy (y
Bunaaky Bukopucrands IIEITA - M/n = 20,6 3 po3paxyHKy Ha JaHKy CTPYKTypH
JieTUJICHTpUaMiHy); N — KUIbKICTh aTOMIB BOJHIO Y MEPBMHHHX 1 BTOPUHHHUX aMiHorpymax; K =
1,2 - 1,4, 3aneXHTh BiJl MPUPOIM aMiHy, sSIK MIPaBUIIO KUIBKICTh aMiHy ckiaaae 8 - 16 mac.4. ma 100
Mac. 4.CMOJIH.

3aTBep/DKCHHS aHTIAPUAAMH KHUCJIOT 3IIMCHIOEThCSA y ABI cramii. Ilepma cramis —
HarpiBanas komnosuuii 1o 120 - 150 °C npotarom 1 - Sroj., a HacTymHa CTajais — BUTPUMKA IIpU
temmnepatypi 180 - 220 °C nmo 15 rox. s nmpuckopeHHS TPOIECy 1 3MEHIIIEHHS €K30TEPMIYHOTO
eeKTy BUKOPUCTOBYIOTHCSI IPUCKOPIOBAY] — TIOCIUPTH, MEPKANTaHHU, TPETUHHI aMiHH.

[Tomimepu3anis min jiero  katamizatopiB  @pinens-Kpadrca BigOyBaeTbcs, Sk mpu
noHmxeHux temneparypax (—5 °C), tak i npu HarpiBanHi (1o 200 °C) 3anexHo BiJ KaTajizaTopa.

JonaBanHs 3aTBep/pKyBaya y KUIBKOCTI OUIbIIiM Hik cTexiomerpuyHiit 1o EC npuBoauts
70 TiJBUIIEHHS PEeaKiiHOl 34aTHOCTI MacH 1 BUKIIMKAE 3MEHIIICHHS 4acy >KUTTE31aTHOCTI CMOJH i
3017BIIEHHS KUIBKOCTI TerJa, KOTpe B CBOIO Yepry MPHUCKOPIOE MpOIeC 3aTBEPIKEHHS 1 BTpaTH
TEKY4OCTI.

Brnus cniBBigHomenHss EC : 3aTBep/pkyBay Ha KHUTTE3JATHICTH CYMIII 1 €K30€(eKT
peakiiii 3aTBEepKEHHS UTIOCTPYIOTh puc. 8.5. 1 8.6., BIANOBITHO, TpPH 3aTBEPKyBadax
TPUETUJICHTETPAMIH 1MOJIiaMiHOAMII.

Ha >xuTT€37aTHICTH Ma€ TAKOXK CYTTEBHW BIUIMB KIUTBKICTH 1 THI HAlOBHIOBada (MOro
TEXHOJIOTIYHI XapaKTepUCTHKHK). HamoBHIOBau cripusie 3MEHIIEHHIO KUTBKOCTI peakI[ifHOro Tera,
SIK€ BUIUTIETHCS 3 OJUHUIIL 00’ €My CMOJIHM 1 TIOKpaIlly€e TEIUIoNepeaaydy Bijl peakiiitHoi Macu 10
HaBKOJIMIIHBOTO CEPEIOBUIIA, ajie Lel eQeKT 3aleXUTh BiJ MPUPOAN HamoBHIOBa4ya. Hampukiarn,
HasBHICTh KAaOJIIHY CHpUsi€ 3MEHIICHHIO TEIUIOBIJayl, HAaTOMICTb, JOJABaHHS aJIOMIHIEBOTO
MOpOLIKYy 3011bIIye TermaoBignady. (puc. 8.7). Ha MakcumanbHy TemmepaTypy peakiiiiHOi MacH
BIIJIMBA€E KIJIbKICTh €MOKCUAHOI cMOJIM. MakcuManbHa TeMIieparypa peakiii 3aTBepKeHHS SIK 1 4ac
KHUTTE3/IaTHOCTI 3MIHIOIOTHCS 31 3MIHOIO KilbKocTi cmoiu (puc. 8.7). Temmeparypa 3poctae, a yac

3MEHIY€EThCS, 110 BUKIMKAHO 3MEHIIEHHSM KUIBKOCTI TeIUla BIJJAaHOTO Ha 30BHI 3
OUTBIIOr0 00’€My BHACIHIJJOK HU3bKOi TEIJIONPOBIAHOCTI. OTXe XHUTTE3JATHICTh IOB’s3aHa 3
BHYTPILIHBOIO TEMIIEPATYPOIO, SIKA BINIUBAE HA PEaKL1iHY 3/1aTHICTbMACH.

Tpeba 3a3HaunTH, 10 3aTBEPKEHHS CMOJIM NPHU BUUIMBAHHIO MOXE OyTH CIPUYMHEHO
peakuifiHuM OINpPOMIHEHHSM (B OCHOBHOMY, 10HI3allliHUM YU HaJ-yabTpadioneToBum). Takwuii
METOJlT Ha3WBAETHCS paJlallifHUM BiATUBaHHAM. BupoOu, ofepkaHi OpU TaKOMYy METOAl
BIJ3HAYAIOTHCS  PSIIOM  eKCIUTyaTalliiHux mepeBar. Jlo ChOTOJHINIHBOTO THS METOAAMH
panianiiiHoro BiamuBaHHA (OPMYIOTH BUPOOHU 3 TIOTIECTEPOBUXCMOII.

MeTon BiATMBaHHS BUKOPUCTOBYETHCS 1 JAJI TeépMETH3allll eIEKTPOHHUX €JIEMEHTIB 1 CXEM.
I'epmern3aliito 31IHCHIOIOTh Yy MPOCTHX METAJEBHX YM IJIACTMAcCOBUX (opMax MPSIMOKYTHOI 4u
HTHAPUYHOT dopMu. B Gopmi po3milryeTbes BiIEHTPOBAHO €IEKTPUUHUMN €NeMEHT 1 TyAu XK
3aJMBA€ThCS NPUTOTOBaHAa 3ajduBHa Maca. Ilicns 3aTBep/PKEHHS €JIEeMEHT MOKPUTUN Iapom
repMeTHKa BUUMAeThcs 3 (opmu. B OUIBIIOCTI BUMANKIB TepMeTH3allli TEPMETHK HE MOBHHEH
MICTUTH HaWMEHIIUX MYyXMPIB MOBITPs, TOMY HOro MOTPiOHO 3ajaMBaTH MiJ TUCKOM, SIK 1€
MoKa3aHo Ha puc. 8.8, abo mpu OMOMO31 CKJIAJHOTO OOJaJHAHHS 3 BEIUKAM CTYIEHEM
aBTOMaTH3amii ipodoTu3arii.
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Puc. 8.5. 3anescnicmo memnepamypu t 3anusnoi macu 6io yacy T 3ameepoicenHsi:
1—-EJ-20 : IIEIIA = 100 : 84, 2 — E/]-20 : IIETIA = 100 : 60, sxcumme3zoamuicmeo,
gionosiono, 1701 210 xs.
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Puc. 8.6 3anesxcnicme memnepamypu t peaxyivinoi macu 6io uacy T 3ameepooicenna: 1, 2, 3
—EJ[-20 : IIETIA = 10 : 1, sccummezdamuicms, 8ionosiono, 46, 72, 82 xe;
2 — HanoeH6ay KAoaiH; 3 — HANOBHIOE8AY NOPOULOK ATIOMIHIIO

7.2.®@opMyBaHHS BUPOOiB 3 KOMIO3HM LIl HA OCHOBI HEHACHYEHHUX MOJIieCTEPHUX CMOJI

3aTBepKEHHS] KOMIMO3UIIINA TIPH BIIJIMBAHHI 3IMCHIOIOTH MPW KIMHATHINA YH IT1IBHUIICHIN

TeMIlepaTypi, 3aJeKHO BiJl THIy pPEaKLiHHOI CHCTEMHM, sKa BUKJIMKA€E pEakKIliio MojimMepu3arii
MOHOMEPY, 1110 3HAXOUTHCS Y KOMITO3HIIIi.

[Tonmimepu3ariiss BiIOYBa€TbCcss B MPUCYTHOCTI 3BHYAHHMX MEPOKCUAHUX 1HINIATOPIB:
MEPOKCU  OCH301My, TEPOKCHI METWICTWIKETOHY 1 IHUKIOTeKCAHOHY, TiIPOMEPOKCUIY
13omponinadeH3ony y

KUTBKOCTI 2,5 - 3 % Mac. Peakirisi xapakTepu3yeTbcsi BACOKOIO €K30TepMicro (puc. 8.9.), sxa
BiTUYTHO 3pOCTAE 3 MiJIBUIICHHSAM TEMIIEPaTypH 3aTBEP:KEHHs (Temneparypu GopmHu).
Ex3oTepmiunmii eekT B OKpeMUX BUIIAIKAX MOXKE MMPU3BECTH 0 CaMOPO3irpiBaHHs (GOpMYBaILHOI
Macu 1o temrepatrypu 250 °C. s BenmuunHa 3aneXuTh Bil MacH BiAJIMBKHU. BHAcTimOK moranoi
tertonposiHocTti eMot ([ = 0,42 - 0,84 x/x/mM[Irpa) BAHUKAIOTH MiCIIEBI ITEPETPiBH, IO B CBOIO
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Puc. 8.7. 3anescnicmo makcumanvroi memnepamypu tmax i scummesoamuocmi Ty cmonu EJJ-
20 3 3ameeposcysauem I1EIIA 6i0 kinbkocmi cmonu

61

——/

Puc. 8.8. Obnaonanns ons 8ioausanHs npu po3piorHceHHi Ha NPUKIAdi hoOpMySaHHs.
eepmemuzayii: 1 — emuicmo 3 cmonoro; 2 — gpopma 05 sioausanis, 3 — eenmuiiv, 4 — wmanea st
MAHINYI08AHHS 003AMOPOM, 5 — 003amop, 6 — 06epmosutl cmin 3 MimKamu

Yyepry CHPUYMHIOE HEPIBHOMIPHICTh TEPMIYHOTO PpO3IIMPEHHS Macu 1 BUHUKHEHHA
BHYTPILIHIX HalpyXeHb Ta pO3TPICKyBaHHI. MakcuMaiabHa TeMIiepaTypa Ta IMOBIPHICTh
PO3TpICKYBaHHSI 3poCTa€ 31 30UIbLIEHHAM 00’€My BIIIMBKH. ToMy A0 KOMMIO3MLIi BBOISATH

MIPOMOTOp, KU CHpHsie TMOHMWKEHHIO €(EeKTHUBHOI TeMIepaTypu IHILIIOBaHHS, a OTXe — 1
HNOHIDKEHHIO  ek3o0edekTy. IIpomMoTop 3MeHIIye eK30TepMiuHui eQeKT MocepeqHbo dYepes
MOHIKEHHSI TEeMIIepaTypH 3aTBEpKEHHs, a Oe3mocepelHbO 3MeHIIye y 2 - 5 pa3u yac

reJeyTBOpeHHs y cMmodii. Hai0inbim po3noBciopkeHuil mpomotop — HadTeHat kobansty (HK),
po3uuHeHuii y ctupodi. [Ipu 3arBepmkenni y npucyrHocti HK ek3oedekT BiIUyTHO 3MEHIIYEThCS
(puc. 8.9.). Bamicts HK M0oXxyTh OyTH BUKOpUCTaHI TPETUHHI apOMaTHYHI aMiHU.

Jnst ogepkaHHS MOHOJIITHHX Oe37e()eKTHUX 3arOTOBOK BENHMKOI MacH (OibIIe JEKUTBKOX
KUJIOrpaM) 3 BIJCYTHICTIO BHYTPIIIHIX HamlpyXeHb J0 KOMIIO3UIIl, sIKa MICTUTh NEPOKCHIHHUMA
inimiarop (0,5 - 2 % wmac.) 10al0Th albJAETiAN UM KeTOHHU: (peHINareTaIbaeri], 1e30KCOOEH30iH,
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Tomro. B 11bOMy BUIIa/IKy 3aTBEP/PKEHHS 3 MaJIOl0 ek30TepMieto BexyTh mipu 80 - 120 °C.
t,°C A
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Puc. 8.9. Kpusi camoposiepigy cmonu I[IH-1 npu 3ameepoicenni 6 npucymuocmi pisHux
iHiyitorouux cucmem: I - 5— 3 mac.u 50%-noi nacmu nepoxkcudy yuxiozekcanony + 8 mac.u.
npuckopiosaua HK;

1-5-3mac.u. 50%-nozopozuunynepoxcudy memunemunkemony +3mac.u.npuckoprosauaHk;

3'-5'-3mac.ucinepusy +8mac.u. npuckoprosauaHK.

Temnepamypabani:1,1-20°C;2, 2-30°C;3,3, 3-40°C;4, 4, 4'-50°C;5, 55 —60°C

3MEHIIIEHHS €K30TepMii CIIOCTEePIraeThCcsl NP BUKOPUCTAHHI MEPOKCUY IIUKIOI€KCAHOHY B
CyMilli 3 aCKOPOIHOBOIO KHCIIOTOIO.

[Ipr 3anuBaHHI MeOUYHUX 1 OIOJNOTIYHMX TMpenapariB, JAeTaneld paioeleKTPOHHOTO
oOJasiHaHHs, BUTOTOBIIEHHS KaOeNbHUX MY(T, 3arOTOBOK JJIsl I'y3UKIB BUKOPUCTOBYIOTh CUCTEMY
NEPOKCHUJT — TPETUHHUHN aMiH ( HallpUKJIaa, MeTHI(GEHUIaHUIIH) 1 3aTBEp/LKEHHS y (popMi Oe3 THCKY
BEIYyTh 3a CTYIIEHEBUM PEXKHUMOM — Iepllia CTajis IpyU KIMHATHIN TemnepaTypi, HOTIM HarpiBaHHS 1
BUTPUMKa Ha Apyrii crazii npu 45 - 50 °C, a notim — Butpumka npu 100 - 120 °C. Skuio xBupodu
OJIEP)KYIOTh TIIBKM MpU KIMHATHIM TemmepaTypi, TO uepe3 J[00y Micias iX BUTOTOBJIEHHS
31IHCHIOITH TepMo0oOpoOKy mpu 80 - 120 °C nmpoTtsirom 3 - 10 roauH.

Jis 3MeHIIeHHS eK30TepMIYHOro e(eKTy pPEeKOMEHIYEThCS CIIOBUIBHIOBATH PEAKIII0
3aTBEP/UKECHHS, PEryJIIOI0oud KUIBKICTh IHIIIaTOpa Ta MPOMOTOpY, JOJaroud iHTiOiTOpH Ta
PEryJsTOpU POCTY, MIJABUIIYIOYH TETUIONPOBIIHICT, MAacH JOJaBaHHSM HANOBHIOBAYiB 3 BUCOKHUM
KOE(II[IEHTOM TETIONPOBITHOCTI.

[Tpu 3anuBaHHI MEIUYHMX MpenapaTiB 1 MPU BUTOTOBJIEHHI BUPOOIB BEIMKOI TOBIIUHU 1
Macu (OpMYyBaHHS BEIYyTh IOIIAPOBO — KOXKHA HACTYITHA MOPIIiSl KOMIO3HULIT 3aJIMBAETbCS MiCISA
cTajnii TeleyTBOpeHHs Yy mnonepenHid. I[lpu TakomMy MeToal 3MEHIIYEThCS IMOBIPHICTD
PO3TpiCKyBaHHs MaTepiany.

AHaJOriYHMA MeToJ TMomapoBoro (OpMyBaHHS BHUKOPUCTOBYIOTH NpH (HOpMyBaHHI
niB(haOpUKaTHUX MOTIECTEPHUX JMCTIB MPU BUTOTOBJIECHHI I'yA3uKiB. HailOu1b1 po3noBcoKeH it
METOJ BUTOTOBJICHHSI JIICTOBHX 3aroTOBOK — II€ BiMIeHTpoBe JUTTSA. Kommoswmiito, sika MiCTUTh
cmoiy IIH-12, imimiatop, mpomorop, OapBHUK 1 iHIII JOJAHKH 3aJMBAIOTh y BEPTHKAIBHO
po3MimeHuii 6apaban neHTpudyru (Bich ropusoHTanbHa) aiamerpoMm 40 - 50 cm 1 mmpunoro 40
- 60 cM. 3aTBepKEHHS BeAyTh IpH oOepTanHi Oapadbany 3 mBuakictio 90 - 150006/xB.

Binomo, 1o 06’eMHa 301kHICTH (ycazka) Mpy 3aTBEPKEHHI TIOJIIECTEPHUX CMOJI CTAHOBUTH
6 + 9 %. Tomy /Ui 3MEHIICHHS YCAKU 1 JOCATHEHHS OUIBIIOT MPenu3iiHOCTI po3MipiB BUPOOIB 10
KOMITO3HIIii T0JJal0Th TOHKOJAMCIIEPCHI TTOPOIITKOBI HAITOBHIOBAY1, KOTPi, OKPIM I[bOTO, 3MEHITYIOTh
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€K30TepMilo 1 Ha/lal0Th BUpoOaM crienn(piyHUX BIACTHBOCTEH — BOTHECTIHKICTD, TEIIONPOBIIHICTS,
cTpyMonpoBigHicTs TOmo. Ilpm mpomMy mporec BiJUIMBaHHA 1 pPEXHUM 3aTBEP/DKEHHS Malo
BIJIPI3HAETHCS Bix Tpouecy (OpMyBaHHS 3 HEHANIOBHEHUX KOMIIO3WIIH. Xoua 3aTBEPIKCHHS
HAIOBHEHUX CMOJI IPOBOAUTHCS, SIK IIPABHJIO, TIPH IMiABHUIICHIN TeMIIepaTypi BHACHIIIOK NOHIKEHOT
eK30TepMil.

7.3. MeToau noJiiMmepu3saniiinoro ¢gopMmyBaHHs BUPoOiB 3TepMOIJIACTIB
Jns monimepu3aniifHoro ¢GopMyBaHHS XapaKTepHUH Mepedir 0JHOYACHO JABOX IPOLECIB —
mpoliec moxiMepu3anii i yTBOpeHHs MoJliMepy 3 MOHOMEpIB Ta JOAATKOBUX PEUOBUH 1 (pi3HUHMIA
nporiec GOpMyBaHHS TOTOBUX O BUKOPUCTAHHS BUPOOiB, SIKI MOXYTh OYTH MOHOJIITHI Y¥ TTOPHUCTI.
3yCTpi4aeThCs IEKOIU CYNEPEUIMBHMA TEPMIH “‘PEAKTUBHOTO JIUTTS .
Meroa 1ei 3HaWIIOB MPaKTUYHE BUKOPUCTAHHS NMpu (GopMyBaHHI BHUPOOIB 3 TOJIIaMiJiB,
MOJIypeTaHiB 1 MOJIMETHIMETaKpUIIATYy.

7.3.1. ®opmyBaHHs noJiiMepu3alliiiHe 3 MoJiypeTaHiB

[ToniypeTranu OJep>KyHOTh MPU CTYNEHEBIH 4K MIrpamiiHiil momiMepusamii mpu B3aeEMOIIl
aui3oniaHaTiB (4M TMOJii30miaHaTiB) 3 0araToOaTOMHUMH CIUpTaMH (IOJ0JaMK) B TPUCYTHOCTI
KaTaji3aTopiB 3T1IHO 3 HACTYIHOIO PEAKINETO:

Sxmo o0uaBa KOMIOHEHTH € AU(YHKIIHHI TO YTBOPIOETBbCA JIHIMHMK TOJiypeTaH,
BJIACTHBOCTI SIKOTO 3aJIeKaTh BiA OynoBu panukainiB R 1 Ri; HaTOMiCTh, IpH BUKOPUCTaHHI Xo4a O
OJTHOTO 3 KOMIIOHEHTIB, TPUPYHKUIHHOTO (UM MOMIQYHKIIHHOTO), YTBOPIOETHCS CTPYKTYPOBAHHUN
(ciTuacTwii) mosniyperaH.

[Ilo6 oTpumaTH CHiHEHHH TOJIMEp, MOTPIOHO BHKJIMKATH YTBOPEHHS Tra3zy  IpH
noniMepu3antii. Lle MoxkHa 311iCHUTH ABOMAa HACTYITHUMHUCIIOCOOAMU:

1. 3a JIONMOMOTOI0 B3a€EMO/IIT 13011iaHaTy 3 BOJIOKO, SIKa MOMEPEAHBO JI0AaHa OO0y,

Ileit crmoci0 He HaOyB HIMPOKOIO BUKOPUCTaHHS 3 OIJISY HAa HEAOCTaTHI MEXaHIuHI 1
Ter10¢13M4HI BIACTUBOCTI MHOIMOIIypeTaHy.

2. ¢bi3uyHMi crIocib — 3a paXyHOK BUIMAPOBYBAHHSI JETKOKUIUIAYMX (JIETKHX) PiAKH,
Hanpukian, ppeony-11 (CFCl3). [TapyBanus Bukirkane TeruioM noiiMepusanii (Q = 200/1x/r).

BuxigHa cupoBHHA IS O/1ep>KaHHS MIHOMOJIyPETaHy € CYMIIIIIIO B BiIMOBIIHIX
MPOTOPIIISIX HACTYITHUX CKIIAIOBHX:

a) OCHOBH1 KOMITIOHEHTH I0JII0JIU 3 MOJIEKYJIsipHOIO Macoro 500 + 900 1 ¢pyukuiiiHicTio 3 - 8
(B OCHOBHOMY, IOJIIECTEPH YU MOJIIETEPH);

0) 13o11iaHaTH 3 1BOMa 1 O1IbIIe GYHKUIHHUMU IrpynaMu (Hanpukian, 2,4-
TONyiNeHaAui30IiaHaT a604,4 -iizoiaHaTaAudeHiToIMeTan);

B) JI0JJATKOBUX KOMITOHEHTIB:

- CIIOJIYK — PETYJIATOPIB MIBUIKOCTI MOTIMepH3allii, HaldacTilie TpU3amilieHi aMiHu
ab0 0JOBOOPTaHivHI CIIOJIYKH (Yac MoJaiMepu3arii BiJ JeKUTbKOX CEKYH/ 10 TEeKITbKOXXBHIIUH ),

- cTal11i3aTOpiB  MOBEPXHEBOIO HATATy, JUISl PEryJIlOBaHHA pO3MIpIB Mop, IX
PIBHOMIPHOCTI, a TaKkoX JUId BIUIMBAaHHS Ha CTPYKTYpy MNop (BIAKpUTI YM 3aKpuTi) — IIe,
HaW4acTIIe, MO alKiJIEHCUIOKCAHOBIPITUHY;

- eMYJIbraTOpH sIKi 3a1o0iratoTh (Ha30BOMY pO3I1IJICHHIOCYMIIIT;

- nopo¢opu — B OCHOBHOMY, (¢peoH-11 un ¢ppeon-12 (mpoBoaaThCs AOCTIIKEHHS Ha
3aMiHy IIUX TOpo(opiB);

- enacTu(ikaTopiB — MOI0BKYBAYiB JAHIIIOTIB — EPEBaXHO 1,4-0yTHIICHITIKOIIIO
gn3,3-1iXJI0po

-4,4 - ni(amino heHin)MeTaHy;

— 1HIIN TOTaHKH, HATIPUKJIA], CTIOBLILHIOBAY1 TOPiHHS, OApPBHUKH, PO3UUHHUKH, TOIIIO.

3aJie)KHO BiJ TPUPOIM OCHOBHUX KOMIIOHEHTIB, MOJAHKIB, iX CITIBBITHOIICHHS MIPH
MIPOBE/ICHH] peakiii oJepXKyIOTh MOJIMEpPH €IaCTUYHI, HAIIBXOPCTKI 1 )KOPCTKI, TEPMOIIJIACTUYHI
a00 X 3MUTI (3aTBEPIKEH]).

[Iporiec onepxaHHS TOJiypeTaHy CKJIAIA€ThCs 3 HACTYNHHMX CTafiil: MomepeIHboro
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3MIITYBaHHS OKPEMHUX CKJIAJHUKIB, 30epiraHHs, JO03yBaHHs, 3MIITyBaHHS OCHOBHOTO 1 3aIIOBHEHHS
rHizna ¢opmu abo X MpocTopy, sAKWid He € rHi3goM (opmu. [lpu momepenHboMy 3MilTyBaHHI
OJICPKYIOTh KOMIIOHEHT A — CyMill MOJIONYy 3 J0JaHKaMH;, KOMIIOHGHT B € BiAmoBigHUM
130111aHATOM, SIKUH 3MIIIYETHCSA 3 A NP OCHOBHOMY 3MilTyBaHHI. OOHIBa KOMIIOHEHTH 30€piraroTh
y pobounx 30ipHHKAX MPOTITOM MEBHOTO (BU3HAUEHOI'0) Yacy MpPHU BCTAHOBJICHIH TeMIepaTypi
(22 - 25 °C). I3 36ipHHKiB KOMIIOHEHTH A i B momaroThCs Ha J03aTOpH, 3a JOMOMOIOI0 KOTPHX
BiIOMPAIOTh JO3M, SIKI 3a0e3Meuyl0Th CTEXIOMETPHYHE CITIiBBIIHOLICHHS OCHOBHHMX pEarcHTIB.
PinuHu nepeTuckaroTbcs i TUCKOM Yy J03aTOPH, a 3 JI03aTOpIB Ha JIONATEBMH 3MilllyBad 3a
PaxyHOK HAJTUIIKOBOTO THCKY 3a JIOTIOMOTOIO TOMI 3y04acTuX, MOPUIHEBUX, 0AaraToOMOPITHEBUX
yu pamianbHuX. OCHOBHE (TEXHOJIOTIYHE) 3MIIIYBaHHS Ma€ NyKe BaKJIWBE 3HadeHHs. OnepikaHy
peakIiifHy Macy IiJ] THCKOM MOAAI0Th y (hopMu, A€ BHACITIIOK MIBUAKOT MirpaniiHoi mogiMmepusarnii
YTBOPIOETHCS TOTOBU BUPIO — MOHOJIITHUIN YM CITIHEHUH (TIOPOJIOH ).

BBaxaerbes, mo Oinsg 90 % Bupo6iB 3 IIY — me moponoHu, 3 sikux 1/2 CTaHOBIATH
enacTuyHi, a 1/3 — xoperki. OTxe npolec CHiHEHHS Mae BUHATKOBO BeJIMKE 3HAa4YeHHS. B 1ipomy
IpoIieci MOYKHA BUIUTUTH JIEKIJIbKA BOKIMBHUX XapaKTEPHUXCTAIIN:

a) cTafis CKpUTa, KOTpa TPUBAE BiJl 4acy 3MIIIyBaHHS O MOMEHTY 30UIbIIEHHS 00’ eMy
cymii;

0) crajis 3pOoCTaHHs, sKa MPOAOBXKYETbCA A0 MOMEHTY OCTaTOYHOI'O 3allOBHEHHS YChOI'O
BIIbHOTO 00’eéMy (opMu e BimOYBaeTbCs MpOLEC EK30TEPMIYHOI MoJliMepu3anii, mpu sKid
yTBOpeHU# (pi3nuHuUil 1 peakTUBHUH ra3 CIIHIOE 111€ HE 3aTBEPKEHY IJIACTUYHY Macy.

B) CTafisl TO3piBaHHS MiHH, MPH AKii BiIOYBAIOTHCS OCTATOYHI MpPOIECH XiMiuHi 1 (i3uyHi
CTPYKTypyBaHHS 1 (OpMyBaHHS MOPOJIOHY 3 HEOOXI1IHUMHU BJIIACTUBOCTSIMH — II€ CTaJlisl TPUBAE BiJ
JEKUIBKOX JI0 AECATOK TOJIHH.

®opmyBanHs BUpo6iB 3 ITY moxe BigOyBaTHCs 3a JOMOMOTOI0 pi3HUX cxeM. HaiiBakmuBimni
TEXHOJIOT1YH1 CXEMH HACTYIIHI.

Cxema RIM (anr.: Reaction Injection Molding) monsrae Ha HemepepBHOMY OAEpKAHHIO
CyMill, KOTpa BUXOJUTH 31 3MIIIyBaJIbHOI IOJIOBKM MiJ TUCKOM 3 - 25 MIla 1 nmonanae y ruiznga
3aMKHYTUX (opM, Jie BiIOpMOBY€EThCS KiHLIEBUN ocTaTouHMi BHUpiO (puc. 8.10). ['omoBka mMoxe
Oyt BianineHa Bix ¢opMu abo x Moke OyTH 3akKpiluleHa Ha KOXKHINM ¢opmi. B’s3kicth cymimii
cranoButs 0,5 - 1,5 [alle, mo y 100 - 2000 pa3 MeH1Ie, HiXk B A3KICTh PO3TOIMIB MOJIIMEpPIB Mij yac
JINTTS 11 TUCKOM.

/////

A"

N
/

Puc. 8.10. Cxema mexnonoeii RIM:
1 — 36ipruxu npuecomosarux nonepednvo komnonenmis A i B; 2 — 0ozamopu,
3 — posnodinvuuil npucmpiti; 4 — 3miuyeau komnonenumis A i B (Komipkogo-iHdcekyilina
eonoska);, 5 — gpopma, 6 — siogpopmosanuil npeomem 3 I1Y (cyyinonuii abo cninernuii)
Yac ¢popmysanns Bix 30 ¢ no 1 xB. Tuck y ¢popmi ue nepesurrye 0,35 Mlla, a orxe 3ycuuis
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3anupanHs GopMH BUHOCUTH 1 -2 % 3ycmiuist 3anupanHs GOpMU MPH JUTTI Mia THCKOM (Tadu. 8.1).
Tabnuys 8.1.
3ycuaist 3anupanns ¢popmu B Texnosorii RIM ta npu aurtTi mix Tuckom

ITnoma nepepisy npoexkuii 3ycuais 3anupanns, MIla
BilJIMBKH 1 KaHAJIB B IIOINUHI RIM JIuTTs mix THCKOM cyMminnei

PO3MHMKAHHSA TePMOILIACTIB

0,03 0,02 1,47

0,07 0,05 2,94

0,13 0,10 5,88

0,26 0,20 11,77

0,52 0,40 23,54

0,97 0,74 44,15

Huspkuii THCK y GopMi 0OyMOBIIOE Mady yCaaKy 1 3MEHIIye BHYTPIIIHI HANpyXeHHS y
BupoOi. [Ipouec dopmyBaHHS 3AIHCHIOETHCS HA TiAPaBIIYHMX Mpecax 3 3ycwuisaMm 1,5 MN,
OCHAIIIEHUX CTOJIOM CIHeliaJbHOI KOHCTPYKIi, HANpHKIag 3 yXuioM 10 [1/4 pan, mo A03BoJise
BuiiMaTu BUpoOW 3 THi3Aa Qopmu. 3a gomomoror TexHonorii RIM BHUTOTOBISIOTBCS BUPOOHU
KOHCTPYKIIiHHI 1 €JIeMEHTH OOJHIFOBaHHS aBTOMOOLIIB (puc. 8.11).

Texnonoris RRIM (anr.: Reinforced Reaction Injection Molding) BiapizHseTsest Big RIM
THUM, IO JIO PEAKIIIHOT CyMIIlli TOIA€ThCS HAITOBHIOBAY Y BUTJIS/II KOPOTKOTO CKIISTHOTO BOJIOKHA Y
kinbkocTi 10 40 % 06. BonokHo micis moapiOHEHHS 3MIITYETHCS MOMEPEIHBO 3 KOMIIOHEHTOM AYH

B OKPEMHUX 3MillyBa4yax. BOJOKHO CIPUYHMHIOE 3HOIIYBaHHS OOJIaAHAHHS. Y 3B SI3KY 3 IHM,
a TaKo)XK BPaxOBYIOUM IMiJBUILEHY B’SI3KICTh HAIMlOBHEHOI CyMIllli /Ul NEPeTHCKAaHHSA i1 y J103aTOpH
BUKOPUCTOBYIOTbCS TIOMITH MEMOpPAaHHOTO THITy, a B 3aJIMBHHUX TOJIOBKAX YacTO CTBOPIOIOTH
HUPKYJIAUidHY Tedito. EneMenTn oOnagHaHHs, KOTpl HaWOLIbIlle MiAJAIOTBCA CTUPAHHIO
BUKOHYIOTh 3 KapOiay BOJIb(ppamMy UM 3 KEpaMiKH.

Texnonoriss SRIM (anr.: Structural RIM) Bigpizuserscs Bin RRIM Tum, mo nams
(opMyBaHHS BUKOPHCTOBYETHCS HAINOBHIOBAY Y BUIJISI JIMCTIB, SIKI HAa3WBaIOTh IpedopMami.
[Tpedopmu BianoBigaroTh Gopmi BUpoOy 1 iX BUTOTOBIIAIOTH MPECYBAHHIM 3 JIAMIHOBAHUX JIMCTIB.
ITpedopmy yknagaroTh B THi3I0 Gopmu s popmyBaHHS BUpoOy 3 IIY 1 Toai BUKOHYIOTH CTafii
aHajoriyHo g0 TtexHosorii RIM. Bwmict mpedopmu 1m0 BChOro Marepiairy y BHPOOI MOXKe
nepesuiyBata 50%.

Puc. 8.11. Ilpuxnaou supobis (demani Kopnycy agmomooins) 6u2omoeieHux mexHoio2i€io
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RIM abo SRIM (32iono ¢ipmu Kpayc — Madgpeii, Himeuuuna)

Takum crioco6om GopMyrOTh BETUKOrabapuTHI BUpOOH CKIIaaHOI KOHbIrypatii (po3Mipu 10
1,5 M) (nuB. puc. 8.11).

Texnosorist RI-RIM (anr.: Rotery Injection-RIM) mosnsirae Ha HemepepBHOMY OJep>KaHHI
CyMilli y 3MmimryBayi creniainbHOl KOHCTPYKIil (puc. 8.12.) 1 IMKIIYHMM 3allOBHEHHSM THi3Ja
dbopmu, ne BinOyBaeThcs (popmyBaHHs BUPOOy. KOMIIOHEHT A MOJAETHCS Yepe3 MO3MI0BKHINA KaHas
BaJly MIIIAJIKK, 3BIIKM Yepe3 paaialibHI KaHAIH IiJ] €0 BIMIEHTPOBOI CHIIHM MOCTYIAE Y MPOCTIp,
e BiOOyBa€ThCs 3MIIIyBaHHS KOMIIOHEHT B momaeThcs Bimpasy y 3MINIYyBaJIBHHHA IMPOCTI.
Mimanka oGepraethes 3 oGeproBoro mBHaKicTio 4 - 17 ¢, JlosyBamms sniifcHIOETbCS 3a
JOTIOMOT'0F0 3yOuacTux mommn 3 mpoaykTusBHicTio 1,0 - 3,5 xB ™. Tuck CyMiIlIi, sIka BUTUCKAETHCS 3
smimyBada craHoButh 0,1 - 1,0 MIla. Jlo ocHOBHHMX TmiepeBar Imi€i TEeXHIKH Tpeba 3apaxyBaTu
IHTEHCHBHE MiIlIaHHS 3 BUCOKOIO SIKICTIO, sIKa 3a0€31eUy€eThCSl BETUKUMU HAMPY>KEHHSMU 3CYBY, 10
BUHHUKAIOTH Y 3MIIITYBAaHOMY MTPOCTOPi(TIIHH1).

7.4. TexnoJioriunnii mpouec ¢popMyBaHHsI BUPOOiB 310JiiypeTaHiB

TexHonOriuHU| mpouec mnoiiMepu3aiiHoro ¢GopMyBaHHS 3 IMOJNIypeTaHIB MOXe OyTH
MUKITIYHUM (TIepiouYHUM) a0 K HETIepEepBHUM. 3HIMCHIOETHCS TPOIIEC HAa TEXHOJOTIYHHX JIHIsX,
KOTp1 MOAUIAIOTHCS 3aJIEKHO BiJl XapaKTepy Mpolecy UM 3aleKHO BiJ pyxy GOpMH Ha CTalllOHAPHI 1
pyxomi.

TexHonoriuni niHii cranioHapHi (puc. 8.13, a) ISl TUKIIYHOTO MPOLECY CKIAAAEThCS 3
JEKUTbKOX a00 K 3 BENMKOI KUTBKOCTI HEpyXOoMHuX ()OpM 1 3 BIAMOBITHOI KiIBKOCTI MEPEHOCHUX
TOJIOBOK 31 3MINIYIOYMMH TMPUCTPOSIMU a00 K TOJIOBOK, 110 BMOHTOBaHI B (popmu, IO KOTpHX
i1 €HIOETBCS TPUCTPI 3 cymimmmo peakTuBHUX ckiaanHukiB [1Y. Takuii Tum miHiiA
BUKOPUCTOBYETHCS PIAKO. BibII PO3MOBCIOMKEHI pPYyXOMi JiHII A7 MEpPIOJUYHOrO Ipolecy
(puc. 8.13, 6), KOTp1 CKJIAAIOTHCS 3 MEBHOI KIIBKOCTI pyXoMux ¢GopM 1 3 oJHI€T a00 JEKIITHKOX
CTAaLlIOHAPHUX TOJOBOK, MiJ’€IHAHUX JO MEPEMINIyI04oro MpPUCTPOIO. 3 OIsAy Ha THI
nepemMinieHHs (opMU JiHIT MOAUIAIOTHCS Ha KapycesbHi, MOCTYNalbHO-00€pPTOBI 11HIIIL.
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Puc. 8.12. Cxema mexnonoezii RI — RIM:
| — 36ipruxu cknaonuxie komnoszuyii; 2 — 003yeanvhi nomnu,; 3 — RPUEIO MIUUATIKU,
4 — mimanka 3 no3008XHCHIMU | padianbHUMU KaHaiamu, 5 — padianbHi Kananu, 6 — WituHa,
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7 — cnyckna 3acninka, 8 — eHizoo popmu

e
= a
a 1]

Puc. 8.13. Ilpunyunu 0ii mexnon02iunoi 1inii YukiiuHo2o hopmyeanHs NOaiMepus3ayiiHo2o
niHononiypemany. a) cmayionapua, 6) pyxoma,

1 — 36ipnuku cxknaonuxie A i B; 2 — smiwyeanvna 2onoska, 3 — ghpopma

Ha puc. 8.14. 300pak€HO TEXHOJOTIYHY PYXOMY JIHIIO KapyCeIbHOTO THITY JUIS
noniMepu3aniinoro QopmyBanHa 3a TexHonoriero RIM, mnpu3HaueHOro [Uisi BHUTOTOBICHHS
MOPOJIOHOBUX aBTOMOOUTBHUX CHIIHB PI3HUX PO3MIPIB 3 PErysbOBaHOIO CTIMKICTIO (popmu — 1e
texHonoris Kpayc-Madeit (Himeuunna). Ha kapycenbHiii ctanusi (1), ika BUKOHYe 00€pTOBHIA pyX
po3mimeno 16 ¢opm (2), ski 3akpimieHi Ha Aepkakax 3 JiHIiHO-o0epToBHUM pyxom (3). 3a
JIOTIOMOTOI0  pyXy Kapycemi 1 JONOMDKHOTO oOOepTaHHS Jep)KakiB (GOopMH  MOYEpProBO
i’ €THIOIOTBCS IO JBOX TOJIOBOK 3 3MimryBaueM (4), KOTpi NpaIlolTh OJHOYACHO abo K
noueproBo. LUk mpoliecy TeXHOJOTIYHOIO 3aiiMae 0OepTaHHs CTaHMHU KapyceiabHOoi Ha KyT [1/8
pan., mpu IbOMY BiOyBaeThcst oOepTaHHs (OpPMH Ha JEpKaKy i Mia €IHAHHS 11 O TOJOBKU Ta
3allOBHEHHATHI3A.

_c\f"\/\

l=)=)ET

Puc. 8.14. Cxema pyxomoi kapycenvroi ninii 018 YukiiuHo2o ¢popmyeanus 3
niHononiypemanuy.
1 — mpancnopmep; 2 — chopmu, 3 — mpancnopmep ninitiHo-06epmoguil; 4 — 3mMiuLy8aibHa
eonoeka; 5 — npusio mpaucnopmepy, 6 — 003y6aibHi NpUcmMpoi
TpuBamicte 1poro nukiay ckmagae 30 c. JliHig aBTOMaTH30BaHa JBOMa PoOOTaMH [0
TOJIOBKM 1 KEepOBaHa JBOMa KOMIT'IOTepaMu. PerymroBaHHS TBEPAOCTI IMIHH 3IHCHIOETHCS 3a
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paxyHOK 3MiHH KiibKocTi mopodopy. KapycenbHi JiHiT €eKOHOMIYHO BHUTIAHI TOA1, KOJIH iX AiaMeTp
HE nepeBuurye 16Mm.

VY BUnanky, Koiu nigdip CKJIaJHUKIB CyMillli € TAaKWH, 110 Yac MoJIiMepu3allii € JOBIIUH, HIXkK
yac 00epTaHHs MPU 3A1HCHEHH] LMKy Ha KapycesbHIA yCTaHOBII, a TP IIbOMY CTaBUTbCS BUMOI'a
BHCOKOi TMPOIYKTUBHOCTI TPOLECY, BHUKOPHUCTOBYIOTH YCTAaHOBKM THUITy HENEPEPBHOI CTPIUKH
(moctrynansHO-00epTOBi). Ha puc. 8.15. mpencraBiieHo cxemMaTH4YHE 300pakKeHHS TaKOi JIiHii.

A L — L ———
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Puc. 8.15. Cxema ninitino-06epmosoi mexnHon02i4Hoi Ninii 0118 YUKIiuHo20 popmyeanus 3
I11y:

1 — mpancnopmep nanyrocosutl, 2 — ¢hopmu, 3 — mpancnopmep obepmosuii; 4 —
YCMamxkysanus 003y6aibHe 3 NOMRAMU, 5 — 207106KU;, 6 — poOOmM 0151 KepyB8aHHs 201108K010, 7 —
npusio 1aHy0208020 MPAHCHOPMepY;

8 — pobom ons nanunenns anmuaoze3ugy; 9 — izox gopmu; 10 — 8y30.1 Kepysanns

Ha xonBeepi nanuorosoro tumy (1), skuif BUKOHYe JiHIHHUNA pyX, 3HaxoaThcs 30 dhopm
(2), Axi 3aKpiljieHl Ha Jepkakax, 1o obepratoTbes. [lpuctpiii 3amoBHEHHsSI (OPM CYyMINIIIIO
YTBOPIOE TPU TPYyNHU eMHOCTEH (4) 1 HACOCIB 3 IBOMa rojioBKaMHu (5), a Takoxk poOoT (6) 3 neB’IThMa
CTYTEHSIMHU CBOOOJU JIJIi MaHIMYJIIOBaHHS TojioBKamu. [{uki mporecy 3anmoBHeHHs TpuBae 7,5 ¢ 1
BKJIIOYA€E TEpEeMIIIeHHs] KOHBeepy Ha Biajganb Biax dopmu 10 ¢dopmu, obOepraHHs (opMu Ha
JepKaKky, TIIJBEJCHHS TOJOBKM 1 3aloBHEHHsA THi3Aa ¢opmu. JliHi® aBTOMaTru3oBaHa i
KOMIT I0TE€pPHU30BaHA.

HenepepBHa TeXHOJOIIYHA JiHIA CKIAJA€TbCd 3 CTPIUKOBOTO KOHBEEPY 1 TOJIOBKH 31
3MilllyBayeM, sIKa BUKOHYE KOJIMBAHHS MEPIEHIUKYJSPHI O MEPEMIIICHHs] CTPIYKU. 3 TOJOBKHU
CyMIIll BHUJIMBA€ThCS Ha CTpiuky. Ckiaa cyMilli MiIOMpaeTbess TaKHM, NpU KOTPOMY CIIHEHHS
Hactynae jmie Ha Biggan 300 +~ 600 MM Bijx 3a1uBHOI roJIOBKH. J1Jis 3armo6iranss aaresii Macu 10
KOHBEepY 1 11 CTIKaHHS 3 KOHBEEPA, OCTaHHIM MOKPUBAIOTh PO3AUIBHOIO IUTIBKOIO a00 mamepoMm i
Horo kpai TakoX 3aKkpuBalTbca IUIBKOIO. [licns 3arBepmkeHHs miHM (HAa MeBHIM Biazami
3aJMBaHHA) CIIHEHUI MaTepian y BHUIJIAJI JIUCTA HApi3yeThCs HA apKyIli YU CTPIYKH, a BiJIisIeHa
CTpiuKa — MiAKJIa/Ka 3BUBAEThCS 1 OBEPTAEThCA Ha MOYaToK mporecy. [liHomarepian, ogepxKaHHii
3a JJOOMOT'0I0 TaKOTO CIIOCO0Y XapaKTepU3YyeThCs OUIBII PIBHOMIPHOIO MOPUCTICTIO.

7.5. @opmMyBaHH4 noJiMepu3alliline 3moJiaminy

3 6araThOX BIIOMHUX HOJIMEpHU3AI[IHUX TEXHOJOTriH (OpMYyBaHHS 3 MOJiaMiliB HaHOUIbII
3HaHA € TEXHOJIOTiS aHIOHHOI MOoJiMepH3allii KarpojakTaMmy 3 OAep)KaHHSAM momiaMmigy 6. Yac
MoJIiMepH3allii YUCTOro 1 CyXOro KamposiakTamy B aTrMocdepl IHepTHOrO rasy ImpHu TemIiepaTypi
200 - 250 °C mepeBumrye 600 romuH. Otxe OOOB’S3KOBO BHUKOPHUCTOBYBATH AKTHUBATOPH 1
KaTaJli3aTOPUIIOIIMEPH3allii.

AHIOHHY MOJTIMEPH3AIiI0 YCIHIIIHO 31HCHIOIOTh B MPUCYTHOCTI rigpokcuay Hatpy (NaOH).
Ha mepmriit cranmii micns BBemenHs NaOH y posronm kamposiakTamy YTBOPIOETBCS ITOX1JIHA
KallpoJIakTaMy, KOTpa € Karali3aTopoM mojimepu3sanii. B3aemonis 1 3amUCyeTbCs HACTYITHOIO
CXEMOI0 PeaKITii:

HenonikoMm 1i€i peakiii € HEOOXiqHICTh BUAAJICHHSA 3 PEAKLIHHOI Macu yTBOPEHOI BOJH,
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KOTpa TYT BUCTYMA€ iHTiOITOPOM POCTY JaHIOra. 3aMiCTh TiIPOKCUIY MO>KHAa BHUKOPHCTOBYBATH
auriapua Oic-(2-METOKCHETOKCH) alllOMO-HATPIil0, KOTPHH OKPIiM BHCOKOI pEakI[iiiHOI 31aTHOCTI
3abupae nomimku Boau. Moro xommentpauis 0,035 % Mac. IO BiZHOLIEHHIO IO KaIPOIAKTaMy.
[IpuiimMaeTbes, 1m0 B3a€MOJIS KampoJlaKTamy 3 IIMM 1HIMIATOPOM BiIOYBA€EThCSA 3a HACTYITHOIO
CXEMOIO:

AJe mBHIKICTH Ii€l peakIlii € MEHIIOW, HiXK MPU BUKOPUCTAHHI TiApokcuay HaTpy. Kpim
TOT0, HEIOJIKOM IMpOIeCy € BHIUICHHS BOJHIO. TOMy OUIBII TEXHOJOTIYHUM € BUKOPHUCTAHHS
JMKAIpoJiakTaMaTy 0ic-(2-METOKCHETOKCH) alioMO-HaTpy. B 1bOMy BHIAIKy BOJCHb HE
BUJIUTSETHCSL.

BuxinmHa cupoBHHA I TOJIMEPH3aliMHOTO (OPMYBAaHHS € CYMINIIIIO KOMIIOHEHTIB
HACTYITHOTO OPIEHTOBHOTO CKIIAJY:

— KarpoJlakTaM 3 fepeciunuM BMicToM Bosioru 10 0,03 %mac.;

- iHimiaTopa momimMepu3amii  (aurigpun  6ic-([)-METOKCHETOKCH)aTFOMO-HATPY Y
BUTJIsII 70-MIPOIIEHTHOTO PO3YMHY B TOJIYOJIi, a00 K JAMKarposiaktamaty Oic-(2- METOKCHETOKCH)
amoMo-HaTpy y BUIIIAI 80 %-HOT0 po3uMHY BTOIYOI);

- aKTHBATOpa noiMepu3anii —

OJTHOYHKIIIITHOTO N-anerunokanponakrtamy abo xK
nudyHKIiitHOTO TonyineH 2,4-(aii3oliaHary);

- nopodopy — 1,6 rekcameTuiIeH aiizomiaHary abo x OeH30/11a30aMiHy
(TpUCITiHIOBAaHH]).

BukopucToByrous nepiri Tpyu CKIaJHUKN OJIePKYEMO MOHOJIITHI BUPOOH, IPU J01aBaHH1
nopodopy — CriHeHi BUpOOu.

[Tpuknaa TEXHOJOTIYHMX yYMOB IPH OJAEp)KaHHI MOHOJIITHHUX BHPOOIB Ha MEpIIiid CTaii:
po3ron Kampojakramy HarpiBatoTh 0 100 [ 5 °C i 10 HBOTO AOJAIOTH JiKampoiakTamar Oic(2-
METOKCHETOKCH) allfoMO-HaTpy y KuibkocTi 0,3 % mac. Mo BIIHOIIEHHIO JI0 KalpoJiaKTaMy, MOTIM
cymimt HarpiBatoTh 10 140 [ 2 °C 1 gogatots 0,15 % mac. 2,4-TonmyineH-aAnui30111aHaTy.

BupoOu criiHeH1 ofepXylTh 3 CyMillll, IKa OTPUMYIOTh 3MIIIYBAaHHAM KallpojakTamy 3
0,65 % mac. nuringpunay 0ic-(METOKCHETOKCH) aliOMO-HATpy, HACTYIIHUM HarpiBaHHSAM [0
135 [0 5 °C 1 nogaBaHHsAM crioyaTKy 2,4 TomyineH-mii3omianary y kinbkocti 0,65 % wmac., a moTim —
OeH3oaiazoamiHy y KigbkocTi 1 % mac. MOXIMBOCTI KUIBKICHOTO 1 SIKICHOTO CKJIQAy CyMilIe
oOMexeH1, TOMy 0OMEKEHI MOXKIIMBOCTI 1 aCOPTUMEHTY BHUp0OiB Ha ocHOBI ITA-6 y mopiBHsIHHI 3
Iy.

[Tpouec nonimepusaniitHoro gopmysanns 3 I1A-6 nonsdrae, y 3aragipHOMY, Ha TOMY, L0 Y
rHi310 Harpitoi go temnepatypu 170 + 180 °C BnuBaeTbcs MomepeHbO OTPUMaHa peakiiifHa
cymiml. B ¢opmi BiiOyBaeThcs aHIOHHA MOJIMEpHU3allisl 3 HACTYIHOIO KPUCTANI3aLI€0 MOIIMEpY.
[Ticst yoro BUpiO OXOJIOMKYEThCA Y BU3HAYCHOMY peXHUMi pazoM 3 ¢popMoro. Tepmorpama mnpoiecy
MpUBEACHA ;{a gI/ICYHKy 8.16.
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Puc. 8.16. 3anexcnicmo memnepamypu t 6io yacy T ¢hopmysanns nonimepusayitinozo 114-6
(kanpoarakmam + ouciopuo bic-(MemoxKcuemoxcu)-anomMo-Hampy, AKull Ha3u8amMs CUH 2iopuo i
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2,4 - monyinenodiizoyianamy 3 nazeoio Izoyun T - 80)
ne: [ t,— mpupicT TeMmepaTypu 3a paxyHOK €K30TepMii rmoimMepu3aitii;

[J t,— IpUpICT TeMIepaTypH Bi eK30e(eKTy KpUcTai3allii;

[ tmax— MaKCUMaJIbHA TEMIIEpATypa MoJiMepU3allii;

T,— 4ac moniMepu3ariii;

T,— yac HykJearii (3apoJIKyBaHHS);

T,,— yac Kpucraizarii;

Toy— 4ac Ha OXOJIOKEHHS,

Tg4—cymapHuil 4ac mpouecy GpopMyBaHHS:

Tp OTp UTy UTkp,

Metoa nonimMepusauniiHoro popmysanHs 3 [1A 3HaMIIOB 3acTOCYBaHHA IPU POPMYBaHH1
BEJIMKOTa0apUTHUX TOBCTOCTIHHUX BUPOOiB, POpPMYyBaHHS KOTPUX 3 PO3TOITY SIBJISIE€ BETUKI TEXHOJIOTIUHI 1
KOHCTPYKIIHI TPy THOIITI.

Jo cnemudikun MeToay clifi BIAHECTH BEIHKY PI3HULIO TEMIEpAaTypd B PI3ZHUX MICIISIX
BUpOOY, B OCHOBHOMY, IIPH OXOJIOKEHHI 3a Mexamu ¢opmu (puc.8.17), ska BUKIMKAHA MaJUM
Koe(iIi€eHTOM TEIIONPOBITHOCTI MOJIMEPH a TAKOXK 3HAYHHHA TPATIE€HT MIBUIKOCTI OXOJIOKCHHS 3
yciMa HacJiAKaMH BiJI[bOTO.

VY Bunmajaky npuBeAeHoMy Ha puc. 8.17. rpaJi€eHT MBHIKOCTI OXOJOKEHHS BHU3HAYAETHCS

3r1AHO 3arajbHOI 3aJIEKHOCTI:

ne: V,,— MBUAKICTh OXOJIOKeHHS y MicsaX 1 1 2;

R — paaiyc raGaputHoro Bumipy BupoOy (125 mm).

T.Crexuncekuii (Ilonpmia) BCTaHOBUB, 1O KoM BUPIO OXOJOMKyBaBcs y (opmi, TO
I'paJliEHT MBUJIKOCTI yTpuMyeThbes B Mexkax 0,0113 + 0,0183 K/(c[Im), Toi Koau IpHu 0X0JI0KEeHHI
y BoJi uu onwmBi BiH ctaHoButh 0,1251 + 0,3 K/(c[IM). PexomenoBaHa MIBHAKICTH OXOJIOKCHHS
crtanoBuTh 0,44 + 0,57 K/m.

150
118
100 oA Tl
> I 250
h'\
<
50
\
0 3 6 9
T, 200

Puc.8.17.3aneacnicmoepadicumymemnepamyptysionosionuxmicysixeupoo6y(1i2)siouacy
oxonooxcenns T npu memnepamypi popmul80°C:
I — oxonooocenus 6 popmi; Il — oxono0scenns nicis uOaieHHs 3 hopmu npu memnepamypi
60°C na nogimpi 3 memnepamypoio 20°C
[Tpouiec crineHHst BUp0OiB 1A 311HCHIOETBCS Y 3aMKHYTHX (hOpMax 3 peryab0BaHOIO
TeMmueparyporo (puc. 8.18.)
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Puc. 8.18. ®opma ona cninenns I[1A — 6 nio wac anionHoi nonimepusayii:

1 — kpuwxa eepxmns; 2 — onuwe; 3 — nitika, 4 — erekmpuunull Hazpisay, 5 — 0amM4uK
memnepamypu, 6 — menioea izonayis, 7 — enekmpuyne 3’ €OHauus, 8 — npumuckna 2atika;, 9 —
obouma

YTBOpeHI IiHOMaTepianyu MaroTh BIIHOCHY T'ycTHHY BiJ 160 10 560 Kr/Mm°.

[Tonimepu3aniiine popmyBanns 3 I1A-6 Moxxe 3ailicHIOBaTHCH 3a TexHOOTiel0 RIM 3
BUKOpHUCTaHHIM obnagHanHs Gpipmu baniche C. abo Linuinari Mainakpon (CILA).

OTxe, BHUKOPHUCTOBYIOUM CrHelialbHe OOJaJHaHHS, $KE J03BOJSIE MO€IHATH

CTaJlil0 OfIepKaHHs MoJIiMepy Ta cTaiii popmMyBaHHs BUpOOy B OJHOMY

TEXHOJIOTIYHOMY MpOIieci MOXKHa3a

MIPOTPECUBHOIO BUCOKOTIPOJYKTUBHOIO TEXHOJIOTIEIO 31IICHIOBATH BUTOTOBJIEHHS IITUPOKOTO
acoptuMeHTy BUpoOiB 3 IIY 1 [TA i3 3HaUHO MEHIIMMM BUTpaTaMH €Heprii, BHACIiJOK HU3BKUX
TUCKIB pu popMyBaHH1 a00 UM IpU OE3TUCHEBUX METO/1aX (OPMYBAHHS.

8. TexHoJ10TiYHI MpoLecH nepepodKku noJxiMepis

8.1. TexHoJorist BAPOOHUUTBA KOPCTKOrO0 MOJiBiHIIXJI0pHIY

Teepauit 1 »KOPCTKUH KOHCTPYKIIHHUK MaTepiad Ha ocHOBI HeractudikoBanoro I[IBX Hocuth
Ha3By BiHimmact. Moro BMIycKaroTh y BUIJISI JIMCTIiB, TpyO, IUTIBOK, 3BapIOBANGHMX NPYTHKIB Ta iH.
BiHirutacT oTpuMyrOTh TepMiuHOIO ractudikariero cymimi [IBX 3i crabimizaropamu Ta 3MallylOuUMH
pedoBHHAMH, (3 100aBKOIO OapBHHUKA UM MIrMEHTY i 0€3 HOI'0) IIUIIXOM BaJIbLIOBaHHS Ta EKCTPY3ii.

BupOOHHIITBO JIMCTIB Ta IJIIBOK METOJOM EKCTPY3il CKIANAEThCs 3 TAKUX CTallid: 3MilTyBaHHS
KOMIIOHEHTIB, OJICp)KaHHS TUTIBKH eKCTPY3i€I0, KallaHPyBaHHS IUTIBKH, TPECyBaHHS JTUCTIB.
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Puc. 9.4. Cxema supobruymea nucmosoeco sininaacmy: 1 — cxosuwe; 2 ,7 — oynxkepu-yukionu, 3, 10 —
cusUbHUKY, 4 — smiwysay obiepisarouuil; 5 — 3miutyeay 0xon00xcyrouull, 6 — pykasHuil inemp;
8 — kynvosuil maun,; 9 — eakyym-nputivay; 11 — excmpyoep,; 12 — kananop; 13 — mazuyui eanku; 14
— picyyuti cmarnok; 15 — yknaoanvruk; 16 — 6azamonogepxosuti npec.

IIBX 3i cxoBuma 1 depe3 OyHkep-IIHKIOH 2 i OapabGaHHMI JKUBWIBHHK 3 ITHEBMOTPAHCIIOPTOM
HaTpaBISETbCSA Y JBOKOPITYCHUH BHXPOBHH 3MilllyBady, SIKU CKJIaAa€Thes 31 3MillyBada 3 o0irpisom 4 Ta
3MinryBada 3 oxonomkeHHsMm 5. [IBX, skuli BuHeceHUil MOBITpsM i3 OyHKepa-UMKIOHY 2, BIIIIISETHCS B
pykaBHOMY QimpTpi 6 Ta mocrtymae B 3araneHuil TpyOomposim [IBX. Crabimizarop (Menamin)
TPAHCHOPTEPOM TOAAETHCA Yepe3 OYHKEP-IUKIOH 7 y KyJbOBUH MIIMH 8, Jie MOAPIOHIOETHCS Ta 3MIIIYETHCS
3 HeBeMKO¥0 KinbKicTio [IBX. Onepxana ctabinizyroda CyMim-KOHIIEHTPAT 3 MIMHA § MOAA€THCS Y BAKYyM-
npuitMad 9, a TOTIM Tapilb4YaHuM >KUBWILHUKOM 10 B 3MimryBad 4, B SIKW BBOASTHCS CTeapaTH Ta
TpaHc(OpMaTOpHE MAacllo, MIO CIYXHUTh s Tuactudikanii KoMmnosuiii mix vac mepepoOku. Hrmxue

HaBE/ICHI HOPMH 3aBaHTA)XCHHS KOMIIOHEHTIB B 3MIIIIyBaY:;

IIBX .o 100
Cralini3atopi ................ 2-5
3Ma3yiodi pe4oBUHH .......5 — 4

[Ticns mepemimryBaHHS KOMITO3HILiSl TIOJA€ThCSI B 3MIIIyBad 5, 3BiATH Oe3NEpepBHO MOTpAILIsE B
OyHKep BiOpPOXKMBWIJIBHHKA ABOXIIHEKOBOI'O ekcTpyzepa 11 3 minmucroro ronoBkoro. B ekcrpyzepi maca
HarpiBaetscst 10 175 — 180°C, mepemimryerscsi Ta IIacTHQIKYETbCA. 3 TOJOBKU EKCTpyJepa MOMiMep
BUAABIIIOETHCS Y BUTMISAAL O€3KIHEUHOT CTPIUKHU-TIOJIOTHA, sIKa MOTPAIUIsIe HAa BEPXHiM BanMK KamaHapa 12,
Harpituii o 155-160°C, mpoxoauTh cepeiHidl BalOK 1 BUXOAUTH y IIUIMHY MDK CEpelHIM Ta HIKHIM
(tremneparypa 165-179°C) Bankamu. 3 KajaHapa CTpiuKa HAIPaBIAETbCA TATHYYUMH BaJuKaMu 13 y cTaHOK
14, ne BinOyBaeThcst OOpi3aHHA KPOMOK (AMCKOMOMIOHMMH HOXKaMH) Ta Hapi3yBaHHS CTPIYKH Ha JIMCTH
(TiMBAOTHHHMMH HOXWISIMH). Jladi JUCT MOCTynmae Ha TpaHCHopTep YykianaidbHuka 15. Takum drHOM
OTPUMYIOTh JIUCTU BiHIIIIAcTy (IUTIBKOBUE BiHiutacT), ToBmuHA skux 0,5-5 mm. g omepskaHHs OiibIn
TOBCTUX JIUCTIB 5-20 MM (JINCTOBOTO BIiHIIUIACTY) TOHKI JIMCTH TUTIBKOBOTO BIHITUIACTY HAOWPAIOTh y TTAKETH
Ta TPECylOTh Ha 0araTomoBEpXOBHUX riapaBiiuHux mpecax 16 3a 170-175°C Tta tucky mo 1,5-10 wmlla
3aJ1€KHO Bix B s13kocTi [IBX 1 TOBIIMHM JIUCTIB.

Tpybu niamerpom 6-400 MM, cTepkHI, NPYTHKU JUIsl 3BapiOBaHHS BIHIMIIACTY Ta iHIII mpodini
OTPUMYIOThH 32 AHAJIOTIYHOIO CXEMOKO i3 3aCTOCYBAaHHSM BiAIO-BiTHOT (DOPMYIOYOi TOJIOBKH B €KCTPYIEPI.
Jleski npiOHI BUpOOU 3 BIHIIIIACTY BUTOTOBIISIIOTH METOJIOM TIpECYBaHHS Ta0eToBaHoi Macu. [16]

8.2.. TexHoJs0rist BUPOOHUIITBA M’SIKOI'0 MOJiBiHIIXJIOPUAY
M’sxmii  [IBX (momiBKM 3 SIKOTO  HA3WBAIOTh IUIACTHKATOM) BHUTOTOBIAIOTH Ha  OCHOBI

nopoukonogionoro I[BX 1 mnactugikatopiB. 3aiekHO BiJ NpPU3HAYCHHS KOMIIO3MUILII MICTATH pi3HY
KUIBKICTh TIacTH(dikaTopis, cTabigizaTopiB, HaITOBHIOBAYiB, OapBHMKIB (auB. Tabl. 9.3). Y mpoMucioBocTi
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IUIACTUKAT BUIIYCKAETHCS Y BUIJIAII IUIIBKM a TAaKOX CTPIYOK, TPYOOK 4M IUIAHTIB (KaOCJIbHUH IJIaCTHKAT),
KOTPHH BiAIOBIAHO MOAUIIETHCS HA MOPO30- Ta BOTHETPHUBKUH.

[TniBKOBUH MacTUKaT OTPUMYIOTH BalbLIIOBAaHHAM 3 IMOCTIIOBHHM KalaHAPYBaHHIM (3acTapiiuii
cnoci0) Ta exctpysieto (HoBuil cmoci6). TexHomoriuHmii mporec BHPOOHHUITBA IUIIBKOBOTO IIIACTHUKATY
METOJIOM €eKCTpY3ii CKIamaeTbCsi 3 TaKWX CTafiil: 3MINIyBaHHS KOMIIOHEHTIB, eKCTpy3isi MacH,
KaJlaHJpyBaHHS, HAMOTYBaHHsI Ta YIaKOBYBaHHS IUTiBKU.

Taommums 9.3.
TumoBi peuenTypu A MOJNIBIHUIXJIOPUIHUX IJIACTUKATIB

Hazpa 3arampHOTO Kabensauit IIpo3opuit Mopo3zocritikuii | Boraecriiik

NpU3HAYEHHS i

[1BX 100 100 100 100 100

[Tnactudikaropu: - - - - -

Juoxtundranar 56 50 24 36 33

HubyTtuncedanuuar - - - 18 -

Jubytundranar - - 24 - -

Tpuxpesundocdar - - - - 22

[Mapadin, - 1 - - -
xJoprmapadin

Creapat CBUHITIO - - - 4 4

Creapar Kajbllio 1 - - - R

Creapar kaamiro - - 1 - -

OcHoBHHI KapOOHAT 8 8 - - -
CBHUHIIIO

Kpeiina 1 - - - -

JubyTunaunaypat - - 1 - -
0JI0Ba

Tpuokcun cypmu - - - - 4

I1BX 3i cxoBy 1 MHEBMOTPaHCIIOPTOM TOAAIOTh Y OYHKEP-IIMKIIOH 2, a 3BiATH Ha BiOpocuTo 3 Ta y
JBOIIIHEKOBUH eKcTpyaep 4.

Creapar kanpLifo 3 OyHKepa MHEBMOTPAHCIIOPTOM HAIPABISIIOTH Y OYHKEP-LMKIIOH 5, pO3MILICHUN Hax
3aBaHTa)XyBaJlbHUM OyHKepoM ekctpyzaepa 4. Cioam X 3 MacoBOro MipHHKAa 6 CaMOBUIBHO MOCTYIIAE
rractudikarop.

[Ipu 1bOMy BUKOPUCTOBYIOTHCSI €MYJIbCiiiHI Ta cycren3iiiHi mapku [IBX. B sikocti mmactudikaTopis
3actocoBytoTh: JJO®, JbD, JOC, TK®. Sk 3masku-nyOpukanTn — mapadin abo xmopmnapadiH, sk
TepMocTabuTizaTopu — cTeapaTd Kajbllilo, KajMilo, CBHUHIFO, SIK HAlOBHIOBaYli — Kpeijga sK
¢orocrabdinizaropu Ta antunipenu JIbJI onoBa ta Tpuokcun cypmu (aus. tad. 9.3).

3MilyBaHHS KOMIIOHEHTIB, TUIACTH(IKAIlisA Ta FTOMOTEHI3allis MacH BiIOYBalOThCS B eKCTpyAepi 4 3a
145-155 °C. 3Bigru cymim dYepe3 LIIUCTY TOJIOBKY BHIABJIIOIOTH y BUIJAI Oe3KiHEUHOI IUTIBKM Ta
TPaHCHOPTEPOM O€3MepepBHO MOJAIOTh Yy MIUIMHY MK BajKaMH YOTUPUBAJIKOBOIO KanmaHiupa 7.
TemmepaTypy KOXXKHOI'O BajKa KajlaHIpa PETyJIolTh mojaueio mapu B Mexax 140-170°C. YV mpoueci
KaJJaHJpyBaHHS BiI0OYBA€THCS OPi€HTALlisl MAKPOMOJIEKYJl Y HAlIPAMKY PYXY BaJIKiB Ta KiHLIEBE KaJiOpyBaHHS
mriBku. Ilicas mepeMoTyBaHHS Ha CTaHKY 8 pyJoOHHM IUTBKH ToBmuHOKO 0,12-2,0 MM TpaHCTIOPTEpOM
MOJJAI0Th Ha YIIaKyBaHHS.
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Puc.9.5. Cxema supobnuymea nuiskosoco naacmuxamy. 1 — cxosuwe I[IBX; 2, 5 — 6ynxepu-yuxionu, 3 —
sibpocumo, 4 — excmpyoep; 6 — 6a206uil MipHUK, 7 — KAIaHOp, 8 — NepemMomysaibHUull CMAaHox.

8.3. TexHoJorisi BUPOOHHUTBA MiHOMOJIBIHIIXJIOpUAY

IcHyrOTH TpU cmocoOu ofep)KaHHS MiHOMOJMIBIHIIXJIOPHAY: 3 KOMIIOHEHTIB y TMOPOIIKY; 3
TUIACTU30JIeH; KaJaHAPYBaHHSIM.

Haii6inpm nommpenum € nepiuii Meto. CroyaTky ofepKylOTh CyMilll KOMIIOHEHTIB y 3MilllyBadi
3a Ttemmeparypu 45-70°C, micns doro 3a Ttemneparypu 100°C BBomsth mmactudikarop (y BHUMAAKY
OJIepKaHHSl €NacTUYHUX MIHOIUIACTIB) Ta OXOJOMKytTh 1 10 30 °C. BuXigHOI CHPOBHHOIO CITyXKaTh
emynbciianii [1BX, rasoyrBoproBaui, Mmermnamerakpwiar (MMA) Ta iHimiatop s ToxiMepu3arii
METHUJIMETAKPUIIATY.

nBx

KAPBEOHAT AMOHIKO

BIKAPEOHAT HATPIIO
[0 BAKYYM NIHIN

- 4 MIHOMNACT

Puc.9.6. Cxema supobnuymea sicopcmxoeo ninononigininxaopudy: 1 — xymvosuit maun, 2 — yukiou, 3 —
sibpocumo, 4 — npomisxcna emuicmo,; 5 — npec, 6 — kamepa CniHIOBAHHSL.

TexHOMOTIYHUI TPOIIeC OICPIKAHHS JKOPCTKOTO MIHOIIACTY MPECOBAHUM METOJIOM CKJIAJAETHCS 3
HACTYIIHUX CTaJiil: MPUTOTYBaHHS MPECYBAJIbHUX KOMITO-3HIIil, MPECYBaHHs, CIIHIOBAHHS 3arOTOBKH,
00pi3aHHs Ta yIaKyBaHHS.

VY mapoBuii mitnH 1 3arpysxatots I[1BX, GikapOoHaT HaTpit0, KapOOHAT aMOHI0, PO3YMH JAMHITPHITY
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azo0icizomacisaHoi kucnotu (mopogop UX3-57) B MMA Ta mepemimyioTs 3a  Temmeparpyun 45 °C
npotsrom 18-20 rom.

[IBX eMyJTBCIHHUM. .....cvveverereereereenienns 100
MMA ..o 25-28
[Topodop (HILIATOP)..c.veervrerreeererererennn 0,8-1
KapOoHAT aMOHIFO........cccervvereereereenieans 10-16
BikapOOHAT HATPIO.....ccveeereeeerieeereennne 8

VY mpoueci 3MillyBaHHS B pyKaB MJIMHA TOJAIOTh BOAY JUI OXOJOMKEHHS CyMillli A0 3aJaHoi
TeMITepaTypH.

Komno3uiiiro BUKIAAalOTh y MUKJIOH 2, a MOTiM Ha BiOpocuto 3. s ojepiKaHHS MOHOJITHUX
3ar0TOBOK MPOCISTHY KOMIIO3HUIIIO 3 €MHOCTI 4 MPEecyIoTh Y METaliyHuX mHpec-(hopMax, yCTaHOBJICHUX Ha
IUIMTaxX TigpaBiiuHoro mpecy 5, 3a temmneparypu 160 — 170°C ta tucky 18 — 30 Mlla. [IpomomxeHHs
BUTPUMKH — TpuOIM3HO 1xB Ha 1MM ToBmmHM TuMTH. [lin 4ac mpecyBaHHs CIIOYaTKy BiJOyBaeThCS
IUIABJICHHS TOJIMEpPYy Ta PO3KJaa ra3oyTBoproBada. OCKUIBKM HPH IIBOMY THUCK YTBOPEHHX Ta3iB TPOXH
HWKYWH BiJl TUCKY TIPECYBaHHS, TO IIiJ[ 4ac OXOJo/keHHs mpec-(hopm mo 15-20 °C ra3um 3anmumaroTscs y
TBepAoOMYy moiMepi. Bunaiieni 3 npec-GpopMu 3aroTOBKHU MOJAI0Th Y KaMEPH CIIHIOBAHHS 6 JJIsl OJIepIKaHHs
T miHoriacty. CrHiHIOBaHHS TPOBOAMWTHCA B atMocdepi HACHYEHOI Mapw UM TapsSdoro MOBITPsS 3a
temmeparypu 98-100°C mporsrom 1-2 ton. Koedimient cmintoBanHs 2,6. Ilicims mocsrHeHHS 3agaHuX
PO3MIpIB ITUTH MIHOIIACTY OXOJIOKYIOTh, a TIOTIM 00Pi3al0Th O KpasX.

Macy, mo cknagaetbes 3 emynbeilinoro [1BX, mractudikaropis (mubytundranaTy Ta METaKpUIOBOT
KHCJIOTH, IO MOXE MOJiMEepU3yBaTHCSA IIiJ 4yac HarpiBaHHs) Ta iHIiliaTopa, OE3MPEcCOBUM METOIIOM
HACHYYIOTh MiJ THCKOM okcuaoM kapOoHy (II) Ta BunmBatoTh y konBeep. HarpiBanusam mo 160-175°C (3a
JIOTIOMOTOI0 CTPYMIB BHCOKOI YacTOTH Ta KOHBEKI[IHHOTO TEIUla) Macy CIHIiHIOIOTh, OXOJOKYIOTh Ta
Hapi3aloTh 0J0KK. [ IMUTKOBUI MIHOTUTACT BUITYCKAIOTh Y BUMIIAI TIUT po3MipoM He MeHIe 500x500x35 mMm.
Bonu OyBaroTe Bij OUIOrO JO JKOBTOTO KOJBbOPY. I[liHOMOMIBIHIIXIIOPUI HE TOPHTh, Ma€ HEBEIUKY
TEIUIONPOBIHICTh, HE3MIHHY Y BOJIOTiH aTMmocdepi, HH3bKY YSIBHY TYCTHHY, I0Opi 3BYKOi30JIAIiiHI
BinacTuBOCTI. [lnutn MokHa ekcrutyaryBaT 3a Temmeparyp Big —70 no 70 °C. Bonu criiiki 10 aii Boaw,
Macer, KACJIOT, JYTiB, a TaKOXK TuTicHsABH. OCHOBHI BJIaCTUBOCTI IUTUTKOBUX ITIHOIUIACTIB HaBeleH] HIDKYE:

VSABHA TYCTHHA, KI/M ....o.veoveeeocsosseeseessessessossess s ssssssssssssessessssssensons 50 — 360
Pyitnyroua Hampyra I1ijJ; 9ac CTUCHEHHS MEePICHIUKYIIIPHO 10

MOBEPXHI TWIUTH, MIT......cciieviiiiiiiiiieiecieeceee et 04-15
[TornuHaHHA BOIH, KT/ M e ee e en e e s ee e e e e e e e enens 0,2-0,3
KoedinienT terumonpoBigHOCTI, BT/(M-°C)....cccvevieinieriiiieiiciiee, 0,024 - 0,048

[liHOMIONBIHINIXIOPHIT BHUKOPUCTOBYIOTH y SIKOCTI TEIUIO- Ta 3BYKOI30JSILIHHOIO MaTepialy B
Oy/iBeNIbHINM TEXHilll, CYyJHO-, aBia-, MAIlIMHO- Ta BaroHOOYyayBaHHI. BiH 3aCTOCOBYETHCS TAKOX SK JICTKHIA
3allOBHIOBaY apPMOBAaHHUX KOHCTPYKIIIN JJIsi BATOTOBIICHHS TUIABYYHX 3aCO01B 1 aMOpTH3aIiiHIX TPUCTPOIB, &
TaKOX Yy B3yTTEBIH MPOMHCIOBOCTI.

8.4. . BnactuBocrti Ta 3acTocyBanns sxopcrkoro [IBX

[oniBiHUTXIIOPHI € aMOPQHUM TEPMOTUIACTUYHUM TIOJIMEPOM 31 C1a0KOI0 peryssipHicTio. Bin mMae
3HA4YHy TIOJNIJIUCIIEPCHICTh: CTYMHIHb TMONiMepH3alii Woro ¢pakuid komuBaerbess B Mexkax 100-2500.
MorekynsapHa Maca IpoMHUCIIoBUX Mapok ckiagae 40000 — 150000.

[IBX po3umHs€ThCS y XJOPOBAaHMX BYIJIEBOAHSX, CYMIlli aleToOHy 3 OCH30JI0M, iOKCaHi,
[UKJIOTCKCAHOHI, METHJICTHIKETOHI Ta 1H. PO3UMHHICTH TOJIMEpy 3MEHIIYETHCS 3 ITiIBHINCHHIM
MOJIEKYJIIPHOI MacH.

Ilix gac marpiBanus Butmie 140°C moumHaeTbes poskian [IBX, skuii cynmpoBOIHKYETHCS BUAUICHHIM
XJIOPUCTOTO BOJHIO, IO 3aTPYAHSIE HOTO MEePEepoOKy, TaK SK TeMIlepaTypa TEKydocTi momimMepy piBHa 150-
160°C. Ilepepobka IIBX BimbyBaeThcs 3a Temmepatypu 140-180°C. Po3kian moniMepy CynpOBOKYETCS
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3MIHOIO KOJIKOPY (BiZ >KOBTOTO /10 KOPHMYHEBOTO) Ta MOTIpPIICHHSAM po3duHHOCTI. [IBX 3MIiHIOETHCS TaKOoXK
i miero cBitia (“crapie”). puuamaoro 3minu konpopy [IBX BapTo BBaykaTH MOSIBY CHIPSHKEHHUX MOABIHHAX
3B’S3KIB y JIAHITFOTaX MaKpOMOJIEKYII:

~CH ,—-CHCl —CH ,-CHCI — — —CH =CH —CH =CH -
(9.3.10)

®izuko-mexaniuni BraactuBocTi [IBX y pesynbrari AecTpyKmii MOTipIIYETbCs: 301TBIIYETHCS

2

KPUXKICTh, 3MEHIIYETHCS BiIHOCHE BHUIOBKEHHA IMiJ 4yac po3puBy. TepmoctabimpHicTs [IBX BmaeTbes
MIJBUIINATH, SIKIIIO BBECTH B HHOTO CIICIliaIbHI PEUOBHMHHM — CTa01Ni3aTOPH, SKi MOXYTh Ha OKPEMHUH dac
CHOBUTGHUTH YH TOTIEPEANTH PO3KIIA MOIIMEpY.

Bci crabinizaropu 3a iX Ji€t0 MOKHA PO3IUIMTH HAa YOTHPH rpynu. Jlo mepiuioi BiTHOCATH pEUOBHHH,
SIKi afIcOpOYIOTh XJIOPUCTHI BOAEHB, II0 BUIAUISIETHCS, 1 TAKUM YHHOM IONEPEKYIOTh HOTO KaTaNiTHIHY
niro. [lpyra rpyna BKIIlO4ae HEHTpami3ylodi PEUYOBHHH, SIKi BCTYMAIOTh Y XIMIYHY B3a€MOJIIO 3 XJIOPHCTUM
BOJIHEM, IO BUJIUIUBCS, a TPETSI Ta YETBEPTA IPYIIN CKIIAAAIOTHCS 3 PEUOBHH, SIKi MMONEPEHKYIOTH 10 KUCHIO
Ta yneTpadioneroBoro cBiTia Ha [IBX.

Haii0inpm BaXkJIMBI HEOpraHiYHI Ta METaJOOPTaHiYHI PEYOBHHH, IO € TEPMOCTadisizaTopaMu Ta
nonepeKyroTh posman [IBX B yMoBax mepepoOKu 3a MiABHINEHUX TeMIiepatyp. BoHHM TakoX CIPHUSIOTH
OlTBII TpUBAJIOMY 30€piraHHIO BIACTUBOCTEH MaTepially Mij Yac eKcIulyaTaiii BUpoOiB. 3 HEopraHiYHUX
crabinizaTtopiB HaiiOinem BigoMi (ocdit cBUHIIO, KapOOHAT CBHHIO, OCHOBHHH KapOOHAT CBHUHIIIO,
CBUHIICBUI TJIET, CBHHIIEBUN CYPHK, KapOOHAT HATpir0, CHJIIKAT HATPIF0 Ta CHIIIKAT CBUHINO, (ocdaTu
HaTpito. Jlo METaloopraHiyHMUX CIIONYK, SIKi BHUKOPHCTOBYIOTH B SKOCTI CTa0ili3aTopiB-aKIENnTOPiB
XJIOPUCTOTO BOJHIO, HalEXaTh METaNiyHi Muia (COJi JKUPHUX KHUCIIOT): KAJBIEB], CTPOHIIIEBI, MarHieBi,
IIMHKOBI, CBUHIICBI, KafMieBi Ta O6apieBi.

Opraniydi cTa0inizaTopy BKIIOYAIOTH MeJNaMiH, BHpOOHMYI KapOamimy Ta TiokapOaminy,
€TIOKCICIIOYKH Ta iH.

EdexTrBHICT CTa011i3aTOPIB 3aI€KHUTh BiJ X TUCTIEPCHOCTI (YMM OLIbIIA aKTHBHA MOBEPXHS, THM
CWIBHIIIA cTadimi3yo4a /is), BiJf peTeIbHOCTI PO3MOALTY B Maci MOJIiMepy Ta BiJ MPUCYTHOCTI B KOMIIO3HIIii
1HIINX €JIEMEHTIB.

JlocBix 3acTOCYBaHHS PI3HUX CTA0LII3aTOPIB MOKA3aB, 110 OJIUH SKHICH CTA011i3aTop HE MOXE OyTH
€KOHOMIYHO- Ta TEXHIYHO BUTIIHWUH IS BCIX BHIIQJIKIB IEPepOOKH IONIMEpYy Ta eKCInTyaTarii BUPOOiB.
ToMy 3aCTOCOBYETBCS CyMilll pi3HMX cTabumi3aropiB. Tak, TepMocTaliaizaTopy, K MPABHIIO, CYMIIAIOTh 3i
cBiTiocTabiizaTopamu (MeTHII-, PeHLI-, Yu B-OyTOKCIETHIICATIIIMIATOM), SIKi IOTJIMHAKOTh YIbTPagiosieToBI
mpomeni. [limBumenHto  cBiTioctifikocti  [IBX  cropustoTh  TakoK — OJOBOOPTaHiYHI  CITONYKH
(mmOyTHnMIaypar ojoBa, TUOyTHIMaNEiHAT OJIOBa Ta iH.).

Binimiact Mae BHCOKY XIMi4HY CTiMKICTB OO Iii KHCJIOT, JIyriB, O€H3WMHY, Macel, CIHpPTiB. Bin
BUCTYIAa€ aHTUKOPO3iMHMM MarepiajoM y iHTepBaii TemnepaTyp Big 0 go 60 °C, mae no0Opi mienekTpuyHi
BJIACTUBOCTI, JIETKO MiIAaeTbcsa Pi3HIM MexaHiuHid 00poOui (dopmyBaHHIO, 3BaproBaHHIO). Henomiku
BIHIIUIACTY — HU3bKI TEpMOCTabIIbHICTh Ta MOpO30cTiiiKicTbh. Ilin yac moBmIoi ekcruryaranii (0oco0nuBoO 3a
3MiHU TeMIIEpaTypH) BiI0OYBAETHCS MOTIPIIEHHS MEXaHIYHUX BIACTUBOCTEH BiHimacty. JIjis iX mokpamieHHs
[IBX cymimaioTs 3 KaydyykoMm, XJIopoBaHUMH mnoiionedinamu, ABC-cmiBmomiMepamu Ta iH. YgapHa
B’SA3KICTh TAKMX MaTepialiiB miaBHILy€eThCs B 10 pasis.

BiHimacT BUKOPUCTOBYIOTh IJIsl BATOTOBJICHHS PI3HUX arapaTiB, 3’ €qHyI0UHX My(]T, KIanaHiB, TPyO
Ta (acoBaHMX YACTHH A0 HUX, BEHTUIIB, KOPIYCIB OTJISIOBHUX JIiXTapiB, BEHTWIALIHHUX MOBITPOIIPOBOIIB,
BEHTHJISTOPIB, TETNIOOOMIHHOT anaparypH, JieTajei XIMIYHOI anapaTypH, JJaOOpaTOPHUX MPHIIAJIIB Ta 1HITUX
BUPOOIB.

IImiBKOBUI BIHIIIIIACT 3aCTOCOBYIOTh JUIS VyIAKyBaHHSA JIKIB 1 XapyOBUX TMPOIYKTIB, IS
BHUTOTOBJICHHS OOKJIAIMHOK KHHT Ta TAIOK, B IKOCTI ICIEKTPUIHUX MOKPHTH 1 130J1s11ii [ 16].

8.5. . BaactuBocTi Ta 3acrocyBanHs m’sikoro IIBX

BrnactuBocti [IBX MoOkHa 3MIHIOBATM B IIMPOKHX MEXax IUISIXOM BBEACHHS IIlacTudikaTopa,
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pi3HUX 100aBOK, a TaKOX y pe3ynbrari xiMmiuHoi momudikarii. [IBX cymimaeTscs 3 psAaoM MOTIMEPHHX
macTUQiKaTopiB: HACHYEHUMH NOTieQipHIMU CMOJIAMH, aKPWIOHITPHILHAMH Kay1yKaMH, eIIOKCUIHUMH Ta
¢denonopopmanbaerigaumu cMonamu. poaykru cymimenus [IBX 3 ¢penonodopmanbaerizHuMu cMoiiaMu
MaroTh Ha3BY (PEHOIITIB.

Oco0muBO BakJIMBE 3HAUYCHHs IJisi mepepoOku Ta 3actocyBanHs [IBX mae Horo cymicHICTh 3
HU3BbKOMOJICKYJISIPHUMH IUTaCTH(IKaTOpaMHu, SIKi HaJalOTh MaTepiany THYYKICTb, OHIKYIOTh KPUXKICTh 32
HU3BKHUX TEMIIepaTyp, MOJETIIYIOTh YMOBH MEPEPOOKH Ta 30LIBIIYIOTH CTPOK CITY:KOU BHPOOIB.

3a cymicaunTBoMm 3 [IBX mnactudikatopu moxinstore Ha Tpu rpynu. llmactudikatopu mepioi
rpymu (“icTuHHI Mactudikatopr’”’) BKIIOYAIOTH PEUYOBUHH, SKi MPAKTUYHO TOBHICTIO CYMIIIAIOTHCSA 3
TTOJTIMEPOM: TUOKTHI(TANIAT, nn(2-etunrekcm)dranar, nuoyTtmidranar, IAI300KTHI(TANAT,
IuKanpuiadTanar, AUHOHIA(TaNIaT, TpuTodiidocdar, Tpucimindocdar. [lnactudikaropm apyroi rpymnu
ripme cymimaroTbes 3 [IBX, ane BoHM Hagar0Th HOMY JesKUX crienn(igHIX BIACTUBOCTEH (CTIMKICTD 0 mii
HU3BKUX TEMIIepaTyp), Ta 3a3BHUYail BUKOPHCTOBYIOThCS CIIUIBHO 3 IDIacTHUdikaropamu mepmoi rpynu. o
HUX HAJICKaTh TaKi IUIACTU(IKATOPHU: TOIINPONICHAAUITIIHAT, TOJINPONiIeH-ce0auHar, M0y THIIaUuITiHAT,
nuOyTuiicebanuHat, nuizo0yTuiacebanuHaT, AUi300KTHIceOanuHar, Tpuoktwidocdar. [lmactudikaropu
TpeThoi Tpynu — “MoaucikaTopu” (XJIOpOBaHI BOCKM Ta BUCOKOKHMIUIAYI apoMaTW4Hi ¢pakuii HadTH) He
cymimarotscs 3 [IBX. BoHu BBOISATECS B IOTiMeEp JIMIIIE B MPUCYTHOCTI “iCTUHHUX TIACTH(IKATOPIB.

HapidtaicTh muacTudikaTopa BU3HAYAETHCS MOT0O 3IaTHICTIO MPOTATOM JIOBI'OTO Yacy YTPUMYBATUCS
B moJiMepi. BiH Moke BUALIATHCS B pe3yabTaTi BUIAPOBYBaHHS, Mirpailii, eKCTparyBaHHS pO3YMHHUKAMH,
KOJIM KUTBKICTh BBEJICHOTO TIacTU(iKaTOpa MEepeBHILy€E TPaHUII0 CyMicHOCTI. Bui ¢ranatu Ta gocdaru B
CYMICHOCTI 3 OUIBIIICTIO MIACTU(IKATOPIB APYTOi TPYNH AOCTATHBO CTIHKi.

[Tnacrudikosanuit [IBX Mae BUCOKi eIeKTPOi30MAIIiiHI BIACTHBOCTI, BOJOIE aTMOC(EPOCTIHKICTIO,
BOJIOTOHEIIPOHUKHICTIO, O€H30- Ta MAacJOCTIMKICTIO, HETOPIOYICTIO Ta J00poto enacTuuHicTio. Dizuko-
MEXaHiuHI Ta MieJeKTPUYHI BJIACTHBOCTI IIACTUKATY MOXKHA 3MIHIOBAaTH B IIMPOKHX MEXaX 3aJIEKHO Bij
CKIany TIUIacTH(IKATOPiB Ta HAMOBHIOBAYiB, a TaKOX BiJl MOJEKYJSPHOI MacH BHUXIJHOTO IMOIIMeEpy.
Benukuii BIUIMB Ha BJIACTHMBOCTI IUTIBOK Ma€ TeMIlEpaTypa: 3a IOHIKEHHS TEeMIIEpaTypd BOHHU CTalOTh
XKOPCTKUMH Ta KPUXKHMHU.

[TnacTukar BUKOPUCTOBYIOTH y 0araThbOX raly3siX MPOMHUCIOBOCTI B SKOCTI MaKyBaJbHOTO
MaTepiaiy, A BUTOTOBJICHHS B3YTTsI, IUTALIiB, KJIEHOHOK, MAaH)KETIB-IIPOKIAI0K, Ul 3aXHUCTy BiJ KOpO3il
METaliYHUX Ta OETOHHUX €MHOCTEH, Pi3HOTO IHCTPYMEHTY, s 130 mpoBofiB. IlniBkoBuil muracTukat
3aCTOCOBYIOTh TaKOX JUISi BHTOTOBJICHHS 3acOo0iB 1HAMBIAyaJIbHOTO 3axXUCTy Wi dYac poboTH 3
PanioOaKTHBHUMM pEYOBMHAMH. BOMOCTIHKMI JIMCTOBMH IJIACTUKAT 3aCTOCOBYIOTH MJISI T1Ipoi3oismii
OyaiBenbHUX criopya. KabenbHuil miacTukaT CiayKUTh Ui 0e3MocepeIHbOT 1301111 IPOBOIIB 1 KaOeiB Ta y
BUTJISIAI 3aXHMCHUX OOOJIOHOK YK€ 130JIb0BaHOro kKabemro. TpyOku mpuHAMArOThCS Ui TPaHCHOPTYBAaHHS
BOJIM, MaceJl, MOBITpPsI, Ta3iB 3a Temmeparyp Bijg —10 g0 60 °C, a Takox [1s 13011111 TPOBOJIIB.

[Mnactudikoanuit [IBX  BUKOPHCTOBYIOTH JIIsl BUTOTOBJICHHS INTY4YHOI WIKipH (0OOUBHOI,
B3YTT€BOI, O/ICKHOI), AKY OJIEPXKYIOTh HUISXOM HAaHECEHHS NacT Ha OaBOBHSHI TKaHWHHU 32 JOMOMOTOIO
creniabHuX MammH (mmpeainr-mamus). [lactu rotyioTsh 3MmimysanHsM 100 yacTuH (Mac) eMyJbCiHHOTO
I[IBX, 50 wactun (mac) mnactudikatopa Ta mirMeHtiB. B sxocTi muactudikaTtopiB 3acTOCOBYIOTH
muOyTuindranat, cymimi Au0yTHadTanary 3 JuOyTHIAAUIIIHATOM Ta iH.

VY cymim 3 Z-moiOHOI0 Mimmankoro 3arpyxarots [IBX, mmactudikatop i mirMeHT, sIKHi MPOCIIOI0Th
Ha CHTI Ta 100pe po3THparTh y Tepi it (Gapd. Macy nepemimyiots 40-60xB 3a Temreparypu 40-50°C i
JIBiYi MPOMYCKAIOTh Yepe3 BEPTHUKAJIbHY TPHUBAIKOBY (apOOTepKy IUIisl OJCpIKaHHs OJHOPIAHOT B’SI3KOI
nactd. TkaHMHY NOJAIOTh Ha INIPEAiHr-MalliHy, ¢ BOHA PO3IIaIKy€eThCs, 1 HAa HET HAHOCUTHCS IIap MacTH
ToBIUHOIO 0,35-0,60 MMm. Ilicns nporo TkaHMHA MMOCTYIAE B TEPMOKaMEpy IIMPEAIHI-MaIlINHH, SKa Ma€ TPU
30HH O0ITpiBY:

Temnepatypa,°C......... 190 — 205............ 207 —210............... 220 — 250
[licna Buxomy 3 TepMokamepu Ha rapsunid map [IBX HaHOCATH MadlOHOK HUISXOM THUCHEHHS
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TJTaIKUM TIPUTHCKHUM 1 TpaBipOBaHUM BaJIkaMu. | OTOBHIT MaTepian Ha HAMOTYBaJIbHIM MaIllMHI 3MOTY€ETHCS
B pysionu 1o 50 — 55 mm. Takuii Marepian CTiiikuid 70 TeMnepaTypHuX Aii y Mexax Big —35 go 70 °C, mo aii
BOJM, racy, OCH3MHY Ta Macia. IIoBepXxHEBa rycTHHA ITy4HOI mKipH cknamae 400-1000 r/m°, a MilHicTb
(min gac po3tary cmyxku 20x100 mm) 1-3,6 MIla. BukoprucToByeThCs IITy4YHA IIKipa B SIKOCTI 0OOMBHOTO
Matepiany (cuIiHHS B aBTOOycax, JETKOBUX aBTOMOOLUIAX, TpoJieHOycaX, €JEKTPOIOi3aax TOIIo), s
BHTOTOBJICHHS TaJJAHTEPEHHUX TOBapiB (4€MOAaHIB, MOPTQEIiB, CYMOK), B3yTTs Ta IHIIINX BUPOOIB.

[TomiBiHITXIOpUAHI TTACTH BUKOPHCTOBYIOTHCS Y BUPOOHMIITBI MOPOXHUCTUX BHUPOOIB (irpariok,
M’sI4iB) Ta IESKUX THIIB MiHOIUIACTIB.

IInactudixopannii [I1BX, sxuii MiCTHTD HAIIOBHIOBAYi Ta MITMEHTH, IIUPOKO BUKOPHCTOBYETHCS IS
BUTOTOBJICHHS JIHOJIEYMY, TUTUTKH, PO inbHUX BUPOOiB. JliHONMEYM — nucToBHid Martepian mupuHoro 1000
— 2000 mm Ta ToBmuHOIO 1,2 — 5 MM. Bin Moxe OyTH po3pizaHuii Ha TUIMTKU Pi3HUX PO3MIpIB UM 3BapeHUil y
kuanMu. Moro po6isiTh OZHO- 9M GAaraTOKOMIPHHM, 3 TNIAAKOK, PU(ICHOI ab0 THCHEHOK IHICBOIO
MOBEPXHEI0. 3a CTPYKTYPOIO JIIHOJIEYM BUTOTOBIISIOTH SIK 06€3 MiZJJOCHOBH, TakK 1 Ha MiIOCHOBI (TKaHUHHIN a00
TTOBCTSTHIH).

[MoniBIHITXIOPUAHUN JTiHONEYM, TUIMTKH 1 KWJIUMH JI1 TOKPUTTS MiAJOr BHTOTOBJISIIOTH TPhOMA
croco0aMu: TMPOMa3yBaHHSM, BaJbIIEBO-KATAHIPOBAHUM 1 eKCTPY3iiHMM. 3aiexHo Bia cmocoOy, o
3aCTOCOBYIOTh, 3MIHIOIOTH 1 pelenTypy KoMITo3uIliil. 3suuaiino Ha 30 — 65 wactun (Mmac) I[IBX 6epyts 13-18
gactuH (Mmac) mactugikatopa (auoktwidramaty um auOytundranary) Tta 15-50 wactuH (Mac)
HAIlOBHIOBaYiB (TalbKY, KPEeH M, BaITHAKY, a30ecTy) Ta iHmmxX 1006aBok (OapBHUKIB, IIrMEHTIB, cTal.)

HaiimpocTimmii, HalaemeBmuid 1 HaWcTapimuii cnocid — mnpomasyBaHHS. 3apa3 omneparii
3MilTyBaHHA KOMIIOHECHTIB, HaHECEHHS TACTH, TepMiuHOi OOpOOKHM Ta KalaHIpyBaHHS MeXaHi30BaHi Ta
aBTOMATH30BaHi. BUPOOGHHIITBO CYdJacHOI MOTOKOBOI iHii ckmamae 10 — 12 M/xB., T06T0 1 MutH.M? TTiHOTEYMY
B DIK.

BasnbiieBo-kananapoBaHuii Ciocio T03BOJIMB MiAHATA BUPOOHHIITBO 110 18 M/XB CTPIUKH JIiHOJIEYMY 3
OJIHOTO KaJIaHIpa, aJle BiH €HEProeMHHMI BHACIHIJOK BHKOPHCTaHHS CKJIAJHOTO Ta JOPOrOro oOIajHaHHS
(poTopHi 3MillyBadi, YOTUPHLOXBAIKOBI KallaHJapu Ta iH.). J[J1s1 BUTOTOBJIEHHS 0araTomapoBOro Ta TEIUIO-
3BYKOI30JISIIIHHOTO JIIHOJIEYyMY HEOOXiTHO BCTAaHOBIIIOBATH JIOJIATKOBI MPUCTPOI AJIs AyOJFOBaHHS TLTIBOK 1
MPUKJIICFOBAHHS TTOJTiBIHUIXJIOPUIHOT TUTIBKH JI0 TIOBCTSHOT OCHOBH.

Excrpy3iliHuii MeToJ] BUPOOHMIITBA PYJIOHHOTO JIiHONEYyMYy Oa3yeThbcsi Ha Oe3mepepBHOMY
BUJABIIOBaHHI (€KCTpy3il) KOMIO3WIli y BUTIAA IUTBKK 31 mBHAkicTio 1-2 wm/xB. Lleit meton
3aCTOCOBYETHLCS JUISl OJICP’KAaHHS JIBOLIAPOBOTO JIHOJIEYMY HUISIXOM IO/Ia4i KOMIO3HUIIH IS BEPXHBOTO Ta
HIDKHBOTO IIapy IBOMa eKCTPYAepaMu Yepe3 3arajibHy rososky. [17]
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